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1 WO 98/02245 H GH ACTI VI TY CATALYSTS PCT/USY7/11078 FOR
THE PREPARATI ON OF POLYETHYLENE W TH AN | NTERVEDI ATE MOLECULAR
VEEI GHT DI STRI BUTI ON The present invention relates to a nethod
for 5 polynmerizing al pha-ol efins, a cathlyst for such a

pol yneri zati on nmethod and a nethod for producing such a catalyst. In

particul ar, the present inventhQEHrg%g%ggggocheﬁYa$cataIyst, and a net hod
S

for preparation thereof, which _ ﬁsIty pol yet hyl ene or
linear | ow density 10 pBPReTHE| PREPARARDIPEN OBvVPOQYETHYDERENed ate

val ues  Cof ol FTH A ERE e Diar RO RRAR P ok BapkRrbuRbR. "

The invention is also directed to a highly productive pol ymeri zati on

i ed . ) i ' I n
process carried md piddedticimadmyst 1488 1% a xﬁa/&m%%ﬁ ene/ 1- ol ef

ommer cl al applications, ethylene honopol yners and in
gopoly rsRﬁiﬁ?ﬁﬁ%?ﬁﬂgeﬁkﬂﬁ%}$iﬁ§%RF' a g%ﬁﬁ%%ﬁﬁeﬁoﬁwﬁﬁﬁh i stribution
(MAD) or vepolimenaizatiidrameethod ampat trdstthodHofey q:lirodv.?:g) :ghd}plalrr;ar with
I nt er medi at 0 f.aun ortant f.or ndi n WO or
hnre S%Ingr*%anﬂpg§§Pﬁﬁ?%%§#%§%ﬁéﬁé%?%é%kn%Qﬁﬁ“&ﬁ%ﬁuﬁ§1§¥%§kf9 a
for film orcatistol Aty MpiRthad i T preparation Mhenewf owhiote pol yner
sanpl es whigdbdicedIEnfeddility polyd¥nfidiad ¥ odirdaach, ’H%é&ﬁﬁf‘ a very
di fferent WDH?C l.ar, 25 gﬁﬁhgﬁé' Ch%%£0| mer_sanple wll usually have a
rel at i’% y Polyetnyleng cdiayt if’dﬁtl%&e# ‘Eheddheanlagivaisht Ml t
| ndex ( HLMdisifrilowk iorh, adqéwiddnci?Ihy #E%?u&vexyﬂmﬂﬁbﬁMédiatﬁtV%E%$§
arel ativel I r | ,ght i.ndi cated..hy a . . ndex
(M) of 20§6 Ogg%ﬁ%%gségpﬁa%iﬁ.grmg. I ess"?i}e?ybqbee %ﬁ dﬁ)‘%’baﬁp@& . Fly in

i ndi vi dual TH8 yirstentdiaron s eédaordingcted tma Beighlep grediuat inendem

I [ ' i i, M-pNi r
pol yner i zatgdymedasad ion it dde carr e AdtY Sl ﬁé %’é@f#&’%%fﬁé

wei ght, fractionsg .are prepared sequentially Int _ | _ _
proceds. ~ 1BVentioNmo ot the neasures of the mol ecul ar weight distribution

35 of the resiIn somdrdiadwapgtliicatifdys, Wt dre hmoptiliymeds and
ethylene/l-olefin copolymers with either a very narrow
molecular weight distribution (MWD) or very broad MWD are
important. However, recently polymer with intermediate MWDs

20 have been found to be important for blending two or more
polymer samples into commercially important products, e.q.,
for film or blow-molding applications.

The two or more polymer samples which are blended into
the final product each may have a very different molecular

25 weight. One polymer sample will usually have a relatively
very high molecular weight as indicated by a High Load Melt
Index (HIMI) of 0.4 - 5, while the other polymer sample will
have arelatively very low molecular weight as indicated by a
Melt Index (MI) of 20-1000. These polymer samples may be

30 prepared separately in individual polymerization reactors or
may be prepared in tandem polymerization reactors where the
relatively high and low molecular weight fractions are
prepared sequentially in the polymerization process.

One of the measures of the molecular weight distribution

35 of the resin is melt flow ratio (MFR), which is the ratio of
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2 bicdeideesd nelt index (HLM or I[err]) to nelt indegrfspeiwid for a
given resin. The nelt flowratio is believed to be an i ndi cation of

t he nol ecul ar wei ght distribution of the pol yner, the higher the

val ue, the broader the nolecular 5 wei @t distribution. Resins having
relatively very | ow MFR val ues, e.g., of 15 to 30, have relatively
narr ow nol ecul ar wei ght distribution. Additignal]ly, resins with

rel ativel y1igh 1aadymelHR inderes(HiMl OB 150\t a e Kai tidex hele) £9%Iat i vel y
broad MAD.giResi NSesiih arhé niesiryvetticad erddild hiay e wad ues Hé awf 30- 70.

Many cat al ysf. sy.st ens | bit a tendency. t.q py.oduc ., __resins wth very
o MR AR e‘%é%ee,’“%efcéﬁae‘i Waef/l,ghq“ él%@%‘i%"éh@%o? %, 732, 882,
di scl oses ol yerha-tHefiigher thpolvwaiare z dtherbrsdey sthe ongploseu 1 amn
activafed wi s J400d vl al urg Jus | 2 Qﬁé’.'tcaeéj I '

rel at ia%/el ywl&hég%lyéﬁ%ﬁ/éa%gu%s 0 %ﬂz}{nﬁ;}l% _exane‘m;%g/ %ﬁtﬂ% %,&2

catal yst COWRRS1 DT cafthl¥ o pfOd AR xalphisiRly nanuabpwlestianr

et lhyl _ene{ lwedl 2t rurmold'!w&'r@ .fOI)Idﬂirﬁirtgnmy?,Ohresirﬂé) v_f?%ﬁemgvaﬁﬁ/\é%g f
relatively an ipter i at e, ol e r wei ght. di stribution, i.e., o]
30-70, a ﬁ?’gﬂr}‘ é&‘? v‘f%es (1-&n ;ﬂfgts‘i?n AFS &3d &e‘i PR Oy
response [Hraad iMWiEXx Resinsspidiisan efrdrexrnen idtee MWD iHavefMER catllest to
produce of dglAagively lower nol ecular weight polyner than the pol yner
produced by another catal yst under the sanme pol ynerization 25 conditions].

A supported al pfaiubleEtal yoh aRstens ieoh idkitaly ttendency dgipaaraduge of this
i nventi on wfs i@ roma agty Vidw MR valudBas Wt danPiducii Mid Yet Saipr epar ed

ol LU RLIRESRS o, 293, A s OB 2804 0" O,
provi di ng pplgmerizatiian ratgotstr cmipaaitt icdn actolviated witdr ous i norgani c
SUprLré haé&&%t{}r%?él' Mrvﬁ'@gh %ﬂ%esmﬁol ers (mdodhw&%@t\}& sai d
support havi ng roxyl groups, or a%ﬂ W t err] ‘corfpound,
to form aveny drarediadiues 3 MER @nd niew hanane swdsramtalyes dr dxyl group
rati o of WRMWfst comgd¥litilon capable of producing ethylene
homopolymers or ethylene/l-olefin copolymers containing up to
10 mol% 1-olefin having relatively an intermediate molecular
20 weight distribution, i.e., MFRs of 30-70, a high activity
catalyst with relatively good flow index response [flow index
response refers to the ability of a catalyst to produce
relatively lower molecular weight polymer than the polymer
produced by another catalyst under the same polymerization
25 conditions].
A supported alpha-olefin polymerization catalyst
composition of this invention of improved activity as
measured by productivity is prepared in a multi-step process.
An ethylene homopolymerization or ethylene copolymer-
30 ization catalyst is formed by:
(i) providing a slurry in a non-polar solvent of a solid
porous inorganic support having reactive hydroxyl groups:;
(ii) impregnating said support having hydroxyl groups,
(Formula I) with RMgR' compound, to form an intermediate,
35 which intermediate has an Mg/hydroxyl group ratio of greater
than 1,
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3 wo og/Bgy ein each of said Rand R is alkyl of 1 teridensiobon
atons and is the sane or different; (iii) treating the
internediate with TiCJ[err] to forma titani um containing intermedi ate
which has a Ti/My ratio of 5 greater than 0.5; and (iv) reacting
the titaniumcontaining internediate with an oxygen contai ni ng

el ectron donor conpound conta ning. 1 to 5 carbon atons; conbining the
el ectron donor ‘{c}}%’éﬂ each Q% (Sa3qi R it nlln?g 31kwh rRfgi atted i3 Hearbon

triethylManﬁmnuaﬂd)ﬂé)thé(xanéfurCEﬂﬁﬁamﬁnt The catal yst al so produces

pol yners g iV an |nter di,at e r mel
di stribution, r5actgllﬁevara‘%JS’“% YodtF %tcﬁeflrr%ém £6in a The
pol ymers p:riéqmrleun |cmn¢m1rprm;emﬁv,emedivé:eaatraﬂqzsthas a TifMpsration of this

i nventg on q':{_,reeatl_élne@}{arpcd yet hylegnes with 15 short chain branching which are
honopol yners of et hyl ene or copol yners of ethylene and hi gher

al pha- ol ef i ns. (A0 Treactigig fdre teBﬂ'ﬂ"b’r‘%m (N3 g | intarned ate waitles of
melt flowan oxydur ccc(d\ﬂa)mra;s slsparat densdt radmgoual w&{ﬁamﬁr@rﬁ&d n the

presence aqf us aIaJ t..conpositions, Thu he pol yners
pr epar ed \CI;H %e‘n O% ‘?’%Fs (ﬁbp OHLe 195k on doq%%ﬁerag‘r?
especi aI | ytishartiatn G:Qm:a:mmem@mdlm with mmhmtyMuﬂlnmn;lm used in

filmagnd bl pu nmldi 1y £ 2Ppp S A4 QS uced
according to the prd(;%eant sl'nventlé on Ei25 Sati ealdsescgl%dcdg;%e ztoscejlrms of the
manner i n BAViY tifhatkieely aﬂn&ﬂiermedKQ&QH%R&GQEAﬁHuﬂﬁkght The
carrier myigtributich SHidh Judiv iy alma PUSlow Inddefrnsd norganic

materi al. These _.carri.er naterlals 3 clude inorganjic materials, such as
oxi des of sili Rbgrer Lﬁﬂ%%ﬁ%r& rPaéefTI}ealq 65l}’s%"dlnthe
formof a ctm;positiqmvaiértmaﬁ/lnglamtmrazga Jpiavetd it | po lyietthydferfesonwrite i cr on

t 2 T
cor i R e ML DGR Wil Jf Sollendor
squar e metERelYEeRF A8 (ﬁ@%ﬂq%rﬂnd dHoharfamimtelatins. Tt 50

nf err]/ gmpoliRgneddy rd:8f i eFdialt Shony) difieerdieqidtd@dtvdiies of melt flow
ratio (MFR), as compared to similar polymers prepared in the
presence of previously-known catalyst compositions. Thus,

20 the polymers prepared with the catalyst compositions of the
invention are especially suitable as components for the
production of resins used in film and blow molding
applications.

