METHODS OF PREPARI NG ACTI VE CHROM UM ALUM NA
CATALYSTS VI A TREATMENT W TH SULFATE CROSS- REFERENCE
TO RELATED APPLI CATI ONS [0001] This application is
related to commonly owned U.S. Patent Application
Serial No. 10/829,844 entitled "Polynmers Having Low
Level s of Long Chain Branching and Methods of Maki ng
the Sane," filed on April 22, 2004 and i ncorporated by
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FIELD OF THE INVENTION
[0004] The present invention generally relates to catalysts for polymerizing

olefins, and more particularly to methods of preparing active catalysts by treating a
chromium-based catalyst having an alumina support with sulfate.
BACKGROUND OF THE INVENTION

[0005] Supported chromium oxide catalysts are commonly employed to prepare
polyolefins having desirable characteristics. Various supports for chromium oxide catalysts
have been disclosed in the art. The particular support used for the chromium oxide strongly
affects the properties of the polymer being formed. Silica supports have primarily been used
due to their ability to form highly active polymerization catalysts. However, silica supports
do not provide for the production of ultra high molecular weight polymers when hexavalent
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chromumis formed during the catal yst activation,

whi ch often occurs. Al um num phosphate supports are
simlar to silica supports in that they formhighly
active catalysts. However |ike the silica supports,
they also do not have the ability to produce very high
nol ecul ar wei ght pol yners. Further, the polyners
produced using the al um num phosphate supports tend
to contain relatively high amunts of |ong chain
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fluoride tends to sinter the alumina, resulting in the deactivation of the catalysts. A need

therefore exists to develop a method for increasing the activity of chromium catalysts

supperted by alumina without being concerned that the alumina might be sintered.
SUMMARY OF THE INVENTION

[0007] According to an embodiment, methods of preparing a polymerization

catalyst include contacting a support comprising alumina with a sulfating agent and with

chromium. In an embodiment in which the chromium is provided from a chromium

compound such as chromium oxide, the support may be calcined to activate the catalyst after



agent can be | oaded on the support while calcining it.
I n anot her enbodi ment in which the chromumis

provi ded from an organochrom um conpound, the support
may be calcined after contacting it with the

sul fating agent and before contacting it with the

or ganochrom um conpound. [0008] In an enbodi nent,
catal yst conpositions for polynerizing ol efins
conprise chromumand a sulfate treated al um na
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sul fate as a function of the amount of ammoni um
compgupdt e added to the catalyst. [0010] Figure 2
depi cts the nol ecul ar wei ght distributions of
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catalyst treated with sulfate. [0011] Figure 3 depicts
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[0009] Figure 1 depicts a graph illustrating the activity of a chremium/alumina
catalyst treated with sulfate as a function of the amount of ammonium sulfate added to the
catalyst.
[0010] Figure 2 depicts the molecular weight distributions of polyethylene resins
formed using a chromium/alumina catalyst treated with sulfate.
[0011] Figure 3 depicts the molecular weight distributions of polyethylene resins
formed using chromium/alumina catalysts treated with sulfate and not treated with sulfate.
[0012] Figure 4 depicts an Arpett plot showing the linearity of polyethylene

resins formed using chromium/alumina catalysts treated with sulfate and not treated with

sulfate.



sulfate. [0014] Figure 6 depicts the nol ecul ar wei ght

di stributions of polyethylene resins forned using

or ganochromi unf al um na catal ysts treated with sul fate.
[0015] Figures 7 and 8 depict the nol ecul ar wei ght

di stributions of polyethylene resins fornmed using
chrom unf al um na catal ysts, sone of which were treated
with varying anounts of phosphate, fluoride, and

sulfate. [0016] Figure 9 depicts an Arnett plot of
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in the production of polymers commercially viable. The alumina support primarily
comprises alumina. In particular, the amount of alumina present in the support is at least
50% by weight of the total support. The alumina support may be made using methods
known in the art. Examples of such methods include: reacting sodium aluminate, which is
basic, with aluminum sulfate, which is acidic; neutralizing an aluminum salt with a base such
as ammonia or ammonia hydroxide; performing flame hydrolysis of an aluminum
compound; or performing hydrolysis of an organic solution of an aluminum compound by,

e.g., adding water to an alcohol solution of aluminum isopropoxide (AI(OC3Hy)s).



materials that may be added for various reasons, such

as fluoride, phosphate, silica, nmagnesia, boria, or
titania. These materials may be added in the form of

cogel lation or by surface treatnent. Optionally, the

al um na support may be calcined prior to any treatnent

by, e.g., heating in air at a tenperature in a range

of from about 300C to about 900C or from about 500C

to about 800C. [0018] In a first enbodi nent, the

Exal TR BRG L REhi Y It RUE 2 TRk el (9R0 ek QHerE‘t%d f(ﬁtn%ﬂ dh@nina.

pport efore subjecting tthe support to a final
oSBT LR R TR BT Bl Dy

aft ar t he | § or. concu with the. sul fat

e ATy | 9Bine SRR EP ot oM ik s Sof other
calcination ste to dehydrate it i or %

matg b DAPE HAE (18 S5OSO TR FhiTMod e OSphate, silica,
converts hydrated fornms_ of alum na precursors, such

magaesia horr) @ tiame. AT mormatesialseaay byeidsd é thedprm of cagellation or by
initial calcining step may be acconplished by heating

surfadeetraumyor Optinnaly, theiadiminngypportauhichaepiciogd prmsite any treatment
at nosphere, which may be dry or may contain
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The chrom um conpound may be one or nore conpounds
hyd&tdtfa@hseof alumina precursors, such as AI(OH); and AIOOH, to less hydrated forms.
The initial calcining step may be accomplished by heating the support in an oxidizing,
reducing, or inert atmosphere, which may be dry or may contain substantial amounts of
humidity. Such initial dehydration may be carried out at a temperature ranging from about
150°C to about 900°C, from about 200°C to about 800°C, or from about 300°C to 700°C.
The dehydration step may last for a duration of from a few minutes to about 24 hours. After

the initial dehydration step, the support may be given a sulfate and chromium treatment,

followed by the final calcination or activation step.



for conversion to the hexaval ent state of chrom um
Exanpl es of suitable chrom um conpounds i ncl ude
tertiary butyl chromate in a hydrocarbon |iquid,
chromumtrioxide in water, chrom um acetate in
water, chromumnitrate in al cohol, or conbinations
thereof. The chromumis added in an anount
sufficient to ensure that the final catal yst contains
a desired level of chromum [0020] The sul fate nay
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applied to the support via incipient wetness impregnation. When the sulfating agent is a gas
such as SO, it may be introduced to a vessel in which the support is positioned during the
calcination of the support. Examples of sulfating agents include: SO; gas; H,SO4 in water or
an organic liquid such as an alcohol; aqueous solutions comprising at least one of the
following compounds: (NH4)2S04, Alo(SO4)s, CuSOy, ZnSO4, KAI(SO4)2, ZrOS0y, TiOSOy,
MgS0Q4, (NH4)HSO4, NaHSOs, (NHHSO;, CaSO; and Cr(SO4); , and combinations
thereof. Sulfur containing materials that are capable of further oxidation to sulfate during the

calcination step can also serve as the sulfating agent. Examples of such sulfur containing



a calcination step to activate the support, followed
by treating the support anhydrously with the

or ganochrom um conpound. No further calcination of the
or ganochrom um conpound is required to activate the
catal yst. Exanpl es of suitable organochrom um
conpounds include zeroval ent conpounds such as pi
bonded chrom um conpl exes, for exanple, dicunmene
chrom um and di benzene chrom um Pi bonded chrom um
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triallyl, bis(2,4 dimethyl pentdienyl) chromium, and amidochromium compounds.
Additional examples of organochromium compounds can be found in U.S. Patent Nos.
4,806,513, 4,690,990, 4,803,253, and 5,200,379, which are incorporated by reference herein
in their entirety.

[0022] In the two embodiments described above, the calcination step for

activating the catalyst is performed by heating it in an oxidizing atmosphere, for example, in

the presence of oxygen (0), at a temperature in a range of from about 200°C to about



catal yst. Wthout intending to be limted by theory,

it is believed that the sulfate bonds with al um num
and repl aces hydroxi de groups at the surface of the
support that hinder the activity of the catalyst. The
sulfate al so provides greater acidity to the chrom um
active sites. In addition, the introduction of the
sulfate to the support causes little or no sintering
of the alumna such that its relatively high surface
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900°C, alternatively from about 200°C to about 500°C, or alternatively from about 300°C to
about 400°C.

[0024] Catalyst compositions for polymerizing olefins may be formed in the
manner described above. Such catalyst compositions may include chromium and aluminum
sulfate on an alumina support. The chromium is present in such catalyst compositions in an
amount of from about 0.01% to about 10%, from about 0.1% to 10%, from about 0.5% to

about 5%, or from about 0.8% to about 3%, all percentages being by total weight of the final



nore than about 50% or alternatively nore than about
100% greater than the activity of the sane catal yst
conposition without sulfate treatnment. Also, in an
enbodi nent, the catalyst conposition has a surface
area greater than about 50 nR/g, alternatively greater
than about 100 nR/g, or alternatively greater than
about 200 nR2/g. Further, in an enbodi ment, the

catal yst conposition has a pore volune greater than
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introduced to the reaction zone to reduce the
monpples dthg presence of the foregoing sulfate treated chromium-based catalyst having an

alumina support. Examples of suitable monomers include mono-olefins containing 2 to 8
carbon atoms per molecule such as ethylene, propylene, 1-butene, 1-pentene, |-hexene, and
I-octene. The chromium-based catalyst is particularly suitable for producing polyethylene
homopolymers and copolymers of ethylene and mono-olefins containing 3 to 8 carbon atoms
per molecules. Any polymerization reactor known in the art that is capable of polymerizing

olefin monomers to produce the homopolymers or copolymers described herein also may be



wei ght of the polynmer formed. The anmpunt of catal yst
present in the reaction zone may range from about
0.001%to about 1% by weight of all naterials in the
reacti on zone. [0026] In an enbodinment, a slurry

pol yneri zation process is enployed in which the
catal yst is suspended in an inert organic nmedi um and
agitated to maintain it in suspension throughout the
pol yneri zati on process. The organic nmedi um may, e.d.,

used® Suddaeadidrs Ran Bomprye!sARA! RESE, gaQphAR redcBIIRtsbRiiof Rlactors or
t he production of ‘ethylene polyners, the slurry

any Qgﬁlgﬂﬁﬁdnzlﬂéﬂegf] FEsAHE S5 re R kegn 5(91?§r¥s§q1u ed!Had f’e§8t8rs or tubular
reaction zone aft tenperature o rom about to

reacf o1l GRS e P ooyl OGS aths P Bo AR s pS8Mgn peactors
one mononer is placed in the |iguid phase of t.he.. .

