Propyl ene- et hyl ene copol yners and process for their
preparation The present invention refers to
w@rapphBee- et hyl ene copol yners and to a speci f PCI/EP2006/068354
process for their production. In particular, the
present invention refers to propyl ene-ethyl ene
copol yners that are flexible and show a very good
bal ance between softness and nechani cal properties in
their crude state. The el astoneric propyl ene-ethyl ene
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properties. However, generally the titanium based
A) is atqpilirgdt thesbopmducthbse @ fpolgdnded with a more crystalline polymer fraction
and then cured to create thermoplastic vulcanized polyolefins (TPO-V). On the other hand,
the titanium based Z/N catalysts, in view of their stereospecificity, are able to generate long
isotactic propylene sequences and the deriving propylene-ethylene polymers exhibit good
mechanical properties. However, generally the titanium based catalysts do not have a good
capability to randomly distribute the comonomer in and among the chains and therefore the
quality of the rubbery phase is not particularly high especially when the ethylene content is
higher than 15%. In these conditions in fact, the fraction of crystalline ethylene copolymers
produced starts to increase and correspondently to deteriorate the properties of the rubber.
It is known that in certain conditions also ZN heterogeneous titanium based catalysts are
able to provide elastomeric amorphous polymers. USP 6,084,047 discloses amorphous

elastomeric copolymers obtained with the use of said catalysts. The amorphousness and the

clastomeric properties are obtained only by incorporating into the propylene-cthylene
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Whe?eo{lllteetgrtnperature resistance is required. The problem of the presence of crystallinity
deriving from polypropylene as opposed to that of polyethylene type was already recognized
in USP4,928,721 in which the propylene-cthylene copolymers obtained have a lower
cthylene content (lower than 50%wt) and superior mechanical properties. However, the
softness of the copolymers is not sufficient as evidenced by the values of the Shore A at
room temperature which is always higher than 75.

It is therefore still felt the need of propylene-ethylene copolymers having a balance of
mechanical and elastomeric properties suitable in particular for the use of these products as
such.

The object of the present invention is a propylene-ethylene copolymer comprising from 10
to 50%wt of ethylene and from 50 to 90% wt of propylene characterized by:

- product of the comonomer reactivity ratio r1+r2 <1.5;
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their mechani cal capability with the increase of the
tenperature thereby preventing their use in
applications where the tenperature resistance is
requi red. The problem of the presence of crystallinity
deriving from pol ypropyl ene as opposed to that of
pol yet hyl ene type was al ready recogni zed in
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streIPg?ﬁ Eltl bcrgallkae{rle ¥:01]1'p71éc% Ofg?\ﬁl'e cggﬁy&ggoolf){gee{n%emion, with low values of Shore
A which indicate that the product is soft. In particular, the Shore A is usually lower than 80,
preferably lower than 75 and more preferably lower than 65. As explained above,
particularly interesting are the copolymers showing a Shore A in the range from 50 to 75
combined with a tensile strength at break higher than 5 MPa and preferably higher than 7
MPa.

In addition, the propylene-ethylene copolymers of the invention are characterized by a
molecular weight distribution (MWD), determined via Gel Permeation Chromatography
higher than 3 and preferably higher than 3.3.

It is also interesting to note that the propylene units are basically contained in long isotactic
sequences. In fact, their content in form of isotactic triads (mm%) determined via C>-NMR
is higher than 90%, preferably higher than 95%, and more preferably higher than 97%.

In spite of that, the copolymers of the invention show a very low amount of coarse
crystallinity which in some cases is even totally absent. Their melting temperature peak in

fact, is in many cases not detectable through DSC measurements or they show broad peaks
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and completely amorphous, rubbery, polymers. When added as a modifying component the
copolymers of the invention are usually present in amounts of less than 50%wt with respect
to the weight of the total composition. These compositions can also be used in several
sectors such as automotive, industrial and consumer appliances, and electrics. Particularly in
the automotive sector, preferred compositions would be those comprising (A) from 5 to
35% of the copolymers of the invention and (B) from 65 to 95% of a crystalline propylene
polymer optionally containing up to 15% of ethylene or higher alpha olefins different from
propylene, the percentages being referred to the sum of A and B. Particularly preferred are
the compositions in which (A) is from 10 to 30%wt and (B) is from 70 to 90%wt.

