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catal ysts. In an enbodi nent, the catalysts conprise a

improv@ URBEsk ’ecbﬁéxﬁi&'k.un‘rhxﬁ,n%e?@'i@%Ung@H%_ e foudskiPndw methods of
catal yze the polynerization of dlefins. In the past,
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[0004] Also disclosed herein is a catalyst composition comprising a support, chromium,
and titanium, wherein the titanium is derived from TiCls, Tip(SOs)3,Ti(OAc);, 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 aqueous 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 (Ti3+)-containing

compound and a chromium-containing compound. The contacting of the support with the Ti**-
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[0007] In an embodiment, a method of preparing a catalyst comprises contAacting the
support with an aqueous solution comprising a trivalent titanium (Ti>*)-containing compound.
The Ti**-containing compound may be any compound that comprises trivalent titanium,
alternatively the Ti3+containing compound may be any compound that is soluble in an aqueous
solution and able to release a Ti’* species into solution. Examples of suitable Ti**-containing
compounds include without limitation TiCls, (Ti)2(SOs)3, Ti(OH)Cl,, TiBr3, 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



conmpounds may be contacted with a support by

techniques to be described in nore detail later herein
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compowlsyiatlnge FhigmBan axider JHPTHT Moxids Fhiouam a,emamwhmmlum nitrate,
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tertiary Gty thtomAle) 4 dlg@ne ChioRTIETDPHRhRd, BiBeyR fpémaﬂiehyla&@omlmn(n)
chrom um di onat es, or conbi nations thereo Specific

chromlﬁliﬂr(@HL%QtﬁMe't()naf‘eogpe&ﬂ?§1aﬁ5}fsl HeRof. PHE o i&sﬁ&& lgf;tmt E&hromium-

romum ate, chromum (11

contamﬁg ?é;';'n I H l’e IoLra Stnj %Ilqr@" & n?;{ol%fmsldairor%l?ﬁmrqlﬁfncompound or

combinations thereof. Suitable chromium (III) compounds include, but are not limited to

chromium carboxylates, chromium naphthenates, chromium halides, chromium sulfate,
chromium nitrate, chromium dionates, or combinations thereof. Specific chromium (III)
compounds include, but are not limited to, chromium (III) sulfate, chromium (III) chloride,
chromium (III) nitrate, chromic bromide, chromium (III) acetylacetonate, chromium (III)
acetate. Suitable chromium (II) compounds include, but are not limited to chromous chloride,
chromous bromide, chromous iodide, chromium (II) sulfate, chromium (II) acetate, or

combinations thereof.



acetate. Suitable chromum (l11) conpounds include, but
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In an esibotlinzent, Tthe silicy isgpntayedowith alie’ TEHcantaining @ntpoupé batimpeegnation
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Ti*" and attach the titanium to the silica and form a dried calcined titanated silica. For example,
the dried titanated silica may be calcined 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 900°C, and for a
time of from about 1 hour to about 30 hours, altematively from about 2 hours to about 20
hours, alternatively from about 5 hours to about 12 hours. The method may further comprise
adding a chromium-containing compound to the dried calcined titanated silica to form a Ti/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



hours, alternatively fromabout 5 hours to about 12
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air at S@OPEratwreabahe r8Ee0E faord dbont 408°Cito atfout 08B oalternatively from
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sol vent at tenperatures ranging fromabout 25C to
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tempergtgrrets I;gr{glrcl:go ?rgm about 25°C to about 300°C, alternatively from about 50°C to about
200°C, alternatively from about 80°C to about 150°C and for a time of from about 0.1 min to
about 10 hours, alternatively from about 0.2 min to about 5 hours, alternatively 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 previously 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-

silica. The method further comprises drying and/or calcining the Cr/Ti-silica in the presence of
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time of fromabout 0.1 mn to about 10 hours,
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via a calcination step by heating it in an oxidizing environment. For example, the dried

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 a time of
from about 1 min to about 10 hours, alternatively from about 20 min to about 5 hours,
alternatively from about 1 to about 3 hours to 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
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5000C to about 8500C and for a time of from about 1
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be referred to as batch, slurry, gas-phase, solution,

polymdhiziHig Q&S mshémers b ptoiic®hor@bpdlgaréer icepsliMess. Saak homopolymers
phase reactors nmay conprise fluidized bed reactors or

and copdl3AeR HOLRAR & af FRALUrSpolyhHE! YTHeERRHRE SypB %S reactors include

conprise vertical or horizontal |oops. Hi gh 'pressure
those that may be referred to as batch, slurry, 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 polymers in



reactors may conprise autoclave or tubular reactors.
Reactor types can include batch or continuous
wWEe@oesdes. Conti nuous processes coul d use i ntRCTUS10081011068
or continuous product discharge. Processes may al so
include partial or full direct recycle of un- reacted
nmononer, unyeacted conmononer, ?nd/or di | uent. $n &
multlplpd‘Fmﬁ g3} rnaﬁldp Sevsral St%%ﬁétlgr?é TR S‘f:ﬂﬂé@&ﬁ’f’ erization reactors
di scl osure may conprise one ty %e of reactor in a )
intercomnestedrityos transfen device making itspessiblente teangter dhe pplymersagsulting from
type. Production of polyners innmultiple reactors may
the first palyndazapwaradtorsinagids second tredceas tThewesis@bpolamerization conditions
pol yneri zation reactors interconnected by a transfer

in one EUhE EcadRfd Rthyl Be BFFePdR! fRork @hd bpdafiRs cohBtidR! ¥MBE ther reactors.
resulting fromthe first polynerization reactor into

