| 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 | NVENTI ON The present invention
relates to chrom um catal ysts, methods fbr activating chrom um catal ysts,
and pol ynerization processes utilizing these activated chrom um catal ysts.
Chrom um catal ysts are used worl dwi de to produce high density pol yethyl ene.
BACKGROUND OF THE | NVEMBTERDS OF ACH VRN (HQYILEY §%§%Y§§§d t hr oughout t he
worl d for the polynerization of polyethylene. Catal yst manufacturers
prepare the catal ysts, often by placing the chromiumon a solid support,
such as alumina or_silica The su%port hel ps to stabilize the activity of

‘the chroni urkReRS-BEFERENCH EORRIAIER AR I68TE pped in an inactive formto
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Activation is perforned . in sqone.type of activation apparatus or vessel slch
as a fluidi 2@886‘5{)"1%?&9@;5 ?m]?ﬁtisé‘%i?t&cedure may i nvol ve | 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 2 ranmp up is

conduct ed sl r | ours and then the tenperature is
-naintaineq'ﬁ$%¥g§%ﬁgﬂﬁgﬁ%%t§%%g?nﬁgﬁﬁgﬂrs: The catalyst is ?Een cool ed
down and di schar gedlL Rt oo fed 3 Bioffit AHRRL, melfifs R bV BFRALGC

general ly requires ours to conplete one cycle. Decreasing the anmount of

Lime requi r edokfsaGht Rfind BRiRObRENSE WRKAR SRQY LERLIACAREARES SRl L] Te

and increase brod Ivity of "the catal yst activating equi pnent. SUMVARY
OF THE | NVE E560 awh ' I jed activation

met hods forNg %%ﬁ?ﬁﬁ?@%%gvﬁéts agﬁh?ﬁgB#ﬁ%ﬁé&?éﬁhgfp?ﬁgﬁggiivation process
time resulting in the inprovenent of activator equi pnent out put. Novel
activation processes of the present invention conprise subjecting a

catal yst to gafkHERBUNIPOR TORNMRVESITOGNA first ranp up time to a first
desired tenperature maintaining the first tenperature for a first hold
period, followed ymSthi &djsh afehBsel aihugSdut tthe SforieRstthe wheenithtoh age
conprising a second ranmp up tinme to a second desired tenperature,

mai nt ai ni ng JMRISRES "CathiGHBAREEdHirers btpars tikes@Iyss, batbypslicitythe sthaniemont he
second tenperature is greater than or equal to the first tenperature and a
total activafima sepottesweh APimas or efita t R supforhhelgsSo stabilize Thectpityofse can
further conprise independently conducting any stage of the process in at

| east one atdResERanad aldvwe thé cnapnes e thpped én amidapien themtid yhe purchaguc@ukedur i ng
the ranp up tinme or the.hold period of any stage. The process further
conpri ses faht Quhpg dritees 2 aopulymdr agemuictuning sk il tugthegestivaed firsisadn &het hi r d
ranp up time to a third tenperature of |ess than 1000C and holding for a
third hol d peiynedizitionagrocess. diDypival atmmwepiabredivati@ procesgegdempigngl aefypiig: s
include catal yst activation processes conprising instantaneously subjecting
a catal yst tdranifir Gtalstsalye caloiningi @i heting flargs guantivgscofathar eatalyst & dreast one
first atnosphere, maintaining the first tenperature for a first hold period
fol | owed by Activhituntiapefbustd/insoig ot dfagtivition epnaatug ot vessel such|ag a dlidiged bedond
stage conprising a second atnosphere and a second desired tenperature that
is greater taavatdrth&@hiipreedrewpeinvelve lbrggngd prasrsivegaHpBent éﬁq‘tﬁ%ﬂPﬂTE‘é Cap s
1000C, and mai ntaining the second tenperature for a second hold period.

Anot her as peishtedbver eperior/efitiniecy “ramped;ueisto an eetivaiing tempapiyrsct §04-7QPt - The
processes conprising at |east 2 stages wherein a first stage conprises

i nst ant aneously introducing a catal yst to an anbi ent atnosphere previously
heated to a tenperature of about 600C, holding the tenperature for about 1
hour to about 20 hours, followed by a second stage conprising raising the
tenperature to a range from about 800C to about 900C over a period of about
O hours to about 3 hours, holding the tenperature for a range of about 1
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 FlI GURES




Figure 1 is a graphic representation of the sensitivity of a

chromunisilica catalyst to noisture at various tenperatures. Figure 2
is a graphic representation of thernogravinetric analysis denonstrating the
equi val ence of tinme and tenperature in the dehydration of silica. Pi gny

3 is a graphic representation of thernogravinetric analysis denonstrating
the weight |oss of catalyst at various ténperatures during the isothermal
hol d peri od. Figure 4 is a graphic representation denonstrating the
maxi mum wei ght | oss of catal yst during the isothermal hold. DETAILED

DESCRI PTI ON T&mp THES |chiesitd oWl overh prifdpefsmanyt hozes fudathpm theotemperatang am
catal ysts is dehydroxyl ation of the catal yst support and thddation of any
of the trivapafaRediypicdly fnugthend beyy +Bie caiglystit s cegled davn ang dissharged (+6)
and then stabilization of . the C_(+6) form For purposes_of the invention,
the term " stHBP fie AHAIGH oINS 5 T[hé et WogeRie EaRSr Y TE‘!“&"&%§§I‘9"§%‘BI°‘E’W§‘Gi n the

Chrom unm(+6) for the catalyst. .Prior to activatjon, a co rcia

oot al vt caleE SH: Recteatng O dnputiing e Grarhii D G b BHUR FPURFIHES B on um

by wei ght. Mst fr ently. such .cat st.s nt ai.n, about 1%.Cr by wei ght. '
fom t hese e e 96 brdineg pl B PRl of BF S B0kt lERETY, 10 0. 6w
% Cr(6+) is considered desirable. That is, it is considered desirable when
at | east 60% of the total C is converted to Cr(+6) during the activation.

