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 "Pol ymers Having Low
Level s of Long Chain Branching and Met hods of Maki ng
the Sane," filed on April 22, 2004 and i ncorporated
by reference herein. STATEMENT REGARDI
ShORBREROTR OF AREP RINGACAIN B ARG VAL OMINA
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Not applicable. FIELD OF THE | NVENTI ON [ 0004] The
present iCROBSREFERENCREMNO/REBATEDSAPRLIEATHONS s f or
pol yneri zing ol efins, and nore particularly to nethods
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REFERENCE TO A MICROFICHE APPENDIX

[0003] Not applicable.
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



1 0 of ultra high nolecul ar wei ght pol yners when
hexaval ent chromumis formed during the catalyst
activation, which often occurs. Al um num phosphate
supports are simlar to silica supports in that they
form highly active catal ysts. However |ike the silica
supports, they also do not have the ability to produce
very high nol ecul ar wei ght polynmers. Further, the
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art, such supports typically are not used. Al um na
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adding fluoride to the alumina support. It is believed that the fluoride replaces surface

hydroxide groups, which are believed to interfere with polymerization. Unfortunately,
the addition of too much 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 supported 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
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provided froma chrom um conpound such as chrom um
oxi de, the support nmay be 2 0 calcined to activate
the catalyst after |oading the sulfating agent and the
chromumon the support. Alternatively, the sulfating
agent can be | oaded on the support while cal cining
it. I'n another enbodinment in which the chromumis
provi ded from an organochroniun1conpound t he support
may be cal cined after _caontacting .
calginechioig a5 vaig die catphyst gRerIP %W@é&i@% %Fnﬂran?ﬁh? ffigomium on
or ganochr om um conpound. [0008] In an enbodi nent,
theauppyrst Ademptiselyi thessulfeting egentnsen berlgadsiean the support while
conprise chromumand a sulfate treated al um na
c@dppgrit.. Mhaotet ampsdinearposhidhothe chhaniemais provided tiom an
for ethylene polynerization that is at |east about 25%
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t he nol ecul ar wei ght distributions of polyethyl ene
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treated with sulfate. [0011] Figure 3 depicts the
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[0009] Figure 1 depicts a graph illustrating the activity of a

chromium/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 Arnett plot showing the linearity of
polyethylene resins formed using chromium/alumina catalysts treated with sulfate and

not treated with sulfate.



not treated with sulfate. 3 0 [0013] Figure 5 depicts
t he nol ecul ar wei ght distributions of polyethyl ene
resins formed using chrom unfalum na catal ysts treated
with different amounts of ammonium sulfate. [00141
Figure 6 depicts the nol ecul ar weight distributions of
pol yet hyl ene resins forned using

or ganochrom um al um na catal ysts treated with sul fate.

00151 Figures 7 and. 8 depict fhe | ecul.ar. weigh
[0913L ¢ i but i orf8YE S %Bwﬁe‘ﬁﬁ%oi‘ﬁéfaf 8@?&%& glﬁmbH\{éa“ﬂ&fﬁ’HL}’ethylene
chrom unf al um na catal ysts, sone of which were
resing dfowdedniising \chropingy Awminat eatabysts Heaieth aith, differest pameunts of
and sulfate. [00161 Figure 9 depicts an Arnett plot of
arimloaitind sulfavei ght di stri buti ons of pol yet hyl ene resins
formed using chrom unt al um nophosphate catal ysts
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[00171 A chrom um based catal yst having an al unm na
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rimarily conprises alumna. In particular, the_anppunt
pelyethylens Fraing foEmet using chiemiumy{gjyenipa jcatalysts| goqag o B
wei ght of the total support. The al um na support may
trestedrmill varyingpmentsad phiksphate, flupridecandrsulfatexanpl es of
such met hods include: reacting sodium alum nate,
[ooh6Eh i s bashigure i debics dnAmemptu bf Aioteculahivelpht gistributions of
acidic; neutralizing an alumnumsalt with a base
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p@?an%@ﬁfil ro ys?% of an al um num co%lgﬂlg%; orm’
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S@f%%?gsag%ﬁ’ﬁbgﬁﬁe‘e. g., adding water to an al cohol
| uti f
[()S(’)?ﬂut 'ono A chromium-based catalyst having an alumina (Al,Os) support
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may be treated with sulfate (i.e., sulfate anions) to enhance the activity of the catalyst,
making its use 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 (Al(OC3H;);). Examples of sources of alumina include a

crystalline form and a hydrated form of alumina. More specific examples include .
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al um num i sopr opoxi de (Al (OC3H7)3). Exanpl es of
sources of alumna include a crystalline formand a
hydrated form of alum na. More specific exanples
include, 4 0 al um num hydroxide (Al (OH)3), boehnmite
(Al OOH) and ganma al umi na (A1203). The al um na
support can also contain mnority anounts of other
materials that may be added for various reasons, such

as _fluoride, hate, silica, ne |a boria,.
alpmingmn ydw@e(ﬁ%%?%}shah’@%@ (ALOGT epd; iR A ping (ALOY).
cogel l ation or by surface treatnent. CE i onal | y t he
Th¢ alninine spperoean lsgcdséain aiedriiy qmernts ofe epmgteripls oty be
by, e.g., heating in air at a tenperature in a range
adifed f fop VadihaUteaMO Cstich abfiudridR) Phosphatef sitiva, abagriesis0b@ia, or
to about 800C. [0018] In a first enbodi nent, the

ti@RfaO NTHE MGt Ay hatfde@in iRe forarod cogéllahbﬁ &l ByTsidace
support before subjecting the support to a fina
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er the sulfate or concurre ul.f a o
ch CANGIBAY 3 JeTRPLHUISIN S TBRER Qmﬁ 4 30p% fa apolt Sooec or
calcination step to dehydrate it prior to further
fromeabbueIN0°Gitd bomtiBOECe and chrom um This step
converts hydrated forms of al um na precursors, such as

(0018 andp A%AtdmBoRirh&f Sth ¥etoAkeH afld) fH¥ssulfte @nay be loaded

i ni aI cal cining step may be acconplished by heéating

ot rﬂae 2k %r &p&(ﬁrt %'hgfo%(' leéétﬂ%rthé %W& a ﬁ'laf Oft&ihation step for

atnns may contal n
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rangi ng from about 150C to about 900C, from about

afbesies #fete o0 cogurentlowith thmsubists  Timowiepets maymiso beyaibjected
dehydration step may last for a duration of froma

tof aminitiah vdleination siotot dehgdiateuit prioviot fertheriteeatmént iveth sulfate and
dehydration step, the support nay be given a sulfate

clRoiER! Thls Yip b ARy tiratddofohBy\ehliink pecursors, such as AI(OH)s
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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.

[0019] Alternatively, the sulfate may be loaded on the alumina support

during the calcination step and after loading the chromium. The chromium may be
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final calcination or activation step. [0019]
Alternatively, the sulfate may be | oaded on the
al um na support during the calcination step and after
| oadi ng the chrom um The chromummy be 5 | oaded
on the support using incipient wetness inpregnation
with a solution in which a chrom um conpound is
di ssol ved. The chrom um conmpound nmay be one or nore
cqonpounds suitable for conversion to.thefgex val ent .
logtlggt @n tie SEPROBHYSIG INERIEH Ve@esyImpEgnation With g splyippn which a
conpounds include tertiary butyl chromate in a
chrguhiws aompaund isodissolvedhr Bie ehromiung epapoynd may de one or more
chrom um acetate in water, chromumnitrate in
cahpainds suitablecforrbonvaisionrts theélesxaodlent Ftate afhvhoorhium. | Bxamples of
added in an anmount sufficient to ensure that the
ilaBRl cEBiRln! Sdonfdithdd RichaledRetidr thutydVerombteCiir @Mydfdcarbon
S]{151820] The sul fate may be Ioaégg 8ﬁﬁthe support 8§m6
G, AbilEh Hiothd i FogE kA0 R b vy RN e in
providing.a sulfate i.op,to, an .al um na .support ein
ool St O Bistookg o @t S S e R A SERGRA to
a gas, or conbinations thereof. Wen the sulfating
 engyeathati the finalcatalyst epmtaing a dasirelevelgfichiomivg. ¢ he support
via incipient wetness inpregnation. Wien the
[06020F at i ng adBrtsulfsteamgiabe doadhd @s thOppott byagontasting it with a
introduced to a vessel in which the support is
silfafihg lap@fd AdUiskd Berehie “aiMatihg akér®nisfefinbd as 4 pipwdrial capable of
Exanpl es of sulfating agents include: SO3 gas; H2S04
pllé)gi 8 Sulfie i ' B Hufirla sﬁgg&, %H&%iﬁ%h@ﬁlﬁhﬁ@?%ééﬁ may be in

uedus sol utions conpri si at | east one of

oS R AR U2 B

s, Ao G SR o fhe SPPRia B HewGss Rerpgfian. When
that are capable of further oxidation to sulfate
thesnifating dgent is a gas such as SOs, 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,SOy4 in water or an organic liquid such as an alcohol;
aqueous solutions comprising at least one of the following compounds: (NH4)>SOs,
Al (SO4)3, CuSOs4, ZnSOs;, KAI(SOs), ZrOSOs TiOSOs MgSO4, (NHgHSO,,
NaHSO,, (NH4)HSO;, CaSO; and Crx(SOs); , 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 materials include sulfite salts, sulfurous acid, organic sulfides, sulfoxides,

SO,. Additional examples of sulfating agents include sulfur halides such as thionyl

chloride and sulfuryl chloride.



cal cination step can also serve as the sulfating

agent. Exanples of such sulfur containing naterials

include sulfite salts, sulfurous acid, organic

sul fides, sulfoxides, SO2. Additional exanples of

sul fating agents include sul fur halides such as

thionyl <chloride and sulfiuyl chloride. 6 [00211 In

a second enbodi ment in which the chrom um conpound is

an organochrom um conpound, .the. ulfagg)is | oaded on
[002H al uni nalBassennd gpaliagiment da vy ‘ﬁh’fhﬁgc TR PHERGUGH 1S an

step to activate the support, followed by treating the
orgamebromiumnéoropond) thewsulfate: fseloaderhioo cthe atiming coppert hgfore

