METHOD FOR CONTROLLI NG NOx EM SSIONS I N THE FCCU FI ELD
OF THE I NVENTI ON [ 0001] The present invention rel ates
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thereof to reduce NOx emissions in refinery processes,
and specifically in fluid catal ytic cracking (FCC)
processes. In particular, the present invention
relates to NOx reduction conpositions and processes
for reducing NOx em ssions released froma FCC unit
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activity of the catalyst particles to the lom nt where

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 NOy emissions,
either in the FCC regenerator or in a downstream CO boiler. Thus all FCCUs processing
nitrogen-containing feeds can have a NOx emissions problem due to catalyst
regeneration.

[0004] In a FCC process, catalyst particles or 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 H,O. At the maximum, the



they can be reused in the cracking reaction. The coke
renoval step is perforned over a wi de range of oxygen
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This mode of operation is usually called “partial burn.” When a FCCU 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



CO + V2 O2-"CO 2 This node of operation is usually
called "partial burn."” Wien a FCCU regenerator is
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oxidizing conditions. In such case, while gas phase reduced nitrogen species can still be
found in the off gas, significant amounts of NOx may also be 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 a 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



found in the off gas, significant amounts of NOx may
al so be present. In nost cases a majority of this NOx
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by thee g&‘fe&mt ar .gridddedigion afnptt@mbl Bxi diy dlﬂrlbmtolhp dmdethe various
catalyst/flue gas separation system designs used. The design of the regenerator, the mode
of operation, the wear and tear of the equipment during operation, the type and location
of the air distribution device (air ring), the fluidized catalyst bed (dense phase bed level),
and other factors result in commercial regenerators which often have heterogeneous
modes of combustion. The heterogeneity may be in the mixing of coked catalyst coming
from the stripper and its distribution throughout the vessel, especially in the angular
dimension. Alternatively, the heterogeneity may be in the mixing of air with the catalyst.

The result can be a heterogeneous coke distribution on the cracking catalyst inventory
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combustion heterogeneities. FCCU operators typically attempt to minimize afterburn
with the addition of CO combustion promoters to the unit to facilitate the oxidation of
CO in the dense bed. The CO combustion promoter compositions are typically added to
the FCCU unit either as a separate particle additive or as an integral component of the
cracking catalyst. Thus, use of a CO combustion promoter to control afterburn is another

evidence of a regeneration zone suffering from combustion heterogeneities.



het er ogeneous node of conbustion. Typically, in these
types of regeneration zones, the cracking catal yst

w0 povenowry is circulated fromone vessel to theCDUk®N6/006543
and then on to the riser and stripper. The flue gas
fromthe first stage may be fed into a second stage,
or alternatively, sent downstream [0013] Afterburn is
a clear evidence of a regeneration zone suffering from
conbusti on heterogeneities. FCCU operators typically

[0014]5lt t efRhbusBord hBlefY tg%ﬁexﬁgst & .a{aprs{ E g§$ %atlc%isoc%\%goncgay

onbustion pronoters to t
also b@ xvidant wirendfotlCO, iand Cleard eln‘setebadthe'lfb@néi@m effiuest. i Bor units

honoéﬁ conp05|t|ons are typically added to the FCCU

nomirfly {1 ik Sk CheewOs dpike ALe gﬁsaqaﬁqoeweoraay@ﬁtqr.tw by
cqua GPLEGEREATPEIRI o8k Rabh SO A LB ng T ot e
100 pamopiederaldlyiatl deuseS@bpa, a@cgﬁtmet pﬁaf@ﬁdwﬂ@sﬁﬂi fpBil RYpcti Ty

di ﬁg I on heterogenei.ti [0014] Cbnbustlon
indicofClFa} BSCErEFbE BaLEH b ok PRI YU Glongakor units operating in
partlaITBdudl &tinbdiiblbe rbol’fmdstﬂJnS@o@ee h@Mh%j il ieaw o406, FRe 0 82

CO are detected in the regenerator effluent. For un
pleferﬁlémahh@w 0 POt [Praferres Qi)l%eéé £%0myl amauté of exgess@sinathe ﬂue

gas, prgflé é?l{b r{l%rrg BLE" )Sgg/a ngqtos 10/%1f%|: fg{ogeglﬁgﬁ e@g@l rlg[aqvgjence of

nmkhﬁhamuﬂ 5@6 and CO of at Ieast 100 ppm preferably at
and nost preferred at |east 25

[0015} es %&} e(ﬁé% graﬁtﬁnt:%h@ugw theregnergeai eiesselber \fegser both in the
radial 98 h@hi Mehehtiom B diss b lsfl‘lgﬁt'oﬁ’l@ -of ’ﬁ@fer Qﬁ&%eeoq% @tl}é/nc%%al}nst

partial burn or |nconp conbust |
or gas|negddistripution. EOGLhopenasors [typdcajlysnqaset emmtdrgtulas i thasdgenerator

vy BB PESLEALE i 1 AN RTRA BB FrSER

and oyrlefady areldhenfine gﬁd‘qﬁpe OAlt¥mpbratuey didRr@ee Bétween any temperature
mal di stri bution. @%L%Tenperature gradi ents
measuf Rt ABHALIVR éher‘éf‘@é% ngrthg desage dsnsakedgemperpivterofi 19 °F,

preferélh? pag "ﬁlos@@%{ | eh%‘o ‘qﬂ [Eed&?de%néc' PF?‘%IC? tg?uté)él & }@erogenelty

het ef ogen S Caused by ca
ex1st1rrgaﬂndt|hst1egdnattatann In RECUlterpativat artSmpgiﬁuueaalgﬁayleﬂeacﬁruisethe axial
nmperatures in the regenerator at various points in

dlmenf‘ﬂ% ahARSROAPOVE His 4 grift of Phik erefenblydPcFomest prefeeably 30
°F is emd%ﬁéérﬁf(rﬁaﬁd@t‘h%m or h%fé??g%}{aﬁh‘ﬁq%e e ke flue gas

tenper ature ere en any tenperature
[0016] Attempts to control NOy released from a regeneration zone having

heterogeneous combustion modes have included adjusting operation conditions of the
FCCU during a FCC process. For example, U.S. Patent Nos. 5,268,089 and 5,382,352

disclose reducing NO, emissions by operating close to the point of transition between full

and partial burn mode (i.e., incomplete combustion mode, or full burn with low excess

O,). It is believed that this mode of operation allows NO, formed in oxidizing sections
of the regenerator, and reduced nitrogen species, e.g. NHs, formed in reducing sections of

the regenerator to react with each other effectively reducing NO, emissions. However,



measur enent poi nt above the dense bed and the average
dense bed tenperature of 10 OF, preferably 20 OF, nost
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het erogeneity existing in the regenerator. In the
alternative, a tenperature gradi ent across the axi al

di nensi on at any point above the air grid of 10 OF,
preferably 20 OF, nost preferably 30 OF is evidence of
mal di stri bution or heterogeneity in the regenerator.
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are us for %gﬂirollln NOx em ssions froma FCCU
emissiBg GHESH OO B T TS RUPBI 1omb AP ORDATET GRCeFRgeeos
combidfioh NBodk het1ddand thelhise: ofP Q&cﬁf‘&es%de@s@&p @1&@% sSHEQARSa

addi tive conpositions which are usefu e contro

particgpriydidtien skallsnge fo 8in EC@@&pereé@ef@e rsa‘temal repenait iFingt, |smce

i RSl OGRTR) S GRTMBAATR APy 0B ot

will be esdbye@dd o {ardgsreosibesticascanditions. eSektoaﬂlyn Ieﬁd}o@ﬂﬁbtbﬁfﬁmfr@de
requnes & erentt Qﬁen% rr3t/ tgl re%uce '?\?(9 n'%lm?sts?ong 01 eléltgeg(f frrz)mrmad eFCCU
regeneration zone operating under heterogeneous combustion conditions during a FCC
process. Thirdly, an additive suited for reducing emissions under one combustion regime
may be ineffective under another combustion regime and may even promote an increase
of NO, emissions under the other combustion regime.

[0019] Consequently, there exists a need in the refining industry for improved
processes for reducing NO, emissions released from a FCCU regeneration zone operating
under heterogeneous combustion modes during a FCC process, which processes are

simple and effective.



regenerator and are converted to NOx in a downstream
CO boiler. [0018] Additive conpositions have not been
WO eponosd2 f or use to control NOXx em ssions rel PEBEN006/006543
froma FCCU regeneration zone operating under
het er ogeneous conbusti on nodes. Cearly, the use of
addi tives under such conditions presents a
particularly difficult challenge to the FCCU operat or
for several reasons. First, since additive
conpositions are typically circul ated throughout the
entire FCCU, the additives will be subjected to
SUMMARYO0F T NYENGTIONondi ti ons. Secondl y, each

0 stion no requires a.different chem str 0 .
0020f 2T HE" Gehe Y T b sl reslst, iecEr Piiginbraatioutpie
compdsitivds Gftedadrt REpabIET bdnes @fRpesIeatin kaTaUSRLd efalytic cracking

, _aitfons,durlng a FCC process. Thirdly, an additive
unit <§§5_ along Vet cravsng R sbish Y cfAtrel sineltansatsls pigmize the
conter?tzﬁ! 1@3ud§€§1it@n§geh RBEG&S bl RN BRE AN ALY ‘N;Oxg}ﬁ%gts i 80 off gas

ime and may even pronotée an indreas
of theeh{ €8 genamither zankewkanhthe regamousdri is ropemtridnin. a @@d@Eneous

ly, I xists_a need iLn,the refini e
mode HESBASGERY | AP GsEPhondeB8Y of rhafubRignenion e
efficiemoies $oroths oxilatias ef réduoed aitfogélspeepe Hedsatitl ianthe @8ons of the

oper at i under het.er ogeneous conpusti on des durin
regeng AP PIedS! G prEG0S S0 Ia B iR bghgaverdng NO! to
N, in fzfoRE bf e rHeNBARY opdratiidiuddbMENTIL AN bRARMs, The essence

of the present invention resides I'n the discovery of
[0021h 5y tIp @egoadance BihdBe piosess ofMiednventien.di@atsdactistn dseipegitions,
. 1Cl ' Lyt i j ni
i 7% R DUl UYL RO 00 M
nitrogsi mder angoirgg gonditivineriaad (i) e leasinine ntongfonerediaeiag the ability to

comefl SR SREEH Tt B0 SR Bl

along Ne@enky FOU cikiapesaddlpd ihventorh edi@ing 0 FEWIHrétese Ofhe NO,
¢conbusti on. Advant ageously, processes of the invention
reduchigm CHIMPOSHQYS BRY 08 ERe i b ay ap Hategsel patti ofnthef FEe dersadist

particlb b Q9&PBaraREMkGIe RIGERRL I Bnd BEbdGLEAYT 17 inlBfion thei I(;IOx

regenerator operating under reducing conditions Wi
reductiomesimresidions ity useshasssepdralg phCculate ddditives agi ansiroflatethelong

with th€ &?&?thﬁtg%é’ Qﬁ[ﬂ%ti iggenltjoqg.efn aoﬁ(rieféirr%cii Q%b&%ﬁ%in cl)fo He invention,
components of the NOy reduction compositions are added to the circulating catalyst
inventory independently as separate particles.

[0022] Accordingly, it is an advantage of this invention to provide FCC processes for
the reduction of the content of NOy in the off gas released from a FCCU regeneration
zone operating in a heterogeneous combustion mode during a FCC process.

[0023] It is also an advantage of this invention to provide FCC processes for the
reduction of NOx emissions from a FCCU regeneration zone operating in heterogeneous
modes of combustion by simultaneously minimizing the amount of reduced nitrogen

species and NOy emitted from the regeneration zone during a FCC process.



[0021] In accordance with the process of the
i nvention, NOx reduction conpositions, which conprise

w@ aJocav4chlzast one component havi ng the abil it yP€DUS2006/006543

convert NOx to nol ecul ar nitrogen under oxidizing
conditions and (b) at |east one conponent having the
ability to convert gas phase reduced nitrogen species
under reducing conditions, are circulated along with
the FCC cracking catalyst inventory during a FCC

progess. The r.eduction conposit.i
r002413] GBIl of 5 s f B RN g BibseSes Rk are
effectip@hid ioglde® @Hu@d Hepgnateciparahi Gb eediddiNOy @ﬁeseﬂtnmom ®CCU
enbodi nent of the invention, the NOx yreduction

regencE AR FONE PBYIALing B 4/ BErogenegrs, modt of pambystign yitgout increasing

the profdHid ¥ESthRPRALR r&lub&highssd FLaBIuNMet Qn}I BSmbustion mode in
circul ating FCC cat al yst inhventory. In & preferred

the FC&itbsgbmresier. of the invention, conponents of the NOx

[0025]r ed ct gg a%%'&? é €0 g El[ gedlgglgggtlé otsg}gvfd‘é ?@é @Ji)b@sges for

cat a i nven
the rerlacttdnc bENO| @ﬁﬁs’&]oné\cfromda nE;E@IU idgenegation achwanpagdngfin a

e et e B T D S Pl osets

regenerrﬁlogalggg froma FCCU regeneration zone operating in a
het er ogeneous conbusti on nmode during a FCC process,

[0026] 002%¢t prothes advgntagh ofd{dntinyfation i hios Providenimpieved FCC

procesgéso‘f‘drdﬁle ol C@ts diffeel NG thé Qe %’a? NelX DY om a FCCU

em ssions froma regener ation zZone operating in
regendnatbewmgﬂmgcmuéemmteczgeoéow @nmbsitlioonommcsisrml t aneously

1002780 T PR T BTN PP T O b Rt A g e
belowpr ocess. [ 0024] Anot her advantage of the invention is

to provide FCC processes which are effective to
oxi di ze reduced nitrogen species and to reduce NOx

BRIEP DESERIPTION OFGEHE: HRgeRayati on zone operating in a
héter ogeneous node of conbustion wt hOUt i ncr easi ng

[0028} he PlCoduista giaploe ravireshiiptinoRf VP ¢osdersiod inithe BgEnwhere NO

1eacts%\ﬁﬁxc('36%t ﬁ%ﬁg t 88% g}‘; 8{%“4%1{ 9 a&gld{%eél& 1 ?reF g‘l((;yfof ﬁqdltwe B.

regenera so an a
[0029pr eFRGE 2 |1m1 %Mphdmrepmsﬂrtmﬂndﬁ KOG oprearsies sm$ha‘ RifUt Wiere NO

reacts 3R O BRI P SRR b BRBL CE B BB SO b e -
[0030] O UGt BSt agRapHic Fapkdsbithor SURAMLAKIreducYEs 38 |t1§e RTUt WRere
ammonia reacts with CO at various levels of oxygen in a reactor feed in the presence of
Additive G.

[0031] FIG. 4 is a graphic representation of ammonia conversion to NO in the RTU

where ammonia reacts with CO at various levels of oxygen in a reactor feed in the
presence of Additive G.

[0032] FIG. 5 is a graphic representation of ammonia conversion in the RTU where
ammonia reacts with CO at various levels of oxygen in a reactor feed in the presence of
Additive L.



regeneration zone. [0026] Yet another advantage of
this invention is to provide inproved FCC processes
w0 o0oet1bus12 educt i on of NOx emitted in the of f gBGI/US2006/006543
rel eased froma FCCU regenerator operating under
het er ogeneous conbustion conditions. [0027] These and
ot her aspects of the present invention are descri bed
in further detail below. BRI EF DESCRI PTION OF THE
DRAW NGS [0028] FIG 1 is a graphic representation of

[0033NO G9BYVENish %th’h% f L RgsREHoe %ﬁml}!%a{ %ﬁ%éigg‘ tb ﬁl(?ﬁle&‘lte RTU

various |ev oxygen 1n a reac

wherepgrawenigareadts Addli COve Briop908R]s 6 Gygen iis aaregetaplided in the

r ntation of NO conversion in the RTU where NO
pﬁsayggﬁgésﬁW?% CO at various levels of oxygen in a

[0034] eadtiOr 7fie@dyriphid Fepraseratoncel ahmAaidirbdueBofr in HROBOL where
hj c representation of anmonja

FIG 3 i |
ammopig sty BHN GO EhETIRTIGNRS/08 ORYERBIIN & PRkt Tseduint the @asertce of

Additivaki,ous | evels of oxygen in a reactor feed in the

resence of Additive G [0031] FIG 4 is a graphic
[0035feeré§*eﬁtlm igEphisfrepiasepiitian 06 AmerosicoronyersiNd to NQ rethRRTU

where‘ém@rglgn@mﬂ @viﬁle?étact mriéns ¢ eﬁéof; ?x&égﬁi%lag%/eglﬁgld ?c{eldvla the

X nin areactor feed int

presen@e of A082ye KLG 5 is a graphic representation of

anmoni a conversion in the RTU where _ammni a reacts
with CO at various |evels of oxygen in a reactor feed

DETAIDEDIBESCRPINON OF TAgdNVErerIoN 0033] FIG 6 is a

raphi c representation of ammonia conver sion to NOin
[0036F e FRI BUETsco oM e ioBa dresten - NG L tserbhérginsiol repghet

ox1deszgg9\%wc%€ﬂ éE th{l)%?i ﬁ%{(lg@?g}dgﬂlé&g% BE’%‘%P@\S?’ , thet }%‘r%nlcgoﬁl

Itive 'l 0 raphic sen

noxiosfoxagasof ndrogerd as wiebas NpO4, heORAnd mhetures thareofii a r eact s

00371t Ar R AR YR N heti 2" (NI Rl oSS 0 gl

species formed in the regenerator of a FCCU during a FCC process which gas phase

species contain a nitrogen atom having a nominal charge of less than zero. Examples of

reduced nitrogen species include, but are not limited to, ammonia (NHj3), hydrogen
cyanide (HCN), and the like.

[0038] The term “reduced sulfur species” is used here to indicate any species formed

in the regenerator of a FCCU during a FCC process which species contains a sulfur

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

include, but are not limited to, H,S, COS, and the like.

[0039] The term “oxidizing conditions” is used here to describe the reaction

conditions in an area of a FCCU regenerator where oxygen is present in sufficient

amounts to fully oxidize any reduced species present (e.g., CO, NHs;, HCN, H,S, COS,

gas phase hydrocarbons) according to the applicable stoichiometric reaction, e.g.,

CO+ Y2 0,—CO,
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[0035] FIG 8 is a graphic representation of anmonia
conversion to NOin the RTU where anmpni a reacts with

w@eoatlo4682 i ous | evel s of oxygen in a reactor fREHUSI006/006543

the presence of Additive K DETAI LED DESCRI PTI ON OF
THE | NVENTI ON [ 0036] For purposes of this invention,
the term "NOX" is used herein to represent oxi des of
nitrogen, e.g. nitric oxide (NO and nitrogen di oxi de
(NQ2), the principal noxious oxides of nitrogen, as

wel | as N2CGHy @/mzdﬁ%éwﬁ%bthereof. [0037] The

term "reduced nitrogen species” is used hereinto

i ndi cat e an3tigHs- Phase26PecdN3 +HHyGred i n t he
regener at or__of FCCU during a FCC process which gas
phase speci}eréS Jég'f’?rt%ﬁ'ﬁsgzﬁﬁﬁ%ogen atom havi ng a nom nal

charge of Iﬁéggﬁg@zgﬁ@z.+§69npl es of reduced nitrogen
speci es include, but are not"limted to, anmonia

( Nii@)ocaibpd rra@enCOy aHLO éstgitiidinetraintptdific td kelrodafd3B]

The term "reduced sul fur species” is used here to

i ndi cate any species forned in the regenerator of a

FCCU during a FCC process which species contains a

sul fur having a nom nal charge of |ess than zero.
regardisga A vesther thifeastushy depneasi dedt Galr¢sidensp tiviewd these bpagies in

the re#ﬂéra r.re Vﬂﬁfe d ggnoﬁ afd c'i‘é?:kiéﬂg?caalryg‘ﬁza r@(ﬂ%taglp ﬁ/chiglﬁ?% bé leggl:d

erm "oxi di zing condi"t1 0 i's use
by oxypes ¢ CheortEi@y, ftesnndtiavalableridir¢acodisecilp oaer the adlitfe @nipG&ition

. regener at or where o IS pres ji.n suff.icient .
ke el RS SRS Al TS e T, R Batintsalrls B0 dethy led in
the rediRta@lits, colerblititn ddfiabloxidee H8itiogals phase hydrocar bons)

according to the applicable stoichionmetric reaction,
[0040% | o Thefgus “redyjomnagppdijiond) is-ussipeyespinicate the reaction conditions

in an %lje% ng% El?‘%%é'@gégér %gﬁ;%?ﬁg%% n% %t%&%s%i%%suﬁ_ﬂ%@a%ﬁ to
fully ¢xidieé eHi rodused yspegiesspressnt (gt € hyWitlo ddCNo RS, €9A8r dhsepimse
hydro?%r?r%mr@g%&?ﬁd&é@[itﬁlﬁ%})@?&lﬂ% s o?m(grqg’cricd lfleraicﬁgl,trlggearélgsséio Svhether
this actually could happen during the residence time of these species in the regenerator.
While coke on the cracking catalyst is a reductant which can be oxidized by oxygen to
CO or COy, it is not available to react directly over the additive composition like gas
phase species are able to do. Thus, coke in-of-itself is not directly included in the
reductants considered to define reducing conditions.

[0041] The term “heterogeneous combustion mode” is used herein to indicate a
condition within a FCCU regeneration zone where non-homogeneous regions of
oxidizing or reducing conditions exist in the regeneration zone during a FCC process.
Typically, such heterogeneous conditions are caused by catalyst or air/gas maldistribution
or heterogeneity within the regeneration zone.

[0042] The term “catalyst maldistribution or heterogeneity” is used herein to indicate

a condition in a FCCU regenerator where the coke content of the catalyst particles in the
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the regenerator. \Wile coke on the cracking catal yst
is a reductant which can be oxidized by oxygen to CO
W@r0ED2612t i s not available to react direct| yPOweEs2006e06543
additive conposition |ike gas phase species are able
to do. Thus, coke in-of-itself is not directly
included in the reductants considered to define
oxi di zing conditions. [0040] The term "reduci ng
conditions"” is used here to indicate the reaction
regen&G B ok b@RSrebdhePoreER] R nﬂllt{' gtgg 9&@&5@ no‘f"ﬂx%?o% across
oxygen 1's not present in su anouhts to fnl
the radigl Qilazeﬂ éﬂmenmdfucfdbe sgensrast. pr esent (e. g , 0O, NH3,

se h dr ocar bons rdin
ooa3f i SOR R Ss BR R SRR oy RRE e R iogre
conditidieihheF CCUirsgemetatial iere pithel gﬁbatﬁrl&rnmCBJFCOU reféherator, or each
resi dence tlnﬁFof t hese species in the regenerator.

regengigior ¥essplikor aRultitsEage TegeRFIAGT S AX4ESs €O, NG ¥l sbd ges phase

reducé’c‘:hdp@&le@ﬁ@ n@?di@%ib%e@%d@b(nl?)é)fx%@@thg QadrfP Rfax 8rmént510h§of the
not available to react difectly over the ad

regenggiaposi ti on |i ke gas phase species are able to do.

Thu cJ byt 0 inci udefd
4 S’] >
[00 4 he rhggtg a %rggro nsl? es%c(l:) ren'l {eﬂ’ldrl_]c%&:r d burmng Cb which

occurg oiheln tG@nad P-0844)ind hiee timsmb‘éh eif dhuidiest Oltasklﬁg rebtasisi Being

node" is used herein to indicate a.con WJthlna
regeneﬁ@f% rregéeﬁter"‘ﬁ}’ i R, ghye ger}*?Bnc%ﬁ%ggeﬁt ufl’é‘§| sarea
imme@hteBXdb@dk & tHRAAke B&ldldﬁhtﬁg)h%gdhé ERIshe8Mhste én'ﬂrafnlag catalyst is
eneration zone durin rocess. Typically,
separ%qgg 3?

