PETITORIO

ullll " SEIORIMA T (IO -L -

’ﬁM

Radcacion : 02083679 00000000 Folios: 9
02 083679 00  Fecha (AW): 2022-03-18 $7)03:3
fndustria v Cﬂllltﬂ‘j_ﬁ Tramte = O1f PET-PATENT 78 FASE MOCT 41 PRESENTAC
MSU PE--w-—-\m N ENMDENM‘: A Bependeacaa: 2020 DIVISIOY BF 1SEWS [ ? il 3]

FORMULARIO UNICO DE SOLICITUD DE PATENTE
PCT
ENTRADA EN FASE NACIONAL

Patents de Ivencion L1 Patts e Modsto e Ui

1 D Capitulo .

Nombre RHODIA STER SA.

IDENTIFICACION
Drrectidn WTC - World Trade Center, Avernda Das
Nacoes Unidas, 12551 8o andar 04578903 ~S20 | CC [ NT ]

Paulo ~SP Brasi cE [J oo []

Nacionalidad o Domialio BRASIL

Lugar de Constriucion. BRASIL i Cva____
Teléfono* Fax

E-mal

Nombre RAMIRQ CASTRO DUQUE IDENTIFICACION
Direccidn Cra. 7 No, 16-58 Piso 9 cc NT [

CE O ow O
Teléfono: 380-2200 Fax 380-2700
E-mal: Cual

Nimero_170 322 TP_1003

R

Nombre Jean Luc Lepage
Dwectdn Rhodia CRL 85 av des Freres Perret BP 62, 69192 Saint Fons, Francia

Nacionalidad o Domalio, Frama;

5 PCT(86)
Salicitud intemacinal N0 __PCT/BR01/00030  Fecha - 28-03.2001
Publicactn Infemacional No _W0Q 01772881 A1 Fecha __04-10-2001

BRASE DE POLIESTER § ENEN _MEJORADAS
ANICAS Y PROCESO PARA PRODUCIR DICHA!

. ) ta v - A TR “w g ¥ A, e v - . HK ; Faaiar
9 ‘Comprobants de pagd No. 023732y 02-B28 ~ ¢ T Fedna 16009007 -

Instrucones para el diigenciamiento del presente formulario, ver reverso de esta pagina

20R0-FDB (01-11-15)



ANEXOS

Camprobants de pago de la tzsa de pressntaciin de la solichid  $378.000
Comprobants de pago por revidcacion depratdad  $108.000

Documento que acredita la exislencia y representacién legal cuando el solicfiants sea persona juridica.
Podares, sl fusre @l caso. Profocoio No.18679

Documento de cesidn dal inventor al aciicitants o a sy casanis.

Declaraciones

Copia de la solicliud intemacional (Resurnen, descripcitn, revindicaciones, dbujos)

Traduocién de la eciiciud intemacional al casteliano. (Resumen, descripcidn, relvindicaciones, dibujos)
Copia del examen prefmnar efect:ado par la IPEA.

Trackuccidn del escamen preliminar efectiuado por la IPEA.

Da ser el caso, copia del coniraio de acceso.

De ser ol caso, documenio que acrediie la lcencia o aukorizaciin de usa de conocimienios tradiclonales de las comuni-
dades indiganss.

] Do serel camo, cerfficado de deptelio del material bickgion.

[J Ametna1xt2

[] De.ser ol caeo, Informaciin achre oiras scliciudes do petanie o Hulos obéenidos en el extrarniero par of miemo thuar o s
causanie, relaconeadas parcial o iotaiments con la invencitn de esta solicitud

(] oroe

XIXOOO0XM

X

00

” g
) vrFeiwhiday
AL R 4 P LR L IS Y A
r-Rred e Yy Y h!—"".ﬁ)!*“w “‘P.J"‘“‘“"{."‘ 1.,.: |;""|-ﬁ"
n® ad LY ‘3..3 w3 "'\:“.‘— 5‘;_‘!’!—-*;1-""‘{l& B or we & g ~ . h':._{’_'.“"'li(."\
:'f - '\:’?'" 1o .Ji.i i # L . W » - . - .al‘:.-.b .'--T.
R R I A L e & aare
2 DA I T2 R
RO t R SRt TS
;.-..n_',;\; -1.r.:-.r. !'_":'.u.-n.,p T "{m: ot
+ R - L =% i
' N, e e ke g ;
e - -5‘,.-'-_““ r':‘?'r":.‘”‘-""f"“' -:'.--.‘:- f._,G.C. ' ? “QJ.
'!'\{."4¢- _‘-‘,“... ,;“....1 L.‘!-" "bz--‘.\"l :.,'1. "y A3 '*‘\." %J’J\ Y w g wedae -};‘-u' A f

insirucciones para la presentacin de los anexos, ver reverso de esta pigina




Sl A Folios: 3
adicscion s UNINTI OUHONRD - .
NIT 1 B00174089-2 : 18 17500508
Fecha UrBs BME-03- p—
e I
RECIBD OFICIAL DE CAJA 1 02 - 37,222 Frpenderciss -

FECHA 1 JINID 7 DE 2002

4. CONSIBHNARCION Inx

BEPOSITANTE TIPO PAGD BANCD CUENTA %o. PAB0  FELHA PB0 Vr. PAGD
BRIGARD & CASTRO LTDA  COMSIGNACIGN  DANCO POPULAR  050-00L10-b I 07/06/2002 7,740,000.00

. $I CONCEPTO SN
Wrmm CONCEPTD TOTAL CONCEPTO
1 50005-01-01 SOLICITUDES IWWOCACION DE UMA PRICRIDAD EN WU 106,000,00
TOTAL : ' 104, 000,00

80: CIENTO BEIG MIL

REGPONSARLE 1 __ SOk

RECIBO BE CAJA APLICADD AL EIPEDIENTE No.




LI

RECISO OFICIAL DE CAJA : 02 - 132,2%
FECHA t MAYO 1& DE 2002

N CONSIGNARACION

Industria y Comercio

SUPERINTENDENCIA
SUPERLIBUSTRIA ¥ CRERCID

Radivacios : (2019 0000000 Folios: 9
Fecha {3): 2032-03-18 17:03:28

Traite @ 011 PCT-PATEMT 378 FASE WACT 411 PRESENTAC
Pepetdenciai DIVISIRS DE MIEVAS CREACIRIES

DEPORITANTE TIFD PABD BANCO

FECHA PEO Vr. PAGD

BRIGARD & CASTRD LTDA  CONSIGNACION  BANCO POPILAR

735780 15670072002 5.633.560.00

BRIGARD & CASTRO LTDA  CONEISNACION  BANCO POPULAR M3 1610372002 330.000.00
i £ OXCEPTLO Nt

CANT. PENTIBTICE TOTAL CONCEPTO

1 50005-01-01 SOLICITUDES 1 TRAMITES DE 80L. DE PATEMTE DE IN Ire.000.00

TOTAL : ) 378.000.00

SOM:  TREGCIENTDE BETENTA Y OCHO NIL PESOS

RESPONSABLE :

RECIBD DE CAJA APLICADO ML/EIPEDIENTE Mo.

Carrera 13 No. 27-00 Pisos 5, 7y 10
Conmutador 382 0840
Fax 350 5220
E-mail: info@sic.gov.co
www.sic.gov.co
Bogota, D.C., Colombia



“COMPOSICIONES A BASE DE POLIESTER QUE TIENEN
MEJORADAS PROPIEDADES TERMOMECANICAS Y PROCESO
PARA PRODUCIR DICHAS COMPOSICIONES”

La presente invencion se refiere a composiciones a base de poliéster que
presentan mejoradas propiedades termomecénicas, que comprenden
particulas minerales de tamafio fino. Estas composiciones son
especialmente Gtiles para la fabricaciém de botellas. La presente
invencién se refiere adicionalmente a un proceso para producir dichas

composiciones.

Los poliésteres, especialmente el tereftalato de polietileno, son polimeros
termoplasticos ampliamente usados para la produccién de articulos
moldeados o extruidos. Se emplean generalmente como hilos o fibras,
articulos moldeados por inyeccién, peliculas (articulos extruidos y
dirigidos) o recipientes, por ejemplo obtenidos a través de un proceso de
extrusién-soplado. Las propiedades de los articulos producidos dependen
en gran medida de las propiedades termomecénicas del polimero, tal
como el médulo, la flexibilidad, la temperatura de transicién del vidrio, la
distorsién de calor bajo carga.

La distorsién de calor bajo carga es una caracteristica importante para el
uso de poliésteres como botellas, més particularmente para botellas para
contener bebidas. Para propdsito de preservacion e higiene de alimentos,
ciertas bebidas deben llenarse en caliente en las botellas, y eventualmente
sin oxigeno. Este es particularmente el caso para jugos de frutas,
productos pasteurizados o esterilizados, especialmente productos de
dieta, bebidas de te o café, cerveza. Si la temperatura de llenado es
demasiado aita, y/o si el liquido permanece mucho tiempo en la botella
durante una cierta temperatura, esta ultima se deforma. Este
inconveniente puede limitar el campo de uso del poliéster, y
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particularmente del tereftalato de polietileno, para la contencién de
bebidas. Consecuentemente, algunas bebidas no pueden colocarse en
botellas de tereftalato de polietileno, o0 no pueden excepto bajo limitadas
condiciones de temperatura.

Continuos intentos se ha hecho para elaborar poliésteres, composiciones
a base de poliéster o procesos para formar articulos de poliéster, en forma
tal que se mejoran las propiedades termomecdnicas, particularmente tal
que la distorsién de calor bajo carga se mejora. Consecuentemente, una
primera solucién puede consistir en la utilizacion de un naftalato de
polietileno en ves de un tereftalato de polietileno, o copolimeros que
comprenden unidades naftilicas y terefiilicas. Esta solucidén es sin
embargo costosa, y no se usa industrialmente excepto para aplicaciones
muy especificas. '

Otra solucién consiste en modificar el proceso de formacién de botellas
con el fin de sobre-cristalizar el polimero. El proceso de acuerdo con esta
solucién se denomina generalmente ‘termo-fijacién". En breve, se trta de
cristalizar una botella de tereftalato de polietileno modificando Ias
operaciones de soplado. La puesta en prictica de este proceso requiere
sin embargo, de una importante modificacién de las lineas de produccion
de botellas y consecuentemente requiere de importantes inversiones. Los
cuellos de las botellas obtenidas de acuerdo con este procesc se
cristalizan y consecuentemente pierden su transparencia. Lo anterior
puede constituir un defecto visual.

El objetivo de la presente invencion es proponer rellenos que pueden
utilizarse para mejorar las propiedades termomecdnicas de los
poliésteres, especialmente rellenos ficilmente incorporables, bien
dispersados en la matriz. Es un adicional objetivo proponer un proceso
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para producir composiciones a base de poliéster que presentan mejoradas
propiedades termomecénicas.

Con este fin, la presente invencién propone una composicién a base de
poliéster caracterizada porque comprende una matriz basada en poliéster
particulas de mineral de tamafic nanométrico, el factor de forma que
varia dentro del rango entre 1 y 10, a una concentracién en peso que varia
deatro del rango de entre 0,01% y 25%.

La matriz de la composicién puede ser completamente a base de
poliéster. Puede estar constituida de un unico polimero, el poliéster, o de
una mezcla de polimeros donde por lo menos uno de los componentes es
un poliéster. También puede consistir de un agente amorfo, un
copolimero donde la mayoria de las unidades de repeticién comprenden
funciones éster.

Los poliésteres adecuados para llevar a cabo la invencién se obtienen
generalmente a través de la poli-condensacién de dioles y &cidos
dicarboxilicos o ésteres de écidos dicarboxilicos.

Entre los dioles adecuados para llevar a cabo la invencion, etilenglicol,
dietilenglicol, propilenglicol, 1,3-propanodiol, 1,4-butanodiol, 1,3-
butanodiol, 2,2-dimetilpropanodiol, neopentilglicol, 1,5-pentanodiol,
1,2-hexancdiol, 1,8-octanodiol, 1,10-decanodiol, 1,4-ciclohexano-
dimetanol, 1,5-ciclohexanodimetanol, 1,2-ciclohexanodimetanol, o sus

mezclas pueden mencionarse.

Entre los 4cidos dicarboxilicos adecuados para llevar a cabo la invencion,
dcido tereftilico, 4cido isoftilico, dcido ortoftdlico, 2,5-naftaleno 4cido
dicarboxilico, 2,6-naftaleno 4cido dicarboxilico, 1,3-naftaleno &cido
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dicarboxilico, 2,7-naftaleno 4cido dicarboxilico, metil 4cido tereftdlico,
4 41-difenil dcido dicarboxflico, 2,2'-difenil icido dicarboxilico, 4,4'-
difenil éter 4cido dicarboxilico, 4,4'-difenil metano 4cido dicarboxilico,
4 4'-difenil sulfono dcido dicarboxilico, 4,4'-difenil-isopropilideno-4cido
dicarboxilico, sulfo-5-dcido isoftdlico, dcido oxdlico, acido succinmico,
acido adipico, dcido sebdcico, 4dcido asélaico, dodecano 4cido
dicarboxdlico, 4cido dimero, &cido maleico, 4cido fumdrico, y todos los
discidos aliféiticos, ciclohexano dcido dicarboxilico pueden mencionarse.

Los #cidos di-carboxilicos pueden introducirse en ¢l medio de poli-
condensacién en una forma esterificada, por ejemplo via metoxi o via
etoxi.

Los poliésteres preferidos para llevar a cabo la invencidén son, el
tereftalato de polietileno, tereftalato de poli-trimetileno, tereftalato de
poli-butileno, tereftalato de poli-naftaleno, copolimeros y sus mezclas.

Las particulas de mineral nanométricas de acuerdo con la invencién
confirieren mejoradas propiedades mecdnicas a la composicién en
relacion con una composiciéon idéntica que no comprende dichas
particulas. La distorsion al calor bajo carga se mejora notablemente.

El factor de forma de una particula se define como la relacion entre la
dimensign mis larga y la dimensién mas corta de una particula. Por
ejemplo, si las particulas tienen forma de plaquetas, el factor de forma se
define por la relacién entre la longitud de las plaquetas y su ancho. Si las
plaquetas son en forma de aguja, su factor de forma se define por la
relacion entre 1a longitud de 1a aguja y el didmetro en seccion transversal
de 1a aguja. Si las particulas tienen una forma sustancialmente esférica, el
factor de forma es igual a 1.



Las particulas de acuerdo con la invencién presentan un bajo factor de
forma, que varia dentro del rango de entre 1 y 10. El factor de forma es
preferiblemente de entre 1 y 2.

Por particulas de tamafio nanométrico, se entiende que la dimensién corta
es inferior a 200 nm, y el parametro largo es menor de 2 000 nm,
preferiblemente menor de 400 nm. De acuerdo con una modalidad
preferida, la dimensién corta es menor de 100 nm y la dimensién larga es
menor de 200 nm.

De acuerdo con una modalidad ventajosa de la invencién, las particulas
son sustancialmente de forma esférica con un didmetro promedio inferior
de o igual a 200 nm. El diémetro promedio preferiblemente varia dentro
del rango de entre 5 y 100 nm.

Las particulas minerales se escogen preferiblemente a partir de particulas
a base de 6xido de metal, por ejemplo, silice, diéxido de titanio, alimina,
zirconio. Pueden comprender un tratamiento superficial o revestimiento.
Dichos tratamientos se consideran, por ejemplo, para mejorar la
dispersion de particulas en el polimero, para proteger las particulas contra
el deterioro, o para proteger el polimero de degradaciones a través del
contacto con las particulas. Todos los tratamiento superficiales y
revestimientos conocidos en el campo de rellenos de polimero,
particularmente aquellos conocidos y usados como rellenos que tienen
dimensiones por encima de aquellas que se refieren a la invencidn,
pueden usarse. Se puede usar, por e¢jemplo, particulas de diéxido de
titanio parcial o completamente revestidas con un compuesto a base de

silice.
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Las particulas a base de silice son particularmente adecuadas para llevar
a cabo la invencién. Cualquier tipo de silice conocida puede emplearse en
las composiciones a base de poliéster.

Por ejemplo, silices fumantes, silices de combustién, silices precipitadas,
soluciones de silice. El uso de soluciones es particularmente adecuado
para la obtencién de una composicién que tiene buena dispersién de
particulas.

La concentracion pesada de particulas en la composicioén varia dentro del
rango de entre 0,1 y 20%. Preferiblemente varia dentro del rango de entre
5y 15%.

Cualquier método para introducir un compuesto dentro de uma
composicién puede emplearse. Un primer método consiste en introducir
las particulas dentro del medio de reaccién de poliéster, usualmente antes
de que haya comenzado 1a polimerizacién. La polimerizacién se lleva
entonces a cabo en presencia de las particulas. Las particulas pueden
introducirse como un polvo o como una dispersién dentro del medio
liquido.

Un segundo método consiste en introducir las particulas como un polvo
dentro del poliéster fundido y luego desprender la mezcla con el fin de
obtener una dispersién homogénea. La operacién puede por ejemplo
llevarse a cabo mediante un tornillo extrusor, Gnico o gemelo.

Un tercer método consiste en introducir las particulas como lote maestro
en el poliéster fundido. La mezcla puede efectuarse mediante cualquiera
de los métodos arriba mencionados. La introduccién del lote maestro en
el polimero puede efectuarse mediante un extrusor.

/0
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De acuerdo con una modalidad particularmente ventajosa de la
invencién, las particulas se introducen como una solucién dentro del
medio de reaccién del polimero. La solucién puede ser por ejemplo una
solucion acuosa o glicolica. Las soluciones de silice son particularmente
adecuadas para esta modalidad.

Un proceso para preparar las composiciones de acuerdo con esta
modalidad comprende por ejemplo los siguientes pasos:

a) Introducir en una mezcla con agua por lo menos un diol con por lo
menos un icido dicarboxilico o un éster de acido dicarboxflico de una
solucion de silice donde las particulas tienen un didmetro promedio
menor de o igual a 200 nm '

b)  Esterificar o transesterificar el 4cido o el éster dcido con el diol,

¢) Poli-condensar bajo vacfo el producto de la esterificacion,

d) Formar el producto final.