No further calcination of the organochrom um conpound
performB@ui éabdndtionatdpi te ativadtdtheaappdry Solloviedebypireting the support

sui tabl e organochrom um conpounds i ncl ude zeroval ent

i LhrOAREE BRI N8 Gy ibRTof th
m@@%@g#géﬁ%$gﬁﬁg%%ngﬁgoniun?gﬁ% dibeggéne Ch?%ﬁ?ﬁﬁl & ©

bonded chrom um conpl re. ri '
orgg ooy b P [edilfed B G P Bl oot e prmiel B iliblc
herejn in its entirety. Oher ex | es include .
TGP SRz QOMPOYYS  BHAIS ZGEBIERT dnﬁv\?ﬁ%‘ﬁnﬁ‘b%n &% Rl popded
as chronocene (bis(cyclopentadienyl)chromum (l1)), )
chaordivsuersnplexesefdr eampledicnsrene gbfosyamand dihegpeneichromium. Pi
cycl opent adi enyl rings contain one or nore
baaidbs chiouduh scongiiexesiatardescabedyin Hiftl RatangNoy 13,976(633( whith is
di met hyl pentdi enyl) chromium and am dochrom um

in6APBAALY refdlich hereal in iBX&HRdteS Otherdk@nples Mddideutivalent and
corpounds can be found in U S, Patent Nos. 4,806,513,

trival@io: 99%{%%0%138’:11@’ a nﬁ)ﬁaﬂ& 379’su<‘f’fﬂi cha@re  chromocene

i'ncor por a reference ereinin eir entirety.
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erformed by heating it in an_oxidi zi t no re, ..
cyf%lgpentadienyl r1>;1gs contain%ne or more substituents, clqgon%um cﬁglpy? and 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 (O,), at a temperature in a range of from about
200°C to about 1,000°C, alternatively from about 300°C to about 800°C, or from
about 400°C to about 700°C. The calcining treatment may also involve reducing or
other steps, such as treatment with carbon monoxide, hydrogen, or haliding agents. In

the first embodiment, at least a portion of the chromium compound is converted to the
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exanple, in the presence of oxygen (02), at a
tenperature in a range of from about 200C to about
1,000C, alternatively from about 300C to about 800C,
or from about 400C to about 700C. The cal cining
treatnment may al so involve reducing or other steps,
such as treatnent with carbon nonoxi de, hydrogen, or
hal i ding agents. In the first enbodinment, at |east a

portion of the chronm um coppoynd,is.converted to.the
hexavalE s @b e OF BEng PLT ArUBRRH pation e gulfat
substantial portion of the sulfate remains on the |
resappomt thd snppegt duringcthe chlainatiomstep épbeth egthodiments, resulting in
enbodi nents, resulting in an increase in the activity
a0inctdase ThihenictivityheSthd chednaishased\tathlystt Witheutdintegding to be
be limted by theory, it is believed that the sulfate

1RREE By Whdddy, Ak SWTHEHERed Atht HRPSARES borlid Aig EReniSird WAG réflaces
the surface of the support that hinder the activity of

h J}g)gﬁ?%luésc’ %ltiqtge ;gﬁr?ac%%fftﬁ‘é bttt WdegP% ‘%E‘gﬁ 6f the ctatr'c]lleyst.

Cl romum actrve sites. 1 on,

ntroduction of the sul.fate to .the.support .causes,;..

s G ovides eGP Bihe g RS e B Rapion, the

.relatjve&y hgﬂh surface area and _porosity only ggfline

intrpdegtion|of she sifate to thesmpportreruseslittlg oraye Enterdng et the alumina
formed in the two enbodi nents descri bed above

suehtthad ita kdlativiebyyhiple surfide axred and pomsiteodydectingtby stiall amounts.
support is reduced by heating it in the presence of

[0028J0ON NMONOXFHEachivatad el Rirthee i fthe o eabodimehtsfdeseribed
about 100C to about 900C, alternatively from about

alfogzggga‘tifﬁnﬁggg%_y‘i%gggﬁgdcaﬁ{ L TdhHodihdny, fHeOMpplieYs raRe&d by

out tal yst conpositions for

| ynerizing ol efi.ns.may be for ] the.
filod o e Ahstns® LB ae iy FanishBeehl R e of from
i ncl ude chrom um and al um num sulfate_on _an Iuniq%
abop J8PTC torigbout HOSRE L raltemnaively dFm jahout, 200 Ga"thiﬂs%‘E S00°C, or
conpositions in an anount of from about 0.01%to about
alidfiativelyarona Bbatit 300°CHotabout 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 catalyst composition. The sulfate is present in an
amount of from about 1% to about 50%, from about 5% to about 40%, or from about
10% to about 30%, all percentages being by total weight of the final catalyst
composition. In an embodiment, a catalyst composition is formed that has an activity

at least about 25% greater than the activity of the same catalyst composition (based on
8 ©



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 catalyst conposition. The sulfate is present
in an amount of from about 1%to about 50% from
about 5% to about 40% or from about 10%to about
30% all percentages being by total weight of the
final catalyst conposition. In an enbodi nent, a
catal yst conposition is fornmed that has an acgtivity
thgt weighls of dliso aluminasupnosh evithoph sutipte trafmenty V’%Sffe fhejecatalyst
same catal yst conposition (based on 8 0 the weight of
canhgositionsiiana reu pipdert Jonlot lsonditiens] foapelymeriza ptefins. \Waeanother
the catalyst conpositions are run under contro
effiBGldinkht) Nie t Extddpdt y emnipositionl @hs rm. adtivignatonerthan about 25%,
enbodi nent, the catal yst conposition has an activity

algﬁgxg}?ivggalgox%bﬂﬂﬁ aBAH0 504 Jrezflféﬁ{a'ti‘é&g%mﬁ@ ltRart HISout 300%, greater

I'ternatively nore than about 100% greater
t han the.activi 0 e L :
it DRkt et O RIS SRR Also, in
the catal ysf conposition, has, a surface area greater
an, REhoBBSEL (Y CalgbPgCOmIOSiRRR b FUFTIE e Breps, f ghgpt 5O
}OO n2/ g, or alternative%%lggeater t han about 200
mivgl gtenmiivelyegreaterthapaberb il meetor altprmativaly geater than about 200
conposition has a pore volune greater than about 0.5
mé/Q, Rarther irpar stebydimentathercatahysh cabpositiod. s @gorevolume greater
alternatively greater than about 1 cc. [0025] A
thaR ¥ER10. &MARSMAIRIy BRtel thah QbSRD. D¥c, 09 lalterati vy greater than
| east one nononer 1n the presence of the foregoing

utfate treated chrom umbased catal yst having an
al'um na support. Exanples of suitable nonomers include

o-olefins, containing.2 to 8 carbon.ataq er .
[(ﬁgﬁecul e such™g Wplé’ﬂ%lgorb Fbaay‘reef?g}le@g lﬁﬁéﬁg?ﬂlif_lg at least
pentene, 1 -hexene, and 1 -octene. The chrom um based
oremanqraer ip Shespsenes pfdhe {pregpingpfate tregied Eﬁﬂ%‘se‘f catalyst
pol yet hyl ene honopol yners and copol yners of ethyl ene
haing amabimina support. Examples of suitable monomers include mono-olefins

a

containing 2 to 8 carbon atoms per molecule such as ethylene, propylene, 1-butene, 1-
pentene, 1-hexene, and 1-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 used.  Such reactors can
comprise slurry reactors, gas-phase reactors, solution reactors or any combination
thereof. Gas phase reactors can comprise fluidized bed reactors or tubular reactors.
Slurry reactors can comprise vertical loops or horizontal loops. Solution reactors can

comprise stirred tank or autoclave reactors. Such reactors can be combined into

9 (<]



ol efins containing 3 to 8 carbon atons per nol ecul es.
Any pol ynerization reactor known in the art that is
capabl e of polymnerizing ol efin nonomers to produce the
honopol ynmers or copol yners descri bed herein al so may
be used. Such reactors can conprise slurry reactors,
gas- phase reactors, solution reactors or any
conmbi nation thereof. Gas phase reactors can conprise
fluidized bed reactors or tyhular reactqgrs. . Slurry
muliple Festor systeshppsraed i paallel) or g sdesy rﬂH’oFar“iléiﬂtaéﬂo may be
| oops. Sol ution reactors can conprise stirred tank or
ugedttogiraduseretladensr polyiBensinra particlesfora progess: andisploged .S
9 0 multiple reactor systens operated in parallel or
PatBntI¢ds. 8524,06% 503650178 sdndad, 239,265y whith ans@dorporapsddsjueterence
et hyl ene polyners in a particle form process as

bi3iC | S. n 24Py Bo fffeddoed. to th
h%% %P%%gf%%g#ymﬁfgﬁﬁﬁgéhrﬁgg?bgggte% ggyreference o e

reh ?tiogni er.%)élls rt]% %21%'06{[ th%gltxél&gﬁ%amlti%}gdo?ﬁlilé ]gc?yxggryﬁ)ﬁﬂgfnﬁ ount of

e |1 ntroduce rea n zone to reduce

t he nol ecu) af wei ght of the pol ymer for The
C%{‘ly“d’é?s&%%‘t the, EASHAR Zphe THY TSR ﬁ{’%ﬂ@% %5 afie 1% by
from about 0.001%to about 1% by weight of al
weightef alll materials ingthe eegetiorozengone. [ 0026] I n an
enbodi ment, a slurry polynerization process is
[082F] oyed i n Inwshientbotlineent,at shinyy polymeszaparplectss is eaployed in
inert organic nediumand agitated to maintain it in

whith REO &t Pst iNuRpeied in ihRieR Ok iRy hédiinGRd RERAeS o mdinein it
organi ¢ nediummy, e.g., be a paraffin, a

ings%ﬁgécfﬂgi%fl @ﬁl%%@-i?up{he%%}ﬁ%éﬁﬁéxpgmg& . trhe o?aﬁfélfﬁédiﬁ}ﬁ 2y, e.g.,

ene ners, ry polyneriZation process

may be_.carried out..in a reaction zgne.at a .
be GrrpEr i ORI 0o S0EHE abdutic Rgugiop gf efwiene

pressure in the range of from about 100 psia tqQ about
palgmerssihg SBYTYHIOGHBPTIZAEN PSS TAYEDE RSN i1k @ FrastemyZqny at 2

the |I|iquid phase of the slurry in which the catal yst
teirperansp ofi flonh, abohuS0°Artoabolitrid 07© and atrat pregsure 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.
[0027] In one embodiment, the monomer also may be contacted with a
cocatalyst in addition to the chromium-based catalyst. The cocatalyst may be

contacted with the catalyst either before or after entry into the reaction zone. For

example, the catalyst and cocatalyst may each be fed independently into a mixing
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bet ween the nononer and the catalyst. The activity and
the productivity of the catalyst are relatively high.
As used herein, the activity refers to the grans of

pol ymer produced per gram of solid catal yst charged
per hour, and the productivity refers to the grans of
pol ymer produced per gram of solid catal yst charged.
[0027] In one enbodi nent, the nonomer al so may be

contacted with a cqcatalyst in addition to the .
VeSRFloaHeatho8 Ak FACIRY ATHFes heyiae alewpd, g e raijach @ach ofher in a
contacted with the catalyst either before or_ after
hydroearbom selverttefor e petiash of drpm abewt 1 axinwsl & abeis 10 hours at
catal yst and cocatal yst may each be fed i ndependently
tenifetatdrestiratigtgy fridth aboas S2O°CGaleablowsf 1G0RE. r A&tet ¢his dhmtien, the
they are allowed to pre-contact each other in a

cEMAQC SHtA0R 28 !068RAlyEt e Botherfed 96! t1Rf rehdtioM RO Sinke each feed
m nute to about 10 Kours at tenperatures ranging from

