" COPOLYMERS OF PROPYLENE W TH HEXENE-1 AND BLOWN FI LMS OBTAI NED FROM THEM'
The present invention relates to copol yners of propylene with hexene-1,
parti cul awbyoeni7tsd for preparing blown filnms, and to tireThiPesns/o6390ms
conpri sing such copolynmers. The blown filns sector constitutes an area of
ever-increasing inportance in various application segnents, such as
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Blown film orientation, which is an essential parameter for mechanical performance, can be
balanced between film extrusion and film cross directions by the correct choice of
processing parameters such as blow-up ratio, draw-down ratio, air cooling intensity and
distribution and extrusion speed. This comes in combination with the use of low fluidity
materials to provide superior film mechanical performance compared to the cast film
process; in fact, cast films are based on high fluidity, low molecular weight thermoplastic
resins and are usually strongly oriented in machine direction, which is the reason for
mechanical weakness such as easy tear propagation in the extrusion direction.

In addition, blown films have homogeneous mechanical properties in cross direction in
contrast to cast films, the mechanical performance of which is not constant over the web
width due to melt distribution and temperature variations resulting from film extrusion
through a flat die.

The blown film gauge variation in transverse direction is easily distributed and equalized
with the help of reversing haul-off devices, which enables the production of perfectly
cylindrical reels without the occurrence of “piston rings”; on the other hand, in the case of

the cast film process, for instance, due to linear film movement resulting from film extrusion
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therefrom, since these polyethylene resins are endowed with properties in the molten state
which enables films to be obtained with a high level of production efficiency and in a very
wide range of thicknesses, without compromising the stability of the bubble.
However by using polyethylene materials it is still not possible to achieve a fully satisfactory
balance of high stiffness, high clarity, good mechanical properties and high thermal
resistance. Thus it would be desirable to produce blown films made of or comprising
polymer materials capable of providing the said balance to a higher level. In particular,
polypropylene would be an ideal candidate, because it is known to provide improved
stiffness and yield strength , even at temperatures above room temperature.

The use of polypropylene-based polymers in blown films, on the other hand, is particularly
difficult given the poor processability properties of polypropylene which give rise to
frequent tearing of the bubble, requiring reduction of the process throughput, or, in any case,
to excessive orientation of the film, resulting in an impact resistance and a resistance to tear

propagation in the machine direction which are so low as to render it unusable. Useful
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Moreover, the said films show good optical properties, in particular haze and gloss, and are
casily obtainable by processing the copolymers of the present invention in the existing blown
film lines.
Thus the present invention provides a copolymer of propylene with hexene-1 containing
from 5 to 9% by weight, preferably from 5.5 to 9% by weight, more preferably from 6 to 9%
by weight, in particular from 6.5 to 9% by weight, of recurring units derived from hexene-1,
said copolymer having a melting temperature from 125°C to 140°C, preferably from 128°C
to 139°C, and Melt Flow Rate (MFR, measured according to ASTM D 1238, 230°C/2.16 kg,
1.e. at 230°C, with a load of 2.16 kg) from 0.1 to 3 g/10 min.
The said amounts of hexene-1 units are referred to the total weight of the copolymer.
The said melting temperature values are determined by differential scanning calorimetry,
according to ISO 11357-3, with a heating rate of 20 °C/minute.
Recurring units derived from other comonomers, selected in particular from ethylene and

CH,=CHR a-olefins where R is a C,-Cs alkyl radical, hexene-1 excluded, can be present,

provided that the final properties of the copolymer are not substantially worsened. Examples
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to or higher than 97% determ ned as mdiads/total diads using 13C-NVR, A

mol ecul ar weilgtectiitstindeutqen texgsrhaghesdhiyy 97 e dMermivied raath gliadsgaelideds by
GPC, (Cel Perurr}anatlirsgﬁ\#1 romat hograpy), from4 to 7. It has been found that
the above sai'?"®onbinatton of Melt Flow Rate and mel ting tenperature,
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dosi ng tl? Eilarsm‘tl)eeegu o%gldmt%iatg fgﬁe ragg\lijel éslgi ' combination of Melt Flow Rate and melting
temperature, characterizing the copolymers of the present invention, can be obtained with
polymerization processes carried out in the presence of stereospecific Ziegler-Natta catalysts
supported on magnesium dihalides. By properly dosing the molecular weight regulator
(preferably hydrogen), the said combination of Melt Flow Rate values and corresponding
melting temperature values is achieved, when the amount of recurring units derived from
hexene-1 is within the above said range of from 5 to 9% by weight.
The polymerization process, which can be continuous or batch, is carried out following
known techniques and operating in liquid phase, in the presence or not of inert diluent, or in
gas phase, or by mixed liquid-gas techniques. It is preferable to carry out the polymerization
in gas phase.
Polymerization reaction time, pressure and temperature are not critical, however it is best if
the temperature is from 20 to 100°C. The pressure can be atmospheric or higher.
As previously mentioned, the regulation of the molecular weight is carried out by using
known regulators, hydrogen in particular.
The said stereospecific polymerization catalysts comprise the product of the reaction
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Suitable succinic acid esters are represented by the formula (I):

wherein the radicals R; and R;, equal to or different from each other, are a C1-C20 linear or
branched alkyl, alkenyl, cycloalkyl, aryl, arylalkyl or alkylaryl group, optionally containing
heteroatoms; the radicals R; to Rg equal to or different from each other, are hydrogen or a
CI1-C20 linear or branched alkyl, alkenyl, cycloalkyl, aryl, arylalkyl or alkylaryl group,
optionally containing heteroatoms, and the radicals R; to Rg which are joined to the same
carbon atom can be linked together to form a cycle.

R; and R, are preferably C1-C8 alkyl, cycloalkyl, aryl, arylalkyl and alkylaryl groups.
Particularly preferred are the compounds in which R; and R, are selected from primary
alkyls and in particular branched primary alkyls. Examples of suitable R; and R, groups are
methyl, ethyl, n-propyl, n-butyl, isobutyl, neopentyl, 2-ethylhexyl. Particularly preferred are
ethyl, isobutyl, and neopentyl.
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Al -tri - mabakyl coﬂibeurﬁi)eedm@nsedmrar&ﬁmw@dﬁ eét&)s (heh eamlbgicuseskoates),
external electron-donors (added to the Al-al kyl conpound) conprise the

ar omat | dickEPeycst 6pEIPQWftSh (sucha| sy | the t?e%é@éﬁfé@?ethylplpeﬂdlne and the 2,6-

diisopropylpiperidine), and in particular silicon compounds containing at least one Si-OR
bond (where R is a hydrocarbon radical). Examples of the said silicon compounds are those
of formula R,'R,’Si(OR®)., where a and b are integer numbers from 0 to 2, ¢ is an integer from
1 to 3 and the sum (a+b+c) is 4; R', R% and R® are alkyl, cycloalkyl or aryl radicals with 1-18
carbon atoms optionally containing heteroatoms.

Thexyltrimethoxysilane (2,3-dimethyl-2-trimethoxysilyl-butane) is particularly preferred.
The previously said 1,3- diethers are also suitable to be used as external donors. In the case
that the internal donor is one of the said 1,3-diethers, the external donor can be omitted.

The catalysts may be precontacted with small quantities of olefin (prepolymerization),
maintaining the catalyst in supension in a hydrocarbon solvent, and polymerizing at
temperatures from room to 60 °C, thus producing a quantity of polymer from 0.5 to 3 times
the weight of the catalyst.

The operation can also take place in liquid monomer, producing, in this case, a quantity of
polymer up to 1000 times the weight of the catalyst.

