WD 2009/ 152268PCT/ US2009/ 046945 HI GH ACTIVITY
ZI EGLER- NATTA CATALYSTS, PROCESS FOR PRODUCI NG
W@20AM Y36 AND USE THEREOF Priority Caim [ 1]PdIes2009/046945
present application clainms priority to United States
Provi sional Application Serial Nunber 61/060, 646 fil ed
on June 11, 2008, the entire contents of which are
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aspect, to an ICWTAV¥$TS ANDUSRAHBRE@RI yst. I n
particular, the invention relates to the use of such
catalyst in the polynerization of olefins to

pol yol efins, and particularly to an inproved nethod
for making a Ziegler-Natta catal yst. Background of the
Invention [3] Ziegler-MaritaCtamal ysts are general |y

osed of .a catalyst support material, a transition )
[001] ﬁ@e?&es% @Bh%aﬁ]lonaﬁiﬁx’é r;glogj]ft)}? R Haited gﬁéq{% P{qyasgor@bﬁ@hyatlon Serial
Numbert 1806026 RNG18d Oh JThAE1 F?O@k,- t}éér@@tilje 8RS hs 0P Wi AL %%rteg?/ incorporated

conponent is typically a G oup 4-8 transition
by referggqeh titani um zirconi um chrom um or vanadi um bei ng
commonly used. The tfrapsi Lo negal is often provided
as a netal halide, sE@EE§§J%E%§%¥EZiegIer-hbtta
atal ysts are used ta effectively pronote the high
1002] st FoRifioh 26itsh darons ierqcheo eV o RIsH Mot gyt In

particul@f tHel @fémtfon fel@esCdtBb i8¢ of SudtS&fali & K RD ipH%He‘PiQat‘M.r; Bf olefins to
an o&ganoalun1nun1cocatalyst. [4] When uséd to

polyolefgng; andpestipdanyierandmpraved afetiprdofoy heking aZitgler-Natta catalyst.
conmponent may be used in the catalyst. The third
conponent is an el ectron donor used to control the
stereoreqgul arity ®ackf@ui@byiiEInvehiiogcan be either
i.ncorporated into the catalyst during its synthesis
[003] %lﬁgieli-ﬁﬁ‘éa paiply st aesr genergply icompasedind azathdict seppotenaterial, a transition
' .0 rlng: ner i zat i on o
metal c AP ERTRhaCHE! iy BAUKTELE AR RER Ko, wansiton
metal coamponantes mpdicalyrooGraupdd-8nraaxition Radtal (@ ith ritdfym PArddgREh, chromium
tic esters, diethers, succinates, alkoxysilanes

A\ O ) \ .
or vanacﬁrm negegrapronly; ed. EApgivion duetal is ftepgupyded Ane meggl halide,

such asPEiEISEd i1 £ 00N A RRIKPLAPYS i igh yi
2009 s Usszog)/so4694é1 &Fgf %\fgtlﬁﬁlgmﬁr%%%otrh? high yield
polymeriratier phblefisedIn thegmhendiztbreof Mefins thatathlyst i used in combination

. Cl2. The Cl2 material is sonetines conplexed with
‘mulMIggﬂgﬁgP“PE?gEW%BWWé EtOH reacts with the transition

nmetal halide, such as TiCl4, in preparing the
catalyst. [6] Methods of producing MyCl2- xEt OH
[004] WRPLRAES calhiBt oXyrhetizhiiéh Y BIRYRNEUTREN &frn}%%@!gl may be used in
nol ecul es in the support material, are describe i
the catalysy dihg thiphewnpanentHs an elesirph dondy.uSed Retomtrpl fhe stereoregularity of the
posmer 1R S A B GRS LR Sl DG oo o
it can be addquders th¥ pelydnetizto® réaktor Sduﬁﬁg/gﬂ@ olyiieBizaiHEREESN (an external
chanber to forma particul ate Cl2-xEtOH material In
donor). {ghsosne seastionsobath a internpdodgaon and efoedemal dates o ibe ustd Aromatic
L1 0 - ti Gyl c | yst nmade usi t he
estrs, AGHHERE S s MRS  Alor OBl s TR R 3 YR e
may be wserpindotsingpelyprseylaescri bed. For exanple, U.S. Patent
No. 4,829,034 to liskolan describes a Ziegler-Natta
catal yst, and a nethod for making the catal yst, using
a MyCl2- xEt OH support in which x is about 3. In
i skol an, the support material is first contacted with
an internal donor, such as_D-i-BP. The support D i-BP
conpl ex is then conbi ned wilth TiCl4 to formthe
catalyst. [8] United States Patent No. 6,020,279 to
Unai describes a nethod for making a ZieglerNatta
catal yst by produci ng a MyC12- xEt OH support in which x
= 1.5 to 2.1 and the support has an average particle
diameter of 91 1.1.m The support is conbined with a

- ——t e A oA .




D ameter (mcrons) M w.%EOH wt.% Water wt. %

Mal vern (m crons) EtOH MyCl2 D10 D50 DOO 40 9.9
W®7008/162288 27 42 57 3.1 60 9.8 58.8 0.2 47 66 38BCBUI2089046945

9.7 59.4 0.3 67 97

[005] One known support material used in some Ziegler-Natta catalysts is MgCl,. The MgCl,
material is sometimes complexed with ethanol (EtOH). The EtOH reacts with the transition

metal halide, such as TiCly, in preparing the catalyst.

[006] Methods of producing MgCl,-xEtOH complexes, where X is the average number of EtOH
molecules in the support material, are described in several patents. For example, U.S. Patent No.
5,468,698 to Koskinen describes methods for preparing a MgCl-xEtOH support material. A
melt MgCl-xEtOH complex (x = 3.3 to 5.5) is sprayed into a heated chamber to form a
particulate MgCl,-xEtOH material in which x = 2.0 to 3.2. Koskinen does not describe the

composition of any particular catalyst made using the support material.

[007] Catalysts utilizing MgCl,-xEtOH supports are also described. For example, U.S. Patent
No. 4,829,034 to liskolan describes a Ziegler-Natta catalyst, and a method for making the
catalyst, using a MgCl,-xEtOH support in which x is about 3. In Iiskolan, the support material is
first contacted with an internal donor, such as D-i-BP. The support D-i-BP complex is then

combined with TiCly to form the catalyst.

[008] United States Patent No. 6,020,279 to Uwai describes a method for making a Ziegler-
Natta catalyst by producing a MgCl,-xEtOH support in which x = 1.5 to 2.1 and the support has
an average particle diameter of 91 um. The support is combined with a titanium halide, such as
TiCly, and an electron donor for 10 minutes to 10 hours at 120°C to 135°C in the presence of an

aliphatic solvent.

[009] While a variety of Ziegler-Natta catalysts have been developed, due to the importance of
olefin polymerizations there remains a need to develop catalysts having improved activity.
Improving the activity of the catalyst leads to higher product yields and reduces the quantity of
the catalyst required for the olefin polymerization reaction which reduces the catalyst cost and
the amount of catalyst impurities in the polymer (reduced ash content) resulting in polymers with

a better performance profile.



134 3.2 [0020] The Ziegler-Natta catal yst of the

present invention includes a G oup 4-8 transition
woredoal1s22p8 ef erably a Group 4-6 transition netaPCT/UB2009/046945

preferred enbodi nents, the catalyst incorporates Ti,

Zr, Vor C, and nost preferably Ti. The transition

metal is typically provided in a hal ogenated form

such as a chloride, brom de or iodide. Titanium

chloride is particularly preferred. WO

10010) rearJist Spfie HEB BEHP HAUER(RON L TRARTay cven 1f Such a support
is used ?Pz{‘{y%%llf) %r&ﬁl@ecl? th%[eir%ttaer}i}?st,%ﬁﬁpf%tunm&thnétﬁgd of combining the

ransition netal conponent in a reactor at a |ow .
three essantipleccnpanents f éliee? mgley-Natto Catalyst aswyglviin this invenfipry will produce

Th eact or. be charged with the 1eri cal a2
the st e ey T Rt SRPER ol e Breons RBBG Ty dgdn the cumen
inventiogr der, i.e. the spherical MgCl2 support may be added
first and then the transition netal conponent may be
added, or vice versa but the addition of the spherica
MyCl 2 support to the transition nmetal conponent is
preferred. The trarimmayy ofithedhventigponent can be
diluted with an aliphatic or aromatic organic sol vent,
preferably an aliphatic hydrocarbon nost preferably a
[0011] ThegREerdlihwdhdibh Gs Airestes ar Boimbidved @ilansatd caalfbxthet 8 formed
] of branched hydrocarbons_ |i ke |Isopar-H The spheri cal .
using angiapmved prsedue combined Wih tehwhedesd tMgChv&OR, spepqrbgviste R is a
. I{Te, r : ti4,m e 0 :
incar, QlolE:or BriHeR IR CHRN, Lp Mook BPlbedROH is an
alcohol b Chixsipppidat tledsotwdéifferemnaicohas, prefesbly whaetthee ROHLisk@ithnol or a
) and 1:5, preferably between 1:50 and 1:8 and nos
mixture o HEPALIY bOERELNCAIS NG beig @ [DEm2fYRHG o GAgk P hydrocarbon
unit witR BIUG Al atd € ﬁﬁ@ﬁﬁ%ﬁéﬁm MiEdg at%va%Apél{c; wh&H x'H3S a range of about 1.5
transition netal conponent is slowy heated to a
to 6.0, peferably eborit et ta énperapefaatdy abeutvib@mo douand3éved mongt preferably
29SU>%8§ C. In a preferred enbodi nent, the reactor is
' ted to a tenperature of between about 40 C and 90 C
over a period of about 2 hours. An electron donor is

[0012] FHEledalys ihéladésenGiddp M @anditiod RRGNESCH BET, and an internal donor like
pre-determ ned tenperature. This precatalyst is t

hen
aromati¢ gtetse dicHheat syceinpates, tos tpedesed) painss, prefarahly diglydphthalates like di-
. abhy et ween 1 L _IBK e f y
sovu BRSPS, 60 ARNGAMAS TG RIS MO EIERLY o e peen

inventiod [haed@bEovediedtipey | id odéfid | petympriafien abdagtiet visemwell as good
about 1Q m nutes and.two hours. The resulting m xture
stereoreg@lagiyeand hydrogn RSN t enperature and filtered to
renmove the solid conmponent. The solid conponent is
extracted at elevated tenperatures using a m xture of