ST S BP0 AT B A o Bt o
RECCIRIEL M W CRT R T

catal yst and the cocatlayst provides a nethod of

catelpist and sherely thermrersrtiesf thego @Eeduped  pftempively, some or
catal yst and thereby the properties of the pol yner

alp pHthecedlystidrtderocathlystehyy alsobe falr direstly insé thelreaatian abyes where
and cocatal yst may also be fed directly into the

the§ 36Ath@RadPotBer oL firdt fidie 16 OhY retenc@6the foRabmbnrExantples of
first time in the presence of the nonomer. Exanples of

Slgfé:(:’ eaglsc E%a&?%?ﬁ?}%{h%a%% or gg%gg%rﬁ{g ﬁ rg]é‘fnwrrg%ounds? %lglglﬁnum’
as_triethyl boron ri-n-.butyl bqr.an nd .

ofEnoftosy ARG, Suchh I rer EiRESynBOss, sug gipropytborane,
sui t abl e .or ganoal um num ca unds include alum num

ang |epmbingtiens Shereefa ADtheR SRl SrEpmREIEIT, cﬁ?ﬁwawa(ﬁ% include
where R4 is a 1l tg 12 carbon atom hydrocar byl radi cal

alaminuh akkyls shell asgRanAk RetAlXs amhR XlXa somporends sdistreR yise 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 1 to 12 carbon atoms or 2 to 5 carbon atoms, triaryl boron
compounds such as triphenylborane, alkyl boron alkoxides such as B(C>Hs),OC>Hs
and halogenated alkyl boron compounds such as BCoH,Clh. Alkyls of lithium,
magnesium, zinc, and other metals and organohydrosilanes may also be used as a
cocatalyst. The cocatalyst may be premixed with the catalyst, or alternatively it may
be introduced into the reaction zone as a separate stream. The amount of cocatalyst

present in the reaction zone may be in the range of from about 0.2 to about 25 or from
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may, for exanple, be tiethylal um num chloride or

di et hyl al um num chl ori de. OQther suitable organoboron
compounds include trial kyl boron conmpounds,
particularly those having alkyl groups of 1 to 12
carbon atonms or 2 to 5 carbon atons, triaryl boron
conpounds such as triphenyl borane, al kyl boron

al koxi des such as B(C2H5) 20C2H5 and hal ogenat ed al kyl

ohRg 84D G ID RECS B DOl Wagditasedan the weight of B Silvent or
or ganohydrosi | anes nay al so be used as a cocataly

diftent osyatemisyemplopipg bechpobienterdiljenty When agtsalvgat or ddlfuent is
alternatively it may be introduced into the reaction

usedhe 2ataBsS@pR batipepnaedwithhise eovatalyst of ancawaingkthas provides
present in the reaction zone may be in the range of

fo raoéﬁcﬁ g‘ﬁ tdP cirohPurA BAME rdfo &f tHel @Ape &1 froabshsiut 0,121 t® about

about 10 parts per mllion by weight based on the

1087 i ga Ilvél{'] ﬁoﬁlo%)\éﬁm 59%0 e@ddt 56‘1‘ 01l o iB&E 151 L%rf@l PYyi ng

such solven en no so vent or diluent is

BB, T b P HESAR h s v

cocatal st to chron1un1nDIe ratlo in the range of fromh
angitesutcatplyst simytaneeusty withghe sulfated chromiviariased eatalygiand the
0.5:1 to about 50:1, or fromabout 1:1 to 10:1. [00281
cdcatatyspifhome iendeddiFoe ekamplbethersulfated chramivse-bassdtcatelystimay be
with another catal yst sinultaneously with the

us%allﬁ b/EnGIHORIN AagedNae! @talﬁét tepebdube a biracdl pblyster in a
one 1s used. For exanple e sul fated

s@%&ﬁr@é&@ Qﬁﬁ%%nﬁbas%@BY? )’g}%‘lzg’tﬁm BRI, COMBRC Viedler-Natta

tta st to produce a bi noda

{
s fixdlosta it LS DR R A s Q2R 5 2900, 5179178,
4835371, a5 015005, o 490790, <agh tgéjs“‘:'@a,ls Hediporaed by
5,179,178, 5,275,992, and 4, 607, 019 each of which is :
refferengetrein éuith yntinetyf diherscHatad chiomium/alunsina eatalyst 3lso may be

sul fated chrom unf al um na catal yst al so 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.

[0029] Polymers such as polyethylene homopolymers and copolymers of
ethylene with other mono-olefins may be produced in the manner described above to
have unique properties. For instance, the polyrﬁers exhibit relatively low levels of
long chain branching. Such low levels of long chain branching are indicated by the
narrow rheological breadths combined with the high My values of the polymers.

Rheological breadth refers to the breadth of the transition region between Newtonian
12 °



used wi th another chrom um based catal yst such as a
chromunisilica catalyst. A binodal polyner has both
relatively high and | ow nol ecul ar wei ght distributions
and thus exhibits physical properties characteristic
of both such as stress crack resistance and good
processability. [0029] Polyners such as pol yet hyl ene
honopol ymers and copol yners of ethylene with other
nono- ol efi ns y be produced in the nner descr.i bed
R BORTIE WRG Shom TaiSCIop o ROVRFLST Ui FEfFar, AGRendpng of the
polymers exhibit relatively low levels of |ong chain,
viseasitg off fhy. pobyradr. | Bw rhelegisal dreadgnig achastiontf Ak Felaxgtion Bme
i ndi cated by the narrow rheol ogi cal breadths conbi ned
disiribbtiéh ef ki @ityrvby tesiny ehic int tuen o fomoton ofRhe gbsiy imxdécular
breadth refers to the breadth of the transition region

stARENE B aNBNE @it 2N ssdrindy 1B CoRAVIBZ-uR\ViHe)BEols fiedrbréaitie may
for a polymer or the frequency dependence of the

be}l | S %Qlfe{téci/ obgff tf{ﬁl’?gr g}ygy g«?ﬁ'vh)er?-rggne?ﬁg&’! RIGHr-JNEaMH Undnic

uncti on X Ime distribution of a

mer_resin, which in.turn i.g a fu i,op_of the

ofelalary B et petipeied il 3 rbdiCatbaelifinda €

the Cox-Merz rule, the rheol ogical breadth may be
medelewhigh dtirepresented byndefollawing f4H8EO8ener at ed i n

| i near-viscoelastic dynamc oscillatory frequency

sweep experinents with a nodi fiec rreau- Yasuda (CY)

nodel , which is represéﬁFéﬂﬁUﬂﬁbﬁEﬁ?olIomﬁng equat i on:

n-1 E=Ej| +(Ts where E = viscosity (Pas) y =shear

r at ewbilles)

E = viscosity (Pas)

y = 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]
To facilitate model fitting, the power law constant is held at a constant value. Details
of the significance and interpretation of the CY model and derived parameters may be
found in; C. A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321 (1989); C.A. Hieber
and H.H. Chiang, Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. C. Armstrong
and O. Hasseger, Dynamics of Polymeric Liquids, Volume 1, Fluid Mechanics, 2nd
Edition, John Wiley & Sons (1987), each of which is incorporated by reference herein

in its entirety. In particular, the polymers have high “a” parameter values greater than
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a = rheol ogi cal breadth paraneter T~ = relaxation tine
(s) [describes the location in tinme of the transition
region] Eo = zero shear viscosity (Pas) [defines the
Newt oni an pl ateau] n = power |aw constant [defines the
final slope of the high shear rate region] To
facilitate nodel fitting, the power |aw constant is
hel d at a constant value. Details of the significance

and erpretation, of Y I
Wa@» B‘E? 3{6@ 2o} né‘lg&n 2 @rneoa : gaé’r%e{;\r(?dg%d m‘hcatmg the
Chi ang, Rheol. Acta, 28, 321 (1989); C. A. Hieber
narowneshpithgir riesilgical bregdthsci The ppdymers exhibi 92)arr08{rf&°¢hoglcal
B. Bird, R C. Arnstrong and 0. Hasseger, Dynam cs of
bﬁaﬂt&nrmerh e/hkn ¢hel pbdymars lhaveeloty, high load vt Prelex GSL.MInwvalues. The
Edition, John Wley & Sons (1987), each of which is

HLMpfeefb%@kﬁdlektxte [ TTRWESCL nfdBER t&Rin thiough Sn&stifice o Y.082% inch
particul ar, the polyners have high "a" paraneter

d?é.g’lek@ %vd'gé gﬂﬁjg&e& ag foréégoﬁz %’ %5 19 e R HENA Values are

reater t i ndi cating the

ST O AN

ynmers have | ow hig oad melt _index (HLM ) _val ues
vqlﬁ@s leﬁm‘mn 4®B¥%gféﬁt@mt lﬁés thén gbagt 3 & 1 sy ( é‘ ?gﬁh%rbﬂvou 2g/10
resin through an orifice of 0.0825 inch dianeter when
nmsmbj ected to a force of 21,600 granms at 190C. The HLM
values are determined in accordance with ASTM D1238

[0030Hi ti on E.TheewpRMyIERIfdordautainibMnchiiglofelse pelgmetshaa also
about 5 g/10 mn, less than about 3 g/10 mn, or |ess

E@ aﬁpan c}ﬁ% t-f &&9§9&1MT%1§119WLV \(fﬁiués 8dmbiadd with

t he po yners are also” indicated by

h
s e SC%SM?@%‘%%? SPERIiR T, %“*’1‘9%1&? S gpers
hg\fe tNtis spgrlegtrerre rtl?a.n al?odp aé' (53016I grams mglep(og/r};gﬁ greater than about

