| METHODS OF PREPARING A POLYMERIZATION CATALYST FIELD OF THE INVENTION
[0001]The present disclosure relates to catalyst compositions. More specifically, the present disclosure
relates to methods of preparing polymerization catalyst compositions. BACKGROUND OF THE
INVENTION [0002]Olefin polymerization catalysts are known in the art, however methods of producing
these catalysts may suffer from a variety of drawbacks. Enhancements in preparation methods for
olefin polymerizatioMETHGEIAR FRIERA F18GOStP@EYMiBRIG WithGistakItryd@iction and improve
process economics. Thus, there is an ongoing need to develop new methods of preparing olefin
polymerization catalysts. SUMMARY OF THE INVENTION [0003]Disclosed herein is a method of
preparing a catalyst comprising contadtifid @ Slppdk WiHEATri¢¥ent titanium compound and a

chromium-containing compound. [0004]Also disclosed herein is a catalyst composition comprising a
support, chidfiim, aHe tREssRImdivAeS &6 PlaeRdRi GRSt cATRegimsTidase specificaly, the

Ti2(SO4)3,Ti(OAC)3,Ti(+3) o>§/Iate, Ti(NO3)3, Ti(+3) lactate or combinations thereof. DETAILED
DESCRI|P TSNt disclosure relates to methods of preparing polymerization catalyst compositions.

BACKGROUND OF THE INVENTION
[0002] Olefin polymerization catalysts are known in the art, however methods of producing
these catalysts may suffer from a variety of drawbacks. Enhancements in preparation methods
for olefin polymerization catalysts can reduce the costs associated with catalyst production and
improve process economics. Thus, there is an ongoing need to develop new methods of
preparing olefin polymerization cataysts.
SUMMARY OF THE INVENTION
[0003] Disclosed herein is a method of preparing a catalyst comprising contacting a
support with atrivalent titanium compound and a chromium-containing compound.
[0004] Also disclosed herein is a catalyst composition comprising a support, chromium,
and titanium, wherein the titanium is derived from TiCls, Tix(SO.)3, Ti(OAC)3, Ti(+3) oxylate,
Ti(NOs3)3, Ti(+3) lactate or combinations thereof.
DETAILED DESCRIPTION
[0005] Disclosed herein are methods of producing catalysts. In an embodiment, the
catalysts comprise a support, titanium, and chromium and may function to catalyze the
polymerization of olefins. In the past, it has been very difficult to titanate a Cr/silica catalyst
from an agueous solution, due to the limitations of Ti*" chemistry. The present disclosure
provides a way of applying titanium to a catalyst from an aqueous environment. The catalysts
may be prepared by contacting the support with a trivalent titanium (Ti%*")-containing

compound and a chromium-containing compound. The contacting of the support with the Ti**-



[0005]Disclosed herein are methods of producing catalysts. In an embodiment, the catalysts comprise
a support, titanium, and chromium and may function to catalyze the polymerization of olefins. In the
past, it has been very difficult to titanate a Cr/silica catalyst from an aqueous solution, due to the
limitations of Ti4+ chemistry. The present disclosure provides a way of applying titanium to a catalyst
from an aqueous environment. The catalysts may be prepared by contacting the support with a
trivalent titasontam(igopapooiai andglaomipou ochixtdng chrmpaundweyriasmngdtamoyp diteindivel gontacting
of the support with the Ti3+- 2 containing compound and chromium-containing compound may be
simultaneotis edrdentinyelyaytHee coriadtiog seayeptatiaried. odi Scgliewtellgy(€y.oTidecfetis®ed by Cr or
vice-versa); alternatively, the contacting may be carried out in combinations of simultaneous and/or
sequential AERIRAINEANANSuEPNHARIAGD 083N r @I EaaTRSE QUh W cremipEalioaserlh e railaNe0es Ade
embodiment, the catalyst system comprises a support. The support may primarily include an inorganic
oxide such 9usiea iamand HABP RS M e sCEHherhiRTIES tRetESe R mbodiment, the support
contains greater than about 50 percent I(l%) silica, alternatively greater than about 80% silica, by weight
of the supp@ﬂpﬁlhe sUbBBr RN ﬁc?ﬂ@@%a%’iﬁgﬁa%@ﬁg%&%%‘%{f'dgn%wa%r% affect the

catalyst system §uch As zirconia alumlﬁ\gé boria, th ra, ma neSé?Ur%g]%%ﬁ% thereof. The support

rmdrily Tnclude an inorganic,ox h as's n I Xtures
may have e? suﬁraé/e afea and pore volume e ecﬁl\sle O provi eq’or an active'ca g?yéjt %e strface area

of the sup y e - t %lﬁ%ﬁ %m}gﬁq ¢ 0 /9,
alternativerl)ﬁf/P1 réBn? aﬁn@f&?ﬁ% g tg arh)gout O%rmz g, gfgf%r{nega@%%%gég g t%&g Jgot gcl)‘gngIg.
Further, theyporgivelye-phhasHRRR SonAY i) 8 Na%h@&%%pfda@ierﬁsa%&tﬁwm@m (cclg) to

about 3.5 cc/g or alternatively from about 0.8 cc/g to about 3 cc/g. Hereinafter for simplicity, the

disclosure yid| tigderitnishig a@apdiRxRy BiP HoHth abieh ot aff sH ROEiEaBME S aSrhayeHeen érsgribed

herein may be contemplated. [0007]Iin an embodiment, a method of preparing a catalyst comprises
contacting thansogoriamitoran ragyresiasos ohitiaresthierpofsiNestippatentyitaevie s(ifide)acardaining
compound. The Ti3E-containing compound may be any compound that comprisestrivalent titanium,
alternativelpatee/dlidwe effetinmdacproyioe ot mpagchecanatakysingderriiflaet rsesodiitthe supporaqayous .3+.3+
solution and able to release a Ti species into solution. Examples of suitable Ti -containing compounds
include witlanee A RBAUT DY SURG(EES) BeTHaR | 0V) tHRPULAIR Eiit: AteBRivel Hisihds may

be contacted with a sypport by technigues to be described,in more detail later herein to yield a

percentage?PahRAN BY 4 EhRMbERD™M @, 9 HYB PGBy e igrfbes {80 m/g. Further, thepore

volume of the support may range from about 0.5 cubic centimeters per gram (cc/g) to about 3.5
cc/g or dternatively from about 0.8 cc/g to about 3 cc/g.  Hereinafter for simplicity, the
disclosure will refer to silica as the support although other supports such as have been described
herein may be contemplated.

[0007] In an embodiment, a method of preparing a catalyst comprises contacting the
support with an agueous solution comprising a trivalent titanium (Ti*")-containing compound.
The Ti*-containing compound may be any compound that comprises trivalent titanium,
aternatively the Ti**containing compound may be any compound that is soluble in an agqueous
solution and able to release a Ti** species into solution. Examples of suitable Ti**-containing
compounds include without limitation TiCls, (Ti)2(SO4)s, Ti(OH)Cly, TiBrs, and the like. Such
compounds may be contacted with a support by techniques to be described in more detail later

herein to yield a percentage titanium of from about 0.1 % to about 10% by weight of the