can ST R R e sptoe e Hatloan B Cophile! into multiple
g%oviding for contact between the nononer and the

reactoy Su§t§rag Opergied ingRaraligh Py ingseres hEheFabrIRE RisQmay hsrusgdhgo produce
catal yst are relatively high. As used herein, the

ethyleae ippiymers med epgicieoformarepesngs disclpwtyinds SpPaeniddes. p&g4.003,
gram of solid catal yst charged per hour, and the

5,56ps1@6uakli 623N235evbich aro inchgogtainey offerpoleyhemin pr tducedrety. 1f
per gram of solid catalyst charged. 10 [0027] In one

desiedbiodi-ogen t(H,)td® mmnbaRirodhced tdTehe rbe:tico Bdradb eclust the rolecular
cocatalyst in addition to the chrom um based

weigh@lo@theSpolym&efotReRt ahy Sholi@YofR@ahRNhASEE G Mel Radtlde zone may
catal yst either before or after entry into the

rangE ! Ab%ﬂt TN, toFHuENA g\%igﬁ mlﬁﬁﬁt@tlié@ffn Maction ZOne.

cocat al yst may each be I ndependently into a m xi ng

ssel ah . the . . .
(0028352t ach a Sikbfieh Skl s izaboltodisP s Tl IR id Bhich
iod of fram aboyt 1 mnute to,about, 10 hours.at .
tre PilusER sPorrled iR orsrafh e H0oGRH o et §Euspension
After this duration, the contacted catal yst an
throyghon @Pw?ngam PROPRSE £01%t BTG 6 Mo &6~ %%i palfin, a
each feed stream. can_be nmeasured and controll ed
cyclonpgrdfien e | fromglie- cBor et Prguetie ot gthylspst PAKRCEhhe slurry
cocat | ayst provides a nethod of continuously
polymgrizatioh Iprasgsstrivay lesoapidrsii @uit gha gskction zone at a temperature of from about

50°C to about 110°C and at a pressure in the range of from about 100 psia to about 700 psia
or higher. At least one monomer is placed in the liquid phase of the slurry 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 refers to the grams of polymer produced per gram of solid catalyst charged.
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the catalyst and thereby the properties of the polyner
produced. Alternatively, sonme or all of the catalyst
and cocatal yst may also be fed directly into the
reacti on zone where they contact each other for the
first tinme in the presence of the nononer. Exanples of
sui table cocatal ysts include organoal um num conpounds
such as triethylalum num organoboron conpounds such
as triethylboron, tri-n-butyl borane, and

joo37]i pr opy! bgre %mb@ﬂlgﬂeﬁto PRIk RP SIS0 Inﬁf b&&dntactddREith a cocatalyst
sui t abl e organoal um num conpounds i ncl ude al umi num

. I
- a\?ﬁgl}[)lel S[EQ}H(I? ISa hlg AOBA‘%GS carbon )%%eg{n@ﬁ%@o Cc a¥ g)% R ‘iqg awnh the
cataﬁgg eit}}eé e@? hal igeq ee%tr? ;ilrcftg t %y‘ic ht:a ol Izorr]1 F-Ic-)li'] % T ;Iglg,gtﬂlo%gt%lyst and

rre U Aam - CRT

coogiot S‘é,a‘éfi”ﬁ%‘ ek @@%é’q%hmtw%oﬂai%aﬁr‘%%%B%‘fﬂng@ggf“t%? reactor whre
particularly those haV|ng al kyl groups of 1 to

theycare IAWEd GhBregiontagt gash mthey im @ hydfasaspon tS?l'\f%my“Pr MPB?# of from
conpounds such as triphenyl borane, al kyl boron

aboui] lkyjoutkets abeiid R hayrsBf CRHBIpOEIHBe s GomaiboyeR 8t abpwi)00°C.
boron conmpounds such as BC2H2C] 2. Al kyls Il of

Aftdrithikiduratiomebs esitamgd @itayst andh dowtdhest arweictll dandhe reaction zone.
or ganohydrosi |l anes may al so be used as a cocatal yst.

SincEnecle G&dt sakeyifi tecaliy rhesiped ah& echinilied iddeperclaitisl, ped-contrcting the
alternatively it may be introduced into the reaction

cataB@NEhdaRe SocifRR! Frbeidsd 4 Reilbd dNEo ARy Rhir6iRARIWEbosition of
present in the reaction zone may be in the range of

the éa’ia’%@t aRPHE Dy gle tppop%me:él bf the pQI‘%/mfef rAaRAYK 118m2idedy, 5&99911 all of

rts per [1Ton by weight based on the weight of
the éa@eﬁzs% grluy g&%‘[g%t 19%1‘?% éﬂg{}\ﬁ ll‘eﬁ rﬁ@éé‘gﬁven{‘g f(;grgétgx)ﬁ:iég% ?’H[&E they contact

C yst . regnated w t
cact 38t 494 S st healfo e DERcate B oUF degoplt dEtliapt gyl
omum nole ratio in the range af from.about
cocgilys A EIOHBENIT dPTEPH SHER 3P Y BB, gragnoboron
to about 50:1, or fromabout 1:1 to 10:1. [0028] In
comapgtds srchesrgginiteaton, frive-bryForse, sndiriperybatastasd cpmpipations

anot her
thereof. Other suitable organoaluminum compounds include aluminum alkyls such as R;*Al

R,*AIX, and R*AIX, compounds where R* is a 1 to 12 carbon atom hydrocarbyl radical and
X is a halogen such as chlorine. The cocatalyst may, for example, be triethylaluminum
chloride or diethylaluminum chloride. Other suitable organoboron compounds include
trialkyl boron compounds, particularly those having alkyl groups of I to 12 carbon atoms or
2 to 5 carbon atoms, triaryl boron compounds such as triphenylborane, alkyl boron alkoxides

such as B(CyH;s)0C;H; and halogenated atkyl boron compounds such as BCoH.Cl. Alkyls

11



catal yst simultaneously with the sulfated
chrom um based catal yst and the cocatalyst if one is
used. For exanple, the sulfated chrom um based

catal yst may be used in conjunction with a
Ziegler-Natta catal yst to produce a binodal polyner in
a single reactor using one set of polynerization
conditions. Suitable Ziegler-Natta catal yst are
disclosed in U S. Patent Nos. 5,275,992, 5,237,025,

of lﬁhiﬁ%nﬁ%&sluﬁl 1168, Zhd@thef nBhds 2l breanolyeslidfes nayilse, R9ed as a
and 4,607,019, each of which is incorporated by

cocﬁﬁfy@tr e”ﬂﬁ:eec&%{a?y'spn’fafr‘ b'etp?elﬁ&t:éi RthYthe -EQﬁlﬁﬂ”of %tt&gatwe ly it may be
chrom uni al un1na catal'yst al so may be used wt

mtr@(ﬂﬁgﬁﬁﬁ nﬁ-llé ?I Lo zot aﬁ%dd s%&ir%%%&&an‘?u?ﬂe ourft of ﬁocat s% P]resent in

romu brnmodal po yner

| at :
e el e ats Pt AT %‘%OULR;% Péﬁ?vt&éo?fefmm ghout 02 10
shofil] GvaRe R Boseetn o RGBT v e fB85yr Beghiepisems

such as polyethylene honnpolyners and copol yners of

- empleXiyg &k savem widHemindhsneosplvart argliug lw%}édé%aatﬁlﬁst may be
the manner descri bed above to have wunique properties.

impFegnated stitinibe cocatrdysp o premoueixthitoprovided ﬁlriav@alcytalgf@wo chromium
| evel s of long chain branching. Such |ow | evel s of

moleoat® iahizd nngy aitdh rhowa0d : 1 diboat EX): hyltérhaivelr fr@wabout 0.5:1 to
t heol ogi cal breadths conbined with the high Mwv val ues

abo@f 50t her PemBBLS 1 IBheal. ogi cal breadth refers to the
breadth of the transition regi on between New oni an and

[oozEver - | aw fry pRshefbolidtct, fiBE nfonoRe} Yr[ﬁ?rbeoéontte{&%d with another
frequency dependence of the viscosity of the pol ymer.

cata ﬁfahﬁﬁ&le‘&%lf%héﬁé ﬁﬁf;i C!hl?brxﬂu Llﬁgéd ?a@a rrgsft altlchﬁw cocat ?/st if one

axation t |str| UthﬂO apo resin,

is use tFH exam%le the sHlﬁa(:‘t% 1um Q%e(ﬁ gaﬁélést { aéfeo%léls% conjunr.ftlon with

ruc ure arc ure

th b | ted b
a Z?&‘%W&Eﬁf Fudydf gFoes‘ElgfuatbﬁnW hadimer gﬁ%éﬁﬁ@ﬂ?#ﬂdﬁ&ﬂﬂ% set of
oscjl | atory frequency sweep experjnents a
polyerdizRti W gxp&fﬁ%@lﬁ géeg(le@ﬂattar?a@gst arg\msmfﬁsqum U.S. Patent Nos.

represented by the fO||OMAn9 equat i
5,275,992, 5,237,025, " 5,244,990, 5,179,178, 4,855, 271 5,179,178, 5,275,992, and

4,607,019, each of which is incorporated by reference herein in its entirety. The sulfated
chromium/alumina catalyst also may be used with another chromium-based catalyst such as
. a chromium/silica catalyst. A bimodal polymer has both relatively high and low molecular
weight distributions and thus exhibits physical properties characteristic of both such as stress

crack resistance and good processability.
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n-1  E=E 1+(T,] where E = viscosity (Pa-s) g = shear
rate (1/s) a = Theol ogi cal breadth paraneter T~ =
relaxation tinme (s) [describes the location in tinme of
the transition region] Eo = zero shear viscosity
(Pass) [defines the Newtonian plateau] n = power |aw
constant [defines the final slope of the high shear
rate region] 13 To facilitate nodel fitting, the
power |aw constant is held at a constant val ue.

