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3 iPPa iPPb
XSRT (%wt) 2.3 n.d.
A (EmdE) 500 - 2800 1400 - 2800
BABEE 0.302 0.303
| REHE (m2/g)(a) 0.7 0.5
| Vp (RFLE, mL/g)(a) 0.678 0.701
viv % (% voids) (a) 37.8 37.7
<R> (HIFFHEE 1)(a) 10.37 15,6
Tm (°C) 162 162 10
AH (J/g) 114 1100
Tc (°C) 115 111
| MFR(L) 34 7.7
| LV. (dL/g) 1.26 1.70
' Mw 183 100 - B
Mn 20 200 - |
Mw/Mn 9.1 - |
mmmm 96.1 - 1
mm 97.0 - f
eses 0.5 - J 20
T 1.4 - j
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| E=fEfl | Amg® | MAO | TIBA we |
; (mg) (mmol Al) | (mmol) | GBI kLT V)
2 B-3 (12) 3.1 131 12 (5.0)

3 B-4 (12) 4.1 4.1 12(1.4)

4 C-1(15) | 4.1 4.1 12 (1.4)

5 B-3 (8) 3.1 3.1 12 (5.0)

6 B-3 (10) 3.9 3.9 12 (5)

7 B-4 (10) 3.4 3.4 12 (1.49)

8 B-4 (12) 4.1 4.1 12 (1.4)

9 C-1(20) 5.5 5.5 12 (1 L)

10 C-1(20) 5.5 5.5 12 (4 L)

11 B-3 (10) 5.15 5.15 13 (4 L)

12 B-3 (8) 4.1 4.1 12 (1.4)

13 B-3 (10) 5.15 5.15 13 (L)

14 B-3 (10) 5.15 5.15 13 (L)

15 C-1(10) 13.6 0 8 (4)

16 B-4 (15) 10.3 3.4 13 (4 L)
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[
[ 48 IES Y ESZIE Eheffl 16
[ XSRT (%wt) | 43 - ' 32.1
[ Tw (°C) | 165 | - | 164
[ AH (I/g) 75 E 78
[ T. (°C) 122 | - 107
[ 1V. (dL/g) 2.23 | 1.74 1.51
[ M. 419 600 | - -
[ M, 33 300 - | -
[ Muw/M; 12.6 - -
[ mmmm [ 43.5 - 56.9
[ mm [49.5 - 63.5
[ FrEY 18.8 | - 6.6
[ r 32.1 - 17.5
[
Oo000o0oo0oao
Oooogaod
[
[ (e E=hE5 12 | =513 EREHI 14
[ 48
[ T (°C) 165 167 164
[ AH (J/g) 84 37 31
[ T. (°C) 113 110 108
[ T, (°C) 2 1 -1
[ LV. (dL/g) 1218 257 1242
[ Et,0 A% (2) 6.6 118 |17.7
[ AXHUALE (a) 12.2 53.4 | 556
[ mm 8.9
[ yrrr 33.5
[ rr | 57.9
[ AFH TR §1.2 | 348 | 267
[ (a) Kumagawa, 6 h iZFUREICT
[
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“MULTISTEP PROCESS FOR THE (CO)POLYMERIZATION OF OLEFINS”
The present invention relates to a multistep process for the polymerization of olefins, carried

out in two or more reactors, using two different catalyst systems. The present invention
further relates to new polymer blends obtainable by said process. Multistep processes for the
polymerization of olefins, carried out in two or more reactors, are known from the patent
literature and are of particular interest in industrial practice. The possibility of independently
varying, in any reactors, process parameters such as temperature, pressure, type and
concentration of monomers, concentration of hydrogen or other molecular weight regulator,
provides much greater flexibility in controlling the composition and properties of the end
product compared to single-step processes. Multistep processes are generally carried out
using the same catalyst in the various steps/reactors. The product obtained in one reactor is
discharged and sent directly to the next step/reactor without altering the nature of the catalyst.
WO 96/02583, WO 96/11218 and WO 00/11057 describe multistep processes for the
polymerization of olefins carried out with two different catalyst systems. In a first step an
olefinic polymer with particular values of porosity is prepared in the presence of a titanium or
a vanadium catalyst. In a second step, porous polymer is contacted with a metallocene
compound and then a further olefin polymerization is carried out. Even if these applications
list a plethora of metallocene compounds useful for the second step, they do not suggest the
use of half-sandwich metallocene compounds. EP 763 553 describes a process which, by
sequential ;ﬁolymerization, produces heterophasic thermoplastic and elastometic composition
containing both an elastomeric fraction produced with Ziegler-Natta catalysts and an
elastomeric fraction produced with a metallocenic catalysts. The process described in said
patent application foresees at least three stages, where the metallocenic catalyst operates in
the presence of the Ziegler-Natta catalyst. WO 95/07942 relates to a gas-phase fluidized bed
process for producing ethylene polymers having impraved processability. Multiple reactors
in series or parallel may be used to produce in-situ blended polymers. Each reactor can
separately use a half-sandwich metallocene catalyst or a conventional Ziegler-Natta catalyst
but at least a half-sandwich metallocene catalyst has to be present in at least one reactor. No
specific description is present of a multistep process comprising a Ziegler-Natta catalyst and
a half.sandwich metallocene catalyst. Furthermore, according to the description, in the
second step the half sandwich catalyst is first supported on a carrier and then contacted with
the polymer prepared in the first step.
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Processes where the metallocene catalyst used in the last stage is not impregnated onto the
polymer prepared in the first steps, achieve a less intimate mixture of the polymers obtained
in the two steps, and the properties of the final blend are not satisfactory. Therefore, it would
be desirable to find a pracess for obtaining a blend between polymers obtained from half
sandwich metallocene catalysts and Ziegler-Natta catalysts that enhances the properties of
both polymers. It has now been found a multistep process which makes possible o produce a
wide range of olefin polymer compositions, working with a catalytic system containing half-
sandwich metallocene compounds. Therefore, according to a first object, the present
invention relates to a process for the polymerization of olefins of formula CHz=CHR,
wherein R is hydrogen or an alkyl, cycloalkyl or aryl radical with 1-20 carbon atoms,
comprising the following steps:

a) a first step of polymerization in which one or more of said olefins is/are polymerized,
in one or more reactors, in the presence of a catalyst comprising the product of
reaction between an alkyl-Al compound and (i) a solid component comprising a
compound of a transition metal M selected from the group consisting of Ti and V, not
containing M. bonds, and a halide of Mg in active form, or (ii) a Phillips catalyst,
to produce an olefin homo- or copolymer;

b) a treatment step in which the product obtained in the first step of polymerization is
contacted with a compound able to deactivate the catalyst present in the first
polymerization step and thereafter it is contacted with a catalyst system comprising a

corhpound of formula (I):
VA
AN
Y
Ti

\
X X

)

7
AN
-

wherein:

Ti is titanium;

L is group bonded to the titanium atom through a 7-bond;

Y is a moiety comprising nitrogen, phosphorus, sulfur or oxygen through which Y is
covalently bonded to both Z and Ti;

