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Asunto Sohcitud de patente para POLIESTERES DE
REDUCIDA VI Y REDUCIDO TENOR DE
ACETALDEHIDO, PREFORMADOS, Y
CONTENEDORES OBTENIDOS CON UN POLfMERO
DE ESTE TIPO
Publicada en La Gaceta No 537 Del 27 de febrero de 2004
1 Yo, Emihio FERRERO, identificado como aparece al pie de mi firma,

actuando como apoderado en el asunto de la referencn, atentamente, solicito se efectue
el examen de patentabihdad de la sohcitud en referencia presentada de acuerdo con el
articulo 44 de la Decisi6n 486 de la Comimién de la Comunmidad Andina Para tal efecto
presento junto con este eacrito el recibo No 04 -28 003 por valor de $363 000 00, que
corresponde a la tasa fijada segin lo dispuesto en la resoluciébn No 37323 del 30 de

diciembre de 2003
2 Ruego atentamente a la Sefiora Jefe se sirva ordenar que se anexe este
recibo para que se efectue dicho examen y se continue con el tramite de la solicitud
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Seiora Jefe,

%0 Con
EMILIO FERRERO
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Industria y Comeréc

SUPERINTENDENCI!/?

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No 02- 66654

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION FUE PUBLICADO

EN LA GACETA DE PROPIEDAD INDUSTRIAL No 537, DE FECHA 27 DE FEBRERO DE 2004,

EL TERMINO HABIL SENALADO POR LA LEY EXPIRA EL 27 DE MAYO DE 2004

NOTA. Dentro del plazo de los sess (6) meses aiguentas a partr de la fecha de publicacidn en ia gaceta de
Propledad industrial, deberd eoficitar y cancelar el examen de patentabliidad so pena de que la solcitud caga
en abandono, de acuerdo con lo establacido an el Articulo 44 de la Declsion 486/2000

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS

S| NO X

Carara13No. 2700 Piso5y10

Santa Fe de Bogoti D.C - Colombia
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCI
DIVISION DE NUEVAS CREACIONES

2020

Bogota, D C, 3 de Febrero de 2008

Doctor

EMILIO FERRERO .

Representante NESTLE WATERS MANAGEMENT & TECHNOLOGY S A. Y

TERGAL FIBRES

ASUNTO Radicacidn No 02 - 66654
Tramite 002
Evento 001
Actuaclén 430
Oficio wAnn !419
Folios 054

Como resultado del examen de fondo, realizado con fundamento en el articulo 45
de la Decision 486 de la Comislén de la Comunidad Andina, se le comunica

1) Documentos estudiados

a) Para el presente estudio se tendrédn en cuenta el capftulo descriptivo,
comprendido en los folios 3 a 19 de la sollcitud en estudio

b) Para el presente estudio se tendré en cuenta el capitulo reivindicatono que
comprende 27 reivindicaciones en los folios 20 a 23 de la solicitud en
estudio

c) Conforme lo establece los articulos 8, 10 y 11 de la decision 486 de la
Comisién de la Comunidad Andina, la presente solicitud en estudio fue
presentada el 31 de julio de 2002, y en el momento de la radicacion Sl se
reclamo prioridad de la primera solicitud FR 01 10279 presentada en
Francia

2) Objeto de la Invencién

a) Las reivindicaciones 1 a 27 de la solicitud en estudio se refieren a

i) (1-) Un poliéster, que comprende por lo menos el 82,5% en cantidad de
unidades denvadas de un 4acido tereftilico y de etilenglicol,
caractenzado porque presenta una viscosidad intrinseca comprendida
entre 0,45 dl/g y 0,70 dl/g, y un tenor en acetaldehido inferior a 3 ppm

W) (10-) Procedmiento para la manufactura de un poliéster de acuerdo
con una cualqulera de las reivindicaciones precedentes, caracterizado
porque consiste en llevar a cabo una polimenzacibn en un medio
fundido, de un poliéster que presenta una viscosidad intrinseca infenor a
0,80 di/g, formar grénulos de dicho poliéster, hacer cristalizar dichos
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grénulos, tratar térmicamente dichos granulos mediante un
calentamiento a una temperatura comprendida entre 130°C y 200°C a
efectos de reducirr la concentracién de acetaldehido hasta un valor
inferior a 3 ppm y obtener una viscosidad Intrinseca de poliéster Infenor
a 0,70 dlg

m) (18) Procedimiento para la manufactura de preformas a partr de un
poliéster de acuerdo con cualquiera de las revindicaciones 1 a 9,
caractenzado porque consiste en - Inyectar el poliéster fundido en por
lo menos un molde de la preforma a ser obtenida, -enfnar la preforma
rdpidamente a efectos de evitar toda cristalizaclén esferolitica

iv) (27 -) Contenedores huecos o botellas, caractenzados porque el
poliéster que forma la pared del contenedor tiene una viscosidad
intnnseca comprendida entre 0,45 y a 0,85 dl/g y porque el tenor del
acetaldehido presente en el poliéster, es inferior a 6 ppm

b) Los antenores productos y procedimientos buscan obtener un poliéster
mejorado para aplicacién en envases

¢) Segun la Clasificaciéon intemacional de Patentes, la codificacitn para esta
solicitud cormasponde a C 08 G 083/183

3) Evaluacién de la Unidad de Invencién

El articulo 25 de la Declsién 486 de la Comisién de la Comunidad Andina
establece

“La solicitud de patente sélo podrd comprender una invencién o un
grupo de Invenclones relacionadas entre sl, de manera que
conformen un unico concepto nventivo”

La presente solicitud carece de unidad de invenciéon toda vez que configura dos
productos diferentes y contempla dos procedimientos diferentes La
definicién de la matena que caractenza a cada una de las rewvindicaciones
independientes es muy diferente entre sl Noétese como en la relvindicaclén 1
especificamente se refiere a un poliéster denvado de acdo tereftdlico y de
atllenglicol y la rewvindicacidn 27 a cualquier polidster Esto permite afirmar que
no se trata del mismo producto De la misma forma, los procedimientos de las
reivindicaciones 10 y 18 refleren etapas totalmente disimiles y no enlazadas
Todo el problema radica en configurar vanas revindicaciones independientes con
materia diferente El solictante debe establecer una sola revindicacion
independiente dingida al producto en la forma mas simple de la solicitiud de
invencién, y/o una sola a la forma més simple de procedimlento, partiendo de alll
establecer remvndicaciones dependientes que amplien esa forma mas simple
hasta su forma mas compleja

De acuerdo a lo antenor, la presente solictud no cumple con el requisito de
unidad de Invencién de acuerdo al Art 25 de la Decisién 486 De continuar con el
Impedimento, esta oficina procederA a estudlar solo el primer grupo de
invenciones que conformen un Gnico concepto Inventivo
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4) Determinacioén del Estado de la Técnica
E! articulo 18 de la Decisi6n 488 de la Comsion establece

‘El estado de la técruca comprenderé todo lo que haya sido
accesible al publico por una descripcidn escrita u oral, utihzacion,
comercializacién o cualquier ofro medio antes de la fecha de
presentacién de la solicitud de pafente o, en su caso, de Ia prioridad
reconocida *

*Sélo para ef efecto de la deterrunacién de la novedad, también se
consideraré dentro del estado de la técnica, el contenido de una
solicriud de patente en trémile ante la oficina nacional competente
cuya fecha de presentacion o de prioridad fuese anterior a la fecha
de presenfacién o de prioridad de la solicitud de patente que se
estuviese examinando, siempre que dicho contemdo este incluido
en la solicitud de fecha antenor cuando elia se publique o hubiese
transcurmido el plazo previsto en el articulo 40 *

Consultadas las bases de datos y los archivos con que cuenta la entidad,
especiaimente bajo las clasificaciones C 08 G 0863/183 y las mas cercanas a ellas,
se encontrd que antes del 31 de julio de 2001 (fecha para determinar el estado de
la técnica) hablan sido publicados los documenios que se enumeran en la
siguiente tabla los cuales se relacionan con poliésteres (especialmente PET)
que tenen una viscosidad intrinseca reducida con una baja relacion de
acetaidehido

De acuerdo con o establecido en el articulo 16 se determind el estado de la
técnica y se encontrd el siguiente antecedente

Fecha de

L]

N° | Documento Thulo B Publicacién
Polyesters pour embailages & usage allmentaire et

D1 | EP 0041035 leur procédé d'obtention 1981 12 02

D2 | WO 99 61505 Process to prepare a polyester resin 1999 12 02

D3 | EP 0661326 Process for prepanng polyester 1995 07 05

5) Evaluacién de los requisitos de patentabllidad

El articulo 14 de la Decisibn 486 de la Comisidn de la Comunidad Andina
establece

“Los Palses Miembros otorgardn palentes para las invenciones,
sean de produclo o procedimiento, en fodos los campos de ia
tecnologla, siempre que sean nuevas lengan nivel inventivo y sean
susceptibles de aphcacion industrial’

En cumplimiento con este articulo, se procedié a evaluar los requisitos de
novedad, nivel inventivo y aplicacibn industrial con el fin de establecer Ia
patentabiidad de la invencidn reivindicada en la solicitud en estudio

a) Evaluacién de la novedad y el del Nivel Inventivo

El art 16 de la Decisibn 486 de la Comisibn de la Comunidad Andina
establece
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“Una Invenci6n se consideraréd nueva cuando no estd comprendida
en ol estado de ia técnica ® °El estado de la técnica comprenderé
fodo lo que haya sido accesible al plblico por una descripcion
escrita u oral, utilizacibn comerciahzacién o cualquer ofro medio
antes de la fecha de prasentacitn de la solicitud de patente o, en su
caso, de la prioridad reconocida *

*Sélo para el efecto de la deferminacién de la novedad, también se
consideraréd dentro del estado de la técnica, el contenido de una
solicitud de patente en irémite ante la oficina naclonal compeients,
cuya fecha de presentacin o de priondad fuese anterior a la fecha
de presentacién o priondad de la solicitud de patente que se
estuviese examinando, siempre que dicho contenido esté incluido
en la solicitud de fechas de priondad cuando ella se publique o
hubiese transcurrido el plazo previsto en el articulo 40 *

El art 18 de la Decisidn 488 de la Comisién de la Comunidad Andina
establece

“Se consideraré que una invencion tene nivel inventivo, si para
una persona del oficlo normaimente versada en el arte en la materia
técnica correspondiente, esa invencidn no hubiese resulfado obvia
ni se hublese derfivado de manera evidente del estado de /a
técnica”

El documento D1 especificamente habla de poliésteres basados en acido
tereftdlico y en etilenglicol, que presentan una viscosidad intrinseca
comprendida entre 0,85 dl/g y 1,05 dl/g, y con acetaldehido Infenor a 1,25
ppm Para un técnico medio es evidente encontrar que un intervalo de la
anterioridad coincide plenamente con Intervalo de la presente solicitud Por
demas, en los puntos que no coinciden, la diferencia entre los dos
documento es muy pequeiia, siendo para un técnico medio demasiado
evidente considerar que se puede obtener lo que se quiere proteger en el
presente documento basado en D1 En referancia al procedimiento objeto
de la solicitud, el documento D1 revela que es ampliamente conocido en la
técnica usual el manejo de las condiciones objeto de protaccibn en la
presente solicitud, y en general las etapas que pretende proteger En
general, muchos apartes de ia presente solicitud se encuentran contenidos
totaimente en D1, y los que no se pueden denvar féciimente de alll

Algo muy similar a lo que se descnbe en el pamafo anterior sucede entre los
documentos D2 y/o D3 con la presente solictud Nétese como el rango de
viscosidades Intrinsecas da D2 y/o D3 coincide en amplio grado con la
presente solictud Ademaés, la esencia del procedimiento es la misma en
cualquiera de los documentos, con las condiciones de proceso muy
similares sino iguales en algunos casos

Resuman

En conclusion los requisitos de patentabilidad de la presente solicitud se
podrian ver afectados asl
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o Requisito
N Documento Relvindicaclones afectadas que afecta
Novedad
D1 EP 0 041 035 1-27 Nivel
inventvo
Novedad
D2 | WO 98 61505 1-27 Nivel
inventivo
Novedad
D3 | EP 0661326 1-27 Nivel
inventivo
8) Notificaclén

En cumplimlento del articulo 45 de la Decisidn 486 de la Comisiébn de la
Comunidad Andina, se le indica que dentro del término de sesenta dias contados
a partir de la fecha de la notficacién de la presente comunicacién debe responder
a la notificacién En caso de no dar respuesta al presente requenmiento, o st a
pesar de la respuesta subsistieran los impedimentos para la concesion, se
denegard la patente

Notifiquese el presente oficlo conforme a lo dispuesto por el numeral 5 2, literal e)
del capitulo quinto del titulo pnmero de la Circular Unica N° 10 de 2001

ALD( CARMEN.
Jefe Divisién

CESPEDES DE VERGEL
Nuevas Creaclones

El anterior requerimiento fue nobficado por fijacion en la lista, de fecha

098 FEB 2006
Concapto Técnico N° EXAMINADOR TECNICO EXAMINADOR JURIDICO
Cddigo No Cadigo No

139

202003
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Las polyesiers sont carechiriade par une teneur ot Une -
tesse de reformation en eodtaigiinydy niduline. Is sont obis-
nus par oopolymivisation sveo un agent retardeteur de aristal-
Ination dama dan condiiiorn de polyoondensation difinies
Las poiyestara sant pevtioulivement uiliss pour b tnoule-
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1

POLYESTERS POUR DNRALIAGES & USAGE ALD(EFTAIRE
ET LEDR PROCEDE D'OBTENTION

1a priésanta invention comcerne un polysstar saturd 4 base
d'unités da tSrfphtalate d'6thyldne glycol pour rlcipieats I usage
alipsntaira. L'inveation sa rapports égalemant 1 son procldg d'ob=-
tontion

On sait qus las polyeatars tharmoplistigques constitnie da
watifs de téréphtalste d'ichylire glycpl coustitusnut des matiires
prauilres intéressentes pour la conditionnsment de denrées alisen-
taires sous forme de films, fenilles, récipients et notammant de
boutellles destinfen 2 la cousarvation ds liguides plats ou de
boissons gutenses.

