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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. 5. B

Re:  Expediente No. 11-133.997
Solicitud de patente a nombre de LUMMUS NOVOLEN TECHNOLOGY
GMBH

Yo, CAROLINA DAZA MONTALVO identificada como aparece al pie de mi firma,
domiciliada en la Carrera 11 No. 86-53, piso 6, obrando como apoderada sustituta de
acuerdo con la susttucion adjunta, de la sociedad LUMMUS NOVOLEN
TECHNOLOGY GMBH, domiciliada Mannheim, Alemania, solicitante de la patente
de la referencia, en respuesta al oficio No. 8451 notificado por fijacion en lista el 28 de
julio de 2015, relacionado con concepto téenico de fondo, me permito manifestar:

1. Con fundamento en la facultad que conficre el articulo 34 de la Decision 486 al
solicitante pata modificar la solicitud de patente en cualquier momento del
tramite, presento junto con este memotial nuevo capitulo reivindicatorio, el cual
consta de 24 reivindicaciones y reemplaza completamente el capitulo presentado
anteriormente. En el nuevo capitulo reivindicatorio se realizaron las siguientes
modificaciones:

1.1 Se modificé la antigua reivindicacion 12 con el fin de definir en forma mas clara
y precisa la materia reclamada.

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 ¢l animo
de superar las objeciones de clatidad y nivel inventivo planteadas por el examinador en
SU CONCEPLo técnico.

En cuanto al nimero de reivindicaciones, atentamente nos permitimos decir que no se
adjunta tasa por reivindicaciones adicionales, toda vez que el nuevo capitulo
retvindicatorio tiene el mismo numero de clausulas que el originalmente presentado y es
en esencia el mismo objeto pero definido con mayor claridad.

2. Claridad de la solicitud

El solicitante manifiesta que mediante la presentacion del nuevo capitulo reivindicatotrio
quedan subsanadas la totalidad de las objeciones, de modo tal que las nuevas
reivindicaciones proporcionan claridad v concision a la invencion descrita, siguiendo las
recomendaciones realizadas por ¢l examinador en su concepto técnico.

P-3023

38:30 Dep. 2020 DIR.NUEVASCR
Eve: 378 FASENACIONAL|



Clarke, Modet & C°

COLOMBIA

En relacién con el titulo de la solicitud, este se modifica a “COPOLIMERO DE
BLOQUE  ALEATORIO DE  ALTA RESISTENCIA AL IMPACTO
SUPERTRANSPARENTE Y METODO PARA ELABORAR EL MISMO”.

Iin relacion con las objeciones planteadas por el examinador en su concepto técnico
considerando la relacién de espaciamiento cristalino a amorfo “L¢/I.@” como resultado
a alcanzar, es desco del solicitante indicar que la caracteristica relacionada con la
opacidad del polimero no cortesponde a un resultado a alcanzar. El mejor resultado de
opacidad de los polimeros que se describen en el documento US 6225414 (D2) (al
revisar los resultados de la “lmina prensada de 1 mni”) es de 50%. Ln comparacion, los
polimeros de la presente solicitud, evaluados en una placa de 1 mm, tienen valotres de
opacidad de aproximadamente 5.8%. Como se explica en la descripcion de la solicitud,
el espaciamiento cristalino, y la forma en la que la fase de goma se incorpora dentro del
polimero, tiene un impacto significativo en la opacidad/claridad del polimero
resultante. Asi, con base en los resultados tan distintos, en D2 50% y en la presente
solicitud 5.8%, no puede indicarse que la opacidad de un polimero es dnicamente una
funcion de los potcentajes de peso de etileno, propileno y las respectivas mezclas de
polimeros.

Con respecto a las objeciones a las antiguas reivindicaciones 9, 12 v 24, es deseo del
solicitante indicar que los agentes de clarificacion son descritos en la descripcion de la
presente solicitud v el término es facilmente entendido por una persona del oficio
normalmente versada en la técnica. las condiciones de reaccién también son descritas
en la descripcion de la solicitud. Una persona del oficio normalmente versada en la
técnica se darfa seguramente cuenta que las condiciones de reaccion pueden a) ser
dependientes del proceso (polimerizacion en fase gas vs. polimerizacion en fase
liquida), b) variar dependiendo de la actividad del catalizador, el objctivo de flujo de
fusion y otras variables de proceso. Por lo tanto la limitacion genérica de “primeras
condiciones de reaccion de polimerizacion” v “segundas condiciones de reaccion de polimerizacién” no
necesita definicion adicional para una persona del oficio normalmente versada en la
técnica, la cual entenderia las medidas y limites de la reivindicacion. En cuanto al
termino “fal proporcion” en la reivindicacion 12, se aclara que el polimero y el catalizador
son alimentados desde el primer reactor al segundo reactor. Un experto en la técnica de
polimerizacion reconoce que la polimerizacion en el segundo reactor debe ser llevada a
cabo para proporcionar el componente A y el componente B en las relaciones
requeridas. La cantidad de mondmero, entre otros, son controladas para proporcionar
el polimero deseado. De esta forma, el término “ta/ proparcidn” es facilmente entendido
por una persona del oficio normalmente versada en la técnica.

En cuanto a la objecion a la antdgua reivindicacion 11, el examinador indica que los
efectos no definen la constitucion del polimero. A este respecto, el solicitante indica
que el flujo de fusién de un polimero es un indicador del peso molecular. De manera
similar, Izod es un indicador de cémo la fase gomosa del copolimero de impacto esta
dispersada. Tgualmente, la opacidad es un indicador del ordenamiento molecular del
polimero, en relacion con la fase gomosa vy el espaciamiento cristalino como se describe
en el capitulo descriptivo de la solicitud. Estas propiedades fisicas son medidas en el
polimero, pero representan la constitucién de la matriz de polimero v como cste estd
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configurado. Por ejemplo, como se indico anteriormente, las placas del documento D2
tienen como mejor opacidad un 50%. La matriz de polimero del documento D2,
aunque tiene valores de composicion que se traslapan, es significativamente diferente de
los polimeros de la reivindicacion 11, que requiere una opacidad de 5 a 10%. Teniendo
en cuenta que estos valores medidos se refieren a la constitucion del polimero, el
solicitante considera que deben ser tenidos en cuenta como caracteristicas técnicas del
copolimero en bloque aleatorio que se reclama.

Con respecto a la objecion a las reivindicaciones de método por no contenct
condiciones técnicas, es deseo del solicitante aclarar que los métodos descritos en las
reivindicaciones 1y 12 incluyen ctapas téenicas secuenciales y las condiciones técnicas
relevantes en cada una de ellas. No se considera necesario incluir limitaciones de
presion o temperatura como lo indica el examinador, ya que estan no constituyen las
caracteristicas técnicas esenciales del método.

En relacién con las antiguas reivindicaciones 2 a 6 y 13 a 15, es deseo del solicitante
aclarar que en estas se incluyen limitaciones mas especificas de la materia contenida en
las reivindicaciones de las cuales dependen.

En consecuencia, nos permitimos indicar que el presente capitulo reivindicatorio, que
incluye 24 reivindicaciones, se ajusta a las disposiciones del articulo 30 de la Decision
486/00.

3. Nivel Inventivo

[l examinador establece en su concepto técnico la falta de nivel inventivo de las
antiguas reivindicaciones 1 a 24 a la luz de las ensenanzas técnicas descritas en los
documentos D2 y WO03046021 (1D3).

A este respecto, me permito indicar que el articulo 18 de la Decision 4806 establece que
“Se considerard que una invencion tiene nivel inventivo, si para una persona del oficio normalmente
versada en la materia técnica correspondiente, esa invencion no hubiese resultado obvia ni se hubiese
derivado de manera evidente del estado de la técnica” .

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

Considerando la anterior definicion, se aclara que las presentes reivindicaciones estan
dirigidas a procesos de polimerizacion para la produccion de copolimeros de propileno
super transparentes con resistencia de alto impacto. Se ha encontrado que mediante el
control cuidadoso de los pardimetros de produccion, puede ser formado un copolimero
de bloque aleatorio que tiene de manera inesperada una muy baja opacidad, lo cual era
deseado y se pensaba como imposible para copolimeros de impacto.
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El examinador indica que la presente invencion carece de nivel inventivo a la luz de la
combinacitn de ensefianzas descritas en los documentos D2 y D3. El solicitante difiere
de esta opinién. Los documentos D2 y D3, como minimo, fallan en mencionar o
sugerit la relacién de espaciamiento como se describe en las reivindicaciones
independientes 1y 12.

Como sc indico anteriormente, el polimero del documento D2, cuando se forma en una
plaza de 1 mm, tiene una opacidad de 50% o mas. Adicionalmente, el polimero de D3,
cuando se forma en una pelicula de 50 micrones, tene una opacidad de 11 a 18%. La
opacidad del polimero de D3 es posiblemente peor que la opacidad de la pelicula de 132
(valores de opacidad de la pelicula de 30 micrones es de 3 a 5%). Por el contrario, los
polimeros de la presente solicitud, cuando se forman en una placa de 1 mm pueden
tencr, por ejemplo, valores de opacidad de 5 a 10%. En otras palabras, el espaciamiento
cristalino de los polimeros que se describen en las reivindicaciones 1y 12 un valor de
opacidad de 1 mm similar a los valores de opacidad de la pelicula de 50 micrones del
documento D3 y una pelicula de 30 micrones del documento D2. Esto no es un
cambio_incremental resultante de la optimizacion. Mas bien, esta es una mejora
monumental e inventiva en los polimeros de D2 y D3.

No es clara la forma en la que una persona del oficio normalmente versada en la técnica
se motivaria pot los documentos D2 o D3 para producir un polimero super
transpatrente. Un experto en la téenica no tendria motivacion o deseo para modificar los
documentos D2 0 D3 con ¢l fin de llegar a la presente invencion. Aunque existen varias
caracteristicas de reivindicacién que se traslapan, los documentos D2 y D3 no
mencionan o sugieren el espaciamiento ctistalino y la influencia de este en la
transparencia del polimero. En rigido contraste a los polimeros nubosos de los
documentos D2 y D3, el solicitante ha encontrado que el control en las condiciones de
polimerizacion y otros factores durante el proceso de polimerizacién puede ser
utilizado para producir polimeros super transparentes que tienen cl espaciamiento
cristalino como se describe.

Asi, es claro que los documentos D2 y D3 no mencionan o sugieren todas y cada una
de los elementos que se describen en las reivindicaciones 1 y 12, particularmente la
relacion de espaciamiento. De acuerdo a esto, las reivindicaciones 1 y 12 y sus
reivindicaciones dependientes tienen novedad y nivel inventivo segin los lineamientos
del articulo 18 de la Decision 486 /00

Adicional a lo anterior, ¢s deseo del solicitante indicar a ese Honorable Despacho que
las solicitudes equivalentes en Estados Unidos de América, China, Japon y Corea han
sido concedidas por cada una de las Oficinas de Patentes correspondientes (copia de las
patentes US8138251 y USB076429 se presentan como anexos al presente memorial). Se
llama especial atencion del examinador sobre el hecho de que el mismo documento D1
citado por el examinador colombiano fue tenido en cuenta durante el trimite de la
solicitud en Estados Unidos de América.

De esta forma, aunque el solicitante reconoce la independencia de cada oficina de
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patentes, desea manifestar que le resulta sorprendente que otras oficinas de patentes
hayan reconocido, todos los requisitos de patentabilidad para la invencion reclamada,
mientras Unicamente la Superintendencia de industria y Comercio se aleja de ral
opinion, siendo la novedad, ¢l nivel inventivo v la apllC’lblllCl’ld industrial conceptos
totalmente universales.

Habiendo atendido cabalmente las objeciones presentadas por ese despacho,
atentamente solicitamos se conceda el privilegio de patente de invencion a la solicitud
en estudio o si el sefor examinador considera que subsisten razones para objetar la
ptesente invencion, rogamos expedir otro examen de fondo con los debidos motivos y
razones que sustenten su objecidon con el fin de que nuestro mandante tenga la
posibilidad de exponer sus argumentos con base en la interpretacion de los articulos 45
de la Decision 486 -el cual otorga la facultad al examinador para emitir los examenes de
fondo-, 35 y 59 del Codigo Contencioso Administrativo que sefiala que: “habiéndose dado
oportunidad a los interesados para expresar sus opiniones, y con base en las prucbas e informes
disponibles, se tomard la decisin que serd motivada al menos en forma sumaria i afecta a
particulares”y “(..) deberd proferirse la decision definitiva. Esta se motivard en sus aspectos de hecho y
de derecho, y en los de conveniencia si es el caso”, respectivamente (El subrayado es nuestro).

Lh

En consecuencia, solicitamos a ese despacho pronunciarse en relacion con todos los
argumentos presentados en este memorial dando estricta aplicacion al principio del
debido proceso consagrado en el articulo 29 de la Constituciéon Nacional

Senor Superintendente,

ROLINA DAZA
C.C. 66.783.790 de Palmira Valle
TP-141563 C§]

notificaciones(@clarkemodet.com.co
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SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. B A

Re: Expediente No. 11-133.997
Solicitud de patente a nombre de LUMMUS NOVOLEN TECHNOLOGY GMBH

RESPUESTA ACCION OFICIAL

Yo, SILVANA MARIA LOPEZ DIAZ, identificada como aparece al pie de mi
firma, domiciliada en Bogota, atentamente informo a usted que sustituyo
el poder con que obro, a la doctora CAROLINA DAZA MONTALVO,
domiciliada en Bogota, identificada con la Cédula de Ciudadania
N0.66.783.790 de Palmira Valle y portadora de la tarjeta profesional
No.TP-141563 del CSJ, con las mismas facultades que me fueron

conferidas para este caso.

Muy atentamente,

DIAZ
C.C. No. 22.468.787 \ 3

TP- 147463 CS]

Acepto sustitucion

QCWSM r o
CAROLINA DAZA MONTALVO
C.C. 66.783.790 de Palmira Valle

TP-141563 CSJ
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ANEXOS
- Nuevo capitulo reivindicatorio que incluye 24 rervindicaciones.

- Patente US8138251. “Supertransparent high tmpact strength random block copolymer”
- Patente US8076429. “Superiransparent high impact strength random block copolymer”
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REIVINDICACIONES

1, Un copolimero en bloque aleatorio, caracterizado porque comprende:

a) de 65% en peso a 97% en peso de un copolimero de propileno/etileno
cristalino A que contiene de 0.5% en peso a 6% en peso de unidades derivadas de
etileno y de 94% en peso a 99.5% en peso de unidades derivadas de propileno,
que tienen un punto de fusién de 120° C a 159° C,; y copolimerizados con los
mismos, y

b) de 3% en peso a 35% en peso de un copolimero de propileno/etileno B
que contiene de 8% en peso a 40% en peso de unidades derivadas de etileno y de
60% en peso a 92% en peso de unidades derivadas de propileno, en donde la
relacion del MFR¢opolimero en blogue aleatorio €N POIVO @ €l MFRcopolimero 4 €N poOlvo esta de
acuerdo con la ecuacion

MFRcopclimero en bloque aleatorio =K (MFRcopoIimem A)
endonde K=10a1.5,vy
en donde una relacion de espaciamiento cristalino a amorfo Lc/La de dicho

copolimero en bloque aleatorio varia de 1.00 a 2.25.

2. El copolimero en blogue aleatorio de la reivindicacién 1, en donde K=1.0 a 1.3.

3. El copolimero en bloque aleatorio de la reivindicacion 1, en donde K=1.0 a
1.25.

4. El copolimero en bloque aleatorio de la reivindicacion 1, caracterizado porque
comprende:

a) de 75% en peso a 95% en peso de un copolimero de propileno/etileno
cristalino A que contiene de 1% en peso a 5% en peso de unidades derivadas de
etileno y de 95% en peso a 99% en peso de unidades derivadas de propileno; y
copolimerizados con los mismos,

b) 5% en peso a 25% en peso de un copolimero de propileno/etileno B que
contiene de 10% en peso a 30% en peso de unidades derivadas de etileno y de

70% en peso a 90% en peso de unidades derivadas de propileno.