' t ltd -injproded Ziegler-Natt
019 B AR HALY B A ORISR e i s
catalystor@amtatlys spheeich] MpdlheRAQH & +ph@tidc3)ors teratmiatvith a transition metal

i hydr o bon, preferabl n omat i.c. hydrocar.bon d .
halide, 36865 §Ranet 2Py EORTRBER FAA. G L Cirad IF AEAc R Broduct s heated to
approxim@ely SBCPRMNon@Eted 366 thd &erhb(HehoWTRNrGHIRHL B PEdcBHIYAL is heated to

constant ratio between Ti Cl4 and the organi Cc sol vent

about 105{Ctand hglilsat hied sempenatuierfor fperéod ofdtme, preferghly. abowd to 2 hours. The

reactiongpI XU SEEPRD "TOTD SRETGHLT R T GuB LT AR i an organi
Ziegler-Natta catalyst is: [0024]a) Reacting the
MyCl2- xROH with neat TiCl4 at -30C to +40C, nore
preferably at -20C to +20C,_even nore preferably
bet ween -10C and +10C by sidw addition of the TiCl4 to
the MyCl2-xROH / organi c sol vent suspension while
provi di ng constant stirring. [0025]b) Increasing the
tenperature of the above reaction mxture to between
about 30 C and 100 C, preferably between about 40 and
90 C, followed by addition of an internal electron

. g o o, oy



Inventors took the precatal yst and placed it on a
porous glass frit. This was |oaded into the main
W@ b@ohsn2ef t he Soxhl et extractor. The Soxhl et PCT/US2009/046945
extractor is placed onto a flask containing the
extraction solvent, in this case the Ti Cl4 and
et hyl benzene. The Soxhlet is then equi pped with a
condenser. The solvent is heated to reflux. The
solvent ¢ dli¥k mixwap ot clevatsdetesipemtarediBieicatabitst tnwashey vathda solvent, such as
hept f%ﬁgds in&E.the chanber housing the frit of solid. The
eptanc, HEVATUWR 45\ r es that any sol vent vapor cool s, and
dri ps back down into the glass jacketed chanber
housing the solid material which is maintained at
[0014] ®RO Uhprb9QEchiQlydBaxGhe TRWNtBA €52 HRRIsY 42 Brddfed 30 propRne or other
chanber containing the WO
polymenigxgiogl¢ B2 6 BRCTAt )30 08 HE4iB9eBioprexbitiainysovesl atilvity f whiles producing

wi.t h. war m sol vent .. Any contani.nants in the precatal yst
polymerg; hayingigond §ie eé’B‘I"??éﬁ(ﬁ;f af‘ﬁén((@?(ﬂ'?%yol vent and drip back

down to the heating chanber, |eaving behind the
catalyst. O her |less preferred nethods to extract the
contam nants fromthe pre-catal yst include, but are
not limted to whERilAgscEpaoolfhe Wrawmest ure of an
organic solvent and TiCl a at a tenperature of at | east
\ . r - : -
001 b B e e P o oD &, R e Th b ST O the present
inventicmytbiroogla tHeqme-cpabfestagsl y an aromati ¢ hydrocar bon and
nost preferably ethyl benzene. Wiile this specification
nly .speaks to the Soxhlet extraction nmethod, the
[0016) Pig, %, Bleab e HSpaRRB T uFL SipoeRer S ehiif from the pre-
catalyst\prdpara®io. extraction nmethod that uses an organic
solvent and a transition netal in solution. [0037] The
spherical MyCl2- xROH support is better defined, where
[0017] RE jggrech shasys misregranphst i MeGl2-PHupprtsy Figee  shews mécrogaphs of
. - Lo P CX) ] r Li.Cc .
inventiv el FELEE FRERC Sk el S0RE b RUEACodlmers, gpspectively.
These nbepeaphOshow ths) tyglicad Bpherizity afrtha catalysfandtpolgaat praduced by the
different al cohols, preferaply where Lhe ROH is
process gf fugiglengiongt SiPE‘F@”‘é‘? NIEhHHBF TS BOl: gher al cohol
wth R being a linear, cyclic or branched hydrocarbon
unit with 3-10 carbon atons |ike propanol, butanol,
hexanol , heptanol or octanol, preferably 4-10 carbon
atons |ike butanol, hexanol, heptanol or octanol; and
where x has a range of about 1.5 to 6.0, preferably
about 2.5 to 4, nore preferably about 2.9 to 3.4 , and
even nore preferably 2.95 to 3.35. If ROHis a mxture
of ethanol and a higher alcohol, the nolar ratio of
et hanol : hi gher alcohol is at |east 80:20, preferably
90: 10, nost preferably 95:5. [0038] The interna
el ectron donors referenced in the procedure are
typically a Lewi s base. Suitable electron donors
i nclude diesters, diethers and succinates. Preferred
i nternal donor conpounds included carboxylic acid
derivatives and in particular phthalic acid
derivatives having the general fornula: / wherein X
and Y each represent a chlorine or bromne atomor a C
1 -Cl10 al koxy-group or X and Y taken together
represent an oxygen atom WO
2009/ 152268PCT/ US2009/ 046945 form ng an anhydri de
function. Particularly preferred internal electron
donor conpounds are phthalic esters of formula (1)
wherein X and Y each are a1 -c8 al koxy group, such
as a net hoxy, ethoxy, n-propyloxy, isopropyloxy,
n- but yl oxy, sec.-butyloxy, or tert.-butyloxy group.
Exanpl es of preferred phthalic esters include diethyl
pht hal ate, di-n-butyl phthalate, di-isobutyl
pht hal ate, di-n-pentyl phthal ate, di-n-hexyl
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[0051] The catalytic systens of the invention
conprising the solid catal ytic conponents and as
w@osgasaby/st an al um num conmpound or an al um NRET/US2009/046945
conpound and an external electron donor compound are
excel l ent catalytic systens for use in the production
of propyl ene polyners, both hono pol yners of propyl ene
as well as co-polyners of propylene and one or nore
further alk-1 - enes Deaileddaspripton10 car bon at ons. The
term co-pol yners as used herein also refers to
copol ynmers wherein the further alk-1-ene having up to
[0018] 10 carThROBredtMMBvériioh s Aireealts hnl AHOMHIY ZichRr- NA&E Qatalyst that is
co-polyners in general the co-nononer content is |ess
formed psing an mmovg@ %O@ydme pgmblnecm\éthcaowhwwé Mg(a&athQ% surpert, where R

isa hn%ﬁ?f Cté/E é arrlxgr cl‘ls ﬁyd‘%a | eo% L?m{) wktg gaorﬁ% I;aC(r)rPs n)émeﬁeré ROH is an

alcohol pf @ Mkﬁf@ohﬂﬂ@asp tlifé’ ﬂﬂ’fer@ft algoB@y, ;ﬁBi%rdb@nd'ﬁBﬂeQBe ROjH/ f¥sthanol or a
contai ning | ess than 15% ight. of a further

béab%%a ineats Cyehig

mlxturea]fl@_t}pan@h@nqq&wgb@r alsohq) with og brggohed hydrocarbon
unit w1tﬁg01%{ %%Gaqg LIQ%&QR/ 2 4@ %gi%on R)M PP ReBx 1fhs a ¢, of about 1.5
ene co- ﬁd1 ber ase cont al ni ng 188%%%

to 6.0, ﬁi@ﬁérztb}y wbingt.5 od 41‘ Hrotehplrefeﬁhlkly labeune$9 hadidgantpeten thOre preferably
§$PM1MOm& Al so, m xtures of co-nononers are

29510 tenpl ated, resulting in, for exanple, ter-polyners
of propyl ene. Polynerization [0052] The production of

[0019] the PTRIPYSIe: MALHANGE PefBRYd RENLAN b B ‘Apherial M@Clz support.” The
common reactor suitable for the polynerization o

spherw@lMgCl-zesmlgpqrt emewhbérvebfmycmrgé p@rt;clep glaf. erlamryferred embodxments the

sphericd] AFaRLAREY e e terteR R A VD T SRRSO ppfrons to 200

micronsl|, bwﬂélﬁblmﬁﬁroﬁ arfiS 1 YRMiGIBRS And PhorBBidféAblyOPstween 30 microns to
Exanpl es of suitable reactors incl ude cont i nuously

120 micggnsy andeevestmare geeferablythsiucen Yopicranade §P snicrong; Hﬂ%@@herwai MgCl,
support g gfrgducg{l a@c%rr{hﬁg % 9§ d4§$2s t,(%’(r;l C}oqg ?1‘3{1 ﬁf’& R%slﬂgéﬁﬁ%r b%eS’ 905,050
to Koshbﬁh Yyepiazaobhig ofymbRerckIgCleslcahiul adduca Phesicsichafacteristics of three
consecutively coupled reactors. The reaction tine
preferred splhWPEHS P SURHBEeH ekA%lS bn conditions. In general,
the reaction tine is fromabout 0.2 to about 20 hours,
usually fromabout 0.5 to about 10 hours nost
preferably between O.5yeygy g thours. [0053] In genera
the polynerization is carried out at a tenperature in

Diametef ¢ B9 %& 3R Z0C TayvahRpg n'nme prefera tY)H/MgCI2
g oryrdeel- G AT 1o MR wl "H0K
A Ul \CAVA N I BBV CUJUUL JI, 'JI TS C I Cl lgc Ul
friomabout 1 to 100 bar | :n_a;IL?T)f 15 to
40 abrout9-?30 ar37-@nd ndk- pi ef érahl y f420m abaou?? 20 to 3.1
60 about9-85 har38.$0054]10.The | moKécul jar &fei ght 088 t he 3.1
90 resula.7ng|posysreris May be coéfitral | e27 and adj3dst ed over3.2
a W de range by adding polyner chain transfer or
-term nation agents as conmmonly used in the art of
[0020] pol y n"ﬁrei ZiaglienN,atts uaihlya&fhlyﬂjpmwn inventiadidtludera @rouprie8 transition
metal, érg é% anstjflrrc)Bge 6 !clrgﬁle[g)g]n %eéeﬂ rlegefrrea IH(?@BB?‘[&SIS 'the catalyst

incorpod@WAB! € \pot YRR rﬁos@ pref@@blyprio Me&fh%sﬁ@%ﬂtalﬂ@l/y;ﬁ@lly provided
added. [0055] Theﬁ%melght) average nol ecul ar wei ghts

in a halegenated foimp Pk ae assloyider @ogpdm%@dlqu Titenign ehleride is particularly
atalytic systemof the invention in general are in

he range of from about 10,000 to 2,000,000 g/ nol e and

the nelt flowrates are in the range of from about

0.01 to 2000 g/10 mn, preferably fromabout 0.1 to

100 g/10 mn. The nelt flow rate corresponds to the

anount which is pressed WO

2009/ 152268PCT/ US2009/ 046945 within 10 m nutes froma

test instrument in accordance with SO 1133 at a
tenperature of 230 C and under a Ioad of 2 16 kg

