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PCT/US98/ 14242 HI GH ACTI VI TY CATALYST PREPARED W TH
ALKOXYSI LA The invention relates to ca ositions
for the pr ycgiu%ct [ ‘(‘)931 of pol yet hyl ene resins. The gr e?ﬁt’?@gengl ts
realized fromthe catalysts of this I nvention are attributable to the
effect of the catal yst corrposi tion on~the-nol ecul ar wei ght
distribution (MAD) of the olefin resin produced in a polynerization 5
réaction in the JHISHACEMS 9%@%"@5?8%?3‘&%’53 WITH ALKOXYS row MAD of

| inear | ow density polyners is desirable as the tear strength of
films blown fromthese resins will be nuch i nproved. The exact MAD is

i nfl uenced by cCEhelnysrtionseiptesito bahlyﬂmmitbhefqdh%uatodmﬁ@cm ar weight is

nor e al ter r' n ' ' co

pol ymer i zaP?@ﬁ@'ﬂgﬁEﬁ%ﬁl&we I ﬁ%gﬁﬁféﬁ rlog'h %%35 éﬂh%on% rolling
the MAD of irg@hticn ahlaﬁnbﬂtabﬁsto lme esfmt 6fthé camyst composatoalofﬂhe moduRRi S

vari abl es. The interaction of i ca calci.n t evat ed

t enper at ur weightdigtibution,(MD) @f lhﬁ PQIY@""QFI@?'M Fﬂ %B%E'&ﬂﬁat‘mor exanpl e,
di butyl%mg%a,&mn((pgmeseﬁgeaﬂth %ﬁé?&? reagent preferably tetraal kyl
et

orthosilicate , tetra orthosilicate (TECS), and TiCl[err]
produces cat al )Anamwgmfbnmﬂwm@&lfymmmw isdegiableasithe tear strengsh i n

ot al yor o fis bR R heef ol WERHIGEh fopoyed, Tubladt MW B 1
cal ci .na]t : oimﬂ??gn:drmdﬂalysbbompeslﬂgbrr?merea; trhes!mmbmlécularg:(i)gmlmbml ysts cian
by che ac: AN Ateredity albtnd erobess wniins In GRLRYVBR ZAIB0 At o AsTM T

D- 12389 20 COl‘ﬂ'letlh@é?ﬁloE réles ko corfolRgithe MWD lof polyolefin resms Byéorfrolihge
nmeasures of the MAD of a |inear |ow density, polf%,et hyl ene ( LLDPE) or a

hi gh densi tatalyeh yethepisemeaplenpe intarartionsof siliea rUcyspiabalevatedo (VFR), whi ch
th I ;

| Sehe ¢ ompePibs led. Ryl S 8 RMIGRhdorieifcctpdine ol Btple) L1 1]) to
MFR = [er rqhbutylmagnesuum (DBM), ar-alkoxysiiane reagenttpreferably tetraalkmribosilicatepol yrrer :

For at vety® Boip e artel el gEat, SEOREY prbdleel MR BRSO ., o
MADs. 18 DRExhibitshigls ablivity firgolsfire polyekrization Irgadtions MtRe presensabfies produce
war page-frge glkl &u%\iﬁurg co&%:?&g articles and filmwith better strength
Une;gpectedly, it has been found that the calcination temperature of a silica
support feb; these catalysts can materially affect the ratio, Iz ¢/12.1e Sometimes denoted
simply by the acronym MFR. [lz1.6 and l,4¢ are measured according to ASTM D-1238,
20 conditions F and E, respectively.}
| One of the measures of the MWD of a linear low density polyethylene (LLDPE)
or a high density polyethylene (HDPE) resin is the melt flow ratio (MFRY), which is the
ratio of the high-load melt index or flow index (l21.6) to the melt index (l..4s) Of a given
resin;
25 MFR = 1 oflass
- The MFR is an indication of the MWD of the polymer: the higher the MFR
value, the broader the MWD. Resins having relatively low MFR values, e.g., of 20 to
30, have relatively narrow MWDs. LLDPE resins having such relatively low MFR

values produce warpage-free injection-molded articles and film with better strength
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properties, anpl e inproved dart drop strength, conpay ot hose of
resins wt hWB%’o'&(lhi gh MFR val ues. A decr easeﬁm’% e MFR val ue
coincides with tear strength inprovenent in the ‘machi ne direction of

|l i near | ow density polyners blown inte i4m At constant 5 tetraalyl
orthosilicate levels in the catal yst precursor, there is a | arge decrease
i n r gropbrtisbRotiexdmple irhprdvéddalt droptstrengtht ¢onspraredhtortbesacofirasiamithnat i on
t enperature of r_Lr{ge support between 60[err] and 700[err]C. Al other
factors rehghMRRyvalYRS: ant, increasing the tetraal kyl orthosilicate

levels, e.g., tRHs@ehWIn tRE MFRSVdIlE edifcidds witHieacstterightsitnprovemenpinethar sor
will also produce resins with | ower MR val i nvention is

es. .10 The
directed t@acnawirgctivemal ineardew sepsiypolysmer EthWéWQ-ﬁBT‘-e‘N gpnstant
copol y‘.”?”fe?rhhﬁgl 6rﬁf%§flib&9§eve¥é"i %ff&&stgg edirbdt, R 817/ 18gesBRAERIL s Of the
i nvention, the proportions o Phe conporient s of the catal yst precursor of
t he i nvent fesin MFR units,zafidstbyt urtits, withuan insreass én ealcinationdempernatire of ej o of

t it tal )/ { M+ Si i N W 1
et al) | s RPOHbusATaqt FntiTPosG. AL pther feciqss smainiig B ke ihé@Bshe 0T
of sili ca; the tetraalkyl orthosilicate levelecé.g), teifabthyi orthdsliieatepindhecatalysbn of My

provi ded by the | di al kyl magnesi um c und, in units of mmol/gram of
silica; anpresursor will also produce resWﬁé‘F*@i'?W?"%ﬁi"g'u?ﬁe concentration of Si

provi d by th : hard ' | dHSvIsHe-o1ef / gr am of
sili ca,féjpref erab ;G}Ne%ﬁigwéo%lreﬁe:d lf?_?ﬁ%ﬂﬁﬁ%ﬁg?%s%ﬂ H.\?ymi cek-l is less than
0.5 usual | sopolymerization agtiorsn dn apqarfiance wittypretegad embadiments ofthe 1 or nul a
refer to t cgnt ' | tdG9h il i

conpound, @Sﬂﬁ%ﬁ fre ﬂrﬁ#@%ﬁt&%@rﬁé&%ﬁhcent?g?t?lgﬁ %?&ngdrtgrfg*\%lgg%ﬁ%? t he
or ganomagneatisfyrthe eqpationdviaareintKealue is a ratioof gransition metalf{MR)*+$dbvi ded by t he

si l ane conpound. The,concgntration,of. each i . ' its of
mol / gram of si | i ca“BBEIbHENS ameaa@f '8&? ﬁq@%ﬁ@tgﬁﬁ?@bﬁ@%@@ ic').‘t}"grﬁ’(r%ess of
the regd nseffihmeigran dfizilieg] ymeri zation reactions catal yzed by the

catal ysts of the invention and the strength_of the fjl fabricated
“ther ef rom decl i ne. Wherein (Mg) 'stfemqn%mﬂgapf&erpf%‘é"éf‘?va"‘ﬁ@ for the catalyst

