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METHODS OF PREPARI NG ACTI VE CHROM UM ALUM NA CATALYSTS
VI A TREATMENTW TH SULFATEAND POLYMERS PRODUCED US| NG

WT RS OHREM UM ALUM NA CATALYSTS CROSS- REFERENCECTI082005/009668

RELATED APPLI CATI ONS This application clains priority

to U S. Patent Application Serfal No.. 10/829, 850

entitled "Methods of Preparing Active Chrom un al um na
Catalysts Via Treatnent Wth Sulfate" and U S. Patent
APMIHTEEODS OFRREBARNNG ACTIYECHROMHINVIATGMINAI GAEABYSTS VIA
Havi FREATMENE VI SULEARE AT POLBMEBR I PRORUCEDY$10Ws THE

of Maki ng the San€HROMMITUVAALUMINA OSTALYSTSd on April

22, 2004 and are incorporated by reference herein in

t hei r entir etGROIY-EEEERENTER( REEATEIDNPPHhEC AFIONSNt

invention generally relates to catalysts for

poI y néhiszapptjcavboafdaiss miodtymar &, S)al?aitdnc uﬁlp@hd:ayloh Beniel Nodg0/829,850

o O, B ke S e Bl o¥e Teppens Wit

S&dlf&ﬁl’ and TS Hateas QBﬁhdaﬁMﬁSéria@ Nog enereddaYentitléd *I'i‘ﬂymers Havmg Low
rela1 ﬁ“ ol yners, nor e artlcularlyto

po
fr%lﬁvn%% ané\}\é?ﬂé,odépf Mskigs Sisatamenrhott w:y ‘ﬁ@Ch were filed

adaldc\ﬂmtz@ 2064 84 HRIERPorhRE b AMRerldS hétbin StHhERERIrE eat ed

chrom um based catal ysts haV|ng al um na suppor

BACKGROUND OF THE INVEhﬁﬁﬁy ported chron1un1OX|de

catal ysts are connDnLvE% E) INXEHFgagre pol yol ef i ns

havin%xde5|rable characterlstlcs Various supports for

chr omTGFrPEsRsnd dvention) spaeralliislates e exalysts or pelyemerizing plsfins, and more

. ahmuﬂf t® "Metﬂoﬁy 'o? 'br Mﬁl%oz{chvéj sasly O by tth ztufghé Qﬁ?o rHiﬂm—bas ed catalyst

oxi d rongly af he propefrties of the

Beving an plyreiga Slmplortc‘&lﬂs Eﬂﬁf&tﬁf t $heh prgeenp irvirgtion) genbr@bbn ﬁu@@d relates to

t.hei f

Bk, (9 phaf el e, TR BNag BRI, jow level of long chain

rhwanching \andl ancflods oh mabmg dhﬁz: sangnupfg mlﬂatearﬁategmhminemmamd catalysts
i ] when hexaval ent chromumis forned
uyggémgﬁéxggﬁgﬁyst activation, which often occurs.

Al um num phosphate supports are simlar to silica

supports in that they formhighly active catal ysts.
However |ike t he BACK&ROUND OF THE INVENTION

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 béing 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 o.f ultra high molecular weight polymers when hexavalent chromium is
formed during the catalyst activation, which often occurs. Aluminum phosphate supports are
similar to silica supports in that they form highly active catalysts. However like the silica
suppotts, they also do not have the ability to produce very high molecular weight polymers.
Further, the polymers produced using the aluminum phosphate supports tend to contain

relatively high amounts of long chain branching, which is not always a desirable property
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supports, they also do not have the ability to produce
very hi gh nol ecul ar wei ght polynmers. Further, the

w@odoprerog3 pr oduced usi ng the al um num phosphat BCT/US2005/009668

supports tend to contain relatively high amunts of

| ong chain branching, which is?not always a desirable
propertyduring processing of the polyner. A need

therefore exists to develop_a nmethod for producing

pBripg prcesing led ernglyimes s Al nsad) thetedire exista tecdavelgp amekthod for producing

HoBRS B e T b ool o el BRBP bl <1

has been described in the art, such supports typically

are noVhilesthelpossibitinef usingpbmeina spppnitsafor yhrraizen oxide catalysts has been
r 0

(ELAbLY | TLON AU RGE GUEAD (AT CES L SRRRLRS gy v
arletivedt hlshmtrfacep gpas|apd atverygoras:jewevarsihdeniesh oxide catalysts supported

I The activit) of such cat al yst
RTIRA B YRRt 2 D o oSHRerolly el e actvity of
§u¢mmta1ystslcan bsuﬂlpebxred\bge ddeJIlm(ﬂucn*hetof theigitunthe sﬁpmi’ta Uidsbelieved that the

dro bel | eved t
LR S T Br et S onich A e LA yrie i potymerizaion
dddbrninarely thet Aidition o tdd mech G ride fehds tcpsﬁckelnih@ rahﬁﬂﬂﬁa resulting in the
gg?n]na re uItln%%|n t he deactivati on of

clivgtigneof the patalysty & meedherelors sxists {1 dqyels»madﬁethodq@r fRsepasing the
fafivity rcﬁl@ﬁhlﬁﬁ chthI9sta GilpbdtddVbyursiis REHMILERE Bdnkeinsd that the alumina
supﬁfrted al um na w t hout being concerned that the

besingaresht be sintered. ' SUMMARY OF THE | NVENTI ON

According to an enbodi nent, nethods of preparing a
pol ymeri zation catal yst include contacting a support
conpri sing al um na SUMMARYS OFEHE INVE§EIONaNd W t h
chromum In an enbodinent in which the chromumis

provi ded fron1a ch [of0) und such as chrom.um .
b de Aceang i i b GRS GGtk £ Bo SRR carayst include
ccaﬁta&tmgta ﬁfpp@f cbxﬁmknﬂggalmhiﬁa Suithf AtulRgnaggmt addevith Bromium. In an
gh%n1on hg up ort. Alternatively, the sulfating
R T e e R S BGOSR o CEGWEIh CRGPRHRd. such as
|cﬁr0ﬁﬁlﬁh tEiﬁfde Q‘H@Q@)p&??@in Betahticd o Adti®ate h{eQﬂlal{bgﬂ dffer loading the sulfating
provi ded froman organochron1un1co ound, "t he suppor

éaﬁlt ped bl HPH’@HH & the SuRRSHt Adiemalgrel thyisplipting et padie; 1ﬁ§jled on the
bt vﬁﬁl@ ch@ﬁ'l Gt. G %@tﬁér'eﬁﬂo&'lﬂneﬂ‘ﬂ ih thﬁch%éj&gﬁﬁﬁﬁhg Blg'vﬂga from an

o ound. In a enbo I ment,, catal yst conpositions
agm@ml@umgcompemdn ﬁlecﬁgmm & belenloimed nﬁea redntactig liff witle the sulfating
g&ﬁ“aﬁﬂbe%rg ?ctn?#* ?;‘?&el{t}}? o}%ﬁ SHRNSbmBOROS! i ons

ve an activi

In an embodiment, catalyst compositions for polymerizing olefins comprise chromium
and a sulfate treated alumina support. The catalyst compositions have an activity for ethylene
polymerization that is at least 25% greater than an activity of the same catalyst without sulfate.
Further, they have a surface area greater than 100 m*/g and a pore volume greater than 0.8 cc/g.
As an aspect of the present invention, a resin made using a catalyst as described herein is also

advantageously provided.
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pol yneri zation that is at |east 25% greater than an
activity of the sane catal yst w thout sulfate.

wao-aoosheT943 t hey have a surface area greater thapCL/082005/009668

ni 2/ g and a pore volune greater than 0.8 cc/g. As an

aspect of the present inventioﬁ, a resin made using a

catal yst as described herein is al so advant ageously

provi ded. fg?ods of producing a pol yner include

cont adf§t Progugte o pelyBremEkdepamicting aft laasy ene olefin with a catalyst
S o R ehin g AR sl it chromiu
cohiress icomperdions oendiesd in it migeneawrashibis aelatévehyi loiwt levels of long chain

i e | in_branchi h .
ket 8 LIPS ok T B s o
trhdedag weight GVity) salessagebived edthlthr lowezegh thebMacovig) @SSvalues of the

i ned, w_t | ow zero shear, .viscgsity. (EO) val ues )
PRI Dl el ey e s entions Jopaipersy fodex vatues (i,
dGwidboin & cmge of frdmBab ¥ 6 hsRAVS vilies dretger thal 308906 b/n®1 and Eo values

[ an f from6 to 15 have M val ues greater
1o o 51 6oty A oIy e et PatGing i ahacincgod by the narrow
PheologicBhbrehdihts teantsthel wiith the m%m_@i ValuR§ 8NGRINBGRF BorAdodfions. In an
ol ogi cal breadths conbined

i ndi cated b he narrow rhe |

ﬁ*gﬂ&{‘ﬁ‘ét’ Hﬁeéﬂfymv GUTRAsYIopy have gheglopispldyreadtgengter thon§.25. The high
Iy, atlueTEashiiBNYith tHeow QRN GRIGP OB Fgﬂﬂ,ﬁ indi

rl\ﬂvéol ogi cal breadths g‘?eater t han 8?%%.&% |gRerl\}thcate the low
VAR SENeRIRG Phig PRIEIETS his anosntiodinases tiobmmer icomspositons have relaxation
Rley B8 ®ad 1 dh&lgsi ndi cate the | ow chain branchi ng of
the polyners. In an enbodi nent, polymer conpositions
have rel axation tines |ess than 10 seconds. BRI EF

4

DESCRI PTI ON OF THE DRAW NGS Figure 1 depicts a graph
il lustrating t#éuggtl?lijﬁqgfu’gfloﬁlg@ﬁfrﬁﬁ DRAGVINGB a
catalyst treated with sulfate as a function of the

anbunFigafe 1odoplt digrustilllthdtagngo@e @6tivitd of A elbANAY YiSinina catalyst treated
Fi.qure 2 depicts the nol ecul ar weight distributions ofy
Sty s

ngtiga phide pygounk ot aamenium Sefsteadiesio sheanatalyat

catal yst treated with sulfate. Figure 3 depicts the

ol ecPigare 2ebii3ithelinsleailutdidn Sis@buttk Y eho1ydiBAGe rE&3s T8rmed using
formed using chr muMglwlﬁ%\ catal ysts treated with
§81;IP5]ELE“/§]H SetalystdLeplet Wit fHIals | f ate. Figure 4 depicts

an Arnett plot showing the linearity of polyethylene

r esi nBigler3nigictsshagoledile Weibht abtithtis Qﬂ%ﬁiféfﬁﬁeﬁletrésﬁﬁtﬁ%ed using
V\ﬁth.S | fate and not treated with sulfate.
chromium/alumina catalysts treated with sulfate and not treated with sulfate.

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.

Figure 5 depicts the molecular weight distributions of polyethylene resins formed using

chromiumyalumina catalysts treated with different amounts of ammonium sulfate.

Figure 6 depicts the molecular weight distributions of polyethylene resins formed using

organochromium/alumina catalysts treated with sulfate.
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sulfate. Figure 6 depicts the nol ecul ar wei ght

di stributions of polyethyl ene fesins forned usi ng
organochrom unf al um na catal ysts treated with

sul fate. Figures 7 and 8 depict the nolecul ar wei ght

di st r ifsgesohandgt depist themplecalaeweigli distritfusionseaf olyietiglene resins formed
: O] ' C S . @f [ te

GBS AT SBLALKS G SRR FSC By YRR s of

skliofphite, thiorige,rand sulfdépi ct s an Arnett plot of nol ecul ar

wei ght distributions of polyethylene resins forned

usi ng & ' ' k .eat | :
sl o e g et B AP BB B S A R < Follbbhene resins
CEsGR! RHzCir@rumHurhinyEENTHhaN catatykts drebtadmtithssatfate ahdihytstreated with
hﬁ#%gg an alum na (Al 2Cb) support can be treated with
sulfate (i.e., sulfate anions) to enhance the activity

of the catalyst, making its use in the production of

polymers conmercially viable. The al um na support

primarily con’BETéébEéIQEﬁQ&IPTIIQNp@F {HEB INY ENtTR@Nanount

of alum na present in the support is at |east 50% by

wei ghtA @hrofnitfn-baked|ca®yPPRAving &hﬁuﬂnHmAﬂL@)g WRIPBF: teaff BB treated with
be. made usi ngq net hods known in the art. anpl es of

St ke hadel pepnsdo cphanes thegackisiby afthel eatlysht wakingiite tuse in the
JEn R Wl NROMCLALERIE, 4 okt S Gmary compe

neut_r alizi ng alum num sa | W
calrring. alnqrartzonian thearhguat ofdlerpina prssdnb innthe suppbw dseat least 50% by weight

i | i. : f i .
NSHELIE 5ol 8 U TEATRRNNE . BB A A 0 e e
dixapplen df Hwh nethyds inalide: nepcting sdivhroaleminalecwhich isshakio,twidhaluminum

of 1fatl urH'. um. i.sopr op xi de gocsgj?éﬁ% Examl es of . .
Bt St it i el e s i nogia or ammonia
hyydroatdecper i ing fflak WifiioBsis MO ke ale@@fihf dRnpR¥ARF B&rforming hydrolysis

i ncl ude al um.num hydroxi de (Al ( ), boehmte (A OOH) i
41 3557 SIPLAH M SRTDRAR CoMARE A AOBESEAT(S 8B fcohol soution
aJfa RN BbitopBxiRI(ALD B AN K ardle s 361 &Qifﬁllﬁlhﬁ{aﬁlégﬁ@ta crystalline

C
can be agded far various reasons, such as fluoride, '
R pnha Bydrated form ofalymiaa Aore sperific egrmnles; melpde alymawe hydroxide
OH)B! Bockiite RRICRSIIL G %bnhﬁhe B &E,050° '
g?‘(s,u? ace tr%gt ment’,  Optional |y, t(ﬁ% i gﬁén?‘@ﬁ%psgél%"“ can also
caprfaBanpaniy; aeaymisrqforther gnaterials that can be added for various reasons, such as

fluoride, phosphate, silica, magnesia, boria, or titania. These materials can be added in the form

of cogellation or by surface treatment. Optionally, the alumina support can be calcined prior to
any treatment by, e.g., heating in air at a temperature in a range of from 300°C to 900°C or from
500°C to 800°C.