Catalysts produced according to the present invention

25 are described below in terms of the manner in which they are
made.

Catalyst Synthesis
The carrier material is a solid, particulate, porous,
preferably inorganic material. These carrier materials

30 include inorganic materials, such as oxides of silicon and/or
aluminum. The carrier material is used in the form of a dry
powder having an average particle size of from 1 micron to
250 microns, preferably from 10 microns to 150 microns. The
carrier material is also porous and has a surface area of at

35 least 3 square meters per gram (mz/gm), and preferably at
least 50 mz/gm. The carrier material should be dry, that is,



WD 98/ 02245 PCT/ US97/ 11078

4 W& 9g/@f48bs0r bed water. Drying of the carrier mategraiseean7s be
effected by heating at 100[err] to 1000C, preferably at 600[err]C.

When the carrier is silica, it is heated at at |east 200[err]C,

preferably 200[err] to 850[err]C and nost preferably at 600[err]C. The 5
carrier material nust have at |east sone active hydroxyl (OH) gr oups
to produce the catal yst conposition of this_invention, In the

nost pref ¥58R) LHARFFERIRI WLl ar (FeYing of |the carrighpateniabrcan the

gseflthe(rjecsei@f_fé@\;éc}]rmi% Kedednygtat 10%‘5%56 heesd &° s t gﬁ?ﬁmﬂé@?m&%whmt ed
y fluidizing it wt ni trogen angd_ heat,ng a er 0 ours

to achi eve rée% the GRiater hJSf%r% c%‘r thﬁ) Jc%n}&%%?%t?%ni%f{%aﬁt ré?&lﬁ%'ol es

per prefdraiml B/209° tkhed H1°ld @adomasite prefie nakdfyemte & cdficodi Met

Is a high : i 14 f .=

orr]] amS Bt ey o e L T RRe A oy 37 R S e A geLre Mropyy (om)

mar ket ed FHCRIPSE HeC tPERAMRAED & 1CT AL ¥ GOPPRF i ben sof TS inventieme

Pﬁ\/i ?on Chferri Cﬁin _Din/e:z &h@m% %ﬁ'é’?eﬁe@éﬂ@ocﬁiﬁ’e@mb _ -ca(xjrrt')iefrhﬂs Séii;g@a! s in
e formof_spherical particles, e.g., as . obj ai ne spray-drying
process. whidh, prﬁ%%'%%JFQ%ru$ﬁuE§%%ﬁ°$slglEﬁ?i Hh & %@Iar sol vent
20 and tdyntlessis istep) lay beer adlydeaited thy af lbbdbzimpeit with
orgaqﬂgagmﬁi NNOS | i d L0 AVl (ﬁgyri : The
slurry of t e*gcgﬁr?i er rr%%é;?ll‘g? &lwngst%ﬁo v n%§?is°l{)zgge%_gad&_ueve bay

i nt roduci PEFRCE BYIEIXY htFFIMHe SHNNErabier 2HH9y7 ikl kimoles gpe¥ri ng,

and heati ngrdme(mhoisiignl 0 2Merdilica 10[ ¢ | fosPr St &f et &d 28mbod Pnddf er 1]
to 60[err]C. he slurry i hen cont acted wit af orenent i oned

t .th
or ganonagmesid Jc%p%‘é’i'{?‘lb%a%% PP | Ty 12 e(?‘érg%‘r’ﬁi?ﬁl%%l Zt3%%e
af orement im t epguee arellwne of 1.65 ¢ r gamudraiiness tan mapgokal i on has
th iri I
it oront ket SR AT MachOSE SITToR 2 S Fellons s,
nor e bif the AL spRrChemBchbrPavisiy| cHrivudl. Gracemand Reiparyl v

both R andri ad£1 1l Yis HPUBSe Po¥h BANEbReR] CaEsdrPicled] e.qg., Zas
providing that, m#+ n is qual 0 the val ence of %M|table

non- pol ar SHFAHIRL BY & RREFY Y IRY BFQFCSF1 35  of the reactants used
herein, i.e., tThe cgantemgmeserial is shumoked i im 4 Rien+pdid¥ ngolvemtsi ti on
nEtaJZd“”“EHH“&hé”¥E§Jf¥ing slurry is contacted with at least one
organomagnesium composition having the empirical formula (I).
The slurry of the carrier material in the solvent is prepared
by introducing the carrier into the solvent, preferably while
stirring, and heating the mixture to 25° to 100°C, preferably
25 to 40° to 60°C. The slurry is then contacted with the
aforementioned organomagnesium composition, while the heating
is continued at the aforementioned temperature.
The organomagnesium composition has the empirical
formula Rm Mg R'n.where R and R' are the same or different
30 C,-C.2 alkyl groups, preferably C4-C10 alkyl groups, more

4 71
preferably C4-C normal alkyl groups, and most preferably

both R and R aie butyl groups, and m and n are each 0, 1 or
2, providing that m + n is equal to the valence of Mg.
Suitable non-polar solvents are materials in which all
35 of the reactants used herein, i.e., the organomagnesium

composition (RmMgR'n) transition metal compound, and the
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5 wo/gan24sont ai ni ng el ectron donor conpound are at Penws97/11078
partially soluble and which are liquid at reaction t enper at ures
herein. Preferred non-polar solvents are al kanes, such as isopentane,
hexane, n-heptane, octane, 5 nonane, ard decane, although a variety of
other materials I ncl udi ng cycl oal kanes, such as cycl ohexane,

aromatics,_suc as_benzene e | benzene al so pe enployed The
st pRdRh saps A ST Ao Sund € 2F ast T

non- pol ar raottvisntlys el ub e q:_muwmsm ane hl igpa i) gdermedcttiam 10 t hr ough
silica gelg Q{Tkgézoa[t é i) e‘r’%fé&écf a;{)cffé?ze%o 1ventd Y@ er. oxygen,

pol ar conpou er mte e of adversely affecting

catal yst akkanes Such e 159%%W%§teﬁféﬁerﬁ'€tﬁm AGkang, t he
synthesi s dnane, 4t Sdét@éﬁé,yﬁwnoug&uamﬁaﬁféﬁ tor astchanlyasdeiw B anount

of 15 the, orga Dna ositiqgn that II be deposited,

physi cal | y-irt SJ’SP r%?ﬁ’rb?ﬁ'hes cic}bpab?tc Vifgbe reiatics nisygh

or ganorragraeslhenmq)omd erthy Ybernwmersy), uuayoralraaq heeaantployecw t rhod hesst

synt hesi s éﬁﬁj th carrier
dryi ng terﬁ%erat ure a c@ﬂcﬁ]?%ﬁ; UJZ% 19&431-{ S| tgPsrloc’nr quéa% i ;in

avai | abl e TU-RHAD repbietRly ULd be RWiokad 4 cﬁVCh tafe by grrrcelativyi ng

t enper@t Urintdiggn Weriddegel aryemdfesitfs. s ks tth? Fefste n@ﬂ'a?éeé atio

of the anonagne5|un1co osition to,the hydr roups will vary
and must d& PR Y s jan cP%é%‘ﬁr“g’ ‘?n‘g]t only so
much of tkmapnh@&namhgn&wansakynqﬁﬁnduxng|catﬁkysttant1v1ﬂyme solutlon as

wi Il be deposit 1§H9ﬂ9f éﬂgg% I AN BXCESS f the
or ganonagnesi un]i%gorrpom tio red! lment FEHY t ]t%eori?mre it

i s bel i evddhishRatay sl ik Jeﬁmmoﬁaﬁﬂqé%@d%r@éﬂbrﬁgﬂbsﬁmrﬁwmﬁfl on
deposig ed €Y QrddhdnEyIEdius compdl Bl tHD wiig BY Heguuiwy, of the

