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{0003] Disclosed herein is a method comprising contacting a support with one or more
chromium-containing compounds and one or more boria precursors to provide a catalyst
precursor, and activating the catalyst precursor to provide a polymerization catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] For a more complete understanding of this disclosure, reference is now made to the
following brief description, taken in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like parts.
[0005] Figure 1 is a graph of dW/d(log M) as a function of the log molecular weight for the
samples from Example 1.
{0006] Figure 2 is an Arnett plot of the log of the zero shear melt viscosity as a function of

the log molecular weight for samples from Example 1.
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catalyst lacking boria.

[0010] In an embodiment, the BCPC comprises a support, alternatively an alumina support.
Alumina supports suitable for use in this disclosure may have a surface area and pore volume
effective to provide for an active BCPC. The surface area of the alumina support may range
from about 100 square meters per gram (m?/g) to about 1000 m?*/g, or from about 200 m2/g to
about 600 m%/g, or from about 250 m?/g to about 450 m%/g. Furthermore, the pore volume of
the alumina support may range from about 0.5 cubic centimeters per gram (cc/g) to about 4
cc/g, or from about 1 cc/g to about 3 cc/g, or from about 1.2 cc/g to about 2 cc/g. In an
embodiment, the support comprises equal to or greater than about 70% alumina. Examples of

suitable commercially available alumina include without limitation VGL 250 which is a
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Furthermore, the pore volume of the aluminophosphate support may range from about 0.5 cc/g
to about 5 cc/g, or from about 1 cc/g to about 3 cc/g, or from about 1.2 cc/g to about 2 cc/g.
The aluminophosphate support may be prepared using any suitable technique. For example,
the aluminophosphate support may be prepared by hydrothermal crystallization at elevated
temperatures of aluminophosphate gels containing a molecular structure-forming template as
described in U.S. Patent No. 4,310,440, which is incorporated by reference herein in its
entirety. Alternatively, the aluminophosphate support may be prepared by adding base to an

acidic solution containing A" and PO,” ions. Alternatively, the aluminophosphate support
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compound may comprise a water-soluble chromium compound or a hydrocarbon-soluble
chromium compound. Examples of water-soluble chromium compounds include chromium
trioxide, chromium acetate, chromium nitrate, or combinations thereof. Examples of
hydrocarbon-soluble chromium compounds include tertiary butyl chromate, a diarene
chromium (0) compound, biscyclopentadienyl chromium(lI), chromium (III) acetylacetonate,
or combinations thereof. The chromium-containing compound may be a chromium (1I)
compound, chromium (II1) compound, a chromium (VI) compound, or combinations thereof.
Suitable chromium (III) compounds include, but are not limited to, chromium carboxylates,

chromium naphthenates, chromium halides, chromium pyrrolides, chromium benzoates,

chromium dionates, chromium nitrates, chromium sulfates, or combinations thereof. Specific



hydr ocar bon- sol ubl e chrom um conpounds i ncl ude

tertiary butyl chromate, a diarene chrom um (0)
w@oovpossioi bi scycl opent adi enyl chromium(11), cP€DOB2908/013513

(I'1'1) acetyl acetonate, or cenbinations thereof. The

chrom um cont ai ni ng conpound may be a chrom um (11)

chrofAP QUNecontdBuRds HAIUAL, bt £€ NP Uitlied 3ol RARMIMM (1Y )sooctanoate,
conpound, or conbi nations thereof. Sui tabl e chroni um

chrofnlulnll 211]?9%&@%&5?5%@1&1@%& hRnfigh (1) MhapREEnh@; chromium (11)

chrom um car boxyl a chrom um napht henat es, chr om um

chlohé’é | & Smiar Qg} ums@y{%ﬁﬁfléxgﬁﬁte) CREQHMD l?l@ﬁz 9% Q%thylhexanoate

chfom um di on romum nitrates, chrom

chno?Mnﬁ a(tlfbs dn&ﬁorﬁég@ﬂhégx?ﬁdggn H?ﬁ[:ﬁohg]%tséﬁ%ﬁ)liclet%gﬂ&g?B;Hmum i)

oun Ut are

e SRS PSR Dy, o e
chrO{n%%]t g?) ?Lha h gxrro%% un&;[f({l I Ie)rlaot(r:hhclzh%ﬂcde Slﬁ?rb%rq%o%p (cuoln)ium (HD)

anoa

)’rrcgi(d%ﬁf lo tog'%( h@‘?ﬁ@ﬂ%ﬁ%@f’@% m unrhl(_ﬁu %}]l?rate, 0; combinations thereof.
. , I Y ' .
suirdhe rol"é‘w?ef{}o tgﬂﬁ}%}*rffﬁmmfrp b by ﬂgg%té?klﬁmﬁgfi%%?% Oprice

111 111 ' V(1]
s L

rrmlde%ﬁ‘ga chromum (lI11) perchlorate, chromu

chromwlnr JLEeBta cRromm (B BHHES 6 omiiie (Wb peobeinoais éhromwm (D
chrom um (I1) conpounds include, but are not Iim

laurtgy chropy 1 St?ar%s%wh@@lwarﬂlbm ehﬂowwéﬂ) Qqﬂzmaéromwm 4y
brom de, chronous iodide, chromum(I1l)

pyrrgjjde(s chiomprh s faicoar @ynbn@ﬁ?r@rwqu( Examplescafgther switableehrigmium-
(I'l') butyrate, chromum (Il) neopentanoate, chrom um

contgiping doguppeds ingddeo fertiany (buty) chromateainea hmwqumlqulql)chmmlum
oxal ate, chromum (11) benzoate, chrom um (I1)

trioxgder mowatdeors)lqet@hrimhwném fagetate inrwateyniohnomtiny metrate in alcohol;
t hereof . Exanpl es of other suitable chrom untontai ning

zerogadend orgaishronolim gempeunids awoh ab pt bdndeshehporaitus ¢ompdexes, for example,
hydrocarbon liquid; chromumtrioxide in water or

