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for example, under the trade names PLEXIGLAS® (EIf Atochem) and LUCITE® (Ineos Acrylics).

[0010] Polyester having satisfactory properties could provide a cost-effective alternative to

polycarbonate and PMMA in many applications. In this regard, there is a need for polyethylene
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Ca’ﬂ be e Vll@Péie pigfogas W@Pﬁtm@@s (gal: pestage bqt@@) ns t hat can
used to nmake prefornms and containers (e
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[0022] It is a further object of the present invention to provide methods that facilitate the reaction of

aromatic heterocyclic imides and polyethylene terephthalate oligomers.

[0023] It is a further object of the present invention to provide condensation polymer resins that

include aromatic heterocyclic imide substitution.



terephthalate with aromatic heterocyclic im des.
[0022] It is a further object of the present invention
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foll owi ng detail ed description. DETAILED DESCRIPTION
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heteipey<tif é%ld‘ﬁ%gt» pyrvewrabpSrtad Fbmele p@cenarprafer@blégrw@rthan about 5 mole
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MOzt ﬁlm e 1gmplegercepigerpefic W%O%y@fcelﬁmeﬁag abEVEB ARRA k@%ﬂd 20 mole
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aromatic. heterocyclic imde (e.g., between about
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[0031] In another embodiment, such polyethylene terephthalate copolymers are composed of about a

1:1 molar ratio of a diester component and a diol component, wherein the diester component includes



[0030] In one enbodi ment, such polyethyl ene

t erepht hal at e copol yners are conposed of about a 1:1
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conmponent, wherein the diacid conponent includes

aromatic heterocyclic imde, but nostly terephthalic

acid (e.g., 70-85 nole percent; 80-95 nole percent;
amunaﬁ@heﬁ&oct’yﬁh(enrﬁm b mioktly JieBH]terkphiiane el 735 adicFeRbnt; 80-95 mole

géxﬁ Iene erephthalate copol yners are
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L Qﬁr’ﬁ,o nanie BRI, oL O BOSS B ety TisF g5 dug. 0 mole
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re ter than about 8QC, preferably greater tha

p%llPS‘?? BYer-Gosf! tﬁ%ﬂé’%‘?@*‘@ﬁ"&!ﬁwp ang PMMQr t han about 90C
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L R R M A ——
ofthe pregpnioinhintier gossaks dxkellent coveclardctetistder st and t hat, for
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contrast to pri -contalnin
despriltge lupfisity e ysalep€eHYP Eve OuSehi@b hnch H]Oat whxm la§j,rmdich defibes the red-

giteé}?axﬁhr(?cs %Em'vé’]‘\/a%ﬁg) lch '?ecpa‘ﬁﬁ e%&?g gr@ﬁxt Oan8 %* which degcribes the
characteri sti cs. differe ar e ‘commo ﬁ
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smaengah Iamerplicais be Solar eh@oe REy) thanaileut b* ,Ind\éé'd &b 1@6&&6&1ﬂ&§polyethylene
|.ow- b ues

teregﬁtPalXte ?%&mﬁrg bg{(:fi@yepc{?%e%wsamg o%sl Iu x5aﬁle Igg | ore than about 60 and preferably
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nrgﬁ élglgxlﬂﬁc%xfe:pg )%g}ly enée %’éﬁ%&t;té lrs Prg?epag[:}/ é)cc:)%sess aH émﬁzplé%léht color value of
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uRORRATRIR( ATBLRAS, bolpri@h e (1. €., | um nosity) of

nmore than abBout n ‘anor phous b* col or val ue of

[Od?ﬁf S t’ﬂﬁ)@e 1?&@91 torcﬁnar%]ﬂéﬂ?ﬁqhe a'i‘thﬁll 'um&&anm Igdl T processm often affects
(gﬁ éet hyl ene "terephthal ate polyners typlca Yy poSS NS

Wﬁm@%heumwaflty@f zsplyw@eﬁﬁ@nhﬂub@u@crws apah solid state

pdredRfiRl YhusPRSEESera) 1RTR R R E’a{’éﬁ%” ahd %Bﬁ)h&ﬁ R color value”
bout 70 (e.g., nore than about Mor eover,

rejef {o measurements ased on amorphous resin. The CIE L*a*b* color space values for these

amorphous polyethylene terephthalate resins were determined using a HunterLab LabScan XE

spectrophotometer,



i m de-nodi fied pol yethyl ene terephthal ate pol yners

pref erably possess an anor phous b* col or val ue of
woess/orkeam about 3 (e.g., |ess than about 2). PaTUSR®S/003149

regard, the anorphous b* color value is evaluated for

uncol ored resins (i.e., not including colorants).

0037] Those having ordinary skill in the art wll
[00FRder sMomedvethatlesp ofhgmme il caee $64. /Hgctds tvh lré%ﬁefcﬁfétpﬁlyester test plaques), the
Rt ob Fat PR ol bl 2 Bl g e s of e present
Inyentiprretiate it gromd, ameashousassinged “dngmetions L't vatet &1dMBmorphous b* color
valgd™®r phous L* val ue" and "anorphous b* col or val ue”
refer to neasurenents based on anorphous resin. The

[0639E L* @fiebﬁolﬁ:@ﬂy%e RRAMAaINE ¥é§§1§ OE ey pr%&gt%ﬁvglét?og?:?n neglgy%ction molded into

oI%etherne terephthal ate resins were
arfigles, gick a5 prsfoaps. disefomms e b RE bediiese mpldprhioto drtiese MeaSurid@color in

prefdnd £hd33if1s, B@%v@l@@% QR340 It[isotggissshg LEAM Eeforﬁx? lal?dSBc’ottles be formed
. otherwi.se indicated (e.g., such as w respect 1o
mgooslt%}ag%rfi zerst Rlzg%l?s tﬁ ﬁag&ﬂaégwmppp@ve Qo] 9= measgregrents olin diris wpadamide-modified

polgdtybte repgpbihtled ahfél’e@ hddodd@y td he pRMLY ﬁtzemﬁ!)r?@ ., preforms and bottles) may be
i.ns.of the present I nven Ign refate

er al re h
epJIERRAT: PhFG R TR iy f ool Dol pbrproiterd hropaniliowicr 0 mm)
ncgrystailime pplyetks td3t plaqbO rColdt &Z_{ebjﬁlfe)nen{s Q3 atkRRs may then be conveniently
]ﬂ&gh¥§#b%g%qgn&%éggﬁﬁhaIate resins of the presen¥
e

1°%8¢€ on nolded into articles, such

Inventl on can
r e r in .tur be bl ow npl.ded into
O P e et e e Rl Bt ratifec otyethyiene

tersplithalae artiglagofitee rasskwtamdntiontmaybe tdpoisedSagd es t@ek rhdaafrements taken upon
thide Sl Bred ng&glt 5L &BSriRRs tngg{rhgﬁxlde AN t%#ﬁ%ﬁéﬂpéﬁé%ﬁssﬁbers, preforms,

pl aques to facilitate conp ve ' co
bogtlesramg evep eelietsd In thifi reigar 6l Eie80* cqpolsymet hahhes fie the three-millimeter, non-

eneRhbhahat ' ' rese
cr i snv 8 n?i %}n ﬁer?e éé%ﬁﬂél%ia}?éot?ﬁéﬁ%eg E:Egtb% ?eéésr%%ﬁ% 1>1/s11}§ 2 uélFeélcﬁl‘l) &abScan XE
SPrfophaipagter Sifpminanifolserves PESHPS difbide §°rtapdaad; tohshittapbabar®) Those having

ordifdrisigh andedrthwill pheeialitat ANRERlalifnd p&?@ster %’8 ues are essentially transparent
non-cgést l1ine gol%ester test plaques. 1Gr
ang SOURF ’r‘?%ﬁtlgeats?ﬂe QY Epsmitience) es may then be
nveni ent | asured on these standard test plaques.
[00?@040]”1‘ ot ?"@b@% RHA tps) PlAGeE are farped g Torexampple, pelyenter preforms,

botles cleeets adr Ufidags, fierconsitudar-polyelitdrs Ry PabedEinb@BIE heat histories. Those having
rticl.es.of.the ent invention may b

. : at Ies, e
o B PR Bk e v ety BREREE kereporton s pnsituen
pokypsigrel alfod exaawle, phasjesobsGuahihaiitjéctibemoldmy plef@b86m crystalline
' troddilHl ' fi sheets, fibers, . preforns,
ol PPiLcre Tt AL A PBs b ffunt Sl pteb e pioBiop) B0 e some
yelioyying (e pt.ﬂje b* vdprebie ingreageh glightly)e ©anid dtheningyas pre@idusly noted, the
luﬁggﬁg g% %dlﬂﬁly&gg %%H%Ll% %ggcgpu)ﬁgé}%%g%%t 13 E)Oég %ttateg)glélay%lélr?%tion (i.e., the L*

> ‘det erm ned usi ng can
colepdyeripspristsshigtler (i 11 umi nant/ observer: D65/ 10;
. ffuse 8 standard; transmttance port). Those having
(0043 i n&csPrERely midg-thadificd pelygipylpnedgspirhéhelatetacticte af the present invention

(e. HOMImE [ sY&etsblefon@s, BOMIYE SldekysRlAd F!lﬁg%tsﬁg%gﬁt? ggs@%sk &Lk Yalue of more than

tr parent and sg are typjca y
b} ZErk CRORHEE P HORL A R BESR oot B b0 R dlotsdlm about 5 as
claglifeed e shedlTB Li-otbrreslof shaddland & m@xasilBa stR@bMeStEmillimeter test plaques.
It vpoqlﬁdf 15"eE more desirable for imide-modified polyethylene terephthalate articles of the present

invention to possess a L* value of more than about 70 (e.g., more than about 75 or 80) and/or a b* color



bottles, sheets, or filns, the constituent polyesters

may possess unfavorabl e heat histories. Those having
wonodiswasarzskill in the art will appreciate tharPCrhaseosgo3149

operations may somewhat degrade the constituent

pol yesters. For exanple, it has been observed that

injection nolding preforns fromcrystalline

vahed ofédsh thiae aleut Blegp Mshthait@ui® lad ﬁﬁ§1ﬁécabbdthé oer eakt*eblor space and as

mfa%}:l:{gh W?on stta?rlaarg {hgeetlﬁliﬁmfgqx?%gﬁ% ueil sdlépnc%r ‘ lgeg%gé}ibo EEa*b* color space
va§,1pqs dhat dry paseOmponivelonhrsnrehamsliakasippr thede dirsd-iilliadt@ @on-trp@alline test

pﬁiﬂmﬁ Rasidy i RhupQl yethyl ene terephthal ate typically

eases upon solid state polymarrzatron (i.e., the

Sk or ol ol -rer {3 HEARFS a3 APhAR) rEREE peprvtnissplr soperis
ofpobiesipres vafous f‘?émf’pﬁeé’s &rpung, ﬁm@ﬂﬂl@@ mesin( pop-grydtallineggst plaques) are readily
av%hﬁﬂ’é ® an®RAiR FHIBnddP@nklng S e th%%aﬁﬁé’ &hﬁ sﬁﬁ IE s gr?t S)

%ht to possess a L* value of nore

Sefé‘ 5‘//theflml%ﬁﬁﬁ?re@%tmﬁh‘éﬁsa b* coI or val ue of

d bout 6 (e.g., |less than about 5) a

[0 4§fass. ol BySRerfethefochtion eppbrages  grethop & enaking eide-modified polyethylene

teféphtﬁalﬁteﬁolyxﬁaﬁl Bittanebasd, th&ﬁ@tﬁodﬁh&lhdeﬁ%a@cfngta%%lag@l'fw?eq&?&m imide
e-nodi fi ed

E’ re desirable fo
mon m)% ?rh ﬁgur{dgrrr@gﬁcﬁ}glrﬁ%séo iestpradied gyclip hrérd?} pedkispting a terephthalate
comprmamt i di@ cposmesso forh holy@hjleetrephiaRtetppais@hout 70
(e.g., nore than about 75 or 80) and/or a b* color 6
[00451 200B10871321A2 ofiGTR ISR DD T35 4 Qpprebéﬁtd.ltiiat(ﬂﬁe ste® 3Srehdﬁﬁg1a terephthalate

co%?gﬁgnt ghd(a%hcg 'c?t%éo%%rﬁ bc%ﬁ%% S greac efcﬂi;eé 8 gﬁgllg Ifgrl)rglgogﬁ% éerga mostly
tetepiytipadic mﬂﬂ] grggicster Ctowpnqm @qu a@stlsﬁ@mathﬁmrelﬂmihep @ltin ¢thﬂ‘érE glycol to
fobm ﬁolpethﬁéhle @Jrepﬁ&%@ pre\éarls&g SPﬁJ? GiS n%e%l&ﬁ?cﬁp ion ese pglyetﬁ)ylene

nmeasur enents taken upon these three-m
tergpihadqte B IorsrEpieadly includp testthan alypyt|20 b@leamrqem:emhmfomex:hubsututmn (e.g.,

belWed Moul ©add lgrlﬁﬂ:eeﬁé%eﬁtscoﬁl%n&ner) %d?sf‘ur I ngm%ﬂllge less than about 10 mole

cal i brations) appropriate
P RamPRQERer S‘S’F“tbt&ﬂn)ﬂég i E‘?tw?eﬁ ab%ﬁ* £ 65> ;ele prereqaécqyronomer). Non-imide

m@lii@ddt’i@h of ARERER MSatd B Idb] BSmPdRETCHY fledbide cBﬁxoﬁcﬁ:‘&I' subst1tut10n is further
d{)? %‘%\ are readily available to and wthi

THHE "di ng of those having ordinary skill | n the
100F . P ot s Bi%e myachied e Wivarlesiitons isespbiheipa eousors. The
esterifi@imytlivamides@eis twith kol yathelehd toRpleREMiaseGrarsiEyiBe thifl@modified

' . m.de- dlfled h | ene
ol I8, L ARPALLE 88, BRI D S RN 2L o
pr%vmmataremorymemedw;acml@hram pabycondemsauiarto fond ipidt-yolifiedystyethylene

ter@iathi6 dons to forin esterified cyclic imde, and
er?iseact|e?1&ﬁj§ntlter epht hal ate conponent and a di ol

[009AMPOAGR et Qhefsé)ﬁcﬂ}rrﬂéf ﬁ@%ﬁl&aﬂ? c5£15§£ Iﬁh&@ﬂeai&a?c‘ -modlﬁed Rolyethylene

precursors Those havi hg ordinary s
tergphthalgtq yo @Eﬁfﬁ*’é@i‘“&t@é‘ iptHagic Yigresitytad be%ﬁenrﬂé@épﬁrﬁgd %.75 dl/g (e.g., 0.6-0.65

dl/g)3 M&B&J&ﬁ kRtnRthod HFRANE RIuaR Quﬁeﬁkﬁgolﬁgﬁ%@ﬁ@ﬁﬁenzanon of the imide-
I acCl

al means .reacting either a t

m%iﬁﬁ‘ap Yﬁ%%‘?werel%héha PRI 4 niFinsigrisgosy eishewyeen about 0.7 and 1.0 dl/g

(e.£OUPBNEBRT A/ ) Sglid stat®Bélyterdhtiithydally proeshl AadndleRurddlabdve about 190°C
to form polyethylene terephthal ate

|
(e%rare%l’ﬂ%gr(go I%i(}?)t)r to iinide nodification, these

l yethyl e erepht hal ate recursors I
00 -

0B ) odbp G TR bR B Al B ROk st Rt e pr-estrtation
of beidredyickeimidamgnemgr prior to its introduction into the polyethylene terephthalate precursors.
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bet ween about 5 and 15 nol e percent conononer), and

preferably include | ess than about 10 nole percent
woansrasee substitution (e.g., between about 2PamaS2005/003149

nol e percent conononer). Non-iinide nodification of

the terephthal ate and di ol conponents via selective

cononomner substitution is further discussed herein.

\?V[ltﬁ@l&@)]:lng B@m&&i &iyithdoBgl it Gyrelibved At Recting aﬂoﬁﬁt‘f&gt&‘&?«:ﬁc hide monomer and

t.hyl ene t ht hal at e pr.ecgur sor
POH Sﬁﬁ?“f Kige ‘gﬂét s Priraerate e oile H%W?@teﬁs?lsféaoﬁw Bffan exacerbate the
cdlce mecp;iaﬁi&abia’eﬁlttmg @eide-aokicl polydieiche It@@;ﬁ&alﬁﬁ@bl@dn@@ (2) facilitates the late

J L ene. t er epht hal t . Thereafter
~BRof Bt B8 SRR PR P dr R i e R s gp vt
teap]ethqd@tb yntemmz ,@gid _(/3) anlmtedlztes ﬂ]ﬁ mfldemp bglzﬁmﬂzﬁhﬁ lhﬁtax](ob}&ﬂc nfide to undergo ring-
| { ene terept al ate
OJ eﬁﬁg} rréél F@iso% Pv%@n%ﬁ:ﬁs%ﬂm&%e ?g'tmer rocess%%l ymeri zation
I Ca X ! C C al u
[Od4 fyet iI:’l (lr?ée%gﬁé tﬂé;b?éﬁﬁﬁgq é\ft gﬁ\t@rs% d%rﬁ éﬂgg h{p ) occurs t about atmospheric
PrP%ﬁ‘t‘flelaﬁ%fé&S thgngbew 2y Cofin b@nm@nmatbmt even Essethmh a@oﬂ B3WC/(ge:, less than
ab()@c 1950°C Qf;@acgczﬁﬁ In St 93 thMREERYRHon re{at‘tﬁm%@t&w@&ﬁhé JiRLié& ?}Hé%nent (eg.,

| udes, subsequent solid state meri zat | on
teﬁeﬂhtaaélc g 3oeitheglio) GPW%QDﬁVI (é&eetilié?l@;ﬂ%‘h%P@tp@Cp@I aym@lgb@r
te@Perhtitel (d15,]260°0) 6PsedsirePf40BGE)veEN about 0.7 and 1.0
a7 (o e ssed{/g)wgond state

[00|50]| y Melhisgat tiesiubkiides, abkiveR RGRaAm el offeQBIRH Y dH: %381268 jioe'so\ not occur
or nor e
Sr P R R e BT G Bt PP Horieqpepsims nd

teippergnreptoic@ssethe B(ﬂu‘mlﬁt@ of)lhe a@shtd ]he‘tdré‘o@ﬂic@ﬂilde (ﬂfoalomer in the polyol. For
t t t

o BE XL o TR R S5 0 UL v

greai 5118@3312)3@16@@]516&58@({@5! ODF1d) And Mistthamzboud 2603Q (b Lsetlvee® about 150°C

anfB¥0 maﬂl Ee és cg nk gWﬁJlll re-es(te %?t 1i1gntgfl;]h 8ecuia1r gelght imides.

eter cyc r an
[00SHN di tf, Qbier cn(c;!tﬁlstgxﬁzgé ltﬂetfd?}]irﬁﬁor&&%stg 94110 %ndg ﬁvﬁﬂg\%? by gradually
col or bodies that can exacer col or proper e8
intgdupipg gopptighetgipcgeicimiiemaagmpanty @pb(yll dhis tachiqyshs wafubivigh respect to
haﬂﬂb%@i%ﬁﬁh im{d), sh Gk tetiBiae %erwg@ frloﬁtn? x?rl@}{i%atrmmml%)QEd trimellitic
imde in away that pernmits higher Tevels of Im
anpysigide (M&9-0on to the pol yet hyl ene terephthal ate
m zes the tendency. of aromat
00R8: LT R ot et e o P T Vi Baghs Bt psesbly has the
chdhhbalrfgmﬁJHHE&QHQ,nWh@éih WIE:E CPORCAISS, |an[chll; 8048 a Eoc , alkyl substituted

Xa e f est r ed C [
arﬁ apr)llgga ei}’l nol (2:%, 1p g 15 YRISa hatlﬁﬁlgt f.eéankﬁeglylene glycol.
Thogstmvinp anliralyouill i2 (ﬂ&@rtl vml speciae ﬂu@twnﬁktafmﬁgolwemaﬂr ®S8ed to prepare the

ﬁ§J§%h§%@ §n&§oc (e.g., less than about 160C, if
pract In contrast, the esterification reaction

[00?@t weghs mﬁﬁ%%%!&;% FARRAREY ¢ n%ﬁ()}gbranch%g y%Rﬂ;oli]}%} s%clf 33 pentaerythritol,

conponent
dlr@atﬁerpfﬂﬂé@éé@nethylﬁhm@am didmeth dolreorana, pté@cy(aeedglycer%@@oxylated

peﬂﬁ@yﬂﬂﬁ@ﬁs and ¢§§ox§/ﬁgzd %h&ﬁylol [p%éﬁg, ald R RPE tH%fer lﬂ![“ﬁ%§ qg%ﬁgc‘ ordinary skill

however, the preparation esterified cyclic im
in fhe @&t Wil apRERSEf that @W@@anﬂ&e’@}s BRSAEIRES Gerslinkipgs pvhigh Wegkiges polymer tensile

an@Bl Rkl froReliegyclic imde is prepared at el evated
pressures and

[0054] It is further within the scope of invention to employ polyether polyols or polyalkylene

glycols, such as polyethylene glycol or polytetramethylene glycol. It is still further within the scope of

invention to employ a mixture of two or more different kinds of polyols.
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tenperatures to increase the solubility of the

aromati c heterocyclic imde nononer in the polyol. For
wexenspe272t he reacti on of aromati c heterocycl i eCTmS2®5/003149

nmononmer and pol yol can proceed, if necessary, at

greater than atnospheric pressure (e.g., 40 prig) and

| ess than about 260C (e.g., between about 150C and
[0038]0C) . Tlﬂur@namagaetbecyehp &mﬂais ltypidaRy phdHvatiia@Btrimellitic acid STMLA or

er| ul ar
e Ao R4 SR B Plp i ol WS ety oo
(PMPA; & dq:rrva‘d'ez of beraa;bhemdetﬂayar‘gm&ﬁhmﬁd qt beﬁzﬁpHeﬂ(ﬂié @dtﬂagarboxyhc

Thi
dlsﬂﬁl%ﬁﬁf :qclgjr earhl%é%%gg ¥ﬁ+abl&h Igge:‘éegrs:’acaergc%xy i ach or ng&&g}gggrtegz}o?@gxyhc

dignhydéds: such as the inide derlved fron1n}xylene
diamne (=A)ecand trinellitic anhydride (TMA). [0052]
Wth respectjto the preparation of the esterified
" bthe pol yol preferably has the chenica
(OH) oy, Wherein Ris a C2-C10 al kyl, a
or a C8-Cl4 al kyl -substituted aryl, and
wher&ein n isf2, 3, or 4. The polyol is typically an
&%Rﬁﬁkag &ﬁLA)preferably et hyl ene glycol. Those
havi ng orélnary skill in the art will appreciate that
a mxture of polyols may be used to prepare the
esterified cygtic imde. [0053] It is within the scope
of inve o enpl oy branchi ng agent pol yols, such
as pent thrytol, dipentaerythritol, trinmethylo
proQpane ifret hyl ol propane, ethoxylated gl ycerol s,
et hokyl at’ed Rentaerythritol, and et hoxyl at ed
tringthyl ol propane, and m xtures thereof. Those
Wﬁ%&@ﬁmgﬁg&ﬂ@—¥wé5'|| inthe art will appreciate that
branchi ng” agents éencourage cross-|inking, which
meakens polymer tensile and inpact properties. [0054]
within the scope of invention to enpl oy

pol ol s or polyal kylene glycols, such as
p6l yet ehe di"ycol or pol ytetranethyl ene glycol. It
i®. Stj L @r within the scope of invention to
enplfoy a m Xfure of two or nore different kinds of

pol yol s. ¥ 2005/ 073272 PCT/ US2005/ 003149 [00551
Rﬁ@maagwa&&cynggprocycl|c imde is typically a
derivative of trinmellitic acid (TM.A) or trinellitic
anhydri de (TN%) a derivative of pyronellitic acid
pyro; [litic dianhydride (PMDA); a

of _/Henzophenone tetracarboxylic acid or

NE tet racarboxylic dianhydride; or a
dpht hal ene tetracarboxylic acid or

gt racar boxylic dianhydride: 0 OH HO /

(pyromellitic dianhydride—PMDA)

e} 0
(benzophenone-3,3”,4,4>—tetracarboxylic acid)



