1 METHODS OF ACTI VATI NG CHROM UM CATALYSTS CROSS- REFERENCE TO RELATED
APPLI CATI ON This application clainms priority to U S. Provi sional

Pat ent Application Serial No. 60/570,521 "New Resins and Catal ysts from

| mproved Activation Methods,"” filed May,12, 2004 and incorporated herein in
its entirety. TECHNI CAL FI ELD OF THE | NWVENTI ON The present invention
relates to chrom um catal ysts, nethods for activating chrom um catal ysts,
and pol yneri zation tidl g iV, i um cat al yst s.
Chrom um cat al ysts §ﬁ§ﬁ§§§§%%gﬁfﬁ&ﬁ@@gFﬁyﬁﬁﬁéﬁﬁﬁi%ﬁgﬁeégﬁéﬁgi pol yet hyl ene.
BACKGROUND OF THE | NVENTI ON Chrom um cat al ysts are used t hroughout
the world for the polynerization of polyethylene. Catalyst nmanufacturers
prepare the catal ysts, often by placing the chromiumon a solid support,
such as @ROBSAREBERENGEEO RIEFIGAEEPpOPRLIKAION 0 st abilize the activity of
the chromumand allows the catalyst to be shipped in an inactive formto
t he pur chaser ThiOng@litdiinCelbimhsy ptiodtyr tov €5S.aProdisietay Patentppliagtion SedalsNbe,

it nust be activated for use in the polynerization process. Typical

conmmer Ci &/5A553 1V AR RAIRCERISCRIGHE Shoth 1RbrAeh AGRafioh MuiRbsPMicadhy 35S by
calcining or heating large quantities of the catalyst in dry air.

Activati 4Q%.9%&%&&a gh% h§1W$H%¥@§ of activation apparatus or vessel such
as a flul |ze8 ed actrvator. S pchedure may involve |arge and
expensi ve equi pnment in which the catalyst is heated over a period of tine
or "ranped up" to an activation tenperature of 600-900C. The ranp up is
conducted slowy over a %eriod of many hours and then the tenperature is 2
mai nt ai nEACHPNICAM FRELILOFAAHE RVENATROUr s. The catal yst is then cool ed down
and di scharged fromthe activator equipnent. The entire procedure generally
requi res 36 hbhg presemt doepliet eelaesctochedmiunbDestalgsts, methbdefoaattivating thtomiem
required to activate the catal yst would shorten the process cycle tinme and
I ncr eas ecakdIgstr Qﬂ&'cﬁélzfn%ﬁz&font Peoceed | WEliziRet theqd iGvaeU ¢Hiemium SUVAINGY, OF
THE | NVENTI ON The present invention relates to rapid activation

met hods : ] 14 i.vati on process
e roscp P LR Stk Ate 10 Brop i ik Gonefy sliRBTHertL

Novel activation processes of the present invention conprise subjecting a
catalyst to a first stage conprising a first ranp up tinme to a first
deﬂredta?gm%me MHMaiMn&thestttemmrmureforafirﬁ hol d
period,:$6p UB9>QEB?é%PNN& THQhEatalyst to at | east a second stage
conprising a second ranmp up tinme to a second desired tenperature,

mai nt ai ni ng t@erogvenndatelyatsentst usasl flloughaw cthed weoldd fese theo dolymasizetion tdfe
second tenperature is greater than or equal to the first tenperature and a
t ot al agidlyeatiyledne. ayathlgstanmutics@asrsl pesgart tercaBllydigufisn by placing The clippad@asncan
further conprise independently conducting any stage of the process in at

| east onesAfdRHPBRY fich TRAIFHFRRNANAQ. CRIE RepbRIRRRNGSRYilYcl thE HOGHELE! e | Ng

the ranp up tine or the hold period of any Stage. The process further
. : A . i Crd
amp up rmhpE AT b IC RaERNs 1) BSnbEL i ol MdcH BERACCATRLN RN, TR
hird haold iod i i di zi h .. Addi t i I
el udo SRS Sttt § S ReS et B e Hompiepant ML BT SeUE) Bt i ng

a catalyst to a first stage conprising a first tenperature in at |east one

first atNebdpeEaEON NRIPERSE] nﬂﬁglcgﬁéom%@lak ARHEAURR UPOCESPS sonsigtspf RENRIBEr i od
foll owed by 3 instantaneously subjecting the catalyst to at | east a second
st age cahpmisimgaalystsc by deahtining pdre heatangd lags epentdtiaies ithed catelype imt dry eait.hat

is greater than the first tenperature and | ess than or equal to about

1000C, andivanbmisaperfontied HEsHREHPE of edtPRKiBh Uparhias oRveee&ach Roh duRkFddastd
Anot her aspect of the invention includes chrom um catal yst activation

I OCESSESy; risi : i i i .
Prot ant SEieRERVTR, BibcRlub B3/ infoldt AAESall b eh i Sodlibibnh MR ARRERBRE S 1)

heated to a.tenperature.of abqut 6Q0C,  hol ding.the tenperat L~abkout 1
noar -t o 1A Ve REHLSt fhe PESHIeR] U o B At b SRR iR SR Ch J0
tenperature to.,a range from about 800C to_ about 900C over a period of about

0 hour s '8P B conditadsslonwl @vergatieeiodepipaiany s apd dhen Hige tegrperatpigt is1
hour to about 10 hours, wherein the process is perforned in a batch node or

a continuous node. BRI EF DESCRI PTI ON OF THE FI GURES Figure 1 is a
graphic representation of the sensitivity of a chromumsilica catalyst to
noi sture at various tenperatures. Figure 2 is a graphic representation

of thernogravimetric anal ysis denonstrating the equival ence of tinme and
tenperature in the dehydration of silica. Figure 3 is a graphic
representation of thernogravinetric analysis demonstrating the weight |oss



Figure 4 is a graphic representation denonstrating the maxi nrum wei ght | oss
of catalyst during the isothermal hold. 4 DETAILED DESCRI PTI ON OF THE

| NVENTI ON The purpose of activation of chromiumcatal ysts is
dehydroxyl ati on of the catal yst support .and oxidation of any of the
trivalent formof chromum Cr(+3) to tHe hexaval ent form C (+6) and then
stabilization of the & (+6) form For purposes of the invention, the term

"stabilization",refer 0 this ivation process,resul.ti in e

oo ont urrfR e RGP ehqthft, B RO oRe pBRBETRINET S st At BRgpareed
catal yst can _contain a total of about 0.2 to about 2.0 % trival ent chrom um
by wei ghffomvihgachyaigi epupipenty c hhe eathe paacsdus gensrally peiyires 96 bpuisyjo wamglete
Fromthese 1% C catal ysts, a stabilization process yielding 0.6 to 0.8 wt
% Cr (6+) ohs cyaers Dedeteasingl i anading of Tinatrequiredito ackivato thei chéalysd vobardd shaipier thvhen
at | east 60%of the total C is converted to Cr(+6) during the activation.
Thi s val pocess dyefeaimeashd cheseathe paglutidtynsitbe fdtalg st avaingrequipnien(.+6) .  For

ef ficiency, the present commercial process activates catalysts in |arge

vol unes, for exanple, 500 to 1200 pounds (363 to 544 Kg), and requires
slowy heating up to a high tenperature, typically around 800C, over a |ong

period o s i I 36 hours. These high vol une commerci al
activatig%@hg?ﬂg$g&tgﬁgé%%ﬁﬁgﬁgﬁﬁy produce catal ysts containing from about
0.4 to about 6% Cr (+6) and can requi.re 36 hours, t onpl et.e. In general,
an activati onpf BESEY ip %&tww@ﬁt?é ta?@a@ artiYaiaR Tothody for gﬁremlmacf%aé%m/ i on
) Cr(+6) is considered commercially acceptable. The activation cycle is
ext ensi vBiehedaeise of the-eictivatiarh graeasy yimensesaliing. inTiHe aR@yamert obdicteator
itself, Cr03, deconposes into Cr(3+) and 02 when heated above 200C. Wen
chr om unequEppb@oatpudbn a support such as a silica or alum na surface, the
conpound is stabilized and can endure even up to 900C if there is an
absence of nONsl&lrRtivARINSIrHERsdsSof KROPRsdn® ih@nfors t&pdideCsabieclindg ditAB Bt tot0
achieving high stabilization to Cr(+6). Wen even traces of noisture are

