LOW MELTI NG POLYESTER POLYMERS CROSS REFERENCE TO
RELATED APPLI CATI ONS Thi s application clains the
wheweh2g740f U. S. Provisional Application No. PCT/US2005/030534
60/ 606, 733, filed Septenber 2, 2004, the entirety of
which is hereby incorporated by reference. 1. Field of
the I nvention The invention pertains to pol yester
polynmers, and nore particularly to polyester polyners
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temperature (about 80 °C). By first crystallizing the polyester particles, drying temperatures

of up to about 190 °C can be achieved, above which the heated air begins to cause the
polymer to yellow.

Pellets are typically crystallized at about 140-180°C for about 40 min. to 1 hour, then
preheated to about 180-215°C for 1-4 hours, and then solid state polymerized at about 200-
220°C for about 8 to 12 hours to increase their molecular weight in the solid state. The
high temperatures and long times in the crystallization and solid stating processes
combined typically impart to the pellets a degree of crystallinity in excess of 50% and
melting points above about 220°C. Such high crystallinity and high mélting point in the

polymer is a disadvantage in the extrusion zone for a molding process since more energy is



degree of crystallinity increases the nmass of the
crystalline regions, thereby increasing the energy
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degree of crystallinity to save energy costs. The
energy cost savings can manifest itself in a nunber of
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e nol ded product. 3. Sunmar t he I nventi on

pellets in the dryer can be increased. However the high melt points have the disadvantage
of also requiring a slight increase of the temperature of the polymer melt in the extruder by
a few degrees, thereby increasing the cooling time of molded products, increasing cycle
time, and increasing the potential for more acetaldehyde formation. Moreover, in the solid
stating process, the high temperatures applied to the polymer can anneal the polymer, with
the effect that at times, some particles do not completely melt in the extrusion zone and

thereby cause deformities in the molded product.



The pol yester polyner particles of the invention have
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Temax = 50% - CA - OH

where CA is the total mole % of all carboxylic acid residues other than terephthalic acid
residues, based on 100 mole% of carboxylic acid residues in the polyester polymer, and
OH is the total mole % of hydroxyl functional compound residues other than ethylene glycol
residues, based on 100 mole% of the hydroxyl functional compounds residues.

There is also provided a method of extruding polyester polymer particles comprising:

A) drying polyester polymer particles in a drying zone to produce dried particles;

B) introducing the dried particles into an melting zone;

C) melting the polyester polymer particles in the melt processing zone, and



wherei n the pol yester polyner particles introduced

into the drying zone conprise at |east 75%virgin
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resi dual acetal dehyde content of 10 ppmor |ess, and
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and 100 mole % of the hydroxyl functional compound residues, and the particles comprise
at least 75% virgin polyester, have an It.V. of at least 0.72 dl/g, have a residual
acetaldehyde content of 10 ppm or less, and have at least two melting peaks in which one
of said at least two melting peaks is a low peak melting point with a peak temperature
within a range oft140°C to 220 °C and having a melting endotherm area of at least the
absolute value of 1 J/g; and the melt processing zone comprises a barrel, a die or orifice,
and a heating element directing heat to the barrel; and the temperature setting of a heating
element directing heat to a last zone on the barrel closest to the die or orifice is established,
said temperature setting being lower in said last zone on the barrel than would be applied
to melt process the same polyester polymer particles having a low peak melting point (or a

sole peak melting point where two peaks do not exist) greater than 220°C, to form the same
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the melt processing zone, a polyester polymer having the same It.V, same composition, a
low peak melting point (or a sole peak melting point where two peaks do not exist) greater
than 220°C, to form the same article having substantially the same level of haze.

There is further provided a process for melt processing polyester polymer particles
comprising:

A) if present, drying particles in a drying zone to produce dried particles;

B) feeding the particles into a melt processing zone, or if a dryer is present, feeding

dried particles into a melt processing zone; |

C) melting the particles in the melting processing zone, and



There is further provided a process for nelt
processi ng pol yester polyner particles conprising: A
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polyester polymer particles comprising:
A) if a drying zone is present, drying the particles in the drying zone to produce dried
particles;
B) feeding the particles into a melt processing zone, or if a drying zone is present,
feeding dried particles into a melt processing zone;
C) melting the particles in the melting processing zone, and
D) forming articles from the melt;
wherein the polymer particles introduced into the melt processing zone or into the drying
zone if present comprise polyethylene terephthalate polymers and copolymers modified

with 20 mole % or less of modifiers based on 100 mole % of the carboxylic acid residues



A) if a drying zone is present, drying the particles
in the drying zone to produce dried particles; B)
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I’W,éh fovorof berasod. 7owilgf aed s based on 100 nol e % of
carboxylic acid residues and 100 nole % of hydroxyl

Bt pom:gr lesmplogstdupkaseiaidehydgi@ndar ti cl es conpri sing
f?icﬁl{l térﬂﬁ&a?ﬁé"sﬁ%ﬂ@bpoﬁ@ U§@tfﬁ"§t Mt%@%‘can %ﬂ@h ttljﬂﬁ a heating curve
pa .

| east

adespaiBls fiam mpmbaselinesxs thof em@ﬁhelmp o@r@@tm ab@wﬁperatme (gss than or
Zoruil'sd, S0BES A5 1 S 524t 8802198 1B0RE or 1b5S et ddd ¥ Fbec.

There is also provided the bottle preforms and stretch blow molded bottles made
from the particles mentioned above or made by any one of the process embodiments

mentioned above.

\

4. Brief Description of the Drawings

Figure 1 illustrates a lab model of a modified chromatograph column used to conduct

experiments.



departs fromthe baseline in the endotherm c direction
at a tenperature less than or equal to 2000C, or |ess

wa bae/oze74equal to 1900C, or |ess than or equal PEDUS2005/030534
1800C. There is also provided the bottle prefornms and
stretch bl ow nol ded bottles made fromthe particles
nmenti oned above or nade by any one of the process
enbodi ments nentioned above. 4. Brief Description of
|IIustrates a |l ab nodel of a

ot SRR RO e Hm used to conduct

experi nments. 5 Det ai |l ed Description of the Invention

The present invention may, be uaderst oo((jil nor e readi

bihe BreseBhiEweRlPn Mayhs: wrmrﬁeo B1%iF readiheRyreferenes t%%he following
detallé(hﬁeéd?'?fﬁ% lPthe ﬂnK/ehﬁ’or{ q’t IQ% BQ%H%FSQ@&d it Mvention is not limited

inventironis not imted he Specl fic processes and
to the spedific ipooresdes andl isodditiass slpscrlh‘adc apispeeifie psocasaepand/or process

cond@({[@ﬁfgﬁégp%%g%h &%Q'& a %%/ 8 Sﬁ Pr%}ypofécgur%g %&g!jef hgf :

als misedisord hetedtlest, bs ased imtharupetliicatippeand dts aﬂ)@érfiied claims, the

the singular, ne . the i ncl ud
SingulpE REmS . 2R AN MR Eluded i HelBrarts s Gt Taferance to
proce&%ﬁé Ié‘tﬁéﬁ‘ﬁ(’éyblés’uoo' rﬁ)‘?&%ﬁﬁ" "art@[é"' ‘“doﬁtametc QBH"BOAR 1s mtEnded to include
Is Inte to include the processing of
the prpbessm:g oﬁ/a ofurality pﬁﬂmrmla@tlp pegforme, artieles.ceqsdainers or bottles.

Refer%rgt%lwggéssgﬁ%?g}o eydﬁ(? e%t%i%t%{eﬁf?t% re?atB[«%BFvcvﬁth %%@atmg element

mclud@b@iﬂmrttemlpekaidﬂs‘s andﬂalldmcmabaeahmg elensands aﬂdemlremlnm addition to the

el enent s in additjon t he one

one s aboEra meshiouenBRLh e rabERsat eleey phBeb Sl e stated.

ReferBhéésOtb)’a LR B8 Sitioh BSﬁt‘é/Irﬁﬁg Gér\atiﬁg}edi@ﬂf 6F %\"f%‘?yrh@r i8 intended to include
onposi tion contai ni ng i ngredient or "a" polymner

other irmredieeisccwtlner palynetse reﬁnsa@tlvelngn @@iﬂamstodhe gnpaamed.

%EX@% Frra)y b%sgg)%ééle%f e Jeh\nasa‘%fh'iﬁ%}wbgﬁ%% %? ?roﬂﬁgf?éjvalue to

Xpresse erein as
anothebelnvm ceme frrenmd)pemteadareend:lod@dmtiherrangel Baobes azmressed as
he en reln | uded i,n the ran Ranges
: belng&(%@tgg %f e%% H?@P‘dq"ﬂﬁﬁh%ﬁng Qgg‘?ﬁsl)ian a val ue
g FeStRplidIRg e@d cBﬁtd’Hn&@)er “BevingOishbahttEat &least the named
cont ai ni ng "havin is neant that at |east the

Compﬂémda(ﬁl@l@ﬁpb@ﬁdld%l%m od stapt ete Ineust e presertdn dhegorapesition or
artlclérr@f‘rho%?)dbhﬁﬁg%%ss no(%)&ﬁ:d‘éQﬂ%@?%sL 8 ot ido ﬁ#pfouﬂﬁs materials,

excl e presence 0
partictasetimets stepat etc) even if the other such compounds, material, particles, method

steps etc. have the same function as what is named.

Regardless of the context, the expression of a temperature means the temperature
applied to the polymer unless otherwise expressed as the “actual” polymer or melt
temperature.

It is also to be understood that the mention of one or more method steps does not
preclude the presence of additional method steps or intervening method steps between
those steps expressly identified.

The intrinsic viscosity values described throughout this description are set forth in

dL/g units as calculated from the inherent viscosity measured at 25°C in 60/40 wt/wt



particles, nethod steps, etc, even if the other such

conpounds, material, particles, nethod steps etc. have
wo bwe®z8Te8 f uncti on as what is naned. Regar dl esBCDiS1008030534

context, the expression of a tenperature neans the

tenperature applied to the polynmer unless otherw se

expressed as the "actual" polyner or nelt tenperature.

It is also to be understood that the nmention of one or

re met hod steps does not precl ud he presenc f .
B A R L M G T e
viscosﬁ‘ﬁ.t TEE FolloRARF e §li SihsIdRCABS bich deiatioh viRdosif®easurements and
Intrinsic viscosity val ues described throughout this

subseqieent cajsulationate I ¥t andfrom thaV.delgVuni ts as cal cul at ed
fromthe inherent viscosity neasured at 250C i n 60/ 40
wt / wt phenol / t et rachl oroet hane. The i nherent viscosity

ifﬁ“heqlrpfﬂy@}]ﬁw fromthe nmeasured sol ution viscosity.
The foll owm ng equati ons descri be such sol ution

vi scosity neasurenents and subsequent cal culations to

Mhefe andnf OidteM: vibGdt oY 25¢ Blta Dolyifier dcticbRlrdidn of 0.50 of
&8 h i AR [nherent Vi s osity at 250C at a pol yner
concent r atl @ mlobf BOFOplEnd @dd 0% df1,3Q%ephehloroedmnes0%

1, 1,2, 2-tetrachl qroet ane In = Natural logarithmts

= sanpl e N ow YR {9438 a capillary tube o =

Sol vent - bt ank ddrapletiioRetirhb titteah @ cpilidry &ube tube C =
Concentration of polyner in graps per 100 m _ of

sol vent ( &. 5B930Meni-tiak fiovs fimeihequghia Gapidaryfgbe

liniting yalu kg bE peH it i dfiselvent (0.50%
Vi SCOSi tybgf ?%jéﬁéyrﬁfglr“.ah Ha pggh%g;rfgggﬁsb &te}}(gp?fgl(ffc?v%ilvﬁg ( %)
equation: hint=1lim(hsp/C =1IlimliIn (hr/C C(r)O

\C,:f ii%gg}/\r?ssl%\zs&sﬁ{ydg Hi%ﬁr{_]it@é 'é(%luf\é: %ﬁ&m{%@fl{ugﬁ ggﬁ'{real_‘;ﬁe\l’cﬂ’ic viscosity of
a polynits! It Wdstinesiady thesbllewing gobti@e replicate testing of a
standard reference materi al and
Mnt=1lim  (ng/C) = lim In (n,/C)
C—0 C—-0

where Nint = Intrinsic viscosity
n = Relative viscosity = ts/to

Nsp = Specific viscosity = 1 - 1

Instrument calibration involves replicate testing of a standard reference material and
\
then applying appropriate mathematical equations to produce the “accepted” Ih.V. values.
Calibration Factor = Accepted Ih.V. of Reference Material / Average of Replicate

Determinations

Corrected 1h.V. = Calculated 1h.V. x Calibration Factor



t hen applying appropriate mat hemati cal equations to

produce the "accepted" I h.V. values. Calibration
wo-206/028748 Accepted | h. V. of Reference Materi al P€T/US2005/030534

Average of Replicate Determ nations Corrected I h.V. =

Calculated Ih.V. x Calibration FactorThe intrinsic

viscosity (ItV. or hint) may be estimted using the

Bi |l | neyer equation as follows: hint=0.5[b 0-5 x

rrected |.h. V. 75 ¢ Correc n, V..l n, one. :
ot et visoaRiv it ol b PR S IR LR Imeyer equation as
followgol ymer particles conprising greater than 75%virgin

pol yester polyner, the particles having: A) an ItV. of
at least 0.72 dl/g, and B) 10 ppmor |ess of residual

acet shecorraaisdin €)  at ' eaks,

V\Pf@r_z(}'ﬁ?%%e of sazl d)_aﬁngﬁ&té\)\%w%g%?ﬁﬁggpgaks is a

| ow peak nelting point within a range of 1400C to 220

OC and having a pelting endotherm area, of at | east the . .

<15 BTt e 18 Aviged Rl ot gobieetssooire FrigiER gomprising
greatdthah ?ﬁ%‘\'/i@h P 85t pBRM G dtH b  hhlihg! heating

scan, has alh ating curve departing froma baseline in

t Apar tdbtdfiet least Qi7Radid, endat a tenperature of |ess

t ar e . n or equal to
1@?{1)%”5}&IL@%SSBﬁﬁgﬁb%g?g%%tggjlehﬁéé’l C. The particles

pCheleabl twolragking peaks delgeren orfie of yaid alk |dast two miettimgrpesaks is a low

range of,  at | eas}f .20% and ' degr ee  of . .
cpSak meltinginolnt TRz adrngie ar B0 KO ALt PO hYiogmeting
58%acth&ih ardd bt &5t G BBsAIR VaMidbf MUIE o¥hatingldne or more melting

carboxylic acid residues other than terephthalic acid
r peintiuskich pakerimeasusn epdS% dfstiheatioa spanshasea Beating curve

f oo . _ _ i
+ Behg o5 Bes RO sl FictrcRin SEa sampRfature of less than
r eséglust o ROORS, or ess tabh i eqaalgby©OPCr ersliedsitisn draspal tn180°C.
100 mol e % of _the hydroxyl functiopnal conpoupds
+ 26p pauBieaprersy e Aubw A s PETsI R YR  gonge of at teast

% i FFP@égI b6 Of chystadlhifyl &L Sfinka byfthe Boabhiee a

20% %gdg%‘gﬁéxc@gcrys raI li rﬁlhféy [ slyi rrplart ed, ag opggseé to
pol yester conpositions in a nelt phase process or as a
melt in the extruder si ﬁ%ﬁaX@S@A%ALCﬂ-ﬁySt allinity

di sappears.
where CA is the total mole % of all carboxylic acid residues other than terephthalic acid

residues, based on 100 mole % of the carboxylic acid residues in the polyester polymers,
and OH is the total mole % of all hydroxyl functional compound residues other than
ethylene glycol residues, based on 100 mole % of the hydroxyl functional compounds
residues in the polyester polymers.

The polyester polymer composition is in its isolated form since a degree of
crystallinity is imparted, as opposed to polyester compositions in a melt phase process or
as a melt in the extruder since as a melt, crystallinity disappears.

The shape of the polyester polymer particles is not limited, and can include regular
or irregular shaped discrete particles without limitation on their dimensions, including flake,
stars, spheres, conventional pellets, needles, pastilles, and any other shape, but particles

are distinguished from a sheet, film, preforms, strands or fibers.

10



The shape of the pol yester polynmer particles is not

limted, and can include regular or irregular shaped
waele®ened7es particles without |imtation on theiPCT/US2005/030534

di mensi ons, including flake, stars, spheres,

conventional pellets, needles, pastilles, and any

ot her shape, but particles are distinguished froma

sheet, film preforns, strands or fibers. The particles

bbb BB R RS BBl B b0 e 10

particlés, Qn@re%éfel‘ggly@?éétbﬁir%ﬁ 1.81}CpétP1 Goopartiolas, érQDu;gthabodtOmo g per

particles. The volume of the particles is

100 pgstielesc Ul |hgr\401ume of thecparticles il RarieHIY Pﬂ@H@d Wﬁdﬂ gng gmbodiment,
there IP gg?é\{lg%ﬁj %\ﬂybﬁ%ﬁlcleer&b@ﬁﬁ%g GoHRME %Eafale‘é@ﬂ PH@bl@fmétbr or atleast

ter 3 cubic neters, or at
3cubibaaﬁérgiocabieash‘ét:eblsmétbes bul k" of pol yester poI yner

%Qﬁ!ﬁ@ P\(Séjygtﬁ e:r]%?) ] aﬁtﬁ(ﬁéihgaq\}g rt | C%@%begsparticles preferably

within ﬂ%é’ﬁv@fgﬁ'ﬁ@na%}wne iréﬁgebld)dpr&a‘seﬁ@bmét dheaull bEpsigester particles
exhi bit the characteristics expressed herein as an

exhibibtherdigeaciengics exPreRses MesIfAS %rga\(ﬁra% agiosg k@ndom sampling of 10
or mo%aﬁél#lﬁlleg% e BdIg opgéllflc%% Y il am’ﬁ%cﬁuﬂn%'b}‘ocess it is possible to

acturlng proc I'S POSS le to obtain
obtalnaarmmmdilous ppmctasommsh ekihibH céarﬁdmst@a sither iapidetdreuitside of those

stated gii% etgesglae('ljr? {:Iﬁg o} ﬁ{pslhgg%tﬁon g te% .tﬂg y f‘e{tﬁd cﬂ_gl%cterlstlcs

acros§§31®Tu1iI©I ahbanesd aﬁarabﬂeﬁstlmalsbe md@mhk&d }ayltialdrfgea eandom sampling of
haracteristics can be neasure

at leastdap pergena deleaBinna e et hecs 40 Aatgbe peross the
ten pa?ﬁcﬁé@ d %r‘tlﬁfeb%éf Be %a%ﬁr@d’ ﬂ%ﬂﬂar@ﬁ bRE ankly8ist @F‘each particle

parti c ten particles may measur ed toget her
mayhersemaeatalyaﬂr}akymd or each particle may be separately

| .« Ih | | . ' ' .
ot AR " PR hoPind) BoHiaes s ARBE pRRRGLF LS ol ontainer.
Examplélstoﬁléhﬁatﬂé rbAtaneaTs td hokichd pahifclenatd ﬂb@e&nlesm bola!g:ee particles
while ey AusHENIERT! BAmIGeRGEIRY 16 S0t Anatioh g BeT 3 container is
a dryer ¥ bP%ad%dﬁo%‘rﬁ’é&rdﬁi@P BEIn Kei}litfoﬁﬁﬂ@lalrlg%aéhlﬁét Nrad@ler @xample of a

I njection noldi ng nachi ne. ot her exanpl e of
contaipentaheldthe patiislas mlaesmmmg ebrigines, @@rﬁqo@ﬁeglord box, a crate, a

railcar, atqfajl;ef g'[at C%H G2 %ﬁac@em pd Lﬂ:kggiﬂgu@ ?:C%F@io h(gd 8?\Lém§rﬂg or any other
swtabﬁkﬁp@d;d@ltwbe@rtoarmbport particleyy Thuse lthes’ﬁiarap’rcwiqlmi:k@geiners with

use i
particlggrhishares mnen gad raadvder SHPEIPTL PE Y SimRRtio R Big 8y for

converg fld FEMREY todn ArficRhi THEpArtitieshatl Pe@ABUbfeRfed by the particle
convertl nlq the pellets to an article. The particles

manufapirebtaeall themreeessinggonditionsanegdeaddo produce a particle with
characteristics acceptable to its customers who convert the pellets to articles. In the

embodiment where the pellets may occupy a dryer hopper, the converter of pellets places
the bulk of the pellets into the dryer hopper and removes residual moisture from the pellets
to prevent excessive |V degradation during melt processing.

In all these embodiments, the particles in the containers have at a minimum the

following characteristics:
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manuf acturer to all the processing conditions needed
to produce a particle with characteristics acceptable

WO 20060%87¢81St oner s who convert the pellets to apCT/UF®e5/030534
In the enbodi nent where the pellets may occupy a dryer
hopper, the converter of pellets places the bul k of
the pellets into the dryer hopper and renoves residua
noi sture fromthe pellets to prevent excessive |V

ra ' t rocessing. In all these
éﬁ)gﬁbﬂgéﬁ)?@ taggﬁ'gcla in the containers have at a
ﬂhwtchﬂeé@bfl@sidwl Q&l@cél@l@hwé driccs: A) an It.V. of

I east 72 dl /g, and B) n? or. | ess of residual
aQ)a@falea%Hy@eﬂe@ﬁa P@jﬂk%twm%awff% $Ald et [egspkmelting peaks is a low

peak r}f‘fgg\fng edgﬁ@ l’?lfl r?;f%h e %F 146280 2‘2’@”@5%'%9!%@#%“{@ éléflzdcc))therm area

W thin a range of
of at I@astaml absmumgvaiueref ﬂ m‘w ot hdwinh ene crrreareomeling | points whigh, when

abso J/ n t
measfjafiir® fpat B shon bl i B BRAPR RRF = RiacBici g bt Bnermic
dlrectiohélﬁ% tdaipRraturg of leesttanbgs®|uah® 200°0) or fssdcthae bhequal to 190°C, or

direction at a tenperature of |less than or equal to

less thayporeaust to 488°G-han or equal to 1900C, or |ess than or
e@”&?‘gretfé’rr%ag %odlﬁé‘ntatﬁér tﬁgl@ bf Eé*’tléfég%lé HBPLolid Qﬁtegé’t%lfrf]menzed and

rticles are not solid state po?/merlze a
in a mope prepfeﬂféélenmbohmbotd thesats provisied a bu ;isrqﬁ\nampaammwwt@mer most

o P AR A Bt gooh g

PPhe pBleERd po@hﬁermdrudés ere suidyat5°Qamidi T himsospheres ol hel polyester
particla B ORIT S By ST0 10 MEKaLRem: SviADie fBf GoHEneR aPpl cations such
as bO&@gtﬁUr{EySapMé %8 bpike &F%&té\spé?ﬁélbk %aﬂ@gsttd ?2 8L/gTheor example,

yest er partl cles is at | east .
the It.ALofthefmlyestemparécles isgn be.ay least Ot Hedigg) 9régitl@ast 0 78 dL/g, or at least

0.81 @T?é/%% lg[? ta ?Bﬁ)@ ?tdbllﬁ%?‘g][ﬁ%ug c”aﬂ/ r%le{t&ﬁ e@tb fﬁi‘é&t 91'e7;§)lyester
polym@ pbartichss desibn@bﬂ bole have ehat‘fédoﬁ-mbmhtrmm dLighe
pol yest Mer par gjcles descri bed abo e hav

| 1he/ quye%gr plyder' ot |sdrﬁyed1tlow%anb lﬁé)pﬁlﬁéper polymer.
Polye@ferttﬁ%rﬁwdﬂ‘é/s‘%i’&tﬁdi’ﬁnér% Gtile W@hfmpb@&bﬁn@ﬁéh’&ﬁé ﬁbm liquid crystal

Pol yest'er thernoplastic polymers of
polymans end *tlmrrrmsettmgsmlwgar%ln émtéherrmﬁlaﬁmwyr@es@we no appremable

r
order M, e M. RS 08 PAREIRED f it apg reshaped no
mold@:t anticlkey) aad \Wauidecrystat ;bIﬂyrinerwamH th*,aei}hhgmlyrm&reyare ansuitable for
drg ﬁed and r sha ?(

the mten ed applications su ;?ac agmg or stretchlng in a mold to make a container.