The copolymer of the present invention can also contain additives commonly used for olefin

polymers like, for example, nucleating and clarifying agents and processing aids.
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(2, 3- di mstehyphlis2 Maniynsich edardying| agbugs ane jlistlosqsaint UdulPat. | Yo. o, 2Fk95e $pedifie
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or di met hyl dibenzyl i denesorbitol. Exanples of suitable commercially

avai | abltas(4 orditergiutdpleanal) pedsphate pnd gtheg shridying egerto didfesens ifipnasertitels ami| | ad
3940 and hM Ihl d 3%88, ot h aﬁ/ai I al%}ﬁ, rom M| | itklelnS em calt.. eci fi.

exanpl es 8P Bhos phdt e*st é'“Salt's 1'nce it pTROBFIYI 2,0 benZENCtIcatboRoamide,

net hyl ertﬁ&gicﬁ[ézﬁl,]héﬁtmieez,B-dliuatbdxghe ayid) dbuasnh aF @aRagh Wik TR RRIIN, 48N siatht -
Exanpl es of commercially avail abl e phosphate ester salts for use as
cl ari fyisegregeint suslepsingarechON! StaafiG i Aambnpmtions g gnyoK they shsiveimar alsgnbo1,
bot h avaétﬁéqusl,eg from Anfine Chem cal Corp. Particularly preferred clarifying
agents ar , 4- di met hyl di benzyl i denesorbi tol; al um nunmhydroxy-
bi s[ 2, 2' Fireetbyfyenre agins (dayobeliad dedotat shie pda@alyinjop udshh piabnt socitiom by known
2,2' -net hyl enebi s : o
rn%/t ods, suclg as by melt blending the clarifying agent and the copolymer under shear
condition in a conventional extruder.
Preferred amounts of clarifying that can be added to the copolymer of the present invention
are up to 2500 ppm, more preferably from 100 to 2000 ppm by weight (with respect to the
total weigh of the copolymer and the clarifying agent).
Particular examples of processing aids are fluoropolymers, such as Dynamar FX5911, sold
by 3M, and other equivalent polymer materials known in the art.
As previously said, the present invention provides also a blown film comprising the said
copolymer of propylene with hexene-1 containing from 5 to 9% by weight of recurring units
derived from hexene-1, said copolymer having a melting temperature from 125°C to 140°C,
preferably from 128°C to 139°C, and Melt Flow Rate (ASTM D1238, 230°C/2.16 Kg) from
0.1 to 3 g/10 min.
The blown film may be prepared by the processes and with the related equipment generally

used in the technique of blown films.



4, 6-di tertbutyl phenyl ) phosphate and other clarifying agents different from
sorbitols and phosphate ester salts such as
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mol ten web. Standard practice favors single-screw extruders with barre
di amet ermelofengBratge 2000men disnropastionate]y wish Ingseasimgmeesswrs aaddcrew speed.

honbgenegus| | ting and del,iverin he .l ten. pol.ymer to the. .die head.
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on blow filmline, but have a narrow operating range for screw speed and
out put . fggqgwqey by I‘f@n‘fﬁlﬁtuﬂﬂ,lfheé@?ﬁhémé@l drive energy info heat. The conveying behavior of

conventional extruders is dependent on the temperature of the extruder barrel, as the
temperature influences the friction conditions in the extruder. In order for the melt to be
conveyed, the friction between the plastic and the barrel must be greater than that between
the plastic and the screw. The conveying capacity of the screw is largely governed by the
pressure in front of the screw tip. This pressure, in turn, is dependent on the flow rate, the die
resistance, the extrusion temperature and the flow characteristics of the melt. For this reason,
the geometry of the die must be brought into line with that of the screw.

For the most part, blown film lines are manufactured with a grooved feed section. The
friction is governed predominantly by the geometry of the barrel wall. In order to maintain a
high conveying rate, the grooved section must be intensively cooled. The design of the
extruder barrel must ensure good thermal isolation between the cooled grooved section and
the heated barrel. The raw material properties that determine the conveying rate are density,
coefficient of friction and pellet form.

The different conveying mechanisms in extruders with grooved and with smooth feed
sections necessitate different screw geometries. For example, the flight depth in the feed

section of an extruder with a smooth feed section must be considerably larger than in an



with a die of given flow resistance does not increase in proportion to an
increase in screw speed. Wth a constant screw speed, the output decreases
wi t h i ncrwevemgrdise resi stance. The nelt tenperature beeomEP2008/065907

di sproportionately high with increasing pressure and screw speed. The
barrel heaters are set so that the barrel wall tenperature increases in the
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the screw. For the nost part, blown filmlines are manufactured with a
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snmoot h feed sections necessitate different screw geonetries. For exanple,

t he fli dhttrudestablopnblohe fileetng eetpiisof dictvegenex andudizl0 kg/hh Admosoai matkiad
section sl 0% R03LASH AR Y oL BRAST WA, ARSI LAPERI 1D Bl G0N eed
sect i on. MR EIIREL9dpeprevideicauiparRah R It drisray 1P/ Bt e ofEmeie use
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The screen pack in the melt filter allows the pressure in front of the screw tip to be
influenced. In many cases, a selective pressure adaptation improves the homogenizing effect
of the screw. Only screens of stainless steel should be used. Screens of brass or copper can
result in catalysis, causing cross-linking of thermoplastic resins such as polyethylene.
Blown film lines are equipped with at least one and with up to nine different extruders
feeding a die assembly. Coextrusion systems for making multilayer films employ at least
two extruders feeding a common die assembly. The number of extruders is dependent upon
the number of different materials comprising the coextruded film. For each different
material, a different extruder is advantageously used. Thus a five-layer coextrusion may
require up to five extruders although less may be used if two or more of the layers are made
of the same material. The term "coextrusion" refers here to the process of extruding two or

more materials through a single die with two or more orifices arranged such that the

extrudates merge together into a laminar structure, preferably before chilling or quenching.



Thei r honogeni zing effect derives fromthe intensive mxing of the nelt.
Apart fromthe established pin type, slotted disc and transverse bore

m Xi ng sewDI2009%077187 X1 Ng sections in which cavities are wachrp@s/0633D t he
inner wall of the extruder barrel and into the screw, are also suitable for
the processing of thernoplastic resins. Extruders allow blown filmline
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SYstem [t js now more conventional to use “stack” dies, which consist of a number of stacked plates
— one for each melt stream — each containing a spiral flow channel. The individual melt
streams are merged together in succession. Some stack dies allow separate temperature
control of each plate. The long flow path of the merged melt streams can prove a
disadvantage in some cases.

Most machine manufacturers today offer both stack dies and multi-layer dies. Multilayer
dies are generally used for film with up to three layers. Stack dies are more commonly used
for films with five and more layers.

Uniform cooling around the circumference of the film bubble is an important precondition
for ensuring the bubble has minimal diameter and gauge fluctuations. One or more air
cooling rings are used for cooling down the molten bubble emerging from the die below the
crystallization line which forms in the bubble. The air current generated by a fan is guided

by the cooling ring at a defined speed along the outer surface of the bubble. The volume,
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reaching the external bubble surface.

Almost all modern blown film extrusion lines allow the air inside the film bubble to be
exchanged. This so-called internal bubble cooling (IBC) increases the cooling capacity and
contributes to stabilizing the film bubble, therefore enhancing throughput capability of the
blown film process. In order to ensure a well-controlled exchange of air inside the film
bubble, the bubble diameter is continuously monitored using ultrasonic sensors or
mechanically sensing arms.

The design of the cooling facility has a significant influence on the form of the film bubble.
Typically, the expansion ratio between die and blown tube of film would be 1.5 to 5 times
the die diameter. The drawdown between the melt wall thickness and the cooled film
thickness occurs in both radial and longitudinal directions and is easily controlled by
changing the volume of air inside the bubble and by altering the haul off speed. This gives
blown film a better balance of properties than traditional cast or extruded film which is
drawn down along the extrusion direction only.