Excepto por la introduccién de la solucién de silice dentro de la mezcla
de monémeros, el proceso para producir las composiciones es clasico.
Los procesos se describen por ejemplo en Las Técnicas del Ingeniero J 6
020, 2151-2160. El proceso no es en ninguna forma objetivo de cualquier

limitacién del alcance de la invencion.

El paso de esterificacién o transesterificaciéon b) es un paso cominmente
Ilevado a cabo dentro de los procedimientos de fabricacién industrial del
poliéster. Por ejemplo, dos rutas se emplean principalmente para producir
el tereftalato de polietileno).

La primera ruta de obtencién es la denominada ruta de “terefialato de
metil” (DMT). Comprende una reaccién de transesterificacion. El DMT
fundido es solubilizado en etilenglicol (EG) presente en exceso, la

//
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relacién molar de EG/DMT que es de alrededor de 19 a 2, 2, y la
reaccion se conduce a presién atmosférica y temperaturas de alrededor de
130°C a 250°C. La presencia de un catalizador, por ejemplo acetato de
manganeso, es necesaria. El metanol liberado durante la reaccién se
elimina a través de destilacién. El etilenglicol presente en exceso se
elimina a través de evaporacién después de la reaccion de
transesterificacion. El catalizador, el cual es también un catalizador de
degradacién del poliéster, se bloquea mediante compuestos fosforosos
después de la reaccién. El producto resultante de la transesterificacién es
una mezcla de bis-hidroxi-etil-tereftalato (BHET) y oligémeros.

La segunda ruta es la denominada “esterificacién directa”. Comprende
una reaccién de esterificacién entre dcido tereftdlico y etilenglicol. Se
lleva a cabo a temperaturas de 130°C a 280°C. El 4cido tereftdlico,
fundido a dichas temperaturas no es soluble en etilenglicol pero lo es en
el producto éster de la reacciéon. La solubilizacién del reactivo en el
medio es sin embargo progresiva. El etilenglicol estd presente a una
relacién molar de EG/4cido tereftilico de alrededor de 1 a 1,5. De esta
reaccion resulta en una mezcla de oligémeros que tienen &cido tereftilico
o hidroxietil tereftalato.

La utilizacién de estos procesos ha sido el objetivo de numercsos
estudios descritos en la literatura. Las condiciones indicadas aqui arriba
no deben considerarse como limitaciones del alcance de la presente

invencién.

Los subsecuentes pasos de poli-condensacién se catalizan usualmente a
través de compuestos metélicos, por ejemplo compuestos de antimonio,
titanio o permanio. Ellos pueden catalizarse mediante cualquier
catalizador de poliéster poli-condensacién de poliéster. Son usualmente

/A
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llevados a cabo a bajas presiones, con el fin de favorecer la eliminacién
de etilenglicol formado durante la reaccién de condensacién.

El polimero se forma entonces en el producto final, por ejemplo
extruyendo una cadena a través de un orificio, enfriando, y granulando.
La formaciéon estd usualmente precedida por una filtracién de la fase
fundida. Los pasos de poli-condensacién de la fase fundida y formacién
del producto final pueden seguirse de un paso de post-condensacién de
fase sdlida.

Las composiciones, por ejemplo en una forma granulada, pueden
formarse en articulos moldeados. Ellos pueden mds particularmente
usarse en forma de botellas. Todos los procesos para la fabricacién de
botellas a partir de polimeros termoplasticos son adecuados para la
invencion. El proceso de modelo por extrusién-soplado se prefiere en
general.

Las botellas asi producidas pueden llenarse con liquidos a altas
temperaturas y/o con liquidos que permanecen calientes en la botella
durante largos periodos de tiempo.

Otros detalles o ventajas de la presente invencién serdn mds evidentes a
partir de los siguientes ejemplos, establecidos inicamente con propésitos
indicativos.

Diferentes composiciones a base de poliéster se sintetizaron, cuyas
siguientes caracteristicas se midieron:

- Indice de viscosidad (VL, en ml/g); medido de acuerdo con ISO 1628/5
estdndar; medido en una solucién de 0,5% de la composiciéon en una
mezcla en peso de 50/50 de fenol/ortodiclorobenzeno, a 25°C. La

/>
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concentracion del polimero usado para los cdlculos del indice de
viscosidad en la concentracién actual del polimero, considerando la
presencia de particulas en Ia composicién.

- Masa molecular en peso absoluto (g/mol); determinada mediante
Cromatografia de Permeabilidad de Gel (GPC).

- Color de acuerdo con el sistema de laboratorio CIE: mediciones de 1°,
a*, b*.

- Propiedades termomecidnicas: mddulo a 23°C, médulo a 160°C,
Temperatura de transicién de vidrio (Tg) Mediciones dingmicas (An4lisis
mecanico dindmico) en un aparato RSA, usando muestras de 40x4x2
mm, después de secado y cristalizacién a 130°C bajo vacio durante 16
horas. _

- Distorsién de calor bajo carga (HDT), evaluada de acuerdo con ISO 75-
2 estéindar.

- Cristalizacién: el polimero seco se plastifica a 290°C en forma tal de
destruir cualquier germen de cristalizacién. El producto fundido es
inyectado en una serie de moldes donde el espesor varia progresivamente
para obtener asi placas a espesores entre 2 y 6 mm. La temperatura de la
pared del molde se ajustd a 37°C. Se registr6 el espesor al cual ocurre un
ligero disturbio correspondiente al comienzo de 1a cristalizaci6n.

Ejemplo 1

Dentro de un reactor de polimerizacién de 7,5 litros, permitiendo la
obtencién de 3 kg de polimero a través de poli-condensacién, equipado
con un agitador provisto con un torsidémetro para vigilar la viscosidad
del medio de 1a reaccion, varias mallas de introduccién, una columna de
destilaci6én para eliminar agua formada durante la esterificacion, asi como
el exceso de etilenglicol, y un circuito de vacio para el paso de poli-
condensacién, se carga lo siguiente:

- 2 656 g de écido tereftalico (16,0 moles)

'y



- 1 190 g de etilenglicol (19,2 moles)

- 384 g de una solucién acuosa de nanoparticulas de silice de 50 nm de
diimetro, comercializadas por Hoechst bajo el nombre comercial
Klebosol® 40R 50, correspondiente a 143,6 g de silice.

Después de una purga de nitrégeno, el medio de la reaccién se calienta a
275°C bajo agitacién y bajo una presién absoluta de 6,6 bar.

El periodo de esterificacion se define como el tiempo necesario para la
destilacién del agua.

El tiempo de esterificacion es de 66 minutos.

La presion se lleva entonces a presién atmosférica a lo largo de un
periodo de 20 minutos.

Una solucién de 6xido de antimonio se introduce dentro del medio de la
reaccion (250 ppm de antimonio, basado en el polimero).

La presién se mantuvo durante 20 minutos a presién atmosférica, antes
de una progresiva aplicacién de vacio de desde 1 bar hasta menos de 1
mm de mercurio a lo largo de un periodo de 90 minutos. La columna de
destilacién se pasa colateralmente entonces para aplicacién de vacio
directo tan pronto como la presién alcanza 20 mm de mercurio.

La masa de la reaccién se lieva a 285°C tan pronto como Ia presion cae
por debajo de 1 mm de mercurio.

El tiempo de poli-condensacién se define como el tiempo requerido para
alcanzar el deseado nivel de viscosidad partiendo del momento en ¢l cual
la presién es por debajo de 1 mm de mercurio. El tiempo de poli-
condensacion es de 32 minutos.

Una vez que se ha obtenido el deseado nivel de viscosidad, la agitacion

se interrumpe y el reactor se presuriza a 3 bar para descargar y granular el
polimero obtenido.

Los granulos de polimero se secan durante 15 horas a 50°C. Fotografias
tomadas con un Microscopio Electrénico de Transmisién se muestran en
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1a figura 1. La fotografia 1 se toma a una magnificacién de alrededor de 2
x 10* y la fotografia 2 se magnifica a alrededor de 10°.

Ejemplo 2 {ejemplo comparativo

Se prepard un polimero de acuerdo con el ejemplo 1, excepto porque no
se agregan las nanoparticulas de sflice.

El tiempo de esterificacién es de 54 minutos.

El tiempo de poli-condensacién es de 67 minutos.

Ejemplo 3

Se preparé un polfmero de acuerdo con el ejemplo 1, excepto porque la
solucién acuosa de particulas de silice se agregan conjuntamente con la
solucién de 6xido de antimonio.

El tiempo de esterificacién time es de 87 minutes.

El tiempo de poli-condensacion es de 59 minutos.

Ejemplo 4

Se prepard un polimero de acuerdo con el ejemplo 1, excepto porque en
vez de los 2 656 g de 4dcido tereftilico, se agregé lo siguiente:

- 2 592 g de écido tereftilico

- 63, 7 g de 4cido isoftdlico (correspondiente a 2,4 moles de la cantidad
de 4cido)

El tiempo de esterificacién es de 65 minutos.

El tiempo de poli-condensacién es de 59 minutos.

Ejemplo 5

Se preparé un polimero de acuerdo con el ejemplo 1, excepto porque ka
solucion acucsa de particulas de silice es una solucién acuosa de
nanoparticulas de sflice de 25 nm de didmetro, comercializada por
Hoechst bajo el nombre comercial Klebosol 40RS50.
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El tiempo de esterificacion es de 68 minutos.
El tiempo de poli-condensacién es de 32 minutos.

Ejemplo 6

Se prepar6 un polimero de acuerdo con el ejemplo 1, excepto porque se
agregaron los siguientes compuestos:

- 2 592 g de 4cido tereftdlico

- 63,7 g de 4cido isoftdlico (correspondiente a 2,4 moles de la cantidad de
dcido)

- 37 g de etilenglicol

- 1 306 g de una solucidn de silice gliclica a 11,8 % en peso de silice, 1a
solucién que se sintetiza a través de un proceso del tipo Stober, las
particulas de silice que tienen un didmetro de 50 nm.

El tiempo de esterificacién es de 54 minutos.

El tiempo de poli-condensacién es de 73 minutos.

Ejemplo 7

Se prepard un polimero de acuerdo con el gjemplo 1, excepto porque en
vez de los 2 656 g de 4cido tereftalico, se agregd lo siguiente:

= 2 497 g de 4cido tereftilico

- 159 g de 4cido isoftdlico (correspondiente a 6 moles de la cantidad de
4cido)

El tiempo de esterificacion es de 61 minutos.

El tiempo de poli-condensaci6n es de 68 minutos.

Estas caracteristicas de las composiciones de acuerdo con los ejemplos 1
a 7 se muestran en latabla 1.

i
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Tabla I
Ejemplo v Mw [ I* | a* b* | HDT [Médulo [ Médulo | Tg | Crists-
(mlg) | (g/mol) 23°C | 160°C | (Mpa) | lizacién
(Mpa) | (Mpa) (mm)
1 670 [ 37900 | 54 | 04 | 21 | 67°C | 1165 82 107
2 79.5 2] 09 | 65 59 988 61 99 4
3 721 [41000 ] 75 | -10 | 150
4 71,1 6 | 23| 64 3
5 624 | 33700 | 59 | -15 | 9.1 67 | 1195 88 107
6 685 7| 271 110 1015 65 103 45
7 748 710 07 | 64 6
Ejemplo 8

100 kg de una composicion se prepart de acuerdo con el ejemplo 4 en un
reactor de doble recipiente a 200°C, con 1,9 moles de icido isoftdlico.

Ejemplo 9

Se preparé una composicion de acuerdo con el ejemplo 8, excepto porque
no se agregan nanoparticulas de sflice. Las composiciones de los
ejemplos 8 y 9 son moldeadas en botellas, a través de inyeccién/soplado
en una maquina integrada ABS F100. Las preformas pesaron 32 g, las
botellas tienen una capacidad de 600 ml.

Se llevé a cabo una prueba en estas botellas; las botellas se llenaron a
diferentes temperaturas y se midi6 su variacion de volumen. A mayor
variacién, peor la composicion.

La Tabla IT muestra la temperatura de llenado (°C) y la deformacién (ml)
para una botella obtenida a partir de las composiciones de acuerdo con
los ejemplos 8 y 9.
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Tabla II
Temperatura Ejemplo 8 Ejemplo 9
70 76,6 50,6
75 109,6 70,3
80 149,1 129,1
85 205.8 176,6
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REIVINDICACT S

1.  Una composicion a base de poliéster que tiene mejoradas
propiedades termomecénicas, caracterizada porque comprende una
matriz a base de poliéster y particulas de mineral de tamafio nanométrico,
que tienen un factor de forma que comprende entre 1 y 10, a una
concentracién pesada dentro de 0,01 y 25%.

2 La composicién, de acuerdo con la reivindicacion 1, caracterizada
porque las particulas son en forma sustancialmente esférica que tienen un
didmetro bajo o igual a 200 nm.

3. La composicion, de acuerdo con la reivindicacién 2, caracterizada
porque ¢l didmetro promedio de las particulas est4 comprendido entre 5 y
100 nm.

4. La composiciébn, de acuerdo con una cualquiera de las

reivindicaciones precedentes, caracterizada porque las particulas estdn
basadas en 6xidos de metal,

5. La composicién, de acuerdo con la reivindicacion 4, caracterizada
porque las particulas estdn basadas en un compuesto seleccionado a partir

de silice, di6xido de titanio, zirconio, alimina.

6. La composicion, de acuerdo con la reivindicacién 5, caracterizada
porque las particulas estdn basadas en silice y porque la composicién se
obtiene introduciendo una solucién de silice dentro del medio de sintesis
del poliéster.
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7. La composicién, de acuerdo con la reivindicacién 6, caracterizada
porque la solucién de silice es una solucién acuosa o glicolica.

8 La composicibn, de acuerdo con una cualquiera de las
reivindicaciones precedentes, caracterizada porque el poliéster es
terefialato de poli-trimetileno, tercftalato de poli-butileno, tereftalato de
poli-naftaleno, mezclas y copolimeros basados en estos poliésteres.

9. La composicion, de acuerdo con una cualquiera de las
reivindicaciones precedentes, caracterizada porque el poliéster contiene
un agente amorfo.

10. La composicién, de acuerdo con la reivindicacién 9, caracterizada
porque el agente amorfo es un comonémero del poliéster.

11. La composicién, o proceso de acuerdo con la reivindicacién 10,
caracterizada porque el comonémero se selecciona a partir de écido
isoftélico, 1,4-ciclohexanodimetanol, dietilenglicol, sus mezclas, y donde
representa entre 1 y 20 moles de las unidades de repeticion en el
poliéster.

12. Un proceso para producir una composicién a base de poliéster,
como s¢ defini6 en una cualquicra de las reivindicaciones precedentes,
caracterizado porque comprende los siguientes pasos:

a) Introducir en una mezcla con agua por lo menos un diol con por lo
menos un dcido dicarboxflico o un éster de icido dicarboxilico de una
solucion de silice donde las particulas tienen un didmetro promedio
menor de o igual a 200 nm,

b)  Esterificar o transesterificar el 4cido o el éster 4cido con el diol,

¢) Poli-condensar bajo vacio el producto de la esterificacion,

o2/



d) Formar el producto final.

13. El proceso, de acuerdo con la reivindicacion 12, caracterizado
porque ese paso c¢) se lleva a cabo en presencia de un catalizador a base
de antimonio o titanio.

14. Un articulo, caracterizado porque se obtiene formado a partir de las
composiciones como se definen en una cualquiera de las reivindicaciones
precedentes.

15. Una botella, caracterizada porque se obtiene mediante la formacioén
a partir de las composiciones como se definen en una cualquiera de las
reivindicaciones precedentes.

16. Un proceso para llenar en caliente botellas de tereftalato de
polietileno con un liquido, caracterizado porque las botellas se producen
a partir de las composiciones como se definen en una cualquiera de las

reivindicaciones 1 a 13.
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EXTRACT
“COMPOSICIONES A BASE DE POLIESTER QUE TIENEN
MEJORADAS PROPIEDADES TERMOMECANICAS Y PROCESO
PARA PRODUCIR DICHAS COMPOSICIONES”

La presente invencitn se refiere a composiciones a base de poliéster que
tienen mejoradas propiedades termomecénicas, que comprenden
particulas de mineral finamente divididas. Estas composiciones son
particularmente f(tiles para la fabricacién de botellas, La presente
invencién se refiere adicionalmente a un proceso para producir dichas
composiciones. Las composiciones comprenden una matriz a base de
poliéster y particulas de tamafio nanométrico.
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*POLYESTER~BASED COMPOSITIONS HAVING IMPROVED
THERMOMECHANICAL PROPERTIES AND PROCESS TO PRODUCE
SAID COMPOSITIONS”.

The present invention refers to polyester-based
compositions presenting improved thermomechanical
properties, comprising fine sized mineral particles.
These compositions are especially useful for
manufacturing bottles. The present invention further
refers to a process to produce such compositions.
Polyesters, especially polyethylene terephthalate, are
thermoplastic polymers widely used for the production
of molded or extruded articles. They are generally
employed as vyarns or fibers, injection molded
articles, films (extruded and drawn articles} or
vessels for example obtained through an extrusion-blow
process. The properties of the articles prodiced are
greatly dependent on the thermomechanical properties
of the polymer, such as the modulus, the flexibility,

- the glass transition temperature, the heat distortion

under load.

The heat distortion under load is an important feature
for the wuse of ©polyesters as  Dbottles, more
particularly for bottles meant to contain beverages.
For preservation and food higiene purposes, certain
beverages must de hot-filled into the bottles, and
eventually in the absence of oxygen. This is
particularly the case for fruit juices, pasteurized or
sterilized products, especially dairy products, tea or
coffee beverages, beer. If the filling temperature is
too high, and/or if the liquid remains too long in the
bottle over a certain temperature, the latter deforms.
This shortcoming can limit the field of use of the
polyester, and particularly of polyethylene
terephthalate, for containing Dbeverages. Hence,
certain beverages cannot be disposed in polyethylene
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terephthalate bottles, or cannot except under limited
temperature conditions.

Continuous attempts are being made to elaborate
polyesters, polyester-based compositions or processes
for forming po_lyester articles, such that
thermomechanical properties are improved, particularly
such that the heat distortion under load is improved.

Therefor, a first solution may consist in utilizing a
polyethylene naphthalate instead of a polyethylene
terephthalate, or copolymers comprising naphthalic and
terephthalic units. This solution is however costly,
and is not industrially used except for very specific
applications.

