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FROBUCTION OF FROPYLENE COPOLYMERS
HAVING IMPROVED PROPERTIESD

The oresent inveallion relstes to a zethed for the producticn
of propylene copolymers, 1in particular propylenefethylene
random copolymers or hDetercophasice (multiple phase] copolymers,
for example comprising an ethylene prepylene rubber phase in a
propylens copolymer matriz ohass, having improved proverties,
in particular high meli strenglh. In particular, the present
invention relatea to a proceas for the predustion of
polypropylene/ethylens random cocolymers or hzterophasic
cepol ymers having improved properties by irradiatirg
polypropylenc/ethylene random or heterophasic copoiymers with

a high energy electron beam.

Propylene copolymer resins aze used in a variety of different
applicztions. However, linsar propylene copolymers resins
suifer from the problem of having a low melt slrength at high
melt index, which restricts +their use in a number of
applicztions because they are d.ifficult to process. 1k is
known in the art te increase the melt sirength of
pelypropylens, for cexample by ilrradizting the propylene
coopclymer with an elsctron beam. It is known thst electron

beam irradiation significantly modifies the structure of a

propylens copolymer molcoule. The irradiation of propylens
copolymers  results  in chain  scizsian  and  grafting (or
branching) which can occur simultanscusly. e to a certain
level of Zrradiation dese, it is possible o produoce from =

lirear polypropylene copolymers molccule having been produced

using a ¥Yiegler-Makttz catslyst, a modified polymer molecule

CONFIRMATION GOPY
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L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(13)

WO 0I0Z205R PUTYEPOINTIOT

naving free-end long branches, otherwisc known as long chain

pranching.

I+ iz known that such leng chain branching drastically
mocifies fhe rheclogical behavieour of the polypropylene, for
example their elongaticnal and shear viscosity.

EP-A-067B527 discloses a process for producing 3 medified

polyveropylene in which pelvpropyliane ang a cross-linking agent
mixture are izradiated with ieonising radiation so as toe give
an abscrped dosage of 1 te 20 kGy, with subsequent heat-
treeting of the resulfant material. In Bxampic : it ia
disclosed that the irradiation conditions aave an accelerated

voliuge of 2 MW asd an electric current of 1.0 mA.

WO-B-97/08216 discloses a method for producing diene-modified
propyliene poiymers which are irradioted. Il is disclosed Lhat
t+he irradiation is preferably carried out wsing E-bcam or vy
radiation a:t a dosc of about 1 te about 20 Mrad for a few
seconds. It is diseclosed that polypropylane made be modified

wilh 2 diene ard then irradiated to cause chain extension.

EP-A-0634441 discloses a process for making 3 high melt

strength oropylene polymer by high energy radiation. Yhe dose

range disclesed as being from 1 to 10,000 Mrads per minute
and it iz disclosed that the ionising radiation should have
sufficient energy te peneirale ko the estent desired in the
mass of linear, propylene vpolymer material being radiated.
There is also discleosed the use of an accelerating potential
(for wn electron generator) oI 500 to 4000 kVv. Following the

izradistior step tie irradiated material is heated.

JP 2004-502800 A 2004.1.29
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EP-A-14908B9 discloses a prooess similar te thar of El-A-
0634441 in that it is disclosed that the acceleraling
potential of an clectron gonerator may be from 500 to 4000 kv,

BL-A-0YP9B39 slso has a similar disclosuze o BEP-RA-053444% and

discloses the use of an electron generator having aceelserating

potential of 500 kKo 4000 kV.

ERP-R-045.804 discleses a method of incresasing the molecular
weight of syndictactic polypropylene by irradistion in the
aksense of oxyagen. This specification dees not disclose any

energy range for the irradiation. The dose of the ircvadiatisn

may be from ©.1 te 50 Mrad. Rfter irradiation, the

Lelypropy.ene may be hested.

