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(57) La présente mvention concerne une composition de
catalyseurs a haute activite pour la (co-)polymerisation
de I'¢thylene, €ventuellement, avec une alpha-oléfine de
3 a 10 atomes de carbone, comprenant un preécurseur de
catalyseur et un cocatalyseur d’organo-alumimium. Le
precurseur de catalyseur se compose d un (1) materiau de
support de silicile, présentant entre 0,3 et 1,2 mmoles de

oroupes OH par gramme de silice, (1) un compose de

dialkylmagnésium selon la formule RMgR1 ou R et R1+

sont des groupes alkyle C2-C12 semblables ou

différents, selon une quantit¢ comprise entre 0.5 et
1,5 mmoles de dialkylmagnésium par gramme de silice,
(1) un orthosilicate de tetraalkyle, dans lequel le groupe
alkyle contient entre 2 et 6 atomes de carbone, selon une
quantite¢ comprise entre 0,2 et 0,8 mmoles par gramme de
silice, (1v) un compose chlore (X) présentant la formule
RnSiCl A ou chaque R est semblable ou différent, et

représente hydrogene ou un groupe alkyle, et n est un
nombre entier compris entre O et 3, selon une quantite
comprise entre 0,2 et 4 mmoles de X par gramme de
silice, et (v) un compose de titane selon une quantite
comprise entre 0,3 et 1,5 mmoles par gramme de silice.
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(57) The present mvention relates to a high activity
catalyst composition for the (co-)polymerisation of
cthylene, optionally with an alpha olefin of 3 to 10
carbon atoms, comprising a catalyst precursor and an
organoaluminium cocatalyst, wherein the catalyst
precursor consists of: (1) a silica carrier material, having
from 0.3 to 1.2 mmoles of OH groups per gram of silica,
(11) a dialkylmagnesium compound of the formula

RMgRl, where R and R1+ are the same or different
C2-C12 alkyl groups, mm an amount comprised between

0.5 to 1.5 mmoles of dialkylmagnesium per gram of
silica, (111) a tetraalkyl orthosilicate, in which the alkyl
ogroup contains from 2 to 6 carbon atoms, 1n an amount
comprised between 0.2 to 0.8 mmoles per gram of silica,
(1v) a chlorinated compound (X) having the formula
RnSiCl Aoy wherein each R 1s the same or different and

1s hydrogen or an alkyl group and n 1s an integer from O
to 3, 1 an amount comprised between 0.2 to 4 mmoles of
X per gram of silica, and (v) a titanium compound 1n an
amount comprised between 0.3 to 1.5 mmoles per gram
of silica.
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(S7) Abstract

The present invention relates to a high activity catalyst composition for the (co-)polymerisation of ethylene, optionally with an alpha
olefin of 3 to 10 carbon atoms, comprising a catalyst precursor and an organoaluminium cocatalyst, wherein the catalyst precursor consists
of: (i) a silica carrier material, having from 0.3 to 1.2 mmoles of OH groups per gram of silica, (ii) a dialkylmagnesium compound of |
the formula RMgR!, where R and R1+ are the same or different C>—-Cj2 alkyl groups, in an amount comprised between 0.5 to 1.5 mmoles
of dialkylmagnesium per gram of silica, (iii) a tetraalkyl orthosilicate, in which the alkyl group contains from 2 to 6 carbon atoms, in an
amount comprised between 0.2 to 0.8 mmoles per gram of silica, (iv) a chlorinated compound (X) having the formula RpSiCls-,, wherein
each R is the same or different and is hydrogen or an alkyl group and n is an integer from O to 3, in an amount comprised between 0.2 to
4 mmoles of X per gram of silica, and (v) a titanium compound in an amount comprised between 0.3 to 1.5 mmoles per gram of silica.
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HIGH ACTIVITY POLYETHYLENE CATALYSTS

The present invention relates to a method for the (co-)polymerisation of
ethylene, to a catalyst composition for such a (co-)polymerisation and to a method
for the preparation of such a catalyst composition.

It is an object of the present invention to provide a catalyst composition for
polymerising ethylene with superior activity and so reduce the metal catalyst
residues in the final polymer to the lowest possible level.

It is still another additional object of the present invention to provide a catalytic
process for polymerising ethylene at superior productivity.