B comb! R A8 CampR e o e iR be_ airor phous. or
crystal'line. These whefein(Si)igdhe eancentration of i provided by tttpq:qe{rgalﬁyl
onhosiiicatg in units of mmol/gram of silica, preferably equation K = [Ti}/([Mg] + 4[Si])
20 whichis fess than 0.5 usually less than 0.4. The "[Ti}", "[Mg]" and "[Si]" in the formula
refer to the concentrations of Ti (provided by the transition metal compound, e.g.
TiCls); the concentration of Mg provided by the organomagnesium compound and the
concentration of Si provided by the silane compound. The concentration of each is
calculated in units of mmol/gram of silica support; outside of this K range, the
25 toughness of the resins produced in polymerization reactions catalyzed by the
catalysts of the invention and the strength of the films fabricated therefrom decline.
Suitable carrier materials for the catalyst precursors include solid, porous
materials such as silica, alumina and combinations thereof. Such carrier materials
may be amorphous or crystalline. These carriers may be in the form of particles
30 having a particle size of from 0.1 micron to 250 microns, preferably from 10 to 200
microns, and most preferably from 10 to 80 microns. Preferably, the carrier is shaped



30 having a particle size of from0.1 mcron to 250 mcrons, preferably

from1l0 to 200 . m crons, and nost preferably from 10 to 80 mcrons
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the formof spherical particles, e.g., spray-dried silica. The carrier

mat eri al should be porous. The intgernal porosity of these carriers
may be larger than 0.2 cnferr]/g. The specific surface area of these
materials i 3 SpirEkfidridios, o odphapblied sificd, P catflerhaterib/ ghouid

and nore prg gérzadtr)ﬁ %?om ﬁﬁo e% Fﬁé)iel?r de5| rabI e
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carrier i S HY MR ;sra{eratﬂyfrom T&Mocl&()m%m | anol groups. Si | anol
groups in silica my resent I n n 0.0 to 5 | . . OH
groups ¥ peft 'ﬁpaﬁﬁ%” fodPmpwe ph‘fiﬁa"Y Bumlﬁf pﬂﬁnl‘ﬁe g ﬁ%\%&ag&l’%’ with
heati ng (Orto‘i?mé@ﬁﬁd With the catalyst a.ahtur This watet refovabmaygbat i vel y smal |
nunber of OH | ano groups may renoved by heating the carrier

from 150] eraqcomhmwmqatmg Mﬁf"@?@@fat i vel y | arge nunber of OH
b t f th

Peat | ng may b T4 Edatth 4 forbhs S, Winsbnfih Sanclgfupy, 5 ' 0 0L | 08

teﬂbogll rretnt s;tdmel graups v silica mayi tne:[taresmtmmaft\ pmountfmmﬂlﬁetolﬁlemol of OHgreuPsof i n

e first catal ecu syn S _S

£1 ui di A%g REF FTie bit e Fx}B”PF‘%{'Jr'{daﬁ’e‘ﬁﬁ?'ﬁggt&ng‘?g B el g“éﬁsc f or

4- 1|6 hour's te@p afdweyethat is, araaw)fsrﬁﬁl ﬂsumhsevabw(lsml)o?ﬁummanbeotn of 0f7

mol per gram In preferre rein erature o

cal ci Ir[:at i grremgvgql thﬁ?"ﬂgﬁahcgﬁ‘e{ @?m]ﬁgn@% éow%eaﬁ?ﬁfléﬁ G QUERRT ace

hydr oxyl %WP@’E’F%ﬁf r‘éinb\:é@gﬂﬁé!ath&diswtmmeb ATRdidNEn bPthe J. B

Peri and A 'L 72 (8), 2926 (1968). Internal
porosity ofhaaangmysbecfmm b@tmlawmf&ay a method terned the
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Speci fi ¢ suhémotinthe fisst oétalyelrpremrsomnﬁieens@fep. heabenredehwr@ted bydance with
s doscr | baBNIANGAWIRIHrgeD i a7 o et ot Flast R0 for 4By RSt chige (= M
silica of theurfRsthyaroRyieirbsiconElrtivaf OiSmmohpetyramr Inqrefereda, anor phous
stiiea embodiments, herein the temperature of calcination is greater than 600° and up to
20 870°C. 1s‘he sﬁrface hydroxyl concentration of silica may be determined according to
J. B. Peri and A. L. Hensley, Jr., J. Phys. Chem., 72 (8}, 2926 (1968). Internal
porosity of carriers can be determined by a method termed the BET-technique,
described by S. Brunauer, P. Emmett and E. Teller in Journal of the American
Chemical Socisty, 60, pp. 209-319 (1938). Specific surface areas of carriers can be
25 measured in accordance with the above-mentioned BET-technique with use of the
standardized method as described in British Standards BS 4359, Volume 1, (1969).
The silica of the most preferred embodiment is a high surface area, amorphous silica
with the surface area = 300 m2/g and pore volume of 1.65 cm3fg. It is a material
marketed under the tradenames of Davison 952 by the Davison Chemical Division of
30 W.R. Grace and Company, or Crosfield ES 70 by Crosfield Limited.
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In fact, it has been discovered that hgating the silica support at

t enper at ures of greater than 600[err]C narrows the MAD of the

copol ynmers pr Oﬂ'}‘fé ‘Hats}?: HQiscoverad {h%{ ﬁéé&ﬁb%hé’&héé@lﬂp@teﬂlérﬁﬁbratures :
The carrier eri urr| ecﬁa non- pol ar solvent. Preferably, all 5

subsequentof graater tham Gmmqwsﬂhe MW B@If ther capalyaeropr ogpeedwithihet ed at

t enper at ures_, of 80[err]C, preferably to 40[err] to 65[err]Cto.
ensure mmgf[tgﬁﬁvgﬁg ivity. Sui t abl e non- pol ar sol vents
are materials Whechrrier matérmuistilumed:inimmn-polar salmmePeafmbly, alhd in which all

of the reactants used aJﬂﬁgga@sﬁ g{,ﬁ&rrggfnd t he

si | ane ScorfyaeRruent$ars P?Z &ﬁ%ﬁ"‘?&t‘fﬁo"n@?&?r atjgp ar&m
partially zek&ﬁb‘t: pPéf@rfaBryrtedmmsmelta@n&srbmmumeta%kmmy such as

| sopent ane exane, isoOhexane, n-heptane, octane, nonane, and decane,

al t hough a var Suitgblenomppler sehwents peg @3@H€FM‘W€§‘6P'95P%‘3HES such as

cycl ohexa fﬁ%ﬂ #g\éaeh h enzene, may al so be
enpl oyed. q%ﬁ%”ﬁ%"?s ahe )i ?“eﬁ{ggd %(?It’l pol ar s@ven?smﬁe | sopent ane,

i sohexane ongahdmEgnesiam chmploudd ctlaa sithnecompound, andiike ransjion metabul d be free