The polyester polymer of the invention contains ethylene terephthalate repeat units
in the polymer chain. More preferred are polyester polymers and copolymers which
comprise:

(a) a carboxylic acid component comprising at least 80 mole% of the residues of

terephthalic acid or derivates of terephthalic acid, or mixtures thereof, and

(b) a hydroxyl component comprising at least 80 mole% of the residues of ethylene

glycol,
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nol ded article, and liquid crystal polyners and

t hernosetting polyners are unsuitable for the intended
w@ppbiozerss ons such as packagi ng or stretchi ng POI/ESI005/a30534

to make a container. The pol yester polymer of the

i nvention contains ethylene terephthal ate repeat units

in the polymer chain. Mre preferred are polyester

pol ymers and copol ymers which conprise: (a) a

s 8 RO EPCREDR Dl AT B b0 rant o
hydrokyﬂrcﬁﬁ’fﬁdhéhtfes@duei in @fie ﬁbwtasteﬁpolyh%reof and (b) a

droxyl component conprisin st 80 nol e% of the
r wicRl sp@weéﬁerﬁﬁma@pg)le{eihyg%@éar tﬁ%@terﬁfﬁén@%@ by fgacting a diol

such Qg eﬁgféﬁgﬁb%cﬁ (‘:@oxy E:QFBH%gﬁ@éc:H e3itHE feedi 6995 eRlc8 dialkyl ester to

conponent resi dues I n
produpe Ianmtmmpm)maeand/@y pligahérng, whishyaretteers pgbychn@@sed to produce the

poe BB AR PABERrb PAR BlAFng AP o5 RGbL AR B feavers
theredftRinfieeR adfdddd@ing the proé@ssdAﬂltlke/bompbamds mam entindiee process
ester nmononer and/or ol i goner

contajhig eHRaEYISarid Grapsiy. W'H%t'\??dﬁ)yt@ﬂeé?fahmom%ﬂa%ersa'd
polye Ribnu@t E?rﬂguﬁé&ﬂer 4 oc%ﬁfc@ﬁﬁ%éble c%ﬁ\&n%h?“%é}mﬂé % of all the

vat ive e reacted durin
comppumxdﬁescmtammg carboxyiw;ﬁmg@uznffator@bmatl\tqﬁe) efﬁﬂéé@at are in the

o G LR S0 BE e e SRR Sl Blefe b aroune

or deﬁ\ﬁﬁméﬁ ehdrbef ﬂ@aammwhe @amqncilyesmmmdnct refeFado tha portion of said
al

compgReils | ch‘rr%?lgﬁpgg&ﬁ?‘\? &If'm %rbi%r%ng{( gfjgeresa‘uﬁcerﬁgound(s) is
condéﬂs%@%’ih add uh@(s}@@ntaﬂ? hf/@r%k?%?‘éu p@) af@TeEIHoMcondensed to

contal ning carboxylic acid group(s) or derivative(s
form pcbigestenfp@lymerahennsmfwaeflrmedgibbl yester product refers

ri)e 8@3@&}1&@9@@%@{‘%2 '}ﬂgﬁ | Q{’%\J&g Brgg%a\%%)vegthereof can

becorﬂ@ fﬂ)@etr‘tﬁﬁtﬁle yolyester mmamrrmi()&)ct(sr) m.\lathel crtgn;bmd'rdmylbt enter the process
group(s) and fuyther pol ﬂ 0 form

contafng RAToXHATAUP 5) Oy A AR BIRE DRbpetThaRaa e SaidBolyester

prod&ﬂgré’éfﬁ rlwﬂ@h%rﬁﬁyl %mp%ﬁéht ThEYRGIB)% &F afl Ethéd l&‘éﬁhb&ﬁﬁds containing

can becone part t he pol yester poly
hydrqwlc@ruup«sé pr derivativies tbenepbtma begamae p@ﬁtcﬁrsatd]@rogv@té@s@d up to 100.
R
o AT U Lo 5 AFRNES OB pecome pr
of saidfmlyastﬁrmrahuctaemmmme pﬁrreomof mlﬂfwomp@ljhdtsl)which remains in said

polyester pro ucpuc? a?tgrn gglld r(‘:orr]rgpound(s) is condensed with a compound(s) containing
carboxylic acid group(s) or derivative(s) thereof and further polycondensed to form
polyester polymer chains of varying length.

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

In a preferred embodiment, the polyester polymer comprises:

(a) a carboxylic acid component comprising at least 90 mole%, or at least 92 mole%,

or at least 96 mole% of the residues of terephthalic acid, derivates of terephthalic
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hydr oxyl group(s) or derivatives thereof that becone

part of said product(s) add up to 100. The "resi dues”
wo@RookgeR7axyl functional conpound(s) or derivatPUEES2005/030534

t hereof that becone part of said pol yester product

refers to the portion of said conpound(s) which

remains in said pol yester product after said

compound(s) is condensed vvith a corrpound(s) cont ai ni ng

e e e s B bRk dicarboxyic

Oéc(;&afryw‘gamrié@ﬂ@rmfdih@ rrgl e% of the hydr oxyl residues
and carboxylic acid residues in the pr ct(s) can_ be
d&) arydreey WBP'&%’H&W‘W%%%?&%‘%P@J Wé%%:!? E%Z mole%, or at
tBEsHH MBRE 9 of il YEREuELHPEthIRRe g(y’&)la carboxylic acid

conponent conprising at [east 90 nole% or at |east 92
basedhari 09 nwle perdestst thegamdxylic ecid ¢ampeisnd uesidegs and 100 mole

perceh iR Bioadt, Ahond sk Aindhe S EBRrEINGEL' o

TRt Edaretion of ﬂ1e6caibo)ay|b®qd b@mp@h@ht with tiextiydr&@e/l component during
t hereof, and dr ox i Si

the pregaAions! 5 RIYETET BVTTEA R NGTSRGFER oghe iatpuaiE peroentages
since %%‘?nn:# ﬁ’tfllzbhaelaf é)@éé%% AhEhiroRPopeint ifRRSPED, Ag. on the order

percen of the carboxylic acid conponent
of up toegmmu@e%meﬂanwtqmeé Pemelaih obcatbrxylivaridggmponent used. The

TR I -
aromét}&ﬂlcaﬁ’{bbxﬁmmmﬂidwarrtgemlylenprgﬂl?l mSldlLeSJf t heOI
est er ted tot
P Betnesge Eredibaicaed sy PSR S dpY s edy dieyfle & - c.
dlalkﬁt&%pﬂﬂ%ﬂé’cég |an6@?ﬁ@§6'§alldyfna‘éﬁﬁ1a‘lﬁ@s fuch- asOdinmidieyIRFsitithalate and

up to 200 nole%rel ative to the 100 nol e% of
26dlmlbm§phtbalatﬁd conponent used. The pol yester pol ymer

gﬁoﬁdcﬁtiontig a Hfé%ﬁ éd?ﬂp édt of F@}Q@?étﬂél’ic %Bat aérglljaté%eoﬁ%?é;ﬁﬂhahc acid,

arona ar box aci d resi
naphtdtleyeen@-digaylsmtylic esid;l desvat%sloi abpbthafertee?, 6fIthl’rbb}(ydlC acid, or

mixtugq%;tﬂﬁarc])? éﬁg %E%t{‘p}:ygg Sglgl gﬁ’égt%)l(gnt s&@?ﬁledprlerslgntug eIyester may include
one oi;i hﬂir&éhﬁﬁ‘@ﬁélhﬂbéﬁléﬁcar%éﬁﬂ|ca§cﬂ'dﬁﬁ‘iﬂbdntd@r SO¢H badiabralanedifier

di met hyl napht halate.” . In addition to a diacid
carboquoam@ semppunds Mshideamnpao-garkexylieasid soapayinds, dicarboxylic acid

comeh 50 RS IPEPLE: SUES: BLEBOLHR LA R Examplcs
include aromatic dicarboxylic acids preferably having 8 to 14 carbon atoms, aliphatic
dicarboxylic acids preferably having 4 to 12 carbon atoms, or cycloaliphatic dicarboxylic
acids preferably having 8 to 12 carbon atoms. More specific examples of modifier
dicarboxylic acids useful as an acid component(s) are phthalic acid, isophthalic acid,
naphthalene-2,6-dicarboxylic acid, cyclohexane-1,4-dicarboxylic acid, cyclohexanediacetic
acid, diphenyl-4,4'-dicarboxylic acid, succinic acid, glutaric acid, adipic acid, azelaic acid,
sebacic acid, and the like, with isophthalic acid, naphthalene-2,6-dicarboxylic acid, and
cyclohexanedicarboxylic acid being most preferable. It should be understood that use of the

corresponding acid anhydrides, esters, and acid chlorides of these acids is included in the
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m xtures thereof, the carboxylic acid conponent(s) of
the present polyester may include one or nore

w@dwsnesomal nodi fier carboxylic acid conpoundsPCBUSIN05/030534
addi ti onal nodifier carboxylic acid conpounds i nclude
nono- car boxyl i ¢ aci d conpounds, dicarboxylic acid
conpounds, and conpounds with a hi gher nunber of
carboxyllc acid groups. Exanples i nclude aronmatic

torm "G Re G e o8 PBas bR Fieiy il Spepindsafe RETRgynas with a
hngher%m%ér?of%@mw@n@a@iﬁrgrows ©Yabamy thehsdlyestel, car boxyl ic

acids preferably having 8 to 12 carbon atons.
sl@é‘dﬁf“pﬁ tedisr@y! 6PMrpaeHt camprising atbwgﬂﬂealwldee hydroxyl

compcl}@-ﬁ{ F}it w%lsprggerﬁ éﬂ&/ S ﬁg’h‘c( t.&iﬂﬂ differdfibitb- ols, diols, or

i ¢ aci -di carboxyl'ic acid
compmy\dbohﬂfxalhejnbr ndantbiec af byﬁmkylcgraupsj Examples of modifier hydroxyl

compc b MRS5S AP NG 1 S0 GRF os ancr
aliphafié 8lofd grefl’éﬁa& y HERARES €0 aolcﬁrbdmf@totﬂ%e Nibresspavifichexamples of such
i sop alic acid, naphthal ene-2, 6-di carboxylic a

diols l@ﬁiwd%gtﬂtmﬁ@a@a%@leme@wme glysel d %@r@@%@gﬁd'methang propane-1,3-
diol; bRIPES] ARYiG: %ﬁtaﬁ@ﬁ F]ﬁg\ékgﬂgrﬁé%ﬁﬂ ﬁﬁ?éth;ﬂﬁ@nt%e&aﬁ (2,4); 2-

correspon acl esters aci d
methytmalntanecdm ((‘nf4);tIlésletrlamttmpemanafdlmldécﬁ)i 2.5t phyihexanediol-(1,3); 2,2-

sy GRRERAOGA2SL BT AP R rfehe b o

hydrom&bl@hékylﬁpﬂmﬁegz Qu ﬁmyﬂﬂmwﬂﬂfa(&ltétﬁam@thyle@}dﬁbutéme 2,2-bis-(3-
dition to_a hydroxyl conponent conprisin

PydroxyejRYPNETI)-RIRREDRS PR 312 BRATH SRR BERRY - Dropane.
d@é ?h%?ﬁf%rrs R bﬁ/%éfé‘i‘ %o%ﬁ’ér%@@ﬁ?ef@%hf écﬁftalﬁ‘%rlh@h @bfonomers as

or co s Wi t'th a higher nuriber of hydroxyl
isophthalinipsid, Exehtpalese dicananyfic ecldhymlob@{ar@dwp@baa@l and diethylene
Ve II ncl ude cycl oaliphatic diols preferably having 6 to 20
9l¥COlcarbon atons and/or aliphatic diols preferably having

3THéJp8199§t@F b@llét@bﬁfmsmﬁhé enapiaciudiedblendagfl gty atitylene terephthalates

et S A o o S8 DL DAL e
polyc%HBﬁ&% )’F;Og%tng r{ﬂ 0yanﬁ’i88§ afigs ﬁrefe?rrgd Hat thepai8stér c@m?bgltlon should

met hyl pent anedi ol
comprlsls) a nigjarity-of ftmeretvlwﬂ;tpepolarq@r@.more(p_refe{ggiblyzn gn amount of at least 80

o, 5 U ASLBBGHSR s masborefriny S s, ASREDS ! B o

thermgplﬁsm §ol§/ﬁqerd‘,11/ei€cm0wg/ftllemewdg)anm¢mammnd2 ofparticles, fibers, impact
|

modifigrs %,ogj%yolm%ﬁsm T .%qi 5;0%&%@5&%%“%@ It is also preferred

that the g?dlyésgtel( 60!?&‘1@@66( ﬁb%&ﬁéﬁﬁ@%lﬂe@ FBBA)8r iMdact modifiers or other
lers ol yester polyner may preferably

polymeeswhloh fotraa djmﬂmlﬁbt@lﬂ%i)bésﬁ sopht hal i ¢ aci d,

nﬁg@ég@?gﬁf cgllnf)8§|98ﬁ(§/ Eér‘f b@‘f}'rgpar‘é}ﬂ ‘Hy%?y’?ﬁ&%tlgﬁtd?@f@ures known in

the art sufficient to effect esterification and polycondensation. Polyester melt phase
manufacturing processes include direct condensation of a dicarboxylic acid with the diol,
optionally in the presence of esterification catalysts, in the esterification zone, followed by
polycondensation in the prepolymer and finishing zones in the presence of a

polycondensation catalyst; or ester exchange usually in the presence of a
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gl ycol . The pol yester pellet conpositions may include
bl ends of pol yal kyl ene terepht hal ates and/ or

w@ologabdcyd ene napht hal ates al ong with ot her PCT/US2005/030534
t her nopl astic polynmers such as pol ycarbonate (PC) and
pol yam des. It is preferred that the pol yester
conposition should conprise a majority of the
pol yester polyners, nore preferably in an anmount of at

transe!ﬁfegﬁitgeg& @gtﬁ%t &}rth testggegtgh%rﬁgeﬂ%oﬁ f&&ﬁyé@ﬁ grepolymerization and
finishib &1 thiedrasénce Od pomeendemsatiowca@lyst! | ers, inorganic
conmpounds or particles, fibers, inpact modi f | ers, or

crbn@é tHROpYEStEr PhlySler Waﬁ@f@&hﬁe@irﬁm@%empﬁu% pb@ﬁe)nzatron it is
i s al'so preferred that the %ol yester poI

sohdlfwst Thenmatheddiey selidifynoghe polyester nofymenfEem t D rmaée process is
not Im%eéf.’lto%ﬁyes?r\ r&%ﬁltéﬂ“‘)@?eétgr 2rr%'r %ﬁprenngH%hQQ@?r%y be directed

conpos ons repare
throughod diee ior narelyreub,r ardedu deectbd drmough & dhe fralrawezdrby cuitiegthe molten

to effect esterificati,on ondensat i.on.
polymp $eeil i TayinesBeram AR AN G DeuBl meliepolvester
polym@r [rﬁ@&gﬁ fHelgies ahétead of uﬁnglaf‘@é?Wﬂlp Qh@mdﬂtewl rid[yeisl’ér polymer may
diol, optionally in the presence of esterificatio

be fedcintap phtgle o wip ieerevs erydar aag %rUQSHéhfovshraerédomﬂPna"y ata
temperrlgfu%‘r?1 BRYsHTab: ﬁ’r%r% 5 ﬁwgeex%s&oﬁdi% @rr‘rgeftl'rr%'uéh'tﬁlé?dréoﬂw%spolyester

e presence of a polycondensation catal yst; or
polymes ten bexiraengetousitaads ycantactae withes ee dluid, and cut into pellets, or the

Y A

melt i$ BFtrMeﬂ@G‘ﬂl@%deo @rr@'e}fmmw‘tégblvéﬂa ciabighputdd sifdbefordbeing cut.
yester polyner is manpufact ulr%géi t he

Any cearwakia@ﬁ RefetizationsorQiging methed ant @ppat %C?fgge used, including
but n&(ﬁHrfe'dft}S'Jkgn%hsq 4 ﬁe@lgﬂﬁf‘&% @Hh%ﬁ%hdf(fd?é%d B&w@bﬁc@%@trzmg,

rocess I1s n e, nmolten O yester
pastmpmrg,rmatef rlogwpleHetrmss,thqb mer@;azere, underviater nailebzrgm amd

rer cut, or both directed through a die
centrr?u&epaﬁélg {) Scut ti ng the nolten polyner. A gear punp

t f
bl S BR D aemst o M inyRntoth ScheBalfY v Siali28s Rhlcifjog sem-
crysteﬂlﬁﬂarpéﬁlelﬁs TI'ilé? n@ﬂrdcﬁé‘n@@bp’@@tﬁ uge toreystative e ﬁ)@lglester polymer is
twin screw extruder and extru

not hmrt@cb @@ﬁ Iacludes ‘fh%mab%ﬁ'laiﬁzat'%'ft 2AP8 Chligvid- theﬁb%a'érzaﬁon may
occu rflR %%Q{:héﬂ?@alﬁ’g%ﬂéfe?f ve%@.élz Er?lurcﬁ“&c? bei PHEH agﬁﬁteg' Adid) ﬁ1ovement

rawn 1 nto stran contact ed
an unvmgriatead rzesﬂel br pipe; crarataillrzed in atligujsemiedius) abeve the T, of the polyester

polyn{)ﬁgdé'%@ég_ at?lﬁgp(g 6? ﬁé@tﬁg ?or by yﬂ%erqnga&eﬂgowr? mt'hg%?ﬂ. | 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 Tg. For example, molten polymer from the melt phase
polymerization reactor may be fed through a die plate and cut underwater, and then
immediately fed to an underwater thermal crystallization reactor where the polymer is
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
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melt is optionally filtered to renove particul ates

over a designated size before being cut. Any
w@oveee7eoNnal hot peptization or dici ng nmet hodP@mntis2005/030534

apparatus can be used, including but not limted to

dicing, strand pelletizing and strand (forced

conveyance) pelletizing, pastillators, water ring

pell etizers, hot face pelletizers, underwater

ann ol 61 GO SBoR b el pHIEG B BhE tonaty,
the cry%'témﬁéatepcﬂ?éﬁtélg mtsy ¥el édﬁtﬂ sﬁﬁé@ |aclt:@snngﬂ=ma<mmtmmétmm@
apparat us use O crystalllz ol yes
cbue grystabizationard aﬂewwssar? wzfreﬁﬂYe @’r 9‘?0@5‘? ‘i?‘ iﬁ%%ﬁﬁﬂfeﬁ of
crystaﬂ 8hd H%Hﬁ%mﬁpat i t%hé‘ﬂléé té%é?ﬁly@gbér%ﬁ}r'ﬁeﬁ nrar% polyester

anlca vessel | Ui di zed "bed:;
polymengparat:Ied Hayefdt iBast oy enetiing peaksion afSGfied hee‘ts@@scan, wherein one

o sy ML SEIHA, b AR gy oo

within @%ngé BEn40ER RS2 XM TN Mal Mg aamemr@ ewjothdven prazyofeat least the
e strain crystallized. The

absofieNale of Toiigt BY IS Baineis Seg e DERb I ARGIALT Bl gariothers on
a dlﬁe\'érﬁla ﬁr{rﬁ’rﬁ EQSrlﬁe?e?SQ/JSC?r wHith RYediRsftRE térAp&rature upward at a rate
| z€ pol

at a tenperature above its T9.
of 20 ‘F@jmnemarqﬁaarnplnnd/elghlng@bpu’eio fMobmitisaoheegessarste run a DSC analysis

on IS S BB o A ot s

reveaIU(ﬁd Propdrés bh&fel’;iﬂlyméyaricahéed ahlydre mmatotdﬂtervmae evhether or not a

ol ynmer is cr stal ter. Alternativel th
P0|ymﬁbh@%ﬁr6@13§/ %95 CH%’@% C$0 cool to be?/ow °
'h%n g?m%ﬂ%n{éh? Whé%@l)fegte?'bo%‘i’@rp’@ﬁ@és bi@l@ibl’(@lt least two melting

cryst Izatl on apparatus or any other suitable
peaksc: rmet laiM peeit inetingmointds oensidgreditp bentnirs 8 eﬁi@'lajmé#fuﬁﬁw below,

WhIChB%F &?ISIFI?Q a%@m%ﬁﬁé?gg{kﬁ@%sr{ﬁggégéa uﬂgépﬁ@%éa%nﬁ%'rvé 6h a DSC first

heatingf sc‘égaé lat Fa%ngt thembsohaé Ivalugtdi d ﬂgyﬁﬁﬂaé larez dnged thesiere is less than
may be solid sta ccordi ng. t.,0 known neth
1J/g, éta%a@@rtalakxtareﬁnéwge EUYRyISAFYY ek qrie ?gscwn-saﬁfeo high.

MoredVe?, c?r?esbér?get‘é%fr%ethgf aﬂéé!@cﬁ@b'de'ék& )éx'@;‘ﬂ Wh@ﬁ'thé REdOBIeRh(s) on a
characteristics he pol yester poly

he
DSC mw@mmt aqdeaytrfgur §igp@$ @ st slape dgpaftagdiors \ﬁcpel‘f’@l"ﬂ‘? rRysecond

s 35 ST LS00 R iRl
secondl élbp@ PRk fduetipstopd of mmsithlsrgrafromrtge thiifd slapiecThe tgpperature
locatlgrp}csg#1 tgfahavkg g)@ qﬁ%ﬁlftufg\? de g‘?@o |rp<? ggr] §§| foﬁ ihel@%%%iné Egrve. For
the p Lﬂ’?égeé SNSRIt geth@faréé‘gpﬂw@%%nﬁ@naomefmgrth@tdlﬁﬂmg point between

anning cal orineter (DSC) which increases th
two peakepisraithe poinpheieentthe peakewhere the curve most closely approaches the

baseline.