R R R MU 2 S
or ganonngrwslthe cnrgmmmagnesnmm reamperdiddiorenitn Misd sedW¥bion et nedded by
et anct A ddrld Al ﬁgeg,glg@ %na predigitatd JMHidP%ne
support. The carrier drying temperature affects the number
20 of sites on the carrier available for the organomagnesium
composition - the higher the drying temperature the lower the
number of sites. Thus, the exact molar ratio of the
organomagnesium composition to the hydroxyl groups will vary
and must be determined on a case-by~case basis to assure that
25 only so much of the organomagnesium composition is added to
the solution as will be deposited onto the support without
leaving any excess of the organomagnesium composition in the
solution.
Furthermore, it is believed that the molar amount of the
30 organomagnesium composition deposited onto the support is
greater than the molar content of the hydroxyl groups on the
support. Thus, the molar ratios given below are intended
only as an approximate guideline and the exact amount of the
organomagnesium composition in this embodiment must be
35 controlled by the functional limitation discussed above,
i.e., it must not be greater than that which can be deposited
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6 onﬁ%gstbgzéupport I f greater than that amount is adgegyukseriiors t he
sol vent e excess may react with the other conpounds used in the
preparation thereby formng a precipitate outside of the support which
Is detrimental in the synthesis of our 56 catalyst and nust be avoi ded.
The anopunt of the organo- magnesi um conposition which is not greater

t han t hat deposited onto the support can be determ ned in any

convent i onantmrides  supRPrt by BEidITRA%eR Bhaaridmigmeouns is addgdsteion to
the slurry @fe td@1 it | otné rbi&@sé%é/ﬁnfeaé@ with | enStdERd P IodMiSoShds 'Y,

until the or anona st um sition s detected as, a, sol ution |
colvent USSR IR Slparar FORPARRORY $ 3R arSISLERtE et o
t he anmf! rﬁh@fsuﬂspom gmmtagnesdelm-nwpml timnthkedeghtites e of ubuy

h | 5 h
LS £l Mt AP B 40 L Mol ded N BHE BN O ind TrgdfBD o1 L e
1.2:1 to 1r&qtn%§mlmrmmm%i*e¥%whlch 1% et greptey gm*@}m@ um

COWDOS'tloraéB&épéé/&soﬁEbtﬂ?e NOibport cd®!ivé eoteenind® {Rramg sol ution
from which the orglno- gnesi um cogg)(g t|o |s deposited onto the

carrier. 2cFonventigpa}l sm%tn%%rpo%s?bi &Y IRFS iR
or ganonmagnesonposoninsi to othehs Dirry on ﬁxee:sa;rniethm e cdolvent i || be

deposi %(?d Or}uexchset SPO]?B%N tthgnglls %hr&q@i’f tl?e gor%%){om??negiﬁk_%r ation an.d

washi n any €SS e 0r gano wever, this
al t er nat i vecomposiiorsis aS!ﬁ*éeQﬂéed amad sebubibon n cthe rel eembdi ment

descri bed above.pgy exancxipleAff@f O & 20 PTPEH €84 1] £ PO a&@'lé@m e
slurry is contacted with at [easf one transifion netal

sol ubl e aneynt RE Nehe RFIRNABRFRET LU FINRFE Fh sa§‘i‘%$ tQ g@%dﬁ%‘t"éﬂy
at 25 to 75 ergddh waeiemé)hyoBarSﬂeﬁ'eids]ofm@Sq‘,@rtﬁél hydcoxpstgpoeper abl y

40 erl referr | uni., of the
transailon[fél%alércl,oér_?"pi é %I%Id% geP ; iegl(:jtec?n? h?ﬁ%eémf\%ﬁlgh c%% be
deposited chtlb, tM@apméeralTh‘e lax%u:l 'ﬁ@lhrB 1 and anost gpreferabine
transition fm%fﬁ. anﬂh@foféﬁhéﬁﬁﬁﬁééi@ﬂ compo@?ﬁﬁ&nt&h§£@1@@@r£%y£h8rﬁHﬂs of

the carrier therefore 35 Vvary (dependi ng the carrier drying
t enper at ur 9°AE Solvenksto pEoRRt 2P hebieR gar‘&’&s‘éhh‘ih c%%% PEFRRO~ For

exanpl e, faliagnesium composition is deposited onto the carrier.

20 It is also possible to add such an amount of the
organomagnesium composition which is in excess of that which
will be deposited ontoc the support, and then remove, e.g., by
filtration and washing, any excess of the organomagnesium
composition. However, this alternative is less desirable

25 than the most preferred embodiment described above.

After organomagnesium compound addition, the slurry is
contacted with at least one transition metal compound soluble
in the non-polar solvent. This synthesis step is conducted
at 25° to 75°C, preferably at 30° to 65°C, and most preferably

30 at 40° to 55°C. In a preferred embodiment, the amount of the
transition metal compound added is not greater than that
which can be deposited onto the carrier. The exact molar
ratio of Mg to the transition metal and of the transition
metal to the hydroxyl groups of the carrier will therefore

35 vary (depending, e.g., on the carrier drying temperature) and
must be determined on a case-by-case basis. For example, for
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7 Sooddidaesy carrier heated at 200 to 850[err]C, the sovwsh7/nb7e he
tran3|t|on neta conmpound is such that the nolar ratio of the

transition metal, derived fromthe transition nmetal conmpound, to the
hydr oxyl groups ot the carrier is 1 to 2.0, preferably 5 1.2 to 1.8. The
anmopunt of the transition nmetal conpound is also such that the nol ar
ratio of My to the transitjon netal preferably 1 to 2. It

was found tHe $hkea canﬁ’tﬁ’érh?aa'i‘?%satpr%%cet% %%Qaﬁ'ys’ih%(ﬁﬁfﬁé‘ﬁl% e c

produces  +ri1eSitionavé L r@du@mu/xﬁi Yid nésHrech o etml :ﬁoié@vuaida Ooﬁai:ws
10 of 30 to 60. nS|t|on net al ounds. used her&

Sui
ire O 3 oeanaieinn metal S Tan FE0h 48 ERASLE PR R (RaRpOEAS, O
the El enentiso tise fupirekeld dnouemE thanchEntenebs i hoto 2. Newsre 5&ta)ly 27,

1985, ovi 1905 gty SUHy SRS A1 end Sr SLLELS, W ie SOR0RMET 1o

sol vent's i M t1hg exa such ounds are titani um and
vanadi um hadlgRssugh g**'-ha‘t the thekar Ura ' Ee r%%ﬁﬂ%r?‘éietheﬂ eransiakeRi peral

tetrachl orige, o lds 3, prdﬁéﬁbwnpxwrzchlmne@s m&a tmatamea@eand
vanadi um al koxi des, ai I de nD|et¥ %ﬁa branc ed or
unbr anched BPk3¥ F%ﬁ&%%]pfﬁ ﬂ??o E%. %R%ﬁ%515 ¥ FABFY PO ui??o 6
carbon at onsesiiie lpaeimy reeldtinsly i intexnediate melbtphlow srat ko tva wesim
conpoupg ® e; r@bl yotetraval ent titani um conpounds. The nost
preferred ti anlun1co ound is titaniumtetrachl oride. 25

M xtures of suchStitarleibraneltior pptahdcomruRds upRd herejmearend

gener al |dy \Antgoxﬁ xﬁd§}3¢@ﬁ§e|@éﬁs Lﬂﬂ@@&bp@ Ah@nd 5 ofrﬁﬁ'éi:béﬁﬂod@éad:%ar'tr:]
conpounds i C e include . SItIO ound t hat
may be used®hithe MSmeRtr RS puﬁ%%ré%di ?“Clh%?f o?\néma#%gb‘? ;mg
transiti on Nets) emnmpunmx BI85, provn&y@@nth@htsmdmngompeumdsnaﬂenors

ooera T, MeSABLY I tne mtg@ué d@@@ﬂtéggﬁ 4 s BHO B e 6

or R4- respecti e sane ent and
each can coﬁ%@hncquQquSc%F%dﬁ1%§%h%m aE%Cﬁa%ﬁdF$%r¢?1hﬁﬂsF&en%yr be

al kyl, arylgiedkihm stdetacnicdide VI TidB, andamda ey b@tw@niﬂénéarrevci n
g:;r?rgriyﬁyd Y f&qﬁ%n €g$é€16¥1%?ylégb%arbgftgﬁggg and vanadluX be af yh

alkoxides, wherein the alkoxide moiety has a branched or

20 unbranched alkyl radical of 1 to 20 carbon atoms, preferably
1 to 6 carbon atoms. The preferred transition metal
compounds are titanium compounds, preferably tetravalent
titanium compounds. The most preferred titanium compound is
titanium tetrachloride.

25 Mixtures of such 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 that may be used alone may also be
used in conjunction with other transition metal compounds.

30 Oxygen-containing electron donors used in the catalyst
synthesis are of the formula R1COOR2 and R3-O-R4, or R4-OH,
respectively. R1 and R2 may be the same or different and
each can contain 1 to 15 carbon atoms. Each of R1 and R2 may
be alkyl, aryl, alkyl substituted aryl; R3 and R4 may be the

35 same or different and each can contain 1 to 15 carbon atoms
and may be alkyl, aryl, alkyl substituted aryl or aryl
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8 W8 d2 %b’st ed al kyl, or al kyl ene; conprehended by t bc§use7/11078
-deflnltlon Is that R3 and R4 together may form al kyl ene groups thereby

defining R3OR4 as a cyclic ether. Preferred oxygen contai ning el ectron

donors include p-cresol, nethanol, 5 et#yl benzoate, tetrahydrofuran, and

n-butyl ether. Mst preferably, the oxygen containing electron donor

i s ethyl benzoate, tetrahydrofuran or n-butyl ether.

