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sol vent, and consequently, suitable manufacturing properties. 10
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necessary to modify certain characteristics during the manufacture of the
15 polypropylene 10 render the polymer more useful for a certain end results. For
example, if the rigidity of the polymer or copolymer of propylene is improved, it

is possible to reduce the thickness of the resulting molded product formed from it.

There are numerous polymerization and copolymerization processes and

20 catalyst systems in the prior art from which it is possible to tailor a processing
catalyst system to obtain a specific set of properties of a resulting polymer or
copolymer. For example, in certain applications, a product with higher melt flow

rate is desirable. Such a product has a Jower melt viscosity than a product with a

lower melt flow rate. Many polymer or copolymer fabrication processes which

25 operate with high shear rates, such as injection molding, oriented film and
thermobinded fibers, would benefit from a lower viscosity product by improving
through-put rates and reducing energy costs. Generally, olefin polymers obtained

by using an active catalyst component of the magnesium (MgCly) supported type
have a limited melt flow rate range and mechanical properties. As indicated,

30  however, for certain applications, polypropylene polymers which flow readily

during melting have improved processing characteristics.
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compounds are known éenerally as electron donors, a particular catalyst may have
15 a specific compound or groups of compounds with which it is especially
compatible. Discovery of an appropriate type of electron donor can lead 10
significant improvements in the properties of the polymer product such as
.molecu]ar weight distribution and melt flow. Discovery of a specific group of
electron donors for magnesium supported catalysts that would provide beneficial

20 results would be highly advantageous.

Electron donors have been used to tmprove the melt flow rate ("MFR")
characteristics of polypropylene polymers by controlling the polymer chain length

and position of defects along those chains. Relavant art includes US 6,066,702,

25 5,100,981; EP 0 676 419 Al; WO 98/45338; and JP 04117411A, 04117412A,
04136006A, 04239008 A, and 06248019A. However, the drawback 10 adding an
electron donor to the catalyst and polymerization system is that the melting point

of the final polymer product often increases with addition of the electron donor.

This is a disadvantage in many processing procedures and applications of the

30  polypropylene product. Further, decalin solubles (a measure of the amount of
crystallinity) are often depressed upon the addition of an electron donor, which 1s

a disadvantage when a polymer having less crystallinity is desired.
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15 or decalin solubles. A system having a Jower melting point and decalin solubles

profile is thus ideal.

The present invention is directed towards the surprising finding that the

use of at least two different organosilicon compounds as electron donors in

20 comnbination with a magnesium supported catalyst is capable of generating
polypropylene polymers having a moderately broad molecular weight distribution

and desirable MFRs, while lowering the overall melting point of the final product.
Further, it has been surprisingly found that the melting point profile and decalin
solubles profile are advantageously Jowered upon the use of at Jeast two different

25 organosilicon compounds.

SUMMARY OF THE INVENTION

30 Embodiments of the present invention include a catalyst system for the

polymerization of olefins comprising:



pol ypropyl ene pol yners having a noderately broad nol ecul ar wei ght) JUN 2005
distri bU{\j(ﬁﬁhms@M desirable MFRs, while |owering the over apCT/UBOISaIH
point of the final product. Further, it has been surprisingly found that
the melting point profile and decalin olubles profile are

advant ageousl y | owered upon the use of at least two different 25
organosili con conpounds. SUMVARY OF THE | NVENTI ON 30 Enbodi nents of the
present invention include a catalyst systemfor th%gétpm mar}“z_at i on of

ol efi ns conprisi f: 12a5°dRpagnesJulyFUpPITHR BIABIUB G HEEL 4- (a) a
solid nmagnesi um por, i | t . ggponent ; (b) an

or ganoal um num cgbl)(t:)at gf'?g%afm%aﬁgrm(dgnq% %ﬂh%?gl}’re of at least two electron
donors, wherein {&e maxiintere opmprlesmseswoetlhstiay dbntmsx yidremt thexyixsirtane

and at | east one 5 secondary electr dongr, .or (d) a mxture of at

| east three el ectron &48meRses ethylcy M}'fﬁw%% Fﬁ@%&@é g Eeraétcé’gg f or
produci g pol yol efi ns ' t t@ustor system The secondary el ectron
donor o? the at |east rg%ye%rgcé@on o’r%rs are 10 selected fromthe