[ooﬁgt ai | s of pbipfiersSis@ihl fak CRdIGEhyAdHE hBkBpRYMAESt A c@fmlyﬂaers of
nodel and derived paraneters may be found in: C

ethﬁeneHbvﬁlp %fhefaﬂlgné)'loleﬁns g&&%@%rod?)l?@cpin th@‘gaﬂner%scn%gé- above to have

H eber and H'H Chiang, Polym Eng.

umife deBPSﬁES gg%ré%gtgx? hthe ? @gn Rt/ ﬁ%?.tf\?i (| ﬂu‘l%g% torf%]% chain
, 1

braggxf m‘Jnglg .lj?qw Haggé ?{F gng\xhﬁu% Rrapéhip%%rgrubaﬁ?%?d] l% tgle l’}aI‘I‘O\kf/ rheéological

bre%ﬁgmaeﬁ?g@%ﬁa’sr@eth? g'}gﬂ--l\'é\tvsvaglg %@@Povgnewe% Sical Brealgveters o

about 25, greater than about 0.30, or qreater t han
the Atsedth ‘3(5 t*Bistl‘aniSlﬁQP EQRIMREtveRs MNewlpoigh aad peypertipnsitype shear rate for a
rheol ogi cal breadths. The pol yners exhibit a narrow
polyrhaodrode dedquipres altpendenanofnthe rvischeitypof theepadyrhetv e Thovheological
high load nelt index (HLM) val ues. The HLM
breddepisesfendti®n ol eherralbveatioh tiealistobutmnmibh pelynree sisim, whithaugin is a
an orifice of 0.0825 inch dianeter when subjected to a

fundtn G 1 redih, HOEUlHr atfbctade or bRBEectdibe Adkivhing ahdI€ox-Bleez rule, the
determ ned in accordance with ASTM D1238 conditi on E.

rhed D& cA B4R a8y Gl ddkMd w)amﬁg floRSEirfcd ABn R Ihedl-ifoelastic
mn, |ess than about 3 mn, or
dynamic oscillatory frequency sweep experlments with a modified Carreau-Yasuda (CY)

model, which is represented by the following equation:

E:]3(,[1Jr(T'f;'f)"]nT_I

where

E = viscosity (Pas)

¥ = shear rate (1/s)

a = rheological breadth parameter

T = relaxation time (s) [describes the location in time of the transition region]
E, = zero shear viscosity (Pa-s) [defines the Newtonian plateau]

n = power law constant [defines the final slope of the high shear rate region]

13



| ess than about 2 g/10 mn. [0030] The | ow | evel s of

| ong chain branching of the polyners are al so

i ndicated by the high weight-average nol ecul ar wei ght
(Mv) val ues conbined with the | ow zero shear

viscosity (E) values of the polyners. In particular,
the polyners have MV s greater than about 300, 000
grans/ mole (g/nol), greater than about 400, 000 g/ nol,
or greater than about 500,000 g/nol. Also, they have

To Elcmveaé H@&el'fﬁ‘ﬁ@ tRDwRP R conxtdMbs Rag at & BSStahiAANRIAi]s of the
Pa- s, | ess than about 5x105 Pa-s. The high

mgry@e%aé% M%Sinf%gu‘?%%étfb%q)f et@mb%em  deBl AN AR ers tHal®8 found in: C.

ynmers fturther 1ndicate 'the Iom1c ain

A.ﬁ Qn'd”ﬁ af chig. Po) axa%ﬂ’%? %2321@99@& iftber atn?ga.H. Chiang,

have r S out

PR STl PR A oSG ﬁ%ﬁ%ﬁg&q%nﬂmgw

delta values. Tan delta is_the ratio of the
Dynegtien s abgnariselignids t [alume duflved Mesamicsd2nd Egmon >John Wiley &

particular frequency on an oscillating visconeter as

Sona €581 Isaeh efsgveh is|ipcoppareted by sfcrondgdiedn iinitsr etirpix:eln pagiicular,
delta val ues, nmeasured at 0.1 radi ans/second (very |ow

the phlyarers etve sh)igh tp eprranetethealucabgyerter tharbabault 108Y5n gteiatge than about
greater than about 1.7, or alternatively greater than

0.3 o Wreater Shah efout 1068 SMmdidasing ey £ard®Ge 06K teirmrheold HEB beadths.
In addition, polyethylene resins produced using the

TheSpollfradre exHigiah Atkrov¢ MRN8 ikl Bichidth RecCH#h& W8 thoRfrerdIvEUew high
in their nolecular weight distributions. The

1oam%§qwe§raqwlg Bhiueld, Sthd H@Mm@pl(eééﬁg) thE #te R MAGSGTd RBHen resin

by a paraneter known as the polydispersity index

thro\(ll\glPEu%1 ’orlg@és SPO '0% ah %l‘?’a dé?elgs\pléeﬁﬁs?l VJ%F‘[%E td Iﬁoﬂ:@ lo?%f'é@b grams at

tributi on ent to

ol S35 S L SEUh B e S Pé*%%?mdmm E
s Y A B S5 o
less than atbou6t 2 {Oer?&ner than

[0030] The low levels of long chain branching of the polymers are also indicated
by the high weight-average molecular weight (M) values combined with the low zero shear
viscosity (E,) values of the polymers. In particular, the polymers have My s greater than
about 300,000 grams/mole (g/mol), greater than about 400,000 g/mol, or greater than about
500,000 g/mol. Also, they have E, values less than about 5x10° Pas, less than about 1x10°

Pa-s, or less than about 5x10° Pa:s. The high Mw values combined with the low relaxation

times (Te)of the polymers further indicate the low chain branching of the polymers. In
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about 8, or greater than about 10. Surprisingly, the

PDI val ues of such polyethylene resins also are often

| ess than about 20, |ess than about 17, |ess than

about 15, or even less than 12. In an enbodi nent, the

pol yet hyl ene resins have PDI values in the range of

fromabout 6 to about 15. Further, the Mz (z-average

nol ecul ar weight)/Mwv rati os of the polymer

conpositions are |ess than about 10, alternatively
parli@d4t, tho dDlyRREWavE rellatib® et RANHAR @bdut 303B&ndd, 4§ than about 7

indicate a relatively high tail in the MWD. 15 [0032]

|
seca_}mé %g%kg Eitaln gg&t\iﬁg@gdhfdk catd ;SUP mé8 GurfiR} B&M h?%h PR Sues. Tan

t dlstrl utions are obtal ned using

deltgells ftgg :T%Fahé % Fo@g Wh%rtﬁ (S?C)mod-mg rg? Cg‘uxleﬁ at a particular

per nea

chronatogra MAth tr
gy R ioirelsS a0t b'i RN tngzCHﬁﬁ R opymeys have
erature of 140C. 2,6- D -t but yl - 4- met hy| pheno

tan (‘@It?l')(a ugs. pepyFrdet (O latad s/ scond oregr zél)i*ﬁ %@?r 13 h rgrqaéer Gggpbout
as a stabilizer in the TCB. An injection volunme of

1.5, pdtgrnpyivedy greptsr thamebant 1 A, o aermatiely gispgnipn about 1.9 when the My
concentration of 0.3 gramliter at roomtenperature.

is aRve 60,000 gmodbf the sanple in stabilized TCB is
carried out by heating at about 160-170C for 20 hours

[0031]t h occasinordditiogepilyehylag tainsoprodidded gehg phe neHite oteated
chromat ogr aph i ncludes two Waters HT-6E colums (7.8

chrd Wi - caldlst COt Uiiiguenal héialmdlEalae dwiighth daruae.  The
I i near pol yethyl ene standard (Phillips Marlex. RTM

mol BiBroR03he fiRfribWhb:L viins) B @6 WeBdribd8i 8Nh ainddethown as the

determ ned. [0033] Polyner resins having the

pol)%s,t%}étlsﬁy f’fldlé)f; %ﬁ \#Jl%@lglrﬂfcgfég me lgéadwgf th@ IIIO cHﬁpwe I%Hlt $stribution

acture or end use articles usi

andtlgcehﬂfvgllégtstokﬁ]le Weibil atv{-;]relge‘;jl molefcu ap Wiight o)i‘l [ S’llyl%el‘ del(PeW by the
8 ,IHJECtIO & erS|nn

hernnforn1 and. cast For p
grs-fw?fﬂr%&ymsﬂe%@ﬁ& S S B WW@ ?lfﬁ dfirticular, the

thernofornmed into an end use article such as
polyetyiere ﬁ@lms @V%BBI vao.]u§sr%_‘9ater§h%qll]0éf 4, géeqtqs);han&boat 6, greater than

conponent of anot her
about 8, or greater than about 10. Surprisingly, the PDI values of such polyethylene resins

also are often less than about 20, less than about 17, less than about 15, or even less than 12,
In an embodiment, the polyethylene resins have PDI values in the range of from about 6 to
about 15.  Further, the My (z-average molecular weight)/Mw ratios of the polymer
compositions are less than about 10, alternatively less than about 6, or less than about 5 and

thus indicate a relatively high tail in the MWD.
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product. Exanples of other end use articles into which
the polymer resins may be fornmed i nclude pipes,
films, bottles, fibers, and so forth. Additional end
use articles would be apparent to those skilled in
the art. EXAMPLES 16 [0034] The invention having been
generally described, the foll ow ng exanples are given
as particular enbodi nents of the invention and to
demonstrate the practice and advantages thereof. It

[00B3) under st gR&ubiAk thd&pEAAEARILAS tRY ErolicMBR D& Yanaf molecular
ilTustration and are not intended to limt the

We%XA ReGidib&Rht g o%[alﬁeﬁ%sﬁg%fzﬁﬁerﬁ]@atloﬁ|ch1%W1a'tJére$ﬂ¥ (RONCThe GPC is

LE 1 [0035] The t oW ng proce ure was repeated

per rﬁléﬁsc’n%% @{eﬁﬁsf %éle trm%ﬁ?o ciﬁ?&%mati?%@” gx(tﬁaﬂprloﬁélzene

uppor

R B o LA AR SRR e, 26

he support had a surface area of bouI 28
h@f@ e halpgsﬁt% GBilares meongation of b@/%am e g ‘érﬁsﬁ‘g 2 a
support was then inpregnated wi th various anounts_of
Stabalrﬁ%m ther BB Ayreinjastiong Heluwa 9 280 ditarp s wssd tithwh nerpinal polymer
Table 1 below, followed by drying the support in a
congenttation ofol2 graav/litt0@Codrorteraproattre] Missolntion offthe ssmploan stabilized
was then inpregnated with a nethanolic solution of
TCEYri§ Na3ied duo by neatingpatasteuc h6@HyIa foh@0eicnys Wah lcowstbnbly gentle
drying it in a vacuum oven at 100C for about 10

agitA@eH. S Thd gel pedhtidnnréndtagrist ielded eOWMaS HNEP columns (7.8
activate calcination in dry air for about 3 hours

mm380® 4G, [1“99 36hmhaRl e LA wiBVEL bad ARYA! Gbethylene, standard

propertles of the actlvated catalyst sanples and t he

(Phﬁ IOPOVI F?lhrpl ]glf-IB ?3) per Clél?]{he Jpoles Fafr weleg%P }éa& Sen (ﬁjetennnﬁ:d

[(]Ogc];'I umaln?ys “ﬁﬂ%& r%g}gs havmg 8 evnogsefy Sgsgglbe%fprggelrtﬁes 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.