ﬁorﬁéh%ﬂs@@ﬁ%db&p@aw eveelirad abevectiaselonss. enenytbe flue
gas pk. AhRLOAS MBSt gsgmfoa%g enflEHELAGE %ﬁj( oF e udthfbrdeiRs

egeneration zone. e term"cata
measuned alftert the lyegenoratay rdehm bfrdo@emlm twdfagesofuaibdr Iaey gumptaf such

cope L0500y S DERBR S B e

tempetahﬁ'ée @tﬁﬂﬁlﬁ: aikey miris agfchtheigrRefeatiehpstemteslor HiRS average of all
fs(%:lnge regenerators, is not uniformacross the
or anyr%ﬂ‘t‘%ﬂ’ SebedPmpRIREERS MesAset t he r egenerator. [0043]

[0045]Th e fto? rﬂﬁ‘r 3ES ofnillug | i8dnkibAt 1h@NePHs ht%é@rfepcg&ﬂ eéntdy“reééleratlon

here to indicate a condition iR
zone’ ﬂé@@ﬁ@ﬂé@@ﬁ%ﬂh@h@ in the gas or air |n a FCCU

[0046L§g R %Efo (?aner: Vith GRS Preldp® ﬁu@glgg?oﬁlo{he\é%gl;\ﬁﬁb,s&iﬁeg r(iiaring a

FCC gasespliagea F@@b&@e@é%é@nﬂbﬁelm{g whidet & ihbist@@neous mode of
comb\klsttlxiorfw ?sre%e%ti\?e‘iy gfo%gltwthtg arlgvgéraalnd (r)nroréa gt(écgllatab Ierlre?/réﬂ)}s) g}%uﬂgnetolr}s y
controlling the amount of reduced nitrogen species and NOy emissions present in the flue
gas released from the regeneration zone. This simultaneous control is accomplished by
contacting the circulating cracking catalyst inventory during a FCC process with a NOy
reduction composition comprising (1) at least one reduced nitrogen species component
having the ability to reduce the content of reduced nitrogen species by converting the
reduced nitrogen species to molecular nitrogen under reducing conditions and (2) at least

one NOy reduction component having the ability to reduce the content of NOy emissions
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regenerator. [0044] The term"afterburn" is used
herein to indicate the burning of CO which occurs when
w@ooanatcC2 escapi ng the dense bed of fl ui di zedPCT/EBND61GP6543
cat al yst being regenerated react at any point above
the dense catal yst bed, including the area i medi ately
above the dense bed (dilute phase), the cycl ones where
entrai ned catalyst is separated fromthe flue gas, the
pl enum over head above the cyclones, or even the flue
el r iy . n | f.f erence
under BRI AR Eond s 11y bp T lRAR BT A Tulghlipf UAC R gocuces
nitrogee gpevegsatonrpodentsadbiad, NOy rédueti@v esrapeneaf ofitHe BIO,avYuction

oS5 g e P T S il 0 e rcc

regendrefiiiesont Unds agehoiOBf donktRktidd MihgdBCOrdcBR. dense bed

tenperatures or the average of all or any group of
[0047HenJOr sV epichsretha preaant ivgaiionewill podastibebvithuefstenes to a

FCC RbcdshiafihbUbheRE ihiientt J?@ckﬁr%; lgggcésg RIS AL RE 111 3{99 [0816\238}i0nal

‘regeneration zone" are I nt er changeab

crackipg paasesss dertbermaifarteataiydicprakarg proecssg nwitloapprograte adjostments

. ' d duri f F .
e X T

NO; efluaionsatposition 9f ahd etehtie] Yo EHeOtk@YsttigventdroWle @iither of

_rore acceptabl e | evel by sipultaneously controlling
operatiyeie BEGRIS 41 TFBAUCIENHIEET 0GBV, SPRETBRISA ARG Chalysts Tay be

used, E81 SRARNES, PERTE Wasdd cdthi§sik |\Jv'i|@h %2Rl ac?&%r{gr I@gﬁ"xb&fent as

regenerati on zone. Thi s”si mul t aneous contro

descripect Bhibiei sl tigviess ya¥enuiy anh&labiby dlidiGaiglyte Sriiking with
Zeolzt? ?éﬁ%%’ﬁ&t MANE rﬁéﬁ&fr, %ﬁw %rl?lgﬁﬁégl%l%:@g?ﬂ%é’}a-la%sn gell as in

I'0n composi tion conpri sl |"edst

numenogsl uthedsauirtes sganassPrele gldwigi oflpoh€mtul va\Gragkitd Elandiidoit Gulf

publ. £ G 4T ha SO Sob T oo allich e BCR S REecamas of

a binddr] LOGER $INEGTal6iRkC 0N GilecARMihin®NE BNHpt 2cidd Je6@S active

one NOx reduction conponent having the abili t%( to
compenghty (et HeMeniahix alvmiymr aw o siilinesalwaides, oaddliieraguch as

kaolinG@Rdi THeONSeolitd mh)a‘ré@?regéﬁp B $RY rrfogé"fdﬂﬁlg afd mtap hdve been u{tra—

i nvention that t educed nitrogen speci es” conmponen

stabilizgrbandtre ti@rd medistbilizimgoatiporeac aodnytdiehdi@e qaetisict | on

[0048ﬁ 0 n%%ewhgtg grigfgyg ntg%, f@ rc%%?ﬁﬁt Qr%ﬁp tp(ffcpctcessofin rvﬁl(iléhc gdheavy

I trogen Speci e

hydrocarbon feedstock will be cracked to lighter products takes place by contact of the

feed in a cyclic catalyst recirculation cracking process with a circulating fluidizable

catalytic cracking catalyst inventory consisting of particles having a mean particle size of

from about 50 to about 150 um, preferably about 60 to about 100 um. The significant

steps in the cyclic process are:

(i) 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
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regenerati on zone under any node of conbustion during
a FCC process. [0047] For conveni ence, the present
w0 povenodeon Wi | | be described with reference torP@I/BSI006/006543
process al though the present cracking process could be
used in any conventional cracking process, i.e.
thernof or catal ytic cracking process, with appropriate
adjustnments in particle size to suit the requirenents
of the process. Apart fromthe addition of the NOx
reducti on _conmposidi he i [ e
| mvent or oS ERanHkaR Bnokisfe (AR R aCyRR fsk
remai n woahangechke Bhd strippabiweyrird@riains=CC cat al ysts may
be used, for_exanple, zeolite based catalysts wt
Fauie 8¢ GRS 1 CHHPERERY 28 g AR 4T olfe O or
sem nal &RMnEVInRYa Vaivd iphagnachHaldrickellpuodhcCatdad yélids rich
Cracking with Zeolite Catal ysts, Marcel Dekker, New
Yor k 197hasg SBW@I%ZKWSI@BM@Y%;S wel | as in nunerous
ot hgt.y so e ' @YU Mh ite FCC
& o) ngt‘*“ha%ﬁé%%%*%?e Borenies P%%gi.wk&dsjfrgﬁ@%g%, | SBN
0- 88415- A8id-blurdiy pact &5 lagsocinted skRGademayg (psfosmcgsn end diguid
of a binder, usually. silica, alumna, or
silica- a?rﬁ?ﬁl?%?lOgu%ywlﬁgmgéasaoﬁlgg’zeoI ite active
conpenenthe spaR catalydDietrifpkd, usualuwithagamnt mmove occluded
silica-alumnas, and fillers su&h a?&ytéatgl [ ? cl (iy.t The.
Y zeol | ¢ Bydasarisis Jasn bR CHHYenalty VRITEOF GTIRed eaehal
have beepyliVeRSicabichdiLth SREIRT hdif t@%&@@a’n&ﬁd thalyst which is

stabilizing cations such as any of e rare earths,,
[0048] Stwewkarcledrtpéh¢ gracking zpiyfar wagking furber upkfigyof
process i ndvvhi ch a heavy hydrocarbon feedstock will be
cracked ifeg lighter products takes place by contact of,
[00491t he Stiggle ifeedstochecincinde gieablgsm distliateudratdsinals rafckiidry oils

.. process with a circul ati f.J.ui di zabl.e catal ytig . .
whichg PReR A KLY ik Fhy B By Bh ) SN 6F it o product
Symhé}g‘éée&& l@lvﬂig%il%rﬁdl"rﬁé 8f St 264 o€ r@ P QUE °EOsuich agbid dfom

nm pr

ferabl'y about 60 to about 100 mm The
coal, tsi sgnd orshale o8t @pslsopetinsdudegcl i ¢ process are: (i) the

oso SRR HGUR 0 eyt fiatagiia
weight By&bydrbnsab aekérngolearid Wéightshyblyoqaphmnaditdluc@ & woypewiurg of
sy ok e G S SR SR Bt ¢ oo
prefer&ﬁ? Nhofie's abY5} is contemplated for hydrocarbon conversion. The average
amount of coke deposited on the surface of the catalyst is between 0.5 weight percent and
3.0 weight percent depending on of the quality of the feed, the catalyst used, and the unit
design and operation. Rapid disengagement of the hydrocarbons from the catalyst is
accomplished in a quick-stripping zone either intrinsic within the reactor or located in an
external vessel. This stripping function is performed in the presence of steam or another
inert gas at a temperature of about 480 °C to about 600 °C.

[0051]  The catalyst regeneration zone of the FCC process includes a lower dense bed

of catalyst having a temperature of about 600 °C to about 800 °C and a surmounted dilute
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cont ai ni ng coke and stri ppabl e hydrocarbons; (ii) the
effluent is discharged and separated, normally in one
weeronnoss1zZycl one, into a vapor phase rich in cPEKSI06/006543

product and a solids rich phase conprising the spent
catalyst; (iii) the vapor phase is renoved as product

and fractionated in the FCC main colum and its

associ ated side colums to formgas and |iquid

cracki ng products including gasoline; (iv) the spent

A A

knowrt Rethet 4rt, pRe Gagplsalapsherhtfonoxdndahby leysm’t egfed @Tn@lee@r tnOltlple
produce_hot, regenerated catalyst which is th

reactoy ¥gspelse p&dee He TEmava ol H8eteoralalysic REYEGM 11 et to the
regene%%ﬂt hi. eff | Is ng‘?f?)gmec[ Wé&ive§%ntaﬁmaﬁisf %ﬁ%ﬁ ‘P&l%%aﬂnﬁfcl wey

pet ro euim ates or residuals of crude oil
a suitablei sphrgingrdsmice an tieypoitemof fhegrganketion ppenord dé$lf€|¢e@ddat10nal

R e R e
zone. as Oi | fron1gggl C;ggk?ﬁndiogg|frale oil, cag al so be
100521, o ElGT b <R BT G AT T S BT ekt Sy e

havm% QataBME Tan ARk e@@' ﬁﬁld%ﬁlﬁxlﬁbn hygiared RENtel BhidBo@ mode of
nperature of 4800C to about 600 OC. A catalyst to

operatfppg rIo cae isatrodiategh el thaiienaen, dboipeereratipn 100 iPRerats b the
tranat?oki)losltjelée%eﬁ)@eeg%;]l 'Ptlia? %'Hmactoﬁgltxt)ﬁs; RYAQeahe the scope of the

rage anount coke deposited o
present Hevesitin, athat (DHe tdgena‘raiaml yute ccmeEst ok erord tianneng mgeneratm

cent a ercen he,.
vesselRSFE o6R raapBEu e ESRER yLFRTRET Bof oPhodtifien. o
have di%g'sg thd?rhad pRIAdHBRion Regkdled Iof &ﬁgﬁgﬁﬂﬁiﬁn mbdetdf@peration.
rocarbons fromthe catal yst is acconp

[0053}:1U| Bk-18¢ r POSPSIg Oz othe EVEREST | it ﬂqaﬁ%ltﬁ’owdfflifﬁr?fltt ﬁ’é‘P distinct
catalyEt%ﬁ&iQIE c%g&s@&%%pe #s8d Wc&ﬁglr%ftﬁﬁlto ¥&3&§&lthe WAl reduction in

stripping tunction is perforned in the presence of
the cogteetoh WO, amosiops emitted from FCCUs having a regeneration zone operating

under a heterogeneous combustion mode. At least one of the catalyst/additive
compositions must be suitable for reducing NO, emissions under full burn or oxidizing
conditions without having a net result of increasing the formation of reduced nitrogen
species under any combustion condition and is hereinafter referred to as the “NOx
reduction component”. Additionally, at least one of the catalyst/additive compositions
must be able to convert reduced nitrogen species to N, under partial or incomplete burn
or reducing conditions without having a net result of increasing the formation of NOx
under any combustion condition and is hereinafter referred to as the “reduced nitrogen
species component”. It is an important feature of the present invention that the NOx
reduction component and the reduced nitrogen species component have different and

distinct compositions, e.g., do not have the same compositions.
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inert gas at a tenperature of about 480 OC to about
600 OC. [0051] The catal yst regeneration zone of the
wOo-8G6powerss i ncl udes a | ower dense bed of cateCHES2006/006543

having a tenperature of about 600 OC to about 800 OC

and a surnounted dil utephase of catal yst having a
tenperature of from 600 OC to about 800 OC. As it is

well known in the art, the catal yst regeneration zone

may consist of a single or nultiple reactor vessels.

[0054] ad (éf(d 2 gU%t‘%grq%gr'go; glgr% a{‘&sefﬂﬁ ek ﬁrf)‘;?éstsaéfytﬁé ’mv%ﬁﬁf&? E‘oﬂmﬁrlse

Ion zone IS IS per or ned

any phfRE edikiuenalblémiatat leastohne élmdﬁzmbledi@mﬂeqhomspmyoraem and at

in heterc@gms spinbvstips meodson v Ried Yo theall

suit abl e sparging device,in the b

least opefwidizpbleir cg%ﬁ rogen spegiey SepRYEn éﬁvdpg I}(edgeeffre]:ctl to

1educe%ﬂ§ie§m§§o&tlh e BRCEIsQBISased filbRea H@@fﬁﬁle@a@rarontzbﬁe dipdrating
ase of the regenéeration zone. 50052 Preferably, %ftf‘{;
k sy ttianRommogEH &rEt ol

the preefl e‘%‘?nv&:fxgéﬁs/ ng? b? aﬁe}aha\{ n%ul?c@ QQthystgﬁﬁhtlwl AirpbEitiO WhR has the

gar ustion’'node of operation. In one

functicaabeeliperntofobeith effemnirentiroreduting Negendssiansotn 2offeC j wit

operated at the transjtion sta et f
operatipaia full st EAMDBHANERGiteo SeTL VY 0 Wncril PeibEghene
able to cfon%}?%\l ?ﬁnﬁ%?, '(Wﬁt’%ﬁ@@ ddddatpotinen,[(BORAGIGALITIND Zwifigany

an one regener at or vessel s wherein

reduct@AE Preb & &N Sicate@éncyasisaich ias (IpexHs,edCNn hpdrdedrbesesrke, and

node of conbustion, or have catal yst and/aor

the likeg(cabsomitionof Dyrie frerideeaseniasfand fangens ias e aﬂ% gaippgr for

mducq%@jg Ry 08 el araiaionig sl S5 ER oo P A b RS gheed
nitro ge(:%lv 2&?)8?’ i% Ir K 3 a’[g @r l{é’)e ddn Noferrbiyitadic O feabQor Chk@¥Bisth eunder

e content of NOx em ssi ons

FCC am thed cBﬁcﬁbeFsCCLh‘a B@dﬂmg e r 50 nedadtioan caroprnent must not

significantkyt ingigaseghe th@ﬂaélav

operating under a het ro eneous conbusti gn nod
¥y AUAI R0 P RIFP BRS A diCCY
opera&% fkdd gaﬂy c&%us 6 UShBGoNOsuteH E%l@ﬁﬁr upder pfaﬂial bt or

i ZI'ng conltlons Wit hout having a net resuylt of

reducmgmoedwpm ﬂ“het fsomiran |U@€ni of & (Fédde oneiieg ogaw j ugn or

reduchngfcz)glg 339{% gﬁe le&?cﬂglz gbx‘?&t el 1nSt Qﬁfs@'aﬂaﬁ]h%ﬁse in the

ucti on conponent

conterfiGet lrédu@étﬂﬂu’crygenadpedleﬂﬁttha)ﬁéCUfregdneraMtOéﬂ gestof adek thiw 0% of

d
e oS0k o P 5 4 WS SO B, Nl 28R

component.

[0055]  One class of materials suitable for use as the NOy reduction component of the

NO, reduction compositions useful in the present invention includes compositions

disclosed and described in U.S. Patent 6,660,683, said patent being herein incorporated in

its entirety by reference. Catalyst/additive compositions in this class will typically

comprise a particulate mixture of (a) at least 1 wt %, measured as the oxide, of an acidic

metal oxide containing substantially no zeolite; (b) at least 0.5 wt % of metal component,

measured as the oxide, selected from the group consisting of an alkali metal, an alkaline

carth metal and mixtures thereof, alkali metals are preferred, Na and K are most
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or reducing conditions w thout having a net result of
increasing the formati on of NOx under any conbustion
wa@omvditod6en and i s hereinafter referred to as tPEI/US2006/006543

"reduced nitrogen species conmponent”. It is an

i mportant feature of the present invention that the

NOx reduction conponent and the reduced nitrogen

speci es conponent have different and distinct

conpositions e. g , do not have the sane

CONROSI Q05 f
preferet (DR g G 88 P Al S ot BRI B £ BIP SR LARRAMD K
oxygenlTht¥tagdé &n@ﬁl bkleéld:omfpoﬁftntl €asit meferred;uardi tdibdltelebm(O 1 ppm,

reducti on conpon nt a d at | eas zabl e
measurpQ e e F eI BER] CuROBRTATERES Ra0n (0 SR eBrieine
Pt, Pd, %hf £COs 1), RRAME %IMSQH@I&% &NShich Pt, e, RhUe agaseferred. All

ref eased froma FCCU regeneratlon zone operat ng
percentageseaxprpesrd eingclnstrli o ithsntopnd aesight pf Biecaiqlafive félymgghtwe

duction conponent useful in the present invention

Compc’%??rf be any particul ate catal yst/additive conposition
[0056] WA sdaoithsladshef rhatexddls osedib] qsﬁb@@&yedy&tlmpqrgpmn@@ftthq O,

for reducin ons in |
reductipp, IcPMBRFIPIS %#B@Pﬁeﬁfﬁ‘%% &gtlorb],ncglld S ?onrH 0s t1 ?19 %% ﬁ sEllaged dhd
desan(eE! e Ul D PatenRNOREE 143,067, [8g1 2008 38 06, 980 607%11@1\/63338 Mt}te@nhte

by (a) direct NOX deco SI tion, reac,; %8

disclosyjesiof Mgﬂhraé?jb‘éﬁléﬁfl%o%?fé@ RY f?fﬁref‘ﬁee eF5Brah R Os [reHctipe
compog}gong\ltgfn MF) By Q&%%@@é%pp%k@o) Aandidihetal kd/of ekaline

absorptio he regenerator and transfer to
earth rhdial OTIYSIEYLII‘%SHUGISOﬁ’ |(<F)|cﬁelrar<f enrthr asdtpssition megal qide(hgying oxygen

storagcg ﬁaé)éél?ipfe I% g@t nsoclltonarngtall\lsgﬂ(ec%rdet?dgﬁ EEJ érou?y ¢ 2 AP 118 Qﬁ’ the

rogen Speci €s, any ot her
PeriodfUT4bad| Blelfﬁﬂﬂy I ﬂhél atichaxides mppuﬂdaentai-ﬁ@@t faabtl SCowt o alumina
condi ti ons. agdl tion, the &8 c#‘Ct on tcorrgon%gt Ina
and prﬁiﬁsqblymﬁntaémgﬁa mr Hhtey eH&ﬁ%Eﬁl& FIERECG ST FOH eSO
preferxreg g%@&iin{éh{ 50U RRREEH, Bife WOR RedusBsh bd’inlﬁasﬁﬁﬁldoﬁmﬁﬁat(ahgl
er any conbustion condi t i on, but _in arDtl cul ar
acidic Lqmdle supperttcontainng & least $QuH L ﬂ@m&?n@ tr Ghet Yermgpsured as the

metal P)élge #SEdaA ﬁtﬁ%&@?ﬁk{eaﬁ&ﬂ dcﬁrnnﬂﬁfrés' BbreORINE) Pleast 1

tici ng “con uctlon conponént nust
wt % m@Dz,Qﬁek&erea rasithe metd exida; arh:b(cb d)rﬁlefnﬁ pefts wsdacefia transition

metal o ph A PR H GRe RIS Gar ChbRE AP LR o flolT R o height

percerﬁfﬁg%g besopsRALs (b)1e (PrestnsRedbn theetobiDweighd uf: thecmldlc oxide
onent.
support mn;rgeual

[0057] Another class of materials useful as the NOy reduction component of the NOx
reduction compositions of the present invention includes compositions comprising (a) at
least 1 wt %, measured as the oxide, of an acidic metal oxide such as disclosed and
described in U.S. Patents Nos. 6,143,167, 6,129,834, 6,280,607 and 6,358,881; (b) at
least 0.5 wt %, measured as the oxide, of a metal component selected from the group
consisting of an alkali metal, an alkaline earth metal and mixtures thereof; Na, K and Mg

being preferred; (c) at least 0.1 wt %, measured as the oxide, of a rare earth or transition
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[ 0055] One class of materials suitable for use as the
NOx reduction conponent of the NOx reduction
W@ vpasictt ons useful in the present invention POTUSNEE006543

conpositions disclosed and described in U S. Patent

6, 660, 683, said patent being herein incorporated in

its entirety by reference. Catal yst/additive

conpositions in this class will typically conprise a
particul ate mxture of (a) at least 1 w 9% neasured

metal %%z;ééﬁest&)égéjﬁletapf)xﬁg c?lﬁk)&ieﬁt 'B%?}hc 0L gseprgfégjea" a[}\glr@ at least

stantially no zeo TR
0.01 webtalmesewpdnete ﬂw@thfraedamtlmhmetak coleporset edtoeai fromnhe

soun S SR SRURL RIS 81 BRSS! AR i

Table p(p&fv&me dUPANafoamJ, $6, dBieankiDg txpired ﬂfefﬁfbﬁ Giembra@ly, 1h@afdnsition
red % the oxide, of a rare earth or

metal CPERAGRST B PeIFRIEA oGSO GMshret B Vo b Qe Binbimetie 25,
Nb, I\/Qﬁ‘ Hfs\?\pr@f ‘Uu]E Qg’anQMX&JF@s t@ére&fe a%h &, WP Q?‘el(\:/ftﬁgg's?[) €€, 36r,

t he meta a nobl e net al corrponent Se
Fe, Ni pad gn@we%m@sﬁoﬁtbmg pefered. Py, Zam Mhr V Qs, ark CoRafe anabt

Xt UL @s ) !
P refelFEdef e%‘?eggljg%? tFéé 3 )g; \dig ggslmg pbracséesdseéA b}ée ﬁ%ta{)a‘%eé%htoﬂf the
catalysﬂ‘veldttwbabmpesl‘gdnt ‘Ol ¢dmpo@i>t1|odabf thés dads ahty b b&@lﬁiﬂeﬂ lb‘mey Iof
sition 005 e SS of materials usefu
the m g RO bk s o bR s P B arp ket lpse i
fluid Gﬂmt}fdl Qﬁ&l}@icc rhekiRy, € Te8ferabiV gt b&ﬁbdsﬂ%hb‘%?sthls class are
nposi tions as discl osed and described in

prepag Py AEIing a pase sygrort eonsIgNBaUCONEOP8Us (ﬁ)?ﬁrangh () using
the m&hR&1i &%ked § b‘ﬁ@lliédr@ SdpﬁgAtQﬁ}fvﬁlgactlo%me %@OW ’}2@51@1 r]the

I ncor por at ed y reference ener al
entire [désglpstieort vduetpsdietsdin n@oxporqberd B)ere(fex)tncan Thei fetiat ccm(p)cd;&lon is

prepal%H %rdﬁfng(cg}r%oone L ({Sﬁ% rs,%l ase( %?:)E(gr/i grag}ll Eg*h[eHn%ﬁoc{s known in

the art rS’mBIatsJ ot ¢ratmple, Oyl idrémdiiong 00X BakeSIBp&P8vith an aqueous
bility; and (d) transition netal selected from

solutig EPE&IS%FMH? sorgwe%?défsalﬁ He&-PBitAEsdicRlongy| carbonate and sulfate
salts, Bﬁﬁl@%()ﬁl le)ées bhetRaidi iq aﬁ)&'rrg)%n@é{ﬁﬂ&éﬁt t§ gmvﬁierh% 1@kt 0.68% Lr

oal um na and preferably contain N .
the tra@ﬁutlp@ aleéﬁl unsagered @ethieandts, intthe ﬁndfcenaly@tﬂaddmy@@nnmsmag end

thereaﬁég& O%(S:]rt &éﬁﬁﬁ%% rg%ﬁ? o%{rflélgsg g g?nplae%ﬁgrgtaé Ca’t a tlrne
Sufﬁcmm weelﬁum\aﬂatllmmga Iwinlem drydiig, laeatstut S(GDCWI’CO %@ltllﬂl)‘l{afor ﬁlp)to
nmeasur ed%‘gﬁ‘flt he netal oxi an al k

24 hoffisyot Whon FoUTRAR fick ARG HBIAMABFe L B 200 Hap Gofo about
900°Q, €jr a%hfﬁ&@ﬁbm% to form the corresponding oxides.