Thi s val ue i§gﬁﬁiﬁ%ﬁ@ﬁ;ﬁﬁxﬂ%ﬁﬁhﬂmﬁs t he percent conversion to C(+6). For
€ present conmerci a

efficiency, process activates catalysts in |arge

vol unes, for exa ; 4 n@gﬁ =1
slow y heating ugﬂé gmgﬁﬁlﬂ‘é%@?%%%sgtgz e,aﬁ%{’é%?ﬁ@&aﬁ’gﬁ%ﬁ Océﬁ%\%ea?l&a | ong
peri od of {18 reduRCAt ik REOHIA p16celOURS  reslfE8 Cin ' bRl AT CTBERVafoh 2

activations at around 8 usual I'y produce catal ysts contai ning from about
0.4to abOUt?#%#Eﬁhg£§m§) and can require 36 hours to conplete. In general,
an activatio rocess that yields greater than 0.4 W. % (or 40%

conversi on) Cr (+@hvdi St H6detds SORTBesch Al htiRLHeRLiEOLB ecting a chiast to 2
activation cycle 1s extensive because Cr (+6) is thernaliy unst abl e. The
hexaval ent  ogideiek biRirking @' rad® 69 RO S8 filsDE@irdd te8pdratafttnildaiing thelTRat ed
above 200C. When chromumis placed on a support such as a silica or

al um na sur figegerati SorGPAROLEE phifod, Follosved by kitidngtdd caryster diy leastevsetondp t o
900C if there 1s an absence OF noi sture. Moisture is known to be a

signi ficant dJgpeeinfedly 4 Scarhiagpi potibé gha sécat] desitad teaperatrd nfaifdining/then even
traces of noisture are present, the chromate ester can be hydrol yzed and C
(+6) can agakébnd eageRASERE @ stond Bl pefddawhergin tivaseathd oerimerahon isgreamiont does
not elimnate the influence of the noisture because the support surface,
for exanpl e,orsiplal wahe firstlt@nseAureand] otabacsisatioh cycde doeptisd I¢so ther 3Qhmessi vel y

hi gher tenperatures. The deeper the area containing the catalyst in the

cat al yst act i vat The mroethgoam fitrther eheriseidddpendastiit doeduwtinginystagh efifie prodess inor e

noi sture is released. This makes it difficult to achieve high stabilization
and hi gh outgplehst sheatindbsphera UTheatinnsphere camierindepdndentlyiinizadoeed dTtieg thé v up
commerci al activation nethods generally proceed over extended periods of
time to m nithmeze telholdpkfietef 20F stage. st ure on the catal yst and the Cr (+6)
stabilization. The total activation of the catal yst at high tenperature
typi cal | y takesThke firodess fuxsher 36mpuings Ellowing therrscqud sisanwith A lkrk st288 coBITRINgs t o
rapi d activation nmethods for chrom um catalysts, resulting in the reduction
of the acti \ethixd rapopdine tojanthird trperatire pijessand A00°6tang dolding: for 2 Bigd helent

out put . Various types of activator equi pnent or apparatus can be used
to acti vat e reriodings puidiFing aspligresent i nventi on. Such equi prent can i ncl ude
any vessel or apparatus including, but not limted to, rotary calciners,
static pan drying, and fluidized beds. Such equi pnent can operate in a
static or batch node, or in a continuous node. In the case of a static or
batch node, a vessel or apparatus containing the catalyst bed can be

subj ected sequentially to various stages of the activation process. For a
continuous node, the stages of the process can occur in a series of zones

t hrough which the catal yst passes on its path through the activation
apparatus. 6 In a fluidized bed activator, gas flows upward through a
'grid plate containing many snall hol es upon which the supported catal yst is
positioned. The gas can contain various conpounds to create a desirable

at nosphere. The catalyst is mxed in the gas as it flows creating a
fluid-like flow This is often referred to as fluidization or fluidizing.
The gas flow for fluidized bed activators can range from about 0.01 to
about 1 foot per second (0.01 to 30 cmsec). Alternatively, the gas

vel ocity can range from about 0.05 to about 0.5 ft/sec (1.5 to 15 cm sec),

"




Activations conducted according to the present invention conprise heating
the catalyst to a final desired tenperature in tw or optionally three
stages. For purposes of the invention, the term"stage" refers to heating a
catalyst to a desired tenperature and then maintaining that tenperature for
a period of tinme. A stage can be perfornmed when the catalyst is in a
stationary position or by noving the catalyst through various |ocations. A
first stage conprises a first ranp up tinme (Rl) to a first desired
tenperature (11), .and paintaining the catalyst at that tenperature for a
first hold perioftdgfigopl agngpts dﬂﬁhﬁgs@é&b@t agtiyationn prepesses ncomphising dustantimeoasip up
time" refers to a period of tipe over which the tenperature is increased
and the ter mEUDRTRE 2 pablyst 4o, @ fislotage eompiising ar Erstc trprabre i Mnkest ohadibabl e.

Following th t stage.the catalyst is sul%j ected to at |east a second

e fir S
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and a second .pqg

; perli O%@%Wﬁ? The activatjon processes of the present
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According to,thigs invention it can be advantageous for the third stage or
t he | ast per]Por med stage of the process to be conducted in an oxidizing
at nosphere. AP ast e o 3 r ﬁﬁf | i on. fluffier
conprise a final reducalsl%g tor Ztg%%‘%?t%%oh@%\%&ngﬁ e gg@%o %?’%%Hr?é??ef)sas of
the activati QBmpHisRiEes Seast! N tabds Perdif JUfi bl | s BRARLLSE Sardo BRIk CT Ng
the catalyst to aﬁlr%educaisng aa%rmspeﬁere o?&g ﬁeﬁ%%pgf&?@n%wgﬁ&gﬁﬁgﬁm gafrom

about 10 m NSt tParPeibint g’aﬂ%ﬁ}iﬂ&éﬁ prelidEsty B0 g teﬂp@ﬁﬁ’@gf" %o:ﬁ%BO"EOﬂHfJiﬁ%ﬁS ©

pure COor COin mxtures wth other I nert gasses. I'ntroducing the catalyst

to the reducipesbeime By Sofe P WMot 2ENmRA RIHLRE L%FS%H@&Q&%%%M&“ n an

activation vessel, or any other commercially acceptable process

i ntroducing tdign Srlatutedtotalingl BAHCALDEL FBOTPRANGE S00°F\Kref ' can
‘be perforned in gftgén?eﬁ?at ureg arglnggi ng from about 200C ;B(;tﬁng%ﬁfﬁ%ggacb-%ﬁﬁp

The ranp up héuies,abhik 3 Hodrs Aakidghe GaPe@re Hea £abR 1 tho@fto blolB1 BHoukshey
can each be independently different. The range for any ranp up tinme can be
i nst ant aneouswhérein fieytodedsip@foraaiin b bhteh Bodki hSontinio@ M despect of this
invention any ranp up time can be less than 3 hours. In another aspect any
ranp up tinme can be | ess than or equal to about one hour. In another
aspect, any ranp up time can be instantaneous, or about zero hours. Wen

t he ranp upBRIBFEOBSCRIABICAOETEBIWGURESbout 0 hours, the catalyst is
introduced into a pre-heated environnent. For purposes of the invention,
the term "i nst affigareebissd gnaplfie representition 106 the cemsifivith @ f @ ahanysb/silica eatqlysetheat ed
envi ronment wherein the ranp up tine would be negligible or about 0 hours.
For pur posesmoistutent viripueistipemtureshe first tenperature can be in a range of

| ess than or equal to 500C to |l ess than or equal to 700C. In one aspect of
this invention Figure 2 isst gephigeeresapatioat afrther@ibgrpvimstric amalysih demaisteaiihg AROC. | n
anot her aspect, Ti is |less than about 600C and in still another aspect, Ti

i s | ess thanequivelgreeRddde afthtempestoredn tht dejydtatiopelisiticar e (T2) can be: any
tenperature greater than or equal to Ti and |less than or equal to 1000C. In
one aspect of t Figygre hisemeraphic Tepréssnthtionsofitheamogrirdmetrit GOaAMs Hemestotting theas pect
T2 is from about 600C to about 900C. In still another aspect T2 is from
about 700C tweigiténgs ofrtalyst 4t wariomp fempenatyres dpringsheisetharmal wid/B0iGlt o 850C. For
any third stage, the third tenperature (T3) is the highest tenperature to
whi ch the catalyst is exposed and is |ess than or equal to 1000C. In one
aspect of this invention T3 is | ess than about 1000C. In another aspect T3
is fromabout 9 600C to about 900C. In still another aspect T3 is from
about 700C to about 870C. In still another aspect T3 is 750C to 850C.