International patent application W095/13873 discloses a method for
producing linear low density copolymers of ethylene ( "LLDPE" ) in the presence
of a high activity polyethylene catalyst. Said patent application claims a catalyst
composition for copolymerising ethylene and an alpha olefin of 3 to 10 carbon
atoms, comprising a catalyst precursor and a triatkylaluminium cocatalyst to
activate said catalyst precursor, wherein the precursor comprises
(1) silica,

(i)  dibutylmagnesium,

(iii)  tetraethyl orthosilicate,

(iv)  and TiCl,,

each of the catalyst precursor components being used in specified ratios.

A catalyst composition has now unexpectedly been found which exhibits a
superior activity, keeping the metal catalyst residue in the polyethylene product at
the lowest possible level, and which allows to produce a broad range of

polyethylene products. The polyethylene polymers produced with the catalyst
compositions according to the present invention can be linear low density

polyethylene (LLDPE) as well as high density polyethylene (HDPE) ; they can
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further show a molecular weight distribution from narrow to broad, which

represents another advantage of the present invention.

According to the present invention, the catalyst composition for the
(co-)polymerisation of ethylene, optionally with an alpha olefin of 3 to 10 carbon
atoms, comprises a catalyst precursor and an organoaluminium cocatalyst, wherein
the catalyst precursor consists of:

i) asilica carrier material, having from 0.3 to 1.2 mmoles of OH groups per
gram of silica,

ii) a dialkylmagnesium compound of the formula RMgR', where R and R' are
the same or different C,-Ci2 alkyl groups, in an amount comprised between 0.5
to 1.5 mmoles of dialkylmagnesium per gram of silica,

iii) a tetraalkyl orthosilicate, in which the alkyl group contains from 2 to 6 carbon
atoms. in an amount comprised between 0.2 to 0.8 mmoles of tetraalkyl
orthosilicate per gram of silica,

iv) a chlorinated compound (X) having the formula R,SiCls.. , wherein each R 1s
the same or different and is hydrogen or an alkyl group and n is an integer
from O to 3 . in an amount comprised between 0.2 to 4 mmoles of X per gram
of silica, and

v) a titanium compound in an amount comprised between 0.3 to 1.5 mmoles per
gram of silica.

The silica carrier materials used in the present invention are preferably
amorphous in form. These carriers may be in the form of particles having a particle
size of from about 0.1 micron to about 250 microns, preferably from 10 to about
200 microns, and most preferably from about 10 to about 80 microns. Preferably,
the carrier is in the form of spherical particles e.g. spray dried silica.

The internal porosity of these carriers may be larger than 0.2 cm’/g, e.g.
larger than about 0.6 cm’/g. The specific surface area of these carriers is at least 3

m?/g, preferably at least about 50 m?/g, and more preferably from, e.g. about 150
to about 1500 m®/g.

It is desirable to remove physically bound water from the carrier material
prior to contacting this material with water-reactive magnesium compounds. This
water removal may be accomplished by heating the carrier material to a '

temperature from about 100°C to an upper limit of temperature represented by the
temperature at which change of state or sintering occurs. A suitable range of

temperatures may, thus, be from about 100°C to about 850°C. Preferably, said

2
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temperature is comprised between 500°C and 750°C.

Silanol groups represented by a presence of S1-OH groups in the carrier
may be present when the carrier is contacted with water-reactive magnesium
compounds in accordance with an aspect of the present invention. These Si-OH
groups are present at about 0.3 to about 1.2 mmoles of OH groups per gram of
carrier, preferably at about 0.3 to about 0.7 mmoles of OH groups per gram of
carrier . Excess OH groups present in the carrier may be removed by heating the
carrier for a sufficient time at a sufficient temperature to accomplish the desired
removal. For example, the silica carrier, prior to the use thereof in the first catalyst
synthesis step has been dehydrated by fluidising it with nitrogen or air and heating
at least about 600°C for at least about 5 hours to achieve a surface hydroxyl group
concentration of less than about 0.7 mmoles per gram (mmoles/g).

The surface hydroxyl concentration (OH) of silica may be determined
according to J.B. Peri and A L. Hensley, Jr. , J. Phys. Chem. , 72(8), 2926 (1968).