5 El copolimero en bloque aleatorio de la reivindicacion 1, caracterizado
porque comprende:
a) de 80% en peso a 92% en peso de un copolimero de propileno/etileno
cristalino A que contiene de 1.5% en peso a 4.5% en peso de unidades derivadas

de etileno y de 95.5% en peso a 98.5% en peso de unidades derivadas de
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propileno; y copolimerizados con los mismos,
b) de 8% en peso a 20% en peso de un copolimero de propileno/etileno B
que contiene de 10% en peso a 30% en peso de unidades derivadas de etileno y

de 70% en peso a 90% en peso de unidades derivadas de propileno.

6. El copolimero en bloque aleatorio de la reivindicacion 1, caracterizado
porque comprende:

a) de 88% en peso a 92% en peso de un copolimero de propileno/etileno
cristalino A que contiene de 2% en peso a 4% en peso de unidades derivadas de
etileno y de 96% en peso a 98% en peso de unidades derivadas de propileno; y
copolimerizados con los mismos,

b) de 8% en peso a 12% en peso de un copolimero de propileno/etileno B
que contiene de 12% en peso a 17% en peso de unidades derivadas de etileno y

de 83% en peso a 88% en peso de unidades derivadas de propileno.

T El copolimero en bloque aleatorio de la reivindicacion 1, en donde la
relacion de espaciamiento cristalino a amorfo Lc/La de dicho copolimero en

bloque aleatorio varia de 1.25 a 2.00.

8. El copolimero en bloque aleatorio de la reivindicacion 1, en donde la
relacion de espaciamiento cristalino a amorfo Lc/La de dicho copolimero en

blogue aleatorio varia de 1.40 a 1.70.

9. El copolimero en bloque aleatorio de la reivindicacion 1, caracterizado
porque comprende adicionalmente 50 ppm a 5,000 ppm de un agente de

clarificacion.

10.  El copolimero en blogue de impacto aleatorio de la reivindicacion 9, en
donde el agente de clarificacidon se selecciona el grupo que consiste de
derivados de dibencilideno sorbitol que tienen sustituyentes alquilo, alcoxi o
haldgeno en cualquiera o ambos anillos aromaticos, por lo cual los
sustituyentes alquilo pueden se C4 ; Co, v pueden ser ramificados, lineales

o cicloalquilo y combinaciones de dichos derivados de sorbitol.

11.  El copolimero en bloque aleatorio de la reivindicacion 9, que tiene un valor
de opacidad a 23° C de 5 % a 10 % segun se mide por ASTM D 1003, y
una resistencia al impacto a 23° C de 10 kJ/m? a 50 kJ/m? segun se mide

por la prueba Charpy de entallado de resistencia al impacto de acuerdo con



la ISO 179-2.

12.  Un método para elaborar un copolimero en blogue aleatorio, caracterizado
porque comprende:

a) introducir en una primera zona de reaccion un catalizador de
polimerizacion y una primera carga que contiene de 0.5 partes en peso a 6 partes
en peso de etileno y de 94 partes en peso a 99.5 partes en peso de propileno;

b) copolimerizar el etileno y el propileno bajo primeras condiciones de
reaccion de polimerizacion para proporcionar un copolimero A con catalizador
activo embebido en este, que tiene una temperatura de fusion de 120 °C a 159 °C;

c¢) introducir el copolimero A en una segunda zona de reaccion;

d) introducir a la segunda zona de reaccién una segunda carga que
contiene de 8 partes en peso a 40 partes en peso de etileno y de 60 partes en
peso a 92 partes en peso de propileno; y

e) copolimerizar el etileno y propileno de la segunda carga para
proporcionar un copolimero B en donde el copolimero B se copolimeriza con el
copolimero A bajo segundas condiciones de reaccion de polimerizacion y en tal
proporcidbn como para proporcionar un copolimero en bloque aleatorio que
contiene de 65% en peso a 97% en peso de bloques de copolimero A y de 3% en
peso a 35% en peso de bloques de copolimero B, en donde la relacion

MFRcopolimero en blogue aleatoric €N POIVO @ el MFRcopolimero A €N polvo esta de

acuerdo con la ecuacion

MFRcopoumerc en bloque aleatorio = K (MFRcopoiimero A)
endonde K=1.0a15,y
en donde una relacion de espaciamiento cristalino a amorfo Lc/La de dicho

copolimero en bloque aleatorio varia de 1.00 a 2.25.

13. El método de la reivindicacion 12, en donde:
el copolimero en bloque aleatorio contiene de 75% en peso a 85% en peso
de bloques de copolimero A y de 5% en peso a 25% en peso de bloques de

copolimero B.

14.  El método de la reivindicacion 12 o 13, en donde
la primera carga contiene de 1 partes en peso a 5 partes en peso de etileno
y de 95 partes en peso a 99 partes en peso de propileno,
la segunda carga contiene de 10 partes en peso a 30 partes en peso de
etileno y de 70 partes en peso a 90 partes en peso de propileno, y

el copolimero en bloque aleatorio contiene de 75% en peso a 95% en peso



15,

16.

17

18.

19.

20.

21.
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de blogues de copolimero A y de 5% en peso a 25% en peso de bloques de

copolimero B

El método de la reivindicacion 12 o 13, en donde:

la primera carga contiene de 1.5 partes en peso a 4.5 partes en peso de
etileno y de 95.5 partes en peso a 98.5 partes en peso de propileno,

la segunda carga contiene de 10 partes en peso a 30 partes en peso de
etileno y de 70 partes en peso a 90 partes en peso de propileno, y

el copolimero en bloque aleatorio contiene de 80% en peso a 92% en peso
de bloques de copolimero A y de 8% en peso a 20% en peso de bloques de

copolimero B.

El método de la reivindicacién 12 o 13, en donde

la primera carga contiene de 2 partes en peso a 4 partes en peso de etileno
y de 96 partes en peso a 98 partes en peso de propileno,

la segunda carga contiene de 12 partes en peso a 17 partes en peso de
etileno y de 83 partes en peso a 88 partes en peso de propileno, y

el copolimero en bloque aleatorio contiene de 88% en peso a 92% en peso
de bloques de copolimero A y de 8% en pesc a 12% en peso de bloques de

copolimero B.

El método de la reivindicacion 12 o 13, en donde el catalizador es un

catalizador Ziegler-Natta o catalizador de metaloceno.

El método de la reivindicacion 12 en donde la primera reaccién de
polimerizacion y la segunda reaccion de polimerizacion son llevados a cabo

en procesos de fase de gas de lecho agitado.

El método de la reivindicacion 12 o 13, en donde la primera reaccion de
polimerizacion es un proceso de polimerizacion a granel conducido en

propileno licuado.

El método de la reivindicacion 19, en donde la segunda reaccion de
polimerizacion es un proceso de fase de gas y la segunda zona de reaccion

incluye un lecho fluidizado o lecho agitado.

El metodo de la reivindicacién 12 o 13, en donde las condiciones primera

y/o segunda de reaccion de polimerizacion incluyen una temperatura de 20



22,

23,

24.

J

a 150° C, una presion de 1 a 10000 KPa, y un tiempo de residencia

promedio de 0.5 a 5 horas.

El método de la reivindicacién 12 o 13, en donde las condiciones primera
y/lo segunda de reaccion de polimerizacion incluyen temperaturas de 60 a
90° C, una presion de 1000 a 5000 KPa, y un tiempo de residencia

promedio de 0.5 a 3 horas.

El método de la reivindicacion 14, caracterizado porque comprende
adicionalmente la introduccién de hidrégeno en la primera y/o segunda zona

de reaccion de polimerizacion.

El método de la reivindicaciéon 12 o 13, en donde el catalizador de

polimerizacion comprende un catalizador Ziegler-Natta.
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(57) ABSTRACT

A high impact strength random block copolymer including
(a) about 65-97 wt, % of a crystalline propylene/ethylene
copolymer A containing [rom about 0.5 wt. % 1o about 6 wt.
% derived from ethylene and from about 94 wt. % to about
99,5 wt, % denived from propvlene, and (b) about 3-35 wt. %
of a propylene/ethylene copolymer B containing from about
8 wt. % to about 40 wt % derived from ethylene and from
about 60 wt % to about 92 wt. % derived from propylene. The
crystalline to amorphous ratio Lc/La of the random block
copolymer ranges from about 1.0010 about 2.25. The random
block copolymer is characterized by both high toughness and
low haze.

11 Claims, No Drawings
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SUPERTRANSPARENT HIGH IMPACT
STRENGTH RANDOM BLOCK COPOLYMER

CROSS-REFERENCE TO RELATED
APPLICATION

This application, pursuant to 35 U.S.C, §120, claims ben-
efit to U.S. patent application Ser. No. 12/381,382 filed Mar.
11. 2009, now U.S, Pat. No. 8,076.429, That application is
mcorporated by reference in its entirety.

BACKGROUND

1. Field of the Invention

The present invention relates to transparent high impact
random block capolymers compositions for use in molded
and extruded articles.

2. Background of the Art

A variety of transparent thermoplastic compasitions have
been developed. some of which have been disclosed in the
patent literature and/or introduced to the marketplace. Each
of those compositions has a particular level of transparency.
often characterized in terms of “haze.” which is determined in
accordance with recognized test procedures. Shortcomings of
those compositions include unsatisfactorily high haze values
(low transparency), poor processability and poor mechanical
properties, including undue hardness, low flexibility, etc. For
example, previously proposed thermoplastic elastomer com-
positions with transparency and flexibility such as com-
pounds based on styrene-cthylene-butadiene-styrene impact
copolymers, thermoplastic vulcanized blends (TPV) or ther-
moplastic olefin (TPO) blends show transparency and sofi-
ness levels that are still unsatisfactory in some applications.

[EP 1,428,853 discloses a polypropylene polymer compo-

sition including a random propylene-alpha-olefin copolymer, 3

the alpha-olefin being cthylene and one or more C4-C
alpha-olefins. The polymer includes a matrix phase contain-
ing 2-12 mole % ethylene and a rubber phase containing
25-65 mole % ethylene.

[EP 1,354,901 discloses a heterophasic polvpropylenc com- an

position with a MFR greater than 100 g/10 min.

WO 03/106,553 discloses high impact polypropylene
copolymers with matrix and rubber present in separate
phases.

WO 03/046,021 discloses a polvpropylene polymer com-
position having a MFR of from 3 t0 30 ¢/1 0 min. The polymer
includes 50-90% of one or more propylene copolymers hav-
ing a xylene insoluble fraction of not less than 83% and
10-30% ol a propylene copolymer containing 8%-40% eth-
ylene and optionally 1-10 w-% of a (7,-C'; alpha-olefin.

Other random block copolvmier compositions are dis-
closed in EP 1,206,499, EP 373.660, EP 814,127, EP 860,457
and EP 1,162,213,

Others have attempted to make transparent compositions,

but many of such compositions are problematic, particularly s

when attempting to make molded compositions that possess a
desirable combination of properties, such as softness, flex-
ibility and strength, while also having good processability.
l'or example, others have heen confronted with shortcomings
in the area of processability, particularly for molded or
extruded compositions, where the tendency of a material 1o
crvstallize quickly has enormous advantages. Many materials
that have good mechanical propertics lack good crystalliza-
tion properties. When a composition is used for molding. itis
desirable that it has a tendency to flow well and thus quickly
and easily and completely il all arcas of the mold. While
there is a general tendency for higher MFR materials to cor-

x

30

30

[

2

respond to good flowability, a higher MFR is frequently also
accompanied by an unfortunate decrease in mechanical prop-
erties: thus a higher MFR is not necessarily desirable for that
reason. Furthermore, many compositions experience a trade-
offin properties, e.g., where good mechanical properties may
be offset by poor flexibility, e.g.. undue stiffness or hardness.
Accordingly, there is a need for a material that has a combi-
nation of desirable properties.

Typically, in the past one had to choose between low haze
or good impact properties. The prior art does not provide 4
material with both low haze and good impact properties at the
same time.

SUMMARY

A super transparent high impact strength random block
copolymer is provided herein which comprises a combination
of

(a) 65-97 wt., preferably 75-97 wi. % of a crystalline pro-
pylene/ethylene copolymer A containing from about 0.5 wit.
% to about 6 wt. % derived from ethylenc and from about 94
wt. % to ahout 99.5 wt. % derived from propylene, having a
melting point of 120-159° C.; and

(b) 3-35 wt. %, preferably 3-25 wt. %. of a propylene/
ethylene copolymer B containing from about 8 wi, % to about
40 wt. % derived from ethylene and from about 60 wt, % to
about 92 wt. % derived from propylene,

where the random block copolymer is produced in at least
a two slage reaclor cascade, where copolymer A is produced
in a first polymerization reactor and copolymer B is produced
in a second polymerization reactor.

The random block copolymer is characterized by an out-
standing combination of high impact strength and low haze.

DETAILED DESCRIPTION

Other than in the working examples or where otherwise
indicated, all numbers expressing amounts of materials. reac-
tion conditions, time durations, quantified properties of mate-
rials, and so forth, stated in the specification are to be under-
stood as being modified in all instances by the term “about.”

It will also be understood that any numerical range recited
herein is intended 1o include all sub-ranges within that range,

It will be further understood that any compound, material
or substance which is expressly or implicitly disclosed in the
specification and/or recited in a claim as belonging to a group
of structurally, compesitionally and/or functionally related
compounds, materials or substances includes individual rep-
resentatives of the group and all combinations thereof.

The present invention provides low haze (super transpar-
ent) random block copolymers for applications such as injec-
tion molding, sheet, film. thermoforming, blow molding and
injection stretch blow molding (1SBM) by carefully tailoring
of molecular parameters.

Such parameters inchide:

1) the proper melt flow rate difference (delta MFR)

between the products produced in the first (copolymer
A) and second polymerization reactor (copolymer B),

2) the proper ethylene content of copolymer A, produced in

the first reactor,

3) the properethylene content of copolymer B, produced in

the second reactor,

4) the balance of the ethylene contents of copolymers A and

B,

5) the balance of long spacing within the crystalline struc-

ture of the random impact copolymer,
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6) the xvlene soluble (XS) content of the random block
copolymer. and

7} optionally adding a clarifier in the right amount to the
random impact copolymer.

Careful control and balancing of these parameters results
in the growth of crystalline regions of a certain size and type,
resulting in a random block copolymer that has an unexpect-
edly low haze, which is desirable yet previously thought to he
impossible or impact copolymers.