Another solution consists in modifying the process of
forming the bottles in order to over-crystallize the
polymer. The process according to this solution is
generally called “*thermofixing”. In short, it consists
in crystallizing a polyethylene terephthalate bottle
by modifying the blowing operations. The carrying out
of this ©process requires however an important
modification of the bottle production lines and hence
requires important investments. The necks of the
bottles obtained according to this process are
crystallized and thus lose their transparency. This
may constitute a visual defect.

The object of the present invention is to propose
fillers which may be utilized to improve
thermomechanical properties of polyesters, especially
easily incorporable fillers, well dipersed in the
matrix. It is a further object to propose a process to
produce polyester~based compositions presenting
improved thermomechanical properties.

To this avail, the present invention proposes a
polyester-based composition characterized in that it
comprises a polyester-based matrix and nanometrical-
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sized mineral particles, the shape factor ranging
between 1 and 10, at a weighted concentration ranging
between 0,01% and 25%.

The matrix of the composition may be full polyester-
based. It may be constituted of a single polymer, the
polyester, or of a polymer blend where at least one
mais component is a polyester. It may also consist of,
as an amorphing agent, a copolymer where most of the
repeating units comprise ester functions.

Polyesters adequate for carrying out the invention are
generally obtained through polycondensation of diols
and dicarboxylic acids or esters of dicarboxylic
acids.

Among the diols adequate to carry out the invention,
ethylene glycol, diethylene glycol, propylene glycol,
1, 3-propanediol, 1,4-butanediol, 1,3-butanediol, 2,2-

dimethylpropanediol, neopentyl glycol, 1,5-
pentanediol, 1, 2-hexanediol, 1,8-0ctanediol, 1,10-
decanediol, 1, 4-cyclohexanedimethanol, 1,5~

cyclohexanedimethanol, 1,2-cyclohexanedimethanocl, or
mixtures thereof can be mentioned.

Among the dicarboxylic acids adequate for carrying out
the invention, terephthalic acid, isophthalic acid,
orthophthalic acid, 2, 5-naphthalene dicarboxylic acid,
2, 6-naphthalene dicarboxylic acid, 1,3-naphthalene
dicarboxylic acid, 2,7-naphthalene dicarboxylic acid,
methyl terephthalic acid, 4,4’-diphenyldicarboxylic

acid, 2,2’ ~-diphenyldicarboxylic acid, 4,4'~
diphenylether dicarboxylic acid, 4,4’ -
diphenylmethanedicarboxylic acid, 4,4’-

diphenylsulfonedicarboxylic acid, 4,4'-diphenyl-
isopropylidene-dicarboxylic acld, sulfo-~5-isophthalic
acid, oxalic acid, succinic acid, adipic acid, sebacic
acid, azelaic acid, dodecanedicarboxylic acid, dimer
acid, maleic acid, fumaric acid, and all aliphatic

27
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diacids, cyclohexane dicarboxylic acid can be
mentioned.

The dicarboxilic acids can be introduced in the
polycondensation medium in an esterified form, for
example via methoxy or via ethoxy.

The preferred polyesters for carrying out the

invention are, polyethylene terephthalate,
polytrimethylene terephthalate, polybutylene
terephthalate, polynaphtha-lene terephthalate,

copolymers and mixtures thereof.

The nanometrical mineral particles according to the
invention confer improved mechanical properties to the
composition relative to an identical composition not
comprising said particles. The heat distortion under
load is noticeably improved.

The shape factor of a particle is defined as the ratio
between the largest dimension and the smallest
dimension of a particle. For example, if the particles
are platelet-shaped, the shape factor is defined by
the ratio between the length of the platelets and
their width. If the platelets are needle-shaped, their
shape factor is defined by the ratio between the
length of the needle and the cross-sectional diameter
of the needle. If the particles have a substantially
spherical shape, the shape factor equals 1.

The particles according to the invention present a low
shape factor, ranging between 1 and 10. The shape
factor is preferably between 1 and 2.

By nanometric-sized particles, it is meant that the
small dimension is lower than 200 nm, and the large
parameter is lower than 2000 nm, preferably lower than
400 nm. According to a preferred embodiment, the small
dimension is lower than 100 nm and the large dimension
is lower than 200 nm.

According to an advantageous embodiment of the

m
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invention, the particles are substantially spherical-
shaped with an average diameter lower than or equal to
200 nm. The average diameter preferably ranges between
5 and 100 nm. .

The mineral particles are preferably chosen from metal
oxide-based particles, for example, silica, titanium
dioxide, alumina, zirconia. It may comprise a surface
treatment or coating. Such treatments are meant, for
example, to improve the particle dispersion in the
polymer, to protect the particles against
deterioration, or to protect the polymer from
degradations through contact with the particles. All
the known surface treatments and coatings known in the
field of polymer fillers, particularly those known and
used as fillers having dimensions above those
referring to the invention, can be used. One can use,
for example, titanium dioxide particles partially or
fully coated with a silica-based compound.
Silica-based particles are particularly adequate for
carrying out the invention. Any type of known silica
can be employed in the polyester-based compositions.
For example, fumed silicas, combustion silicas,
precipitated silicas, silica sols. The use of sols is
particularly adequate for the obtention of a
composition having a good particle dispersion.

The weighted concentration of particles in the
composition ranges between 0,1 and 20%. It preferably
ranges between 5 and 15%.

Any method for introducing a compound into a
composition may be employed. A first method consists
in introducing the particles into the polyester
reaction medium, usually before the polymerization has
begun. The polymerization is then carried out in the
presence of the particles. The particles can be
introduced as a powder or as a dispersion into a
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liquid medium.

A second method consists in introducing the particles
as° a powder into the molten polyester and then
shearing the mixture in order to obtain a homogeneous
dispersion. This operation can for example be carried
out by means of an extruder, single or twin screw.

A third method consists in introducing the particles
as a master batch in the molten polyester. The
blending can be effected by any of the above-mentioned
methods. The introduction of the master batch in the
polymer can be effected by means of an extruder.
According to a particularly advantageous embodiment of
the invention, the particles are introduced as a sol
into the polymer reaction medium. The sol can be for
example an aqueous or glycolic sol. Silica sols are
particularly adequate for this embodiment.

A process to prepare the compositions according to
this embodiment comprises for example the following
steps:

a) Introducing in a mixture with water at least one
diol with at 1least one dicarboxylic acid or a
dicarboxylic acid ester of a silica sol where the
phrticles have an average diameter smaller than or
ecqual to 200 nm

b) Esterifying or transesterifying the acid or the
acid ester with the diol,

c) Polycondensing under vacuum the esterification
product,

d) Forming the final product.

Except for the introduction of the silica sol into the
monomer mixture, the process for producing the
compositions is classical. Processes are described for
example in Les technigues de 1’ingénjeur J 6 020,
2151-2160. The process is in no way the object of any
limitation of the scope of the invention.
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Esterification or transesterification step b) 1is a
step commonly carried out within the industrial
polyester manufacturing procedures. For example, two
routes are mainly employed for producing poly(ethylene
terephthalate).

The first obtention route is the so called ‘met_hyl
terephthalate” (DMT) route. It comprises a
transesterification reaction. Molten DMT is
solubilized in ethylene glycol (EG) preseni: in excess,
the molar ratio of EG/DMT being of about 1,9 to 2,2,
and the reaction is conducted at atmospheric pressure
and temperatures of about 130°C to 250°C. The presence
of a catalyst, for example manganese acetate, 1is
necessary. Methanol released during the reaction is
eliminated through distillation. The ethylene glycol
present in excess is eliminated through evaporation
after the transesterification reaction. The catalyst,
which is also a polyester degradation catalyst, 1is
blocked by means of phosphorous compounds after the
reaction. The product resulting from the
transesterification is a blend of bis-hydroxyethyl-
terephthalate (BHET) and oligomers.

The second route is the so called *direct
esterification”. It comprises an esterification
reaction between terephthalic acid and ethylene
glycol. It is carried out at temperatures of 130°C to
280°C. Terephthalic acid, molten at such temperatures
is not soluble in ethylene glycol but 1is in in the
ester product of the reaction. The solubilization of
the reactant in the medium is however progressive.
Ethylene glycol is present at a molar ratio of
EG/terephthalic acid of about 1 to 1,5. From this
raction results a mixture of oligomers having
terephthalic acid or hydroxyethyl terephthalate.

Th.: utilization of these processes has been the object

29
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of numerous studies described in 1literature. The
conditions indicated hereabove should not be regarded
as limiting the scope of the present invention.

The suﬁsequent polycondensation steps are usually
catalyzed through metallic compounds, for example
antimonium, titanium or germanium compounds. They can
be catalyzed by any polyester polycondensation
catalyst. They are usually carried out at low
pressures, in order to favor the elimination of
ethylene glycol formed during the condensation
reaction.

The polymer is- then formed into the final product, for
example by extruding a strand through an orifice,
cooling, and granulating. The formation 'is usually
preceded by a molten phase filtration. The molten
phase polycondensation and final product formation
steps can be followed by a solid phase post-
condensation step. _

The composi'tions, for example in a granulated form,
can be formed into molded articles. They can more
particularly be used in the form of bottles. All the
processes for manufacturing bottles from thermoplastic
polymers are adequate for the invention. The
extrusion-blow molding process is in general
preferred.

The bottles thus produced can be filled with liquids
at high temperatures and/or with liquids remaining hot
in the bottle during long periods of time.

Other details or advantages ¢f the presente invencioc
will become more apparent from the following examples,
set forth for indicative purposes only.

Different . polyester-based compositions were
synthesized, the following characteristics of which
are measured:

- Viscosity index (VI, in ml/g); measured according to



N

W 01772881 9 PCT/BR01/00030

10

15

20

25

30

35

ISO 1628/5 standard; measured in a solution of 0,5% of
the composition in a 50/50 by weight mixture of
phenol/orthodichlorobenzene, at 25°C. The polymer
concentration used for the calculations of the
viscosity index is the actual polymer concentration,
considering the presence of particles in the
composition.

- Molecular mass in absolute weight (g/mole);
determined by Gel Permeation Chromatography (GPC).

- Color according to the CIE lab system: measurements
of 1, a’, b".

- Thermomechanical properties: modulus at 23°C,
Modulus at 160°C, Glass transition temperature (Tg).
Dynamical measurements (Dynamical mechanic analysis)
on an RSA apparatus, using 40°4°2 mm samples, after
drying and crystallization at 130°C under vacuum
during 16 hours.

- Heat distortion under load (HDT), evaluated
according to 150 75-2 standard.

- Crystallization: the dry polymer is plastified at
290°C such as to destroy any crystallization germ. The
molten product is injected in a series of molds where
the thickness varies progressively whereby to obtain
plates at thicknesses between 2 and 6 mm. The mold
wall temperature is adjusted at 37°C. The thickness at
which a slight disturbance corresponding to the
beginning of crystallization occurs is registered.
Example 1

Into a 7,5 liter polymerization reactor, permitting
the obtention of 3 kg of polymer through
polycondensation, equipped with an agitator provided
with a torsiometer to monitor the viscosity of the
reaction mediunm, several introduction sieves, a
iistillation column to eliminate water formed during
the esterification, as well as the excess of ethylene
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glycol, and a vacuum circuit for the polycondensation
step, the following are loaded:

- 2656 g of terephthalic acid (16,0 moles)

- 1190 g of ethylene glycol (19,2 moles)

- 384 g of an aqueous sol of 50 nm diameter
nanoparticles of silica, commercialized by Hoechst
under the tradename Klebosol® 40R50, corresponding to
143,6 g of silica.

After a nitrogen purge, the reaction medium is heated
to 275°C under agitation and under 6,6 bar absoclute
pressure.

The esterification period is defined as the necessary
time for the distillation of the water.

The esterification time is 66 minutes.

The pressure. is then brought to atmospheric pressure
along a period of 20 minutes.

A solution of antimony oxide is introduced into the
reaction medium (250 ppm antimony, based on the
polymer).

The pressure is maintained during 20 minutes at
atmospheric pressure, before a progressive application
of vacuum from 1 bar to less than 1 mm mercury along a
period of 90 minutes. The distillation column is then
bypassed for direct wvacuum to be applied as soon as
the pressure reaches 20 mm mercury.

The reaction mass is brought to 285°C as soon as the
pressure goes under 1 mm mercury.

The polycondensation time is defined as the time
required to reach the desired viscosity level parting
from the moment where pressure is under 1 mm mercury.
The polycondensation time is 32 minutes.

Once the desired wviscosity level is attained,
agitation is interrupted and the reactor 1is
pressurized to 3 bar to discharge and granulate the
obtained polymer.
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The polymer granules are dried during 15 hours at
50°C.

Photographs taken with an Electronic Transmission
Microscope are shown in figure 1. Photo 1 is taken at
an about 2.10* magnificationand photo 2 is magnified
at about 10°.

Example 2 (comparative example)

A polymer is prepared according to example 1, except
that the nanoparticles of silica are not added.

The esterification time is 54 minutes.

The polycondensation time is €7 minutes.

Example 3 .

A polymer is prepared according to example 1, except
that the aqueous silica particle sol is added together
with the antimonium oxide solution.

The esterification time is 87 minutes.

The polycondensation time is 59 minutes.

Example 4

A polymer is prepared according to example 1, except
that instead of the 2656 g of terephthalic acida, the
following is added:

- 2592 g of terephthalic acid

- 63,7 g of isophthalic acid (corresponding to 2,4
moled of the amount of acid)

The esterification time is 65 minutes.

The polycondensation time is 59 minutes.

Example 5

A polymer is prepared according to example 1, except
that the aqueous silica particle sol is an aqueous sol
of 25 nm diameter silica nanoparticles, comercialized
by Hoechst under the tradename Klebosol® 40R50.

The esterification time is 68 minutes.

The polycondensation time is 32 minutes.

Example 4
A polymer is prepared according to example 1, except

3\
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that the following compounds are added:

- 2592 g of terephthalic acid

- 63,7 g of isophthalic acid (corresponding to 2,4
molet of the amount of acid)

- 37 g of ethylene glycol

- 1306 g of a glycolic silica sol at 11,8 % by weight
silica, the sol being synthetized through a Stéber
type process, the silica particles having a 50 nm
diameter.

The esterification time is 54 minutes.

The polycondensation time is 73 minutes.

Example 7

A polymer is prepared according to example 1, except
that instead of the 2656 g of terephthali'c acid, the
following is added:

- 2497 g of terephthalic acid

- 159 g of isophthalic acid (corresponding to 6 mole%
of the amount of acid)

The esterification time is 61 minutes.

The polycondensation time is 68 minutes.

The features of the compositions according to examples
1 through 7 are shown in table I.




Table I
EX. VI Mw 1 a b HDT | Modulus Modulus Tg Crystal-
(ml/g) | g/mole 23°C (Mpa) | 160°C(Mpa) | (Mpa) lization (mm)
1 67,0 37900 54 -0,4 | 67°Cc | 1165 82 107
2 79,5 72 -0,9 59 988 61 99 4
3 72,1 41000 75 -1,0
4 71,1 66 -2,3 3
5 62,4 33700 59 -1,5 67 1195 88 107
6 68,5 78 -2,7 1015 65 103 4,5
7 74,8 71,0 | -0,7 6

¢

€l

188710 OM

0£000/1086/1Dd
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Example 8
100 kg of a composition are prepared according to

example 4 in a double vessel reactor at 200°C, with
1,9 mole® isophthalic acid.

Example 9

A composition 1is prepared according to example 8,
except that the nanoparticles of silica are not added.
The compositions of examples 8 and 9 are molded into
bottles, through injection/blowing in an integrated
ABS F100 machine. The preforms weigh 32 g, the bottles
have a 600 ml capacity.

A hot-filling test is carried out on these bottles;
the bottles are filled at different temperatures and
the their volume variation is measured. The higher the
variation, worse is the composition.

Table II shows the filling temperature (°C} and the
deformation (ml) for a bottle obtained from the
compositions according to examples 8 and 9.

Table II
Temperature Example 8 Example 9
70 16, 6 50,6
75 109, 6 70,3
80 149,1 129,1
85 205,8 176,6

LA
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comprising a polyester-based matrix and nanometrical-
sized mineral particles, having a shape factor
comprised between 1 and 10, at a weighted
concentration within 0,01 and 25%.

2. Composition, according to claim 1, characterized in
that the particles are substantially spherical-shaped
having a diameter under or equal to 200 nm.

3. Composition, according to claim 2, characterized in
that the average diameter of the particles is
comprised between 5 and 100 nm.

4. Composition, according to any one of the preceding
claims, characterized in that the particles are based
on metal oxides.

5. Composition, according to claim 4, characterized in
that the particles are based on a compound selected
from silica, titanium dioxide, zirconia, alumina.

6. Composition, according to claim 5, characterized in
that the particles are based on silica and that the
composition is obtained by introducing a silica sol
within the polyester synthesis medium.

7. Composition, according to claim 6, characterized in
that the silica sol is an aqueous or glycolic sol.

8. Composition, according to any one of the preceding
claims, characterized in that the the polyester is
selected from polyethylene terephthalate,
polytrimethylene terephthalate, polybutylene
terephthalate, polynaphthalene terephthalate, mixtures
and copolymers based on these polyesters.

9. Composition, according to any one of the preceding
claims, characterized in that the polyester contains
an amorphing agent.

10. Composition, according to claim 9, characterized

33
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*POLYESTER-BASED COMPOSITIONS HAVING IMPROVED
THERMOMECHANICAL PROPERTIES AND PROCESS TO PRODUCE
SAID COMPOSITIONS”. .

The present invention refers to polyester-based
compositions presenting improved thermomechanical
pProperties, comprising fine sized mineral particles.
These compositions are especially useful for
manufacturing bottles. The present invention further
refers to a process to produce such compositions.
Polyesters, especially polyethylene terephthalate, are
thermoplastic polymers widely used for the production
of molded or extruded articles. They are generally
employed as vyarns or fibers, injection molded
articles, £ilms (extruded and drawn articles) or
vessels for example obtained through'an extrusion-blow
process. The properties of the articles produced are
greatly dependent on the thermomechanical properties
of the polymer, such as the modulus, the flexibility,
the glass transition temperature, the heat distortion
under load.

