-

;e3e| X, R-P6TXfs b FI ELD OF THE | NVENTI ON The present invention relat e'\si\a
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15 polypropylene to 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 lower 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
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during melting have improved processing characteristics.
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The di scovery of nore appropriate co-catalysts or electron donors to
acconpany supported nmagnesi um cat al yst conponents has been of great benefit
t o i nprowagbiiesef ficiency of the catal yst system and t h@CHAEO1/#¥2Eont r ol
of the polymer product. In such catal yst systens, the cocatal yst activates
the catalyst s .and provides initiatiom-of a polymer chain. The cocatal yst
that has historically worked well w th magnesi um supported catal ysts is

or ganoal um num conpounds, nost typically triethylalum num ("TEAL"), or
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~have 15 a speciftic conpound or groups of conpounds wth which it 1s

especi ali y codymovibéseinitbition ofer polymenshaippr Bisr ¢aeatalysy peat dras diisteni¢adsi donor

I dt i i fi i ts I t A i t
oroducr sucivargen el SRR Sl sfS R Rk ol ARERICET
speci fic gr gyt OfybRnt rgphdRM@hubor ("TENIES] WP Sathgortiatkyt athiniaim t hat

woul d provide beneficial 20 results would be highly advant ageous. El ectron
donors have coswaundse dExamplap pbother pselib organpayminiy comppynds mplids @er i sti cs

of pol ypropyheng, ARl YIRSIBY §SRLEOkIAARIARE PELUTRILANARD shENghA and

posi tion of ong se chains. Relavant art 1nc es US 6, 066, 702,
2s 5, 106h 98k4iisbbut9] Avmirkh® Al, WO 98/ 45338; and JP 04117411A, 04117412A,
04136006A, 04239008A, and 06248019A. However, the drawback to addi ng an

el ectron donor to the catal yst and polynerization systemis that the
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el ectron dwmpatibies Dhscoversieofran tappeppsigtentypsnef eleetzen doBen ¥ &eadr f i | es

. amepeSbles_ Dherovenieofneh tapALPRpi . iles
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Li kewi se, the decalin solubles profile is a_plot of tr?g de%I in $Q| ubl es
(amount of sYeeitsnedonogssfon nragResiyy Fupporiadecatlids High waslbprovsishsreRdel on.

When an.gl ec i nbi nati ons of el ectron donors are
Rt g S

added t0 the ca profile is increased such that the to
addition of a small amount of electron donor has a | arge effect upon the
mel ting point or gecal in sol lt}l’al e.conte Jhis i . sadva

. L i
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often hard tgeQudrsAts omyﬁsﬁleﬁ@ﬁ@}/meis 1Y@ aolwgthé plignenehath &gt he
added anpunt of el ectron donor, or electron donor m xture, would have a

relatively sand positidnect deferts Hlongheserdpaipsi Melawnbart decdedasIe 010961703, A
Teal . The prafusftTERRbGA BGOSR NN, B AR NS
that the 04136006A, 04239008A, and 06248019A. However, the drawback to 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 is

a disadvantage when a polymer having less crystallinity is desired.
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catalyst system would be one where the added amount of electron donor, or

electron donor mixture, would have a relatively small effect on the melting point
or decalin solubles. A system having a lower 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
combination 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 lowered upon the use of at least two different

organosilicon compounds.

SUMMARY OF THE INVENTION

Embodiments of the present invention include a catalyst system for the

polymerization of olefins comprising:

i s capabl e of generating

mel ting point
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20 has a nelting point in the range from 160C to 164C. In another

enbodi nent, the decalin solubles value of the resultant pol ypropylene is 50
%to 100%gozeiiess t han t he val ue when one el ectron donor iPETHSOF@Is24 Due to
the i nmproved characteristics of the polyolefins produced by the nethod of
the invention, inproved articles such ag filns and injection nolded
articles can be nade. 25 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is

pol ypr opyl ene pol yner nelting point and decal in sol ubles data represented

in a series of gr hs 8" N@{Q lonor; 30
Figure 2 is pol yp( opylaes\rggl ﬁ% %’E?rvn%e[g%@ﬁ Cg?a S&E%%P&r\engol ubl es data
represent ed in a(gri Qﬁ@gargamm;aum\/d@euamwsﬂ@@&wﬂvs in anole ratio of
«90/ 10 is used as the electron donor; WO 02/ 051y5 PCT/ USOL/ . 1552.1 -5

Figure 3 is pol ygfbpylaeRexps 9&@# least {twa elesdion: densas, d\yb%mmﬂ@om@ﬁu@s dat a
represented in a seri E@@g{ T. ratio
+of 80/15/5 is used as%t%ﬁgyfr ?{ag{? Hc%%e%&mé‘{ |guf Mjﬁl s pol yplgaosgg ngne

pol yner srel ti ng point sactdlddgceaéatmnscbjnuhloes data represented in a series of
graphs, wherein TEOS/ PTNVS/ is used in a nole ratio of 69/20/6/5
is used as the ell@kttr GriMBEEHE ! a%t]ﬁ@ti]@eizfe)ﬁﬁ‘i”én 40n9gS-pol ypr opyl ene pol yner
melting point and decalin solubles data represented in a series of graphs,
wherein the various el ectron donor conbinations are plotted as separate
| i nes, each Thephwdntioh atsalinélngesmpmbeﬁioapﬁodudng polyotefuie maingrths cdtalpstes. 15
DETAI LED DESCRI PTI OF | NVE ><‘$ resent I nvetgrqe\,\% is directed in
general to tS_Pfét.e’@o $egoBiRry e %Ftliﬁn Qo opfihe,pt jeagt e W AMOE BSnor s
with a 4§ ansefdRA 1oh dhe ¢RI dtkishRERPAGethoxysilane, propyltrimethoxysilane,
propyltriethoxysilane, dimethyldimethoxysilane, methyltrimethoxysilane, and
dicyclopentyldimethoxysilane, and a mixture thereof. In one embodiment of the

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

15
In order to 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 adjusted. 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 to 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

characteristics 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;



.reacted with the netal hydri

for use in the polynerization of polyolefins. In one enbodi nent, the

catal yst conponent is a Ziegler-Natta or Ziegler-Natta-type catal yst

system W e2/@a540nbi nati on of el ectron donors and cat al y®PCTASOP eI Nt
conprises a catalyst systemthat results in better control of crystallinity
and polyner nelting point than that proii ded by an el ectron donor al one.
Moreover, the instant catal yst systemnmaintains a high catalyst efficiency
relative to other suitable catal yst systens -and, further, the catal yst
system of the present invention retains nost of its high 25 activity over
time. These and ot her beneficial advantages w Il becone nore apparent from
the foll owi ng detfagured id @slyprqpylenn pofynidnendling poind andadetatimeolablesdgganyi ng

of 830 cat AVGREREgdnaRee PLE b e AP B BN ok Pl e Nicea

the formati @p/i5eRGUsEDaOfhe R ir6AlGFSt as the transition nmetal halide is
ide or metal al kyl. Exanples of internal

el ectroms donors include: am nes, WD 02/1151S~-S PCT/ USQOL/ -4sS2.t -6
am des, ethers, ters,. aromati ¢ esters, ketones. nitrites, sphi nes,
T bines. - arsi ned EGhaus ROP Rl BbfniisenSe Bom Bid i soPBBR e

al cohol at es reptagngdl ihs Rtie®6HaRbEs, dteisin THES/PEMBINMCMS/BMDMS ichedt r on
donor in a catalyst systemis as an external electron donor and

st er eor egul an amadlaratieeof[H12AEP iizesel 6 theedestionlonend sane conmpound may be

