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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re: Expediente No. 11-039.040
Solicitud de patente a nombre de BRASKEM AMERICA, INC.

Yo, SILVANA MARIA LOPEZ DIAZ, identificada como aparece al pie de mi firma,
domiciliada en la carrera 11 A No. 86-53, piso 6, y actuando como apoderada sustituta
de acuerdo con la sustitucién presentada el 22 de octubre de 2013 de la sociedad
BRASKEM AMERICA, INC., domiciliada en Estados Unidos de América, solicitante
de la patente de la referencia, znterpongo recurso de reposicion contra la resolucién No.
72934 emitida el 29 de noviembte de 2013 por el Superintendente de Industria y
Comercio, por medio de la cual se niega el privilegio de patente de invencién para la
solicitud contenida en el expediente de la referencia.

1. FUNDAMENTOS DEL RECURSO

Con fundamento en la facultad que confiere el articulo 34 de la Decision 486 al
solicitante para modificar la solicitud de patente en cualquier momento del trimite,
ptresento junto con este memorial un nuevo capitulo reivindicatorio, el cual consta de
15 reivindicaciones y reemplaza completamente el capitulo presentado anteriormente.

En cuanto a estas modificaciones, me permito decir que las mismas no amplian de
ninguna manera la materia objeto de la presente solicitud y se realizaron con el 4nimo
de superar las objeciones de clatidad y nivel inventivo planteadas por el examinador en
la referida resolucion. El nuevo capitulo teivindicatotio que consta de 15
reivindicaciones y la materia contenida en dichas reivindicaciones cotresponde a la
misma materia de las reivindicaciones allegadas en la solicitud otiginal presentada el 30
de marzo de 2011, las cuales fueron modificadas en respuesta al oficio No. 13260
notificado por fijacion en lista el 30 de julio de 2013, presentado a ese Despacho el 22
de octubre de 2013, con la diferencia que se modificaron nuevamente las
reivindicaciones, con el fin de que el examinador pueda reconocer los requisitos de
patentabilidad de la presente invencién con base en argumentos que serdn expuestos
mas adelante.

Particularmente, es deseo del solicitante indicar la modificacién realizada en las nuevas
reivindicaciones 1, 2, 4 y 9, en las que el limite inferior de la propotcién en peso de
etileno en el copolimero aleatorio de etileno/propileno de 7.2% a ha sido reemplazado
por 7.5%. A este respecto, es deseo del solicitante manifestar que, aunque es consciente
que el limite inferior de 7.5% no se encuentra en forma literal desctito en el capitulo
reivindicatorio, particularmente en los parrafos [0006], [0009] , [0013] , [0016] y [0020], /\
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donde se indica una modalidad preferida con una proporcion de etileno en peso de
7.2% a 15%, dicho limite inferior se encuentra soportado por la informacién adicional
incluida en el parrafo [0039], que hace referencia a que en ciertas modalidades de la
invencion, el copolimero puede contener 7.5%, 8%, 9%, 10%, 11%, 12%, 13%, 14% 6
15% de etileno. Adicionalmente, los ejemplos incluidos en el capitulo descriptivo,
describen las ventajas de la presente invencién para los polimeros B1 y B2, donde la
proporcion en peso de C2 es de 7.98% y 7.76%, respectivamente. Asi, la modalidad no
indicada como preferida en el capitulo desctiptivo se encuentra descrita implicitamente
como un componente logico de las modalidades ejemplificadas y preferidas de la
invenci6n definida en dicho capitulo.

Atentamente nos permitimos decir que se adjunta recibo por tasa de modificacién y no
por reivindicaciones adicionales, toda vez que el nuevo capitulo reivindicatorio cuenta
con menor numero de clausulas que el presentado en la solicitud original y en esencia es
el mismo objeto pero mas limitado.

Con relacién a las objeciones de nivel inventivo, volvemos sobre el particular que el
articulo 18 de la Decisién 486/00 determina que “una invencidn tiene nivel inventivo, si para
una persona del oficio normalmente versada en la materia técnica correspondiente, esa
invencion no bubiese resultado obvia ni se hubiese derivado de manera evidente del estado de la técnica”.
(El subrayado es nuestro).

Lo anterior significa que el andlisis de nivel inventivo NO es una comparacién de los
objetos de las anterioridades y la solicitud en estudio. El anilisis de nivel inventivo
debe demostrar la obviedad de la invencién y establecer cmo ésta no contiene un
salto cualitativo, que demuestre su altura inventiva, teniendo en cuenta que se hace
necesario_demostrar que la invencién analizada carece de nivel inventivo y hubiese
sido obvia para una persona versada en la materia.

Considerando lo antetior y los argumentos presentados por el examinador en la
resolucién en contra del nivel inventivo de la presente invencién a la luz de los
documentos D1 (indicado en el oficio No. 13260 notificado por fijacién en lista el 30
de julio de 2013 y en la resolucién No. 72934 emitida el 29 de noviembre de 2013) y D2
(indicado en el oficio No. 13260 notificado por fijacion en lista el 30 de julio de 2013),
es deseo del solicitante que se tengan en cuenta los siguientes argumentos, los cuales
demuestran el nivel inventivo de la composicién de tesina, el método para preparar un
homopolimero, el método para prepatar un polimero y la pelicula de polipropileno,
reclamados en la presente solicitud.

Como primera medida, es deseo del solicitante tesaltar que el objeto de la presente
invencién es propotcionar una resina de polipropileno otientado biaxialmente que
mantiene la procesabilidad de un alto contenido de solubles de xileno, pero presenta
caractetisticas mejoradas al procesatlo en una pelicula de polipropileno. Los ejemplos
incluidos en el capitulo desctiptivo demuesttan que el polimero de la presente
invencién es un sustituto adecuado para resina estindar de polipropileno orientado
biaxialmente, que proporciona un desempefio mejorado en cuento a mayor resistencia
en los médulos MD y TD, sin sacrificat la procesabilidad de dicho material.
4%
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Al realizar un analisis detallado del documento D1, se encuentra que dicha anterioridad
se refiere a peliculas de polipropileno otientado biaxialmente que presentan una buena
procesabilidad. La mezcla sugetida por D1 para la preparacién del polipropileno
orientado biaxialmente permite el uso de polipropileno homopolimeros que tienen una
mayor ctistalinidad (con menor contenido de solubles) que el que seria necesario para
procesar una pelicula de polipropileno orientado biaxialmente (D1, parrafo [0009)]. Al
modificar la tacticidad del componente homopolimero y el contenido de etileno en el
copolimero aleatorio, y sus’ proporciones en cada composicién, es posible producir
mezclas adecuadas para peliculas claras u opacas. Asi, D1 propone una pelicula de
polipropileno otientado biaxialmente que tienen una proporcién en peso de etileno de
0.5% a 7%. El uso de 0.5% a 4% en peso de etileno tiene un buen desempefio en la
produccién de peliculas opacas, y de 4% a 7% en peso de etileno tiene un buen
desempefio en la produccién de peliculas claras (D1, parrafo [0070]).

De esta forma, una persona del oficio medianamente versada en la técnica podtia
derivar a partir de la informacién incluida en D1 que la variacién del contenido d
etileno puede influenciar las propiedades opticas de la pelicula resultante de
polipropileno otientado biaxialmente. Sin_embargo, dicho experto no podria encontrar

motivacién para buscar una mejora en las propiedades mecanicas como la resistencia, o

siquiera pensar en variaciones al contenido de etileno en el copolimero aleatorio_de
etileno/propileno a partir de D1, con el fin de llegar a la invencién reclamada en la

presente solicitud, ya que dicho documento no propotciona una motivacién para

mejorar las propiedades de las resinas de polipropileno. Las -ensefianzas descritas en el
documento D1 en combinacién con otros documentos pettinentes del estado de la

técnica, o con el conocimiento estindar de una persona del oficio versada en la materia,
no motivaria a dicha persona a mejorar las propiedades mecanicas de las resinas de
polipropileno. :

En ese orden de ideas, de manera respetuosa nos permitimos decir que los argumentos
del sefior examinador se encuentran basados en un analisis de tipo “hindsight” o de
retrospectiva, toda vez que es evidente que una persona medianamente versada en la
materia no habria podido encontrar la motivacién para mejorar las propiedades
mecanicas de las resinas de'polipropileno o para combinar las ensefianzas incluidas en
el documento D1 con las propiedades del polipropileno isotactico.

En consecuencia, teniendo en cuenta lo antetior, es claro que la invencién reclamada en
la presente solicitud en las reivindicaciones 1 a 15 tienen nivel inventivo, segun lo
definido en el articulo 18 de la Decisién 486/00.

Adicional a los argumentos anteriormente presentados, es deseo del solicitante indicar a
ese Despacho que la solicitud equivalente en Estados Unidos de América, que contiene
parcialmente las mismas reivindicaciones que las contenidas en la presente solicitud, fue
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concedida bajo el nimero US 7750081 B2, reconociendo la Oficina de Patentes de
dicho pais, la novedad, el nivel inventivo y la aplicabilidad industrial de la presente
invencién. Asimismo, la solicitud equivalente en Europa, que contiene en esencia las
mismas reivindicaciones que las contenidas en la presente solicitud, fue concedida
también bajo el nimero EP 2334732 Bl. Es relevante indicar, que la Oficina de
Patentes en Europa considero durante la evaluacién de patentabilidad de la presente
invencién, el mismo documento D1 citado por el examinador. Copia de dichas patentes
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se encuentran adjunto como anexo al presente memorial.

De esta forma, aunque mi solicitante reconoce el principio de independencia de las
diferentes Oficinas de Propiedad Intelectual, resulta sorprendente que los requisitos de
patentabilidad, los cuales son considerados conceptos universales, hayan sido
reconocidos por dichas Oficinas de Patentes para la correspondiente invencion,
mientras que la Oficina Colombiana de Patentes se aparta de dicho criterio unanime.

Teniendo en cuenta lo dicho anteriormente, solicito a usted lo siguiente:

2) Que de conformidad con lo previsto por los articulos 3 (inciso 3); 35 (inciso 2) y 59
(inciso 2) del Cédigo Contencioso Administrativo se consideren y se tesuelvan
TODOS los argumentos y TODAS las cuestiones planteadas asi como las que
apatezcan con motivo de este recurso.

b) Que se revoque la resoluciéon No. 72934 del el 29 de noviembre de 2013 expedida
por el Superintendente de Industria y Comercio, y se proceda a conceder el privilegio
de patente de invencién a la solicitud de mi mandante.

Sefior Superintendente,

N

SILVANA MARIA LOPEZ DIA

C.C. 22.4687.87 de Barranquilla

T.P 147463 del CS]

notificaciones@clarkemodet.com.co é<
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ANEXOS

- US 7750081 B2. “Random Copolimer With Enbanced Ethylene Content”.
- EP 2334732 B1. “Random Copolimer With Enbanced Ethylene Content”.
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DIRECCION DE NUEVAS CREACIONES
MODIFICACIONES Y/O CORRECCIONES

1. Identificacion del Tramite
[_]Error material Modificacién a una Solicitud en tramite

Patente de Invencién

___I Patente de Modelo de Utilidad

[__] Registro de Disefio Industrial

[] Esquema de Trazado de Circuitos Integrados

2. Datos del solicitante
Persona Natural Perscona Juridica

BRASKEM AMERICA, INC.

Nombre o denominacién / Nombre o razén social completa

Nombre representante legal :
Tipo de empresa Micro' (]  Pequefa[ ] Mediana [ ] Otra []

Documento de identificacién: DC.C, []JCE. [(JNIT [ ]Otro  Numero

Nacionalidad/Pais de constitucion Direccién y domicilio del titular Ciudad
Estados Unidos de América 1735 Market Street Philadelphia, Pennsylvania,
Pennsylvania 19103, U.S.A.

