POLYMERS HAVI NG LOW LEVELS OF LONG CHAI N BRANCHI NG AND
METHODS OF MAKI NG THE SAME CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application is related to
commonly owned U.S. Patent Application Serial No.

10/ 829, 850 entitled "Methods of Preparing Active

Chrom unf al um na Catalysts Via Treatnent Wth
Sulfate,"” filed on the sane date as the present
application and incorporated by reference herein.
STATEMVENT HECARBIERS FEOARG DOWSHANEREDF RGSEARCH OR
DEVELCAMENB R AR CHINKbANDOMIETEHOD S OFRMAIRNGCTHES AME

M CROFI CHE APPENDI X [0003] Not applicable. FIELD OF

THE | NVENTERYSE GEHPFHRENTE POSSIA TED WePLICATERNET al |y
relates to polyners, and nore particularly to

[0001@OI ymers ’hﬁé’gﬁﬂw% (1)13% M5y 1d QhhEMElosned U P %tegpﬁbﬂicaﬁon Serial

ranchi ng and ne of making the sane usin
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haracteristics. Various supports for chrom um oxi de
referepcg Br§it s have been disclosed in the art. The
particul ar support used for the chrom um oxi de
strongly A WNT@W@EE@MH% SPEDISORED bei ng
formed. Silica sUPPSARCIROFDEVERRPMENDeen used due

to their ability to formhighly active pol ynerization

at al yst r, silica supports do not provide for
[OOOZ?he pr odarg?ti}algﬁﬁc\é@e'ul tra high nol ecul ar wei ght pol yners

Caral yor -act ROSERANCE T Py ROFR i febiBk

[0003] Not applicable.

FIELD OF THE INVENTION
[0004] The present invention generally relates to polymers, and more particularly to
polymers having relatively low levels of long chain branching and methods of making the same
using sulfate treated chromium-based catalysts having alumina supports.
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 chromium is formed

- during the catalyst activation, which often occurs.
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1 0 [0006] Al um num phosphate supports are simlar to

silica supports in that they form highly active

catal ysts. However like the silica supports, they also

do not have the ability to produce very high

nol ecul ar wei ght polynmers. Further, the pol yners

produced using the al um num phosphate supports tend

to contain relatively high anounts of |ong chain

branching, which is not always a desirable property
[0006]dur i Ng pAh&SGEh Pplohatt Bapyeets e simild wedlikcat supp@tsoinehat they form

exists to develop a nethod for producing polyolefins

highly RBWNGAI88S  HORGvENRleNhbBlsaRe L&##}%r@,nﬁe?iaﬁb &fo ndéttHa9€ Wheasbility to
wei ght s. - SUMMARY OF THE | NVENTI ON [ 0007] Met hods of

produc(@){véb??I 2‘]1%9 trrﬁ)léa%may i ;gﬁdl EsCOPLARET BY AdlyhERSIro@Red using the

cata repared by contacting a

. support, conprisi ' e I ' .
i RREFOTBRS! W 3, PR NP4 S A5 Ly B
it SR ST e ) RbipsPe S B A P ereor st

branching are indicated by the high i ght -, aver age X
to develgp ectietiod er gradugingypolaiclios B 158 JONE hal fREjofifie and higher
zero shear viscosity (EO) values of the polyners. In
molecuday veaidddsli nent, pol yner conpositions with
pol ydi spersity index values (i.e., MV M) in a range
of from about 6 SWGMMRY OFISTHEWESVENTVANues great er
t han about 300,000 g/nol and E. values |less than
[0007]about 1xNMethoRaeprodiind apolyare hsludé chxtnginglaieast one olefin with a
branchi ng are al so indicated by the narrow

catalysf P&@Lﬂ‘é@ iadonbe@adh RepsRbomgding dliminacwiih ghsubtingahgsas and with
0]

the polynmer conpositions. In an enbodi nent, the

il v &oamg,% 8 i REOHRABKE FhaydbAAM 351618 36 Nevels of
Chmnnteﬁlanmg%out . gﬁéb g hi gh Mwv val ues aggérrbi ned V\lll t theeves °

td ' f I f [ i .
long cx{a%:uaséhﬁg 2R 14 s 15@6%11&@ %0 iy%ragg {RRhted b WPREE weight-

I'ow chai n branching o I'n an

e TR BE DL BT Y P AL, . s o
the polDyE%I%R ! ETAn%“ml%EﬁrQl% I%Mrl\%nposiﬁons with polydispersity index values (i.e.,
Mw/My) in a range of from about 6 to about 15 have My values greater than about 300,000 g/mol
and E, values less than about 1x10° Pas. The low levels of long chain branching are also indicated
by the narrow rheological breadths combined with the high Mw values of the polymer
compositions. In an embodiment, the polymer compositions have rheological breadths greater than
about 0.25. The high My values combined with the low relaxation times of the polymers further

indicate the low chain branching of the polymers. In an embodiment, polymer compositions have

relaxation times less than about 10 seconds.



[0008] Figure 1 depicts a graph illustrating the
activity of a chromunm alum na catalyst treated with
sul fate as a function of the amount of ammoni um
sul fate added to the catalyst. [0009] Figure 2 depicts
t he nol ecul ar wei ght distributions of polyethyl ene
resins formed using a chrom untf al um na cat al yst
treated with sulfate. [0010] Figure 3 depicts the
nol ecul ar wei ght distributions of polyethylene resins
formed usi ng BRIEIMDERCRIRTIOMNOE itk PRAWINGSat ed wit h
sulfate and not treated with sulfate. [0011] Figure 4
[0008§lepi Ct'S  Siguie N&lepiclaQiraphiBiiAGNng (he abiivig DT la lchiro@fium/alumina catalyst
pol yet hyl ene resins formed using chrom um al um na

treate@ %tﬂlsﬁlﬁé ad 4 BALER oFetlehnithf HaRRfud Qﬁlfzﬁcr zﬁﬁE@gy the &zft‘al¥st

f at g [ 0012] fFlgure 5 depicts the nol ecul ar wei gh
s 1B i A TR i

t f . 0 Fi 6 d t
forme R R G A ?rﬁﬁacbﬁtﬁﬁé?%ﬁo ol yethyl one. -
0010} P ot EHe S %'a?té e BB iR ol Rilone rosin

t he nol ecul ar wei ght dlstrlbutlons of pol yet hyl ene
former atging shropippviabpmind Gagplyst teagfed vith Sykfte an mtatle?ﬁﬁ%/ with sulfate.
of which were treated with varyi ng anounts of
[001Tphosphat digdrt dodépitts amdneft ploaishowihg 01 Jingarigu el pelyethylene resins
depicts an Arnett plot of nolecul ar wei ght
formed iusihg chrotiion/alunfina godlyset thoated vatiy saifata and noteated siith gulfate.
chrom unt al um nophosphate catal ysts treated with

[0012pul f at e Ghglhre MOUefite ahe dnoledullar Swibiflatt distribtohk LdfDpolyethylene resins
DESCRI PTI ON OF THE | NVENTI ON [ 0016] A chrom um based

formel %Elﬁ% ¥Rlontia/a Richif CaBll 468 ﬁ@teﬁ%ﬁ@ﬂe@ﬂt%&ts BRYmP8nium sulfate.

treafed with sulfate (i.e., sulfate anions) to

[0013f”hance tﬁ?ggécé laliley tﬁé ﬁg&é‘cuﬁﬁ‘t@& msﬁ{%ﬁ&g det olyéﬁylene resins

t he uct i n of ners co rcirally via

fmeﬁgsemg;)g%@ (R amuﬁ@@&% efiih SpuLum 2 30

um na pr esent in the
0
{0014? upport IFc'gums anadsé de5p9ct/°they m«\)IYe €c En'twe?éht tdlhs%bugons of polyethylene resins

formed using chromium/alumina catalysts, some of which were treated with varying amounts of
phosphate, fluoride, and sulfate.

[0015] Figure 9 depicts an Amett plot of molecular weight distributions of
polyethylene resins formed using chromium/aluminophosphate catalysts treated with sulfate and
not treated with sulfate.

DETAILED DESCRIP;I" ION OF THE INVENTION

[0016] A chromium-based catalyst having an alumina (Al;O3) support 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 alurnina.
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support. The al um na support may be nade using nethods
known in the art. Exanples of such nethods include:
reacting sodi um al um nate, which is basic, with
alum num sul fate, which is acidic; neutralizing an
alumnumsalt with a base such as ammoni a or anmoni a
hydr oxi de; perform ng flanme hydrol ysis of an al um num
conmpound; or perform ng hydrolysis of an organic
solution of an al um num conpound by, e.g., adding

In partiatlar tHeanannabdCdinnina podseti io theofuppbrtiis atueast 5&6 oy opagtit dé the total
(A1l (OC3H7) 3). Exanpl es of sources of alum na include

suppo. Ty Sluhihd RepbAmiayebttmade Wi @bBedsk IetominGh ted 4t BRamples of such
More specific exanples include alum num hydroxi de

methofl§Vidcidk3toactil2O§Milh SniAREEHhRR s Ba8FBwAh WInAum sulfate, which is
(A1203). The alum na support can also contain mnority
(dic AR SR an® i.ahs b y. b f . 3
amdiarlob%ngégsgﬁgpmgﬁéﬁ{gg&f &%%%gg? %hosp%ggg?'agPPﬁéé?ébxmq
t.ani a. These materi al

; i a ) b .
perforg}mgmcgﬁm% %ah}/cﬁ% 5(%1% I;)an% ffifug}l Sla.glil lC%IPP%LHl%b?r %? orrélmgs'lyf E{g&fysmeof an organic
Jt t t. ti Iy, the-al ' t b .
solutiqg giogh SHTIRE COPROUEHL P Edar RENE Bojer B B Moot elep pf,atminum

] air _at a tenperature in a range of from about 300C tg

isopropgyeds (AIGRCS3Hn:)r r Brampbes el sopryes of glughe nclido @ crysighng form and a
In a first enbodi nent, the chrom umand the sulfate

hydratadfotse of eduieida.o rMpisespeeifia rixamples dpdvde plamipuen hydroxide (AKOH)s),
subj ecting the support to a final calcination step for

bochmaet(A@OHNgnd penmwathimpst (AL (s The sluossesuppéré cohalaniontain minority
may be | oaded before the sulfate, after the sulfate,

amour¥¥ of othetmagFials havirhdy bd hkled Ubf edripus Thgosy pyhrds fiaayide, phosphate,
al so be subjected to an initial calcination step to

silica, %ﬂgﬁ@éﬁ@b@g&, for BifanRl THRse MbHekiRIS indyRaIdARN N the EdimSs cbadiRtion or by
and chromum This step converts hydrated forns of

surfac'@{ryzmn'%. OHBRATYS Bl SlunSHE RipPSit ﬁla?gébcglc_ B8 p A ek y fr@atmgtg by, e.g.,

ess hydrated forns. The rnitial calcining step may

._acconpl i shed by .heatin he su t~Lh.an bdi zkNng, o
heating GEER o Enoraiticas & Mnal gt i ORGRD G | 08+ pE it about s00°C
may contain substantial amobunts of hum dity. Such
toameﬁ%pﬂél dehydration nay be carried out at a
tenperature rangi ng from about 150C to about 900C,
[0017 r om aboin a2D8Cmigodihents H80hE@mism antl thefsulfate abaube BROE! on the
to 700C. The dehydration step nmay last for a duration
alumiraif suppoatibedort @ubjeating tiesSsupport to a final calcination step for activating the catalyst.