The heat distortion under load is an important feature
for the wuse of polyesters as Dbottles, more
particularly for bottles meant to contain beverages.
For preservation and food higiene purposes, certain
beverages must de hot-filled into the bottles, and
eventually 1in the absence of oxygen. This 1is
particularly the case for fruit juices, pasteurized or
sterilized products, especially dairy products, tea or
coffee beverages, beer. If the filling temperature is
too high, and/or if the liquid remains too long in the
bottle over a certain temperature, the latter deforms.
This shortcoming can -limit the field of use of the
polyester, and partlicularly ‘of polyethylene
terephthalate, for containing beverages. Hence,
certain beverages cannot be disposed in polyethylene
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terephthalate bottles, or cannot except under limited
temperature conditions.

Continuous attempts are being made to elaborate
polyesters, polyester-based compositions or processes
for forming polyester articles, such that
thermomechanical properties are improved, particularly
such that the heat distortion under load 1s improved.
Therefor, a first solution may consist in utilizing a
polyethylene naphthalate instead of a polyethylene
terephthalate, or copolymers comprising naphthalic and
terephthalic units. This solution 1s however costly,
and is not industrially used exgept for very specific
applications. _

Another solution consists in modifying the process of
forming the bottles in order to over-crystallize the
polymer. The process according to this solution is
generally called *thermofixing”. In short, it consists
in crystallizing a polyéthylene terephthalate bottle
by modifying the blowing operations. The carrying out
of this process requires however an important
modification of the bottle production lines and hence
requires important investments. The necks of the
bottles obtained according to this process are
crystallized and thus lose their transparency. This
may'constitute a visual defect.

The object of the present invention is to propose
fillers which nay be utilized to improve
thermomechanical properties of polyesters, especially
easily incorporable fillers, well dipersed in the
matrix. It is a further object to propose a process to
produce polyester-based conmpositions presenting
improved thermomechanical properties.

"> this avail, the present invention proposes a
polyester-based composition characterized in that it
comprises a polyester-based matrix and nanometrical-
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sized mineral particles, the shape factor ranging
between 1 and 10, at a weighted concentration ranging
between 0,01% and 25%.

The matrix of the composition may be full polyester-
based. It may be constituted of a single polymer, the
polyester, or of a polymer blend where at least one
mais component is a polyester. It may also consist of,
as an amorphing agent, a copolymer where most of the
repeating units comprise ester functions.

Polyesters adequate for carrying out the invention are
generally obtained through polycondensation of diols
and dicarboxylic acids or esters of dicarboxylic
acids. )

Among the diols adequate to carry out the invention,
ethylene glycol, diethylene glycol, pfopylene glycol,
1, 3-propanediol, 1,4-butanediol, 1,3-butanediol, 2,2-

dimethylpropanediol, necpentyl glycol, 1,5-
pentanediol, 1,2-hexanediol, 1,8-octanediol, 1,10-
decanediol, 1, 4-cyclohexanedimethanol, 1,5~

cyclohexanedimethanol, 1,2-cyclohexanedimethanol, or
mixtures thereof can be mentioned.

Anmong the dicarboxylic acids adequate for carrying out
the invention, terephthalic acid, isophthalic acid,
orthophthalic acid, 2, 5-naphthalene dicarboxylic acid,
2, 6-naphthalene dicarboxylic acid, 1, 3-naphthalene
dicarboxylic acid, 2,7-naphthalene dicarboxylic¢ acid,
methyl terephthalic acid, 4,4’-diphenyldicarboxylic

acid, 2,2’ -diphenyldicarboxylic acid, 4,4'~
diphenylether dicarboxylic acid, 4,47 -
diphenylmethanedicarboxylic acid, 4,4'-
diphenylsulfonedicarboxylic acid, 4,4'-diphenyl-

isopropylidene-dicarboxylic acid, sulfo~5-isophthalic
acid, oxalic acid, succinic¢ acid, adipic acid, sebacic
acid, azelaic acid, dodecanedicarboxylic acid, dimer
acid, maleic acid, fumaric acid, and all aliphatic

29
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diacids, cyclohexane dicarboxylic acid can Dbe
mentioned.

The dicarboxilic acids can be introduced in the
polycondensation medium in an esterified form, for
example via methoxy or via ethoxy.

The preferred polyesters for carrying out the

invention are, polyethylene terephthalate,
polytrimethylene terephthalate, polybutylene
terephthalate, polynaphtha-lene terephthalate,

copolymers and mixtures thereof.

The nanometrical mineral particles according to the
invention confer improved mechanical properties to the
composition relative to an identical composition not
comprising said particles. The heat distortion under
load is noticeably improved.

The shape factor of a particle is defined as the ratio
between the 1largest dimension and the smallest
dimension of a particle. For example, i1f the particles
are platelet-shaped, the shape factor is defined by
the ratio between the 1length of the platelets and
their width. If the platelets are needle-shaped, their
shape factor is defined by the ratio between the
length of the needle and the cross-sectional diameter
of the needle. If the particles have a substantially
spherical shape, the shape factor equals 1.

The particles according to the invention present a low
shape factor, ranging between 1 and 10. The shape
factor is preferably between 1 and 2.

By nanometric-sized particles, it is meant that the
small dimension is lower than 200 nm, and the large
parameter is lower than 2000 nm, preferably lower than
400 nm. According to a preferred embodiment, the small
dimension is lower than 100 nm and the large dimension
is lower than 200 nm.

According to an advantageous embodiment of the
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invention, the particles are substantially spherical-
shaped with an average diameter lower than or equal to
200 nm, The average diameter preferably ranges between
5 and 100 nm.

The mineral particles are preferably chosen from metal
oxide-based particles, for example, silica, titanium
dioxide, alumina, zirconia. It may comprise a surface
treatment or coating. Such treatments are meant, for
example, to improve the particle dispersion in the
polymer, to protect the particles against
deterioration, or to protect the polymer from
degradations through contact with the particles. All
the known surface treatments and coatings known in the
field of polymer fillers, particularly those known and
used as fillers having dimensions above those
referring to the invention, can be used. One can use,
for example, titanium dioxide particles partially or
fully coated with a silica-based compound.
Silica-based particles are particularly adequate for
carrying out the invention. Any type of known silica
can be employed in the polyester-based compositions.
For example, fumed silicas, combustion silicas,
precipitated silicas, silica sols. The use of sols is
particularly adequate for the obtention of a
composition having a good particle dispersion.

The weighted concentration of particles 1in the
composition ranges between 0,1 and 20%. It preferably
ranges between 5 and 15%.

Any method for introducing a compound into a
composition may be employed. A first method consists
in introducing the particles 1into the polyester
reaction medium, usually before the polymerization has
begqun. The polymerization is then carried out in the
presence of the particles. The particles can be
introduced as a powder or as a diépersion into a

Yl
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liquid medium.

A second method consists in introducing the particles
as a powder into the molten polyester and then
shearing the mixture in order to obtain a homogeneous
dispersion. This operation can for example be carried
out by means of an extruder, single or twin screw.

A third method consists in introducing the particles
as a master batch in the molten polyester. The
blending can be effected by any of the above-mentioned
methods. The introduction of the master batch in the
polymer can be effected by means of an extruder.
According to a particularly advantageous embodiment of
the invention, the particles are introduced as a scl
into the polymer reaction medium. The sol can be for
example an aqueous or glycolic sol, Silica sols are
particularly adequate for this embodiment.

A process to prepare the compositions according to
this embodiment comprises for example the following
steps:

a) Introducing in a mixture with water at least one
diol with at least one dicarboxylic acid or a
dicarboxylic acid ester of a silica sol where the
particles have an average diameter smaller than or
equal to 200 nm

b) Esterlifying or transesterifying the acid or the
acid ester with the diol,

c) Polycondensing under vacuum the esterification
product,

d) Forming the final product.

Except for the introduction of the silica sol into the
monomer mixture, the process for producing the
compositions is classical. Processes are described for
example in Les techniques de l’ingénieur J 6 020,
2151-2160. The process is in no way the object of any
limitation of the scope of the invention.

Y2
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Esterification or transesterification step b) is a
step commonly carried out within the industrial
polyester manufacturing procedures. For example, two
routes are mainly employed for producing poly({ethylene

terephthalate}.

The first obtention route is the so called “methyl
terephthalate” (DMT) route. It comprises a
transesterification reaction. Molten DMT is

solubilized in ethylene glycol (EG) present in excess,
the molar ratio of EG/DMT being of about 1,9 to 2,2,
and the reaction is conducted at atmospheric pressure
and temperatures of about 130°C teo 250°C. The presence
of a catalyst, for example manganese acetate, is
necessary. Methanol released during the reaction is
eliminated through distillation. The ethylene glycol
present in excess is eliminated through evaporation
after the transesterification reaction. The catalyst,
which is also a polyester degradation catalyst, is
blocked by means of phosphorous compounds after the
reaction. The product resulting from the
transesterification is a blend of bis-hydroxyethyl-
terephthalate (BHET) and oligomers.

The second route is the so called *direct
esterification”. It comprises an esterification
reaction between terephthalic acid and ethylene
glycol. It is carried out at temperatures of 130° to
280°C. Terephthalic acid, molten at such temperatures
is not soluble in ethylene glycol but is in in the
ester product of the reaction. The solubilization of
the reactant in the medium is however progressive.
Ethylene glycol is present at a molar ratio of
EG/terephthalic acid of about 1 to 1,5. From this
raction results a mixture of oligomers having
terephthalic acid or hydroxyethyl terephthalate.

The utilization of these processes has been the object



10

15

20

25

30

35

eer-en 01 /70 0030 :-

of numerous studies described in 1literature. The
conditions indicated hereabove should not be regarded
as limiting the scope of the present invention.

The subsequent polycondensation steps are usually
catalyzed through metallic compounds, for example
antimonium, titanium or germanium compounds. They can
be catalyzed by any polyester polycondensation
catalyst. They are usually carried out at low
pressures, in order to favor the elimination of
ethylene glycol formed during the condensation
reaction.

The polymer is then formed into the final product, for
example by extruding a strand through an orifice,
cooling, and granulating. The formation 4is usually
preceded by a molten phase filtration. The molten
phase polycondensation and final product formation
steps can be followed by a solid phase post-
condensation step. '

The compositions, for example in a granulated form,
can be formed into molded articles. They can more
particularly be used in the form of bottles. All the
processes for manufacturing bottles from thermoplastic
polymers are adequate for the invention. The
extrusion-blow molding process is in general
preferred.

The bottles thus produced can be filled with liquids
at high temperatures and/or with liquids remaining hot
in the bottle during long periods ¢f time.

Other details or advantages of the presente invencdo
will become more apparent from the following examples,
set forth for indicative purposes only.

Different polyester-based - compositions were
synthesized, the following characteristics of which
are measured:

- Viscosity index (VI, in ml/g); measured according to
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IS0 1628/5 standard; measured in a solution of 0,5% of
the composition in a 50/50 by weight mixture of
phenol/orthodichlorcbenzene, at 25°C. The polymer
concentration used for the calculations of the
viscosity index 1s the actual polymer concentration,
considering the presence of particles in the
composition.

- Molecular mass in absolute weight (g/mole);
determined by Gel Permeation Chromatography (GPC).

- Color according to the CIE lab system: measurements
of 1°, a*, b'.

~ Thermomechanical properties: modulus at 23°C,
Modulus at 160°C, Glass transition temperature (Tg).
Dynamical measurements (Dynamical mechanic analysis)
on an RSA apparatus, using 40°4°2 .mm samples, after
drying and crystallization at 130°C under vacuum
during 16 hours.

- Heat <distortion under 1load (HDT) , evaluated
according to ISO 75-2 standard.

- Crystallization: the dry polymer is plastified at
290°C such as to destroy any crystallization germ. The
molten product is injected in a series of molds where
the thickness varies progressively whereby to obtain
plates at thicknesses between 2 and 6 mm. The mold
wall temperature is adjusted at 37°C. The thickness at
which a slight disturbance corresponding to the
beginning of crystallization occurs is registered.
Example 1

Into a 7,5 liter polymerization reactor, permitting
the obtention of 3 kg of polymer through
polycondensation, equipped with an agitator provided
with a torsiometer to monitor the viscosity of the
reaction medium, several introduction sleves, a
distillation column to eliminate water formed during
the esterification, as well as the excess of ethylene
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glycol, and a vacuum circuit for the polycondensation
step, the following are loaded:

- 2656 g of terephthalic acid (16,0 moles)

- 1190 g of ethylene glycol (19,2 moles)

- 384 g of an aqueous 80l of 50 nm diameter
nanoparticles of silica, commercialized by  Hoechst
under the tradename Klebosol® 40R50, corresponding to
143,6 g of silica.

After a nitrogen purge, the reaction medium is heated
to 275°C under agitation and under 6,6 bar absolute
pressure.

The esterification period i1s defined as the necessary
time for the distillation of the water.

The esterification time is 66 minutes.

The pressure 1s then brought to atmospheric pressure
along a period of 20 minutes.

A solution of antimony oxide is introduced into the
reaction medium (250 ppm antimony, based on the
polymer) .

The pressure is maintained during 20 minutes at
atmospheric pressure, before a progressive application
of vacuum from 1 bar to less than 1 mm mercury along a
period of 90 minutes. The distillation column is then
bypassed for direct vacuum to be applied as soon as
the pressure reaches 20 mm mercury.

The reaction mass 1s brought to 285°C as soon as the
pressure goes under 1 mm mercury.

The polycondensation time is defined as the time
required to reach the desired viscogity level parting
from the moment where pressure is under 1 mm mercury.
The polycondensation time is 32 minutes.

Once the desired viscosity 1level is attained,
agitation is interrupted and the reactor is
pressurized to 3 bar to discharge and granulate the
obtained polymer.

es1.en 01 /0 0030 76
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The polymer granules are dried during 15 hours at
50°C.

Photographs taken with an Electronic Transmission
Microscope are shown in figqure 1. Photo 1 is taken at
an about 2.10' magnificationand photo 2 is magnified
at about 10°,

Example 2 (comparative example)

A polymer is prepared according to example 1, except
that the nanoparticles of silica are not added.

The esterification time is 54 minutes.

The polycondensation time is 67 minutes.

Example 3 ° .

A polymer is prepared according toc example 1, except
that the aqueous silica particle sol is added together
with the antimonium oxide solution.

The esterification time 1s 87 minutes.

The polycondensation time is 59 minutes.

Example 4

A polymer 1s prepared according to example 1, except
that instead of the 2656 g of terephthalic acida, the
following is added:

- 2592 g of terephthalic acid

- 63,7 g of isophthalic acid (corresponding to 2,4
mole% of the amount of acid)

The esterification time is 65 minutes.

The polycondensation time i1s 59 minutes.

Example 5

A polymer is prepared according to example 1, except
that the aqueous silica particle sol is an aqueous sol
of 25 nm diameter silica nanoparticles, comercialized
by Hoechst under the tradename Klebosol® 40RS50.

The esterification time is 68 minutes.

The polycondensation time is 32 minutes.

Example 4
A polymer is prepared according to example 1, except

i

ee1/on 01/0 0030 ¢+
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that the following compounds are added:

- 2592 g of terephthalic acid

- 63,7 g of isophthalic acid (corresponding to 2,4
mole% of the amount of acid)

- 37 g of ethylene glycol

- 1306 g of a glycolic silica sol at 11,8 % by welght
silica, the sol being synthetized through a Stdber
type process, the silica particles having a 50 nm
diameter.

The esterification time is 54 minutes.

The polycondensation time is 73 minutes.

Example 7 .

A polymer is prepared according to example 1, except
that instead of the 2656 g of terephthalic acid, the
following is added:

— 2497 g of terephthalic acid

- 159 g of isophthalic acid (corresponding to 6 mole$%
of the amount of acid)

The esterification time is 61 minutes.

The polycondensation time is 68 minutes.

The features of the compositions according to examples
1 through 7 are shown in table I.

yg



Table I
EX. VI Mw 1* a b HDT | Modulus Modulus Tg Crystal-
(ml/g) | g/mole 23°C_(Mpa) | 160°C (Mpa) | (Mpa) |lization (mm)
1 67,0 37900 54 -0,4| 67°c | 1165 82 107
2 19,5 72 -0,9 59 988 61 99 4
3 72,1 41000 75 -1,0
4 71,1 66 -2,3 3
5 62,4 33700 59 -1,5 67 1195 88 107
6 68,5 78 -2,7 1015 65 103 4,5
7 74,8 71,0 | -0,7 6

0800 0/ 10 ve/199
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Example 8
100 kg of a composition are prepared according to

example 4 in a double vesael reactor at 200°C, with
1,9 mole% isophthalic acid.

Example 9

A composition is prepared according to example 8,
except that the nanoparticles of silica are not added.
The compositions of examples 8 and 9 are molded into
bottles, through injection/blowing in an integrated
ABS F100 machine. The preforms weigh 32 g, the bottles
have a 600 ml capacity.

A hot-filling test is carried out on these bottles;
the bottles are filled at different temperatures and
the thelr volume variation is measured. The higher the
variation, worse is the composition.

Table II shows the filling temperature (°C} and the
deformation (ml) for a bottle obtalned from the
compositions according to examples 8 and 9.

Table II
Temperature Example 8 Example 9
70 76,6 50,6
75 109, 6 70,3
80 149,1 129,1
85 205,8 176,6

50
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CLAIMS
1. Polyester-based composition having improved
thermomechanical properties, characterized by

comprising a polyester-based matrix and nanometrical-
sized mineral particles, having a shape factor
comprised Dbetween 1 and 10, at a weighted
concentration within 0,01 and 25%.

2. Composition, according to claim 1, characterized in
that the particles are substantially spherical-shaped
having a diameter under or equal to 200 nm.

3. Composition, according to claim 2, characterized in
that the average diameter of the particles is
comprised between 5 and 100 nm. -

4. Composition, according to any one of the preceding
claims, characterized in that the particles are based
on metal oxides.

5. Composition, according to claim 4, characterized in
that the particles are based on a compound selected
from silica, titanium dioxide, zirconia, alumina.

6. Composition, according to claim 5, characterized in
that the particles are based on silica and that the
composition 1s obtained by introducing a silica sol
within the polyester synthesis medium.