EP-B-0351866 has a yet further eimilar disclosure to EP-A-
0634447 and discloses Lthe wse of an electron generator having

an accelerating potential of 500 to 4000 kv,

US-A-5554665 discloses a process for irradiating polypropylens
to inorease the melt strength thereaf. An increase in the
meit strength iz achieved by decreasing the wmelt flow rate,
otherwige known aes the wmelt index. It is disclosed that a
linear propylene polymer material 1s irradiated wikh high
enerqy ionising radiation, preferably an electron beam, at a
dose rate in the range of from abouk 1 te 1x10° Mrads per
minute for a period of time sufficient for a substantial
amount of <hain =scission of Lhe linear, propylenc polymer
molem:le to occur but insuffiecient to cause gelation of the
material. Thereafter, the material is waintained for a period
ol time sufficient for a significant amount of long chain
branches to form. Finally, the material is treated to
deactivate substantially all free radicals pregent in the
irradisted material. It is disclosed that for an electron

heam, the electrons are beamed from an electron generator

JP 2004-502800 A 2004.1.29
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having an accelerating votential {(i.e. a&n energy) of from 500
te 4000 KV, Typically, Lhe polypropylens matcrial Lo be
irradiated 1is in particulate form asnd is conveyed on &
conveyor  belt  bepnesath an  eleectron beam generator which
continuoualy irradiates the polypropylens particles as they
are translated thersunder by the comveyor belt. The resultant
volysthylens has improved melt strength as represented by a
decrease in the melt flow rate. A disadvantage of the process
disclosed in US-A-5554668 is that the production rate of the
irradiated polypropylene is relatively low, becauze the speed
of the comveyor belt is low and only a small wvolume of
material i processed. Thig zresultg in 4difficulties in
commercial implementation of the process. Tn addition, the
gpecification diecloses the use of a very broad range of dose
rates i.e. from 1 to 1x10” Mrads per minute. Eigh dosc rates
of greater than about 46 Mrad ¢an result in a substantislly
fully cross-linked structure of the polypropylene. Such &
croza-linked gtructure is difficult to process.

EFP-A-03520773 discloses an  expandable polyslefin resin
compogition including polypropylene opticnally blended with
polyathyiens. In order to prepare a cross-linked foam, a
sheel. of expandable resin compogition 1s irradiated with
icnising radiation to cross-link the reain. The ionising
radiation may include electror rays, at a dese of from 1 to
20 Mrad. It is diselosed that auxiliary cross-linking agents
may be employed which iaclude a bifunctional monomer,

exemplified by 1, %-nonanedicl dimethyacrylate.

CS-A-2046666 and US-A-5605936 disclose processes for producing
irradimrted polypropylene. The latter specification discloses
the produetien of & high molecular weight, non-linear
propylens polymer waterial characterised by high melt strength
by high energy irradiation of a high molecular weight linear
propylens  polymer. it ie  disclesed tkat the idcnising
radiation for use in the irradiation step may comprise

electrons beamed from an  electron generator having an

JP 2004-502800 A 2004.1.29
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accelerating potential of 500 to 4000 kv. For & propylens
polymer material withoubl a polymerised dicne content, the dose
of ionising radiation is fxrom 0.5 ko 7 Mrad. For propylens
polymer material having a polymerised diene content, the dese
ig fxom 0.2 to 2 Mrad.

EP-A-08231018% discloses {the preparaticon of oross linkable
olefinic polymers which have been subjected to donising
radiziion. The specification exemplifies electronr beams of
relatively low energy and low doges to split polymeric chains
in order to graft silane derivatives onko the polyweric chain.
The specification does not addrese the pronlem of achisving

highk melt strength of polymers.

BP-A-05%19341 discioses the grafting'of vinyl wonomers on
parcioulate olefin pelymers by irradiating the polymer and
treating with a grafting moncmer. In an ecxample,
polypropylene ig irradiated with an electron peam having an
energy of 2 MeV and subsequently treated with maleic anhydride
28 & grafting monomar.

US-A-541195¢ discloses the production of graft copolymers of

pelyolefing in which a mass of olefin polymer particles is-

irradiated and thereafter the mass is treated with a wvinyl
menomer in liquid form. The ionising radiation dese is about
1 to 12 Mrad and the lonising radiation preferably comprises
electronz  beamed from an  electron  generator having an
accelerating potential of 500 to 4000 kV. The polymer is

first irradiated znd then treated with a grafting acent.

EP-A-07D2205 dizclozges the continuous production of
polypropylens mixtures of increased siress crack zesistance
and melt strength by the action of icopising radiakbion. The
cnergy of Lhe ionising radiation is from 150 te 300 keV and

the radiation dose ranges from ©.05 to 12 Mrad.