group consi sting(df tatmizatrbofysiehstnimee pleopyh donoret hoxysi | ane,
propyl tri et hoxysil ane, di nethyl di met hoxysilane, nethyltrimethoxysilane,
and dicycl opentyl di net hoxysilane, and a m xture thereof. In one

enbodi ment gt 0% 16RLRb YRding Cr!ﬁpl%‘éléisqof:ﬁfc@hbfﬁ@ ]:ioﬂiy(ﬂeﬁﬁé}ﬁ'ﬁﬁé (HE ey t ed

Ti C14 catal yst conprising Ti and t he organoal um num co-cat al yst
triethyl al usysterm T tencndate relactroncdriney o tthe ahiepst Huealelasteon|doppssarand

| ow nel ting Roin of . olefins pol.yner.i,zed .

| mvent 1n, "EHEARL Tt 0 BR Rab PRI PR R BriiuBhehifsiene
propylriethoxysilane, dimethyldimethoxysilane, methyltrimethoxysilane, and
dicyclopentyldimethoxysilane, and a mixture thereof. In one embodiment of the

catalyst, the solid catalyst is a magnesium supported TiClg catalyst comprising
TiCly and the organoaluminum co-catalyst triethylaluminum.

15
In order 10 achieve the high decalin solubles and low melting points of
olefins polymerized by the method of the invention, the relative mole ratios of the
electron donors is adjusied. In one embodiment, propylene monomers are
polymerized using the method of the invention, and the resultant polypropylene
20  has a melting point in the range from 160°C 10 164°C. In another embodiment,
the decalin solubles value of the resultant polypropylene is 50 % to 100% greater
than the value when one electron donor is present. Due to the improved
characteristi‘cs of the polyolefins produced by the method of the invention,

improved articles such as films and injection molded articles can be made.

25
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is polypropylene polymer melting point and decalin solubles data
represented in a series of graphs, wherein MCMS is used as the electron donor;
30 " Figure 2 is polypropylene polymer melting point and decalin solubles data

represented in a series of graphs, wherein TEOS/MCMS in a mole ratio of 90/10

is used as the electron donor;
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15  DETAILED DESCRIPTION OF INVENTION
The present invention is directed in general to the combination of a
mixture of at least two electron donors with a transition metal catalyst component
for use in the polymerization of polyolefins. In one embodiment, the catalyst
component is a Ziegler-Natta or Ziegler-Natta-type catalyst system. This
20 combination of electron donors and catalyst component comprises a catalyst
system that results in better control of crystallinity and polymer melting point than
that provided by an electron donor alone. Moreover, the instant catalyst system
maintains a high catalyst efficiency relative 1o other suitable catalyst systems and,
further, the catalyst system of the present invention retains most of its high
25 activity over time. These and other beneficial advantages will become more

apparent from the following detailed description of the invention and the

accompanying examples.

Electron donors are typically used in two ways in the formation of a
30 catalyst system. First, an internal electron donor may be used in the formation
reaction of the catalyst as the transition metal halde is reacted with the metal

hydride or metal alkyl. Examples of internal electron donors include: amines,
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donors is RLAYd RAGH of polfthet pPE@udHIB 1t may also increase the production of isotactic
polymers. In these functions, the molecular weight distribution (MWD), high
15 crystallinity, and MFR of produced polymer will be affected by the particular
donor used. Organic silicon compounds are known in the art for use as electron
donors. Examples of electron donors that are organic silicon {or "silane")
compounds are disclosed in US 4,218.339; 4,395,360; 4,328,122; 4,473,660;
6,133,385; and 6,127,303.
20
It has been discovered herein that a particular combination of electron
donors does significantly enhance the catalytic properties of a specific type of
catalyst. The catalyst involved in the present invention is a Ziegler—Nana-type
titanium catalyst for the polymerization of olefins. The instant catalyst system
25 comprises a solid titanium catalyst component in combination with at least two

electron donors, and has the following features:

(A) a highly active magnesium supported titanium catalyst component
consisting essentially of magnesium, titanium, halogen and an
30 internal electron donor,
(B)  an organoaluminum compound, and

(C) atleast
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Briefly, catalyst componem (A) can be obtained by (i) suspending the
dialkoxy magnesium in an aromatic hydrocarbon that is liquid at normal
15 temperatures, (ii) comacting the dialkoxy magnesium with a titanium halide and
further (iii) contacting the resulting composition a second time with the titanium
halide, and contacting the dialkoxy magnesium with a diester of an aromatic
dicarboxylic acid at some point during the treatment with the titanium halide in
(11).
20 .

