- 1 METHODS OF PREPARING A POLYMERIZATION CATALYST FIELD

OF THE INVENTION [0001]The present disclosure generally relates to

catalyst compositions. More specifically, the present disclosure relates to

methods of preparing chromium/alumina polymerization catalyst

compositions comprising boria. BACKGROUND OF THE INVENTION

[0002]Polymerization catalysts are known, however methods of producing

these catalysts may suffer from a variety of drawbacks Enhancements in

preparXih %@!H%éﬁé’r%%w}i&i GlaERMAAIGN ALY ST

associated with catalyst production and improve process economics.

Thus, there is an ongoing ﬁ@&@&&éﬁ%ﬂgﬁ}éwﬁé%ds of preparing

olymerization catalysts. SUMMARY OF THE INVENTION _ . .

lﬂﬁﬁﬂos] DidEisEsgmdiasionre srovialhctsiidmgrantheamgesiapponigig specifically,

one or more chromium-containing compounds and one or more boria o
the presslofistlostEvidelaleeate e et QbR sRerne: SRRy it A5 miya; polymerization

precursor tq provide a polymerization catalyst. BRIEF DESCRIPTION OF
catatyHECORPAN IESSITHIRIEE P ore complete understanding of this

disclosure, reference is now made to the following brief description, taken

in connection with th@&@&ﬁ&%%& &?g\/—&lﬁ&s@g@%gﬂgd description,

herein like reference numerals represent like parts. [0Q05]Figure 1 is a

W“év?éph of SRAPATIEY I cRiabRih BFo KIS Re HBY i drebipd elgPiordicng these catalysts

sam? es from Example I.([é%O&G]Figure 2 is_an Arnett plot of the log of the
may oF8!Lfle dFIeIR viEESTHy A STRIHARIT of thEITRSEEULY WEgHPHge methods for

samples from Example 1. 2 [0007]Figure 3 is a graph of log molecular .

PO A PR A O TorEh S ST R BB FTRDS: DSk aergud improve
DESCRIPTION [0008]It should be understood. at the outset that although )
Pm‘é???nﬁ%?ﬂ%ﬂw{ﬁma—gﬁe T Aot bR PSS B ARKTAR LG ‘iSlFé[-gPd%d"f prepating

1below, the discJosed systems and/or methods may be implemented using
po %th%%lé?a&? (t,fmiques, whether currently known or in existence. The

disclosure should in nog\ﬁm%t m ive implementations,
drawings, and techniqu d el%%},:ﬁ; I ﬁg\@%ﬂxemplary
ignsangd implementations illustrated and described herein, buf may be
00 oIS A N S8 B IS S BRI S HETRE A BRI (i o or more

dified wi

scope of equivalents. . .
chromlgm-con&mmg 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.
[6005] 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.



[0009]Disclosed herein are methods of preparing catalysts comprising a
support, chromium, and boria, which may function as polymerization
catalysts. Hereinafter such catalysts &re termed boria-containing
polymerization catalysts (BCPC). The BCPCs may display an increased -
[000Holy mdguztid nsae ivityheoitlipgoduteeyialywetrit aganpositddden M risintha samples
reduced amount of low molecular weight components when compared to
from dixatipdeRise similar catalyst lacking boria. [0010]In an embodiment, the
BCPC comprises a support, alternatively an alumina support. Alumina
supports suitable for useDETAJ DRI IDSHEERIBY N a surface area and
pore volume effective to provide for an active BCPC. The surface area of
[0008he allirsinalddppordersayorbaghetansdabhattal Do gtLat sneisisPing tantation of
(m2/g) to about 1000 m2/g, or from about 200 m2/g to about 600 m2/g, or
one dranvzboob@btenty/ griombeided Holowe/ thd-distiesedosgsténe padiovehahedsf may be
the alumina support may range from about 0.5 cubic centimeters per gram
impl¢oeigydasibguty eotghear dfontlatiquis] whighier abouhiBydotgwer sram alieiice. The
1.2 cc/g to about 2 cc/g. In an embodiment, the support comprises equal
discleovor ghealérithan atmoubé Mmakdminahde uspiss ofispkabtm@doiz)edesmiyngs, and
available alumina include without limitation VGL 250 whichisa 3
techroquesndnsiadtgdaioisosiy inittadaiva ilad kex éraptalyClesids antlilplenatitions illustrated
available from W.R. Grace and Company. [0011]In an embodiment, the

and diseniired upino unappbenrepified wilfiretipiesirgosahkiupprahdednastnyitiong with

or without a cation and aluminum to yield an aluminum oxide (also known
their figdlzoepmuife}withlenthemical formula of (A100H). Alternatively, the
alumina support may be prepared by the conversion of boehmite into
[000Yamndishoseih ahwitina ake migthbisrmfilpepbafilzd Jatahstcoovmigisingnay support,
be carried out by thermal treatment of boehmite in an oxidizing
chromivirpandehosfie, gwlairh ahaytefmptcat e pihaadngeofdeilyahouti3Ringfter such
to about 1000 C, or from about 350 C to about 800 C, or from about 400 C
catalysta ottt &0GC bimiadinteipieg opbbffroivatbautatahoty (BEBO) 3THOBEPCs may
or from about 2 hours to about 20 hours, or from about 5 hours to about
displap dnoneseabbd milymicrizstippart nigyeircirdduac gitlgnat coropposinisthaimerising a
-~ not adversely affect the catalyst, such as zirconia, silica, thoria, magnesia,
redudhdoride;suifdtey phdspllateyepim idurpsntings edido CdR)stednatirebththe@ise similar
support may comprise alurninophosphate. In an embodiment, the surface
catalpyelackinth balaminophosphate support may range from about 100 m2/g to
about 1000 m2/g, or from about 200 m2/g to about 600 m2/g, or from
[0018boutlase endigdimatin theBOPOA/gmbristser suppeythatpoksivelly areabfrifiea support.
aluminophosphate support may range from about 0.5 cc/g to about 5 cc/g,
Alurgnfrewppaits stitabi¢gto ededntBic digclosifromabimitela S adigda@banitidore volume
cc/g. The aluminophosphate support may be prepared using any suitable
effectechioiguevifo fepamypliva RCRAUMiTephoSplatecs wipbet ahmyilre sapgpareshy range
by hydrothermal crystallization at elevated temperatures of
fromadbenini§iohosptmtecteispes gtainiag s)olebsan 600 eilke -foringaempie m%/g to
as described in U.S. Patent No. 4,310,440, which is incorporated by

aboutef@ante, beiiminlienfitat’/Attenbativell thbealFuitephesnhbtepore volume of
support may be prepared by adding base to an acidic solution containing

the aAlmEnandip4 Bdpnanddtéuintibely, e altinicapitesphatersepo (bofin@yabout 4
also be prepared by treating an alumina or aluminate support with a

ce/g pirofiphatbaaut ceclikeophinspiiuc/gcid. R4 Jeteimmiiely Redis@losegs. In an
will focus on the use of an alumina support material although other

embs&dipRat inatappistebifprivpcgittiRseddnareinia:abaki Mo RResRRABRamples of

aluminosilicates) are also contemplated. [0014]The support (e.g., alumina)
suitablaycORRERS N inthitaBle RlakiRMaci ohitRA @ IMH80WERULYP which is a

percent (%) support by weight of the BCPC, alternatively from about 75%

to about 99%, alternatively from about 90% to about 99%. Herein the

percentage of support refers to the final percent of support associated

with the catalyst by total weight of the catalyst after all processing steps.