In this case, the chromium may be loaded before the sulfate, after the sulfate, or concurrently with
the sulfate. The support may also be subjected to an initial calcination step to dehydrate it prior to
further treatment with sulfate and chromium. This step converts hydrated forms of alumina
precursors, such as AI(OH); and AIOOH, to less hydrated forms. The initial calcining step mé.y 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
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about 24 hours. After the initial dehydration step,

the support may be given a sulfate and chrom um

treatment, followed by the final calcination or

activation step. [0018] Alternatively, the sulfate nay

be | oaded on the alum na support during the

calcination step and after | oading the chrom um The

chrom um may be | oaded on the support using incipient

wet ness inpregnation with a solution in which a ¢
from dblotO3G0SMNLCTIOPOL MHe dchydiatiswhteethay lafinter & Hnationioh foomnp fawndhinutes to

may be one or nore conpounds suitable for conversion

about 123 h&iRs. NexaVit emitials ekyBraBbn GRPOMHeUsBpp&X 3Nl 86 gdfen a sulfate and

sui tabl e chrom um conpounds include tertiary butyl

chrom@bth @8R ERnd, Fo1RwRY 8% A FHnBORIdidafbh B ach MR trioxide in

water, chromum acetate i n water, chromumnitrate in

[Oﬁlsgl COho! ' zﬂ{err?aggg nﬁ%'sﬁ#‘?ﬁe%ﬁ@{q F@Iload&b%nctﬁé %Lﬂgltlm% iﬁlzpport during the

dded i n"an anount s 0 ensure t

. final catalys ontains a.desited,|evel of chronm um
calcingiBge HCALSE 1SS B BRI Badds BIPERE Sip S IRy Oh the support
. contacting it with a sulfating.agent. . As used herejn,.
using ingipiquh WeRgssABerREnation VY3 sodgioqdn ! éahmﬂwelafﬁg’mndolﬁ dissolved.
providing a sulfate ion to an alum na support, .
The affpsniaimn cerpeougd | may jhsgoneg &h ingiacopponsist %taglsrfwcppn‘éprswn to the
solution, a gas, or conbinations thereof. Wen the
hexavalghtfsteté nficlagmiim. | Exampdes| aftsiisable ¢hromiym pempgywds inglude tertiary butyl
the support via incipient wetness inpregnation. Wen
chromiateeins ul Hydtdcadpoa geyuid, i chranigas trpucle aswseB, clirdmivey abatate in water,
i ntroduced to a vessel in which the support is
chromi @8 iitr A6 @0 aduRdiNGr thitbifalont Migiréodn THe tHi6mBMPROBAded in an amount
Exanpl es of sulfating agents include: SO3 gas; H2S04

sufficieht th@hRire @At (RO SRRV cbhtfik § dSHiel 1R8] Fthrodieahol ;
aqueous sol utions conprising at |east one of the

ol I owi n 1 .
0009 on KA SR gE0 po i B e s
HSCA, .. ). HSOB. a . .y )

s us SRR ke by SR o el e o ding o i om 0 an
.are capabl e.of furfther oxidatiqn to_sulLfate.duri

stomii, S SOSEED s PR FESHt s o B8 ol S0 Priaiiiig: o ems, or
agent. Exanpl.es of such sul fur containing materi al )

combipgigng ereof ta qoffatings ggent 8 geloHesh ot ey faarRlicd & the support via

. .sulfides, sulfoxides, S02. Additional_ exanples of .

incipiep | Wesrdsh gnpigerationi n¥hae dhe sulfating geitdiess gagRudisas 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: SOs gas; H,SO0, in water or an organic liquid such as an
alcohol; aqueous solutions comprising at least one of the following compounds: (NH,),SOs4,
Al(SOy4)3, CuSOQ4, ZnSO4, KAI(SO4)s, ZrOSO4 TiOSOs, MgS0s, (NHy)HSOs NaHSOy,
(NH4)HSO3, CaSO,4 and Crz(SO4)s, 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



thi onyl chloride and sulfuryl chloride. [00201 In a
second enbodi nent in which the chrom um conpound is an
or ganochrom um conpound, the sulfate is | oaded on the
al um na support before performng a calcination step
to activate the support, followed by treating the
support anhydrously with the organochrom um conpound.
No further calcination of the organochrom um conmpound
is required to activate the catalyst. Exanples of
sulfidesy stlfdxlides, 3@panddditiond emangdespafisnbistingrgents énchelecukfirehides such as
conpounds such as pi bonded chrom um conpl exes, for
thiony® ¥El6RdeandGuGuiyBdidorider oni um and  di benzene chronmium P
bonded chrom um conpl exes are described in U S. Patent

[0020]N0. 3, 976y 632 secoldi EMibdFEmEMC Gh PRARKE thDYehtdhiBRENSRpound is an
ereln |n its entirety. Qther exanples include

o S A AL MRy s
calcm%c )Pgl ! Igc%ﬁi'rt eaped I%Hf%) ! :g\(;l o%fehmer ugg Q]Fﬁ)v?ulé)%grt anﬁydrously with the

tarn O

orgamczcI i t uc%%ﬁpzﬂc gﬂ%,ﬁ%r& cga:lﬁ?q ﬁ? gﬁg o%géhc? A 6]3’.!'08 und is required

npounds. Addi tional exanpl es of_ organochrom um

to actefawpféa rakalyetan Exmpley, afisuifahle prgamopbrowsim gEpounds gecluiszerovalent
4,690, 990, 4,803,253, and 5,200, 379, which are

compquade spddy a3 e beydedr drembime sompleses fom exanale, dpnrhenst ghromium and
[00211 In the two enbodi ments descri bed above, the

dibenzea¢ chrpmtune NPiswoegedf dromiotn opatplexgs 4rhdescobedanyis§. Ragent No. 3,976,632,
performed by heating it in an oxidizing atnosphere,

whichfi® in@xmipedby iréfefehe: hireiadnds atiret0X VYR ckfldples &iclude divalent and
tenperature in a range of from about 200C to about

‘trivaleht S@fKachinti@h R8kmb¥@IdY shétOap chakBdtend e FcpeadibnBféBfomium (I
e &%ron1abéut 408C tosabou;:7OOC nThe cjéllclnlngﬁQ uen. (D),

and sﬁﬂsﬁﬁ%@'ﬁeﬁgﬂvmes BES0r quc\ﬁethﬁegﬂﬁbé}gaﬂényptrﬁgg cShi&hSone or more
such as treatment w th carbon ronoxide, “hydrogen, or

LM R OIS 0P R 5B 8l o, o
amd@ﬂé@lf“@%?%ﬁw%aﬁwﬁﬁﬁw %ﬁaﬁn@ﬁﬁ"fF PERTEARERET RO papcbe fund
i S RRRY eI 65, A P B! B e oot by
reference herein in their entirety.

[0021] 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 hexavalent state as a result of being calcined. A substantial portion of the sulfate
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the activity of the chrom um based catal yst. Wt hout
intending to be limted by theory, it is believed
that the sulfate bonds with al um num and repl aces
hydr oxi de groups at the surface of the support that
hi nder the activity of the catalyst. The sulfate al so
provi des greater acidity to the chromum active
sites. In addition, the introduction of the sulfate to
the support causes little or no sintering of the
remaiad emthe auppoghiutihathe ichlsinaidradtép el bpthéingoditienta euibing th Anidcrease in
porosity only decline by small anpounts. [0022] The
the adigith \6AttBE chdinliy-bhscl WatiB@t. | Wikt inehd D RdbeBRiRd by theory, it is
descri bed above optionally may be reduced. In an

believedBRAL iHER Al ate bORIs SHBPR hinhS 48 Qlékgfc@s Ryarbgat gl%g;[)é 3t thdsurface of the

the presence of carbon nonoxi at a tenpérature in

C t.1.900C. . s g
onsl o 0 RSSO SR e v e o
| t tively fr. b 0QC t bout 400C. 023] ,.
ohon b GBS o i hEE S e pane bttt orno
snteripg 56 ALRUBITHR A GerlAtesls MR e dFRr 2, NG S rline by small

on an alum na support. The chromumis present in

amourd$ich catal yst conpositions in an amount of from about
0.01% to about 10% from about 0.1%to 10% from about

[0022D. 5% t o dibeuactisated atalysb rfprrguin e 8%t embdsguentg descadbed above
per cent ages being by total weight of the fina

optionglly say b¢ reglocgdo dn b embodiinent, thu lstmbog is sdpred g rhicating igin the presence
amount of from about 1% to about 50% from about 5% to

of carbbOUhordRide fir a tkmpornakRoi tHO%nke ofbfoth @R% 18D4C to about 900°C,
per cent ages being by total weight of the fina

altern AR 6T abokPITOE kd A3t SARCAR BRI FPREm aBokt @b?ida/@:about 400°C.

conposition is forned that has an activity at le

o o
[0023]ab out 2 %g/ J‘%ﬁ %%x?ﬂosﬁ%ﬁ% gc}gh %I}%l?]etr{z\#gt e ufgs hx%gygl?g’ ?Cﬁngled in the manner

cat al yst 1 on Wel
.al.um na suppo t% w thaut sulfate treatnment, where t
descnl&eéltaglp%t S%:gﬁgg@rs SompOsIgpns may, “{‘jh’g% lcﬁrggwpp apd aluminum squte on an
.conditiopns to polynerize olefins. In another
aluming }gpeThedie CRRBIER isprrent HHTHsB SRtalvshompostigny iy a1y prpgunt of from
nmore than about 25% alternatively nore than about
about @8b%e tpabeut d @rnfiemabous Ok to 1 Warframabrut 9889tp abguiF%, or from about
greater than the activity of the sanme catal yst
0.8% tombpuis? i dhpercertapas being battetat weighmefhthe fillhlscatalysh camposition. 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 the weight of the alumina
support) without sulfate treatment, where the catalyst compositions are run under control

conditions to polymerize olefins. In another embodiment, the catalyst composition has an activity

more than about 25%, alternatively more than about 50%, or alternatively more than about 100%,



enbodi nent, the catal yst conposition has a surface
area greater than about 50 nR/g, alternatively
greater than about 100 n2/g, or alternatively greater
t han about 200 n2/g. Further, in an enbodi nent, the
catal yst conposition has a pore volune greater than
about 0.5 cc, alternatively greater than about 0.8
cc, or alternatively greater than about 1 cc. [0024] A
pol ymer conposition nmay be formed by pol ynmeri zi ng at
greater elasit the aetivitgndnke sarhdcdtdigst poapesiten elthéheulfae egaideat. Also, in an
sul fate treated chrom um based catal yst havi ng an

emboditiéfi, M caflRPEdrhpostdA RS € Surbice Sittatpadiid (RIS §) m*/g, alternatively
i ncl ude nono- ol ef i ns containing 2 to 8 carbon atons

greatep Qhan APLR CILﬂOemS/ﬁC Br 3feRhiLEBRAP rtﬁ’aﬁly LERe. 20b- hote N@urther, in an

