WD 2004/ 037419 PCT/ US2003/ 033477 | NOx REDUCTI ON COVPCOSI TI ONS FOR USE | N
FCC PROCESSES FI ELD OF THE | NVENTI ON [ 0001] The present invention rel ates
to NO red¥Resd3Hd%positi ons and the method -of use t heP&EFUZHPH0EMTEe NO,
em ssions in refinery processes, and specifically in fluid catalytic
cracking (FCC) processes. Mire particularly, the present invention rel ates
to NO reduction conpositions and their nethod of use to reduce the content
of gas phase NOJRERUGTIONGOMEOSITEINS FORIISEY T RROCESE jases rel eased
froma fluid catalytic cracking unit (FCCU) regenerator operating in a
partial or inconplete conbustion node. BACKGROUND OF THE | NVENTI ON [ 0002]

I n recent pgaH O THEINVENPERQ an increased concern in the United States and
el sewher & gyggiinapresHf ik Hntioh rdIiReTld NBURbidn SHRIAS A tRPiERbE OXI des o
ni trogen, ~ suf fur“and carbon. In response to such concerns, governnent

agenci es bfwse the‘resfamedmmx musaamnpbﬁmaeylpmcmses aad spéd:ﬁmhllylie flaid ssi ons of

one or nore of the po i: nts the tr is clearly in the direction of
i ncr easi nEAtYlyHE F‘iaﬁb‘@ﬁt( &égi’ﬂcﬁisﬁ) OFﬁ%@%ﬂ“&)the HFSC(FH'UGQ‘"HT refates8gen, in
flue gas K Saif8H chimasifioR Andihiif mefHoaoY bicto &a&ekn&%&%&&generat ors
is a pervasi've probl catal ytic cracking unit process heavy
hydr ocar bphast eatieed nittogemspegiesiin FOGangenergoanoffigasas meledsedfromod fluidi ch i s

contai ned in the coke oné_h{tl&éﬁatal st as it enters . the regenerator. Some of
this cokeCHalyHpgraking usi Irg8ea B340 OPETAUNE LA PRSHAIRFIBETRRIEt i t her i n the
FCC regeg&hg%sggm%oden a downstream CO boiler. Thus all FCCUs processing
nitrogen- alning feeds can have a NO em ssions probl em due to catalyst
regeneration. [0004] In an FCC process, catalyst particles (inventory) are
repeatedly ci rcul at ed 1@' ytic cracking zone and a catal yst
regener at P&Y=IGRE SHE IR on, coke fromthe cracking reaction
deposits nper at ur es
by oxi dat ?g)r?hgnﬁ' f"?@ fé gﬁ@%}%gﬂﬁgﬂg&gz@eg&&[gﬁﬂ tg%' Pﬂhﬁg&?‘%ﬁkga of coke
deposi ts elewhereabéairmllution froof intdinstrial @trdsyoris b aotioos exidevofttirogegmoi nt  wher e

t hey can be reu ed in &he cracki n% reacti on. The coke renpval, steg S
sulfur an carbon n response to such concerns, government agencies have in som

cases already placed limits on allowable emissions of one or more of the pollutants,
and the trend is clearly in the direction of increasingly stringent restrictions.

[0003] NO,, or oxides of nitrogen, in flue gas streams exiting from fluid catalytic
cracking (FCC) regenerators is a pervasive problem. Fluid catalytic cracking units
(FCCU) process heavy hydrocarbon feeds containing nitrogen compounds a portion
of which is contained in the coke on the catalyst as it enters the regenerator. Some of
this coke nitrogen is eventually converted into NO, emissions, either in the FCC
regenerator or in a downstream CO boiler. Thus all FCCUs processing nitrogen-
containing feeds can have a NO, emissions problem due to catalyst regeneration.
[0004] In an FCC process, catalyst particles (inventory) are repeatedly circulated
between a catalytic cracking zone and a catalyst regeneration zone. During
regeneration, coke from the cracking reaction deposits on the catalyst particles and is
removed at elevated temperatures by oxidation with oxygen containing gases such as
air. The removal of coke deposits restores the activity of the catalyst particles to the
point where they can be reused in the cracking reaction. The coke removal step is
performed over a wide range of oxygen conditions. At the minimum, there is

typically at least enough oxygen to convert essentially all of the coke made to CO and



performed over a w de range of oxygen conditions. At the mninmum there is
typically at |east enough oxygen to convert essentially all of the coke made
to CO and wO2864334187419 PCTI US2003/ 033477 2 H20 At t heegrms200sn33ite
anount of oxygen avail able is equal to2or greater than the anount necessary
to oxidize essentially all of the coke to CO2 and H20 [0005] In an FCC unit
operating with sufficient air to convert essentially all of the coke on the

catal yst Q2R enddfhm! iR amn%ff éxggsﬂ aﬁiﬂablerigeédhhd &gﬁ@%ﬁﬁﬁﬁ twa I
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resi dence dontain tﬁxcemmggﬂpdmpwllmﬂim%egmm&ﬁgﬂs) eombusisen modeli t i ons,

tiall 1. of th k the catalyst d
The or ackigPetiob ity Ganlsd REd PR EcIVHES A RCEEIFFreRuiRIS PR8I E ol ocul or
ni trogen ofy N ABEkE, tie dondiddns ﬂﬁﬂ%@h&%%ﬁéﬁ%&r ntdml%g PrRe: The

anount of coke nitrogen converted to NO, as opposed to nol ecu ni t rogen
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of air adclregdérfeern% 78l sGEARAN Mleglroratb) U der HeaBEorditibny, kiemHiIy ze the

coke on the cracking catalyst to COZ and H2O some of the coke remains on
t he cat al yalltof thdnikregen depgsitdd wahtommmgnatarysttdtmriguhmracbm proshion i s

i di zed t hi.s fashi
ot be. pr B HECR ek enealy soberet fo galeulabnlioest oL DB KR By pen be
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nitrogen exits the regenerator as molecular nitrogen.

[0006]On the other hand, when the amount of air added to the FCCU regenerator is

insufficient to fully oxidize the coke on the cracking catalyst to CO, and H,0, some

of the coke remains on the catalyst, while a significant portion of the burnt coke

carbon is oxidized only to CO. In FCCUs operating in this fashion, oxygen may or

may not be present in the regenerator off gas. However, should any oxygen be

present in the regenerator off gas, it is typically not enough to convert all of the CO in

a gas stream to CO; according to the chemical stoichiometry of
CO + %2 0,—CO,

Thié mode of operation is usually called “partial burn.” When an FCC U regenerator
is operating in partial burn mode, the CO produced, a known pollutant, cannot be

discharged untreated to the atmosphere. To remove the CO from the regenerator off
gas and realize the benefits of recovering the heat associated with burning it, refiners

typically burn the CO in the regenerator off gas with the assistance of added fuel and



di scharged untreated to the atnosphere. To renove the CO fromthe
regenerator off gas and realize the benefits of recovering the heat

associ at edavoweoy/obsani ng it, refiners typically bumthe @OTIU$2003¢33477
regenerator off gas with the assistanc& of added fuel and WD 2004/ 037419
PCT/ US2003/ 033477 3 air in a burner usually referred to as "the CO boiler".
The heat recovered by burning the COis used to generate steam [0007] Wen

t he regenairdh @buhfer ORI Tefefed tb HAtfthé €0 toiler”. tTiR anficbvered by Burtn
regenerator, where the oxygen added with air has been depleted and CO
concent r athedRO inusediaigenerdts steame overal | reducing. That is, there is not

enough OXYEG WG RIEABHE 1 Aderd SR AP BEA! B2 coRAROAL e f SOTe Oxygen

is actual 'y s pres condriibns sone o nitrogen in

the coke irégeqionaur) whete tie &g gemhdded wighpsir pivlseen deplétedend @O cogentraeci es ",
exanpl es of which are ammoni a_and HCN. Small anounts of NO nay al so be
present i has builtyigy are gvengll reducinge nEhahiso thess is nghenovgh o ygerHesenvritbwmase

reduced nifr S Le [ e. ' ] of the

r egener at Sfrl r%ﬁ.ﬁﬂméasﬁ?gh%§§@geg?ﬁ;s%nf id}ly%edlstgg “Ir%@)b ,Lﬁl\?\ﬁl (%mi g'h\%ﬁ{eﬁ’%geem tted to
the at mogphdifiens sbiiesofNXnitlogérginvthé Boladiy convestetad So lledf“gagptthsé N t he CO
boi | er burner by oxidizing atnospheric N2 constitute the total NOX

em'dssi ons resfucedhpitogen spegies . exdEPles afgvhich aregmmonia apd HGMN: obprkkt e conbusti on
. [00 F . ' [
ol eAtopiEa NEIBACAR B Brelh 1 P\rahaRf B BERAABLOABEL WEG) ' D, 7,

nodes. An tise@pd phasé reducdu sittogén¥peties diediuentlie tieCOMoiler withkt@restutugh CO i s
generated in the FCCU regenerator to require the use of a CO boiler, but

because t iiRgeanmtnioff gas, they caderoeridized IaNGe Vel ifithen emBtedig thene unit cl ose
to full blﬂg]n(gs%ﬁéﬁ%t RS ﬁBdgli’ong'\aq{N J@G%mgwgfo&%d?ﬁ(ﬁ%mﬁ{l? OE%Jround 'n

the off ga arge settiofs of vhe tegenerator are a fating

under overgldiditing airhiPhGRid) Lo e 18UPROGRAssiior traieCBage T educed

ni trogen peci es-can ound 1 n the gas, Ssig | cant anounts of

NOL are alopérafihg itapartiall ot iiddMipl@d e6mbastiBAjAddel y of this NO is not converted
in the CO boiler and ends up bei ng emtted to the atnosphere. [0009] Yet
9

anot her c&M08d HGS reggeeratoroipay alse kg dgsigred@ndioperaind in4 ligcampletg bprmiur n
mode intermediate between full burn and partial burn modes. An example of such an

intermediate regime occurs when enough CO is generated in the FCCU regenerator to
require the use of a CO boiler, but because the amounts of air added are large enough
to bring the unit close to full burn operation mode, significant amounts of oxygen can
be found in the off gas and large sections of the regenerator are actually operating
under overall oxidizing conditions. In such case, while gas phase reduced nitrogen
species can still be found in the off gas, significant amounts of NOy are also present.
In most cases a majority of this NOy is not converted in the CO boiler and ends up
being emitted to the atmosphere.

[0009] Yet another combustion mode of operating an FCCU is nominally in full burn
with relatively low amounts of excess oxygen and/or inefficient mixing of air with
coked catalyst. In this case, large sections of the regenerator may be under reducing
conditions even if the overall regenerator is nominally oxidizing. Under these
conditions reduced nitrogen species may be found in the regenerator off gas along
with NO,.

[0010] Various catalytic approaches have been proposed to control NO emissions in

the flue gas exiting from the FCCU regenerator.



with relatively | ow anbunts of excess oxygen and/or inefficient m xing of

air wwth coked catalyst. In this case, large sections of the regenerator
may be und@p 20e3g418g conditions even if the overall red¥iy 033477

nom nal 'y oxidizing. Under these condi*ions reduced nitrogen species may be
found in the regenerator off gas along wth NO . [0010] Various catalytic
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for reduci egissions frem asFOCY Egeaneraor. ACSUPatemy e 6568 3ralsodikloseaa N, 6, 165, 933

al so discloses _a NO. reduction conposjtion, which.pro S combusti on
during an %ﬁ%%@%'t'me&g’r‘?@rﬁ?WB SEJ?Q)?%% supR ”W?ﬁ ?&é&rﬁﬁ%ﬁﬁeousl y
reduci ng t it ' td S NOM
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addi tive, diningdthesegeneatibmsiep. NOynredwitioh compodiitnsatischdsgd byithase paents  or

i ncorporated as an,integral part of the FCC catal yst 0012] In U S. Patent
4, 290, 878, MRApDe use AN AN thvg, whlchnﬁcwtﬁgteq?ﬁenw@ tﬁq E@hﬁﬁﬁﬁlysfsewam co

oxi dative | f. et | egenerator by the addition of
i ridium orgiﬁgglfpgﬁt%%sﬁ?elmgg%gﬁs@f’gn pron%%@?gtl’ n | esser anmounts than the
amount of [HI0A2] hthS. Pathts, 200,878, MDeistcoatrolf&] iadBe prdsence of e platiapper - | oaded
zeolite additi veqs; §Set$”' for reduci em ssions of NO* from tghe regener at or
of an FoCUPiamqtedBeoxidatiyeipromefer in adallurheorgbystiar regeperlor by e pat ent

Foacting. t FTRER ir i OERARAn G o0 SR GbRANG 1 leg e BT shlfteY
af or enent i amedntfiplatinam. has failed to appreciate an FCC process which
o, Hou, (TR baas s Rl ovlons o gesrdbarediecelie AASRIES VHFrel Tk 1 or
i nconpl et erHaaiY Shii Qb BF KO, from the regenerator of an FCCU unit operating in full

CO-buming mode.

[0014] U.S. Patent 4,368,057, teaches the removal of NH; contaminants of gaseous

fuel by reacting the NH3 with a sufficient amount of NO.

[0015] However, aforementioned prior art has failed to appreciate an FCC process

which minimizes the amount of NO, and gas phase reduced nitrogen species, e.g.

NH; HCN, in the flue gas of an FCCU regenerator operating in a partial or

incomplete combustion mode.

[0016] Efforts to control ammonia released in an FCC regenerator operated in a

partial or an incomplete mode of combustion have been known.

[0017] For example, U.S. Patent 5,021,144 discloses reducing ammonia in an FCC

regenerator operating in a partial burn combustion mode by adding a significant

excess of the amount of a carbon monoxide (CO) oxidative promoter sufficient to

prevent afterburn combustion in the dilute phase of the regenerator.

[0018] U.S. Patent 4,755,282 discloses a process for reducing the content of ammonia

in a regeneration zone off gas of an FCCU regenerator operating in a partial or

incomplete combustion mode. The process requires passing a fine sized, i.e. 10 to 40

microns, ammonia decomposition catalyst to either the regeneration zone of an

FCCU, or an admixture with the off gas from the regeneration zone of the FCCU, at a



[0016] Efforts to control ammonia released in an FCC regenerator operated in
a partial or an inconplete node of conbustion have been known. [0017] For
exanpl e, Uv8.208303en1d 5, 021, 144 di scl oses reduci ng amoni PCTUS00FEITA77
regenerator operating in a partial burd& conbusti on node by adding a
significant excess of the amount of a carbon nonoxide (CO oxidative
pronoter sufficient to prevent afterburn conbustion in the dilute phase of

t he regengirédetérminddGhle-bp fate fihahdt b réfiertB2inmt Sfthe desonspasitioness for
reduci ng the content of anmonia in a regeneration zone off gas of an FCCU

r egener at cratabysé redativiedo the larasaFECgatalyst partiglsswill be sheskinube densehsdef The

process reguires. passi fine.si.zed, . | . . . anmoni a
deconposi ftﬁi)ﬁegggqrgtppé*@@)&%@lptelll@pﬁﬁn%ne&rﬂé gﬁee?l%_ |%’ﬁm§glﬁeﬂg§ﬁ]§ﬁﬁnﬁw, or an
adm xture c\a'tayst chﬁé.f TBéfiné 5ied El06iateAARO6MPIIGG ZRA19PstPartidk® dr&€CU, at a WO
2004/ 037419 PCTIUS2003/033477 5 predeterm ned make-up rate such that the

resi dence capturedolty 2 hérddeageeyelone separateraand rgeycleddp the regenesatoref ther ger FCC
tal yst ' i1l _be. in t d th t d t
T ol utRiGs B gftaripedfioRdalehsl el BE s RRHR GG B plsBiRLERTAR o O UC C

particl es.ina'ﬂggnif;isﬁ@)oﬂzed elutriated deconposition catalyst particles are
captured by a third stage cyclone separator and recycled to the regenerator

of the FABUIIITHES.detddfib3ds tllustrativerafiaypost-tigaimprt RIOGRSH Ieregren gAMmEnia|

di spersed .9 1 -Nor I C pRor 1191 U S, 744, 962 is illustrative of
a post-t régtﬂﬁ?cgfg%%ggt?roﬁ#e%gbgh%ﬁ%g#elétmel"ﬁ"’[vg)zave& "i’%g'gner ator flue
gas. The pegdnetdt@Fuensit td R¥NRS alfmdfAial dditenh&fter RS Hag eRited the FQTA$ t O

| essen the anmpni a content after the ?)Ss has exited the FCCU regenerator

but bef or gegenerairdut beforepassaged theCOboden] There remains a need in the

refining i t for iLnproved LLEO and . pr Lch g nimzes
t he cont er{pﬁl%@ ’E%/?ge% e ar%eggé%&%ﬁ?ﬁ ‘Béé“ﬁﬂ‘ tpr)%g e zraoﬁ’gﬁ%ﬁﬁ%oéﬁ?ﬁ% %'gl‘ froma
partial orprodegSeIWHEEIEman AL thedontenthf gRPhAG Rtwded 'Sdgm species#dd process,

whi ch conpositions are effective and sinple to _use. MVARY OF THE | NVENTI ON
[0021] ThdN@semitted from g partis} eiagemplaigcambystigneECdUeganerater duriigdper y of

parti cul algec process, which compositions are effective and simple to use.