Altemattrblglgrsﬁ&gﬂgn%ﬁﬁ)%t il'm o?lgpﬁ er@?cé%ﬂé?%aﬁﬂ@ﬁﬁ@ HJ%HJ\%Z }rg{lﬁfer of polymer

ns 1 n one

romthe o eratin itio e_ot her ctors.
from o] BRH B0 BTFOC APAFHER FSREONBRH %momfrrrzarj r&@?fpﬁr teafgy systems
i nclude the manual transfer of polyner fromo
may inglade ay cqrabigafipeigeiuaAngy Bedioh }lgnﬁeé ro éBWfldee‘ep reactors, muliple gas
pol ymeri zation. Miltiple reactor systens may include
reactorgny eombnatmni ofi 1o landi gap, rdagtors;omultiphd thegh tpogssure reactors or a
multiple | oop reactors, nmultiple gas reactors, a
combira€ioil ioff i g10 Pre@éurt Gifh 0@ Grlforr @Batautsrs. Mid mpltepldrirgdtors may be
pressure reactors or a conbination of high pressure

operateif Ber QP irPpAAM], 9as reactors. The multiple reactors
may be operated in series or in parallel. [0016]

[0016] ACCR gérﬁglgttg 091% ;Zg'c? %‘f’t[heozhfsélg&rg' RE l n_fé”ﬂe%za&{l'? feactO{ system may

1oop sIurr react or g h reactors na ng %
comprigg, i ee%ﬂ%&ﬂ%ﬁ%anrr&%% oS TeRBRBHBRY CBRPLEnpertical or horizontal

catal yst and optionally any conononer nmay be

loops. Wmdggqeyt fatalystand qp@gpal}ymtcgmo‘m@eémay be continuously fed to a
pol ymeri zati on occurs. Generally, continuous processes

loop remetyr ehieye pademeilization miccurs.olsndraity, cdntatvuons podfcessesmmmaynm@mprise the
a catalyst, and a diluent into a polynerization

contimdo@@edtRIdudiiéh bhe ntdkieAlObRalyaBNE®h dilued ihfd $ pblafeti@ition reactor
of a suspension conprising polyner particles and the

and thedednugﬁuus rB%@%l%onﬁm%}é%%r BRY s eﬁélcﬂfzgrﬁng?as@ng }gﬂpeﬁer bfcles and

sol 1 d pol yner fronrt [1Tquids that c I se
the dlhfenk Szrcét)ornqﬁuen a%/e u 8&? ré?rhr(r)e,é thevs%rhd po ?ymer from the liquids that

gi es nhay

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 slurry 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.



separation step including but not limted to, flashing
that may include any conbi nati on of heat addition and
w@e@smsuied r educti on; separation by cycl oni c ace@€DOS1008/011068

ei ther a cyclone or hydrocygl one; or separation by
centrifugation. [0017] A slurry polynerization process
(al 0 tld for.m .process), 's e

00181 7 SR BEauelR dsed BRI bty Rt ool ey imied to, he
4,501, 885, 5,565,175, 5,575,979, 6,239,235, 6,262,191

monomgr pegiegpalymerizeds anth hypragabeRs jthat| ae Jrqyifsatider ggaction conditions.
reference in its entirety herein.[0018] Suitable

Examplis|lafienitablel dddernits irsludey putpareynoe dinmteti tonhydrotarbians svoh as propane,
are not limted to, the nonomer being polynerized and

cyclohdXdlE, Oiggtiuaes ntti@inedmepdntiie] BdpemaRy neeg@itdneNand n-hexane. Some
condi tions. Exanpl es of suitagle di l uents include, but

loop pcﬂgx% ioh r8ctihks £ ol ruﬁ& MRPPSortGohsARhdIE ABANRRient is used. An
cycl ohexane, 1 sobutane, utane n- pent ane,
I S a neopent and n- e.

examplﬁ d5 @ﬂ@ﬂe?g%t jol of propy eg% mojomer 88 a}sglgﬁ%iso n@ # P3Rnt No. 5 ,455,314,
condi tions where no diluyent is used. An exanple is

which lﬁémfyﬁ@r%tsiw BHESPODRBRPIRHEHIRSer as di sclosed in
U S. Patent No. 5,455,314, which is incorporated by

[0019] r of Acemdiag e yetl andtheriasgeceof thie disclop@e e pabansriratien regctor may
yet anot her aspect of this disclosure, the

compripohtylaast bragasqrhasemator. Sagh Oeteprsiasekatwh @atic aorendgasy employ a
phase reactor. Such systens are known in the art and

continuBRY r&YBleC¥reBmCEIMiMAG Whe! R Gi6lcEmEAdREE coftthRduEly Y cRA&hrough a
or nore nmononers continuously cycled through a

fluidizdd I?quf& rpseeﬂcé Of tthg Qald 3@?’%? PglgmtePEatﬁﬁlt @hiond! n%qécycle stream

yrrerl atlon condi tions e stream may

may b thﬁ B ol 0 i e e biic BRSK DRENE sfbiiast pmonst

be mnthdramn fromthe reactor and_new or. fresh nonone
polymargyodyst may be Widdram Gew haEeagior padpe o8 fistheraemespay be added
gas phase reactors may conprise a process for
to replmagl the -l wperiyad -mormecrp Sugimges phaseoradbrsoney icomprisena process for
whi ch ol efins are polynerized in the gaseous phase in

multi-s&dp daeRisetpobymdiiianendeolefighgin phixhel¢itsynepolsakiigsd in the gaseous
zones while feeding a catal ystcontaining pol ynmer

phase %18&;‘/1%”%5} :ﬂgg fxfl&oérgeggﬁﬁcgay%wez}%menmeﬁ ZoReP whil6 ¥8&lling a catalyst-
containing polymer formed in a first polymerization zone to a second polymerization zone.
One type of gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749, 4588,790 and
5,436,304, each of which is incorporated by reference in its entirety herein.