As it is known in the art, conventional additives, fillers and pigments, commonly used in
olefin polymers may be added (both to the polymers as such and to the deriving

compositions), such as nucleating agents, extension oils, stabilizers, mineral fillers, and
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the faagy H®BN130W. Therf@sd tehﬁt[bnomedlﬁmam’éfeﬁfbl}ac@mpﬂi@tsIaUlciulch Bydrocarbon
bet ween crystalline and conpl et el y amprphous, rub
haviggp\heding Pojpety agawaera%prﬁsmhlfgwrn@a% éPr&) ﬁ%fﬂ%@referably higher
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anounts of |ess respect to t
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The %&g?lr?ts(l)ft ;I)ociyrflrfler\l\gll;solved in thg ?flulcc:iorgfcr‘uloilnqulum 1s ggr?errr;llly a compromise
between the target of maximum productivity of the polymerization and the operability of the
reactor which becomes troublesome when the polymer concentration is too high. In the latter
case in fact, the viscosity of the solution does not permit an efficient stirring and the heat
removal is problematic. Variations of the polymer solubility may also derive from
production of polymer with different molecular weight (polymers with higher molecular
weight are generally less soluble) and different chemical composition (by varying the
ethylene content also variation in polymer solubility may be observed). For all these reasons
it is important to have an inert reaction medium that ensures the polymer solubility over an
as wide as possible range of operative conditions (polymer concentration, polymer molecular

weight and polymer composition). It has been observed that for the preparation of the

polymers of the present invention cyclohexane is the preferred reaction medium because it
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The internal electron-donor compound is preferably selected from esters and more preferably

from alkyl, cycloalkyl or aryl esters of monocarboxylic acids, for example benzoic acids, or
polycarboxylic acids, for example phthalic or succinic acids, the said alkyl, cycloalkyl or aryl
groups having from 1 to 18 carbon atoms. Examples of the said electron-donor compounds
are diisobutyl phthalate, diethylphtahalate and dihexylphthalate. Generally, the internal
electron donor compound is used in molar ratio with respect to the MgCl, of from 0.01 to 1
preferably from 0.05 to 0.5.

The preparation of the solid catalyst component can be carried out according to several
methods.

According to one of these methods, the magnesium dichloride in an anhydrous state and the
internal electron donor compound are milled together under conditions in which activation of

the magnesium dichloride occurs. The so obtained product can be treated one or more times
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conmpounds in Ziegler-Natta catal ysi's. i's Known
titantume sempennsinefs formata T%@ngmewh@mtmsmbn@@w of gitpjupe and y is a

num{)grrbe Veen zi’jtll%i Pe@ec%g tly %C Wit & Bl%rgrtles}urﬁl chloride deriving from an adduct
of formula MgCl,#pROH, where p is a number between 0,1 and 6, preferably from 2 to 3.5, and
R is a hydrocarbon radical having 1-18 carbon atoms. The adduct can be suitably prepared in
spherical form by mixing alcohol and magnesium chloride in the presence of an inert
hydrocarbon immiscible with the adduct, operating under stirring conditions at the melting
temperature of the adduct (100-130°C). Then, the emulsion is quickly quenched, thereby
causing the solidification of the adduct in form of spherical particles. Examples of spherical
adducts prepared according to this procedure are described in USP 4,399,054 and USP
4,469,648. The so obtained adduct can be directly reacted with the Ti compound or it can be
previously subjected to thermal controlled dealcoholation (80-130°C) so as to obtain an adduct
in which the number of moles of alcohol is generally lower than 3 preferably between 0,1 and

2,5. The reaction with the Ti compound can be carried out by suspending the adduct
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conponents of catalysts for the polynerization of
ol efins are characterized by X-ray spectra in which

wo b@70eB61 | nt ense diffraction |ine that appearBCT/RP10h€068354
spectrum of the non-active halide is dimnished in
intensity and is replaced by a hal o whose nmaxi num
intensity is displaced towards | ower angles relative
to that of the nore intense |ine. The preferred
titani um conpounds used in the catal yst conponent of
the present invention are TiCd and Tid ; furthernore,

(deaRbRélattd ohad arhyh@IdTEY, (gfenér@lmoﬂca thie (GRJuRe i KeatcMap i€ 80-130°C
nis the valence of titanium i s hal oge preferably

and ket gt thisdemperatuge fog 0@-Jieuse e é@m@ﬁt wb?{&?h casbgcapged out one or
mord $i ‘El.lelﬂté}h r&@é‘[ lcﬁ)ﬁ&r Al rcag %@pﬂld@(g d{n? e%’ gbel t)r/eatment with

pre era y Se ecte fron1esters an nore pre
TiCH, ridmtahiydnt witl dleaddckph domorapinpowsitean e odpeated one or more times.

nmonocar boxyl i c acids, far exanpl e bengzoi ids, or .
The ﬁW§@39%8 %ta[l}ist Sppients g splig Ifgmﬂ)hgt é‘fr%ég gqr f‘galglefer}p European

Pateﬁtc' %phéalﬁenssam ABkyis3, CY P RAIsKYH5, OfEfaM§53Q09UIOEPA 601525 and
having from1 to 18 carbon atons. Exanples of the said