In a first embodiment, the chromium and the sulfate can be loaded on the alumina
support before subjecting the support to a final calcination step for activating the catalyst. In
this case, the chromium can be loaded before the sulfate, after the sulfate, or concurrently with
the sulfate. The support can 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
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any treatnent by, e.g., heating in air at a
tenperature in arange of from 3000C to 9000C or from

WG a3 8000C. In a first embodi nent, the chpChUsZMS/009668

and the sulfate can be | oaded gn the al um na support
bef ore subjecting the support ?o a final calcination
step for activating the catalyst. In this case, the
chrom um can be | oaded before the sulfate, after the
SRIFQUECE,; sush 2t OhEHYr BHAIYOR; fQﬂC%SH’éfd@@ﬂff@né Tig énitéali pieining step can

Clﬁenac@éghsf?éﬁ RURhEG 86 s ;g)oﬁ% bliiBin Cl%h&(!n{éa%f ?ﬁrtsa‘tlﬁ(psphere which

to dehydrate’it prior t er tr
seghfbatdey aneanctontain sabstantial gmeenipoClymidity. s Shghdinitiab dehydration can be

SBT3 (B oo

sqr@bercawelyeframcsoﬁ‘rﬂ tosHOBHC b Thin éabyitmatiort dtep G0 fdr a dirddn of from a

uc:| r{. at m V\,hl ch can be
del HablebShe 4GS N Bl G EBEREE, B ittt b even a sulfe
Sud lehromivin aéatrdatyfil@tddby thafhabelo@kion SchctbHtion bted
tenperature rangl ng from 1SOOC to 9000¢C,

From 30008 LT S R il BTt o inin

aste;huzmdt aﬁim lamﬁmg rthenchrofrdn. m'ﬂhldtcﬂ:ﬁonhﬁm%én b UbSded Afnt @€ support using

dehydratio e the s t can be given
P Gpipat o, RO P oSl v ) b SRy opesind & dissolved.
fTheadhraaibel svaipoaid @ﬁn 86 ton¥ & | Adte ToBPounth LseFHRL fo\f &loYversion to the
the sul fate gg@@be | oaded on the al um na suppor
I

FFAAGT Hie CACRPRET. ok xawRles ghepiiable chrangei qqglppmls include tertiary
Wty Brbihte TEhyaRdcRbbH MnGd rbhﬁ%nﬁrﬁ asathe %‘wﬁ@le cﬁ‘dﬁﬂﬁﬁ Lcetate in water,

using incipient wetness inpregnation wth a sol ution

i CHIORH® Wltﬁltf‘cﬁr%(‘r?m]w% Wﬁ@%ﬁmnﬁ theigpis sBhe demiFmeis added in an amount
GhfrREhHUB AR fﬁﬁpcaklﬁys%b%ﬁﬂ{s 2B BRI i,

suitable for converS| onto e hexaval

chrom um Exanpl es of suitable chrom um conpounds
i ncl udbe %ﬁa&ewambe loadedion hersuprettdyicantacting drvoithes solfpting agent. As used

| He R, dsulf&tﬁfg% Iﬂ’mstdEﬁ&)&'a.gQIﬂa{én % }?q‘fﬁfog;&@rg nsgﬁﬁte?o %0 an alumina

|nVVaer omumnitrate I nat1 ons
tshnotiowherpie thehsubrtingragest G@Qid:@dn ithe brm a)lﬁa olution faf gas @nombinations

lttfge\ggqrﬁs g tﬁeagulixagfg zﬁ?ﬂta j Ié.l? { aiglge etg t%ﬁssullph(gg via incipient

rom um e S U
smq!masn'ltnpbqgnmm aditen tige sulfativigtagera 1§zugafs aﬁd}m Sag eintan BdSntroduced to a

use r.ei.n sul fating.a fined as a

T3R8 RSt e son hOiRas Myng e il of ticsugpert. Bxamples of
ahifing agatpMoklle: SMesR) HZS(bleJnSWHtéradrl ADra@eN liqidJudheas! eﬁh alcohol;
the formof a so] ut or. conbi nati ons t her eof

WARRUS $pdrtions ?%rﬁﬁgébgﬁstt opgoféthg §llgwingpomppundg(NG&)2SO0s, AL(SOy)s,
TR, eI, KRASOYRPRIGSO,! OS] Mg, (NH,)HSO,, NaHSO,, (NH,)HSO;,

CaSO, and Cry(SOy); , 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, and SO,. Additional examples of sulfating agents include sulfur halides
such as thionyl chloride and sulfuryl chloride.
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wet ness i npregnation. Wen the sulfating agent is a
gas such as SO, it an be introduced to a vessel in

wokioshodhe support is positioned during the caPCi/nsi008009668

of the support. Exanples of sulfating agents include:

SO gas; H2SO4 in water or an oPgani c liquid such,as an

al cohol ; aqueous sol utions conprising at |east one of

t he f?I | ow %%4corrpounds,: (h[\lH4 2S5, A 12(SM4)3, CuSH4, .
ZnSOo4, ™ RASFEBIS§pbo ditpent iy whish daeyehropgimneompoyd) iHgmmrganochromium
N3 pEYnd, (IS 0ade@ e AShifd bR i inati '
coﬁ%i nz;it’i ons ther%%f Sul feur cont gﬁgﬁnegorﬁg?lg%%qgsa fal%%l%aﬁon step to
Acvasapssepcst folloreddy teatingathe swppet ashdiausly whitir ihegprgdnechromium
@bt Y5 Al Rsnih e sulfating . .
agg%t. Exanp 2@‘331%&@%0&0%@1 SISO? %a\rﬁg%ont g}i}lncioﬁéoun@tlse’feg'élfeg to activate the
i qatalyeid e Esumnilest of sydthble ormnddhoomaivg @oipdyndsrigetndeczerovalent compounds

[ f oxi des, an .. Addi tignal ex | es of, .
E I T T S N DO —
tchicomyth.  ©hbardedlehremiinseoniplaxyd are Hésoribedean UrS. #agaiC96 976,632, which
embadi tinahich the chrom um conpound s an . )
S SRR by s Bhn St et D EPEBREP e 28 e nd wvatns
adrgemb chorsiupp@Hipoledsasueh pe chrombteng (8is(EAldpenadibBiNchlofiim (I1), and
to tlvate Ehe éu gf\c;\H foll owed by treating the
SHisbEHed APHPeS LEFEOl i hich eih  ySIRBAANISHYL HAGho PRI Pre o more
.w htbebh . H : f E > 1 Y 0 .
Nabshitiehts e chieih NBlyP n@f rihilg, Qfs%i]?ﬁtﬁééxﬁgp n%ﬁd;f&g’p Bi8mium, and

Is required to activate the cata .

SiidosBIoBIBR FamBeds miAdditiosplpwamlss iof orasdechyaniomatospounds can be

GORROHNAES S B&BntaRoL! 4,808 430058 UTREOIR! €X8S5 28P170, which are

exanpl e, di cumene chrom um and di Benzerie "throm’un’Pi

Besorentediygrietaneechenpi ntkeir entitetydescri bed in U S. Patent

No. 3,976,632, which is incorporated by reference

herei B, iR thd Smby Hirhfn% Yescrffell SBovEXAIPLGRatiof gﬂeﬂ gog activatiji;1g the catalyst

dival ent and trivalent organochrom um conpounds suc

aspeforsebeeheatinhit dy ey etidipiog pambispheyd, fartexamplenn (he prysence of oxygen
' L Vald ther ol WNI Ch .t he o o

g%l gt%%“*a%#‘%ﬁ% ereallgl%egcﬁtﬁlo}/ne%oo @ % 1e6)d‘0 ; arlitslpigtlvely, %om 300°C to 800°C;

ope s contal h orie o

i Edrhdtivelnt Bom Cl0WTIoUTO0RT . alThy kaléifElg trehtAlehtydan alb Skvéivd reducing or
di_ met hyl pentdi enyl) chromium and am dochrom um

OHieheRsaich A HAEH Hithcaukamp megosade, bydseges conrhshidingragents. In the first

CRBBAHBALS 2t PForfidHOEthé Bhrbnmm

57690, 680 G forth Sthe Chroh 2ooé,33 §Hd BRepefted Binoedavatent sat

iaf & sesplb pERcEng deipined Arsebatantinanogion of thetshifite resmirs oatthe support during
i .bed . the cal ci.nation. .

SR B IPRLE (RAOERS RIRME 5y SRS bt Sy or e

lebratriivng based icatakyst. oWithowt iimtgndirtgntosiehiémited Byothe@yalTd Believed that the

tsﬂ?atéj bStas Witk o Jnm%i(n\{ 5 replaces hydroxide groups at the surface of the support that

hinder the activity of the catalyst. The sulfate also provides greater acidity to the chromium
active sites. In addition, the introduction of the sulfate to the support causes little or no sintering

of the alumina such that its relatively high surface area and porosity only decline by small

amounts.

The activated catalyst formed in the two embodiments described above optionally can

be reduced. In an embodiment, the support is reduced by heating it in the presence of carbon
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treatnment can al so involve redyci ng or other steps,
such as treatnent with carbon noxi de, hydrogen, or
hal i ding agents. In the first enbodinent, at |east a

portion of the chrom um conFound is converted to the

aht tegpsrairg @ e pange ¥ fregrp 18@1Ghg 087G iakiergativaly, from 200°C to
S apnLd oL td o | fate remamins on the
sél?g;%%? Bﬁdﬁﬁﬁtlﬁgg’t#@q%a glttﬁgt%olsgn step in both
enbodi ments, resulting in an increase in the activity
of t hé€atdiysbedraposibianelir pelymenzitg olefis lvewbe fontned bl the ntagner described
be |imt t N | i that, the sulfate .
st b Fee¥ere Rt uont b R R p Mt Bt oR an atmine
tsuppstirfhachroafiurh isepresammositch titalyst kompesitiohiid ad@iviovhttof fiofn 0.01% to

P M 00 Dt 0 ARG de st L BIF wtemyety, fom

| 008% oelBis] albperahtapdydetig bfy adtal viedpht bethe Hi osithlystaumpssition. The sulfate

little or no sintering of um.na such_that |ts .
bl 8 o7 g of mpcieR by e Rle b e st gl fr apermativey,
byons D@k lto 3090, iR rcedibges d6ibg YRtotd weihBd fited fifad bEeht chnpdIRion. In an
t nmbodi nent s descr.i bed_abo optionally can be

r“\é\‘g’ﬁg nt, p qatglysteopBativRDE forppdthal e ap actvay phlgert dofoiggeater than the
hRadiynd thd sah chidBstoBpeetch ases@ﬁmmvgégl%'f&fé afimifla support) wi
temﬂture in tﬁe rg% e of(@from 1000C to 9000C; VEP rt)_?”hout
Sulide rzgatgeat,y where oﬁhﬁzagmt COMBEHMas ¢ TR tuEderaeonfis] yeonditions to

o MeRPO0ERLO 1A A Rfer fBbBnkL the CHROR ic&hﬁ&ﬁioﬁ%ls an activity more than
pol’ymeri zing olefins can be formed i n the manner

PS4 rltreativalyomere B0 % altgmativelymporsi thanol§%c greater than the activity
[ .U . ot f al.umni .
hodene LaOL RN WYL ST 38,240 Moo, o
cetalyois ¢aniposition hasm senfave ateagdicatar dman0s00h¥/gt dtet@iyely, greater than 100

4 er nativel. fr 1% 10% alternativel fro
e, S uteaton ERTD 4, B RREoRl it SolboghfRlM e caat
pempesiticagbs Heoregvdiymé @teater wkeinghs cof altdmeatif-élpakreater than 0.8 cc; or
gaittsalqsg, contg%ﬁi t) on the sulfate is present in an
WAt o EFPEh% t 50% alternatively, from5%to
40% or alternatively, from10%to 30% all
per cerdisageaspebieofithe trgsenbinvdntioniaghdin ofdd tmingf 4 cadlyst as described herein

talyst iti g | di {, t t .
SoHBe SR PERSRET P « Tu S i TR e dy S RlabE it any of the
269 qs descHbedtiamdin. t he activity of the sane catal yst
conposi tion (based on the weight of the alum na
compod BrIEE Spoftie Fitcist PEBH ForoeBRaE St i mbomer in th

presence of the foregoing sulfate treated chromium-based catalyst having an alumina support.