Component B of the instant catalyst system is an organoalununum co-
catalyst. The organoaluminum compound should be halogen-free. Suitable
halogen-free organoaluminum compounds (component B) are, in particular,
branched, unsubstituted alkylaluminum compounds of the formula AlR3, where R

25 denotes an alkyl radical having 1 to 10 carbon atoms, such as for example,
trimethylaluminum, triethylaluminum, triisobutylaluminum, "~ and
tridiisobutylalumipum. Further suitable compounds are readily available and

amply disclosed in the prior art including US 4,990.477.

30 The above-described magnesium supported catalysts component (A)
exhibits comparable efficiency 1o previously known catalyst systems when the

component (A) is paired with an appropriate silane electron donor, such as
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In a desired embodiment of the invention, the external electron donors

15 chosen are methvlcyclohexyldimethoxysilane and at least one other silane
compound. It has been found that when this silane in combination with at least

one other silane are used in combination in a magnesium supported catalyst
system, the desired level of crystallinity is achieved as well as a lowered melting

point for the final polymer product. In one embodiment, propylene monomers

20 are polymerized using an embodiment of the catalyst sysiem, and the melting
point of the resultant polypropylene is from 160°C to 164°C in one embodiment,

and from 162°C to 164°C in vet another embodiment. Also, it has been found that

the use of methylcyclohexyldimethoxysilane with- at least one other silane Jowers

the melting point and decalin solubles profile of polypropylene generated by a plot

25 of the melting point and decalin solubles as a function of the concentration of
silane electron donor used in the polymerization process. These profiles are
exemplified in Figures 1-4. Further, the mole ratio of the silane electron donors

relative 10 one another also influences the final properties of the polymer.

30 Examples of olefins that can be used in the polymerization process of the
present invention are alpha-olefins having 2 to 20 carbon atoms such as ethylene,

propylene, l-butene, 4-methyl-1-pentene, I1-octene, 1-hexene, 3-methyl-1-
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15 Decalin Solubles. Two grams of polypropylene granules were dissolved in

100 ml decalin containing some BHT by refluxing the decalin solvent for one
hour. Then the solution was kept at room temperature for 16-24 hours 10 allow
the crystallizable polymer 1o precipitate out of solution. The precipitate was
filtered out and 20-ml of the filtrate was evaporated to dryness. The amount of
20 soluble polymer contained in the 20-mi filtrate was multiplied by 500 to obtained

the percent decalin soluble.

Polymerization Process in a Batch Reactor. A 2 liter polymerization

reactor that has been thoroughly cleaned, dried, and purged well with nitrogen was
25 charged, by a syringe the required armount (millimoles) of silane donor (from a 0.1
M solution in hexane). Then 2.0-mmole of TEAL (from a 1.0 M solution hexane)
was added, and the reactor entry port valve was closed. A specified amount of
hydrogen in mmoles (12.5-41.7 mmoles) was charged from a 300-ml container
under high hydrogen pressure. Approximately 750-ml of liquid propylene was
30 introduced into the reactor. Catalyst in the amount of 8-15 mgs catalyst solid was
charged into the reactor by pushing through a catalyst feed tube with about 500-ml}

liquid propylene. The reaclor temperature was raised from room temperature 10
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3-net hyl -1 -butene, 1-decene, 1l-tetradeggne, and |-eicosine. The
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of silane donor (froma 0.1 Msolution in hexane). Then 2.0-mpl e of TEAL

(froma 1. GrMnsplesti on hexane)

Comparative Examples. The use of siloxane donor compounds during

15 propylene polymerization using a supported Ziegler-Natta-type catalyst allows for
the control of the polymer properties such as crystallinity and melting point. In
general, the polymer crystallinity increases with increasing donor compound. The
preferred siloxane donor is MCMS, which a donor of fairly high crystallinity-
enhancing property. A donor that has a higher crystallimity-enhancing property

20 than MCMS is DCPMS (dicyclopentyldimethoxysilane). Other donors of lower
crystallinity-enhancing property are PTMS, MTMS (methyltrimethoxysilane),
TEOS, and DMDMS. A comparison of the effects of these donors on the

resulting polypropylene melting point and decalin solubles is shown in Table 1.