Although not wishing to be limited o any theory, the low
haze is believed 1o be the result of properly formed crystalline
domains of smaller size and type than those found in typical
impact copolymers. This behavior is believed to be attribut-
able to co-crystallization of rubber polymer chains within the
matrix polymerchains. Low haze may also be attributed to the
optimization of refractive index between the two phases.
Smaller, more open spherulites with irregular horders incom-
bination with very small rubber particles (D<0.5 microns) are
believed to provide a mechanism for obtaining the combina-
tion of low haze and good impact properties in the random
block copolymer of the invention. Also. low molecular
weight (LMW) compatible rubber tends to migrate o the
matrix domain thereby thickening the amorphous lamella
(La) and thinning the crystalline lamella (Le),

In more detail, in one embodiment of the invention a ran-
dom block copolymer is provided herein which comprises a
combination of:

(a)65-97 wt. % ofacrvstalline propylene/ethylene copoly-
mer A containing from about 0.5 wt. % to about 6 wt. %
derived from ethylene and from about 94 wt. % to about 99.5
wt, % derived from propylene, having a melting point (mea-
sured by means of DSC in accordance with the standard 1SO
3146) 0f 120-159° C.; and

(b) 3-35 wt. % of a propylene/ethylene copolymer B con-
taining from about 8 wit. % to about 40 wi. % derived from
ethylene and from about 60 wi. % te about 92 wt. % derived
from propylene. where the random block copolymer has the
following properties:

(1) the propvlene/ethylene copalymer 13 is dispersed in the
crystalline propylene/ethylene copolymer A; in a first
embodiment of the invention, the two copolymers A and
B are phase separated and ina second embodiment of the
invention, the copolymers A and B3 form a continuous
phase random block copolymer without phase separa-
tion,

(11} in the case, the two copolymers A and B form a random
block capolvmer showing phase separation, the particle
size of the dispersed polvmer B is <1.5 pm, preferably
<1.0 wm, particularly prelerably <0.5 um,

(1i1) the haze, measured in accordance with the standard
ASTM D 1003 is for random block copolymers of the
present invention < 2%. preferably <10%, and particu-
larly preferably <7%.

(1v) the Xylene soluble fraction (XS)at 23° C., measured in
accordance with ISO Standard 16152 (Plastics-Deter-
mination of Xvlene soluble matter in Polypropylene) is
11% to about 25%, preferably 12 to about 22, particu-
larly 15% to about 20%.

(v) the MFR measured in accordance with the ISO standard
1133a1230° C.withaload of 2.16 kg is 0.1 to about 150
dg/min, preferably 0.5 to about 100 dg/min, particularly
preferably 1 to about 80 dg/min.

(vi) the ratio of powder-MFR, 100 siock copotymer 10 thE
powder-MFR copolymer A are in accordance with the
equation

MER, nidory biock capatymees~ NMER ooty )
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wherein K=1.0 to about 1.5, preferably 1.0 to abour 1.3,
particularly preferably 1.0 to about 1.25,

(vii) the crystalline/amorphous ratio Le/Ta. determined by
small angle X-ray scattering (SAXS), ranges from about
1.00 to about 2.25. preferably 1.25 to about 2.00, par-
ticularly preferably 1.40 to ahout 1.70,

(viii) the material optionally contains nucleating and/or
clarifying agents ranging from about 50 ppm to ahout
5.000 ppm, preferably from about 100 to about 4,000
ppm, and more preferably from about 120 to about 2.500
ppm.

Preferably, in another embodiment the random block
copolymer of the present invention comprises a combination
ol

(a) 75-95 wt. % ofa crystalline propylenc/ethylene copoly-
mer A containing from about 1.0 wi, % to about 5 wi. %,
preferably 1.5 to about 4.5 wt. %, derived [rom ethylene and
from about 95 wt. % ta about 99 wit. %, preferably 95.5 o
about 98.5 wi. %, derived from propylene, having a melting
point of 135-150° C., preferably of 139-146° C.; and

(b) 5-25 wt. % of a propylene/cthylenc copolymer B con-
taining [rom about 10 wt, % to about 30 wt. %, preferably 12
to about 25 wt. %. derived from ethylene and from about 70
wi. % to about 90 wt. %, preferably 75 to about 88 wi. %,

5 derived from propylene,

where the random block copolymer has the above men-
tioned properties (i)-(viii).

Particularly preferably, in yet another embodiment the ran-
dom block copolymer of the present invention comprises a
combination of:

(a) 80-92 wt, % of a crystalline propylene/ethylene copoly-
mer A containing from about 1.5 wt. % to about 4.5 wt. %,
preferably 2.0 to about 4.0 wt. %, derived from ethylene and
from about 95.5 wt. % to about 98.5 wi. %, preferably 96 to
about 98 wt, %, derived from propylene, having a melling
point of 135-150° C., preferably of 139-146° C.. and

(b) 8-20 wt. % of a propvlene/ethylene copolymer B con-
taining from about 10 wt. % to about 30 wi. %, preferably 12
to about 25 wit, %, derived from ethylene and from about 70
wit. % to about 80 wi. %, preferably 75 wt. % to about 88 w1,
%, derived from propylene,

where the random block copolymer has the above men-
tioned properties (i)-(viii).

Most preferably, in yet another embodiment the random
block copolymer of the present invention comprises a com-
bination of

(a) 88-92 wt. % ofa erystalline propylenc/ethylene copoly-
mer A containing from about 2.0 to about 4.0 wt. %, derived
from ethylene and from about 96 to about 98 wt, %, derived
from propylene, having a melting paint of 139-146 (., and

(b) 8-12 wt. % of a propvlene/ethylene copolymer B con-
taining from about 12 to about 17 wt. %, derived from ethyl-
ene and from about 83 to about 88 wi. %, derived from
propylene,

where the random block copolymer has the above men-
tioned properties (i)-(viii).

The polymers of the invention can be produced using any
coordinating catalyst, like single-site catalysts or Ziegler-
Natta catalysts. the Ziegler-Natta catalyst being preferred.

The method of the present invention includes preparing a
random black copolymer by sequential polymerization. Eth-
vlene and propvlene are copolymerized in a first reaction zone
to provide a propylene-cthylene copolymer component A of
the impact copolymer of the invention. Component A is then

5 sent to a second reaction zone where ethylene and propylene

are copolymerized to provide the component B which is
incorporated into the polymer. The ethylene content of com-
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ponent A can range from about 0.5 wt. % to about 6 wt. % and
the propylene content can range from 94 wt. % to about 99.5
wt. %. Component B of the impact copolymer contains [rom
about 8 wt % to about 40 wt, % of ethylene and 60 wt. % to
about 92 wt. % of propylene.

Random block copolymers of the present invention can be
produced in slurry polymerization processes conducted in
inert hydrocarbon solvents, bulk polymerization processes
conducted in liquefied propylene, in gas phase polymeriza-
tion processes or in processes, where the above mentioned
processes are combined. As an example, ina first step copoly-
mer A can be produced in a bulk process and copolymer B can
be produced in a gas phase process. Gas phase processes with
a fluidized or stirred bed are preferable, especially a two

reactor system wherein the copolymer A is made in the first 1

reactor and the copolymer B in the second reactor. Such a
process pravides for in situ blending of the two copolymer
components A and B to form a block copolymer, which is
necessary, as compared to a physical blending of the copaly-
mer components A and 13 which does not produce an impact
copolymer of the present invention.

The catalysts for use in such systems include Ziegler-Natta
catalysts and single site catalysts.

Ziegler-Natta catalysts, including titanium-based cata-
lysts, are described in U.S. Pat. Nos. 4.376.062, 4,379,758
and 5,066,737, Zicgler-Natta catalysts typically are magne-
sium/titanium/clectron donor complexes, optionally sup-
ported on a suitable support like silica, used in conjunction
with an organoaluminum cocatalyst and an external selectiv-

ity control agent such as an aromatic carboxylic acid ester or 3

an alkoxy silane compound.

Single site catalysts, ¢.g.. metallocene catalysts, comprise
organometallic coordination complexes of one or mwore
ligands in association witha metal atom and are described, for
example, in U.S. Pat. No. 7,169,864,

In accordance with the process, discrete portions ol the
catalyst components are continuously fed to the reactor in
catalytically effective amounts together with the monomers
propylene and ethylene while the polymer product is continu-
ously removed during the continuing process. Polymeriza-
tion technologies useful for this purpose are described e.g.. in
Polypropylene Handbook, 2nd edition, p. 361 [T, {TTamer
Publishers, Munich 2005),

The polymerization is generally carried outat temperatures
of from 20 ta 1507 C. and at pressures of from | to 100 bar,
with average residence times of from 0.5 to hours, preferably
at temperatures of from 60 to 90° C. and at pressures of from
10 to 50 bar, with average residence times of from 0.5 to 3
hours. The polymerization can be carried out batchwise or,
preferably, continuously.

FFor example, in the first reactor a mixture of propylene and
cthylene is introduced together with hvdrogen, catalyst, orga-
noaluminum cocatalyst and external selectivity control agent.
The amount of hydrogen to the combined monomers propy-

lene and ethylene is in the range of about 10 to about 200 g s

hydrogen/metric ton (mt) monomers, preferably aboul 20 o
about 100 g hydrogen/mt monomers, most preferably about
30 to about 60 g hydrogen/mt monomers if a Ziegler-Natta
catalyst is used or in the range of about 0.05 to about 20 g
hydrogen/mt monomerand is preferably about 0.1 to about 10
¢ hydrogen/mt monomer if a metallocene catalyst 15 used.
A mixture of copolymer A with active catalyst embedded
in the polymer matrix is produced in the lirst reactor. This
mixture [rom the first reactor 1s transferred to the second
reactor to which no additional solid catalyst need be added.
Additional cocatalyst and/or external selectivity control
agent optionally may be added to the second reactor. In the
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second reactor, propylenc and ethylene are maintained at a
gas phase composition in a range of mole ratio of about 0.10
to about 0.50 moles of ethylene per mole of propylene, and
preferably about 0.12 to about 0.30 moles of ethylene per
male propylene. In order to regulate the molecular weight of
the copolymer B, hydrogen (11,) is introduced in the second
reactor in an amount of 100-500 g/m1 of propylene. prefer-
ahly 200-400 g/mt of propylene and most preferably 250-350
w/mt of propylene. Such a process creates the random block

i copolymer of the present invention containing the copalymer

A and the copolymer B.

The random block copolymer of the invention preferably
contains a clarifying agent in an amount ranging from about
50 ppm to about 5,000 ppm, preferably from about 100 10
about 4,000 ppm, and more preferably from about 120 to
about 2,500 ppm.

Of such clarifying agents, dibenzylidene sorbitol type
clarifying agents are preferred. including. but not limited to,
dibenzylidene sorbitol clarifiers having alkyl. alkoxy or halo-
gen substituents on either or both aromatic rings. whereby the
alkyl substituents can be C| 1o C,,. and may be branched.
linear or cvcloalkyl, and combinations ol such sorbitol
derivatives, Some specific examples of same are bis(3.5-dim-
cthyl benzylidene) sorbitol, bis(p-cthyl benzylidene) sorbi-

s [ol. bis(p-methyl benzylidene) sorbitol and combinations

thereof. Such clarifving agents are commercially available as
MILLAD 3940 and 3988 from Milliken Chemical Co. of
Spartanburg, S.C.; NC-4 from Mitsui Toatsu Chemicals, Inc.
of Tokyo, Japan: Uniplex CX 45-56 from Unitex Chemical
Corp., Greensboro, N.C.; and Geniset MD from New Japan
Chemical Co., Tokyo, Japan.

Other possible clarifying agents are Millad NX 8000 (Mil-
liken Co); Irgaclear XT 386 (Ciba Specialty Chemicals Inc.,
Rasel. Switzerland); Ricaclear PC 1 (Rika International,
Manchester. UK); ADK-STAB NA-21 and ADK-STAB
NA-71 (Asahi Denka, Tokyo, Japan).

The compositions of the invention may also contain addi-
tives such as thermal stabilizers, antioxidants, lubricants, acid
scavengers, synergists, anti-static agents, nucleating addi-

o tives and additives which stabilize against radiation, such as

ultraviolet (UV) stabilizers and those that provide resistance
to gamma irradiation.

Antioxidants include the sub-classes of primary and scc-
ondary antioxidants; examples of primary antioxidants
include the phenolic-type additives typified by IRGANOX
1010, IRGANOX 3114 (Ciba) or ETHANOX 330 (Albe-
marle). Their main function is to provide long-term thermal
stahility such as is usually needed in fabricated articles.

The class of secondary antioxidants includes additives that
contain phosphorus in either organophosphite or organophos-
phonite configurations. Examples of such phosphites include
IRGAFOS 168 or IRGAFOS 12 (Ciba). ULTRANOX 626,
ULTRANOX 627A, ULTRANOX 641 (Chemtura),
DOVERPHOS 5-9228 (Dover Chemical Co.).

Organophosphonite secondary antioxidants are typified by
IRGAFOS P-EPQ (Ciba). Other secondary antioxidants are
exemplified by lower molecular weight phenolic-types such
as BHT or IRGANOX 1076, or high molecular weight
hydroxyl amines such as IRGASTAB 'S 042 (Ciba). Second-
ary antioxidants function mainly by providing stability in
melt flow and color during the melt processing of the plastic
material. Another class of secondary antioxidants comprises
the benzofuranone (lactone) derivatives as represented by
IRGANOX HP-136 (Ciba).

Lubricants or mold release agents are typified by fatty acid
amides, examples of which include ethylene bis-(stearamide,
oleamide and erucamide).
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Acid scavengers may be categorized as salts of fatty acids,
e.g. stearic acid or lactic acid salts and related derivatives,
hydrotalcite-like compounds, and certain metal oxides.
Examples of each type in order include calcium stearate. zine
stearate, calcium lactate. DHT-4A (Kyowa Chemical Co.
Tokyo, Japan), and zinc or magnesium oxides. Synergists
enhance the performance of primary antioxidants. Examples
include the thioesters of fatty acids typified by Di-stearyl-
thio-dipropionate  (DSTDP).  Di-lauryl-thio-dipropionate
(DLTDP) and Di-myristyl-thio-dipropionate (DMTDP).

Anti-static agents enhance static charge decay on molded
parts. Key examples include glyceryl monostearate and glye-
eryl distearate, as well as mixtures thereof,

Nucleating additives are typically benzoic acid salts such
as sodium, lithium or aluminum benzoate. minerals such as
micronized tale, and organophosphorous salts such as ADK-
STAB NA-11 or ADK-STAB NA-25 {Asahi Denka).

Ultraviolet stabilization is provided by light absorbers such
as TINUVIN 327 (Ciba) or by hindered amine type stabilizers

such as CYASORB 3346 (Cviec Industries Inc.), TINUVIN 2

622, TINUVIN 770 DF or CHIMASSORB 944 (Ciba).

Resistance against gamma irradiation is provided by com-
binations of additives such as phosphorous-containing sec-
ondary antioxidants and hindered amines. Additionally, Mil-
liken’s RS 200 additive is of benefit. as are other mobilizing
additives such as mineral oil (cited in U.S. Pat. Nos. 4,110,
185 and 4.274,932).

Preferred antioxidants include 1,3.5-trimethyl-2,4.6-tris
(3.5-di-tert-butyl-4-hydroxy-benzyl)benzene (A); octadecyl
3-(3.5'di-tert-butyl-4"-hydroxyphenyl) propionate (B); tet-
rakis|methylene (3.5-di-tert-butyl-4-hydroxyhydrocin-
namate)|methane (C); tris[3,5-di-t-butvl-4-hydroxybenzyl)
isocyanurate (D); 3,5-di-tert-butyl-4-hvdroxyhydrocinnamic
acid triester with 1.3.5-tris(2-hydroxyethyl)-s-triazine-2,4,6
(THAH.SH)-trione (E): 1.3.5-tris-(4-tert-butyl-3-hydroxy-2,
6-dimethylbenzyl)  1.3,5-triazine-2.4,6-(1H,3H,5H)-trione
(F):  bis-[3.3-bis(4-hydroxy-3-tert-butyl-phenyl)-butanoic
acid]-glycolester (G); 2.2"-methvlene-bis-(4-methyl-6-ter-
tiary-butylphenol)-terephthalate (I1); and 2.2 his[4-(2-(3,5-
di-tert-butyl-4-hydroxyhydrocinnamoyloxy))  ethoxy-phe-
nyl]propane (I); calcium bis[monoethyl(3,5-di-tert-butyl-4-
hydroxybenzyl)phosphonate](1: 1.2-bis(3,5-di-tert-butyl-4-
hydroxyhydrocinnamoylhydrazine (K); and 2,2-oxamido
bis[ethyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate]
(L).