7. Composition, according to claim 6, characterized in
that the silica sol is an aqueous or glycolic sol.

8. Composition, according to any one of the preceding
claims, characterized in that the the polyester 1is
selected from polyethylene terephthalate,
polytrimethylene terephthalate, polybutylene
terephthalate, polynaphthalene terephthalate, mixtures
and copolymers based on these polyesters.

9. Composition, according to any one of the preceding
claims, characterized in that the polyester contains
an amorphing agent.

10. Composition, according to claim 9, characterized

roi en 01 /0 0030 :
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in that the amorphing agent is a comonomer of the
polyester.

11. Composition, or process according to claim 10,
characterized in that the comonomer is selected from
isophthalic acid, 1, 4-cyclohexanedimethanol,
diethylene glycol, mixtures thereof, and wherein it
represents between 1 and 20 moles%$ of the repeating
units in the polyester. .

12, Process to produce a polyester-based composition,
as defined in any one of the preceding claims,
characterized by comprising the following steps:

a) Introducing in a mixture with water at least one
diol with at least one dicarboxylic acid or a
dicarboxylic acid ester of a silica sol where the
particles have an average diameter smaller than or
equal to 200 nm

b) Esterifying or transesterifying the acid or the
acid ester with the diol,

c) Polycondensing under vacuum the esterification
product,

d) Forming the final product.

13. Process, according to claim 12, characterized in
that step c¢) is carried out in the presence of an
antimonium- or titanium-based catalyst.

14. Article, characterized by being obtained by
forming from compositions as defined in any one of the

preceding claims. .

15. Bottles, characterized by being obtained by
forming from compositions as defined in any one of the
preceding claims.

16. Process for hot-filling polyethylene terephthalate
bottles with a 1liquid, characterized in that the
bottles are produced from compositions as defined in
any one of claims 1 through 13.

S :
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ABSTRACT

" POLYESTER-BASED COMPOSITIONS HAVING IMPROVED
THERMOMECHANICAL PROPERTIES AND PROCESS TO PRODUCE
SAID COMPOSITIONS”.

The present invention refers to polyester-based
compositions having improved thermomechanical
properties, comprising finely divided mineral
particles. These compositions are particularly useful
for manufacturing bottles. The present invention
further refers to a process for producing said
compositions. The compositions comprise. a polyester-
based matrix and nanometric-sized particles.
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COMPOSITIONS A BASE DE POLYESTERS PRESENTANT DES PROPRIETES
THERMOMECANIQUES AMELIOREES ET PROCEDE DE FABRICATION DE CES
COMPOSITIONS.

La présents invention concerne des compositions 4 base de polyester présentant
dee propriétés thermomécaniques améllorées, comportant des particules minérales de
falble tallle. Ces compositions sont notamment utfies pour la fabrication de bouteilles. La
présente invention conceme également un procédé de fabrication de ces compositions.

Les polyesters, notamment le polyédthyléne téréphtalats, sont des polyméres
thermoplastiques largement utilisés pour la réalisation d'articles moulés ou extrudés. lis
sont généralement utilisés sous forme de fils ou fibres, d'articles moulés a l'aide d'une
presse & injecter, de films (articles extrudés et é&tirés) ou de réclpients par exemple
obtenus par un procédé d'extrusion-souffiage. |.es propriétés des articles réalisés sont en
grande partie liées aux propriétés thermomécaniques du polymére, telles que le module,
la ductilité, la température de transition vitreuse, ia température de déformation sous
charge.

La température de déformation sous charge est une caractéristique importante pour
l'utifisation des polyesters sous forme de bouteilies, pius particuliérement pour des
bouteilles destindes & contenir des bolssons. Pour des ralsons de conservation et
d'hygiéne alimentaire, certaines boissons doivent étre remplles & chaud dans les
boutellies, et éventueliemant en absence d'oxygéne. C'est notamment le cas pour ies jus
de fruits, les prodults pasteurieés ou stérilieés, notamment les produits laitiers, les
bolssons au thé ou au café, la blére. S| la température de remplissage est trop élevée,
et/ou sl le liquide reste trop longtemps dans la boutelile au deld d'une certaine
température, celle-ci est déformée. Cet Inconvénient peut limiter le champ d'utilisation du
polyester, sn particuller du polyéthyléne téréphtalate, pour contenir des boissons. Ainsl
certaines boissons ne peuvent pas &bte conditionndes dang des houtellles eon
polyéthyléne téréphtalate, ou ne peuvant I'étre que dans des conditions de température
limitées.

On cherche donc toujours & élaborer des polyestars, des compositions & base de
polyesters ou des procédés de mise en forme d'articles en polyesters, tels les propriétés
thermomécaniques solent améliorées, en particulier tels que la température de
déformation sous charge soit améliorée.

A cet effet, une premiére solution peut consister & utillser un polyéthyléne
naphtalate en remplacement du polyéthyléne téréphtalate, ou des copolyméres
comportant des unités naphtaliques et téréphtaliques. Celte solution est toutefois
onéreuse, et elle n‘est industriellement utilisée que pour des applications trés spécifiques.
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Une autre solution consiste & moadifier ie procédé de mise en forme des bouteilles
afin de sur-cristaliiser e polymére. Ls procédé selon cette solution est généralement
appelé "thermofixation”. Bridvemant, il consiste & cristalliser une boutellle en polyéthyléne
téréphtalate en modifiant les opérations de soufflage. La mise en csuvre de ce procadé
nécessite toutefois une importante madification des lignes de fabrication des bouteilles at
nécessite donc d'importants investissements. Le col des bouteilles obtenuses selon ce
procédé est cristallisd et perd donc sa transparence. Cecl peut constituer un défaut
d'aspect.

La présente invention a pour objectif de proposer des charges pouvant étre
utiisées pour amélioration des propridgtés thermomécaniques des polyesters,
notamment des charges facilement incorporables, blen dispersées dans la matrice. Elle a
également pour objectif de proposer un procédé de fabrication de compositions & base
de polyester présantant des propriétés thermomeécaniques améliorées.

A cet offat I''nvention propose une composition 4 base 'de polyester caractérisée en
ce qu'elle comprend une matrice & base de polyester et des particules minérales de taille
nanométrique, de facteur de forme compris entre 1 et 10, en concentration pondérale
comprise entre 0,01% st 25%.

La matrice de la composition peut étre & base de tout polyester. Elle peut étre
constituée d'un seul polymére, le polyester, ou d'un mélange de polyméres dont au moins
un composant principal est un polyeater. Elle peut aussi consister en un copolymare dont
ia majorité des motifs de répétition comprennent des fonctions sster.

Les polyesters convenables pour la réallsation de [nvention sont généralement
obtenus par polycondensation & partir de diols et d'acides dicarboxyliques ou d'esters
d'acides dicarboxyliquea.

Pami les dioils convenabies pour la réellsation de Finvention, on peut citer
léthyléne glycol, le propyiéne giycol, la 1,3-propanediol, le 1,4-butanediol, le 1,3-
butanediol, la 2,2-diméthylpropanediol, is neopentyl-glycol, ie 1,5-pentanediol, le 1,2-
hexanediol, le 1,8-octanediol, le 1,10-decanediol, le 1,4-cyclohexanediméthanol, le 1,5
cyclohexanediméthanal, ie 1,2-cyclohexanediméthanol, ou leurs mélanges.

Parml les acides dicarboxylliques convenables pour ia réalisation de linvention on
peut clter f'acide téréphtalique, 'acide isophtalique, 'acide orthophtalique, lacide 2.5-
naphtaléne dicarboxylique, l'acide 2,6-naphtaléne dicarboxylique, I'acide 1,3-naphtaléne
dicarboxylique, l'acide 2,7-nephtaléne dicarboxylique, lacide méthyle téréphtalique,
lacide 4,4'-diphényldicarboxylique, lacide 2,2'-diphényldicarboxyliqe, lacide 4.4'-
diphényletherdicarboxylique, racide 4,4'-diphénylméthanedicarboxylique, facide 4,4'-
diphénylsulphonedicarboxylique, I'acide 4,4'-diphényl-isopropylidéne-dicarboxylique,
lacide sulfo-5-isophtalique, l'acide oxallque, l'acide succinique, lacide adipique, acide
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sébacique, l'acide azédlalque, Yacide dodécanedicarboxylique, l'acide dimer, lacide
maléique, l'aclde fumarique et tous les diacides allphatiques, l'aclde cyclohexane
dicarbolylique.

Les acides dicarboxyliques peuvent étre Introdults dans ie milieu de
polycondensation sous forme estérifide, par exemple par un motif éthoxy ou par un motif
méthoxy.

Les polyesters préférables pour la réalisation de linvention sont le polyéthyiéna
téréphtalate, le polytriméthyléne téréphtalate, le polybuthyléne téréphtalate, le
polyaphataléne téréphtalate, les copolyméres et mélanges 3 base de ces polyesters.

Les particules minérales nanométriques selon l'invention conférent & la composition
des propriétés mécaniques améliorées par rapport 4 une composition identique ne
comprenant pas lesdites particules. La température de déformation sous charge est
notamment améliorée.

Le facteur de forme d'une particule eat défini comme le rapport entre ia plus grande
dimension d'une particule et ia plus petite dimension. Par exemple, sl des particules ont
une forme plaquettaire, le facteur de forme est défini par le rapport entre (a longueur des
plaqueties et leur épalaseur. Si des particules ont une forme d'aigullle, le facteur de forme
est définl par le rapport entre la longueur de Maiguille de le diamétre de la section
transversale de ['algullle. S| des particules ont une forme sensiblement sphérique, on
congldére que [a grande dimension est de tallle égale 4 la petite dimension, le facteur de
forme est égal & 1.

Les particules selon linvention présentent un falble facteur de forme, compris entre
1 et 10. Le facteur de forme est de préférence compris entre 1 et 2.

Par particules de taille nanométrique, on entend que la petite dimension est
Inférieura & 200 nm, et que !e grand paramétre de tallle es} inférieur 2000 nm, de
préférence Inférisur & 400 nm. Selon un mode de réaliaation encore préférantiel, le petite
dimenslon est inférleure & 100 nm et la grande dimension est inférieure 4 200 nm.

Selon un mode'de réalisation avantageux de l'invention les particules sont de forme
sensiblement sphérique avec un diamétre moyen Inférieur ou égal & 200 nm. Le dlamétre
moyen est plus préférablement compris entra 5 et 100 nm.

Les particules minérales sont de préférence choisies parml les particules a base
d'oxydes de métaux, par exemple la silice, le dioxyde de titane, 'alumine, la zircone. Elle
pauvent comporter un traitement ou revétement de surfaca. De talé traitements pauvent
par exemple &ire destinés 4 améliorer la dispersion des particules dans le polymére, &
protéger les particules d'une détérioration, ou & protéger le polyméres de dégradations au
contact des particules. Tous les traitements de surface et dépdts connus dans le
domaine des charges pour polyméres, et en particulier connus et utillsés pour des
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charges de dimension supérieure & celles concernées par finvention, peuvent étre
utilisés. On peut par exemple ulllser des particules de dioxyde de titane revélue
partiellement ou entidrement par un composé a base de silice.

Les particules & base de silice sont particulidrement adaptées & la mise en ceuvre
de Pinvention. Tous les types de silices connus peuvent &tre utilisés dans les
compositions 4 base de polyester. A titre d’exemple on peut citer les silices de
pyrogénation, ies gilicas de combustion, les sllices de précipitation, les sols de sflice.
L'utilisation des sols est particulidrement blen adaptée & l'obtention de composition
présentant une bonne dispersion des particules.

La concentration pondérale an particules dans la composition est comprise entre
0.1 et 20%. Elle o5t de préférance comprise entre 5 et 15%.

Toutes les méthodes d'introduction d'un composé dans un polymére peuvent étre
ulllisées. Une premidre méthode conasiste & Introduire les particules dans le milieu de
synthdse du polyester, génémalement avant que [a polymérsation ait débuté. La
polymérisation est par la sulte mise en cauvre en présence des partitules. Les particules
peuvent étre introdultes sous forme de poudre ou sous forme d'une dispersion dans un
milleu liquide.

Une deuxidme méthode consiste & introdulre les particules sous forme de poudre
dans du polyaster fondu et 3 cisalller le mélange &fin d'obtenir une dispersion uniforme.
Cette opération peut par exemple étre réalisés a falde d'un dispositif d'extrusion, &
simple ou double vis.

Une troisidme méthode consiate & introduire les particules aous forme de mélange
maftre dans le polymére fondu. Le mélange maltre peut étre réslisé selon fune des
méthodes précédentes. Lintraduction du mélange maltre dana le polymére fondu peut
dtre réallséde 4 I'alde d'un dispositif d'extrusion. ‘

Selon un mode de réalisation particulidrement avantageux de [invention, les
particules sont Introduites sous forme de soi dans ie milleu de synthése du polyestar. Le
sol peut par exemple étre un sol aqueux ou glycolique. Les sols de sllices sont
particulidrement adaptés & ce mode de réalisation.

Un procédé de préparation de compoaitions selon ce mode de réalisation comporte
par exemple les étapes suivantes.

a) introduction dans un mélange d'au moins un dlol avec au moins un acide
dicarboxyiique ou un ester d'acide dicarboxylique d'un sol de silice dont les
particules ont un diamétre moyen inférieur ou égal & 200 nm

b) Estérification ou transestérification de I'acide ou de l'ester d'acide par le dlol,

c) Polycondensation sous vide du produit d’estérification,

d) Mise en forme.
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Mise a part IIntroduction du sol de silice dans le mélange des monoméres, le
procédé de fabrication des compositions ast classique. Des procédés sont par exemples

décrit dans Les techniques de l'ingénieur J 6 020 2151-2160. Le procédé ne fait l'objet
d'aucune limitation & la portée de I'invention.

L'étape b) d'estérification ou de transeatérification est une étape communément
réalisée dans les procédés industriels de fabrication de polyesters. Deux voies sont par

exemple principalement employées pour ia fabrication de poly(éthyléne téréphtalate).

La premiére voie d'obtention est la vole dite "téréphtalate de méthyle" (DMT). i
s'agit d'une réaction de transestérification. Le DMT fondu est solubilisé dans I'éthyléne
glycol (EG) présent en excés, le rapport molaire EG/DMT étant d'environ 1.9 4 2.2, et la
réaction est menée & pression atmosphérique a des températures d'environ 130°C 2
250°C. Elle nécessite la présence d'un calalyseur comme par exemple I'acétate de
manganése. Le méthanol dégagé par la réaction est éliminé par distillation. L'éthyléne
glycol présent en excés est éliminé par évaporation aprés la néaction de
transestérification. Le catalyseur qul eat auasl un catalyseur de la dégradation du
polyester est bloqué & laide de composés phosphorés aprés la réaction. Le produit
résultant de la transestérification est un mélange de bis-hydroxyéthyl-téréphtalate (BHET)
et d'oligoméres.

La deuxidtme vole est la vole dite "estérification directe”. || s'agit d'une réaction
d'estérification de l'acide téréphtalique par I'dthyléne glycol. Elle est effectuée & des
températures de 130°C & 280°C. L'acide téréphtalique, fondu & caes températures, n'est
pas soluble dans Téthyldne glycol mais l'est dans lester prodult de la réaction. La
solubllisation du réactif dans le millau eat donc progressive. L'éthyléne glyco! est présant
avec un rapport molaire EG/Acide Téréphtalique d'environ 1 & 1,5. || nésulte de cette
réaction un mélange d'oligoméres ayant des fonctions de terminalson sous forme d'acide
téréphtalique ou de téréphtalate d'hydroxyéthyle.

L'utilisation de ces procédés falt l'objet de nombreuses études décrites dans la
littérature. Les conditions indiquées cl-dessus ne constituent pas une limitation 4 la
portée de la présente Invention.

Les étapes uitérleures de polycondensation sont généralement catalysées & l'alde
de composés métalliques, par exempie par des composés de I'antimoine, du titane ou du
germanium. Elles peuvent étre catalysées par tout catalyseur de polycondensation des
polyesters. Elle est généralement réalisée & pression réduite, afin de favoriser le départ
de Péthyldne glycol formé au cours de la réaction de condensation.’

Le polymére est ensulte mis en forme, par exemple par extrusion d'un jonc 4
travers un orifice, refroidissement, et granulation. La mise en forme est généralement
précédées d'un filtrage en phase fondue. Les étapes de polycondensation en phase
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fondue et de mise en forme peut éire sulvie d'une étape de post-condensation en phase
solide.

Les compositions, par exemple sous forme de granulés, peuvent 8tre mises en
forme pour la réalisation d'articles moulés. Elles peuvent pius particulidrement étre
utilisées sous forme de boutellles. Tous les procédés de fabrication de bouteilles a partir
de polyméres thermoplastiques sont adaptés 4 {'invention. Le procédé de mise en forme
par extrusion-souffiage est généralement préférs.

Les boutellles ainel réalisées peuvent éire remplles par des liquides a haute
température et/ou des liquides restant chaud daens la bouteille pendant un temps
prolongé. .

D'autres détails ou avantages de [invention apparaltront plus clairement au vu des
exemples donnés cl-dassous uniquement & titre indicatif.

On synthétise différentes compositions 4 base de poly_ester dont les caractéristiques
suivantes sont mésurées:

- Indice de viscosité (IV, en mi/g): mesure selon la nome ISO 1628/5: mesure dans
une solution de la composition & 0,5% dans un mélange phénol/orthodichlorobenzéne
50/50 en poids, & 25°C. La concentration en polymére utillsée pour le calcul de -
findice de viscosité est la concentration réelle en polymére, tenant compte de Ia
présence des particules dans la composition.

- Masse moléculaire en poids absolus (g/mal): mesure par Chromatographie par
perméation de gel (GPC)

- Coloration selon la systéme CIE lab: mesure de I*, a*, b*

- Propriétés thermomécaniques : module & 23°C, Module & 160°C, Température de
transition vitreuse (Tg). Mesure en dynamique (Dynamical mecanic analysis) sur un
appareil RSA, sur des éprouvettes de polymére de 40*4*2 mm, apras séchage et
cristallisation & 130°C sous vide pendant 18 heures.

- Température de déformation sous charge (HDT), évalude selon la norme iSO 75-2.

- Cristallisation: on plastifie le polymére sec 4 280°C de maniére & détruire tout germe
de cristallieation. On injecte le prodult fondu dans une série de moules dont
l'épalsseur varle progressivement pour obtenir des plaques d'épalsseur comprise
entre 2 et 6 mm. La température des parois du moule est conditionnée & 37°C. On
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note & quelle épaisseur @ apparalt un léger trouble comrespondant & un début de
cristallisation.