(trinmellitic acid-TM.A) O HO OO (trinellitic
anhydride-TMA) o0 0 HOOH HOOH OO (pyronellitic
weacehd/Pddz2) OO0 0 0 0 0O (pyronellitic PCT/US2005/003149

di anhydride-PMDA) 0 0 0 HOI \ | OH HOOHOO
(benzophenone-3,3',4,4' -tetracarboxylic acid) 9 WO
2005/ 073272 PC%/U82005/003149 0O 0 ol \ I\ 00
Y ; racar boxyl i ¢ di anhydri de)
(1, 4,5, 8-napht hal ene

(benzophenone-3,3’,4,4"—tetracarboxylic dianhydride)

HOOC O COCH
HooC O COOH

(1,4,5,8—mnaphthalene tetracarboxylic acid)
Q 0
I
<

0]

(1,4,5,8—naphthalene tetracarboxylic dianhydride)

[0056] Exemplary aromatic heterocyclic imides include hydroxyethyl trimellitimide (HETI); the m-
xylene diamine (MXDA) imide of TMA; the 4,4’-diamino diphenyl methane (MDA) imide of TMA; the
isophorone diamine (IPDA) imide of TMA; the ethylene diamine (EDA) imide of TMA; and the p-amino
benzoic acid (PABA) imide of TMA. The corresponding structural formulae of these aromatic

heterocyclic imides are represented as follows:

o}
/S
N
HO
o e}

(HETI)
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(1, 4,5, 8-napht hal ene tetracarboxylic di anhydri de)

[ 0056] Exenplary aromatic heterocyclic imdes include
waypdsegyeehyl trinellitimde (HETI); the m XxyPemas2005/003149

di ami ne (MXDA) imde of TMA; the 4,4'-diam no di phenyl

nmet hane (VDA) imde of TMA; the isophorone di am ne

(I PDA) imde of TMA; the ethylene diamne (EDA) im de

of TMA; and}the p-am no benzoigx acid (PABA) im de of

TMA. The colr espandi ng fornmul ae of these

argmati ¢_hgt eriocyc 3 \_represepnted as

O
20057 0% W, US20057 003140 MO0 00 HO\ /
\ W OH MKDA imide) OI \ O—N'N 00, HOOH 0 0
( Tives-MRBAIGge) 0 ONNO OH

0 /‘/\‘\O O 0
N N
0 d
HO OH
0 0

(TMA-MDA imide)
(o]
N N
(o)
OH
[e)
'OH
(TMA-IPDA imide)
0
0
N COOH
HOOC 1N
(o}
o}
(TMA-EDA imide)
[}
o}
N
HO
OH
3 o}
(TMA-PABA imide)
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OCH (TMA-IPDA imde) 0 O COOH HOOC O 0 (TMA-EDA
imde) 0 o HOI N-<D~ OH OO0 (TMA-PABA inide) 11
wWORVBEOR7973272 PCT/ US2005/ 003149 [ 0057] ExcepCTfuse005/003149
HETI, which includes acid and al cohol functionality,
these exenplary iinides are diacids. HETI and | PDA,
whi ch are soluble in ethylene glycol, naybe
[0057)e- eﬂbﬁépt far (IE TUNGlech iscndshat andﬁldoﬁ&rﬁl&ﬂﬂﬂbﬂﬁ | @Bse- exemplary imides are

ok B R SR A ot s B e

mﬂ@mommﬂmmmth excess polyol . For exanpl e, the nol ar
ratio of an aromatic heterocyclic imde nononer, such
[0028] HETh formmgdine @teﬁﬁtdacmﬁc ihiidy, it iSldEzhlt@Sthd‘n}eh(ﬁ Ar®matic heterocyclic imide

e t;
m&luo%ﬁ%f\%zgli e}gfgybgllyt fl]: xgl%@l% %ﬁglrlﬁ{/rélg' ) ﬁ aromatlf: gg?rﬂa]clé%nmde monomer,
supthgsdBy1di to hn #hphatic ch@u sueh gsfetlatent glasdl, shbrddibe atlea’a’t aband.00:1.05.

preferably 1:5 or greater (e.g., about 1:10), brings
005¥out Sappiiasly.alhhap beer ebasrvedghas emplopipe pt indde/ dipl mal4reatio of at least about

1.2 %Mr&feﬁglyﬁ 'SrHr%?eafEP@ 3, a@gut @qu)/ @hﬁ@é la ﬂl@ éﬁéc%ﬁftﬂgﬁér%&gr properties in

I N Suc

th%rteﬁi){téﬁlI@Wéﬂoid’éieéﬁﬁldﬁgﬁlenqﬁﬁm@ﬁm Rofynpess. N bespmtoyingdiol in such excess

stdihInRtrR a@{bdntp lHo'wE\)ér 1i{%6 n@B4sBitd is61Gke Qﬂ&]%drﬁ"y 46 RE Qi imide before
to the et hyl ene_terepht hal ate

d |
A LB e VRl HAGB) Be FOF it g souion mey be

cooled) Ifiteked, fahd de@trEfdged &ﬂﬂﬁex@@ﬁhélﬂ ﬁvh&m sIoﬁd Esft'&fffé@}é%cﬁb @hifle. It has been

esterlf jed c been

ob?erved tha?t%é separaJte% excess diol is contameated w1th color bodies.

[0060] Those skilled in the polymer arts will understand that the foregoing molar ratios must be
stoichiometrically adjusted if branching agent polyols are employed. For example, pentaerythritol is a
tetrafunctional branching agent that possesses four reactive sites—two additional reactive sites as
compared with a diol, such as ethylene glycol. This application incorporates entirely by reference the
following commonly assigned patents, each of which discusses stoichiometric molar ratios with respect
to reactive end groups (. e., “mole-equivalent branches”): U.S. Patent No. 6,623,853, for Polyethylene
Glycol Modified Polyester Fibers and Method for Making the Same; U.S. Patent No. 6,582,817, for
Nonwoven Fabrics Formed from Polyethylene Glycol Modified Polyester Fibers and Method for Making
the Same; U.S. Patent No. 6,509,091, for Polyethylene Glycol Modified Polyester Fibers; U.S. Patent
No. 6,454,982, for Method of Preparing Polyethylene Glycol Modified Polyester Filaments; U.S. Patent
No. 6,399,705, for Method of Preparing Polyethylene Glycol Modified Polyester Filaments; U.S. Patent
No. 6,322,886, for Nonwoven Fabrics Formed from Polyethylene Glycol Modified Polyester Fibers and
Method for Making the Same; U.S. Patent No. 6,303,739, for Method of Preparing Polyethylene Glycol
Modified Polyester Filaments; and U.S. Patent No. 6,291,066, for Polyethylene Glycol Modified
Polyester Fibers and Method for Making the Same.

[0061] Those having ordinary skill in the art will appreciate that most commercial polyethylene
terephthalate polymers are, in fact, modified polyethylene terephthalate polyesters. Indeed, the
polyethylene terephthalate resins described herein are preferably modified polyethylene terephthalate
polyesters. In this regard, the modifiers in the terephthalate component and the diol component are

typically randomly substituted in the resulting polyester composition.
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observed that the separated, excess diol is

contam nated with col or bodies. [0060] Those skill ed
wonodshespel yner arts will understand that the POTR§2I08003149

nolar ratios nust be stoichionetrically adjusted if

branchi ng agent pol yols are enployed. For exanple,

pentaerythritol is a tetrafunctional branchi ng agent

[0062Iat PRS&ARSIAS okiRky ski@ ACthé %€ r&ﬂo%ﬁﬁft WAL s 02 B@itives can be
reactlve t.es. as such_as

1nco teélﬁg Sllrey@bqe- Oflmc gg&%e&y?%t?rswt@%ww%% @fdhe present invention. Such

adéllflt/&s riedlyde byithoeflitiRAQe prefoen hEathip@ite BthaS@PBI ¥n-RES:@NRtives, UV
to chionetric nolar .

AT TN -
oxYygen Iberrlefla@emﬁalcahd)n doaddhest ggentd, o@gerﬁah\&:ﬁierd\lﬁame retardants, crystalhzat1on

et h C i ed Pol yester
co@mg ég 2t aa%atalbg{yﬁg %d?cmlg %fangsr ngpaﬁ,I % ca yst§eacl§5?téﬁ,tm§t strength
enhgyeer§ 2B 8Rat8lagenty, bibricaNsohein enteRddns, nodeakog apedls fsoveats, fillers, and
plBRLiYet hyl ene G ycol Mdified Polyester Fibers and
Met hod for Making the Sane; U S Patent No.

[00@3]509 Ag%gﬂd }feféfn fre lte)fﬁt“w{ﬂoﬁﬁlgelgly (ﬁ%g%&{q? nclu gﬁ?qgﬁ)o %St & oligomeric

Fibers; U S. Patent

mc!ﬁff@ﬁ%(ﬁgn@olﬁélll%%w(éhe d ycol Modified PoI yest er
Fi. |l ament s Pat e No. 6,399, 705, for Method of
[009*]epaﬁsﬂéedlb&’f%fhﬁﬁ@n@o@‘?EePenWGfe’Fsl naignaply| tg e ylete glycol, although other
didH (e@iyeiRih$lend blyddl) nR3themed asN@e11.6, 322, 886, for Nonwoven
Fabrics Forned from Pol yet hyl ene d ycol Mbodified

[006%)] vy e%eferrﬁ-f‘%&pl&ha&ﬂdconﬂ}ﬁﬁeﬁﬁdbrﬁéﬂl%i@rﬁl 1RSI, didster@-that can be used to

re
B BV eSS BT N B PEIeg LR e CRPCaR oSy fgles st
terephth@lic feat @ritmdily] tebepRiBdatd 6, candrichiRteldpeidnyd elvgerGom6@mers as well. In

“ Fib d t hod f Ki th
L P P —

[ ke |
[00¥¥gr ep%? {ae g dg&cgdo(f gﬁé%egpgérfeé? g%@\%l?a‘t ?orel%g do},fe caf;ytoe(hamds (e.g., terephthalic
acighst p1hie userkto pespEp h?lﬁﬁﬂb’#@l@tq}imhﬂ@@tﬁe&n@dlreICmSEsﬂgatmlln €The term “diacid

coRin¥Qt Yk eRe 1§1§€e§&ﬁ&%b%§rél ReBSnl&SEl hzﬁg?f HEIE LA A Ser (e.g,

preferably nodified pol yet hyl en terep
m%féﬂ i5epltealis aciql andygap or perg diaqd Taqdiierp Bitfopigeually wﬂu ppane diester modifiers,
tod).er epht hal at e conponent and the diol conponent are
typically randomy substituted in the resulting

[oogm! vy eSinﬁI‘arl?,Ql‘Hl@xﬁi “tdiie@18r codgon & QIQQ:@ s@ﬂl&z}?&@ more specnﬁcally to diesters (e.g.,

0 0 Those havi ng ordi nary ski
dirpehy, ﬁﬂ ?%epggiqat% ﬁ% bf% i%ﬁ%\%fel?ﬂfﬁ gLy ﬂ%}geqﬁfph&a&feﬂlwger gxghange. The
teriné‘dlestﬂccmmp@kat”eldwem s ihtaled it eﬁmmdlhﬁve@dnmoﬂ aeiubiy Ioﬁdﬁ&ld

ooh G B BT Sy N5 B R VST B Sy
somedigikmbdfiwsi®). fricti on-reduci ng additives, W

absorbers, inert particulate additives (e.g., clays or
[006H] | | cdky diolsotpenaritcsn inglndeidint Hesittes sthijezergtyvon(. gagefiype glycol;

pol9aiI&- g@é&lE hich asa&%%t lenecg?icg?'nl ggr%?éng %ml?qrélr ﬂ)lﬁz{ne %gf ritSS entanediol;

oxygen scavengers, ‘ard zat’i'd
1.6ch6knedpl; J@r@@ﬁw glya@e% Hbxyohgraae ﬁ@mﬁ@mﬂgn@g@w slycolppraethyl-1,3-
proﬁﬂﬁlﬂlf)] ep3,4- t@@gn%lthxrﬁﬁ 3-@%‘11'&11‘{@&191[ SdanfiBthie-B5.GHN Qt9h015(1 1-dimethyl-2-

ncers, ti-static gents, | ubricant’s, chain
hy@%yétmﬁlé?é 8 lﬁdﬁa@’ﬁiﬁ’?ﬂés %]E;@ﬁ‘i%ne QG)1SPEPe)- £ | | ers, and
I zers. As used herein, the term

asti 0063
100080514 e A PTG A e g o s i ter
(i.eQkin@eyLteiephthalate), can include modifiers such as isophthalic acid or its dialkyl ester (i.e.,
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nodifiers (e.g., polyethylene glycol). [0064] As used

herein, the term"diol conponent” refers primarily to
wetmsloess2 gl ycol , al t hough other diols (e.g., PCT/US2005/003149

di et hyl ene gl ycol) maybe used as well. [0065] The term

"terepht hal ate conponent” broadly refers to diacids

and diesters that can be used to prepare pol yethyl ene
dipethd pyephthilate)e2, 6-haphrhalena dicdrmxyhé fid 6xﬁfs a@myh@keatz@ dimethyl 2,6

na cid or 1a h ht y d
5}9@8{%%’}5 gg"f“diﬂjﬂ %/aﬁ aat i, ? lté(g ester, |eu gqfilgﬁteggéccm?cr acid, its
digld §Qt@r(z q;,ghlnqﬂryé) mplgat@sorwelahhydhde (ief, h&bmmm@&ﬂnd@m one or more
functt@ﬁa@ 9&&&@%%@&%@@9@% Oths: e%ééﬂ?ry d1ac1rid>6 glg teT-EREORaLRers modifiers

Onent or a ester conpon
1naheﬂe Bt hahc@g%ﬁ@hq anhydsfde ﬁ)gplg;gyiglwadpxymmadsqglel@héxalmahdayboxyhc acid,

anthéicle@daboxli€ add, addnSinBR B%Ilda toigl}ﬁ'{;:a é}!;@nc r(fg%et%acm aclcf,j and azelaic

t.o prepare polyethyl ene terep
acidsterification. The term "diacid conmponent, " however,
intended to enbrace relatively m nor anounts of
[OOZ‘ﬁ est eIS ERTRLid comenoger shopidde explogedepiieniia threphdleiate congponent is

tete@phthaticacid (i2G b diaéi® dihp RS i
Ireligs %:;:[; mgglc t( e?s 1ad }U@é g ) aBd %s?ﬁ]tclblgwg slﬁ)ﬁl‘ﬂlﬁe §1§ﬁ%yed when the
Rl "PmB%’ﬁ% Ay i Bﬁ%llﬁﬁélte shested spsesionendal | y
d t t hal at t hat
ot 9SSR G T Lol el o

polgestas Pormoeham@?ehe présent itventinn adn@&{eeéesﬁiﬁﬂ’tﬂ@di&%mponent is reacted with the

ter%%ﬁl‘é? Scorg#och dﬂtg Elﬂc oorlr%(ﬁn orﬁgﬁta}sggresreg 1%§c;é$s§;}f aﬁoﬁE’PH’ﬁﬁ“C proportions).
[oo12gr e ptﬁfllaﬂiuﬁé §d1§<,ndjc Qﬁr%gneg{ ad Y ol%éﬁ?én%nt via d(!hIelfteer t[eﬁja%ag])n reaction, the

?Fﬁt i onal I acl | ers,
moiR Eatigp qhe é‘é%%ﬂﬁ‘”é’ﬁtlenéfaﬁ thendiplrgrmpeticot is typisilydesweh hydue he: 1.0 and

10016y Qdredver, the diatli S6DOLER %pgéa}ﬁ: Qllclrudesg.@ eXs@ 17551 R percgnt¥ereplhﬁlahc acid,

p | yet hyl ene glﬁ 1,
Pfe%faz’ %feéggO gpls |percqpt treps aligrrsish @ﬂd mor ¢ P’@felf?é’baﬂ‘ﬂ é&dﬂ@p mole percent
tergphibgije] aeidQe 8 l béﬁﬁb]em aBbut490(étM§ lo@ RRYARR LM t&@ﬁlﬁﬂlﬂ? Lund) the diol component

-1, 3- d
typlfglgpaa%yef %t??%?]@ﬁm pefelg ﬁv&n@ gut:cg:égﬁggglyla? least 80 mole percent ethylene
glyadané bairpeefdratdy glilabt,90 3ol frr@hiletlyl e %Ek&])(lé ,f Zbetween about 90 and 98 mole

et -2,4,8, 10-tetraoxaspiro[5 undecane;
pw§¥g&§§%% B%ﬂ [0069] Alternatively, the

[007§F rep hAlQﬂla%egr ?nl rﬁ CF r?ggan<i1éster C?lnp()éleltlt agiri] ﬁwtglt%héﬂen{pgge% xrf]lg Ian ester interchange

acid or iIts
1ea<ttlén,é¥ﬁﬂl¢i@li reftoed | thed&ﬁtell ookt aoidhd dielrempoteht i8S pically greater than about

Lo380MIA DAL e S5l T B8 ok St e

terephtpalaie praftailen tag 8@ molsossrentalimehyd tmphﬂmtedmm nhoyd prefetably at least 90
molE | ber@ent dlgie{ﬁ?lt tm{ﬂhﬂ%lafé Qalpéﬂvp&l a%&ﬁ 9? aﬁﬂéplgg% PQ Eetn%] dlfnethyl terephthalate);

alplcaC|dor|ts ester
the digh qompenent typjeadly mcbld%sc,ait J@ast |79 §101Qﬁemekt3plthY@st glycali prﬁerably at least 80

mold béf@énhéﬂl I&ié%glb&aén@}nor@;ﬂeféltagly%mgw b 48 e(ple &t eth ?llél(fe %{/Hof(e g., between

b tg %é ; Or one or more funciional Taar ey
aboytg0ap %ﬁWFEﬂﬁﬁiﬁmﬂ%fﬁbWDbxenplary di acid or diester
i ncl ude phthalic acid, phthalic

i fi
[007% nhy g%engg? Cogfpﬁ?%lf’l%{“ﬁ]é'l @‘g}sﬂ%&?ﬁ] PRty 9F fegmn@lyaeqisdﬁ dhegpalymer chains and so

is prdlsentin lﬂﬁ:)tydultlﬁg palyedter coﬁ@béiﬁli@ﬁlﬁ @Egﬂglly%ﬂalraﬁpﬁé@nbﬁ‘s @‘Pﬂé% what is meant by the
1 C I.C acl utr arl ¢ acl

phra%esg‘gl%oué gg I11181ar gﬁ& %Zt Ibalate componen anc} a diol component,” “about a 1:1 molar

ratio of a diacid component and a diol component,” and “about a 1:1 molar ratio of a diester component
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acid. [0070] In general, diacid cononomer shoul d be

enpl oyed when the terephthal ate conponent is nostly
woenwphs2tal ic acid (i.e., a diacid conponent), PanaS2005/003149

di ester cononomer shoul d be enpl oyed when the

terepht hal ate conmponent is nostly di nethyl

terephthalate (i. e., a diester conponent). [0071] It
andialdiol Benpotknt,hedch bNGBEISE 02 hErkintthasEritkaNd FillyedEHoBBbtions of the present

in§5¥|| in the art that to achieve the polyester
Egﬁ%bsition of the present invention a nolar excess of

IOJgglenp g In‘%n sed‘()nnpemn ﬁl%ttenl % dﬁr&%ﬁ:tv%%%s&%ﬁ the rgu ; zlgegsﬁfcl$cr]v1scosﬂy of a polymer
sobrigrefknofn Smmntrhtmnmﬁlﬁ Eanc@itaior 6f solﬁ&) extra]ﬂcﬁﬁgcﬂt}) zérB concentration.
08348 ey PP A s
dixepity mfonetsiodal ¢orrenaeryzm dioteh@ adweghtc Savpog eBictiorary of Fiber and Textile

I
T &yr?ggggoxch%e%?% gﬁ)gﬁ%%%% n A Q%r%?%é\#ﬁﬂgel .]Fﬁ’g’f?hlfﬁi S chttzonaiy of Textiles
(71 Bdiien 6ol e percent terephthalic acid, preferably

at | east 80 nole percent terephthalic aC|d and nore
[003plef o rBiFPS Hicotigat bagpeapspdandeicieamined wighoaigie experiasiation by those

of ORIiGry; skﬂlﬁh WReR:. @bpﬂﬁé in2sid Qﬁcc%ﬁy L& dBREiE&Herein, the intrinsic viscosity is
tere t he .di ol conponent typi cal

deferpip Sé?l"lrlfé&gf PAYC$iEs |11é01ﬁ’é1°]&1§1f?9 eélp}\(ﬂc@},éne@wylgg)%{me relative viscosity
of }ﬂfeeﬁleﬂi(ﬁlbisiyi aScHoeasitovBonigtdr €A WS ISR an ANV 30 &iscelyMEQ), and then

o S, SRR ka8 BP0 a1 5. Pk e and
Te&ttlhy'écémwagl(‘ymhs)cvn{cG@tZr’&] Alternatively, in reacting a
di ester conponent and a diol conponent via an ester
[007Tt er dhpantipelar, pdefegran sgmpd@/-Po00arg) pidried pafmethengli ésdi®blved in about
e t [ LS. typi ogr
R R e R L bR i
samplps alypigaliyivel inid emalbpiedes adereZOchipiamplpe pre gmund:ll Aidr legdling to room

terf&&?a%f?@ttﬁ&%t)lﬂﬁﬁr is 5&%%{ t"ﬁplaycog'fetejr gt.aaséon§ lego sta%‘? &Sgrtatu{e (e.g., between

re al ate nore prefera
abayy 20°r?65 & Eérae‘g?h@ reftive vippppitytie mepirddahaneteq, entgnsw hespsikyencalculated
froabemtivedRoantyl 98 nol e percent dinethyl terephthal ate);
the di ol conponent typically i ncludes at |east 70 nole

[OOV@ I cemhos8 'hMﬂgQﬂ&nzﬁ%' W&, thepeﬁ"ﬁ\fvﬁlrlég%)fha@{hexle%?est(vo %gweﬁﬂbln% methods for
rcergtethy e nor e Pre erably at

hﬁ‘é?eé%fﬁl? i) 0 nﬁﬁ?&‘we el @wwrbtemw eégg@? art,
[00299()' 3’8 g %‘fmrﬁ%iri% q%ﬁt ?st St?‘}??é ﬂr?ﬁ?rblisrnw lthaﬁ? A excess

et}Sfenglsa:fol tlh Galmd:lmi’qﬁdf tiehsdréisend ook ds@p of &acﬂfmgs @ddphihBlateltBmponent and a

dio]ﬁ ?oi’lrrg}{oneélﬁ glcl%%h ¥eezi%t§rle§rtelc %EH%PGQ’ ac::;% gng]teltlgde%? ﬁlgcbotl B{lar }gaétgg tes%erriﬁcation reaction
to foah owetorgerdand oligdngers af @D tecephrhala: etcelraaﬂ),l’dphcaiaﬂy, eha@rdmmnlifem; and (ii)

ethgfé L%ﬁbogon o n?? e(f]o modlf %Qo%%(%b% r‘%}H’[ ormed ng%ro uct

1
by T8 o 1 PR A v e

cotigpepslyrenpyed #f it i§ fagmedy The mopemers agfeadigpingre aneh@bsgmeytwa@tyncany
polSRBRRS iz tp@l@&m@énsﬁtﬁﬁ tPOES FdNethyldhé %&ﬂh@fa}ate[pgg%sﬂr Aesiksed

erein, term"intrinsic viscosity" is the ratio of
po F@dg}ﬁ%}@p,fqtbédew glél@é}stcyntlélpogilyﬁsmyﬁg,to Create favorable reaction kinetics.