1

present, glh @ta%{:' E?@%ﬁn@?%gt faflt A C]ﬁé(% Qlfﬁgted%sﬁ&gteggeﬁaf&é a0 fhe fitst

decorrpose to acl ng romum on a support oes not &l mnate

the influyence. of the i sture .because the s rt .surface, for, _exanple
ilica, Farenuds thofdin ROl gRpd; BYRE) 85 SRERae bR o grrl & odia
tenperatures. The deeper the area containing the catalyst in the catalyst
act i vat oft A& ERPRETRS frerid BENR 8P 4UNg 2 Sseondydesitgd dsmparpsdpantasieg thee i s
rel eased. This nmakes it difficult to achieve high stabilization and high
out put stesond tempstaiiug fona aeendrhold perioda athierein dre. seTomdt tehpeture asrgesatst ghan
activation nmethods generally proceed over extended periods of time to

m ni m zeort dygaleth ftecfirsofenmeiAtingradd anotahsctivatiad ¢sele contbriseelesy (b B0 hours.
stabilization. The total activation of the catalyst at high tenperature

typically takege grob&kahn afrtBPchiapfis independcHil§ RhESRML ahi¥@BE bPihepRIREES O
rapid activation nethods for chrom um catalysts, resulting in thé reduction

of the t r J i I I t
out put, SR i GARES Thinfiibher Bl SREMRHED D B Bhlhe RRAERRL .
to activate c&% Iéfts.fo%‘the Eresent i nvention. Such equi prent can incl ude
any vess#fe gt gﬁ RS 9EABY 68B%g, but not linited to, rotary cal ciners,
static pan drying, and fluidized beds. Such equi pnent can operate in a
static or batherrragsae fitier pomprigesfplloiingshersrsend pﬁg@ Matheathardgtags comprisigor
bat ch node, a vessel or apparatus containing the catalyst bed can be

subj ect edthsioraspt umatiing to @ thad itowserstusgeSlesys thamd 06@10 st hddingrfoceslsird kold a
conti nuous node, the stages of the process can occur in a series of zones

t hr ough pdpiodhin bl exidadiad Malospiagees on its path through the activation
appar at us. In a fluidized bed activator, gas flows upward through a

grid plate ggﬁﬁ N iR i h t: t is
positioned. T éﬂg%£Q%%%E£§htalnk@%ﬁ%ﬁEggggggg%ﬁggm%%ggéggggééﬁ %@?&%%&2

at nrosphere. The catalyst is.mxed in the. gas as it flows creating a

R e e O e e R R N Rl B
The gas flow for fluidized bed activators can range from about Q.01 to
about 1 3HetPhsEs BWHEHBINGO e Rrst Jemperaisg sE¥) a Arste halk ingarg | falloavedady

vel ocity can range from about 0.05 to about 0.5 ft/sec (1.5 to 15 cm sec),
or fromabout 0.1 to about 0.3 ft/sec (3-9 cnlsec). Cat al ysts suitable
for the present invention include any catal ysts suitable for polynerizing
pol yol efins and conprising chrom umon a support. The chrom um content can
range from about 0.1 to about 10% by wei ght based upon the total weight of
the catalyst. Alternatively, the chrom um content can range from about 0.2
to about 5% by wei ght, or about 0.5 to about 2% by weight. Suitable



8 equal to 3 hours. In one aspect of this invention any ranp up tinme can be
| ess than 3 hours. In another aspect any ranp up tine can be |ess than or
equal to about one hour. In another aspect any ranp up tine can be

i nst ant aneous, or about zero hours. 5 the ranp up time is instantaneous
or about O hours, the catalyst is intro uced into a pre-heated envi ronnent .
For purposes of the invention, the term"instantaneous" refers to

i ntroducin he cat al st to.a pre;heate |ron t wherein the ra

e oottt GrifRets, ol BELG Hb et ¢ SRBR SHPCOmBrisRE, heetond
invention, the first tenperature can be in_a range of |ess than or equal to
500C to P@aesphergangp S%cq)aadetltﬁdﬁemeerat%ﬂ@he gegardhapthedstdemperatire and lesre
first stage tenperature (T1l) is |ess than about 700C. In another aspect, Ti
is | ess thamrayoak to6@®at 400G antli hbintanondhére ssped tgmetatuse forss sachadh halout
500C. The second stage tenperature (T2) can be any tenperature greater than
or equal périodli and | ess than or equal to 1000C In one aspect of this
invention T2 is |l ess than about 1000C. |In another aspect 12 is from about

600C to aboul,dROCasdelt itk ARBHAGT RIRES! cHrémi®m 529 ?tb Q&EVBZIQIQ C;[nroges@%om
870C. In still anot er aspect T2 is 750C to 850C. For hird age, the

third tenperature t he h hes erat ur.e to i at.al. IS
exposed. PN 8 Lo 2 sk Syt o b SRS bl gls%ecape ufsi‘yt HEOReER | on
T3 is less than about 1000C I n anoth r. aspect T3 is fromabout 600C to
about 90BREIYFH{O &paM %leélh Bisphere Béeé’touﬁg’ hegledt Bﬁtt%ﬁﬂ?tu?@@%qofﬂt é@b& gelﬁme In
still another aspect T3 is 750C to 850C. The hol d periods can al so be
vari ed i thddpanerewrs for abaut | ihour t91abaup 28 Awurs3 fdkmvadebst heeeadestage apnfrfrisingnt .
Any hol d period can range from1l mnute to about 30 hours. In one aspect
any hol drajsétig the teapera@ang®e 4 range &oausbolit 800N © dboub®AOIC S&r hgerisd of abandt her
aspect any hold period can range from about 10 m nutes to about 8 hours,

and i n apQihey aRePe Gbudoldiak dhdR fp@ﬁhtlﬁ@'forraﬁﬁﬂge br sspuRd Gebr ROaUBUNYG BSurk,0
about 3 hours. Activafion of catalysts of the present invention can

9
Oceur . "HEELAHS pRLPRSEHER e IRE LALABIRNTS YAt nddadependent |y during
various stages of the activation process, or t atnns ere can remain
consi stent throughout all stages of the process. Atnospheres can conprise
oxi di zing, inert, and reducing conpounds. The rel evant at nosphere can be

i ntroduced |nde endent to the activation process during any part of any
st age, BRI &S BJPH@N%EI'WI@HRQ Sme or duri ng the hold period for any
stage of the process. For exanple, an atnosphere can be introduced during
t he hol d perhige df istchgraphicseprssemjaicanel tha sansivephef e chromibey/sihea catalystdto
during the ranp up tine of the second stage and then anot her atnosphere

i nt r oducedistite atnGriobetehplechtyres.i od of the second st age. Each stage can
be conduct ed i ndependently in an oxidizing, an inert, or a reducing

at mospher e, HOWBVE(s a igtaphic AGYABEBESPYS tlﬁé?fno%\%@nﬁétﬂ@lanﬁiyéige;le%{onfst?ﬁlr@ feess
to be conducted in an OXIdIZIng at nosphere en the invention conprises a

third SteZ]%fValénE f(‘rpﬁ%n@%\‘rﬁ%kﬂ@x%%?hé&hgéﬁ% &?Pg%i}lgé zi ng_atmospher e.

This inv er conprises optiona OW ng a | ast stage of a
process with.a ste I Si ng subj.ect the catal.yst to a, reduction_at
D00 to B00EIEHE S Petigtanhl PSSRt Of AOHMAE T RF e AHEHOR, BT olE 10
m nutes to about 5 hours. Cx|d|2|ng at nospheres can include pure
oxygen oveightdpssrf catalyst@riesiprs iegpsajgendurmgyde ssotheamplhald Bydrdus air can be
used. The termdry air refers to substantially anhydrous air. Gas

cont ai ni ng ffigme dbeatgrdphicoreptrsentatididénonsgetingthn nrximsedweight lesnaf ¢avadyyt t he
gas can contain fromabout 10 to about 50% oxygen, or from about 15%to
about 3QffriaxYeeRothb@ial BUIdPOses of the invention, the term"air" refers to
an oxi di zi ng atnosphere. O her oxidizing conpounds that can be used in an
oxi di zi ng at nosphere include, but are not limted to, nitrous oxide (N20),
nitrogen dioxide (NOQ2), nitric oxide (NO, oxygen containing halide
conpounds such as iodi ne pentoxide (1205) or chlorine nonoxide (C120) and
other materials 10 which rel ease oxygen. An oxidi zing atnosphere can

conprise any conbi nations of the foregoi ng conpounds. | nert atnospheres
can include, but are not limted to, carbon dioxide (CQ2), vacuum helium
argon and nitrogen. Any conbination is al so appropriate. Reduci ng

at nospheres include, but are not limted to, carbon nonoxide (CO, hydrogen
(H2), and materials that deconpose to CO C and H2. Suitable materials

i ncl ude hydrocarbons, al cohols, amoni a and carboxylic acids. Any
conbination is al so appropriate. Conbi nati ons of atnospheres at
different stages of the activation process can be enpl oyed for the present
invention. For exanple, a first stage of activation can be conducted in an



In one aspect of the invention, a two-step process for decreasing chrom um
catal yst activation tinme conprises heating a chrom um catal yst by
fluidization in dry air in a static batch process for less than 3 hours to
a first tenperature less than 700C, nmaintaining the catalyst at the first
tenperature for a first hold period gredter than 1 mnute, heating in dry
air for less than 1 hour to a second tenperature greater than the first
tenperature, and naintaining at the second tenperature for a second hold
period greater than 1 hour. The total cycle tine is |ess than 10 hours.