-pentene 1- heXene, and 1-oCtene. The chrom um based’

embocﬁﬂ'{e (faltﬁ g&%&ﬂl ﬂrﬂaX asplt'ﬁ'et %ln%e fg?Jatep rtﬁ)agl ' Gltg%S £ altematlvely

ners ners o

efln cont I ni arbon atons per
greateﬁ@ﬁﬂ&%ﬁ?ﬂis% e el rfﬁ%?ﬁtﬁw 4‘3083 %cr known i n Lhe
10024f)] { qua’ 4 BolNBROEIRPTEPS T e BRI by o TR A dpast one Fonomer

herein al so may be used. Such reactors can

in thes pigpenge (of Abe dpiggoipy sukite Jwated rbremiym-ased, @ﬁt@hstpg@ertgoﬁls alumina
or any conbi nation thereof. Gas phase reactors can

suppogo igatagles 6f syitehle egnpraets inshisle ananomlefing lsomtainingeto tBeadon atoms per
Slurry reactors can conprise vertical |oops or

molechier fEbnaalethytrops propglent,i bbuteag cl-pegereanl-bowps,i &€l 1-octene. The
stirred tank or autoclave reactors. Such reactors can

chromilén-GadEhi dagtlst Bt gariduldriypduitatile dot prodedisd polsetfieficah&topolymers and
parallel or in series. The catalyst also may be used

copolyiffer® 6O GHGRNE ahY hRAS-oRPnY TBAtRIniNg Bt 8rdaiboh Hitdrey Hér molecules. Any
process as disclosed in U S. Patent Nos. 3,624, 063,

polym@nf_h@i%n %Zé:t%alﬁfan’l #3the 2230 thaVY € aﬁfe of ?agﬁ{gl 2 e%'i}ﬁ%ﬁn%onomers to

reference herein in thelr enti

procul It RASHLAHRL B SQolVe:DS skﬁi}eﬁ%%}éﬁ}eaq%c% ffy, b0 i 8h i Hactors can

zone ecu ar wel

e anou t of cat al yst sent int
comprsg Ao e s eatra oy s iR DS 06 298 o Bgian thegeof. Gas
by weight of all mpterials in the reaction zone. 8 o
phase [re%m? i cqpPEh Sidast bedareagtrsy %P@ﬁé?a}%%i urry reactors can

process i s enployed in which the ) ]
comprise vertical loops or horizontal loops. Solution reactors can comprise stirred tank or

autoclave reactors. Such reactors can be combined into multiple reactor systems operated in
parallel or in series. The catalyst also may be used to produce ethylene polymers in a particle form
process as disclosed in U.S. Patent Nos. 3,624,063, 5,565,175, and 6,239,235, which are
incorporated by reference herein in their entirety. If desired, hydrogen (Hz) also may be introduced
to the reaction zone to reduce the molecular weight of the polymer formed. The amount of catalyst
_ present in the reaction zone may range from about 0.001% to about 1% by weight of all materials

in the reaction zone.



catalyst is suspended in an inert organic nmedi um and
agitated to maintain it in suspension throughout the
pol ynmeri zati on process. The organic nmedi um may, e.dg.,
be a paraffin, a cycloparaffin, or an aromatic. For
the production of ethylene polyners, the slurry
pol yneri zation process nay be carried out in a
reaction zone at a tenperature of from about 50C to
about 110C and at a pressure in the range of from
[00254bout 100npai entodinadmt ut sl@dY pplymerigatiohipgdvess 1sAtmplead tin which the
one nononer is placed in the liquid phase of the
catalysl i EuspéridledVih Gl inbR @ginid Weldiuns a6dispRitEEdo rhditkSin it in suspension
providing for contact between the nononmer and the
throu@Bu NS holyhidBzaAh! MobdssaNThé hﬁ%agﬁco iy i thyy, Oé.%.htb@ €a paraffin, a

catal yst are relatively high. used herein, e

o TSI,y U T, f BOLNTED o GG, Bl
e RS A S o o B SREon 10

enbodi ment, the nononer al so nay be contacted with a

and at. PEFRIS 8 the fangs bt abaub 190 asig kn- ShavtiA0Gagier higher. At least one
catal yst. The cocatal yst may be contacted with the

monoggr & placedeint the rliquisepliase of itheafluay ierwiich ihet eatalyss is suspended, thus
reacti on zone. For exanple, the catal yst and

providing fir abytadt bawseer dhehmdyemer ead thedetpbystd €bitel agtivimgt andathe productivity of
m xi ng vessel ahead of the reactor where they are

the cailyavee rélaivelye higint AS tusede RaBinp tHeedctivity aeflassdioohardsans of polymer
solvent for a period of fromabout 1 m nute to about

produdddl pe8kain 8t solidQARG/AEHAFREY peRR&lirNghdl the Proabaitlity réffs th Fhe grams of
about 100C. After this duration, the contacted

pdyn&ﬁb%h&%ﬁpmﬁﬁ%n%ﬁ%ﬁ&ﬁ%&@kt&ﬁﬁmﬁpth fed to the reaction
zonhe. S fee

i nce eac stream can be neasured and

[0026j;g3t rol e o ??@%{1&%&1 'tl»}éarggﬁo%ie? %{}h gxgéﬁ'o?@c%ﬁa%te%%% X%%catalyst in

the coca rovides a ne ont1 nuousl

aaia GG LRGBS OROS! 2ROk Bl AbShe A the catalyst cithr
Al ternatively, sone or al] of th at al yst and

before. gL FRigt infoehie Hagtipnzong-e for el &‘eicﬁ‘ta st 40 copglalyitingy each be

_zone where they contact each other for the first tinme

fed indgpepdpatly inde a gaizingfvesspleahgirheltie reactey wheyiedieyoire gligwesigp gre-contact
cocat al ysts i nclude organoal um num conpounds such as

each ch¢reinrw%1/3alrwh¢umolve@tofoo rgeeniot of drent abayd U ndgwguohabast 10 hours at
triethyl boron, tri-n-butyl borane, and tri propyl borane,

tempesatdtes ranging from about -20°C to about 100°C. After this duration, the contacted catalyst

and cocatalyst are both fed to the reaction zone. Since each feed stream can be measured and
controlied independently, pre-contacting the catalyst and the cocatlayst provides a method of
continuously controlling the composition of the catalyst and thereby the properties of the polymer
produced. Alternatively, some or all of the catalyst and cocatalyst may also be fed directly into the
reaction zone where they contact each other for the first time in the presence of the monomer.

Examples of suitable cocatalysts include organoaluminum compounds such as tricthylaluminum,
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conbi nations thereof. O her suitable organoal um num
conpounds i nclude al um num al kyl s such as R34A1,
R24Al1 X, and R4AlI X2 conpounds where R4 is a 1 to 12
carbon atom hydrocarbyl radical and X is a hal ogen
such as chlorine. The cocatal yst may, for exanple, be
triethylalum num chloride or diethylal um num
chl oride. O her suitable organoboron conmpounds i ncl ude
trial kyl boron conmpounds, particularly those having
organabdtgh gmngupsdsobuch to tli2theholan tdinesyloorai, t andS tripaogytborane, and
atonms, triaryl boron conpounds such as
comblratiPiaANLEO rGHe: suhty brdafsMiniat @sinieends isdlud@Saluminum alkyls such
B( C2H5) 20C2H5 and hal ogenat ed, al kyl boron conpounds

as Rg%cﬁz APX Brd M2t 2, cothdovh®s Wierd R B 41Mo IZ@%&SdtMy&b&ﬁbyl radical
and other netal s and organohydrosi | anes may al so

and )\%‘\ﬁf % }?a]iog,@% ;s?&fEsaL:M?sﬁne T c89a :erﬁzt fSiHé(xaPcsalé? rb%%étﬁ?lalununum

yst, or al ernative y it

i.ntro into t L e ne as separat e

chlorigf ok ety 08?8 Bhost 5‘}15?@[% P BB RS include tialky!
reacti opn zone th e of from about

boron; qompg %ﬂ%ﬁlar}fyv aoRedptine LT PR P 1265aR P@mﬁé’F% to 5 carbon
mllion by weight based on the weight of the solvent

atomsg r trigfyil Raen mm@y@tdé nBucBnpt dyiphegybowene. s glkile pprogr alkoxides such as
di luent. Wien no solvent or diluent is used, the

B(C QT2 tandniiglopenatedyallad batoacconipohndsiaucl at Bﬂaﬂig@:t Afkylsnof hthlum
amount that provides for a cocatalyst to chrom unt

magnesdiim, ziat apd othertthetals and) ergafiolfydmsilaeo iy 8lsd bé used aalawotatalyst. The
100: 1, alternatively fromabout 0.5:1 to about 50:1,

cocatd)yst hia® e pleditedlwith the cdillydt, of dXe4tlvdlynit &1a9 b étroduced into the reaction
enbodi nent, the nononmer nmay be contacted w th anot her

zone &°4 dpifilte stﬁ:‘aﬂUl TIRNAAMHSE ¥ WchRlshreSnt fndhe deaction zone may be in the
chrom um based catal yst and the cocatalyst if one is

range ¥ ﬁgm 3684t 0. %%BP&t%’S O'i" RSmibial 26 HbEAE tp'zh% p&%ﬁﬁlon by weight based

cat al yst may be used In conjunctlon W

on th(.z{vg%hg of M?ts&@ent td?lt.lé(n% bn ts;?st&ﬁsogr}feé:lg)gﬁg Ql.ll(iﬂo %ﬁjemp (91J (}iﬁ[lgﬁt When no

reac usin meri zati

solver&-og %111 65 IIISﬁ‘§ Y h%%:?tggfté%?e %%é‘npl}%gt,ntﬁ glgtlhg cz'a%}ysb%an amount that
44,990, 5,179,178, 4,855,271, 5, 179 99
provugﬁ r4gi %?talgitgto cg%)gﬁmafm% F%ﬁ‘zl}l e tapge of; fﬂécalt é)}:l to about 100:1,
reference herein inits entirety. The sulfated
alterngtiyiebnfr amapkaul S ato @hew 150 d s orfraye abawy 1:1191¢1pe used with
anot her chrom um based cat al yst such as a
[0027E hr omi umIsiahotber eahodinget, tha nisnoweninay be contacted with another catalyst