Examples of suitable monomers include mono-olefins containing 2 to 8 carbon atoms per
molecule such as ethylene, propylene, 1-butene, 1-pentene, 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 polj;rmerizing olefin monomers to

produce the homopolymers or copolymers described herein also can be used. Such reactors can



pol yneri ze olefins. In another enbodi nent, the
catal yst conposition has an activity nore than 25%

wa@bdaosnomes vel y, nore than 50% or alternativel RCT/IB2085/009668
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than 100% greater than the activity of the sane

catal yst conmposition w thout sBlfate treatnent. Al so,

in an enbodi nent, the catal yst conposition has a

surface area greater_than 50 nR/g; alternatively, |
gqomlﬁslmarﬁao%% gepPhase §ractarsy WIHKIRR Fepelots, or gheeqralingtiny thereof.  Gas

200seRh&ors ot (BB Prise! fMhidRedeBHANLARIR br tibiBr &Rk SEturry reactors can
conposition has a pore volune greater than 0.5 cc; ~

atorFifaYdrties! yoopg og dpezontah devpe. Solubion praciglst eanreonipyied stirred tank or
CURSE DO o5f by U S3REELEE 0o oy oprtd
Heradlelhoriis serfes.o Thd vatalystgdsoesh Ye pyed o droduceTetleylanatpalyysts in a particle

Bl gl de o 0o IRTARNRAN2 Y0 SLRE NP5 0255 which are

escrib erern. oh can or e
biyicqugrdrated by zefergned héremsin theie entimtynelf desiré¢dyéryfogse g also can be
bk 8BS RAAR AR T bt S BT, D358 obmer omes o
Sanhcnaid featatysiopresest innhd wedeionaoe-cah efnga SotoOELAioNys By Weight of all
8 carbon ato er nol ecul e such as ethyl ene,
prP?fE‘S‘ﬂ?selﬂg?e rié-‘%ﬁ‘?%%& 1- pent ene, 1-hexene, and
1-octene. The chrom um based catalyst is particularly
Sui t atbh en émbodimend uecslmgy paymeizhtydngneceksoisremployedtin sviadhtthe catalyst is
f Sglg o'n%eﬁ?ué%]ﬁ %%{tgc} n lce D& ng%daﬁ?ggtgt_eg kﬁ%lalg GO ﬁ%lﬁlge{nfﬁglh ﬁ'uoughout the
rpietesization@ascess) Theorgitic hediimi Gncagabd e pafaffin, a cycloparaffin, or an

pol rizi ol ef i.n rs to praduce th .

REnG! b e Bt Ph TG qobme, Bt SHirenah erizationprocess can be
bQrried et inQUEhtioR 26eOlt S tEAREAITR bF EEmS0 §/ 1102@Gh@4Sa pressure in the
gas-phase reactors, sol ution reactors or any

cravesi Hftamp A0} iz 000G phkghsr.r ddeagiranegamonisisrilared in the liquid
fﬂhlééeddf 4&951@(%‘;1 il WRER a{escaﬁlfystt i Q']Eéb?{de&ec%t ﬁ?gvcidmgg‘%ftrcg)?ﬁact between the

reactors can conpri se ve.tlca oops or ori
| oespaner 8wl the casplyste dbe astivity and hopyodictiwity of the eatalysinke whatively high.

a - T d r f LN [ .

o e P 2GR rer b T ol BRG XE BorRE 15 afeRE Belitn PR ctays

seheniged per Thoer, gad dlkeysd dumtisity wans toethel geehstod pplyast peduced per gram of

et hyl ene. pol rs in a particle form process as

aﬁ°§%?ag@%s&&faﬁg%?s Patent Nos. 3,624,063, 5,565, 175,

and 6, 239, 235, which are incorporated by reference

her ei i pwe ¢nhfodimenh the monomer hlsalemibeedntadigdivitiy @ noqatdRkt in addition to
' t acti 0 to reduce

ek G P oINS RS s B Rl Rer bfore or

after enfry into the reaction zone. For example, the catalyst and cocatalyst can each be fed

Q)

independently into a mixing vessel ahead of the reactor where they are allowed to pre-contact
each other in a hydrocarbon solvent for a period of from 1 minute to 10 hours at temperatures
ranging from -20°C to 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 controlled independently,
pre-contacting the catalyst and the cocatlayst provides a method of continnously controlling the

composition of the catalyst and thereby the properties of the polymer produced. Alternatively,



anmount of catalyst present in the reaction zone can
range fromO0.001%to 1% by weight of all materials in

w0 b@snemas i on zone. In an enbodi nent, a sl urryPCT/US2005/009668
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pol yneri zation process is enplgyed in which the
catalyst is suspended in an inért organic nmedi um and
agitated to maintain it in suspension t hr oughout the

zation process. The or i c. medi um can, ,
3# 8F the gatalystand coetalyst £ fegh diggetlyrinte ghe rp@%on zone where

ttﬁ@ dé’hﬁgtté%ﬂ QRerQbr 8L BYt 8RS i@ ﬁﬁ%@e ofithemShdthdrY Examples of suitable
olynerlzatlon process can be carried out in a

rf@a%% Y ichrle enganpaluareR spompeusE  Fueh s 5 opthylamiingpCorganoboron
aRhpdindd SQEIP§SS erﬁty'lﬁ?)t&ﬂ" &ri A8 BoPnef &Rfrtrllapc?%gﬂ)%taﬂe t é?ad7£b9nb1natlons
psi a or_highe 'east one nnnoner S In

| theyeatd Cﬁh@sseﬂ@ie @Iﬁeloglumu;m Formendshinglpde Zdwlylsﬁtlk}ﬂfssu(?h as Rs*Al,
S R&ngl?(ij“ u§0 Qﬁ{ ﬁkge %Ofs aclotgtlﬁ%tarbgl‘? lﬁﬁ}e}ﬁfd}&grbyl radical and X
nononer an he activity

s @h@l@gqn\sutlyas @hlotlhe Hwtcabaydyst game for ekaemplw bk yrietliydfiumiasm chloride or

a [ f

L{ﬁ&ﬁ@rlr%?&%{rl% 9 ﬁ@;e}? ep g(éthé? L‘&ftablg o%%%.o%p“}oﬁ rb%{ug&?%? ﬁélude ’malkyl boron
prempbiods,, pagtivdlatli ¢hgse bai\ung alicyltgroupsfoén o t1@ chibven gtoama)rm‘to 5 carbon

pol r. duced per of S. cata char
ok i By esp s R pS2s #E Gt e suoh o
VBICHH O Ha habdgeﬁanedaaﬂle_l,ﬂ bd)l@ﬁ] cérpduhids satl QYBGQMQ(DESAHWIS of lithium,

catal yst. .The at al an b acted with t

SRR 7 fuf OBer DriBanS SRR ERTIPS fgtiorke tsed as a cocatalyst
IERGbHtHAlyst 04the grerhixeX ah e, catd(l}@t , @ klRAtivelpRCtan be mtroduced into the
cocatahégt can each be fed in endently Into a mxi

el R & S B Ao 4L GPIORPIY B0 B! BIFGRLR fis g tigrpzone can be

[h BreG 1P BE froRACH ko 2k B FromD. BNV aREFdr BfoS BY WeBht Ha98d ¢k the weight
period of frgml1l mnute to 10 hours at teg&eratures

rO@fﬁ’&‘i fodyent efndliluswoin sydemperiioying sush spley oy filagnt.oYhente solvent or
CHNER S R4, TR S E caik F%{éﬁbd’ with ﬁfe%opa@z‘;lﬁt fech 51901{11{1513‘[ provides

reaction zone nce eac ed stream can be neasure
dpra easaelygte éhrommep]ekdém inythe 1ange of dionp® 1l rig 1@k alternatively, from

?(Mﬁﬁlgfﬂwhﬁﬁ t] aystigor ovi des a method of
con

I 'nuously COnt 7ol I'ng e ‘conposition of the
catalgst and thereby the properties of the polyne
pr odudie danothper embadimgel, ythe onenosier atan be qontectefétxaitlysamother catalyst

asﬂﬂul‘..aﬁéb%l? Wﬁ&ﬁs@tﬁa@h Elﬁgﬁ% ?age : éa'taz}%LM t @éo%?tgl?ft 1’1’10116 is used. For

reaction zone C
fdxample,tthmlﬁawd chempmebasad eatdfst tcmebermﬁcbnmonju&‘otwrphé]sa Zitgler-Natta

b e cat al .yst nclude or. untnuntco
L RER PR Aelfine!OF s HiBRE ool Bl e S Wherizaion
asnditiomst hShllefeoﬁl,egler-Natta battalyitbalre aimelosahm U.S. Patent Nos. 5,275,992,

W ARIOYL DY 3€ s 13897 € ORI T 90 178 575,092, and 4,607,019, each of

which is incorporated by reference herein in its entirety. The sulfated chromium/alumina

catalyst also can be used with another chromium-based catalyst such as a chromiumy/silica
catalyst. A bimodal polymer has both relatively high and low molecular weight distributions
and thus exhibits physical properties characteristic of both such as stress crack resistance and

good processability.
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t hereof Ot her suitabl e organoal um num conpounds
i ncl ude al um num al kyls such as R 4Al, R2 4Al X, and

w2k X@79¢Dnpounds where R4 is a 1 to 12 car bonPEr/on2005/009668

hydrocar byl radical and X is hal ogen such as
chl orine. The cocatal yst can, for exanple, be
triethylal um num chl oride or diethylalum num chl ori de.

O her suitabl e organoparon conpounds include trial kyl
bor on P@E’Hﬁwg as Bgl?’?tﬁﬁ?ﬂe%op}?p?%ré 2R FPRpdyak 9f ethylene with other

GheHPStefRls cin bO plodu&edli B BirAeBdea¢ribed bibve 1§ BELRAMIGHE ‘fﬁ@jerties. For
triaryl boron conpounds such as triphenyl borane, " alkyl

peTteIse.-dheaeplyraas exdihitrelively loyHeyelations chiin brrartdam ndick dw levels of
?Fﬁ%h&%q{r%%g%g érlfé'ﬂljrn@lga;tfcﬁfg:&f:mg %%T%ggé%lﬁaﬁg% gor%ined with the high
Yy aalyes off the pplamress. Rdeolagisd bisadihgelars de the teedti &fl ts transition region
. ren ' t I
N R W
2drike ‘wiscogitys elpthe aplymst. r Eherrhedlogical rhoeadth ipf fomtiah aff yistrelaxation time

PEEARRbn PR, GBI . Al 16 £ATFF g s o

veeihifbeturba detimang th €owilgh rule fthetthep legidal breadti carchd catenlated by fitting