WOg3/é¢ion- donor conpounds are di i sobutyl pht haI ate

di.et h ht ahal at n
The Solf AR LIRS st SR K R aBh TR g surke® arca by
B.E.TatrethoW fgéhefaﬂwﬁﬁz&eehqotdﬁa ﬂvb%z/gvﬁncf ﬁr@f@rﬂﬂ)@ﬂ)eﬂw@erﬂﬁo and 400 m*/g,
preferably fromO0.05 to 0.5. The eparation of the

and § R kposeRi (hx B-BInpesthedi hl@b@f then Baran Gpre(Frabhe be@eng2 and 0,6
cm }fghe 0% |(EIE1"EE|(E@(%P dﬁg ‘E o%mrtﬁ Padﬁggllp% 16 B Q@e&]%lgrdr%réges from

or| |n an an ous S

0.3 tbﬂtSecrnif’ag pmfmblytmnd@nﬁ)to canpgund are nilled toget her
under cond|t| ons in whjich activation of the ma%nem um
The gprgptQypluanee cenoutth eiss Bredselly nehpspt oipsg hen tplkyl aluminum

comt)&ﬁﬂg 8810 Ex el%trge% an %l%%&ll%ﬁ?@ﬁﬁutﬂfﬂua gkn?tgutﬁalummum,

enper at ure tr eat nént
tri-nfhekylolvedniy, mghbatglalumimhn hyldlr o aalonpessibleentos usat inhixtures  of

A e N .

sesqRBBEG S UWIICH QfF 48 ahd ARR;@Nhydrous state, the

The external donors (C) are preferably selected among silicon compounds of formula
Rast6Si(OR7)c, where a and b are integer from 0 to 2, ¢ is an integer from 1 to 3 and the sum
(atbtc) is 4; R®, R®, and R’, are alkyl, cycloalkyl or aryl radicals with 1-18 carbon atoms
optionally containing heteroatoms. A particularly preferred group of silicon compounds is that
in which a is 0, ¢ is 3, b is 1 and R® is a branched alkyl or cycloalkyl group, optionally
containing heteroatoms, and R’ is methyl. Examples of such preferred silicon compounds are
cyclohexyltrimethoxysilane, t-butyltrimethoxysilane and thexyltrimethoxysilane. The use of
thexyltrimethoxysilane is particularly preferred.

The electron donor compound (C) is used in such an amount to give a molar ratio between the
organoaluminum compound and said electron donor compound (c) of from 0.1 to 500,
preferably from 1 to 300 and more preferably from 3 to 100.

The following examples are provided in order to further illustrate the present invention and

should not be construed to limit in anyway it.



titani um conmpound and the internal electron donor

conpound is treated wi th hal ogenat ed hydrocarbons such
W@2002/02736i chl or oet hane, chl orobenzene, di chl or BOTEEPENE068354

etc. The treatnment is carried out for a tinme between 1

and 4 hours and at tenperature of from400C to the

boi i ng point of the hal ogenated hydrocarbon. The

product obtained is then generally washed with inert

hydr ocar bon sol vents such as hexane. According to

anot her net hod, magnesium dichloride is pre-activated
EXAVKPARE ng to well known net hods and then treated with

an excess of TiC at a tenperature of about 80 to 135C

tEHZ ains, in solution, an internal electron

Cong)gg%{l; g%und. The treatnment with TiC 4 is repeated
idis washed with hexane in order to
The ebinpbsitibe ofirthyhmo/prepddneccopbGintrs Aaf detehainedidly HOd NMR analysis
ri ses ere bet ween nesi um al co at es
carrgg n@h}lﬁ%a l%ah?ﬂ 13?%34005 WP Ely aPhP CHPSTEE %’fgfé& §§e<§l samples
prep%{e%?%rcﬁﬁoﬁgﬁé) LhuRgo fn&ﬁ&f I%'lylﬁelzl%% o) oﬁﬁgjeu?é?at%& &&=ehloroethane.

corrprl Si ng e internal electron donor
The mﬁgmwm mecoodadt vath it bllpwn‘;gepataum@mfR@lbwtonsﬁelm— 12 sec,

Nunp 8 s SRS 0b p s RENE RS HTR B dhlfipfigt hltne wALTZ 16

as dédot@m%.lgsqg@[{gpound of formula T| (OR) n-yXy, V\,here nis
the valence of titaniumand y is a nunber between 1

The gmepunt Oéreémém@ba@d Prapylenevivers %btwagdwé@nm itiech dsrilpsion using the

metlgrg&.ﬁ:gig bbe g(gd(g%% gfdﬁ% pre’f g?gkl)\flfﬁg;%m erﬁ/h?atake T

MacBorEoleaﬂds R98% /&, hysdy ocar bon radi cal having 1-18 carbon
ons. The adduct can be suitably prepared in