25 The donors described in Table 1 are ranked in crystallinity based on both
the melting point and the decalin soluble resuits. Generally, the decalin soluble
test result is a good indication of the polymer crystallinity, provided that a
sufficient amount of donor is used during the polymerization. In the comparative
examples in Table 1, all experiments were carried out with the use of 0.2 mmoles
30  of donor, 2.0 mmoles of TEAL, and 42 mmoles of hydrogen. Table 2 shows
several possible mole percent ranges of some of the electron donors of the

invention, with some of the donors having two to three desirable embodiments.
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is DCPMs (dicycl opentyl di met hoxysilane). QO her donors of |ower
crystallinity-enhancing property are PTM5, MIMS (net hyl tri met hoxysil ane),

In some polypropylene applications such as film, it is desirable to have a

polymer that has a relatively lower melting point of between 162-163.5°C, and

15 with a decalin soluble of 4.5 %. From the above example in Figure 1, it is clear
that the use of MCMS donor would not be capable of making this product. The

steep slope of the decalin soluble vs. MCMS donor concentration profile makes

the manufacturing process control difficult, because of the sharp change in the’
decalin soluble with a slight process-control variation in the amount of the donor

20 concentration.

Example 2. To achieve the desired balance of melting-point and decalin
soluble, 10 mole % of MCMS mixed with the TEOS (the number 4 ranked
crystallinity as shown in Table 1). The resulting plot of the polymer property with

25 the donor blend concentration is shown in Figure 2, data for which is in Table 3.
As evident in Figure 2, the melting point of the resultant polypropylene using the
donor blend decreased compared 1o the use of 100% MCMS, while the decalin
soluble capability increased. The decalin solubles increased by about 80% in the
MCMS/TEOS mixture relative to the MCMS alone.

30

Example 3. To further improve the melting-point/decalin soluble balance,
some PTMS donor was combined with both MCMS and TEOS, at a mole ration
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to 0.02 mubfhle, ofithendecalin halnbleowediney coricentiation oot @ seeptandtwilihus he
decalin soluble rises steeply. . The pol [ | ti ng point showed sone
vari abi | i tﬂf?“l'?}ﬁtandgmghvcﬁﬁr{ng'ﬂ}f?%%m}ﬁ C?%%B“ I'gure 1, the nelting point
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pol ypropyl ene applications such as film it is desirabl.e to have a
pol yner that hakxamplelht Todpyber omeroviribe MedlpbPAP! EApaRUB e 85 M%3. 5C,
20, 15 b o oSSk b Epf R P ey Lt
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concentration prof it &SRS TEOS/PTMS/MCMS/DMDMS. This resulted in much
15 better low-melting-point capability and better process control as shown in Figure

4, data for which is in Table 3. Again, the melting point and decalin solubles

profile is lower, thus providing better control of the system. The decalin solubles

are about 100% greater for the -b]end of this example relative to the individual

donors of Table 1 at the same donor concentration.

To assess the melting-point/decalin-soluble capability of each domor
system described above, the melting point was plotted against the decalin soluble,
which is shown in Figure 5. Within the variability of the melting point test, the
plot in Figure 5 shows that the blends using TEOS/PTMS/MCMS  and

a5 TEOS/PTMS/MCMS/DMDMS gave the best balance of low-melting-point/high-
decalin-soluble. Thus, these mixtures exhibit the Jowest slope in the plot, and

hence are preferred examples of how the melting point and decalin solubles

profiles can be improved.