The tube of film then continues upwards, continually cooling, until it passes through nip

rolls where the tube is flattened to create what is known as a 'lay-flat' tube of film.
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ot her hand, allows uniformand constant production conditions. In addition,
it increases the cooling capacity and hence the output of a blown film
line. It wbaeudwb7bm7not ed, however, that air tenperaturepoerProos0cd6r can
cause hum dity in the air to condense on the surface of the cooling ring.
This then inpairs the production process. Mst efficient single cooling
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ext ernal, bubbl e surface. Al npst all nodern blown filmextrusion Iines allow
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ot i 11 e ubit ki bR ERRCLAIISHEAN RO WEARASIAEY SAREY SO Wi dfifnded
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air inside the.fil m bubbl.e, bl.e. di anet er n 0 noni t.or ed
st ng. a1V S S ELSr Qo SRS RO Al oy cBearigh g WML SRLePIRE BrEEhe
cool i ng fnaGhd pdsitidhass the Ek&ﬂ'tflhﬂg?&tto'b@fcbff@&fe% B bioss. frﬁfsrfb&lfmc}u%n&mésrmhe
bubbl e. Typically, the expansion ratio between die and blown tube of film
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wal | thlck pess p? f 1mthl ﬁessnﬁ rS|ntbthr%%| and
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film bUbatglaechll? ilegndt l?erllg)suto 1ncairease the output of the film line. This lay-flat or collapsed tube
is then taken back down the extrusion tower via more rollers.
Even modern machine engineering cannot prevent film bubbles exhibiting slight deviations
in gauge in transverse direction. To prevent thick and thin area from developing in the film
roll during winding and causing the formation of “piston rings”, machine manufacturers
have now developed devices which shift differences in film gauge backwards and forwards
during winding, permitting the formation of cylindrical film reels without deformations.
In reversing haul-off devices, the reversing bars can be arranged horizontally or vertically.
The benefit of vertical systems is the comparatively simple construction and the price.
Horizontal systems offer technical benefits, particularly with very wide and very thin film,
but are more expensive. In the meantime reversing bar systems have more or less completely
superseded systems in which the film die or the whole extruder platform rotates.

The lay-flat film is then either kept as such or the edges of the lay-flat are slit off to produce

two flat film sheets and wound up onto reels. If kept as lay-flat, the tube of film can be made
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calibrating basket which stabilizes the film bubble and provokes

di sturbance in the cooling air flow, thus enhancing therml exchange

bet ween cwol2oevgradsy and fil m surface. Hei ght and di amet ecTaPr2608865907
calibrating basket can generally be varied according to bubble size and
stability requirenents. It is common for the adjustable guide arns of the
basket tigobsigh 'ﬁﬂe?sdoﬂ”éotv@rs%ehhf TEchd’thé Qidth ofPftanti'camn Itghtﬁ n@Ak¥Pach bag,

t ol erance, ﬁ | at ness i s one 0O he nost inmportant quality crlterla for
bl own filiner OFm’vet Hibss is dasoeithen Ilmlme With thedldewn ilmmrodenesr anadatebstagequi pped

with a t.abl.e coallap nd haul -0 i.c apsi vices with
wooden EpERtsS s8R AR M EnR BT uE FionbL BRERRS, REY EFRa Mt ng
boards afaf teltRPREMVef RpRetdbid AdattiBOblREeSBr 8y SirélllEn bialdsNishedn MiktirfGriRoN
fiber rollers. It is very common for the bubble collapsing angle and the
posi t i orfosfunetien wih er%wo‘tedurelhg‘}de@thlﬁabie trapyyerss sireighipg rwthcgeeerafm ingtalled
techni qug tﬁé‘f%‘?ét%é foRG TR 's"ﬁt'aﬁ V@r@a{ eﬁsa %llrééﬁé ﬁIeF' ?lléé ol nﬁse
qu ckly at slze ¢h anges ron1 renD e cont pane jUS
facilitishgimpnalive ¢ ﬁgqmdyalsdetd:malseaﬂatttobﬂng istgawdddm Wi \cmﬂldlﬁm@se ngd

boards are positioned, |nned|atel bef ore mai n haul -of f system which is
made of Wﬂ@?Wﬁﬁ%ﬁéﬁF@@ngﬁﬁgﬂW@%w/ %ﬁqgﬁ?¢é§ﬁgﬁd5W§e&hlch are pressing the

o oven: o Be el Tk MG QiR U R PR R T UEERE R PR e

t wo haunh@ﬁhnmmﬂhsfhmxnwmmemoeaa£¢61eﬁhe second roII serves as a chill rol

and helps to increase |ImI or .

o011 apsad e PRSI R B keeNutih & it i yingii B T Rlsion
rollers.inEye ﬁhﬂgﬂemeﬁﬁﬁhb&etaen AhBeehd RYI GRARMRY iREr8MBNTTH drifcdRRIcGRust
exhibiting slight deviations in gauge in transverse direction. To prevent

t hi ck aﬁhﬂtﬁﬁ@naﬁ333Wﬂbﬂﬁﬂevél imgeten t he fl|ﬁ1r0|| durlng wi ndi ng and
causi ng formation,o on ri.n e man urers. have ow
Govel o0y EaubRiaRt fRadbenRr uRfe BEPER ndELH AR RIES St Hei el N

f or war dscodtaict NGindemdiceter PRImATst ki@ ddpe Winddrat onca9é &Y Iconded eahddit,! anreel s

w t hout deformations. In reversing haul -off devices, the reversing bars can
be arraﬁ@@@eﬁ@ﬁﬁﬂio@ﬁ‘éﬂm pregyury el jig grgsyed v&enfﬁethefrp@l pfage randcthivs $§istBas i s

the co g aﬁélym% éx? ﬁl%%l%l Cﬁs%hf?“tsél?% g/h&edcfnléﬁr g%@g& %lug %%/e%h%@"s

offer tec n bene arl vVer
but are th®pecsexpedl irgmainl cn)n'sﬂaﬂt dwan theaxzhicﬂw\nﬁdhng pb@d’es§)lﬁto@$650f]&teecelfmee or

I | etely ded t which the filmdi t he whol
e)e(:ts fugg?velﬁﬁgf fe@@%ﬁﬁ%{ leg exglndgrygha%tn?s Idlplven Igonseqlf'\entlly tﬁ]e tlo%u(e)rand sepeed Oml?st

change during the winding process so that winding tension and haul-off speed remain
constant. The gap winder is a combination of contact winder and centre winder, whereas
pressure roll and reel do not contact one another; the gap between roll and reel is held
constant during the winding process and the pressure roll and the winder shaft are driven
separately. The combination of all the methods in one winder is also possible.

Modern high-performance winders are designed so that any of these three winding methods
can be set. A dedicated DC motor with tension and characteristic control drives ecach
winding point. Furthermore, such winders are equipped with a fully automatic reel changing
system which also includes the cutting and laying-on of the film web. Reversing of the
direction of rotation of the winding shafts allows the position of the two film sides (e.g. in
case of surface pre-treatment) to be inverted. Thanks to their modular design, the winders
can be employed either as single-station winders for flat tubing or as tandem winders for

slitted, flat films.
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The lay-flat filmis then either kept as such or the edges of the lay-flat
are slit off to produce two flat film sheets and wound up onto reels. If
kept as |wgp-hésat772sthe tube of filmcan be nadei nt o bags pcirigpedos/oessorover s
by sealing across the width of filmand cutting to nake each bag, |iner or
cover. This is done either in line with the blown filmprocess or at a

| ater St%epnrﬁiﬁaﬂberféﬁ’%stéﬂ}ﬁaﬂ&a&ﬁrﬁfg @ Pl i1bWh 'fi$m&%d°e@§ Hi%ﬁ'1d@ 'tHee@cﬁllltXr thN
front of the winder. The slitting unit can take the form of repl aceabl e

i ndust r irabdusicddbisg dbothsflati anduguasctisihtes s(rglie aperation, tth mgdulita fdonjvidil tandn

st art SHERISE e el SLELITTE P el IR BUi Y PR PR Sirab B AR 1Y

crease- fsﬁ@&i bEMY AgLl-ofY, tth dintiite fdnlnarfecsl iichi 30edgRi VRS e ahd @@HSMAItbym Used
to cut the flat tubing into two filmwebs w thout |oss and w thout edge

tri i ngCuSFEe Mhar e r@spkte&amn@afaﬁep $ilmt extrpiadeio celfaimhaiiahi HENHGOR| | m
the win i of
the 111 niouflRRAREL SEACEAHE! BRI hET) fud I RAG SR MR AT