The §’|5<Hjé1ﬁ elalcagtiyiitn 1690 fifx Mg CAlPRIBlRE 1 ACetTEingelg fmain(C.J. Carman, R.A.
Har&%ﬂ g v% sg ag@?ecﬁfes afy7h N ts3gy g ocar bon

e Wlt uct, operati’ng under stirring

con |EEqup§Eat IEEEngEe rature of the adduct
nr, 1 l dilon is quickly quenched,
he

t her by cau5| soI [ d| f| cation of the adduct in
The tQ#iBXPbf ?ﬂéb?l’éh@ Mqubrdel nek eslculEeanPhes cohtesPR&f itedlatio of the PPP

mmTgg (28.90-29.65 ppm) and the whole Tgg (29.80-28.37 ppm)

Determination of the regioinvertions: determined by means of C”°-NMR according to the

methodology described by J.C. Randall in "Polymer sequence determination Carbon 13 NMR
method"”, Academic Press 1977. The content of regioinvertions is calculated on the basis of the
relative concentration of S.g + Sgg methylene sequences.

The intrinsic viscosity [n] was measured in tetraline at 135°C.

The differential scanning calorimetry (DSC)

Calorimetric measurements were performed by using a differential scanning calorimeter
DSC Mettler. The instrument is calibrated with indium and tin standards. The weighted
sample (5-10 mg), obtained from the Melt Index determination, was sealed into aluminum
pans, heated to 200°C and kept at that temperature for a time long enough (5 minutes) to
allow a complete melting of all the crystallites. Successively, after cooling at 20°C/min to -

20°C, the peak temperature was assumed as crystallisation temperature (Tc). After standing
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adducts prepared according to this procedure are
described in USP 4, 399, 054 and USP 4, 469, 648. The so
w@bdoaiosmel adduct can be directly reacted w th PECEER006/068354
conmpound or it can be previously subjected to therma
control | ed deal cohol ati on (80-1300C) so as to obtain
an adduct in which the nunber of noles of alcohol is
generally lower than 3 preferably between 0,1 and 2, 5.
The reaction with the Ti conmpound can be carried out
by suspendi ng the adduct (deal cohol ated or as such) in
5 miy@ted ali0er, (lgenaipid s GR&Ed td 26010 Xt birrgtei of Zﬂ)@@hﬁﬂi Up thi® second
80- 130 0C and kept at this tenperature for O,
heatijg b, thy peaki [CWRETHEIE W afumedns B ngdempprafuse (Tﬁ}i anghge arca as
Thay nternal el ectron donor conpound
the @g%%ﬂzh%%%% 2{ ‘the treatnent with Ti d 4. rT.'?he

The trhel@tutBintveitht Rlidifigut@ine@hs dotednined BOGPQUREtoedg he the following
repeated one or nore tinmes. The preparation of

meﬁ@&t MNglseulaomsighisntad melecyke rW%lalllt dlé'irml%n Jese rngssred it 145°C

i e e R R L T (AP T A R R0 foc cotumns

TosdHeas SES K dG il AHEE havinp oneattislcobizaiafe aocofitd dgndémsions of the
t he above nethod show a surface area (by B.E T. .
colupgé hiyelyY gdher ol Wn@eﬂb@eﬁl%emsgweﬁgmw FAgpum distilled 1,2,4-

Trichio ?Jb%ﬁ%%%ggﬁgﬂ%fﬁbe%v@ (ge é/ggk(gﬁ/ag'l O%qlqmgi ;[ﬂ% ?%nlng}g solution was

porosity than
preppredf by dhyndetwsanple, Endendtitrie anMg5°(The POBoKirt two Hgurs. The

condialigne i Faniel v a0 deqratanics. (L /g reaghsy resol we

adddd’ @%@ ﬁ‘@ ot Qotutibh fi &8 -initBEJ GHOGARL -RBIHH SUMAC ATRRPMRA difve was
preferably chosen anong the trial kyl al um num

obtamdm@mgd@ mlchyrese ftardask samples (Haki€iahkit &l PoilymenLaboratories) with

moti o AR e ko PO o oD AR vo pies pards witn

peakP@fotédal# & Eights 8f Mi18O0008Saf 18200806 Yiréth Uit NddMleSmwhidifcturer were
aIkyIaIun1nun1haI|des al kyl al um num hydri des or

inclygeldylt anag gpsomed Sleas g 1§ elbyes obdie Mark- }ESIW\?JEfCIﬁIOHth WaRjre:
K=T2151% ﬂfﬁ&ﬁét o Pne RoBs Bk RE faRaFhg 2 Y