3 catalyst, alternatively from about 0.5% to about 8%, alternatively from about 1% to about 5%. Herein
the percentage titanium refers to the final percent titanium associated with the support material by total
weight of the material after all processing steps. Without wishing to be limited by theory, the contacting
of a support and a compound able to release Ti3+ gto solution may result in an increased dispersion
of the titanium on the support compared to a similar process carried out using a compound able to
release a tettalatedtditanisy {foddoepeCie%. (6 laboncses sherabt pelksioomodiibe titantusboon3ve support
may allow for the increased formation of catalytically active species between titanium and other metals
such as forHésxeim e ptrrentigent tFOOOB |refersie the Hidaineerteat iethion esspetedinghathatalysircomprises
contacting a support with a chromium-containing compound. The chromium-containing compound may
comprise arggealautolal ahetmirh tberfstiial aftfle pHaBRAsEESIfE Eere mIHNRBNEMIRg EdbRHound

comprises a hydrocarbon-soluble chromium compound. Examples of water-solyble chromium

compound$ TRERY B8R CERiaR NgoRTRRCH BN RCURPEHA AP 8 ce faterseHio il SRl or
combinations thereof, Examples of hydrocarbgn-soluble chromium compounds include tertiary butyl
Chromae, THaTEHE i ATIHERS) COARBEN Dt T BB R A1
acetylacetonate, or c%g%lqatlons thereof. In&pe ergbod@%lta/tggn{:g omium: Etamln mpound

rOCess cart Ut Using a,.compou release anium (Tl ecles. . The
may beacHromlum( compound, CRrSmIuAY ﬁﬁ compouncf, 67 combinations thareor. suitable

chromium ( H%ﬁ | : imj rami j
naphthena&ggf&é%pﬁlum daﬁ%tjegj%(': %ﬁﬁnﬁﬁ%ﬁ%ﬁéﬁ%ﬁﬁ m&%gr%ﬂ%%% |0Fﬂ§ié£6(f)r
combinatiopg 4gEa. eRRCier A (IACAMAQ RS ielisie chus AseRahimEadIushromium (Ill)
sulfate, chromium (Il1) chloride, chromium (III) nitrate, chromic bromide, chromium (lII)
acetylacetqoets] chromiHEhibbinesiatemaHialofeptd i uitdidlycoronprassciitidtng Rutgsernot limited
to chromous chloride, chromous bromide, chromous iodide, chromium (Il) sulfate, chromium (11)
acetate, orwahnbohedioisntoeritiring ¢ODPSIMMN e T chrotridiralu@maining@apounio ey catedsist mmay range
from about 0.01% to about 10% by weight of the catalyst, alternatively from about 0.2% to about 5%,
or from abowvate- 5ok tbeablononoa) Henspoutte pektentaityelyghribwniaorefigrsdontsiei figatqrapoand chromium
associated with the support material by total weight of the material after all processing steps. [0010] In
an embodi SN seArEPeT Preseltihls eheemAscoBIPR sk SFxarmRlesiAb ViR asolithl &CimigmibBhtaining
compound, for example a solution comprising a Ti3+-containing compound. The silica may be

contacted \WRMRAEGFIOCISRERFIRYUE IS0 AL Y M BISYAG SVRmBEY seRAGvAeHHRfiHE R chniques,
e.g., ion-exchange, incipient wetness, pore fil|, impregnation, etc. In an.embodiment, the silica is
contacted \Hftﬁ?ﬁl?'%ggéotﬂﬁéﬂng %@ﬁ?ﬁlﬁﬁn “iPFﬂbg(é’Qﬂ' gf%i\?/iﬁgrgrﬁ"@-ﬁ‘am@% T4 tion to
form a titanated silica, The titanated silica may then be dried tq remove solvent and form a dried
ttanated SIELHAR TR A S OB T8 et bR ot

s00C, alemaly ) YL SAE R Sho 290E el rmlo Ao b 450 and o

a time of from about ively from abou mm to about 5 hours,

alternativelyginiAbouaRUAT Ry BE e SURBEIAY, RVERHIRS 1) IBAIRE ymosphere

(e.g. under vacuum, He, Ar or nitrogen gas) so as to prevent premature oxidation of the Ti3+. The
method maybfttstharopanheriss. calfiaing dherdies titanatathsilier indiedpeseaee®t diritaxislize the
Ti3+ to Ti4+ and attach the titanium to the silica and form a dried calcined titanated silica. For
example, thardnightitaadtedl sisa chayrhercalgpheabiaitbe chieseione bfladesat ehtemiparaturtis the range
of from about 400C to about 1,000C, alternatively from about 500C to about 900C, and for a time of
from aboutchrioouuno aitvate, 3drieouns) altensiatvely doonhiadious Xieseot tSpetibiot d0dmiurs, @ltgrnatively
from about 5 hours to about 12 hours. The method may further comprise adding a
chromium-GomRAHNGg g UM Bbethet diieiteddfina@mitmatdd séaeodamisi(thstbaridee
chromium-containing compound may be a water-soluble compound or a hydrocarbon-soluble
compound SUERAEHHEk P HFo FERP S FPBES FRIATAHE HAY) Feel| raeadee 8NETHETHEY calcined
titanated silica USir%aﬁgtj contacting t(échni ues also reviou%?/ described herein. The Ti/Cr-silica may
F

be dried agids & SYRTHITh S SRR BCL it TR LAY LR R ALPEfpound at
temperatures ranging from 25C to about 300C Iternativ@ fraom about 50C to i)out 0C
atemativel TR EbRLTHOE (6 Lot gt R T T e I LA e be
activated v%&&g&%&@%@mion step by heating it in an oxidizing environment to produce a
chromium, titanated silica catalyst (CTSC). For example, the dried Ti/Cr-silica may be calcined in the
presence of air at a temperature in the range of from about 400C to about 1,000C, alternatively from
about 500C to about 850C and for a time of from about 1 mm to about 10 hours, alternatively from
about 20 mm to about 5 hours, alternatively from about 1 to about 3 hours to produce the CTSC.
[0011]Iin another embodiment, a method of preparing a catalyst comprises contacting silica with a
chromium-containing compound to form Cr-silica. The chromium-containing compound may be a
water-soluble compound or a hydrocarbon-soluble compound such as those previously described

herein and may be introduced to the silica using the contacting techniques also previously described
herain The Cr-<ilica mav be dried t0o remove eolvvent at tempneratiirec ranaina from aboiit 25C ta aboi it



[0012]In another embodiment, a method of preparing a catalyst comprises contacting silica with a
Ti3E-containing compound and a chromium-containing compound to form a metallated silica. The
contacting of the silica with the Ti3+-containing compound and chromium-containing compound may
be simultaneous; alternatively the contacting may be carried out sequentially (e.g., Ti3+ followed by Cr
or vice-versa). The Ti3+-containing compound and chromium-containing compound may be of the
types previfaosi§] descrzeashivereiof ahcomiayhlppestionhitectiiyse sl aanginiydinesbountacting techniques
also previously described herein. The metallated silica may be dried to remove solvent at
temperaturgsorhAgindpyrarghboiuthesaagshistietredody tiveraboutdh2Hdmahbidi% 0 tiwalabau200C,
alternatively from about 80C to about 150C and for a time of from about 0 1 min to about 10 hours,
alternativel9-Héntoagiiut % ntisrenatheRescRyass, Alemmeivesersoin HedinadmertantocAEHitM hour,
thereby forming a dried metallated silica. In one embodiment, the dried metallated silica may then be

activated vIERGEARIVAHbINSHPPEY Meliish by iR SishiAh e maArRsshetst dH HF eRaieIEeese dried
metallated silica may be heated in the presence of air at a temperature in the range of from about
400C to abRBHY 0008 X\ EHRAER A RFLOE B985 AR RGP IHE &1 e Boout 1 min
to about 10 hours, alternatively from about 20 min.to about > hours, alternatively from about 1 to about
3 hours to producent e'er Mﬁéﬁ S embodimen , tha |%cor80ration O fanturn Into a Catalyst by
the metho i ' i I fcN Eﬁ' ﬁﬁ)s%“ﬂgm itanil. vailable on the 7
support anﬂ%%?ﬁm@%gﬁgﬁﬁéﬁgg mﬁ/iﬁl@gﬁtalﬁﬁs which wit outgI vr\ﬁgr%ﬁ?tem ﬁn\%@é&gyﬁheory may
be due to amiigieaARE R TRRGY Qlaata)yticalaahye RRIpBSRI7aHeR HtrsHT haplesRarsH drcorporation
of titanium may also allow for the production of polymers with increased melt index (MI), increased
high load mglaingeotithédd) tieoleserswihatewameaentiaonaiging aehpasiovih mdasgagieon molecular
weight distribution, or combinations thereof. The HLMI represents the rate of flow of a molten resin
through anwitficeToT G@Rbsisah siatietes Fonenesitajerieditica fohesti chaibb80@rams tatrd 96C as
determined in accordance with ASTM D 1238. The use of titanium to increase the HLMI of a polymer
has been désetitsedgviel sddeanichet . failrma Tied Aitanateibs | mbthéHehitlips) Pet dle aavi€dtalyst'apublished
in the Journal of Catalysis (1983); Volume 82; pages 118-126, which is incorporated by reference
herein in it$esMeraiyr g ompajafeoraamst 5 Cikreabrets SAO Wis altssnmiv el franT sodl 2eCIqiriield for use in

any olefin poolé%merization method known in the art, usinr%rvarious types of polymerization reactors. As

used hereifO%EhARAZARY: FOaEHPUIRIIEER AW Theisden R o 8 ap 8BRSt haNMiRrizing
olefin monomers to produce homopaolymers or copolymers. Such homopolymers and copolymers are
referred to %%%EW%BYWQ’QLW&% %E&% r@é{%{bﬁsﬁﬁ%m@é‘gﬂé HOmAOBE Bterred to
as batch, slurr s-phase ution, high pressure, tubular or autoclave reactors Gas phase reactors
oy commi O B g MR S B e P SR TR B o

vertical or hetizontal Aﬁ{f@ﬁ%ﬂ ggeg%rﬁr@aﬁﬁ r%rﬂ?:\ﬁ}fecf}%](%%ﬁ %P%QI%YG.OFHEW@E@%WS