Additional additives may be used separately or blended
with the above listed antioxidants. This applies to all the
above additive types and further includes fillers like talc,
calcium carbonate, barium sulfate, clays, silicates, pipments,
such as titanium dioxide, zinc oxide, lead chromate, cadmium
sulfides. cadmium selenide. zinc sulfide, basic carbonate of
white lead; flame retardants such as antimony oxide: ultra-
violet stabilizers, slip agents, anti-impact agents, and other
additives which enhance the properties and processability of
the random block copolymer to which they are added.

While the above listing seeks to provide key examples of
the different additive types, it is not to he viewed as limited by
the examples in scope. It is also recognized that certain of the
above additives are multi-functional, e.g., an acid acceptor
such as calcium stearate may also provide mold release per-
formance, as may also be the case with glycerol monostear-
ate. Further, combinations of any or all types of additives
given, or of additives within a given class, arc considered to be
within the scope of the present invention.

The random impact block copolymer of the present inven-
tion may be subjected to a chemical degradation treatment
(visbreaking or clipping) according to processes well known
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in the art, in order to improve the flowability and to obtain the
required MFR values (measured according to 18O standard
1133). The chemical degradation of the copolymer is carried
out in the presence of a [ree radical initiator, such as erganic
peroxide. Examples of free radical initiators that can be used
for this purpose are e.g. Di-t-butyl-peroxide, (2.5-Dimethyl-
2. 5-ditert-butylperoxy)-hexance or 3.6,9-Tricthy]-3.6,9-trim-
ethyl-1.4,7-tnperoxononane.

The random block copolymers of the present invention
may be used in any standard molded products in which simi-
lar polyolefin resins and conventional polypropylene impact
copolymers are used. However, the added advantage of good
stiffness and high toughness in combination with outstanding
clarity expands this range of utility over standard impact
copolymers, such that the random block copolymers of the
present invention can he used in food and non-food contain-
ers, drinking cups, water bottles, caps & closures, medical
devices and tovs where the need for clarity otherwise restricts
use to either random propylene-ethylene copolymers of
inherently lower toughness or to other polymers such as poly-
carbonate, which while tough, are several times more expen-
sive, The need for tonghness at freezer temperatures, com-
bined with stiffness and clarity, is met by the materials ol this
invention at lower cost.

According to the present invention, random block copoly-
mers with low hot hexane solubles content, determined in
accordance with FDA 177.1520, can be produced, enabling
them to be used for cooking applications. In addition, accord-
ing to the present invention, random block copolymers can be
produced which can be sterilized for medical application by
steam autoclaving or gamma irradiation. In addition, such
grades can be used for microwave heating and cooking.

Methods

The following test methods were used in the Examples
given below.

XS (Xylene Soluble Fraction) was determined at 23° C.
according to 18O 16152,

Xylene solubles are defined as the percent by weight
remaining in solution after the polymer sample is dissolved in
hot Xylene and subsequent cooling down of the solution to
23° C. The difference between Xylene solubles after the
second stage of polymerization and the first stage o[ polymer-
ization largely correlates 1o the rubber content of the rubber
content of the random block copolymers of the present inven-
tion,

MFR (Melt Flow Rate) was determined in accordance with
ISO 1133 at 230° C. with a load of 2.16 kg. According to this
measurement, the MI'R refers to the weight of the polymer
extruded through a standard cylindrical die at a standard
temperature of 230° C. in a laboratory apparatus carrying a
standard piston and load of 2.16 kg. The MFR is 1 measure ol
the melt viscosity of a polymer and hence of its molar mass.

Haze was determined in accordance with ASTM D 1003
using fest specimens with a dimension of 6x6 cm and a
thickness of 1 mm. These plates have been injection molded
at a mold temperature of 210° C. and a tool surface tempera-
ture of 40° C. The tool has to he carefully polished to guar-
antee a glossy and scratch free surface of the test plates
produced. After a storage time of 48 hours at room tempera-
ture to ensure the maximum possible crystallization of the
polymer, the measurement was made at 23° C. using a Gretag
Macheth Color-Eye 7000A  spectrophotomeler. The test
specimens are measured in the center of the plate. Haze is
measured as a percentage of transmitted light that is scattered
more than 2.5 degrees from the direction of the incident beam.
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The reported haze value is the average result of the individual
haze values measured on three different plates. The lower the
haze % numbers, the higher is the transparency of the test
specimen. Materials with haze values greater than 30% are
considered to be diffusing.

The glass transition temperature (Tg) was determined by
means of torsional Dynamic Mechanical Analysis (DMA) on
compression molded rectangular bars in accordance with
ASTM D 4065-06. Temperature and [requency dependent
tests were made using a Rheometrics Dynamic Analyzer
RDA II, Pellet samples for each material were melted and
moulded in form of a sheet of uniform thickness (1 mm) in a
laboratory hot press at 2007 C. and 20 MPa for 7 min, fol-
lowed by cooling (inside the press) for 11 min: the cooling
water temperature was 5% (.

The test specimens were cut from the compression molded
sheets in the following dimensions: length 30 mm, width 10
mm, and thickness 1 mm. They were then kept at 23° C, and
30 rh. fora minimum length of time of 88 1 (180 291) before
carrving oul the measurements.

The samples were subjected to a sinusoidal strain of 0.3%
(to ensure viscolelastic behavior) at a constant frequency of 1
rad/s. The temperature dependence of the dynamic mechani-
cal loss tangent, tan 8, was measured from =150° C. up to 80°
C. al an average heating rate of 3° C./min under a nitrogen
atmosphere. Finally the glass transition temperature of each
sample was defined as the peak of the tan & curve as a function
of temperature (tan 8 is defined as the ratio of the loss modu-
lus E" to the storage modulus E').

The melting point (Tm) was determined by DSC in accor-
dance with I1SO standard 3146 using a 5 mg polymer sample
and applying a first heating step at a heating rate 0f 20° C./min
up to 230° C. and a hold at 230° C. for 10 min, followed by a
crystallization step with a cooling rate of 20° C./min from
200" C.to =20° C. with a hold at =20° C. of 10 min, followed
by a second heating step at a heating rate of 20° C /min to 2307
C. The reported melting point is the temperature, where the
enthalpy of the second heating cycle displays the maximum,
[nstruments from Perkin Elmer (DSC 7) and TA Instruments
(Q 1000 DSC) have been used afier calibration with Indium
under the above mentioned measurcment conditions.

The hexane soluble content (118) was determined 1n accor-
dance with FDA 177.1520 by using 2 g of a respective film of
2 mil thickness made of the polymer, The film was extracted
at 30° ¢, for 2 hours. After the extraction, the hexane extract
was separated into a flask and the content of extracted poly-
mer was gravimetrically determined afier removal of the hex-
ane under reduced pressure.

The ethylene content of the copolymers was determined by
FT-IR (Fourier Transform Infra red Spectroscopy).The test
method is suitable for the quantitative determination of the
ethylene content in propylene-cthylene copolymers. The
method employs calibrations based on sets of reference
samples covering a suitable range of ethylene levels. The
ethylene content of these reference samples was determined
by 13C NMR.

A small amount of resin is placed in a spacer frame, sand-
wiched between polyester film, and molded into a film of
200+/-10 microns thickness at 210° C, and 200 bar for 10
min, then cooled down to <40° (", under pressure.

The test samples are then exposed to the probe of the F'T-IR
spectrometer and the spectra are recorded in the relevant wave
number range (absomption bands of the ethylene in the impact
copolymers: 720-730 em™)

Spectra are transformed into the [ormat suitable 1o be
analysed by the chemometry software package. The chemo-
metrical analysis of the FT-IR data results in the ethylene
content of the sample in percent.
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The impact strength was measured by notched or
un-notched Charpy test on injection moulded specimens
according to 1SO 179-1 (Plastics—Determination of Charpy
impact properties Part 1: Instrumented impact test)

Small Angle X-Ray Scattering (SAXS) was performed on
injection-molded plaques to determine long spacing (1.p}
crystalline spacing (Lc) and amorphous spacing (La) quanti-
ties in the tested copolymers. The spacing was obtained by
profile fitting the peak in the SAXS data with a pseudo-Voigt
function (Jade version 7, Materials Data Inc., Livermore,
Calif)) 1n which the skew was refined. The hackground was
determined by two straight lines determined by the high and
Jow angle linear scattering limits. The data were collected on
a line source system (Rigaku Ultima 3). The system was
configured with a multilayer mirror, 0.03 micron first slit and
second | mm slit set to reduce the parasitic scatter from the
mirror and the beam defining slits. The diffracted beam side
of the system consisted of a vacuum pathway, scatter slit of

' 0.2 mm and detector slitof 0.01 mm. Data were collected at 6

seconds/step with 0.005 degrees per step.

The tests indicated above were performed on Example 1,
Comparative Examples A, I3, and C. and the commercially
available clarified random copolymers indicated herein.

EXAMPLES

Various features of the invention are illustrated by Example
1 below, The Comparative Examples and commercial prod-
ucts tested do not represent the invention but are presented for
COMPpAarison purposes.

All products mentioned in Table 1 were produced by a
stirred gas phase process in a reactor cascade consisting of
two 25 m* gas phase reactors with helical stirrers,

Example 1 as well as the comparative examples A. Band C
are random block copolymers, consisting of a crystalline
propylene/ethylene copolymer A, produced in the first stirred
gas phase reactor and a propylene/ethylene copolymer 13,
produced in the sccond stirred gas phase reactor ol the cas-
cade.

In the first reactor, a mixture of propylene and ethylene was
introduced together with hydrogen, ZN-catalyst, organoalu-
minum cocatalyst and an external donor (Silane).

Temperature, pressure and the feed ratios for ethylene and
hydrogen with respect to the propylenc feed are given in Table
1. After an average residence time of 60 min, a mixture of
copolymer A with active catalyst embedded in the polymer
matrix was transferred to the second reactor withaut adding
additional catalyst. In the second reactor, the polymerization
of the copolymer B was taking place at reduced pressure and
temperature (see table 1), again at a residence time of 60 min.

The products were stabilized stabilized/additivated by
blending the polymer powder from the second reactar (pow-
der MFR’s between 1.7 and 2.5 as indicated in Table 1) with
a combination of Irgafos 168 (secondary anti-oxidant), Irga-
nox 1010 (primary anti-oxidant). Calcium stearate (acid scav-
enger), Glycerol monostearate ((GMS) (anti-static agent) and
Millad 3988 (clarifier).

They were subsequentially visbroken by 2.3-dimethyl-2,
S-di(tert-butylperoxyJhexane to MFR’s between 12 and 13
(see Table 1) and pelletized on a Werner & Pfleiderer cora-
tating double screw extruder.
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TABLE 1

12

(Example |, comparative examples A, B and C and commercial comparstive examples 3240 NC

and 3348 8C )
F Tl

Lxample Comp. ExX, Comp. Ex. Comp. Ex.

| A B C 3240NC 33488C
1st Reactor
Pressure Barg 24 4 L 24 24 24
Temperature L 75 75 15 75 75 75
€2 Feed Ratio Kg 38 28 28 26 el 38
C2'm3
H2 Feed Ratio p E24nC3 d el 4 32 38 4
Powrder €2 wi-% 1 2.2 2.2 1R 2.2 3
content
Powder MFR /10 rmun 1.4 1.95 195 i3 B 1.5
b T B3 5.5 6.5 6.0 5 8.5
2nd Reactor
Pressure Barg 128 12,5 12.5 1233 — —
Temperature £ ol 69 69 62 69 — —
C2 Feed Ratio Kg 50 50 50 80 — —
C2nC3
C3 Feed Ton C3th 0.3 0.3 4 0 -—
H2 Feed Ratip g H2/mC3 295 160 160 530 — —
Powder MFR /10 min 1:7 I8 1.8 25 — —
AMFRg &y 210 min 03 -0.13 -0.15 1.2 — —
Final Product
Final MFR pellets /10 mun 12 15 15 15 12 25
Final X8 k) 7.2 15:8 16.2 2006
Ratio 1st/2nd wiwl 919 91:9 ¥:10 B5:15 — —
Reactar
Final Product
Properties
Haze Yo 54 15 U 15 L1 11
Te A -9 -5 =6 -6/=50 -5 =5
Tm 2 142 147 144 151 150 145
Hexane solubles (%) 42 4.2 3B — 2.2 32
IS Charpy natched (KI'm?) 29 1 1 an f 6.3
@ 23°C.
1S Charpy (KI'm? 5 5 5 8 2 35
notched @ 07 C.
IS Charpy (KJim? 1 1 I 1 1 1
notched (@ =207
(&
23 (KJim?) NB ND ~NB NB 200 NB
(Kim®) NB NB NB NB 100 180
(KJim?y NB NB NB NB 17 0
@ -20°C.
Flexural Modulus MPa 590 T 710 770 1050 740

NB: without break

Example 1

Ixample | was produced in a two step process. In the first
stage, a propylenc/cthylene random copolymer with 3 wt-%
cthylene content was polymerized in gas phase. In the second
stage, a low molecular weight propylene/ethylene rubber,
rich in propylene was polymerized.

In order to obtain a low molecular weight rubber, a proper
amount of hydrogen was added to the second reactor, As a
result of this, a K-value (the ratio of the second reactor pow-
der MFR to the first reactor powder MFR) of 1.21 was
achieved.

In order to have a rubber phase rich in propylene, an addi-
tional amount of propylene was injected in the second stage of
polymerization.

&0

65

The ratio between the propylenc/ethylene random copaly-
mer and the propylenefethvlenc rubber in the final product
was 91:9 (parts by weight).

The polymer powder obtained in the polymerization was
admixed with a standard additive mixture in the extrusion
step. The polymer was compounded in a twin screw extruder
at 250° C. The polymer composition obtained contained 0.1%
by weight of Irgafos 168 (from Ciba SC), 0.053% by weight of
Irganox 1010 {from Ciba SC), 0.11% by weight of Calcium
Stearate ([rom Baerlocher), 0.06% by weight of Atmer 122
(from Ciba SC) and 0.2% by weight of Millad 3988 (from
Milliken Chemical).

For visbreaking from the powder melt flow rate of 1.7 g/10
min to the final pellet melt flow rate of about 12 g/10 min.
2.5-dimethyl-2,5-di(tert-butylperoxy Jhexane was used.

Other operative conditions and general properties of the
produced polymer are indicated in Table 1 above.
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COMPARATIVE EXAMPLES

Comparative Example A

Comparative Example A was produced in a two step pro-
cess. In the first stage, a propylene/ethylene random copoly-
mer with 2.2 wi-% cthylene was polymerized in gas phase. A
composition of propylene/ethvlene  rubber similar 1o
Fxample Iwas polymerized in the sccond stage, In this com-
parative example, a lower amount of hydrogen was injected,
n arder to obtain a higher molecular weight of the rubher
phase, As a consequence, a K value (the ratio of the second
reactor powder MER to the first reactor powder MIFR) lower
than 1 was achieved.

The ratio between the propylene/ethylene random copoly- 15

mer and the propylene/ethylene rubber was 91:9 (parts hy
weight).

The polymer powder obtained in the polymerization was
admixed with a standard additive mixture in the extrusion
step. The polymer was compounded in a twin screw extruder
at 250° C. The polymer composition obtained contained 0.1%
by weight of Trgatos 168 (from Ciba SC). 0.05% by weight of
Irganox 1010 (from Ciba SC), 0.11% by weight of calcium
stearate (from Baerlocher). 0.06% by weight of Atmer 122
(from Ciba SC) and 0.2% by weight of Millad 3988 (from
Milliken Chemical).