~used in both instances, although typically they are different. A conmon

external electron donor is an organic silicon conpound, for exanple,

tetraet fpxysi | andRigike d6i§ polyptdpieneipotyierti€ltihy peint ahd eédalih selnbredatas i s
provided in US 4,535, 068. to_ Enbodiments of the invention relate.

parti cul ar | yeRrgseaaddp gaeries elcaraphs, whasinstheraoneelgstran daner spmbiBA¥ns as used
herein referg.l I | . acts as
2 st er cor cqur Pt 8t S FRE eadtR Bl of aREHL BERPps ¥ Kb R0r HEb
produced. | tsolublesal so i ncrease the production of isotactic polyners. In

t hese functions, the nol ecular weight distribution (MAD), high 15
crystallinity, and MFR of produced polyner wll be affected by the

particuhar qepPATHESDESCIAPTION OFANVERTRONIAS are known in the art for
use as el ectron donors. Exanples of electron donors that are organic

silicon (or "sil are" presentpoyentionaise ditcted o8 egeneral Us the 2dntiga@iondof395, 360;
4,328,122; 4,473,660;. 6,133,385 and 6, 127, 303...20 |t . has, been di scovered
nerein that MO F auien G istTar ABor Y A BRp el SRR RSB, cant | y
enhance the fophad W ile ﬁél@ﬁﬁfik&t&ﬁl of palysrfigs.f ila di¢panbddigaitakbestatalyse

catal yst involved in the present invention_is a Ziegl er-Natta-ty;%e_ titani um
catal yst f orcompeng| yaey iZegleroatiy op| &fegles-Nattadyps stabayst casteny st Thisst em

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 to 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 halide is reacted with the metal

hydride or metal alkyl. Examples of internal electron donors include: amines,



25 conprises a solid titanium catal yst conponent in conbination with at

| east two el ectron donors, and has the follow ng features: (A a highly
active mwoeshusmIsupported titani um catal yst conponent comRSITAISONgss24
essentially of magnesium titanium hal ogen and an 30 internal el ectron
donor, (B) an organoal um num conpound, gnd (C) at | east WO 02/ USI~. | S
PCTI Il SO01 /-4552-4 ( 1) two electron donors, one of which is

met hyl cycl ohexyl di met hoxy, or, (2) three electron donors. 5 The method of
pol yneri zi ng, o] i [ s P c S

Zi egl er-Natt g}de%eg{gér%( mﬁgtélt%’s %g?rggtg% rrE&Ers q(elét = ﬁlﬁ?gyaﬁjd& i}?fg@%l %%:bﬁ%ess ed by in
Conci se Encya:ﬂsm@@qjhaspﬁord?mkiymhm‘smem Ghioediels Eﬂgehyﬂes i dighholOE( ahd Gdlts
¢(Jacqueline 1, Kroschwitz_ ed., 1990) and by F. Cotton_ & G W I ki nson,
Advanced | no?lyararwic esidsi g‘pwecopgg@c]f@g@ G@?*P%%Pnoi%é)catﬁﬁls}%?m%ﬁ d1lo

A0S, Soo0, S0G4RA ety ¥ghotuint SEReRRMAR SPREHol M AR6A ROLSLETRL T et
(A) can be oknad wemipbynd( maysbe psadiingbdthenstamel oxlyhavgh ntypmaﬁy itheyarar@ar omat i ¢

hydr ocar bon is I d at normal, 15 . tenperatures, . (ii) conta ng the
o e P G e i dOHPOR PXtSHALACHER ARMOR A QR sitdom o R PRHEG P og t e

resulting co i t
Contacting theT tﬁﬁ’ﬂxﬂ’ﬁgﬁ%% i pn g bR ety aadhs i
di car boxyl i cpaeidtdat USeh® 55681t during the treatnent with the titanium
halide in (ii). 20 Conponent B of the instant catal yst systemis an

or ganoahuni num co catal yst. The organoal um num conpound shoul d be

hal ogen-jhree. Sui EaBLERAOGENhE §iB0eRionaRIaE U HIABO T Osiitelsal( EREBGNENt B)
are, in particular, branched, unsubstl tuted al kyl al um num conpounds of the

forml a ALR3dongsrthe ers"ebp@tr@nesbna a5l yopdl heegin seferringviprihe extemnal doretr bon

atons, such a ram@

trii sobutyl a?ﬁ?neh{?ma)f F}% ? gg%utéf?%;g{ﬁn%&#%#attg E%Arnadslﬁlﬂ%a enconpounds
are readily aatid ﬁbﬂn@f@ﬁﬁnﬁlmh)ﬂuibﬁCItQﬁ@dallsdhnbfbesdDﬂhb(pﬁ'ocarchon ofisutdctig US
4,990, 477. 30 The above-descri bed nmagnesi um supported catal ysts conponent

(A) exhi bi t sPelomse: al shese ffumt&néytltednﬂleévl% wsraht dhdupution VYEP), High ens

when th 5CO A i f I donor,
ohen ao 15 Sy BEREN R Nnd MPR! fiolhics AlBRPLART. Atfockid BPE pRERLAR Conor
met hyl cycl ohduydrdisakt h)@gatm klanm (:brh‘ﬁdii&id)s ardkimoverh at the cnt fomluse as slegtnmil cantly
enhanced WnegPt he cat al pai red a conbi nati o Sllt he,

el ectron donBf¥Tiher U8 85 |°ff tlReir) ﬁjﬁf‘%rss?‘ébérepro&%?é‘écs ficon &3
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-Natta-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



of the present invention. This inproved isotacticity/ MFR control results in
an 5 enhanced control of the properties of the polyner product such as
mel ti ng poOn2/o051Est ernal el ectron donor materials include BGE/USH)E45324
limted to organic silicon conpounds, e.g. tetraethoxysilane ("TECS"),

met hyl cycl ohexyl di net hoxysi | ane {"MCMS!9., propyltrinethoxysilane ("PTM5"),
1 o propyltriethoxysilane ("PTES"), nethytrinethoxysilane ("MIMS"),

di et hyl di net hoxysi | ane ("DVDMS") and di cycl opent ydi net hoxysi | ane
("DCPM5"). In a desirﬁg)enboq&gentdganﬁpe uBNERt i oghe t her extgicpal gl ectron
donors 15 chosen are t hyl cycl ohexyl di net hoxysi | ane and at | east one ot her
sil ane conpound. It hascthdeyclélmupldithethoxyjoen this silane in conbination