In an embodiment, the BCPC comprises equal to or greater than about

90% support by final weight of the catalyst and the support comprises

sk g . e~ ~tAr Fhiarn athhAr it 7004 abrirrmina c  TNNDT1E1bn sy eaamvnhacddhimoant: thes - -



6 [00171In an embodiment, the BCPC comprises boria. Boria, chemical
formula of B203 (CAS No. 1303-86-2) is also known as boron oxide,
diboron trioxide, boron sesquioxide, boric oxide, anhydric boric acid and is
typically found as a white or colorless solid. [0018]Boria may be
incorporated into the BCPC via contacfing of the other components of the
BCPC (e.g., the support such as alumina) with one or more boria
commezcialsgradE xhmplesavibdria freoukioRs Elkashs févwsinm fnigvailable from W.R.
disclosure include without limitation boric acid, boron oxide, sodium
Graametadfovatpapoetassium metaborate, metaboric acid, orthoboric acid,
tetraboric acid, boron alkoxide, borates, boric ethide, or combinations )
[001ereoln Additidralimeanytiorgwicibo sepRUpe fbsisaeshtbensesipipng sodium
to boria may also serve as the boria precursor. In an embodiment, the
alunfioaia pidtorseitbon eristionernid alithipool o) ThedavodlnrbrysrRride g known as
in the BCPC may be equal to or less than about 30% boria by total weight
bochuhitied BITPEC chtericd] Provelksing&EYOBiteAtamativaiynihiopuromsosigeport may be
about 20% bona, alternatively from about 1% to about 10% boria,
prepaiter rtativldy doomerisou B d thmibleuingys2 30000 Blymina mMbdd neipmical formula of
method of preparing a BCPC comprises sequentially contacting a support
(AL (a)y. Thienwgrsimeronyisreaericdrmidrhsc iemaliscebnepbahbechmiiconean oxidizing
more boria precursors. The sequential contacting may be carried out in
envispmsrdde ge i diby evepgsinmia anipegib Rl TRM MROPSEEsE Kyrbout 1000 °C, or
example, the BCPC may be prepared by contacting a ) .
fromeaiporiiBPR-20ricabing SO HoTdiRIhabawItR9RG & pheH FOGrGdderadime period of
chromium/alumina mixture. The chromium/alumina mixture may
fromsabriql et a3 deenvsitRrDesriaboneclihsors Adahoutidl i foe pofigm about 5
precursor may be contacted with the alumina support to form a
hourls il aauiniA dewiseu Ehey RlER A FURRSSE R g Bes aslditional Gampgnents that do not
chromium-containing compound. [00211In an alternative embodiment, a
advessglontfRet thlraiRiay G0 A Br # o Qiigmilisac ShRBming b uHbaride, sulfate,
and one or more boria precursors may be contacted simultaneously to 7
phosphatea HFBRRR ARITha/boria mixture termed a precursor BCPC, which
may be further treated and activated as described herein, 100221In arb
10012 bo ey REtHSSPRREERN GBS @ ARSI ia i S
alumina support with one or more boria precursors, to form an 2
surfage s /Aois AREIAEPRORPIFSE SR SR 17 BE0D ey d 8% PavioiRRPout 1000
described herein. The boria may be added to the alymina support by 2
mzfgmmmg%lﬁr%?)@éa%r{gtmrﬁhﬂufpﬁgﬂﬁgé&ggs‘%f%‘a}-ééﬂméi’r Jejjggabout 450 m'lg
100231The boria/alumina mixture may subsequently be contacted with
FurtBeangr entiie RSFoYRINFAS G il LR RBBTELS SRR RN AR i iRyt O-5 cofe
compounds may be of the type previously described herein. Chromium
gy DB BBl S VR 6 S AT e LA Rt 2 el
example, the chromium may be added by contacting the .
The c RERAIRT i R RF WHPETE b AR T (Fehpigue. For example,
ion-exchange, incipient wetness, pore fill, agueoys impregnation, organic
the HHTRRPRREHRLHG AORPATE FES-0h GTEBRER Y, YOS, e TLUhipny ot clovated
composition is a_ precursor BCPC. [0024]In another embodiment, a . 1
tempREHES S prbsRiREhe BRBE S AL g fmE AR LRI SppaRe template as
with one or more chromium-containing, compounds to form a ..
desGihern itz nhAtesinNRir & e ERroWitrhy Afu ARS: P dgference herein in its

subsequently be contacted with one or more boria precursors 50 for

entissaie  AGFTERHPEY. P GG ORP el SORRATRAM i PRFRered by aiding base to an
. chromium/alumina mixtuyre or the precursor BCPC may he carried out
wde%iﬁ&tgm}lcﬂ%l%rﬁféﬁ%rg%guréfgnaegé}mla&ﬁh%m%égﬂw‘&%ﬁﬂavhaw support

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

Aahniit 92900 mMmMm- tA ahhririt E - bhatire--Ar from- aheatit 1 harivy +a sharit 2. -hatire -

odiment, the



8 [0026]The resulting precursor BCPC may be activated to produce a
BCPC. In an embodiment, activation of the precursor BCPC comprises
heating the material at a temperature ganging from about 400 C to about
1,000 C, or from about 500 C to about 800 C, or from about 600 C to
may afoobe pRD&red@BY {RiafHENA BRAGELHMAMARAL tdpBUR 1iRRPHAIDIRY Burce like
or from about 20 mm to about 5 hours, or from about 1 to about 3 hours.
phosphbgdrgsiting material is a BCPC which may function as a polymerization
catalyst when employed in a polymerization reaction/system. [0027]The

[0013Fatalysiscanditesing AfdBRERSRNT IRNESLAD dieuRCHGS) AGAME @Qﬁﬂot@ 'material

any olefin polymerization method using various types of polymerization
althouBRCERAEr ABMRRE RSP MRS IZaNOMILAGIOE” HCPER MY aluminophosphates,

polymerization reactor capable of polymerizing olefin monomers to
alumiﬁ@@q%@egwpﬁgg/mﬁfwlmplymers. Such homopolymers and

copolymers are referred to as resins or polymers. The various types of

[0014fe2CtanRei RGeS e NALIMHDS RISHEEC ARSI HnSaRPICEEm about

solution, high pressure, tubular or autoclave reactors. Gas phase reactors

50 to MEBLEOTPERRAMUTIT &M RS BACRIHP LRGSR ZQNALRRF R 4HEY 75% to

reactors may comprise vertical or horizontal loops. High pressure reactors

about POV UREHEERIFORIAHEBH I WIS (6ABIAE 9RRACKENMREREHRAMAIE of support

batch or continuous processes. Continuous processes could use

refersiR6IBIHARL Iﬁjri%?tﬁ{‘%?cﬁﬂg%ig@f NAF e ERSRR®S %@M(ﬁ’@@ﬂ'ﬂ BLAR catalyst

partial or fu t recycle of in-reacted monomer, un-reacte

after GATPRAQEIRE ARHOT WHUENEJBOARILAURMROSIMERLIE OIGJIRI 1o or greater than
polymerization catalyst described herein is a component of a catalyst

aboutSYPI6 RuppoRl 84 el Gl AKE L YRIQA AN MIP R %@&P&&Bﬂx@s&@&ﬁﬁ%& greater
Generally, the cocatalyst can be any organometallic compound capable of

than Adiatog inesasalyst described herein (i.e., BCPC) to polymerize olefins
Suitable cocatalysts can include monomeric or oligomeric metal alkyls,