[0058] Another class of materials useful as the NO, reduction component of the NOy
reduction compositions of the present invention include magnesium-aluminum spinel
based compositions heretofore used for the removal of sulfur oxides from an FCC
regenerator. Exemplary patents which disclose and describe these types of materials
include compositions disclosed and described in U.S. Patent Nos. 4,428,827; 4,469,589;
4,471,070, 4,472,267, 4,472,532; 4,476,245; 4,492,677; 4,492,678; 4.495. 304;
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w % CeO, neasured as the netal oxide; and (d)
0.01-5.0 parts wt %of a transition netal, neasured as

woredoalioesx de, selected from Goup |Ib of the PeP¢DUSI06/006543

Tabl e, all weight percentages of conmponents (b) - (d)
bei ng based on the total weight of the acidic oxide
support material. [0057] Another class of materials
useful as the NOx reduction conponent of the NOx
reduction conpositions of the present invention

Mpos Yol g Si 1

1495 B0 T ST P e SaP L AR S e

4,735, '71)5 d|457(]5-B$$$g4?9@i988%20T$3@€&§8L 23;88&7833& &M% Rds. 4,957,718;
7 6

1,957 R0 D1 3520 il iR S GRS B Mepagteed by

refer en‘é? ”91029 ﬁx‘%&‘en%@ | c@Ho8hednt 8fhishBvaition Bopskdics iimthinélasdrinciude

met al an al kaline earth netal and m xtu
at IeaSt mec e!cﬁftal ~quatainng ARINNGVBiEh rigel pies e fiFs qnetplogndad SF‘ié)&étmeml

hawmgtar galence B ¥ aﬁ%rtﬁg vaSndeS Qi A% m@fal Bk apBoRAlt 4 1kt one

nsiti O net gen st or age met al” oxi de corrponent
compo@éntwifiachirCenetas oﬂmeefhen s&d firdnud setpndmetabpand qprignaliy atdgast

o o TgRat o e T Pt SR L AR
said thifdPmetd] isPseldédd! ﬁ\’omHBe gaﬂ@ dohBstdig bh@r(ﬁ@r IB)l:hetalsTeﬂl‘b&p IIB
(previous | UPAC form

d
metalscﬁrféWa‘i’IlAyme’taﬁethF 3R §?¢1? @ﬁfaﬁe%%‘%‘?ﬁ‘éﬁ%’ﬁfg %ﬂei OQ‘BF% es
thereofqr a%@zéatpc? @%e@a@ ns 's§1EétQ(9 fR)fm The gdoupQonsiMing b€ irofOnickel,

Zn and m xtures
txtamutrheclaofn,lurw trhar@anes;z\g co@dt Mmamurrgb tincpismyth, mpolypgenum,
tures, thereo n r ,
antlmqgg gwée&n g}d m r?gg%r{:s Ihepeﬁg " ?ree dﬁ[ %Af ﬁ{%gf}lcs:teqr‘]l%tglég Sl’\/lé/l}he ¥cond
metal @XAL, @S gekdbattaigis bﬁ&i@ﬁt e dfhiee taot edrth/\melght obWwhichd e is most

cat al st/adltlv co siti.ons
prefri, nd a4 QUL TG SpRURRRIPD ol B OLRG Kt RO I
nickell Baﬁ&%?&r Lok, REINNEY SHd hdeli@s fiRfeoaki Ng cat al ysts
appropriate for use in fluid or_ thermfor catal

[0059F r Hetanather Fassfafmairipls uselu anhe N retistion cappQicy gfcgede No,
reduct?c%le ggmggs‘rfltﬁo%g &Y th%_pﬂré&lfenp Eﬁ?ﬁ?dﬁ%cﬂx&%ﬁﬁ%% tsuch as those
n f co hrou (é usin
dlscloﬁ’ai hous Ehtesmpqmdauqn Prutal Mhe@O/ED%méPm h@/9%8@9 kg e
0Q4/0Q77492A1, the enti [ f
s pORAOS HOEHIE Pt Ry 3 e ghOfkslion
compSQIRRIithi@R1dsS c@ﬁ@@s%rz%dhtbs/ hadﬁig mqpoteommmgnhg (fem wlgout 3 to
sai d base support b t he, ft
about 7.2 Angstroms with a SiO; fo Alz 3 molar ratio of less tﬁan eﬁ)o\/\{]S(lJOn preferably
less than 250. Specific zeolites include ferrierite, ZSM-5, ZSM-11, beta, MCM-49,
mordenite, MCM-56, Zeolite-L, zeolite Rho, errionite, chabazite, clinoptilolite, MCM-22,
MCM-35, MCM-61, Offretite, A, ZSM-12, ZSM-23, ZSM-18, ZSM-22, ZSM-35, ZSM-
57, ZSM-61, ZK-5, NalJ, Nu-87, Cit-1, SSZ-35, SSZ-48, SSZ-44, SSZ-23, Dachiardite,
Merlinoite, Lovdarite, Levyne, Laumontite, Epistilbite, Gmelonite, Gismondine,
Cancrinite, Brewsterite, Stilbite, Paulingite, Goosecreekite, Natrolite and mixtures

thereof. Preferred zeolites are ferrierite, ZSM-5, ZSM-11, beta, MCM-49, mordenite,
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the art, such as, for exanple, by inpregnation of the
base support with an aqueous solution of at |east one

weompamesnt (d) salt, e.g., nitrate, chloride, PErDS086/606543

and sulfate salts, am ne conplexes, and the like, in
an amount sufficient to provide at |east 0.01% of the
transition netal, neasured as the netal, in the final
catal yst/additive conposition, and thereafter drying
or calcining the inpregnated particles at a
r c
MCM- %o 'a@%{ﬂ]ﬁt‘:i %e@ﬂg Rﬂ&ihéefﬂg %5 clﬁa%{l{e bl?@%u{o%%gxg@w?zz MCM35,
Offle@SDQCZSM-lmmnﬂ oniturésothesodr Mdiﬂerpr&faiabllyn thegzeodite B ferrierite.

ficient tenperature,, su bout 25
Comsgits n oy RRAY B i o Srn e 410 Y (e abol e <R B s
selectek fro@sthe &Qﬁ@&bnﬁﬁmghﬁTGt@h@SﬁAOme e, svm &flIR, vasl, IIB,
red u n conp gnent of NOX reducti on

A, i‘g“wp\ééa e Do %ﬁ%leﬁp Q’@rﬁer‘PWGéfﬁPhe@ﬁ Piplishediay the American

Chemffﬁgg@ééty' rﬁ@hﬁﬂﬂnﬁ&ﬁ?é RleRRF, Q@@ﬁx@fe@x@%%oﬁfn%@ cQmpo tlons in
heretofore used for the renoval of sulfur oxi de§?l

accor¢gnerwih ey elagy eftrosteriaaaplabiligeduitk atmetalistlcttediionl ths group

cons B 8061 1 1525k HEE S O BLBL SO g et

and miogurest tHE-Zﬁ),fBMth ﬂq%ﬁ&sﬁ&%fepﬁeddf?ﬂe,téw&mgﬂr léhﬁﬁan%ﬁ? aluminum,
BRRIOR WRIONT S A K

inventorPthds é@xgposfhoﬁél& M%rdaﬂeezzﬁh @35 claés, Jf%ﬁat@t@ﬁs nﬂay-’f)%%tdﬁ-lgaed
4,790, 982; 4,830, 840;

with g sgBifizipggimopnd 57e. ggpio st 25 9’63%52@f o piselenft Groep 1B of the
Peuo(?& ?‘ Q\&l@%ﬁ?ﬁle Ao g}néﬁl ré}@{‘rgggae n@nt c@f por ated by

erence. In a préferr ‘of this invention
[0060¢ oﬁpotbmt ¢lagssofi mateihials ue,dfalsays tha NQdedattioh eastponere of the NOy
cont ai ni S
recuel{5t, G "o PR 80 B KR fhuletdiRg, 2EHE Nox
add1t1V@|ceﬂ@6s1ﬁdc)nsS such b ftﬁésen@ésathbedaﬁﬁﬂ QidclRBdlih YU, P£astNos.
ne coqgonent of a third netal other than said first
c

4,98038 68 A 1% 4% g %i?ﬂ?séﬁélq Which | 2@ dgregh gncorporated by
refeleﬁ&'mﬁg‘é‘ﬁ‘éraIQI“le /0, A iDe @ﬁ@snf&lr&%ﬁlph% %e%;ﬂ{r h%%l?%%)relfegably

secon hi ra net a wherein sa
the crs@alg@u@unerqf&wﬁezg% ub Z@@ﬁézszwgzzozsm-ampzmmezmss
r e. earth
ZSM- %,ﬂ‘g élL:A Ehgga&}@’kx}?'nﬁtﬁg’ﬁ? Oebégt%nﬁe’%é ?Ilécﬁ % %1 mlbr‘xa ratio of 20 to
100, bﬂitécmmélnlnglﬁhh 1ﬁalal:ioxf 10113’ priafenatiain aﬁarﬁ@lrﬁ@ﬁxﬁdalﬁmtqmat lk@st one

ot oS GRS SR ar kL, Ui tanfum chrortum

[0061]7051)(1113@3&14&] class of materlals useful as the NOy reduction component of the
NO; reduction compositions of the present invention include -catalyst/additive
compositions comprising from about 25 to 80 wt% ZSM-5. The ZSM-5 may be in the
hydrogen or ammonium form of the zeolite. The ZSM-5 zeolite may be used as a separate
particle additive or incorporated in the catalyst as an integral component of the catalyst.
When used as a separate particle additive, the ZSM-5 zeolite may be bound with a

suitable binder to obtain a particulate material or microsphere appropriate for use in an
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anti nony, vanadi um and m xtures thereof. Preferably ,
the first nmetal is My, the second netal is A, the
wo kiosdosser al is at | east one of the rare eart hPeEUS1086/006543
of which Ce is nost preferred, and the fourth netal is
selected fromthe group consisting of vanadium iron,
ni ckel , manganese, cobalt, antinony and m xtures
thereof. [0059] Yet another class of materials useful
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efi cal Society, m xtures thereo
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said a Cﬁf‘érﬁe‘ivﬁl Dq appropy agnuﬂtﬁ@ i;ﬂjp[rlowde final ZSM-5 containing NOy

reduction composition as described hereinabove.

[0062] Other materials useful as the NOy reduction component in the present invention
include, but are not limited to, zinc based catalysts such as disclosed and described in
U.S. Patent No. 5,002,654; antimony based NO, reduction additives such as disclosed and
described in U.S. Patent No. 4,988,432; NOy reduction additives comprising oxide of
elements of Group IIIB of the Periodic Table such as disclosed and described in U.S.
Patent No. 5,021,146; perovskite-spinel NOy reduction additives such as disclosed and
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magnesi um zinc, and mxtures thereof. It is also
within the scope of the present invention that

W@ wpasicti ons in accordance with this class of PCT/US2006/006543

materials may be stabilized with a stabilizing anmount,
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I nmponent, e.g.

a suitable clay or matrix co
prefersidy inebiding ansior morkefiliminatithhiaysslideezirdopiat, and the like.

t Loite, . | ike [ ym na ilica-alumpa,
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' ari um oxi des
promoﬂe&&% g‘@ﬁ@g s‘%gli 6? %anlga%id orger}]ceelr?lllollémnaﬁs. Patent No. 6,117,813 the

entire disclosure of which being herein incorporated by reference. In general, the low
NOy CO combustion promoter composition includes an effective concentration of at least
one Group VIII transition metal oxide, an effective concentration of at least one Group
IIIB metal oxide, an effective concentration of at least one Group IIA alkaline earth metal
oxide, and, optionally, microspheroidal alumina. The preferred Group VIII metal is Co,
the preferred Group IIIB metal is La, and the preferred Group IIA alkaline earth metal is
Sr.
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as a conponent of the additive conposition. Wen used
as an integral catalytic conponent of the cracking
w@aioahyst2 the anount of ZSM5 zeolite will raPQEUS2006006543
about 2 to about 60 wt % of the integral catalyst, and
the ZSM5 zeolite may be incorporated along with
conventional catalyst materials in any conventi onal
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reduction component or any combination of NOy reduction components as described
hereinabove.

[0068] Typically, the reduced nitrogen species component will be any particulate
catalyst/additive composition having the functional property of converting reduced
nitrogen species to molecular nitrogen when used in an FCCU operating in partial burn or

overall reducing FCC conditions, or alternatively, having the functional property of

converting reduced nitrogen species to molecular nitrogen under overall reducing
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for exanple, in U S. Patent Nos. 4,889, 615, 4,946, 581,
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Suitabf§ PreTkeRrGRORE E’éiludgmB“tt #e ¢ dindifledr efkalipndier lkeding rrth
metal$ @AM BkLSI (8.2, metals from Groups IVA, VA, VIA, VIIA, VIIIA, IB of the

Periodic Table (previously IUPAC form) and mixtures thereof), rare earth metals,

Platinum group metals, metals from Group IIB of the Periodic Table, germanium, tin,

bismuth, antimony and mixtures thereof. Platinum group metals are particularly

preferred.  Also preferred are transition metals and rare earth metals having oxygen

storage capacity.

[0070]  Another class of materials suitable for use as the reduced nitrogen species

component of the NOy reduction compositions in the present invention comprises

compositions disclosed and described in U.S. Patent No. 6,660,683, the entire disclosure
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Sr.[0065] Materials useful as the NOx reduction
conponent of the NOx reduction conpositions of the
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conpositions as disclosed and described in PCT
I nternational Publication No. WO 03/0461 12 and
published U S. Patent Application 2003/0098259, the
entire disclosure of each aforenenti oned publication
bei ng herein incorporated by reference. Such NOx
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the reduced nitrogen species conponent will be an

comppagnt.i Cauis @raferred; (d) at least 0.1 ppm, measured as the metal, of a noble metal

component selected from the group consisting of Pt, Pd, Rh, Ir, Os, Ru, Re and mixtures

thereof, Pt, Pd, Rh, Ir are preferred, Rh and Ir are most preferred, and (e) at least 0.01 wt

%, measured as the metal oxide, of a transition metal selected from the group consisting
of Groups, IVA, VA, VIA, VIIA, VIIIA, IB, and IIB of the Periodic Table (previous
IUPAC form), Sb, Bi and mixtures thereof. Generally, the transition metal component is
selected from the group consisting of Ti, V, Cr, Mn, Fe, Co, Ni, Zr, Nb, Mo, Hf, W, Au,
Cu, Zn and mixtures thereof, with Cu, Ag, Zn, Mn, V, Sb, Co, Cr, Fe, Ni and mixtures

thereof being preferred. Cu, Zn, Mn, V, Fe and Co are most preferred. All percentages

expressed being based on the total weight of the composition. The compositions of this

class can be prepared by any of the methods known in the art as being suitable for
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catal yst/additive conposition having the functiona
property of converting reduced nitrogen species to
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which are herein incorporated by reference. The compositions further comprise at least
0.1 ppm, measured as the metal, of one or more of the Platinum Group metal, preferably
Rh or Ir. The noble metal is preferably used at 10 to 10000 ppm, more preferably 25 to
5000 ppm and most preferably 30 to 2500 ppm. In a preferred embodiment of this
invention, compositions in this class include at least one metal-containing spinel which

includes a first metal and a second metal having a valence higher than the valence of said
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Pl ati num group netals, netals from G oup HB of the

Periodi c Table, germanium tin, bisnmuth, antinony and
WOroob048$2 t her eof . Pl ati num group netal s are PCT/US2006/006543

particularly preferred. Also preferred are transition

netals and rare earth netal s having oxygen storage

capacity. [0070] Another class of materials suitable

for use as the reduced nitrogen speci es conponent of

the NOx reduction conpositions in the present
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ﬂwthhdanmﬂnsmﬂemmbmimnkygﬁmeaﬂnmage oBwRich @¢iislgosasrpeied) tand

RN R R
metal i@l @E@UROf @&Sgr&ﬁld Msi\?ﬁnﬁf  vah&diufNirod, rrmckg‘3 ’ma'rj}ganeaze c@ﬁ‘gt
1 C

m xt ures thereof Rh, Ir are preferred
antlm%‘@f%’élﬁ?‘a‘&*f%s@?(rﬁ?%ssed bei ng based on the total wei ght

[0073];f ?&eaxx ﬁ%@élXétc/f ?{ggérf;a Is48§ fﬁPéEHRé %etd'ugé?i nllrc?%é]s%)eeﬁél}gctg%%%nent

| ass o materials sult Ie for use as
of then Mxo@énctmemlmsmompmnelm pehertt hieveN@en risdudd bamlyst/additive

Qsitions in,t i nyent
compGTBREHT Gioresiooel b S 4 Al Peiareyiafos, 10909.706
and 10/088,00%th@sntirb@liselkles oPWhRA HREHgMHeteiNBAR pRNbE 8y reference,
containing substantially no zeolite; (b) at |east 5

furthep comprigingat lgast @dnpiheht Nobte seipl é@magnank selepigdgom the group
consistigk %"ftﬁ dpd,reunit, h@u TOURd ﬁgﬁﬁ%fxﬂﬂes‘){heﬁegf, Z;Jo%‘f’@}awiﬁk Ir.

anal a’llne eart t’a an m xtures t
The ngblg mvjalineinngnettds prefasably ped iatthd emsunt®f from agut 10 to about

10 OOQE@%P&%% y&gfe%'% i%(ﬂq %&but%g tgl r ar %o@f‘oé%% ﬁ@%pogt%ggfe@bgfr}‘rom

en st'orage netal
about ;30&6 abm&d?.,SOO @gpmatin Igemﬁl the baﬁ@ﬁ/ad@l@@ﬂo@@o@&ohé’l@f this class

comprlse zeohtes Lav&}ngn g %!)r% 51zetrgllgmg from about 3 to about 7.2 Angstroms with a
SiO; to AlLO; molar ratio of less than about 500, preferably less than 250. Specific
zeolites are: ferrierite, ZSM-5, ZSM-11, beta, MCM-49, mordenite, MCM-56, Zeolite-L,
zeolite Rho, errionite, chabazite, clinoptilolite, MCM-22, MCM-35, MCM-61, Offretite,
A, ZSM-12, ZSM-23, ZSM-18, ZSM-22, ZSM-35, ZSM-57, ZSM-61, ZK-5, NaJ, Nu-87,
Cit-1, SSZ-35, SSZ-48, SSZ-44, SSZ-23, Dachiardite, Merlinoite, Lovdarite, Levyne,
Laumontite, Epistilbite, Gmelonite, Gismondine, Cancrinite, Brewsterite, Stilbite,

Paulingite, Goosecreekite, Natrolite or mixtures thereof, Preferred zeolites are ferrierite,
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conponent sel ected fromthe group consisting of Pt,
Pd, RIi, Ir, G, Ru, Re and m xtures thereof, Pt, Pd,

woRgoohed6az e preferred, Rh and Ir are nost prefBCT/E82006/006543

and (e) at least 0.01 wt % neasured as the netal
oxide, of a transition netal selected fromthe group
consisting of Goups, IVA VA VIA VIIA VIIIA IB,
and HB of the Periodic Table (previous | UPAC form,

Sb, Bi and mixtures thereof. Generally, the transition

ZSM- arez@M Plo'%‘%‘ﬁf@% 4@@81%1 &£ %161(/@5% %ﬁl t%,r\gguzgﬁfto St 5 ”%te
chaba@tc, chrmpalhdlt@nMCM % M@M B0 fQffretite hA Ghd ZAM-IZnMoMprefdrably,

f b
the zegpfgflgfqrgante mwsmf\))ﬁs m\nﬁc)égp 5@%&@? rhgq?gaq‘?ggtmatemals may be

stabilipecefvizh ra@ﬁietal/klelecﬂ%@ ﬁ@%@@ﬁﬁp%ﬁﬁﬁﬁ%@ﬁ" deLpaRagss 198 v,
al ht_of the conposition. The conpositi ons

VIB, &E&%bh LP b et AoV @Sa{raéélabsdeaﬁwle%ﬁf threPereadirodsble as

pubhslﬁ&PW theARB A Endticheddigt u§5 34.% 1)&8&?@#&9&' Clﬁtat%rgiseh%d

appropriate for use in fl errm cata
embodimglik FergPOSHians di mpgﬂancreemlompm@assuoos netapfalstdné stalmnmis\mth a

o 956, PRI, 8, A PR L0 B85 000 e e

and nmtdmmdsheea)fd mghl d&edloamgraﬁ@ssar ieed beind Ul thmat, oemur{q&nﬁ»m
ent, Ap i cation glo US_20 Ogl/OO77492A1 the entire
magngsiiss) Gt B AT BB o4t FoRSHAVH e BFape of the present

inventiACORPINHBRIORY irf £LEIISNGaVith As Eihfals rﬁﬁ@f?ag§ %ntc\;/ ®d s{aﬁlhzad

t hen prepared by addi ng conponents (
with & gighiliging perqunbye.anip f ahqué 2ﬁwh%d§flmmml joff Cirhep B tof the

Period3 CFap@S {Ng{? r&gn Qt%l? a? f ]ineas t&@f%xeab g%%%rﬁte QM i tglgﬁ/&dglﬂge

aqueous solution o one
compasgiope rod rthis( @)sssaint be pregared rbiyt thatrﬁethﬁd}sl Oistldeed AUl Matedt

o G S G A AT e e B
addedtth&h@@%@/smﬁlvem}ﬁhtlblﬁﬁw afly Gdethcff kﬁcﬁ@n bl st EQN ion

, heasured as the netal, 1 n the final
eXCha%?é‘t &P%W%‘&Hﬂnﬁ\}be 86%3@? et companant apayalte edded ty isergrate

particle§ o€ bﬁbl@/gt/ atdaﬁlv'e %Eﬁgﬁﬁgﬁ %E) oﬂr {h% 8%%% E tgg&a}lﬁcé%qoatban

vol atil e Ing at a
mtegréﬂo?at@lbstt mcmom@ug sbcxbln thalcatamsﬁgidannvw compyEitiat ane tbé FCC

0 a ffi c/ ent L
cracklﬁgc&g{a yﬁg %rlttraglgpgo aces o g g[e glegallj a'ngr Elpoplt18najE %%hlllq@g
compdnexnir mcluﬁ@@ﬁiﬁc}oué\rmtdmem of assugfchroaidel tabsnaus ehd kuldse AR,

redu d ni ci es conponent of the NOx

amine oG RTE T AL PG £ G1TEL4 1 SOHP heb SEsed Ay eh@meunt suffcient
to proivite! 40i8asiRON §phUBF BleURBL Metal, measured as the metal, in the final
catalyst/additive composition. Thereafter the composition is dried or calcined to remove
volatiles, e.g., drying at about 100°C to about 250°C for up to 24 hours or calcining at
about 250°C to about 900°C for up to about 12 hours .

[0074]  Another class of materials useful as the reduced nitrogen species component of
the NOx reduction compositions in the present invention include Cu-containing zeolite

NOy additive compositions such as those described and disclosed in U.S. Patent Nos.
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spi nel based conpositions heretofore used for the

renmoval of sul fur oxides froma FCC regenerator
w@owpndsing at | east one or nore plati num gr ouUpCTESZENNG6/006543

Exenpl ary patents which di scl ose and descri be

magnesi um al um num spi nel based conpositions include

U S. Patent Nos. 4, 428,827; 4,469, 589; 4,471, 070;

4,472,267, 4,472,532; 4,476, 245; 4,492,677, 4,492,678;

4,495, 304; 4,495,305; 4,522, 937; 4,529, 502;

son 88§16 8 e ety G AT

refmen@@ Tin n&al he180, 4dd¥ve, BRdositithscBp3ise 2&litdsheefenablyrtaving
dlsclosures of mhlch are herein C

the cryviak GraNEwol -3 BSRBI AN 2 Gava ZsBRna: ZOvals, aviss.