of el ectron donors an s) and
pol ar 1o FRAPOURY, Are gglg?se\ﬂ Itp ﬁé‘pggﬁsﬁé'%ﬁggp-&n{ar%ﬁ%ﬁt&ngpe RBAES, Prior to
use, the rBhBSisdpestahy aihe@ne ischdxane i-héptans, ostank, mudnp, gret dexlane] on

t hr ough silica gel and/or .npolecu J&’,‘ﬂj"Y&ke es sé’F{‘ ‘g traces of

wat er, ox%@ﬁ%"}a@)?’%ﬁ'e of otherspatgHals JRciu MRS SUFD 35 SYTARBPE: of

adver sel y g ﬁés SSbrCARAtBlugAé aﬁ@hih‘ﬁlﬂeﬁzer&oma&also beTémpleyaﬁrmmastm um
conpound has t nmpirical fornmuld Rerr err] wher e nd R are

the same ¢refgmed aa@ﬁplacp@!veqts ereisepentaney IsofjexAngand hepiane ana ]-Clerr]

al kyl .gro r and nost

ot of e o1 PERYe e solvet ol BefeB r iecireh Bbndrs 8 be Bflleh [Rekltes 70° 0,
or 2, pro\elattrog doher{s)rand pmiarSOqualcanmeadhmlhéh@raammagnesm snpEd. I n

e Rt R onf A PR S B e =
conpound fsilf@h gef arid’or molecular sieves, to remove traces of water, oxygen, polar
compounds and other materials capable of adversely affecting catalyst activity.

20 ' The organomagnesuum compound has the empirical formula RyMgR', where
R and R’ are the same or different C»-C12 alkyl groups, preferably C4-Cyo alkyl groups,
more preferably C4-Cq alkyl groups, and most preferably both R and R' are butyl
groups; and m and n are each 0, 1 or 2, providing that m + n is equal to the valence
of Mg.

25 In the most preferred embodiment of the synthesis of this catalyst precursor it
is important to add only such an amount of the organomagnesium compound that will
be deposited - physically or chemically - onto the support since any excess of the
organomagnesium compound in the solution may react with the other reagents and
cause precipitation outside of the support. The carrier drying temperature affects the

30 number of sites on the carrier available for the organomagnesium compound - the

—t

higher the drying temperature the lower the number of sites. Thus, the exact molar



be deposited - physically or chemcally - onto the support since any excess
of the . .organonmagnesi um conpound in the solution may react with the

ot her reage cause precipitation outside of the sug ort. The
carrier dryi 95?({]IS”?Berature affects the 30 nunber of sitdETGP¥HE2carrier
avai | abl e for the organomagnesi um conpound - the hi gher the drying
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the carrier will vary and nust be determ ned on a case-by-case basis

to assur e tﬁ%{b’aﬁﬁlf@u%ée #B@ﬁ“tﬁ?d on a casethy-cAsg bABiALR ARLINE At Bl FameHchsPfadded
as: wll ﬁl‘%%}é :g)‘?'nrp':dﬁ Yid ' cess of

t he organonagneSi um rr%@un{n I'n BE?%‘% egﬁsom'%&lag%séﬂeeg?use ?%Ee]?é?m ar anount
of the orgawﬂhmgimmgrarwcsxpesmmepmanomdgmeumncd:mpound in theugnhation. i s great er
t han the_nolLar co t ent, of rou the su r e, .npl.ar

ratios g“? ve 9%158 edpglqr ﬁWﬁBé%‘%%P&aﬂg &ﬁ?ﬁ‘ﬁ@ OE?BP%'E% 'ﬁg’ tgﬁd t he
exact xgsmms gféfatdriiSarPthg anslaranesiit uﬂhmoxwmd $ Ih thBisBpSIr) W68 ABRIF Must
be controlle the functional limtatjon d| scussed above, i.e., it

nust not beragPﬁat"SP bﬁmﬁrﬁﬂaﬁnm My a9 an @pproximate.guideline and the exart support .
The anount
Sthodit® AR b aW%th:sembd&hhﬁﬁrh&st%%ﬁir&ﬁéﬁ %Qoun

t he support can be det or ganomagnesi um co
to the sl urthy fnctionat lmiahotemsmd abmee.wgatrrwﬁlgn&e gmaterthan thatwhidmd i s

car 1 orthenPinpe P PRF 8 gt T eyt inel e BeRO iRt Aok T

added to t hehish lsrde_,posmet‘.o‘m:ﬂhe Isappcirheamhé detemhed)bp’addl:gg the t he

hydr oxyl grou s in the carrier eferably 1.1:1 to,2.8:1,
more O GpBRamatriegi gmpaipa 1 e shungiof b8 Pl el Ip7 Josnamganediu

The sil ane apipoRnd s dstested ih hadiqlidphaséi on of the catal yst conposition of
t he i nventi on shoul d be free of hydr og Q&r oups, The preferred
speci es of si | afer sxamele.fpotnfilicacares Seatedrt A Godhepmeydt pEthe] wherein R

of 2t CEpRRRRAGRBNRRPEM AN HAHR1o the smils Fudi et e faoki e Bf Mo 07 010
aryl al kyl, the kdrpkyl gnetipsrip the mngrl is 1tictetdal, prefgrabiy H1:100 ea&hcsmrat ons.
| R PR e M Rl 7 oc0r e L0 e
t et r ai sopr opoxyJheailane compound used in the production of the catalyst composition of the
iriventior} §hquld be free of hydroxyl groups. The preferred species of silane
20 compou;d are those defined by Si(OR)4 wherein R is a C4-C4¢ hydrocarbyl group,
preferably a hydrocarbyl group of 2 to 6 carbon atoms. Hydrocarby| groups include
alkyl, aryl, arylalkyl, alkenyl and aryialkenyl, containing 1 to 10 carbon atoms.
Specific silane compounds which can be used in accordance with the invention
inciude tetra-methoxysilane, tetrasthoxysilane, tetraisopropoxysilane,
25 tetrapropoxysilane, tetrabutoxysilane, tetraphenoxysilane, tetrekis(z-
methoxyethoxy)silane, tetrakis(2-ethythexoxy)silane, and tetraatkyloxysilane.
The amount of the silane compound is such that the molar ratio of the silane
compound to Mg is 0.40 to 1.00. For the preparation of higher density (at least 0.94
g/cc) polymers and copolymers of ethylene, it was discovered that the catalyst system

30 exhibits higher activity when the catalyst precursor is prepared at a [silane]:[Mg]



25. tetrapropoxysilane, tetrabutoxysilane, tetraphenoxysilane, tetrakis(2-
nmet hoxyet hoxy) si | ane, tetrakis(2-ethyl hexoxy)silane, and

‘tetraal kyl oxysi | ane. The amount of the silang. ¢ ound i s such
that the rm%”f"é’lofo of the silane conpound to My igcgﬁ%:«{zéz 1. 00. For
the preparation of higher density (at |east 0.94 g/ cc) polyners and

copolyners of ethylene, it was discovergd-that the catalyst system 30
exhi bits higher activity when the catalyst precursor is prepared at a

