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(57) Abstract: A process for producing a 1-butane polymer compris-
ing the step of polymerizing 1-butene in the presence of a catalyst sys-
tem obtainable by contacting: a) at least a metallocene compound of
formula (Ia) in the meso or meso-like form, wherein M is an atom of
a transition metal p is an integer from 0 to 3, X, same or different, is
a hydrogen atom, a halogen atom, or a hydrocarbon group. L is a di-
valent C;-Cyo hydrocarbon radical R' and R , equal to or different from
each other, are C;-Cyo hydrocarbon radicals; T, equal to or dlffer%nt from
each other, is a moiety of formula (II4a) (IIb)6 or (Ilc), wherein R” and R

are a C;-Cyp hydrocarbon radical; R and R, equal to or different from
each other are hydrogen atoms or C;-Cyo hydrocarbon radicals and R’

and R equal to or different from each other, arc hydrogen atoms or
C,-Cyohydrocarbon radicals; b) at least a metallocene compound of for-
mula (Ib) in the racemic (rac) or racemic - like form; c¢) an alumoxane

or a compound capable of forming an alkyl metallocenc cation.
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PROCESS FOR PRODUCING FRACTIONABLE 1-BUTENE POLYMERS

The present invention relates to a process for obtaining a fractionable 1-butene-based
polymer by using a metallocenc-base catalyst system and to the polymer directly
obtainable by this process.

1-Butene polymers arc well known in the art. In view of their good propertics in tcrms of
pressurc resistance, creep resistance, and impact strength, they are widcly used for cxample
in the manufacture of pipes for metal pipe replacement, easy-open packaging and films.
Isotactic 1-butene based polymers produced by using metallocene-based catalyst system
are well known in the art, processes for obtaining them arec described for example in WO
02/100908, WO 02/100909 and WO 03/014107, however thc polymers obtainable are
endowed with a very high isotacticity.

From the other side atactic 1-butene polymers are known in the art, it is a sticky polymer
mainly used as componcnts for adhesive compositions. Examples of processes for
producing this polymers are given in US 6,288,192; EP 604 908 and EP 04101912.6.

For certain applications there is thc need for a matcrial softer than the isotactic 1-butene
polymer, having elastomeric properties, but this material has to be easily processable and
above all not sticky as the atactic 1-butene polymers are.

A fractionable elastomeric 1-butene polymers is described in US 4,298,722. This polymer
is obtaincd by using organozirconium compounds such as tctrancophylzirconium, i.c.
compounds in which the metal do not have m-bond as metallocene compounds have. The
obtained 1-butene polymer can be fractionated with dicthyl ether and the ether soluble
fractions among other featurcs has an infrarcd crystallinity valuc comprised between 1% to
15%. This value is quite high if compared with the infrared crystallinity of the ether
soluble fraction of the 1-butene polymers of the present invention.

In macromolecules Vol 33. No. 6, 2000 a process for preparing a 1-butene homopolymer is
described. The process uscs rac and meso mixturcs of dimcthylsilylbis(2-mcthyl-4-
phenylindenyl)zirconium - dichloride, dimethylsilylbis(indenyl) zirconium dichloride, or
dimethylsilylbis(2-methyl-4,5-benzoindenyl) zirconium dichloride. The molecular weight
of the atactic 1-butenc polymer are quite low they ranges from 200 kg/mol to 40 kg/mol,
that corresponds to an intrinsic viscosity measured in decahydronapthalene ranging from
0.95 dl/g to 0.27 dl/g according to thc paramcters of thc Mark-Houwink cquation described

in the document .itself. These values correspond to an intrinsic viscosity (IV) range
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measured in tetrahydronaphtalene from about 0.83 dl/g to 0.23 dl/g. In the l-butene
polymer composition of the present invention the intrinsic viscosity of the 1-butene
polymer is higher than the value of 0.83 dl/g described in said document. The higher
molecular weight (i.e. the higher value of intrinsic viscosity) renders the composition less
sticky making the latter easicr to process. An object of the present invention is to find a
proccss for preparing a fractionablc 1-butenc-based polymcr whercin the atactic fraction of
such a polymer has an high molecular weight, and it is atactic, while the isotactic fraction
bas an high molecular weight, and wherein the molecular weight of the atactic fraction is
higher than 70% of the molecular weight of the isotactic fraction.

Therefore the applicant found a process for producing a 1-butene polymer comprising the
step of polymerizing 1-butene and optionally ethylene, propylene or one or more alpha
olefins of formula CH,=CHZ, wherein Z is a C3-Cio alkyl group, in the presence of a
catalyst system obtainable by contacting: v

a) at least a mctallocenc compound of formula (Ia) in the meso or meso-like form:

*

R? T
L MXp
R! T
®
(la)

wherein

M is an atom of a transition metal selected from those belonging to group 3,4, 5, 6 or to
the lanthanide or actinide groups in the Periodic Tablc of the Elements; preferably M is
titanium, zirconium or hafnium; |

p is an integer from O to 3, preferably p is 2, being equal to the formal oxidation state of
the metal M minus 2;

X, same or different, is a hydrogen atom, a halogen atom, or a R, OR, OSO,CF,,
OCOR, SR, NR; or PR; group, wherein R is a are lincar or branched, cyclic or
acyclic, C1-Cagalkyl, C2-Cao alkenyl, Cz-Cao alkynyl, Ce-Cao-aryl, C7-Cap-alkylaryl or
Cr-Cao-arylalkyl radicals; optionally containing hetcroatoms belonging to groups 13-17
of the Periodic Table of the Elements; prefcrably R is a linear or branched C,-Cao-alkyl
radical; or two X can optionally form a substituted or unsubstitutcd butadicnyl radical
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or a OR'O group wherein R is a divalent radical sclected from Ci-Cao alkylidene,
Cs-Cyp arylidene, C7-Cy alkylarylidene and C;-Cy arylalkylidene radicals; preferably X
is a hydrogen atom, a halogen atom or a R group; more preferably X is chlorine or a
C;-Cjo-alkyl radical; such as methyl, or benzyl radicals;

L is a divalent C,-Ca hydrocarbon radical optionally containing heteroatoms belonging
to groups 13-17 of the Pcriodic Table of the Elements or a divalent silylenc radical
containing up to 5 silicon atom; preferably L is a divalent bridging group sclected from
Ci-Cyp alkylidene, C;3-Cy cycloalkylidene, Cs-Cag arylidene, C7~Cyo alkylarylidene, or
C7-Cy arylalkylidene radicals optionally containing heteroatoms belonging to groups
13-17 of the Periodic Table of the Elements, and silylene radical containing up to 5
silicon atoms such as SiMe,, SiPhy; preferably L is a group (Z(R”)z)» wherein Z is a
carbon or a silicon atom, nis 1 or 2 and R” is a C;-C3o hydrocarbon radical optionally
containing heteroatoms belonging to groups 13-17 of the Periodic Table of the
Elcments; preferably R™ is a lincar or branched, cyclic or acyclic, Ci-Cye-alkyl, C2-Czo
alkenyl, C;-Cy alkynyl, Cg-Czo-aryl, Cs-Cyo-alkylaryl or C;-Cyp-arylalkyl radicals
optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of
the Elements; more preferably the group (Z(R”))nis Si(CHs);, SiPhy, SiPhMe,
SiMe(SiMes), CHz, (CHa),, and C(CH3)z;