simultaneously with the sulfated chromium-based catalyst and the cocatalyst if one is used. For
example, the sulfated chromium-based catalyst may be used in conjunction with a Ziegler-Natta
catalyst to produce a bimodal polymer in a single reactor using one set of polymerization
conditions. Suitable Ziegler-Natta catalyst are disclosed in U.S. Patent Nos. 5,275,992, 5,237,025,
5,244,990, 5,179,178, 4,855271, 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
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pol ynmer has both relatively high and | ow nol ecul ar
wei ght distributions and thus exhibits physical
properties characteristic of both such as stress crack
resi stance and good processability. [0028] Polyners
such as pol yet hyl ene honopol ynmers and copol yners of
ethylene with other nono-ol efins may be produced in
t he manner descri bed above to have uni que properties.
For instance, the polymers exhibit relatively | ow
be uskdwéithsanothet elgmiiabisclraantyst agh dSuc bhrbmivnh/eilied satalfst. A bimodal
| ong chain branching are indicated by the narrow
polynich 88 K@ fltively Baml g 160 Ml aRr Welght diREbididet ahdMhuy a8 physical
of the polymers. Rnheol ogical breadth refers to the

propehfe@ el eQistid Hendit aRA 'a§ ks &roQ ﬁﬁsth%e‘%ﬁ@ Eoodﬁﬁ'ﬁée@ﬁ'bﬁi@y

and power -l aw type shear rate for a polyner or the

[0028jrr equenc yPogﬁR %1 NG %@%etflg&e l¥ %tgﬁr'g%eﬁo% E&yﬁgs %%ylene with

he rheolo Fea
other [y enBat h Froicth i (8 insfiey fRtcrBed GaoV T pyfvE Byl properties. For

structure or architectu S ng th Co N@r

instange; the PRlHEeTsIf Hd?le‘é‘ff’ﬁ)b[oé”a@f’iﬁs ﬁ*g?gnsé RIS h low levels of
f|tt|ng flow curves enerated in_|inear- V|scoelast|c

long chyinduinehisg are indicapd by 31@@9@%& yheolgeisgl breardihs qoppbined\yithhe high Mw
nodi fied Carreau-Yasuda (CY) nodel, which is

valuey efithe pelpmed. Rheolhgicdl birdadihi ietereqube brgadth BEHQ [tiangitiotyi¢Bion between
where E = viscosity (Pass) y =shear rate (1/s) a =

Newtartieo hiol) poedr-low egpkt bhqaama&”mea polynwer roel thex diteipoamey idepenflajce of the
[describes the location in tine of the transition

viscosit® @if @] polyrfer= The ikeofdpRal biéhdih @Sh faclidhoSthe fel@fati@Eme A tribution
Newt oni an pl ateau] n = power |aw constant [defines the

of a ;foﬂﬁﬁér 1SdiPenietl id Ben N §PutBeR LS 1Rt Rsin&AbIedlar shliBurkCor a;chltecmre

facilitate nodel fitting, the power |aw constant is

£,
AR e PN B o AR 6
generrR&{ %qene%r v1sc%al¥13t9', d a osc1ﬂatogf fr&uency sweep experiments with a modified

Carreau-Y asuda (CY) model, which is represented by the following equation:

E=Eo[1"'(T;?.’)a]%I

where

E = viscosity (Pa's)

¥ = shear rate (1/5)

a = rheological breadth parameter

Ty = 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]
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H eber and H. H. Chiang, Rheol. Acta, 28, 321 (1989);
C.A. Hi eber and H H Chiang, Polym Eng. Sci., 32,
931 (1992); and R B. Bird, R C Arnstrong and O.
Hasseger, Dynamics of Polyneric Liquids, Volune 1,
Fl uid Mechanics, 2nd Edition, John Wley & Sons
(1987), each of which is incorporated by reference
herein in its entirety. In particular, the polyners
have high "a" paranmeter val ues greater than about
To fafllit, mgdaditatig, tthapoaolaty ns@nt Brhebl ead eonstdhawalaboWetails of the
0.35, indicating the narrowess of their theol ogica

signifie#rR8 Ahf SnterpR@atidA oy RS SY exdiebhid derived aneteﬂe@h)oeé fohd in: C. A.
breadt h even when the polynmers have [ow high | oad nelt

Hlebe{‘ ﬁﬁilq)f 1 Ht e %AbdteSetg -Elge321"d|1-%9)r €R! e8&Ht snd 81 maﬁg Obolym. Eng.

low of a noften resi’n through’an orifice of 0

Sci., 35”5’_{‘1 ' ?ﬁebﬁ{:R )?ﬂ%@ﬁ_%lb ﬁ?‘rggtgotn ragidf rIfa%se%Er Imgrgxgs of Polymeric

grams" a eterm-n
quuwﬁa%%%ms&‘: Pyl tlchiid? %Eﬁ‘ﬂg&nf??m ﬁef%%‘%?ﬁf’%;”ﬁéf of which is

t han about 3 g/10. m n, Jless than about 2 g/ 10 mn. g
mcompmﬁggﬁ rengiy e 1S ltéfenltlffr% anﬂ“ %in&*rﬁ Hgmf*mt haye high
ynmers are al so indicated by the
paramwét ghltlew‘@ﬁtag tappibeet?-49, seateththag Mmut Qaé% 2Esiasi thary about 0.35,
with the | ow zero shear viscosity (E) values of the
indicatheg yinee merrownesp aaft thei | theologined brotdihser s Hvpoliuers exhibit a narrow
greater than about 300,000 grans/nole (g/nol),
rheologiceldiresdtl bam velipauhe aPmOBGagd owt high doagmedt mdext (FHIMI) values. The
about 500,000 g/nol. Also, they have E. val ues |ess

HLMIt fapidsctiotht o WdGloRaoSa nidteh rédidthralpdlin k@ fRIOS2S ifikh diameter
| ess than about 5x105 Pa-s. The high Mwv val ues

when § Qe WibhRetdre21,600 sl xatioprct i TRSHLNPOfaldddire determined in
polymers further indicate the |ow chain branching of

accord Vb WEEH B D1b§‘8 Qﬁdgtgo‘ﬁ;‘%aﬁ"he ggﬁ‘glt'ngf%l MAYE ml\glayaﬁres less than about 5

axation tinmes an a 10 secon ess
nds es t 5 seconds.
10 mf'%’&}eSS%? rlérés)‘r)%t g? he br ave gooﬁ{?g{%&gﬁ#t a val ues. Tan
delta is t|o | oss .moduyl us the el astj.c
10029170 41 us %E’%ﬁ’%@%} Soflons E\m?r@aﬁhg}g e isﬁws B Sl Sdiired by the
oscillating V|sconeter as scrlb d bove.
high v&aaﬁwawﬁ%& moleguylar Wﬁéhtp@rlv amlabﬂledov Feipethear viscosity
measured at 0.1 radlans/second (very | ow shear rates), -
(Bo) vejpesagiethe pplyaiersabluparticubar, He hekyiers b‘féfleyl\/lgrseﬁ?@?r thamabout 300,000

about 1.7, or alternatively greater than about 1.9
gramsinivdg(g'hel), 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 (Tz)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,

12 ©



Mv i s above 300,000 g/nol. [00301 In addition,
pol yet hyl ene resins produced using the sulfate treated
chrom unf al um na catal yst are unique in their
nol ecul ar wei ght distributions. The nol ecul ar wei ght
di stribution (MAD) can be described by a paraneter
known as the pol ydispersity index (PDl), which
i ndi cates the breadth of the nol ecul ar wei ght
di stribution and is equivalent to the weight-average
the paiphas bhartanvdelgihnahes, meqsadey med. I dadiamdsecony (vére low shear rates), greater
nunber - aver age nol ecul ar wei ght of the polyner (i.e.,
than abbdtNN), altdrfatiialyt drédtéralian dbbet 10Rloy elidiydtRBl dr€fdrianidy& 1.9 when the
PDI val ues greater than about 4, greater than about

My, isGibod RRLCRD ofh@n about 8, or greater than about 10.
Surpr|S|neg the PDI val ues of such pol yethyl ene

[oosoges' ns alggo a@&ﬁ?rgf %i&eg@%e? 12&%a%bﬁuc3$ ubif Sﬂ%eh%gl_fate treated

bout 17, | ess or ‘even | ess Than

chronw.gp/a fégﬁ?n%gqﬁl S ﬁ.lta.gl%sfp of %W%’LCS%I @%?%19§§8ﬂ%{"%3 The molecular

welgha#wr%@twrb@{}w chEH S 5k s K el 'pé’r?lw indos

alternatively | ess than about 6, or |ess than about
(PDDoyibich prricatesdhe hreadth afdhemolesnipr weight distributien Wﬁelsmmvalem to the

[ 00311 Throughout the specification, the nolecul ar
weighiveyegigesnalertlampictabtip a pokeheidivided bst the Bumbesraseragemolecular weight of
obt ai ned usi ng gel perneation chromatography (GPC).
the polyteer@RE, Mov/phy).f dn pediculasithg palyithylensreihe haké BRI values greater than
pernmeati on chromat ograph with trichl orobenzene (TCB)

about dsgredier thad abent 6, grasitdritham dbbanvg, bAf@atef thin about 10. Surprisingly, the PDI
milliliter/mnute at a tenperature of 140C.

