;e3e7../]1d1666T728 April 2004 POLYMERI ZATI ON CATALYST SYSTEMS, METHODS OF
MAKI NG AND USES THEREFOR This invention relates to pol ynerization.catal yst
systens and pol yneri zati on processes. 5 By "consisting essentially of
herein it is intended to nean that the substance or conbi nati?ﬁ of.12004
substances recited after this phrase does not include any fur érpn
conponents which would materially affect the properties of the substances
or conbi nation of substances recited after this _‘phrase. S?upported chrom um
oxi de catal yst systens | POLYMERIBATHONSCATAL YIS SYaJdiMSol ef i n pol yners in
hydrocarbon solution or sl urr\ . t O\ VR B PHERERORAVI Ng excel | ent
characteristics from mdy=—stardgotrts— A nat 0 Opports have been
broadly disclosed in tdgisahlentioh rbh@s % pelmier2htion caglystuysteindendat al yst
systens including) silica, alumna, bona, zirconia, silica-alumna, and

ot her refracpadymerieitiinsprotessasr der to obtain a polyner product with easy.

processing characteristics, I S catal.yst systens el hy niraN eha thew pore
vol ume ard hi gh surfacbyarcg%ls.‘St’Gngé?aé‘P%@)f O?t ﬁ%rgmrslé(?{)gﬁﬁzed t hat catal yst

systens havi Hx%aénté)\‘_}%P%SQXQA&HPS@E%&S%cﬁw § erathiarphdase alves esuinclude 2ay

hi gher nmelt Tndex and produce an ol efin polyner that is. easier o'IaBrocerss.
Unf or t unat el furthiet campondmaswhizbrvowdmeaterply aférct SsPRPETRS © glcaﬁ'ﬂ%’g FsVem

pore vol une usual Iy cofresponds t e j.n the catal yst system
surface 20 af@BPINFHLA E‘gfs gstregi})%cf%f?g(\t%ﬁg%l?%ég pol ymers with
extraordinarily good p@ﬂﬁﬁé&éd%r%hﬁﬁoﬁﬂ@ capdlyst bgsterohiangehnverbsse ised/ton t he
commerci al scal e by nmaki hg bi nodal polyners fromjfwo reactors .ThursodtugteS

first bemefiprepareosiefinpobmmmin bydrovirbon solatinm ghaly RIBHSFTSE &YT PLS
catal yst we get, polyners with fabul.ous pr ' 0L & ueiRARE ¥ Hawe
conpetitors. gﬁGPB%Fé{EW?WS%CF goﬁéggggg%%gﬁgddj&auf |'uor o 135 pol yner to
process the gesi ErdﬁﬁgrUiEéloéeﬁ i RaBrt Bt thefsupport oSehpmuuesetife catelysotystames

i's pa

real forte for t rticular catalyst system These gh ra(%ti_%ait&%i cs are
contrary to uhidihg, dke, mbuninarbqsis, gireonip rpicsdyumna, ayc ofer retagtda | nown

that catal yst systens need to.be d for BO LYoy ' TBhEEShf QRatAbeAMEds] Vi ty
and activitymetHer 2?‘(5’!’ T ‘8&%’&%1%@‘@2? r?gglgcr?famﬁgat ggﬁand 3% dried prior to

use. UnfQEt Unat.ely sydigad pRlierdbly dakalayisi s tvehene amd bighsurfpeomteans with
catal yst ‘System’integrity For exanple, if a cahaﬁést IS%StoemVHﬁl%‘? 2od i

si | i ca- based Generajbmitcis saéagpized tins catalysb sYSterh DaYNE @ PR PAT VPSS rrellggl, or
sinter, and therefore 28 ril,.2004 . dideeansstefin Golynadrahatok t he
resul tant catS89st a?ﬁ&%ﬁ?suﬁf%nﬁlf} %amﬁgig%ﬁg%ﬂ?g@as a suppo?’? Yrater al

heating of thesal WiHARGANUERHERatblE itadlsnhasabden fouad that decrpasing Ggr@ialyyen
and rough catal yst

ystem particul ates which gan result | S
product that systedi pérecolume usuatlyciomesponde MR ’@ﬂserﬂéth RN % brface
20 area. These catalyst systems provide polymers with extraordinarily good properties

which can only be achieved presently on the commercial scale by making bimodal
polymers from two reactors. Thus the first benefit is one of economics. With the
magnesia modified silica catalyst we get polymers with fabulous properties more
cheaply than our competitors. For our HMW film it is necessary to add a fluoro-
25  polymer to process the resin when it is blown into film. So processing is not the
real forte for this particular catalyst system. These characteristics are contrary to
what is desired for polymer processability.
It is also known that catalyst systems need to be dry for best poly-
merization productivity and activity. Therefore, catalyst systems are heated and
30~ dried prior to use. Unfortunately, heating of catalyst systems can cause problcms
with catalyst system integrity. For example, if a catalyst system uses a silica-based :
inorganic oxide support, heat can cause the silica to melt, or sinter, and therefore



. Therefore, it is desirable to provide inproved silica-containing inorganic
oxi de catal yst system supports. Again it is desirable to provide a
silica-containing inorganic oxides having a high surface area. 10 Yet again
it is desirable to provide novel silica-containing inorganic 9%%&#&26@?t
either retain or increase surface area upon heating. Once again rt iIs
desirable to provide an inproved chroniunT@ataIyst system Again it is.

desirable to provide a catal yst stemsujtahle for usg iin 15.

ol yrer | zat § ofepSt Dl sibe reunl (R sy of A Boikes selcried 8 am
catal yst syst QippbRahatedd], RERMNECS BB aQlrBinatal Chis¥athe RRIMING 16 fERAITE ARE SredR!
i ndex. In accordance with one enbodi ment of this invention a process is
provi ded to pkegyan end roughnestalysh system partisulates aviieihcan resuly e gripsdymen preduct
conprising 20,cont i si,J i ca-contai ning inorganic oxide with a
magnesi um confhgfﬁi(ﬁéﬁcé@%ﬂgﬁﬂﬂ’cand converting said magnesi um contai ni ng
conpound t$ a nmagnesi um oxi de $YUMMARIE HRTHEIINGENTIONeat ed
silica-containing conposition. In accordance W th another_enbodi nent of
this invention a proces&hérsfore.oliisidesitablecorpraride JuIPEO Ve pildes-¢ontainingt ed
silica-contaipin CO”BQSL&LI@QH Wi Ecrﬁl §u250r&hrom um conpound to produce a

cat al yst systglr%r o’r‘r:p%m FOR Y WeECL 3R Ce with yet anot her enbodi nent of

this invention a pol ymepggatit @Nd@iabRS® provide QviidedcdtBainihganeniaalcyslidégy st em
conprising chrom um supported on a nmagnesiumtreated silica-containing
conposi ti on. DEIERe BighoNrface IR PREFERRED EMBODI MENTS 30 I n accordance with
‘the prese I nvention, redomi naj el ILlica~ h nj d, Is.
cont act edmvvi th at | east?Sﬁ%g%étnlés%eﬁ%y%g&%8&%&868{5%%&?{1{2:%@8%8# gén%r%fndce
form and thesxide thaneither IgineGSRbRRAsOburfivesareavgoit hetings 28 April 2004
-3 either precipitating, oi  doping, nmagnesiumw thin the pores of a
silica-containing corrpo@ﬁ'éF. a&ﬂigr\@?idﬁ%f? 4P PBRide AN dmpravedcaEoraim S3talyFig
conmpound can ggtegrpne i n accordance with different enbodi nents of the
i nvention, discussed in detail below The resultant magnesi umtreated
'si i ca-containi ng conpojg@indafs deitabdioagrogaids acadtall st systeysiwubiufp st in As
used in this disclaosure, the term"support"” refers to a

polymenization processes.

Once more it is desirable to provide a chromium catalyst system that
can produce an olefin polymer having a decreased melt index.

In accordance with one cmbod_imcnt of this invention a process is
provided to prepare a magnesium treated silica-containing composition comprising

20  contacting a silica-containing inorganic oxide with a magnesium-containing
compound and converting said magnesium-containing compound to a magnesium
oxide to produce a magnesium treated silica-containing composition.

In accordance with another embodiment of this invention a process is
provided to contact said magnesium treated silica-containing composition with a

25  chromium compound to produce a catalyst system composition.