K =2.32-2.43x 10™ dL/g and o = 0.725 for the samples

A third order polynomial fit was used for interpolate the experimental data and obtain the
calibration curve. Data acquisition and processing was done by using Millenium 4.00 with
GPC option by Waters.
Melt Index:
Melt index (M.1.) are measured at 230°C following ASTM D-1238 over a load of:

2.16 Kg, MI E = MI» 1¢6.

Xvlene solubility (XSRT):

The solubility in xylene at 25°C was determined according to the following modalities:

about 2.5 g of polymer and 250 ml of o-xylene were placed in a round-bottomed flask provided
with cooler, reflux condenser and kept under nitrogen. The obtained mixture was heated to
135°C and was kept under stirring for about 60 minutes. The final solution was allowed to cool

to 25°C, under continuous stirring; it was then filtered off and divided in two portions of 100 ml
10



Ra5Rb6Si (OR 7)c, where a and b are integer fromO to
2, cis an integer from1l1l to 3 and the sum (a+b+c) is

W@ 200R0573686, and R7, are al kyl, cycl oal kyl or aPgi/EP2006/068354
radicals with 1-18 carbon atons optionally containing
heteroatons. A particularly preferred group of silicon
conpounds is that in which ais 0, cis 3, bis 1 and
R6 is a branched al kyl or cycloal kyl group, optionally
cont ai ni ng heteroatons, and R7 is nethyl. Exanples of
such preferred silicon conmpounds are

cachc Y&¢ ahexylltion Wit faporsict ane nittogul ﬂthat Mﬂ?ﬂt@ xyfehlaagdfstant weight;
and thexyltrimethoxysilane. The use

the Wéb&wftthq SPRtbORSFEPT Wancalanlaiad 6X%%T>aifh§/ lafpraywesy treated wighe200 ml of
e o

acet@de 51%({/ gl% aﬂ@&? tat&d ga?\g@g éx)t(a\%\:/)erg%o%teﬁﬁergrr glgrﬁlgla E&@L&lﬁ%ﬁ%% C under

Vacumﬁrrpmnd 1513 dw&ghtd th¢ eatiquan ofopdymenrinzolubtt (ic)acotond rionealculated
éﬁto 500, preferably from1l to 300 and nore

(mn%P USPaBly from 3 to 100. The fol | owing exanpl es are

ShoR(RY hid&Girdd w5 HR tb s ¥ed her illustrate the present

rnventi on and should not be construed to limt in
Conmmaswiay séttl OFXAVR TG D394 mcthed Bzape bn Conpnoner cont ent

Tenggir st IDROaASy ML B AR AR SR SO ZNa ng o
Ten S 85 RPAAAP 3RS SLLATEL G RlodipbGIREs st e of 120

oft sanpl es prépar I SSO of

ElorR@diot e brdak: 180652Tlusiy adipsletite typt 8d ah@h bﬁﬁ@h&tﬂ@@éeﬁ&ﬁ 800mm/min.
The spectra were recorded with the foll ow ng

Tensilg stgnatia fsresspab besak: i 9fA Sa%paygasnaclrg@btypqxﬁ%ﬁ@%aémsgl@%ﬁs@peed of
&QQQG%ﬁTO Pul se width 90. Broad Band decoupl i ng
usI ng Z 16 as decoupling sequence. The anount of
Exanipislle6e and propyl ene were obtained fromtriad

In o A0S RE NGRS Wit THSTARY D 17 ok Sl 1O 1200 mL of

cyclohexane and 0.63 mg of triethyaluminum were mtroduced at 30 °C. The autoclave was

closed and the temperature was raised to 98 °C and ethylene, propylene and hydrogen
(amounts reported in Table 1) were added. A weighted quantity of solid catalyst precursor,
prepared as described in example 2 of US 6,127,304, was activated in 20 mL of
cyclohexane with 70 mg of triethyaluminum and an amount of external donor such as to
give a Al/donor molar ratio of 20. After 5 minutes the catalyst suspension was injected in
the autoclave by nitrogen overpressure. The internal pressure was kept constant for the
entire polymerization test by feeding an ethylene/propylene mixture having nearly the same
composition of the copolymer under production. After 30 minutes the copolymer solution
was discharged from the autoclave and the monomers removed. After evaporation of the
cyclohexane, the polymer was recovered and carefully dried at 70 °C under vacuum for 8
hours. The characterization of the copolymers is reported in Table 2.