W th at | east one other silane are used in conbination in a nagnesium
supported catal yst syééEHFe? ECtRIIIQE- | evel of crystallinity is achieved
as well as a lowered nelting point for the final polynmer product. In one
~enbodi nent, propyl ene nononers 20 are polynerized using an enbodi nent of

t he cat &l yst systldeymethad phpolpmketizing opsopolyoferizing alefoslindhe prss¢ncgradpyl ene

is from160C to..64C jin one enbodj ment, and from]| 62C to I 64C in_yet

anot her . emb Rt G D Re SRAGClsatn cpBAD ‘PHEE Yora 8 dyfisset By'R

net hyl cycl oltexyyisdi BRENINEsid s Méipherat Sdieast mae Pigheerifi) awg7liaeers the

mel ting point and decal in solubles profile of polypropyl ene \g_enerat ed by a
t

pl ot 25 of trequddinei hgKpselwitard., dt94) iandsby Ubl &s Geston” &ufetWdkingen.t he

Uheavadinei hok o d _ ctWiiinee |
Those prof i Peetiged UTRRRTY TERGTRA g 4260 Ut o RS T GB Rl R PG5

the sil ane ehpabHOR APPEEE iRt bysteriPardirepiiafidigthabofurt bhllivehiegSt he
final properties of t eb%ol mer. 30 Exanples of olefins that can be used in

t he pol yner 42901499 apdde 5023‘? anchW HPY44TH5.i nvention are al pha-ol efins

having 2 to 20 carbon atons such as ethyl ene, propyl ene, 1-butene,
4- et hyl - 1- pent ene, 1-octene, 1-hexene, 3-nethyl-1 WO 0210s1S.t5
PCT/ US01/ - ~552~ Ryiefhenhmhat cdmpehdny |(A)-dant beeptainedelgye (i@, suipendingathecene,

and 1l-eicosipne, The preferable al pha-plefins are ethyl ene .and propyl ene.
Test Met hodéh‘gkw tri‘%é‘e?’&nnt‘%.anTﬁ .YWE}% ﬁ’ﬁ&r%ﬁﬁ%ﬁf’st rt ﬂ‘é‘ﬁgy?tegoﬁgglneans of
a DSC ([ ffeLp m&&é&w&mw&g:w HAROKY Imadhedifrn?@ith BSfadidnd Hhﬁfd"ebﬁiﬁnt

(&
purchased from TA Instrunments, Inc. was” used to neasure the thernal
properties darthdreiipotopastisg tig- iESulting cemppsitont secqd yme widr thaditanives pl aced

in cell and,t cel rged wt itrogen at roomt rature for five

nm nut es. Thé‘a[}g?m%]‘gf‘ﬁi{%&%stwio&?lg?’éye&giggeﬁgl@cwéqp %%ﬂ"gg?f iHe? 8P4 50C per
m nute. The $iQMMSHALWCR] Wednitepding @iridgeihe Nrdduh&f, willo tHeovaRiuby halRR! inng t 0
50C at a cooling rate of 10 per mnute. After reaching 50C, the sanple was

agai n heat edii}o 200C at the rate of 10C per minute. The nmelting point of
t he sech*ld heati ng cycl e was neasured. 15 Decalin Sol ubles. Two grans of
pol ypr opyl ene granul es were dissolved in 100 mM decalin containing sone BHT
by refl uxi ng the @aopdrient Bob¥ dret inktant oatelysvuysterilierant drgarmahuinem vas kept

at roomtenperature_for 16-24 hours to allowt crystallizable. mer to
precipitate Cﬁli’?yséf EIB‘F (EBIPIURHRUTR - eRmpaUngy g‘%&ﬁ bei ﬁ\{aj%gegbtlr%t %@8% m of
the filtrat %amnqy&pe@hsgmmﬁ{ y&mﬁn@mﬁp&m o) 3R, spl phhRuRe] yner

contained in the 20-m Tiltrate was nultiplied by 500 to obtained the
per cent decdiranched| uitshlestituted alkylaluminum compounds of the formula AIR3, where R

25 denotes an alkyl radical having 1 to 10 carbon atoms, such as for example,
trimethylaluminum, triethylaluminum, triisobutylaluminum, ~ and
tridiisobutylaluminum. 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 to previously known catalyst systems when the

component (A) is paired with an appropriate silane electron donor, such as



Pol ymeri zation Process in a Batch Reactor. A 2 liter polynerization reactor
t hat has been thoroughly cl eaned, dried, and purged well with nitrogen was
25 char geso obysia4ssyri nge the required anount (mllinol es) PEfT/ESOI/#54 donor
(froma 0.1 Msolution in hexane). Then 2.0-nmmole of TEAL (froma 1.0 M

sol uti on hexane} was added, and the reagtor entry port valve was closed. A
speci fi ed anobunt of hydrogen in mmoles (12.5-41.7 mmol es) was charged from
a 300-rnl container under high hydrogen pressure. Approximtely 750-m of
l'iquid prop # i ; + "y ® e anmount
of 8-15 ngsx‘lggc{égo\igg@agg I(i?%?U%ﬁg?%g%y?lEr)llg%(yﬁ%grhggg%lc%fﬁg gymgmsh ?’n% t hr ough
a catal yst fiedcéntiod isi signdivantly Séhanded! wdpen dther opiplyshds [Feeedr witht or
.tenperature was,raisedq . fromroomtenperature to .. 12/ 0S15~5

PCT USOL/ | ¢ S8mbineiied of deih Tt EREIGOgHer Moeh P ieBe WA BOFBed to
continue for,qpe %gﬁt' in’%ﬁtﬁfn. U RisPRlpaRI! REthERItyAAFROELntiol §eRXS 88 2n

<propyl ene was ver?te out of the reactor and the remai ning pol yner was

col | ect esl angihalcedwatirdl of theypropertiensd tHe palyineo grodBainyick apmetting pouity nmer
granul es were taken for DSC and decalin solubles 5 tests. The catal yst
provi ded herein is a magnesi um supported catal yst sold commercially by Toho
Ti t ani um Cor por atg,g8m8ff cld@RH daRtd hatenhls fih@dd@sulThie fott iRRed &F aightic. The
fol l owi ng Exanpl es and Conparative Exanples illustrate the present 10

i nventi on arsilidons var icouypoandsant ages.g n nor etidethakysilamhe r es(TEOR)e

summari zed in Tables 1 apd 3. and,.Fj Wes 1-5 . ive
Seaml e, TiEehaey SRy el Coak R ali i ReE Rl PERISY.

pol yner ijgat i hpHictibxgsitHePor t@HTESeg! er ni¥eytambthegysikhal ysi("MITM8#, for the
control of the polynmer properties such as crystallinity and neltjng point.
In general, dimthwb?{m@pxw se al (IDMDMBNcr éades digyclpnepydunghowysidsior
conpound. Thqs ﬁlﬁ)ﬁéﬁeﬁred sil oxane donor is MCMS, which a donor of fairly

hi gh crystal P enhanci ng property. A donor that has a higher

c(rjysta: i ni tyl-g_nhan(r:]i ng plropertyaZg thgn MCVS :cs DCPMS

Cryat al |1 nity- eniri 9o SBEpIear 8 EXME RN (rse il S HRCAGIErN ane).
TECS, a Dl\{lril)j}@E QERRL : the r e

resul ti ﬁg po yprnoéyr/?ene gl‘é’?ﬂgﬁg’iy&?ﬁ%ﬁé‘%ﬁ&ggcg‘f‘} nﬁséﬁ?fjbﬁgg ?tlsl&gﬁg\g/\ln in