30 The relative mole ratios of the various electron donors added to the
polymerization system also influence the final polymer properties. Table 2 shows

this relationship, wherein the mole % is based on the total amount of electron
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well as t h%ata]yst system in a mole % from 15 to 60 mole percent in one embodiment, and

from 30 to 50 mole % in another embodiment. The TEOS is added to the catalyst
system in a mole % from 30 to 85 mole % in one embodiment, and from 30 to 60
15 mole % in another embodiment. The DMDMS is added to the catalyst system in a
mole % from 3 to 12 mole percent in one embodiment, and from 4 to § mole % in

another embodiment.

Polymers made from the process described can be used in various

20 manufacturing processes and articles of manufacture.  More particularly,
polypropylene, or propylene/ethylene elastomers can be made by the process of

the invention and used in the manufacture of, for example, films and in injection

molded articles.

25 The embodiments of the present invention, as described above, are not
intended to limit the scope of the present invention, as demonstrated by the claims
which follow, since one skilled in the art can, with minimal experimentation,

extend the scope of the embodiments.

30 All priority documents are herein fully incorporated by reference for all

jurisdictions in which such incorporation is permitted. Further, all documents
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10 JUN 2005 WD 02/ 057545 PCT/ USO /45521 15 TABLE 1. Conpari sdrQ dUN 2009
el ti ngwRPhIN=13pd decalin sol ubl es data for polypropyl eneppphisiRidsz£d
using the individual electron donors. Donor P. (C) Decalin solubles (%
Ranking CPMS 167.3 0.18 1 Crystallinit CMS 164.7 0.90 2 Crystallinity
TVM5 164.8 1.26 3 Crystallinity PTES 164.7 1.38 Crystallinity TMS 162.6
2.23 5 Crystallinity OS 161, 166 2.42 6 Crystallinity MW 138, 152,
160.3 14.7 7 Crystallinity 1 0 JUN 2005 WO 02/ 051545 PCT/ USO1 /45524
-16- TABLE 2. Exanples of relative nole percentage ranges of the various
el ectron danaBEELAnorEXimples ofirdatioe njocknpodentge ranfiés o the #arious
Crystallinity MCVS [ ldlectrdiPdondr$10-30 #2 Crystallinity PTMS [1] 15 - 85
[2] 30 - 85 [3130 - 65 #3 Crystallinity TECS [1] 15 - 90 [2] 15-60

Donor Electron Donor [Embodiment]
Mole %

#1 Crystallinity MCMS [1]<10
[2]10-30

#2 Crystalliity PTMS [1]15-85
[2]30-85
[3130-65

#3 Crystallinity TEOS [1315-90
[2]15-60
[3130-60

#4 Crystallinity DMDMS [1]3-12
[2112-30




[3130 - 60 #4 Crystallinity DVDMS [1] 3 - 12 1 1 [2112 - 30 1 D0 JUNZ08605
WO 02/ 05154 USOL/ 45524 -17- TABLE 3. Exanples of th <§2.40f
donors gﬁégg?{})gﬁ)pyl ene pol ynerization. mol e donor Decal iﬁ%ﬁgg?ﬁ{ﬂzes (9
Tin (C [Cat Eft]'" mxture MCMS as Donor in Exanple I 0.2 1.11 40.2

0.1 1.23 165146.71 0.06 1.52 164.9 [4%761 0.05 1.44 166.1 [45.61 0.03
1.29 166.9 151 0.02 2.22 166.2 [37.61 0.015 12.1 163.8 [32.21 TEOS/ MCVS
Donor M xture in Exanple 2 0.03 3.25 164.3 34.6 0.02 4.04 164.3 [33.61
0.01 27.3 161.9 [25.81 TECS/ PTNS/ nor Mxture in Exanple 3 0.04
2.46 162. 9 T4BLE3. o Bypnplesplhe gects obdonags @8 > 33 163.6 28.8 0.02
4.18 162.8 32.9 0. 0lpgspeprdenerpglymgrization.

mmole donor Decalin Solubles (%) Tm (°C) [Cat Eff]’

mixture
MCMS as Donor in Example 1

0.2 1.11 - [40.2]
0.1 1.23 165 [46.7]
0.06 1.52 164.9 [45.6]
0.05 1.44 166.1 [45.6]
0.03 1.29 166.9 [51]
0.02 2.22 166.2 [37.6]
0.015 12.1 163.8 [32.2]

