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Asunto :  Solicitud de patente para COMPOSICION PARA MOLDEAR

PARTES CON PAREDES DELGADAS, Y TUBO PARA
APRETAR MOLDEADO POR INYECCION HECHO DE ESTA

Solicitante : SONOCO DEVELOPMENT, INC.

Fecha de solicitud : 30 de octubre de 2003

Publicada en : Gaceta 551 del 29 de abril de 2005

1. Yo, Emilio FERRERO, Identificado como aparece al pie de mi firma, actuando

como apoderado en el asunto de la referencla, atentamente, solicito se efechie el examen de
patentabilidad de la solicitud en referenda segin lo establecido en el articulo 44 de la Declslon
486 de la Comisién de la Comunidad Andina. Para tal efecto presento junto con este escrito el
recibo por valor de $371.900.00, que corresponde a la tasa fijada segﬁ'n lo dispuesto en la
resolucion No. 31980 del 24 de diciembre de 2004.

2. Ruego atentamente a la Sefora Jefe se sirva ordenar que se anexe este recibo,
para que se efectiie dicho examen y se continlie con el trdmite de Ia solicitud.

Bogots, 2 4 OCT 2005

Sefiora Jefe, ) . C_
:2 O e _a 5

EMILIO FERRERQ
T.P.A. No. 31.929

LO 12500-801-004-8
ZCA/ZCA/ID-000031/WPCL12500

N 1 T. 860.041.367-3
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DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 03-96825

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION

FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 5§51, DE

FECHA 28 DE ABRIL DE 2005, EL TERMINO HABIL SENALADO POR LA LEY

EXPIRA EL 29 DE JULIO DE 2005 .

NOTA: Dentro del plazo de los sais (68) meses siguientes a partir de la fecha de
publicacién en la gaceta de Propiedad Industrial, debera solicitar y cancelar el
examen de patentabilidad so pena de que la solicitud caiga en abandono, de
acuerdo con lo establecido en el Artlculo 44 de la Decisién 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
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Bogotd, D. C., 5 de Mayo de 2006

Doctor

EMILIO FERRERO

Representante SONOCO DEVELOPMENT, INC.

ASUNTO Radicacién No. 03-96825
Tramite 002
Evento 001 _
Actuacion 40800 n
Oficio o 6 1 2
Folios 031

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

1) Documentos estudiados:

a) Para el presente estudio se tendrdn en cuenta el capltulo descriptivo,
comprendido en los folios 8 a 35 de la solicitud en estudio.

b) Para el presente estudio se tendrén en cuenta los dibujos comprendidos
en el folio 48 de la solicitud en estudio.

¢) Para el presente estudio se tendrd en cuenta el capltulo reivindicatorio que
comprande 33 reivindicaclones en los folios 36 a 45 de la solicitud en
estudio.

d) Conforme lo establece los articulos 9, 10 y 11 de la decision 486 de la
Comisién de la Comunidad Andina, la presente solicitud en estudio fue
presentada el 30 de octubre de 2003, y en el momento de la radicacién Si
se reclamo prioridad de la primera solicitud presentada en Estados Unidos
US 10/285261

2) Objeto de la Invencién

a) Las relvindicaciones 1 a 33 de la solicitud en estudio se refieren a:

) (1.) Una composicién para moldear partes flexibles con paredes
delgadas, comprende una mezcla de: cerca de 65 a 95 por ciento en
paso de polletileno de baja densidad que tiene una densidad menor de
cerca de 0,925 g/cc y un Indice de fusidn de por lo menos cerca de 50
g/10 minutos; y cerca de 5 a 35 por ciento en paso de polipropilenc que
tiene un Indice alto de fusiébn mayor de cerca de 800 g/10 minutos, dicho
Indice de fusiéon alto es logrado por degradacién de perdxido del
polipropileno durante el proceso de fusién.

ii) (8) Una composiclén para moldear partes flexibles de pared delgada...

lli) (14) Una composicién para moldear partes flexibles de pared delgada...
iv) (20) Un tubo de apriete moldeado por Inyaccién...

b) Los anteriores productos buscan composiciones poliméricas mejoradas.
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¢) Segun la Clasificacién Intemacional de Patentes, la codificacion para esta
solicitud corresponde a C 08 L 23/00

3) Claridad de la Solicltud

a) El articulo 28 de la Decisién 488 de la Comisién de la Comunidad Andina
de Naciones establece

"La descripcion deberd divulgar la Invencibn de manera
suficientemente clara y completa para su comprensién y para que
una persona capacitada en la materia técnica cormmespondients
pueda ejecutaria”

La descripcibn no es clara toda vez que las unidades de medida no
comesponden a las que exige la legislacién, o sea, que pertenezcan al
Sistema Intemacional de Unidades. Debe anexarse nuevo capltulo
completo con las unidades de forma comecta.

b) El articulo 30 de la Decisién 486 de la Comisién de la Comunidad Andina
establece que

‘Las reivindicaciones definirdn la materla que se desea proleger
mediante la patents. Deben ser claras y concisas y estar
enteramente susientadas por la descripcién. Las reivindicaciones
podrén ser independientes o dependientes. Una reivindicacion seré
Independiente cuando defina la materia que se desea profteger sin
referencia a ofra relvindicacién anterior. Una reivindicacién serd
dependiente cuando defina la materia que se desea proteger
refiriendose & una relvindicacién anterior. Una reivindicacién serd
dependiente cuando defina la maleria que se desea proteger
refiiéndose a una reivindicacion anterior.- Una reivindicacion que
8o refiera a dos o més relvindicaciones anteriores se considerard
reivindicacién dependiente multiple.”

El capltulo reivindicatorio no es claro toda vez que:

i) Frases tales como ‘cerca de...' son inaceptables en un capitulo
reivindicatorio toda vez que no precisan el alcance de la solicitud. Deben
eliminarse. De la misma forma son inaceptables frases como "densidad
menor”, “Indice alto de fusidn® y todas las frases similares.

ii) No se precisa la materia sobre la cual se solicita proteccién. Cémo se
explicard en el punto 4), la presante solicitud no posee unidad de
invencién, por lo que no esta definida la materia sobre la cual se solicita
protacclén.

i) No se pueden aceptar caracterizaciones hechas por el solicitante con
pruebas que el mismo solicitante aplica y no son universalmente
aceptadas. Esto no permite establecer una relacién con el arte conocido,
no pudiéndose entonces validar dichos pardmetros. No se pueden
aceptar dichas reivindicaciones

De acuerdo a lo anterior, el capltulo reivindicatorio no cumple con el

requisito de claridad de acuerdo a lo establecido en el Art. 30 de la

Declslén 486.
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4) Evaluacién de la Unidad de Invencién

El articulo 25 de la Decislén 486 de la Comisiébn de la Comunidad Andina
establece

“La solicitud de patente sélo podré comprender una Invencién o un
grupo de invenciones relacionadas entre sl, de manera que
conformen un unico conceplo inventivo”

La presente solicitud carece de unidad de invencién toda vez que configura
cuatro diferentes objetos. Aunque se dirigen a composiciones poliméricas, la
definicién de la materia que caracteriza a cada una de las reivindicaciones
independientes es muy diferente entre si. Esto permite afirmar que no se trata del
mismo producto. Todo el problema radica en configurar varias reivindicaciones
independientas con materia diferente. EI solicitante debe establecer una sola
relvindicacién independiente dirigida al producto en la forma mas simple de la
solicitud de Invencién. Partiendo de alll establecer relvindicaciones dependientes
que amplien esa forma més simple hasta su forma mas compleja.

De acuerdo a lo anterior, la presente solicitud no cumple con el requisito de
unidad de invencion de acuerdo al Art. 25 de la Decisién 486. De continuar con el
impedimento, estd oficina procederd a estudiar solo el primer grupo de
invenciones que conformen un Unico concepto Inventivo.

5) Relvindicaclones de uso

El articulo 14 de la Decision 488 de la Comisibn de la Comunidad Andina
establece:

“Los Palses Miembros oforgardn patentes para las invenciones
sean de producto o procedimiento, en todos Ilos campos de la
tecnologia, siempre que sean nuevas, lengan nivel inventivo y sean
susceptibles de aplicacion indusirial”.

Tal como esta contemplado en la legislacién el uso no se protege. Se protegen
los productos o procedimientos, donde el producto este comectamente definido
por su conformacién, y los procedimientos por la serie de etapas que busquen un
fin. El uso no comesponde ni a un uso nl a un procedimiento. El uso es
simplemente la aplicacion industrial de esos productos o procedimientos. De
acuerdo a lo observado en la presente sollicitud, el soliclitante qulere proteger un
envase fabricado por la composicién de las primeras reivindicaciones. Lo
caracteristico alli es simplemente el uso de la composicion.

Por lo anterior, las reivindicaciones 20 a 33 no son patentables de acuerdo al Art.
14 de la Decisién 486.

6) Determinacién del Estado de la Técnica
El articulo 18 de la Decisién 486 de la Comisién establece:

‘El estado de /a técnica comprenderd todo io que haya sido
accesible al publico por una descripcién escrita u oral, utilizacion,
comercializacién o cualquier otro medio anfes de /a fecha de
presentacion de la solicitud de patents o, en su caso, de la prioridad
reconocida.”



“Sélo para el efecto de la determinacién de la novedad, también se
consideraré dentro del estado de la técnica, el contenido de una
solicitud de patente en trémite ante la oficina nacional competente
cuya fecha de presentacién o de prioridad fuese anterior a la fecha
de presentacién o de prioridad de la solicitud de patenfe que se
estuviese examinando, siempre que dicho contenido este incluido
en la solicitud de fecha anterior cuando ella se publique © hubiese
transcurrido el plazo previsto en el articulo 40."

Consultadas las bases de datos y los archivos con que cuenta la entidad,
especialmente bajo las clasificaciones C 08 L 23/00 y las més cercanas a ellas,
se encontrd que antes del 31 de octubre de 2002 (fecha para determinar el estado
de la técnica) hablan sido publicados los documentos que se enumeran en la
sigulente tabla los cuales se relacionan con composiciones poliméricas.

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

Fecha de
L]

N° | Documento Thulo Publicaclén
D1 | EP 0 530 782 /En\nronmontal stress I)T;:iksmmm polysthylene 1993.03.10
D2| US6407171 | ____Blends of polyethylene and polypropylene 2002.06.18

Flexible thermoplastic and compressible tube
D3| US6 159566 |/ made of this material 2000.12.12
/ Injected molded package of blended ethylene /
D4 | US6 124 008 olefin copolymers 2000.09.26

7) Evaluaclién de los requisitos de patentabllidad

El articulo 14 de la Decisién 488 de la Comisidn de la Comunidad Andina
establece:

‘Los Palses Miembros oforgardn patentes para las invenciones,
sean de producto o procedimiento, en lodos los campos de la
tecnologla, siempre que sean nuevas tengan nivel inveniivo y sean
susceptibles de aplicacion industriafl".

En cumplimiento con este articulo, se procedid a evaluar los requisitos de
novedad, nivel inventivo y aplicacién industrial con el fin de establecer Ila
patentabilidad de la invencién reivindicada en la solicitud en estudio.

a) Evaluacién del Nivel Inventivo

El art. 18 de la Decision 486 de la Comision de la Comunidad Andina
establece:

*Se considerard que una Invencién tiene nivel inventivo, si para
una persona del oficio normalmente versada en el arte en la maleria
técnica correspondiente, esa invencién no hubiese resultado obvia
ni se hubiese derivado de manera evidente del estado de la
técnica”.

La solicitud colombiana se refiere a una composicién que comprende una
mezcla de: (a) 85 a 95 por ciento en peso de polietileno de baja densidad
(densidad menor de 0,925 g/cm®) y un Indice de fusién de por lo menos 50
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g/10 minutos; y (b) 5 a 35 por ciento en peso de polipropileno que tiene un
punto de fusién mayor de 800 g/10 minutos.

Todos los documentos enumerados, D1 (EP 530 782), D2 (US 6 407 171),
D3 (US 6 159 5668) y D4 (US 6 124 008) relacionan mezclas de poliolefinas
con propiedades muy similares a las que esboza la presents solicitud. Un
técnico medio podria considerar uno cualquiera de dichos documentos para
desarrollar la propuesta hecha por el solicitante colombiano. Podria
afirmarse que no existe altura inventiva, toda vez que mezclas de
poliolefinas como la que se muestra en la presents solicitud se utilizan con
frecuencia en la técnica usual.

b) Resumen

En conclusién los requisitos de patentabilidad de la presente solicitud se
podrian ver afectados asl:

N° | Documento Relvindicaclones afectadas Requisito que afecta
D1 ]| EP 0530 782 1-19 Nivel inventivo

D2 | US6 407 171 1-19 Nivel inventivo

D3 | US 6 159 566 1-19 Nivel inventivo

D4 | US 6 124008 1-19 Nivel inventivo

8) Notlificaclén

En cumplimiento del articulo 45 de la Decisién 486 de la Comisidn de la
Comunidad Andina, se le indica que dentro del término de sessnta dlas contados
a partir de la fecha de la notificacion de la presente comunicacién debe responder
a la notificacién. En caso de no dar respuesta al presente requerimiento, o si a
pesar de la respuesta subsistieran los impedimentos para la concesién, se
denegaré |a patente.