Tabl e 1. 25 dimgpotiad.ordshatelseeni foend that Tidish ¢his silame inaekebinatiore with tabldasti t y
based on both thtglf:rrel ti ng poi r&': and Bhe .decal i n_sol ubl e, resHIdt satalegperal ly,
the decal i n ¥ OBE stang ApeeUsAd 1 oMb M & BREPFAYB: SWPRRM S0 PR

crystal i nitygiepf Qid d&sted eVl Bf 8MykiallMit§Nt acHIBWA asOlvelll @@ Nowered SRt | NG
the polyneriZation. In the conparative exanples in Table 1, all experinents
were carri edpaiot fonithe finplepalymen pragugt. miploas esmbogimensnBropyeng mARGIEES of

TEAL, and 42_mol T p i -
porcent Pangdt BTt M 3 kAt e SR MR fARE L BIRE e
of the donor goihawf thy résuitaitopdliprepyldes isr fadih € 667 oulil 641Gt H. one AMDARNAT]S- 45

PCT/ USOL/ ~552~ -11 Qther donaors not |isted in Table 2 can, be in range
fromO nole %4%019536?(%@ b@?@éﬂty,et%‘?@eﬁﬁ ONEKRE Obgi%ﬂbb?eéllga‘t“i“ﬂ@%fo t he

total ampunt thlgl:hg? g? g‘{/et}gﬁlclzmyﬁirﬁ thbyslignePRiER P le@st thel SEECRESe [RRraTOUNT

of decalin so owering the anount of donor used during
pol yrer i zat i the.mdfing poiatanidedecakin sdiulies profiF efipodypropylencagenerategtiiychples i n

Table 3, for e 5 donor he decalin soluble r ally increase with
decr easifig aﬂ{)ﬂﬁ_tm8$‘nad??6‘?t Emﬂt/\ﬂe n@?l‘}’%peMIae?m\f&Pﬁ ﬁ&ﬁ? ﬁ8¥° {o}\a}\téornl §§ of the
donor concentiaki @fbtrohh@rdeaakd in I PBlygekiz@sh picResy. Y. THHC mofilsrie mel ting
poi nt showed sone variability, but as shown in the plot in | o Figure 1,

the melting pxenmlifitddndagwds Star Bigheri th male rafieabtherstlany glectron deoss i n

.soluble. In s ol ypropyl ene .appli cagi ons | it is desirable
to have a pof@%g’rcq? ﬁﬁ?a?fg era?lsroelpﬁﬁ?vgf &e&%ﬁg}éﬁgﬁt?? ﬁ%{hpe) | ltnt"ecgf bet ween
162-163.5C, and 15 with a decalin soluble of 4.5 % Fromthe above exanpl e
-in Figure 1, it is clear _ L
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, 1-octene, 1-hexene, 3-methyl-1-



that the use of MCMS donor woul d not be capable of making this product. The
steep sl ope of the decalin soluble vs. MCMS donor concentration profile
makes t hevomap/0$1&¢t uri ng process control difficult, becaus®CafUSNdSBhar p
change in the decalin soluble with a slight process-control variation in

t he amount of the donor 20 concentratiof. Exanple 2. To achi eve the desired
bal ance of nelting-point and decalin soluble, 10 nole % of MCMS m xed with
the TECS (the number 4 ranked crystallinity as shown in Table 1 ). The
resul ting pl i Ly! rop Wit LBy SRNOreiRb@ns  The
concentrat i (P%}rfegé’sﬁg\aﬁm?inylgiﬁgeﬂfg’eng g%’alftgt#%%ﬂéﬁ isin Ta%l e 3. As

evi dent in Firgferablelphiadieefipd are ethybaiersnd pfortylmer esul t ant pol ypr opyl ene usi ng
‘the donor bl end decreased conpared to the use of 100% MCMS, while the
decalin soluble capability increased. The decalin sol ubles increased by
about 80% i RpdpR1dhddy TECS mixture relative to the MCMS al one. 30 Exanple
*3. To further 1nprove the nelting-point/decalin soluble balance, sone PTM5
donor was conbi nedeling Pous.n THENBelting pPits wese ngasvsed by angass of adSE2/ 0s S-S

PCT/ USOL/ . | sQ2~ - 12 of 80/ 15l 5- TEQS/ PTNS/ inafter le ratio
may be expr dSagerentipl; HB 6 ‘%ﬂgml%vgt ?@i@&@“_’éﬁ'&ﬁ‘?g&%‘g"ﬁmt ug% Sgerdcen_t ages
addi ng to 109,408 Batrdibris, 4RBOalB8d th Whdabare hENheved prbgerti® bf dg: poi nt
capability to a desirable range of 163-163.5C, whil e achi eyi ngta decal in

[

sol ubl e of grodymers4 86b% mgs stopie o a privngugrande wastpiacedin wpll @nd ithe ¢ell Tap| e

3. The decalin spluples are, about 100% qar . h bl end
relative to w%loxg#ﬁﬂgpggg L Egin ;eénxf?g%tfl o@gbﬁé r%ﬁég%'rgggggﬁéoeﬁmﬁl abl e 1.
As is ey denbised &I a3 hddiifgSh@RS 500C RE afinhie, Tk tbMpedagahias hell ubl e
vs. donor concentration is not as steep, and will thus provide an inproved

manuf act ur i ngr pemomases follomell by l@okirg ip5e°Qlat q codlingtratsrofi HSrney eninwfe. nel ti ng
poi nt capability as we as the manufacturin rocess. gontrol , whi ch
Aedhipi g Lt

wel | ,
gave the | owbEer 18pching:pq Gy theysample was agag ac ralg PAd OV PFF ¢ he
m xture of TE T, p{%% . [ :
TECS/ PTMS/ m I %%lggSF?JSEG‘FCﬁfdn}%g%{gl%%%‘?é%é?sgﬁdﬁeI ting-poi nt
capability and better process control as shown in Figure 4, data for which
is in Table 3. Again,. t | ti ng poin d decalin solubles.profile is
| oner, fhus provi ﬁﬁfﬁé‘ﬂ&i‘ﬁ’l& t«;lJB‘f?tgrg S&%pgﬁ’e?mé’y Sﬂarﬁ"ﬁeé ‘?ﬁcégzlllﬁ%ﬂlvg%f'hbl es
ar e about | O0¥6 g1 &REAIn E(l‘}lftai%ﬁl% SN BIPf by heuax IR GedaBinaddlvat tfor bie

e

{i
i ndi vidual donors of Tab 1 at t he sane” donor concentration. 20 To assess
the nelting-hoirntTheechd solugon wak kepapiaiopmi teppefatader Horshosissioeriagescri bed

above, the I tin oi,nt s _plotted. inst 4h cal I : ichis
shown in Fig ecrgg[a'&??lﬂ? r?\g@ﬁ%@rvtor Praegllpﬁtlg@yglgf Oﬁ ls'noeeim(irir(&'t |P¢1Hg‘1]: %%F%?[ L@e‘g?@ t he

pl ot in Fi gufiRerad H0ousd DO-ail dffthe il svassivaporkie@G6 RIFR/S/CRe cantbu@b of