An al terpative as i nvention conprises a batch process in which
t he cat%ﬁyélmﬁrs) DI‘%QI&W&I@B} @E\T@rFyINYENEIQNng air into a pre-heated
environnment heated to a first tenperature |l ess than 700C, nmintaining the
cat al yst at Theephippst of enppeatianuefeckromiwmfdatadysts d delp)eilrd)xydiatigmeaﬁ gre tétalystl

m nute, heating for less than 3 hours to a second tenperature greater than
the fir ssupperpedadnidaionssfl ddy dfthertyivalent, formdofreliroindum, OF+3) td e sacoadnt
tenperature for a second hold period greater than 1 hour. The total cycle

tine is f28Sckhag) 4 MeVSs@bilization &'F tthQer @%ﬁ?&hﬁ Pér ﬂdi‘ﬁoée@\ﬂ?'ﬂ{e' P RRAPHSE @

continuous activation process in which rom um catal yst is introduced
into as e y h
oD o §8ﬁ| 3%@:1&?‘?&{ 1%§ r% Eﬁ’*@ aagvahﬂg%?o&?sa sﬂlginé %‘%ﬁr%cﬁ?q %Ir@ffecmfnﬁse .
at 600C or le St e flnal zone is ap 700- 9000 and th

acti vat i Of @AM ‘5;1}1%%% aP‘H‘é%ﬁ“’?sar?BH?%emaf Ca"?‘%“a‘??“a"?‘tnéarlﬁé‘tﬁo\ﬁé 035%86& 051t he
invention, a process for activating a chrom um catal yst conprises using an
i nert oraboatiadi %agrivalentdihsemivenbyyasishh Biest Gequendy suetyesialysts gonaincbost 1%13
continuous process. A chromumcatalyst is raised to a first tenperature of
about 700Cbpmweigss Franehesa [3erGrontabystd, assatilizatioB pdroeess yeiding) 816dtoald. 8 tialto
tenperature for greater than 1 mnute. The catalyst is then heated for |ess

than 1 h@§6+)t@ RnSideed dictielHRer That' ie, 16 3bBiddrdtPBesiraBlefWhdht attleqg0 @084 bf e and
nalntaln at the second tenperature for a second hold period greater than

1 mn. ld s 'c&m%?tléd t(9 Q{r{w‘% Autive 1REANRALGS TRisA AN 1':53 fﬁ & ﬂ&ﬂéfﬂe s the

greater t an or equa previ ous tenperature, ere OI’ a

third hold ri od of £ nlnute

1 di 2 e 5ol o ermap foofH F IR B r ePreteht ERBHRATRE gt re Bng °
heating zo and the final_ zone is |n dry. oxi di sphere. The tota
cycl e t.%aqy%s Inelegee Yolmes; fap graguple, > Y%%p%l & 63050? eKEh\AaA rPgHites

i ncreasing the output of chron1un1cataly in an activation process is

cont enpl $@wly. heating tp dela thigh fenperdweniypichldy etaupd8081C, shveoailang reatod| ofime,
activation conprises instantaneously subjecting a catalyst to a tenperature
of abouttypid8lly iarouvadf3a dbumat nbhgkeligh ofolurh¢ rcogeimercnl aetivadonsranardutd, 800°C

mai ntaining the tenperature for at |east about 15 minutes, exchanging the

first atysasiphgiofudOsatAPRY S6RMfindi ffom ABSut R4 € Asbut D&% @?@6)( 8hd 8dn fdire 36

tenperature for an additional period of tine. Activated catal ysts of
th
e P eBil KRB GRRe ﬂ%ﬁ%&g@g@%&%@% ALIGRLAELD Bl OARE 364 8%,

polynerlzatlan I i ncludes a | ion reactor known in the art
that is €8 %EP8>§?5%3F@ @?Fﬁﬁogwg?gﬁl%ﬁ Rég "to produce horpol yners or
copol yners of the present invention. Such reactors can conprise slurry
reactors, gd$epPRAEEoRSHele by @Xte@%\re&cher@a@brsSth@Fnaélwméf@ i ndeihsayadt eof .
Gas phase reactors can conprise fluidized bed reactors or tubular reactors.
Slurry roadst osddf,c@rOx alepompeseyanto €a(3-+H) cmds Oprwhar heaed aboveo@P8°C.SoWienon
reactors can conprise stirred tank or autoclave reactors. Such reactors can

be combichegniuft & plikéd Phea sepEirokudy 8¢ eNElioP oF all@dina nsupRtdl thel codfipdud is
series. The catalyst also may be used to produce 14 ethylene polynmers in a

parti cl %tafb‘i’lfz%ﬁ%@%%ﬁ Sndire B8 hg%@@ob‘t Htﬁere étaﬁ%sﬁ% of In§rd ORtoiturdly. 175
and 6, 239, 235 which are |ncorp rated by reference herein in their entirety.

I | h
ARPER L R u'c}chéje‘)ai/e'.ﬁ‘igé5‘0&%&1%@?&5%&?@%%
tenperature i MmtbaowthetamaaUHeatmhc } ymer swells or

goes i ntBceOPLTOBHIC PHePEatbciha chFamats eslge cnbe hyfelzsd ﬁiﬂ% rQSc(éLé% CAhASHR

wi thin a range of about 150F to about 230F (about 65C to about 110C),

al t hough hi gher or |ower tenperatures can sonetines be used. Polynerization
met hods for the slurry process can enploy a |oop reactor or utilize a
plurality of stirred reactors either in series, parallel or conbinations
wherein the reaction conditions can be different in each of the reactors.
Such pol yneri zation techni ques are disclosed in U S. Patent Nos. 3,248,179,
4,424, 341; 4,501, 885; 4,613,484; 4,737,280; and 5,597,892; which are



For the | aboratory studies, about 10 grans of commercial catal yst was
placed in a 1.75- inch (4.4 cm quartz tube fitted wth a sintered quartz
disk at the bottom Wiile the catal yst was supported on the disk, the
fluidization gas (air, nitrogen, or carhon nonoxi de) was bl own up through
the disk at the linear rate of about 0.f to 0.3 ft/sec (3-9 cmsec). An

el ectric furnace was placed around the quartz tube in order to heat the
tube. A thernocouple s,pl ac i.nside the tube to nmonitor erature. . and
the i gndfCoRTEN B Ghe: PREEE Shee RNy AR echiT: isobr kBels PR AR os o
that also supplied current to the heater. The controller could be,

pr ogr anmihg mesEg kesapsedhe syrpertavipes, 4ot ¢9EPIS, SiligRistrasRs qnItUEe 35 i bghsatde
and hold it at specified tenperatures for specified periods of tine.