rel ati veﬂlmstfatrlﬁighbair&r sp;ﬂiaamlsd;ash ﬁseﬁpdtpbﬂ(a‘gdnlgdl ng tenS| on (i.e. the
tension in the film, nust remain constant when the reel dianeter mcreases
The dri vEUsdhe @@Sﬁ@fsm%@ﬁd%rewées plee @ewiitilm piosesi Prﬁal e gopplypmer AT

di sti ”Ctﬂr&?}re%r% WRHRcRaEWe Efe‘%‘éht%%%n tyRed t@ﬁ@‘aggé McdsP ohdl i%l'yEr HegL: C

desi gn, y contact w nder center w nders a ap w nders. “I'n case of
cont act fimders, an independently driven pressure roll is pressed agai nst
the reel

rfaeandthus the w ndi n el tation wi nd
shart 1 (oalt SHE TR PHOE B D arTHopgetni Lelo i Ranrae At o |
remai n cQRAgkBAS: during the whol e wi ndi ng process. In case of the centre
w nder technique, the winder shaft is driven. Consequently the torque and
speed miBte @mlﬁlge iglpreifargbly tperfoimnei wigh prewied dewlobarh atctrwlemsj arnbwutb risoderand

haul - of f _speed ant The nder tlon of contact

i nder e & TR NSNS MOE pleTrBrfell BHER SRt “one
anot her jeqfu e@mhmu@mera@hﬂmﬁmdnﬂxﬁ@em;rﬁelhel d constant during the w nding

process and the pressure roll and the wi nder shaft are driven se arately

The conbihsacresnleagthys prefgiablidtonsdd tq 40 Bmes iesersiv digmates angie Heqfeably mmer n
hi gh-
g pefi’so{o”%“t%ﬁes‘t’\fh@%@% EﬁeQFW%D?éﬁb ﬁ] e (N Pefnﬁfh jjfr%nﬁ]% ?oe %Hfé

met hods can cat ed tensi o ar ac eri s
control tHe bores deaadter ndi ng poi nt. Furthernore, such w nders are equi pped

with a fylly automatic reel changing, s temvvhlchO | so includes the cutting
and |ayiﬂ1§> e %tﬁfmn%tmﬁarm%@QY%%wqw 0o

In particular, the extruder barrel temperature settings are preferably from 160 to 270°C, more
preferably from 180 to 260°C, in particular from 200 to 250°C.

The melt temperature which is obtained with these temperature settings is preferably from
210 to 260°C, which can be in excess of the temperature settings due to the possibility of
self-heating of the molten polymer under shearing stress conditions.

The die temperature is preferably from 200 to 270°C, more preferably from 210 to 250°C, in
particular from 220 to 240°C.

Film extrusion is preferably performed in vertical upward direction.

The blow-up ratio is preferably from 2.2 to 4, more preferably from 2.4 to 3.6.

The die diameter can be any commercial die dimension, from 30 mm to 2 m or higher;
preferably, the die diameter is from 100 mm to 1m, more preferably from 150 mm to 650
mm.

Film cooling is performed with cooling fluids, which can be either in a liquid or in a gaseous

state. In case of cooling with a liquid cooling medium, water is the preferred cooling
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direction of rotation of the winding shafts allows the position of the two
filmsides (e.g. in case of surface pre-treatnent) to be inverted. Thanks
to thei r wodulsar77gesi gn, the wi nders can be enpl oyed ei tPh@Erass/065907
single-station winders for flat tubing or as tandem w nders for slitted,
flat films.The principal benefits of manufacturing filmby the blown film

process haghmdend 06 c&Bhdidd YirdPoRig fe@q%yb&ﬂﬁgal(&%nvawqﬁ cARD ISR KAL) 10
a single operation, to regulate filmw dth and thickness by control of the

vol ume of gaseeusi qootihg niedbish.eair istbe prafgned afolinp enastum ualthoughn dtheh gasspesagh of
the haul -off. to elailm'bnate eng effzcts sucht. as. edeqe Elead ter ang

non- uni fSPIESAPERAL TR WRdEIE A PILEOR Hregia s R gRRY AT AR Hi on, to
obt ai n Miha4babf SIsbORt @i qienChink Ot Yokl fsqirBiickablPHomEwNRAL fAkt dHeQRAT tipes)
and to manufacture co-extruded, nulti-layer filnms for high barrier

appl i catdoshsg sinehalthouph adsipgle Higfasding THgscanhdsp pe gsert Stitviisfardny.pptsimaes

al so a i i f. L ene-1
o “tho i DU coolifR BREI 56 ed " oflab BafRR et s B RBME Rnt 1o P
I n the sand ppefodBsirém 1030 PORT, @ni@bbeférablpf@nas e &§€ording to the fol |l ow ng
mai n settings and conditions: The extrusion is preferabl erformed with

gr ooved PRiEalyrar eseling depefrmgdw ithtwp ?ﬂﬂi‘@gr?lrsré?w%?ﬁeﬁg%?%%la-lrflluil%gﬁ’tl

barri er C%Leegp%mca‘%tuh lard RIS e%ﬁcﬁgq@h?(n-n{obm@ﬁe&%iicaran%eﬁ&wa#h@th%%isiegﬁd
with at least one additional mxing elenment. The screw length 1s preferably
from 20 dfeh&lGppier meginghmandemeevediiametten] dinstion pnefrdarablajjiow rforth@Shtoog3Bitt i mes
the screw di aneter. Most . ref.erab%%(inthe scre ngth is from?27 to 33

. | e
times tHBSTSEF AN OMBHLOE VIt dnglS Ardingaogling @'#gérhperat ures are generally
from 160rHcOga8/00Ge did ripgr(hhfildi isepbrigh? 1"t8lortIGARRAABUNS, S8BT NGS
are prefer a%ﬁ% frgmlléogt% 2700(1:,e %}fa 1|?,)11;3ef er%glagdfroor% 180 to 2600C, 1ri n
part i culraefefabneqadta or Rsotan 1Thmnwen parttenpe fnup & tahl ehfrpm Gotail feanwi t h
t hese ter’rg?raetfurr sf?gti()r%gtg liif referably from210 to 2600C, which can be in
excess of Y Re'Y %eré{lure settings due to the possibility of self-heating

of the npDjpicn bRSIY MEh a@@ﬁ@ﬁoﬁ@aﬁﬂddaginaw@sﬁacﬁ@%idg f(é.@nshrinkh@ndiseretcnfer, at ur e
is preferably from 200 to 2700C, nore preferably from 210 to 2500C, in
parti cul stetchrhneds, dopg Blnp opgentainer liners), consumer packaging (e.g. packaging film for

frozen products, shrink film for transport packaging, food wrap film, packaging bags, or
form, fill and seal packaging film), laminating film (e.g. laminating of aluminium or paper
used for packaging for example milk or coffee), barrier film (e.g. film made of raw materials
such as polyamides and EVOH acting as an aroma or oxygen barrier, used for packaging
food, e. g. cold meats and cheese), films for the packaging of medical products, agricultural
film (e.g. greenhouse film, crop forcing film, silage film, silage stretch film).

The thickness of the film of the present invention is generally below 250 pum, preferably
below 150 um. It can be a monolayer or multilayer film.

In the multilayer films, at least one layer comprises the copolymer of the present invention.
It is preferable that at least the base layer (also called "support layer") comprise the
copolymers of the present invention. The other layer(s) may comprise other kinds of
polymers.

Examples of olefin polymers that can be used for the other layers are polymers or
copolymers, and their mixtures, of CH,=CHR olefins where R is a hydrogen atom or a C;-Cs
alkyl radical.