7 is a moiety bridging L and Y,

JP 2004-535505 A 2004.11.25
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X, same or different, are monovalent anionic moieties having up to 30 non-hydrogen
atoms provided that, if X is an aromatic group, it is not bonded to Ti through a -
bond, optionally two X groups being covalently bonded together to form a divalent
dianionic moiety having both valences bonded to Ti;
and optionally with an activating cocatalyst;
c) a second step of polymerization in which one or more of said olefins are polymerized,
in one or more reactors, in the presence of the product obtained in the treatment step
b);
and wherein the amount of homo- or copolymer of olefin(s) produced in the first
polymerization step a) is between 10% to 90% by weight preferably between 20% to 70% by
weight, more preferably between 40% to 60% by weight of the total amount of polymer
produced. The solid component used in the first step of polymerization a) can also comprise
an electron-donor compound (internal donor). As a rule the intemnal donor is used when the
solid component is used for preparing catalysts for the stereospecific polymierization of
propylene, 1-butene and similar alpha-olefins, where a high stereospecificity is necessary to
obtain polymers with an isotactic index higher than 90. The catalyst used in the first step of
polymerization can also comprise another electron-donor compound (external donor).
When stereoregular polymers are produced in the first step of the multistep polymerization
process of the present invention, for example polymers of propylene with high isotacticity
index, the external donor is used for imparting the necessary stereospecificity to the catalyst.
However, when diethers of the type described in Patent EP-A-361493 are used as internal
donors, the stereospecificity of the catalyst is sufficiently high in itself and the external donor
is not necessary. The halides of magnesium, preferably MgCly, in active form used as support
for Ziegler-Natta catalysts, are widely known from the patent literature. U.S. Pat. No.
4,298,718 and U.S. Pat. No. 4,495,338 first described the use of these compounds in Ziegler-
Natta catalysis. It is known from these patents that the halides of magnesium in active form
used as support or co~support in components of catalysts for the polymerization of olefins are
characterized by X-ray spectra in which the most intense diffraction line that appears in the
spectrum of the non-active halide is diminished in intensity and is replaced by a halo whose
maximum intensity is shifted towards lower angles compared with that of the most intense
line.
The compound of the transition metal M' is selected preferably from the group consisting of:

halides of titanium, halogen-alcoholates of titanium, VCls, VCl, VOCI;, halogen-alcoholates
3
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of vanadium. Among the titanium compounds, the preferred are TiCls, TiCl; and the halogen-
alcoholates of formula Ti(OR‘)an wherein R! is a hydrocarbon radical with 1-12 carbon
atoms or a -COR” group wherein R" is a hydrocarbon radical with 1-12 carbon atoms, X is
halogen and (m+n) is the valence of titanium. The catalytic component of the polymerization
step a) is advantageously used in the form of spherical particles with average diameter
between about 10 and 150 pm. Suitable methods for the preparation of said components in
spherical form are described for example in Patents EP-A-395083, EP-A-553805, EP-A-
553806, whose description relating to the method of preparation and to the characteristics of
the products is herein incorporated for reference. Examples of internal donor compounds are
cthers, esters, in particular esters of polycarboxylic acids, amines, ketones and 1,3-diethers of
the type described in Patents EP-A-361493, EP-A-361494, EP-A-362705 and EP-A-451645,
The alkyl-Al compound is generally selected from the trialkyl aluminum compounds such as
for example triethyl-Al, triisobutyl-Al, tri-n-butyt-Al, tri-n-hexyl-Al, tri-n-octyl-Al It is also
possible to use mixtures of trialkyl aluminum with alkyl aluminum halides, alkyl aluminum
hydrides or alkyl aluminum sesquichlorides such as AIEt;Cl and ALEt;Cl;. The external
donor can be the same as or can be different from the internal donor, When the internal donor
is an ester of a polycarboxylic acid, such as a phthalate, the external donor is preferably
selected from silicon compounds of formula Rszi(ORm)z, wherein Rm, same or different,
are alkyl, cycloalkyl or aryl radicals with 1-18 carbon atoms. Examples of such silanes are
methylcyclohexyldimethoxysilane, diphenyldimethoxysilane, methyl-t-butyldimethoxysilane,
dicyclopentyldimethoxysilane. A particularly suitable class of catalyst are those described in
WO 01/46272. The polymers obtained by using these catalysts contains a high content of the
so called stereoblocks, i.e., of polymer fractions which, although predominantly isotactic,
contain a not negligible amount of non-isotactic sequences of propylene units. In the
conventional fractionation technigues such as the TREF (Temperature Rising Elution
Temperature) those fractions are eluted at temperatures lower than those are necessary for the
more isotactic fractions. Preferred compounds of formula (I) used in the treatment step b) are
those of formula (TT)

JP 2004-535505 A 2004.11.25



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 |

(32)

‘WO 03/008496 PCT/EP02/07894
R

1

R
Rl
R]
Z e
\ Y/Ti)\z
an
wherein:

Ti is a titanium atom;

X, same or different, are hydrogen atoms, halogen atoms, a -R?, -OR?, -OCOR?, -OSO,CFj, -
SR?, -NR?, and -PR% radicals, wherein R? is a linear or branched, saturated or unsaturated Cj-
Cyp alkyl, Cs-Cap aryl or Cy-Cyp arylalkyl radicals, optionally containing heteroatoms belonging
to groups 13-17 of the Periodic Table of the Elements, two R? can also form a Cy-Cy saturated or
unsaturated ring; preferably X is halogen, R? or OR?; more preferably X is halogen, methy,
phenyl, methoxy or phenoxy radical; Y is NR? PR?, O or S, wherein R is described above;
preferably Y is selected from the group consisting of N-methyl, N-ethyl, N-n-propyl, N-
isopropyl, N-n-butyl, N-t-butyl, N-phenyl, N-p-n-butyl-phenyl, N-benzyf, N-cyclohexyl and N-
cyclododecyl radicals; more preferably Y is N-t-butyl; Z is selected from the group consisting
of, R%8i-8iR’%, R*C-CR?, R%S8i-CRY, R%S8i and CR?, radicals, wherein R’ is a hydrogen
atom or a linear or branched, saturated or unsaturated C,-Cy alkyl, Cg-Cyg aryl or C7-Cyo
arylalkyl radicals, optionally containing heteroatoms belonging to groups 13-17 of the Periodic
Table of the Elements; two R> can also form a C4-C; saturated or unsaturated ring; Z is
preferably selected from the group consisting of dimethylsilyl, diphenylsilyl, diethylsilyl, di-n-
propylsilyl, di-isopropylsilyl, di-n-butyl-silyl, di-t-butyl-silyl, di-n-hexylsilyl, ethylmethylsilyl,
n-hexylmethylsilyl, cyclopentamethylenesilyl, cyclotetramethylenesilyl, cyclotrimethylenesilyl,
methylene, dimethylmethylene and diethylmethylene radicals; more preferably, Z is
dimethylsilyl, diphenylsilyl or dimethylmethylene radical; the groups R', same or different, are
hydrogen atoms, halogen atorns or a linear or branched, saturated or unsaturated Ci-Cag alkyl,
Cs-Cyo aryl or Cr-Cyp arylalkyl radicals, optionally containing heteroatoms belonging to groups
13-17 of the Periodic Table of the Elements; or two or more R! groups can also form a ring
that can be saturated or unsaturated and can contain one or more heteroatoms belonging to
groups 13-16 of the Periodic Table of the Elements, to form for example, fluorenyl, indenyl,

5
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tetrahydroindenyl, octahydroindenyl, azopentalenyl, dithienecylopentadienyl moiety, said
rings can bear alkyl substituents. Preferred compounds belonging to formula (II) are those of
formula (I11):

wherein Ti, X, Y and Z have the above indicated meaning;

Y' is NR?, an oxygen atom (O), PR? or a sulfur atom (S); preferably Y' is NR? or S; more
preferably it is NCHj or S; wherein R? has the above indicated meaning;

the groups R® and R® ,same or different, are hydrogen atoms, halogen atoms or a linear or
branched, saturated or unsaturated Ci-Cy alkyl, Cs-Cyg aryl or Cy-Cyp arylalkyl radicals,
optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of the
Elements; or R® and R® can also join to form a C4-C; saturated or unsaturated ring; preferably R’
and RS are hydrogen atoms or methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, phenyl, p-n-
butyl-phenyl or benzyl radicals, or R® and R® form a condensed aromatic or aliphatic C4-Cy ring
that can bear alkyl substituents;

T is a moiety of formula (Ia) or (IIb):

9
KR &
R7 ~=
( =
Yl RB R9
(ifa) (Illb)

wherein

Y has the above indicated meaning; being bonded to the cyclopenatdienyl group in position 2;

JP 2004-535505 A 2004.11.25
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the groups R’, R® and R’, same or different, are hydrogen atoms, halogen or a linear or
branched, saturated or unsaturated C;-Cso alkyl, Cs-Cao aryl or Cr-Cy arylalkyl radicals,
optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of the
Elements, or R® and R7, R” and R® or R® and R’ form together a condensed C4-C; ring that can
bear alkyl substituents; Particularly preferred complexes of formula (1) are those belonging to
the below described subclasses (1), (2) and (3), having respectively formula (IV), (V) and (VI).
Class (1)

Complexes belonging to class (1) have the following formula (IV):

VAl

vy
wherein Ti, X, Y, Y', R®, RS, R”, R® and R’ have the above indicated meaning; atom; with the

proviso that R® and R®do not form a condensed aromatic or aliphatic C4-Cy ring.