El Autorizo expresamente a la Superintendencia de Industria y Comercio para que todas las
comunicaciones sean enviadas a través de la direccién de correo electrénico

3. Datos del apoderado:
SILVANA MARIA LOPEZ DiAZ C.C. 22.468.787 147463 CSJ
Apellidos y Nombre Documento de identificacién Tarjeta profesional
Direccién y domicilio Ciudad
Carrera 11 No. 86-53, Piso 6, Bogota D.C., Colombia Bogota D.C.
Direccion electrénica No. Fax Numero telefénico
notificaciones@clarkemodet.com.co 6350824 6181088
En caso de haber presentado poder general para asuntos que se adelanten ante la Delegatura de Propiedad Industrial,
sirvase indicar el nimero de su radicacién o protocolo de poder general
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Datos del tramite
Correccion:
Expediente No. 11-039.040

Aparece

Debe ser

Modificacidn:

- Presentacion Solicitud Divisional.

Modificacion al capitulo descriptivo. ,
Presento junto con este recurso nuevo capitulo reivindicatorio, el cual consta de 15

reivindicaciones.

Modificacion al capitulo Reivindicatorio

Modificacion al resumen.

[]

Modificacién a los dibujos. '

5. Anexos
[ H Comprobante de pago de'latasa para la presentacion de la correccion y/o modificacion

‘:I Poder, si fuere el caso.

_ - Documento que contiene las modificaciones o correcciones.

|:| Copia de la solicitud y sus anexos en formato magnético.

6. Firma

S

SILVANA MARIA LOPEZ DIA
C.C. 22.4687.87 de Barranquilla

T.P 147463 del CY]
notificaciones@clarkemodet.com.co

P-2868
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REIVINDICACIONES

Una composicién de resina que comprende:
a. 70% a 95% en peso de un polipropileno homopolimero, dicho polipropileno
homopolimero qUe tiene entre 0% y 3% en peso de solubles de xileno y

una cristalinidad de 55%; y

b. 5% a 30% en peso de un copolimero aleatorio de etileno/propileno, dicho
copolimero aleatorio de etileno/propileno contiene de 7.5% a 15% de

etileno en peso.

Una composicién de resina que comprende:
a. 70% a 85% de un polipropileno homopolimero que tiene entre 0% y 3% en

peso de solubles de xileno y una cristalinidad de 55%; y

b. 15% a 30% en peso de un copolimero aleatorio de etileno/propileno, dicho
copolimero aleatorio de etileno/propileno contiene de 7.5% a 15% de

etileno en peso. -

El polimero de acuerdo con cualquiera de las reivindicaciones 1y 2, en donde el
polimero comprende adicionalmente un aditivo seleccionado del grupo que
consiste de nucleadores, antioxidantes, neutralizadores de acido, agentes de
deslizamiento, agentes de antibloque, agentes de antiemparfiamiento, pigmentos,

y combinaciones de los mismos.

Un método para preparar un homopolimero mezclado en reactor que comprende
70% a 95% de un polipropileno homopolimero y 5% a 30% en peso de un
copolimero aleatorio de etileno/propileno que comprende de 7.5% a 15% de
etileno en peso, dicho método comprende: N

a. polimerizar el prdpileno con un sistema de catalizador Ziegler-Natta en un

reactor de bucle de fase liquida para producir dicho homopolimero; y

b. copolimerizar el propileno y el etileno en un reactor de fase de gas en la

presencia de dicho homopolimero.

Un método para preparar un polimero mezclado mediante fusion que comprende

4



10.

11.

70% a 95% de un polipropileno homopolimero y 5% a 30% en peso de un
copolimero aleatorio de etileno/propileno que comprende de 7.5% a 15% de
etileno en peso, dicho método comprende:

a. polimerizar el propileno con un sistema de cata!jzador Ziegler-Natta en un

reactor de bucle de fase liquida para producirv‘dicho homopolimero;

b. copolimerizar el propileno y etileno con un sistema de catalizador Ziegler-
Natta en un reactor de fase de gas para producir dicho copolimero de

etileno propileno; y
C. mezclar mediante fusion dicho homopolimero y dicho copolimero.

El método de la reivindicacién 4 comprende adicionalmente componer dicho

polimero mezclado en el reactor con uno o mas aditivos.

El método de la reivindicacién 5 comprende adicionalmente mezclar mediante

fusién uno 0 mas aditivos con dicho homopolimero y-‘copolimero.

El método de cualquiera de las reivindicaciones 4 y 5 en donde dicho catalizador

Ziegler-Natta comprende titanio y un donante externo.

Una pelicula de polipropileno orientada biaxiaimente que comprende un

polimero, dicho polimero comprende:

a. 70% a 95% en peso de un polipropileno homopolimero, dicho polipropileno
homopolimero que tiene entre 0% y 3% en peso solubles de xileno, y una
cristalinidad de 55%; y

b. 5% a 30% en peso de un copolimero aleatorio de etileno/propileno, dicho
copolimero aleatorio de etileno/propileno contiene de 7.5% a 15% de

etileno en peso. -

La pelicula orientada biaxialmente de la reivindicacion 9 en donde la temperatura

de procesamiento ideal es 328° F.

La pelicula orientada biaxialmente de la reivindicacién 9 en donde la opacidad es
0.57. '

A
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13.

14.

15.

La pelicula orientada biaxialmente de la reivindicaciéon 9 en donde el porcentaje
de transmitancia 90% a 100%, o donde la claridad es de 95% a 100%.

La pelicula orientada biaxialmente de la reivindicaciéﬁ 9 en donde dicho polimero
comprende adicionalmente un aditivo seleccionado 'del grupo que consiste de
nucleadores, antioxidantes, neutralizadores de écidd,‘ agentes de deslizamiento,
agentes de antiblogue, agentes de antiempafiamiento, pigmentos, Yy

combinaciones de los mismos.

La pelicula orientada biaxialmente de la reivindicaciéon 9 en donde dicha pelicula

es opaca.

La pelicula orientada biaxialmente de la reivindicacion 9 en donde dicha pelicula

es transparente.
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EP 2334732B1 :

Description

FIELD OF THE INVENTION

[0001] The present invention is drawn generally to the field of polypropylene resins. More specifically, the present
invention is drawn to a polymer comprising high crystalline homopolymer polypropylene and a high ethylene content
ethylene/propylene random copolymer. The present application is also drawn to methods of making the same as well
as novel compositions, such as, but not limited to, biaxially-oriented polypropylene ("BOPP") film comprising the polymer
of the invention.

BACKGROUND OF THE INVENTION

[0002] One of the myriad of uses for polypropylene is for the production of BOPP film. BOPP is used to produce both
clear and opaque film for numerous packaging applications. To gain wide commercial acceptance for BOPP film appli-
cations, though, a given polypropylene resin must provide uniform stretching under typical BOPP processing conditions.
Not surprisingly, not all polypropylene resins exhibit favorable behavior under the mechanical and thermal stresses of
the BOPP production process. One resin that tolerates BOPP production conditions is high xylene solubies homopolymer.
This resin can be fractionated into three components: an isotactic component, a stereoblock component, and an atactic
component.

[0003] The stereoblock component is crystalline and melts at a significantly lower temperature than the isotactic
component. Film processing performance of the resin, as measured by T. M. Long draw stress, is correlated with the
amount and quality of the stereoblock component. The stereoblock component is also believed to provide softening that
enables solid-phase drawing to occur under the practical draw stresses observed on a BOPP processing line.

[0004] In high xylene solubles homopolymers, the stereoblock component is created by introducing defects which
disrupt crystallization and provide a lower-melting component. These defects, however, compromise both the amount
and the stereo regularity of the isotactic phase, reducing film strength. Traditionally, high stereo defect concentrations
also lead to high xylene solubles content in the polymer which considerably narrows the resin manufacturing process
window,

[0005] There thus exists a long felt, but unmet need in the art for a BOPP grade resin that maintains the processability
of the high xylene solubles homopolymer, but exhibits enhanced characteristics when processed into a BOPP film.

SUMMARY OF THE INVENTION

[0006] The presentinvention provides a polypropylene polymer suitable for use in producing BOPP film. The invention
polymer comprises homopolymer polypropylene as well as a high ethylene content ethylene/propylene random copol-
ymer. The invention polymer preferably comprises from about 70% to about 95% by weight of the homopolymer. In
preferred embodiments, the homopolymer has less than 3% by weight xylene solubles and a crystallinity of at least 55%.
The invention polymer further comprises about 5% to about 30% by weight of the ethylene/propylene random copolymer.
The ethylene/propylene random copolymer contains from 7.5% to about 15% random ethylene by weight.

[0007] The present invention also provides a method of manufacturing the inventiofi polymer of the present invention.
Preferably, the method of the invention comprises homopolymerizing propylene utilizing a Ziegler-Natta catalyst and
one or more external donors. The method of preparing the invention polymer further comprises copolymerizing ethylene
and propylene. :

[0008] The present invention likewise teaches a BOPP film comprising the resin of the present invention. The film may
be either translucent, transparent, or opaque.

[0009] In one embodiment, the invention is a resin composition comprising about 70% to about 95% by weight of a
polypropylene homopolymer having less than 3% by weight xylene solubles and a crystallinity of at least 55%. The resin
composition further includes about 5% to about 30% by weight of an ethylene/propylene random copolymer containing
from 7.5% to about 15% ethylene by weight.

[0010] In a sub-embodiment, the polymer further comprises at least one additive selected from the group consisting
of nucleators, antioxidants, acid neutralizers, slip agents, antiblock agents, antifogging agents, pigments, and combina-
tions thereof.

[0011]  In another embodiment, the invention is a resin composition comprising about 70% to about 85% of a polypro-
pylene homopolymer having less than 3% by weight xylene solubles and a crystallinity of at least 55%. The resin further
includes about 15% to about 30% by weight of an ethylene/propylene random copolymer containing from 7.5% to about
15% ethylene by weight. ’

[0012] In a sub-embodiment, the polymer further comprises at least one additive selected from the group consisting
of nucleators, antioxidants, acid neutralizers, slip agents, antiblock agents, antifogging agents, pigments, and combina-
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tions thereof.

[0013] Inanotherembodiment, the invention includes a method for preparing an in-reactor blended polymer comprising
about 70% to about 95% of a polypropylene homopolymer and about 5% to about 30% by weight of an ethylene/propylene
random copolymer. The ethylene/propylene random copolymer contains from 7.5% ethylene to about 15% ethylene by
weight.

[0014] The method comprises the steps of polymerizing propylene with a Ziegler-Natta catalyst system in at least one
liquid phase {oop reactors to produce said homopolymer; and copolymerizing propylene and ethylene in at least one
gas phase reactor in the presence of the homopolymer.

[0015] In a sub-embodiment of this method, the method further comprises compounding said in-reactor bjended
polymer with one or more additives. In another sub-embodiment, the Ziegler-Natta catalyst comprises titanium and at
least one external donor.

[0016] Inanother embodiment, the invention includes a method for preparing a melt blended polymer comprising about
70% to about 95% of a polypropylene homopolymer and about 5% to about 30% by weight of an ethylene/propylene
random copolymer. The ethylene/propylene copolymer has from 7.5% to about 15% ethylene by weight.