1" rr

prefene?.
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[0073] Catalyst 107: The Mgd 2 support was
de- al cohol ated in the sanme manner as catal yst 105.
W 0@945226at al yst 116: Rather than thermal |y reP@/USZP09/046945
EtOH fromthe MyCl2 catal yst, a portion of the EtOH
was renoved by reaction with Si Cl4. Assuming 1
equi val ent of EtOH renoved for WO
2009/ 152268PCT/ US2009/ 046945 every equi val ent of
Si C14, sufficient SiCl4 was added to | ower the EtOH

content fro to 2. ivalents (=.MyC12-2. 6EtOH). .
10021] 3¢ F or The i@l Sudvd e oS! TpaigLig fiofs B Coacting the
sphericdlIMEQE, Qupstst Wath TR tradsay¥nymb@l 8QfporBat WeL feadeCad tovd Kamperature,

t he reaction nedi um changed froma well suspended

preferabdp il 8°G Radesapyiasedings Ehenepigr mag biecehatged avigh therspherical MgCly
soport 3 L 0 e PR OR 0t L RSB Lo may
be addedpfist asd Weshethk useition m@hagsanpinsat’ nal tst fided, &f VRE versa but the
.. cooling tg roomtenperature, the |liquid was decanted
addition; pfp theosnhgrical SMEE suPROR &ptthe drapston @agtalr qanarenept is preferred. The
s 1S - opl.ed .t ¥ o] A e |t T :
v AR HoRAeBO0LE 0 Rt op i 5 yflad e soven
preferabiye ag taliphaticl hyttocarboa snest poafedblya Badar alighatit hydweedbendike heptane

ora mi%@&%?%ngéc%png rya; u'frlr ¢ &% B%g]og?&g%?ﬁ%eztﬁph]éﬁ%l%gg}z_sgpport 1s added to
the reacw{&gﬁ% 8@1’% &aghe r$f@rﬁbf}/0%et\;éeg%o(1§@ lmliguﬂé‘@% %ﬂghfﬁﬁminutes. The

mlL of isopar-H and then chilled to -0C
molar ritivenf thithgTif iedsphatca Mgly seppdedo thedrangitioninmialaés betweerh &:100 and

2. Alte onpl et e .additiaon af ,the Ti.Cl4 the
L5, prele b SRR RGN iR Hr Sy bORA e adr ¢ hen
slowy increased to 50C over 100 m nutes. At 50C DBP
was sl owy added. The solution was then allowed to
[0022] cool TR FRefdd QRRREALH R FMritAIEMBUEP A PbitOhdMR transition metal
suspended overni ght. The next day the tenperature was
compongmids slawddheated50@, prévdeigrmined tenipsratuz®f heieer sbeuid 0t heand 100 °C.

Lnhcreased. t o 5C and. hel d .there for. 90 4/yi nutes, The .
ina pretiEAERBEpI. o B et S Fristins Bl ¥ °c and o0
°C overaGietiva ol @bowt @ik, andl eLoeH &dnoeXd ddiel eslthrSeatsstabhentibaches the
catal yst was tested tw ce under bul k pol yneri zati on

pre-detegigf ttrBpealif Miiepuetialeliy theofirder heated,to 3 terapsprtatesof at least
s0°C, r{USHON A0 GTS YEPRI, 1 YRR L P1pBELAd 2o and

held at th&trtéiaperanee for [aQRd} dCanlirddyetiod 37 timehgreferabte detmeensienht 10 minutes
for preparation of catalyst 7 was repeated, however,

and tworhoufre  Therfapl i BT HY ¢ npﬁoeéﬁﬁ%.f@% IqRRer IR a@@éﬁ@ﬁ@r to remove

the soli®EdrEfoneR B ABmpbRet [ €AGaLRE ALK MEL (AR AL OWEHs a mixture
to sit overnight aftper the Ti Cl4 addition at anbi ent

of an oxgenidi folens and hlee hensitichayetahelt ne potferosd o apply éhavdexhlet extraction

ated to 50C and. D- n- BP was added. .The rest of .t .
method (RGP sTOSTA A Por Arap R SR LY aStBTbat PGPy an aromatic
hydrocaft®naind Shost PlefelaBl fefhylbaizehy Shihds tHOSnRIbi kA AGn\f £36°C than
i made using a 40-m cron MyCl2-3. 1Et OH as spheri cal,
TiCly whigltzpargperor ot gjtioCkatargs TiCipandrie agamc polyeddn ile gas phase
. el d wth catalyst 78 (which followed the standard

and mﬂbe;%tt:rg%tgornezogtg'scri bed above) except that Catal yst 20
used a 40-m cron MyCl12-3. 1EtO0OH WO
2009/ 152268PCT/ US2009/ 046945 support and Catal yst 78
used a 90-m cron MyCl2-3. 2Et OH. The MyCl2- 3. 1Et OH was
added slowy to chilled Ti Cl4. The catal yst norphol ogy
appeared to be very good, but the activity, although
good, was slightly lower than that observed with
simlar catalysts made on tthe 60 and 90-m cron
supports. The catalyst is pale yellow sh green in
color. [0079] Catalyst 103: In this preparation, the
goal was to add 40-m cron MyC12x3. 1EtOH |Isopar H to
chilled TiCl4 in a controlled fashion, and to m nim ze
t he anmount of |sopar H being used. Twenty grans of

e R A /~A I M~ A TF=:1 ,~11
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MgCl2 st.0 1.0 cmu-a g 1 dg-u-a g I*0 dEl1-11-a
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[0023] In one embodiment of the current invention, the procedure to make the Ziegler-Natta

catalyst is:

[0024] a) Reacting the MgCl,-xROH with neat TiCly at -30°C to +40°C, more preferably
at -20C to +20C, even more preferably between -10C and +10C by slow addition of the TiCl, to

the MgCl,-xROH / organic solvent suspension while providing constant stirring.

[0025] b) Increasing the temperature of the above reaction mixture to between about 30
°C and 100 °C, preferably between about 40 and 90 ° C, followed by addition of an internal

electron donor and continuing to heat the mixture to at least 80° C for about 1 to 2 hours.

[0026] c¢) Filtering the reaction mixture at room temperature to obtain the solid
precatalyst.
[0027] d) Extracting the precatalyst using the Soxhlet extraction method employing

TiCls and ethylbenzene (at a volume ratio of about 30:70, preferably 20:80, most preferably
10:90) for 1-5 hours, preferably 1-4 hours, most preferably 1-3 hours at a temperature of at least
100°C, preferably 100-135°C most preferably 120-130°C.

[0028] e) cooling the catalyst to room temperature (20°C), washing several times with a
hydrocarbon like pentane, hexane or heptane, and then drying under vacuum and/or elevated

temperature of 30-100°C, preferably 40-90°C, most preferably 50-80 °C.
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[0029] In a second embodiment of the invention, the method comprises:

[0030] a) preparing a cooled portion of neat TiCl, or of TiCly diluted with a non aromatic
hydrocarbon.

[0031] b) reacting the neat or diluted TiCly at -30°C to +40°C, more preferably at -20°C

to +20°C, most preferably between -10°C and +10°C by slow addition of the preformed,
spherical particles of MgCl,-xROH while providing constant stirring.

[0032] c) increasing the temperature of the reaction mixture to about 30 to 100°C,
preferably to about 40 to 90°C, followed by addition of an internal electron donor and continuing

to heat the mixture to at least 80°C.
[0033] d) filtering the reaction mixture at room temperature

[0034] e) Extracting the precatalyst using the Soxhlet extraction method employing
TiCly and ethylbenzene (at a volume ratio of about 30:70, preferably 20:80, most preferably
10:90) for 1-5 hours, preferably 1-4 hours, most preferably 1-3 hours at a temperature of at least
100°C, preferably 100-135°C most preferably 120-130°C.

[0035] f) Cooling the catalyst to room temperature (20°C), washing several times with a
hydrocarbon, like pentane, hexane or heptane, and then drying under vacuum and/or elevated

temperature of 30-100°C, preferably 40-90°C, most preferably 50-80 °C.

[0036] The Soxhlet extraction method is generally well known in the art. In this case the
Inventors took the precatalyst and placed it on a porous glass frit. This was loaded into the main
chamber of the Soxhlet extractor. The Soxhlet extractor is placed onto a flask containing the
extraction solvent, in this case the TiCls and ethylbenzene. The Soxhlet is then equipped with a
condenser. The solvent is heated to reflux. The solvent vapor travels up a distillation arm, and
floods into the chamber housing the frit of solid. The condenser ensures that any solvent vapor
cools, and drips back down into the glass jacketed chamber housing the solid material which is

maintained at about 100°C to 135°C, most preferably 120 to 130°C. The chamber containing the
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precatalyst slowly fills with warm solvent. Any contaminants in the precatalyst will then
dissolve in the warm solvent and drip back down to the heating chamber, leaving behind the
catalyst. Other less preferred methods to extract the contaminants from the pre-catalyst include,
but are not limited to washing steps with a mixture of an organic solvent and TiCls at a
temperature of at least 100°C, preferably 100-135°C, most preferably 120-130°C. The organic
solvent can be an aliphatic or aromatic hydrocarbon, preferably an aromatic hydrocarbon and
most preferably ethylbenzene. While this specification only speaks to the Soxhlet extraction
method, the inventors note that the current invention is valid with any extraction method that

uses an organic solvent and a transition metal in solution.

[0037] The spherical MgCl,-xROH support is better defined, where R is one or more of
the following (provided that the total moles add up to “x”): a linear, cyclic or branched
hydrocarbon unit with 1-10 carbon atoms and where ROH is an alcohol or a mixture of at least
two different alcohols, preferably where the ROH is ethanol or a mixture of ethanol and a higher
alcohol with R being a linear, cyclic or branched hydrocarbon unit with 3-10 carbon atoms like
propanol, butanol, hexanol, heptanol or octanol, preferably 4-10 carbon atoms like butanol,
hexanol, heptanol or octanol; and where x has a range of about 1.5 to 6.0, preferably about 2.5 to
4, more preferably about 2.9 to 3.4 , and even more preferably 2.95 to 3.35. If ROH is a mixture
of ethanol and a higher alcohol, the molar ratio of ethanol: higher alcohol is at least 80:20,

preferably 90:10, most preferably 95:5.