ZSM—4% thoRRMke, @ﬁﬁl‘%ﬁ%daﬁ of B@olﬁ@B% an@h sm&@ tPAluABa6d of Tt

lati num Group netal, preferably Rh Ir. The noble
100, amlefthametaiSOIplloe$ enemtyy etvhlent 0 @ lpast smml@éf pplp of fnCefor cach

r
mole o ggxé/ ?ﬁ'ﬁ)% Y ec?ler Fg%m%%‘j%mgtt cdth ﬁfs@ a@?alé/tn(\%gﬁ%@oog ’a
noble ﬁl@fﬁp@smbblﬁﬁlsa that it Pit,sP&| Rissirj Ro) Odearat Rlee?aslt moﬁ@es thereof,

tal - I
prefrelic o6 Be g R AR AP 4B 87 Arghee ¢ i TG0
10 to Mh?'ﬂ@ @O@Epﬁahﬁlﬁ'é peterfBy dom abwht 25 tbedsit 000 oipeh ekt
metal other than said first and secon

Plefera’tflbt o aémt Hptoi abaut 33P0 e Bt nefe e %‘ﬁ@?ﬂ“do‘iﬁ“g’e added
to the co c{sﬁlog?mﬁﬁklogédtﬁ%ﬁ dg&%ﬁlec?gi ﬁgf gféﬁt’N&e@@@G‘ 089 gnd Jﬂ97§i399

ereln sal i's one or nore of
by an}PhﬂthlodM km@roiptheetrak.g,, iow exchaegti ihpisahativetaadshe ék@ct Elap

noble B e B S ARSI BBl H MR Gr e o SRUpR
particlBd. X$uitaBR §duedes 0df, thangbisaintetdloleubie mthdum mlmeineoafemitrate

fromthe group consisting of iron, t t
chloridshy O g L5 8BS comiiTin Al 57 ke oEBiade or

compl%&! %{%C{%Q i anaa[}xtxdtﬁwmfﬁm\éﬁriéﬁf&’fﬁe% thabd T YRS tHéQfoEIéfmetal
erab , first netal is My, the second neta

measuies! aa; the heetalhlm el Geealat/ad BT COMEOBROR heTliwa?aétel the

compqsgg) 1,18 eéda o da ed\gh % Tlx%vﬁé?\n/ ‘é%gé %éeéﬁlﬁgfﬁtr ?g%@gd(? & about

250°C for @p ® ;pir}&fum bﬁcda,lc:lﬂmg at ekt@uflﬂﬂ"ﬂho AEaPOO°E oebptt le2dhours
rou istin

from nad u e
10075 sgiinBGete oRi (o1 ey i n ur st iR lpecie
compdrSRY I et NanotduatticH asm @iltldi@t Q{ Itﬁé spreseaf Ubhvasioh hinclude

P p

reduced nltro en sEeC|es conpo
compositions comprising from about 25 to 80 wt% ZSM 5 and at least 0.1 ppm of a
noble metal component, e.g., Pt, Pd, Rh, Ir, Ru, Os, and Re and mixtures thereof,
preferably Rh or Ir. The noble metal component is preferably used in an amount ranging
from about 10 to about 10,000 ppm, more preferably from about 25 to about 5000 ppm
and most preferably from about 30 to about 2500 ppm. The ZSM-5 may be in the
hydrogen or ammonium form of the zeolite. The ZSM-5 zeolite may be used as a separate

particle additive or incorporated as an integral component of the catalyst. When used as a

separate particle additive, the ZSM-5 zeolite may be bound with a suitable binder to
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FCC ammor@o

of the NOx reduction conpositions in the present
i nvention include catal yst/additive conpositions such
w@goobhose2 di scl osed in U S. Patent Applicati onPGEUSBNNG6/006543

Nos. 10/909, 706 and 10/909, 709, the entire disclosures

of which being herein incorporated by reference,

further conprising at least 0.1 ppm of a noble netal
conmponent sel ected fromthe group consisting of Pt,

Pd, Rh, Ir, Ru, Os, and Re and m xtures thereof,

obtainP4 %faﬁfcﬁﬁjceymﬁlérlélrorl Iﬁlcr(;lébﬁer@ Ql?%)l%pﬂ% Fbr EMOQ?FCC' §mt under
pr ef er abl é’ used he  anount of from about 10

Merlgblm ﬂm)rbé‘dp? anaserigh| iy silicam ahyaing, Qlﬂ;ca-@lumlna

alumlgeg—g%%spgagg 811(5 gfr%tagég t%g%oéﬁr gpﬁ&fﬁﬂg bé ¥ 1 éll% tnfak?rgey E?lﬁgontegt e.g.

clay snohmsxhbnhtmsdlomtd, hdaelim:,l h?eﬂkc)ymm'rmems»elte,eajtapm%ﬁe hand tig Hke,

alumi

ﬁSIZGT an

t t
oflicd SR AR SHgS e i 4R SBY o des

such a@QQam@ rz@rﬁ@{lélthhld rﬁaﬁ@ﬁw&é"@ﬂd@ %Q@upsl@ﬁ%lede@ SYEROdsith S el 'and

ferrlerlte ZSMS ZSM 11, beta, MCM 49, nordenite,

bariunyonidss, maels ineepprated |4 copRAGN 08 i< asiditive compagtion. t When

18, ZSM

used éis X '\r/{‘%gég'l AZ] %Iﬁ/{pa%lzc %g&ﬂ oV glge’:kl%tg%’st, %{&ﬁgg' I€abodt 60

wt% ZENe6ASMZKz&litdadl] bNLin@)?tpolﬁ]e’d ifito B8ArBEingSGEalAY along with

| inoit

convefl é%ﬂﬁ c’ataf gﬁ rﬂ%ﬁ rLaPa n % &og en Bn%lyhrané%l o e 189 graﬁl ca{a?yst will

typicallyontath, ieaddERAGH kil ZSM- ﬂe@lﬂ&t@mpbemsu SY ok REUSY zeolite, a

convepH%t}aé @fatrlpp@p%qqeg@ eLodlipivg. §
lantha%@\‘@'relnsltlon REhRoxi ML AD s TRNBE RirdRiia, MrdVDH

Paul i ngi t e, Goosecreeklte Natrollt or m xtures

iga- a}lglinf,qae Fare galﬂsmglges such as

Fan%@@bk&i@ Group
zeolite Rho, errionite, chabazite, clinoptilolit

ITA oxidrs atzch WONRBBSIUDf mdebartum ondem¢lazsisuch as kagdiss and mixtures

thered?! SIdeﬁ ledélr mgljaﬁalz Eg 11%11 sglfcr {T%ﬁédr-%lg éngohagglﬁ‘@%&ﬁ ?)Hg‘sphgte

actcordance w t

and tietlide] hridzecktiwed thex@ofrellal red;Le:Ieé aiteged sEacics hempor@ufs in this case

can bppareqy Sy RRoInAeloHE e e (BSr e dprispgon

SerialPRbE. 0 €/$09T A8 911@30/90@'70@ h@ed dayird BRcIOBRES 6aN “(Eﬁt@lnh@aﬂlelem

Soci ety, Ag and m xtures thereof. In a prefe

incorpasgied Prrisferenceonpssinthoresliterisadodied dve e Wbﬁf‘ﬁdtzﬁ‘?lsteadﬁ FANE

s nd Gy e L S SRR, L, B Al s

final Remposdioos Taddseribedrigramabbve. eEhg mhlcemﬁtal v@mlbmehfemambt added

o hSPRVES SR (B8 PR ap BT R HCHER T RS hee,

impregfgtd Dl thd k) Beeitble metal component may be added to particles of the

ZSM-5 containing zeolite or an integral catalyst incorporating both the ZSM-5 containing

zeolite and the cracking catalyst. Suitable sources of the noble metal include aqueous

solutions of nitrate, chloride, carbonate and sulfate salts, amine complexes, and the like.

The salts or complexes are used in an amount sufficient to provide at least 0.1 ppm of the

noble metal, measured as the metal, in the final catalyst/additive composition. Thereafter

the composition is dried or calcined to remove volatiles, e.g., drying at about 100°C to
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invention that conpositions in accordance with this
class of materials nay be stabilized with a

W@ @bilb4622 ng anount, e.g. up to about 25 wt % POT/US2006/006543
nmetal of Group IB of the Periodic Table, with the
stabilizing nmetal preferably being Cu.

Catal yst/additive conpositions of this class can be
prepared by the nethods disclosed in U S. Patent
Application Serial Nos. 10/909,706 and 10/909, 709. The

about Qggté\?gfs'{p/ t&%ﬁf ou onscg cinli g ?Lda%%gt A0 qu abo t 900° f01 Vl\}ﬁ to %2

ions By any
hours. the art e.g., ion exchange i mpregnat i on and the I|ke.

t al '
AL M A R R

reductifh | &nflidkHivEs ih Othgaﬁltebéﬁk afivétioaNinciidegbal aeatmk Yisrhited to,
I ncorporating both the catal yst/additjve conmpo

compositidng whichGOMpriae Klnﬁd’aé%jt gqt@lg@ts Segli f‘SaBF%lO%eélu?“(f]eéésﬁeregh‘@
U.S. Pnc qlﬁo %O@%Sﬁngnt Sy MLddaes reﬁﬁ&p)lnl ddaitﬂ'gs &Qm&@ A€ Bisclosed
L Ot

IudeaerUss fons of nitrate, lorid
and des‘@i‘bbd) naues PattnsNbf 488,437, N radiation @ddurpt/@d@ged emnaxigreol

o o 0 T RGO OB S Ay s
Patent N8B 81021 W@gﬂéf@@k@sspﬁd%ﬂ\l@tr@duchbm add‘it@vefslstn(&i as as disclosed and
cat a’ldist /a

t t Th f
53 OLP PoR S 3 ST P
option% L?gC’e g Wi s@fbs@{ 2P Qb QPRCPCT ahayhtichaPPEbli@fiot N, OWO
hours or cal cining at about 2500C to about 9000C

95/03&76¢ ambhydmotalbmeu based chialysiscompogitivay sush @ Wiselogchang dsperibed,
for exqr}%ﬁ%,glhg.hs lga?fer{t ﬁos“%(é glcﬁ:l 3%8 8d) n4 5008 5 %’@%9?55 1 14,898,

ctioh conpositions in
6,479, M2 EBENhe hidrenldiebasedakiatiat Campmitions malygulzlmlcpmerxw least
‘addi tive cog]go& ti gns such as thos

one rach e G- R OB BTN O B o 658,959 I o7 B g gom

the gxronﬁ FMrbd, Cnidlked C liBAMGLE ScHRdm R, Cllﬁa@g'aﬂesféefcabdlt germamum tin,
I ncor por at ed by reference. I n general

th
blsmuénd diotybdenurnrpseisiony.cisadivmming seixpee thergel, ﬁ'F &ﬁ&u‘la‘ﬁpﬁﬂlum is

prefer% le]:l% eh%%@%?%h%g@é@%%k}?% éneééﬁegﬁs be%%ﬁérelh incorporated

by 1efHﬁaﬁeEe nChtelystzkeﬁltwm coatpesitidiisan Zewtlince VBt ﬁll&aﬁdssaofs}mﬂ?léﬁis
tio of.20

and
Furthep For BT % Qch P S TR P SR sie TR S R
is Pt, ?@ RIEAE R T se R andmiBrek Bhdrfift, ﬁ@@ra‘dly‘:‘ Rhwilc hThe noble metal
rrp05| tions further conprise pm

compcm@m B mefmblye@ﬁé)@uwaam9%tfal}%nﬁtmm tolﬁ) ‘Rff{"o&ppm
more %gerﬁﬁy 2l Mot ¥ &St b5 ®Pf ppm and most preferably from about 30 to
about 2500 ppm. The noble metal component is added to the aforementioned
compositions by conventional methods, e.g. impregnation, ion exchange and the like.
Preferably, the noble metal component is added to the catalyst/additive compositions by
impregnation using an aqueous solution of noble metal salts. Suitable salts include

nitrate, chloride, carbonate and sulfate salts, amine complexes, and the like. The salts or

complexes are used in an amount sufficient to provide at least 0.1 ppm of the noble metal,
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preferably Rii or Ir. The noble netal is preferably
used in an anount ranging from about 10 to about

waoeadieppm nore preferably from about 25 to BODUB2006/006543

5000 ppm and nost preferably from about 30 to about

2500 ppm The noble nmetal conpound can be added to the

conpositions disclosed and described in U S. Patent

Nos. 4,980, 052 and 4,973,399 by any met hods known in

the art e.g., ion exchange, inpregnation and the Iike.

y t he zeol.] lor to

measiL P 28 08t S8 o TRTEE BRRLd Byl BaRRRLHE) SLHaced e
compmmb Kded om:ed@secbtb rtxhevmmﬂdltdes“relgaldrylﬁg hidbduamoegus about

uti.o of nltr ri de, carbonat e nd sul fate
2507 B '8 2% R sl = i 50 (ot af s ipfbout 12
hourscorrpl exes are used in an anount suffici ent to provide

| east m of the noble netal, neasured as the
[0077het qpothe hd@??eoﬁ‘liflﬁtﬁ’flalééﬁeéc%@ttﬂlad@ﬂtlcﬁd/elt@@nﬂpémmscmmponent

includENed et%fnto%l ctoﬁﬁwoﬁﬂg&os%bﬁ h@&s&léseg hc‘f q%s%Fngf[l Hggg%qnt% tional

renove vol ati| to a
Publicag@pBof $O @904/@33@&1 IadeUsS P@rencanopnmmg 2604/6002675, Zﬁ@aﬁre

B T NTE VRN .

compdisnttd‘n@ genersipe eblﬁﬁrlm itip @nedetdi®bxiib upkar, By é@tu'np Bxide, (iii) a
npPosSI itions in resent i nvention includ

a“thaeks’ﬁ;fse?st Plgment %thffr ?‘é'i‘ G61F Ailixhontomdyy ¢ '@@stvmn%ozsm of a
transu@zﬂxdméttal k@l@c&&d @0111 GFB’EnglB aanBCI% &f '?Fé Bk GRIRARE N ng ﬁ%ﬂures

Re and m xtures ther
thereoﬁ p@q é\f)aemlgpsq:@pedﬁeqlpus n]rﬁg] mtegl fhion dlhe gronp omresisting of Pt, Pd,

o RSB RS DR S0 PR OB, 10

[0078hb0lAnoﬂ&®©la|spnf matrinbstefpt &f te abxhy,ed airogab eptcied GotnPonent
about 2500 be |n ydrogen or
inludg R0 fR o Rt D FudRFPEd T dSeipS) oA ey B
PatentLN@dS BIS/, &1 3519 @ﬁtﬂ’é&hs}éﬁfsﬁﬂe(afﬁv}ﬁ@}mstlid&n HeolReAEPHY Br&dnce,

an integral conponent of the catalyst. Wen used as

furth%cgleb%ﬁﬂé& 8" Attt Q- £ Ippma dsrgurod a5 titemEBM© aeotri mererRigtien
by t I n [

Group AR (et Puop @t 308, Doy REPPRIGL RiPGLE: T b8l e

compasition ineldéas (i?@@ eftactive cqmsntx alﬁloafoé laabbgt ont Moty Wilké transition

I
metel ST e B E s Bier oot F b PRapinofumopymetgs
preferahly Ralr dr, (r'ﬁi)ternl offeCIVEDQACHHratiOn Bf atdeAY oS GIoupIIIB metal oxide,

tnorillonite, l%aol in, halloysite, bentonhite,
(iii) arhf:){tl Fﬁpchnngm q %lqaﬁtk(gle group IIA alkaline earth metal oxide, and,

optionally, (iv) microspheroidal alumina. The preferred Group VIII metal is Co, the
preferred Platinum Group metal is Rh, the preferred group IIIB metal is La, and the
preferred Group IIA alkaline earth metal is Sr.

[0079] [t is within the scope of this invention that the reduced nitrogen species
component of the NOy reduction compositions of the invention will comprise at least one
reduced nitrogen species component or any combination of reduced nitrogen species

components as described hereinabove.
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alumna, silica, silica-alumna, rare earth oxides
such as | anthana, transition nmetal oxides such as
W@ 2aoand4s12 zi rconi a, and nmanganese oxi de, gr oupP¢¥US2006/006543
oxi des such as magnesi um and bari um oxi des, nmay be
i ncorporated as a conponent of the additive
conposi tion. Wien used as an integral catalytic
conmponent of the cracking catal yst, about 2 to about
60 Wt % of the ZSM5 zeolite will be incorporated into

the . cracking ¢ | yst along with ¢ tlonal cat al yst
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bi nider um na, i ca,
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ures t er eof . e reduced nitr pe
compofiis Biecrided e ek g B ol Te M s LT Do nERA gr plvaded
into a”ﬁhg%l@dﬁarﬁd@ Cid@ﬁﬁi@ ang stk @mbbdithet oPah€Nvention, the
ication Serial Nos. 10/909, 706 and 10/ 909, 709, t he

compoemtss 08 tefl B:osdiyc@on gompmsitipnsarie Hdpdiih theneieysingt erking
cmmy%ﬁ%§@§§FZeéﬁpggﬁyﬁéggéﬁﬁgékgﬂg_used ot her than a

ot her conponents of the
[0081]c onplekiredistiom cempesitibnis ror theeccammuents theeepfiaregenemlly used in

the prgil it s e SRBRR eIt iy W B U i 2SRt ©

pelmltC ﬂﬂ:t @blﬁlbb@tld’rﬁokd ti l@Yrcu’ﬂﬂt&!d nmtdigtoknawn chtalytibecdtlting unit
i gn exchange, i rrpre nat |@ nd the |ike. The
Slmult%evséy éthaihe cErekgetital Wéy peicatydhe NP piARGtanLomposifipps

and cofmp¥heniCOBLat Wlplgav%%%éah%%&fcleaﬁzé Jﬁg‘?&?é’i‘lth&laéfﬁklﬁsq)referably,

I ncorporating both 5 contalning zeolite and
the metaheoaawée: Rizegs Gamatbest SO Swi2fbine metimeefsrably frore abow &5 to

about %6 m Iancf: leyg\em gﬁ%%? Yo k ?}nl A5t %fO 1!8' 143t 920 CJ}LO dlba?‘ﬁcles

CArbonat e —and e sa am ne conpl exes,
comprlsirgethe Thensal t@nmsnmramkie:)omomm ths&adf gmemllyahrm'ﬂ rat surface

area oé%{l%ﬂlstc % ee}gst a ié,/ Iaftd l%%s%hgfréﬁg, rqo(r%t' }%rﬁgpq%}}géllft:agte 3 6] Pnb) g?and a
DavisérPARHNGT (RIS I0osIess] bte@é}ablir ergaédsemobthReferably 15 or
conposition is dried or calcined to renove volatile

less. e.g., drying at about 100C toabout 2500C for up to 24
[OOSZ]EgutR%he rzu&al G Q&Ja%te @Rﬁﬂﬁe,ziﬂﬂcréd%c@&f’%m%’&@&sf B8 the

components thereof are used in any amount sufficient to reduce the NOy emissions
present in the FCCU regenerator relative to the amount of NOy emissions present without
the use of the NOy reduction compostions, as measured by conventional gas analysis
methodology, including but not limited to, chemiluminescence, UV spectroscopy, IR
spectroscopy, and the like. Typically the amount of the NOy reduction compositions used

as separate particle additives is at least 0.01, preferably at least 0.05, most preferably at
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hours. [0076] OQther materials suitable as the reduced
ni trogen speci es conponent of the NOx reduction

W@ vpasictt ons in the present invention includePChus2086/@06543
not limted to, conpositions which conprise zinc based
catal ysts such as disclosed and described in U S
Pat ent No. 5,002, 654; antinony based NOx reduction
addi tives such as as disclosed and described in U S.
Patent No. 4,988, 432; NOx reduction additives based on

' f h P di
A AN G T

used mlan aﬁpmﬁlarﬂgzmﬁg frpenbmeki.dlee spowmels WOk, rhssﬂ pedférably from about
005t 5 uch as as dis K@E g and described in
?—>5 %13 NG 280 S¥eh B9t RYRfradhEEem@heut G fjakeupR0 M@%A@fthe
crack,a@gat st lﬂiﬁ;qto(gptl onally Ce, as disclosed and descri bed
I nternational Publication No. WD 95/03876; and
[0083hydr%1@6&1| et WOp asduptiont eompositioniprss mcpmwt@imﬁoag onto the

N

compab#icB9 3/111 Bpicaly 42 isel in at hemohyidfat Easiot@, bmablsz at Rhyt 9103,

ot SRR BP0 A OB PS8R O LIE, e
NOx réduanisn tdraposihaksl selieatiedn it MLy YR &bui .00t 45 wt
ni C&?gqli@h],t i.tanium chrom um anese, cobalt

Vo, magkpiciERTToR 2bouby-8enia ﬁbOUﬁéPy’ﬂ&? erRYIE Mpe mﬁfﬁyble from about
0.1to ‘d@(ﬂﬁ@b WivARE Y &Eﬁ{ﬁécétﬁgﬁ%&fnaos%o whi ch vanadiumis

Ere erred. The entire cl os r% each
[0084}af odieiveritd vithia thatseone Gethagniastien hat nt deagioost WO, yduction
e a a itive compo
compcglg{l:t b dgﬁgegstvc\:nai Le\éﬁé Cllgrogen SPECiest Cé)rrr}pgp%anc‘d)mmlépg the NOy
reductommpripsitiots dfe&shwéhtibnpmy 0 ineorperatee ulifeft}w cr@dkmhwyst as
red ta that i

Ir,
a compE R iR B G PR EPbLR e POV SIS R GiRoneitrige he MO,
reduct®RbdoenpdRéd| or GOREN BREoghS S]E’ch‘é‘secroﬁ%bﬁ{en‘t'sx%%ebpv@ @R a

rangi ng from about 10 to about ppm nore
separaﬁﬂ’@rféqu ydditiveras dpwuibed Bereigabysut 5000 ppm and nost

[oosspfefﬁ%@élét}’v f L AbeL %%Pthtte%@bl%ﬁ 1R W8 BB 4 INEI90 ed

conponent 1S a fOr EIme
mtrog@ommmst caompnbyt ©ohv ewstd anathe i¥Ohadduction ompositions of the

en 25 FERRY 8, R0 EABRERS, 80 S A0

compohightalyib tdepebdi bn \b8clC GTRRS ids i BB SpBIfic unit regenerator design and
operation, the mode of operation, the extent of maldistribution for either the catalyst or
the gases, the oxygen levels, the presence of any other additives, and the desired NO,
reduction to be achieved. In general, however, the components are used in a ratio of 0.02
to 50, preferably 0.1 to 10, most preferably 0.2 to 5.0. Separate particles of the NOy
reduction compositions and/or components thereof may be added to the catalyst
inventory in any conventional manner, e.g., with make-up catalyst to the regenerator or

by any conventional method.
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I mpregnati on using an aqueous sol ution of noble netal

salts. Suitable salts include nitrate, chloride,
wearbomate and sul fate salts, am ne conpl exes, P@NtS100€006543

i ke. The salts or conplexes are used in an anount

sufficient to provide at least 0.1 ppm of the noble

nmet al , reasured as the netal, in the final

catal yst/additive conposition. Thereafter, the
conposition is dried or calcined to renove vol atil es,

[00865 9.0th&l ¥atRgtiédllyahame é&@ﬁeﬁt@ Iﬂ?OlHe PROAE ihothe Ucﬂwhlﬁtlng
hours or "cal Ci ni ng at abo 0 to about 9000Cf
inventgpy eforaiin matorigignpdd ltlf@mth}: cmsmﬁéﬁtaa%%@ thp NO, reduction

oomp(gg?tgo%r ' %Xt%m?&nc of gu&sh%(a%ﬁt@gﬁﬁ %lﬂet%@g@cgnes&%‘éhﬁﬁg catalysts

onen renova conpaosi tions such
based ohnszﬁohsaeﬁSMnij Qe sombhsn pmm@@rs based onat suppeaited noble metal

t 2004/ 0
such %’gﬁti‘ g‘%‘l’ 'thﬂ %&?%)B’f he %Sén ]I%Im leg ng/ lgg I%s%rsé)é‘ additives,

such ¥DEBOX e(nhvhedivm Iammhmﬂr@tret), bynadiieepcend Gottm Mdeking
removal conpositijons %‘?nera n acidic

| i se. (i
g a4 o b vy
Enhar?‘c%% O80/fICPERL C%B@zrs MRt GRikar, Ay oy, PRbi ogwll 0L8247-

east one oxidé of a transition netal selected from
8399-@r Thpss otiBr apuiptIBNsfmayHee ysed indéipic camsnieonah#faoytSct ur es

[0087# hom ehef%&g o% Y})e Cﬂ%se!n? ?t%tcesg r1$ tcgtﬁﬁﬁlggi@%g%@galls%%ﬁ{ SijOx

e group consi's
emissiiés agidasad Xiout & FCChavens pp@ﬁtm@mcmhﬂarogﬂdomsr ccambystlon mode

v preferr ed 0078%1 ot.her cl ase I} *hs usef ul
ery BhgBCBUATE T AT 1 DA TLas S0 A ARbiATR i R e rofSs,
in soﬁ@@%'ub't@%oﬁm agath RO &h&Badl cfa@é osieg a&ﬁdvéﬁﬁ&ﬁdllcbﬁﬂmg

for exanple, in U S. Patent No. 117,813 the enti
catalygt, sall GeRALANL FONKAPIOR, (USINEetS] Hreiffﬁk?ér f5Paod dthgy NOx reduction

compoﬁ i&is &ﬁﬁas \}téf%ttic!'heéfs d%?&l%? $ikbRthaBbvd. @38 (LudtidWPE 10 to 90% is

asure one or nore Platinum G oup
readlhy%hﬂesak(l@wgh theﬁtrpce@&jaccﬁztd,mg to theRmyer®on, aaroRe py the Examples

BT AT O —
NO, Riiactiarown! ¥édehd bhangi factins @te@ thx icopodititmt zheiramount of the

LT S e e R o e ST CEMRs
not 11%9@8 & 5}%}%%}1 A ePindatisthiSah PRR iKHRUBgdnERBtdVEdatdlybbdl@spth in

ffective concentration of at |east one group
the rb@enaﬂamzu stnipperaeitcrationt anid wsgengeatomn temnperbtEo gl prgpertigs, pf the

hydrc%%fotgﬁsfg Ecbkdc%ckgé uemdntﬁe plréggnc%roqf (ﬁﬁére&ta@t&uﬁid}ﬂdeg that may

affect the chemistry and operation of the regenerator. Thus, since each FCCU is different
in some or all of these respects, the effectiveness of the process of the invention may vary
from unit to unit.