JP 2004-502800 A 2004.1.29
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It is  further known  that  wher irradiating isotactic
polypropylens which has Dbeen produced using conventicasl
Ziegler-Natta catelysbs, the irrasdiaition of the polypropylens
wilk an electron beam produces free radicals and there is a
compstition between chain scission and branching which is in
favour of chain scission. It iz kmnown %o use kranching
ageats, for example mulii-vinylic compounds, to displace the
eguilibrium towarde the achievement of branmching. Tor example
CA-B-2198651 disclases that kifunctienal, unsaturated manomers
can ope =zdded before and/for during the drradiatiocn. such
compounds may include divinyl compounds, alkyl compounds,
dienes or nixtures thereof. Thase bifunctionsal, unsalturated
moromers can be polymerised with the help of fzee racdicals
during the irradiation. Butadiene is particularly preferred.
CA-A-2198651 also discloses a continucus method for producing
polypropylene mixtures of increased stress-crack resistance
and melt strength in which a  leow-snergy electron bcarﬁ
accelerator with an energy of from 180 to 200 keV at =a
radiation dose of 0.05 te 12 Mrads is emploved. This prccéss
also sulfers Ifrom the digadvantage that the producticn rate of
the irradiated powder can be somewhat low for commercial
accepbance. Morcover, the polypropylene powder to Dbe
irradiated wugt e in the form of very fine particles.

The use of such braaching (or grafting} agents leads to the

disadvantages of increased cost and increased poss

environmental problems, in particnlar tomicity, as a result of

adding branching or grafiing agent to the pelypropylenc,

It: i= also known %o irradiate propyvlens copolymers of
propylens and diepes, for example 1,5-hexadiene, after their

polymerisation.

The present invention aims to provide a process for producing

propylens copoulymer resies, having impreved properties, in

JP 2004-502800 A 2004.1.29
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particnlar improved melt strengih, and also opticnally which

can be manufoctured al 2 high production rat IL is another
allm o0f +the preseat iovention to provide a process for
producing propylene copolymers which avoids the need for a
prauching or grafting reagent during or fcllewing an
irradtation step. It is alse an aim of the invenlicon to
provide such a process which provides substantially dncreased
leang  chainr branching on  the prop};‘lcne copolyner molocules
following the irradistion. It is a further aim to produce
random or heterophasic propylone copoelymers having improved

melt strenaglth.

Brccordingly, the present invention provides a process Ior
oroducing a propylene copolymer  having  increazsed melt
strength, the process comprising irradiating a copolymer of
propylens and ethylene which has besen pelymerized using a
Ziegler-Hatta cetalyst with an electren beam having an energy
af ut least 5 MeV and a radiation dose of at least 10 kGray
and melting a2nd mechanically procsssing the melt of the
irradiated ethylere propylene copolymer Lo farm lepg chain

branches on the sthylene propyiens copolymer melecules.

The present invention is predicated on the discovery by the
present inventor that high irradlatior energy eleciron beams
zause o wmodiFication of the rmoleculor weight distribution of
gthylene—propylens copelymers, for example by forming &
bimodal molecular weight distribution, which cap lead to an
increase in the melt slrength of the irradiated copolymers.
The use of such high energy irradiation can also enabls high
thronghput of ethylene-propylene copelymex te e irradiated
without the need for = branching or grafhting agent, therehy
naking irradiation more commercially useful and with reduced

envircnmsntal ox fLoxicity problems. The irradiaction causecs

JP 2004-502800 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(19)

WO 002658 PUTIEPOINTIOT
- g -

the formation of free radicals in the ethylens-propylane
copolymer chains particularly ot the cthylene sites in a
cropylene/othylene random  copolymsr chain. The secondary
carbon sites are more semnsitive to free radical formalion than
the tertiary carbon sites. Wnen tne lrvadiated polymer is
subsequently mechanically processad or worked in the melt, for
example by extrusion, 1n Lhe apsence of a grafiting or
branching agent this causes xecombination betwsen free
radicals, creating long chaln branching without thes need for a

pranching or grafting agent

Preferably, the propylena copolymer is irradiated at an energy
oi at leazt L0 MeV.