For visbreaking from the powder melt flow rate of 1.8 g/10
min to the (inal melt Jow rate of 15 ¢/10 min. 2,5-dimethyl-
2,5-di(tert-butylperoxy)hexane was uscd.

In Comparative Example A, as a result ofa lower amount of
ethylene in the first stage composition (random copolymer)
and a higher molecular weight in the second stage polvmer-
ization (rubber phase). the resulting haze was higher com-
pared to the one achieved in Example 1.

Other operative conditions of the produced polymer are
indicated in Tahle 1.

Comparative Example B

Comparative Example B was produced in a two step pro-
cess. In the first stage, a propylene/ethylene random copoly-
mer with 2.2 w-% ethylene was polvmerized in gas phase. In
this comparative example, the same amount of hydrogen was
injected as in Comparative Example A, in order to obtain a
similar molecular weight of the rubber phase (higher than in
Example 1). As a consequence, a K-value lower than 1 was
achieved.

Comparative Example B was produced without the injec-
tion of propylene in the second reactor. in order to achieve a
different composition in the rubber phase.

The ratio between the propylene/ethylene random copoly-
mer and the propylene/ethylence rubber was 90:10 (parts by
weight).

The polymer powder abtained in the polymerization was

admixed with a standard additive mixture in the extrusion :

step. The polymer was compounded in a twin screw extruder
a1 250" C.The polymer compaesition obtained contained 0.1%
by weight of Irgafos 168 (from Ciba SC), 0.05% by weight of
[rganox 1010 {from Ciba SC), 0.11% by weight of calcium
stearate (from Baerlocher), 0.06% by weight of Atmer 122
(from Ciba SC) and 0.2% by weight of Millad 3988 (from
Milliken Chemical).

For visbreaking from the powder melt flow rate of 1.8 /10
min to the final melt flow rate of 15 g/10 min. 2,5-dimethyl-
2,5-di(ter-butylperoxy Jhexane was used.

In Comparative Example B, as a result of a lower amount of
cthylene in the fist stage composition (random copolvmer), a
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higher molecular weight in the second stage polymerization
(rubber phase). and a more incompatible rubber phase due to
its chemical composition, the resulting haze was higher com-
pared to the one achieved in Comparative Example A.

Other operative conditions of the produced polymer are
indicated above in Table 1.

Comparative Example (

Comparative Example C was produced in a two step pro-
cess stirred gas phase process. In the first stage, a propylene/
ethylene random copolymer with an ethylene content of 1.8
w1-% was polymerized in gas phase. Comparative Lxample C
was produced without the injection of propylene, but with a
higher amount of hydrogen in the sccond reactor, As a con-
sequence, a K-value (the ratio of the second reactor powder
MFR to the first reactor powder MFR) of 1.92 was achieved,
which was higher than in Example 1.

The ratio between the propylene/ethylene random copoly-
mer and the propylene/ethylene rubber was 85:15 (parts by
weight).

The polymer powder obtained in the polymerization was
admixed with a standard additive mixture in the extrusion
step. The polymer was compounded in a twin screw extruder
at 250° C. The polymer composition obtained contained 0.1%
b, weight of Irgafos 168 (from Ciba SC), 0.05% by weight of
Irganox 1010 (from Ciba SC), 0.11% by weight of calcium
stearate (from Baerlocher), 0.06% by weight of Atmer 122
(from Ciba SC) and 0.2% by weight of Millad 3988 (from
Milliken Chemical).

For visbreaking from the powder melt flow rate of 2.5 g/10
min to the final melt flow rate of 15 @/10 min. 2,5-dimethyl-
2,5-di(tert-butylperoxy Jhexane was used.

Inspite of having a positive AMFR 5 . (very low malecu-
lar weight of the rubber phase), the resulting haze of the
product of Comparative Fxample C was higher than that
achieved in Example 1 as a result of a lower amount of
ethylene in the random copolymer ol the first stage, and 4
more incompatible rubher phase in the second stage of the
polymerization.

Other operative conditions of the produced palymer are
indicated in Table 1.

Commercial Conparative Iixamples

3240NC and 3348SC are designations of random copoly-
mers commercially available from Novolen Technology.

3240NC and 3348SC were both produced in a single gas
phase reactor. 3240NC is a propylenefethylene random
copolymer with 2.2 wi-% ethylene. 3348 SC is a propylene/
cthylene random copoelymer with 3 wi-% ethylene,

The polymer powder obtained in the polymerization was
admixed with a standard additive mixture in the extrusion
step. The polymers were compounded in a twin screw
extruder at 250° C. The polymer composition of 3240 NC
contained 0.1% by weight of Irgafos 168 (from Ciba SC).
0.05% by weight of Irganox 1010 (from Ciba SC), 0.11% by
weight of calcium stearate (from Baerlocher), (L06% by
weight of Atmer 122 (from Ciba SC) and 0.2% by weight of
Millad 3988 (from Milliken Chemical) as clanfying agent.
3348 SC contains additionally 0.2% Atmer 122 as antielec-
trostatic agent.

For vishreaking from the powder melt flow rate to the final
melt flow rate of' about 12 g/10 min for 3240NC and 25 ¢/10
min for 33485C, 2,5-dimethyl-2,5-di(tert-butylperoxy)hex-
ane was used.
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Examples presented in Table 1 clearly show that only by
carefully tatloring molecular parameters, such as matrix eth-
ylene content, rubber composition and rubber molecular
weight, a very low haze value can be obtained by adding a
rubber phase to a random copolymer matrix.

Careful control and balancing of those parameters results
in the growth of crystalline regions of a certain size and type,
resulting in an random block copolymer that has an unexpect-
edly low haze, which is desirable vet previously thought to be
impossible for impact copolvmers.

Table 2 shows this fact. where contrary to conventional
expectations. increasing rubber cantent. as shown by increas-
ing X8 values, can result in lower haze values.

Starting from a random copolymer with a haze value of
about 11%, the incorporation of a properly designed rubber
phase leads to an increasing improvement in transparency
while the amount of such rubber phase, measured by the Xs
content, is increased. In this way and following the polymer-
1zation parameters already presented in Example 1 (Table 1)
1t was possible to achieve a final haze about halfl the starting
value. There are no significant changes in product melting
point since the random copolymer matrix has the same eth-
ylene content.

TABLLE 2

Haze reduction by rubber incomporation
10 a Random copelymer matnx

X5 (%) Haze () Tm (" C.)
Start Random 8.5 11.0 143
12.6 10.0 143
12.8 9.2 143
14,4 K3 142
153 .0 142
16.9 3R 142
Example 1 172 SR 142

Although not wishing to be limited to any theory, the low
haze is believed to be the result of properly formed crystalline
domains of smaller size and type than those found in typical
random copolymers. This behavior is believed to be attribut-
able to co-crystallization of rubber chains within the matrix
chains. Smaller, more open spherulites with irregular borders
in comhination with very small rubber particles (<0.4 pm) are
believed to provide a mechanism for obtaining the unique
balance ol low haze and good impact properties in the random
block copolymer of the invention. Also, low molecular
weight (LMW) compatible rubber tends to migrate 1o the
matrix domain thereby thickening the amorphous lamella
{La) and thinning the crystalline lamella (Lc). This effect is
presented in Table 3.

TABLE 3
Crystalline to
Amorphous
Spacing Ratio Tang Spacing
Haze (%) (Le/La) Lp A}
Example 1 5.8 15 129
3240NC 11 23 139

The random block copolymer of the invention (Example 1)
has smaller long spacing (I.p) and lower crystalline to amor-
phous spacing ratio (L¢/La), which corrclates to a decrease in
haze. These results suggest that the structure of copolymer A
and the presence of copolymer B of the present invention tend
to reduce the size of crystallites by disrupting their structure
through co-crystallization.
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While the above description contains many specifics, these
specifics should not be construed as limitations of the inven-
tion, but merely as exemplifications of preferred embodi-
ments thereof. Those skilled in the art will envision many
other embodiments within the scope and spirit of the inven-
tion as defined by the claims appended hereto.

What is claimed is:

1. A random block copolymer comprising:

a) ahout 65 wt % to about 97 wt % of a crystalline propy-
lene/ethylene copolymer A containing from about (.5
wt. % to about 6 wt. % of units derived from ethylene and
from about 94 w1. % to about 99,5 wt, % of units derived
from propylene, having a melting point of 120" C. to
about 1597 C.; and copolymerized therewith,

b} about 3 wit % to about 35 wt. % ola propylene/ethylene
copolymer B containing from about 8 wit. % ta about 40
wt. % of units derived from ethylene and from about 60
wt. % to about 92 wt. % of units derived from propylene,
wherein the ratio of the powder MFR
to the powder MFR,
equation

random block copolymer

orymer 4 15 il accordance with the

(e

MFR ~-K{MFR

N

wherein K=1.0 10 about 1.5, and

wherein a erystalline to amorphous spacing ratio Le/La of
said random block copalymer ranges fram about 1.00 10
about 2.25.

2. The random block copolymer of claim 1 wherein K=1.0)
to about 1.3.

3. The random block copolymer of claim 1 wherein K=1.0
to about 1.25.

4. The random block copolymer of claim 1 comprising:

a) about 75 wt % to about 95 wt % of a crystalline propy-

lene/ethylene copolymer A containing from about 1 wt
% ta about 5 wt % of units derived from ethylene and
[rom about 95 wi % 1o about 99 wt % of units derived
from propylene: and copolymerized therewith,

b) about 5 wt % to about 25 wt. % of a propylenc/cthylene

copolymer B containing from about 10 wt, % to about 30
wt. % ol units derived from ethylene and from about 70
wt. % to about 90 wt. % of units derived from propylene.

5. The random block copolymer of ¢laim 1 comprising:

a) about 80 wt % to about 92 wt % of a crystalline propy-

lene/ethylene copolymer A containing from about 1.5 wt
% to about 4.5 wi % of units derived from cthylene and
from about 95.5 wt % to ahout 98.5 wt % of units derived
from propylene; and copolymerized therewith,

b} about 8 wi % 1o about 20 wt. % of a propylenc/ethylene

copolymer B containing from about 10 wt. % to about 30
wt. % of units derived from ethylene and from about 70
wt % to about 90 wt % of units derived from propylene.

6. The random block copolymer of claim 1 comprising:

a) about 88 wt % to about 92 wi % of a crystalline propy-

lene/ethylene copolymer A containing from about 2 wt
% to about 4 wt % of units derived from ethylene and
from about 96 wt % to about 98 wt % of units derived
from propylene; and copolymerized therewith,

b) about 8 wt % to about 12 wt. % of a propylene/ethylene

copolymer B containing from about 12 wi. % to about 17
wt. % of units derived from ethylene and from about 83
wt. % to about 88 wt. % of units derived from propylene.

7. The random block copolymer of claim 1 wherein the
crystalline to amorphous spacing ratio [.c/La of said random
block copolymer ranges from about 1.25 to about 2.00,

8. The random block copolymer of claim 1 wherein the
erystalline to amorphous spacing ratio Le/La of said random
block copolymer ranges from about 1.40 to about 1.70.

9. The random block copolymer of claim 1 further com-
prising 30 ppm to 5,000 ppm of a clarifying agent.

ramdom block copatimer
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10. The random impact block copoylmer of claim 9
wherein the clarifying agent is selected from the group con-
sisting of dibenzylidene sorbito] derivatives having alkyl,
alkoxy or halogen substituents on either or both aromatic

rings, whereby the alkyl substituents can be C, to C.,. and 5
may be branched. linear or cycloalkyl and combinations of

said sorbitol derivatives.

18

11. The random block copolymer of claim 9 having a haze
value at 23° C. of from about 5% to about 10% as measured
by ASTM D 1003, and an impact strength at 23° C. of from
about 10 kJ/m* to about 50 kJ/m? as measured by the Charpy
notched impact strength test in accordance with 1SO 179-2.

- * LI S
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1
SUPERTRANSPARENT HIGH IMPACT
STRENGTH RANDOM BLOCK COPOLYMLER

BACKGROUND

1. Field of the Invention

The present invention relates to transparent high impact
random block copolymers compositions for use in molded
and extruded articles.

2. Background of the Art

A variety of transparent thermoplastic compositions have
been developed, some of which have heen disclosed in the
patent literature and/or introduced to the marketplace, Fach
of those compositions has a particular level of transparency.
often characterized in terms ol *haze.” which is determined in
accordance with recognized test procedures. Shoricomings of
those compositions include unsatistactorily high haze values
(low transparency), poor processability and poor mechanical
properties, including undue hardness, low flexibility, etc. For

example, previously proposed thermaoplastic elastomer com- 20

positions with transparcncy and flexibility such as com-
pounds based on styrene-ethylene-butadiene-styrene impact
copolymers. thermoplastic vulcanized blends (TPV) or ther-
moplastic olefin (TPO) blends show transparency and soft-
ness levels that are still unsatisfactory in some applications.

EP 1,428.853 discloses a polypropvlene polymer compo-
sition including a random propylene-alpha-olefin copalymer,
the alpha-olefin being ethylene and one or more C,-C
alpha-olefins. The polymer includes a matrix phase contain-
ing 2-12 mole % ethylene and a rubber phase containing
25-65 mole % ethylene.

EP 1,354,901 discloses a heteraphasic polypropylenc com-
position with a MFR greater than 100 ¢/10 min.

WO 03/106.553 discloses high impact polypropylene
copolymers with matrix and rubber present in separate
phases.

WO 03/046,021 discloses a polypropylene polymer com-
position having a MFR of from 3 to 30 /10 min. The polymer
includes 50-90% of one or mare propylene copolymers hav-
ing a xvlene insoluble fraction of not less than 85% and
10-50% of a propylene copolymer containing 8%-40% eth-
ylene and optionally 1-10 w-% of a C,-C; alpha-olefin.

Other random block copolymer compositions are dis-
closed in EP 1,206,499, EP373.660, EP 814,127, EP 860,457
and EP 1,162.213.

Others have attempted to make transparent compositions,
but many of such compositions are problematic, particularly
when attempting to make molded compositions that possess a
desirable combination of properties. such as softness, flex-
thility and strength, while also having good processahility.
For example, others have been confronted with shortcomings
in the area of processability, particularly for molded or
extruded compositions, where the tendency ol a malterial 1o
crystallize quickly has enormous advantages. Many materials
that have good mechanical properties lack good crystalliza-
tion properties. When a compaosition s used for molding. itis
desirable that it has a tendency to flow well and thus quickly
and easily and completely fill all areas of the mold. While
there 1s a general tendency for lngher MI'R materials to cor-
respond to good flowability. a higher MFR 1s frequently also
accompanied by an unfortunate decrease in mechanical prop-
erties; thus a higher MFR is not necessarily desirable for that
reason. Furthermore, many compositions experience a trade-
off in properties, e.g., where good mechanical properties may
be offset by poar flexibility, ¢.g., undue stiffness or hardness.
Accordingly, there is a need for a material that has a combi-
nation of desirahle properties.
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Typically, in the past one had to choose between low haze
or good impact properties. The prior art does not provide a
material with both low haze and good impact properties at the
same time.

SUMMARY

A super transparent high impact strength random hlock
capolymer is provided herein which comprises a combination
of

(a) 65-97 wt., preferably 75-97 wi. % of a crystalline pro-
pylene/ethylene copolymer A containing from ahout 0.5 wt,
% to about 6 wi. % derived from ethylene and [rom about 94
wt. % to about 99.5 wt. % derived from propylene, having a
melting point of 120-159° C.; and

(b) 3-35 wt. %, preferably 3-25 wt. %, of a propylene/
ethylene copolymer B containing from about 8 wt. % to about
40 wt. % derived from ethylene and from about 60 wi. % to
about 92 wt. % derived from propylene,

where the random block copolymer is produced in at least
a two stage reactor cascade. where copolymer A is produced
in a first polymerization reactar and copolymer 13 is produced
in a second palymerization reactor.