L'una des qualitfs esseutialles i laquslls doit répondre
m exballage at plus particulilresent une boutsills est sa transpa=
ranca at sa brillsace Pyr Stirege A partir de 1'8tat emorphe dans
das tonditions ds blorisntstion, la polytr&phtalata d'ithyline
glycol conserve une bonne ‘transparemcs tout en bindficisnt d'uns
phase cristalline orisuntls qui renforce considéxablemaat sas pro=-
prifitéa micaniquas at parmat une piduction de la permilabilitf sux
saz. La transparenca st la brillance puuvent capendmmt Stra affac-
thes par la formation de spharolites arigtallins notsmpmt dsns le
cas de ricipients i parois relstivement Gpaissea. la réalisation de
bouteilles par injection et/ou extrusion-ecufflage passe nécessai-
rement par la réalisatien d'une priéforses 1 parois Upaisses obtenus
par trempe 3 partir de 1'§tat fondu et la formation de spherolites
erigtalling en stads da la priforme affacta la transparance de
1objet fini. I s'est donc revilf zvantsgsuz de propossr das
grades ds polyastsr ayant ma faibla vitsssa de cristallisation

Tos sutre qualitd i lagualle doit repondrs uwn emballage
en mstidre polymirs est l'absence de tout compoed suscaptibla da
migrer deps la denrée alimsntaire cu iz boisson et d'en alcérar le
gofit ou l'odsur On sait qua les résines polyestars libdrsat par
digradation de 1'aciétaldahyda qui présente uas forta odeur at mn
golit carsctéristiqua et qui se msmifesnte 1 des teneurs extriesment
faiblas

4
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Ca problima est particuliliressnt important pour le comdi-~
tiommemsnt des ssux uminirales Aineli las boutailles en polysster
dastinlies i contenir des emnx ainfralies gessuses doivant avoir mms

5 tenmur en acftaldfhyda dang lenr parol inférieurs % 5 ppm (parties
par million da polysster ez poids/poids) pour un wvolums compria
antra 1 litre et 2 litres si 1l'on veut s'sssurer qus dans las
conditions de stockege, 1 des templratures pouvant atteindre 43°C,
la quentit§ d'actaldahyde suscsptibls de migrer dans la liquids

10 rzests inférisurs so ssull orgsnoleptique ditectable, solr 40=30 ppd
(partias par millisrd en poids/poids de liquids). L'origine da
1'acttaldehyds dens les cbjets finis dipend 3 la fois de la quan~
titf résidualls présents dzns la greonli ds polyester, svent s
trangformation, at da la quaatitl fompila sz coury ds la transfor-

15 metion 2 1'%tat fondn par suite 4'une digrsdstion dams les coudi-
tions de cisaillemsut ot da tempiratures requises pour le moulags.

On a d&jd propoad divers prucldés pour diminuer la tensur
at/ou la reformation d'acitaldehyds das rfsines de polytiréphtalats
d'éthyline glycol. DNuns msnlire ginlrale ces procldis décrivent

20 des conditions opiratoires sn cours das phasas da aslchags, criatal-
lisetion ou post-condeusation du priécursenr telles qu'elles sont
appliquiss conrmment pour l'obtemtion da visines de hants visco~
sité

1 o e el

Alnel salon 1a dessnde ds brevet francais publifie
23 78 23635 la elchage des copemux da polyastar est effectud 2
180-230°C pendant 4 2 12 heures en stmoephire inarts pour abaisser
1a teneur e achtalifhyds dans ias copeamz i woine ds 2,5 ppm
D'spris 1a demsuda ds brevet frangsis 79.10061 on obtisnt —us
dinination da la vitesse da formtion d'scitaldthyds per truitemant
v 1 1'Stat fondo sous stwephiire insrts du polysstsr cosplitenent
¢ polyniriad
Salon la demende de brevet freagais 79 11961 on cristal-
1iss la polymire psr chenffage A 180+220°C ot la post-comdansstion
est rialisés 1 une templratura supirienrs 3 la tunmpirature da
33 cristallisgtice.
1a brevat amiivicein 4 154.920 déerit wn procldf an deux
dtapes 2 partir d'umn prépolymirs de viscositll intrinedqus 0,1 2 0,3
dl/g selon lequal ls prépoiymira est d'abord condensd 2 1'Gtat
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foadu en couche wincs puis post-condensd 1 1'&tat solide
Enfin d'apris la demmide de bravet frangais 79 12337 les
pastilles de polysstar soat post-condensles ot atabilidfes par
5 chauffage 1 180=220°C durant 2 A 70 heuras dans 1'air, sugmantant
la viscositd intringdqua jusqu'Z cne valeur comprise entrs 0,60 et
0,97 di/g
La demsnderasse a trouvi que ls quantitf d'acktaldfhyde
prisents dans les parois d'm article woull, et susceptible de
10 wmigrar, c'est-i-dire la quemtitd césidealls prisente dems las
graaulds additioune I la quantit§ riformée lors da la traasfor-
mation 2 1'6eat fondu en article woulé ne dépendait pas seulsment
das conditions da traitemsmt du précurseur (sbchage cristallisation
at post-condengatiom) mais &tait 1is d'ome part I la qualité
13 intrinedqua du précurssur, obteny dans la phase initisle de 1la -
polycondensation L 1'Stat fondu, et d'sutra part 4 la caractirise
tiqua ds recristallisation du polymire lors de 1'opération de

I trempa I 1'6tat fondu,

La pricuramr doit en affst contsnir le plus patit ooubre

20 possible ds sites initiatenrs d"wne digradation gltérisurs viay-
lique, carboxyligus. Four un miiss systime catzlytiqua, em fonctiom
des conditions da 1a polycondensation, les qualitils intrinsdquas de
1a résins pesuvent Btre tris diffirentes Ls estabilité tharmiqus du
pricurseur peut e masurer indirectemant par la masura dea ia

25 vitesss da reformation d'scétaldihyds du polymirs portf I hauts
température Par ailleurs la quantiti d'acétaldfhyde reformfa est
directemant lifla 1 lz taapirature ds xise en osuvrs du matirisu et
celleci sera d'sutant plus flaviéa que la vitesss de recristallis-
atico sers plus gramds loxzs ds 1la trempas.

30 La présents invention a donc pour objet un polytiziphta-
lata 4'Sthyline glycol zyant dsa carsctéristiques uotiles pour le
moulsga par injection ou extrueico-soufflags d'articles transpa-
tenta, ainsi qu'un proaSd& pour l'cbtantion dudit polytiréphtalats

La polytérfphtalata d'Sthylins glycol salen l'inventiom,

35 de viscositf intrinsliqua comprisa sntrs 0,65 et 1,05 dl/g et de
densitd > 1,38, ast coustitudl de 92,9 1 96,3 1 dg motifs tdréphis~
Late 4'dthyline et da 1,5 2 7,59 2 e mles de wotifs d'm agent
retardataur de cristalligsation choisi parmi. wn ou plusisurs poly=-

J R
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sacidas at/ou polyslcools, la gquentité de di- et/ou tri~ Sthyline
glycol Stent lixitée i une valear infériecra 1 environ 3.5 I (moles
par moles da testes discides prisants dans la chaing) at ast carac—
thrisé par les propriitis sulvantes prisas an combinsison :

= tanenr résidualls an scitaldéhyds infidrisure 2 1,25 ppu

— e

= vitesss da riformation d'scitaldehyda 31 220°C inf§-
rieurs I 3 ppu/beurs,

= ghasnes dd cristallisation visibls dmns uas plaqus
d'ipaisseur s woins gale 1 4 mm obtsnoa par injection dn matfrisn
fondn i 280°C dans un mouls dont lss parcis sont meintsnues 1 uaos
templrature fgale % 37°C

0o entend par wotifs tirfpbtalats d'Sthyline dgulemeut la
fzibles quantitf ds thriphtalata da &= ot tri- thyline glyeol
infvitsblessmt formfia lors da la polycondemsation. .

La fabricatica des polyestars 1 purtir d'acides dicar-
boxyliques sromatiques ou de lesurs dérivés fonctionnels at de diols
aliphatiquas par astirification diracts ou transestirification puls
polycondsusation en prisenca da catalyssurs est ua procid§ commn
Dens une premidre $taps de risction 1'scids dicsrboxylique ast
astrifil oc soun ester dimithyliqua asat trasosestirifil par la
Eiycol. Dans une peconds ftape oz procdde 3 lz polycondsusation de
1'aster diglycolique foxrm# Oa chtiant un polysster ds bas poids
molimlaire qua 1'on disigners ci-apris per le tarme “pricursen:"
Poor obtenir des polyestars da poids mollculaire Slevé ls pricure
sauxx ast slichd, cristallisl gpuds soumis 3 une post-condsngation 1
1'tat solids ou fondu jusqu'l l'obtention ds la viscositd finale
digirés.

Pour l'obtentiom du polytbefphtslate d'Sthyllne glycol
salon l'invention, le procddl est carsctirisi en ca qua pour ls
formation 4u précurssur d'uns viscositf intrinsique compriss eatre
0,33 et 0,70 4173, la polycondmsaticn est rialisés en prisencs 4'su
ming m sodifisnt copolynfrissbls retardatenr da cristellisation

e quancité comprise entre 1.3 et 7,5 I en moles par rapport g —_

L'ensesble diacide ou diester + retardstsux, & wne température in-
f8riaute A 290°C ot est limit#e 4 wn degr$ compris entrs 75 ot 303
du degré de polycondensation maximal accessible &valuf &'apris la
viscosit8 intrinsique du polymire
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Las modifisnts copolymirisables vatardateura da cxistal-
lisation peuvent H&tzw des polyacides carboxyliques =zromatiques
et/ou aliphatiques et/ocu das polyalcools Or peut utiliser par
exsmple les acides iscphtalique, uaphtaline dicarboxylique, adi-
piqua, afbacique ou leuts dirivis fonctiommals pouvant formar dis
yalysatazrs Deq exemples da &lols somt 1a allopentyl glyeol,
1'bexane diol-l,f, ls bis-hydroxymfthyl-l,4 cyclohaxsne, ls di-
Gthyldne glyeol, le trifthyline glycol. $'agiesant du 21~ et/om
tri-fthyline glycol i1 est essential que la quantitf totals qui
peut soit 8tre sjoutfa, eoit résulter da sa formetiom in eitu par
déshydratation ds 1'Sthyline giycol en excds raste inférienre i
3,52 oz wolas par molas da restes discides engagls dans la chaine
L'emploli da tris faibles quentitis de composls trifonctionnals

acides ou alcools est possidble dens 1z mmeure ol cette addition ~

o'sngmente Pas la vitessa de cristallisacion du polymdre, L'zcide
lagghtaliqua & &t8 trouvé particulilrement favorabla

1a systize catalytiqoua utilisd peut svoir une influsncs
sur la formation de 1'aciitaldshyds., Il est diconsaill§ d'atiliser
les catalyseurs an quantitd excessive Les composfs de 1'mtisnine
comne catalyssur da polycondansatiou ) das tmosurs inférimres 2
250 ppu {exprimi e poida da mital par rapport I la quanticd ds
tous les constitusnts) a §td trouvi particoliirement favorsblas

I1s degxf da polycondsmmation du pricurssur dipend de
factenxs tels qua la nature st le tsux du systdss catalytigne, les
performences de 1'appereillags, la température et ls preassion da la
polycondansation Ca dagré de polycondensation peut Etre diterminé
par la mesure da la viscositf intrinsdque du polynire Deus des
conditions aplratoirss domnfes il exists un ssuil ds polyconden-
sation msxisom, au-dald duqual la viscosité os pest plug ftre
sugmentls, les rlactions da digrsdation prenmnt ma importance
pripondérsate sur la rdsctica de polycondsusatioun

Salom 1'un des moyens particuliers essentisl de 1'inven-
tion la viseceitd intrinsdqus dn pricursenr VIp est limitis 2 una
valenxr comprisa antra 0,75 at 0,90 de la viscositd msximale possi-
bls VI, , c'est=d=dire 1 la relation

0,73V, <VIp < 0,90 VI :

81 la viscositf attaints ast limitla en-dessous de 0,73

(18
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VI, : le procidf n'est pas parformsat 51 la polycondensation est
poursuivia sg-dell ds la walenr 0,90 VI, on cbssrve uns sugman-
tation da la vitassa de reformation en acétaldshyds.

dprids cristallisation et alchags du pricurseur obteamn
salon lea procldd ds l1l"ioventiom, ls post-condansstion peut HBtra
rlalislia par tout precidl comm: pour obtenir une viscositd intrine
siqus finals compriss entrs euvirem 0,63 at 1.05 Lz post-condwm=-
sation est ds priéfizrence réalisée 1 1'Stat solide sous vide pousad
ou sous gas inerts entrs 190 et 230°C pendant mma durfa pouvent
variar da 5 1 25 heurss. Ls produit obtemm pemt Stre transformé an
copesux, granulis cu pastilias paxr des moyens comms

Las polytSrSphtalates obtems sslon 1'invemtion peuvent
itra noulls en récipieuts par tous procidés Ils pscvant 8tre
moulés par injectiom, extrusion, injection-soufflags cu extro-
sion~eoufflage soit dirsctassnt em un produit fini, soit indirec~
tement en mn tube ou priforms qui sera cltfrieucrenent moull 2 1a
forms du ricipient souhaitia

Da fait da leur vitesse ds recristellisetion réduice lors
da la traxps, 1ils permattent de moular des articles transparsnts 1
pareis relativemsnt fpalssas tals qua des priformes pour bouteilles
avee uns digradatiocn winimals ds la risine., Ils présentent um
int#r@t tout particulisr pour la rfalisation de boutailles dasti~
nfss s conditiommemsnt das eeox mindrales qui peuvent Btre
stockies pendant ons durde prolongéa sans altiration sensible da
golt

las exeaples qui suivent illustreant 1l'inmvention. Il doit
tra bin antandu qu'ils ne sont pas domods 3 titrs limitatif at
qua toutes verimntss eu modificstions pecvent dtrs spportfes sans
pour antant sortir du cadra glulral da la prisants invention.

les milthodss ds wesure suivantes ont 6td utilisfies pour
caractlirisar le produit selon 1'invention

= Taux tisidusl en scétaldthyde : AA ripidusl. Oo brode
1'Schantillon refroidi sous de l'ssots liquide en une pondre fina,
inférienre d 600 microns. la poudre est chanffs 1830 A 160°C sn
ballon farsd sous asota st la quantitd d'scétaldfhyde 1libizis ast
dosée par chromatogrsphis en phase wvepeur (CPV).
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= Vitasss da reformation d'acltaldfhyde A 220°C Catta
masure eot affectuls sur la poudra broyle comma précldemmant La
poudre esat chauffia 30 minutes jusqu'd 220°C de manidrs i Qliminer
1'ac8taldghyds résidusl initialement prisent. Ls ballon est purgé 2
1'azote ot fermé. On prélive un dchantillon de gas apris 1, 2, 3
heures de chanffags et on dogs l'acltaldfhyds sur chagua Schaatil-
lon par CPV. Ls quantitd totule est divisla par ls temps (3 heurus)
pour dommar ls nombrs de partias ean poids d'scétaldfhyds par wmil-
lion am poids ds polyestar par leurs.