TECS/ PTMS/ MCVS/ DVMDMS gave t he best bal e of lownelting-point/hi

decal i n28ol ugstleble pplygier Fﬁ%@eﬂf&f}lﬁ&"@%ﬁ‘i‘%? fvap w&ﬁ%‘ﬁé‘?‘g&eﬁﬂﬂn?ﬁe pl ot
and hence ar&e%repgeﬁ{&e%glhgg@mg.es of how the nelting point and decalin

sol ubl es

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 amount (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 reactor temperature was raised from room temperature to



profiles can be inproved. 30 The relative nole ratios of the various

el ectron donors added to the polynerization system also influence the final
pol ymer pyopmoiises. Table 2 shows this relationship, wher 8CH/USAE4Rt e % i s
based on the total anount of electron WO U2/ 0S|l s~S -13 PCTI USO1/-4652-t
donor. A blend of three or nore donors-i1of varying crystallinity effects,
where the highest crystallinity is less or equal to 10 nole % The

m d-crystallinity donors such as PTMS or TECS can be in the range of 15-80

ol e % And7mc¢ haddehd pYBaTeriSAtiont RhbtidH Was SallohvedSto BdabBué Tolt BRe Qody Mol e %
range. 5 The MCMB el ectron donor is added to the catalyst systemin a nole

rel ati ve toAftee the xgolymeridatien qetiodn thoexness prapyéenehaas ventad|aut %fi theone
~enbodi nrent, and | e t han .5% i n. anot her odi ment.. er > can be
added | quEEIor a3 hf BRARITE RIG W STBSER DR AURMELES Y HErBRCE fat i<
added has aph@yeRampR @ halyhieP stanuledWerd Gakehdor WIBandPledalin @bhBlesWor ds,
~causes nore atactic polynmer. "An exanple of such an electron donor is PTMS.

The PTMS i stesthdedlteo cathkysic araatidedt hergint ésmai magnespine supportedh ¢8alyst sddnol e
toi nhodi { 30 to 50 l e %.i. th di t.
The TRos | s Sanaeionty Phedhs: Bipute? Setpalifon O Tishestoh ReBifeoR T ol o ¢

in one enbogjgataly@nd from 30 to 60 15 nole % in another enbodi nent. The
DVMDMVB is added to the catalyst systemin a nole %from3 to 12 nol e percent
in one enbodiment, and from4 to 8 nole % in another enbodi ment. Polyners

one embod ) 1 anot h |
processes and b CHETRNOSRE AR ColRRR Sotaho R R RN RRE 00 o

propy! eme/ efikeheor agll distvaABisadantabes iaserddetdihe The essaks aef sunfigarizedent i on
and used in_the manufacture of, for exanple, films and in injection nolded
articles. 2% Taleghpbanddrind FagureshkeSpresent invention, as described above,
are not intended to limt the scope of the present invention, as
denonstrated by the clainms which follow, since one skilled in the art can,
wi th m ni nelExargdes ment ati on, extend the scope of the enbodinents. 30 All

priority docunments are herein ful I% i ncor or.Ft ed refer en{rﬁ chr. all
jurisdictions in a X -p ORGPl Bloxans, PEACOPRANTRECUTREL
docunentss  pWi9ldnedandrifatidR uReg aduphdrtdd-Biegter-Nhfta £y JeQdtMRk 8ilows Fdic! udi ng
testing procCedures, are herein fully 1ncorporated by . _

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 crystallinity-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 results. 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.



reference for all jurisdictions in which such incorporation is permtted.
WO U2/ USI S~g PCT/ USUL/ - 45~2~ -15 TABLE 1. Conparison of nelting point and
decal i n sobubbasssdat a for pol ypropyl ene pol yneri zed usi ngPCimasoneised dual

el ectron donors. DonorMP. (C) ~Decalin solubles (% Ranki ngDCPM5167. 30. 181
CrystallinityMCMS164. 70. 902 Crystal li nlléyPTl\/Bl64. 81. 263
CrystallinityPTES164. 71.384 Crystal linityMIM5162. 62. 235
CrystallinityTECS161, 1662.426 CrystallinityDVDVS138, 152, 160.314.77

Crystallini WO 02/ 6, ,PCT/ U 4552- 4. TAl o f
re?/:tt ?IveI Prlobé‘h é’P@QFﬁ‘bOcOBZ @dﬁi&blsg ‘fal?gbe\}graingdgn%q% rEac_) 0%0{?5?( ?@%8}% °
Donor El ect r @B el Eo1e i dFRA bhiMR Iretitite (018 tethl dnfouny MBorl, ] < 102 10- 30#2

.CrystallinityPTVE[ 1] 15 - 85[2] 30 - 853 30 - 65#3 CrystalliiiityTEOS[l] 15
- 90[2] 15 - 603 30-60#4 CrystalllnltyDl\/Dl\/S[lj 3 - 122 12 -

02/ 0515-15 -17 TABLE opyl ene
~pol yneri zati on. ' ?’e %ﬁslﬁ%&ég asegtﬁ Ségf ung?@?@@%}%&a%&

Ef f JI MCMS agodgiiy thed aﬁ&ﬁﬂmbﬁ ddfbr2dselilduritly pBlyhlerRa3l®b 4%r idxafhple, 53164, 9
4S. 60. 051. 44166. 1 45. 60. 031. 29166. 9 510. 022. 22166. 2 37.60.01512. 1163. 8

32. 2TEOS/ MCishon m)ﬁtgurwl »data for whighisrip Teble, derthe3ME M danerdbe docplins 164. 3

30, 052, 7163 LS gy Hirs YRR IRS ARube T Bl 4
32. 90. 0128. BYAR fifktd 1OTERRY A TMAIMIBLRIRIYEL Rgnios dddabin soleblemisEstogily

40.072.39162. 8 25. 10. 052 75162. 7 24,60. 033, 8417. 30, 025. 06163, 2
24. 80. 0121 716 podyipenmelting ol shpweds sorpe yari tyeilt”éﬁ%‘ﬁo‘m i edletin i n kg

pol ymer g C%Q&rxslt, The melting point decreased sharply with the steep increase in decalin

soluble.

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

the donor blend concentration is shown in Figure 2, data for which is in Table 3.