dicumerst dmorhiuim ad dilemeenewhroadehat e hydrovabaey, or chmiginations thereof. Pi
nitrate in al cohol; zeroval ent organochrom um

bonded rpourids cetiplexasarg testriedan Uc rRatriNom3 ©G6pB 2 xdtdch & diicorporated
exanpl e, di cunmene chrom um and di benzene chromumin a

by rdRyreiice harelnon jits eitire@iThi nat i ons t her eof . Pi

[0016] The amount of chromium present in the BCPC may range from about 0.01% to
about 10% chromium by weight of the BCPC, alternatively from about 0.2% to about 5%
chromium, alternatively from about 0.5% to about 2% chromium, alternatively about 1%
chromium. Herein the percentage chromium refers to the final percent chromium associated

with the catalyst by total weight of the catalyst after all processing steps.
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0020] In an enbodi nent, a nethod of preparin CPC
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al um na), one or nore chrom um cantai ni ng conpounds,
contaq{@c@ﬁép;@ft (e.g., alumina), one or more chromium-containing compounds, and one or

more boria precursors. The sequential contacting may be carried out in any order desired by
the user and compatible with the process. For example, the BCPC may be prepared by
contacting a chromium-containing compound with an alumina support to produce a
chromium/alumina mixture. The chromium/alumina mixture may subsequently be contacted
with a boria precursor. Alternatively, the boria precursor may be contacted with the alumina
support to form a boria/alumina mixture which may subsequently be contacted with a
chromium-containing compound.

[0021] In an alternative embodiment, a support (e.g., alumina), one or more chromium-

containing compounds, and one or more boria precursors may be contacted simultaneously to
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with one or more boria precursors to form a precursor BCPC. Contacting of the components to
form the chromium/alumina mixture or the precursor BCPC may be carried out using any of
| the techniques previously described herein.

[0025] In some embodiments, the alumina support may be precalcined prior to use in the
preparation of a BCPC (e.g., prior to contact with a chromium containing compound or a boria
precursor). For example, the alumina may be heated in the presence of air at a temperature in

the range of from about 300 °C to about 1,000 °C, or from about 400 °C to about 800 °C, or

from about 500 °C to about 700 °C for a time of from about 1 min to about 10 hours, or from

about 20 min to about 5 hours, or from about 1 hour to about 3 hours.
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10023+ o/ eatalysts ag ‘F‘Fﬁ‘é? 5 e @f%S%m&Vﬁ@“%%ﬁq%fﬁ"&fe aggcptepsdtfgr any
about 1,000 OC, or from about 500 O0C tqQ about 800 0OC
olefig PobPSFABR A HIGS D8 FEOREBEE Of7 BRIYRCTIZAHRN FeATions: tAtSrH§ed herein,
period of fromabout 1 mn to about 10 hours, or fro
“polpRsiFAtiopOreAsiPr tineludss #hY HoRBIFiZation reactop frrabls AT ppéyaﬁ%watoleﬁn
3 hours. The resulting material is a BCPC which may
monpmré tq pyadugs hampeplykess Py earobmersa SaFly kamegelimesnaidspaelymers are
pol ynmeri zation reaction/system [0027] The catal ysts
refersﬁddOraésers ot paltreerpr ddie veriousigpes i egciore incpdpddse él%/aé may be
i ntended for any ol efin polynerization nethod using
refergedy to ga datchpderys fgapphageresolutign.i logh presstitep tubulansr guteelave reactors.
herein, "polynerization reactor™ includes any
Gas phdsy maciosanioermpize floidizsd padh reactofs quotagerehériziontgl wwhadrisn Slurry
nmononers to produce honopol yners or copol yners. Such
reactoormpy cympnis \entitat opbbryavetas lepe MtEgle pressire ccag®ry mgy rremprise
or polymers. The various types of reactors include
autotlmn@ser tubalar mamytolse  Reactor types can include batch or continuous processes.

Continuous processes could use intermittent or continuous product discharge. Processes may
also include partial or full direct recycle of un-reacted monomer, un-reacted comonomer,
and/or diluent.

[0028] In an embodiment, the olefin polymerization catalyst described herein is a
component of a catalyst system wherein the catalyst system comprises a BCPC and a
cocatalyst. Generally, the cocatalyst can be any organometallic compound capable of
activating the catalyst described herein (i.e., BCPC) to polymerize olefins. Suitable cocatalysts
can include monomeric or oligomeric metal alkyls, metal aryls, metal alkyl-aryls comprising at

least one of the metals selected from the group consisting of B, Al, Be, Mg, Ca, Sr, Ba, Li, Na,



referred to as batch, slurry, gas-phase, solution,
hi gh pressure, tubular or autoclave reactors. Gas
w@b@gmesyienct ors nmay conprise fluidized bed reaPtDUS2008/013513
staged horizontal reactors.9 Slurry reactors my
conprise vertical or horizontal |oops. Hi gh pressure
K, Rbe@£ I7ar 64,/ SROMPhh SRbAINhER] thY Bodatalylstidtmpiised £metaP4lRy! such as
React or t'ypes can incl ude bat ch or conti nuous

for RAMHIE A Aheyl GPBE IANUBY i PRNRCHIE SSconilatlonsSBerebt. EAErhaBRLY, the
or conti ndous product dlscharge Processes may al so

coca{aﬂ@ S RAT § bdtbn Al a/f Ulrhe BlefaSlkylr @A MalEaBf nitibet @R64r86h atoms.
nononer, un-reacted conononer, and/or di'l uent. [0028]