[0017] In this embodiment, the method comprises polymerizing propylene with a Ziegler-Natta catalyst system in at
least one liquid phase loop reactor to produce the homopolymer; copolymerizing propylene and ethylene with a Ziegler-
Natta catalyst system in at least one gas phase reactor to produce the ethylene propylene copolymer; and melt biending
the homopolymer and copolymer.

[0018] In a sub-embodiment of this method, the method further comprises melt blending one or more additives with
said homopolymer and copolymer.

[0019] In a further sub-embodiment of this method, the Ziegler-Natta catalyst comprises titanium and at least one
external donor.

[0020] In another embodiment, the invention provides a biaxially oriented polypropylene film comprising a polymer.
The polymer comprises about 70% to about 95% by weight of a polypropylene homopolymer having less than 3% by
weight xylene solubles and a crystallinity of at least 55%. The polymer further includes about 5% to about 30% by weight
of an ethylene/propylene random copolymer containing from 7.5% to about 15% ethylene by weight.

[0021] In a further embodiment, the biaxially oriented film has an ideal processing temperature of about 328 °F.
[0022] In another embodiment, the biaxially oriented film has a haze of about 0.57%,

[0023] In still another embodiment, the biaxially oriented film has a percent transmittance of greater than about 90%.
[0024] In another embodiment, the biaxially oriented film has a clarity of greater than about 95%.

[0025] In a further sub-embodiment, the polymer comprising the biaxially oriented film further comprises at least one
additive selected from the group consisting of nucleators, antioxidants, acid neutralizers, slip agents, antiblock agents,
antifogging agents, pigments, and combinations thereof.

[0026] [n another embodiment of the invention, the biaxially oriented film may be transparent. in a further embodiment
of the invention, the biaxially oriented film may be opaque.

BRIEF DESCRIPTION OF THE FIGURES

[0027]
Figure 1 depicts the process windows for polymers C, "75/25", and FF029A.

DETAILED DESCRIPTION OF THE INVENTION

[0028] The polymer according to the current invention is a blend of high crystalline polypropylene homopolymer and
a high ethylene content ethylene/propylene random copolymer. The blend may be produced either by melt blending or
by an in-reactor process.

[0029] Like high-xylene solubles BOPP film grade resin, the invention polymer fractionates into three components; an
isotactic component; a stereoblock component, and an atactic component. Unlike high xylene solubles homopolymer,
though, the isotactic component of the invention polymer is more crystalline.

[0030] The stereoblock fraction of the invention polymer is likewise crystalline, by, has a melting temperature lower
than the sterecblock component of high xylene solubles BOPP grade resin. The combination of the higher crystallinity
ofthe isotactic fraction and the lower melting temperature of the stereoblock fraction of the invention polymer as compared
to standard BOPP grade homopolymer imparts enhanced physical properties to products comprising the resin while
simultaneously maintaining the processability of the resin. Examples of enhanced properties in products comprising the
resin include, but are not limited to, higher film tensile modulus.

[0031] A further characteristic of the invention polymer is the random nature of ethylene dispersion throughout the
random copolymer. In general, ethylene in a random copolymer of the present invention tends to be more random than
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not. For example, in one embodiment of a polymer of the present invention wherein the ethylene in the random copolymer
is about 8 wt%, the number of triple and double ethylene insertions are each about 17 mol % in the invention polymer,
Single insertions in this embodiment thus account for about 66 mol % of all ethylene in the invention polymer. Without
wishing to be bound to any particular theory, it is believed that the high percentage of single ethylene insertions in the
ethylene/propylene random copolymer contribute to the unique properties of the invention polymer.

[0032] United States Patent 5,460,884 to Kobylivker describes a composition comprising a homopolymer and an
ethylene/propylene random block copolymer. The patent describes the random block copolymer as comprising 3%
random ethylene and about 9% block ethylene, for a total of about 12% ethylene content. Although these values appear
to fall within the range presently described, further analysis of the disclosure of the 5,460,884 patent, particularly the
NMR spectrum included as Figure 1 of that patent, shows that the ethylene/propylene block copolymer contains nearly
20% ethylene and is far blockier, i.e. contains more double and triple ethylene insertions, than it is random.

[0033] The invention polymer may be prepared as a reactor blend, in which case copolymer is polymerized in the
presence of the homopolymer. Alternatively, the homopolymer and copolymer may be produced separately and com-
pounded (melt blended) after polymerization. The homopolymer as well as the copolymer may be produced in one or
more gas, liquid, or slurry phase reactors. Preferably, the homopolymer is prepared in one or more loop (liquid) reactors
and the copolymer is prepared in one or more gas phase reactors. When more than one reactor is used for a given
polymerization, the additional reactor may be used in parallel or in series with the previous reactor. Preferably, when
more than one reactor is used for a given polymerization, the reactors are in series. Although the applicants prefer loop
and gas phase reactors for the described process, the use of other types of reactors for a given polymerization step is
believed to be within the scope of the invention.

[0034] The invention polymer preferably comprises about 70% to about 95% by weight of a polypropylene homopol-
ymer. In one embodiment, the blend comprises from about 75% to about 90% propylene homopolymer. In another
embodiment, the blend comprises from about 80% to about 95% homopolymer.

[0035] In preferred embodiments, the polypropylene homopolymer has less than about 3% by weight xylene solubles
as measured by ASTM 5492. In another embodiment, the xylene solubles are less than about 2%. In another alternative
embodiment, the xylene solubles are less than about 1%.

[0036] Preferably, the homopolymer has a crystallinity of at least about 55% as measured by Differential Scanning
Calorimetry ("DSC"). Even more preferably the homopolymer has a crystallinity of at least about 57%. Most preferably,
the homopolymer has a crystallinity of at least about 59% by DSC. DSC values are based on a total heat of fusion of
165 Joules/gram for 100% crystalline polypropylene according to B. Wunderlich, Macromolecular Physics, Volume 3,
Crystal Melting, Academic Press, New York, 1980, pg. 63.

[0037] The homopolymer of the invention is further characterized by a melting temperature of greater than about 155
°C. More preferably, the homopolymer has a melting temperature of greater than about 160 °C. Even more preferably,
the homopolymer has a melting temperature of greater than about 162 °C. Most preferably, the homopolymer has a
melting temperature of greater than about 164 °C.

[0038] Thepentad isotacticity of the xylene insoluble fraction of the homopolymer, as measured by 13C NMR, is greater
than at least about 95%. More preferably, the pentad isotacticity is greater than about 96%. Even more preferably, the
pentad isotacticity of the xylene insoluble fraction is greater man about 97%.

[0039] Theinvention polymer further comprises about 5% to about 30% by weight of a high ethylene content ethylene/
propylene random copolymer. In one embodiment, the invention polymer comprises about 10% to about 25% copolymer.
In another embodiment, the invention polymer comprises from about 15% to about 20% copolymer,

[0040] In certain embodiments, the copolymer may contain 7.5% ethylene. In another embodiment, the copolymer
may contain about 8% ethylene. In another embodiment, the copolymer may contain about 9% ethylene. In another
embodiment, the copolymer may contain about 10% ethylene. In ancther embodiment, the copolymer may contain about
11% ethylene. In another embodiment, the copolymer may contain about 12% ethylene. In another embodiment, the
copolymer may contain about 13% ethylene. In another embodiment, the copolymer may contain about 14% ethylene.
In another embodiment, the copolymer may contain about 15% ethylene.

[0041] The invention polymer may be produced with a melt flow rate (MFR) at any value in the range of from about
0.2 g/10 minutes to about 100 g/10 min. In preferred embodiments, the invention polymer preferably has a MFR of less
than about 5 g/10 min, but more than about 1 g/10 min. More preferably the invention polymer MFR is less than about
4 g/10 min but more than about 1 g/10 min. The MFR of the invention polymer may, however, be less than about 3 g/
10 min but more than about 1 9/10 min.

[0042] For biaxially oriented ("BOPP") films, the melt flow of the invention polymer is preferably from about 2 g/10

For injection molding or fiber spinning, the melt flow of the polymer is preferably about 12 9/10 minutes to about 100 g/
10 minutes.

[0043] The MFR of the invention polymer may be controlled through the addition or removal of hydrogen from a given
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polymerization process. Alternatively, or in conjunction with hydrogen MFR control, the desired MFR may be achieved
through controlled rheology (visbreaking) via the addition of an appropriate amount of a suitable peroxide.

[0044] The overall xylene solubles for the invention polymer are preferably less than about 4 weight %. More preferably,
the xylene solubles of the invention polymer are less than about 3 weight %. Even more preferably, the xylene solubles
are less than about 2 weight %.

[0045] In certain embodiments, the overall ethylene content of the invention polymer is about 1.5 weight %. In other
embodiments, the ethylene content of the invention polymer is about 1.2 weight %. [n still other embodiments, the
ethylene content of the invention polymer is about 0.9 weight %. In another embodiment, the ethylene content of the
invention polymer is about 0.6 to about 0.7% by weight.

[0046] The overall crystallinity of the invention polymer, as measured by DSC according to the procedure noted earlier
herein, is greater than at least about 50%. More preferably, though, the crystallinity is greater than at least about 55%.
In another embodiment, the crystallinity is greater than at least about 58%. In yet anpther embodiment, the crystallinity
is greater than at least about 59%.

[0047] The invention polymer melts at a temperature of greater than about 155 °C. More preferably, the invention
polymer has a melting temperature of greater than about 160 °C. Even more preferably, the invention polymer has a
melting temperature of greater than about 162 °C. Most preferably, the invention polymer has a melting temperature of
greater than about 164 °C.

[0048]) The pentad isotacticity, as measured by 13C NMR, of the xylene insoluble fraction of the invention polymer is
preferably greater than about 94%. Even more preferably, the pentad isotacticity is greater than about 95%.

[0049] The invention polymer may further comprise one or more additives selected from the group consisting of
clarifiers, nucleators, acid scavengers (or neutralizers), antioxidants, slip or mold release agents, anti-static agents,
antiblock agents, antifogging agents, pigments, and peroxide. These additives are typically introduced to the invention
polymer during an extrusion/processing stage for both the in-reactor blended and melt blended materials. It is within the
ability of the ordinarily skilled artisan to determine the appropriate amount of a given additive to be added to the invention
polymer.

[0050] The invention polymer rnay be prepared either via in-reactor blending or via melt blending. Preferably, the
invention polymer is produced via in-reactor blending.

[0051] In either a melt-blending or in-reactor blended process, homopolymer is preferably produced in one or more
liquid phase loop reactors. Homepolymer may, however, be prepared in one or more slurry type reactors or in one or
more gas phase reactors. When more than one reactor is used, the reactors are preferably in series. In all cases,
homopolymeris produced using a Ziegler-Natta (ZN) catalyst system comprising titanium and an external electron donor.
The homopolymerization reactor or reactors are preferably maintained at about 65 °C to about 80 °C throughout homopo-
lymerization, most preferably at about 70 °C. h
[0052] For preparation of an in-reactor blended invention polymer, the homopolymer produced in the oné& or more
liquid phase reactors, along with the active catalyst from the homopolymerization, is passed to a gas phase reactor.
[0053] Inthe gas phase reactor, ethylene and propylene are fed into the reactor to produce and maintain an atmosphere
wherein ethylene is present in from about 2 to about 6 mole % based on the total number of moles of ethylene and
propylene monomer present. Preferably, the ethylene content of the gas phase reactor is maintained at about 3 to about
4 mol % based on the total number of moles of ethylene and propylene monomer present. Most preferably, the ethylene
content of the first gas phase reactor is maintained at about 3.5% based on the total number of moles of ethylene and
propylene monomer present. The reactor is run at about 70 °C to about 100 °C. Hydrogen is introduced into the reactor
such that the molar ratio of hydrogen to ethylene is controlled to obtain the desired melt flow.