The hol d periods can also be varied independently. That is, H, H2 and H3
can be the sane or different. Any hold period can range from1 mnute to
about 30 hours. In one aspect any hold period can range fromabout 1 m nute
to about 30 hours. In another aspect any hold period can range from about
10 m nutes to about 8 hours, and in another aspect any hold period can
range from about 30 m nutes to about 3 hours. Activation of catalysts
of the present invention can occur in various atnospheres. The atnosphere
can vary independently during various stages of the activation process, or
t he atnosphere can renmai n consistent throughout all stages of the process.
At nospheres can conprise oxidizing, inert, and reducing conmpounds. The




(H2), and materials that deconpose to CO C and H2. Suitable materials

i ncl ude hydrocarbons, al cohols, amoni a and carboxylic acids. Any
conmbination is al so appropriate. Combinations of atnospheres at different
stages of the activation process can be enployed for the present invention.
For exanple, a first stage of activation can be conducted in an inert, an
oxi di zi ng or a reduci ng atnosphere and t‘he second stage in an oxidi Zi ng

at nosphere Li kewi se, the first stage can be conducted in an inert, an

oxidizing or a reduci.ng atnosphere and the second stage in a reducing

at nospher e. Anylj’:1 e%l’?eag%ﬂﬂ’é‘é’éeg’@%‘m@?m’t 8105%91&1'33%‘}%“&‘8%%9?%@&
conpri se exchangin he atmpsphere from one atnosphere to another during
the first ngmﬁéﬂ?%%%%n%ﬁmgfrst hol di ng period. For exanple, an oxidizing
at nosphere of the first holding period may be exchanged for another
oxi di zi ng at nosphere, a -11 reduci ng atnosphere or an inert

at nospher e ¥k ew QST can be exchanged for another
inert_atno%%ﬂ§$§¥§§5§§§%ﬁyﬁgC%F%%%@ﬁ@ﬁﬁﬁ an oxi di zi ng atnmosphere. A

i i 21 mg-or - ant ErhapoRd of SHRIERPaRnh AR e RRel CPREaREE: Ve
short eni ng - i | it e nge .on t al yst
quality and |8ﬁ?¥?g§%%F§(gﬁé Fgﬁ%tﬁﬁémggg?éFfE%c1m§g§§%ﬁ% ﬁﬁé?mg%%g
referred 1o s, bPLA) afdEbPorltiBRrion ARG Brh A HEt dBadsle e hventih, B0 R3 Of

this invention are relatively short, the overal vation tine rs

decreased. - kiimOGGhiARAER reffs fothis abtPRAl frides 0G5S ih tﬁ%ﬂréﬁﬂﬁﬂnmtﬁixﬁ%f( or

cycle tine) is less than about 20 hours. |In another aspect, over al

activation tHeNdtalyst. | Bf® 16 B8R0 Y codmeRBY Eftalyst BarStdntdin @'ﬂcﬂglhﬁrab&ﬁ Rec, the
overall activation tine is | ess than about 10 hours and I n anot her aspect

it is |ess Gbyan2abpitabnthatbinm by'weighe Mdst fdqienR LR atal3R lcbMath by {dme Or
total cycle time conprises the ranp up and hold tines and any additi onal
time requiredby welRpeI@bA thdde 12 QCAmSsis,FOftabRKAR] BocelBelliRg 8le 16 Y% & di Me can
conprise time to cool the catalyst, tinme to position vessels or apparatus,
and the |ikexs+) is chotiefedidagrable. tThatSs, i @odsideied dbdrabib eR Bl left 6093 bLethei N t he
at nosphere, including the noisture released hy the catalyst, is | ess than
about 70% dutdl iy ist doAvdriet 8¢ CRE-6)ORrind the Aetivatidn, VEhd wilveds F8RE (o Artighiaki vel y
the water content is |ess than about 50% or |ess than about 10% During
the second ptrage cafveisiva @ cCH(vaLt | Fun aifidmes sthé Presdpe ceRfkRGE pfcessadchvates N t he
at nosphere can be adjusted to be |l ess than about 30% | ess than about 20%
or | ess thapataystuin 1&0volibues| fuy ckdrapld, iS0Gko 120D ghoynes (333 t01544 K@), laad tegpiess f or med
stage of the process, the anbunt of water in the atnosphere was | ess than
about 50, 008lowlyrheatingap t¢ hhighadgnetatiie) ,tpaally prouek S00%S svirhadongiroiod oflld) ppm
12 In the case of a batch activation node, a vessel conprising a

cat al yst betypisgiiyt arowidndp bewrs| hesedugh belumebpremereid! aaivetivas et stoagrk §00°C
sequentially and then the vessel and catal yst can be cooled and the

activat ed caalyproducaertfigstsoioniehéngdtoth abCai s labgyt OtheCr(eMpad atnuegdre 46 e
ranped up over a period of tinme as the vessel is heated. Alternatively, it
i s possi bl eheues toeerrieten kutgehesalsan agliinatien proressdhat ields seepichihanr Gd vt $6 by 40%

subj ecting the vessel containing the catalyst to a preheated environnent,
so that theconaergonCn(tands dogsidenecicammersisdy gceeptable. | n t he case of a continuous
activation node, any or all of the activation stages of the process can
occur t hr oughotte eetiationegcleis exleasivedecastedsy, (Hhs beamallymsidble: Fde benontlgns t
passes on its path through the activator vessel In the case of a continuous
activator, ehér #selfs Cofps, desamaneseiniatouSr(3ananérGa when bepdgebose 20078. c Mhan y st
moves from one heated zone into another and the ranp times (Rl, R2, and R3)
woul d be ne@reBim is aced A8 taafVPRGTE WY a5re alicsuer tamia siircs, thadeamewdddus| y,
the catal yst can be added to the activation apparatus continually and
renmoved continually upon conpletion of the process when a conti nuous node