Example 7

The same procedure according to examples 1-7 was used with the difference that the solid

catalyst precursor was prepared according to the disclosure of Example 42 of W000/63261
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Macr onol ecul es, 1982, 15, 1150) The product of
reactivity ratio 2 was cal cul ated according to Carnman
w@ az/ofasnman, R A Harrington and CE. W kes, PCT/EP2006/068354
Macr onol ecul es, 1977; 10, 536) as: The tacticity of
Propyl ene sequences was cal cul ated as mm content from
the ratio of the PPP mmlpp (28.90-29.65 ppn) and the
whol e Tbb (29.80-28.37 ppm) Determ nation of the
regi oi nvertions: determ ned by nmeans of C13- NWR
according to the nethodol ogy described by J.C. Randal |
and it nBekni ddequens asderas gharatteamticardiahe ¢spdNMRer is reported in
nmet hod", Acadenic Press 1977. The content of
Table 8@| oi nvertions is calculated on the basis of the
|&td_ye¢ concentration of Sab+ Sbb nethyl ene
guences. The intrinsic viscosity [h] was neasured in
The tsmhe @kcbcﬁd!uratacdﬁﬂﬁg td eeadples éF?éWm; asedswialn rhiendjfference that the solid

al orinmetr | orj.metri sure ts e
catalysh Pros e %@dc%car THEOS °§Er§ﬂ%m8rﬁﬂ PhBie0/63261
and @ﬁ@tﬂ@ﬁ&l&ﬁ&maﬂaﬁ of "é§£rﬁb’1@elrﬁ)t lalted Galy! f)j"ﬁﬁrﬁﬁesV\”ThQ chzﬂgét&‘ﬁatlon of
tin standards. The weighted sanple (5-1
the @bphmn:eSJIISfrcmeﬂh@Tmth | ndex determ nat| on, vvas seal ed
Exa fl um num pans, heated to 2000C and kept at that
F%’li%% ature for a tine |long enough (5 mnutes) to

A Aetiicd] CBIFRY ete8mpEkihl NB0Ofbwal bf t e cemtddlly t 8filable isotactic
Successively, after cooling at 20C/mn to - 200C

t he
polypwleménlyén%mwf@ermgwagsm HRa€230r /2t 14 seft ilgnand 20% of the

copolgﬁpﬁgeﬁ{v‘\[’ggs ? ea eI%:I pﬁgl‘ilg%b%ﬁg?}dggée il lf%lee Eg%t—:dlgg %’f e&ﬂ%ples 1-6,
hav1h§llaﬁ csigdanrccdneat bnNg1 9 and be ipdakc tv&ﬁﬁﬁfy&tﬂﬂ @3 was prepared. The
sunmed as nelting tenperature (Tn) and the area as

Charﬁ%r@tleaaiftwompﬁgﬂﬁ@aﬁrﬁpwd(q}w Phe nol ecul ar wei ght

RSN s determ ned by GPC according to the
CO"%E‘S{FSSW ng E%d Mol ecul ar wei ghts and nol ecul ar

A nmehaytual bllesdl rcoimpnsmg 36k ef arbetswpbabiatopbdfGeusinmgniag 45 parts of a
crls@:!ﬁng 2(1)1?’3811 %%tgr pnatrts((\)/}él ; e&?)c gu%bpp evszjas\Mprepared The

characterization of the composition is reported on table 3.

Exa

Table 1
Example |  Catalyst gp |Fropylene | Ethylene 1\ 1 1 | view
Fed initial fed

mg type G g g [NmL] °C | Kg/g

1 6.6 D 43 19 11 | 250 | 100 | 12.0

2 5.6 D 23 21 7 250 (100 | 12.3

3 7.8 D 79 18 | 154 | 550 [ 100 | 12.2

4 6.4 T 40 19 10 | 250 | 100 | 12.8

5 6.7 T 40 21 12 | 250 | 100 | 14.3

6 16 T 30 24 10 | 300 | 110 7.8

7 12 absent 38 8 7 100 (100 | 71
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TosoHaas TSK GWHXL- HT having a particle size of 13 mm
The di nensi ons of the colums were 300 x 7.8 mm The

worebrlog73phase used was vacuumdistilled 1,2, 4-PCT/EP2006/068354

Tri chl orobenzene (TCB) and the flow rate was kept at
1.0 M/ mn. The sanple sol ution was prepared by
heating the sanple under stirring at 145C in TCB for
two hours. The concentration was 1 ng/m. To prevent
degradation, 0.1 g/1 of 2,6- diterbutyl-p-cresol were
added. 326.5 nlL of sol ution were injected into the

gol umm sefs.; A cal iprati oggeur yeyas opt ag,oﬁed1d63| g 10

nr\l \I bt vVrene St nnr*lnrr*l nrml es l:ncw ( nl Ll + his | \lrmr
_=lAJT LY ”