For the toptogodssiselyphighsr tehperairas. y Sthewdeepétl thiedirze donraimi the Cat2lystt insée ( 6
cmsec) of dry air and the tenperature was raised at the rate of about 60C

t 0 about cAfl0& REVatbPBuipBehth@efdeed fLtk tHRNRENR: beg), thy piotahloystiae 3l icle360.C.
At that tenperature the catal yst was allowed to fluidize for three to five

hours i nriiengltk Ridifrichii (6" Rle tmg}j cabal4Ein YRS HAl |o€&yh?@irﬁﬂf§n§6&g§@r% ynder

dry nitrogen, where it was protect fromthe atnoSphere until rea or
testing. Before.that ti it mas never .all {Q ri a o] re
o the A eRie oivathh rheloiS ORARICRE nBHoh T RR LERRD Pt o,
tube was preset and heated to, the desired tenperature and the catal yst was
si nply spetled qgrip 6 fe oUBBIBE S BURT ClOPGBRIE TR CUAT: A BE CIR')

"I nstant aneous" tenperature rise, sonetines referred to as a "drop in".
Hexaval estebilirational Thsitetahactiveten of the datelyshaidhialy tempayature gpigallotakesd ttglsal
into a INsulfuric acid solution. A few drops of 1, 10-phenanthroline iron
(1) sul3@heurs.0. 025M in water, was used as an indicator. While stirring,
the solution was titrated with a standardi zed sol ution of ferrous amoni um

sul fate in vHeepresstiit inbedtid tIsteead %pi@h@éi%ﬁo&%@chods-rh’drsclﬁ_@hﬁﬁrﬁ%&t&lﬁﬁs,
calibrated by reaction with potassiumdichromate. The reaction was the

reduct i ofi Iiné)il( o rdddicdd Bg)thgﬁc%z&;&ﬂoe&scﬁmg %ﬁi{ Zhe tiﬁ{)ﬁ)%ﬁgﬁt of a%tivator
Pol ynerization runs were made in a 2.2 l'iter steel reactor equi pped wth a
marine stirrer tro{ a%)i ng at 400 rpm The reactor was surrounded by a steel

j acket ORI RY'™PH6i I ing nmet hanol and connected to a steel condenser. The
boiling point of the nethanol was controlled by varying the nitrogen
pressure appyarioys tPes 198 acBYASTRBIEPBH JF SBRYALUS EAR OF UsRT (0 edivpieqatalysts for
instrunments pernmtted precise tenperature control to within half a degree
cent i gr atie present inymitioss Sutlh equipmentsiaatiedydeanymedssel anppprratpainslnding, but ¢
about 0.10 grans) of the solid catalyst was first charged or added under an
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cm/sec). Alternatively, the gas velocity can range from about 0.05 to about 0.5 ft/sec (1.5 to
15 cm.sec), or from about 0.1 to about 0.3 ft/sec (3-9 cm/sec).

Catalysts suitable for the present invention include any catalysts suitable for
polymerizing polyolefins and comprising chromium on a support. The chromium content can
range from about 0.1 to about 10% by weight based upon the total weight of the catalyst.
Alternatively, the chromium content can range from about 0.2 to about 5% by weight, or
about 0.5 to about 2% by weight. Suitable supports for chromium catalysts of the present
invention include, but are not limited to, silica, alumina, aluminophosphates, metal oxides
such as oxides of titanium, zirconium, boron, zinc, magnesium, and the like, or combinations
thereof. Suitable supports may also contain other promoters including, but not limited to,
fluoride, sulfate, fluoroborates, silicofluorides and the like. Suitable catalysts can be
purchased from commercial sources such as the Grace Davison Division of W. R. Grace &
Company, Columbia, MD.

Catalysts activated according to the present invention typically have 40 to 100% of the
total chromium converted to the hexavalent form after activation at 750°C to 900°C. In
another aspect, conversion of 50% to 100% of total Cr to Cr(+6) is achieved. In yet another
aspect, conversions of 60% to 100% are achieved at 750°C to 900°C and in still another
aspect conversions of 80 to 100% are achieved. It is known that high conversions are more
easily achieved at lower temperatures (see M.P.McDaniel; The State of Cr(VI) on the Phillips
Polymerization Catalyst IV. Saturation Coverage; J.Catal. 76, 37(1982)).

Activations conducted according to the present invention comprise heating the catalyst
to a final desired temperature in two or optionally three stages. For purposes of the invention,

the term “stage” refers to heating a catalyst to a desired temperature and then maintaining that

temperature for a period of time. A stage can be performed when the catalyst is in a
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stationary position or by moving the catalyst through various locations. A first stage
comprises a first ramp up time (R1) to a first desired temperature (T1), and maintaining the
catalyst at that temperature for a first hold period (H1). For purposes of the invention, the
term “ramp up time” refers to a period of time over which the temperature is increased and the
terms “hold time” and “hold period” are considered interchangeable. Following the first stage
the catalyst is subjected to at least a second stage comprising a second ramp up time (R2), to a
second temperature (T2), and a second hold period (H2). The activation processes of the
present invention further comprise independently conducting any stage of the process in at
least one atmosphere. The atmosphere can be independently introduced during the ramp up
time or the hold period of any stage.

Optionally, the process comprises a third stage comprising a third ramp up time (R3), to
a third temperature, (T3) and a third hold period (H3). According to this invention it can be
advantageous for the third stage or the last performed stage of the process to be conducted in
an oxidizing atmosphere.

Any of the aspects of the present invention can further comprise a final reducing
treatment following the last holding period of the activation process. The final reducing
treatment comprises introducing the catalyst to a reducing atmosphere for a period of time
ranging from about 10 minutes to about 5 hours. The reducing atmosphere can comprise pure
CO or CO in mixtures with other inert gasses. Introducing the catalyst to the reducing
atmosphere can comprise exchanging the atmosphere within an activation vessel, or any other
commercially acceptable process for introducing the catalyst to the reducing atmosphere. The
reducing step can be performed in temperatures ranging from about 200°C to about 500°C.

The ramp up times, R1, R2 and R3, can be the same amount of time or they can each be

independently different. The range for any ramp up time can be instantaneous to less than or
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equal to 3 hours. In one aspect of this invention any ramp up time can be less than 3 hours.
In another aspect any ramp up time can be less than or equal to about one hour. In another
aspect, any ramp up time can be instantaneous, or about zero hours. When the ramp up time
is instantaneous or about 0 hours, the catalyst is introduced into a pre-heated environment.
For purposes of the invention, the term “instantaneous” refers to introducing the catalyst to a
pre-heated environment wherein the ramp up time would be negligible or about 0 hours.

For purposes of the invention, the first temperature can be in a range of less than or
equal to 500°C to less than or equal to 700°C . In one aspect of this invention the first stage
temperature (T1) is less than about 700°C. In another aspect, T1 is less than about 600°C and
in still another aspect, T1 is less than about 500°C. The second stage temperature (T2) can be
any temperature greater than or equal to T1 and less than or equal to 1000°C . In one aspect
of this invention T2 is less than about 1000°C. In another aspect T2 is from about 600°C to
about 900°C. In still another aspect T2 is from about 700°C to about 870°C. In still another
aspect T2 is 750°C to 850°C. For any third stage, the third temperature (T3) is the highest
temperature to which the catalyst is exposed and is less than or equal to 1000°C. In one
aspect of this invention T3 is less than about 1000°C. In another aspect T3 is from about
600°C to about 900°C. In still another aspect T3 is from about 700°C to about 870°C. In still
another aspect T3 is 750°C to 850°C.

The hold periods can also be varied independently. That is, H1, H2 and H3 can be the
same or different. Any hold period can range from 1 minute to about 30 hours. In one aspect
any hold period can range from about 1 minute to about 30 hours. In another aspect any hold
period can range from about 10 minutes to about 8 hours, and in another aspect any hold

period can range from about 30 minutes to about 3 hours.
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Activation of catalysts of the present invention can occur in various atmospheres. The
atmosphere can vary independently during various stages of the activation process, or the
atmosphere can remain consistent throughout all stages of the process. Atmospheres can
comprise oxidizing, inert, and reducing compounds.  The relevant atmosphere can be
introduced independently to the activation process during any part of any stage, such as
during the ramp up time or during the hold period for any stage of the process. For example,
an atmosphere can be introduced during the hold period of the first stage and an atmosphere
can be introduced during the ramp up time of the second stage and then another atmosphere
introduced during the hold period of the second stage.

Each stage can be conducted independently in an oxidizing, an inert, or a reducing
atmosphere, however, it is advantageous for the final stage of the process to be conducted in
an oxidizing atmosphere. When the invention comprises a third stage, it can be advantageous
to use an oxidizing atmosphere.

This invention further comprises optionally following a last stage of a process with a
step comprising subjecting the catalyst to a reduction at 200°C to 500°C in a reducing
atmosphere such as carbon monoxide for about 10 minutes to about 5 hours.