EXAMPLES
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found by X-ray fluorescence analysis in each catal yst
sanple after the calcination step, all weight

per cent ages being by total weight of the catal yst.
Based on the results depicted in Table 1, all or a
substantial portion of the sulfate added to the
support was retained on the 17 catalyst during the
cal cination. For sanples | and 2, the anount of

sul fate neasured after calcining was slightly |arger

[0034(]6‘” t he apfdheRFRURYING fbest béRtAlyare@mbed, TlRE Following examples
ditional anount of sulfate nmay be explalned by the

are gglgﬁt ¥?5'1_c>1@)1i ?\#b&&%exﬁ?%@ tR! S lad td @tlsﬂléfnstr&t@%@bﬁ@ﬁjce and

ate reS|due as Na2SO4 by wei ght of

adv% Legs)%ggﬁeae%?.hat ?ﬁ er§too%f ? ?%]rrﬁaq ra% h bgtway%% 1]?1151}&10;1 and

Fve e welg aIu ha s

e bl GRS 4 T s?%ciﬁzﬁ‘hﬂé offf eyt £ PR Es'aﬁaﬁfl"f i

not contribute additional surface area to the support.
A " Quant achrone Aut osor B¥XéM H%ﬁ}ogen Pore Size
Distribution Instrument” was used to determ ne the

[00380r f ace arBi faleivigs procedust waerepeatecthbtimapiodpimg 3 diffgrent catalyst
i nstrunment was acquired fromthe Quantachrone

samf@ies fanmldson 2, efid 3y odsetlymiNa ¥upfoBO@RimiiTh A e cheaeel from W.R.
surface area and pore vol une, expressed per gram of

Gratd€ompanyi wiredhlGiddah ko geR € 6@0°60in peparation fdhed eselas al datalyst.
addi tion, the measured surface area and pore vol une

Thevgglll}]ﬁ)rtcl%ﬁ fﬁ&i: H&f oftal,lﬂg%t%@'rﬁz'/é)ml a URé gcmlm@fof st 1.5 cc/g The

fate as own I n and are al so expressed

alumﬁ? lsﬁ ortpa{%is gl[ie%n]n%re r{gf‘ego&lt '\)aﬂl)usahﬂ?ﬁ&? of YRR din Iﬂlfate in

ese corre ues, surrtace area an pore

did t t I t
aquiely Pé?e R %h%r OBt HEFRLRS P B8 R Pigy Py
st ayed about the s A neMIcIass of i i on
over gt Hi/Srier pput t]Hé’Pé‘fSorQ‘ebsé‘éPPrE wasnthey. lﬂm%neﬁ Afﬁﬁmﬁthanohc

of Amount Anpunt Measured Measured Corrected Corrected
solution of Cr(NO;); to incorporate chromium therein, followed by drying it in a vacuum

oven at 100°C for about 10 hours. The resulting catalyst precursor was then activated by

calcination in dry air for about 3 hours at 600°C.

[0036] Table 1 shows several physical properties of the activated catalyst
samples and the compositions of the catalyst samples. Table 1 further provides the weight
percent of sulfate added to each alumina support and the weight percent of sulfate actually
found by X-ray fluorescence analysis in each catalyst sample after the calcination step, all
weight percentages being by total weight of the catalyst. Based on the results depicted in

Table 1, all or a substantial portion of the sulfate added to the support was retained on the
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Catal yst (NH4) ZSO4 of SO4 of S04 Pore Surface Surface
Pore Added, Sanple Added, Measured, Vol une, Area,

Area, Volunme, of AlZgrans/103 0 wt. % w. %cc/g nZ/g
nZ/g cc/g Alumina O 0 1.7 1.45 300 300 1.45 A 18 1

10 6.78 8.7 1.356 195.5 214 1.49 2 20 12.70 14.28

1.296 285.2 333 1.51 3 40 22.54 19.35 1.173 164.5 204
1.45 EXAMPLE 2 [00381 Catal yst sanples (sanples 4-9)

were prepared in the same manner as described in

catdB¥A MLy theWalchhabibh.f B6ERn pd¥OUMIS, @e ShdinabEsBMketRtasured after

that sanple 4 contained no sulfate. The anount of

caldhinbal & ﬁgﬂﬁﬂ 15r2eeAGh HFALALYISImSRIRIreuRRE Jb&. Wainghidditional
percent o exaval ent chromum (Cr VI) contained in

. | (0] I
L AT A e U R
ac at t | e, was {n a.2 2.]iter steel .
confi SRSl s BRSTR TR N G bbb syslbnonthsdt oot s
rpm A steel jacket caqntaining . boili t.hanol wth
pre}éﬁ%t&}?ne tivgh Al gbssrved thel Hﬁe%’%ﬁgt &f rtg‘%& g2 tSHiport increased
_reactor. The boiling point of the methanol was
sigid Bernily|due do e adapspting ofither gfate- plewaisr eddigg|spidae tothesapport
condenser and jacket, which permtted precise
did tnetrgentrbuie @additonal shrfacs aea b thehsippors degReantachrome Autosorb-6
centigrade, wth the help of electronic contro
Nitiopat PeroSie DistAbsival lhstawmzutitwasabalo ddte@dint theGuitfBeegaraansy pore
of the catalyst sanple was first charged under
volithd 60@€ Buppartt. nThid iystrigeet Wis. achiedd ftord tHd Q@htaRfrome Corporation

of Syosset, N.Y.
[0037] The measured surface area and pore volume, expressed per gram of the
finished catalyst, are aiso shown in Table 1. In addition, the measured surface area and
pore volume were corrected for the additional weight of the sulfate as shown in Table 1
and are also expressed in Table 1 per gram of the original alumina support. In view of
these corrected values, surface area and pore volume did not significantly decline as the

amount of sulfate added was increased. Rather, they surprisingly stayed about the same.

A new class of polymerization catalysts has therefore been created.

Table 1

&rrlllo;”ggf Amount Amount Measured | Measured | Corrected | Corrected

Catalyst arz= 4 of SO, of SO, Pore Surface Surface Pore
Added,

Sample Added, | Measured, | Volume, Area, Area, Volume,

grams/100 wt. %% wt. % cel m?/ m?/ ccf

g of ALO; - g 9 ’ ’ °
Alugnlna 0 0 1.7 1.45 300 300 1.45
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i sobutane liquid was charged to the reactor,

reactor was heated up to 95C
cocatal yst was added in a heptane sol uti on m dway

during the
cocat al yst added was equa

i sobut ane addi ti on.

i sobut ane di |l uent by weight.
added to the reactor to equal

and t he

Tri et hyl boron (TEB)

Finally,

The anmount of TEB
to about 8 ppm of the

et hyl ene was
a fixed pressure of 550

The

psi g, which was mai ntai ned during the experinent.
stirfingighras [al ggwed ] 193 %0 conglzpsie [T ORgAHOUT O 1.49
hour | ang The agliavi |y wass not ed by riecegshi ng t hessf TOW ™ 1 51
of “eéthylTgne [i niOs4 e T eagd Or| [ g 10w NL aingy & Ne Seip4 145
préssure. [0040] After the affotted tine, the éthylene
fl ow was stopped and the reactor slowy depressurized
and opened to recover a gr @b pol ymer powder. In
all cases the reactor was eéan with no indication of
y wal | coa ther forns qf. i
1003§]¢ P yneﬁa*ﬁla;e%u%msg "%’ﬁ@ﬁsg ot PRl gRb gohe maner as
ti Vi sp i ed as pol roduced
des“ﬁ\g’red é d‘f'ﬁ’of! %SFF%H paquits ng%@‘gﬂ ‘%‘8%5& PW&EH“&““E“ no

The results of these
sulfatgp| Ehecanyamb gl sulfge 2

zero.

of pol yner

cat al

steePfhét¥l EdhiHed WNBSE neRhAkMRL Fotain %

yst

olynerlzatlon runs are shown in
el to gpch ﬁ@alﬁm syclpp@}e #ndsthp weight percent of

recovered_fron1each run was determ ned in qccordance
hexapatent chAsTMNDICSE]) qantaingf! it lsectpsimpie by tdialdveight i Vhe sfmple are
To conpensate for the sulfate

sulfate loading in Figure 1.

bo:lﬁg

Pol yer

ok S8 Owit Y RofREA VS b s(éélﬂé%é%

Run Activity,

Act 1 vi

T

wei ght gai n,
showe tnl Vable2 dewcorrected and is thus expressed as grans
produced per gram of the origina

increased the activity of the catalyst.

t he

al um na
[00B®Ypport pen fdpherizafion BB tush@sash cadekt BgnsieWaatadé i 4 De liter

The

AR sBRI jacket containing
unt of

ﬁ!ﬁ%ﬂﬁ&ed@ﬁé RhMSE The boiling

point of the methanol was controlled by varying mtrogen 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. A small amount (about 0.04 to 0.10 grams)
of the catalyst sample was first charged under nitrogen to the dry reactor. Next 1.2 liter of
isobutane liquid was charged to the reactor, and the reactor was heated up to 95°C.
Triethylboron {TEB) cocatalyst was added in a heptane solution midway during the
isobutane addition. The amount of TEB cocatalyst added was equal to about 8 ppm of the
Finally, ethylene was added to the reactor to equal a fixed

1sobutane diluent by weight.

pressure of 550 psig, which was maintained during the experiment. The stirring was allowed
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No Sanpl e added, of C VI, Charged, Yield, Tine, g/g/
No. grans per wt.%g g min Al203/h Al 03/h 100 Al 233
14 0 0.0303 48 30 3168 3168 2 5 5 0.058 119 31 3971
4115 3 6 10 0.3286 0.0458 141 35 5278 5661 4 6 10
0.3286 0.044 131 34 5254 5636 5 6 10 0.3286 0.0458
141 35 5278 5661 6 6 10 0.3286 0.044 131 34 5254 5636
7 7 20 0.0605 142 30 4694 5377 8 7 20 0.2295 0.0533
158 30 5929 6791 20 9 7 20 0.0605 142 30 4694 5377

to chBtifhied0r dbolZohe 1RAL az@th'é%mw&s noted B l%@or@i-ngﬂ%m&;;l 3f dftylene
3977 4555 12 8 20 0.0384 87 31 4385 5023 13 9 40

nolsRa oy BT ERTIE 3 [ 00421 A catal yst treat ed
i.th 20 f i ) 1
[Oﬂmt pazréx%tgr e e hHl(rﬁn,etShg eé%%l%}egfg&y 6}93%@20%%&? ap% H]reereactor

i ght of allUmna was mnma C roce

escri bed i anple 1. The catalyst contained. 2 % Cr
Sy Rareg ot T PFL OV ¢ SRR T TP eB0det Ges the
activation, and then it was used to polynerize .
reacé@qq\wseq%@mawlﬂg 5e inghentign of gy @/agcse%?,cﬁoa@g, &7 PHgr forms of fouling.

procedure ) . )
The polymer powder was then removed and weighed. Activity was specified as grams of

polymer produced per gram of solid catalyst charged per hour.