TO T L S

abof ator1i4e15) wi t hT o) ec @Bar heilght (21 1 508 ‘rQQngé‘Ofrom
9280 1o 75Q9000; [addi t] onahly twe, of hey [sfgndajpds sw tlh
peak!nol ecul ar wei ght! of 11600000 and 23200000 from
t he same manufacturer were included. It was assuned
D= &lp%loﬂegg,mgm\ég{og;&a% t he Mark-Houw nk rel ationship
X 10 4 dL/g and a = 0.706 for the
1’Abbﬁysﬂhybm@né}ﬂndamdwxxsin@ 32-2.43X 10 4 dL/g and a =
0.725 for the sanples A third order polynomal fit was
used for interpolate the experinental data and obtain
the calibration curve. Data acquisition and processing
was done by using MIlenium4.00 with GPC option by
Waters. Melt Index: Melt index (M1.) are neasured at
2300C foll ow ng ASTM D- 1238 over a load of: 2.16 Kg,
M E=M2 .i6- Xylene solubility (XSRT): The
solubility in xylene at 25C was determ ned accordi ng
to the follow ng nodalities: about 2.5 g of pol yner
and 250 m of o-xylene were placed in a round-bottoned
flask provided with cooler, reflux condenser and kept
under nitrogen. The obtained m xture was heated to
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135C and was kept under stirring for about 60 m nutes.
The final solution was allowed to cool to 25C, wunder
w@ooiostseus stirring; it was then filtered of f PEmEP2006/068354

divided in two portions of 1400 m each. The first
solution was evaporated in a nitrogen flow at 1400C to
reach a constant weight; the weight of the soluble
portion was cal cul ated (XSRT). The latter was treated
with 200 mM of acetone and the precipitated pol yner
was recovered by filtration and dried at 700C under
vacuum Fromthis weight, the anmount of polyner
i nsoluble in acetone is cal cul ated (anorphous part).
Shore (A) neasured accordlng to I SO 868 CbnpreSS|on
set | QOC. ASTMBI9ST rethodr B typeTrenstpr—set
| QQOC: ASTM 412, |us|ng sapplle according tp I SO

3 M D4112o |ys| wgl a [sahpl e

@m

2285. Tensi|ore s¢t (230

accordi ng tlo 2 SO 2285~ |EB oiypdi |08 |& | Brigak© [ 80 527
usi ng a spgci%ren typa 92 and| a |cr ¢oss| helad [speed of
500m1 m n. Hrensite—sirangih—{stregs—at—brgak}—I SO 527
using a spgcgnen typa 92 and| a |[cr oss| helad [speed of
500mM m n. FPl ¢s o | & [ollid e6 [adtjec| ave,
purged with g | ogen| Bl owv|at | B0 BEH pB (ope Thplr, 1200
mL of cycl ghexsane |angd O

b g of tri a{\hyal um num wer e
bcllave was [cl ased and t he

98| 0¢ and et hyI ene
t

Q) )
=
c
~—+

L
i ntroduced [df 30 0C. | Th
tenperaturg was|ral sgd

propyl ene angfm dr%}gan noupt s repo%e iln Table 1)
wer e added bi glol £8 (Qua V| Dff BoKi [T ¢at aPyst
precursor, p:nepar eF ag sc@r gé [ r?bfialﬂ%l ? >Eng us

6, 127, 304, Was actli vat d
70 ng of trfi et hyalfumn| ny

-
o

0 |mL [of | cylcl ghekane with
ind| an| anpount [oT |ext er nal

E TN S

[al]

donor such|as to give g Al|/dpnor nol ar |ratfi of of 20.
After 5 mnutes ghe :_ath_;st guspens| an yas, QJ ect ed
in the autqclgavelhy i tlrogen| evier pressure.| The
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entire polynerization test by feeding an
et hyl ene/ propyl ene m xture having nearly the sane

W@ o0posizsi on of the copol yner under producti onPCHBEPBN6/068354
30 m nutes the copol yner sadabution was di scharged from
t he autocl ave and the nononers renoved. After
evaporation of the cycl ohexane, the pol yner was
recovered and carefully dried at 70 OC under vacuum
for 8 hours. The characterization of the copolyners is
reported in Table 2. Exanple 7 The sanme procedure
according to exanples 1-7 was used with the difference
that the solid catal yst precursor was prepared
according to the disclosure of Exanple 42 of
W00/ 63261and t hat no external donor was used. The
characterization of the copolynmer is reported in Table
2. Exanples 8-10 The sane procedure according to

exanpl es l+#+vwasruspdw th the difference that the
solid catal¥st pfecurspr was prepared according to the
di scl osure|af Expnpl e [LO of W0O00/ 63261 and that the
pol yneri zafpLon of ekanple 10 lasted only 15 m nutes.
The charac{&rizatioh of the copolynmers is reported in
Tabl e 2. ExBmmEe|41|A pechani cal bl end conpri sing
80%w of a|@orFe[<6i gkl available isotactic
pol ypr opyl gne topopptyher having a MFR (230C 2. 16KQ)
of 12 and 29% of |t he cppol ynmers of the invention
produced i aqgordance with the procedure of exanples
1-6, havi nggart.ef hy| ene content of 31.9% and an
intrinsic yEscos|ty| of| 2.93 was prepared. The
char act eri 7at i’en|<6f [<+he conposition is reported on
tabl e 3. Cppparipgon| EXanpl e 12 A nechani cal bl end
conpri si ng|86% of a| hef erophasi c copol yner cont ai ni ng
45 parts ofza
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cristalline polypropylene matrix and 55 parts of a
C3/ C2 rubber was prepared. The characterization of the

W@ o00p0Ssi3ti on is reported on table 3. Tabl e 1D=PCT/EP2006/068354

10.