Howelker Bdlie @‘p&’ﬁrh&%m ava‘l!&ﬁh@laﬁé bdie Qpllls\é NRE eal h]Q{/‘l Wit NS teomprise

escri bed hereinis a conponent of a catal yst system

less WA GIup 76 erb@gt@lﬂ %Fr rﬁ¥t§ a@l@l mme%ﬁé aferB{efVeiyaBd tRan about 20

cocat al yst ner al e cocat al yst can be any

carbdH 4R 2?3"3‘&!)1%&11 %ngnf;cﬁi ethgfcoé&glslé{a&dnﬂﬂlséshg boron alkyl

ca ta scrl hereln |.e to polynerize

comg,lls%{éo g@dro%y.l ng@}) aﬁ? tfﬂlny %o% ?ﬁpaﬂo[}tcf%?ooq?n?ﬁ@e{dc&a@gt may

neta aryls,

be m%roFé/ceii al é(cftl?/ t§ 8{‘% hgﬂ ﬂ)ge %thllﬁf’}% orcm;% fcgh&%eﬁ'%tﬁltﬁe BCPC prior

roup consi st ng

to f%% 8 d?%%st? ’mix ure t at 'S iRIBSGq%ntl Zlﬂtroa%qed quﬂ %]actu%rﬂ fi“k In an

e coca rlses

a3y %ﬁ%ﬁtﬁiﬁi‘%iﬁfi‘vﬂ?g‘r'“i? ey oy %ﬁgt%é“?’ 3 o,

B o 2B e B oS DO

I A X R NN %%aﬁa%mwepg}e opeof
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cocat al yst conprises a_ boron allf%b nBr|S|n

in i legeaciay may SHHSE RENFTah 36 O yatzipgRfresigation reactors
carbons. The cocatal yst may be intro le:‘;g?c{ed directl @

intergorngeied pyA BT divic Makivg 1oPOSHBLS 1@ RS (b PUYT R tf%% ipg from
BCPC prior to forma catalyst mxture that is

the @é"d@é)tﬁ“&éﬁ@tl%ﬁ E3EQr 4R é@oﬁeﬁ%dée*’tc@éci”i“’oﬁ’f’sﬁ?;ﬂw@lym?f”éﬂo“ conditions
enbodi nent, the cocatal yst may be present in an anount

in opg of ﬂ‘@ﬁpmﬂma@ be differgpoiigm shy wﬁa[tmg conditions of the other reactors.

Alternatively, polymerization in multiple reactors may include the manual transfer of polymer
from one reactor to subsequent reactors for continued polymerization. Multiple reactor systems
may include any combination including, but not limited to, multiple loop reactors, multiple gas
reactors, a combination of loop and gas reactors, multiple high pressure reactors or a
combination of high pressure with loop and/or gas reactors. The muitiple reactors may be
operated in series or in parallel.

[0030] According to one aspect of the invention, the polymerization reactor system

may comprise at least one loop slurry reactor comprising vertical or horizontal loops.



alternatively of fromabout 1 to about 20 ppm

alternatively of fromabout 2 to about 10 ppm [0029]
weloymgFiprat i on reactor systens of the presentPCT/US2008/013513

i nvention may conprise onejpype of reactor in a system

or nultiple reactors of the sane or different type.

Monbh&d Hifieh O Radfy stk pBERIY Any thrhdnBner mep et asminidysly fed to a loop
i ncf ude several stages in at |east two separate

reactBOWHER' bARhLPALEE LR, SGEdtA C ARG RplaYestest may sdoiprise the
device making it possible to transfer the polyners

COﬂti%ﬁ&Hliltlti‘dagC fIn P AEndnber ST cARMN <Y B laZfiub R Nnfo RSl PherizBiliéh reactor
the second reactor. The desired pol ynmerization

and t?,? g%ti%h&g%&&/apﬁgm%is tdaEiof SBLCLNeRsiBRYoriistHa JoB M barticles and

e operating conditions of the other reactors.

the dﬁlu%r] L gggc;t %%lfﬁ/uenpn‘a%ay g@ﬁésﬁ?xfe qugpb\g: otﬁi:;%i'rdmfoﬁm{e‘? 2ohOthS 1if®Ys that

In e nmanual” trans romone

com rrgﬁ{él&ﬁeocfilugﬁ l%gpﬁ%ﬁ??rp{o%?lgﬂ&s &a‘?i%u&@%rfofﬁé%g may be used for this

nerizati on. e reactor systens may i ncl ude

sepa%uﬂ%;l% %tgwn@icﬂgkis%ﬂt rll(ﬁ (filmlftgh ?(?fﬁﬂla%%r% A g) Mt 1h& aryQombination of heat

Freactors, € gas reactors, a
.conmbi nati on _of .| oop. and re .S, t.L pl: i,0
addlg?ne and, pressure Clieglrlcglog,r Se aaagi% ibr‘?'at%?%ér){{l% facHe gl’}h pérl@gll; l.?r Eyclone or

g8 SRRty AR BEAC! o Tho, T LI e ssctors

o 85,805 ESREG LY KL B g it o
o8, AP GRS 0 ' L G, 550817
s R e OTEAS Y T DSkl e

~continuous processes may conprise the continuous
its eptifety §8iGEY i on of a nononmer, a catal yst, and a dil uent

into a gqlgnenization_reactor and,the,cgn iguous ited
(0032 oy al Stifable dilypris peeddp SlurryPolymeriaHion NYee SHEATE aphlymited to,
pol ymer particles and the diluent. Reactor effluent ..
the prasoniss being PRbEeriged @ddvdracpriorsghitdrg Baydseinder grastoReronditions.
l'iquids that conprise the diluent, nononer and/or
Examples nb pritable \dalpensy) include Hib esgias dimitgg (o dydeosgybensy sugly pg propane,
separation step including but not limted to, flashing
cyclplexaneraspbitand, wckutangy noorEdien Atopeianss neppgRtangd @nd indisxafigd Some
pressure reduction; separation by cyclonic action in
loopepdiynesrizatiq@yrehasions ean occur under bulk conditions where no diluent is used. An

example is polymerization of propylene monomer as disclosed in U.S. Patent Nos. 5,455,314,
which is incorporated by reference herein in its entirety.