R' and R?, equal to or different from each other, are C;-Cy hydrocarbon radicals
optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of
the Elements; preferably they are lincar or branched, cyclic or acyclic, C;-Cao-alkyl,
Cr-Cyp alkenyl, Cy-Cy alkynyl, C¢Cag-aryl, C;-Csg-alkylaryl or C;-Cso-arylalkyl
radicals; optionally containing hcteroatoms belonging to groups 13-17 of the Periodic
Table of the Elements; more preferably R' and R? are lincar,.saturated or unsaturated
C;-Cap-alkyl radicals; more preferably R! and R? are methyl or cthyl radicals;

T, equal to or different from each other, is a moiety of formula (TIa), (IIb) or (Ilc):

R6
S R’ S . R’
Py e -
R3 R’ *S
(Ia) (Ib) (Tic)

wherein the atom marked with the symbol * bonds the atom marked with the same

symbol in the compound of formula (Ia);
3
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R? is a C;-Cao hydroc arbon radical optionally containing heteroatoms belonging to
groups 13-17 of the Periodic Table of the Elements; preferably R; is a linear or
branched, cyclic or acyclic, Cy-Cap-alkyl, C>-Cap alkenyl, C2-Cao alkynyl, C¢-Cap-aryl,
Cy-Ca-arylalkyl or a C;-Cyp-alkylaryl radical; optionally containing heteroatoms
belonging to groups 13-17 of the Periodic Table of the Elements; more preferably R}is
a lincar or branched, C,-Cy-alkyl Cg-Cao-aryl, Cs-Cao-arylalkyl radical; cven morce
preferably R? is a C¢-Co-aryl radical optionally substituted with onc or more C;-Cyo
alkyl groups;

R* and RS equal to or different from each other, are hydrogen atoms or C;-Cao
hydrocarbon radicals optionally containing heteroatoms belonging to groups 13-17 of
the Periodic Table of the Elements; preferably R* and R®, equal to or different from
each other, are hydrogen atoms or linear or branched, cyclic or acyclic, Ci-Cao-alkyl,
Cx-Cyp alkenyl, Cz-Caalkynyl, Ce-Caso-aryl, Cr-Csp-alkylaryl or C;-Cap-arylalkyl
radicals; optionally containing hetcroatoms belonging to’ groups 13-17 of the Periodic
Table of the Elements; preferably R* and R® arc hydrogen atoms;

R’ is a C;-Cqo hydrocarbon radical optionally containing heteroatoms belonging to
groups 13-17 of the Periodic Table of the Elements; preferably R’ is a linear or
branched, cyclic or acyclic, Ci-Cap-alkyl, C>-Cap alkenyl, C,-Cao alkynyl, Cs-Cao-aryl,
Cr-Cso-alkylaryl or Cr-Cyp-arylalkyl radicals; optionally containing heteroatoms
belonging to groups 13-17 of the Periodic Table of the Elements; more preferably R is
a linear or branched, saturated or unsaturated C;-Cy-alkyl radical; cven morc
preferably R® is a methyl or ethyl radical;

R’ and R® cqual to or different from cach other, arc hydrogen atoms or C;-Cao
hydrocarbon radicals optionally containing heteroatoms belonging to groups 13-17 of
the Periodic Table of the Elements; preferably R” and R® are hydrogen atoms or linear
or branched, cyclic or acyclic, C;-Cs-alkyl, C;-Csp alkenyl, C;-Cso alkynmyl,
Ce-Cuparyl, C;-Cyo-alkylaryl or C;-Cy-arylalkyl radicals; optionally containing
heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements;
preferably R® is a hydrogen atom or a linear or branched, saturated or unsaturated
Ci-Cao-alkyl radical; morc prefcrably R® is a methyl or cthyl radical;

preferably R7 is a hydrogen atom or a C-Cap-alkyl, Cs-Cao-aryl or a C7-Cyg-arylalkyl
radical; morc preferably R is a group of formula (I1I)
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(1
whercin R%, R'%, R"", R'? and R'?, equal to or diffcrent from cach other, arc hydrogen

atoms or linear or branched, cyclic or acyclic, C;-Cyo-alkyl, C>-Cyo alkenyl, C>-Cyo
alkynyl, CgCporaryl, C;-Cyo-alkylaryl or C7-Cyo-arylalkyl radicals; optionally
containing heteroatoms belonging to groups 13-17 of the Periodic Table of the
Elements; preferably R®, and R'? arc a hydrogen atoms; R'?, R'! and R* are preferably
hydrogen atoms or linear or branched, cyclic or acyclic, Cy-Cio-alkyl radicals;

b) atleast a metallocene compound of formula (Ib) in the racemic (rac) or racemic -like

form

T R?
R! T
*
(Ib)

wherein R!, R%, T, L, M, X and p have been described above; and wherein RLR% T, L,
M, X and p have been described above; and wherein the atoms marked with the symbol
* bonds the atom marked with the same symbol in thc moictics of formula (1a), (1Ib) or
(o)
¢) an alumoxane or a compound capable of forming an alkyl metallocenc cation; and
optionally
d) an organo aluminum compound.
Prefcrably the ratio between the racemic or the racemic like form (the compound of
formula (Ib)) and the meso form or the meso-like form (the compound of formula (1a))
ranges from 10:90 to 90:10; more preferably from 20:80 to 80:20; cven more preferably
from 30:70; 70:30.
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In one embodiment the compounds of formulas (Ia) and (Ib) have respectively the
following formulas (IVa) or (IVb)

R3
R4
R2
R5
6
Mo [ \x
Rs
Rl
R4
R3

(Va) avv)

wherein

M, X,p, L, R, R?, R3, R*, R® and R have the above described meaning.

In an altemative embodiment the compounds of formulas (Ia) and (Ib) have respectively
the following formulas (Va) or (Vb) '

R’ R}
R 74 2
2 N 8 R
R < R isj%\
MXp MXp

L L
S S
R2 8 RrR? 8
/R /R
R’ R’
(Va) (Vb)

whercin M, X, p, L, R}, R?, R and R® have the above described meaning.

Metallocene compounds of formula (Ia) and (Ib) are well known in the art, they can be
prepared according to known procedure, such as those described in WO 01/44318, WO
03/045964, PCT/EP02/13552 and DE 10324541.3.

For the purpose of the present invention the term “racemic form” means that the same
substituents on the two cyclopentadienyl moieties are on the opposite side with respect to
the plane containing the zirconium and the centre of the said cyclopentadienyl moieties.