Reactor typesl can inc or continuous processes. Continuous processes cou

intenmittent, pfieP BIRPISSBIGANGHHESHTRT drBICSFES  THLAISAIBEIUA R Bt Bl Rt rifirgst recycle

of un-reacted monomer, unreacted comonomer, and/or diluent. [0015]Polymerization reactor systems
of the presait’ disclpsoreHaMAasOMBSIGR aNeBIRErahieasiad bal & ssitmarag it pdiaseiapreof the
same or different type. Production of polymers in 8 multiple reactors may include several stages in at
least two semadete priysaeeriadionaebeteisinateic o ectenbbyfaitranatemgendoecimetkngrigpossible to
transfer the polymers resulting from the first polymerization reactor into the second reactor. The
desired polfrore @batio400UD thiEoestih, 000 @ fdihenaaetp fsamagbhe Siiec=tot dnonh 20@° Gpamdfiogaconditions
of the other reactors. Alternatively, polymerization in multiple reactors may include the manual transfer
of polymer firoenabrieone abtot tb Isubsecabent Béalotars, @tevmnitialyeiiqoolsimnetri2 dtoons M wbqle 28actor
systems may include any combination including, but not limited to, multiple loop reactors, multiple gas
reactors, a @ iso RN\ YOsp AP HEs et sbaw fip RowWig h The swtedremytbisher sosaRfiBRnation of

high pressure with loop and/or gas reactors. The multiple reactors may be operated in series or in
parallel,  @dding achromium-containing compound to the dried calcined titanated silica to form a Ti/Cr-

slica. The chromium-containing compound may be a water-soluble compound or a

hydrocarbon-soluble compound such as those previoudy described herein and may be



[0016]According to one aspect of the disclosure, the polymerization reactor system may comprise at
least one loop slurry reactor. Such reactors may comprise vertical or horizontal loops. Monomer,
diluent, catalyst and optionally any comonomer may be continuously fed to a loop reactor where
polymerization occurs. Generally, continuous processes may comprise the continuous introduction of a
monomer, a catalyst, and a diluent into a polymerization reactor and the continuous removal from this
reactor of argusjvesstonheain pdisahgned taretqolitichessagct b eotlthoti ng Readitpes Hsepteniayslye flashed
to remove the solid polymer from the liquids that comprise the diluent, monomer and/or comonomer.
Various tectesolbgicbanesy bEhasedCfes lingsrsapaeatioed sigginricl reinoyesnl vt lintitestiiced figighing that
may include any combination of heat addition and pressure reduction; separation by cyclonic action in
either a cy@eiBasr MydroeyermnEn-c6paniiarompaLae s iRRAIaH! g9 (eg| POy F5fyriterhartion
process (also known as the particle form process), is disclosed, for example, in U.S. Patent Nos.

3,248,179, 30862, diEnaivgy 0% abeytSe'ratoabad 298Gy Jipnaivelyonsbeu £5° e e MM vhich is

incorporated by reference in its entirety herein, 9 [0018]Suitable diluents used in slurry polymerization
incude. DUt ot s LeHE e ) bR e DM A g ot S

under reacliqn cqniions, Examples of syiigble diueniznduids, bl ke notjimied (g Lyggearbons
such as propane, cyclohexang, isobutane, n-butarie, n-pentane, iSopentang, neopentane, and

n-hexane. §ﬂ€&‘-’$é9?ﬁ;h’$;% .izﬁéip&éﬁﬁ%fc!ﬂé&?é& %ﬂféil&%?ﬁ%g?ﬂ&?ﬂﬁﬁgﬁ@eﬂ&%?“em s

used. An examp merization of propylene monomer as in U.S. ent No. 5,455,314,

which is incarapraigsh Ry FIETANRE hPERIofimepliRMolPe AR dinshie Yatangihey Fapsct of this

disclosure, the polymerization reactor may comprise at least one gas phase reactor. Such systems are

known in the, G SREEMEWTRREY A SHRRUAMRIEOHEIR SIRATHTAARI0 @ Has A Eogomers

continuously cycled through a fluidized bed in the presence of the catalyst under polymerization

conditions. fufeySle AVTRATIRALIS HARCEMAOR el ized BeBad eaito draasteimio the

reactor. Simultaneously, polymer product may be withdrawn from the reactor and new or fresh
monomer ngsbe added to replace the polymerized monomer. Such gas phase reactors may
comprise a process for multi-step gas-phase polymerization of olefins, in which olefins are polymerized

in the gase[@@s Nhasenarttieashbod ingie aneaod ghs-gizaag oldyer cortioriszesrindesieeding a
catalyst-containing polymer formed in a first polymerization zone to a second polymerization zone.
One type ovghs phasennzaciomisi disg | asecoutd. So Paent Sles|i6a352T1é¢9 cieddLngooataihbd 36,304,
each of which is incorporated by reference in its entirety herein. [0020]According to still another aspect
of the discleemReUAChIGAY e SsWagreh/Hkei2ambawshetor MvayocairpitisullgibemRosbctbeb AN
autoclave reactor, both of which are known in the art. Tubular reactors may have several zones where
fresh monoRRSE MRAYEAEPY, Bpserbed Y eneehE dBAY RROHHIRRICERELP BeeaitiFRi NS aInt GrACkEgeous
stream and introduced at one zone of the reactor. Initiators, catalysts, and/or catalyst components may

be entraind IS AR Y SRTIRFOBEERY e drTbicaSmY Br AR RBPoYR Y58 Gteams may

be |nterm|x,%crinfpcgat%l(r)$ ranging from about 25°C to about 300°C, alternatively from about 50°C to about

200°C, aternatively from about 80°C to about 150°C and for a time of from about 0.1 min to
about 10 hours, dternatively from about 0.2 min to about 5 hours, aternatively from about 30
min to about 1 hour., thereby forming a dried Cr-silica. The method may further comprise
contacting the Cr-silica with a Ti%*'-containing compound to form a Cr/Ti-silica. The Ti**-
containing compound may be contacted with the Cr-silica using any of the contacting
techniques previoudly described herein. In an embodiment, the Cr-silica is contacted with the
Ti**-containing compound by impregnation with a Ti**aqueous salt solution to form the Cr/Ti-

slica. The method further comprises drying and/or calcining the Cr/Ti-silicain the presence of



polymerization. Heat and pressure may be employed appropriately to obtain optimal polymerization
reaction conditions. [0021]According to yet another aspect of the disclosure, the polymerization reactor
may comprise a solution polymerization reactor wherein the monomer is contacted with the catalyst
composition by suitable stirring or other means. A agrrier comprising an inert organic diluent or excess
monomer may be employed. If desired, the monomer may be brought in the vapor phase into contact
with the catitytioxahizsitie prododl, iratt etprsheteaniuabecheai bédigBid exateliathElc/ Posinarization
zone is maintained at temperatures and pressures that will result in the formation of a solution of the
polymer in may hetieaten édibeprdsgiteticimamatya bampengicpéal tte odrigeniietraratemt Ot te @mutrol and to
maintain uniform polymerization mixtures throughout the polymerization zone. Adequate means are
utilized for dje8PE&Tiatpthati eslgthrenmalsdae50@pol ghoet i250RhaThesa tiesctd fsoanaboud\wmin the art.
[0022]Polymerization reactors suitable for the present disclosure may further comprise any
combinatiosbofiat (ezsirg rattesnati ey drizihfdealis Y8 tenm, tat dba st Dheufe caltaystere fdrarataigst br catalyst
components, and/or at least one polymer recovery system. Suitable reactor systems for the present
disclosure Rfay fup0RLE 3oAYSIEPEYdestRefol fEedstock purification, catalyst storage and preparation,
extrusion, reactor cooling, polymer recovery, fractionation, recycle, storage, loadout, laboratory
analysis, aﬁgpﬂa?bces@(%ﬁfgﬁ.%@%]@%‘h(ﬁﬁ@ﬁﬁ'@oﬂw%@@%mmyﬁﬁwﬂf%&%‘%ﬁ gHitiedcy and to

provide resin ro%h%ties include temperature, pressure and the concentrations of various reactants.