Oxidizing atmospheres can include pure oxygen or ambient air containing oxygen.
Substantially anhydrous air can be used. The term dry air refers to substantially anhydrous
air. Gas containing from about 5 to about 100% oxygen can be used. Alternatively the gas
can contain from about 10 to about 50% oxygen, or from about 15% to about 30% oxygen.
For purposes of the invention, the term “air” refers to an oxidizing atmosphere. Other
oxidizing compounds that can be used in an oxidizing atmosphere include, but are not limited
to, nitrous oxide (N,O), nitrogen dioxide (NO,), nitric oxide (NO), oxygen containing halide

compounds such as iodine pentoxide (I,Os) or chlorine monoxide (Cl,0) and other materials
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which release oxygen. An oxidizing atmosphere can comprise any combinations of the
foregoing compounds.

Inert atmospheres can include, but are not limited to, carbon dioxide (CO,), vacuum,
helium, argon and nitrogen. Any combination is also appropriate.

Reducing atmospheres include, but are not limited to, carbon monoxide (CO), hydrogen
(H2), and materials that decompose to CO, C and H2. Suitable materials include
hydrocarbons, alcohols, ammonia and carboxylic acids. Any combination is also appropriate.

Combinations of atmospheres at different stages of the activation process can be
employed for the present invention. For example, a first stage of activation can be conducted
in an inert, an oxidizing or a reducing atmosphere and the second stage in an oxidizing
atmosphere. Likewise, the first stage can be conducted in an inert, an oxidizing or a reducing
atmosphere and the second stage in a reducing atmosphere. Any of the processes of the
present invention can further comprise exchanging the atmosphere from one atmosphere to
another during the first ramp up time or first holding period. For example, an oxidizing
atmosphere of the first holding period may be exchanged for another oxidizing atmosphere, a
reducing atmosphere or an inert atmosphere.  Likewise, any inert atmosphere can be
exchanged for another inert atmosphere, a reducing atmosphere or an oxidizing atmosphere.
A reducing atmosphere can be exchanged for another reducing atmosphere, an oxidizing or an
inert atmosphere.

The inventive process of selective shortening of ramp up and hold periods has little
consequence on catalyst quality and significantly shortens the overall activation time, also
referred to as total cycle time. Because the ramp up times R1, R2 and R3 of this invention are
relatively short, the overall activation time is decreased. In one aspect of this invention,

overall activation time (or cycle time) is less than about 20 hours. In another aspect, the
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overall activation time is less than about 15 hours. In still another aspect, the overall
activation time is less than about 10 hours and in another aspect it is less than about 6 hours.
In general, the overall activation time or total cycle time comprises the ramp up and hold
times and any additional time required to operate the process. For example, the total cycle
time can comprise time to cool the catalyst, time to position vessels or apparatus, and the like.

According to this invention, the percent of water in the atmosphere, including the
moisture released by the catalyst, is less than about 70% during the first stage of the activation
process. Alternatively the water content is less than about 50%, or less than about 10%.
During the second stage of the activation process the percentage of water in the atmosphere
can be adjusted to be less than about 30%, less than about 20% or less than about 10%.
During the final hold period of the last performed stage of the process, the amount of water in
the atmosphere was less than about 50,000 ppm, less than about 10,000 ppm or less than
about 1000 ppm.

In the case of a batch activation mode, a vessel comprising a catalyst bed containing
catalyst can be subjected to these stages sequentially and then the vessel and catalyst can be
cooled and the activated catalyst can be discharged. Generally, the temperatures are ramped
up over a period of time as the vessel is heated. Alternatively, it is possible to perform at least
one stage of the batch process by subjecting the vessel containing the catalyst to a preheated
environment, so that the ramp up time is instantaneous.

In the case of a continuous activation mode, any or all of the activation stages of the
process can occur throughout a series of heated zones, through which the catalyst passes on its
path through the activator vessel. In the case of a continuous activator, there is an
instantaneous temperature change as the catalyst moves from one heated zone into another

and the ramp times (R1, R2, and R3) would be negligible or instantaneous or about zero
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hours. Advantageously, the catalyst can be added to the activation apparatus continually and
removed continually upon completion of the process when a continuous mode is used.

During activation the catalyst bed depth can range from about 0.1 to about 20 feet (0.03
to 6 meters). In other aspects the bed depth can range from about 1 to about 10 feet (0.3 to 3
meters), or from about 2 to about 8 feet (0.6 to 2.4 meters).

In one aspect of the invention, a two-step process for decreasing chromium catalyst
activation time comprises heating a chromium catalyst by fluidization in dry air in a static
batch process for less than 3 hours to a first temperature less than 700°C, maintaining the
catalyst at the first temperature for a first hold period greater than 1 minute, heating in dry air
for less than 1 hour to a second temperature greater than the first temperature, and
maintaining at the second temperature for a second hold period greater than 1 hour. The total
cycle time is less than 10 hours.

An alternative aspect of the invention comprises a batch process in which the catalyst is
introduced in dry fluidizing air into a pre-heated environment heated to a first temperature
less than 700°C, maintaining the catalyst at the first temperature for a first hold period greater
than 1 minute, heating for less than 3 hours to a second temperature greater than the first
temperature, still in dry air, and maintaining at the second temperature for a second hold
period greater than 1 hour. The total cycle time is less than 10 hours.

Further aspects of the invention comprise a continuous activation process in which a
chromium catalyst is introduced into a successive series of two or three heating zones, each
set at the same or a higher temperature, in fluidizing dry air. The first zone is set at 600°C or
less, the final zone is set at 700-900°C, and the total activation time is less than 15 hours.

In an alternative aspect of the invention, a process for activating a chromium catalyst

comprises using an inert or reducing fluidization gas in one or two stages of a batch or
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continuous process. A chromium catalyst is raised to a first temperature of about 700°C or
less, over a period of less than 3 hours and held at that temperature for greater than 1 minute.
The catalyst is then heated for less than 1 hour to a second temperature greater than the first
temperature, and maintained at the second temperature for a second hold period greater than 1
min. Finally it may, optionally, be heated to a third temperature, greater than or equal to, the
previous temperature, and held there for a third hold period of greater than 1 minute. In this
aspect, the catalyst is fluidized in dry inert or reducing atmosphere, in the first and/or second
heating zone, and the final zone is in dry oxidizing atmosphere. The total cycle time is less
than 15 hours.

In one aspect of the invention, increasing the output of chromium catalyst in an
activation process is contemplated. A method for increasing the output of chromium catalyst
activation comprises instantaneously subjecting a catalyst to a temperature of about 800°C in
a first atmosphere of nitrogen or carbon monoxide, maintaining the temperature for at least
about 15 minutes, exchanging the first atmosphere for anhydrous air, and holding the catalyst
at the temperature for an additional period of time.

Activated catalysts of the present invention can be used in any type of olefin
polymerization reactor known in the art. For purposes of the invention, the term
polymerization reactor includes any polymerization reactor known in the art that is capable of
polymerizing olefin monomers to produce homopolymers or copolymers of the present
invention. Such reactors can comprise slurry reactors, gas-phase reactors, solution reactors or
any combination thereof. Gas phase reactors can comprise fluidized bed reactors or tubular
reactors. Slurry reactors can comprise vertical loops or horizontal loops. Solution reactors
can comprise stirred tank or autoclave reactors. Such reactors can be combined into multiple

reactor systems operated in parallel or in series. The catalyst also may be used to produce
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ethylene polymers in a particle form process as disclosed in U.S. Patent Nos. 3,624,063,
5,565,175 and 6,239,235 which are incorporated by reference herein in their entirety.

A loop reactor is commonly used for a polymerization technique commonly referred to
as particle form, or slurry process. For this process, the temperature is kept below the
temperature at which the polymer swells or goes into solution. The temperature in the particle
form process can be within a range of about 150°F to about 230°F (about 65°C to about
110°C), although higher or lower temperatures can sometimes be used. Polymerization
methods for the slurry process can employ a loop reactor or utilize a plurality of stirred
reactors either in series, parallel or combinations wherein the reaction conditions can be
different in each of the reactors. Such polymerization techniques are disclosed in U.S. Patent
Nos. 3,248,179, 4,424,341; 4,501,885; 4,613,484; 4,737,280; and 5,597,892; which are
incorporated by reference herein.

Activated catalysts of the present invention can be used for polymerization of
homopolymers or copolymers from monomers. Monomers useful in the present invention are
unsaturated hydrocarbons having from 2 to 20 carbon atoms. Monomers include, but are not
limited to, ethylene, propylene, 1-butene, 3-methyl-1-butene, 1-pentene, 3-methyl-1-pentene,
4-methyl-1-pentene, 1-hexene, 3-ethyl-1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene,
and mixtures thereof.