Particularly preferred are the following polymers:
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Filmextrusion is preferably perforned in vertical upward direction. The
blowup ratio is preferably from2.2 to 4, nore preferably from2.4 to 3.6.
The di e divemedsarr7msan be any commercial die di mension, fprome»@oosmti907 2 m or
hi gher; preferably, the die diameter is from100 nmto Im nore preferably
from150 mMmto 650 nm Filmcooling is performed with cooling fluids, which

can be gjt herigdthtR lot AhBPrisdtictR PAHFRYS ﬁéﬁ%ﬁolyﬂn@rscaa%% %nﬁﬁ@l‘yhﬁ% wWrth a
| iquid cooling nedium water is the preferred coolingnedium and the

ext rusion d| raopelyorery @fq@lme@rbfbftﬁﬂl’@tlm&] Ld&Waard. 1n case of cooling

Wi th a gase cogl ris epr ferred cooli

o thougiTer norerfatuudfalBabeThed b i he N ShTeheC BRI TS b0 s on
direction is qelehefadanpes bitedd- 1 URweAe], 4-meRas pént@@ssaaﬁe i Whereisemehi ng,
the cooling is preferably done with at | east one dual ‘p cool i ng ring,

al t hough a sutﬁtgféomp@re@oqqnﬁ@t ranggs E@m 8108y we2Qsdy. wsgh withrresnsetatyl e
| bub i
e n Ul aOR! S obbBRlr 5 WAt TSR TR RIRELP IR S,

from8 to 15@sot@3iclm0@}lme,hoanwpot5@ﬁﬂrs ng is performed with two cooling air

rings, where the lower air ring (in case of vertical wardfllmextrusmn)
i s non- rfdvabl WASHM&FET CPRRAVMATST BEtSBHCRM A ithe PR FRC @Hd&‘ & He-Gpperlefit ring

can be noved dotok Ay (dntinifl bR (ﬁﬂfltlﬂl& (@ iy, BohPHofin bhsy &ﬁg&g%b@ut

increase in conpari'son Wwth a si e air ring céoling system ap of
the die ring qlawnwchrasdbuad@ap)l Hlemdeeher h,lSJrh)exaqcmd cthglidmet lesabotnanc;3 nm
nore pre eraqtﬁ/ ual toB, | ess than 1. rm% art cularquomof6t03
or from ar%coﬁ?ﬂ mpt é‘PQP%P%arP{?W n%hP op° H}?Fnan Vhi519ftb 5 wn
filmappli Catdoﬁ@@nie?scbf’ﬁ@rn'ﬂjdhlﬁ by e%@ﬁ%’c%cﬁ%n%onfpﬁ@in@kone' dr”ihm%tdfeﬂhgh
film stretch hoods, bag filmor container |iners), consunmer packaging

(e.g. packagiaegolyiem dfgtent ﬁbmmalﬂb’mt &l acg@ﬂnnMOfkmpwnfrmtthségygpmng the

packagi ng, food wr an f|| or fqr fill and s kagi ng
P o' o oyl b (B GROFES ALY nap pedeutit M tasRlle off dsaBRf
packagi ng f orcoamaiing ﬂlergaidl@mtorﬁ@fcffe&}mnI@faqlﬁanﬁhei frbms(%tcg%%lblyrwagde of raw
mat eri al s such as pol yam des and EVCH actlgleg as an aronmm or oxygen barrier,

used f ore)pacKugingg! haspepolwmers gr consllymers atith hdersadswptheroralefifsor t he
packagt il 0L PLogi s, 806! GO, R S EEINRIESLLP.
filmof gowstypesepdlyyvymydmhildraies, ®lgemneesapblychiedsand §5Qcarrhfbnm£wpcajahyrs of
ethylene and vinyl alcohol (EVOH) and “tie layer” resins.
Finally, the films of the present invention can undergo a series of subsequent operations,
such as:
surface embossing, by heating the surface and compressing it against an embossing roller;
printing, after having made the surface ink sensitive through oxidating (for instance flame)
or ionizing treatments (for instance corona discharge treatment);
coupling with fabric or film, particularly of polypropylene, by heating of the surfaces and
compression;
coextrusion with other polymeric or metallic materials (e.g. aluminum film);
plating treatments (depositing a layer of aluminum through evaporation under vacuum, for
example);
application of an adhesive layer on one of the two faces of the film, thus producing an
adhesive film.
Depending upon the specific kind of film and final treatment, the film of the present

invention can find many uses, the most important of which is goods and food packaging.
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bel ow 150 mm It can be a nonolayer or nmultilayer film In the nmultilayer
films, at | east one | ayer conprises the copolyner of the present invention.
It is prevera®@7ishat at | east the base |ayer (al so cal lped/Epseanspeson7 | ayer")
conprise the copolyners of the present invention. The other |ayer(s) may
conprise other kinds of polyners. Exanples of olefin polyners that can be
used fOorTHeN@ IRARE dx@MBleS At CgiP YO ElISstRic GRPPrkRRI SnveAfich Liigdut Mkt es,
O CH =CHR ol efins where Ris a hydrogen atomor a G -Cs al kyl radical.
Parti culramposcpreferred are the followi ng polyners:a) isotactic or mainly

et ny ool EERE © BERR TGRS IO R R PTGy Trlsiuted by

propyl engawéitthe Blctholds RgoabdibslowCA- C10 a- ol ef ns, such as for exanple

but ene- 1, hexene-1, 4-nethyl-I|-pentene, octene-1, wherein the total
cormnomeYckipatenperatireddsOflddnd-3) 05% t 0 20% by weight with respect to the
el O B AR BY R S S5l ? EHYCT RN, Seithif keoh aREI € o
mai nl y |sofac i'c %ropyFene Flom)r?ofymars, gl'ast’oneri ¢ opo& ynmers _%?f

et hyl eneygdlctio OO RYICNE: ARG O 26 °CAnitkPddepl #7200 +0PLE Ghal ¥ GQNh dithigRs

m nor quantities (in particular, from1%to 10% by weight) of a diene, such
as but aditream, and ,idishbxraditervepled , abahretcad] 20feC/meinhyd #0eri2®- Q- tharcby kogtres ;thid)

T o SPEOLY ot SOTBLLILIS, 2 BLaRY| S0, TRRSLITST sl e e
more of (LAc. GORPOLKORLR & 204 €M) u%tt%{ F}Qg@a' Y Rr ?H@rrﬁéitigg“sg&{jiié‘gechheﬁ,”?"‘“

nmet hods by m xi ng the conponents | nolten state, y sequentia
pol ymer ithedniogmm anobtgenéraldl Yroaothisitempgatuite coatspoatimgttomeslscart reat iThn i n

gquantities from5%to 90% by i ght; e) butene-1 honopql yner.s or copol yners
with et HMBHAULHGPBFSPOPHAE ta-tggé’%‘??é .1nfe§a%?nﬁlﬁﬁglgo?eagoqe¢ﬁr§?¥ dyring éﬁf‘eﬁ?cofl om
pol yol efagion QRkQYARhE kRNt tBRpQbfaeEs. | ayers, are polystyrenes,

pol yvynyl chl ori des, pol yamdes, polyesters and pol ycarbonates, copol yners

of et hyl Mok FarvdRetertyIFRIl cohol (EVOH) and "tie layer"” resins. Finally, the
films of b he Prasentahl SRS NISH92, &iRSNb&Pold 1sHps cauent

operatio
Solubility in xylene

2.5 g of polymer and 250 ml of xylene are introduced in a glass flask equipped with a
refrigerator and a magnetical stirrer. The temperature is raised in 30 minutes up to the
boiling pint of the solvent. The so obtained clear solution is then kept under reflux and
stirring for further 30 minutes. The closed flask is then kept for 30 minutes in a bath of ice
and water and in thermostatic water bath at 25° C for 30 minutes as well. The so formed
solid is filtered on quick filtering paper. 100 ml of the filtered liquid is poured in a
previously weighed aluminium container, which is heated on a heating plate under nitrogen
flow, to remove the solvent by evaporation. The container is then kept on an oven at 80° C
under vacuum until constant weight is obtained. The weight percentage of polymer soluble
in xylene at room temperature is then calculated.

Intrinsic viscosity (IV)

Determined in tetrahydronaphthalene at 135° C.