12
W

As evident in Figure 2, the melting point of the resultant polypropylene using the
donor blend decreased compared to 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



V1' O 02/ US15-4s -18 CLAIMS | claim PCTIUSO/-t5;2 1. A catalyst systemfor
the polynerization of olefins conprising: 5 (a) a solid nagnesi um supported
titani umwababhssss conponent; (b) an organoal um num co- cat #CT4iS1/a5d4 (c) a
m xture of at |least two electron donors, wherein the m xture conprises

met hyl cycl ohexyl di met hoxy sil ane and aj;.l east one 1o secondary el ectron
donor. 2. The catal yst systemof Caim1, wherein the secondary el ectron
donor is selected fromthe group consisting of tetraethoxysilane,

propyltri ”eBﬂ%/X §):5:-T‘EGS/F§"nI\g§%\%IéMS¢t HexymkkANemol b *}géggiaéf@iﬂ}@éé}fé i ane, 15

met hyl t ri met’hoxysi| ane, cycl opentyl di'met hoxysi | ; and a m xture
t her eof . 3. tefihe of ahalrglstives yie peroéniqgiea; the Iperedntages adding tai WOumeleoYo. at | east

‘two el ectron, donors .conpr.i ses .nmet hyl.cycl ohexyl di net hgxysi | ane, and 20

tetraet hoxyimsa .°r4bﬁe‘% ot dmygqv%éjﬁff é’f‘ﬁ%’rlé, (Hogiq‘rer‘iafgmﬁﬁ'e*oef rfleﬁlﬁagbl?ﬁ xture
of at |east raEn‘g@ ol 6811698°E PRI SachRVRI S&callR sHMbRYSTehd . 0% e shewy si | ane,
‘tetraet hoxysi Fane and propyltrinethoxysilane. 25 5. The catal yst system of

Cl ai m 1,5 whir Bigura Bedata foruwbichfis an Thblgst. The detadist sobublesorre rabowloid? ses

met hyl cycl ohexyi di net ' r aet hoxysi | ane, l.tri xysi | ane
and ol nat hy PRRRIRS AP Bre Fana TMSyess; 3ieacretitive 30 fcBiSRoa i FRER Y °The
cat al yst syg{o@hhPiheQedtinddondRemeTablem! eAs af é@détt in Figure 3, the slope, or

met hyl cycl ohexyl di met hoxysil ane to tetraethoxysilane added to the catal yst

systemis f pufilo@fiie desabin selubls vsodawor conpsniation is ot & steepTad Wil Hivg st
systemof Caim4, wherein th L. e perc raelative to the total anmount of
donor of NEPWH%S/%? lgﬁpé%wdarfl%lffﬁ%%}% Iﬁl§ﬁeesgi@§mf(rﬁbm 1 to 10 nol e percent, of
tetraetfyjoxysilane is from15 to 60 nol e percent, and of

propyl trimethoxysilane is from3Q to 85 nole percent. 10 8. The cat al yst
system of O ai m Exapple i Rodwaheramprqye themelting pointcapatilityras wedk a3 thanpunt  of

Fetr aet howy ST AR B, BRI IVDRLS i e dd B R Sy 1 ane
B Ir; Io(ran 82r E}g talﬁbvgmfaakmgrwmlblendadmm thd r;:hxtmleh;ﬂ EE@SI.‘RQ%?MC?:% aio? 3to
cat al yst lOi s nyq%@*ﬁfé@?%ﬁ@?ﬁégﬁ@%ﬁ ¥ﬁ@m@%§&W%orﬁg? §‘?SHBe‘£rfWC nd the

or ganoa|um pEm,q8we Eﬁﬂngfﬁgfiﬁtrdasaﬂmyadnurﬂeﬂwbm%&sl&mr& & $efasnfaguraaki ng a

honopol yner or copol yme f ol efins conprising polynerizing alpha-olefins
in the presdndataofor avifitledd ar Thbie 3a- Agpia, dmaiegmg ponpaidsdergliy Bpluklesi gh

activity magnesi um supported ti.tapi um cat gl syste n
or ganoal uni %ﬁ?@%%ﬂ 1y8% Proéfhchn% gﬁ&é&ﬁorgt @c%ﬁ%%s%geﬁ%;nmé deafifl sotubles
are about 100% greater for the blend 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 donor
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

25  TEOS/PTMS/MCMS/DMDMS gave the best balance of low-melting-point/high-
decalin-soluble. Thus, these mixtures exhibit the lowest 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



25 m xture, the process conpri sing: WO |12/ 0s 15: 15 PCT/ USOL/ - 4SS2~4
-20 subjecting the al pha-olefin nononers to polynerization in the presence
of the Ziwgheposiblgtt a-type catalyst and a mi xture of at |e&str/uswo4sskect ron
donors conpri sing net hyl cycl ohexyl di net hoxysi |l ane and at | east one
secondary el ectron donor. 5 11. The prggess of Cl aim 10, wherein the
Ziegler-Natta-type catal yst and m xture of el ectron donors are added
together in a single-step polynerization process. 10 12. The process of

G aim 10, Wagh&l N biedSEGRREN noké 863drOBE @&99{% ér?st;ﬁﬁgﬁg bfEktd, WalBrd B8 97 oup

consi sting of tetraethoxysilane, propyltrinethoxysilane,
propyl tri et highesti ¢rastellingdy rieddsy lodiequetl hoX P andlare, Thet mid-¢rystakintipxdpsoisane, and

-di cycl opentyl di ne Si | and a njxture t f. 15 13, The _ process of
Q@ a'm 20, it PEREY 9 B bectn Mo etted o B- Bl ot Yomind VEERBR cos
met hyl cycl olgxys: eiyRiianysich a0 DM Bith@e1P RS o4 Bige. 14. The process of
+Claim 10, wherein'the mxture of at |east two el ectron donors conprises

met hyl cykl ohexyl di net hoxysi | ane, tetraethoxysilane and 20

ltri h | : ' I 0
Bl o ol ef in 15 A EaVRAS HepkBE BhOF RO ol Tt MAREEA oiehf 08

resul tant peélygveoipithe nexfugsofeldironelohordessahar 10 mold® inangembodimehfOC t o
164C. 17. A catal yst system f%x t he pol ynerization of olefins conprising:
WO 02/ 0515- @nd pesp) thap 117a 55 Angt ﬁlzfm?agms@n&oﬁwwenwhdﬁq@aptﬁoﬂdéé 3 t ani um

catal yst CORPORGNL oréldr @n 20 9R5103h WHHBYIBCEBR Bh&Y #af is A b8 a WXt Ur e Of

at least three electron donors. .
10 crystallinity ranking than MCMS, or in other words, causes more atactic polymer.

An example of such an electron donor is PTMS. The PTMS is added to the
catalyst 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 8 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



5 18. The catal yst systemof Caim 17, wherein the electron donors are

sel ected fromthe group consisting of tetraethoxysilane,

met hyl cyovohwasib4i net hoxysi | ane, propyltrinet hoxysil ane, PCT/US01/45524

propyl triethoxysil ane, dinethyl di methoxysilane, nethyltrimethoxysilane, and
di cycl opent yl di net hoxysi | ane and a m xtisre thereof. 10 19. The catal yst
systemof Claim1l7, wherein the m xture of at |east three electron donors
conpri ses net hyl cycl ohexyl di met hoxysi | ane, propyltrimethoxysilane, and

t et r aet hoxygitbd@NRereid idduding efigied pyctbds¥st & qaéleﬁ{ Fully Libcorpbafedi Byt he nol e
percent relative to the total amount of donor of

met hyl cycl ohefRyange FrstaHdwysdictions in whichsneliincorpemtioplieppatigeht , of

tetraet hoxysilane is from15 to 60 nole percent, and of

propyl trimethoxysilane is from30 to 85 nole percent. 20 21. The catal yst
systemof Claim 17, wherein the solid catalyst is a magnesi um supported
"TiCl 4 catal yst conprising Tid 4 and the organoal um num co cat al yst
triethylalum num 22. A catal yst systemfor the polynerization of olefins
conprising: 25 (a) a solid nmagnesi um supported titani um catal yst conponent;
(b) an organoal um num co-catal yst; and WO 02/ 0S1S~5 -22 PCT/ US(11/-LSS2.t
(c) a mxture of at |least two el ectron donors, wherein the m xture