valuesZofGubh pély@iii¥he ¥sii®hiBY hithanalless (R Hbodt 208 less than about 17, less than
concentration of 1.0 gramper liter is used as a

about §§ %?'ekrénzﬁﬁs t!15h ifehT&E%mb%ﬁlﬂlé?ﬂt Qhd 4)(996& N TN Ohave 2D values in the

ters is used with a nom nal” pol yher” concentration

: | t t
e A o P SR 5 B OR poroe
at bout 160- ,17 r 2 ur th o ca
rosm P et gk, ey Byl SRR Ry dr e han about
i ncl.udes t.wo_ \\at er -6E colums (7.8 mMx300
.mﬂihwwfdm$ﬁé“éﬂpﬁ g@ﬁ@é“ﬁﬁ*ﬂﬁ&%ted with a broad |inear
ol yet hyl ene standard (Phillips Marlex. RTM BHB 5003)
[0031f0r whi c Abravehers| the @p%ﬁlﬁ%gprgh eHpelegianweights 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 solven’;,
| with a flow rate of 1 milliliter/minute at a temperature of 140°C. 2,6-Di-t-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 chromatograph includes
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determ ned. [0032] Pol yner resins having the
previously described properties may be fornmed into
articles of manufacture or end use articles using
techni ques known in the art such as extrusion, blow
nmol di ng, injection nolding, fiber spinning,
t hernof orm ng, and casting. For exanple, a polyner
resin may be extruded into a sheet, which is then
thernmofornmed into an end use article such as a
two Waend HINreE cohansU([3.8 mmkB@ymmd. [Tht batmnawere\calilitited with a broad linear
conponent of another product. Exanples of other end
olyetHﬁ%leas"t&tn'dﬁildQPhlllst QaMak RITMLTEHR 8Dy 2r wigsh he iB¥ule weight has been
ormed include pipes, filnms, bottles, fibers, and so
mﬁmnﬁggth Addi ti onal end use artlcles mould be apparent
to those skllled in the art. EXAMPLES [0033] The
[0032.]f grlegf/v: ggop Eigvlélg %g\lagg ‘tahg:l \;g\h!)l%%l peét:::l%beg lﬂr()_apemes may be formed into
. nts of the iny ntlon and. to denonstrate gl )
a‘“"lebf’ B’taP BT PT T AP AL usR Y q“?st °§” URALEF SHtaBEn as extrusion,
that the exanples are given b of illustration and
blow molding, injehiea fudgingolibgr spinpingp e%%fefl?liﬂésai‘qdo?ﬁswgt fier example, a
clainms to follow in any manner. EXAMPLE 1 [0034] The
polymeioepip b prodeinto abech el s Hemeafomisdsigioraraend use artile
di fferent catal yst sanples (sanmples 1, 2, and 3). An
such ash gontmacrs & pwy @tirafad patlena tAOx apumpbnamédf Eﬁlothtr WoRuct. Examples of
G ace Conpany was calcined in nitrogen at 600C in
other ¢ndapaaicles intb whidH the psBmRS raing aliay besformdhimchde pipes, films, bottles,
had a surface area of about 280 nR2/g and a pore vol une
fibers, @hd abPrh. Ad8itiesdl end dRQur@iidsdud ekt to WRSe BB in the art,
I npregnated with various anmounts of anmmoni um sul fate
i n aqueous solution as showipips Table | bel ow,
foll owed by drying the support I n a vacuum oven at

e Al e
sves B A e B8 L B N B
UL NN R T é&ggﬁ?%ga RN T
[imit the specification or the claims to follow in any manner.
EXAMPLE 1

[0034] 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 of. about 1.5 cc/g. The alumina support
was then impregnated with various amounts of ammonium sulfate in aqueous sélution as shown in

Table 1 below, followed by drying the support in a vacuum oven at 100°C for about 10 hours. The

support was then impregnated with a methanolic solution of Cr{NO;); to incorporate chromium
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[0035] Table 1 shows several physical properties of

the activated catal yst sanples and the conpositions

of the catalyst sanples. Table 1 further provides the

wei ght percent of sulfate added to each alum na

support and the wei ght percent of sulfate actually

found by X-ray fluorescence analysis in each catal yst

sanpl e after the calcination step, all weight

percentages being by total weight of the catalyst.
thereiBafdidwed by higyihg Suld & vdapine begh 410080 for dboudlll ursd The resulting

subst anti al portion of the sulfate added to the

catalﬁtgﬁp&'fgor _Wgsc‘th'ér? n% Raiki 'o(fleig ﬁéyﬁli 1?(1)9 %dupg hBllﬂ'g ]@t 600°C.

cl nati1 on. r e anount
onssF L0 SRRt 50,01 LR P AL 88 e

addi tj ona annu t of Ifa be explalned hy th

the CopOSHHPRT ELDE KaRISE anllnﬁlaﬂlfﬁwrpwéfﬂq c S5k et of sulfate
about 1. 7963u|fate reS|due as Na2SO4 by MEIght of the

addeds top genht alyming supporttangdf thiet weighte prreett i ) rﬁulfiate yeaally) fgnd by X-ray
observed that the weight of the alum na support

fluoresernree asadybisingeach icetalyst sanghle afier thh ealzitetiopsiepralbfveightpercentages
sul fate. However, adding sulfate to the support did

being b ttotalowsiphthiftie: addyst.i Baet oadlid @edtsalepiatet on Thide $ pgipard substantial

_ A "Quantachrone Autosorb-6 Nitrogen Pore Size

portiobl iftthé Butfate idded b RBRPpOrt Wass ¥aBed boa tHetanbtn@urtngahe calcination.
surface area and pore volune of the supports. This

For sanvim&s.r UBRNE, (HESmBGR W s8ifuté hiRMdr&Paftdd REILAGTY WABslightly larger than the
Corporation of Syosset, N.Y. [0036] The measured

actualsﬁﬁ&ﬁl? of @[\ﬁzﬂe aaﬁgecp OFfisVAldtHn %ﬁwrﬁ Sf esqlfﬁ’tg _lxn%[ @@f%llained by the

i ni shed catal yst, are a SO shown In

obser‘?a%gé Itl{a? lﬁie b 3?11?1%31&[1" tﬁrﬁg alf’urf ame {bout ?%} QLﬂFa%ei F]es%ue as Na;SO;4 by

e Correct I"oha
ate as shown jin Table 1 and_ar Is ressed i.n
Welgh?ﬁ“ he sEppOLt asg B%Pféf’fﬂtﬁ BrBRTAfPRalt ‘%iﬁ‘ﬁﬁ?r?%% Sgﬁ'ﬁg &hat the Welght of the
vi ew of these corrected values, A surface area and pore

alumigz syppert dpagesssd sienifisanticden foythg edrampiionael the sullpisy ﬁiower adding
sul fate added was 15 0 increased. Rather, they

sulfatesgrthe puppagidid rat spetrbute additions surface area todw S@pm Hf"Quantachrome
pol yneri zati on catalysts has therefore been created.

Autosdi] Nitfogen Pore Size Distribution Instrument” was used to determine the surface area

and pore volume of the supports. This instrument was acquired from the Quantachrome
Corporation of Syosset, N.Y.

[0036] The measured surface area and pore volume, expressed per gram of the
finished catalyst, are also 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
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Anmount of Anmount Anmount Measured Measured Corrected
Corrected Catalyst (NH4)2504 of SO4 of S04 Pore
Surface Surface Pore Added, Sanple Added, Measured,
Vol une, Area, Area, Volune, granms/100 wt. %wW. %
cc/g n2/g n2/g cc/g of Al 0O Alumna 0 0 1.7 1.45 300
300 1.45 A1 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 [0037] Catal yst
increasahp Rathef, SAep b@pridingly steé apowpdre admen A hewsens ofpgpulenerization
as described in Exanple 1 with different anounts of
catalystd hh@fhere@r€ B&n dddddd. sanpl e 4 contai ned no sulfate. The
amount of sulfate added to each catal yst sanple and
the wei ght percent of hexayglegnt chromum (C V)
contained in each sanple by total weight of the sanple

FaVaVaVYa¥ .

ar e jGor [T Tabte @ —betow T{0038% otymerization
run ui§d, e eachneuat al yAToushmpMeasiird Msesurer b Gprrocted | orrected
Catalygtdo] pqde@act %‘f ui pp8Wi t h aPHari heSwiaCtr er erfﬁcﬁti ngpc”e

Samle Tagiamarpn | ASEDel | PEEHISE olune,

- of4B4i hg %(EI ing “ro
netlhanthGait h 'a ‘Conpecti®n 1o %aﬁlteal c§ de1s.’efr“'rg ce/g
A'“?B’@rrourujed t he g eact or 4 7The| boi ki ng| poisg of t hgy 1.45
———Spetlhanol was—contro}l-led by Varying 3+4-r-9gen -pr-ess
1ap lied%tg theG'%ndens@Lan;l_jJaas@m wWiIPLh petz..Z tted 149

2 | 540 12¢0r o] cdAPol |t d2%thin 488 o dditeel .. 15!
3 i de L wi2eBdink H835 of &3ty bnilé45cohtraf? 1.45
instrunments. A small anpount (about 0.04 to 0.10 grans)

of the catal yst sanple was first charged under

nitrogen to the dry readitMPNExt 1.2 liter of

i sobutane liquid was charged to the reactor, and the
[0037} eact or Waslysesingdesparesdb Q) witeipedplayddlio tlersafné BB)ner as described

cocat al yst was added in a

in Example 1 with different amounts of sulfate except that sample 4 contained no suifate. The

amount of sulfate added to each catalyst sample and the weight percent of hexavalent chromium
(Cr VI) contained in each sample by total weight of the sample are shown in Table 2 below.

[0038] 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 contamning 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 rﬁtrogen 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
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hept ane sol uti on m dway during the isobutane addition.
The anount of TEB cocatal yst added was equal to about
8 ppm of the isobutane diluent by weight. Finally,
et hyl ene was added to the reactor 160 to equal a
fi xed pressure of 550 psig, which was maintained
during the experinent. The stirring was allowed to
conti nue for about one hour, and the activity was
noted by recording the flow of ethylene into the
to equabadixed pressurpdiSal psig, vhichevaspnaseined dufi) 8@ |expdrinamt.t fike stirring
allotted tine, the ethylene flow was stopped and the
was alleaet Brcogtigi figr ash&p 6RSRollr] arcdhaactivip ans dioted Byere@itding dhe flow of
granul ar polyner powder. In all cases the reactor was

ethylefit Bdlthe WabBdr RAnAINEINGRS @ Presfurany Wal | scal e, coating,
or other forms of fouling. The polymer powder was

[0039!91hen r e”‘?xvf%? RE10MEA g.g‘g\aé gme'“&ﬁ)}léﬂet How'\s %i%?feglf arid af??eactor slowly

ans of po yner pro per- gram o
depres &S rreaFcli § ed 1o r:eaoaéep zg 42 %I%r Soly eS uI t IB g CflSCS the.]c?]actor was clean

with n&é’%é? fop o Spsh 0 e A e R red ” £ X Pe belpmiigowder was

ynmers had an HLM of zero, To conp ensate for the
then r%lup‘fe&t@ Esighed. AGHYILY (P8 spegdtigd s gramagf P Prduggdgper gram of
is thus expressed as grans of polynmer produced per
solid ogtabyst fergef @erdiqugi nal  al umi na support per hour. In
nost cases, adding sulfate to the catal yst increased
[0040F he act i i yrewilts phdhese abbingsivationtrennatei showy iofTablved delow. The
catalysts is plotted against sulfate |loading in Figure
HLMIlof the polyaiet gsid reduverettirond cikdhnrufataaldgimipbibl) 256Mlance with ASTM
Anmount Catal yst Pol ymer Run Activity Corrected , No.
D12385anpl of b8 en erOhadin FALMI 6hadi€l€To cothitinthte for @R sulfate weight gain, the
Activity, No. grans per w.%g g mn g/g Al203/ h gig _

activ1t§‘|w%%‘~$1ijected 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 mcreased the activity of the

catalyst. The activity of these catalysts is plotted against sulfate loading in Figure 1.
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100 AI201 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 0.065Pable32 39 3091 3990 14 9 40