[o013etal RS e R aly-AE IsEamasiaing Al IaathAme A HGMEASay be introduced

selected from the group consisting of B, Al, Be, Mg, Ca, Sr, Ba, Li, Na, 9

to thd BREC OB @ﬁi&ﬂn@@ﬁ&?-ﬂﬁﬁ%ﬁm@m@Gﬁﬂigﬁeﬁ%‘:@fmm REISESHR support
metal alkyl such as for example an alkyl of B, Al, Zn, Li, Na, Mg, or

such Casnbinatinrs WRRCQ ARINAINRIYNIRISECRIRSLEAMPHSES 3IRGRANm-containing
alkyl. The metal alkyl can have any number of carbon atoms. However,

comp@dormgm %ﬁiﬁ@@&a%@&tﬁcﬁﬁm&%ﬁﬁbﬁﬁﬁe cgpmeial alky! MlHeMah-soluble
comprise less than about 70 carbon atoms per metal alkyl molecule and

chrorAliefa¥RMIRES hampRaUs2Q42rReNBIO TR ARMIMOLEY S uld@hclude chromium

embodiment, the cocatalyst comprises a boron alkyl comprising a

triox i ORAIRAYL S 4R BRYINGHBIL AP kA0 BPAUG I CAINRNS LIRSS Examples of

cocatalyst may be introduced directly to a reaction zone with BCPC or

hydr50asb R eAmRCtevithiie BRBuREOT IR &AHAIY X HESHHAES 2 diarene

subsequently introduced to a reaction zone. In an embodiment, the

chroSRGRISE SRR RRI PIRRSRIIBARATRY thgﬂﬁm(ﬂ@,obﬁrgrﬁimta'égtylacetonate,

ppm, alternatively of from about 1 to"about 20 ppm, alternati f from

or cBRBHIARsARRMIKO PPR. JRAALRCMSHAA U LGRE % r'%so?féﬂﬁ)mium an

present invention may comprise one type of reactor in a syste

compouHinlenteagiRrs Aty Q%rﬁ?%ﬁd’, AU CERREAY RO TP EBRNGHRR, Y RAMMGES s thereof.

multiple reactors may include Several stages in at least two separate

Suit4HY B ARHRM IR EIS SR ARIGHE P tﬁ%ﬁfﬁ{fﬁgﬁ\@&ecm‘amﬁgﬂtcarboxylates,

possible to transfer the polymers resulting from the first pdlymerization

(o] Cco r esi Ization conditi [
o s el SN, RS OIS berzoates,

Athes : lﬁ-ﬁﬂﬂﬂv I ization iR multiple reactors m .
Chroincludlieﬁ%%&r%?acrﬁj}a trans%%ﬁ%%@r%ﬁeﬁ%r%dg%{gsfe%ﬁc%%rrne%ngﬁ%ggt%\%ﬁ?ﬂ Specific

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 multiple reactors may be operated in series

¥ 11N -"narallal -FON22NTAcrArdinAa o Ano nenacrt af+tba-1mvyrantinan tho



[0034]According to still another aspect of the invention, a high pressure
polymerization reactor may comprise a tubular reactor or an autoclave
reactor.Tubular reactors may have several zones where fresh monomer,
initiators, or catalysts are added. Monomer may be entrained in an inert
gaseous stream and introduced at onesone of the reactor. Initiators,
catalysts, and/or catalyst components may be entrained in a gaseous
chrostieam(Hid iotnpduads atchnbthéozaene abthBméiadtan, Tdhecgasmstrdiinssooctanoate,
may be intermixed for polymerization. Heat and pressure may be
chroamployiél) 26 gpratehethytthtpimepionrat pciyeneanzadidl) reabtienate, chromium (I1I)
conditions. [0035]According to yet another aspect of the invention, the
chlopidiymehizaiomredEipr nriaf? eohyiiisamselytichrpalyumerigdtjonorgaiethyihexanoate,
wherein the monomer is contacted with the catalyst composition by
chrosuiitad | € 1$Hrridightsrothleyhesansatd, calrianizom (i gaatyleetargeanichromium  (III)
diluent or excess monomer may be employed. If desired, the monomer
acetangy diedmioiug h¢liib) tHemamer phasaimo (Bhtastopititsheatatalitionpeetidhl) laurate,
product, in the presence or absence of liquid material. The polymerization
chronoinenis Hinistdined ctitaniper il e oandipredsonasthad Wjllheswiatn ttomium (11I)
formation of a solution of the polymer in a reaction medium. Agitation may
pyroidefsplejschitobi@ih hettehl teang echtoneiwon(idl) acldaem agntarmiifgions thereof.
polymerization mixtures throughout the polymerization zone. Adequate
Suitabbarchemeiutilizgl) foonipsipatn intihedexdthe rmnic metatliofipesly e ridatimous fluoride,
12 100361Polymerization reactors suitable for the present invention may
chrdmdhe cldonirjsbrampus mbinate clobatdeasidide chvemnato(d) feis(R-ethylhexanoate),
system, at least one feed system for catalyst or catalyst components,
chroamicitor @b eestatneipolpimer (E0dvasyatystdmensuitablb reacentayeatanshiomium (1I)
the present invention may further comprise systems for feedstock
laurgigrifibesionnc 4B ystasatr acie emiipréPhaatidate eshrasibm idBcbsneestingpromium (II)
polymer recovery, fractionation, recycle, storage, loadout, laboratory
pyrahidifs)sclmotpre seleteomesinfbdBTiOs ttitkeis Bramplecohaibiteguigible chromium-
polymerization efficiency and to provide resin properties include )
cont@impgrecmpoprds dnedudndantiacohosrtrekiomstst varohydwsathats liquid; chromium
Polymerization temperature can affect catalyst productivity, polymer ]
trioxirlsl clou it ighaeatenitidieic alapmisigh eepsikb il oMatsigsrmium nitrate in alcohol;
polymerization temperature may be any temperature below the
zerayelpripraerochiomivm serapgrndserlippiobendesishroprsmaqaaglexes, for example,
equation. Typically this includes from about 60 C to about 280 C, for. ]
dicusnena sferontitn gi shibenzzoecchscamism in e by desrshem P pomeHEEAs thereof. Pi
of polymerization reactor. [0038]Suitable pressures will also vary
bondedehimiteREmekET SiScBER Falioh Be Nend SSbre Wifiyifneorporated
phase polymerizations in a loop reactor is typically less than 1000 psig.
by reirsBepdieerin Hs iHRIBERBIymerization is usually at about 200 - 500 psig.
High pressure polymerization in tubular or autoclave reactors is generally
100%h ot BRoURBONIO® - TEDOOTD eFSFy e BN BBLOR s T BB 0.01% to
operated in a supercritical region occurring at generally higher
aboys 3% ahiersinm preysighiso Dier BfoPCarirangtivehiSarp ahert §-2% to about 5%
pressure/temperature diagram (supercritical phase) may offer )
chremginm: A esnqtively] fram aheshPativn tof Weps UL re shtamilien pljgmatively about 1%
controlled to produce resins with certain physical and mechanical . .
chroyrawetdicrrimcthe dsseatiass Rhsminey irieth 40 i SBabRREEE Rl associated
and the method of forming that product determines the desired resin
with thp rtrd¥sivie sefahweaishicy dhecsiplyrigdies AliroResaingISieRpact, creep,
stress relaxation and hardness tests. Physical properties include density,
molecular weight, molecular weight distribution, 13 melting temperature,
glass transition temperature, temperature melt of crystallization, density,
stereoregularity, crack growth, long chain branching and rheological
measurements. [0040]The concentrations of monomer, co-monomer,
hydrogen, co-catalyst, modifiers, and electron donors are important in
producing these resin properties. Comonomer is used to control product
density. Hydrogen can be used to control product molecular weight.

A ratalvicte ~ran hoa 11ead o Aalin/dAata. cravianAno nAalcane snA ~Aantral -



polymerization of olefins, for example, alpha-olefins. In an embodiment, a '

BCPC is contacted with one or more olefins in a reaction zone under

suitable reaction conditions (e.g., temgerature, pressure, etc.) to

polymerize the olefins. Linear or branched alpha-olefins having 2 to 30
[0017carbdn atpeistediia38e BEHE QiafisdavonatelatiaSrRGiHik S RMRAIES of B,0,

of the alpha- 14 olefins may include ethylene, propylene, 1-butene, :
(CAS NbeKxeo®.85-05te Aok MR by Sde, R kriberie 88k thedikBxide, boric

[0043]In an embodiment, polyethylene homopolymers and copolymers of

oxide, Q@R BAcQBRraMORARINS Bsenaradbcaadn e BpROssIdescribed

above using the catalyst (i.e., BCPC) prepared as described herein.