[0020] According to still another aspect of the disclosure, a high pressure polymerization
reactor may comprise a tubular reactor or an autoclave reactor, both of which are known in the
art. Tubular reactors may have several 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



One type of gas phase reactor is disclosed in U S.
Patent Nos. 5,352,749, 4588, 790 and 5, 436, 304, each of
wokioek42189 | ncor porated by reference in its entPCBEU$2008/011068
herein. [0020] According to still another aspect of
the di sclosure, a high preddure pol ynerization reactor
may conprise a tubular reactor or an autoclave _ _
polymerigatedror , Hpast hndfpredsiuesh meaye bk newplojyed tapprapriatelyTupudlipin optimal
reactors may have several zones where fresh nononer,
polymerhtidradeadtion cdhdi¢ishell ysts are added. Mononer may be
entrained in an inert gaseous stream and introduced at
[0021] ON eAééUl‘@ingft?rtaQ? ah ARG Bpect dtithd @sQ6Sure Citk Fo¥sth&izaBOEk&ktor may
cat al yst conponents nmay be entrained Iin a gaseous
compi S SIS L5 S AL i ABRFE  F LB e e
Heat and pressure may be enpl gyed. appropriately to . .
compoge PR SADHEHITTIPS O T FEERDnAKBHIY 1SBIPESHE 2P iiFL Srganic diluent
[0021] According to yet another aspect of the )
or exceg$ gwinomgr maytheeempipyade r if dgsiresk theenenwmerrmgy be bpughkingthe vapor
sol ution polymnerization reactor wherein the nonomer is
phase inantahedvith ttie titelydatradcyioh prodgeqsint therprégensaibt abdeace of liquid
stirring or other nmeans. A carrier conprising an inert

materia® J8Eip6lyHidrig@itin fnedX GRSfaiiBd dempERAMIr&LCaRM YR thitfwill result
desi red, the nmonomer may be brought in the vapor phase

. [ . oY c e T : UCH ot
in the (R0 08 SoBiof eI of o RACI P TRRRE, Chaitkibn may be
lynerization zone is i.nt ai ned. at. tenperatures and .
employdR i G¥ib ko B eiafork il Al i ey HERT gDy mER2 AR mixtures
sol ution of the polymer in a reaction nedium L
througheut + the i RRIYREYZa5eN e Aoy eQdEB LIRS BT t WilZed {8 distipating the
control and to maintain uniform pol ynerization
exothemmiig heated polymsugaiom. These reottpreeare kmawom thopd. Adequat e
means are utilized for dissipating the exotherm c heat
[0022] of PelypiEEAtbAtegulors Shiesdde foe dtd presenadisclsfi@evaly fuithe® comprise any
art. [0022] Polynerization reactors suitable for the

combirfi6s &bt Rh§UreSHwemiRNall tbd BRfert OMEAsE Bn@Med system for catalyst or
conbi nation of at |east one raw material feed system

catalys@éon%%ﬁhtfg&%é%gf geﬁigc{%l%ﬁ)gysn?& orrg]%tvglb%/sysntg?{ %ﬁie%ééctor systems for

0] nen recove

the precHFL REICHITE iy TP REIPHSE AL e Gl PP PP B Pt strage

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.

Typically 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.



and preparation, extrusion, reactor cooling, polyner
recovery, fractionation, recycle, storage, |oadout,
wo alvonatiar y anal ysis, and process control. [0023f/US2008/011068
Conditions that are control|ed for polynerization
efficiency and to provide r 5in properties include
tenperature, pressure and the concentrations of o
[0024]y ar Syitable prassurat will plsp ey pecarding tq tepercionand pelymerization type.
af fect catal yst productivity, polyner nolecul ar wei ght
The pressdrenfol &quid phassepaiirhedzasions bus loop.redstortisibtpécally less than 1000 psig.
pol yneri zati on tenperature nay be any tenperature
Pressuﬁefd?gats h$hade pBRIMETRAGATd BSuI9RERBLHDE) ACSOT Psipd HIgh pressure
t he bbs Free energy equation. Typically this
polymerBAligh bl AL PARHE R Oleal Brt2 Yihoch i 2t Abo T RRFtp 7,000 psie
t of | yneri zation react.or.[0024]. Suitable )
PolymisBiof el i 2l Srgraa b g oA HELRB AP BTG A ecnerally
. pol ymeri zation type. The pressure for |iquid phase
higher kanRayetpres and pressures. J0pgation ehave dhe grifical poiatefia pressyre/temperature
than 1000 psig. Pressure for gas phase pol ynerization
diagramgsupstraiticyl phtas@buayt off@@dvarB@espsi g. H gh pressure
pol yneri zation in tubular or autoclave reactors is
[0025]genesi alnl ymbodim@ht, ab Qlkry2 BoRfHeritz&tiohd pfYeBssPii @mployed in which the
Pol yneri zation reactors can al so be operated I1n a
catalys? Y 8hpehdddCR! af GHOBRATUNEHNE Md ISPREA YnaMtBREE in suspension
tenperatures and pressures. Operation above the
[t olnt .of a pressurel/tenperature diagram
trougfily o ot FikelfeuSh BefhSny e MRS URUE a8 o5 ¢ paratiin, 2
an_enbodi nent, a.slurr ol rizatiQn process .is
cyclopgigfiinyy 8t 4™ ApPeF- t hEot b %ﬂgﬁuwr}s ot p%tﬁaléae i pplygers, the -slurry
inert organic nediumand agitated to maintain it in
polymeyirapen prasess mep bgrratned: ¢ ip@l spaetionzzene ¢h agempergsire Phérom about
organi ¢ nedium may, e.g., be a paraffin, a
" 50°C t6 ybbaa 0t &nd alod pieBsudd AL iréhge Fodifroind sbquit 00 Béih @6 alsdut 700 psia or
et hyl ene polyners, the slurry polynerization process

higher.g?)f Tl&@t i rfli)t?&néo}ggcpfa@e in'th&'H ﬁig%g&% tAL sl SIRATCA HE Eatalyst is