[0041] The results of these polymerization runs are shown in Table 2 below.
The HLMI of the polymer resin recovered from each run was determined in accordance with
ASTM D1238. All of the polymers had an HLMI of zero. To compensate for the sulfate
weight gain, the activity was corrected and is thus expressed as grams of polymer produced
per gram of the original alumina support per hour. In most cases, adding sulfate to the
catalyst increased the activity of the catalyst. The activity of these catalysts is plotted against

sulfate loading in Figure 1.

Table 2
Ammount of Corrected
Run Catalyst | (NH,)250, | Amount | Catalyst | Polymer | Run Activity, Activit
N Sample added, of Cr Vi, | Charged, Yield, Time, | g/g Y
0. 5 : g/g
No. grams per wt. % g g min | Al,Os/h ALOW/N
100 g AlLO; 23
1 4 0 0.0303 48 30 3168 3168
2 5 5 0.058 119 31 3971 4115
3 6 i0 0.3286 0.0458 141 35 5278 5661
4 6 10 0.3286 0.044 131 34 5254 5636
5 6 10 0.3286 0.0458 141 35 5278 5661
6 6 10 0.3286 0.044 131 34 5254 5636
7 7 20 0.0805 142 30 4694 5377
8 7 2Q 0.2295 0.0533 158 30 5929 6791

20



descri bed above, wth the exception of two changes.
First, two of the runs were perfornmed using 8 ppm of
triethylalum num (TEA) as the cocatal yst, and two runs
were performed wusing 8 ppmof triethyl boron (TEB) as
the cocatal yst. Second, 50 psig of H2 was added to

the autocl ave after isobutane addition but before

et hyl ene addition. This was done during each run to
decrease the nol ecul ar wei ght of the polyethylene

eI nyTormedpneqch runf odd@splt 43 he kﬁrgglﬁﬁ@unﬁngg77

1idyjlugen add&z‘bi, the poly [(jlﬂgne LEs|

o HE at Ao it
t
n

ves—agt—zero- Hgur-e L 4|x{,|o i'ql:lfa
IIIIIII VQ rat-hi ] gt

1
1";\133 nh dilst richut i-ons-of & resi-ns
r bduBed |i n.2Rosel r uns QOQ:‘"ﬁfH Do &aen it miohes o 5023

Bhe mbl edul arOwei gHt 1P sk rd- 9882 i ond3bf |t B8 3091 | 3990

1ol yethyllene 4pesi nL. 1086 e| rmodfdt at el193 brljodd, |andB4Bheji r 4322

Mv val ues were very high. In fact, the average Mv was

over | mllion, which is surprising considering the

| arge anount of H2 presgntvpiespite this high My,
~there is a lack of high Mvtail, as can be seen from

[00 déie sharp Adc%fa'x sDEedttd WA %&& LHf%FanM%'ugll?tsuifate pet 100 parts by

stribution c rve at high This can al so be seen

welgp/t 0f2 u&&was%m&%}d"gg %mhﬁn%eamodez@@%r ﬁ%ﬁ%ﬁ?edﬁh The

IS nore sensitrve t

istributio 043 . ar es Ih .
catesT SRRt A BTGP aRing P GBI P b §9feaf§vauons
formed using the sulfate treated Cr/al um na cataIP]/
and thangtvarised tohpolvnerizeCrhylepe wed xjhtand $59 pug acvorlinstoytheprgeedure
the TEB cocatal yst to the MAD of a pol yner forned
desdtibet gb@veGhith hengxoeptioatodiitys thanged. diirst, tgo o tsuuhatverelpetformed
ot herwi se prepared, activated, and run identically.

usm@ g Fuslﬁ oF tAedlalukdihs Y TBABSs &Heeccmatary@wviaﬁw 1w frest wab gelformed
ate on the MAD. EXAMPLE 4 [0044] Catal ysts treated

usufé'I St Por? of Ricf RS STEBTIR MitBcatiybat RcHRY, 58 PFeRAH,Swas added to
al um na by wei ght were made as preV|oust described in

the Eﬁiggpve aftkr 13-59%1% SRb RSk Before ethylene addition. This was done during
each run to decrease the molecular weight of the polyethylene resin formed in each run.
Despite the large amount of hydrogen added, the polyethylene resins still had HLMI values
of zero. Figure 2 illustrates the molecular weight distributions of the polyethylene resins
produced in those runs. As can be seen in Figure 2, the molecular weight distributions of the
polyethylene resins were moderately broad, and their My values were very high. In fact, the
average My was over 1 million, which is surprising considering the large amount of H
present. Despite this high My, there is a lack of high My tail, as can be seen from the sharp

decline in the molecular weight distribution curve at high My. This can also be seen by
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contai ned 2% Cr by weight of the alum na and were
cal cined at 600C for activation. These catalysts were
then allowed to polynerize ethylene at 95C and 550
psig as previously described, except that 175 psig of
hydrogen gas was added to decrease the nol ecul ar
wei ght of the polyner fornmed. The cocatal yst used was
8 ppm by wei ght (based on the isobutane diluent) of a
m xture of 3 parts TEB and 1 part TEA. [0045] As shown
lowieP ML, atfosDhRW.alsbahida0uiSs Ble@BR bl BSn&E sélfive to the high side of
pol yet hyl ene resin produced in each run were
the d8LBLMned at 190C. GPC was enpl oyed to determ ne the
., M\, and Mz val ues for each polyethyl ene resin.
e zero s [ ty e (
WOIﬂeologicaFgﬁ%%gd%%&%g?aﬁ%F%Pk% %ﬁ§%ﬁ%9 %ﬁ$£§ndgf%g:efﬂw
of . eac oI et hyl ene resi e S .
for il S S SRS i B 1S GELTTR SR it vith 145
first one_was determ ned u3|n% t he af orenentij on
SOy Ieiabt RE e Al DN end deo hBB Fwealyg te A Wb e 2 ymer formed
usi ng the theol ogy of the polynmer. The nelt index
usingvt §r/alumingreatedyst exéining npsulfage Butgfthervisgypespared, aegbategh and run
resin through an orifice of 0.0825 inch dianmeter when
idergighlil e cfigde Bagan flbistageothe Aart@ing gifents! éit sAIG0C)N thadiWD.
deternmined in accordance with ASTM D1238. [0046] As
shown in Table 3, despi EXAMBLEdrge anmount of H2
added, the polyethylene resins had | ow HLM val ues,
[004d)i ch i ndi cahBsts hthtell NGYh Nag 1 @hrtTemaLHIuAT sulfded GBL $00 parts
Further, as the anount of sulfate increased, the HLM

alufin® pcB)eqzelghﬂ WeFeaHaﬂtg ab BRdviodsle dReRSRNHEERm il @ q. Syhbat @atalysts
caused the nol ecul ar weights to increase. The neasured

congﬁm ?%W el Iﬂ)‘é‘?%% g‘lﬂmﬁﬂa%ﬁ %?fﬂcaﬁﬁnetdrb? 6@(5'6@%; acQvaatlon These

ate spite the nol ecu

Cata‘[‘%&* Bsre’yta%g%*@‘ﬁe&y SR R %;ﬁﬁm%?"\%ﬁ? Ipreviousty

Mv MN val ues ranging from8 to 13. The resins
desvalb% CXGHE K136 & { 0RRig Olirasch eas Wy Mied i drstsawsrthe poipsulan weight

The M7/ Mv is anot her nmeasure of .
of the polymer formed. The cocatalyst used was 8 ppm by weight (based on the isobutane

dituent} of a mixture of 3 parts TEB and 1 part TEA.

[0045] As shown in Table 3 below, various properties of the polyethylene resin
produced in each run were determined at 190°C. GPC was employed to determine the My,
My, and Mz values for each polyethylene resin. The zero shear viscosity (E,), relaxation
time (T:), rheological breadth parameter (a), and the tan delta of each polyethylene resin
were determined as described above, Two HLMI values are provided: the first one was

determined using the aforementioned ASTM method and the second one was calculated
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nol ecul ar wei ght breadth, which is particularly
sensitive to the highest nol ecul ar weight conponents
of the distribution. [0047] A distinctive feature of
the polyner resins was their | ow degree of Iong chain
branchi ng, as indicated by several of the results in
Table 3. The HLM/M ratio values were nmuch | ower
than those of polynmers produced by ot her
chrom um based catalysts at such high Mv. Despite

usi Hé Mol ¥BhéIBSlyinBr. 1TH MaEgexMIP WehiB0QpleSen@MBE rate of flow of
Py

, 000 g/ nol he relaxation tinmes of the resins

a mE\ﬁ nereQH ltﬁfml?%]tag Rifee 89@@@ i &kaﬁ @L\?‘p WHRLEE S 4 ﬁfrce of 2,160

pol ymer s genera espeC|a pol yners

era AP R e ﬂ?lge*lmeaP%aﬁ%ﬁ%%‘stﬁf@ﬁP%fﬁi,23?'323 e
(00 lﬂ%%ﬁ?ﬂég@ Sl Jale ¥ HSHECA B Hnlafhie: wiged. e

ul fate caused those val ues 23 .
polxeﬁwlfélatneﬂgs Bacy lopy E ! YéHuqSoW@l%'hlaﬁﬁatsrtgﬁéh%ha.d fygh molecular
fact, the catalyst containing the |argest anmount of
weighis.f Suahosr silie ainoaniol gty ngiesciete fIndl Hraghed. Nodiefting that
over half a mllion and a paranmeter of 0.38. A
the paasemet eff thef sulfa@8causedatipvmotehalar evepghits &d irferaass. evidw raeasured
Ziegler- Natta catal yst at the same Mv. The high tan

molél@lldravsights @dsoeitbrielieti ed thy atroentpel ydfateyinereasedr eBedpiie the high
al so indicate that the resins were essentially linear.

mold@idrewd gty nthN Espdrsdy IndexOvalIONGL/MY of M h@I$EMRylene resins
Added, g/100 g 8 20 20 40 A1203 HLM, g/10 min 4.7

werd s %?rlgm%@ garg)zv Qi Rt/ (/Mh%s’ ra%m%’ forR Ept(32§6 ﬂe‘ﬂ%&%s also
0.2295 0.1046 Nn/100 "6 g/ ol 24.33 26.27 32.

uneﬁ%b@:gly exhibited Mz/Mw values of around 4. The Mz/Myw is another measure of
molecular weight breadth, which is particularly sensitive to the highest molecular weight
components of the distribution.