The molecular weight of the polymer can be controlled by various means known in the
art including but not limited to, adjusting the temperature (higher temperature giving lower
molecular weight) and introducing, or varying the amount of hydrogen, or varying the catalyst

compounds.
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EXAMPLES

The present invention is further illustrated by the following examples, which are not to
be construed in any way as imposing limitations upon the scope of the invention. On the
contrary, it is to be clearly understood that resort may be had to various other aspects,
embodiments, modifications, features, and equivalents thereof which, after reading the
description herein, may suggest themselves to one of ordinary skill in the art without
departing from the present invention or the scope of the appended claims.

To demonstrate the invention, three commercially available chromium catalysts were
selected. Both 969MS and 969MPI catalysts were obtained from W.R. Grace Company, and
EP30X was obtained from Inneos Company. These three catalyst grades are considered
equivalent in that they all have a surface area of about 300 m?/g, a pore volume of about 1.6
cc/g, an average particle size of about 90-100 microns, and contain a chromium loading of

about 1 wt %.

EXAMPLE 1

A laboratory procedure was designed to reproduce the longer procedure used for
commercial activations. In a commercial process, about 600-750 lbs (272 to 340 Kg) of
catalyst was introduced or charged to a vessel having a grid plate 42 inches (1.1 meters) in
diameter. Dry air or other oxidizing atmosphere was blown up through the plate to fluidize
the catalyst. Air was introduced at about 0.15 ft/sec (4.6 cm/sec), and the ramp up time, or
period of increasing temperature, typically took about 10 hours to reach 800°C. Longer ramp
up times can be used commercially to compensate for the increased moisture generated when

proportionally deeper beds of catalyst are used. The larger catalyst charge releases more
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moisture, which can damage the catalyst. To compensate, the moisture release that
accompanies the temperature rise is diluted in more air by slowing down the ramp up rate.

To reproduce commercial conditions for the laboratory studies, moisture was
deliberately added to the fluidizing gas and controlled by bubbling the gas through a 25°C
water column before it was used for activation. This fluidizing gas then contained 100%
humidity at room temperature. To obtain lower levels of humidity, the gas was either bubbled
through an ice-water column, or the levels of humidity were further diluted with dry gas
before being used for the activation procedure.

For the laboratory studies, about 10 grams of commercial catalyst was placed in a 1.75-
inch (4.4 cm) quartz tube fitted with a sintered quartz disk at the bottom. While the catalyst
was supported on the disk, the fluidization gas (air, nitrogen, or carbon monoxide) was blown
up through the disk at the linear rate of about 0.1 to 0.3 ft/sec (3-9 cm/sec). An electric
furnace was placed around the quartz tube in order to heat the tube. A thermocouple was
placed inside the tube to monitor temperature, and the signal from the thermocouple was
connected to an electronic controller that also supplied current to the heater. The controller
could be programmed to raise the temperature of the fluidized bed at a fixed rate, and hold it
at specified temperatures for specified periods of time.

For the control samples, the catalyst was fluidized in about 0.2 ft/sec (6 cm/sec) of dry
air and the temperature was raised at the rate of about 60°C to about 240°C per hour to the
desired temperature, typically around 800°C. At that temperature the catalyst was allowed to
fluidize for three to five hours in the dry air. Afterward the catalyst was collected and stored
under dry nitrogen, where it was protected from the atmosphere until ready for testing.

Before that time it was never allowed to experience any exposure to the atmosphere.
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In an alternative control sample, the activator tube was preset and heated to the desired
temperature and the catalyst was simply sprinkled into the tube over about 30 sec. This
constitutes an “instantaneous” temperature rise, sometimes referred to as a “drop in”.

Hexavalent Cr analysis was performed by adding about 1 gram of catalyst into a 1IN
sulfuric acid solution. A few drops of 1, 10-phenanthroline iron (II) sulfate, 0.025M in water,
was used as an indicator. While stirring, the solution was titrated with a standardized solution
of ferrous ammonium sulfate in water, until the indicator changed color. This solution was
calibrated by reaction with potassium dichromate. The reaction was the reduction of Cr(+6)
to Cr(+3) by oxidation of Fe(+2) to Fe(+3).

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
and connected to a steel condenser. The boiling point of the methanol was controlled by
varying the nitrogen pressure applied to the condenser and jacket. Electronic control
instruments permitted precise temperature control to within half a degree centigrade.

Unless otherwise stated, a small amount (about 0.01 to about 0.10 grams) of the solid
catalyst was first charged or added under an inert atmosphere of nitrogen to the dry reactor.
Next, 1.2 liter of isobutane liquid was charged and the reactor heated up to the specified
temperature, usually around 105°C. Finally, ethylene was added to the reactor to equal a
fixed pressure, normally 550 psig (3.8 MPa), which was maintained during the experiment.
The polymerization was allowed to continue for the specified time, usually around one hour,
and the activity was noted by recording the flow of ethylene into the reactor to maintain the
set pressure.

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

depressurized. The reactor was opened to recover a granular polymer powder. In all cases
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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. The activity of the catalyst was
calculated as grams of polymer produced per gram of solid catalyst charged per hour.

The ethylene monomer used for the tests was polymerization grade ethylene previously
obtained from the former Union Carbide Corporation. This ethylene was then further purified
through a column of % inch (6 millimeter) beads of Alcoa A201 alumina, activated at 250°C
in nitrogen. Isobutane diluent was polymerization grade previously obtained from the former
Phillips Petroleum Co., Borger, Texas. It was further purified by distillation and it too was
then passed through a column of % inch (6 millimeter) beads of Alcoa A201 alumina,
activated at 250°C in nitrogen.

To determine the effect of moisture on stabilization to hexavalent chromium, quartz
activator tubes containing 10 grams each of 969MS catalyst were heated to various
temperatures in air to which various amounts of moisture had been added. The data is plotted
in Figure 1. The rate of temperature rise was 1500°C per hour, so that the longest ramp time
was about thirty minutes. The catalysts were fluidized in the air of varying moisture levels for
three hours at the temperature indicated, and then the catalyst was cooled down and tested for
stabilization to Cr(+6). At 600°C and below, stabilization was high and almost independent
of moisture level. However, at higher temperatures, the moisture level became critical. The
data demonstrates that in a two-stage activation, the first stage can be as high as 600°C with a
very fast rate of temperature rise, thus generating high moisture levels, without damage to the
catalyst. Also, above 600°C it can be advantageous to maintain a low moisture level during

activation.
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EXAMPLE 2

To study the effect of moisture, the catalyst was dropped into a hot activator tube
containing nitrogen at 30,000 ppm moisture instead of the atmosphere of air used in the
previous test. After 15 minutes exposure, the atmosphere was then changed to dry air, and the
catalyst was exposed for an additional 15 minutes. Results shown in Figure 1 demonstrate
that the Cr(+6) stabilization for the catalyst in this test was much higher in the activated
catalyst than it was in a corresponding catalyst treated at 800°C in air when both catalysts
were treated at the same moisture level. Without intending to be limited by theory, it is
believed that nitrogen protects the catalyst and that large crystallites of alpha-chromia grow
more easily when traces of oxygen are present with moisture. [See Excess Oxygen of
Chromia, I.; by M.P. McDaniel and R.L. Burwell, Jr.; Journal of Catalysis, Vol.36, p.394
(1975), and Excess Oxygen of Chromia, II. Reaction with Diphenylpicrylhydrazine; by M.P.
McDaniel and R.L. Burwell, Jr.; Journal of Catalysis, Vol.36, p.404 (1975), and also The
Activation of the Phillips Polymerization Catalyst, II. Activation by Reduction/Reoxidation;
by M.B. Welch and M.P. McDaniel; Journal of Catalysis, Vol. 82, p.110 (1983).] These
crystallites are then very difficult to reoxidize and redisperse as Cr(+6). As demonstrated in
Figure 1, for a more efficient activation process, nitrogen or other non-oxidizing gasses can be
used to remove moisture followed by a final oxidation to improve stabilization to Cr(+6).