SUMMARY OF THE INVENTION

[0021] The essence of the present invention resides in the discovery of particulate
compositions which are capable of being circulated throughout a fluid catalytic
cracking unit (FCCU) along with the cracking catalyst inventory to minimize the
content of gas phase reduced nitrogen species, e.g. NH; and HCN, and NO, present in
the off gas of the FCCU regenerator when the FCCU regenerator is operated in a
partial or incomplete burn mode. Advantageously, the compositions exhibit high
efficiencies for the oxidation of gas phase reduced nitrogen species present in the
regenerator off gas to molecular nitrogen prior to passage of the off gas to the CO
boiler. This reduced content of gas phase reduced nitrogen species in the off gas
provides for an overall reduction of NO; emitted into the atmosphere from the FCCU
due to a decrease in the amount of the nitrogen species being oxidized to NOy in the
CO boiler as CO is oxidized to CO,.

[0022] Despite the reducing environment in an FCCU regenerator operated in a
partial bum or incomplete burn mode, some NO, may form in the regenerator. In

addition to reducing the content of gas phase reduced nitrogen species, compositions



conpositions which are capable of being circul ated throughout a fluid
catalytic cracking unit (FCCU) along with the cracking catalyst inventory

to mnimzgLhe tent of gas phase reduced nitrogen spg&tpsifosrAHS and
HCN, and ."igﬁ‘e’%ﬁﬁ{; in the off gas ofg the FCCU regenerat or/%\/\%]en the FCCU

regenerator is operated in a partial or inconplete burn node.
Advant ageousl y, the conpositions exhibit high efficiencies for the

oxi dation g as phase reduced, nitrogen.s e resent in.the regenerator
ot “gas 1 oShHbF BNERUEh Hird FUBESF WP POty op AbCHGs Tafhedil ths PG, o the o0
boi | er. Thhéorhgété%@ln FepBhérador B cA@R2RMBAREACELICSUNO| Widdedudaft€i es in the
off gas provides for an overall reduction of NOL emtted into the

at nospher etypicalhy fdued iCthe FCLU regenerathece.g (@, hydre¢asbensoand gasfphasee ni t r ogen
speci es bei xidized to NO .in the .CO.boiler, as COis oxidized to CO2.
[0022] Desrﬁa'?“rgaf‘ﬁéog%dﬂ%‘il%%m“r'ﬂaﬁ‘é‘ﬂ? ']'&O%ﬁﬂ" ﬁé&?tﬁ%"é’é‘ﬁlé’r é\"‘or operated in a
partial b%n%ositi%ﬁ?ﬂpihﬁtiﬁveﬁ%ﬁ pFBVER a RAHRIohESf NBYformed fhetr_@%néﬁ%ﬁ‘er ator.

In addition to reducing the content of gas phase reduced nitrogen species,
conposi t i cpriorWitieNQ; odting thepeginesecad bedg passed unabated thronghnthe 610 al so

enhance the. ermve}t'i‘i of . any NO fornmed in the partial or inconplete burn
regeneratoo'%‘“é%{ IPARYeHe reaction of NO, with reductants typically

found in tfge23 bt ORIBRGY Witk Ehe fredtnt fCentdBMIESRP6SIGH of Ilin¥asidi@ee reduced
nitrogen species, to formnol ecul ar nitrogen. Advantageously, the

conposi t i crenpised bia partiewlatecomposivion avhich cegnprises (i) e adidic hetahexddé n t he

regeneratio rior tq th . exi.ting,the regener r_and, bei .ng ssed
unabat ed t‘HR‘SG E?Ptf'ﬂé S&ﬁ‘“ﬁﬁﬁ? ap Zf‘?ﬂt‘fﬂﬂhﬁn glmll' ?‘Eﬁiﬁ&ﬂ%ﬁ'%ﬁ]’"?ﬂ ordance
wWith the phHEGES theRVE HhdR0red 58 MROBE al &ﬂ&e,?ﬁi_)tah%xygéfﬁdiéﬂagé‘c@thoneﬁR'Iﬁﬂ' sed of
a particulate conposition which conprises (i) an”acidic netal oxide which
cont ai ns siNysxroble lablla!/compmot,ipmf;rggliyiglatmﬂnalrk@dmmnmdalllm oximkisturase earth
metal, an m xtures thereof, neasured.as the netal..oxid .111). an oxygen
tor age cONFER TR Hiptmed Spod ek LR ELER, FoRIRRN% PEeIbisoR ot mum
rhodi um i dré diddTh e FER pr6RSs ad eparaiadditivedpixtieles errema@a‘tamﬂécrmm thef the

I nvention, conpositions of the invention are used in the F process as

separ at e aighlaling FCoagatalystanvestaryul at ed al ong with the
[0024] The present invention also provides a process for reducing the content of gas
phase reduced nitrogen species released from the regenerator of an FCCU operated in
a partial or incomplete mode of combustion. In accordance with the present invention,
the process comprises contacting under FCC catalytic conditions the off gas of an
FCCU regenerator operated in a partial or incomplete combustion mode with an
amount of the compositions of the invention effective to oxidize the gas phase
reduced nitrogen species to molecular nitrogen. The invention also provides a process
for reducing NO, emissions from an FCC process operated in a partial or incomplete
combustion modes using the compositions of the invention.
[0025] Accordingly, it is an advantage of this invention to provide compositions
which are useful to reduce the content of gas phase reduced nitrogen species released
from an FCCU regenerator operating in partial or incomplete combustion modes
during an FCC process.
[0026] It is also an advantage of this invention to provide compositions which are
useful to reduce NO, emissions from an FCCU regenerator operating in partial or
incomplete combustion modes by minimizing the amount of reduced nitrogen species

emitted from the regenerator during an FCC process.



circulating FCC catal yst inventory. [0024] The present invention also

provi des a process for reducing the content of gas phase reduced nitrogen
speci es r eMR2OHOFTHYN t he regenerator of an FCCU oper at edPCHUS003433473| or

i nconpl ete node of combustion. In accordance with the present invention,

the process conprises contacting under FCC catal ytic conditions the off gas
of an FCCU regenerator operated in a partial or inconplete conbustion node
with an afan] Aiothéradeantpgesofitheirventiort is¢o provedetdompositioes hieh are@ oxi di ze

t he gas phase ., reduced nitrogen species to noJecylar, nitro ...Jhe invention
al so provi afigcu(g{elgq B’&@@E gas pha Fé‘?ﬂ?&?‘fw@'“ﬂ@,’“ LS F"H‘F?ée‘fl ?’8m %{hglgé% process
operated i bisdratfe in MR bel biRAoARIYESs tSthBRchE conposi tions
of the invghﬁtg?ég?ltﬁ? 6%§1g1A2>%grd:oﬁgrfcor,nﬁl tlig)élbzﬁan gdvant age o%ct Pﬁ?s i nvention

t o provi denitiogggshdretynminimidingthercenveasibn bf the redited eittdgen spetiesto NO, ipas phase
reduced nitrogen specjes released froman FCCU regenerator operating in
partial orthe B’Hﬁ‘lf%l"bbg)ol?%lﬁétion nmodes during an FCC process. [0026] It is

al so an ad@zgp%ﬁ%%o&@} %Jaﬁﬁ?@}ﬂ‘ﬁﬂs fn%.g%vj'b PoiaTRARDIsI RIS WhiLIErear €

useful to uce em ssi on rom an egenerator operating in partial
or i nconphefid to cedoos NOyemissites ftom an FC@zregendriter epayatirig infparédwced ni t r ogen
species emtted fromthe regenerator during an F rocess. WO 2004/ 037419
PCT/ US20031¢8mRlEte com%ﬂ%vmﬂ%&on@?l%wmr%@%c %fﬁv&v@rrpwwni to provide

conpositio | ' el : ﬁg,y(? I4 rogen
speci es reﬂ?ﬁ?@g‘@%&ngghﬁﬁ%ﬁlua}@émggﬁ%%gegbgfa;?#ﬁgscﬁr‘ﬁ par F%Ibmcﬁ
i nconpl et eFCCWlegtrecatomodes to nol ecul ar nitrogen, thereby mnimzing the

conver Si on@% ]thle_ red'g'ced nit roggﬂl_s ecies to in the downstream CO
boi | er. [ oW98P |1fisianothspadyaptage P Hiisteension aipEovidk, 2 Riocess fppthsredictian
conposi ti OHPthW@bﬁtEm%’fNO}'iﬁ%é’bfgg‘ﬁ% ??&Mf@cﬁ%%&%}aiéﬂ Fau%ggnkg@iaF&CU

regenerator operating in parti | nconpl @t e conbust i es to
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the gas to a CO boiler, whereby as CO is oxidized to CO,, a lesser amount of the gas
phase reduced nitrogen species is oxidized to NO,.

[0030] It is another advantage of this invention to provide a process for the reduction
of gas phase reduced nitrogen species in an effluent gas stream passed from an FCC
regenerator to a CO boiler, whereby as CO is oxidized to CO, a lesser amount of the
reduced nitrogen species is oxidized to NOy.

[0031] Another advantage of this invention is to provide a process for the reduction of
the content of NOj in the off gas of an FCCU regenerator operating in a partial or
incomplete combustion mode by the reduction of NOy being emitted in the off gas
released from the regenerator, prior to passage of the gas to the CO boiler where the
NO, remains untreated and is eventually released into the environment.

[0032] Yet another advantage of this invention is to provide improved partial or
incomplete combustion FCC processes using the compositions of the invention.

[0033] These and other aspects of the present invention are described in further detail

below.



[0029] It is another advantage of this invention to provide a process for
the reduction of the content of NO2 in the off gas of an FCCU regenerator
oper ati ng wo 2pewasr4e1® or i nconpl ete conbusti on node by r REKUSRIOVIS4Tont ent
of gas phase reduced nitrogen species8being enmtted in the off gas rel eased
fromthe regenerator, prior to passage of the gas to.a CO boiler, whereby
as COis oxidized to CO2, a |lesser anmount of the gas phase reduced nitrogen
species is oxidized to NO2. [0030] It is another advantage of this invention
to provide a process for the reduction of gas phase reduced nitrogen
species in an effluent gas stream passed froman FCC regenerator to a CO
boi | er, %@DE§C§9’].‘EI\?6%$QR\\E {gi | esser ampunt of the reduced

ni t rogen FTes 1S OXIdrzZzed to NOZ. | ] Anot her advantage of this

I nvent i on [0634]FIGt 0\s slgraphierrepreseatation of ke doatpacitornof aimohiaeeduetiorid of NO2
in the off gas of an FCCU regenerator operating in a partial or _inconplete
combust i orangfbﬂé viiere gramopigueictowith COrpvapeps e velsiof pryeenin ageaciarifee s
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where t he enal Ns untr éat iI'S even el eased into the

envi r onmeromrhéeidPEonvaistian prdntstera@Pa3®.age of this invention is to provide
I nproved partial or inconplete conbustion FCC processes using the

conposi t i JAG3TFIGK2 is hgmphicaepreseptiopof thecomparsobefammenipceneryen {he

et Us2003) @245 R T PRl et W O ar N Blspyetfel Yhogdraesy 7%,
graphi c r gpédinané pidserite @f thdwddiavasan, B and Of tharoravking datdlyit hions, and a an RTU

where ammonia reacts with CO at variqus |evels of oxygen in a reactor feed
in the pr&oamacacigl complnstipy peomoterRCRd-C, t he cracking catal yst alone, and a

commer ci al t i el [ . ' ¢
represent &?W? ?Eé;a g‘%ﬁg@ﬁ’?@%ﬁ g]t lﬁéﬁ.’r}nt)hr? i cgggéh\s/@r éi: @?@a%@eﬁﬁﬁg@ RTU
wher e amaini RTU edhetsanimbohiaGeacts with NGUR vhtoe 1evedé ob®yipaareadtopfee¢ict or  f eed

in the presence of the Additives A, B and C, the cracking catal yst al one,
and a corhepEseice @b Medistvics A Br?’@ﬁ&'é‘f“? cragking gatalyst alone, and'a commeicial

combustion promoter, Cp-3°.

[0037] FIG. 4 is a graphic representation of the comparison of NOx conversion in an
RTU where ammonia reacts with NOy at various levels of O; in a reactor feed in the
presence of Additives A, B and C, the cracking catalyst alone, and a commercial
combustion promoter, CP-3%.

[0938] FIG. 5 is a graphic representation of the comparison of NO, conversion in an
RTU where NOx reacts with CO at various levels of O; in a reactor feed in the
presence of Additives A, B and C, the cracking catalyst alone, and a commercial

combustion promoter, Cp-3°.

DETAILED DESCRIPTION OF THE INVENTION

[0039] For purposes of this invention the term “NO,” will be used herein to represent
oxides of nitrogen, e.g. nitric oxide, (NO) and nitrogen dioxide (NO,) the principal
noxious oxides of nitrogen, as well as N2Oy4, N2Os, and mixtures thereof.

[0040] The term reduced “gas phase reduced nitrogen species” is used herein to
indicate any gas phase species formed in the regenerator of a fluid catalytic cracking
unit during a fluid catalytic cracking process which gas species contain a nitrogen

having a nominal charge of less than zero. Examples of gas phase reduced nitrogen



[0036] FIG 3 is a graphic representation of the conparison of anmonia
conversion in an RTU where ammonia reacts with NOL at various |levels of 02
in a reactwo20e3d7419 the presence of Additives A B and FCT/U$20032033¢Ki ng
catal yst alone, and a comercial conb@stion pronmoter, CP-3(r). [0037] FIG
4 is a graphic representation of the conparison of NOL conversion in an RTU
where ammonia reacts with NO at various levels of 02 in a reactor feed in
the presegegeinchide] bt \uesSnddlinbtednd, smmbiia (THs) ks ydragernd ynyde (HON)) ead and a
commercial = conbustion pronoter, CP-3(r). [0038] FIG 5 is a graphic

repr esent ath¢ bke.of the conparison of NO, conversion in an RTU where NO
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For purposes of this invention the term"NOL" will be used herein to
represent relsaseddsoman FGG yden the BCCH regeneratpgiiviepergtedin aipartial e ogen di oxi de
(NQ®2) the pringipal 0x| %'! Qe f. aLks . as_N204, N205, and
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speci es" i hatieReizB@irethat they comphiedi)anatidiomstapbaide compenddt whishmed in the
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i nvention enconpasses the discovery that certain classes of conpositions
are very eheritm apd migfuresiberedfiuct i on of the overall NOx emissions rel eased
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i nconpl ete _ ustion nmo The ‘conposttions o nventi-on-are
char act er i gxgde ¢dinponeht Having sudfizientacid(ty o adsoftCa base, €B! pfridivie, dad therfkenent
which contains substantially no zeolite; (ii) an alkali netal, alkaline

eart h net an ageprdaacewithethe present invention, the acidic metal oxide contains no or
substantially no, i.e. less than 5 wt %, zeolite. Typically, the acidic metal oxide
contains at least some alumina. Preferably, the acidic metal oxide contains at least 1
wt % alumina; more preferably, at least 25 wt % alumina; most preferably, at least 50
wt % alumina. It is also within the scope of the invention that the acidic metal oxide
may contain other stabilizing metal oxides, such as for example, lanthana, zirconia,
yttria, neodymia, samaria, europia, gadolinia and the like. In a preferred embodiment
of the invention, the acidic metal oxide is selected from the group consisting of
alumina, silica alumina, lanthana alumina and zirconia alumina.
[0043] The acidic metal oxide may be crystalline or amorphous. Amorphous silica
aluminas are most preferred. Where an amorphous alumina silica is used, it will have
an alumina to silica molar ratio of about 1 to 50:1, preferably about 2 to 20:1.
[0044] The amount of the acidic metal oxide component present in the composition of
the invention will typically be at least 5 wt % of the total composition. Preferably, the
amount of the acidic metal oxide component ranges from about 5 to about 98 wt %,
more preferable from about 15 to about 95 wt % and even more preferable, from
about 20 to about 90 wt % of the total composition.
[0045] Further, the acidic metal oxide has a sufficient surface area to promote the

reduction of NO, and gas phase reduced nitrogen species formed in the flue gas of an



thereof; (iii) an oxygen storage conponent; and (iv) a noble metal conponent

selected fromthe %roup consisting of platinum iridium _rhodiu osm um
r ut heni umWOr204033H%and ni xtures thereof. [0042] The aci dPCT/HEO4$0BE e

useful in the conmpositions of the invelion is any netal oxide component
having sufficient acidity to adsorb a base, e.g. pyridine, and the like. In
accordance with the present invention, the acidic netal oxide contains no or
subst ant i aFCGUrregenerator apeeated inarpastialor incomplsite cembuysjion aaedey Typicallyci di ¢

met al oxi taj | umg I | di.¢ et al
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scope of the invention that the acidic netal oxide nmay contain other
stabilizi n§/Betal oxides, such as for exanple, |anthana, zirconia, yttria,
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pr ef er abl .about 95 wt % and even nore preferable, from
about 20 %Jsgggtﬁgggsl\,éo%éoggﬁﬁhe total conposition. [0045] Further, the

aci di ¢ et @04PXAlkalile&arth raethlfsivgefahio prepdracémpogdonsinpecordanetwith theeduct i on
of NOl and gas phase reduced nitrogen species faornmed in the flue gas of an
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0.5 wt % (on a metal oxide basis). Preferably, the amount of the alkaline earth metal

ranges from about 0.5 to 60 wt %, most preferably 5 to 40wt %, (on a metal oxide

basis) of the invention composition. It is within the scope of the invention to use the

alkali and alkaline earth metals alone or in combination.