Preferably in the complexes of formula (IV):

Y! is N-methyl, N-ethyl or N-phenyl;

R® is a hydrogen atom, or a methyl, ethyl, propyl or phenyl radical; and R® is a hydrogen atom
or methyl or phenyl radical; and R7, R® and R are hydrogen atoms;

even more preferably R is a methyl radical and R®is a hydrogen atom;

Class (2)

Complexes belonging to class (2) have the following formula (V):

JP 2004-535505 A 2004.11.25
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Z  TiX,
\/
Y

(2]
wherein Ti X, ¥, Y', R, R%, R’, R® and R have the above indicated meaning; k ranges from 0

to 4 and R' is a halogen atom or or a linear or branched, saturated or unsaturated Ci-Cyp alkyl,
Cg-Cyp aryl or C7-Cyo arylalkyl radicals, optionally containing heteroatoms belonging to groups
13-17 of the Periodic Table of the Elements, or two vicinal R'® groups form together a
condensed aromatic or aliphatic C4~Cy ring.

Preferably in the complex of formula (V):

Y is a N-methyl, N-ethyl or N-pheny] radical;

kis O or 1 and R™ is a 2-methyl, 2-isopropyl and 2-ters-butyl radical;

R’, R® and R’ are hydrogen atoms;

Class (3)

Complexes belonging to class (3) have the following formula (VI):

7 TiXy
V

VD
wherein Ti, X, Y, Y', R®, Rﬁ, R’ and R® have the above indicated meaning;
Preferably in the complexes of formula (VI):

two Y are the same; more preferably they are NR? or S;

JP 2004-535505 A 2004.11.25
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R’ is a hydrogen atom or a methyl, ethyl, propyl or phenyl radical; and R is a hydrogen atom or
R® and R® form a condensed benzene ring that can bear alky! substituents;
R’ is a hydrogen atom and R®is a hydrogen atom or a methyl, ethyl, propyl or phenyl radical or
R’ and R® form a condensed benzene ring that can bear alkyl substituents.
Compounds of formulas (I)-(VI) can be obtained according to procedures known in the art,
for example compounds of formula (TII) can be obtained according to the methods described
in WO 01/53360 or EP 01201821.4. The polymerization step a) of the process 61’ the present
invention can be carried out in liquid phase or in gas phase, working in one or more reactors.
The liquid phase can consist of an inert hydrocarbon solvent (suspension process) or of one
or more olefins CHo=CHR (liquid monomer process) wherein R is described above. Gas-
phase polymerization can be carried out using the known fluidized-bed technique or working
in conditions in which the bed is mechanically stirred. The gas-phase technology with a
fluidized-bed is preferred. The treatment step b) is carried out advantageously in the
following two steps:
I first contacting the polymer produced in polymerization step a) with compounds that
are able to deactivate the catalyst used in said step a); and then
. confacting the product obtained in 1. with a solution comprising a compound of formula
(I) and optionally an activating cocatalyst in hydrocarbon solvents such as, for
example, benzene, toluene, heptane, hexane, liquid propane and the like.
Examples of compounds that can be used in step I. are compounds having the general
formula Ag1QH in which A is hydrogen or a hydrocarbon group having from 1 to 10 carbon
atoms, Q is O, N, or S, and g is the valency of Q. Non-limitative examples of such
compounds are represented by alcohols, thioalcohols, mono- and di-alkylamines, NHs, H,O
and H,S. Preferred compounds are those in which Q is O and among these, a particularly
preferred compound is water. Other examples of compounds that can be used in treatment
step (a) are CO, COS, CS;, CO,, O, and acetylenic or allenic compounds.
Treatment I, in which these deactivating compounds are put in contact with the polymer
produced in step a), can be effected in various ways. In one of these, the polymer is brought
into contact, for a time ranging from 1 minute to some hours, with a hydrocarbon solvent that
contains the deactivating compound in solution, suspension or dispersion. An example of
dispersion of the deactivating compound in a hydrocarbon solvent is represented by
humidified hexane. At the end of treatment I the liquid is removed and the polymer

undergoes treatment I1.
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Preferably in step 1I the solution of the compound of formula (1) further contains one or more
activating cocatalysts. Suitable activating cocatalyst according to the process of the invention
are alumoxanes or compounds able to form an alkyl metallocene cation. Alumoxanes can be
obtained by reacting water with an organo-aluminium compound of formula H;AlUs, or
H;AlUs,, where U substituents, same or different, are hydrogen atoms, Ci-Cp-alkyl, Cs-Cao-
cyclalkyl, C4-Cyo-aryl, C7-Cyo-alkylaryl or C7-Cyp-arylalkyl, optionally containing silicon or
germanium atoms with the proviso that at least one U is different from halogen, and j ranges
from 0 to 1, being also a non-integer number. In this reaction the molar ratio of Al/water is
preferably comprised between 1:1 and 100:1. The molar ratio between aluminium and the
metal of the metallocene is comprised between about 10:1 and about 20000:1, and more
preferably between about 100:1 and about 5000:1.

The alumoxanes used in the catalyst according to the invention are considered to be linear,

branched or cyclic compounds containing at least one group of the type:
U, )
“Al-0—AK
U u

wherein the substituents U, same or different, are described above.

In particular, alumoxanes of the formula:

U
LN | P
A—0—(A—Op'- &
U U

can be used in the case of linear compounds, wherein n' is 0 or an integer from 1 to 40 and the

substituents U are defined as above, or alumoxanes of the formula;

U
&—oﬁ

can be used in the case of cyclic compounds, wherein o’ is an integer from 2 to 40 and the U
substituents are defined as above. Examples of alumoxanes suitable for use according to the
present invention are methylalumoxane (MAQ), tetra-(isobutyl)alumoxane (TIBAO), tetra-
(2,4,4-trimethyl-pentyl)alumoxane (TIOAQ), tetra-(2,3-dimethylbutyl)alumoxane
(TDMBAO) and tefra-(2,3,3-trimethylbutyl)alumoxane (TTMBAO). Particularly interesting
cocatalysts are those described in WO 99/21899 and in WO 01/21674 in which the alkyl and
aryl groups have specific branched patterns.

JP 2004-535505 A 2004.11.25
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Non-limiting examples of aluminium compounds according to said international applications
are: )

tris(2,3,3-trimethyl-butylaluminium, tris(2,3-dimethyl-hexyl)aluminivm, — tris(2,3-dimethyl-
butyaluminium,  tris(2,3-dimethyl-pentyl)aluminium, — tris(2,3-dimethyl-heptyl)aluminium,
tris(2-methyl-3-ethyl-pentyl)aluminium, tris(2-methyl-3-ethyl-hexyl)aluminium, iris(2-methyl-
3-ethyl-heptyDaluminium, tris(2-methyl-3-propyl-hexyl)aluminium, tris(2-ethyl-3-methyl-
butyl)aluminium, tris(2-ethyl-3-methyl-pentyl)aluminium, tris(2,3-diethyl-pentylaluminium,

tris(2-propyl-3-methyl-butyl)aluminium, tris(2-isopropyl-3-methyl-butyl)aluminium,
tris(2-isobutyl-3-methyl-pentyl)aluminium, tris(2,3,3-trimethyl-pentyl)aluminium,
tris(2,3,3-trimethyl-hexyl)aluminium, tris(2-ethyl-3,3-dimethyl-butyl)aluminium, tris(2-ethyl-
3,3-dimethyl-pentyl)atuminium, tris(2-isopropyl-3,3-dimethyl-butyl)aluminium,

tris(2-trimethylsilyl-propyl)aluminium, tris(2-methyl-3-phenyl-butyl)aluminium, tris(2-ethyl-3-
phenyl-butylaluminium, tris(2,3-dimethyl-3-phenyl-butylaluminium, tris(2-phenyl-
propyDaluminium, tris[2-(4-fluoro-phenyl)-propyl]aluminium, tris[2-(4-chloro-phenyl)-
propyljaluminium, tris[2-(3-isopropyl-phenyl)-propyljaluminium, tris(2-phenyl-
butylaluminium, — tris(3-methyl-2-phenyl-butyl)aluminium, — tris(2-phenyl-pentyl)aluminium,
tris[2-(pentafluorophenyl)-propyljaluminium, tris[2,2-diphenyl-ethyljaluminium and tris[2-
phenyl-2-methyl-propylJaluminium, as well as the corresponding compounds wherein one of
the hydrocarbyl groups is replaced with a hydrogen atom, and those wherein one or two of the
hydrocarbyl groups are replaced with an isobutyl group.