In this embodiment, if two or more peaks appear on a heating curve from a DSC first
heating scan, then the first peak is the low peak melting point Tr1a, and the second peak is
the high peak melting point Tmsp such that Tmia < Tmip. The low peak melting point of the
polymer particles is within a range of 130°C to 220°C. Preferably the low peak melting
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of 20 Cmn on a sanple weighing about 10 ng. It is

not necessary to run a DSC anal ysis on the particles,
whedeoed7ys t hat the particles have the stated PCT/US2005/030534

nor phol ogy. The stated tests reveal the properties of

the pol ynmer and need only be run to determ ne whet her

or not a polyner has or does not have the stated

characterlstlcs In one enbodi nent, the ponester

ticl hi b
pint G e BB 55 o Bt BB oD Gemst 1507
or at |@a°st %Od@ld?%@l Idast tREYC Rl Nbesbt@xcesd QHOSS| dr 20@°@SOI3195°C
peak when the area under the heati ng curv

dn [semefgcrases priiculagy a& low crystallinity syie tocaysal zﬂtlsmeat relatively low
temperﬂg%e%lﬂf/%r’ fgf ghorjtft infeldC redrem guRk 8¥ aﬁgt Y&n bécdr%%sragldly in the

e uncertainty~aroun er a curve
DSC ihstrtnyert dwmlg fost ettingescans svitheeahirgtes dit206&/min thab the low melting

point 5 b EE s ) 610 ing Bt e3 Mo b ge b o i Gind MG temperature

ramp EHtOBEfhe @SC'nﬁﬁFurﬁélﬂ%di@ﬁﬁg Ehr2gef é@ﬁ?‘l@s b sed sé}ﬂplea"nas a low
second sl ope of opgg3|te sign from

f
meltingrpgal; it Wil o seepat Bigheppen tBéessi A Fagﬂif 'm&ié 539 Stimin can be
used. sll-’cg}%g)hd %@eé‘ s%ﬁ\lebrl%ﬂhﬁ urfrjggc?g 2@?.*'%%! i chﬂeh{é%??a t%s for relatively

long tlamsfer[dmxmblderﬁlyraesmgie meltlng pgabat at2d °@7imllrha¢arhm mqglow melting

urve., For oses qf conputing the area of the
peak 'ﬁ@XPPﬁt&d@H&B@EQF T SEARTYPYi di ng poi nt between two

PRaHPd Fﬁsﬁncb@ edéﬁenﬂincﬁ@ﬁ WReshddiTR: theanal h/ld;teryeoﬂthe polyester resin
curve nost cl osel E)proaches t he baseli

pelletythe BiStheating Ty obfae) BP%QQSQ;ﬁ'b%A}eaBHQ écmmay@h'b't an
endotgglgniﬁlg iséB@%@e%p&%@pﬁﬁﬂré‘ gld%c(ﬁﬁh n‘Phﬁgpglﬁdt‘dﬁtgé%lc melting
peak saﬁlwrtgirarpeak seg_aﬂalﬁsam_ir el ;deﬁheqkmketlﬁmglngmA lowilempesafure
at, < Imt X i i .
encot s PR o vpe et TR o ek e Btakng e
first dé’fﬁtﬁéa&itrvre%bectl t@wemp@&guml dfithg peginkl DECt digve. oTr)eeshcﬁﬂder appears
ol ymer has peak erature of at |east 1400C

as a peakiie e darbEbes SOveath hoSteapieiemnsratie tha dervatiyscsurve departs
the bé’s'eﬂng?ﬁ%e ?IeraQFI‘eeR m%ﬁ%ﬁdo%n%wfectleﬁ 3185{% efeﬂu@%@ferably

I CU owcrysta |n|ty
less tkrauyelt edulal i@QD@‘iC ar less thanwelegualde tQ@ﬁ@ecpraJeaaz &@rmroﬂcmel to 180°C,

short tines, ar

then &l B g R T T g P TRRGRHR drection and
appro%@ﬁé‘éSoWétlﬁTnS e the Béﬁmefbu%oé% m)hcrbbathet basdlioe. Ated;tﬂll mgher

oint is not detected. The | rreltln% t 51
tempdatuesiihg forvele-ainG e MRIED P er ARt B ghd gain bends
towar%ﬁu% 8 cgl;lé'ﬂgﬁik ofHRELAIS Infgrkitihb Peghify 6fthe lphimidrg melting peak in the
original DSC curve. The heat of melting represented by the shoulder corresponds to the
area under the original DSC curve between temperatures A and B, and must be greater
than or equal to the absolute value of 1 J/g to be considered a true shoulder. Those skilled
in the art recognize that minor instrumental noise in the original DSC curve can appear as
high-amplitude short-duration spikes in the derivative curve. Such noise can be filtered out

by requiring that all features in the derivative curve spanning less than 5°C be ignored.
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melting peak, it will be seen at higher scan rates.
Scan rates up to 500 ¢ mn can be used. For
waelobd2saat ed sanpl es that experienced rel ati vRCTURI0g$1030534
tenperatures for relatively long tines and exhibit
only a single nelting peak at a 20 ¢ mn scan rate, no
l ow nelting peak is expected even at higher scan
rates. In sonme instances, depending on the specific

rsararoa N (ol nelils; S8R PrBardel FTthG e, are not

neede‘éiqaréff&ﬂvéiy Ahpihe p e%?&%chﬁ’ﬁﬁi fagiblesad @8mpéaratiites ranging from 140-
| owt enperat ure si de of the principal endothernic

190°Crag engrytheught. rMew dhereriarravigedsa palyaies %ﬁ@clwhwhj@fh%arystalhzed
and h%?btl?l\ﬂ rﬂ@ﬁlﬁa p(ﬁgltgﬁ' \gé%ﬁfeaﬁé%tﬁll ni‘#BﬁQ%B'EhBoE‘%%‘HfW%{mg the

y means e curve

melt pb(ycetssklgigntplaaeatﬂrer sy 1¥2or wadrever vy alfoutSSQeartmare, and thereby reduce

the Ie\téeg Eg g{:é’ttaﬁe%ggé gtheereﬁéci ﬁllgplglétr r%sygqg;: ] \(l)g\lgf J’Eeed wrf%ugemperature in the

dryer hﬁﬁé@&éé&ﬁg HeNpRItHrocSssifd 2ot EVar thoaigh Uhy Foﬁé‘hﬂar &tsts for
baseline (at tenperature A) in the endother

partlclgp rr@\!ﬂgﬁ megiting RAME 2300F ©r ﬁﬂ@ﬁé@ &8 djiedaathighpydepperatures on the
order ﬁﬂﬁ@d) tC%]Br P8R bhe ac{tlgélitg@@}e%eﬁéw@ lih @ is . RUt1905C in any case

ess an or ‘equ en achl eves a maxi mum
becaudesgilahoeedR0°G rtbapart'@lebbe@'hs tedisanldr irhain rAlseritieslesirable to use

e 543 FRREASE 5 lind o0 LIS BAREHAD o postng

elemdn®IPEIBéIcRIFse diectidal bivisdth\dntiinad wmwmrfoe @m&m& bbacetaldehyde
(at tenperature B) and agai n bends t owar d

generatﬁgidﬂ e Mt RIPFRISINDAON G| FHeP Mbd%@@mhegcqﬂmg jme required for
amolﬁédl gﬁfor p.Mel ting peak in the original DSC curve. The
eat of nelting represented by the shoul der
clorarediperatsbediment; the ealymm‘exarh_icth@s maydiavalonesT rearevpelting points

WhIChb}?V \éﬁﬁn?atls:?% qe f atag%\?@lfmt} Iﬁg g%gxﬁ %}%R%@rﬁgﬁr@é dteggﬂing from a

baselifi@ns tieerdbtherntig eirebsH died tenipearaturs of ldssdham ot EQUartb 200°C, or
recogni ze that mnor instrunental nai

less than g pual tesd9Q . v Iessihap 96 gAuakion) Sé)fl,éarlﬁx)%% gawodiment, the DSC
heatlrﬁf(;%lﬂr@e %ﬁ)&ﬁ@t g'@ﬁé m&tlﬁgﬁoﬁﬁrdr‘{%bg%xﬁ%&\fﬁlo n8Rg points. In

Se Ca out y requirin
any evesadt Unedeat history Qﬂ@i& particles is kol thas ey exhibitakleastzonespelting

point \gﬁ cp @%gﬁ%@%ﬁgggﬁggq ﬁ%ﬁgét@g %b)n(‘ﬁg%lggse g t}etaﬂﬂé Burve which

beg|n§ﬁcﬁ aeparv éoyh theybasbineat ¥ eshperapeyftessithan oc kqaaldd 200°C. In this

I e NN TN —

from tﬁéBb%tséhrI\é E@I@waé}dacf&%ﬁtoazdﬂz’@qé ARldst fHe ARdNite baluR <§fV1' Je.
flexib ty, one so chooses, of |lowerin

niﬂ all gmb@@lgmnt@ th@ﬁm@{ttbe @nﬂyﬂmm arveriay, bebatqggst the absolute
value %?q% J/aogr &1edR'tfre aBQ&u J\%Iﬁg%f Q%‘ﬁé’.ce

In a preferred embodiment, the crystallizer conditions are adjusted to produce
polymer particles having a degree of crystallinity within a range of at least 20% and a

maximum degree of crystallinity T.max defined by the equation:

Tcmax = 50% - CA = OH
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the | evel of acetal dehyde generated w thout having to
| ower the drying tenperature in the dryer hopper

wo emdiozgy4g he nelt processing zone. Even t houghP€TES2005/030534
potential exists for particles having a nelting point
of 2300C or nore to be dried at higher tenperatures on
the order of 2000C or nore, the practical drying
terrperature limt is about 1900C i n any case because
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heating curve which begins to depart fromthe baseline

residugs, alsp &ppunaniykaown in gggqu%p;y@s aelafygpp@ ymepgse atjgin a maximum
degreb s ﬁﬁ%%/ﬁeﬁ%ﬂ rogolgrﬁér %@ﬁfe'a%l Q%féfﬁng material other

repr departi ng rom
than tbmﬁthahe doixl orwatbyleaq ngCOt mllm degree df@asﬁttaltnme/ Iess than 50%.

o oh Sl elrdial oAb R 2 A St aci

re&du‘é%'éiﬁi 2l rﬂel@%lﬂlgthyﬁnﬁydzcﬂaééldﬂé@wﬂh%%tﬁ maxithue defgrée of
n a preferred enbodi nent, the crystallizer

CryStadimquﬁéMﬂ%%%fhst ed to produce pol ymer particles
t
BB, BB LA g oot s
25%, br abledsf 30 dobat leas I2GbLalVivie: thera:us:m prefayned umpﬂerllmlt below the
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degre@rbf%télﬂhlﬁl ot nstaxbesy l46% ¢ inet nmedmmo%nd His
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Differential Scanning Calorimetry (DSC). The sample weight for this measurement is 10+1
mg and the sample consists of either (1) a portion of a single pellet, or more preferably (2)
a sample taken from several grams of cryogenically ground pellets. The first heating scan
is performed. The sample is heated from approximately 25°C and proceeds upward to
about 290°C at a rate of 20°C/minute. 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/gram. The

heat of melting of 100% crystalline PET is taken to be 119 Joules/gram, so the weight
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100 nol e % of hydroxyl functional conpounds residues.
The degree of crystallinity in the polyester

wewposs74s on i s | ess than that found i n convene¢DN81005/030534
commerci al pellets which normally exceed 55% and even
nore than 60% At a degree of crystallinity |ess than
20% the tendency of the particles to stick to each
other and to the dryer equipment is too great. By

rctof i B I LSRR B e oy 110, To
obtainftRainsigtt. 9f crybRillinity et v@dlghtereition dt@élﬁnitﬂshh@lhﬁﬁd by 100.
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fﬁterrpdamen’acr}yslal,lhrﬁy iz calcalatadigors diogh 9f:t er epht hal i ¢ aci d
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rapldlyrm m%DSGpmstnahemi during frretdlaameg sgads with seaheates of 20 °C/min that

the trlbe} %[ Flparﬁ%{n;} |%potS %quéséfl aJ hfl \%f m%ﬁ%cgwgil %ﬁ Be seen by

mcreefshfg el tb@iperature r@m’;ﬁtaé bf #edDSC iastdapericaraf using smaller samples A
crystallizati on of at ast 25% or at_ | east

PerkingFImeaByriss3 galopimeter lSHJéPQ Toeighr “speef &@l%@l%}abjgeﬁpﬁpwen mass is
adjustkéﬁltB‘t‘Set P ﬁﬁ%/' ﬂ%?ﬁg}r‘fl@ﬁél% 19 sEarY Bdtal Abdtitiay/1 ﬁ?gjn%lhél‘éqg used at

orrrua N many cases degr ee
500°Cdfmrcanydabbu11 B imgyaredsedratt! 003Gk, Tlm&ald?s(a@@mﬁlﬁa éaﬂfh are used.

T T e L
ﬁglgdél ulbvl’l geéltalrrvltm%mm élﬁﬁ?%rﬁ@m cs,&imllrﬁtwmﬂ tgdalpolyestelr polymer are
obtaingdk t%{ar?c?e [;l]’lugll’lgqg by g ¥ ,c%@q %P%éﬁ)p?&%rr]usjhl%tn%@lng other factors.

Thes®E&HditiGHY é(ncf Blctcs %ﬂfﬁﬁﬁeecérﬂkﬂlfhg{r @rﬂaﬁlﬁéﬁétéle SHrRfforafapplied to the

cryogeni cally ground pellets first heating scan
polymies dpeng oryséallizatios, #wmesidense hm\@tthlﬂ thercestallzatinazens, the nature

o 36y L SRERE O Rebur 702 poffrcind e s
undergehé ibyghe palynierr nShdsenef skill mmrﬁtalhzmgspol;lmste;rrp@dymér aayaware of
the suligble Sonlifinia comuETEne GE RS PGS LARE Mgt Boint and the
degre@dFcPystafinity) ah8WahdHlaiA PolyMi&rs having a melting point and a degree of
crystallinity within the stated ranges for a given polymer composition. For example, mild
thermal crystallization temperatures of 100°C to 200°C can be used at residence times
ranging from 1 minute to 3 hours, the exact conditions depending upon the nature of the
polymer. While these variables affect both the melting point and the degree of
crystallization of the polymer, not all polyester polymers crystallized to the same degree of
crystallinity will have the same melting points, and not all polyester polymers having the

same melting points will necessarily have the same degree of crystallinity. Polyester
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heat of nelting of 100%crystalline PET is taken to be

119 Joul es/gram so the weightfraction crystallinity
wo@booslzs7pel | et is cal cul ated as the net heat oOPCTER10051030534

di vided by 119. To obtain the weight. %crystallinity,

the weight fraction crystallinity is nultiplied by

100. Unl ess otherwi se stated, the nelting point in

each case is also determned using the sarre DSC scan.

Th
s BT FREghabe il e RS DBARS AR e povester
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same CREPPSIGRr Ak 46 mRg reER Ao VALY BEnsHe e HpEr S Rérent
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n-an bout are use at 100C¢ m n. Typl cal
more mf@ﬂmfph&ﬂ paem;tlratyeofusrgm mBéesial.i Misgioubatesiet ingy include scrap or

e ,the curyv I n
regrinfiohfash Betie dRlisheporifh PERkRSl ek eshRfs GaVef  Foppver. white
virgin ‘Prﬁatéﬁ"éﬂ &) ¥GRhRr sdPad bﬁ&igrihﬂ&n@lbhal iredndynodiment, scrap or

nfl uenced by a nunber of stallization conditions
regrommm@tq;@ql lsr%taeaf 30"‘11*F'€§/ér9€b YT€bns and factors
include controlling the tenperature conditi ppl i ed
t b adsitigroioythe meltiphass ROYSEHFAONRTPERSS dercribediaiole o make the

virgin zoﬁg}asy% ? néﬁnéﬂﬁe C!eler @Ht%ltéﬂ@ﬁg&é%&ﬁ%@Hbﬁllc%ftlons i.e. ItV.
=/> 0.7y i@ fblicvecd hyettmhwhenystadimnorm at sdlathviely nild éemyperatwes, e.g. 100°C
o 20b BB st Sl L DS AR or

mvenﬁ@mvleé‘lt é)@éﬁ%le C& W‘r@lﬂ' ﬁdlﬁﬁéﬁwtﬂ@ adeialof ctyh%llﬂﬁﬂytaﬂmﬂﬂhmgtpomt
degree of crystallinity, and can

outs@mpﬁthg r@,ngﬂg,qaﬁ‘gb%rqmﬁltqqq éorp@qqmplgﬁuala eaga e ?lepwed by thermal
crysta(fl %é%ﬁ‘lalt Féféﬁ\)é SWP'ﬁIB t@mb@?atﬁr%@t ‘F?O E@Q@(F §Cz %te@n&lv\éﬁn following melt-

exa her mal
phase: pMytrmi'llzaizcm focam trwxmcmmmdeolﬂlallwe@ﬁt {16V2000.20 sthyg ts0.70 dL/g)

e et 5 SRRk e PO A A £ flpaion wio
the stafed @fge, followed by solid-state polymerizing also at mild temperatures ranging
from 170° to 200° C to increase the It.V. to that suitable for container applications, although
in this latter case\, the residence time in the solid state polymerization zone is either
increased, the pressure further decreased, the inert gas flow rate increased, or any
combination thereof.

Preferably, the polyester polymer is manufactured in a melt phase polycondensation
reaction to an It.V. of at least 0.72 dL/g . In another preferred embodiment, there is
provided a shippihg container containing polyester particles which have not been solid-

state polymerized and have the it.V., melting point, and AA characteristics described
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pol ymer. Wile these variables affect both the nelting
poi nt and the degree of crystallization of the

w@eiognes748 not all pol yester polynmers crystall i PEUSH05/030534
the same degree of crystallinity will have the sane
melting points, and not all polyester polyners having
the sane nelting points will necessarily have the sane
degree of crystallinity. Pol yest er pol yrrers of varying
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energ?ﬁéq@féwto?ﬂelttlﬂ@pémclmkeﬁﬂiahl@ Mymehd stﬁ’n@pslymenzatlom process, the
e
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the péli\% ﬂﬁﬁe%@f‘écpﬁlaf §Gﬁ|etp%‘i|’ﬁlclé§ﬂo PVREBBIctdly Afelt in the melt
| owed by thermal crystalli zatl on at

procesemgtzionaa;ndrtmr@bv@apee deforedtigsiiothe moidayl @gxtruded product.

Accorglwq%ﬁ?@% @}éegeged gt # g%{&gsrtgf\%ec? ﬂﬁé%{ﬂ{eyﬁﬁlbléé‘ %Qﬁﬁ?t;ﬁ)rowde

particte® Withy SuitHbleglt.V. hinedepiol tiie stet pleazee irecessy/fr Hid pmeidcmn of the
C{g | d tenperatures to a degree of crystallization
particigs hin the stated range, followed by solid-state

p‘?hé 'ﬂi%fy‘eéle'ﬁ %aﬁlofé‘s éftth@lr'l\ﬁem@mé@h@'wfl e pphetdiesy aﬁét@lﬁehyde (as
to increase the It.V. to that sui

abl e
measﬂmd l@y)ﬁsgi\/hEZO‘é’pgD i'Pataraination) of ikasighval Acetaldehyde in Polyethylene
Terephthalate Bottle Polymer Using an Automated Static Head-Space Sampling Device

and a Capillary GC with a Flame lonization Detector”), and more desirably, about 7 ppm or
less, or 3 ppm or less residual acetaldehyde (“AA”). This may be accomplished by gas
stripping the AA from the particles. Alternatively or in addition to gas stripping, an
acetaldehyde scavenger may be added to the polymer, which has the attendant advantage

of also reducing the acetaldehyde generation rate. If the scavenger is added after the AA
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inthis latter case, the residence tine in the solid

state pol ynerization zone is either increased, the
wpe@soeR7d8 f urt her decreased, the inert gas fl oRCT/EHSM05/030534

i ncreased, or any conbination thereof. Preferably, the

pol yester polyner is manufactured in a nelt phase

pol ycondensation reaction to an It.V. of at least 0.72
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introdyestiath thg AA stippingsvessel isalof particetarlydimitads bat preferably from
e t [ f .
el RSO, ST oo 050B b, Fhe SRS RR B rg0es g
the stripph@ vesst il apmbxm’(ate tthre tﬁmﬂsergture efifrey pélletemirodbeed into the

vesselychu P a ot GO Ao P S BB SB 3Rt g oas wil be
about T0EC +Tl§0°hj glrhgﬁérhp@@uneldﬂtﬁe pay ex&.hg tie Gashensha@e r@ft exceed

I ncreasi ng t eterrperatureo mer nelt |nt e

the temperaidesr athyhigh thenmetagutas sveighicrf dhg paﬁ@fe@ag isdyangesl in the solid
state.icﬂg fé%etr}c?mﬁgg heep%r{lc% H?‘he IS 0 ﬁ%ué:éss We‘?gtu?@gnd particle

I edand. imcr ea

mass/glae réity, ot Inad;erfewl ﬂw&smbaltld@wmgeé cﬁnormﬂ ihoar td 24 hours The gas
dition pellot gfromso

comp s 10 2B as Bl 87 i R b geRHibon iogise. or ambient ar

The g469688 nef nééd’ﬁ)t@é HHéd tsincd theSif&on &‘fthéi@%‘is R&o dtfrtidpellets but
| ncreases the |latent heat of fusion, t her eby

to strip residugliAfyfromethe metiels. ledraitedd heweyien, the: gres wthecq!r@gi
Ri I I
Bk ok < F o ledogh ARl ATALARY) 0% 850 RRg o oxuder
for makimgean aeticleytit isipneferrad tol ﬁédcythe\dryeramtie polytries ppdio}esealready having
es, do not c

th th t t npl et el.
10 poRrlepnot fesidiel polAEBISR khOTshE BRuCEAaF g AER4B58 N the arver
and/ofRAROUE theegudlity bhdenmticled nﬁdeﬁ%érhdﬁ@@x@ud&umﬂoreover in an AA
Accordingly, it is preferred not to solid state

strippipg|pFaesssz gy grs isanot required tasgin @%A\frog@the partlcles whereas in a
drying process, a stream of dried air is circulated through the particles primarily to reduce

the moisture on or in the particles with the secondary advantage of also removing AA.
Thus, in an AA stripping process, ambient air can be and preferably is used as the stripping
medium.