[0033] According to yet another aspect of this invention, the polymerization reactor
may comprise at least one gas phase reactor. Such systems may employ a continuous recycle
stream containing one or more monomers continuously cycled through a fluidized bed in the
presence of the catalyst under polymerization conditions. A recycle stream may be withdrawn

from the fluidized bed and recycled back into the reactor. Simultaneously, polymer product



hydr ocycl one; or separation by centrifugation. [0031]
A typical slurry polynerization process (al so known as

w0 b@ostivi cl e form process), is disclosed, forPERHAPIE)13513
in US. Patent Nos. 3,248, 179, 4,501, 885, 5,565,175,
5,575,979, 6,239, 235, 6,262,191 and 6, 833, 415, each of

may VWi withdrfvil fREA rtOfeatiedartdynehedref SR Gdnbier Sy 68 hildedlty replace the
herein. [0032] Suitable diluents used in slurry

polyRRHYeqerhbioaier.OSuch @k pSe réddtoramBy Behprise prdckst Por thlll€i-step gas-
nmononer being pol ynerized and hydrocarbons that are

phas%'p@l&h@ﬁzéﬁ%ﬂ%‘f olegme tih %1&mgﬁﬁsla@@§olylﬁ&m|lﬁ%eoéaseous phase in at
suitable diluents include, but are not limted to,

leasthmr DfaBpRNR abphasdSponpidstdn foM6d MRBX FRing! § RRMlyHWntaining
- but ane, n- pent ane, |sopent ane, neopent ane and

powﬂmhﬁﬁﬁ8§u1é@ﬂ@p&?&@nﬁ@byﬂﬁkké@%&%Hdb ?ﬁkhﬂﬂ@n%&& QOteliype of

under bul k condi ti ons where no |uent is used
gas &?&9\%7}35&011 i$ dRAbIBA LZR PR A 1085, 9@9?74&@%8%%% £9%,304, each of
disclosed in U'S. Patent Nos. 5,455 314, which'i's

in |ts entirety.
whid n%%%?gﬁg%ggé?ﬁg@@%eﬁggagﬁ ﬁgPHaspect of this

[0034];\/ent ' R@corél}?ﬁ Olsﬁﬂeﬁﬁ&l?etl" ngggte%‘f’t e Wnt?o%npg' ﬁ’l?h abressure

ast one gas phase reactor uch systens may enproy a

poly&%mz{tllahl QUR tdr %‘ﬂ‘%ﬁ l(;) m ;fl"sé %atg})lﬁ%n{ %&t@rj &gan P&rw&n?z%acg bed Tubular

ners conti roug
h
react o(r)s éna? hgi?] 2%&%&? z%Be | g’ﬁ%r? %gikmﬁr?gmor%grd %m?tg cht%f??gtg OaF% added.
Monf§ o frjriagﬁbeoeun rlglm%H Glln 5%‘%)(&1 Ba(ljse(gjﬁgsiﬁea!mq t od 1r|i]Lr dlfi]lc F%gé\t/n (j;nfe zone of the

nonone

reac{, é nét&a é:rf %r tagfa S awé)r’glr E%talymﬂlgﬁ%nems §bag geﬁgalafﬁ? 1na gaseous stream
{ f ti-
ot RSB ROPALEF o Eer‘“’tgﬁezfsﬁhﬁggras B B s o

0l ized, in the hase in at | east
polyrnﬁagﬁlenﬁe S8 SRR SO B SO BB e 7 bt optil

a catal yst- contalnlng polynmer fornmed in a
PowmeP§W088P9W%k%? P zone to a second pol yneri zati on

zone. One tgpe of gas phase reactor is disclosed, in
[003§] 5. pafiesprdingdo yei angther; agpect Ofhe invgyionn fhespolyyperizgtion reactor

each of
may comprise a solution polymerization reactor wherein the monomer is contacted with the

catalyst composition by suitable stirring or other means. A carrier comprising an inert organic
diluent or excess monomer may be employed. If desired, the monomer may be brought in the
vapor phase into contact with the catalytic reaction product, in the presence or absence of liquid
material. The polymerization zone is maintained at temperatures and pressures that will result
in the formation of a solution of the polymer in a reaction medium. Agitation may be
employed to obtain better temperature control and to maintain uniform polymerization mixtures
throughout the polymerization zone. Adequate means are utilized for dissipating the

exothermic heat of polymerization.



which is incorporated by reference in its entirety
herein. [0034] According to still another aspect of
wo baojossaent i on, a hi gh pressure pol yneri zati onPCEHHS1008/013513
may conprise a tubul ar reagpor or an autocl ave
reactor. Tubular reactors may have several zones where
[0036] esh nEaR@{zatibiehdték Qiiigablefor haprbas ivedtiod mgldfether comprise
Mononer may be entrained in an inert gaseous stream

any &disbindiibh QFEAELt Gle RRANASHE Rl s§dRen, 26 Raét@he fdelishdiah Goratalyst
catal ysts, and/or catalyst conponents nmay be entrained

or cdtdlyR cARASRRMS, P AMANENd pHiynRe WeB terdbystmot BfifabkaBR R fsystems
the reactor. The gas streans may be interm xed for

for 1RO pYE¥BHtI iZAntiON mayeRith@NbriphiES SHifetnsMRY Qs8I b@yRAtion, catalyst
appropriately to obtain optinmal polynerization

stordg€ AR ip%?l%f?&g IebedrXiSh, rédfd32dolffeC PJ | &b Qe liradiialit, recycle,

aspect o the invention, the pol ymeri zati on reactor

tord BBV o4 labSiEtofy AlyNi! AR pPREXTBAFAAL I ON reactor wherein
Songﬁeononoﬁér P?lcoagactegg%ith the catal yst conposition

[0032}(/) Shaibis Shi Er%ié?agtr&red%pﬁg?/ 3 fon EFRRREY 8fd to provide resin

nMprising an I nert organic ent or excess nononer

prop, r.o?J glﬁ%lﬁt?gg lt?rﬁgegatullef ;g'g%brreegnd ttnee %R&%H%ongaﬁf ?ﬁgous reactants.