[0081] The other method involves a two-step ester exchange reaction and polymerization using

dimethyl terephthalate and excess ethylene glycol. In this technique, the aforementioned step of reacting
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solution of known concentration to the concentration
of solute, extrapolated to zero concentrati on.
woOnoesinsa7e vi scosity, which is widely recogni zedTas2005/003149
standard neasurenents of polymer characteristics, is
directly proportional to average polyner nol ecul ar
wei ght. See, e.g., Dictionaiy of Fiber and Textile
a t@ﬁﬁlhh&ﬂt@@hpoﬁ@ﬁﬁid&tdlcﬁ;ed@bﬁéﬁ inclaad Qé'a@ﬁdg%m@tjaﬂgg}}phthalate and ethylene

F | d' Di ct Text
BRGNS N

()riérasthy! edephalatd etd bpﬂoﬁﬁlﬂr Wesltd’ﬂ QUotlified i@ (a8l dnBBRt @A h® Bptionally, diol

f
mgd\{f{lers ;@clgléane : %ngr%esi’ is %1%1 ? byarggxtc:t h[IB gar?ﬁl.tl?re fhﬂpethpf{ltgrephthalate and

etliytrng glysa!l pieldi tssﬁbhydrgxycthyl)-dsipmhmmmdndmersd| ssol ving the
copol yester in orthochl orophenol (OCP), neasuring the
[0082| at i Reeenghilstboesier pxchafge tdaetion ¢ got dsspntialiy it goraplSohohtthanol must be

coﬁﬂﬁ@&sﬁf&ﬁ%ﬁ%g it isﬁ%‘ﬁle@cﬁl% is ?Hﬁr(ﬁyéhéptgr })4 ?lgt%%rﬁér%nalate monomer

and t Hen cal cul atlngt trins 1 SC
prodyet iy @pmeatalsicylyebaietiyed vgemlyccmdgnsanomt@modmrpylygthylgmeuewphthalate
po%grs ]&%)ﬁbﬂe& %uf[r%cﬂ'bﬂ@!)rﬁgﬁ/sat(oﬂ Qltl}rlén@ %1y€ol\1’§ c%%?ﬁ}oﬁlﬁ?s}%%)ged 1‘)0 create

In particular, amsa
fa‘@Fab%FrfFf’é?HOfblaP%hﬁSe rThe éﬁ%‘Fvég PC%YC&IW@%W éﬂaﬁe aplpuers aGuysfantially identical

to (e boWethyl&3 t&eri@iatblyRrs %sﬁlﬂ@%ﬁ%@ HQ&P‘%%}lﬁc%oneﬁsmg terephthahc acid,
er and yam Sarrp es ar

rature of apout 105C. Fi
a“’(eﬁﬁgg%gé?rf‘?m@fi’i"hfsﬁ‘i’ccﬁ déﬁfFé?nPespl eces, vvher eas chip sanpl es

gr,ound to room erature, the
10083} ¢ .‘}fr?"’in%afg wine ﬁaﬁeft 5P S rEpates Aiackon Breie pelgfification
reaCOOISIE ate cc@piiabinds@is geerdly prefegeseen about 20 and
25C), and the relative viscosity is neasured. As
[0084jt ed Polynthylpnegérephitiagicqelytyterintiy baproticad @0 baidh@@dcess, where the product
e DY R
vesyeltfpranpbynfegratiof. ofheisengnudssebis hgitagd e Geeradiyh thh ablatmerizaltreeeaction is

cor[m:ﬁ'ilm% @k SO\W? k!eg '69 81%%1{&901’ &Qg%? a l%bél 111 chnh?thgtq? @o:]};e’ster melt has

One et ys a direct
achigugd thie gesingd infripsic efrsecpm gl thes, te d@flrahmdec«d@smghet Myteenamercially

pradlidh6R| howleer i) fo%altrﬁ&n ﬁie%&@mﬁctatﬂ% AELL gﬂ%@ﬂdnggﬁgiﬁ%h 8R4 Ben the

reacti ng a t erep ht hal at e conponent
POlYBIRSHEREAGHAR |28 4 eRtipuoRE ProFRss TEE eqmtietrab Prodaetiod ofpryethylene

ter€hbla@esuBd M GRhtet rodgpeaketo @St iy%i_cﬁ% h428k- Jc?l@%hﬁ@cturmg facilities.
to form nononers and ol i goners of teréephthalic

[0088}i d aneke hQ@ﬂigl @ﬂlﬁ:irié Ykill ﬁllttﬂé?drdxinllmgprgda@elf tBat 1gﬂ9dlﬁg dalalysts increases the
e an | 1 0 nodi fi ers
) B e R ol ey e b HgE: of oBD et erephihalat

resinabhtal ydth) Boveste milf evela-tlaH@ ldedrRB Clicl pal’yeﬂhyle@@te&@&ﬁzﬂitb Qélﬂlfﬁer For

o AP o S S S SO R L ST B,
mobligegrigh tddyctioat &6 Iy:th;ioe diekwundqsﬁh‘tyhm]ﬁ‘febtz efbbﬂimgtclc;mpOﬂnds can be
4.0, e ene ter .
T L R ST —
typioglixioritd fooefhyspheespadphasphitex eat e f avor abI e reaction
ki netics. [0081] The other nmethod involves a two-step
[00863 ¢ or Cestaimprabjemy asersiafed vithilet apGlignmdsiebiticérare agdicssgd in U.S. Patent No.

5, 8@8 03t 1By Mgtﬁ&ﬁ@%ﬁ@o@%@n%gn Qﬁﬁ%ﬁorﬁ;f Méﬁﬂ&zvﬂy Y&Rysts Continuous

his technique, the aforementioned Step of reacting
Po@ghx}@efgﬁgﬁt@zfggfgodmp doeatscloers ¢ agthod of stabilizing high activity

polymerization catalysts in continuous polyethylene terephthalate production. This patent, which is

commonly assigned with this application, is hereby incorporated entirely herein by reference.
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a terephthal ate conponent and a di ol conponent

i ncl udes reacting dinmethyl terephthal ate and et hyl ene
wqQhkysar327e a heat ed, catal yzed ester interchangeT/us2005/003149

reaction (i.e., transesterification) to form nononers

of (i) dinethyl terephthal ate and, optionally, diester

nodi fiers, and (ii) ethylene glycol and, optionally,

[ood7lol Mmdmfet eeaforddhiapOt,S. BGeniBlb) 6, 5995596 %rwhﬁ o]@ogz‘ Polymerization
thal ate an

Inje%/tﬁon 17 g‘oenz‘zéz zg;:g g?gv}zyéqna Tg’ephth%late }3; Oductzog rd?sp closes a process for the production of

highi (B]é‘m'y Inyistethyigre tidngtihatbie pelpditeh dladilr@roFeNEyBe k. stabBR& Al difibh techniques
dls%fb@& ?p%&?loﬁﬁtdg{r@%%ﬁgﬂgegtﬁe%&gg g to go essentially

to co nol COntlnuoust reaned

it r {.hal at e
[OO?ﬂt or nlfégllnefa e?r[ebgﬁigrﬁ% htjlée?mpth&{ % legn% o4 ngcg}é?dt LRoLE P(T S;rephthalate
polyslesraEpioyethe ‘afoﬁn}@gﬂlcyg(bﬁ@mtamﬁ@hou reaqhion dumerephthahc acid and excess

y I
etkﬁf%:ny glg% eﬁgg};n%tg%@lﬁaﬁd%ﬂeﬁgg oé FQ !ci:%fmlgozn% 0 n t@g u%%iqggerephla%hc acid and
(if} aefiphreppersnicrmatisng ofhyleas i torferendlysthykdnn @mpb@alafme:oursors. This
latfe® fetidtioh AEhid¥ed ﬁb@}reﬁ)/’ﬂeﬁenc@reﬁlﬁfa@amﬁr%k% Gﬁaﬁﬁ% Wﬁgéﬁe%ree of

ubstantjally identical™ to th
pPopEge ’é{?ﬂ%aﬁﬁ%ﬁe@ ab%llt%‘@r@ m@fg@blvbﬁ@em Ay and 61
terificatio terephthalic acid, albeit with
0053 o FofrByPoRHBs HolumYigng tPrapllhriabe Prequs OB ITe 18aCted T epterified aromatic

hetatotyrlit heidotodesld intidom&lifeid pEIFéRYle@GH ARG R&EELRN The R8de-modified
ct es lﬁ :l fication reaction.is nmore economn cal and

po getﬁ?lgne &(ér altespr?ﬁ.ug?l S pte é‘tazn pfl@]@grlﬂe ng,eéttglﬁ,s‘e @plgcondensation to form
imidemegdiitch adlpdtieylqno keyebihalite palym&e produced in a batch

process, where the product of the esterification or
[0025t er Asmbted piedngty, it badeénorbsdrgedfiiot the tnlda-nodiel psis@hyl@RrGerephthalate
poltyﬁl@ﬂg ﬁ%%llﬁg%q@ggﬁ?o%gro@ef &S ngl%ns essg %gé cycp? irrgile i§] introduced late into
PO@hﬂ?@ltﬁ?Pht}tah@ nRshpere (iiez a&qr te 1meaxon Df)the egerifcativthirendgch between the

dlaglgtcblhpgngﬁaggﬂ@ﬁmp&, ‘p%{tthe agitator reaches a |evel
i ndicating that the polyester nelt has achieved the

[009X§Si T Wdth' rBdpEdt Wdoﬁtln\ﬁblﬁ%gﬁfbsttéf p?or&gssest BUSste I8 cgﬁg Fr{nﬁg is typically

mol ec u ar MEI% Moré commer ci al y prac I Ca
intyodyged @O Polsthylsne tefeplihalii preqyesors slidng chiesifeation terugle ey be introduced

aftdrREteifRBcIGe weR.avfith ®ipectB Batt§ Bt RE thePRRUMAET dy@idd iR is usually
cont| IHiyilous process. The cont i nuous

mtrﬁg%géﬁlﬁ Weg’ﬁﬁﬂ DRkt tee‘ﬁ?fursf”éragﬁﬁftﬁ%ﬁ“éfl%n r esul ts in

eat .
[Om%jr ge- %é%sg P‘%Vl E‘@f Q’f Hﬁrﬂ?’lﬁa af%‘é( il P{’Iieggt?é tha{t 616 ggﬁzct 9yt digation reaction
usihgteieplghaic diid ardexedss dthyldnn glybet bagits untidrlexail eedi@t ontifiidhs. Such acidic

t th at f .
R T YT ——

[00535 0 d u ‘f”fxér&gre Qit W%Q?en@(ﬁ) h Q{lé’]i}ﬂrc?ﬁ?tlotn%ﬁ %@ tlgr?tlle cycihrc]: rn%lsiie I? %o the

ual
POIWSSL@P I‘W‘?Péﬂ?élale@reémh%ﬂ Cbh@edpmtly&teraolyelﬂuﬂene éxaphrfbhlete precursors have a
car f@&q %Pdu @oMrah&ﬁJf %gsethBQJbXﬁ%()O gﬁc?&gh{%lgﬁt ]geg éfa% Giote preferably less
| ow ng acet al dehyde fornmati on
thav\éhogmoorr@%re%wveﬁnts % eveed die etheriveosds, 4 Heretime thpre-catpifiadtingide is

1ntr81hﬁ9d ﬂoltHd REriEQAANONNESH, BRRaB6xyl @ﬂ@r&%%@n&ﬁtraﬁﬁg WEBL Eterification
reaé the cat al ysts The nost comonly used

toﬁbﬁllsslsilé‘%b%?ﬂ APiFoRMyASHO PG ™ t ypi cal 1y in t hgl form
0086
] DUSSOLR 3 08 pRoeEn sy LonoEL Criio R

reagihd betsse@diimethyliéBephiBaltite aiid doess ethyl @R8] o Bis 1ey acadidMphiBel direct
of Post-Pol yfnerization Stabilization of H gh Activity
Catal ysts in Continuous Pol éet hyl ene Ter epht hal at e
Producti on, which discl oses met hod of stabilizing
hi gh activity



pol ymeri zation catal ysts in continuous pol yethyl ene

terepht hal ate production. This patent, which is
woansiby2zassi gned with this application, is heCcemwg2005003149

incorporated entirely herein by reference. 16 WD

2005/ 073272 PCT/ US2005/ 003149 [0087] Moreover, the

aforenentioned U. S. Patent No. 6,599,596 for Methods

es&flﬁBmsﬁ reEiQiloﬁ b@Wéch adréphthalid ddjdeml bXRBssicthyfeRNEIVdIL AbBsequently, when

ene Tere ht hal. Pr od ctl n, dlscloses

em&c&% Hper Prﬁ%es% fltsrlﬂ?a gﬁetgpcyc $ ﬁlﬂ lﬁ%flyl £ &ptroduced at the start of the
trqpeisteafidayiberstivereqhdréidkat-@itiat yHasll @foniohﬂé ridgPREANSSactions.

upon the stabilizer-addition techniques disclosed by
(0085l rRegardl‘E&si ofj the chettpoGof Patiggthe Plidyetth] <30 &r@ﬁtﬁalat{: @1@818@01‘&. he reaction
beg%er)ll g‘?ﬁ% ef%g @% 161cr: }eraﬁ : Eﬁgl %glyetg%lFr{"e'%ereéhghaia elprecurs?rﬁ érplcgij proceeds at
les thop @baath 27066 Gk dbﬁ%@t abe@ﬂéﬁ@and a®5°6h reaction using

terephthalic acid and excess ethylene glycol. This
(0086t hod\si gae pliseagverte e forpryingipplysstetiverstsdescusmseterefiv aromati ¢ heterocyclic
1m§dé%nbﬁbﬂgln¥r&fu%hﬁt9 ﬁ!)l'y&hﬁ&lle %r&ﬂﬁala&'pke)cg@%rgﬁlﬂllng esterification, but after

nponent conpri sing ethylene glycol
th"p’éﬂ“ﬂ%‘ﬂﬁleﬁ‘ﬁé%fi@ﬁeB?’fteh@avpé% aropebehptesenyelic imisi songragr pasrbe introduced in

sIUE @RI UBToRCORVES etRAEMRLDHBNRR &L Hﬁﬁ!g%tnﬁ)sphenc esterification. This
ﬁrgéfcursors havi ng_an average degree of pol ynerization

BB epiigue E‘aéh%lesﬂﬁlauﬁ F@*lé%béﬂoﬁoyc%%%qﬂlé% fireststgtificgtign grocesses,
wifich dn}089¢rephit@liitiiond cd8 cpleyeiifivl.ene terepht hal ate
precursors are reacted with pre-esterified aromatic
[00BEt er Gdnyiddrlycin hﬁﬁthﬂa@altemay‘ifeehdil-ésféhﬂ&i- aidehtic heetocyclic imide monomer is

1ntpo%héée% J%X g§¥e%3é/ ae?n[, teegepﬁtgz%q?% Prg ésro?scaﬁsrptﬁ? ﬁOéxrpgelngn ?)freétglat}cg%% For example,
arqamagic hétemcyoldd mmmwemmbmtmdumdas upied yrapndan ahd @hyethylene

ter%ﬁﬂaﬁ%ﬂrech%ggéﬁ&g‘sgo t}ge%tea %lf ¥§lt r%%egln 3%/1,011 Iefh? sréct:orr]lg 8lgeﬁnat1ve technique
mayihs etpgeiallstanplicaleéor ﬁlthed@tqimd pefnii gontipodugatitastlegeréfication processes that
g?or mﬁﬁﬂﬁkﬁan@%&&ﬂ%ﬁ@bﬁ%?kﬁ jt considerably inproved

hen esterified Cyc I'm de is introduced | ate

[0098]t O PR YRkRY higRG Yt SRRl Al EndhE ﬁ@c%a@ﬁé‘lm(de n%:nomer is introduced
after the initiation of the esterificati'on reactio

intp gelyltien freepbinlale P sriSivethe indison Wéraeﬁemnf@@wmqmalyy after the

cohﬂ@l%h] of Wﬁs&teﬁﬁ&@i@ﬁ t FJr @X&@IH hzﬂh‘l@tﬁhshe%c?fﬁﬁ i8ilde BB&Q&?’ S Pbe introduced
ster st i ntroduced

fied
in g Y ot e e e e PRSI B b Pt of
pol@sdrﬁensﬁﬁo@atrme third bifepnigibe fedhnR@OmBEDLd d3bdcRUY ERHcabRItEr@lther batch or semi-

ALY T SN R T ————
glyeolt r oduced i nto polyethylene terephthalate precursors

after esterification. [0092] Those having skill in the

polymer arts will appreci&e*that the direct

esterification reaction wusing terephthalic acid and
[0029% c es $n etybiydl emengiry ookesh el costimingbefeedexters @by esteificition vessel that is
ope[%gcg&jéttaIt&%ﬁratu?é"&%gt@%éntdébgut 22@’?’1‘%'85 ?%é @ e{% aclaelsjs%r% eog([%%%w%enns gbout 5 and
85 p@@@gpetwmr&ww pieg,and fivg lpupsy & h«eqrsreeiﬁcattlhateauhe forms polyethylene
terdpRinh ARUE 08 s Bvink BE 1 RReE ot O p i
erﬂﬂ et%&leneste?g ﬁ~§§%at§£ereEu%ﬁ%&%mLng&V%ﬁég ¥Egn?6zm“mﬂas
wa h e ﬁﬁdv%tsrm@ﬁ@a&t@rewﬂpm‘p%@ tp e fremble repgiien eguilibrium.

car box end group concentration of |less than about

[00H®h il ?W@GGW B teispishalnde PrefuEays aFpdhen rAckerl tith B Pip-osterficd aromatic

heterocyclic imide at between about 255°C and 265°C to yield imide-modified polyethylene
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t han about 400 m croequival ents per gram |n other

words, at the tinme the pre-esterified imde is
wonvosedsoed to the esterification reaction, theCT/US2005/003149

carboxyl end group concentration of the esterification

reaction is less than about 500 m croequival ents per

gram [0094] Those having ordinary skill in the art

tetblithaldidstedusdorn th lieblﬁﬁg Witetht WRor s Rsi6S RNintRYENBR B8 he pre-esterified
t erepht hal ate and excess

r eact
eSO g o4 S B PSR! i Fericaiom rption i ess
th20Bbut AT RATZocRiiT/ddE2H0HAM03149 esterification reaction

bet ween terephthalic acid and excess ethyl ene glycol.

[00@Btise QEch_en&hﬂte]H,, thaNhﬂi’e-mclellﬁbld oylyeylédeeerémrhakic ppcses &e pblﬂ'ﬁlenzed via
m

o PSP S ol T BB B B .

polsisendenshtiarstage ténetally empdeptsy spries nﬁmmormgmbnewgssﬂpmnn@erated ata

telﬁﬁe‘?ﬁ&lje Qf]lﬁet\%e[ep Ql%ﬁ 256%9%%'0?"%%‘0%&&1&5 aﬁ! (bng (gncl3 x{gl)ur hours IgI%e

pol yet hyl ene terephthal ate precursors
pofysersdensaiin rb@tlm@nalb’ibeg@s}n eifirst veser! cafled the lowrhotienedrrd. Thelow

poBRleViEd: l&vdp&%d sted p%mwﬁh&t&b%@&%%égbﬁn& %ﬂgeal ly

proceeds at [|ess than about 27 t ween about
[(Nﬁﬁﬁc Qﬁlgar'&ﬁl@@the 1&@@%&%@1 pOREh AL IS At ME P egulrsgs%o#%c%ngense to form

ego ){est er rocesses, non-esteri
H%t%q%&eg Why s awhhalasPel s apdethdae slepli Rarihylene glycol is
rea&ell %ﬁyﬁ@%@ﬂ&ﬁ@l@ﬁﬂiﬂﬁnﬁblﬁleﬂ RGN S8 e i Eéa@tﬂ)n to completion. In this

rificati but _after the initiation

reGSh B PR PO oRGTISEe t Pt HEh e Sigeee elyeol fom the
polymetelmpdaoesisichdhiftty visdonOsbided nie in Bdvilethr@6khQke s Ymerization vessel.

formto the pol yethyl ene terephthal ate precursors
[00die3] i n drsaltepobpreemeicis égltinto isfdcesaive asselsThe ﬁloleéu'lafrﬁeight and thus the intrinsic
w2 ST b LA TS, BOEE AL OB S cd c
prespipt dopresed epiiohagiepisr Iaxtymbrlaartmn éxedssicetdnglvend. gl ycol .

5}00975‘ Simlarly, in another alternative,
(001 - e Jhefipgl W@é?laémmﬁr feferted taas dleey &l gh golymirder, "hie pesraged 4tg pressure of
belwbd AGQLH 1D Fo% @QJeYI?etIW LbeDGetAE ERALREL ﬁ'c;lgné?{zﬁﬁ)ﬂ rvéﬁ%'éﬁ is connected

after the conpletion of esterificatiorl or exa
to AasHR PEICREERS & Fepser ?ﬁdd’éChrbeElﬁéb’ agiggtedie faplhtatedw@@@val of

ethyRn&4l [ | 'F}Q ré%lideﬁUe)(uﬂeQﬁ e bOlyh b R KAEDY @R reed rate of the ethylene glycol
ere recursors JUSt priaor to the start
s iy

0
’aéﬁ@ 359 B conRRE<Ls oS HPERRAdE P% bisgd pihipg iggeet molecular
wellghy oflake 1&&@%@@&)501@&@}1&&&&&@&&&& pRlytneRr B&@ﬁé’é hheQﬁolecular weight can be

cont i Ct ester I call o eSSGS hat
e IoI e B i BRESr S5 e BT R GRanDrycbTcosiy of te
po[yﬁﬁﬂrﬁélt ik genﬁfaﬂy aro tdietermint ﬁcﬂylactrizmﬁm cﬂmiitroﬁs @hial te@@erature, pressure,
theaf%e%%i ratg of th(lg 1t‘ee}éic ngsﬁge/llcclttféerrg%tg‘etnﬁe 6? élg Pﬁ%%rg I g.tg()?l? 8srsg§ hgl this regard,
the mglt phaie |polymerﬁzat1oregcseslt}ecromﬁnucmnu_bm p@mﬂ@ﬁmtefephthﬂﬁte fpossesses an
111&1&% vm‘%&@@'oﬂt 1&5& a8£ tb%%ﬂgfegéé SR él}gﬁgt ion. For exanpl e,

romatic hetero r can be introduced

[00103] sl WOL tFag moarddﬂ&y toftﬁ%:rﬂﬁagoﬁ mmmlnyoﬁ}ﬁlga %ﬁ%sylene teregPthalate polymers,

tere te precursorSJust prior to
sidg magt@@h@réW§h=tt Proruce Thdesirablg hygrodvatse Fignexpweletteectisrifitat opalethylene

glR8 EaR Akt chy o180 hWnER R ﬁcd‘q%rat@d ﬁn}a%e pIBhehcreh. 38 mknown to those of
cont | nuous, two-st ep ester exch an rocesses that

ski g gt dﬁtbé/%eﬁwlméloevswlrfaﬁpﬁﬁn@gme %f% Lymst- Hfprgpyest cyclic oligomers

(e gl 1¥i61e# and tetramers of terephthalic acid and ethylene glycol) may occur in minor amounts. The
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[0099] In a typical, exenplary process, the continuous

feed enters a direct esterification vessel that is
wopersaredzat a tenperature of between about 248Cralsegn0s/003149

290C and at a pressure of between about 5 and 85 psia

for between about one and five hours. The

esterification reaction fornms pol yet hyl ene

cohtﬁfue@fétﬂdadl af @hyMre GHESQE § fRAY inkk R cMRERER rge@g&ﬁﬁll%tenerally reduce
Pplyner tion q{ bet ween about 4 and 6, as wel
B of B

% renmoved as the reaction proceeds

drlv favor, re on eq 00] .The
10088515 A S BT RERal 8 Bt lig et B tebglimbu dspotymer
mQ}Ji 1t pengrally Blestaad eftivdel. akferadtiugion, itetiatdeeyodified polystidnaterephthalate is

L TTh e S i

terﬂé’ﬁ@blfﬂ iheut sitechinsee nellstrfe storage keldpidigs wlrpdsses Highe poly@ter pellets
pr&feSRY Bsle QR avel A3 m'aé’.l:to[f 3\9 ?ﬂrlg Al f8q R ;%}Fet & pelﬁegs” 1s used generally

cycllc i mde i's del aye the car end
Eéﬁééﬁﬂﬁdﬁﬂﬂhawim@hésesterlflcatlon reactlon i s Iess
t han about 400 m croequival ents per gram [00101]

(003474 o & 1omie cirpiHpstanpgs b pRYGE farmer! fiom (hetide-andified poljethylene
terbﬁlﬂﬁ@kbtﬂb@lnﬁﬁs&alpﬁeeﬁﬂﬁ&&f 19 cABIRAbY. MBlcteARY, tMd BhiddBbdified polyethylene
onde on to formim de-nodified
terg\gq%g.{ és Cfué%;]ee(%ﬁ‘lﬁq BP éilfl%rlzﬁ(t{ﬂn gd statg jodncrease molecular weight,
typially oindefisad \h@ﬂsﬂ@bﬁ@@eagt&ﬁ@it &h'd}/% @?3 |OIQ§Yd$/ g @{ seuy8s Tﬁ’efse subsequent
[ nore vessel.s and 1S era al a enper . at
e PR o B BT Y0k GRAS S0BG FERT6G b RBGGH e, bih loch of

corapbfeosubstingion preciiiesubseqhepcoysciiratidn 208 sdli@ 8@ icipoRmuSaaadd. y
begins in a first vessel called the | ow polynerizer.