Notifiquese el presente oficio conforme a lo dispuesto por el numeral 5.2, literal e)
del capftulo quinto del titulo primero de la Circular Unica N° 10 de 2001

El anterior requerimiento fue notificado por fllacién/en la lista, de fecha

250 2%
Concepto Técnico N° EXAMINADOR TECNICO | EXAMINADOR JURIDICO
Cédigo No. Cédigo No.

726 202003

10






EP 0 530 782 A1

B- Qe
1l
o Q) e e L
e o ©Pbkanme: 0530 782 A1
® EUROPEAN PATENT APPLICATION

@ Application number: 82116010.8
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@) Priority: 02.09.91 US 754507
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® Designated Contracting States:
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@ Applicant: REXENE PRODUCTS COMPANY
5005 LBJ Freeway, Occldental Tower
Dalias, Dallas County, Texas 76244{US)

@ Inventor: Lucas, Bannie Michael
6301 Mecca Street, Odessa
Ector County, Taxas 787682(US)
inventor: Krishnamurthy, Valdyanathan
G501 East Ridge Road, Apt. § 13, Odeasa
Ector County, Taxas 70762(U8)

(® Repressniztive: Welnhoid, Peter, Dr.
Patentanwillte Dipl.-ing. . Dannenbery Dr.
P. Weinhold Dr. D. Gude! DiplL-ing. 5.
Schubert Dr. P. Barz Slegiriadstrasss 8
W-8000 Minchen 40 (DE)

) Environmental stress crack resistant polyethylene blends.

@ A resin blend for the production of articiss having Improved environmental stress crack resistance compris-

ing:

{e) a fnear low deneity copolymer of ethylene and a Cy - Cs higher olefin having from about 10 to about 15

long chain branches per 1000 carbons; and

(M) e low density polyethylens produced by high pressure free radical polymerizetion, the low density

polyethylene having a denslily of from about 0.817 to about 0.825, a melt Index of from sbout 0.1 10 about 10

and an environmeantial stress crack resistance less than about 26 hours;

sald regin blend having a swell ratio of from about 1.70 to about 2.20; and,

wherein said linear iow denslty copolymer comprises an effective amount of from sbout 25% 1o about 35%
of the blend to improve the environmental stress crack resistance of articies produced from the blend.

Rank Xarcx (UK) Businoss Services
A 10/20/00.1
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This invention relates generzlly to polyolefin resin biands suitable for use in the production of plasiic
articlss such as sheets, tubes and botties where environmantal stress crack properties are desireble and a
method of producing such sriicies. In particuler, the resin blends are eultable for producing articles by
exirunion, blow molding, injection moiding and simller processes, having Improved environmental stress
crack resistance.

Low density polyethylenes (LDPE) are known for thelr emse of processibility, which faciliteies their
cormversion Into finished articles such as boltles and tubes using a varlety of processes Including extrualon,
biow moiding and Injection moiding processes. The proparties of low density polyathylenss are, however,
not always iotally satisfactory due to environmentsal atrees cracking In applications in which the finished
product Is in contact with matarials that contain datergents, surfactants and similar compounds.

Environmental strees cracking (ESC) s a tem used o describe 8 mechanism of chemical attack In
which an agent that doee not appreciably attack or dissolve & polymer In an unstressed condition will cause
fallure through the initietion and propagation of cracks or crazes when the polymer la siressed while in
comtact with the agent. The mechanism and rate at which environmental strese cracking occurs in a given
plastic depends upon the specific agent, its concentration, the plastic, the temperaiure, the amount of stress
and other factors such as surface roughness and polymer morphology. the effect of which Is not completely
understood.

Cortain low density polyethyienes are susceptible to environmental etress cracking. Consequently the
use of these low densily polyethylenes to manufacture products such as tubes and bottles that are
ulimately placed In contact with materials containing detergents, suriactants end simflar agents has bean
restrictad. Thus, there [s a need for a resin blend that combines the processibliity of low density
polysthylenes with Improved resistance io environmental siress cracking.

in accordance with the present invention, resin blends are provided that substantially retain the
procesaibility of low density polyethylene while providing Improved environmental siress crack resisiance
(ESCR). The blends contain: {a) fram aboul 25% to about 35% of a linear low density polyethylene (LLDPE)
containing from about 8% to about 12% octene and having from ebout 10 to about 15 long chain branches
per 100D carbone; and (b) a LDPE having a melt indax of less than about 10, a density of iess than about
0.825 g/om® and an environmental stress crack resistance of less than about 25 hours as determined in
accordance with ASTM 1883, Condlion A. The blends provide dramatically improved environmental siress
crack resistance whils simultaneously providing the processibillty of low density polyethylenes. The blenda
fit the swell ratio/malt Index processing window Imposed by existing equipment, processes and product
spadifications and are parficularty ussful in the production of plastic aricles such as botties, tubes and the
lika, produced by extrusion, blow molding, injaction maiding snd simllar processes.

Low density, highly branched polysthylenes produced by high pressure free redical potymerization of
athylene in en autoclave or tubular type reactor possess a unique combination of properties including
toughness, high impact strength and flexibliity. Certain low denelty polysthylenes are, however, susceptible
to environmental siress cracking, & phenomena that occurs when the polysthylene is exposed to detergents,
surfaciants and similar materlals while under siress. Consequently, the appiicability of these low density
polysthylenes to the production of plastic contsiners such as tubes and botiles for shampoos, soaps,
detergents and the like has been imited.

The low density polyethylenes of Interest In conneclion with the practice of the present invention have
an emvironmental siress crack resistance that I typically less than about 25 as determinad In accordencs
with ASTM 1883, ENVIRONMENTAL STRESS-CRACKING OF ETHYLENE PLASTICS, Condltion A, which
Is Incorporated hereln by reference. Low density polysthylenss useful in the practice of the invention
include low density branched polyethylenea having a denaity of from about 0.917 grams/om?® to about 0.625
grama‘em® and a mekt index of leas than about 10, e.g. from about 0.1 o about 10, and preferably from
about 1.0 to 6.0.

Unser low denelty polysthylenes are copolymers of ethylene and a higher olefin, typically Cs - Gy aipha
olefine. Thess copolymers exhibit Improved strength end environmental siress crack reslstance over low
denelly polysthylenes. Linear low density polyethylene, however, becauss ol its linearity and narrow
molecular weight distribution, has poorer processing characteristics, requiring Increased temperatiwes and
pressures In forming processes such as exirusion, blow moiding and injection molding. Thus, substantial
subetitution of linear low density polyethylene for low deneity polyethylene cannot normally bs accom-
plished without expensive retoling. Discussions of varicus blow molding, extrusion and injection molding
processes are presented In the 1989 Mid-October tseue of Modem Plastics Encyclopedia, at pages 217-
224, 242-244, and 264-278, respectively and are incorporated heremn by reference.

A factor that must be considered In the selection of matsrials for blow moiding and similar applications
Is the swell of the parison as it exits the die. This parameter s important in tha production of arlicles that
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must meet eize specifications. Therefore, in order to utiilze exdsting equipment with a given polymer blend,
the swell characteristic of the polymer must match the processing capabilily of the equipment. The swell
characteristics of the blends of the present invention are such thet the blende may be readily adapted to
applications where improved ESCR ls required or desired ueing existing equipment.

One maasure of the swell characteristics of a resin blend is the swell ratio: the ratio of the diameter of
an exirudais io the diametor of a die umder specified conditions. The low density polyethylsnes and the
LDPEALDPE blends of Inlerest typically hsve a swell ratlo of from about 1.70 to about 220 as determined
by measuring the diameier of the semimolten extrudate from a 0.0825 inch die using a stendard melt
indexar with & dead weight of 4.8 Kg. at 210°C. The diameter of the extrudate is measured &t & point
approodmately 5.0 cm. from the Hip of the die using a Modsl No. 183-100 duel @ds ieear scanner
manufsctured by Laser Mile Inc., of Dayton, Ohlo. Measurements are taken at & rate of 1 reading every 2
seconde for & period of 10 seconds and readings averaged. Preferably, the resin blends have a swell ratio
of from about 1.70 to about 2.20. More preferably, the resin blends have a swell nafio of from about 1.8 to
about 2.1,

An edditional element of the processing window Imposed by mdsting equipment and processes Is the
meit index of resin blends that may be usaed In a given process. Thus, a processing "window" Impossd by
existing equipment and process dictates & range on the swell etio and melt index of resin blends that may
be approprists for & given product application using existing processes and equipment. For the purposes of
the invention, rasin blends of low density polyethylens and linear low density polyethylenes preferably have
a meit index of from about 0.5 1o about 2.5 to fit the applicable processing windows. Most preferably, the
resin biends have a meit index of from about 0.5 to about 2.0.

it wes also discovered that the amount of improvement In environmental stress crack resistance
obteined by blending low density polysihylenes with linear low density polysthylenes was not only a
function of the percentage of inear low density polyethylene In the blend but also varied widely with the
specific linear low denasity polysthylene used in the blend. While not wishing to be bound or imitad 10 any
particular theory, it Is belleved that the improvement In environmentsl stress crack reeistance provided by
the resin blends of the invention is at least partially sitributable to the degree of long chain branching in the
linear low density polyethylene. A long chain branch, as used herein, refers to a branch having more than
fiva carbon atomns, as determined by C-13 NMR analysis. A method of determining polyethylene branching
Is disclosad In H. N. Cheng, Determination of Polyethylene Branching Through Compuisrized '3C NMR
Analysls, Polymer Bull., 18, 445 {1888).

It is believad that sn optimal number of long chain branches in the linear low density polysthylense
pravent or siow crack growth, thereby Incraasing the time to fallure. When the degree of branching ls above
the optimum mnge, the branches are not as effsctive In preventing or retarding crack growth as crack
growth cen teke & number of patha. Thus, it was discovered thet & blend of about 25% o about 35% linear
low dansity polyethylene having 10 to 15 long chaln side branches par 1000 carbons with 85% to 75% low
density polysthylsne provided dramatically improved environmenial atress crack resistance as compared fo
LDPE alone or other LLDPEADPE blende.

Suitably the linear low density polyethylene has a density of less than about 0.83 g/em?, preferably of
from about 0.815 giem? o ebout 0.925 g/cm?, a melt index of less than 1.5, e.g. of from about 0.8 to about
1.2, preferably of from about 0.9 to about 1.1.

A linear low density polyethylens usetul In the practice of the prasent invention has a density of about
0.62 grame/em?®, a melt index of sbout 0.8, en octene contertt of ebout 11% and approximetely 13 long
chaln branches per 1000 carbon atome and is manufactured and eold by Dow Chemical under the trade
designetion Dowlax 2045.

it was aleo discovered that environmental siress crack resistance of samples produced from the
LLDPEA.DPE blends was at least partially a function of the meit index of the particular low density
polysthylens included In the blend. In order to produce e blend having a high degree of environmental
etrese crack reslstance with a low density polyethylene having & relatively high melt Index, for example
ebout 8, a proportionally greater amount of Rnear low density polysthylene Is required. The relationship
betwaen the minimum amount of Bnear low density polyathylens having 10 10 15 long chain side branches
per 1000 cerbony required to praduce a blend having high ESCR, for example grester then 100, and the
meit Index of the low deneity polyethylene in the blend ls approxdmated by the following relationship:

%LLDPE = 18.33 + 21.01"og (melt Indax of LDPE)"

“Reiationshlp  specific to LLDPE #3 of Examples.
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Preferably, the resin blends of the preseni inveniion have & density iess than about 0.83 giem,
prefergbly less than 0.625 g/cm®, and contain an amount of Enear low density polyethylene having
epproximately 10 to 15 long chain side branchea per 1000 carbons o increase the environmental ciress
crack resistance of a low density polyethylene having a relstively low environmental strass crack resistance,
for example less than 25 howrs, e.g. from about 1 hour 10 sbout 25 hours, tp a velue of at least 100 hours as
measured by ASTM 1683, Condition A. More preferably, the environmental stress crack resistence of the
blends Is Improved to a value of at least 300 houra.

The effectiveness of a lnear low denslty polyethylene with an optimum number of long chain branches
In improving environmental stress crack resistance is evidenced In the following examples which llusirate
the Invention; however, the scope of the invention Is not to be limited thereby.

EXAMPLES
The following low density polyethylenss of Table 1 below, commercially avallable from Haexene

Producte Company, Odessa, Texas were blended with various amounts of the different linear low deneity
polyethylenes of Table 2.