I Syst L Ng suc ol vent. or .di |l uent. \Wien no .
pCERS FendiR B A0 e B oy Shipey Sech Experiments
Iwirlr egodifietCastetin Yahela ¢CO¥phedey, Sthidhris Rpresemmdiy thdllowing equation:
provi des for a cocatalyst to chromumnole ratio in

the range of fromO0.1:1 to 100:1; altgrnatively, from
0.5:1 to 50:1; or alternatgvel +£~f5;93 1:1 to 10:1. In

anot her enbodi nent, the nonong h” be contacted with

anot hemheat al yst si nmul taneously with the sul fated
chrom um based catal yst and the cocatalyst if one is

used. BFoyis@¥inPhe) the sulfated chrom um based

catal yst can be used in conjunction with a

Zi egl er =Nadt teq@kpl yst to produce a binodal polymer in

a single reactor using one set of polynerization

condi t,LQNS. 1~ D ' er-Natta catal yst are

di scl %sgggtﬁbﬁﬁ%.l@ﬂg‘?%ﬁ?&%ﬁos“ 5, 275, 992, 5, 237, 025,
5,244,990, 5,,179,1 4,855 271,.5,179,178,. 5, 275, 992
and. 416050 e ) IAESeHRR S T diioR ks bt ion regond
reference heﬁﬁei n in, iqts entirety. The sulfated

chr ontufiPHP hahEsQsia(Py st [ dglines the Afewiraiagglateay] t h

anot her chrom um based catal yst such as a _
chr onTrRO%ET v gorsianhdelnes the f)ésakﬁimwf the higtnshean eate tsgiph]

relatively high and | ow nol ecul ar wei ght distributions
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 can 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 0.25; alternatively, greater than 0.30; or alternatively,
greater than 0.35, indicating the narrowness of their rheological breadths. The polymers exhibit
a narrow theological breadth even when the polymers have low high load melt index (HLMI)
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and thus exhi bits physical properties characteristic
of both such as stress crack resistance and good pro

waee®sawiohd ty. Pol yners such as pol yet hyl ene hone@DU§2085/609668

and copol yners of ethylene mntq ot her nono-ol ef I ns can
be produced in the manner des cri bed above to have
uni que properties. For instance, the polynmers exhibit

rel atiyvel w | evel s of aln br anchi n Suc
e et br MO e i ot At el TP USieb i of 0.0825
tlﬂ&l HmanEeMwhELlbReicaad abbradrhs 6@@%% 1904 rhe pingvatues are

Mv val ues of the palypers. Rheol ogical breadth refers

(dsteprRmech Peacaeanse viAT PATRIZES gon t@g.%nTbespcw@ews have HLMI values

NewkigRis RRWBEiodR s HRE3 SN Min,' r
or the ?ﬂ%quency déﬁéﬁdgnce o%hthe 6?305%??993' g %?agﬂonﬂn

pol y f rheol ogical breadth js a function of the
r el axatf SV {svele ofloag chasp bragehimg: ofdhe,pelymmers arecalorindiggiedtby the high

'Whléﬂt'—ra%rhg% 1RolEcHNE trleRht (?\flw)t\t&ﬁlé @tﬁhﬂhé&i%lﬁpﬂié Hw ?e%cf HehWiosity (E.)

or archltecture Assum n Merz rul e,

ofdheralymarre departicnlar, p@brrr@mhaveeMwEggreatqrttm@ 0,p@fngrams/mole
qgl/’iﬁbﬁs al%'ﬂ)ﬁflégl eé}ee{t& tfldn%@ oY %/ﬁfbp%k Qﬁ’é‘h&fﬁvai% r%gelté‘r than 500,000 g/mol.

osciI'jatory_freguency smee ériments
e thegchavaiEy saluesylsssbrn $2Y) Pmdag:s thanflxt® Rass, or less than 5x10° Pass.

reQr e I
V"Il%g C}g | %w ?%Qé‘s &?ﬁon{eg &@Nﬂ%%gﬁgﬁ%@s) i irr%heo g é)oléig}ers further
bndm@ht the e et brancfing-ofitad polahers) nlit pareiculss,) thf delgmers hase relaxation

Lon, in time of t on regio EQ. =
ztlér%eg lesﬁga Vi §ec8$(il1 ?lt?%we ) efs leaﬁlhle%ec? 2 ?\feg#%‘i‘ﬁggﬂy’ less than 5
RE@héa UThmpGPyrpﬁV\/ﬁ[rtHeﬁMave Qﬁ@ttamﬂelEad@ﬂueﬁleS‘ ah ldeltaf & A ratio of the loss
sl o f th hear e re To facilitate
SRHBT F  Ple et e PO AR &Iy R n gfoipting viscometer

GO febaabEd ‘aame PQbdichigr, Ahe hbY ?m&‘s aRké IteP A6 ¥Mes, measured at 0.1
i nferpretation of the CY nodel and derived paraneters

aahangsecopd Kgery dow cheag rame Béﬁate’éﬁ]&?nl—ﬂ S;Hplteaytizely, erRMeothan 1.7, or

Chi :
%g&??nuvggn%%%rgfﬁﬁ%%eg%( 992) - eg%odd Ll TR G

Ar rrstronég and Q Klaisse ger, nam cs of Polyneric
Li qui Gsaddifiom, pelyethylene resinsvrefpged psing tzﬁoﬁuh_‘ap fegipd clyemipm/alumina

\With St Be DR kR hole®AEwédht \WREBLS. IThE Qﬁo@&ﬁﬁf &8ighY distribution
reference herein inits entirety. In partlcu ar, ﬁ
\%p:gl bgydescribed by a parameter known as the polydispersity mdex (PDI), which

indicates the breadth of the molecular weight distribution and is equivalent to the weight-
average molecular weight of a polymer divided by the number-average molecular weight of the
polymer (i.e., Mw/My). In particular, the polyethylene resins have PDI values greater than 4;
alternatively, greater than 6; alternatively, greater than 8; or alternatively, greater than 10.
Surprisingly, the PDI values of such polyethylene resins also are often less than 20,
alternatively, less than 17; alternatively, less than 15; or alternatively, even less than 12. In an
embodiment, the polyethylene resins have PDI values in the range of fiom 6 to 15. Further, the
Mgz (z-average molecular weight)/My ratios of the polymer composiﬁons are less than 10,
alternatively, less than 6; or alternatively, less than 5 and thus indicate a relatively high tail in
the MWD.



hi gh "a" paraneter values greater than 0.25;
alternatively, greater than 0.30; or alternatively,
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rheol ogi cal breadths. The pol ymsrs exhi bit a narrow
rheol ogi cal breadth even when Bhe pol ymers have | ow
hi gh load nelt index (HLM)values. The HLM represents
the rate of flow of _a nolten resin through an orifice

of 0. Ghrmehayt Fhegpesificelon, Wearelenulsr Beigky apérplerelarweiglt distributions

F%e g%%g% anceg\&/\lll Ige%%%%ﬂ/lt%%%}% 81\rf%g|kt i na[éﬁe %ﬁg% Bedtbithed using a

PUhigrsel59 CNaeel pirveation] dhecmategsaphtwithn trghlgrobenaene: (TCB) as the solvent,
o t I

?\lélg i) f@(ﬁ)& {aYee&yl %lﬁﬁ&/lﬁﬂ]?tg at?’a[ tg@%%%tg}g:%g 1%(? C?Igﬁeﬁf;ﬁﬁéft%% ethylphenol

kiBéﬁTd hi mganoéntnah@l @l § penspea titer alvscrl atsra:ﬁtainlizedmuye TBB. An injection

t I I I .
ﬁlol ned;’% g htt%\slt%rwl? & \r/TI\/tgﬁ 7 :ﬁogmg %@3 v? g%r%g/‘%ay}m?ﬁg?%\%w&ﬂ at Toom
otémpdnauqao Dysswtnison dftthqrampledustatrilizetl F€Baotariet qut bauetipat 160-170°C

JP%W&?JV\V} h?afréasgq%o 20 legﬁﬁwog%#%g%o? cljomatograph includes two

alhters 'HT-68 €blmng (’B@hﬁ?ﬂxm@ &) 5 Qe QBMEY Wole.calbried whith %)broad linear
have EO val ues | ess than 5x1 06 Pa-s, |ess than 1x1

melygthylspe ptandarq (fhevion Phijlipspishemicair rampgnyMmilsAs) BES 5003) for which
GRIMBbBATr Weidht hi®ebPWdRidxat i on times (Tx) of the

pol ymsrs furt her i ndi cate the | ow chain branchi ng of

the p ners. articul ar ynmers have

rel ax gf"y “EGFIH% Vﬁr&tg‘e Pﬁﬂﬂuslﬁeég@sgﬂ@l’e@?st VP Rgforped ynto articles of

| 258 fab AN or erRIeg@ NiolesOfsirdd! t*e&fnﬂ}ﬁés} ¥R inl (B Sutt S48 29 extrusion, blow

seconds, . The pol yners further have high tan delta

VRIS, inje5Pr S1OAHRG, ok SpipBing, olemofTEe 34 i8d e s Fetoeranple, a

tREme} AShi G BRSkthided FRAS Wi which tﬁaﬁhb el R HE Bfuse anticle

on‘an oscillating visconeter as described above.

pagh asaudoglainet, Bsup @ ares pallatae éovt eire epaiponeny af ansther product Examples
c

T B e Hrice! ALY B 36 Rl Elnk bbC R EERAE s, s,

dlottles, fihers vaabl yo fogthe dtdditiond) amd ke Artisleewotlibe Mparent @khtlose skilled in the

3a9t0’ 000 g/nol. In addition, polyethylene resins

produced using the sulfate treated chrom unf al um na

catal yst are unique in their nolecul ar wei ght

di stributions. The nol ecul ar wei ght distribution (MAD)

can be described by a par aBSAMPLESHWN as t he

pol ydi spersity index (PDlI), which indicates the

br eadtriie Gvehtia Kﬁ‘?in%%la@ enéBiIg %scﬁb&i rtlﬁéofﬂ)tllbﬁﬁlga&gmﬂf%s are given as

equi val ent to the wei ghfaver age nol écul ar weight

paTtigpas ef’éhOW’éf‘@Ef o heripentioname o demongipte the pragtigeand wb/ia@thges thereof.
qf 5 is hﬁ&‘erﬁ&gd\’tﬁﬁ Ithd d éxaﬁlples My g'g’él)\ bz ¥ ag oPffulil£iBh 3hd :ﬁg H@t meended to limit

pol yet hyl ene resi ns” have es greater t
the specification or the claims to follow in any manner.

EXAMPLE 1

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 support. The
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alternatively, greater than 6; alternatively, greater
than 8; or alternatively, greater than 10.

waaosno®ingl y, the PDI val ues of such pol yet hyP€nes2005/009668

resins also are often less than 20; alternatively,
less than 17; alternatively, Ildss than 15; or
alternatively even |less than 12. In an enbodi nent,
t he pol yet hyl ene reS|ns have PDI values in the range
SRPDOF e 6 surbrod Frea {A30ME g andfa@orgrofupienf &dgle. by elsmimgsupport was
[
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[PEFORS AR W 3 themraetdyatad by calpmatignyin diyap don %b%eaﬁég%? (TCB)

as the solvent, with a flowrate of 1
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2,6-Di -/-butyl -4-nmet hy F henol at a concentratio

SPIROHicgs aﬁwtlﬁéiataixst SPies. 5kl 1a%1rtherg¥%q1qs thmeizhl Rargsnt of sulfate
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?%?@2%)§our35§?{>t%%%%%?gngﬁkmpé%t e aglﬂﬁ%lon m%ﬁ%@?L all or a
gebstanéinieatidnoof thehsudfatet asidechiotihe :mppmtu g@s teponedamethe caglyg @uring the

v Oicﬁlr‘rgos% EPZo'é § mlxssp%c{Wthe a}ﬂ £ 6)11 s gu?eaf%qe& Qﬁl(%u%g was shghtly

near ene s
Rivigér this tHehamat ainoﬁﬁrqfeuulfatk/&dﬂ@b((’ﬂ)ls I&tBtlﬁifHDIa)noﬁmr of sulfate can be
whi ch 4 e nol. ecul ar

ePlated by di; hEeTRAGt H‘\é?b’%é)asﬁrag‘{ﬂugg %qvqlgétggﬁapﬁgg 7% sulfate residue as
[NaQSKBI by ®6ightodt thesupporiasia mtﬂo ofitd prepastionl Itremau flec bhserved that the

.end use articles usin chni ques .kn t he ar
ST 08 B PGP D<A HERGAC Ay Gt o e PPy, of the sulfte
fHdi&"VerS ﬁ’dd'ﬁfg' siHate t1BE BHOI didBt cdﬁﬁ%uﬁ‘e&ﬁtﬁhﬁﬂﬂ SLEQ{ce area to the support.
exanp pol ynmer resin can be extruded into a sh

\mu"&uamachfqv@n Autpsorhst OYitessn i oo Sie Bisbyten A?WEF@" SWis used to
SRS 1R sTPRE 3e ?ﬁﬁd pd'i‘e G8iBme 8¢ thé &ppori. A8sliRbrun@nttvP¥ acquired from

or a conponent of another product.” Exanpl es of other
g¢helQuantachome lotnoratian of Seisieh N e pol yner resins can be
formed include pipes, filnms, bottles, fibers, and so

I or : R Th@qgéi?h}:@c{] @ﬁrfaﬁ@ da.réés ﬁl@ﬁ&b C\/IO%BV\Q%IQSSQ@ pRPBALEBE the finished
(0] 0Se SKi he art
catalyst, are also shown i 1n Table 1. In addition, the measured surface area and pore volume

were corrected for the additional weight of the sulfate as shown in Table 1 and are also
expressed in Table 1 per gram of the original alumina support. In view of these corrected
values, surface area and pore volume did not significantly decline as the amount of sulfate

added was increased. Rather, they surprisingly stayed about the same.
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EXAMPLES The invention having been generally

descri bed, the foll owi ng exanpl es are given as
w@asosiicokar enbodi ments of the invention and tRCT/US2005/009668

denonstrate the practice and j vant ages thereof It is

under stood that the exanples &are given by way of

illustration and are not intended to [imt the

specification or the clains to follow in any nmanner.