[ si | ane] : [ Mablar ratio at the minimurY\Eh@8f Bé $aHge of 0.4 to 1.0, that is, at 0.4 rather than at
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nol ar rati o8t the ninimumend of the range of 0.4 to 1.0, that is, at 0.4

rat her than at . - ’ g‘g@ﬂgn:ﬁ «the silica
is contacted w g?]pgeﬁ%rﬂe#ﬂm%nﬁetgel lsj%cdﬁo%f’a%ge#pv@ﬁ\ntg in lsﬁrﬁsg/&'gf t he
silica in aosmpoundin aekiyicbthe silicairea solventadescribed: abovactheregfter to the

di al kyl mag | tact LLica slurcy | i conmpound, with
subs equgt qﬁ%@ﬁ?ﬁﬁ&(ﬁgfﬁ&a%gﬁ@ﬁ FIHW %ﬁ@dﬂ?%}#ﬁﬂ@éﬁ@ﬁgﬁbf | ess than
90[ err] C. Tsubsequent adiditioresfate!trénsitiontmetak at & tamperatate ofdessthian 96°Q)r Ther abl y
bel ow 80[err]C to mnimze hria%Q _ten;per ture %S?Cg ivation. Al of the
previ ous st@pReraie sblranrtionmrtalrontact iferef y below 80 inimize high 10
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conpound, the silane conpoun e Inert solvent with subsequent
sl urryi ng demperatures.ne carrier therein can obviate the necessity of

equi p t requi iy LG m éi' élﬂﬂim lk' ' rcial
scal e[nl:l% of cat é’t%#%e&’hééur sd?’g?)frtggl%?l on. ée%%ﬁ%?‘éé,gnomsnggﬂﬁfal ternative
synt heti c metripodng)dihe sitameaompoand avdsthe dmerbsalvant with eubsanuant slarfyiag bf 15

oo 88 A B e SIS SR el bR b |
prepared capabifitigsSor the dompercial eealblup dflkatalat preeursbpduttione THebefore N pri or
to precipitation of onents fromthe solution. The total

any _ _ _compoy
amount of #hRalemalive sybihstemetned papicularly allows;tee g compiste contadt aféllt orm t he
i qui d 181 XicBonsHWBK Sy sidle [VINERY drRBockABHSIIRb RiiEredd hetddi Li on of ‘only a

portion of the total ambunt o silane conpound to the m xture
wi th a subeganemagaesiumicompoind, the silane campeunsoand tha ingrt saivent is prapaned t he

o add al | T3tEnd spbsedBndnBLaRRFR sfiris fefoin BHSNo fliptioh B AR, P17 €11 e
i ncor por at iconponants froindhe salutidn. Civetotahamountof thessilane compound may be
added in one step to form the liquid mixture. However, the invention contemplates

20 addition iof orily a portion of the total amount of the silane compound to the mixture
with a subsequent addition of the remaining portion of the silane to the silica slurry.
In accordance with the invention, it is most preferred to add all the silane compound
to the ‘slurry of carrier prior to incorporating transition metal compound into the
catalyst precursor.

25 Finally, the slurry is contacted with at least one transition metal compound
soluble in the non-polar solvent, preferably, after the addition of the silane compound
is completed. We have found that it is preferred not to effect any filtration between
the steps of transition metat addition and silane compound addition. A filtration
between silane compound addition and transition metal addition appears to broaden

30 the MWD of the polymerization product. This synthesis step is conducted at 25° to

70°C, preferably at 30° to 65°C, and most preferably at 45° to 60°C. In a preferred



catal yst precursor. 25 Finally, the slurry is contacted with at
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erbodi mant {SAgon,metal il hersfore vary (depending, e,g; on the carrieraryipg tamperature)

gr eat er t hand must be détatminbdd oh a-ne-lby-cde@ basis. eEIorcmtampIGh fordhe silica car‘mae exact

nol ar ratl tra t al t her fore

(depend?ng %eﬁgpz@‘?ﬁg"c%ﬁﬂ?am"ﬂ? h{f @Pé’? c)ompoun W t be _
det erm “edtr@haaﬁéﬁénbmmltﬁﬁ%ﬁal HériveddfroPing trahsitioh rdtal icbi aumaltcsl er 5
heated at 200[err] to 850C, the amount_ of the ybﬁnsmlon net a ound is

such that the hydroxoraupsef thacamiepis 1 1920, Ripferabhhh3te 2 waamm# Bm t he
”anS'tlon}rgar’éuay o B&Hﬁbunfd(?s?lﬁosudﬁfl‘ﬁtﬁ%%éléb’ﬂatnﬂbf’M@%oﬂfet}é}&ltbﬁr“er is 1

to 20, pre anount transition netal
conpound i metal is).§ te8, praterabing tordl Theseamplar cationpravide: ¢atalystoomipositions

net al Vi cat al yst
conpos#‘fi Owrgc&grgﬂucwclﬁé %’S%'né%érp—iéﬁ Wf@@&é@?ﬁds av"llér%g'hr elatively

| ow MFR vatange of 20 tdh30. In pammgeatal?stﬁﬁf the ifNentiom afbaw fardhe productishadfy st s of
the i nventj | 1 ow for th on o i ns, characteri zed
by MFR val ft}géb!?lé%sgns[qgga %’9 @96$95§Néa§192é'%s %DEF‘B Puct s

exhi bi t eXg.QiPEB?ocﬂﬁfstexﬁibﬁ%xbéﬂéﬁPaar{ 8fpSinpacteesistanearid\eriantdd MD

El mendorf tear strength is known to those skilled in the art, such

LLDPE r esi Rlgendorf ¢gaq SHE“QF{'H Asienawn tortaesroakilied imthe ark syemLEDPR Y ‘Eﬁ"‘ﬁ nj ection
mol di Pr&fisd Sitidhy ‘fé‘?r%ﬁce hi h-strﬁﬁ&thfﬁrﬁﬁh nié&’u&@ﬁﬁkﬂﬁ; ﬂ‘ﬁguég]gv"xoﬂf . < of

Suitable transition ne oun s used el n are conmpound
Groups | VAesistant ta warping\and sheitkinge Peri odi ¢ Chart of the El ements, as

B oo o v itaie 0B ond S SRR s B e it 0,
The pr ef erGruips MR NA, VIA onWlibof the Periodic GhartoflthecElements aas publisioebbyithas ,
preferably et "e"’h'tuﬁ{:‘ Cotnpady Caliss MRO¥YE3:10 1678 providing that such
20 compounds are soluble in non-polar solvents. The preferred transition metal
compounds are titanium compounds, preferably tetravalent titanium compounds. The
most preferred titanium compound is titanium tetrachloride. Mixtures of transition
metal compounds may also be used and generally no restrictions are imposed on the
transition metal compounds which may be included. Any transition metal compound
25 that may be used alone may also be used in conjunction with other transition metal
compounds.

The transition metal compound, such as the tetravalent titanium compound is
added to the slurry containing the solid intermediate and is heated to a suitable
reaction temperature. The supported catalyst precursor formed from the four

30 components described above is then activated with suitable activators, These

include organometallic compounds. Preferably, the activators are triatkylaluminum



nost preferred titani umconpound is titaniumtetrachl oride. M xtures_ of

fransition nmetal compounds may al so be used and generally no
restriction rrposed on the transition netal c %85' ¥\/ni'c'h may
be incl udediv(i%& % ansition netal conpound 25 that may gg?@g ¥ one: may
al so be used in conjunction with other transition netal conpounds.