11.

di cycl opent yl di met hoxysi | ane T= 2, 3-di net hyl but an- 2-yl
trimethoxy silaneTable 2 am = anorphous nd = not

det ect ed FE6288 EP PGUFE6288 PQU Table 3C ai ns 1.
Propyl ene- et hyl ene copol ymer conprising from10 to
50%w of ethylene and from50 to - 90% w of propyl ene
characterized by: - product of the conononer
reactivity ratio rl"r2 <1.5; - absence of 2,1

propyl ene insertions and - tensile strength at break
hi gher than 4 MPa. 2. Propylgre- et hyl ene copol ymer
according to claim1 in which the reactivity ratio

: l?nopylzn@ -gthylsne ﬁonqhﬁnemcoglpr@mgﬁr@mlpé%éo%whyf ethglene and from 50 to

gx LAk ordflar%%tr o a|n11 in which the ethyl ene
conf ht Pahyed &AL 2008 . 4. Pr opyl ene- et hyl ene
copalY EtheassOnchagedciviey aitiorlr2 A1$Hi ch the tensile
strength at break is higher than 5 MPa. 5.
P@%ﬁ?ﬁéﬁéLbP%?V@H%H@@%@PWﬁ%% accordi ng to anyone of
ﬁmﬁﬁ%%ﬁ%h%%bﬁhﬁ gﬁqu pa Shore A value | ower

e et hyl ene copolyner according to

Etbpjflﬁmélceﬂhylem ccﬁolyméreaccubxamgwelogehm 1 in which the reactivity ratio rler2 is

lower than 1.3.

. Propylene-ethylene copolymer according to claim 1 in which the ethylene content

ranges from 15 to 40%wt.
Propylene-ethylene copolymer according to claim 1 in which the tensile strength at

break is higher than 5 MPa.

. Propylene-ethylene copolymer according to anyone of the preceding claim 1 having a

Shore A value lower than 80.
Propylene-ethylene copolymer according to claim 1 in which molecular weight
distribution (MWD), determined via Gel Permeation Chromatography is higher than 3.
Propylene-ethylene copolymer according to claim 1 in which the content of propylene
units in form of isotactic triads (mm%) determined via C'> NMR is higher than 95%.
Articles containing the propylene-cthylene copolymers according to anyone of the
preceding claims.
Polyolefin composition comprising:
(A) from 1 to 99% of a copolymer according to anyone of the preceding claims and
(B) from 1 to 99% of a polyolefin different from (A).
Polyolefin composition according to claim 9 in which (A) is from 5 to 35% and (B) is
from 65 to 95% of a crystalline propylene polymer optionally containing up to 15% of
ethylene or higher alpha olefins.
Process for the preparation of the propylene-ethylene copolymers of claim 1 comprising

polymerizing ethylene and propylene, and possibly additional comonomers, in the



di stribution (MAD), determ ned via Gel Perneation
Chr omat ography is higher than 3. 7. Propyl ene-ethyl ene
w@omaloytser according to claim1 in which the ceot/EPt00€068354
propyl ene units in formof 1sotactic triads (m?g
determ ned via C13 NVR is higher than 95% 8. Articles
contai ning the propyl ene-ethyl ene copol yners accordi ng
to anyone of the preceding clainms. 9. Polyolefin
conmposition conprising: (A from1l to 99% of a
copol ynmer according to anyone of the preceding clains
and (B) froml to 99% of a polyolefin different from
(A). 10. Polyol efin conposition according to claim?9
prosenti off 4 Aptetaehdommn BNt @tapdo @ nd te{tﬁperhmref abowe680t D in a liquid
95% of a. cryst | 1'i ne propyl ene pol ynmer opt onal |y
ERTHeRi Mg §ara 66 tPS@Glg'iﬁ“E%ﬁW%ﬁgt R??f YRt 'gHReP “&tha
ol efins. 11. Process for the preparation of the
propyl ene- et hyl ene copol yners of claim1 conpri sing
pol yneri zi ng et hyl ene and propyl ene, and possibly
addi tional conononers, in thepresence of a
het er ogeneous ZN catal yst at a tenperature above 800C
in a liquid reaction nedium capable to maintain the
nascent polymer in solution.