PolymerizaffA fehhpeiiaH e FOTIRLPE 200\ e S HEH G A HIgr R RoUE L AP ety REA SN olecular

weight distribution._Suitable pol rization temperatucesmay pe any temperature below the
e polymertition T e B e o 5 o s SRS SUMRGHE B MR ciuces

from about - fr Q4 Z nding, upon the
type of poly%ggﬂbgqg&% Hrﬁea%)cﬁﬁgn{l%; [%%%%@E% p%g%gﬁ res ﬁ]%@ﬁ%l%bjé%gag%%%g grteactor and
polymerizalgfd(palyT e ress U diAb)IcNaSGiBOUERSYZaHRN LA IROR EATBRinPIA!Y less
than 1000 psig. Pressuré for gas phase polymerization is usually at about 200 - 500 psig. High
pressure pelyBratiARESMHRM HPEHRPBIRMERSIBEEoFa RS IQFRIDELIREAN s BcRROE h 2R PR ®e 5,000

psig. Polymerization reactors can also be operated in a supercritical region occurring at generally

higher temjp@ratuces ttiguitisaurssy (Ppetatt apeuenthacsHisoaipainishf desndisallreftimpriature
diagram (supercritical phase) may offer advantages. [0025]In an embodiment, a slurry polymerization

process is erdplajetsincatiel tealsatialy senogea sperae tanspeidtereorg@mg Mmedidpuad ayitated to
maintain it in suspension throughout the polymerization process. The organic medium may, e.g., be a
paraffin, a @l PR Hira ernat ety tiamicaliogk BeeCHie abetic?PoTatpjeait yehhyiitsrsbme Sllikrjo
polymerization process may be carried out in a reaction zone at a temperature of from about 50C to

about 110CME B GedSare e of HagrabrEdhl AMa R domhihRrshd Ay Py EBR BRYHES. At least

one monomer is_lFaIaced in the liquid phase of the slurry in which the catalyst is suspended, thus

providing f@r?cm‘n_ @t%é&?‘f%?ﬁ Hﬁﬁ‘?_{@?’a{mﬁ_@_ SHyBnp 809tk PHh AEY TR A of the
e e ' e i e e g p

gram of sol‘ijél ca arg , a e productvity r ms'o mer produced

per gram o(,i%ogdﬁ?;ﬂ%}]cgagg&g nREITNG SRNSEAYRECMOT SRHGHS EACBARFEHRe drRgtrolled to

produce resins w
metallated silica may be heated in the presence of air at a temperature in the range of from

about 400°C to about 1,000°C, alternatively from about 500°C to about 850°C and for atime of
from about 1 min to about 10 hours, dternatively from about 20 min to about 5 hours,
aternatively from about 1 to about 3 hoursto produce the CTSC.

[0013] In an embodiment, the incorporation of titanium into a catalyst by the

methodologies disclosed herein may lead to an increased amount of titanium available on the



certain physical and mechanical properties. The proposed end-use product that will be fonmed by the
resin and the method of forming that product determines the desired resin properties. Mechanical
properties include tensile, flexural, impact, creep, stress relaxation and hardness tests. Physical
properties include density, molecular weight, molecglar weight distribution, melting temperature, glass
transition temperature, temperature melt of crystallization, density, 12 stereoregularity, resistance to
crack growtopponganti aie foanetiungfain ghen estingtig abra gsts whittewithdORiET e totardenitatibns of
monomer, co-monomer, hydrogen, co-catalyst, modifiers, and electron donors are important in
producing tihese reginherdpe ithie®) Doeaseh menkier o ewditytioaltyobginoel potydengitjositke gdihds used to
control product molecular weight. Co-catalysts can be used to alkylate, scavenge poisons, control
molecular Wigatesnten PREEI) tole HrRsIeEU| Bnev elght aiieiyiBotidhe ek pH cafn sy IsES WbtBontrol
product properties and electron donors affect stereoregularity. In addition, the concentration of poisons

must be mikiFHeEd Sistd Ay IMbatidisesrddeabrisad i t tbNEMieeOER BT Er ¥ KFMmerization,
dditi d ifiers, be added.to th t id tte ( ing during .
manufact R o G B TSp MG P PO AT TR AL s such

as slip agepls, gniblocks, aokfiers, apioddaninaieh 2s iR aNd seoncam aniosigats
pigments; processing aids such as waxes/olls an luoroelastomers; an special additives such as fire

retardants, .anti - rs, |
(Cozolpon o clake oHaT RfRc@aRaErce 6 of BV AR 20 SaHH B dance
mono-olefifgmayshrPiPdusgd e 3NtRLASRCIPREBRRVELISIDHIING: Gl RfyPrRF aRRrBeAS

described herein. Polymer resins produced as disclosed herein may be formed’into articles of
manufacturgegyieag Byse el eISet ANt e MHAQ SR TR pstreteleas ©dEiEOhuBlremolding,

injection molding, fiber spinning, thermoforming, and casting. For example, a polymer resin may be
extruded inito thelJeatnsyhitICrtdlysis (1083)pfonimed 8o @ygeertl8dRG rtidlersushnasrpocaadabyer, a cup,
a tray, a pallet, a toy, or a component of another product. Examples of other end use articles into
which the pefgremerdsss imigyeptritymed include pipes, films, bottles, fibers, and so forth. Additional
end use articles would be apparent to those skilled in the art. 13 EXAMPLES [0030]The invention

having beelPgtieralilgecstalipaa ofhtheonsrrgdisctasiire§ -areCgiven) ae suitable for use in any

olefin polymerization method known in the art, using various types of polymerization reactors.
As used herein, “polymerization reactor” includes any polymerization reactor capable of
polymerizing olefin monomers to produce homopolymers or copolymers. Such homopolymers
and copolymers are referred to as resins or polymers. The various types of reactors include
those that may be referred to as batch, durry, gas-phase, solution, high pressure, tubular or
autoclave reactors. Gas phase reactors may comprise fluidized bed reactors or staged
horizontal reactors. Slurry reactors may comprise vertical or horizontal loops. High pressure
reactors may comprise autoclave or tubular reactors. Reactor types can include batch or
continuous processes. Continuous processes could use intermittent or continuous product
discharge. Processes may also include partial or full direct recycle of un-reacted monomer, un-
reacted comonomer, and/or diluent.

[0015] Polymerization reactor systems of the present disclosure may comprise one type of

reactor in a system or multiple reactors of the same or different type. Production of polymersin



particular embodiments of the invention and to demonstrate the practice and advantages thereof. It is
understood that the examples are given by way of illustration and are not intended to limit the .
specification of the claims to follow in any manner. EXAMPLE 1 [0031]The use of trivalent titanium in
the preparation of a polymerization catalyst was invgstigated. Control catalyst samples were prepared
using a silica obtained from W.R. Grace having a surface area of 500 m2/g and a pore volume of 1.6
cc/g. To actiwiiel thestadedyrabyaiboutid Geyeesin stages iplat éshshtevd. Eparah pgliariitabienfittactonith a
sintered quartz disk at the bottom. While the catalyst was supported on the disk, dry air was blown up
through the istoanebiedihy artrang esfdeuimatmaking it. sastiel tvdrandhir feepplgmesuesaltingdmnt furnace
around the quartz tube was then turned on and the temperature was raised at the rate of 400 C /hour
to the indicHi@H reéRhemeriza asEaCE B0 the ReenE  eeetiier g desieddmmbdnRaztno sRitongidize for
three hours in the d?ﬁ air. Afterward the catalyst was collected and stored under dry nitrogen, where it