“racemic-like form” means that the bulkier substituents of the two cyclopentadienyl
6
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moieties on the metallocenec compound are on the opposite side with respect to the planc
containing the zirconium and the centre of the said cyclopentadienyl moicties as shown in

the following compound:

Reference Plane

For the purpose of the present invention the term “meso form™ means that the same
substituents on the two cyclopentadienyl moietics arc on the same sidc with respect to the
plane containing thc zirconium ‘and the centre of the said cyclopentadicnyl moictics.
“Mcso-like form™ mcans that the bulkier substituents of the two cyclopentadicnyl moictics
on the metallocene compound are on the same side with respect to the plane containing the
zirconium and the centre of the said cyclopentadienyl moieties as shown in the following

compound:
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IS
s,

Reference Plane

DLy

SiMe,

The 1-butene polymer composition object of the present invention can be easily
fractionated by subjecting the composition to fractionation with xylene according to the
procedure described below (Xylene solubles at 0°C). In this way the atactic component a)
remains in solution, while the isotactic component b) is insoluble at 0°C.

When the composition is subjected to diethyl ether extraction the atactic component a) that
taken alone results to be completely soluble in this solvent, cannot be completely separated
from component b). Without wishing to be bound by a theory we believe that this can be
cxplained by the fact that component a) and component b) are so intimately mixed that
diethyl ether is not able to swell the component b) lamellas so that to be able to contact and
solubilize all the component a) present in the composition. On the contrary when the
composition is subjected to xylene fractionation according to the procedure described
below, since all the composition is solubilized, with a subsequent precipitation of
component a) the separation is complete.

This fact confirms that component a) and component b) of the 1-butene polymer obtainablc
with the process of the present invention arc completely infimatcly dispersed allowing the
composition to maintain the best properties of the two components. In fact, for example,
the composition retains the melting point of component b).

The 1-butene polymer obtainable with the process of the present invention is endowed with

a very narrow molccular weight distribution, cven if it is composcd by two distinguishable
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fractions. The molecular weight distribution (Mw/Mn) of said 1-butene polymer is lower
than 4; preferably it is lower than 3; more preferably it is lower than 2.5,

Component a) as obtained by xylene extraction at 0°C has preferably an infrared
crystallinity value lower than 0.5%; more preferably the infrared crystallinity is lower than
0.3%; even more preferably lower than 0.1%.

The amount of componcnt a) with respect to component b) in the 1-butenc polymer
obtainable with the process of the present invention depends mainly on the ratio between
the racemic or racemic-like form and the meso or meso-like form and to the
polymerization activities of compounds (Ia) and (Ib). Thus once it is known the
polymerization activity of compound (Ta) and (Ib) the desired ratio between component a)
and component b) can be casily found by calculating the ratio of compounds of formula
(Ta) and (Ib). A further advantage of the process of the present invention is that the
polymerization activitics of the compounds of formulas (Ia) and (Ib) when they arc the
mcso or meso-like form and the rac or raccmic-likc form of the samec mctallocene
compound are comparable. Therefore it is possible to achicve the whole range of ratio
between compénent a) and component b) i.e. for example from 95:5 to 5:95 without having
a substantial decrease of the yield of the polymerisation process. This effect is unexpected
with respect to the prior art. In fact, in macromolecules Vol 33. No. 6, 2000 the activities
of the rac and meso form of the metallocene compounds used are very different and the
meso form is much more active than the rac form, therefore, for example in order to have a
composition rich in the isotactic 1-butenc polymer it would be nccessary to usc a catalyst
system that is much more rich in racemic form with a consequently lowcring of the yield of
the polymecrization process.

In the process of the present invention the ratio of component a) to component b), can be
also finely tuned by using hydrogen or ethylene during the polymerization reaction.

In fact, by adding hydrogen it is possible to increase thc amount of component a) by
incrcasing the lifctimc and/or activity of thc compound of formula (Ia) whilc the
compound of formula (Ib) is less affected. A similar effect can also be obtained by using
ethylene instead of hydrogen.

Thercfore a further object of the present invention is a process for producing a 1-butenc
polymer comprising the step of polymerizing 1-butene and optionally ethylene, propylene
or onc or morc alpha olcfins of formula CH,=CHZ, whercin Z is a C3-C)o alkyl group, in
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the presence of a catalyst system described above; wherein said process is carried out in

the presence of hydrogen or cthylene.

The amount of hydrogen can range from 1 ppm to 1000 ppm; preferably it ranges from 5

ppm to 500 ppm; more preferably it ranges from 10 ppm to 400 ppm; even more preferably

the amount of hydrogen ranges from 20 ppm to 200 ppm; another preferred range is from

30 ppm to 100ppm, wherein ppm arc defined as molar part per milion in the liquid phasc

(bulk). The ratio of 1-butenc to cthylene fed in the reactor can be varied in order to obtain a

fractionable 1-butene polymer containing from 0.1% by mol and 8% by mol; more

preferably it is comprised between 0.1% by mol and 5% by mol, even more preferably it is

comprised between 0.1% by mol and 3% by mol of ethylene.

Alumoxanes used as component c) in the above proccss can be obtained by reacting water
with an organo-aluminium compound of formula H;AlUs; or H;jAl;Usj, where the U
substituents, same or differcnt, are hydrogen atoms, halogen atoms, C;-Cao-alkyl, C3-Cao-
cyclalkyl, Ce-Cyo-aryl, C;-Cy-alkylaryl or C7-Cyo-arylalkyl radicals, optionally containing
silicon or germanium atoms, with the proviso that at least one U is different from halogen, and
j ranges from O 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 alumoxanes used in the process according to the invention are considered to be linear,

branched or cyclic compounds containing at least one group of the type:
U
h—o

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

In particular, alumoxancs of the formula:

U U U
N\ | 1 /
;\l—O——(Al——O)n —A\]

u u

can be used in the case of linear compounds, wherein n' is 0 or an integer of from 1 to 40 and
the substituents U are defined as above; or alumoxanes of the formula:

U
L o2
(A—O)n
can be used in the case of cyclic compounds, wherein n’ is an integer from 2 to 40 and the U

substituents arc defined as above.

10
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Examples of alumoxanes suitable for use according to the present invention are
methylalumoxane (MAO), tetra-(isobutyl)alumoxane (TIBAO), tetra-(2,4,4-trimethyl-
pentyl)alumoxane (TIOAOQ), tetra~(2,3-dimethylbutyl)alumoxane (TDMBAO) and tetra-
(2,3,3-trimethylbutyl)alumoxane (TTMBAO).

Particularly interesting cocatalysts are those described in WO 99/21899 and in WO01/21674
in which the alkyl and aryl groups have specific branched pattcrns.