PreferablysphétéFB§?ﬁoﬁlhﬁh®rOFSa&HYé§PBW gpmprebended by thésch is added

to the cataér&hlﬁyehhgglanattﬁr hhanﬁltteaeéﬁernﬁhﬁlf@éﬂlhnﬁylbﬁethe
synthesis slu The. e dded in annunt

rr
effective ® °Pﬁ%r§5§€ePHe 1nlBPogu§§nvPFy oFY%ﬁéCCQ?QFﬁst tret FF§ed
sel ecti vi t pxfgenpobnpteising elpctdonedonbtrh mﬁESudengrageébmnlaethanGQ at

HM T ng'QQﬁ%Foghnzoatg 1t89§é888895u?590t588'h¥9H§92he€H8?”ts uodid™ from

a Ti /E rat non-pol a vent is
sl owl y renbveferabdy, bhe oxygansepntainéngoeleghponadpoarafiseethydcursor

formation. pdR8oate, LEEPBHFEYEEURANVBELCH-HlEyD@RRRLLAr solvent is renoved
from t he s§ntﬁe5|s m Xxture_affects the p roduct|V|t¥ of the 20

resul ting cat al YEEIEEABLY EheneleCEhRP €8P9ENESr BRo§SFer or RBnBERSEUres
produce cawhlight isoapdeiit tonshehtabaayet synthabssaartek! yraneetashi ve t han

{hose, 8 O0Hagd: "hbly B BHCEo cpe ShLERLIECIPNRLL! CTRRLALULER - FOROLILS

reason e non- olar
65[err] C QED)pﬁ§¢eﬂé§?9 in 3aBPuUnEE.t 8fEeftivectandinapeaspr therabl y at

55[err]C byroductQGYtQQQfdtﬁblhheangstoaneVQegr@&l@&t@ﬁlepyfe£hsméymers
conventi onal he resulting free-flow ng

referred tBTREFEFH Héth MFRg rapgdipdi LFPBcaPsbP, GPsanﬁﬁnﬁeHaﬂﬂﬁﬁgaﬁr°m
organoalunonmnt804oaobovatptacthelmynbsnahlamoﬁﬁtbhEaﬁgeCEfSQraotlyhbs

|nven£éon ﬂ%i% §§E§§;§%h IgIE?L?uH1as an activator produces an

al pha=ol efi'n n~caralyst conposition having very high
activity. The a@hevapurppiansteVﬁnan1an§mqwlmhremoved g¢sgai bpast

effective &959&9&9&?05h@rPQbXBBEh%ﬁBhOQfEEE'?ké&ugéor 8brhheispl ! drfat al yst
conponent of this invention Th anmpun he activator is

sufflClentt?BpﬁréguEﬁ af- vplﬁﬁ|5pe non-polar solvent 1s removed from
the synthesis mixture affects the productivity of the

20 resulting catalyst composition. Lower solvent removal
temperatures produce catalyst compositions which are
substantially more active than those produced with higher
solvent removal temperatures. For this reason, it is
preferred to remove the non-polar solvent at 40° to 65°C,

25 preferably at 45° to 55°C and most preferably at 55°C by
drying, distillation or evaporation or any other conventional
means.

The resulting free-flowing powder, referred to herein as
a catalyst precursor, is combined with an organocaluminum

30 activator. The combination of the precursor of this
invention with the triethylaluminum as an activator produces
an alpha-olefin polymerization catalyst composition having
very high activity. The activator is used in an amount which
is at least effective to promote the polymerization activity

35 of the solid catalyst component of this invention. The
amount of the activator is sufficient to give an Al:Ti molar
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a@gﬁ 9{ 515:1 to 1000:1, preferably 20:1 to 300: 1, p@figisd¥Sb7s
preferably f 0 100: 1. Wt hout wishing to be bound by any

t heory of operability, it is believed that the catal yst conposition of
5 this invention is produced by chem callgy i npregnating the support
with catalyst components sequentially added to the slurry of the
carrier in the non-polar solvent. Therefore, all of the catal yst

synt hesi s a@ddicc#f iIfgrle dice 0P Ghist Ryeferablapiafsile tin 3003 Ihorarpbinost

sol vent used-dearaiA ySyo:Nesis 101,10 order of addition of the reagents
may al so be |nportant S|nce the cataﬁist synthesis procedure is

predi cated on tRdthout sHshing to he kapnstReant fbearahi?fal i ngredi ent s
sequentialbpemﬂhaiﬂﬂytfﬂtrﬂyrnyﬂuﬁveﬂﬂﬁhaﬁ the |datild)statbmpositith ¥ i d

| t al te ted hyv.
et et 3 (v et e BradieBd Ry Uerdsta Y BRI Fhel’ on.
For exanpl euppestc atidihy statalysts oampsgients cesphard imisty taeictaﬁld:lmttmk in
such a manngy, Wardy ' the cadw&zt h& "eac LY dléfﬂ%oqf RRARGY ord,n the
ol Ie In the

non- pol ar vent to forma reaction produ I NSO

non- pol ar 231 afithencat@lyiste Sﬁn%%r“é@waﬂhér&ﬂqd&%salwt Repport.
Such an i nsya:lltmileé rleaaﬂueomcm-mmﬁr \willvkrite uswariabltmeofsynthegl%'ict M@ Wi th

the c ryier ne i at e and herefore th be
| ncor B8 at SFA5R &% REBsiEn ol SHR Yot may anal g Soaitant o
The cat al yshepcatmlysts syintihes isr gumtteduneerits cprah@ated p:rreptamed in the

subst ant i alofisenge r@ad’ﬁto‘?{ ’be@@é%‘?{‘ éﬁn‘ézhem Qher, l$sls POI sons. Such

t

cat al yst poi sons can excl uded e cat al yst preparation steps
by any wel |Sequen2=ﬁamyﬁ@mﬁﬂ’s the nap- i FPloiant Ha Prispdidat il under
an 30 at m@%roqﬁ@f d&lﬁﬂlwemawrg@l erl %{j hﬁrtalwtt Jgﬁ:%rme@ﬂa!tﬁ?rt gas
purge .can serve t pose .excl udi n ter cont am nant s
G Pnd%t he SHPERRERY B S B SeRy Ried i@ " s, (5 BRI
resul ting fusom tsied ig-danudd greagftitdne Fomeatamgliequitdher emttallqnsqoroduct

puri 11 catl Qnthedle Pt st P CHHORBILUGH didtrt I nfbiirthy 3 Ied @l SO

hel pful in regar
avoid the reactlon of two or more reagents in the non-polar

solvent to form a reaction product insoluble in the non-polar

20 solvent outside of the pores of the solid catalyst support.
Such an insoluble reaction product would be incapable of
reacting with the carrier or the catalyst intermediate and
therefore would not be incorporated onto the solid support of
the catalyst composition.

25 The catalyst precursors of the present invention are
prepared in the substantial absence of water, oxygen, and
other catalyst poisons. Such catalyst poisons can be
excluded during the catalyst preparation steps by any well
known methods, e.g., by carrying out the preparation under an

30 atmosphere of nitrogen, argon or other inert gas. An inert
gas purge can serve the dual purpose of excluding external
contaminants during the preparation and removing undesirable
reaction by-products resulting from the preparation of the
neat, liquid reaction product. Purification of the non-polar

35 solvent employed in the catalyst is also helpful in this
regard.
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10 wo 98/0bBgs cat al yst may be activated in situ by addipog/usbeiiors
activator and catal yst separately to the pol ynerization medium It is
al so possible to conbine the catal yst and the activator before the

i ntroduction thereof into the 5 polynerit8ation nmedium e.g., for up to 2
hours prior to the I ntroduction thereof into the polynerization medi um

Bt hyl ene homopol JHrA GHLETRIEhAIT B I HERopat e B 200448 ohGmer | 7
Et hyl ene honopol r p merized
With the cadetirsdisopraphredtanest degatracé e to theprpcsmeriwemmn by any
sul Labl o PLOCeRt. SUL £ OEERS Bossin1d NES UWEuDAY TBIL 2L A1, €L ofh o

i n suspensi‘on, sol e’ gas phase
pol yner i zata@nlvator reeferercharintpredusticah thereof hm@t‘dke ng place in

stirreds 15 pbpghd L5401 én aﬂ@hlﬁpe@@l | Veod lup diges ﬂp&ﬂré eﬁfi&f Sto the

The nol ecul ar melght of the pol yner nay be controlled iIn known
manner, e. gGNEERAYRHIRP RRRTRRN. 1T R PThmgyAiation m?ﬁ’d&ﬂuc‘%"d &ccording
to the presasperante o fidwcd T tei pis°c. may be suitably controlled
wi th hydro when. t he. pol yneri- 20 zation is carried out at relatively
Iom/tenpergggpggarif%kléh from30 to 105[err]C. This control of

nmol ecul ar wei ghtEthgyldre homopwiyiees b etiaasenahl e pakin | aspaclyamepes i n
melt iqyglex \ ar
wei ghtﬂgl sté |%el%c|5io%m€élz%d WJ{#}?W&;% éz%éa pér)éeglpa%ra%c???\ec% haecc?xésigﬁ%e o%
catal ysts cﬁr?"-’n%mbr’ék‘éﬁﬁtmn blf ARBhtT b akke SEReRsSRd b‘ip‘fm@WW%es
vEr: Iesdf I OML.él dde polyrﬁéhlz{)f]ﬁfdﬂs%t&a/rﬁﬁed Qo). 1rAsSu§pé<rm¥wn; 011-]11 hose |
skilled in t art ch MFR ues di cati of arelatively

I nt er medi at emﬁﬁ]e%’ﬁl & ’We ‘éh% %?st i o?\é%sf R sepcﬁ?/f?@ s also
known to t hossctsions eake rprdferarad, ssucm ,IVFtRmse esking plaee |nd|s:taii'm of

the p mer y t 11y s used for
film gjisybl o%ve‘f }ﬁ e aSA%%app |¢:eac?5|'saons e |Sonéed her e%lénga%s the ratio
of the high The moxqukg ht of the polymer may be controlled in

PCT/ US97/ 110 4é&hown manner, e.g., by using hydrogen. With the catalysts
produced according to the present invention, molecular weight
may be suitably controlled with hydrogen when the polymeri-

20 zation is carried out at relatively low temperatures, e.g.,
from 30° to 105°C. This control of molecular weight may be
evidenced by measurable positive change in melt index (Iz) of
the polymer produced.

The molecular weight distribution of the polymers

25 prepared in the presence of the catalysts of the present
invention, as expressed by the MFR values, varies from 30 to
60, preferably 32 to 50. As is known to those skilled in the
art, such MFR values are indicative of a relatively
intermediate molecular weight distribution of the polymer.

