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OF THE I NVENTION [01] This invention relates to supported catal yst
conposi ti ong,o fABLdaeds of making 5 such conpositions, pagysredheds for

maki ng pol ymers therefrom BACKGROUND OF THE | NVENTI ON [ 021 The
properties of polyners depend upon the properties of the catalyst used in
their preparation. In catalysts, control of the shapes, sizes, and the
size distribution of the 10 catalyst _.ijs inmportant to ensure a good
commercial workability. This is particularly inportant in gas phase and
slurry pol ymeri zati on. &oip SYARRpeI YMERIASFION CRITadWaT copol ymer
granules of 1000 min Si'ze, a catalyst particle size of about 10 mto
about 50 mis generally preferred for use in the polynerization. In the
copol yneri zation of ol efins, &ERDARBIE WYENEHOMevel oped system of pores
inits structure is _aften desired, Finally L n eSS
good 15 nechani®d DS FFRHORIEFSS Foess‘ﬁpg?l*e\‘/j\ecaatraﬁléﬁ%ﬂ:lgéﬁtﬁ ¥ gjgflié?ri?fl ]Eza%i%?ggn
process; angcH QnfRSHES, ndgedsbds fi hickide pelimhyrs Gferdfiom. pol ymer product. One

i nportant aspect relating to the devel opnent of a polynerization
catalyst is, therefore, the provision of a process for production of a
catal yst which allows contggatk@RIUSH UBTHEMNVBNTION structures and sizes
of the catalyst's particles and _partjcle size distribution :
remai ns a rel atlf3lel Fhepivpsraespi FebEEs dspedgen Wtfesroi&?r agggg‘rl%gger}sses
utilizing gat g}%ﬁiﬁ COR @hdW s cSRBNEB Y EhaRE sideh,taa0ithusiod tiembnignuifriee a

| ong series © ynt?’uetl c stepS. The synthetic step are designed tot.
provi di0 a eyt issmpestanhtoZnFheotd GeraBFIGil Werkttaly- ﬁ@é CH‘F’S}%E‘?PO“““ n
concentrat!g %ﬁas%fan&rglgls? ﬁblyﬁﬂariiaﬂ " 683 @xdntife, ACEAaM th Yrodficel ddolmtadrysiles and

result in %aél yers g'nore desirable properties. By. rovgdi _ng tcpe
catal yst or0a pswippgze a natelyst paticle san gf &ouy @%Pﬁ?éﬁ%“@ﬁ%%é‘er hPGE™e
sinplified.or 25 .elin r Sl MsiorENeSlenpb e QrdRewiRb @byeidped S

i npr egnat eff” 87 & t@eu%%%?‘?&%%né%?g%&yﬂ%% anount of cat al y}gt that can be

i ncor por at gdteirsod pores mdithyrstiraulsi dfien ydegifedt Heanatig Aaialysh DEBPoPRSHE §°R% t he
preparative solvent. [041 Eaqr i ISP U ES and® HCEhs@S a good
magnes?%m mﬁ%afuagsp,ml%eh elsgfo §€gﬁstu%¥ﬁ9idt8@£% ﬁggg ar or qgr?i e ol vent's actual | y
decreases bilRMeaRout treqmiyriee ppaneit ne importanbadpedt [i¢lpfiepeitht degelopmet slig h

sol vents. The reduced sol ubi] ity i h t audder £ e ion
of pol ymer PRYREYIES ﬁaﬁ"?lﬁséllﬁ’&}éc-resfé(;rle\/%ﬁ%’m%%rrp %%(agglra\%% %E&rl%{j\er “Sol ubi It:in?sg

such as MyGhRh BHEYdcdtrd] afdamjustmeanyflths stsiofurdsiand sizestof (the ¢aalystiy RATYRAGFHEST um
chloride in tet r_a%)!i

conposi t i oR&HfE R g‘% %ﬁ%@g%&g@%ﬁo{@ag‘\é“ﬁﬁ%léﬁleﬁggﬁsﬂg ggdalto E;o%mt ©
2004/ 09¢572 {03] However, reported processes utilizing catalysts containing magnesium and
titanium often require a long series of synthetic steps. The synthetic step are designed to
provide a catalyst with a high magnesium content because higher concentrations of magnesium
increase the activity of the catalyst and result in polymers having more desirable properties. By
providing the catalyst on a support material, many of the synthetic steps can be simplified or
75 eliminated. Unfortunately, even where the catalyst is impregnated on a support material, the
amount of catalyst that can be incorporated is lmated by solubility of the magnesiumn
component in the preparative solvent.
[04] For typical magnesium sources, such as magnesium halides, their solubility m
polar organic solvents actually decreases from about room temperature to the boiling point of
30  such solvents. The reduced solubility is thought to result from the formation of polymeric
magnesium halide-solvent complexes with lower solubility, such as MgCly(THF);s2. For

example, solutions of ultra-pure magnesium chloride in tetrahydrofuran (THF) form a solid

having an approximate composition of MgCl(THF) ;5 precipitates upon heating and the



-2 PCT/ US2003/ 021906 maxi mum concentration of MyC 2 obtainable in such a
solution is less than about 0.75 noles MWMd 2/liter. At about 60C, near

t he boiling W%);om,' Qf, TBF, the solubility is noticeablypcHeLiRasses to | ess
than 0.5 noles/liter. However, when commercial grade magnesi um chl oride
is used, its maximumsolubility in THE is | owered, presumably due to
inpurities such as water, 5 to about 0.6 noles Mgd 2/liter. In these
cases, the solubility is only about 0.35 noles/liter at 60C. Such |ow
solubility of magnesium sources |imts the anmount and distribution of
magnesi um hal.i de that can iAcqr t: h Nt r atetsysbles
particle. PHIFUBSIBERIFIP Olt?gflvﬁédrili %65%%”?9‘;‘/&%5%%“@8& g g?%et%]%;d_arbgs.ul ts in
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magnesi um inagesibinihalidastabn HeSinsogparaed into ayapotied ¢atpbysERTNIG st particle. In
sone cases the nmpgnesi umtq transit.lo LRs & loweP s £ halid
peri phery of t par ef“ér@?” rr%“;'}erggﬁdrjr%be&t a%a%eer{t\qﬁu%es tohe raa i 0 at. 1hee
center of tdigentiéis ialresultihd GitalFitustickewHowpyror anetherc problegsassociaied o¥ifohat i ng

a relatively higher.co ntration of .. esd haly L Lath Fork @ posit
cat al yib  paet bt B8 hatrie PepfRAr R R i Tk Mente | o
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manuf act uri ng, . SUMVARY OF THE | NVENTLON [ Q71 .1 n . ew,of VR Hfagegds,
the invent FHF?“}{?PGW‘@&WPHH%BEH@WBS‘@I\I%ﬁ'tul,"gadlmrsl%ip}%&t tehg r%%?%lg?%?l e .
CONPOSi t i ORyirlE OFPlohS | Aghsiibe Mmeal tebmantption ubistiaftion.1) Hoveatral et prpfesatials or

25 conposition_itself conprisi .a reaction produ Shee
hal i de, b) PECRBrtABHRE the e wsw@%ﬁ%k&%otﬁaﬁ“%%%bﬂuﬁ%,“%’ﬁ?ﬁ‘ﬁ?“%ﬁgfﬁgnsi tion
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Lant hani de el enent; 2) a_porous, i nhert support; an . C

conposi t i othe oUt@Eriphirafb 1ﬁ@?“é]§ﬁ’éa€tb°t%‘§gﬁ?ﬁém 8% %‘% cr)%]lo gg%ﬁ%ﬂ%hgth&
maki ng a sz;g;gglrejt ed catal yst conposition conprising 1) formng a
magnesi um contal ni ng solution, the solution itself .30.c risi :
reaction product06bf ~EYuscnereyPROEES FAIANETS 'BROTPORIE 2 ei%i't{/‘gfrg'th;lg1 gﬁgpn%nﬁg%& of

el ectron donofe« &0 ARRMNG i IheGRRLBCHRY: bad Fagsesi UStchangiar nomoentSBENIt i on
with a transrtion netal conpound wherein th tranfjii‘tion mfetal 8%5[? ups

a,
3-10 or20L ashdwkhbeiehisvediorprogsssibi dpes neLFRUTePIqblemsdR [je SPEHAT U8 Y572

SUMMARY OF THE INVENTION
[07) In view of the above needs, the invention provides in one embodiment, a
supported catalyst composition, comprising the reaction product of: 1) a catalyst precursor
25  composition itself comprising a reaction product of ) a magnesium halide, b) a solvent, c) an
electron donor compound, and d) a transition metal compound wherein the transition metal is a
Group 3-10 or Lanthanide element; 2) a porous inert support; and c) a cocatalyst composition.
[08] In another aspect the invention provides methods of making a supported catalyst
composition comprising 1) forming a magnesium-containing solution, the solution itself
30  comprising a reaction product of 2) a magnesium halide, b) a solvent; and ¢) an electron donor
compound; 2) contacting the magnesium-containing solution with a transition metal compound

wherein the transition metal a Groups 3-10 or Lanthanide element to form a catalyst precursor



-3- PCT/ US2003/ 021906 conposition; 3) contacting the dissolved catal yst
precursor conposition with a porous inert support to forma resultant

m xture; 4) wf ¥hpgrdhe resultant mixture to forma supportsdbseasal yst
precursor conposition; and 5) activating the supported catal yst precursor
conposition wth a cocatal yst conmposition. 5 [09] Also disclosed are

nmet hods of malting a polynmers. The nethods conprise reacting at |east
one pol yol efin nmononer in the presence pf a supported catal yst
conposition conprising a reaction product of 1) a nagnesium containing

sol ution, t | dgs%maal ShiNG RediRACEIRIDSILO GLibta phrow)inat
rragne5| um%r‘ﬁ%o%%ﬁj :?ngnt'g«g \E/élfrlle ' ar? ePecl?? on dor110r corrpé? und; I%}Oj_tﬁ)d
or

transiti onsupml'alto @ump@mdlt&mgﬂm thedpg ks FEYRTBEOGIE 40 EPFYBS”

10 Lant ham | enent % Rafide B RRPEked AR/sBpredu® catipsyiod
conpositi o?"i1 Egmmfcﬁ Cﬁé%%sg c%ﬁp s?%ttl ongs de?grl bed I(‘l%(e?[)el n are al so

char act er i wiltla bycabstadoppbsiti@onposi ti ons that are substantially free of

ot her e] ectron [ﬁgnor gggggsgg%ea‘ggmm%fel}lﬂﬂﬁyg of ey TRE hRuRls EdiSprise

el ectroh donor magnesiumis less than or equal to 1.9. [10]
In sone prﬁﬁ@fn@%@le@ﬁbﬁélpm@ﬁihﬁn nmcaneelmdterpmemtméﬁ SUEpoFtp calEt £9TERPSHE OF

15 conprises a linear or d,\al i phat i Hal Rawking
bet ween 1 &RTPrEBELA T%tlonc&rroglbcﬁ g nri) re ugnr ((F)orélt igcoﬂhtfos |t%8£63&tg
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nol ar rati @Dr@ﬂoua@c®rﬁ)Faasal°ﬁdaﬁﬂsﬁ°%‘¥’£ ez e an a out m E ot her

enbodi ggnt ﬁantﬁmemt 2) @bdrGusaiiertsappoat a:mtﬁ()hc@a@tatmmwmpumrr anges from

about 0.1 to about I.1. In still. oth nbodi nent s o of
t he al cohol to g P%ﬁ@a?f&é@s‘w’g eé‘ﬂ'ﬁ’ﬁ? (e prs 250 a{a}%%l}géa W Cgt%gt

enbodi ment §0m1?osHRll§i{ha{ akisensehtiiienral eradtiok eteetrcrm@mescmnporuadvg@d Whecnm ﬁlbout
0.1 to about is preferred. [11] Preferred.transitian conmpounds

suitable i mO@rfrb@vloﬁr&?tﬁ?CFﬁn doRer coRBRsES? PRSI AYe aﬁloocliéaqcf‘escrl bed herein

i ncl ude CO”DOU”ﬂE OfIntéohf'é e IchiBOdtinei®, the Zldeabmidoner isatbadilestrpn @owdsi um
tantal um or

nat i ons hereof. Sone tita 0 unds foII e
f or mul &5 Tm@rﬁa)rm)almroélbrpnptleﬂ§hpiaah6r°r Wﬁ“wﬂ&%ﬂ gz" angbetW‘EE L gd %Y“%
al i phati c QU ﬁ{ thﬁ_% ' ﬁ'eﬂyrgtﬁ Qgﬁoﬁ%iﬁcﬁ%e@ﬁhel 2thadns), pﬁ)@hﬁﬂ;h&drcﬁ)mﬂnbﬁ]‘mdﬂ’ I,
or m xtures thereo S to 4 inclusj an n% Q. 4,

30 Exenpl ameipyt hexandly md@éwpﬁﬂhn%lqh?ﬁpﬂdé“dﬁ Byt Phepeh 4f SP
X {Hdf @Souk neb.aafoth V@nﬁ&&ﬂér@@ﬁﬁﬁﬂolar
PCT/ USZOOB%)O%fé i §£BHR nfFeResiu@®y isMs ul othe

ratio of the alcohol to magnesium ranges from about 0.1 to about 1.1, In still other
20  embodiments, the molar ratio of the alcohol to magnesium ranges from about 0.1 to about 0.75.

In some embodiments, a molar ratio of the alcohol to magnesium ranges from about 0.1 to

about 0.5 is preferred.

(11] Preferred transition metal compounds suitable in embodiments of the

compositions and methods described herein include compounds of titanium, zirconium,
25  hafnium, vanadium, mobium, tantalum, or combinations thereof. Some titanium compounds

follow the formula:

Ti(R)Xo

wherein R is R’ or COR’ where R'is a Cy to Cyq aliphatic or aromatic hydrocarbon radical, X 18

selected from CI, Br, I, or mixtures thereof, ais 0 or 1, b is 2 to 4 inclusive, and a+b=3 or 4.
30 Exemplary titanium compounds include TiCl, TiCl, Ti(QCeHs)Cls, Ti(OCOCH;)Cls,

Ti(OCOCgHs)Cla, or mixtures thereof.