EXAMPLE 3

Thermogravimetric analysis was performed to determine the effect of temperature on
hold time. The silica from the activated catalyst was subjected to a thermogravimetic
analysis. Starting at room temperature each sample was heated in flowing nitrogen at 40°C
per hour up to 900°C and the weight of the sample was monitored. Each sample lost weight

as the temperature was raised, due to the loss of moisture. During each experiment, the
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temperature rise was halted at various temperatures from 200°C to 800°C where it was held
for 24 hours. Afterward the temperature rise was continued at 40°C per hour as before up to a
maximum of 900°C. The data was plotted and the curves are shown in Figure 2. The break
in the curve represents the 24 hr isothermal hold period. The silica lost the most weight
during the time when the temperature was halted at 500-600°C. This suggests that molecular
motion begins to accelerate at that temperature. At still higher temperatures, the molecular
motion is even faster and much of the moisture is lost before the isothermal hold begins. The
weight loss during this isothermal hold period is shown in Figure 3, which demonstrates the
amount of weight loss for each temperature, and also how fast that moisture was lost. Thus, a
maximum weight loss, plotted in Figure 4, is seen at 500-600°C. This indicates that time and
temperature can, to some degree, be considered as interchangeable. Short hold times at high
temperature are equivalent, in terms of moisture loss, to long hold times at low temperature
(at 500°C and above).
EXAMPLE 4

Using the information discussed above, various methods were designed for activating
chromium catalysts using multiple steps to minimize the time cycle of an activation (thus
increasing the output of an activator apparatus) or to improve the quality of the catalyst
Cr(+6) stabilization. Numerous different activation sequences were tested and are described
in Table 1. These catalysts were all activated using gas velocities of 0.12 ft/sec (3.7 cm/sec).
A reading of greater than or equal to 0.4 % Chromium(+6) was considered commercially

acceptable activation.
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Table 1

Total

First Stage Second Stage Cycle

. Ramp . Ramp Time

Example # Catalyst Te?-::;o: Tir.ne Atmos. %M:;o "I"i::: T::::;o: Tir?le Atmos. %M:;(O :‘{i:z Color % Cr(+6) (min)

{min) {min)

Controi 1 969MP! | 800°C 240 Air 02 3hr Yellow 0.5938 420
Control 2 969MP! 800 °C 1 Air 44.8 15 min Green 0.346 16

Control 3 969MPI 788 °C 720 Air <1% 12hr Green 0.4347 2160
41 969 MPI | 600°C 3 Air 12.7 15min | 800°C 2 air 14.1 15 min Green 0.4477 35
4-2 969 MPI | 600°C 1 Air 38.1 15 min | 800°C 1 air 248  30min Green 0.4694 47

4-3 969 MPI | 600°C 2 Air 19.0 24 hr 800 °C 1 air 248  30min Orange 0.6641 1473
44 EP 30X 600 °C 7 Air 54 15min | 800°C 1 air 248 15 min Orange 0.571 38
4-5 969 MPI 700 °C 1 Air 411 15min | 800°C 1 air 16.5 30 min Green 0.4937 47

4-6 969 MP| 700 °C 1 Air 411 24 hr 800 °C 1 air 165  30min Orange 0.5964 1472
47 96SMPI | 600°C 1 Air 38.1 1 min 800 °C 13 air 25 15 min Orange 0.621 30
4-8 969MSB | 800°C 1 N2 448 7 min 800 °C 0 air <1% 15min Green 0.4394 23
4-9 969MSB | 800°C 1 N2 448 13min | 800°C 0 air <1%  30min Green 0.4713 44
4-10 969MSB ] 800 °C 1 N2 448 1 min 800 °C ] air <1%  2hour | Green-Yellow 0.5226 122
4-11 969MSB | 800 °C 1 N2 44.8 16min | 800°C o] air <1%  4hour | Yellow-Green  0.5694 257
4-12 969MSB | 800°C 1 N2 44.8 15min | 800°C 0 air <1%  8hour | Yellow-Green 0.6119 496

4-13 969MSB | 800°C 1 N2 44.8 39min | 800°C 0 air <1% 20 hour | Beige Orange  0.6634 1240
4-14 969MPI | 560 °C 0 N2 ~30 5 min 788 °C o] air ~20% 15min} Yellow-Tan  0.6542 20
4-15 969 MP! | 800°C o] co ~50 10min | 800°C 0 air <1%  10min Beige 0.5817 20
4-16 969 MPI | 800°C o] co ~50 10min | 800°C o] air <1% 10min Beige 0.5736 20
417" 969 MPI | 600 °C 0 Air ~40 15min | 800°C o] co ~25 10 min Beige 0.6511 25
4-18 969MS 300°C 0 H20 N2 5 15min | 800°C 0 air <1% 15min| Yellow-Tan 0.6201 30
4-19 969MS 400 °C 0 H20 N2 5 18min | 800°C 0 air <1% 20min | Yellow-Tan 0.6893 38
4-20 969MS 500 °C 0 H20 N2 5 15min | 800°C 0 air <1% 18min| Yellow-Tan 0.6978 33
4-21 969MS 600 °C (o] H20 N2 5 19min | 800°C 0 air <1% 15min] Yellow-Tan 0.7185 34
4-22 969MS 700 °C o H20 N2 5 19min | 800°C 0 air <1% 15min} Yellow-Tan 0.6845 34
4-23 969MS 800 °C 0 H20 N2 5 19min | 800°C 0 air <1% 18 min | Yelow-Tan __ 0.6245 37

Control 1 shows the results of a typical 1-step lab activation, in which the temperature
was ramped up to 800°C at 60°C/hour, while the catalyst was fluidized in dry air. The bed
depth was only about 2.5 inches (6.4 cm) in this test, which helped stabilization. The overall
activation time (cycle time) was rather long, but the stabilization was high, due mainly to the
small catalyst bed. Unfortunately, this exact sequence is not efficient enough for use on a
large scale because of the limited bed depth.

Control 2 shows the results obtained when the same catalyst was simply dropped into a
hot 800°C tube, while in dry air. The catalyst was then allowed to fluidize at 800°C for
another 15 minutes before being discharged from the activator apparatus. This greatly
reduced the cycle time, but this severe treatment also destroyed the catalyst, as indicated by
the green color, the low Cr(+6) stabilization, and by activity tests on the polymer (Table 2)

which indicated complete loss of activity.
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Samples 4-1 through 4-23 in Table 1 demonstrate other sequences using activation
scenarios that are adaptable to continuous activation, or to large scale batch activation, while
showing considerable increase in efficiency and in stabilization to Cr(+6). The parameters of
the studies are listed in Table 1 for the following examples.

EXAMPLE 4A

For samples 4-1 through 4-7, the catalyst was fluidized in an oxidizing atmosphere of air
and rapidly ramped up to a first temperature followed by a first hold period. The catalyst was
then ramped up in an atmosphere of air to a second temperature that was greater than the first
temperature and then held for a second hold period. Even at total cycle times of less than 60
minutes the amount of Cr(6+) recovered was greater than 0.45 wt %.

EXAMPLE 4B

For samples 4-8 through 4-14, catalyst was fluidized in an inert atmosphere of nitrogen
and rapidly ramped up to a first temperature followed by a first hold period. The catalyst was
then ramped up in an atmosphere of air to a second temperature that was greater than or equal
to the first temperature and then held for a second hold period. Even at total cycle times of
less than 20 minutes the amount of Cr(6+) recovered was commercially acceptable.

EXAMPLE 4C

Samples 4-15 through 4-16, catalyst was fluidized in a reducing atmosphere of carbon

monoxide and rapidly ramped up to a first temperature followed by a first hold period. The
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2 (RABLE 2; (WBr4 zation Runs Exanple #
Cat Chg PE g Run Tine Prod (gir) Acti[;ii‘ﬂ“ygfftﬂ)cfﬁl& Melt | ndex FILM

wherein: | 7*(w)] = magnitude of complex shear viscosity;

7, = zero shear viscosity
7, = viscous relaxation time

a = “breadth” parameter

n = fixes the final power law slope, fixed at 2/11; and

@ = angular frequency of oscillatory shearing deformation.
Details of the significance and interpretation of the CY model and derived parameters may be
found in: C. A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321 (1989); C.A. Hieber and H.H.
Chiang, Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. C. Armstrong and O. Hasseger,
Dynamics of Polymeric Liquids, Volume 1, Fluid Mechanics, 2nd Edition, John Wiley & Sons
(1987); each of which is incorporated herein by reference in its entirety. In Table 2, the zero
shear viscosity is reported as Eta 0, the viscous relaxation time as Tau eta, and the breadth

[P -4)

parameter as “a”.
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Table 2 demonstrates the results of polymerization runs with these catalysts. Melt
index and HLMI are presented in grams/10 minutes. The amount of polyethylene resin
recovered is listed in grams under the heading “PEg”. Productivity is referred to as “Prod” in
the table and was determined by dividing the grams of resin produced by the grams of catalyst
used for the polymerization run. Activity was determined by calculating the productivity per
hour (grams of resin/grams of catalyst/hour). The amount of catalyst charged to the reactor is
labeled as “Cat Chg” and is in grams.