The propylenc copolymer may be  an  isctactic propylsne

copolymer, a syndiotastic propylene copalymer, or a blend of

isotactic  and syndiotactic propvlene copolymers. Most
warticularly, the copolymer comprises a random or heterc;phasic
ethylene propylene copolymer which has been polymerised using
@ Ziegler-MNatta catalyst [(hereinmafter referred to as "ZNiPF
copclymer') . The ethylene propylene copolymers may nave &
monomodal molecular welght distribuvion or a multimodal
melecular weighl dislribution, for example a bimodal molecular
weight distributien. The increasc in pelt strensth as a
resull of the irradiation process can yleld a melt sirenglh
for the ethylens propyleng copolymer which is similar to that
of & polyetbylene of similar melt flow index. This production
of higher melf strengtn propylsnc copolymers enables thne
propylsne copolymers to bhe used in s variety of different
applications where melt strength is required when the polymer
i5 processed from the melit, feor example in blew moulding,
blowing of £ilms, extrusion thermoforming and  in the

prodection of foams.
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The ethylene-propylenc copelymer may contain up fao 1) wt$
ethylene, wost particularly around 1 wt® ethyleno. Tho
ethylene-propylene cepolymer may bt & random block copolymer.
The ethylene-prepylene copolymer may be used as a matrix phase
of & heterophasic polymer which is  toughensd by rubber
particles, for example athylene-propylens copolymeb rubber

particias, typically in an amount of up to 30wts.

Tn the irradiation process, iypically the proepylene copeliymer
iz depeosilec onte a continuously moving conveyor snch as an
endloss belt, The propyvlene copolymer on Lhe conveyor passes
under an eleciron heam generator which irradiates the
prepylene copolymer. Preferably, the accelorating potential or
energy of the glectron beam is from 5 to 100 Mev, still more
preferabliy at least 10 MeV, vet more preferably from 10 to 23
MaV. The power of the electron beam generztor 1s preferably
fzom 30 to 500 kW more preferably for 120 to 250 kN The
radiation dose to wnich the propylens capolymer is subjected
is preferably from 25 to 30 kGray, proferably around 50 kGray
(10 kGray is equivalent ta 1 Mrad). The conveyor sSpeec is
zdiusted in order to achieve the desired dose. Typlcally, the
conveyor speed iz from 0.5 to 20 metres/minute, preferably
from 1 to 10 metres/minute, more preferably frem 2.25 o B.S

metres/minute.

A5 a result of the high irradiating poterntial of the electron
bezm, not orly can the conveyor speed be significantly higher
than in the prior art, but alsa the thickness of the
continuously moving bed of propylere copoliymer on the conveyor
csn be  relatively hkigh. Typically, the bed of proepylenc
copolymer has a thickness of up te 20 cm, most particulaczly

from 5 te 1G cm. The wbed of propylene copelymer on the

JP 2004-502800 A 2004.1.29
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conveyor typically haw a width of up Lo abeout 1 metre.

¥referzbly, the ilrradiation is earried out under an linert

arirosphere, such as nitrogen.

After irradiation by the electron beanm, the propylene
copolyner powder caia be annealed and then treated wikth at
least ore known  antioxldant additive. Thz anmealing
temperature may range from 50 to 150°C more prefeorxably from 80
to 120°C and the annealing time may raasge Irom 1 to 60
mintes, more preferably from 5 Lo 3D minutes. Thereafter ihe
propylens copolymer 1s  mechanically processed, e.g. by

extrusion, and grarulated.

In accordarce with a preferrsd aspect of the invention, the

irradiated ethy:ens propylene copelymers have increassd melt
strength. This particelar rheological property provides an
outstanding processing behavicour which allows the ebhylene
cropylerne copolymers produced in accordance with the inventior
<o he suitable particulariy  for producing films, shests,
fibhres, pipes, foams, hollow articles, panels and coatings.
The irradiated ethylene propylene copalyrmer also has improved
mechanical propertics, such as flsxwral medulus and impact
resistance, and improved rhkeoleogical proverties such  as

recovery compliance &nd relaxation time.

The invention wiil now be descriked in greater detail with
reference to the following non-limiting example and the

wccompanying drawing, in which:-

Figure 1 is a graph showing the molecuiar distributions oi the

random ethylene propvlene copolymer of Exanple 1 both bhefore

and following irradiation.

JP 2004-502800 A 2004.1.29
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In this Exemple, an isctactic random copelymer of propylenc

with 0.8 wt%: etbylene was procvced nsing a Ziegler—Natta

catalyst. The cepolymer had a mell flow index (MFT) of 0.3
dg/mirn . Tn this specification, the melt flow index (MFI) is
measured ny tThe procedure of ASTM b 1238 using a load of

2. 16kg at a temperature of 230°C for polypropylens.