400,000 g/mol, or greater than about 500,000 g/mol. Also, they have E, values less
than about 5x10° Pa-s, less than about 1x10° Pa-s, or less than about 5x10° Pa's. The
high My values combined with the low relaxation times (T¢)of the polymers further
indicate the low chain branching of the polymers. In particular, the polymers have
relaxation times less than about 10 seconds, less than about 7 seconds, or less than
about 5 seconds. The polymers further have high tan delta values. Tan delta is the
ratio of the loss modulus to the elastic modulus measured at a particular frequency on
an oscillating viscometer as described above. In particular, the polymers have tan
delta values, measured at 0.1 radians/second (very low shear rates), greater than about
1.5, alternatively greater than about 1.7, or alternatively greater than about 1.9 when

the My is above 300,000 g/mol.
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have Mv s greater than about 300, 000 grans/nole
(g/nol), greater than about 400,000 g/nol, or greater
t han about 500,000 g/ nol. Also, they have E. val ues

| ess than about 5x106 Pa-s, |ess than about 1x106
Pa-s, or |less than about 5x105 Pa-s. The high Mw

val ues conbined with the low relaxation tines (Tg)of
the polyners further indicate the |ow chain branching

of the polyners rtjcqular,. the pol yners ,hav
[9031kxat i on tIPr?let‘PEsg"aiY‘f’i RS f&"ﬁ’éﬁ%ﬂ%&g, ﬂieesgﬁ-at?ﬁ‘éeﬁted
about 7 seconds, or less than about 5 seconds. The
clpoinyure/akinting citalysthare amkqugin their malecylay ayeight distebptinns Jhe
is the ratio of the loss nodulus to the elastic
mistdulat! Svelphadistribtition (WY tdnchd deschibeddhyem pyrameter kmown as the
oscillating visconeter as described above. In

p&?ﬂitsf)éﬂﬂ indek hqmpl WhHBH SindlidMes e bredeiht af Via) utecular weight
neasur e at 0 radi ans/ second (very | ow shear rates),

d%%xo Elgra a%&' ént tdtRe }gh? E@E%Vﬁbﬁgﬂﬁgg%%t bh Q']yolymer

er nati vel reat
wh b
AR A %Mﬁb'ﬁéf‘%%ﬁag’ RURrg e at@s@om%og MWNL In

sulfate treated chrom um alum na catal re uni
parficelpiithe privasexlers resis gae HPSVHPe PRt alTﬁ uf 4, gredier than
nol ecul ar wei ght distribution (MAID) can be descri bed
alpt 6, graatemthareabdun 8yer gasatertilean aboit/H). spaprsingly,thelBRI values of
(PDI) whi ch indicates the breadth of the nolecul ar
SR pdethylkin trédidildldo0dte Bfieh less than hbdit 201 lessctharhabout 17, less than
wei ght - aver age nol ecul ar wei ght of a pol yner divided

I?XJ 415 m%ss AR YR SeBHddheteingHolyRinyldhe rBPhsyRiRE PDI

I'n partlcular t he pol yet hyl ene resins
ave PDI va b
R e T e
10. Surprisingly, the PD val.ues of | e
weabDRWaRtcS B b solidner ompoRtans aBde e bt A0, Z?matlvely
about 17, less than about 15, or even Iess t han

leiss thean abototli ardess, thath abqys [SyandHihne frsligags & ﬁ@am\@behllgbﬂaﬂ in the

MWD.

[0032] Throughout the specification, the molecular weights and molecular
weight distributions are obtained using gel permeation chromatography (GPC). The
GPC is performed using a Waters 150 CV gel permeation chromatograph with
trichlorobenzene (TCB) as the solvent, with a flow rate of 1 milliliter/minute at a
temperature of 140°C. 2,6-Di-z-butyl-4-methylphenol (BHT) at a concentration of 1.0
gram per liter is used as a stabilizer in the TCB. An injection volume of 220 liters is
used with a nominal polymer concentration of 0.3 gram/liter at room temperature.
Dissolution of the sample in stabilized TCB is carried out by heating at about 160-

170°C for 20 hours with occasional, gentle agitation. The gel permeation
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values in the range of fromabout 6 to about 15.

Further, the Mz (z-average nol ecul ar weight)/Mv

rati os of the polyner conpositions are |ess than about

10, alternatively Iless than about 6, or |less than

about 5 and thus indicate a relatively high tail in

the MAD. [0032] Throughout the specification, the

nol ecul ar wei ghts and nol ecul ar wei ght distributions

are obtai ned using gel perneation chraopatography
chrapatpgraph einclopes ﬁ@J%@?ﬁﬁﬁﬁﬁﬁéﬁsﬁﬂﬂmﬁs@@@e?%n B @pgellhe

per neati on chronmatograph with trichl orobenzene (TCB)
calsmhdewao| ealitiratedvi tith aa f broad r lear opolgethylene standard (Phillips

mililiter/mnute at a tenperature of 140C.

M%p@x.ﬁim:mwbeﬁ-mmch paRelec1 BT digitthad bednndesstinirgdi on
0

1.0 gramper liter is used as a stabilizer in the
An inj . : . : .
(958 ol pol oy 6 BRARL HeTRoliplly Becclibgd BPlrttd ag be
roomtenperat ure.  ssol ution of .the.s e ] .
fagRgg 1y Z5 o @B TSR et e il g o kpovp i the
170C for 20 hours with occasional, gentle agitation. .
arthgugiie| aspep¥iEisiononblows molding riegioRp MPIging, g £8er pmning,
Waters HT-6E colums (7.8 nmmx300 mm). The colums
theemeformingbarat exsting.t Fon ekamaple, 4 polymer pesiny mapibeegréruded into a
standard (Phillips Marlex. RTM BHB 5003) for which
sHeBe wiidhei§ tHedrthetBiofitinel atto haend ded aticlesach as 4 &@8ider, a cup, a
Pol ymer resins having the previously described

trg)?, %gﬁ%l%% @StoV B zpFomf)&feHPQf addtifer PEddubl. EBxhpl BROUSHRGE sHduse

se articles using techniques known in the art

uch.as ext.rusi o bl ow_nol di el £100,
R ARG STHA 5 PORE RSB rninEY fouaEbbas sty Rl bortes
exanpl e, a polyner resin may. be ex ded in . .
beibend spyfpidh Adding e dshBRisIRapa b semardh fp (oge skilled in
article such as a container, a cup, a tray, a pallet,
thgattoy, or a conponent of another product. Exanples of
ot her end use

EXAMPLES
[0034] The invention having been generally described, the following
examples are given as particular embodiments of the invention and to demonstrate the
practice and advantages thereof. It is understood that the examples are given by way
of illustration and are not intended to limit the specification or the claims to follow in
any mannet.

EXAMPLE 1
[0035] The following procedure was repeated 3 times to form 3 different
catalyst samples (samples 1, 2, and 3). An alumina support (alumina “A”) purchased
from W.R. Grace Company was calcined in nitrogen at 600°C in preparation for its

use as a catalyst. The support had a surface area of about 280 m?*/g and a pore volume
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articles into which the polynmer resins may be forned

i ncl ude pipes, filns, bottles, fibers, and so forth.
Addi tional end use articles would be apparent to those
skilled in the art. EXAMPLES [0034] The invention
havi ng been general ly described, the follow ng
exanpl es are given as particul ar enbodi nents of the.
invention and to denonstrate the practice and

advantages thereof. It is understood that. the.exanple
ofipbetich § S Py pPOrE 5B ST BRPIEHE Eith S ABRYR of

tolimt the speC|f|cat|on or the clains to follow in
anamyninarsulfate IExquePLESolutiaosshown in Tahle bhelay. frlewed by drying

was repeated 3 tines to form3 different catalyst

thé 3PPoRSin( £ @aqUuESoden &, 108PC {3) abotwn 18! howish aThel pyppott was then
(alumna "A") purchased fromWR G ace Conpany was

mﬁ)?tlééfxa{éﬁ %1%1{136 ﬁ%ﬁlﬁﬁ&ﬁ{hﬁ)ﬁfhoﬁ%@ Cr | ﬁﬂﬁéﬁ#érﬁt@: citannhfnsthereln

aszgO il . e su face area of
and a pore vo 16, 0 about. 1.5

fo evvac.i DGRBS frip AoV SSHIB AP N H i&?ﬁe@r chlgmd T fysulting
various anmounts of ammonium sul fate in agueous

catadbyst tpresnrses vl dhen activaied by caldieatiow, infdsy |aiweed abgutdf oy at
t he support in a vacuum oven at 100C for about 10

edwegrs. The support was then inpregnated with a
nethanolic solution of Cr(NO3)3 to incorporate

Sggom um NGB shold! QMR NiCH bBHid off e ActhAafed ialyst

n at 100 out resul ting

Ca5 Gpspd 5?1%%%%%@“@ iy Sembiyocs %E%@fﬁe@%t@&f the
wé&ﬁﬁg&ﬁ% %Efasltlﬂfaﬁg %aagda‘lto garcg %?t;rgllngséuggor% Qned t %t\!w\e/lgﬁt 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 catalyst during the calcination. For samples
1 and 2, the amount of sulfate measured after calcining was slightly larger than the
actual amount of sulfate added. This additional amount of sulfate may be explained
by the observance that the base alumina initially contained about 1.7% sulfate
residue as Na,SO, by weight of the support as a result of its preparation. It was also
observed that the weight of the alumina support increased significantly due to the
adsorption of the sulfate. However, adding sulfate to the support did not contribute

additional surface area to the support. A "Quantachrome Autosorb-6 Nitrogen Pore

Size Distribution Instrument" was used to determine the surface area and pore volume
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sanpl es and the conpositions of the catal yst sanpl es.
Table 1 further provides the weight percent of

sul fate added to each al um na support and the wei ght
percent of sulfate actually found by X-ray

fluorescence analysis in each catal yst sanple after

the calcination step, all weight percentages being by
total weight of the catalyst. Based on the results

picted in Table 1, all or,k a substantial .portipn of.