The silica of the most preferred embodiment i1s a material marketed under
the tradename of ES70 by Crosfield and having a surface area of 280 m*/g and a
pore volume of 1.6 ml/g. Another preferred silica is a high surface area, amorphous
silica (surface area = 300 m*/g ; pore volume of 1.65 cm’/g), and it is a material
marketed under the tradename of Davison 952 by the Davison Chemical Division
of W. R. Grace and Company.

The dialkylmagnesium composition according to the present invention has
the empirical formula RMgR' where R and R' are the same or different C»-C;
alkyl groups, preferably C4-C,o alkyl groups, more preferably C4-Cs alkyl groups,
and most preferably both R and R’ are butyl groups, and m and n are each 0, 1 or
2, providing that m+n is equal to the valence of Mg. Butylethylmagnesium,
butyloctylmagnesium and dibutylmagnesium are preferably used according to the
present invention, dibutylmagnesium being the most preferred.

The tetraalkyl orthosilicate according to the present invention has the
formula Si(OR), wherein R is C,-Cs alkyl compound. Typical examples of
tetraalkyl orthosilicate which can be used in accordance with the invention include
tetramethoxysilane, tetraethoxysilane, tetraisopropoxysilane, tetrapropoxysilane,
tetrabutoxysilane.

Tetraethoxysilane is preferably used according to the present invention.

Examples of organoaluminium cocatalysts which can be used according to
the present invention are dimethylaluminiumchloride, trimethylaluminium,




CA 02295498 2000-01-11

WO 99/05187 | | ' PCT/GBY8/02181

triisobutylaluminium or triethylaluminium. Preferably, triethylaluminium is used.
Catalysts produced according to aspects of the present invention may be
described in terms of the manner in which they can be made. More particularly,
these catalysts can be described in terms of the manner in which a suitable carner
5 may be treated in order to form such catalysts.
The catalyst precursor according to the present invention 1s preferably
prepared via a multi-step process which comprises the steps of:
(1)  reacting a silica carrier material, having from 0.3 to 1.2 mmoles of OH
groups per gram of silica, with a dialkylmagnesium compound of the
10 formula RMgR', where R and R' are the same or different C-C,, alkyl
groups, in an amount comprised between 0.5 to 1.5 mmoles of
dialkylmagnesium per gram of silica, in order to form a silica supported
organomagnesium composition,
(2) reacting said silica supported organomagnesium composition with a
s tetraalkyl orthosilicate, in which the alkyl group contains from 2 to 6

carbon atoms, in an amount comprised between 0.2 to 0.8 mmoles per
gram of silica,

(3)  contacting the product from step (2) with a titanium compound in an
amount comprised between 0.3 to 1.5 mmoles per gram of silica,

20  said preparation process being characterised in that it further comprises the
additional step of contacting either the product from step 1, or the product from
step (2), or directly the silica support with a chlorinated compound (X) having the
formula R,SiCls., , wherein each R is the same or different and is hydrogen or an
alkyl group and n is an integer from 0 to 3, in an amount comprised between 0.2 to

25 4 mmoles of X per gram of silica.

The prepared catalyst precursor is subsequently contacted with an
organoaluminium cocatalyst to activate the catalyst.

The above-mentioned catalyst precursor preparation method encompasses
the possibility of adding the chlorinated compound (X), totally or partially either
30  before step (2), i.e. before the addition of the tetraalkyl orthosilicate, and/or after
step (2) i.e. before the addition of the titanium compound, and/or before the
addition of the organomagnesium compound i.e. by premixing the silica support

with said chlorinated compound (X). It has also been found that the tetraalkyl
orthosilicate and the chlorinated compound (X) could also be premixed before

35  adding said resulting premix to the slurry of the silica supported -
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ofganomagnesium composition. Said premix is preferably obtained by mixing

together a slurry of tetraalkyl orthosilicate with a slurry of chlorinated compound
(X) in a suitable non polar solvent such as hexane or isopentane, at a temperature
preferably between 25°C and 65°C and for a duration of 5 to 60 minutes. The
5  respective amounts of tetraalkyl orthosilicate and of chlorinated compound (X)

used to form the premix are preferably those which provide a molar ratio of
tetraalkyl orthosilicate to chlorinated compound (X) comprised between 0.1 to 8.0,
more preferably between 0.1 to 1.0.

Said four different preparation methods are disclosed in the examples.