The randam block copolymer is characterized by an out-

5 standing comhination of high impact strength and low haze.

DETAILED DESCRIPTION

Other than in the working examples or where otherwise
indicated, all numbers expressing amounts of materials, reac-
tion conditions, time durations, quantified properties ol mate-
rials. and so forth, stated in the specification are to be under-
stood as being modified in all instances by the term “about.”

It will also be understood that any numerical range recited
herein is intended to include all sub-ranges within that range.

It will be further understood that any compound. material
or substance which is expressly aor implicitly disclosed in the
specification and/or recited in a claim as belonging to a group
of structurally, compositionally and/or functionally related
compounds, materials or substances includes individual rep-
resentatives of the group and all combinations thereol.

The present invention provides low haze {(super transpar-
ent) random block copalymers for applications such as injec-
tion molding, sheet, film, thermoforming, blow molding and
injection streteh blow molding (ISBM) by carefully tailoring
of molecular parameters.

Such parameters include:

1) the proper melt flow rate difference (delta MFR)

between the products produced in the first (copolymer
A) and second polymerization reactor (copolymer 13),

2) the proper ethylene content of copolymer A, produced in

the first reactor,

3) the properethylene content of copolymer B, produced in

the second reactor,

4)the balance of the ethylene contents of copolymers A and

B.

5) the balance of long spacing within the crystalline struc-

ture of the random impact copolymer,

6) the xylene soluble (XS) content of the random hlock

copolymer. and

7) optionally adding a clarifier in the right amount to the

random impact copolymer,

Careful control and balancing of these parameters results
in the growth of crystalline regions of a certain size and type,

s resulting in a random block copolymer that has an unexpect-

cdly low haze, which is desirable yet previously thought to be
impossible for impact copolymers.
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Although not wishing to be limited to any theory, the low
haze is believed to be the result of properly formed crystalline
domains of smaller size and type than those found in typical
impact copolymers. This behavior is believed to be attribut-
able to co-crystallization of rubber polymer chains within the
matrix polymer chains. Low haze may also be attributed 1o the
optimization of refractive index between the wo phases.
Smaller, more open spherulites with irregular borders incom-
bination with very small rubber particles (D<0.5 microns) are
believed to provide a mechanism for obtaining the combina-
tion af low haze and good impact properties in the random
block copolymer of the invention. Also, low molecular
weight (LMW) compatible rubber tends to migrale o the
matrix domain thereby thickening the amorphous lamella
{La) and thinning the crystalline lamella (Lc).

In more detail. in one embodiment of the invention a ran-
dom block copolymer is provided herein which comprises a
combination of?

(a) 65-97 wt. % ol acrystalline propylene/ethylene copoly-
mer A containing {rom about 0.5 wi. % to about 6 wt. %
derived from ethylenc and from about 94 wit, % to about 99,5
wi. % derived from propylene. having a melting point {mea-
sured by means of DSC in accordance with the standard 1ISO
3146) of 120-159° C_; and

(b) 3-35 wi. % of a propylenc/ethylene copolvmer B con-
taining from about 8 wi. % 1o about 40 wt. % derived from
cthylene and from about 60 wt. % to about 92 wt. % derived
from propylene, where the random block copalymer has the
following properties:

(i) the propylene/ethylene copolymer 13 is dispersed in the
crystalline propylene/ethylene copolymer A: in a first
embodiment of the invention, the two copolymers A and
B are phase separated and ina second embodiment o the
invention, the copolymers A and B form a continuous
phase random block copolymer without phase separa-
tion,

(i) in the case, the two copolymers A and B form a random
block copolymer showing phase separation, the particle
size of the dispersed polymer B is <1.5 pym. preferably
<1.0 pm, particularly preferably <0.5 um.

{ii1) the haze. measured in accordance with the standard
ASTM D 1003 is for random block copolymers of the
present invention <12%. preferably <100, and particu-
larly preferably <7%.

{iv) the Xylene soluble fraction (X8)at 23° C.. measured in
accordance with [SO Standard 16152 (Plastics-Deter-
mination of Xylene soluble matter in Polypropylene) is
11% to about 25%, preferably 12 to about 22, particu-
larly 15% to about 20%,

{v) the MFR measured in accordance with the [SO standard
1133 a1230° C. with a load of 2.16 kg is 0.1 1o about 130
dg/min, preferably 0.5 to about 100 dg/min, particularly
preferably 1 to about 80 dg/min.

(vi) the ratio of powder-MFR oo siock coposvmer 1@ the
powder-MFR ..., , areinaccordance with the equa-
tion

MFR, =K(MEFR,

randam black capolmer copalymer A

wherein K=1.0 to about 1.5, preferably 1.0 1o about 1.3,
particularly preferably 1.0 to about 1.25,
(vii) the crystalline/amorphous ratio [.e/La, determined by
small angle X-ray scattering (SAXS), ranges from about
1.00 to about 2,25, preferably 1.25 to about 2.00, par-
ticularly preferably 1.40 10 about 1.70,
(vii1) the material optionally contains nucleating and/or
clarifying agents ranging from about 50 ppm to about
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5,000 ppm, preferably from about 100 to about 4,000
ppm, and more preferably from about 120 to about 2,500
ppm.

Preferably, in another embodiment the random block
copolymer of the present invention comprises a combination
of:

(a) 75-95 wt. % of a crystalline propylene/cthylenc copoly-
mer A containing from about 1.0 wt. % to about 5 wt. %,
preferably 1.5 to about 4.5 wi. %, derived from ethylene and
from about 95 wt. % to about 99 wi. %, preferably 95.5 to
about 98.5 wt. %, derived from propvlene, having a melting
paint of 135-150° C., preferably of 139-146° C.; and

(b) 5-25 wt. % of a propylene/ethylene copolymer B con-
taining from about 10 wt. % to about 30 wt. %, preferably 12
to about 25 wt. %, derived from ethylene and from about 70
wt. % to about 90 wi. %, preferably 75 to about 88 wt. %,
derived from propylene,

where the random block copolymer has the above men-
tioned properties (i)-(viii).

Particularly preferably, in yet another embodiment the ran-
dom block copolymer of the present invention comprises a
combination ol

(a) 80-92 wt. % of a crystalline propvlene/ethylene copoly-
mer A containing from about 1.5 wt. % 1o about 4.5 wit. %,

s preferably 2.0 to about 4.0 wt, %, derived from ethylene and

from about 95.5 wt. % to about 98,5 wt. %, preferably 96 to
about 98 wt. %, derived from propylene, having a melting
point of 135-150° C., preferably of 139-146° (C.; and

(b) 8-20 wt. % of a propylen¢/ethylene copolymer B con-
taining from about 10 wt. % to about 30 wt. %, preferably 12
1o about 25 wt. %, derived from ethylene and from about 70
wl. % to about 90 wt. %, preferably 75 wt. % to about 88 wt.
%. derived from propylene,

where the random block copolymer has the above men-
tioned properties (i)-(viii).

Most preferably, in yet another embodiment the random
block capolymer of the present invention comprises a com-
bination of

(a) 88-92 wt. % of a crystalline propylene/ethylene copoly-
mer A containing from about 2.0 to about 4.0 wt. %, derived
from ethylene and from about 96 to about 98 wi. %, derived
from propylene, having a melting point of 139-146° C.; and

(b) 8-12 wt. % of a propylenc/ethylene copolymer B con-
taining from about 12 to about 17 wi. %, derived from ethyl-
ene and from about 83 to about 88 wi. %. derived from
propylene.

where the random block copolymer has the above men-
tioned properties (i)-{vii1).

The polymers of the invention can he produced using any
coordinating catalyst, like single-site catalysts or Ziegler-
Natta catalysts, the Ziegler-Nalta catalyst being preferred.

The method of the present invention includes preparing a
random block copolymer by sequential polymerization. Eth-
vlene and propylene are copolymerized ina first reaction zone

to provide a propylene-ethylene copolymer component A of

the impact copolymer of the invention. Component A is then
sent to a second reaction zone where ethylene and propylene
are copolvmerized to provide the component B which is
incorporated into the polymer. The ethylene content of com-
panent A can range from about 0.5 wt. % to about 6 wt. % and
the propylene content can range from 94 wt. % to about 99.5
wt. %. Component B of the impact copolymer contains from
about 8 w1 % to about 40 wt. % of ethylene and 60 wt. % to
about 92 wt. % of propylene.

Random block copolymers of the present invention can be
produced in slurry polymerization processes conducted in
mert hydrocarbon solvents, bulk polymenzation processes

\/\
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conducted in liquefied propylene. in gas phase polymeriza-
tion processes or in processes, where the above mentioned
processes are combined. As an example.. in a first step
copolymer A can be produced in a bulk process and copoly-
mer B can be produced in a gas phase process. Gas phase
processes with a fluidized or stirred bed are preferable, espe-
cially a two reactor system wherein the copolymer A is made
in the first reactor and the capolymer 13 in the second reactor.
Such a process provides for in situ blending of the wo
copolymer components A and B to form a block copolymer,
which 1s necessary, as compared to a physical blending of the
copolymer components A and B which does not produce an
impact copolymer of the present invention.

The catalysts for use in such systems include Zicgler-Natta
catalysts and single site catalvsts,

Ziegler-Natta catalysts, including titanium-based cata-
lysts, are described in U.S. Pat. Nos. 4,376,062, 4,379,758
and 5,066,737, Ziegler-Natta catalysts typically are magne-
sium/titanium/electron donor complexes. optionally  sup-
ported on a suitable support like silica. used in conjunction
with an organoaluminum cocatalyst and an external selectiv-
ity control agent such as an aromatic carboxylic acid ester or
an alkoxy silane compound.

Single site catalysts, e.g., metallocene catalysts, comprise

organometallic coordination complexes of one or more 2

ligands in association with a metal atom and are described, for
example, in U.S. Pat. No. 7,169,864,

In accardance with the process, discrete portions of the
catalyst components are continuously fed 1o the reactor in

catalytically effective amounts together with the monomers 3¢

propylene and ethylene while the polymer product is continu-
ously removed during the continuing process. Polymeriza-
tion technologies useful for this purpose are described e.g., in
Polypropylene Handbook, 2nd edition, p. 361 T, (Hanser
Publishers. Munich 2003).

The polymerization is generally carried out at temperatures
of from 20 to 150” C. and at pressures of from 1 to 100 bar,
with average residence times of from 0.5 to 5 hours, prefer-

ably at temperarures of from 60 to 90° (C, and at pressures ol

from 10 to 30 bar, with average residence times of from 0.5 to
3 hours. The polymerization can he carried out batchwise or,
preferably, continuously.

For example, in the first reactor a mixture of propylene and
ethylene is introduced together with hvdrogen, catalyst, orga-

noaluminum cocatalyst and external selectivity control agent. 4

The amount of hydrogen to the combined monomers propy-
lene and ethylene is in the range of about 10 to about 200 g
hydrogen/metric ton (mt) monamers. preferably about 20 to
about 100 g hydrogen/mt monemers, most preferably about
30 to about 60 g hydrogen/mt monomers if & Ziegler-Natta
catalyst is used or in the range of about 0.05 10 about 20 g
hydrogen/mtmonomer and is preferably about 0.1 toabout 10
g hydrogen/mt monomer if a metallocene catalyst is used,
A mixtre of copolymer A with active catalyst embedded

in the polymer matrix is produced in the first reactor. This ss

mixture from the first reactor is transferred o the second
reactor 1o which no additional solid catalyst need be added.
Additional cocatalyst and/or external selectivity control
agent optionally may be added to the second reactor. In the
second reactor, propylene and ethylene are maintained at a
gas phase composition in a range of mole ratio of about 0.10
to about 0.50 moles of ethylene per mole of propylene, and
preferably about 0.12 to about 0.30 moles of cthylene per
mole propylene. [n order to regulate the molecular weight of
the copolymer B, hydrogen (H,) is introduced in the second
reactor in an amount of 100-500 g/mt of propylene, prefer-
ably 200-400 g/mt of propylene and most preferably 250-350
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g/mt of propylene. Such a process creates the random block
copolymer of the present invention containing the copolymer
A and the copolymer B.

The random block copolymer of the invention preferably
contains a clarifying agent in an amount ranging from about
50 ppm to about 5,000 ppm, preferably from about 100 to
about 4,000 ppm, and more preferably from about 120 to
about 2,500 ppm.

Of such clarifying agents, dibenzylidene sorbitol type
clarifying agents are preferred. including, but not limited to,
dibenzylidene sorbitol clarifiers having alkyl, alkoxy or halo-
gen substituents on either or both aromatic rings. whereby the
alkyl substituents can be C, to C,,, and may be branched,
linear or cycloalkyl. and combinations of such sorbital
derivatives. Some specific examples of same are bis(3.5-dim-
ethyl benzylidene)sorbitol, bis(p-ethyl benzylidene)sorbitol,
bis(p-methyl benzylidene)sorbitol and combinations thereof.
Such clarifying agents are commercially available as
MILLAD 3940 and 3988 from Milliken Chemical Co. of

1 Spartanburg, S.C.; NC-4 from Mitsui Toatsu Chemicals. Inc.

of Tokyo, Japan; Uniplex CX 45-56 from Unitex Chemical
Corp., Greensboro, N.C.; and Geniset MD from New Japan
Chemical Co., Tokyo, Japan.

Other possible clarifving agents are Millad NX 8000 (Mil-
liken Co); Irgaclear X'T 386 (Ciba Specialty Chemicals Inc..
Basel, Switzerland); Ricaclear PC 1 (Rika International,
Manchester, UK); ADK-STAB NA-21 and ADK-STAB
NA-71 (Asahi Denka, Tokyo, lapan).

The compositions of the invention may also contain addi-
tives such as thermal stabilizers, antioxidants, lubricants, acid
scavengers, synergists, anti-static agents, nucleating addi-
tives and additives which stabilize against radiation, such as
ultraviolet (UV) stabilizers and those that provide resistance
1o gamma irradiation.

Antioxidants include the sub-classes of primary and sec-
ondary antioxidants; examples of primary antioxidants
include the phenolic-type additives typified by IRGANOX
1010, IRGANOX 3114 (Ciba) or ETHANOX 330 (Albe-
marle), Their main function is to provide long-term thermal
stability such as is usually needed in fabricated articles.

The class of secondary antioxidants includes additives that
contain phosphorus in either organophosphite or organophos-
phonite configurations. Examples of such phosphites include
IRGAFOS 168 or IRGAFOS 12 (Ciba). ULTRANOX 626.
ULTRANOX 627A, ULTRANOX 641 (Chemtura),
DOVERPHOS S§-9228 (Dover Chemical Co.).

Organophosphonite secondary antioxidants are typified by
IRGAFOS P-EPQ (Ciba). Other secondary antioxidants are
exemplified by lower molecular weight phenolic-types such
as BHT or IRGANOX 1076, or high molecular weight
hydroxyl amines such as IRGASTARB FS 042 (Ciba). Second-
ary antioxidants function mainly by providing stability in
melt flow and color during the melt processing of the plastic
material. Another class of secondary antioxidants comprises
the benzofuranone (lactone) derivatives as represented by
IRGANOX HP-136 (Ciba).

Lubricants or mold release agents are typified by faity acid
amides, examples of which include ethylene bis-(stearamide,
oleamide and erucamide).

Acid scavengers may be categorized as salts of farty acids,
e.g. stearic acid or lactic acid salts and related derivatives,
hydrotalcite-like compounds, and certain metal oxides.
Examples of each type in order include calcium stearate, zine
stearate, calcium lactate, DHT-4A (Kyowa Chemical Co.

s Tokyo, Japan), and zinc or magnesium oxides. Synergists

enhance the performance of primary antioxidants. Examples
include the thioesters of fatty acids typified by Di-stearyl-
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thio-dipropionate  (DSTDP),  Di-lauryl-thio-dipropionate
(DLTDP) and Di-myristyl-thio-dipropionate (DMTDP).