[0047] A distinctive feature of the polymer resins was their low degree of long
chain branching, as indicated by several of the results in Table 3. The HLMI/MI ratio values
were much lower than those of polymers produced by other chromium-based catalysts at
such high My. Despite having My values in the range of 300,000 to over 500,000 g/mol,
the relaxation times of the resins were only 2 to 6 seconds, which is also unique for polymers
in general, and especially for polymers produced by chromium-based catalysts. The resins

also exhibited high tan delta (measured at 0.1rad/sec) values and a parameters unprecedented

by other chromium-based catalysts. In each case, the addition of sulfate caused those values



Mv 1000, kg/ nol
Mz/ 1000, kg/ nol

459 328.6 301.7 367.83 521.14
3600 1361.49 1265.41 1548.55 2295.61

MV Mh 105 13.503 11.487 11.422 8.014 M/ Mv 7.8 4. 14

4.19 4.21 4.40 Zero Shear Viscosity,

Pas 8.1 E+6

4. 88E+05 4. 45E+5 6. 82E+05 1. 38E+6 Rel axation Tine, s

137 2.12 1.83 3.14 5.52 Rheol ogi ca
a 0.2749 0.2962 0.3027 0.30 0.3846 M,

Par anet er,

g/ 10 min 0.008 0.049 0.0495 0.0334 0.0099 HLM,

up, thd®atide 4 Becdeabd inl 1o cRaid Branthihd/ M fa&ﬂ&eﬂo@ta‘ﬂﬁt ééntadding the
1.841 1.917 1.705
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be seen in

g/ 10

. 562

e£H5- 135, 2003, which

herein in its entlrety

When the log of the zero ¥M&? nelt viscosity is

Fi gure

plotted against the log 24 of the weight average
RUH\NUWFWI ar weight linear AI YIRLS £al I on % he |Arnét.t 5
AWPéWéf@%BbS@W%@edghﬂ?&h is al so shqmn ih Fegure 3.20 40
APeis—the—farther—eff—this .“e nt—falt-s;—the

HL 10 nchi nn4 fiod gﬁy 'I‘2 et \’I'O V'E]?\' e 0.277
Cri\'h#&%r epr esent | brangh LB 10 8&88610 R43%801)s 0.2295 0.1046
M09 koiee can see that [t hethore di%Pate a@déed,| t Ba? 65.03
Mw/1G98eie/mdhe points come |t o 4he |iF8BE _ref@lénge i Ae. | 52114
Mz/1000, kg/mol 3600 1361.49 1265.41 1548.55 229561
Mw/Mn 105 13.503 11.487 11.422 8.014
Mz/Mw 7.8 4.14 419 4.21 4.40
Zero Shear Viscosity, Pa's 8.1 E+8 4.88E+05 | 4.45E+5 | 6.82E+05 | 1.3BE+6
Relaxation Time, s 137 2.12 1.83 3.14 5.52
Rheological Breadth Parameter, a 0.2749 0.2962 0.3027 0.30 0.3846
MI, g/10 min (.008 0.049 0.0495 0.0334 0.0099
HLMI, g/10 min 0.92 2.18 2.1 1.50 0.32
HLMI/MI 115 45 43 45 33
Tan delta @ 0.1/s 0.853 1.841 1.917 1.705 1.562

[0048]

Another indication of the effect of sulfate in decreasing long chain

branching can be seen in Figure 4, which is called an “Arnett” plot. Additional disclosure

regarding the Arnett plot can be found in Long Chain Branching in Polyethylene from the

Phillips Chromium Catalyst, M. P. McDaniel,* D. C. Rohlfing, and E. A. Benham, Polymer

Reaction Engineering Vol. 11, No. 2, pp. 105-135, 2003, which is incorporated by reference

herein in its entirety. When the log of the zero shear melt viscosity is plotted against the log
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[0049] Figure 5 shows the nol ecul ar wei ght
distribution of sone of the polyners in Table 3. One
can see that as sulfate is added to the catalyst, the
nol ecul ar wei ght distribution narrows, elimnating
especially the | ow nol ecul ar wei ght end of the curve.
EXAMPLE 5 [0050] The follow ng run was perforned tw ce
and denonstrates the use of an organochron um
conpound with the sul fated al um na support. Alum na A

of the BN Bveradd ABRcHASWEIRL Nn@PidiyiRes BNl WP 8ERREEHence line,
W t h an aqueous sol ution of ammonium sul fate to

which (i:%c Béoemogﬁgg r}t\ﬁl?%lge 3 Theud %eai*artmsqneaa!mﬁi {418, the more long

sulfate a equi valent to 20 wt . % based on the
i ght . of. the.al ugi cal cul r
cralf by b, e RE B3 1B 4810 carbons.
owder was then calcined in.d air for 3 hours a .
ThigoBes catb i nalotne ghaifs e (A S PRes Ta PRt 8 (i dineor
was then slurried in about 100 nL of dry heptane, to

refefgiice inSyas i nj ect ed di cunene chronium (0) sl owy over
about 1 minute, in an amount chosen to yield 1%Cr
[004Yal cul at ebighe S shewatrcangleaar wisigihdistiguiéen ¢fsompef the polymers
wei ght of the calcined sulfated alum na. The di cunene
in EdvlooRi UOmarvean epsi bkl §s ad&or bealdettto theneatalyppthet moleadar weight
i ndicated by the color mgration fromthe heptane
disttibgjidinGhafrow, BEmalappe edpecifiiyt e ladsolepilaoneiglatend obthe curve.
tenperature, the remaining heptane was evaporated off
with gentle heat (-40C) gx2a™Mpi0511 Exactly 0.1513 gram
of the catal yst descri bed above was then added to the

[oos@act or depgd {MEHiRBAN SvaspRIhOMRAWRYE shdZichioh§fatesQhic use of an
I Sobut ane, 20 psi hydrogen, and then 550 psig

oo S SRR SO0 g A OB
e BBl SR AL 28R e o
inciﬁil;gtbgvéatge\gm%? tro%? g{n@%, o%gﬁﬁl%ggq%ik nggxtezaf@%%?vg%%@um]e%ft to 20 wt.%.
based on the weight of the alumina (calculated as Al,O3). After being dried in a vacuum
oven for 12 hours, this powder was then calcined in dry air for 3 hours at 600°C. About 10
grams of the calcined sulfated alumina was then slurried in about 100 mL of dry heptane, to
which was injected dicumene chromium (0) slowly over about I minute, in an amount
chosen to yield 1% Cr (calculated as the metal) by weight based on the weight of the
calcined sulfated alumina. The dicumene chromium was quickly adsorbed onto the support,

as indicated by the color migration from the heptane liquid to the support. After adsorption

at room temperature, the remaining heptane was evaporated off with gentle heat (~40°C).
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EXAMPLE 6 [00521 The follow ng runs denonstrate the
use of sulfate to nodify the nolecul ar weight

di stribution on an al um nophosphate catal yst. Al um na
A having a surface area of about 300 n2/g and a pore
vol une of about 1.5 cc/g was obtained fromWR G ace.
It was calcined in flowng dry nitrogen at 600C for
about 1 hour. At this point some of the alum na was
treated with sulfate and the rest was not. The al um na

[00d19 be sul fraled vwasii bam of MPLEERAL &dciRdiBEIPWENEhen added to
wet ness with water containing sulfuric acid in an

the %ﬁﬁwaesmh\ﬁﬂh\%ﬂ% lo Cgﬁﬂaﬁllo/? Yer Slg%uﬁagx%) idq%%gﬁ%rgﬁepn, and then

mna to be use ated a

ss0gSEeiyia® FooePabiiy Menoe rr aplorC T BTl ME vilded
[ 00531 Then sanp]es of both sulfated and, non- f at ,

74 i e ieBe oF s EBERRR OB AR R BT T Thdroe DS
bi fl uori de, phosphoric acid and chromumnitrate were .

for hgdwa rurseda éﬁ@waum vigue i rlalcagh g ery broad YYD gvas obtained
hours under vacuum renoved excess nethanol. These

havipg e Myt 1g3¢adaion & .88 and 2M-0f 25Y2.00.ght  of the
catal yst. The anmounts of phosphate and fluoride added
are listed in Tabl es 4 EBXAMPLEeS ow. Each catal yst was
then activated by 26 calcination in flowing dry air

[0052] 400 t o Th20fdllodsngs MEnan demorshetet tidl es. oPalujfier oz ataddi the
runs were nade at 95C by the sanme procedures

mol&8R¢ WeRBOdiaRBM®N ol dn@lluiihapHéspHAEBatlyst. t A@lilW ROEARAE a surface
cocatalyst was used, along with 50 psig H2. Ethylene

area YR3bRM @@(‘) tnglg 521?1?_ a%ﬁ%m@&f a'f-_b%Qt Ps icgﬁf\«\%g oBRRKE 8% WR. Grace.

m nut es. e properties of the polyners
G SRl ARE e Ty S R Dot
o A S B B Rl B R N wos e
impr%gargtteed to incipient wetness with water containing sulfuric acid in an amount equivalent
to 7.3% by weight of the dry alumina to be used (calculated as ALO;). The damp powder
was then dried at 110°C for 8 hours al.’ld again calcined in nitrogen at 600°C for about an
hour.

[0053] Then samples of both sulfated and non-sulfated aluminas were slurried in
methanol to which ammonium biftuoride, phosphoric acid and chromium nitrate were added
sequentially. A final drying at 100°C for 8 hours under vacuum removed excess methanol.
These catalysts contained about 2% Cr by weight of the catalyst. The amounts of phosphate

and fluoride added are listed in Tables 4 and 5 below. Each catalyst was then activated by
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activation tenperature (600C), with the sane

cocatal yst (TEA vs. TEB) and at the sane |I|evel of

phosphat e, since each of these variables contributes

to the breadth of the nolecular weight distribution.