[001G8k | dlaose partiggnedingrg skill & thyret will eppratiatg hpweass thﬁieduﬁﬂg‘lgibsequent

I?Egﬂlﬁéné@%%ng%% %%r}zﬂffé? fd{n % OtJ() f%)H)ar ttleglene tereph?halate

copplsgiers Sy Hspigitipsio midensise The 11ﬁ1d¢-nmd1ﬁnd maéyethyunef tleedhthalate polymers of

theﬁﬁésyrﬁ ﬁertllt%H %retng Gﬁi%%m'ﬂﬂ& 1% &) | Pﬂr()‘iﬁ rcfE’TB ?ﬂ% t? Hﬁmsw viscosity loss is
e et ene y C O ro m
typp:@ﬁ ]PFé‘?’eeﬁféP‘iUt%{ﬂ@aéﬁ AppVs ed vacuumto drive the

action to conpletion. In this regard, the polyne
oofg8f¢ ﬁ@hwb fhe Rriprxergplendiserstion fﬁlraifﬁr@taecotlwo@é)é%@w@ﬁmcess it will be
undeRoogttaythe ﬁﬁerﬂlbﬁ{ GQlot Jol@Med. MEhe tRAGAINIFREIIRE her@iGhaly Be applied to semi-
assi st _the hly. vi scous polyner nelt in noving
cor R RS BN SYR RO veacel . [00103] As Che
polymer melt is fed into gucgesgive vessels, the
nol ecul ar weight and thus the intrinsic viscosity of

pal ynmer el t The tenperature of each

004788 s IS G PP PSSP TGS o EtiFs menton poses
incebeed ghs;eﬂmil@onabﬂqmmngése &ﬂl&fmaﬂﬁ| tyegiepdllye@&ts @Ebe%)tﬁlblie @fb_fhtutlesl for

SI \/ se e Tl nhal vessel, ypically
pOIVcaf é’fu} 2 dtem)ﬁgg 7 ﬁ%ar’[eg' éﬁpl%}g% Merizer," is oper ated at
[OOﬁéﬁvr e’%?el'ﬁrlrgus?o%l é)rf Qr%hxmﬁ ! e?o*%?l%lc 1m1dFs 1rr1r8c?1yesgf }n8rﬁases égs&?rgnsﬁ@n
terrmenqmedffe)cbf tlte@esaltma GQPQ}Y\?%%Y S ﬂ@lmehdwmng)lﬁnaz poidainder tera:ihdlalate
pos@c%gelg a tgﬁlssI tYaH§1ﬁ tl:ﬁ{pe?'ﬂﬁr%,ﬁl‘g? gf doBu f7§"% }{etn%tdg moctj?ﬁﬁ& &H%Yha ene

| ene co e’ resi encé
ter@;ﬁb’lh@lﬁté PPIZ@PIF monﬁlegé@ths Preprelt inYratifrepadsessat glasptransition temperature (Tg) of

gre@bNNnSBEut §bXC 8ld pratidully gﬁ%@ﬂh&%b& oG (Q gI m@%%ﬂﬁge) as measured by

conti nuous process is determ ned ase

differatial siopipe GHsTIBHY ahe hegiimigiie ofdP°G lPPé mlfrﬁfﬁd e-nodi fi ed
pol yet hyl ene terephthal ate pol ynmers. Because the
nmol ecul ar wei ght can be
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readily determ ned based on the intrinsic viscosity of

the polynmer nelt, the intrinsic viscosity of the
weoabosroes27eel t is generally used to determ ne PCT/US2005/003149

pol ymeri zation conditions, such as tenperature,

pressure, the feed rate of the reactants, and the

residence tine within the polynerization vessels. In
[001Mt2]S riegatathplel ﬁiedlﬁ/ﬁigtpoﬁaﬁﬁ@aeﬁé}laﬁhﬂﬁfatezxﬁﬂﬂ Z‘Orincg@&?d'eﬁ'tl W yields a glass

{i Ques unt | ene terephthal a

eth
iRl BBeAi o ol #PHER Gl @ig oo Bapbtamoi 30 moe
pe@?eﬁt R T gie(ds 2 glass thnsitich] tégperatir® 0P b abbNat 00°Ch Morédver, modifying

0 he.f o qration o
B Dbt P pE R BPe b e e ep el st regiion emperatre
(Tedabout WC pmd::d@d:fem' poeshylablteephihplatiiss mokdfercent HETI is expected to

IRl an G SSIEHE NCRLB0 2horBL Nyl e gl ycol forme

yI ene gly incorporated into the
00RLd] Y s Glads i préSoubi 5 i
[ ar t] dISe thyl Senpé Ouygo ovveﬁrugdlﬁ%g)%g ilcénr?st%re hthaiate {POLyaets typically

inglygds bﬁt@‘iew ut 2\gaet gQJW@IIe peregpg {npige exogeRay elﬂstltu\icm, g&t ,may include less than

abbutisHRe Pint Rh i BIBERAbmiQRRALARI i ¢ acid and et hyl ene
gl ycol ) may occur in mnor anmounts. The 19 WD

[0020095/ QH&%BmE’@I{eMSBQ%&eO[Q&dm& pog@sﬁér r QR Gre & FRNE an@Fc-extruded to
fethtioene &H¥ as_it fornms in ! pol ycondensat 1 on
LAY, ™ Fangj%eﬁf‘éft%f |be FWI@%E%PO W%r PRt (e PBYerRhbases).

rodquc After_ exiting the po condensati on
00018 0 Bt e SRR oS e e Bty R A phpone an
intriedi¢ v1$0381g®|ﬁ Esahiryabéut (r] ﬁl‘égj sadhds Be(‘izéddd&du OA:E H1Bf and 0.84 dl/g). More

typeféahrél‘ela t}ﬁ) eth%rfgr?e tlerrerf) uaéart]e a% (ajn 1n€nrngl‘; é%%oﬁllt ofﬁ)gpr%t&firhihohté) .68 dl/g or less
thmabcimt 080 ég, ot ils@k.j ldaltWSpn piout T 68dlgahd dS@ tigg). With respect to preforms that
| ere ht h
Lﬁlécgtg n%?gfbget-ﬂﬁg)togl Jr )éer%{ Ee%{to %E}g eforglﬁn ehgnnl at%&hgblgjélélgc V130051ty levels
andmechaeita) propetiesfel: | wiess crqgkle£ araliingach andecraap) deenagelowassiinsic

edsiraout 1&919W0.6 A Used herein, the term "pellets”
Vlsl smﬁsed Egeégﬁera [Ty tog)refer to Chl ps, pellets, and the

[00116h< e. if Qma]prelf&eg Qﬁﬁodﬁhé'n@ %ﬁt@lﬁ s a 1 -ler%' c%b%nated soft drink bottle
formed fromthe imd

hayipg BEipss ‘éifc@mﬁ@lf ?ﬁ@rﬂéan@h‘ﬂlt 952 ! ré@.@ @‘dﬁ %@“t 0.84 dl/g, or both (i.e.,
bet@%Mﬁdb@tﬁt'Ol 23/ 8. 0. 8-Ehi@'§)9 afhb 8drbonkid@sd i Ee bgfﬁg écfcbr@ ding fo to the present

erep al ate polyners can
in ﬁ’i’ﬂ“é i”/a?geoo Wﬁt%itﬂ’él%b‘}t‘?rﬁal BresvEs P%abP‘ﬁéP éﬁge m)I ecul ar
R G R T,
additeslecosiaies sl&ﬂﬂitutlc&t(&pfhpnhﬂl‘demeﬂlﬁcaab@m(hﬂdiﬁbl’( talt}ﬂﬁ&db Yhodification).

In t‘hg%ggpdg ﬁp%ﬂ'ﬁ ig ag acn(] qng dig y ene L% Fhe g{fﬁe&e glrgr‘ o) yclohexane
dingetlagdl m@IéDM) bﬁmqmpmesyesma]yfnmzcaysltadimita 2103l éspéc[adiy ghpéves impact

h
PRl S R Aol
[Ooﬁ‘SPS e%%(/er \91%&1365@&?%& ttf %FGQLlII(% od f%d%bl’yester resins preferably

i njection no pre ornrs
incluge @bfr@f-hlma@taédlﬂi‘?@Wbllcly@rgtneﬁesthﬁa‘gﬁomgteof eparey @slrng preform reheating
pro¥ésSEOSiel ¥ g %Hﬁndlma%@gnepﬁlsf Pa%ht R%ﬁégﬁdﬁy k&"Ro. 10/850,91. for Slow-

t er epht hal at e pol sent I nvention afe
Crngligined abeyr Resinsy ﬁrﬂ%l\%ab@em F:rfdo%ﬁ é‘}‘?r H/998, 789 dordiotressardeforms
Uséfilt Aok BlaGic o FRa0SH: BotidsO8I8d Novendb¥idiaCadoky bet ween about

0.02 dl /g and 0.06 dI /g. [00109] Al though the prior

exenpl ary di scussion relates to a continuous

production process, it will be
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understood that the invention is not so limted. The

t eachi ngs di scl osed herein nmay be applied to sem -
woanmisiosoas processes and even batch processesPCT/US2005/003149

[00110] As noted, the imde-nodified polyester resins

according to the present invention possess increased

glass transition tenperatures. This nmakes these

[oopts]y e%ﬁﬁﬁylalm&ﬁﬂﬂﬁllaﬁe is tip byl doh @Bted Blo a d%g%i‘:{l%i\)]ﬁﬁa_?tg%lsﬁp process.
e

I.cat] ons
Filly 9‘ aly‘!’vr@’ﬁmg?"%é AEBHAET iﬁ“eﬁ‘eg‘b%?&“ eufupﬁﬁcwé &YTHIHE § exadaged by
m@ltmg‘twakwlngh assxtrtden asd 1hje(‘m)n mwimhambﬂlt@ poiléster @fio 4 REform. Sucha

p est
pré’fgrﬁ‘% ﬂgllqlgsnfgl 0? 5 rdgfa rfﬂﬁe attg t 1spa§ éeg%t a8 g@ely orpéfagtgglde smaller than the outside
sultfzrcg pgiht: fioah cangaigse r"ﬁte@réor(n'ﬁ@eh@fted&b@aﬂsmg &E,prdfd}ﬁls through a reheat oven of

es! d epht hal
a Uéé(?(rz %?Ig[ﬁ% %a&ﬂn’?e '1'219 %)e\éggst Q%Jtn%ﬂﬁ \?ce)rhs s:t ot%hball?t( ta g rgﬁ/ Zgéo% and 2,500 watt
lmﬂ%éﬁ@ﬁ¢m©ﬁﬁwéwv@wﬁvux@e@m@#dcﬁgegreater than about

and referably %teater t han about 90C (e.g., 100C
[OOE)?(O] no rTéy re %dm@ ethplaced jnftd et blew meldand ibpgiretching and inflating

i1 DL BBrE Mr, BrmBd RERALH
WGNBITBLE ¥ K ARG SaAE 19 8%’%%? ltféﬂrﬁné%eﬁ s fmfure

be%‘?ﬂ thté &ang%@%gt @H@Ytbéffwéﬁﬁﬂbﬁ&q 130€ and L60°¢0 erI e

yields a glass transition tenperature
W"fleﬁi;) 1055 %Vmg @%@raﬂaﬂ PR 7 illgiogsttsnd €y the fgroduction of compressed air
intb &k@p&h&d‘jﬁéf@hﬁafﬁéttﬁ Ford&ionok Ge h&@[(l_i%)ﬁﬁl%f Hﬁfgl in %ﬁeei\lagﬁloﬁ the compressed air
of abou

s QPR bP R bR ??@“BE%%W&%W@%? Bt seding it hoted ot

no ed to yield a
[OO:th?gn S Il'f??sg ﬁf g’maré E@- r? V}L%;a’fur 5161&5%/1 (i%%téﬂ}é%ﬁéect in the preform is
typiraldy fransfegedio It}y:é)bthly | Arerdiree ﬂhtqbﬂitﬁbiﬁhel\bdtth: r&th u¥ed 0 form injection-

t t.
s RO g1 —
Profarag prest stytoh-blotenol din whwitlve elie flisenisqdon Yt ParéneNe. 6,309,718 for Large
Po[v@sﬁ‘e@ %;nlazazlei@tzﬁd HQAh Jgg}t Praks %zjhg §Ju & thcﬁllcslhgre%émcorporaged entirely herein by

a bout 2 and per cent ' mde conon
re@'Eﬂﬁ’ﬁtltutlon yet may include | ess than about 5 nole
ercent non-inide comonomer substitution. [00114] In
[001?;% e FosbEhEALe terepishalais bpitlemseniupticadthp et of the prefosh fesbsorb radiation

and@dofvertdt 1&’@'%@@5 iRkl Ecﬁe‘fﬁéién‘t H(Q@éjpﬂ)@mu&%moﬂﬁﬁfnpﬁd@e WG hce (e.g,
eafter bhe I nto ﬁ]}} ester cont ai nerS

nm?ggéwuﬁﬁg§bW§B@HﬁbF?J%@YﬂlmPﬁ@ In a first

0 Py BPET SoRaDI e Hpor R 1RGP boME B e ey TP vres
depeindiung @nibedpplicaBen (d Ig/ got -fHiee hevam gbigiiee Daradeidl chl; dFi2k Bbif1€), reheat
ten?grgtupeﬁ?wgl?d{ng e ran oe of; 3&)%@;8' QE{.’O% \}}etsgkgagsstgwy%tf tQ e?agl?rf F]jéﬁ)]
[001??]0 ut FIQ‘E)IQI%‘IO&:Q {hg % atlvﬁlgc:% élgge%ﬁ’?q P Qé’l tebe%@% (t)o x%htag@r} tﬁmperature is

weén about
impogtay &toptingal betdé parfesmaniaain hléurseequmiyeﬂmenampmmué blbw-molding

ma@ﬁﬁe@ |s§c°h L] hl%?etma%%fat:ﬂm%g bp gfdt:lofnga(ggﬁa f@aﬂéez hﬁl‘?’s @gsgpélaglg%e for heat-

I ntrl nsic viscosit l evel ani c
set kxgthj that are insepdedfprfil pgq@lth Iept gﬂ;nqlm axoess o hh°Ic rlgé;ga)t-set bottle production,

the ﬁﬁﬁﬁ?ﬁﬁhéﬁkd ta@iﬁ?}f to la§Mhifh NRIGeratibeSs BRI, THY BhSimiAs Systallization upon
an

blow molding and avoids therme% crystallization in the preform. Those having ordinary skill in the art

will appreciate that such thermal crystallization can cause unacceptable haze as a result of spherulitic

crystallization,
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[00116] In a second preferred enbodi nent, the

container is a high-clarity, carbonated soft drink
woabdslogs27havi ng an intrinsic viscosity of norePChnAIS2005/003149

about 0.72 dl/g or less than about 0.84 dl/g, or both

(i.e., between about 0.72 dl/g and 0.84 dl/g). The

carbonated soft drink bottle according to the present

. [001261entTh (géheta,":‘, hﬁgﬂ&ﬂbhlﬁndﬁer m}ktﬁtﬁt‘icﬁh Eaﬁlfzﬁﬁ)h thereby improving clarity
qggfr :@ ou 0‘%e Hﬁé% g117 V%en used
i BY frodicrs houey o5 1l srreeawaa%efuerm and so heat-
sel’tmg llsrmhan&ral at lt’o@/bnmbﬁlon(ﬁﬁiﬂ siis@iadn (€.QNRBARMRIabSI D $lold gefckRRomonomer
m&&%g non-imde nodification in addition to the imde
|cat|on) In this regard |sophthaI|c acid and
t deier . . .
O o b n R e By R ks i & B sgorenta fims.
Inpérlg/tﬁﬁbmn@dmtathb pviwsser emmis &s ;ﬁcumecamrowharrpmmﬂsz drigpecilm or biaxially
orlefSh flyance, but has poor oxygen and carbon di oxide
barrier properties (i.e., high perneability). [00118]
[000B9]© OVIE Lot aMRRRD e1'rl§(%gnén@ A Sle QR St EQ {egig§ are %dlilr?leél into sheets, either

i m de-nodi fi ed polyester resins pr
ungieptedop oricated. Rehen mpdified with U binckampsusk Slftehte alabmmpjlt}r c’dlrable despite
]xgﬁmgmeﬁgyna@@mﬂ@mpreforn1reheatrng processes. See,

e.g., comonly assigned U S Patent Applications Ser.

[00MER) 1 G4 §e5 chQli'eB embdAimeat, M imfdeysdaaich ballg: R eghél ﬁ'@ In?a'f:tlon molded into
and,__ Ser . 10 789,

No.
55! Dy b e e e ot b e modied it
filBot(e.k.eglass bi thidekalps @rdvRie a dngin2Odidh resthl AMNZORY/ Bl 3Ridd modified

[ US2005/ 0. 001 Pol eth |.ene terephthalate
pOFglt- yprealrty agl% eurs% %Sdm%ﬁ%d engm e Fﬁer vi a a two-step

), &Mr.Rhous
i B A
. DYPwduced by neltlng bottle resin in an extruder and
EUheCtlon nol di ng the nolten polyester into a preform
[00&5}1¢h 4o stifrogifenprphodiments| the aide-mndibed rolydeersesith ardorareé fto fibers, which
poﬁsgﬁthedt-%ea@&g LAt ]ya @uéﬂrﬁ%@fs nﬁfy b?ﬁgt?lértf&ﬁ%d ﬁlq@tjeitl%rﬁget%ﬁ]s and products,

he outsid surface of cont

Su‘ﬁ‘raé PR §abF1%9n SHithergsnsgt f‘bﬁ@%’l efgodimenty, thefipidergnotificdprdvestar resins are
usiaBH 8SYmE@LeNoMY in tke IO e} &] tﬂ@reﬂ?&ﬁﬁdﬂ? I&%n&e?%)%ﬁd state

gﬁgn may consi st _of a bank of uart z

600 d so tgpqslly Pespiess ansinfringic r’lé?ﬁ“é}t qf@ﬁw VR dr/mnd 0.70 dl/g,

and ﬁ&feﬁb@@eﬂk@&%out[mlﬂg]mﬂm@s dl@h@@t ®©6d d?/rg)i‘ fN268ed whlleRed for fibers,
e.bl ow nol d %ﬁ stretchlng and

thee <f ﬂddﬂ‘g p%p/?s% WF@f]d%oééegﬁlfceeadgﬁthnal? er;splhsgtubon.
heated bottle. The blow ngl d, s, naintained at a
tenperature between about 115C and 200C, usually

o053 220t 4206508 000 SR ThOBE, AW o
tercphthabd uestais.oft isdfehmdmno@see dhaaihe methnds@f bﬂ&ﬁari’mg ati®idtroducing esterified
cyclﬁ’irﬁ ?%ﬁées'ﬁ\?gé; | {fdalgioﬂ: rpoct Eﬁgr 00t e?léoltgehs? s & ;? te po %r%{%t %})B(?ﬁ'e é%?ﬂ%@ialate or
polyeutdensdeterhtbolated, fat ?ﬁ@tt‘l? hre' bedmmomm@et Hossetsas @rbengl dunctionality
alo%x_%ﬁé ILdl}n%tr %aﬁlo %lu 1tdb%k I%E-ptoi}@steg% cﬁgslg@o%\ﬁoiyﬁxe Lc%gd%?gzt]) the present

ose ordi nary In the
invigp{ips r@%ugﬁmlﬁllﬁlaﬂlmatmondmlemthanﬁs, polEcarhorstasy awd pelyamides.
ically transferred to the bottle. Accordin , the .
l°°h’§ﬁ| i € ?ﬁr%feret ip geti3pether @sneglsthp inyesign erabracsy mlrlenlpegﬁrdcswns that comprise
cortiehsa@sh polyBER mABnd &r&)ﬁyltﬂl&ﬁbnah?r 364 1&%@6%d%5@&fd@dsﬁloln)§olymer

accegtable boftl es ects of injection-noldi
resins possess excellent thermal stablhty, 1mpact res1stance and barrier propert1es
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preforns and stretch-blow nolding bottles are

di scussed in U S. Patent No. 6,309,718 for Large
weabosassee Cont ai ners and Met hod for Maki ng t heCcBaise05/003149

which is hereby incorporated entirely herein by

reference. [00123] In polyethyl ene terephthal ate

bottl e production, the ability of the preformto

[ooabgor et Iﬁieth the télﬂld‘cﬁ'&mj/ﬁﬂ’uﬁcubﬁah (_in tSeb @At ca%b%n%(’yéeh GiBiible bond that
oduction _and optimum bott |

nt bot
is 6%?"]&8@:1'&{?%80”( Séte &ondeﬁsﬁ?c@rqo eﬁlthlpg @E}{opblrfunctlonahty are typically

chanactamzteaby he pre&ﬁde Eladebalyl fu6stosil gtdup (liel, XC)=?) kAR gfttaéa]st one adjacent hetero
or opti mal

Ormree erature is ||Tp0r t
ot e R RSB it o B PO M iagiel PPIGRE il e
pobppt fleat iAsrordiegly. “,carbmty} fuhdtioedityas asaagie chetatd wuridtis functional groups

d k _bott.| e t
SOE0R P  R l le oy ral  e T
[OOtlffﬂnS 'As'vg 1 bé ﬁﬁgg{ogﬁ ﬁos@:-gg%fd 99121% tth!:: elélrli to 1§c{ngéglc ptecurso%s to

rate at prerorm can e re
COWI@H@MQIWQ peherfenmed by jescting it pdyfindtional opponedt and a second
i Ga RS AR !
potﬁgl i i ta Ko g?fee bl @‘gg\iﬂﬁg})ﬂe (glgorﬁ&ﬁgﬂec%lgé‘}g % to@bférﬁ&l% e%1nay be formed by
re ‘Fﬁffe%lé tdrdsdvagyes f erabonicy aﬁ’é oligpmHEpRreslrspis grypd)retiBhésgnayde formed by
reREREGIs@yhnbtel hddid1Q rOhQﬁ&hC pl%@lIrSOl?SOEE E)J)l?ﬁmﬁ&%ay%(e ?orme? by diacids and

|ntend5d for f||||ng th iquids I n excess
diaegs, and gligomstic mgeurtopt tp P%JYIBN?& B’éY P“oﬁ?fmedtbbréeaﬁﬁﬂ@dmnhwr@es and
didnetheasege. § Apdigh, Priddplasr hdﬂ@ aﬁ&n@%&ﬁ& EHﬁo@@S@P 81%&' k?nds of

talljz t I on._upaon | di
s g G H AP REo<B 2y BB OO R CeREBEFB AT Vg Qe frhe
diskesw¢digredr di nary skill in the art w |l appreciate that
such thermal crystallization can cause unacceptabl e
[00h36t e &sr examgls uliphatif pdpanedesl(d. 4. j i5lonar of alah- |6j6¥ @dnkrally podekss lower glass
traﬁéﬁ?éﬁqg%ga%%glﬁgéf %—Sr gﬂflt%t%sﬁygsge%sl 39 18 })Lhe%f%dzt]?z]t reactm% aromat1!; heterocyclic
imigle V@th éiahmr@amudeIeld mmtelﬁg/cylcmmmdﬁrangde:(lz aypre ymldaﬂimh dr pea@dtination).
“Thé @y%hé Fnﬂ[ﬂé:ﬁmd glléqﬁnﬁ 1d£}‘%\§'§}{ Blen Hé & g&ucet?i%lf% oﬁgomenc precursors

transition ten
to pvraidea b tthehdeéfi anclé)rl\@ d syl pessassinom dlavaigd glads e@:@mon
tertg@rgdbout 2 nol e percent conpnomer substitution).
[00127] I n another enbodi nent, the im de-nodified

[001B7) Y eRliehative5] tAS cﬁﬁ@m{l&r e éoﬂfd%e %ﬁ@ﬂ&c@@ln%ofl)}ehl?ﬁne tefePhthalate
or med

arelate odi me t he pol yester resins are
PIOCYIF s fémﬂde"}n lﬁ}ﬁeéﬁ?‘%lof’lip ﬁFtFrent ed filmor biaxially

B S e T
poséreieg mpludumduemahtymam sélbmﬂ}ad:rlm to Qi’ellcﬁmthauWﬁd‘lmﬂaad | ol @hmple, amino

aci ang Wn sa tg ecl:rlfg GicR’ C%Pagl)% 8% sseg”e ef 3 egzélgﬁ]ls fya lﬁ%i‘}é]ygrloﬁy acids (e.g.,

lacyfeacuﬁnmsméipolembmmmtemlyestene(egnpqﬂx}aqtmehml ed pol yester
resins are injection nolded into articles. Wen
[00138% endeate hayimgiondieay $kdlhinilist rolymyt artshvell rawpghie imelihbre ert numerous kinds

of RMMESESRL cBﬁ@héﬂﬁmﬁﬁﬁ]yn%?s tHeRg dif de& t}y@mtzgi w1frﬂolu cﬁ[aﬁ‘té%eﬁcgn the scope and

gI ass or m neral S provi engl neeri ng res
spim) of ghepraseny i gqvgpnop hécqopﬁutgé/ ﬁﬁcﬁquc@d that the foregoing description of the invention

using the preferred condensation polymer (i.e., polyethylene terephthalate) will enable those skilled in

the polymer arts to practice, without undue experimentation, the invention for any condensation polymer

having carbonyl functionality.
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pol yester resins are suitable for use as unfilled
engi neering resin. [00130] In yet another enbodi nent,
woheosiomsde- nodi fi ed pol yester resins are formedCrmsen0s/003149
CDs or DVDs. [00131] In still other enbodinents, the
i m de-nodi fied polyester resins are fornmed into
fibers, which possess heat-bearing capability. Such
fibers may be further fornmed 4 ntio textile materials
and products, such as yarns and fabrics. Wth respect
to these enbodi nents, the |n1de nodi fi ed pol yester
resins are usually in the nelt phase
ot undergo, solid state

res us
O Ko B p i §?4%ﬂ*@a@werﬁa@goé§%d Rl RepRgR opolyer of
hydioggaigil trimeliftinkidd (WEET) (ady@atchQ.abdBatbd r@ﬁ&h@elﬂ&xe@é Ifrg)ared in a two-liter

o0 BEE L3R SRR 480 6 (820 0583 UL
catiheatdhnwedrees flbivki ed pol yester resins do not require

addi ti onal conononer substitution. * [00132] The
[00AH e g dtatry IdPatraldwmoprlishert 864 rerem teophtiriip held (ZA9sind 371.4 grams

m&ﬂkﬁgmﬁggkghgﬁxgolyethylene terepht hal ate resins. It
is believed, however, that the nmethods of preparing

(004 | TEaEc@Q%@dpGEes@eﬁrﬁﬁé iﬁqhd:éq‘ronﬁﬁﬁlaﬂ}pclfafgegﬁ"xﬁdm&%mer) 59.3 grams HETI,

p|IC not only to other polyesters (e
812§|gms. Hx? fieatid (L4) aprhiRal s5ames mqmocthyenpialicy

ep at e but SO0 to any condensation
003§l g%&f‘@yé fsfing ¢f 8@@ PP} FFEORG RS ag 127a1PP6‘hij)bP1f @,cetate tetrahydrate
wep@dddedto ﬂﬁhﬁhﬂ Chﬁgﬁ df, ahih?aﬂam ”Fdﬁ@inytﬁﬁﬁlﬁlﬁloﬁ@rtﬂ@?&ﬁﬁ&d ¥4 added at 50 ppm
o the i nvention_inc

N TN NI WA
ps#gdbryanhoieswmﬁ ROD BB pf wene Iﬁ@frﬁhe’rpp bfa pretedalinaiifiph caﬁl’ﬁ]ﬁ Clhe pressure was

thénl}gdu%é?l 1§ Qt'iﬂo%ﬂxgxg 10 at?g gosmpllem n of engmtgaltllglﬂ% ! ggrl}eglgﬁmt %O°C) during which

[ On tpol Y mer's
tmf QH 1@ aeliton fep t@upehituraindieateriotié donpibticoolistesfdation

ymer resins possess excellent thermal stability,
[00 ‘Hﬁb acth\fieeesiesifieation theamilugiaras Felecisd prevarivesappi@! gh@ually over one hour to

aclgggalfﬁla&%a%nf) c@:ﬂs%grpp@{nglqgé- 41\%611: 1[3199&&)%?116 v&%§ mle{ﬁ%%eg]ﬁé’t\%eg 260-265°C

the term "carbonyl functionality”
duging o YRowy ke wa sigsense: pishanaripgion tqnﬁoe@hlr%w. mqmls@ and maintained at

abélﬁ agteC @iesitha 1.062A @@r‘l@@ﬁﬂno The byHIRIoEs B0, t%&t %ﬂ %lscosuy In this
unctionality are typicall characterized byt
le%ﬂ?ig?éﬁwécoafy s é‘StF‘E‘BWIVIaf%BPF%ﬁQl OPEREREFUEFIL éeq,ulr@é@)a motor drive to
manitdifla ednsth@RPM ptgropGPra@cent hetero atom (e.g., an
oxygen atom a nitrogen atom or a sulfur aton)
[00145hct TheBaich AaddBatchn |p61§}ﬁer\$/i\ﬂefbi tebteld e 1ntﬁﬁd1<yﬂ§b31@|'(w)nnole percent DEG,

di t
anﬁ G ?o?g;%réé] %g¥?t%r&§ba#a%§ Ca%{; )%if SRS ai;lg %%eterl ﬁl&l}( 81|yﬁ1§r &Wgwaqyfmes were
mehsumdtbamwduiateééﬂffenest;al a:anmi@:,alonmetﬁﬁ SGlass aaimrmtt@@eraaxMTG) heating
d t ood
cry%@%?%f‘ ?e?rigﬁl[aﬁlge](%ﬁ}),taﬁg crg t%l ine IPeh“ I eegkster%g?raetgﬁ r(i@ Vxéer%(% ermined from

nar
seoemdw@ehs@m G, pitsr Yemtingsto meeltload famdlrmdefmymg)e goblingprtaflizatdh below the
meﬁ%ééf H&%{e@%ﬁéd & 95339%11%{& ﬁaﬂ}@/nﬁn Sl%c@/ﬂlgq a@ﬁoyé rf trés&e%@éfely Data are
onent. For exanple | gONMEri ¢ preécursors
Smﬁ@@%@@ﬂﬂbﬁ&ﬂégﬂ%ﬁy be formed by reacting diols and
derivatives of carbonic acid, oligoneric precursors to
pol yur et hanes may be forned by
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reacting diisocyanates and diols, oligoneric

precursors to pol yam des may be forned by diacids and
wdizeosingg2 and ol i gonmeric precursors to polyi nPAEAISE@F/003149

be formed by reacting dianhydri des and diam nes. See,

e.g., Odian, Principles of Polynerization, (Second

Edition 1981). These kinds of reactions are well

under st ood by those of ordimaLy skill in the polyner
arts—apd—wH—rot Re+r——dh °""°sed herein

L'«:fb% s
[00136] For| exal cani | ‘C“’artl ¢ polSihiles [e.g., TecCO

nyl on-6 or %gn ﬁLG }g\e'1eﬁﬂu| YrePPSBESS 1|, OMRE/m@ ASPC/min | 20°C/min
transifion termeratu es as conpared wijth" ppl yest ers.

Beehli 5 hel j eved th react i ng aromati ¢ (heterocycl|c
hon(,ic’%ﬁ,,ﬁg WPH (d & r?é’“\mﬂ%l 11d7%8 siAS0qPP%s LylePdc| 1905 | 1749

mde (i e re-a ndatlon br_prle- anj nati oh).

Mo LG |i L., &.pre-amnated i mde)
¢ ﬁyfgy h’ggg bgll nt7?§)gd -é-"é ttg Ot gbiter]i20pr &8t spr &8 154.8

tO po' ram-des—to therebylyielld aniim de-nodified nylon

vat ed gl ass transition tenperature.
[OOF ?‘?‘ %?%? repelrien yjas st eRiicaylymoge Yelp auddsiicrelasip theBatch 1 control
homnpcrlmhnc ®lis is rilﬂidi)camd by &iefamb@ﬁ@ls be (EPinh ah&bRous PF BEL @A  Sspectively.

n e 0 It Wi | |

e B B T B B RO G 1gh e Rlryadipan o ndicated
byiits 1rtch:@eéﬁ‘tﬂ dnil decreerdt Tat)nydrtr @Baeh S cofRBERe %89 88i-crystalline rather than
anISl(-)HhB&s.'fun_C“ onality can self-polynerize to yield

ndensation polynmers. For exanple, am no aC| ds and
00144 ON MRS, RAlEmbR % I
[ (i yam d e0S mﬁ %hg%tﬂgg%tgms onffgl Homd POI er %;3%52 cegﬁyester s
incdysiop opie ?ﬁ%’rm@@memlw ipesbayedsthegless (crensgmp tqnmlelyltu&c(ﬂ“b)mf the Batch 2
coptiyrtll by §@0139] Those having ordinary skill in the

pol ynmer arts will recognize that there are nunerous

[00kisnds Alt@cﬁugh FHcGbatcHD @b}fdly%iar tﬁﬁfdkg) Eédocg t}@%&( a?mglpﬁgcosﬂy as the

B ﬁ nt hesi zed w thou eparting fromt SC
aly &C"‘%rﬁfﬁ/ mopglymet, the Faigl & aepo] Wéﬁtnrrmaw visgasity ‘éhcwgﬁle@ In.ﬂms regard,

111tﬂ11851oem&€t§/ &din%h@tcoirélﬁe(f t@rpﬁlgﬁbﬂﬁolgc%ﬁ? teight ¥Re RfuckibiBin 1ntr1ns1c
Viskdl¥ orm usi n £ g erred condensation polyne
f ~‘é ﬁST‘&PétV‘ﬁ teFPé % ?@p%n%ﬁ%lrf%?féﬁd%qd |thaéwa}§|dégrmf§elymer chain
brasdtiing Vw present beaguspatighiily 8fahched FolfsRE y#n@ﬁl,y MhibiRAUigher melt viscosity
erl ntation, the nvenfbjl on or an

thal ﬂneﬁe% e%)l o BB FrSF L KEVPR VR PPy Iing 2qpip {ecﬁ‘ré’leli‘tf-eﬁ’mnton to
cor@upl WreREQGhD PR Ech iRGHY it IGROE/ 00 3k 91sco’§1t}’f fu@@VE’disB&Té tN&conclusion that

Ki.| te PET .
ot e Rt 2 e JEVRE: @Cfﬁ@?@%fmach% BT s veld
incygpsed il Missogiiesayren atspmethat lbweninteindidESdoditidsi . €., Batch 1

and Batch 2, respectively) were prepared in a
(00343 - | Without being edvnd iany particulph theoryt inds thvoghe thatthé ebsefeddtirgd in the Batch

2 c&@lﬂét@%}l&nml%ogl@ -waVPROL®S t}lxeep\f%lﬂﬁze %?m?l&gt'io%%%p%%ts Vﬂll(’f formed

start each batch were as fo
durpng ST p RSB GFig PR oted rigg paningrof the trireqliésjshitdwaiuptorea i thiis regard, it

is frfRy) beiBd Tbidthdhigh 8&Bee of yellowness possessed by the Batch 2 copolyester was related to

the addition of HETI monomer at the beginning of the esterification process.
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nonoet hyl ene gl ycol (MEG. [00142] Batch 2

(copol yester imde made frominitially charged i m de
woumsmes272= 59.3 grans HETI, 817.2 grans tereprhakios/003149

acid (TA), and 352.3 grans nonoet hyl ene gl ycol (MEG.

[00143] Catal ysts consisting of 300 ppm anti nony oxi de

and 127 ppm cobalt acetate tetrahydrate were added to

the initial charge of each batch. Tetranet hyl amoni um

hydr oxi de was added at 50 HpmrLt® suppress diethyl ene
gl ycol (DEG generation. The nononmers were esterified

[0%150]a b oAdditBe Q. %Arkdogt@m bstie) of aofitvetnvube ﬂement&opmljzrhbr memambzeﬂlyl
tngfellmii(fer HETQ '@? et Iﬁﬁtcﬁ ggncﬁéat%uﬁ@ Qfg&ﬁgepgreg gn a twg ﬁlteé gef,tgl], re?c]t]Oé

he pressure Was enre at hrosph

[O(ﬁ@ffpl eh 'p@xﬂcﬂir @sBas 4 &d’ﬁgltyfnglrhn& 'tl1e Batch q Qgpolf%&r wilke tpre?area by introducing

uring_whi inme a in co
a ?%zﬁsfe’aﬁeéldlYf‘rﬁéye&]@fh%mémﬂ@rffP eGHEER @@ption|a&mthecmmp[eammgtenﬁcanon The
HEF Hs@hh&ﬁ&rﬁrpkécphl@@ﬁ}l' @%olvidgeat REREYAEE, a"YaIS’1n§‘l\=,J pzitlg Sk ﬁng florBmer in

vac radual 'y over on€ hour I eve a
meRoRgy'e a%@%ﬂﬂ'n@/gq‘él fraboyt Righowr wdemnifrqgen. l\/bl t terrper ature
be ween 26 65C during the vacuum
[“"l\ﬁg@dg?é?m qﬂaé‘ﬁé]‘éh eﬁ&%ﬁéﬁﬁ%éﬂ?%@@%ﬁ@r% el Pofrmerized at about 290°C
anid tierBaas ddopdghdrBniet pednaized A but 28890C at | ess than

1.0 mm Hg vacuum These conditions achieved a target
[00483]t \Assg Osinpayativk Bxdnlyils, tlreeqalrmble 1R bf AbISCASid YselMRPrepare Batches 3

an? gt&ﬁg ?nég el?[oﬁ/ rr%r feve?s ellsr?;garge%s‘co he staﬁ,ﬁ? ???}é%)artl& vgeg%%gnlkﬁvts RPM
IOOMIt at]')%{chs.’:qgoz)gl esl-teg g%ﬂ?lnadeﬂ? (nP c&:ar}no]ho%grdsopg?n ad(if:%ﬁer PET process

ners est rinsic Vi scos
es‘i‘?ﬁﬁ“éﬂ?}é Foend epBSterephihalicas]ddTALmid 3d9.0 gieos trendegtyleha il $ah (MEG).
XE spectrophot ometer. Bul k polynmer thernmal properties
(0042 e Beishdsmealyesier rpidemadedipmiiidearanmprsiolug omavideduater PET process

ese@tiQfbIRLTY 3 ofdhR &fephfhANScld (PR) LARPEH Q‘%hﬁg ﬁloglc;l&;%leae glycol (MEG).

heating crystallization tenperature
[00@56}? st ad:z!tthl?@b deRdistinp of mébmtaﬁtﬁﬁ)&lry%hﬁé ﬁld(lﬁ%pﬁ’i@&%lt acetate tetrahydrate

I
o o G iy s it s

to mpyﬁisailéﬂhymta lgto] PR @Vgchdt@ion "ehd TA Im)iE@%reda@tteﬁﬁéH' &4 40 psig
at _co

or i B e ot Ao0"C e P it g 5 g of s packed
disgBat\@Dc AR/ 'ﬂmeﬁﬁr@@rs/ théS20¢dA0 A ShherTd¥BE fhe dorhyARIDE 8festerification
fo%bﬁf %r %aﬁ%@ %Cauné\é 8}’1&)19)[11116 B g{og il ??wgﬁ]e %perem%%l%t@ fompletlon
of g@rifigaton76 1.14 79.3 125.0 255.6 199.3 190.5 174.9

honopol ymer) Batch 2 (5 nol % HETI 0.592 2.49 76.98
[0045785 1@3/ tegghe@ad of estBali@tion 66.2 grpipg oDHAEBBnohohEdi8solved in 16 grams of

MEGQG to facilitate its introduction) was charged to each batch. The HETI monomer was heated to about
190°C prior to addition to the polymerization process to minimize loss of temperature in the polymer
process. The product was then subjected to a vacuum applied gradually over one hour to achieve a final
vacuum of less than 1 mm Hg. Melt temperature was maintained between 260-265°C during the vacuum

letdown sequence.

[00158] For the Batch 3 copolymers, polymerization temperature was increased and maintained at

about 290°C at less than 1 mm Hg vacuum.

[00159]  For the Batch 4 copolymers, polymerization temperature was increased and maintained at

about 280°C at less than 1 mm Hg vacuum.
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copol ynmer) [00146] The Batch 2 copol yner was
significantly nore yellow and dark relative to the
weavwsh727eont rol honopol yner. This i s indi cat edThg2d08003149
anor phous b* (HB) and anorphous L* (HL) dat a,
. respectively. The Batch 2 copolyester's inclusion of
HETI nononer slowed the onset of crystallization (as
[0014Qfi cafasdoth BatchesS andié p@mﬂaﬁfﬁfdoﬁfmdediﬁl@ir @a&esdt thelfiscosity was

ac%if%gerc]lt [lg F?Dar%& %&t&s‘é?@%kjﬁ% ge%?leédo‘(} he 1r§g %Bﬁ.lﬁéf:raglgg gﬁ%eatergqulred fora

m?tﬂredrsat%lnalntal@@wpmsm Riivregitioy speed. the Batch 2
gﬁol yester's inclusion of the HETI nonomer al so
[0016Y), o e Batchd apd Bajeh 4 qopelwners wereteirp dorarttuimsi \(1§EG§)ty,Qﬁol«§ ﬂ%?cent DEG,

anBabi6iusthg 2 FRBRITUBREL Y, ¥ Hipu 2.
et pol ymeri ze e%tggg[ 4tgllnestgflrr\s ?( {0l nal . n E’ﬁma pmpemes were

mVFLE%JO uﬁedtdffgareng%hs%aﬁm&g el Ghsopoliersenpddtee (Tg), heating
crﬁallczb)noa t@ﬁgﬂﬁiu}t@ﬂf w)Sandl B StAI s Iﬁelﬂ'ﬂg%ﬁﬁe% ergt%% r(’? %S(xﬁege delePined from

Secon C?asg ? nt.rinsic VISCOSIty IS
? FET% s ibe&f“iﬂrf% el adgarifl HAvRehipgt Choh!e cwefdlllzattuom below the melt
(Thhvitrdnmisbéa cuiiEg @i $010°CHhinTaBH BEncBIQN ot b bl
Batch 2 copol yner indicated that sone degree o
pol ymer chain branching S_present because
structurally branched pol typically exhibits a
hi gher nelt viscpsity than labﬁeam@mﬁyeat er mDSC (°C) Tee (°C)
Experi ence usSing vVarymhg | evets of hrancprgragemnts
(e.g., pentaerythttpmbgctp HIr:ont’ff“*ol tfHTe r dlcat iTonghifp | 10°C/min

DETWaRRL 3 NLTTNSTC visTosT ty—and—reht—wH-seosty—firthe
(59 @pdisier € onc Us| th Jranchln S present in
HE IPFB“B%?%W@UE%D Ié/est 292 25'159 bt |ﬁ6?ea§3e’d bPancihg 1722

CPRYSHEYTEFEFE Yl d i ncrepsed el t |viscoliti =s e en af
somsqutel’(4 | ower ilntrinsic Miscopities. [00149 hout

[
Biil/ s'&:ster}g at10n~an0{62par2t9d:)cu'8@§6 tla@@ry“dt k334 th‘ JI}.E”—O 164.5
cop p01 SRt gd drlop inf the Batch 2 clopol yest( S
intrinsic vi Qr‘n iTV was claused! by tthe prlesence of

speci es, which fornmed during
[00132{ er 1?61 }%aé{fﬁ Sy Rer A ByBisebiewbad theisaine Gpbmelhygswofity as the Batch 2

copblyenet ¢fl qoelphiativaH@Rpis L J4C&xTbRed dobhelviMt Bigh & IR c Jideodiss.
further believed that the high degree of yellownes

[00163)s s eWstbalit bying br&lnB&taﬁh ond tieRROlt Yﬁﬁzh@red washé giaded 1n¥:r %s1c viscosity of

f
RO N
111trP€I¢/"US§@Y)@ﬁ0@@Q¢@ by Holtidg ke RETI0QAIN0] uriidgnkiie lrl@sjs anh@ oint in the
t rcent ol yme
pol yt!glﬁ%g)(c%gg (EQ zﬁ@lte e]tlsn ?fl este%t{{:o Jtcr_ié-rﬁ?la)(uilg tBe lnggalf'%(ﬁl of the FHETT
MOIARCE Pt )hemm@letpqn@@ estegiicition srotluseek tb essulbll & adi®fomofed ring opening

0 imide s n en ars that less J d.h
f ﬂIiBeg?%lﬁmll C(%l gﬁ%‘r‘% ?@Jwe rq!é B? agsé gﬂg%lco ]r% g&%ﬁzmggn ocgurre% n

polyiesriziag theBa c?ﬂé(ﬁfol??Ql'B(ﬂ’?t@)Vxyet hyI tri rrel litimde (HETI)
001 lution after the conpletion of esterification. The
[ T MEHer dheaprparep mih e Satchy cetiolsask. vheriptchadtcofBPn@ B8GIark (ic.,

increasdd a]:ndﬂiﬂio&s I8 tah OsuBtankibily 1e THORREE. .| &creE@%&‘ %ﬁ&xgyéu? B8. Without being
b 19496 g 2 {)9 %bout one hour under nitrogen
ou any theory, it is believed thatf, as compared with the Batch 2 copolymer, the Batch 3

D

copolymer’s significant reduction in yellow coloration was a result of delaying the addition of HETI

until the completion of esterification.
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[00152] Batches 3 and 4 differed in that the Batch 3
copol ynmer was nelt polynerized at about 290C and the
weavwshv7az7eopol ymer was nelt pol ynerized at aboBCTA82605/003149
[00153] As in Conparative Exanple 1, the total nole
ratio of diol to diacid used to prepare Batches 3 and
4 was 1.15. Mononer |evels as charged to the start of
[00d6Tih batuttermvee, @s asnphuet Iwﬁwm'e Haf&ﬂl5éﬂtroBHdlﬁdpo@mer the Batch 3 copolyester’s

b s oo R Bl PR et el 50 gt of
Crll%aﬂqummif indicagi hj/ ﬂQeTﬁc)reaaqfdjT B 1% GegredBcfonoet hyl ene

% col (MEG. [00155] Batch 4 (copolyester imde nade
[00ApIm | Fereharingihe Heampieo) W@lmteaddee,oBa@pﬂat@nd BETh Hrsogeess that improved
co‘f‘o?'i:@rf Befg deRifel 8 }arrylng%ét I§el h@ée %ﬁﬁp!}z %&h&d "f)e[cﬂg)grfé%?) Indeed, the

. gral ns 1 onoet yco
Ba@%h "awglff@ere‘ahléh e ARyt R?fYHQO@dﬁ O3@tachiovey sleghilienpagved 4t over the

BAND &RB3hbr, ARk FhsSolydlefidlavdiate were added to the
initial charge of each batch. Tetranethyl anmoni um

[oongTlr oXiN@edhas ardidel@dutadkin® BouRR anE/ GnStUEY? I\/Eg' Q§§béﬁb\%ﬁ At 80 &mpared with

eneratlon The TA and
th%g%/tg}# fqgo% lred&%? [Xgl odzne% nggsaqdépyé]?deaéchtélecl%mr (fegrelated not only
to ﬂfe p@hwslﬁerlﬂﬁﬂﬁ ihgduttivn ohel HE TWbhitthsh €@sérehsigf thavadifolitedMtion
6Ca packed distillation colum. The pressure

ter\%eratf]rﬁ ?r educed to atnospheric for the conpletion of

eri [ e _ho bout
[00? |]C h L%ith(rirsgl%%a(?% %tglasotreﬁn 0% Frvec{J th%t e}ll t i eﬂﬁeﬁmqgﬁk&: S&%? éﬁducmg the
mephpteagiolyonrizatibn espentivfeifioat dbow 29(|§°010d Bhojut 280t @redtcheansmphous b* color

vaf"bfe PRk sﬁlgﬂgcc%kélggslter fde’ r&#@t‘ t%é%&{t E-Eall; monormer

di sso rain C|I|tate its

[00'1@] r oqif&atllkr Qa@):orﬂ}ﬁ?ed%t@rﬂg:@at&lq c@ﬂﬁh ha%p%pd L a(?_lﬁh c%polyester ]

nmononer was heated to about 190C prio
inglppion b FFTEppyoster Barepredelas éra%seﬁomtqwnﬁa@ée (Tokand glowed the onset of

crisQMDEAH R (W i8dikafedt ) SheRRIrMABRIT ., EHdQﬁ@r%a?sed %? Iﬁ'iﬁ?sdﬂé%ctvﬁécopolyesters of
t hen_ subjected to _a vacuum applied gradually over one

Badg 266 @ﬁ?év%hmeFﬁHWM3V§@Hﬁh1of | ess than 1 nm Hg.
Melt tenperature was nai ntai ned between 260-265C
during the vacuum | et dowmExsggusnce. [00158] For the
Batch 3 copol yners, polynerization tenperature was
[00iLHE r e &&¢ ahothedlongekilogran baich afta fivahmolgtpe2&0 Gbmtyniee&’shydththjd
tnﬁgi}lﬁ%%i:‘él slae i ﬁ[ tggtgigé]wa’s:g{eg&%glg @?\%chg ?teeg"%a?c %)ac% h parucular the HETI
Waﬁaii & thebpteitas aatﬁmakn@@@@gwericelsstmtenﬁcr tHe quinpletdgn of esterification.
vacuum 27 WD 2005/ 073272 PCT/ US2005/ 003149 [00160]
[00FB b dihs HEAT estre slimsniaixargisyrade Py prepasing e Sy efuef | monomer in

mdhBbthilede B cbiah@es) af el d5 Mh18£2088 bi MEVWRS HERCHH Y& Hs tfSturry to 195-200°C
noted, nelt viscosity was deternm ned via the increase

unlGy DSERIAL FRGSRIGHT RIFFUTP-eldich abicswiication Risdess Vg pysntaly removed from

a ﬂﬁ&teﬂ URtiMatidn €S, al"h% téﬁBMaﬁlgﬂ deae@t aReRF of hO8: i ion[d3Rimn indicated
3 and Bat ed for

rs e tes
thqt ﬁstt?r o Wap & §i- 31‘ he eé, t qlqgévﬁ\%f; ggl@'w }1%1fbprg%1p —=an esterified cyclic
imidsHgs aseliwithet fiathedpabiSesion. XE spect r ophot onet er . Bulk
pol ymer thermal properties were
[00172]  As in Comparative Example 1, the total mole ratio of diol to diacid used to prepare the

copolyester imide product was 1.15. Monomer levels as charged to the start of the batch were as

follows:
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measured by nodul ated differential scanning

calorinmetry. dass transition tenperature (TG,
waeeaisiosp72crystal | i zati on tenperature (TCH) an#CT/US2005/003149

crystalline nelting peak tenperature (TM were

determined from second cycle scans (after heating to

melt and rapidly quenching). Cooling crystallization

[O(IIGB]OW Biten ﬂ&bﬁolyeét?ﬁﬁl)de\hﬁae Q&B%H@s{éﬁﬁed@fm&%blﬁg al @k @ter PET process
s% %O) gsaDataare mTarlzdln Tabl e ow) .
Aléﬁ 5) T SB SRS ialr 2apdd) ey 3 écsra(u@)monmw@@gw (MEG).

ocd IV D Bat¢
Ty REP DS ekt et SRy = 1P o bincgat evabydrae
W@‘@ added o tﬁdlﬂﬁlaﬂ(ﬂla&@ 02hd Bifich? T2dahehylfidnodivnCGRRkME®Es added at 50 ppm to

~ARAR AL PG BALED oL TR AETL ORI i

andddegpepist obabpw 266 °Cdarttivo lhourszwph)feynmi omitgi'l’i‘ﬁﬂn thedp af a packed
d1§§1qgn c{ogﬁ)xﬁp 2[]he B-xlégmg%g m]er:f)’ reG R oya osphenc tfcﬁ %leéa?l@ﬁtz 103 of estenﬁcatlon

about the sane final nelt viscosi
fop esdroyinas pbagt 260y Whie @m@blemrolum topesaiyielitremdicated the
colpreBwN et sl Bh8En | Ntrinsic viscosity. [00163] Wthout
bei ng bound to any one theory, it is believed that the

[00178)1 OV @ghei dtefitiEhSibs aE/du§ﬁ93%hr§1§’ ofQfe af&r%en%@ﬁeﬁ RiEgT 959@9 11@’0%? mixture was

ranchi ng his re

di cat d ch
e e R e R e by s pior s i

thapdlyreat 2ekionyprateds &y ingnitd mbedthre A6ASHnt theQId1yMRE prbceis. m | der,
| ess acidic point in the polyester process (i.e.,

[00a7d]er Thalppidedit iwanthed sueﬁtted fofal va@funQpBplied DRk@Wiy Bgertoh’@hour to ach1eve a

G e a0 Tl SO gt 3 PGt 260 2652 curing e
vagwindleidp wmergeches. | Roiynepertion g:mpetfatuteh)@ls tifcten®l bid thaTht@i@ed at about 290°C at
les§ 'ﬂ{aﬁqtnﬂﬁ ﬁ vg&lgl%%(g%ﬁ{é% é/ t'ar t meﬁp \P secéasrus %h at

branchi ng Eoccurre A &0t %la ﬁv’f%cosny was determined
Vlactbb m%ﬂé@g gyrren{ 9Qirgd jor Mnoexo dle‘re to alsmtaormnmht RPMhgitd@ speed.
atch 2 copolyner, the Batch 3 copol yner |ess dark
IOOWI e. The Batch & senslymsrisesgertaddonintyingimdsossitysieln pérednt DEGEsE color using

a H/lﬁlltér]%ly 1abS&n; }(E(iﬁ&&%ﬁl%%%eéfr%ﬂpﬁcﬂﬁneg tl-)eﬁréa\%}og QHLs G ﬂgiaured by

to any theor is belleve S conp
m%ﬂ{ﬂﬁd st efmming E?E%W}ﬁffér Glegsemngaupmzrassp Gloy iesting crystallzation

telﬁpewﬂlhré (”IQ@)W bnd &ﬁt&@linb ﬁﬁlnh@ pééﬁ |ténﬂ3é&aﬁ194 g&?\%rg Hett\ﬁ@fﬁme@ from second cycle
di.tion unti |

sodoS TR oF el S SrT A QAT BaoNer UL PR the el (T was
deteifihddS2 O6Mhih §FABIF90°C/min. Data are summarized in Table 3 (below).

TABLE 3
LabScan XE Color mDSC (°C) Tee °C)
1%
v III;;:C; HL HA HB Tg Ten Tym 10°C/min
Batch 5
5 mol% pre-esterified HETI —
( add ed°lfost_esfe‘;‘ﬁ‘,lcaﬁon_ 0.614 | 239 | 8201 | 075 | 592 | 825 | 1325 | 2478 168.5

copolymer polymerized at 290°C)

[00178]  The Batch 5 copolymer of Example 3 was polymerized to about the same final melt viscosity
as the Batch 2 copolymer of Comparative Example 1, yet it possessed greater intrinsic viscosity than did

the Batch 2 copolymer. It is believed that this increased intrinsic viscosity indicates reduced chain

branching,
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[00165] Furthernore, as conpared with the Batch 1
control honopol yner, the Batch 3 copol yester's
wonaeisuwssom of HETI nononer increased gl ass traReTSLMS/003149
tenperature (TG and slowed the onset of
crystallization (as indicated by the increased TCH and
decreased Tcc) [00166] Conparing the Exanple 2
[ootpol Wﬁﬂio&tf ‘t&m(g ibownd, to B@tﬂﬁ.‘ebrﬁ gnaz[t& nﬁﬂhs@d'm&))s@'%g @&ﬁeﬁred 1tl)'ysﬁre-estenﬁrmg
e R el N S AT IR
& ;5‘8‘1‘1?/%8 it 4itn f B EngaraFeption *ﬁa@%lzaester process
(i. et hafer tBatoniplefion ofrstenfiation) Whs dikcuvas pﬂmbﬁslypﬁhsythﬁfghﬁﬁﬂ délkying HETI

ad§§81q1ed\.ﬁgcmc?dv I?rg gée%x%\%a g)gnué&ng&?evtrelme 1151?12 %E— the ~Batch

copol yner '[00167]
[OOMM e O%Tolvggle ‘ﬁ'a{c}ﬁ 9 U&pogﬁep&h}aggg ucﬁ;‘?ﬁé‘i?éﬁﬁ&” EIO{ C % o%ﬁced amorphous

b* d@ip@la?%ﬁs signffisantlydese dafk Geal, ir@xms@é smopbweEE edud)yis ¢ommpared with the
BaRRDLCBpohyr&OPRE YIRS, 1WBGich Sk -

“post bpeoi%lerl Fication IAtTo %gglgslt%g\ta%% r‘r}!tleyhbéy lﬁ%'ldwggbnon Splpd HETLat
thet%‘“d’éé%t%é@?tf?@ the melt polymerization tenperature by

f}ﬂ %&%68] In this regard, it. has been observed

(001834 | Ui faung i@y RR% beds g beliverddhitnes cqnengied vl the Batch 2

colioll'gener e dignﬂtbaﬁtemgrg{/éﬁiéﬁﬁh gzatdwcu&lomm) eftad Bz{t&l § 5@%&% related to (1)
re CcaQl or

e B TR 0 ap BTt 6T o -Gl gy g epre csorife

HETh it est¢rOR4i6A|wakcarmdldty, as conpared with the Batch 1
control honopol yrner, the Batch 4 copol yester's
(00183t | uShoBatcH 5 ¢dpdllyestp Alsnipyd iﬂnproVeelamexdr gbmS by conhied hh the Batch 1
l,0 aonset of
o GURELP A Spdie AR 1 Ol OB neitt it et e
horjenoksees sarbTedipxidd armichives aewpewtnt bethee agioppgey batrier wasadn percent better

int@@ﬁ&ﬁ?%%ﬁ) fxhibited simlar thermal characteristics.
00170] Yet another one kil ogram batch of a

[ooissye L, QseJoﬁ‘Eﬁ%d 9/919@1% Yo%k 1 chnh}ay $6h&Ythe Batch 5 copol ester’s
trinmellitimde (HETI) (i.e., ch 5) was prepared R
inclysion ot nre-pssrifisd FER! ngrgasedglass Frﬁlsﬁ’é?ﬁ tampgiaire (Teyaad pleed the onset of
cry!ﬂ@lﬁza?@ldﬁl ed idd@afc By R teRaRE Ta; K @e&é‘a&e%ﬁ'c%)' enRlsJORBEd Spolyesters of
ure aft r. the conpl etion of esterification.
Ba‘%?ﬁfﬂ‘]”(hﬁﬁ ety teopdd chaictsgisifer i xture was nmade by
preparing a slurry of HETI nononer in nonoethyl ene
glycol (MEG at a 1.05 noEeavmkedo of MEG to HETI and
heating this slurry to 195-200C under nitrogen at
[00%88hos pmmwcz priegsstha furtiét celor ingmovesite carf hezaliewn by reducing the

Lo ' I
oG SN LOUALLY LIRNRO, L AT RRAEKS By ot e mot
pert:@pcqpfvlymhleofdw@pxyethak trigllitoida GAETIh ehscraeredtd it dvagrdance with Example 3,
alb&%ﬁﬂ!“fo sf%%ﬂc% Rs..6enpl ete. Thereafter, the clear,

I'i ght yel ['iqurd product an esterlfled cyclic

[00188] deFmsn Bsedst W MOABTT didf §ildBhetikiufd FRBLIRE. thd ﬁ@ﬂ{%%kr oligomer
arative Exanple 1, the total nole ratio of

Col
m“ﬂl‘f‘ré o Begef) wesirende Seprepsgngf EpaY %f Hifld in ¢eyppsrpisspsent moppegiylene glycol
(MBGPEUSincd@sngkheliBole MAO equGIt@MEmo ag). Cﬁl@ﬂcﬁﬁ’&m e it @ HETI ester
start.of the batchwg a$ 8 ovs:
ohgomer mixture was further isolated to yield a solid esteritied 1m1de product that was purer than the
liquid ester product employed in Example 3 (i.e., Batch 5). In particular, the solid esterified imide of

Batch 6 was precipitated from the HETI ester oligomer mixture.

[00186]  Second, like the Batch 5 copolymer of Example 3, the Batch 6 copolymer was a copolyester

imide made from pre-esterified imide monomer that was introduced to the batch after esterification.
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WD 2005/ 073272 PCT/ US2005/ 003149 [00173] Batch 5
(copol yester imde made frompre-esterified imde
woumsres27added after PET process esterificati 8a)Y/us2005/003149
818.3 grans terephthalic acid (TA) and 336.3 grans
nmonoet hyl ene gl ycol (MEG. [00174] Catalysts
consi sting of 300 ppm anti nony oxi de and 127 ppm
Wagrszs the Bateh Sagopolymernrveds polymenized wisbent a@m’@dhd\mavetrhﬁe BaiéH 6 @lpolymer was

pdiR- 861 Ahivdubsobat ch. Tet ranmet hyl ammoni um hydr oxi de was
added at 50 ppmto suppress diethylene glycol (DEG)

[O(QST]G rafd i@@om-'p—ﬁlﬁtw%xﬁrﬂ Ge VER Wal So€ §Jtlg r Ihble[g S%ggg ed to Rrepare the

OE g pressure and a tenperature of

Blirster PP dichas L oy Meewer levelsis Ph@&eﬂ @ﬁhQﬁar‘aofrb@dmeu were as
fotlbwd: i | 1 ati on col um. The pressure was then reduced to

at nospheric for the conpletion of esterification for

[00888] haButchat (caobiter 2D matkt b Gre\WkeG ik dtiin {8 nRnSh® Rddell after PET process

d | f
~Edralpi gggfggen‘?er atﬁ%@ 4 4@35 B P S e eR e g o @ SVEG).
[00g§§mS Rt dtaaeclr LaRaL 111 ’P%b (ng,\g%eSt er ol igomer

ture was arge The HETI ester
ol i gomer m'xture vvas heated to 190-200C prior to its
addition to the polyrrerlzéliél_om_process to mnlmze

N1 701

tenperature tosg I m e porynrg 1 CACE The -
wna t hor cllh ectod ‘_n igcziﬁ)[aﬁ(\:cﬁ?}?a IIP ch(dj TCC(C)

adiet
'JI uuuul. VWS C T1ICTT YUt

10
gradual Iy over oné&v hp °é’o aghi pya g He naITGvacmym Ofy | 10°C/min
l ess—than 1.0 mp Hg MBI t enper at urle wasl mai nt ai ned

5 mh8 Yé&ééi 2697,265C dur) ng the vacuum|l etdgwn sequer|ce.
(ggﬁ%atp@gttmgrgzaa&gon te&ﬁéera@-@re W08 | A6 eased |ased | 138.6 | 2482 1755

copolyneet wtyabria@clt 2arC)abhout 290C | ess than 1 [mm Hg vaquum
to achieve a target nett viscos' ty—-As—heted——meht

[001’9(}? co ilﬁ%amés A gt]@d&(ﬁ@ é&e%bltsvguﬂﬂatr l&l%n{l)zﬁ) erro%et:r 1&%1&%%3%%‘5 %ﬁm)pressmn of

(%Ul red for a nbtor rrve const
cryé@} ]tzéﬁoél(asélﬁﬁé‘@@d by 6@ ikTdasciien Badsér eﬁed:ﬁpb ingreesed whass transition

tenhREnBE (1 fand %ﬁﬂc@@ha‘?ﬂéf 'pﬁ)‘ﬁ&ﬁést Wltﬂ@é)%m%%g&%% %ngﬁ)ce;bngt {ei]l%s suggests that

coI or u&qr;g Hunt er Lab” LabScan ectrop
it igle Rrepaes M cor R FRan offhefiarltireare then de Hmingwi duintyduction—that may be

detBiﬁhﬂhdﬁ&E%ﬂhEHsﬁe@ﬁBﬁﬁEétﬁénﬁ%ﬁ&ﬁ%ﬁi@g calorinmetry. dass
transition tenperature (TA heating crystallization

[0019&]rpe Tt Biteh € dfpblymeddnd t&Béﬁ:hﬁ'cbﬂ)dﬂ}%stEEB\béré £48h P&ﬁhenlzed at the same melt

tu wer e rom second
e R B b e RS o Tl Pt Bpyetrem g § copolymer,
whiShetak mgdlﬁegl’@iﬂﬁﬂ)rle-leﬂaiﬂeﬁ BLETE [possess ey gl chntly Befe: cMBSthan that of the Batch

4"?;"?1‘%3? D P ol hrl%%%&“\%f}i dH%%é%uz 3 EgtbgchGXE
1 % e P e

sange. JHaigpivGthsigndis;, the BatcBP c@pOIIyBIér, ShiH WaSpdlﬁBerﬁed @adsiEd, exhibited
mgﬂﬁ@z;nﬂg %d@é'eli fyélfb%is@ Bs cd (ﬁ%@{%h Vit 'Eha?&'s__%égggﬁ F%&lgB copcl)ymer which was
PO%@F%% A 2?@@ tledead @GBMP}WE 1éaﬂpe Bhich ébombmter mhsb@@rtﬁht Jeast yellow
coloration.
[00193]  Accordingly, and without being bound to any one theory, it is believed that, as compared to
the Batch 2 copolymer of Comparative Example 1, the superior reduction in yellow coloration in the

Batch 6 copolymer was related to (1) the HETI pre-esterification, including its use of a purer form of the
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as the Batch 2 copol yner of Conparative Exanple 1, yet
it possessed greater intrinsic viscosity than did the
weavasi727eopol yner. It is believed that this | RCTAEE3®A003149
intrinsic viscosity indicates reduced chain
branchi ng. 30 WO 2005/ 073272 PCT/ US2005/ 003149
}{00179 Wt hout being bound to any theory, greater
HTH esters (28 thgipeteserificatipmadditon efied BN epereadsd)ekd T0§¢ R@uction in melt

pbg@wkﬁﬂ$nﬁgggg§& and delaying its addition to a
| der, less acidic condition in the polyester process

[0()19419 hﬁ;ﬁe{rﬁ’crulatﬂ heis %ﬁ@?llt %Eﬂ Lgfﬁg Qﬁulg & Ht%] ﬁ‘[ﬁg ?aghnﬂlA?q_'E;Hlesnable color

b % ﬁg ﬁg pr.evi ously,

ENo o1 fa@é}@&’é%dth%@ioél%%?ﬁém qurﬁgd opeetiyhape osfrephihelate polymers having
oﬁtﬁﬂaﬁﬂﬁhé doldr Eﬁoﬂ@ftl&t rAd@bidd Erevﬁﬁ)s@};l- 8ks MY 8QUELs th'cl:t ?ﬁplgﬁng an imide/diol
nmh‘ﬁ@ Y %ﬁ Bbted much | ess ¥e||OM/CO

a ?:\[E&?F (B& 3h9piled o) aad theteefiet fspletangtang purifying the
edteded dyplik ufnlde ’ﬁefore hﬂﬁx@ﬂl&ﬁ%ﬁﬁnﬁémﬂét}@t‘l@leﬂe ter\éﬁltﬁﬁ?d)ce ﬁ&ursors brings about

%9{5? %{ gaetter C Batt@ qy not ed

ably. 9 ogl%rg]eeétlles FF&‘H%%‘?“ eﬁl@ng}gzg @plﬁ@hylene terephthalate polymers.

non- esterlfled HETI at th start of esterification.
100181] W thout being bound to any one theory, it is

] ev t hat. dwth {he Batch 2
[0(2%% ol y ﬁ‘lqhe Sptecﬁﬂcai?‘b ?ﬂprqjﬁeéﬁllodlln}?ﬁqs S{ﬁéﬁ@ﬁﬁnﬁ%h%% b¢egdisclosed. Specific
terrod }@wabqeg nsedfonltylmvBa Batddand deppilvy s@ke, Wabnof £k BirBéked & linkthtion. The

H f t f1ed |
B B 0 OB B RS e or e eter 11 o

HETI untll esterlflcatlon was conplete. [00182] The
Batch 5 copol yester al so had inproved barrier
properties as conpared with the Batch 1 honopol yner
of Conparative Exanple 1. In particular, as conpared
with the Batch 1 control honopol yner, carbon di oxi de
barri er was seven percent better and oxygen barrier
was ten percent better in the Batch 5 copol yester.
[00183] Finally, as conpared with the Batch 1 contro
honopol yner, the Batch 5 copolyester's inclusion of
pre-esterified HETI increased glass transition
tenperature (Tc) and slowed the onset of
crystallization (as indicated by the increased TCH and
decreased Tcc). In this respect, the copol yesters of
Batches 2-5 exhibited simlar thermal characteristics.
EXAMPLE 4 100184] Exanple 2 indicates that further

col or inprovenent can be achi eved by reducing the
tenperature of nelt phase pol ynerization. Accordingly,
yet another batch (i. e., Batch 6) of a five nole
percent copol yner of hydroxyethyl trinellitimde
(HETI) was prepared in accordance with Exanple 3,
albeit with two significant differences. [001851
First, in contrast to the HETI ester oligoner mxture
of Batch 5, the HETI ester oligoner mxture of Batch
6 was made by preparing a slurry of HETI in a greater
excess of nonoet hyl ene gl yco
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(MEG (i.e., increasing the nole ratio of MEG to HETI

to 2:1). In addition, the liquid HETI ester oligoner
wuoibsaszmas further isolated to yield a solidpcT/us2005/003149

esterified i mde product that was purer than the

liquid ester product enployed in Exanple 3 (i.e.,

Batch 5). In particular, the solid esterified i mde of

.Batch 6 was precipitated fromthe HETI ester oligoner

m xture. [00186] Second, |ike the Batch 5 copol ynmer of

Exanple 3, the Batch 6 copolysmes was a copol yester

imde nade frompre-esterified i mde nononer that was

' ntf%qh@ﬁqfér%ahﬁ%% Et&]}esﬁlf Eo nﬁ%e” fication. 31 WO

2005/ 073272 PCT/ US2005/ 003149 Whereas the Batch 5

c opBESH R profatése hststopyels lill’z‘@dndaﬂ‘ﬂ}@bfé frmpocrsteriffpd wiolie fmide; he

Batredutif CioRsHameS comBhent Rl Ay EdrgRkbneb R QU e @B terephthalate
pre‘.l;ugsg]'s?] As in Conparative Exanple 1, the total nole

b of diol to diacid used to prepare the

co peﬂrgﬂem&the prevestieifipt @dircmidpame the tolyethillreosrephthhlete elegirsas to yield

@éjlﬁ&ﬂﬁeg pBI?etﬁ}l']e%e %Fe%ﬁtﬁala@é prbdifoRahgh were as  foll ows:
OOlg@{méBatc (copol yester imde nmade from

pr 088 TRTTE LT S S HEraRha lepEsruPETVigode@depsation to form
imid&shet fict ipcladthyoany terepBilBatSpofi@nis t er epht hal i c acid (TA)

and 336. 3 grans nonoet hyl ene glycol (MEG. [00189]

Test data are summarized in Table 4 (below). TABLE 4

LascametiE acesrdins tanER@: {; Gherdie the 61€)) of r¢autinDWBNADEG: i caporRB and a diol

compenc 5 1 an 1 1 % T SIng mos
FnehiGomEM &&Qtﬁ?gi_ﬁl g,g&lg&éga Ieafzet mvdzf s %m@&st@mlpu%qt dollising mostly

tereﬁ%éﬂa%cﬁaé’fi (lgﬁd&l PETPE CBWPHSE]@WFVWIGW Xferi zed at
280C) [00190] Like Batches 2-5, Batch 6 exhibits

S' r@ lA%etﬂJ&%E&PAmgQS ERf } 'wﬁég%ﬂhte?re &?t%rﬁ%? C 1(9 1m§ el 1ntr gsc.?%qto the

crystallizathion i NCT ease
POI}&%“%F@@F@&@@E? PTRSRyOrs “ﬁ%%té%@@ﬁﬁ@tl%lgsactl@any tion
tenperature (TC), and enhanced barrier properties.
ests t hat

Wt h ut t heory, IS
T s sr e ideCiahy. SRR RE o P R et e
pol}tethalnnettbraohthamemgecmﬁora after thaxtompleirmtol thi estnifitatiomuygipeion.
determinative with respect to these thernal
pr opert| es. [00191%: The Batch 6 copol yner and the '
Bat’c 4 Behad gencifineetlaifih #hesi fhe pen §f epting a isrophthal#iecomaepsnt and a diol
coniii&ieht coipitpeeating i@ a (rhns&tenﬁ&ﬁ&ﬁ):aﬁﬁ@l (@Q@dﬁ&pbﬁlhﬁe &¥Bachd cBdprising
ess e Batc
o eI Sl oREOT 05 Gl PR SRR 8 L s s e

si gni f| cant |y better color than that of the Batch 4
COROIAVH® od a¥3tdETR tV\BSi D FhdrdiShle We-tegerﬂi@@cﬁﬁct i de s i@ duced into the

polyetll:Tylene terephthalate precursors after the initiation of the transesterification reaction.

7. A method according to Claim 5, wherein the pre-esterified cyclic imide is introduced into the

polyethylene terephthalate precursors after the completion of the transesterification reaction.

8. A method according to Claim 1, wherein the step of introducing the pre-esterified cyclic imide
into the polyethylene terephthalate precursors comprises initiating a reaction between the pre-esterified
cyclic imide and the polyethylene terephthalate precursors when the polyethylene terephthalate precursors

have a carboxyl end group concentration of less than about 500 microequivalents per gram.
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[00192] Simlarly, the intrinsic viscosities of the

Batch 5 and Batch 6 copol yners were essentially the
woeanss/73fvat notw t hst andi ng, the Batch 6 copol YO®rs2005/003149

whi ch was pol ynerized at 280C, exhibited

significantly reduced yel |l owness as conpared wi th that

possessed by the Batch 5 copol yner, which was

pol ynmeri zed at 290C. | ndeed, of Batches 1-6, the Batch

6 copolynmer exhibited the | east yellow coloration.

[00193] Accordingly, and w thout being bound to any

oned-t hagthyd aceerdipgtol§ddith é\vedretniiset step aincalingiay thepré-aterififiyclic imide

intd3BE Sdlyethy PR MIENateQrec N O@E@Meylﬁmmqpéa&oﬁ 'bet&r&:ﬁ thé gre—ehtenﬁed

erior reductionin | ow coloration In
cycé g%ﬂ,ecﬁ%%pomléqung Cgfp}g%alq.ted)ricil)sorf Feentjpplyethylene terephthalate precursors
havpreaesieddgier ool yaRsizatithHetsdem@odt Lendi®e of a purer form
of the 32 WD 2005/ 073272 PCT/ US2005/ 003149 HETI
ester; %the ost-esterification addition of the
HETIO. eAslpg od agge 1= 23y Clefiel, phetein thd step Pfomrodyvinggepre-esterified cyclic imide

intqoad p’dﬂ%ﬂﬂyﬁ:ﬁé thIﬁ}Salitﬂaﬁgﬁﬁefc@EdﬂJ c%mprﬁsgpr%%ﬁ%gs tthg rr? ?slrfégg%ﬁ{c imidb and the
pd%‘%fyiﬁ“% gg%h%aﬁ%%gﬁu?% ?téesﬁg‘f‘rba‘li ut EZ)OdF es, thereby

facilitating the production of imde-nodified

pol e tMétﬁd’&%cJoFﬁr%QD&ﬁﬁl fi(vﬁergg h%\sntg;; & reagtmﬁr %matlc heﬁerocych(i imide and

out standi n ropert
polypl gonpaissy f‘iﬁb“é’érﬂ& élamt %‘tsp}@ﬁfwré%?‘i‘fﬁ gpddess ther abeyt atpoacr armncaheterocychc
imiethé@mef an@ boll® @SbrnBOME-esleriBed Sel@-imid@bout 1: 5 or 1:10),

and thereafter isolating and purifying the esterified

cyclic imde before introducing it into the

pol WetthysteadacqomiingphClhial laveerpn e siesdrasting miomg® hatlotklic imide and
polﬁ‘ﬂ’ EUH%'S@%‘EMMQ? Lﬁr@&ucﬁ? Lrgﬁlatﬁ thc%&Llﬁc%ﬁude tJ &@ess&ﬁé‘tﬁ iE L glgighiometric

ners.

é hyl ene terephthalate p
mOI[aUGti‘Q‘BQfHFaﬁ“’(bH‘glé)Bé ?fication, typical enbodi nents of

the invention have been di scl osed. Specific terns

22:’11;%6 Qxegcgh ldségcgrd? t(y C1a1m1 wgerem {he %tep or}treagmg%r%m%ﬁgeterg%@bcelmlde and
polysf furthes CPIHR}E?FtlffO@ﬁng tbeyeﬁstffm@pct ¢yclioimidae f ol | owi ng cl ai ns.

33 WD 2005/ 073272 PCT/ US2005/ 003149 CLAIMS 1. A

net.ho maki n ester .resin, conprising:

realg't %ﬁ@eﬂ%ﬂdé?ﬁg "gt‘ﬁ@?é‘r ¥ EH ¥ c i mi de and pol yol to

f orthe yepef esdtieg arbmmt hetyrodyiclic imive @@t polyblea th Big-e@erified cyclic imide

conipﬁ egmaﬁ!agene i epﬁ&ﬁmfn d%gﬁlmg) i8S QIRANEN pto%y 50 form

recursors, éIUCI ng
t h ethp pten @”é?@lé(m?rfm@dhecv@r: medifipd Relyotiriens tarepbthget yredusgrs sine

pol}tc&{cﬁﬁbbﬁdﬁ&blﬂﬁlﬁeﬁogﬁidﬁﬁﬁ tBe iln@e Y oRifidd pdlf&hﬁl@ﬁe@@ﬂhfhhl@tg precursors via melt
re

phage &O%s’ﬁ%l?%f?%ﬁg to, fﬁjen 191%( &xg)d%ﬁcgﬁuo?yet 1&1316&fr§p§{}ﬁbtle 8?.}%mers that, as measured on a
colqrfelr-é phitakialpesses pravmphesbs calirazipodiyesotdensati on to form
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i m de-nodi fied pol yethylene terephthal ate polynmers. 10
2. A nethod according to Claim1l, wherein the step of
woeaedi78g2a t er epht hal ate conponent and a di ol PCT/US2005/003149

conmponent conprises reacting in an esterification
reaction (i) a terephthal ate conponent conpri sing
nostly terephthalic acid and (ii) a diol conponent
conprising nDstIy et hyl ene glycol. 15 3. A nethod
acc t the pre-esterified

?IC |n1d9mrmﬁnﬁp Xﬁ%@%dncﬁﬁ%“Pﬁe pol yet hyl ene
t e r eplatied regconheneen stoeshitglareicogpontne andsitdt ¢ofriposht; on
I eaflrbRing fre-cerdTRE mgje t@ gl% 0L SHoR Getdin Ho @éréﬁht?ralat%ﬁ%gﬂeﬂt aﬁd the diol

the pre-esterifie I mde Is introduced
cmBQﬂnVE by stieckihe H’Paﬁlﬁlil %tft“é“dﬁ radifisdghyethyeoe ésephifgate precursors; and
conpdiphdriging Gk ithikemedfiemblyétbydnt @feplitRddid pr&irsord Ya PolycOndensation to form

e e P e OTonE Bt ' di o

conmponent conprises reacting in a transesterification
reagd.| }Qfﬂet(ld)d) ac@rdi@ @ PRl 8, ¥h&eif ARGNE Eﬁnaﬁl%'m@c%nrbgtween a

ter%g%ﬁg% &34pP 08682%19 iatgel:]cd)%%qf?t: csltngrts%;}?aé% %Wétsqlﬁcat% Y%CUOA a diacid

commphémo thataomprisel tagpttialiCGlcal aml Hdiobuepoaem thhtvemprises ethylene glycol to form
e o L DA R, Sl MUEERAE) d eyt iy
amfﬂﬁ@?%WﬂBﬁ”@ﬁﬁ?ﬁe transesterlflcatlon reaction. 7. A

met hod according to Claim5, wherein the

Pl JecHor asceaiiin b [ Bhapda P B el famie s iroduced o
the @ﬁfmﬁcmorl onctioh, thdi@rbpwaﬂ@@slue ranfengaion ofthy e@dficaibum. rea@®ns less than
aboflt B ELRQELRCAQETNFart.0 C @i m 1, wherein the step of

i ntroducing the pre- esterlfled cyclic imde into the

pol yet hyl ene terephthal ate precursors conprises

i ni t8. at m@odaccroaamgttd) Ohinb e wiedin thdr@epif entﬁsdgarréatdmacd;etween a

teregytﬁ:llétg COr (S)geg a%@ g dlhlhc%mg e1¥tecit;>] yﬁ/r!seesrr]eeaftgnl?grme eﬁiicaﬁseater% cgnon reaction a diester

recurso ene e
conﬁﬂoé%lh‘ih%tGP@PﬂSFﬁa‘lyféeﬂaﬂ @@Plﬁhﬁ@? ang p diolpowngren rcwemprisat étoteneglycol to
forrh ﬁﬁﬁorﬁéﬂﬁcﬁ” (811 thy1 20 niNhIGE 6T tﬂﬁ@h? R eSterRRdifHs 3HY (i3 4n e glycol and,

t (gq %%'PCT/US 005/ 003149 . A met hod accof ding
OpPﬁi i M° “Wherein the step of |ntrodu0|ng t he
pre-esterified cyclic i2nide into the pol yethyl ene

ter &P D\t IQQIE ta@cogﬁn%qkﬁ&lﬁg{l% ‘996%?1{ th?}?@ dgté?lk'gd ?ﬁde nsQnt%g uced at éhe initiation

reacti on between re-esteril
of thevgactien Spetery h@ﬁ@pht@flﬂéﬁpq?mﬁmeata@d the @@G?@W@“ when t he

pol yet hyl ene terephthal ate precursors 5 have an

ave e ee of | ynerizat i n bet wee a

o2 G e L By LT B o e e
initgtiepf dF reapiton betwesnig t¢répbthplpte cagtormt 4nd éd dioy@hipenentmi de

into the pol yethyl ene terephthal ate precursors

conprises reacting the pre-esterified cyclic iinide

and the polyethylene terephthalate precursors at |ess

t han about 270C. 10
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11. A nmethod according to Claim1, wherein the step of

reacting aromatic heterocyclic i mde and polyol
WwOoQUI(78E3 reacting, at about atnospheric presggrasandoo3149

| ess than about 200C, aromatic heterocyclic imde

nononer and polyol to formthe pre-esterified cyclic

imde. 15 12. A nethod according to Claim1l, wherein

the step of reacting aronatic het erocyclic i m de and

C r ntroducrng aromatic
R LA R
s t mactmg @map¢phihglate myﬂlpanenr atlip dlot)cromaonetlteaﬁtm erdbysthylene terephthalate

lﬁﬂ%ﬁ& 1.05. 13. A nethod according to Claim1l, mhereln
e 'step of reactlng aromatic heterocyclic |n1 e and
20 2fBfpdriigign pbsreacBapdeieess rerhihiesytropent and a dio componet,
mtrdﬂﬁ@ugﬁﬁltcﬁ fded ﬂheﬁblﬁ)lﬁflehecteﬂepﬂt}dﬁte pledursofs; ireit hod according to
he lpglp/merim %r]tgylene ?eaepht%ﬁatg %re{u?s@% tallldq;ge i %%)elsr?o]pdenﬁmon to form

oeyel |c B orm pre-es
inmbymﬂﬁ@dpﬂmﬂekncemﬁﬁm§@§0Weact|ng hydr oxyet hyl
trinmellitimde (HETI) nmonomer mrth.excess pol yol ; and
Sgl 2%2? H%S;%hgﬁ %cc?rgflgﬁﬁfe 2@\731%1‘6512%&%651 8&%309?%? terep%qtalate component and a
diol pa@hppaen clemnsisds rrting dMpIrebtaEBatipo kepeten (izd diagiddamponent comprising mostly
tercg/h%agc ac a(t:ul Qﬂ § glOPC% %CH% %%oﬁ%th?l?xl;eagtl}%olgg 3 ey Eﬁﬂﬁﬁlene
ase con ion'to
tﬁﬂﬂﬁﬁ&@¥hﬁ@$¢$ed polyethylene t er epht hal ate pol yners
that, as neasured on a colorant-free basis, possess

o BB SESLS e G S A BB s

diolrarhonent parlpyies rerting @54 transestonffisrtion rqagion {fhd di¢ster qmpporzent comprising mostly
dimgtﬁﬁl ?e'ré Rtﬂalptg Elmz%rh dbl Ecﬁﬁp%%t &)ﬁ'lp% rﬁ:&ﬁ@&ﬂ}?&ﬂé gl?c%fjto @orlq 'lelyethylene

CO ﬁent I ntr'oduci ng pre- esterlfled imde to
terep {NFTUBEE ween t he t er epht hal at e conponent and the

di ol conponent to thereby effect the formation of

I m geA%egv%ggrgﬁtﬁyﬁﬁm 1 Wr]:l reln Igc%rllp%:sﬁ% reﬁtg ee?} g‘&&e

terephthaIate precursors V|a polycondensatlon to form
I m 4 eAeréq{oﬁ lcl&grdﬂg oya%r Uf)’d‘lﬁfﬂ? 18RRI AHFis PN HETIaS a continuous
. A method according to Caim15, wherein the step
Pm%ﬁslnltlatlng a reaction between a terephthal ate
conponent and a diol conponent conprises reacting in
steri.fi.cation. rea ¥ gg@ %g@h ith
o oty SRRCRT o Ay P 2 A ong IR B bR ctcr e
semccxmpmosmocetsmilseﬂvetdgpty@@ﬁ to form nononers and
oligoiners of (i) terephthalic acid and, optionaIIy,

di acid nodifiers, and yl.ene

0 pt%70f%‘6{1lqt}§?d a@Prg ng gy P{@?%j ?—112 wh’&re%]%ﬁg reac 61% romatuf‘ heterocyclic
imuﬁ agaﬂ polskb canrdnears @datting afombitiveheteionmlit il:redemroeore@ mererxtqssamlyol ina
stoi!:hrlrc])nge%icln‘?'olz{r?ah gszH egsq aﬁo@tt 1: 5'5 the esterification

reaction, 8 car oxyl ‘end group concentration of the

esterification reaction is |ess than about 500

M CA30 A0k MA |a&61tdfng Redny 9f @Alns 1814, vﬁlefmithﬁbﬁ:p ateaxiod dignatioheterocyclic
nitiati n

1mlgea?9\éré¥9 3omprlses ?el;agtmtg rfll%lna’acetl%terocyclhc IntideHionOder 3nd p%%l%f 111 Hexcess

stoichiometric molar ratio of at least about 1:5, and thereafter isolating the pre-esterified cyclic imide.
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t erepht hal ate conponent and a di ol conponent conprises

reacting in a transesterification reaction a diester
woQoesmypopent that conprises di nethyl terepht hacats2@s003149

a di ol conponent that conprises ethylene glycol to

form nononers of (i) dinmethyl terephthal ate and,

optionally, diester nodifiers, and (ii) ethylene

gl ycol and, optionally, diol nodifiers. 19. A nethod

acc % dA ngthrgdoacgrcﬁﬁg% ;ng"‘: of %sell 94 (Nﬂ%elﬁ) {hee st%gotf ?e;agzt{nﬁ gromahc heterocyclic

imde Is I ntroduced e
imjde apdipplyel °B@frWéSéﬁaCFIPﬁ@rQn@%kﬂﬁﬂrm¢lm@d@wﬂmn ermtorgprdiyotsteving the
chéhiel foﬁ:ﬁlﬂ@l@f{@HL; whifbin s R84 O eiacLordj, Rg, 69 (@) emyil-ébsututed aryl, or a
|f|ed imde is infroduced afte
%% eaction between the
t erepht hal at e conponent and the di ol conponent. 36 WO
2 OO% Wdhsa aegcﬁﬁﬁg Qx%f @Qi%'s‘llgﬂ %ﬂ'erelﬁbthgﬁ‘&l% 1§ja Ieﬁlt} tirvmclff L A httitic acid
ol yester resin, conprising: réacting a tere Hal ate
Or%l jBrn@hydridhid a di ol component to fornrpolyethylene
terephthal ate precursors after the initiation of the

reagtion betve g rer t e_conpone
co m%lt) ne nftﬁ% aécor n’% ?ngfsﬁr %‘ewr%‘% f e ef)%ar ‘{}BYW ‘gﬁgomelhm
aM#@nEphEﬁa¢@wéprecursors and pol yneri zing the
pol yet hyl ene terephthal ate precursors and the imde
vi a_pol ycondensation to form _imde-nodified
pol %t"h%?ﬂé‘iﬁlém‘i"é‘%%ﬁ i af Gleigs Jojdy heredn thoimidess ghetivpgie of benzophenone
tetraboxyiic agd drdeiZopteion? ketracafdety@it Biadhi@isst ep of reacting a
terephthalate conmponent and a 10 diol conponent
ngrlses reacting in an esterification reaction (i) a
I a

3 o wkpderreriingcomyof Slhimy lnds vheyein theimidetit 4viativagveas naphthalene
tetr@dﬁﬂm}(}‘hb )tm@or‘ithﬂllthaﬁ:m@aﬁﬁﬁkylmmfdﬁli@ g nostly ethylene
gl ycol to form pol yethyl ene terephthal ate precursors.
23. A nmethod according to Caim?2l1l, wherein the step
of Heachiting aecotdbizephiyhatiais 1ciaEpoRed)whared tha stepld rélbidk a
tere?ﬁ%ﬁ@c%% § trmﬁ !1 §1glsco{n?(§1%1§t ch%] ls& r%cttmr %Qesrg ﬁﬁu‘ﬁ{té g&n{%?ﬁent and a diol

eact | on
COTRPOpRBt ‘Fl??rmtp @}?ﬁﬂ?flﬁ ﬁr%’b@alﬁﬁﬂe‘(urspl)s ﬂat ﬁm% ItO lmﬁémmn have at Ieast some
conis B nShisti @i ORIt leds tih BYdueIbEn @ YeeRht cbifonb & RRALYAL hyl ene
terephthal ate precursors. 24. A nmethod according to
Claim21l, wherein the imde conprises pre-esterified
i miPeA mezl®>d25:ordihgmeztnbr ofiClaios b+ ldiond—24) waayin b st @rdaiing a
tere%ﬁtgﬁate éMHESrﬁ-hﬂn@Q&gl c%!nﬁcrﬁeﬂt o {srgs(?éa %a@e‘?’eg?th%%géog@&f}i‘tfﬂd a diol

process. 26. accor
conrmléﬁnbtr* @r@ﬁ@yarylwﬁ reéepétr%ﬁ%mworﬁ éhar arqﬁ@dmélp fRdificaien, have between
abodi® R N0 m6E1O PdrécitOSnddcOa08%utiof. as a batch process. 27.
A met hod according to any of Clains 1-14, wherein the

step of reacting aromatic heterocyclic
36. A method according to any of Claims 1-24, wherein the imide introduction step comprises

ml%lgﬁre there%f %nla gsi_hgrglﬁ n 6?5 sr

initiating a reaction between the imide and polyethylene terephthalate precursors when the polyethylene
terephthalate precursors have a carboxyl end group concentration of less than about 400 microequivalents per

gram.
37. A method according to any of Claims 1-24, wherein the imide introduction step comprises

initiating a reaction between the imide and polyethylene terephthalate precursors when the polyethylene

terephthalate precursors have an average degree of polymerization between about 3 and 6.
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i mde and pol yol conprises reacting aromatic

heterocyclic im de nononmer and excess polyol in a
wetoésahooetric nolar ratio of at | east about Pc2wUs305/003149

28. A nethod according to any of Clains 1-14, wherein

the step of reacting aromatic heterocyclic imde and

pol yol conprises reacting aromati c heterocyclic imde

nmononer and polyol in an excess stoichiometric nolar

ratio of at |east about 1:5, and thereafter isolating

the pre-esterified cyclic imde. 37 WO 2005/ 073272

PCT?S2065/d0031ddg: to 29 of Rlaimstlidddwhecdor di ng t o any of

C aihdRrephiildhate %B&h&o&ﬁ%aéﬁ&@y Qlfepl{tﬁdﬂg!icllc{w dﬁfefﬁ%gréﬁthalate and
futete ocyclk% i mde an Qﬁ; nprises react |n?

AP SREPTE ML PERIeEselers nwnh? ﬁo‘&féllséFn% FsePhligasidgdimethyl
isoptehalategpHitfaiic amﬁnhamahnhﬁctafdﬂuléalaﬁﬂ(aﬁre dwarboswe h&d, QinkRtblys2, @naphthalene

dlcg‘;??(%ll{% %ﬂ%(}%l Plﬁiﬁléo fic a%ld cy%l{)l%gdne rgﬁc% oxly éc atc%i,equuéafzene glﬁiaboxyhc acid,
adama@?r@ulﬁ dicarbgxic agdd, a@)‘PIC 2¢id, Ginghyl sAipatetshotlicacdalimitygsub@nate, sucoinic

anh@&}ﬁe(lﬁutegcabﬁ&eb'hmgémd ‘Mliearz&élaactdh@r imde is a derivative
%FIHE||ItIC aci litic anggdrlde 31. A

B0 a?&%?ﬂ&?tﬁan%esewﬂ?ﬂyoqﬂwg?%ﬁw’f% S FRSHOE R Al one modifier
Selqcnfd trem s gepud ednsivtitigioy dictipfienp yly@irpblyiltyice gl3ddlsan3-profihe diol, 1,4-butane
diopyg—%gﬁin 151! £e- géi(g%glng g\);ngﬁenc %gc%olli'%4 c%lcga%)gang 53 :gnopgeo en tyl glycol 2-

ny errva
me%fl 1%@{2@9%% 4-tetsamethyhh bowipbutencdil @Iia@mabehidph éﬁfbwél 1-dimethyl-
2-hy@btvaBA; DOBYO-teGadtbpRbY Sfuh@une, ki iRerbife; FBEAOD accor di ng

to any of dains 1-24, wherein the imde is a

derivative of naphthal ene tetracarboxylic acid or

nap¥?t Wahesied ataetdirgd@any ok §ilkiins 1-ehid awiteyetir thelnide 3ebdifidd pobietigiene
tere@ﬁﬁ@&%ﬂ%e&@n&ﬁx bQ&/eegal%upiBan& 3?14&019 E)erge]lt 1%1?’&6 céﬁ@o%r ﬁér Qu‘g glrg jon.

step of Treacting a terephthal ate conponent and a di ot

component conprises reacting a terephthal ate conponent

an d40a Adthditod 2EoRIIFPOMS Bt Clhis I-on MRNBIBY.BIRE polyethylene terephthalate
rob B SBOLASL LS LSO A% Bok Dol BEL Ot T i

substltutlon but | ess than about 20 nol e percent

c 0 m:l NANKdthod ld&%ltdintg% 4n9 05 c1aRs 1 A4 REROdmAE! %ﬁlﬁé&&ly‘étﬁ#%&rephthalate

21-24, wherein the step of r.eac
polgery BT P & S ABE S OPoC OB
conprises reacting a terephthalate conponent and a

di 042 A%f?etl%ﬁ 'J%%%Qtto e¥ng 01f @glﬁ% P%é 1 odineh) PO hretﬁ%lene ?erephthalate

precursors t g Chon,
polymrefsiesdiic beipennebant &pnd 19 @ompreenp@n@@ﬂmor@mmnwwnon
substltutlon 36. A nethod accordlng to any of C ains

n the imde. int ucti on step conprise
i m | éﬁwﬁﬁg gccPrélglgttci B¥ 0 %%?1% Sa%g’t refnﬁ}?ed)@l dlatl n-via- po?ycondensatlon
steppponyrstdpolyerazihetheptitethalest taeghrhelb s psonrsrawiranelttphae polycondensation to
fonpglllﬂee&gwilie@rﬂglyg{gyléng 'Ee?e?m;]ﬂé ﬁ)‘iﬁnegrh%i?g i%%tﬁnsg@}é&s% of at least 0.5 dl/g.

car oxy end group concentration o ess than
400 m croequi val ents per
44. A method according to Claim 43, further comprising solid state polymerizing the imide-

modified polyethylene terephthalate polymers.
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grain. 37. A nmethod according to any of Cains 1-24,

wherein the iinide introduction step conprises
wonbésiasi7ng a reacti on between the imde and PCT/US2005/003149

pol yet hyl ene terephthal ate precursors when the

pol yet hyl ene 35 terephthal ate precursors have an

aver age degree of polynerization between about 3 and

6. 38 WD 2005/073272 PCT/ US2005/ 003149 38. A nethod

ac a3l G 18gihdd QecBfihg &f 1

gt C Qnaﬁr@hegem?tﬂe sté%?sroﬁ{l Qatef pe Iﬂymeﬁfl%tP? 1&mde-

mﬁégcgpgwgglate %qFonent conprises nost
T FOST EF Y t‘éP‘%%’Pﬁ“rPS}nalﬂséS soljfhiete H%Wrﬁhmg th@me*rw@sﬁed
polgthyleaaistephtin@terpoyintrs @r anSrlie B tviebshy 81 16408, 7PLP
consi sting of isophthalic acid, dinethyl 5
|sophthalate phthalic acid, phthallc anhydri de,
2, 69nAprrtiof Pespiding foay bigNsiing b—2émlldrelndlenmﬁhy3bd1ﬁed polyethylene
tereph (GraRARIRAMERA glath taRdiRAXH AL (Bl BRERY I elb&ﬁ hexylic
aci d, cyclohexane di carboxylic aci'd, anthracene
dlcarboxyllc acid, adamantane 1, 3- dlcarboxyllc aci d,
adi4pi & nzthod accoliding toh:yjr ofaﬂdnlﬁﬁt—g4 Ve kHa hlﬁldaﬁlbaiﬁed%ﬁgﬁﬁéﬁle
tere [ ide u [ ebaci c
o TR S el S ARG P Bl it oo
conprises nostly ethylene glycol, and further
cCompr AS&&oaicc&r&lﬁgﬁ) a6 oMl £ hg rWheI‘liQ the %ﬁ&%ﬂ&ﬁf {gr géﬂlghe%e

nsi stin di e ycol
tere gl'y Ech%fé%lpolo irS 35 mfi%brg%(gl aaoogfa}{t geei S%U?Oéﬁqg an éfp(gphous b* color value of less
than pbagt E)etnitaa paervlylus L' yaBelhbxarn éhehh ailoyt 5P bOydi £aey e Y01 %a*b* color space.
1, 4- cyclohexane dlnethanol neopentyl glycol, 2-
ropanedi o

2 ﬁl)'] :L gleihgq 1965%{1%? |C1a1m é& W%rplg Hgtaidedpdfied polyethylene terephthalate
polyaldra,rm mte@med dn 3eothirmt free3)a£s' pds&@s]an:hmgﬂpﬂ@g WYdotor value of less than about 3 as

cla yﬂhmo £ 10-t et raoxaspi ro[ 5. 5] undecane,
les T WORRRAPL O oy B

sosor bi de; 15 39. A nethod according to
any of Clains 1- 24 wherein the imde-nodified

p 0 B(}’ eA HMt'h&ﬁa%cor&ﬁ‘gr t@ @Dﬂﬁh@d %&eﬂ? ﬁﬁle %HEEJ rﬁodlﬂﬁ lﬁéél e?hyll%ne tereghr%halate

pdymm: Ieg A gp § percent |1 m de conon I
r% fWﬁ? 2R fanpff%é?ﬁa*fow%?&s&a ARPTRRgUs Tt valvg ofrhorgihen avgut 70 as
ch%ﬁkﬂauhmm@ﬂéﬁm*namdﬁwandlf|ed pol yet hyl ene
terephthal ate polyners include between about 10 and
20 nDIe ercent i m de conononer substitution. 20 41. A
melAdFEPr g to ey Glainfs 13 4afurter donRdisingrfaening the imide-modified

polycttﬂfﬂleﬁi&tef'@ﬁihefldt@}d)lml’syﬁg Bﬂéfoﬁﬂecch@fn% rl%th@' ﬁt&e@s ﬁlﬂgl o%ucal media, or
mm&mnm&g% Qgtmeen about and 15 nol e percent
omar substltutlon 42. A net hod accordlng to any

of G ainms 1-24, wherein imde-nodified polyethyl ene
tese M%d@gc%rdn%% @Qin% HBJ4S fulle L&[g)%%g efg:iml e 1pn(13&J o§1’&1ecq1

EI:}h%' ercent i mde conmbnoner
poly eﬁ%&i’fe RS TOhget srtatyriste, Cheinibe axucz@uoossmq@raé:rk nolmhfelue of less than
abou}:ﬁ)inﬁ ABF val@d of @dre\thad 2t 35G0 AIEKSINSAy {RYCIE . LP+ &Wabegﬁé as measured

ummggay Gﬁ%éﬁ§m££§t ta)éethylene terephthal ate precursors
condensation to form

|n1de nodlfled polyethylene terepht hal at e pol yners
having an intrinsic viscosity of at least 0.5 dl/g.
30 44. A method according to Claim43, further
conprising solid state polynerizing the imde-
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nodi fi ed pol yet hyl ene terephthal ate polynmers. 39 WO

2005/ 073272 PCT/ US2005/ 003149 45. A nethod accordi ng
woodaBmme 44, wherein the step of solid state PCT/US2005/003149

pol yneri zing the imde nodified pol yethyl ene

t erepht hal ate polynmers conprises solid state

pol yneri zing the imde-nodified polyethylene

terepht hal ate polymers to an intrinsic viscosity of at

|l east 0.70 dl/g. 5 46. A nethod according to any of

Cainms 1-24, wherein the imde-nodified polyethylene

t er SpHy d9adleester ipisieyeriarhevikgeyesllent gdlesadarity;, addptriprgmoperties, comprising:

te Weﬁ&l@ﬁe&erépﬁ@)ﬂa@fcow&rsfcaﬁg@)se@Q@%ut%qq mdf rat1€‘ofra3tktlaﬁlqﬂalate

accordi ng 1h erein the
cotRRLHAI] PEHEr R HE e CLlaDEal A ey et mol ercent
terelpbtiradic acidbraisetlivi @rephtbdladnnt Beargeen stiout22anf TeholOperdddl oF adoR@ R heterocyclic

1m1@éo Qrﬂtwh\%%grrtheeﬂdgol %ﬁnepo %an%ﬁ feng E}iﬁg é? h aln)e/ . gf d ai ms
t er WisFHAS MHRD3 8 |gvffé§a§wwaselwar§n9|< % rathwb@rt 89FC-f ¢ leeating rate of

10°0@si lﬁlnut@ﬁsn&@éilﬁed%? diaeRiRNQMSInRE al&ﬁﬂe&f val ue of | ess
tha houzc[ L* val ue of nore

bo
abo er TP he rcm%las mezﬁslfreda L abcgloliaﬁ e&Paélstp(s:tv@sBe,;s ap 811ma?ho§i)% chlor value of
lessiBan4Bout Pasrrbesdifted ba the OHRIL atp*tcoloGipaderand 8, wherei n t he
| m gerimdd lfeén? ds ROkYe! Hwl c@l@ﬁnttiﬁg @a@ﬁtplggsles@és%n arH&JpIYOH?Lr,”SValue of more

as neasured _on a colorant-free basis, possess an
thandPBPpRBULHE D N IR R celPr Pwes than about 3 as
classified by the CIE L*a*b* col or space. 50. A nethod

pol e rigbielefte B IRy 0D Sraeue Bl ppopgge ot
betyeep elrosﬂé)mld §rede pragshtgerephihelicasig orahmqmb repilrbedatd-* val ue

of nore than about 70 as classified in the CE L*a*b*

coI A nmet hod accaording to any of Cla
AfcﬁPO‘tf?f?étFr SRR SFORg R G HR g 3t feinﬁ]il‘fd@ eRvaiete |C@’ér’01““mt includes
bet\p@h ylemmﬂl aeh® tha¢ ppehthatphthdicpal yindnahyil rtephtpdlad. or s,

containers, bottles, sheets, filns, fibers, optical

media, or 25 injection nol ded parts. 52. A nethod

acc¥r éi Cﬁ@lxeﬁeranﬁjie FAsin pecpuing fqm%lﬁéﬁ vihetigrthestreigythplgte uermgnent includes
betwdeg atotl dd@nd¥Rdhdié &@cen’cﬁ&&p}ﬂﬁﬁlﬂ)ﬁh@ Buih&hye Q%ﬂﬁdm@é e

polyners into an article, wherein the article

possesses a b* color value of |ess than about 6 and a

L* S7alsepabfesteromele tdsianccaldme to GSmas, wheasShef dick confppndnhe the
pol;ghgleﬁe*t thafa@:l c%olﬁr@?.&&hﬁ%d& Rt %é"}ge?cgnt c%%eﬁé%%@ola

standard t hree- [Tmeter test pladque.

2005/ 073272 PCT/ USZOOS/ 003149 53. A copol yest er

i i risda cblﬁiﬁ}}eﬂerhﬁﬂib fhgm @XGiElInk; @I U12i61GB,Gfherefl ﬂ&rﬂotyythylall@ €brephthalate
cop{ﬂémgrs 1?_]1{;1',1] les it Ccl))o%t|5 mnoge;g;e’:rcgr% nonggmedg COI?%gLBBI‘%FbSP tution

ratio of a ter epht haI ate conponent and a di ol

C 0 I’@O ﬁ%%olyem%ﬁla stﬁl Q&ox‘%ﬁ%ﬁ M;ﬂﬂ@h %&h@reﬁ%&%ﬁﬁlate component includes

rises at |east. 70 nol e percent
at least out 20 percent of aromatic heterocyclic imide.

1 nol ar

60. A copolyester imide resin according to Claim 53, wherein the terephthalate component of the
polyethylene terephthalate copolymers includes between about 15 and 20 mole percent of aromatic

heterocyclic imide.
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5 terephthalic acid or dinethyl terephthal ate and

bet ween about 2 and 30 nol e percent of aromatic
wbebvevwsyel ic imde, and wherein the diol compomaskoos/003149

conpri ses ethylene glycol; wherein the resin has a

glass transition tenperature (TG of nore than about

80C at a heating rate of 10C per m nute as neasured

by differential scanning calorinetry; wherein the

;ﬁséell .E%rc% Og'gegg??%{dggflg ?cc%gﬁ% o%l%rgtS igxll‘h]%reem% %eﬁ%hthﬂotg g’cﬁr?pér?e%t of the
polygdyiehedgrgphitialaty chpliries ingjuges beigredprabeyd | band $ prelepereenicpf aromatic
hetdX9dIRiBiad. he resin, as neasured on a colorant-free

basi s, possesses an anorphous L* value of nore than

about 55 as classified in the CIE L*a*b* col or space.

54.62AAcopdestesinge resimbaderding ®i Flaiacs,orhdien ghett@eptihalbtirdmonent of the
P S B T S L OO ADRE G B A romar
beteggeydic f#idhy| t erephthal ate. 55. A copolyester i mi de

resin according to d ain153 mherein the terephthal ate

ent cIu . bet

por BoROL SR R S B BB ARC Ry LB/ SHERAT Gponentof e
polsZ2MhylSE: terﬁphd@pwloy@gm@m 1ncmi@éet|we@| ahowa 2 egrschotegpetcent € aa¢nmtic heterocyclic
imiR3, Wherein the terephthal ate conponent includes

bet ween about 90 and 98 nol e percent terephthalic acid

or dinmethyl terephthalate. 57. A copolyester iinide

I e 4N Aaopiederigidt fsifCh@brind,ClaMa S8, &thbrein iR afbim@tic heterocyclic imide is a

0, t.he ene terephthalate

daw&ﬁ? Hﬁ%égwﬁﬁgfﬁum%95¥nh%¥st 90 nol e percent ethyl ene

glycol 25 58. A copolyester imde resin according to

ad &s ”A@Spolﬁéﬁ&ﬁﬁid@wglﬁl @cc&@ﬁlg f%tdqéﬁln@@ szhb%ﬁl%moﬁﬁﬁﬁieﬁrocychc imide is a
copol yners_incl ude n. about nol e percent

‘k“Wﬁﬁe? Ew%ﬁﬁﬁﬁﬁﬁﬁ?mgiﬁgﬁaﬂugl%h 59. A copol yest er
imde resin according to Caimb53, wherein the

te rﬁpﬂtcgﬁkﬁgtg‘ HSQQBQQ %CQBI‘%I &)ldil %8%3 v%graﬁtdne gfg)%‘gti h%g%g}tchggmde isa

percent ‘of aronmatic heter g
deripasipe piperrrhenqnaetizcabessylipaciicr ?namhgm@e@caabwl%hank}vﬁé%u n
t he terephthalate conponent of the polyethylene

terepht hal at e cq rs. inc en_about
20 o REPLGT b4 Forraer B CHBC B Ry AT gsTgide s
denvmvaﬁmﬁmmﬁe?@trmc/xmsm@ bf @@Bﬁaﬂ@e teGdcarbdxybopohydide.er
imde resin according to Caimb53, wherein the

t er epht hal at e conponent of the golyethylene
t erd8phcprelyatie indpishiy Mrserding RligeS vHerRdisirrabultte auprasgt further
couﬂ;ﬁseﬁfﬁh@stﬁﬂé ©&fifier BfecRd AEMINL gromﬁ&oﬁﬁ@lﬁy@ﬂmoghtmm&he dimBthfdsophthalate,

pht}@* earcng%}XI}aﬁ %drrgl Id %t%ﬁl a}j)%%}alg,ne?cg carobrc>>rg]yé1ﬁ gm Ogm} 1al ZrE—nag’hthalene dicarboxylate,
Mﬂp@ﬁﬂ@@th@n@uhgmb@ﬂnhékahsymupdhyﬁymgwﬂm@$¢mm§;dueﬁm@@mme1}

dica%Qch aéd,@i@igic :Lgd,rﬁ%e@lypﬁ[p%ﬁﬁccgﬁc a@{dpd'ﬁﬁétlil}@ succinate, succinic anhydride,

glutaric acid, sebacic acid, and azelaic acid.
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heterocyclic imde. 63. A copolyester imde resin

according to Claim53, wherein the terephthal ate
woaupanert of the 10 pol yet hyl ene terepht hal at @CT/US2005/003149

copol ynmers includes between about 2 and 5 nol e percent

of aromatic heterocyclic imde. 64. A copol yester

imde resin according to Caimb53, wherein the

aromati c heterocyclic inide is a derivative of

tr I6I§E A Ié eﬁsté‘?ﬁ% Qlin ECrC!)rH% éla Sg@lh)érg%lt}%%ml éqgnpgr\%ﬁt fﬁrther compnses

copol y e resin accor
at lttaﬁ@n%lrl@ﬁdm petechdfren the gohyd Q@llﬂl&ﬁfl@l@f dietylgne giivspl; mallw]en@cﬁlycols, 1,3-

propité @BE] A-bilthe dRE i1 8-pBHtanbH 8101 hdxhideli6l, Isib@rehygwoﬂ@ 4- cycl&@xanéa‘

R R T L R I

adainemmplﬁeimnrw -Hisgt, t-dicathiedyliiogyetgl)-a, 4Qﬂ0mﬁ®®@h@[ﬁﬁﬁﬁdecane and

isosbldeacar boxyl i ¢ di anhydride. 67. A copol yester inde
resin according to Caimb53, wherein the aromatic
heterocyclic imde is a derivative of naphthal ene

t etma@a;r)m)éwrhﬁlda&m adasrdlﬂg\mmm 5§ me&ﬁttﬁea&am@a(gﬁsb Gansition
S ter
el hont) T Errm SC BB i) Teraphtne pred by aitocnt

scapoigpapEmttyf urt her conprlses at | east one nodifier

sel ected fromthe group consisting of isophthalic

acid, dinmethyl isophthalate, phthalic acid, phthalic

anhh} d PicaROLYeSErgmida TSR RSPraRE o fleia P b ket cheagsingas aiglie kagition
temaerﬁurﬁ aphbthiarena Hong 80°0aryteating rate 431l (PlagBythingle Ssaidagned bl Gifferential
wm1lch lxglohexane di carboxylic acid, anthracene

41 éar bo XyPIC aci d, adamant ane 1, 3- dlcarboxyllc aci d,

adi pi ¢ aci d, dlnethyl adi pate, succinic acid, dlnethyl

su C’@' R@Bﬁ)lye§éi%id9fe§ﬁn QJ&SM% {oQ€aim 39 \A@LL:ﬂéﬁl%[e r&ln%é zg lass transition
sebaci c_aci d, elajc acid. 42 WO 2005/ 073272

temm*wegzbﬁf@%é@f&@w %@C a% %ﬂé Fajred {8 F prrpigee ?Sé%qawred by differential
scarnp@slckingyt 0 Cl ai m 53, wherein the diol conponent

further conprises at | east one nodifier selected from

the group consisting of diethylene glycol,

pol Aallegioisiseerdtige rsbis accqrdigg to§Hayp Ah evhekeis fthe resindan glespigansition
temgérzﬁhre (TJG) 51*1Mzﬁﬂﬁgit D0°C At BedREXARBE] B perRLiQRYHs 8RR ured by differential

4- cycl ohexane di net hanol, neopentyl glycol,

“m%“ééﬂ {, 3- propanedi ol ,

2,2,4, 4 tetranethyl 1, 3- cyclobutanediol 5

ad aﬂaﬁt ?{%b%egtg?fmgé %Llfl aciorﬁmg to Claim 5 ere1§ the resm f8ssesscs an amorphous

. X rOXéE vl t et raoxa
b %%*W%°9 F@Wﬁé@&h@“cgﬁék SRS H{é@ Cﬁgmp%ﬁcopolyester

imde resin according to Caimb53, mhereln the reS|n

aa%a?%%%ygitgr&%ﬁ%raflh %crgo%hg% En%/g@rlln%g 8%er§:1n @e I‘eSII]tpé)SSCSgeS altl1 gnorphous
L*w@asﬂmsdﬂbwdmmﬂme$@%uﬁ®mnmqgﬁgéaﬁﬁwﬁgﬁwahor|netry. 71.
A copol yester imde resin according to Caim53,
wherein the resin has a glass transitjon tenperature,
( TO- Sfcorpbieticrimidnresip eﬁ%rd%@ Gim 4> eGP Ry TR RSSEFes FpEiinsic
v1sc|aﬁfy offbdiiteR atdst OTEa8 LD el by di fferenti al

77. A copolyester imide resin according to Claim 53, wherein the resin possesses at least about 10

percent better oxygen barrier properties or at least about 10 percent better carbon dioxide barrier properties

or both as compared with homopolymer polyethylene terephthalate.
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scanning calorinetry. 15 72. A copolyester imde resin

according to Caimb53, wherein the resin has a gl ass
wonasssi7ti7on tenperature (TG of nore than abowCTABEH81003149

a heating rate of 10C per mnute as neasured by

differential scanning calorinetry. 20 73. A

copol yester imde resin according to Caim53, wherein

the resin has a glass transition tenperature (To) of

nore than about 100C at a heating rate of 10C per

mnute as neasured by differential scanning

calSr i faymedzzem e qopgdspigremids Fesingpogiding éasdog ofg@@@p Ay

to d ai m 53, mhereln the resin possesses an annrphous

25 C ss th an about .3 as c
by Pra B P B Brond ipiaie <38 e for o208 T e
reS|n according to G aim53, wherein the resin
POSHERS IR APPEANALS olgestemhd@esglfacm& b Q@%f a%wss @9
as classified in the CfE L*a*b* col or space.
copol yester itnide resin according to Cla|n153,
whe e ARordtdiger foaﬁéaﬁoms&eﬁﬁﬁaeﬁmidh i b @ SidGig totcSeMS th ¥y
Chmmgyggn about 0.7 and 1.0 dl/g. 77. A copol yester
mde resin according to Claimb53, wherein the resin
possesses at | east about 10 percent better oxygen
barghi RlcarBbriR€ {olit dBiSk 1ktle¥rmbLBRS the BB esél:plnﬁc%rr&ﬁﬁt:cohﬁ{gtt@gny of
carban di oxi de barrier properties 5 or
Claiggntdled with hormopol yner pol yet hyl ene terephthalate.
43 WO 2005/ 073272 PCT/ US2005/ 003149 78. A filmformed

L 3 SRl L R 3 TS ey

i mde resin according to any of Clalns 53-77. 5 80. A

p I &k O AM Rt diebided 218 ﬁﬁne@ RISt Blesté thidSrekif §dc51’d1ng to any of
ol gggglng to any of dains 53-77. 81. A container
"’"FB

fromthe copol yester imde resin according to
according to any of Cains 53-77. 10 82. A carbonated

S OfSB grﬁ'bg}l?orp@& }rén?thg 90%&9&%4 ﬂiﬁgg rgsnleac%gtﬁg;_}é/ S}% §§{?I nﬂ%gj—%% wherein the

resin accord
ﬁbeh%lfal?lmnrl%wtoqﬂég%?rﬁ@aoé? 8f& t he copol yester inide
resin accordlng to any of Claims 53-77. 15 84. An

I nj8gc}\|C%n D% or o%er P 1caPlPe%1a g?]lg.}mng fdror]; %Igg(]?pt g ¢ oxgge st?nsgccordmg to any of

resrn accor
Clalms 53-717.

87. An article formed from the copolyester imide resin according to any of Claims 53-77, wherein
the article possesses a b* color value of less than about 5 and a L* value of more than about 55 as classified

by the CIE L*a*b* color space and as measured upon a standard three-millimeter test plaque.

88. An article formed from the copolyester imide resin according to any of Claims 53-77, wherein
the article possesses a b* color value of less than about 3 and a L* value of more than about 60 as classified

by the CIE L*a*b* color space and as measured upon a standard three-millimeter test plaque.
89. An article formed from the copolyester imide resin according to any of Claims 53-77, wherein

the article possesses a b* color value of less than about 5 and a L* value of more than about 70 as classified

by the CIE L*a*b* color space and as measured upon a standard three-millimeter test plaque.
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85. Afiber formed fromthe copolyester imde resin

according to any of Cains 53-77, wherein the 20
wbizbevo7bears an intrinsic viscosity greater thanp@ra82005/003149

dl/g. 86. A CD, DVD, or other optical nedia forned

fromthe copolyester imde resin according to any of

Cainms 53-77. 25 87. An article fornmed fromthe

copol yester inide resin according to any of C ains

5 article .possesses b* col or val ue
%Oless g%hg R e%m”%‘éé?ﬁﬁw8¥ Aploany pifriaimp dir{/7, wherein

the artigip mgse@spm‘tgﬁ doloe daluebof ldsshtéarﬁlbﬁutB*aﬁ bL*eahOss SR mEn éb@ﬁ 783s classified

by the uled %% ree-m.| limeter test aque.

d ItgéiAﬁ%a#% ac@ forme ngrug AFthe St%ngifgIﬂﬁf%esrfnél?m?t?‘ﬁt‘?igpl?qé%l n
according to any of Clainms 53-77, wherein 30 the
article possesses a b* col or value of | ess than about
3 and a L* value of nore than about 60 as classified
by the CIE L*a*b* col or space and as neasured upon a
standard three-mllineter test plaque. 89. An article
formed fromthe copol yester imde resin according to
any of Clainms 53-77, wherein the article possesses a
b* col or value of |ess than about 5 and a L* val ue of
nore than about 70 as classified 35 by the CIE L*a*b*
col or space and as neasured upon a standard
three-mllineter test plaque. 44 WD 2005/ 073272
PCT/ US2005/ 003149 90. An article formed fromthe
‘copol yester imde resin according to any of C ains
53-77, wherein the article possesses a b* col or val ue
of less than about 3 and a L* value of nore than about
75 as classified by the CIE L*a*b* col or space and as
measured upon a standard three-mllinmeter test plaque.
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