[0038] The internal electron donors referenced in the procedure are typically a Lewis
base. Suitable electron donors include diesters, diethers and succinates. Preferred internal donor
compounds included carboxylic acid derivatives and in particular phthalic acid derivatives

having the general formula:

s

P / .

[T >

AU

‘W‘& wherein X and Y each represent a chlorine or bromine atom or a C1-C10
(’3 alkoxy-group or X and Y taken together represent an oxygen atom
4
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forming an anhydride function. Particularly preferred internal electron donor compounds are
phthalic esters of formula (I) wherein X and Y each are a C1-C8 alkoxy group, such as a
methoxy, ethoxy, n-propyloxy, isopropyloxy, n-butyloxy, sec.-butyloxy, or tert.-butyloxy group.
Examples of preferred phthalic esters include diethyl phthalate, di-n-butyl phthalate, di-isobutyl
phthalate, di-n-pentyl phthalate, di-n-hexyl phthalate, (n-propyl)(n-heptyl)phthalate, (i-propyl)(n-
heptyl)phthalate, di-n-heptyl phthalate, di-n-octyl phthalate, di-nonyl phthalate, di-i-nonyl
phthalate or di-2-ethylhexyl phthalate.

[0039] Further examples of preferred internal electron donor compounds include diesters
of 3- or 4-membered, optionally substituted cycloalkane 1,2-dicarboxylic acids, as well as
monoesters of substituted benzophenone 2-carboxylic acids or substituted benzophenone 3-
carboxylic acids. As hydroxy compounds in the esterfication reaction for synthesis of these
esters usual alkanols such as C1-C15 or C5-C7 cycloalkanols, which alkanols optionally may

be substituted with one or more C1-C8 alkyl groups, as well as C1-C10 phenols, are used

[0040] A further group of suitable internal donor compounds are the non-substituted and

substituted (C1-C10 alkyl)-1,3-propane diethers and derivatives of the group of succinates.

[0041]Preferably, the electron donor is a diester, such as di-isobutylphthalate (D-i-BP), di-n-
butylphthalate (D-n-BP), (n-propyl)(n-heptyl)phthalate, (isopropyl)(n-heptyl)phthalate, di-
isooctylphthalate, di-2-ethyl,hexylphthalate, and di-isononylphthalate.

[0042] Also, mixtures of two or more internal electron donor compounds may be used in the

preparation of the solid catalytic component of the invention.

[0043] When used in the preparation of the particulate solid component, the internal electron
donor compound in general is used in an amount of from about 0.01 to about 2 mole, preferably
from about 0.04 to about 0.6 mole, more preferably from about 0.05 to about 0.2 mole for each

mole of the magnesium halide compound.

THE CATALYTIC SYSTEM:

-10 -
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Z ! . . .
comprisé at ?east one aluminum compound as co-catalyst. In addition to the aluminum
compound(s) the catalytic system of the invention preferably comprises at least one external

electron donor compound.

[0045] Examples of suitable aluminum compounds include aluminum trialkyls and derivatives
thereof wherein an alkyl group is substituted by an alkoxy group or a halogen atom, e.g. chlorine
or bromine atom. The alkyl groups may be the same or different. The alkyl groups may be
linear or branched chain alkyl groups. Preferred trialkylaluminum compounds are those wherein
the alkyl groups each have 1 to 8 carbon atoms, such as trimethylaluminum, triethylaluminum,

tri-isobutylaluminum, trioctylaluminum or methyldiethylaluminum.

[0046] Examples of external electron donor compounds which may be used in the catalytic
system of the invention include mono- and polyfunctional carboxylic acids, carboxylic
anhydrides and carboxylic esters, and ketones, ethers, alcohols, lactones as well as organic
phosphorus and silicon compounds. Also, a mixture of two or more external electron donor
compounds may be used. The external electron donor compound and the internal electron donor
compound used in the preparation of the solid catalyst component a) may be the same or
different. Preferred external electron donor compounds are organosilicon compounds of general

formula (II)

R1,Si(OR2)4.0 ()

wherein each of the R1's, which may be the same or different, represents a C1-C20 alkyl group, a
5- to 7- membered cyclic alkyl group optionally substituted with C1-C10 alkyl, a C6-C18 aryl
group or a C6-C18 aryl- C1-C10 alkyl group, an R2 may be the same or different and is a C1-
C20 alkyl group and n is the integer 1, 2 or 3.

[0047] Preferred compounds of formula (II) are  diisopropyldimethoxysilane,
isobutylisopropyldimethoxysilane, diisobutyldimethoxysilane, dicyclopentyldimethoxysilane,

cyclohexylmethyldimethoxysilane, dicyclohexyldimethoxysilane, isopropyl-tert.-

-11 -
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butylidimethoxysilane, isopropyl-sec.-butylidimethoxysilane, and isobutyl-sec.-

butylidimethoxysilane.

Preparation of the catalytic system

[0048] To prepare the catalytic system of the invention the aluminum compound as co-catalyst
and the external electron donor compound may be contacted with the solid catalytic component
separately in any order or mixed together, normally at a temperature in the range of from about
0°C to 200°C, preferably from about 20°C to about 90°C and a pressure of from about 1 to about
100 bar, in particular from about 1 to about 40 bar.

[0049] Preferably, the aluminum compound co-catalyst is added in such an amount that the
atomic ratio of the aluminum compound to the transition metal of the solid catalytic component

is from about 10:1 to about 800:1, in particular from about 20:1 to about 200:1.

[0050] The catalytic systems of the invention may be advantageously used in the polymerization
of alk-1-enes. Suitable alk-1-enes include linear or branched C2-C10 alkenes, in particular linear
C2-C10 alk-1-enes such as ethylene, propylene, but-1-ene, pent-1-ene, hex-1-ene, hept-1-ene,
oct-1-ene non-1-ene, dec-l-ene or 4-methylpent-1-ene. Mixtures of these alk-1-enes may be

polymerized as well.

[0051] The catalytic systems of the invention comprising the solid catalytic components and as
co-catalyst an aluminum compound or an aluminum compound and an external electron donor
compound are excellent catalytic systems for use in the production of propylene polymers, both
homo polymers of propylene as well as co-polymers of propylene and one or more further alk-1-
enes having up to 10 carbon atoms. The term co-polymers as used herein also refers to co-
polymers wherein the further alk-1-ene having up to 10 carbon atoms is incorporated randomly.
In these co-polymers in general the co-monomer content is less than about 15% by weight. The
copolymers may also be in the form of so-called block or impact copolymers, which in general
comprise at least a matrix of a propylene homo polymer or propylene random co-polymer

containing less than 15% by weight of a further alk-1-ene having up to 10 carbon atoms and a

-12-
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soft phase of a propylene co-polymer (rubber phase) containing 15% to 80% by weight of further
alk-1-enes having up to 10 carbon atoms. Also, mixtures of co-monomers are contemplated,

resulting in, for example, ter-polymers of propylene.

Polymerization

[0052] The production of the propylene polymers may be carried out in any common reactor
suitable for the polymerization of alk-1-enes, either batchwise or, preferably, continuously, i.e.,
in solution, as suspension polymerization including the bulk polymerization in liquid monomer
or as gas phase polymerization. Examples of suitable reactors include continuously operated
stirred reactors, loop reactors, fluid bed reactors, or horizontal or vertical stirred powder bed
reactors. It will be understood that the polymerization may be carried out in a series of
consecutively coupled reactors. The reaction time depends on the chosen reaction conditions. In
general, the reaction time is from about 0.2 to about 20 hours, usually from about 0.5 to about 10

hours most preferably between 0.5 and 2 hours.

[0053] In general the polymerization is carried out at a temperature in the range of from about
20°C to about 150°C, preferably from about 50°C to about 120°C, and more preferably from
about 60°C to about 95°C, and a pressure in the range of from about 1 to 100 bar, preferably
from about 15 to about 50 bar, and more preferably from about 20 to about 45 bar.

[0054] The molecular weight of the resulting polymers may be controlled and adjusted over a
wide range by adding polymer chain transfer or —termination agents as commonly used in the art
of polymerization, such as hydrogen. In addition an inert solvent, such as toluene or hexane, or
an inert gas, such as nitrogen or argon, and smaller amounts of a powdered polymer, e.g.,

polypropylene powder may be added.

[0055] The (weight) average molecular weights of the propylene polymers produced by using the
catalytic system of the invention in general are in the range of from about 10,000 to 2,000,000
g/mole and the melt flow rates are in the range of from about 0.01 to 2000 g/10 min, preferably

from about 0.1 to 100 g/10 min. The melt flow rate corresponds to the amount which is pressed
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within 10 minutes from a test instrument in accordance with ISO 1133 at a temperature of 230 °C
and under a load of 2.16 kg. Certain applications might require different molecular weights than

mentioned above and are contemplated to be included within the scope of the invention.

[0056] The catalytic systems of the invention enable to polymerize alk-1-enes producing
polymers having a good morphology and a high bulk density when compared with the prior art
catalytic systems. In addition the catalytic systems of the invention show a dramatic increase of

productivity.

[0057] Due to their good mechanical properties the polymers obtainable by using the catalytic
system comprising the catalytic component solids of the invention, and in particular the
propylene homo polymers or the co-polymers of propylene with one or more further alk-1-enes
having up to 10 C-atoms, can be used advantageously for the production of films, fibers or

moldings and in particular for the production of films.

[0058] The solid catalytic components, catalytic systems and polymers obtained in the examples

below were characterized by carrying out the following tests.

Experimental Section:

Catalyst Synthesis

[0059] Several samples of catalysts of the present invention were produced and tested to
demonstrate the improved activity and to determine the physical characteristics of exemplary
embodiments of the catalyst. The following description of exemplary embodiments are not

intended to limit the scope of the invention in any way.

[0060] Figure 1 shows the equipment used to produce the pre-catalyst. The reactor vessel (10)
includes a reaction chamber (12) and a jacket (14). The jacket includes an inlet port (16) and an
outlet port (18). To maintain the selected temperature in the reaction chamber, fluid at the
desired temperature is pumped into the jacket through the inlet port, flows around the reaction

chamber, and exits through the outlet port. A motor (20) drives a stirrer (22) within the reaction
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chamber (12). A refluxing condenser (24) is provided with a nitrogen purge source (26). A
discharge port (28) is provided to remove the reaction product from the reaction chamber. An
addition port (30) with a cap (32) is provided to allow the components to be added to the reaction

chamber.