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




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 |l ess than 700C, naintaining the catalyst at the first
tenperature for a first hold period greater than 1 mnute, heating in dry
air for less than 1 hour to a second terfperature 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. 13
An al t er nat Figeilizadhyad can endpteeevemyre ot S Edhere issm sbeenesaefonoigngc ddeistira isnvhi ch
the catalyst is introduced in dry fluidizing air into a pre-heated

envi r onment < Oerasigpiffcaptdmpediaen F%%@WB%@@ stabilirptipn GCCr(h®i Whaenreivery t he
catalyst at the first tenperature for a first hold period greater than 1
mnute, heafPFR of G1oBfES e PrraFht-dh elspmate Goter 8 be hhdrﬁlwéépéﬁg () geeagally t han
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conti nuous gﬁ:&ﬁ&%ﬁl sty Oﬁ‘h&%&akgﬁ%ﬁﬁm ﬁcrhrgvﬁri]oigﬂﬁrLstageL&%lﬁ}hg{og&thJﬁ“r e of

about 700C ess, over a period ess t ours” an at
tenper at ur efiQfde§ HaHE bt 1R R thid¥hik e kRS f(iﬁ(hﬁxlu' hed PRk egabpr | ess
than 1 houreto g gecong tenperature gr%a1e$ t anX? éhff%gﬁ tenp%?gidfe, and

mai nt ai ned gbnilifGios CPRNGaT REPBIERLEGHE oftst 3t ﬁé&ﬁﬂxgerl&ﬁfe?%ﬁ@di]& efke9f RBEEF than

1 mn. Finally it may, optionally, be heated to a thi t efrper at ure,
greater thagspspeequal to, the previous tenperature, and held there for a
third hold period of greater than 1 mnute. In this aspect, the catalyst is

fluidized in drphei ekt Rbentied ¥hBY tt4RS ARBGLEn MBmMbMe tdri dhfdnaRdéaliysiecond
heating zone, and the final zone is in dry oxidizing atnosphere. The total

cycle tinme fesultitb thbatdudfon"ERUhé activator Ipfboceil @in@SARICHe Ghprbhdndnt) ¥E Rdtiv By

i ncreasing the output of chromiumcatalyst in an activation process is

cont enpl at eghpipinauebdi@s for increasing the output of chromumcatalyst 14
activation conprises instantaneously subjecting a catalyst to a tenperature
of about 800C ivarigus tiypes tof astivaiopEiipinedf oipbir@Re tane vSAT foCitiviN@IalER  for

mai ntai ning the tenperature for at |east about 15 m nutes, exchanging the
first atnosthbereert tiveriohy Siichiequipment caniiclndd dhyvessélloe satatdsyisdudils, bt @ot
tenperature for an additional period of tine. Activated catal ysts of

t he pr esent hmitedeio] rotary ckinetsestatic an dnyingrandtipfidzed bedsl Bldhregqpiphynteat aatateon
reactor known in the art For purposes of the invention, the term

pol ymer i zat inanstatizas thetch imndd, vdésa amjimpok yavee. | Inathé case pBastat ordnhndds, 4 he art
that is capable of polynerizing olefin nononers to produce honopol ynmers or
copol yner s wse heapparetse oantdiningthe capalyst Berbdanbe subfjeoted sementialypr vasieusstages y
reactors, gas-phase reactors, solution reactors or any conbination thereof
Gas phase refbe ectbatiarprossprfea dohiivdhy wddd d stagesceiths pocess grudenr ingact or s.
Slurry reactors can conprise vertical |oops or horizontal |oops. Solution
reactors casericoofzones érstghrwhich theaatelyslpasags ocispath thiongh the activ@isnlappasaiest or s can
be conbined into nmultiple reactor systens operated in parallel or in
series. The catalyst also may be used to produce ethylene polynmers in a
particle formprocess 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 polynerization technique conmonly
referred to as particle form or slurry process. For this process, the
tenperature is kept below the tenperature at which the polyner swells or
goes into solution. The tenperature in the particle form process can be

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 15 Nos.
3,248,179, 4,424,341; 4,501, 885; 4,613,484; 4,737,280; and 5, 597,892; which



16 cc/ g, an average particle size of about 90-100 m crons, and contain a
chrom um | oadi ng of about 1 wt % EXAMPLE 1 A | aboratory procedure was:
designed to reproduce the |onger procedure used for conmercial activations.
In a comercial process, about 600-750 | bs (272 to 340 Kg) of catal yst was
i ntroduced or charged to a vessel having agrid plate 42 inches (1.1 :
nmeters) in diameter. Dry air or other oXidizing atnosphere was bl own up
through the plate to fluidize the catalyst. Air was introduced at about

0.15 ft/sec (46 eq), ,and the ranp up tinme, or period of .increasing
t enper at ur e, gﬁ‘fﬁ?g)b%lﬁc%@ﬁtgaﬁg %Eﬂvéarq dhrough @rerid vt CPNHEBE MEBhD up
ti mes can be comm&}ﬁhail g ensate for tjglgql ncreased nojsture
gener at ed B r8PE ™ RIQI“B%% RS Bpsitionedy) Vi sa5 can goaa varioes | ar ger
cat al yst cha Iease I, |stu i ch c n da e the catalyst. To
corrpe%sate 0(“%8“1?% cre? ;T‘%f {‘ %\c?[g és?’ﬁ‘& g’e%éi*sa?sdf: 30%? se is

diluted L.ne d
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hum dity, the gas was el I ce-water Co

| evel s of hmngéeE)Yof’fJn§a€0Wdh$rab%blﬂtfﬁﬁé Ey gas before being used for
the activation priocedure For the 1 aborat orz studi es, about 10 grans of

commer ci al cat ekl Wi 6 0hd Breden BoensbRCRodh duf T bl i tted

with a sintered quartz disk at the bottom e the cata yst was supported

on the di skyotfrii@izink Ebl?éléﬁis 'aﬁwccﬂﬁﬁsmgbﬂ’:emﬂmtcrn%ﬁ%onoFrh%afr&}ﬁﬂm%eﬁtaﬁ

bl own 17 up throug he disk at the linear rate of about 0.1 to 8 3 ft/sec

(3-9 cm seChngeArore bkt b1 Qo fabdu 468 ngﬂt a5 uﬁJM@%tﬁl%@H@f iné c%t%ﬂpﬁ in

order to heat the tube. A thernocouple was placed inside the tu

noni tor t enmedmiiLe, thé Bidtothlign Sdngthfkanf ftoAe aBoRE 0.0T6 Ak SUv BB weighNeCt ed to

an electronic controller that also supplied current to the heater. The
control | er geul a5 BeabbhOrs dfREhE OSUiRbIS Suipbes e TRkl tRatats ke fresehdi zed
bed at a fixed rate, and hold it at specified tenperatures for specified
peri ods of inveidon includd;dut &b éot Mifdtedoto, SHCHPkiRMina) femidophabphates, Wasal fokidesdli zed i n
about 0.2 ft/sec (6 cmsec) of dry air and the tenperature was raised at