[0088] The scope of the invention is not in any way intended to be limited by the
examples set forth below. The examples include the preparation of oxidative additives
useful in the process of the invention and the evaluation of the invention process to

reduce NOy and gas phase reduced nitrogen species in a catalytic cracking environment,
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preferred Platinum Goup netal is Rh, the preferred
group IHB netal is La, and the preferred G oup HA

w@bdoaliogse2 earth nmetal is Sr. [0079] It is w thPE@T/UR®06/006543

scope of this invention that the reduced nitrogen
speci es conponent of the NO reduction conpositions of
the invention will conprise at |east one reduced
nitrogen speci es conmponent or any conbi nati on of
reduced nitrogen speci es conponents as descri bed
her gi ve..[ 0080], In th t
100893, o Rl ope TS edtic oo arngy ¢ de cpRlees gl the
followin@petlfiOekapiptsessginay Te asadleasreggpyraraatspeoplr itlustratiangof
_additives ﬁircul t ed flon mﬁﬁh he crgckln t 9H%I¥§hw
the invepiRtint 1 sould pe apepiRg =é’|°§>,gv‘?rn 031 198 PRYRE O AT
speciﬁg[\%é}ggg ROt idthi¥eSdxampled. conponent thereof. Were the

reduction conpositions are used as separate
[0090]par tillcperist andapripaniages in foxexaBpifstas o‘i‘ielf: girplsnEsmadndgp gf the

el c AINNS :8S S kiS4 e t
specifiEHCRlesihg (3308 AREEA e HATRARE N o RURIckoh 1B Lewbigh
unless of@okiseigpecHied| Fitveivery @hpartsyanil paespetaghsin the cxsmplepas welbas

articles, or.in.the alterpative, the c
the rofilagel vt ARCLIALRT rGrEnE & oat SmebitEn SR BRDE B By o fume
unless deH¥-wWRE sRkiffldended into a single particle additive. In
a preferred enbodinent of the, inventign,. the ..
(0091 o mBBHERTt SMbTNEHEr NEROTBERSET ShiNEGREBEFEBIE e yeb &
cinh ' ' i@l ot ShedstiéeB6@itYons, physical
that r%pg?ité‘hr}gﬁdéé ?f‘@%&@?eﬁg?’% %‘ﬁg%??‘. O e B8] RO P
states pepkrcEnitages,de fposied toligradly intpspamsspress herpygrieggnge or
eneral ly, u iLn.the t. Lnyept. ' af;
otheroi50 F g pisfodt Tk Pt R FEE, RO GG
any raR&d $8 tecitdde conpositions to be circul ated throughout
the catalytic cracking unit sinultaneously with the
cracking catalyst. Typically, the NOx reduction
conposi tions and conponents thereof will have a nean
particle size of greater than 45 mm Preferably, the
nmean particle size is fromabout 50 to 200 mm nost
preferably from about 55 to about 150nm and even nore
preferred from about 60 to about 120 nm Particles
conprising the invention conposition and conponents
t hereof generally have a surface area of at least 5

n2/ g, preferably at |east 10 nR/g, nost preferably at
| east 30 n2/g, and a
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Davi son Attrition Index (D) of 50 or less, preferably
20 or less, nost preferably 15 or |ess. [0082] Wen
woiz®d/1e1n separate additive, NOX reduction  PCT/US2006/006543

conpositions or the conponents thereof are used in any

amount sufficient to reduce the NOx em ssions present

in the FCCU regenerator relative to the anmount OF NOx

em ssions present without the use of the NOx reduction

conpostions, as neasured by conventional gas anal ysis
EXANgRIERIOl ogy, including but not limted to,

chem | um nescence, WV spectroscopy, |R spectroscopy,

and the like. Typically the anmobunt of the NOx

reduction conpositionsgia@gbgs) separate particle

additives is at least 0.01, preferably at |east 0.05,

nost preferably atleast 0.1, Wt % of the catal yst

hnve - r ction caq sitions
008 B e RO b Ml e B S0RP et e
procetiirants ollomsst Canpef ehlatitly (F200grambodiy Hasi®bwaeo gadvattintdGa fine

% and.even, no eferably fromabout 0.1 to about
pove gl b B RS BSR4
hourt BE3 9B, MR KElkined bEATRAS! shir@&B wth ©0DM § AF PR BN AED at 80

or onto the cracking catal yst as a separate conponent

°C, sgfred fg 1rmbwien gné sheal fiftered. t Hhe filrcake s tashed three times with
80 °C WARPSdrfell AP S0 Forl 19RIcHA i o n a
| east 6.01, pré#é¥a§ﬁ$ﬁ§5h¥g%§f%gﬁggﬁ9%%gﬁggggképg%?y%he
finiskad gredust caitdined®.3%@f. t he cracki ng cat al yst
conposition. Preferably, the NOx reduction
conpositions will be used in an anmount ranging from

[0093]boutA ébnbholition cdmpyikingee5WDsitthp Celertldaby feb@mntabeYs clay and
,,0.,05 to about 30 vg % .even nore preferable from about
20%qlyming sehoiAs PEPaRed Oy Brming e PSR &Kt Ganipdning 1522 g of

alum@RIFP efibichQdvol E(QQt%Hl (339 'séllcﬁﬂ,i%%wrgte dglbg%)%;gsﬁ ozgrﬂf%%uggxcﬂdﬁ ed

i nvention that at | east one onent 0

ferriggite prechadditione! peudean pinpwggefficepeti mskcoppouyenttaining about
0 Ty i-s] I iQn . osj tions of t.he
0% SR SRS DTS00 MRS R T5 e BBt st

venti on
2.5 wataldyhen aprap driedpione Boweh dingofeetsy daag dra@d The spray-dried

__;herei nabov 1] e the agther conmponent, ie. the NOx |
Prod g Gk £ B AL BioH BRI BrooPetudba P Rg eagliBe composiion
was G&EaRe N dditiesResid Nall te fd)lﬁm!tiﬁ%gn e GEPASIOL 32.2% AlLOs,

particulate additi ve as descri bed herei nabove.
1.49% Cu, 0.12% Nay0, 0.1% K,0 and had a total BET surface area of 246 mz/g.

EXAMPLE 2

[0094] The activity of Additive A for reducing NO emissions from an FCC unit was
assessed by using the Davison Circulating Riser (DCR). The DCR has been described in
G. W. Young, G. D. Weatherbee, and S. W. Davey, “Simulating commercial FCCU
yields with the Davison Circulating Riser (DCR) pilot plant unit,” National Petroleum
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[0085] The relative anmount of each of the NOx

reducti on conponent and the reduced nitrogen species
weewpomesnt to be used in the NOx reducti on conpOBUS10061806543

of the invention will vary and is not restricted to

any specific ratio. The anount of each conponent wl|

depend on such factors as the specific unit

regener at or desi gn and operation, the node of

operation, the extent of maldistribution for ei t her

e A ST B e S5 S S0 LS e

Assessraeicof MCA gty achir@ydncel h G QEa@byatd}QWEﬂﬁ [Fluill N€atalytic
onents are used in_a ratio of

Crackige PeiP B 0 cahiolpero). Sodfoess érfdeMaﬂidy Roihelofrs Fes. Studies
in SurBRBAcRhE: RS Cétﬁlltyﬁ§ ‘@6111?11'3976'\9’( 25?@1 'ié?rScFeﬂ P%lfsh%?

and/ or conponen her eof added to e cat
Amstqrd\%nlt%ﬁ,yl BN dhiAdceidérns, |Vd11@h dmnp@@n ie hge;n mcptporated by
referefiBke-up catalyst to the regenerator or by any
conventional method.[0086] Qther catalytically active
corrponents may be present in the CI rcul ating inventory

tic materja n additio e gra
009587, S 3t ier Pl s DS P b Sl g et et s
with 196 egt8109iM e r?h@lﬁtoal ndi waiet uﬂeegeh@laaﬁto@a@uﬁ@ RSP0 The
catal ysts based on zeolite ZSM5, CO conbustion

DCR ppp otalychpgedavithrm blend pfplRo8 28 erifismearribanmsaredkingscatalyst
rovin AR L S 19 R BT bAPLY 28 SRRy oo o

Pt- ba%ﬁagnb@mnpmnmwrnﬁﬁw%@ [pbteingd fromrAccaletis@ps vaitd bot t om
cracki ng additives, such as those described in
Krishna, Sadeghbeigi, op cit and Scherzer, Cctane
Enhanci ng Zeolitic FCC Catal ysts, Mrcel Dekker, New
York, 1990, |SBN 0-8247- 8399-9. These ot her
conponents may be used L#PHeir conventional anounts.

[ 0087]p dhgti&fdr %ﬁﬁlll@lflulﬁ Qﬁacﬁhg %@t@iysﬂfs@& BSSCRed®

mnimze the,ouesal el 11?E9£rﬁ LEPg ssions rel eased
froma FCC process operat | |n a et er ogeneous

conbust i o8i@nde. Vew %si gni f| cant4X@duction in NOx
em ssi ons be achj,eved using t resent process,
in some CQ‘W up to about 90% reI%e(?fse to the base
case usi nBEaOsonventtdhal cracki ng4datal yst, at
const ant f@p@ersi onwtisi ng the prgherred formof the

NOx reductriﬁgl con‘p03|t,/| ons of the1| vention as
descri bed ei nabove NOx reducti 3 of 10 to 90% i s

CaO D wt% 0.14

Ni : ppm 1060

\' © ppm 1760

Sh © ppm 270

SA : mPg 174

Zeolite : mPlg 127
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readily achievable wth the process according to the
i nvention, as shown by the Exanpl es bel ow. However, as
wadob/1s12nder st ood by the one skilled in the PEI/EE2086/006543
art, the extent of NOx reduction will depend on such
factors as, e.g., the conposition and anount of the
additive utilized; the design and the manner in which
the FCCU is operated, including but not limted to
oxygen |l evel and distribution of air in the
of Wr Rg€rezealt Gb, — Caid] @siimbRAMIBPivich Mad BEen' RIGRALAUEN 20 hours
tripper operation and regenerator tenperature; the
W@M&W@HWwwﬂmeWMM&%wm%m&wmmwmi
h 3 ' di.ti ves.t hat .
O g AR B L P nckiRad bieh B Y17 ek open

and JTAJidesilint@ontancinatOdtal Beatbtif dtememtd MetaSDBRydesgeahtionof ffects
t he process of

.t hegse. rgspect s, the effectiveness of |
Durifg E5 e RPN ey gy Hr AN e CaDbRRpeRation
d ‘Bsope odHytilearbdy @Rick Qg Gatl9ts,i ' t
" @e oo t gd ba the exa g: ea_lst git? f?%?t _m\ggiylgl\?v.rges}ﬁg%%’ FP 171
(199¢), M é)SSﬁlgbﬁXl&&é, mlq@h eqyERtian iivherein lgmrmtiedé)_y reference. A
comméteial FEESfed§ %faHh% 'tl?ehéltb?etﬁééj CigRen 9 THEE o ?éfg\gtv:\sagsgues%ndl the

the evaluation o nvention process to re
DCRsfhing thesshaperimentsic &0 raind raog éW0O 5 pedh @ senhissienscatral ibriiored

. i NG: j nt . [ 0089] To,fur [llustrate th
contfSREH o st EOERHent RE%aV e ABAC T TR s Bl Fom
MKSf@blinevitrodpcsspeci fi ¢ exanpl es are given. The exanpl es

are given as specific illustrations of the invention.

It should be understood, however, that the invention

is not limted to the specific details set forth in

the exanples. [0090] Al parts and percentages in the
exanpl es as well as the Tablegd nder of the specification
referpj i i iLtion or

ConcerParieEoPl 1 TR or ERTRER bR I Gagpte

speci fied. However, all parts and percentages in the

ex | es as as the remai nder of the specification

re%gﬁ#%ﬁéﬁygﬁggi‘conposition are nol ar %r by vol une
uniSaKar,aftmr W se specified. [0091] Furphgy, any range

of numbers recited in the specification or clains,
sudirtd Nifmgen, M eesent i ng a particul ar 088t of

prggg&@hﬁ%%mﬂth% of neasure, conditionss physical

states or percentages, is intended to l'iterally
i nEonpuisan €ackor,edsloy herein by referefas or

K Factor 11.94

Simulated Distillation, vol.%, °F

5 307

20 691

40 782

60 859

80 959

FBP 1257
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ot herwi se, any nunber falling within such range,
i ncl udi ng any subset of nunbers within any range so
w0 e@oiietd 1 EXAMPLES EXAMPLE 1 [0092] Ferrierite REDUS10686/006543
was exchanged with copper ions using a solid-state
exchange procedure as follows: Copper chloride (120
granms, dry basis) was ground into a fine powder and
then blended with 1800 g of ferrierite powder. The
bl end was cal cined for 4 hours at 3250C. The cal ci ned
bl end was slurried with 9000 g of water maintained at
80 OC, stirred for 10 mnutes and then filtered. The f
| tercake was washed three times with 80 0OC water

o Bl o S0 e 5
009
BN R T T

of the é‘@ﬁhlﬂf@@ anasbyedednjgttad ime itaghiaube shi Istayllxzwa@mnhcg run

1522 of alum n | oro rol ,sol ution
was conpero APFOB RISy GO e BHRABEROREY oh dFree BT
TOS xé@lmetdnosfﬂl%bmm&% thé BnfMofainRedictisn bf iAzidaive A antorlse vait. As
slurry contai ni ng about 40% solids. The slurr
shownnin| Tabtk BnAddibvaiss ineffective f@n”ﬁ\?‘é’f‘&@@ FargsiQws dt éy ‘g‘ilwa}é" BER
regeneg&gl Ng I%Qas%ra%lm&\glgs &fm R, 8wk liedcded @ Bowen

ngi neerrng spray dryer. e spray-dried product was
calcined for 1.5 hours at 593 0C. The resulting
catal yst/additive conposition was designated Additive
A, and had the follow ng anal yses: 65.1% Si @2, 32.2%
Al 2338, 1.49% Cu, 0.12%MNadé€B 0. 1% K20 and had a total

BET surface area _of 246 n2/ 009

RedyetiqnqiNO smisaias fiogdt ﬁ\r%S*?el%@’o‘tEFxﬁNﬁ%*é%H éc{%‘g‘lj ¥

an FCC unit was assessed by using the Davison

G rwldag JeNg Ri serAmpor) . ThEOBCR hd%obeerma’eg%‘?‘f%ﬂ in

G ing, G Dwt\&at her bl and®PBMW Dave{%)

"Sinmulating commercial FCCU yields with the Davi son
CAtalysiH QP RBser ODGR) pilot plant!@nit," Nationa

PetroleunReflners SOCI&tIO? (NPRA% Paper AMBy 52;

andhddiHe AW Young, *" Real i stfc AsseSenment of

Catal yst Performanceg in the kaborateéby,"” in Flad d

Catal ytic s 8 ” 57
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Cracki ng: Sci ence and Technol ogy, J. S. Magee and M

M Mtchell, Jr. Eds., Studies in Surface Science and
w@aallysis, Vol unme 76, p. 257, Elsevier Sci encBCT/US2006/006543

Publ i shers B.V., Ansterdam 1993, | SBN 0-444-89037- 8,

whi ch description is herein incorporated by reference.

[0095] In this experiment, the DCR was operated at

“full burn" conditions, that is with 1%excess Oin

the regenerator, and with the regenerator operating at

7050C. The DCR was inhg&&hﬁMEgharged with a blend of

1895. 25 g of an equilibriumcracking catal yst having

t he properties shown in Table 1 behgw and 4.75 ? of a

ommer ci al based conbusti on pronvoter,

10097853 e B oL s e iod T Gt S nies rored Fplows: A
slurry Rv3peéparStroh e@x%t}ule%x@{jdhkﬂ’@ Eiv%?é‘.l‘zm s@ﬁ@lsabf/ §%e}5{§3916 alimina

StS as descri arrp es /2,
(Versegc(%o? m%paydmob&am%b@owLw/M@aeo@dmzmnw 99841AKA;, 30%
m01st 20THE - a%?nq)ing’%lu-FW ﬁ;eé%/ 6& tgsﬁngc‘?‘l(% \%s 2{? Qhe“lul}lllmap p'f]o the

60 V ppm 1760

alumma slurry 3.87 Ibs of an aqueous sodium hydroxide solution (50% NaOH) was

added. Then, 10.4 Ibs of cerium carbonate crystals (obtained from Rhone Poulenc, Inc.,

96% CeO2, 4% La20;, 50% moisture) was added to the slurry. The slurry was diluted

with a sufficient amount of water to bring the solids concentration at 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

sticred media mill to reduce agglomerates to substantially less than 10 microns. The

milled slurry was fed to a 10 ft diameter Bowen Engineering spray drier to form

microspheres with a diameter of approximately 70 microns. Thereafter, the spray-dried

product was calcined at approximately 650°C to remove volatiles and provide a final

support.

EXAMPLE 4

[0098] Additive B was prepared as follows: A support prepared as described in

Example 3, with the exception that the inputs were adjusted to yield a final product

having the composition as shown below was impregnated with a Pd containing solution

prepared by dissolving in 45 Ibs of water 549g of a Pd (II) nitrate solution obtained from

Johnson-Mathey, which contained 8.643% Pd. One hundred pounds of the support were

then placed in an Eirich mixer. With the Eirich mixer in operation, the Pd containing

solution was sprayed on the support. The impregnated material was then discharged from

the Eirich mixer and flash-dried in a Bowen Engineering flash drier with the inlet
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SA 2l g 174 Zeolite n2/g 1270f W R Gace & Co. -
Conn., Colunbia, M), which had been deactivated for

WQQooaaes2 at 788 C without any added Ni or V uBCTUS100€006543

Cyclic Propylene Steam ng nethod (CPS). The _
description of the CPS nethod has been described in
L.T. Boock, T.F. Petti, and J. A Rudesill,

" Cont am nant - Met al Deactivati on and

Met al - Dehydr ogenation Effects During Cyclic Propyl ene

' ol Ui i ki al yst s, ¥ oo
e R 0 TR Mo 1 37 SRS Rkt ppprainec
69.7%CAlA)zy 31 8% K€D, Sy 6496 SNapk, 2% S1034970pppm PHLafdL 986 k. BET
surf I§;3N g-lg(fflz/- 341 1-6, which description is herein
" ac|ﬁncec?3‘ropora e by reference. A commercial FCC feed
havi ng the properties shown in Table 2 bel ow was used
in the DCR during these experinments. NO and any NO2 or
N20O em ssions were nonitored continuously during these

experiments using a MgtahZ039 FTIR nultigas anal yzer
fromMCS Online Products. Table 2 Properties of the
feed used in DCR tests described in Exanple 2 API

ool BT ERFRIL S IO IR SRS
regenangtof/s &Beskedra measuiiig & aSiivitt Bk egtaBdibithd @@ of NO by
CO invaollkégoé%ergt%r %es:% %itz(%rl%%.l T%g Rzl'gL?iSGag a%gagatus specifically designed to
simulate the operation of an FCCU regenerator. The RTU is described in detail in G.
Yaluris and A.W. Peters “Studying the Chemistry of the FCCU Regenerator Under
Realistic Conditions,” Designing Transportation Fuels for a Cleaner Environment, J.G.
Reynolds and M.R. Khan, eds., p. 151, Taylor & Francis, 1999, ISBN: 1-56032-813-4,
which description is herein incorporated by reference. After calcination for 2 hours at
593°C, the additive was blended at 0.5% level with a FCC catalyst, OCTACAT®-DCH
obtained from Grace Davison, which had been deactivated for 4 hours at 816°C in a
fluidized bed reactor with 100% steam. The cracking catalyst alone or the blend was then
fed to the RTU reactor operating at 700°C. The gas feed to the reactor was a mixture
containing 5000-5500 ppm CO, 500-550 ppm NO, various amounts of oxygen added as
4% 0O/N3, and the balance nitrogen. The total gas feed rate excluding the O, containing
gas feed was 1000-1100 scem. The amount of oxygen during this experiment was varied
so that the conditions in the RTU reactor would simulate reducing and oxidizing areas of
an FCCU regenerator. The results are shown in Figure 1. The data shows that Additive

B is very effective in reducing NO emissions.
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80 959 FBP 1257[0096] The DCR was allowed to stabilize
and steady state NO em ssions data col |l ected, before a
whb@adowi2 105 g of Additive A, 0.5 g of deactiRPer/Es2006/006543

CP-3(r) and 94,5 g of the equilibriumcatalyst were
injected into it. After the unit stabilized again, the
run was continued for approximately 1 i TV O hours. The
results are recorded in Table 3 below. TOS is
time-on-streamfromthe tinme of introduction of
Additive Ainto the %}}@ﬁﬁ shown in Table 3,
Additive Ais effectiVve Tor reducing NO em ssions from
the DCR regenerator. No nmeasurable amounts OFNG2 O'N O

etected T bl e 3 Reductjon of ssjons fr
00100] s &, CsGH BT8R O R DERATHE FOUSIHG TAH SAGOPRET SuTte
crystal TR Ved % NGBS B@)R%Ha@ txﬂdﬂ’ﬁ'alﬁgﬁ ht49r€, (ANbuppéit &J&)prém as
(%9 Catalyst + CP-3(r) 25 173 Additive A5

describgd i Eggmple 35 vdththe mepw tiae [eogs7yveIn agiusted$p br@.lcba @aal
producgﬂé‘{ﬂ&g ’rtﬂfactvc\;gnéa%‘s'ieeﬁ [a§ eﬁél(ﬂ*f \ﬁg)gro%rﬁﬁg el%o%ﬁs Epﬂhlle Egﬁport

repared from an ueous slurry
was pla@%in; eh Edschohixer. pBptCuaiiitenalasmpreged Vieosiad support al ardtaal