TABLE 1
LOW DENSITY POLYETHYLENES
Low Density Polyethylene | Melt index | Density g/em®
X0840 0.5 0824
PEBO10 10 0.821
PEBO14 13 0.010
PE1017 20 0820
PE2030 8.0 0819
PES020 4.0 07
X0880 12 0917
X0882 25 0918
X087 6.0 0.820

TABLE 2 -~ LINEAR IOW DENSITY POLYETHYLENES
3 12 n 14
MI, g/10 min 1.0 3.9 0.9 0.9

Comonomer butene octene octene octens
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IABLE 2 (continued)

Wt t Comonomer
Density (qu/cn’)

Long Chain Branches
per 1000 carbons

Molecular Weight Data”

Mn X 107
Mw X 107
Mz X 107
PDI=Mw/Mn

§ §
7.7
°I919

0.0

26
95
215
3.7

12 13 14
2.7 10.7 T 12.7
0.940 0.921 0.912
3.4 13.1 17.5
24 io 24
75 100 90
155 230 215
3.1 3.3 3.8

Reference standard used was- NIST 1475 polyethylene

standard

Environmental stress crack resistance of polyethylenes is determined In accordance with ASTM D1683
Condition A and reported In hours. Compression molded sampies are longltudinally noiched and bent into C
shaped test specimens. The test spaecimens are immersed In 100% igapal (a sirong detergent) and the time
to failure monitored. The ESCR value in hours is determined graphically as the time for 50% tsilure. EBCR
values for various blends of the low density and linear low densily palyethylenes identified In Tables 1 and

Table 2 are tabulsted below.
TABLE 3
BLEND MELT INDEX | ESCR-ASTM D1883 CONDITION A (HRS)
100% PESO10 10 1
80% PESO10 - 10% LLDPE #1 1.0 3
80% PESO10 - 20% LLDPE M 08 12
70% PEG010 - 30% LLDPE #1 - 24
60% PEB010 - 40% LLDPE M - >240
90% PESD10 - 10% LLDPE #2 - 1
80% PEBD10 - 20% LLDPE #2 - 10
T0% PESO10 - 30% LLDPE #2 - >216
60% PEBO10 - 40% LLDPE #2 - >218
80% PEAO10 - 10% LLDPE /A3 08 20, 11
85% PES010 - 15% LLDPE #3 - 108, 80
80% PEBO10 - 20% LLDPE #3 08 >218, 253, B41">TH4
75% PEB010 - 25% LLDPE #3 o7 >720, >720, >720, >T20
70% PES010 - 30% LLDPE #3 - >218
60% PEB010 - 40% LLDPE R - >218
85% PEBD10 - 15% LLDPE M - 25, 48
80% PEBD10 - 20% LLDPE M 0B 2,229

(") Sample conditioned for about 2-3 weeks efter moiding rather than 40-88 hours as specified

in the test method
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TABLE 4
BLEND MELT INDEX | ESCR-ASTM D1683 CONDITION A (HRS)
100% X0848 05 3,22
87.5% X0848 - 25% LLDPE M 0.5 3
5% X0848 - 5.0% LLDPE f3 08 40
80% X0848 - 10% LLDPE #3 05 2685, 168, 1156
85% X0848 - 15% LLDPE 3 05 388, 160, >048
90% X049 - 10% LLDPE #4 - 18,17
85% X0844 - 15% LLDPE M - 127, 168
TABLE 5
BLEND MELT INDEX | ESCR-ASTM D1883 CONDITION A (HRS)
100% PEGO14 13 2
90% PES014 - 10% LLDPE #3 - 23
80% PESD14 - 20% LLDPE #3 - 1688
70% PES014 - 30% LLDPE #3 H] >720, >720, >720), >720
TABLE 8
BLEND MELT INDEX | ESCR-ASTM D1683 CONDITION A (HRS)
100% PE1017 20 2
80% PE1017 - 10% LLDPE #3 - 17
80% PE1017 - 20% LLDPE 3 - 40
75% PE1017 - 25% LLDPE A3 12 185
72.5% PE1017 - 27.5% LLDPE 3 1.1 >720, 284, 208, 851
70% PE1017 - 30% LLDPE R 11 >7T20
TABLE 7
BLEND MELT INDEX | ESCR-ASTM D1693 CONDITION A (HRS)
100% PE2030 50 1
80% PE2030 - 20% LLDPE #£3 - 10
70% PE2030 - 30% LLDPE #3 19 114
85% PE2030 - 35% LLDPE /3 17 >720, 845, 822
80% PE2030 - 40% LLDPE #3 18 >720
TABLE 8
BLEND MELT INDEX | ESCR-ASTM D1683 CONDITION A (HRS)
100% PES020 40 1
80% PES020 - 20% LLDPE #3 - 18
75% PES020 - 25% LLDPE /3 2
70% PES020 - 30% LLDPE #3 15 2n
80% PES020 - 40% LLDPE #3 13 >720
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BLEND MELT INDEX | ESCR-ASTM D1883 CONDITION A (HRS)
100% X0880 12 2

70% XOB80 - 30% LLDPE #3 08 >720,>720, >720

100% X082 25 8

72.5% X0BB2 - 27.5% LLOPE 13 1.2 >720,>720, >720

T0% X0882 - 30% LLDPE 13 12 >720, >720, >720

100% X087 8.0 1

85% XO873 - 35% LLDPE #3 20 >720,>720, >720

The swell ratio of a number of the low density polyethylenes and the low densiiylinear low density
blends |dentified above was determined as described above. Swell is reported In Table 10 as the ratio of
the diameter of the extrudate to the diameter of the dle.

TABLE 10
BLEND BLEND DENSITY | SWELL
100% PESO10 0.621 1.77
80% PESO10 - 20% LLDPE #3 - 1.3
75% PESO10 - 25% LLDPE #3 0.822 1.74
100% PEBO14 0818 190
70% PEB014 - 30% LLDPE #3 0.821 1.64
100% PE1017 0.820 1.88
T70% PE1017 - 30% LLDPE - 1.84
100% X0860 0817 : 2
70% XOB880 - 30% LLDPE #3 0818 2.03
100% X0882 0.8 2.14
T25% X0882 - 27.5% LLDPE #3 - 2.04
70% XO882 - 30% LLDPE #3 0019 188
85% PE2030 - 35% LLDPE A3 0918 1.75
100% %0873 0.820 202
5% X0673 - 35% LLDPE R 0918 1.68

The foregoing exampies lllusirate thet blends of from ebout 25% to about 35% of a linear low density
polysthylene with ebout 10 to about 15 long chain branches per 1000 carbons with a low density
polyethylens having a melt index of less than about 10 and a density of less than about 0.625 g/cm?® have
Improved environmental stress creck resistence as compared to low densily polyethylene and other
LLDPEADPE blends. Additionally, these blonds retain the desirsble processing characterisiics of low
density polyethylene and may therefore be used without expensive retooling.

While particular embodiments of the present invention have been described, it will be apperent to those
skilled In the art that verous changes and modifications can be made without departing from the spirit and
scope of the invention. The following claims are intended to cover all such modificetions that are within the
scope of the invention.

1. A resin blend for the production of environmental stress crack resistant articles comprising:

(e) a low density polysthylene having a denslity of from about 0.817 g/cm?® to about 0825 g/iem?, 8
melt Index of from about 0.1 to about 10 and an environmental streas crack resisiance less than
sbout 25 hours; and

{b} a linear low densly copolymer of ethylene and a Cy-Cq higher olefin having from about 10 to
about 15 long chain branches per 1000 carbon atoma wherein said finesr low density copolymer
comprises an oflective amount of from about 25% to about 35% of the blend to Improve the
srvironmental siress crack resistance of articles produced from the blend;

7

W
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eaid resin blend having a density of less than about 0.830 g/cm?, a meit index of from about 0.5 to
about 2.5 and & ewell ratio of from about 1.70 to about 2.20.

The resin blend of claim 1 whersin the low denslty polyethyiene ks produced by high pressure free
radical polymaerization of sthylene.

The resin blend of anyone of claima 1 or 2 whersin the linear low density polyethylene has a density of
less than 0.83 gicm?, preferably of from about 0.915 g/cm? to about 0.825 g/iom?®.

The resin blend of anyone of claims 1 to 3 wherein the linear low density copolymer of ethylene and a
Cy-Cq olefin has a melt Index of less than 1.5, e.9. of from about 0.8 to about 1.2 and preferably of
from about 0.9 to about 1.1.

The resin blend of anyone of clalms 1 1o 4 wherein the Enear low density polyethylene Is a copolymer
ol ethylene and from about 8% to about 12% octene.

The resin blend of claim 5 whereln the Hnear low deneity copolymer of ethylene and octens has a
density of ebout 0.82 gicm3, a melt index of about 0.8, en octena content of about 11% and
approximately 13 long chein branches per 1000 carbons.

The resin blend of anyone of claims 1 1o 8 wherein the resin blend has a density of less than about
0.825 g/iom?,

The resin blend of anyone of claims 1 to 7 whersin the low density polyethylene has a melt index ol
from about 1.0 to about 8.0.

The resin blend of anyone of claims 1 t0 7 wherein the resin bland has a melt index of from about 0.5
o sbout 2.0.

The resin blend of anyone of claime 1 to 8 wherain the linear low density polyethylens Is present in an
amount effective 1o Increase the environmental stress crack resistance of arlicles produced from the
blend 1o at least 100 hours, preferably o at lsast 300 hours.

An arficle produced from the resin blend of anyone of claims 1 to 10.

A method of producing a resin blend comprising:

blending a low density polyethylens resin produced by high pressure free radical polymerization of
ethylene having a density from about 0817 gm/cm? to about 0.825 gmicm?, a melt index of from about
0.1 to about 10.0 and an environmental strese crack resistance of loss than about 25 hours with a near
low density copolymer of ethylene and a Cs - Ca higher olefin having from about 10 to about 15 long
chain branches per 1000 carbon etoms, a density of less than about 0.83 and a melt index of |ess than
1.5, sald linear low density copolymer being presert in the blend In an amount effective to produce
articles having an environmental siress crack resistance of &t least 100 hours, preferably of at least 200
hours and most preferably of at least 300 hours, said resin blend having & density of less than about
0.930 g/iom?, a swell index of from about 1.7 to about 2.20 and a melt Index of from about 0.5 to about
2.6.

The mathod of claim 12 whereln the resin blend comprises from about 25% to about 35% of a finear
low density copolymer of ethylene and a Gy - Gs higher olefin having from about 10 fo about 15 long
chain branches per 1000 carbon aloms.

A method of Increasing the envinmental stress crack resisiance of plastic containers comprising:
producing a tube or bottle suitable for use as a container for liquids containing eurfactants or
detergents from a blend of a low density polysthylene resin produced by high pressure free radical
polymerization of ethylene having a density from ebout 0.817 gm/icm? to shout 0.825 gm/cm?, a melt
index of from about 0.1 to about 10.0 and an environmental siress crack resistance of less than about
25 hours with a linear low density copolymer of ethylens and a Cy - Ca higher olefin having from about
10 to about 15 long chain branches per 1000 carbon atoms, a density of less than about 0.83 and &
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meit Index of lees than 1.5, sald linear low density copolymer being present in the blend in an amoumt
effective to increase the environmental etress crack resistance of articies produced from the blend o a
value of at ieast 300 hours, sald resin blend having a density of less than sbout 0.830 gicm3, a swell
Index of from about 1.7 to about 2.20 and a meit index of from sbout 0.5 to about 2.5.

15. The method of anyone of claime 12 tp 14 wheorein said articles are produced by blow molding,
extrusion or Injection molding.
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1 2
BLENDS OF POLYETHYLENE AND Although polymers produced with metallocsne catalysts
POLYPROPFYLENE provide many property enhancements over those produced
with Zeigler-Natta catalysts, a film property where
SUMMARY e

This invention relsies to blends of polyethylene with
polypropylenc and 10 films made berefrom having improved
tear strength.

BACKGROUND

Plastic fllma have found utility in a wide variety of
packaging spplications such as bags, pouches, tubes, trays,
and the like. In many film packaging applications it is
desirable for the film 10 possess good physical and mechani-
cal properties such as resistance (o tearing, tensile strength,
and proccessability in high speed equipment.

Lincar low and medium density polyethylene copolymers
(LLDPE) produced with conventional Zeigler-Natta cata-
lysts ars widely used commercially in films which are
canventionally prepared by blown film extrusion. Such filras
bave gonerally good propertios, but often exhibit undesir-
ably low stifiness for many nses. Some such fllms arc also
difficult to process and consume & great deal of power to
oxtrode and draw down the Blm. To address such

ings, many have developed blends with other poly-
mers to tilor the balance of properties.

For exampk, U.S. Pat. No. 4,565,847 deactibes films
formed from blends of LLDPE, polypropylene and ethylene-
propylene rubbers having improved stiffness and good \ear
strength. U.S. Pat. No. 4,929,681 discksos films conlaining
LLDPE having high modulns and good tear strength. The
high modulus and improved processing conditions are
achieved by blending minor amounts of polystyrene (or
other aromatic polymer) and polypropylene with the
LLDPE. In both of thess inventions, the addition of a minor
amount of polypropylene to LLDPE produced with conven-
tional Zeigler-Naila catalysts showed an improvement in the
modulus of the film but a decrcase in the MDD iear strongth,
The further addition of EPDM or polystyrenc was required
to achieve a desired balaace of propertics.