In accordance with yet another embodiment of this invention a
polymerization process is provided using a catalyst system comprising chromium
supported on a magnesium treated silica-contamning composition.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
30 ~ In accordance with the present invention, a predominately

silica-containing compound is conmcted vnth at least one magnesium compound
convertible to the oxide form, and then calcined. The essence of this invention is




.cawi er for another catalytic conponent. However, by no neans, is a support
necessarily an inert material; it is possible that a support can contribute
to catalytic activity and selectivity. Silica-containing conpounds enpl oyed
to prepare polymerization 10 catalyst systens of the present hayentbgsy must
contain a major proportion of silica. Preferred silica-containi ng conpounds
contain a substantial proportion of siliBa, e.g., at |east about 50% by

wei ght of silica, preferably at |east about 70% and nost preferahly 90%
by wei ght oéitter [prespitainigh ofi dopiagi tnhghesiuge within s peren of asiligaicopiainibg, pe

used. The preferred edom nant | i Lica-.containir .
present 15 FORURSHNdNVRgRESIWD ted iogIﬂﬁ/mﬁf;afg%tghtq'%g&gﬁ%ad@g%eb‘gldﬂ\?ve]?ght
of at | east ,QneqAdeiwil08RterdR eilbodithéls SR ingention; discasspd én dethil betosy.

boria, magnesia, titania, zirconia and mxtures of any two or nore thereof.
General |y, The resultantamegmdsainm inegted siisaeaatatnipg G?@@OH”&{ cgn Be ppedas 3y ea,
prior to_magnesiumtreatnent, of at.|east. b r, gram
{ne/g). PrefplEY Systenp SupRArt | 4F “§‘ff£ F‘a@és i @gg%}k’ %‘%eté%ags‘ﬁp?ﬁa?%fgﬁ? giani ng
conpound,  PLifer ¥ {ioRft iyt ¢dnpordRONHSWelkiC byRnUMeanse ina beppatt | east 50
nme/ g, and nost preferably, any silica-containing corrpoundqﬁgnpl oyed.is a

hi gh surf acecaseaily ahiinert material: #uppesstble Wiat @ HPRO C3R SOBRIPYIC 1 @IAMKs of
about 100 nez—g.. In cciord nce with one enbodi ment of this invention, a
magnesi um ZSC'g"th“Eg?F %‘é‘“ﬁ%’ed in a very concentrated aqueous sol ution and
precipitated within thgipResafaiaingacompouads empicyiedita prepanppolythelizarl ary
magnesi um sal ts include, but are not limted to,. nagnesium ni.t ra%e,l_
nmagnesi Ufn clehtahyistisystenag nb tieupresant inveatio AMShF LA MARE RLgportigi, o1 sthica.
.concentrate ueous. sol ution of th i - ] a

si | i ca- cont %’%ﬁﬁﬁgéﬁ%&ﬁ’ﬂ MIRE FPHE° %dr%%g’@gdﬁllf H%ﬁi{%ﬁt%l/iﬁjﬁ c%%ﬁgn \?{}%hg&%gﬁ%’s

sol ution con a8 aMbut BOTBYRASEHIBISMlda, prefaablyeatdedst abews GG anidrmgost~ m by
sluitying the aforenenti oned conponents to ethefa’r The concentéa{.i on Olf) t he
aqueous nagmresierabls 80% byrweaht lm%ﬂtﬁ%t“’éh g rEAportigns obylish ) ¥S004
-4 deposit enough,magnesi um into e . Lol d Hedhrliend

conpound to qsﬁ‘gr Sggé’gﬁgcg@ﬁ%%%nga%@aﬁg 2 ?%Igélg%ng?%(zﬁaﬁé:dggtasa?gl r?? rcorrpound and

yet, notyssi gpidntieantiohYisdesennse dffiessnhue abaitiogs bl wiightsefl atdeast one ai ni ng
conpound. Usual Iy, concentrations of about 125 ml]linoles of. ttae .magnesi um

|
salt per 10Cgditiome) metpl o@ely) sush as,fopGxamBlce AP, RQLIE MASPEHR UIRRIG,

' trati i t hi f b i
cupport - and Aeebedapehy 8 gy (R Y A dad P Jeherlty Mo S

SUppPOrt, ar &bl efthloyddiRra Qirficoweda, prgnesinagnesiim treatwen; ofadtiloast do
not have significant) "beneficial effects E’nﬁquréhﬁra%ﬁ ar.gﬁ. §%nt actig

condi ti ons ofbouhd0 sinare anetenstrer @148 (BEho » (S M2 R IAES T gll%ound
are not iti.cal . Any.te re. Y ry o&,aéﬂ'egﬁnge@m Guriellichifbé €.
For conv@;ﬂ € ﬁ%ﬁ'c%’m&élg)@%éﬁ’eﬁ% ly 1s cg@n‘g gut at about ?0(;%' ]

t enper at ur e, xtdkish S0GRYE) iemosy preferatily.t amypsilica-con¢aining compouad eapieyedfis dbout
4,4C to about 38C (about 40F to about 108‘5%, an be used. A fé%% Hﬁﬁi od
sufficient thighisideea areasilisgot-¢-» SPRPORRIN G o IEES T SheHh e o
intimte conﬁ}afét is all 15 that is necessary. Thus, the silica-containing
conpound and e magnesium salt solution can be brought into contact for as
little tine as a few s&tapsidine yeiteond emnbodiment ofithie Inventipn, & magegsIum

cont hot | 24 oSl e BopaHEATA SRl 100 pHE i Brecidalellwithh e €Nt

pores of a silica-containing compound. Exemplary magnesium salts include, but are
not limited to, magnesium nitrate, magnesium chloride, magnesium acetate, and
mixtures thereof. The concentrated aqueous solution of the magnesium salt is
mixed with the silica-containing compound. Mixing can occur by spraying the

30 aqueous solution containing the magnesium salt onto the silica-containing
compound, or by slurrying the aforementioned components together. The
concentration of the aqueous magnesium solution can be any amount sufficient to



.20 magnesiuni silica-containing conmpound slurry to precipitate the nmagnesi um
Wi thin the pores of the silica-containing conpound. Exenplary basic
conmpounds include, but are not limted to hydroxides, such as for exanple,
sodi um hydroxi de, potassium hydroxi de, ammoni um hydroxi de) ang Ek%ﬁ

thereof. Preferably, the basic conpound is ammni um hydroxi de % |,g9§f due
to availability and ease of use. 25 Heat “4nd i ncreased times can increase

ef fectiveness of .introduci ng.and/ or  precipitati nmagnesi uminto the pores
of the il caetesiheRPHERFAZDRBLT L Whmerath P slita<hagies tmbrdd g "

si | i ca- cont aifprélde HPRAREIce GPdh @Pth@%ﬁicﬁ%oh&iﬁiﬁﬁ&%ﬁﬁbkﬁ@&n {dthhét ﬁ%ﬁﬁ&ﬁﬁlyo‘c
about 30C to about 90C and aged for tines of uUp to tight hours. Preferdably
a t enper at ur desraasgshe pof0®iumedaFGhe sidicagontgining compoudd. dfsualput one hour is

fficient. Foll owir i.pitafi f i ithin.th f th
11§ cacont ai oA BRAScooy! Sen BRUpeIEy SORR ek apoL L B0k Than be
removed by angog) etSuppbitlard Mificicnr. Priferblye coRREratiGidOMittAR a faffe BRAGUL S,

C
decantation, filtration) or any other nethod known in the art. After

removal of ex6@4ds aboutuiiQd miol 188 of sippert ansmest preferably. cvithinianiange ebaPdund
is rinsed with di | asi ¢ solution,.such.as, for exanple .5 a ni um
hydr oxi de an ﬁﬁ%ﬁ%"%ﬁ% %Ieiugﬂ?g‘eﬂ? pﬁf&”g‘gl !}ﬁgl?ﬂeoﬁ l?\gf’rdﬁg%%fas}lﬁng manner
known i n thecafdentrRtidBn®RY Botttve sBiGetnt, Henefitidl effitys snkbrdlearéans can be
enpl oyed, such as, for exanple) oven drying, vacuum drying, alcohol

washi ng, andl or passi nd-atacting soodisions ehthedtilien-gontarpngtcgmpoppdand gws over
the magnesiumtreated silica-containin onpound. . Preferably. for. .ease of
use, ¢ helUmgMEERET oPiesafaa e hoi cilieal AR RENEerenih Sty bhied REGTRER an
al cohol . Anybalsgitdidé. Fankod@nidnesDoRtdctfg Gerdrally teAhicd ot at abdliefooncan be
used to wash the magnesiumtreated silica-contalning conpound. Exenmpl ary
al cohol s i ncremereratyte; altheughohigheren lower éempasatyEasowithisy : zange of #bewahaiC and
m xtures the 8 i b ri.ed) j ated,..sili-ca- t gk ni ng
conmpound 15 Ecﬁg‘ﬁr’loﬁt:sgléfgﬁ?h&edrﬂgr?etg apg'ﬂrledgg é%g%;tg:%%i %ﬁ@gfgggggg@gﬁvent
and subj ect egp hRow ah€ kjorOdh cp@la?ﬁésim%omﬁﬁkﬁ fatdrima intlitate @oatdet i€ Gliby
heating the magnesiumtreated silica-containing corgoound in the presence of
a dry) ok§gethatinnesessany daus. thesHicasonpging camprund and the mpagaesiagngdlt i ons