Amongst the above aluminium compounds, trimethylaluminium (TMA), triisobutylaluminium
(TIBAL), tris(2,4,4-trimethyl-pentyDaluminium (TIOA),  tris(2,3-dimethylbutyl)aluminium
(TDMBA) and uis(2,3,§-tﬁmethy1butyl) aluminium (TTMBA) are preferred.

Non-limiting examples of compounds able to form an alkylmetallocene cation are compounds
of formula DT', wherein D" is a Brensted acid, able to donate a proton and to react irreversibly
with a substituent X of the metallocene of formula (I) and E is a compatible anion, which is able
to stabilize the active catalytic species originating from the reaction of the two compounds, and
which is sufficiently labile to be able to be removed by an olefinic monomer. Preferably, the
anion E” comprises of one or more boron atoms. More preferably, the anion E is an anion of the
formula BAz,”, wherein the substituents Ar which can be identical or different are aryl radicals
such as phenyl, pentafluorophenyl or bis(trifluoromethyl)phenyl. Tetrakis-pentafluorophenyl
borate is particularly preferred examples of these compounds are described in WO 91/02012.

Moreover, compounds of the formula BAr; can conveniently be used. Compounds of this type
11
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are described, for example, in the published International patent application WO 92/00333.
Other examples of compounds able to form an alkylmetallocene cation are compounds of
formula BAR;P wherein P is a substituted or unsubstituted pyrrol radicals. These compounds
are described in PCT/EP01/01467. all these compounds containing boron atoms can be used in a
molar ratio between boron and the metal of the metallocene comprised between about 1:1 and
about 10:1; preferably 1:1 and 2.1; more preferably about 1:1.
Further compounds that can be used are those of formula RM’-O-M'R, R being an alkyl or aryl
group, and M” is selected from an element of the Group 13 of the Periodic Table of the Elements
(new IUPAC version). Compounds of this type are described, for example, in the International
patent application WO 99/40129.
Non limiting examples of compounds of formula D*E’ are:
Triethylammoniumtetra(phenyl)borate,
Tributylammoniumtetra(phenyl)borate,
Trimethylammoniumtetra(tolyl)borate,
Tributylammoniumtetra(tolyl)borate,
Tributylammoniumtetra(pentafluorophenyl)borate,
Tributylammoniumtetra(pentafluorophenyl)aluminate,
Tripropylammoniumtetra(dimethylphenytborate,
Tributylammoniumtetra(trifluoromethylphenyl)borate,
Tributylammoniumtetra(4-fluorophenyl)borate,
N,N-Dimethylaniliniumtetra(phenyl)borate,
N,N-Diethylaniliniumtetra(phenyl)borate,
N,N-Dimethylaniliniumtetrakis(peniafluorophenyl)boratee,
N,N-Dimethylaniliniumtetrakis(pentafluorophenyhaluminate,
Di(propyl)ammoniumtetrakis(pentafluorophenyl)borate,
Di(cyclohexyl)ammoniumtetrakis(pentaftuorophenylyborate,
Triphenylphosphoniumtetrakis(phenyl)borate,
Triethylphosphoniumtetrakis(phenyl)borate,
Diphenylphosphoniumtetrakis(phenyl)borate,
Tri(methylphenyl)phosphoniumtetrakis(phenyl)borate,
Tri(dimethylphenyl)phosphoniumtetrakis(phenyl)borate,
Triphenylcarbenivmtetrakis(pentafluorophenyl)borate,
Triphenylcarbeniumtetrakis(pentafluorophenyl)aluminate,

12
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Triphenylcarbeniumtetrakis(phenyl)aluminate,
Ferroceniumtetrakis(pentafluorophenyl)borate,
Ferroceniumtetrakis(pentafluorophenyl)aluminate.
Triphenylcarbeniumtetrakis(pentafluorophenyl)borate,
N,N-Dimethylaniliniumtetrakis(pentafluorophenyl)borate.

Step I can be effected by suspending the polymer produced in step a) in an hydrocarbon
solvent contained dissolved therein the compound of formula (I) and optionally one or more
activating cocatalyst, generally working at temperature between 0 and 100°C, preferably
between 10 and 60°C, and removing the solvent at the end of the treatment. Alternative way
is to contact the polymer produced in step a) with a solution of the compound of formula (1)
containing the minimum quantity of solvent for keeping said compound in solution.

Step II. can be conveniently carried out in a loop reactor in the gas-phase, in which the
polymer produced in the first step of polymerization (a) is circulated by a stream of inert gas.
Solutions of the compound of formula (I) are fed, for example with a sprayer, to the loop
reactor in the gas phase, obtaining a free-flowing product at the end of the treatment. A
processe of this type is described in W001/44319. The quantity of compound of formula (1),
expressed as metal, contained in the product obtained from step b), can vary over a wide
range depending on the compound of formula (I) used and on the relative quantity of product
that it is desired to produce in the various steps. Generally this quantity is between 14107
5¢10% g of metal Ti/g of product, preferably between 54107 and 5010, more preferably
between 1410 and 1410 The second step of polymerization (c) can be carried out in liquid
phase or in gas phase, working in one or more reactors. The liquid phase can consist of an
inert hydrocarbon solvent (suspension process) or of one or more olefins CH,=CHR (liquid
monomer process). Gas-phase polymerization can be carried out in reactors with a fluidized
bed or with a mechanically-stirred bed. Preferably step (c) is carried out in a gas-phase.
During said step (c), it is convenient to feed, to the polymerization reactor, an alkyl-Al
compound selected from compound of formula HAIU;; or HijALUs; wherein U and j are
described above, or aluminoxane compounds described above. Compounds of formula
H;AlUs; or ;AL Us; can preferably be fed to polymerization step (c) when treatment (If) in
step (b) is carried out in the absence of H;AIUs; or HjAL;Us; compounds. The catalyst of step
¢) is particularly advantageous in propylene polymerization, wherein they give substantially
amorphous propylene polymers with high activities; when the titanium complexes are used as

catalysts in the process, the obtained polypropylene has predominantly syndiotactic structure.
13
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Polymerization step c) is preferably cartied out in one or more reactor in the gas-phase, with
a fluidized-bed. Other technologies (for example suspension polymerization or gas-phase
polymerization with mechanically stirred bed) can be used, gas phase polymerization is
preferred. The process is preferably carried out continuously, working in both steps of
polymerization (a) and (c) in gas-phase fluidized-bed reactors and effecting step (b) in a gas-
phase loop reactor. Polymerization step a) is preferably preceded by a step of
prepolymerization in which propylene or its mixtures with ethylene and/or CH;=CHR olefins
are polymerized in the presence of the catalyst described in a) in a quantity of between 5 and
500 g/g catalyst. The porosity (expressed as percentage of voids) of the polymer produced in
the first step of polymerization (a) is preferably greater than 15% and more preferably greater
than 20%. The distribution of pore radius is such that more than 40% of the porosity is due to
pores with diameter greater than 10000 A. Preferably, and for high values of porosity, more
than 90% of the porosity is due to pores with diameter greater than 10000 A. When the
polymer is polypropylene, the contents of units derived from ethylene and/or from the
CH,=CHR olefin is less than 20% by mol, content of units derived from propylene greater
than 80% by mol and insolubility in xylene greater than 60% by weigth. Preferably the
polymer obtained in step a) is a homopolymer of propylene with high isotacticity index, or a
crystalline copolymer of propylene that has a content by weight of units derived from
ethylene and/or from CH,=CHR™ olefin wherein R™ is hydrogen or a C;-Cy alkyl radical,
below 5% by mol. More preferably the polymer of step a) is isotactic polypropylene
optionally containing from 0.1 to 5% by mol of units derived from ethylene and/or from
CH2=CHRHI olefin wherein R'™ is hydrogen or a Cj-Cy alkyl radical, having a pentads
content (mmmin) higher than 60% more preferably higher than 80% even more preferably
higher then 90%. Particularly preferred is the polypropylene obtained according to the
process described in WO 01/46272. The polymers obtained by using these catalysts contains
a high content of the so called stereoblocks, i.e., of polymer fractions which, although
predominantly isotactic, contain a not negligible amount of non-isotactic sequences of
propylene units. In the conventional fractionation techniques such as the TREF (Temperature
Rising Elution Temperature) those fractions are eluted at temperatures lower than those are
necessary for the more isotactic fractions. The polymer produced in step c) is a substantially
amorphous olefin  (co)polymer having  predominantly syndiotactic structure. The
syndiotacticity of a polyolefins can be conveniently defined by the percent content of 1t

triads, as described in L. Resconi et al, Chemical Reviews, 2000, 100, 1253, Polymers of
14
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propylene obtained in step ¢) optionally containing from 0.1 to 5 % by mol of units derived
from an alpha-olefin of formula CHf—CHR‘{ wherein R js hydrogen or a Cp-Cyg alkyl
radical, tipycally have triad contents in the range 60—80 % by mol, more preferably 65-75 %
by mol. Their syndiotacticity is not high enough to produce substantial crystallinity (as
measured by DSC), but high enough to generate resiliency in the polypropylene. Their
melting enthalpy (AHY) is generally lower than about 20 J/g and preferably lower than about
10 J/g. Syndiotactic amorphous polypropylene obtained in step ¢) is described in WO
01/53360. In step c) of the process of the present invention it is also possible to produce
propylene-based copolymers, wherein suitable comonomers are ethylene, alpha-olefins such
as 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, and/or non-conjugated diolefins such
as 1,4-hexadiene, 1,5-hexadiene, 2-methyl-1,5-hexadiene, 7-methyl-1,6-octadiene, 1,7-
octadiene, and the like. Ethylene-based polymers, such as polyethylene, ethylene/propylene,
ethylene/1-butene, ethylene/propylene/diene elastomers, ethylene/alpha-olefin copolymers,
e.g. ethylene/l-butene, ethylene/l1-hexene, ethylene/l-octene, that is linear low density
polyethylenes or plastomers can also be prepared in step c). The preferred ranges of
composition of the copolymer prepared in step ¢) depend on the type of polymer desired, and
on the type of polymerization process employed. For example, in the case of
ethylene/propylene elastomers the content of propylene ranges from 20 to 80 wt %,
preferably from 70 to 30 wt %. In ethylene/propylene/diene elastomers the content of the
diene, which preferably is ethylidenenorbomene or 1,4-hexadiene, ranges from 0.5 to 5 wt %.
In the case of ethylene/1-butene, ethylene/l-hexene or ethylene/l-octene copolymers the
content of comonomer ranges from 1 to 50 wt %, preferably from 2 to 20 wt %. Preferred
polymers obtained in step ¢) are polypropylene homopolymer or copolymers of propylene
with ethylene, wherein the ethylene contents can vary from 0.1% to 35% by mol, preferably
from 0.1% to 10% by mol. The molecular weight of the polymers can be varied by changing
the polymerization temperature or the type or the concentration of the catalyst components,
or by using molecular weight regulators, such as hydrogen, as well-known in the state of the
art; the molecular weight of the propylene-based polymers may be also easily controlled by
copolymerizing small amounts of ethylene. A further object of the present invention is a
reactor blend obtainable by the process of the present invention comprising:
(a) from 10% to 90% by weight; preferably between 20% and 70% by weight, more
preferably between 40% and 60% by weight; of isotactic polypropylene, optionally

containing from 0.1 to 5 % by mol of units derived from an alpha-olefin of formula
15

JP 2004-535505 A 2004.11.25



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 |

(43)

WO 03/008496 PCT/EP02/07894

CH,=CHRY, wherein R™ is hiydrogen or a C,-Cyy allyl radical; having a pentads content
(mmmm) higher than 60%; obtained in step (a); and

(b) from 90% to 10% by weight; preferably between 80% and 30% by weight more
preferably between 60% and 40% by weight of a syndiotactic/amorphous polypropylene,
optionally containing from 0.1 to 5 % by mol of units derived from an alpha-olefin of
formula CH;=CHR™, wherein R™ is hydrogen or a C,-Cyy alkyl radical, having triad
contents (rr) in the range 60-80 % and melting enthalpy (AHf) lower than 20 J/g,
obtained in step (c).

The following examples are reported for illustrative and not limiting purposes.

GENERAL PROCEDURES AND CHARACTERIZATIONS

All operations were performed under nitrogen by using conventional Schlenk-line techniques.

Solvents were purified by degassing with N; and passing over activated (8 hours, N purge, 300

°C) ALOs, and stored under nitrogen. The cocatalyst was a commercial MAO from Witco AG

(10 % wt solution in toluene).

lSC_N-lv[R

Carbon spectra were obtained using a Bruker DPX-400 spectrometer operating in the Fourier

transform mode at 120 °C at 100.61 MHz. The samples were dissolved in C,D,Cly. The peak

of the mmmm pentad in the °C spectra (21.8 ppm) was used as a reference. The carbon

spectra were acquired with a 90° pulse and 12 seconds of delay between pulses. About 3000

transients were stored for each spectrum. The ethylene content was determined according to

M. Kakugo, Y. Naito, K. Mizunuma, T. Miyatake, Macromolecules 1982, 15, 1150. The 1-

butene content was determined from the diad distribution, from the S, carbons, as described

in J.C. Randall, Macromolecules 1978, 11, 592.

VISCOSITY MEASUREMENTS

The intrinsic viscosity (LV.) was measured in tetrahydronaphtalene (THN) at 135°C.

The polymer molecular weights were determined from the viscosity values.

DSC ANALYSIS

Melting point and heat of fusion measurements were catried out on a Perkin Elmer DSC 7

instrument by heating the sample from 25 °C to 200 °C at 10 °C/min, holding for 2 min at

200 °C, cooling from 200 °C to 25 °C at 10 °C/min, holding for 2 min at 25 °C, heating from

25 °C to 200 °C at 10 °C/min. The reported values are those determined from the second

heating scan.
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T, values were determined on a DSC30 Mettler instrument equipped with a cooling device,
by heating the sample from 25 °C to 200 °C at 20 °C/min, holding for 10 min at 200 °C,
cooling from 200 °C to —140 °C, bolding for 2 min at —140 °C, heating from —140 °C to 200
°C at 20 °C/min. The reported values are those determined from the second heating scan.
PREPARATION OF HALF SANDWICH COMPOUNDS

Me2Si(MedCp)(NtBu)TiCl, (C-1) was purchased from Witco AG.
dimethylsilyl(tert-butylamido)(N-methyl-2-methyl-5,6-dihydroindeno{2,1-b}indol-6-
yl)dimethy! titanium (B-1)

was prepared according to example 1 of WO 01/53360.
dimethylsilyl(tert-butylamido)(N-methyl-2-methyl-1,8-dihydroindeno[2,1-b]pyrrol-6-
yl)dimethyl titanium (B-3)

=

N

'

Me,$i TiMe,
\/
N

was prepared according to example 3 of WO 01/53360
dimethylsilyl(tert-butylamido}(N-ethyl-5,6-dihydroindeno[ 2,1-b}indol-6-yl)dimethyl
titanium (B-4)

T
Me,Si TiMe,
\/
A
was prepared according to example 4 of WO 01/53360

Example 1 Polymerization step a)

JP
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Step a) was carried out by using the catalyst prepared according to example 3 of EP 395083.