rom about 5 to about 11 at a pressure In

sspr 95 O R0 g B2 e FRGRE Sl an
the preERBRGREINe LYot TG Bighooht a6 WaEiRe Ry cfiity refers to the
grams r(;?gglrmy;nrer %?c?dutclgc? pcce:r‘rjlér{;lllrnyc?ft éolil-lhcitaell}c/:stt ic\li:ialrtggd ?)Qrd hour, and the productivity
refers to 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.
Mechanical 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,



the productivity of the catalyst are relatively high.
As used herein, the activity refers to the grans of
w@ioyee14pr oduced per gram of solid catal yst cPer/{jead08/011068
per hour, and the productivity refers to the grans of
pol ymer produced per gran1&¥ solid catal yst charged.
[ 0026] The concentratlon of various reactants can pe
stereoregylarity| |TeHStRReeprtgd GEsKkr dBPWEL Wiang bataj brapthyng cand gihgological
mechani cal properties. The proposed end-use product
measurgmentswi | | be formed by the resin and the net hod of
form ng that product determ nes the desired resin
[0027] pr oPk¢ tchecentrbisiiash fidhomen pRrinbfSmer) Hydetgeh e 66 cht@lyst, modifiers,
flexural, inpact, creep, stress relaxation and

and eleB@6:HBEREs tafeslhﬂaongﬁ‘tyﬁ'}ff&lluo%g)@l%gé 18 Cﬁrﬂ drHele deRshdier is used to

nmol ecul ar wei ght, nol ecu ar melght ribution,

control 'B%J)cidcp g?%s?tg ne)%{rg%efn 18 ? on ro?I ; Iducr:]t hGITRG: Iag‘/%{g%t Co-catalysts

er a I za

n3|ty, reoregularlty, reS|stanc crac
can be| BYRY iy s affeliteg BAECTSh&EONBe ioiecifs s%f?lgﬁ%%{@or rhodify the
0027] The concentrations of nonomer, co-nononer,.
molecuby yesght disttiont Madifiers emebe peaddo cemteplairediict piepedins Ard electron
are inportant in producing these resin properties.
donors GffeotnstareoreigslangedInt additom,rthe conaaitratiord efipoisyns hiyelr by atinimized
is used to control product nol ecul ar wei ght.
since tHe§ iGiphaltlySietcticnd aﬂef)ma@t prépedliy| ate, scavenge
poi sons, control ecul ar wei ght and/or nodify the

[0028] ol g ¢} ?B] pr ? rfj' a?ihftivlgytdngnmo fsf L& DeCAldePGo URE Cbolyme:r to

to cont uct properties an el ectron donors

ct stereorequl arit I.Ln_ad
providd %ﬁﬁeé REFRTno g e N ondiired Dometionin ey product
act the reactions and product properties. [0028]
Addltw,sﬁ f‘é’ﬂudﬁdupfﬁ%fr madifierssuch gylin aesatsayi F=ft?‘3?§eré’aﬁﬁl“8éldant5 such
added to the polyner to provide better processing
as pringhry iang srepndaay tantipxidantsidpigorentie proasssing @plsr suchsas wakx¢séils and
end product. Additives include surface nodifiers such
fluorochstoslerf) ahd8péial additivhd anhsas firacdthfdagts SantRtitd, xdveagdrs absorbers,
such as primary and secondary antioxidants; pignments;

odor eraR%SS ahdldeghdhiiofi ugéht@s waxes/oi | s and
fl uoroel astoners; and special additives such as fire

[0029) " €t ?slg-amss suchMd g&g&ggeﬁe %x&ﬁga@ersagﬁoo BES15meR9S¥ cthylene with

enhan and d tion

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, a tray, a pallet, a toy, or a component 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.



[ 0029] Pol yners such as pol yet hyl ene honopol yners and
copol yners of ethylene with other nono-ol efins may be
Wee@wdnead i n t he manner descri bed above usi ng PEEUSISEDE11068

prepared as descri bed hereHE. Pol ymer resins produced
as di sclosed herein may be fornmed into articles of
manuf acture or end use articles using techni qgues known
in the art such as extr@gﬁ@ﬁ?L%$OM/nnlding, i njection
nol di ng, fiber spinning, thernoformng, and casting.

[0030] For Texawphteon lavpe beer genaraliydesaybdsie thexfoHomling eixamples are given as
sheet, which is then thernoforned into an end use

particuRf tenfodingeitd ofistha iAvdHtidhNSId t@ detPnstiatd ey praxtipaldndt advantages
a toy, or a conponent of another product. Exanples of

thereot?rgt;ig %g@éf}gob@ %af‘fﬁei ek hplek 'ﬂl;é)giV}%}% lﬁ@w‘éiﬂ 8f ARLYARN e{ng%i.r@ flot intended

orned 1 ncl ude” pi pes,; ns,” bottles, fibers,

. .and so. forth..Addjtio end_use articles would be
o timi B R6Tof B8 el PGSV BREm B Bxanpr 25 [ 00301
The invention having beep generally described, the
foll ow ng exanpl es are é;gﬁgﬁné%?particular enbodi nent s

of the invention and to denonstrate the practice and
[0031] advEe aseef trivalenpftitarivmiin the deeperatod aftmpolymeriextimptasalyst was
are given by way of illustration and are not intended
investigated. | @dritrdl ketabpesinipleateepreparédesing aisilisa bbtafred| fovn iVi.R. Grace
any manner. EXAMPLE | [0031] The use of trival ent

having bish@RdeliRed 6 300anbE @RAA ?Bﬂe&fbhﬁfle 8f PBlcY/BE MoZ@tilv A8 the catalyst, about
catal yst was investigated. Control catalyst sanples

N L o . o

10 18 LB 9558 bl B! SR Gl ST X 865 b

while fieceali o PR R G208 A s PO b S8 e Bk at e
sintered quartz disk at the bottom While the catalyst

linear %Ofs%h?b‘brlﬁe@ bR standagg; eybic gﬁeypgrl houRa s AB ¢lering r§urnace around the

through the disk at the linear rate of about 1.6 to
quartz b8 waik dretctnohed whiand tlectemperatire wwas rasedelt @etmief40011€CRour to the
around the quartz tube was then turned on and the

s e L e e S
for thrg:ee gguerrs a1}1 4he rl}?%irsi lAiﬂ%lawa\Ar%Sthglcla?a ys(t.j vxtfa% go'llléci:tgji %Ad stored under dry
nitrogen, where it was protected from the atmosphere until ready for testing. It was never
allowed to experience any exposure to the atmosphere.