-4 [12] The solvent is selected fromthe group consisting of alkyl esters
of aliphatic and aromatic carboxylic acids, ethers, and aliphatic

ket ones. Prg&p{ G534 Kyl ester solvents |nclude but yrra;sh@bodisegi t ed t o,
met hyl acet ate, ethyl acetate, ethyl propionate, nethyl propionate, ethyl
benzoate, and conbinations thereof. Preferred ethers include diethyl
ether, diisopropyl ether, 5 and di-n-butyl ether, ethylisopropyl ether,
met hyl butyl ether, nethylallyl ether, _@thyl vinyl ether,

t etrahydrof uran, 2- nethyl t etrahydrof uran, and conbi nati ons thereof. In

some enbodi e sﬁghmg &ﬁ%{eﬁﬁoﬁ%@%&iﬁOBQQﬂlgaml eBfe ok Glyhage and

sol vents |ncIu8% ace o et'one, cycl ohexanone
cycl opent )elrmﬁmmcbxbkaﬂlo raem;ls 3thb1rsoamd ahPHﬂé@kWh & Tefsze‘i: Hicdresieyohsns dthone,

|1yl h Kk dc iona
oy et I et 09, AT DALL 8% LARLeaky RRaRIbON R Sutel Ay

i ncl ude t VEn 5| um hal i for use in
t he di scl q&g;gbafepmmloam{bnmnmsl therbafid @refdmst cthers imdide didthnl edigr. dasopiggy gher,

MyBr2, Ml 2, tures i such
Al | dess el Bunl sieb o pramaml i IebaEhat ek TR AR, (ST Loy
conposi ti Ofiger! RattahydOfh| SBmathglongekydréfeanofand h@rrilmamfurllsa thageof. In  some

[ MU(ROH) r] mTi (OR)n Xp[ S] g wherein C ri.ses tsO%h

al cohol haﬁm@é%tsm«‘éﬁh\éﬂﬁ%ﬁ%ﬂdm %HROQ%%”% ke? nPTRy {dgaeaggmg

\Q/her ein ia&g d%thyls kbt%g vdﬁi}gﬁé,dayonan c?dmgaﬁ@hmmhyhmmmeﬁﬁbmmm-agcmaionc h%rv: ng
etween 1 and about carbon atonms or omat i c rogarbon a
havi ng befth}@@fh’dP -RERENEB0 B Y et el a&?o‘i‘?\‘:rﬁ’m%“?ng t}l?%?c} %Ouael f’li}bo(@gén% or
1, Sis LeGiEdofoh Btd H8udQomERilp consisting of alkyl esters, allphatlc

ethers cyc ic ethers, and aliphatic ketone % enm n
is 0, 1, or 2; [B3lr ahbsesesipphilides §r 1¥an b @15cin§g@c?rp}g%{%§n§ 510@%6 and r

ranges {1 om0 b 49ck: 191g LINVAATRIEOIRT 9B R d: Rithadi mentS, lisonangbalifonm 0. 1

to | ess than %bout %) sonme enbodi nent.s, gnEole ons herg\np
further cosmh msleieamwb@tm@e wprﬂa@f‘car%ﬁorp?qaaﬁ&?mafm TBYFLORRPYSRF R ¢ he

catalyst p I ORRI cat alyst 25 conposition. Sone suitable
Lewi s aci dé%?p%l ?g\l}\?r{}}%m?%lr)%l | a ga -e wherein Ris R or OR or NR 2

wherei i5R is a substituted or It @RYXdPflaphat i ¢ or aromatic
hydr ocar byl ; ar BH{bH S%rﬁlané ﬂ%aﬂnrtbpanéif'ed GRERD Ravi ORBSeen Xné Sndseﬁblﬁ(%e,drbtﬁﬂ om
stin

the group con5| 1, m xtures thereof; ngnd f
0-3, and Mutoss, a]RusnRr’anmQQR bwh@ﬂn GPM Exlé%lda?u)’ 3 PR Pnr ‘85% ew s

aci ds incl ﬁ%‘grgjt {éiémggtnhle)%é thfdé”MEAmon atthst 6 Bt B¥hatd BdredamBon dhditdd Waving

al um num c alum num dinethyl alumnpum chloride,
met hyl al ubktwem Hihbtoni # carben dteyaty 0t il individvally &h Bt oF Snd BUtelprted BG Hium

CLZORY o8 LALLM P B ok bt
from 0.5 to 56; nis 0, 1, or 2; p ranges from 4 to 116; q ranges from 2 to 85; and r ranges from
0.1 to 1.9. In some preferred embodiments, 1 ranges from 0.1 to less than about 0.5.
[14] In some embodiments, composiions herein further comprise a mixture or
reaction product of 2 Lewis acid with the catalyst precursor composition or catalyst
25  composition. Some suitable Lewis acids follow the formula RMXs.; wherein R 1s R' or OR’
or NR'; wherein R' is a substituted or unsubstituted aliphatic or aromatic hydrocarbyl group
containing 1 to 14 carbon atoms, X is selected from the group consisting of Cl, Br, 1, and
mixtures thereof; and g ranges 0-3, and M is aluminum or boron.
[15] Exemplary aluminum-containing Lewis acids include tri-n-hexyl aluminum,
30 triethyl aluminum, diethyl aluminum chloride, trimethyl aluminum, dimethyl aluminum
chloride, methyl aluminum dichloride, triisobutyl aluminum, tri-n-butyl alwmninum, diiosbutyl

aluminum chioride, isobuty] aluminum dichloride, (C;Hs)AICL, (C2Hs0)AICL, (CsHs)AICL,



-5 (CBH50) Al A 2, (C6H13O) Al C 2, and conbi nati ons thereof. Exenplary
boron-containing Lewis acids include B 3, BBr3, B(C2H5)d 2,

B( OC2H5) O 24w BhbfedtH) 2C , B(C6H5) A 2, B(OC6HS) A 2,  B(fufiAls3dGhRioos
B(OC6H13) Cl 2 and B(OC6H5) 2Cl, and comnbi nations thereof. [16] Wile any
cocatal yst may be used, sone suitable cocatal ysts herein followthe 5
formula Al X d(R')cHe wherein X is d or OR'"', R' and R'' are
individually Cl to Cl4 saturated hydracarbon radicals, dis 0 to 1.5, e
is 0 or 1; and c+d+e = 3. Exenplary cocatal ysts include Al (CH3) 3,

A (o1 3) S i B S CRat k) - A corbi CRLLD
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percent of one or more comonomers. Preferred polymers have a density ranging from about

0.88 g/cm® to about 0.98 g/em”.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[20] FIGURE 1 illustrates solubility behavior of MgCl; solutions for three
ernbodiments of the invention in THF as a function of alcohol content and solution
temperature.
[21] FIGURE 2 illustrates the solubility profile of several embodiments of the
25 1nvention as é. function of temperature, MgCl; concentration, and alcohol:Mg ratio THE.
[22] FIGURE 3 illustrates the structure of an exemplary magnesium hahde-
containing catalyst component.
[23] FIGURE 4 illustrates the thermogravimetric analysis (TGA) behavior for
embodiments of the inventive catalyst component.

30 [24] FIGURE 5 illustrates a fluidized bed reaction system useful in embodiments of

the invention.



[ 25] The supported catal ysts herein include a porous inert support
conposition; a mxture or reaction product of a magnesium halide, a

sol vent conp@iadlsneddtz €l ectron donor conpound in addi tpomszmsbhesssol vent ,
and a transition netal wherein the netal is a Goup 3-10 5 or Lant hani de
el ement; and a cocatal yst conposition. The supported catal yst conposition
is substantially free of other electron donor conpounds and the nol ar
ratio of the electron donor conpound_iga nmagnesiumis |ess than or equal
to 1.9. [26] In the follow ng description, all nunbers disclosed herein

are approximte values, rg Cﬁm%tﬁﬁEMENm “about" or

"approximately" is used in connectl on 10 therewith. They may varg by up
to 1% 2% 5% [zsn sﬁmmmdr@tab@tsm%n Wpladrey EProgs FﬁﬁﬁéPPR“é‘l CPPEERHI% h a
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R-RL+k*(Ru RL), wherein k i.s a v ri,a gi h a
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i ncl ude any, &Eyht% ollfi8NE %n&%ahﬁ@ﬁgﬂla%tmﬂ\hbﬂo@ s@Wa so Sigd theﬂﬂtﬂnhty

possess el B¢ donor “characteri stics any reference herein_t d
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corrpos i oﬁg ?1ﬁa?ts§;§§5rﬁeél% ?‘ ° e of other electron donor
conpounds" defngd below, even when such so]vents have electron donor character. Exemplary electron

donor compounds include zlcohols, thiols, weakly donating amines and phosphines. As used
herein the term “substantiaily free of other electron donor compounds” means that other
“electron donor compounds,” as they are defined herein, are not present at concentrations

25 higher than lovels normally found as impurities in solvent-grade supplies of such compounds.
Thus, compositions having a solvent with electron donating characteristics and an “electron
donor compound” are considered to be “substantially free of other electron donor compounds.”
In some embodiments, “substantially free of’ means less than 1%, 0.1%, 0.01% or 0.001% by
weight.

30 (28] Useful solvents include any ether, ketone, or ester compound. While such
solvents possess electron donor characteristics, any reference herein to a “solvent” or

“golvents” does not include those compounds defined above as “electron donor compounds.”



i nclude one or nore "solvents." 129] As used herein the term"ether" is
defined as any conpound of the formula RO R, where Rand R are

substi t ut edwqf ,obapbdast i tut ed hydrocarbyl groups. |In soper/eas@sivl and 5
R are the sane. Exenplary, but not limting, symetric ethers are

di et hyl ether, diisopropyl ether, and di-n-butyl ether. Exenplary
nonsymmetric ethers include ethylisopropyl ether and nethyl butyl ether.
Exanpl es of suitable substituted etherg_nclude, for exanple, methylallyl
ether and ethylvinyl ether. In still other enmbodinents, Rand R may form
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[31] Useful ester solvents include any compound of the general formula

R(C=0)OR’. In such compounds the carbon atom of the carbonyl group forms one bond to a
carbon atom and another bond to an oxygen atom. R and R’ are individually selected from
substituted or unsubstituted hydrocarbyl groups and may be the same or different. In some
25  embodiments, the ester include alkyl esters of aliphatic and aromatic carboxylic acids. Cyclic
esters, saturated esters and halogenated esters are also included in this group. Exemplary, but
non-limiting, esters include methyl acetate, ethyl acetate, ethy] propionate, methyl propionate,
and ethyl benzoate. Again, specifically enumerated compounds are intended only as examples
of types of compounds that are suitzble. Any compound meeting the general formula

30 R(C=0)OR’ functionality is envisioned.
[32] Any suitable solvent may be contacted with the magnesium source by directly

mixing as magnesium halide with the solvent. In some embodiments, the magnesium halide 1s



Useful sources of the halides are nmagnesium halides, such as Myd 2,
MyBr 2, Myl 2, or m xed magnesium halides such as Mg 1, Md Br, and
MIBrl. In sQeiediments, the magnesium halide is aecieg2t0/0tb@ sol vent
i n anhydrous form In other enbodinents, the 5 magnesium halide is added
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PCT/ US aratro el ectron donor to magnesiumthat is glreat er
t han about tHanOqnesydtpxais (Gibofanctionglity e gpordmates to the magnesium atom In sofution

Exemplary such alcohols may include methanol, ethanol, propanol, isopropanol, and butanol.

Alcohols containing a longer chain aliphatic group such as 2-¢thylhexanol or 1-dodecanol also

form solutions in which the solubility of the magnesium halide increases with temperature,

25 Alcohols with more carbon atoms are also useful. The alcchol may also be a cyclic alcohol
such as cyclohexanol or an aromatic alcohol such as t-butyl] phenol.