[0054] After copolymerization, the resultant polymer mixture may be passed to a second gas phase reactor for a
second copolymerization. In the second gas phase reactor, if used, ethylene and propylene are fed into the reactor to
produce and maintain an atmosphere wherein ethylene is present in from about 2 to about 6 mole % based on the total
number of moles of ethylene and propylene monomer present. Preferably, the ethylene content of the gas phase reactor
is maintained at about 3 to about 4 mol % based on the total number of moles of ethylene and propylene monomer
present and the reactor is run at about 90 °C to about 100 °C. Hydrogen is introduced into the reactor such that the
molar ratio of hydrogen to ethylene is controlled to obtain the desired melt flow.

[0055] In the in-reactor process described above, the homopolymerization and copolymerization reactions are taught
as each taking place in a series of reactors. It is, however, within the scope of this invention that homopolymerization
takes place in one reactor, followed by copolymerization taking place in a second reactor such that only two reactors
are used for the entire process.

[0056] Once polymerization has concluded, the invention polymer is isolated from the reaction mixture for further
processing. Specifically, and as noted previously, one or more of a number of additives may be added to the invention
polymer in a compounding step. Subsequent to compounding, the invention polymer is pelletized and processed into a
final product, such as a BOPP film.

[0057] For preparation of a melt-blended invention polymer, homopolymer produced according to the procedure noted
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above is melt blended with random copolymer. Random copolymer is produced according to the procedure set forth
above, except that no homopolymer is present in the copolymer reactor. As with the in-reactor blended variation, the
melt blended invention polymer may be compounded with one or more different additives. Subsequent to melt blending
and compounding, the invention polymer is pelletized and processed into a final product, such as a BOPP film.

[0058] BOPP film prepared from the invention polymer typically exhibits processing characteristics nearly identical to
those of standard BOPP grade resins. Unlike standard BOPP grade resins, though, a BOPP film prepared from the
invention polymer exhibits unexpectedly enhanced physical properties.

[0059] In a preferred embodiment, a BOPP film comprising the invention polymer exhibits a haze value of about 0.6%.
The haze values of a film comprising the invention polymer may however, range from about 0.5% to about 2.0% such
that the haze may be about 0.5%, about 0.6%, about 0.7%, about 0.8%, about 0.9%, about 1.0%, about 1.1%, about
1.2%, about 1.3%, about 1.4%, about 1.5%, about 1.6%, about 1.7%, about 1.8%, about 1.9% or about 2.0%.

[0060] Preferably, the percent transmittance of the film is greater than about 90%. This value, however, may range
from about 85% to about 100% such that the percent transmittance may be at least about 85%, about 86%, about 87%,
about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%,
about 98%, or at least about 99% depending upon the desired opacity or transparency.

[0061] In a preferred embodiment, the BOPP film of the invention has a clarity of at least about 95%. This clarity value
may, however, range from about 93% to about 99% such that the clarity of the BOPP film may be about 93%, about
94%, about 95%, about 96%, about 97%, about 98%, or about 99%. Haze and clarity were measured using a BYK-
Gardner Haze Gard Plus.

[0062] Invention polymer that is optimized for production of clear or opaque films may be prepared by varying the
tacticity of the propylene homopolymer component and the ethylene content of the random copolymer. Opaque films
may also be produced by a process known as cavitating or cavitation. In cavitation, an organic or inorganic cavitating
agent is dispersed within the invention polymer matrix prior to stretching. The preseance of the cavitating agent in the
matrix during stretching induces the formation of voids or cavities. After stretching the voids scatter light passing through
the film, causing the film to appear opaque. Cavitation may occur in the absence of a cavitating agent, but is generally
induced by the addition of a cavitating agent. Typical cavitating agents include, but are not limited to, polyethylene
terephthalate, polybutylene terephthalate and calcium carbonate.

[0063] In addition to the above, the BOPP film of the invention exhibits excellent mechanical properties. For example,
a BOPP film of the invention preferably exhibits a TD modulus of greater than about 800,000 psi. In certain embodiments,
the TD modulus is greater than about 825,000. in other embodiments, the TD modulus is greater than about 850,000
psi. Similarly, a BOPP film of the invention exhibits excellent MD modulus values. Preferably, the MD modulus of the
film is greater than about 400,000 psi. In certain embodiments, the MD modulus may be greater than about 405,000
psi. In other embodiments, the MD modulus may be greater than about 410,000 psi. In other embodiments, the MD
modulus may be greater than 425,000 psi. In still another embodiment, the MD modulus may be greater than about
450,000 psi.

[0064] The BOPP fiims comprising the invention polymer of the invention may be prepared according to any known
commercial process for producing films comprising standard BOPP grade resins. Two prevalent commercial processes
include the tenter frame process and the "bubble" or blown film process.

[0065] In a typical tenter frame process, molten polymer is supplied to a flat slot die, from which a cast sheet or film
is extruded. This cast sheet or film is then conveyed to a chill roller where it is cooled to a suitable temperature. The
cast sheet or film is then conveyed to a pre-heat roller where it is heated to an appropriate stretching temperature.
[0066] Once at temperature, the cast sheet or film is subject to stretching. The cast sheet or film is first stretched in
the "machine direction.” Stretching in the machine direction is performed by a pair of rollers, in series. The first roller
spins at a speed one quarter to one eighth of the speed of the second roller. The speed differential between the two
rollers causes a 4-8 fold stretching of the cast sheet or film when the cast sheet or film is passed throughthe roller
sequence.

[0067] After stretching in the machine direction, the film is conveyed to an oven that heats the fiim to a temperature
appropriate for stretching on a tenter frame disposed within the oven. Once the film is at temperature, the film is subject
to stretching in the transverse direction, i.e. orthogonal to the machine direction. The film is stretched when a plurality
of tenter clips are attached to opposite sides of the film and a force is applied to the clips. Once stretched, the film may
be annealed.

[0068} In the bubble or biown film process, the typical steps include extruding moiten polymer through an annular die.
The extrudate is then rapidly cooled in water to form a calibrated tube. The tube is then conveyed to an orientation tower
where one end of the tube is squeezed with a first stretching nip to produce an airtight seal. The partially sealed tube is
then heated and inflated with high-pressure air to form a large diameter bubble. The bubble orients the film in the
transverse direction. Simultaneously, the bubble is stretched in the machine direction. The oriented bubble is then
collapsed by one or more converging rolls. After being collapsed, the BOPP film is annealed and cut into two webs.
Finally, each web is corona or flame treated and wound for storage.
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[0069] Those skilled in the artwill recognize that these examples of a tenter frame and bubble process are for illustrative
purposes only. Variations of either process are within the knowledge of one skilled in the art and are considered to be
within the scope of the present invention. Moreover, films produced using the invention polymer of the invention are not
limited to those produced by either the tenter frame or bubble process.

Examples:

[0070] Two batches of invention polymer (an in-reactor blend) were prepared using the parameters, P1 and P2, set
forthiin Table 1. For each polymerization, high crystalline homopolymer, H, was prepared in two liquid phase loop reactors
(LRx1 and LRx2 in Table 1) in series using a Ziegler-Natta catalyst and an external donor. Homopolymer and the active
catalyst were then fed into a first gas phase reactor (Gas-Phase Reactor 1) for copolymerization. Upon completion the
reaction mixture was transferred to a second gas phase reactor (Gas-Phase Reactor 2) for a subsequent copolymeri-
zation.

Table 1
Loop Reactor 1 (LRx1) and 2 (LRx2) P1 P2
Temperature of LRx1 & LRx2 (°C) 70 70
LRx1 H2 (ppm) 993 1049
LRx1 C3 feed rate (T/hr) 33.25 34.91
LRx2 H2 concentration (ppm) 876 902
LRx2 C3 feed rate (T/hr) 12.15 12.41
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(continued)

Gas-Phase Reactor 1

Temperature (°C) 90 90
Pressure (kg/cm?) 11.8 11.8
C2/(C2+C3) (mole ratio) 0.035 1" 0.034
H2/C2 (mole ratio) 0.046 | 0.050
C2 feed (kg/hn) 168 172
C3 feed (T/hr) 1.58 1.65
C2 (mole%) 3.17 3.1
C3 (mole%) 86.43 | 86.49
Gas-Phase Reactor 2

Temperature (°C) 100 100
Pressure (kg/cm?2) 11.4 12.0
C2/{C2+C3) (mole ratio) 0.033 0.038
H2/C2 (mole ratio) 0.063 0.038
C2 feed (kg/hr) 105 109
C3 feed (T/hr) 1.31 1.43
C2 (mole%) 3 2.92
C3 (mole%) 90.6 89.5

[0071] Two samples of homopolymer H, H1 and H2, produced according to parameters P1 and P2, respectively, were
analyzed prior to copolymerization. The properties of the homopolymers are shown in Table 2. Table 2 also shows the

properties of the invention polymers B1 and B2 that resulted after the second copolymerization.
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Table 2
H1 H2 B1 B2
MFR N/A N/A 2.2 2.1
Xylene solubles (wt.%) N/A N/A 1.72 1.63
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(continued)

H1 H2 B1 B2
C2 content in invention polymer (wt.%)* N/A N/A 0.64 0.67
C2 content in random copolymer (wt.%)** N/A N/A 7.98 7.76
Random Copolymer content of Invention Polymer (wt.%)*** N/A N/A 8.02 8.75
Mn/1000 (Xylene Insolubles) N/A N/A 65.9 59.5
Mn/1000 (Xylene Solubles) N/A N/A 16.8 14.4
Mw/1000 (Xylene Insolubles) N/A N/A 291 284
Mw/1000 (Xylene Solubles) N/A N/A 96 98
MWD (Xylene Insclubles) N/A N/A 4.42 4.77
MWD (Xylene Solubles) N/A N/A 5.7 6.8
Mz/1000 (Xylene Insolubles) N/A N/A 1063 992
Mz/1000 (Xylene Solubles) N/A N/A 340 377
%Xe 61.0 59.5 57.7 56.6
Tm(°C) 165.3 | 164.9 | 164.0 | 164.1
Te(°C) 114.8 | 113.5 | 1127 | 1129
Pentad isotacticity of XI (%)* 96.80 97.08 95.41 95.36
* By "C NMR
** From a mass balance of the manufacturing process.
*** From mass balance calculation using C2 content in polymer and C2 content in copolymer.

[0072] Samples B1and B2 were subsequently mixed and compounded with an additives package to give compeunded
material, C. Material C was then compared to two other resins: 1) a melt blended compound comprising 75% C and
25% H ("75/25"); and 2) Sunoco polymer FF029A, a BOPP grade resin. The properties of C, 75/25, and FFO29A are
shown in Table 3.

Table 3
Property C 75/25 FF029A
MFR 2.5 2.6 2.9
%XS | 2.76 23 4.9
Mn/1000 | 67.1 68.1* 65.2
Mw/1000 313 321* 334
Mz/1000 1509 1428* 1228
MWD 4.7 5.2 5.1
Tm(°C) | 165.3 166.2 162.3
T.(°C) 119 120.2 1121
%Xs | 59.0 60.5 55.3
* Calculated value.

[0073] For further comparison, compounds C, 75/25, and FF029A were each extruded and formed into cast sheets
approximately 24 mils thick and 11" wide. In this process, the extruded polymer melt was quenched onto a chill roll
maintained at 70 °F. The cast sheets were then further processed into film having a width of 60" and an exit thickness
of approximately 0.0007" using a draw ratio of 5.0 x 8.0 (MD x TD). Complete processing conditions are shown in Table 4.
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[0074]

window is determined by high haze. The processing windows for C, 75/25, and FF029A are shown in Figure 1.