Some of the deficioncies of polymers produced with
Zgigler-Natia catalysts are improved in polymers produced
with metallocene catalysts. Some of these i meut
result from the ability of metallocene catalyst to control
certuin structural variables in polyolefins which sffect the
uhimate properties of the polymer. Some of the most impor-
tant structural variables are composition distribution (CD),
molecular weight, and MWD. CD refers to the distribution
of comonomer botween copolymer molecules. This feature
relates directly to polymer crystallizability, optical
properties, toughness and many other important use char-
acteristics. MWD plays a significant rale in melt process-
ability as well as in physical properties. Broadly speaking,
weight average molecular weight (M) is strongly related to
melt viscosity and the ultimatcly desired physical properties
of the polymer. All of these struciural features are readily
controllable through the use of metallocenc catalysis as
exemplified in US. Pai. No. 4,937,299, which is fully
incorporated by reference herein for purposes of U.S. patent
practice.

Thres distinctive features of flims produced rom copoly-
mers produced with metallocens catalysts relative o con-
vontional Ziegler-Natts copolymers are their low extmct-
ables (and associated low reblock), their good clarity, and
their urusnal tonsile properties at low elongation. It would
be desirable 10 produce a film having improved balance of
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allocene-produced copolymers do not compare as favor-
ably to those made with conventional Ziegler-Natia catalysis
is tear strength in the machine direction.

In view of Lhe ongoing need for films of oplimum quality
for growing markel needs, il would be desirable 1o provide
compositions that utilize the shility of metallocene catalysts
1o tailor polymer structure for an improved balance of
properties while using as few blend components and pro-
cessing steps as posaible.

Accordingly, the present invention relates to blends of
polyethylene having those desirable qualities resylting from
production with a metallocene catalyst system and a
polypropylens component having a high melt flow rate
(MFR). The: blends of the present invention are particularly
useful in film applications requiring tear sirengths and
stiffness as high or higher than those produced with Ziegler-
Natta catalysts without compromising clarity, low extract-
ables content, and other attractive attributes of films formed
from polyethylene polymers produced using metallocenes or
other singho-site catalyst systerns.

SUMMARY OF THE INVENTION

According 10 onc cmbodimeat of this invention there are
provided polymer blend compositions comprising: () an
ethylsne polymer component, having a melling temporaturs
greater than or equal to 75° C. and crystllinty ss measured
by differential scanning calarimetry (DSC) of 10% or more,
and (b) a propylene polymer component, having a melting
temperature greater than or equal to 125° C. end 2 MFR of
500 dg/min. or more at 230° C. Preferably, both polymer
componenis are produced with & metallncenc catalyst sys-
tem. In the polymer blend, componcnt (a) is preferably about
90 to sbout 99.9 weight percent of the blend based on the
total weight of (s) and (b). The polymer blend is formed by
mixing blend components () and (b) under high shear
mixing conditions. A unit such a8 & twin-screw oxtruder
would be an example of a suitsble piece of mixiog equip-
ment. Other means 10 achicve a well mixed blend will be
apparent to those skilled in the an.

Another embodiment of this invention comprises film or
sheel articles formed from a polymer blend as deacribed
above. According 1o yet another embodiment of this inven-
tion there are provided multiple layer films comprising at
least one layer formed from the polymer blend as described
above.

DESCRIPTION OF THE INVENTION

The palymer blends of this invention include, and pref-
crably consist cssentially of (a) an ethylene palymer com-
pouent produced with & mefallocene catalyst; and (b) a
propylenc polymer component having a high melt flow rute
and preforably produced using s metallocenc catalyst. All
references to metallocene catalyst shall include other cata-
lysis (e-g. xingle-sited catalyst) capable of producing poly-
mers having properties the same as or similar to
metallocenc-produced polymers (c.g. parrow MWD, narrow
CD, low extractables content, good optical propurties). Such
biends can optionally include additives well known to those
akilled in the art.

‘The ethylene polymer component can be a single poly-
cthylenc polymer or a blend of two or mare polyethylenes.
The ethylene polymer component has a melting temperature

Stiffncss, tear strepgth, clarity, and low extraciables.  greater than or equal to 75° C. and crysiallinty of 10% or
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more DSC, If the cthylene polymer component is a blend of
more than one ethylene-based polymer, preferably cach
ethylone polymer so blended will also have & melting
tempenature groater than or equal to 75° C. and crystallinty
of 10% or more as measured by DSC.

Polycthylenc, a5 uscd berein, can be a bomopolymer or a
copolymer and includes plastomers, VLDPE, LLDPE,
LDPE, and HDPE. Plastomers, as used horwin, refors gen-
enlly to a class of cthylenc based copolymers with denaity
of less than sbout 0.900 g/ec (down to about 0.865 g/cc) and
baving a weight average molecular weight (M, ) greater than
about 20,000 (about 200 MI and lower). Plasiomers have an
el.hylnne crystallinity betwoen plastics (i.c. lincar low den-
sity and very low deasity polyethylem) and ethylene/alpha-
olefin clestomers. VLDPE is very low density polyethylene,
lypnllyhlvmgldmtymlh range of from 0.90 to 0.915
g/cc. LLDPE is lincer low demsity polyethylene, typically
having a density in the range of from 0.915 to 0.930 g/cc.
LDPE is low density polyethylene, typically having a den-
aity in the range of from 0.915 to 0.930 g/cc. HDPE is high
density polyethylene, typically having a density in the range
of from 0.930 to 0.960 g/cc. Densitics above about 0.90 g/cc
were measured using standard accepicd procedurcs. At den-
sities below about 0.90 g/cc, the samples are preferably
condilioned by holding them for 48 hours at ambient tem-
penature (23° C.), prior fo density measurement.

The melt indox (MI) of the cthylene polymer component
of the presont invention is in the ange of about 0.2 dg/min
to about 10 dg/min. Preforably the Ml is in the range of
about 0.4 dg/min. to about 8 dg/min. For blown film
applications, the most preferred range is 0.5 dg/min to about
2 dg/min. For cast film applications, the most prefermed
range is 1 dg/min to about 7 dg/min.

The cthylene polymer componeat of the prescat invention
prefembly hes melting point characteristics with & major
melting point (T,)) s Jdetermined by Differential Scanning
Colorimetry (DSC) in the range of sbout 50° C. to about
140" C. Profisrably, the DSC peak, oc T, is in the range of
about 60° C. to about 125° C. “Mcliing poini” as uscd herein
means that st least aboul 809% by weight of the material

nds to a single T, peak in the range of about 60° C.
10 shout 125° C. Preferably, substentisily all the ethylene
polymer component melts prior 1o reaching a temperature of
about 140° C., as detcrmined by DSC analysis.

The polyethylens polymers utilized in the polyethylene
component of the blends of the present invention, comprise
othylene and one or more alpha-olefins. Such a-olefina
include linear, branched, or ring-containing C; o C,,
a-oleflos or combinations thereof capable of being copoly-
merized with ethylene by a sclected metallocene or other
single-site catalyst. Preferred lincar a-olefins include C, 1o
C, a-plefins, more preferably propylene, l-butene,
1-hexene, and 1-octene, cven more preferably propylene or
1-butene. Preferred branched a-alefins inchide 4-methyl-1-
pentene, 3-methyl-1-pentenc, and 3,5,5-trimethyl-1-hexene
as well as gominally di-substituted such as isobutylans.
Preferred ring-containing olefins include norbormene and
alkyl-substituted norbomene such as melhyl-norbomem
Generally, such polyethylenes will comprise in the range of
shaut 85 to sbout 96 male percent ethylene.

Preferred polycthyleno copolymers are produced with
motallocene catalysis and display narrow molecular weight
distribution, meaning that the rtio of the weight average
molecular weight to the number average molecular weight
will be equal to or below 4, most typically in the range of
from 1.7 10 4.0, prefersbly from 1.8 10 2.8.
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Preferably, polyethylene copolymers produced with met-
allocenc catalysis will also display narmow composition
distribution, meaning that the fractional comonomer content
from moleculo to molecule will be similar. This can be
measured using Fourler Translorm Infrared Spectmscopy
coupled to a Gel Permeation Chromatograph (GPC-FTIR) to
delerntine comonomer content in discrete ranges of number
or weight avorage molecular weights (M, or M), or by
using a Temporature Rise Flulion Fractionation analysis 1o
determine the composition distribution breadih jndex
(CDBI) or solubility distribution breadth index (SDBI). A
preferred polyethylene copalymer has a comonomer distri-
bulion when measured by GPC-FTIR such that the comono-
mer content of any discreet molecvlar weight apge com-
prising 10 weight % ar more of the total cluted copolymer
in within +30% of the weight average comonomer contsat of
the polyethylene copolymer where this average equates o
100%, more preferably within +20%, even more prefecably
within +109%. Whore measurement by SDBI is applicable,
the SDBI of the polycthylene copolymer is preferably less
than about 35* C.,, generally in the range of about 10° o
about 25° C., preferably in the range of about 15° to about
20° C., and most preferably in the renge of about 15° 1o
about 18° C. Where CDBI is applicable, the CDBI of the
polyethylene copolymer is prefersbly greater than 40%,
more prefiorably groater than 50%, cven more preferably
greater than §0%. The polyethylene copolymer bas a narrow
compositional distribution if it meets the GPC-FTIR, CDBI,
or SDBI criteris a5 outlined above.

In a particularly preferred embodiment, the copolymer is
a single-aite catalyzed “polyethylene,” preforably produced
using metallocene catalysis. “Polyethylene,” as used herein,
mwans a copolymer in which ethylene is the major monomer.
Such polyethylene materials are commercially available
from Exxon Chemical Company of Houston, Tex. under the
trade name “Exact™”, Thess materials may be made in a
varisty of processes (inchnding slurry, salution, high pres-
sure and gas phase) employing metallocene catalysty, Pro-
cosscs for making a variety of polyethylene materialy with
metallocene catalyst systems are well known. See, for
cxample, U.S. Pat. Nos. 5,017,714, 5,026,798, 5,055,438,
5,057,475, 5,006,867, 5,153,157, 5,198,401, 5,240,894,
5,264,405, 5,278,119, 5,281,679, 5324800, 5,391,529,
5,420,217, 5,504,169, 5,547,675, 5,621,126, 5,643,847,
5,801,113, 5408017, 5,621,054, 5,635,573, 5,767,208,
5,851,945, 5,866,665, 5,942,587, and 5,972,823, U.S. patent
application Ser. Noa., 08/877,390, 08/473,693, and 60/(48,
965, and international patent application nos. EPA 277,004,
WO 92/00333, and WO 94/03506, oach fully incorporated
berein by reference for purposes of US. patent practice.
Production of of ethylepe and cyclic clefins are
described in U.S. Pat. Nos. 5,635,573 and 5,837,787, and of
copolymers of ethylene and geminally di-substitnted
monomners, such as i arc described in US. Pat.
No. 5,763,556, all of which are fully incorporated herein for
purposcs of U.S. patent practice.

Utilizing & metallocenc catalyst, the polyethylcas poly-
mers useful in the ethylens polymer component of the
present invention can be produced in accondance with any
suitable polymerization process, including a slurry
polymerization, gas phase polymerization, and high pressure
polymerization process.

The polypropylenes useful in this invention are

ymers or copolymers of propylene and one ar more
olefins selected from ethylene or Linear or branched C, 10
Cop w-olefins, preferably ethylene or C, to C, alpha-olefins,
more preforably ethylene, 1-butene, 1-hexene, 4-methyi-1-



US 6,407,171 Bl

5

pentcne, 3-methyl-1-peniene, 3,5,5-trimethyl-1-hexene, and
1-octene, evea more preferably propylene or 1-butenc, and
optionally, minor amounts of pon-conjugated diolefins, pref-
crably CC,y diolefins. In one embodiment, the alphs-
olefin can contain cyclic structures that are fully satorated
such that the alpha-olefin monomer does not coatain a cyclic
moiety with any oleflnic unsaturation or any aromatic struc-
tures. Preferred alpha-olefins are mono-olefing. These pro-
pylene copolymers with prescribed range of comonomer
levels can be prepared by polymerization of the suitable
olefins in the proscace of supporied or unsupporied metal-
locene catalyst sysiems.

Isotactic polypropylene homopolymer is preferred over
random copolymers having a high propylene content since
both crystallinity and melting temperatures decrease as
comonomer confent increases. The concept of blending a
small amount of polypropylenc with the polyethylene com-
ponent would however also apply lo polypropylene copoly-
mers having small amounts of a-olefins such as ethylenc-1,
butene-1, hexene-1, and octene-1.

The propylenc-based polymer component of the present
invention is a polypropylene homopolymer, a random
copolymer of polypropylene, or & mixhire thereof, wherein
the propylenc-based polymer component has an MFR or 500
dg/min. or mare at 230° C. as measured by ASTM D-1238,
preferably 1000 dg/min. or more, more preferably 1500
dg/min. or more. Even more preferably, the propylene-based
polymer component copolymer is isotactic polypropylene
homopolymer having a MFR as specified shove. Even more
preforably, the propylene based polymer will also have a
MWD of from 1.8 to 4.0. Such polymers are conveniently
produced using a stcreospecific metallocene catalyst system.