Exempia 1

Dans un réacteur de polymérisation de 7,5 litres, permettant d'obtenir 3 kg de polymére

par polycondensation, muni d'une agitation avec couplométre pour sulvre la viscosité du

milieu réactionnel, de différents sas d'introduction, d'un colonne de distillation pour
éliminer 'eau formée lors de ['estérification, ainsi que l'excés d'éthyléne glycol, et d'un
circuit de vide directe pour 'étape de polycondansation, on Introduit:

- 2656 g d'acide téréphtalique (18,0 mol)

- 1180 g d'éthyidne glycol (18,2 mol)

- 384 g d'un sol aqueux de nanoparticules de silices de 50 nm de dlamétre,
commercialisé par le soclété Hoechst sous la dénomination Kiébosol® 40R50,
correspondant & 143,68 g de silice. '

Apréa purge & 'azote, le milieu réactionnel est chauffé & 275°C sous agitation et sous

pression de 6,8 bar absolus.

On définit le trempe d'estérification comme le temps nécessaire a la distillation de I'sau.

Le temps d'estérification est de 86 minutes.

La pression est snsuite ramenée & la pression atmosphérique en 20 minutes.

On introduit une solution d'oxyde d'antimoine danae le milleu réactionnel (250 ppm en Sb,

par rapport au polymére).

La pression est maintenue pendant 20 minutes & la pression atmosphérique, avant une

mise sous vide progressive de 1 bar 4 moins de 1 mm de mécrue en 80 minutes. La

colonne de distiliation eat ensulte by-passée pour mise sous vide direct lorsque la
prassion atteint 20 mm de mercure.

La masse réactionnelle est portée & 285°C loraque la pression descend en dessous de 1
mm de mercure.

On définit le temps de polycondensation comme le temps nécessaire pour atteindre le
niveau de viscosité visé a partir du moment ol la pression est inférieure 4 1 mm de
mercure.,

Le temps de polycondensation est de 32 minutes.

Une fois le niveau de viscosité visé atteint, l'agitation est amétée et le réacteur est mis
sous pression & 3 bar pour couler et granuler le polymére obtenu.

Les granulé de polymére sont séchés sous vide pendant 15 heures & 50°C.

Des photographle prise au Microscope Electronique & Transmission sont présentées sur
la planche 1. La photo 1 est prise avec un grossissement d'environ 2.10%, 1a photo 2 est
prise avec un grossissement d'environ 10",

6S
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Exampla 2 (exampie comparatif)

On prépare un polymére selon l'exemple 1, excepté en ce qu'on nintrodult pas de
nanoparticules de silice.

Le temps d'estérification est de 54 minutes.

Le temps de polycondansation est de 87 minutes.

Example 3

On prépare une compasition selon fexemple 1, excepté en ce que le sol aqueux de
particules de silice est introduit en méme tamps que Ia solution d'oxyde d'Antimoine.

Le temps d'estérification est de 87 minutes.

Le temps de polycondensation est de 58 minutes,

Exampla 4

On prépare une composition selon 'axemple 1, axceptd en ce qu'on Introdult au lleu des
2656 g d'acide téréphtalique:

- 2592 g d'aclde téréphtalique

- 83,7 g d'acide isaphtalique (correspondant & 2,4% en mol de la quantité d'acide)

Le temps d'estérification est de 85 minutes.

Le temps de polycondensation est de 42 minutes.

Exemple 5

On prépare une composition ssion 'axemple 1, excepté en ce que le sol aqueux de
particules da silice est un sol aqueux de nancparticules de silices de 25 nm de diamétre,
commerciallsé par le société Hoechat sous [a dénomination Kiébosol® 40R50

Le tsmps d'estérification est de 68 minutsa.

Le temps de polycondensation est de 32 minutes.

Exempie 6

On prépare une composition selon {'exemple 1, excapté en ce qu'on iIntrodult les
composés suivants:

- 2582 g d'acide téréphtalique

- 83,7 g d'acide isophtalique (correspondant & 2,4% en mol de la quantité d'acide)

- 37 g d'éthyiéna glycol '

- 13008 g d'un sol de silice glycolique 4 11,8% de silice sn poids, ls sol étant synthétisé

par un procédé dit de typs Stober, les particules de silices ayant un diaméire de 50
nm,

b




10

[ Lol

10 .

Les compostions des exemples 8 et 9 sont mises en forme de boutellles, par
injection/sauffiage sur une machine intégrde ABS F100. La préforme fait 32 g, les
bouteilies font 600 ml. .

On effectue sur ces boutellles un test de remplissage 4 chaud: on rempfi les bouteilles &
difidrentes températures et on mesure la variation de volume de celles-ci. Plus la
variation est Importants, moins bonne est la composition.

Dans le tableau 1! sont reportées, la température de remplissage (°C) et la déformation
(ml) pour une boutellle obtenue & partir de compositions selon Igs exemplél Betd.

Tableau Il
Température |Exemple 8 Exemple 8
70 76,6 50,6
75 100,86 70,3
80 149,1 1261
85 2058 76,8
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REVENDICATIONS

. Composition & base de polyester présentant des propriétés thermomécaniques

améliorées, caractérisée en ce qu'elle comprend une matrice 4 base de polyester et
des particules minérales de tallle nanométrique, de facteur de forme compris entre 1
et 10, en concentration pondérale comprise en 0,01 et 25 %.

. Composltion selon |a revendication 1 caractérisée en ce que les particules sont de

forme sensiblement sphérique avec un diamétre moyen inférieur ou égal 4 200 nm.

. Composition selon la revendication 2 caractérisée en ce que la diamétre moyen des

particules eat compris entre 5 et 100 nm.

. Composition seion 'une des revendications précédentes caractérisée en ce que les

particules sont & base d'oxydes métalliques.

. Composition selon la revendication 4 caractérisée en ce que les particules sont a

base d'un composé cholsi parml la sllice, le dioxyde de titane, la zircone, I'alumine.

. Composition selon la revendication 5 caractérisée an ce que les particules sont &

base de silice et en ce que la composition est obtenue par introduction d'un sol de
silice dans un milieu de synthése du polyester.

. Composition selon la revendication 6 caractérisée en ce que le sol de silice est un sol

aqueux ou glycolique.

. Composition selon fun des revendications précédentes caractdriséa en ce que les

polyester est choisl parmi le polyéthyléne téréphtalate, le polytriméthyléne

téréphtalate, le polybutyléne téréphtalate, le polynaphtaldne téréphtalats, les
mélanges et copolyméres & bases de ces polyesters.

. Composition selon l'une des revendications précédentes, caractérisée en ce que le

polyester comporte un agent amorphisant.

10. Composition ou procédé selon la revendication B, caractérisée en ce que f'agent

amorphisant est un comonomére du polyaster.

(44
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(ix) this declaration is made for the pu::poses of (b) the
following designations for national patents: Brazil, Canada,
Colombia, Mexico and the United States of America.

] D This declartion is continued on the following sheet, “Continuation of Box No, VIII (li)™.

Form PCT/RO/101 (declaration sheet (iii)) (March 2001) See Notes to the request form
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Box No.IX CRECK LIST; LANGUAGE OF FILING

This international application contuina:

number
® :Illnuf‘lolnlollw::'plr form: of

Sub-total number of sheetz : 23

uquau:e listing part of
ption (actual mumber

below)
Tnhl numlur ofshects : 23

computsr rea
() O only (under seeuun s0t(aX1))

() O in addition to being filed in
form (under Seetion 801 (s)(3i),

Type and sumber of earriery (diskette,
CD-ROM. CD-R or othes) on the

uest (includi
ﬁdﬂl&mﬂu&’) : 05
description (excluding
sequence listing part) : 14
claims : 02
sbetract : 01
drawings ; 01

(b} sequence llnm’.m of description flled in

SheetNo. ..05...
mmmmml-ppl if e by n oNtulmber
o =
1. I!l fee calculstion sheet : 1

2 K] original scparate power of attorney : 1
3. [0 original general power of attomey :
400 enpyo!’mulpowanuomey reference number,

5.0 mma:plllnln;llckofnm

6. pg;.:(-lty documeni(s) Identificd [n Box No. V1 as

8 mrate indicati [ Ited i
0 o':pmhcr Il’l;nl og!:;lm cuneu;n ng deposited microorganism
9. ] vequence listing in computer readuble form (Indicate also
and number of carrisrs (diskette, CD-ROM, CD-R or other )
(O m] eopymhmluedhrlha:ﬂ:w- of international search
under Rule 13/er only (and not us part of the
International application) :
@1y O ronly whare check-bax (O)(1) or (B)(1) is marksd in laft
column) additional copies including, where applicable,
the copy for the purposes of international search under
Rule 13tar - :
(i O mgelllu' with relevant statement as to the identity

part {s contained (akifitional the capy or copies with the sequence listi
:ﬁ""hb" wndler ftem $(Y), in mmlionllllnldteolw = nspe :
...................... 10. [] other (ipeel): ... ... i
Figure of the drawings which *] Language of fillog of the
should accompany the abstruct: 01 Internationa! application: English

Box No. X

SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Naxt 1o each signature. indicote the nass of the person signing ond bhe cpacity tn which the person xigns (Y sach copucity I not obvious from recding the requesy).

)y A

(Antonio M.P. Arnaud - Agent)

Por recelving Office use only

" i ek 28 MAR-2001 28 -3- O

2. Drawings:

tmel ived papers or drawings
:be pl):lp“:lmmd international application:

3 Cnneneddn:ofmlneelptduwhwhu

4. Date of timely receipt of the
corrections urder Article I(Z)

E not recelved:

S. Intemational Searching Authority
(if two or more are competent):

ISA/

Transmittal of search delayed
unulul:I:feeupudm

0

Date of receipt of the record
by the lnm:lioml Bureay; i

For International Bureau use oaly

Form PCT/RO/101 (last sheet) (March 2001)

See Notes to the request form
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This shaet is not part of and doss not counl as a sheet of the international application. ?.5

PCT r Far recsiving Office uso caly
FEE CALCULATION SHEET e BT B /70 0030

Annex to the Request
[ nplicant’s or agent's
 Ilic reference Date stamp of the receiving Office
Applicant

RHODIA STER S.A.

CALCULATION OF PRESCRIBED FEES
236,00

I TRANSMITTALFEE . . » « + v o o v v v oo oo e e e | [T]
2. SEARCHFEE . . . EUR 945 x 2,00 = = |__1.890,00 [s]
International scarch to be carried out by EPO '
International Searching Authorities fo ol the international
ik Rl i ot Fg i iy i 4 ool st i
3. INTERNATIONAL FEE
Basic Fee

Where item (b) of Box No. IX applies, enter Sub-total number of shests } 23
Where item (b) of Bax No. IX does not apply, enter Total numbar of shests

[b1] first 30 sheess . CHF 650 x 1,36 |_s8s.00 il
& . e . [
number of sheets fee per sheet
E in excess of 30 it bt ¢ descr
additional t i i
% 14 filed In computer resdable form undgr Section 803 b e
both in that form and on paper, under Section 80L(s)(li S:
400 x ) -' ------ E
fee per sheet
Add amounts entered at bi, b2end b3 and enter toml utB . . . . | 884,00 [8]
Degignstion Fees Il
The international application contains _ 05 designations.
CHF 700 « 1,36 - 952,00 [p]
number of designation fees amount of designation fee

paynble (maximum &)

Add amounts entered st Band Dand entertotamt I . . ., . . . . . . .
. Mpﬂmﬁmmm“wﬂkﬂnammfnﬁafﬁl
- . Where tha applicant all applicants are) so artitied, the total
' io be M:uumf um hfmmuu"nwn)

| 1.836,00 [1]

4. FEE FOR FRIORITY DOCUMENT (fapplicable) . . . . . . . . .. [ === [7]
S. TOTALFEESPAYABLE . . . . . < .« o oo vve e nnnn . 3-962, 00

Add emounty entered at T, S, [ and P, and enter total in the TOTAL box _TOTAL
[[] The designation fecs are not paid st this time. it
MODE OF PAYMENT
Dﬂ&immﬁ(mﬁhw) [J postal money order  [] cash [ coupams
Ddu:que _Dhnhhﬁ gmm DMM):
AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT .
{This mods of payment may not be available at all receiving Offices) Receiving Office: RO/

Deposit Account No.:

[ Authorization to charge the total fees Indicated above.
check-bax may be marked only if the condis Date:
O] mus an(yg .l:uﬁrﬁputlm

the receiving Office so permil) A
gcradit any overpayment infgle total fees indicated .u‘.;'l'. Name:
[J Authorization to charge the fee for priority document. Signature:

Form PCT/RO/101 (Annex) (March 2001) Ses Notes to the fee colculation shest
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t de ion de droits de priorité

ser-on 0170 0030 |

Entre:

La société TERGAL FIBRES, rue Jules Vercuysse - 02430 Gauchy - FRANCE, représentée
par Monsieur Jean-Claude Faure, Directeur Général;

et

La société RHODIA-STER S.A., Av. das Nag8es Unidas, 12.551 - 8 andar — Brooklin Novo -
04578.903 - SAO PAULO - BRESIL, représentée par Measicurs José Veiga Veiga et
Reinaldo Kroger.

A prés avoir exposé:

- Que les parties ont cofinancé des travaux de recherches portant sur des compositions a
base de polyester,

- Qu'il a &t convenu entre les parties que la protection des inventions issues des travaux de
recherche serait géographiquement partagée, et demandée indépendamment par chaque
partie,

- Que suite aux travaux de recherche deux demandes de brevets ont ét& déposées en France
au nom de TERGAL FIBRES,
- "Compositions & base de polyesters présentant des propriétés thermomécaniques
améliorées et procédé de fabrication de ces compositions” Demande n® 0003965
déposée le 29 mars 2000.

11 a été arrété ce qui suit:

Article 1

La société TEGAL FIBRES c2de i la société RHODIA-STER, qui accepte, les droits de
priorité attachés i la premidre demande déposée en France le 29/03/00 sous le numéro
00/03965, pour pouvoir effectuer des dépdts de brevets sur la base de cette priorité dans les
pays du continent américain appartenant & la Convention d'Union de Paris. La société
TERGAL FIBRES conserve le droit de priorité attaché i la premi2re demande mentionnée ci-
dessus pour le dépdt de brevets dans les pays d'Europe, d'Afrique et-d'Asie.
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s snv-an 0170 0O30 |

En cas de décision d'abandon par I'une des partie d'un brevet ou d'une demande de brevet
revendiquant la priorité de la premiére demande mentionnée 2 l'article 1, celle-ci en informera
l'autre partie qui devra indiquer dans un délai de deux mois si elle reprend 2 sa charge les frais
d'entretien du brevet ou de la demande.

Article 3

Le présent accord est régi par l1a loi frangaise.

Fait & en 3 exemplaires.

TERGAL FIBRES RHODIA STER

Jean Claude FAURE José VEIGA VEIGA Walter CIRILLO



Entre:

La société TERGAL FIBRES, rue Jules Vercuysse - 02430 Gauchy - FRANCE, représentée
par Monsieur Jean-Claude Faure, Directeur Général;

et

La société RHODIA-STER S.A., Av. das NagSes Unidas, 12.551-8 and.-04578-903-S.Paulo-
SP - BRESIL, représentée par Messieurs José Veiga Veiga et Reinaldo Kroger.

A pris avoir exposé:

- . Que les parties ont cofinancé des travaux de recherches portant sur des compositions &
base de polyester,

- Qu'il a été convenu entre les parties que la protection des inventions issues des travaux de
recherche serait géographiquement partagée, et demandée indépendamment par chaque
partie,

v
- Que suite aux travaux de recherche d::;e demandes$ de brevets ont été déposées en France
au nom de TERGAL FIBRES,
- "Compositions & base de polyesters présentant des propriétés thermomécaniques
ameéliorées et procédé de fabrication de ces compositions" Demande n° 0003965
déposée le 29 mars 2000.

1l a été arrété ce qui suit:
Articie 1

La société TERGAL FIBRES céde 4 la société RHODIA-STER, qui accepte, les droits de
priorité attachés 4 la premiére demande déposée en France le 29/03/00 sous le numéro
00/03965, pour pouvoir effectuer des dép6ts de brevets sur la base de cette priorité dans les
pays du continent américain appartenint & la Convention d'Union de Paris. La société -
TERGAL FIBRES conserve le droiy'de priorité attaché A la premiére demande mentio ci-
dessus pour le dépdt de brevets les pays d'Europe, d'Afrique et d'Asie.

----
o
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En cas de décision d'abandon par 'une des partie d'un brevet ou d'une demande de brevet
revendiquant la priorité de la premiére demande mentionnée & l'article 1, celle-ci en informem
l'autre partie qui devra indiquer dans un délai de deux mois si elle reprend A sa charge les frais
d'entretien du brevet ou de la demande. ’

Article 3

Le présent accord est régi par la loi francaise.

Fait & en 3 exemplaires,

=

TERGAL FIBRES RHODIA STER

: M
Jean Claude FAURE José A'V&IGA Reinaldo KROGER
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PATENT COOPERATION TREATY 34 96T Zont

7

Fram the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT
Toe
ARNAUD, Antonio M.P. et al )
PINHEIRO, NUNES, ARNAUD & NOTIFICATION OF RECEIPT
SGATAHBI_JRI.O OF DEMAND BY COMPETENT INTERNATIONAL
Rua José Bonifacio, 93 PRELIMINARY EXAMINING AUTHORITY
7th floor :
01003-301 - Sao Paulo - 57 Il 2 o 0 e,
BRESIL :
Date of muiling
(day jmonshiyacr ) 25, 1, 01
Applicant’s ar agent's flle refereuce IMPORTANT NOTIFICATION
00030
International spplication No, Internstional Mling date (day/month/year) Priority dute (day/month/pesr)
PCT/ BR 017 00030 28/03/2001 2970372000
Appifcant

RHODIA STER B8.A. et al

?h‘lﬁlll‘lﬂ matifiod that this International Preliminery Bxamining Authority considers the following dete ax the
spplication:

The
daty of receipt of the ol for Intenational preliminery examination of the intmnational

12/10/2001

2.  This date of receipt Ix:

the actual date of receipt of the demand by this Authority (Rule $1.1(b)).
the actusl date of recelpt of the demand on behalf of this Authority (Rule $9.3(e))-

[[] the date an which this Autharity hss, In response to the invitation to correct defects in the demand
(Form PCT/IPEAf304), rectived the required corrections.