conpri ses nethyl cycl ohexyl di net hoxy silane and at | east one secondary

el ectron donor, or (d) a mxture of at |east three electron donors. 5 23.
The catal yst systemof C aim 22, wherein the secondary el ectron donor is
sel ected fromthe group consisting of tetraethoxysilane,

propyl tri net hoxysil ane, propyltriethoxysilane, dinethyldi nmethoxysil ane,

met hyl tri met hoxysi | ane, and di cycl opentyl di met hoxysi |l ane, and a m xture 10
t hereof. 24. The catal yst systemof Claim 22, wherein the at |east three

el ectron donors are selected fromthe group consisting of

met hyl cycl ohexyl di net hoxysi | ane, tetraethoxysilane, 15

propyl tri nmet hoxysil ane, propyltriethoxysilane, dinethyldinmethoxysilane,

met hyl tri nmet hoxysi | ane, and di cycl opentyl di met hoxysil ane, and a m xture
thereof. 25. The catal yst systemof Caim 22, wherein the mxture of at

| east two 20 el ectron donors conprises nethyl cycl ohexyl di net hoxysi | ane and
tetraet hoxysilane. 26. The catal yst systemof Caim22, wherein the m xture
of at least three electron donors conprises

nmet hyl cycl ohexyl di net hoxysi | ane, 25 tetraethoxysilane and

propyl tri net hoxysi | ane. WO 02/ Cs15: LS PCT/ USQOL/ - 4552-t -23
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| east three

el ectron donors conprises nethyl cycl ohexyl di net hoxysi | ane,

t et raet hox@o2/baRE propyl tri net hoxysil ane and di net hyl di mPCRASPE#IS2he.
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28. The catal yst systemof Caim 25, wherein the nole ratio of
met hyl cycl ohexyl di met hoxysil ane to tetrgethoxysilane added to the catal yst

systemis from90/10 nole ratio to 99/1 nole ratio.
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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]

TEOS/MCMS Donor Mixture in Example 2

0.03 3.25 164.3 [34.6]
0.02 4.04 164.3 [33.6]
0.01 27.3 161.9 [25.8]
TEOS/PTMS/MCMS Donor 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]
TEOS/PTMS/MCMS/DMDMS
Donor Mixture in Example 4

0.07 2.39 162.8 [25.1]
0.05 2.75 162.7 [24.6]
0.03 3.84 - [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



10S8S10%& () - >?dEbC, Y10%.109%& ()-M 10%& () - L10%& ()- |

109&' () -, mLO%& ()-1y: 109&' ()- Mc+. vdEbC, Y10% ! 109%&' () - 10%& () - SF10%& ()-,!1
0%&' () - SMLO§FF134sSFL0%R () - v PCT/US01/45524

dEbC, Y1096 * 310%& () - SS) Y109&' ()-' ! 109&' ()- S&Y10%& ()-f $310%& () - S" F10%& () -
11 P!l 1 dEbC, Y109 4109&' () - @l 10%&' () - YAMIQY&' ()- M | 110%& () -/ 109%& ()-f

109& ()-!!:"Y"Z'["\"}"" = YI&M 10%& ()-!%&M 10%x& ()- 10 10 10f;

109&' ()-fs9F10%& ()-7!109& ()-"#;

#=###$aB =, Y! @ALOY& ()- @10%& ()-109%& ()- OMLO%& () - @3

109%& ()-11f cg10ahk& () - 3%\ $$9BBWKWIE_=, V!,

MO%& ()-t 109 ()- SMLO%& ()-S, F10%& ()- @10%& ()-! 10%& () - X9%&b&& | (dE_=, Y!
V109 () - SE ¥haEE () -' ! 109& () - Sl %10%& () - SHF109& () - SF"F109%& ()-1((((B)))
))dE:/ 10 10yl : 310%&' () -

y83109& ()-37! 109&' ()- @! 10%& ()-ff2109%& ()-fOFL0%& ()-))*Z* Rt++>, oP1/
- 9GLO%&' () - GROY%&' (A cahl diQYfetn)for 1hd YoBhalon bOMNEAMMRIN{Yrisidg: OM 10%& () -

10>, X, , - 2. 0/ 3/ dE1/ 9GlO0% ' 109&' ()- F10%& ()- &

éé?gf};)ﬁé%/él?i/& (3 -& 1098 ()-10%& ()-3/{//0n000dEL/

! - &, 1.109&' . . . . .

CF10%& () -, Flo%&'(?))l- ‘z%\?%g/&’aﬁﬁ‘?sﬂnrlrff‘%%?n(ef RS &L 10 10

10: f 109& () - 8Y10%8) () 28 Gradvalufginds to%Atalyst;'add| 4&10%&' () - 111112122 @K@
9GL! 109&' ()- nS&LOY& () - F! ds&l/g% : o
& () - " &10%&: () - $pM0v@@ [Y¥YFO%g:  Yeass 60 SlrsTomARIRES 1 YRETR1 G5 Pyure
19" @10%KX& () -1 p! 10%§éo§r)p'rises methylcyclohexyldimethoxy silane and at least one

10 secondary electron donor.

2. The catalyst system of Claim 1, wherein the secondary electron donor is
selected from the group consisting of tetraethoxysilane,
propyltrimethoxysilane, propyltriethoxysilane, dimethyldimethoxysilane,

15 methyltrimethoxysilane, and dicyclopentyldimethoxysilane, and a mixture

thereof.

3. The catalyst system of Claim 1, wherein the mixture of at least two

electron donors comprises methylcyclohexyldimethoxysilane and

20 tetracthoxysilane.
4. The catalyst system of Claim 1, wherein the mixture of at least two
electron donors comprises methylcyclohexyldimethoxysilane,

tetraethoxysilane and propyltrimethoxysilane.
25
5. The catalyst system of Claim 1, wherein the mixture of at least two
electron donors comprises methylcyclohexyldimethoxysilane,

tetracthoxysilane, propyltrimethoxysilane and dimethyldimethoxysilane.
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, 6. The catalyst system of Claim 3, wherein mole ratio of
methylcyclohexyldimethoxysilane to tetracthoxysilane added to the

catalyst system is from 90/10 mole ratio to 99/1 mole ratio.

7. The catalyst system of Claim 4, 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, and of
propyltrimethoxysilane is from 30 to 85 mole percent.

10

8. The catalyst system of Claim 5, 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

15 dimethyldimethoxysilane from 3 to 12 mole percent.

9. The catalyst system of Claim 1, wherein the solid catalyst is a magnesium
supported TiCly catalyst comprising TiCly and the organoaluminum co-
catalyst triethylaluminum.

20

10. A process for making a homopolymer or copolymer of olefins comprising
polymerizing alpha-olefins in the presence of a Ziegler-Natta-type catalyst
comprising (1) a high activity magnesium supported titanjum catalyst
system, (2) an organoaluminum co-catalyst, and (3) an electron donor

25 mixture, the process comprising:
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secondary electron donor. -

11.  The process of Claim 10, wherein the Ziegler-Natta-type catalyst and
mixture of electron donors are added together in a single-step

polymerization process.