[0018PolyrBerikesing R eskngdrasdistianshiprindnayhaify siadd BB tisiSSonents of

of manufacture or end use articles using techniques such as extrusion,

the BOMW(818!0iRE siiscHAN R ARG SRNHE Gr R RS HRGuARE . Examples of

casting. The BCPCs disclosed herein may also be used to form polymers

boria PHEMRSRANBIN FoaENEHROMPRSHA YRR HBR IHAMRIRHoHINGEd, boron

to 12 inches in diameter) and large diameter (greater than 12 inches in

oxide diaaiaiarmdtBorid Qb RiRsuis RseHbRfkiNtdimhZRIGRI A BRICAHAR BYA: tetraboric
No. 2003/0199648 Al published on October 23, 2003, which is

acid, Mm@@%&yﬁ@&rmim}t§MEﬁWoﬁ@%ma&&m@@e%y organic
the BCPC has a polymerization activity of equal to or greater than about

boron 1&RpBaIAs BAPEMBEICBRTAaINS BbaatalNslRey RO £9/8eboria precursor. In an
alternatively equal to or greater than about 2000 gig-h, alternatively equal

embo&nidri] Gai SoiioprahitrRhAigY boa8EPC may show an activity

increase of greater than about 25%, alternatively greater than about 50%,

[00197ter By el GliREETHSRN HEau: 199% BHPO aIpRRreship @/ oPHRESMHSE about 30%
similar catalyst lacking boria. [0045]A BCPC may allow for the production

boria ByPebimesschitbraHe ez figh dnasspaltindex & bV WRRINCRBARARRL 0.5% to

to an otherwise similar polymerization catalyst lacking boria. The HLMI
about/2PyeHefits MeraieelfieshPhilomaltend asinthiey 3.0 Aifies: Rkl 9828 about 2%
inch diameter when subjected to a force of 21,600 grams at 190 C as
to abdigteygnined in accordance with ASTM D 1238. In an embodiment, a
. polymeric composition (e.g., polyethylene) produced using a BCPC of the
[00200ype disciasashbetrinchas Andtidd obepiapiany IeSBHEN 2BAIPrkG A¥Bquentially
per 10 minutes (g/10mi), alternatively equal to or less than about 0.5

conta@ih@nainuirtnaivelieans thoblassihan ahafisk QchéhRRIbmbaunds, and one or
[0046]Additionally, a BCPC may produce a polymeric composition having

more HOIRCHRESRELAYCIAGLSRRBRIPEMBISHMVIRD BOMRALADLIA #DASRMEs/lesired by
similar catalyst lacking boria. For example, a polymeric composition (e.g.,

the upetysitiyiengepmeusrE UsingrecBEP Ganaxkhiape ahavecate MaJes|drepared by
weight of equal to or greater than about 500,000 Daltons, alternatively

conta€fibi@| 10 cheaaie-tbaniaboutcoahsRiDaligNsHAlamaivepgAl 18 Oproduce a
greater than about 1,000,000 Daltons. [0047]The overall increase in the

chrorﬂi(ﬁhﬁﬂﬂ&‘rﬂlﬁiﬁﬁﬂiﬁfrwem Qﬁﬁﬂﬁ%@ﬂﬁlﬁﬁfﬁﬁﬁﬂ%ﬁﬁ@ﬂsu%&{@éﬁﬁ&e BE)contacted
produced using a BCPC of the type described herein may be attributed to

with 8 BeSEeReeURdNe AMIHRLRIJOMEURaYRNMRINLEY BPeBRAS- WK @ dMalumina
the composition with a concomitant increase in the amount of high
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less than about 1000 Daltons. In an embodiment, a polymeric composition
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about 50%, or of from about 15% to about 40% in the amount of LMWCs

having an 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%,
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17 viscoelastic dynamic oscillatory frequency sweep experiments with a
modified CarreauYasuda (CY) model, which is represented by the
following equation- E = E, [1+ (Te)la where E = viscosity (Pas) = shear
rate (1/s) a = rheological breadth parameter = relaxation time (s)
[describes the location in time of the trAnsition region] Eo = zero shear
viscosity (Pa-s) [defines the Newtonian plateau] n = power law constant
foml[weﬁhéynn@mfanwé@aﬁtmm e APFEGIETT TOREHi A Sy be further
fitting, the power law constant is held at a constant value. Details of the
treatefepiiflcstivatethasideseRodl®ifIBf the CY model and derived parameters
may be found in: C. A. Hieber and H. H. Chiang, Rhea Acta, 28, 321 )
{0028 989 )namemhedpandarfhohpimsersipma Btd G epmppseLopisgsy an alumina
and R. B. Bird, R. C. Armstrong and 0. Hasseger, Dynamics of Polymeric )
SUPPRIGUVAE PR STe AT RPNAe BIREWESTD Y EUMIoAR JHRRARIRYE Gyyre. The boria
(1987), each of which is incorporated by reference herein in jts entirety. |n
precuasmBadivR et the BrePraviens YHisskied| misin (hs Roiganandpptiled to the
the CY model, also referred to as a CY-a) of equal to or greater than .
alumapi SR ATYCIPRIGENE it N PECERYi e AR LS Ices skl pu the Like.
equal to or greater than about 0.6. EXAMPLES [0052]The embodiments
[0028hying Hee Rayivaramipa saErBEsd MHY foNRRARGERahp SRSy dptasone or more
particular embodiments of the disclosure and to demonstrate the practice
chrogHUrBrFoAHNRS tABIIIEis %W%&?%%&&ﬁfﬁfé%?@sg%@n%&of the type
way of illustration and are not intended to limit the specification or the . .
previguRkys saFpan dissein- [0BBIPBImEY abe ddRd Weﬂéen?aa*é/i’ﬂug“z‘?% fggture via a
_steel reactor equipped with a marine stirrer rotating t% 0 rpm. The hromi
Vafl?%’a‘éfé?‘%bﬁé‘l%%ﬁfo%ﬂcfé‘&%;ﬂ%u Q%ééi‘fé’&'&’éi"&&?’ﬂ‘&ihﬁw@‘%% %&%‘é‘ﬂ?&ﬂgﬂ&ﬁtﬁ omium-
a connection to a steel condenser, The boiling pint of the methanol was
contayiag fPaNRRIAY VAL g W@@%F@gg&f%ﬂﬁ'&%@eﬁﬁ@gﬁd&ﬁ?&‘%ﬂms& pore
jacket, which permitted precise temperature control to within half andegreed the like
fill, RapERjS HBP AR I B B RISERBT AL RS N fesgs ing, and the like.
otherwise stated, a small amounﬁl to 0.10 grams normally) of the
The geitng OPRLM 4 RRSTHETNRer Mitrogen to the dry reactor. Next 1.2

liter of isobutane liquid was charged and the reactor h up to the .
1002450 1 R SRS G P e A 2l Oty gpiecting an
was added to the reactor to equal a fixed pressure, narmally 550 psig,
Al WERS it 8Piurtig (RSB TR, QDRSS o form
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2,6-di-tbuty1-4-methylphenol (BHT), was set at 1 mL/min_and the
fromaneai S8 6P poREPSutiona s g&FerarbrREB il iAdaahg 4P hours, or from

1.0-1.5 mg/mL, depending on the molecular weights. Sample preparation
abowa)gohtigbdu S 18EHS, furfromaherbehmibiafberl &M agitation

before the solutions being transferred to sample vials for injection. In order
to 19



minimize unbalanced solvent peak, solvent with the same composition as
the mobile phase was used for solution preparation. The integral
calibration method was employed to dgduce molecular weights and
molecular weight distributions using a Chevron Phillips Chemicals
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standard. The integral table of the broad standard was pre-determined in
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catalysts were prepared by contacting Grace alumina grade A with 1% Cr.
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C prior to contact with the 1% Cr, which converts the boehmite structure
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precalcination were impregnate various metals as indicated in
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reactijﬁ{? &Q{H(ide, manganese nitrate, magnesium nitrate, potassium nitrate
chromium acetate were used. All the samples were then activated at
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referred to as resins or polymers. The various types of reactors include those that may be-

referred to as baich, slurry, gas-phase, solution, high pressure, tubular or autoclave reactors.