Non-limiting cxamples of aluminium compounds that can be reacted with water to give
suitable alumoxanes (b), described in WO 99/21899 and WO01/21674, are:
tris(2,3,3-trimethyl-butyl)aluminium, tris(2,3-dimethyl-hexyl)aluminium, tris(2,3-dimethyl-
butyl)aluminium, tris(2,3-dimethyl-pentyl)aluminium, tris(2,3-dimethyl-heptyl)aluminium,
tris(2-methyl-3-cthyl-pentyl)aluminium, tris(2-methyl-3-ethyl-hexyl)aluminium,
tris(2-methyl-3-ethyl-heptyl)aluminium, tris(2-methyl-3-propyl-hexyl)aluminium, tris(2-cthyl-
3-methyl-butyl)aluminium, tris(2-ethyl-3-methyl-pentyl)aluminium, tris(2,3-diethyl-
pentyl)aluminium, tris(2-propyl-3-methyl-butyl)aluminium, tris(2-isopropyl-3-mcthyl-
butylaluminium, tris(2-isobutyl-3-methyl-pentyl)aluminiom, tris(2,3,3-trimethyl-
pentyl)aluminium, tris(2,3,3-trimethyl-hexylaluminium, tris(2-ethyl-3,3-dimethyl-
butyl)aluminium, tris(2-cthyl-3,3-dimethyl-pentyl)aluminium, 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-butyl)aluminiurn, tris(2,3 -dimethyl-3-phenyl-
butyl)aluminium, tris(2-phenyl-propyDaluminium, tris[2-(4-fluoro-phenyl)-propyl]aluminium,
tris[2-(4-chloro-phenyl)-propyl]aluminium, tris[2-(3-isopropyl-phenyl)-propyl]aluminium,
tris(2-phenyl-butyl)aluminium,  tris(3-methyl-2-phenyl-butyDaluminium,  tris(2-phenyl-
pentyl)aluminium, tris[ 2-(pentafluorophenyl)-propyl]aluminium, tris[2,2-diphenyl-
cthyl]aluminium. and tris[2-phenyl-2-methyl-propyl]aluminium, 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.

Among the above aluminium compounds, trimethylaluminium (TMA), triisobutylaluminium
(TIBA), tris(2,4,4-trimethyl-pentyl)aluminium (TIOA), tris(2,3-dimethylbutyl)aluminium
(TDMBA) and tris(2,3,3-trimcthylbutyl)aluminium (TTMBA) are preferred.

Non-limiting cxamples of compounds able to form an alkylmetallocene cation are compounds
of formula D'E", whercin D* is a Brenstcd acid, ablc to donatc a proton and to react
irreversibly with a substituent X of the metallocene of formula (Ia) and (Ib) and E is a

11
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compatible anion, which is able to stabilize the active catalytic specics originating from the
reaction of the two compounds, and which is sufficiently labile to be removed by an olefinic
monomet. Preferably, the anion E” comprises one or more boron atoms. More preferably, the
anion E’ is an anion of the formula BAr,", wherein the substituents Ar which can be identical
or different are aryl radicals such as phenyl, pentafluoropheny! or bis(trifluoromethyl)phenyl.
Tctrakis-pentafluorophenyl borate is particularly preferred compound, as described in WO
91/02012. Morcover, compounds of formula BAr; can be conveniently used. Compounds of
this type are described, for example, in the International patent application WO 92/00333.
Other examples of compounds able to form an alkylmetallocene cation are compounds of
formula BAr;P whercin P is a substituted or unsubstituted pyrrol radical. These compounds
are described in WQ01/62764. Compounds containing boron atoms can be convenicntly
supported according to the description of DE-A-19962814 and DE-A-19962910. 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.

Non limiting examples of compounds of formula D'E are:
Triethylammoniumtetra(phenyl)borate,

Tributylammoniumtetra(phenyl)borate,

Trimethylammoniumtetra(tolyl)borate,

Tributylammoniumtetra(tolyl)borate,

Tributylammoniumtctra(pentafluorophenyl)borate,
Ttib{ltylammoniumtetra(pcntaﬂuorophenyl)aluminate,
Tripropylammoniumtctra(dimcthylphenyl)borate,
Tributylammoniumtetra(trifluoromethylphenyl)borate,
Tributylammoniumtetra(4-fluorophenyl)borate,
N,N-Dimethylbenzylammonium-tetrakispentafluorophenylborate,
N,N-Dimcthylhcxylamonium-tctrakispentafluorophenylborate,
N,N-Dimethylaniliniumtetra(phenyl)borate,

N,N-Diecthylaniliniumtetra(phenyl)borate,
N,N-Dimethylaniliniumtetrakis(pentafluorophenyl)borate,
N,N-Dimethylaniliniumtetrakis(pentafluorophenyl)aluminate,
N,N-Dimcthylbenzylammonium-tetrakispentafluorophenylboratc,
N,N-Dimethylhexylamonium-tetrakispentafluorophenylborate,
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Di(propyl)ammoniumtetrakis(pentafluorophenyl)borate,
Di(cyclohexyl)ammoniumtetrakis(pentafluorophenyl)borate,
Triphenylphosphoniumtetrakis(phenyl)borate,

Triethylphosphoniumtetrakis(phenyl)borate,

Diphenylphosphoniumtetrakis(phenyl)borate,
Tri(methylphcnyl)phosphoniumtetrakis(phenyl)boratc,
Tri(dimethylphenyl)phosphoniumtetrakis(phenyl)borate,
Triphenylcarbeniumtetrakis(pentafluorophenyl)borate,
Triphenylcarbeniumtetrakis(pentafluorophenyl)aluminate,
Triphenylcarbeniumtetrakis(phenyl)aluminate,
Ferroceniumtetrakis(pentafluorophenyl)borate,
Ferroceniumtetrakis(pentafluorophenyl)aluminate.
Triphenylcarbeniumtetrakis(pentafluorophenyl)borate, and
N,N-Dimethylaniliniumtctrakis(pentafluorophenyl)borate.

Organic aluminum compounds used as compound d) are those of formula H;AIU;jor
H;ALUg, as described above.

The polymerization process of the present invention can be carried out in liquid phase,
optionally in the presence of an inert hydrocarbon solvent. Said hydrocarbon solvent can be
cither aromatic (such as toluene) or aliphatic (such as propane, hexane, heptane, isobutane,
cyclohcxanc and 2,2 4-trimethylpentanc). Preferably, the polymerization process of the
present invention is carried out by using liquid 1-butene as polymerization medium optionally
in the presence of ethylene, propylene or one or more alpha olefins of formula CH,=CHZ,
whercin Z is a C3-Cyo alkyl group in an amount ranging from 0 to 50% by weight;
preferably from 0 to 40% by weight; more preferably from 0 to 30% by weight.

The polymerization temperature preferably ranges from 20°C and 150°C, even more
preferably between 40°C and 90°C; particularly preferred ranges is from 50°C to 80°C.
Prcferably in the process of the present invention 1-butcne homopolymer is produced.

With the process of the present invention it is also possible to obtain cither a 1-butene
homopolymer or a 1-butene copolymer, containing derived units of alpha olefins selected
from cthylene, propylene or one or more alpha olefins of formula CH>=CHZ, whercin Z is
a C3-Cyp alkyl group. The content of derived units of ethylene, propylene or one or more
alpha olcfins of formula CH,=CHZ is up to 10% by mol; prcfcrably it ranges from 0.1% by
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mol and 10% by mol; more preferably it is comprised between 0.1% by mol and 5% by
mol, even more preferably it is comprised between 0.1% by mol and 4% by mol.
Examples of alpha olefins of formula CH,=CHZ are 1-pentene, 4-methyl-1-pentene,
1-hexene, 1-octene, 4,6-dimethyl-1-heptene, 1-decene and 1-dodecene.
The 1-butene polymer obtainable with the process of the present invention is fractionable
by using xylenc at 0°C according to the proccdure described below. The fraction soluble in
xylenc at 0°C results to be an atactic homopolymer or an atactic 1-butene copolymer,
containing derived units of alpha olefins sclected from ethylene, propylene or one or more
alpha olefins of formula CH,=CHZ, wherein Z is a C3-C¢ alkyl group as described above
component a) having the following features:

i) distribution of molecular weight Mw/Mn equal to or lower than 4;

ii) rr triads, measured by ">C-NMR comprised between 15% and 35%;

iii) no enthalpy of fusion detectable at a differential scanning calorimeter

(DSC);
iv) intrinsic viscosity (IV) measured in tetrahydronaphtalene (THN) at 135°C
comprised between 1.0 dl/g and 5.0 dl/g; and

v) infrared crystallinity lower than 0.5%;
Preferably in component a) the distribution of molecular weight Mw/Mn is lower than 3;
more preferably it is lower than 2.5.
In the component a) the rr triads, measured by '>C-NMR arc preferably comprised between
20% and 30%.
In the component a) intrinsic viscosity (IV) measured in tetrahydronaphtalene (THN) at
135°C is prefcrably comprised between 1.0 dl/g and 4.0 dl/g; preferably between 1.1 dl/g
and 3.0 dl/g; more prefcrably between 1.1 di/g and 2.5 dl/g.
In the component a) the infrared crystallinity is preferably lower than 0.3%; morc
preferably lower than 0.1%; even more preferably lower than 0.05%.
Componcnt a) of thc fractionablc 1-butcnc polymer obtainablc with thc process of the
present invention is endowed with a high molecular weight (IV). The intrinsic viscosity
(IV) of component a) is generally higher than 70% of the intrinsic viscosity (IV) of the
isotactic component b) preferably it is higher than 80% of the intrinsic viscosity (IV) of the
isotactic component b). This important feature gives rise to the effect that since the
stickincss of thc atactic componcnt is high, thc highcr molccular weight of the latter
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reduces considerably the stickiness of the 1-butene polymer of the present invention that
therefore can be easily processed.
The fraction insoluble in xylene at 0°C results to be an isotactic 1-butene homopolymer or
a 1-butene copolymer, containing derived units of alpha olefins selected from ethylene,
propylenc or one or more alpha olefins of formula CH,=CHZ, wherein Z is a C3-C alkyl
group, component b) having the following fcaturcs:

i) distribution of molecular weight Mw/Mn cqual to or lower than 4;

ii) isotactic mmmm triads, measured by >’C-NMR higher than 90%;

iii) intrinsic viscosity (IV) measured in tetrahydronaphtalene (THN) at 135°C

1 comprised between 1.0 dl/g and 5.0 dl/g;

Preferably in the component b) the distribution of molecular weight is lower than 3; more
preferably it is lower than 2.5. The isotactic mmmm triads, measured by BC-NMR are
preferably higher than 93%, more preferably they are higher than 95%. In the component
b) the intrinsic viscosity (IV) mecasured in tctrahydronaphtalenc (THN) at 135°C is
preferably comprised between 1.0 dl/g and 4.0 dl/g; preferably between 1.1 dl/g and 3.0
dl/g; more preferably between 1.2 dl/g and 2.5 dl/g.
Preferably the fractionable 1-butene polymer contains from 5% to 95% of component a);
preferably from 20% to 80% by weight; more preferably component a) ranges from 30%
by weight to 70% by weight. Preferably the fractionable poly(1-butene) polymer contains
from 95% to 5% of component b); preferably component b) ranges from 80% to 20% by
weight; morc preferably component b) ranges from 30% to 70% by weight.

The following compositions arc also possible:

PCT/EP2005/052690

component a)

component b)

10-20% by weight

90-80% by weight

20-30% by weight

80-70% by weight

30-40% by wcight

70-60% by wcight

40-50% by weight

60-50% by weight

50-60% by weight

50-40% by weight

60-70% by weight

40-30% by weight

70-80% by weight

30-20% by woight

80-90% by weight

20-10% by weight
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With the 1-butene polymer objcct of the present invention it is possible to obtain a soft new
material that can be used for several applications in order to replace, for example,
polyvinylchloride, polyuretane or styrene block copolymers. Moreover, components a) and
b) of the fractionablel-butene polymer object of the present invention are completely
compatible allowing to obtain a very homogeneous final 1-butene polymer.

The intrinsic viscosity (I.V.) was mcasurcd in tetrahydronaphtalene (THN) at 135°C,

The conversion between the intrinsic viscosity measured in tetrahydronapthalene and
intrinsic viscosity measured in decahydronaphtalene (DHN) has been carried out according

to the following empirical equation

IV(THN)=0.87TV(DHN)

This cquation has been derived by analyzing the IV measured in THN and DHN of several
polybutenc samples.

The melting points of the polymers (Twm) were measured by Differential Scanning Calorimetry
(D.S.C.) on a Perkin Elmer DSC-7 instrument, according to the standard method. A weighted
sample (5-7 mg) obtained from the polymerization was sealed into aluminum pans and heated
to 180°C at 10°C/minute. The sample was kept at 180°C for 5 minutes to allow a complete
melting of all the crystallites, then cooled to 20°C at 10°C/minute. After standing 2 minutes at
20°C, the sample was heated for the second time to 180°C at 10°C/min. In this sccond heating
run, the peak temperaturc was taken as the melting temperature (Tw) and the area of the peak
as melting enthalpy (AHy).

Molecular weight parameters and molecular weight distribution for all the samples were
measured using a Waters 150C ALC/GPC instrument (Waters, Milford, Massachusetts,
USA) equipped with four mixed-gel columns PLgel 20 pm Mixed-A LS (Polymer
Laboratories, Church Stretton, United Kingdom). The n&:imensions of the columns were 300
x 7.8 mm. The solvent used was TCB and the flow rate was kept at 1.0 mL/min. Solution
concentrations were 0.1 g/dL in 1,2,4 trichlorobenzene (TCBY). 0.1 g/L of 2,6- di-t-butyl-4-
methyl phenol (BHT) was added to prevent degradation and the injection volume was 300
#L. All the measurcments were carricd out at 135°C. GPC calibration is complcx, as no
well-characterized narrow molecular weight distribution standard reference materials are
available for 1-butene polymers. Thus, a universal calibration curve was obtained using 12
polystyrene standard samples with molccular weights ranging from 580 to 13,200,000. It