Table 4: Extrusion and Tenter Line Processing Conditions

EP 2 334 732 B1

C 75125 | FF029A
Melt Temp 490 492 491
- Zone | 450 450 450
3o Zone 2 480 480 480
383 Zone 3 480 | 480 | 480
g & Zone 4 480 | 480 480
2 Die Temp 480 | 480 480
Screw RPM 55 60 61
Chill Roll Temp
(F) 70 70 70
Cast Line FPM | 1548 | 15.44 15.54
Cast Sheet ‘ _
Thickness 24 Mils| 24 Mils | 24 Mils
Cast Sheet Width | 117 11” 117
IMDO Stretch Ratio 5 5 5
Preheat | 250 250 250
5 Preheat 2 250 250 250
o Slow Draw 250 250 250
g Fast Draw 229 | 229 229
= Anneal | 219 219 219
Cooling 120 120 120
TDO Stretch Ratio 8 8 8
g Oven Zone | 328 334 330
3 g Oven Zone 2 326 334 328
z Oven Zone 3 320 330 320
TDO Exit
Thickness 0.0007”] 0.0007” | 0.0007"
TDO Exit Width | 60" 60” 60

Table 5 shows the physical properties of the resulting films. Tensile modulus values were generated at the
products’ ideal processing temperature. |deal processing temperatures are considered to be the center of a product’s
process window wherein the low end of the process window is determined by web breaks and the high end of the process

"

2\



10

15

20

25

30

35

40

45

50

55

EP 2 334 732 B1

Table 5: Physical Properties

c 75/25 | FF029A
Ideal Process Temperature 328 F 332F 325 F

Film thickness {inches) 0.00061 | 0.00069 | 0.00068
Haze (%) 0.57 0.63 0.84
Transmittance (%) 94.08 94.13 94.05
Clarity (%) 98.93 98.65 98.88

TD Modulus {psi) 845,000 | 870,000 | 770,000

MD Modulus (psi) 410,000 | 445,000 | 401,000

[0075] These examples demonstrate that the invention polymer is a ready substitute for standard BOPP grade resin,
providing enhanced performance in the form of improved strength in both MD and TD moduli, without sacrificing proc-
essability.

[0076] The present invention has thus been described in general terms with reference to specific examples. Those
skilled in the art will recognize that the invention is not limited to the specific embodiments disclosed in the examples.
Those skilled in the art will understand the full scope of the invention from the appended claims.

[0077] All references contained herein are hereby incorporated by reference in their entirety.

Claims
1. Aresin composition comprising:

a. about 70% to about 95% by weight of a polypropylene homopolymer, said polypropylene homopolymer having
less than 3% by weight xylene solubles and a crystallinity of at least 55%; and

b. about 5% to about 30% by weight of an ethylene/propylene random copolymer, said ethylene/propylene
random copolymer containing 7.5% to 15% ethylene by weight.

2. Aresin composition comprising:

a. about 70% to about 85% of a polypropylene homopolymer having less than 3% by weight xylene solubles
and a crystallinity of at least 55%: and

b. about 15% to about 30% by weight of an ethylene/propylene random copolymer, said ethylene/propylene
random copolymer containing 7.5% to 15% ethylene by weight.

3. The polymer according to any of claims 1 and 2, wherein the polymer further comprises at least one additive selected
from the group consisting of nucleators, antioxidants, acid neutralizers, slip agents, antiblock agents, antifogging
agents, pigments, and combinations thereof.

4. A method for preparing an in-reactor blended polymer comprising about 70% to about 95% of a polypropylene
homopolymer and about 5% to about 30% by weight of an ethylene/propylene random copolymer comprising 7.5%
to 15% ethylene by weight, said method comprising:

a. polymerizing propylene with a Ziegler-Natta catalyst system in at least one liguid phase loop reactor to produce
said homopolymer; and
b. copolymerizing propylene and ethylene in atleast one gas phase reactor in the presence of said homopolymer.

5. Amethod for preparing a melt blended polymer comprising about 70% to about 95% of a polypropylene homopolymer
andabout 5% to about 30% by weight of an ethylene/propylene random copolymer comprising 7.5% to 15% ethylene
by weight, said method comprising: .

a. polymerizing propylene with a Ziegler-Natta catalyst system in at least one liquid phase loop reactor to produce

said homopolymer;
b. copolymerizing propylene and ethylene with a Ziegler-Natta catalyst system in at least one gas phase reactor
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to produce said ethylene propylene copolymer; and
¢. melt blending said homopolymer and said copolymer,

6. The method of claim 4 further comprising compounding said in-reactor biended polymer with one or more additives.

7. The method of claim 5 further comprising melt blending one or more additives with said homopolymer and copolymer.

8. The method of any of claims 4 and 5 wherein said Ziegler-Natta catalyst comprises titanium and at least one external
donor.

9. A biaxially oriented polypropylene film comprising a polymer, said polymer comprising:

a. about 70% to about 95% by weight of a polypropylene homaopolymer, said polypropylene homopolymer having
less than 3% by weight xylene solubles, and a crystallinity of at least 55%; and

b. about 5% to about 30% by weight of an ethylene/propylene random copolymer, said ethylene/propylene
random copolymer containing 7.5% to 15% ethylene by weight.

10. The biaxially oriented film of claim 9 wherein the ideal processing temperature is about 328 °F.

11. The biaxially oriented film of claim 9 wherein the haze is about 0.57.

12. The biaxially oriented film of claim 9 wherein the percent transmittance is greater than about 90%, or
wherein the clarity is greater than about 95%.

13. The biaxially oriented film of claim 9 wherein said polymer further comprises at least one additive selected from the
group consisting of nucleators, antioxidants, acid neutralizers, slip agents, antiblock agents, antifogging agents,
pigments, and combinations thereof,

14. The biaxially oriented film of claim 9 wherein said film is opaque.

15. The biaxially oriented film of claim 9 wherein said film is transparent.

Patentanspriiche

1. Harzzusammensetzung, umfassend:

a. etwa 70 bis etwa 95 Gew.-% eines Polypropylen-Homopolymeren, wobei dieses Polypropylen-Homopolymer
weniger als 3 Gew.-% Xylol-lésliche Bestandteile und eine Kristallinitat von mindestens 55% besitzt; und

b. etwa 5 bis etwa 30 Gew.-% eines statistischen Ethylen-/Propylen-Copolymeren, wobei das statistische Ethy-
ten-/Propylen-Copolymer 7,5 bis 15 Gew.-% Ethylen enthait.

2. Harzzusammensetzung, umfassend:

a. etwa 70 bis etwa 85% eines Polypropylen-Homopolymeren mit weniger als drei Gew.-% Xylol-Iéslichen
Bestandteilen und einer Kristallinitat von mindestens 55%; und

b. etwa 15 bis etwa 30 Gew.-% eines statistischen Ethylen-/Propylen-Copolymeren, wobei das statistische
Ethylen-/Propylen-Copolymer 7,5 bis 15 Gew.-% Ethylen enthalt.

3. Polymer nach einem der Anspriiche 1 und 2, worin das Polymer weiterhin mindestens einen Zusatz aufweist,
ausgewshlt aus der Gruppe, die aus Keimbildnern, Antioxidantien, sauren Neutralisatoren, Gleitmitteln, Antihaft-
mitteln, Beschlagverhinderungsmitteln, Pigmenten und Kombinationen davon besteht.

4. Verfahren zum Herstellen eines im Reaktor gemischten Polymeren, umfassend etwa 70 bis etwa 95 % eines Po-

Iypropylen-Homopolymeren und etwa 5 bis etwa 30 Gew.-% eines statistischen Ethylen-/Propylen-Copolymeren
mit 7,5 bis 15 Gew.-% Ethylen, wobei das Verfahren umfasst:

a. das Polymerisieren von Propylen mit einem Ziegler-Natta-Katalysatorsystem in mindestens einem Flissig-
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phasen-Ringreaktor zur Erzeugung des genannten Homopolymeren; und
b. das Copolymarisieren von Propylen und Ethylen in mindestens einem Gasphasen-Reaktor in Gegenwart
des genannten Homopolymeren.

Verfahren zum Herstellen eines schmelzgemischten Polymeren mit etwa 70 bis etwa 95% ecines Polypropylen-
Homopolymeren und etwa 5 bis etwa 30 Gew.-% eines statistischen Ethylen-/Propylen-Copolymeren mit 7,5 bis 15
Gew.-% Ethylen, wobei das Verfahren umfasst:

a. das Polymerisieren von Propylen mit einem Ziegler-Natta-Katalysatorsystem in mindestens einem Flissig-
phasen-Ringreaktor zur Erzeugung des genannten Homopolymeren;
b. das Copolymerisieren von Propylen und Ethylen mit einem Ziegler-Natta-Katalysatorsystem in mindestens
einem Gasphasen-Reaktor zur Erzeugung des genannten Ethylen-Propylen-Copolymeren; und
¢. das Schmelzmischen des Homopolymeren und des Copolymeren.
Verfahren nach Anspruch 4, weiterhin umfassend das Vereinigen des im Reaktor vermischten Polymeren mit einem
oder mehreren Zusatzen.

Verfahren nach Anspruch 5, weiterhin umfassend das Einmischen eines oder mehrerer Zusatze in die Schmelze
des Homopolymeren und des Copolymeren.

Verfahren nach einem der Anspriiche 4 und 5, worin der Ziegler-Natta-Katalysator Titan und mindestens einen
externen Donor umfasst.

Biaxial orientierter Polypropylen-Film, umfassend ein Polymer, wobei das Polymer aufweist:
a.etwa 70 bis etwa 95 Gew.-% eines Polypropylen-Homopolymeren, wobei dieses Polypropylen-Homopolymere
weniger als 3 Gew.-% Xylol-lésliche Bestandteile und eine Kristallinitdt von mindestens 55% besitzt: und
b. etwa 5 bis etwa 30 Gew.-% eines statistischen Ethylen-/Propylen-Copolymeren, wobei das statistische Ethy-
len-/Propylen-Copolymer 7,5 bis 15 Gew.-% Ethylen enthalt,

Biaxial orientierter Film nach Anspruch 9, dessen ideale Verarbeitungstemperatur bei etwa 328 °F liegt.

Biaxial orientierter Film nach Anspruch 9, dessen Triibung bei etwa 0,57 liegt.

Biaxial orientierter Film nach Anspruch 9, worin die prozentuale Durchlassigkeit bei mehr als 90% liegt, oder
worin die Bildscharfe gréRer als etwa 95% ist.

Biaxial orientierter Film nach Anspruch 9, worin das genannte Polymer weiterhin mindestens einen Zusatz enthalt,
ausgewahlt aus der Gruppe, die aus Keimbildnern, Antioxidantien, sauren Neutralisatoren, Gleitmitteln, Antihaft-
mitteln, Beschlagverhinderungsmitteln, Pigmenten und Kombinationen davon besteht,

Biaxial orientierter Film nach Anspruch 9, wobei dieser Film opak ist.

Biaxial orientierter Film nach Anspruch 9, wobei dieser Film transparent ist.

Revendications

1.

2,

Composition de résine comprenant :
a. d'environ 70 % a environ 95 % en poids d’'un homopolymére de polypropyléne, ledit homopolymere de
polypropyléne ayant moins de 3 % en poids de solubles dans le xylene et une cristallinité d’au moins 55 % : et
b. d’environ 5 % & environ 30 % en poids d’'un copolymeére statistique éthyléne/propyléne, ledit copolymere
statistique éthyléne/propyléne contenant de 7,5 % a 15 % d'éthyléne en poids.