Gas phase reactors may comprise fluidized bed reactors or staged horizontal reactors. Slurry
reactors may comprise vertical or horizontal loops. High pressure reactors may comprise
autoclave or tubular reactors.  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,
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K, Rb, Cs, Zn, Cd, and Sn. In an embodiment, the cocatalyst comprises a metal alkyl such as
for example an alkyl of B, Al, Zn, Li, Na, Mg, or combinations therecof. Alternatively, the
cocatalyst comprises a boron alkyl. The metal alkyl can have any number of carbon atoms.
However, due to commercial availability and ease of use, the metal alkyl will usually comprise
less than about 70 carbon atoms per metal alkyl molecule and alternatively less than about 20
carbon atoms per molecule. In an embodiment, the cocatalyst comprises a boron alkyl
comprising a hydrocarbyl group having from about 1 to about 12 carbons. The cocatalyst may
be introduced directly to a reaction zone with BCPC or may be contacted with the BCPC prior
to form a catalyst mixture that is subsequently introduced to a reaction zone. In an
embodiment, the cocatalyst may be present in an amount of from about 0.1 to about 50 ppm,
alternatively of from about 1 to about 20 ppm, alternatively of from about 2 to about 10 ppm.
[0029] Polymerization reactor systems of the present invention may comprise one type of
reactor in a system or multiple reactors of the same or different type. Production of polymers
in multiple reactors may include several stages in at least two separate polymerization reactors
interconnected by a transfer device making it possible to transfer the polymers resuiting from
the first polymerization reactor into the second reactor. The desired polymerization conditions
in one of the reactors may be different from the operating 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, muiltiple high pressure reactors or a
combination of high pressure with loop and/or gas reactors. The multiple 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.
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Monomer, diluent, catalyst and optionally any comonomer may be continuously fed to a loop
reactor where polymerization occurs. Generally, continuous processes may comprise the
continuous introduction of a monomer, a catalyst, and a diluent into a polymerization reactor
and the continuous removal from this reactor of a suspension comprising polymer particles and
the diluent. Reactor effluent may be flashed to remove the solid polymer from the liquids that
comprise the diluent, monomer and/or comonomer. Various technologies may be used for this
separation step including but not limited to, flashing that may include any combination of heat
addition and pressure reduction; separation by cyclonic action in either a cyclone or
hydrocyclone; or separation by centrifugation.
[0031] A typical shury polymerization process (also known as the particle form
process), is disclosed, for example, in U.S. 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 which is incorporated by reference in
its entirety herein.
[0032] Suitable diluents used in slurry polymerization include, but are not limited to,
the monomer being polymerized and hydrocarbons that are liquids under reaction conditions.
Examples of suitable diluents include, but are not limited to, hydrocarbons such as propane,
cyclohexane, isobutane, n-butane, n-pentane, isopentane, neopentane, and n-hexane. Some
loop polymerization reactions can 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
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may be withdrawn from the reactor and new or fresh monomer may be added to replace the
polymerized monomer. Such gas phase reactors may comprise a process for multi-step gas-
phase polymerization of olefins, in which olefins are polymerized in the gaseous phase in at
least two independent gas-phase polymerization zones while feeding a catalyst-containing
polymer formed in a first polymerization zone to a second polymerization zone. One type of
gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749, 4,588,790 and 5,436,304, each of
which is incorporated by reference in its entirety herein.
[0034] According to still another aspect of the invention, a high pressure
polymerization reactor may comprise a tubular reactor or an autoclave reactor. Tubular
reactors may have several zones where fresh monomer, initiators, or catalysts are added.
Monomer may be entrained in an inert gaseous stream and introduced at one zone of the
reactor. Initiators, catalysts, and/or catalyst components may be entrained in a gaseous stream
and introduced at another zone of the reactor. The gas streams may be intermixed for
polymerization. Heat and pressure may be employed appropriately to obtain optimal
polymerization reaction conditions.
[0035] According to yet another aspect of the invention, the polymerization reactor
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 polynierization mixtures
throughout the polymerization zone. Adequate means are utilized for dissipating the

exothermic heat of polymerization.



960 10.3 02050 368 6 Zn 1.0 No 600C 141 67 0.1722 227 7 Fe 3.0 Yes
600C 271 1.18 145 26.3 0.1959