was assumed that the X valucs of the Mark-Houwink relationship were: Kps = 1.21 x 107,
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dL/g and Kpp = 1.78 x 10 dL/g for polystyrene and poly-1-butene respectively. The
Mark-Houwink exponents o were assumed to be 0.706 for polystyrene and 0.725 for poly-
1-butene. Even though, in this approach, the molecular parameters obtained were only an
estimate of the hydrodynamic volume of each chain, they allowed a relative comparison to
be made.
BC-NMR spectra were acquired on a DPX-400 spectrometer operating at 100.61 MHz in
the Fourier transform mode at 120 °C. The samples were dissolved in 1,1,2,2-
tetrachlorocthanc-d2 at 120 °C with a 8% wt/v concentration. Each spectrum was acquired
with a 90° pulse, 15 seconds of delay between pulses and CPD (waltz16) to remove 'H-C
coupling. About 3000 transients were stored in 32K data points using a spectral window of
6000 Hz. The isotacticity of metallocenc-made PB is mcasured by C NMR, and is
defined as the relative intensity of the mmmm triad peak of the diagnostic methylene of the
ethyl branch. This peak at 27.73 ppm was used as internal reference. Pentad assignments
are given according to Macromolecules, 1992, 25, 6814-6817. The triad content of atactic
1-butcne polymer component a) was obtained by intcgrating the arc of the peaks from
26.92 ppm to 26.43 ppm.
The side chain methylene region of PB spectrum was fitted using the routine for
deconvolution included in the Bruker WIN-NMR program. The mmmm pentad and the
pentads related to the single unit error (mmmr, mmrr and mrrm) were fitted using
Lorcnzian lincshapcs, allowing the program to changc the intensity and thc width of the
lines. As a result the relative intensities of those signals were obtained. These results were
used for the statistical modclling of pentad distributions using an cnantiomorphic site
model, in order to obtain the completc pentad distribution, from which the triad
distribution is derived.
Infrarcd crystallinity was dctcrmined from the infrarcd absorption spectrum of about 1 mm
thin film of the polymer by using the absorptions A at 1221 cm™ and 1151 cm™ in the
equation:

Ao

() o
crystallinity = ‘;5143"’"‘;) 7

The cquation is described in Chem. of High Polymers (Japan) 19, 667 (1962) by Nishioka

and Yanagisawa.
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The 1-butene polymer composition object of the present invention can be easily
fractionated by subjecting the composition to fractionation with xylene according to the
procedure described below (Xylene solubles at 0°C). In this way the atactic component a)
remains in solution, while the isotactic component b) is insoluble at 0°C. When the
composition is subjected to diethyl ether extraction the atactic component a) that taken
alonc results to be completely soluble in this solvent, cannot be complctely scparated from
component b). Without wishing to be bound by a theory we belicve that this can be
explained by the fact that component a) and component b) are so intimately mixed that
diethyl ether is not able to swell the component b) lamellas so that to be able to contact and
solubilize all the component a) present in the composition. On the contrary when the
composition is subjected to xylene fractionation according to the procedure described
below, since all the composition is solubilized, with a subsequent precipitation of
component a) the separation is complete.

This fact confirms that component a) and component b) of the 1-butcne polymer
composition of the present invention are completely intimately dispersed allowing the
composition to maintain the best properties of the two components. In fact, for example,
the composition retains the melting point of component b).

The following examples are give for illustrative purpose and do not intend to limit the
present invention.

Examples

Xylene solubles at 0°C

A sample of 2.5 of the rcactor composition prepared above was suspended in 250 ml of
xylenc previously distilled. The mixture was heated so as to reach the temperaturc of
135°C in about 30 minutcs while gently stirring under a light nitrogen flow. Once the
temperaturc of 135°C has been reached, to complete the sample dissolution, the mixture
has been kept at 135° for another 30 minutcs.

Oncc the dissolution step has been concluded, the solution was air-cooled undcr stirring till
it reachcs a temperature of about 100°C. The flask containing the solution was then placed
in a Dewar vessel with a water and ice bath, so that the temperature inside the flask falls to
0°C. The solution is kept at 0°C under stirring for 1 hour, so as to complctc the
crystallisation of the insoluble.

The obtaincd mixturc was filtcred through a short stcm glass funncl and a quick filtcring
paper filter. If the filtrate is not completely limpid, the filtration is repeated. During the
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filtration step, the mixture is kept at 0°C. Once the filtration is finished, the filtrate has
been balanced at 25°C, and then two 50-ml aliquots have been placed into two volumetric
flasks.

One of the two 50-ml filtrate aliquots has been transferred into a previously calibrated
aluminium pan (The aluminium pans are to be kept in a muffle furnace at 500°C for 30
minutcs beforc usage). The aluminium pan has been heated to 140°C so to cvaporate the
solvent under a light nitrogen flow and, at the samc time, collect and condensc the
evaporated solvent vapours. Once the solvent evaporation is completed, the pan has been
placed in a vacuum (200— 400 mbar) oven at 75—80°C and under nitrogen flow so as to dry
the content till constant weight (total soluble). This procedure has been repeated for the 50-
ml second aliquot of filtrate.

In parallel an aliquot of 50 ml of xylene was subjected to the same evaporation procedurce
in order to have a blank reference.

The soluble fraction in o-xylenc at 0°C (total soluble) is expresscd as a weight percentage
with the following general formula:

() (o)

where the symbols stand for the following:

XS%=[

x100 16))

XS%= weight percentage of the total soluble fraction;

M, = first aliquot residue on evaporation;
M, = second aliquot residuc on evaporation;

M, = bla‘;lk residue on evaporation;
M, = starting sample weight;
V. = evaporated solution volume;
V» = evaporated blank volume;
V; = starting solvent volumc.
The insoluble fraction in o-xylene at 0°C (total soluble) is expressed as weight percentage

with the following gencral formula:

XT% =100 — XS% 2
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where the symbols stand for the following:

XT% = insoluble fraction weight percentage;

XS% = total soluble weight percentage.

Metallocene compounds

racemic and meso dimethylsilandiylbis-6-[2,5-dimethyl-3-(2’-methyl-
phenyl)cyclopentadienyl-[1,2-b]-thiophenc]zirconium dichloride respectively (A-1) and
(A-2) was prepared according to WO 01/44318.

Example 1

Catalyst system
The catalyst system C-1 was prepared according to the procedure described in “Example 1

Preparation of catalyst system C-1" of EP 04101020.8, by using 4.5 mg of a mixture of A-
1 and A-2 1:1; Altot/Zr 200 and a ratio Mcthylalumoxanc (MAQ)/Triisobutylaluminum
(TIBA) 2:1.
1-butene polymerization
A 4-L jacketed stainless-steel autoclave, equipped with a magnetically driven stirrer and a
Flow Record & Control system is used All fluxes, pressure and temperatures into the
autoclave are controlled via DCS PC. Before each test, the autoclave is cleaned with hot
nitrogen (1.5 barg N, 70°C, 1 hour). Then, 1350 g of 1-butene and 6 mmol of Al(i-Bu);
(as a 1M solution in hexane) are charged at room temperaturc. Then, the autoclave is
thecrmostated at the polymerization temperature, the solution containing the
catalyst/cocatalyst mixture prepared above is injected into the autoclave through a
stainless-steel vial by means of nitrogen pressure. The polymerization reactions are carried
out at 70°C for 1h. Then, stirring is interrupted, and thc pressure into the autoclave is
raised to 20 bar-g with nitrogen. The 1-butene/poly-1-butene mixture is discharged from
- the bottom into a heated steel tank containing water at 70°C. The tank' ileaﬁng is switched
off and a flow of nitrogen at 0.5 bar-g is fed. After cooling at room temperature, the stecl
tank is opened and the wet polymer collected. The wet polymer is dried in an oven under
reduced pressure at 70°C. The polymcrization conditions and the characterization data of
the obtaincd polymcrs arc reported in Table 1.