[0048] The oxygen storage component may be any metal oxide having oxygen

storage capability. In a preferred embodiment of the invention, the oxygen storage

component is a rare earth metal oxide or a transition metal oxide having oxygen

storage capability. Suitable rare earth metal oxides include, but are not limited to,

ceria, samaria, praseodymia, europia, terbia and mixtures thereof. Suitable transition

metals include vanadia, manganese oxide, iron oxide, nickel oxide, copper oxide,

cobalt oxide, chromia, titania, silver oxide, molybdenia, niobia, gold oxide, tungsten

oxide, and mixtures thereof. In a most preferred embodiment of the invention at least

a portion of the oxygen storage component is ceria. Even more preferred is that the

oxygen storage metal oxide component consists essentially of ceria. It is also within

the scope of the present invention that the oxygen storage metal oxide component

may contain other stabilizing metal oxides such as, for example, zirconia and rare

earth metal oxides typically not heretofore known in the art to have oxygen storage



[0046] Alkali netals useful to prepare the conpositions of the invention

I nclude, but are not limted to, sodium potassium cesi I thi and the
like. Pref¥P2B¥P3748e a1 kali nmetal copponent is sodium %U%%#mgf

al kali metal present in the conpositi of the invention is typically at
least 0.5 w % (on a netal oxide basis). Preferably, the anount of alkali
nmetal in the conposition ranges fromabout 1 to about 20 wt % nost

pr ef er abl ycapability, a18e danthanagneodymia, gadqliniasytisa, scandia.afnya; and mixhes) of the
t ot al corrqﬂaje&, on. [0047] Al kaline earth netals useful to prepare
conpositionsS In accordance with the present invention include, but are not

limted t 0049idTtesoxNygen Storage nnatallaxideldomponttds preforateln grésbat dsidmicrd’ ef er abl y,
the alkaline earth netal is magnesium The anount of al kaline earth metal
present i riispeEsed phpissastoppesedito fasge bylkoxide particlesar ipnsdegatedatexghange (on a

nmet al oxi dg S} - Pr i .net al
ranges frgs%egﬂ"ogﬂg)o&cg sff épeclé‘gbfv\li'e @é&ﬁ‘égfﬁ‘gﬁ‘%’ grna%{)};?}ggkx[%gall Rgae%sg%dﬁEa net al
oxi de  basthé rompositiensi of\Ie TnvemiorANPOGAry combideribly felativiehbrhd frmosmepe of the
invention to use the alkali and alkaline earth nmetals alone or in

conbi nat i cidig g Pxitee Gsreigly. the BXYasa SEBRESOTASIIONERL]S BEESEN YN Hetammouski de
havi ng oxygen . 3P 30, fi?e?&?él&'ﬁo\‘n abdlit 3 1856 W% Sflo ?e?%%onﬁ%b&ﬂ?
| nventil on, the oxygen (S orage corrponent IS a rare ar al OoXl de Oor a

transiti onobbai300x Beofthy tar@ coxp@sitionst or age capability. Suitable rare
earth netal oxides include, but are not Iimted to, ceria, samaria,
pr aseody i [805WUngsneral, the nable mewal pompeneatisapy megdl of theinablg group mesals i on

netals in . | - .OX| Al . oxj de, copper
ot de | captfifink BERn FRNBENERRf haificigh], B, SHociubh Sfiufior e SODDS!
gol d oxi deuthenivgs ir¢hium Xandemixautes thereloflr B férkisly ahé noble neetaizdmponéités r ed

enbodi nent of the invention at |east _a portion of the oxygen storage
conponent Selgcteddtom thegrpumennsistipg pEplatipumsiridiim, rhediumg esraivm, setheniym, net al

oxi de Co”prﬂ&ﬂph aﬁhﬂ'?ﬁi%(ﬁﬁés tﬁ%%?ﬂ?\h%t h}’efé’ﬁabﬁg{hk%obietrné'tﬁla@ﬁa%fmgﬂtti?i n the scope

of the present 1nvention xygen orage ne conponent may
cont ai n otpistinusi,abodiumi irglivetaad noxtuetsshaesfh Tagicalfyo thecataogmt of theinobleni a and
rare earth tal oxides typically not heretofore known in the art to have
oxygen st dRggkcofpopguiAselsy i e preseridprrmbiopaeficutated 3s the metal, is at least 0.1

parts per million, preferably at least 10 parts per million, most preferably at least 25
parts per million. In a preferred embodiment of the invention, the amount of the
noble metal component ranges from about 0.1 to 5,000 parts per million, preferably
from about 10 to 2500 parts per million, most preferably from about 25 to about 1500
parts per million.

[0051] Additional materials optionally present in the compositions of the present
invention include, but are not limited to, fillers, binders, etc., provided that said
materials do not significantly adversely affect the performance of the compositions to
reduce the content of gas phase nitrogen species and NO, under partial or incomplete
combustion conditions. It is preferred, however, that the compositions of the
invention consist essentially of components (i) through (iv).

[0052] Compositions of the invention are in a particulate form and will typically have
any particle size sufficient to permit the composition to be circulated throughout an
FCCU simultaneously with the inventory of cracking catalyst during an FCC process.
Typically the composition of the invention will have a mean particle size of greater

than 45 um. Preferably, the mean particle size is from about 50 to about 200 pm;



capability, e.g., lanthana, neodym a, gadolinia, yttria, scandia, hafnia,
and m xtures _thereof. [0049] The oxygen storage netal oxjde e S

pr ef er abl ywﬁ)r@g‘g?r’t”]é’s a mcro dispers phase as opposedﬁewggiﬁg@?%ﬁk
oxide particles or ions |located at excliange sites in the oxide support. The
anount of the oxygen storage netal oxide present in the conpositions of the
I nvention may vary considerably relative to the anmount of acidic petal
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mat eri al s plecuiddrs of eorhporeatst(iy-Gajlver sel y affect the performance of the
conpositions to reduce the content of gas phase nitrogen species and NO
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%, of the peptized acidic metal oxide in the final composition, and having from about
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10 to about 30, preferably from about 20 to about 25, weight percent solids, with an
oxygen storage transition metal and/or rare earth metal salt, e.g. a carbonate, nitrate,
sulfate, chloride salts and the like, in an amount sufficient to provide at least 0.1
weight percent of an oxygen storage metal oxide, preferably ceria, in the final base
material composition. Optionally, the oxygen storage transition metal and/or rare
earth metal salt may also contain stabilizing amounts of a stabilizing metal, e.g. ,
zirconium and rare earth metals typically not heretofore known in the art to have
oxygen storage capability, e.g., lanthanum, neodymium, gadolinium, yttrium,
scandium, hafnium, and mixtures thereof. Preferably, the peptized acidic metal oxide
containing slurry also contains an amount of an alkali metal and/or an alkaline earth
metal sufficient to provide at least 0.5 wt % of alkali metal and/or alkaline earth metal
in the final base material composition.

[0055] An additional acidic metal oxide source, e.g. sodium silicate as a silica source,
may optionally be added, with agitation, to the oxygen storage metal containing slurry

with agitation in an amount sufficient to provide at total of at least 5.0 weight percent,



Typically the conmposition of the invention will have a nean particle size of

greater than 45 m Preferably, the nean particle size is %ﬁg@@gﬁt 0Oto
about 200 YO 2§3/83041#1037419 PCT/ U52003/ 033477 12 nost pr #T'm about

55 to about 150 m even nore pref erred¥rom about 60 to 120 m The
conpositions of the invention typically have a Davison attrition index (Dl)

val ue of abautrBly RoRliBUht P abBheIEwaiRhpdréi) Rost pretérably 2t aBBtaLS to
preferably 0 to I5. [0053] Wile the present invention is not |linmted to any

parti cul ar apowt9Ssweight pepcenp ancheven mmore ppsferabley fromrboyt 2Q orebogt 9Q weighhvent i on

composi {1 ofeEapPl e Fergoidindns 4 SgiReRioty the BB R A PaLo r ce. The
base mat er iga{deC@RRMThE SRRy TEMIIRA tBTEdRE Bk pLHicle siza BF theahaterils ebhing@t hod,
see for exanple, U S ~Paténts 6,280,607; 6,129,834 and 6, 143,167, which

pat ent s t ea theplwppato Hymicronsss lesas prefembly 5 myowins poless obher indledglurtyisponent s
(i) - (iii) by jimmregpation.qof a suitable acidic tal . oxide port with
pr ecur sor s SBWa¥'c"lt§‘gB(5‘?1§ﬁt?§‘ Rqrﬁ:@gs(tﬁvrr)g_ 4 fr’ﬁﬁ%ﬂ?’%fﬁ sgﬁg’? éf?&be&?‘ﬁﬂémf’g‘% t he present
i nvention, prdferaBASRoriBbENt S to Q00 RS, rhose Preféradly TronP bR 5S do 50 fiin¢lahd,
preferably with agitation, an aqueous slurry Containing an anount of a

pepti zed ackldinedrata anffisicntitempsragure anddon 4 sufliciemtimeato fosnfthe eareaspondingr ovi de

t least 1.0 weight t f o) at. | o % t.preferably at
east 20 wreidfodes ety FoBisbatl ARC Bt Gbe TortbotnE RS Fosi  on
and havi ng ghsah eyt 10 to about 30, preferably from about 20 to about 25,

wei ght percent solids, with an oxygen storage transition netal and/or rare
eart h net all08%G] Optiengjly, shecealdingdometal oxide particles axgl tfeated, withitdeastiengal t s and

the like, in an a nt fficient. to provide at |east 0.1 weight. percent of
an oxlygen é%eroé’@é%t"é?tgllcjﬁ?dc?é?ﬁﬁbg‘? E?rﬁbﬁnégagﬁql‘i s&'"‘ﬁoﬂsif‘ AR 2oHLy g"%@%‘ﬁ'?‘ mat eri al
conposi ti oRe irﬁ?k'gl@diélmeypan'id]% MBS dE hiae R 0.5t WPk perédit ARAR metd1dh@or I ar e
earth nmetal salt may also contain stabilizing anounts of a stabilizing

met al , e. g.alkaling paromietahinethe fipak kase matariaheqrapoesitionoi llable sals faser et of or e
o |0 Wl % e RO SRR i BT ot
Pr ef er abl y bidaftona@B} dn@edea Chitthtes, ¥Hicates @xd €ife like. The impregnated particles are
thereafter dried and calcined at a temperature and for a time sufficient to form the
corresponding metal oxide, e.g. from about 400°C to about 800° for about thirty
minutes to about 4 hours.
[0057] The peptized acidic metal oxide containing slurry used to prepare the base
material composition may be prepared by (i) forming an aqueous slurry containing an
amount of at least one acidic metal oxide, preferably alumina, sufficient to provide at
least 1.0 weight percent, preferably at least 25 wt % , most preferably at least 50 wt %
, of the peptized acidic metal oxide in the final composition, and having from about
10 to about 30, preferably, 20 to about 25, weight percent solids, and (ii) adding to the
slurry an alkali base, e.g. sodium hydroxide, potassium hydroxide, sodium aluminate
and the like, and/or an alkaline earth metal base, e.g. magnesium hydroxide, calcium
hydroxide and the like, in an amount sufficient to peptize the acidic metal oxide and
provide at least 0.5 weight percent alkali metal and/or alkaline earth metal in the final
base material composition. In general the amount of alkali metal and/or alkaline earth
metal base used ranges from about 0.01 to 1.0 mole of alkali base per mole of acidic

metal oxide, preferably 0.4 to 0.7 mole of alkali base per mole of acidic metal oxide.



containing slurry also contains an anmount of an al kali netal and/or an
al kaline earth netal sufficient to provide at least 0.5 w % of al kali

met al and/ @i Rbdedriee earth nmetal in the final base nat epepustompsIrii on.
[ 0055] An additional acidic nmetal oxidessource, e.g. sodiumsilicate as a
silica source, may optionally be added, with agitation, to the oxygen

storage netal containing slurry wth agitation in an anount sufficient to
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slurry is to$fr Brefatablgdhd dunpisaged fioom abdut sobemempemture tnatpat 90 forsi ze of
greater than 45 m, ref erab from about 50 t0 200 m..nost preferably from
Obout 55 1aoued) fimubefo Dot Nt Henardlys e arichk meghOuRB CoREEr Y o
sufficient;.ti : i et 4l 1oxl : f; from
bout - 400 PLRIHLY QREIRE of UBRERAKGEWITE FIGCHIRA Tkt RYEHAAY 1 056,
Opt i onal | ythe stupe ofiltle ineentiontthit thecaaidic maatalioxidescontainddrin abesluny whill alsol east one
aqueous al kal i, nmetal . and/or alkaline earth netal salt solution in an anount
suf f i ci entcontan stabiligingamountiofsiabilizngmeihaxiges speeasfer example.danthaps, ght
percent al L . | i ; ot | g he~f e materi al
conposi ti oﬁ%gﬁﬁﬁ’g@%@ ’ ?ag’#mpéde}g%r%?%&gg%lﬁﬁ a?‘h{%‘bée]lél%é;t P&’Sg@épﬁ I ons

i ncl ude, hetdbikzieg metalloxides ethytbe,addad inctabilizng ambonsts botha tpeptizedtacidic des,
nitrates, siILca es and the like. The inpregnated particles are thereafter
dried and R&RLPHEGSAIUON-t enperature and for a time sufficient to formthe

o e POn VI e g8y 905! Bt YR o0
cont ai ni ngoxsdecanyainimgdlurry by pepizatidnhef theigadicmadtalroxade usimgarsadid.oln thiisy be
prepar e, by SRR, 20 AOHEOUS SLUl o SOTL, Rulg g, camount of at | east

sulfuric acid, phosphoric acid, acetic acid and the like, is added to the acidic metal

oxide containing slurry in an amount sufficient to peptize the acidic metal oxide and

obtain a high attrition resistant material as indicated by a DI of 0 to about 50,

preferably from O to about 20, most preferably from 0 to 15. In general, the amount

of acid used ranges from about 0.01 to 1.0, preferably from about 0.05 to 0.6, mole of

acid per mole of acidic metal oxide. Thereafter the slurry is aged as herein described

above.