was protectBPRRRT the KRAesHeYehe fif e sty fFordingerRURa. SOl jhwEe e exFEeRze any
exposure to the atmosphere. [0032]Polymerization runs were made in a 2.2 liter. steel reactor equipped
Wit a mariAUETATE NG S A0 i NSRS R S ) B T B g
boiling methanol with a cqnnection tq a steel condenser, The baili int of the methanpl was
controlled UL e e B R sl Al e S e
temperaturg SPERIION BN BRIARARMES AEBIDFRA AR S IRIA OfCBIPRUIBRIE SAHIGIRstrumens.
Unless other%’i)se state?ﬁ?/t a smgf%tamount %0@1 t0 0.10 grams norr{%ﬁ)ys) (Pfa the st%'i@%cat@llygt was first
charged undgaaiyr Oa%ﬁ%m&FYdﬁ%Br-ah@ﬁaé-?e%rgf iﬁgﬁl‘rﬂ@nﬁ} gﬁ%%&% Gegierd gnd the
reactor heated up to the specified temperature, usually around 90 14 C. Finally ethylene was added to
the reactor densitkidion ibradgarprsiife NAFMatY afddrSies Walkhr LVasHEIBNE detttontay Bxperiment.
The stirring was allowed to continue for the specified time, usually around one hour, and the activity
was noted byeratedidingitserflawandl kethylene into the reactor to maintain the set pressure. [0033]After
the allotted time, the ethylene flow was stopped and the reactor slowly depressurized and opened to
recover a gHolar paigooadipptedene hsaittasibs theelasastoihe psl phesizatith reaciodigestaon obyny wall
scale, coating or other forms of fouling. The polymer powder was then removed and weighed. Activity
was specifieQins g ahleasif Qsty AoBr HHoH lieadop e SYearTEaTteis imayacar)Bt sh vegidl parhengental
[0034]Ethylene polymerization was carried out using ethylene obtained from Union Carbide
CorporatiofPoBsisNeRYIBA e A H L FaERYSH andi Rt eNALYNMA CHIGRAET TAY RRFPHERILHY Ieftinaa201
alumina, activated at 250C in nitrogen, Isobutane was polymerization grade obtained from Phillips
petroleum 1985 16076 e 20 VTS EHt Ry RS HaRE o BT TCHB P TR B A RRE HEn passed

through a column of 1/4 inch.beads of Alcoa A201 alumin tivated at 250C in nitrogen. The
Gttt e S AR T s R L S

1-hexene was po

e SIS s DS VLSRG AR )
the diluent. Reactor effluent may be flashed to remove the solid polymer from the liquids that
comprise the diluent, monomer and/or comonomer. Various technologies may be used for this
separation step including but not limited to, flashing that may include any combination of heat
addition and pressure reduction; separation by cyclonic action in either a cyclone or
hydrocyclone; or separation by centrifugation.
[0017] A durry polymerization process (also known as the particle form process), is
disclosed, for example, in U.S. Patent Nos. 3,248,179, 4,501,885, 5,565,175, 5,575,979,
6,239,235, 6,262,191 and 6,833,415, each of which is incorporated by reference in its entirety

herein.



with ASTM D1238-E, condition 190/2, at 19C. with a 2,160 gram weight. High load melt index (HLMI,
g/10 mm) was determined in accordance with ASTM D1238-F, Condition 190/21.6, at 190 C. with a
21,600 gram weight. [0036]Two of the catalyst samples were made to contain no titanium by
impregnating two 20 gram silica samples with an agueous solution containing 0.5 g Cr/g solution as
chromic acetate. 40 mL of the chromic acetate solution was added, resulting in incipient wetness. The
15 final catpgs$8] whiGuicahdadileshts wash iGrsluras polgoedaiioyinglinds, miktareenot Hniael wntwen
overnight at 110C. These catalysts were then activated at 700C and at 900C and served as
references ndnemes liesngf pbyyneerech@od hydroeathotisishehtalg diquidshingen reeliadsiecorididions.as runs 1
and 5. [0037]A third catalyst sample was made by first impregnating 8% titanium as an aqueous
solution of FEWEes egaliieklesbisaist iriaeSaUtfeIR R i BYtefhimdierererbans SiehoepreRane0C. This
silica-titania was then calcined at 500C in an attempt to attach the titanium. This was followed by
impregnatiGHAR*E So B BECh LGB I HRSA%e' ARSTIABReERRSHARS i B B B e SOBRA to equal

expostre AT RS RS KRRV R 00 MR (Rl AE e

trivalent Cr into its hexavalent form, from which the active sites are derived. The titgni s applied
berare the SRR e B B 1 B e e P v

then teste%g{ca%y%(%ﬂwdéﬁ@ﬁ&z%%m%ggséﬁ% e listed below in Table 1 as runs 2, 3 and 4.

The influence of Mania' was expected to be most noticeable in the melt index potential of the catalyst,

which can lﬁg)géjuged\%o?dfﬁg‘d@w therraeasicedmql indesane Nighdagmhaskitifrad . By
comparing Ti f't'runs 2-4 with the "no Ti" control in run 1, all of which were activated at 700C, little or
no improvegaRptike BiedbinEexRE pitdd refopbsaEregds S RRIe TRl shsd MR)eamEsyaiso made
from the same silica and by a similar procedure, however, in these samples the silica was impregnated
with an aquentisusotutsonct Fidansotiaténiagainetorago@ Bndmheldhisrgilcausigscyiorsad dhiredghreler
nitrogen to prevent premature oxidation of the titanium. After being dried the catalyst samples were
calcined, irfinitiage hedprith8 poScaceofbe dataystuymtsr JONOIeA 226 wr eindiigadrdhrdsyretaradnte
indicated that this treatment had finally oxidized the Ti3+ to Ti4+. Then Cr was applied as described 16
400C in ordemtdewHheiMAE Tom-her ol dizes bed et tRay e herkdnie dhe BSAROtt RtHatsouR after the Ti,
it was hoped that this would help the Ti to attach to the silica. A non-aqueous solvent was used to
prevent hy@AYIBR, BiREYSHEEY fe AR HODT 187 59610 SR 88 (1T EStTAQINES FRVrPRdeRffor

polymerization behavior and the results are shown below in Table 1 as runs 6 and 7. The?e two runs

are to be cOMERREG (BTBAYEIE ZHHBAARE no ! B8R IIPHE HRE SAPTHBRA R ning
temperature was 900C. Erom this comparispn it.is very clear that the experimental catalyst (runs 6 and
7) extibits TSN ER P IS e A AR PR A e R Bt
examining ' I.QWEET is ing that éziﬁnﬁf ing_ Ti4 had no
effect, imp e%ﬁfﬁﬁ%ﬁﬁ@g@ﬁgg ?% jor e#é%tﬂo%&%{gftﬁ index orﬁl—ﬁle\}/ll. In a%t%gr%elt index
potential of heHihg pRiaNS! iWaRa SR RaIdmEa2410R tRiNP Rl e ARCH IR IdNe 5C and
10C to prevent producing a polymer having too high of a melt index (wax). For chromium catalysts, in

general lowsying,Heedie gaosHar pexatr s lamessddh enme it insgsnoRiginetsionevassa iis pase we
observed that even though the reactor temperature was lowered by 5C (run 6) the melt index or HLMI
obtained isstifldBghemthan whidie ciootrpb(etea bY. réfeusicthe tatatystyg peathuced with the aqueous Ti3+
provided a polymer having a higher melt index potential than the control. Even when the reactor
temperaturf0zZe% lowaneadr thndl ®CH1h ancthe), atpeanefl ttheddsclolstodn adiglapretslicpuite yespeatable and the
HLMI was equal to the control run, made at a reactor temperature10C higher. [0039]The exact same
procedure V#8e/QhBIRUSHTINGSP ApRARIRERHREIOF Andteciave igagtsdboth of which are known in the

art. Tubular reactors may have severa zones where fresh monomer, initiators, or catalysts are
added. Monomer may be entrained in an inert gaseous stream and introduced at one zone of
the reactor. Initiators, catalysts, and/or catalyst components may be entrained in a gaseous

stream and introduced at another zone of the reactor. The gas streams may be intermixed for