« Viscositd intrinsdqua VI ea dl/g ! la masure est effac~
tude ) 25°C en solaotion X 1 I (poids/volums) dans om wilsuge phi~
nol/ orthochlorophéinol 47/33.

= Cristalligation On plastifis la polymire ssc 1 290°C
ds mmidrs 1 ditruire tout germs de cristalligstiom.

On injecta ls prodult fondu dans una siris de moules dout
1'Spaissecr varia prograssivemsnt pour obtsnir des plaques d'Gpatis-
Gaur comprisa entre 2 ot 5 sm la tespiratocrs das parois do moule
ast conditionnds 3 37°C. Oa nmots 3 qualls Spaisssur & spparsit un
liger troubls correspondsnt d un dfbat da cristallisation Plus
1'Spaisseur s des pilces moTphes, totalemsut tranaparsutes, ast
grade, plus la vitssse da racristallisation est faibla.

= Tenaur en dilthylina glycol (DEG X) : L'Gchantillon est
broyS et ssponifi par la potasse en solution Sthanolique. L'ana~
iyse est effectuls par chromatographies gax an prisencs d'un &talon
interss. Les résultats sont axprislis an moles par rapport anxz
redtes discides.

EXEMPIE 1 1

On pripars un pricurssur par transestirification A partir
d'm ailmge de dimithyltiréphtalata, §thyline glyeol et polycon-
densation ea prisance ds 3 I d'acide isophtaliqus (en moles) On
atilisa un systime catalytique 3 base de mmugeniss phasphare,
antimoina contensat 200 ppu d'mtimoine
On arrte ls polycondenssrion quend la viscositd iIntrinsdqus du
pricurssur VI' atteint 0,61 di/g, la viscositd limits VI, pou=-
vant 8tre smmmie jusqu'd une valenr de 0,72 d1/g Apris slchage et
cristallisation les gramulfs sont post-condsnsés @ 1'@tat solids
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sous 66,66 Pa pandmat !2 heures I 217°C pour obtenir une VI da 0,81
dl/g

AA résidual 0.9 ppm

AA reformation @ 220°C 1 4 ppa/heurs
« woulsge seorphe 1 S5mm

DEG X s 1,4

EXEMPLE 2

Oo rencuvells 1'exemple_l I 1z ¢iffirencs qua 1'cn ajouta
2 X d'acida isophtaliqua.

On arrfta ls polycondensatiom 3 una wvalenr VI' de 0,63
di/g Ls VI_, eat da 0,73 dl/g

Apria post—-condsosation 2 1'8tat solida juaqu'l cbtantion
d'une VI da 0,81 d1/g las grannlie prisantant les caractiristiques
selvantes

4A risidual t 1,2 ppu

AA reformation 3 220°C & 4,6 ppm/heura
e moulage smorpha 4,5 m

DEG X 1 1,6

EXEMFLE 3 1 )

On pripars un homopolymiire par transsstirification &a
dimithyl tdriphtalate et d'Sthylins glyeol, puis polycendensation en
atilisant la slwe systisa catalytiqua que dsns 1'axemple pricdent
mmltlhwlymumlmﬂlmﬂ’llmlo.ﬁo.
la VI, @tmmt de 0,72. la pricurseur est traitf dans las condi-
tions da 1'exemple 1 jusqu'd 1'chtention d'uns viscositd finals da
0,75 d1/g. Oa obtient ias caractéristiques suivantes @

. Ah vésiduel t 1,1 ppa
AA Teformation 1 220°C 1 4,2 ppn/heurs
e moulaga emorpha 1im
DR X 1,3
EXEMPLIE 4

Oa ripits l'opération da 1l'exampls 1 (additiom de 3 X
d'acide isophtaliqua) mais la viscoaitd Tl:p est pousafs su maximm
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posgible soit 0,72 Apris post-condensation dans les sfimas condi-
tions, on obtient les risultats suivants

AL ripiduel t 3ppm

4A reformation 1 220°C 20 ppa/henre

s mulage ssorpha 3 mn
EXEMPLE 5 1

On reproduit l'axsmpls ! en ajoutact 4 I & xoles da
diichyline glyeol enx produits riactiopmaels On arréta ls polycon=
densstion 3 une valeur da VT‘_ %0,604/g ~ VI, est de 0,70 d1/g
Agris sfichage, cristallisation at post-coudsasations daus les com=
ditions décrites ou obtiant laa rlsultats saivants 1

Ad risidual 11,9 ppm

AA raforsation 1 220°C 9 pyn/heure
2 noulags smorphs st 4,5

3 N2

las polyestars cbtanus selon les eminples 1 1 3 somt
utilisks pour Is fabrication de boutaillas biorisntéas.

A cat offat les gramlis sont glchfs 2 moins de 5C ppum
d"huxiditl et injectées 1 1'Gtat fomiu A 1'aide d'una pressa I
injection an trsvers d'un wouls da priformas 2 caasux _chaunds ds
zanilrs 1 cobtanir das priformas sworphas da 47 g, 4'una paisseur
de parvis ds 3,0 ma. On wasura la tensur en acétaldfhyds eur mm
Schantillon prélevé sur la parol de la préforms Pour chacun des
esscls oz nmota la templrature d'injection du matfrisn et le Z d'Ad
nasuré sur ls yréforma (poids/poids polyestsr).
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1
T° injection :
Exemplas en "C 4A en ppm
)
i 1 1
1 1 283 . 3.3
1
2 90 &5
« 1
3 1 aig H 8
1
4 283 ] 1
1 t t 'l
' 5 * 300 2 9,1

Laa priformes sont souffléas I lg tempéruturs de bilorien~
tation en boutailles da 1,3 litre da capacité Las boutaillss somt
rexpliss d'emu minfrsle gaseuss at stockfies I 45°C Un test organo-
leptiqua effectud compsrativemsnt d uns esu minkrala stockis e
bouteills de verre na révile sueune modification de golt pouvent
rismiter d'una wigration ds 1'scitaldéhyds apria wa wois de
stockage pour 1z doutaills aobtsnue 1 partir du polytiriphtalsta
salon les axsmpley 1 ot 2. Dans tous las sutres cas, on dStecta una
altération sansible du golt 1 partir de 8 jours da etocksge, cs qui
rend 1'esu minérzle impropre i la congoomationm
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11
REVENDICATIONS

1 Polytirfphtalate d'Gchylins glyeol aysnt mss viacositd
intrinsique comprise entre 0,65 et 1,05 dl/g et uwne densitd supé-
risurs 4 1,38, conatitud ds 92,5 2 99,3 % de motifs tixiphtalate
d'ithyldne ot da 1,5 2 7,5 £ én woles da wotifs 4d'un sgent retarda-
taur de cristallisstion cholsl parmi uva oo plusisnrs polyscides
at/on polyaleools, la qusutitf de di~ et/ou tri- Ethylinae glyeol
ftant limitfe 1 una valeur infiirieurs i auvirem 3.5 I (molas par
moles da restss discides prisants dans la chaine), caractirisf par
les propriftis suivantes prizas so combinaiscn

= tgnenr risiduails en acltaldéhyde infirienrs i 1,23 ppm

- vitesss ds Teformavion d'acltaldéhyds A 220°C infE-
risurs 1 5 ppo/heurs

= gbesncs ds cristallisation visgibls dans uns plaque
d'fpaissenr su woins gale % 4 mm cbtenus par injection du matérian
fondu A 180°C dans un moule dont les parois sont maintanuas I une
templraturs fgals I 37°C.

2. Polytérlphtalace 4'$thyline glycol selom 1z revandi-
cetion 1, caractirisé en ¢ quea laa motifs de 1'agent retavdateur
da eristallisation sont diirivés de 1'acida isophtaliqua.

3 Prockdé ds préparation da polytrfphtalate d'fthylins
glyesl par estfrification ou trassestérification de 1'acide tirl-
phtaliqua ou de ses dirivis fonctionnals par 1'Gthylius glyeol at
polycondansation en présence de catalyssurs, jusqu’id obtention d'ma
pricursenr puis post-condensation du précursecr jusqu’l une vie-
cositd intrinsique compriss entrs 0,63 et 1,05 dl/g, carsctérist en
s qus pour la formation du pricurssur d'una viscositf intrinsdqua
comprise entra environ 0,35 et suvirem 0,70 dl/g ls polycoundense~
tion est rslisfe en prisencs 4'sn moins un modifisat ecopolymiri-
sable retardatmcr da eristailisecion ea quantitf comprise emtrs 1,5

_"% 7,5 (m ®les par Tapport 1 1'enseable dlacide ou dianter + mtavismn)
i wma teuplrature inflrisure 1 290°C ot oot Llimitfe 1 un degrd -

coxpria antre 73 st 90 X du degrd de polyeondensation maximal
actagsible Gvaluf d'spris 1z viscositf intrinsdque

4, Procldi selou la revendication 3, carsctirisi m ea
qua 1'cn utilise ua catalyseur ds polycondensstion 1 bass d'mati-
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mine i des tensyrs inflivienres 4 250 ppm

3. Bmploli dn polytirSphtalate gelon l'uns quelconqua des
revendications 1 i 4 pour ls moulage d'articles d'emballages des-
tinfs au conditionnememt da deorias alimentaires

6. Explol du polytér@phtalats selou 1'tmme qualconque des
revendications 1| 1 4 pour la fabricatiom de boutailles bhioriectias
deatindes eu conditiornement des emux minkrales plates cu geeauses.
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KEVENDICATIONS

1 Procdé de préparation de polytériéphtalats d'&thyline
glycol par estfrification ou transestérification de 1'scida téréphtali-
que ou de sas dérivés fonctionnels par 1'dthyline glycol et polyconden-
sation en présence de catalyseurs, Jusqu'd obtantion d'un précurseur
puis post-condensatiou du précurseur jusqu'ld une viscosité intrinsique
comprise entra 0,55 ot 1,05 dl/g, caractlrisé en ce qua pour la forma~
tion du précurseur d'uns viscositl intrinsiqua comprise emtxa 0,55 at
environ 0,70 d1/g la polycondensation est réalisfs en présence d'su
moins un modifiant copolymirisable retardatour da cristsllisation an
quantité comprise antre 1,5 et 7,5 £ (en moles par rappert 3 l'snsemble
dlacida ou diester + retardateur) i une températurs Infdrfieure 2 290°C
et eat lizitla A un degrS coapris entra 75 at 90 I du degré de polycon~
densation maximal acces{ble &valuf 4'spris la viscositf intrinslique

2 Procldé selon la revendication !, caraetéirisé en ce que le
modifisnt copolywirisable ratardatenr de cristallisation est L'acide
iscphtalique, 1'acide maphtaling dicarboxylique, 1'acide adipiqus,
1'acida sbaciqus, le nlopentylglyeol, 1'haxzsnediol-l,§, le bis-hydroxy-
ofthyl-l,4 cyclohaxans, 1le difithyldneglycol, le triSthyldneglycol ou m
wilange de ces composis -

3 ProcBdf selon 1l'una qualconqua des revendications ! et 2,
caractfrist en ca que 1l'on utilise un catalyseur da polycondansation A
basa d'antimoing i des teneurs inférieures I 250 ppu.

4 Fuwploi du polytéréphtalats cbtamu salon le proc8dé décrit
dans 1'une quelcongus des revendications 1 2 3 pour la moulage d'articlas
d'emballages destins au conditionnemsut de dearfes alimsntsiras

5 Emploi du polyt@réphtalats obtsnu selon le proc#dé décrit
dans 1'uns quelconque des revendications |1 & 3 pour La fabrication de
bouteilles biorientfes destinfes su conditormsment das esux minirales
platas oo gazenses
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(57) Abhstract
Arcondingly, the (nvention provides a process

a polyester resin having mn acetaldehyde concentration of no more than

to pospare
shout 1 ppm, which process comprrises the steps of* 8) reacting etbhylens glycol with terephibalic acld or wn ester thereof, and

acld or an ester theveaf under constrained reaction conditions effective to

prepare & melt phase polymer hyving an IV in the tange of 038

dlg to 0.52 dl/g end a dlsthylens giyenl content of no mose then 5 mole% (hased ou the dicl content of the reein); b) recovering the melt

phase polymer from siep 2) a3 the pre-polymer used in step c); and ¢) subjecting at lesst & portion of the

recoverod [n step b)

10 elovaizd temperatores over a pariod of tme to elevate the IV to ¢ ange of 0.80 di’g to (.90 di/g. The rosultmt resin cxn b tranafiormed
into & bottle prefonmm, which, when blown, forms a bottle suitsble for packeging of mineral water
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W 99/61505 PCT/EPI9NITI?