Thus, in one embodiment, particles having an It.V. of at least 0.72 dL/g and either a
degree of crystallinity within a range of 20% to T¢max, OF @ low peak melting point in the
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particles with suitable It.V. nmade in the nelt phase

process for the production of the particles. The
w@oiogesd7es particles of the invention contain BOI/pRons030534

| ess acet al dehyde (as neasured by ASTM F2013- 00

"Determ nation of Residual Acetal dehyde in
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e o1 e BEGHBRISRT 1B nEVeb) BEBHGRERLendchaR s, such as by 2
bIoweS Uﬁrﬁ‘s Ep%nﬂbsi bﬂ@ &he like.COhé gas echywildvi cotorirmeat ;oesrtmuntercurrent to or
scos el s Sl S ST e A ST e e e
of parhéle%s"&ﬁ.ﬁﬁércbﬁeﬁt QAL PBHRYSAGK tﬂ%bgﬁ\fhé Be®f Wﬁ@@%s can be

y a contlnuous process e te erature
mtrodtut&d gfzanyi desitedypaint amihe welseeme&fe@tlve gprevglceég@, tavel @f #staldehyde

in the %@Ie‘:su %Ipéé %%é({f of a%?u}ab% be?TLI léo‘;]d{ileﬂi‘iﬁ‘gﬁfn?%ttottﬁe lower half

of thetb%Gnﬁigﬂtlim theoleddet amalsmeve pnefﬁjablly&o she Iop\mrﬁ@ oﬂﬁfﬁﬁﬁd height. The
roxuratetg eratu é I3 e]

gas ipws salG 8t ISABbS PREICRS 46¢ PaRIRDS) rieraiy tiblgh gt least 50
volum'en%’ AL Sgd %oﬂé)@%@rabﬂqh@& h ét%ﬁ%“é'?éwbﬁth@fpdrﬂ’tﬁe $aé volume.

be about 1000C +/- 2Q0 The tenperature of the
Any ggais suitablenfpriuse in hasiveriinuisicihas aifx said@nidigxide, and nitrogen.
Somep%q%g a?éfﬁqergapi f\/@gﬂﬁgg #'Bttﬁﬂé 86d It@gwé’\%aggtav%a&h? and low cost. For
examples tréanseoft dimeatioér thae nnargelno/l/@.ﬂd teubtodsignificaniepgeating cost
morog G e B B8 85 G g n syt

WthhWSSa hJﬁR)V@@ﬁgé@W&EH & BBd io$ pafticldvadtitbmipesatltes above 180°C, such
d, and includes nitrogen, carbon dioxide
asin amséaihzem because nitrogen is inert to the oxidative reactlons wﬂlch would

otherwise occur between many polyester polymers and ambient oxygen resulting in pellet
discoloration. However, by keeping the process temperature low such that the gas exiting
the vessel does not exceed 190°C, particle discoloration is minimized. Inone
embodiment, the gas contains less than 90 vol% nitrogen, or less than 85 vol% nitrogen, or
less than 80 vol% nitrogen. In another embodiment, the gas contains‘oxygen in an

amount of 17.5 vol% or more. The use of air at ambient composition (the composition of the
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The gas does not need to be dried, since the function
of the gas is not to dry the pellets but to strip

wo e®@baesas AA fromthe pellets. If desired, howewBEDS20051€30534
gas may be dried. Wile gas stripping of acetal dehyde
may al so occur in the dryer feeding the extruder for
maki ng an article, it is preferred to feed the dryer
wi th pol ynmer particles already having 10 ppm or | ess
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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 reduce the amount of residual
acetaldehyde on the particles introduced into the vessel. For example, for every one (1)
pound of particles charged to the vessel per hour, suitable gas flow rates introduced into
the vessel are at least 0.0001 standard cubic feet per minute (SCFM), or at least 0.001

SCFM, or at least 0.005 SCFM. High flow rates are also suitable, but not necessary, and
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in the particles fed to the vessel. Preferably, the

gas introduction point is to the Iower half of the bed
wheioghts7uh t he vessel, and nore preferably to PCEUSNE030534

of the bed height. The gas flows through at |east a

portion of the particle bed, preferably through at

| east 50 volune % of the bed, nore preferably through

at least 75%of the particle bed volume. Any gas is
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an out gas, and an outlet for
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ul at ed
A mel PR ehT I Bioltube SPBimer HEUAES o4l pEALd cofiBingtion of
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concé?ﬁ“a't@éan@%!e@%ﬁé%ﬂﬁér%t&r’é@ vWHIEH RIEIRAINtHYEh KResalf pafiitfeditghe solid

I's desirably introduced into the bed within the vessel
form.at about'V or of the bed ,

Examples of effective acetaldehyde scavengers are any of those known in the art,
and in particular, amino-terminated polyamides having a molecular weight of less than
25,000 g/mol, or less than 20,000 g/mol, or less than 12,000 g/mol, and preferably the
reaction products of adipic acid with m-xylylene diamine. The end groups of these
polyamides form 'imines’ with AA and virtually bind it into the polyamide chain ends. The

amino-terminated polyamide acetaldehyde scavengers disclosed in U.S. Patents No.
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hei ght within the vessel. The particles are preferably

i ntroduced at the top of the vessel, and nove by
w@r@eio28748 0 t he bottom of the vessel, while theCES2005/030534

preferably flows countercurrent to the direction of

the particle flow The particles accunulate within the

vessel to forma bed of particles, and the partlcl es

slowy descend down the |l ength of the vessel

6,444 28301 6 AR 208 S50, §§§d§12%ﬁ1§' Sn@BsRlo ggé‘ﬁ\ggf&&é’t@d herein by

refereft@frethal antipdty. aAﬁéb&ﬁl&élyl ahﬂhVarﬂl@hﬁd@dml‘l'aiIv@btmamb@ used such as
conti nuous process and is_ at | east 75?;}&? %% hei 9
those gisciased\ngier V-2 onatants Ne: &.he2g4pEndi &/ wli 4 porated herein

by refStanc@m ,.z(_fqn@et The vessel preferably has an aspect
yreratio ;I% yIeast 2, or at least 4, or at |east

eOnath theepdl pester palpwer pariicles aremoads with ithe stated pieperties, they may

o iy BB PO o T L G v
moistiredraih tiapaiticlees Adtoriyglgj thers isciiso pilowidedos Mhmdsof melt

preferably coptinuous . in which a stream of particles
proceggﬂg Pﬁl)’@ﬁé" Rﬁlﬁké’aﬁ'%% £PBPpEgi cle inlet to the

A N@n@dpﬂ?éétér%(ﬂyrﬁé? b§|tt|c%% ih BeIrPRgidonkeas prédudetdtiddarticles:

the vesseh” A suitable gas flow raté introduced into
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75% WRHP Fblyé&t@r 8hd h%‘ébn@t @O&Jatf’réé’dﬂ ‘d)aTdel IR esfRRl ab&thldehyde content
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of 10 ppmos |&§:Iﬂndl-|18gﬁ at lenst fue aselfargepga@ow@@mla@n@ of said afdeast two
‘ meltm@f}fe%eaﬁé% % Iﬁ)\ﬁ%%%k%@ﬁﬁg/%&ﬁ%tﬁ%ea yrélyd% eﬂg;’%&ptﬂo °C and having a

ent ow t
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oEhe BB e BRPTReS anierc ke deatiie AMe! BbfmessiBgane reduce

the m@fsttﬁbt&bﬁfen@ bf Bé’r‘tlﬁle@f N&ISRee RPOESH patielck)fed fib laymelt extrusmn
requi res the use of high gas flow rates. The gas f

chambett willjcauge el tg 1986t ©xegsiNe dinér attmelh temperaticespy @Ndrolyzmg the
t
ester ({adR 3o Loy otebirbnp 2t 3P e by chefadletics of the
polymiet ang eiretthofatio lod troeprefamts when; bloem ihtoubottles. Therefore, prior to
Al t nat|vel . ddj ti t al dehyd
extrusion ienrricin e s 4 tow REnadiy e Ayepieatuss o 140°C or.
more ﬁ?éﬁvé b n?d?ﬁ oPihe MBisilRb onPhRER tRE %@Hfdié Oft iPdediRBle to dry the

polymer or by nelt blending the high IV particles wt
partictdseat highvtemparaturerioft 1407Codr momvierdgereass theaesidengehtive of the

particles in the dryer and increase throughput. In general, the typical residence time of
particles in the dryer at conventional temperatures (140°C to 190°C) will be on average
from 0.75 hours to 12 hours.

Any conventional dryer can be used. The particles may be contacted with a flow of
heated air or inert gas such as nitrogen to raise the temperature of the particles and

remove volatiles from inside the particles, and may also be agitated by a rotary mixing
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production of polyner should be done as |ate as

possi bl e, preferably near the end of the finisher
wGe@ge28748 e. , near the end of the |ast stage uPCEDS2005/030534

vacuum or nore preferably after the finisher stage.

Compoundi ng to form pol ymer concentrates with

rel atively high |oadings of an acetal dehyde scavenger

is known in the art. The pol yester concentrate
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t
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Anoth@ﬁﬁidltlcdéﬁﬁesd%g Penesigldndinfeation niotding Ineschiie eqmlpped wﬁh the same
foaturgs sexcaRl FRMSIPSCAHEAG A G WYY BN Bh AR ds foreed into a

J
runnef @%tg@stﬂ?ﬂ%&ﬁé' bl ch? @F‘ Fnté’f)né %zgrlsdrtﬁma%gogg% 9 gAﬁfTéDxample of a

moldeaimiarpmﬂ@eakﬂ bottlaerefem(maﬂsopboduct s of adipic acid

WB ?/Bﬁfra ’E¥‘Y§Pﬁ%aﬂ1 ﬁﬁq‘]ﬁgFmo@ f%rﬁﬁ%aﬂfr lﬁ@lﬁﬁ f fip?ec’lﬁpegture zone of

maxmhlﬂthMb@raQ@ﬂey@fmhée aldray thedeigth of fiee bairelds tmasalhyaicmdest to the die
yam de acet al dehyde, scavenger s, di scl osed in

plate 'Paérbﬂ’ftéuq% d heJnaxBRingiemperadie yxthe ZnesAcesp tne Iength of the
barrelﬁn%@ﬁa o mmireth &%ﬁmeﬁ‘tr 8 hee ﬂ’f@@élﬁs‘t@Qp e b ebmpBiature where

ererfice In thelr entirety. Alternatively,
the palymar degriades signifisanthaer berasmdypisellide@n exizlenbatrelo e maximum

tempeéb%%%éﬁge%&dﬁ r%l II’P t‘We éé%ggoof fle Yrﬁl%nagﬁ ¢ Pe as low as about

orporat erei erence in
250°Q, hei265801 i 1 #boudndEs°Ch Smtalbjeelsac&«prmwemancﬂ)ahea?rcrbm vary

ceportal oS e oS ik B e el Tl e potymer
comp8Eiti6h, AR e AbIRBIdgY of e@Y4rticles. In general, backpressures may range
from 0 to 700 psig, or about 100 to 200 psig. Suitable screw speeds are within a range of
40 to 100 rpm, and suitable melt residence times in the barrel range from 30 seconds to 3
minutes.
By using particles having the stated It.V., melting points, and low level of residual

AA, optionally and preferably also with the stated degrees of crystallinity, the acetaldehyde
level generated during the melt processing of the polyester polymer into an article can be

lowered. By using the particles of the invention, one or more of the following advantages
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noi sture fromthe particles. Accordingly, there is
al so provided a nethod of nelt processing pol yester
wp@ologies74part i cl es conprising: A) drying pol yeRCEDS2005/030534
pol ymer particles in a drying zone to produce dried
particles; B) introducing the dried particles into an
melting zone; C) nelting the pol yester polyner
particles in the nelt processing zone, and D) forrri ng
an article fromthe nolten er ei
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the pdfdesited, the prosessing step| & Spbd glaje tn%v%%ﬁ%aﬂené@ng%e avoided
comol ’@gh tenperatures of 1400C or nore to decrease the
P& dence time of the particles in the dryer and
ig)cr ed¥e ddyroeofi prystallinity gandredbyverdts therebyadavingserirgy eosts to
rticles.in the dryer at conventi onal

Operaﬁeéhﬁ%t%? IMORRNEY- 1000C) will be on average from
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REP PG Sofl i BRBR WhG BrATIUERTIN e Bhd » gt (J Btiuce dried
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Suita as flow rates rangefromO OSto&OO SCFM

fQ} m@u@gyt B PFRIF i the mmeltyyg processing zone, an

D) forming articles from the melt;
wherein the polyester polymer particles fed to the melt processing zone or to the dryer if
present comprise at least 75% virgin polyester, have an It.V. of at least 0.72 dl/g, have a
residual acetaldehyde content of 10 ppm or less, and have at least two melting peaks in
which one of said at least two melting peaks is a low peak melting point within a range of
140°C to 220 °C and having a melting endotherm area of at least the absolute value of 1
J/g; and the melt processing zone comprises a barrel, a die or orifice, and a heating

element directing heat to the barrel; and the temperature setting of a heating element
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particles discharged fromthe dryer, preferably from

0.2 to 5 SCFM per Ib/hr of particles. Once the
w@200bi0z47¢8 have been dried, they are introduceRPCT/NSWOH030534

melt processing zone to formnolten pol yester polynmer,

followed by formng an article such as a sheet or a

nol ded part. Any conventional technique used to nelt

particles and formarticles therefromcan be used.
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r X
Howe{ef B citefpfic@REicFEhdiths \IF Rk B ihflirh 1 JRELERAg, Bypoint
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. es va d end| n n the particular peak barrel
lmpac{sgh%@pgtlalﬁl %quﬁ A®rghput, the pol yner
GRRO Bhél ioifer ﬁB@eé@@mﬁ@ﬂ%@lt@Werﬂﬁleﬂ hidvarthe Mvesitioh i practiced
eneral, backpressures may ran fromO to 700 psi g

within gre elaiig withoutithe pegepsitwef asivalipmakingranpl¥peatrolymer particle
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e
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screw%ur Ing the melt processing of the polyester dp
ispeed aa Pragticed @re Avthi the Scope of the lnventlon an the lnventlon can be
practiced without actually taking such a measurement.

The polyester particles of the invention also require less energy to melt relative to
the total power that would be applied to the motor and to the heating element at the same
settings to melt process a polyester polymer having a degree of crystallinity exceeding
Temax bUt having the same It.V, same composition, and at an equivalent melt residence time
within the melt processing zone to form the same article having substantially the same level
of haze. The amperage demand from the heating element and the screw motor is lower

relative to the amperage demand when using the particles with higher degrees of
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| onered. By using the particles of the invention, one
or nore of the foll ow ng advantagescan be realized if

W0 b@sopssudat i ng parameters in the nmelt processi PQI/ESI005/030534
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eleméﬁt@hﬂtm@tbr ghetldlashiieaig @hi@s@medwhme hh%snﬁhg thebeffddt on the
desired, the process; nqg; step of so

ampefidyriSifer PrEloRS AP BIS PG BXTHERT A plrogempipthe same, such as
the reSRZhES. tiffe I tHe kel thé dt@BhASe; |é&Y@K/ 8feed; thﬁ'@@Yatﬁl%Véél%gs on the

energy costs to operate the crystallization equip
barrelptfeospiuagand thennezze fips cedld filtiperiihakhtimet geolisgdings; the mold shape;
t. ti di
and aﬁ%@ﬁ#’tﬂr@e ngﬁeo@af?eglggéleﬁ%ges :Fno%ec! $ﬂt|§fe 4 rﬁ{enlgg’ézeolreggll can be measured
by vislmeﬁmepéctldllf witméhe ége paving 2029 visioh lre adnanney desodbddbelow in the

worklgg Eég%% ar! egesrﬁ%‘é\/tezlbg!;lgghggg |e{vg g%p? et e pﬁ%f #))élns rumen?s under

standBFCASTIV tés%egﬂ &%y iﬁﬂhﬁ%{ %bh&b@ieétn.‘s@lcﬁlg@é the same test methods are
processi ng zone; ting particles in the

used pBlthé bgnmmae@@im@ez@h@es mﬂs{ieD)ntm thenpargcles of fecigventinm.
t r .
| SR peASI Rt BRI R RATRS 08 0 88 e beners
can beanfrifestediin dthestvaySbhesides redmtiy:wbamptlbla\bétm powey to the screw

motong%?gf ge,qlxt?rﬁ é f%]egl%ndléérge@ggeig ak?\@lrjﬁalg eapa g%ﬁfgﬁg%\%ntion, the same
powef B4 bBBpPR&Y %o tHe motor to deliver a higher screw speed, thereby optionally
increasing the throughput and lowering the residence time of the melt in the barrel.
Accordingly, there is also provided another melt processing embodiment comprising:
A) if a drying zone is present, drying the particles in the drying zone to produce dried
particles;
B) feeding the particles into a melt processing zone, or if a drying zone is present,
feeding dried particles into a melt processing zone;
C) melting the particles in the melting processing zone, and
D) forming articles from the melt;
wherein the polyester polymer particles fed to the melt processing zone or to the dryer if
present comprise at least 75% virgin polyester, have an It.V. of at least 0.72 dl/g, have a
residual acetaldehyde content of 10 ppm or less, and have at least two melting peaks in

which one of said at least two melting peaks is a low peak melting point within a range of
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whi ch one of said at least two nelting peaks is a | ow
peak nelting point within a range of 1400C to 220 0C
w@nwehz8resrg a nelting endot herm area of at | eaBCT/UR®05/030534
absolute value of 1 J/g; and the nelt processing zone
conprises a barrel, a die or orifice, and a heating
el ement directing heat to the barrel; and the
tenperature setting of a heating elenmentdirecting the
o TBXI tenperature to a zone on the harrel is
140°Cg420) 16 Re nwioe el endigeritener il A leav) tiegahselytg value of 1
Jig; adtifh ARRHréCas i dtngidlsi £8alrél, BRIdating efsenttdirecting heat to
sane pol yester polymer particles having a nelt n% .
the baseslra sqaneguh@tatmga\ﬁltmg apels gn%atq%e\gmogrqnﬂéh@ crew revolutions
f ivall . .
s s £ 300 SHES RIS 1 S50 L85l 305,750 vl o o
process, Gt ¢ise sagezmveerpa pelyesteapotyneert raving tiewsagme B, isagie ¢amposition,
a tow bEeR e oLl Sl B b A B8 Bt T Ry arecter
than 22200t tolfdm!the BAMeddrtiBRIHaVEg b stItiallp thesarke @l bhgaze.
poi nt of the polyester polyner of the inventi ond,s
witinnot alwepethecasedhal thaischw sReeth Bagte Peingieasad in order to lower
. 0O
the reGHEE Bnfh GORETRL BAK: Blufaer TpREPNTERANRARG PRoocts. e motten
polymeo hpser resimlencg timd iothe eatirenklt debivery systeppaneadef thessrew which
s 200C. qr nor his difference.in A '
often FRRNA ARG i AP OH N IBT INE B! b iref it e melt has
reached litsutriilibriefP Rhfidta@rd db@@its high peakemsiting @olriteafter which the melt
) m ni mum processi ng setpoi nt tenperature for ucc%qu]ful .
s forqrodb RS SBRIGINGE BT b Rl L OB SCrRY i BifgBIOl pca shooting
I " o ] | ] . .
pot. %ix P?lhg;iﬁerﬂgle? wgmﬁve d 3fet nﬁélﬁrﬁigﬁﬁt, |8 drgP @ figBired to obtain a

m ni mum pr ocessi set_p0| nt
melt atempaquilibriuen températurel Thisrmey beiangonplishediaica oveardeyperature

degree difference sjanifj ' t .
enciof 8 e SRR P b hBE S s o oressea o
chand¥d &8s Fesiddrd time bthiedaslt irf ihedarall ean betdecrensedtbyousing the
_practiced within the clains wthout the necessit f \
partic Q%queﬂ@ppﬁ@, %ptlﬁap%\gtt@;hepmeymp%%trqhaé@ efl . s.g%sgnbed herein.
By Im{vﬁﬁ\i\gﬁgﬂaﬁg drbfife BRY/BE réIdiRE! e %?%Cpcﬂﬂﬂeﬂﬁgtm?é barrel, the

t" processing zone as a benchmark. .
amounhef pAcsresated\duning prodessingaaan kepwaretqand thus the residual AA level

. tabl.ishin h n rk. The benchmark only serves
n moﬁeogar{(}gﬁgfqﬂngﬂégggﬁ’@%gagol to deternine if the
sTheieigR, bAothicd enbodimdrd is previdehfor ngeligprecestisy polgester polymer

. power, or the residence tinme and screw speed as
partiRseAMREYNSre within the scope of the invention, and

t V-\g if! d*&ﬁg#d PEhERBréSerk! @ingaRE pattidieyin tAE WA Yohéld pduce dried
such a asurenent .
particles; \
B) feeding the particles into a melt processing zone, or if a drying zone is present,
feeding dried particles into a melt processing zone;
C) melting the particles in the melting processing zone, and
D) forming articles from the melt;
wherein the polyester polymer particles fed to the melt processing zone or to the dryer if

present comprise at least 75% virgin polyester, have an It.V. of at least 0.72 dl/g, have a
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The pol yester particles of the invention also require

| ess energy to nelt relative to the total power that
wowewbd247¢8 appl i ed to the notor and to the heatPemUS2005/030534

el enent at the sanme settings to nelt process a

pol yester polyner having a degree of crystallinity

exceedi ng Tcmax but having the sane It.V, sane

conmposition, and at an equivalent nelt residence tine

o) SRR B BB 00, 0B P8 poske
whlchTEhﬁa 6gd atleasetntleltingpeaRke ide fdw peale iy peintiwltihie a range of
R o oo s 308 vave o
Jg; afg{l ‘ﬂﬁ%ﬁfe?t rb&edsthd PR Qﬁéé@ 5Balrée EtHe‘éﬂh ‘éfé?ﬁ’éﬁt' d?l‘é‘étlng heat to

115 heater el erre settlng and rpm on
the bayoa eavsc@,w wating withdn fze backk endfa sqnewmmt@ﬁtar@ira medtHeSIdence time

o oA AR B Bt o o P v
appligtibiodneNvprdcebs, ateilesf ¢k séﬁ]eaﬂﬁem@tlmgastottbe @sdlriocessiag zone, a

benchmar k, the sett to the heat I t
polyesist pelVERar denieg the S@' e 15Y; gwn@ew&rﬁrﬁp#@%asrlg@ewgagéﬂ%“ng point (or a

sole p@é‘ﬁ rﬁ%ﬁﬁ bﬁ@%eF@tW@ﬁeﬁ!@saéé Ret é&h@t‘ﬁl&heﬁﬂﬂaﬂ@i@() to form the same

shou orermlntesame whi I'e” measuring the
articleelhé\diog suhstahtealla(rﬂp@sa@l@ lemlhérhaé@ndl tions applied to
t
E’\S hgﬁ'@g Bforc%ggﬂﬁ lzsﬂg k@g érlﬂgl e> grn@htgé gﬁ‘f&t—@ﬁae%qﬁrocess for

maklr@meq:iolyesmmmmere oﬂ‘@*tcbngmnentst d:t-:m haedédad td the copnpasition of the
he nozzle ti

presebiVPRGOR e are o PATIaES RiRgeTies R ik PoREStespalymer. Thess

compBﬁéﬁts'rﬁéﬁ?be 'aﬂdé@ﬁe&ﬂ’o%é balk p&yEsterd *ﬁﬁ—‘aWé‘dcféd &Y 8ldigpRision in a
be neasured by visual inspection with the eye havin

liquid zarmxy oyi wiaybei addgd e Heebulidntyasterase pelyester pﬁ@centra?e containing
at lea étjfétﬁg) d§ M%’b? uc%lreﬁ reat |th‘F\e g)to g&%?elﬂégmﬁ <l.> tﬁ@ﬂulk%olyester

asured by i ns P under sts

The tweshmfamusbreycdrmgm@ntszlﬁdlLge&n'ystald]ziatmlgalds m1pactsmmellfMtsurface
t
PN T RN N T AV S—

metalRRatav4teFs, %fdrérﬂé %d’éatkpeagéh‘@@cb%dér%@'Ib@eh@@éompounds reheat
energytome efits can be manifested

rate ephaBeNgRjds, ﬁégkydégtlﬁa addidiues suets asfale andillerpaad theolite can be
mcluq:gz?j tI'HS rég[ﬁhe K {? rcoﬁfégn %@%tl aﬂ%tﬁ‘h§8p%ﬁchlﬁﬁ ag%ﬁfé'@dc‘ﬁ 'as

usi ng he 1nvention
trlfuncptmmat ocimtrafienctippdlicechdnontdre sooh a@s ttlmetlhab iambyd mjeh rtrghethylol

Screw reby optional Ly in aS|
propa, BUSHIRITI SR NGHER: W eRD Sl ABA e iy a5feT fRming Rolyacids or
polyoisgdritfalRAkicn inARE ‘éﬁdAﬂ@f‘.theé”efkﬁ:lcﬁtNe% a’ﬁdsrﬂaﬁy Bitiefi€end their use are

anot her ‘mel t processi ng enbodi ment conpri Si ng;
well known in the art and do not require extensive discussion. Any of these compounds can
be used in the present composition.