using the Ti+4 salt, TIOSO4. After aqueous impregnation of the Ti, and drying, the support was
calcined at 900C. Finally, 1% Cr was applied as described above using Cr3+-acetylacetonate in
toluene. Again the final calcining was carried out in dry air at 400C in order to oxidize the trivalent Cr to
its hexavalent form. This catalyst was then tested fgy polymerization behavior, and the results are
shown in Table 1 as run 8. This run can also be compared to the "no Ti" 17 control run 5, and shows
that this catmlystatlizhtion.raistedhemielirisser ondtLbél efribieyed yapeophefagt theomteihirgemgotential of
the polymer was greatly lowered. Run 8 may also be compared directly with runs 6 and 7, where the
procedure apkyraetizaitimresdienidenitanexcept that TL4 was used in run 8 and TL3 was used in runs 6
and 7. When impregnated from an aqueous solution catalysts prepared using Ti+3 resulted in
polymers hEAY an iAcreEkag 1 YaePnRaR: csReve M 45 gikahpStsep B RRMYMSKER O 1R MY produce
polymers with an increased melt index. Since the Ti+3 is eventually converted to Ti+4 durin

activation, {RENBHTR RERLe R AWIET7AB0R s abwhere G AERPTRE e eomigrimr VL face in an

agueous environment. Table 1 S le No. Titanium added Activation Temp. (C) Reaction Temp.
g composrp[?on by suitab]fe sﬁ PP. g or other means. A car(rjler comprisnng anmlger(t c?rganic huent P

or excess monomer may be employed. If desired, the monomer may be brought in the vapor
phase into contact with the catalytic reaction product, in the presence or absence of liquid
material. The polymerization zone is maintained at temperatures and pressures that will result
in the formation of a solution of the polymer in a reaction medium. Agitation may be
employed to obtain better temperature control and to maintain uniform polymerization mixtures
throughout the polymerization zone. Adequate means are utilized for dissipating the
exothermic heat of polymerization. These reactors are known in the art.

[0022] Polymerization reactors suitable for the present disclosure may further comprise any
combination of at least one raw material feed system, at least one feed system for catalyst or
catalyst components, and/or at least one polymer recovery system. Suitable reactor systems for
the present disclosure may further comprise systems for feedstock purification, catalyst storage
and preparation, extrusion, reactor cooling, polymer recovery, fractionation, recycle, storage,
loadout, laboratory analysis, and process control.

[0023] Conditions that are controlled for polymerization efficiency and to provide resin
properties include temperature, pressure and the concentrations of various reactants.
Polymerization temperature can affect catalyst productivity, polymer molecular weight and
molecular weight distribution. Suitable polymerization temperature may be any temperature
below the de-polymerization temperature according to the Gibbs Free energy equation.

Typicaly this includes from about 60°C to about 280°C, for example, and from about 70°C to

about 110°C, depending upon the type of polymerization reactor.
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[0024] Suitable pressures will also vary according to the reactor and polymerization type.
The pressure for liquid phase polymerizations in a loop reactor is typically less than 1000 psig.
Pressure for gas phase polymerization is usually at about 200 — 500 psig. High pressure
polymerization in tubular or autoclave reactors is generally run at about 20,000 to 75,000 psig.
Polymerization reactors can aso be operated in a supercritical region occurring at generaly
higher temperatures and pressures. Operation above the critical point of a pressure/ftemperature
diagram (supercritical phase) may offer advantages.

[0025] In an embodiment, a durry polymerization process is employed in which the
catayst is suspended in an inert organic medium and agitated to maintain it in suspension
throughout the polymerization process. The organic medium may, e.g., be a paraffin, a
cycloparaffin, or an aromatic. For the production of ethylene polymers, the durry
polymerization process may be carried out in a reaction zone at a temperature of from about
50°C to about 110°C and at a pressure in the range of from about 100 psiato about 700 psia or
higher. At least one monomer is placed in the liquid phase of the dlurry in which the catalyst is
suspended, thus providing for contact between the monomer and the catalyst. The activity and
the productivity of the catalyst are relatively high. As used herein, the activity refers to the
grams of polymer produced per gram of solid catalyst charged per hour, and the productivity
refersto the grams of polymer produced per gram of solid catalyst charged.

[0026] The concentration of various reactants can be controlled to produce resins with
certain physical and mechanical properties. The proposed end-use product that will be formed
by the resin and the method of forming that product determines the desired resin properties.
Mechanica properties include tensile, flexural, impact, creep, stress relaxation and hardness
tests. Physical properties include density, molecular weight, molecular weight distribution,

melting temperature, glass transition temperature, temperature melt of crystallization, density,
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stereoregularity, resistance to crack growth, long chain branching and rheologica
measurements.
[0027] The concentrations of monomer, co-monomer, hydrogen, co-catalyst, modifiers,
and eectron donors are important in producing these resin properties. Comonomer is used to
control product density. Hydrogen is used to control product molecular weight. Co-catalysts
can be used to akylate, scavenge poisons, control molecular weight and/or modify the
molecular weight distribution. Modifiers can be used to control product properties and el ectron
donors affect stereoregularity. In addition, the concentration of poisons must be minimized
since they impact the reactions and product properties.
[0028] After polymerization, additives and modifiers can be added to the polymer to
provide better processing during manufacturing and for desired properties in the end product.
Additives include surface modifiers such as dlip agents, antiblocks, tackifiers; antioxidants such
as primary and secondary antioxidants;, pigments, processing aids such as waxes/oils and
fluoroelastomers; and special additives such as fire retardants, antistats, scavengers, absorbers,
odor enhancers, and degradation agents.
[0029] Polymers such as polyethylene homopolymers and copolymers of ethylene with
other mono-olefins may be produced in the manner described above using the CTSCs prepared
as described herein. Polymer resins produced as disclosed herein may be formed into articles of
manufacture or end use articles using techniques known in the art such as extrusion, blow
molding, injection molding, fiber spinning, thermoforming, and casting. For example, a
polymer resin may be extruded into a sheet, which is then thermoformed into an end use article
such as a container, a cup, atray, apallet, atoy, or acomponent of another product. Examples
of other end use articles into which the polymer resins may be formed include pipes, films,
bottles, fibers, and so forth. Additional end use articles would be apparent to those skilled in

the art.
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EXAMPLES
[0030] The invention having been generally described, the following examples are given as
particular embodiments of the invention and to demonstrate the practice and advantages
thereof. It is understood that the examples are given by way of illustration and are not intended
to limit the specification of the claimsto follow in any manner.

EXAMPLE 1
[0031] The use of trivaent titanium in the preparation of a polymerization catalyst was
investigated. Control catalyst samples were prepared using a silica obtained from W.R. Grace
having a surface area of 500 m?/g and a pore volume of 1.6 cc/g. To activate the catalyst, about
10 grams was placed in a 1.75 inch quartz tube fitted with a sintered quartz disk at the bottom.
While the catalyst was supported on the disk, dry air was blown up through the disk at the
linear rate of about 1.6 to 1.8 standard cubic feet per hour. An éectric furnace around the
quartz tube was then turned on and the temperature was raised at the rate of 400 °C /hour to the
indicated temperature, such as 600 °C. At that temperature the silica was alowed to fluidize
for three hours in the dry air. Afterward the catayst was collected and stored under dry
nitrogen, where it was protected from the atmosphere until ready for testing. It was never
alowed to experience any exposure to the atmosphere.
[0032] Polymerization runs were made in a 2.2 liter stedl reactor equipped with a marine
stirrer rotating at 400 rpm. The reactor was surrounded by a stedl jacket containing boiling
methanol with a connection to a steel condenser. The boiling point of the methanol was
controlled by varying nitrogen pressure applied to the condenser and jacket, which permitted
precise temperature control to within half a degree centigrade, with the help of electronic
control instruments. Unless otherwise stated, a small amount (0.01 to 0.10 grams normally) of
the solid catalyst was first charged under nitrogen to the dry reactor. Next 1.2 liter of isobutane

liquid was charged and the reactor heated up to the specified temperature, usualy around 90
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°C. Finaly ethylene was added to the reactor to equal a fixed pressure, normally 550 psig,
which was maintained during the experiment. The stirring was alowed to continue for the
specified time, usually around one hour, and the activity was noted by recording the flow of
ethylene into the reactor to maintain the set pressure.