[0059] In a preferred embodiment of the invention, the base material composition is

prepared by (1) preparing an aqueous acidic metal oxide slurry having from about 10

to about 30 percent solids, (2) adding to the slurry, preferably with agitation, a

sufficient amount of an alkali base and/or an alkaline earth metal base in an amount

sufficient to peptize the acidic metal oxide and provide at least 0.5 weight percent of

alkali metal and/or alkaline earth metal, measured as the metal oxide in the final base

material composition, (3) aging the base peptized acidic metal oxide containing slurry

at a sufficient temperature and for a sufficient time to permit complete péptization of

the acidic metal oxide in the slurry, (4) adding to the peptized slurry an oxygen

storage metal salt in an amount sufficient to provide at least 0.1 weight percent of at



| east 1.0 weight percent, preferably at least 25 wt %, nost preferably at
|l east 50 wt % , of the peptized acidic netal oxide in the final

conposi ti oWO 2anao3nes9i ng from about 10 to about 30, pref erR@EIYS2088033d7About
25, weight percent solids, and (ii) ad®ng to the slurry an alkali base,
e.g. sodi um hydroxi de, potassium hydroxi de, sodium alum nate and the |iKke,
and/ or an al kaline earth netal base, e.g. magnesi um hydroxi de, cal cium

hydr oxi de Raé ohbex}idnstorhge RBtapsRIdAIn theffinalh8 mdteriab epinpasitiéh)gspci di ¢ net al
oxi de and provide at |east 0.5 weight percent alkali metal and/or alkaline

earth net apptionaihaddingde thepduray amadditienal agidisgnetel exide saurege A& s0divme ampunt

f alkali | kaline. p . . b
0. 01 to 1. Doy PV efhek g pR T S el el erk ol T g B8 27
0.4 to 0. 7repultifig Surryl wGeH watpteprodide aBbERdondentetition BEBOutS*bds, WO

2004/ 037419 PCT/ US2003/ 033477 14 Thereafter the slurry is aged, preferably
wi t h cont i prefagebl wdramabest 104e about 2Bpweight,focof theglurryy, (73 milling the slprryitent t o
permt conpl dzatjo eI | ' |h the
Uy anceaBet Bafishaet it phisfaREoafnedih fe diofo | FHRBISHE <o

| ndex (D) preferibly § milfub oblss,{8)dpedyadying the eil1ed §larrs e bbtai2Opartiled
preferably, fromO tol5. Preferably the slurry is aged from about room

t enper at ur kaving amean paxticlesizie of grrstar tym 44 wan prstareply hom aboun §Q fasabagsner al | vy,

ermper at | apoen p of: . on .
haueous. so kG REEEE) oM RpCas s 150ale apl SRR FReRb LT Rl 805! e
nventi on foneso 076 bebrallRiahg MelspfhyCiqiaRftles df alsfficink ienipethibe al SO

contain stabili'zing ahounts of Stabilizing nmetal oxides, such as
exanpl e, |andflonaayfficint timeita remavervolatilese o@yati abous HIORCita abau2607G forgadol i ni a

d the Iike. t | | he, . st abi l.i.zi net i.d be added i
atabi 1 21 niPoRhSHERs and HO Bsiniaeine dupparoCls abe SRERE: ERbertuR ioose) 11
is al so wifdpisiffich@t 667RRE fétn thBRoirédpsiding metfl oxfdelat BescHBEY her€iflaBévedi ¢ net al
oxi de containing slurry by peptization of the acidic netal oxide using an

acid. In thithe mossprefeared eimbadireent of the inveptionythie baseimategalaompositionnd ¢ aci d,
the | ko, Pepdh by Sephariartge g CRiBh A iefeifR™e: rry i n an anount
suf fi ci ent [0DGOPEIRAI coenposition€ irfAceor@Bhcdl widi tHéGnvehtion QR @Egared Bygh attrition
resistant material as indicated by a DI of 0 to about 50,

impregnating the base material with an aqueous solution of at least one noble metal

salt, e.g. nitrate, chloride, carbonates and sulfates salts, amine complexes, and the like,

in an amount sufficient to provide at least 0.1 parts per million of noble metal,

measured as the metal, in the final catalyst/additive composition and thereafter drying

the impregnated particles to remove volatiles, e.g. typically at about 100°C to 250°C

for 1 to 4 hours.

[0061] Compositions in accordance with the invention may be used as a component of

a cracking catalyst in an FCC process to reduce gas phase reduced nitrogen species

thereby reducing total NO, emissions. In a preferred embodiment of the invention, the

compositions are used in the form of a separate particle additive which is circulated

along with the main cracking catalyst throughout the FCCU. Altematively, the

compositions of the invention are included as an additional component of the cracking

catalyst to provide an integrated cracking/ NOy reduction catalyst system.

[0062] Where the invention composition is used as a separate additive particulate, (as

opposed to being integrated into the FCC catalyst particles themselves), the

composition is used in an amount of at least 0.01 wt % of the FCC catalyst inventory.



preferably fromO to about 20, nost preferably fromO to 15. In general, the

anmount of acid used ranges from about 0.01 to 1.0, preferapl r out
0.05 to 0. ¥O MY acid per nole of _acidic nmetal oxi del.i)%:fﬂé?&)ﬁﬁ%??t he

slurry is aged as herein described abdfe. [0059] In a preferred enbodi nent
of the invention, the base material conposition is prepared by (1)
preparing an aqueous acidic nmetal oxide slurry having fromabout 10 to
about 30 pdrafenablys thiciagrount of thg driventjon compesikonysed rafges friomabopt Ri0d o

agitation, ffigient anmoun an al | b o] n kal i earth
net al baseaF}?\ué” BuRest pggff%falbbf @%‘P zib(‘ﬁpdégtkﬂ5 %be()%? gg%%,ﬁféﬁﬁgﬁgﬁgﬁlﬁe and

provi de at jhRafry.0ASsepBiaBpariicle additives, compésitionsrofitid inae.@tmfmai( behddea earth
netal, neasured as the netal oxide in the final base material conposition,

(3) aging totheF L ieiheicopvendionali mannst. £18- sithgaakeovp eatalypidosherry  at a
sufficient tenperatur Qr ufficient time to permt conplete
peptizatioﬁe&ﬁn ra{ ,eoréa ia?'&g)tﬂ rtcgﬁv%b(l%"cﬁén Y% he sl urry, (4) adding to the

peptized sl[ggg3y WHEr®EMBEGkiti GiisOf AFESinVE DN asaimezgimeamtammc&utfatgisci ent to
provi de at |east 0.1 weight percent of at WD 2004/ 037419 PCTI US20031033477

15 | east ormpartisleg ghamselvss.cany appventiongl HEC catalysepdrtiela comperenisimay beused

conposition . opti | ] addi n the sluryy an addition cidic
metal oxi dé™ 5@%‘3‘8@‘,“%‘?’@“‘%"0 "Eﬂﬂsgg’f’?Pt@‘?émfcgaﬁ?'ogi'Hggﬁ?ﬂq@iﬂ&Fg:bﬁf ovi de an
addi tional ca@iydi garfi€lbdtheedrHifosition ofithdinverttiont §/pidal§ WepreseaitsSdt Yeastabout h vat er
to provide a solids concentration of about 5 to 25, ©preferably, from about
10 to aboul0.-0let %ef GiFCL edtakystpasticle.Rreferably, the amount of thegnventipnt o r educe

ogs, - pr o PR ybd FulES EphiiRuCOBLT e of wh P io¥ RietebePhdtht) Ui 7y o

obt ai n par tab6ht®S1 toEBOLOED Wt PE BN tHeFAC eAtalyst paeticlés. gr eat er than 45 m
preferably fromabout 50 to about 200 m nore preferablg fromabout 55 to
¢

150 m and 19@64] Semewhathriefly; the\E(o proces inyalvesabe pjackiog ofpeavdhal |y dryi ng t he
2B a1 A o BYUHIS b ek SRS e LR I LT 11
and (10) cazheiysi regiré1RicH dreckip@plocedsamttd ciscuatinigi fliigizhble esmaBtidicricRingnd  f or
sufficient time to formthe correspondi ng netal oxides as described
her ei nabov €atalyshinveptoryeonsisting ef pasiclenbrysngrsize BMEingdTom abat o abewt base
mat eri al Cq%?l.ﬁ‘i,tp}&&ai)ﬁ' from about 60 to about 120 um. The catalytic cracking of these
relatively high molecular weight hydrocarbon feedstocks result in the production of a
hydrocarbon product of lower molecular weight. The significant steps in the cyclic
FCC process are:
@) the feed is catalytically cracked in a catalytic cracking zone, normally a
riser cracking zone, operating at catalytic cracking conditions by contacting
feed with a source of hot, regenerated cracking catalyst to produce an effluent
comprising cracked products and spent catalyst containing coke and strippable
hydrocarbons;
(i)  the effluent is discharged and separated, normally in one or more
cyclones, into a vapor phase rich in cracked product and a solids rich phase
comprising the spent catalyst;
(1ii)  the vapor phase is removed as product and fractionated in the FCC
main column and its associated side columns to form gas and liquid éracking

products including gasoline;

(iv) the spent catalyst is stripped, usually with steam, to remove occluded



prepared by sequentially performng steps (1) through (10) herei nabove.
[ 0060] Final conpositions in accordance with the invention are prepared by

| npregnat i\pg JhélGoshase neterial with an aqueous sol ution qfcﬁ?sﬂo@ﬁﬁuﬁne
nobl e netal salt, e.g. nitrate, chlorjde, carbonates and sulfates salts,

am ne conpl exes, and the like, in an anount sufficient to provide at |east
0.1 parts per mllion of noble netal, neasured as the netal, in the final

catal yst/additiye, c osiction an er.e ek L '

particles tor e%%%c(%\rr%"gtfmnég‘,e C@Edglr‘.g Sl{l’tayﬁ?%hlClhﬁg%%/thgg%du%al@&’? {”glg%%‘éd for |
to 4 hours. [00@kéncredinsa Edslpst regendfation done® prbddtetho regenenitédratdipst be used
as a conponent of a cracking catalyst in an FCC process to reduce gas phase
reduced ni t r ogewhishicthes recypled émthercaankingrgne deraraqiamg Wirtheequansities of 5
preferred enbodinent of the invention, the conpositions are used in the
formof a separate particle additive which is circulated along with the

mai N cr ackiopgsloesémielitdnal FCO@bdysts fndfideFoklexaplerzealile\baked cdtdl@sts d@HPOSI ti ons
of the invention are included as an additional conponent of the cracking

catal yst t®fayiasiie gacking rompepent asidescebed inghe saminalggviewi ynVenittapgdt syst em

[0062] Wiere .t hg i pwent.i it i-0n.j t ifive
bart | ul araeoib Eud SEANKE T OMR Bk 2801 Tl Sle NaRSONUE Nerf Y0pk
particles [9P9NESBN 0824716870- 1ICAWIBad ih Mdmiefoud DEtr sOurdes suh AR Sady haéi;;i,east
0.01 wt % of the FCC catal yst inventor WO 2004/ 037419 PCTI US2003/ 033477

16 Pref er ablujd Caladyrigiracking HapdhooknGeliPubh CooReusipni 1995 ESEN PR$42%- from

about 0.0 5 Y t .1 0 _about 20 wt
o of the FEEEA e o udlpat iRy 8 £bintel SAMIBAS, Syfid of
conposi t i ofikcadluiniifa, h Y§Pé £&vlitdTaoid Bite adive ¢omponéncorfe @Flshdrd nidigx convent i onal
manner,.e.gi with make-up catalyst to the regenerator, or by any other

a

conveni ent alweinas@nd/ppslicy alwminas, anshidass suchas kaelin ¢lay.i Fhe Xiaeoliteanay bt egr at ed

N0 the FEE G AbNSE nABEbhil 53 HAPIREINES el DR SUoP ARl F Glieat al yst

particle conponents Ty use nbrhation w € CcOomnpos ons of the

i nvent i on. stabilizing e@iohk sach 48 MytdFehdfafe esshbal yst particles, the conposition
of the invention, 'tqﬁ%i cally represents at |east about O Qw % of the FCC
cat al yst pAPEelT ypicabFECprapesyes arp gondysiedat FrClotempsratiesaf 480°C to

600°C with catalyét regeneration temperatures of 600°C to 800°C. As it is well
known in the art, the catalyst regeneration zone may consist of a single or mutiple
reactor vessels. The compositions of the invention may be used in FCC processing of
any typical hydrocarbon feedstock. The amount of the composition of the invention
used may vary depending on the specific FCC process. Preferably, the amount of the
compositions used is an amount sufficient to reduce the content of gas phase reduced
nitrogen species in the flue gas of an FCCU regenerator operated in a partial or
incomplete mode of combustion. Typically, the amount of the compositions used is at
least 0.01 wt %, preferably from about 0.01 to about 50 wt %, most preferably from
about 0.1 to 20 wt % of the cracking catalyst inventory.

[0067] In order to remove coke from the catalyst, oxygen or air is added to the
regeneration zone. This is performed by a suitable sparging device in the bottom of
the regeneration zone, or if desired, additional oxygen is added to the dilute phase of
the regeneration zone. In the present invention an under-stoichiometric quantity of
oxygen is provided to operate the regeneration zone in a partial or incomplete

combustion mode.



conposi tions used ranges from about 0.01 to about 50 wt 9% nost preferably
from about 0.1 to about 20 wt % of the FCC catal yst particles. [0064]
Sonewhat bWwioe0p4/93741%e FCC process i nvol ves the cracki ng oPCHUS0P3/033477

hydr ocarbon feedstocks to lighter prodd&ts by contact of the feedstock in a
cyclic catalyst recirculation cracking process with a circulating
fluidizable catal ytic cracking. catalyst inventory consisting of particles
havi ng a di0068) Eiegprasente ofthabomposifonsinabenrtianct dathphe inveefien diniing the om about
60 to about 120m The catalytic crﬁlcki n t hese rgéﬁati Vel,}éﬁhi h nol ecul ar

Y, { g o
wei ght hy drabH ¥t Begeneratie sisp deamatical l!’quC‘isHEe EMBHQRS PhgAsphase ocar bon
product of_. [ LG R ; | cyclic FCC
process arne]{:rg%ﬁSﬁﬁggwgg@%%g?efﬁagg ugmé?gg%@gwiﬁ%%?%ﬁbﬁ%i c cracking
zone, nor redboedaitrogenspeaessirdn nie effinent of per BC Chigeganegorabighificantr acki ng
conditions by contacting .feed with source of hot, regenerated cracking
cat al yst t’éd‘ﬂﬁ‘@ﬂgﬂfif%’gﬁ‘%fefg?m_t%ﬁ&h%’?mj 363'58?5&!‘ ﬁq’BgﬁﬁF§ d spent .
cat al yst 3@%@40@'6%%%&9imgdif};ﬁhmame%sm@xﬁé ESABARNS ahlt el diforihd | uent is

di schar ge arated, nor y in one~or nore cyclones, Into a vapor
phase ri chinventiohacked product and a solids rich phase conprising the spent

catalyst; (iii) the vapor phase is renoved as product and fractionated in
the FCC Pé?fc'B? eEllyst4te thequesen binventian @ tht ?fgﬁgtasss Wﬁﬁdﬁ% and |iquid
cracki ng Leludi L nepn . (ol st is stripped,
usual | y mftgﬂggﬁga%"htﬁg e?‘lgej'hn@'gsegg ¢ él'}d?A‘C&bx%gg?ﬁ%%as%?hézoos/ 033477 17
hydr ocar badtiastfations bhthechdimby siventidii. €lt svduldbe tindersood, bpedvarathat thet i s

oxidatively regenerated jn a catalyst regeneration zong to produce hot,
r egener at éavmoawg?ﬂ"m@ﬁ ‘h%sﬂeﬁ&‘? qs"&élﬁé?‘efﬂ"[’é"m?éxé‘?’ﬁ ing zone for

el ude. 100 O A BT el h e e T K R Tk ng
conponent specifiestion Whidh irefetshe salahdamapositens encdmceiMentions arertsy weight

unless otherwise specified. However, all parts and percentages in the examples as well

as the remainder of the specification referring to gas compositions are molar or by

volume unless otherwise specified.

[0071] Further, any range of numbers recited in the specification or claims, such as

that representing a particular set of properties, units of measure, conditions, physical

states or percentages, is intended to literally incorporate expressly herein by reference

or otherwise, any number falling within such range, including any subset of numbers

within any range so recited.



Habi b, Fluid Catalytic Cracking with Zeolite Catal ysts, Marcel Dekker, New
York 1979, |SBN 0-8247-6870-1 as well as in nunerous other sources such as
Sadeghbei gwo 20803 eh9Cat al yti c Cracki ng Handbook, Gulf PulecT/éXeo0drzastion,
1995, |1 SBN 0-88415- 290-1. Typically, tshe FCC catal ysts consi st of a binder,
usually silica, alumna, or silica alumna, a Y type zeolite acid site
active conponent, one or nore matrix alum nas and/or silica alum nas, and
fillers such as kaolin clay. The Ygxeolfpigsnay be present in one or nore
forns and may have been ultra stabilized and/or treated with stabilizing
cations such as any of the rare earths. [0066] Typical FCC processes are

conduct ed cti.on te atures..of 480C.to ..600C with t al,yst

regener at i@hﬁﬁﬁ}?&fﬁf'ﬁ?"é’gg}ﬁ c Wspbong(?g € Iyentipn ?%re:%gﬁ NE%?B_ TB# the art,
the cat al YsHasd RABRY Birbh spedies fit A FTCTY regeherdtot op&ain®in ﬂgiétiﬂi & reactor
vessel s. The conpositions of the invention nmay be used 1n FCC processing of

any typi cancempleedarbmede sadsvaudted inHibe Examples using aRegomprator TessUmif t he

I nvention d ry dependi n the specific.F rocess. Preferably,
t he amunt(RﬁStﬁqgﬂ'X%%ﬂffégﬁ'? Soﬂg’_e@é‘g'sl@ agﬁargﬁﬁﬁﬁ?c’gfﬁidgflgﬂfgﬁ’o reduce the
cont ent Ofsiﬁaﬁteome%ge@ﬁ&vsﬁﬂz F(!JCUrrggﬁié_ra?cB?q?hFRmistcib‘é‘cﬁﬁdd‘in%ﬁai]% Gn FCU

regenerator operated in a partial I nconpl ete node of conbusti on.
Typi cal | y, Yalnas ambAnW. BéterstiStusyingabé Chemistryof the ECGU Regeneratod Undemt %

ferably_from about. 0.01 t.o .abaut 50 wt 9 t ferably f bout 0.1
Po 20wt RASHHEoR o rhethit ) tinsporalion Shels T Blsfner i tpamenh,  anove
coke from jBerE@ofdsymll MRKIRR, €6., pi 151, TaPdr&IFrafcis, 1999 8BINEI-§40320 Zone.