EXAMPLE 1 The follow ng procedure was repeated 3 tines
A f D A £ £ +

otrm—<—eat—++e+e
n

A ot ol ya [P | o

Art—ecataryst PRI €5 (sanpres 12

hind D\ An Al 1o NS ET-Y V- ] In a AN Iﬁf\r\r\r\l
o)~ T SUpP ot & /\] IJUI €pSeha

fromw F{f\mgﬁ Goropetny \M@Uf@ial dYiegeitied n M@ﬁ%llf@gnﬁomc"ea Corrected

n Rddepar|at §FGP f ¢ - 5P Surface Pore
%B‘B?t griﬂfemOppd%%?ac/%ﬁ%‘# ch‘%égeea ofé%%rreﬁ%ﬁd volume,

A

Ty

por e lvepbifa®s af calg al um nal support
| Na3npr egnat ¢d wigt h yarious anmowass of agoron| umsoo 1.45
w-ate—Hpaueous—sedt-of-asshpyR—t—Tabte—t-bolew

ol Mol o0 qe Lo 828, 1 87 7717 1956 L 058 [ 147 | 149
1 LELP\"A ' T LILIL] T L T 11 vayvu \'4 T

ondersl P & Y T 7oIe [SYRESY [T 566 ot ORE 2V 0533 1.51
+ U\é\/ 1O Lo} EI ur 22.54III DLI,QJ3.5KJI (] \'J UTITTI ,rel BI C:jllabﬂu 1.45
w-Hh—a—rethatioH-6—Ssetuttot—of-Er{NO—3)3—to

i ncorporate chromumtherein, followed by drying it in

a vacuum oven at 100C for The resulting

cat al yst precursor was the%%ém ed by calcination

in dr r for 3 ours t 600C Tabl e shows severa

physi Lyl Yt EpERes; SamRle Gages fio s Pva%rs%%iwaﬁ%mwﬁrpﬁseéembed in

mgféa. WRResichi a@ﬁbﬁn@fofgdlﬁtec‘ea;t@)t ¥t cabay¥phple 4 adtltAinel no sulfate.
furt prow des the wei ercent of sulfate added

tTdheeamonniae i valae 2sidphisr ?acgﬁata itesapeleqthd the gt pejpent of hexavalent
St ( @WBQBﬁ%n@@MQQch@émF]‘ e b3 YothlvHGH 1 8 £0E 68 AN Ak ¥idwh in Table 2

in each catal yst sanple after the calcination step,
delowipei ght percent ages being by total weight of the
catal yst. Based on the results depicted in Table 1,
al | ors gorpibshant halushe reﬁéhoé'htaﬁ’;fst kIS whd Ah@ AdDLd e steel reactor
t he sqy‘g port was retained on the catal yst during the
cAriepetavitlom mares stshniaEg At ‘éﬁﬁ’d‘P@ A steel daskefppntaining boiling methanol
%’Kihf A S nfTRAGH Ecie d Bl €6nde eIC% Jﬂlﬂdéﬁaﬁle %éo%t | ¥nd BEBSE point of the
an the actual anount o fate added. This
addhanpbwad cemiolled bbfva@mgﬂatr%eeaﬂeswe arpliedi tadbe bgndepser and jacket,

VA ARG e R NRRA YT WnipTele et ERNBAIE Ko th help of

adectromie saritiol nftrinentsp Aeqreailmioont, (OIOﬂ tQ/\QiO gilane) affkeratedydt sample was
that . th h | Ao .
SRR e 4, TF 1B Ly RERORY b (AN et v chaneet o

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 8 ppm of the isobutane diluent by weight. Finally, ethylene was added to
the reactor to equal a fixed pressure of 550 psig (3792 kPa), which was maintained during the
experiment. The stirring was allowed to continue for one hour, and the activity was noted by

recording the flow of ethylene into the reactor to maintain the set pressure.

After the allotted time, the ethylene flow was stopped and the reactor slowly

depressurized and opened to recover a granular polymer powder. In all cases the reactor was
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However, adding sulfate to the support did not
contribute additional surface area to the support. A

w0 cwanomaehr one Aut osorb-6 Nitrogen Pore Size PCT/US2005/009668

Distribution Instrunent” was used to determ ne the
surface area and pore volume df the supports. This
i nstrunent was acquired fromthe Quantachrone
Cor poration of Syosset, N. Y. The nmeasured surface area
alsan pitheovinflication ofapy el schlp epatipgac ethert fions offoskingd The polymer
I
3R Rl R o T R Wl MO G apel ek ot produced
mamamhefﬂ@dwmﬁhﬂahwﬁshghhmmf the sulfate as shown in
Table 1 and are also expressed in Table 1 per gram of

the orl’h@ E\ﬁ!s 0"1} Hégg étlﬁﬁﬂﬁltrunslaﬁje sgl'o@fiﬁvnp'f at fﬁngov&.i h% I(—)ItLMI of the

correcte val ues, 'surface area an pore vo .
pplyrief fesiamedoyerad Epinreachersn tiae deferoined To fccordefcatveithotiSlBY D1238. All

Wﬁ?he @%@ﬁﬁﬁﬂw& zef yg%’ at%' f?x%é’ @ xﬁgglfl%%ﬁét the activity

pras parrexed andtibh éhus Zmpressadt ae grams ofl @skymmbpm dluqepd Emagqatneof]the original

m%lrtﬁjll]adslufmfnc?r{ oﬁe?;hlo% Lr‘%a%ts %ﬁs %%d&gfﬁga?étgﬁgﬁen%ag Em%]la %\saelfﬂ € activity of

dlskdathlysn Eheabtivi@ofithest catabystp liseplatted agdiest wdfatptid adieric Eiguire 1.
of hexaval ent chromum (Cr VI) contained in each
sanpl e by total weight of the sanple are shown in

Tamﬁﬂmmmm Z le"elﬁ" UsSing each

CdeﬁU y “Ehtalﬁ%td' V\l‘nﬁmwmﬂw I_\rrBuna 2. Cétalﬁs{ I CPolymé B Runl detividl Corrected
elq tie- ppe,selmnm t| h a@edqmmisme  $tdf rvler| Ghervedioi ngrielst | 400G 1 pml’g A Adtivity,
b ool a4 100 g Al t.%0 . g L [nin Al;Os/h alg Al,Osth

Sit ClCI ] a)rr\CL CUTTT IUh_B V ¥ I30d. 3168 3168
cleppeettph—tro—a—steet—conRdenser ethe

reag t o+ 5’Th\ boi > g p;\ ARE TR g%t hanof SZ o as

clant riol | gd by \/nrq ngnit "%%6@4%_555%9 zp H | ng g,ﬂphle 5661

cofdensef and jackbt . wihi $¥%0dr i) MWedl pPdeisdF | 5254 5636

tierfoer at Bire [cont r#l to Wi 4988 & ¥98 deldiee 35 | 5278 5661

cerftigrafle, (with the hel p0-386 el e&844onj c13tont Bl | 5254 5636
instruments.| A sngl | anpunt (0. @060 0.10 gr d3fs) &4 5377

thes Clat afyst] sanpk® was |T0.2296 |clueosged uddef R0t rjobEn 6791

to g hEg dfy reactopo Nexiy 1.2 [|i to060®1| I @ebut aoe | kadi|[d 5377

WasgCltar ged [t o ttgy react eFEed 6845 |

u 1?, © QSQC Frtet ‘;QII DOt ‘d‘@ﬁ 4555

i p-a—hept-ana—sotuiion—m €

al nj?t O;B The amlpnf of "1:‘3’?'5'&“ 5023

3 ) ) o 3990
t pm of [t he | sobutan _a3 )81’
et H§7I ene®vwad addeff t 4 4322

EXAMPLE 3

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, (3792 kPa) 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



the reactor to equal a fixed pressure of 550 psig
(3792 kPa), which was maintai ned during the
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one hour, and the activity was noted by recording the
fl ow of ethylene into the reacktr to maintain the set
pressure. After the allotted tine, the ethylene flow

was stopped and the reactor slowy depressurized and
opetheltioron (FEBb e theacogatalytl aecqndl Gorppig(ddibPa) dfrFiaivhs added to the

\?\gﬁcﬁg%: gfeé Es% adifiRh Ibﬁ‘tq{% o\% tt:tP}(r)lE}%B a'dﬁ?ibl? g’ﬁlﬁug Qa® ]&oﬁ%nd%rmg each run

coatl ng, or Ot

o | dgerease plgg/meleculaswmgiemf ][tmmwlym revdi fpmmed mAczich\rmt y?esplte the
o B oF Sl Sin HATe b P oG S B HERD p i Goro. Figure

rmilljasmzttdszthe inoitecnian sze@hedlsﬂmbmm of Tehpodyethyleak Gd’mnsTlheduced in those

HLM 0 In rec vere eac un

deer R o st ERat, B PSR BRSRF P P givene rsins

p@éryﬁ‘laﬂaath]&@r@ﬂ a\ﬂdMlenOIf/IWZ\ames wdre va9 ipan SR ERt, it avbfge My was over
ai.n, the actjiv was corrected an

i, iR s s F s SRrwaaL pbeé?ntgr%éﬂe this high

Q¥ hereds agadkaif TN NRILSA4NRAbE sRAIfidiR We. shhip d¥eBde in the molecular
cases, g sul f?lgﬁ to the catal yst increased the

di
ey id’égyl% ?01} QEveh W Thisgam glsp b ey b fovgen MydV ratios, which also

Crﬁéa@dr}z‘ssﬁréadﬂﬁbd@ hiRtrh Rl sRGB IS kheIhH e rhiR MR Fi gure
. EXAMPLE 3 A catalyst treated with 20 parts of

anm)nl um sul fate arts b ght of alumn
was magEe &W?ﬁdﬁ? Biofeﬁ‘é‘ W?&%‘Ed‘éﬁé’“&@é et enserf ﬂil%fOTegomg polymers

ERsieal Bing -thel. Bﬂfaﬁ‘eaﬁréa‘ce)dilr/aﬁﬁlﬂﬁaab:iﬂﬁ%t Sné)éqe@rw&}mm‘a!@Imtby%elgm of the
the al um na, was cal ci ned at 6000C for activation

FAdeh and the T%Escoeageasttt%thﬁ M YRerfiapelyaien @@ﬁ‘éuﬁlﬂg pEyaumina catalyst
RSdulute(Ghf %&eﬁ?@ prR5E&, dbiGtelt o?rfd?%g Fﬂ(i: r eFlgure 3 again

descrlged above, h the excéption o
Hllysgates @mmmwmm@fchumhwf@te peieddWbd using 8 ppm of
triethylalumnum (TEA) as the cocatal yst, and two runs

were perfornmed using 8 ppnpghhfiigtpyl boron (TEB) as
the cocatal yst. Second, 50 psig (345 cha) of H2 was

added PINBE=To) : .
bef or ga %%}ﬁtlg Free%g& gfgh ;%;{? gﬁ%@hl S WalﬂjHItl one Slrlédng&es gg’%“ ina by weight
I ene medmasmrea@elyt descrived wdinanpleviei Tiese cntalyleECOntained 2% Cr by weight
4 Ny D23 t he
fbgk%gaﬁlgﬁéaﬁﬂl% vg%g‘ ﬁ(g{le?’ a{e{ﬁ gOa 1§a%8{r1&ﬁfoﬁ T}lesg { %aly s, yere then allowed to
rpasyima:ﬂzeséthjflénel’wGS"rﬂLMd salpsig 313k kpey 4. prﬁhcgislryaieacrﬂ)ed, except that 175

|Ilu e, nol ecul ar ht di st |buions of the
ey oS ol Il irn S5 i el ndectiaeehy BRIScs A g qjghe polymer
Fe@iedl Thét@taEstdsed NS SPPEISUY@ght\Wks&hdn tBé BBt WIS of a mixture

of the pol yeth Iene resins
of 3 parts ’IpEB :}1/11 TEA.