TEQS/MCMS Doner Mixture in Example 2
0.03 3.25 164.3 [34.6]
0.02 4.04 164.3 [33.6]
0.01 27.3 _1161.925.8]

TEOS/PTMS/MCMS Doner Mixture in Example 3
0.05 2.7 163.3 [25.1]
0.04 2.46 162.9 [23.8)
0.03 2.33 163.6 [28.8)
0.02 4.18 162.8 [32.9]
0.01 28.8 160.7 [25.9]
TEOSPTMS/MCMS/DMDMS
Donor Mixture in Example 4

0.07 2.39 162.8 [25.11
0.05 2.75 162.7 {24.6]
0.03 31.84 -[17.3]
0.02 5.06 ‘ 163.2 [24.8]
0.01 21.7 161.8 [22.2]

1. The catalyst efficiency, in Kg polymer/g catalyst-hr



TEOS/PTIMS/MCMS /D MDMS Donor Mxture in Exanple 4 0.07 2.39
162.5 25.1 0.05 2.75 162.7 24.6 0.03 3.84 17.3 0. 5.06 163. 2 11R4N32005
0.01 21.7 161.8 [22.2 1. The catal ystlgfficiency, in Kg polyner/g

catal yst-hr 1g 10 JUN 2005 CLAIMS: | claim 1 A catalyst systemfor the
pol ymeri zation of olefins conprising: (a) a solid nmagnesi um supported

titani U@Mst conponent; (b) an organoal um num co-catal yst; and (c)
a m xtur | east three el ectron donors; wherein the el ectron donors

are selected fromthe group consisting of tetraethoxysilane,

met hyl cyl@l@®exyl di met hoxysi | ane, propyltrinet hoxysil ane,
propyltriethoxysilane, dinethyldi nmethoxysilane, nethyltrinmethoxysilane,
di cycl opent yl di met hoxysi | ane and m xtures thereof; and wherein high

crystal Ii.ni t yA damlystssyatem foe tiegiobyindrizativi bEolgfintigompsrivigd: St i ng of
di cycl opentyl dj net hoxysi | ane and net hyl cycl oh ))ési” di met hoxysi | ane are
present from(®kss %W&H%@*@ﬂu@isupaomﬂdﬂ%v@%ﬁ geppenans t he t ot al

amount of dongy; %%rg%r%hﬁﬁﬁﬁﬁlc'oldﬁgag%r;aﬂﬁnors are selected fromthe

group consi stihg of propyltrinmethox ane, propyltriethoxysilane,
t et r aet hoxysi(thne amiktuetofiiyt least nired ebeptsor dororsa meherdin dreidéction@inds ak® 80
nole %relative to §he total anount of .donor. 2 The catal yst system of

claim1, wherein tfEctEdfom thegrem cpnsisting ot etraethoxysianem catalyst is a
magnesi um suppor t ggethjie} dokdyRlidethofAMRAd Hrap1thhiclitb 30Tkt e

propyltriethoxysilane, dimethyldimethoxysilane, methyltrimethoxysilane,
dicyclopentyldimethoxysilane and mixtures thereof;

and wherein high crystallinity donors are selected from the group
consisting of dicyclopentyldimethoxysilane and
methylcyclohexyldimethoxysilane are present from less than or equal to
10 mole % relative to the total amount of donor; and mid-crystallinity
donors are selected from the group consisting of propyltrimethoxysilane,
propyltriethoxysilane, tetraethoxysilane and methyltrimethoxysilane are

present from 18 to 80 mole % relative to the total amount of donor.

2. The catalyst system of claim 1, wherein the solid magnesium supported titanium
catalyst is a magnesium supported TiCly catalyst comprising TiCl, and the

organoaluminum co-catalyst is triethylaluminum.

3. The catalyst system of claim 1, wherein the mixture of at least three electron
donors comprises methylcyclohexyldimethoxysilane, propyltrimethoxysilane, and

tetraethoxysilane.