When the propyleno-based polymer component either
consists of or containg onc or morc copolymem, such
copolymers are preferably composed of propylenc as 2 main
monomer and an alpha-olefin otber than propylenc. The
coatent of the propylene is generally 88 mole percent or
more, mare preferably 99 mole porcont or more. The comtent
of the alpha-olofin (c.g. cthylence) other than propylene is
genennlly 12 mole percent or less, more preferably 1 mole
percent or less

The u'ylnllinity in tho polypropylense copolymer are
derived from isotactic or :yndmucnc polypropylene
sequences, preferably isotactic polypropylene sequences,
obtained by use of a siereaspecific metallocene catalyst and
limiting the amount of comonomer. Preferred polypropylene
polymers have an average propylenc conient on a molar
basis of about 95% or more, preforably 98% or more, more
preferably 100%. The balance of the copolymer is one or
more linear or branched a-vlefins as specified above and
optionally minor amounts of one or more dicoe monomers.

The semi-crystalline propylene-based polymer compo-
nent preferably bas & heat of fusion from about 10 J/g to
about 160 J/g, more preferably from about 1.9 J/g to sbout
151 J/g, mare preferably from about 28 J/g o sbout 142 J/g,
cven more preferably from about 38 J/g to abont 113 J/g. The
crystallimity of the polypropylenc copolymer arises from
crystallioable stercoregular propylenc sequences.

In another embodiment, the crystallimity of the propylenc-
based polymer component is expressed in terms of percent
crystallinity. The thermal cocrgy for the highest order of
polypropylene is estimated at 189 J/g. That is, 100% crys-
tallinity is equal to 189 J/g. Therefore, according to the
aforementionod energy levels, the present invontion prefer-
ably has a polypropylene crystallinity of about 5% to about
85%, more proferably from about 10 % to about 80%, even
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more prefcrably from about 15% to about 75%, even more
prefembly from about 20% 1o about 60%.

The mropylene-based polymer component preferably has
a single melting paint (T,) in the moge of from about 25°
C. 10 sbout 110" C., preferably in the range of from about
30" C. to sbout 105° C., more prefcrably in the range of from
shout 35° C. 10 shout 90° C.

The polypropylene copolymer of the present invention
proferably comprises a random crystallizable copolymer
having & narrow compositional distribution. The intermo-
lecular composition distribution of the polymer is deter-
mined by thermal fractionation in a solvent. A typical
solvent is a saturated hydrocarbon such as hexane or hep-
tane. This thenmal fractionation is described
below. Typically, approximately 75% by weight and more
preferably 85% by weight of the polymer is isolated as one
or two adjacent, soluble fraction with the balance of the
polymer in immediately preceding or succeeding fractions.
Each of these fractions has 2 composition (wt. % ethylene,
or other a-olefin, conteat) with a diffcrence of no greater
than 209 (relative) and more preferably 10% (relative) of
the average woight % comonomer, such as ethylene or other
a-olefin, content of the polypropylene copolymer. The
polypropyleno copolymer has a namow compositional dis-
tribution if it meets the fractionation test outlined above.

Preferrcd propylenc-besed polymer components accord-
ing to the invention are conveniently prepared by polymer-
izing propylenc and optionally one or more C; or C~Cy
alpha olefin comonomem in the presence of a chiral metal-
Iocens catalyst with an activator and optional scavenger,
most preferably ethylens and propylene. Prefermed ste-
mwﬁcmtﬂbwmmhehawnmfmmrp—
ration of propylene in predominantly isotactic polypropy-
lone pentads and satistically mndom incarporation of the
a-olefin or other olefinic comonomer(s). Stereospecific cata-
lysts for the production aof the crystalline polymer ssgments
(isotactic or syndiotactic alpha-olcfin-dienc copolymers) of
this invention include any catalyst systcm capable of copo-
lymerizing the select alpha-olafin monamer(s) and diolofin
monomer(s). Such storcospecific catalysts should at the
same time polymerize the alpha-olefin monomer(s) in a
stereaspecific structure such that the crystalline polymer
scgments contain isotactic or syndiotactic monomer
sequences sufficient to produce a heat of fnsion, 8s measured
by DSC, of 10 J/g or more. For additional detaj] on such
calalysts, reference can be made to U.S. Pat. No. 5,770,753
and to W. Spaleck, ct al,, “The Influence fo Aromatic
Substituents on the Polymerization Behavior of
Zirconocene Catalysts,” Organometallics, 13, 954-963
(1994), both of which arc fully incorporated by reference
herein for purposes of U.S. patent pructice.

Such catalysts arc kmown 1o those skilled in the art. For
additional details on such catalysts, reference can be made
io US. Pat. Noa. 5,324,800; 5,198,401; 5,278,119; 5,387,
568, 5,120,867, 5/017,714; 4,871,705; 4,542,199; 4,752,
597, 5,132,262; 5391,629; 5,243,001; 5,278,264; 5,296,
434; and 5,304,614, all of which erc incorporated by
refercnce for purpases of US. patent practice.

INustrative, but not limiting examples of preferred ste-
reospecific metaliocenc catalysts for the synthesis of
propylens-based polymers, are the racemic somers of
[dimethylsilanediylbis({2-methyl-4-phenylindenyl) Jmetal
dichloride;

[dimethylsilapediylbis(2-methyl)Jmetal dichloride;
[dimethylsilanediylbis(indenyl)metal dichloride;
[dimethylsilanediylbis(indeayymetal dimethyl;
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[dimethylsilanediyibis{tetrabydroindenyl)metal dichloride;
[dimethylsilanediyhis( indenyl}metal dimethyl;
[dimethylsilanediylbis(indenyl)metal diethyl; and
[dibenzylsilanediylbis(indenymetal dimethyl;
wherein the metal can be chosen from Zr, HY, or Ti,
preferably Zr.

WlmemM is chosea from a group consisting of Zr, HE, or

Thepolypmpylenﬂpulmrmmpomlmhlnqk
polypropylens or a blend of two or more polypropylenes.
The propylene polymer component has a melting tempera-
ture greater than or equal to 125° C, and a melt flow rate
(MFR) of 500 dg/min. or more at 230° C. If the propylens
polymer component is a blend of more than one
polypropylene, preferably each propylene polymer so
blended will atso have 1 melting temperature greater than or
cqual to 125° C. and a melt flow rate {MFR) of 500 dg/min.
or more at 230" C.

The blend composition will genarally compriso in the
range of about 90 to about 99.9 weight perceat, low melting
ingredicnt and in the range of about 10 to abaut 0.1 weight
percent of a propylenc based polymer both based on the total
weight of the low meliing ingrediont and propylene based
polymer. These are preferred ranges. The particular poly-
cthylene component, the particular polypropylene
componeat, and the relative amounts of each vsed in the
blend of this invention will depond on the requirements of
the particular application in which the blend will be utilized,
economics, and other process factors. Generally a bepeficial
contribution from the addition of the polypropylens com-
ponont will be noted at s level of about 5 wt %. At a level
above 10 wt % polypropylene component, the blend product
may show deficiencies in properties such as rigidity, abra-
sion resistance, and clevated temperature resistance, among
others.

With respect to the phynical process of prducing the
blond, sufficient mixing should take place 10 assare that a
uniform blend will be produced prior to conversion into &
fuished product. Thus, in the cases of injection molding of
medical devices, casting and blowing of packaging films,
extrusion of tubing and profiles, cic. simple solid state
blends of the pellets serve equally as well as pollotized melt
state blends of mw polymer gramles, of granules with
poliets, or of pellsts of tho two components since the
forming process includes a remelting and mixing of the raw
matorial. In the process of compression molding of medical
devices, however, little mixing of the mell compoments
occurs, and a peltetized melt blend would be proferred over
simple solid state blends of the constituent pellets and/or
grunules. Those skilled in the art will be able to determine
the appropriste pracedure for blending of the polymers to
balance the need for intimate mixing of the componeat
ingredicnts with the desire for process economy.

The polymer blend compositions of the present invention
can be cast extruded or coextruded into film using a fist die
or blown extruded or coextruded into film using a tubular
die. Such fims may optionally bo further oriented (eithor
uniaxially or biaxially) using technologics well known to
those skilled in the art. The films formed from the compo-
silion of the inventicn are uscful as shrink Alms, cling Alm,
siretch film, sealing films, oriented films, snack packaging,
huvydutyhlp.m sacks, baked and frozen food
pmhgmg, medical packaging, industrial liners, membranes,
etc. in food-contact and non-food contact applications.

In some applications, for cxample in food and flexible
packaging, it is important that the amount of haze in the final
film be minimized so that the film can cleardy display the
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packaged contents and be aesthetically pleasing. o selecting
the low melting polymer ingredisnt and the propylene based
polymer, it is believed that a deterioration of haze can be
mitigated by blending low melting polymer ingredient and
propylene bhased polymer having similar densities to mini-
mize refractive index differences, and having similar rhe-
ologies (i.c. shoar viscositics under proceasing conditions) to
obtain optimum dispersed phase domain size/morphology.

The polymer components used to fabricate the films of the
present invention may also contain eppropTiate amounts of
other additives pormally included in such compositions.
These include alip agents, such as talc, antioxidants, flllems,
dyes, pigments, siabilizers, such as radiation stabilizers, and
like additives known to those skilled in the art.

Some preferred properties of the final composition and
film are, tensile strength, film rigidity, haze, gloss, and tear
strength. The exiractables contemt for the compositions of
the invention sod films thersfrom is preferably less than or
equal to 2.0 wt. %, more preferably less than or equal to 1.6
wt. %, most preferably less than or equal 1o 1.4 wt. % a5
moasured by ASTM D-5227. Typically, however, the
extractables content will be at lcast 0.5 wt. 9.

Haze values for the compositions of the inveation and
films therefrom ere preferably less than or equal 1o 25%,
more preforsbly less than 20%, cven more prelerably less
than 15%. Typically, however, hazx values for the compo-
sitions and films of the invention can be 2% or more, and
frequently 5% or more.

Films scconding to the invention gre formed by any
suitable method well known in the art, or once formed, the
film can be subjected to a combination of post orienting
and/or annealing to efficct changes in its unload power. Such
methods of film are discussed by J. H. Briston and
L. L. Katan in Plastic Films, (2nd ed. 1983) and U.S. Pat.
Nos. 4,436,520 and 5,066,526, all of which are berein
incorporated by reference for purposes of U.S. patent prac-
tice. Commonly known methods of producing film inclnde
casting (cxtrusion and solvent), calendering, and extrusion
methoda, such s blow, alit exirusion, or cast dic extrusion.

Regardiess of the method of first producing the film, once
made, the film can be used as is, or it can be further
processed to improve unload power of the film. This is
accomplished by a combination of arienting and/or anncal-
ing the flim. In onc embodiment, the annealing is conductect
at a tempersiure between the film softening point and
melting point.

Oricnlatipg of acn-elastic Blms to improve clarity, impact
strength and, particularly in the case of polypropylene, its
barrier proporties, is well known in the art. The orienting and
anncaling of the film may be camried out monoaxially in the
machine direction (MD) or the transverse direction (TD) or
in both directions (biaxially) ecither simultancously or
sequentially using copventional equipment and processos
following cooling of the film.

Blown films ure preferentially stretched in machine direc-
tion or in both directions. Caat films are preferably stretched
in the machine direction. Generally, for oricatation in the
machine direction, the film is passed wound two rollers
driven at differcot surface spocds and finally o a take up
rolier. The sccond driven roller which is closcst to the take
up roll is driven faster than the first driven roller. As a
consequence the film is sireiched between the driven rollers.
Conventional “godet”™ stands as are well known in the ant
may also be utilized.
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Film orientation in apother embodiment may also be
carried out in a tentering device with or without machine
dircction oricotation to impart transverse direction orienta-
tion in the film. The Alm is gripped by the edges for
processing through the tentering device. For most final
application, ths film is monoaxially oricnted in the machine
direction.

In one embodiment, the film of the invention is anncaled
at a temperature between the film sofiening point and
melting point. The anncaling step is nocessary to anneal or
perfoct the crystallites that survived the orienting step and to
relax out streascs. This annealing aids in maintaining the
arientation or extension induced in the arienting step. The
annealing temperature is preferably less than the orienting
tcmpenture. Generally once the film keaves the anncaling
step, ambient cooling is sufficient. In most cases, the film
from the annealing step is then spooled in a winding unit.

In yet another embodiment, at least one layer formed from
the composition of the invention and at lcast one additional
layer are joined to form a mmulti-layer film. The layers can be
joined by lamination, heat sealing, co-extrusion, or any
method of joining film layers well known to those skillod in
the art. The additional layer or layers can be the same or
different polymons.

BEXAMPLES
Tests and Standards

Density measurements were made according to ASTM
D-12.

Molecular woeight distribution (MWD) means M_/M_
where M, is the weight average molecular weight and is M,
he number average molecular weight as determined by gel
permeation chromatography using polyisobutylone stan-
dards on a Waters 150 gel permeation chromatograph detec-
tor and an on-line Chromatix KMX-6 light scatiering pho-
tometor. The systom is used at 135° C. with 1,2.4-
trichlorobenzene as the mobile phass. Showdex (from
Showa Denko America, Inc.) polystyrene gel columns 802,
803, 804 and 805 were used. This technique is discussed on
“Liquid Chromotography of Polymers and Relaied Materi-
als 111" J. Cazes editor, Marcel Dekker, 1981, p. 207. No
corrections for column spreading were employed. M_/M,,
was calcnlated from elution times. The mumerical analyses
were performed using the commercially available Beckman/
CIS LALLS software in conjunction with the standard Gel
Permeation package.