[0061] The following describes the general procedure used to produce the catalysts described
below. One or more parameters was varied for each catalyst preparation as described below.
The procedure described was used to create exemplary samples of the catalyst of the present
invention, and is not intended to limit the scope of the invention. Catalysts were made using the
forty micron support, the sixty micron support and the ninety micron support of MgCl,xEtOH
(see column 2 of Table 2 for the particular support used in a particular run). Unless otherwise
noted the x of “xEtOH” for the 90 micron is 3.2 and for the 60 and 40 micron it is 3.1 (see Table
1). The spherical supports were obtained from a commercial supplier but also could be made as

detailed in the background section.

[0062] For each catalyst preparation either the spherical MgCl, support (slurried in ethylbenzene
or isopar-H, as noted in Table 2) or, for the alternative embodiment, TiCly was initially charged
to the jacketed, glass reactor (10). The molar ratio of Ti/Mg used in each of the catalyst runs is
provided in column 3 of Table 2. The molar ratio of Ti/Mg is preferably between 1:100 and 1:5,
preferably between 1:50 and 1:8 and most preferably between 1:25 and 1:9.

[0063] While the actual quantities of the initial charges would vary slightly for each catalyst
prep run, in general the initial charge was based on using approximately 10 g MgCl,.xEtOH
(equivalent to 4g MgCl,). The molar ratio of the D-n-BP (di-n-butyl phthalate) or D-i-BP (di-i-
butyl phthalate) to the Mg are found in Column 8 of Table 2. The molar ratio of DBP/Mg is
preferably 0.05 to 3.0 more preferably 0.1 to 0.2 and even more preferably between about 0.12 to
about 0.15. The jacket temperature was reduced to sub-ambient conditions, which would be

approximately +10°C, unless noted otherwise in column 5 of Table 2.

[0064] The MgCl,.xEtOH and the TiCls were then combined. The order of the combination is
found in Table 2, columns 4 and 5. The component listed in column 4 is the first component of

the procedure, i.e. the component put in the jacketed, glass reactor. For safety reasons, neat
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[0065] TROL&diftoRNAs -f)@m)ﬁne% sﬂ&@% ablow the mixture to react, usually over a period

from about 5 seconds up to about 300 minutes, more preferably from about 10 seconds to about
90 minutes, even more preferably from about 9 minutes to about 45 minutes. The time of
reaction before heating is noted in column 5. For example, in catalyst run 56 the liquid TiCly at
22°C is added to the MgCl,-xEtOH complex suspended in ethylbenzene which was at a
temperature of 0°C over a period of twenty minutes. As another example in catalyst run 58, the
MgCl,-xEtOH suspended in ethylbenzene and chilled to 0°C was added over 10 seconds to the

liquid TiCly which was at temperature 0°C.

[0066] The second component, i.e. TiCly to MgCl, or vice versa, was then added under a
nitrogen purge. After allowing a few minutes for the TiCly and MgCl, support to react, which is
noted as the “add time” in column 5, the temperature was increased at approximately 1°C per
minute to 50°C. At 50°C, either the di-n-butylphthalate (D-n-BP) or di-isobutylphthalate (D-i-
BP), as noted in column 8, was added. The combined solution was held at 50°C for the hold
time noted in column 7. The jacket temperature was then increased to approximately 105°C and

held there for approximately from about 1 to 2 hours, the actual time being noted in column 9.

[0067] After 2 hours at 105°C, the reactor contents were transferred to a Soxhlet extraction
device, filtered while still hot and then washed with heptane. As shown in Figure 2, the Soxhlet
extractor is used to activate the catalyst. The extraction device includes a first vessel (40) with a
main chamber (42) and a jacket (44). The jacket includes an inlet port (46) and an outlet port
(48). To maintain the selected temperature in the main chamber, fluid at the desired temperature
is pumped into the jacket through the inlet port, flows around the reaction chamber, and exits

through the outlet port. A motor (50) drives a stirrer (52) within the main chamber (42). A
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Pol ymeri zation Testing

refluxing condenser (54) is provided with a nitrogen purge source (56). A discharge port (58) is
provided to allow fluids to be removed from the main chamber. An addition port (60) with a cap

(62) is provided to allow the pre-catalyst reaction product to be added to the reaction chamber.

[0068] A filter (72) is provided at the bottom of the main chamber to retain the solid pre-catalyst
material. A port (64) is provided at the bottom of the reaction chamber (42) which provides a
flow path to an extraction vessel (66). A plug (68) is provided to control flow from the reaction
chamber to the extraction vessel. The extraction vessel sits within a heating mantle (70) which is
used to heat the solvent (74) in the extraction vessel to reflux. The solvent vapor travels through
a distillation line (76) into the main chamber (42). As the warm solvent fills the main chamber
(42), the port (64) is opened to allow the solvent containing the catalyst to empty back into the
extraction vessel. Each of the precatalysts was Soxhlet-extracted at 125°C for 2 hours with a
90/10 volume mixture of ethylbenzene and TiCls. After extraction the catalyst was washed with

heptane and vacuum dried.
[0069] Any changes from the above procedure are noted as follows:
[0070] Catalyst 63: The D-n-BP was added at 85°C rather than 50°C.

[0071] Catalyst 101: A portion of the EtOH was first removed from the MgCl, support by
vacuum drying the support at 55°C. A sample of the support, i.e. 0.5 grams, was submitted for
TGA analysis, which indicates that 2.84 equivalents of EtOH remained on the support (= MgCl,-
2.84EtOH).

[0072] Catalyst 105: The MgCl, support was de-alcoholated in the same manner as catalyst 101
and was de-alcoholated further by increasing the oil bath temperature to 70°C and pulling a
vacuum on the sample. The residual alcohol content, prior to reaction with TiCl4, was reduced

to 2.4 equivalents (= MgCl,-2.4EtOH).

[0073] Catalyst 107: The MgCl, support was de-alcoholated in the same manner as catalyst
105.

[0074] Catalyst 116: Rather than thermally removing EtOH from the MgCl, catalyst, a portion

of the EtOH was removed by reaction with SiCls. Assuming 1 equivalent of EtOH removed for
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support and Catalyst 78 used a 90-micron MgCl,-3.2EtOH. The MgCl,-3.1EtOH was added
slowly to chilled TiCly. The catalyst morphology appeared to be very good, but the activity,
although good, was slightly lower than that observed with similar catalysts made on the 60 and

90-micron supports. The catalyst is pale yellowish green in color.

[0079] Catalyst 103: In this preparation, the goal was to add 40-micron MgCl2x3.1EtOH/
Isopar H to chilled TiCl4 in a controlled fashion, and to minimize the amount of Isopar H being
used. Twenty grams of 40-micron MgCl,-3.1EtOH were combined with 23 ml of Isopar H. The
slurry was too thick, so an additional 27 ml of Isopar H were added. The slurry then appeared to
still be thick but manageable. Another 20 grams of support and 50 more milliliters of Isopar H
were added to the 250 ml flask. A syringe equipped with a 12-gauge needle was used to convey
the slurry. 200 ml of TiCl4 were added to the precatalyst vessel, which was then cooled to -5°C.
The MgCl,-3.1EtOH/Isopar H slurry was cooled to ~0C, but was then too thick to transfer via a
syringe needle, so a 1/8” plastic tubing was used to dropwise transfer the MgCl,-3.1EtOH/Isopar
H slurry into the precatalyst vessel. This catalyst exhibited very good activity in bulk (56.1 kg
PP/g-cat. hr.) and gas phase (32.2 kg PP/g-cat. hr.) polymerization conditions. The final catalyst

was yellow to pale yellow in color.

[0080] Catalyst 10740: The same molar ratios used in Catalyst 103 were followed for this

example. The difference was that the Isopar H was replaced with heptane. The precatalyst
reactor was charged with 200 ml of TiCls and 90 ml of heptane and then cooled to -3°C. The
heptane was used to reduce the viscosity of the reaction medium. 40 grams of 40-micron
MgCl-3.1EtOH was slowly added to the stirred TiCl4/heptane mixture. An amp meter was
installed in line to monitor the current draw on the stirrer motor. The initial amp reading was
0.026. By the time all the MgCl,-3.1EtOH had been added the reaction mixture temperature had
increased 2°C, from -3C to -1C and the motor amps due to the thickening of the reaction medium
had increased from 0.026 to 0.034. As the reactor jacket set point temperature was increased
from -5°C to 0°C, then 5°C and then 10°C, the stirrer amps at first increased to 0.038 and then to
0.039, and then dropped to 0.029. This catalyst yielded even higher activity than Catalyst 103.

The final catalyst color was yellow.
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4.4 0.0 0.01 1587 10740 64.1 16.7 nnm 1.9 0.0 0.1

1488 Average results for 9011 inventive catalysts 66.9
wa7008/1289 50.61 0.33 --- 1540 Conparati ve CatBCTES2000046945

45.0 10.5 2.46 87.0 0 --- 1785 Average results for

6011 i nventive catalysts 63.7 18.6 2.28

[0081] For comparison purposes, Ziegler-Natta catalysts, which were made using the same 40
micron (Comparative Catalyst 40), 60 micron (Comparative Catalyst 60) or 90 micron
MgClI2.xEtOH support (Comparative Catalyst 90), which were produced by a method similar to
that described in U.S. patents 4,829,034 and 5,137,856. Rather than performing the Soxhlet
extraction, the precatalyst was treated a second time at 105°C for 2 hours using neat TiCl4,
filtered and then washed with heptane. Comparative Catalyst 40 had a 40 micron support.
Comparative Catalyst 60 had a 60 micron support. Comparative Catalyst 90 had a 90 micron
support. The parameters for these comparative examples are shown in Table 3 and the

polymerization results are shown in Table 4 and Table 5.

TABLE 3
Support % Ti | Y% Mg PSD (Catalyst)
Size
(pum)
D10 | D50 | D90
Comparative 90 2 193 51 78 109
Catalyst 90
Comparative 60 1.8 20 nm | 55 n.m
Catalyst 60
Comparative 40 1.8 20.6 19 32 45
Catalyst 40

[0082] Polymerization Testing

[0083] Catalyst performance was tested under both bulk polymerization conditions and gas
phase polymerization conditions. Bulk polymerization testing was performed using a 5-liter
reactor, 1800 grams of propylene, 2.0 ml of 0.1M cyclohexyl-methyl-dimethoxysilane, 7.0 ml of
1.6M triethylaluminum (TEAIl), and 0.5 grams of hydrogen, which were inventoried in the
reactor in the following order. After addition of hydrogen, TEAI and silane were premixed and
then flushed into the reactor using 900 grams of propylene. The last component added were the

~0.02 grams of catalyst using the remaining 900 grams of propylene. The reactor was then
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41.75 0.06 0.61 1492 Conparative Catal yst 60 43.5 10.2
1.79 56.0 0 0 1723 Average results for 401.i inventive
W@ 200ah§268% 56.8 17.8 n.m 2.43 0 0.05 1583 ConpeCEHUB2089/046945
Catalyst 40 44.1 12.4 1.98 0.90 0 O 1696 TABLE 5- GAS
PHASE POLYMERI ZATI ON RESULTS Cat al yst Activity

(KgPP/ g-cat.) MR

heated quickly to 70°C, usually within 2-3 minutes, and the polymerization run allowed to

proceed for 1 hour. The propylene remains in the liquid phase throughout the heat up process.