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, MN, and MZ
values for each polyethylene resin. The zero shear viscosity (Eo), relaxation time (TE),
rheological breadth parameter (a), and the tan delta of each polyethylene resin were determined

as described above. Two HLMI values are provided: the first one was determined using the



were noderately broad, and their Mv val ues were very
high. In fact, the average Mwas over 1 mllion, which
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present. Despite this high Mv, there is a | ack of high
Mv tail, as can be seen from tHe sharp decline in the
nol ecul ar wei ght distribution curve at high Mw» This
can al so be seen by lower Mz /Mratios, which also

rderemesionest ASEVhmphed ardihasecond ensvas calowlased bringhibg mheology of the

f i/
P! TSR [ R i LEOUPRL ) By e v
poifigenef $.0835 rtmli disineter vvhm subbefc@detotar Gateeof @ﬂﬁ(algmmsmi 190°c was
Rl e i LLGEE Wi ASTROI RS B ve 0N O o
coca

cata yst to the MAD of a
pol ynmer for msd using a Cr/alum na cat aIH‘vzst cont ai ni ng

no suIAfséh@Wbun Tehlp 8y W?SQ@ hedpae aaourd of iz ddetl, thepplyafiylene resins
»
T, B D yanles S48 R 1R g B AN Pt s the
taneanieof spilfate iGcreased, Ghe HiLMI fknpmdl mdicatirgf @atethp epresim of the sulfate
9 e
L

CGhe byownt D‘gsruﬂfateﬁndrdfasethl IDespiteatha ﬂl@h@fl@:ub&h@lghﬁsdthﬂ@o@ﬂ@ﬁ)&(ﬁsny index

( eDf ;
ol R e e SAER B R TS b SuBungY e R e vatues
Reepia6iys deskr Thethsinexbepinetpeekdy kﬁhmﬁe:cgw/l\zmvamemf around 4.

ogen gas was ad decr Jecu o
e VRS PR st OB s oY Baadth St pedign kg sensitive o
Sho Rt Weleaitlir et @6mpehehid ©f ihs aRtbanen di | uent) of a
m xture of 3 parts TEB and 1 part TEA. As shown in

Tabl e 3 bel ow, . var ert.ies ol yet.hyl ene )
oot o A et e oL R oR R et Wi it 0% i S G branching
G?%dt@&dmbﬁy:ﬂ@f t}@ rekRlte T HE 3. hﬂleWILMWI ratidvaiés were much lower

s faqr each eth | ene resin ero s
5 epﬁp? EESTS fodndgd s SR ecp sl B |SE§‘I igh My. Despite
tl’fa@ﬁgtl\,lﬂy PSR URS raﬁg’é of F0Mob Vﬂ&o&e@BO@i@d @i, tl%ai%ﬁxatlon times of the
pol yet hyl ene resin were detern1ned as descri bed above.

TABISTY I oA P (RS seeprispvbich Balo riRes o P@fm%rﬁ & geaeral, and especially for
i ed
;b%con Buddg! Wgch}aﬁﬁﬁlq{a%@%dlﬁ& T}fésp_%%f'?gsy i i@ﬂﬂd bR tan delta

e was “cal cul at ed usi ng t he

Hotegauead. at Prleradised) viahwee rnd tedlogiod ibedadihenarasspéans sprpesdented by other
rc% Iruum-bfa.i ﬁ\’xa& grsrtg g’r?!az%\ﬁr&asre ﬁ‘bréd&% y@;ﬁlf@t@ Qlislecﬁ 'th%? QEIlues to go up,

en s 5’1o a
anlaibmg R demeead: in1@@OGainbeesiching. In fact, the catalyst contammg the largest amount

)~

of sulfate produced a polyethylene resin having a My of over half a million and a rheological
breadth parameter of 0.38. A parameter of 0.38 is above that expected from even a Ziegler-
Natta catalyst at the same My. The high tan delta values exhibited by the polyethylene resins

also indicate that the resins were essentially linear.



determi ned in accordance with ASTM D1238, As shown in

Tabl e 3, despite the |large anount of H added, the
w@odogaotiyd ene resins had | ow HLM val ues, whi cPCT/US2005/009668

i ndicate that they had high no]ecul ar wei ghts.

Further, as the amount of sulfdate increased, the HLM

dropped, indicating that the presence of the sulfate

caused the nol ecul ar weights to increase. The neasured

l oA AN Al on

ru. ecutar—wei-ghts—al-so—-nereased—as—the—anmpunt—of
suyl-f-ate—i ncregsed_ r\:\sp! t tl’gé“lﬁ¢ h nnl ular wej ghf S,
t gt 1yrlichr\nr city i rln v-al des- \'\AA..{I%-/.'\“ of fghp 4 5
PQ g@ﬁ qq ﬂfg‘oﬁégqeﬁsg/ sur i si ngl1p narrom w th2o 40
I'VIf_\{,_Mll\lgMglrrh1 ST oulgl II? Lul “Dlll §‘ 3?‘?? éi’g&f f c:n |5§ ; :,1_2;‘07 0277
LT o ner roacure br B oGl 3t A it e Lalilgs | 010
U Tt0h-IghEL tHetarty—sensi-tye ‘%'5 '?ng.“* Rt
PRI FiB6Y, Rymare ght—conrponrentsopi-—thefirst+i .,hr i-Hon % : '
at et ve—feature—of—th “°¢"rr':r rﬁz..s Ry 91 8.5 | 2295.61
| W/Mﬁ f £ 1~y Ao oo vﬁ‘l 5{\. \~13503 inp]]i -.55_4:.34 3\17422 8.014
AL ot ¢+ bo rosul tein-Tahie 3. i Hotlly Fackl | 240
IR R NN 5.1 DT w7
posxaton Tg.So L e boced chtalifiot b o1 udh oah Mad14 5.52
["‘ngc E?L%vad M ‘?taélr’t?es A '*fg)run?ggef 3@&0\,"0 £ g-30 0.3846
)‘Z’%ﬁf My 60 gi-rot—the—rel ""wati o 2:4.‘“ %djﬁfhe r%fg,g%s 0.0099

4 ; 18. ; .50 0.32
\%"ﬁllléngy—z—t—e—e—eeeeﬁde—l ; —whi £ s—gE5e-lunfrhuefor '
pqtry@ﬁgbéﬁsgeneral, afe eséug' a !\{iﬁr po g’f}er 4‘;595\ 1‘2%2
ptotucetd—bYy chrom um based—catalysts5—FheFesins—al :
exhi bited high tan delta (neas ured at 0.1 rad/sec)

e

val ue eol ogi C rea ters
unpr e%‘é‘&@]ﬁ‘i EIEIC?RPHOCEfHE‘? efg ﬁ?"ﬁ B‘e%séﬁgalP% ghain pranching can be
%aéﬂ'hn@?@ﬂe 4t\hﬁclﬁ(§diaﬂéd02[h @tm@tflﬂl@t @\d@ﬁiéﬁﬁdhs%@.ﬁs répddiRSthe Arnett

t |cat|nadecrease|nl caln

5 tp?%{ Oulil Leng Uyl ek Rodyethyien ¢ Phillips Chromium
| Bk tM qu’dﬁanﬁf* @Ubf ﬁ&lﬁﬁl&r Qlﬁyl?%j Eﬁnﬁ’.ﬁlll yﬁ&lﬂﬁérq{@ctlon Engineering
resin havin of over I'f amllion and

rfidollogice &4 Plb rléérd@ﬁ: %%Pﬁawhlﬁlé s iggorporaed bArﬁqmem@teeqm o its entirety.
gglsézl thi tlo%g:?\fﬁe iee?(gghﬁe%)ﬁﬂaf: (fﬁﬂ) ﬁ%ﬁgﬁj&%ﬂ @g%nﬁ%'ttlgeglb g of th'\%etlg?lt average
ancigoglar ewighy lingar pedingess M)l enthe rAasithefatse lmn,dwhlah & also shown in
10 tF?%ﬁ e h?hlfseﬁx h%\let{tftrhggﬁlg rﬁ%d k th@ﬁ@fe&é%%hgﬁrbrancvm% it contains.

cation’ o a’te I'n easin
dhaitwo burealiotes nepresent 1lll)ﬂaans:..haﬂnlOI6 andzl(ljua{rbom Thi, ot ¢ag see that the more
l.l. ed ddj t.i onal dlslosure
rs@l %ﬂdﬁﬁ ﬂiencéosﬂirth%?{)mtﬁ F‘B?é ngFlB’ﬁarfrﬁ%WHC ®Long Chain
Br anch| ng in Polyethylene fromthe Phillips Chrom um
Figure 5 shows the molecular weight distribution of some of the polymers in Table 3.

One can see that as sulfate is added to the catalyst, the molecular weight distribution narrows,

15  eliminating especially the low molecular weight end of the curve.

EXAMPLE 5

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
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Catalyst, M P. MDaniel,* D. C. Rohlfing, and E. A
Benham Pol ymer Reaction Engineering Vol. 11, No. 2,

W@ERsA0B4335, 2003, which is incorporated by reE¢BUSI008009668

herein in its entirety. Wen the log of the zero shear

melt viscosity is plotted agai I8st the | og of the

wei ght average nol ecul ar wei ght, |inear polyners fall

on the Arnett reference [ine, which is also shown in

Fyag agan gbtaiped and impregnaed; Wity an@ﬂﬂeoyw@uuon 19€ ammppipEsulfate to incipient
fv@étﬂe§s fﬂé??tgi%&uh%n%@uﬂa Jﬁg : a% eﬁgvals %%ﬁmér@{onf& Wt-la}1 Based on the

two curve i1 nes represent iIn 6 and 105
oeight nEthe Thodna (oaieulaiad] assisleO4).h atfter bedngrdyied i & vicatua oven for 12 hours,

rqgi? gcgwdetr Q/% ﬁllelq §a§ ST gﬂféunfhis 3 ﬁ&?ﬁatkeo@ S0 érﬁr%%f thehcalcmed sulfated

Pence T 1ne. nol ecul®ar wei
dilvsiting ma ﬂlmlmﬁedsmrmo ofL dffiey lmptaperde which whainjeeted chcum& chromium

BT R 4 S ofr ot SRRl B 7T [kl g M meta by

@ﬁqﬁ@ltlb&eti)ontthe Wielg\ht obthe cultiaed Mfa@litalmﬁh oThé HieurereVoromium was

R S0, B O B SR o 50 et i
ib tHe stfierts lﬂﬁeﬁicﬁﬁrpﬁbﬂﬁtg@ﬁn séenpa@me, thelmganmag ﬁepftame RRa¥\éW3porated off
G.gcewas, agai tained and i1 npregnated wth an

é’ﬂa’&fﬂ el?&?éf‘&&ﬁ of ammoni um sul fate to incipient

wet ness. The total anmount of anmoni um sul fate added

was e@uhorlsl ert13tgrad bfuhe Batdigs eldscoibed bl&)vwai’@ Rhenofidded @o the reactor

\Zyg%?ﬁ %g& lf%]galrvs?etf%yﬂgjlﬂtgrs 0 ﬁ?ﬂéﬂtéﬁlg el?Sl g&g &geﬁdr Idetl('iieni Srgo%sig (3792

GRh)X it tine. nEd&V}})cﬂyIﬁerfz@ﬂion?ruﬂ &l fnadé atROC forl D AMARS, M yielded 74
the calcined sul fated alunjna was then slurried in :

10
reranest ol gplycielshcarfde mel e eWaiRgdOF Fck s4BRIC WAt ATE nhe MWDs for the
%}6 Qs e gheam Gl ﬂgm 6O Each i, A brdad MWDARRUHaifd 48R R a My of

éle|d 1% Cr (Calculated as thé netal) by wei ght

Hé(é @& Mow of bl 008, agete Nof ofi2 82880 ci ned sul fated al uni na.

The di cunene chrom um was qU| ckly adsorbed onto the

support, as indicated by thAgAamgre migration fromthe
heptane liquid to the support. After adsorption at

[ 00M {RORSARL yns b GHR! Mk i BERHARE 19/ ABARY BROADIEGHr weight
of f vvltﬁnﬁ1 ntﬂltga hnéat (o~ 40C Ex%ct Iy 1513 1%)rlam of ar weig
tdts@rftwamamym aleraimopliosehiteapialye. \&é@nmhédlamae age pige of 300 m*/g and
re e

S ey Be 08 VB R aollRER Mo DT EiBl n fowing dy
kiteoger atHHP0EH for 1Eamh A@dhglpmmtlsmt phihe alunninms tmeated with sulfate and the

%esg gv%s Lo r Tig aﬂ‘nﬁ]n%ttg e sﬁﬂged)(vag tl%gqmgr%gnated to incipient wetness with water

containing sulfuric acid in an amount equivalent to 7.3% by weight of the dry alumina to be

used (calculated as Al;O3). The damp powder was then dried at 110°C for 8 hours and again

calcined in nitrogen at 600°C for an hour.