4. The catalyst system of claim 3, wherein the mole percent relative to the total
amount of donor of methylcyclohexyldimethoxysilane is from 1 to 10 mole
percent, of tetraethoxysilane is from 15 to 60 mole percent, and of

propyltrimethoxysilane is from 30 to 85 mole percent.



or ganoal um num co-catal yst is triethylalumnum 3. The catal yst system of
claim1, wherein the mxture of at |east three electron donors]@qiNrigies
met hyl cycl ohexyl di net hoxysi | ane, propy9+¢ri net hoxysil ane, and

tetraet hoxysilane. 4. The catal yst systemof claim3, wherein the nole
percent relative to the total anmount of donor of

Lot het Hoxysi A SHAVFEYRER BRI en bR bebRanscommtping’™ *° "
propyl trimet haxysid @lid mhagresiam séPpéreediaiiimab@yst 8othpordat;; 10 JUN 2005

5. A catalyst systemfor the polynerization of olefins conprising: (a) a
sol i d magnesilih s @nseawaluminumicorgatalysiiapdt conponent: (b) an

or ganoal um n co- : ) X1 ast _three separate
si | oxane el ectton d'ggn)g{r“)sé?)tf\%%rg%itél&% ﬁ%a{grtr%( %(1%‘%39%18‘%?4 (goensors’w efein the”

met hyl cycl ohexyl dimixtire xgsiptisesanethgdtydetidrobdynethangilamd) Gettrethdixvsilage | 0xane
el ectron donor. 6. The ¢ t’Tl yst ﬁ%stem of claimb5, wherein the third

si | oxane el ectron B&Qﬁd-hlf8§l oXagr gleCen €909 t he group consi sting of

propyl tri nmet hoxysilane, propyltriethoxysilane, dinethyldi nethoxysil ane,
met hyl tri met hoxysi | ane, dicycl opentyl di net hoxysi | ane, and m xtures

t her eof .6.7. The catalyst yystens pEcleim 6§ whérainthsthindtsilorane didverohiionor 5i | oxane

el ectron donor, is royl trimet hoxysilane. 8. The catal yst system of
claim?7, mhersglleﬁteflﬁ’g"?rﬁ?é@rﬁ‘é}’r%ﬁ’ts“i{%P ropytrirgethaneysilanes| * amount of donor
of met hyl cyclpbsidetHoxpiipg ydiire i Aflate nt, of

t et raet hoxysi| arie ies O?E?olm 1% toﬁlg(smdrlrlté)ﬁhfg&per ce’tr??e,ﬂ%gggﬂ%@oxﬁ%&é

propyl t ri met Kbsyeidpentyldimethoxysilage and ng%tunesitherpefi cent . 9. The cat al yst

systemof claim5, wherein the third siloxane el ectron donor is
di met hyl di met hoxysil ane. to. The catal yst systemof claim9, wherein the

nol e perxent Tielcatalysesystenh BECIhR 8! wherein the third siloxane electron donor is
propyltrimethoxysilane.

8. The catalyst system of claim 7, wherein the mole percent relative to the total
amount of donor of methylcyclohexyldimethoxysilane is from 1 to 10 mole
percent, of tetraethoxysilane is from 15 to 60 mole percent, and of

propyltrimethoxysilane is from 30 to 85 mole percent.

9. The catalyst system of claim 5, wherein the third siloxane electron donor is

dimethyldimethoxysilane.

10.  The catalyst system of claim 9, wherein the mole percent relative to the total
amount of donor of methylcyclohexyldimethoxysilane is from 1 to 10 mole
percent, of tetracthoxysilane is from 15 to 60 mole percent, of
propyltrimethoxysilane is from 85 to 30 mole percent, and of
dimethyldimethoxysilane from 3 to 12 mole percent.