Anti-static agents enhance static charge decay on molded
parts. Key examples include glyceryl monostearate and glyc-
eryl distearate, as well as mixtwres thereof,

Nucleating additives are typically benzoic acid salts such
as sodium, lithium or alumimmum benzoate. minerals such as
micronized tale, and organophosphorous salts such as ADK-
STAB NA-11 or ADK-STAB NA-25 (Asahi Denka).

Ultraviolet stabilization is provided by light absorbers such
as TINUVIN 327 (Ciba) or by hindered amine type stabilizers
such as CYASORB 3346 (Cytec Industries Inc.), TINUVIN
622, TINUVIN 770 DF or CHIMASSORB 944 (Ciba).

Resistance against gamma irradiation is provided by com-
binations of additives such as phosphorous-containing sec-
ondary antioxidants and hindered amines. Additionally, Mil-
liken's RS 200 additive is of benefit. as arc other mobilizing
additives such as mineral oil (cited in 1.8, Pat. Nas, 4,110,
185 and 4,274.932),

Preferred antioxidants include 1.3.5-trimethyl-2.4,6-1ris
(3.5-di-tert-butyl-4-hydroxy-benzylbenzene (A); octadecyl
3-(3,5-di-tert-butyl-4"-hydroxyphenyl)propionate (B); tet-
rakis[methylene(3,5-di-tert-butyl-d-hydroxyhydrocin-
namate)|methane (C); tris[3,5-di-t-hutyl-4-hydroxybenzyl)
isocyanurate (D): 3.5-di-tert-butyl-4-hydroxyhydrocinnamic
acid triester with 1.3,5-tris(2-hydroxyethyl)-s-triazine-2.4.6
(1H,3H,5H)-trione (E); 1.3.5-tris-(4-tert-butyl-3-hydroxy-2,
6-dimethylbenzyl)  1.3.5-triazine-2.4.6-(1H.3H.5H)-trione
(F):  bis-[3.3-bis(4-hydroxy-3-tert-buryl-phenyl)-hutanoic
acid]-glycolester (G), 2.2-methylene-bis-(4-methyl-6-ter-
tiary-butylphenol)-terephthalate (H): and 2.2 bis[4-(2-(3.5-
di-tert-butyl-4-hvdroxyhydrocinnamoyloxy ) Jethoxy-phe-

nyl]propane (1); calcium bis[monoethyl(3,5-di-tert-butyl-4- :

hydroxybenzyl)phosphonate](1): 1.2-bis(3.5-di-tert-butyl-4-
hydroxyhydrocinnamoylhydrazine (K); and 2.2-oxamido
bis[ethyl 3-(3,5-di-tert-butyl-4-hydroxyvpheny!)propionate|
(L).

Additional additives may be used separately or blended
with the above listed antioxidunts. This applies to all the
above additive tvpes and further includes fillers like talc,
calcium carbonate, barium sullate, clays, silicates, pigments.
such as titanium dioxide, zinc oxide, lead chromate, cadmium
sulfides, cadmium selenide, zinc sulfide, basic carbonate of
white lead; flame retardants such as antimony oxide; ultra-
violet stabilizers, slip agents, anti-impact agents, and other
additives which enhance the properties and processability of
the random block copolymer to which they arc added.

While the above listing seeks to provide key examples of
the different additive types. it is not 1 be viewed as limited by
the examples in scope. [t is also recopnized that certain of the
above additives are multi-functional. e.g.. an acid acceptor
such as calcium stearate may also provide mold release per-
formance, as may also be the case with glycerol monostear-
ate. Further, combinations of any or all types of additives
given, orof additives within a given class, are considered to he
within the scope of the present invention.

The random impact block copolymer of the present inven-
lion may be subjected 1o a chemical degradation treatment
{visbreaking or clipping) according o processes well known
in the art, in order to improve the fowability and to obtain the
required MFR values (measured according to 18O standard
1133). The chemical degradation of the copolymer is carried
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oul in the presence of a free radical initiator, such as organic
peroxide. Examples of free radical initiators that can be used
for this purpose are ¢.g. Di-t-butyl-peroxide, (2,5-Dimethyl-
2,5-ditert-butylperoxy)-hexane or 3,6.9-Triethyl-3,6,9-trim-
ethyl-1.4.7-tnperoxononane.

The random block copolymers of the present invention
may be used in any standard molded products in which simi-
lar polyolefin resins and conventional polypropylene impact

o copalymers are used. However, the added advantage of good

stiffness and high toughness in combination with outstanding
clarity expands this range of utility over standard impact
copolymers, such that the random block copolymers of the
present invention can be used in food and non-food contain-

s ers, drinking cups, water bottles, caps & closures, medical

devices and toys where the need for clarity otherwise restricts
use 1o either random propylene-ethylene copolymers of
inherently lower toughness or ta other polymers such as poly-
carbonate, which while tough. are several times more expen-

+ sive. The need for toughness at freezer temperatures, com-

bined with stiffness and clarity, is met by the materials of this
invention at lower cost.

According to the present invention, random block copoly-
mers with low hot hexane solubles content. determined in
accordance with FIDA 177.1520, can be produced, enabling
them to be used for cooking applications. In addition. accord-
ing to the present invention, random block copolymers can be
produced which can be sterilized for medical application by
stecam autoclaving or gamma irradiation. In addition, such

0 grades can be used lor microwave heating and cooking.

METHODS

The following test methods were used in the Examples
given helow.

XS (Xylene Soluble Fraction) was determined at 23° C,
according to 1SO 16152,

Xyvlene solubles are defined as the percent by weight
remaining in solution afier the polymer sample is dissolved in
hot Xylene and subsequent cooling down of the solution to
23° C. The difference between Xylene solubles after the
second stage of polymenzation and the first stage of polymer-
ization largely correlates to the rubber content of the rubber
content of the random block copolymers of'the present inven-
tion.

MEFR (Melt Flow Rate) was determined 1n accordance with
1SO 1133 at 230° C. with a load of 2.16 kg. According to this
measurement, the MFR refers to the weight of the polymer
extruded through a standard cylindrical die at a standard
temperature of 230° . in a laboratory apparatus carrying a
standard piston and load o 2.16 kg. The MIR 18 a measure of
the melt viscosity of a polymer and hence of its molar mass.

Haze was determined in accordance with ASTM T3 1003
using test specimens with a dimension of 6x6 e¢m and a
thickness of 1 mm. These plates have been injection molded
al a mold temperature of 210”7 C. and a tool surface tempera-
ture of 40" C. The tool has 1o be carefully polished to guar-
antee a glossy and scratch free surface of the test plates
produced. After a storage time of 48 hours at room tempera-
ture to ensure the maximum possible crystallization of the
polymer, the measurement was made at 23° C. using a Gretag
Macbeth Color-Eye 7000A spectrophotometer. The test
specimens are measured in the center of the plate. Haze is
measured as a percentage ol transmitted light that is scattered
more than 2.5 degrees from the direction of the incident beam.
The reported haze value is the average result of the individual
haze values measured on three different plates. The lower the
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haze % numbers, the higher is the transparency of the test
specunen. Materials with haze values greater than 30% are
considered to be diffusing.

The glass transition temperature (Tg) was determined by
means of torsional Dynamic Mechamical Analvsis (DMA) on
compression molded rectangular hars in accordance with
ASTM D 4065-06. Temperature and frequency dependent
tests were made using a Rheometrics Dynamic Analyzer
RDA I1. Pellet samples for each material were melted and
moulded in form of a sheet of uniform thickness {1 mm)ina
laboratory hot press at 200° C, and 20 MPa for 7 min, fol-
lowed by cooling (inside the press) for 11 min: the cooling
water temperature was 15° C.

The test specimens were cut from the compression molded
sheets in the following dimensions: length 30 mm. width 10
mm. and thickness 1 mm. They were then kept a1 23° C. and
50% rh. for a minimum length of time of 88 h (IS0 291)
before carrying out the measurements.

The samples were subjected to a sinusoidal strain of 0.3%
(to ensure viscolelastic behavior) at a constant frequency of |
rad/s. The temperature dependence of the dynamic mechani-
cal loss tangent, tan &, was measured from -130° C, up 1o 80°
C. at an average heating rate of 3° C./min under a nitrogen
atmosphere, Finally the glass transition temperature of each
sample was defined as the peak of the tan & curve as a function
of temperature (tan 8 is defined as the ratio of the loss modu-
lus 1" to the storage modulus ).

The melting point (Tm) was determined by DSC in accor-
dance with IS0 standard 3146 using a 5 mg polvmer sample
and applying a first heating step ata heating rate 0f 20° C./min
up to 230° C. and a hold at 230° C. for 10 min, followed by a
crystallization step with a cooling rate of 20° C./min from
200° C.10 =20° C. with a hold at =20° C. of 10 min, followed
by asecond heating step at a heating rate of 20° C /minto 2307
C. The reported melting point is the temperature, where the
enthalpy of the second heating cvcle displays the maximum.
Instruments from Perkin Elmer (DSC 7) and TA Instruments
(Q 1000 DSC) have been used after calibration with Indium
under the above mentioned measurement conditions.

The hexane soluble content (HS) was determined in accor-

dance with FDA 177.1520 by using 2 g ol'a respective film of

2 mil thickness made of the polymer. The film was extracted
at 50 C. for 2 hours. Alter the extraction, the hexane extract
was separated into a flask and the content of extracted poly-
mer was gravimetrically determined after removal of the hex-
ane under reduced pressure.

The ethylene content of the copolymers was determined by
FT-IR (Fourier Transform Infra red Spectrascopy). The test
methad is suitable for the quantitative determination of the
ethylene content in propylene-ethylene copolymers. The
method employs calibrations based on sets ol reference
sumples covering a suitable range of ethylene levels. The
cthylene content of these reference samples was determined
by *C NMR.

A small amount of resin is placed in a spacer frame, sand-

wiched between polyester film, and molded into a film of

20010 microns thickness at 210° C. and 200 bar for 10 min.
then cooled down to <40” C. under pressure.

The test samples are then exposed to the probe of the FT-IR
spectrometer and the spectra are recorded in the relevant wave
number range (absorption bands of the ethylene in the impact
copolymers: 720-730 em™")

Spectra are transformed into the lormat suitable (o be
analysed by the chemometry software package. The chemo-
metrical analysis of the FT-IR data results in the ethylene
content of the sample in percent.
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The impact strength was measured by nolched or
un-notched Charpy test on injection moulded specimens
according to 180 179-1 (Plastics—Determination af Charpy
impact properties Part 11 Instrumented impact test)

Small Angle X-Ray Scaltering (SAXS) was performed on
ijection-molded plaques to determine long spacing (l.p)
crystalline spacing (L¢) and amorphous spacing (La) quanti-
ties in the tested copolymers. The spacing was obtained by
profile fitting the peak in the SAXS data with a pseudo-Voigt
function (Jade version 7, Materials Data Inc., Livermore,
Calif') in which the skew was refined. The background was
determined by two straight lines determined by the high and
low angle linear scattering limits. The data were collected on
a line source system (Rigaku Ultima 3). The system was
configured with a multilayer mirvor, 0,03 micron first slit and
second | mm slit set to reduce the parasitic scatter from the
mirror and the beam defining slits. The diffracted beam side
of the system consisted of a vacuum pathway, scatter slit of
0.2 mm and detector slitof 0.01 mm. Data were collected at 6
seconds/step with 0.005 degrees per step.

The tests indicated above were performed on Example 1,
Comparative Examples A, B, and C, and the commercially
available clarified random copolymers indicated herein.

EXAMPLES

Various features of the invention are illustrated by Example
1 below, The Comparative Examples and commercial prod-
ucts tested do not represent the invention but are presented for
comparison purposes.

All products mentioned in Table 1 were praduced by a
stirred gas phase process in a reactor cascade consisting of
two 25 m” gas phase reactors with helical stirrers.

Fxample 1 as well as the comparative examples A. B and C
arc random block copolymers, consisting of a crystalline
propylene/ethylene copalymer A, produced in the first stirred
gas phase reactor and a propylenc/cthylene copolymer B,
produced in the sccond stirred gas phase reactor of the cas-
cade.

In the first reactor, a mixture of propylenc and ethylene was
introduced together with hydrogen, ZN-catalyst. organcalu-
minum cocatalyst and an external donor (Silane).

Temperature, pressure and the feed ratios for ethylene and
hydrogen with respect to the propylenc feed are given in Table
1. After an average residence time of 60 min, a mixture of
copolymer A with active catalyst embedded n the polymer
matrix was transferred to the second reactor without adding
additional catalyst. In the second reactor, the polymerization
of the copolymer B was taking place at reduced pressure and
temperature (see table 1). again at a residence time of 60 min.

The products were stabilized stabilized/additivated by
blending the polymer powder from the second reactor (pow-
der MR s between 1.7 and 2.5 as indicated in Tahle 1) with
a combination of Irgafos 168 (secondary anti-oxidant), Irpa-
nox 1010 (primary anti-oxidant), Calcium stearate (acid scav-
enger), Glycerol monostearate (GMS) (anti-static agent) and
Millad 3988 (clarifier).

They were subsequentially vishroken by 2,5-dimethyl-2,
5-di(tert-butylperoxy}hexane to MFR’s between 12 and 15
(see Table 1) and pelletized on a Werner & PHeiderer coro-
tating double screw extruder.
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(Example 1. comparative examples A, B and C and commercial comparative exarnples 3240 NC

and 3348 5C)
Polimenzation Parnmeters

Example 1

Comp. Ex. A Comp. Ex. B Comp. Ex. C 3240NC 33485C

15t Reactor

Pressure Barg 24 24 24

Temperature o 78 T 75

C2 Feed Ratio Kg 3R 28 IR
€23

112 Feed Ratio g H2'wmCs da 4n 40

Powder (2 wi-Un 3 23 22

cantent

Powider MFR /10 i4 1.95 195

Xs % A3 5 6.5

2nd Reactor

Pressure Barg 125 125 12.5

Temperature o o 6y 649 65

C2 Feed Rato Kg 50 0 S0
C2/mC3

C3 Feed Ton C3/h 0.3 0.3 0

H2 Feed Ratio g H21tnC3 05 160 La

Powder MFR 2/ 10 min 13 1R 1.8

AMFRgs 2 £/10 min 0.3 =015 0,15

Final Product

Final MFR peliets /10 min 12 15 15

Final X& k) 172 15,3 16.2

Ratio 1st/2nd Wit 219 gl 90:10

Reacior

Final Product

Properties

Haze Y S8 15 20

Te e -9 -f -6

Tm ot o 142 147 146

Hexane solubles (%a} 4.2 4.2 18

15 Charpy notched  (KJ/m?) 29 11 11

@23°C.

1S Champy {KTim#) 5 @ 6

notched (@ 0° C.

1S Charpy (KNm®) 1 1 1

notched (@ -20° C.

IS Charpy (KJ/m?) NIY ND NB

@ 23° C.

1S Charpy (K1) NB NB NB

®RO0"C.

I8 Champy (KXim#) NEB NB NB

@ -20° C.