This is perforned by a suitable sparging device in the bottom of the

r egener at i 8l3-4; ovléch desciiptiaieisihereth ingoipiotateshizy reforgnpen i s added to the dilute
phase of r-egeneration zone. In. the present. invention an .

Cindor - ot of ORFUTERTPaST eatod 7 GreemBisyme B ABTEY ot bEEamPo Bpiiafite « ne

regener at 1a0entidh o rétude g§sr 3(§Ha§é re@ﬁceﬁﬂﬁﬁ%@n%h@cieﬂﬂ%ﬁ%%d@ﬁn spldies _
2004/ 037419 PCT/ US2003/033477 18 [006 The presence of the cohpositions in
accor danc gow@intthe RTl eat the meadtion offNHp@vercm¢ratking catalystrieventoryn st ep

dramatically reduces the em ssions of gas phase reduced nitrogen species in
the FCCU reoytainipgtheradditive fesied inghe prepence AHCOmRNdyasiopnameunts of O,. In

this experiment NH; represents the gas phase reduced nitrogen species, and CO and
O, represent the other reductants and oxidizers typically found in an FCC unit
regenerator operating in partial burn. As the O, level in the reactor changes, the
various reducing/oxidizing conditions that can be encountered from regenerator to
regenerator or inside the same regenerator can be simulated. The key measurement in
this experiment in addition to NH3 conversion, is how much of the NHj is converted
to NOy if any. Itis desirable that the latter conversion is as low as possible for the
widest range of O, amounts in the reactor.

[0074] The ability of compositions of the invention to convert NOy in a FCCU
regenerator operated in a partial or incomplete burn mode was determined in the RTU
by measuring the activity of the composition to catalyze the reaction of NO, with CO.
The key performance measurement in this test is the NOy conversion. It is desirable

to have high NO, conversion to nitrogen for a wide range of O, amounts.



reduced nitrogen species fromthe effluent of the FCCU regenerator,

significant reduction of NO em ssions fromthe CO boiler is achieved. In
sone cases,WR@NH0BEI0ction up to 90 % is readily achi evablRCT/E2A03/033E7

conmposi tions and method of the inventi®h. [0069] To further illustrate the
present invention and the advantages thereof, the follow ng specific
exanpl es are given. The exanples are given as specific 1illustrations of the

clainmed invention. |t should be understood, however, that the invention is

not |imteqohts)idia ﬁﬁﬁeﬁ%ﬁd%@éeh%péﬁés afrefédlmciaﬁtstfbﬁreamﬁgm,- aflePRE0] Al l

parts and percentages in e exanples as well as the remarnder of the

speci f i cat iformeshiTHe abélityrof compesilions of dhpipsentiamrte catalyzo thie reaction whide ar e by
wei ght unl ess ot herwi se specified. wever, all parts and. percentages in
e exanp SOmRLREBIY <P be FtrRLRBEeT shedich bERPleEuBr BIRRER B85 g 1 o gas
COMpOSi ti ONGednfhedd eé%n‘ﬁé’in tK@kFI'I?tHé%ﬁﬁ?y %th@&&‘ﬁnﬁ@siﬁ&%%f&&ﬂrert{ 071]
Further, any range Of nunbers recited in tHe specification or claiifs, such
as that r eyiHgaithiNOgumlepaariousDleveletsimblapngtheredussng/oxidizingxfonditimasir e,
condi tions, physical states or percentages, is intended to literally

i ncor por at ossipledw 8 regeneratar EPpRAting frepasHaldurir It i desirabledn thiqoxperimeat tof al | i ng
Wi thin such _ra N | ; set of nunbers wthin any range so
recited. v@aﬁﬁggﬁd‘é%%wg%ﬁ%‘i#&mw 19 EXAMPLES [0072] The
efficiency of the conmpositions of the invention to reduce NO, and/or gas
phase reduced nitrogen species froman FCCU regenerator operating in a

partial or inconplete bum node wasEXMMPBEEdd in the Exanples using a
Regenerator Test Unit (RTU) and nodel reactions. The RTU is an apparatus

speci fi cal I[go16sA INRA-N@mind dRetr Wstﬂiepzﬁ’&ﬁbﬁtahﬁﬁ\%loio Bourfdsdf SREBNMALor . The
RTU is describéd in detail in ~Yaluris and A Peters "Studying the
Cheni st ry @iurnine pp@der RejEpeyndds of Watrrghat lRee beert heat@biod3& G ns(SRSTesaldni ng

R 2SPOLL 2 o8 PRt o BBk 575035, 8 Conbl G W

descri pti oRjlica-ANGhidahowdePERAAPE%BI0,§D8YLABO; and had a moisture content of
33%.) The slurry was prepared in a steam-jacketed stainless steel tank fitted with an
electric powered agitator. Six pounds of an aqueous hydrochloric acid solution (35%
HCI) and 6.7 pounds of an aqueous aluminum chlorohydrol solution (22% Al,0s)
were added to the silica-alumina slurry. The mixture was heated to 55 °C and allowed
to age at this temperature for 4 hours with continuous agitation. After the age period,
15.3 pounds of cerium carbonate crystals (obtained from Rhone Poulenc, Inc., 96%

CeQ,, 4% La,03, 50% moisture) was added to the tank and 30 pounds of water were
added to the tank to reduce the solid content of the slurry to 20 wt%. |
[0077] The mixture was milled in a Draiswerke horizontal rhedia mill of ca. 12L
working volume, filled to about 80% of the volume with 1.2 mm diameter glass
beads. The slurry was pumped at a rate of about 2.3 liters per minute. This milling
reduced the average particle size of the materials contained in the slurry to less than
10 microns. ,

[0078] The milled slurry was fed to a 10 ft. diameter Bowen Engineering spray drier
fitted with a rotary atomizer. The spray drier was operated at 315 °C inlet air

temperature and 138 °C outlet air temperature. The slurry feed rate was used to



[0073] The nodel reaction for determning the ability of the conpositions of
the invention to reduce gas phase reduced nitrogen species w thout

converti ngvoheosmpeapes to NO in the RTU was the reacti @CTaiS2bd3A36473r a
cracking catalyst inventory containim the additive tested in the presence
of CO and various anmpbunts of 02. In this experinment NH3 represents the gas
phase reduced nitrogen species, and CO and 02 represent the other

reduct ant onfr6l M iottlgesis dmerdigrel YTHeQWtitiohd] spled-8iGhe AtdmizEL 8 adjatted
operating in partial bum the 02 level in the reactor changes, the

vari ous r eutit P9l the pradycemicarspheras wersaretaingd ope Noc90rsceead from

r egener at regenerat or ar inside,the sape, & erator_.can be simul ated.
The Key. mag{ TR B profc I 18Gdd o Gl obF RO A I BRL BB Y. s
how much gbr 2 ReuREB67S COONEY étfligh nfatdial wab Icua¥d irl éach¥radasidsabbBtaihat the

| atter conversion is as |owas possible for the w dest range of 02 anounts

in the reabindayer[(@briath)featdbyst oo hediotioongfesrh trays of the invention to
convert ' F regenerator operated ipn a rtial . .i,nconpl ete burn
node was N&Q?@r‘f ﬂ'éetcil:gfjr_rq R%tgoqﬁ{ﬁﬁe Bgfter‘éggﬁf &‘ﬁ@ CF‘?‘fge E"g? f’\ﬂ“ta)]}(%f'c}f ﬂ’é{%orrposi tion
to catal yziﬁdk?ﬁyé&@ﬂh Qi uedusNBlutivh o sédium cafenie Yo BStainodbdBNS% NBESHr enent i n
this test is the NO conversion. It is desirable to have high NO

conver si orthe finali predug nThemameuntiof solptien; wasadjustedines ko xceedhergater pIF4 19

PCT/ U52003/ 03347 20 .00 . GAas e re d, nit.rogen speg are

reduct ant svo?‘g?e Ptcyatgﬁgf)w erNé?g é'??régﬁ)ﬁq?dsﬁng{e“gg‘?c’%g%edfﬂéggﬁ?? F& ?"o conposi ti ons
of the i NRBkigt ah@ cAleined Y6re2 hduir$ atr633CC] dthe \iital Compusitiont AR folllowegver ti ng
the reduced nitrogen species to nolecul ar nitrogen was determ ned by

measur i ng analysisebGA% Alb@s 30% §iQy 239 % GeOx dpoeOsi YaN®£O: converting - NH3
wi th NOx under various 02 |evels, simulating the reducing/oxidizing

conditions possible in a regenera.ggrha‘g %ting in partial burn. It is
desirable in this experinment to h & ]Sllgl NO. conversion to nitrogen.

EXAMPLE 1 [0076] A silica-alumna slurry was prepared by adding 30 pounds of
SRSII silica- alumna powder to 57 pounds of water that have been heated to
38 C. (SR$0081doAn agbsousr sharey Dfi\pieptizablea aBuinaavas prrpared by \woRibiing 5.8

Co. - Conn. ’poiurrmldscc())tJ \L}grtgaiﬂ?'lbol\é?bmina powder (obtained from LaRoche Industnies, Inc., 99%
Al;03, 30% moisture) with 52 pounds of water at room temperature in a well agitated
tank. While mixing, 2.7 pounds of a sodium hydroxide solution were slowly added to
the slurry and the mixture was aged for 20 minutes at room temperature. At the end
of the age period, 4.5 pounds of a sodium silicate solution (27.3% SiO,, 5.7% Na,0)
and 13.6 pounds of cerium carbonate crystals were added to the slurry. Additional
water was added to the slurry to bring the solids concentration to 12%. The matenial
was milled, spray dried and calcined using the methods described in Example 1. The
final composition had the following analysis: 67.4% Al,O3, 4.3% SiO,, 22.9% CeO,,
0.9% La;0O3 and 4.5% Na,O.

EXAMPLE 3

[0082] An aqueous solution was prepared consisting of 3 pounds of Lignosite-823
surfactant (obtained from Georgia-Pacific West, Inc.) in 180 pounds of water at room
temperature. Twenty six pounds of Versal-700 alumina powder (obtained from

LaRoche Industries, Inc., 99% Al;03, 30% moisture) and 29.3 pounds of an aqueous



silica-alum na powder contained 6% Si @2, 94% A1203 and had a noisture
content of 33%) The slurry was prepared in a steamjacketed stainless
steel tank WO2ed@3T412h an electric powered agitator. Six PBEIWRRE0INI3I34NT
aqueous hydrochloric acid solution (35% HCl) and 6.7 pounds of an aqueous
al um num chl or ohydrol solution (22% A1203) were added to the silica-alumna
slurry. The m xture was heated to 55 C and allowed to age at this

t enper at ur gofmic aéidsolution45h CHROLWereadded tathedrignabitt aplutiva. dDe ghexry od,
15. 3 pounds of cerium carbonate crystals (obtained frmRhone Poul en I nc.
96% Cep, Wamallowsd to5gofarnlQ mipwss Wi contimepus settation 2k thspd 23pousdsielis of

wat er were G 0 ry to
%0 vt oo | o65afIT b dhate Gy B b8 J RN R Sl finb Ol ibaribh, 1R Sy LY 1)
of ca. 12L wadGhikled\Gpyayl dried antlichkciddtae ded&ﬁbéd filBraniplé habywd.une with 1.2 mm

di anet er gI ass _beads., The slurry was punped at a rate of about 2.3 liters
per mi nut e[0683] Thercelcingd produgtiwasiloaded teanlgisich mixercand Sﬂaﬂéd&‘lth:me material s

cont ai ned L0ukdi sShHgh ¥ ARl R SHickAUhnuablind’ S66iD; HATLBH, RasomapLed st urty

was fed to ngi n |ttedW|tha

rotary atoninpfignatéld enasgitahwas diied in@sovenar amett aver&gﬁt 4nd ddlcﬁhmafdr 2
tenperature and 138 C outlet air tenperature. The slurry feed rate was used
to WO 2004/houmsst 6790 (bepuodustwas impregnateshagein with an ggydous salutiop efper at ur e.

The rotat i ol SReGHhal cohfifni g")Wﬁaﬁ&{g@\@%g%ﬂ@u gﬁ]déa[l% Asof the

product m crospheres were re i'ned o The spray
dried proddescrived in BRgiggleilndbovat ai nl ess steel trays and heat treated for 2
hours at 675 C. Only enough material was | oaded in each tray so as to obtain
a thin layer (-1/0 inch) of catalyst on the bottom of each tray. [0080] A
one-third portion of the material wWeXAtMIBIEdharge into a small Eirich mxer
and sprayed with a aqueous solution of sodium carbonate to obtain about 5%
Na20 in the final product. The anopunt of solution was adjusted not to

exceed t he [0R841A misraspheredalpariculatecsuppow Bateriphwas pspagH a8 ebaptmeierial was
01 L SHoRYE bR g NORHABORSE SN GG bty JBHERITS 7D
Ce(2, 1% Ld&&mBan agoedagshurry havmg 20% solids of a peptizable alumina (Versal 700

alumina prowder obtained from La Roche Industries Inc., 99% Al,Os3, 30% moisture).

The alumina slurry was prepared using 31.6 Ibs of the alumina. To the alumina slurry

3.87 Ibs of an aqueous sodium hydroxide solution (50% NaOH) was added. Next,

10.4 1bs of cerium carbonate crystals (obtained from Rhone Poulenc, Inc., 96% CeO,,

4% La203, 50% moisture) was added to the slurry. The slurry was diluted in with a

sufficient amount of water to bring the solids concentration of the slurry to 12%.

Finally, 3.38 Ibs of exchanged silica sol of Nalco 1140 (obtained from Nalco

Chemicals Co.) was added to the slurry. The mixture was agitated to assure good

mixing and then milled in a stirred media mill to reduce agglomerates to substantially

less than 10 microns. The milled mixture was then spray dried as described in

Example 1 to form approximately 70 micron microspheres and thereafter calcined at

approximately 650 °C to remove volatiles. The resulting material had the following

analysis: 2.3% total volatiles, and approximately 4.5% SiO3, 5% Na,0, 16.8% CeO,

and 73% Al,03, and BET surface area of 140 m%/g.



EXAMPLE 2 [0081] An aqueous slurry of peptizable alum na was prepared by
conbi ning 27.8 pounds of Versal-700 al um na powder (obtained from LaRoche

| ndust ri esw0l2004/03783% A1203, 30% noi sture) with 52 poundBRCHUSWEIBI34E room
tenperature in a well agitated tank. ¥hile mxing, 2.7 pounds of a sodium
hydr oxi de solution were slowy added to the slurry and the m xture was aged
for 20 mnutes at roomtenperature. At the end of the age period, 4.5
pounds of a sodiumsilicate sol uti @®XARIPLES Si 02, 5.7% Na20) and 13.6
pounds of cerium carbonate crystals were added to the slurry. Additional

wat er was added to the slurry to bring the solids concentration to 12% The

terial Wl . . | j i d i bed
" Exan! olPBSTTAcofbosBBAAANER, BRCpRufl P fociRlalce wf diFRaGHP £25T0) be
A1203, 4. 3%viilh usii BBbERGRaterif) pAdpakaPiAExanple4.580.032he Biddmuterial [ 0082] An

aqueous sol ution was prepared consisting of 3 pounds of Lignosite-823
sur f act ant Webplagsdhiadnfindmedberkgr an pargcharicalggtatory Achlatinum SOPEERHIAD of wat er

(obt i ned. TRV Srepal 7Bl befunin L7135 g8 SlsndEafpiucIBanRETr o
pounds of dihydnRieseluith 2209% P8y dnlddi REih WSRODBMVAS tb/ D0gaatal.oThe basaci d

sol ution (45%,CI—|2022 were added to the Lignosite salution, The slurry was
al | oned t omatgaal was then iprggraledpy graduslly spiyieg Witho9gobhedilnte Ben 12 pounds

of «ceriu 0, t a i: j Lt ation.

The slurr ;18 oq%@] Hrﬂn?cflﬁgéﬁxégpﬁgi;/sﬁggrs{ Igodﬁ !ae(rjls %gﬂ gﬁﬁgﬁwéélg{fgg%{j %g%%;ﬁ%égélarrpl el

above. [ 00®a4 driditincal ovenad] 20 Wonsr nygs. Thadsed cakeavadnn WHerfoah ofiasge and

sprayed with a aqueous solution of sodiumsiljcate containi ns%(%.on% Si2 and
120t0C

1. 92% Na20<hunkgand pas Bgshatovad iua lender apd scrgeneskbefore galcyngat50:
overnignt githéit il ARBmbBLe die nfiits Sn@leridve folarfiBe ’ﬁ{eolg’siﬁﬁn%\’?'%é fpr egnat ed

again with an agueous s on o sodi um car bonat e cont al . 0% Na20,
fol | onwed byomisiged 329 AbD;c4 A% BIOaS5% N0 1818% CeOL-3ane Plambliadea EXAMPLE 4

BET surface area of 135 m*/g.
EXAMPLE 6

[0086] A composition, Additive B, was prepared in accordance with the present
invention using the base material prepared in Example 4. 80.0 g of the base material
was placed in an inclined beaker on a mechanical rotator. A master Rh solution was
prepared by diluting 1.0098¢g of an aqueous rhodium nitrate salt solution (10% Rh) to
77.48 g of DI water. The base material was then impregnated by gradually spraying
with 60g of the dilute Rh solution through an air mist spray nozzle system. The wet
impregnated material was dried in an oven at 120 °C overnight. The dried cake was
in the form of large chunks and was first ground in a blender and screened before
calcining at 650 °C for two hours to decompose the nitrates and remove volatiles.