[0033] After the alotted time, the ethylene flow was stopped and the reactor Slowly
depressurized and opened to recover a granular polymer powder. In all cases the reactor was
clean with no indication of any wall scale, coating or other forms of fouling. The polymer
powder was then removed and weighed. Activity was specified as grams of polymer produced
per gram of solid catalyst charged per hour.

[0034] Ethylene polymerization was carried out using ethylene obtained from Union
Carbide Corporation. This ethylene was further purified through a column of % inch beads of
Alcoa A201 alumina, activated at 250°C in nitrogen. |sobutane was polymerization grade
obtained from Phillips Petroleum Co., Borger, Texas. The isobutene was further purified by
digtillation and was then passed through a column of % inch beads of Alcoa A201 aumina,
activated at 250°C in nitrogen. The 1-hexene was polymerization grade obtained from Chevron
Chemicals. It was further purified by nitrogen purging and storage over 13X molecular sieve
activated at 250°C.

[0035] Melt Index (MI) in grams of polymer per ten minutes was determined in accordance
with ASTM D1238-E, condition 190/2, at 19°C. with a 2,160 gram weight. High load melt
index (HLMI, g/10 min) was determined in accordance with ASTM D1238-F, Condition
190/21.6, at 190 °C. with a21,600 gram weight.

[0036] Two of the catalyst samples were made to contain no titanium by impregnating two
20 gram silica samples with an agueous solution containing 0.5 g Cr/g solution as chromic

acetate. 40 mL of the chromic acetate solution was added, resulting in incipient wetness. The
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final catalyst, which contained 1 wt% Cr, was made by drying this mixture in a vacuum oven
overnight at 110°C. These catalysts were then activated at 700°C and at 900°C and served as
references. The results of polymerization runs with this catalyst are shown in Table 1 below as
runs 1 and 5.

[0037] A third catalyst sample was made by first impregnating 8% titanium as an agueous
solution of TiOSO4, again to incipient wetness, followed by drying in the vacuum oven at
110°C. Thissdlicatitaniawas then calcined at 500°C in an attempt to attach the titanium. This
was followed by impregnation with a solution of Cr**-acetylacetonate in toluene, again to
incipient wetness and to equal afinal catalyst containing 1 wt% Cr. The toluene-wet silicawas
then dried under nitrogen, preventing exposure to ambient air. Finaly, the mixture was
activated in dry air at 700°C which converts the trivalent Cr into its hexavalent form, from
which the active sites are derived. The titanium was applied before the chromium in an attempt
to maximize its effect on the polymer melt index. This catalyst was then tested for
polymerization behavior, and the results are listed below in Table 1 asruns 2, 3 and 4. The
influence of titania was expected to be most noticeable in the melt index potential of the
catalyst, which can be gauged by examining the measured melt index or high load melt index
(HLMI). By comparing Ti* runs 2-4 with the “no Ti” control in run 1, al of which were
activated at 700°C, little or no improvement in melt index or HLMI was observed.

[0038] Another catalyst sample was aso made from the same silica and by a similar
procedure, however, in these samples the silica was impregnated with an aqueous solution of
Ti*" sulfate, again to equal 8% Ti. This silica was then dried under nitrogen to prevent
premature oxidation of the titanium. After being dried the catalyst samples were calcined, in
nitrogen up to 300°C and then in air up to 900°C. A color change from blue to white indicated
that this treatment had finally oxidized the Ti** to Ti**. Then Cr was applied as described

above using Cr¥*-acetylacetonate in toluene. Final activation was carried out in dry air at
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400°C in order to convert the Cr*® into Cr*®, the active site precursor. By putting the Cr on
after the Ti, it was hoped that this would help the Ti to attach to the silica. A non-agueous
solvent was used to prevent hydration, and possible detachment of Si-O-Ti bonds. This catalyst
was then tested for polymerization behavior and the results are shown below in Table 1 as runs
6 and 7. These two runs are to be compared to control 5, which had no Ti, because in both
cases the maximum calcining temperature was 900°C. From this comparison it is very clear
that the experimental catalyst (runs 6 and 7) exhibits a much higher melt index potential than
the control catalyst (run 5). This is obvious by examining the measured melt index or the
HLMI. This indicates that, whereas impregnating Ti** had no effect, impregnating Ti*? in this
way had a major effect on melt index or HLMI. In fact the melt index potentia of the Ti*®
catalyst was so high that the reactor temperature had to be lowered by 5°C and 10°C to prevent
producing a polymer having too high of amelt index (wax). For chromium cataysts, in general
lowering the reactor temperature lowers the melt index obtained. However, in this case we
observed that even though the reactor temperature was lowered by 5°C (run 6) the melt index
or HLMI obtained is still higher than of the control (run 5). Thus, the catalysts produced with
the agueous Ti** provided a polymer having a higher melt index potentia than the control.
Even when the reactor temperature was lowered by 10°C (in run 7), the melt index obtained
was still quite respectable and the HLMI was equal to the control run, made at a reactor
temperature10°C higher.

[0039] The exact same procedure was then used to prepare another catayst, but instead
using the Ti** salt, TIOSO,. After agueous impregnation of the Ti, and drying, the support was
calcined at 900°C. Finally, 1% Cr was applied as described above using Cr**-acetylacetonate
in toluene. Again the final calcining was carried out in dry air at 400°C in order to oxidize the
trivalent Cr to its hexavalent form. This catalyst was then tested for polymerization behavior,

and the results are shown in Table 1 as run 8. This run can aso be compared to the “no Ti”
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control run 5, and shows that this catalyst did not raise the melt index or HLMI of the polymer.
In fact the melt index potential of the polymer was greatly lowered. Run 8 may also be
compared directly with runs 6 and 7, where the procedure and activation were identical except
that Ti** was used in run 8 and Ti*® was used in runs 6 and 7. When impregnated from an
agueous solution catalysts prepared using Ti*® resulted in polymers having an increased in melt
index, whereas catalysts prepared using Ti** did not produce polymers with an increased melt
index. Since the Ti*® is eventually converted to Ti** during activation, we concluded that only

Ti*3is capable of effectively interacting with the silica surface in an aqueous environment.

Tablel

Sample Titanium Activation | Reaction Catalyst gPE Reaction time, Ml HLMI Shear
No. added Temp. Temp. Charged, produced (minutes) (g/10 (/10 response
(°C) (°C) (9) min.) min.) HLMI/MI

1 NO 700 105 0.0905 214 48.2 0.14 132 94.7

2 Ti* 700 105 0.0823 166 77 0.19 159 82.0

3 Ti* 700 105 0.1427 120 32 0.19 175 93.8

4 Ti* 700 105 0.1748 44 162 0.22 19.8 89.8

5 NO 900 105 0.1225 241 57 124 69.3 55.9

6 Ti* 900/400 100 0.6151 245 50 447 2025 453

7 Ti* 900/400 95 0.6034 222 33 0.53 68.7 128.9

8 Ti* 900/400 105 0.3085 171 66 0.096 9.8 1025

[0040] While various embodiments have been shown and described, modifications thereof
can be made by one skilled in the art without departing from the spirit and teachings of the
invention. The embodiments described herein are exemplary only, and are not intended to be
limiting. Many variations and modifications of the invention disclosed herein are possible and
are within the scope of the invention. Where numerical ranges or limitations are expressy
stated, such express ranges or limitations should be understood to include iterative ranges or
limitations of like magnitude falling within the expresdy stated ranges or limitations (e.g., from

about 1 to about 10 includes, 2, 3, 4, €tc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). Use