In each of these embodiments, the articles of manufacture are not limited, and

include sheet and bottle preforms. The bottle preforms can be stretch blow molded into
bottles by conventional processes. Thus, there is also provided in an embodiment the

bottles made from the particles of the invention, or made by any of the processes of the

34



A) if a drying zone is present, drying the particles
in the drying zone to produce dried particles; B)
wo emdiozgy4g he particles into a nmelt processi ng RPONES2005/030534
if a drying zone is present, feeding dried particles
into a nelt processing zone; C nelting the particles
in the nelting processing zone, and D) formng \J
articl es fromthe nelt; wherein the pol yester pol ymer

fed to th
inventfi, b e shedut ortignpranB BRESSHRS 46 g f yiiRo WE partictes of the
inventi®l. yester, have an It.V. of at |least 0.72 dl/g, have a
resi dual acetal dehyde content of 10 ppmor |ess, and
Heeteordy mayeantaingrsras maﬁg fmpgrtldes\mﬁ@% ageriding teding process of

this m%ntig‘?\a%ht LifRr B % f@%B%@ SEgllr'gC %Qqa&/s"ﬁh@ nglgﬁlﬂé rods,

a range o
tubes elmd;oflllamemtaaediflbérsaand etisdr molded lastdles mayaﬂameb@fnanufactured using

and,.t he ces one rises a r L,
the palydiar rtHIES ol inferg: a0 S2R pd e RURE fo BphRilate: beverage
bottle$ Shiea¥lé RirdoldIag WaltdH ot ddisoraéed %bver@@és aarRChew sJ@t)b@verage bottles
and the screw revolutions are at a setting which

swtabm fgxﬁ@plchmmheveﬂagg%w@whr%@dlqhﬂll%%gﬁ@ e b%@. Ee Séamples of the types
of bot Which 48 nﬁ‘dé fr&ﬁ%@%ﬁ;sté\ izddGel Bt tﬂ%"l‘ﬁ\fentlén

ol yester yner havi e sane
c'b‘anIenhmmmaa now\bgéamerelndergjocpxbbmefetﬂncgdo éhetaliowing non-

L N oi nt ere two peaks do not exist) greater
I'm't'ngﬁgﬁt@g@@x aihg e180rm the same article having

substantially the sane | evel of haze. It is not always
the case that the screw speed has to be increased in
Com the residence tinme of the nelt in the

epet ! o,
I¥| tﬁié ;Ilsl@a\ﬁt'r@eﬁs?%g g@he@féﬁrﬂ%l%%ﬁﬁer hBaifie8 MifN3.0 mole%

po time inthe entire nelt
isoph’fdjelltv aeldwr@y&? enolaedigthyfenengyed e havingrarointrénsie waeesity of 0.84

oLl iRt IR oo fnlBb SRt VoAl r L
tmﬁb@mgr Qvattmnﬁn?gc?acllgl m‘?ﬁ?ﬁkbwﬁd esrtg*éfmgltmh of &drephthalic acid

with efffene,gelo P IoneR ki RecPaMMeZBIaHa GBpisH Zatiah AT inperent
vnscoé?fgrtof ABButS BPHLARN Thé hBRnYEH ek ﬂl%\ﬁ%oﬂtlhlﬁ’dld%'ly &’@/bfdll&@d and solid-

, less energy is required to obtain a
statedelqua conventionalgnpessst uihe leveli of rﬁaiylualea@ééd@wwdeslﬁéae aeligts was less

ven { B 4 RGBS RSP0 M40, o Sorter ezt ence

Cinegaphcof thédexampledeabeutta e nof samhplenithe palytiee wesraredlyzed by a
DSC é’%gbggtlr%gzc{aga q:\erg 98 y\ﬁt %ﬁoptﬁ%’g"gze@&? %‘n@las ﬂp%%@b%%‘ga heat-up rate of
20°C/RTitac trekl sHsbfife Ua1861df Besl R 61 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/gram. The heat of melting of 100%
crystalline PET is taken to be 119 Joules/gram, so the weight fraction crystallinity of the
sample was calculated as the net heat of melting divided by 119 J/g. The initial melting
point of the sample was also determined using the same DSC first heating scan.

In each fo the examples, the percent crystallinity was calculated from both of the low

peak melting point, Tmia, and the high peak melting point, T, €ndotherms.
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By lowering the tenperature and/or residence tine of

the polyner nelt in the barrel, the anmount of AA
w@esenzi7egl during processing can be | owered, apdI/Uk2985/030534

the residual AA level in nolded article can also be

| owered. Therefore, another enbodinment is provided for

nmelt processing polyester polyner particles

conprising: A) if a drying zone is present, drying the

articl in the drying zone.to produce,dri.ed ,
dareachialdhe gyarmdlen tg oS ositsdas fegeifes from solution
V|scorﬁétW RS60/80 WARR Dhefbl/fefraghidfoetRshe B the Meﬂ{cﬁﬁ@éﬁcnbed above.
feeding dried particles into a nelt processing zon

Jhereastiitadn Hﬁﬁeewwleawadmﬁwd%h@myltb o beeSaing point at 236
° h
C. Tﬁ%%?%ao?fyﬁeggprdﬁ %ﬂyﬁ?é‘g{ﬁ FEf%e f ‘.?72" c{bt @dt e|hﬁ§%r§é Bf crystallinity

of 47.9¥%0cessi ng zone or to the dryer if present conprise at
| east 75% virgin polyester, have an It.V. of at |east
0.72 dl /g, have aresidual acetal dehyde content of 10

Examgm or less, and have at least two nelting peaks in
Ich one of said at least two nelting peaks is a |o

pERIR PebestergopBieltwas mediied witthad rpele ﬂ@?@hﬂ@“Q@G'd@énd contained
about3] %r@etf\xlgﬁgfﬁlﬁ&&/eﬁg%ﬁgélg\/%(ﬁQ Vla@bbb&eFB2UlRy. The

absolute va he ne t processing zone
polyesierrpoliym mskmrodlexted ly hs!atlflc@oel afrtenephthialie acichyitinetitylene glycol
ot S B G A 5 PSR T B R B W ot o2
dL/g. bﬁ\Fvé@ khérﬁcr@@lﬁlhhé@ w@&htmmﬁm&eﬁs by pasdiheg ittedough two horizontal
residence tinme that would be applied to

jacketggl QlpIGALe] VeRSEIEWRICHIHATE aipladoa fcHEnALFhSTt with radially-
mounflarooggfcﬁﬁéQ ITK& HSatlrFq RebiR? EF&UIQ@dMHﬁf#gHQHé Mtk fagaBBat 180 °C,

sane conposition, ow peak [ting point (or a
whlchgaxhldeqbaatbmperatunanOpUlmpellﬂh@emltlan:)%@sgl dbabitt 16%i °6x. ) Residence

tme of {8 PO (& seleieos el B AleS " e el iepua
acetal@eﬂ?@éﬁ‘l he peBRs Was ppoeyseman arti C| e or | n the

hase process for mnaki n t he est e
oAh@mecﬁ@ﬁmA%W% 2oalyZed bydoss acsowd S B&’C&F*UFG as set forth
in Exérﬂglepf e?\%'iﬂnélmi@ﬁdi&ﬁertrﬁs %P@BB%H{/Q@ tH@ IGRENSEfich at 180 °C is
erties e pol yester polyner. These conponents

defmeth@s the actdaldneltiag poimtt hbelsuex obmmomermwrmw Ry the low melt
spersion i |d C

poak T HABFA S  BH BBl T B ARE R s s

measQfstt & 40.50/g, indicating about 34.0% crystallinity. This polyester would require

about 16.5 J/g less energy to melt than the polyester described in Comparative Example 1.

Example 3 \
This polyester polymer was also modified 3.0 mole% isophthalic acid, and contained

about 3.6 mole% diethylene glycol. lts intrinsic viscosity was about 0.82 dL/g. This
polymer was produced by the same melt-phase polymerization process described in
Example 2, and then crystallized in a batch rotary double-coned dryer by heating the
polymer up to 180 °C for several hours, then cooling back to ambient. The level of residual
acetaldehyde in the pellets was 6.4 ppm.
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at |l east about 0.5 wt.% of the conmponent in the

pol yester |let down into the bulk polyester. The types
w@boos2d7abl e conponents i nclude crystallizati OPCHUS®)5/030534

i npact nodifiers, surface lubricants, stabilizers,

denesting agents, antioxidants, ultraviolet Iight

absor bi ng agents, netal deactivators, colorants,

nucl eati ng agents, acetal dehyde | oweri ng conmpounds,

s‘hgﬁ n&ggrtgg@eﬁ%?ggélgfecﬂ;g l?)gﬁ aew&mg&gttllggﬁg%g 6roced§ure as set forth

in Exahfb‘l‘é 4der%o hefin ?%‘Hd@tﬁ@?ﬁs%@r@ SsRhald) i RMer dFMIIEHSatofo4 °C is
branchi ng  agent's such as trifunctional or

defined @lSrtbe @ntual meénngommn orher areaudiiihe endetheemirepriesented by the low melt
peak Xﬂéé Hm%ggweggﬁ;?{;%dr .;i/’/ltgmB {? e S%Iheg:l’lgg %Eéré %%(?\{/‘eet&eeerndotherms was
measdred ik ng 4pdyyiadicdng abpall 308% gestatialty.y Thisthye’esrhelt\heuld require

st 355 4SS B B S 0P SIS g B0 v .

ext ensi ve di scussion. Any of these conpounds can be
used in the present conposition. In each of these

_ﬂnﬂfnﬁﬁﬁ@@m&_t he articles of manuf alcture are not
B 08 208l LBl i, an

contaibhed abest :hﬁ maﬂa?/(emethyrmie giycal e dtoess palymnzecﬂm thei pelipbase to an

. .. provided in a ttle fro the

ntrins et or GpORHERT AL AT bienareta el o0t ot PainSrc viscosity o

about BVQE@E/‘Qeﬂt Whs bﬁetameatar@rtheﬁrson@@@t@po@merﬁeame atbawaiotary
processi ng tech nlque using the partlcles of

mel t
doublg- ﬁqréeﬁ! Aeyer bydeating {0 akgutZd Rt Gigherkoldiag gkt hfard&ﬁred mherent
wscoeﬂﬁWd étﬁémgg%%fc%%gp%qgm&s%\}g ogi&gﬁj%ﬁaé’ét?fd@ |T?de in the pellets was
0.5 pput t | es, trays ot her packagi ng, rods, tubes, lids,

fil t dfib d | ded icl

A TSR Attt R o R L BB o st o
in Exa?ﬁ‘rﬂeHnV/%W Bamiede afsime Bitieg bidstnermt Vzeitsealcdt £,241 °C, and

beverage bottles suitable for holding water or

was takgnisnhiedaeliey epighakthe polyment T&%@f%@éh@@@d%@rmé&% measured
[a I
at 625, T Eat ottt 82 8% R IREE S P B0y S S RS AL REL 55 g more
energyio oteltdhan thelpolfesien dem:ribeglsm &xempiel1pel | ets of the
i nvention. The invention may now be further understood
by reference to the following nonlimting illustrative

Comp8araivel Bamglempar ati ve Exanple 1 In this exanpl e,

virgin polyethyl ene terephthal ate d
W hehgpg ygstﬁ)épglg&%er particles & Example 1 \ﬁere |nject|cr)r|$ mloldedoI to determine the

minimum processing setpoint temperature at which they could be molded before
unacceptable crystalline haze appeared in the preforms as determined by direct visual
inspection of the preforms.

The injection molding was performed on a Husky LX160PET hot runner injection
molding machine with robotic post mold cooling and with an 8 cavity, 24.6 gram, 20 ounce
bottle preform mold. The injection molding conditions were a uniform temperature profile in

the barrel and shooting pot at the prescribed temperature with nozzle tip heats of 40% and
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i sophthalic acid and 2.7 nol e% di et hyl ene gl ycol and

having an intrinsic viscosity of 0.84 dL/g was
wanabpzssas for its nelting point and degree of PCT/US2005/030534

crystallinity. The polynmer was commercially produced

by the esterification of terephthalic acid wth

et hyl ene glycol, followed by prepol ynerization and

pol ynmeri zation to an inherent viscosity of about 0.62

o soreE o e B OB, Y58 R OB B TR A9BE ana v
held apé5°@§m<i1 li.fansﬁé%ﬁécﬁtbdﬁ@ha%éﬁbﬁthé nisitingtreagkine. ess t han
ppm as neasur ed F2013-00._ 1ln each of t

érmma@rsmemtaaqup@ adampeeatere e/ Poh Yithra Yl m temperature
proflle%%gt@%tﬁg HR¥ret dASGtihg E)Bf E@g?ﬁ%‘ﬂ%l& §§ﬁ‘e§tWHénrlEe?oé&§Ut

ranping up heat - up rat
tempe?él@t‘eﬂ;l hrad stabilized abwdhlutabouhmél °Gfoftthe satpointo@ibaui® minutes later

com B Ao PSSR s BV 5 e

backp FSURS BPTES p g.g the net heat of nelting and is
ex ressed in Joules/gram The heat of lting of 100%
o$qmplsrs|qf REcPETS from eacdshal wese £odecked: n%@f @P% e 8

|
preform%' 9'?{ m feeg&t\ ICQ\ﬁﬁé Wepd @hllédﬂé& ?or%s%a’i‘ﬁg%%%rﬁgﬁéﬁa;zf A fI" time of 2.86

secondls,ga holldimaiof bl semE)hdS rceaingttirog of B srappds, Q\ﬁgng‘pgﬁme of 2.19

coond5 S0, PR B 1 SR 4 Mg e e o

ofappiv@)hmdtéxngzfgmrﬂgth of the | ow peak mel ting poi nt
Tm a, and the high peak nelti

cYigualHaspaction of Q%pgﬁormgewg.% glﬁ%ggg Bﬁglqnwpﬁl ngthe preform with a
I
oM o TSR B A PARSESRE, TRS BrUin STdc ricaly it

by the nethod
the opdesthrédsied remhaontatiog the tapt of the traRsparsphpigteoverdiiedemp. Normal

SRS TS RIS A R0, R i st v gt
VeStIgbnﬂlﬁfélfUdglngO dégefceéyl)t@blec riyisdcebtabld hand whs Jl%ged:‘a{Sitlrpt eccurring
a5 T S S LT
asymrgl'egy' y'|'t‘ﬁ$ gypiﬁ ze it EAudeH by BﬁééssWeﬁFé@d fplyhes dletemperatures,

e pol yester polynmer was produced by
md.caeag d¢atfthe avinionuroforecassingtsedpaint @mn@ramwrbﬂﬂﬁﬁwﬁéer had not been

ctiofl Fhe IR R R ARAEHRLAEA M o i e
barreldtbfrperature\sstpbine foreayh rah Unﬁlq:n‘efanm are mmmeh Ehaveemsicceptable
crys’takl)l}/n«salofijlaszseI " ela lt'antg%ro(%%%ﬂmw\rﬁ prr]géelszs%rg]; seltpomt temperature is bracketed by
the minimum setpoint tempefature which produced preforms that had acceptable haze and
the closest lower setpoint temperature at which the haze of the preforms was
unacceptable.

The particles of Example 1 were injection molded in this manner. Preforms made at
275°C had acceptable haze, at 265°C were acceptable, at 260°C were unacceptable, and
to tighten the range, another run at 262°C was found acceptable. Therefore, for this

material, the minimum processing setpoint was found to be between 260 °C and 262 °C.
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j acketed el ongat ed vessels which were agitated by a

| ongi tudi nal shaft with radiall ynounted paddl es. The
wheabiozgy4sredi um ci rcul ated t hrough the jacket ReEBEUSHD5/030534

at 180 0C, which yielded a tenperature for the pellets

exiting the vessel of about 165 OC. Residence tine of

the polyner in the vessels was about 30 m nutes. The

| evel of residual acetal dehyde in the pellets was

E 25.6 ppm A 10 ng sanpl e was anal yzed by DSC
——é@«%oxam rding to the sane procedure as set forth in

Btpdigester M&E bf ERGmeRAD VAL linfB clitey 8 aldscetov@sterrhine the minimum
| ower g? \/\,h‘ia—c at 180 0C i s defri“ﬁed as the actual

processilg seiPaidi attwhigh il caplkbbeymolded befaw unacrepiahle serstdtine haze

| .
cppedf i TPk i BT e nctrdBeld B,
excephthatithesscrey, speadiveas H3 prapibetbagip@ssemey waal126msi ythe transfer time

w2 AR oo e S 5. 805 3 B e G ime of 102

secon@@npar ati ve Exanple 1. Exanple 3 This pol yester
pol ymer was al so_nodified 3.0 nol e% isophthalic acid, o
;Rr&&mma% gt 482 had goerptade @iaéﬁh@ﬂ%@]@%gwygeoﬁ?cqm%ﬂe, at 255°C
were l'JrIEchPt%BFé, ‘éga%%phﬁén"ﬁé ra @ tanBird i ot 25790 WasteliNdBEceptable.
was produced by the sane 't - phase pol yneri zati on
Thereforedes hisimsteriaicbieiminimampirecessingnset piaint wag faud tohscbetween
255°C e ol g PR BRRISP WK defibe BRayRnit for ths
materiahglowed thalretetrial thige Ingection oholded iatla édbwaceticihdeh yetepénature.  With

h I 6. 0 I I d
propefadbites TPy G eo NI B ST HTEbs end I wE D Ay geipration are
possitﬁéWIﬂ%ItﬁislpolﬁM\@r_WEI ti ng endot herns were observed, the

| ower of which at 194 0C is defined as the actual
nelting point. The area of the endot hermrepresented

|t peak Tm a was neasured at 8.20 J/g,
Comp?ﬁ’%fv?%ﬁaﬁﬁlﬁdive area above the endot herns was

nMeassdrad nadteddl. ab id/Exampldidoads ingeclibo mboldiéd3&wetermine the minimum

crystallinity. .This est d requir bout . 6
proceSHilS b kAR b bk B effad Retota yedkisrae el sgdlind haze
appedréd {FPRB3raforne UsiiyihleSsahe SR ahil HazE sl fd4sihiEample 5,
ol yester polyner was also nodified with 3.0 nol e% )
excepfﬁaﬁ REleW sReagbwas SHraMe 81t RAGKEERSIBIVAS. BBt ethe transfer time was

4.4 seghlzé%%@ P@co@!eﬁf%e wds 983 sBebYIE gérzagg)géftqc%ﬁ%gm%ﬁf g1 8.1 seconds.

to an Intrinsic Viscosity
The fill Bpeedats ncsedsatt ot reeehttshodrshots.r i nsi ¢ vi scosity of

Preforms made at 265°C had unacceptable haze, at 270°C were marginal, with

severe gate crystallinity, and at 275°C was found acceptable. Therefore for this material,
the minimum processing setpoint was found to be between 265 °C and 270 °C. However,
the melt temperature needed to be raised to 275 °C to reduce the gate crystallinity to an
acceptable level. The higher melting point and/or the higher degree of crystallinity for this

material required the material to be injection molded at a higher minimum temperature.

Example 8
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about 0.98 dL/g. It was crystallized and then solid
state polynerized in a batch rotary doubl e-coned dryer
whookezd7esrg t o about 2100C and hol di ng until tPEI/US2005/030534
desired i nherent viscosity was obtai ned before
cooling. The |evel of residual acetal dehyde in the
pellets was 0.5 ppm A 10 ng sanple was anal yzed by
EEC afcording to the sane procedure as set forth in
a el As in anple 1, a sin nel t.i ng endot herm
T Sarcsievaaapns i gets oty asSt P Rtk BRNRY AJEVBI of
reS|duH°éd%ttaI9J1)FdéeofFP@é§/ﬂﬁﬁh 10 Hsmah SAn@ bn 1e. EMAeeAR 028y, and either
neasur e /g, |nd|cat|nc about 52. 5%
at least twe maltingpeaks, Wheeeipong«efsaid atdepstiwe ragiting psaks ig/glow peak

et RS Bl 0 I PR i oot g v

melting@htibthean apéa Biatiphst the\abseluteyaloeiobr My aredmietiing point when

measifps bR S el R R e S B8 b TR £b458ine in e
endot rMﬁé éirédt[?‘ﬁ di%zt@nﬁ@ia@tﬁfégf leBs tied 6 &fue f652©6°C

eterm ne di rect visual i nsBectl on of th

piteee d.f@remrp@lyam@me tarepiihalaig based e@lymrmprswrgmg three
diﬁere&kgégm%?i%’ggll&%n@#g %?IH |£Hse\f9éﬂe 5@119\' é‘ﬁ B%B'Hé% reactor and

post |ng an cavi t
exposéd 6 elfnerm5020, v607Ce dndBﬁ?(é températuresnahd .a Iﬁhleall' Apw dfaﬁGO‘Qr at least

24 noff2 S s5Rn B e B g Sl o G T Bl edor
compﬁs%mreﬁﬁléﬂﬁieWcthmﬁtbél'@W doliaats adw W@@ﬁl@lﬁodlmtlbﬂ of a gas
bushi ng heat of 10% The pellets were first 0(%“ ed

streany oelihe polymsraratiiclag apdde r@gylgteafhe gerpeengire of the polymer particles,
arourﬂt?ﬁﬁﬂzn‘?ﬁéﬁg aha at{kﬁmgé% ger of the nolding machine. The
up

I'ne was star at a tenperature of 2750C, with
arhencdlomm reecipe isdiusteated of Figereatr dbe autside glassiwall 301 contains an

oo S0 AP PEk B3RS 2t AR BUREES Bogbotom o

the chtaﬁﬂae‘i%bB% Btfrlttélpglébs Support Bea, thesuh Wlatmw&d(ﬁ gas at a gas inlet port
preforns were co

| ected, The screw sL]o Yvas } 8
306 ﬂ@wmvmowga ARl S LB NGt 308 ST B P Sl Wl is provided
conne%{c?rfﬂfg bra {&fﬂoe@&%rfl bk ‘éﬁ&% SRInkBk 888 614 c@ﬂ@erﬁs@?‘p' e

rom each cavi ty were col |l ected
fDine tampmlaturasb’ehetaablumofreadze polynie¢r parti¢lge withirpthggsolumn and the

gas f@\ﬁ%\%gg@m&p olymeg B%Elpgs |pIttﬁeeégﬁgﬁqgée&lgi.%‘alB)ﬂ%ﬂhklﬂﬁ Luitable

solvent in a round bottom flask connected to the column at inlet 307. The column is

insulated to minimize heat loss. A condenser is attached to the column at 308 to allow for
the refluxing solvent to be returned to the reactor. Cumene (b.p. = 150°C), cyclohexanol
(b.p. = 160°C) ordiethyl octoate (b.p. = 185°C) was used as the temperature regulating
solvent.