30 As is also known to those skilled in the art, such MFR values
are indicative of the polymers especially suitable as
components for polymers used for film or blow molding
applications. MFR is defined herein as the ratio of the high



11 | oad nelt index (HLM or 121) divided by the nelt index,

i.e., [we0198/02245 Lower MFR val ues indicate relatively reamese7noi7ecul ar
wei ght di stribution polyners. The catal ysts prepared
according to the present invention are highly active and may have an
activity of at 10. least 1 to 5 kilogransl%f pol ymer per gram of catal yst
per 100 psi or ethylene in 1 hour. The pol yet hyl ene pol yners

prepared iny; %%@E@rﬁc%n\ﬁegpo(f!{%%rﬁer S e 1 IRE oq__rh%re I’j%[%&ners of

et hyl ene or | copol yners ene one of

al pha-ol efi Ag®-x5 Thus, copolyners haV|ng two nononeric units are possible
as wel | as terpolyners havi ng three nqﬂonerlc units. Particular
exanpl es of such pol yners include ethyl ene2k but ene copol yners,

et hyl ene/ | - hexene copol yners, ethng' [F1- estene copol yners,

et hyl en®/ 4- net hyl / 1- pent ene copol yners, etlyl ene/ 20 1-butene/1-hexene

ter pol yners, ethyl ene/propyl ene/l - hexene t er pol yners and

et hyl ene/ propyl ene/ | - but ene t er pol yners. The pol yet hyl ene pol yners
produced i nlowesr ¥dRcyaliuey indicedepredanti viedye mairowwp meflecaillay eenightn at

| east 80 peygeriributildh 19eref, ethyl ene units. 25 A particularly
desirabl e nmethod for producing olﬁethylene pol ynmers according to the

present inventioffts catalysts prgpg aeeREddng Secikhe pEgsedt and neans
for opeliavient iich are @a@mnwbeﬁtmweLawun@aqth&be HnSacEabq% NE at

SO S 5 Hited oA Ene b 00

U S. Patent t he eRtiTe con
i ncor por at ed0RePsiin oy etdydemecdn Thaoual.ynmer produced |n such a

reactor Conta|nSTthp%§§%Eh§ﬁeH%rEdQ&%%rs prQ g@gge ihNaceatdahik F&t Ot

separated fromthe poly ferabl'y, 1n _accordance w

i nvention, & ﬁnﬁgﬁsﬁgt éPN?P@&Q“pGFfHBPmHPéﬁﬂyeﬁévPﬁge§hﬂé§Pﬁa§Fe

Conbinationcbbolymers of ethylene with one or more C;-C,0 alpha-olefins.

15 Thus, copolymers having two monomeric units are possible as
well as terpolymers having three monomeric units. Particular
examples of such polymers include ethylene/l-butene
copolymers, ethylene/l-hexene copolymers, ethylene/l-octene
copolymers, ethylene/4-methyl/l-pentene copolymers, ethylene/

20 l1-butene/l-hexene terpolymers, ethylene/propylene/l-hexene
terpolymers and ethylene/propylene/l-butene terpolymers.

The polyethylene polymers produced in accordance with
the present invention preferably contain at least 80 percent
by weight of ethylene units.

25 A particularly desirable method for producing
polyethylene polymers according to the present invention is
in a fluid bed reactor. Such a reactor and means for
operating it are described by Levine et al, U.S. Patent No.
4,011,382, Karol et al, U.S. Patent 4,302, 566 and by Nowlin

30 et al, U.S. Patent 4,481,301, the entire contents of all of
which are incorporated herein by reference. The polymer
produced in such a reactor contains the catalyst particles
because the catalyst is not separated from the polymer.

Preferably, in accordance with this invention, bimodal

35 ethylene polymer blends having a desirable combination of
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12 Wsgesabi ity and mechanical properties are prodpegaishyiia7s
process including the steps of polynerizing gaseous nononeric

conpositions conprising a major proportion of ethylene in at | east two
gas phase, fluidized bed reactors operatléag in the 5 tandem node under
the follow ng conditions. In the first reactor, a gas conprising
nononeri c conp05|t|on and ti.onal l snal | amount of h drogen, is
cont act ed BFg&essab s Aaq ﬁ/"i‘?ﬁ?sr%ec% af & frAdpaedh by e

i n\éent i on, proces’:ﬁ mdlyrdm@ert/rﬁt hwqme d”ﬂﬁkftflyrn@n&lﬁ'fg ﬁ}.’aé”dcﬂfﬂ?rmct]dlﬁrféﬁ@

and 10 an et artla re nQ higher than 100. psi.a.such .as

to produce N S%Iq.‘%'\f& “&’H:p l?l AP AE gH:t R%BW r%th

wher ei n théq@awm msjaq@met,ecfmaﬂz@dcaxeai yﬁactors mmetnaﬁma 1The:Hdl\AN
POl YITels. POWRa ek old it HAIR My cond itiRhd [/ AT APt Lz%ta second

reactor with, optionally, 15 additional "activator (or cocatal yst) which
may be the reAR- 3 2 gasyGmRrERiNG HEANRE TS SONBR{LtHAN i@y in the first
react or optiidnaliliy) 0 saddilt iagiaint o Hiyldraydint dls %’ﬁrﬁ:'a\ba:tedCQiﬁa&ent

t oget her w t SQUs mxt i, h rrerlc
co?rp05| ti ok Meg'%% add i lecﬁ(ﬂ%ﬁ%?a% %C{Iag‘%fg: g‘lgrtlrﬁ d.nal&n

hydr ogen/ etaI‘WIaerheIdIMg&m/rEd:thydeofe aollagastatio of) rﬁ; l'tﬂgherratunarb@ 139 and
suffigi ntI §*ﬁéﬁ§£4}q; It I f| rst
r eact glro,e gtlh 1l S al rngsglﬁ're at ag{stri% %JB c{hn

the first to Prpéé’aeora rtedaﬁrl&ﬁ}de ha}gfhem%%l;ﬁrl e e te (HPED mlgmer( lew

25 pol erElded@lr aheMaiigh tﬂh‘é (iﬁp.@&ietxedspmeimél\/uéd'lldh e d¥da1yst
polyrrer/cat partlﬁj t] e f| rst eact or, .such that

fraction of FAERIMGY the @t'?é'é’éﬁd is

reactor i sta!tenl Gka':atnS(fe&Fred to a secT:hnel fztaae:gmmgvmmdpmapﬂqw de for a
process WhelsRiit i3halt e rv% 'm Ao ity q]g,s&fs }{lgzht GayPWe CHPEIROG and
ot her pment is to relative Moreover, such

condi ti ons dﬁr%é\ﬁr@é‘tf &x o ﬁ%lqﬂqaﬁllyéfel‘ltdfl%ﬁﬁdt}é’t |"-\het fingt reactex fir st

reactor w tta witsuid ra@dlrtqro@ﬁaed:ﬂa@\sqltw‘n metalPcddadlist Idbmpdrieht ,second
reactor to ce a.hinpodal 35 &gp bl end hav&HE a favorable nel't flow
HF ety

ratio (MFR® gr?q" er % 55 a5 Ca PG A lﬁ’t?ﬁ“or?)“dand a high

monomeric composxtlon wherein additional polymerization is
20 carried out at a hydrogen/ethylene molar ratio of at least
0.9, the ratio being sufficiently high such that it is at
least 8.0 times that in the first reactor, and an ethylene
partial pressure at least 1.7 times that in the first
reactor, to produce a relatively low molecular weight (LMW)
25 polymer much of which is deposited on and within the HMW.
polymer/catalyst particles from the first reactor, such that
the fraction of HMW polymer in the bimodal polymer leaving
the second reactor is at least 0.35.
The foregoing conditions provide for a process wherein
30 the production of fines tending to foul compressors and other
equipment is kept to a relatively low level. Moreover, such
conditions provide for an inhibited level of productivity in
the first reactor with a resulting increased level of
productivity in the second reactor to produce a bimodal
35 polymer blend having a favorable melt flow ratio (MFR, an
indication of molecular weight distribution) and a high
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dﬁ? &5 g honogeneity (indicated by |ow | evel of gatgusdidew
heterogene f ﬁﬁ'x) caused by a substantial degree of bl endi ng of HMWW
and LMW pol yner in each final polyner particle inherently resulting
fromthe process operation. 5 The binodaél blend is capable of being
processed w t hout undue difficulty into filnms and containers for
househol d i ndustri al chemi cal s having a superior conbination of
nmechani cal degrepr gfehrimggeneity (lndl‘Fﬁ§e§a§¥oE§Wm§ﬁUﬁér oéngediSnGngotliew

reactors lét%%&b%ﬂ:? ivaekhy cQﬁs@BhlS!yeaeszs%ﬁht@ﬁ@Hb@Qe@ Rreeponder ance
of et ilene and a”m nor _anmount suc

3¥ Ra Epha-
ol efi n conPaeRBA§I3ofo I aRfn&WaPe me?hé“c&ﬁﬁ oﬁépa Foﬁgme present
in the nongaRtiicleoipberently eetalitipgeifirber the pebkess operattions. 15

| h | h
FeactoPs. EBF BHERARE BLendhaicapsbid B bedfly BrcbdBsea witilhe bt
it is prefdnmédcmﬂaw nmaonﬁndmsrand CO@ﬁﬁéﬂﬁﬁ@ e hPP§?hPé%cﬂ@ﬂU@Gﬁﬂ@ﬂn a

m nor anou BBlsupeth oS chnBA AR o%0 ot e chad ild¥dV conponent
of the 20 < é&ﬁgﬁlsppggggpolssgibopo yﬁ%r mhereasothe ﬁonoﬁér fed to

t he secondPE&REXSAeEonsi sts essentially of ethyl ene so that the LMV
conponent  of th@hlér @isRiouiss mdnmiean entlelryi nan betthy ireaetors maymepols i

When a _conp | qyed s | c lymer in
ei t her%r H #é&%i@g%yq¥W§ n%]a ratlg&ggg 2 Pregﬁgg%ﬁéggthgfhylene may
be in the teamaenfeomr@(amnimomfamount @1I0E5 comomomerp Sefcdy &t @ @maro 0. 6.

d ! |
mer aﬁ/ke/\?pg%rrgl 2] ntlﬁmg’% Ld Qo RAMRLE dlthis. ThE|RYrdmete it

first reactor. Thus, .hydr agen n%y
to the fi rﬂrqséé’é:t G'In $len TRROMETAC CREBRS 1A oS 1SS IRy bene
(H2/ C2 ratir@actors.s, for example, up to 0.3, preferably 0 005 to 0.2. In

t he second e%%é‘(r)r\ﬁle% | s ce%%%r&é}e% d e%%lé(ﬁ__l%n wlﬂolmrbevmé{b

a Iomﬂéhough nol in su ant
produce a Ilsameddin tesim mqﬁcnsan For eanPplen tmn atasﬁngmrmsmnnmtended

processi ng g f f it 0 160d 4S8 PAUIErTed that!HheAmdrdnEr and
cont ai ners rtgﬁLgL &ﬂﬁ‘ strlg
enterlng the flrst reactor contain a minor amount of

comonomer such as l-hexene so that the HMW component of the

20 bimodal product is a copolymer, whereas the monomer fed to
the second reactor consists essentially of ethylene so that
the LMW component of the product is substantially an ethylene
homopolymer. When a comonomer is employed so as to obtain a
desired copolymer in either or both reactors, the molar ratio

25 of comonomer to ethylene may be in the range, for example, of
0.005 to 0.7, preferably 0.04 to 0.6.