[0032] Polymerization runs were made in a 2.2 liter steel reactor equipped with a marine
stirrer rotating at 400 rpm. The reactor was surrounded by a steel 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, usually around 90



for three hours in the dry air. Afterward the catal yst
was col |l ected and stored under dry nitrogen, where it
wer®psntsect ed fromthe atnosphere until readyP€DDS2008/011068
testing. It was never allowpd to experience any
exposure to the atnosphere.”[0032] Polynerization runs
were made in a 2.2 liter steel reactor equipped with a _
°C. Finally adyleng rrasradded & thegreagetorn Gneqysine fied pressorepmoraally 550 psig,
surrounded by a steel jacket containing boiling
which Wat hedighined tdarifg ¢l BGSErintont.t The sbineigd wasnatlewsete cditthue for the
boi Il i ng poi-nt of the nethanol was controlled by
specifidPfiheN"Gsudily LRAARA Rk SRAH raﬁldatﬁé"abt‘?\q%i Qad R6ted ¥JAe8518IeARE flow of
j acket, which permtted precise tenperature control to
wi. £ hin hal.f degr ee tigrade, with the help of
ethylengIlrétgtt}%eorﬁ?%tof:%n ?‘g{alr} trl?gs %Pﬁgsﬁ%“s?: Unl ess ot herw se
stated, a small amount (0.01 to 0.10 grans, nornall
100331 of " piet 4k plokesk gwsﬁh%sgﬂy e stlow huasy elgppsand ihe rr%%&ﬂ slowly
to the dry reactor. Next 1.2 liter of isobutane |iquid
depressysiged had geaned el redewer @ genvlar pelymed papdero Inhall egsesthiireaptor was
tenperature, usually around 900C. Finally ethylene was
clean veiddad ihdicitha sfeast wall tscaleoeoating of ioded fmessiifomling. The polymer
normal |y 550 psig, which was naintained during the

powde©WREMeNREhovelitRd Shdi gHedN A MRty 3 ds Qp&SfidPasc@fink BEBollyRier produced
the specified time, usually around one hour, and fhe

ctd Vi cording the flow of ethylene
pergﬂ?H?E%Pﬂém$§§%?%%§?ggﬁgéﬁtain the set pressure. [0033]
Af t he al.lotted tine, the ethyl ene fl qw was, st qpped .
100341 31, Elgleng By Gereiisty ot sPieeC vy YERE S 6 ARy Fom Union
..recover a granul ar polyner powder, In all cases the
Carbidg Lomagptionasihis ethylenr t4¢S Abrther uakied rowsh 3 alupyg) qf ¥4 inch beads of
scal e, coating or other fornms of fouling. The pol yner
Alcoa pdadiedumang, t¢tentadeatiICamdnitveggh e dsobAane wiasypolgraerization grade
speci fied as granms of polyner produced per gram of

obtainedOfrdrel FANIBS Yetrolethar 08 dBBRer,MPdkas. MA83IbuknBYW &N @irther purified by
pol yneri zati on was carried out using ethyl ene obtained

distilla{iéxfg%&wag’rﬂhe %%&f%%ﬁ& abiuaf %%Tlﬂiiﬁc}fké‘é/dsecﬁe%l‘gg% A201 alumina,

er puri a colu 0 I nc
) C 01 alumng, activated at 250C. i n nitrogen
actwat@s%%g{)ﬁﬁ@l HHEHL Pﬁr?elr-ﬁ%?pﬁ 33 gPLmETiRon Fade Phthed from Chevron
Phillips Petroleum Co., Borger, Texas. The i sobutene

Chemiggdss Ftowasharthenpurified dbyoyitrogen 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 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 aqueous 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



distillation and was then passed through a col unm of
1A inch beads of Alcoa A201 alum na, activated at 250C
WO poopfosxiagen. The 1-hexene was pol yneri zati on PCEUS2008/011068
obt ai ned from Chevron Chenicals. It was further
purified by nitrogen purgi r}é and storage over 13X
nol ecul ar sieve activated at 2500C. [0035] Melt | ndex
final catalyst, Whichregriginsd 1pyyp9§pr@r5 W@élma[dg ®YHAiGe dhisypaixture in a vacuum oven
determined in accordance with ASTM D1238-E, condition
overnigh@ P10°at TI8Ee cavalybtsavée 116D agtivatedvei ¢HIC adidght 908%d and served as
melt index (HLM, g/10 mn) was determned in
referend&C A aBsfts Wi bblyAefivhtidh2a8s fith @08 dhdaiyenard 8RwH ibTalslk 1 below as
190 OC. with a 21,600 gram wei ght. [0036] Two of the
runs 1 &Rt 9l yst sanples were made to contain no titanium by
I npregnating two 20 gramsilica sanples with an

aqueous ,sol utjon containi,n 5.9 C/g.sobytiaon as
10037) S BOHiEa SRSl S e ey il i i bk Gy apaqueons
. was added, resulting in incipient wetness. Thefinal

solution of 1PSO, AR fo dpRIsRhWaEEssyfolayed iy dryipgdn ghe yrguRy oven at
this mxture in a vacuum oven overni ght at 1100C.