vapor ase into contact wt
t.al.vti ' i .
ror A R0 S PREEly A5 ROREE P SR e
|.nt ai . at t . t i
i R T e R S
rea itati

be‘o%ﬂfhfé%i Rt %cs%r?ﬁgr%iﬁlgeﬁ%%’%e%f‘%rgy equation.
by s IS Grm e STl bl hRah PAPER <13 Gy agput 70 °C

di ssi pati ng the exotherm c heat_ of

to abgyt VIEE depending Pm0dky tyPorinebiesiaatiop ieact®ket or s sui t abl e
for the present invention may further conprise any

[0038b i Suithble presfurestwilledsst vapnascording i therreagitorfand grokyyetigation type.
at | east one feed systemfor catal yst or catalyst

The posponfontigyid ahabé pplyaterikatiast in@rleopreicfores typmelby kesgthan 1000 psig.
system Suitable reactor systens for the present

Pressure doit gasnphasey pélymeiization dnpaubke as ytsue 380 F0500f peglsthbgltk pressure
purification, catalyst

polymerization in tubular or autoclave reactors is generally run at about 20,000 to 75,000 psig.

Polymerization reactors can also be operated in a supercritical region occurring at generally
higher temperatures and pressures. Operation above the critical i)oint of a pressure/temperature
diagram (supercritical phase) may offer advantages.

[0039] The concentration of various reactants can be controlled to produce resins with
certain physical and mechanical properties. The proposed end-use product that will be formed
by-the resin and the method of forming that product determines the desired resin properties.
Mechanical properties include tensile, flexural, impact, creep, stress relaxation and hardness

tests. Physical properties include density, molecular weight, molecular weight distribution,



storage and preparation, extrusion, reactor cooling,
pol yner recovery, fractionation, recycle, storage,
WO omdost91 | aboratory anal ysis, and process cone€DUS2008/013513
[0037] Conditions that areigontrolled for
pol yneri zation efficiency and to provide resin
meltPEARRFIALRS, S1AG thadlsitibre RpREAtu, @smiRraBEs utiedt afrodystafiézation, density,
concentrations of various reactants. Pol ynerization
sterebl% @xﬁt?tm& B&NthAoheettairCitirdhing bnPrmedugital widayurereity mer
ar wei ght and nol ecul ar wei ght distribution.

0045}1I t glpk & oR@h M ANk ZAtrhédndeE rgdahaiodict W@yode®, edyatalyst, modifiers,
tenperature bel ow the de-pol ynmeri zation tenperature

and ag&(%@oﬂ&s LR | B{;‘)Srtﬁtbrbﬁroﬁﬁ&fg R ITeRIN El%béﬁlésp NConldtdheals! iéed to
this includes fromabout 60 0OC to about 280 0OC, for

cont%%ﬂﬁb& deR8E). fﬂ?mogapéﬂn HOuRE tb Qodk prodhdOmBlecular weight. Co-

dependi ng upon the type of polynerization reactor.

catalE/ﬁQ 38 beShiel ADLRyREC SRAVERS phisbs Al LBV Yol &GP WeighE Mddifiers
reactor and fynerlzatlon type. The pressure for

can hé Qg o a &eéaewdféaseg M elebtrdd dROR Jf?e@?gt&%oﬂeéularlty In
typi cal | ess t han psig. Pressure for gas phase

addlﬁﬁlg}’ﬁegohge%rh@d?l 6f5polr§H§j‘ls|r)(mﬁ]ilzé?l%%usgPQisonsﬁnga&Sﬂ'xegreactlons and

ressure pol'ynerization in tubular or autocl ave
pmﬂﬁ&%ﬁ&@éﬁ is generally run at about 20,000 to 75, 000
[ Fynerization reactors can al so be operated in

[004?168 UP[%r g)r flyHeF &J rg£1 'Be ?ocrﬁ‘l% [%cpgari%hs %E‘l { %cl&ﬁﬁg glp[%E)t limited

pre sures. eration a dve
cm

dj
B R
centratHonrof yar | o%ssr%act g ggn(ge 8?%{9*: mcumn
oG BaY PRSI N T ASSPSarh Byt SO R Al dglocine
Th d d hat
o RS S SRR G P Sl
roduct detergbges t he .desi re resi

r
ol i sl pr Q6T PP BT PG FSPIRE OB B33 4 e added to the

npact, creep, stress rel axatjon, and ness tests
polymefy@. pé%wdeptre&senrweésgns Hcing a@nﬂ%ﬁgﬂwﬂdﬁm ‘géltﬂdaﬂm%le@ Ht the end

nol ecul ar wei ght distribution,neltin erature,
prodyeta s Sdditiypss et veagre mediicr, such naﬁe?‘ﬁ’t a%eg sm@ptiblegks, tackifiers;

tallization, density, stereoregularity, crack
antlcgqa%nmsrfsuch @sngm@pfé(, fﬁldkﬁe%@ﬁ'yﬁ@tl%@pnphetgmggqscaqocessmg aids such as

measur ement s. _ . .
waxes/oils and fluoroelastomers; and special additives such as fire retardants, antistats,

scavengers, absorbers, odor enhancers, and degradation agents.

[0042] Catalysts prepared in accordance with the present disclosure may be used for the
polymerization of olefins, for exafnple, alpha-olefins. In an embodiment, a BCPC is contacted
with one or more olefins in a reaction zone under suitable reaction conditions (e.g.,
temperature, pressure, etc.) to polymerize the olefins. Linear or branched alpha-olefins having

2 to 30 carbon atoms can be used as the olefins raw material. Specific examples of the alpha-



[ 0040] The concentrations of nononer, co-nononer,

hydr ogen, co-catalyst, nodifiers, and el ectron donors
wa@e@ohsgor t ant in produci ng these resin propere¢BES2008/013513

Conononer is used to contrgly product density. Hydrogen

can be used to control product nol ecul ar wei ght.

olefi® fay McHrte Sty RAeBFopIaE, 1-BuRhdk Y iRkéhe, $EA¥RI)BEMBARYISIORRene, 4-
and control nol ecul ar wei ght . Modi fi ers can be used to

methyRDpkfbnetr @lifle. Properties and el ectron donors affect
stereoregularity. In addition, the concentration of