sufficient t nesi i Shatyres
within a rang%ﬁg{yg%%a? %@9?@8&%@&%@%&?@%%{%&? f%né%ﬁnﬁifgg a ragnge of
about 0.5 t ohalewr mérehoudhSasafer Gtahiplsiabott 5 Sygundatd yhodt@dshdursymsi s
required at higher calcination tenperatures and nore tine is required at

| ower cal ci n&PRMSenperatures. Preferably) heating occurs at a tenperature
of around 350C to about 0] 0 : ' t wo
to four hours, dependi r%ﬁ%ps@ﬁﬁ?ﬁ@”&gnﬁ%&ﬁﬁrﬁ& a%%%ﬁgéﬁgéﬂzg&gg?ag?%dgg?o%%
then 25 2@i se@thghesigm!siiigacdontaniiagiconipoand slhhes tor pretifitde thomagiksimndvithed d and
this tenperature from3 to 15 hours dependi.ng on the _ anpunt of orrplo%gd

bei ng cal ci néhe pores of the silica-containing compound. "Exemplary basic compounds imclude,

but are not limited to hydroxides, such as for example, sodium hydroxide, potassium
hydroxide, ammomum hydroxide, and mixtures thereof. Preferably, the basic
compound is ammonium hydroxide (NH,OH), due to availability and ease of use.
25  Heat and increased times can increase effectiveness of introducing and/or
precipitating magnesium into the pores of the silica-containing compound.
Optionally, the magnesium treated silica-containing support can be heated to
temperatures within a range of about 30°C to about 90°C and aged for times of up
to eight hours. Prcferébiy a temperature range of 50°C t0-60°C and an aging time
30 of about one hour is 'sufﬁci:nt o _
Following precipitation of magnesium within the pores of the silica-
containing compound, a substantial portion of excess lfqﬁid can be removed by any



In accordance with a second enbodi nent of this invention, nagnesium
treatnent can_conprise coprecipitating magnesia with a silica-containing 30
conpound. This coprecipitation nmethod can be as equally effective in

i ncreasing the surface of silica containing conpounds. As US%A@RT%O%

di scl osure, coprecipitation is preparation of a catal yst system wherein a
magnesi um conpound 28 April 2004 -6 i-sdcoprecipitated with a
silica-containing conpound and then chrom umc be added. Anot her et hod
of- ‘copr eci pivitableaneanansusd 3sr s examplsn deFaniation, 'gr‘{fg‘t"“s%?’@’rﬁ’%ﬁ%ﬁ a
magnesi um conpound,,i s coprecipitated with a silica-containing conpound and
a chrom um lfﬁﬁbﬁ'nﬁ'.e ¥ The magnesi um treated silica-containing support,
after cal cination, nualfiepfersevil af egctsihidarhe maguesivmmtreamgpsihed- i n order to
produce a poly nerization catal yst system  The chr.om u%(co ound can be
added i n acuutalningecomnaungd iy ringsdhwith i Ble Pesig pAIUYPY. su Bﬁ%ﬁ%‘“ﬂ%ﬁhods

include starting.with.a sili : 086Ld CTRL LI HEnGo dpied Adl aand t hen
treati ng w ?’nggﬁ’é‘aﬁﬁ'égﬁ°&h°1%'%§‘g%“§%’ﬁga§§%%%%nd. Anot hep exenpl ar yy]met hod

is to add arghh@NindRCiNbe WRtdoweidove ey mesides liqmds ahny avitrble eskpd ¢ax e bot h
chrom um and magnesiumw thin the pores of the silj| ¢a- cont %il m£gn§omound.
Anot her enberipieyad, sich aRefor ssamPpies AYEORRITE dSUHR dRgRR1d GO py e,

conj unction w th an. al | i Roidifre Rded ipBR bl @Nhe mdghesium
silica-cont Q?V&?rnﬁggﬁ%p%r{lg&ﬂﬁ?#%}hy %o i]rreﬁt o] gt his i nventg!ﬁon 15isto
add the chr geisdnsifch @ontairing vpmpound)aBrebereblyc firciasredf witdthe WAZRISIWHr oni um
al so can be done after the magnesiumtreated.silica-containin ound has
been dri@d byatedsilicaicentaitiag Wl@ﬁa‘rn%ﬁg’ﬁ@gﬁgwaﬁ ?‘hgl§°‘§°31 ’?Yoﬁlcg‘?&;m%‘h%m um
conpound.  Commnl POl yNer i zat | QN 1Ogal ab Ywdsk tedfapeestifietheaietl desired,
20 but are ﬁegﬁomee%gféggfl;@ﬁéx%@ﬁb afr%y’ ‘%gcat alysts incl ude,?@cbut are not
linited to, siiesabnaliyg compowrdyaBrereplaty, alcots iicjusdes bufj are not HmiteA tgor on

and/ or al kyl al um num conpoundi. %’he ter mtcb mefal " in organonetat is
i nt ended t o MaRANGHLIBANCEPTORENOL ANY FUXWT SV ysts can alter melt flow

characteristics (nelt ﬂ&d‘gmmy B0 iR redtetisiboObrthibing essmpand
pol ymer. Wile not wishing to°be bound by theory, it is 25 bel,ievded a

cocat al yst - qigen RCGurther drictavienget ahp rewainznig shsothedtseliepbarbsubieciqd e

cocatal yst is an al kyl _boron_c ound, trihygr I are

pref er r)éd arfdicinatign épdm%nceﬁ%nﬁéﬂ i’Fecoﬁg‘éﬁ&g%@ﬁg@?{ggﬁ e%ﬁ@%&‘a y, the

al kyl' groups, Aauesf L0 kb C%F&jauﬁ@wmel&eﬁéhw@m aadro/oxyaen-coneirng ighs;
ons pefr alKky

from2 to 5 carbon a | group. Trial kyl boron conpounds, 30 such
as, for exanptleas,tfor erarhpleyhir,barden epnditions viffitisot @r@nveh @ny MagRRSFBOCan

TEB) are preferred cocatal ysts because.these c @hi
ggen%s to Prﬁﬂr%@e-p@"? lyp%ﬁ'[?@‘?"ln?r@%,‘m Yt A A %%gggﬁopﬁ?) gghregggdg,

mel t-f1 oy and: behAt il ¥ Rdge of about 0.5 to about 20 hours are sufficient. Typically,
less time is required at higher calcination temperatures and more time is required at

lower calcination temperatures. Preferably, heating occurs at a temperature of
around 350°C to about 450°C (about 662°F to about 842°F) for a period of two to
four hours, depending upon the amount of compound being calcined, and then
25  raised to a temperature in the range from 400°C to 800°C and held and this
temperature from 3 to 15 hours depending on the amount of compound ‘being
calcined.
In accordance with a second embodiment of this invention,
magnesium treatment can comprise coprecipitating magnesia with a silica-containing
30 compound. This coprecipitation methed can be as equally effective in.increasiz.lg
the surface area of silica containing compounds. As used in this disclosure, |
copiécipitaﬂon is preparation of a catalyst system wherein a magnesium compound