PROCESS TO PREPARE A POLYESTER RESIN

FIELD OF THE INVENTION

Thas invention relates to process for preparing a
polyester resin having a low acetaldehyde (AA) content
The resin 18 useful in packaging of mineral water or
other beverages where AA content must be kept below
certain predetermined levels
BACKGROUND OF THE INVENTICN

The background of this invention recognizes that AA
content 1n polyester resins is an important factor when
the end-use of the resin is concerned Generally, reain
manufacturers wish to produce a resin with aa low an AA
content as possible within the economics of a continuous

commercial procesas

Bottle grade polyester resins are typlcally prepared
by melt phase polymerization, wherein the monomers are
linked to form a “prepolymer” or “melt phase polymer”,
followed by the preparation of pellats of the melt phase
polymer, and by solid state polymerization (SSP)} of these
pellets until a polyester resin of sufficiently high
vascosity index (IV) i1s obtained

However, traditional melt~phase polymerization
entrains undesirable products and unreacted monomer
components. AA, a noxious by-product of the melt
polymerization process, can spoll the flavor and aroma of
contained beverages, especially mineral water Producers
of containers for drinking water and soft-drink
containers desire an AA content of no more than 1 pg/l,
{Lr e., £ 1 parts per billion), evolved into the headspace
of an empty container To achieve such a low AA content
container, the SSP-ed resin AA content should not exceed
1 part per million (ppm)
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Multi-layer containers can also be used to avoid the
problem of by-product AA contamination of drinking water
and beverages Each layer is composed of polymers with
speclfic properties Such containers are more expensive
to make and raise concern with recycle of post consumer
containers

In U S Patent 4,340,721, a polyester 18 disclosed
having a low AA content The intrinsic viscosity of the
melt condensate is limited to 0 75 to 0 90 of the maximum
possible IV, 1 e of about 0 6 dl/g A further reduction
in the AA content, however, remains desirable

Finally, in U S Patent 4,154,920 a pre-polymer is
maintained at 0 1 to 0 3 dl/g prior to SSP When one
starts at this level of IV as the feed material to the
SSP process, the resin becomes difficult to pelletize
SUMMARY OF THE INVENTION

This invention provides a procesa for preparing in

commercial quantities polyeater resins having unique
properties that allow for low melt temperature processing
and concomitant slow rate of acetaldehyde reformation
Accordingly, the invention provides a process to prepare
a polyester resin having an acetaldehyde concentration of
no more than about 1 ppm, which process comprises the
steps of

a) reacting ethylene glycol with terephthalic acid or an
ester thereof, and isophthalic acid or an ester thereof
under constrained reaction conditions effective to
prepare a melt phase polymer having an IV in the range of
0 38 dl/g to 0 52 dl/g and a diethylene glycol content of
no more than 5 mole% (based on the diol content of the
resin),

b) recovering the melt phase polymer from step a) as the
pre~polymer used in step c), and

c) subjecting at least a portion of the pre-polymer
recovered in step b) to elevated temperatures over a
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period of time to elevate the IV to a range of 0 60 dl/g
to 0 90 dl/g

This results in a resin (and preform and bottle made
therefrom) having a desirable advantageous AA content
The resin from the SSP process also has a more favorable
melt point (MP) for making bottle preforms and an
unexpectedly lower rate of AR reformation rate when
measured at 280 °C This reformation rate is equal to
70 ppm to 190 ppm AA per hour measured at 280 °C based on
ASTM D-4509 at 10, 20, and 30 minutes, respectively, and
extrapolated to a one hour time ainterval Polyester
resins according to the present invention indeed achieve
a reformation rate that is equal to 100 ppm to 160 ppm AA
per hour measured at 280 °C based on the same analytical
procedure
DETAILED DESCRIPTION OF THE INVENTION

The resin is prepared by a combined melt poly-

merization/solid state polymerization process This
process captures a melt phase polyester resan having a
relatively low intrinsic viscosity which is then solid
state polymerized (SSP-ed) to a finished IV This procass
results in low incipient AA content in the resan bottle
preform and 1ts bottle Such low intrinsic viscosity can
be achieved by selecting proper melt phase polymerization
conditions in combination with the incorporation of
glycols and/or acid co-monomers, with isophthalic acid
heing the preferred co-monomer Lower temperature melt
extrusion-preform injection molding and reduced shear
rate effects combine to reduce AA generation The resin
has properties which combine a low incipient AA content
(no more than 1 0 ppm), preferably lower than O 50 ppm
and more preferably lower than 0 24 ppm, and lower melt
processing temperature (S 252 °C) to produce a bottle
havang a maximum AR content of 1 pg/l
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In a preferred embodiment, the monomers that may be
used in the production of the polyester resin consist of
terephthalic acid (TPA) or an ester thereof, and
isophthalic acid (IPA) or an ester thereof, and ethylene
glycol (EG) and/or diethylene glycol (DEG)
Copolymeraization of these comonomers (optionally with
other comonomers) results in the preparation of a
poly(ethylene terephthalate/isophthalate) (PETI)
polyester

The amount of IPA used in the preparation of the
polyester resin is preferably in the range of 1-10 mole#t
IPA (based on the total acid component of the resin),
while 1 5 to 6 6 mole%, better still 3 0 mole% to
5 5 mole% IPA 13 even more preferred and about 5 molek is
most preferred The preferred concentrations of EG and
DEG are respectively 99-95 molet and 1-5 moled, with
96 7-97 5 mole% and 2 5-3 3 mole% being more preferred,
based on the total diol component of the resin This
composition lowers the inatial DSC melting point (MP) of
the polyester resin to a maxamum of 245 °C Other
co-monomers, such as naphthalene dicarboxylic acid and/or
propylene glycol may also be incorporated into the
polyester resan

Melt extrusion-injection molding of the SSP-ed resin
can be accomplished using an antimony triacetate catalyst
followed by a phosphoric acid stabilizer and appropriate
color toners Alternatively, the process may employ a
phosphoric acid stabilizer followed by cobalt acetate
tetra-hydrate color toner and antimony ethylene glycolate
catalyst 1Instead of cobalt acetate tetra-hydrate, coleor
toning dyes can be added during the melt polymerazation
or in the melt extrusion-injection molding step

This process allows melt extrusion-injection molding
processing at temperatures up to 252 °C, low enough to
reduce AA generation for the production of polyester
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preforms, yielding contailners with AA concentrations of
no more than 1 0 ug/l This process also allows the resin
to maintain properties required for satisfactory
container performance

The melt phase polymer so produced and captured
herein has properties that make it uniquely useful for
preparation of low AA content containers employing melt
processing steps Figure 1 shows how resin produced from
a 95/5 PETI formulation described herein yields a lower
inatial DSC melting point after SSP than other resin
compositions

The DSC melting point behavior of a normal PET resin
shows a drop in the melting point after initial meltang
Thereafter, the melting point increases Eventually, the
measured DSC melting point exceeds the melting point at
the beginning of SSP The resin of the present invention
shows a drop an the DSC melting point after the initial
SSP sample While the melting point increases thereafter,
the melting point of the resin does not rise above the
initial melting point on prolonged heating

The effect of the lower temperature melt point is not
present in homopolymers {(comparison is made with PET and
PTT} Without a co-monomer present, the melting point
rapadly exceeds the initial melting point raising the
melt process temperature requirement Thus, addition of
the co-monomer suppresses the melt point increases over
the initial melt point, resulting in lower melt process
temperature requirements The resulting resin has a lower
AR generation rate and produces lower AR content in the
bottle preform and bottle

The constrained reaction conditions referred herein
before include a temperature of from 260 °C to 290 °C, a
pressure of from 480 kPa (initial pressure) to full
vacuum (typical final pressure of about 0 1 kPa) and a
time of reaction of from 5 to 6 hours
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It is significant to constrain the melt
polymerization reaction so that the IV range of the melt
phase polymer is held between 0 38 dl/g to 0 52 dl/g, and
preferably 0 40 dl/g to 0 50 dl/g, and most preferably at
0 46 dl/g £ 0 02 dl/g It is also important that the
amount ©f diethylene glycel content in the copolymer be
5 mole% or less The diethylene glycol (DEG) may be
prepared in-situ or it may added, but it is saignificant
that the content be 5 mole% or less regardless of how the
DEG is generated The melt phase polymer (pre-polymer)
will have an AA content of from 15 ppm to 45 ppm

The molecular weight of the melt phase polymer 1s not
suatable for such uses as the manufacture of beverage
bottles Thus, the melt phase polymer must be SSP-ed to
achieve the IV necessary for bottle grade manufacture,
such as an IV of 0 60 dl/g to 0 90 dl/g, typically 0 65
to 0 80 dl/g, or preferably about 0 74 dl/g

The SSP process of this invention can include a
crystallization step followed by a solid phase
polymerization step to elevate the IV of the resin The
crystallization conditions include a temperature of from
100 °C to 150 °C The solid phase polymerization reactor
{(polycondensation) may be operated at temperatures
between 200 °C and 232 °C for a period of time sufficient
to raise the IV to the desired level The time may range
from about 15 to 21 hours The preferred polycondensation
temperatures include a temperature of from 215 °C to
232 °C It 1is significant in this invention that when
starting with an IV of 0 38 dl/g to 0 52 dl/g, in the
melt phase, the solid phase polymerization reaction can
transpire over a longer period of time, thereby reducing
resin inciplent AA content

The crystallization and polymerization phase can be
performed 1n a tumbler dryer reaction in a batch-type
system or they can comprise one or more vessels in a
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continuous solid state process whereby the polymer flows
from vessel to vessel after its predetermined treatment
in those vessels

The resins produced in this invention by the SSP
process may then be converted to a preform of a bottle,
which may be subjected to heat over a period of time, and
atretch-blown or blown into a bottle for ultimate
consumer use The AA content in the preform will be
higher than that in the polyester resin it 18 made of
Using the polyester resin according to the present
invention, preforma are achievable having an AR content
of no more than about 2 5 ppm Preform production is
conducted at a temperature of from about 245 °C to about
280 °C The bottle will possess an AR content of less
than 1 pug/l The expression IV used in this specificataon
refers to the intrinsic viscosity as determined by
measuring the viscosity of a dilute solution of the
polymer using a 60/40 (w/w) phenol/ tetra-chloroethane or
suirtable solvent system and using the Billmeyer eguation
to calculate the IV This procedure is based on ASTM
D-4603

The following Examples are i1llustrative of the
invention herein claimed and are not presented as a
lamitation upon the scope of the claims
Examples 1-5

The followinqg Examples demonstrate the fact that
different resin formulations result in different
manufactured resin Five resins were prepared using the
mole percent of monomers as follows

35
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Example No Composition (mole &)
EG + DEG IPA TPA
l Resin A [96 2 + 3 8 0 100
2 ResinB |98 0+ 20 2 98
3 Resin C |97 4 + 2 6 2 6 97 4
4 Resan D |95 65 + 4 5 5 95
5. Resin E |95 1 + 4 O 5 95

In Examples 4 and 5, the resins were compared to
commercially available resins (Examples 1-3) The
following quantities of EG (24 9 kq), PTA (55 B kg) and
IPA (3 0 kg), were loaded in a batch reactor and heated
for a period of 5 to 6 hours at temperature conditions of
265 °C to 283 °C A modified heel process was used in an
effort to produce as low a DEG content as possible
Resans A, B, and C, were conventionally prepared using
standard melt phase polymerization techniques to obtain
an IV of 0 60 &+ 0 02 dl/g, resulting in a melt point of
252-253 °C For Resan D, the melt phase reaction was
constrained to an IV of 0 46 £ 0 02 dl1/g and the IPA waa
adjusted to arrive at a melt point no greater than
245 °C For Resin E, the IV was 0 60 £ 0 02 d1/g Resin E
was incorporated to show the effect of IV on AA content
1f the IV was not constrained to 0 46 dl/g, but
conventionally prepared to 0 60 dl/g The AA content in
these melt phase products were as follows

Resan Ne AA (ppm)
Resin A 40-60
Resin B 40-60
Resin C 40-50
Resin D 26
Resin E 45

[36
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Examples 6-10
In Examples 6-8, the melt phase Resins of Example 1-3

were SSP-ed at temperatures around 230-235 °C for a

sufficient period of time to arrive at an IV of

0 72-0 74 dl/g 1In Example 9, Resin D, was SSP-ed at
225-228 °C for 21 hours to reach 0 74 di/g IV 1In
Example 10, Resin E was SSP-ed at 225 °C to 227 °C for

9 hours to reach a 0 747 dl/g IV The resins were tested
for AR content at 200 °C based on the ASTM D-450%3 The
Resins were observed to have the following AA content

Resin No AA (ppm)
Resin A 110
Resin B 0 48
Resin C 075
Resin D 0 24
Resin E 115

The data supports the fact that by constraining Resin D
IV to 0 46 dl/g versus Resin E IV of 0 60 dl/g yields a
substantially lower AA content after SSP
Exanples 11-15

The Resins of Examples 1-5, SSP-ed in Examples 6-10,
were converted to bottle preforms and bottles by the

following sequence

1 Dry applicable Resin at 150-~170°C for 8-16 hours

2 Extrusion processing of applicable Resin for
injection molding of the respective preforms

3 Preform to bottle conversion by stretch-blow molding
operation using Infra-Red (IR) re-heating
The preform temperatures and resultant AA content, as

determined in Examples 11-15, were as follows

(2
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Preform from Resin No Temp‘T=C) AR (ppn)
Resin A 266 -
Resain B 270 75
Resin C 269 8 8
Resin D 250 20
Resin E 245 23

Examples 16-20

The bottle preforms made in Examples 11-15 were made
anto 0 6 L (20 oz ) bottles at temperature and blowing
conditiona as follows

Preform from Resin No Temp (°C) Bottle AA, ug/l
Resin A 280 3 2
Resin B 250 2 4
Regin C 280 33
Resin D 250 08
Resin E 245 11
5 Even though all attempts were made, including using

the lowest preform procesaing temperature, to suppress AA

generation Resin E exceeded the 1 ug/l maximum AA limit

Resin D, prepared from 0 46 dl/g IV melt feed resin, even

when processed at 5 °C higher preform process temperature
10 ylelded a lower AA content than the 1 ug/l AA limit