The polymerization was carried out according the general procedure for propylene

polymerization described in the same documents. Two isotactic propylene polymers (iPPa and

iPPb) having the characteristics indicated in table 1 were obtained:

Table 1
properties iPPa iPPb

XSRT (Y%owt) 23 n.d.
Part, diam. (sieved) 500 - 2800 1400 - 2800
Poured Bulk Density 0.302 0.303
Surface area (m2/g)(a) 0.7 0.5
Vp (pore volume, mL/g)(a) 0.678 0.701
v/v % (% voids) (a) 37.8 377
<R> (average part. radius,p)(a) | 10.37 15,6
Tm (°C) 162 162
AH (J/g) 114 100
Tc (°C) 115 111
MFR(L) 34 7.7
LV. ({dL/g) 1.26 1.70
Mw 183 100 -
Mn 20200 -
Mw/Mn 9.1 -
mmmm 96.1 -
mm 97.0 -
hiysy 0.5 -
by 1.4 -

(a) Hg porosimetry (method Carlo Erba).

Examples 2-16 step b) and step ¢)

In a 4.25-L stainless-steel stirred reactor at 30 °C in a propane atmosphere were charged the

polymer obtained in step a), 300 g of propane, then, by means of nitrogen overpressure, 4 mL

of a 0.5 molar hexane solution of TIBA (which is not considered in the reported values of

AV/Ti ratios reported in Table 3), and, after 5 minutes, the catalyst/cocatalyst mixture.

The catalyst/cocatalyst mixture is prepared by dissolving the catalyst indicated in table 3 with
MAO (Witco, toluene solution, 100 g/L), then adding a 0.5 M TIBA solution in hexane, and,

if the total volume was too low to make the solution manageable, additional toluene was

added up to 2 volume of 12 mL. The amounts used in the different polymerization

experiments are listed in the following table 2:

i8
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Table 2
Ex catalyst MAO TIBA total volume
type (mg) | (mmol Al) | (mmol) | (added toluene)
2 B-3(12) 3.1 3.1 12(5.0)
3 B-4 (12) 4.1 4.1 12(1.49)
4 C-1(15) 4.1 4.1 12 (1.4)
5 B-3(8) 3.1 3.1 12(5.0)
6 B-3(10) 3.9 3.9 12 (5)
7 B-4 (10) 3.4 34 12(1.4)
8 B-4(12) 4.1 4.1 12 (1.4)
9 C-1(20) 5.5 5.5 12 (none)
10 C-1(20) 5.5 55 12 (none)
11 B-3 (10) 5.15 5.15 13 (none)
12 B-3 (8) 4.1 4.1 12 (1.4)
13 B-3 (10) 5.15 5.15 13 (none)
14 B-3(10) 5.15 5.15 13 (none)
15 C-1(10) 13.6 0 8(4)
16 B-4(15) 10.3 34 13 (none)

The reactor content is stirred at 40 °C for 10 min, then propane is vented in 5 min leaving a
residual pressure of 4,3 bar-g at 30 °C. The reactor is heated up to the reaction temperature in
4 min, while feeding the monomers in the amounts specified in Table 3, up to a pressure of
20 bar-g. When only propylene is polymerized, the reactor is purged with propylene to
remove all propane, and propylene is then pressurized into the reactor up to a pressure of 20
bar-g at 80 °C. When ethylene/1-butene are copolymerized (examples 5-11), propane is
vented down fo a residual pressure of 0 bar-g, and a 85/15 or 65/35 ethylene/1-butene
mixtures are then pressurized into the reactor up to a pressure of 14 bar-g at 80 °C, then
temperature and pressure are maintained constant for the time required for the uptake of the
amount of monomers reported in Table 3, the monomers are vented, and the polymer
collected and dried in a vacuum oven at 70 °C for 2 hours. Polymerization data are reported
in table 3. Characterization of polymers obtained in examples 11, 15 and 16 is reported in
table 4, Fractionation data of polymers obtained in examples 12, 13 and 14 are reported in
table 5.

Example 17 step b) and step c)

In a 4.25-L stainless-steel stirred reactor at 30 °C in a propane atmosphere were charged 102
g of the propylene polymer iPPa, obtained as described above, followed by 300 g of propane,

4 ml of a 0.5 M hexane solution of TIBA by means of nitrogen overpressure as a scavenger.

19
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Afier 5 min stirting, 12 mL of a toluene/hexane solution containing 8 mg of B-3, 4.11 mmol
MAO, and 4.11 mmol of TIBA. The reactor is stirred for 10 minutes at 40 °C, then the
reactor is vented to 0.5 bar-g (the inner reactor temperature drops to 30 — 35 °C). The reactor
is flushed 3 times with propylene gas, then propylene gas is charged while heating the reactor
to 80 °C up to 20 bar-g (in 5 min). Propylene is continuously fed to maintain both
temperature and pressure constant. 75 g of propylene are added in 10 min, then propylene is
vented to 0.5 bar-g, then a mixture of ethylene (50 g) and propylene (38 g) to a pressure of 14
bar-g (in 4 min) maintaining the temperature at 80 °C. A 65/35 wt%% (74/26 mol%) mixture of
ethylene and propylenc (48 g C; and 25 g C3) was fed into the reactor in 100 min at 80 °C
and 14 bar-g. The reactor is then vented, the spherical polymer (272 g total) is dried under

vacuum at 70 °C for 2 houss.

20
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Table 4
Property Example 11 Example 15 Example 16
XSRT (%wt) | 43 - 32.1
Tm (°C) 165 - 164
AH (J/g) 75 - 78
T. (°C) 122 - 107
1.V. (dL/g) 2.23 1.74 1.51
My 419 600 - -
Ma 33 300 - -
Mw/My 12.6 - -
mmmm 43.5 - 56.9
mm 49.5 - 63.5
FrYy 18.8 = 6.6
rr 32.1 - 17.5
Table 5
Property Ex12 Ex13 |Ex14
Property
Tm (°C) 165 167 164
AH (J/g) 84 37 31
T. (°C) 113 110 108
T (°C) -2 1 -1
1.V. (dL/g) 218 2.57 |242
Et;0 soluble (a) 6.6 11.8 17.7
hexane soluble (2) 12.2 534 55.6
mm 8.9
rrrer 335
rr 57.9
hexane insoluble 81.2 34.8 26.7
(a) Kumagawa, 6 h at reflux.
22
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A process for the polymerization of olefins of formula CH,=CHR, wherein R is

hydrogen or an alkyl, cycloalkyl or aryl radical with 1-20 catbon atoms, comprising the

following steps:

o)

b)

a first step of polymerization in which one or more of said olefins is/are
polymerized, in one or more reactors, in the presence of a catalyst comprising the
product of reaction between an alkyl-Al compound and (i) a solid component
comprising a compound of a transition metal M selected from the group
consisting of Ti and V, not containing M7, bonds, and a halide of Mg in active
form, or (ii) a Phillips catalyst to produce an olefin homo- or copolymer;

a treatment step in which the product obtained in the first step of polymerization
is contacted with a compound able to deactivate the catalyst present in the first
polymerization step and thereafter it is contacted with a catalyst system

comprising a compound of formula (I):

Z,
RN
L, Y
N
AN
X X
@
wherein:
Ti is titanium;

L is group bonded to Ti through a 7-bond;

Y is a moiety comprising nitrogen, phosphorus, sulfur or oxygen through which
Y is covalently bonded to both Z and Ti;

Z is a moiety bridging L and Y,

X, same or different, ate monovalent anionic moieties having up to 30 non-
hydrogen atoms provided that, if X is an aromatic group, it is not bonded to Ti
through a mbond, optionally two X groups being be covalently bonded together
to form a divalent dianionic moiety having both valences bonded to Ti;

and, optionally, with an activating cocatalyst; and
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¢) a second step of polymerization in which one or more of said olefins are
polymerized, in one or more reactors, in the presence of the product obtained in
the treatment step b);

and wherein the amount of homo- or copolymer of olefins produced in the first

polymerization step a) is between 10% to 90% by weight of the total amount of

polymer produced.

The process according to claim 1 wherein the compound used in the treatment step b)

has formula (II)

R
r! R
Z .
\ TiX,
Y/
(I

wherein:

Tiis titaniuna;

X, same or different, are hydrogen atoms, halogen atoms, -R?, -OR’, -OCOR?, -OSO;CF;,
SR%, -NR% and -PR?, radicals, wherein R> is a linear or branched, saturated or
unsaturated Ci-Cao alkyl, Cs-Cao aryl or C7-Cyg arylalkyl radicals, optionally containing
heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements, two R? can
also form a C4-Cy saturated or unsaturated ring;

Y is NR?, PR?, O or S, wherein R* is described above;

7 is selected from the group consisting of, R%Si-SiR%, R;C-CR?;, R%8i-CR%, R%:Si
and CR?, radicals, wherein R® is a hydrogen atom or a linear or branched, saturated or
unsaturated Cr-Cyo alkyl, Ce-Cao aryl or C7-Coo arylalkyl radicals, optionally containing
heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements; two R® can
also form a C4-C; saturated or unsaturated ring;

the groups R', same or different, are hydrogen atoms, halogen atoms or a linear or
branched, saturated or unsaturated C;-Cap alkyl, Cs-Cao aryl or Cr-Cao arylalkyl radicals,
optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of the

Elements, or two or more R' groups can also form a ring that can be saturated or
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unsaturated and can contain one or more heteroatoms belonging to groups 13-16 of the
Periodic Table of the Elements, said rings can bear allyl substituents.

The process according to claim 2 wherein in the compound of formula (IT):

X is halogen atom, R? or OR%; wherein R? has the meaning described in claim 2; Y is
selected from the group consisting of N-methyl, N-ethyl, N-n-propyl, N-isopropyl, N-n-
butyl, N-t-butyl, N-phenyl, N-p-n-butyl-phenyl, N-benzyl, N-cyclohexyl and N-
cyclododecyl radicals; Z is selected from the group consisting of dimethylsilyl,
diphenylsilyl, diethylsilyl, di-n-propylsilyl, di-isopropylsilyl, di-n-butyl-silyl, di-t-butyl-
silyl, di-n-hexylsilyl, ethylmethylsilyl, n-hexylmethylsilyl, cyclopentamethylenesilyl,
cyclotetramethylenesilyl, cyclotrimethylenesilyl, —methylene, dimethylmethylene and
diethylmethylene radicals;

The process according to anyone of claims 1-3 wherein the compounds used in the

treatment step b) have the formula (IIT):

DN\
7 M,
\/
Y
(1)

wherein Ti, X, Y and Z have the meaning indicated in anyone of claims 1-3;

Y! is NR?, an oxygen atom (O), PR? or a sulfur atom(S), wherein R? has the meaning
described in claim 2;

the groups R® and R® same or different, are hydrogen atoms, halogen atoms or a linear or
branched, saturated or unsaturated C;-Cy alkyl, C¢-Cso aryl or C7-Cyo arylalkyl radicals,
optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of the
Elements; or R® and R® can also join to form a Cy-C; saturated or unsaturated ring;

T is a moiety of formula (Ifla) or (IlIb):
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¢ i
r =
{ -
vV R R’
(ITa) (Ib)
wherein

Y' has the above indicated meaning; being bonded to the cyclopenatdienyl group in
position 2;

the groups R7, R® and R®, same or different, are hydrogen atoms, halogen atoms or a linear
or branched, saturated or unsaturated C;-Cap alkyl, C4-Cap aryl or C7-Cy arylalkyl radicals,
optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of the
Elements, or R’ and R7, R and R® or R® and R form together a condensed C4-C; ring that
can bear alkyl substituents;

The process according to claim 4 wherein the compounds used in the treatment step b)
have the formula (IV):

VAN

av)y
wherein Ti, X, Y, Y', R®, R%, R7, R® and R® have the meaning indicated in claims 4 or 5;

with the proviso that R’ and RS do not form a condensed aromatic or aliphatic C4-C7 ring.

The process according to claim 5 wherein in the compounds of formula (IV):

Y! is N-methyl, N-ethyl or N-phenyl radical; R’ is a hydrogen atom or a methyl, ethyl,
propyl or phenyl radical; and R® is a hydrogen atom or methyl or phenyl radical; R’,R®
and R’ are hydrogen atoms.

The process according to claim 4 wherein the compounds used in the treatment step b)
have the formula (V):
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10.

R
Z T,
\/

Y

\7]
wherein Ti X, Y, Y%, R®, RS, R, R® and R® have the meaning indicated in claims 4 or 5; k

ranges from 0 to 4 and RYjs a halogen atom or a linear or branched, saturated or
unsaturated C;-Cyo alkyl, Cs-Cpo aryl or C;-Cy arylalkyl radicals, optionally containing
heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements, or two
vicinal R' groups form together a condensed aromatic or aliphatic C4-C ring.

The process according to claim 7 wherein in the compounds of formula (V):

Y is N-methyl, N-ethyl or N-phenyl radical; k is 0 or 1 and R'* is a 2-methyl, 2-isopropyl
and 2-fers-butyl radical; R”, R® and R are hydrogen atoms;

The process according to claim 4 wherein the compounds used in the treatment step b)
have the formula (VI):

R6
RS ~ R7
Y \
v R
a\/mg
Y
VD

wherein Ti, X, Y, Y', R>, R%, R” and R® R’ have the meaning indicated in claitos 4 or 5;.
The process according to claim 9 wherein in the compounds of formula (VI):

two Y are the same; R® is hydrogen atom or a methyl, ethyl, propyl or phenyl radical; and
R® is 2 hydrogen atom or R® and R® form a condensed benzene ring that can bear alkyl
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11.

12.

16.

18.

substituents; R is 2 hydrogen atom and R® is a hydrogen atom or a methyl, ethyl, propyl

or phenyl radical or R” and R® form a condensed benzene ring that can bear alkyl

substituents.

The process according to anyone of claims 1 to 9 wherein the treatment step b) is

carried out in the following two steps:

L optionally put in contact the polymer produced in polymerization step a) with
compounds that are able to deactivate the catalyst used in said step a); and

I put in contact the product obtained in I. with a solution comprising a compound of
formula (T) and optionally an activating cocatalyst in hydrocarbon solvents.

The process according to claim 11 wherein step IT can be effected by suspending the

polymer produced in step a) in an hydrocarbon solvent contained dissolved therein the

compound of formula (I} and optionally one or more activating cocatalyst, and

removing the solvent at the end of the treatment.

The process according to claim 11 wherein step II can be conveniently carried out in a

loop reactor in the gas-phase, in which the polymer produced in the first step of

polymerization (a) is circulated by a stream of inert gas and a solution of the compound

of formula (I) is fed obtaining a free-flowing product at the end of the treatment.

The process according to anyone of claims 1 to 13 wherein the polymer obtained in

step a) has preferably porosity, expressed as percentage of voids, greater than 15%.

The process according to claim 14 wherein the polymer obtained in step a) is a

homopolymer of propylene having a pentads content (mmmmy) higher than 60%, or a

crystalline copolymer of propylene that has a content by weight of units derived from

ethylene and/or from the CH,=CHR olefin below 10%.

The process according to anyone of claims 1 to 15 wherein the polymer obtained in

step ¢) is a polypropylene polymer having a triad contents (rr) in the range 60-80 % by

mol and melting enthalpy (AHf) lower than 20 J/g.

The process according to anyone of claims 1 to 16 wherein the polymerization step c) is

carried out in a gas phase.

A reactor blend obtainable by the process according to anyone of claims 1 to 17

comprising:

(a) from 10% to 90% by weight of isotactic polypropylene, optionally containing from
0.1 to 5 % by mol of units derived from an alpha-olefin of formula CH,=CHR™,
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wherein R™ is hydrogen or a Cp-Cy alkyl radical, having a pentads content
(mmmm) higher than 60%; and

(b) from 90% to 10% by weight of a syndiotactic/amorphous polypropylene,
optionally containing from 0.1 to 5 % by mol of units derived from an alpha-olefin
of formula CH,=CHR"™, wherein R™ js hydrogen or a Cy-Cyo alkyl radical, having
triad contents (1r) in the range 6080 % and melting enthalpy (AHf) lower than 20
Iig.

29

JP 2004-535505 A 2004.11.25



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(57)

gbooogbodaoan

INTERNATIONAL SEARCH REPORT internd 3 Application No
PCT/EP 02/07894

CLASSIFICATION OF SUBJECT MATTI

PC 7 C08L23/10 COBFlO/OO

According to ional Patent Classifioation {IPG) or to both nati if IPC

B. FIELDS SEARCHED

Minimum i system Y ification symbols)

IpC 7 CO3L CO8F

Documentation searched other than minimum doournentation to the extent that such documents are included In the fields searched

Efectronic data base consulted curing the international search (name-of data base and, where pracfical, search terms used)

EPQ-Internal

ANGELO (IT); BARUZZI GIOVANNI (IT);
BASELL) 27 September 2001 (2001-09-27)
the whole document

Y WO 96 11218 A (MONTELL TECHNOLOGY COMPANY 1-17
BV) 18 April 1996 (1996-04-18)
the whole document

X WO 99 28381 A (KOOPMANS RUDOLF ;THOEN 18
JOHAN A (NL); ANSEMS PATRICIA (US); DOW
CHE) 10 June 1999 (1999-06-10)

the whole document

_/_

c. TO BE RELEVANT
Category ® | Gitation of document, with indication, where appropriste, of the relevant passages . Relevant to claim No.
P.X WO 01 70878 A (RESCONI LUIGI ;FERRARO 1-18

m Further documents are llsted in the continuation of box C. Patent family members are listed in annex.

= Special categorles of Gited documents :
b o *T* fater document publisned after the intemational fiing date
or priority date and not i conflict with the applcation but

*A* dacument defining the general state of the art which is not cited 1o Understand the principle or theory uriderlying the

considered 1o be of particular relevance

invention

“E" eater dovument bt putishod on or aftr th imermatonal "X doumento e lovares the clainsd verton
fing cannol be or cannol be considsred to

"L document uhich my thiow doubts on prirty. lam(s)or vt on Pwenvs St e e cocrant s han dons
which is cited 10 establish the publr;ailnn uale of

“¥" document of particular relevance; the claimed invention

oitation or ather gpeciz] seeson (as eped canfof be considered to involve an inveriive step when the

o ducumem velemng 10 an oral disclosure, use. axmbmnn or document s combined with one or more other such docu—
other mems SHCH ‘combination being obvious 1o & person skilled
P dacumen\ punnsnea prior to the intemational filing date but in the
taler than the priorty cate claimed 78" document memberof he same patent family
Dale of the actual completion of the intemational search Date of mailing of the international search report
15 November 2002 25/11/2002
Name and meiling address of the ISA Authorized officer
European Pa(em Dlhce P.B. 5818 Patentiaan 2
NL - 2280 HV Ri
Tel. (+31-70) 340 EMU Tx. 31651 eponi, -
4 Fanx: (+31-70) 340-3016. Balmer, J-P

Fomm POTASAR10 {sacond sheet) (July 1992}

page 1 of 2

JP 2004-535505 A 2004.11.25



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 |

INTERNATIONAL SEARCH REPORT

(58)

Interne  Application No

PCT/EP 02/07894

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

“Category *

‘Citalion of document, with indication, whare appropriata, of Ine relevant passages

Relevant to claim No.

Y

W0 01 44319 A (FAIT ANNA ;COVEZZI MASSIMO
(IT); BASELL TECHNOLOGY COMPANY B V (NL)
21- June 2001 (2001-06-21)

the whole document

WO 00 53646 A (FAIT ANNA ;COLLINA GIANNI
(IT); BARUZZI GIOVANNI (IT); CECCHIN GIU)
14 September 2000 (2000-09-14)

the whole document

US 5 672 665 A (MUHLE MICHAEL ELROY ET
AL) 30 September 1997 (1997-09-30)

the whole document

1-17

1-17

1-18

Form PCT/SAR10 (cantinuation of second sneet) (July 1992)

page 2 of 2

JP 2004-535505 A 2004.11.25



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 |

INTERNATIONAL SEARCH REPORT

imrmation on patent family members

(59)

i Application No

Interna
J PCT/EP 02/07894

Patent document Publication - Patent family ] Publication

cited in search reporl date member(s) date

W0 0170878 A 27-09-2001 AU 5620301 A 03-10-2001
BR 0105938 A 26-03-2002
] 0170878 Al 27-09-2001
EP 1187877 Al 20-03-2002
TR 200103338 T1 22-07-2002

WO 9611218 A 18-04-1996 IT 1270125 B 28-04-1997
AT 200499 T 16-04-2001
AU 694276 B2 16-07-1998
AU 3803395 A 02-05-1996
BG 100674 A 31-03-1997
BR 9506402 A 09-09-1997
CA 2178077 Al 18-04-1996
CN 1139934 A ,B 08-01-1997
w4 9601994 A3 11-12-1996
DE 69520662 D1 17-05-2001
DE 69520662 T2 18-10-2001
DK 742801 T3 21-05-2001
WO 9611218 Al 18-04-1996
EP 0742801 Al 20-11-1996
ES 2156948 T3 01-08-2001
FI 962329 A 04-06-1996
GR 3035745 T3 31-07-2001
HU 75175 A2 28-04-1997
IL 115515 A 26-07-2000
Jp 9506391 T 24-06-1997
NO 962298 A 04-06-1996
PL 314863 Al 30-09-1996
PT 742801 T 30-08-2001
RU 2171265 C2 27-07-2001
SK 87296 A3 09-04-1997
TR 960285 A2 21-06-1996
us 5643422 A 156-07-1997
us 6028140 A 22-02-2000
ZA 9508316 A 26-04-1996

W0 9928381 A 10-06-1999  BR 9815134 A 10-10-2000
EP 1036112 Al 20-09-2000
JP 2002503729 T 05-02-2002
Wo 9928381 Al 10-06-1999
us 5986009 A 16-11-1999

WO 0144319 A 21-06-2001 AU 3014401 A 25-06-2001
CN 1339983 T 13-03-2002
Wo 0144319 A2 21-06-2001
EP 1144464 A2 17-10-2001

WO 0053646 A 14-09-2000 AU 3960500 A 28-09-2000
BR 0010376 A 26-12-2001
CN 1350552 7 22-05-2002
Wo 0053646 Al 14-09-2000
EP 1161465 Al 12-12-2001

US 5672665 A 30-09-1997 US 5442019 A 15-08-1995
CA 2186400 Al 05~10-1995
CN 1157000 A 13-08-1997
DE 69501888 D1 30-04-1998
DE 69501888 T2 12-11-1998

“Form PGTASA/Z10 {paient family annex) (Juy 1992)
page 1 of 2

JP 2004-535505 A 2004.11.25



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 |

INTERNATIONAL SEARCH REPORT

mTormation on patent family members

(60)

Internif | Application No

PCT/EP 02/07894

Patent document Publication Patent family I Publication

cited in search report date member(s) date

US 5672665 A EP 0751965 Al 08-01-1997
ES 2118585 T3 16-09-1998
JP 2858957 B2 17-02-1999
JP 9511006 T 04-11-1997
Wo 9526370 Al 05-10-1995
us 5753786 A 19-05-1998 .
Us 5747612 A 05-05-1998

Farmr. PCTASA/210 {palent family annex) [July 1982)
page 2 of 2

JP 2004-535505 A 2004.11.25



(61) JP 2004-535505 A 2004.11.25

gobogooaon

(72000 Ooooooooooodg
oooooooooooobooooboooooooooooooooobooon
OOO0O0O@O) 43128 AAO1 ABO1 ACO3 ACO8 AC32 AC37 ADO2 AD11 AD13 AD16

good oo AD17 AD18 AD19 BAO1B BA02B BBO1B BC15B BC25B CA16C CB65C
ooodg go EAO2 EBO2 EBO4 EBO7 ECO1 ECO2 EDO2 EDO8 EDO9 EF02
gooog oo FAO4 GAO1 GAO4 GAO6 GA12 GA14 GA15 GA18 GA22 GA26

good oo GB02



	bibliographic-data
	abstract
	claims
	description
	international-document-image-group
	search-report
	overflow