Composition de résine comprenant : -

a.d’'environ 70 % a environ 85 % d’un homopolymére de polypropyléne ayantmoins de 3 % en poids de solubles
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dans le xyléne et une cristallinité d’au moins 55 % ; et
b. d’environ 15 % a environ 30 % en poids d’un copolymeére statistique éthyléne/propyléne, ledit copolymére
statistique éthyléne/propyléne contenant de 7.5 % a 15 % d'éthyléne en poids.

Polymére selon l'une quelconque des revendications 1 et 2, dans lequel le polymgre comprend en outre au moins
un additif choisi dans le groupe constitué des agents de nucléation, des antioxydants, des neutralisateurs d’acides,
des agents de glissance, des agents anti-adhérents, des agents anti-buée, des pigments et de leurs combinaisons.

Procédé de préparation d'un polymeére mélangé en réacteur comprenant d'environ 70 % & environ 95 % d'un
homopolymére de polypropyléne et d’environ 5 % a environ 30 % en poids d'un copolymere statistique éthyléne/
propyléne comprenant de 7.5 % a 15 % d’éthylene en poids, ledit procédé comprenant :

a. la polymérisation du propyléne avec un systéme catalytique de Ziegler-Natta dans au moins un réacteur en
boucle & phase liquide pour produire ledit homopolymére : et

b. ta copolymérisation du propylene et de 'éthyléne dans au moins un réacteur en phase gazeuse en présence
dudit homopolymere.

Procédé de préparation d'un polymére mélangé a I'état fondu comprenant d'environ 70 % & environ 95 % d'un
homopolymére de polypropyléne et d’environ 5 % 3 environ 30 % en poids d'un copolymere statistique éthyléne/
propyléne comprenant de 7,5 % a 15 % d'ethyléne en poids, ledit procédé comprenant :

a. la polymérisation du propyléne avec un systéme catalytique de Ziegler-Natta dans ay moins un réacteur en
boucle & phase liquide pour produire ledit homopolymére
b. la copolymérisation du propyléne et de I'éthyléne avec un systéme catalytique de Ziegler-Natta dans au
moins un réacteur en phase gazeuse pour produire ledit copolymare d'éthyléne et de propyléne ; et
c. le mélange a I'état fondu dudit homopolymeére et dudit copolymére.
Procédé selon la revendication 4 comprenant en outre le malaxage dudit polymere mélangé en réacteur avec un
ou plusieurs additifs,

Procédé selon ta revendication 5 comprenant en outre le mélange & I'état fondu d’un ou plusieurs additifs avec ledit
homopolymére et ledit copolymere,

Procédé selon I'une quelconque des revendications 4 et 5 dans lequel ledit catalyseur de Ziegler-Natta comprend
du titane et au moins un donneur externe,

Film de polypropylene a orientation biaxiale comprenant un polymére, ledit polymére comprenant :
a. d'environ 70 % a environ 95 % en poids d’'un homopolymeére de polypropyléne, ledit homopolymére de
polypropyléne ayant moins de 3 % en poids de solubles dans le xyléne, et une cristaliinité d' ay moins 55 % : et
b. d’environ 5 % a environ 30 % en poids d'un copolymeére statistique éthylene/propyléne, ledit copolymére

statistique éthyléne/propyléne contenant de 7,5sa15% d'éthyléne en poids.

Film a orientation biaxiale selon la revendication 9 dans lequel la température de traitement idéale est d’environ
328 °F,

Film a orientation biaxiale selon la revendication 9 dans lequel le trouble est d’environ 0,57.
Film & orientation biaxiale selon la revendication 9 dans lequel fe pourcentage de transmittance est supérieur a

environ 90 %, ou
dans lequel la clarté est supérieure a environ 95 %,

il
choisidansle groupe constitué des agents de nucléation, des antioxydants, des neutralisateurs d'acides, des agents
de glissance, des agents anti-adhérents, des agents anti-buée, des pigments et de leurs combinaisons.

Film & orientation biaxiale selon la revendication 9 dans lequel ledit film est opaque.
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156. Film a orientation biaxiale selon la revendication 9 dans lequel ledit film est transparent.
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Figure 1. Process Window
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1
RANDOM COPOLYMER WITH ENHANCED
ETHYLENE CONTENT

FIELD OF THE INVENTION

The present invention is drawn generally o the field of
polypropylene resins. More specifically, the present invention
is drawn to a polymer comprising high crystalline homopoly-
mer polypropylene and a high ethylene content ethylene/
propylene random copolymer. The present application is also
drawn (o methods of making the same us well as novel com-
positions, such as, but not limited to. biaxially-oriented
polypropylene (“BOPP") film comprising the polymer of the
invention.

BACKGROUND OF THE INVENTION

One of the myriad of uses for polypropylene is for the
production of BOPP film. BOPP is used to produce both clear
and opaque film for numerous packaging applications. To
gain wide commercial acceptance for BOPP film applica-
tions, though. 4 given polyprapylene resin must provide uni-
form streiching under typical BOPP processing conditions,
Not surprisingly. not ail polypropylene resins exhibit favor-

able behavior under the mechanical and thermal stresses of

the BOPP production process. One resin that tolerates BOPP
production condilions is high xylene solubles homopolymer,
This resin can be fractionated into three camponents: an
isotactic component. a stereoblock component, and an atactic
component.

The stereablock component is crystalline and melts at a
significantly lower temperature than the isotactic component.
Film processing performance of the resin. as measured by T.
M. Long draw stress. is correlated with the amount and qual-
ity of the stercoblock component, The stercoblock compo-
nent is also believed to provide sofiening that enables solid-
phase drawing 1o occur under the practical draw stresses
observed on a BOPP processing line.

In high xylene solubles homopolymers, the stereoblock
component is crealed by introducing defects which disrupl
crystallization and provide a lower-melting component.
These defects, however. compromise both the amount and the
sterea regularity of the isotactic phase, reducing film strength,
Traditionally, high stereo defect concentrations also lead to
high xylene solubles content in the polymer which consider-
ably narrows the resin manufacturing process window.

There thus exists a long felt, but unmet need in the art for o
BOPP grade resin that maintains the processability of the
high xylene solubles homopolymer. but exhibits enhanced
characteristics when processed into a BOPP film,

SUMMARY OF THE INVENTION

The present invention provides a polypropylene polymer
suitable for use in producing BOPP film, The invention poly-
mer comprises homopolymer polyprapylene as well as a hi gh
ethylene content ethylene/propylene random copolymer. The
invention polymer preferably comprises from about 70% 1o
about 95% by weight of the homopolymer, In preferred
embadiments, the homopolymer has less than 3% by weight
Xylene solubles and a crystallinity of at least 55%. The inven-
tion polymer further comprises aboul 5% 10 about 30% by
weight of the ethyiene/propylene random copalymer. Prefer-
ably, the ethylene/propylene random copolymer contains
greater than about 7.2% to about 15% random ethylene by
weight,
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The present invention also provides a method of manufac-
turing the invention polymer of the present invention. Prefer-
ably, the method of the invention comprises homopolymer-
izing propylene utilizing a Ziegler-Natta catalyst and one or
more external donors. The method of preparing the invention
polymer further comprises copolymerizing ethylene and pro-
pylene.

The present invention likewise teaches a BOPP film com-
prising the resin of the present invention, The film may be
either translucent, transparent, or opague,

In one embodiment. the invention is a resin composition
comprising about 70% to about 95% by weight of a polypro-
pylene homopolymer having less than 3% by weight xvlene
solubles and a crystallinity of at least 55%, The resin compo-
sition further includes about 5% to about 30% by weight of an
ethylene/propylene random copolymer containing greater
than about 7.2% 1o about 15% cthylene by weight.

In a sub-embodiment, the polymer further comprises at
least one additive selected from the group consisting of
nucleators, antioxidants. acid neutralizers, slip agents, anti-
block agents, antifogging agents. pigments, and combina-
tions thercof.

In another embodiment. the invention is a resin composi-
tion comprising about 70% ta about 85% of a polypropylene
homopolymer having less than 3% by weight xylene solubles
and @ crystallinity o al least 35%. ‘The resin further includes
about 15% to about 30% by Weight ofan cthylene/propylene
random copolymer containing greater than about 7.2% 1o
about 15% ethylene by weight.

In a sub-embodiment. the polymer further comprises al
least one additive selected from the group consisting ol
nucleators, antioxidants. acid neutralizers, slip agents, anti-
block agents. antifogging agents. pigments, and combina-
tions thereof.

BRIEF DESCRIPTION OF THE FIGURES

FIG. I depicts the process windows for polymers C, “75/
25", and FFO29A.

DETAILED DESCRIPTION OF THE INVENTION

The polymer according to the current invention is a blend
of high crystalline palypropylene homopolyner and a high
ethylene content ethylene/propylene random copolymer. The
blend muy be produced either by mell blending or by an
n-reactor process.

Like high-xylene solubles BOPP film grade resin, the
invention polymer fractionates into three components: an
isotactic component: a stereoblock component, and an atactic
component. Unlike high xylene solubles homopolymer,
though, the isotactic component of the invention polvmer is*
more crystalline. s

The sterenblock fruction of the invention polymer is like-
wise erystalline, but has a melting temperature lower than the
stereablock component of high xvlene solubles BOPP grade
resin. The combination of the higher crvstallinity of the iso-
tactic Iraction and the lower melting temperature of the ste-
reoblack [raction of the invention polymer as compared 10
standard BOPP grade homopolymer imparts enthanced physi-
cal properties to products comprising the resin while simul-
taneously maintaining the processability of the resin.
Examples of enhanced properties in products comprising the
resinnclude, but are not limited (o, higher film tensile modu-
lus.

A further characteristic of the invention polymer is the
random nature of ethylene dispersion throughout the random
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copolymer. In peneral, ethylene in a random copolymer of the
present invention tends to be more random than not. For
example, in one embodiment of a polvmer of the present
invention wherein the ethylene in the random copolymer is
about 8 wi %, the number of triple and double ethylene
insertions are each about 17 mol % in the invention polymer.
Single insertions in this embodiment thus account for about
66 mol % of all ethylene in the invention polymer. Without
wishing to be bound to any particular theory, it is believed that
the high percentage of single ethylene insertions in the eth-
vlene/propylene random copolymer contribute to the unique
properties of the invention polymer.

U.S. Pat. No. 5,460,884 to Kobylivker describes a compo-
sition comprising a homapolymer and an ethylene/propylene
random block copolymer. The patent describes the random
block copolymer as comprising 3% random ethylene and
aboul 9% block ethylene, lor a total of about 12% ethylene
content. Although these values appear to fall within the range
presently described, further analysis of the disclosure of the
U.S. Pat. No. 5,460,884 patent, particularly the NMR spec-
trum included as FIG. 1 of that patent. shows that the ethyl-
ene/propylene block copolymer contains nearly 20% ethyl-
ene and is far blockier, i.c. contains more double and tri ple
ethylene insertions. than it is random.

The invention polymer may be prepared as a reactor blend.
inwhich case copolymer is polymerized in the presence of the
homopalymer. Alteratively, the homopolymer and copoly-
mer may be produced separately and compounded (melt
blended) after polymerization. The homopolymer as well as

the copolymer may be produced in one or more gas, liquid, or -

slurry phase reactors. Preferably, the homopolymer is pre-
pared in one or more loop (liquid) reactors and the copolymer
is prepared in one or more gas phase reactors. When more
than one reactor is used for a given polymerization, the addi-
tional reactor may be used in parallel or in series with the
previous reactor. Preferably, when more than one reactor is
used for a given polymerization, the reactors are in series.
Although the applicants prefer loop and gas phase reactors for
the described process, the use of other types of reactors for «
given polymerization step is believed to be within the scopeof
the invention.