[35) In some embodiments, the ratio of electron donor compound to magnesium

added to the solution is less than or equal to about 1.9, less than about 1.75, less than 1.5, or

less than 1.0. In other embodiments, the ratio of electron donor compound to magnesiwn 15

30  less than about 0.75, less than about 0.5, or less than about 0.25. In still other embodiments,

the molar ratio of electron donor to the magnesium is about 0.1. Other embodiments may have



2.1, about 2.2, about 2.5 and about 3.0. [36] The addition of small
anmounts of one el ectron donor conpound to m xtures containing the

sol vent and g sRgiRest,um hal i de produces a nmagnesi um coptRIIHI3H21906
conposition 5 whose solubility increases with tenperature whose
solubility at the boiling point of the solvent is relatively higher than
t hat of nagnesi um hal i de/ el ectron donor adducts where no electron donor
conmpound is present. It is believed that. the addition of small anmounts of
one el ectron donor to the solvent in the presence of a magnesium halide
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having a fatja of8hhanghest. Oh@@ﬁ@@ﬁbﬂ%ﬂﬂﬂo&u@b@@hs £bobt ($|l'l,0)l\25l‘, bator DHe The
solubility of magnesiumat 15C the is about

| /
sol ubi 1§ t ysodbilitaghtbedesnyciss [zereradly m%Feé&%‘éée“éI?mFH% %ﬁlﬁée‘%io Vregt is %HFT eases

up_to abou e Lk NRGANGRAL FAtht QFulén FBgBeSbumfive tBadsufighen thas iabout
1.75 nol eéoln?%%am ifsem %ﬁs} nperature i s incr eased above 30C, the

sol ubi I i tyccnmmbh%hlun@tlmngamIﬁlyﬁtff@@b%ﬁgﬁlw until the boiling point is

reached. [ 38] ur | hensel Hbinkdilnt ARRaY saditioad as a
m xt ures havi n bg rgﬁmai ?Bs%écsgﬁé)gﬁ%bgﬁyng I’IIESI umpétnhallt is aboglt p%ﬁs} At 25C

the concenfumatignonf cbmpages inutstshekselitan | spd\WD 2ir9BPl00 745 Figurq s
2003/ 02}:6 gocomposmons having no alcohol generally have a solubility of magnesium halide that increases

from about 0.5 moles magnesium per liter to a maximum of less than about 0.65 moles
magnesium per liter at about 30°C. Above 36°C the solubility gradually decreases unti] the
boiling point of the solvent is reached. In contrast, mixtures to which an alcohol, such a
ethanol, has been added have a solubility of magnesium halide that does not decrease as the
25  temperature is increased up to the boiling point of the solvent. For instance, mixtures having a
ratio of ethanol to magnesium is about 0.5 show that the solubility of magnesium at 15°C the is
about 0.75 molliter. The solubility of magnesium chloride increases as the temperature
increases up to about 30°C where the concentration of magnesium in solution is about 1.75
moles/liter. As the temperature is increased above 30°C, the solubility remains substantially

30  constant until the boiling point is reached.
[38] Figure 1 also illustrates the solubility behavior of mixtures having a ratio of

alcohol to magnesium that is about 1. At 25°C the concentration of magnesium present in



solution is about 0.5 noles/liter. However, the concentration increases
to about 2 noles/liter by the tinme the tenperature reaches about 55C and
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solubility of the magnesiumincreases as a function of tenperature up to
the boiling 5 point where the value is about 1.75 noles of magnesi um per
liter. [39J Figure 2 illustrates the sehubility profile of several
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i ncr easi ng&ﬁ(ﬂf’%&i rg}tlﬂgpsuggegif; s 1 hat scmal I1 armant s0 of added p)I%&-l
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tenperature needed. Data sets 220-260 of Figure 2 indic

te that fo
gi ven 281 ceislof t Ragisae LiaM ak pet ricr BASE Ty Wﬁ@?‘éﬁ{?@?ﬁ‘?&r v§ %atn.ggéle.g t he
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al cohol : magnesi um nol ar ratio of 0.5 have a WO 2004/ 007572
PCT/ US2003/62886860n of about 0.75M at about 47°C and 53°C, respectively. Thus, data set 210
indicates that mixtures with higher alcohol:magnesium ratios tend to be less soluble.
[40] Thus, Figure 2 illustrates that smaller ratios ef alcohol to magnesium chloride
25  produce solutions with a higher concentration of dissolved magmesium. The decrease in
solubility with increasing ROH/MgCl; ratio suggests that small amounts of added ROH prevent
the formation of the polymeric MgCl(THF); adduct, and addition of larger amounts of ROH,
or additional alcohols, drives the solution towards less soluble adducts containing more ROH.
The ratio of ROH/Mg employed determines the maximum solubility can be reached and the
30 temperature needed.  Data sets 220-260 of Figure 2 indicate that for a gven

alcohol:magnesium ratio, increasing the temperature increases the amount of magnesium that 18

soluble. For example, solutions having an alcohol:magnesium molar ratio of 0.5 have a



concentration of magnesiumin solution of about 0.75M at about 15" C while
at about 20'C a 1.0Mconcentration of magnesiumin solution is

obt ai nabl e. wld AeyR3B: shows that at about 23'C the sanpcsgduionmoscan

di ssol ve about 1.25 noles/liter of magnesium chloride. Figure 2 also
shows that the, solubility of magnesiumchloride in such solutions also

i ncreases for 5 tenperatures above 30'C. For instance, solutions having a
- nmolar ratio of alcohol to magnesium.pf-1 show that at a tenperature of
about 35'C the solubility of magnesiumchloride is about 0.75Mwhile at
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m xtures o nmore | ndi vi dual conpounds. For exa% i n.one
@

enbodi aent the[421coffmrfemnqqﬁgtesdbwmsemg;le Rt lchre SREPPRHERShd
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i ndi vi dual d%p I'S envi sione | ong as the co 05|t|o t he
m xture as cﬁltfmb’rbhlelecule In this embod1ment the compound has two THE el ectron nor solvent

molecules bonded to the magnesium, as well as, two halides in the form of chlorine and two
alcohol molecules. Thus, the precursor has the formula MgCLROH,THF,, in which ROH is
25  isopropyl alcohol. Analogous compounds where ROH is ethanol can also be isolated. In this
particular embodiment, the structure illustrated is generally referred to as a trans-octahedral
magnesium-centered structure since ligands of the same type are related through a center of
symmetry on the magnesium atom. However, such a structure is not required for any
embodiment of the catalyst component. In other embodiments, the component may be
30  mixtures of two or more individual compounds. For example, in one embodiment, the

component may comprise a mixture of MgCl,ROH,THF; and MgCLROH; THEF3. Any number



satisfies the formula MgXx(ED)ySz where x is |less than or equal to 1.9.
[431 I n other enbodinents, the magnesi um hal i de catal yst conponent has a
formula acgediest? 5 MIX2(ED)ySz where y+z is | essdriaaenniggual to 4
and y is less than or equal to 1.9. In those enbodinments where y+z is

| ess than 4, the catal yst conponent may be considered sol vent deficient.
These conpositions nay also be referred to as non-stoichionetric
conposi tions. These conpositions nay-be-obtained in solid formfromthe
fully coordinated Mg 2( ROH) 2( THF) 2 or other 10 MygXx(ED)ySz conposition
by heat i NG, @Ak BEmpRHCE GnREiBSE Ub GongQls (EOEHRipatitosthe nittatehes af wible
Figure 4 illustrates therpogravinetric, an IysisﬁiTCﬁ% nmeasur enent s
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measured. I n periods where the sanple 1s |osing nmass, the tenperature

ranp was ek¢anfingtoed until no further weight |oss was neasured. 15 As
Figure &4 indicates, nost of the sol vep%xg@@)xglzcohol can be stripped off
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enbodi ”E”t\%etreh%zcia al %Sa,h L AINANCH L TBYeRANE, Be chOREEL BN dnY GlakieHN SRl at ed
and pol yneritc, At her thah a nonomert c, structure. [451 In form ng!_ a
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titani um source. . Suitable. nesi u nent: i A gﬁﬂj £qpendi ng
appl i cati df¥ ﬁ?/ Obtéﬁliﬁéﬁgrsahgﬁ‘g‘%%ﬂ%%ggfwg 0?&%%?{ ﬁggjclfﬁg%n% ncggo
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by reference; ?ébr ay = BB W?%f"i’%ﬁm&a é%g%g%‘ﬁdﬁl%%%%%?zsatl on
Processes t#ptioyion@f METROH)(THE,. 0 MGiuhyashsmeRO02re nadoatpohetingl riepki n

by reference; and "Spray-Dried 25 Po rizatio tal yist . an .
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are soluble in the solvent may i

SO be used as a ource of tr ition t al
for the cabaFimte 4 casameittSf Bt suvent ank pleshon °oe %Fm%er‘?p%ﬁﬁ’?ﬂ%ﬁ?mgnrﬁg% ure
of transi téoﬁisboéfﬁ&@!o RATPOBC Swith AR df ih8 TRIFaRGlEduRg beiag RksySiks folbeedibsiots may
vary w del O depending on the type of cat arlgg/st defi red. In so
enbodi nent 8Htasd giswat) ol'ye iHaghe STHPAImERSS e LAEF) GPAEE F“agg‘%eoﬂnd
may be as wogiiﬁ?]a%e@hﬁéa&ué@anerpafyﬁéﬁdglrayheab@m miRorh@icalaire30. I n  other
enbodi ments, the nblar ratio of magnesiumto transition netal Icﬁarq’)iﬁﬁgd is

a 1

as | ow as WO 2065/ 087 S7RIRCTFUSE GFLUTOD & 2B LI HERROTGN 35 CHY
ol ar h@ti sl JIRGDE ]|l RadhbARs bdrhRRediBhldiscorraaH Rebeabing BfpNcatidnt By

Burkhard E. Wagner, et. al. entitled “Enhanced Solubility of Magnesium Halides and Catalysts
and Polymerization Processes Employing Same”, filed on July 15, 2002, incorporated herein
by reference; “Spray-Dried Polymerization Catalyst and Polymerization Processes Employing
Same”, filed on July 15, 2002, incorporated herein by reference; and “Spray-Dried

25  Polymerization Catalyst and Polymerization Processes Employing Same”, filed on July 15,
2002, incorporated herein by reference.

{46] Transition metal compounds that are soluble in the solvent may be used as a
source of transition metal for the catalyst. The quantity of a transition metal compound or
mixture of transition metal compounds, used in preparing catalysts precursors may vary widely

30  depending on the type of catalyst desired. In some embodiments, the molar ratio of magnesium
to transition metal compound may be as high as about 56, preferably about 20 to about 30. In

other embodiments, the molar ratio of magnesium to transition metal compound is as low as



about 6 where the transition netal is titaniumare preferred. [47) In
still other enbodi nents, the titanium nmy be supplied by a conpound
having a gepgs@loedhormul a Ti (OR)aXb, wherein Ris a Clpdpuiddioadebgohatic
or aromatic hydrocarbon 5 radical, or COR where R is a C, to CA

al i phatic or aromatic hydrocarbon radical, X is selected fromthe group
consisting of d, Br, I, or mxtures thereof, ais Oor 1, bis 2to 4
inclusive and a+b=3 or 4. Exanpl es of-13eme suitable titani um conpounds
i nclude, but are not limted to, TICA3, Tid4, Ti(0OC6H5)C 3,

Ti (OCOCH3) ﬁlo&t @Bd GEn&r@0R0HS )ridlod of InRg®eiuR 16 faat ofBndts compaad tdf et 3
conpound may used while in others the titaniumsource may be one or
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to the reactroh m Xture at any conveni ent I n ot her enbodi nents,
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cat al yst precursor has a fornu I'owi ng the genera
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where each™® y an-a |phat| C hydrocarbon ra avi ng
bet weeno one;fﬁfedt afaaium doﬁtmrg)mm;aum Rﬁga]alﬂessanbﬁntsocrchy:ﬂ m()malrrbohmra:adie cal

havrng bet one a 14 car bon s i ndividual Br,
", 0 R i it of B v e e mip sio RS ShisHE* ieliote g
of aI Kyl esfgagesitmad mhlafm of abeud Oario medut ¢.0cabobolXy kd dbosci. @ show 5i0phabduc

et hers, cy c ethers i phatic ketones, in ranges fromO0.5 to 56, n
is 0, 1, %E %’F‘alr?g%‘g $$'0m4 to 116, q ranges from2 to 85, and r

ranges from 0 1[48p JIhQ htdnﬁmS@cmB:eaﬂi}O'ﬁﬁ fRiad 89 thefreactibre mibouraat any cdriveniéit 25,
0.3, 0.4, Q.5 1.5 or. 1,.75.,.[49) Catalyst

conpositti oﬂ"snearl‘é Ogﬁﬁflﬁlé"cdé‘ﬂer\}ﬁ I HApyE 6%%“16%3?‘%’ ‘E%B’ﬁ%'}—ef‘“%‘} al ?‘?#J%{ec on
supported @énor BRERUAALAE bt AUSH tHY RS Of soRREADSditieOn,. thel yapil wapreyursdr
solution contajning the mx ure %ﬁ rea ti on product of the

magnesi um F%PE’QSE‘OEB?F&O@F’HI%W lowaet ée%eﬁa £#¥24M um source is contacted with

the support material. Suitable suppEROSHAIB(CROIN K], particul ate conpounds
or corrposrtr ons which are inert to the other congone% of t he cat aI%st

conposi t i oWheERPH &  linsargr freanchd picgle! daipp prEweea o PR SPIOGR 20
I n somegenhogh RIS, wi 0P A1 Q0AEViduRGbh UERANBSHRRIARMEN Tddical RerimpURpaEt 1S

an inorgani c compound such as, but not limted to, .oxides of transi téon
met al s, one and about 14 carbon atoms or an aromatic hydrocarbon radical having between one an

about 14 carbon atoms, X is individually Cl, Br, or . In the formula, S is a solvent selected
from the group consisting of alkyl esters of aliphatic and aromatic carboxylic acids, aliphatic
ethers, cyclic ethers, and aliphatic ketones, m ranges from 0.5 to 56, n1is 0, 1, or 2, p ranges

25  from 4 1 116, q ranges from 2 to 85, and r ranges from 0.1 to 1.9. In some embodiments, of
the formularis 0.25, 0.3, 0.4, 0.5,0.75, 1.0, 1.25, 1.5 or 1.75.

[49] Catalyst precursor compositions are contacted with a porous inert support to
form a supported or impregnated catalyst precursor composition. Typically a solution
containing the mixture or reaction product of the magnesium-halide composition and the

30  titanjum source is contacted with the support material. Suitable supports are solid, particulate
compounds or compositions which are inert to the other components of the catalyst

composition, and to the other active components of the reaction system. In some embodiments,



silicon, or alum num and nol ecul ar sieves, as well as organi c conpounds
such as porous polyners. Conbinations of support conpounds are al so
suitable. THe syReRs: My be used in the formof dry pmaveessohesi ng an
average particle size of about 1 to about 250 m and 5 preferably of
about 10 to about 100 mfor gas phase applications and about 1 to about
100m for slurry applications. These conpounds are al so porous and have a
surface area of about 3 to about 500.#®/gram a pore volune of about 0.4
cc/g to about 4 cc/g and an average pore dianeter of greater than about
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a support et™ KP6Sitions wth a magnes
In some embodiments, the supported catalyst precursor may have charactensncs oT a mixture

of crystalline, phases, amorphous phases, or have characteristics or a mixture with crystalline

25 and amorphous components. Average particle size of the supported catalyst precursor

composition is generally determined by the particle size of the support, indicating that m at

least some embodiments, the solubility of the magnesium halide was not exceeded and that the
catalyst precursor composition is impregnated within the pores of the support material.