0,.1046 0.0711 123 31 3348 4322 EXAMPLE 3 [00411 A
at@alg{ t("‘tﬂé%t’%xﬂ vvigh 2t0 p(gﬂrﬁ;ls af anmo L’__L{Jm sulfate |oerC o
rurl 0&2F&Ft s aghtMPHNt 3| ViRRYMeR Wccongiving t|o“orrecte
Not he&@ P'Bc %eqdescf"fﬁgﬂ r?hﬁrﬁ%ﬁrpl d'ed. ﬁnl%?: ab/alayein I,A‘;t'l"gs}h
C)nt al' ne 1% &2\ by wei ght Bf tlhe &l u It was 99 Alz
7T i (,|4neu ~for act gvslba T, ilqg"_tn'lego vaL.Feau_bcd 3168
210 BV 'iLLJ’I,S‘ viene o oty 9o Pl O aCE AT s
39 two chang [ - rQ:iIZ’BGI \r\nO'F458t P:a ?z i_nlc \Ag{P e ppﬁgfér med 5661
4usin§ 8 lppm W tr -3¢ al uBiHhm| (134A) 4841t he 5254 5636
5 cpcabal yist, Hhd t \wP-338hs | weP4E8par f tHined 88i hg S278pm|of 5661
6 t[iewhyl|borot ( TEB)0.286t he 0.0a0cgt alarst | Secpnds2580 5636 -
7 psi g7of [H2 was added to theosost dcl age af ber |1 sedwdt arle 5377
g agdi & on " bUT;0ET0f & 2 BENYT 655538001 450N ] 3§11 § VWG&pedOTE 6791
99'.1ri By Eacit Jumm T 0 UeTT easE o4 3€ [0} Br Ul ag, WeT Ofits,0f 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 3091 3990
14 9 40 0.1046 0.0711 123 31 3348 4322
EXAMPLE 3
[0041] A catalyst treated with 20 parts of ammonium sulfate per 100 parts by weight of

alumina was made according to the procedure described in Example 1. The catalyst contained 2 %

Cr by weight of the alumina. It was calcined at 600°C for activation, and then it was used to

polymerize ethylene 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
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pol yet hyl ene resin fonned in each run. Despite the

| arge anobunt of hydrogen added, the polyethylene

resins still had HLM val ues of zero. Figure 2

illustrates the nol ecul ar weight distributions of the

pol yet hyl ene resins produced in those runs. As can be

seen in Figure 2, the 18 nol ecul ar wei ght

di stributions of the polyethylene resins were

noderately broad, and their Mwv values were very high.
moledufar fragght didwdbigiony af)the Molwes/lane eesitks werk [mhalerata bedad) and their My

surprising considering the |arge anount of H2

valuepwersarty hifde Sifict, thlaverdbe iy, Mok oldd @ iillioh, RhicR &ksukisiil @Bnsidering
Mv tail, as can be seen fromthe sharp decline in the

the 1afgR! a%?d&h%f Meh@8tnt. dD§§p'itb bl h%l P%&,r ¥6redt o MctnrMin m tfil, as can be

can al so be seen by | ower rati os, which al so

= S S P R s U

t ,distributi of the. C
be sedp BRI Mot PO e ien oedth BOR milreteiing tngbe ieh side
g# n1na catal yst (treated with 14% SO4 by wei ght of
of the %Iyst) and the TEB cocatal yst to the MAD of a

Eolyner formed using a Cr/alum na, catal cont ai ni ng
[0042}0 sul f at ég%t?’ Q?Fﬂ’éf%t%fémﬁ}e@bla? wgight dis a@@dof asclof thp Toregoing
i dentically. ure 3 again illustrates the narrow ng

polymesst @titledd#sn@ibe fatectreated{CridhaminmEntal B ARt witl 494 $0, by weight of
Catal ysts treated with O to 40 parts amoni um sul fate
the cafadyst) 10D thedfHB; carhtalpistia thy MWRIof htpolyerce formdé usisg a Cr/alumina catalyst
previ ously described in Exanple 1. These catal ysts
contaiainpted eethte? YuCothbryvisenpiegited, Odctilvited, adndniunaidamtidaMer Figure 3 again
cal cined at 600C for activation. These catal ysts were
illustritBehe natdvaME EifécO o PBb VTR &RtheMiybene at 95C and 550
psig as previously described, except that 175 psig of
hydrogen gas was added Q9Q@gﬁigqse the nol ecul ar
wei ght of the polymer formed. The cocatal yst used was

b :
[0043fn )FZEJumr ey Ettre%&%ﬁ%@% B Jgr}%ﬂ% an %%%%%1 u?%{ﬁ:%] E ’&Sparts Yumina by
We1ghfc' &eg?e?lﬁ(i}i %sﬁ}gre\pggﬁl% %escwbe Va )galilﬁc’plg li Opﬁlegé gastah?sts ccbntamed 2% Cr by

weight of the alumina and were calcined at 600°C for activation. These catalysts were then
allowed to polymerize ethylene at 95°C and 550 psig as previously described, except that 175 psig
of hydrogen gas was added to decrease the molecular weight of the polymer formed. The
cocatalyst used was 8 ppm by weight (based on the isobutane diluent) of a mixture of 3 parts TEB

and 1 part TEA.

[0044] 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
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produced in each run were determ ned at 190C. GPC was
enpl oyed to determne the My, MN, and Mz val ues for
each pol yethyl ene resin. The zero shear viscosity (E)
rel axation time (Ta), theol ogical breadth paraneter
(a), and the tan delta of each pol yethylene resin were
determined as 19 described above. Two HLM val ues
are provided: the first one was determ ned using the
af orementi oned ASTM net hod and the second one was
describad @bibat edTwsi HOMI helichedd penwidell: tHeefirsp @hy mess. defdmmined using the
nelt index (M), which represents the rate of flow of

aforerBeriidhbE A STRS inflethdl MU heddcordl bitd ¢@s @hlctlal®@ ARink "B rheology of the
di aneter when subjected to a force of 2,160 granms at

pol yni'c?oc’;"he"fﬁtﬁt fat.epann %}‘ﬂlch' EpR&aRr dange oYV'ﬂBQ' ﬁsclTMoPeﬁL?e'éﬁn through an

As shown 1'n Tabl e 3, despite the | arge anount

onﬁce% {%Sﬁqﬁ ?#‘%l% &ﬁg a%égﬁjp‘ﬁ&f{&eahﬁk%%gg%ﬁ@gﬂﬂ s ed?b was determined
as the anount of sulfate |ncreased
maccf)ﬁigg th/ggth@”l ndi cating that the presence of the
ul fate caysed t | ecul.ar, wei ghts to jncr e.
[0945}pasur ed Hothe¥m A ﬂhgo Hepitgtho! araml%oa%lée% Hy a&%@ ihe pofyethylene
amount of sul fate |ncreased Despite the hig
resinspfsidde | Bl Mhsplyps yhl%hqr@dmﬂeymtéb@f kadi Kigh més@ukaam@ts Further, as
(MM MN) of the polyethylene resins were surprisingly
the ameunt ofsulfiite inckeasdd theaHUYE draprgidnipdicatimg 118t thy presendehef the sulfate
resins al so unexpectedly exhibited M/ Mv val ues of
caused theunalcchilar Mgk focriesse. diho tivasuradasleca ané eigbis atsalivareased as the
wei ght breadth, which is particularly sensitive to the
amoutli (FReIFite inthdagel | Ddspiteihg highcaspanany &giat, thdgolydispersity index values
di stribution. [0046] A distinctive feature of the

(walﬂgj YIBE pbRSthPRnYRSink RREE s P h 80w wittPNE,/&hd)alkes ranging from
branchi hg, as indicated by several of the results in

8 to I-I.;Jaml"ﬁe smy?ﬂ’so"ﬂﬂg}( Mted Yéﬁl ﬁle@df onuh&"ﬁerThe Mz/My is
of po by" ot

han t hose pro duce
h t
amth%aﬁ’g BP0 5V s S e e
5 /mol, th ation tinmes of the resins
mde‘:\?bgf elﬁ% %”‘21"11’8 tgo E@(‘?giff&ib UHeRi ch is al so uni que for

ol ymers | r especially for_polyners
10046& oduced ﬁbalsgw H?WBQ the nokymgryetins was heir kayy fegreg gfplong chain

exhi bited high tan delta
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.Irad/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
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(nmeasured at 0.lrad/sec) values and a paraneters

unprecedented by ot her chrom um based catalysts. In

each case, the addition of sulfate caused those val ues

to go up, indicating a decrease in long chain

branching. In fact, the catal yst containing the

| argest anount of sulfate produced a 20 polyethylene

resin having a MW of over half a mllion and a

paranmeter of 0.38. A paraneter of 0.38 is above that
polyethyjeme testh having £ W ofovir églf ermiNadn andcapahsttr @t 0.38)1eA parameter of

sane MW The high tan delta values exhibited by the

0.38 ipaborRtthit legitRted S SvedlaKieglXAN Afx tatyRpdt m&ﬁrﬂeemvn Th¥BIgh tan delta
essentially linear. Table 3 Run Nunber 1 2 3 4

value%?@ﬁmfe %'/I e@d@eﬁ%s%ﬁﬁ%so%dl&l@e tﬂatQhé-lgsﬁQw&Q eés%nnally linear.