[0084] The bench scale reactor was equipped with a stirrer that can also accommodate gas phase
polymerizations. Under gas phase conditions the order of addition was the same, but the
propylene charges are reduced in size to ~200 grams. Similarly, TEAI and silane charges were
reduced by 1/3 to %, and hydrogen was reduced by 1/5™ to 1/10™ that of the bulk runs. The
catalyst was injected at 40°C and the reactor programmed to heat to 75°C over 10 minutes. Gas
phase conditions were maintained by controlling the introduction of the propylene into the
system. As the system was heated up to final temperature, the propylene was added at a rate to
ensure that the pressure in the reactor vessel is such that the propylene always remains in the gas
phase. To insure gas phase conditions, the reactor pressure was maintained at 400 psig at 75°C

with gaseous propylene being added though a mass flow meter upon demand.

[0085] The physical characteristics of the polypropylene polymers produced using the various
catalysts were determined using the tests described below. The results obtained from the tests

are summarized in tables 6 and 7.

[0086] Activity. The activity results reported throughout this study are based upon polymer
yield in grams divided by the weight of catalyst charged to the reactor in grams for a 1-hour
polymerization. The inventors determined that there was no need to account for lost activity due
to residual solvent entrained in the inventive catalysts when compared to the Comparative
Catalyst because the entrained amount was virtually identical, as would be expected because the

catalysts were made using the same support.

[0087] The activities reported throughout this specification do not adjust for entrained solvents.
Thus the activity is based upon grams of polymer/gram of catalyst + solvent. To determine the
activity based only upon the dry catalyst, Thermal Gravimetric Analysis (TGA) was performed
on several catalysts. TGA was performed by placing ~10 milligrams grams of a catalyst in TA
Instrument’s SDT Q600. The temperature was raised at a rate of 10.0°C/min to 300°C and the
weight of the catalyst was recorded continuously as a function of the increasing temperature. The

weight loss from 0 to 190C corresponds to the loss in residual solvent.
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W /0XS %2000 %190 %410 D50 56 23.9 8.7 1.58 58.7

4.45 -- 1350 61 34.4 9.1 1.65 33.7 0.46 -- 1456 63
W@3009/12268 1. 63 55.1 0 -- 1437 65 40.0 9.5 1. 56PGBUR2009/046945

-- 1493 WO 2009/ 152268PCT/ US2009/ 046945

[0088] Xylene Solubles (wt% XS). Xylene solubles were measured using Viscotek’s Flow
Injector Polymer Analysis (FIPA) technique which is well known in the industry. Viscotek has
published an article entitled, “FIPA for xylene soluble determination of polypropylene and
impact  copolymers” (which may be ordered from the Viscotek website,
http://www.viscotek.com/applications.aspx) showing that the Viscotek FIPA method exhibits a
0.994 1* correlation with ASTM Method D5492-06 (equivalent to ISO 16152) over the range of

0.3% to 20% Xylene solubles. Therefore, one of ordinary skill in the art could reproduce the
inventive results using either the Viscotek FIPA method or ASTM Method D5492-06. The
weight percent of xylene solubles in the polypropylene is an indication of the stereoregulating
ability of the polypropylene — the higher the wt% XS, the poorer the stereoregulating ability of
the catalyst.

[0089] Melt Flow Rate (MFR) Measurement. The melt flow rate effect was measured using
ASTM Method D 1238-04. For each 5 gram sample of polymer, 0.2 grams of a stabilizing
package was added. The additive package consists of 50 wt.% Irganox 1010 and 50 wt.%
Irgafos 168. Because the polymer is exposed to air at 230°C for several minutes during the test,
this package is added to inhibit thermal and oxidative degradation of the polymer. The melt flow
rate provides information concerning the molecular weight and the hydrogen response of the
polymer. The higher the MFR, the higher the hydrogen response rate of the catalyst that
produced the polyolefin. Similarly, the higher the MFR, the lower the molecular weight of the

polymer

[0090] Particle Size Analysis. Polymer particle size distribution was determined in two stages.
First, because the Malvern Mastersizer feedtray is equipped with a prescreen that will not allow
polymer particles greater than 2380 microns to pass, ten grams of each sample were prescreened
through a 2000 micron sieve and the wt.% of material greater than 2000 microns recorded. The
remaining material that passed through the 2000 micron sieve was then analyzed via a Malvern
Mastersizer. The volume percent of this material smaller than 190 microns was determined as
indicative of the fines in the polymer. Fines of less than 190 microns in the catalyst are sought to
be avoided because fines of this size significantly reduce the amount of ethylene content that can
be incorporated into a polypropylene-polyethylene copolymers made using the catalyst.

However, because in almost all inventive cases there were no measurable fines smaller than 190
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microns, the inventors also measured particle size below 410 microns simply for comparative
purposes. In addition, the median distribution (D50) was determined for particles remaining

after the > 2000 micron size particles had been removed.

[0091] Photomicrographs. Photomicrographs of the MgCl,-xEtOH support materials, catalysts
and selected polymer samples were taken using a Olympus SZX12 microscope equipped with
Diagnostic Instrument’s Model 4.2 camera using Diagnostic Instrument’s Spot Advanced
software — Version 3.5.9.1 for Windows. Figure 3 and Figure 4 show photomicrographs at 100x
magnification of the MgCl,-xEtOH support materials and of finished catalysts along with
comparative Ziegler-Natta catalysts, Figure 5 show photomicrographs at 11.2x magnification of
the typical sphericity of the polymers produced by the catalysts and process of this invention
Table 2 includes qualitative morphological observations of the catalyst. Examples of the terms

fractured, grape like, etc are demonstrated in these figures.

Catalyst Activity Based Upon Polymerization Testing

[0092] Tables 4 and 5 summarize the bulk and gas phase polymerization results, respectively,
that were obtained with the catalysts of the present invention described above. The Comparative

Catalysts results are found at the bottom of the tables.

TABLE 4 - BULK PHASE POLYMERIZATION RESULTS

Catalyst Activity MFR | Wt%XS | %>2000 | %<190 | %<410 | D50(pm)
(KgPP/g-cat.)
56 66.5 11.9 2.46 57.4 2.31 - 1420
61 71.1 13.4 1.76 48.6 0 -- 1545
63 76.0 18.1 1.86 65.2 0 -- 1585
65 79.3 16.5 2.21 52.9 0 -- 1620
67 61.5 22.1 3.33 58.9 0 -- 1523
73 53.8 20 4.83 33.9 0 -- 1618
76 61.5 23 5.34 41.0 0.35 -- 1497
78 65.4 17.6 3.74 47.0 0 -- 1509
80 50.8 19.7 3.03 23.3 0 2.31 1189
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1411 89 36.5 11.0 1.44 38.7 0 0.25 1528 91 27.5 12.1
1.37 12.3 0.38 1.19 1376 93 34.5 10.3 1.78 17.5 0.56
Wa2009/132286 95 29.0 12.4 1.49 16.2 0 0.43 1466 BJI/BS2009/046945

14.1 1.98 10.7 O

89 73.3 14.7 2.32 58.3 0 0.09 1585
91 60.0 21.1 2.3 23.0 0 0.18 1482
93 62.3 16.2 2.07 42.3 0 0.15 1555
95 62.0 22.3 2.35 40.0 0 0.06 1552
97 60.0 19 2.52 20.0 0 0.48 1495
101 78.2 17.4 1.85 58.9 0 0.19 1489
105 77.3 17.0 2.02 57.0 0 0.04 1584
107 56.7 24.6 2.28 45.7 0 0.49 1449
116 57.3 15.9 2.94 31.3 0.67 2.62 1417
137 62.7 16.5 1.38 59.5 0 0.07 1618
20 50.1 18.5 1.90 1.0 0.0 0.0 1675
103 56.1 18.3 n.m. 4.4 0. 0.01 1587
10740 64.1 16.7 n.m. 1.9 0.0 0.1 1488
Average
results for 66.9 17.8 3.19 50.61 0.33 - 1540
90u inventive
catalysts
Comparative 45.0 10.5 2.46 87.0 0 - 1785
Catalyst 90
Average
results for 63.7 18.6 2.28 41.75 0.06 0.61 1492
60p inventive
catalysts
Comparative 43.5 10.2 1.79 56.0 0 0 1723
Catalyst 60
Average 56.8 17.8 n.m 243 0 0.05 1583
results for
40u inventive
catalysts
Comparative 44.1 12.4 1.98 0.90 0 0 1696
Catalyst 40
TABLE 5 - GAS PHASE POLYMERIZATION RESULTS
Catalyst Activity MFR | Wt%XS | %>2000 | %<190 | %<410 D50
(KgPP/g-cat.)
56 23.9 8.7 1.58 58.7 4.45 - 1350
61 34.4 9.1 1.65 33.7 0.46 -- 1456
63 38.9 9.6 1.63 55.1 0 -- 1437
65 40.0 9.5 1.56 39.2 0 -- 1493
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0.80 1339 101 34.0 11.0 1.27 47.8 0 0.02 1629 105 40.0
12.8 1.37 51.6 0 0.03 1662 107 27.5 12.8 1.34 30.0 O

WO@20Y1338% 116 29.2 8.3 1.76 12.1 0 1. 08 1374 BRGIUSWON046945
12.1 1.13 18.3

67 30.0 14.6 1.78 39.4 0.52 -- 1479
73 25.0 12.6 2.83 13.2 0 -- 1463
76 27.5 9.42 3.71 26.0 0.28 -- 1458
78 32.5 13.4 1.32 73.3 0 -- 1528
80 20.0 19.6 1.92 17.0 0 0.23 1411
89 36.5 11.0 1.44 38.7 0 0.25 1528
91 27.5 12.1 1.37 12.3 0.38 1.19 1376
93 34.5 10.3 1.78 17.5 0.56 1.41 1436
95 29.0 12.4 1.49 16.2 0 0.43 1466
97 25.0 14.1 1.98 10.7 0 0.80 1339
101 34.0 11.0 1.27 47.8 0 0.02 1629
105 40.0 12.8 1.37 51.6 0 0.03 1662
107 27.5 12.8 1.34 30.0 0 0.21 1537
116 29.2 8.3 1.76 12.1 0 1.08 1374
137 31.1 12.1 1.13 18.3 0 0.04 1673
20 28.7 12.2 2.4 1.0 0 0.01 1434
103 32.2 94 n.m. 0.23 0 0.23 1298
107 29.9 11.3 n.m., 0.49 0 0.03 1369
Average
results for 31.5 10.9 2.01 42.33 0.71 --- 1458
90u inventive
catalysts
Comparative 27.1 7.1 1.47 74.4 0 - 1727
Catalyst 90
Average
results for 30.4 12.4 1.53 24.75 0.085 0.52 1494
60p inventive
catalysts
Comparative 25.7 7.13 1.32 21.8 0.21 0.72 1640
Catalyst 60
Average
results for 30.3 11.0 n.m 0.57 0 0.09 1367
40u inventive
catalysts
Comparative 24.1 8.1 1.42 0.28 0 0.8 1326
Catalyst 40