The results of Examples 1-20 can be summarized in
chart form as set out in the Table
Examples 21-24

Resins were prepared in these Examples to show the
15 relationship of DEG content in the TPA/IPA copolymer to
acceptable levels of AA in a blown bottle Four series of
resins were prepared using melt polymerization where the
melt reactor was constrained to produce an IV of
0 46 dl/g The Series of Resins were made under the
20 following formulations
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Resin
F 100-97 5/2 5 EG-TPA/IPA Copolymer The DEG

level generated is in-situ 2 2 molek {or as
low as possible) 1IPA content increased as
necessary to achieve a maximum MP of 245 °C
Added additives comprised 0 210 parts per
thousand (ppt) antimony triacetate, followed
by phosphoric acid (0 015 ppt P) and
appropriate color toners (0 001 ppt ESTOFIL
blue, 0 0005 ppt ESTOFIL red)

100-96/4 EG-TPA/IPA Copolymer modified with
the appropriate amount of IPA to achieve a
maximum MP of 245 °C MP A polyester resin was
produced having a yellow color index value b¥*
of -2 (determined on a HunterLab Color
Spectrophotometer) The process employed a
phosphoric acid stabilizer (0 045 ppt P)
followed by cobalt acetate tetra-hydrate

{0 050 ppt Co} and antimony oxide

(0 210 ppt)

EG/DEG -TPA/IPA Copolymer modified with one
half the amount of IPA determined in Series G
and the DEG 1s varied to achieve a maximum MP
of 245 °C and a target b* color of ~2 using
cobalt All the other ingredients were the
same as used Resin G

EG/DEG - TPA Copolymer modified with the
appropriate amount of DEG to achieve a target
245 °C MP The b* color was adjusted via
cobalt

Examples 25-29

Resins F-1 were prepared in the melt phase to a melt
point of 245 °C and an IV of 0 46 dl/g as performed with

Resin
F, G,

D i1n the former set of Examples The SSP of Resins
H and I was terminated when an IV of 0 74 dl/g was

39
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TABLE
Reain Composition and Properties versus Bottle AA content
Experimental |[Composition Feed Resin Preform Bottle
Resin ID

(Mole$) (Amorphous) SSP Resin | Process (0 6 L)

Series No EG [ DEG [ IPA [ TPA | IV, |DSc Mp, | IV, | AR, Temp AR, AR,
dl/g °c dl/g| ppm °c ppm ug/l

A 96 2] 38| 00 | 100 | O 60 252 0 73] 110 266 75 32

B 98 0} 2 0 20 /98 0]0 60 252 0 741 0 48 270 75 2 4

[ 97 41 26| 20 {98 0] 0 60 253 072} 075 269 8 8 33

D 95 51451 50 |95 0|0 46 243 0 74| 0 24 250 290 08

E 95 1] 4 9 50 |95 0|0 60 242 0 74| 1 15 245 2 3 11

F 97 5125 55 |94 5|0 46 245 074] 0 21 250 23 10

G 96 7] 33| 48 |95 2|0 46 245 074] 0 24 252 23 10

H 94 1}]59 23197 7]0 46 245 0 74| 0 22 250 25 12

I 92 0180 0.2 |99.8) 0.46 245 074] 0 21 252 389 19

bl > $0519/66 OM

LTLEWEEIA/LOd
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Surprisingly, due to the high level of DEG content in
Resins H and I, these resins cculd not be processed into
bottles having an AA content of 1 0 pug/l or less It is
poatulated that the reduced thermal stability caused by
the DEG levels of greater than 5 mole% resulted in the
elevated AA content in the blown preform
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CLAIMS

1 A process to prepare a polyester resin having an
acetaldehyde concentration of no more than about 1 ppw,
which process comprises the steps of

a) reacting ethylene glycol with terephthalic acid or an
ester thereof, and isophthalic acid or an ester thereof
under constrained reaction conditions effective to
prepare a melt phase polymer having an IV in the range of
0 38 dl/g to 0 52 dl/g and a diethylene glycol content of
no more than 5 mole§ (based on the dicl content of the
resin),

b) recovering the melt phase polymer from step a) as the
pre-polymer used in step c); and

¢) subjecting at least a portion of the pre-polymer
recovered in step b) to elevated temperatures over a
period of time to elevate the IV to a range of 0 §0 dl/g
to 0 90 dl/g

2 The process of claim 1 wherein the terephthalic acid
or the ester thereof, 1s present in an amount of 99 molebd
to %0 molet and the isophthalic acid or the ester
thereof, 1s present in an amount of 1 mole% to 10 mole$,
based on total acid component of the resin

3 The proceas of claim 2, where the terephthalic acid
or the ester thereof, is present in an amount of about

95 mole$ and the iscphthalic acid or the ester thereof,
1s present in an amount of about 5 mole®

4 The process of claim 1 where the conatrained reaction
conditions include a temperature of from 260 °C to

290 °C, a pressure of from 480 kPa to full vacuum

(0 1 kPa) and a time of reaction of from 5 to 6 hours

3 The process of claim 4, wherein the temperature,
pressure and time are maintained to constrain the IV of
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the melt phase polymer to a range of 0 40 dl/g to

0 50 dl/g

6 The process of claim 5, wherein the melt phase
polymer contains from 15 ppm AA to 45 ppm AA

7 The process of claim 1 wherein the pre-polymer
treatment in step c) comprises a temperature of 200 °C to
232 *°C over a period of time of from 15 to 21 hours

e The process of claim 7, wherein the conditions
include a crystallization temperature of from 100 °C to
150 °C and a subsequent SSP temperature of 215 °C to

232 *c

5 A process to prepare a beverage container having an
AA content of no more than 1 pug/l which comprises

a) reacting ethylene glycol with terephthalic acad or an
ester thereof, and lsophthalic acld or an ester thereof
under constrained reaction conditions effective to
prepare a melt phase polymer having an IV in the range of
0 38 dl/g to 0 52 dl/q and a diethylene glycol content of
no more than 5 mole% (based on the diol content of the
resin),

b) recovering the melt phase polymer from step a) as the
pre-polymer used in step c).,

c) subjecting at least a portion of the pre-polymer
recovered in step b) to elevated temperatures over a
period of time to prepare a polyester resin havaing an IV
in the range of 0 60 dl/g to 0 90 dl/g,

d) forming a beverage container preform from at least a
portion of said resin, and

e) heating and blowing said preform of step d) at
conditions to form said beverage container having an AA
of no more than 1 pg/l

10 A bottle preform and/or beverage container made from
sald polyester resin made by the process of claim 1

14>
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€ Proceas for preparing polyester

&) The Invention provides a process for preparing a polyester comprising [A] a liquid phase polycondensation
step in which a dicarbaxylic acid including terephthalic acid or its ester derivative and a diol including ethylene
glycol or lts ester derivative are subjectsd o polycondensation reaction In Bquid phass and moiten state under
heating in the presence of a polycondensabon catalyst 10 produce a polysester (a) having an infrinsic wiscosity as
measured in o-chlorophenol of 07 1o 1.5 dig, [C] a hot water treatment step In which the polyester (g) Is
contected with hot water of 60 to 130 *C for 30 minutes to 10 hours [D-1] a drying step In which the polyester
after the hot water treatment step is dried at a temperature of 110 1o 150 G for 30 minutes to 8 hours, and [D-
2] a heat treaiment step in which the polyesier after the drying treaiment siep Is heated st & temperature of 180
to 200 C for 1 to 10 hours; wherein the finally obtalned polyester has an acetaidehyde content of not maore than
10 ppm

The polyester (g) obitalned In the step [A] can be precrystallized n [B] a precrystalllzation stap by keeping it
In an atmosphere of & heat-up crystalllzation temperature (Ty) to 200 *C for 1 minuts 10 4 hours, prior W the
drying step [D-1] end the heat treatment step [D-2]

Further when the precrystsilizetion step [B] Is carried out, the polyester obtained in the step [B] can also be
subected to the heat treatmen step [D-2] and then the hot weter trestment step [C].

The process of the invention has advantages that a sofid phase polycondensstion step can be omitied, and
the process can provide & polyester having & low acetaidehyde content as well as reduced tendency to Increass
acetaldehyde during the molding process Thus the polyesier obtaned by the process of the invention Is
particularly sulted as a material for preform and beverage botties formed from the preform These bottles do not
alter the tastes of the contents therein

Rk Xargx {UK) Business Guervices
a 10/200/8..4)

(45
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FIELD OF THE INVENTION

The prasant Invention relates 1o & process for preparing a polyester and more particulasty 1o a process
which s capable of providing a polyester having 8 low aceteidehyde content and hardly causing increase in
acetaldehyde during molding thereof by meane of eimpiified steps

BACKGROUND OF THE INVENTION

Boitles obtaned by bimdally stretching a saturaied potyester such es polyethylene teraphthalate (PET
botties) have excellent trensparency mechanical strength heat resistance and gas barrier proparties and
hence they have boen widely used as contaners for beverages such as julces soft drinks and carbonated
beverages

For manufecturing boities from such polyestsr, the polyester ls generally injection molded into preforms
winch are then bimdally stretched by for exemple blow molding 1o be shapad Into bottles

I acetaldehyde remains in the botties thus obtained from the polyester iasies of the contents filled In
the botles are markedly deteriorated For this reason the acetsidehyde confent In the botile-forming
polyester Is desired to be as low as possible In order 1o reduce the emount of acetaidehyde contained in
the battle-formung polyester, it 16 required that the polyester not only has a low acetaldehyde content before
molding but also hardly causes increase in acetaldehyds during moiding

Polyesters have conventionally been prepared by esterification reaction of a dicarboxylic acld such as
terephthalic acd or ite ester devivative and & diol such as ethylens glycol or iis ester derivative and then
polycondensation reachon of the resulting esterified producis In the presence of a polycondensabon
catalyst The polycondensation reachon comprises liquid phass and solid phase polycondensation staps
wherain a polyester from the liquid phase polycondensetion step undergoes the solld phase polyconden-
sation step to obriain a polyester having a high intrinsic viscosity and a low content of acetaldehyde

Thus conventional processes for preparing polyssters nead both the lquid phase and solid phese
polycondensabon staps, the latker step taking a long period of ime whereby leading to Increased
production costs.

i a polyester cbtained by liquid phase polycondensation without solid phase polycondenaation la
directly moided into an articls such as a bottie there Is Invoivad a problem that acetaidehyde Is produced
in the moiding process, which may remam In the polyester molded arbcle

Accordingly & has been desired 10 develop a process for preparing a polyester in which a polyesier
having a low acetaidehyde contant and hardly causing Increage in acetaidehyde during molkding into articlas
such as botties can be prepared and the solid phase polycondensation step can be omitted

OBJECT OF THE INVENTION

The present invention hes been made In order to Improve the prior art technique as mentioned above
An object of the Invenbon is fo provide a process for prepering a polyester which can provide a polyester
having a low acetaldehyde content as well as hardly causng increass In acetaldehyde during molding into
articles such as botiles, and In which the soid phasa polycondensation step can be omutted

SUMMARY OF THE INVENTION

The first process for preparing a polyester according to the nvenbon comprisas

[A] a liquid phase polycondensation step In which a dicarboylic acid Including terephthalic acld or its

ester devivative and a diol includng ethylane glycol or lis derivative are subjected to polycondensation

reaction in hepad phase and molten stete under heating In the presence of a polycondensation catalyst to

produce a polyester (a) having an intrinsic viscosity as measured In o-chlorophanol of 07 to 1.5 dlig

[C] & hot waier treaiment step in which the polyester () ls contacted with hot weter of 60 1o 130 *C for 5

minutes to 10 hours,

[D-1] a drying siep In which the polysster (c-1) having passed the hot water treatment step 18 dried at a

temperature of 110 to 150 * C for 30 minutes to 8 hours, and

[D-2] a heat treatment step In which the polyester {c-1) having passed the drying siep ia heaiad at a

temporature of 160 1o 200 C for 1 1o 10 hours, wherein

the finally obteined polyester (d-1) has an acetaldehyde content of not more than 10 ppm

In the first process for praparing a polysster according to the invention the polyestsr (a) obtmined in the

liquid phase polycondensation step [A] may be subjected to [B)] a precrystallization step In which the
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polyester (a) 18 kept in an aimosphere having a temperature of a heat-up crystalllzation temperature (Te,) to
200 C for 1 minute to 4 hours prior to the hot waier treatment step [C1.

The polyesisr (a) obiained In the step [A] of the first process preferably has an Intrinsic viscosity, as
measured In o-chiorophenol, of 0.8 1o 1.2 dig

The sacond process for preparing a polyester according to the Invention comprises

[A] a liquid phasa polycondensation step in which a dicarboxylic acid including terephthalic acid or Its

aster derivaiive and a dial Including ethylens glycol or its ester derivative are subjected 10 polyconden-

sation reaction in hquid phass and molten state under heeting In the presence of a polycondensation

catalyst to produce a polyester (a) having an intrinsic viscosity as measured In o-chiorophenol, of 07 1o

15dlg

[B] a precryetalization step In which the polyester (a) Is kept In an atmasphera having a temperature a

heat-up crystallizahon temperature (Tex) 10 200 € for 1 minute {o 4 hours,

[D-2] a heat treatment step In winch the polyesiar (b) having passed the pracrysiaiizaiion eiep Is heated

at a temperature of 160 to 200 *C for 1 to 10 hours, and

[C] a hot water treatment step in which the polyesier (c-2) having passed the heat treatment step Is

contacted with hot water of 60 to 130 C for 5 minutes to 10 hours wherein

(i) the intrinsic viscosity of the polyester does not substantally ncrease in the steps [B] and [D-2], and

(i) the finally obiained polyester (d-2) has an acetaldehyde content of not mare than 10 ppm

The polyester (a) obtalned In the step [A] of the second process preferably has an infrinsic viscosity as
measured In o-chicrophenol of 0.8 1o 12 difg

According 1o the first and sacond processes for preparing a polyester the sold phase polycondenseton
step requirad In the conventional processes for preparing polyesters can be omittied Moreover, 2 polyesier
having a low acetaldshyde content and hardly causing Incresss in acetaldehyde In the molding process can
be prepared

The polyester cbitaned by the processes of the invention s sultably used as a maiarial for forming
preforms and bottles for beverages

BRIEF DESCRIPTION OF THE DRAWING

Fig 1 Is a flow chart of the first proceas for preparing a polyester according to the invenbon
Fig 2 Is a flow chart of the second process for preparing a polyesisr according to the invention
Fig 3 Is a perspeciive view of a stepped square piate formed In the Examples

DETAILED DESCRIFTION OF THE INVENTION

The firsl and sacond processes for preparing a polyester according to the inveniion will be described In
detall hereinafter with relerence to the processing flow charts shown In Fig 1 and Fg 2.