The transition netal conpound, such as Bhe tetraval ent titani um conpound is
added to the slurry containing the solid internmediate and is heated to a
suitabl e compoanads which temtpisr syl groupSbe1 &P parbbe dtaras, arefertablyretod sor f or med

Sui 1abl o adPTEpRHPES. WREK Brlerdti; e AElHSRaSF S OREYAIDBUR Bk pounds,

Pr ef er abl y,mﬁ-,bmya.mmmahors are trial kyl al um num WO 99/ 04901 .

PCT/ US98/ 14242 nB ounds whi ch contain al g{ s of 1to 8
carbon at ons, pFB?é?@!MSW @ agtivated in sty py §Ading Higsa Wﬁ%éaﬁgé?féfyébl y, the

activatgrs sp?é&lr&{r's‘é k%% BHPXR\SEIrlzahoB médil Aﬁﬁgm{élﬂﬁ ga%dm‘to combine the

The catal yst may be act | vat or and cat al yst
‘5  pr ecur scatalys presuesiop adeactwgtqnbegor\emlmdtucton inte theupolymerization megiymmssi bl e

to conbine t I a bvator before introduction
into the p&@ﬁgwgéﬁ?ﬁﬁﬁ%@g%hﬂ%&gﬁwﬁémdg&t?o%P q’j‘p to 2 hours at a
tenperature fromsuic%iéblé em%ﬂbwlt&élactwator e)lcpresse]g asﬁhe numbér of matesiof thef t he

t t t t t t
a om of 1 1 BSHYalon Aes ofa afm af fap e e caiavet apetisor e Han 1o Tomerd o 1o
pref er apl y igprapdrably %;Fbﬁ’er'\:ihans Et hyl ene and al pha-ol efins may be
copol yneri zed wi th” the catal ysts prepared accordl%gato t he present

i nvention. Pol y%ﬁ%ﬁ@héﬁ‘ﬂh@aﬁi@f insmeayckecapelymerize@ wit the ¢atalysts prepareshensi on,
in solutio g?% LERSAZEN B Sa ferred
such as th%gg&r?ilnglt&%di ace | n | rrecsﬁﬁe F‘glg,(’:torésﬁ and, espgg%:c?gﬁr'ﬁ

f 1 ui di zed- suspensiony inaolusios or Wthh gabphase ngsptmsp;potWteethaM(ard praferred

oy b s PuT o HERE HhotelER! Rk e ACTRE RN Rant S ekl YOS

carriegsou teaiors eMﬁth the tutalysty predgved abwrdmg te agpects ofdhe pfesent ihdertiony | C.

ne ot molesidk o o r ot BeY besulatly Sryeled puf bidogpapbeade "

accordi ng pélymeRestion. i9tartitg out at relatwe!y low temperatures, e.g., from 30° to 105°C.
This control of molecular weight may be evidenced by a positive change in the meit
index of the polymer. The catalyst systems prepared according to aspects of the

20 present invention are highly active.
The catalysts prepared according to aspects of the present invention are
particularly useful for the production of HDPE and LLDPE resins with densities below
0.97 g/cc. The LLDPE resins may have a density of 0.94 g/cc or less, preferably
0.930 or less or even 0.925 g/cc or less. In accordance with certain aspects of the
25 present invention, it is possible to achieve densities of less than 0.915 g/cc and even
0.900 g/cc.
These LLDPE resins may be polymers of ethylene with one or more C3-C4g

alpha-olefins. Thus, copolymers having two monomeric units are possible as well as

terpolymers having three monomeric units. Particular examples of such polymers
30 include ethylene/1-butene copolymers, ethylene/1-hexene copolymers, ethylene/4-

methyl-1-pentene copolymers, ethylene/1-butene/1-hexene terpolymers,



20 present invention are highly active. The catal ysts prepared

according.to aspects of the present invention are particul arly useful
for the pro ' of HDPE and LLDPE resins with densiti " 0.97
g/ cc. The L%%loggebéi ns may have a density of 0.94 g/cc or E@ss,m%r ef'erably

0.930 or less or even 0.925 g/cc or less. In accordance with certain
aspects of the 25 present invention, «ip &£s possible to achieve densities
of less than 0.915 g/cc and even 0. 900 g/ cc. These LLDPE

resins may eliyienRlpropyieneii-hexdns tempolymeriiand ethylenefprepy@nert-buteher r |
al pha-ol efins. Thus, copolyners having two nononeric units are possible as
wel | as BWP'XF‘SE ymers having three monomeric units. Particul ar exanpl es

oft such pol yner %&&wn W{Hé%lﬁﬁéw b%b%"éd ph%@a@sémﬂtﬁe E&talysts of the

et hyl ene/ 1- hexene copol yners, hyl ene/ yl - 1- pent ene copol yners,
et hyl ene/ 1pmaseshipven xamexprewdlbyrtbs MFR value, vanes from 20\ipy38panslis0 1
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et hyl eng/ p?gﬁ%agw&zizaef?{elhl'op ?%8%}%‘%'“%% é’ en?iﬂ’y?fe ﬁgegoptro (9 py oe%,g‘i Tr-??)a?ene

t er pol yner selt index value ofO 1 I tOOMAS ie fknovwe tpthioperskilegindhe addsuch MFRR pr esence
of the cat aI sts of

val ue, var V@4es ngﬁa't“@ of@ re!ﬁ%&eelfi gg@wgh%@yggrsg ﬁséfsr g%ﬁl\g{'b&&? VR

product s hmpmealaesi@nw ro cofllyst msdfmmventionmot i ndex
value of 0.1 to 100. Asyn?(es Enown to those skilled in the art,, such MR

val ues ar e'ﬂdﬂﬁt‘tm they are suitabledor the RreRatRtRPIVARPI 'W"Smﬁ'ﬁf"%su%e

| at I t
gss?elm}g 01}’ﬁ!{n?}§"érehkel nt%ﬁ/ﬁ%@eﬁ"g{"”%ﬁﬂﬁcate fﬁﬁ?féﬂﬁ bg‘? esfor
t he pr epar intaceordsince with cagaihiaspegis oﬁmetpsesanhme@mpre_@rablv mntan; aéleasl i kely
to h
1 acoor daRl Gy riORd BVbrRARRE! Wo§Forplerably, A€ EOPE iR o1 e RivBHHSH,
contai n at containtat least 2 wh 08/ ftryexamplg from 2 taQﬂyhéhefamalpha—oMﬁsI preferably,

exampl o 1 om 2 RISl pabmatizalionseciion i rorducted by Bhlactingh sFeameY , ¢ ne

pol ynegs ZaﬂieQﬁoﬁd?ﬁé‘r&' iA2 gaB-phABE Prdcass, Rucls 88 itk flDliadHddgRtteds 15 the
nononers, in a gas- @wase process, such as in the fluidized-bed process