10 The preferred catalyst precursor preparation method according to the
present invention comprises the total addition of the chlorinated compound (X)
after step (2) i.e. after the addition of the tetraalkyl orthosilicate and before the
addition of the titanium compound. The following preparation procedure 1s
therefore based on said preferred method.

15 The silica carrier material is slurried in a non-polar solvent and the resulting
slurry is contacted with at least one organomagnesium composition. The slurry of
the silica carrier material in the solvent is prepared by introducing the carrier into
the solvent, preferably while stirring, and heating the mixture to about 25° to about

100°C, preferably to about 40° to about 60°C. The slurry is then contacted with

20  the aforementioned organomagnesium composition while the heating is continued
at the aforementioned temperature.

Suitable non-polar solvents are materials in which all of the reactants used
herein, e.g. the organomagnesium composition (dialkylmagnesium), the transition
metal (Ti) compound, are at least partially soluble and which are liquid at reaction

25  temperatures. Preferred non-polar solvents are alkanes, such as isopentane, hexane,
n-heptane, octane, nonane, and decane, although a variety of other materials
including cycloalkanes, such as cyclohexane, aromatics, such as benzene and
ethylbenzene, may also be employed. The most preferred non-polar solvent is
hexane. Prior to use, the non-polar solvent should be purified, such as by

30  percolation through silica gel and/or molecular sieves, to remove traces of water,

oxygen, CO,, polar compounds, and other materials capable of adversely affecting
catalyst activity.

In the most preferred embodiment of the synthesis of this catalyst it is
important to add only such an amount of the organomagnesium composition that
35 will be deposited - physically or chemically - onto the support since any excess of
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the organomagnesium composition in the solution may react with other synthesis
chemicals and precipitate outside of the support. The carrier drying temperature
affects the number of sites on the silica carrier available for the organomagnesium
composition - the higher the drying temperature the lower the number of sites.

5 Thus. the exact molar ratio of the organomagnesium composition to the hydroxyl
groups will vary and must be determined on a case-by-case basis to assure that only
so much of the organomagnesium composition is added to the solution as will be
deposited onto the silica support without leaving any excess of the
organomagnesium composition in the solution. Furthermore, it is believed that the

10 molar amount of the organomagnesium composition deposited onto the silica
support is greater than the molar content of the hydroxyl groups on the silica
support. Thus, the molar ratios given below are intended only as an approximate
guideline and the exact amount of the organomagnesium composition in this
embodiment must be controlled by the functional limitation discussed above, 1.e. it

15  must not be greater than that which can be deposited onto the silica support. If
greater than that amount is added to the solvent, the excess may react with the
reagents added subsequently to form the catalyst of the invention, thereby forming
a precipitate outside of the support which is detrimental in the synthesis of our
catalyst and must be avoided. The amount of the organomagnesium composition

20 which is not greater than that deposited onto the support can be determined In any
conventional manner, e.g. by adding the organomagnesium composition to the
slurry of the silica carrier in the solvent, while stirring the slurry, until the
organomagnesium composition is detected as a solution in the solvent.

The amount of organomagnesium added to the silica carrier 1s preferably

25  comprised between 0.5 to 1.5 mmoles per gram of silica, more preferably between
0.8 to 1.2 mmoles per gram of silica. Preferably, the amount of the
organomagnesium composition added to the slurry is such that the molar ratio of
Mg to the hydroxyl groups (OH) on the solid carrier is about 0.8 : 1.0 to about 4.0
. 1.0, more preferably about 1.4 : 1.0 to about 3.0:1.0.

30 For example, for a silica carrier heated at about 600°C, the amount of the
organomagnesium composition added to the slurry is such that the molar ratio of
Mg to the hydroxyl groups (OH) on the solid carrier is about 1.0 : 1.0 to about 4.0
. 1.0, preferably about 1.2 : 1.0 to about 2.8 : 1.0, and more preferably about
1.4:1.0 toabout2.0:1.0.