203 HL g/10 ' mn 4. .
(VI), % 1.8 0. 3286 0. 43§a9o %3 2295 o. 1046 I\/h/ 1ooo,
kg/ ol 4 4 24.33 26.27 32 é 03 M 1000, kg/mol 459
wﬁgﬁ“ﬁwm 21147 J.UUéJ kig? rn%i —3600 p 5
Amotnt BR(NFIy Oadit Ao 5 2295. b — M 10513503
ALOLL. f4l(8735?L1"422‘e 901455 Ve/ MY 7.8 4194 4. 1029 21 4.2%0 40

HLMEgR@mwhear Viscosity, [Pag 8.1 E+§964 q8ELEs 4. 45khp 0.277
Cr(\fﬂ ‘ﬁllo):‘FUb L. dbl:‘f'b HEI cxa[1lé3n T i 2865 1 9 . 0.1046
411 5 '_2 F\IICUI Ugl bal DI Ut 1l ettt tC . L LA
LA 61277,3‘ 03529 | 6503
\Y)

Mn!1 faXe hwi fal la¥al fal 20 n
SN TN TN TR

. NN op, 2] ~1361,49" [V 176541 7°182855 | 2295.61
Mw/Mri ' ) 05 ~13503 11.487 11.422 8.014
Mz/Mw 7.8 4.14 4.19 4.21 4.4Q
Zero Shear Viscosity, Pas 31E+6 | 4.88E+05 | 4.45E+5 | 6.82E+05 | 1.38E+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
M1, /10 min 0.008 0.049 0.0485 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

[0047] 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
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 Amett 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
represént 1 branch in 10° and 10° carbons. Thus, one can see that the more sulfate added, the

closer the points come to the linear reference line.
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Tan delta @0.1/s 0.853 1.841 1.917 1.705 1.562
[0047] Another indication of the effect of sulfate in
decreasing |l ong 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
Chromium Catalyst, M P. MDaniel,* D. C Rohlfing,
and E. A Benham Pol ymer Reaction Engi neering Vol.
[0048]11, No. Zigpp.5 shobs labmoROdar wedghicdistributionCaft pateaifabe Pylymers in
reference herein inits entirety. When the |log of the
TableZE! Ons k@@ koMbt asviusaR Sk bildddStoRrh® tit@gstagai Msitell i 8rdi@f distribution

of the wei ght average nol ecular weight, |inear
narrox@é’ |} A%afind &dobeiQly ﬁl@ﬁ)\ﬁ.‘ﬂﬂﬁ&ﬁla{ WL RNE Bf thk B&ve WDI Ch IS
al'so shown in Fi'gure 3. he farther off this
line a point falls, the ﬁ%ﬁﬁuﬁ chain branching it
cont ai ns. The two curve ineslgggpresent 1 branch in
06 and rbons. Thus, can see t t he
00458 't at'e ZRHIOTHE el eorreRanshFeS ae emagFgs the use of an
linear referen i ne. 0Q48[ Fi 5 shows the
organpir IR LGOmRE Y‘”t{i itha %uif%ﬁsg IpF SupB W%Apf&rrg» PR Grace was

in _Table 3. One can see that as sulfate is added to

again (qbgainedt gidyppregngted nwitle cn| agueqysi tplrtiog eft pmgniugy sulfate to incipient
narrows, elimnating especially the | ow nol ecul ar

wetnegge| Tt totsh dmont toff ermpesmiven sErnev/mided Svds @Quighlette 20 wt.% based on the
followi ng run was perforned tw ce and denonstrates the

weightisthe hluatina (calgdaed hy ARDLM Aftmbeing dried inha ¢doeurs wlérafoe 2 hours, this
al um na support. Alumina AfromWR Gace was again

powd@hbiaitadaRidd indiyegitat BHows bib0BPCaABeaUY gahdbl tBdicalined sulfated
ammoni um sul fate to incipient wetness. The total

alumi@anwmhéﬁf SHAHTR® i Whds Ulolathe, ﬁdiﬂ?%éﬁ%e e@UivNidh &Ms hikctéd® dicumene

. % based on the weight of e alumina (cal cul ated

Chl‘OlTﬁLﬁl& @%%ﬂ?’ o%rta%ﬁupﬁnﬂgltéj Bllu‘ﬁ cl Hlt' VETY, f(ﬂ &&laéed as the

powder was 't en calcined in"dry air

metal%glﬁgt bage%o G ﬂlét%vom 19 g Iafr':-{snéa gul%‘al?%%al CI n delflc!ugnaehe chromium

ens rrle

was oy AgS ron%‘b%?upvf’%ﬁa trbEeFE Sl dRBL e a%?fgqm s heprae tiguid

yield 19%(1 (cal cul ated as the
to the support. After adsorption at room temperature, the remaining heptane was evaporated off

with gentle heat (~40°C).

[0050] 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 for 70 minutes, and yielded 74 grams of
polyethylene. The melt index obtained for each sample was 32.9. The MWD’s for the two runs
are shown in Figure 6. In each run, a very broad MWD was obtained having a My of 1730, a Mw

of 116,000, and a Mz of 2,912,000.
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netal ) by weight based on the weight of the cal cined
sul fated al um na. The di cunene chrom um was qui ckly
adsorbed onto the support, as indicated by the col or
mgration fromthe heptane liquid to the support.
After adsorption at roomtenperature, the remaining
hept ane was evaporated off wth gentle heat (-40C).
[ 00501 Exactly 0.1513 gram of the catal yst descri bed
above was then added to the reactor described above,
followed by 1.2 liters XABGWEGne, 20 psi hydrogen,
and then 550 psig ethylene. Each polynerization run
[0051pas made i HIOEnEauny Qembmstthie Sthe asel of iselfdedo Abdify &% molecular

of polyethylene. The nelt index obtained for each

weigh$ ai¥plbRtivRSn 37 afuniddpBodPille cafaBfst. t ARIAIMD A g PERASE MR of about
in Figure 6. In each run, a very broad MAD was

f Ny
300 n%teaura 5%54%1818 0931%438@5 e cg,tzl[\l%&gm #ﬁ ?*9% owasacalcmedm

ﬂowu{r%DLq}i nﬁr?)gplpgt%a‘;(ﬁ{& gﬁ :{tj 18[{ I%#ﬁ%g&g& stogr]\eun?n%n? 3 gl Sha wa§ tereated with
A ..
sulfat%ﬁtﬁﬁh%yeat ‘E?de& E%f m@%’l\é:ﬁ% %*lfégeg ag %f%gglgic%aat%g@ 1nc1p1ent wetness

obtained. from WR. Gace. It was calcined in (%_y
with vgier coplapigeHiLc agid e dopmoss aeurvales i 75 % by wrﬂgh&fg ithgt dry alumina
sone of the alumna was treated with_ sulfate and the
to be vSéé fealgalateds Alfhe Bhadaniepaveslepwasiien driedptide°G fos R hours and again
regnated to incipient wetness wth water
Calcm@d)mtrmfmengt@Qf’@lfwna@la@n@oum an anmount equivalent to
7.3% by weight of the dry alumna to be used
[0052] cal cul atThen asmpit? @3 )hothl ke fadkadmpnd @valeul fanais aluhéims dwére dlurried in
at 110C for 8 hours and again calcined in nitrogen at
methafi§lO6 which alatidnidn Hiftdride] PRGBhorid80d S8dhesSniah RehR were added
sul fated and non-sul fated alum nas were slurried in

sequettRiPaRinal @ryYl £ M0 B UoRA uhid Unbifleh reﬁm&pé}&egsqnaﬁdna These
and chromumnitrate were added sequentially. A fina

t
i 0 S oA SRS
added}'&% g?t%ca g]fk Ttaﬁes %l g %elowThﬁac% Lf'a?ys? was t en ac%vae&ec‘le by calcmatlon 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,
along with 50 psig H,. Ethylene was supplied on demand at 550 psig for about 60 minutes.

[0053] The properties of the polymers produced are shown in Tables 4 and 5. One can
see in Table 4 that both the My/My and Mz/My values were narrowed by the addition of sulfate.
To see this effect one must perform the polymerizations at the same activation temperature
{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
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added are listed in Tables 4 and 5 bel ow. Each
catal yst was then activated by calcination in flow ng
dry air at 400 to 750C as shown in the tables.
Pol yrmeri zation runs were nmade at 95C by the sane
procedures descri bed above. Triethylal um num or
triethyboron cocatal yst was used, along with 50 psig
H2. Ethyl ene was supplied on demand at 550 psig for
about 60 mi nutes. [00531 The properties of the
weighpdibtyitretian Ipr dicigdng beth $ikoligh iand Kebekcdlaawdight tailheTlanboth the
see in Table 4 that both the MV MN and Mz/ Mv val ues
My/Myeidrel NpVgwedhebyaré hewadib tthe Bultifteds sdnfilése. FightesSPand I8 Show the
ef fect one nmust performthe polynerizations at the
molecHlaiPeigaitdiseution, duermiorabhitke At abthdddl BRaS 3Bure 9 shows an
cocatal yst (TEA vs. TEB) and at the sane |evel of
. bl .
Amert PR R S loRt SRR Bl A AR Gts RPRRES BEpBSmer more
: e [ ' see that sul fate
incar {38} Wcs (FEATRAA BB e ndEHG, S FRT-0EF Py otoser o
i.ght. di stri.bution.b i m nishing both the high and
the A i Pifess BRIt Thus. hoch the. MANN and
Mz/ Mv val ues are |ower for the sul fated sanples.
Figures 7 and 8 show the nol ecul ar wei ght
~distribution, curves, Whﬁ%BbQPke this effect
abundantly clear. Figure shows an Arnett plot of
this same data, which denonstrates that the sulfate

tends to nmake the polynmer nore Ilinear. In each series
A
) d . CA U W .
Ca Au'id | Pt Y-'7s [ Aocvc M 1b ~e1683 s lempedabalsyStain- e PFS 74
Sl fated & 0. 10 2 +®.-8 400 -[CtsTEEc168808. 07910.268:391¢8 47
2741.°9° 36.27 7.0 2°90¢ 1072 7] 3°°400°C FEA 1’341 G2 3270853
429 2236 3 14 7@ 4 6? °c TEA 520 0.3 26.64 70t.28 2721.5 26.3 3.9
h - "7 ‘750 °C TEB 1636 22.3 4.79 307.51 2469.8 64.2 8.0
] 0.10 2 7.3 750 °C TEA T668 0.6 31.67 478.14 2233.7 5.1 4.7
Not Suifated
7 ] 0 Q 600 °C TEB 1074 4.7 4.39 459.08 3603.43 104.6 7.8
8 9.1 2 0 6§00 °C TEB 1636 50.5 6.09 202.77 2956.45 33.3 14.6
9 0.11 2 o 600 °C TEA 882 4.5 5.01 398.17 3768.54 79.5 9.5
16 0 v} o 600 °C TEA 559 0.7 §.25 720.12 5221.44 115.2 7.3
1 3] 4] 2 L] 600Q °C TEA 634 0.0 7.79 687.66 3932.04 113.9 4.4
12 1] 10 0 €08 °C TEA 205 0.3 8.47 756.55 3809.53 89.3 5.0
13 0.04 2.7 i) 6900 °C TEA 1168 ¢.3 5.86 670.59 3690.24 114.4 &.5
14 0.04 2.7 0 6§00 °C TEA 1406 0.8 7.98 626.58 3688.54 78.5 5.9
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3 0.10 2 7.3 600 C TEB 959 6.5 12.14 397 2512 32.7 6.3
4 0.10 2 7.3 600 C TEA 520 0.3 26.64 701.28 2721.5
26.3 3.9 5 0.10 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 0 600
C TEB 1074 4.7 4.39 459.08 3603.43 104.6 7.8 8 0.11 2
0 600 C TEB 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 5221. 44
115.2 7.3 11 0 2 0 600 C 34 0.0 7.79 887.56
3932.04 113.9 4.4 12 0 10'8 0 -C TEA 205 0.3 8. 47
756 55 3809 53 89.3 5.0 13 0.04 2.7 0 600 C TEA 1168

7 7.0 %6 g %O 7; 7. §
1%2 0 1 2741.9 6.7
1341 68 03 146 479 22363
7.3 600C TEB 959 6.5 1214 397 2512 327 6.3
7.3 600 C TEA 520 03 2664 701.28 27215 263 3.9
7.3 750C TEB 1636 223 479 30751 24698 642 8.0

7.3 750 C TEA 1668 0.6 31.67 478.14 22337 151 4.7

Not Sulfated
21 0 0 ¢  600C  TEB 1074 47 439 450.08 360343 1046 7.8
22 0.1 2 0 600C TEB 1636 505 6.08 202.77 2956.45 333 146
23 0.1 2 0 600C  TEA 882 45 501 39817 376854 795 95
24 0 0 Q 600C TEA 559 Q.7 6.25 72012 522144 1152 7.3
25 0 2 0 800C  TEA 634 0.0 779 887.56 393204 1139 44
26 0 10 0 600G  TEA 205 03 847 75655 380953 893 5.0
27 004 27 0 800C  TEA 1168 0.3 586 67059 3690.24 1144 5.5
28 004 27 0 600C  TEA 1406 0.6 7.98 626.58 368854 785 59
[0054] 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.