Haze was measured according to ASTM D-1003.

Gloss was measured according 1o ASTM D-2457.

Tensile stress al yield, elongation at yield, ullimate tensile
strength, elongation at break, and secant modulus (19%) were
measured according to ASTM D-882

Elmendorf tear, machine direction (MD) and transverse
direction (TD), Tensile Tear, Y Mod., and Notch Tenaile
Toar, were measured acconding to ASTM D-1922.

Diffcrential Scanning Calorimetry (DSC), ASTM E-1356,
at a boating rate of 10° C./mimuts). DSC measurements were
mado on a Perkin Elmer Sysiem 7 Thermal Analynis System.
Melting information reported arc second melting data i.c.
sample heatod at programmed rate of 10° C. min 10 a
temperatore above itk melting range. Sample then cooled in
instrument at programmed rato of 10 C./min. to temperature
below its crystallization range. Sample rcheated (2nd
melting) at programmed rate of 10° C/min.

Melting point (T,,), glass transition temperature (T,), hoat
of fusion (Ab), multiple melting peak, and any measure-
ments related 10 detection of crystalline melting or crystal-
lization arc measured using Differvntial Scanning Calorim-
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ctry (DSC) or obtained from commonly accepted
publications such as typical transition temperatures shown in
Principles of Polymer Systems, Rodriguez, 2d ed., McGraw
Hill Chemical Engincering Series, p. 38, Table 3-1. DSC
was performed by ASTM method E-1356a modificd version
of ASTM method D-3417. Preferably, about 6 mg to about
10 mg of a sheei of tho preferred polymer pressed at
approximately 200* C. 1o 230® C. is removed with a punch
dic and is aged at room temperature for at least 24 hours. At
the end of this period, the sample is placed in a Differential
Scanning Calarimeter and cooled to about -50° C. to =70°
C. The sample is heated at about 10-20° C/minute to ettain
a final temperature of about 200° C. 1o about 220* C. The
thermal output is recorded as the aroa under the melting
peak, or peaks, of the sample which s typically at a
maximum peak at about 30° C. 1o about 150° C. and occurs
beiween the temperstures of shout 0° C. and sbout 180° C.
The thermal output is measured in Joules as a measure of the
beat of melting. The melting point is recorded as the
temperature of the greatest heat absorption within the mnge
of melting temperature of the sample.

Melt index (MI) was determined acconding 1o ASTM
D-1238 (190/2.16). High load MI was determined according
to ASTM D-1238 (190/21.6).

Melt Flow Rate (MFR) was measured by ASTM method
D-1238(L).

Notched Tensile Test was determined acconding to ASTM
D-1003.

Table 1 shows the properties of the polymers used in the
examples prior to blending. PE-1, PE-3, PP-1, and PP-2
were all produced with metaliocene catalysts. PE-2 was
produced with a Zeigler-Natta catalyst.

TABLE 1
Erepsgtics of Folymer Blend Compapenia

Polymar
Propertins PB-1 PE-2 PE3 PP-1 PP
M, 23,308 26,000 —_
M, 106,749 15278 85,200 53,000 -
MWD 1% 396 366 210 —
M 1.02 10 110 NA NA
MFR NA NA NA 1896 2050
T 118 125 116 148 -
mC)
Heat of 128 128 128 ;] —_
Fusion
0D Xs
Te 106 - 102 145 —_
Znd (" C)
COBl 66.7 190 s NA NA
Demity 0918 0919 0519 - —_
NA — pot spplicabla

Table 2 compares the performance of polycthylenes pro-
duced by Zeigler-Natta and metallocene catalyst systems

both before and afier the addition of high MFR palypropy-
lene.
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TABLE 2
_PE/PE Blends any) Propcrtios
BEmmpla 1 2 3 4 5 6 7 8 9 10
Compantive/ioveation [+ 1 1 4 I [+ C c [ c
PE-1 100 100 1 100 100 —_ —_ - —_ —
PE-2 - -_ - -_ - 100 100 100 100 100
PP-1 —_ 0.5 1 1 5 05 1 2 5
Moduhu{1], kpwi (MPa) M2 »7 Q) 3.2 a4 n7 »9 S N3 416
(56 (2135 (94 @60 (264.6) (25“) (2u9) (W6e (673 (2868)
Elongation ¢ Beak{1], % H9 S4B 447 “s 449 2.7 S8 60.6 615
Yiald Strength{ 1], kpsi 144 146 1.61 157 1% 1.45 151 1.5 150 138
(MPs) . P57 (aos) (109 (10.82) (1033 (10.06) (1040) (108 (1039 (479)
Yield Elougation[1], % 143 19 129 139 133 124 127 ns 132 129
1 177 23 196 193 182 n7 234 173 29 252
infin (N-m/m) (997} a1 (85%) (810) Gmo) (41 QO (1064)  (112)
T (1s), " ¢ {2] 1149 -_ 136 —_ —_ 1206 - 1130 - —
deltm H_, ¥g [2] 1028 - 1088 - - 1068 - a9 - -—
T, (2ad), " C [ 1169 - 1167 —_ - 1341 - 1241 — -
delm H,, 1/g |2) u7s —_ 10y —_ - 1217 —_ 54 - —_
T,"C[1] 11 - 1030 - - 109.7 - 1003 —_ -
dala H,, J/g *"12] 1253 - 1167 - - 1286 - 939 - —_
1 Notched Teasila Test (AT, @ 0.5%min. (1.27 cm/mrin))
2 DSC 10" C/min
The noiched tenaile test results summarized in Table 2 25
show that the blends of this invention help achicve a new TABLE 3-continued
and unoxpected balance of properties. Examples 2-S, as .
. Fromsties of Folymer Rlgnd Componeniy
compared to comparative Example 1 (metallocone-produced
1) fe it lypropylone added), show B, n 12 13 14
polyetbylene without polypropy that the ’“mﬂh Costral  Inveation  Comtrol  lovemtion

addition of minor amounts of high MFR isatactic polypro-
pylene simultsnecusly improves modulus, tensile stremgth,
elongation at break, yield strength, and energyAhickness 10
more closely maich thoss of comparative Example 6 (ZN-
PE wjo iPP).

Comparative Examples 7-10 show similar improvemenis
when adding the high-MFR polypropylene to Zeigler-Natta
catalyzed polyethylene. Howover, none of the Zeigler-Natia
catalyzed polyothylene samples have the superior optical
propertics or the lower extractables content of polycihylene
produced using metallocene catalysts. It is well known that
the namow CD of polymers produced using single sile
catalysts bave lower extractables content than their Zeigler-
Natta catalyzed amalogs. Since the polypropyleae compo-
nent of the imvention will have a lower cxtractables content
than the polycthylene component, the final blends in accor-
dance with the invention will have lower extractables con-
tcnt than similar blends using Zeigler-Natta catalyzed poly-
cthylene.

The results in Table 3 show the balance of properties for
melallocens-produced polysthylene films bath before and
after the addition of high MFR polypropylene.

TABLE 3

Example 1 12 13 14
Type Coxtral Invection Cnurirol Invention
FB-1 100 ” _— —_—
PE-3 _— —_— 100 93
PP-2 -_ 5 - 5
[rgannx-1010 0.2 a2 02 a2z

13 1.2 L1 1
Gloms e 716 [ X ] 578
Haze L] a3 127 9.6

123 (84.81) 1.32 (P1.01) 1.25 (84.19)
1.27 (@157 1.37 (94.4‘) 12 (@.74)
N'd:ll 'l'h-lh_'lh_a_ll Y Mod. pmi x 10* (MPa)

1.43 (FL.60)
1.53 (105.5)

MD 108 (2103) 163 (250.3) 2.99 (205.5) 367 (253.1)
™ 27(1B62) 244 (277.2) 219 (2300) 3.84 (257.5)
MD 168 351 p k)| o
™ 369 456 m 415

Tboslosmdhnnumlhmmnunndmmlcs
show that the addition of the polypropylene blend
nent has little impact on the superior optical properties of lhn
polyethylene ilms. However, all of the tear test show a
lumﬁnntmpmvmmmm:mnﬁhmbmmhomm
direction and tho transversc direction by the addition of a
minor portion of bigh MFR polypropylene.

Various changes and modifications in the products and
process of this iovention can be made without departing
from the spirit and scope thercof. The various embodiments
which have been disclosed herein were for the purpose of
further illustrating the invention but were not mtended to
limit it

What is claimed is:

1. A composilion comprising

a) a polyethylene polymer componant having a melting

temperature greater than or equal to about 75° C., an
ethylene crysiallinity level of 10 percent or mon.
MWD of 4 or less, and & narrow compositional distri
bation; and

b) a polypropylene polymer component baving a melt

flow rats of 500 dg/min. or more at 230° C. and a
melting temporature greater than or equal to about 125°
C

2. The composition of claim 1 wherein said ethylene
polymer component is selected from a polycthylenc
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homopolymer, & copolymer of cthylene and one or more
comooomers, and combinations thereof.

3. The composition of claim 2 whorein said one or more
comonomers are selecied from Gy to C;p a-olcfins and
combinations thereof.

4. The compasition of claim 1 wherein said polycthylcoc
polymer component has a density of from 0.86 to 0.96 g/cc.

5. The compoxition of claim 4 wherein said polyethylens
polymer component hes a deosity of less than 0.93 gicc.

6. The composition of claim L wherein ssid propylene
polymer componeat is selected from an isotactic polypro-
pylens homopolymer, s copolymor of propyleae and one or
more comonomers wherein the comonomer contont does not
exceed 20 mole percent.

7. The compositipn of claim 6§ wherein aaid propylene
polymer component has a heat of fusion of at least 10 J/g.
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8. The compasition of claim 1 comprising from 90 to 99.9
weight percent of said ethylene polymer component and
from 10 o 0.01 weight percent of said polypropylene, both
based on the weight of said composition.

9. The compasition of claim 8 further comprising ooe or
more additional componenis selected from a slip agent, a
stabilizer, an antioxidant, a flller, a dye, a pigment, and
combinations thereof, and wherein the 1ofal of all blend
components sums to 100 weight percent.

10. The composition of claim 1 having an extractables
content of 2 wt. % or less.

11. An anticle of mamfacture comprising the compoaition
of claim 1.
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571 ABSTRACT
Aflexible package is provided made of plastic, having & wall
made of a thermoplastic blend coontaining a fist and of a
sccond polymer, wherein the first polymer is 8 propylens
homopolymer (PP) and the second polymer is & copolymer
of propylene (PP) and of elhylene (PE), and a method for
producing the package by injection molding of the blend in
a suitable mold. The package czn be an injection-moulded
tube, and is particularly suitable for the packaging of small
valumes of cosmetic and/or dermatological prodncts.

11 Claima, 1 Drawing Sheet
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FLEXIBLE THERMOPLASTIC AND
COMPRESSIBLE TUBE MADE OF THIS
MATERIAL

BACKGROUND OF THE INVENTION

1. Fied of the Invention

The present invention relates to a thermoplastic bleod and
o a compressible package of the tube type, oblined using
this blend. The invention relates more particularly to the
prodhuction of flexibls plastic tubes by injection moulding,
wherein the tubes arc compatible with the product contained
therein and the walls of which have sufficient flexibility to
be compressed manually, without leaving folded areas after
the compression. The package of the invention is intended,
in particular, 1o contain a cosmetic, pharmaceutical, dermo-
pharmacewtical product or cenain food products,

2 Discussion of the Background

Currently, most of the packages used, particularly in the
cosmetic ficld, such as lubes or bottlea intended to conlzin
a cream or a shampoo, sre made of plastic. In order 10
mamufacture them, thermoplastic polymers, such s suitable
polyolefins, are generally used in an extrusion or extrusion
blow-moulding process with the aid of conventional indus-
trial equipmont.

The thermoplastic polyolcfins uscd are gonerally low-
density polyethylenes, intended in particular for the manu-
facture of tubes, and high-density polysthylenes or polypro-
Pylenos which are intended For the manufacture of bottles. In
particular, polypropylenes have good water-vapour impor-
meshility proparties, have the advantage of being compat-
ible with most chemicals.

SUMMARY OF THE INVENTION

Accordingly, ons object of the present invention is 1o
provide a thermoplastic composition that is sufficicntly fluid
to allow the production, by injection moulding, of packages,
such as compresaible tubes, especially those having a wall
that is thin and sufficiently fiexible 1o be manuaily com-
pressed in onder o dispense the product.

Another object of the present inveation is 10 provide a
matorial that gives better resistance to creasing of the wall
brought about by compressing the tube, and in reducing, or
cven climinating, the formation of white regioos in a pre-
viously creased wall region.