35 According to a preferred example, for a silica carrier heated at about




CA 02295498 2000-01-11

WO 99/05187 | | PCT/GB98/02181

700°C. the amount of the organomagnesium composition added to the slurry is
such that the molar ratio of Mg to the hydroxyl groups (OH) on the solid carrier is
about 1.0 : 1.0 to about 4.0 : 1.0, preferably about 1.5:1.0 toabout 3.5:1.0,
and more preferably about 2.0: 1.0 to about 3.0:1.0. i
5 The organomagnesium composition dissolves in the non-polar solvent to
form a solution from which the organomagnesium composition is deposited onto
the silica carrier.
It is also possible to add such an amount of the organomagnesium
composition which is in excess of that which will be deposited onto the support,
10 and then remove, e.g. by filtration and washing, any excess of the
organomagnesium composition. However, this alternative is less desirable than the

most preferred embodiment described above.

The slurry of the silica carrier material and of organomagnesium

composition in the solvent is preferably maintained at a temperature comprised

15  between 25°C and 100°C, preferably between 40°C and 60°C, for introduction of
the tetraalky! orthosilicate compound. The tetraalkyl orthosilicate compound 1s
introduced after organomagnesium incorporation. The tetraalkyl orthosilicate
compound is added to the slurry in an amount comprised between 0.2 to 0.8
mmoles per gram of silica, preferably between 0.3 to 0.8 mmoles per gram of silica,

20  more preferably between 0.35 to 0.75 mmoles per gram of silica. Preferably, the
tetraalkyl orthosilicate compound is added to the slurry in an amount to provide a
molar ratio of tetraalkyl orthosilicate to Mg on the solid carrier of about 0.2 to
about 1.6 , more preferably about 0.25 to about 1.0, most preferably about 0.3 to
about 0.9 .

25 The slurry is then contacted (preferably after the completion of the addition
of the tetraalkyl orthosilicate compound) with at least one chlorinated compound
(X) having the formula R,SiCls.. , wherein each R is the same or different and 1s
hydrogen or an alkyl group, preferably a C,-C,; alkyl group, and n 1s an integer
from O to 3. The chiorinated compound (X) is preferably selected from silicon

30  tetrachloride and methy! trichlorosilane, the most preferred chlorinated compound
(X) being silicon tetrachloride.

This contacting step is usually conducted at a temperature comprised
between 25°C and 100°C, preferably between 40°C and 60°C. The chlorinated
éompound (X) is added to the slurry in an amount comprised between 0.2 ‘to 4

35 mmoles of X per gram of silica, preferably between 1 to 2 mmoles of X per gram

7
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of silica. Preferably, the chlorinated compound (X) 1s added to the slurry 1n an
amount such to provide a molar ratio of X : Mg of 0.1 to 4.0, more preferably
about 0.5 to about 3.0 , most preferably about 1.5t0 2.5 .

The slurry is then contacted with at least one transition metal (T1)
compound soluble in the non-polar solvent, preferably after the addition of the
chlormated compound {X) is completed.

The transition metal compound is used in an amount comprised between
0.3 to 1.5 mmoles per gram of silica, preferably between 0.5 to 1.4 mmoles per
gram of silica. The exact molar ratio of Mg to the transition metal and of the
transition metal to the hydroxyl groups of the carrier will vary (depending, e.g. on
the carrier drying temperature) and must be determined on a case-by-case basis.
Preferably, the amount of the transition metal compound 1s such that the molar
ratio of the transition metal to Mg is about 0.4 to about 1.4, more preferably
about 0.6 to about 1.0 . These conditions apply particularly for a silica carrier
heated at about 200° to about 850°C.

The transition metal compounds are titanium compounds, preferably
tetravalent titanium compounds. The most preferred titanium compound is titanium
tetrachloride. Mixtures of such titanium metal compounds may also be used.

The contact of the transition metal compound with the liquid medium

conveniently takes place by slurrying the solid carrier containing the reactive
magnesium composition with the neat transition metal compound and maintaining

the resulting liquid medium at a temperature comprised between 25°C and 100°C,
preferably between 40°C and 60°C.

Once all of the catalyst components have been brought into contact
according to the present invention, the resulting slurry is then preferably heated and
maintained at a temperature between about 25°C and 65°C in order to proceed
with the synthesis step. Preferably, this synthesis step is conducted at a temperature
between 30°C and 60°C, more preferably between 45°C and 55°C. Preferably the
catalyst is then subjected to a conventional drying step.

The final catalyst precursor thus obtained is then activated with suitable

activators. Suitable activators include the organoaluminium cocatalysts already
disclosed hereabove.