1-hexene content and isotacticity

Determined by *C-NMR spectroscopy.
BC-NMR spectra are acquired on a Bruker DPX-600 spectrometer operating at 150.91 MHz

in the Fourier transform mode at 120 °C.
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surface enbossing, by heating the surface and conpressing it against an
enbossing roller; printing, after having nmade the surface ink sensitive

t hr ough owodaddingestf or i nstance flane) or ionizing trearoempr008/063907 nst ance
corona di scharge treatnent); coupling with fabric or film particularly of
pol ypropyl ene, by heating of the surfaces and conpression; coextrusion with
ot her pPOFRETRIhFlcO ardRERbIVCE ifRY. 87 AlSratiBoett@hdld MM 30 1w with! /tdoNgwi/v
treatnents (depositing a |ayer of al um numt hrough evaporati on under
vacuum doogengirtiop| Bych speplirinsas iaoquicstd with adP&spules, | Idysaconds ohdelaf betweenwo

faces of _the fil cing an sive fi ndi ng_.upon .t h

spec 1 PSP NEALAR POMRI-Oe BL R ST Souak APy JPOF REh IR B

i nvent i gR 3gRNatd fin@Big UseSctral hendWSsf 60UDAA ant of which is goods and food
packagi gﬁ{The foll ow ng exanples are given to illustrate the present

i nvent i ofhadicekefitheBropytiened il iy wsd as intpraalygfesence pb§- Hype®. t he pol yneric
mat eri al and,the fi.l f . t.he. exa es are .deternmned ;b f the
et hods TSpOraoRaf it BisibtioR il e Lofingsitibads Phiinsd o od usindiine

di f f er enbilehingeanationg: cal orinetry (DSC). A sanple weighting 6 1 ng, is
heated to 200 1 C at a rate of 20 Cmn and kept at 200 1 C for 2 mnutes
in nitrdgenl80 reem(BNdEit is thereafter cooled at a rate of 20 C/nin to 40

2 C thﬁ;ﬁby egt Zﬁ is tenperature for 2 mn to crystallise the sanple.
Then, tHelsal RO &PHY%i n fused at a tenperature rise rate of 20 C/min up
to 200 Gyl jo¢udRlihAR9 scan is recorded, a thermogramis obtained, and,
fromthis, tenperaturés corresponding to peaks are read. The tenperature
correspoNte®E-tD Soloe nost i ntense nelting peak recorded during the second
fusion is taken as the nelting tenperature. Melt Flow Rate (MFR) Det erm ned
accor di l§] FPAGHND 1238, at 230 C, with a load of 2.16 kg. Solubility in
xyl ene O+ Pymrer and 250 ml of xylene are introduced in a glass
fl ask eﬁﬁﬁppe@éﬁ?ﬂ a refrigerator and a magnetical stirrer. The
t enper at \f, €anlgSMmr, @i sed in 30 minutes up to the

Measured by way of Gel Permeation Chromatography (GPC), preferably carried out in

1,2,4-trichlorobenzene; in detail, the samples are prepared at a concentration of 70 mg/50 ml

of stabilized 1,2,4 trichlorobenzene (250 pg/ml BHT (CAS REGISTRY NUMBER 128-37-

0)); the samples are then heated to 170°C for 2.5 hours to solubilize; the measurements are

run on a Waters GPCV2000 at 145°C at a flow rate of 1.0 ml/min. using the same stabilized

solvent; three Polymer Lab columns are used in series (Plgel, 20um mixed ALS, 300 X 7.5

mm).

Elmendorf Tear Strength

Determined according to ASTM D 1922, both in the machine direction (MD) and in the

transverse direction (TD).

Puncture resistance and deformation

Determined from the energy required to puncture the film with a plunger (50 mm, diameter
of 4 mm) with a rate of 20 mm/min, followed by measuring the deformation.

Haze

Determined according to ASTM method D 1003.

Clarity

Determined according to ASTM D 1746.

Gloss at 45°

Determined according to ASTM D 2457.
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boiling pint of the solvent. The so obtained clear solution is then kept
under reflux and stirring for further 30 mnutes. The closed flask is then
kept for WO 2000utms in a bath of ice and water and in tlpermpséosios®onat er
bath at 25 C for 30 minutes as well. The so forned solid is filtered on
quick filtering paper. 100 ml of the filtered liquid is poured in a

previ oughyt ei ghed al um ni um contai ner, which is heated on a heating plate

under nitrogen flow, to renove the solvent by evaporation. The container is
t hen kep?eteimingd angerding togBSTVumetbed Paki®frfk unti | constant weight is

obt ai nef{ _ TH%%@Et per cent age of pol yner soluble in xylene at room

t enper atute calculated. Intrinsic viscosity (1V) Determned in

t et r ahy dyqeapihéhabenginatto 135TKA DEgheyemeinCaRt @athiaN dirt&Rina@IDGidnll in the

Det erm ned by 13C- NMR spectroscopy. 13C-NWVR spectra are acquired on a
Bruker DPXsS6UE &pstien hRY-er operating at 150.91 M4z in the Fourier

t ransf or 0C: are dissolved in

I,1,2,2- o7 ond na?Y:mﬁ il kOC with a 8% wt/v concentration. Each
spect r unbétsrmaacliac@dding tth ASBU Pu&e ,bollb irs exonashiod diettaon DdDyesd puihses
and CPD (WALTZ 16) to renove 1H 13C coupling. About 1500 transients are
stored itFnsygscadtestigp(HPs using a spectral wi ndow of 6000 Hz. The peak of
the Pro i ' he eval uati on
o i ad T B S O R e NP T et ng o

f ol | ow ritheampalyimenss: preffred 4001lSas (PP) /S PH = 100 Saa (PH)/S HH = 100 Saa

HH) /S Wiyere .S= S Saa [P] = PP+0. 5PH = HH +0. 5PH Measured_ b of GCel
ber heat | B SHAGHRE G PAATICEE 11 RoaFEFAHIoP s Adv B St Zictler s
1, 2, 4- t rdafiN L CORBHLEN @?pgﬂgﬂr%&i %g?hig[neﬁiﬂﬁl_ SAS L SoRbRifY SRRl 899aby veight of

concentration of 70 ng abilized 1,2,4 trichl orobenzene {250
mg/ m BHiral(imguﬂE@is@bmlp{[dn@ER ag agtegial donor, prepared by analogy with the method

described in WO03/054035 for the preparation of catalyst component A .
CATALYST SYSTEM AND PREPOLYMERIZATION TREATMENT

Before introducing it into the polymerization reactor, the solid catalyst component described
above is contacted at 15 °C for about 6 minutes with aluminum triethyl (TEAL) and
thexyltrimethoxysilane (2,3-dimethyl-2-trimethoxysilyl-butane), n a TEAL/
thexyltrimethoxysilane weight ratio equal to about 7 and in such quantity that the
TEAL/solid catalyst component weight ratio be equal to about 6.

The catalyst system is then subjected to prepolymerization by maintaining it in suspension in
liquid propylene at 20 °C for about 20 minutes before introducing it into the polymerization
reactor.

POLYMERIZATION

The polymerization is carried out in a gas phase polymerization reactor by feeding in a
continuous and constant flow the prepolymerized catalyst system, hydrogen (used as
molecular weight regulator), propylene and hexene-1 in the gas state.