When that conparison is nade one can see that sulfate

does have the effect of narrow ng the nol ecul ar

wei ght distribution by dimnishing both the high and

l ow nol ecular weight tails. Thus, both the Mwv MN and
caldYkdtiW ity BbWES B 8ir la0WE) tof T0 e shithvh at @ tats@MPoB8nerization runs

Figures 7 and 8 show t he nol ecul ar wei ght

Wer‘é' Shid Butdsen, b}p WeV Sne Wb ehurtBKRsckiBES ab&fe ecltrlethy aluminum or
abundantly cl éar. Figure 9 shows an Arnett pl ot "of

tr1€§h§h(§o§ n&% Yl@:dc{l %@R}Q $b @QF?—E Ettm%netvtﬂa% ﬁHileatoﬁ demand

he pol'y I near n eac series
the addition of sulfate causes the
mségpﬁgga”%oﬁgbén%V%§er to the Awnett I|ne |nd|cat|ng
crea3|ng linearity abl e T
lﬂﬁi\‘ﬂt vity RLiw pm@aﬁaﬁ Uik polresn BroR e SHONDG! Tfh and 5
st em Sulfated 1 0.10 2 7.3 40
One G e 1336%1@84 ohaI@OéBthsd‘ﬂwé\/lwnCi Me/Mg; yalyesgwerg ngrratjedy by the
7.3 400 -C TEA 1341 0.2 32.08 479 2236.3 14.9 4.7 3
addgionof2uifatg. 6i30seeChiFEEegseneanast [rrioem Jo7pagnorizznons 4 the same
4 0.10 2 7.3 600 -C TEA 520 0.3 26.64 701.28 2721.5
acti2@io® tBmPerature (600°C), with the same cocatalyst (TEA vs. TEB) and at the same
level of phosphate, since each of these variables contributes to the breadth of the molecular
weight distribution. When that comparison is made one can see that sulfate does have the
effect of narrowing the molecular weight distribution by diminishing both the high and low
molecular weight tails. Thus, both the Mw/My and Mz/Mw values are lower for the sulfated
samples. Figures 7 and 8 show the molecular weight distribution, curves, which make this
effect abundantly clear. Figure 9 shows an Armett plot of this same data, which demonstrates
that the sulfate tends to make the polymer more linear. In each series (TEA and TEB), the

addition of sulfate causes the points to move closer to the Arnett line, indicating increasing

linearity.
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50.10 2 7.3 750 -C TEB 1636 22.3 4.79 307.51 2469.8
64.2 8.0 6 0.10 2 7.3 750 -C TEA 1668 0.6 31.67
478.14 2233.7 15.1 4.7 Not Sulfated 7 0 0 O 600 -C
TEB 1074 4.7 4.39 459.08 3603.43 104.6 7.8 8 0.11 2 0
600 -C TEE 1636 50.5 6.09 202.77 2956.45 33.3 14.6 9
0.11 2 0 600 -C TEA 882 4.5 5.01 398.17 3768.54 79.5
9.5 10 0 0 0 600 -C TEA 559 0.7 6.25 720.12 52221. 44
115.2 7.3 11 0 2 0 600 -C TEA 634 0.0 7.79 887.56
3932.04 113.9 4.4 12 0 10 0 600 -C TEA 205 0.3 8. 47
756.55 3809.53 89.3 5.0 1f8b404 2.7 0 600 -C TEA 1168
0.3 5.86 670.59 3690.24 114.4 5.5 14 0.04 2.7 0 600
-C TEA 1406 0.6 7.98 626.58 3688.54 78.5 5.9 28 Table
5 Run # P/Al % %0n Act Co- I\/h MNI\/IZ ACtIVIty HLI M

MO VE7 MV —Tenp. —carar yst [H1000 T T00D{ T000 SutTared - =
Ry QPAQ 2477, 340075, TERL164! 0 W

367 7001601020723 400 °C

9548,3 14,9 4,7 17.0. 0.2 |73 609 mEBsg%gma 5 Jaz? 14,,
397 25612 32 776. 340018 Orel0 |2i:4. 306002 TEA 520: 0. 345 a7
26. 6410701228 2721s5%-26.323.]9959195.9. 10142 7F9'3 7BOQ C:TEB s
1636°22. 324, 79°* 30751 24609. 852 4.2 820 720'0. 16'2 7¢HQ 30

750 [, TEA;1668,0. &,31. 62, 418,54 ﬁésm I iy

Not Sulfated

7 0 0 0 600 °C TEB 1074 4.7 4.39 459.08 3603.43 104.6 7.8
8 0.11 2 0 B6GC °C TEB 1636 60.5 6.0¢ 202.77 2956.45 33.3 14.6
9 011 2 0 600 °C TEA 882 4.5 5.01 398.17 3768.54 78.5 9.5
10 Q 0 o] 600 °C TEA 559 0.7 6.25 TZ0.12 5221.44 115.2 7.3
11 ¢ 2 o 600 °C TEA 534 0.0 7.79 8687.56 3932.04 11389 4.4
12 0 10 o] 600 °C TEA 205 0.3 8.47 756.55 3808.53 89.3 5.0
13 0.04 2.7 0 600 °C TEA 1168 0.3 5.86 670.50 3690.24 114.4 5.5
14 0.04 2.7 o 600 °C TEA 1406 0.8 7.98 $26.56 3688.54 78.5 5.9
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Not Sulfated 21 0 0 0 600 C TEB 1074 4.7 4.39 459.08
3603.43 104.6 7.8 22 0.11 2 0 600 C TEB 1636 50.5
6.09 202.77 2956.45 33.3 14.6 23 0.11 2 0 600 C TEA
882 4.5 5.01 398.17 3768.54 79.5 9.5 24 0 0 0 600 C
TEA 559 0.7 6.25 720.12 5221.44 115.2 7.3 25020
600 C TEA 634 0.0 7.79 887.56 3932.04 113.9 4.4 26 O
10 0 600 C TEA 205 0.3 8.47 756.55 3809.53 89.3 5.0
27 0.04 2.7 0 600 C TEA 1168 0.3 5.86 670.59 3690. 24
114.4 5.5 28 0.04 2.7 0 600 C TEA 1406 0.6 7.98
626.58 3688.54 78.5 5.9 [00 ? V%lle preferred

enbodi ments of the invention 42 been shown and
described, nodifications thereof can be nade by one
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[0055] While preferred embodiments of the invention 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. Use of the term
"optionally" with respect to any element of a claim is intended to mean that the subject
element is required, or alternatively, is not required. Both alternatives are intended to be

within the scope of the claim.
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reference herein is not an adm ssion that it is prior
art to the present invention, especially any

reference that may have a publication date after the
priority date of this application. The disclosures of
all patents, patent applications, and publications
cited herein are hereby incorporated by reference, to
the extent that they provide exenplary, procedural or
other details supplenentary to those set forth

hergicBrdindfy, GeNcbfe oMfraieclich Blmdt MRGted S the defcripRloh @6t @t above

preparing a polynerlzatlon cat al yst conpori sing:

but ?@ﬁl?ﬁﬂi@@ b$ the!PRRL s L WEeARE R, rﬂ?at?.%:éﬂ@héue%% B %quwa ents of the

at1 ng agent; ding a cataly nmetal To

subjte#prﬁﬁ{er of {h cfan{l% ]f:l% g e ?grgtcl.:wntlp1nc?¥po€af%édqhtoctﬂgg%% ﬂcgtgon as

e suppor e ‘sul ing a
cat ic neta

a rt _cons
an adggfepar! P afesedmlevgev?fhg‘ﬁewe“*%&%wﬁ B8 he; desgripigp and o
romum conpound; and recovering the polynerizatiaon

an %Sléttié’lnytgtthe W?&r@idrﬁf‘@kr?é%%t%/H%Fhez%f?ﬁeﬁhm?fﬂi‘%“ysTmi élscussmﬂ of 2
capabl e of produci ng pol yet hyl ene honmopol yners or

referepprohayerp issnot fiy pdraigyion dahihisipsion art &ethe ey InyerlsEatwryaily any
formthe group consisting of an al kyl al um num

refestinkey/ thobmap hawd k phibliation datk lefter tragniesivudate af tyd application. The
lithium an organol hydrosil ane, and conbi nati ons

discldieeeof ainphtengyipaninh gpplivaticns ahdl ppblicanbhd citddhBerein are hereby
pol ymerization catalyst. 2. The method of claim1,

incomfiited By krbferefity, @mmxt@t ﬁﬁaﬁ&ﬁé}l doRidk f&ﬁerﬁgﬁa@l yedceduraladt other
anount ~of from about 0.1%to a out 10% by t ot al

deta%k%tem%ﬁta?m tIRRE §ét3f§ﬁh h§e1n The nethod of claiml,

In thé sulfate is present in the catalyst in an
amount of



Whéth@clglﬁl

L.

2.

3.

4,

3.

fromabout 1%to about 50% by total weight of the
catalyst. 4. The nethod of claim1l, wherein conprising
cal cining the support. 5. The nethod of claim4,
wherein the calcining is perfornmed by heating the
support in an oxidizing atnosphere at a tenperature
in a range of from about 200C to about 1,000C. 31 6.
The nethod of claim4, wherein the calcining is
perfornmed by heating the support in an oxidizing
at nosphere at a tenperat gnagvs a range of from about
300C to about 800C. 7. The nethod of claim4, wherein
giying is perforned by heating the support in
an OX|§|Z|ng at nosphere at a tenperature in a range of
fro & od of claim

Y gﬁgan %@a%ng%ﬁ%g%ﬁlszztgogﬁta %@’ o?lplgﬁ Eﬁ%ghe sul fating
agent. before net hod of claim 4,
whéP’étFﬂ‘“ﬁﬁéugRPﬁg‘iﬁ’mprﬁs@g8@#??’:5%‘#8%a\ﬁhﬁfﬁ%‘“g ALl fatng
agent. during the calcining., 10. The nmethod of cl ai
4, aieg @i Alahis mqiyde the FIBPRb ATSE- 0ot GRS O O seaRRcting
before the calcining. 11. The method of claim1
wher eithe supgow ofithaihp syl faiigs r@gelﬁoh‘b?rﬁ%‘e@ (RHES 2“5@(“" metal to the
H2SO4, Al 2(SO4)3, CuSO4, Cr2(S04)3, MgSH, Zr OsH4,
Ti osoaspp;(oN]-m)st@ﬁgsseMs@f ,contgqtiﬂg)t pomg@ap seSate 'chromium
S22, KAI(SO»4)2, ZnSO4, sul furous acid, organic
sul fi despowidt &k hal i des, or conbi nati ons t her eof . .
12. The nmethod of claim 1, wherein the al um na support
f UEdaQErizO MY pSIgmepR@iDp NakAyst, Sihkieda thd IpdBhietigation catalyst is
magnesia, titania, boria, or comnbincations thereof.

13. Thepdwet Q‘Pdprgcﬁuc‘ﬁ{ga'pmylthyl@h@ MRIntbpb RehetN o NddpBlyintrs, further

prOV|ded fromtertiary butyl chromate, chrom um

trioxige, I‘]&Hé o%é%&gihgcﬁt Aoatal§AT MR LIRS coffisting of an

conblnat ons~ t

alkylaluminum, alkylboron, alkyl zinc, alkyl magnesium, alkyl lithium, an
organolhydrosilane, and combinations thereof and combining the cocatalyst with
the polymerization catalyst.