110°C. Thisis silicattitdnys wes theneakcined ah 800 Canad atiempO@Gtapl thettitanium. This
9000C and served as references. The results of

was followydrbyi giregation neithmiat dolithinso £ rAlayeatylaaetenstb dimtoluene, again to
Table 1 below as runs 1 and 5. [0037] A third catal yst

incip{emh@ss%& t 1 R¥infi Ja@i_ll_ysit oneRNRL 1 W8% tTHeaBlubRB-A%t silica was

an aqueous solution of TiOSO4, again to incipient

, fal . drvi i t vacuum e .
e 5 358 i Qb2 Mo L oL AT YA S s vas
activatelfcgiqagwgéi} %g%%%f gv%aﬁ?qgwte&;e ltl{?l ttgl%giglﬁﬂbf -drﬁtbzi]ts\l\ﬁgxavalent form, from
~ Cr3+-acetylacetonate in toluene, again to incipient,
which the petdeessitgh drerdsrideds al hatienivgl Wesdrlipd belosmtbgichiomum igangattempt
Cr. The toluene-wet silica was then dried under
to maxintizeogfe ncffqet eorethd pglymxgromeh eintlex. anfbhisncataliyst. was rthen ytested for
the m xture was activated in dry air at 7000C which

polymc&2aN&I béhavhe, irid thalrefiflts Gie liktk® beloSy eXalalleRtruhORB and 4. The
fromwhich the active sites are derived. The titanium

influen¥@Sf 3Rk %Qasbéifp%t@d th eoeCHlBQtnh?{meﬁlﬂe ?gltﬁé P inde® hpioéential of the

maxi mze its effect on the polyner t index. T
at.al,ys

catalysE Wifer 8n Ig\éagautgrég %yte(;(%l%(iergmé e measured melt index or high load melt index
(HLMI). By comparing Ti** runs 2-4 with the “no Ti” control in run 1, all of which were
activated at 700°C, little or no improvement in melt index or HLMI was observed.

[0038] Another catalyst sample was also 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 Cr3+-acetylacetonate in toluene. Final activation was carried out in dry air at



pol yneri zati on behavior, and the results are |listed
below in Table 1 as runs 2, 3 and 4. The influence of
WO paoassA4mas expected to be nost noti ceabl e i NnPETIES2088/011068
i ndex potential of the catglyst, which can be gauged
by exam ni ng the nmeasur ed It index or high |Ioad nelt
i ndex (HLM). cgnparing Ti+4 runs 2-4 with the "no
400°C 1 ordep F@Weﬁﬁh? G 1ntoalCrohe it ehsiigeprsc et VaY gyittigg the Cron
7000C, little or no inprovenent in nmelt index or HLM
after thadli, dbsey hpdd thaB8]wardther the afiab yastacts ntlieesilivas Al mm-aqueous
made fromthe sane silica and by a simlar procedure,

solvent@38RiI4€Ed to privenb BS@abeH]Rh@ Podsiife GéthdHientas Si-OPTid®RAas. €This catalyst
with an aqueous solution of Ti3+ sulfate, again to

was thé:r‘lotHQEd R5¢0pd emhﬁorrc‘f)éﬂagi%r YRS tHe el atEshoWdRiow! '11{ Tﬁlﬂ@ 1 as runs

to preve t prenature oxli dation of the titani um

e ried the catal yst re.calcined

6 and {17 TPghscelfimt 3Gt SRRReqHirob St S Blagibm bsuse in born
col or  change fromblue to white |nd|cated that, this

cases thg pakimpn CAlKHING feaInCTAtwe; Wi Y Ch & remathis ¢pmpagison g yery clear
Cr was applied as descri bed above usin

that theOpxperimentay catekystomansed and 7bexhabits a Fiughlhigher meditindex peiential than
carried out in dry air at400C in order to convert the

the corffrot Zalahyiso (1Gh+39, THie iwobvives dtexamirgag tisomeaddyednietti index or the
the Cr on after the Ti, it was hoped that this woul d

HLML hm ihd1€atdd thhO \&@kk@§ Iﬂnfn‘%gﬁ:h STit4 18R noPeffn 1&9@9&%g Ti" in this
sol vent was use to prevent ydration, and possib

way ha?ieg &%erc %ethna—é Eﬁ%&q}gﬂf fact ﬁlteﬁ{%]%'indé@ ?Jﬁﬁgl of the Ti"

ynerlza VI or an e re ts are

e E B AL B AP ETRCD BBy EE AR v
because in both cases the maxi mum cal ci ni ng
producinganal ynerrhavigedoo bt of pragh meex (vaxp Hey efkswmltm Fafalyglp,in general

clear that the experinental catalyst (runs 6 and 7)
loweringx thiebieactoratempetanire doweers thé¢ meltnidex pbtasretli dflowdnaen, inhbis case we
control catalyst (run 5). This is obvious by exam ning

observéd@anBasUh@cshnBt redcial @¥mpératufewh Mwerddb S*Q @hudad)@Be melt index
that, whereas inpregnating Ti+4 had no effect,

| or HLMI"H[%@&@&‘E& as ﬂ_glﬁé)r‘ th£i1 5fng cBRYoIAR §) nﬁh@rth@fcfaﬁﬁ;sts%oduced with

I ndex or In fact the nel’'Mhdex potenti al

the aqu{e%ﬁs -'ell-'lrl ath 6§\§8%{aé o%%éc'r aQ/ v@r 921 %@?glbt&}h 8)? %%%% 1al than the control.
Even Vﬁ‘ﬁ& Ent(%gsr?? quﬁéer}gtgfﬁ Ia[§ e({%\(r g ;}@g(; t(gliowlglb 23}%]: elt inc{ex 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 catalyst, but instead
using the Ti** salt, TIOSO,. After aqueous 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 also be compared to the “no Ti”



| owering the reactor tenperature lowers the nelt index
obt ai ned. However, in this case we observed that even
wWQ b@agieishe reactor tenperature was | owered byPGIZU$20081011068