To bagn with, the first process for preparing a polyester according to the invention Is explained

As shown in Fig 1, the firet process for preparing e polyester according o the Invention comprises

[A] a liquid phase polycondensation siep In which a dicarbaxylic acld including terephthalic acid or is

aster derivadive and a diol Including ethylene glycal or its ester derivative are subjected to polyconden-

sation reaction In hquid phase and molien state under heating In the presence of a polycondensation

catalyst 1o produce a polyester {(a) having an intrinsic viscosity as measured In o-chloraphenol of 07 fo

1.5 dlg

[C] a hot waler treatmant step In which the polyester (a) Is contacted with hot water of 800 130 Cfor

minutes to 10 hours

[D-1] a drying step In which the polyester (c-1) having passed the hot water treatment stap is dried &t a

temperature of 110 10 150 C for 30 minutes to 8 hours and

[D-2] & heat ireatment step In which the polyesier (c-1} having passad the hot water treatment step Is

healed at a tempersture of 180 io 200 G for 1 o 10 houre; wherein

the finally oblained polyester (d-1) has an acetaldehyde cortent of not more than 10 ppm

in this nvenbon the polyester (a) obtained In the liquid phase polycondensation step [A] may be
subjected to [B] a precryetelizetion step n which the polyester (a) Is kept in en atmosphers having a
temperature of a heat-up crysialiizetion tamperature (Ter) to 200 *C for 1 minute 1o 4 hours, prior o the hot
water treatment stap [C].

The steps of the above process are described below In more detell
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[A] Liquid phase polycondensation siep

in the Equud phase polycondensation stsp according o the invention, the dicarboxylic acxd Including
terephthalic acid or Its ester derivative {e.g, a lower alkyl ester and a phenyl ester) and the dial including
ethylene glycol or lis ester derivative (e.g, 8 monocarboxylic ester) are subjectad to polycondensation
reaction In liquid phase and molten stale under heating in the presence of a polycondensation caialyst to
produce a polyester (a).

in the present invention, homopolysthylene terephthaiete may be prepared by the uss of terephthalic
acid and ethylene glycol Otherwise a copolymerized polyesier may be prepared by using n addion to
the terephthalic acid and ethylane glycol other dicarboxylic acld than terephthalic acid (or s derivative) In
an amount of not more than 20 % by mol and/or other diol than ethylene giycol {or fis derivative) in an
amount of not more than 20 % by mol

Examples of other dicarbaxylic acids than terephthafic acid used for preparing the copolymerized
polyester Include arometc dicarboxylic acds such es phthelic acld {orthophihellc acid), isophthalic acid
naphthalenedicarboxyic acid diphenyidicarboxylic acds and diphenaxyethanedicarboxylic acids aliphatic
dicerboxyfic acids such as adipic acid sebacic acid azelaic acid and decanedicarboxylic acide; alicyclic
dicarboxylic ackis such as cyciohexanedicarboxylc acwds and ester derivahives thereof Thay may be used
in combination of two or more kinds

Exampies of other diols than ethylens glycol include aliphabc glycols such as trimethylone glycol
(propyiene glycol) tetramethylene glycol neopemtyl glycol hexemethylene glycol dadscamethylene glycol,
diethylens giycol triethylene glycol teirasthylens glycol and polyethylene glycols, alicyclic glycols such as
cyciochexanedimethanols, aromatc diols such as bisphenols hydroquinone and 2,2-bis(4-g-hydroathox-
yphenyl)propane and ester derivatives thereo! They may be used in combination of two or more kinds

In the present nvention polycarboxylic and polyhydric compounds such as timesic actd pyromeliitic
acxd, bimethylolethane trimethyloipropane brimethyloimethane and penizerythritol can also be used In
emall amounts e.g not more than 2 % by mol

The process of the invention meay be carried out batchwige and conbnuously and by way of eexampie
continuous procedure wil be described below

The liquid phase polycondensation step [A] in which the dicarboxyfic acid or s ester derivative (also
referred to as “dicarboxylic acid™) and the diol or lis ester derivalive (slso reforred to as “"diol™) are
potycondensed to prepsre a polyester generally comprises an esterification reaction step [A-1] of the
dicarhoxylic acid and the diol and a subsaquent liquid phase polycondensation reaction step [A-2]

More apecifically in the step [A], a siunry contsining the dicarboxyhic acid and the diol Is first prepared
The slurry may contain the diol in an amount of 1.02 to 2.0 mol preferably 1.03 to 1.5 mol basad on 1 mol
of the dicarboxyfic acid The slury is contmuously fed to the esterification reaction step [A-1]

The esterification reaction I generally conducted m an apparatus comprimng for example two
esterification reactors in ine connecitad under the condiions of refiuxing the diol while removing water or
alcohol praduced by the reaction out of the system by means of a fractionating column

When the esterificaion reaction siep [A-1] 18 conductad In two eiages as menhoned above, the
esterification reaction of the firet etage may be carled out at a temperature of usually 240 1o 270 *C
preferably 245 to 285 C under a8 pressure of usually 0.2 io 3 kg/cm?-G preferably 0.5 to 2 kgicm®Q and
the esterification reaction of the second siage may be camled out at a lamperature of usually 250 to 280
C, preferably 255 t0 275 C, under a pressure of usually 0 io 1 5 kg/cm®Q preferably 0 o 1.3 kg/cm?-G

Although there Is no specific Iimiiation on the esierification conversion In each stage It is preferred that
the convermion mcreases amoothly (gredually) from stzge to sizge and particularly reaches usually not less
than 80 % prefersbly not less than 83 % In the lest stage

Through the esterification reaction step [A-1] an esterified product (low condensate) having a number-
average molecular welght of usually 500 to 5,000 Is obiained

The esterificetion reaction may be carrled out without adding any substance other than the dicarboxyllc
acid and the diol or in the presence of a polycondensation catalyst describad later I is also possible to
cary out the reaction in the presence of a smell amount of tertiary amines such as trimethylamine tri-n-
butylamine and benzyldmethylamine quatemary smmonmums such as teirmethylammonum hydroade,
tetra-n-butylammonium hydroxdde and trimethylbenzylammonium hydraxide and basic compounds such &s
Iittwum carbonate, sodum carboneie potessium carbonate and sodium acetate These basic compounds
may be added to all the esterificaion reactore or to any one or more reactors of the first to the last siagas

Subsaquently the esterified product thus obtained w continuously fed to the liquid phass polyconden-
sation reactor where the polycondensahon reaction is camfed out at a temperature not lowsr than the
metting point of the resulting polyester under a reduced pressure in the presence of a polycondensetion
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catalyst while distlling off the produced giycol from the eystem

In the present invention, the naxt step, the polycondenastion resction step [A-Z], may be conducted
aliher n one or more etages

When the polycondensahon reechon step [A-2] is conducted in plural siages the poycondensation
reaction of the first stage may be camled out at a temperature of usually 250 to 200 C preferably 280 to
280 G under a pressure of ususlly 500 to 20 Torr preferably 200 1o 30 Torr and the polycondensstion
reaction of the last stage Is canded out at & temperature of usualy 285 10 300 C, preferably 270 to 285
C under a pressure of usually 10 to 0.1 Torr preferably 5 to 0.1 Torr parbeularly preferably 2 to G 1 Torr

When the polycondensation reaction step [A-2) Is conductad In three or more siages, the polyconden-
sation reactions from the second stage to the (ast stage but one mey be carred out under the conditions
between those of the first end the last siages. For Instance In the polycondensaton reachon siep
comprising three siages, the polycondensation reaction of the second stege may be camled out af &
temperature of usually 280 10 25 *C, preferubly 270 to 285 C under a prassurs of usually 50 to 2 Torr
preferably 40 to 5 Tonr

Through the lquid phase polycondensation etep [A] stated above a polyesier (a) heving an nirinsic
viscoslly, as measured In o~chiorophenol at 25 C, of 07 o 1.5 dijg, preferably 08 to 1.2 diig Is prepared
Although there is no specific imrtation on the Intrinsic viscoslty of the polyester reached in each of the
siteges axciuding the last stege In the polycondensation reaction siep [A-2] It is preferred that the Intrinsic
viscasily increases smoothly and gradually from stage io stage

For preparing the polyester (a) having the sbove-mentioned Intrinsic viecasity in the (iquid phese
polycondensabon etep [Al, the polycondensation reachon siep [A-2] Is desired to be carried out in three or
more stages prefarably In three etages and the polyester subjectsd to the polycondensation reaction of the
last stage {the third stage) desirably has an Intrinslc viscosity of 0.4 1o 0 7 diig preferably 0.5 1o 0.85 dip

Further for obtaining the polyester {@) havng the above-defined intrinsic viscosity by the multi-stage
polycondensation reaction conventionally kmown hquid phese polycondensation reactors Can be used In
combination For Instance, the first stege reachon can be canded out in a vertical reactor the sacond stage
reachon in a horizontel reacior equipped with a monomdal shirrer and the third stage reachon in a horizontal
reacior equipped with a bimdal shmer In this specification the Intrinsic wiscoesity w calculated from a
solution viecosity of a polyesisr solution which Is obtained by measuring at 25 C on a covled solution of
12 g of polyesier heated and dissolvad in 5 mi of o-chiorophanol

The llquid phass polycondensation reaction ks carried out n the presence of a catalyst

Examples of the caialysts used herein Include germanium compounds such as germenum dicdde
germanium tetrasthodde permanium tetra-n-butmdde* antimony caialysts such ms antimony irioxide and
antimony acetate” and trtanium catalysts such s titanium tetrabutodde

Of these catalysts germanium dimade Is preferably employed because a polyester having good hue
and high transparency can be obtauined

The polycondenestion reaction Is preferably camled out In the presence of a stabilizer Examples of the
siabliizers Include phosphoric esters such as trimethyl phosphate, triethyl phosphate, ri-n+butyl phosphate
trioctyl phosphate triphenyl phosphate and fricresyl phosphate phosphorous esters such es triphenyl
phosphite tris{dodecyl) phosphite and tris(nonyiphenyl) phosphiie acld phosphoric esters such as methyl
acld phosphais sopropyl acid phosphate butyl acid phosphats, dibutyl phosphate monobutyl phoephate
and dioctyl phosphate; phosphorus compounds such as phosphoric acld end polyphosphoric acld

The catalyst Is desirably used In an amount of 0.0005 t» 0.2 % by waight preferably 0001 to 0.05 %
by weight, in terms of metal atom In the catalyst, based on the total weight of the dicarboxylic acid and the
diol

The stabilizer ke dearably used In an amount of 0.001 to 01 % by weight preferably 0.002 to 0.02 %
by weight, In terms of phosphorus atom in the stabilizer, based on the total weight of the dicarboxyhc acxd
and the diol

Theee caialysts and stablitzers may be added in the esterification reacion step [A-1] or to the reactor of
the first stage In the polycondensation reaction etep [A-2]

The polyester (a) prepersd In the last polycondensaiion reactor as described above is generally meided
into particies (chips) by a melt exirusion moiding method

[B] Precrystallization stap

In the present Invention the perbculaie polyester () obtained in the liquid phase polycondensation step
may be subjected to a pcryetalilzation step
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The precrystalilzation step Is caried out by lesepmg the parficulate polyesier (8) in a dry sisie at a
temperature of a heat-up crystaliizstion temperature (Tex) © 200 C preferably at a tempereture of Tey fo
180 C for 1 minuie fo 4 hours.

It 18 preferred thet the precrystallization step Is conducted in air or an inert atmosphere

The polyester (b) after the precrystalilzation desirably has a crystallinity of 20 to 50 %

In this precrystalization step so-callad solld polycondenaation reaction of polyester does not proceed
and therefore the Intrinsic viscosity of the polyestsr (b) after the precrysiailization Is aimost equal to thet of
the polyester (s) obiained In the lquid phase polycondenaabon step [A]

By subjecting the polyester io the precrysialization step ss described above the amount of acetal
dshyds contained In the polyesier can be dacressed and the polyesier parbicies (chips) can be prevented
from besng fumon bonded with each other in the subsequent hot water treatment step or drying atep

[C] Hot water trextment stop

In the first process for preparing a polyester according 0 the inveniion the polyester (8) or the
precrystaliized potyester (b) Is subjocted to hot weder treatment.