Flexural Modulus MPa 590 700 710

2 24 24
75 75 75
26 28 iR
32 38 46
8 2.2 3
1.3 1.8 1.5
6.0 6.5 B5
125 .
] —
80 — —
0 =—} et
330 = =
2.5 — —
1.2 —
15 12 25
206 .
85:15 - —
15 11 11
—6i-50 ] -5
151 150 145
— 2.2 3.2
40 [ 6.3
] 2 15
1 1 1
NB 200 NB
NB 100 1RO
NB 17 30
770 1050 740

NE: without break

Example |

lixample | was produced in a twao step process, In the first
stage. a propylene/ethylene random copolymer with 3 wi-%
cthylene content was polvmerized in gas phase. [n the second
stage, a low molecular weight propylenefethylene rubber,
rich in propylene was palymerized.

In order to obtain a low molecular weight rubber. a praper
amount of hydrogen was added 1o the second reactor. As a
result of this, a K-value (the ratio of the second reaclor pow-
der MFR 1o the first reactor powder MFR) of 1.21 was
achieved.

In order 10 have a rubber phase rich in propylene. an addi-

tional amount of propylene was injected in the second stage of

polymerization.

The ratio between the propylene/ethylenc random copoly-
mer and the propylene/ethylene rubber in the final product
was 91:9 (parts by weight).

The polymer powder obtained in the polymerization was
admixed with a standard additive mixture in the extrusion

50

B

step. The polymer was compounded in a twin screw extruder
at 250° C. The polymer composition obtained contained 0.1 %
by weight of Trgafos 168 {from Ciba SC}, 0.05% by weight of
frganox 1010 (from Ciba SC), 0.11% by weight of Calcium
Stearate (from Baerlocher), 0.06% by weight of Atmer 122
(from Ciba SC) and 0.2% by weight of Millad 3988 (from
Milliken Chemical).

For vishreaking from the powder melt flow rate of 1.7 /10
min to the final peilet melt flow rate of about 12 /10 min,
2.5-dimethyl-2,5-di(tert-butylperoxy hexane was used.

Other operative conditions and general properties of the
produced polymer are indicated in Table | above.

COMPARATIVE EXAMPLES
Comparative Example A

Comparative Example A was produced n a two step pro-
cess. In the first stage, a propylene/ethylene random copoly-
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mer with 2.2 wt-% cthylene was polymerized 1n gas phase. A
composition of propylenciethylene rubber similar 10
Example 1 was polvmerized i the second stage. In this
comparative example, a lower amount of hydrogen was
injected, in order w0 obtain a higher molecular weight of the
rubber phase. As a consequence, a K value (the ratio of the
second reactor powder MFR 1o the first reactor powder MFR)
lower than 1 was achieved.

The ratio between the propylene/cthylene random copoly-

mer and the propylene/ethylene rubber was 91:9 (parts by :

weight).

The polymer powder obtained in the polymerization was
admixed with a standard additive mixture in the extrusion
step. The polymer was compounded in a twin screw extruder
at 2507 C. The polymer composition obtained contained 0.1%
by weight of Irgafos 168 (from Ciba SC). 0.05% by weight of
Irganox 1010 (from Ciba SC), 0.11% by weight of calcium
stearate (from Baerlocher), 0.06% by weight of Aumer 122
(from Ciba SC) and 0.2% by weight of Millad 3988 (from
Milliken Chemical).

For visbreaking [rom the powder melt flow rate of 1.8 ¢/ 10
min ta the final melt flow rate of 15 ¢/10 min, 2,5-dimethyl-
2.5-di(tert-butylperoxy)hexane was used.

In Comparative Example A, as a result of a lower amount of
ethylene in the first stage composition (random copolymer)
and a higher molecular weight in the second stage polymer-
ization (ruhber phase), the resulting haze was higher com-
pared 1o the one achieved in Example 1.

Other operative conditions ol the produced polvmer are
indicated in Table 1.

Comparative Example B

Comparative Example B was produced in a two step pro-
cess. In the first stage, a propylene/ethylenc random copoly-
mer with 2.2 w-% ethylene was polymerized in gas phase. In
this comparative example. the same amount of hydrogen was
njected as in Comparative Example A, in order 10 obtain a
similar molecular weight of the rubber phase (higher than in
Example 1), As a consequence. a K-value lower than 1 was
achieved.

Comparative Example B3 was produced without the injec-
tion of propylene in the second reactor, in order to achieve a
different compaosition in the rubber phase.

The ratio between the propylene/ethylene random copoly-
mer and the propylene/ethylene mibber was 90:10 (parts by
weight),

The polymer powder obtained in the polymerization was 50

admixed with a standard additive mixture in the extrusion
step. The polymer was compounded in a lwin screw extruder
a1 250° C, The polymer composition obtained contained 0.1%
by weight o Trgafos 168 (from Ciba SC), 0.053% by weight of

Irganox 1010 (from Ciba SC), 0.11% by weight of calcium  s:

stearate (from Baerlocher), 0.06% by weight of Atmer 122
(from Ciba SC) and 0.2% by weight of Millad 3988 (from
Milliken Chemical).

For vishreaking from the powder melt flow rate of 1.8 g/10
min to the final melt flow rate of 13 g/10 min. 2,5-dimethyl-
2,5-di(ter-butylperoxy )hexane was used.

In Comparative Example B, as a result of a lower amount of
cthylene in the first stage composition (random copolymer). a
higher moleculdr weight in the second stage polvmerization
(rubber phase), and a more incompatible rubber phase due to
its chemical composition. the resulting haze was higher com-
pared to the one achieved in Comparative Example A.

30
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Other operative conditions of the produced polymer are
indicated above in Table 1.

Comparative Example €

Comparative Example C was produced in & two step pro-
cess stirred gas phase process. In the first stage, a propylene/
ethylene random copolymer with an ethylene content of 1.8
wi-% was polymerized in gas phase. Comparative Example C
was produced without the injection of propylene. but with a
higher amount of hydrogen in the second reactor. As a con-
sequence, a K-value (the ratio of the second reactor powder
MFR to the first reactor powder MFR) of 1.92 was achieved.
which was higher than in Iixample 1.

The ratio between the propylene/cthylene random copoly-
mer and the propylene/ethylene rubber was 85:15 (parts hy
weight).

The polymer powder obtained in the polymerization was
admixed with a standard additive mixtre in the extrusion

) step. The polymer was compounded in a twin screw extruder

at 250° C. The polymer composition obtained contained 0.1%
by weight of Trgafos 168 (from Ciba SC). 0.05% by weight of
Irganox 1010 (from Ciba SC), 0.11% by weight of calcium
stearate (from Baerlocher), 0.06% by weight of Atmer 122
(from Ciba SC) and 0.2% by weight of Millad 3988 (from
Milliken Chemical).

For visbreaking from the powder melt flow rate of 2.5 g/10
min to the final melt low fate of 15 ¢/10 min, 2.5-dimethyl-
2.5-di(tert-butylperaxy Jhexane was used.

Inspite of having a positive AMFR ¢, | (very low molecu-
lar weight of the rubber phase), the resulting haze of the
product of Comparative Example C was higher than that
achieved in Example 1 as a result of a lower amount of
ethylene in the random copolymer of the first stage, and a
more incompatible rubber phase in the second stage of the
polymerization.

Other operative conditions of the produced polvmer are
indicated in Table 1.

COMMERCIAL COMPARATIVE EXAMPLES

3240NC and 33488C are designations ol random copoly-
mers commercially available from Novolen Technology.

3240NC and 3348SC were both produced in a single gas
phase reactor. 3240NC is a propylene/ethylene random
copolymer with 2.2 wt-% ethylene, 3348 SC is a propylene/
ethylene random copolymer with 3 wi-% ethylene,

The polymer powder obtained in the polymerization was
admixed with a standard additive mixture in the extrusion
step. The polymers were compounded in a twin screw
extruder at 250° C, The polymer composition of 3240 NC
contained 0.1% by weight of Irgafos 168 (from Ciba SC),
0.05% by weight of [rganox 1010 (from Ciba SC}, 0.11% by
weight of caleium stearate (from Baerlocher). 0.06% by
weight of Atmer 122 (from Ciba 8C) and 0.2% by weight of
Millad 3988 (from Milliken Chemical) as clarifying agent.
3348 SC contains additionally 0.2% Atmer 122 as antielec-
trostatic agent.

For vishreaking from the powder melt flow rate to the final
melt flow rate of about 12 g/10 min for 3240NC and 25 g/10
min for 33485C, 2,5-dimethyl-2,5-di(tert-butylperoxy Jhex-
ane was used.

Examples presented in Table [ clearly show that only by
carefully tailonng molecular paramelers, such as matrix eth-
vlene content, rubber composition and rubber molecular
weight, a very low haze value can be obtained by adding a
rubber phase ta a random copolymer matrix.
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Careful control and balancing of those parameters results
in the growth of crystalline regions of a certain size and type.
resulting in an random block copolymer that has an unexpect-
edly low haze, which is desirable vet previously thought to be
impossible for impact copolymers.

Table 2 shows this fact. where contrary to conventional
expectations, increasing rubber content. as shown by increas-
ing XS values, can result in lower haze values,

Starting from a random copolymer with a haze value of

about 11%, the incorporation of a properly designed rubber
phase leads to an increasing improvement in transparency
while the amount of such rubber phase, measured by the Xs
content, is increased. In this way and following the polymer-
ization parameters already presented in Example 1 (Table 1)
it was possible to achieve a final haze about half the starting
value. There are no significant changes in product melting
point since the random copolymer matrix has the same eth-
ylene content.

TABLE 2

Haze reduction by rubber incorporation to a Random
copolymer matgx

XS (%) Haze (%) T (%€
Strart Random 8.5 11.6 143
12.4 1.0 143
12,8 L 143
4.4 53 142
153 6.0 142
16.49 58 142
Example | 172 SR 14z

Although not wishing to be limited to any theory. the low
haze is believed to be the result ol properly formed crystalline
domains of smaller size and type than those found in typical
random copolymers. This behaviar is believed to be attribut-
able 1o co-crystallization of rubber chains within the matrix
chains. Smaller, more open spherulites with irregular borders
in combination with very small rubber particles (<0.4 pm) are
believed to provide a mechanism for obtaining the unique
balance of Tow haze and good impact properties in the random
block copolymer of the invention, Also. low molecular
weight (LMW) compatible rubber tends to migrate ta the
matrix domain thereby thickening the amorphous lamella
(L.a) and thinning the crystalline lamella ([.c). This effect is
presented in Table 3.

TABLE 3
Crystalline 1o Amorphous Long
Hare (") Spacing Ratio (T.eTa) Spacing Lp (A)
Example 1 SR L5 129
3240NC ! 213 139

The random hlock copolymer of the invention (Example 1)
has smaller long spacing {Lp) and lower crystalline to amor-
phous spacing ratio (L.e/La), which correlates to a decrease in
haze. These results suggest that the structure of copolymer A
and the presence of copolvmer [3 of the present invention tend
10 reduce the size of crvstallites by disrupting their structure
through co-crystallization.

While the above description contains many specifics, these
specifics should not be construed as limitations of the inven-
tion, but merely as exemplifications ol preferred embodi-
ments thereof. Those skilled in the art will envision many
ather embodiments within the scope and spirit of the inven-
tion as defined by the claims appended hereto.
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What is claimed is:

1. A method of making a random block copolymer com-
prising:

a) introducing into a first reaction zone a polymerization
catalyst and a first feed containing from about 0.5 parts
by weight to about 6 parts by weight of ethvlenc and
from about 94 parts by weight to about 99.5 parts by
weight propylene:

b) copolymerizing the ethylenc and propylene under first
polymerization reaction conditions to provide a copoly-
mer A with active catalyst embedded therein:

¢) introducing the copolymer A into a second reaction
zone;

d) intraducing to the second reaction zone a second feed
containing from about 8 parts by weight to about 40 parts
by weight of ethylene and from about 60 parts by weight
to about 92 parts by weight propvlene;

e) copolymerizing the ethylene and propylene of the sec-
ond feed to provide a copolymer B wherein the copoly-
mer B is copolymerized with the copolymer A under
second polymerization reaction conditions and in such
proportion as to provide a random block copolymer
containing from about 75 wt. % to about 95 wt. % blocks
of copolymer A and about 5 wi. % to about 25 wt, %
blocks of copolymer B.

2. The method of claim 1 wherein:

the first feed contains from about | parts by weight to about
3 parts by weight of ethylene and from about 95 parts by
weight to about 99 parts by weight propylenc,

the second feed contains from about 10 parts by weight o
about 30 parts by weight of cthylenc and from about 70
parts by weight to about 90 parts by weight propylenc,
and

the random block copolymer contains from about 75 wit. %
to about 95 wt. % blocks of copolymer A and about 5 wi.
% to about 25 wt. % blocks of copolvmer B,

3. The method of claim 1 wherein:

the first feed contains from about 1.5 parts by weight to
aboul 4.5 parts by weight of ethylene and from about
95.5 parts by weight to about 98.5 parts by weight pro-
pylene, the second feed contains from about 10 parts by
weight to about 30 parts by weight of ethylene and from
about 70 parts by weight to about 90 parts by weight
propylene, and

the random block copolymer contains from about 80 wi. %
to about 92 wt. % blocks of copolymer A and about 8 wi.
% to about 20 wt. % blocks of copolymer B

4. The method of claim 1 wherein

the first feed contains from about 2 parts by weight to ahout
4 parts by weight of ethylenc and from about 96 parts by
weight to about 98 parts by weight propylene.

the second feed contains from about 12 parts by weight o
about 17 parts by weight of ethylenc and from about 83
parts by weight to about 88 parts by weight propylene,
and

the random block copolymer contains from about 88 wi. %
to about 92 wt. % blocks of copolymer A and about 8 wi.
Y% 1o about 12 wt, % blocks of copolymer B.

5. The method of claim 1 wherein the catalystis a Ziegler-

Natta catalyst or metallocene catalyst.

6. The method of claim 1 wherein both the first polymer-
ization reaction and the second polymerization reaction are
carried out in a stirred bed gas phase process.

7. The method of claim I wherein the first polymerization
reaction is a bulk polymerization process conducted in lique-
fied propylene.
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8. The method of claim 7 wherein the sccond polymeriza-
tion reaction is a gas phase process and the second reaction
zone includes a Nuidized bed or stirred bed.

9. The method of claim 1 wherein the first and/or second

polymerization reaction conditions include a temperature of

from 20 to 1507 C., a pressure of from 1 to 100 bar, and an
average residence time of from 0.5 1 3 hours.
10, The method of claim I wherein the first and/or second

polymerization reaction conditions include a temperatures of

from 60 to 90° C.. a pressure of [rom 10 10 50 bar, and an
average residence time of from 0.5 to 3 hours,

11. The method of claim 2 further comprising the introduc-
tion of hydrogen inta the first and/or second polymerization
reaction zone.

12. The method of claim 1 wherein the palymerization
catalyst comprises a Zicgler-Nalta catalyst,

13. A method of making a random block copolymer com-
prising:

a) introducing into a fist reaction zone a polymerization
catalyst and a first feed containing from about 0.5 parts
by weight to about 6 parts by weight ol ethylene and
from about 94 parts by weight to about 99.5 parts by
weight propylene:

£
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b) copolymerizing the cthylene and propylene under first
polymenzation reaction conditions to provide a copoly-
mer A with active catalyst embedded therein:

¢) introducing the copolymer A into a second reaction
zone;

d) introducing to the second reaction zone a second feed
containing from about 8 parts by weight to about 40 parts
by weight af ethylene and from about 60 parts by weight
to about 92 parts by weight propylene;

e) copolymerizing the ethylene and propylene of the sec-
ond feed to provide a copolymer B wherein the copoly-
mer B is copolymerized with the copolymer A under
second polvmerization reaction conditions and in such
proportion as to provide a random block copolymer
containing from about 65 wt. % to about 97 wt. % blocks
of copolymer A and about 3 wi. % to about 35 wt. %
blocks of copolymer B: and

wherein the polymerization catalyst comprises a Ziegler-
Natta catalyst.