"The invention polymer preferably comprises about 70% to
about 95% by weight of a polypropylene homopolymer, In
one embodiment, the blend comprises from about 75% to
about 90% propylene homopolymer. In another embodiment,
the blend comprises from about 80% to about 95%
homopolymer.,

In preferred embodiments, the polypropylene homopoly-
mer has less than about 3% by weight xylene solubles as
measured by ASTM 5492, In another embodiment. the Xylene
solubles are less than aboul 2%. In another alternative
embodiment, the xylene salubles ure less than about 1%.

Preferably, the homopolymer has a crystallinity of at least
(“DSC™). Even more preferably the homopolymer has a crys-
tallinity of at least about 57%. Most preferably, the
homopolymer hus a crystallinity of al least about 59% by
DSC. DSC values are based on a total heat of fusion o f 165
Joules/gram for 100% crystalline polypropylene according to
B. Wunderlich, Macromolecular Physics. Volume 3, Crystal
Melting. Academic Press, New York, 1980, pg. 63.

The homopolymer of the invention is further characlerized
by a melting temperature of greater than about 155° C. More
preferably, the homopolymer has a melting temperature of
greater than about 160° C. Even more preferably. the
homopolymerhas a melting temperature of greater than about

about $5% as measured by Differential Scan ning Calorimetry .
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162% €. Most preferably. the homopolymer has a melting
temperature of greater than about 164° C.

The pentad isotacticity of the xylene insoluble fraction of
the homopalymer, as measured by *C NMR. is greater than
al least about 95%. More prelerably. the pentad isotacticity is
greater than abowt 96%. Even more preferably, the pentad
isotacticity of the xylene insoluble fraction is greater than
about 97%,

The invention polymer further comprises about 5% to
about 30% by weight ol'a high ethylene content ethylene/
propylene random copolymer. In one embodiment, the inven-
tion polymer comprises about 10% to about 25% copolymer.
In another embodiment. the invention polymer comprises
from about 15% to about 20% copolymer.

Preferably. the ethylene content of the ethylene/propylene
random copolymer is greater than about 7.2% to about 15%
ethylene by weight. In certain embodiments. the copolymer
may contain about 7,5% ethylene. In another embodiment,
the copolymer may contain about 8% ethylene. In another
embodiment, the copolymer may contain about 9% ethylene.
In another embodiment, the copolvimer may contain about
10% ethylene. In another embodiment, the copolymer may
contain about 11% ethylene. In another embodiment, the
copolymer may contain about 12% ethylene. In another
embodiment, the copolymer may contain about 13% ethyl-
ene. [n another embodiment. the copolymer muy contain
about 14% ethylene. In another embadiment, the copolymer
may contain about 15% cthylene.

The invention polymer may be praduced with a melt flow
rate (MFR) at any value in the range of from about 0.2 /10
minutes (o about 100 g/10min. In preferred embodiments. the
mvention polymer preferably has a MFR of less than about 5
/10 min, but more than about 1 /10 min. More preferably
the invention polymer MIR is less than about 4 2/10 min but
more than about 1 g/10 min. The MFR of the invention
polymer may, however, be less than about 3 2/10 min but
more than about 1 ¢/10 min.

For biaxially oriented (*BOPP™) films, the melt flow of the
invention polymer is preferably from about 2 2/10 minutes to
about 4 2/10 minutes. In angther {ilm application, the melt
flow may be from about 4 /10 minutes to about 6 /10
minutes. In still another film applicution the melt Now may be
from about 6 g/10 minutes to about 12 £/10 minutes. For
injection molding or fiber spinning, the melt flow of the
polymer is preferably about 12 g/10 minutes to about 100
2/10 minutes,

The MER of the invention polymer may be controlled
through the addition or removal of hydrogen from a given
polymerization process. Aliernatively, or in conjunction with
hydrogen MFR control. the desired MER may be achieved
through controlled rhealogy (visbreaking) via the addition of
an appropriate amount of a suitable peroxide,

The overall xylene salubles for the invention polymer are
preferably less than about 4 weight %. More preferably, the
xylene solubles of the invention polymer are less than about 3
weight %. Even more preferably, the xylene solubles are less
than about 2 weight %.

In certain embodiments, the overall ethylene content of the
invention polymer is about 1.5 weight %. In other embodi-
ments, the ethylene content of the invention polymer is about
1.2 weight %. Instill other embodiments. the ethylene content
of the invention polyvmer is about 0.9 weight %. In another
embodiment, the ethylene content ol the invention polymer is
abaut 0.6 to about 0.7% by weight,

The overall crystallinity of the invention polymer, as mea-
sured by DSC aceording to the procedure noted earlier herejn.”
is greater than at least about 50%. More preferably, though,

2l
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the crystallinity is greater than at least about 55%, In another
embodiment, the crystallinity is greater than at least about
58%. In yet another embodiment, the crystallinity is greater
than at least about 59%.

‘The invention polymer mells at o lemperature of greater
than about 155% C. More preferably, the invention polymer
has a melting temperature of greater than about 160° C. Fven
more preferably. the invention polymer has a melting tem-
perature of greater than about 162° C, Most preferably, the
invention polymer has a melting temperature of greater than
about 164° C,

The pentad isotacticity, as measured by **C NMR, of the
xylene insoluble fraction of the invention polymer is prefer-
ably greater than about 94%, Even more preferably, the pen-
tad isotacticity is greater than about 95%.

‘The invention polymer may further comprise one or more
additives selected from the group consisting of clarifiers,
nucleators, acid scavengers (or neutralizers), antioxidants,
slip or mold release agents. anti-static agents, antiblock
agents, antifogging agents. pigments. and peroxide. These
additives are typically introduced 1o the invention polymer
during an extrusion/processing stage for both the in-reactor

blended and melt blended materials. It is within the ability of

the ordinarily skilled artisan to determine the appropriate
amount of a given additive to be added to the invention poly-
mer.

The invention polymer may be prepared cither via in-reac-
tor blending or via melt blending. Preferably, the invention
polymer is produced via in-reactor blending,

In either a melt-blending or in-reactor blended process.
homopaolymer is preferably produced in one or more liguid
phase loop reactors. Homopolymer may, however, be pre-
pared in one or more slurry type reactors or it one or more gas
phase reactors. When more than one reactor is used, the
reactors are preferably in series. In all cases, homopolymer is
produced using a Ziegler-Natta (ZN) catalyst system com-
prising titanium and an external electron donor. The homopo-
lymerization reactor or reactors are preferably maintained at
about 65° C, to about 80° C. throughout homopolymeriza-
tion, most preferably at about 70° C,

For preparation of an in-reactor blended invention poly-
mer, (he homopolymer produced in the one or more liquid
phase reactars, along with the active catalyst from the
homapolymerization. is passed to a gas phase reactor,

In the gas phase reactor, ethylene and propylene are fed
into the reactor to produce and maintain an atmosphere
wherein ethylene is present in from about 2 to about 6 mole %
based on the total number of moles of cthylene and propylene
monomer present. Preferably, the ethylene content of the gas
phase reactor is maintained at about 3 to about 4 mol % based
on the total number of males of ethylene and propylene
monomer present. Most preferably. the ethylene content of
the first gas phase reactor is maintained at about 3.5% based
on the total number of moles of cthylene and propylene

monomer present. The reactor is run at about 70° C. (o about

100° C. Hydrogen is introduced into the reactor such that the
molar ratio of hydrogen to ethylene is controlled to obtain the
desired melt How.

After copolymerization, the resultant polymer mixture
may be passed to a second gas phase reactor for a second
copolymerization. In the second gas phase reactor, if used.
ethylene and propylene are fed into the reactor to produce and
maintain un atmosphere wherein ethylene is present in [rom
about 2 o about 6 mole % based on the total number of moles
of ethylene and propylene monomer present, Preferably. the
ethylene content of the gas phase reactor is maintained at
about 3 to about 4 mol % based on the total number of moles
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ol'cthylenc and propylene monomer present and the reactor is
run at about 90° C. 10 about 100° €. Hydrogen is introduced
into the reactor such that the molar ratio of hydrogen to
ethvlene is controlled to obtain the desired melt flow. .

In the in-reactor process described above, the homopoly-
merization and copolymerization reactions are taught as cach
taking place in a series of reactors, It is, however, within the
scope of this invention that homopolymerization takes place
in one reactor, followed by copolymerization taking place in
a second reactor such that only two reactors are used lor the
entire process.

Once polymerization has concluded, the invention poly-
mer is isolated from the reaction mixture for further process-
ing. Specifically. and as noted previously. one or more of a
numberofadditives may be added to the invention polymerin
acompounding step. Subsequent (o compounding, the inven-
tion polymer is pelletized and processed into a final produet,
such as a BOPP film.

For preparation of a meli-blended invention polymer,
homopolymer produced according to the procedure noted
above is mell blended with random copolymer. Random
copolymer is praduced according 1o the procedure set forth
above, except that no homopolymer is present in the copoly-
mer reactor. As with the in-reactor blended variation, the melt
blended invention polvmer may be compounded with one or
more different additives. Subsequent to melt blending and
compounding, the invention polymer is pelletized and pro-
cessed into a final product. such as a BOPP film.

BOPP film prepared from the invention polymer typically
exhibits processing characteristics nearly identical to those of
standurd BOPP grade resins. Unlike standard BOPP grude
resins, though, a BOPP film prepared from the invention
polymer exhibits unexpectedly enhanced physical propertics.

In 2 preferred embodiment. a BOPP film comprising the
invention polymer exhibits a haze value of about 0.6%. The
haze values of a film comprising the invention polymer may
however. range from about 0.5% 10 about 2.0% such that the
haze may be about 0.5%. about 0.6%, about 0.7%. about
0.8%, about 0.9%. about 1.0%, about 1.1%, about 1.2%.
about 1.3%, about 1.4%, about 1.5%. about 1.6%. about
1.7%. about 1.8%, about 1.9%. or about 2.0%

Prelerably, the percent ransmittance of the film is gredler
than about 90%. This value, however. may range from about
85% 10 about 100% such that the percent transmittance may
be at least about 85%, ubout 86%. about 87%, about 88%,
about 89%, about 90%, about 91%, about 92%, about 93%,
about 94%. about Y5%. about 96%, ahout Y7%, about Y8%. or
at least about 99% depending upon the desired opacity or
lransparency.

Ina preferred embodiment, the BOPP film of the invention
has a clarity of at least about 95%. This clarity value may,
however, range from about 93% to about 99% such that the
clarity of'the BOPP film may he about 93%, about 94%. about
93%, about 96%. about 97%. about 98%. or about 99%. Haze
and clarity were measured using a BYK-Gardner [ laze Gard
Plus,

Invention polymer that is optimized for production of clear
or opaque films may be prepared by varying the lacticity of
the propylene homopolymer component and the cthylene
content of the random copolymer. Opaque films may also be
produced by a process known as cavitating or cavitation. In
cavitation. an organic or inorganic cavitating agent is dis-
persed within the invention polymer malrix prior to stretch-
ing. The presence of the cavitating agent in the matrix during
streiching induces the formation of voids or cavities. After
streiching the voids scatter light passing through the film,
causing the film to appear opaque. Cavitation may occur i
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the absence of a cavitating agent, but is generally induced by
the addition of a cavitating agent. Typical cavitating agents
include, but are not limited to. polyethylene terephthalate.
polybutylene terephthalate and calcium carbonate.