[004@?' SQRGn eﬁbu&th'eH@ ggl??thge@ﬁcﬁnc%l [Eﬁaddr%ﬁél;_l%'mkﬁeof ethylene with

reactions and pro ropertie 0041 e pol ymer
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I nc |ng, not mte thes
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pI pes, ‘geone anes, I ners I OUS

articR:E %? ?nf?gl?fﬁctun%yotr %gd H?ﬁegmél?s Las(?r{gmeéhglf%gs ﬂlrcft gg e)?nc"Usmn blow. molding,

ng, extrusion
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ymeri atlon
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| s and fluoroel astoners; and special, additives
PUblsSb%drP"a%’CtPti’ef &3-r280% Mgl is Incarpprated herein bé’d%f&@ﬁ@f‘elﬁéts entirety.

absor bers, odor enhancers, and degradation a%ents

[004b04dp acambpdigiest, JiceBaPedas i PalymenErEAR actiity (o1 equal to or greater
present disclosure may be used for the nmeri zation

thanegboys| 186G grams pHpolemerrnst eramaopendalvst periheyr &(gq Jaglternatively equal to
enbodi nent, a BCPC is contacted with one or nore

or grsist tha abayt 3000egiehi aipratively eansbio o areates thanrabayst 309 g/g-h. The
conditions (e.qg., tenperature, pressure, etc.) to

BCHSompyrshdvw @n taigvityl mfienss. ofl greaserrthay aipuh AZMedllternatively greater than
al pha-ol efins having 2 to 30 carbon atons can be used

abour S0th alteinetiviehs greater thah ewbpetl L00Bpebér campxeahisl &s otherwiseesimilar
al phaol efi ns may include ethyl ene, propyl ene,

catalystdatkengeborid.- hexene, 1-octene, 3-nethyl-1-butene, 4-

[0045] A BCPC may allow for the production of polymers with a reduced high load melt
index (HLMI) when compared to an otherwise similar polymerization catalyst lacking boria.
The HLMI represents the rate of flow of a molten resin through an orifice of 0.0825 inch
diameter when subjected to a force of 21,600 grams at 190 °C as determined in accordance
with ASTM D 1238. In an embodiment, a polymeric composition (e.g., polyethylene)
produced using a BCPC of the type disclosed herein has an HLMI of equal to or less than about
1 gram per 10 minutes (g/10min), alternatively equal to or less than about 0.5 g/10min,

alternatively equal to or less than about 0.1 g/10min.



met hyl - 1- pentene or the like. [0043] In an enbodi nent,
pol yet hyl ene honopol yners and copol yners of ethyl ene
Wawak/ogtiher nono-ol efins are produced i n the nNMeCHES2008/013513
descri bed above using the datalyst (i.e., BCPC
prepared as described herein. Polyner resins produced
[0048p dissditRast), ABEPQ manprddacd o poBaetiatém@ssitioaIhasin@fn increased
manuf acture or end use articles using techniques such
aver@® Bbdulks ivaiht bihenvcsmpiéd @, ani oftjep@isé SithiPLAAaING lacking®oria. For
spi nni ng, thernoformng, and casting. The BCPCs
exanfi1& Gl SuhRRkrRIRIPBsiIGY (., Sd YRt ylen&Corbduct® LiTh P @ [BOPET fay have an
such as pol yol efins and PE-1 00 pi pes having both

aver%dlec@la@%tgﬁf of(eqialit®6Ngrtfer bitani BEESH0,000 ghl@dﬁ@tzﬂt@nam equal
arge di aneter (greater than 12 inches in dianeter)

to orl @até:) EhanQABoiR1 786,006 DHRGS! dieRildly ddust 1oRR I%Q{er than about 1,000,000
plication Pub. No. 2003/ 0199648 Al published on

DaitGt ober 23, 2003, which is incorporated herein by
reference inits entirety. [0044] In an enbodi nent,
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greater than about 1000 grans of pol yrer per” grams of
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average molecular- weight of equal to or' less than about 10,000 Daltons.

[0049] Alternatively, the polymeric composition (e.g., polyethylene) produced using a
BCPC of the type described herein may have an increase of greater than about 50%, or
greater than about 80%, or greater than about 100% in the amount of HMWCs having an
average molecular weight of equal to or less than about 1,000,000 Daltons. Alternatively,

the polymeric composition (e.g., polyethylene) produced using a BCPC of the type described

herein may have an increase of greater than about 30%, or greater than about 50%, or greater
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[0051] A polymeric composition (e.g., polyethylene) produced using a BCPC of the type
described herein may display an increased rheological breadth when compared to a polymeric
composition prepared with an otherwise similar catalyst lacking boria. Rheological breadth
refers to the breadth of the transition region between Newtonian and power-law type shear
rate for a polymer or the frequency dependence of the viscosity of the polymer. The
rheological breadth is a function of the relaxation time distribution of a polymer resin, which
in turn is a function of the resin molecular structure or architecture. Assuming the Cox-Merz

rule, the rheological breadth may be calculated by fitting flow curves generated in linear-
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EXAMPLES

[0052] The embodiments having been generally described, the following examples are
given as particular embodiments of the disclosure and to demonstrate the practice and
advantages thereof. It is understood that the examples are given by way of illustration and
are not intended to limit the specification or the claims in any manner.

[0053] Polymerization runs were made in a 2.2 liter steel reactor equipped with a marine

stirrer rotating at 400 rpm. The reactor was surrounded by a steel jacket containing boiling

methanol with a connection to a steel condenser. The boiling point of the methanol was
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[0054] A "Quantachrome Autosorb-6 Nitrogen 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.