The propyiene ceopplymer was then subjected to electren bheam

Prior to irradiaticn, the copolymer flufl was

ised with 2¢0 ppm TIrgapox 1076, In particular, the
copelymer was deposited onto an endlsss belt convoyor having a
spead of 2.2 m/minute. The copolvmer powder was deposiied
ont.e the canveyor having a thickness of 7 <m. The conveyor
conveyed the bed under a high energy high power electron
accelerator. Such accelerators are available ir commerce.
"he accelerator fad en energy of 10 MeV and 2 powsr of 120
kil. The copolymer powder was ilrradisted for a period of time
{determined hy the conveyor speed) sufficient to provide a
radiztion dose of o0 kGray. Turing Lhe irradiation, the
powder was maintained under argon (or nitregen} to exclude

oxygen.

After irradiztion, the powder was kept under nitrogen and was
Tixed with conventional antioxidant additives coemprising 700
pom Irganox 1010, 11C0 ppm Irgafos 168 and 400 ppm calcium

stearate.

After the addition of the antioxidant addiltives, ths powdsr
was extruded and granulated at P20°C  under an  argon

atmosphere.

JP 2004-502800 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(23)

WO 002658 PUTIEPOINTIOT

12

The wroperties of the irrgdiated xandon  polypzopylens
copolymey of Example i and of the initisl non-irradiates

copolymer are shown in Table 1.

The MEI of a sample of the initisl non-irradiated copolymer of
Example 1 and of a sawple of the copolymer of Example 1 after

hawing been irradiated were measoared and the rosuvlils ere shown

in Tabie 1. The jrracdiation dose increesed the MPI but wl

an acceptable range.

in addition, Ifor the irradisted sample of Txample 1, the
molacvlar weight distribution was determined by gel permzation
chromatography and the resultant melccular welght distribution

curve 1s shown In FPigure 1.

It mavy be seen that the irradiation cavses a shifting to the
lower molecular weight side leading to 2 decrezse Iin the
average moliecnlar welgbt. Morecver, a sscond peak in the
molecular weight distribution on the hign wolecular weight
side appears in the high melecular weight reglon, leading to a
bimoda: wmolecular weight distribution for the irradiated
random polypropylene copelymer. Thus the high irrcadiation
dose at high molecular weight causes the formation of large
melecules giving a second peak in the highk meolecuiar weight

end of the molccular weight distribution.

It is believed that itwo actions occcur simultanecusly as &
resulf  @f the irradiation. Chain scission  which is
represented by the low molecular weighi peak causes shifting
of the peak towards lewer molecular wolght as the irradiatien
doze increasss. The width of the low molecular weight peak is
decreased by the irradiation. In adeitieon, the formation aof

long chain wranching leads to the appearance of a nigh

JP 2004-502800 A 2004.1.29
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maiecular  weight  peak  which extends towards the lower
rolecular welght side. The dispersion index D decreascs LFrom
8.5 for the unirradiated polvpropylene copelymer to =&
dispersion index of 7.2 for the irradiated polypropylene
copolymer. The Irradistion culs the polymer chain but af the
same time parmits more recombination to form branchad polymers
naving a high molecular weight at  increasing dirradiation
GDses. It is believed that the ethylene silez in the polyner
chain are more sensitive to free racical formation, thereby
erhancing the long chain branching and lsading to o bimodal
molecular weight distributicn. The difference hetwesn the
non-irradiated and irracieted materials can be expressed as
the % area above the wasximum peak value [Mplin the molecular
welght distribution eurves. From Figure 1 and Table 1, ik may

bz seen that the properiion of %he material having a molecular

weilght greater than Mp was 45%.5% for the won-irradiated

material and 57.2% for the idrradiated material. For the gel
nermeation chromategrapay of branched meoleculies, the measured
molecular weight tends teo be underestimabtod compared to linear

nezleculas .

The melt strength of the upirradiated polypropylene copolymer
and the irradialted polypropylene copolymer of Exemple 1 was
then measursd at 210°C and 250°C. The wmelt strength was
measured using a CBAST rheometer [Rheoscope 10000 eguipped
withh @ capillary die and a rotating wheel as 2 take-up device.
Molten polymer was extruded through the capillliary die by
application of a pressure resuliing from the displacement of a
pisten.  The molten extridate was vniazially stre:iched before
crystalliisation by wrapping the fibre around the rotating
wheel. Ln the test, the piston displacement rate was fixed and
the specd of the rotating take-up wheel was lipearly changed

2% constant acceleration until the fibre, becoming very thin,

JP 2004-502800 A 2004.1.29
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Brezks.  The tensile force was recorded during the test. The
tost was run with a cylindrical die having a .engih/diasmeler
ratic of Smm/lmm. The diareter of the rotating wheel was
120mm and the displacement rate of the pisten was Z2sm/min
giving an extrudate throvghput of 2. 36me’/min. The
acceleration of the rotating wheel was constant at 10 rpm/100
seconds, or 0.000628m/s’. The extrusion temperaturz was 210°C
or 259°C. puring the melt strength experiments, the recorded
force rapidly obtained @ constant  valve that rensined

independent of wheel rpn up to rupture.