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 2% Cr by weight of the catalyst. The amounts of phosphate and fluoride added are
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grans of polyethylene. The nelt index obtained for
each sanple was 32.9. The MAD's for the two runs are

wG@h@anoioms Fi gure 6. In each run, a very broad RNDUSES5/009668

obt ai ned having a MN of 1730, a Mwv of 116,000, and a M
of 2,912,000. EXAMPLE 6 The fé’i | ow ng runs denonstrate
the use of sulfate to nodify the nol ecular weight

di stribution on an al um notphosphat e catal yst. Al um na

Aistedin Fﬁ@lﬁ 4sandfaladovar Bacharlaygiov anenaastivaiedior ealojstionri flowing dry
% at 480 & d& HQ?O\NI o dﬂ?ﬁ’e A Wlﬁner@éﬁ%g%n% E)Nreyg?_ﬁ%%euart .95 °C by the

cal ci ne ry nltrogen at
Apme hnoseqyms descubadsboye. tmthalalumﬁlm@l wdsethylwatneadcatalyds was used, along

I
su*hf at eoﬁ%ﬁs E‘F%elﬁflsﬁ% Q?%%lpg%%i (ﬂﬁlc#égllag% %111 %é) p%lés(g792 kPa) for 60
wiitifespat er cont ai ni ng suI furic acid in an anount

equi valent to 7.3% by weight of the dry alumina to be

used ﬁ“ﬁ@{n‘%?%@%e?f %ur Erodu%ﬁ%reds‘ﬂ% POSLs M 4 P6EE can see in

dried agaln ca C|ned In
Miabledigbat bath tb@mﬂvlfq@nd /Mo ualuesmﬂn&mmldé)g tlef addisioh of sulfate. To

sg% ﬁlgsh gff @n&enﬁnﬁ é;elrn%fc%%lﬁq ecg mggfy R0 51% %;nﬁ' a%ﬁgatgg temperature
d6eD°Ch mathithersame coctadysteiEe wdieg) e qUhﬂ $anzel lbwel offphbsphate, since each

t %g%%%ﬂ)%etg {H ]F%C}%g&ilr é%) Eic& 4 [ﬁlegg&ﬁﬁ%lgvn When that

weinghisonfs b’ mtcﬁh)ﬁsd thathl‘&H‘atamIBurﬁaBe e qﬁfeas@mtrewﬁag dhe molecular

flu rlde add ar el. [ bl bel ow. h
R R B b painele BO il AR T RER il AL both th
(MWW EndAM,A00 ey 2R 10@efor SHEOMMated shthﬁlesl’. ablg@fes 7 and 8 show the

UL SR EP I8 Vet POk i R A B e, Figure 9 shows

ta’h'Aﬁhé'! F}ﬁ&r dThi§ %ﬁt ddkay %lcﬂ@&n&iﬁﬁﬁtes tﬁthHegsdl\faﬁenerﬁg tcpﬁhl& the polymer
(345 kPa) H2. Ethylene was sup on _denmand at

pary lipgron waerieé (T apd AEBD §he aﬂﬁ@% pbpifaty %S%fthetm@ts to move
RESHTE U BRaECHdREm oML ekl es 4 and 5. One can
see in Ta that both the” Mv M’and Mz/ Mv val ues
wer e narrovved by the addition of sulfate. To see this
ef fect one nust performthe polynerizations at the
ith the sane

cocatal yst (TEA vs. TEB) an@ABLE4e sane | evel of

[0 $ pAdt BF | siS0ck Aelach @k § hasey \vAMIADMRS| aont 1 bLit $4,/M, | M/M,,
t@ the breadth pfenphd apipdtecul ar]l wei qi0di £000i byloPlon.
\SUERATEIAL

1 Jo1] 2] 73 J400°C| TEB 1683 | 8.0 [10.68] 391.8 [ 27419 | 36.7 7.0
2 010 2 [ 73 [400°C| TEA | 1341 | 02 [3208] 479 | 22363 | 14.9 4.7
3 o010 2 | 73 [600°C| TEB 959 65 | 1214 397 [ 2512 | 327 6.3
4 o010 | 2 [ 73 [600°C| TEA 520 0.3 | 266470128 ] 27215 | 263 3.9
5 010] 2 | 73 [750°C| TEB 1636 | 223 | 479 | 307.51 [ 2469.8 | 64.2 8.0
6 1010 2 | 73 [750°C| TEA | 1668 | 0.6 |31.67[478.14[ 22337 | 15.1 47
NOT SULFATED

71 0]o0 0 ]600°C| TEB 1074 | 47 ] 439 [ 459.08 [ 3603.43 | 104.6 | 7.8
g |o11] 2 0 | 600°C| TEB 1636 | 505 | 6.09 [ 20277 [ 2956.45 | 333 | 14.6
9 o011 ] 2 0 |600°C| TEA 882 45 | 501 [398.17]3768.54 | 79.5 9.5
0] oo 0 |600°C| TEA 559 0.7 | 625 [720.12]5221.44 | 1152 | 73
1w o2 0 |600°C| TEA 634 0.0 | 7.79 [887.56 | 3932.04 | 1139 | 44
12| 0 | 10] 0 [600°C| TEA 205 0.3 | 8.47 | 756.55 | 3809.53 | 893 5.0
13 [004]27] 0 [600°C] TEA | 1168 | 03 | 586 | 670.59 | 3690.24 | 1144 | 55
14 [004]27] 0 [600°C] TEA | 1406 | 0.6 | 7.98 | 626.58 | 3688.54 | 78.5 5.9
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conparison is nmade one can see that sulfate does have
the effect of narrow ng the nol ecul ar wei ght

wale@snotws i on by di m ni shing both the hi gh andP¢DWsS2005/009668

nol ecul ar weight tails. Thus, both the MW MW and M/ Mv
val ues are lower for the sul f&led sanples. Figures 7
and 8 show the nol ecul ar wei ght distribution curves,
whi ch nake this effect abundantly clear. Figure 9
shows an Arnett plot of this same data, which

rates that the sulf ke the

‘pol nmer nore linear. In eachABEE s (TEA and TEB), the

aafl| PAADNYB %‘sajlrakt:te catbs e Aty [FaiMIt|SME O] By €] CVD'S & IM/M, | My/M,,
té the Arnett hu®mpijndiabali ng ilncreggiogmy /1000 | /1000

ISURBATEDX v. Whi |l e preferred]enbodi nents of the 1 nvention

R[<

hveoleer? shodwn| WHE |dESBr | besd? In3di flilBek || 8IS |t bt.e2of 36.7 7.0

cin| Bdd b By oo kiTEApli_l:*ﬁlth&Zarﬁz-(gtH’fﬁ?lt 22363 | 149 | 47

%P-ﬂq g r“ntq.?%:'g pilEBt | 289 1397 o 2512 | 327 | 63

:

040 s | eomeC T TEA TR 1703 T oReA | 0138\ 27215 | 263 | 3.9
1 road o | vy SGCT . TEB Y, Te3e L%%%Z 479 | 307.51°1 74608 | 642 | 80
EXETHIAT % .Y | Ab [AEA TPt 1ead Tt E0RCt 31 B Phs 14 o550 151 | 47

IJUlilo dAltu 1T1ouur 1 vall nmo Ul LTI T 1TV eTToT UTI

OPSULE

2

T H | R P + |- o =N
HSTTHSES '“'O?J;W_ﬁ??&mo T AN TS T TR STORE [ s
O3 Y 0& T BVETTHI

TESPeel | 20| any [EoegNEERT | ass ai Thsi § 3,010 [CReer 3768 A8atEs | o5

koo°eSE TER i'%sé%' 3.5 OH0o0IEas v 2094511 333 | 146

tmay o e osubjoectoerceMaBA § S ssoequlor7ed, 6,81 720.12 [ 522144 | 1152 | 7.3

akst ermaf izvel p, J@oadt TEeqY p8d.| Bot h abt|esnsd i eexniqriaso | 44

i 2t endled1d o I6e wiC0Ki[n TEAe| seBpel of3 t|at7c| @b.6A | 3809.53 | 89.3 5.0

Ac o8t nglT v, Ot hief0R€qpdEHf | ptl6t elctlidon 336 3859 ji depa2ed igs | 5.5

t 3ol ARALRZT bt i0on| 66%C [0 TEAARQIARS 11 )10-6) 4 TARI 162658 I6RSP4y78.5 | 5.9

the clainms which follow, that scope including all
equi val ents of the subject matter of the clains. Each
and eWérnly piefimd i snbodioenisoofathedinverttion t hage dpecishowatand ndescribed,

as nbodi nent .of t re t,.i pventi.on., .,Thus he »
oo BT 2088 Bl Rop Ay BEESSR ol BB B0l ol deifine spiic and
ttenchings qittlef iavaneidn. eThxoehbodinicatsalesdribal lpres artexempliaytonBnand are not

The di,scussi.on of a referencg herei.n is. . nat a . .
TG R it Nrafbadi s MO FicRlihy o pechysion disclosed herein are
IpaMEN Ar@Nre WEEIE Checbpe oTMhE ihRhEs e NOR Jf fiRtteri@6pHensy'Bwith respect to
publ i catign date after the priori t?)/, d;ie of this .
FBP p].p@gqt!oé A clatpp is @F%@ﬂ&@?@sth@fthe_aﬁu Jeﬁ e@mﬂ‘sls refgg%rghpr alternatively,
PRt k&t D Both ARFhaBVRatCifleh®A %o Gd W@ e S&IpR ofihE R ebY

i ncorporated by reference, to the extent tphat t hey

provi de exenpl ary, procedural or_other details, )
suppl ExeReEgl. thescopgelpratestion fmohlingissddiy the geserintign set out above but is

Cnf fREd By e RS Qi fol1sVer BASIHS RALNKAE bl 286 ABhts of the subject
activity of a chrom um catal yst conprising an al um na

Juasist ot theopkpimssi Rarhcandt axeni Algine e incopprsted ifjor easpecification as an
Silbb aitdeRido 88 Bl;esent invention. Thus, the claims are a further description and are an

addition to the preferred embodiments of the present invention. The discussion of a reference

herein is not an admission that it is prior art to the present invention, especially any reference
that may have a publication date after the priority date of this application. The disclosures of all
patents, patent applications, and publications cited herein are hereby incorporated by reference,
to the extent that they provide exemplary, procedural or other details supplementary to those set
forth herein.
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2. A nmethod of preparing a polynerization catalyst
conprising contacting a support conprising alum na

wowaos/1e79gul f at i ng agent and with chrom um 3. HEEUS2005/009668

met hod of claim2, wherein the chromumis present in

the catalyst in an anmount of ##om 0. 1% to 10% by t ot al

wei ght of the catalyst. 4 . The nethod of claim 2,

wherein sulfate is present in the catalyst in an
Afstisclagred rom 1% to 50% by total weight of the

catal yst. 5. The method of claim2, further conprising .

dal ci Aimghadwf isupasivetpoysnerizpion ey gfchednzpmmcgtalyst comprising an
wher ejy CloftoRSink SRk HIREboRM WIBA! dulBkitd Bent.

suppor i SyfR loBRtnt SopREhe (R Epmot WA Bl B, |

a range of from 2000C to 1, 0000C. 7 . The method of

&l ai mhsmethpd oéiprepeties earodymariFgiquscailyst comptsipgy caattingp support
the syppfichg h disgirRgle 4P RRNGIECRSmiBm,

t enper at ugsegian a ?gﬁggsor f%gém 3000C to 8006nc. 8. The

met hod of claim5, wherein the calcining is perforned

By hedhs mgthoef daigpdrvhearein e C@S&l@wil%@fewhﬂ’sfg\ﬁ g3talysfyn gn amount
t enpepag ik 8 1b4tod 05RO P lrelhUTHEAARAGsE 0 7000C. 9. The

met hod of claimb5, wherein the support is contacted

with the sulfating agent before the calcining. .10. The

fet noBIGREEPAPHTn LIRS 1S HSHaF o e il 4E fbgmount of from
Wi th {he Sodfatbiacyagent dehiana. t he cal cining. 11. The

nmet hod of claimb5, erein the support is contacted

with the chrom um before the calcinjng.. 12. The net hod

of cl Ahgwosthod of a2 Ethst F%%’H%ﬁmﬂéa]ﬁ’@i“%dh‘i frgport.

support.13. The nethod of claim5, further conprising
leeducTRGmkthed 8 PIRRY b, Wherkif @hddéhEne & peifogaddignheating the support in
monoxi de at a tenperature in a range of from 2000C to

8000 Can axdizipg etmesp el alot terapaatiedn 2 jgge ef fom RO°C to 1,000°C.

sul fating agent conprises (NH4)2SO4, H2SO4, Al2(SOH4) 3,
QUSHATHOHR (ho@b) Blainhd ,S%ereigrtmmiﬁ% {9 frorrhddH) KatMg the support in
NaHSO4, (NH4) HSO3, CaSO4, Cr2(So4)3, S, SO, .

KAL( S®4pgdizing smaosprr ey emperhifeipasange pHirom ARG te 800°C.

sul fides, sulfur halides, or conbinations thereof

8. The method of claim 5, wherein the calcining is performed by heating the support in

an oxidizing atmosphere at a temperature in a range of from 400°C to 700°C.