O? fhe supnortst dhisptidenent, e eeasiigd B the Qondectfiing COrpopstion of
catal yst during the calcination. For sanples 1 and 2,
Sy¢ssetaNoint of sul fate nmeasured after cal cining was
slightly larger than the actual anount of sulfate
[0030pd. Thi s Hudhedsaredl susfrceiatea ahd potef ailemepexphassed per gram
expl ained by the observance that the base al um na
of fhietfinfdhled caARsRhRAAsAMOWN id Tablesiul Thaleitioh e deas@ed surface
Na2SO4 by wei'ght of the support as a result of its

a.t{%% :aﬁ’lgr L Qdturhd F\)X)g??c‘ cHrdGed ‘P&sﬁgya%qitﬁoﬁgf vJeF%nt gﬁitﬂgtsulga{htg as

['um na sup I'ncreased significant e to

adsorption of .the sulfate.,. e addi n ul f at Q..
SRR GUEARNT | S BreriA RO oI Br SaRaT (64 praeg dinina
area to the support. A "Quantachrone Autosorb-6 )
suipoFto glarviewref thesecororted vabies; Bitace arqa andnpore yelumg dig not
to determ ne the surface area and pore volune 17 0O of
sighificsnthypdedlime dhthe amusint nfrsvifatevadded was neatedsedmRatleer, they
Quant achrone Corporation of Syosset, N Y. [00371 The
SUPBASIHEIg Chtytedl Aboat eHeeqndNd Apadve ckih wifpolyugizatse datalsts has
grain of the finished catalyst, are also shown in
th-l;?éﬂn%b%fanlcx‘%at%@.di“ on, the neasured surface area and
pore volunme were corrected for the additional weight

of the sulfate as shown 'nblgzilbl e | and are also
expressed in Table 1 per Pafiof the ori gi nal al um na
SUpport o{m.rgofvi ew of these coerlf ectgcﬁd vad ;Fff sé?; mﬁg ”
ar ea |angp féed,e |vorante | dfpeuptot Measirgh) Mezser orgeled ey
e mimer LI o s oot WAcRo| FAETe| on.
t hey

gram;{ 1000 g of wt. % wt. % cclg m%g m%g cclg

2%73

Alumina 0 0 17 1.45 300 300 1.45
1 10 6.78 8.7 1.356 195.5 214 1.49
2 20 | 1270 14.28 1296 2852 333 151
3 40 2254 19.35 1173 164.5 204 1.45
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surprisingly stayed about the same. A new cl ass of

pol yneri zati on catal ysts has therefore been created.
Table | Amount of Amount Amount Measured Measured
Corrected Corrected Catalyst (NH ), SO of SO4 of SOU4
Pore Surface Surface Pore Added. Sanple Added,
Measured, Vol unme, Area, Area, Volune, grans/100 g of
,M%W. %W ns/g mMlg Al20a cc/9 Aumna AO O 1.7
1.45 300 300 1.45 1 10 g @ l% 1.356 195.5 214 1.49

2 20 12.70 14.28 1.296 B 1.51 3 40 22.54
19.35 1.173 164.5 204 1.45 18 EXAMPLE 2 [0038]

[0038k yst sarfatalyst sampish Esamples)d-Rewereprengeadsy thesampemanner
same manner as described in Exanple 1 with different
asdesdtibal of Esathlat le wéthcdifferenhamosmsrlf sulfate canepdithat csample 4
sul fate. The anobunt of sulfate added to each catal yst

et End B8l fhid e ThRhht FESLRN added he xastAilyst GamelE 4nd the
(Cr VI) contained in each sanple by total weight of

w%%ﬁt &@Blteofé}{eﬁ éatfé?lmhfo?nﬂﬁ {(ﬁ ‘313 }1 Wled[lg%gll S gle mg total

rlzatlonrun usi ng yst sanmple wa

ngtgp??fetﬁe PRt gt é?ﬁhbtaﬁﬁ%%d Wereel jacket |
[0039] A polymerization run using each catalyst sample was made in a
2.2 liter steel reactor equipped with a marine stirrer rotating at 400 rpm. A steel jacket
containing boiling methanol with a connection to a steel condenser surrounded the
reactor. 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. 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 isobutane diluent by
weight. Finally, ethylene was added to the reactor to equal a fixed pressure of 550
psig, which was maintained during the experiment. The stirring was allowed to
continue for about one hour, and the activity was noted by recording the flow of
ethylene into the reactor to maintain the set pressure.

[0040] After the allotted time, the ethylene flow was stopped and the

reactor slowly depressurized and opened to recover a granular polymer powder. In all
19 °



contai ning boiling nmethanol with a connection to a

st eel condenser surrounded the reactor. The boiling
poi nt of the nethanol was controlled by varying

nitrogen pressure applied to the condenser and

j acket, which permtted precise tenperature contro

to within half a degree centigrade, with the hel p of

el ectronic control instruments. A snmall anpount (about
0.04 to 0.10 grans) qf the catal yst sanple.,was _.first
casgy thgetgaciBas ﬁf@@lﬁ &ggh ng dndigptiog r%/f ¥ ¢lh pealgyopting, o1 other
liter of isobutane Iiquid was charged to the reactor,
foamd of frmlingadhe polymst hewde avagphencemoved and; weiphady rebiyity was
(TEB) cocatal yst was added in a heptane sol ution
speciiivd s gtafrisiod polyener paldutatyser geboh of solid cFtakyst charged ppeifour.
TEB cocat al yst added was equal to about 8 ppm of the

[doagput ane dityieptul of WREE PblynfriR@idny rungtdy IsB&Wen W STable 2
added to the reactor to equal a fixed pressure of 550

i g, i [ e, q

oh? TG ST R GhALRE (Seeh 436 PR TR Hetenhifed in
and . the act|yit not ed recor di th w.of

ot oA T DS, O A ot ol B F AP ¥ Yero. To
pressure. [0040] After the allotted tinme, the ethylen

campsnssiasfos ithe salfatgnweighte geine 4be Getighoway epsrsried said; tsegms
and opened to recover a granul ar polymer powder. In

expréssed & Gramasépolyiner predutedrpengsmnrdithe oviginkl alemina support per
i ndi cation of any wall scale, coating, or other forns

h&lr. TR okt @sesTaRliRO AR to BRIy R rdabed the ectivitg &f drdatalyst.
wei ghed. Activity was specified as grans of polymer

B e R R e o A

shown in Table 2 be|OMLminﬁ ?LM of the polyner resin
recovered from each run 4984t ermined in accordance
I

wHHR—ASTW D;rf"r)oarﬁ' AH—of—the—petyrmershad—an H-M f
zerp. To |compensate fagr the sul fate weight %Ly, ENEeted
AGt | GO (AUESS erpelt aguars | e | | R Ay
No. grams per wt.% g g min AlL,Oy/h ALOh
100g
ALO,
1 4 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
9 7 20 0.0605 142 30 4694 5377
10 8 20 0.1235 246 20 5976 6845
11 8 20 0.0497 112 34 3977 4555
12 8 20 0.0384 87 31 4385 5023
13 9 40 0.1046 0.0652 131 39 3001 3990
14 9 40 0.1046 0.0711 123 31 3348 4322
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expressed as grans of polymer produced per gram of the
original alum na support per hour. In nost cases,

addi ng sulfate to the catal yst increased the activity
of the catalyst. The activity of these catalysts is
pl otted against sulfate loading in Figure 1. Table 2
Amount of Corrected Run Catal yst (NH4)2SO Anpunt
Catal yst Polymer Run Activity, Activity, Sanple 4

added, of O VI, Charged, .Yiel Time, gig / No. No.
grams per wt.%g g mn E\Xﬁééﬁfﬁzqm 100 g AI,O 1

4 0 0.0303 48 30 3168 3168 2 5 5 0.058 119 31 3971
[00425 3 6 10A catalysgratedasith 20 pargsoizpmgoEes pulfate ger O parts
0. 3286 0.044 131 34 5254 5636 5 6 10 0.3286 0.0458

byl 4kigh® 0B Altthifb s nfadé adddrding ABtheGproebdurk3lesGibeB 16 £x8H81 1.
7 7 20 0.0605 142 30 4694 5377 8 7 20 0.2295 0-0533

e R S

455 12 8 20 0.0384 87
activat?on, and then it was use% to3 :%)of'yeﬁlse?izg Oe%l?ylene at 95°C and 550 psig

according to the procedure described above, with the exception of two changes. First,
two of the runs were performed using 8 ppm of triethylaluminum (TEA) as the
cocatalyst, and two runs were performed using 8 ppm of triethylboron (TEB) as the
cocatalyst. Second, 50 psig of H, was added to the autoclave after isobutane addition
but 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 Mw.
This can also be seen by lower Mz/My ratios, which also measures breadth but is
more sensitive to the high side of the distribution.

[0043] Figure 3 compares the molecular weight distribution of one of the
foregoing polymers formed using the sulfate treated Cr/alumina catalyst (treated with

14% SO, by weight of the catalyst) and the TEB cocatalyst to the MWD of a polymer
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13 9 40 0.1046 0.0652 131 39 3091 3990 14 9 40 0.1046
0.0711 123 31 3348 4322 20 EXAWPLE 3 [0042] A catal yst
treated with 20 parts of anmonium sul fate per 100
parts by weight of alum na was made according to the
procedure described in Exanple 1. The catal yst
contained 2 % C by weight of the alumna. It was

cal cined at 600C for activation, and then it was used

ol ymeri ze et hyl ene at 95C, and 5 ccordi n
el g b o RATRINY S oD CeM AR o RO B BEBE, Rphred,

of two changes. First, two of the runs were perforned
acfiyated, @dopm identicallnt Figuse & ragainillpsteaes the namwmg effect of the
cocatal yst, and two runs were perfornmed using 8 ppm of
sulfatecdrhthe MOWON ( TEB) as the cocatal yst. Second, 50

psig of H2 was added to the autoclave after isobutane
addi tion but before ethyaamergddition. This was done
during each run to decrease the nol ecular weight of

q’oﬂﬁgpo' yethéa?{l?st{}&%dtéh&rﬁﬁ &’4%8 i péﬁﬁyetsﬁgﬁ‘gi Etel(fd}%ns

e anount © rogen adde

resins sti had M valu er.a. [Fi qu

alfnaciy Seisht WHE st Y oM e o op el ehzf%erse Frgee
pol yet 0yI ene res;j ns roduced in those runs.

capsained VorGrdur weight afifae algmana andrwegg caisined a5 60q Gufpr Bﬁgvatwn
of the polyethylene resins were noderately broad, and
Thdseicatabistsvabreathenvell @vedetoypdiigbrizd ethyleae bt 95ﬂﬁbatad/éi(hgsig as
Mv was over 1 mllion, which is surprising considering

pr{ebi%u&l? rdg&mbam& t ¥at T#5 B‘gﬂl,g 2 BPdroEﬁﬁ Pistwastdatisd f &larém the

here’is I'dck of high tai as can be seen from

il @g@ﬁgﬁ%& Dor Qe B RaltBl SR e XYY vRghe

i'S can
Me/ Mv 1 ati ch al.so .neasures breadt but i nor e
(hasgdqry wol?werm@ usngRfa iSOt 3ty Tﬁ@ ?ﬂ'@uw a5t 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 Mw, My, and Mz values for each polyethylene resin. The zero shear
viscosity (E,), relaxation time (T¢), theological 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 using the rheology of the polymer. The melt index
(MI), which represents the rate of flow of a molten resin through an orifice of 0.0825
inch diameter when subjected to a force of 2,160 grams at 190°C, was determined in

accordance with ASTM D1238.
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[0043] Figure 3 conpares the nol ecul ar wei ght

di stribution of one of the foregoing polyners forned
using the sulfate treated Cr/alum na catal yst (treated
with 14% SO4 by wei ght of the catalyst) and the TEB
cocatal yst to the MAD of a polynmer 21 O forned using
a C/alumna catal yst containing no sul fate but

ot herwi se prepared, activated, and run identically.