t he rate ofsuebsuixideO6E ttmimh aittondhi) Coparzittphikgneduh had dedike,ad chavimaioad ur e,
typically around 800C. At that tenperature the catalyst was allowed to
fluidize foheredfr Saitibde fuppetshoay slso dontaheotherypranoters Afchdingpbud nbhimitet ta) yst was
collected and stored under dry nitrogen, where it was protected fromthe

at nospher e finotidd, snbaeyfiiopsbotatess sificpiluBadesrandt thatlike.i. nBuifable vatlysisvern &l | owed
to experience any exposure to the atnosphere. In an alternative control
sanpl e, t hepushtsed fivnrcommsziahawires ewhtas tedChedDaibon Pititien oE®T Rebrabedper at ur e
and the catal yst was sinply sprinkled into the tube over about 30 sec. This
const i t ut esCoampatty, PelusbiagMBous"” tenperature rise, sonetinmes referred to as a
"drop in"., - Hexaval ent Cr anal ysis was perforned by addi ng about 1 gram
of catal yst i n€dalpsty aqtivated ageording b ille probent invention\typisellythraup40 tof 100% of the

10- phenanthroline iron (11) sulfate, 0.025Min water, was used as an

i ndi cat or. Wi ¢heorgininr qonvegied tih hediskayrlennfowa sfter activationl alv I0AC do SORdalndi zed
solution of ferrous ammonium sulfate in water, until the indicator changed
col or. Thi smetbér@eneetn copyersion pf SP/atOeJ@O%wfrt@é&rut@ Rr(hP) i aqhisveds slinovmh bbb onat e.
The reaction was the reduction of C(+6) to Cr(+3) by oxidation of Fe(+2)
to Fe(+3). aspect polvgriors oh6Q% o A0fYs ageschicyrdps 75 Oatoz902°CF pacein silleaptheteact or
equi pped with a marine stirrer rotating at 400 rpm_ The reactor was

sur r ounded aﬁepchcogwéqns jPA 8K b 100%Are pabieerl bié | kmagn ﬁ@t high gpnversignsagig mennect ed
to a steel condenser. The boiling point of the methanol was controlled by
varying the nitrogen pressure applied to the condenser and jacket.

El ectronic control instruments permtted precise tenperature control to
within half a degree centigrade. - Unl ess otherw se stated, a snall

anount (about 0.01 to about 0.10 grans) of the solid catalyst was first
charged or added under an inert atnosphere of nitrogen to the dry reactor.
Next, 1.2 liter of isobutane liquid was charged and the reactor heated up
to the specified tenperature, usually around 105C. Finally, ethylene was
added to the reactor to equal a fixed pressure, normally 550 psig (3.8
MPa), which was mai ntained during the experinent. The pol ynerization was
allowed to continue for the specified tine, 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 tinme, the ethylene




To determ ne the effect of noisture on stabilization to hexaval ent

chrom um quartz activator tubes containing 10 grans each of 969MS cat al yst
were heated to various tenperatures in air to which various anounts of

noi sture had been added. The data is plotted in Figure 1. The rate of
tenperature rise was 1500C per hour, so_that the |ongest ranp tinme was
.about thirty mnutes. The catal ysts werd fluidized in the air of varyi ng
noi sture levels for three hours at the tenperature indicated, and then the
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was nmuch higher 1n the activat catalyst than it was In correspdndi ng
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Burwel I, Jr.; Journal of Catalysis, VoL36, p.394 0 (1975), and Excess
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McDani el and R L. Burwell, Jr.; Journal of Catalysis, Vol 36, p.404 (1975),
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Jour nal of sGatinglterspesmurd/(112), al@a seoorkiHd1d pkEiBBJHZ). These crystallites are then
very difficult to reoxidize and redi sperse as C(+6). As denonstrated in
Figure 1, f{The sativatioepmotdssesioftie pasért raventinn Autles eqsprise indsegauntlp comdhhRg

non- oxi di zi ng gasses can be used to renove noisture followed by a final
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Ther nogravi nettic analysis was perforned to determ ne the effect of

t enper at ur dntgniuprg) dyring theranhip tigielor 8w hbiderisdd agcttageat ed cat al yst was
subjected to a_thernogravinetic analysis. Starting at roomtenperature each
sanpl e was hea®eiipnally, fiepygcasg cainpnises) third stag@mpeising o thirdugnp wp #OOB3Ad t he
wei ght of the sanple was nonitored. Each sanple |ost weight as the

t enper at ur & thizxdtepmersiane, (I3)eand @ thitbhdldpsiod(HajpAstondieg tolhis inventisadtean be
experiment, the tenperature rise was halted at various tenperatures from
200C t o 80@€vapfagpqus ffar thethirdethge o dhe Ias perfumned stgfetof thaprapesstie be eongestestiur e ri se.
was continued at 40C per hour as before up to a maxi num of 900C. The data
was pl ot t ed QKigiziNgAlmqsPREEss are shown in Figure 2. The break in the curve
represents the 24 hr isothermal hold period. The silica |ost the nost

wei ght duri ng 4%k of iheeaspprénof He nressieinvaniioe comdirthey cetbrise a50@l aodng Thi s
suggests that nolecul ar notion begins to accelerate at that tenperature. At
still hi ghdieatpepnfofiewing dhe lagtholding peion f theadtivetionoreseesn Thesfieal redweinguch of
the noisture is |ost before the isothermal hold begins. The weight |oss
during t hi SeEERHfRomREses Arffodueing the gatalystdp avigducie pimasphers foriiegipd gEtidASt r at es
t he amount of weight |oss for each tenperature, and al so how fast that

noi sture was |ost. Thus, a nmaxi mum wei ght | oss, plotted in Figure 4, is
seen at 500-600C. This indicates that time and 21 tenperature can, to some
degree, be considered as interchangeable. Short hold tinmes at high
tenperature are equivalent, in terns of noisture loss, to long hold tines
at low tenperature (at 500C and above). EXAMPLE 4 Using the information
di scussed above, various nethods were designed for activating chrom um
catal ysts using nmultiple steps to minimze the tinme cycle of an activation
(thus increasing the output of an activator apparatus) or to inprove the
quality of the catalyst C(+6) stabilization Nunerous different activation
sequences were tested and are described in Table 1. These catal ysts were
all activated using gas velocities of 0.12 ft/sec (33 cnlisec). A reading of
greater than or equal to 0.4 % Chrom tun(+6) was considered conmercially
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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 instantaneowus to less than or
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, th;: term “instantaneous” refers to miroducing the catalyst to a
pre-heaied environment wherein the ramp up time would be negligible or about 0 howrs.

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 fo 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
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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 howurs. 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 minntes to about 3 hours.

Activation of catalysts of the present invention can occur in varjous 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
infroduced independently fo 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 infroduced 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.