Thes hot water trestment s camied out by bringing the particulsts polyester (a) or the particuiate
palyester (b} having passed the precrysializabon step into contact with hot weter water vapor water vapar-
contalning Inert gas waier vapor-contalning alr or the like

The contact beiween the perticulate polyester (a) or (b) and hot water I3 desirably carried out by
immersing the potysster In hot witer heatad to a temperature of usually 60 to 130 *C preferably 80 to 100
*C for usually 6 minutes to 10 hours, preferably 30 minutas to 5 hours

When the pariculate polyestar (8) or (b) Is brought nto contact with water vapor the contact
therebetwaen may be carried out by feeding weter vapor (or water vapor-comtaining inert gas or water
vapor-contang airy of usually 80 to 130 C, preferably 80 to 100 *C In an amount of not less than 0.5 kg
per 1 kg of the particulate polyester {a) or (b) The contact between the parficulaie polyester and waler
vapor 18 conducted for usually 5 minutes to 10 hours preferably 1 to 8 hours

The particulate polyester (c-1) abtzinad Immediainly after the hot water freatment generally has a water
content of 5,000 to 10,000 ppm

By sublecting the polyester (a) or (b) to the hot water trestment as deecribed above increase of
acetakiohyde in the molding process can ba Inhibited

The reason why Increase of acetsidehyde In the malding process can be Inhibited 13 presumad that the
hot water treaiment of polyestsr deactivates the polycondensation catalyst, eg genmenium cstalyet,
contained in the polyester whereby decomposition reaction or ester Interchange reaction hardly proceeds
avon lf the polyester ie healed in the mokding procesa, resuling in reduction of acsialdehyde produced

[D-1] Low-tempersture drying step

in the first process for preparing a polyestsr according to the Invention the polyester (c-1) having
undergone the hot water treaiment as described above Is then subyecied to low-tempereiure drying

More speciically the polyaster (c-1) having undergone the hot water treatment 18 desirebly dried at a
temperature of 110to 150 C, preferably 120 to 140 G for 30 minutes to 8 hours, preferably 1 10 4 hours.

The polyester (c-1) from which waber Is removed by the low-temperature drying as described above Ia
preferved because thie polyester is prevented from being hydrolyzed

[D-2] Heat treatment stop

In the first process for preparing a polyaster according to the Invention the polyasier (c-1) obtalned
aftor the hot water trestment and the subsequent low-tempereture drying 18 then hested at a high
temperature

More apacifically the polyester (c-1) 18 desirably heated at a temperature of 160 10 200 C praferably
1700 180 C for 1 to 10 hours preferably 2 10 6 hours The heet treaiment can be carmrled out by bringing
the polyester (c-1) Into contact with a fiomng ges {e.g air or nitrogen gas) heated to 180 to 200 C
praferably 17010 180 C.

Through the heating under the above conditions acetsidehyde conteined In the polyester Is removed
8o that a polyester (d-1) having a reduced acgiaidehyde content cen be obiained

In the heeat treatment step [D-2] the polycondensation reachon of the polyester hardly proceeds, and
the polyester (d-1) obtained after the heat treaiment step has almosi the equel Inimesc wviscosity 1o that of
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the polyester (a) obtained in the hquad phase polycondensation step

As deacribed above i the first process for prepering & polyestsr according o the Invention aot only
the precrysialiization step [B), the low-tempersture drying siep [D-1] and the heat treatment step [D-2] are
camied out at tsmperetures lower than those employed in the so-called solid phase polycondensetion siep,
but also the catalyst 18 deactivated in the low-tempersture drying step [D-1] and the heat treatment sisp [D-
2] Therefore the polyconcensation reaction does not subsiantially proceed in these steps so that the
inivinsic viscosity of the polyester does not substantially Increase, and also the acetoaldehyde content of the
resulting potyester can be reduced eflectively

The polyester {d-1) prepared by the first process of the Invenon has

(i) an acetaldehyde content of not more than 10 ppm preferably not more than 5 ppm end

(i) an Imringic viscosity as messured n o-chiorophenol of usually 0.7 to 1.5 diig preferably 08 to 1 1

dig particulerly preferably 0.8 to 1.0 dig

Further the polyester (d-1) prepared by the first process of the invenbon desirably has a crystaliindy of
30 o 50 %

As described above the polyesier (d-1) obtamed by the first process of the mvention has not only the
low acetaldehyde content, but also reduced tendency to increase acetaldehyde In the moiding process. For
instence, &8 molded article such as a preform obixined from the polyester {d 1) by Injection meolding herec!
at a moiding temperature of 270 10 310 C e.g 200 *C, has sn acetakdehyde content of usually nol more
than 20 ppm preferably not more than 15 ppm

Next, the second process for preparing a polyester accarding to the invention Is explisined

As shown in Fig 2 the second pracass for preparing a polysster according to the inventlon comprisss

[A) a Iqud phese polycondensabon step in which a dicarboxylic acld ncluding terepitthallc acid or Its

ester dertvativa and a dicl Including ethylene glycol or Its ester derivative are subjected to polyconden-

sation reaction in liquid phase and molten state under heating in the presence of a polycondensation
catalyst 1o produce a polyester (8) having an mtrinsic viscosity as measured In o-chlorophenol of 07 to
15dig

[B] a precrystalizaton step in wisch the polyaster (a) le kept In an aimosphere having a tempersiure a

heat-up crystalhization temperature (Tey) 0 200 € for 1 minute to 4 hours

[D-2] a heet trestmaent step In which the polyeeter (b) having pessed the precrystaiilzstion step |s healad

at a temperature of not lower than 1600 200 C for 1 to 10 hours and

[C] a hot water treaiment siep In which the polyester {c-2) having passad the heat trestment step Is

contacted with hot water of 80 to 130 *C for § minutes to 10 hours wherein

(0 the Intrinsic viscosity of the polyester does not substantially increase In the steps [B] and [D-2] and

{ll) the finally obtained polysster (d-2) has an aceteldeiryde comtant of not more then 10 ppm

in the second process for preparing a polyester according to the Invention the fiquid phase polycon-
dansafion step [A] and the precrysializstion step [B] can be conducted under those conditions described
for the cormesponding stepe In the first procees of the Invention respectvely

in the second process for preparing & polyester eccording to the Invention the polyeeter (b) having
been precrysialized as above ls subjected firstly to the heat trastment step {D-2] and then the hot water
treatment etep [C].

The heat treatment [D-2] and the hot water treatment [C] in the sacond procees of the invantion can
also be conducted under those conditions described for the cormesponding steps In the first process of the
Invention respeciively

it can be seen from the comparison between the first and second procassas of tha Invention that in the
second process the low-tempershme drying step [D-1] in the first process can be omitied (but preferably
be carriad out} and the stepe after the precrystalitzation step [B] ere carried out in different order in the first
process. Howaver, the polyester {d-2) obtained by the second process has also excellent propertes, |8 a
low acetaldelryde content as well as reduced tendency to increase of acetaldehyde in the molding process

in the heat trestment step [D-2], the polycondensation reaction of the polyestier also hardly proceads,
and the polyester (c-2) cbtained after the heat treaiment step has almost the equal Intrinsic viscosity to that
of the polyasier (a) obtained In the liquid phase polycondensation sisp.

The particulate polyester obtained immediaialy afler the hot weter freatment [C] generally has a water
content of 5,000 to 10,000 ppm

By subjecting the polyester (¢-2) o the hot waier trestment as described sbowe Increawe of acetal-
deiryde (n the mokiing procesa can be inhibited

The reason why Increass of acetaldshyde In the molding process can be Inhibited ts presurned that the
hot water trestment of polyestor deactivaies the polycondensstion calalyst, e g, germmanium caislyst,
contained In the polyesier whereby decomposition reaction or ester interchange reacton hardly proceeds
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aven if the polyester Is heated In the molding procass, resutting In reduction of ecetaldehyde produced

The polyester (d-2) having been treatnd with hot water as described above le then preferably subjected
to low-temperature drying More specifically, the polysster Is desirably dried at a temperature of 110 to 150
C, preferably 120 to 140 C, for 30 mmutes 1o 8 hours, preferably 1 to 4 hours

The polyester (d-2) from which water is removed by the low-temperature drying as described above Is
preferred beceuse this polyestsr is prevenied from being hydrolyzed

in the sacond process for preparing a polyester according to the invention, the precrystalilzation step
[B] and the hest treatment step [D-2] are camled out at temperatures lower than those employed In the so-
called solld phase polycondensation step so thet in these sieps the polycondensation reaction does not
substanilally proceed and the mtrinsic viscosity of the polyesiar does not substantially increass

The polyester (d-2) preparad by the second procsss of the Invention has

(M an inkrinsic viscosity as measured In o-chlorophenol of 07 to 1.5 dlig preferably 08 1o 11 difg,

particularly preferably 0.8 to 1.0 difg and

{)) an acetaldehyde content of not more than 10 ppm preferably not more than 5 ppm

Further the polyesier {d-2) prepared by the sscond process of the Invention desirably has a crysiallinity
of 3010 50 %

As describad above, the polyester (d-2) obtalned by the second process of the nvenbon has not only
the low aceteidehyde content but also reduced tendency to increase acetaidehyds in the molding process
For Instance a moided erticle such as a preform obiained from the polyester (d-2) by Injection molding
thereo! at a moiding temperature of 270 to 310 *C e.g 200 *C has an scetaldehyde contant of usually
not more than 20 ppm, preferably not more than 15 ppm

The polyesters prepared by the first and second processes of the Invention can be used for any
purpose of conventionally lmown polyesters, and are particularly sulted for manufacturing hollow moided
articles For example these polyestors can be fed to & molding machine such s an injection molding
machine to form preforma for holiow articies which Is then placed In a mold of predetermined shape and
blow moided into hollow contmners. The hollow containers thus obtained hardly alter the tastes of the
contents

The polyesters prepared sccording to the Iinvention can be suliably used as a maierlal for forming
preforms for beverage botties.

EFFECT OF THE INVENTION

The polyesters obialned by the processes according 1o the invention have not only a low acetaldehyde
content, but also tendency to hardly increase amount of acetaldehyde produced in the molding process.
Therefore haoliow contalners such es botties manufactured from the polyesters do not alter the tastes of the
contents.

Further the processes for preparing polyesters according o the inventon do not need a solid phase
polycondensation step so that the processes have the advantages of productivity and economy

The polyssisrs according {0 the invention can be euliably used as a matedal for forming preforms for
beverags botties.

EXAMPLE

The present invention will be further described with reference to the following examples, but It should
be construed that the Invention is In no way imited to those examples

in this specificahon acetaldehyde content or concentration (ppm) I8 measured with respect o a
stepped square plate molded arlicle as shown in Fig 3 which Is obtalned by injection molding of polyester
chips in the manner described below

The stepped square plste in Fig 3 comprises sx parts A to F wherein the part A Is 2 mm In thick the
part B is 4 mm the part Cis 6 mm the part D Is 3 mm, the part E Is 5 mm and the part Fis 7 mm The
acetaldehyde concentration is measured on the part E of the siepped square plate.

Preparation of stepped square plate

2 kg of dried polyester chips are injection molded into a stepped square plate as shown in Fig 3 by
means of an injection moiding machine of M-70A produced by Melld Seisakusho KK, n which nlirogen
having a dew point of -70 C s fed o an upper part of a hopper end to a screw feeder shooting part at a
rate of 5 Nm3hr respectively at a bammel temperaiure of 2800 C st C1 C2 C3 and nazxie tip temperatures
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of 200 *C 280 C 280 Cand 300 C, respectively: and st a mold-cooling temperature of 15 *C

The inyechon molding to obtain the stepped square plate is camied out by feeding the dried polyester
drlpnbllnuiwmnmoldlnumﬂwnlnm-mwﬁnhmﬁdnnhmwﬂ\omﬂmﬂmm
12 seconds and 80 seconds respectively The residence time of the molten resin in the molding machine 1s
=bout 72 seconds. The weight of one stepped equare plate s about 75 g

Moasurement of aceialdehyde concentration

The acsialdehyde concentration of the stepped square plate molkied arficle was determined as follows.
A sampie from the part E of the stepped squere piais was pulverized by a freezer mill then acetaidehyde
contained In the sample is extracted with hot water and the acetaidehyde Is quantistively determined by
maans of gas chromatography In sccordance with an Intermna) standard method

Measurement of heat-up crystallizstion termnpershure

The heat-up crystallization tempereture (T,y) of the polyesier is measured as follows The polyester
chps are dried at about 140 G under a pressure of about § mmHg for about 5 hours or more and about
10 mmg of a thin prece as a sample is taken out from the central part of the polyester chips and potied Into
an aluminum pan for liquid under a ntirogen atmosphere The measurement s conductad using DSC-2 type
differential scanning celorimeter avallable from Perkdn Elmer Co under the condiions such thad the sample
is first hested rapidly from room tempereiure t0 200 *C at wiuch temperature the sampie is kept &t molien
state for 10 minutes and then cooled rapidly to room temperature, and theresdter the top temperature of an
sxpthermel peek detectad ot the tima of slevating the temperature st 2 hestup rais of 10 *Cimin 1
obtamed

Measurament of intrinsic viecosity

The intrinmc viscosity (dlg) of the polyester ls determined as follows A sample is heatad and disscived
in o-chiorophenol (OCP) and a solution viscoslty s measured by a caplilary viscometsr From the value of
solution viscosity and an empirical formula preliminary prepared the intrinsic viscosity 18 detarmined

Exampie 1

To 100 parts by weight of terephthalic acsd were added 50 5 paris by weight of ethylene glyco! and
0.028 part by weight of germanium diaxide to perform esterification reachon In a conventional manner
When the reachon was compieted, the solubon tempersiure was 240 *C. Then io the reaction mdure waa
added 0.030 part by weight of trimethyl phosphate to perform polycondensaton reaction in three stages In
the last siage the polycondensation reaction was carled out at a tempersture of 270 C uncier a preseure
of 1 Torr to obian a polyester having an Intrinslc viscosity of 0.84 dliy The polyester chips had an
aceiaidehyde concentration of 90 ppm and a hest-up crystaliuation tsmperature of 184.8 *C

Subsequently the polyester clups were precrystalized at 170 *C for 2 hours In a stream of nitrogen
After completion of the precrystailization the polyester chips had an Intrinsic viacosity of 0.83 diig and an
acetakishyde concentrabon of 22 ppm Thereafier, the polyester chips were immeread in hot water at 85
C for 4 hours and then subljected to low-termnperature drying at 130 *C for 2 hours In a stream of nrirogen,
followed by heating at 180 C for 2 howrs The inirinsic viscoslly acetsiishyds concentraion and water
content of the polyester chipa obteined In each of the steps are shown In Table 1
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Table 1
Polyester chips after