The catalyst may be activated in situ by adding the activator and catalyst
separately to the polymerisation medium. It is also possible to combine the catalyst

and activator before introduction into the polymerisation medium, e.g. for up to

PCT/GB98/02181
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about 2 hours at a temperature from - 10° to about 80°C.

A suitable activating amount of the activator may be used. The number of
moles of activator per gram atom of titanium in the catalyst may be, e.g. from
about 1 to about 100 and is preferably greater than about 3. _

Ethylene may be polymerised with the catalysts prepared according to
aspects of the present invention by any suitable process. Such processes include
polymerisations carried out 1n suspension, in solution or in the gas phase. Gas
phase polymerisations are preferred such as those taking place in stirred bed
reactors and, especially, in fluidised bed reactors.

The molecular weight of the polymer may be controlled in a known manner,

preferably by using hydrogen. With the catalysts produced according to aspects of
the present invention, molecular weight may be suitably controlled with hydrogen
when the polymerisation is carried out at relatively low temperatures, €.g. from
about 30° to about 105°C. This control of molecular weight may be evidenced by a
measurable positive melt index (Ml ;6) for the polymer produced.

When using the catalyst according to the present invention it is possible to
produce polymers showing a broad range of molecular weight distribution, 1.e.
from narrow to broad.

The molecular weight distribution of a polymer is usually indicated by the
melt flow ratio value. Said melt flow ratio (MFR) is the ratio of the high load melt

index (HLMI,; ¢) to the melt index (Ml ;¢) of the polymer, which are measured
according to ASTM-D-1238.

When comparing the catalysts of the present invention with those disclosed
in the aforementioned International patent application WO95/13873 another
surprising advantage of the present invention was found, on top of the already
identified benefits of the invention : indeed , the addition of the chlorinated

compound (X) according to the present invention does not appear to significantly
increase the MFR value of the prepared products. Therefore, the present invention
allows to produce polymers with a higher activity than before while maintaining the
MFR value in the lower range, i.e. where the impact strength is still high.

The catalysts prepared according to aspects of the present invention are
highly active. This is demonstrated by the following examples which show that,

under exactly the same polymerisation conditions, the activity of the treated
catalyst is unexpectedly high.

Examples

PCT/GB98/02181
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A. Catalyst preparation
All catalysts, except comparative example 1, were prepared in the

laboratory at ca.20g scale. The silica used for all the catalysts was ES70
manufactured by Crosfield, calcined at 700°C under nitrogen giving an OH
population of 0.4mmol/g. The solvent used was hexane. Unless otherwise stated
the general preparation procedure was:

20g of the silica was added to a glass reactor containing about 120 ml solvent and
equipped with a stirrer. The slurry was stirred at 250 rpm and heated to 50°C.
Dibutyl magnesium (DBM) was then added at an amount of Immol per g of silica
and the mixture stirred for 1 hour. Tetraethyl orthosilicate (TEOS) was then added
and the mixture stirred for 2 hours. Silicon tetrachloride (SiCl4) (varying amounts)

was then added and the mixture stirred for a further 1 hour. Titanium tetrachloride

(TiCl4) (varying amounts) was then added and the catalyst stirred for 1 hour. The
catalyst was transferred by cannular to a schlenk tube and dried under a flow of
nitrogen at S0°C. The final drying step was performed under vacuum at ambient
temperature. All catalysts were stored in a glovebox.

The comparative example C2 and C14 catalysts were prepared using the
above method.

The comparative example C1 catalyst was prepared using the above method
but with 12000g silica.

All quantities of the various components used are shown in the following
tables.

For the catalysts where the TEOS and SiCl4 were premixed, this was done
in a separate schlenk tube in 50ml hexane for various times (see Table 3) at room

temperature prior to its use in the preparation. After addition of the TEQS / SiCl4
premix to the silica/ DBM , the resulting mixture was stirred for 1 hour at 50°C
prior to the addition of the TICI4.

The “mmol/g” amounts mentioned in the following tables means millimole
of respective component added per gram of silica.

10
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The order of addition of the reactants is indicated in the “Description”
column of Table 2 :

for catalysts 24 and 25, the silica support was premixed with the SiCl4 ,

for catalyst 26, the SiCl4 was added after the addition of the DBM and
before the addition of the TEOS.