Bach 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 minuntes to about 5 hours.
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Oxidizing atmospheres can include pure oxygen or ambient air containing oxygen.
Substantiafly anhydrous air can be used. The term dry air refers to substantially anh}-fdrous
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,0s) or chlorine monoxide {(CL0) and other ma;terials
which release oxygen. An oxidizing atmosphere can comprise any combinations of the
foregoing compounds.

Inert atmospheres can inclnde, but are not limited to, carbon dioxide (CO;), vacuum,
helium, argon and nitrogen. Any corubination 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
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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 guality and significantly shortens the overall activation fime, 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
overall activation time is less than about 15 hows. In still another aspect, thle overall
activation time is less than about 10 hours and in another aspect if is less than about 6 hours.
In general, the overall activation time or total cycle t'ime corprises the ramp up and hold
times and any additional time required to operate the process. For example, the total cycle
time can comprise time {o 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 fo 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 ppr, less than about 10,000 ppm or less than

about 1000 ppm.
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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
cocled 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, auy or all of the activation stages of {he
process can oceur 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 {emperature 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
hours. Advantageously, the catalyst can be added to the activation apparatus contimally 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 10 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 chromiuwm 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.
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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 ho!urs 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 continnous 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 chromiur catalyst
comprises using an inert or reducing fluidization gas in oﬁe or two stages of a baich or
continnous 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 finidized 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 houss.

In one aspect of the invention, increasing the oufput of chromium catalyst in an

activation process is contemplated. A method for increasing the output of chromium catalyst
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activation comprises insiantaneously 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 hdlding 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. Shurry 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 uséd to produce
ethylene polymers in a particle form process as disclosed in US Patent Nos. 3,624,063,

5,565,175 and 6,239,235 which are incorporated by reference herein in their entirety.

G een

A loop reactor is commonly used for a polymerization technigne commonly referred to

as particle form, or shirry 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 stitred
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
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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

- mmsaturated 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 t_he polymer can be confroiled by various means known in the
art including but not limited to, adjusting the temperature (higher temperature giving lower
molecular weight) and infroducing, orvarying_ the amount of hydrogen, or varying the catalyst
compounds.,

EXAMPLES

The present invention is further illustrated by the following examples, which are not to
be con;stl*ued in any way as imposing limitations upon the scope of the invention. On the
confrary, 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 w?/g, a pore volume of about 1.6
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cc/g, an average particle size of abont 90-100 microns, and contain a chromium loading of

about 1 wt %.

EXAMPLE 1

A laboratory procedure was designed to reproduce the lomger 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 ténmeratme, 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
proportionatly deeper beds of catalyst are used. The larger catalyst charge releases more
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 flnidizing gas and controlled by bubbling the gas through a 25°C
watér column before it was used for activation. This fluidizing gas then contained 100%
humidity at room terperature. 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
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up through the disk at the linear rate of about 0.1 to 0.3 fi/fsec (3-9 cm/sec). An electric
fiarnace 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 teraperatures for specified periods of ﬁlﬁe.

For the control samples, the catalyst was fluidized in about 0.2 fi/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 nifrogen, where it was protected from the atmosphere umtil ready for testing.
Before that time it was I:IGVCI‘ allowed to experience any exposure to the atmosphere.

In an alternative control sample, the activator tube was preset and heated to the desired
terperature and the catalyst was simply sprinkled into the tube over about 30 sec. This
constitutes an “instantaneous” temperature rise, sometimes referred fo as a “drop in”,

Hexavalent Cr analysis was performed by adding about 1 gram of catalyst into a 1N
sulfiric 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
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and connected to a steel condenser. The boiling point of the methanol was controlled by
varying the nitrogen pressure applied fo 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 fo 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 allofted time, the ethylene flow was stopped and the reactor slowly
depressurized. The reactor was 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. The activity of the catalyst was
calculated as grams of polymer produced per gram of solid catalyst charged per hour.

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

activated at 250°C in nilrogen.
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To determine the effect of moisture on stabilization to hexavalent chrominm, 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 Figuve 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 fo Cr(+6). At ‘600°C and below, stabilization was high and almost independent
of moisture level. However, at higher te\mperatures, the moisture level became critical. The
data demonsirates 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.

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 i 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 {reated 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 iraces of oxygen are present with moisture. [See Excess Oxygen of

Chromia, 1; by M.P. McDaniel and R.L. Burwell, Jr.; Journal of Catalysis, Vol36, p.394
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(1975), and Bxcess Oxygen of Chromia, II. Reaction with Diphenylpicrythydrazine, by M.P.
McDaniel and R.L. Burwell, Jr.; Jowrnal 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
crystaltites 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 fo 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
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 beforeup to a
maximum 0f900°C. The data was plotted and the curves are shown in Figure 2. The breakin
the curve represents the 24 br 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 demonsirates 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
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temperature can, to some degree, be considered as interchangeable. Short hold times at high
tenperature 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 fi/sec (3.7 cmy/sec).
A reading of greater than or equal to 0.4 % Chromium(+6) was considered commercially

acceptable activation.

Table 1

Tota

First Stage Socond Stage Cyah

Ramp Ramp Time

Ralsa Max Hatd Ralsa Mane Hold

Example# Catalyst Temp To ;I"“&;:; Atmos. % R20 Titne {Temp To: érr:‘r;:a, Atmes, % HIO Time Color % Cr(+6} {min
Tontrol 1 S6SMFI | 800°G 240 Alr 0.2 S hr Vellow 05038 420
Conlrdl 2 289MPI 800 °C 1 Alr 44.8 16 min Grean 0.348 16

Conlral 3 S6IMP| 788 °C 720 Alr < 1% 12 Grean 0.4347 216C
41 SESMP) | &0O°C 3 Alr 27 16min | 800°C 2 alr 14.1 158 min Grean 0.4477 35
42 965 MP{ 660 °C 1 Alr 384 18 min e °c 1 alt 24.8 30 min Graen 0.4694 47

4-3 86O MPI | e00*C 2 Alr 19.0 24 hr oo °c 1 ale 24.8 30 min QOmnge 0.6641 1473
4.4 EP 30X 800 °C 7 Alr 84 15 min 00°C 1 air 24.8 15 min QOrange 0,571 34
4.5 geg MPI { Yoo 1 Alr LR Gmin | S00°C 1 or 166 30min Green 0.4937 47

4-6 963 MPI | 700°C 1 Alr 411 24 hr 800 °C 1 air 16,5 30 min Orange 05964 147
4.7 S5MP] 600 *C 1 Alr 36.1 1 min 800°c 13 ulr 25 15 min Orangs 0.821 an
43 968MSE | 800 °C 1 N2 A4.B T min 800°C Q alr <i%  15min Grean 0.4394 23
4-8 86SMSE { B00'C 1 N2 44,8 13 min 800 °C ] alr <1%  30min Graen 04713 44
4410 96SMsSB | soo*C 1 N2 4.8 1 min 800°C 0 alr <1%  2heour | Groen-Yellow 05226 122
411 265MSB | 800°C 1 N2 44,8 16min | 800°C 0 alr <1% 4 hour | Yellow-Graen  0.5694 257
4-12 g6SMSE | 800°C 1 N2 44.8 15 min | 800°C 0 uir <1%  8heur | Yellow-Green 06118 496