[Al{e) | B1®){ [Cl{c-1) | [D-1] | [D-2](d-1)

intrinsic viscosity (dlg) 0.4 083 0.80 0.80 078
CHyCHO (ppm) 80 2 21 17 45
Water (ppm) - 8,500 300 50

[A] Polycondensation
[B] Precrystaliization
[C] Hot-water treatment
[D-1]. Low-temperaiure drying
[D-2} Heat treatment

The polyester chipe (d-1) were further dried at 180 € for 3 hours in a stream of nrirogen to reduce the
water content in the chips to 20 ppm The thus-dried chips had an intrinalc viscoslty of 0 78 diig end an
acetaidehyde concentration of 3.8 ppm Then the chipe were melted under heating at 200 *C and molded
into a stepped square plate molded article as shown in Fig 3. The malded article had an acetaldehyde
concentration of 15 ppm

Soparately the chips were molded o a preform by means of a moiding machine of M-100A produced
by Maild Seisakusho KIC under the conditions of a molding temperature of 270 C, a noxaie temperature
of 310 € and a mold temperaiure of 10 C The preform had an scetaldehyde concentration ot 10 ppm

Comparative Example 1

The polyester chips (a) es obtained In Example 1 were precrystalilzed at 170 *C for 2 hours In a
stream of nitrogen and then subjeciad 1o kow-lempersture drying at 130 C for 2 hours followed by heatng
ét 180 C for 2 hours. The polyester chips obisined after thesa treaiments had an Intrineic viscoslty of 0.80
dig and an acetaldehyde concentration of 4.4 ppm After drying st 180 C for 3 hours, the chips were
molded Into a stepped squere plaie moided arlicle as in Example 1 The mokied article had an
aceteldehyde concentration of 30 ppm

Further a preform prepared from the chips in the same manner as In Exampie 1 had an acetaldehyde
concentration of 25 ppm

Exampie 2

The polyesier chips (a) as obtaned in Bampie 1 were treated In the same manner as in Bxample 1
axcept that the precrysialilzation was omitied and the heat treatment was carried out at 170 C for 4 hours.
The Intrinsic viscosty acetsidehyde concentration and water content of the polyester chips obtaned in
each of the steps are shown in Table 2.

Table 2
Polyester chips after
[Al{s) | [Cl{c-1) | [D-1] | [D-2](d-1)

Intrinsic viscosity (dig) | 0.84 0.81 081 0.80

CHyCHO (ppm) 00 75 84 88

Water {ppm) 12000 | 340 70

[A]l Polycondensation [C] Hot-weter trestment
[D-1] Low-temperature drying
[D-2] Heat traatment

10
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Further after drying at 180 *C for 3 hours the chips (d 1) were molded Into a stepped squere plate
mokded article as in Example 1 The molded article had an aceiakiehyde concentration of 17 ppm
Furthermore, a preform prepared frorn the chips in the same manner a8 in Example 1 had an acetaidehyde
concaniration of 11 ppm

Example 3

To 100 parts by weight of terephtheiic acsd were added 40.8 parts by weight of ethylene glycol and
0.031 part by weight of germanium disdde o perform esterification reaction In a conventional manner
When the reaction was completed the solition temperature was 240 C Then to the reaction mbdure was
added 0.030 part by weight of rimethyl phosphate to perform polycondensaton reaction i three stages In
the last stage the polycondenssation maction was carried out at a tompersture of 270 C under a pressure
of 1 Torr o oblein & polyester having en Intrinsic viscoslty of 0.83 dilg The polyester chips had en
acetaldehyde concentration of 53 ppm and a heat-up crystalization temperature of 1580 C

Subsequently the polyssier chips were precrystallized at 170 *C for 2 hours in a stream of nitrogen
then heatad at 180 C for 3 hours and Immersed In hot water at 85 C for 3 hours. Theresfter the chips
were subjeciad to low-temperature drying at 130 C for 2 hours. The Intrinsic viacosity acataldehyde
concentrahon and watar content of the palyester chips obtalned in each of tha steps are set forth in Table 3.

Table 3
Polyesier chips after
[Al(e) | Bl®) | [D-2)(c2) | [C)(d2) | Low-temp drying

Infrinsic viscosity (dig) | 0.83 o082 0.82 082 081

CHyCHO (ppm) 53 11 25 22 22

Watsr (ppm) - - 40 6000 300
[A] Polycondensation
[B] Precrystalization

[0-2] Heat treaiment
[C] Hot-water treatment

The polyaster chips (d-2) having been eubjected to the low-temperature drying were further dried at 160
C for 3 hours in a siream of niirogen to reduce the water coment in the chips to 40 ppm The thus-dried
chips had an intrinsic viscosity of 0.81 diig and an acetaikdehyde concentration of 1 7 ppm Thereafter the
chips ware moided Into & siepped square plete molded article &s In Example 1 The moided arlicie had an
acetaldshyde concentration of 12 ppm
Further a preform prepared from the chips In the same manner a8 in Exampie 1 had an acetaldehyds
conceniratton of 8 ppm

Comparative Example 2

The polyssier chips {(a) as obtalined In Example 3 were precrysialiized at 1770 C for 2 hours In &
gtream of nitrogen and then heated at 180 C for 3 hours, followed by low-temperature drying at 130 C
for 2 hours The polyester chips obtained afier these treaiments had an intrinsic viscosity of 0.82 di’g and
an acetaldohyde concantration of 1.5 ppm After drying at 180 *C for 3 hours, the clups were molded into a
stepped square plate molded arbicle as In Example 1 The molded arficle had an acetaldehyde concentrs-
tion of 27 ppm

Further & preform prepared In the same manner &s In Exampile 1 had an acetaldehyde concentration of

28 ppm

BEample 4

The polyaster chips (s) as obtzined n Example 3 were treeted in the same manner a3 In Example 3
except that the heat treziment was carled out at 170 *C for 4 hours The Intrinsic viecosity, acetaldehyde
concentrabon and waisr content of the polyester chips obteined in each of the staps are shown In Table 4

1
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Teble 4
Polyester chips after
[Al{a} | BI®) | D-2]{c2) | [Cl{d2) | Low-temp drying

Intrinsic viscosity (dig) | 0.83 082 0.81 0.81 0.80

CHaCHO (ppm) 5 1 30 a0 25

Watsr (ppm) - - 180 7500 600

[A] Polycondensation
[B] Precrystalization
[D-2] Hoat treatment
[C] Hot-water treatment

The polyester chips (d-2) having been subjected to the low-tsmperature drying were further dried at 160

C for 3 hours and were molded Into a sispped square plate molded article as In Example 1 The moided

article had an acetaldehyde conceniration of 13 ppm Further a preform prepared i the same manner as In
Example 1 had an acetaldehyde concentration of 8 ppm

1 A process for preparing a polyester comprising
[A] a liquid phase polycondensation step in which a dicarboxylic ecid Including terephthalic acid or
s oster derivetive and a diol including sthylens glycol or s ester derivative are sublected to
polycondensation reaction in hquki phase and molten state under heating In the presence of a
polycondensehon catalyst to produce a polyasier (8) having an Intrinsic viscosily as measured in o-
chiorophenol of 07 to 15 dig
[C] & hot water trastment step in which the polyester (a) s contacted with hot water of 80 1o 130 C
for 5 minutes to 10 hours,
[D-1] & drying step in which the polyestar {c-1) having pessed the hot water treatment step (e dried
st @ tsmpereture of 110 fo 150 *C for 30 minutee to 8 hours, and
[0-2] a heat treatment step In which the potyaster (c-1) having passed the drying step s heated at a
temperature of 16010 200 C for 1 1o 10 houra wharein

the finelly obtained polyester {d 1) has sn acetsidshyde content of not more then 10 ppm

2 A procass for preparing a polyester comprising
[A] a quid phase polycondensation step In which a dicarboxylic acd including terephthalic acid or
s ester derivative and a diol Including ethylene glycol or its ester derivative are subjected to
polycondensaton reacton In liqud phase and molien state under heating n the presence of a
polycondensation catalyst to produce a polyester (a) having an inrinsic viscosity as measured in o-
chiorophenol, of 07 to 1.5 dig
[B] a precrystallization step in which the polyestsr () is kept In an atmosphers having a temperature
of a heal-up arystallization termnperature (Tgy) 1o 200 C for 1 minute fo 4 hours
[C] a hot water treatment step in which the polyseter (b) having passed the precrysialiization step I1s
contacted with hot water of €0 10 130 *C for 5 minutes to 10 hours,
[D-1] a drywng step In which the polyester (c-1) having passed the hot water treatmaent siep la dried
ot & temperstwre of 110 to 150 *C for 30 minuvies to 8 hours and
[0-2] a heat treaiment step In which & polyester {c-1) having pessed the drying step is heatad at a
temperature of 160 t0 200 C for 1 to 10 hours, wherein

the finally cbisined polyester (d-1) has an acetakiehyde content of not more than 10 ppm

4. The process for preparing & polyester as clumed In clum 1 or 2, wherein the polyester (a) obtzined In
the liquid phase polycondensation step [A] has an intrinsic viscosity as measured in o-chiorophenol of
081012 difg

4. The process for preparing a polyssier as clarmed In any one of claims 1 2 or 3 wherein the lquid
phase polycondensabon step [A] consists of an esierification reaction step [A-1] end a polyconden-
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eation reaction step [A-2] and the polycondensation reaction step [A-2] comprises polycondansation
reactions of three or more stages

& The procees for preparing a polyester as claimed In claim 4, wherain the polyester obiained after the
polycondensation reaction of the second stage In the polycondensation reaction step [A-2] has an
Intrinslc wiscosity of 0.4 t0 07 dig

6 The process for preparing & polyester as clalmed i claim 2, wherein the precrystaliized polyester (b)
obtalned in the precrystialilzation step [B] has a crystallinity of 20 to 50 %

7 The process for preparing & polyester as claimed in any one of the preceding claims wherein the
polyestsr {d-1) has a crystallinity of 30 to 50 %

@ The procees for preparing a polysster as claimed in any one of the preceding clarme wherein the
polyester (d-1) has an acetaldehyde content ol not more than 5 ppm

9. A process for preparing a polyester comprising
[A] & liquid phase polycondensahon step In winch a dicarboxylic acld Including teraphthalc acid or
its aster derivetive and a diol including ethylens glycol or lts aster derivalive are subjected to
polycondensation reaction In liquid phase and molten staté under healing in the presence of a
polycondensation caialyst to produce a polyester {s) having an Intrinmc viscoslly, a3 measurad in o-
chlorophenol of 07 1o 1.5 di
[B] a precrystalizahon step In which the polyaster {a) Is kapt In an atmosphere having a temperature
of a heat-up crystallizetion temperature (Tcy) 10 200 C for 1 minute to 4 hours
[D-2] a heat treatment step in which the polysster (b) having passed the precrysialiization stap Is
heated at a temperature of 180 to 200 *C for 1 to 10 hours, and
[C] & hot water treatmant stap In winch the polyester (c-2) having passed the heat trextment stap =
contacted with hot water of 80 to 130 *C for 5 minutes to 10 hours, wherein
@) the Intrinsic viscosity of the polyester doss not substantially Increase in the siepe [B] and [D-2],
and
(h) the finally obinined polyester (d-2) has an acetaldehyde content of not more than 10 ppm

18. The process for preparing 8 polyester as claimed in claim & wherein the polyester () obtained In the

liquid phase polycondensation step [A] has an mirinsic viscosity &s measured In o-chigropheno! of 0.8
o 1.2 dijg

11 The process for preparing a polyestdr as claimed in claims 8 or 10 wheren the liquid phase
polycondensation step [A] conalsts of en esterification reaction step [A-1] and a polycondensation

reaction atep [A-2], and this polycondensation reaction siep [A-2] comprisee polycondensation reactons
of three or more siages

12 The process for preparing a polyestar s claimed In clalm 11 whaerein the polyester subjected to the
polycondensetion reaction of the Igst siage in the polycondensabon reaction step [A-2] has an ntrinsic
wiscosity of 0 4 10 0 7 difg

11 The process for preparing a polyestar aa clamed In any one of claims 8 v 12 wherein the
precrystaliized polyester (b) obtained n the precrysialfixabon step [B] has a crystelfinty of 20 to 50 %

14. The process for preparing a polyester as clamed In any one of claims 8 to 13 whereln the polyester (d-
2) has a crystaliinity of 30 to 50 %

16. The process for preparing a polyseter as clamed n any one of claims 8 to 14 wherein the polyester (d-
2) hes an acetaldehyde content of not more then 5 ppm

16 A preform formed from the polyester preperable by the process as clamed In any ons of the preceding
clmms and a beverage bottle formed from the preform

13
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17 The preform and the beverage bottie es clumead in claim 18 wherein the preform has an acetaldehyde

content of not more than 20 ppm

EP 0 681 328 A2
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[A]Liquid phase polycondensation step

Polycondensation 1n {i1qud phase
between diol and dicarboxylic acid

(A-1] Esterification reaction step

}
[A-2] Polycondensation reaction step
To obtain polyester (a)

r
: [B]Precryatal | 1zation step
I Te.~200°C

| To cbtain polyester (b)

L

[C]Hot water treatment step
hot water of 60~130°C
To obtain polyester (c-1)

3

{D-1] Low-temperature drying step
110~150°C

¢

[D-2] Heat Treatment step
160~200°C

L

Polyester (d-1)
acetaldshyde content < 10ppm
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Frg 2

[A]Liquid phase polycondensation step
Polycondensation in |1quid phase
between diol and dicarboxylic acid

[A-1]Ester |‘f|cat|on reaction step

[A-2]Polycondensation reaction step
To obtain polyester (a)

3

[B]Precrystallization step
Tc|~200'0
To obtain polyester (b)

3

[D-2] Heat Treatment step
160~200C
To obtain polyester (d-2)

8

[C]Hot water treatment step
60~-130°C

Polyester (d-2)
(1 )intrinsic viscosity = 0 T~1 5dl/g
( n )acetaldehyde content < 10ppm
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