.28 April 2004 swelling during polynerization. O her suitable boron
conpounds include trihydrocarbyl boron conpounds hroadly; triaryl boron
conmpounds, such as, for exanple, triphenyl borane: boron al koxi des) such as)
for exanple, B(OC=HS) ,: and hal ogenated al kyl boron corrpound§8A§,Hp@0@s,
for exanple, B(CZHS)Clz. By far, the S nost preferred cocatal yst Is
triethyl boran, for the reasons given abov@:- Other suitable cocatal ysts .can
be al um num conpounds aof the formul a.AlR "X~ where i s,a hydride,or

hal i de. R 1% CRPFECHRAS Yl B STICHORAYEE SLAPOHTS i eyt Eouih e 48", eger
of 1 to 3. Teiehhlawrmeinod SEQprREPitatiGE barl B¢ preptiation Hfar cataydilapden are
particularly suitable. 10 A cocatal yst, when used, usually can be used in
an anount wi whéminaa neggesiwh catnpound it copxbipitated) wity 2 silipecopRimngn (ppn), or

mlligrams per kil qgragm / kg), based,on the mass of the diluent in the
reactor. Pr e?(g?pa%l"a?a“g@c‘%gg‘l“vg%‘ cPEPRURY i n an anount within a range of 1 to
12 g/ kg,s for cost ef f ¢gd ieRE&TImaRGIdIeSticd-EsthihR suppbrt NEfieraliifitiones .
Expressed in other terns, a cocatal yst can bemﬁ_resent 15 in an anmobunt so as

to give an atoshbeatindactdd with anplchsamiven admpeurshinoerdemioPiodnee & Pelihge of

about 0.5:1 to.about 10:1, preferably 2.1 to 8:1. .The | r can
be premni xed WWFP‘%S’“C%“&Y%&SQE’VS% #oglalﬂgcfog%pogn%g%napgg géés(ﬂ%%%ofdgh Fﬁe
pol ynmeri zat i @fth 2P enethBEKAGH & (HReirfg ERerpRiry etkth@Baatlade Stariviz Rethed i on
Condi tions 20 The pol ymers produced in accordance with the process of this

! G . P
i nvention ar silitielopoligmsogel efontaimins cpapeHad abh SAnEGEING fWidh RyNaFNSSHRY

hi gher ha- ol efin conononper,s. .Preferabl he, et hyl.qne zent ' I n
the pol yiferi SUH4IBRELTIOYPd; ?qﬂﬂl%eﬁ@pfﬁg‘%&%@ rtgr%dgbrhoﬁl@%gﬁ%i {?ﬂiﬂogg? cent
to about 20 wahGht nR@h&RRh salk 358 Gr&vipitdie bbol éromitiiiafid erafnesiut @ithinhée
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Commonly used polymerization cocatalysts can be used, if desired,
20  but are not necessary. Exemplary cocatalysts include, but are not limited to, metal
alkyl, or organometal, cocatalysts, i.e., alkyl boron and/or alkyl aluminum
compounds. The term "metal” in organometal is intended to include boron. Often
these cocatalysts can alter melt flow characteristics (melt index or high load melt
index) of the resultant polymer. While not wishing to be bound by theory, it is
25  believed a cocatalyst can act as a scavenger for catalyst system poisons.

If the cocatalyst is an alkyl boron compound, trihydrocarbylboron
cdmpounds are preferred and trialkyl boron compounds are most preferred.
Preferably, the alkyl groups have from about 1 to about 12 carbon atoms and
preferably, from 2 to 5 carbon atoms per alky! group. Trialkyl boron compounds,

30  such as, for example, tri-n-butyl borane, tripropylborane, and triethylboran (TEB)
are preferred cocatalysts because these compounds. are effective agents to tmprove
,poly#icr properties, such as, for example, toreducc melt flow and retard polymer



selected fromthe group consisting of 1-butene, 1-hexene, and m xtures
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20 The polymers produced in accordance with the process of this
invention are homopolymers of ethylene and copolymers of ethylene and higher
alpha-olefin comonomers. Preferably, the ethylene concentration in the
polymerization reactor is within a range of from about 2 weight percent to about 20

- weight percent, based on the total liquid contents of the reactor. Most preferably,

25  the ethylene concentration in the polymerization reactor is within a range of from
about 4 to about 15 weight percent. Measured in another manner, ethylene
concentration in the polymerization reactor flash gas is within a range of from about
5 weight percent to about 12 weight percent. Most preferably, the ethylene
concentration in the polymerization reactor flash gas is within a range of from about

30 6.5 to about 10 weight percent. While ethylene concentration does not significantly
affect the molecular weight of the resultant polymer, higher or lower ethylene
concentration can effect catalyst activity. '
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3,248,179, the disclosure of which is hereby incorporated by reference.

20 The preferred temperature in the particle form process is within a
range of about 185 to about 230°F (about 85-t0 110°C), although higher or lower
temperatures can be used. Two preferred polymerization methods for the shurry
process are those employing a loop reactor of the type disclosed in Norwood and
those utilizing a plurality of stirred reactors either in series, parallel or combinations

25  thereof wherein the reaction conditions can be different in the different reactors.

The molecular weight of the polymer can be controlled by various
means known in the art such as adjusting the temperature (higher temperature giving
lower molecular weight) and. introducing, or varying the amount of, hydrogen to
alter the molecular weight, or varying the catalyst compounds.

30 POLYMER CHARACTERISTICS

Polymers produced in accordance with this invention have increased
density, broadened molecular weight distribution especially on the high molecular
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0.945 to about 0.96 g/cc. The potymer melt index (MI) usually is within a range of
about 0.015 to about 0.7 g/10 min and preferably within a range of about 0.02 to
about 0.5 g/10 min. The polymer high load melt index (HLMI) of the resuitant
polymer usually is within a range of about 1 to about 175 g/10 min and preferably -
20 within a range of about 4 to about 70 g/10 min. The shear ratio (HLMI/MI) is
usually within a range of about 40 to about 250, and preferably within a range of
about 50 to 200. Polymers having characteristics within the given ranges are
especially useful for applications of blow molding and/or film production.
The uniqueness of the disclosed and claimed catalyst system is the
25  ability to make polymers with a molecular weight distribution (MWD) that promotes
good properties particularly dart impact in high molecular weight (HMW) film
‘;Lapplications. While not wishing to be bound by theory, it is believed that these
property improvements result from the lessening of long chain branching (LCB)
and/or the reduction in HMW tails as a result of the increased surface area.
30 A further understanding of the invention and its advantages is

provided by the following examples.



‘about 48 hours at about |20C to | 25C. Mdre than 95% of the volatile
material /10 was lost during the first 10 to 15 hours of drying. The
catal yst was kept in a vacuum oven until no further weight |oss was
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pressured to 3.89 MPa (550 psig) with ethylene. Ethylene was added on demand as
15  the reaction proceeds.

Pilot plant polymerizations were done in a 87 litre (23-gallon) slurry
loop reactor at a production rate of approximately 11.3 kg (25 pounds) of polymer -
per hour.

General procedures for preparation of catalyst systems in the

20  following Examples is as follows. This also is referred to as an AESOP (Alkaline
Earth Standard Oxide Poregel) preparation. First, a concentrated solution of a
magnesium salt is prepared by dissolving the salt and chromium(III) nitrate in a
minimum amount of deionized water. This solution, called a “syrup,” was heated to
about 50 to about 55°C to dissolve the salts. Chromium was added in the amount

25  of one weight percent of the MgO formed from the dehydration of the Mg(OH), to
ensure that some chromium will be available to bond to the surface of the MgO.

Then, the syrup and ammonium hydroxide were sprayed onto the
support.

Alternatively, only the syrup can be sprayed onto the support and

‘30 then the support comprising the sprayed syrup can be combined with an aqueous
solution of anmaonium-hydroxide. This technique is preferred when the support has
insufficient pore volume to contain both the syrup and required volume of



Run 102: 1025g (4.0 noles) of My(NQO,) _6H20 and 13.3 g of Cr(NO ), 9H=O were
di ssolved in 400 mM of deionized water with stirnng and heating. The warm
syrup was sprayed onto 800g of 964 Magnapore' (Lot 2633) 10 followed by 670
m. of conc NH OH The mixture was divided into 2 equal portiegas W bhoseach
being aged for 1 hour at about 50 to 60Cin 2.6 liters of deioni Ped wat er
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Surface Area and Pore Volume. Measured-by BET nitrogen sorption
using a Quantachrome Corporation, Autosorb-6b instrument.
Throughout the Examples, "est” means the weight percent estimated
30 from ingredients of the preparation, assuming 100 % recovery.
. EXAMPLE 1
Run 101: 10 to 15 g of 964Magnapore®, Lot 2633, obtained from
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precipitate fsrmbeut thoeeihourng Aitflowa aeist i3m0 df6 SEEHmisabie dempstature Aftdr| ed

after the addjtion qf 37,1 of I Lute NH OH The I s aged.in 2
liters of wat %Or(’h([,'ghﬁ]é:l ¥ igtr?(f;" yion rﬂlu?]i?ddgg c“éﬁ%“&ggdeﬂﬁ,"&%ﬁa‘{a%gb&?g‘ r @Bout one
hour af t ers whidlyitt wistofdd! drRle ditrspen Wintih ask. t Thisecatilys8 HCdés@inafldodita &fhtrol

mnutes with two two-liter portion of water containing 5 m of conc NH, OH
The gel then awsscalledfd Magrapové't h n- propanol 15 at about 70C for about 30

mn. After a final filtgation, sgld d d dri in.a
vacuum oven at about 11 nflg)?. ai)d;(étg @zfj ["8“%; OF}W@@ eﬁ&?gﬂ‘?ﬁr\gtﬁn"{rom a
net hanol  sol uCHBID Pl 9l Ot ZiidbRed iasioedaiesf ddiomz@) g afe Mithogirfihg ahe

catal yst and re-dried overni ght at about 110C under vacuum The cat al yst

was si eved thh@Hgs eowama sy reassraaedcente 898 of 96¢ Magnaperer (Hels233bed in
Run 102. : ' - . eal.cinat i
Goscr i bed i n LR by Bl or BRAGHEORD e BEHUAT G ERITHRCA G FET € 02