The resulting material contained: 73.2 % Al;04, 4.5% SiO,, 5.1% Na,0, 17.5%
Ce0,, 1005 ppm Rh and had a BET surface area of 127 m%/g.



[ 0084] A m crospheriodal particul ate support nmaterial was prepared as a base

material for _the preparation of a NO conposition of the_l .on,
slurry vvas“méﬂﬁﬂpggwfrom an aqueous slzgrry havi ng 20% solplcg.é?sgw?’&gs‘”é

pepti zabl e alum na (Versal 700 al um nd”prowder obtained fromLa Roche

I ndustries Inc., 99% A1203, 30% noisture). The alumna slurry was prepared
using 31.6 I bs of the alumna. To the alumna slurry 3.87 |bs of an aqueous
sodi um hydr oxi de sol ution (50% NaOHpXMPIEided. Next, 10.4 Ibs of cerium
carbonate crystals (obtained from Rhone Poul enc, Inc., 96% CeQ2, 4% La2C8,
50% noi sture) was added to the slurry. The slurry was diluted in with a

suf fi ci ent [gos7YAtconiposhion] AU@itive Q) ak Prepariifl Sccvpduned Widhtthe preséntt he sl urry
to 12% Finally, 3.38 | bs of exchanged silica so] of Nalco 1140 (.obtai ned
f r om Nal coinveniéon wsamgthedaye materiabiprepared in Bxaraplg dr $0.015ef the base mageal agi t at ed

oot onor at 835 Plgcd L pnPhd 15Re T d GcMich) b, 28 Sk Rpolubioh S0 E°

then spray pféphred bydildeing 110098g o an &GRS ModivnPnit@teBaRRBIVGSHh TBO%IRh) ¢ m cron
m crospheres and thereafter calcined at approxinmately 650 C to renove
vol ati | es. 7TTH8 graf QM watey Ardureher silutieny wanprepared biiremgoving 3183giof they . 394 t ot al

2nd BT suPRACuSRTREE TR tiion hEne DY 40 o e scieloiiy ARBas™ 55
EXAMPLE 5 K33l was teiRmpidgnared bhgdidual$ spayivd Svith GpsfaRe iaftePgihne ®@ANce Wit h

the present invention using the base material prepared in Exanple 4. 80. Qg
of the baseolpaencthreugh anir Hisi SPAYinAZZe systeon-i hbeWekiampregnatedamateaalaasc al
rotator. A.platinumi pation. solutian . was preparegd b i ghi ng out

01 718g" of hrinRaien T A0 YT eita AMnned PR PR Com et aise Chdkans i
and di | uti ggq Whg firsPhrotmt e ablentePshdisefedhed. The dhidd BakeBohBiinifg ~10¢ pphen

| npregnated by gradually spraying with 50g of the dilute Pt~ sol ution

t hr ough anRhiwasiplased dippminchived beakeyen @ mechnicaheatatonpAglatinumal base mat eri al
.he form of

was dried in an oven at. 120 C over,night,. The dri cake was in
o ge | onuhReeRrboRde tbion tas FreRie ¥ eebing e 25tk S P aERub Bl
cal cining ghrafiifk @h}r&!bxide‘&@ld%ﬁ)ﬂ%ﬂ.?@%@&?ﬂﬂnﬁﬁﬁng REth DI walef fo BOUE toaove
vol atiles. The resulting nmateri al
50g of said solution was then impregnated onto the dried rhodium containing powder
by gradually spraying through an air mist spray nozzle system. The wet impregnated
material was dried in an oven at 120 °C overnight. The dried cake was in the form of
large chunks and was first ground in a blender and screened before calcining at 650
°C for two hours to decompose the nitrates and remove volatiles. The resulting

material contained: 72.5 % Al,03, 4.3% SiO,, 5.1% Na,0, 16.9% CeO,, 90 ppm Rh,
355 ppm Pt, and had a BET surface area or 134 m?%/g.

EXAMPLE 8

[0088] The activity of Additives A, B and C to reduce NH3 in an FCC unit regenerator
operating in partial burn or incomplete combustion was compared to the activity of
the cracking catalyst alone and a commercially available CO combustion promoter,
CP-3% (platinum on alumina) (sold by Grace Davison, a business unit of W.R. Grace
& Co.-Conn., Columbia, MD). The experiments were conducted by reacting in the

RTU reactor NH3 with CO at various levels of O, simulating partial burn. After



contai ned: 72.5% A1203, 4.4% Si 2, 5% Na20, 18.8% Ce2, 33l ppm Pt and had a
BET surface area of 135 nR/g. EXAMPLE 6 [0086] A conposition, Additive B,
was prepar 3P 29448588} dance with the present invention usPREUSRI3M3T
material prepared in Exanple 4. 80.0 gzﬁf the base material was placed in
an inclined beaker on a nechanical rotator. A master Rh solution was

prepared by diluting 1.0098g of an aqueous rhodiumnitrate salt sol ution
(10% Rh) t calcinatiasfoy 2dfoup at W5 &C, thEladditize wasrhteadedhat 0% levedwithdfCGgnat ed by

gradual ly spraying. ,with 60g of the .dilute Qlut i L.hr an air mst
spray nozzFjg‘ag'g‘sFgfﬁh\,ﬂfﬂg’e%gea‘:;'?‘rﬂ?cg&ﬁé‘t@d’%&é«isi ﬁ"ﬁu'%f?£§$ﬁa§ﬂr oven at
120 C over pji@htoo% fifeafl, | CrL3B a8 brédded at'D.24%8 Wil thie CfackiigdatalyinFhe and was

first ground in a bl ender and screened before <calcining at” 650 C for two

hours to demckipgsetatysealane, and the patihumehased Glbrembystion pratheter Ggaget i ng
terial tained /3.2 % M2CB. 4. 5% S102. 5 1 % Na2 5% , 1005

ppm R and LAXAORCERY 3 fs Al o aciipe et Hse 6B Rgdsthe kI

PCT/ US2003 }&3@4 bperatidg SXIDVPEE Thel[da0 el 16\ teRTPU SWdsia0iiixthi€ & NH;Gn@.CORaS

prepared in accordance with the present invention using the base nmaterial
prepar ed i nomsiaing approxisately GP0qipm N&l:h309-T0@pmaCO, varpus kmouutsiofl Qan

inclined b hanj.cal .rotator. A mast | uti d
by i 1t | ngodois ddOaim S Y85 RSP SR ie PR, T Reb st ™ 105 Ry co
77.48 g of emumgme-oﬁommihgg?sdﬁewtvhpmoommws%eﬁt eFheli¥sul@ 3RV icbsrded 839 of

the previ Qu&lﬁg made master dilution and adding DI water to 60g total
wei ght. Thén d anddiler 2 §klowas t hen i npregnated by gradual ly spraying with

yet om - TriOB8) Rsafoud hERICH. 1afurh ARG RuBAREY B testR M o0°C over

ni ght. Thenﬂﬁihﬁdingmﬁﬂ?rmnﬁﬁgitg@csﬂvefssﬁodtam,.pmyamrnﬁﬂgemsid%érst ground
in a blender and screened. The dried cake containing -100 ppm Rh was pl aced

in an i ncl (&@dNBaek d00 Were datediedhiindi¢atingithe epnvemiqn oftlNHy it mplepulagnat i on
sol uti on was prepared by weighing out 0, 17159 of an aqueous plati num
tetram ne almv-oéﬂnggwaﬂdg}ﬁr Moy Hestiver the i ‘H’&"Weﬁ-h%bf 2GR to

100g total uf aqditives A, B, and C for reducing NH; under partial burn conditions was far

superior to that of the conventional combustion promoter, like the commercially
available CP®-3.

EXAMPLE 9

[0090] The activity of Additives A, B and C for reducing NH3 and NOy present in an
FCC unit regenerator operating in partial burn or incomplete combustion was also
compared to the activity of the cracking catalyst alone and a commercially available
CO combustion promoter, CP-3®, using the reaction of NHz with NOx under partial
burn conditions. The experiments were conducted as in example 8 except that the gas
mixture fed to the RTU reactor contained approximately 1000 ppm NH; and 500-550
ppm NOj as well as various amounts of oxygen with the balance nitrogen. The results
are recorded in FIG. 3 and FIG. 4 below.

[0091] As shown in FIG. 3 and FIG. 4, compositions of the invention, i.e. Additives

A, B and C, showed enhanced conversion of NH; and NO, to molecular nitrogen. No



50g of sai d solution was then inpregnated onto the dried rhodi um cont ai ni ng
powder radual spraying through an air m st spray nozzl t The
wet |rrpreg g erial was dried in ‘ﬂn oven at 120 C Tjﬂgﬁ'ﬁ%&ﬁﬁe dried
cake was in the formof |arge chunks Ahd was first ground in a bl ender and
screened before calcining at 650 C for tw hours to deconpose the nitrates
and renove volatiles. The resulting material contained: 72.5 % A1203, 4.3%
Si02, 5.1 %Naﬁmogepe)xg%scb@Nz‘Q@ré‘g?a mi¢re dedened@ii e thesgrRx PRARERISBET sur f ace
area or 134 n?/g. EXAMPLE 8 &g_g QPEPH ctlwt of Additives A, B and Cto
reduce NFB'“F‘W’“&P& e EOnYAr$IOR @ i ccuiy &t 5&3 in partial burn or

i nconpl ete conbustion was conpared to the acti VI ty of the cracking catalyst
al one and a conmercially available CO conbustion pronoter, CP-3(r)
(platinumon alunina) (sold by G aEXADPLEAdf, a business unit of WR G ace
& Co: Conn., Colunbia, MD). The experinments were conducted by reacting in
the RTU reactor NH3 with CO at various levels of 02, sinulating parti al
burn. Aft 2 c ' j hour s at
505 G, ha Ot 1 L O e A B A oo R M A B b P
been deactoniat@mdplewbuin RGCUEwad carijfared iorthat dfithe dacienig baaﬂysteﬂcnecnndam th 100%
stream CP-3(r) was blended at 0.25%w th the cracking catalyst. The

cracki ng c%ﬁf%tm?@ta"éﬂadﬁ'éabl%trﬁ?ltﬂq@'ﬁmﬁ@mm@m&@mw%éugf’ﬁombbrom)ter Grace

Davi : i I tely fed
DoVt son Cndbighnf e BAIBH HVERESAE AR NGl St AR HRIR TR 2 o ¥ T
m xt ure ofprblké’ﬁcaaﬂCOQt vaausde el of apgenxThaegleyinfents wascbiifuctedd3Gn 5500 ppm

CO, various ampunts of 02 added as 4% Q2 in N2, with the bal ance being
ni trogen. HRMRleSsrcephthat thegas feed to dheteaciphyas » mixfurecontaining RG0S0 eed was

1000- 1100 @&BBQS ?Bé-f ﬁ%&ﬁn%ﬁé"%gﬁq%o c?F adcllcdazﬁql‘?F o taﬁtﬂl%w [0089]

As shown i It1rves re verye Ive 1 n

mni m zi ngbd}lﬂi%e?aﬂfbg@ﬁe‘rﬁ@ﬁ'ésﬂﬂs hreTeCRIMEIMFION5 beloWOR.  No ot her ni trogen
oxides (e.g., N 20) were detected, indicating the conversion of NH3

to nol ecul O92FIG: 6gb<mw tlmicﬁddltm /8 Baantl Caeervery bifectve forddnvertingdNQf t he
three additiyes

under pamaﬂ)um &on 101¥s They are also more effective than the combustion
promoter at low levels of oxygen simulating partial burn. No other nitrogen oxides

like NoO or NO,, were detected.



of additives A, B, and C for reducing NH3 under partial burn conditions was
far superior to that of the conventional conbustion pronoter, |ike the
commercially available CP(r)-3. EXAMPLE 9 [0090] The activity of Additives
A, B and C for reducing NH3 and NO, present in an FCC unit regenerator
operating in partial burn or inconplete conbustion was also conpared to the
activity of the cracking catal yst al one 24nd a commerci al | y available CO
conmbustion pronoter, CP-3(r), using the reaction of NH3 with NO under
partial buwHAONIE CLAMEDIISe experinments were conducted as in exanple 8
except that the gas mxture fed to the RTU reactor contai ned approxi mtely
1000 ppm NH3 and 500-550 ppm NO, as well as various anounts of oxygen with
t he bal anceynitr T, |t obel ow.
10001] Ao shown o AprepTitg Emedl Gl EhpAinorlpRsing @RI IEEL e
Addi tives ¢f anBcidicimelal avidoehidndeatadrscubsiantiely no realite;NpiBatdeast NG, wtf/onof a

nol ecul ar nitr 2004( 037419, PCT/ US2003/ 033477. ..26 ot he f;rogen
oxi des, i k®®€ ﬁggn%i urk%ﬁvﬁ%pgtag%lg&s&ec%rf{o% R 89{&8}1? (rgltas al T‘ﬁdt cating
t he conver salﬁﬂlr@feamﬂ?maa 4l mbwhres tivkdof @gec) AAAVPOE 40 of eﬁ)%&}/gaahao@gél vity

of Additives B and Cto reduce NO fornmed in_an partial burn
i nconpl et e @9‘#1 reide) cppporatsaleetgd tfipm fha 2ropp cRBSIE NG CHi %Oéﬁeal%'@ﬁgeaﬁé‘he and

a  conmerci gy Iﬁaxlabia@'a% 0 fL;@rE hﬂgmr'ggmﬂgla{wh{wﬂ ORISR MiktRie TRir&SF: Tagj 3(r),

by neasuring t eactl\ilty terials to covert . to nol ecu
ni trogen mmbtthedcqnnmmg;e of CO at vari ous |l evel s of oxygen. The experinents

were conducted as in le 8 exce t ha the ee o.th eact or was
a mxture contai' ng %W@@B@qu%s Y Wfinieg g'ﬁnﬁbﬂﬁ %E?a?q Bﬁg gﬁ{gﬁ}ﬁts of
oxygen addegerasht 48idd26MN\R pepifkdt ikdic RétANGEdN bid ad8tal Jdectdd frdht theagrBup

recorded in FIG 5 bel ow 0092] FIG 5 showthat Additives A B and C are

very ef f ect ¢ansisting obamalkali metalND, alkalmgearth aetal and minivessihereelonsan ampt ar e
al so nore ngfﬁ{iEﬁt\ngfo&?d%ﬁyfk%ts Iﬁg{h& ggcenresmhfeial Fha/bPPichifeatin Hetdfy 9N

sinul ating Ial en oxi
a final metal oxide composmon,

(ii)  forming an oxygen storage metal containing slurry by mixing the aqueous
slurry with an oxygen storage metal salt in an amount sufficient to provide at least 0.1
weight percent of an oxygen storage metal oxide in the final metal oxide composition,
wherein the oxygen storage metal salt comprises an oxygen storage metal selected from
the group consisting of an oxygen storage rare earth metal, an oxygen storage transition
metal, and mixtures thereof;

(ili)  optionally, adding to the slurry of (i) or (ii) an additional acidic metal
oxide source in an amount sufficient to provide a total of at least 5.0 weight percent of
acidic metal oxide in the final metal oxide composition;

(iv)  milling the slurry of (ii) or (iii) to reduce the particle size of the solids
contained in the slurry to 10 microns or less;

(v)  spray-drying the milled slurry to obtain particles having a mean particle
size of greater than 45um; and

(vi)  calcining the spray-dried particles at a sufficient temperature and for a

sufficient time to provide a final metal oxide composition comprising components (a) —

(c).