descri bed descohedbelowwithva satalytically effectiveamaount ofthe GRmplstely petivatah et el y
activated ﬁatalgs &%tt@l'n?a?att% aRd P IPRERLIY Sfftiéht 6 inftiahd fepdiymerithfibs! ent to

initiate t ymerization
reaction.
' ln nrder to achieve the desired density ranges in the copolymers it is
20 necessary to copolymenze enough of the alpha-olefin comonomers with ethylens to
achieve a level of 1 to § mol percent of the C4 to Cg comonomer in the copolymer.
The amount of comonomer needed to achieve this result will depend on the particular
comonomer(s) employed. |
in accordance with the :nventlon it has unexpectedty been found that using
. 25 catalysts of the invention in a gas-phase polymerization reaction, 1-hexene can be
incorporated into ethylene copolymer chains with a high efficiency: a relatively small
concentration of 1-hexene in the gas phase can lead to a relatively large
incorporation of 1-hexene into the copolymers. Thus, 1-hexene can be incorporéted
into an ethylene copolymer chain in a gas-phase reactor in amounts up to 15% by
30 weight, preferably 4 to 12% by weight, to produce LLDPE resins having a density of

{ess than 0.940 g/cc.



reaction. . In order to achieve the desired density ranges in
the. copolyners it is 20 necessary to copol ynerize enough of -t he

‘al pha- ol efi mers with ethylene to achi eve 1 to 5
WO e

nol percent € Clerr] to (Jerr] conononer in the co
amount of conononer needed to achieve this result wll depend on the
parti cul ar conononer (s) enpl oyed.10 - I n accordance with the

i nvention, it has unexpectedly been found that usi ng 25 cat al ¥sts of the
i nvention in a kygesphase ppiympiizationan rdnidizeddedsaactar, thepohum

| ncor por at gl UBULHC A BRIWTRE siéHriienblrinde B a&ryrﬁérf RGBS YFor?

relatively concen 'on o I n the gas ase can | ead

to a rel at thegrpdidiogef ethylene copolpmestin tive prboassmmeisentmven&om@pol yners. .

Thus, 1-hexene . can be incor.patated. Nt o b cha| nin

a gas- phas@Perating {]ﬁmﬂeﬁatﬁmﬁﬁs?%ﬁﬁ G is Bezfey(P ﬁ%ﬁfﬁﬁr&ogﬁg goonﬁ/ 4 to 12%

b/y wei ght | istrAostiphsteRed. LtE?REer’éﬁﬁé§'§f 796 00°CPardasd to/prepare LLDARprddudten 0. 940
cc.

%CT/ Usosg/ 1having a densrty of 0 91 to 0 92 g/ce, temperatures of 80° to 100°C are used to o .

I n gas-pha f I zation

terper at ur ETCERE ML BRI Hefing o s ERTe2RI0.DE g Mnd efipoArTSr

particl es. 90%to 115°C are useddo poepare bIDRKE produsts bareng:egemzymg S4ito process

of the pres@r;l I nvention, an operating tenperature of 30[err] to
115[err]C ‘preferred and a tenperature of 75 to 95C 5 is nost

pr te er%@d Termnfeaﬂuudnﬁai-géd ﬂe&hmrt is opepated @bpreksires efupstedl 000 psi; epdis L:C_Dggt
product s avi ng,a, densi 0 er 0 0
oL or 1] C BreterablE appeatet &' Prppehs os tomase b Bad i it aparatPriadhe bioRe” or 0. 09
to 0.94 ¢ [géss@rasi irt SIBPTaAGEY favoritg heat trané?&{sh'ﬁdb]arilﬁcrﬁiﬁé ﬁr;rréﬁuaé e used to
prepare HDPE products having a density of @gbgc

pSI and

The fl ui di 'ﬂé@aﬁé%ltheémv@lum%h%@%% °§ih9g93és JGP@?“@”V apcrepl
f 0 , h
| Ser ation at &?ﬁe@%&'gﬁ?%ﬁbgﬁtl&{ 15@9&35% theWed eftgrfhé%u Po%e0 psi, wit

op sures in such ranges favoring heat
transfBs stonsemgtion.nTheproduttionratesisdnebed is confrelleddydbe rate of thaicatalyst une heat

Caa s ol e B SRR Bl PR S o i o b catalvet
consunpt i odiluehtse rsp‘ed thto theoreattot at a spadedinecyleld of 2 ¢ 10 pounets/Hour/chilsic fant e  of
the cataly ftthe bed volume.

The highly active supported catalyst system of this invention yields a fluidized-

20 bed prodi‘iuc"f having an average particle size between 0.01 to 0.07 inches and
préferably 0.02-0,04 inches.

Resins produced with catalysts of the invention exhibit excellent mechanical
properties. Although there may be differences in catalyst productivity and 1-hexene
incorpofation, which vary with the type of the trialkylaluminum activator used in the

25 gas-phase fluidized-bed reactor, excellent mechanical properties of the LLDPE resins
inhere in the catalyst precursors of the invention independently of the identity of the
cocatalyst. _

The LLDPE film exhibits unexpectedly high dart drop impact strength and
enhanced MD Elmendorf tear strength compared to commercial standards.

30 The following Examples illustrate specific embodiments of the present

invention.



injection. The feed stream of gaseous nmononer, with or wthout inert

gaseous , . diluents, is fed into the reactor at a space tine yield of 2
to 10 pound ubi c foot of the bed vol une. The
hi ghly acti \S/érﬁg%j Orted catal yst systemof this inventi of?’i’%ﬁ’%‘zg T

fluidized- 20 bed product having an average particle size between 0.01 to
0. 07 inches and preferably 0.02-90.1Q4- nches. Resi ns
produced with catal ysts of the invention exhibit excellent mechanical
properties. Al thbhugt isrepperembthabihect tidsdreenpeevided, imacdoydancevdtiitbei vity and

1- hexene .. _lncorporati.on,  which vat | 1 he e.of .th .

trial kyl al ufﬂvﬁnﬁlﬁ'h&%%?s&fmﬁé%yﬁ‘ R@Hg‘%%ﬁqgﬁypﬁéégﬁ ﬁhgiogfafgsd_agréﬁ alngact or,
excel | ent naavEntagd sebforPaitiove. s Whils theinkérdion Hae beef describediim Bérijgndtidnt he
catal yst precursors of the invention independently of the |dent|tty' of the

cocat al yst . With specific embodiments thgseof; it js.gvidant that map) alte@atives, (nodifisationss t dr op
i t - , dt
comrer ci 51 24 Variions wil b BiaRe  MaeE LT R the AT igtof B BrdFRP °C 10

enbodi ment sdescriptien.pAesoedingly, it is intendsad to@mbrace all such alternative®) 99/ 04901

PCT/ US98/ 14242... .. . .- e - 12 .