Cat al yst pr epggrfibhowithveack befhgadp@ddal ¢i Hvak a0 BbdR I tescodesiard ®digers 6f Run 301,
except 50 nl of tetraethoxysilane was used. Run 304: Catal yst preparation,
wor k-up and cefieniged pater wepiniag 335 gak of icprg NEhOR nl ggolids mglwﬂcﬁ@vda
magnesi um sal . . ' r r di 4 30 m
of dilute NHM@@’F&?‘?H? é‘ﬁﬁgé’fg‘.t”‘l“%gaa?r%%@ 5?’%3%%"?&"? ?S e {QIH gvr?gﬁerrent of
cat al yst surfpoeesanes fepedted. hEaclo baichithanwas wakhddcthreeniimen@nesiliers oZS0Apr i |

2004 Run ta No. Description 17_ TABLE 3 Acfivatiqn Surface )
Tenper at Ure Aéféﬁ mfpvogjmcﬁofpé%%nm@vﬁlt%re& aftﬂgsmh/gwsg-_ Both batches were dried
208, & A0SR RS0 APPAPETEL A SBBS, BB o7
conpari son anwtgdistaniy eddined irasigl hdated Tt BXAYRE °C/min to 400°C and held there for

two hours. Heating then was continued at the same rate to a final temperature of

593°C and held there for about three hours. The activated catalyst was recovered

20  and stored under nitrogen until use. This catalyst system is designated as AESOP

preparation of 964 Magnapore®/MgO catalyst system.

Run 103: A methanolic solution containing 28 g of Mg(NO,),*6H,0
was added to 40g of 964 Magnapore® (Lot 2633). This was dried in vacuum oven |
at about 110°C for about 16 hours. 0.34 g of Cr(NO,;);*9H,0 in methanol was

25  added to the dried solid and then dried again. To this twice-dried solid was added a
methanolic solution of 14.2g of Mg(NQ,),*6H,0 and 0.21g Cr(NO,);*9H,0 and re-
dried in the vacuum oven at about 110°C for about 72 hours. The resulting solid
was calcined as described in Run 102. In a similar fashion, catalysts were prepared

from the chloride and acetate salts of magnesium. These catalyst systems are

30  described as impregnation of the 964 Magnapore®, i.e., 964 Magnapore®/Mg(NO,),;

964 Magnapore®/Mg(C,H,0,),; and 964 Magnapore®/MgCl,. Properties of the
catalyst systems are provided in Table 1.




The enhancenent of surface areas of a variety of supports by neans of the
porgel.ati on of magnesi um hydroxi de fol |l owed. by cal cination to form MO
apparently is a unique phenonena anong the al kaline earth oxides as
illustrated by data of Table 4. 20 Run 401: 10 to IS g 964 I\/agglg@gggo@_ot
2622) were cal cined at about 704C for abog& t hree hours as described in Run
101. This catal yst systemis designated as”a control, 964 Magnapore. Run
402: 120g (0.25 noles) of MJ(NGB)Z 6H2G [di ssol ved in 100nml of

dei oni zed water. Then, 0.91g of C (NGBJ; were dissolved in 104 25 m
of this magnesium salt solution and sprayed onto Sggﬁf 964, Magnap 1 The
solid mixtureRuas add€atd¥ta sol ution conCH¥#My 8 CCof ci‘?{g NH, &gp&nd
100 m H20) aNusbenhi ch it was washed t HEBPEfIUFES V\ﬁl’;‘l’?tm-q’ﬂ'ﬁ"ér pdetl ons
of about 80 to 90C water. This was fol | owed®®y two (W& i t&M ') propanol
washes as descri bed ig W 102. A solid was recoveregsand dri£d in ygcuum
oven at 100C 18} about®%8'%p hours. Then, 15 g was calci ned by heating in
air at a cate;gf ,1Gm @dmfé) o hel d there gogr about7iiwo houng. Heatieng

t hen was cont iI ij_%d at 5“3«1? gate to the dqggnal tenpgraturg of 704gesgnd
held there for %bout 5 ?\g . These catgfpysts arggdesi gnag ed aggd$4
Mag/ Nf gO. Run ‘988 16! % i 3)24H 0 and 0.639 g C (NO~; 9HzO of 35 were
di ssol ved in dgiqni zedsyaygi/MgR0g),sol uti ons9sas spr&@B&d ont 6.080 g df2.864

28 April 2004548, MegRaR Ni&TMg car,olgnp solsed was admed to azgol utiiom

cont ai ni ng 67]H§cof c%gq\q%%gf%@f I\TH, OH and 430 Ml H=@2 R nsing, dryjong, and

cal cination were as déscri n* Run 402. This catal yst systemis

designated a 64 Magl CaO.. Run 403: 939.0Q . ) i lLyed in
125m of 5 dzwgc?l‘ﬁi?éﬁg"ﬁﬁ‘( gridesrygre CE?%gé lgo '%('Eﬁé %ﬁgﬂ%ﬁ%ﬂgﬁ’g% ved in
104 n of t hiflrosesceRceSREHFRIMETE & t'8° 56"y Bt 964 Magnapore'. The solid
m xture was added to a sol ution contaipw gk nl of conc NHQOH and 100 mi
H: O Rinsing, drying, and calcination™Wwereé as described in Run 402, This

cat al yst 1System i s descThibesarnpledBustiviey Sher exemnpiemol s enhancemgnppf

Ba( CH3C02) 24H_Q and 0.707.9g ( OHzO wer e di. lved. | i oni zed
water. This <8rfaes W\Msusé‘t%‘%é%g%g%ﬁjrgﬁ THfs g%“&“ﬁfggh“ag‘g?{é&é*?‘? er which the
solid m xtur ' QiNPOI00Y afd di¥feréx@3llichiHn{ade dpd
100 ml HzZO %%@ﬁgg%?@%’%§3gﬁldq?ﬁ%%on were as described in Run 205.
15 The dat a ithe TafisenLadlpstDiviseorpedPerRi OsacefCorEdalémer, M4 syst ens based
on a 964 Magnapore'~ matri x. TABLE 4RunCat al yst Activation SurfacePore W. %
W . No. Description Tenperature AreaVolunme MgO' Ti 02(C) (ne/g)(cm/g)20
401964 Mag 704 5932.26 0.0 | est402964 Magl MpO 704 7011.50 | 8est 5est 403964
Mag/ Ca0 704 4151.84 6.6 5.425404964 Magl SrO 704 3391.54 15.4 7.1405964

Mag/ Ba0 704 3231.35 11.4 6.430EXAVPLE SPoregel ati on of MO ( AESOP
preparation) into a comercial chrom um pol yneri zation catal yst makes a

uni que pol yethyl ene as shown by thedata inTable 5. The data in Table 5
conpares poregellation techniques with35 inpregnation techni ques of a
magnesi um conpoundThi s uni queness becones 28 April 2004 _ 19 _ apparent
when the nol ecul ar weight and tau-eta (tau-eta is derived fromthe
Carr eau- Yasuda Mode( of curve fitting dynam c rheol ogy data at 1900
paraneters are conpared. Tau-eta is related to the nol ecul ar wei ght and

nol ecul ar wei ght distribution of the polyner. The higher Mv and broader the
MAD on the high 5 nol ecul ar weight end the larger is tau-eta. Tau-eta al so
i ncreases as the anount of |ong chain branching in the polyner increases.
Thus, the decrease in tau-eta at a higher Mv for a resin nade by the AESOP
catal yst can be interpreted as | ess |ong chain branching and/or |ess very
hi gh nol ecul-ar wei ght nol ecules, i.e. those greater than several 964

Mag/ Mg(NO, ) zmi I lion. 10 Pol ymeri zation reactions were carried out to an
activity of 2500 gPE/gcat in the presence of 2 ppm TEB, 2.0 wt % 1- hexene,
0.2 nol e percent of hydrogen and a reactor pressure of 3.89 MPa (550 psig).
TABLE 5 Run Ho. Cat al yst '




'x10' ' Tauet a- e-
MagOI est 8054907. 534863102964NMag/ l\/g( NO3) 212 86. 19032005. 733221103964

Mag/ MgOI 2. 35. 510038805. 64107 O N
Uni queness of AESOP catal ysts deri ves fro
regi on centered around 500, 000 -

fol l ow ng Si 02/ MO cogel
made 5 from sil

TABLE 6 RunCatal yst W .
" No. Typel\/QOTerrp

CgPEIl gcat | hr g/ cifig/ | Omi nx1Q601Si Oz098} 9200. 9226. 429-Q196028L002/ NgOl\g 69831 80
My©16.¥9822600. 9340. 642918 r,
@00. 9330. 55521 N9 b ",

0.9341. 842] 216
N604Si 02/ My025..