The experiments were conducted by charging the chamber 303 with 1.5 pounds
(680 g) of a partially crystallized PET resin. Samples of about 60 grams were collected at
various subsequent times. After subjecting the particles to the AA stripping operation, the
particles were submitted for analysis to determine the level of residual acetaldehyde using

the test method as described previously, the inherent viscosity using the test
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seconds, and a recovery tinme of 3.31 seconds were
enpl oyed to give an overall cycle tinme of
wapproxaeat el y 18. 4 seconds. Vi sual inspecti onP@Ff/US1005/030534
prefornms was performed by illumnating the preform
with a 3M overhead projector in an otherw se dark
room The preformwas placed vertically with the open
t hreaded neck contacting the top of the transparent

a5 kL By o BEBA BT B0 o o i e

melting tempeeinling axddhe at@ogmeeloweﬁtelltlgg endetherinuddreglthied € test method
acce tabl? Unaccept abl e haze was judged as that
descriBe@ RF§VIQHFSI i ght |y further away fromthe gate and is

'm'tﬁéﬁ 8d °@Sarﬂietﬂsr1eksl% é@dﬁonssmrsala»ﬁerému%lwmmao@ In the

hi s type of haze is caused by excessi vel

first rupoamsmlmlwmmeedmed @dth 3 mel Gafiisaphithalic adidand abawind.6 mol%
of dletﬁg@ﬁgwc%ggﬁc? h8\9 h&‘a?tlgvpﬁ 5‘%%%&\5%&4?@6(? SHO er. p?dThe

I eve M nf mum pr oces
compds@tﬁﬁ)ﬁdifﬂt’dyma $ setd themadichupy ddgmmfmgyﬂtblemhﬁ'f&n@i at 43.4%. Polymer

1 was GRTE iRy IR Brmeg D ey Bt #1674 CoRiods process by

passwfé;ai’i‘ Eﬁo@éh fﬁ/d‘h@i‘rﬁﬁnﬁ’él F58&TED8lohBLRA HissERTPRER WerE abliated by a
racketed by the m ninmum set poi nt te erature which

longitystinal sbett vpﬂwerﬁdwm -moixtted paddiesepita e Mm mgpdiupheirculated
vvouc B T36) 465, 0120\ GERELEY Wi gy blISg g e
vessebfaatut 165 Wer and wjthc fesidemokediade ohthelpiatymemindhe vessels of about 30
i e B o RS i B5AS 1 SyHEPiu ST 26e 2.4 mm.

In the%b@@ﬁd?ﬂjrf k&pd] o?ﬂﬁéhﬁ{odfﬂéﬂ \ith 267481% o¥asopabait aCId and about
acce erefore for this material, the mni

27 molfloabaiiyipnscalyes AnciiayINgam b\, T dboBe Rschamss GEoRmer 2). The
compgsqgorpﬁg I?él?m%h? r?% Tf?\% rﬁgkﬁﬁ?ﬁe RQ ({frﬂ?{/stglfllnl ?QBX §t £5.3%. Polymer
2 wasmry)stamzemwltheztrobq»rmﬂesahg/wnlbﬂm a degrealocﬂ cb,estai‘mmt;mf 42.0%. The roll

oo A R S RS ST8 FAB S i rperare

setpomf‘oﬂ(f%"@ &ndba @Pyﬁ%?tsh’éaﬁferﬁé'@a&ﬁé @M@@ﬂ@é’cé‘@ﬁdé&oﬂ @ﬁtrance of
ackpressure was 125 psi, the transfer tine

aboutz 46%%8@@ Average marticle direensionsef Relymer 3 wese @H&gt 214§r>< %09 x3.90

. GERBINRLEVE Tl e RN 2RO o nc

about®.7 AEBWOS dlethylene glycol and having an It.V. of 0.820 was charged (“Polymer
3"). The composition of Polymer 3 sets the maximum degree of crystallinity Temax at 45.3%.
Polymer 3 was crystallized underwater to a degree of crystallinity of 35.9% with a water
temperature of about 160°C for a residence time of about 5 minutes. The average particle
dimension of Polymer 3 was about 2.75 mm diameter. For the 160 °C condition, only
Polymer 1 was used.

The air flow for each experiment was set at 0.0067 SCFM using ambient plant air.
The amount of solvent charged to the round bottom flask connected to the column reactor
was 1000 ml. The polymer charge was 1.5 Ibs in each case. The polymer was added to

the column reactor after the column had reached the target temperature of 150°C, 160°C,
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wer e unacceptable, and to tighten the range, another

run at 2570C was found acceptable. Therefore, for this
wOoraioe/2sIg t he m ni mum processi ng set poi nt waBCT/0829d5/030534

to be between 255C and 257C. The | ower nelting point

and/ or the |ower degree of crystallinity for this

material allowed the material to be injection nol ded

at a lower mnimmtenperature. Wth properly adj ust ed

o 640, RO s B 5 SRRy o

the pdiytasiplves addbe ts theevamstevag betas the éIalamipieefo# tiveasxperiment (Time = 0
nj ecti on nol deterni ne the m ni cess

hr). Tgette@@erﬁtuwﬁ?@ﬁ ST o W SN RS BE Py PnGTmOCoUble placed on

thefnﬂaég%%ets@%bsrt%wmhbu&e1)haze appeared in the preformns

he sanme protocCol and haze standard as in
ERlammseults of thecexneriments ace raposieddal Teale 59 rpm the
backpressure was 129 psi, the transfer tinme was 4.4
seconds, the recovery tinme was 0.84 seconds, for a
total cycle tinme of 18.1 seconds. The fill speed was
i ncreased to prevent short shots. Preforns made at
2650C had unaccept abl e haze, at 2700C were nmargi nal ,
W th severe gate crystallifgble 4and at 2750C was found
acceptable. Therefore for this material, the m ni num
processi ng setpoint was found to be between 265 0C and

F 7 Prov ™~ FPWBV:mekh ARt tenperature |c¢dcj_ﬁ&”u§ : :
Alshgl| t OB75 p&etso reduge e g a;t..g”c;ys'i"a! | et © Fnal Wi
an, g ceptedidile qu . The hji gher |ne (% poi ht gpg/ oy Crystall-

Poly-
mer
Num-

ber rs)

he hi ghéferdegr GhySt al(dtgni|t 1t Be)s rraweg[i all inity
L

i gbrer | m4peanum 23esrper ausr e | @888THi g43set  of.1 39.7
experipents illustrates p er particles

4
I
q
i
required the {"flﬁl"\ ol ded
[
g
[

nawbng| ast.evel Bfrsresisdual | acet 4l detsyde efs | essot han 354
0 pp having an It V. off at |gast 0.42 dlig, and

1 i tsrer | atazbeeast 7tswo| melis i ng opesaks, 2wherjekss one eaf sai 4s4
at least two nelting peaks/is allow peak nmelting point

2 hawvpg|a prak|t esmper atios e wiotshui 1 a 1reangdezmf | 1400C t 0 438
220 0Cland having al melting enddtherm drea of at | east

2 thesabsolute yvabee pf 2ksJ/ Q080 |a @@l tijngsopdi nt1ewhen 420
neasured on the DSA first heating scan,| wherein the

3 Hraoce fepasds|fsemp hasel| nesd N the erjdessher mmw 36.9
lirection at tenperaturel of less thar or equal to
3 2008¢c. | Theee di ifer entiopol yetshyl|enet eriepht hal as.e 40.3

based polyners representing three

The results indicated that for all temperatures tested, 150°C, 160°C, and 185°C, the
level of residual gcetaldehyde remaining after about 24 hours was about 3 ppm or less,
with each sample having a double melting peak with the low peak melting temperature Tr1a
at or below 220°C.

Comparative Examples 1 and 4 require at least about 4.9 to 10.4 J/g, respectively

more energy to melt than any of the samples tested in this example.
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di fferent geonetries of pellet shapes and sizes were
placed in a fluidized bed reactor and exposed to
we@R10ke28746C0C, 1600C, or 1850C tenperat ures anPiCHUBI05/030534
air flowrate for at l|east 24 hours. Mire
specifically, the experinments were conducted in a
columm reactor conprised of a nodified chronmatography
colum to allow for the introduction of a gas stream
W o mglyner particles and to regul ate the
of the polyner particles, a round bottom
flask, and a condenser. The columm reactor is

illustrated in Fi 1. The outsi | ass | 301
1. corft B! ZRVTRTRALG E Sampend Sy g FaPRinalde olymers and
mciifled Rith 2O BB lesB@hddifféres thefpartibleskot f?réir@fgreater than 75%
the charrber 303 is a fritted glass support 30
VIrngpglugﬁemol&marsthewrﬂclg%baﬂﬂga gas inlet port 306
flo | 1 0f ass tubing 305. On the
out'A.gI%HgltvI ?Hglléaﬁﬁ% dl@bag%led a connector 307 for a
rOLB1)d100mmmnléésasﬂ<reamidlahaccmgmehydﬂ &3@8 for a

ggr%ﬁ ?ﬂﬁ@ggpégrﬁp f( oefalegc{]r(fﬁﬁ saewai a{ gggo melting peaks is a low

f | %dkgnélﬁﬁg pblie h@oimgr@peaﬂafetnpréremre withirea ¢9|hgmf wooc to 220 °C and
ulated by refluxing a suitable solvent in a

bot NG asattrrag)ﬂrmth@an fEea ﬁf@td@ﬁﬂﬁheapsmrfeevalseﬁf 1ﬂ4@~
colum is insulated to mnim ze heat | o0ss. A condenser
is attached to the colum at 308 to allow for the
2. r efThexpartjcleslof elaimt o hawingea (esitkwl acetaldehydaciontent of 7 ppm or less.
Cunmene (b.p. = 15Q0C), cycl ohexanol (b.p. = 16000
ordi ethyl octoate (b.p. = 1850C) was used as the

3. t enpey particles ot gldiat 1, havigl & esidual eetidehyideryvntent®f 8 ppm or less.
conducted by chargi ng the chanber 303 with 1.5 pounds

(680 g) of a partially crystallized PET resin. Sanples
4. Of Alw él%s%rf %Lﬁm‘”@%é?@ih'tﬁ&bsﬂlﬁés N&Fe Q‘di%gﬁé@éie&yﬁﬁﬂmlty within a

tIn‘ES ter subj ecting the partlc esto
range rof ﬁﬁ?/m@dnpen@xlmm degr@emircmsmlb@tw\ﬁ«nex éaimrﬁct by thef eguation:

anal ysis to determ ne t.Fe I:e%ﬁ(l _{& esj,dual
acet al dehyde usi ng t he t%®8t (Qno as descri bed
whetea®A fileytotdl htole b ef ambanﬂosyim:séaw residngs birer than terephthalic acid

res%;@,se%glgagqsq%irc?ﬂngats ethé?? kpéﬁgpre | ou | @EBE@HQS the total mole % of
all ﬁfdf@ﬁﬁl@&hﬁt%n@ﬂ%rﬁ{i@unﬂf Eaidfesiohgel t‘ﬁ‘é{n'&MléHQ g%@Pv‘e‘%Rfu@b based on

usi n C test nethod described previously. For
10Q h@lel%oofdwda@wl functiopal @opandstriesiddest hree di f f erent
runs were made. In the first run, a pol yester polymer
nodi fied with 3 nol % of isophthal ic acid and about 3.6
5. nol Phe particles of claim 4, wherein the particles are crystallized underwater.

\

6 The particles of claim 1, wherein the low melting point is at least 150°C and does not
exceed 210°C.

7. The particles of claim 6 wherein the low peak melting point is at least 160°C and

does not exceed 200°C.
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of diethylene glycol and having an It.V. of 0.816 was
charged ("Polyner 1"). The conposition of Polyner 1
W@ 2d0s/0247¢8 maxi mum degree of crystallinity TCraRCEHUS2005/030534

43. 4% Polynmer 1 was thermally crystallized to a

degree of crystallinity of 37.4%in a continuous

process by passing it through two horizontal jacketed

el ongat ed vessels which were agitated by a

I ' i Aaf A drBiriadi ; i 0
o, FAShiAS il by a8 parTusbgpondihsenctisii 10

at 180 0C, which yielded a tenperature for the pellets

o. rthé hefcl B RER . er%%‘ﬂbh@f]ég%eo - or P8ty Parfes from 25% to 45%.

30 m nutes. The average particle dinmensions of Pol yner
1 were about 1.84 x 2.68 x 2.43 rm? In h_h_e second run,
10. aTh® pyrélgke,grof ﬁ@l@lnﬂe whetginrthe glegreaotcrysietinpiy ranges from 30% to 40%.
i sopht halic acid and about 2.7 nol % of diethyl ene
gl ycol and having an It.V. of 0.802 was charged
11. (ThrepgriclesTf clanmel G avhessintthe padiclazoargrmsystallized sndervater.
maxi mum degree of crystallinity TCmax at 45. 3%
Pol ymer 2 was crystallized with a roll processing unit
12. 1t Tha pdeigledsfelainr i, sttadreinnthenuaibet 2vefageTheightof the particles is at

rocessi ng unit S oper at ed a rate of ab 325
loast 19/ Gramainen 1402 iam A 501 Mo Ben 400 ke Rss P FeFicies.
1550C and a pol yner sheet tenperature before the
cal endar roll entrance of about 1470C The average )
13.  pahe pettislasi afsirimohvidreipohg marticleswaieccqithained i ashjpping container.
3.09 x 3.90 mm In the third run, a pol yester polymer
nodi fied with 2 nol % of isophthalic acid and about 2.7
14. nBhé&pafticthsaifltydient wihgrenl thempariicles ag stordd in\a stofage: SRCor

was charged ("Polynmer 3"). The conposition of Pol yner
contag]egépgc{rﬁ%r Gum degree of crystallinity Tcmax at

45. 3% Polymer 3 was crystallized underwater to a
degree of crystallinity of 35.9%with a water
15.  t he eadiclascofwlaiabbuvharemniteriby . of the Polierriaangasfrem 0.75 dL/g up to

m nutes. The average particl e dinmension of
abou%gﬁ%_/e(f 3 was about 2.75 mm dianeter. For the 160 0C

condition, only Polymer 1 was used. The air flow for

16 SRR SRR Tl eSS U AL A% A hpymer
bottom fl ask connected to the colum reactor was 1000

m_. The polyner charge was 1.5 I bs in each case. The
17. pdhe rm@rtm%@sofm@m twhenel el natyester Rl Wpengaraprisase

BB R bl ol e R R AG I mBloof §FHS residues of
e tarbpisthalicdcie xgeriviatiees of teTépghthaliveacid, netphtiraleme 2§adigahoxylic acid,
}Nagri@aiﬁgg phﬁﬁéﬁgqﬁ\éﬁéﬁé-@\f\%srbgfﬁic R . r<])(re mitires twepe%f,f and
(b) a hydroxyl component comprising at least 90 mole% of the residues of ethylene
glycol or propane diol,
based on 100 mole percent of carboxylic acid component residues and 100 mole percent of

hydroxyl component residues in the polyester polymer.

18.  The particles of claim 1, wherein the polyester polymer comprises:
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hr). The tenperature of the polynmer particles was

nmeasured by a thernocouple placed on the fritted gl ass
wa apoed74€ 304 in Figure 1) The results of the PCT/US2005/030534

experinments are reported in Table 1. Table 1 The

results indicated that for all tenperatures tested,

1500C, 1600C, and 1850Cit he | evel of residual

acet al dehyde renmi ni ng after about 24 hours was about

ﬁ‘}%"’éé?f)o&ﬁ%%ld"bdlﬁﬁ&?%ﬂw eaisﬁld"@t%é‘ﬁ o 81k ©f the residues of

tin eak w kK nelting tenperature
Ttare@hthalmac@@ndmrﬂgm@ve@mfﬁarre@hthaéc@k:ahpnds 1 and 4

B4 By B3haie addhd 4 B TG 0% of triens

t giysolexanpl e. WVhat We ClaimIs: 1. A bul k of polyner
basedian 46 B0l Reresl 3l JRer OHBUITA oD S aF U ggd 100 mole
percefP6f fhiedt a/ﬁ gﬁ@onﬂﬁbﬁéﬂ'r@&dﬁ@m el pyesteai@tymehan 75%

virgin ter polynmer, the partlcl es having: A an
liV. of at least 0.72 dl/g, and B) 10 ppmor |ess of

o, " 5k SEFS QPTG Ehopk RS VTR Bl o 100°C o
210°C,sa aegr@wqﬁeqlstam’;ltylrdarggggl fmrg gg%oyﬁbpﬁmumh@m\wre@@welght of
e DR AR O 2 00 A QSRR B YA SRl s per

100 pyrt%leSZ and the r@s?a&al%@ﬁal@éhﬁleaidmént |§1¢\ﬂpﬁgoﬁlefs§5| dual
acet al dehyde content of 7 ‘ppmor Iess. . The

particles of claim 1 haV| ng a residual acet al dehyde

C%ﬂv\ﬁéﬁ’tlc@és @‘f ARQFH ? fl]‘le It. \-I;hgf tﬂ@gdlﬁ’f’u&sra%eg kB™.75 dL/g up

erefn have"a
to aboutyst ailLVg,mnﬂ)at\masm |95°/aof th:egmlyjﬁeme%rgm‘opmymama'mlmontalns 2 ppm or

eqgr, 0 tallnlty Tcmax defined by the equation:
Iesscg,fdfggg @@g)@lg OH where CA is the total nole % of
al | carboxylic aC|d resi dues other than terephthalic
aci d residues, based on 100 nole % of carboxylic acid
21. r dbpdaskiclenntciam i swherein Bedpwrraak meling point s asheyider.
functional conpound residues other than ethyl ene
gl ycol residues, based on 100 nol e % of hydroxy!
22. f Ohetpaoticiés obctpiouhdehersin theeld.V. of the particles ranges from 0.78 dL/g to

1.1 dL/g.

23.  The particles of claim 1, wherein the It.V. of the particles ranges from 0.81 dL/g to
1.2 dL/g.

24. The particles of claim 1, wherein the particles are contained in a shipping container,

and the particles are not solid state polymerized.
25.  The particles of claim 1, wherein the particles are crystallized underwater.

26. A process for melt processing polymer particles comprising:

A) drying polymer particles in a drying zone to produce dried particles;
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5. The particles of claim4, wherein the particles are
crystallized underwater. 6 The particles of claim1,
wob@co28714¢ he | ow nelting point is at |east 15CC/aRI05/030534

does not exceed 21Q0C. 7. The particles of claim®6
wherein the | ow peak nelting point is at |east 1600C
and does not exceed 2000C. 8. The particles of claiml,
wherein the | ow peak nelting point does not exceed

C rein the degree
o irogiaingit fd RalERsthicke Bidink, 285, <10 "
pay Meﬁlr@thefpoly@item pblym@epae-hcles irethebom ek pradfessing zone, and

crystallinit .ra es, from30%to 40% 11. The
péy ryngagA 85"1‘69 "U\ﬂgne‘?& YPRE p(:':ll‘tl cles are
wheréir'i i %Iyﬂné?gaﬂl&%rmﬁb&!oedlﬁto tﬁBQirﬁﬁ?t ﬁb%‘énﬁfns@p@lyésﬂer polymers

wherei n"t he nunber average wei the particles

contaiging @fdgast18cbrr@i%%@tipé¢nelgi@6¢aewdéeéeaa% Ohdoﬂﬂv@e{’/h%frhydroxyl
residusedn %%H& ter e’ilér%%t 8" I orﬁﬁrlsér beieBaf 7% c}f?rﬁ nOISOIyester polymers

cl"ai'm e par FesPare contal ne

and haié ppiltly. ofcattieasté:72 dig, aTrfeaslc#nat acetbieiehyde costient Qf 10 ppm or less,
~wherein the particles are stored in a storage silo or

and: contained in a dryer hopper. 15. The particles of

{ i m Igravéﬂé‘lqéﬁé;trtwbhﬁelhhg Yealkd whbﬂax@@hé@&aidaa‘[mﬁtwomeltmg
5 dL/ %de t o about 1 dl ._The particles
cI ai m Reakgisdpy Raak TB@J§E‘9 QQWWthtm% range elet4q°s t9|2|28| I@ and

pol yneﬁavn % rﬁglﬁnﬁﬁﬁﬁbﬁlleﬁﬁ a%ae ;9! Ehdt tg@‘é%%SPufb Hﬂ@e of 1 J/g or

pol yester a car Ic acld
cilponkeane omrpr mere me&ﬁng m«ts a(beamm%afmm’re whesi mgasured on a

gg i fj fer ﬁggﬁl‘ ﬁgbé?]@fg'z&‘é‘“g %%\é@-%‘)%\’)ﬁé gué/éa cgépeagn{d]@ét q, gasellne in the

of napshdisthemgicdirectibear ® erpératiaeiof lessrtham st sges to 200°C
thereof, and (b) a hydroxyl conponent conprising at
Ieast 90 nol e% of the residues of ethylene glycol or

27. a it g?ﬁ@cégsoéf clAREES gﬁ%réQQIaé"%gtﬁ:l@%r&BB&Ilereﬁ?fthXy| ic

conponent resi nol e percent of
hydroxyl conponent residues in the polyester polyner.

28. ih?%&c art I %li‘l?({) &gh%lég‘lbgﬁ)%&w&'se%% 0‘&@? oérir%lo e‘ra'éture within a

rangé?@ﬁﬂiﬁ(]°@ltﬁg|9®?0| east 95 nol e% of the residues of
terephthalic acid and/or derivatives of terephthalic
acid, and (b) a hydroxyl conponent conprising at | east

20. 9% hH‘Hr&%s%foft&‘ﬁrﬂ 55 vfHeRsinQhe P &NRtroduced into the dryer have an

acetaldehyde content of 7 ppm or less.