10 12.  The process of Claim 10, wherein the secondary electron donor is selected
from the group consisting of tetraethoxysilane, propyltrimethoxysilane,
propyltriethoxysilane, dimethyldimethoxysilane, methylirimethoxysilane,

and dicyclopentyldimethoxysilane, and a mixture thereof.

15 13.  The process of Claim 10, wherein the mixture of at least two electron

donors comprises methylcyclohexyldimethoxysilane and tetraethoxysilane.

14.  The process of Claim 10, wherein the mixture of at least two electron
donors comprises methylcyclohexyldimethoxysilane, tetraethoxysilane and

20 propyltrimethoxysilane.

15.  The process of Claim 10, wherein the alpha-olefin is propylene.

16.  The process of Claim 15, wherein the resultant polypropylene has a

25 melting point in the range from 160°C to 164°C.

17. A catalyst system for the polymerization of olefins comprising:
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5 18.  The catalyst system of Claim 17, wherein the electron donors are selected
from the group consisting of tetraethoxysilane,
methylcyclohexyldimethoxysilane, propyltrimethoxysilane,

propyltriethoxysilane, dimethyldimethoxysilane, methyltrimethoxysilane,
and dicyclopentyldimethoxysilane and a mixture thereof.
10
19. The catalyst system of Claim .17, wherein the mixture of at least three
electron donors comprises methylcyclohexyldimethoxysilane,

propyltrimethoxysilane, and tetraethoxysilane.

15 20.  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 tetracthoxysilane is from 15 to 60 mole percent, and of

propyltrimethoxysilane is from 30 to 85 mole percent.

20 21, The catalyst system of Claim 17, wherein the solid catalyst is a magnesium

supported TiCly catalyst comprising TiCl4 and the organoaluminum co-

catalyst triethylaluminum.

22. A catalyst system for the polymerization of olefins comprising:
25
(a) a solid magnesium supported titanium catalyst component;

(b)  an organoaluminum co-catalyst; and



| '(;'Z: 8: glA: PE: 10\ #3" St ) 10% &' () - t)10%& ()-t)10%& ()- &) 10%& ()-9t)10% &
| KI LI Q Wwid 02031869 &' () -1) 10%& ()-#3"t) 10%& ()-t)10% & PLTHUSIDIEE ()-t) 10
o2& ()-W\I1Inmrlxl}l eF+Pt)10%& (t)10%& ()-t)10%& ()-t)10%& ()-#3"t)10%
z& ()-1)10%& ()-} 111111 eF+Pt)10% & (£210%& ()-t)10%& ()-t)10%& ()-t)10
%z & ()-#3"t)10%& ()-1111111eA+Pt)10%#3"t) 10%& ()-t)10%& ()-t)10%& ()-t
) 10%& ()-#3"111111]

ndJ+Pt ) 1092 &' () - ()L 0Y&&nk a3 of hil WS W) -elochOf@doro}s, twHAHRhE ) mixkde %2 & () -
mm i nd menBnOnzodCt ) 1092 & 910% & () - 10z 10z _

10zt ) 10%2 & () - #3"t ) 10%e8ptises mashpeylohegyicimptham silape andl abderst £1¢) - K
109 & ()-K 109 & ()-K __> 0%%&?‘{;9%) " 8109 & () - -

SF109 & () - mmmrmm POET Aok 1o0e%; P)-K "110% & ()-K 10% & ()-K

1098 & () - K ' j mmggmmi dkhisb@ebokal leadf thripd O 18r Jortérsl 0% & () - K 1098 & () -K

("] 10% & ()-K n nnhnn%&ni | +C j - 10% & ()-K 10% & ()-K 10% & ()-K

"j-10% & ()-K 10% & ()-K &' n(n2n3nEnJnVnnN. C10% & ()-K 10% & ()-K

10% & ()2 K 'j10% & ()-K 10% & ()-K

23.  The catalyst system of Claim 22, wherein the secondary electron donor is
selected from the group consisting of tetracthoxysilane,
propyltrimethoxysilane, propyliriethoxysilane, dimethyldimethoxysilane,
methyltrimethoxysilane, and dicyclopentyldimethoxysilane, and a mixture

10 thereof.

24,  The catalyst system of Claim 22, wherein the at least three electron donors

are selected from the group consisting of
methylcyclohexyldimethoxysilane, tetraethoxysilane,
15 propyltrimethoxysilane, propyltriethoxysilane, dimethyldimethoxysilane,

methyltrimethoxysilane, and dicyclopentyldimethoxysilane, and a mixture

thereof.
25.  The catalyst system of Claim 22, wherein the mixture of at least two
20 electron donors comprises methylcyclohexyldimethoxysilane and
tetracthoxysilane.

26.  The catalyst system of Claim 22, wherein the mixture of at least three
electron donors comprises methylcyclohexyldimethoxysilane,

25 tetracthoxysilane and propyltrimethoxysilane.
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mole percent, of tetraethoxysilane is from 15 to 60 mole percent, and of

propyltrimethoxysilane is from 30 to 85 mole percent.

30.  The catalyst system of Claim 27, wherein the mole percent relative to the

15 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.

20 31.  The catalyst system of Claim 22, wherein the solid catalyst is a magnesium

supported TiCly catalyst comprising TiCl4 and the organoaluminum co-

catalyst triethylaluminum.

32. A process for making a homopolymer or copolymer of olefins comprising
25 polymerizing alpha-olefins in the presence of a Ziegler-Natta-type catalyst

comprising (1) a high activity magnesium supported titanium catalyst
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secondary electron donor, or a mixture of at least three electron donors.

33.  The process of Claim 32, wherein the Ziegler-Natta-type catalyst and
10 mixture of electron donors are added together in a single-step

polymerization process.

34.  The process of Claim 32, wherein the secondary electron donor is selected
from the group consisting of tetraethoxysilane, propylirimethoxysilane,
15 propyltriethoxysilane, dimethyldimethoxysilane, methyltrimethoxysilane,

and dicyclopentyldimethoxysilane, and a mixture thereof.

35. The process of Claim 32, wherein the at least three electron donors are
selected from the group consisting of methylcyclohexyldimethoxysilane,

20 tetracthoxysilane, propyltrimethoxysilane, propyltriethoxysilane,
dimethyldimethoxysilane, methyltrimethoxysilane, and

dicyclopentyldimethoxysilane, and a mixture thereof.

36. The process of Claim 32, wherein the mixture of at least two electron

25 donors comprises methylcyclohexyldimethoxysilane and tetraethoxysilane.
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propyltrimethoxysilane.

5 38.  The process of Claim 32, wherein the alpha-olefin is propylene.

39.  The process of Claim 38, wherein the resultant polypropylene has a

melting point in the range from 160°C to 164°C.

10 40. The process of Claim 38, wherein the decalin solubles value of the
resultant polypropylene is 50 % to 100% greater than the value when one

electron donor is present.

41.  The process of Claim 32, wherein ethylene and propylene are

15 copolymerized to form a resultant ethylenepropylene copolymer.