Figure 3 agajn illustrates the najrowing effe of e
(0B4P 2t e on ChEshaES PELOPR OGPD{(E 06 e, RupUial iy pidetlthe
wth O to 40 parts ammoni um sul fate per 100 parts )
pelyethiylenc bysineinghtlowe FLMhaeluss, pihishi sndigaje dleas cthpy diadj high

Exanpl e 1. These catal ysts contained 2% Cr by wei ght
mofectiae waights. nPurtied, asehe amatutti afesd] fate inG64ed,athe HLMI dropped,
activation. These catalysts were then allowed to

ind R MR kHaf eheStrBn8O Bf Ble AffbteaiadsddDBe RSdIEculs waibIRY tdliftease.
descri bed, except that 175 psig of hydrogen gas was

T TSRS, T i o St
RCSERIERE T T RN W T S

bel ow, various properties of the polyethylene resin
pYlyetlipieaeirasins arse SHpHSiglyagee Mih ¥y M valyggrangpig 8 to
enpl oyed to determne the Mvy M\, and Mz val ues for
12aThe psing atshynexpectedlyi exhibited MgMw stlees of arpwlok i The Mz/Mw
(E), relaxation tine (T;), theological breadth

iSRALMRERRAsUC@DE malRBulb@eighibrégdth awhich iegaticylaly enbiyive rethe
resin were determ ned as descri bed above. Two HLM

h%géé’ﬂ %l%&[a‘? wii S icgﬁ?gn%{éseoif thé afstpgionas det er m ned

Ing the aforementioned ASTM nmethod and the second

[@HZ} was cal c i@%&iﬁ%ﬂ\%&é%ﬁﬁé nd PAPn2d esfﬂ% r\];JaQ %c{?@llogv;@gree of

nmelt in c reeBOr sent’s era
flow of a nplten resin through_agn orific f 0,08
long chain branching, as indicated by severa? of ale resullts Im %a‘tae 3. T‘l)qe %—&MI/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 to go up, indicating
a decrease in long chain branching. In fact, the catalyst containing the largest amount
of sulfate produced a polyethylene resin having a My of over half a million and a

parameter of 0.38. A parameter of 0.38 is above that expected from even a Ziegler-
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i nch di ameter when subjected to a force of 2,160 grans
at 190C, was determ ned in accordance with ASTM
D1238. 22 [0046] As shown in Table 3, despite the

| arge anount of H2 added, the polyethylene resins had
| ow HLM val ues, which indicate that they had high

nmol ecul ar wei ghts. Further, as the anount of sulfate

i ncreased, the HLM dropped, indicating that the

presence of the sulfate caused the | ecyl ar i.ght
Nt hiaheh g6, he Tememidasr TB° o8 ot 4 thel QP cXufpd By the
Despite

i ncreased as the anmount of sulfate increased.
palpeshylengresins dsaindicateshaitheresing @episyantisbelisgary i ndex

val ues (MvM MN) of the polyethylene resins were

surprisingly narrow, w thT44BN val ues ranging from8

to 13. The resins al so unexpectedly exhibited M/ My

ralnueger of around 4, The Mi/ Mw is| anst her nmeasurle of
Aodugoliliraksonsidght bf eadf h, (whigh i5 pagticul aply 40
MQ:ve to the —hi-ghestmpleculpr—wei-ght—conponen 5

BV OARmR o1 ri bt i op  fH047] ASUi sti@Pive f &% ure SF
£He). pt yer r esi ns| wad8t hei roP¥w deffd® of %2Bng chth
Mveockimey, as indi cated by seM@ral @62% he réxul tis RS
Watdoe kgmol The HLM / M 488at |0 $28bues Wwer7e nucdh7-d3ower 521.14
b, tgrese of pol yrermsoopr qdussde by wed¥er | chi48pA ujnt2295.61
bamed catal ysts at|suaa hijghizbty. Despist e | hav#2ag [Mvs.o14
ValWES 1T h the rangg okg300,0Q0s tpb owver 5004000 |g/ mob,
b ATESnEa e, ATT LT TTES g D6t 1€ §sBRENE IMBER 0N MES5T[0 Ree+s
R&a‘ﬁéﬁb‘&jﬁme,s W Ch S ai 5 Ui qug, 1o POLBYTET S3han 5.52
G Breadt Paranater & - | Moo ' T eV TET Baddf YUUCER Y] o384
Vgm0 P oo o b Jodbey | Mo P> 19odss O Tobsda | Booos
Hignomn, oo s Lo o J 2t | Az | DS 032
B v er e 1 cachlcad®  ihe Zdditiorsof lout Pate 2
T08al 4 iose val ueb (8o lup A ndl cqting L a- Soereads®

oS O—go—s o oac T 11 T UCT T CTaoS'T

in long chain branching. In fact, the catal yst

containing the | argest anount ] ) )
[0048] Another indication of the effect of sulfate in decreasing long chain

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

disclosure regarding the Amett 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 of the weight average molecular
weight, linear polymers fall on the Arnett reference line, which is also shown in
Figure 3. Thus, the farther off this line a point falls, the more long chain branching it

contains. The two curve lines represent 1 branch in 10° and 10° carbons. Thus, one
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of sulfate produced a pol yethylene resin having a Mv
of over half a mllion and a paraneter of 0.38. A
paraneter of 0.38 is above that expected fromeven a
Ziegler- 23 0 Natta catalyst at the sane Mv. The high
tan delta val ues exhibited by the polyethylene resins
al so indicate that the resins were essentially |inear.
Table 3 Run Nunmber 1 2 3 4 5 Am)unt of (NH4) 2504

cit x5 it s ot s pdedpfhaplode frpog o i freinagiference

.0.2295 0.1046 M1/ 1000, kg/ rml 4 4 24.33 26.27 32.2
ligs. 03 Mw 1000, kg/ ol 459 328.6 301.7 367.83 521.14
Mz/ 1000, kg/nol 3600 1361.49 1265.41 1548.55 2295. 61
[00UPIVh 105 1Fig08 S1shosBd thd inod&dlad vodght distribtion. & semiedof the
4.19 4.21 4.40 Zero Shear Viscosity, Pas 8.1 E+6

dl 8k id 5’aﬂle 456k can Sethihttas buldfiEsaddeeloakatatslyst liheenolscular
12 1.83 3.14 5.52 Rheol ogical Breadth

72,
Wg‘%&o i nh%O‘SS%T ¥ Sttt Saotk ngg%ﬁ%égb&%%ﬁﬂ%gh fepd of

mn 0.92 2.18 2.11 1.50 0. 32 HLM/M 115 45 43 45 33
the SHV§elta @0.1/s 0.853 1.841 1.917 1.705 1.562

EXAMPLE 5

[0050] The following run was performed twice and demonstrates the use
of an organochromium compound with the sulfated alumina support. Alumina A from
W.R. Grace was again obtained and impregnated with an aqueous solution of
ammonium sulfate to incipient wetness. The total amount of ammonium sulfate added
was equivalent to 20 wt.% based on the weight of the alumina (calculated as Al,O;).
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 1 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).

[0051] Exactly 0.1513 gram of the catalyst described above was then
added to the reactor described above, followed by 1.2 liters of isobutane, 20 psi

hydrogen, and then 550 psig ethylene. Each polymerization run was made at 100°C
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[ 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. Additiona
di scl osure regarding the Arnett plot can be found in
Long Chain Branching in Polyethylene fromthe
Phillips Chromum Catalyst, M P. MDaniel,* D C
Rohl fing, and E. A Benham Polyner Reaction
Enai neeri ng Val . , No. 2 ., 105-1 Q0 i.
for SO mewosond: Beided 74 e e | 1Rs meftaps, ARy for
When the log of the zero shear nelt viscosity is
egshoamplt wagad2t ThhMWBG for therfwo,ungare shown i Eigure 6. In each
nol ecul ar  weight, linear polyners fall on the Arnett
rungh eesrigread MWD win alftainsd bdving & Movef 1730, #Myuo€ 18,000, and a
Thus, the farther off this line a point falls, the

MIFe digm@ochai n branching it contains. The two curve
' nes represent 1 branch in 106 and 105 carbons. Thus,

one 24 0 can see that Eﬁgdﬁp[$6sulfate added, the
cl oser the points cone to the [inear reference Iine.

49] Figure 5.shows the ,nol ecul a i.ght .
211 o o5y DR (oo et st g mogify the
can see that as sulfate js .added to the catgl yst,, K the
melsicelan weight distribmtiony P%@Piabﬁﬁlp?iﬁ‘oﬁmeo%? yalf A4, javing a
especially the | ow nol ecul ar wei ght end of the curve,
sUERabl/RieE of ab@D300 niffgeanfl @l fovswolyme oh abews 1 feqcf v aseabtaipgdsizom

and denonstrates the use of an organochrom um

VERITORAURD TWivka§ cilbBed il flewing dil wmittopen aupRENCt for Abautilnkoud At
from WR Gace was agai n obtained and i npregnated

tﬁlié g&nﬁgorﬁél BE QS ARt WA trfted FRINDRIAD Sidl thatrest tvilas not. The

nci pi ent wetness. The total anount of ammoni um

TS S B, g e
containing sulfuric acid in an amount equivalent to 7.3% by weight of the dry alumina
to be used (calculated as Al,O;). The damp powder was then dried at 110°C for 8
hours and 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 bifluoride, 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 calcination in flowing dry air at 400 to
750 °C as shown in the tables. Polymerization runs were made at 95°C by the same

procedures described above. Triethylaluminum or triethyboron cocatalyst was used,
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After being dried in a vacuum oven for 12 hours, this
powder was then calcined in dry air for 3 hours at
600C. About 10 grans of the cal cined sul fated al um na
was then slurried in about 100 nL of dry heptane, to
whi ch was injected dicunene chromum (0) slowy over
about 1 mnute, in an anount chosen to yield 1% Cr
(calculated as the netal) by weight based on the
wei ght of the cal ci ned sul fated alun1ng ge di%unqpe 60
along w0 pws HauiERylgnewas suwlied an slemsa éhg bpiig Igrsabout
i ndi cated by the color mgration fromthe heptane
minutgsi d to the support. After adsorption at room
tenperature, the remaining heptane was evaporated off
[00s4 gent | e Rroderted OF thel fdbaidrs prodatddyar® stidwirBingables éfand
the catal yst descri bed above was then added to the