30. The process of claim 26, wherein the particles introduced into the melt processing

zone have an acetaldehyde content of 3 ppm or less.

31. The process of claim 26, wherein the particles introduced into the dryer have a low

peak melting point of 210°C or less.

32. The process of claim 26, wherein the degree of crystallinity ranges from 25% to
45%.
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gl ycol, based on 100 nol e percent of the carboxylic
aci d conponent residues and 100 nol e percent of the
why@e 028748 conmponent resi dues in the pol yester POI/YRE05/030534

19. The particles of claim1, having a | ow peak
melting point within a range of 1600C to 21Q0C, a
degree of crystallinity ranging from25%to 45% the
nunber average wei ght of the particles is at least 1.0
granms per 100 particles and does not exceed 100 grans
per 100 particles, and the residual acetal dehyde

33. cbhe praceiss of cmmzfr whesein t®polyastep aplymereomyfrisebai m

1203 BBt Lo SR ARSI ) s o
prrgsiethalicastd dérivated amfepmlccanﬁd daphttalepreG-ditabexylic acid,
of resi dual acet al deh 2 1. The particles of cla
1derfyadives Qf f‘ﬁ%htﬁ"@(ﬁn& Q%@‘P’%}Cﬁﬁlcﬁpr pgxtgr%sn%lgrqpéfan

2§)|)t b B8R cofipheft cc%ﬁf‘léélh%at \aet @5 ﬂ16l@% dftthé/ res‘i’cﬁués’"ﬁ ethylene

es rangesfromo L/g to 1.
pgiyccblmrexomne;dmlml wherein the It. V of the

base(ggfibb@:rﬁ(@e@@%ioﬂcgmo\%ﬂ cl%é‘”% ?Ht)%n fre%,‘%uges éefnéé 10-H‘r?mle percent of
hydroxgindomsribnt residgds mahe@ometealpngnmerand the particles

are not solid state polynerized. 25. The particles of
claim1, wherein the particles are crystallized

34, UMHE LGRS of 2Rim’2e) rvﬂfé?élﬁ ﬂﬁé’baﬁﬂés iRroG&SH iRfb el dJiRG zone have

partlcles conpri si ng e%/d 8 ymer particles in_a
a lowhepk maelting poind Withiua c@g@r@f rqul%i’rseé‘ cBagreﬁapf esielingy ranging

from %(2% d r45e)d tﬁ 'n‘fqe(?savbmg%r\?e gﬁﬂ of tlﬂg p?ﬁfb‘?es Sat TEidt 4! rtggraéns per 100

process
partlctesnme mwd oD)hef polgineg ranyearftdnt D& 5 dldguphte ahmlut énl dL/g, and at least

mer: wherein the polynmer particles introduced into
89% gﬁbgwrﬂﬂ 'fUHS'%Q)‘ﬂWE%e pol yester pol ymers cont ai ni ng
at | east 80 nole% ethylene glycol residues based on

100 nol e% of hydroxyl residues in the polynmers, and
35. t ke paecassidslaiongsivwherain the malt nrs%ewm@ rene il ebesel of an

mjectfb%lr}ﬂgﬁqug {?.%Q ||F| ve an It.V. of at least 0.72 dl/g, a

ace al’'dehyde content of 10 ppm or | ess, and:

36. The process of claim 26, wherein the melt processing zone is the barrel of an

extruder, and the article is film or a sheet.
37. The process of claim 26, wherein the particles are not solid state polymerized.

38. The process of claim 26, wherein the melt processing zone is the barrel of an

extruder, and the article is a profile extruded product.
39. The process of claim 26, wherein the particles are crystallized underwater.

40. A process for melt processing polyester polymer particles comprising:

A) if present, introducing the particles into a drying zone;
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(i) have at least two nelting peaks wherein one of

said at least two nelting peaks is a | ow peak nelting
W@ei0a28mwe hi n a range of 1400C to 220 0C and hp@T/N§2085/030534

mel ting endot herm area of at |east the absolute val ue

of 1 J/g or (ii) have one or nore nelting peaks at

| east one of which, when neasured on a DSC first

heati ng scan, has a heating curve departing froma

b : . : . : ot .

of T ooy 8 P68 ) BFER B esghb' NPy Rk iay Breseit, feoding

cHaedpardiclestintosd meltrextrmisionciasnei s a bottle preform 28.

o7 e OEER S ST el e bABaB M Scoc To°
1908emiRPartithes frsrndes salft cl ai m 26, wherein the

particles introduced into the dryer have an

acet al dehyde content of 7 ppmor |ess. 30. The process
her&h tifé '|g?n%§ alefdSinfroliiCePREd il 1R8It pRideREMEEHnetrIntoltRe dryi
W errrelt gér) ces_gi ng zone have an acet al gehyd_e g’ontnentr r(‘)f Se ving
zone ffipresant cetain 3t leastid:moleds edlsylene glysplresilueahased anttydroxyl

B T

have f@h&i.‘mzcg?t laﬁggggwm@rgﬂ&gma dégr@e)cﬁtcaﬂtahlgmitw\r\x;’;mn gaznge of 20%
rom to .. The process of claim 26, erein

and & ERE Begtic QLT yAalnGs Aot dauned iy 1 CHERORY | | o aei d
conponent conprising at 1 eas 584 "oAe9f the residues

cmax

of terephthalic acid, derivates of terephthalic acid, =
where &tis g taiel mole- 4i f &llisexlaxybic asiddesidees pihariean irephthalic acid
.an A, 0-dl : . o
esiaEBL0R 88 o ARRAAKR: A0kes e IORSS e ot o %o
all hytesxgl fufibtional ebtnpbuhd eesidsesiother tfanedthyleaa glygloy raslidums, based on

ropane, diol, based on 100 mol e percent of carboxylic
100 el 4o OF REH U Sianal QT RAUN RS SIFEIES: BRY cent of
hydr oxyl conponent residues in the polyester polyner.
34. The process of claim26, wherein the particles
whergintthe metiguoceasing AReneieginpasesom bakal @ heativg gkerarnt directing heat to

e OBk DORPU R HEIEAl RISRCO, |05

nunber average wei ght of the particles is at least 1.0
wherg’lFl%nt%teﬁ %rOW]éQPS applied to the motor and to the heating element which is less than
the total power that would be applied to the motor and to the heating element at the same
settings to melt process a polyester polymer having the same It.V, same composition, a
degree of crystallization greater than T.yax, and at an equivalent melt residence time within
the melt processing zone to form the same article having substantially the same level of

haze. \

41.  The process of claim 40, comprising applying less power to the motor to turn the
screw.

42.  The process of claim 40, wherein the article is a preform.
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particles, the It.V. of the polynmer ranges fromO0.75
dL/g up to about 1. 1 dL/g, and at |east 89% of the
w@odoges748 s virgin pol ymer. 35. The process of PCT/ab2005/030534
26, wherein the nelt processing zone is the barrel of
an injection nolding machine. 36. The process of claim
26, wherein the nelt processing zone is the barrel of
an extruder, and the article is filmor a sheet. 37.
T ey : [ i o
43 ofio GFOERSDN i 0, Mrgfein 81y Be Bl ARG g 1A BolfRbter
particlésds avithin acangd of 1H05Cde A106C zamek thesdedree lod crystallifityaanges from
o, £Xfdouder, and the article is a profile extruded
25/"t§ré£ogﬁtt. 39. The process of claim26, wherein the
particles are crystallized underwater. 40. A process
for nmelt processing polyester paol yer particles
44.  chhRppresess.of slaimMly whegein at ?W?é@&@fﬁ@eﬂ@é’%ﬂ? virgiagoolymer, the
particléd @nipiling:N9 zone; B) feeding the particles into a
melt processing zone, or if a dryer is present,
f ed carbaxyliedicisheernporenticomprisingeéttleasttYoumiomYo obthe reSidues of

| £] . i cl. [ h | t. ' , d
oPrbiMplc S Bl e hriee i BGRE BRI "The poi yror
pé)td Ieydrexyl kbmpdneaticampisind at keist 9% hte%ksifiide Ze¥iduad of ethylene

into the drying zone if present contain at |east 80
n8WYe%% et hyl ene gl ycol residues based on hydroxyl

basecgjl tSﬁ:‘l@B‘?ﬁol'bg)e?&ﬁ\t BP LAk Slic 448 chifpoR@ht rie%lo%%s%@ﬂdo\slﬁole percent of

east 75% virgin pol yester polyner, have an
hydroxyl campenest residuesdn/tige palyestespelymeregr ee of
crystallinity within a range of 20% and a naxi num
degree of crystallinity TCrax defined by the equation:

45. TThayrecds8%f clah 40, GHevdinitiee OV psak heeltingt pdintte laesHiduider.
all carboxylic acid residues other than terephthalic
acid residues, based on 100 nole % of carboxylic acid

46. ' TRk PHSSoss N @l 405 whidkeih Qﬁ@h.mf%é’/%é’rftic@slrah & R85 0.78 dLig to
functional conmpound residues other than ethyléne

1.1dlggycol residues, based on 100 nole % of hydroxyl
functional conpounds residues; and wherein the nelt
processi ng zone conprises a barrel, a heating el enent

47. dirheprocesysiogalaimaelO, debsinitied 1t.\a of teepanticleBirangdesfrom 0.81 dL/g to

1.2dIP/8-I‘I‘e|, and a screw notor, and

48. The process of claim 40, wherein the particles are contained in a shipping container,
and the particles are not solid state polymerized.

49.  The process of claim 40, wherein the particles are crystallized underwater.

50. A process for melt processing polyester polymer particles comprising:
A) if a drying zone is present, drying the particles in the drying zone to produce dried
particles;
B) feeding the particles into a melt processing zone, or if a drying zone is present,
feeding dried particles into a melt processing zone;
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wherein a total power is applied to the notor and to
the heating elenent which is | ess than the total power

wo bab/o2sys d be applied to the notor and to theP¢FEB1008/030534
el enent at the sanme settings to nelt process a
pol yester polyner having the sanme It.V, sane
conposition, a degree of crystallization greater than
TCmax, and at an equivalent nelt residence tine within

t b iBkihg ﬂlﬁ@ﬁﬁﬁi%lé%gn %i%‘?neﬁt rgeﬂbﬁééé?ﬁg SENE Adt | cl e

havi ng subst anti al I'evel ‘of haze. 4 1. The
pr@é@@@lnﬁfal’ﬁﬂaﬁ ffﬂim’fhednﬁl'brl sing applying | ess power to

wner R i b LB o BT Ble 8010 v ain

zoneof prelsanmmﬂ)amvm it Bowilﬂe%OMhpleab ghtedol rexiduss bdsedfort gdroxyl

s o Sl o S 2RSS0t S, have an

It.V. 6fat48a6t A2 di dTﬁ%d%Cé?t%%ﬁiu%f aéétﬁldéhﬁvge cﬁﬁ%h?bm @bpllne@}ﬁéss and
89% of the mer is virgin polymer, the particles

cdiipri $iamg: at (e;a;st b/vce:meﬁmwer%sarmaiemm@fmd ablepsi wionyelting

t | 5
an dorPaRE KBV DG sreiRiRITRyA = rabF BT 451G f 853 o and
conponélatllngmteitmgr@daihdé&ameagg attdasVihe atbdutute ealudussst J/g or

f. et hyl I 10 cent
B ox PYE Sad df R IRAEG PPAY dlESSkame 08RG When measured on a
per centpsE leE‘it%QtiNdj smlmﬁ%ﬂﬁeétﬁ@ &}H@édéﬂaﬁlﬁg from a baseline in the
pol yest er pol yne 45. The process of claim

wher ei ®NEADSNHIG qjmdon@t pitergppeatve ofdess tiapr egual 9e200°C
. f t
and 1 pip65e8a8la il el SR Y edinglefln! fegipg eat o e
barrepravsersw rotatn:iga/vlthlmme lodreal eamd ah;eréw matopaind ke screw revolutions are

oo L S5 BN RS P o i o

procesenhdheashneé p@w&hldqmlvést@r%ﬁlﬁhéﬁhawﬁg (ﬂhé BamBaL Vi é‘élﬁé composition,
are not solid state polynerized. 49 process of

a lowgeakmetingpeitepma ﬁw@ Reakimelfiag pain \A&\ey%t\m peaksido not exist,
greatePHRIVEERE, to form the same article having substantially the same level of haze.

51.  The process of claim 50, wherein the article is a sheet or a film or a pipe.

52.  The process of claim 50, wherein the particles have a melting point within a range of
160°C to 210°C, and a degree of crystallinity ranging from 25% to 45%.

53.  The process of claim 50, wherein the polyester polymer comprises:
(a) a carboxylic acid component comprising at least 90 mole% of the residues of
terephthalic acid, derivatives of terephthalic acid, naphthalene-2,6-dicarboxylic acid,
derivatives of naphthalene-2,6-dicarboxylic acid, or mixtures thereof, and
(b) a hydroxyl component comprising at least 90 mole% of the residues of ethylene
glycol or propane diol, |
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50. A process for nelt processing pol yester polymer
particles conprising: A if a drying zone is present,
walegoetogg7ate particles in the drying zone to prpdiits2005/030534
dried particles; B) feeding the particles into a nelt
processing zone, or if a drying zone is present,
feeding dried particles into a nelt processing zone; Q)
nelting the particles in the nelting processing zone,
NPy it
based 8 80 O e e o oEl Ry &P COpBeht kR B 1 mole percent o
hydroxplrr@mponermoeSIdlsesjmyhagowea@ripblym@sent contain at
| east 80 nol e% et hyl ene gl ycol residues based on
hydr oxyl residues in the polyners, and the particles
54. CURPprésesatoflcRamt50] Wevdin ¢it feap0BYSSbRthe poiygeras virgM. polymer, the
of at least 0.72 dl/g, have a residual acetal dehyde
particlesRAMRIHNI10 ppm or | ess, and (iii) have at |east two
t
TRl SRR ES t teffor b oL Aol of i flbucs o
12Hmm1thellc220d@®dadﬁmvlaw$|ofger&phﬁiadlcmlcbaddt herm ar ea of
o R Rl i 8 bl i o P8t atyens
nmgReolred on a DSC first heating scan, has a heati ng
curve departing froma baseline in the endot her m

basedjpp é@p.raweaxeraerttaﬁﬁefm ieagd CPE&’@“@HBWS&“%@MI 1Q°om°'e percent of
t VFe conprises a
hydro%g '?é?ﬁééa%]ls%%@tlltg %?%%l%rrg)%{l ng heat to the
barrel a screwrotating within the barrel, and a

> gb? \Bﬁg@fﬁ%rdg ﬁ%@ E%(? Swse?élﬁﬁg% S%%g‘&e@&@%c@ﬁ&&?g fhg rPartlcles fed to the

melt ;brba@ssdwlzdn@e)rap e edirigozorel if pseatds 3 ppim bhiessane
power, a polyester polynmer having the sane It.V, sane
conposition, a |low peak nmelting point, or a sole peak

56. MrhbipRGcdQ dftcla\"rﬁe'éf(? viniPeiR §RK %v@?eé‘l@?ne@tﬁgsﬁomﬂl%%aélﬁ{ulder

t han 2200C, to formthe same article having
substantially the sane | evel of haze. 5 1. The process

0 I 0 r t |
57, Syof MBS SUIRTE, Qb 3. e BgRRRRLABbeP ] S0 it
1.1dipgrticles have a nelting point wthin a range of 16Q0C

to 2100C, and a degree of crystailinity ranging from

25%to 45% 53. The process of claim50, wherein the

58. PTh¥Ppéd&IssReYATRY 50 WHrbiR 886 It(\ﬁ)onhé: %Hi‘é}@@ rafg8&frém 0.81 dL/g to
conmponent conprising at |east nol e% of the residues

1.2 digp.

59.  The process of claim 50, wherein the particles are contained in a shipping container,

and the particles‘are not solid state polymerized.
60. The process of claim 50, wherein the particles are crystallized underwater.
61. A process for melt processing polyester polymer particles comprising:

A) if a drying zone is present, drying the particles in the drying zone to produce dried
particles;
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terephthalic acid, derivatives of terephthalic acid,

napht hal ene- 2, 6-di carboxylic acid, derivatives of
woaphaoksthene- 2, 6- di car boxylic acid, or m xtur eBCT/US2005/030534

thereof, and (b) a hydroxyl conponent conprising at

| east 90 nol e% of the residues of ethylene glycol or

propane di ol , based on 100 nol e percent of carboxylic

aci d conponent residues and 100 nol e percent of

o eptila FETRRAS: ik S fUERrdcRating ALY Siit SR YBRS is presen,
t feedimgl (;rmirparﬁclesrirgbra melt pnesessingezqres t i cl es

<0 ko B refesSs i termtling S B RRREAM hal o aci ¢

aDgifcsiﬁmg/amﬁascﬁomh@mathal ic acid, and (b) a hydroxyl
nponent conpri Si ntg at least 95 rml e% of the residues
g

wheream ﬂlﬁ polymee Paftipes infraducad iptp thegnal PEOGsSsIRgRONEfor into the drying
zone ﬁ??%?rf]ﬂ%l’ Ebfrtaﬂ?%tqeﬁé’t{mgr‘?\%@% eﬁl%élge&qeéggeﬁﬁlaged on hydroxyl

I oX onponent” resfdues I n
residtmsl i dise polymﬂrg,rarrd theFartities pompess abfeast 5 Y% \Bigin polyester have an

V. of B leRst 2R B Bl Ry Gt aPbnpla catRain i of fss, and
p Sssemﬁave &t I§aﬁﬁWthel|tlﬁ§5§)ea5§wh§F@n I@h@Qﬁ%@ldCét Iééétlt\m) melting
wherein the | ow peak neltin oint is a shoul

50,
57. Theedsdeadewgreak fHP'HPQ@O"\R/N\é‘ih&i A range ok 140°Cdp ?t2|Qe°C and
parti Chﬁﬁ arfﬁ@lﬁné('i)aﬂﬂbmﬁeﬁﬁ a‘?léé Bf épleést]thgldb%olu@@val-ra%f 1 J/g or

process O clarm ereln
pétix i chae ormgesiore mal@gsneaiqs/aj, Ieastpng Qil\_lVl'gCh Fehermmeasured on a

proces .cl ai.m 50 in t [ . S

Pont o st it Bedlissall R ek o BARl (iR fom a baseline in the
par ti céegdtheenioelirestidn gt & terhgerpturg o# tdssatan 60 eqlisleo 200°C ;
process of c¢laimb50, whereip the artl cI s are

and tI&Q mtagrppmgjm GRIPRrisess barrg), Br gypentgifecting heat to the
barrePRUCFEY 'r&anﬁg Witk e tfteY "Bd @@&rfewh%rcgmp birfiPEsidbhoe time
one Is present, drying t particles in

Wlthlrt the l'mnyell mganpimd wmcrpmhm‘@r drareth\epaeit reﬂlcé@CB)tlrﬂ@mtw@uld be

' I I , i f :
aopi B8 DSBS LB G 08B il eldsBigg zome =
polyes®k bolyferéswinytheaamie It.V, same composition, a low peak melting point, or a
sole peak melting point where two peaks do not exist, greater than 220°C, to form the same

article having substantially the same level of haze.
62. The process of claim 61, wherein the article is bottle preform.

63. The process of claim 61, wherein the particles have a melting point within a range of
160°C to 210°C, and a degree of crystallinity ranging from 25% to 45%.

64. The process of claim 61, wherein at least 89% of the polymer is virgin polymer, the
particles comprising:
(a) a carboxylic acid component comprising at least 95 mole% of the residues of

terephthalic acid and derivates of terephthalic acid, and
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C nelting the particles in the nelting processing
zone, and D) formng articles fromthe nelt; wherein
wo b@ofoes7ysrer particles introduced into the melPCT/US2005/030534
processing zone or into the drying zone if present
contain at | east 80 nol e% et hyl ene gl ycol residues
based on hydroxyl residues in the polyners, and the
particles conprise at |east 75%virgin polyester, have
am) / Sé I
ac@téar%égﬁ% é,@f:nodre?lgﬁ% c%rpﬁﬁsﬂ;lg Fe?}]leglr%@!f)g gi’olé% JqHé residues of ethylene
aglycelst two nelting peaks wherein one of said at

t |
base, Sf0g O TREHBBERER S a9 RS FRAGAREAT o percent of
hydrexgbcdrhpomerdresiduds iatthe @adlestdrepohpsal ute val ue of 1 J/ g
or (vi) have one or nore nelting peaks at | east one of
whi ch, when neasured on a DSC first heating scan, has
65. ame%bé&swemc@npmr@.a thé 2eLRIRASAL IcoRtdr of vy  particles fed to the
endotherm c direction at a tenperature of less t or
melt prggessing zouacT to thadrying:zons if pressnbds Bripnz on ess
conprises a barrel, a heating elenent directing heat
to the barrel, a screwrotating within the barrel, and
66. aThenmucesstaficlaimrel, avhreeein the ol epale nigltirey poihbisra shwiider.
barrel is applied which is shorter than the nelt
residence tinme that would be applied to nelt process,
67. atrhaldrogdsstdielfmme, Wﬂef?ém%ﬁé ‘lt'\V'Qﬁ the pbﬁ%lé@lahﬂes from 0.78 dL/g to
rocessi ng zone, a polyester polyner having the same
1.1dMg: v, sane conposition, a |low peak nelting point, or a
sol e peak nelting point where two peaks do not exi st,
greater than 22Q0C, to formthe sane article having
68. sibstpmotdssldfyldimne 1s aviesréieviee [t0f. dfdze pafizlesTaages froesB.81 dL/g to
12dg] claim6 1, wherein the article is bottle preform
' : The process of claim6 1, wherein the particles
have a nelting point within a range of 16Q0C to 21Q0C,

and a degree of cr1ystal linity ranging from 25%to 45%
69. 64l hemecqsﬁdzf@@mcﬁ whereinghe PaWh?éEFSeﬁifﬁ aontaieed in 8shipping container,

and t%%ﬁpﬂ@lé@@é H()afgl'l(f Qﬂapebgé’lg qthe particles

rising a ca I aC|d conmponent conpri si ng
at least 95 nole% of the residues of terephthalic acid

o. RGO R ke ol B b
of et hyI ene gI ycol
71. A process for melt processing polyester polymer particles comprising:
A) if a drying zone is present, drying the particles in the drying zone to produce dried
particles;
B) feeding the particles into a melt processing zone, or if a drying zone is present,
feeding dried particles into a melt processing zone;
C) melting the particles in the melting processing zone, and
D) forming articles from the melt;
wherein the polymer particles introduced into the melt processing zone or into the drying

zone if present contain at least 80 mole% ethylene glycol residues based on hydroxyl
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based on 100 nol e percent of carboxylic acid conponent
resi dues and 100 nol e percent of hydroxyl conponent

WO e@ic@esIds i N t he pol yester polyner. 65. The prPCEES200$/030534
claim6 1, wherein the acetal dehyde content of the
particles fed to the nelt processing zone, or to the
drying zone if present, is 3 ppmor |less. 66. The
process of claim6 1, wherein the | ow peak nelting

_ .. . ! . ai
e 110 oo pfc S AT st hve
1t.V. oflht legst @17% di/g, lhvega fré‘ﬁ%uaﬂaeetaldn.iwsie whtemta)iff 0 epi or less, and
rein t It.V. of the rticles ranges .fr 0,81 .
R, e 3 tefst o Gieitingrpbali B pRERESai 5 Babt Rlo melting
wher eigbdKags BAdW ip@bﬁ%élﬁrﬁq pent MtAmch Fdhge SFHI4PRC /G 220 °C and
container, and the particles are not solid state

pol ymehavingia mdtingreredqiheive gseaef @l leashtee absqlkie alye ph J/g or
F@ﬁit)' Cﬂ{%}‘é M orh¥bd rﬂ'eltiné?%a‘f@%? T«%’&E Bhe of which WRkRTR&Ssured on a
rmel S I

processi ng po ter polyner particles
conpr i B8Agirst¥eatihg scdnyhasa heating suyeaepattingdrgm rgbadetine in the
particles. in the. drying zone to, produce. dried )
Par 1 crubothaie Suiths it Bt fif SRR 44 ffequat to 200°C
and tHe efprodess neondrisesd g, 2 @ieor Srifffeg arda, heating element
feedlng dried particles into a nelt processing zone
®

directigy haat {e e ba @'b@ﬂ‘ﬂh@I t@@‘_PiefﬁttIFPesﬁﬂP@ Eﬁ@ hﬁ?B’&%@@”ﬁﬁf_t’d"eCﬁng the
morfqffigypialle GO Aiiid g L SOBbIARSH AL st
being foweriasaihzammen tdre harrel tharewduld Ibeyapplies tofmelt prasess the same

pyeEE LA R S RIS Sh A 005, POHESk G4 i meling poin
wherePfd p&alesds oPexistegreatdreéan 2269, \tb farinm theodames bticle havirg

an It.V. of at least 0.72 dl/g, have a residual .
substapiially|the e lewi vt RezeAnd @PRIIALA! Plelbie sagrsqtings indhg anelt
proce?éeigé%ﬁb St B EHé“t%rrBﬁ"f‘ét?ré"a@ﬁg@g.” one of said at

t two nelting peaks I peak nelting point
within a range of 1400C to 220 OC and having a nelting

dot her m ar.ea. of, . at .| t he. | ut e e of 1 J/g
72. gfh?\[?f‘?qe)ssﬁzgg%"gr@’Wpeﬁ%%ﬁihehgﬁcfeg%%ﬁgﬁg\éﬁrm'east one
of whi ch, when nmeasured on a DSC first heating scan,
has a heating curve departi ng fr%rr}]a basel i pe 'hn tr}e .
73.  The process of claim 71, wherein the acetaldehyde content in the preform at said

temperature setting is lowered.