Table 1
activity | LV. Tm AHg
ex kg/ | dlL/g |MwM.| aD | ap AF};(H)
(Zmerrh) | (THN) °C | Jig g
1* 98.7 14 20 |1065| 19.12 | -183

*catalyst solution aged 24 hours
20
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The reactor composition prepared as above was subjected to Xylene extraction at 0°C
according to the procedure described above. The characterisation of the two fractions is

reported in table 2.
Table 2
composition | NMR | LV, M./ enthalpy | cristalli | Tm
% d(%{{gm M, (AHY). (I}l;i)ty °C.
Jig
Ex 1 compa 43% |29 1.4 2.0 nd. 0.030 n.d.
compb57% | mmmm | 1.4 2.0 32 n.a. 106.5
98

n.d. not detectable

n.a. not available

A sample of the reactor composition obtained above was subjected to Soxhlet extraction
with diethyl ether for 12 hours. The extract was evaporated in order to isolate the soluble
fraction. This ether soluble fraction amounts to 28 weight %, it is fully atactic having a
cristallinity (TR) of 0.024% in addition to be fully amorphous.

Examples 24

Preparation of the catalyst system C-2

in a 20 Lt. jacketed reactor were charged at room temperature under nitrogen atmosphere
1130 g of a 110 g/Lt. triisobutyl aluminium (TIBA) solution in isododecane (1.48 L,) and
390 mL of a 30% wt./wt. methylalumoxane (MAQ) solution in toluene The resulting alkyl
mixturc was stirred at S0°C for 1 h. Then 8.6 g of a mixture of A-1 and A-2
(meso/rac=40/60) (12.3 mmol) were added at room temperature under nitrogen atmosphere
into the reactor. After 1 h stirring at 50:C, tolucne was removed by distillation under
vacuum (5 mmHg). The obtained soluﬁt;n was then diluted with 0.96 Lt. (717 g) of
isododecane to reach a concentration of total catalyst (A-1 and A-2 plus MAO plus TIBA)
of 104 g each Lt. of solution. The resulting catalyst solution was discharged from the
rcactor and uscd as such. This catalyst solution was analyscd and it rcsultcd: Alvor/Zr =
209 (theoretical value 203), Al = 3.95 %wt. (theoretical value 3.8), Zr = 637 ppm
(theoretical value 636). The concentration of the metallocene resulted to be 3.76 mg of A-1
+ A-2 for cach mL of solution. The catalyst solution resulted composed of isododecane =
86.19%wt., MAO = 4.97%wt., TIBA = 8.4%wt. and metallocene A-1+ A-2 = 0.44%wt.
1-butene polymerization in the pilot plant
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The polymerization was carricd out in a pilot plant comprising two stirred reactors
connected in series in which liquid butene-1 constituted the liquid medium. The catalyst
system reported in table 3 was injected into the reactor at a feed rate of 8-10 g/h and the
polymerization was carried out in continuous at a polymerization temperature of 65°C.
Initially the plant was run without hydrogen, then, after a steady period of production,
hydrogen (50 ppm in bulk), was fed into both reactors. All other process conditions were
unchanged, aiming to asses the effect of bydrogen on the catalyst response.

The run without hydrogen, see example 2, showed a catalyst mileage about 3200 g/g and a
Polybutene (PB1) grade with IV of 1.6 dl/g and 20%wt of xylene soluble was produced.
The main contribution to the production went from the first reactor with a split of 75 % of
the total production.

When hydrogen was fed, example 3, a catalyst mileage increase of 10 — 15% was observed
as well as the contribution of the sccond reactor went up from 25% to 35%. The PB1 grade
produced under these conditions had a lower IV (1.4 d/g) and an higher xylene soluble,
stable at 30%wt. The molecular weight of the polymer was very stable and smoothly
controlled.

The 1-butenc polymer was recovered as melt from the solution and cut in pellets. The
polymerization conditions are reported in table 3

Table 3
Ex 2 3
2-1 2-2 3-1 3-2
First Second | First Second
reactor | reactor | reactor | reactor
Catalyst C-2 .. C-2
system
Residence | 144 88 140 85
time (min)
CAa-feed 86 50 80 50
(kg/h)
H, ppm|0 0 50 55
mol
Split % wt | 75 25 65 35
Yicld g/g ® | 3200 3600
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§ yield referred to total aluminium content g polymer/g Aluminum total

PCT/EP2005/052690

From table 3 it clearly results that the presence of bydrogen increases the activity of the

catalyst, in particular (tables 3 and 4) it increases the activity of meso compound whilst

racemo is affected only to a very minor amount. Moreover on the bases of the ratio of the

productivity of the two reactors it is possible to conclude that in the presence of hydrogen

the catalyst decay is lower. Somc polymers obtained in cxamples 2 and 3 have been
charactcrized, according to ISO 527-1 and ISO 178 the data arc reported in table 4

Table 4

Ex 2 3
Xilene solubles at 0°C % 20 30
wt

IV (dV/g) 1.6 1.4
Flexural modulus (MPa) 83 n.a.
Stress at break (MPa) 279 n.a.
Elongation at break (%) 453 n.a.
'melting point (°C) 1059 | 105.7

n.a. not available
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CLAIMS
1. A process for producing a 1-butene polymer comprising the step of polymerizing 1-
butene and optionally ethylene, propylene or one or more alpha olefins of formula
CH,=CHZ, wherein Z is a C3-Cyo alkyl group, in the presence of a catalyst system
obtainable by contacting:

a) atlcast a metallocenc compound of formula (Ia) in the meso or meso-like form:

(Ia)

wherein
M is an atom of a transition metal sclected from those belonging to group 3, 4, 5, 6
or to the lanthanidc or actinidc groups in the Periodic Tablc of thc Elcments;
p is an integer from 0 to 3, being equal to the formal oxidation statc of the metal M
minus 2;
X, same or different, is a hydrogen atom, a halogen atom, or a R, OR, OSO.,CF3,
OCOR, SR, NR: or PR; group, wherein R is a linear or branched, cyclic or
acyclic, Ci1-Cag-alkyl, C-Cag alkenyl, C5-Cao alkynyl, Co-Cao-aryl, C7-Cao-alkylaryl
or C7-Cyo-arylalkyl radicals; optionally containing heteroatoms belonging to groups
13-17 of the Periodic Table of the Elements; or two X can optionally form a
substituted or unsubstitutcd butadicny! radical or a OR'O group wherein R’ is a
divalent radical sclected from C;-Cao alkylidenc, Ce-Cao arylidene, C7-Cao
alkylarylidenc and C;-Cay arylalkylidene radicals;
L is a divalent C;-Cs hydrocarbon radical optionally containing heteroatoms
belonging to groups 13-17 of the Periodic Table of the Elements or a divalent
silylene radical containing up to 5 silicon atom;
R! and R?, equal to or different from each other, arc Ci-Cag hydrocarbon radicals
optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table
of the Elcments;
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b)

)

T, equal to or different from each other, is a moicty of formula (IIa), (IIb) or
(Ilc):

R6
RS 7
S S . R
R
«” RrR? * /2- A \g— R®
R3 R’ =S
(Ila) (ITb) (Iic)

wherein the atom marked with the symbol * bonds the atom marked with the
same symbol in the compound of formula (Ia);