frowed b
g%%g%%qﬁg%b@qghgqg rogen and tp%ﬁégggh%iﬁg& owea >y

efsl'ﬁxj G i, Tk i sfabesth s a0 B ﬁ’*“e FRy o aotne

The nelt i ndex obtaj ned for each sa Tht%1
saypTRciivatinn temperalyse (QIRCh Mathdhe fFme FO%, nF%XPF VF n
run, a very broad MAD was obt ai ned havi ng
the 380e leveMd miosibe:, 6i00s cashof thesqyparisbles cgqtzlbewﬁ)to mmtt of
6 [0052] The follow ng runs denonstrate the use of
teuhblRbdart Weighddibyibutien. Wieadhitavomparigitt isdinsder origucancree that
on an al um nophosphate catal yst. Alum na A having a
sﬁg{té 68 Bufl t&f BBAULE 3R thh@nﬁhoﬂzcﬂ@f avelgHt UdiBtribhition by

out .5 cc/g was obtained from WR Gace. It was

! 1609fud BbthaROWy/My and
dWBL Ohltqhe iu%énm n Qg%ﬁ}?gé cg ghﬁfabrgn na was tr eg%we Nan
WlthS|fa and_ t st was .not
Molvivarbiss oVt et BRPAHEEPIF FiRerp] ai £ Mpf dedndtboutar
with water
weight distribution, curves, which make this effect abundantly clear. Figure 9 shows

an Arnett 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 Amett line, indicating increasing linearity.
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containing sulfuric acid in an anount equivalent to
7.3% by weight of the dry alumna to be used
(cal cul ated as A1203). The danp powder was then dried
at 110C for 8 hours and again calcined in nitrogen at
600C for about an hour. [00531 Then sanpl es of both
sul fated and non-sul fated alumnas were slurried in
nmet hanol to whi ch amoni um bi fl uori de, phosphoric acid
and chromum nitrate were added sequentially. A fina
drying at 100C for 8 hours under vacuum renoved
excess net hanol. These catal ysts contai ned about 2% Cr
by wei ght of the catalyst. The anpbunts of phosphate
and fluoride added are listed in Tables 4 and 5

bel ow. Each catal yst was Thidad4acti vated by cal ci nation
in flowng dry air at 400 to 750 C as shown in the
tabl es. Polynerization runs were made at 95C by the
same procedures described above. Triethylal um num or
triethyboron cocatal yst was used, 26 along with 50
psig H2. Ethylene was supplied on demand at 550 psig
for about 60 mnutes. [0054] The properties of the

ppl ymers produced are s I-'n Tabl 4 . and ,b.
chft"&eé™ n *Tabl ¥ 4Ta:t"hat°2{%:ﬂh°"f"héL"W%§M\l ’é?’f’d wy I\/W"" S
vidlia& Were narrowed by the additron of sulTtate. To
spe 't hit® ef f ect’on¢ tfust "per FYr nyt e pol yer} 2atflons;?
al the,.sane acti vakhion Lenpgr atdr e,{600%) , 2 t k.t hes
sqme co@at ab ystrs( TEA-cvS.reaTHB)20 arvd ak s+ t7hves saave [2evel s
o| ghogghatp, siincesgachiof| flfesy vaki gitbse: o
CORTLEIEITRLES O (e Dr caarmor  the nol ecUl ar wel gnt

di strri buti on. Wiensdlvat reonpari son +3 reede sphe Cah see
thatt 4t fajfe dbeshgve i’hgd EFf et bF rgfrt B Hothe |y
mpl ecul ar wei ght dhﬁ%fletIORis7 d&ﬁ1nmshungubakh the
h ghl and | ow nobecedeadr wei ghtst aJ|°I s779ThU§§ zget4h‘;§3he 4
M EN ahd e/ My vERifes Tar d Fawert 1BF thd SlltTarkd
sanp €S04 Figures 7 eaftd 8ea5 HOMsst h nuke&uhammsm 785 5.9




wei ght distribution, curves, which make this effect
abundantly clear. Figure 9 shows an Arnett plot of
this sanme data, which denonstrates that the sulfate
tends to make the polynmer nore linear. In each series
(TEA and TEB), the addition of sulfate causes the
points to nove closer to the Arnett |line, indicating
increasing linearity. 27 Table 4 Run # F(Al % %801
Act mp. C Cta o Activity HLM 1vn Mv Mk 000 |t 000
11 000 MM M_Yw Te lyst Sulfated 1 0.10 2 7.3 400 C
TES 1683 8.0 10.68 391.8 E2ble15 9 36.7 7.0 2 0.10 2 7.3
400 C TEA 1341 0.2 32.08 479 2236.3 14.9 4.7 3 0.10 2

7 {8—606—-—FES959—6—5—342—344—39F+2542—32 7+ 634016
2| din G T 200c0. 3 c26. |84/ Ade 280 2788 5 M6, 203 (A
5|0 %oﬁgpr”; e s e &42}5';],%1’“4.’??%3 489, 5’&?‘?"24@5’? g
6fstaer U ©O U. 10 Z 7.3 /b0 |C TEA 1668 0.6 31.6/7 4/3.14
223357 01b. 124. 773 Nad cSuhdeatjedss7 s0 OG0 GG ":G1IEB.71074
417 4. 3% 459. 087:36@Bc 43 1Ek04. B417.08 38080. 44 22303 600 C47
TEB 1163f0 5025 62.096@802. 788 4966. 45 33143 P4, 625129 @711 62
0]600 @1TEA28827.34. 8006. 01eA398524 7 0326864540179 2319, B3 1320
0]0 16001C TEA 5580 @07 655 |780. P2 59721 3041 Rss 2642 3 80
11 Q020 508 C TPEATRQA (FAQ |71588Q 08321610 4784 3233 1513 ¢
4| YetSuffgtedy 10 0 600 C TEA 2d5 0.3 8.47 756.55 3809, 53
89 321 5 E) 0 0 600 C TEB 1074 4.7 439 459.08 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 1152 7.3
25 0 2 0 600 C TEA 634 0.0 7.79 887.56 3932.04 113.9 4.4
26 0 10 0 600 C TEA 205 0.3 8.47 756.55 3809.53 89.3 5.0
27 0.04 27 0 600 C TEA 1168 0.3 5.86 670.59 3690.24 1144 5.5
28 0.04 27 0 600 C TEA 1406 0.6 7.98 626.58 3688.54 78.5 5.9
[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.
Accordingly, the scope of protection is not limited by the description set out
above but is only limited by the claims which follow, that scope including all

equivalents of the subject matter of the claims. Each and every claim is incorporated
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13 0.04 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 0 Table 5 Rung Pl Al %

%5(). Act. Tenp. Co- Catalyst Activity HLMI M 11000

Mv 11000 Mz 11000 MMWRAn M/1Mwv Sulfated 15 0.10 2 7.3
400 C TEB 1683 8.0 10.68 391.8 2741.9 36.7 7.0 16

0.10 2 7.3 400 C TEA 1341 0.2 32.08 479 2236.3 14.9

4.7 17 .0.10 2 7.3 60 959 6.5 12,.14 397 251
inkoyfhe Glejficafigngs o SEDIITIERRT 1hC PEACHS YU S, 08 s himppare
2721.5 263 3.9 19 0.10 2 7.3 750 C TES 1636 22.3 4.79
afarthes tescription and are @ iditiog to thepreferred eprpdmentsiofithe gresent
0.6 31.67 478.14 2233.7 15.1 4.7 Not Sulfated 21 0 O
irefitdéh. CTHEBscAB83dn 4f 7 referdfcelEdeifss BECR. afitrission that7t & privg art
0.11 2 0 600 C TES 1636 50.5 6.09 202.77 2956. 45 33.3

tol theGpresedt thvéatich ng&ﬂall? ahiprefebehcd that m@yl ha@Ba publication date
3768.54 79.5 9.5 600 C TEA 559 0.7 6.25

SRR 1B el i SR BN

0.3 8.47 5 .3809..5 27 0.04

apikat gl PAbBoRong SIS Tolh dts ety ot aiist b sHiorel, t the
2.7 0 600 CTEA140606798 626. 58 3688. 54, 78.

extonhat they previde exarplany, Riosetrahon othep fiet{d\i%sqpﬁk%'ﬁmaahto those
have been shown and described, nodifications thereof
setdorthokeremde by one skilled in the art without

et
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departing fromthe spirit and teachings of the

i nvention. The enbodi nents described herein are
exenplary only, and are not intended to be limting.
Many vari ations and nodifications of the invention

di scl osed herein are possible and are within the scope
of the invention. Use of the term"optionally"” with
respect to any elenent of a claim is intended to nmean
that the subject elenent is required, or
alternatively, is not r&JeMM¥.  Both alternatives are
intended to be within the scope of the claim

Wit trodhiimgdl is; t he scope of protection is not limted by
the description set out above but is only Iimted by
11 he olakHBd vhpreparingld pulymératios caggsticomipodsing al |

equi val ent s of the subject matter of the claims. Each

and gé{lﬁg&mg drfed x%%%ﬁﬁ wifth QilfatthOaddne

specificat S an ment of the present

i nventi.on. cI a t

and B4R SEIFs oYl ﬁ?sg?é& g 1, RiloutiER ik, bRt
the present _inyention. ﬁ% SI on of refer Ce
herei n FentAGNga e, SHAPC W t 8 lﬁ‘% Bty }heir?n g the

the present invention, especially any reference that
may hav eatalypalietal 4 thersuplarcongists@ssen %@ Iyfi coptagynghe gupport
of this application. The disclosures of all patents,
pat ent it deparhteahsomiandcompoluhd;anidons cited herein
are hereby incorporated by reference, to the extent

t hat ‘{cla%hn%r Y bIBmRKORRIEEaYalysRr Wi the polym@tifdtion catalyst is
detalls supplenentary to those set forth herein. 30 0

CLAI M5 Ble 615 @@nﬁ?olg&%%ne h%rﬂgﬂo@ﬁﬂer@for %&ﬂ’ﬁﬁérg Ofugther

pol yrrerl 9t on ta orisin contacting a
support ch%gﬁél'ng ! sneec | urm cocawlalyg} % Su'tfxea térox%) %%Sﬁéting of an

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

2. 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.

3. 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.