3. [[] ATTENTION: Thmt date of receipt is AFTER the expiration of 19 moaths from the prioriy date. Consequently, the
election(s) muda [n the demand does (do) not have the effect of postp the entry into the nutional phage until 30
montht frem the priovity date (or Iater [n some Offices) {Articls 39(1)). ‘ore, the acts for entry into the nstional
phase mumst be pexformed within 20 months from the priority date (or Iater in some Offices) (Ardcls 22). Fur deluls, sw
the PCT AppScant's Guids,V olummne [1. '

D (If appiicable) This notification confirms the Information given by telephone, facsimle transmimion or in person
an

4.  Only where paragrsph 3 spplies, » copy of thiz notification has been semt to the lmemmwul Bureaw

Name and malling addres of the IPEA/ Authorived offlcer
) B o
._@) Tel. (+49-89) 23990, Tx: 523656 eprmu d DONNELLY P P
57" Fax: (+49-89) 2399-4465 Tol. (+4899) 2299.2362

Form PCT/IPEA402 (July 1998) P20452 271072001y




PCT/BRO1/00030

g%y PATENT COOPERATION TREATY '
. 130700 82- '
From the INTERNATIONAL BUREAU
PCT To:
INFORMATION CONCERNING ELECTED
ARNAUD, Antonlo, M., P.
FFICES NOTIFIED OF THEIR ELECTION Rus José Bonlfécly, 99
7th Floor
(PCT Rule 61.3) CEP-01003-901 S¥o Paulo, SP
BRESIL
Date of mailing (dey/month/year)
20 November 2001 (20.11.01)
Applicant’s or sgent’s flie refarancs
IMPORTANT INFORMATION
international application No. internstional flling date (day/month/year) |Priority dete (day/month/year)
PCT/BRO1/00030 28 March 2001 {28.03.01) 29 March 2000 {29.03.00)
Applicant

RHODIA STER S.A. et al

1. The epplicant Is hereby informed that the intarnational Bureau has, sccording to Article 31(7); notifled sach of the following
Offiosa of hta election:

National :CA,US

2. The following Offices have walved the requirement for ths notiflestion of their slection; the notification will be sent to them
by the Intemational Bureau only upon their request:

Natlonel :BR,CO,MX

3. The sppllcant s reminded that he must antar the "national phase” before the axpiration of 30 months from the priority date
bafore sach of the Offices listed abovs. This must be done by paying the national fes{s) and furnishing , If presoribed, a
transiation of the Internationsi nrpllultlnn (Article 38{1)(n)), as well as, whers applicable, by furnishing a transiation of any
annexes of the intemnational prefiminary sxamination report {(Artiole 38{3)(b) and Ruls 74.1).

Some officas have fixad time limits expiring Iater than the above-mentionad time [imit. For detalled Information about the
orpllublo tima ilimits and the sots to be performed upon entry into the national phase before s partiouler Office, see Volumu [}
the PCT Applicant’s Quide.

k¥

The l . u of WIPO Authorized offioer:
34, chemin des Colombeitas Ana NCIA
1211 Ganeva 20, Switzerignd
Faosimile No. {41-22) 740.14.36 Telephone No. (41-22) 338.83.38

Form PCT/1B/332 (Septamber 18087) 4486738



PATENT COOPERATION TREATY

’ ‘2 TFEV 2002

¥3

From the
INTRRNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT
To
ARNAUD, Antomio M.P. et al
PINHEIRO, NUNES, ARNAUD &
NOTIFICATION OF TRANSMITTAL OF
SCATA!'EEJRLO INTERNATIONAL PRELIMINARY
Rua José Bonifacio, 93 EXAMINATION REPORT
7th floor
01003-901 -~ Sao Pauloc - SP
BRESIL (PCT Rule 71.1)
Date of mailing
(dayjmonth/year) 20/02/2002
Applicant’s or agent's file referance IMPORTANT NOTIFICATION
00030
Internationsd application No. Internstional fling dute (dxy/monsh/year) Pricrity date {day/monihjyaar)
PCT/ER 01/ 00030 28/03/2001 2970372000
Applicant

RHODIA STER S.A. et al

preliminsry examinetion report mnd its anneses, If any,

1. The v is hereby notified that thi llﬂnltlmlll'nl.lmlnﬂ Authority tansmits herewith the international
spplicam is by n s [ni Examining ty tan| iite

on the International

1. Aaqrufrh..repmndlumn.ifw,llbdqtrmumhmmdmdlmfaumhdmwﬂlﬂ-

3. Whore required of the etected Offices, the Intemational Buresu will are an sh trangiztion of Us eport (but -
nudln;umnub;)mu{iﬂumﬁtﬂuanwMNﬁnl PP Frat repart fbu

4. REMINDER

The spplicent must enter the nutional phase before each alected Office by performing certsin acts (flling transixtions and
paymg national fees) within 30 months from the u‘ig date (or later in some Offices){Article 39(1)){see also the reminder
sent by the International Buresu with Form M1B/301).

M;eaun&lnlmdﬂnlnugﬁmﬂ mﬁlﬂmmuuhfmmmdﬁ%?u.:hnwmummnmuha
transiation snnexer to tern| preliminary examinstion t spplicant’s onuibility to
and furnith mwumd-ﬁmamdyumhmuonh contarede o i prepars

Eﬁmmmmlpplluhhﬁmeﬁnin-ﬂnmudthdeﬁdofrmdemlld‘ﬂ: PCT Applicants

Name snd mulling address of the IPEA/ Authorized officer
Bur Patant Office
98 Munich DONNELLY P P

Tel. (+49-89) 2199-0, Tx: 523656 epmu d

@ Fux: (+49-89) 23999465

Form PCT/IPEA/a16 (July 1993) P20473

Tel. (+45-89) 2399 2828




PATENT COOPERATION TREATY
PCT -

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

2y

(PCT Artide 36 and Rule 70)
Amli-;nl.‘l or agent’s file reference
See Notification of Transmittal of Interaational

00030 FOR FURTHER ACTION  proorinory Bxamination Repurt (Form PCT/IPEA16)
Internutional applioation No. Intermational filing date (day/monthjyear) Priority date (day/monthjyar)

PCT/BR 01/ 00030 28/03/2001 29/03/2000
Int=rnaticas] Patent Classification (IPC) or national clamification snd [PC

CO8K3/22

Applcant

RHODYA STER 8.A. et al

1. ‘Thizs mternational preliminery n-ﬂnﬂmmuthuhunmadbytﬂ-lmﬂmﬂm.yﬁm
Allhdl].ﬂulrm-ulmdmﬂnlpﬂmmdh' Article 36

1. This REPORT consists of s total of 2 sheets, Including this cover sheet.

[C] This report s slso sccompanied by ANNEXES, la..dm:dtheeﬂipﬂm.dlﬁumdr s which have
hmmﬂnﬂmhhﬂfwdﬂsmuﬂh@mﬂ&rﬁﬂnﬁmlmﬂhfm Autharity
(see Rule 70.16 and Section 607 of the Administrative [nstructions the PCT)

Thess annexes consists of a total of sheets

3. This report contains indications relsting to the following teme

1[X] Basis of the report
1 [] Priority
m [X] Non-establishment of opluion with regard to novelty, knvetive step and industrial applicabllicy

Iv [ ] Lack of unity of inventien
V [X] Reasoned statement under Articie 35(2) with regard to novetry, kventive siep or industrial epplieabity;
m citalions end explanations nmcdn‘a-)ﬂ o P
vI[] Certsin documents cited
Vit [_] Certain defects in the international spplicarion
VIIL ] Certsin observations on the international application

Date of submissdon of the demand Date of compietion of this report
1271072001 16/02/2002
Nm-um.mnum-erun:pm Authorized officer
an Patent Office VAN THIELEN J B
Munich
Tel. (+49-89) 2399-0, Tx: 523636 epmu d
_SF7 Fax: (+49-89) 2399-4465 Tel. (+49-89) 2399 2828

Form PCT/IPEA/409 (cover sheet) (July 1998)




INTERNATIONAL PRELIMINARY Intemation appfication No. PCT/ BR 01/ 00030
EXAMINATION REPORT

I Basis of report

1. }lhe?i basis of international preliminary examination report is the application as originally

lil. Non-establishment of opinion with regard to novelty, Inventive step and Industrial
applicabliiity

2. The question of whether the claimed invention appears to be novel, to involve an
inventive step, or to be industrially applicable has not been and will not be the subject
of the intemational preliminary examination {Article 34 (4) (a) (i) (i) PCT; see also
international search report) in respect of:

2.1 Applications having an unnecessary plurality of independent claims (generally not more
than 1 independent claim in the same category is necessary; Article 8 PCT);

2.2 unsearched subject-matter (Article 17 (2) (a), Rule 86.1 (e) PCT).

V. Reasoned siatement under Article 35(2) with regard to novelity, Inventive step or
Industrial applicabliity; citatlons and explanationa supporting such statement

3. To the extent that the intemational preliminary examination has been carrled out (see item
Ill above), the following is pointed out (Article 35 (2) and (3} (b) and Rule 70.7 and 70.8 (jii)

PCT):

In light of the documents cited in the intemational search repor, it is considered

that the invention as claimed in the independent claims meets the criteria mentioned
in Article 33 (1) PCT, lL.e. it appears to be novel, to involve an inventive step and to be
industrially applicable.

Form PCT/409PE1 (EPO-March 2001)
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EPAEPO/OED Form 1037 07.82

Europidisches | ° . Europeon Office stropden
Patentamt ' * Pathhf Uffice " *'des bidvets'*
R L1 T
“Ensande ] Sendar / Expedie | Efferduuais 27
W-8000 Minchen 2
- x -
Arnaud, Antonio M.P. " Fax mmﬁ«""-
PINHEIRO, NUNES, ARNAUD & PB. 5818 Petentiesn 2
SCATAMBURLO S/C. mymm
Rua José Bonificio, 93 - 7th floor Tx 368 epon
01003-901 - Sd3c Paulo - SP Fox ""’m::n
BRAZLL | & e,
L . Fax (30725901840
Bestitigung Gber den Acknowledgement of Accusé de réception &
Eingang nachgereichter raceipt for subsequently 'Office suropéen des bre-
Unterlagen fir Patentan- filed itoms relating to vets de pléces produitea
meldungen/Patente beim patent appiications/patents postérisurement au dépdt
Europiilschen Patentamt at the European Patent d'une demande de brevet/
Office & la délivrence d'un brevet
euraopéen
Datum und Ort des Elngangs sind aus Oate and place of raceipt srashawn by La data et le Reu de réception sont indi-
der Perforation disser Eingangsbestlth- the parforation appearing on this receipt quds par s perforation du présent sccusé
gung orsichtlich 1 de réception
{M + Dawum = Eneichungaort Minchen; (M + deta = Munich as place of recelpt; (M + date « placas regues & Munich;
Datum ohne Zusatz = Einrsichungsort date alone = The Hegus as place of date seuls = plices recues i La Haye;
Den Haag; Oatum + B = Elnreichungsort receipt; date + B = Beriin a3 piace of date + B = plices recuss & Garin)
Beilin} receipt)
Eingereichta Unterlagen Htems filed Pidces envoydes
Anmaeidungs- tund Direktions-") Nr./Patant Nr. iy Zalchan gofe. Art und Datum dor Unterlagen®*
Agplicytion {and Okrectorste®) NoPatemt No. | Your raferencs Nature snd duta of iems (optional)**
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..‘?' PATENT COOPERATION TREATY1 3 Mal 2001

From the INTERNATIONAL BUREAU
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PCT To:
NOTIFICATION OF RECEIPT OF .
ARNAUD, Antonio, M., P,
RECORD COPY Rua José Bonlféclo, 93
7th Floor
(PCT Rule 24.2(a)) CEP-01003-901 S¥io Paulo, SP
BRESIL
. 3
Date of malling (day/month/vear)
Applicant’s or sgent’s fiis reference imtomational appilostion No.
PCT/BR01/00030

detalled below.

LEPAGE, Jean, Luc (for US)
international filing data

National :BR,CA,CO,MX,US

ATTENTION

The applicant Is haraby notified that the imternstional Bureau has recsived the recard copy of the Inumltmml applloation an

Nzme(s) of the applicant{s) and Stata{s) for which they are spplicants:
RHODIA STER S.A. (for all designated States except US)

28 March 2001 {28.03.01)

Priority dats(s} olsimed 29 March 2000 (29.03.00)
Date of ipt of th rd

by the Intametional Bureay +" 20 April 2001 {20.04.01)
List of designated Offlces

The applicant should carefully cheok the data appearing In this Notifloatian. In case of any discrepancy between thess deta
snd the indicetions in the Inernational spplication, the appiicant should Immediately inform the intarnational Bureau.

In -ddlllnn.il- lnﬂ-nflmﬂmu&lmhhlm unulnul InthnAm-:. nhﬂnuw

R P o

E tlrnn Ilmltl fnr amry Imn :ho nltlcnll phno
E ounfirmation of precautionary gulgnnﬂons
@ requirements ragarding priority doouments
A capy of this Notifloation ia baing sent to the reosiving Offics and to the InternationalSearching Authority.

/
— .
The ! Buresu of WIP Authorized offlcer:
34, chamin des Colombaetiws R. Ralssl
1211 Geneva 20, Switzsriand )

Facsimile No. (41-22) 740.14.35

Telsphone No. (41-22) 338.83.38

Form PCTAB/301 (July 1988} 003884272




¢ o intsrnational sppliostion No.

. ANNEX TO FORM PCTAR/301 PCT/BRO1/00030

INFORMATION N TIME LIMITS FOR ENTERING THE NATIONAL PHASE

The appiloant Is reminded that the "nationa! phaga™ must be emarad before sach of the designated Offices Indicated In the
Notifieation of Recsipt of Record Copy (Form PCTAB/301) by paying national feas and fumishing transiations, as prescribed by
the applicable natlonal lawa.

The time limit for performing these procadural acts Is 20 MONTHS from the priority date or, for thoss designatad States
which the appiicant elacts in & demand far Intemations! preliminary axamination or i a later eleation, 30 MONTHS from the
priority date, pravided that the aleation ls made before the sxpiration of 18 months from the priarity dete. Some designated (or
eleated) Offices have fixed tims limits which axpire even Ister than 20 or 30 months from the priority date. In other Offices an
extension of time or greoe period, In some cases upon payment of an additional fes, is avallable.

-in addition to these proocedurs! acts, the applicant may aiso have to comply with othar special requirements sppileable in
oertain Offices. It Is the sppilcant’s responaibility to ensure that the necesaary steps to enter the national phase are taken in a
tlhmoly fashion. Most designated Offices do not issue reminders to applicants in connection with the antry Into the national
phase.

For datalled Informetion about the procedurs! aots to be performad tn entar the nationsl phass before saoh designated
Offica, the applicable time imits and possibla extansions of tima or graoe periods, and any other requiramenta, see the relevant
Chaptars of Voluma 8 of the PCT Applicant’s Guide. Information shout tha requirements for filing & dermand for intarmational
preliminary sxaminstion s sat out in Chaptar IX of Volume | of the PCT Applieant's Gulde.

GR and ES becams bound by PCT Chapter |l an 7 Ssptamber 1888 and 8 September 1887, reapectively, and may, thersfore,
be eleated In & demand or a iater election filed on or after 7 September 1888 snd 8 September 1887, respectively, regardiess of
the filing date of the International application. {See second paragraph sbove.}

" * Note that only an applicant who Is 8 nationai or resident of & FCT-Contracting State which.is bound by Chapter il has
the right to file a demand for imtemnatianai preiiminary examination,

CONFIRMATION OF PRECAUTIONARY DESIGNATIONS

This notification lists only specifio designations made under Rule 4.8(s) In the request. it is important to cheok that thase
designations ars correct. Errors In designations oan be correoted where precautionsry designations have besn made under
Rule 4.8(b). The applicant is hereby reminded that sny precautionary dasignstions may be confirmed according to Rule 4.8(c)
befors the expiration of 16 months from the priority date. If 1t Is not confirmed, it will automatically bs regarded as withdrawn
by the spplicant. There will be no reminder and no Invitstion. Confirmation of a designation consists of the flling of a notice
specifying the designated State concerned (with an Indloation of the kind of protection or treatment desired) and the payment
of the designatian and confirmation fees. Canfirmation must reach the recsiving Offios within the 16-month time limit.

REQUIREMENTS REGARDING PRIORITY DOCUMENTS
For applicants who have not yst complled with the requiremeants regarding priarity dooumasnts, the following is recelled.

Whaere the priority of sn earller national, regional or International application la claimed, the applicant must submit a copy

-} iisoftha sald eariler application; certified by tha authority with which it was.fllad ["the.priority dooument”) to the receiving Office’

(whigh wiil tranamit It to the Intsmstional Bureau) or dirsctly to the intemational Bursau, before the sxpiration of 10 months from
tha priority date, provided thet any suah priority dooument may still be submitted to the internations| Buresu before that dete af
fmamational publiastion of the Internstions! applicetion, in which case that dacument will be considared to have been recsived
by the Internetional Bureau on the last day of the 18-month time limit (Rule 17.1(a)). '

Where the priority document Is lssuad by the recaiving Office, the applicant mey, instead of submitting the priority
documant, request tha regsiving Office to prepare and transmit the priority dosument to the International Bureau. Such request
rnnfun be made before the sxpiration of the 16-month time limit and may be subjected by the recsiving Office to the payment

a fea [Rule 17.1(b)).

if the priority dooument concemed is not submitted to the international Bursau or if the requeet to the recelving Office
to prepare and tranamit the priority dooumant has not besn made (and the corresponding fee, If sny, pald) within the applicstie
time limit indicated under the preceding paragraphs, any designated State may disregard the priority dlsim, provided that no
designsted Office may disregard the pricrity olaim aonosrned before giving the applicant an opportunity to furnish the priority
document within a time limit which Is reasonable under the alrcumstances.

Where several priorities are olaimed, the priority date to be considered for the purposss of computing the 18-month time
Iimit Is the filing date of the earliest appllcation whose priority ls claimed.