The melt strength was defined as the maximum *ensile force
recorded during the experiment. The melt strenghbh values for
the unirradiated and irradiated pelypropylens copolymer
samples are shown In Table 1. 1T may be saen that the nelt
strengitn increases with irradiation. Trom the GPC analysis,
the molecular weight of rancom polypropylens copolymer
increases with the irradiation doss, and the increase in long

chain branching correspondingiy increased the mell strength.

Taple 1 shows the activation easrgy for the wunirradizted
copolymer and the irradiated copelymer of Exampla 1. Tha
activation encrgy represcnts the energy necessary to activate
the molecuole to move in the meit. Iz may be seuzn that with
srradiation, the activation energy increases. Thiz indicates
that long chaipn branching increases with irradiacicn, 3since

this is manifested in the increased activation snergy.

CCMPARRTIVE EXAMULE 1

JP 2004-502800 A 2004.1.29
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In this Comparative kExample 2 propylene homopelymer was

at a oose of &0 kGray and a grafting agernt
comprising 2500 ppm tetravinyl sllane was added prior to
irradiaticn, The properties of Lhe resultant  polymer of
Conparalive BExample 1 were tested and the results are shown in
Table 1. It may ke scen thal even with the addition of =
branching or grafting agent to the polypropylene homopolymer
in accordance with Comparatlive Fxample 1, the melt strength s
Lowered as a resplt of the irradiation and also  is

gnificantly less than that for Exzample 1. The activaticn
energy of the irradisted peolypropylens homopolymexz of
Compirative Fxawmple 1 is also reduced as compared to bExamsle

1, showing reducec long chain hranching.

JP 2004-502800 A 2004.1.29
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TABLE 1
T T ERRMPLE 1 COMPARATIVE E¥AMPLE I |
‘l'— "7 TPolymer —"Wlxrxm_ia}.a? | TInitzal | Irzadiatead |
Copolymarn Copolymer Copolymer Copolymar

IIrl:adﬂiatiUn dus&_(.ma);) 0 [ O an 1
TC2 (wty) e~ |- fs | T ¢ | T @ ]
fr'l‘etravx:]yl silane {ppm) 0 0 2500 2500
|HFT (@g/minl 9.z 1.8 17.3
B0 (kD T =1 T
lMp {kT:a) 130 T T ER
M [xUa) T T B T T
wr otxay T L4558 ‘ =
A ) ‘ N *
[l EN N = E

Melt Girength @ 210°% 13.2 33 - -

) I
I}%eit Strengtan &  250°%C 5.3 | 2 i ’_' T
(mn)

Lz (kd/mole) 30 EEE] AT T R ‘\
v > Hp 45.5 | Bi.z B - J
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CLATHS
1. A process for producing & propylene copolvmer GEving

increased melt strength, the process comprising irradiating a
copolymer of propylene snd cthylene which has been polymerised
wsing s Bicgler-Natta catalyst with an electren beam havipgy an
energy of at least 5 MeV and a radiztion dose of at least 16
kGray and meliing and mechanically processing the melt of the
irradiated ethylene propylenc copelymer to ferm long chain

branches on the elhylene propylene copolymer molecules.

Z. B process accerding te claim 1 wherein the eleciron beam

hes an energy of ot least 10 MaV.

3. A process according teo claim I or claim 2 wherein the

ethylene-propylens copolymer camprises up to 10 witi sthylene.

4. 2 proccss according to ¢laim 3 wherein the ethylena-—

wropylene copolymer comprises around 1 wti etnylens.
5. A process according to eny foregeing claim vwherein the
elhylene propylene copolymer is al Jeast one of the matrix

phase ard the dispersed phase cvf a helercphasic poiymer.

6. B process according te any one of claime 1 to 4 whorain

the ethylene-propylens copolymer is a random block copolymer.

JP 2004-502800 A 2004.1.29
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