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

5. 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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adding a catalytic netal to the support prior to,
concurrent with, or after contacting the support with
the sulfating agent, wherein adding the catalytic
nmetal to the support consists essentially of
contacting the support wth a separate chrom um
conpound; and recovering the polynerization catalyst,
wherein the polynerization catalyst is capable of

produci ng po t hyl ene _honopol ynmers or copol rs, ..
6F urt Her TeAAT Sl % Srhegen g LA EoR B yepnl B dicaing the
group consisting of an al kyl al um num al kyl bor on,
supipkestlin an nxidizidgapmnosphgresatiaemperhtiad injaj rage of) froam about 300°C to
or ganol hydrosi | ane, and conbi nati ons thereof and
aSURbeMCNg the cocatalyst with the polynerization
catalyst. 2. The nethod of claim1, wherein the

chrom um | resent Jin.th St ty Of
78 r omttb o S SR hdtieoin 6% By, EoRRF Y heline the
catal yst. 3. The nethod of claim1, wherein the o
supPTtaR an pxidigingatmosnhere 3@ tEBPFRIYES njafange Ofgf%fb Agoug A00°C to
fromabout 1% to about 50% by total weight of the
abat 200°€t.. 4. The nmethod of claim 1, wherein conprising
cal cining the support. 5. The nethod of claim4,
gWher g4 0 e dCa¢ Ghfdl 29 whirdRe ﬁfeoil.gﬁ&t By oAk FithNBe sulfating
support in an oxidi zi ng at nosp e at a tenperature in
a ggﬁge gf f.r.om about 200C to about 1,000C. 31 O 6.
a8t ORRES 1Y CF U8 m 4, wherein the calcining is
performed by heating the  sypport in an oxidizin .
9at mod Be @rethag; ofsclaigife MRETRIN te SURPPT: iy éo‘g?"t?‘f Wﬂﬁlhatg‘é §plfating
300C to about 800C. 7. The nmethod of claim4, wherein
agdnederigthecalgning. per f or med by heating the

10.  The method of claim 4, wherein the support is contacted with the chromium
before the calcining.

11.  The method of claim 1, wherein the sulfating agent comprises (NH4)2SOy,
H,S04, Al(SOj);, CuSO4, Cry(SOs)s, MgS04, ZrOSOs TiOSO4, (NHs)HSOq,
NaHSO4, (NH4)HSO;, CaSOy4, SO, SO,, KAI(SO4),, ZnSO4, sulfurous acid, organic
sulfides, 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.
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support in an oxidizing atnosphere at a tenperature in
a range of from about 400C to about 700C. 8. The
nmet hod of claim4, wherein the support is contacted
with the sulfating agent before the calcining. 9. The
nmet hod of claim4, wherein the support is contacted
wth the sulfating agent during the calcining. 10.
The nethod of claim4, wherein the support is
contacted with the chromium bheforge the .cal.cining., 1
14ne. 766 FSHORPT gl tn ThTRRGRAFAVDIY (a6 FRAP P oo 25%
conprises (NH4)2SO4, H2SO4, A12(SH4) 3, CuSH4,
giCaterf @1 @) bavpjsined frorasEame Taaskvitiowaylfos,  NaHSO4,
(NH4) HSGB, Casm4, SO3, S22, KAl (SO™4)2, ZnSOM4,
15ul f Arcatidysasiade bptigamitkod efidldimdles, sul fur hal i des, or
conbi nations thereof.. 12. The nethod of claim1,
18her &l dethbi®oPhrtfirig aPoBRKrIzalioH EiYst COMPFIALS |
phosphate, silica, fluoride, magnesia, titania, boria,
or c | pat i . : - et : im1l,
wher €i néc{&ﬁé agpﬁpé) trrnpcgﬁrﬁﬁ)?{ssm&?a%ugg g’lﬁoﬁfﬁ%@% ?g%bg but yl
chromat.e, chromumtrioxide, chrom um acetate, .
chr ogﬁ&?ﬁ Ai ‘fartaj}'té‘f mstal (8 iBF SHPPFHTIOF fios @RpuTey withy or after
The nmethod of claim1, wherein an _activity of the
catal yst rentagting dhe supnestiuwithoihs syifaingeagenh awheregn asiding the
obtai ned froma sane catal yst without sulfate. 15. A
cat al yst oaalgtibyndtdletonthe tsngpat cohsistenessentigly of weuntading the
of preparing a polynerization catal yst conprising:
cont act i Neuppoft WAIhroBRERr | sSing alumna with a
sul fating agent;

calcining the support;

reducing the support; and
recovering the polymerization catalyst, wherein the polymerization catalyst is
capable of producing polyethylene homopolymers or copolymers,
further comprising selecting a cocatalyst from the group consisting of
an alkylaluminum, alkylboron, alkyl zinc, alkyl magnesium, alkyl
lithium, an organohydrosilane, and combinations thereof and
combining the 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
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adding a catalytic netal to the support prior to,
concurrent with, or after contacting the support with
the sulfating agent, wherein adding the catalytic
nmetal to the support consists essentially of
contacting the support with chromum calcining the
support; reducing the support; and recovering the
pol ynmeri zation catal yst, wherein the polynerization
catal yst _is, capable_ of producing pol yethyl.ene .
comenaypel Yhereis the orsspethyomiia COT’PIEH"FIHéP“%’ f#l%‘?lﬂ‘ale chromium,
sel ecting a cocatal yst fromthe group consisting of
dibenzah& ghratminrinbistcyelbpeptddianyehramigyn (E) ard substifpred derivatives
magnesi um al kyl lithium an organohydrosil ane, and
thefot) iafaddchfsmitidoagounditor @mibiinationg tetef.cocat al yst
wWith the polynerization catalyst. 17. The nethod of
16! ai fhd Gnethdl] RO TB! fSHRE doRRingd cdlBiRingUHROSUppbA after
the presence of carbon nonoxidé at a ternperature in
L. an of from:. : :
et s uppled ML bt ERD agerk Sug BEBHE ccifduty nkSupgbrt with

Ion cata

\e))
—+

conprising contacting a support conprising alum na

thgCHIOMHURYy | f at i ng agent and with a separate chromnium
conpound, wherein said separate chrom um conpound is

2Gin oAgeatedysh compesitionzdr polyesigingplefinse pemprising:chromium and a
or ganochr om um conpound conpri ses di cunene chrom um

sulfabe trested abimtinaisupporbisd aycataiyten el e whtleinh theneatalytid metal
and substituted derivatives thereof, am dochrom um

cSRIFROSEEiall P lof CRITRGRAL Whlfein BRS Btymedfitior Ratal@t kochpatle of
claim 18, further conprising calcining the support

pl%]zlﬁ(%g polyethylene homopolymers or copolymers, further comprising a cocatalyst

selected from the group consisting of an alkylaluminum, alkylboron, alkyl zinc, alkyl
magnesium, alkyl lithium, an organohydrosilane, or combinations thereof.

21.  The catalyst composition of claim 20 having an activity for ethylene
polymerization that is at least about 25% greater than an activity of a same catalyst
without sulfate.

22.  The catalyst composition of claim 20 having a surface area of greater than
about 100 m?/g

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.
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contacting the support with the sulfating agent and
before contacting the support with the chromum 20.
A catal yst conposition for polynerizing ol efins,
conprising chromumand a sulfate treated al um na
support and a catalytic netal, wherein the catalytic
nmetal consists essentially of chromum wherein the
pol ynmeri zation catal yst is capable of producing

ol yet hyl ene honopol yner 0 o
2oy ihe FHEYE ComReReySt il 26 BerRghe sHENG i ot ﬁeﬂvaﬂve of
consi st ng of an al kyl al um num al kyl bor on (3/

(NELDESOsal B804, mhlo6B)urfuSPuyFr(SQabsi UMESEn KAISSd), ZnS0,
or ganohydr osi | ane, or conbi nations thereof. 21. The

ZABS @), YHOSO ) HB 0, NEHSOi (NIRJHBAY,i GaPQun Sekt BOh,t sulfurous
for ethylene polynerization that is at |east about

add, G i dds AFuRRalet, oY cbMbibtichs FRdFBOC At al yst
Wt hout sulfate. 22. The catal yst conp05|t| on of claim

2%[8 h‘ﬁé% Q&ﬁlﬂset cggr{p%? ﬁ(s){i‘ bf Qlaﬂlfl 28! $RL &R tﬁ@ orl _QQmpnses

nposition of c m20 ﬁaw ng a

lgg%e g@({eldme of eater than about 0.8 cc/g 24. The

gp éBWﬁB ion of claim 20, wherein the chrom um
IS present in an anount of from about 0.1 %to about
28.0 %Fbg‘/ catglyal campasiiono! elaimn 2t whgisin thsrleming Sypport %Bﬂhef
The catal yst conposition of claim?20, wherein the
camipriset epliosphmtes ssilita, i fluaxide, anagmesia,oftitantagnbalaouar ¢ombinations
about 50 % by total weight of the catalyst. 34 0 26.

thkhefcat al yst conposition of claim 20, wherein the
sulfate is a derivative of (NH4)2SO4, H2SO4,

SRE e A T

te%tg;'y buto% chrsolflrllate HRtbinium trioxide, chromium acetate, chromium mtrate, 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  (I[) 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
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acid, organic sulfides, sulfur halides, or
conbi nations thereof.. 27. The catal yst conposition of
cl ai m 20, wherein the alum na support conprises
surface bonded sulfate ions. 28. The catal yst
conposition of claim 20, wherein the alum na support
further conprises phosphate, silica, fluoride,
magnesi a, titania, boria, or conbinations thereof.
29. The catal yst conposition_ of claim, 20, erein.the
gionp epnsising of an gkylalumingw, alkylbegan, ?@W% @9‘1% B, alkyl
chromumtrioxide, chrom um acetate, chromumnitrate,
lithium,@omioganahydroslané er eohbingdonsAhereefal yst conposi tion
for polynerizing olefins, conprising chrom umand a
sulfate treated al um na support, wherein the chrom um
is a derivative of an organochrom um conpound,
wherein the polymerization catal yst is capabl e of
produci ng pol yet hyl ene honopol yners or copol yners,
wherei n the organochrom um conpound conpri ses
di cumene chrom um di benzene chrom um
bi x(cycl opent adi enyl )chromium (I11) and substituted
derivatives thereof, am dochrom um conpounds, or
conbi nations thereof. 31. A sulfate-treated
chrom um based pol yneri zati on catal yst havi ng an
al um na support, wherein the polynerization catal yst
i s capabl e of producing pol yethylene honopolyners or
copolynmers, and further conprising a cocatal yst
selected fromthe 35 0 group consisting of an
al kyl al umi num al kyl boron, al kyl zinc, alKkyl
magnesi um al kyl lithium an organohydrosilane, or
conbi nations thereof. 36 0
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