4-13 96SMSB | 800°C 1 4 44.8 38 min 300 °C Q alr « 1% 20 hour| Belge Omange  0.6634 124C
414 BEOMPI 560 °C :] N2 ~30 & min 788 *C a uir ~20% 15min| YollowTan 0.66842 20
415 SEOMPI | 800"C 0 co ~60 10 min a0o°c [} alr < 1% 10 min Balge 0.5817 20
4-18 SEaMP | a00°C a co ~50 10 min a00°C 0 alr < 1% 10 min Beige 0.5736 20
417 SO MPI | s00°C 0 Alr ~40 15 min &0 °C 9 Ga ~25 10 min Belgs 06511 25
418 269MS aoe‘c Q H20 N2 5 15 min 800'c 0 alr < 1% 15 min | Yellow-Tan 0.6201 30
4-19 959MS | 400°C 1] H20 N2 5 18min | 800°C 1] alr <1% 20min| YellowTen  0.65893 38
420 9esME s00*C 0 H20 N2 5 15 min 800°C [} alr <1% 12min| Yellow-Tan 06578 33
421 HE69MS 800°c o H20 N2 5 12 min B00°C 0 alr < 1% #5min| Yellow-Tan 0.7185 34
422 96OMS 700*C 0 H20 N2 § 18 min 800 °C [+] sir < §% 1§ min| Yellow-Tan 06845 34
] 965MS 800 °C 0 H2O N2 5 18 min 800 °C Q a_lr <i% 18 min Yatmw-Tan 0.6245 37
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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 v.vas simply dropped into a
hot 800°C tube, while in dry air. The catalyst was then allowed to flnidize at 800°C for
anotber 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.

Control 3, shows a typical commercial activation in which the bed depth was over 7 feet
(2.1 meters). Although air velocity was higher in this run than the others, stabilization was
still rather poor due to the large amount of catalyst used (750 Ibs or 340 Kg). This much
catalyst released considerable moisture, which hurt the stabilization. Stabilization was low in
spite of the exceedingly long cycle time of 36 hours.

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.
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three parameter Carreau-Yasuda (CY) empirical model to obtain the zero shear viscosity — 7,

characteristic viscous Telaxation time — 7, and the breadth parameter — &. The simplified

Carreau-Yasuda (CY) empirical model is as follows.
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fjo
*() ] =
] n ( ) I [1 + (f?]a))a](l_n)/a >

wherein: | 77" ()| = magnitude of complex shear viscosity;

7jp = zero shear viscosity

7, = Vviscous 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. % Hieber and H. H. Chiang, Rheol. 4cta, 28, 321 (1989), C.A. Hicber and H.H.
Chiang, Polym. Eng. Sci., 32,931 (1992); and R. B. Bird, R. C. Armsirong and O. Hasseger,
Dynamics of Polymeric Liquids, Volume I, 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
parameter as “a”.

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 refetred 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.
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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

Example # Cha PEg Time (afd} Jah dox HLMI  HLMIMAF Eta D Tau_eta “a
Control1  0.1451 260 70 1793 1537 0.20 16.1 788
Control2  0.0928 €0 49 49
Control 3 0.081 330 a5 3626 2280 0.16 144 905 3.75EH0S 123  0.1837
4-7 0.1937 301 57 1554 1636 0.57 36.8 645 9B89E+4 0.12  0.1860
4-14 01112 2242 50 2004 2404 0.25 18.7 74.0
4-16 0.1444 249 8.9 1724 1502 0.41 27.1 66.1 1.64E+056 0.31 0.,17983
4-17 0.1417 262 60 1849 1848 0.14 12.8 89.7 3.72E05 096 _ 01834

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 termos
of the reference are inconsistent with those of the present invention, the information included
in the specification for the present invention is inteildecl

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
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
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matter of the claims. Bach and every claim is incorporated into the specification as an
embodiment of the present mvention. 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, a total activation cycle comprises less than 20 hours, and

the activated catalyst comprises greater than or équal to 40% conversion to chromium (+6).

2. The process of Claim 1 fiwther comprising introducing at least one first atmosphere
during the first stage and introducing at least one second atmosphere during the second stage,
wherein any atmosphere is 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 firther comprising foliowing 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.

4, The process of Claim 2 wherein the first and second atmospheres independently
comprise reducing compounds, oxidizing compounds, or inert atmosphere, with the proviso

that the last performed stage of the activation process comprises an oxidizing atmosphere.
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an adm ssion that it is prior art to the present invention, especially any
reference that may have a publication date after the priority date of this
application. The disclosures of all patents, patent applications, and
publications cited herein are hereby iné@rporated by reference, to the
extent that they provide exenplary, procedural or other details
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the scope of the claim
argon, nifrogen or any combination thereof

6. The process of Claim 1 wherein the activation procéss operates in a batch mode or a

continuous mode.

7. Thf: process of Claim 1 further comprising subjecting the catalyst to a reducing
atmosphere for a period of time fiom about 10 minutes to about 5 hours following a last

performed hold period of the activation process,

8. The process of Claim 1 wherein the time for any ramp up independently comprises a

range from about 0 to about 3 hours.

9. ‘The process of Claim 1 wherein the first temperature is less than about 700°C and the

second temperature is greater than the first temperature and less than about 1000 °C.

10. The process of Claim 1 wherein auy hold titme comprises a range from about 1 minute

to about 30 hours.
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including all equivalents of the subject 27 matter of the clainms. Each and
every claimis incorporated into the specification as an enbodi rent of the
present invention. Thus, the clainms are a further description and are an
addition to the preferred enbodi nents of3% he present invention. 28 CLAI M
1. A catalyst activation process conprising subjecting a chrom um cat al yst
to a first stage.conprisi a first.r up tine to g first desired

t enper at ure of gFgﬁgg’Fesf Hgﬁhﬁ‘bglf "”r -tﬁe@:%%ﬁ@nx TREP{p AL PSSR A vt Por a
first hold gﬁ&ﬁod, subjecting the catalyst to at |east a second stage
conprising a second ranp up tine to a second desired tenperature, and

mai nt ai ni ng the second tenperature for a second hold period, wherein the
second tenperature is greater than the first tenperature, a total

act i vat i on ol eTRembis 8Pcluen il £0 PU B Btoble GhbUASd4SA) V!