The method of claim 1, wherein the chromium is present in the catalyst in an amount

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

The method of claim 1, wherein the sulfate is present in the catalyst in an amount of

from about 1% to about 50% by total weight of the catalyst.

The method of claim 1, wherein comprising calcining the support.

The method of claim 4, wherein the calcining is performed by heating the support in

an oxidizing atmosphere at a temperature in a range of from about 200°C to about 1,000°C.
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14. The nmethod of claim1l, wherein an activity of the
catalyst is at |east about 25% greater than can be
obtai ned froma sane catal yst without sulfate. 15. A
catal yst made by the nethod of claim1. 32 16. A

met hod of preparing a polynerization catal yst
conprising: contacting a support conprising alum na
with a sulfating agent; adding a catalytic netal to
the support prior to, concurrent with, or after

6. CONMtiachbmed of NEAmSHRRAREN Wetchlcinify is Ybiterired @y agQ&Me,the support in
wherein adding the catalytic netal to the support

an &ﬁ&ﬁ%ﬁhﬁ%ﬁno%ﬁﬁe‘?{&! a%lnéergﬁgreciﬁ Qtrc‘fhg P o Soﬁ%@@%{o AbitRooec.
chronfum ~ cal cining the support; reducing the
support ;. and.recoverin he polynerization catal yst .

7. el FERTLORT b i B cBpies perramed 4y SaDegRe support in
produci ng pol yet hyl ene haonopol yners or copol yners, .

an ¢xigiziRe pIMAsBhs? il PG AINESCR P HYICE 068@@@59%@#@@%3 00°C.
group consisting of an al kylal um num al kyl boron,

8. al Kitle mithod ofikcleyh dymgmedi they suppdey/is ¢antdeted withathe sulfating agent
or ganohydr osi | ane, and conbi nati ons thereof and

beferemiy dalohgng. he cocatal yst with the pol ynerization
catalyst. 17. The nethod of claim 16, further

9, CONMHe MbiRGd bedlGh NG WhaRis tiePRpport B ddnercREesieNgR sffating agent
carbon nonoxi de at a ternperature in a range of from

durRBRkY caR@fn & to about 800 C. 18. A nethod of preparing
a polynmerization catal yst conprising contacting a

cuPROL gy . Fo . '

105 PR TP N B A b 801 S o

h s§ arate chrom um conpound i s an organochrom um
CEBHPBENd, wherein the organochroni um conpound

conpri se i cunene chr om i benzene chr.om
11. he metﬁocﬁj o(f: clraTIEm ?, wﬂerelrrrl] tﬁén sulfating agent comprises (KJIHQQSO(;, H,50,,

AlL(SO4)s, CuSOQ4, Cr(SO0s);, MgS04, ZrOSO4 TiOSO4, (NH4HSO4, NaHSO,,
(NH)HSQs, CaS0y4, SO, SO,, KAI(SO4)z, ZnSOy4, sulfurous acid, organic suifides, sulfur
~ halides, or combinations thereof.

12.  The method of claim 1, wherein the alumina support further comprises phosphate,
silica, fluoride, magnesia, titania, boria, or combincations thereof.

13. The method of claim 1, wherein the chromium is provided from tertiary butyl
chromate, chromium trioxide, chromium acetate, chromium nitrate, or combinations thereof.
14.  The method of claim 1, wherein an activity of the catalyst is at least about 25%
greater than can be obtained from a same catalyst without sulfate.

15. A catalyst made by the method of claim 1.
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bi s(cycl opent adi enyl ) chrom um (11) and substituted
derivatives thereof, am dochrom um conpounds, or

conbi nati ons thereof 33 19. The nethod of claim 18,
further conprising calcining the support after
contacting the support with the sulfating agent and
before contacting the support with the chromum 20. A
cat al yst conposition for polynerizing ol efins,
conprising chromumand a sulfate treated al um na

16. SUPR @ckhod R pRp&iddedd pelvikerPBlic catdteé@hptisidge catal ytic
nmetal consists essentially of chromum wherein the

ol I ' Sy I sl cin
PO! B négﬁﬂ%rgﬁ%@gh%%eahﬁmﬁé%p ., 8uiefinRa@dici Ng

pol yet hyl*e rs or copolyners, further

conpri Si_n o) ed, f 0 :
conbr e BB BT EHEt S G afer contcing
zinc, alkyl magnesiu Lkyl Lithium @an )

o1 Ganohy i SePTARGR (hyeuisRin festt bhetPagiBathe coplvippeal o te
catal yst conposition of claim 2Q having an activit

for ethfP@%@“ﬁBW?ﬁ%ﬁ?ﬁ@“V@ “”?ﬁ%ﬁgﬁSS%POFéﬂ§V’HH@H g
25@6greater than an activity of a sane catal yst

wi taabutngsthe fEert; 22, The catal yst conposition of claim

20 having a surface area of greater than about 100
nmR/rghRBrg ththaippat;ahgst conposition of claim20 having a
pore vol une of greater than about 0.8 cc/g. 24. The

c atradoysiingC ol @slyirieoimatioh cdtalys) 2herenh eheipolvinkeeizationo natalyst is
Is present in an amount of from about 0.1 %to about

10 % by chpbdd oBidaltin®fpolyRehyteat HonebolGRRPOGH toplymet§. further
The catal yst conposition of claim?20, wherein the

sul f at e chSipRERS efMectife 20 &RYRL Ffom f theMaRRBULodsisHnE Oof
about 58 9§b§ﬁ$ot§?lﬁ%ight ofﬂrthe(?}altalyst.szé?s'lrsheé o

oot 2 Y CAIRRE, 9 REL A i QT 0 B, o
QUS04 %{‘g% (?hoy%}o?éﬂanl\ég %1%' ’con'gélngt%%)tl%ereo%na%gmm%ﬁngr?go’ﬁ‘le cocatalyst
with the polymerization catalyst.
17. The method of claim 16, further comprising reducing the support in the presence of
carbon monoxide at a termperature in a range of from about 200° C to about 800° C.
18. A method of preparing a polymerization catalyst comprising contacting a support
comprising alumina with a sulfating agent and with a separate chromium compound,
wherein said separate chromium compound is an organochromium compound, wherein the
organochromium compound comprises dicumene chromium, dibenzene chromium,

bis(cyclopentadienyl)chromium (1) and substituted derivatives thereof, amidochromium

compounds, or combinations thereof.
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34 Ti 0S4, (NH4) HSO4, NaHSO4, (NH4) HSG3, CaSM4, SO8,
S2, sulfurous acid, organic sulfides, sulfur
hal i des, or conbinations thereof., 27. The catal yst
conposition of claim 20, wherein the alum na support
conprises surface bonded sulfate ions. 28. The

catal yst conposition of claim20, wherein the alum na
support further conprises phosphate, silica,
fluoride, magnesia, titania, boria, or conbinations

19. t herRahethaf G 182 fuathtHonpORRG SAltih R tRf suppdrt Mte? Qontacting the
wherein the chromumis a derivative of tertiary

supp(u% With BRISOARES 2g& LA UMRetcbh @i 8he ﬁ?p&mum@%ﬁw@m
chromumnitraté, or conbinations thereof .

20. Cat/—‘i‘ Xﬁl&st%% 851!131{ £ gfr)]lgfﬁlaeﬂgh%'?ﬁtﬁhg '091% 13%1 e%bl{}ﬁmlum and a sulfate

r om um
trea%:“dga ELWE)IE% ?%’R‘%@ %513:832'%8?%@?%395' rht%f ﬁ%r Ig%é? l{}ﬂﬁ%ﬂ %ng%s% essentially
‘li’é%’f%%ﬁs Hhsrein S5 BUTERGAEPS Canhar & FoG b asHsing: BRlySilene

nEpund conpri ses dicumene _chrom um_ di benzene

honem ST BPROOEYE S oEREra BRTRPRAIN A reoRIteiNst (Jeleptednfgom the group
substituted derivatives thereof, am dochrom um

conggimgoni md s kydalurgionrisi, alikyibores, @lﬂmlr@'m.f, alkyl magpesium, alkyl lithium, an
sul fate-treated chrom um based pol yneri zati on catal yst

orgdnaliydigsilane, al combiisatiosuthpeet.,, wherein the pol yneri zati on
catal yst is capable of produci ng pol yet hyl ene

21. hormpehiver Sonositop el e 30 hank huadivey fwmérﬁlmg/n&rlzatlon
cocatal yst selected fromthe group consisting of an

that3d 4t Ydaad 468LIM crakikythBPAPRvR) kb sakletGtalyad khout sulfate.
magnesi um al kyl lithium an organohydrosilane, or

22, COMfe Q%l}@{&n}plaﬁfﬁpgf claith 20 having a surface area of greater than about 100

mzfg
23.  The catalyst composition of claim 20 having a pore volume of greater than about 0.8
cc/g.
24, The catalyst composition of claim 20, wherein the chromium is present in an amount

of from about 0.1 % to about 10 % by total weight of the catalyst composition.

25.  The catalyst composition of claim 20, wherein the sulfate is present in an amount of
from about 1 % to about 50 % by total weight of the catalyst.

26.  The catalyst composition of claim 20, wherein the sulfate is a derivative of

(NH4)2804, HZSO4, A]2(804)3, CUSO4, CFQ(SO4)3, MgSO4, KA](SO4)2, ZI’ISOQ ZI‘OSO4,
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TiOSO4, (NH)HSO,, NaHSO,;, (NH)HSO;, CaSQ4, SO;, SO, sulfurous acid, organic
sulfides, sulfur halides, or combinations thereof.

27.  The catalyst composition of claim 20, wherein the alumina support comprises surface
bonded sulfate 1ons.

28.  The catalyst composition of claim 20, wherein the alumina support further comprises
phosphate, silica, fluoride, magnesia, titania, boria, or combinations thereof.

29.  The catalyst composition of claim 20, wherein the chromium is a derivative of
tertiary butyl chromate, chromium trioxide, chromium acetate, chromium nitrate, or
combinations thereof.

30. A catalyst composition for polymerizing olefins, comprising chromium and a sulfate
treated alumina support, wherein the chromium is a derivative of an organochromium
compound, wherein the polymerization catalyst is capable of producing polyethylene
homopolymers or copolymers, wherein the organochromium compound comprises dicumene
chromium, dibenzene chromium, bix(cyclopentadienyl)chromium (If) and substituted
derivatives thereof, amidochromium compounds, or combinations thereof.

31. A sulfate-treated chromium-based polymerization catalyst having an alumina
support, wherein the polymerization catalyst is capable of producing polyethylene
homopolymers or copolymers, and further comprising a cocatalyst selected from the group
consisting of an alkylaluminum, alkylboron, alkyl zinc, alkyl magnesium, alkyl lithium, an

organohydrosilane, or combinations thereof.
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