12
[0036] Polymerization reactors suitable for the present invention may further comprise
any combination of at least one raw material feed system, at least one feed system for catalyst
or catalyst components, and/or at feast one polymer recovery system. Suitable reactor systems
for the present invention may further comprise systems for feedstock purification, catalyst
storage and preparation, extrusion, reactor cooling, polymer recovery, fractionation, recycle,
storage, loadout, laboratory analysis, and process control.
[0037] Conditions that are controlled for polymerization efficiency and to provide resin
properties include temperature, pressure and the concentrations of various reactants.
Polymerization temperature can affect catalyst productivity, polymer molecular weight and
molecular weight distribution. Suitable polymerization temperature may be any temperature
below the de-polymerization temperature according to the Gibbs Free energy equation.
Typically this includes from about 60 °C to about 280 °C, for example, and from about 70 °C
to about 110 °C, depending ﬁpon the type of polymerization reactor.
[0038] Suitable pressures will also vary according to the reactor and polymerization type.
The pressure for liquid phase polymerizations in a loop reactor is typically less than 1000 psig.
Pressure for gas phase polymerization is usually at about 200 — 500 psig. High pressure
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 point 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,
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melting temperature, glass transition temperature, temperature melt of crystallization, density,
stereoregularity, crack growth, long chain branching and rheological measurements.
[00640] The concentrations of monomer, co-monomer, hydrogen, co-catalyst, modifiers,
and electron donors are important in producing these resin properties. Comonomer is used to
control product density. Hydrogen can be used to control product molecular weight. Co-
catalysts can be used to alkylate, scavenge poisons and control molecular weight. Modifiers
can be used to control product properties and electron donors affect stereoregularity.  In
addition, the concentration of poisons is minimized because poisons impact the reactions and
product properties.
[0041] The polymer or resin may be formed into various articles, including, but not limited
to, bottles, drums, toys, household containers, utensils, film products, drums, fuel tanks, pipes,
geomembranes, and liners. Various processes may be used to form these articles, including,
but not limited to, blow molding, extrusion molding, rotational molding, thermoforming, cast
molding and the like. Afier polymerization, additives and modifiers can be added to the
polymer to provide better processing during manufacturing and for desired properties in the end
product. Addifives include surface modifiers such as slip agents, antiblocks, tackifiers;
antioxidants such as primary and secondary antioxidants; pigments; processing aids such as
waxesfoils and ﬂuoréelastomers; 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 example, 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, efc.) 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-
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olefins may include ethylene, propylene, 1-butene, 1-hexene, 1-octene, 3-methyl-1-butene, 4-
methyl-1-pentene or the like.
[0043] In an embodiment, polyethylene homopolymers and copolymers of ethylene with
~other mono-olefins are produced in the manner described above using the catalyst (i.e., BCPC)
prcpa.fed as described herein. Polymer resins produced as disclosed herein may be formed into
articles of manufacture or end use articles using techniques such as extrusion, blow molding,
injection molding, fiber spinning, thermoforming, and casting. The BCPCs disclosed herein
may also be used to form polymers such as polyolefins and PE-100 pipes having both small
diameter (1 inch to 12 inches in diameter) and large diameter (greater than 12 inches in
diameter). The PE100 pipe is described in U.S. Patent Application Pub. No. 2003/0199648 Al
published on Gctober 23, 2003, which is incorporated herein by reference in its entirety.
[0044] In an embodiment, the BCPC has a polymerization activity of equal to or greater
than about 1000 grams of polymer per grams of catalyst per hour (g/g-h), alternatively equal to
or greater than about 2000 g/g-h, alternatively equal to or greater than about 3000 g/g-h. The
BCPC may éhow an activity increase of greater than about 25%, alternatively gréater than
about 50%, alternatively greater than about 100% when compared to an otherwise similar
catalyst lacking boria.
[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.
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[0046] Additionally, a BCPC may produce a polymeric composition having an increased
average molecular weight when compared to an otherwise similar catalyst lacking boria. For
example, a polymeric composition (e.g., polyethylene) produced using a BCPC may have an
average molecular weight of equal to or greater than about 500,000 Daltons, alternatively equal
to or greater than about 750,000 Daltons, alternatively equal to or greater than about 1,000,000
Daltons.
[0.047] The overall increase in the average molecular weight of polymeric compositions
(e.g., polyethylene) produced using a BCPC of the type described herein may be attributed to
a decrease in the amount of low molecular weight components (LMWC) in the composition
with a concomitant increase in the amount of high molecular weight components (HMWC).
[0048] In an embodiment, a polymeric composition (e.g., polyethylene) produced using a
BCPC of the type described herein has a reduction of from about 10% to about 100%, or of
from about 20% to about 90%, or of from about 40% to about 75% in the amount of LMWCs
having an average molecular weight of equal to or less than about 1000 Daltons. In an
embodiment, a polymeric composition (e.g., polyethylene) produced using a BCPC of the
type described herein has a reduction of from about 5% to about 100 %, or of from about
10% to about 50%, or of from about 15% to about 40% in the amount of LMWCs having an
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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than about 100% in the amount of I—IMWCS having an average molecular weight of equal to
or less than about 10,000,000 Daltons.
[0050] For polyethylene, the presence of a significant amount (e.g., 5%) of low molecular
weight ethylene oligomers (e.g., C1p-Csy) in the resin creates drawbacks to the use of these
resins in certain applications (e.g., blow molding). The relatively low boiling points of these
LMWCs when subjected to the elevated temperatures (e.g. 400 °F) used during the
processing of the polyethylene resin may cause these LMWCs to vaporize, and upon
exposure to ambient air, condense into airborne droplets, generating smoke. The smoke is
considered objectionable by processors and impairs the acceptability of the broad MWD
polyethylene resin product for certain applications. Additional drawbacks to the use of resins
comprising these LMWCs include the propensity of these LMWCs to exude into mold vent
holes causing plugging of the hole and thus poor operation. Polyethylene produced in
accordance with the present disclosure, e.g., using BCPCs as disclosed herein, significantly
improve and/or eliminate drawbacks associated with LMWCs such as smoke produced
during blow molding, thereby providing for smokeless blow molding and associated
advantages.
[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
theological 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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viscoelastic dypamic oscillatory frequency sweep experiments with a modified Carreau-

Yasuda (CY) model, which is represented by the following equation:

ri—l
E:E0[1+(T§}})G]T
where
E = viscosity (Pa‘s)
¥ = shear rate (1/s)
a = rheological breadth parameter
T = relaxation time (s) [describes the location in time of the transition region]
E, = zero shear viscosity (Pa-s) [defines the Newtonian plateau]
n = power law constant {defines the final slope of the high shear rate region]
To facilitate model fitting, the power law constant is held at a constant value. Details of the
significance and interpretation of the CY model and derived parameters may be found in: C.
A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321 (1989); C.A. Hieber and H.H. Chiang,
Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. C. Armstrong and O. Hasseger,
Dynamics of Polymeric Liquids, Volume I, Fluid Mechanics, 2nd Edition, John Wiley &
Sons (1987), each of which is incorporated by reference herein in its entirety. In an
embodiment, the BCPC has a rheological breath (the “a” parameter in the CY model, also
referred to as a CY-a) of equal to or greater than about 0.2, alternatively equal to or greater
than about 0.4, alternatively equal to or greater than about 0.6.
EXAMPLES
[0052] The embodiments having been generaily 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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controlled by varying nitrogen pressure applied to the condenser and jacket, which permitted
precise temperature control to within half a degree centigrade, with the help of electronic
control instruments. Uﬁless otherwise stated, a small amount (0.01 to 0.10 grams normally)
of the solid catalyst was first charged under nitrogen to the dry reactor. Next 1.2 litef of
isobutane liquid was charged and the reactor heated up to the specified temperature.
Hydrogen may be added if desired. Finally ethylene was added to the reactor to equal a fixed
pressure, normally 550 psig, which was maintained during the experiment. The stirring was
allowed to continue for the specified time, usually around one hour, and the acﬁvity 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 clean with no
indication of any wall scale, coating or other forms of fouling. The polymer powder was then
removed and weighed. Activity was specified as grams of polymer produced per gram of
solid catalyst charged per hour.

[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 concentratiqn 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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minimize unbalanced solvent peak, solvent with the same composition as the mobile phase
was used for solution preparation. The integral calibration method was employed to deduce
molecular weights and molecular weight distributions using a Chevron Phillips Chemicals
Company's broad linear polyethylene, Marlex BHB5003, as the broad standard. The integral
table of the broad standard was pre-determined in a separate experiment with SEC-MALS.
EXAMPLE 1

[0056] Cr/alumina catalysts were prepared by contacting Grace alumina grade A with 1%
Cr. In some experiments, the Grace alumina grade A was precalcined at 600 °C prior to
contact with the 1% Cr, which converts the boehmite structure (AIOOH) into gamma alumina
(ALO;). The Cr/alumina with and without precalcination were impregnated with varous
metals as indicated in Table 1 in amounts ranging from 1.0 to 3.0 mmol/g as an aqueous
solution to incipient wetness. Then the Cr/alumina catalysts were dried and activated by
calcination in dry air. Boric acid was used to impregnate boria onto the catalyst. Zinc nitrate
was used to provide zinc. Likewise titanium isopropoxide, manganese nitrate, magnesium
nitrate, potassium nitrate and chromium acetate were used. All the samples were then activated
at either 400 °C or 600 °C and the polymerization activity tested in a bench reactor at 95 °C
using 150 psi Ha, and 550 psi ethylene. A cocatalyst of triethyl 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, HLMIL, CY-g, 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 86 |02148 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 1 0.1995 277
4 Zn 1.0 No 600 °C 297 1.14 645 6.0 02271 442
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Sample | Metal | Amount | Alumina Final Surface | Pore | Activity | HLMI | CY-a { Molecular
Added | Added | Precaicined | Activation { Area | Volume g/g-h Weight
mmol/g m’/g Celg Mw/1000
Daltons