conprises greater than or equal to 40% conversion to  chrom um 2. The

process of Ghaph s sl hlits n6@IRAd SkBmbBhhRW kG br «%:cﬁastB DB 6bd-ES hlgl

at nosphere during the first stage and I ntroducing at |east one secon

at nospher e du§ingR el 1§ REOMeh $HAKE the WBEEAtRoSR¥re RbIIRER S Henk S, i Qi ced
i ndependently during the ranp up time, during the hold time, or during both .

the ranp up terigeearee ek d6ber 100PCltol db6-9008:, thERBcoRd QEQSEH Bhie Fgtal® had Db tdAer
conprising follow ng the second stage with a third stage conprising a third
ramp up to aaduiy fmé, QAP e sécofi®hold tihes Sest hame AARYC and hol ding for a third
hol d period in an oxidizing atnosphere. 4. The process of Claim2 wherein
the first and second at nospheres independently conprise reduci ng conpounds,
oxi di zi ng conmpounds, or inert atnosphere, with the proviso that the |ast
per f or med stidge Bhe plveesaof iClgti 1o whetehic ths Sirgt Qafpp iup &ineaid itvtintingdudgthe first

at nosphere. 29 5. The process of Claim4 wherein the oxidizing conmpounds
conpri se antemgperatae is, lesa i dO0 6S, the first hoid yeoind isdondbminmie to 30 donrg illesecbagd
nitric oxide, oxygen containing halide conpounds, or any conbination

t her eof , t hearpuudhely kstavtroentshesermud iteeernturbi greawnthm the firshedpergtere, and
materi al s that deconpose to carbon nonoxi de, carbon, and hydrogen, or any
conbi nat i on lesh&raer equahdo ehrat LHOPE, and Wissyshendehodbpgriorl S Somabbrsrl ntinvicitde,
vacuum helium argon, nitrogen or any conbination thereof 6. The process
of Caimil wherEdPhowhe activati on process operates in a batch node or a
continuous node. 7. The process of Claim1 further conprising subjecting
the catalyst to a reducing atnosphere for a period of time from about 10
m nutes to about 5 hours followi ng a |ast perfornmed hold period of the
activation pfocedshrongumppialypagtivabion process sorising b least? fages whergin sége hny
ranp up i ndependently conprises a range fromabout 0 to about 3 hours. 9.
The process “BPPEchmsiantangousla mptodyedng 2 FEalyy dprge caypippmentpreauslyheasd Shaut

700C and the, second tenperature is greate t@;ﬁ the first tenperature and

| ess than abBifeRsBE € ‘i’f’ t.‘ijoﬂ{éf"pﬂbg‘(‘fggg dﬂh" githe st ipmpeEatire ASHAO Ido t i ne

conprises a a{;g}lrt] %8 h]:)lgr(s),r?oﬂct:)\n?e% byla sTagneuzt gongp(l)'is%tg) ?‘:ﬂgmg % zt] gelécrjgd temperature of about
800°C to about 900°C over a period of less than or equal to 3 hours, and holding the second

temperature for about 1 hour to about 10 hours, wherein the process is performed in a batch

moede or a continuous mode,



30 11. The process of Claiml wherein the tine for any ranp up is

i nst ant aneous or about 0 hours. 12. The process of Claim2 wherein the
first atnosphere conprises anbient air, the first rawup is less than 3
hours, the first tenperature is |less than or equal to about 600C, the first
hold period is less than 3 hours, the second atnosphere conprises anbi ent
air, the second tenperature is about 700C to about 900C, the second ranp up
time is greater than the first ranp up tine, and the second hold tine is

| ess than 6 s. 13..The process of . Claim 1, wherein the first ranp up
tine is i nst{aggtigtlﬁglé’ﬁ%s,s 0{%18“? ﬁr@‘i%hefé?fﬁgfsﬁﬁﬁegt]"?@nﬂ TG RTOFGTR R AHEFORAT. ¢ he fir st
hold period is from1l mnute to 30 hours, the second ranp up tine is

i nst ant aneous, the second tenperature is greater than the first tenperature
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i nstantaneously i'ntroducing a cataly 0 an’environ
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tenperature for about 1 to about 2 ours, y as compri sing
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of less than or equal to 3 hours, and hol ding the second tenperature for

about 1 hour9o0t, #zawtond GariOulf Sme WRFSAHbuE D 8oRs RCBSS 1 DuRGHA B WEInd Roi@ batch
node or a continuous node. 31 15. The process of Caim 14 further

conpri si ng, pesed i abtunfotaBoup 1| BEE %S abiott SHBNS Fherdih the secbBd athldsphefeQE R TP
Claim 2 wherein the first atnosphere is nitrogen or carbon nonoxide, the
first tenperatiniroguced duimthadeoatid AQeriédd about 700C, the first ranp up tine
is fromabout O hours to about 1 hour, the first hold period is from about
1 hour to about 5 hours, the second atnosphere is oxidizing, inert or
reduci ng, the second tenperature is about 750C to about 900C, the second
ranp up tinmd7i s ThameasnfClomNoterin the 2hat ofwadtd it the ndsghbe deegohehdo! d
period is about from about 1 hour to about 5 hours, wherein the second

at nospher e pericirfitheriast pirforingst stagel afthelpmionss i dess then seasogbohepe. peri od.  17.
The process of Claim1 wherein the anount of water in the atnosphere during
the hold period of the |ast perforned stage of the process is |ess than
about 50,000 ppm. 18. The process of Claim1 further conprising adjusting
t he percent d&e offevpsecess ofifClrimel frthersesmarising udiustips ttheepsenee of wageindhe t he
activation process to |ess than about 30% 19. A nethod for increasing the
out put of cRFWIRIsH dEnshy steortsiage af the Activaigmmiresesido lessbanatoui?eBus| .y
subjecting a catalyst to a tenperature of about 800C in a first atnosphere
of nitrogen or carbon nonoxide, maintaining the tenperature for at | east
about 15 m nutes, exchanging the first atnosphere for anhydrous air, and
mai nt ai ni nglt'he %W@@E&f%ﬂ@%%thsﬂm@&&mrmm sgabplagtivetion famprising2 20. A

met hod of reducing cat Lgst activation process tinme conprising ranping up
t he instantangously subjécting 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

maintaining the temperature for an additional period of time.



catalyst to a first tenperature of |less than or equal to 800C in | ess than
10 mnutes and holding at the first tenperature for |less than or equal to 3
hours 'foll owed by ranping up to a second tenperature in |ess than 15

m nutes and. holding at the second tenperature for |ess than 10 hours,
wherein the second tenperature is greater than the first tenperature and
the total anpbunt of tinme for the activati ord2process conprises |ess than 15

hour s.

20. A method of reducing catalyst activation process time comprising ramping up the
catalyst to a first temperature of less than or equal to 800°C in less than 10 minutes and
holding at the first tenmperature for less than or lequal to 3 hours followed by ramping up to a
second temperature in less than 15 minutes and holding at the second temperature for less
than 10 hours, wherein the second temperature is greater than the first temperature and the

total amount of time for the activation process comprises less than 15 hours.