6) the nmelt index or HLM o ained is still higher
than of the control (run 5)." Thus, the catalysts
produced with the aqueous Ti 3+ prOV|ded a pol

controlgy S ngndeshamgrieat this icatalysodid nsbtaeﬁ@tth%meith@ﬁﬁthﬁéﬂYlth of te polymer.
Even when the reactor tenperature was | owered by 10C

In fact(the melhindex pdientimblof thegekynuintwisngatathmdosered.] Rwi 8emay also be
respectable and the HLM was equal to the control run,

compaffddigrealy ¥ith@asd 6and E'RWRERUEY Prot&fur® ad 8dtivaliOP3RLe fﬂbﬁtlcal except
exact same procedure was then used to prepare anot her

that Tlﬂa\ké’g ¥sb-in b & ARE $AY WiS e grhﬁjfx]g'&;énds @Qg‘gn%ed from an

ter aqueous |npregnat|on 0]

at

aqu““sa@l%f’ ol Bt be anly %Pg*f’wfaeese%w%@} igigpaed in melt
in toluene. Again the final calcinjng was carried out

index, whergas, cafql wstatpr%m@elsmg T adid nas pepdugs pelYMsss With\ag iagreased melt
G toits hexavalent form ThIS catal yst was then

index. (Sinteatte o7 ipeNoptratly zanvated e Aavidoring activatine, wesericlwled that only
are shown in Table 1 as run 8. This run can al so be

Ti" is capaplarof éffeaivieheintoractifig Winrthe silics surfdze inadaglouservivdhment.
this catalyst did not raise the nelt index or HLM of
the polyner fact the nel trigdex potential of the
pol ynmer was greatly | owered. Run 8 may al so be
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[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 expressly
stated, such express ranges or limitations should be understood to include iterative ranges or
limitations of like magnitude falling within the expressly stated ranges or limitations (e.g., from

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




i nvention. The enbodi nents described herein are
exenplary only, and are not intended to be |imting.
wWORWY/04ArY at i ons and nodi fications of the i nveP@T/082008/011068
di scl osed herein are possiﬁée and are within the scope
of the invention. Were nunerical ranges or
limtations are expressly stated, such express ranges
of the tgrm) 'loptierallyd miths rrspecd toany:sirarest 868 alam opigaded to mean that the
iterative ranges or limtations of |ike magnitude
subjectfeddrhémgs vdquired) drhadterrepregsisynos raguerdd.r Bogesltanatives are intended to
limtations (e.g., fromabout 1 to about 10 i ncl udes,

be withén thd,scdpe itRe ¢lafhi. e@&@éf Broader @erﬂq@ shﬂﬁisttfé)ﬂﬁ)rﬁesl inklud®s Having, etc.
0.13, etc.). Useof the term"optionally" with respect

should b Lﬁlﬁ&sﬁ)loﬁ"fgn@:ﬁmqae @u@oﬁ! mr b\%xeﬁ'éﬂﬁg st 455 %ﬂlsitsﬁﬁ’é of, t‘b%nmstmg

subj ect Isr qU|re or alternativ
red Bqt | te es are intended to be MAthIn
esseml?lﬁ'go SECBB%“SS Sh}szan@Iag ﬁ% \ése of broader terms such as
conprises, includes, having, .etc. should be understood
(00411 4 ﬁpwﬂ% )Smyp@ppe pgpro,t@lnpg\;\%pottlgplﬁeél by thg dgscription set out above
~ consisting of, consisting essentially of, conprised
but is gulyslimited hlylt;xe cfaimetvchicl delon, thatcsnog nodlyding ledl epwysdents of the
of protection is not limted by the description set
subjectatittenpdvie: dnimsl Faoh layid levefytodaimbiy ifdoeporhtad irto W splecification as an
follow, that scope including all equivalents of the

embod kit %‘ftthéT?Pe"s&{t ifferdiiBf. CliisMhe dARR A0U RVEEY dé‘skﬁbt‘iﬁri and are an
|ncorpor ed into the specification as an enbodi ment

[ h I
addmoﬁ ottﬁ g(z gﬁ“& (Iﬁ\étﬁlggdn%ggtr é— Iggiﬁsug% d;q“th:éocﬁécggsu?rg f & reference in the
odlnents of the present. disclogure. The,.discussion
disclosie 5 el AHBISIPR, thHelt s EICOSH 19 T Fistenh lsEIARiLes egpecially any
that it is prior art to the present disclosure,
referenge et imaay Jawsny nubligationcdate Rier theyPmeviy datgabthis #ppliation. The
date after the priority date of this application. The
disclosdies cooslir pgerd$, phtentpappivtaionyy atrdnpubipjptionsatcitechsher@amdare hereby
publications cited herein are hereby incorporated by

incorpdree@ boReRrentd) tb (iR SXdne MHat tHegtpréHEY exthArd eprodaiiipd] af Bther details
procedural or other details supplenmentary to those set

supplet@iit tB%c%b@et%ﬁN@reW‘at is claimed is: 1. A method of
preparing a catal yst conprising: contacting a support
with a trivalent titani umconpound and a
chrom um cont ai ni ng



conpound. 2. The nmethod of claim 1l wherein the support
conprises an inorganic oxide. 3. The nethod of claim1l

wob@peiai4d he support conprises silica. 4. The PeL/Osm0g611068

claim1 wherein the surface _area of the support ranges
from about 100 n2/g to abod? 1000 n2/g. 5. The nethod
of claim1l wherein the trivalent titanium conpound
conprises Tid 3, Ti2(SO4CLAIMS (0Ac)3, Ti(+3) oxylate,
Ti (NO3)3, Ti(+3) lactate or conbinations thereof. 6.