550 e The SBORRATE BFe) o THandl TTAE-I0H P Aeny SR did

with atiSiikg tShp&ratulsofof4otieandl annihkRa tenfRrdtive olsa81°qa Eieuésru}‘tmg
3.87 | bs of 38 aqueous. sodi umh droxi de sol uti%aé 50%
Me

materipl eRyEnms Ad THeeRaingdy op. ThoA etk §ireds i 820,
4.72% %1045 1 3ok Lol RS BET QMRS Hephene, [ nc.,

EXAMPLE 7

[00101] DCR tests were carried out to evaluate the NO reduction performance of
Additive C. The properties of the feed used for this experiment are shown in Table 4.
The DCR was operated at full combustion mode with the regenerator at 705 °C and with
1% excess O3 in the regenerator flue gas. The DCR was started up by charging the unit
with a blend of 1895.25 g of a commercially available cracking catalyst, SUPERNOVA®-
DMR+ (obtained from Grace Davison), which was hydrothermally deactivated in a
fluidized bed reactor with 100% steam for 4 hours at 8§16°C, and 4.75 g of CP—3®, which
had been deactivated for 20 hours at 788 °C without any added Ni or V using the CPS
method. After stabilization of the unit, the baseline NO emissions data were collected
using an on-line Lear-Siegler SO,/NO, Analyzer (SM8100A). Subsequently, a blend of
0.25g of steam-deactivated CP-3®, 89.75 g of the steam-deactivated SUPERNOVA®-
DMR+ catalyst and 10g of Additive C, was injected into the DCR and after the unit
stabilized again the NO emissions data were collected. The results are shown in Table 5

below. TOS is time-on-stream from the time of addition of CP-3%to the unit. As shown
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96% Ce2, 4% La203, 50% noi sture) was added to the
slurry. The slurry was diluted with a sufficient
wa@pwane4eef water to bring the solids concentr abCDOSAD6/006543
12% Finally, 3.38 I bs of exchanged silica sol of
Nal co 1140 (obtained from Nalco Chem cals Co.) was
added to the slurry. The m xture was agitated to
assure good mxing and then mlled in a stirred nedi a
mll to reduce agglonerates to substantially |ess than
. 1 QL0 h il L. . ed _to. t
in Ta? £ RG0S €8 CHHES B ST NG Bt sty o e DR
regenerit@r ospheres with a di aneter of approximtely 70
m crons. Thereafter, the spray-dried product was
cal cined at approximtely 6500C to renove vol atil es
and provide a final support. EXAMPLE 4 [0098] Additive
B was prepared as foll ows: A support prepared as
descri bed in Exanple 3Takah the exception that the
[ 9]%.& r i C ng
tpr%e coerrspvlgstﬁ %g%H%g%Rg%m%%gP%\?vﬁ]\?\%sﬁﬁ%r E[g%g gi ée%l&{\jl\/lwt h a
Pd contai ni ng solution prepared by dissolving in 45

I Q te gof aPd (Il) nitrat | ution
o%@;ﬁéﬁ@ﬁ%n@@ﬁhnson- Mat hey,  whi ch ng ‘?‘%i ned 8. 643%
Pa&ulfpevinandr ed pounds of the support owese then pl aced
inan Eirich mxer. Wth the Eirich m in

ot Nigioge e d cont ai ni ng sol ut i on sprayed on

t i sRUBRQLEn, Wi, | Mpregnated material ygs then
di scharged fromthe Eirich m xer and flash-dried in a

Bvemraduegi Gadopnyt.- ¥4 ash drier with the.03
[ nperature set at 538C, and the pujlet set at
1%%&%&The resulting material contai n@d% 69. 7% Al 2083,
2 BifUaGad DijstiflaGdRpvb 20 'F 4. 72% Si 2, 970 ppm Pd and had
a(fET surface area of 160 nR/qg. EXANPN(Lf%e35 [ 0099] The
activity of Additive B for reducing i1 ssions from
t g FCCU regenerator was assessed by ngasuring the
activity for catalyzing the reduction of NOby COin a
Rédenerator Test Unit (RTU). The RTU i 86%n appar at us
s%@&i fically designed to sinulate the gperation of an
F regenerator. The RTU is descri bed83|)8n detail in G
80

FBP 1153
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Yaluris and AW Peters "Studying the Chem stry of the
FCCU Regenerator Under Realistic Conditions,"
wo@e®ogeMony Tr ansportation Fuels for a C eaner PCT/US2006/006543
Environnment, J .G Reynolds and MR Khan, eds., p.
151, Taylor & Francis, 1999, |ISBN. 1-56032-813-4,
whi ch description is herein incorporated by reference.
After calcination for 2 hours at 593C, the additive
was bl ended at 0.5% 1 evel with a FCC catal yst, OCTACAT
(r)-DCH obtained from ' BLS Davi son, whi ch had been
deactiyat ed f rs-al. 816C in.a fluidi zed bed
react ﬁe%tm %&%5@%\%13%% e&éﬁ}nﬁgqécdgttwael st al one
or, the blend was then fed to the RTU reactor_qgperating
atA‘si%E@ The gas P8I o t hd PRact or Ws a QY fheduction
cont ai ni ng 5000- 5690 pm co, Boo- 550 NO, var(®@us
anmounts of oxygen added as 4% 2/ N2, and the bal ance
nitrogen. The total gas feed rate excluding the 2
Catalysg gri€B3nIGRY gas feed-2has 1000-1 100 seEd The anmpunt of
...oxygen during this peri nment ,was vari so that ,the
Addltw(?gdi tions in the Fﬁé r eact o%'owoul d s?%l ate reda%':i ng
and oxi di zing areas of an FCCU regenerator. The
results are shown in Figure 1. The data shows that
Additive Bis very effective in reducing NO
em ssi ons. EXAMPLE 6 [ 00100] A Cu-containing solution
was prepared containing 7.5 | bs of copper sulfate
crystals dissolved in 45 | bs of D water maintained at
490C. A support was piepabeggas described in Exanple
3, with the exception that tﬁe i nputs were adjusted to
yield a final product having the conposition as shown
el roximately 100 | bs of th ort..was placed
ooto2f ! e SPRIRHTRER e W e e ML R ug BB
of a cérﬂﬁe&}bﬂl?%vﬁilzﬂﬂe Bathl &rof MXPRI §6ihéN dbntaliBg Ia0BHiQE NBESIX®
mat eri al was then di scharged and subsequent|

obtainerd| fiam- @iere dPaxisem aaf dseignaied pedyditedle bre ’_@45 uged ficthis
experirﬁ%l}t ks ?lltxe §a§{§s)&}%rtﬁé ?Ereg ug\%i di?f]?ka%%% Thent e g)ag] g%er%% at full

eria ghat e \'% cont al ned,
combu#iad@RodeAtitBAreGeidRatobieihetaliad 6F 705. “T28mdSi%Bxcets 0% The RGH

was SR PSS QTR NEAPY P 4D BOSEA & A ENByIOm erscking
catalyst BEMES 18 Pro}REtRSABRE TaBIE 1, and 4.75 g of CP-3® (obtained from Grace
Davison), which had been deactivated for 20 hours at 788°C without any added Ni or V
using the CPS method. After stabilization of the unit, the baseline NO emissions data
were collected using a MKS Online Products FTIR Multigas analyzer (Model 2030).
Subsequently, a blend of 10g of Additive D, 8§9.75 g of the equilibrium cracking catalyst
and 0.25 g of the CPS-deactivated CP-3%, was injected into the DCR. NO emissions data
were continuously collected for 3 additional hours. As shown in Table 6 below, Additive

D is effective for reducing NOy emissions from the DCR regenerator.
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Additive C. The properties of the feed used for this
experinment are shown in Table 4. The DCR was operated

wa@eoobnbde1zonbusti on node with the regenerator BECT/UOH0€D06543

and with 1% excess Q2 in the regenerator flue gas. The
DCR was started up by charging the unit with a blend
of 1895.25 g of a commercially avail abl e cracking
catal yst, SUPERNOVA(r)- DVMR+ (obtained from Gace

Davi son), which was hydrothermally deactivated in a
fluidized bed reactor with 100% steam for 4 hours at
8160C, and 4.75 g of CP- 3(r) whi ch had been
deactivated for 20 hourrgabi? 788 0OC wit hout any added

N or \I%eHﬁ tﬁ)g otfﬁ% %@9&5 B%Em At%lla{tiv'e;fﬁt' on of

t he uni base em ssi ons

coII ed usi ng an, on line L Si egl SQ2/ .
‘{e}% (SI\/BlOOA) %sequej‘i%/ %‘g of N%%ﬁ;/edé‘ﬁ“o“

st eam deact i vat ed & )

st eam deact i vat ed SUPERNO\/A(r) DI\/R+ catal yst and 1Qg
Addj;tive C, was |nJ ected into the DCR and after the

of

Catalygfik ?P33t &89 i zed agaP®>the NO enissionslldata were

Adde@b‘ ected. The resulgs are shpywn in Tapge 5 bel owsg TOS

time-on-streamfromthe tine of addition of CP- 3(r)

to the unit. As shownin Table 5, Additive Cis
effective for reducing NOx em ssions fromthe DCR
regenerator. Table 4 Properties of the feed used in
DCR tests described in Exanples 7, 8 and 16 API

Gavity @60F 23.2 Su E:%r vﬁ % 0. 023 Total Nitrogen,
w.%0.13 Basic Nitro 9/00. 04 Conr adson Car bon,

W .%0.03 K Factor 11.4 Simulated Distillation, vol.%

OF 5 453 20 576 ) o
[00103] A Fe-containing solution was prepared containing 140.5 g of ferric nitrate

dissolved in 300 g DI water. A support was prepared as described in Example 3, with the
exception that the inputs were adjusted to yield a final product having the composition as
shown below. Five hundred grams of the support was placed in an inclined beaker on a
mechanical rotator. The support was then impregnated by gradually spraying with the

ferric nitrate solution from a hand pumped spray bottle. The wet impregnated material
was dried in an oven at 200 OC for 2 hours. 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 2
hours to decompose the nitrates and remove volatiles. The resulting material, designated
as Additive E, contained: 56.1% Al;03, 20.5% CeO,, 7.56% Na;0, 7.5% SiO,, 5.4%
Fe,03 and a BET surface area of 103 mz/g.
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40 660 60 743 80 838 FBP 1153Tabl e 5 Reduction of
DCRNOx em ssi ons when using Additive C Additive Anount
WaaeeM@eINOx Reduction (W. %) (h) (ppm (% XBat/Eb2086/006543
+ CP-3(r)CPS 0.25 303 Additive C 0.5 3.0 203 33
EXAVMPLE 8 [00102] DCR experinents were carried out to
eval uate the NO reduction performnce of a
commercially avail abl e sanple of a My- Al spi nel
contai ning additive, DESOX(r) obtained from G ace
Davi son and desi gnat g¢ tive D. The feed used
for this experinent E m@sgm as the feed used in
Exarrpl e 7 The DCR vvas operat ed at full conbustion
enerator

00104] 0B e5hefina? Bre et d IS Bl By NS BeRt PRlbrianse

of AddW'i\IerE aThé E@Qe@i&s 31898 fed u@ecpfor Anes€ @idherintdhishiie SHoeKinMTble
aving the properties shown Table 1, and 4.75

cat al
7 beloy.of T @WR)W%BPW@M@%@@%@UW SRp, atwA IeReTIEIor

temper?% dﬁg df‘jﬁ%modr X@‘ \gg}cll frl]% efxﬁgss g%grﬁ%ﬁcgwgta\f’fea t&B Wit ADbo g of

an eqkatlaﬁ).itrh | @ratidion caﬁ‘alytsh éaving t the t frepdrdselshoven NO® ‘Batils . onsfter

sabliggips pHEE CafatySehhq WU 209 S aBhe T LB BRieh

had beeh dd&ivakd Adhd hoes B 7@c7x5mgwfan R@dRN bi Vrusu@ the CPS
cracking catal yst_and 0. 25 of the CPS-deactivated

methodopregg pmect%glt@ H}eeEEBd Afieo sfﬁhlélzmn ofiie aits gheoprselingt HO
em1351 g\?\%&?ﬁ% @%%E&{l Fﬁh%\,e %} flf?é é a?l@gégie ?g?l | o fﬁ'xaly%ér
(SMSI@QADJC Sml@eq{antlg,m sendbofs0. ﬁgmﬁ itd:vm -DeRtivegARI; 89.25 gloif ¢he
equlhb?lum cragkmg cate(ayst and 16\'9§ o%éds tlvené v\(\/@sel?yeléfcéd ugtoAﬁiéj bb'RV eTh

results are shown in Table 8 below. TOS is time-on-stream from the time of addition of
Additive E to the unit. As shown in Table 9 below, Additive E is effective for reducing

NOy emissions from the DCR regenerator.
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Addi ti ve Anount TOS NOx NOx Reduction (w. 9% (h)
(ppm (% Catalyst + CP-3(r) CPS 0.25 112 Additive D
wO2®63048158 39 EXAMPLE 9 [00103] A Fe-cont ai ni PQI/US2006/006543
solution was prepared containing 140.5 g of ferric
nitrate dissolved in 300 g DI water. A support was
prepared as described in Exanple 3, with the exception
that the inputs were adjusted to yield a final product
havi ng the conposition as shown bel ow. Five hundred
grans of the support vvarfalgl.]%a}ced in an inclined beaker
on a nechanical rotator. e support was then
i mpr Eupattied obihe deesldued inyDGR @y degcritiet] n Ekenflel i c
nitrate solution froma hand punped spray bottle. The
wet inpregnated material was dried in an oven at 200
OCAPDGraRith@ 66 F The dried cake was in phg form of
Iﬁ@gﬁchuo ks and was first ground in a bl ender and
sc el Bef ore cal cining at 650 0C foP23 hours to
derQamesesd&tBi trates and renove vol ajihbes. The
resulting material, designated as Additive E,
c opasil Niwpgesavifes Al 208, 20. 5% Ce, 7.68%H Na20, 7.5%

Si % _F nd a BET surface area,nof 103
nﬂ%r@xﬁﬂéﬁg’%ﬁ%%omq DCR experi ment A re carried
oUuf Fagoeval uate the NO reduction perf arimgnce of

Addi tive .The pr r.ties of the feed used for these
e%@?%ﬁ?“@@%ﬁ‘g% %n Tabl e 7 bel ow. The DCR was
operated under full conbustion node at 484 regener at or
&Z%rEDerature of 705 0C and with 1% excess 2. The DCR
started up with 1900 g of an equil PB¥i um cracki ng
cajpl yst having the properties shown ip.Jable 8. After
stabilization of the unit, 95 g of the éequilibrium
cr@cki ng catalyst and 5 g of CP-3(r), 8/ ch had been
d tivated for 20 hours at 788C vvithog(g any added Ni
or using the CPS nethod were injecte into the DCR
AfER® stabilization of the unit, the bmggegline NO
em ssions data was col |l ected using an on-1line
Lear - Si egl er SO2/ NOX Anal yzer

Table 8

Properties of equilibrium cracking catalyst used in Example 10.

SiO; 50.9
Al,O; :wt.% 455
RE;03 :wt.%  0.37
Na;O wt.%  0.37
Ni : ppm 681
\'  ppm 1160
SA : m/g 168
Zeolite :mé/g 128
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(SMB100A). Subsequently, a blend of 0.25g of
steam deacti vated CP-3(r), 89.25 g of the equilibrium
w@e@eko4s2 cat al yst and 10.5 g of Additive E, weSI/US2006/006543
injected into the DCR. The results are shown in Table
8 below TOS is tine-on-streamfromthe tinme of
addition of Additive E to the unit. As shown in Table
9 below, Additive E is effective for reducing NO
em ssions fromthe DCR regenerator. Table 7 Properties
of the feed used in 5 gbs descri bed in Exanple 10
APl Gravity @60F 22.8 Sulftur, w.%0.23 Tot al
Ruiduetogenrt NOvendisshorsdrdBatied GR Repgertonwhetoudingdiditive E
Conradson Carbon, wt.% 1.44 K Factor 11.65 Sinul ated
Di Additied | on, \Aahodnt OF 5T984 20 6&l, 40 784,08dlodo80
963 FBP 1365 Tahke%d Propeghjies qppmguilibri yng)
cracking catal yst used in Exanple 10. SiO 2 50.9 Al 23
Watdfy45. 5 RE2O3 @ wt. % 0. 37 Na2OQ7 wt. % 0. 37

CP-3®CPS 0.25 249
Additive E 0.5 3.0 191 23

EXAMPLE 11

[00105] Additive F was made by preparing 100.0 g of a support as in Example 3,

except that the inputs were adjusted to yield a final product having the composition

shown below, placing the support in an inclined beaker on a mechanical rotator. A Rh

impregnating solution was prepared by diluting with DI water 0.5 g of a 10% Rh nitrate

salt solution to 100.0 g. The support was then impregnated gradually by spraying with

100.0 g of the dilute Rh solution through a hand-held pipette. The wet impregnated

material was dried in an oven at 120 °C over night. The dried cake was in the form of

large chunks and was first ground through a screen before calcining at 650 °C for two

hours to decompose the nitrates and remove volatiles. The resulting material contained:

65.3% Al;03, 9.6% Si05, 21.3% CeO,, 5% NayO, 437 ppm Rh, and had a BET surface

area of 140 m?/g.

EXAMPLE 12

[00106] The activity of Additive F for reducing NO emissions from the FCCU

regenerator was assessed by measuring the activity for catalyzing the reduction of NO by
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Ni : ppm681 V : ppm 1160 SA : n2/ g 168 Zeolite : mJg
128Tabl e 9 Reduction O NOx em ssions fromthe DCR
woe@enetwst or when using Additive E Additive AnRCHUSZIAB006543

NOx NOx Reduction (wt. 9% (h) (ppm (% Catalyst 27
CP-3(r) CPS 0.25 249 Additive E 0.5 3.0 191 23 EXAWPLE

I I [00105] Additive F was nade by preparing 100.0 ¢

of a support as in Exanple 3, except that the inputs

were adjusted to yield a final product having the

CO inCPRBEFblatR MeSOMR (@?U?Wsm@ kiacdang ﬁr@@edﬁiépa‘%% tE)daHlp%nS The
i nclined beaker on a nmechani cal rotator.

resulty #rpshgyain Figusal belown Thaslajsr hpartbe Additve Emi Yegy wifediivblin

g of a 10% Rh nitrate salt solution to 100.0
redUCIWEﬁ\%elgrs‘,support was then inpregnated gradually by
spraying with 100.0 g of the dilute Rh sol ution
t hrough a hand-hel d pi pette. The wet i npregnated
material was dried in an oven at 120 OC over night.
The dried cake was in the formof |arge chunks and was
first ground through a screen before cal cining at 650
OC for two hours to &@%Wé@el%he nitrates and renove
vol atiles. The resulting material contained: 65.3%

Al 28, 9.6% Si 2, 21.3% Ce2, 5% Na20O, 437 ppm Rh, and

[0010Rad a BEqbrmmsiﬁamedeaigeaecbfas 1Adlitive/ G, WeEXANdPlaed 13sifg) 00Bse

ive E.for

mater 1lap prﬁg‘%{ m fe gggﬂﬁhg teé%ep\;vgg t}éas g%gg%tgggzerer@égﬁaﬁ tﬁ gnseld a

final g dsr&ucalcetwmg thy chraposirinashy®wh elotwh eEigiey peairs 0 tHefoadGhiyiadPwas

Rege erator Tes nit (RTU) using the sane
placedp;p SR él}fﬁ% akqr gn qlrgcaé rotagm\ li) master Ign solution was prepared by

diluting with DI water 1.0098g of a 10% Rh nitrate salt solution to 77.48 g. 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% AlyOs, 4.5% SiO;, 5.1% Nay0,

17.5% CeO,, 1005 ppm Rh and had a BET surface area of 127 m?/g.

EXAMPLE 14

[00108] The activity of Additive G to reduce NHj3 emissions from an FCC unit

regenerator operating in partial burn or incomplete combustion was compared to the

activity of the cracking catalyst alone. The experiments were conducted by reacting in the

RTU reactor NH3 with CO at various levels of O,. After calcination for 2 hours at 595 °C,

the additive was blended at 0.5% level with a commercially available FCC catalyst
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results are shown in Figure 2 below The data show
that Additive F is very effective in reducing NO
wepiossowns. EXAMPLE 13 [ 00107] A conposition, PCT/US2006/006543

designated as Additive G was prepared using the base
material prepared in Exanple 3 with the exception that
the inputs were adjusted to yield a final product

havi ng the conposition shown bel ow. Ei ghty grans of

the base material was placed in an inclined beaker on

OCTACTRAEE5hyf L1 AT EUNES LS Bt

hours afl 81r6§lCem$aﬂmdlsﬂi bedireavtdr ovithi7l 0086 greamher hbas@kiiﬁgtc@traiy@ﬂ alone,

o e R R A0S} GRSl LY 0 B DO o1

at 7oan ozz! erhaygetsema T@ ehNVR T Rpdsegnat@te TRUGHL 3hd V88 Yntfting
in an oven at OC overnight. The dried cake was in

approxifjiatel p ppq epmﬁ\éfrlg éog@réﬁ%pm %@FIPP% gnowitoeh@: pdded as 4%
0, in R ERHBYS trRNGHEE %@ﬁ‘gose&g ﬁr eTl?@ltocf%I | %e%‘ e QXCQL%mgO the O,

two hours to deco
contaiging gas fess, Wﬂ'mbOQOelshQDtspﬂg e eesudth atmwt:cmdacém Frgaxea% and 4

oo 458ty U G S P B

preveﬂtﬁ@h%@on’ﬁhleloacmll\m); y Nof othetdhitroyé 6xitle (e@duRe, NF3N,0) were
ions froman FCC unit regenerator operating in
deteth)‘gII”i‘qs%ﬂtm% therogyersipr g f(émekﬁ’ﬁ%lﬁ%?m@%\ef\fvas conpared to
the activity of the cracking catal yst al one. The
experinments were conducted by reacting in the RTU
reactor NH3 with CO at various |evels of 2. After
cal cination for 2 houys C, the additive was
bl ended at 0.5% | evel >§Al€)I%nglgomnar cially avail abl e
FCC cat al yst (OCTACAT (r)-DCH, obtained from G ace

omoffe! SRl g0 S0 R Seartl gl S Lot ol Bl

chloroBy @6k k10t SRy Sblida), Um0 gJ(dr%r hﬁs@}jgif few&lt@ &9@5!41903 = 20,
cat al yst bl end were separate fed U reactor