[0055] Molecular weight and molecular weight distributions were obtained using a PL-
GPC 220 (Polymer Labs, UK) system equipped with a differential refractive index detector
and three 7.5 mm x 300 mm 20 um Mixed A-LS columns (Polymer Labs) running at 145 °C.
The flow rate of the mobile phase, 1,2,4-trichlorobenzene (TCB) containing 0.5 g/L 2,6-di-t-
butyl-4-methylphenol (BHT), was set at 1 mL/min and the concentration of polymer
solutions was generally kept in the range of 1.0-1.5 mg/mL, depending on the molecular
weights. Sample preparation was conducted at 150 °C for 4 h with occasional and gentle

agitation before the solutions being transferred to sample vials for injection. In order to
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usingfl 5¢ psé He.p 67 Q Bsi ethijlere. | A soqatahishef tiigthyl borane was added to the reactor

to equal 8 ppm of the isobutane diluent. Polymerization was allowed to continue for 30-60
minutes. Table 1 summarizes the surface area, pore volume, activity, HLMI, CY-a, and

molecular weight of the polymers produced for each catalyst tested.

Table 1
Sample | Metal | Amount | Alumina Final Surface | Pore | Activity | HLMI | CY-a | Molecular
Added | Added | Precalcined | Activation | Area | Volume | g/g-h Weight
mmol/g m?/g Cclg Mw/1000
Daltons
1 None Yes 600 °C 328 1.36 1309 8.6 |0.2148 364
2 Cr 3.0 No 600 °C 283 0.94 138 2.7 | 0.2665 514
3 Zn 3.0 No 600 °C 150 1.13 277 104 | 0.1995 277
4 Zn 1.0 No 600 °C 297 1.14 645 6.0 |0.2271 442
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of JiRRORAREEE(SAmbledt 2, to "AYN@SthdNTr/alumina catalyst tended to decrease the
polymerization activity when compared to the polymerization activity of the Cr/alumina
catalyst alone (Sample 1).

[0058] Table 1 also shows that the addition of boria to the Cr/alumina catalyst results in a
decrease in the rheological breadth of the polymeric composition as evidenced by an increase in
the CY-a parameter. The increase in the CY-a parameter for the Cr/alumina-boria catalyst

suggests a decrease in elasticity, perhaps in part from decreased long chain branching, despite

the higher molecular weight. The higher CY-a value also suggests a narrower distribution of
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processing of the resin as described previously. Thi’s
moleauithn erteighh of polymers produced with the Cr/alumina-boria catalysts was higher when

compared to the average molecular weight of polymers produced with Cr/alumina or Cr/Zn-
alumina catalysts. The percentage change in the amounts of polymers at the indicated
molecular weight (i.e., at 1,000 Daltons; 10,000 Daltons; 100,000 Daltons; etc) were calculated

and the results are tabulated in Table 2.
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curved lines represent 1 branch in 10° and 10° carbons, lines 110 and 120 respectively. Thus,
one can see that the Cr/alumina-boria catalysts produced polymeric compositions, indicated by
reference arrow 140, whose extent of long chain branching more closely resembled the extent
of long chain branching depicted by reference line 100.
EXAMPLE 2
[0062] The polymerization activity of a Cr/alumina catalyst prepared by precalcining the
alumina support prior to impregnation with boria was investigated and compared to the activity
of catalysts prepared without the precalcining step. Cr/alumina catalysts (with and without
precalcining step) were impregnated with boria and were prepared as described in Example 1.
Polymerization conditions were similar to those described in Example 1 with the exception that

the H, concentrations were varied as indicated in Table 3. The polymerization activity with

varying boria amount and the HLMI values for the polymers produced were determined and are
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concentrations were varied as indicated in Table 3.
The pol ynerization activity with varying boria anmount

[006and tTihe nidldvhilav akigbtsdiftobutioh ef the bylymesc gmuwsitien wagagain observed
determ ned and aregiven in Table 3. As shown in Table
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ction in the LMACs of the polyneric conposition

agalh fﬂlﬂft tHe0OVAlhiRinb Boria catalyst generated polymeric compositions with an increased
amount of HMWCs.

[0064] The effect of the boria concentration in the Cr/alumina-boria catalyst on the MWD
of the polymers was also investigated. Referring to Figure 3, the 0 mmol/g curve intercepted
the 1 mmol/g curve at a molecular weight of about 200,000 Daltons. The interception point
suggests that a Cr/alumina catalyst comprising 1 mmol/g boria may generate polymers with a

reduced number of components having molecular weights of less than about 200,000 Daltons

and may increase the number of components with molecular weights of greater than about
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and trhat inaRaseppetwatrs iwithdmoRyular weight of greater than about 575,000 Daltons

compared to 3 mmol/g.

[0067] The molecular weight of polymers produced with a precalcined Cr/alumina-boria
catalyst may be compared to those produced with a Cr/alumina-boria catalyst that was not
precalcined to estimate the percentage increase or decrease for specific molecular weights (i.e.,
at 1,000 Daltons; 10,000 Daltons; 1,000,000 Daltons; etc), and the results are tabulated in Table

4.



generate a polyneric conposition having a reduced
nunber of conponents wi th nol ecul ar wei ghts of

wa bap/osdiout 250, 000 Dal t ons when conpared to aPCT/US2008/013513
ot herwi se simlar catal yst gshat was not precal ci ned.

[0066] Simlarly,

| ess

the 3 mmol /g curve intercepted the 3

mmol / g precal ci ned curve qipi@4 nol ecul ar wei ght of

about 250, 000 Dal t ons.