Hydrogen may or may not be used to modulate the
molecular weight of the HMW polymer made in the first
reactor. Thus, hydrogen may be fed to the first reactor such

30 that the molar ratio of hydrogen to ethylene (Hz/c2 ratio)
is, for example, up to 0.3, preferably 0.005 to 0.2. 1In the
second reactor it is necessary to produce a LMW polymer with
a low enough molecular weight and in sufficient quantity so
as to produce a bimodal resin which can be formed, with a

35 minimum of processing difficulties, into end use products
such as films and containers for household industrial
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14 . vp@ggybﬁg#].s having a superior conbination of nechapcgalseriiors
properties. For this purpose, hydrogen is fed to the second react or

wi th the ethyl ene containing nononer such that the hydr ogen to
ethylene nole ratio in the gas phase is18.9, 5 preferably in the range of
0.9 to 5.0 and nost preferably in the range of 1.0 to 3.5. Moreover,

to provide a suffjcient, di fference between the nol ecul ar wei ghts of
t he pol ynetReRifals hawing 3 ssURRRLQecorPiracion 2% Bechani®hin a bi nodal

Sounsar FEEISD Tar el merenad e 16 a0 oS bton 1
necessary for e desir evel s of processabili an chani ca
propert i esl,'eal%tec’%%’r%beﬁ"‘? oeﬁ@?ré%eg%?%“?%ﬁq OzgoxYomer iﬂ“flhetq?% ctors
shoul d be Isuitoddratte hethyleme imolderatio mecrns geagilase siatoleast 8.0
tinmes g he ol fiy st tor, .for.e | 8.0to
10,000 1 RESAgkAENE h e range SEXTvo B0 PTG TAQRHEIE 0 |
the first the rangetef 1.0 to 3.5. UNOFePVRL ¢ heo YR oide a cswthidhkenrtratios
set out  qj PFEVIRS | Netwe Pl Ehd hdEedlerdF %iﬁﬁ@%@rt%'ﬂﬁoﬁn&éstm HW
and LMW pol.yners produged in éhe first and second reactors, 2 .
respecti vetrgjlet T 134 RRFINT FRFERT VRP V2R Yh RFAR2 Pimodal kesimty in
the first peatior kenvinelatwids yehovgh mopeouilect iweight i idter Hacoish

reactgf . ' %Qﬁ? r I £ d [ ' r. product

cont aﬁ\i nét%%%é 1 Iée I\fi}\?éj c_ieépic}f%/drrelr \k%fsrraﬁfba%\é%%%bs%}é%/ r?mP

pr ocessabiMeghanicyl prepepwtieanthdrydredgem ko j eftuntenm 19ks ratise

di scovery fhathe two HldctdfLEn&@Ia bse | AIGS! ¥h Y S0 Ra Do S Q¥d NI
et hyl ene gfrtlalcﬁgessures in the two, reactors so, as, to reduce the

pol yner pr WRAFEAr 112 3% 1L3as5h Rt OrtimRe rthe Faldh 1n the, HikR%ivity
in the seamsutt@nctfor &oamphé siputiposeanddies 3D to etdyd@Net e i Alclpr essure

R T ARG pRERE Ly G ke 208 SHGs | AT ARLECLT RS e (AT ©

psi a and t#¥eactoret hyl ene partial pressure in the second reactor is, for

exanpl e in the J@anGe; fy Ahd hydRodh do REE{EI AN YrA5i 40 J20 3B Psia, with

t he et hyl ene ressures In ang/sflpeézllgélcecular process being such that

artial | {
t he ratioﬂﬂeéiqﬂﬁ¥¥1 ﬁmﬁqqﬁﬂn the d e weights of the

and IMW polymers produced in the first and second reactors

20 respectively tends to result in relatively high polymer
productivity in the first reactor and relatively low
productivity in the second reactor. This tends to result in
turn in a bimodal polymer product containing too little LMW
polymer to maintain satisfactory processability. A

25 significant part of this invention lies in the discovery that
this effect can be largely overcome by employing ethylene
partial pressures in the two reactors so as to reduce the
polymer productivity in the first reactor and raise such
productivity in the second reactor. For this purpose, the

30 ethylene partial pressure employed in the first reactor is no
higher than 100 psia, for example in the range of 15 to 100
psia, preferably in the range of 20 to 80 psia and the
ethylene partial pressure in the second reactor is, for
example in the range of 26 to 170 psia, preferably 45 to 120

35 psia, with the ethylene partial pressures in any specific

- process being such that the ratio of ethylene partial
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15 WY@ I N the second to that in the first reacteer/vsoThioss
preferably 1.7 to 7.0, and nore preferably 2.0 to 4.0. | f desired
for any purpose, e.g., to control superficial gas velocity or to
absorb heat of reaction, an inert gas sdéh 5 as nitrogen may al so be
present in one or both reactors in addition to the nononer and
hydrogen. Thus the tot essure in both reactors naé be in the

range, forPERSHPFE, 1n theoﬁefegdt5°6§5a§sﬁﬁ theefdrshl yeas8oroisgsa -psig.
The tenPerptuferablpouymerza?oonana hbee{gF3E3E$B¢98F mOtona%Sbe in Ehe
range or exa I re ra er.r] .

90[err]C, whllgEth géﬁggrg %rgkgngﬁgégéeéond féa Po?oﬁ§§°l SUPBE I l?ﬂe
range, forgesamplecity €@ to ébspébrpeatppéfgﬁabtﬁogo an inegtigégesutst.
For the puaeoagteaggﬁnhaglbnag Balgsegahtwehgahe or beef EEQQEB&EVHBY in

both reactors erred tha enperature I n second
react or beagglFé8§tt?OFEFrPEﬁﬁW@HeF“d hYdrBESPeraBPVSSBPSrFPtFé 60[err] C

hi gher thaprhbahrenlhhaoﬁhrsbaeeaehomay be in theThangesi ¢epcexhinpteof the

cat al yst in.e ea 1S ont the productivity is
suppr essed®f §§H 2 gb8fPF§?’r858%8Fa gﬁﬂa§8e8§bnp5ﬁg *second reactor,
consi stent 20 WhehtempeHQSuredOﬁrppéymeeszatlbhelblthdaflpstyweacpb@duct
Thus, bhe ﬁﬁ§'g8n2ﬁ Ehgergﬁgﬁb ogoéxﬁﬁ ﬁBleofosg ? 198”&3 Qreffrabiy

preferably urs In |rst ctor
12 hours, EPefEPaBPyCQ gh%ge5thgupgmpﬁr§h@re in EEEOEEC?EQCFG?CtQFtﬁaYhe

ratio of raéldanenetraagen tbe dRamp3ecoBd seacter 150° thaﬁréﬁeﬁgﬁlﬁléét
react or bej for e Ly 2to

A t893pB-6ne ror 8 "HRtrost oSF TR e b ing L e cur By wSE R

suf fi ci ent apdhpghdtuotdivépgr $a bbtbcréaetprshelbeas pteferredeahatonheo as
to prQﬁentt%ﬁﬁEESEHSEaEHrEh%rngﬁha'PEaEeoﬁobe EVfééﬁ%hgﬁh CRH#H?Partlally

nel t r an tor down,
mai nt ai n tﬁ§efﬁFé§lYt9°oft° 60°Craigher gtban Baartk. ISUEhegésr$§|5ea@yors in

the range, for The rexafphee Qﬁméoototﬁaocaﬂé§§§tabhye5@ht9e9@t691§§0
The product

of pol ymer®© BE#ré}g%Fgggn?é?gfigﬁsPFP Hcﬁé r?gcgﬁﬁp%ﬁgéggtépyggé of grams

mul ti pli edfbystOfeactprmanpdbenhanthé iangbe Eecond reactor, consistent

20 with the desired properties of the bimodal polymer product.
Thus, the residence time may be, for example, 0.5 to 6 hours,
preferably 1 to 3 hours in the first reactor, and, for
example, 1 to 12 hours, preferably 2.5 to 5 hours in the
second reactor, with the ratio of residence time in the

25 second reactor to that in the first reactor being in the
range, for example, of 5 to 0.7, preferably 2 to 1.

The superficial gas velocity through both reactors is
sufficiently high to disperse effectively the heat of
reaction so as to prevent the temperature from rising to

30 levels which could partially melt the polymer and shut the
reactor down, and high enough to maintain the integrity of
the fluidized beds. Such gas velocity is in the range, for
example, of 40 to 120, preferably 50 to 90 cm/sec.