What 1§bleimet sod of claim 1 wherein the titaniumis present

1.

10.

in the catalyst in an anount rangi ng fromabout 0.1%

L0 nRBIId o f 3P P g WedailY st @bmbhAsingat al yst. 7. The net hod
of claim1l wherein the chrom um containing conmpound is

\?\:ﬁME&ﬁrg 9 lsldp}écﬁ't GREPL H‘W’iien@ titahi\fin %H{}Bgn@fan& la‘%h%xgxium-containing
ereln the romumis present in the catalyst 1 n an
amount rangi ng fromabout 0.01%to about 10% by wei ght
c?f’mcpﬁ&nérat alyst. 9. The method of claim1 wherein the
support is contacted with the conpound conpri sing

tiiievagthad of ¢laimil orhessin dhe SUPPOS FOMPTISEH aminprganic oxide.

chrom um cont ai ni ng conpound. 10. The nethod of claim
{Thetmaetbodof dleing lippereinithe ipporcomgriggstsilithe conpound
conprising trivalent titanium subsequent to contact
WHelméthed ohtlaith Unvkersinahe sirgace @nmgzositie Tlpporhaanged fiel about 100
of claim1l wherein the support is sinultaneously

GRNE ariiflt WoddmPle conmpound conprising trival ent
titani um and the chrom um containi ng conpound. 12. The

t.h ' el C isi.ng.cal cini t ) )
s 8P et ], PGS el RERIenF iR Grbdila (iprises TicT,
oltiz(ge)t4r5'3, Ti(OAC)3,HTi(+3) oxylate, Ti (NO3)3;, Ti(+3) lactate or combinations

thereof.

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.

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

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.

The method of claim 1 wherein the support is contacted with the compound
comprising trivalent titanium prior to contact with the chromium-containing
compound.

The method of claim 1 wherein the support is contacted with the compound
comprising trivalent titanium subsequent to contact with the chromium-containing

compound.



11.

12.

13.

14.

15.

16.

17.

18.

13. The nethod of claim 12 wherein the calcining is
carried out in a tenperature range of from about 400C

wa 200abe1y9 10000C. 14. A polynerization cat al ySPCEHES2008/011068

produced by the nethod of ¢laim21. 15. The nethod of
claim1 wherein the catal yst, when contacted with an

ol efi n nononer under suitable polynerization

cldwdinethed sof ¢laineflf sdereje the sypnody tsesE@Nsausty peRtpetgd with the
an increased high |load nelt index when conpared to a
pompoend pomphikiegl trivaleng titemiwth led thesthremiminh-aontemieg genpound.
prepared with a tetraval ent titanium species in

AteaRttHod Of Ulai AN fukher Eb@pABIhE @AlcRfing ki fphomhadier addition of the
the catal yst, when contacted with an ol efin nononer

QHgﬁ&nSHkEﬁRh%uﬁPB¥B§L'Zat'on conditions, is effective

to produce a po ymer having a | ower nDIecuIar meight

SRS 02 LTRSS B s RS o o

cies in aqueous solution. 17. The nethod of claiml
Wﬁﬁnﬁb%ﬂﬁﬂ@%%aldﬂy%ﬂoo%ﬁén contacted with an olefin
nononer under suitable polynerization conditions, is
eA pelginevieation ¢utalgiteae peoduatd by thehavthod oficlaimader
nol ecul ar wei ght distribution when conpared to a

PeBhoPbPEMERT WhERH RO cafaRRE WiR® confictadr wiRbalo¥éfin monomer
prepared with a tetraval ent titanium species in

qﬁlﬁgpﬂﬁtaﬁ@ %‘iwﬂmghza%l%n cgggitlggg qg?ﬁ@étlv‘élt d]acg‘,g%g%ﬂer having an

cata en cont act an o |n o
under 4¥ zati on condltlons s eff

t | e
HBTBrss R ieh doFbRAIL Iy R SRTPREH cGsBab b Pifdaged Dsing an

when conpared to_a pol ynmer produced u5|n% an ot herw se
Stherwise suplar vatalyst @5@1%1&11 Withha detrasateny ditaHum: $RESISS Ui aqueous
speci es in aqueous solution.19. A catal yst conposition
colionsi ng a support, chromium and titanium wherein

the titaniumis derived fromTid 3, Ti2(S™)3

, The(¥tBdd of Tlalmr3) whanginaghe cathlysbiGXen, cohtdcted) withah alleiromhonomer
conbi nati ons t hereof.

under suitable polymerization conditions, is effective to produce a polymer having a
lower molecular weight when compared to a polymer produced using an otherwise
similar catalyst prepared with a tetravalent titanium species in aqueous solution.

The method of claim 1 wherein the catalyst, when contacted with an olefin monomer
under suitable polymerization conditions, is effective to produce a polymer having a
broader molecular weight distribution when compared to a polymer produced using
an otherwise similar catalyst prepared with a tetravalent titanium species in aqueous
solution.

The method of claim 1 wherein the catalyst, when contacted with an olefin monomer
under suitable polymerization conditions, is effective to produce a polymer having an

increased melt index when compared to a polymer produced using an otherwise

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



20. The conposition of claim 19 wherein the support
conprises silica and wherein the titaniumand chrom um
W@e@Iesalo present in the catalyst in an anount PCEO§I008011068
fromabout 0.1%to about 102(){0 by wei ght of the

cat al yst. :

19. A catalyst composition comprising a support, chromium, and titanium, wherein the
titanium is derived from TiCl;, Tix(SO4)3,Ti(OAC);, Ti(+3) oxylate, Ti(NOs)3, Ti(+3)
lactate or combinations thereof.

20.  The composition of claim 19 wherein the support comprises silica and wherein the
titanium and chromium are each present in the catalyst in an amount ranging from

about 0.1% to about 10% by weight of the catalyst.