[0040]While various embodiments have been shown and described, modifications thereof can be
made by one skilled in the art without departing from the spirit and teachings of the invention. The
embodiments described herein are exemplary only, and are not intended to be limiting. Many
variations and modifications of the invention discloggd herein are possible and are within the scope of
the invention. Where numerical ranges or limitations are expressly stated, such express ranges or
limitations sihaoldcdoe Uoptensadgd witinekpaet ite rativ el saegest ar danitaisonsaddike megnithed eHialling
within the expressly stated ranges or limitations (e.g., from about Ito about 10 includes, 2, 3, 4, etc.;
greater thaplD.a® @echadets Cequir@l 10, @tdBaiately, Iswot 18)dfetie Eatmattatrtivatyt avittendeptect to any
element of a claim is intended to mean that the subject element is required, or alternatively, is not
required. BegWERET R REEReAEetE Adle dUseint Russler tReMsGUpRas CamePHRER NCludes fNigkba €iCtenms such
as comprises, includes, having, etc. should be understood to provide support for narrower terms such
as consistigostd &?r@?gﬁ'iﬁj)%é‘éﬁffaﬂgfeoﬂ%‘?%ﬁﬂ%@ﬁ QUYL EFRTSIR ST 80 TBBHO RECSISERY the scope
of protection is not limited by. the description set out above but is only limited by the claims which
follow, that%ﬁ'é‘ﬁ%& &H{HF?QH%? fﬁ Yof tt%csubject matter of the claims. Each and every claim is

incorporateﬁd'g the specification as an embodiment of t esent invention. Thus, the claims are a
further descrip |£Zn an%gg%c@rqe} gl’d%ﬁigcr? RS rS?%%}SHi'rﬁé‘RFf rcﬁ&%?e% rtggé]?le?ccﬁllgqé gsaefet.)u{'ﬁgoallescussion of
a referencq, ( | - ISS| Itis.pLi 1 e n i rg.especially
oy reforenl et e R R S e

disclosuressgf;aft RRieR (s PRIBRIAPPESSIIGNS oAl QRN FETRBREHE R PIRaRAGERIN IAcaiPorated by
reference, to the extent that they provide exemplary, procedural or other details supplementary to

those set fegHbdienain: of e lpfedd® Wieati im clamgans: daimdnpshoeLiaharaparipgon eathlystomprising:
contacting a support with a chromium-containing compound and an aqueous solution comprising a
trivalent titaoiditioceongheenthiai foentsaot dtalpsspriiedisgcsasre.  The discussion of a reference in the
disclosure is not an admission that it is prior art to the present disclosure, especialy any
reference that may have a publication date after the priority date of this application. The
disclosures of al patents, patent applications, and publications cited herein are hereby
incorporated by reference, to the extent that they provide exemplary, procedura or other details

supplementary to those set forth herein.



drying the catalyst precursor in an inert atmosphere to form a dried catalyst precursor; and calcining the
dried catalyst precursor in an oxidizing atmosphere to produce a catalyst. 2. The method of claim 1 ,
wherein the support comprises an inorganic oxide. 3. The method of claim 1 wherein the support
comprises silica. 4. The method of claim 1 wherein the surface area of the support ranges from about 100
m2/g to about 1000 m2/g. 5. The method of claim 1 wherein the trivalent titanium compound comprises
TiC13, Ti2(SO4)3, Ti(OAc)3, Ti(+3) oxylate, Ti (V\ﬁﬁﬁﬁ |(+3) lactate or combinations thereof. 6. The
method of claim 1 wherein the titanium is presenti atalyst in an amount ranging from about 0.1% to
about 10% b%i%?ﬁh?ﬁof th§ catalyst. 7. The method of claim 1 wherein the chromium-containing
compound is a Wate “4BNG Iés'compound. 8. The method of claim 1 wherein the chromium is present in the
catalystin a amou&t raﬁl%in%tfrom about 0.0]§{o to about 10% by weight of the catalyst. 20 9. The
method of claim 1 whéYeih flne gﬁ%?p%lﬂt]%saé@ﬁ% Stet {/nvﬁﬁstlﬁg'compound comprising trivalent titanium prior
to contact with the chromium-cr(t)r&%iﬁiggcﬁoorpIPound. 10. The method c(i)f clgim 1 wherein the.support is

contacted with H& Commip St Comiprising tHVAR R ttAR I TBSeqUent 1 coRAd Witk dte""o"

chromium-containin comspound.. o
comprising a trivalent titanium compound to form a catalyst precursor;

drying the catalyst precursor in an inert atmosphere to form a dried catalyst precursor;
and

calcining the dried catalyst precursor in an oxidizing atmosphere to produce a catalyst.

2. The method of claim 1 wherein the support comprises an inorganic oxide.
3. The method of claim 1 wherein the support comprises silica.
4. The method of claim 1 wherein the surface area of the support ranges from about

100 m*/g to about 1000 m?/g.

5. The method of claim 1 wherein the trivalent titanium compound comprises TiCls,
Tiy(SO4)3, Ti(OAc)s, Ti(+3) oxylate, Ti (NOs);, Ti(+3) lactate or combinations
thereof.

6. The method of claim 1 wherein the titanium is present in the catalyst in an amount
ranging from about 0.1% to about 10% by weight of the catalyst.

7. The method of claim 1 wherein the chromium-containing compound is a water-
soluble compound.

8. The method of claim 1 wherein the chromium is present in the catalyst in an

amount ranging from about 0.01% to about 10% by weight of the catalyst.



11. The method of claim 1 wherein the support is simultaneously contacted with the compound
comprising trivalent titanium and the chromium-containing compound. 12. The method of claim 1 further
comprising calcining the support after addition of the titanium, the chromium, or both. 13. The method of
claim 12 wherein the calcining is carried out in a temperature range of from about 400C to about 1000C.
14. A polymerization catalyst as produced by the method of claim 1. 15. The method of claim 1 further
comprising contacting the |th an olefin monomer under suitable polymerization conditions and
producing a%)olym aWﬁ Eéc} MG 550 e AR Wh‘é?tn%rﬁé) ?y{jg é’g 58193?@P%r0duced
using a catalyst prepared Wrth a tetlravalent titanium species in agueous solution. 16. The method of claim
L uther comprising SORUALHP A Eatalyot Wit BREG e SHEmEl Bnies EUHEBIE RS AYion
conditions, and producr a polymer having a lower molecular weight when compared to a polymer
produced usrng an EY gﬁté’ prepared with a tetravalent titanium species in aqueous solution. 21 17. The
method of cI (ﬂte er c%&p con actin the atalyst V\{Ith an otleftrndmo omer under su&table
polymerrzatron condition8an procfucrng a poﬁ/mer aerépO]broa QPRSSTE LY Wergﬁ(t)ra%(frrgutlon when
compared to a polym rodu ‘[J{e a a catal Qar d wit ttet&la aIe ttltan|um ?lpe(:les in aqueous
solution. 18. The method of élafrlr\r’ra ur a(=51ru%:rcr)lmprls lrlgj Conad niﬁ theca alys Nith 8n ofetin fonomer
under suitable polymerization conditions and producing a polymer having an mcreased melt index when
compared to a polymer-pro UCed using a catalyst prepared with a tetravalent titanium species in aqueous
solution. 19. 'Iihe me hodte ;lo trrée [ rtszétl%n%g phere m &s%s{ vacuum, he he unP1 argon,
nitrogen gas, or combina ions t ereo Claim 1 Wherem

rylng IS carrleg outina
temperature range OfJ{S&‘m gour%r%gsci\'ntgt%?l%n?g%nium and the chromium-containing compound.

12. The method of claim 1 further comprising calcining the support after addition of
the titanium, the chromium, or both.

13. The method of claim 12 wherein the calcining is carried out in a temperature
range of from about 400°C to about 1000°C.

14. A polymerization catalyst as produced by the method of claim 1.

15.  The method of claim 1 further comprising contacting the catalyst with an olefin
monomer under suitable polymerization conditions and producing a polymer
having an increased high load melt index when compared to a polymer produced
using a catalyst prepared with a tetravalent titanium species in aqueous solution.

16.  The method of claim 1 further comprising contacting the catalyst with an olefin
monomer under suitable polymerization conditions, and producing a polymer
having a lower molecular weight when compared to a polymer produced using an

a catalyst prepared with a tetravalent titanium species in aqueous solution.



17.

18.

19.

20.

21
The method of claim 1 further comprising contacting the catalyst with an olefin
monomer under suitable polymerization conditions and producing a polymer
having a broader molecular weight distribution when compared to a polymer
produced using a catalyst prepared with a tetravalent titanium species in aqueous
solution.
The method of claim 1 further comprising contacting the catalyst with an olefin
monomer under suitable polymerization conditions and producing a polymer
having an increased melt index when compared to a polymer produced using a
catalyst prepared with a tetravalent titanium species in aqueous solution.
The method of claim 1 wherein the inert atmosphere comprises vacuum, helium,
argon, nitrogen gas, or combinations thereof.
The method of claim 1 wherein the drying is carried out in a temperature range of

from about 25°C to about 300°C.