[0093] As summarized in Tables 4 and 5, under bulk polymerization conditions, the exemplary
catalysts of the present invention exhibited significantly and unexpectedly higher activity than

the Comparative Catalysts.
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0 0.04 1673 20 28.7 12.2 2.4 1.0 0 0.01 1434 103 32.2

9.4 n.m 0.23 0 0.23 1298 107 29.9 11.3 n.m 0.49 0
wW020®93/11269 Average results for 90p inventive CBEHUYNDE046945

31.5 10.9 2.01 42.33 0.71 --- 1458 Conparative

[0094] Table 6 compares the bulk activity ranking to that obtained in the gas phase. Generally
speaking, the ranking did not change. The most active catalysts in bulk (89, 101, and 105) were
3 of the 4 most active catalysts in gas phase. This indicates excellent stability of the inventive

catalysts over a wide range of polymerization conditions.

TABLE 6
BULK PHASE ACTIVITY VS. GAS PHASE ACTIVITY (60 MICRON SUPPORT)

Catalyst Bulk Act. Gas Activity
(Kg PP/g-cat) (Kg PP/g-cat.)

89 73.3 36.5

101 78.2 34.0

105 77.3 40.0

91 60.0 27.5

93 62.3 34.5

95 62.0 29.0

97 60.0 25.0

137 62.7 31.1

80 50.8 20.0

107 56.7 27.5

116 57.3 29.2
Comparative 43.5 25.7
Catalyst 60

[0095] Normally, one of ordinary skill in the art would expect a significant increase of fines
(particles less than 190pm) with the significant increases in activity demonstrated by the
inventive catalysts. Table 7, however, demonstrates that this is not found for the inventive
catalysts. Table 7 contains the particle size distribution data for both bulk and gas phase

polymers from the three most active catalysts, as tested wunder bulk conditions.
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Catalyst 90 27.1 7.1 1.47 74.4 0 1727 Average results
for 60p, inventive catalysts 30.4 12.4 1.53 24.75

wWO2088502662 1494 Conparative Catal yst 60 25.7 FCIWBSDOB@6945
21.8 0.21 0.72 1640 Average results for 40p inventive
catalysts 30.3 11.0 n.mO0.57 0 0.09 1367

TABLE 7
PARTICLE SIZE DISTRIBUTION DATA FOR THE MOST ACTIVE CATALYSTS

Bulk Polymerization

Catalyst Activity %>2000pum %<190pm %<410pm D50 (um)
89 73.3k 58.3% 0.00% 0.09% 1585
101 | 782k | 589% | 000% |  .019% [ 1489
105 | 773k | 570% | 000% | 004% | 1584
Comparative 43.5k 56.0% 0.00% 0.00% 1723

Catalyst 60

Gas Phase Polymerization
89 | 365k | 387% | 000% |  025% | 1528

101 | 340k | 478% | 000% | 0.02% | 1629

51.6% 0.00% 0.03%

Comparative
Catalyst 60

[0096] Quite contrary to expectations, in the bulk phase testing, the third column of Table 7
demonstrates that the most active inventive catalysts actually tended to produce greater amounts
of large polyolefin particles (> 2000um) than the Comparative Catalyst 60. Yet, the most active
inventive catalysts produced no fines of < 190um. Even extending this limit up to particles of <
410um, the inventive catalysts produced very few additional small polyolefin particles. Even
more impressive, in the gas phase testing, the most active catalysts routinely doubled the amount
of large polyolefin particles (>2000um), while actually producing no fines of < 190um
(compared to an increase of the Comparative Catalyst’s < 190um fines). Similarly, in the gas
phase, the three most active inventive catalysts produced a number of small particles of <410um
that were no more than 1/3 that of, and often less than 1/20 that of, the amount produced by the
Comparative Catalyst 60.

[0097] Normally one of ordinary skill in the art expects that polyolefin morphology follows

catalyst morphology when using Ziegler-Natta catalysts. That is, the more fractured catalyst
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Conparative Catalyst 40 24.1 8.1 1.42 0.28 0 0.8 1326
[0093] As summarized in Tables 4 and 5, under bul k
weognensg at i on conditions, the exenpl ary cat aPbgBUS2009/046945

t he present invention exhibited significantly and
unexpectedly higher activity than the Conparative

Catal ysts. WD 2009/ 152268PCT/ US2009/ 046945 [ 0094]

Tabl e 6 conpares the bulk activity ranking to that

particlepthiahameedadentheeghya thephxpsaed Berlenad ¢fyfirep@adk smgll paitieles in the final

anki di.d not change., .;The .np act i cat al,ysts in
polyoleffiipiodifln Siipiisingfiy P Estanpiub 3o pof huddritof Betiiutve catalysts.
There i€A6 d3b¥8hGor Betdasn MRaHBervddhdrpHid Sk tsOfCRIblENtind the amount of
stability of the inventive catal ysts over a w de range

fines preducpdhy Aemonstreiedin dafled 4 prhS. TABLE 6 BULK PHASE
ACTIVITY VS. GAS PHASE ACTIVITY (60 M CRON SUPPORT)

t alyst / ) ti Vi (Ko
0091 SRRV P foBEby 158 BN b LSy W oo o
teaching@Ohebeir, /mm&3ubhadgiarhl Mbdifidattbn28af) be made to the above-described and
other embodiments of the invention without deviating from its scope as defined in the appended

claims. Accordingly, this detailed description of preferred embodiments is to be taken in an

illustrative as opposed to a limiting sense.
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97 60.0 25.0 137 62.7 31.1 80 50.8 20.0 107 56.7 27.5
116 57.3 29.2 Conparative Catal yst 60 43.5 25.7

wO 0®9532260r mal | y, one of ordinary skill in thePEF1US2009/046945
woul d expect a significant increase of fines
(particles less than 190[tm) with the significant
increases in activity denonstrated by the inventive
catal ysts. Table 7, however, denonstrates that this is
Wetcldimund for the inventive catalysts. Table 7
contains the particle size distribution data for both
bul k Amdogssfop pesiacinglayiiegler-Natneatdigst tfor mdymerstatias bf elefins

catal ysts, .as tested under bulk conditions. WO
Compflsﬂﬂ)‘g?i@E%%PCT/ US2009/ 046945 TABLE 7 PARTI CLE SI ZE

DI STRI BUTI ON DATA FOR THE MOST ACTI VE CATALYSTS Bul k

Polay Ny Atnk Mg @QIXROH twidedih %l elal YErd ROAHLM $66d B8t 61D, with a

%<410pm D50 (j - 89 73. 3k 58.3% 0.00% 0. 09% 1585
transition metal compound in a reactor at a temperature of between about -30°C
and +40°C;

b. heating the mixture in the reactor to a temperature of between about 30°C to about

100°C.

c. concurrent with the heating in step (b), or following reaching the temperature of

step (b), adding an internal electron donor to the mixture in the reactor;

d. heating the resulting mixture to at least about 80°C and holding the resulting

mixture at that temperature for about 1 to 2 hours to produce a precatalyst;

e. cooling the mixture containing the pre-catalyst to room temperature (20°C) and

filtering the mixture to obtain the solid pre-catalyst component;

f. extracting the pre-catalyst with a mixture of an organic solvent and a transition

metal at temperature of at least 100°C for 1-5 hours;

g. cooling the catalyst to room temperature (20°C), washing the catalyst several
times with a hydrocarbon solvent and drying the catalyst under vacuum and/or

elevated temperature of 30 — 100°C.

2. The process of claim 1, wherein ROH is an alcohol or a mixture of at least two
different alcohols, with R being a linear, cyclic or branched hydrocarbon unit with 1-10 carbon

atoms

3. The process of claim 1, wherein ROH is a mixture of at least two different

alcohols, with R being a linear, cyclic or branched hydrocarbon unit with 1-10 carbon atoms.
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101 78.2k 58.9% 0. 00% .019% 1489 105 77.3k 57.0%
0. 00% 0. 04% 1584 Conparative Catal yst 60 43.5k 56.0%
WO 2@946202690% 1723 Gas Phase Pol yneri zati on BOI/BS208%046945
38. 7% 0. 00% 0. 25% 1528 101 34.0k 47.8% 0. 00% 0. 02%
1629

4. The process of claim 1, wherein ROH is ethanol or a mixture of ethanol and a
higher alcohol with R being a linear, cyclic or branched hydrocarbon unit with 3-10 carbon

atoms.

5. The process of claim 1, wherein ROH is ethanol or a mixture of ethanol and a
higher alcohol with R being a linear, cyclic or branched hydrocarbon unit with 4-10 carbon

atoms

6. The process of claim 1, wherein ROH is a mixture of ethanol and butanol,

hexanol, heptanol or octanol,

7. The process of claim 1, wherein ROH is ethanol.

8. The process of claim 1, wherein x is a value of about 2.5 to about 4.0.

9. The process of claim 1, wherein x is a value of about 2.95 to about 3.35.

10.  The process of claim 1, wherein the transition metal compound is TiCl4and ROH

is ethanol or a mixture of ethanol and a higher alcohol with R being a linear, cyclic or branched

hydrocarbon unit with 3-10 carbon atoms.

11. The process of claim 1, wherein the transition metal compound is TiCls and ROH
is ethanol.
12.  The process of claim 1, wherein the extraction step f) is accomplished using the

Soxhlet extraction method.

13.  The process of claim 1, wherein the reactor temperature for the combination of
the MgCl,-xROH and the transition metal compound is at a temperature of about -10°C to

+10°C.
14.  The process of claim 1, wherein the transition metal compound is TiCly.