The productivity of the process in the first reactor in

35 terms of grams of polymer per gram atom of transition metal

in the catalyst multiplied by 106, may be in the range, for
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16 ax@upbrasof 1.6 to 16.0, preferably 3.2 to 9.6; imrcrhseyenend
reactor, the productivity nmay be in the range, for exanple, of 0.6 to
9.6, preferably 1.6 to 3.5, and in the overall process, the
productivity is in the range, for exanpl® of 5 2.2 to 25.6, preferably
4.8 to 16.0. The foregoing ranges are based on analysis of residual
catalyst nmetals .in the n pr odu pol ymer produced

in the fi rﬁx%'op%és‘satfq o]v9 ' p’?erﬁfétaqlﬁi 3or2 It[‘?ar9r ]6 g dire Eegond
190[ err] C ineaaxtmor,daiice patdducASRAItR0 mayDb]e?E& ﬂﬁtnd:ratrrg@, FMor feytarpaapl e,

f 0.05t f | d ty. th
(r)ange f o? ot ooreggnpzﬁb o (ﬁrﬁf%g%bly 10 Ggé%, preéef @rnraao %r’%ot?e[}%!ad‘blﬂfg ©
grams/ cc. Process, the Hﬁﬂ@nﬂmvpr’tddu@edn rtkténeras’rgmncfcxeaaXamp]m,s af nel t

15 t C M D-
1238, Gondition 1o Lprérff;%??ﬁ?é? O 0ot T S g Pergdt”

pref er abl y 28 (RRSRSHETY PRRIYET Sviof r&rﬁ}da‘aéer?ﬁtta}ysﬁ— metals in &g, for
exanpl e, ofrdsiOPrcaUEtd76, preferably 0.930 to 0 976 gr ans/ cc. These

val ues are calc d sed qn LSl ctor usi ng
steady state prt)ilcesg’ &&F‘ér prod%ce% Lf‘heh%% fﬁrﬂ"ﬂlmer
fromthe sdogex (FI oxre 10 Tegsuxedeiaghtl 0° @cunoaccbrﬂwb\bpomm:hr AsfrMat

| east 19 D8-132§8 prcf‘d(rﬂlﬁ 'F‘} t ey AGAle 0030 o, %SOtZJSES”%rz%feralbly of 3

preferably I'ow index in the range, for
to 200, pr&-érdR )? Qrtaé‘sl’d(? s APS @ flensity in ke rfaln&ﬁ:raftqro ( MFR,

caIcuIatede&amﬁm@ raiff @.@od tevo.ndex prefdr@bl®l o.igdde)xh ol dule range, for
exanpl e, rg%F/% 250, preferably 80 to 150, a density in the range,
for exanpl g 0.89 to 0.965, preferably 0.910 to 0.960, an average
particle 30 siZbe prdymer phredumege inf Giheesaoping, refact2 hasla’telt

pr ef epapl Yﬁa&‘éxt QM]I]-QQ' i C”Hé%stﬁ@‘a atf '1@%9cc%{t S?EPQQSBI:QGQ%EI: a8y WP

particles which pass r@u'%) mesh “scr ee
pr ef er abl y 12883 Q‘Pa’ﬁllé'-l\ﬁtn ) W‘tl#hree@'aﬁndfetio for epampdegomifed?, tiot 4W&§.been

found t hat pgeferablgw1aient2 ool Frams f/l1rmeauarean606ua%¢1sll%ﬁgt he frhest (HWMWY
reactor andtial 1 exarieSCUAYS 680 B o30ANISE ALSLY, ) UG AE0ss the
second
0.976 grams/cc. These values are calculated based on a
20 single reactor process model using steady state process data.
The final granular bimodal polymer from the second
reactor has a weight fraction of HMW polymer of at least
0.35, preferably in the range of 0.35 to 0.75, more
preferably 0.45 to 0.65, a flow index in the range, for
25 example, of 3 to 200, preferably 6 to 100 grams/10 min., a
melt flow ratio (MFR, calculated as the ratio of flow index
to melt index) in the range, for example, of 60 to 250,
preferably 80 to 150, a density in the range, for example, of
0.89 to 0.965, preferably 0.910 to 0.960, an average particle
30 size (APS) in the range, for example, of 127 to 1270,
preferably 380 to 1100 microns, and a fines content (defined
as particles which pass through a 120 mesh screen) of less
than 10 wt.%, preferably less than 3 wt.%. With regard to
fines content, it has been found that a very low amount of
35 fines are produced in the first (HMW) reactor and that the
percentage of fines changes very little across the second
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17 maneg/2e4s This is surprising since a relatively | aPgEUSHBHUATS

of fines are produced when the first or only reactor in a gas phase,
fluidized bed systemissued to produce a_relatively | ow nol ecul ar

wei ght (LMAN pol yner as defined herein. » 5 probabl e expl anation for this
Is that in the process of this I nvention, the LNMVponner formed in

t he second rea depos tsxprllmarll Wlthlnl dstructureo&c t he
HVW ‘iﬂ‘?e rpar (TS5 THRREP 49 (P9 B S eaac Y AR AW

the for mat iafh ffndsvyre resedukied when rtzmaﬁmstbwmmnlm:rmm in |én gas
settled bu'gﬁmsuﬁmﬁd‘i&@d %@%ﬁ@n SEGANh HEAGY dm Iap relat iVif]APS

stays fairly corst ant pellets are formed from granular

resin whi cﬂ%s}mlecu%acram%% AN ) diRyoRIe RSvdef inRs fiekeidiof a
Brabender propbabitd léiﬁﬂdxfa&rlﬁ'uri&:mrﬁﬁﬁ Mt nich tHe hirldal ohateia

flow 15 i.ndex .i.n th exanpl e f. 3,10 200 eferably 6 to

100 gr ans/ LVRTFEIOTy ﬁé?et rﬁ'ﬁ'{)\ﬁ‘ﬁéﬂ n%%eeé)r]e{hgté’e %50 ord & We, of 60
to 250, prefepatits §rimardity, witthim the vwidrsigsnsiune iofledhd HIMWt he rati o
of the FI' f | =

exanpl e of %%yﬂ%@artlﬁs r%{del%&b# hﬁn p@ﬂé egle:cgtr ez%af&)tdrnl téﬁz;i?\els {%%J o

relative the faymatism qft aﬁ%’ﬁﬁ-e H@'Pé‘-'r o’g"er?é?qlfﬁe‘i RY @ranknereasssin.

The fald ow ﬂg s@%&%dm{ td’éi‘[sx’d)} UHBML eadivsLagmitdadond reddadringsi 1
t he |nvent| wever it wll rent to those skilled in the
art that t N @S %ﬁﬁ%; %%g‘ reaction conditions used in the
Exanpl es do rmn Whentpdﬂmats ares ciypenesi ﬁﬁnmign&nuﬂan1resin which was

EXAMPLE 1 Ny r ' re
conduct ed uno?er qal%‘%/?%nd: g% d;‘Haﬂt&rrlarnhsp letrhé tbwo LPSl ng st an%l'lar}%“ax Hl %

t echni ques.exXfqmiden tg)gansure mnm et hpvghe? oflow
Davi sars gr adfiedboin the Sdnde, ; Q'yﬁ oysdcy zbo e@Wamwe regen

pur ge at 600[ery] C for 16 ho r Fbxa s added.to the
silica. 10 Q£%Qﬁgiﬁ] %# cﬁﬂi€3$tqﬁp%ﬁlr U slurry 35
at 50[err] exangiey rc}icaamctcstz_’m,l rp}'a@srammmmacbflﬁmormd]wr
o ooort] (etb/BRlne Y85 ARUSE Ger [ end %&i&%égf{]ﬁ&l ' the VO
granular to the pelleted resin) in the range for example of
20 1.0 to 1.5, preferably 1.0 to 1.3. HI indicates the relative
degree of inter-particle heterogeneity of the granular resin.
The following examples further illustrate the essential
features of the invention. However, it will be apparent to
those skilled in the art that the specific reactants and
25 reaction conditions used in the Examples do not limit the
scope of the invention.
EXAMPLE 1
Catalyst Preparation:
All manipulations were conducted under a nitrogen
30 atmosphere by using standard Schlenk techniques. Into a 200
ml Schlenk flask was placed 7.0 grams of Davison grade 955
silica, which was previously dried under a nitrogen purge at
600°C for 16 hours. Hexane (90 ml) was added to the silica.
Dibutylmagnesium (7.0 mmol) was added to the stirred slurry
35 at 50° to 55°C and stirring was continued for one hour.
TiCl4 (7.0 mmol) was added to the reaction flask (50° to



18 55[err]C) and stirring was continued for one hour. An electron
donor (7. 0WwfmsdR245as t hen added to the flask (50 to 55[err] &T/USY7/11878d
stirring was continued for an additional hour. Hexane was then renoved
by distillation with a nitrogen purge at gO[err] 5 to 55[err]C.  Yield
varied from8.4-9.3 grans dependi ng on t% el ectron donor enpl oyed.