The main polymerization conditions are:

- Temperature: 75°C

- Pressure: 1.6 MPa;

- molar ratio H,/C3-: 0.0005;

- molar ratio C6-/(C6- + C3-): 0.0453;

- residence time: 96 minutes.
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O); the sanples are then heated to 1700C for 2.5 hours to solubilize; the
measurenents are run on a Waters GPCV2000 at 145C at a flowrate of 1.0

m /mn. wsbdngoswdessame stabilized solvent; three Pol ynepcicatr2@siossyos ar e
used in series (Plgel, 20mm m xed ALS, 300 X 7.5 nm. El nendorf Tear
Strength Determ ned according to ASTM D 1922, both in the nmachine direction

(MD)  and\éiB: the- hfpPRUE SR didxesd-1on (TD). Puncture resistance and
deformation Determ nhed fromthe energy required to puncture the filmwith a

pl unger A polymer yuildoied40 coff pplymgr/awitdolid cetalyst efm@entris abtaineflol | owed by

neasuri the deformation.. e Det er m ned cordi,ng to ASTM. net hod 1003.
Sarity B Bivnrea B Pliing Boraenrrl Thistacbutyth Farly i e fe
accor di ngadti9ec ARhIRr24hd AoRallé sisthcdeiRy thtmadeaccording to ASTM net hod D
1709A. Tensil e Moddul us Determ ned according to ASTM D882, both in the

machi ne dier wswlfisg D) engnepPolymdi econtaiiss-8¥es By aydight tafdiexend) . Moreayss s&fd

El ongat i Yi d rned according to ASTM D 882, both
in the rPg@;r’??nnee dé)ﬂ‘) C Pgﬁsat%lﬁ/%l%}ﬁagﬁo%teﬁ‘egt ransverse direction (TD).
PREPARATI ON (MFRHE COPOLYMER OF PROPYLENE W.JH/16EXRNE- | The copol ynmer is

prepared as follows. The solid catal yst conponent used in polynerization is
a hi ghly st er®®8peAf fiagtion sodyds insxlede: cat al \st” Oompo#int supported on

i sabutyl pht o aE < BRHEIE 12 “donor . pr epared By anal ogy wi th the met hod
descri bdsefore VABQ3It GbaRBacffdmst the spidejpaolyticonf pfopgknalwitt haxonpdneottrudled
with additives, thus obtaining the copolymer materials COPO-1 and COPO-2.
COPO-1 is obtained by extruding the said copolymer with 500 ppm by weight of Dynamar
FX5911.
COPO-2 is obtained by extruding the said copolymer with 500 ppm by weight of Dynamar
FX5911 and 1800 ppm by weight of Millad 3988.
Dynamar' ™ FX5911 is a fluoropolymer sold by 3M for use as processing aid.

Millad 3988 is a clarifying agent based on bis(3,4-dimethyldibenzylidene) sorbitol.

Examples 1 and 2 and Comparison Examples 1 to 4

Three layer films are prepared on a Collin three layer coextrusion line. The film of Example
1 is prepared by using COPO-1 for all the three layers. The film of Example 2 is prepared by
using COPO-2 for all the three layers.

In Comparison Example 1 the polymer material used for the all the three layers is a
copolymer of propylene with butene-1 containing 15% by weight of butene-1 and having a
MFR value of 0.8 g/10 min., previously extruded with 500 ppm by weight of Dynamar
FX5911.

In Comparison Example 2 the same copolymer of propylene with butene-1 as in Comparison
Example 1 is used for all the three layers, but previously extruded with 500 ppm by weight
of Dynamar FX5911 and 1800 ppm by weight of Millad 3988.

In comparison Example 3 the polymer material used for all the three layers is copolymer of
propylene with ethylene containing 5% by weight of ethylene and having a MFR value of 2
g/10 min., previously extruded with 1800 ppm by weight of Millad 3988.

In comparison Example 4 the polymer material used for all the three layers is a copolymer of

propylene with ethylene containing 6.5% by weight of ethylene and having a MFR value of

20



CATALYST SYSTEM AND PREPOLYMERI ZATI ON TREATMENT Before introducing it into
the polynerization reactor, the solid catal yst conponent descri bed above is
cont act edwet2000070587f or about 6 minutes w th al um num t r ipetrhybooH658b) and

t hexyl tri met hoxysil ane (2, 3-di met hyl -2-trinmethoxysilyl-butane), in a TEAL/

t hexyl tri met hoxysi |l ane wei ght ratio equal to about 7 and in such quantity

that the JEAl S0l Hedhd) ¥Riu&amPRNSHO phRl 8 veizhl bODPRareGUa 5919 ARAEH06-
The catal yst systemis then subjected Po prepol’ynerization by maintaining

it in suwppebsiverghi of Miltad IP88r opyl ene at 20 0C for about 20 mi nutes before

introducjpg, it .into the polyperizati eact Qr. Rl ZATI he

ol yrer odrb e bR S BSTHAE B BRAE Miyrd i 7 EBfePeulo8 e

feedi ng romatiag GOt isbreQUehréN b o hiRNk Ll @WZBRS3 QFI@@,OﬂeM@Wdia&ﬁéielcedti@| ¥810,
system hydrogen ;)used as nol ecul ar weight regulator), propylene and
hexene- fnawf@q%@e@ gy (pgrien Winjeergdifleidseiry vadar 2aiogs avawherconsthe fellowing
Tenper at yr e Z?C Pressure: 1.6 MPa; nolar ratio H2/C3-: 0.0005; nolar ratio
Co-/ (C6-+ ]& " 0.0453; residence tinme: 96 minutes.Note: C3- = propyl ene;
C6- = hekaatonlspedd:pol yner yixlodpet 8400 g of polyner/g of solid catalyst
conponent is obtained. The polyner particles exiting the reactor are

subj ect dFHECLOWPHam t r eat nEWKERPWenpve the reactive nonomers and vol atil e

subst ancggy é’i‘zﬁﬁrétﬂﬁn dried. sKaegoegul ting propyl ene copol yner contains 7.3%
by wei ght o% exene-1. Moreover said propyl ene copolynmer has the foll ow ng

pr oper t ileghe MR ColiiB cguixtisioi ing, thaparetv Bhgthr/actdvodiasetaryhigosi ave X9 reme/30
15, 1% by yehoft, MEIL B SRETSLLE' TPy 0O BT oS PO L i prgeer e
addi ti vesubblhesolRR Sy sinhds LB&L. SRRRL YIReEx ARG thalks SthOARR ik RiFed LR Bugh an

annular die with a diameter of 100 mm and a quite narrow gap (0.8 mm for the trials). At the

exit from the die, the melt tube is subjected to intensive air cooling, immediately blown up to

about three times the diameter of the die and stretched in the direction of the flow.

The main operating conditions in Examples 1 and 2 are:

- Barrel temperature: 200-240-220-220-220°C;

- Adaptor temperature: 220°C;

- Die temperature: 230-250-230-225-230°C;

- Screw speed: 30 rpm for all the three extruders;

- Blow-up ratio: 3.1;

- Line speed: 5.3 m/min.

In Comparison Examples 1 and 2 the same conditions as in Examples 1 and 2 are used,

except for the following:

- Screw speed: 50 rpm for all the three extruders;

- Blow-up ratio: 3;

- Line speed: 10 m/min.

In Comparison Examples 3 and 4 the same conditions as in Examples 1 and 2 are used,

except for the following:

- Barrel temperature: 200-240-220-210-210°C;

- Adaptor temperature: 210°C;

- Die temperature: 240-250-240-250-250°C in Comparison Example 3 and 230-245-230-

230-230°C in Comparison Example 4;
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COPO-1 is obtained by extruding the said copolymer with 500 ppm by wei ght
of Dynamar FX591 1. COPO-2 is obtained by extruding the said copolynmer with
500 ppm byowessght2sof Dynanmar FX591 1 and 1800 ppm by weipgitepoadoshbiohad 3988.
Dynamar (tn) FX591 1 is a fluoropolyner sold by 3Mfor use as processing
aid. MIlad 3988 is a clarifying agent based on

bi s(3, 4- Cﬁlﬂ%tlﬁyllaQbb?@%Ytbﬁ%%@onWaﬁip‘l@ﬁ andX 8P (B enphriHIEanfflél4 Conpar i son
Exanples 1 to 4 Three layer filnms are prepared on a Collin three | ayer
coextrusﬂaneﬂﬁﬁé 7mAeinti | m of Exanple 1 is prepared by using COPO-1 for al

the thr The fil m of le 2 1S _prepar by usi ng, COP for all
the tnr i S8 Jimy ARkl < G aohdRatBS] ShoPertf P i TRl St The
al | the(ﬁhﬁsﬁuhﬁa@péchﬁgg)@pgmbguar of propylene wi t h butene-1 contai ni ng
15% by wei ght of butene-1 and having a MR val ue of 0.8 g/10 nin.