5 Zn 1.0 No 600 °C - - 960 103 | 0.2050 368
6 Zn 1.0 No 600 °C - - 141 | 67 [0.1722 227
7 Fe 3.0 Yes 600 °C 271 1.18 145 263 | 0.1959 353
8 Fe 1.0 Yes 600 °C 267 1.14 591 8.6 | 0.1982 399
g Mg 3.0 Yes 600 °C 158 0.94 338 236 | 0.1946 302
i0 Mg 3.0 Yes 600 °C 158 0.54 >224 21.0 - 279
11 Mg 3.0 Yes 600 °C- 155 0.96 416 I5.1 | 0.1968 333
12 Ti 1.0 Yes 400 °C 321 1.38 1035 82 10.2157 320
13 Ti 1.0 Yes 400 °C 321 1.38 1078 10.0 | 0.2049 297
14 Ti 1.0 Yes 600 °C 290 1.27 1379 6.2 0.2382 397
15 Ti 1.0 Yes 600 °C - 289 1.30 1292 5.7 | 0.2270 399
16 Mn 3.0 Yes 600 °C ' 788 3.6 0.2125 376
17 K 3.0 Yes 600 °C 309 1.36 281 295 | 0.1662 262
18 B 1.0 No 600 °C 348 1.26 1681 0.65 | 0.3223 655
19 B 1.0 No 600 °C 348 1.26 1758 0.15 | 0.3331 644
20 B 1.0 No 600 °C 348 1.26 1745 0.53 | 0.3466 664
2] B 3.0 No 600 °C 327 1.13 1245 045 {02879 625
22 B 1.0 Yes 600 °C 301 1.37 2191 0.00 105332 838
23 B 1.0 Yes 600 °C 299 1.34 2526 0.00 {04739 808
24 B 1.0 Yes 600 °C 299 1.34 3870 0.00 - -

25 B 1.0 Yes 600 °C - - 2629 0.00 - -

26 B 3.0 Yes 600 °C 288 - 1.23 1751 0.03 | 04634 855
27 B 3.0 Yes 600 °C 287 1.26 1677 0.06 | 04209 781

[0057] As shown in Table 1, the addition of boria (Samples 18 to 27) increased the
polymerization activity of the Cr/alumina catalyst in some cases by up to three fold when
compared to the activity of the Cr/alumina catalyst alone (Sample 1). In contrast, the addition
of other metals (Samples 2 to 17) to the Cr/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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catalyst results in a
[0059] Table 1 also shows that the molecular weight of the polymer produced by the

Cr/alumina-boria catalyst is increased in contrast to the other catalyst compositions
investigated. The polymeric composition was observed to have a reduced amount of LMWCs
that can generate smoke during processing of the resin as described previously. This reduction
in LMWCs can be observed in a gel permeation chromatography (GPC) curve where the
dW/d(LogM) was plotted against the log molecular weight distribution for polymer samples
produced using Cr/alumina, Cr/Zn-alumina, or Cr/boria-alumina catalyst, as shown Figure 1.
Referring to Figure 1, the lower molecular weight side of the distribution has been reformed by
the presence of boria in the Cr/boria-alumina curve.

[0060] As can also be seen in Figure 1, the Cr/alumina-boria curve intercepted the
Cr/alumina curve at a molecular weight of about 70,000 Daltons. The interception point
suggests that the Cr/alumina-boria may decrease polymers with molecular weight of less than
about 70,000 Daltons and may increase polymers with molecular weight of greater than about
70,000 Daltons. Furthermore, analysis of the plot in Figure 1 demonstrated the average
molecular weight 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.



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—bgﬁia catalyst suggests a decrease in
elasticity, perhaps in part from decreaSed long chain branching, despite
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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 I, concentrations were varied as indicated in Table 3. The polymerization activity with

varying boria amount and the HL.MI values for the polymers produced were determined and are




Increase - 85% 32 10,000,000 Increase -45% [0061]Another indication of
the effect of boria in decreasing elasticity from long chain branching can
be seen in Figure 2, which is an Arnett plot. Descriptions of the use of
Arnett plots in analyzing long chain branching in polymeric compositions
can be found in Long Chain Branchin@th Polyethylene from the Phillips
Chromium Catalyst, M. P. McDaniel, D. C. Rohlfing, and E. A. Benham, )
civéROiYNTabREACtiQn fHagineRIMmabléoB, like Mol dnpizatdh- bedy 2e9 D ikrehigina-boria
incorporated by reference herein in its entirety. Figure 2 is an Arnett plot
cata®fdheraaefi thaBepreshraicm elhwvisaasityassadfurhtioncoftprrddgio catalyst samples
molecular weight linear and shows that linear polymers fall on the Arnett
preﬁ@rf&[ epgRolNe PRaldiidhedtpthaddtfithsilinate peinttfafientinstpieaiest the HLMI
the extent of long chain branching in the polymeric composition. The two )
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120 respectively. Thus, one can see that the Cr/alumina-boria catalysts
to Y eskacathRelysaRite.compositions, indicated by reference arrow 140,
whose extent of long chain branching more closely resembled the extent
of long chain branching depicted by ffeechce line 100. EXAMPLE 2
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step. Additionally, the results demonstrate that the HLMI decreased
suggesting a reduction in the LMWCs of the polymeric composition that
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to vary between polymer samples prepared using the catalysts described. Figure 3 is a plot of
the dW/d(Log M) against the log molecular weight of the polymer samples. The boria amounts
and the presence or absence of a precalcination step are as indicated. The results demonstrate
again that the Cr/alumina-boria catalyst generated polymeric compositions with an increased
amount of HMWCs.

[0064] The effect of the boria concentration in the Cr/alﬁmina—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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200,000 Daltons. Similarly, the 0 mmol/g curve intercepted the 3 mmol/g curve at a molecular
weight of about 35,000. The interception point suggests that a Cr/alumina-boria catalyst
comprising 3 mmol/g boria may .generate a polymeric composition having a reduced number of
components having molecular weights of less than about 35,000 Daltons and may increase the
number of components having a molecular weight of greater than about 35,000 Daltons.

[0065] This loss of LMWCs and increase in HMWCs was enhanced by precalcination of
the alumina support. Referring again to Figure 3, the I mmol/ g curve intercepted the | mmol/g
precalcined curve at a molecular weight of about 250,000 Daltons. The interception point
suggests that a Cr/alumina-boria catalyst containing 1 mmoi/g boria that was precalcined may
generate a polymeric composition having a reduced number of components with molecular
weights of less than about 250,000 Daltons when compared to an otherwise similar catalyst that
was not precalcined. |
[0066] Similarly, the 3 mmol/g curve intercepted the 3 mmol/g precaicined curve at a
molecular weight of about 250,000 Daltons. The interception point suggests that 3 mmol/g
precalcined may decrease polymers with molecular weight of less than about 575,000 Daltons
and may increase polymers with molecular 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 (o 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.



150 1245 0.45 38 Yes 1 150 2191 0.00 39 Yes 1 150 2526 0.00 40 Yes 3
150 1751 0.03 41 Yes 3 150

25
Table 4
Molcj,cular Observation Observation QObservation Ohbservation
Sample Weights Tvs. 1 3vs.3
Ovs. | Ovs. 3 X .
Daltons precalcined precalcined
44 1,000 ~ 58% lower n/a n/a n/a
45 10,000 ~ 12% lower ~ 10% lower ~ 20% lower ~ 5% lower
47 -1,000,000 ~ 47% higher ~ 65% higher ~25% higher ~ 13% higher
48 10,000,000 ~ 150% higher ~ 100% higher n/a n/a
[0068] While embodiments of the invention have been shown and described, modifications

thereof can be made without departing from the spirit and teachings of the invention. The
embodiments described herein are exemplary only, and are not intended to be limiting. Many
variations and modifications of the invention disclosed herein are possible and are within the
scope of the invention. Where numerical ranges or limitations are expressly stated, such
express ranges or limitations should be understood to include iterative ranges or limitations of
like magnitude falling within the expressly stated ranges or limitations (e.g., from about 1to
about 10 includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). For example,
whenever a numerical range with a lower limit, Ry, and an upper limit, Ry, is disclosed, any
number falling within the range is specifically disclosed. In particular, the following
numbers within the range are specifically disclosed: R=R. +k* (Ry-R.), wherein k is a
variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e., k is 1 percent,
2 percent, 3 percent, 4 percent, 5 percent, ..... 50 percent, 51 percent, 52 percent, ....., 95
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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molecular weight distribution of the polymeric composition was again
observed to vary between polymer sajgples prepared using the catalysts
described. Figure 3 is a plot of the dW/d(Log M) against the log molecular
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especially any reference that may have a publication date afier 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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precursor and the chromium-containing compound.