11. The catalyst system of claim 5, wherein the catalyst is a magnesium supported
TiCly catalyst comprising TiCl4 and the organoaluminum co-catalyst is
triethylaluminum.



anount of donor of nethyl cycl ohexyl di net hoxysilane is from1 to 10 nole
percent, of tetraethoxysilane is from15 to 60 nol e percent, Of10JUN 2005
propyl trimethoxysilane is from 85 to-23®-nole percent, and of

di met hyl di met hoxysilane from3 to 12 nole percent. 11. The catal yst
systemof claim5, wherein the catalyst is a nmagnesium supported Tid4
cat al yst,.co | Si Ti Cl4 apd the organoal um num co-catal yst |s

Cri ot byl G um s et 55t Bbslaim SovhelenHhe corcatiyyat sdeperbe emmm 5.
wherein the Gen& ofdn ASy1 8 8Bfine 8 ;consi sting of an

al kyl al um num di i de, Ly kyoglhg{i%ﬁ}ﬁhk%%@f né’“ﬁ'?r 47 uni num hal i de
and trii sobutdjalkdalyminumhalide and tritsobitybalugymmem f or t he pol yneri zati on of
olefins conprising: (a) a solid magnesiumtitani um catal yst conponent;
(b) a triethylal um numco-catalyst; and (c) a mxture of at |east three
separ at d3si | oxesalystl spsteiaor thenelyimerivagsebiolbfids comptisifige conpri ses

met hyl cycl ohexyl di net hoxy silane, tetraethoxy silane and at |east one
ot her sil oxan® el dcohdmagppdpm titaniunpieatalyst eomypanestyst em of cl ai m 13,
wherein the g{) er a%}'ile&? ﬁh&céot&'ihh‘;’s‘?-"a% is selected fromthe group
consi sting of “propyl trrnethoxysi|ane;” ” propyltriethoxysilane,

di met hyl di net(foxy sirthixnere offet loyst threasiphate/silokameslectron donors, wherein the
di cycl opent yl di met hoxysi | ane, and ni xtures thereof. 15. The catal yst

system of cl ai m 130X{e Fempnses mcthiercloiexydimathesyesilane detmsthaxyistane
propyl tri met hoxysishda€teast@ne Sher i é@l%ctféﬂﬁ{kﬁ%}.m claim15, wherein the
t 0 0

nol e percent relative to the tota anpun nor of
nmet hyl cycl ohexyl di net hoxysilane is from1l to 10 nole percent, of

tetraet hgxysilane js from 15 to 60 | e percent, and of .
propyl t nlarret ﬂ&’?f%‘@'yéh%’ stegn ?E@Wg"=t"g‘%8%n ﬁi?l qther sHexane electron donor is

selected from the group consisting of propyltrimethoxysilane,

propyltriethoxysilane, dimethyldimethoxysilane, methyltrimethoxysilane,

dicyclopentyldimethoxysilane, and mixtures thereof.

15.  The catalyst system of claim 13, wherein the other siloxane electron donor is

propyltrimethoxysilane.

16.  The catalyst system of claim 15, wherein the mole percent relative to the total
amount of donor of methyIcyclohexyldimethoxysilane is from 1 to 10 mole
percent, of tetracthoxysilane is from 15 to 60 mole percent, and of

propyltrimethoxysilane is from 30 to 85 mole percent.

17.  The catalyst system of claim 13, wherein the other siloxane ¢electron donors

comprise propyltrimethoxysilane and dimethyldimethoxysilane.

18.  The catalyst system of claim 17, wherein the mole percent relative to the total
amount of donor of methylcyclohexyldimethoxysilane is from 1 to 10 mole
percent, of tetraethoxysilane is from 15 to 60 mole percent, of
propyltrimethoxysilane is from 85 to 30 mole percent, and of
dimethyldimethoxysilane from 3 to 12 mole percent.



17. The catal yst system of claim 13, wherein the other siloxane el ectron
donors conprise propyltrinmethoxysilane and di nethyl di met hoxysi | afd. JUNS2005
The catal yst systemof claim 17, whes2ln the nole percent relative to the
total anount of donor of nethylcycl ohexyl di met hoxysilane is from1 to 10
nol e percent, of tetraethoxysilane is from1l5 to 60 nole percent, of
propyl triyret haxysilane is fram 85,taq 30 | e percent, and of

di net hyl@ﬁe?ﬁ‘&ﬁ st g slaing i3=1 %Pﬁp B {S 2 Fi98neIm sepported 1 19
The catal yst Hysiatlgt cehafighd Ficiyherein the catalyst is a magnesi um
supported Ti Cl4 catal yst conprising TiCl4.