In addition to the above, the BOPP film of the invention
exhibits excellent mechanical properties. For example. a
BOPP film of the invention preferably exhibits a TD modulus
of greater than about 800,000 psi. In certain embodiments. the
TD modulus is greater than about 823,000, In other embodi-
ments, the TD modulus is greater than about 850,000 psi.
Similarly. a BOPP film of the invention exhibits excellent MD
modulus values. Preferably. the MD modulus of the film is
greater than about 400,000 psi. In certain embodiments. the
MD modulus may be greater than about 405,000 psi. In other
embodiments. the MD modulus may be greater than aboul
410,000 psi. In other embodiments. the MD modulus may be
greater than 425,000 psi, In still another embodiment, the MD
modulus may be greater than ubout 450.000 psi,

‘The BOPP films comprising the invention polymer of the
invention may be prepared according to any known commer-
cial process for producing films comprising standard BOPP
graderesins. Two prevalent commercial processes include the
tenter frame process and the “bubble” or blown film process.

In a typical tenter frame process, molten polymer is sup-
plied 10 a flat slot die. from which a cast sheet or film is
extruded. This cast sheet or film is then conveyed 1o a chill
roller where it is cooled to a suitable temperature, The east
sheet or film is then conveyed to a pre-heat roller where it is
heated to an apprepriate stretching temperature.

Once at temperature. the cast sheet or film is subject 10
stretching. The cast sheet or film is first stretched in the
“machine direction.” Stretching in the machine direction is
performed by o pair of rollers, in series. The first roller spins
at a speed one quarter to one eighth of the speed of the second
roller. The speed differential between the two rollers causes a
4-8 fold stretching of the cast sheet or film when the cast sheel
or film is passed through the roller sequence.

After stretching in the machine direction, the film con-
veyed to an aven that heats the film 1o a temperature appro-
priate for stretching on a tenter frame disposed within the
oven. Once the film is at temperature, the film is subject 10
stretching in the transverse direction, i.e. orthogonal 1o the

machine direction. The film is stretched when a plurality of

tenter clips are atlached to opposite sides of the film and 2
force is applied to the clips. Once stretched. the film may be
annealed.

In the bubble or blown film process. the typical steps
include extruding molten polymer through an annular die.
The extrudate is then rapidly cooled in water to form a cali-
brated tube. The tube is then conveyed to un orientation tower
where one end of the tube is squeezed with a first stretching
nip to produce an airtight scal. The partially sealed tube is
then heated and inflated with high-pressure airto form a large
diameter bubble. The bubble orients the film in the transverse
direction. Simultaneously, the bubble is stretched in the
machine direction. The oriented bubble is then collapsed by
one or more converging rolls. After being collapsed, the
BOPP film is annealed and cut into two webs, Finally, each
web is corona or flame treated and wound for storage.

Those skilled in the art will recognize that these examples
of a tenter frame and bubble process are for illustrative pur-
poses only, Variations ol either process are within the know|-
edge of one skilled in the art and are considered to be within
the scope of the present invention. Moreover, films produced
using the invention polymer of the invention are not limited to
those produced by either the tenter frame or bubble process.
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EXAMPLES

Two batches of invention polymer (an in-reactor blend)

were prepared using the parameters, P1 and P2, set forth in
Table 1. For each polymerization. high erystalline homopoly-
mer. [l was prepared in two liquid phase loop reactors (LRx1
and [ Rx2 in Table 1) in series using a Ziegler-Natta catalyst
and an external donor. Homopolymer and the active catalyst
were then led into a lirst gas phase reactor (Gus-Phase Reac-
tor 1) for copolymerization. Upon completion the reaction
mixture was transferred to 4 second gas phase reactor (Gas-
Phase Reactor 2) lor a subsequent copolymerization,

TABLE 1
Loop Reactor 1 {LRx1) and 2 (LRx2) P #3 5
Temperanire of LRI & LRx2(7 () 70 700
LRxI H2 (ppm) 903 1049
LRx1 C3 leed rate (Trhr) 3303 3491
LRx2 H2 concentration {ppm) 876 SG2
LRx2 C3 feed rate {T/hr) 1245 12.41
Gas-Phase Reactor |
Temperamre (° C,) Q0 90
Pressure (ke/cm?2) 1.8 11.8
C2HC2 + C3) (mole ratio) 0,033 034
H21C2 (mole ratio) 0046 0,050
C2 feed (kg/lr) 168 172
C3 feed (T/hr) 1.5% 1.65
C2 {mole %) 117 il
C3 (mole %) 8643 R6.49
Gus-Phase Redctor 2
Temperature (°C.) 1600 100
Pressure (kg'em ) 11.4 124
C2C2 4+ CY) (mole rmrio) 0,033 (05K
H2:/C2 (male matio) 0,063 0538
C2 feed tkg/hri 105 109
CJleed (1Vhr) 1.31 1.43
€2 {mole %) 3 2.92
C3 (mole M) 0.6 89.5

Two samples of homopolymer 11, [1] and 112, produced
according to parameters P1 and P2. respectively, were ana-
lyzed prior to copolymerization. The properties of the
homopolymers are shown in Table 2. Table 2 also shows the
praperties of the invention polymers B and B2 that resulted
after the second copolymerization.

TABLE 2

H1 H2 Bl B3
MFR NiA 2.2 21
Xylene solubles (wi. %) N/A 1:72 1,63
C2 content in invention polvmer NA 0.64 0.67
4 o T
€2 comtent in random copolyitier N/A NA 7.98 7.76
{wt, %o ®
Random Copolymer content of NA NA 8.02 B.75
Tnvention Polymor (wr, %a)**=
M 1000 (Xylene Insolubles) NoA 65.9 59.5
Mun/ T (Nylene Solubles) NA 16.8 14.4
Mw/ 1000 (Xylene Insalubles) NA 201 84
Mwi 1000 { Xylene Solubles) NA 96 o8
MWD (Xylene lusolubles) NA 4.42 4.77
MWD (Xylene Solubles) NiA 3.7 6.8
M/ 10000 [ Xyleno Insolubles) NA 1063 992
Mz 1000 { Xylene Solubles) NA 340 37
%X, S59:5 57.7 56,0
T (55 164.9 1640 164.1
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TABLE 2-continued

Hi1 H2 Bl B2
T es) 1148 11335 112.7 1129
Pentad isotacticity of X1 (%)* 96,80 908 9541 9536

Iy Yo NMR

=* From a mass balince of the mamifachuriog process

*** From mass balance caleultion using T2 conrent in pelymer and C2 content m copoly=
met.

Samples Bl and B2 were subsequently mixed and com-
pound with an additives packuge 10 give compounded mate-
rial, C. Material C was then compared to two other resins; | )
a melt blended compound comprising 75% C and 25% H
(*75/257); and 2) Sunoco polymer FF029A, a BOPP grade
resin. The properties of C. 75/25, and FI'029A are shown in
Table 3.

TABLE 3
Property (e 75125 FF29A
MER 28 29
% XS 23 4.1
M/ 1000 6%,1%* 652
M/ 1000 azle 334
Mz/1000 1428* 1228
MWD hd 5 |
T ("5 1662 162.3
T 2C) 120.2 112.1
%X, 6.5 553
*Caleulated value.

For [urther comparison, compounds C, 75/25. and FFO29A
were each extruded and formed into cast sheets approxi-
mately 24 mils thick and 11" wide. In this pracess, the
extruded polymer melt was quenched onto a chill roll main-
tained at 70° F. The cast sheets were then further processed

into film having & width of 60" and an exit thickness of

approximately 0.0007" using a draw ratio of 5.0x8.0 (MDx
TD). Complete processing conditions are shown in Table 4.

TABLE 4

Extrusion and Tenter Line Processing Conditions

¢ 7525 Fru2oA
Extrudor Melr Temp 490 492 491
Temperatures  Zone | 450 450 450
(k) Zone 2 A% 480 480
Zone 3 480 480 480
Zone 4 480 480 4RI
Die Temp 480 480 480
Screw RPM 53 60 61
Chill Roll Temp (F.) 70 70 0
Cast Line FI'M 15.48 15.44 15.54
Cast Sheet 24 Mils 24 Mils 24 Mils
Thickness
Cast Sheet Width " 11" 11"
MDO Stretch Ratio 5 3 5
MDO Roll Preheat | 250 250 251)
(F.) Prehear 2 250 250 250
Slow Draw 250 250 250
Fast Draw 229 229 229
Anneal 1 219 219 219
Cooling 120 120 120
TDO Stetch Ratio 8 8 &
TRO OVEN Oven Zone 1 328 i34 330
(F.) Oven Zone 2 326 334 328
Oven Zone 3 a2 330 320
TDO Exit 00007 000a7" 0.0007"
Thickness
TDO Exit Width 60" 60" 60
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Table 5 shows the physical propertics of the resulting films.
Tensile modulus values were generated at the products’ ideal
processing temperature. Ideal processing temperatures are
considered to be the center of a product’s process window
wherein the low end ol the process window is determined by
web breaks and the high end of the process window is deter-
mined by high haze. The processing windows for C, 75/25,
and FFO29A are shown in FIG. 1,

TABLE 5

( 75125 FF29.4
Ideal Process 328F J32F, £
Temperature
Film thickness 06| 0,00069 1O0068
{inches)
Haze (%0) 057 0,63 184
Trmusiiiiance (%) 94,08 94.13 94,05
Clarity (o) 98.93 98.65 9H.E8
TD Modulus (psi) s43.000 ST0.000 770,000
MIY Modiths (psi) 410,000 45,000 401 000

These examples demonstrate that the invention polymer is
ready substitute for standard BOPP grade resin, providing
enhanced performance in the form of improved strength in
both MD and TD meduli. without sacrificing processability.

The present invention has thus been described in general
lerms with reference to specific examples, Those skilled in the
art will recognize that the invention is not limited to the
specific embodiments disclosed in the examples. Those
skilled in the artwill understand the full scope of the invention
from the appended claims.

Allreferences comained herein are hereby incorporated by
referenced in their entirety, s
What is claimed is: .

1. A resin composition comprising:

a. about 70% to about 95% by weight of a polypropylene
homopolymer, said polypropylene homopolymer hav-
ing a xylene salubles content of less than 3% by weight
and a crystallinity of at least 55%: and

b. about 5% 1o about 30% by weight of an ethylene/propy-
lene copolymer. said ethylene/propylene copolymer
containing ethylene of greater than 8% to about 15% by
weight, wherein a majority of said ethylene in said eth-
vlene/propylene copolymer is random,

2. The resin composition according 1o claim 1. further
comprising at least one additive selected from the Zroup con-
sisting of nucleators, antioxidants. acid neutralizers. slip
agents, antiblock agents, antifogging agents, pigments, and
combinations thereof.

3. A resin composition comprising:

a. about 70% to ahout 85% of 4 polypropylene homopoly-
mer having a Xylene solubles content of less than 3% by
weight and a crystallinity of at least 55%: and

- about 15% to about 30% by weight of an ethylene/
propylene copolymer. said ethylene/propylene copoly-
mer containing ethylene of greater than about 8% 1o
about 15% by weight. whercin a majori ty of said cthyl-
ene in said ethylene/propylene capolymer is randon.

4. The resin composition according 10 claim 3. further
comprising at least one additive selected from the group con-
sisting of nucleators. antioxidants, acid neutralizers, slip
agents, antiblock agents. antifogging agents, pigments, and
combinations thereof.