{51] Generally, the ratio of precursor catalyst composition to support material 1s

30 about 0.1 to 1, and preferably about 0.1 to 0.5. Further discussion of impregnation of solid

supports with catalyst precursors is to be found in US patent 4,302,565, which is incorporated

herein by reference in its entirety. The ratio of precursor composition to support material



concentration of greater than about 0.75 nmol of magnesi um per gram of
catalyst. In other enbodinents the magnesi um concentration may be about
1.0 mml/gr?@m@‘p,@gtn 1.5 nmol/gram about 2.0 mol/ grigmugiooadss 2. 5
mol / gram of catalyst. In other enbodinents, 5 the nagnesium
concentration may be about 3.0 mmol /gram about 3.2 mmol /gram about 3.4
nmmol /gram 3.6 nmol /gram or about 3.8 mmol/gram O her enbodi nents may
have hi gher concentrations of magnesiym 1521 In sone enbodi nents, the
supported catal yst precursor is nodified with at least one Lewis acid or
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(53] If desired, supported catalyst precursor composition may be added to the inert

solvent to form a slurry before the Lewis acid compound(s) is dissolved in the solvent.

Alternatively, the Lewis acid compound(s) can be dissolved in an inert solvent before it 1s

combined with the supported catalyst precursor composition. This technique is particularly

25  suitable when a gas such as BCl, 1s employed. Alternatively, if desired, the Lewis acid can be
directly added to the dry precursor composition.

[54] Generally, useful Lewis acid compounds bave the structures R AIX, and

R‘:,BXHg where R is R’ or OR’ or NR; and R' is a substituted or unsubstituted aliphatic

hydrocarby! group containing 1 to 14 carbon atoms, or a substituted or unsubstituted aromatic

30  hydrocarby! 1adical containing from 6 to 14 carbon atoms; X is selected from the group

consisting of Cl, Br, I, and mixtures thereof; and g in each case is 0-3.



met hyl al um num dichloride, triisobutyl alumnum tri-n-butyl alum num
diiosbutyl alum num chloride, isobutyl alum numdichloride, (C2H5)AICl 2,
(C2H50) Al Ol @ fRlR¥A O 2, 5 (C6HBO) Al Cl 2, (C6HL30) Alxgrais@brckiddee
correspondi ng brom ne and iodine conpounds. [56] Suitable boron halide
conmpounds include BA 3, BBr3, B(C2H5)d 2, B(OC2H5)d 2, B(OC2H5)2C ,
B(C6H5) C 2, B(OC6H5)Cl 2, B(C6HL13)d 2, B(OCGH13)CI 2 and B(0OC6H5) 2C .

Brom ne and i odi ne-cont ai ni ng congener $gof the above-listed compounds may
al so be used, The Lewis acids can be used individually or in conbinations

thereof. 10 [5{dsFustiner debRi Lad CORGRIMGhchRW &-AGEHS WinGAAr icthyl
sui table for t@e5 plrj%éent purpose can be found in US atents 4, %?4 009

and 4, 379,aR68nwhi dlethalt elumiesr [sbioade drimethy plumpim, s bl PRy i, The
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20 outside the polynerization reactor. with Cocgfft?ﬂ ¥§ S@ %Onﬁsaﬁl%pn
slurry. ThI?@CpHs)n@mBrmaac.a%}%\ﬂqdaﬁ'cr)%tmalaﬁP&‘?%&Pefs & OVSr%lt PHg
supported gatal vsi Rk e S0ks %ﬂfﬂ@‘a&dﬁﬁcﬁ‘&ldm&&ﬁf‘l@mbﬁa&ﬁa fleest . the

hydr ocar bon sol'Vent 'S renove ng and the catal yst conposition can
be fetto the [l yherticr ateiain corsamingr Leye rasids iehiehe @ioy sitiabls fos hoRisFSt ed

Wi th additional f EnLOSRLBE Ythich dkdlinbdBorhtc Béreifitirge
t he supporlf R ata e;kg dplge%s tssﬁgsﬁ?gbact ed wth t hce 25mcogat alyst to

provi de aﬂtmkamrctatlo of Al: T| of about 0.1, 0.5, 1, 2, 5, or 6. In sone
enbodi nent s, ggﬂ *]V%%ﬁlgfnt Qarrrg,leg{lpgmedl Ehtzﬁyslf'yﬂécg%@f BOnce50H WA an

foll owed by dr ture, to renove the solvent, at a
t enper at ur ﬂ;ngitomocitﬂ&st Tzﬂpal@(}cm&lalgm BV thel ol ABC dRBIdi Wese X 151{d o

t emper f.han. 7 r loves-Rag g i al
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activati onorp1r aaedutie = 30Eganilirs chaatalystondida o hadHCah):, PCHHN sbife
enbodi nent spec| ose | th ]l _yst y
acti vat ed, éﬁﬁgr ti on @1] h§b{({]\fat opﬂd%gzglhd ;%ellﬁ”aﬁfgg Bddéd to ‘fhe PRRCHAH,
pol yner i zal\l(@EHsl)zQGCHQD ot mixftured heeoMND 2004/ 007572 - 17 PCT/ US2003/ 021906
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catalyst or th
20 outside the polymerization reactor with cocatalyst in & hydrocarbon slurry.  This partial

activation is optional. After contacting the supported catalyst precursor composition with the
cocatalyst, the hydrocarbon solvent is removed by drying and the catalyst conposition can be
fed to the polymerization reactor where the activation is completed with additional amounts of
any suitable cocatalyst. In the first stage the supported catalyst precursor is reacted with the
25  cocatalyst to provide a molar ratio of ALTi éf about 0.1, 0.5, 1, 2, 5, or 6. In some
embodiments, the activation is carried out in a hydrocarbon solvent followed by drying of the
resulting mixture, to remove the solvent, at a temperature of at least 20, 30 40 or 5¢ °C. In
some embodiments the temperature is less than 50, 60, 70 or 80 °C. Another alternative partial
activation procedure is described in US 6,187,866 in which the partial activation procedure

30  occurs in a continuouns fashion.
[60] In some embodiments, especially those in which the catalyst has not been fully

activated, additional activator compound can be added to the polymerization reactor to further



catal yst precursor conposition and additional cocatal yst are fed into the
reactor by separate feed lines. In other enbodinents, a mneral oi
suspensi on @hbfimeRA tially activated supported cat alpystusaunsgozidhe
cocatal yst are supplied in one feed |ine to the reactor. Alternatively, a
mneral 5 oil slurry of the precursor conposition can be treated with the
activator conpound, and the resultant slurry can be fed into the
reactor. The additional cocatal yst nay7be sprayed into the reactor in
the formof a solution thereof in a hydrocarbon sol vent such as
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copol yrer i §<§H 3 %0 %t Ny kO sidMchl &dubite oE8ctiratt edmpmnd sddsd to als: rfewtor
exanpl e, f ut ene, hexene, 4-methyl-1-pentene, and 1-octene, may al so

be perlbor fthepBtivite FheémmﬂFQﬁ,ﬁFﬂ@t of the inventive catal ysts. Hi gh density
pol yet hyl ene ( E) nlﬂ@%éﬁ@()f%@%ﬂaty)ﬁs B&EH&HHU&W@&&Y(bNDRE)m saimcbn) dlwreear | ow
density pol yethyl ene (LLDPE) may be prepared. % rnli!a conédl puous, gas
phase progesshast helypenaaties| §u]1§’91’t%d0‘?"?&lﬁfse4€9°”§6@ PRAE Y prel R ST

conposi tiQ UQUSa¥hef 18 Cark Oculthie kRRGEHRE., MM iohxedtxﬁbﬂd&ﬁ@tspewcﬁu ons
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- 18 PCT/ LﬂSRﬂz@c?:ﬂl@@Q@@le[ @B hativgiolivalr 3t AgempmatEdeiovoivel &y g jrs
conduct ed b&&lly solu Gh e 8?8?8}15 MQfsupportcd catalyst. Slurry phase processes suited for

ethylene homopolymerization and copolymerizations of ethylene with Cs to Cg a-olefins, such

as for exanple, 1-butene, 1-hexene, 4-methyl-1-pentene, and 1-octene, may also be performed

75 with embodiments of the inventive catalysts. High density polyethylene (HDPE), medium
density polyethylene (MDPE), and linear low density polyethylene (LLDPE) may be prepared.

[62) In a continuous gas phase process, the partially or completely activated

precursor compositions are continuously fed to the reactor, with discrete portions of any
additional activator compound needed to complete the activation of the partially activated

30  precursor composition, during the continuing polymerization process in order to replace active

catalyst sites that are expended during the course of the reaction.



ethylene, in a gas phase process, such as in the fluid bed process

descri bed bel ow, and substantially in the absence of catal yst poisons
such as moighUtRmeR¥Ygen, CO €02, and acetylene witpcanvsabalydoscal |y
effective anount of the conpletely activated precursor 5 conposition (the
catalyst) at a tenperature and at a pressure sufficient to initiate the
pol yneri zati on reaction. Enbodi nents of the supported catal yst are
suitable for the polynerization of C2x8C6 ol efi ns including honopol yners
and copol yners of ethylene with a-olefins such as 1-butene, 1-hexene,
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to achieve F? di zati on, Y. Wn and Y. H _Yu, "Mechanics of
Fl ui di zat i on, %enﬁ\éaadmth@rﬁ@aw HSePrap Prued &y A5 pRTse RPIRFREECN \Jpd 62

p. 100- 11%ed 166N sylsiemS QR aeiRedi iiRehs i 9.4 eudBSRoPas0f benaddad, €7d,891. 5,
3, 5 7 or 10 times Gif. The bed is prepared to avoid the formation of

| ocal i Ped WSt 21§ jBsasporalei hersinehit Feipensadn dnedt FRIBERe HRWSYSRLRT EQvav@ce.

catal yst mAroyahondest-R@xEBAGY RN Fe@NeictoPysthPhhich!Ban kd\@ed fGkHRMARNE 1S
usually charged with a base o particul ate pol yner particles before gas
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The partiall'y or conpletely activated precursor conpound (the catalyst)
used in tiyeugh the wvé@a zpned The massepefaphiale throgglede best is gwlfigiertdor figzation.

reservoir m%slﬁ@gﬁﬁ it ale&e@{éh%nnois 11 a88keviation for the minimum 1mass gas flow required to
achieve fluidization, C. Y. Wen and Y. H. Yu, "Mechanics of Fluidization," Chemical
Engineering Progress Symposium Series, Vol. 62, p. 100-111 (1966). In some embodiments
)5S  the mass gas flow rate is 1.5, 3, 5, 7 or 10 times Gpy. The bed is prepared to avoid the
formation of localized "hot spots" and to entrap and distribute the particulate catalyst
throughout the reaction zone. On start up, the reaction zone is usually charged with a base of
particulate pelymer particles before gas flow is injtiated. Such particles may be 1dentical in
nature to the polymer to be formed or different therefrom. When different, they are withdrawn
10 with the desired formed polymer particles as the first product. Eventually, a fluidized bed of
the desired polymer particles supplants the start-up bed.



which is inert to the stored material, such as nitrogen or argon. [66]
Flui di zation is achieved by a high rate of gas recycle to and through the
bed, 5 typjyeahddoish the order of about 50 tines the ratraisofséesd of
nake up gas. The fluidized bed has the general appearance of a dense
mass of viable particles in possible free-vortex flow as created by the
percol ati on of gas through the bed. The pressure drop through the bed is
equal to or slightly greater than thelyass of the bed divided by the
cross sectional area. It is thus dependent on the geonetry of the
reactor. 10 [67ds)Makig: ppriia%r tsndQee cqaivhtysd bReurko cbﬂﬂﬁonﬂé@!th&batﬂyﬂhﬁsed equal
to the rate at. which_  particul ate poly product. W, t hdr a
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has been obEEPYH a0 oR¥e Beprm e &g af’b‘ie fizpgdhedstoerature  of the
recycl e gas abqu® thhs phebh @ﬂlﬂeég‘ﬁﬁﬁtrdmfn Wiih bee nzorRecttio tivpled cohstiowestbe m t 0
the tenperature of .the remainder

he bed thereb taining itself
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recycle line. Where desired, the tecycle gas may then be passed through a pr eliminary heat
exchanger 24 designed to cool small entrained particles to sticking in the downstream heat
exchanger 26.

25 [70] The recycle gas is compressed in a compressor 25 and then passed through a
heat exchanger 26 where it is stripped of heat of reaction before it is returned to the bed. By
constantly removing heat of reaction, no mnoticeable temperature gradient appears to exist
within the upper portion of the bed. A temperature gradient exists in the bottom of the bedina
layer of about 6 to 12 inches, between the temperature of the inlet gas and the temperature of

30  the remainder of the bed. Thus, it has been observed that the bed acts to adjust the teroperature
of the recycle gas above this bottom layer of the bed zone to make it conform to the

temperature of the remainder of the bed thereby maintaining itself at an essentially constant



upstream of the heat exchanger 26. [71] The fluidized bed contains
grow ng and forned particul ate polyner particles as 5 well as catal yst
particles. Wy hilgeRe ymer particles are hot and possi lviceaotsaegost hey
must be prevented fromsettling, for if a quiescent nmass is allowed to
exi st, any active catalyst contained therein may continue to react and
cause fusion. Recycle gas is diffused through the bed at a rate
sufficient to maintain fluidization atzgt-he base of the bed. The
distribution plate 20 serves this purpose and nay be a screen, slotted
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0

the recycle I'ine stream from the heat exchanger is thus, preferred,
as from dikperssar asgmo}ehlflgu‘gﬁgmiqq@roipA_cham transfer agents to increase the me mdex

values of the polymers that are produced. From about 0 to 50, and preferably about 20 mols to
about 30 mols of the Zn compound (as Zn) would be used m the gas stream m the reactor per
motl of titanium compound (as Ti) in the reactor. The zinc compound would be introduced into
25 the reactor preferably in the form of a dilute solution (2 to 30 weight percent) in hydrocarbon
solvent or absorbed on a solid diluent, such as silica, of the types described above, in amounts
of about 10 to 50 weight percent. These compositions tend to be pvrophoric. The zinc
compound may be added alone or with any additional portions of the activator compound that
are 1o be added to the reactor from a feeder, not shown, which would feed the compound to the

30  hottest portion of the gas recycle system, such as adjacent to feeder 27 disclosed herein.
[74] Any gas inert to the catalyst and teactants can also be present in the gas stream.

The actjvator compound is preferably added to the reaction system at the hottest portion of the



[ 751 To ensure that sintering does not occur, operating tenperatures
below the sintering tenperature axe desired. For the production of

et hyl ene ho%%‘{d)(, kS, an operating 5 tenperature of prhfAMiodfiet 0
115" C. is preferred, and a tenperature of about 90'C to 105 C. is
preferably used to prepare products having a density of about 0.961 to
0.968g/cc. [761 The fluid bed reactor is operated at pressures of up to
about 1000 psi, and is preferably operated at a pressure of from about
150 to 350 psi, with operation at the higher pressures in such ranges
favoring heat transfer, si i I 8hLd RGF 8aB8Sedihautini t
10 vol urrereﬁéciff gaééggag't@dﬁggg'?ﬁg%géﬁfﬁ]gdbr%ggéﬁf??ﬁall ly or coﬁrr%l etely
act i vat edppfegediras 6omclnpposi 27 teuglslinedjécted into the bed at a rate equal
to its consunption.at _a point_.30.whi ' % e d] bt ihelwphat e
20. Prefer abl[§/’,,5]t 8 @§ It%}%t Suﬁgnn@ii%gtﬂgg og(ft?ﬂag%%#ﬁ% qg%%{;éetgt he _

di stri but jieRripd t@eratrsSiradesireh & od itegiraiselibn of gthaleps hanepobmitisg bt GPeENE ve,

injection of the fully activ .catalyst into the 0 -

di st ri but Iswersiuas of ey 38a‘§1?ﬁé%f%?§’iéf WQF‘BP%%&C%EC e“?gd g‘ﬁ"aﬁﬁgﬁg ual |y
cause pl Ug&k&&lﬂse&tbepreﬂ}ﬁrsdub@mmﬂg pleatiey of kbjue 06 DI (L9tBgct he vi abl e bed,
instead, alds 1'n distributing the catal

> st throughout .t he d .and, t ends
to preclude thE6F orlRatiuishbesiresctys 4F PREYCEHATESYFS ﬁ'?@ntoczgp% gp@? Bsi2Bh i

concentr ab}e?é?ab‘i‘{f/‘kfé?atg@a{t 4 tlde dMHrdahBookhio 1 TBdoi B0 i, withajpeapiat & the REBF A
gas which“is inert to the catal yst such as m_trpge_n or ar?non rfaﬁ be.tused
to 20 capregsurdsan pechtrpngies {avernecisaipradsien oo 88 RCEFHPSETES BB 65 1 on,

and any, addjti | L1 yatof,s conpound that is needed, into the bed.
Alter Eéti gg#“%/n,e(ﬂgﬁrﬁp%t&yraeﬁ%féagol vents, such as isopentane, . F

.. pentane
hexane, or thelm kélhempayiaBeonepotbleiely B@iVAFEPrepBIOr CHFRISORLS 1 eé?ét"ﬂto s

slurry fo N 1d Q Y i€ 4 {US St 190 vRBEH HNBEeQRe WistiButidigplgars.i er .
[ 79] The %rgao Wt aieo?qurglgfjremocfoggtuﬁ@tl%g(aj i}g(g%ontrol | ed by the ratgl of catal yst

i nj ect i on Préflrebly2be gatavti it injested aitacpoira podye terfisdndienPBiF siSHSE (Peideredsi ng
the rate of catalyst injection. CE1625801cBYeals BTN el i Bedive tef
cat al yst icﬁag’% ia{)éln.ﬁlg]flggifg%‘i’ ﬁ@gbt]gﬂgrf]é}%sﬁig The rate of catal yst _i nj.ection
changas t kestilatien plite geyerst pomefizatipthie bagia thersfang ggatuabncauphiiug %t ur e
of the recycl.e.gas,is i q Wy dewayar;gsit istidGa@nredakgsit he
change indalsi?bémg? Pt %gl%ér{\%%’gﬁ"gﬁ%&r%?s i hsur es the mai nt eggnpe of an 30
essent i al liyrocghost matbed enpesnds tr ereilnde e fomutioTsfsicalized ispats PLREBACARIYSN of

both the fluidized bed and the Ql:{ing system is, of
cour se, né38’é%e§5?zt§?“twgmgé?agéfsu¥§nr'}lyth% go%géogtogﬁgnglﬁange in" WD 2004/ 007572

PC_T/ us2003/ _0219% -R%ai vich églins o t@ thetcotabysiadyble ay HGOESP FLEMD TBRY beeced 19
Gi ven Sot oY PR g conar EPgRi iy ReRies Pars R Ak e ®
compound that is needed, into the bed. Altematively, a mixiure of solvents, such as isopentane,
pentane, hexane, or the like, may be used as carier for catalysts present in slurry form.
Nitrogen may also be used in conjunction with the carTier.
[79] The production rate of the bed is controlled by the rate of catalyst injection. The
25  production rate may be increased by simply increasing the rate of catalyst injection and
decreased by reducing the rate of catalyst injection.
[80] Since changes in the rate of catalyst injection changes the rate of generation of
the heat of reaction, the temperature of the Tecycle gas is adjusted upwards or downwards 10
accommodate the change in rate of heat generation. This inswes the maintenance of an

30 essentially constant temperature in the bed. Complete instramentation of both the fluidized bed

and the recycle gas cooling system, is, of course, necessary to detect any temperature change in



essentially a constant height by wthdrawing a portion of the bed as
product at a rate equal to 5 the rate of formation of the particul ate
pol ynmer progyGhsnsdsice the rate of heat generation is pdiresbiminel ated to
product formation, a -nmeasurenent of the tenperature rise of the gas
across the reactor (the difference between inlet gas tenperature and
exit gas tenperature) is determnative of the rate of particul ate

pol ymer formation at a constant gas veloacity. 1821 The particul ate

pol ymer product is preferably continuously withdrawmn at a point 10 34 at

or close i l;ela%o\%h% Eﬁaﬂ!étth@%e?elt&tt@ mefle anditdble AHSHRAS (OMhe Wriparatur@of thion  of
the gas stream ich i1s vented before the particles settle to preclude

further potoyaegiszati on and sintering when the particles reach their
ultimate collegtjo ng..i EAG NGRS TRYE AliSPedIBedUS eithintaifd at
ment i oned abov@,11 t gﬁg% %gwt-gﬁgetz#gﬁupt ggf nQnensr eactor to another reactor.
1831 The pewbiialylaabestmohsigibypridduwing aspogiafedithediod sqPIagurt ahvh AHFBEIA t he
sequential, 1 ration.of a pai ' @SSP Dcheato Aehiidi BY
segregat i o4f rf‘gnogpfg .ath °f g“@%?@@%éjg{%n%} gﬁag%%ﬁu\{val ve 36 15 %peﬁéd to
emt a pl dgealy rgiakd anprofucd Gumbtidnoa trivesurnivet AfGhdiemperafird Hsephthe BpAPYRS36

which is then cl osed. ,Val ve IS | Luer Ci; to
an ext er ndh® r?aét@f)\f&ﬁydl g %fg‘fv?/eél ?ingsagﬁ %g%ﬁ’ag}r gs% %%@gaiﬁlp?%ggﬂe{?t
product r qRRMARMIVeREH titO6E paticulhie pbiyinzekimytidn el axohsiary gaspreledss accor di ng
to U S. Patent No. 4,621,952, jncorporated_herein.. : AN its
entirety, may %o H@Hﬁ%ﬂl?te[pgweﬁrﬁ%cﬁ? ,pretfﬁgjlffol%ug%zu ggg"blglg;a%g{;afgorﬁti s
equi pped Wit oA BloatieGHAGieTYEtthipkde SY sideim shgpensitnl with v eottiongf thheabeitadur i ng
start up and shut down, The reactor does no equi r Jse, of . i.rring
means and/"@EC| Yenisd r@if&’i‘%&'&r}ﬁ‘ﬁﬁgﬁﬁ spigs o ?W@“@euéﬁ‘g‘?rt %Ogyégﬁgﬁs%n%ﬂ/ug?y%
descri bed Jan eidpARnaatsh t@irilthde solkttontohe dhe 35pqringges may sl bnusadier age
particle size between about O, Oog‘ito aboutt 0. OGd'Er}(r:ak;laet%1L soneti mes about
0.02 to atswentonyd 2hqyeriedriygibe adichef °ne FAt' 9 8P Li U6 that is unusual Iy
low. For typicagds} Ppohdgmiduttiones prdid isonefrablatvathisivnrisighubs sdgrentile

pol yners range fromabout 0.1 taq abqa;ué: %18][11 ppm of .ti taghbjw{e%gﬁ,ew% feed
streamf wpasbeuel TRHFGHERS ¥plves 36andv T $7580E P ARF BB df Plient €7° s 30
fed into the.s 8aRkes @bpdes RAGSI biphi ofl @b endfrodlzout th2 zboe 4Mbetween it and
pounds/ hour/ cubi ¢ foot of bed _volume. WO 20941%17’57%‘5'3@-' lﬁg%&?gét%%%@%
123 [87] Traverds| wigh riheneslened Yve: Feis Hspyprered 1 dUETEL BRiPEPTYC PR AT EAT ed

using nel tIeEAVgI\SV 2JTEAFLLEAR NS Shen QMR e UL BwiTE B UleRNPidtudt Sedolery npktatidm déx
(M), obtaine i at_,190' C
r

1ied"according to ASTM D- 1238, Condit ién 9E% measur ed at
and an appfiidided s diselarz. prevess eyt Aoy P2 PEN o rk B O 3% MGPSRCS RS Y
m nut ey PRLyIR! § iRpRehedapSidte wsaime catal ysts described herein have M
[84] Finally, the fiuidized bed reactor is equipped with an adeguate venting system to
allow venting the bed during start up and shut down. The reactor does not require the use of
stirring means and/or wall scraping means.
[85] The supported catalyst system described herein appears to yield a fluid bed
25  product with an average particle size between about 0.005 to about 0.06 inches, sometimes
about 0.02 to about 0.04 inches and having a catalyst residue that is unusually low. For typical
polymerization conditions, catalyst residues in the polymers range from about 0.1 to about 10
ppm of titanium,
[86] The feed stream of gaseous piONOMET, with or without inert gaseous diluents; 1s

30 fed ipto the reactor at a space time yield of about 2 to 10 pounds/hour/cubic foot of bed

VOJUIne.



5 val ues ranging fromabout 0.01 to about 10,000 grans/10 mn. Melt flow
rate is another nethod for characterizing polyners and is neasured
accordi ng t\Q0 Ana i 95,1238, Condition F, using 10 ti nesctriszoeight used in
the melt index test above. The nelt flowrate is inversely proportional
to the nol ecul ar wei ght of the polyner. Thus, the higher the nol ecul ar
wei ght, the lower the nelt flow rate, althouggh the relationship is not
linear. The nelt flowratio (MFR) 10.Jd3s-the ratio of nelt flowrate to
the nelt index. This correlates with the nol ecul ar wei ght distribution

of the pr ddUCt[SEf)l VI fnoldeQideiveiditRS tHefdiyaat @ScoRtinfeibe indiae asih@imelvBbght
di stributions. Pol i

ymers prepared using saone catalysts describe rein
have MFR wghiesmenisa Qg fephmpesraremaLis teongligndes sMD: ﬁlﬁ?m%ior%W Wé?ﬂ%%y
al so be c b 198eNSid - apPRMBRS 6t 2@ iGloPrafBX gl ddpbrtedlds a
density o?ﬁg??r%g%t%%ﬁ?’ %?%%Qiegﬁggout 0. 935513‘1'/ cnB as rreas?grr ed |g)?1 accor dance
Wi th ASTMgRr@9®r 0rminbieshPelypéraqureaed UpnE SoBA d2lelfadecBHEdPTar "dheMour
at 100'.C tao approach equil i B LY - miVeag Ll ge®Natel @ranétegsi ty
s thed maaee AnGRE Bef ool BOL T MBOB bl e S R e o ng
exanpl es atethogiferatharhaeriditg st yneereand ay incagered pdsordingsn S T D1RE8, SondifgReht i on
descri bed herein. They shoul d .n t it adwnitd RUBREE[N
ot herwi se “&88 ?Q@E’ﬁ %ew lgﬁ&se@l 13?%7613@8}1%?%3%&%&%’& ﬁruﬂr?pnﬁhz:al Val ues arg
appr oxi matpgpoftioaflas atei otcatar Geighaohihe peiy@erl Tys, The high@shamwplecutar/weight,
Precursor 901 In a glass-lined 4. liter m.xi [ -(y\@')‘m;a
helical p P‘éerstgf ’f“fﬂgpo‘gr‘i%]e’ aggoueﬂ)]&h grr%lgtfonﬁ%eéis?l%bM}%%?iﬁlélf %5}% gﬁg%ed _29)139
(3. 28 g t ¢ JheQhticl by mk tiloahyaeh wfthe At (Hddk) Thisderrelares twibobh mofselar waightadded

87 g (0-91 nul). anhydrous MyC. 2 powder f owe 0 i

al um num o t tﬂé‘?lipfﬂﬁuftr?oéW%‘r }Ag%weﬁllﬁg{%-”ﬂ‘ﬁag %ggﬁrupﬁglcc%lgpn{e‘glg?tr om
chal k whi t@trituBioRd URoIGMER brepaedtiisihg saie aatdbsk alesaribab bersit Uraze MFF §alpg C
for five hours under nitrogen 8aused all solids to dissolve. A

bl ue- gr eeriaggiedffoPonbe PaPHE4Y 30 [91] Grace Davison Syl opol 955 was
passi vated by gghydsihanmay a0 Garattetided b cheir ynstty eBdlppert hekinhpag hevent . %

triethyl alumnum.in |sopentane s ry,s The siljca was drj.ed _
evapor Bt i (ﬂﬂcn%g@féo’é‘fabf"i”?@-%BBS@%@@%?&& @dneélfqrfdclﬁ a\(}\%gdsagccfd\élg" ‘%gﬁﬁll)e’f%
liter m XiRguy&ss giaqwg%ad\é\lan@czaﬁt&azmoz one 2dur RATHUSROGPFAR 8Q8librium
nitrogen, and 175 of the previousl g rel,?lar ed. Cld2/tTi gun?h solution in
THE was adanestpllinityoMeasusanes) foa Ageiwer the ?’E’d% SFEV T EEYUES POTH a
freely-flow ng bl ue-purple slurry. Thw% was heated to 70-75C
external jacket tenperature and m xed hours under reduced
pressure (5 i NGHAS YRC WIRMidOcepRY arel fices @l iRatas baiauy iempodigents of 619 g
dry, f£0e el i%vgnltic?r\zm dt?sgribed herein. They should not be construed to limit the invention otherwise as

described and claimed herein. All numerical values are approximate.

Preparation of Comparative 3.1 Mg/Ti. 0.25 mumol Ti/g Precursor

[90] In a glass-lined 4 liter mixing vessel equipped with a helical paddle stirer and
25  external heating jacket was placed 2913g (3.28 liter} of dry tetrahydrofuran (THF) under
nitrogen. Then was added 87 g (0.91 mol) anhydrous MgCl; powder followed by 61g (0.31
mol) aluminum-reduced titanium trichloride (TiCl;-AA). The slurry turned from chalk white
1o aqua-green. Heating at a jacket temperature of 70-75°C for five hours under nitrogen caused
all solids to dissolve. A blue-green solution was formed.
30 [91] Grace Davison Sylopol 955 was passivated by dehydration at 600°C, followed
by treatment with 5.5 wt.% triethyl aluminum in isopentane slurry. The silica was dned by

evaporation. 530 g of the above passivated silica was added to the 4 liter mixing vessel under



5 3:1 inpregnated precursor was di scharged fromthe vessel. Anal ysis:
1.23 %A, 1.77% M, 1.18%Ti, 12.2% THE (0.72 mvl M/ g, 0.25 mol
Ti/g). Attey qggﬁgﬂg’.;%paratl on of an unnodified 5:1 MY/ Bern@zedhomewe! Ti/ g
precursor [92] T/e above experinent was repeated, except that 88.3 g
(0.93 nol) Mg 2 and 39 10 g (0.19 nol) TiC 3-AA in 1950g THE sol ution
were used. No additional electron donor was added. The MyCl 2 was found
to be essentially all dissolved at roogmtenperature (0.47 mol Wd2 / ¢
THF), but gave a chal ky white suspension at 50C. After addition of 490 g
passi vated, sili Gay sl f & redrwas daged, acket
t enper at uPECHEs 2 rllﬁbg soégﬁer%re%%}fg}eg&&g aé%ﬁ%%ﬁrguglg lied. The sl urry
was dri edfd’llovvedejnmwtlsar GmofaiIﬂEHﬁsm fon® arﬁﬂtekycfyé‘nﬂ&blé%bu 125@61}’1 dhealyay of
precursor_wa ch. rota fe t eShdeir €r
around whi* 8?1%?311%\/\&9 J(gagteétlﬁélé (ﬂe}a Mass g(fegg?le%rlgbg!rré %?gr 1}lgt | ow
freely fremsdubes uass @ﬁcuam}dtov\ﬂamo’m thontladnteldirying ggent h19ss tlttvafrcqlxﬂzﬁp‘f’lé&t ed

t he shape _of the vessel wa rr bl Ry, enay g of an
et hanob. 3 FPEESSargrare s B etstS PRt Hik RSy dagaeL Tk O
equi prent 138%08sCXioheHFaD.oY imbsaslgles @ds madRPi/g. dry THE and 184 g (1.93

nol ) anhydrous MgQ 2 powder were stirred at 65C for 5 hours. The nom nal
slurry concentration was 0.48 mmol My/ g THF. A m'Iky-vvhite slurry

cont ai ni Ng1dRdies PRlpMafo\IEh 2nmwBSed 37 MR, (5 HmaIfTi f et hanol (1 95
nmol, 1:1 was t hen added. A clear S d ch
was al | owed to ébolTf{e@b?"(%’ﬁ?et”gﬁ"ﬂ‘e‘?%;trﬁﬂﬁ%te‘b\%‘?"ptﬁﬁadﬁ Qgﬁ?mfgg%g@ B(D\ggg

My) ofjpan %hg@&h y TG A hesl 1 "mfsgimiohmre(used ENMaduifisnal e]fearogeidmbrowctShe 4
liter mx tan

foll owed by 3 rrﬁ %%m num educed |g

(Ti C13- Aaydeds Jhe Mesdz By @wﬁa‘tad%eﬁ%fﬁ%qﬂm disgPiYed 2t TR °5“PR76E‘£FZ( Son.
The green Ui eat edndipy 3Bfe s éhsioﬁsdiie_“)@?(ed Afor Jddieci pf #ad igon.
Al l comor@%lsyrggmzom :én sol ut]'?yon Thlgsg ﬁged 487 oftmjt
passi vat egaGhatsd-sidieei Bonvsy| wisotingbst &5° P.felaonea rt e 3l StV ¥r ed
at 55C for, c‘?&‘?ed‘@@@c Thesi @a‘a{ﬁﬁﬁ whSIRREA TR Svals ﬂﬁé@ﬁﬁ&doﬁr@o%@ﬁ@md 5"
of vacuumwas appliéd. The slurry was dried ElIgours ovg tg %‘g
Ni trogén syiewen SBEPgAfsokidmpssiof BIRFHEPT WP I v TP et eepon e B2AT68 | 25
precursor gatalysh ‘M@él it sghataed Th iQTian W st feuset &id nbteﬂidvdﬁleelpﬂorh te

wal | s, cfonly mnimal residue on the helical stirrer I“yﬁ 0. 26
mol  Ti /g vedsell @dnwhikh Neyitejned1reg Ships T4t replicateg s shapg 95 the 15'&? Al and 55,
di stributi fon ﬁ(l\{?d vern 2600) was essentially unchanged fromthe starting
silica partl Cle size (no agglonmeration). 5 Preparation of other nodified
Precursors

20  Preparation of an ethancl-modified 5:1 Mg/Ti Precursor (0.25 mmo} Ti/g)

[93] The same equipment as described above was used. 4022 g dry THF and 184 g
(1.93 mol) anhydrous MgCl, powder were stirred at 65°C for 5 hours. The nominal shury
concentration was 0.48 mmol Mg/g THF. A milky-white shury containing undissolved MgCl2
was formed. 90 g of 200 proof ethanol (1.95 mol, 1:1 ROH/Mg) was then added. A clear

25 solution was formed which was allowed to cool to room temperature over night.
[94] 1500 g (720 mmol Mg) of an ethanol-modified MgCl, solution (~0.6 M) was
charged to the 4 liter mix tank, followed by 39 g (0.19 mo)) aluminum-reduced TiCl; (TiCls-
AA), followed by an additional 440 g (211 mmol) MgCl; solution. The green solution was
heated to 50°C, and inspected for precipitation. All components remained in solution. Then
30  was added 487 g of the passivated Grace-Davison Sylopol 955 silica, and the slurry was stirred
at 55°C for one hour. The jacket temperature was increased to 90°C, and 57 of vaceum was

applied. The slurry was dried for 2 hours over a 15” nitrogen sweep. 597g freely flowing



[ 95] The sane procedures as above were used to nmake the other

et hanol -nodi fied precursors used bel ow, except that the anpunts of

al cohol , l\/gﬁ%ﬂmﬁmnﬂ Cl 3- AA were adjusted appropri atpgghys2desenased wer e
3:1 M/ Ti, 5 mol Ti/g precursors at 0.5:1 and 1:1 ROH My 10 rati o,
and 3:1 My/Ti, 0.49 mmol Ti/g precursor at 1:1 ROH My ratio. Freely-fl

ow ng, non- aggl onerated precursors were obtained in all cases.

Preparati on of Reduced Precursors (0, 4% DEAC/ THF 0.2 TN HAL/ THF [96] 460
g of the high My/ Ti supported catal yst precursor (nomnally 0.25 nmmol 15
Ti/g, 1.2%dmmbr dety8s wisldigh¥pdd MRy eRahedliRede: dethe Waﬁﬂﬁﬁceﬁrﬂﬁdmﬁmalt he 4
liter m x vessel under nitrogen at roomteﬁperaﬁéj %}q ch

1900 ni | rsipemndhe hekrat girera Anabesyd2¢ TR dyest éh

837 m (32339 Rhanof)- #énm&e bi3BLiohHMal R 4085 wak @séﬂuélgl WHEhARGER ﬁ&'ﬁl(ﬂ{d de
(DEAC) in isopentane. The freely-flowng tan slurry was stirred for 30
m nut es, anglcwaf(lqlaazwﬁ@gglmeelz@nhm| / mmol THF) of 20%tri-n-hexyl
al um ngm 20 (TNBAL) in isopentane was added. The dark brown slurry was
stirred for 30 mnutes and was then dried at 70C jacket tenperature
wi th 5 psiPrepatation : o iPre rours 500g of freely- flow ng tan

catal yst was r}?eg%afn'g‘%%hés ng }Eﬁ@e ﬁ/ﬁpg%gedﬁjo/ lﬂalithcthhMana h8dind 87

mol M/ g; 3 supported catal yst precursors
wer e anal quausby usedeted ewepthhrtt tte an@Bntapiriepeli MigElamg NELGHA Werd adipyiey

agents 1o Ir\égnagg}r kPﬁP%%]\IfeHrEV\Slglgigﬁ‘ 1, ) Smelggfg:cms&ts'ap§5 lnaﬁ‘gll.lvﬁﬁﬁ/M

freely-fl yl'ene ymeri zatio rocess |n a
Sl ur r yi(ReaadoQrand 98] Mgatc,h) 49aﬂnmuhtmg yreswadret po| BOw@Mez atip0 Freety-ddwing sion-

conduct ed aslf %&fﬁ w %L g B%f hexane in a | liter slurry
pol yner i zdEFEH® 85‘30%7%” were P adted 4. 95 mol  of  triethyl al unii num
((C2H5) 3A1) under nitrogen, followed by a mneral oil slurry of catalyst

precur sor cont al n| Iﬂm)l Ti as indicated.
Hi gher actiSAaFAIoNg Rk niia a: in g PE/ (nrnol

titani umhr-| Oml m) g obihel mglglvfgﬁl(sgpmﬁealcmlyn phnecursdr Q@pﬁmal]@)% 2&ol
catal ysts re_run i ntain_control oy

pol yneld zat4eoh 2> mlh‘ﬂ&%rﬁvﬁﬁ tﬁ@s‘g?qﬁgf OYe S JEnYH IS s clgt %?l?s‘fessghar ge
wher e f easinBérenitrdde€ af RBfL OHps@Erep ITRSS ttd é‘lﬂdgeﬁ a>9004:ﬁl peicgtang tohfohny dfieggn

gas, then further pressurized to 0 t o Jhe
pol yner i z 4968 WEY-c ot B © ﬁ%ﬁé ‘{3%1{) ?%%&J@H’ Man‘gﬁl&f’r

Resul ts f ofiethf)@8@indrmSdhibidy (Ippwmmo;aﬁmn Thafely-8ooing e suryFebdlserdd falt ong

with the resul for rativ 1. T : .
30 mu;[u?es a?ld 49?%%1%[ mmeol O%anql?l I/ mmol ?ﬂi’)eoij 20% tri-n-hexyl aluminum

20 (TNHAL) in isopentane was added. The dark brown slurry was stirred for 30 minutes, and was

then dried at 70°C jacket temperature with 5 psi nitrogen purge for two hours. 500g of freely-
flowing tan catalyst was recovered. Analysis: 0.55 mmol A¥g; 0.20 mmol Ti/g; 0.87 mmol
Mg/g; 3.2 mmol chloride/g.

[97] Other supported catalyst precursors were analogously reduced with the

25  appropriate amount of reducing agents to give 0.45 DEAC/THF and 0.20 TNHAL/THF ratios.

All were freely-flowing dark brown powders.

Ethvlene Polymerization Process in a Slurry Reactor

[98] Each laboratory scale polymerization trial was conducied as follows. To 500 ml]
30 of hexane in a 1 liter slurry polymerization autoclave were added 1.25 mmol of

triethylaluminum ({(C,H,),Al) under nitrogen, followed by a mineral oil slumry of catalyst

precursor containing from 0.0075 mmol to 0.030 mmol of Ti as indicated. Higher activity
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3310. 283170QQL9nR4A70. 354 4310. 4239500021000. 6290. 332 pCT/US2003/021906
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demonstrates that supported catalysts of Exanples 2-3 and 5-6 have

hi gher activity on a per-Ti basis and per g-catalyst basis than
conparative Exanple A Mreover, supperted catal ysts of Exanples 2-6 do
not result in a significant drop in resin bulk density despite the

hi gher c agﬁﬁzﬂg wRleQAN GE L Ydvhef -chird ORI mahtdfal d6nkll gveethe palyneazdaeaciidonier wer e
al so perfor usi ng reduced supported 15 catalysts. These reduc
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Example 1.
Table 1
. . Bulk
. | ROH/ | Th Ti s . b MI, .
Run | Mg/Ti Mg mmolg | (umol) Activity® | Productivity dg/min MFR Ig)jiisny,
1* 3 0 0.25 29 6180 1550 0.5 31 0.336
2 3 0.5 0.28 29 6700 1900 0.8 26 0.325
3 3 1 0.28 31 7000 1950 1 27 0.354
4 3 1 0.42 39 5000 2100 0.6 29 0.332
5 5 0.5 0.23 26 §700 2000 1 25 .36
6 5 1 0.26 30 9100 2400 1.4 28 0.337
*: comparative example; 21 in g PE/{mmo] titanium-hr-100psi Cy); b: in g PEX(g catalyst-hr-100psi C)
10 [99) Tablel demonstrates that supported catalysts of Examples 2-3 and 5-6 have

higher activity on a per-Ti basis and per g-catalyst basis than comparative Example A.

Moreover, supported catalysts of Fxamples 2-6 do not result in a significant drop in resin bulk
density despite the higher catalyst productivity.

[100] Slurry polymerization reactions were also performed using reduced supported

15 catalysts, These reduced supported catalysts also have higher activity than the comparative

catalyst without a significant drop in bulk density.

Table 11
Bulk

- ) Ti Ti A C b Ml, .
Run | MgTi | ROH:Mg mmolg | (umol) Activity” | Productivity dg/min MFR D;ni:c‘ry,
7* 3 0 0.20 20 3000 600 0,75 28 0.358
8 3 0.3 0.23 9 4000 S00 13 28 0.383
9 3 1 0.33 33 3300 1100 0.7 27 0.41
10 5 0.5 0.19 8.2 5350 1000 1.1 26 0.373
11 5 1 0.20 7.7 5150 1000 12 28 0.388
*Comparative example; a: in g PE/mmmol tStanium-hr-100psi Cy); b:in g PE/(g catalyst-hr-100psi Cy)

20 (101] The data of Table II demonstrates the relationship between partial activation in

the mix tank and subsequent catalyst activity of the control catalyst and resin bulk density. As
a result of partial activation with DEAC/TNHAL, catalyst activity of the control catalyst is
decreased When corapared to results with the corresponding control precursor. The partially
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Conparative exanple; a: in g PE/(muol titaniumhr-1 00psi C2); b?p?nzzg
PB/ (g catal ¥gtnhos-4 101] The data of Table Il denmonstp@iigseothases
rel ati onship between partial activation in the mix tank and subsequent
catalyst activity of the control catalyst and resin bulk density. As a
result of partial activation with DEAC/ TNHAL, catalyst activity of the
control catalyst is decreased when compared to results with the
C(2)I‘7I‘ espondi ng control precursor. The partially Table Il W 2004/ 007572
Stil :DC E)-I Uctﬁzgg%gﬁéglg%f é&ﬂ'@}lﬁﬁtv&ﬁl@ﬁ: Uk @by @fs elaGoihips €THe daﬁW@ﬂQtaﬂsﬂn
| obey I's‘re atlon he cat al ;I/]sts al so, show hi_gh activity on
a per g- cahew figherbrgtvisy Omamerc&mﬂédlf%ﬂail&@ X soFraEatiye EXgmpIe 7 on"gciq ?:y

catal yst W|th hj I Lyt
be. obt ai neg g PR, gRgHR SRl %?@E%Fg%’ﬁcﬁ"%&;ﬂaﬁ#’*&fﬁﬁ??‘éﬁﬁt ant

My/ Ti ). uErretayihgﬂe1<FérdingmébothMng1rmlﬁ>ﬁ“dBe@@ﬂstﬁﬁtMgﬁ id Bed Reactor [102] In
separatsse trials in a fluid bed reactor, the partially activated
precur sors of TabI e Il were used in gas phase fluid bed polynerizations.

égpgb: 202 poI L Zefﬂr:]auiiogrb)elekrs]isrri?ciﬂtﬂed action volunme 50 1 which is
pressure was uﬁé]a IR 5§ 3’?%{? Ep T ddgadfreﬁ%%ﬁ ﬁ]éal R&Mugear???aé%d%rﬁ%%&%:bfas
the resin tg1eb@ wepd Qg&uqecgayvplsasermpidd;@echolyﬁrenemhys ﬁai Brimchuges whase B! P9 ough
aseparatefeedllnetogl%gﬁa 40: '8 &ﬁﬂ%gg@@mm e
reaction treAfEPhtATEINE 8 leché%(cgylaéJeo;Ego ar g% er 87l 80 flgd nt o
the reaft ofpoipti [RERLE b nbedl B8 BChtartidp Tﬁamfemmmalmdeoom neghrepo [thyevesin debsi t y

and nol ecul ar wei ght .
produced was employed. Triethyl aluminum was fed through a separate feed line to give a

40:1 AL'Ti ratio in the reactor. The reaction temperature was 88°C; 1-hexene and hydrogen

were also fed into the reactor in amounts indicated in Table III to control polymer density and

molecular weight..
15 Table III
Example | Mg/Ti [ ROH/Mg| C;Partial CdCy H./C; |Residence | Preductivity, MJ, Density,
Pressure, psi Time, hrs | b PE/Ab Ti dg/min glec

12* 3 0 95 0.15 0.22 4 225,000 0.6 0.918
13 3 0.5 95 0.17 0.22 34 710,000 1.8 0.917
14 5 0.5 95 0.15 0.22 ND (a) > 1,500,000 ND ND
15 5 0.5 85 0.15 03 29 1,000,000 2.5 0.917
16 5 0.5 85 0.16 0.68 31 320,000 20 0918 |
17+ 3 0 85 0.16 0.68 ND (b) < 100,000 ND ND |

*Comparative Example; ND = not determined
(2) too active for process conditions; (b) not sufficiently active for process conditions.

[103] The results in Table Il show that the catalysts are readily able to make polymers

for which the catalyst of the prior art were not sufficiently active to main a sufficient

20  production rate, or gave too low a resin particle size due to the low catalyst activity. For

example, the comparative catalysts of Examples 12 and 17 have productivity values of 225,000

and <100,000 Ib polyethylene/Ib Ti. On the other hand, each of the catalysts of Examples 13 —

16 have catalyst productivities of 320,000 Ib polyethylene/Ib Ti or higher. In fact, while the

comparative catalysts are not active enough, the catalyst of Example 14 is too active for the

25 employed ethylene partial pressure. The data also demonstrate that these catalysts are able to
make a film-grade polymer at lower ethylene partial pressure than the catalyst of the prior art.

{104] While the invention has been described with a limited number of embodiments,

these specific embodiments are not intended to limit the scope of the invention as otherwise



15Table 111 Exanpl eMy(fi ROH/ MgC2 Partial C61C2H2/ C2 | Resi dence ~
Productivity, M, Density, Pressure, psiTine, hrslb PE/Ib Tidg/ mnglcc
12*30950. 350¢ 2@4425:20000, 60. 918 1330. 5950. 170. 2214 ! 7207Q06013/BM0017
1450. 5950. 150. 22 1ND (a)> 1, 500, 000ONDND

1550. 5850. 150. 32. 91, 000, 0002. 50. 917 1650. 5850. 160. 683. 1320, 000200. 918

| 730850. 160. 68ND (b) < 100, OOONDND * Conpar ati ve Exanple; ND = not
determned (a) too active for process Benditions; (b) not sufficiently
active for process conditions. [103] The results in Table Il show t hat
the catal Y&t$oearRalchddéd deradh! ®loiFicamienp ehynRhsrothake ddstidted tehbodimtms ySt

of the prior art were not suff|C|entIy active . to main
product i ofxitaFer exgpplgavasiopogher adityes &t Wuﬁ‘ﬁﬁa{epﬁ?FrémsP’Q%a Eﬁjg '{58(9{ ﬁg‘%}\e

catal yst ggfhd b¥e of Qfore &%@Hﬁkseof H{éeca%@aﬁcﬁfchm@stcﬁ@k%stcﬁmpcﬁsxtEmatmd es 12
and 17 have producti vi tt%/ val ues of 225,000 and <1Q0, 000

bol yet hyI epﬂampr@ mde tigreftome benweromigpr bagpepnas phee H&%P%’t%"%?fscﬁ?%pl es
13 - 16 haks galeluisl, BOGMRR:Y ki8S Qfordts 090 aobushay Lanahkionl| or

hi gher npar ati've cat al E/sts are not acti Vﬁ enough,

t he catal yisdrogﬂn }Extaﬁrlrpmsumandssot@o Heerafore qaplystsghignde agh Bdthe SHHEhe
par tial pr, e [mder -(I;gee se‘flgf ?eaﬂoﬁ%orf?tmpﬁﬁg tﬂEVec haiak vk Iﬁ?e'ilem(‘eﬁibadl&éﬁ@ ofthe able

make & mgra ower hy enegﬁgrtl al pressure t han t he
cat al yst mfventhm mdq:rcanothcrtset of fer@litin cvitditicas.t Raulp al eifhe ebadimeteshdge®et i bed

W|thaI|m nher of, e Le not
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PCT/ uazoomcee ma@sts ZBndmsmslbem aasigle Irapwednﬁemlw onvBidierent sanabitityafos

variations fromthe.desgri bed errbo n € us
ot her addlnfcil‘?ﬂélg} Wr?%ﬁhg (!f/ PRt Ed et ¢ e&:ﬁ&a g{ Eﬂh%e aﬁplth% T g'f@

enhance onrgalgsts mRyalsp ﬂm:ﬂl&]ktaﬂthﬁveobr pther m@mﬁﬂw sih talmi em&@@my@tﬁ, ﬂm@énﬂf@@)r

COprOSI tions rs nmade [ G e t r
par anet er & BIP’atbgPyFﬁgpﬁx{}g %A p Sru%téaélgs ﬁé%”&f é&y ! ﬁifﬂ{ﬁﬁgrn%{e%gﬂ’ Ial@ ferein.
t enper at ungeredfe; SSHEBons mm@mﬁcme elmrtt‘f@m exist. pbb| shoudd beon@gmtzwaﬂlﬁfoﬁhe

P ﬁ?; IO%ent }%ggcglg?%é%%giﬁggu% Ir?'ar}]' e used to ma];Q }engl%}cngr% ev\?hnﬁla&k?ol 1¥§c¥r§or¥i@ ﬁeboxdﬁ?mQOt

additional comonomers. The incorporation of additional comonomers may result in beneficial
properties which are not available to homopolymers or copolymers. While the processes are
described as comprising one or more steps, it should be understood that these steps may be
practiced in any order or sequence untess otherwise indicated. These steps may be combined

20  or separated. Finally, any number disclosed herein should be construed to mean approximate,
regardless of whether the word “about” or “approximate” is used in describing the number.
Last but not the least, the ¢laimed supported catalysts are not limited to the processes described
herein. They can be prepared by any suitable process. The appended clairns intend to cover all
such variations and modifications as falling within the scope of the invention.

25



criteria under one set of reaction conditions nmay neverthel ess be used in
enbodi nents of the invention under another set of reaction conditions.
Wil e all ofotirneshodi ments are described wth referenwsobaaosi ngl e
catalyst, it by no neans precludes the use of two, three, four, five, or
10 nore catal ysts sinultaneously in a single reactor with simlar or
different capability for nolecular weight and/ or conononer

i ncorporation. In sone enbodi nents thaeysupported catalysts nay al so

i nclude additives or other nodifiers. In other enbodi nents, the supported
catalystsgﬂﬁﬁggkﬂkggkude, or are substantially free of, any conpounds not
enuner at e erein. Mreover, variations and nodifications therefrom

exi st. It shoul.d bé suposghpadFt cmERosipR AP IRSERRE BIYRA G  her ei n may
be used to maks pOIYIRESo: Elin et bAGRERRL IS IANGoGk gr e additi onal
I NCOT p

conononers. T ration of additional conpbnoners may result in
beneficial propert) esnagnesitm balidesnot avai |l abl e to honopol yners or

copol ymers. Wile t; easgfvgﬁesses are described as conprising one or nore
steps, it should bé’understood that these steps may be practiced in any
order or sequence tif)laaskcodtionwicomppundi ardt ed. These steps may be conbi ned

20 or separated. Finally,..an unber di 0] trued
to nean approxi mat é‘s a?%%’%?%%ﬁg@swo Oﬁﬁteﬁﬁﬁg&%é%%ﬁig%@ogfmgw
"approxi mate" is used ibamiesileElbinag; 4dde nunber. Last but not the |east,
t he cl ai ned su&ported .carfcal Xs s are not limted to the processes

descri bed her®i APOTFHERC prepared by any suitable process. The
appended cl ai np bbdRRUst@mporton al | such variations and nodifications as

falling within the scope of .the inventi.on, 25 004/

PCT/ 1192003/ 02467 HARHPPORES calaiyshefmRogiion s 5}&"5&%‘%@ ‘?%c?qggl?%‘ﬁ‘fé‘t%“ donor
CoONpPOSi t i QhmpSAIPAISIHREET the nfokaedtiowd tprebxitiat dabr corpouzd anahessm rieseur sor
conposition conprijsi @g a reaction product of i) a magnesium halide; ii)
a sol vent hapior 5auali°di’ect r on donor conpound; and iv) a transition netal
conpound wherein the transition netal is a Goup 3-10 or Lanthanide

el enent; and b). a pometisd bhesdngssopmried catayst eomesiEipmIcoOPHBREPOSI ti on
el ect ron donor 5 SEMBBATORE S SEPaTR S HER s AP P C U on
donor conpound to nRgnResighesinshdlids s

il) asolvent; and

ifi) an electron donor compound;

b) contacting the magnesium-containing solution with a transition metal compound
wherein the transition metal a Groups 3-10 or Lanthanide element to form a catalyst precursor
composition, wherein the catalyst composition is substantially free of other electron donor
compounds, and wherein the ratio of the electron donor compound to magnesium in the
catalyst composition is less than or equal to 1.9,

c) contacting the dissolved catalyst precursor composition with a porous inert support

to form a resultant mixture;
d) drying the resultant mixture to form a supported catalyst precursor composition;

and
e) activating the supported catalyst precursor composition with a cocatalyst

composition.

3. A method of making a polymer, comprising reacting at least one polyolefin

monomer in the presence of a supported catalyst composition comprising a reaction product of:



than or equal to 1.9. 2. A nethod of nmaking a supported catal yst
conposition, conprising: a) formng a magnesi um contai ni ng sol ution
conpri si ng woheakhisen product of i) a magnesi um hal i deTiis)oozBBLVenNt ;
and iii) an electron donor compound; b) contacting the

magnesi um cont ai ning solution with a transition nmetal conpound wherein
the transition nmetal a Goups 3-10 or Lanthanide elenent to forma

cat al yst precursor conposition, whereiin-the catal yst composition is
substantially free of other electron donor conpounds, and wherein the
ratio of the elegtiohedaNam SomPURdn taniTREARSadoN modustof: cat al yst
conposition is less than or _equal to 1.9; c) contacting the dissol ved
catal yst precursadr TBHpSUVEPPHSWi th a porous inert support to forma
resul tant m xturey dhndhyhq0 the resultant mxture to forma supported
catal yst precur so? conposition; and e) activating the supported catal yst
precur sor conposiit) arelegirerhdaaoteEmewidyst  conposition. 3. A nethod of
making a pol ymer )8 Whlsdtfoh MethiBeTobih #hertif a8 o@RRIAGLMA £Grdups For0OsEr i N
t he presence of a‘supported catal yst conposition conprising a reaction
product of WO 2004100%BEAe FGHEMYS20031021906 - 30 a) a

magnesi um cont a{ ni_n i C rising a reaction product of i) a
magnesi um hal i g’s;aqc’%@g{eg%{l@%t%@nd iii) an electron donor conpound; ivV)
a transition me} alcocastpboerdpasitienei n the transition nmetal a Goups 3-10 or
Lant hani de el enent: . a_pot Lenk «SHRRRHe g3 Fm
conposi ti o‘ﬁhm%ﬁmﬁ%ﬁcﬁ%‘g‘%ﬁ%}g@ﬁ a?ltr?i ng sol%ett%lgér}?p?%g’ ffﬂcrigﬁsi tlfyon net al
conmpound, Adachlyshpretursy popdsition and the supaertddystalypreeenpsiiinn i¢ sbpiaialy &ise dnd

t he supported catal yst conposition..l At | hd to

el ectron a‘lﬁ%rﬁ(feég?ﬁﬁ%ﬂgo%o@? Slvr‘lrl%‘ir 1%ﬁlﬁu %?rtlr%g% }agh%%éle{cﬁgﬁcel%fgéf %ﬁr}ﬁdonor
conpound t@agnBB@hHeSleddihanDr bpabtotilfan or equal to 1.9. 4. A supported

catal yst precursor conposition, conprising the reaction product of.

4. A supported catalyst precursor composition, comprising the reaction product of:

a) a catalyst precursor composition comprising a reaction product of
1) amagunesium halde;
i) a solvent;
iii) an electron donor compound; and
iv) a transition metal compound wherein the transition metal is a Group 3-10 or

Lanthanide element; and
b) aporous inert support;
wherein the supported catalyst composition is substantially free of other electron donor

compounds and wherein the molar ratio of the electron donor compound to magnesiwm is less

than or equal to 1.9.

5. The composition of claim 4, wherein clectron donor is an aleohol and the molar

ratio of the alcohol to magnesium is less than about 1.75.

6. The composition of claim 4, wherein electron donor is an alcoho! and wherein

the molar ratio of the alcohol to magnesium ranges from about 0.1 to about 0.75.

7. The composition of claim 4, wherein electron donor is an alcohol and wherein

the molar ratio of the alcohol to magnesium ranges from about 0.1 to about 0.5.



a) a catalyst precursor conposition conprising a reaction product of i) a
magnesi um halide; 1ii) a solvent; iii) an electron donor conpound; and

i v) a transybieerial conpound wherein the transitiorcrrsziosezssa G oup
3-10 or Lanthanide elenent; and b) a porous inert support; wherein the
supported catal yst conposition is substantially free of other electron
donor conpounds and wherein the nolar ratio of the el ectron donor
conmpound to nagnesiumis |less than aniequal to 1.9. 5. The conposition
of claim4, wherein plectron donor is an alcohol and the nmolar ratio of
t he al cohol to magnesiumis |ess than about 1.75. 6. The conposition of
claim4, whergi n ehgelsAPosHRARE clafin anwaéremhm trasifommetadicampeund inghdss
ratio of the alcohol to nmagnesium ran maboutb0t1n3t8 Piﬁm 0.75. 7.
The conpotianiumnzispnigmahaiusm, W‘\‘éc}”é‘il’ﬁ”@% tmv”ffﬁm&rd’ﬁ&?ml%a 3n° af'cohol and
wherein the nolar ratio of the al cohol to magnesi um ranges from about
0.1 to about 0y 5. W 200FdsR0d 9F Aaim tshhem&ﬁ@ﬁaﬂﬁ@mgﬁrﬁnmunmows the
conposition of claim4, wherein the transition netal conpound i ncl udes
titani um fampBoni um haf ni um vanadi um niobium tantalum or

conbi nati ons thereof 9. The conpggrfkpn of claim4, wherein the
transition netal conpound follows the fornula: Ti(R)aXb wherein Ris R
or COR wwareinRl is a Cl to Cl4 aliphatic or aromatic hydrocarbon

radical, Xis gel ﬁ%%li'f@ﬁ&ﬁms BC, 101G ﬁliphﬁlﬁdﬁrlﬂ'(ﬁ&tlt hpdre@fbonaadil X Br 1,
b|52to4|nclu5|ve and a+b=3 or 4. 10. The q@gﬁuﬂgﬁgmqmg
wher ei n t keledtedafiran €1, Bnln@traﬁmteéﬁhﬁ@@faélﬁ Qor; P:15§ to )yCl 3
Tl (OCOCH3) C1 3, TI (OCOCEHS) CI 3, or m x=es thereof 11. The conposition of

claim4, wherejg thgeelapbith Socaare caempa e rasiyon inses @mpbindearTiok,

br anched al i phat| c or aromatic alco g bet veen, ut one and about
25 car bon Ti@kSCHICITREOEBRPoS T‘é(ﬁcgea%kg? Pﬁlﬁ’m’\?ﬁereé?o? the el ectron

donor conpound is selected fromthe group consisting of nethanol,
et hanol , propanpl, TiQREPEAHE of claith 4nehereiR thetelegtron donor compound comprises a

linear or branched aliphatic or aromatic alcohol baving between about one and about 25 carbon

atoms.

12.  The composition of claim 4, wherein the electron donor compound is selected
from the group consisting of methanol, ethanol, propanel, isopropanocl, butanol, 2-ethyl

hexanol, 1-dodecanol, cyclohexanol, and t-butyl phenol.

13.  The composition of claim 4, wherein the solvent is selected from the group

consisting of alkyl esters of aliphatic and aromatic carboxylic acids, ethers, and aliphatic

ketones.

14.  The composition of claim 13 wherein the alkyl esters are selected from the
group consisting of methyl acetate, ethyl acetate, ethyl propionate, methyl propionate, ethyl

benzoate, and combinations thereof.

15.  The composition of claim 13 wherein the ethers are selected from the group
consisting of diethyl ether, diisopropyl ether, and di-n-butyl ether, ethylisopropy! ether,
methylbutyl ether, methylailyl ether, ethyl vinyl ether, tetrahydrofuran, 2-methyl
tetrahydrofuran, and combinations thereof.



hex anol, 1 -dodecanol, cyclohex anol, and t-butyl phenol 13, The
conposition of claim4, wherein the solvent is selected fromthe group
consi sti ng @b 28dakoyis7esters of aliphatic and aronati c carhsxpsioxsaci ds,
ethers, and aliphatic ketones. 14. The conposition of claim 13 wherein
the al kyl esters are selected fromthe group consisting of nethyl
acetate, ethyl acetate, ethyl propionate, nethyl propionate, ethyl
benzoate, and conbi nations thereof 15.32Fhe conposition of claim13
wherein the ethers are selected fromthe group consisting of diethyl

et her, diisopropyl ether, and di-n-butyl ether, ethYlisopropyl ether,

net hyl butyl ethger, metbybaditonl ofetaien3 wekiein thy ketyies atdhestectef diomalthy &P ur an,

2-methyl tetrahydroftn-an, and conmbinations there IMQ y -32
PCTI US2003955408)% afﬁ?“?%ﬂlglﬁﬁ‘ﬁgﬁtﬁeﬂagl?exﬁoﬁ’r?y 'ﬁ%pe\%her el )ﬁ%tg tﬁ%é?gzb? %ﬁ’es are
sel ected fnRpRidie, SEO8BCcyckOftsiatideglyBietif RétarReandwpnhiphigini yHerek bt one,

cycl ohexanone, cycl opentyl net hyl ketone, 3-brono- 4-heptanone,

2-chl or ocycl o- pent agone. pahiar TSk el ane. A GONGAR heRs.d hetae

17. The conpos e conpositi urther 1 ncludes
a second 519ty 8AtbciS&EEE tRAgbiid Barksienggsfailky]! enas iatiphatig ebfersakyclit cleisems,

al i phatic ethers, cyclic ethers, and aliphatic ketones. 18. The
conposi t i GHpPhsHick¢teReHh 4, wherein the magnesi um hal i de conprises MyCl2,
MyBr2, Myl 2, MyCIBr, MyBrl or m xtures thereof. 19. The conposition of
claim 4, whereig thpheSioppoditi@bofodinly shereinrtposigresinm lpbidgpedrmpaisesgMeCh,

conposition of the fo rl.mri (OR)nXp[ S] g wherein ROH

conpri ses %@W’%@F’Wé@g%}éﬁ(’g@%}ﬂ”&ﬁ'vi ng between one and about 25
carbon atonms, Ris R or COR wherein each R is individually an .

al i phatic hydrogar biie catpasilon dfasirimg 4bethersian ths npaerieda paslyst 1ATRAHIEN
atons or an aromatic hﬁdrog§%?9% adi cal having between one and about 14

carbon at SAEPRSES £ EOPRHFTIP G ]

y 2 Br, or I, Sis a conmpound sel ected
fromthe group consiMgROE)MTI@R[Hsters, aliphatic ethers, cyclic
ethers, and aliphatic ketones, in ranges from0.5 to 56, nis 0, 1, or

2, p ranges fi YOff®™ to 116, g ranges from2 to 85, and r ranges fromO.1
to 1.9. 20. TheOwoResistd Olineaf ociraichedlAcohbicraging betweemeresnfl abrit 83 $a1p@ | ess

than 0.5. atoms, R is R’ or COR’ wherein each R’ is individually an aliphatic hydrocarbon radical
having between one and about 14 carbon atoms or an aromatic hydrocarbon radical baving
between one and sbout 14 carbon atoms, X is individually Cl, Br, or I, S 1s a compound
selected from the group consisting of alkyl esters, aliphatic ethers, cyclic ethers, and aliphatic
ketones, m ranges from 0.5 to 56, n1is 0, 1, or 2, p ranges from 4 to 116, q ranges from 2 to 85,

and r ranges from 0.1 to 1.9.
20.  The composition of claim 19 wherein r ranges from 0.1 to less than 0.5.

21.  The composition of claim 4, further including a reaction product of a Lewis acid

with the composition.

22.  The composition of claim 21 wherein the Lewis acid has the formula R,MX,
wherein R is R' or OR' or NR', wherein R’ is a substituted or unsubstituted aliphatic or aromatic
hydrocarbyl group containing 1 to 14 carbon atoms and X is selected from the group consisting

of C, Br, 1, and mixtures thereof; and g ranges 0-3, and M is aluminum or boron.



21. The conposition of claim4, further including a reaction product of a
Lews acid wth the conposition. 22. The conposition of claim21l wherein
the Lew s aghdghiassizhe formula RgMX3_s wherein R is RerasotRuos 1°'R 2
wherein R is a substituted or unsubstituted aliphatic or aromatic

hydr ocar byl group containing | to 14 carbon atons and X is selected from
the group consisting of d, Br, I, and mxtures thereof; and g ranges
0-3, and Mis alum num or boron. WD 23884/ 007572 -33. PCT/ US20031021906
23. The conposition of claim 21 wherein the Lewis acid is selected from
the group consisting of tn-n-hexyl alumnum triethyl alum num diethyl
al um num chl orjzde, Th kdMRioBMibn ofdislR 2 ueretti e Lbwyis asill unieteateil Glinghé ghevp

met hyl al umi num di chloride, triisobutyl alum.n tri-n . butyl j num
di i osbut yéonaisting efutrirchpdy plaememg mywl% Hﬁm PRERBF %hte??”d%( ALCL2,

(C2H50) Al%i%mrﬁ]gﬁ@]ﬁh Gh2nim{CehIa e Aieh al(eBEh3BIAGEE iriisbatylThhihinuss

t her eof . . conposition of claim?2l, wherej gjtnge ew s aci ﬁjloriid%
sel ect ed froutyhealynoup, skt jzhgoigm pejendegpisaou (élé’ﬁ%&"éiz,“’ ’

B( OC2H5) C , c1 3@ i
B 00oH13) KPSl CHB Y 5B R Rt Dot b ot 25 e

conposi ti giregf claim4, wherein the inert support is selected from
inorganic oxides of transition metals, alumnum silicon, and _
conbi nat i ons tgﬂgr e;lif cgrg'os;m: of QIRCA! %Qﬂn@ﬁc 1WA MM dis sdbrdagidm thbgropier t
support has a ‘surf gAY 0 greater tha

n or equal to 3 sggare rEﬁ;ers
per gram cagistidgel BB, BOHI,, BIQCHICL. B AshCh RCbifdo P5das an
average pariicle  size ol abaul 19 ANOHL 250 Murcor

25.  The composition of claim 4, wherein the inert support is selected from inorganic

oxides of transition metals, alurninum, silicon, and combinations thereof.

26.  The composition of claim 4, wherein the mert support has a surface area of

greater than or equal to 3 square meters per gram.

27.  The composition of claim 4, wherein the composition has an average particle

size of about 1 to about 250 pm.