Thess and other objects of the present invention have
been satisfied by the discovery of a combination of a
particular copolymer with a conventional polypropylene
llpnnpolylmmm a thermoplastic blend llu':f can be used

or the mamu re, by injectio 'nmml.ldmg' a package
baving the desired pro;m This blend furthermore bas
good compatibility with the products iniended 1o be stored
in the packsge, in particular in the presence of certain

BRIEF DESCRIPTION OF THE DRAWINGS

A more compleie appreciation of Lhe invention and many
of the attendant advantages thereof will be readily obtained
as the same becomes better understood by refereace to the
following detailed description when considered in connec-
tion with the accompanying drawings, whercin:

FIG. 1 represcnts a side view of a package according to
the invention, before sealing the bottom.

FIG. 2 represcnis s side view of the package of FIG. 1,
after sealing tho botwom.

DETAILED DESCRIPTION OF THE
FREFERRED EMBODIMENTS
The provided by the present invention are
geoenully of the type having a compressible peripheral
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envelope open at a first free end, which, afier filling with the
product to be dispensed, is intendad to be by
g::hmlf' ing, followed by heat scaling of its frce edges.
nerally, the sccond end of the enve is joined, for
enmpln{bymmoflnghnfomingl Iier, to a neck
having a sufficient thickness to be rigid with a channel for
dispensing the product passing th the neck. Usnally the
aha y ol:omponiblc i'h . ormll:;u l.hother
are 1 ., such as a pol ape.
Pn!::hly.theued:cminuhunmmludlulmmd
for fixing a closure cap, or a clip-on flangs for fastening a
dispensing capsule. The envelope must have, in its entirety,
a shape suitable for it 10 be demoukied after injection

mmll:ﬁ:lgofthe thermoplastic blend in a suitable mould

The actual mouldi oflpld:Flofthetmmonﬁoud
above, by injection of a material such = polypropylene
having a melt flow index suitable for injectton moulding,
causes no problems in practice. However, a package
g ined in this way conventionally has iwo major draw-

on the one hand, the walls of the enveiope arc not

sufficiently fexible to bo manuslly compressed, and it
is therefore difficult to drain the tube, and,

on the other hand, the walks do nat resume their initial

ahape afier the envelope has boon compressed and have
undesirable visible folded regioms which have,
moreover, a whitish colour which is acsthetically unat-
iractive,

The present invention therofore provides a flexible plestic
package baving a wall made of a thermoplastic blend
comprizing a firsi polymer and a second polymer, wherein
the first polymer is a propylene homopolymer (PF) and, the
sccond polymer is a ¢opolymer of propyleos (PP) and of
ethylene (FE). i

More particularly, the present invention provides a tobe
produced by injection-moulding the blend in a suitable
mould.

According 1o onc prefemmed embodiment of the present
invention, the lastic blead has a melt flow index
{ISO 1133 standard, at 230° C,, 2.16 kg) of approximatcly
25 /10 min. Because of this relatively bigh fiow index, the
blend is parnticularly suitable for injection-moulding thin-
walled articles.

Acconding to another preferred embodiment of the preseat
invention, the first polymer has a melt flow index (ISO 1133
standand) of from 20 g/10min to 200 g/10min (grades 20 1o
Zm&,pufenbly from-75 g/10 min. to 128 g/10 min., more
prelerably of 100 g/10 min. The finst polymer is present in
the mixture in a preferred amount of leas than or equal to 50
wt. %, and preferably from 20 wt. % 1 35 wt. %, with
respoct to the total weoight of the blend.

Preforably, the second polymer (copolymer) has a melt
flow index (ISO 1133 standard) of from 5 g/i0 min o 20
§/10min (grades 5 to 20), more preferably from 6 g/10 min
0 10 g/10 min, most preferably 8 g/10 min. The second
polymer bas a preferred floxural modulus, according to the
ASTM D0 stendard of Jess than or equal to 200 MPa. The
second polymer is present in the blend in an amount of
greater than ar equal to 50 wt. %, preferably from 65 wi,
to 80 wt. %5, with respect (o the toal! weight of the blend.

According to a particularly preferred embodiment of the
present invention, the second polymer is a copolymer of
propylene and of ethylene, baving a fiexural modulns,
according 10 the ASTM D790 standard, of less than 200
MPa, such as the PP/PE copolymer sold by the company
Montell under the brand name ADFLEX®,

The thermoplastic blond of the prosent invention can be
used, in particular, for the injection moulding of any thin-
walled plastic article which bas to be flexiblo.

When this articls is a flexible twbe, it preferably has a
relatively rigid head, consisting of a shoulder and a neck
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which is provided with a dispensing hole, and a compress-
ible poripheral wall connecied 1o the shoulder. The periph-
oral wall is flexible and forms a compressible body of the
tube, in which the product is packaged. A cap may be
provided in order to scal the dispensing orifice during the
storage period. According to one preferred aspect of the
present invention, the compressible wall is approximately
cylindrical, or has an oval or polygonal croas-section. When
the crass-section is circular, the external diameter of the tube
is preferably from 10 mm 1o 50 mm, more preferably from
25 mm to 35 mm. Preferably, the wall has a thickness of
from 0.2 mm to 1.0 mm, more preferably from 0.4 mm 10 0.7
mm, most preferahly approximately 0.5 mm.

Within the indicated flow index conditions of the blend, as
well as of the above-noted wall thickness, it is casily
possible to mould tubes of which the length of the com-
pressible wall, measured along the axial dimemion, is less
than 15 cm. Preferably, the tube dimensions are chosen such
that the wall longth/wall diameter ratio of the tube is less
than or equs! to 4. Acconding o the present inveation, mich
a package is obtained by injecting the blend, when bot, into
a suitable mould.

Thus, after pinching and sealing of that cod of the
compressible wall which is opposite the dispensing head, a
volume is obtained which may range from approximately 5
ml to approximately 250 ml, preferably from 30 ml to 100
ml, and more prefersbly from 60 ml to 80 ml. This volume
is intended to contain the product, such as a cosmetic or
dermatalogical product. The volume can be varied depend-
ing on tbe cross-section of the tube and on its longth,

The present invention is described below with respact 10
an illusirative embodiment, which is provided for improving
undersianding of the present invention and is not intended 10
be limiting thereof.

Denoted by the reference 1 in FIG. 1 is a packaging
assembly according 1o the prescnt inveation, in the form of
an open tube obiained by injection moulding. The tube 1, of
axis A, bas a cylindrical body formed by a cylindrical
sidewall 3 provided with an open end 3a. On the oppasite
side from the end 3a, the body is surmounied by a dispensing
head 2 having a frustoconical shoulder 22 which is extended
by a cylindrical neck 2b having a smaller diameter than the
diameter of the body 3. The neck 2b has an external thread
2c capable of engaging with a sealing cap (not shawn). The
head 2 is provided with a dispensing orifice 24 of smaller
diameter than the diameter of the neck 25

In ordex to fill the tube 1, the neck 2 is closed off by a cap
and the assembly is tumed upside down so that the open end
3a is uppcrmost. A suitsble amount of product is then poured
into the tube. By means of a hoated clamp, the free end 3a
is pinched and, at the same time, & weld 12 is made, as
shown in F1G. 2, in onder to close off 1he botiom of the tube.

EXAMPLES

Having generally described this invention, a further
understanding can be obtained by reforonce to ccrtain spe-
cific examples which arc provided berein for purposes of
illustration only and are not intended to be limiting unless

An open tbe 1, as shown in FIG. 1, was obtained by
injecting 8 molten blend of two polymers into a suitable
mould. The injection-moulding temperature was spproxi-
mately 220" C. This blend comprised:

20% of a polypropylene homopolymer, grade 100 (sold

by the company Montcll under the brand name
MOPLEN EPN31MA), and
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80% of a copolymer of propylene and of ethylene, grade
8 (sold by the company Montsll under the brand named
ADFLEX X100G). This tub¢ included the bead 2 and
the sidewall 3. The height of the wall 3, along the axis
A, was approximately 9 em, with the thickness of the
said wall 3 being approximately 0.5 mm.

After filling the tube with the product, the open end 3a of
the tube was pinched and is closed off by heat sealing. The
tube 11 in its fioal form, as shown in FIG. 2, was then
obtained. It may be seen that the end 3a, having a sealing
strip 12, was now closed off. Becanse of the small thickness
of the wall 3, the tube 11 woukl be easily deformed, by
compressing it, by a user wishing to remove a dose of
product.

The cost of manufacture of a tube according 1o the present
invention is substantially lcss than the cost of & tube manu-
factured by extrusion.

The present application is based on French Priority Appli-
cation Sorial No. 97-01227, filed with the French Patent
Office on Feb. 4, 1997, the entire contents of which arc
hereby incorporated by reference.

Obviously, additional modifications and varistions of the
presen! invention ame possible in light of the above teach-
ings. It is therefore to be understood that within the scope of
the appended claims, the invention may be practised other-
wisc than as apecifically described herein.

‘What is clsimed as new and desired to be sscured by
Letters Patent of the Unitcd States is:

1. A singic layer ficxible plastic tube having a wall
consisting essoutially of a thermoplastic blend consisting
esscntially of a first polymer and a secend polymer, wherein
the fimt polymer is a prapylene homopolymer (PF) and the
second polymer is a copolymer of propylene (PP) and of
cthylene (PE), and whercin said second polymer is present
in an amount of at least 65 wt. %, with respect (o the total
wreight of said thermoplastic blend.

2. The tube acconding to claim 1, wherin the fube is
produced by injection-moulding the thermoplastic blend.

3. The tube according to cleim 1, wherein the thermo-
plastic blend has a melt flow index (ISO 1133 standard) of
approximately 25 g/10 min.

4. The tube according to claim 1, wherein the fist
polymer has a melt flow index (ISO 1133 standard) of from
20 g/10 min to 200 g/10 min.

8. The tube acconding to claim 1, wherein the second
polymer has a molt Aow index (ISO 1133 standard) of from
5 g/10 min to 20 g/10 min.

6. The tube according to claim 1, wherein the second
polymer has a flexural modulus, according to the ASTM
D790 standard, of less than or equal to 200 MPa.

7. The tube according to claim 1, wheroin the wall has a
thickness of from 0.2 mm to 1.0 mm.

8. The rube according to claim 1, wherein the thickness of
the wall is from 0.4 mm to 0.7 mm.

9. The tube according to claim 1, wherein the wall has a
length/diameter ratio of less than or equal to 4.

10. The tube acconding to claim 1, wherein the tube has
a botican obtained by pinching a free end of the wall,
followed by beat sealing.

11. The wbe according to claim 1, wherein the tube
cantains a conmetic or dermawlogical product.

13)
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INJECTED-MOLDED PACKAGE OF
BLENDED ETHYLENE/OLEFIN
COPOLYMERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thermoplastic blend and
to a compressible package of the tube type, obtained using
this blend. The invention relates more particularly to the
production, by injection moulding, of plastic tubes having an
improved stress-cracking resistance. The package of the
invention is intended, in particular, to contain a cosmetic,
pharmaceutical, dermo-phermaceuticsl product or certain
food products, and is particularly suitabis for containing a
product which contains one or more surfactants.

2. Discussion of the Background

Stress cracking is a term uscd to describe a phenomenon
of chemical attack of a product acting on a polymeric
material. The phenomenon is almost imperceptible when
this material is not subjected to a mechanical stress.
However, contact of the material with the product causes
microcracks to form. When the material is then put under
stress—for example, mlheclunhph:ucbonhwmunmg
a shampoo, by mamally compressing the closed botile—ihe
microcracks propagate, leading to cmbrittlement of the
material and to fracture of the polymeric wall, In the
example in question, the bottle will therefore inevitably leak.
The siress-cracking phenmomenon occurs in particular in
strongly folded regions or in beai-scaling regions, for
example at the bottom of a tube which has been obtained by
pinching the fres ond of the compressible wall of the tube,
followed by hoat sealing.

Currently, most of the packages used are made of plastic,
particularly in the cosmetic field, such as tubes ar bottles
intended to contain 2 cream or a shampoo. In onder to
mamqufacture them, thermoplastic polymers, and more par-
ticularly suitable polyolefins, are genenlly used, prepared
by an cxtrusion or extruaion blow-moulding proceas with the
aid of conventional industrial equipment.

Among the known thermoplsstic polyolefins used aro
low-density polyethylenes, intended in particular for the
manufacture of tubes. Low-density polyethylcae tubes are
flexible, thereby allowing easy expulsion of the product
contained in the tube by simply compressing it However,
this type of polyethylenc is incompatible with many chemi-
cals and the phenomenon of stress crecking is regulardy
observed in the case of low-density polycthylene tubes, in
particular when they contain a product comprising one or
more surfactants. As a consequence, it is not conceivable to
use such a tube for packaging a shampoo or a body-care
emulsion, which gonerally contain at least one surfactant.
This stress-cracking phenomenon is even more pronounced
when tho tubes are produced by injection moukling.