5. The method of claim 1 wherein the support comprises alumina, boehmite, gamma
alumina, or combinations thereof.

6 The method of claim 1 wherein the polymerization catalyst comprises from about
50% to about 99% support by final weight of the polymerization catalyst, and
the support comprises equal to or greater than about 70% alumina.

7. The method of claim 1 wherein the chrﬁmium-containjng 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(If), chromium (1IL) acetylacetonate, chromous fluoride,
chromous chloride, chromous bromide, chromous iodide, chromium (II) bis(2-
cthylhexanoate), chromium (II) acetate, chromium (II) butyrate, chromium (II)

neopentanoate, chromium (II) laurate, chromium (If) stearate, chromium ({I) oxalate,



10.

11.

1,000 -58% lower n/a n/a n/a 45 10,000 - 12% lower - 10% lower - 20%
lower -5% lower 47 1,000,000 -47% higher -65% higher - 25% higher -
13% higher 48 10,000,000 - 150% H§her - 100% higher n/a n/a
[0068]While embodiments of the invention have been shown and

dea%%gmﬂﬁjj E&%Q@,S chromium (II) pyrrolide(s), chromous sulfate, chromium (I
compound, chromium carboxylates, chromium naphthenates, chromium halides,
chromivm pyrrolides, ch_romium benzoates, chromium dionates, chromiunt nitrates,
chromium sulfates, chromium (III) isooctanocate, chromium (II) 22.6.6-
tetramethylheptanedionate, chromium (III) naphthenate, chromium (HI) chloride,
chromium (TIf) tris(2-cthylhexanoate), chromium (I} oxy-2-ethylhexanoate, chromium
(11 dichloroethythexanoate, chromium (Il) acetylacetonate, chromium (HI) acetate,
chromium (Il) butyrate, chromium (II) neopentanoate, chromium (I laurate,
chromium {(IlI) sulfate, chromium (ﬁI) oxalate, chromium (I} benzoate, chromium
(I} pyrrolide(s), chromium (IIT) perchlorate, chromium (IIIy chlorate, tertiary butyl
chromate in a hydrocarbon liquid, chromium trioxide in water, chromium trioxide in
acetonitrile, chromium acetate in water, chromium nitrate in alcohol, zerovalent
organochromium compounds, pi bonded chromium complexes,‘ dicumene chromium,
dibenzene chromium in hydrocarbon, or combinatioqs thereof.

The method of claim 1 wherein the polymerization catalyst comprises from about
0.01% to about 10 % chromium by final weight of the polymerization catalyst.

The method of claim 1 wherein the boria precursor comprises 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 | wherein the boria precursor 1s boric acid and the support 15
alumina.

The method of claim 1 wherein the polymerization catalyst comprises equal to or less

than about 1% boria by final weight of the polymerization catalyst.
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provide a catalyst precursor, wherein the support is pre-calcined prior to .
contagivigiee soppastwitin oribydenmoherchpoimioen-chatailving coprpmEEyLCompnse
and one or more boria precursors; and (b) activating the catalyst
precursgbyenprovidecihsosintariolsfiorceenaiyet. d_ thy Rel yisheRBxises Ay cthylene
wherein the support is first contacted with the boria precursor and
subse§PRHPEontacted with the chromium-containing compound. 3. The

method of claim 1 wherein the su_g, orEt is first co?tacteriiimﬁ?ﬁt > qual to or less than
hromithfi-ESHAT § 8B PO SF R a 8E BSeFEn T Eontacted with the

boria precursor 04 Th(? method of claim 1 wherein the support is

contac%g uéin%hanmé%lﬁgfy with the boria precursor and the

g P romi e&%ﬁ%@é@?%&%ﬁ%ﬁ%& %@%mgqlﬁféﬁ@d—wggﬁl‘@ e of equal to

Support'comprises alum mite, gamma alumina, or combinations
thereoLrﬁg]i&qep}%Bgig&ft glaim | wherein the polymerization c_atalyst
comprises from about 50% to about 99% support by fmal weight of the
polymerization catalyst, and the support comprises equal to or greater
than about 70% alumina. 7.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 (HI)
acetylacetonate, chromous fluoride, chromous chloride, chromous

hrormida Ahramnarie indida Ahreamtiaom (RN hiel/? athw/lhoavanAaata) -
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22.

23.

24.

25.

sodium metaborate, potassium metaborate, metaboric acid, orthoboric

acid, tetraboric acid, boron alkoxide, borate, boric ethide, or combinations
thereof 10. The method of claim | whéfein the boria precursor is boric acid
and the support is alumina. 11. The method of claim | wherein the
polymerzation sRtayst j I # ‘?Bﬁo», 1% boria by
final weight of the polym%rﬁgé%gﬁlség?a#%@e%l %& 2&met %J'gl 0tc gi?ﬁufym o
whereinciBcoMaetingD @eeUsaadon-exchange, incipient wetness, pore

fill, aqueous impregnation, organic solvent impregnation, melt coating, dry

mixiihg, medohbinatibns $reteefil 3nd paynethad ptalaimi )9#1?691%%&01 Whto

precalcining comprises heating the support in a range of from about 40

to about 600°€ irl deThaonatbodoof glaieoulfusher:CompHsing ‘P@{ﬁf@% tﬁ%rage
support after contact with the boria precursor and before contact with the
chrovliernlaoneighing egmpoundledStifhebmeations Dhataisn 3 further
comprising calcining the support after contact with the

chr%%ﬁ URsiEeR taintgne dd pdendatig pefprechntastinitbathebgriater than about
precursor. 16. The method of claim 1 wherein the catalyst precursor is
actiiedhy e tmrrat #fehigerawirsBatronisiboumaBoents abving 780 Gverage
for a period of from about 1 minute to about 10 hrs. 17. The method of

cla RHE &SR SRR A ssrr A RAPStIvaS OBBINPRD RIS activity

of al rgr t than about 1000 g/g-h. 18. The method of claim 1
further (%%ﬁﬁ?g% tc[%n ;i‘ct‘f‘r B BSIyHRERT S RPPESES H RN Biethy Alwrina is

ole 'Pe@&?&f?é'@‘%ﬁs in ar action zone under c§uit le reaction cgnditions to .
forr% a polymer a‘{lﬁﬁjargggggﬁ%uﬁ‘?énp%@fﬁnﬁef?f ORETSUCHh wdiRébeyt 1000 °C

Thepgtiaad of laimsRNhaIER: e slsfingngRgmers 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. 20. The method of claim 18
wherein the polymer has an HLMI of equal to or less than about 1 g/10
minutes. 21. The method of claim 18 wherein the polymer has
Carreau-Yasada-a value of equal to or greater than about 0.2. 30 22. The
method of claim 18 wherein the polymer has a molecular weight of equal
to or greater than about 500,000 Daltons. 23. The method of claim 18
wherein the polymer has a reduction of from about 10% to about 100% in
the amount of low molecular weight components having an average
molecular weight of equal to or less than about 1000 Daltons. 24. The
method of claim 18 wherein the polymer has an increase of greater than-
about 50% in the amount of high molecular. weight components having an
average molecular weight of equal to or greater than about 1,000,000
Daltons. 25. The method of claim 1 wherein the support comprises
alumina and the alumina is precalcined in air at a temperature in the
range of from about 300 C to about 1000 C for a time of from about 1
minute to about 10 hours.