One can see that despite the faster rate of activation, the inventive catalysts displayed
equivalent or improved activity over the control catalysts, while providing higher melt index

potential.

Table 2
TABLE 2: Polymerization Runs
Cat Run Prod Activity Melt ars
Example # Cha PEg Time (ala) (a/a-h) Index HLMI  HLMI/MI Eta_0 Tau_eta “a
Control 1 0.1451 260 70 1793 1537 0.20 16.1 78.6
Control 2 0.0926 60 49 49
Control 3 0.091 330 95 3626 2290 0.16 14.4 905 3.75E+05 1.23 0.1837
4-7 0.1937 301 57 1554 1636 0.57 36.8 64.5 9.89E+04 0.19 0.1860
4-14 0.1119 2242 50 2004 2404 0.25 18.7 74.0
4-16 0.1444 249 68.9 1724 1502 0.41 27.1 66.1 1.64E+05 0.31 0.1793
4-17 0.1417 262 60 1849 1849 0.14 12.9 89.7 3.72E+05 0.96 0.1834

The discussion of a reference herein is not an admission that it is prior art to the present
invention, especially any reference that may have a publication date after the priority date of
this application. The disclosures of all patents, patent applications, and publications cited
herein are hereby incorporated by reference, to the extent that they provide exemplary,
procedural or other details supplementary to those set forth herein. If the teachings or terms
of the reference are inconsistent with those of the present invention, the information included
in the specification for the present invention is intended.

The inventive aspects described herein are exemplary only, and are not intended to be

limiting. Many variations and modifications of the invention disclosed herein are possible
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and are within the scope of the invention. Use of the term "optionally" with respect to any
element of a claim is intended to mean that the subject element is required, or alternatively, is
not required. Both alternatives are intended to be within the scope of the claim.

Accordingly, the scope of protection is not limited by the description set out above but is
only limited by the claims which follow, that scope including all equivalents of the subject
matter of the claims. Each and every claim is incorporated into the specification as an
embodiment of the present invention. Thus, the claims are a further description and are an

addition to the preferred embodiments of the present invention.
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CLAIMS:

1. A catalyst activation process comprising subjecting a chromium catalyst to a first
stage comprising a first ramp up time to a first desired temperature of greater than 400°C,
maintaining the first temperature for a first hold period, subjecting the catalyst to at least a
second stage comprising a second ramp up time to a second desired temperature, and
maintaining the second temperature for a second hold period, wherein the second temperature
is greater than the first temperature, and wherein the first stage is carried out in an inert or
reducing atmosphere and the second stage is carried out in an oxidizing atmosphere, and
further comprising following the second stage with a third stage comprising a third ramp up to
a third temperature of less than 1000°C and holding for a third hold period in an oxidizing

atmosphere.

2. The process of Claim 1 wherein the inert atmosphere, reducing atmosphere, or
oxidizing atmosphere are introduced independently during the ramp up time, during the hold

time, or during both the ramp up time and the hold time.

3. The process of Claim 1 wherein the oxidizing atmosphere comprises oxidizing
compounds, the reducing atmosphere comprises reducing compounds, and the inert

atmosphere comprises inert compounds.

4. The process of Claim 3 wherein the oxidizing compounds comprise ambient air,
anhydrous air, oxygen, nitrous oxide, nitrogen dioxide, nitric oxide, oxygen containing halide
compounds, or any combination thereof; the reducing compounds comprise carbon monoxide,

hydrogen, materials that decompose to carbon monoxide, carbon, and hydrogen, or any
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10.  The process of Claim 1, wherein the first ramp up time is instantaneous, the first
temperature is less than 700°C, the first hold period is from 1 minute to 30 hours, the second
ramp up time is instantaneous, the second temperature is greater than the first temperature and
less than or equal to about 1000°C, and the second hold period is from about 1 minute to

about 30 hours.
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about 1 hour, the first hold period is fromabout | hour to about 5 hours,

t he second stage is carried out in a second atnosphere which is oxidizing,
the second tenperature is about 750C to about 900C, the second ranp up tine

i's from gpothe Brfeesy §f ¢RirRAWherdinNAs hmodtofl Wates REMR At heRENrRE thé hbom
about 1 hour to about 5 hours, wherein the second atnosphere is anbient air

i ntroduced. durd 0 i.0d.. r Caim1l

wher ei n f%g%éb%@%a&&% rf\?\)lgrﬁgdr]g[ﬁge Jfﬂggg{oﬁg%%gr% %th Ilﬂ;lg ?%‘gt S?g@%ﬁ)g% period of the
| ast perforned stage of the process is |ess than about 50,000 ppm. 13.
The process of Caim1l further conprising adjusting the percentage of water
in the atnosphere during the second stage of the activation process to |ess
t han abold- 30Thgpropgss @gclalrrnel prther semprsiag adinsting the; prsperdagepeti watgyin the
subj ecting the catalyst to a reduci ng atnosphere for a period of tine from
about 1Qatmiospitees diringatho stcobd lstage sf fhelakowitiog prodeasto lpsrthar aheat ROl Pper i od of
the activation process. 15. The process of Claim1l wherein the process
results in the formation of an activated catal yst and the activated

catal yst conprises from80%to 100% conversion of the total chromumto

chrom um +6)1I"}éf fRlceRCHf We{lhp:? BirthépP Qg:mtpﬂsi%% Obi ec‘giﬁ% HORaRIRE Qg ga Qéld%lgn%'h? 1

having a total activation cycle of |ess thaR about 20 hours.

process of Cl,aim.l wherein.the percent of ter in e ring
the fi rsggmé’f%ée f%r HEND é?finﬁ%f:n %logtfougg%n%fr%\%%atr? b\/(\)hltetrsgl? Orlll?% @F(’gxgg%%n@%{ge
of water in thg at nosphere during the second stage is no nore than about 1
mol % 1eerforped Beldqwaied of the a5 HFUONARRTET n t he percentage of water in the

at nosphere during the first stage is no |l ess than about 5 nol % and wherein
t he percentage of water in the atnosphere during the second stage is no
nore than about 1 nol% 19. The process of Claim1l wherein the chrom um
cat al yst1xonpThesp®ceads dfe@laim Q. wharehbd i rpoodessriestlts af therfotrthatidnhoft zh sétaged and
wherein the sumof the first ranp up tine, the first hold period, the

second raytPankl 8. actiDBed Q@R RBLHHRES koth sbhetd NDOH EaRBrsith bf MR taad
the third hold period is no nore than 400 m nut es.

chromium to chromium (+6) after activation at 750°C to 900°C.

16. The process of Claim 1 having a total activation cycle of less than about 20 hours.



20. The process of Claim1l wherein the chrom um catal yst conprises at |east
0.6 W% chromun(+6) after the third stage, and wherein the sum of the
first ranp up time, the first hold period, the second ranp up tine, the
second hold period, the third ranp up tgﬁe, and the third hold period is no
nmore than 8 hours.

17.  The process of Claim 1 wherein the percentage of water in the atmosphere during the
first stage is no more than about 50 mol%, and wherein the percentage of water in the

atmosphere during the second stage is no more than about 1 mol%.

18.  The process of Claim 1 wherein the percentage of water in the atmosphere during the
first stage is no less than about 5 mol%, and wherein the percentage of water in the

atmosphere during the second stage is no more than about 1 mol%.

19. The process of Claim 1 wherein the chromium catalyst comprises at least 0.4 wt%
chromium(+6) after the third stage, and wherein the sum of the first ramp up time, the first
hold period, the second ramp up time, the second hold period, the third ramp up time, and the

third hold period is no more than 400 minutes.

20. The process of Claim 1 wherein the chromium catalyst comprises at least 0.6 wt%
chromium(+6) after the third stage, and wherein the sum of the first ramp up time, the first
hold period, the second ramp up time, the second hold period, the third ramp up time, and the

third hold period is no more than 8 hours.