TABLE 3

Added Components |

5|02 Teos T Mg T S
{g) (mmol/g) [{immol/g} [{immol/g) |{immol/g} [{mins])

o |t loas o loes o liss  foes |
P Y PO VS ' ' O R
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I R R PV P " P A Y

B. Slurry Phase Testing (SPT)

In a 2.16 litre stainless steel reactor containing hexane, hexene-1 and
triethylaluminium (TEA) are introduced. Hydrogen and ethylene are then
introduced. The catalyst is then injected into the reactor. A constant pressure 1s
kept in the reactor by ethylene feed. After polymerisation, the ethylene feed 1s
stopped, the reactor degassed and cooled. The slurry of copolymer is recovered

and the powder is separated from the solvent. The polymerisation conditions and
results are summarised in the following tables.

Figs. 1 to 4 are 3-D figures reporting some of the activity/productivity

12
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results given in Table 1 SPT. The numbers associated with the points correspond

to the catalyst codes.

5 Table 1 SPT
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Table 2 SPT

Catalyst

o/mmol Ti/b/h) |(g/g/b/h
849 461

l*%
P

3 B
w g

Table 3 SPT

Catalyst |Slurry Resuits

mmol Ti/b/h o/ofb/h p/cm3
28 |7 412 0.84 [26.9
29 I
30 |8
3]

07
31 |s81  |s35 183 [27.9
N/M = not measured

Activity and productivity are the average during the test

g/mmdl Ti/b/h = weight polymer (g)/Ti added to reactor(mmol)/ethylene pressure
(bar)/time (minutes) x 60

g/g/b/h = weight polymer (g)/catalyst weight added to reactor (g)/ethylene pressure
(bar)/time (minutes) x 60

MI = melt index (MI2.16) of the polymer (measured according to ASTM-D-1238)
MFR (melt flow ratio) = ratio of the high load melt index (HLMI21.6) to the melt
index (MI2.16) of the polymer '

The density is measured according to ASTM/D2839
C. Stirred Gas Phase Testing

The stirred gas phase (SGP) autoclave copolymerisation tests were
performed using a 2.5] autoclave. A seed bed was added to the reactor prior to
composition of the gas phase and heating to reaction temperature. Foliowing

14
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injection of the catalyst, the gas phase composition was monitored by mass
spectrometry with comonomer and hydrogen being added to maintain constant
C6/C2 and H2/C2 ratios.
The polymerisation conditions and results are summarised in the following
5  Tables.
HDPE = high density polyethylene
LLDPE = linear low density polyethylene

\C2 (barg
0.4-0.6

10 Table 1 SGP/HDPE

Catalyst Stirred Gas Phase Results

o/mmol Ti/b/h) |(g/g/b/h

12 |DPE [poa  lioo 12 psi1 |9s20
18 HDPE (103 s M INM o500

15
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Table 2 SGP/LLDPE

Catalyst Stlrred Gas Phase Results

o/mmol T1/b/h ,_ o/b/h

LLDPE
12 [LLDPE
-

_ 6 |90,
LLDPE —
LoPE s 2 o
LLDPE |479 296 (03

i

20
_

3 JLDPE [se3 330 lo3 |24 josio

Table 3 SGP/LLDPE

Catalyst Stm'ed Gas Phase Results

S v il il
mmol Ti/b/h) [{(g/g/b/h
—--
—_-
N/M = not measured

Activity and productivity are the average during the test

g/mmol Ti/b/h = weight polymer (g)/Ti added to reactor(mmol)/ethylene pressure
(bar)/time (minutes) x 60

g/g/b/h = weight polymer (g)/catalyst weight added to reactor (g)/ethylene pressure
(bar)/time (minutes) x 60

MI = melt index (MI2.16) of the polymer (measured according to ASTM-D-1238)

MFR (melt flow ratio) = ratio of the high load melt index (HLMI21.6) to the melt
index (MI2.16) of the polymer