i ke N20 or NO2 were detected. 27 WHAT IS CLAIMED IS: 1. A nethod of
preparing a netal oxide conposition conprising (a) at least 1 wt% of an
acidic nmetal oxide which contains substantially no zeolite; (b) at least 0.5
wt% of a metal, neasured as the netal oxide, selected fromthe group
consisting of alkali nmetal, alkaline earth metal and m xtures thereof and
(c) at least 0.1 wt of an oxygen storage28 netal oxide conponent sel ected
fromthe group consisting of an oxygen storage rare earth nmetal oxide, an
oxygen stor ge tr , | hod
conprising (i) pﬁi}%%ﬂh%b%?g%ﬁﬁﬁﬁgéﬁse‘?agloa?dra%o lg&ﬁtﬁ%g&?&ﬁ{%gﬁﬁﬁaglo )8 about
30 wei ght péam:axnthcsmdtaldmd:efwlachneqnttamembatanmhllgf noefealitep@h) deleastd. awitp tod b

selected from ro p onsi ng of | k netal, .an a ine e rth
ret al - and it Besturrdrasfe mivl oo e Teds B tes b o RO ekt FEED: 0. 5
wei ght per cgkhlifd &4l m@et Ad ALY thtebBlahd ¢c)adabt MBtAbs biNan éxyfebalordget 2l
oxi de conposition; (ii) formng an oxygen storage netal containing slurry by

m xi ng the awteécnxsde edmpangninseldetednfrom ihe graporoagistingephbn oxlygen sforgge agrount
sufficient t grttppgtai gﬁd@tan o?g?gﬁ sQora t}%ﬁ's@igﬁ n{% arl 8%'% dOf m%Hur%XyQEé}eo)s(ft orsgge

met al oxi de e conmposi t he

storage net alettfodl dompoigipgi ses an oxygen storage met al sel ected from the
group consisting of an oxygen storage . rare earth mnetal n oxygen st orage
transi tion metal) anfPrRIG o agUeoHs ARGt metal pXide GeRtanLIg urrwaﬁ%ﬁa% e

slurry of (liaidR" méfal bxfR @G hhORR! suffdidk Go Fedvdde aOleaie] %%lﬁepetd%maaf gnount
sufficient to provide a total of at |least 5.0 weight percen acidic

met al oxi de peptizethecidicmaetaheidé moaxﬁd% rnmtmmetqompom(lpm)wlmwm|tltrfga<t1¢19 mgftalr ry of
(i) or (|||)(to rted cebtthe part) cl nzdewa thedsollds onxtllnethhe
slurry to 1068 SPBRUSSPOTTENY @A) 268 af~dryTRg ¥he SoiiE ustelco TP YO T8 8Bt ai n
particles hamm@oﬁtanﬁmwwdutmeabaum xoélglgrpe&te@rrsotlh@n 45m and (vi)

calcining the spray-dried particles at a sufficient te erature and for a
sufficient tine € priyming apeptizad apidicanetahoxide eppiag siusty Boadshing tonthe

conponent s g&Nic'metal oxide containing slurry a base selected from the group con51st1ng of an alkali
metal base, an alkaline earth metal base and mixtures thereof, wherein the base is added
in an amount sufficient to peptize the acidic metal oxide and provide at least 0.5 weight
percent, measured as the metal oxide, of a metal selected from the group consisting of
alkali metal, alkaline earth metal, and mixtures thereof, in the final metal oxide
composition;

(iii)  forming an oxygen storage metal containing slurry by mixing the peptized
acidic metal oxide containing slurry with an oxygen storage metal salt in an amount
sufficient to provide at least 0.1 weight percent of an oxygen storage metal oxide in the
final metal oxide composition, wherein the oxygen storage metal salt comprises an
oxygen storage metal selected from the group consisting of an oxygen storage rare earth
metal, an oxygen storage transition metal, and mixtures thereof;

(iv)  optionally, adding to the oxygen storage metal containing slurry an
additional acidic metal oxide source in an amount sufficient to provide a total of at least
5.0 weight percent of acidic metal oxide in the final metal oxide composition;

v) milling the slurry of (iii) or (iv) to reduce the particle size of the solids
contained in the slurry to 10 microns or less;

(vi)  spray-drying the milled slurry to obtain particles having a mean particle



(c). 28 2. A nethod of preparing a netal oxide conposition conprising (a)
at least 1 wt% of an acidic netal oxide which contains substantially no
zeolite; (b) at least 0.5 % of a netal, neasured as the netal oxide,
selected fromthe group consisting of alkali netal, alkaline earth netal
and m xtures thereof, and (c) at least 0.1 wt% of an oxygen storage netal
oxi de conponent selected fromthe group 2onsisting of an oxygen storage rare
earth nmetal oxide, an oxygen storage transition nmetal oxide d m xtures

t hereof , sai ide {Tergggrqhgg@rrins;&g (i) form ng an aqueous acidic netal oxide
cont ai ni ng §Izu?r%/ conprising’>an acidic netal oxide in an anount sufficient
to provide at |e@si) lcalhigbtthpepragidiicdipaniclesepta sifficianti @mpermiralandXorde i n a
final metal oxide conposition, wherein the.acidic netal oxide contains
subst ant i al PYHIRENIAHDT forREoVide s Metad PRIAR CQBPRPItAN QMPrISIE SPMPRTES @bntCAi ni ng
slurry contains fromabout 10 to about 30 wei ght percent solids; (ii)
formng a peptized acidic netal oxide containing slurry by adding to the
aci di ¢ net aB. oxi demetbod af piepgring ametal axida sempeditéat exnprising (ahet pasupwt’o

i sti .al kal i l. b . | ' .t h | o
i xtures. e ngt abfodhs Ao DR Dl 180G OTH Bow AXFREs

peptize thenRel GhéasiRlals thx indea] aRide psedittedefrdth theegdlip QolsisvRigiiTtalkatieheant ,
nmeasured as the netal oxide, of a nmetal selected fromthe group consisting

of alkali ntekine caghyastalandgnituiesberspt, and ()t Jaest &8 vtbreoledt Oxvigen S1REASE i nal
metal oxi demeGRIRRR! édgg%he&' delobicl Gt e BHoupXEAGNIrRL Of a&%xg%&g%ta@gmﬁé ni ng

slurry by mxing the tize acidic ne oxl nt al ni y wth an
oxygen st or agth metahbxide] 4n oxygan swmagerttansisiof fmetalenide; engp novtucks theredfesad 0. 1
wei ght per ceré\%mgf an .oxggen storage netal oxide in the final netal oxide

conposi t i onMHEFEPRTIAE oxygen storage metal salt conprises an oxygen

storage netal sefjpct efyrhingMr BgueBLO YRINGOHRtaIAhNA QUFfiABNORHABR oFtHr KGMc T ar e
earth nmetal, an oxygen storage transition netal, d m xtures thereof; (iv)

optional |y, nmligori‘gletcenttaiméngpsesbg@ntiaﬁkma@eéliwetparo‘é%gtgheaﬁt rigweiehy pejeeah of a
L1 el APkl ROUEER hAnPRIATRURRALT LB Sk A °
met al oxi de abbouh@ &i dtioan30 weight percent solids;

(ii)  adding to the slurry an acid in an amount sufficient to peptize the acidic
metal oxide and provide a peptized acidic metal oxide containing slurry;

(iii)  forming an oxygen storage metal containing slurry by mixing the peptized
acidic metal oxide containing slurry with an oxygen storage metal salt in an amount
sufficient to provide at least 0.1 weight percent of an oxygen storage metal oxide in the
final metal oxide composition, wherein the oxygen storage metal salt comprises an
oxygen storage metal selected from the group consisting of an oxygen storage rare earth
metal, an oxygen storage transition metal, and mixtures thereof;,

(iv)  optionally, adding to the oxygen storage metal containing slurry an
additional acidic metal oxide source in an amount sufficient to provide a total of at least
5.0 weight percent of acidic metal oxide in the final metal oxide composition;

W) milling the slurry of (iii) or (iv) to reduce the particle size of the solids
contained in the slurry to 10 microns or less;

(vi)  spray-drying the milled slurry to obtain particles having a mean particle

size of greater than 45 pm;

(vii)  calcining the-spray-dried particles at a sufficient temperature and for a



(v) mlling the slurry of (iii) or (iv) to reduce the particle size of the
solids contained in the slurry to 10 mcrons or less; (vi) spray-drying the
mlled slurry to obtain particles having a nmean particle 29 size of greater
than 45 pm and (vii) calcining the spray-dried particles at a sufficient
tenperature and for a sufficient time to provide a netal oxide conposition
conprising conponents (a) - (c). 3. A nmdohod of preparing a netal oxide
conposition conprising (a) at least | w% of an acidic netal oxide which
contains substantially no zeolite; (! least 0.5.w % of tal

reasar ed ac iR o BREE L ol Plopb Y etk Shadhenf T Wi
netal, al kaldine earth nmetal and m xtures thereof, and (c) at least 0.1 wt%
of an oxygen storgse net al oxi de conponent, sel.ected fromthe group

consi sting of arlvblydeating the dptaloxide cogippsiontithat lpastRne agueqys seHOR Ohr age
transition fefaleQidddfom 3 x%hﬁkeﬁs?&ing*b?raﬁ%ﬁkalis.ﬂwl sallfE b Ak RN BArShBEl (1)
form ng an aqueous slurry c%ntalnlng surficient anount of an acidic netal
oxi de cont asalti agl sniktwteanthiesdof yinnan aswhintt sufficiepr dvipdevide a daaglt metabedqgde

percent of a peptized acjdic tal ,oxide i final t oxi d

Pormosi t L ortemyirgon aeg ah okt S s besst el peBlandF S il mee en
solids; (iipheagdngitdeGndtileoxgdeurry an acid in an anount sufficient to peptize
the acidic netal oxide and provide a peptized acidic netal oxide containing
slurry; (iii) form ng an oxygen storage netal containing slurry by m xing

t he pepti ze acpdl i denc HAL S I i : age
nmetal salt L?'n aﬁtl{a%nrgatﬁa %{; ﬁgﬁl gf %’n?‘n% ?%%%f%e&[gg%r gg;s#eg&ltgwel h%sgstpgeHr cent

of an oxygeoxygtrostagyee rae¢ edrtharetdle in t he final netal oxide conposition,
wherein the oxygen storage netal salt conprises an oxygen storage netal
selected fromthe group consisting of an oxygen storage rare earth netal,
an oxygen sj or agghet hahisd bf @RIt WhereMNfle B dar f6rabd04r@ @hrth hicval iORdIeRaR! | Y,
adding to the oxygen storage netal containing slurry an additional acidic
net al oxi defreradhe group capsigingpftcesumy pamasiym, tpsaspedivnida, guropiugl, terbivgt andeast
5.0 wei ght acidic netal oxide in the final netal oxide
conpositioﬁ?&%%%ﬂﬁﬁﬁpﬁng the slurry of (iii) or (iv) to reduce the particle
size of the solids

6. The method of claim 5 wherein the oxygen storage rare earth metal comprises
cerium.
7. The method of claim 1, 2 or 3 wherein the oxygen storage metal comprises an

oxygen storage transition metal.

8. The method of claim 7 wherein the oxygen storage transition metal is selected
from the group consisting of vanadium, manganese, iron, nickel, copper, cobalt,

chromium, titanium, silver, molybdenum, niobium, gold, tungsten and mixtures thereof.

9. The method of claim 1, 2 or 3 wherein the slurry is milled to reduce the particle

size to 5 pm or less.

10.  The method of claim 1, 2 or 3 wherein the spray-dried particles have a mean

particle size of from about 50 to about 200 um.



contained in the slurry to 10 mcrons or less; (vi) spray-drying the mlled
slurry to obtain particles having a nean particle size of greater than 45
m (vii) calcining the-spray-dried particles at a sufficient tenperature and
for a 30 sufficient time to provide a netal oxide conposition conprising
conponents (a) - (c); and (viii) treating the netal oxide conposition with
at | east one aqueous solution of a salgyselected fromthe group consisting
of an alkali netal salt, an alkaline earth netal salt and m xtures thereof
in an annunt sufficie rovide a.final ne ngos i tion. paV|ng

1
o T oanPomy. vertgimshod bf Rl i Fhekib the tprivr e, SRLf 5 SSGP e ppmiclt

measur ed a%lgetbqugﬁ{ggoupgg t&abodkt 15bNen.met hod of claim1, 2, or 3 wherein the
oxygen storage nmetal conprises an oxygen storage rare earth metal. 5. The

nmet hod of claim4 wherein the oxygen storage rare earth netal is selected

fromthe gr up cQnsi § c r '

t er bi um an Qﬁ'ﬁresﬁ?(ﬂgﬁ‘g% ?62 8% %@L{hg%;r&@ %\gﬁmv%e%ee%&tﬁje oxygen
st orage rart@mpﬁﬁﬁlfb 1ARgiag fmﬁﬂﬂfoluswi)"CQeabdutrBO(PC fohaebove tHing nofiuted taiaboik 4 2 or 3
wherein the oxygen storage netal conprises an oxygen storage transition
nmetal . 8. TWESrethod of claim 7 wherein the oxygen storage transition netal
is selected fromthe group consisting of vanadium manganese, iron, nickel,
copper, cobalt, chromum titanium silver, nolybdenum niobium goI d,
tungst en anid. ni Eheresthedhef daim 2 fortherivemprising agiog thy sy of () for azimshandei n t he

slurry is r?etlg{)%gtugaow@%grﬁ?ot 6P a%&)l&aﬁlptgﬁtlo% tf?hq acid ﬁ‘lretall §%de, 10- The method

of claiml esr a nean particle
size of from about 50 to about 200 m 31 11 The rret hod of claim 10 wherein

the spra dr| ed particles have a nean particle
pray- ﬁle method of claim 2 wherein thepbase 1S an alkah metal base.

15.  The method of claim 14 wherein the alkali metal base is selected from the group
consisting of sodium hydroxide, potassium hydroxide, sodium aluminate, and mixtures
thereof.

16.  The method of claim 15 wherein the base is sodium hydroxide.

17. The method of claim 2 wherein the base is an alkaline earth metal base.

18. The method of claim 17 wherein the alkaline earth metal base is selected from the

group consisting of magnesium hydroxide, calcium hydroxide and mixtures thereof.

19.  The method of claim 3 further comprising aging the slurry of (ii) for a time and at

a temperature sufficient to complete peptization of the acidic metal oxide.
20. The method of claim 3 wherein the amount of acid added to the acidic metal oxide

containing slurry ranges from about 0.01 to about 1.0 mole of acid per mole of acidic

metal oxide,

21. The method of claim 20 wherein the amount of acid added to the acidic metal



size of fromabout 55 to about 150 gm 12. The nethod of claim1l1, 2 or 3
wherein the spray dried particles are calcined at a tenperature ranging
from about 400C to about 800C for about thirty mnutes to about 4 hours.
13. The method of claim2 further conprising aging the slurry of (ii) for a
time and tenperature sufficient to permt conplete peptization of the acid
metal oxide, 14. The nmethod of claim2 gherein the base is an alkali netal
base. 15. The nethod of claim 14 wherein the alkali metal base is selected

fromthe grou consisting of sodiu hydr xi d ot assi ym hydr.oxi_de, . sodi um
al unmi nate, ¥ ?ﬁ%lﬂllflé§iur'[%h@f1§§f rory @boatfbOtnint Al & A1 Poram R G IS he
base is sodjum hygy oxide. 17. The nmethod of claim2 mhereln the base is an

al kal i ne eart h met al base. 18. The nethod of claim 17 wherein the al kali ne
earth nmetal base is selected fromthe group consisting of magnesi um

hydr oxi de, n%f | C"ﬂg rgétﬂ%cg %gm‘? ? whrgreﬂ ac;cﬁ es(el%gted frlo?n th-g:%oﬁm E(Ql(g%%l%rpfz laim 3

further i si urry o erature
suffici ent hyRlrédhliRicedctd, paphudattian plifsplidi ébﬁ?d d11tilcm‘etd§1|fomxib deid, dCeticTdeql met hod
of claim3 wherein the apount of acid added to the acidic netal oxide

cont ai ni ng @1&??9"?§H§E%ffron1about 0.01 to about 1.0 nole of acid per nole
of acidic netal oxide. 21. The nethod of claim20 wherein the anount of
acid added to the acidic netal 32 oxide containing slurry ranges from about
0.05 to 0. 62hdhe nufthaacofoclpar 3 mbkrirothe selt df the aguecais solutide is sedectephzomhenod of

I 3 wh th th ' f.
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acid, acetige@efd and m xtures thereof. 23. The nethod of claim 3 wherein

the salt of the aqueous solution is selected fromthe group consisting of
carbonates, bicarbonates, chlorides, nitrates, silicates and m xtures

ther eof . 2424.Therr{£%é198'd Of c1GhP T WRAIR! GitRs JIRQi Bdlaf sals al kal i netal salt.

25.  The method of claim 24 wherein the alkali metal comprising the alkali metal salt
is selected from the group consisting of sodium, potassium, cesium, lithium and mixtures

thereof.

26.  The method of claim 25 wherein the alkali metal comprising the alkali metal salt

is sodium.

27.  The method of claim 3 wherein the salt of the aqueous solution is an alkaline

earth metal salt.

28. The method of claim 27 wherein the alkaline earth metal of the alkaline earth metal
salt is selected from the group consisting of magnesium, calcium, barium, strontium and

mixtures thereof.