Pore
Volume
1.5
1.29
2.35
1.57
1.55

(em'/g)

Surface
Area
(m’/g)
300
461
491
589
479

Activation
Temp. (°C)
400
649
704
593

TABLE 2

963 Magnapore®
963 Mag/ MgO

Description
952 Si0,

952 Si0,/Mg0
HA30W

Catalyst

Support
Matrix
Silica
Silica
Silica-
Titania
Silica-
Titania
Silica

Run
No.
201

202
203
204
205

-21 EXAMPLE 6 28
the increase in the
dGO 000 as illustrated by the
data of Table 6 The data in Table 6 show resins
Qca, magnesi a cogels with varying amounts of MO

Pol ymeri zation T,égctions wepe carriedrouf 9 aw actd viky ok 25680 gisg in the
presence of 4. (gvbt‘% hexene-1 arfd at &"reactor pressure of 3. 89°‘|\/Pa°‘(550
%React i onActivityDensityHLM Mv ' ' MaJM'

_3. NOOpa

e}
—_
—

638

593

Silica

206

1.29
2.58

599
277

593
400

HA30W/MgO
HA30W/MgO/TiO,
HPVSIO,

Silica
Silica

207
208

% Ti OzReaction Tenp. CActivity gPE/ gcat/hr HLM g/ 1 Om nMw
(s)101964

535 1.68

400

HPVSiO,/MgO

Silica

209

[ 33042004

2.26
1.47

268
482

593
593

HPVSIO,/TiO,
HPVSiO,/MgO/TiO,
XPO-7003

Silica
Silica
Silica

210
212

211




28 April 2004 -23 EXAMPLE 7 Uniqueness of the MgO AESOP as conpared to

other Goup Il oxides is illustrated by the data in Tabte 7. The data in
Tabl e 7 show 20 HLM resins nade fromthe poregel ation of alkaline earth
oxides into 964 Magnapore~' 5 starting material. The Mw of 964¢ Wag{ IS

greater than that of the control but vvittl1 a much smaller tau-eta value. Mwv
for Ca0 and SrO AESOPs of 964 Magnapor e~ ?ir'e | ess than that of the control
for an equivalent HLM. The retention of Mv while having a very |low tau-eta
may reflect_the dimnishing of the very high nolecular wei ght conponents
and/ or | essenp'ng of |org chain-branching 10 typically present in

conventi on§ #supportedehrom um cat al yst systens. Laboratory

pol ynmeri zatmons were run to an activity of 2500 gPE/gcat with tenperature
and pressure regulated to achieve the target HLM of 20. Al reactions were
done in thegpresengg of,1 wt.% hexene-1 but without any hydrogen or added
cocatal yst . STABLEr7 RunCatal ystW. % enp. Pres. ActivityHLM HLMWM My

' MM MhTau- e¥ & No. TypeMXpsi gg/ g/ f o~t o~nx10' (s) 701964

Mag088550381020. 81 251 89306. 91 702964

Mag/ MyOIl 3est 102400305018. 772211120. 91703964 _

Magl Cad est Q7808485020.9561 4580. 1 9704964 Mag/ Sr 0l 5est 100450196021441 3270. 08
NpN'ONDB®DDP “2598 April 2004 EXAVMPLE 8 The uni que HWVpeak in the
nmol ecul ar \/\%i;‘éhﬁ distribution appears to give resin properties that provide
advantages in the filmmarket as illustrated by the data in Table 8. The
data in Table 8 provide a conparison of filmproperties 5 between a
commerci al Ri gh-nol ecul ar wei ght (HWY binodal film nmade in dual reactors
versus thatESngde frgm tHe poregel ati on of MyO onto either 964 Magnapore' ~
or HA30W TABL® BRun80186280310Cat al yst 964

Magl MpOHA30W MgA Ti 02Lynx' - 100Acti vati on Tenp.) C593593W. % MyOBest 15. 3W .
% Ti OzSest 9. 4SA, m /g67859915PV, cm Jgl. 21. 3Resin PropertiesDensity,

g/ cc0. 9490. @480. 951 HLM, g/ 10 m ns6. 55. 88. 020HLM / M 130142127Mv X
10003524153&3Mn M 303632Fi | m Properties25Tau5105Dar t

| npact 39035@3 2 VD342133FD1848414330React or Condi t i onsReact or Si ngl e
SlutrySingl & § urry LoopDual ReactorsLoopEt hyl ene, nmol 9%.69.5?Hexene-1,

nmol 9©. 030. fO‘?‘BSHydr ogen, nol 9%).540. 47?Tenperature, Cl06106?Pressure,

psi g560560?TEB, ppnB. 24. 240Lynx-100 is a titanittm magnesi um chloride type
catal yst commerci al |l yavail abl e from Catal yst Resources, Inc.
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-26 28 April 2004 While this invention has been described in detail for the
purpose of illustration, it is-not to be construed as limted thereby but
is intended to cover all changes and nodifications within the spirit and
scope thereof. 510 15 .20 1. - A process for producing a p%xﬁh?xﬂ)&ne
conprising contacting ethylene under sui ta‘gl e polynerization conditions
wWth a catal yst system conprising a chrom'uncontaini ng catal yst prepared by
contacting a silica-containing inorgan j wi th a magnesi um conpound,
contacting the resulting conbination EXabP clée3e to forma nmagnesi um
hydroxi de, drying the regiylExaffhlé acfabittiatadnhe angrdveriencel eitalyngystes dri ed
product in the presence of oxygen, wherein the anpunt of magnesi um conpound
i s such that supportaadicaialygt sustem purfadeaarea fiomypegellptipn of silica apd amagnesiwm

si |l i ca-contai nji_ng. i nqrgani i t terial, wherein the chrom um
in the catal ycs(iml s‘m§3 3? eg Cgéh)%g)sisté%{'plsgeﬁonrgaas the silica-containing

i norgani c soxi de a sili cRugBODPM6UNE MAYBIO,),06H,Gaetradissolvbd @il Sonndo deionized

wi th the magnesi um conpound, (c) adding a chrom um conpound to the dried
magnesi um si | Vatsr towbighiad mbsope HOYOthad; been added. n ¥fhilsrstiming copfinueysly, 149
chrom um conp r 1k [t S calagi I a
chrom um conprglﬁﬁgteg{a%@f)x{’sﬂgn% ylér%'é‘ %%bd%&ﬁgongigglsﬁg%ggjgfcﬁ g%l](zii %&cg%esi um

- conpound Wi t hpeticdadfuds minudds. T 6 o mikture evepondded Eopwiserasdsttoracamiidingy t o
claim1, wherein the chrom um containing catalyst contains chrom umt hat
has been oxi dl%em! ghavasreand;l0 whot spregpinisd ViR GamanoRite preciiite farmed
fromthe grou LSt L bica, s L Gas NG bl