Na;0 §dealat il 2a¢ erophodditivha vy tP afie tacleﬂWewlR@Ucvmgmqi about
0 | |

0 A e L P A, 00 L SR

2.5 pmoendthem sp2y deietl intshBobah apes dgerngThe spragdried Phaiuct was

calcinécp HcoarI o %%mfteeseg §ﬁt>8 e&[%u%lq%g % (t.)th gal(%ed product was placed in an
inclined beaker on a mechanical rotator. A master Rh solution was prepared by diluting
1.001g 9% Rh from nitrate salt to 100 g with DI water. The calcined product was then
impregnated by gradually spraying on it 16.7 g of the dilute Rh solution further diluted with
75 g DI water, targeting a concentration of 100 ppm Rh on the finished catalyst. The wet
impregnated catalyst was dried for 1 hour at 99°C and then calcined for 1 hour at 593°C.
The resulting material was designated as Additive H, had the following analysis: 71.4%
S10s, 28.3% Al;O3, 0.1% NayO, 0.1% K,0 and had a total BET Surface Area of 328
m?/g.
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contai ning gas feed was 1000-1 100 seem The results
are recorded in Figures 3 and 4 bel ow, which show t hat

womistd46e2 G is very effective in mnimzing NHCT/US2006/006543

em ssions and preventing its conversion to NOx. No

ot her nitrogen oxides (e.g., NO or N2O were detected,

i ndi cating the conversion of NH3 to nol ecul ar

nitrogen. EXAMPLE 15 [00109] An aqueous slurry was

prepared which contained 652 I g of alum num

chl orohydrol solution (23% solids), 4500 g (dry basis)

of ferrierite (SIO2/A2C38 = 20, Na O+ K20 < 0.2) and

enough addi ti onal watEXAMPLERKe a slurry which

cont ai ned about 40% solids. The slurry was mlled, in

a Drais mll, to an average particle size of |ess than
[001 m] 5 mMmmnddidve bewasemattadrih @i DCORaun@eyBdtiSIiudy céHdyt®ns. The

dr| egggéroduct vvag?cal cined for 90 m nutes at

feed ‘§§§ e ha §raperties seowdn greblutt Tom® @l aws Fhpiged
1n1t1algnWltﬁ%ﬂp‘ﬂ&gmﬁﬁﬁkqm(ﬁ’% 8f ﬁﬁcéalﬂmb?i@}n Eﬁ%l@hgrcatdgr g’?éfgﬁﬁ the

solution was prepared by [ uting
propeftiey pRayin ingladlesla| Ther ﬂpvw&e of aM @hh@%ﬁweraﬂrewasalﬂmsmé do

as to &5%?%9?@@@?%&@;0 d’ﬁ? %ﬁ%ger? ?lgé;ggﬁ%%el S aclj)q?/ {1 (%h Ofthe

unit, ﬂmetbaséd&egﬂlﬁm gua N, emxamgm datg veere apotemdd asingra MKSL@hline

proauBFTT ofiiged Syl D). 1SSl 0B e acp TR ARG 10 ¢
of Adéiiveinest DOz Jf the B%&%Emﬁ@ 3@101{115% %atraﬁﬁ,ﬂbvh ﬂ?ec't@{t iftd @bk DCR
|

was desi gnated as tive OW N ,
and Nih gmyssians were goptigueysly oglegisg ﬁ@rz”c%h @\MWN&W ) EiEiROs
frac /

was d?t@&e@ @gor@ Q% %lto?\%gd%a}g ?ha %g%tg 1e§<§1§ei(ﬂgl ’%%E%\ v that
Addlt{yaﬂ 1satffeciwenn ceshdingiNhsemiFfiensfeven at® & avtFoarf tludwmmatlleatalyst

the properties shown in Table 4. The DCR was
charged initially with approximately 1900 g of an
equi | i brium cracking catal yst having the properties
shown in Table 1. The flowrate of air to the DCR
regenerator was adjusted so as to achieve a CO2/ CO
ratio of 7.0 in the regenerator flue gas. After
stabilization of the unit, the baseline flue gas NH3
em ssions data were collected using a MKS Onl i ne

Table 10
Reduction of NH3 Emissions from the DCR Regenerator when using Additive G

mventla

Additive Amount TOS NH; NH; Reduction
(wt. %) (h) (ppm) (%)
Catalyst 128
Additive F 0.5 1.5 69 46
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Products FTIR nultigas anal yzer (2030). Subsequently,
100 g of a blend containing 10 g of Additive H and 90
w@2@b/1048€2 equi | i bri um cracki ng catal yst was i nPEDUSIH06/006543
into the DCR and NH3 eni ssions were continuously
collected for 3.8 h. No increase in NO em ssions was
detected upon injection of Additive H The results
presented in Table 9 show that Additive Gis effective
in reducing NH3 emni ssions even at 0.5 wt % of the
overal | catalyst inventory. Table 10 Reducti on Of NH3
Em ssions fromthe DCR Regenerator when using Additive
G Addi tive Anpbunt TOS %I%IW-@ Reduct i on (Wt. % (h)
(ppm (% Catalyst 128 Additive F 0.5 1.5 69 46EXAMPLE
17 [00111] Additive | was prepared by first nmaking a
[001¢Hposi AfdHvebvagprepreeddrydustduakingi momammrsxselgék@wpcedure in

t u f [ n pr Qduct
e K08 DRV VAR SHL0050 5, L0 of WD GG e
com@ithshy SAD, Z2(880,60a,0%%. 1% @%)QDS ang Ad , BEG0. 3%, d)f9%l.!1311 an@/agBET
oxkatel y 80 of .t hi osition were placed.i
A g EncaPriediRert R0 2 HERarTER HPBC A G Tachd Fat dyclined
beal (8}101$Q|1ﬂ50hé2f'ca\l\@&at@f epahferRh Silbtiohi vig phefaed by &Mtﬁfg w1th DI
of a 10% sol ution of Rhmtrateto? 8 0.

Water dquPu%g 08? 1 0% ohtiga T Rbghitradel tonly 4 eerodi thghes. dslstlgn vhs mpéled

by @GNS ¥ oFBR D IRONE maR iAo BN WaEHo dbfhin

a totlahefnlght‘rpf é@ rgat ‘Blok bxyngmsadmawawthsm liraytepigpted b g&@lugll}ofspraymg
| on.through, an ai

witn G4 b PHs 58 AteRARRo SRe ae rRE Seabedt Fetqg The

wet thipreghaied nﬁfﬁ?rﬁal evas ]écilﬁled aDarO@Ldﬂ\aﬁﬂB(D gdafoverﬂg?t dTh@drl&ladﬁge was

. .was in the formof |arge_chunks an s first groun

in thenfoamb@ffeﬁa@ B SeF et B GO Bt 1A Asigenst s@ewmed before

calmfnﬁlrg att\@‘QOh@Uﬂb§ W@ heEs Q&@@&%p@@tb@'rﬁt‘iﬁé@&dﬂ%&o(f@ lJQl\éﬁles The
volatiles. The resulting material contained

resultiog marerpds@itared: 399KaA0 0517.7795102 Ne.@IBI CeOz, 1 8% Cu,
90 ppm Rh and had a BET surface area of 107 m*/g.

EXAMPLE 18

[00112] The activity of Additive I for decreasing the emissions of reduced nitrogen
species, e.g., NH3, was assessed by measuring the activity to convert NH; to N, in the
RTU in the presence of CO at various oxygen levels, using the procedure described in
Example 14. As shown in Figures 5 and 6, Additive I is effective in removing gas phase
reduced-nitrogen species, like NHj, while preventing their conversion to NO at low
oxygen levels. In terms of preventing NO formation, its activity is superior to that of the

catalyst alone.
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90 ppm Rh and had a BET surface area of 107 nR/g.
EXAMPLE 18 [00112] The activity of Additive | for
wale@saasing the em ssions of reduced nitrogen BEEUSHE6/006543
e.g., NH3, was assessed by neasuring the activity to
convert NH3 to N2 in the RTU in the presence of CO at
vari ous oxygen |levels, using the procedure described
in Exanple 14. As shown in Figures 5 and 6, Additive I
is effective in renoving gas phase reduced-nitrogen
species, |ike NH3, ﬁﬂ@ nting their conversion
to NO at | ow oxygen | eve stﬁﬁﬁ terns of preventing NO
formation, its activity is superior to that of the

00115 e Rbouf 1RG5 4T S SH T e b He) RARLY oo LBk

obtain8PF3MNERcE DATIEN)AcH JhRél $9 B mﬂﬂﬁe(pl!oe@[%@rcbnl at]m@a)alnmai 1oRgsk.
beaker on a nechani cal rotator.

A Rh splapan ss wemr%w dlsff@VIOgd)SOSgg@If RﬂmmfﬁnatGr S@ﬂte(lgdﬂ% Rirpinfo
95.0¢g M}/ Y)rfz{evatnegtng %@) ¥y lJf_gln ﬁ‘@[’%ﬁatc&_ e gﬁﬂﬁﬁgf%}ﬁ\@?g tdlh%' 0g of

the dlldteld Llﬂle&d)lLFﬂmnsrathﬂ plpctta/\/l Tf'm: vaet pmnp@glmed Mhterielevas dried at 120 °C
nat ed ter i.a ri.ed a 20 QC overn t.
overntgflR B Qi ealR il ne i HruRe Shor gl e el rovaly e
100 mesHisohad Hehure u@bintngld @ s0esfostreigurdef d&@np@de&hmhmgteétand
650 C for_two hours to deconpose the nitrates

remove fRjiESy ol Ngt P NS THBPGSEIN Wi s Eonip0 8 BT Rele and had an
analysg§%f @@@%eée@ﬁ Ak *M%@ "3 z%wlmdab%at ang ysgr of3 &?&@

Ng 208,” about 1.3% V and 1
with a@ﬁﬁmfacwneh 1m/gurface area of 133 nR/g. EXAI\/PLE

20 [00114] Additive J was evaluated in the DCR under

partial burn conditions for its ability to reduce NH

em ssions in a FCCU. The properties of the feed used

for this test are sh | e 11. The DCR was

charged initially wt %ﬁ?‘ mately 1800 g of an

eqU|I|br|un1crack|ng catal yst having the properties
in Table 1. The flow rate of air to the

[00114legeneAd@16Ve hags shgluaieein he IR pades ppitiel burg ce@m@ﬁ for its
ablht}f I%tIE&JCQfN}% Onisflodshf a FCCU. The properties of the feed used for this test

are shown in Table 11. The DCR was charged initially with approximately 1800 g of an
equilibrium cracking catalyst having the properties shown in Table 1. The flow rate of
air to the DCR regenerator was adjusted so as to achieve a CO»/CO ratio of 7.0 in the
regenerator flue gas. After stabilization of the unit, the baseline NH;3 emissions data was
collected using a MKS Online Products FTIR multigas analyzer (2030). Subsequently,
100 g of a blend containing 9.5 g of Additive I, which had been deactivated for 20 hours
at 788°C without any added Ni or V using the CPS method, and 90.5 g of the equilibrium
cracking catalyst, was injected into the DCR and NHj; emissions were continuously
collected for 4 h. The results in Table 12, show that Additive J is effective in reducing
NH; emissions even at 0.5 wt.% of the overall catalyst inventory. No increase in NO

emissions was detected upon injection of Additive J. These data suggest that Additive J
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regenerator flue gas. After stabilization of the unit,
the baseline NH3 em ssions data was col |l ected using a
wWOAB6DMeine Products FTIR multigas anal yzer (2B3GDVS2006/006543
Subsequently, 100 g of a blend containing 9.5 g of
Additive I, which had been deactivated for 20 hours at
788C wi t hout any added Ni or V using the CPS nethod,
and 90.5 g of the equilibriumcracking catal yst, was
injected into the DCR and NH3 em ssions were
[ 4 in . Tabl

s oG RSO ERE diften “upied 15, IR S i

regen@mosm ons even at 0.5 vvt.%of the overall catalyst
inventory, No increase in NO em ssions was detected
upon injection of Additive J . These data suggest that
Additive Jis effective in converting reduced nitrogen
species to nmolecular N2 in a FCCU regenerator. Table
11 Properties of feed Us® 1n the DCR experinents of

Exanppgp &%eﬁgﬁfeﬁ @l by th@ﬁﬁ{ Q}?Pe?lljfregts ¢ ‘E&é‘rﬁ?le% /°

1.014 Tot al N trogen, Basic Nittogen, . %
0. 0448 Conradson Car bon, .%0.36 K Factor 11. 87
Si mul APFUGEXvstyi dpl68toFon, voI .% OF |1 BP 306 5 389 20 707
40 79SuBr,%&8°80 935 FBP 1179Table 12 1.014

Total Nitrogen, wt.% 0.11

Basic Nitrogen, wt.% 0.0448

Conradson Carbon, wt.% 0.36

K Factor 11.87

Simulated Distillation, vol.% °F

1BP 306

5 539

20 707

40 795

60 858

80 935

FBP 1179
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Reduction OONH 3 em ssions fromthe DCR regenerator
when using Additive J Additive Anount TOS NH3 NH3
woedaaodeon (w. %9 (h) (ppm (% Catal yst 264 PCOUS1006€006543
J 0.5 4 161 39 EXAMPLE 2 1 [00115] A hydrotalcite base
having 36.6%total volatiles, and approxi mately 66%
MO, 30% Al 2G8, and a BET surface area of 235 nR/g was
obtained as a fine 425 nesh powder froma | aboratory
preparati on made as follows. A m xture containing 70.3
g of MJO, 32.1 g of Porggel 1AP- 15 anorphous rho phase
hydr ous al um num oxi de, and1 470g of water was aged for
Radustion of Mt ¢0s06s frivinlths PCR rbgenetats when eising delditive J
accumnul ate several hundred grans of the hydrotalcite
pr ddiditive The fi ne Amoabt e hy@O® al ci t NEppWlerNHERe® et tion
to be bound and ag@Homwsyated @p it wagpai)i t abl e f(og)
testing in a fluidized bed reactor. Ceria was al so
addeglaly& the conposition. The binding gfs the
hydrotal cite powder and the incorporation of ceria
wePddidize dnpl i shed byd-? npregnatting 79 gléds-is wei gh? of
hydrotal cite base with a solution containing 15.1 g of
ceriumnitrate equivalent to 6 g of CeQ2, 28,9 g of
al um num chl or ohydrol sol ution having 20.9% Al 203 and
sufficient water to render the hydrotal cite base at
i nci pi ent wetness. The resulting support was then
dried in a ceramc dish in an oven overnight at 200 C
The dried hydrotal cite base was subsequently crushed
t hough a 100 nmesh screen and cal cined for 2 hours at
650 0C. The resulting hydrotal cite base was then
i npregnated with 45 g of asolution containing 0.05 g
of Rh from rhodi um niEXAVELERAL (12.1 1% Rh) targeting
100 ppm Rh on the finished catal yst. The wet nateri al

oS R0, AR B i
MgO,@@WA[’Q@sj, QRd f BETZuRAM SeRbf @%Qn@gwayagta%ti%lﬁ :aéﬁrglg}ﬁ?g tmesh

further "aggl onerat ed by conpacting in a sna
powd @I fess adisbracregepargidnhhadegh falld08) ABERNEEERRinink.3 g of

MgO,f3|2.r}aé o? Igc%gesf iAtPl- Sn alwgrsf)hguessrihg Bﬁatlsg%ygfcc’)us aluminum oxide, and 470g
of water was aged for 24 hours at 100 °C. Multiple batches were made to accumulate
several hundred grams of the hydrotalcite product. The fine friable hydrotalcite powder
needed to be bound and agglomerated so it was suitable for testing in a fluidized bed
reactor. Ceria was also added to the composition. The binding of the hydrotalcite
powder and the incorporation of ceria were accomplished by impregnating 79 g as-is
weight of hydrotalcite base with a solution containing 15.1 g of cerium nitrate equivalent

to 6 g of CeO3, 28.9 g of aluminum chlorohydrol solution having 20.9% AlpO3 and
sufficient water to render the hydrotalcite base at incipient wetness. The resulting
support was then dried in a ceramic dish in an oven overnight at 200 C. The dried
hydrotalcite base was subsequently crushed though a 100 mesh screen and calcined for 2

hours at 650 °C. The resulting hydrotalcite base was then impregnated with 45 g of a
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Additive K and had the follow ng anal yses: 52. 9% MO,

33.4% Al 203, 10.4% CeO2 and a BET surface area of 164
WOor0og/1046XAVMPLE 22 [ 00116] The activity of Addi PCTESH06/006543

for decreasing the em ssions of reduced nitrogen

species, e.g., NH, was assessed by neasuring the

activity to convert NH3 to N2 in the RTU in the

presence of CO at various oxygen |levels, using the

procedure described in Exanple 14. As shown in Figures

solutidn @8aiBing SR i orR Ko BbLARET hiv@te Al @IVYINEhY RSiRASI60
reduced- n| trogen species |like NH and preventi ng therr

ppm Rippw e dinished eataipstEXXARPIEM231iploYespEpinAlig O ¢8ight ingsceramic

b our
i PR SN ot s, LSRGy it B
at 65 T.afThé amterlahd/aaﬁmﬁhev(agmmrycecsbmoma@%‘ng mz&mllg%let press

2% . 7% 97 m .Pd BET surfa
and SGEEENGTITEED th 105 midh soreman o B crumBfioR FaSlo Aika o
AdditSAVRAELZAhE 9911k hg TheyR6:132v09% Wi, 38hes AddD,t 19.6%dCéd®rand
removal of HCN from an FCCU regener at or was conpar ed
a BET gurfaseaigaof 9457 /8f the cracking catal yst al one and a
commerci al pl ati num cont ai ni ng conbusti on pronoter, CP
-5 (platinumon alum na) sold by G ace Davison, a
busi ness unit of WR Gace & Co.-Conn., Colunbia, MD.
[00119] The cracki ng t s deactivated for 4
hrs at 816C in a fl ui %zAzJéMgéé reactor with 100%
steam and coked in a DCR After being coked in the

I AHERETRER SR DR 7S S
mtroége%%emé@ b ? 2N}% Rak afe@edby heasuridR theCami Ry Etﬁ@on]veﬁ NM; (%N,

About 20 g of the coked, crackin
in thed&TTdmyﬁte pa¢ssm§= of (¢ Q@ At YapieuLeKYigeR leaels, rngtth%p@@%{a% figsgribed

i R SR AL i SO GRS LRLIE Tt
phasciede@ilmitnggea lsperiesI e OB vant pravietingethein ccmszsmnth INQwvu ng
an experinental procedure commonly known to those
skilled in the art as
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Tenper at ur e- Programmed Oxi dation or TPO and starting
fromroomtenperature, the reactor was heated up to
wW@bwatio4680D OC by raising the tenperature at a PEI/ESMWN6E/006543
about 9C/ min, while continuously flow ng the
af orenmentioned gas into the RTU reactor. During this
experinment the carbon, hydrogen, nitrogen and sul fur
cont ai ni ng coke species were gradually burnt rel easing
Cx2, CO SO, reduced nitrogen species |ike HCN, NO
and sone N2O. By int ' he detector signal over
the duration of the ?gE§§%2%¥%%nt we were able to
neasure the anount of the various gas phase species
are recorde

de. : | t in Tab 3 bel

0011 FEF, 0TS TS paPGRh IR Ao Fnbt Pl parcedshas B

The additiec hatl tHenfotlb:ﬁinlgTdﬂary@iesﬁtsiﬁ% %c?tfaﬂ tkﬁéﬁleié anbl;a})pﬁ)%gftleﬂlély-rfﬁ@z
at al yst . acKl n eC| es alys

9% Qsp DR Aot 8 A o e Tampm P e 356i5¢ 96268 167
m*/g 2864 theahlpGHi3RIING G an 1. A process of reduci ng NOx

em ssions froma regeneration zone during a fluid
catal ytic cracking of a hydrocarbon feedstock into

| ower nol ecul ar wei ght conponents, said process
conprising (a) contacting during a fluid catalytic
cracki ng (FCC) proceEXAMPLE 24Ox em ssions are

rel eased froma regeneration zone of a fluid catal ytic
cracking unit (FCCU) operating in a heterogeneous

[00118jonbusThoBctiRgeot e A dfEte A0S trdfal o HYNT 868" RPFCCu
feedstock with a circulating inventory of a FCC

TegeneERIGLRATEP BRI &l tpdhe antirity ofte crasdiingtcrialyst dapoaid ¢ ermmercial
latinG Bkt Hkfdcdn 0P8 N 1R LGr
i SEIBEASRR ity |15 0 AN DRGNS
Daviseravibuginessaniiof W.RyGtaoe Sedue@oriOCodumisis Mbs 1 el eased
[0011§]r om aTtil__eCccr:élJckrir&e ga?a?}cs?tvx}ag QeelVated for 4 hrs at 816°C in a fluidized bed
reactor with 100% steam, and coked in a DCR. After being coked in the DCR the

catalyst had a composition of 31.6% Aly,Og, 2.4% RE,O3, 0.45% Nay0, 0.65% TiO,,
0.5% Fey03, 1.3% P,05, with the balance silica, and contained 1.5 wt % coke.

[00120] About 20 g of the coked cracking catalyst alone, with the Additive L or
the combustion promoter added at 0.5 wt % was loaded in the RTU. The gas flow to the
RTU reactor was about 800 sccm, containing about 5% O, with the balance No.
Following an experimental procedure commonly known to those skilled in the art as
Temperature-Programmed Oxidation or TPO, and starting from room temperature, the
reactor was heated up to about 780 °C by raising the temperature at a rate of about
9°C/min, while continuously flowing the aforementioned gas into the RTU reactor.
During this experiment the carbon, hydrogen, nitrogen and sulfur containing coke species
were gradually burnt releasing CO», CO, SO,, reduced nitrogen species like HCN, NO

and some N;O. By integrating the detector signal over the duration of the TPO
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operati ng under oxidizing conditions during a FCC
process and (ii) at |east one reduced nitrogen species
w@ompomesnt having a nmean particle size of greaP€r/usivae006543

45 mm and having the ability to reduce the content of
reduced nitrogen species in a FCCU regeneration zone
operati ng under reducing conditions during a FCC
process, wherein conmponent (i) and conponent (ii) have
di fferent and distinct conpositions and are used in an
.amount _effective to red . f

experingert i Wa B endrar o e idint 3R RO ol e GesAade

The resld bfttre&XrNQin dablss3 de®W: el eased from t he regenerati on
zone of the FCCU relative to the anbunt of NOx
em ssions rel eased in the absence of the NOx reduction
conposition. 2. The process of Claim1l wherein the FCC
cracki ng catal yst conprises a Y-type zeolite. 3. The
process of Claim1l wherein the reduced nitrogen
speci es conponent does not significantly increase the
content of NOx em ssi opgpleinger any node of conbustion.
4. The process of Claim 3 wherein the r%gg d nitrogen
speci eBieasHpbHEsHNt @HRITOA SPPriEs dejested iRdh ﬁﬁe nt of NOx
by noreactonariluemozoi) deries FRBAhColsT agkingrdediit i n Foou
absent the reduced nitrogen species conponent. 5. The
process of ol aifp 4 wherein the reduced nitrogen
sg?&ii&s corm@ﬁé:% has the alppbky to converdqdigeced
nrtrogen species to nol ecul ar nitrogen under reducing
conditions. 6. The process of Claim1l wherein the NOx
I?ﬁQUction c ent does notggygnificantly irmosease

e content of reduced nitrogen species under any node

M conmbusti aes7. The processpids Clai m 6 whepé4T6 t he
NOx reduction conponent does not increase the content
NfOr educed rgsgBogen species by nore than 10% of the
amount of
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reduced nitrogen species present in FCCU absent the
NOx reduction conponent. 8. The process of Claimé6
wob@cad4s1z he NOx reduction conponent reduces NERT/US2006/006543
em ssions by converting NOx to N2 9. The process of
Caim1 wherein the NO reduction conposition is used
as a separate particle additive.10. The process of
Claim9 wherein the reduced nitrogen speci es conponent
and the NOx reduction conmponent of the NOx reduction
We CE@ppPOsSi tion are contacted with the FCC cracking
catal yst inventory independently as separate
particles. 11. The process of Caim9 V\,herei n the

red tr e onent an
Loy g‘dﬁr% ? on fcr(e)%%gn ﬁtB ofn(?%‘q'hoél > I}er%lr?nczgﬁfxéig’fl?g grfluid
acz&alphy siraxkidgy o dimhyd@dedrbora fsedst@ble iatdildwerempReEflaC Wight
r ss of Claim1 wherein the NOX reduction
CBWB%%GP{)OW ROGGS FHPRGINE  conponent of the cracking

f'cbh&ﬁetmjﬁdurﬂ’ge aPfi@gestalfhc CtRkiMe 1B BiResNEnAPNO,
u

ction co ositionis a artlc ate conp ositlon
sélln@éltoéijalﬁrrélﬁﬁ&eﬁ drogt @E&ge@@ﬁtsqrszqnﬁ @l effluiq a«}talatlc cracking unit

e%ju \(th %r}lefe i@%ﬁé@@%o&b&s‘c@h A‘l(? S&r‘d%r WJ% c%ndltlons, a
asur he oxid an aci oxi de
cbyrtracanbcng fe@dstjs¢l<aMth al ¢iscutating émsl'elntoey of iai yC@tcrdokagt cafhlist
neasur e s the oxi .
o R e T Bl R R Eon CRER LSRR Mo B e oD redugpion
aorapdizhi hevieak triieafBiagdclabide BF Xtdafe@ Thdnn8s @af , and(faving the
~at least 0.1 w. % neasured as_ the oxide, of a rare

edbilily & rFﬁiU&fﬁszP( ofninwens| relsaserb Aot o A§€ Uraeganesipy ezone
CQ]?@Qtﬂf‘gn&nc@P gx&liz‘i’r)g &hd tl%ﬂ§'Hu ngla P@@ prote egﬁ(f d(nzlﬁt {glzgkec‘ one

a nobl e net al conpo ent se
grqglupedcmtrggfgt $pagieo Eormoneifd haihg a|mqanant1cﬂzt,|$1zeRef gmger than

per cent age
LAY % SRl RSB R A P s
CarﬁﬂISlUteremhbﬂ: hoﬁ@ﬂp&fratﬁ%Suﬂde} réduchgi &‘bn@ltmﬁé dering a FCC
port oxi de; a et ur ed as . the

conponent
oRIChES: BEFSET BaPRE fhand P%‘%}Borte%gli%s]i"‘}vﬁg‘? ferent and distinet

compositions and are used in an amount effective to reduce the content of NOy
released from the regeneration zone; and

(b) reducing the amount of NOy emissions released from the regeneration zone of
the FCCU relative to the amount of NOyx emissions released in the absence of the

NOy reduction composition.