R? is a C1-C4o hydrocarbon radical optionally containing heteroatoms belonging to
groups 13-17 of the Periodic Tablc of the Elements;

R* and R, equal to or different from cach other, arc hydrogen atoms or Cj-Cap
hydrocarbon radicals optionally containing heteroatoms belonging to groups 13-17
of the Periodic Table of the Elements;

R? is a C;-C49 hydrocarbon radical optionally containing heteroatoms belonging to
groups 13-17 of the Periodic Table of the Elements;

R’ and R®, equal to or different from each other, are hydrogen atoms or C;-Cao
hydrocarbon radicals optionally containing heteroatoms belonging to groups 13-17
of the Periodic Table of the Elements;

at least a metallocene compound of formula (Ib) in the racemic (rac) or racemic -

like form

T R?
R! T
™
(1b)

wherein R, R%, T, L, M, X and p have been described above; and wherein the
atoms marked with the symbol * bonds thc atom marked with the same symbol
in the moiectics of formula (IIa), (IIb) or (IIc); and

an alumoxane or a compound capable of forming an alkyl metallocene cation.
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2. The process according to claim 1 whercin the catalyst system further contains d) an
organo aluminum compound.

3.  The process according to claims 1 or 2 wherein in the compounds of formula (Ia) or

(Ib)
M is titanium, zirconium or hafnium; X is a hydrogen atom, a halogen atom or a R
group, wherein R is described as in claim 1; L is a divalent bridging group sclected
from C;-Cao alkylidene, C3-Cso cycloalkylidene, Ce-Cso arylidene, C7-Cao
alkylarylidene, or C7-Cso arylalkylidene radicals optionally containing heteroatoms
belonging to groups 13-17 of the Periodic Table of the Elements, and silylene radical
containing up to 5 silicon atoms; R and R? are linear or branched, cyclic or acyclic,
Ci-Capalkyl, C-Cy alkenyl, Cr-Cs alkynyl, Cs-Cao-aryl, C;-Cao-alkylaryl or
C7-Cagarylalkyl radicals; optionally containing heteroatoms belonging to groups 13-17
of the Periodic Table of the Elements.

4,  The process according to anyone of claims 1-3 whercin in the compound of formulas
(Ta) and (Tb) R® is a linear or branched, Ci-Cao-alkyl Co-Cag-aryl, C-Cao-arylatkyl
radical; R* and R® are hydrogen atoms; R’ is a linear or branched, saturated or
unsaturated Ci-Cao-alkyl radical; R® is a hydrogen atom or a linear or branched,
saturated or unsaturated C1-Cxo-alkyl radical; and R’ is a hydrogen atom or a
C,-Capralkyl, C¢-Cap-aryl or a C-Cap-arylalkyl radical.

S. The process according to claim 4 whercin R’ is a group of formula (1IT)

(1)
whercin R%, R'®, R"!, R™? and R"?, cqual to or different from cach other, arc hydrogen

atoms or linear or branched, cyclic or acyclic, C1-Cyo-alkyl, C>-Cyo alkenyl, Cr-Cyo
alkynyl, Cg¢Cp-aryl, Cr-Cyralkylaryl or Cr-Cyrarylalkyl radicals; optionally
containing heteroatoms belonging to groups 13-17 of the Periodic Table of the
Elements.

6.. Thc proccss according to anyonc of claims 1-5 whcrcin the ratio between the racemic
or the racemic like form (the compound of formula (Ib)) and the meso form or the

meso-like form (the compound of formula (Ia)) ranges from 10:90 to 90:10.
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7.  The process according to anyone of claims 1-6 wherein the compounds of formulas
(Ia) and (Ib) have respectively the following formulas (TVa) or (IVb)

R3
R* R4
R2 2
s R
R RS
R® RS
MXp MXp
L RS L RS
R? RS
R! R!
R* r*
RrR3 R3

(IVa) (IVb)

wherein
M, X, p, L, R', R%, R? R* R’ and R havc the meaning described as in claims 1-5.

8. . The process according to anyone of claims 1-6 wherein the compounds of formulas
(Ta) and (Ib) have respectively the following formulas (Va) or (Vb)

R’ R{
R 2
2 N 8 R
R < R S
MXp
r MXp L
S S
R? 8 R? 8
R /R
R’ R’
(Va) (Vb)
whercin M, X, p, L, R', R% R’ and R® havc R® have the meaning described as in

claims 1-5.

».  The process according to anyone of claims 1-8 wherein the process is carried out in
the presence of hydrogen or ethylene.

10. The process according to claim 9 wherein the process is carried out in the presence of

an hydrogen concentration ranging from 1 ppm to 1000 ppm.
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11. The process according to anyone of claims 1-10 comprising the step of polymerizing
1-butenc and propylene or one or more alpha olefins of formula CH,=CHZ, wherein
Z is a C3-C¢ alkyl group.

12 The process according to anyonc of claims 1-11 wherein the polymerization process is
carried out by using liquid 1-butene as polymerization medium optionally in the
prescnce of cthylene, propylenc or onc or more alpha olcfins of formula CH,=CHZ,
whercin Z is a C3-Cyo alkyl group in an amount ranging from 0.1 to 8% by wecight.

13. The process according to anyone of claims 1-9 wherein 1-butene homopolymer is
produced.

14. A 1-butene polymer fractionable by using xylene at 0°C, wherein the fraction soluble
in xylene (component a) is an atactic homopolymer or an atactic 1-butenc copolymer,
containing derived units of alpha olefins selected from cthylene, propylene or one or
more alpha olefins of formula CH,=CHZ, wherein Z is a C3-Cjo alkyl group as
described above (component a)) having the following featurcs:

i) distribution of molecular weight Mw/Mn equal to or lower than 4;
iii) tr triads, measured by '?C-NMR comprised between 15% and 35%;
ii) no enthalpy of fusion detectable at a differential scanning calorimeter
(DSC);
iv) intrinsic viscosity (IV) measured in tetrahydronaphtalene (THN) at 135°C
comprised between 1.0 dV/g and 5.0 dl/g; and
v) infrared crystallinity lower than 0.5%; and
the fraction insoluble in xylene at 0°C is an isotactic 1-butene homopolymer or a 1-
butcne copolymcr, containing derived units of alpha olefins sclected from cthylenc,
propylene or one or more alpha olefins of formula CH;=CHZ, wherein Z is a C5-Cio
alkyl group, (component b)) having the following features:
i) distribution of molecular weight Mw/Mn equal to or lower than 4;
ii) isotactic mmmm triads, mcasurcd by '>C-NMR highcr than 90%;
iii) intrinsic viscosity (IV) measured in tetrahydronaphtalene (THN) at 135°C
comprised between 1.0 dl/g and 5.0 dl/g;

15. The 1-butene polymer according to claim 14 containing from 5% to 95% of

component a); and from 95% to 5% of component b).
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16. The 1-butene polymer according to claims 14 or 15 wherein the intrinsic viscosity
(IV) of atactic component a) is higher than 70% of the intrinsic viscosity (IV) of the
isotactic component b).

17. The 1-butene polymer according to anyone of claims 14-16 having the molecular
weight distribution (Mw/Mn) lower than 4.
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