Thus 1t 1 s BpAeatins, Ad variatipns 75,80 it e S¥iLEnR brosd soabs of e PRFdRd: e

i nvention, elajmsycess for catal yst production, that fully satisfies the

obj ects, ai gg ang advant ages set forth above. Wiile the invention
has been d I n conjunction . wi th specific enbodi nents thereof,

it is eyddent thg 8 g?éS?d) Péﬂdh&é_‘lﬁw ORI L iHhitddd) Swhich Was PREVioLRTy at i ons
wi |l be apparent to those skilled inthe art in |light of the foregoing
descri pt i oncalgipedatB6fjCyunder nitregenfoed heurs; wae placed itepimix vessehl t er nat i ves,

4 ficati Y fo] him th ey ;
'he appendeqoperiate 1875} GEF adtd 13 unlithe gl "Ansiealibg HRLREfoR® 267 °
produced by5@CrtoS5r@| DBMI(515 mdo]) wasi atkdedds thersilicaslustyyand the mixtatecwasd at

S05Ler 1 C URLE§ FAYEA sl G i, T BT BBl ETER ¢ 1
m xt ur exd r ooading of 0.88[mmollg sikca) Mas thenaddeBib tHeldurnnand stiring welslesntirielihe
silica slu rtro}/ 1 %ggr ;t O‘rtno gé}br eFixaqﬁ. TiCle (515 mmol) was added to the mixture and
stirring was continued for 1 hour at 50° to 55°C. Then, the isopentane was removed
under nitrogen purge at 50° to 55°C leaving a pink-brown free-flowing powder (700
g). ,

20 Examglé 2
The catalyst precursor was the same composition as in Example 1 except that

the silica was calcined at 600°C.
Example 3
" The catalyst precursor of the same type as in Example 2 was prepared with

25 silica calcined at 500°C and at a TEQS loading of 0.44 mmol/g silica.

Example 4

| The catalyst precursor was the same composition as in Example 3 except that

the silica was calcined at 700°C.

Examg.le 5
30 The catalyst precursor was the same composition as in Example 4 except that

the silica was calcined at 800°C,



stirred for 1 hour at 50[err] to 55C. Next, TEOCS (340 mmol, corresponds to
a TECS 15 loading of 0.66 mml/g silica) was then added to t-he slurry and

stirring wa tinued for 1 hour at 50[err] to 55[err]C Finally,
Ti Cl [err](SM%& was added to the m xture and sttS @%??G“%ﬁs‘ )
continued for 1 hour at 50 to 55C. Then, the isopentane was renoved

under nitrogen purge at 50[err] to 55[-enz] € | eaving a pi nk-brown

free-fl owi ng powder (700 g). 20 Exanmple 2 The cat al yst
precur sor wshiryiRrhaverizatiomBResttione fiExenples &8hnpl e 1 except that t he -

silica was calci at,. 600[err] C Exampl e 3 The catal yst
precursor of thﬁgﬂﬁﬁdﬁgﬁéé%CJle%WP? geggrggmtgdg? s?falm Rfeggsors iofi ca

cal ci ned at Eﬁﬂ@ﬂa@ﬁ,&,@inahJE%eh@a@htngcﬁatﬁydﬁmmmm (TEAL). An Exanple.
4 he cat al%;t precursor was the same conposition as in Exanple
3 except thexampleis given Belew.ca was cal ci ned at 700C. Exanpl e 5 30

(he oil15n wae ool otor tafe} g fearalioaamanlisduitia rigRetaiy gaeier ccpt {het

the silitca was
PCT/ US98/ 14stitter was filled with heptane (700 ml) and 1-hexene (300 mi) at 50°C and then TEAL

St by 2nor 1. (ARERh W aERf YO Srkid AR riFedtelle 10000 And bR empem R o1 5 o
IS e i e i et gt )
aut ocl ave e@gﬁﬁgﬂf’\ﬁ%{% iﬁ"?&fﬁa[it@ maimain thefofal g{ae;sure at 195113b8|si9m/§§efi | | ed

Wi th heqy angaf i efipbraiitd was Hoeriel £980°0, Poat- 351 A (r)%scafaw pridurseAL

(2 mmol ) was added. The stirring was increased to 1 rpm_ and the

t enper at ur ewas introdyged intadhe eeasterapd 8§ lempplaturenas lmreamip anshwasshgld abas
i sed 23 oM . |

i nt ai n t R Fo P PORR Ao sction yas bt BLIFK FRGAR th ¥ icnd ©

t enper at ur esupply wiscsteppeell The réater wasSsoald © amiientdemperatura andthel LLOPE

precur sor . i Eéoduced into the reactor and the tenperature was
I ncreased a’ﬁa’"\k?é%‘@%&?‘g 't

15 ~ The slurry polymerization data are summarized in Table 1. Listed in the table
are the catalyst productivities, polymer flow indexes and MFR values, and hexene
contents in the copolymers (mole%). Catalyst productivities are given as grams of
polymer per gram of catalyst in 1 hour at 100 psi ethylene pressure.

Table 1. Slurry Polymerzation Data

20 & :
Polymerization Catalyst Calcination Productivity Flow MFR Mole%
Run Precursor Temperature index Hexene
Example 6 Example 3 600°C 3800 31.8 30.9 4.0
Example 7 Example 4 700°C 4250 38.3 264 3.7
Example 8 Example 5 800°C 4300 31.5 26.7 33

Gas Phase Polymerization Reactions (Examples 9-12)

Experiments were carried out in a gas-phase fluidized-bed polymerization
reactor in the presence of TEAL as the cocatalyst. LLDPE resins with densities of
25 ~0.918 g/cc were produced in all experiments. The resuits are given in Table 2.



85[err]C. The polymerization reaction was carried out for 1 hour and then
t he.et hyl ene supply was stopped. The reactor was cool ed to anbient

-terrperaturé and the LLDPE resin was collected. 15 The sl urry
pol yneri zat Wo#Y8#8Ph are summarized in Table 1, Listed i nP¢HESHAHE -

are the catal yst productivites, polyner flow indexes and MFR val ues, and

hexene contents in the copol ymerLs;4mol e% . Catalyst productivities
are given as grans of pol ymer per gram of catalyst in 1 hour at 100
psi ethyl ene pressure. . 1A8Y Pol ynmeri zati on Data
20 Pol yneri zat | on Fre-0 = =F [ oductivity Fl ow
MFR Mol e% Precur o tur

| ndex Polymerfzan Bun Ca‘amhﬁﬁ@s@f f@ | SR 606 QF} ding
3900 31.8 30.9 _ 4.0 Exa !“Bef Olig silica

700[ err] C Example 94250 Example23 23, 4600% 7 rrpl

Exanpl e 5 Exampiof{@rr]C Example41300 865°C 31. 5 ‘g Gas
Phase Pol yrExampia 1bn React Exampl¢ Bxanpl es 6§04 30-31 EQﬁ'érl ments were

carri ed outExample $2s- phaseExdmplebzed- bed BOPEneri zat 27  OAdactor in the
presence of TEAL as the cocatalyst. LLDPE resins with densities of 25

70, 918 g/ cc Wer gnRiRRt dafl rilabe BRIeZRoh Hatal Hfow BEt Sy Apfedlinicts | N

PCT/ US98/ 14eared with silica calcined at 700°C or at higher temperatures and agtivated with a

120 2, Ciaa AR S By R D s C21 5

Tenper at ur evident by the subslﬁméllygowed MER values, conpapédtodhe MWD of resifiscanpl e 2

B65[ or 1] G Produced yifrscatalyg sygtem which gERke Sga calcined atglREY
ggg[c 1c 30- Résins vﬁth‘h“moreonan@mﬂww(léﬁer MFR valuBsjpars|higHly desirable for
err

10 LLDPE film applmttons because film properties of resins with a narrower MWD tend
to be superior compared to those of resins with a broader MWD. This is shown in
Table 3 where film properties of resins of Examples 11 and 12 are compared.