2. The process of Claim 1 wherein the FCC cracking catalyst comprises a Y-type

zeolite.
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of an alkali nmetal, an alkaline earth netal and
m xtures thereof; (iii) a rare earth or transition

woredoalio4sxygen st orage netal oxi de conponent; apdI/52006/606543

transition netal conponent selected fromthe group
consisting of Goups Ib and Iib of the Periodic Table
;(c) a conposition which conprises (i) at least 1 W%
neasured as the oxide, of an acidic netal oxide; (ii)
at least 0.5 wt % neasured as the oxide, of a netal
conponent sel ected fromthe group consisting of an

al kali nmetal, an alkaline nmetal and m xtures thereof;
(THel pro@ks bP@iatm @.whevdin He radmsdi nizdgas siehies oxhp@enbdoea not
rare_earth, or traﬂsiti on ma;ct E\L@i{ox%ggen st orage net al ¢
odEcadnpiREate 4he ©Orent A Noxs ENFSHES Wiy apaBifdge d°
asnithsidretal, of a transition netal conponent sel ected
fromthe group consisting of Goups | VA VA VIA

VITA, VIII1A |IB and HB of the Periodic Table, Sbh, Bi

d m xtur t hereof: all per a el
HE wbtar o Eegne Grrn DerahBsE AT SR BaRE oy
WREG s eGROE e S N0 BRSioromen NEXalf decamh@ingbH NGppreednt in
which includes a first metal and a second netal having
aF (ol eheat Hegprbiced RSRETHPEHST EHRRONER. said first netal;
and optionally at | east one conponent of a third netal
other than said first and second netals and optional | K
aThd pastss of €laionpwhenin b redupeslinittageringrics eoaponepilps the
sai.d first. se [ t i ' :
¢ 7 thsphvers BOQRH iRdhch Apla TR RS ANEEELR (HOkE rdpeing
G@dpionB netals, Goup HB netals, Goup VIA netals,
the rare earth netals, the Platinum G oup netals and
m xtures thereof, and said fourth netal is sel ected
f RN JrB@s9TRUCIGANS| whirbig Bfe NOANredaéwdtecombonieanidess not
chrom um nmanganese cobalt, germanium tin, bisnuth,
meibyibigenilyrincrasnei the pgnteny & seAuced BIHASSH SPEEic4nqs gpy grode of
(ggm@usg&grposi tion which conprises at |east one zeolite
havi ng a pore size ranging fromabout 3 to about 7.2
Angstronms and a SiQ2 to Al20 nolar ratio of |ess

The process of Claim 6 wherein the NOy reduction component does not increase
the content of reduced nitrogen species by more than 10% of the amount of

reduced nitrogen species present in FCCU absent the NOy reduction component.

The process of Claim 6 wherein the NOy reduction component reduces NO

emissions by converting NOy to Ny,

The process of Claim 1 wherein the NOy reduction composition is used as a

separate particle additive.
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10.

11.

12.

13.

t han about 500, wherein the zeolite is optionally
stabilized with a netal selected fromthe group

wa@omsitsteing of G oups HA, HI B, 1VB, |IB, VB, VIBT/Uk10B6/006543

Vill, HB, IllA [|VA VA the Lanthanide Series of the
Periodic Table, Ag and m xtures thereof; (f) a
conposition which conprises a copper-containing
zeolite; (g) a conposition conprising fromabout 2 to
80 wt% ZSM 5, optionally bound with a bi nder materi al

obt ai n m _crosphher A '
cix‘telssu 1?‘“#%(‘}%1266%% Itggtgcgﬁ Vr\%t?(}rgg &rclg] %%fﬂﬁgg‘?‘t and t.he
W(lt)ﬁfejd@étlo:nscoﬁ@bﬁéﬁtleﬁ tiie NI, trbdicgoo upmpazmtmrsalb rgntefted with
silica, alumna, alumna
iheF e e e B P ERe iy Ot 2 Tt iBFrony
based NOx reduction additive; (j) a perovskite-spinel

NOx reduction additive; (lc) a hydrotalcite cataly é

c”ﬂwp:msqess @ﬁqcmm@.x@mmthﬁmdgm@geatsp%%%s@%mewp the
e t | S|

ot Eg sOBPgf (nBe ROF HARASE C o s el

NRIngJedlEs @, sutgtetmildttwe@eﬂml um tin, bismnuth,

nol ybdenum anti nony, vanadiunland nixtures t her eof ;

(1) oxides of My-Al and Cu, and optionally Ce, (n) a

IO NOKesSOf QORI 3t IRfRciRrBEDIG redairipasionipositinhiic bn integral

conprises a combustion pronoting nmetal or conpound of

acqmoaﬁnt%ﬂ@@tf@&mfgﬁé?ﬂxsﬁe group consisting of

plati num palladium iridium osmum ruthenium

rhodi um rhenium, copper and m xtures thereof

a“ﬁheopnoaweobf Wilgim htwheesas theoNEx pedueiien FemROSHingg $ Particulate

B e i

éﬂtar@mpdﬁt@% wdechatoheptisésh@natdeasi hm&h,dnwunedmalthe)m(ldq/pf

1 o R GRgabA U e g O SR TR GTHD T TR %

Peri@di gedfRLBpaRE: Mthdk @S ab RBE @Xide, selected from the group
consisting of an alkali metal, an alkaline earth metal and mixtures thereof,;
(iii) at least 0.1 wt %, measured as the oxide, of a rare earth or transition metal
oxygen storage metal oxide component and (iv) at least 0.1 ppm, measured as
the metal, of a noble metal component selected from the group consisting of
Pt, Pd, Rh, Ir, Os, Ru, Re and mixtures thereof, all percentages expressed
being based on the total weight of the composition;

(b) a composition which comprises (i) an acidic oxide support oxide; (ii) a
metal component, measured as the oxide, selected from the group consisting
of an alkali metal, an alkaline earth metal and mixtures thereof; (iii) a rare
earth or transition metal oxygen storage metal oxide component; and (iv) a
transition metal component selected from the group consisting of Groups Ib

and IIb of the Periodic Table ;
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(o) a conposition which conprises (i) an acidic oxide
support, (ii) ceriumoxide, (iii) a lanthanide series
web@aeme1nt her than ceria and (iv) optionally, PE/US®ac006543

one oxide of a transition netal selected from G oups

I B and UB of the Periodic Table, and m xtures thereof

and (v) at |east one precious netal fromthe group
consisting of Pt, Pd, Rh, Ir, Os, Ru, Re and m xtures
thereof; (p) a conposition which conprises at |east

ong ac%&ﬁ%s}{fohlvrﬁlgﬁ&gheﬁﬁsgp (1?"9{ Rhst A}, mgatsuxigﬁ ltﬂ& ?)flﬂ% of

G oup H'B net east one
ear tan suadiametak pxide; (aindt leggd Oi Sowald measnied raeﬁwteddn dﬂh metal

aI um oy “%2 é?léazﬁd {fnﬁ L e‘?’?&@%@?@t&qgl(&%%aﬁgﬁ{ngf an a?kahne

corrpﬁstat dndrniktu@es)thavek: (1H§Eattlé@ﬂslltwm ﬂi@és@ edi a8 115£5:88d, 8 a
fromthe roup consisting of Ti, Cr, . Fe, Co5Ni,

RIS, Cafjp o Wswomﬂﬂetabexygm S%%gerﬁl%ﬁm@%e eqmstoaeit and5iv)
The e@ﬁ%?@@l% 4 HeRul X@ﬁl%erh&alt r&ﬁ I\t?ﬁsﬁlgﬁi l1‘1‘?5‘(:!11oc'améoonen‘t

corrponent IS COﬂ"pOSI tion and t rst netal
magngkcieranh éﬁes@@mhdorﬁ@txag of Sireupa v At Vi, t\ﬁiIA,d VIIIA

met gl én%l I?%lo{‘ 81%%1‘1 Jﬂg 19h1e! gl? él?hg m&%xae t@%ﬁ(% glg pﬁrﬁerg?ges

fourth ne ecte from
vand@ung'hasedmnthe mtaﬂkz&hght nsﬁﬂ@an&@esltlmbal t ant [ rmny

acg m Xt ures thﬁ of . 16. Tgle rocess of

ok, it B E G hineTis Bomad iR st opiaaes evas whish
and h&18ddR0f OkkS meMrBAN SecS hnfbtdl ha$ik @CTAshct 8t MBin the
group_ consi st%%of alumna, titania, silica, Zirconia

and Yisace pegal abtal; ard otirnally 6t ke ok omponent 3f a third
Wherxﬁit&l %ﬂ%@h@g LEAUEL .00 SOSRORSHNS arl?d SRIBER mgta{tqeas Tohe

or 1ons are present
equiopaipenenttad aafouttk asertalomherhlahri Sati] f&stofseo@nd)aﬁd thiehettals,
mol e of .al ugltga i n.the ze
r

& e RS B B S s EREL T Fikeerhi cisHIE pGroup 1B

conpﬁaelnt Ghewp 1lBenetdyst@loup t VIIC tnvtdls, Ofhe 48N BartZ BMdls, | the
, 12, ZSM 22, ZSM-23, ZSM 35, ZSM 38, ZSM 48,

%ﬁﬂtugﬂ Grruimi mitiln R iNuigh theessif and spigfgurth metal is selected

from the group consisting of iron, nickel, titanium, chromium, manganese.
cobalt, germanium, tin, bismuth, molybdenum, antimony, vanadium and
mixtures thereof’

(¢) a composition which comprises at least one zeolite having a pore size ranging
from about 3 to about 7.2 Angstroms and a SiO; to AlL,O3 molar ratio of less
than about 500, wherein the zeolite is optionally stabilized with a metal
selected from the group consisting of Groups IIA, IIIB, IVB, IB, VB, VIB,
VIIB, VIII, 1IB, IITA, IVA, VA, the Lanthanide Series of the Periodic Table,
Ag and mixtures thereof;

(D acomposition which comprises a copper-containing zeolite;

(8) a composition comprising from about 2 to 80 wt% ZSM-5, optionally bound

with a binder material to obtain a microsphere appropriate for use in a FCC
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19. The process of Caim 13 wherein the NOx reduction

conponent is conposition (e) and the zeolite is
w@edoeaossd2 f rom t he group consi sting of ferrierPC€EUS2006/006543

ZSM5, ZSM 11, beta, MCM 49, nordenite, MCM 56,

Zeolite-L, zeolite Rho, errionite, chabazite,

clinoptilolite, MCM 22, MCM 35, MCM 61, Ofretite, A

ZSM 12, ZSM 23, ZSM1 8, ZSM 22, ZSM 35, ZSM 57,

ZSM 61, ZK-5, NaJ, Nu-87, O’t- 1, SSzZ-35, SSZ-48,

Eg\%yuﬁlib r@%ﬁﬁgﬁt (I;o?ﬂ‘fita&? v%ierefl% tl%e 1&1'92?;3%1%%1@1'&8%316&%& ?r’om the

G sngyoah mslsﬁ“%mﬁsﬂmat ﬂumeaﬁmmﬁ’_fal-lilﬁsphate and mixtures thereof;
%I|blteb aéej aglte Goosecreekite, Natrolite and
m A ARG PSR E L preferred zeolites are ferrierite,

Z@M‘@l anéiflghy baseB &G redelib ARy aisiRs deni te, MCM 56,

Zeolite-L, zeolite Rho, errionite, chabazite,
clp r?di?(‘i"fslﬂt?‘?@“elMYEQJCUN/EMCBBVE’ Ofretite, A ZSM 12

ang ﬁﬂrb‘&ﬁ:ﬁmﬁﬁ{ﬁgfcm&gsm n‘[?? ogeﬁ n‘?];rls?ﬁI atnP asg qng Eﬁre

wher e educ onent’ 1s ‘cO
and aatth n@t@iuq@d\ﬁlt Ildastrmteatlransmoﬁ.‘nnetal hsele@ed dipni tHB gIBipadf irch,
al kaline earth nmetal is Sr

La ma(el ‘cniGr ogﬁ%'l \y %1'
The BrScedES GETRE: JPa g8 e PARA: (SFEN3 U (rc Bl ismuth,
nit nﬁ@@?d@ﬁ%hrﬁﬁnc?@gp?ﬁ@mtnt eihn‘él rﬂlxﬁaéstth%biatte £ (a)
composi t i ected fromthe group consisting o a
?lgpéi"g‘a‘? O?g({ﬁagLﬁ@Lg” 3pd eptanally gPanep refract ors support
Mahes i Rlv NOMRIE doMibh it H?ﬁo%r 9&%{)5@&@4 vvcfﬁ%]he%tn%gflses a

fromthe group consisting o I ne eart
al kefombygiieul promotingamsial ormomp@uadi of ametal eclecied fromebaproup

2, PR B WRITR SiaTCI g oSHRHE Rl g,

ni xtrhergsmt, kepeobnd higtues dengod sistdctitedmitic bt leguwphd s@tculate
(i) at |east 1\/\1%%/{; nmeasured as the oxide, of an

aci dPOH et UPA VX PYE: cont ai ni ng substantially no
zedld dom dpo@itllo)l veicH &ﬁ’ﬁirlsgs/ ? M ac{alé’foxﬂi%tséﬁpo‘?to MPQREw oxide;

nmeasured as the oxide, ected fromthe group
con<ii8t4 lagthaide axide Ries thﬁmc@nla aa@h opfixnally i) etaleast onepaide

?rggsc{ﬂa)ét gi?%¥ %E\é%l% gctlogq' %drﬂ tl%t egér sﬁtlg{%pg@@gps {Ijlb and IIb
t r angithe Remiodic Table and mixtures thereof
(0) a composition which comprises (i) an acidic oxide support, (ii) cerium oxide,
(iii) a lanthanide series element other than ceria and (iv) optionally, at least
one oxide of a transition metal selected from Groups IB and IIB of the
Periodic Table, and mixtures thereof and (v) at least one precious metal from
the group consisting of Pt, Pd, Rh, Ir, Os, Ru, Re and mixtures thereof:
(p) a composition which comprises at least one Group VIII transition metal
oxide, at least one Group IIIB metal oxide, at least one Group IIA alkaline
earth metal oxide, and, optionally, microspheroidal alumina; and

(q) mixtures thereof.
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14.

15.

16.

17.

18.

19.

nmet al oxygen storage netal oxide conmponent and (iv) at
| east 0.1 ppm neasured as the nmetal, of a noble netal

wa@oerspament sel ected fromthe group consi sting PET/PB2006/006543

Pd, Rh, Ir, Gs, Ru, Re and m xtures thereof, al

per cent ages being based on the total weight of the
conposition; (c) a conposition which conprises a) at
least 1 w % neasured as the oxide, of an acidic
nmet al oxi de containing substantially no zeolite; (Db)

c e

T e R ity
r(&i)aimdl @8 tahkdbn netatdy tdiecoalt fadm dina gﬁumcunsasmghgﬂéoi’; Cr,
c)at least 0. e oxi arare
pothie: el Z brﬁ}h%‘? ﬁfs %‘nkﬁg%’b?n JRGGER %F%nge net al
oxi de conponent; (d) at least 0.1 ppm neasured as the

metal, of a noble metal conponent sel ected fromthe,
g’lfk@upomﬁgf §ﬂq1mgl3owhmem thg NQynre pqtlon(%)mpment%c%aosmon

gE'dT 81% iz ﬁg?%ﬁ% i@th (\gshunq a@gsé?% ABas W f8mafint, B third

Ansit16n met ected fromthe group
an¢sli is t':it Rast ohe Gf thepsreleBrth HBfals ¥oal th/Agurt mmetalis splegtpd) from

1A of the Periodig Table,.an r
b gipsgeaing dhg Anadut G il plipEiEe 3 bE o Pald
capmesd heepf, (d) a conposition which conprises at
| east one netal -containing spinel which includes a

first netal and a second netal having a val ence hi gher

’Fl?en%lrog%s vlcenge 1 ?fwh%l%'lrij tl'fe' N6} rdb@dn comibnait ik @asiposiien

conponent of a th nmetal other than said first and

s@gand uhetmxr@samrgaptq emigl isyselectade oM HifeSOHRTOREHING P
B SG! B! SieC L0 BAMSALA kst second and third
Plati num Group netal and optionally, at |east one

t al |l e €] G0 :
T troven el S BT on otb! B FPLtor

t p?ﬁﬁ@fthe andngal ¢t ibeirk praeitah ahsinteheejuechiént corut least one
oup consisting of iron, nickel tlfanl um chrom um

nhaigmnbescé Cugbfvarach rgele ehalboRe i ithe ZeBt€nut h,

nol ybdenum anti nony, vanadi um and m xtures

The process of Claim 17 wherein the zeolite of the NOx reduction component has
the crystal structure of ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35,
ZSM-38, ZSM-48, mordenite, dealuminated Y or Zeolite Beta.

The process of Claim 13 wherein the NOx reduction component is composition
(e) and the zeolite is selected from the group consisting of ferrierite, ZSM-3,
7ZSM-11, beta, MCM-49, mordenite, MCM-56, Zeolite-L, zeolite Rho, errionite,
chabazite, clinoptilolite, MCM-22, MCM-35, MCM-61, Offretite, A, ZSM-12,
ZSM-23, ZSM-18, ZSM-22, ZSM-35, ZSM-57, ZSM-61, ZK-5, NaJ, Nu-87, Cit-
1, SSZ-35, SSZ-48, SSZ-44, SSZ-23, Dachiardite, Merlinoite, Lovdarite, Levyne,

Laumontite, Epistilbite, Gmelonite, Gismondine, Cancrinite, Brewsterite, Stilbite,
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20.

21.

thereof; (e) a conposition which conprises at |east
one zeolite having a pore size ranging fromabout 3 to

wW@bwatio4612 Angstrons and a SiO2 to Al O3 nol arPCHUSM0©606543

| ess than about 500 and at | east | ppm of a noble netal
conmpound sel ected fromthe group consisting of Pt, Pd,
Ph, Ir, Gs, Ru, Re and m xtures thereof, wherein the

zeolite is optionally stabilized with a netal selected

from t he group consi sti ng of Groups HA, 111B, 1VB, IB,
VIIB VI LTLA, |V VA, .
il Giotlheekud grectatl it iiopled Muased: PlRiFised peotites are

rfe%teﬁfe?SZSMeY emMm), et OMIODE-4D) mx&mtehmmﬂ‘d szeé_bliae L,
copper._ cont ai ni zeolite and at |least O Il ppm

7BIE R0y SFrioBtsBab eet Bepialier MaNR YioYp >, Ottedite, A,

mlﬁtaha%l%reqtherg&‘ Ph, Ir5 Gs, Ru, Re and m xtures
thereof; (g) conposition conprising from about 25 to

80 Wt % ZSM 5 and at |east O | ppm of a nobl e net al

gﬂ{@@g&qgﬁ' (a%?gs fv&h% if B RHOKR, t%séo?ﬁﬂo@gnt% cEi‘hPEs‘?tmn

mxturés t er eo er ei
Z@phid the (Ro@p’tfllbmaﬂal ys (g tiredGroup RIR niztal delca, ad drei Gropp IIA

ted fro group consisting of silica, alumna,
aq?{?ﬁﬁ“ﬁﬁa‘ﬂh‘ﬁ‘gtgiw‘égé and mi xtures thereof to obtain
m cr ospheres approprl ate for use in a FCC unit under

FCC conditions, (h) zinc based catal yst and at | east
O heppsaeass O%Cwam1@rdét‘aher@aﬁ%@o@ﬁwceéém&aeéép@cmmoménent is

9 %hlﬁ)cuqﬁ@ 5%@[?65&?)11%%16?&%«1 £l 91 thg> Qrouh co s%ctm Re and

tures t ase NQ( reduction
a(daj|atp'ovcmsamlmahodsemstyst:allirppmﬁ@ctoa/ phdre matsrial promyetsduwith

selected fro nsistin
v BEeE ght P PR IR B0R) bat¥isBhe Oha Pl fofin it
NOX alkeH ietidl o traunchitidnl MetaBacta@tcalth atdial Qu PRpimiafGroup atet#, a

rret aI ?o cr)(_gj‘}r;)rdI sel ect e%ofé{gog%pgeh,gp rqcﬁ)lltlj c?nhn isg,&lﬂp%mlmony

and mixtures thereof,

(b) a composition which comprises (i) at least 1 wt %, measured as the oxide, of
an acidic metal oxide containing substantially no zeolite; (ii) at least 0.5 wt %
of metal component, measured as the oxide, selected from the group
consisting of an alkali metal, an alkaline earth metal and mixtures thereof; (iii)
at least 0.1 wt %, measured as the oxide, of a rare earth metal or a transition
metal oxygen storage metal oxide component and (iv) at least 0.1 ppm,
measured as the metal, of a noble metal component selected from the group
consisting of Pt, Pd, Rh, Ir, Os, Ru, Re and mixtures thereof, all percentages
being based on the total weight of the composition;

(c) a composition which comprises a) at least 1 wt %, measured as the oxide, of
an acidic metal oxide containing substantially no zeolite; (b) at least 0.5 wt %
of metal component, measured as the oxide, selected from the group

consisting of an alkali metal, an alkaline earth metal and mixtures thereof; (c)
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(k) a hydrotalcite catal yst conposition and at | east

O |l ppm of a noble netal conpound selected fromthe
w@re@dpowsensi sting of Pt Pd Ph, Ir, Os, Ru, Re B€MUS2006/006543

m xtures thereof, the hydrotal cite catal yst

conposition optionally conprising at | east one rare

earth nmetal and at |east one transition netal selected

fromthe group of iron, nickel, titanium chrom um

manganese, cobalt, germanium tin, bisnuth,

Iy, t.h
?2) e}gifﬁgﬂé@ g?m%ﬂ%gﬁredg]@@ie?&ﬁég%%g%trggﬁetgﬁ me&é ?‘%1 Eianglltlon

| easnetd, dxypen shrage nehl exmtcainpommquhd lsaslt 04t g, frfi@Rured

t he i Sti of ., Pt, Pd, OCs, Ru, Re and

i xtag’r es%te%‘g g&fmbp%i’etﬁl RERP &L eicE?ﬂ fggmﬁgsgrpp}bﬁonswtmg

whi aif PecipRhsESOL, lR)u 28 28¢ inflktaredBiicdéoraxd ¢9.0.d1 Wite, GRE ATy

oxi de, rgl [ |3€ a | ant hani de oxi de other than ceri a, (1v)
a

opt iBn&F 13Kideqof | B HansHipn Bieiahselseted framibe Erow eassisting of
Sel @ﬂo@ fg,qm @WWA' Brandyhl aﬁ%d%ﬂf/ﬁb%f Eft%flbe%gfc TT%:?A Gnd

ures theréof, and (v) and at |east on
rret aﬂllX%%eéteeQ@f f albrpercartagesobying dnsids bit rige dtaPveighd of the

Ph, by .Ru, Re and m xtures thereof; (n) a

COﬁ'pOSI,pPI o% “whi ch conprises at |east one Goup VIII

t (Bnai ctompnsmem axfhmhxud@rlsai af Ieaﬂtone riﬁet@dblimxdulrngﬁlﬁéla\k/hlch

oxi de oup al kal i ne earth netal
oxXi d’éélu%ﬁﬁ Eﬁilnf ﬁ‘x Vigg gnakce dighepthan the
| easfalebkd WM(Pﬁrs@rﬂé@HP' ﬁidr@tl@alét &fé’%%%gerