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remaining in the reaction mass is removed and high molecular weight
30 polyester is produced. According to this four-stage commercial process, at
least one step, usually three steps, and in some cases all four steps, are
carried out at reduced pressure to insure that as much excess alkylene glycol
as possible is removed from the system. The removal of alkylene glycol is
important because its presence during the finishing step of a conventional
35 process can interfere with further polymerization and the formation of a
high molecular weight polymer product.
According to the commercial process described above, alkylene
glycol is typically introduced into the (trans)esterification step at levels




WD 98/ 04612
PCT/ US97/ 1314/ ogip4612 Which are at least from2 to 3 tinmes and in sone

i nstances up to from5 to 10 tinmes, the level required t%FT’H%Q?ﬂélii
hi gh conversio t..> 9 ester)
gr gups in am Evhl@h gref a@%ﬁm&% 2%%) 3 umr:s An%%ﬁ some '?l{&ngésa‘%&uﬁ)eég oSSI bl e.

Gener al | y hi ghdP timesthe lgvebreguired 40 insusha hgglye@werson &g< nppnaily ebl when a
di carboxylic agifdt b995%96'ftﬁ§ a@xd@@&& & ugyuﬁ?ﬂﬁuﬁﬁﬂ: dfititfle and at asvw a

di carboxylic diester is use
addition to coﬁﬁHE?mHﬁetaﬁé’oﬁ?lﬁe ef&ﬁra ‘i)’Fg*s%ﬂFrxéesstﬂléylene glyq@rl ocess,

}I\/nent rrral nt ag nedr@?eq@i&ﬂai/}%h 4 eimﬂmtyubaaxld‘ @Fusedhﬁ?déﬁtﬂﬁﬁh@d@egﬂ) thalno time
or the purpose,of |Rcreasi ar Q e reaction

pr oduct , IOcaﬁ AP gAY oxﬁ?ﬁgzsﬁgﬁwﬁcgw %Ft Eef Pe by- products. For
exanpl e, a reacti onImagddition tosopductingthe pregdss latréduced pressurehtieene gl ycol ,
anti mony oxi de f@&s?%ﬁéﬁ’ ﬁfa)ntﬁﬁgd@PS%@S&BXE&@?ra@e??&Iéﬁér?&e‘a)pé?%dg o"ft

el evat ed t enpe ature or an ext en peri o {1 me_can resul
formation of ati@afardhe aurnese of mssreasing dermoleculas weightiafdhe reactione of 15

terephthalig a?t‘éhucl . dmPalsaRdit 9h the Rirmalibh \If undedidiebyprodiitg! Pt ) and
pol y( butyl ene

t hal at |.d at L t £ f
230[err] C for Xa gpeaﬁ%"g%tgﬁf@& B@?ﬁ’%ﬁp%ﬁn %?rfgpﬁé‘(ﬂah{: gg‘&? gth&ff:"g?gé?%?}nver si on
of the 1 ,4-butatimdingloxide (as catalyst) awdlpdby()éthymneasephthalmie)shaidibt e
by- product.. e&ealated temrpeﬁ{tﬁx@ ﬁ? ag‘%&kéﬁd@& ?’of tfmé’@aﬁx REER fulfﬂfé’m that it

i's possible to ease egree o nerization of certain solid
condensation formation ghagetaldgh e&slﬁ*@%%tﬂaﬁbt 1epekon WA¥re Af an i nert

gals at nos p{‘@f e terépthalic agtcpfll@ﬂ&ﬁ\iﬁﬂéﬂloh@@crilﬁﬁjﬁll t@tahétte(iasiéﬂth@s@tm‘hﬂe

ol ymeri zation r_bui solid sta i on.
IIonc?/easi ng t hepﬁ&%ﬁ e Rféﬁpg‘m*ﬂ%‘f” held a?ag'BWE ‘f’fl B&I}é {)a&gé&%[}ggag%lgs ( PBT)
by solid stat eap@:quehedmrmdmfd:ime tan 2Sult imtheocgrivestiend ofithenl , ¢ toatartediali ng
PBT pre- pol ymeg, t&faﬁ?ﬁf&qr O:fndurmlsfrgbl@b odugpnvent ional multi-step nelt

pol ycondensati on pr ess 0 e scri bed  herei nabove, has an
intrinsic viscosity F‘Pimt*ﬁ'éaﬂé(r?ﬁe‘%g ft#)aﬁbeersﬁpawnt hat it 5 ppsg gi) G and a

majority, 2¢e. mc&éadeaasuegmmfp%%e@iaﬁdh&)wm solbcdiidensadtion the form

f boxyl t it 0
Gecr eases. bel oRpaers YRRk (o Ba: Heithg eidlfin AR inchCheS almBSRFet The
mor e dif ficul t pheneoenen hasbesnmallgdselid state polygrerization,palymee buytid-upAs
described by Fan®isbRd stat€p oly 8bnddrRatich. M?ié?éasﬁ?% elrﬂéne&ﬂai Reightloy(Butyl ene

Ter epht hal at e) ate ond tJon r.0cess
Engi neeri ng, 4P9&4§uty§megepﬁg}/a§ @gﬁ? lpgésqlé%gtme)r/é@y@pnm%czg} Res 5
i ncor por atxzl hacmmplhghedemwenhes;amngy’mypreeﬂmlgmag piepaned atcaldéingiore to a

pouder and | noEsaNbra Fulieied b BUNBAYEnhR G BERRN bt hetghel end ot oups.

can one hope tQ ac SCOSItIes However ,
2 described hereinabove, has an intrinsic v1scosntv in the range of from 0.5 to

0.7 dL/gm, and a majority, i.e., at least about 95%.of-the end groups are in
the form of carboxylic esters. However, as the starting intrinsic viscosity

30  decreases below 0.3 dL/gm, the PBT pre-polymer becomes increasingly
more difficult to solid-state polymerize to high molecular weight. As
described by F. Pilati, et. al. in "A Model Description for Poly(Butylene
Terephthalate) Solid-State Polycondensation", Polymer Process
Engineering, 4(2-4), 303-319 (1986), the teachings of which are

35 incorporated herein by reference, only by reducing PBT particle size to a
powder and increasing the ratio of hydroxyl to carboxylic acid end groups,
can one hope to achieve intrinsic viscosities greater than 1.0. However,
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3 WO 98/ 04612 (iii) isolating the pre-polymer as solid particles; and
PCT/ US97/13151 (B) polymerizing the isolated particles in the solid state.
The present invention, according to another aspect, relates to the
30 formation of a novel polyester pre-polymer as a discreet solid particle(s)
which is the product of a reaction between at least one di- or tricarboxylic
acid and at least one alkylene glycol wherein the reaction comprises:
(i) esterifying the di- or tricarboxylic acid and the
alkylene glycol at a temperature in the range of from 150°C up to 280°C in
35  the presence of an esterification catalyst in which the molar ratio of alkylene
glycol to di- or tricarboxylic acid is from 1.2:1 to 10:1;
(ii) polymerizing the reaction product from step (i) at a

temperature in the range of from 180°C up to about 280°C to yield the pre-
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DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to an impr_bvéd method for
polymerizing the reaction product of a di- or tricarboxylic acid and an
30  alkylene glycol. The reaction product is an intermediate, i.e., a
pre-polymer, in the form of solid particles, in which only up to about 85%
of the starting carboxylic acid (ester) groups have been converted to
hydroxy alkylene carboxylic ester groups, and the pre-polymer particles
have an intrinsic viscosity between 0.1 to about 0.3 dL/gm. When isolated
35  as generally uniform size solid particles, the pre-polymer is characterized by
exhibiting a thermal weight loss of at least 1.0 weight percent when
subjected to Isothermal Thermogravimetric Analysis. Stated differently, the
pre-polymer contains greater then 1% stoichiometric excess of alkylene
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terephthalate), i.e., PBT, is the desired polyester product, the molar ratio of
alkylene glycol to dicarboxylic acid can range frorh 1.2:1 to 10:1, but it will
generally be less than 1.8:1, and preferably in the range of about 1.35:1.

30 The ratio of alkylene glycol to dicarboxylic acid in carrying out the
esterification reaction for PBT is not critical, except that the amount of
starting alkylene glycol needed is substantially below the 2 to 10 times
excess used according to currently known commercial processes. A ratio
lower than 1.35:1 can be used satisfactorily, except that at low ratios the

35  dicarboxylic acid/alkylene glycol mixture may become too viscous for the
process and/or the objective of having up to or greater than 85% conversion
of acid groups will be difficult to achieve. Consequently, a ratio lower than
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cont ai ni ng Prefemed alydsag glyeals fer thieiraommerdialrapplitabibityuard easetdfe car bon
atoms of one or %c@ssm@ﬁfeeetﬁﬂéﬂ@tglyccdl* NgSpro reFe cﬁﬁowa?raartmu@dxf‘eaiéloxyl i C

aci ds include ht,hal j c ene di car,box c acid;
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Preferred for reasons, o ¥ Cial I'ca

terepht hal i ¢ acPRerability aeparomatieticarbexylinasits.d.e., acid c@mpqumbmpnitmpm hal i ¢
aci ﬂ two cairaexypgx@upg WhRcH ke dT?éétl Brhundio B @rbony aﬁfm@@raémebﬁur)s
such as, ese any suc
functi onal 4gr ou‘B‘ore aromn%&xgngfoﬁwmbi? f“éﬁ”égw ‘?‘ﬁ%&ﬁ%‘é?‘f@am%ﬁdc The
esterification tesephthalic acid:32,6-naphtialencadicarpoayiic ecigoispphthakiatcin step in
whi ch the reactian I i e, from
about 180C up t 4 Qagi%tiimb%cgf rbfséﬂg arb?xyg h@n}rﬁ@iﬂ@{ Z‘ggtz %%&ad;t&ggfﬁﬁg € aﬁfd
car boxylic acr fIRdNear B?‘)é’é“eﬁ?‘ ifAr usfeaccording f ‘PB?P‘FR&R/@ been

converted to hylegkperesnetricarisonydic atidl Plefertesd Brireaddns of ecorfURy Red y ner

L/ gm  Tho 25, o- SanbisERsCanplERRHD Areiorep IR, EarnabliudRpdaicadiylty

into srralam@,@mlabpl}thama@rdm size particles which are characteri zed
by exhi biting | rcent as
det er m ned by Phé B&H%bﬁ%hg??rnod ravrtérlrfeltdrﬂr]er fﬁﬁgtfon]ai g'd@?g%h%ﬁse

th
pr e- pol ymer parff‘)r"EF‘EmPg" er, so long as the presence of any Sach nctlona group ¢
WO 98/ 04612 does not interfere with polymerization. The esterification reaction is

PCT/ US97/ 13351 foltowed by a pre-polymerization step in which the reaction mass is held at
a temperature in the range of from about 180°C up to about 280°C until at
least about 85% of the carboxylic acid groups originally present in the
reaction have been converted to hydroxy ester groups, and the resulting
pre-polymer product has an intrinsic viscosity of from about 0.1 to about 0.3

35 dL/gm. The pre-polymer reaction product is then isolated, i.e., formed, into
small generally uniform size particles which are characterized by exhibiting
a thermal weight loss of at least 1.0 weight percent as determined by
Isothermal Thermogravimetric Analysis (ITA). The pre-polymer particle is



uni que in chem cal conposition in that it contains greater than 1%

stoi chi orretri‘go?ﬁgﬁg of al kylene glycol over and above the anop®¢nser/13151
required to .produce a high nol ecul ar wei ght polyner. In practice, the
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pol yester. The aRtbita about 7% stoighipinesine exesss of algylens glxeolbe present in the

form of a I oy ol ecul During ITA YRk glehe Gy @Volafilip&l fsitstrepallysigase as
the pressure w tgil’{;ﬁ?feg P(F:'(F)éﬁliﬁ\%l ve xpBositiggE)?” fi E?ﬁ#?ﬁ?fre-'p%yﬁﬁé' zation
step i s changed ' tesR thegee: gmgp ) ric

pr ESS;J!‘E. At pol %semtee_ipﬁee,pbé.ymamdl alklylen2 @lycoby andithe dtter sourtiensf to the
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nol ecul ar~ wei ght T&eiRsepelymes partipkerofidbaievestioarinbekievsd tpcomniise) very farge

esterification \A@mu@xalrdsf@eiywv rﬁéle&@merv]&eegmlougb?iagiugs@k egteﬁsm"lheamﬂms, it
steps of 25 1 naTAROLHE NSk Whithadhaeseh G g B of & 16w mdteckli, o 2oge
01; I t Qet g(r)rme_r cieahwaigi?wdigmﬁndrhebeﬁnveebmgnchénsp s the prt:ssx.u'e]c wilhiim}nleamlraet;g?t

pol yesters, i.e. _ mgﬂg :

15,000 Merr], tﬁsetggrﬁe('?z(tr)‘?éﬁ Q@ L nf’ﬁglﬂoﬁs% gﬁgﬁ}t}%ﬁaﬁo@flﬁipﬁt&%}iv °fa‘h“2§’lﬁ’

al kyl ene gl ycol febstantiallyatmospleriG PLyssyfe. ¢ pelysstenprerpRIYMST PATUGS are 3 0

t erepht hal i @@ci groduchd atbordiietodhy ¢aventibnt gubRamediycdtmespHeric préssuredi ol ;

d 2, 6- ht hal di o] | id w.th. ethyl epne glycol o .
Pydr oxybenvor ¢ aliegetopil didiacly initin ighe? JRveR oschmtiRs Blyeo! inhs low
anounts, e.g., umaleculdr woight pigeraet foroi thaddvouldrsheraiise/beepresentit tie can be
present in the reg ihhé&?oﬁﬂ«%@@irﬁ&d%?hpéﬂrﬂgﬁvepaf xtég%%d %x:e%sé.xre. Thus, it?¢

pre-polynmer particles present |nvention_ can ] prepar ed
by reacting, as To8t fesiEFa t@rqa&quuttthe egtecifigatiqn/prer pglymstizatian steps ﬁg

above- descridmed the in0éntidn sedathespheric peassige. such as, for exanple, dinethyl

terephthal ate (OMT). gad, fl drSASLomRfertlal VARR S B EtkesHBhling High east about

PCT/ US97/ 13151 molecular weight polyesters, i.e., polyesters having molecular weights of at
least 15,000 My, the preferred combinations of dicarboxylic acid and
alkylene glycol for use in practicing the process of the invention are

30 terephthalic acid with ethylene glycol, 1,3-propanediol or 1,4-butanediol;
and 2,6-naphthalenedicarboxylic acid with ethylene glycol or
hydroxybenzoic acid. With respect to all of these combinations, small
amounts, e.8., up to 10 mole percent, of additional alkylene glycol can be
present in the resulting polyester pre-polymer particle.

35 The pre-polymer particles of the present invention can also be
prepared by reacting, as starting materials, the di- or trialkyl esters of the
above-described di- or tricarboxylic acids, such as, for example, dimethyi
terephthalate (DMT), and at least one alkylene glycol until at least about



85% of the nmethyl ester groups initially present-on the DMI have been
converted to the correspondi ng hydroxy. al kyl ester. The presence of greater
than 1% st o"YPPYMEIZ | ¢ excess of al kyl ene glycol in the.pre-pBF}HEp7A3IS1
particles that are produced froma reaction which begins with DMI and 5
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of the sol gatllypfiterips apﬁfltd-gthwpolyhm(izaﬁam deS| r abI e terrper atures in

;Egor di ng tztoerl i Cmf %&e@kﬁﬁwﬁ@gb@%ﬁk@&f S‘téeqrﬁn% Ine'(tjend to
form or by the conditionsaiaatviary wjthin thehdesatibgd emge_g Iofmhpd:mturg and @desstitee
tenperature gene&eg%ham%a(& the?&@ésﬁkr%:@%b@&d%ﬁeﬁ?@@ﬂﬁ%

180[err]Cup to essure_can var TromQ%rmspherl o
to a vacuum of aPBB\PF“QB"%SHBd state polymenzatign wilkdgpend onitbe meliBE pamnt. The
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catal yst concentr ons rred. for dIVI Iene cols.

Usi ng e Whether wadesiiable S99 fastioy Prictevib RHP 0T 9%
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di car boxyl i ggaci o8y BEpBHRARER i ik ran’s8of i {38555 @%29@45&&0' | ove,

preferred cat aly eé@ rocar c acrd ‘or anhydri de
catal ysts as dedRyessuse cam vy @rat@@sahqnq e ayauum of abqug28mmi g,

4,014,858, the ta?ﬁ%ﬂ H%c@ﬁm‘i‘@h@t"he%"e@s C%BQ/raﬁ'b@gfél%r@'aﬁ‘feQMn the process
reference. O her sts hfg 31 for exanple, tetr gmﬁ i t.anate, may
al so be used wi t%‘ E i @ostpart arekngvak tathesglladAftisafiesi r abl e
35 by- products duri 'ri’bei(hms)mmﬁmtxamaueorgrsammuctcu\hmme&p&smcmpryﬂaene

gl ycol 5l S Jathgﬁﬁltl%lb?d?ﬁa%ﬁ?&lmﬁy P8 rEfiohftie. | Aneilatl 6 N9 ysi is ot

unde5|rable

as great. Thus Wtﬁqaﬁlﬂﬂlcﬂam can be “S"é’s‘tﬂéﬁmeﬂﬁﬁbbﬁﬁe%ﬁéﬂa ysis apd g
tetrabutyl tit arﬁtﬂyﬁﬁﬁm&éﬁuaﬁmy apxpebferrédiforiadividual alkylene glycols. Usmg

I§>CT J Usg\;\}olg%gél%e preparation of poly(butylene terephthalate) from’l,4-butanediol as the

alkylene glycol and terephthalic acid as the dicarboxylic acid as an example

30 for the discussion which follows, preferred catalysts include hydrocarbyl
stannoic acid or anhydride catalysts as described in greater detail in U.S.
Patent No. 4,014,858, the teachings of which are incorporated herein by
reference. Other catalysts, such as, for example, tetrabutyl titanate, may
also be used with satisfactory results, but the risk of forming undesirable

35  by-products during the reaction may be greater. When 1,3-propylene glycol
is the alkylene glycol of choice, the risk of forming undesirable by-products
using tetraalkyl titanates as catalyst is not as great. Thus, more traditional
esterifications catalysts, e.g., tetrabutyl titanate and antimony oxide, can be



used. Wen the alkylene glycol is ethylene glycol, netal oxide.catalysts,
such as anti nDig efdedfz and n-butyl stannoic acid, produce satisfgg Rfs\ﬁmsxs:
results with minimumrisk of undesirabl e side products bei ng forned. :
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br e pol yner shoul abpa st AR 2 paft,pemiecent gl 67 SouiminHs ana
general ly in the reagaenfThe mactptashamld be el @jthin thereaction zone only fémna

advant age of the pg |
hydroxyl al kyl ene éﬁ?ﬁ%&ﬁwwgﬂ f'“m W ?8&?& %egféf)d ?’dugec"ﬁversi%“ ®nd
even less than 1, 0¥ F'bé/‘ﬁﬂr G REer mmﬁé@mwa kleng iCTFthbh’@tQ? 0
pr?)duct i on of 2@ hi ks reatiealdtdeasn8Seht Thislmﬂjabe@éfdrﬂﬂnéiﬂb ﬂtrﬁﬁc?]ﬁ but most
pol yneri zati on ng.,put. t ss of the inventjon,
it has been obser va3Y hhaetdesmb Qoﬁﬁ&s%ﬁﬁ‘&lgfm@gé ﬁm“’%ﬁ‘%’f“‘ﬂ’éﬂ"é“pmfﬁm& c
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s lean Imddition, thepi

with the polymeriz
terephthal ate) pre; bl ith Foneunie (RuBsedindy Caﬁﬁ?@%'mwﬁﬁfxiﬁt

pr e- pol yneri zat i on %%ﬁyrl'f ’OEaﬂ'H:‘PgH‘SEﬁJY'SF?F‘ﬁ' dEndhereshipinedgw mp

sane reactor.25 pre-polymer should have an intrinsic viscosity of less than 03 dL/gm, a4@
?fé/T ?fﬁé; /1315,  Eenerally in the range of from about 0.1 to 0.3,dL/gm.

An advantage of the present invention is that a hydroxyl:acid, i.e..
hydroxyl alkylene ester:carboxyl acid, end-group ratio of less than 10, and
even less than I, in the solid pre-polymer particles will result in the

30 production of a high molecular weight polymer during solid state
polymerization.

In carrying out the process of the invention, it has been observed that
the initial esterification of terephthalic acid by the alkylene glycols can take
place almost simultaneously with the polymerization of 2 low molecular

35  weight poly(alkylene terephthalate) pre-polymer. Thus, the esterification
and pre-polymerization can be carried out in a single physical step in the
same reactor.




| sol ation of the pre-polynmer is acconplished by formng the

pre-polynmer into small generally uniformsize solid particles b anX
conveni ent WPOBO#12such as, for exanple, pastillation. flaki ,{’&'PI/USW 3151
drop-form ng, spraying, casting, and the |ike. Pastillation is the
preferred 5  met holsdlatton ebthatprergpolymenis acpamphished byt foraving theparti cl es

whi ch are pasti ) inta EY5d¥h hiad s i ' can range
from1l to 14 mfoil’fﬁ?jﬁ?’énn%’tlgtd stffall g ?ﬁnﬁffbﬁﬂs,ﬁ&lﬁ?f‘?g? ér!\/(fg%’n(ﬁgym‘n to 6 mm

, a ough_ di anet er
are sati sfact or ONVERENY metixod, %J&hﬁér%qrgm%mm ROy 43KING: at or s. t he
" Rot of or ner " paii:g-fc&hﬁﬁg,asm yiap) @stinF, and thelikearRbgtiHatisroizahe piafeireds,
{

i gt pre- ol Y BRI For tS0ukifld e g Siolichet fyd Sl e Al misdelfies ™

wei ght pr e- pol yives hefispherical particles,ewhichrcanaangefronbb tal b4 axmbedidmeter,
reference to a &GP RO | | ' Lal which is
terephthalic ac?%ﬁé‘%{A?ﬂ lt%?ggr r esgg?]%ﬁh%&vam §d&§f%ﬁo%§3$r§?h€@i ht
pol y(al kyl ene t eommaraiallyaypilghle pasilatars. thanRetoformen'epastillatongvaileblst t he

i nvention, has frogPSyRdvik Procdss Ssteensy Totoved N9 pPodces ery good REAROKY
al kyl ene car box . es 9 . a conversion

| i f at .l t 85% i.
of up to 95% or Sﬂ?%ﬁ‘é’?f&’gaog[{g&gg‘?%’é)‘(V%Ilglg%g%p&%@ﬁ%‘Igrgups normal |y required
in practicing conventCharaterjratipn of den kot immiedidarthweighypre-polyaternétlessar y.
P t | te ge Qi : .
R B s SR S R oG i
t er epht hal at e) $taring materiak whichis tarephthalie acigdP Anpl egosrespprdiag Yowt

158[ eaa] C, molecular weight poly{@lkylesie téreghthaRate)retpodymen wiichid @eper at ure
and addi ng
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i(_ ( Nor rral ' Ez}'o_ Of i T' t r ant ) X[lﬂd!dﬁsolving 1.0+£0.2 gé%éjo%%/ﬂggy:(alkylene Véi ght  of
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98/ 04612 lithium chloride in methanol. and
PCT/ US97/ 13151 [3] titrating the solution to an endpoint using approximately

0.1 N sodium hydroxide in benzy! alcohol. A blank is obtained by

repeating the above titration with all of the ingredients except the

poly(alkylene terephthalate). The carboxylic acid group concentration is

calculated using the formula:

30 .
(ml sample - mi blank) x (Normality of Titrant)
Acid meg/Kg= x 1000
Weight ot Sample
35 The maximum total end group concentration corresponding to a

particular poly(alkylene terephthalate) can be determined by converting all
end groups to carboxylic acid groups via the following procedure:

10



[1] approximately 1.0 0.1 gram of the poly(al kyl ene t erepht hal at e)
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known V|5005|?y p erre ene
t er epht hal at e) ~ prascpuslipgde thesfpHowing formydp ig wihieh:nt ri nsi ¢ vi scosi ty of at
| east about 0.1 dL/gm but |ess than about 0.3 dL/gm An intrinsic

viscosity of greater that TghﬁEﬁix'd/@{Béxbgqlgtﬁr‘?ﬁx %Bo%iﬁcAcxdGré ction mass

remain in the nelt | onger that wou {herw e cessary, _gnd
this, in turn, could Tead to the productlon of unwanted siI de- lxe&q rf?

An intrinsic29i scosity of less than ofotal knd §iroRRY t he pre- pol QﬁﬁYerﬁtQIhs
that 3 5 t he malting point for the resulting solid pre pol ymer particles

:I/\gr!i?i Ibsz;'?ioon. Thi s 2‘8{ [Gﬁ‘f mofect arg’{'?(‘g fgglggﬁk%éf‘glrtgF COl VI 5 RIBSIESt er s
derived from al kyitich agt pbmiredanydesterifying Todawith cdie(mrrbonewlky:leae ghscolsX her
i‘il vents V”\gygg/eoj@%hé\‘;e Qe Gffflsic viscosity of from 0.1 dL/gm up to about 0.3 dL/gm, as
PCT/ US97/ 13183  determined on a 0.4% by weight solution of the polymer in 50/50 weight
percent trifluoroacetic acid/dichloromethane using a Viscotek® Model
Y-501B differential viscometer, at a temperature of 25°C. The viscometer
is calibrated with poly(alkylene terephthalate) samples of known viscosity.
1t is preferred that the poly(alkylene terephthalate) pre-polymer have a
30 minimum intrinsic viscosity of at least about 0.1 dL/gm, but less than about
0.3 dL/gm. An intrinsic viscosity of greater that 0.3 dL/gm requires that the
reaction mass remain in the melt longer that would otherwise be necessary,
and this, in turn, could lead to the production of unwanted side-reactants.
An intrinsic viscosity of less than 0.1 dL/gm for the pre-polymer means that
35 the melting point for the resulting solid pre-polymer particles would be too
low for removal of excess alkylene glycol via volatilization. This solvent
mixture is useful for most polyesters derived from alkylene glycols and
aromatic dicarboxylic acids. Other solvents may be used if needed.
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An | sothernmal Thernol gravinetric Anal ysi-s method is used to det erm ne
thermal weight |oss for isolated solid particles of the pre-pol yner.
Accor di ng t oMM net hod, an approxi mate 30 .ng sanpl e PGT/USH7/13151
pol y(al kyl ene terephthal ate) particles is placed in a platinum sanpl e boat
5 of a TA I nstrunentAsn itetkérnml Jhefiholgragimetricdinalysismethpdds used tch a

10Dy nideigie el TSGR o i3 ABaLIER Bl ol 0w ng
[2] ranmp 200[ er r PEfPRlYmer- 2Aeqasdingto the &T Ajraethgddan approximate 30 mg spwiple

i sothermal at 21Qfeol(elkydnelliphtidlate] partithd iSBIdcEY M a platinuB®S&RPle Bk 9ht
| oss at the end of /ggpm nutes_js, re " I

as the . ] i sot herl
thermal weigh? | &@ Sme%%d@? L&g'?bérﬁ%?ﬂﬁﬂﬂcﬁl%ﬁnafyzen WHR@ | e.
The armount of frdé0 mlimémdreditrigenifiove. Jhycampiy ss@alyzed ubing thé follewingcul ar

wei ght pol y(al kyln%qﬁ 3.erepht hal at e) pre-polyner can be determ ned by
gas chromat ogr aphy. 2.0 0.2 gram sanpl e of the pre-polynmer is
placed in a 25 m  vol unet r i[t] equabkrage a3t h a smal | magneti c

ohd St1orod until the pI”eCIgiﬁI"% D S e i xCure i s
20 t hen cb®l ed and mcrig %0 naah%tdfﬁ)éafﬁﬁo&) MHBYES-c THE MRaXIINE i xt ur e
i rs1 _ then st iperceeit ?&igﬂd@stsimmm edd off1 000 \jﬂ\fnutésisﬂ@t@ﬂd@ﬁiaﬁﬂﬁ? ngg)loi of

the m xture el | " ett - RPackar e gas
chr omat ogr aph ‘s°ﬁI°I’H%EHI°3I“§ﬁ{”§F%Eq§§t Zpr tﬂ?%(a&yﬁ?@éggp &alalte apil lary

col um and a nasparticle. spectroneter detector. The initial oven tenperature

is 40[err]C for 4 m ngtesmaiint of Rl GHRAcRY, Ak RAL &l wlol pesER R Bl
10[err]Cmnute to 20q err”%§ agﬁ heLd for %ﬁ&l m nut es. The wei ght
percent of at yIﬁI’efHe .%‘deFg Peme'&ly fedene 0%‘8?)%FFT erjanf%f known
| kyl I I fegini metography .y Ac2 0as0. ishmgh the ab :
he amunt Of 2l gyl g Gl o g cheie T e Lo bl Lt 5 0
pol y(al kyl ene te epﬁ?ﬁa at .e? pol'ymer pa?"?l c¥v kyfﬂe\ﬁg

{al re- es~as aP)
t er epht hal at e magnsgt:éwrrm&mﬁw md gn-sresoh e fhemixiy isdeatadtor KO @ei ght

percent of free. and stirred RhaREHegste-pOMeL RcothpleRly diRSolded. eTHE asuf¥ i$ he gas
chr omat ogr ap

t hod, fromthe total .excess al kyl e | ycol as
det er mi ned t hipen corz)‘fe‘rglbq RisFresp! *ﬂ?&ﬁﬁ{%g‘? the; 'E'F’Fglcﬁﬁ%ﬁ' ;@?‘g"ﬁﬁ“ﬁ%& 35
Sol i d phase pol ythenistixtddoan §dRtpnalorS marutes. pAalsmigrolitec samplesefithemixture i s

well known to th | ey PaR i \ i etail
in uU. S. Pa?_iﬁf ﬁli{f(‘jl%gqé {%554 vﬂ%t%e}; ?17@%(‘:’&88@5%?%{1 g@é%%#?&'ﬁorat ed
herei n by Pged~atha S0meter psthy) silicans HEw eapillasy solyms and aseassi cl es,
8r8/ gagggl es. spectrometer detector. The initial oven temperature is 403Q for 4 min\ifes,

followed by a temperature ramp of 10°C/minute to 200°C, and held for 10
minutes. The weight percent of alkylene glycol is calculated using solutions
of known alkylene glycol weights, prepared and analyzed as described
above. o
The amount of alkylene glycol present in the low molecular weight
30 poly(alkylene terephthalate) pre-polymer particles as alkylene terephthalate
ester can then be determined by subtracting the weight percent of free.
unreacted, alkylene glycol, as determined by the gas chromatography
method, from the total excess alkylene glycol as determined by the
Isothermal Thermogravimetric Analysis method.
35 Solid phase polymerization (SSP), or solid phase polycondensation,
is well known to those skilled in the art, and is described in greater detail in
U.S. Patent No. 3,801,547, the teachings of which are incorporated herein
by reference. The low molecular weight pre-polymer particles, or granules,

PCT/ US97/ 13151
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of the invention are subjected to a tenperature of about 180[err]C to about

280[err]C Wml fd;kl(ﬁ@ Jnert gas stream e.g., nitrogen, for a pei,g.gﬁﬁg;,n
| Pits

tinme Cl en “achi eve the | evel of poI yneri zat | on desire

si gni ficant r the nveption is
that | ow nol ecul ar Pﬂg‘wgm?h%'gq“meég&‘é ;F){gﬁ'fff‘\g&u i‘z@%?é?]a 3% t he
cheni cal conposi ti#&¥0°C while ig@sangrbges stegam,re. gnmtmgqnnfqnmmrmd/oﬁtxm ty as

low as fromO0.1 t 0
wei ght _pol yrrer s .?‘?ﬁé’%k“‘?“b‘;;%h; “’Vé“"dmyﬁéﬁi‘?%‘i‘?‘*n%%““ W“Qﬂ“ SPyfificadt

properties obtai nedft pRExpssted E‘?Si?ﬁc‘ttﬁéhe present 1RVEDON (A m®¢@§abf

the i.nvention mat ceipht esliépee ph@mr@hﬁmléﬁ%ﬁ:}buavd tHe ch@ﬂ%&@bﬁ%ihdﬁ' t
condensat i on.

The process of t he SSRTBAY PEFFiRARd 2R INtFigSic; isoRsity 2 8VAY TFERG, biR.Q- 3 dL/em
the fol |l owi ng exangsness polymenzedm@hrgnmobcﬁlmmlght polymess ihtthe solid state These

Exanpl es illustrat I sation
Process which is cl(e;urgbct cﬁ@ Eg?%@&ﬁ-&éﬁf}?ob %d from 9°l§| on%ggg{‘l'
Sol i d- State Pol yneHERAY ST aartisiesadthe @weaﬁlogemmh 05 | & exceed those obtamamesby

liter reacti omoketddne:cnﬁqmmﬂadcmdehsmdfﬁcham cal stirrer and
distillation head, was charged with terema_gm d (AMOCO TA-33) 800 20

granms, 4.819 noles, 1,4-butanediol (DuPo - 0 gm nonobutyl tin
oxi de (W TCO EURECAT 82'H&) protess ofdhe inventioatwillkenow deiillustratediby meference to

metal bath (conpo Yo Sn) held at 220[err]C. After

approxi mately 30 %h%llg?g%é?ﬁe rezfgtgsor contents had reached 200[err]C and a
distillate fl ow st was nai ntai ned at 220[err]C for 110
2 5 nin.. duging whi cmdsermat?ﬁesngmgﬁme aCthibdec st adgﬁeﬁﬁéﬂi Ng8jtt emper ag ure
to apprOX| and t r.ea ad,tenperature passe
through a g? ?}#ﬂﬂ‘%féa?f?][ erlplcf% which s °%‘§+%§§H%4%| rrE'é“"l’?our s the
reaction sol uti on Polymericatéen isdyadelid-State Rabymerizming at@tpeCdor2e Hmaseased
to | ess than 80[err]C AT|3€htcr reacﬁ&?k@t‘tle ?%Hg ﬁrWé{haéH{echMéal shfferangd to

245[err] C and a vag action kettle.

The vacuum was mwar‘k’é’& t!fta 0“’25 ﬁ*‘ﬁrged rephithalis 3614 (AMOCRITA33 1B h
time the reackor goahe4.819 nlendetibutanediol (DhPﬁﬁg,r @rth[ 0 grp, xﬁéﬂb&ﬁt&l fin The

tal heat bat
2 owed to cool t SEERPITEOLEGATAT 0BT ThE reation Kolfe oS iRgtiRdin arye
pre-pol ymer had amétahbath{ecompesiten 6% Bi,. M%%Ml@ata&%ﬁo%ﬁ% in
Table I, and t hes‘ﬁPﬁﬁiﬂﬁﬁt AL rﬁﬁthéﬂ'tﬁé F&ct&rg&%?r& g?@?&ﬁ%ﬁ&@ﬁﬂmér Bid &ile

dlstlllate was col | ecied_.and ana a are _shown on
| as noles of THFd ﬁf%ﬂgwoﬁm @I‘ﬁ H‘&Fﬁ'@aﬂb}“@s @P?dF'@@lfdt% 22QeCriepdiBr .
The PBT pol ymes vmndlchmmdgv\ehich ninme theabadoe osdteftsdhofeased ianemiplefatars @i t y

I%FC):T 1 US97/ \{glgﬁl 049&&?x1mately 217°C an‘d the reactor head temperature passed through a
maximum of 122°C. After approximately 2 hours the reaction solution
cleared and the reactor head temperature decreased to less than 80°C. The
metal bath temperature was increased to 245°C and a vacuum of 0.2 mm

30  was pulled on the reaction kettle. The vacuum was maintained at 0.2 mm
Hg for 60 minutes, during which time the reactor contents increased in
temperature to 244°C. The metal heating bath temperature was lowered and
the pre-polymer allowed to cool to room temperature under a low nitrogen
sweep. The pre-polymer had an inherent viscosity ("1.V. Start") as shown

35 in Table I, and these values were calculated from GPC measurement. The
distillate was collected and analyzed for THF. The data are shown on Table
I as moles of THF per mole of Terephthalic Acid charged to the reactor.
The PBT polymer was dissolved in nitrobenzene/chloroform and the acidity
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measured by titration with 0.1 N sodi um hydroxi de in benzyl alcohol. The

values are recorded in Table I ("ACID Start"). The pre-polyner
was t hen pl OBW6I2, heated reservoir at 235- 240[err]C ﬂ%’d‘?%ﬂ flg*ﬁéd to
drip through an orifi onto, a st s ste r ot t|n sur f The
st ai nl ess st eel "@ﬁqrﬁggyﬁgaq%‘l {tg Jeglsséld"l'@ a ‘Eﬁi[yéﬁ T"ﬁh%

p][ oduced umforml&eﬁaﬂmwﬂdedlmi'abte i'a:-QID Srm‘)haw ng an average wei ght

0. 300 20

parti o es-to 0. 5100 SN St Bt Rl @k Blacel il iated SEN Qe A¥ 39300, 11
an i nherent vi s@m%alﬂcywed tcodubtmpnghﬁnamfwlmmoatswuksestﬂmetmmmﬁnent 10

I ndi cating d pe f
215 o1 e”]% eﬂﬁ@?taﬂﬁcﬂ%é‘éf%ﬁifﬁ%hﬁ%@nﬂmt%ﬁw@ﬁ 1@?%}%& ao-gsg_ eoan

particles were progueed ppifarm 58{18 pagt %ﬁ%@é’ Yier havieg éﬂé"éﬁagﬁkWQ!EhﬁNas
fitted with a gego0. BOOgtn/mOIp@hxcles withexdfiion mﬁvélghttﬂi'@mf()lﬂ% @ﬁﬂmt of the
0255 Lu0e, 20 L DA 5ROl e P 3 il B o
and one 1/4 of amhinheegntvissesithef 0d) dii/ghheaspakufed frem GPC mepareinehgs. The
gl ass tubeyas HRMipba e@oeﬂgpet erizafibn bF6Anll Blrhefing poj oint gfont ai ni ng

sufficient SI I | Oi;g%?(t y I mrerse the pre- ymer
particles. opper tube, through which was flow ng nitrogen gas at

2 0 oneli ter/ mn Appmxummmlﬁed gntséhﬁe iré @Wﬁeﬁﬂ&ﬁxde@%r& bﬁm@dhﬁ aend

hed
i ntained at 15miaTs e, s, ehl orWAER ﬁvoﬁit}‘iﬁedd\ﬁb R PR s T he
t her nocoupl es |¢?§¢nﬂ£dtumt<gﬂh&§sllﬂ1§ight of the glassitubgtand the ptﬂey erd wasfittedat ur e

of 160- 161[1%”]\ﬁth%;i£rmﬁleho‘¥% th@ﬁn&dd ‘P&”ﬁere IacedoihkldE?l'i@ 1a8% Hife, Was
i ncreased to 210-211err H&I nt If 2 erature for 20

hours. The pol yRRS gL the Boitaman éﬁ*ﬁ)\’)”éﬁ mthe top Ofé © PEUPRlYM&Gom
t enper at ure. Theartivleec Tharglassitgld was tﬁdmeplE% tmdmm@hter resin kestke cal cul at ed

L;gg} SSC meas “rc%?ﬂ}hmga!{h?pﬁéﬁt g’xﬁ%}?ﬁ? ﬂﬂ{detto c%%iﬁe Rxg?s[e]the PreRS y&‘g«% ymer s
was neasur ed bypartickeat A0S fegigopper Ma,snhmﬁhwbncar\eaaﬂwmgemmm gamatrabl e

30 I (Cab. W‘lt@gmxﬁ | Was irfirletsel- in the sﬂ:c@ié‘ﬂﬂicﬁ&nd“th@%x;t?end attached to
These Exanpl es

Tee o oo the ikl bR AR BhC A bickgk ol s R neR TGRS o o
mechani cal st i r2 bourandurditg whilihstimk!|the tlmnxﬂmeadplem:dﬂﬁae@smbm

t ht hal i 4
1 o LR e ot A, WA B o, (7o
EURECAT 8200) . orh@mr@a@mr%wamq%seﬂég .ﬁn?elr s@oarxdrmamtame%a‘nte@m bat h

(conposi ti gB 58 ratﬂi%%oﬁal) hoatsl Phe gel¥niripatticléd wefe then removed and
14 WO 98/ 046

PCT/ USo7] 13151 C001Ed to TOSR SRRFERINIS, Sbe maleruer vright eLlEd BT BADISS had

reached 200[ er r'w&s calculated from GPC measurement, and the values are shown in Table 1
(Col. heading "L.V.", i.e., "Intrinsic Viscosity"). The acidity of the polymers
was measured by titration, and the measurements are also recorded in Table

30 I(Col. heading "Final Acid").
Examples 4 to 12
These Examples illustrate the procedure followed in Examples 1-3,
but without vacuum.
A 3 liter reaction kettle, equipped with a mechanical stirrer and
35  distillation head, was charged with terephthalic acid (AMOCO TA-33) 800
grams, 4.819 moles, 1,4-butanediol (DuPont Grade), and 1.0 gm, monobuty!
tin oxide (WITCO EURECAT 8200). The reaction kettle was immersed in
a metal bath (composition 58% Bi, 42% Sn) held at 220°C. After

14



distillate flow started. The netal bath was maintained at 220[err] C, during

which time thgo®masRr contents increased in tenperature to appporMuSSBIN
217[err]C and the reactor head-tenperature passed through a maxi num of 5

122[err]C. After @mbﬁﬁhﬁarﬁwnanmy ke ie*ﬁ@to"r@@ﬁich%'haﬁqleﬂéhmm)@ﬁﬁﬂaa”d

t he react or ,he er at decre ess | . The
reaction mxture dxstxﬂate\,@grwlsm helltf QF‘@%??‘@V?? By ?mﬁa &22‘5%04'}%“%0
m nutes. The t err‘pwhatmmmeahe reactor conemeimredsedin mnﬁmidnrmaﬂmmrmﬂegnd

t he pre-pol yner YVBE ofolel| | ow
nitrogen sweep. %\%e Jre-po zIEQctoiBead er&%réﬁeren?{@ é@ég{@‘ as |If§t ed on
Table I, as c& cul2d 621 Aﬁ@rram@xxmately %@Qymtbmmctr(omsomtmdmeﬁ anfiithe

distillate was coldabrh®dadiinpitahiys ae'cxfeaged to less :Ehﬁsobdaemtreaétfoxﬁ@@mr&n
s 8

L e

m and
Lhe afl d: tyhﬁfas%url])ednalnl hedting bavh waistibwerel Mdlthe prépd rh?lﬁgglm\ded t
enzyl al coho e,val ues .are s | t art
I ARSI Sy e e M@aei%w@gmwee%r RhIYmer
and al | oned %6 drhad arhinheggnt yiscosity as bisted.on Table I54s mi):ulatﬁdofrarrsGHle ess

steel rotating S%EZﬁﬁ-emI "ENAISHES THERLTAE VARG oRE TR AN ATy | o5
20 t han 40-50[ so | tlcfes

r.oduce ormp
havi ng a I‘#)S}{S‘fwrbmé @g&rﬁWBLﬁstqq. PG\H“F? %of/arl ation in
wei ght from T&eﬁﬁmabt}mﬁd phirigedite she rta@toiilmhcg’!ﬁ?@olymdﬂwisﬁ&lssdlbed

dL) gm a6 cal cul ARAeppeReRREhlStoin B At AcRE) Fdhonted BN iaticR it LN
pol yneri zat i 0 ofsodfumriydzoxide in benzys alcopoi.nThovatues ageghem io. Table 1

Appr oxi mat el y 40(g 195 S p@ uni form pre-pol yner particles were pl aced
ina 50 m glasstue oneen of whic with a ga

t
whi ch extends up to t hEng BierP ET”(‘?HP"aéftR?’hB F‘&é‘kag‘ﬁﬁé é?ﬁ?eréaBEﬁ'ﬂ"'@ﬁg was
fitted with a gasanuilleeted Bvdrip ﬂﬂb\mﬂﬁaulohﬁ&e\@ﬂanm 54 atin) cxtodesthimdesg! ass 30

t ub t f

uni for mpr o pol yrigrel ol AaC The Sualilel HedtMctabf el Baih@iheiat B

liter 2@3| rthmﬂﬂ+5é)°€o nERip prwbmgdmfamwesmlymgm@lrd mamcte@ haumg ately
i merse the a\)éPdéeOJi/ gﬂf sfogbar@a/z d?ia?ﬂxéil:@%uﬁﬁ xtﬁﬂtxn%gﬁfﬁbﬂpe

t hrough which was at 0 was |rmersed
BRS8N o RIG RIF RO LICE he

nit
in the silicone f4-%47% 933595\2&?
gl ass tube. The q:ahldeﬂhawahxruﬁment viscositgioft0al 180/ gm, a‘sﬁﬁicmiéltkélﬂ‘drﬁlGRE 2

hours, during whi ”?D‘ﬁ t Iigﬁa
I ndi cated a pol yrrréghsgjrén%eeétaﬁﬁ%?{) g@%ﬁ?fgdry]"&ri%ﬁ?g%f la%ﬂg I t he
silicone oi |28 enpoink el G.ncreased to 210-211[err] C and
15 WO 98/ 04612 Approx1mate3' 40 gms ¢ of the uniform pre-polymer (?amcles were
PCT/ US97/ 13151 | alln b grg%er}?tttljr e fo d l'I'he
pol ymer particl ed %‘é;dema glass tu e one end of which was fiite a gas’inlet
which extends up to the full height of the glass tube and the other end was
fitted with a gas outlet. Two thermocouples were placed inside the glass
30 tube, one near the bottom and one 1/4 of the way from the top of the
uniform pre-polymer particles. The glass tube was then placed in a one liter
resin kettle containing sufficient silicone fluid to completely immerse the
uniform pre-polymer particles. A 25 foot copper tube, through which was
flowing nitrogen gas at one liter/min, was immersed in the silicone fluid and
35  the exit end attached to the inlet of the glass tube. The silicone oil was .
maintained at 160-161°C for 2 hours, during which time the thermocouples
inside the glass tube indicated a polymer temperature of 160-161°C. After
2 hours the silicone oil temperature was increased to 210-211°C and
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t hen renoved and cooled to roomtenperature. The nol ecul ar wei ght of the

PBT pol ymer S | cul ated from GPC neasurenent, see Table I|. PE?EISW/IMSI
acidity of f rs vvas measur ed byt|trat|on and the resu
shown 5 in Table |, headi h ' .
Table 1 maintaine at that tcwper%uﬂ%[az@r (Turs. Fhe polymerlpa\yflg)rers]werp_ Vierr]
Fi nal then removed dmbcodi&d & tgdne terhpematuran [The (nSdlacelpf sveight of the
210l err] @ Acid PBT polymer was calc lated(of{% GPC urement ?{e 'Bablel '%x
20 Hrs. neq/kg y&x Y o vk 3
0.94 55 acldlt)cgﬁ@e olymers was mgasured pgtitration, gn@tm: results grelgxown
0.63 98 in Tab@HFC?lEKead%ng "PinPAcid". 30 0.225 0.34
0.94 80 Exanple 4 1.70 73.2 0. 080 0. 16
1.02 2.4 Exanpl e 5 2. 60 18. 7 0. 063 0.18
1.19 11 Exanpl e 6 2.70 Tamdel 0.131 0.14
1.20 17 Exanple 7 3.18 40.9 0. 108 0. 15
1. 42 12 ExamP.L.e_& 3.0 1Z Q45 Q.16
1.12 8.7 Exampive. 9 AcIDS. 84 THF 28. 51.v2 0. 085G FinaD. 13
1.53 29 Exanpl.e 10 31b 3 0, 15
1.60 19 Exanpl &% 1 (st ; pmovmolf) fstar® $-48%Y | Aqy 1
1.26 12 Exanpl €46)12 7.75 TPAI2.16 0] @®%Hrs. | meqpkgl( _
1.25 9.6 Comp. EX F‘I618§J'I:1I t§7§1re rr%gllsgg I 00 18, 2- |0%I‘I hsi g; qcosity
unit is dL/gm = Lmt feans he eg Rty of e—State
Pol yneri zat i on.| Comp. Ex. 2 078 752 0.042 0.8 063 96
16 Comp.Ex.3 | 0.89 30 0.225 0.34 0.94 80

Example 4 1.70 732 0.080 0.16 1.02 2.4

Example 5 2.60 18.7 0.063 0.18 1.19 11

Example 6 2.70 306 0.131 0.14 1.20 17

Example 7 3.18 40.9 0.108 0.15 1.42 12

Example 8 3.07 173 0.045 0.16 1.12 8.7

Example 9 3.84 28.5 0.050 0.13 1.53 29

Example 10 | 4.15 88.2 0.092 0.15 1.60 19

Example 1] 542 18.1 0.057 0.13 1.26 12

Example 12 7.75 42.6 0.039 0.10 1.25 9.6

1- Acid units are meg/kg
10  2- Intrinsic Viscosity unit is dL/gm
3- "Start" means at the beginning of Solid-State Polymerization.

-
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WD 98/ 04612

PCT/ US97/ 13130 9804612 What is Cai meg A EEN A promsuéwnnm
preparing a high nol ecul ar wei ght poly s‘ﬂ'ﬂsm aV|

intrinsic viscosiWwhafl @airhédst 0.5 dL/ corrprl ses: 5

a) formng a | ow nol ecul ar weight solid €-pol ymer particle by reacting at

| east one al kyl ene glycol and at |east one di- or tricarboxylic acid or its
ester according 1. A roé&stfbﬁp efifig afliigh molecular wexght polyester pélyefiérf yi ng

Lemperature. in L B%n h% ?3%{" B R} A0S nunEh efosest pamprisesince

of an esterif$cation IA) fonamgl Eyklw moledulatweight salidipre-polymeopagtidlg byne
glycol to carboxylidg és'i ohé AlRylere %v nd at leas%%n%d; r tncaﬁngxhc aﬁxd

ii. continuing the es |cat|0n reac romstep
reaction mass at 38C9K Fﬁ%ffoarthﬁrséﬁﬂsrﬂ’the range of from 180[err] C up to about

ﬁSO[ err]C Ulnt i | Sa' d t(l)oﬂéteﬁﬁ@l@gltfﬁdlwﬁt &'i’éar@éﬁympidtfwm mefaﬁl’lt)"[@ﬂe
aving a nol ecu 05| at e o
st o Cﬁl ometric e ?9‘]38?{8 ‘%pﬁﬁ"gﬁtﬂ’g\%’ Rgog(:rﬂﬂﬁ? 28b%€ 1 h&qw red to

make a hi gh nol eqau¢szmcwef ghesterifigaton eatdlyishinvvhicth the maastati®csbaikylehe
carboxylic acid gﬁﬂfbﬁo Qﬁx%%ﬁgﬁc IaEllldt 5@&#{ Ilzilttgq reaction have been

converted to est Ire- o yirer has an |ntr| nsi c
viscosity of fromO0.1 to alﬁtﬂltCOOHB“’é!BIIQﬁFStmﬁca“OH reaction from siep (1) at i ng

the pre-pol yner h@lcﬁﬁngdamumﬂa@sm@c&mﬁerﬁﬁrrEIxmm,angadfﬁam 180°C u to(b)

b otess of |G ai nROVAYR Lol i Lo bfecihepeighE b poymes i fofse habivg

sel ect ed fram t ha moleaplac oumpssntmg wiliichiCotdins grepfee thidn1H9%6 stoichiomettiere n i s

2 to 20; 1,4-bis
bi s( hydr oxynet hy%2 %%%ﬁ@&hﬁyé %@Xﬁi % ?ﬁnh‘ﬁ]i{ H&E"red to make a high
Q
3-met hyl - 1. 5- penfiesplar weigh polymer andoinhioh st east 85% of the carboxylic agi) t he

di carboxylic aci gropsgirbssit ﬁdnﬁl‘l?ﬁn tﬁwreaémrphswsmtdmeﬁédmm groups,
di carboxylic aci

h t b
t he pre-pol yner ngwé“ p C n i g‘%ﬂ%l"ﬁ%rﬂéﬁ‘lx‘)éﬂﬁg t%’g‘%%p 9@5‘“’593 (o)
pastill atiorge 30dL/gm; 3 _ The process of Claim1 in whi c_h;
(a) the alkylene glycol is#8lg6hagthOptd-pElydie? 48 geREENF Uni¥ori'solid

HO(CH[err])[err]I(;]a-lmcles and

(B) polymerizing the solid particles in the solid state.
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25 2. The process of Claim | in which
(a) the alkylene glycol is selected from the group consisting of
HO(CH2),OH, where n is 2 to 20; 1,4-bis(thydroxymethyl)cyclohexane;
1,4-bis(hydroxymethyl)benzene; bis(2-hydroxyethyl)ether; 3-methyl-1,5-
pentanediol; and 1,2,4-butanetriol;
30 (b) the dicarboxylic acid is selected from the group consisting of
organic dicarboxylic acids which contain two carboxyl groups; and
(c) the pre-polymer is isolated into small hemispherical particles by
pastillation.

35 3. The process of Claim 1 in which
(a) the alkylene glycol is selected from the group consisting of
HO(CH2),OH, where n is 2 to 20; 1,4-bis(hydroxymethyl)cyclohexane;
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P where nis 2t ydr oxynet hyl ) cycl ohexane;
1, 4- : tﬂ"g?wwaxynet hyl ) benzene, - yet hyl ) et her,; -SHEEW} -
1, 5- pent anedi ol ; _and 1,2, 4-butanetriol; (b) the organic
di - or tricar box}idrbistidioxymetbybberzene; bis(2-hydpxyathybsthers3methpk1,5- 5
terephthalic aci gémgm&ﬁaap,hahgi,qr@tﬁmgbgoxyI ic acid; isophthalic acid,

4, 4' - bi benzoi c i d: bis(4-carhaxyphenyl)ether: 2-chl oragterephthalic
Rid: and 124 (Ohn st REArARsPREy e hd onlecied ot MR &) ¢ ne
Cﬁt a:c yst i fs n- but:m?siﬁtrfgwb_ f itereplmthldl_ic aciﬂ92,6-x;ﬂaphthalénﬁdicxm9_ﬁclatiﬁi; pol yger i n]c
the formo nera ni_f.of. . i:Gl | ig the product o
a reaction be V\egﬂphﬁmhgggfd’g‘hée%dé’&’z@?g%‘f‘ﬁt@?%%@@f%%y%&?w%@eﬁs ester and
at | east one al kJichiarotgrophthalicagid; and 1 2c-pamzenietridanoxy liemcid;undr

conposi tion which (c) thOBAtRIy38isH-8afy stanhaft dct@ st oi chionetric excess of
al kyl ene gl ycol above the anount required to nake a high nol ecul ar

wei ght polyner and an intrinsic viscosity of from 15 0.1 to about 0.3
dL/gm wherein tée A polyestenprepplyimesn the form of generally(@niforst solid parfigidshe

di- or tricarboxyki ' | lycol, at a_ .. tenperature in
t he range 03' f ro%i%’d?gbgf’@lﬁlﬁl B ga g%?‘(?ﬁ?’%eg?%' %tt{gasélpgg élh'c(g toe xy?ic
esterification acidandat d¢agsene alkylene glycol, said pye-polynierihiaming amolecular
esterification r ' ) Ie B ML B rriefti range of
from180[err]C ugﬁ? bézag%g?ﬁ)%kﬁﬁ? |(nl% gsrg*ihg@tﬂrégﬁp @IS%n%lefﬂs?&%%%e%Qggd a
| east about kytene glyeql @boys B&WPE“‘&'EEH“ Eﬂj%’é ¢ aigmajecilarsweight n
'E h)e realct i on ha\épolpm aadavdntrirgic viscosifyfbfﬁ%émlto.glt@ub?.it C?ahdL/gm,I wherein )

c) isolati t [e- .3S. gener a uni form sol i articles. 5
(s 12 | helbLc ] A b 0 y p

The poliyes T of Claim4 wherein said pre-polyner is
sel ect ed from t(a eptenfyingiheidit pnigicatbgylig(asichgndthe alleyleptiglyieal at e) |
poly(but ylene t o ghitpdiahdt i the range 8 HoRPL ST APYb 986>t I SRYARESFan
Caim4 in ich sard al Kylene glycol is

6. The pol yester , re_—(ﬁﬁ‘[éx r,.o

sel ected 30  frGHFRUEAH @V?%m , 1, 3-propyl ene glycol, and
1, 4-but anedi ol ; sai d (b)ceortimuyng theastatificationireactiineftomdtdpr @at er epht hal i ¢
gg} 8 4 6% ’26' napht Nahieadte i MO o Plbll 1 8PE b RPPE0® Uil said pre-polymef©
PCT/ US97/ 13151 is formed pad ablegstsahoyt 88Yaef thecarbaxylis acid groups initiatlyct ed

fr 931 hydr ocar by;pr%kéﬂﬁﬁitﬁe fdacflon have bedifédriveriel o iteP Bthups; ﬁﬂﬂl anti nony
OoXl1 de. . en

s sei ected from et hy{tOriEbIa05E the;pir:pplymEr a5 gPaeiallE Jorigr sl parfles! ¥ O
1, 4-but anedi ol ; said dicarboxylic acid is sel ected fromterephthalic
acid, 2, 6-naght hel efie pdiretd Bre-pbfy e b CRRA 4 SRERR i4id Brd-Polyah isal d
selected from the group consisting of poly(ethylene terephathalate),
poly(butylene terephthalate) and poly(propylene terephthalate).

6. The polyester pre-polymer of Claim 4 in which said alkylene glycol is
30 selected from ethylene glycol, 1,3-propyiene glycol, and 1,4-butanediol;
said dicarboxylic acid is selected from terephthalic acid, 2,6-naphthalene
dicarboxylic acid, and isophthalic acid; and said esterification catalyst is
selected from hydrocarbyl stannoic acid, tetrabutyl titanate, and antimony
oxide.
35
7. The process of Claim 1 in which said alkylene glycol is selected from
ethylene glycol, 1,3-propylene glycol, and 1,4-butanediol; said dicarboxylic
acid is selected from terephthalic acid, 2,6-naphthalene dicarboxylic acid,
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esterification catalyst is selected from rﬁlﬂ%éﬁf |HA§[%§‘F#O c acid,
tetrabutyl ti t%ﬂo«tsi’i’d anti nony @xi de. FE 8. Th?c?(!i@ﬁ'ﬁ?ﬁﬂ
sal d al kyl en -

of daim?7 in whic e glycol is |, 4-butanediol and sal

teropnthal are. e is@bié SlaRHH IR AR Chuals 3 R from
conpri ses: hydrocarlfyd)sténmord agjd) tstyahutyd titdrmte, waiightinuolyytide.y | ene
terephthal ate) as solid 15 particles by reacting 1,4-butanediol wth

terephthalic acid gcgQrding to e.steps of: . . i .
esterifying the te%e;ﬁi% Essa‘bé@aW’t7hmt‘HE‘cb,séldoﬂf<éﬂ?§8igéﬁ'co«itls b4riaxpesdiolir
in the range ofs fr and 35 dicabGxviic hdd&%@itamri]s@nimxi%mr&&ﬁmﬁfﬂiméth l
catal yti c anount o]‘t rg@gm/ak stannoic acid erein the nolar rafio of
1 , 4- but anedi ol to rep “lic acid is from 1.2:1to 10:1; 20

Ii. continuing the esterification reaction fromstep i. by holding the
reaction mas w ryr]Cup to 280[err]C
until said | ow nol 25&5&3&5@32{@1&&& ]q%g{f{?é u y?s{eeg'e terelpht hal ate) is
formed in which not | eséA) HeFmmpiow: molrcudar weight pely(butyleng ¢eraplthalate) as

present initialdy kélid pertRidsedyt feaCtitig Q-beRfédion withierédAgalic AVEAL RIS to
ester gr oups aqd s%d pol y(butyl ene terephthal ate) has an intrifisic
viscosity of from H’.els ey about 0.3 dL/gm and a nol ecul ar conposition
whi ch contains greater than fiJoesterifying thedtrephtialic acakwithsho,4-butanediol at

1, 4- but anedi ol abo ] LI b gh e ar
wei ght pol yner; X%C&B,&am%mé&ﬁg# .0??20(%1?_5;? Pf]@“? ﬁg?lggwérlrmopl&%ﬁ%wv%qq;qﬂt
pol y(but yl ene t er efpRtalysicamqunt,of grbutyl stanneis acid whereim the mplag ratie pfid.4an
avler age di arretlﬁrr imﬁtahﬁibmtlg)ﬁrqumitlmad 'ifs’rfrﬁﬁz B.zltfrmo fm.qi; 30 t _ h(d)
pol ynerizing the pastilles by..maintai.ni em.at. a tenperature i e
range of from 200[err] él)fgorggwgg ﬂ?e(fs\mnﬁi‘éaq% qeﬁ%?%ég@nggp gif) Xn

i nert gas stream uhelding the reastidnmass at a temperatoresof fromf 180R€ yotoy2809G Listile

ELSr epht hal \6/‘\;) eég?%i%di&%&%&QCﬁlgr Weigtt poly(Buly16ltd BfRphthalate) is formed in which

PCT/ US97/ 13151 1Pt lesstthan §5e¢ akthegarkpuylin acid graupsipressnt initighly imthe

pre-pol ymer paoti césterifictiondiesaibrokaveienadtnveitbd tabtBSERARS, adaRbSUr €.
poly(butylene terephthalate) has an intrinsic viscosity of from 0.1 to about
0.3 dL/gm and a molecular composition which contains greater than 1%
stoichiometric excess of 1,4-butanediol above the amount required to
produce a high molecular weight polymer;

25 (iii) isolating the low molecular weight poly(butylene
terephthalate) from step (ii) as pastilles having an average diameter in the
range of from 2 mm to 8 mm; and '

(B) polymerizing the pastilles by maintaining them at a temperature
in the range of from 200°C to 220°C while in the presence of an inert gas

30  stream until the intrinsic viscosity of the poly(butylene terephthalate) has
increased to at least 0.5 dL./gm.
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