The resins were compounded on a Banbury mixer with a standard high
strength film additive package and then the film was produced at 430°F on a
15 Gloucester extruder with 100 mil die-gap at a rate of 250 Ib/hr, 2:1 BUR, and 25 inch

FLH. @_’ i .

Table 3. Properties of 1 Mil LLDPE Film

Example 11 Example 12

MI, dg/min 0.9 0.9 -
Density 0.917 0.917
MFR 30 - 31 26-27
FDA Ext., % 3.7-40 34-37
DDI, F50, g 180 - 250 400 - 500

MDT, g/mil 300 - 360 400 - 475



The slurry and gas-phase pol ynerization data show that catal yst precursors
5 prepared with silica calcined at 700C or at higher tenperatures and
activated with a trial kyl al umi num conpound produce resins w th a much
nor e nar r ow VRZM45Y evident by the substantially | oFUARAZ ves,
conpared to the MAD of resins produced-wi th a catalyst system which
enpl oys silica calcined at 600[err]C ~ 14 - Resins with a nore narrow

MAD (| ower MFR val ues) are highly desirable for 10 LL i ﬁ“ummu“",
appl i cati ongp pggpuse filmproperties of resins with a neffehe {
to be supergvr'ﬁirrpared to those of resins with a broader p." Thi s%i s*

shown in Table 3 where fil m,proggties, of r%s{?gs of Exfarrpl es 11 and 12
are compared. 1.  AcatalysheomRasition forpraduction &t aingigns homopalms xer with,
a standard LldRfddr b GtorRs EorhPrising &4 8atal was
pr oduced at&ggggeg%poéﬁﬁléﬁwgﬁh'gster gﬂ;?;ﬁgg?@%ﬁ?h 1’8% nlf'l diée- Sg%wg{n a
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atoms, in an amount to provide a (tetraalkyl orthosilicate):(Mg) molar ratio of 0.40 to
1.0; " .

(iv) TiClsinan amohnt to provide a molar (Ti):(Mg) ratio of 0.7 to 1.4,

15 wherein the catalyst precursor composition is characterized by a K value which is
defined as K = (Ti)/ { (Mg)+4(St) } wherein (Ti) is titanium molar concentration
provided by TiCls, (Mg) is magnesium molar concentration provided by said
dialkyimagfiesium compound; (Si) is the silicon molar concentration provided by said
tetraalkyl orthosilicate, wherein each of said concentrations of Ti, Mg and Si is

20 calculated in units of mmole/gram of silica, and K is less than 0.4.

2 The catalyst of Claim 1, wherein the precursor is formed by the steps
comprising
(a) providing a slurry of said silica in a non-polar solvent;
(b)  contacting said silica with said dialkyimagnesium compound in an
5 ~ amount to provide a molar (Mg):(OH}) ratio of 1:1 to 4:1, to
impregnate said silica, and to form a step (b) product;



5 . (1) silica, wherein the silica has been calcined at a tenperature
of .at | east 600[err] C ”!!I lHI I “ ” d| al kyl magnesi um conpound
‘Rlerr] MyR €ir], wherein each of ! al kyl group of 4-to 10
car bon at on®0 9%#80twherein m plus n equal the val ence of PCTUSYS/@fnesi um
wherein the dial kyl magnesi um conpound i s present in an anount to 10
provide a nmolar (My):(OH ratio of 1:1 {90 4:1; (ii1) tetraal kyl
orthosilicate in which the alkyl group contains 2 to 6 carbon at ons,

I R an anount to,RQrov, e | kot o of
0.40 to 8’9 é&%ﬁ%?&é@&;ﬂﬁ#&?{d@?ﬁkﬁ an g'ﬂ%%’”?ﬁﬁo?ﬁ?e a

mol ar (Ti) p('du@de aﬁtraalkyl oghdsilicate):{Mg) melar tatioroé 040:ta 4:09x and iosforp adsder sor
conposition.is ‘%i' ra%\/{e}rlzed by a K value which is defined as K =
(Ti)/ { (Ng) B}I erein (Ti) is titanium nol ar concentration

provi dag by Ti C(d errdonta(owbgsauastmnppnouummmucndmeaamoamtorprmmajed by
sai d i al k neS| um conpoun forré Q the silicon nolar
concent r at mﬂard?/r & atigyof Oef 9 1.4 to fopra s aﬂazi) BFRHEROM i cat e, wherein each

of said concentrations of Ti, My and Si is 20 calculated in units of
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sol vent; ing said silica with said dial kyl magnesi um
corrpound in an anount to provide a molar (My):(OH) ratio of 1:1
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(c) adding to said step (b) product tetraal kyI orthosilicate, in an
anount to provide a tetraal kyl orthosi I | cate) (My) nolar ratio of
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comprising silica as a support, wherein the process comprlses calcining the silica at a
temperature of at least 600°C, contacting the sifica with a dialky!magnesium
compound to produce a magnesium containing intermediate, then contacting the

5 magnesium containing intermediate with a tetraalkyl orthosilicate compound, with
subsequent contact of the tetraatky! orthosilicate contacted magnesium containing
intermediafe with an amount of titanium tetrachloride, and activating with a
trialkylalfiminum cocatalyst;

wherein the sifica carrier contains hydroxyl groups;
10 wherein the dialkyimagnesium compound is used in an amount to provide a
molar ratio of Mg to hydroxy! groups of 1:1 to 4:1; and
wherein a molar ratio of tetraalkyl orthosilicate compound to Mg is 0.40 to 1.00,

6.  The process for polymerization of at least one olefin, comprising
contacting said at least one olefin with the catalyst of Claim 1, under olefin
polymerization conditions.
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(74) Agents: SANTINI, Deanis, P. et al.; Mobil Oil Corporation,
3225 Gallows Road, Fairfax, VA 22037 (US).

{54) Title: HIGH ACTIVITY CATALYST PREPARED WITH ALKOXYSILANES
(57) Abstract

An ethylene~alpha-olefin copolymerization catalyst is prepared by impregnating a silica calcined at clevated temperature sequentially
with an organomagnesium compound such as dialkylmagnesium compound, a silane compound which is free of hydroxyl groups, such as
tetraethy] orthosilicate. A transition metal component such as titanjum tetrachloride is then incorporated into the support. Unexpectedly,
the calcination tempezatire of the silica used to prepare the catalyst precursors has a strong influence on polymer product properties. By
increasing the calcination temperature of the silica from 600° to 700 *C or higher temperatures, a catalyst precursor when activated produces
ethylene/1-hexene copolymers with narrower molecular weight distributions (MWD) as manifested by a decrease of tesin MFR values of
~3-4 units. Activation of this catalyst precursor with a trialkylaluminum compound results in a catalyst system which is effective for the
production of ethylene copolymers.