15.  The process of claim 1, wherein the internal electron donor is one or more
members selected from the group consisting of diesters, substituted cycloalkane, 1,2-

dicarboxylic acids, monoesters of substituted benzophenone 2-carboxylic acids, substituted
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105 40.0k 51.6% 0.00% 0. 03% 1662 Conpar ati ve
Catal yst 60 25.7k 21.8%0.21% 0. 72% 1640 [0096] Quite
W@y t o expectations, in the bul k phase tRSI/USYNI046945

the third colum of Table 7 denonstrates that the nobst

active inventive catalysts actually tended to produce

greater anmounts of |arge polyolefin particles (>

2000[tm than the Conparative Catal yst 60. Yet, the
benzophensie hcanbveylicmcéist nve-selatialtyd isl ubstdueddCn€f atkeh- 103-p1=0pane

diethers %ﬁv&pnvestoﬁé:a{ %%gg{/% v%g%t%ﬁ@é%&gﬁw%ﬂvc‘@%% of succinates.

addi ti onal srral | polyolefin particles. Even nore

161pr eBisd MBeesk Bf E1BIRn YashRBAIEe In@Fhd] Ribetrbh BoMorS$ 01?&&' H&re
catal ysts routinely doubl ed the anount of | arg

memberg selgefed from thegraup|os di- (SBQVM)kpllfhalat%@-p-@PMmalputylphthalate (D-n-BP),
sisooe T AERIS P RSB 0 d AL LGOTRIGRA D o

fines). Simlarly, in the gas phase, the three nost
Hz:t | VEhd proesst b elaidal aviystia thy miktaedf step(ailie all@kedstoatdct for
}IC| es of < 410[tmthat were no. nore than 1/3 that

approxnaﬁte YanEIgESEA apRogimpaely 3PP ponyirnbelpte progrediggori the heating of
step (b) P! oduced by the Conparative Catal yst 60. [0097]

Normally one of ordinary skill in the art expects that

pol yol ef i n nor phol ogy follows catal yst norphol ogy when

Ui’si ngl'te mgtess oNdeima | ceheatingheresathing misturet dfestap(dis heated to a

y st 9/ 152268PCT/ US2009/ 046945
tempera ? ro@az’gufﬁd(fbépgb?}ﬁvgé ‘he hi gher the expected

i ncidence of fines and small particles in the final

pR! yorief process efelein 1,SukdéihShd@bltant Mligufe@lfatdp@apidipld at the

did not, hold true for the inventive catalysts. There
temperafuge phclaig }&fram adquivaiofosnta apeubioyeheEs mor phol ogy

results of Table 2 and the anmount of fines produced as

no le 5 :

R er Srgtty of §528 A heoreall Bk AN EP R, ancsphtic o
aromati@hydrbasleh. upon t he teachi ngs herei n, nunerous changes

and nodification my be nmade to the above-descri bed

and ot her enbodi nents of the invention w thout

a1 e KGR iy 1 Hhaeot rBEiQFRGR! S g 15 an aromaic

hydrocafotf €erred enbodi nents is to be taken in an
il lustrative as opposed to a linmting sense. WO
2009/ 152268PCT/ US2009/ 046945 We claim 1. A process for
produci ng a Ziegler-Natta catal yst for polynerization
22 ol'Bfeiprscespofelais hgvhdien sheepgawé solaentod step iif) ngethylbenzene.
MyCl2- xROH, wherein x equals fromabout 1.5 to about
6.0, with a transition netal conpound in a reactor at

tenper at ure of bet en aboyt 0C and
et | TG IRAE08 CLiPB I SRS Hiecidme Getip %%Scaf a1 ftlylhpnzene is

about 363@(5 éﬁ’f&ﬁtﬁe aReatkion Gineli® l@lﬂﬂfrs ét%oc@}n &«atu‘f@@f?étrléa%mOONCt h
heating in step (b), or oIovvlng reachi ng the
terrperature of step (b), adding an internal electron
donor to the mxture in the reactor; d. heating the
e s ul Hhergroeds oli ckimd 4atwhesars theatbune 800 andliGohndl ethylbenzene is

ultin ntxtur t th t 2) ature for about 1

sbout 20 B et oREtaE & st AaebR T "6 Sooli ng ¢ he

m xture containing the pre-catal yst to room

tenperature (20C) and filtering the mxture to obtain

the solid pre-catalyst conponent; f. extracting the

pre-catalyst with a m xture of an organic sol vent and

a transition netal at tenperature of at |east 100C for

1-5 hours; g. cooling the'éétalyst to roomtenperature

(200), washing the catal yst several tinmes with a

hydr ocar bon sol vent and drying the catal yst under

vacuum and/ or el evated tenperature of 30- 100C. 2. The

process of claim1l, wherein ROH is an al cohol or a

m xture of at Ieast tmo dlfferent alcohols mtth R



3. The process of claim1l, wherein ROH is a m xture of
at least two different al cohols, wth R being a
wo peweas226gycl i ¢ or branched hydrocarbon unit wW€TUS2000046945
carbon atonms. WO 2009/ 152268PCT/ US2009/ 046945
4. The process of claim1l, wherein ROH is ethanol or a
m xture of ethanol and a higher alcohol with R being a
linear, cyclic or branched hydrocarbon unit with 3-10
2ar bobhapweess of claim 14 . whihen phovadsmeahtia bAiliClL and ethylbenzene is

about 1DF RS e s oriior b B oL AT FOEEY vl i cor

branched hydrocarbon unit with 4-10 carbon atons
6. The process of claim1, wherein ROHis a m xture of

%6. hanphe fodestdt sRph | vﬂ%i‘eiiﬁ‘glportfbﬁﬁ)tfmog is RGh@RAfrom the MgCl,

. The process of claim1l, wherein ROH is ethanol.
support @y d¥tadcopplaties priof togtasting withihetraisition metabcopouad.of
about 2.5 to about 4.0. 9. The process of claim
ej [ . val f _about.2. ab 3.35. ..
T, "ThPesa ol eBin &) Wferdh ACRHY ot R BB heghBut 1:100 ana
about 115et al conpound is Ti Cl4 and ROH is ethanol or a
m xture of ethanol and a higher alcohol with R being a

e e mhass Of Saim | Aherermbd Med B auaiantetip ispdvesn abott 1:50 and
about 1’/¢herein the transition netal conpound is Ti Cl4 and ROH

i s ethanol . 12. The process of claim1, wherein

the extraction step f) is acconplished using the

Koxhl Bhe mregsaof claim hpwheein the Mg/Ti m@ar Ehe ipbaywessatoht 1:25 and
b tl_glaiml, wherein the reactor tenperature for the
about L:donbi nati on of the MyCl2-xROH and the transition netal

conmpound is at a tenperature of about -10C to +10C.

3. The Roesessclaim ¢ whditih,thevnerae kdliot ST BP/AMSistbe@ieen about 0.12

netal compound is Ti Cl4. 15. The process of
toaboutd]. bi-m 1, wherein the internal electron donor is one or

nore nenbers selected fromthe group consisting of

I est gr j : 2 i |G

e s P ST PR P B ety M gr b SRR B fising he
steps of2- car boxyl i ¢ acids, substituted WO

2009/ 152268PCT/ US2009/ 046945 benzophenone 3-carboxylic

aci ds on- sybst.it and substjt (¢l - oy ]
o1 By rsombing SRS, SRR bt ool o LA Pl o
aci d, refleéi atattemperatife PHiehRédnGabati doanehdlerjogat i ves of
succi nat es. 16. The process of claim1l, wherein
the internal electron donor is one or nore nenbers
sebedteating themixhie Hytbe pragtor i a fesystatye shebit 402C - 90°C.
(D-i-BP), di-n-butyl phthalate (D n-BP),

di i.s ht i =2 xyl pht hal ate, and

di !C's 8‘%@%@%ﬁt%ﬁ%%mﬂhregn%éf%m%e process of claim

1, wherein the mxture of step (a) is allowed to react

f od. dpptiokiheatsltng2nmndture tesbaud 1 FEr-oki OTatanldyhoBiAg the resulting

055,361 BrEESEHLRR LR A5 BT, Pl Rre-cnas

resulting mxture of step (d) is heated to a

t esp&jodlib thefrhigfirebeithinib@Qke Hre-cabdut toldofa temperature ED°C) and
The process of claiml, wherein the resultant mxture
of stidfsring)the mbyeredo gbtaintbe selirieeighst efmpangntn 18
from about one hour to about four hours. 20.
The process of claim1, wherein the organic sol vent of
step (f) is an aliphatic or aromatic hydrocarbon.

21. The process of claiml, wherein the organic
solvent of step (f) is an gronatic hydr ocar bon.

22. The process of clain11,5mherein t he organic

sol vent of step (f) is ethyl benzene. 23. The
process of claim 14, wherein the volune ratio of TiCl4
and et hyl benzene is about 30:70 and the extraction
time is 1-5 hours at a tenperature of at |east 100C.
24. The process of claim 14, wherein the volune ratio
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c. adding D-i-BP to the mxture in the reactor; d.

heating the resulting m xture to about 100C - 110C and
woloditseg he resulting m xture at that tenper abCl¥/ES5009/046945

about 1 hour to 2 hours to produce a pre-catal yst; e.

cooling the m xture containing the pre-catalyst to

roomtenperature (20C) and filtering the m xture to

obtain the solid pre-catal yst conponent; WO

2009/ ©82268PUT/NUSLDA9; 08Bl xlet crixactian wWithgp mhwure of ethylbenzene

o1y Betete R Al bo MRSl atp Buteite 8t Po-1sovc

transfokiiohdg§:al at a tenperature of 120-130C for 1-3
hours; g. washing the catal yst several tinmes with a

sol vent contai ni ng hexane or heptane and drying the

catgal yathing e catghysisgierahdmes with evalverf coatppupghenaac of heptane

30 = : i i n o)
of ol B Srgingt ety unfbaaBRT Snd BF Lo AR PRLE8E S0 100°C.
hydrogen or a hydrocarbon radi cal having 1-12 carbon
32. oA pasaekefbr thet pdlyméerdvatipn eSelafies efforandatCH=<tHR ', in which R' is
prodyced by the process of claiml or claim.31.
hydrogegzpr a RYeEacE gfadﬁg%ﬁa\@ea by qaﬂ@np%t%%g?gﬂsf ouiip Hisroreseaponf
catalyst br@fuc&d B fRePho @8N PolcIBW K1 pol ymeri zati on
activity for polypropylene of greater than 60 kg

pol ypr opyl ene/ g- cat hour.
33. A catalyst produced by the process of either claim 1 or claim 31 and having a bulk

polymerization activity for polypropylene of greater than 60 kg polypropylene/g-cat hour.
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