Si 11 cat tan; adurie St B ol bpsS TR el B e OSRBLE G 3 thESE
and m xtures thbeiilaef NHZOHA THeogel Seascapedridi Niitetol wvatemc@ptaialingg 25 mnlt dfe
silica-containing i nor%ani c oxlde consists essentially of si Itlilca 4. A

process accor®inaeptiased Nal Qi at &fherfer Abpweoneiqur plter srishsit was filigedard at a
tenperature 'ﬁaﬁh@& Ok sBéc ?QP%CPu?%@ ARRERSFiC G t#BAUEr §38oAeFRRS C and

t he reacti on between the base an e nagnesi um cont ai ni ng conmpound is
carried out atonsmihiagemhioficend NH, 08l r Thggebthenlvast wahed dgrceesitiCntmopdymlit 90
ocess_accordi.ng to cl e calcinatjion is

d C_255. A i wh int
Carred o o8t dkoweECr G dban 3D Mib AliGe BRAdEBAOBGE Sl oS deprery @
such that at &%&ﬁ%évg\&%m Snoft AoB6e E16°2 T RERIPRRE RS HolirsC ORI Effobfurhhe

hexaval ent state. rocess according to claim4, wherein the catalyst
is prepared bffosp mettagobschgiomoofSCriNQ,)y*eHgD wasnadgied 30 ardOggpartiam df Wet er

t th ili - t ai ni i i 0 i , t t i t hat duct
Mt aqueous G Ay, eV SIS 4 ey bIOSCRGRT HoGHHE s CHRIRLER 30
to about 90 dﬁwﬁ%h&gh a 3%l 5irker? 0¢ caléfied in fhe MABRACRIErFEIRY RiD 902 .0

claimti, wherein the aqueous m xture of the nmagnesiumsalt contains a
chrom um2fonpound. 8. ARpn 302s Caalgsirmepayatian, ovarkmpsandtadeinatorawers as 25

Skl AR, A BSRLLat 000 oo

Run 303: Catalyst preparation, work-up and calcination were as

described in Run 301, except 50 ml of tetraethoxysilane was used.
Run 304: Catalyst preparation, work-up and calcination were as
25  described in Run 301, except that a magnesium salt was not used. Gelation
occuired after the addition of 30 ml of dilute NH,OH solution.
Table 3. Examples illustrating the enhancement of catalyst surface

area from the cogelation of silica and magpesia.



.5 9. . A process according to claim4, wherein ethylene is polynepzed in
the presence of a conobnoner selected from 1-butene, 1-hexene) or mxture
thereof. 10. A process according to claim4, wherein the polynerization is
carried out under particle formpolynerization conditions in ag %?)Pi'i %@MPUS

| oop reactor at a tenperature in the rangi of about 85 to about 1
degrees C. 10 11. A process according to'cllaim 10, wherein the

pol ynerization is carried out in the PrRBER of 1-hexene conononer and a
triethyl borane. 12. A process accordi n-g—éo—'?ai m 10) wherein the

pol yneri zation hg,caghiafd OUt in tAgivatieaence BirfdcehexRore YoiumoutWt ¥re

enpl oynent of a ¥ co%&iyﬁ% for ’m%pg,lgﬁgm um capdaai ni ng(onalfgl ystMg@5 13. A
process for producing a ¥

atal yst co si ng chigfiesym and a
KQ (RPleY

silica-containing support wherein t ilica-contal ning support is prepared

by either (1) contacting a silica-co i ni ng i ngr,gani ¢ Oxi Wt h

magnesi uh conpod@, 5&91!? 0 ng the rgégl ting co%ﬁl?nati on \}m%tah a blalg% to
form a magnesi um hydroxi de, drying the resulti n%g onbi nat ilggs, and16then

cal cining the dabpgd PidAMEO i n the pPB3ence of §g~, s wherein the
anount of mag~si um conpound is such that the resulting catal yst has_a

hi gher surface apea ShapMgme silica- S8t ai ni ng iMargani c dde stéarting
materialyg or (2) coprecipitating a silicon-containing conpound and a
nmagnesi um cont aipghng gg@rpound, dryi ngoghe coprecizgi tated gr¥duct, 8ind t hen
calcining the dfied protuct in the presence of oxygen. 25 14. A catal yst
produced by the procesi. of ?l %hngs.]o:t)’:thc catal S fs.iﬁ&stﬁ@éd i)y 3%&@550@1&6@@983
to prepare a treated si PE SRIESRESINi ng conposition conprising: a)

Cont acti ng apRenBKs 1Shldn@a® contauai ng inorganic oxide with a

magnesi um cont ai hi ng conpound; b) treatin e porous silica-containing

i nor gani t5 oxi de contacted with the m@ﬁé&iﬂiﬁé}nt ai ni ng conpound with a
base_conpound to. pr eci Rkl g, ddmePOR QR4 FORIGH Dby QRGNS st inkamst he
pores of the silica-co Si I'ng 1 norgani ¢ ozide; and c) converting said
magn?esi um co%ﬁg\bé}@d@ﬁ@fggﬂ ﬂlfkghésitanmgrteﬁmfnlbmedé?y qacination tetosd Melor di ng
to cl ai m 15, erein said silica containing c 0sSi ti t ri.Ses a
titani um conmppparently & a Mﬂ@@h@?ﬂ%@écﬂn&ﬂ%gﬂ? Mﬁ?ﬁ?ﬁ@?xid&rgtaﬁgfrmg%%ﬁ% ng
i ntroduction c@f aff%jr 031' um conpound onto said treated silica-containing
conposi tion. # Olp }%c'ess according to claim17)_ further conprisj na ‘

subj ectipg said chroni yimsibi:caoconbay pehylagoapus? (-an2623) et ¢AlCIGR & n a

oxi di zi ng anbi ent at a tenperature wthin ran of boH-

800C to gonverbbufaYO‘!"@af@r agg‘ﬁéhﬁéﬁw(‘a‘fs thdeses] %ﬂ\ngﬁ'rl%éggonetﬁ §% oy%ﬁség&%{s

hexaval eat state. 19. A i to claim15) wherein said
cﬁislﬁaatgg SE) Sr({%BB'SE DE4 %&Q{agbﬁg . ) )

silica-contai Irs’silica; silica-alumna, phosphat e&assoy I ca,
silica-titanic, copreciRida02d 180¢ (€25 micles)i f)ME(NQI WEBOSFFER Yedhiftna,
or mxtures tlhoe(}rn?locff' dcisonjzcd water. Then, 0.91g of Cr(NO,),*9H,0 were dissolved in 104

25 ml of this magnesium salt solution and sprayed onto 50g of 964 Magnapore®. The

solid mixture was added to a solution containing 80 ml of conc NH,OH and 100 ml
H,0, after which it was washed three times with two-liter portions of about 80 to
60°C water. This was followed by two two-liter n-propanol washes as described in
Run 102. A solid was recovered and dried in vacuum oven at 100°C for about 48

30 hours. Then, 15 g was calcined by heating in air at a rate of 1°C/min to 400°C,

held there for about two bours. Heating then was continued at the same rate to the
final temperature of 704°C and held there for about three hours. These catalysts are
designated as 964 Mag/MgO.
Run 403: 16.5g of Ca(NO,),*4H,0 and 0.639 g Cr(NOQ,),*SH,0 of
35  were dissolved in deionized water. This solution was sprayed onto 50 g of 964




20. A process according to claim 19, wherein said support is essentially
silica. - 30 - 28 April 2004 21. A process according to claim15, wherein.
t he base conpound is a hydroxi de conpound. 22. A process according to claim
15, wherein the base conpound is sodi um hydroxide, potassium hydraxbes
ammoni um hydr oxi de, or any m xYme thereof. 23. A polynerization Erocess
conprising contacting in a xeaction zone uhflér suitable pol yneri zati on

conditions in,the pregence;.pf a rocar di | yonat : et hy, Nnoner ;
b) a catal yst Mﬁy@f‘_ ecoﬁ%\‘i‘%f’ﬁ’gsogﬁf‘gm ﬁ?ﬁ)cg&ﬁpaoﬁlf'é%mpﬁoﬁmgﬁgoégg‘ggPﬂ)pa
contai ni ng i NesRAtAteNHOA A W@O%FBQO?SRM%FQ&WQ lafg caleifativm tefd sp0Ssed
within the pores thereof; and _’% an al um num al kyl cocatal yst; and
recovering a pescyibed inRust402 cHais CB@IY&W%@E%@%&W%@%MN@%% 23)
wherein polynerization i $_a u t el - Wi hi of
about 185F to about 2303“"2@?5%%@?3@%%?ﬁﬁbf‘gé%ﬁé%n@g?“%é@ggﬁ t he
magnesi um $£0onHaibhized AP OVRsh, 1S58 BEATHENOWN IH Ol everedissofvedr inCiegsmbof thigli ng
to claim23, conprising the presence of higher al pha-ol ef i n_cononomer

sel ect ed fr onselnoyand speayed oato $ goif SodpMiagnapere ] - Hlsceqlid mpdune; wasyaddsd

thereof in said reaction zone. 27. o | clai m 23 erein
said al um num%P 15963‘88(;‘3&{@8@}% Sﬁargl ?ﬁgongcgﬁzggﬁc%gd; ﬂqﬁg%t}p RSjﬁfngﬁn éz?é‘f d/ or
Al Rac~, wher elfd Balcinafitn aldsd bs destribeday IRMG 4020 MThib @atalybt ydtenh tldlestdbenadoon

atons per nolecule and X is a halogen atom 28. A process according to
cl ai m 23, whePé4 MagiStQal umi num al kyl eocatal yst is selected fromthe group

consi sting,of triethyl U, A tar 1 ) |14 4 di et hyl
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A process acc@r@NOg, 4oH,0 ¥erd diskol vdieinedeiom aédiwalennTnsisolatiky bvas sprayed onto
50 g of 964 Magnapore® after which the solid mixture was added to a solution
containing 54 ml of conc NH,OH and 100 ml H,0. Rinsing, drying, and

calcination were as described in Run 405.