[0055] 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. FEach and every claim is incorporated into the specification as an
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17 0.10 2 7.3 600 C TEB 959 6.5 12.14 397 2512 32.7

6.3 18 0.10 2 7.3 600 C TEA 520 0.3 26.64 701. 28

2721.5 26.3 3.9 19 0.10 2 7.3 750 C TEB 1636 22.3

4.79 307.51 2469.8 64.2 8.0 20 0.10 2 7.3 750 C TEA

1668 0.6 31.67 478.14 2233.7 15.1 4.7 Not Sulfated 21

O 0 0 600 CTEB 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
embodikedt df4hefftedeninbentidd. V3, (e RGN ard EAnfeD d&cdptibinZbd are an addition

720.12 5221.44 115.2 7.3 25 0 2 0 600 C TEA 634 0.0

to the gr&&r&%b%ﬁu&%%ﬂﬂe ﬂr@?&n{)m%lﬁlonz Ghe dikBusBiok Q@ a @f&%ﬁeeaﬁﬁm is not
3 8.47 756.55 3809.53 89.3 5.0 27 0.04 2.7 0 600 C

AN e 0, g e g e
publu% é%te \é\ﬁ Oc{a? ofeﬁgo Bﬁga%)ﬁ dl(pf‘flmtc{]st%los&'\ég p{:‘ Léi? g%tFnts, patent

eé&n's o edcr i b cations
0 k|IIed in the art

apphcaié%]é,r f{qdﬁﬁlgﬁ?%lﬁﬁ n T gre hereby frggaqf%egsbyolieyelr%e, to the extent that
i nvention. The enbodlnents descri bed herein are

they pgavadxsmplatya Pipeediiy og pilerflstails syrrdearatpry tp theseseifpith hggein.
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 claimis intended to
mean that the subject elenent is required, or
alternatively, is not required. Both alternatives are
intended to be within the scope of the claim [0055]
Accordingly, the scope of protection is not limted by
the description set out above but is only Iimted by
the clains which follow, that scope including al
equi val ents of the subject matter of the clains. Each
and every claimis |ncorporated into the specification
as an 25 o0
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enbodi nent of the present invention. Thus, the clains
are a further description and are an addition to the
preferred enbodi nents of the present invention. The
di scussion of a 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
di scl osures of all patents, patent applications, and
publ i cations cited herei Pereby incorporated by
reference, to the extent that they provide exenplary,
“ﬂmtbpbhmﬂhmal or other details supplenentary to those set
forth herein. 26 CLAIMS Wat is clainmed is: 1. A
1.  palpoiveter compositidr bavilpay PR i@ aRBhgei of foom ahge tofo dhooid s, a weight
about 6 to about 15, a weight average nol ecul ar
averagwlcgémlawe@ge My ErebieaimanBboil 300,0009%holy/zilan Banebs aranEbout 1x10°
| ess than about 1x106 Pa-s. 2. The pol ynmer
pas. conposition of claim1l, wherein the E. is |ess than
about 5x105 Pa-s. 3. The pol ynmer conposition of claim

2. %h%@yﬁérr&oﬁﬁg&lm éfscl qaL,fr FMII?J‘E %?gééé thAP b AP 19 ﬁ@é_

r conpo idon o erein the
5 @Wifr{l%r@ﬁl%s?ﬂ%‘%? Bt St B Bkt Rl gou 400,000 gimol.
I f | ef
s § Plmobgacomped ot Blas ScabBEn i Snis esohat S Al B

t hereof. 6. A polyner conposition having a PDl in

5. rmwlmermp@mmﬁf ciimd, %tsmgswlysﬂwp@wppolw&tisQggolyethyfene
nol ecul ar wei ght Mw greater than about 500, 000 g/ nol,

with mend-otefinEhavigsEorn abent 3o atous & e@rbon #ams, or gomlyinaliqns fherRsF.
conposition of claim®6, conprising polyethylene,

6. cApoiynmercompbsithad ki b @E in wi rehgenainfoero labutrfs tohabouh 4, a weight
fromabout 3 to about 8 carbon atonms, or conbinations

averagk htl€Rfar wRigh®MRP bieamRT thas apas iS00,000 Q/awl rgyd an Plless thaa about 5x10°
range of from about 6 to about 15, a weight average

pas. Mol ecul ar wei ght Mv greater than about 300, 000 g/ nol
and a relaxation time |less than

7. The polymer composition of claim 6, comprising polyethylene, copolymers of polyethylene
with mono-olefins having from about 3 to about 8 carbon atoms, or combinations thereof.

8. A polymer composition having a PDI in a range of from about 6 to about 15, a weight
average molecular weight My greater than about 300,000 g/mol and a relaxation time less than
about 10 seconds. |

9. The polymer composition of claim 8, wherein the relaxation time is less than about 5
seconds.

10.  The polymer composition of claim 8, wherein the My is greater than about 400,000 g/mol.
11.  The polymer composition of claim 9, wherein the My is greater than about 400,000 g/mol.

12.  The polymer composition of claim 8, wherein the My is greater than about 400,000 g/mol.
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about 10 seconds. 9. The pol yner conposition of claim
8, wherein the relaxation tinme is |less than about 5
seconds. 10. The pol yner conposition of claimS8,
wherein the Mv is greater than about 400,000 g/ nol.
It. The polymer conposition of claim9, wherein the Mwv
is greater than about 400,000 g/nol. 12. The pol yner
conposition of claim8, wherein the Mvis greater than
about 400,000 g/nol. 27 US Patent No. 7,112,643 0 0
13, 13he Phlymeotommsition opdsiint §,ermpfisiog pélpetBylerso oquolysengof polyethylene
pol yet hyl ene, copol yners of polyethylene wth
with th@res]efirefHasinh doinnab ol D sbbat L cathohatoadso oit cofbiratibmthereof.
atons, or conbinations thereof. 14. A polyner
14. COPSIFinkt EsnptRNiod hadink Al PDNinda BEf Gond £ 8RO Uboe 150a weight
about 15, a weight average nol ecul ar melght My

avera%r GRIR I RARRDA gl%g[gl' Q08 Hophoo,ams gﬁn&l heod %gfh%?'ogwal breadth

eadth parametér; "a" greater than about 0.30

9 on of claim 14, wherein the Mvis
pmﬂn@%@a@eky?%éﬁgggaﬁfbégo 000 g/nol. 16. The pol yner

5 prBBaphed SgPeati Phamrdur tegis B AR i Jpgn apout s00.000

conposition of claim 16, wherein the Mvis greater
g/mol{ han about 500, 000 g/ ol . 18. The pol ymer conposition
of claim 14, conprising polyethylene, copalyners o
16. pdhyBelyreemERRRIiAN AHFTD ‘bﬂ%@reﬁlafbﬁ Higologisah bagrdtit is srqa@r than about
about 8 carbon atons, or conbinations thereof. 19. A
0.35. pol yner conposition conprising pol yet hyl ene and havi ng
a PDI in a range of from
17.  The polymer composition of claim 16, wherein the My is greater than about 500,000

g/mol.

18. The polymer composition of claim 14, comprising polyethylene, copoiymers of
polyethylene with mono-olefins having from about 3 to about 8 carbon atoms, or combinations
thereof.

19. A polymer composition comprising polyethylene and having a PDI in a range of from
about 6 to about 15, a HLMI less than about 5 g/10 min, and an E, less than about 1x10° Pas.

20. The polymer composition of claim 19, wherein the E, less than about 5x10° Pa's.

21 The polymer composition of claim 19, wherein the HI.MI less than about 3 g/10 min.

22.  The polymer composition of claim 20, wherein the HLMI less than about 3 g/10 min.

23.  The polymer composition of claim 19, wherein the polyethylene comprises copolymers of
polyethylene with mono-olefins having from about 3 to about 8 carbon atoms.

24, A polymer composition comprising polyethylene and having a PDI in a range of from

about 6 to about 15, a HLMI less than about 2 g/10min, and an E, less than about 5x10%Pass.
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about 6 to about 15, a HLM less than about 5 g/10
mn, and an E. | ess than about 1x106 Pa-s. 20. The
pol ymer conposition of claim19, wherein the E. |ess
t han about 5xI 05 Pa-s. 21 The pol ynmer conposition of
claim19, wherein the HLM | ess than about 3 g/10 mn.
22. The pol ynmer conposition of claim 20, wherein the
HLM 1| ess than about 3 g/10 mn. 23. The pol ymer
conposition of claim 19, wherein the polyethylene

25. ¢ dﬁpmogex@r gqrppchs;tm@ c]@fm Zﬁo’vlyeeqmghe&a despithtah about 1x10° Pa-s.
nmono- ol efins having fromabout 3 to about 8 carbon

26.  atWrpoly2der cémpusitionmf clamyPg svierdmthe d@yess than gbout 5x10° Pass.
pol yet hyl ene and having a PDI in a range of from

27. abfidtpobymic? caBpetitichoof chaitl M wheesk: thopél ahglléﬁe Goniris@dopolymers of
and an E. | ess than about 5x106Pas. g The pol yner

polycfARE $ifnl Iﬁ(fhocﬁlefﬁ{s@i'aﬁh%_ﬁomvmsﬁtej 0 ab&if 8FarthfSfnishan

about | x| O6Pas he pol yner conposition of claim

28. 2“5}11 W8k B Bahietlre b ?ﬁsqgé;ﬁﬁpglg&lé} éﬁgngéloﬁ 3F Slainf! THE

nmer COﬂ"pOSI tron o er el n

29, po[{]%et h E‘?I](zﬁﬁﬂgl #ﬁ%@qﬁ(ﬁ xﬁ'giley et byl gxq(ia'njectmn molded
car to artlcle of manufacture conpri sing

articlg, g %@P?ﬁﬁ@%%ﬁﬁ&@%&%&ﬁ%@%.Oﬁf%nb%wnﬂrﬂ@rea ticle of
manuf act ure of claim 28, conprising an extruded
article, an injection nolded article, a thernoforned
article, a fiber, a cast article, or conbinations
thereof. 29 0
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