A thermoplastic blend that can be used for producing
articles resistant 1o siress cracking is known, for example,
ﬁ:m document EP-A-0,530,782, this blend being componed
of:

2) a lincar low-density ethylene copolymer containing a
C, o G olefin having spproximately 10 1o 15 long-
chain branchos per 1000 carbon atoms and

b) a low-density polyethylene,
with the copolymer being present in the blend in a propor-
tion of between 25% and 35%. According 1o the illustrative
embodimeats, this blend is used for the manufacture of
articles moulded by the techniques of extrusion or of blow
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moulding. The melt flow indices of the materials mentioned
in this reference do not allow these materials to be nsed for
producing tubes using the technique of injection moulding.

Furthermore, EP-A-0,103,942 describes bags mamufac-
mndﬁnmnphsﬁcﬁlm,th:ﬂlmhingmadenflbhd
comprising at least onc cthylene/C, to C,, olefln copo
baving a density of between 0.916 and 0.930 g/am andan
cthylene/C, 10 C,q olefln copolymer baving a density of
between 0.916 and 0.924 g/cm®. This blend cannot be used
for the injection moulding of thin-walled articles since, at
the temperatures of injection moulding, it has oo low a flow
index.

Likewise, blends of ethylene/octene copolymems and
cthylenc/buiene copolymers described in document EP-A-
0,315,028 canpot be used since they have too low a flow
index at the injection-moulding temperatures.

SUMMARY OF THE INVENTION

Accordingly, one object of the present invention is o
provide the production of a compremible tube of the afore-
mentioned type, made of plastic, that does not undergo the
stress-cracking phenomenon and that can be injected, when
bot, into a suitable mould by injection moulding of a
thermoplasiic.

A further object of the present invention is io fiad a
thermoplastic that is sufficiently fluid 1o allow production,
by injection moukling, of packages such as compressible
fubes or bottle-tubes, in particular thin-walled tubes.

These and other objects of the presont invention have
been satisfied by the discovery of a package having
improved stress-cracking resistance, having a wall made of
2 thermoplastic blend comprising:

(a) a first ethylene/C, to C, olefin copolymer and

(b) a sccond ethylenefC, 1o C,, olefln copolymer,
wherein the package is obtrined by injection-moulding the
blend in a suitable mould, and the thermoplastic blend of (a)
and (b).

BRIEF DESCRIPTION OF THE FIGURES

A more complete appreciation of the invention and many
of the atiendant advantages thereof will be readily obtained
as the samo becomes better understood by reference 1o the
following detailed description when comsidered in connec-
tion with the accompanying drawings, wherein:

FIG. 1 ropresents a side view of a package according to
the invention, beforo sealing the bottorn.

FIG. 2 represents a side view of the package of FIG, 1,
afier sealing the bottom.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Afier extensive research, the Applicant has discovered a
blend of thermoplastics, the constituents of which are mutu-
ally compatible, wherein the blend is easy (o inject into a
mould for the production of ubes that have fiexible walls
and good stress-cracking resistance.

The present invention relates 10 a package having
improved stress-cracking resistance, having a wall made of
a thermoplastic blend comprising:

(a) a firm cthyleno/C, to C alefin copolymer and

{b) a second cthylene/C, to C,, olefin copolymer,
wherein the pacimpe is obtained by injection-moulding the
blend in a suitable mould.

According to & preferred embodiment, the first copolymer
is a lincar lJow-density cthylene/butene copolymer (L1 DPE).

13
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Advantageously, the first polymer has a density of less than
orequa.ltooﬂoyu:u’ prefcrably lcss than or equal to
0.900 g/cm®.

Preferably, a linear low-densily ethylens/octens copoly-
mer (LLDPE) is chosen as the second copolymer.
Preforably, the second polymer has a density of between
0.915 g/cm® and 0.930 g/am®.

Inlluc-eofllnﬁmwpolymnr.nlinﬂrbw-dcmity
cthylenc copolymer contining cthylene groups and butene
groups is preferred, for example the product sold by the
company Enichem under the brand name CIEARFIEX
MQFO®, the demsity of which is less than 0.910 g/fem®.

In the case of the socond copolymer, a linear low-density
ethylene copolymer containing octene units is preferably
used, such a5 the product DOWLEX 2035E® sold by the
company Dow Chemical or the product STAMYLEX
08076F® sold by the company DSM.

In accordance with onc preferred embodiment of the
present invention, the blend formed by the first and second
copolymers has a melt Aow index (ISO 1133 standanrd) of
approximately 10 g/10 min. Because of this relatively high
flow index, the blend is particularly suitable for injection-
moulding thin-walled articles.

The first copolymer of the present invention preferably
has a melt flow index (ISO 1133 standard) of from 10 g/10
min to 20 g/10 min (grades 10 to 20), more preferably from
12 g/10 min to 15 g/min, most preferably approximately 13
g/10 min.

The sacond copolymer of the present invention preferably
bas & melt flow index (ISO 1133 standard) of from 4 g/10
min to 8 g/10 min {grade 4 to grade 8), more preforbly from
Sgl‘IOminlo'Ig!lOmin,moslpmfernbly appraximately 6
8/10 min. The thermoplastic blend of the invention can be
used, in particular, for the injection moulding of any thin-
walled plastic article which has to be flexible.

Thus, according to a preferred embodiment of the
invention, the package is in the form of a tube.
Advantageously, this tube has a relatively rigid head, con-
sisling of a shoulder and a neck which is provided with a
dispensing bolc, aad a compressible peripheral wall con-
nected (o the shoulder. The peripheral wall is flexible and
forms a compreasible body of the tube, in which the product
is packaged. A cap may be provided in order o scal the
dispensing orifice during the storage period. According to
ompnfnmdupectofll:mmﬂnn,ﬂnmmpm-ﬂ:lemﬂ
is approximately cylindrical, or has an oval or polygonal
cross-section. When the cross-section is circular, the exter-
nal diameier of the tube is preferably from 10 mm o 50 mm,
more preferably from 25 mum to 35 mm. Preferably, the wall
bas a thickness of from 0.2 mm o 1.0 mm, maoze preferably
ﬁngAmmmO.?mmmdmtprefrnbly approximately
05 mm

Within the indicated flow index conditions of the blend, as
well as of the noted wall thickness, it is easily passible to
mould tubes of which the length of the compressible wall,
measured along the axial dimension, is less than 15 cm.
Preferably, in respect of the compressible wall, dimensions
are chosen such that the wall diameter ratio of
the tube is less than or equal to 4. According 10 the present
fovention, such a package is obtained by injecting the
polymer blend, when hot, into a suitahle mould,

After pinching and scaling of the froe end of the com-
prossible wall which is opposite the dispensing head, a
volumelsobmmdwhwhmyrmguﬁom:ppmmamlys
ml to approximately 250 ml, prefersbly from 30 ml o 100
ml, and more preferably from 60 ml to 80 ml. This volume
is intended to contain the product, such as a cosmetic or
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dermatological product. The volume can be varied depend-
ing on the cross-saction of the tube and on its leogth.
The present invention also provides a thermoplastic blend
Manbeusdﬁrmmufncﬂm;bympamnmﬂdmg.
such as

(2) a first ethylene/C, to Cy alefin copolymer and

(b) 2 second ethylene/C, 10 C,, olefin copolymer.
Preferably, the first copalymer P.E) ahhmar low-demn)é

lene/butcoe copalymer aving & density o
°le':lzﬂmlorequlllt)091031c:n’lntlllmuewn:lc:q)oly'n:mr
is a lincar low-denasity ethyleno/octene copolymer (LLDPE)
hnvmgn&myofﬁ'omOMSglm’loomym’
the proportion of the first copolymer in the blend being from
5% to 33% by weight and ths p jon of the secoxl
copolymer being from 95% to 67% by weight, with respect
to the iotal weight of the blend

The present invention is described below with respect to
an illustrative embodiment which is merely for improving
undemtanding of the invention and is not intended 1o be
limiting thereof.

Denotod by the reference 1 in F1G. 1 is a packaging
assembly according to the present inveation, in the form of
an open tube, as obtained by injection moulding in a suitahle
mould. The tube 1, of axis A, has a cylindrical body formed
by a cylindrical sidewall 3 provided with an open end 3a. On
the opposite side from the end 3a, the body is surmounted
by a dispensing head 2 having a fmatoconical shonlder 24
which is extonded by a cylindrical neck 26 having a smaller
diameter than the diameter of the body 3. The neck 2b has
mmdthnadlcuplbhofenmmmlmgap
(oot shown). The head 2 is provided with a dispensing arifice
2d of smaller diameter than the dismeter of the neck 25,

In order to fill the tube 1, the neck 2 is closed off by a cap
and the amombly is turned upside down so that the open end
3a is uppermost. A suiteble amount of product is then poured
into the tubo. By moans of a heated clamp, the free exd 3a
is pinched and, at the same time, a weld 12 is made, as
shown in FIG. 2, in order to close off the bottom of the tube.

EXAMPLES

Having generally described this invention, a further
understanding can be obtained by reference to certain spe-
cific examples which are provided herein for purposes of
flinstration only and are not intended io be limiting imless
otherwise specified.

Open fubes 1, es shown in FIG. 1, were obtained by
injecting & molten blend of two copolymers into a suitable
mould. The injection-moulding tempersture was approxi-
matsly 200° C, This blend comprised:

33% of s linear Jow-density ethylene/butene copolymer,
grade 13 (sold by the company Enichem under the
brant name CLEARFLEX MQFO) and

66% of a linear low-density ethylenc/octene copolymer,
grada 6-7 (sold by the company Dow Chemicals under
the brand name DOWLEX 2035E or the product
STAMYLEX 08076F sold by the company DSM).

This tube included the head 2 and the sidewall 3. The height
of the wall 3, along the axis A, was approximately 9 cm, with
the thickmess of the said wall 3 being approximately 0.5 mm.

Afler filling the tube with the product, the open end 3a of
the tube was pinched and the end closed off by beat seating.
The tobe 11 in its final form, as shown in FIG. 2, was then
obtained. It may be seen that the cad 3z, having a sealing
strip 12, was now closed off. Because of the small thicknegs
of the wall 3, the tube 1L can be easily deformed, by

compressing it, by a uscr wishing o remove a dose of
product.
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MEASUREMENT OF THE STRESS-CRACKING the biend bas a melt-fow index of sbout 10 gm/10 min.
RESISTANCE

Ten tubes 11, according to the present invention, as
described above (see FIG. 2) were filled with a 03%
aqueous solution of Antarcx CO 630 (nonylphenol having 9
oxyethylene groups). The tube 11 was kept in an oven at 55°
C. for a period of 24 hours. The sidewall 3 of the tube was
then pressed mamually, in a diametral manoer, and it was
noted whether there were leaks of liquid or not. In no case
was a leak of product observed.

The cost of manufacture of a tube according to the present
invention is subsiantially less than the cost of a tube manu-
factured by extrusion or extrusion blow moulding.

The prescnt spplication is based on French Priority Appli-
cation Scrial No. 9701228, filed in the French Patent Office
on Feb. 4, 1997, the entire contents of which are hereby
incarparated by reference.

Obviously, mumerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It is therefore 10 be undersiood that within the scope of
the appended claims, the invention may be practiced otber-
wise than as specifically described herein.

Whaut is ciaimed as new and desired to be secured by
Letters Patent of the United States is:

1. A comprossible tube having improved resistance to
stress~cracking in the tube due to chemical attack, having a
wall made of a thermoplastic polymer blend comprising:

(l)lﬂmllllylcnelc..loc,olnﬂnwpolymerhlvmgn

donsity of 0.910 gm/cm® or less and
(b} a second ethylene/C,4 to C,, olefln enpolymr having
a density of 0.915 to 0.930 gm/cm®,

wherein the first copolymer (a) is present in the polymer
blend in an amoun( of css than or equal to 50 wi. %,
with respect o total weight of the polymer blend, and

5

10

15

wherein the compressible tube is obtained by injection-

molding the polymer blend.

2, Thceompruiibhlnbem:dm;lochlml wherein
the first copolymer is a linear low-density ethylene/bulene
copolymer.

3. The compressible tube according to claim 1, wherein
the second copolymer is a linear low-density cthyleae/
ocicoe copolymer.

4. The compressibls tube according 10 claim 1, wherein

135

the first polymer (2) has a density of less than or equal Ip
0.900 g/cm®. :

5. The compressible tube acconding to claim 1, wherein
the fimt copolymer (2) has a melt flow indax (ISO 1133
standand) of from 10 g/10 min. to 20 g/10 min.

6. The compressible tube according to claim 1, wherein
the second copolymer (b) bas a melt flow index (ISO 1133
standard) of from 4 g/10 min. 1o 8 g/10 min.

7. The compresible tube of claim 1, wherein the fimt
copolymer (a) is present in an amount of less than or equal
1©0 33 wt. % based on total weight of the polymer blead.

8. The compresaible tube acconding to claim 1, wherein
the wall has a thickness of from 0.2 mm © 1.0 mm.

9. The compressible tube according o claim 8, wherein
the thickness of the well is from 0.4 mm o 0.7 mm.

10. The compreasible tube acconding to claim 1, wherein
thcwull bas a kength/diameter ratio of less than or equal 1o

11 The compressible tube according to claim 1, wherein
the paclage has a bottom obtained by pinching a free end of
the wall, followed by heat sealing.

12. The compressible tube according to claim 1, wherein
the package contains a cosmetic or dermatological product.
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