15 The data in Table 4 shows the properties of AESOP catalyst systems
based on a 964 Magnapore® matrix.
TABLE 4
Run Catalyst Activation Surface Pore Wt% Wt %
No.  Description Temperature Area Volume MgO* TiO,
O (m*g)  (em’/p)
20 401 964 Mag 704 593 226 0.0 Test
402 964 Mag/MgO 704 - 701 1.50 18est  Sest
403 964 Mag/CaO 704 415 1.84 6.6 54
25
404 964 Mag/SrO 704 339 1.54 154 7.1
405 964 Mag/Ba0O 704 323 1.35 11.4 6.4
30

EXAMPLE 5
Poregelation of MgO (AESOP preparation) into a commercial
chromium polymerization catalyst makes a unique polyethylene as shown by the
data in Table 5. The data in Table 5 compares poregeliation techniques with
35 impregnation tecbmques of a magnesivm compbund This uniqueness becomes
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: EXAMPLE 7

Uniqueness of the MgO AESOP as compared to other Group 11
oxides is illustrated by the data in Table 7. The data in Table 7 show 20 HLM!
resins made from the poregelation of alkaline earth oxides into 964 Magnapore®

5  starting material. The M, of 964 Mag/MgO is greater than that of the control but
with a much smatler tau-eta value. M, for CaO and 5rO AESOPS of 964
Magnapore® are less than that of the control for an equivalent HLMI. The
retention of M,, while having a very low tau-eta may reflect the diminishing of the
very high molecular weight components and/or lessening of long chain-branching

10  typically present in conventional supported chromium catalyst systems.

Laboratory polymerizations were Tun to an activity of 2500 gPE/gcat
with temperature and pressure regulated to achieve the target HLMI of 20. All
reactions were done in the presence of 1 wt.% hexene-1 but without any hydrogen

or added cocatalyst.
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EXAMPLE 8
The unique HMW peak in the molecular weight distribution appears
to give resin properties that provide advantages in the film market as illustrated by
the data in Table 8. The data in Table 8 provide a comparison of film properties
S between a commercial high molecular weight (HMW) bimodal film made in dual
reactors versus that made from the poregelation of MgO onto either 964

Magnapore® or HA30W.

TABLE 8
Run 801 802 803
10 Catalyst 964 Mag/MgQ  HA30W/MgO/TiO, Lynx®-100 *
Activation Temp., °C 593 593
Wt. % MgO . 13est 15.3
Wt % TiO, Sest 9.4
SA, m¥/g 678 599
15 PV, cm/g 1.2 1.3
Resin Properties
Density, g/cc 0.949 0.948 0.951
HLMI, g/10 mins 6.5 58 8.0
20 HLMI/MI 130 142 127
M,, x 1000 352 415 303
M.,/M, 30 36 32
Film Properties
25 Tau 5 10 5
Dart Impact 360 354 372
MD : 34 21 i3
D 184 84 143
30 Reactor
Conditions
Reactor Single Slurry Single Slurry Loop Dual Reactors
Loop
Ethylene, mol % 7.6 9.5 ?
Hexene-1, mol % 0.03 0.10 ?
35 Hydrogen, mol % 0.54 0.47 ?
Temperature, °C 106 106 ?
Pressure, psig 560 560 ?
TEB, ppm 32 42
40 *Lynx®-100 is 2 titanium-magnesium chloride type catalyst commercially

available from Catalyst Resources, Inc.
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- A process for producing a polyethylene comprising contacting ethylene under
suitable polymerization conditions with a catalyst system comprising a chromium-

- L

containing catalyst prepared by contacting a silica-containing inorganic oxide with a
magnesium compound, contacting the resulting combination with a base to form a
magnestum hydroxide, drying the resulting combination, and then calcining the dried
_product in the presence of oxygen, wherein the amount of magnesium compound is such
that the resulting catalyst has a higher surface area than the silica-containing inorganic
oxide starting material, wherein the chromium in the catalyst is provided by (2) employing
as the silica-containing inorganic oxide a silica-chromium cogel, (b) adding a chromium
compound with the magnesium compound, (c) adding a chromium compound to the dried
magnesium silica combination prior to the calcination, (d) adding a chromium compound
after the support has been calcined, or (¢) adding a chromium compound after the drying

step by combining additional magnesium compound with 2 solution of a chromium
compound.

10

15 2 A process according to claim 1, wherein the chromium containing catalyst
~ contains chromium that has been oxidized and the silica-containing inorganic oxide is
selected from the group consisting of silica, silica-alumina; phosphated silica, silica-
titania, coprecipitated silica/titania, fluorided/silated alumina, and mixtures thereof.
3. A process according to claim 2, whesein the silica-containing inorganic oxide
.~ .20 consists essentially of silica.

4. A process according to claim 1, wherein the calcination is carried out at a
teniperature in the range of about 300 degrees C to about 800 degrees C and the reaction
between the base and the magnesium-containing compound is carried out at a temperature
in the range of about 30 degrees C to about 90 degrees C.

25 - §. A process according to claim 4, wherein the calcination is carried outata
temperature in the range of about 500 to 800 degrees C-such that at least a portion of the
chromium component is converted to the hexavalent state.

6. A process according to claim 4, wherein the catalyst is prepared by spraying a
- aqueous mixture of a magnesium salt and water onto the silica-containing inorganic
30 oxide, then contacting that pfoduct with aqueous ammonium hydroxide at a temperature
-~ inthe range of about 30 to about 90 degrees C.
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#Y. SWL09R&T( ) - Viir0s@Eadcprditigto claim 6, wherein the aqueous mixture of the magnesium
salt contains a chromium compound.
. 8. Aprocess according to claim 6, wherein about 125 millimoles to 700 millimoles
~of the magnesium compound is employed per 100 grams of the silica-containing
inorganic oxide.
5 9. Aprocess according to claim 4, wherein ethylene is polymerized in the presence

of a comonomer selected from 1-butene, 1-hexene, or mixture thereof.

10. A process according to claim 4, wherein the polymerization is carried out under

particle form polymerization conditions in a continuous loop reactor at a temperature in
the range of about 85 to about 110 degrees C.
10 11. A process according to claim 10, wherein the polymerization is carried out in the
presence of 1-hexene comonomer and a triethylborane.
12. A process according to claim 10, wherein the polymerization is carried out in the
presence of 1-hexene without the employment of any cocatalyst for the chromium-
containing catalyst.
15 13, A'process for producing a catalyst comprising chromium and a silica-containing
| support wherein the silica-containing support is prepared by either
(1) contacting a silica-containing inorganic oxide with a magnesium compound,
contacting the resulting combination with a base to form a magnesiﬁm hydroxide, drying
the resulting cqmbinatioﬁ, and then calcining the dried product in the presence of oxygen,
* <. 20 wherein the amount of magnesium compound is such that the resulting catalyst has a
higher surface area than the silica-containing inorganic oxide starting material, or
(2) coprecipitating a silicon-containing compound and 2 magnesium-containing
compound, drying the coprecipitated product, and then calcining the dried product in the
-presence of oxygen.

25 14. A catalyst produced by the process of claim 13.
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27. A process according to claim 23, wherein said aluminum alkyl
cocatalyst has the general formulae AlRs;, AlR:X, and/or AlRx;, wherein R is an alkyl
group having from about 1 to about 12 carbon atoms per molecule and X isa halogen atom.
: 28. A process according to claim 23, wherein said aluminum alkyl
cocatalyst is sclected from the group consisting of triethy] aluminum, triisobutylahmunum
~ chloride, diethyl aluminum chloride, ethylaluminum sesquichloride, and mixtures thereof.

B 29. A process according to claim 23, wherein said aluminum alkyl
cocatalyst is selected from the group consisting of triethyl aluminu, trijsobutyl alurninum and
mixfures thereof.

30. A process according to claim 23, wherein said diluent is isobutene.