The interception point suggests

ThRT MobdRl/ O pnﬁpa|0|ne1 nay Jdecr €3S CoRa YWIET S| Wobddrvation
Sampt®| ecWaghtswei ght g"f”a{'%"ss t il "Bt (575,160 Dal |t onS3vs. 3
and nmeBaltpnscr ease ooﬁ vers with ol ecul precanpedyht| Ofprecalcined
4ar pat prl 090 an ahmﬁﬁ%"%’wﬁf 000 Dalndannq conpaméd to i3 n/a
45l (p%nn7 13%aein o | oy 10%dqWe ¢ nf~%hwo r ~ 5% lower
pLR g lR06TTHE viFecyl ar St it o igher ¢ e o 4 igher
430" ““”ro‘ob‘oo :,‘~ 50%,hjg, Z100% higher. .|, . . na “n/a
Ima UC bUIIpaI .,u U lIIUDC |.J'IUUUL |9 | a

Cr/al um na- bori a catalyst t hat was not precaIC|ned to

[006§E Ir(?fni %{g}?oggﬁ g}z‘é(nggriﬁ \Y e%rsbg\%gr%g ezlﬁgr}clkgsnlgodlﬂcatlons
I 1,00
b0 B Bl A ey

of the |nvent|on have been sh

emb&@&‘& %ﬁﬁ“ SHORSR A5t AR RPe 8F @aﬁ%@tenfiedietomlﬁamg Many
de artlng fromthe spirit and teachings of th

variqtiqpeitd BACITSEENS AEUE HERR eekesed BEEINe: BRspibleragd are within the
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variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e., k is 1 percent,
95

2 percent, 3 percent, 4 percent, 5 percent, ..... 50 percent, 51 percent, 52 percent, .....,

percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any
numerical range defined by two R numbers as defined in the above is also specifically
disclosed. 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. Use of broader terms such as comprises, includes,

having, etc. should be understood to provide support for narrower terms such as consisting of,

consisting essentially of, comprised substantially of, etc.
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‘hmﬂﬁﬁ?ﬂg“ﬁFﬁﬁéh@°$ﬁWE@FPg%?mThus, the claims are a
further description and are an addition to the
enbodi ments of the present invention. The di scussion
of a reference in the Description of Related Art is
not an admi ssion that it is prior art to the present
i nvention, especially any reference that may have a
publication date after the priority date of this
application. The disclosures of all patents, patent
appl i cations, and publications cited herein are hereby
i ncorporated by reference, to the extent that they
provi de exenplary, procedural or other details
suppl enentary to those set forth herein. CLAIMS 1. A
met hod conprising: (a) contacting a support with one
or nore chrom um cont ai ni ng conpounds and one



or nore boria precursors to provide a catal yst
precursor; and (b) activating the catal yst precursor

wo eoopogiidde a pol ynerization catalyst. 2. The Pet/osmog613513
claim1 wherein the support27is first contacted with
the boria precursor and subsequently contacted wth
the chrom um contai ni ng ¢eapamsnd. 3. The net hod of
claim1 wherein the support is first contacted with

t ha mhnQnddapeRmgal ni ng conpound and subsequently
contacted with the boria precursor. 4. The nethod of
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chr oni um benzoa tes, chrom um di onates, chrom um
ni @9%t@gbout 99% support by final weight of the polymerization catalyst, and

the support comprises equal to or greater than about 70% alumina.

The method of claim 1 wherein the chromium-containing compound comprises a water-
soluble compound, a hydrocarbon-soluble compound, chromium trioxide, chromium
acetate, chromium nitrate, tertiary butyl chromate, a diarene chromium (0) compound,
biscyclopentadienyl chromium(ll), chromium (III) acetylacetonate, chromous fluoride,
chromous chloride, chromous bromide, chromous iodide, chromium (II) bis(2-
ethylhexanoate), chromium (II) acetate, chromium (II) butyrate, chromium (II)
neopentanoate, chromium (II) laurate, chromium (II) stearate, chromium (II) oxalate,
chromium (I1) benzoate, chromium (II) pyrrolide(s), chromous sulfate, chromium (III)

compound, chromium carboxylates, chromium naphthenates, chromium halides,
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ort al um . nﬁ. The | F ofhecl q.l m 1 wherein
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gL L, GROL A0, GRS M AT SR et o
or %ﬁg }n%th%)g Io\f/celgltm 1 mgmreree?n t%t Iborla prgc?ulrgor %gr%[t)rllsrég boric acid, boron oxide,
sodium metaborate, potassium metaborate, metaboric acid, orthoboric acid, tetraboric
acid, boron alkoxide, borate, boric ethide, or combinations thereof.
The method of claim 1 wherein the boria precursor is boric acid and the support is
alumina.
The method of claim | wherein the polymerization catalyst comprises equal to or less
than about 1% boria by final weight of the polymerization catalyst.
The method of claim 1 wherein the contacting occurs via ion-exchange, incipient
wetness, pore fill, aqueous impregnation, organic solvent impregnation, melt coating,

dry mixing, or combinations thereof.

The method of claim 1 further comprising precalcining the support prior to (a).



dry m xing, or conbinations thereof. 13. The nethod of
claim1 further conprising precal cining the support
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recover|n the polyner fromthe reaction zone. 20. The
BUbMﬂE?ain1l9 wherein the ol efin nononers

co rise et | ene and t he mer. conpri ses_ an

et Al sirthod ooy deth er?‘ﬁéh%ﬂ’%‘g’l“ﬁr‘%?é‘ﬁﬁrféfaéysbbﬁia?|Pé’é‘/me”zatlon
et hyl ene and anot her al pha ol efi n nononer and the
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conbi nations thereof. 2 1. The nmethod of claim 19
wh&hemathed el gaimy itirtheneomprisiagponigstingdhapoly@eratipp gafalyst with
than about 1 g/10 m nutes. 22. The nethod of claim 19
whemrceprrmern @lehig menomernia agagqtien goneagderasuiabig repstigt conditions to

equal to
form a polymer and recovering the polymer from the reaction zone.

The method of claim 19 wherein the olefin monomers comprise ethylene and the
polymer comprises an ethylene homopolymer; the olefin monomers comprise
ethylene and another alpha olefin monomer and the polymer comprises an ethylene
copolymer; or combinations thereof.

The method of claim 19 wherein the polymer has an HLMI of equal to or less than
about 1 g/10 minutes.

The method of claim 19 wherein the polymer has Carreau-Yasada-a value of equal to
or greater than about 0.2.

The method of claim 19 wherein the polymer has a molecular weight of equal to or

greater than about 500,000 Daltons.



or greater than about 0.2. 23. The nethod of claim19
wherein the polynmer has a nol ecul ar wei ght of equal to
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