Form PCT/B/301 (Annex) {July 1988} 003994272



i PATENT COOPERAT! N TREATY

From the INTERNATIONAL 8EARCHING AUTHORITY PCT
To:
PINHEIRO, NUNES, ARNAUD & NOTIFICATION OF RECEIPT
SCATAMBURLD OF SEARGH COPY
Attn. Arnaud, Antonio M.P.
Rua José Bonifacfo, 93 (PCT Puis 25.1)
7th floor
01003-901 - Sao Paulo - SP
BRAZIL

Date of maling

(day/marih/rear) 17/05/2001
Applourt’s or agent’s fle referance IMPORTANT NOTIFICATION
Intemational epplioation No. Internetional filing date (dayinonthvieer) Priorly date {duy4nont)yyesr)
PCT/BR 01/ 00030 28/03/2001 29/03/2000
Applioant

RHODIA STER S.A.

1. Where the intemational Searching Authority are the Resaiving Offies are net the same effios:

The applicant ia hensby notified that the ssarch agpy of the inlsmalionsl spplivstion was recsived by this Inksmational
Bearching Autharlty on the daiw indiosted below.

Where the Internslional Ssarching Authorfty and the Recslving Offios ave the same offios:
The spplicart is hereby nolified that the ssarch copy of the intemnational applostion was received on the date indiosied beiow.

23/04/2001 T —

2 [} Thwesamhaopywss sscompsnied by = rusiactide andior amino aoki sequence listing In compuler readable form.

3 TimeImi for estabiishment of inlemational Bearvh Rsport

The applicant is informed that the Eme Iimkk lor establishing the inlemationsl Search i 3 monthe from the dabe of
reosipt indosted above or § months from the priority dale, whichever tims fimR explres (aber

4. A copy of this nolifination has been sent io the )nternational Buresy and, where the first senience of paragraph 1 spplies,
to the Feosiving Offies.

|

[ Name and maiing acdress of the Intsmationsl Geershing Authorlly | Authorized offiear
European Patant Offios, 8. 5818 Paisntiasn
NL-2280 HV Rjj P8 * ISA/EP
Tel. (+31-70) 340-2040, Tx. 31 851 epo ni,

Fax: (+31-70) 340-3018

Form PCTASAR02 (July 1998)



PCT/BR0O1/0003( |
PATENT COOPERATION TREATY

G § JYN znq _
From the INTERNATIONAL BUREAU ‘HD

PCT To:
NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL ARNALUD, Antonlo, M., P.
OF PRIORITY DOCUMENT Rua José Bonifécio, 93
7th Floor
(PCT Administrative Instructlons, Section 411) CEP-01003-901 Sfo Paulo, SP
BRESIL
Date of mailing (day/month/year) . . . w  eme - Lo
28 May 2001 (28.05.01)
Appllcant's or agent's file refersncs
IMPORTANT NOTIFICATION
international application Nao. Intermnational flling dute (day/month/year}
PCT/BR01/00030 28 March 2001 (28.03.01)
irternational publication duts (day/month/year) Priarity date (day/month/yaar)
Noat yst published 29 March 2000 {29.03.00)
Applicant
¢ RHODIA STER S.A. et al

1. Tha applioant Is harahy notifled of the date of racelpt (exoept whare the letters *NR" appeer In the right-hand column) by the
Intamational Buresu of the priority document(s) relating ta the eariler application{s} indicated below. Unless otherwise
Indicated by an asterisk appearing next to a date of receipt, or by the letters "NR", In the right-hand column, the priority
dooument concarmed was submitted or transmitted to the international Buresu in compllance with Rule 17.1(a) or (b).

2. This updstes and raplaces sny previously lssued notificstion conoemning submission or transmittal of priority documents.

3. An asterisk{®) appesring next to a date of revelpt, in the right-hand column, denctes a priotity dooumam submittad
or transmittad to the imternstional Bursau but not In complianos with Rule 17.1{a) or (b). in such a casa, the stimmtion
of the epplosnt Is dirested to Rule 17.1(¢] which provides that no designated Office may disregard the priority alaim
concsrned before giving the applicant an epportunity, upon entry into the national phase, to furnish the priority documant
within a time limit which is reasonable under the drcumstancas.

4. The istters "NR™ appagring in the right-hand column danots & priority document which was not recelved by the Intsrnational
Buresu or which tha spplicant did nat request the recsiving Offige to prepare and tranamit to the International Bureau,
a3 provided by Ruls 17.1(a) or (b), eespactively. In such & case, the sttention of the applioent is direated to Rule 17.1(c) which
provides that no designated Offioe may disregard the priority claim concernad before giving the appllcant an opportunity,
upon entry into the nationa! phase, to furnish the priority documer within a time limit which is reasonable under the

clroumstanoces.
29 Marc 2000 (29.03.00) 00/03965 FR 11 May 2001 {11.05.01)
The intemational Burseu of WIPO Authorized offoer
34, chemin des Colombetins Taieb Akremi (-(
1211 Ganeva 20, Switzeriand
Facsimile No. (41-22) 740.14.36 Teisphone No. (41-22) 336.83.38

Form PCTAB/304 {July 1968) 004045418



PATENT COOPERATION TREATY P

From the INTERNATIONAL SEARCHING AUTHORITY

L ql
PCT

To:
NOTIFICATION OF TRANSMITTAL OF
E(I;ﬂifiggﬁgu“s » ARNAUD & THE INTERNATIONAL SEARCH REPORT
Attn. Arnaud, Antonio M.P. OR THE DECLARATION
Rua José Bonifacio, 93
7th floor (PCT Rule 44.1)
01003-901 - Sao Paulo - SP
BRAZIL
Dats of mafling
(daytmonthyees)  12/07/2001
Appiicant’s or agent's flle refersnce
FOR FURTHER ACTION See paragraphs 1 and 4 balow
International apphcation No, Intamational Ming date
PCT/BR 01/ 00030 (dnpimontihiyear)  28/03/2001
Applicant

RHODIA STER S.A.

1. m Thae applicant is hereby nofifiad that the intemational Search Report has been established and la ranamitted herewith.

Fliling of amamiments and statemsnt under Article 19:
The appicant is entiiad, If he 90 wishes, o amend the caims of the imematicnal Application {sae Rule 48):

When? The time imit for fiing such amendments is normmally 2 months from the date of tansmitial of the
Intamational Search Rapon; however, for mors damia, 809 the notes on the accompanying sheet.
Where? Directiyiothe  Intemetional Bureau of WIPO
34, chemin des Colombetiea
1211 Gensva 20, Swikzeriand
Fascimlie No.: (41-22) 740.14.35

For more detalled Instructionas, sse the notes on the accompanying sheet.

The applican! is heraby notified that no International Search Raport will be estabilshed and that the declaration under
Articie 17(2)(a) o that effsct Ia transmiited herewith,

2.D

3.[[] with regard to the protest against payment of (an) acdiional fes(s) under Ruls 402, the epplicant Is notifted that:

the prolest together with the dacision therson has been ransmitted o the intemational Bureau Kigether with the
appiicant's request to farward the texts of both the prowest end the decision thersor to the designated Offices.

D no decision has been made yet on the protest; the appiicant will be natified as s0on as a decision ls made.

4. Further sotion{s): The appiicant is reminded of the following:

Shorlty after 18 monthe fram tha priority dais, the intemational epplicaion will be published by the intemational Bureau.
if the applicant wishes o avald or postpone publication, a nofice of withdrawal of the intemational appiication, or of the
orily claim, must mach the Intsmational Bureau as provided in Ruies §0bis.1 and B0bia3, respactively, before the
compistion of the technical preparationa for intemational publication.

Within 18 montha from the priority date, a damand for Intemational praliminary examination must be filed if the applicent
wishes 1o postpons the entry info the national phasa untl 30 months from the priority date (In soma Offices sven later).

Within 20 months from the priority date, the applicont must perform the prescribed acts for entry into the national phass
before all designatad Offices which have not besn slectsd In the demand or In a ater sisciion within 18 months from the
priority date or could not be alscted bacauss they are not bound by Chapter . -

Name and mafing acddress of the Intemational Searching Authority
Eun:pun Patent Offics, P.B. 5818 Patantiaan 2

NL~2280 HV Rawilk
Tel. (+a1-7o)'.m-zoao Tx. 21 651 epo ni,
Fax (+31-70) 340-3018

Authorized officer

Jan Boon

Form PCTASA/220 (July 1968)



NOTES TO FORM PCTASA/220 (continued)

The istier must indioats the differences betwesn the olsims as filed and the clalms as amended. it must, In
p-ﬂhllr,niuh in connection with each olaim appearing in the internalional applicstion (it being understood
that identical indicatiom conoaming ssveral alaims may be grouped) whather

the olsim is unchenged;

the dlaim is sanoelled;

the olaim s new;

the olaim replaces one or more clsima m fied;

the claim Is the resuit of the division of a olaim s fled.

3TBES

Tha fallowing sxemples [lustrate (he manner in which smendmants musi be expleined in the
socampavying letter:

1. [Where originally thare ware 48 olsins and after amendment of some claims there are 81);
“Claims 1 to 28, 31, 22, M, 35, 37 10 48 repisced by smandied claime bearing the sams numbers;
delms 30, 33 and 36 unchanged; new dslms 48 to 51 added.”

1 [Where originslly there were 18 elsims and after amendmant of all olabms there are 11):
"Claims 1 i 15 replaced by amendad daims 1 to 11.°

3. [Whare ariginally there ware 14 slaime end ths amendmenis consist in cancsliing soms slaims and Ih adding
new slatnm]-
“Claims 1 to 8 snd 14 unchanped; claims 7 to 13 cancefiad; new claime 15, 16 and 17 added " or
“Claima 7 to 13 cancalied; new claime 15, 1l-ll11dbt‘d.d-|-m

4 various kinde of amendmenis are mads): ’
i 1-10 unchanged; dlalve 11 lo 13, 18 and 19 cancellet; slaims 14, 15“1.“&“
mmmwmmmm 18, 16 and 17; now claims 20 and 21 added *

"Btatarent under arilole 19(1)" (Rute 46.4)

The amandmenia may be scoompanisd by a sistement axplaining the amendmanis and indosting any impact
Mluidlmmﬁnﬂluimldihmnhw ﬂhwmmhnrﬁdm

The stalement whi ba published with the intemalionsl applestion and the amended slaime.
 must ba In the ianguage in which the inlemationsl sppplieation ls to be published.
& st be brisd, not excesding 600 words if In English or if translsled into English.

it should not be confused with and doss nol replace the felter indiosting the difisrences batwaen the cleims
an filad and as amended. & must ba fled on a separsie shest and must be ideniifed as such by a heading,
preferbly by uaing the words "Sisiement under Artiale 18(1)."

R may not contain any mmmmhmmmuhm-lm
cortained in that report. o olislions, relavant io a givan siaim, contained in the inftemational search
report may be macds only in connuction with an amendment of that alaim.

Consecuence if a demiarwd for intarmational preliminary sxaminsiion has siready been Hed

::Mhhwmw hqlh.ﬂm. pnhrdly“'.dhnmlhlimdlhh mman
am

inlemstional Burasy, alas fiis & copy of such amendmants with ths intemational Preliminary Examining

Authcelly (ses Rule §2.2(a), fin¢ sentence).

Conssguencs with regand io tranaistion of the inisrnational applicatien for sntry into the national phane

T aiteniion le drawn in the fact thal, where i the nations) , 8 tranmiation of the
MT.“MMNHﬂmhmbbmwmm" mon-.u-ud.u
in ackfifion to, the rurwistion of the dalms as filed.

For further detalls on the requirements of each designsied/sinsted Offios, see Volums || of the PCT Applioant's

Notes ta Form PCTAGA/220 (ssocond sheat) (January 1994)



PATENT COOPERATION TREATY q3

PCT -

INTERNATIONAL SEARCH REP RT

(PCT Article 18 and Rules 43 and 44)

P O FURTHER e s ot o S
Intematonel appication No. | intemetional fing cats (dey/monthiyeer) (Eariiest) Priorfty Qete (day/manthyear)
PCT/BR 01/00030 28/03/2001 29/03/2000

Applicant

RHODIA STER S.A.

This Inemationel Search Report has baen prepared by this intemational Searching Authority and Is tranemitted to the applicant
according o Articie 18. A copy [ being tranemiited o the intemnational Bureau.

Thia intemational Search Report consists of & otal of 2 shoots.
It s aisc accompanied by a copy of each prior art documant cited In this repart.

1. Basls of the report
a. With regard to the languags, the intamational ssarch was carried out on the baals of the Intemational appiication in the
language in which R was fied, unisss otherwles indicatad under this item.
[[] thememational ssarch was carried out on the basis of a transiation of the Internetional appiication fumished 1o this
Autharity {Rule 23.1(b))-

b. With ragard in any nuoleotide and/or amino acld sequancs disciosad In the intemnational appiication, the intemational search
was carmied oyt on the basls of the sequance #sting :

contained in the intemational application In written form.

flled together with the Intamational apphication In computar readabis form.
furnished subsequently 1o this Authority in written form.

funished subsequently to this Authority In computar reacble form.

the statement that the subseguendy fumnishad written mmlﬂmﬂunﬂmbqondhdﬂowmhm
inlematonal appiication as flled has besn fumished.,

the satement that tha Information recarded in computer readabie form Is identical to the written sequences listing has been

Certain olaims wers found unasarchable (Gee Box 1).
Unlly of inventian Is lacking (sae Bax ii).

00 0O 00000

4. With regard to the title,
[X]  the taxtis approved as submitted by the applicant.
[[] thetmxthas been established by this Authority to read as follows:

5. With regard i the abstract,

[X] the taxt s approved as submitied by the applicant.
[] thetmthasbeen established, mmunuhauab).wmhmnmynnapmhamm The applicant may,

within ane month from the date of mating of this intemational ssarch feport, submit comments 1o this Authority.
6. The figure of the drawings 1o ba published with the absiract s Figurs No. NONF
] s sggestsd by the sppcant. [X]  Naneofthe figures.

[] vecause the appicant taled 1o suggest a fgure.
[[] vbectuse this figure better characterizes the vention.

Form PCT/ISA/210 (first sheet) (July 1998)



NOTES TO FORM PCTASA/220 . q‘-‘

Theae Notes are inlended lo give the basie insirustions scnsaming the fiing of amendmenis under article 19. The
Mllnh.dmhmmuhdh?mcupmhm the Reguistions snd the Adminisirative instructions
under thal Treaty. in axsa of disorepancy between thess Noles and thoss requirements, the isiter sre applicabie. For mane
detslled iInformation, see aise the PCT Applioants Guids, a pubfisation ol WIPO,

in thesa Nalss, “Arlicle®, "Rula®, and "Saclion® refer in the pravisiors of the PCT, the PCT Reguistions and the PCT
Mllnhﬂulmw

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicard has, after having recsived the irlemational sesrch report, one opporhnity to amend the elaims of the
intemationsl spplication. k should howsver be smphasized that, since sl parts of the inlamational sppliastion (claims,
and drawings) may be amended during the inlemnaiional preliminary sxamination procedurs, there Is usually
no need io fis amencdments of the claiine under Article 18 exoept whers, e.g. the applioant wanis the lsfier to be published
for the purposas of provisionsl protection or has ancther masan for amending the claims befors inlemational pbuliostion.

Furtharmore, it should be smphasized that provisional protadtion s avalable in some Sistss only.

What parts of the inlemnational applicaion may be amended?
Undar Article 19, only the siaima may be amanded

Muhmm the elaime may siso be amended {or further emrended) undar Aricle 34 bafore
the inlamational Preliminary Examining Autharlly. The deseriplion and drawings may only be amanded under
Articls 34 balore the internalional Examining Authorlly.

Lhnmhhhndhndﬂln.dpﬂbdh.mlmmqhmmmu
or, whare applisable, Article

When? Within 2 months from the daie of transmittal of the intemational search report or 18 monthe irom the priority
date, whishever tims §mit expires latar. R should ba noted, howevar, that the amendments will ba conzidered
-hw”mﬂuahl“a“ﬂhhlﬂ“dmﬂhmdh

hmumhmhﬂmdhmuwthm

applioshis
(Fule 48.1).

Where net 1o fils the amendments ?

The amendments may only be fied with the Imﬁldmd-mﬂhmwuh
intemnational Searching Authorlty (Puie 48.2).

Whare a damand for intemational preiminary sxaminaiion has bean /s flled, ass below.

How? Either by cancefing one or momn entire elaims, by agkling one or more new olaims or by smending the text of
one or move of the claims as fled.

AMMMhnﬂdhoﬂlMdhdﬁnﬂ.m moaouni of an amendmant or
amendmanis, differs from the shest originally Sled.

Al the dlzima appasring on a replasemant shest musl be numbered in Arebio numerals. Where a claim s
cancellad, no rerumbaring of the othar claims ls recqudred. in of casse whare claime are eumbared, they must
be rerumbered cormsoutively (Adminisirative instructions, Beolion 205(h)).

The amsndinants must ba made in the languags in which the intsmational applicstion is fo be published.

What documents nsust/mey accomparny e amendmenta?
Lattar (Saction 208(b)):
The amendments must be submitted with a letber.

The istter will not be publishad with the inlemational appliestion and the amencdad claims. i should not b
sonhsad with the "Statement under Artisle 15{1)" (sse below, under "Statement undar Astiole 19(1)°).

The laiter sust be in English or Pranch, st the eholos of the applisent. However, I the langirage of the
indornatianal applicstion s ;&mnwmuh English; If the language of the intarnaliensl applicalion
s French, tha latter must be in French.

Notes ta Form PCTABA/220 (first shest) (Jamuary 1984)



INTERNATIONAL SEARCH REPORT

Intarnational Appfication No

Information en petent family members PCT/BR 01/00030 qs
Patant document Publication Patent family Publation

cliad In search report date member{s) date

EP 0401689 A 12-12-1990 JP 2856283 B 10-02-1999
P 3006239 A 11-01-1991
DE 69004621 D 23-12-1993
DE 69004621 T 09-06-1994
KR 9604479 B 06-04-1996
US 5096773 A 17-03-1992

3P 11335542 A 07-12-1999 NONE

WO 9801346 A 15-01-1998 US 5876812 A 02-03-1999
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