Pol ynmeri zati on: Et hyl ene/ | - hexene copol yners were prepared wth
these Y| s s%awlnbh%a%a%n&qlnh@ar e IR GO ‘P ti N g elactYan
typi cal exanple is shown below. .6, liter stain]ess autocl ave

under a sl GFNR% rTgdh PRge was %Fé‘r ﬂdé%§q ifhee £ haskh (50 '%'(‘P'ﬁr"lc)of dry
hexane, 30 and aftidmint heerontdnmhed Forain Gfdditioddl eidus .al ydsupa The

react or wa e LI i ncr.eased .t,to 900 rpm and the
i nt er nal tgvrr(paer a 3} erte\?\“é’svseﬂf' by rA%cs\r@’zi 13F4op s8[54 aitragen IR prifksure
was raiSsed tR2 §55iIC.  Yielidt wamigdodeom Bt I4y~|9er3egwam5| diepedtdded o rahent ai n

t he mg¥53£f3ﬁndégg}[gﬂ plolfeg.i nternal tenperature was decreased

to 80[err]C, .20.0 ng of catalyst was introduced into the reactor W th
et hyl ene oJE?YEF€§§@¢é°ﬂand the internal tenperature was 20 increased and
held at 85[err] @thyﬁlﬁld?mmdnkﬁbdyblmr@%ﬁw%eparedf Wit8D tHUY €S,

and t hen the gﬁﬁylene dpéxlmas st opped and e r.eact or was al 1 oned
to cool toSosm¥% eriggme é‘tzl‘w‘ll@ﬁ’e Mt ed and air
driedlo0 tYplcalGleJ@rmpli@I dw showrhdedooducti .6 dsted eradimlesss staed 25

el t flow R Rle WAL AIMTS rﬁrt%e%d gﬁ’ﬁ%r dingohe Lag flélaﬁegﬂ]%ﬂce

DBM Ti CE[err] | ectr
...... >.-.-750.ml of dry hexane, 30 ml Bfe&¥or -D@H@rne. apdodud immaly'of Mel t
Fl ow tMiBthY1alfinum. The reactor was closed the st98% ng hjadex

gBFirr]) %Lkeag%é%5p 900 L%&L] ?%O%thanerﬁgl Ge@geragufe was 0. gg_g 2. 4
3 neflBanolincreased tol850C. The interBa@8pre8sfire was rd43séd332 péi
ethyl benzeatg d%%@%n. Ethylene Qa%glntgnéuced to ?% italn t%
t et rahydr of ur an n- but yl
et her prggsure at 120 psiz;o> Thg gnternal femperature was decreased
to 80°C, 20.0 mg of catalyst was introduced into the reactor
with ethylene over pressure, and the internal temperature was
20 increased and held at 85°C. The polymerization was continued
for 60 minutes, and then the ethylene supply was stopped and
the reactor was allowed to cool to room temperature. The
polyethylene was collected and air dried.
Given below are the productivities, flow indexes, and
25 melt flow ratios of the catalysts prepared according to the

sequence.
DBM TiCl4 Electron Donor
Sio2 ---------- > mememeeeeee— > eeememmeeeea >
Electron Donor Productivity* Melt Flow MFR
30 Ex. Index Index
(I,)  (I,1)
XX 2
1 None (Control) 590 0.03 2.4 70.1
2 p-cresol 1120 0.13 5.1 39.8
3 methanol 1150 0.08 3.5 43.4
35 4 ethyl benzoate 2250 0.19 5.7 30.5
5 tetrahydrofuran 2720 0.16 6.0 36.4
6 n-butyl ether 2780 0.22 6.9 31.3



WD 98/ 02245 PCT/ US97/ 11078

19 ‘wonogoazesi vity is given in units of gram pol yet hyl rEITEUSS@m10J8 am
of catalyst-hr-100 psi ethyl ene. xX Comnparative The data
show that the incorporation of an elect{on donor 5 substantially

I ncreases the productivity of the catalyst. Using ether as an

el ectron donor (Exanples 5 and 6) produced catal ysts with the highest
product i Vi iggpaubitissi thyetisAidiedf Urdhrditd bt gram PEWetdhEndEE gram
conpar abl e el ectron donors. An ester (ethyl benzoat e) el ectron donor
yi el ded a gmtcdtsliyst-Hr-sloghdiy dthydrenell0 productivity while the al coho
and substituted phenol electron donor catalysts were |less active than
t he ether%ﬁeﬂdmparahﬂun catal ysts. The pol ymer produced by the

catal ysts of the i nvention exhibit an internedi ate nol ecul ar wei ght
di stribution The giatiahdihart dhaly tWRR ingareetat iere e 8@ % ek xon alwnor
nmol ecul ar 15 weight as, i ndicated by higher nelt index (12) val ues.
Hence,5  subsiantialdy sincupasresdihe PrRIYC Hedsy 1@k fdis catmivathe Using

conparative catal yst. WO 98/ 02245
PC?PUSQ?/fﬁ@ﬁ? aé’an electron donor xamgaes 5 and 6) produced catalysts

with the highest productivities. Thus, tetrahydrofuran and n-
butyl ether were comparable electron donors. An ester (ethyl
benzoate) electron donor yielded a catalyst with slightly lower

10 productivity while the alcohol and substituted phenol electron
donor catalysts were less active than the ether electron donor
catalysts. The polymer produced by the catalysts of the
invention exhibit an intermediate molecular weight distribution
as indicated by MFR values between 30-45 and a lower molecular

15 weight as indicated by higher melt index (12) values. Hence,
the catalysts have better melt index response than the

comparative catalyst.



20 CLAI VB: (“llllll l“lﬂlll“(“lﬂﬂllllal n an et hyl ene honopol yneri zation or

et hyl ene wo 98/0239P | yst which controls themodeequi7sr

wei ght di stributi‘on of " po ynmer product as deternined by MFR wherein
5 the catalyst is forned by (1) providing a slurry of a solid
por ous i norgani c. support havi ngg® eactive (-OH) groups and a non-pol ar
sol vent; (i1) inmpregnating said support having -OH groups, with
RWR cq d, to forman internediate, which internediate has 10 an -OH
groupzwﬁgggﬁgo of less than 1, wherein each of said Rand R is
al kyl of 1 to 12 carbon atons and is the sane or different and
wherein RMUR is sol uble I n said non-polar solvent;

wher ei n t_he %gnountInofaft %%h%gf %%%@poﬁyﬁ%'xq(z%tﬂ)%nt 'o)r esth %h such that the

nmol ar ratio reatin e Hnanmhme

with T'@bb%ﬁ&heEQZaQﬁ@hacataly%%t%ﬂh%ﬁ?%@%E%bﬂbnghbnh%ﬁ@%w has an
-OH group:Ti ‘ratio | eSs than 1, wherein unt of

the Ti Calietilivutdsentos @;oawérsmd@dﬂ hs AterinS neldC byt mfR t %e%':.@{ ratio
of Mgto Ti is 0.5 to 2, the | mprovenent conpri sing: (1v)
reaéti ngheheau:latlarrsltumscmuirmem by i nternmedi ate with an
(i) providing a slurry of a solid porous inorganic support
having reactive (-OH) groups and a non-polar solvent;
(ii) impregnating said support having -OH groups, with
RMgR' compound, to form an intermediate, which intermediate has
10 an -0OH group:Mg ratio of less than 1,
wherein each of said R and R' is alkyl of 1 to 12 carbon
atoms and is the same or different and wherein RMgR' is soluble
in said non-polar solvent;
wherein the amount of the RMgR' used in said step (i) is
15 such that the molar ratio Mg:OH is 1:1 to 3:1,
(iii) treating the intermediate with TiCl4 to form a
titanium containing intermediate which has an -OH group:Ti ratio
of less than 1;
wherein the amount of the TiCl4 present in said step (iii)
20 is such that the molar ratic of Mg to Ti is 0.5 to 2, the
improvement comprising:
(iv) reacting the titanium containing intermediate with an
oxygen containing electron donor containing 2 to 15 carbon

atoms; combining the electron donor treated titanium containing

25 intermediate with triethylaluminum;



oxygen cont ai ni ng M U’HUH taining 2 to 15 carbon at ons;
conbi ni ngwiches/et4sct titani um cont ai ni ng 26T/U597Int1978rred| ate

with triethylal um num "Wo 98/02245

PCT/ US97/ 11078 21 wherein said

el ectron donor is present in an anpunfl effective to provide a nolar ratio
of titaniun(netal)'electron donor of 0.5 to 2, and wherein said
determ ned M es from n, HHM _of 0.1 to 40000,

A catal yst co %Igél] o%alo#) 3r3 Cérﬁo %ﬁaﬁlré? Jhs Fpﬁ%%e’l’-?t ’e{?e TARALE ky| gr oups
3. Ac Neto f qﬁ AR

pr esent aé#%%’%ld s%s‘%’%‘?@?j?s suc that r‘l#{]gnrat ?P"Ngé#&

1.5. donor bf oSG Ay sgncponposmlon of claim 3, vvherel n the am)unt of
the RMpR[err] used in sald step (i) is such that the nolar ratio

wherein said determined MFR ranges from 30 to 60 at an HLMI

of 0.1 to 40000.

2. A catalyst composition of claim 2, wherein R and R'
are C4—C8 alkyl groups.

3. A catalyst composition of claim 2, wherein the amount
of the TiCl4 present in said step (iii) is such that the molar

ratio of Mg:Ti is 1 to 1.5.

4. A catalyst composition of claim 3, wherein the amount
of the RMgR' used in said step (i) is such that the molar ratio

Mg:OH is 1.1:1 to 2:1.

5. A catalyst composition of claim 4, wherein the solid,
porous carrier is silica which, prior to contact thereof with
the solvent in step (i), is heated at a temperature of at least

200°C.

6. A catalyst composition of claim 5, wherein the silica
has, after the heating, surface hydroxyl groups concentration of
0.7 mmoles/gr, a surface area of 300 mz/gram and a pore volume

of 1.65 ms/gram.



Mp:OHis 1.1:1 to ZHHL"UHIJ uu ”Im ’II A catal yst conposition of claim a4,
wher ei n tWwe 980bi46, s silica which, prior porosmaes
thereof with the sol vent 'in"sté& p { is heated at a tenperature of at

| east 200C. 6. A catal yst corrposi tion of claimb5, wherein the
silica has, after the heating, surfage hydroxyl groups concentration of
0.7 mol es/gr, a surface area of 300 nferr]/gramand a pore volune of 1.65

merr]/gram WO 98/ 02245
PCT/ US97/ 1107 An ethylene homopolymerization or cgpolymerizatign ap

et hyl ene r%-# ner i g:aéng&nji or_co r&%‘}erl zat ;%eed com roces;eﬁwjg@
conpri sé¥ ﬁwfﬁﬂ{ it
ik ﬁq‘)'ﬁ{ﬁﬁ%%ﬂeeﬁt o R S R e St

determ RedP% ¥ Ratalyst of claim 1 to the molecular weight

.

5 distribution of polymer product as determined by MFR.