The density is measured according to ASTM/D2839.
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Claims
1. Catalyst composition for the (co-)polymerisation of ethylene, optionally

with an alpha olefin of 3 to 10 carbon atoms, comprises a catalyst precursor and an
ofganoa!uminium cocatalyst, wherein the catalyst precursor consists of:

i) a silica carrier material, having from 0.3 to 1.2 mmoles of OH groups per
gram of silica,

ii) a dialkylmagnesium compound of the formula RMgR' , where R and R' are

the same or different C,-C;; alkyl groups, in an amount comprised between 0.5
to 1.5 mmoles of dialkylmagnesium per gram of silica,

i1i) a tetraalkyl orthosilicate, in which the alkyl group contains from 2 to 6 carbon
atoms, in an amount comprised between 0.2 to 0.8 mmoles of tetraalkyl
orthosilicate per gram of silica,

iv) a chiorinated compound (X) having the formula R;S1Cl., , wherein each R 1s
the same or different and 1s hydrogen or an alkyl group and n 1s an integer

from 0 to 3 , in an amount comprised between 0.2 to 4 mmoles of X per gram
of silica, and

v) a titanium compound in an amount comprised between 0.3 to 1.5 mmoles per
gram of silica.

2. Catalyst composition according to claim 1 wherein the silica carrier material
has from 0.3 to 0.7 mmoles of OH groups per gram of silica.
3. Catalyst composition according to any of the preceding claims wherein the

dialkylmagnesium compound is butylethylmagnesium, butyloctylmagnesium,
dibutylmagnesium, or mixtures thereof.

4. Catalyst composition according to claim 3 wherein the dialkylmagnesium
compound is dibutylmagnesium.

S. Catalyst composition according to any of the preceding claims wherein the

17
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tetraalkyl orthosilicate is tetramethoxysilane, tetraethoxysilane,
tetraisopropoxysilane, tetrapropoxysilane, tetrabutoxysilane, or mixtures thereof.
6. Catalyst composition according to claim 5 wherein the tetraalkyl
orthosilicate is tetraethoxysilane. )

5 7. Catalyst composition according to any of the preceding claims wherein the
organoaluminium cocatalyst 1s dimethylaluminiumchloride, trimethylaluminium,
triisobutylaluminium, triethylaluminium, or mixtures thereof.

8. Catalyst composition according to claim 7 wherein the organoaluminium
cocatalyst is triethylaluminium.
10 9. Catalyst composition according to any of the preceding claims wherein the
titanium compound is a tetravalent titanium compound or any mixtures thereof.
10.  Catalyst composition according to claim 9 wherein the titanium compound
is titanium tetrachloride.
11.  Catalyst composition according to any of the preceding claims wherein the
15 chlorinated compound (X) has the formula R.SiCls., , wherein each R is the same
or different and is hydrogen or a C;-C;; alkyl group and n is an integer from 0 to 3.
12.  Catalyst composition according to claim 11 wherein the chlorinated
compound (X) is selected from silicon tetrachloride, methyl trichlorosilane and
mixtures thereof.

20 13.  Catalyst composition according to claim 12 wherein the chlorinated
compound (X) is silicon tetrachlonide.

14.  Process for the preparation of a catalyst precursor which comprises the
steps of:

. (1)  reacting a silica carrier material, having from 0.3 to 1.2 mmoles of OH

25 groups per gram of silica, with a dialkylmagnesium compound of the
formula RMgR', where R and R' are the same or different C,-C;, alky!
groups, in an amount comprised between 0.5 to 1.5 mmoles of
dialkylmagnesium per gram of silica, in order to form a silica supported
organomagnesium composition,

30 (2) reacting said silica supported organomagnesium composition with a
tetraalkyl orthosilicate, in which the alkyl group contains from 2 to 6
carbon atoms, in an amount comprised between 0.2 to 0.8 mmoles of
tetraalkyl orthosilicate per gram of silica,

(3)  contacting the product from step (2) with a titantum compound in an
35 amount comprised between 0.3 to 1.5 mmoles per gram of silica,
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said preparation process being characterised in that it further comprises the
additional step of contacting either the product from step (1), or the product from
step (2), or directly the silica support with a chlorinated compound (X) having the
formula R.SiCls., . wherein each R is the same or different and is hydrogen or an
alkyl group and n is an integer from 0 to 3, in an amount comprised between 0.2 to
4 mmoles of X per gram of silica.

15.  Process according to claim 14 wherein the total addition of the chlorinated
compound (X) is performed after step (2), i.e. after the addition of the tetraalkyl
orthosilicate and before the addition of the titanium compound.

16.  Process for the (co-)polymerisation of ethylene, optionally with an alpha

olefin of 3 to 10 carbon atoms, characterised in that a catalyst according to any of
claims 1 to 13 1s used.

19
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