74. The process of claim 71, wherein the barrel is a barrel in an injection molding
machine.

\

75. The process of claim 71, wherein the barrel is a barrel in an extruder.

76.  The process of claim 71, wherein the particles have a melting point within a range of
160°C to 210°C, and a degree of crystallinity ranging from 25% to 45%.
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endotherm c direction at a tenperature of |ess than or
equal to 2000C ; and the nelt processing zone
w@oeowpiREes a barrel, a die or orifice, and a herer/USZP05/030534

el ement directing heat to the barrel; and the

tenperature setting of a heating elenent directing the

maxi mum tenperature to a zone on the barrel is

established, said tenperature setting bei ng | ower in

S a I
77. pf'](])‘ggss Ss g@ggaﬂng ﬂbwhe uﬁ%ﬂe ﬁ%ﬁ; c?fGih?f&B' hlééglrﬁﬁ pdolymer, the
particleswopgalsinge! t i ng poi nt, or a soI e peak nel t| ng poi nt

re two peaks, do not exi st regter .than 0C, to .
eSS SouPShert o oA s {pofee Ot Ssidues of
|%Y@dhtﬁ£hd“§én’§ aABHeRRBlekio erabhthalic BbR, spge setti ngs in
the nmelt processing zone other than t he t enperatu

sé1) @ hygiromg compengploeasrerising at lgprt 95 moleletdhe: rQSAfBJeS of ethylene
aéty\,ﬁ e is bottle preform 73. The process of claim?7
; érein the acetal dehyde content in the preform at
basedsan d 00 enqle patrcard of eartborgid acidl cmmpedent?rzesidulee andod®smole percent of

71, whe the b b I
nycroRYy e Ee RS Prlah PRYSOIRE PRI oces of ol ai m

71, wherein the barrel |s a barrel in an extruder. 76.
The process of claim wherein the particles have

78. nméhe iprepassiatclaimt Hi h&f@larﬁ@e agetaitishyede Pen@feeﬁhem&tlfdes fed to the
0 /7.
melt @ﬁgé%m&oﬁé yq}tt@mé a.lyfpg m&gg Pﬁésfehpﬁé ?@ﬁ Br 15

ess o [Far m™7 ™1 el n at 89% of the
polymer is virgin polyner the particles conprising:

ro. (Rharaboiiet A6 AMIBR G PRSP Al Pt SRS

derivates of terephthalic acid, and (b) a hydroxyl
conponent conprising at |east 95 nole%of the refldu ?
80. off heprgeassef dajwol 1, Whesein tam It @fie Baislesdanggs from 0.78 dL/g to
ﬁgrboxyllc aci d conmponent residues and 100 nol e
p&rcent of hydroxyl conponent residues in the
pol yester polynmer. 78. The process of claim?7 1,

th t t
o1, R R AL RSB P b RGP oBhSehlat aL o
12dp/gesent is 3 ppmor less. 79. The process of claim?7
wherein the | ow peak nelting point is a shoul der.

82. The process of claim 71, wherein the particles are contained in a shipping container,

and the particles are not solid state polymerized.

83.  The process of claim 71, wherein the particles are crystallized underwater.
\
84. A bottie preform obtained from melt processing polymer particles comprising greater
than 75% virgin polyester polymer, the particles having:
A) an It.V. of at least 0.72 dl/g, and
B) 10 ppm or less of residual acetaldehyde; and
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80. The process of claim7 1, wherein the It.V. of the
particles ranges fromO0.78 dL/g to 1.1 dL/g. 8 1. The
wEe@oosw4of claim7 1, wherein the It.V. of thRCT/US2005/030534
particles ranges fromO0.81 dL/g to 1.2 dL/g. 82. The
process of claim7 1, wherein the particles are
contained in a shipping container, and the particles
are not solid state polynerized. 83. The process of
C .
(i EaTedst o MR BeaRE IR el e of i L KESPiG Fling peaks is a low
meakaaeltmg pyxmﬂtwvrtbnn panhge biei;40,°6hipr22ﬂ Hyagd baving & mating
750/ i n ter ol r the ticles having: A
OX rﬂb?r fyagi eiaggqﬁyf&vag% %g 10 ppmor |ess
of resi dual acetal dehyde; andC) at |east two nelting
peaks, wherein one of said at least two nelting peaks
85. Eh%praﬁwnp@aﬁlamﬂm havipg PAresidual aceialdaygie eantantod @ pRIN or less.
220 0C and having a nelting endotherm area of at [ east
the absolute value 1 J/g. 85. The preform of clai m 84,
86. heve prefamn oEslatndk, hadhgldebyidealcametaldehysfe Gorngenh ajr3 ppm or less.
| ess. 86. The preform of claim84, having an residual
acet al dehyde content of 3 ppmor |less. 87. The preform
87. Ofh&brifbind6f clalinsal Whehsn B partities haswe Aelt®btpog within a range of
oint within a range of 1300C to 230 OC, i nclusive;
130°C§E) 23hC.ghepBiVAY of clai m 84, wherein the | ow peak
melting point is at |east 1500C and does not exceed
21Q0C. 89. The preform of claim 84, wherein the | ow
88. pmae pma‘btm o) cladm i34, wdhegin (teatow peToeking pietds wbteast 150°C and
q 5%% 90. The preform of claim 84, wherein the
oes PBW’??@Q I'¥i ng point does not exceed 1900C. 9 1. The
preform of claim84, wherein the degree of

crystallinity ran esfrom25°/to 5% 92. The prefo
K%Péﬁfﬁm@f%lﬂ@ » WhefRin P‘&\ép%ﬁi 'E‘OPU@%?Q' qﬁ?%&%as{ 160°C and

0%to 40% 93 The preform of claim 84,
does F\ﬁfe'&&:%rel c t%ﬁbé

nunmber average wei ght of the particles is

90. The preform of claim 84, wherein the low peak melting point does not exceed 190°C.

91. The preform of claim 84, wherein the degree of crystallinity ranges from 25% to
45%.

92.  The preform of claim 84, wherein the degree of crystallinity ranges from 30% to
40%.

\

93. The preform of claim 84, wherein the number average weight of the particles is at

least 1.0 grams per 100 particles and no more than 100 grams per 100 particles.

94. The preform of claim 84, wherein the particles are contained in a shipping container.
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| east 1.0 grans per 100 particles and no nore than 100

grans per 100 particles. 94. The preform of claim 84,
wob@eco28148 he particles are contained in a shi ppCTyS2005/030534

cont ai ner.95. The preform of claim 84, wherein the

particles are stored in a storage silo or contained in

a dryer hopper. 96. The preform of claim 84, wherein

the I't.V. of the polyner ranges fromO0.78 dL/g up to

95. SRl gath 87 R BT AU b SR i g or
contaipeéfroa arnar hoppem 84, wherein the pol yester pol yner

conprises: (a) a carboxylic acid conmponent conprising
at least 90 nol e% of the residues of terephthalic

06. apidlpreflein UBdlhies4 ovhéirepietibgl bEthagidlymer ranges from 0.78 dL/g up
napht hal ene- 2, 6-di carboxylic acid, derivatives of

to abawh kit MdBene- 2, 6- di carboxylic acid, or mxtures
thereof, and (b) a hydroxyl conponent conprising at
| east 90 nol e% of the residues of ethylene glycol or
97. prupprefordi of claiva8éowberelnot leasted0556 rof the pafymenidrgin polymer.
aci d conponent residues and 100 nol e percent of
hydr oxyl conponent residues in the polyester polyner.

98. 9Phe pleforii of Qlaim 84, whaiain vk posster polyher poinpesesr
pol ymer conprises: (a) a carboxylic acid corrgonfent ,
c@fﬁrqagtmyll@@chmpw%pmlémta#iea%gpdu% 7Pt the residues of
t | i€ i i i . . .
IRy el et et o oo aca
oderivaltieés off napighalese-de@dicafbayly reideogmpdates thersed and

1 |.e rcen t ' i d o
B AT RR OB S oMM 8o Elbh SR laues of ethytene
cgvpsine propeRidlogs i n the pol yester polyner. 100. The
q;’)reform of cl ai m 84, havi(%rlagc&g mel ti nr%dpo_i nt wwthin a
based 40 1ola petsent 6 erbEE 1ot GPBROBFTIPSStiss APfli10) Mole percent of
' Yt 9 _average wei ght of
hydro?ﬂe%ggg)tn{egﬁggﬁ@gééﬁtlﬁ%ggltyé%%aﬂgm per 100 particles
and does not exceed 100 granms per 100 particles, and

oo, P ASUAY B T8, QRN B PP B 1"
p@l) n@irbéxaiig @sidf campéhetft cdmptigingrattieasii9sutiole% of e regidues of
ARt AR Of etV er el tagahtaleadaahgas, -
(b) a hydroxyl component comprising at least 95 mole% of the residues of ethylene
glycol,
based on 100 mole percent of the carboxylic acid component residues and 100 mole
percent of the hydroxyl component residues in the polyester polymer.
\
100. The preform of claim 84, having a melting point within a range of 160°C to 200°C, a
degree of crystallinity ranging from 25% to 45%, the number average weight of the particles
is at least 1.0 grams per 100 particles and does not exceed 100 grams per 100 particles,

and the residual acetaldehyde content is 7 ppm or less.
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102. A stretch bl ow nol ded bottl e obtained fromthe
preformof claim84. 103. The preform of clai m 84,
wob@co28148 he | ow peak nelting point is a shoul PEr/USH08030534
The preformof claim84, wherein the It.V. of the
particles ranges fromO0.78 dL/g to 1.1 dL/g. 105. The
preformof claim84, wherein the It.V. of the
particles ranges from0.81 dL/g to 1.2 dL/g. 106. The
p , .
101. RBCPETOn SFOBITL00, WHBRATYD f7 oPRIC QY SS: Riies from 978 dlg up
to abautet. ¢idh/g, lhed @ taast PE% aff the pohta¢riedirgin polwhep@ndgcontains 2ppm or
ont.gi ner nd the particles are not solid state
less 036??@(%% 8@%‘%@@6 A bul k of polymer particles
conpri sing polyethylene terephthal ate pol ynmers and
copolynmers nodified with 20% or | ess nodifiers, the
102. pArstrei¢ieBlowgnpidedibeltiephizinad from the Bogioim gf AlaiB Bfest er
pol ymer, and the particles having: A an It.V. of at
| east 0.72 dl/g, and B) 10 ppmor |ess of residual
103. aFbearefermaé claim@4Cwhereinlthe oy pealhmeltingaoinihem shoulder.
nmeasured on a DSC first heating scan, wherein the
heati ng curve departs froma baseline in the
104. eTHetgieioih®f dizir @4, Whedéinahé &npesf dialperticfesiranges fram @78 dL/g to
equal to 2000C. 109. The particles of claim 108,
1.1dlfderei n the heati ng curve departs froma baseline in
the endothermc direction at a tenperature of |ess
than or equal to 190Q0C. 110. The particles of claim
105. 108e pabfiermaiaf claim e athengindoe e/ .d¥ g particlesrraagesirem G81 dL/g to
12d‘_@ the endothermc direction at a nelt tenperature of
: $s than or equal to 18Q0C. 111. The particles of
cl ai m 108, wherein the pol yester polynmer conprises:

106. re3he RIS IR cuEi G as GBIcHR are Adlized URdSuater
derivatives of terephthalic acid,

napht hal ene- 2, 6-di carboxylic acid, derivatives of )
107. ndpetiefosnsf zjamdi4 ahsosinlthe pagices are agniainedin a shipping container,

anct h 55l Ak S oD BRAE " e0 PR 00 %L
propane diol, based on 100 nol e percent of carboxylic

108. a(}\i gulﬁ%?Bglry}r%netr plreu?tlscilé]lsu((:eosmSlrri]s(,jlnéL 88[ygﬁ1lyFer1%etEe$eep%h§gte polymers and
copolymers modified with 20% or less modifiers, the particles comprising greater than 75%
virgin polyester polymer, and the particles having:

A) an It.V. of at least 0.72 dl/g, and

B) 10 ppm or less of residual acetaldehyde; and

C) a melting point trace when measured on a DSC first heating scan, wherein the
heating curve departs from a baseline in the endothermic direction at a temperature of less

than or equal to 200°C.

109. The particles of claim 108, wherein the heating curve departs from a baseline in the

endothermic direction at a temperature of less than or equal to 190°C.
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hydr oxyl conponent residues in the polyester polyner.

112. The particles of claim 108, wherein the polyester
w@oelogoes74conpri ses: (a) a carboxylic acid conpP@ENE2005/030534

conprising at |east 95 nol e% of the residues of

terephthalic acid and/or derivatives of terephthalic

acid, and (b) a hydroxyl conponent conprising at | east

95 nol e% of the residues of ethylene glycol, based on

110. 1@@1e?§rﬁ:l@§bﬁ@8ﬁn qba !t WReleH @@Wédtlﬁﬁ@ﬁlhﬁb Q@ﬁé}f’.{‘f?@ﬁl a baseline in the

resi dues and mol e percent of the hydroxyl
endothenpindiractipe &it aweelt tamperatyse|of @ﬁéharpér gaeal to 188°C.The
particles of claim 108, wherein the particles
contai ned are not solid state polynerized. 114. The
111. péfhbipzirt&ﬁesnbf clhian r‘rO&,OBheereihei polydstergzolymet esmprises:
talnd N a pi ng_cont ai ner les .
ofaA SEPTY Scif SpBRan Encepamieteg ateaseo0 rydihiqr T psidues of
unslepMbRE acidlferivEliveB af tdrepiethald asit ahéﬁﬁltﬂ&ené%@laﬂ:a?boxyhc acid,
resi dual acetal dehyde content of 7 ppmor Iess.

Tlﬁiéfl]!@tmeﬁ@féigpbﬂlalﬂr@i-%ﬁﬂ)@rbﬁé)dicrﬁjﬂ qr gRixtuies thereof and
l?)td?‘h?@?)(@f ity §8§rfnpmﬁﬂp@tﬁ§ shgﬁggé%? thHS residues of ethylene

tic
dggnceborqﬁropalysdwll inity vv| thin a range of 20% and a

basegg){}a@?ﬁdlee%{ﬁ%%(nq }asch?/ am'd@émﬁp&%@ %f§lq5] q{ﬁd ﬁ@lf miole percent of
hydrd@! €orfpSiertirésigaedmink éfbl)@étéi godfhéues ot her than

terephthalic acid resi based on 100 nol e % of
carboxylic acid residues, and CHis the total nole %

¥ |
12. DR P e A0 WARY, B e mh I o

h)éai)ramgrﬂbOf(ylmxﬂm@ pampooepiozomprisieg adieast Qamble%mé the residues of

" Borabi e Fis ST et e el B 1907 e

p@tb)ta Ay@exfcompinanl 88mpvibiag eit fedsh 85 IneotepieaithaRbitngs of ethylene
point 1s at [east 1600C and does not exceed 200 OC.

189colrthe particles of claim 108, wherein the | ow peak

basedBhi1009nBR! et th Eab%§fiR‘add EBSponent residues and 100 mole

percent of the hydroxyl component residues in the polyester polymer.

113. The particles of claim 108, wherein the particles contained are not solid state
polymerized.

114. The particles of claim 108, wherein the particles are contained in a shipping

container..
115. The particles of claim 108, wherein the particles are crystallized underwater.
116. The particles of claim 108, having a residual acetaldehyde content of 7 ppm or less.

117. The particles of claim 108, having a residual acetaldehyde content of 3 ppm or less.
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122. The particles of claim 108, wherein the degree of
crystallinity ranges from25%to 45% 123. The
w@aropiozd7es of cl ai m 108, wherein the degree of PCT/US2005/030534
crystallinity ranges from30%to 40% 124. The
particles of claim 108, wherein the nunber average
wei ght of the particles is at |least 1.0 granms per 100
particles and no nore than 100 grans per 100
particles. 125. The particles of claim 108, wherein
the particles are stored in a storage silo or
118. COh¢ ﬂiartfetiasi of chainr 1@8, vhteppmrthébﬁrhcﬁ@ma defee affcrystallinity within
areny BAUph it R bt oSl g2 o 89968 quaton
partl cI es of claim 10$Cmay\be50% nCAl- d)aast 95% of the
is virgin polynmer. 128. The particles of claim

wherq@& is fﬂ%ﬁ/tcﬁ@j raoleo%/qé@ﬁwarmw% gcigareitluar oHen than tererhtaalic acid
read%%g/)a%sécgg Q%ola /d%%gl%o‘%plécgéé’ %@é #!# ?ﬁdré‘ﬂ% o Mhole % of

Auber-ave he particles
all hydmxgltfuhelmtal d:orﬁhpguadtesptmneslaﬁepmanleihydenag@cdbmldws based on

100 il 95 pr ey ApetbRe FaneOdida Betesd 120° The

particles of claim 128, wherein the It.V. of the
pol ymer ranges fromO0.75 dL/g up to_about q
119. aﬁhe @ﬁrtlcé%sft’f aajg H98.twherpd) t?ﬁéﬁ’w imelting peint th el and does
noteﬁcﬁé&i ec2ppmor |ess of residual acetal dehyde. 130.
e part| cles of claim 108, wherein the | ow peak
nelting point is a shoul der 131. The particles of

120. ¢ b’@ﬁ]p@g‘tlpiés&%cgélﬁt? (1§ r'f,lé] thig@/vt he%%beel{]r'ilgf lgﬁ?‘éﬁs%l%ast 160°C and

does Gbbexoebd®@oopberein the It.V. of the particles ranges
from0.81 dL/g to 1.2 dL/g. 133. The particles of

cl ai m 108, wherein the particles are contained in a

121. Sﬁh@@iaﬁgﬁlé?sowcﬁélﬂﬁ'i% %ﬁjerta echB%\h' e E?né?g P%t 88éé Hot exceed
state po

merized. 134. artlc es o aim1
190°@herei n the pol yest er polyner conprises: (a) a
carboxylic acid conponent conprising at |east 95 nol e%
of the residues of terephthalic acid and/or

122. dFhé atticdkesofdaitre | @ Wierkinctha degreeaditerystallinity ranges from 25% to
45%.

123. The particles of claim 108, wherein the degree of crystallinity ranges from 30% to
40%.

124. The particles of claim 108, wherein the number average weight of the particles is at

least 1.0 grams per 100 particles and no more than 100 grams per 100 particles.

125. The particles of claim 108, wherein the particles are stored in a storage silo or

contained in a dryer hopper.
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(b) a hydroxyl conponent conprising at |east 95 nol e%

of the residues of ethylene glycol, based on 100 nol e
w@esemes740f the carboxylic acid component resiPCEESENHN030534

100 nol e percent of the hydroxyl conponent residues in

t he pol yester polyner.

126. The particles of claim 108, wherein the It.V. of the polymer ranges from 0.75 dL/g up
to about 1.1 dL/g.

127. The particles of claim 108, wherein at least 95% of the polymer is virgin polymer.

128. The particles of claim 108, having a low peak melting point within a range of 160°C
to 210°C, a degree of crystallinity ranging from 25% to 45%, the number average weight of
the particles is at least 1.0 grams per 100 particles and does not exceed 100 grams per

100 particles, and the residual acetaldehyde content is 7 ppm or less.

129. The particles of claim 128, wherein the It.V. of the polymer ranges from 0.75 dL/g up
to about 1.1 dL/g, and at least 95% of the polymer is virgin polymer, and contains 2ppm or

less of residual acetaldehyde.
130. The particles of claim 108, wherein the low peak melting point is a shoulder.

131. The particles of claim 108, wherein the [t.V. of the particles ranges from 0.78 dL/gto
1.1 dL/g.

132. The particles of claim 108, wherein the It.V. of the particles ranges from 0.81 dL/g to
1.2 dL/g.

133. The particles of claim 108, wherein the particles are contained in a shipping

container, and the particles are not solid state polymerized.

134. The particles of claim 108, wherein the polyester polymer comprises:
(a) a carboxylic acid component comprising at least 95 mole% of the residues of
terephthalic acid and/or derivatives of terephthalic acid, and

(b) a hydroxyl component comprising at least 95 mole% of the residues of ethylene

glycol,
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based on 100 mole percent of the carboxylic acid component residues and 100 mole

percent of the hydroxyl component residues in the polyester polymer.
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