29. A method of preparing a metal oxide composition comprising (a) at least 1 wt% of an
acidic metal oxide which contains substantially no zeolite, (b) at least 0.5 wt% of a metal,
measured as the metal oxide, selected from the group consisting of alkali metal, alkaline

earth metal and mixtures thereof, and (c) at least 0.1 wt% of an oxygen storage metal



25. The nethod of claim24 wherein the alkali netal conprising the alkal
netal salt is selected fromthe group consisting of sodium potassium
cesium lithiumand m xtures thereof. 26. The nethod of claim25 wherein
the alkali nmetal conprising the alkali netal salt is sodium 27. The nethod
of claim3 wherein the salt of the aqueous solution is an alkaline earth
metal salt. 28. The nethod of claim 27 wsherein the al kaline earth netal of
the al kaline earth netal salt is sel ected fron1the group consi sting of
nmagnesi um caIC|un1 bar i i um and ur.es hod of
o apar | ng. aSik SESAeal <Eh P B oD ST HE (et ORes Sl 5E o
aci di ¢ nmet ajnetakbdée, \Miloﬁpg&l@%ra%mar@wiaﬁtrmallo&ldeyammks thereof, Q‘)ud&heth&ﬁs'[ 0.5
W % of a metal, neasured as the metal oxide, selected fromthe group

consi sting @ﬁmnﬁkﬁll metal, alkaline earth netal and m xtures thereof, and

(c) at least O. m%?feﬂé}ﬂlé? &ﬁ%o&stébﬁcﬁ&lﬂle'fﬁ?t&lde%nfﬁé\ﬁxﬁg ﬁBEp%ﬁmo l ect ed

fromthe group co an oxygen storage rare ‘eart netal oxi de, an
oxygen st oragat 30 eaight pemcmntmtlails and cmieprlsmghmamctunt efadidie metdl oxsiaisdffiventhod
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aci di c net alonekiiensuf ficient to provide at |east 1 weight percent of
acidic nmetal oxide in a final netal oxide conposition, (2) form ng a base
peptized acidi c @kt alfouninge h@mwemtlmdwgcl@ﬁ meta) oide sautaingng Yurry A addjneéus

aci di ¢ ”E‘ta%h ﬁhé%% 'cl‘dﬁcr éull%&! yrﬁgé sﬁ‘ﬂ%iéﬂ{ aﬁéaﬁl&afﬁas% %}%%%etﬂgqr&%qmthe

group consi Sf ase, ne eart ase and a
m xture t hgbep)fconsﬂsmngeﬁtanzelkalmenmjlb:hse; armaladthrmxéadte el pasevirdea atixtueast 0.5
wei ght percent s.lecteg from of anfalkal
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pepti zed acidic netal oxide containing slurry at a sufficient tenperature

and for a smixtyreithengoft measured ap ghermetaloxids) wtthe firgd metaloxisle comppsitiomci di ¢ et al

(3)  aging the base peptized acidic metal oxide containing slurry at a sufficient
temperature and for a sufficient time to permit complete peptization of the acidic metal
oxide,

(4)  adding to the aged slurry an oxygen storage metal salt in an amount
sufficient to provide at least 0.1 weight percent of at least one oxygen storage metal oxide
in the final metal oxide composition to provide an oxygen storage metal containing
slurry,

5) optionally, adding to the oxygen storage metal containing slurry an
additional acidic metal oxide source in an amount sufficient to provide a total of at least 5
weight percent of acidic metal oxide in the final composition,

(6) diluting the oxygen storage metal containing slurry with a sufficient
amount of water to provide a solids concentration of about 5 to 25 wt%,

(7)  milling the diluted slurry to reduce the particle size of the materials
contained in the slurry to 10 microns or less,

8 spray-drying the milled slurry to obtain particles having a mean particle
size of greater than 45 um, :

9 optionally, drying the spray-dried particles at a sufficient temperature and

for a sufficient time to remove volatiles,



oxide, (4) adding to the aged slurry an oxygen storage netal salt in an
anmount sufficient to provide at least 0.1 weight percent of at |east one
oxygen storage netal oxide in the final netal oxide conmposition to provide
an oxygen storage nmetal containing slurry, (5) optionally, adding to the
oxygen storage netal containing slurry an additional acidic netal oxide
source in an anount sufficient to provigg a total of at least 5 weight
percent of acidic netal oxide in the final conposition, (6) diluting the

t | .cont aj ni ng. sl i th fficient t of water t
orovi e sol 1 dsUlbFRIERMEAT BRsRS b tsiets Raipiaust 9) orRrr Y e i Mt e
slurry to rpduie atni@alRxidel Shositigecahprisify dBipahédd @) - (Ynt ai ned in the slurry

to 10 mcrons or less, (8) spray-drying the mlled slurry to obtain
particles having a nmean particle size of greater than 45 m (9) optionally,

drying the sprayngy efloRaF b 99 “%reﬂ]g@ufa{qqeg';l@ggpfcmaro%ﬁrﬁuﬁ‘%ngr%s a

sufficient tinme to renove volatiles, cining the particles at a
sufficient fremmbowt20rte 2amatightPo sild.i ci ent time to provide a netal oxide
conposition conprising conponents (a) - (c). 30. The nmethod of claim29
wherein the aqueous acidic netal oxide slurry conprises fromabout 20 to 25

wei ght % soBj ds. Tiglmethb® ofBAIRPED Rhereindhdbad® oI LAMalkAIEme@FBasef (i1) is an
al kali metal base. 32. The nethod of claim31 wherein the alkali netal base

is selected fromthe group consisting of sodi um hydroxide, potassium

hydr oxi de, di i ] J f C | ai m
29 wherein %e gggghggbg%&g?ﬁggﬂﬁgégéﬁ?ﬁzﬁ%@?ﬁagg%gg%§%$Q%ﬁgﬁ%e$ﬁ5§£u claim
33 wherei n tdgisdhk af sodiumaryidroxidd, potassise Hydraxédee cddidmf alomiatecandgmixtyres

consi sting ﬁ% nggnesiunlhydroxide, cal ci um hydr oxi de and m xtures thereof.
35. The net H6®¥°bf claim 29 wherein the peptized acidic netal oxide
containing slurry 1is aged at a tenperature rangi ng about roomtenperature

to about 90C for about 30
33. The method of claim 29 wherein the base is an alkaline earth metal base.

34, The method of claim 33 wherein the alkaline earth metal base is selected from the

group consisting of magnesium hydroxide, calcium hydroxide and mixtures thereof.

35.  The method of claim 29 wherein the peptized acidic metal oxide containing slurry
is aged at a temperature ranging about room temperature to about 90°C for about 30

minutes to about 4 hours.

36.  The method ofclaim 29 wherein the oxygen storage metal salt comprises an

oxygen storage rare earth metal.

37.  The method of claim 36 wherein the oxygen storage rare earth metal is selected
from the group consisting of cerium, samarium, praseodymium, europium, terbium and

mixtures thereof,

38.  The method of claim 37 wherein the oxygen storage rare earth metal comprises

cerium.



m nutes to about 4 hours. 36. The nethod of claim29 wherein the oxygen
storage netal salt conprises an oxygen storage rare earth netal. 37. The
met hod of claim 36 wherein the oxygen storage rare earth netal is selected
fromthe group consisting of cerium samarium praseodym um europium
terbiumand mxtures thereof. 38. The nmethod of claim 37 wherein the oxygen
storage rare earth netal conprises ceri3dm 35 39. The nethod of claim 29
wherein the oxygen storage netal salt conprises an oxygen storage
transition t al e 0 er L Qrage
transition érQrg:;zt aIT}fes%gte?gc({f%g&l rg%%v}feﬁé"? ﬂﬁgoggy%onsgﬁag : hilGy S)é%{/gcﬁg’&)? %%189
manganese, oxygen stotagkehnsiticoppeal. cobalt, chromum ti tam um silver,

nol ybdenum ni obi um gold, tungsten and m xtures thereof. 41. The nethod of
claim?29 wherein the slurry is mlled in step (7) to reduce the particle

size to 5mgf | eff méed -Sh‘é‘laﬁﬁt3|9qghé?&n(il’1@bf9g&9 swtlfg;e%as&ltaﬁ nSdR413Y seledt&s

particles in step (8) have a nean particlée size of fromabout 50 to about

200 gm 43. frametheegtoop ednsisting mfd2angtizimei mangapesspricopn, dritked, p@nner,cP@Jsﬂthave a
mean particle size of frgm abo 60 to.
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t enper at ure rangi ng from about 400C to about 800C for about th| rty mnutes

to about 4 hours. he met hod of claim 29 wherein steps ( (10) are

per f or ned s‘é’quen?heamFS?Od&é clapme?Grihpisin the tyrey i milled igstep (/méP éF‘H‘CFNéC aci di c
met al  oxi de%drﬁ lé%@ﬁtfﬁgmfcfr@ qythe group consisting of alumna, silica

al um na, ana a zirconia alumna and mxtures thereof. 47. The
nmet hod of cl ai m29 wherein the acidic rretal oxide is selected fromthe group

consi sting um na, . L ant hana Zi nia alum na
and i xt ur e t h eeIBc?thocis o% 5 % Wherelll the Spray & parHETes ' stép (83 ANea Heatt

particle size of from about 50 to about 200 pm.

43,  The method of claim 42 wherein the spray dried particles have a mean particle

size of from about 60 to about 120 pm.

44,  The method of claim 29 wherein the spray dried particles are calcined in step (10)
at a temperature ranging from about 400°C to about 800°C for about thirty minutes to

about 4 hours.

45.  The method of claim 29 wherein steps (1) - (10) are performed sequentially.

46. The method of claim 1, 2 or 3 wherein the acidic metal oxide is selected from the
group consisting of alumina, silica alumina, lanthana alumina, zirconia alumina and
mixtures thereof.

47.  The method of claim 29 wherein the acidic metal oxide is selected from the group
consisting of alumina, silica alumina, lanthana alumina, zirconia alumina and mixtures

thereof,

48. The method of claim 46 wherein the acidic metal oxide is alumina or silica



48. The nethod of claim46 wherein the acidic nmetal oxide is alum na or
silica 36 alumna. 49. The nethod of claim47 wherein the acidic netal
oxide is alumna or silica alumna. 50. The nethod of claim1, 2 or 3
wherein the acidic netal oxide further conprises at |east one stabilizing
metal oxide. 51. The nethod of claim50 wherein the stabilizing netal is
selected fromthe group consisting of y§tria, neodym a, samaria, europia,
gadolinia and m xtures thereof. 52. The nethod of claiml1l or 2 further

conpri sing ?onlacting the cal cined netal oxide conposition with an agueous
sol ution ofa¥483]t conprising at |east one noble netal in an anount
sufficient to provide at least 0.1 parts per mllion of noble netal,
measured as netal, on the netal oxide conposition. 53. The nethod of claim
29 further onprihsi mgthedrmfadaiing? twheraialths acdicnmetal osidedie alwoaipoyi diliein wi t h
an aqueous ﬁolution of a salt conprising at | east one noble netal in an
amount suf "¢t to provide at least 0.1 parts per mllion of. noble netal,
neasured as netal, on the netal oxide conposition. 54. The nmethod of claim
52 wherein the salt conprjses at |east aqne nobj.e netal.  selected fromthe
group consi¥ki ngn’(?fm‘ﬁh&f‘?tjrfi?ﬁ“ b1 2dvReEgin the; Qﬁi‘{l“rﬁ"mﬁﬁ’éﬁlﬁi‘fﬂﬁéﬁ?‘ﬁh‘fsw at
rutheni um EhepldMnifAfs Mettl Bigs thereof. 55. The nethod of claim 54 wherein
the at | east one noble netal 1s selected fromthe group consisting of

plati num rhodium iridium and m xtures thereof. 56. The nethod of claim?53
wherein the.salt.,co | i ast _one noble. netal. sel from t he group
consi sting 5&1‘ pItTellltei n%}hﬁ’dsgtzi?lglghﬁur‘ﬁ%efeﬁ} %F&%gﬂ\%ﬁlged}l %ﬁ% %0581%8%%1%%“ u{hﬁegﬁ‘lgug)m

rheni um  angnsibtigiTesribhroenhia, Samarf feurdpig gagdlhedardlf mikhdesmhdRofher ei n the at
| east one noble netal is selected fromthe group consisting of platinum
rhodium iridiumand mxtures thereof. 58. The nethod of claim52 wherein

the salt isgsel egfefehb@BrichfmIl QYR GRIASS é&jnézk?siﬁg coxﬂ-cté{n ttfné cafciHe@Mthdgs

carbonates, sulfates, am ne conplexes and mXxtures t o)
oxide composition with an aqueous solution of a salt comprising at least one noble metal
in an amount sufficient to provide at least 0.1 parts per million of noble metal, measured

as metal, on the metal oxide composition.

53. The method of claim 29 further comprising contacting the calcined metal oxide
composition with an aqueous solution of a salt comprising at least one noble metal in an
amount sufficient to provide at least 0.1 parts per million of. noble metal, measured as

metal, on the metal oxide composition.

54.  The method of claim 52 wherein the salt comprises at least one noble metal
selected from the group consisting of platinum, palladium, iridium, rhodium, osmium,

ruthenium, rhenium, and mixtures thereof.

55. The method of claim 54 wherein the at least one noble metal is selected from the

group consisting of platinum, rhodium, iridium, and mixtures thereof.

56. The method of claim 53 wherein the salt comprises at least one noble metal selected
from the group consisting of platinum, palladium, iridium, rhodium, osmium, ruthenium,

rhenium, and mixtures thereof.



59. The nethod of claim53 wherein the salt is selected fromthe group
consisting of nitrates, chlorides, carbonates, sulfates, am ne conpl exes
and m xtures thereof. 60. The method of claim 29 wherein the acidic netal
oxide further conprises at |east one stabilizing netal oxide. 61. The
met hod of claim 60 wherein the stabilizing netal oxide is selected fromthe
group consisting of yttria, neodym na, s¥nmaria, europia, gadolinia and
m xtures thereof. 62. The nmethod of claim1, 2, 3 or 29 wherein the oxygen
storage netal salt further conprises at |east one stabilizing netal oxide.
63. The nmethod of claim62 wherein the stabilizing netal oxide is selected
fromthe gsbup Thnmethibd Kbdjckafm 36 vdmerdiathel ad itabtaone, nobkeadytal ia,selgeteld fromi the
yttria, scandia, hafnia xt.ures. therepf, 64. The _nethod of claim3
Y rther conBioMBRAR BB OB RNy HA i R MRS oD osi £ on wi th an
aqueous solution of a salt conpr|5|ng a |l east one noble netal in an anount
sufficient to provided at least 0.1 parts E mllion of noble netal,

@s

measur ed as3S8.net Ghe mgthod (o ckaim 3P Wi@[%llll thexsa &Qb??fﬁdsfmmdhﬁ g®8p cqusistitgofod of
cl aim 64 wheyain cthn)?ld%?lc‘iul'b%ﬁﬁp u'sﬁ’l?e?te %mié;%%&tnpﬁgg dgﬂﬂ &ttﬁ@&ﬁ& of€l ected from
m

t he group consi st 1Tl I um “osni um
rut henium rhenium and m xtures thereof 38 66. The net hod of claim®65

wherein the _at | east | e et al d fr mthe group.consisting
of platinund?r ho@h"uWF&PE 3F@rﬂ1 Sgrvehersis fhg ﬂfi?“ Eer&@“ﬁé?‘l‘%’iﬂm&f) felaim
| wherein sheRgs (dh)orldeé \hdboRhtEs, RATAEY %ﬁe%@ﬁlﬂﬁ%é ﬁdllﬂlxtur&&herxgﬁ met hod of
claim2 wherein steps (i) - (vii) are perforned sequentially. 69. The

nmet hod of claim 3 wherein steps (i) - (viii) are perforned sequentially.

60.  The method of claim 29 wherein the acidic metal oxide further comprises at least

one stabilizing metal oxide.

61.  The method of claim 60 wherein the stabilizing metal oxide is selected from the

group consisting of yttria, neodymina, samaria, europia, gadolinia and mixtures thereof.

62.  The method of claim 1, 2, 3 or 29 wherein the oxygen storage metal salt further

comprises at least one stabilizing metal oxide.

63.  The method of claim 62 wherein the stabilizing metal oxide is selected from the
group consisting of zirconia, lanthana, neodymia, gadolinia, yttria, scandia, hafnia, and

mixtures thereof.

64. The method of claim 3 further comprising contacting the final metal oxide
composition with an aqueous solution of a salt comprising a least one noble metal in an
amount sufficient to provided at least 0.1 parts per million of noble metal, measured as

metal, on the final metal oxide composition.

65.  The method of claim 64 wherein the salt comprises at least one noble metal
selected from the group consisting of platinum, palladium, iridium, rhodium, osmium,

ruthenium, rhenium, and mixtures thereof.
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66. The method of claim 65 wherein the at least one noble metal is selected from the

group consisting of platinum, rhodium, iridium, and mixtures thereof.
67.  The method of claim | wherein steps (i) - (vi) are performed sequentially.
68.  The method of claim 2 wherein steps (i) - (vii) are performed sequentially.

69.  The method of claim 3 wherein steps (i) - (viii) are performed sequentially.