9. The method of claim 5, wherein the support is contacted with the sulfating agent

before the calcining.

10.  The method of claim 5, wherein the support is contacted with the sulfating agent

during the calcining,

11.  The method of claim 5, wherein the support is contacted with the chromium before the

calcining.

12. The method of claim 5, further comprising reducing the support.



15. The nmethod of claim 2, wherein the catalyst
further conprises phosphate, silica, fluoride,

wo@sasioas titania, boria, or comnbinations theP€DiUSHB5/009668
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The nmet hod of claim?2, wherein the chromumis

provided fromtertiary butyl @romate, chrom um

trioxide, chronmiumacetate, chromumnitrate, or

conbi nati ons thereof 17. The nethod of claim 2,

viBer eiThe ntethod tnf ehimm, i ferther coinpidsdng redweiag) the support in the presence of

' d. | ad ,
Fur' neP SR RRAE Rty B R Lo

contacting the support with the sulfating agent and
déf or #he omtlmdtafrdeitnh, whepgiorthe silfating hgent howprizem(NE)2SO4, HaSO4,

Th f i wh ; .
R TR AT e
¢ hr om(Nif)HBDg,( €330 0 [iz4(E Q9db, e, )Shy EAL{HD4 ) ZnS@ndZrOSO,, sulfurous

substit.yted derjvatives .thereof m dochr om.um
conpoAHELTERC S&E}F@f’ﬁgﬁ#&ﬁﬁ(‘fﬁswgﬁg matgs rt}"Ieﬁeé’f'rns\t hod of
claim2, wherein an activity of the catalyst is at

l16ast TS halicelad e clainh &n whareitb ¢heodatadysh diattifer @omarissa nghosphate, silica,

t al t.without. | f. . 21, .cat al t de by th
oot hodeide fnaghavia Hadif vRein o sodfiol Bl Tor 10,

pol yneri zing ol efins, conprising chromum and a

dél f affee tmatlatde df glaimi hawbagipohe .ch@Bniufihie pravided dtom tertiary butyl

conposj ti f clai havi ng i Vi . o

ety ehatlh Srofdh Biosfe, PbMho feelid, eblohMirate, o combinatons

than #drreaftivity of a sane catal yst w thout

sul fate. 24. The catal yst conposition of claim 22

[;la}v n Q‘PQ rn%H]tro]zi 3¢ C1afth anﬁéreﬁ rtﬁea{lﬁf;mltug:gﬂ ﬁ}oqueﬁ%oqn a.g %rgano chromium
he catalyst conmposition of clalm aving a pore

vol umeompovgd.eat er than 0.8 cc/g. 26. The catal yst

conposition of claim?22, wherein the chromumis

rLese in .1 9 . 0% .
s it PRl of SRR 7 drhd: Soshne Gl Gt il R R contactng the
c onposippon withfthedudating2zentvind before dohiactingl thatuppors with the chromium.
present in an amobunt of from1l %to 50 % by total
i gh f C | yst.. he,ca 0S4 L] .
16 9o S LA, Bl conme
( NHU) dis@hene chromium, dibenzene chromium, bis(cyclopentadienyl)chromium (II) and

substituted derivatives thereof, amidochromium compounds, or combinations thereof.

20.  The method of claim 2, wherein an activity of the catalyst is at least 25% greater than

can be obtained from a same catalyst without sulfate.
21. A catalyst made by the method of claim 2.

22. A catalyst composition for polymerizing olefins, comprising chromium and a sulfate

treated alumina suppott.

23.  The catalyst composition of claim 22 having an activity for ethylene polymerization

that is at least 25% greater than an activity of a same catalyst without sulfate.
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H2SO4, A12(SO4)3, CuSO4, Cr2(S04)3, MySO4, KAL(SO4) 2,
ZnSO 4, ZrOSO 4, Ti GSO4, (NH4)HSO 4, NaHSO 4,

WO NMSNBEB, CaSO4, Cr2(SO4)3, SO8, SO2, sul fur PUEUSINEP09663

organi ¢ sul fides, sulfur halides, or conbinations

t hereof. 29. The catal yst conﬁésition of claim 22,
wherei n the support conprises surface bonded sulfate
ions._30. The catal yst conposition of claim?22,

#hrer eThe satalyst corpRasition of ¢IKEH 22 g sBEaqstReRssH grcater than 100 /g,

silica, fluoride, nmagnesia, titania, boria, or

eenbi mhd ¢ t thpRRion 3t elaihd 122 M'a}b‘&e FOAROSH éréa&?& 04 0.8 co/g.
claim 22, erein the chromumis der|vat|ve of

rti chr omat I n1tr|o chrom um
28t b il oS L ela 2, WHETH it ohTalog o Pl Jpan amount
The cof@dniStl % QTPORI byl ot WéightloBthicaRlystWdah 8diford. he
chron1un1|s a derivative of an organo chrom um

d 3. Th |y ]
P A P T CRR—

di cuntom 1chtofd Wy tdiabesiziene tehaarkiam
bi s(cycl opent adi enyl ) chromi um (11) and substituted

gg%:’?ﬁ ca‘tea‘cl SE ?(ﬁlg} g% n §§}1g1%1 22 ]rl]x] tﬁe? %Et?%gsfjg derlovrative 0f (NH4)2S0y4,
chro rﬂ-It,B‘@;;bA&éiDADsO ICpE©%,i @xBOgk MpS@J, KA(SMaW| AESEY) ZTOSO4, TiOSOy,

glnymo @ﬁ&gf ;ﬁﬁé%%@%gﬁ ?@Sﬁii @%(Stéﬂgfi 25 Su%rous acid,

pol y nexghmiedlfides) @G habides, SbcondiliEbiaReredt pr odUCI ng a
polyner conpri si ng contacting at least one olefin with

cat r are by .cont act i .a _support conprising

o Bhe G BB iR o 2 iR s RO e Sprace bonded
The neilfardo@f cl aim 36, further conprising contacting
the olefin with a cocatalyst. 38. The nmethod of claim

: n,. the cocatal yst. co s an _al k aIu
gﬁzky}’\ﬁlbr 8ﬁtaly§tl igglrlnp(}seﬁ%l Xé r‘r% Egrplan{heap Hl]rther comprises
|'i t hiphosplate, sitigafosydd ﬁhsgﬂeﬁ@ Gitard, b6@4] ot E@ﬁm@ﬂﬁni Mefespf

31.  The catalyst composition of claim 22, wherein the chromium is a derivative of tertiary
butyl chromate, chromium trioxide, chromium acetate, chromium nitrate, or

combinations thereof

32.  The catalyst composition of claim 22, wherein the chromium is a derivative of an

organochromium compound.

33.  The catalyst composition of claim 32, wherein the organochromium compound
comprises dicumene chromium, dibenzene chromium, bis(cyclopentadienyl)chromium
(IT) and substituted derivatives thereof, amidochromium compounds, or combinations

thereof

34. A sulfate-treated, chromium-based polymerization catalyst having an alumina support.
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39. The nethod of claim36, further conprising
contacting the olefin with another catal yst

waremhioAseously with said contacting the ol ef i PCTMUB1D05/009668

the catalyst. 40. The nethod of claim 39, wherein the
anot her catal yst conprises a 2?eg|er Natta catal yst.
41. A pol ynmer conposition having a PDI in a range of
from6 to 15 a Mw greater than 300,000 g/nmol, and an
B6 | edsmethad abasog the-ctalyatof e OB P FBHIS Bk ati Inin an olefin
of cI hinfrlzatbhRaGidy, the EO is less than 5x1 05 Pa s.

e pol ymer conposition of claim4 1, mhereln t he
M |s reat er than 400,000 g/ nol. 44. The .
86npodi Tetbed of Peqdusing 230 xm?érceﬁnﬂﬂ%%cwcr@g 2 éegsttqaawleﬁn with a
ox1 Ogathtost %re;ﬂfbd bEh&npde i ®5u p?@ﬂ%@ﬁbﬁé]ﬁg‘ aldhni \@itl‘ffh 4difating agent
conpri si ng pol yet hyl ene, copolyners of pol yethyl ene
with ﬁ%ﬁ%ng g havi ng from 3 to 8 carbon atons, or
conbi nati ons thereof 46. A polymer conposition haV|ng

37PDl Thon@thb@ P&t 36 rRMMeLeohPriding céhtMt‘in%ﬂﬁ%tl&ﬁl wlmocatﬂyst
500, 000 g/ nol, and an EO | ess than 5x1 06 Pa-s.47. The

ggil gg{? I;ﬁ/ ngods 8&} ngf{]l?%? sW, %rgnlﬁg eqqq I SI n rp.?es an alkylalummum,

nmono- gilk@bords, ARYI Riicf BRM BafiRsBnt AGO Thtlﬁﬁlﬁ”ﬁn dEanohydrosilane, or
conblnatlons t hereqf 48. A pol yner conp03|t|on avi ng

a PDI c¢mbiBationsgerest from 6 to 15, a Mgreater than
300,000 g/nmol and a relaxation tinme | ess than 10

$econtie médhod $hﬁa1&03 &y i the£ ONRORIng icOMading CHead16firkBith another catalyst
wherein the rel axat | ess than 5 seconds.

50. THEWYE areyﬁi%)/wetg 8@&@0&%3@&@.%@ ¢ cafpigitei n t he

Myis greater than 400,000 g/ nol. 51. The pol ymer

QAONPOThé infthodl oft blainin34 Swhevbiarie Rndiher ddtlsst Poeptieks 4 Aagler Natta
400, 000 g/nol 52. The pol ymer conposition of claim

48, WA the Mw i s greater than 500,000 g/nol. |

53. The pol yner conposition of claim48, conprising

pal yenhydigng, coappsitiyiivingaf PDI in a range of from 6 to 15, a My greater than
300,000 g/mol, and an E, less than 1x10° Pa-s.

42.  The polymer composition of claim 41, wherein the E, is less than 5x10° Pa-s.
43.  The polymer composition of claim 41, wherein the My is greater than 400,000 g/mol.
44.  The polymer composition of claim 43, wherein the B, is less than 5x10° Pa-s.

45.  The polymer composition of claim 41, comprising polyethylene, copolymers of
polyethylene with mono-olefins having from 3 to 8 carbon atoms, or combinations

thereof.

46. A polymer composition having a PDI in a range of from 6 to 15, a Mw greater than
500,000 g/mol, and an E, less than 5x10° Pa-s.
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54. A polymer composition having a PDI in a range of from 6 to 15, a My greater than
300,000 g/mol, and a rheological breadth parameter greater than 0.25.

55.  The polymer composition of claim 54, wherein the My is greater than 500,000 g/mol.

56.  The polymer composition of claim 54, wherein the rheological breadth parameter is

greater than 0.30.

57.  The polymer composition of claim 56, wherein the My is greater than 500,000 g/mol.

58.  The polymer composition of claim 54, wherein the rheological breadth is greater than
0.35.

59.  The polymer composition of claim 58, wherein the My is greater than 500,000 g/mol.
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66. A polymer composition comprising polyethylene and having a PDI in a range of from
6 to 15, a HLMI less than 5 g/10 min, and an E, less than 1x10° Pass.

67.  The polymer composition of claim 66, wherein the B, is less than 5x10° Pas. .
68..  The polymer composition of claim 66, wherein the HLMI is less than 3 g/10 min.
69.  The polymer composition of claim 67, wherein the HLMI is less than 3 g/10 min.

70.  The polymer composition of claim 66 being made by a method comprising contacting
ethylene with a catalyst prepared by contacting a support comprising alumina with a

sulfating agent and with chromium

i
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The polymer composition of claim 66, wherein the polyethylene comprises

copolymers of polyethylene with mono-olefins having from 3 to 8 carbon atoms.

A polymer composition comprising polyethylene and having a PDI in a range of from
6 to 15, a HLMI less than 2 g/10 min, and an E, less than 5x10° Pa's.

The polymer composition of claim 72, wherein the E, is less than 1x10° Pa-s.
The polymer composition of claim 72, wherein the E, is less than 5x10° Pas.

The polymer composition of claim 72, wherein the polyethylene comprises

copolymers of polyethylene with mono-olefins having from 3 to 8 carbon atoms.
Use of the polymer composition of any one of claims 41, 48, 54, 66, or 72.

An article of manufacture comprising the polymer composition of any one of claims
41, 48, 54, 66, or 72.

The article of manufacture of claim 77 having a PDI equal to or greater than 8.

The article of manufacture of claim 77, comprising an extruded article, an injection

molded article, a thermoformed article, a fiber, a cast article, or combinations thereof
A polymer produced by a method as defined in any one of claims 36 to 40.

A resin made using a catalyst as defined in any one of claims 21 to 34.