pr evi ouslThe eeparieiedf the %%OIEGG%BIWWGMO@@%T&@?MWM FX591 1. In

Conpari son Exanple 2 the sanme copol yner of propylene with butene-1 as in
Conparison Exanple 1 is used for all the three | ayers, but previously
extruded with 500 ppm by wei ght of Dynamar FX591 1 and 1800 ppm by wei ght
of MIlad 3988. In conparison Exanple 3 the polyner material used for al
the three layers is copolyner of propylene with ethyl ene containing 5% by
wei ght of ethylene and having a MFR value of 2 g/10 mn., previously
extruded with 1800 ppm by weight of MIlad 3988. In conparison Exanple 4
the polyner material used for all the three layers is a copol ynmer of

propyl ene with ethyl ene containing 6.5% by weight of ethylene and having a
MFR value of 2.3 g/10 min., previously extruded with 500 ppm by wei ght of
Dynamar FX591 1 and 1800 ppm by weight of MIlad 3988. Al the said
extrusions wth Dynamar FX591 1 and MIlad 3988 are carried out in a
corotating twin screw three | obs profile extruder (ZSK53 type,

| engt h/ di ameter ratio of 20, manufactured by Coperion Werner &Pfl eiderer)
under nitrogen atnosphere in the follow ng conditions: Rotation speed: 220
rpm Extruder output: 80 kg/hour;

22



Mel t tenperature:
screw length / screw di aneter
whi | e 45 wonb09a@xd97f or the B one.

250- 260 OC.

In the said Collin coextrusion |line,
ratios are 30 mm /30 xD for
No | BCS system (I nt er palr/BBadusioeso®pol i ng

t he
extruders A & C

Systen) is used. During the extrusion trials, the nelt is extruded through
an annular die with a dianeter of 100 nmand a quite narrow gap (0.8 nmfor
the trials). At the exit fromthe di ggpfcthe nelt tube is subjected to
intensive air cooling, i diate|ly blown up to about three tines the
di anet gr of EXAdBilENand siretlched ih t h€odipr éct Compo? |t Gemp| dw. Cdaip. 4gi n
operatilng conditions in Exanples|1 and| 2 are: | Barrel| tenperdture:
200- 240-Eaeng¢a0 (20 0gum | Adapt of tdnperabdre:| 2200C;, |- .2 t gnpet.at urle:
230- 250- 230- 225-230 0C, - |Screw speed:| 30 rpm(for all |the thrge extruders;
- Bl ow lmnfeaad,@(T]S)l gfunll_l ne;.gpeedi1 75. B mim n.| I npQonpari@en Bxanphes |1 and
2 the sanme condition$ as in Exarrpl es 1l and 2 are used, except for t he
fol | oW M crureCT EW S e(f\g 5u947p T%’Sa the tnrgq(lem UG§ES; B}ﬁV\/—Lp
rat Id'o'é' Erbsmta]l‘r_ ene spee pd: 10 m n n onpilrl son arrpl eshS ?nlc 4 1 gane
Con I I C O I II I_Aall T es ah . ar-e e C/\hnn"’ I UI £ T e T GI
Barr el ti’:t?ﬁ Sture: ‘266m24o-1§z30- 2183- 10 063 - |adagtor |t enper at|u gy 2100C. -
Dete M3fen 2404 250- 240- 250250 0C in Conparison anmljl e |3 and
230- 245-B@m- 230-230[0% i h Cbhpali 48n ExalPl e |4; -6.8] ow- up/fatilo: 208 i[n
Corrpar| san anrmlp 3land 2 9 in Comarison an,;rmlp 4:- |- Line nppd 7
m min. [THeriti nal il Uhi ckiéds pf9%he| fid8% ils appr oxi m@d vy [50%cr an,
with afthickness distribufion (i percentage) of 20/60/20__Theg properti es
of the |SologhatdiShed fil e ar &3%epbri® | n 6Bdbl e 1.6P4bl & 163.8 75.1

Dart test g/um | 11.33 7.47 227 1.43 1.32 1.54

Tensile Modulus | MPa 329 511 587 575 638 480

(MD)

Tensile Modulus | MPa | 321 518 606 645 671 515

(TD)

Stress at yield MPa 14.1 24.8 22.0 21.5 23.1 18.8

(MD)

Stress at yield MPa | 14.2 23.0 20.3 20.8 222 18.5

(TD)

Elongation at % 14.9 159 13.1 12.5 15.1 16.0

yield (MD)

Elongation at % 14.8 15.1 12.5 11.7 13.8 15.0

yield (TD)

Stress at break MPa | 38.1 42.0 36.9 43.5 31.0 37.6

(MD)

Stress at break MPa 38.9 34.0 28.5 41.9 30.0 32.9

(TD)

Elongation at % 668 670 700 850 870 1000

break (MD)

Elongation at % 718 626 710 990 970 1000

break (TD)

Note: Comp. = Comparison
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Not e: Conp. = Conpari sonCLAIM5S 1. A copolyner of propylene with hexene-1
containing from5 to 9% by wei ght of recurring units derived from hexene-1,
sai d copolpmmeey/dizagrng a nelting tenperature from 125C t ectAP@sandoiel t

Fl ow Rate (ASTM D1238, 230C/2.16 kg) fromO0.1 to 3 g/10 mn. 2. The
copolynmer of claim1l1, having a solubility in xylene at roomtenperature
equal to or |ower than 25% by wei ghte gim$he copol ymer of claim1,
containing a clarifying agent. 4. A polynerization process for preparing

t he pol ylmer ok cebalymel of quepylew with licnendhk cpniegeng &oof Satos?’%ér o siseabit foif ¢

Zi egler-Natta cat.al }ésl& ﬁq,gpr i;[si ng a Sﬂ| id cor‘r(‘gonen{5 cont ai i.{lg?rE a titani um
conpound and 'Sn" B8 SR FOACHEHIF e BRSEGHa SUt SRR YRS B g AL AR e, an
al umi ni um al kydm OBTO U ¢4 EaCarRINVIeN tFes W Rate{ ATENIAD THBN080°CODPOUA ol 0.The
pol yneri zati on process of claim4, wherein the external electron-donor

conmpound i s deBe#t®@ifrom silicon conpounds containing at |east one Si-OR

bond, re |.S rhon i . T |y, i i of
o e L PE AT, SRRl AR R R 58
t hexyl t ri met homtysséd thme25% . byAvdiglawn fil m conpri sing the copol yner of

propyl ene with hexene-1 of claim 1. 8 The blown filmof claim?7, having
t hi ckness bel 0% coBolyRsr obclaimpy daeonipiping 8 SHrvWRR 485 g conpri sing the bl own

filmof g£laim7,; iAb I §; caSS Bk Rt cop, i
propyl ene wit h%ﬁﬁeﬁleﬁll&g?mglegasi r%qu}%ﬁs% ugegepg pr og)tgccgﬁrélt p’I %{Ell?s{%@g%tgﬁlftlhfm
| ayer. 11. Theepnorefs streojpeiificlDicgleaiNatte baclyst wodgrisingea fsolid @aimpgnent

conditions: - screw length from20 to 40 tipes the screw di aneter; - barrel

and i ¢t enpePALURES f POUBEOMEOSMaed 0 SHECHHOMT s B CRP DT coe

t5 h ?3 go (r)ng - AR ERbH®, Bh AMinfint A4 compOd Nl AEE Ml SRDEI R from
compound.

5. The polymerization process of claim 4, wherein the external electron-donor
compound is selected from silicon compounds containing at least one Si-OR bond,
where R is a hydrocarbon radical.

6. The polymerization process of claim 4, wherein the external electron-donor
compound is thexyltrimethoxysilane.

7. A blown film comprising the copolymer of propylene with hexene-1 of claim 1.

8. The blown film of claim 7, having thickness below 250 um.

9. Goods and food packaging comprising the blown film of claim 7.

10. A blown film process, wherein the copolymer of propylene with hexene-1 of claim 1
is used to produce at least one film layer.

11.  The process of claim 10, carried out under the following conditions:

- screw length from 20 to 40 times the screw diameter;
- barrel and die temperatures from 160 to 270°C;

- annular die gap equal to or less than 3 mm;

- blow-up ratio from 2.2 to 4;

- cooling medium temperature from 5 to 20°C.
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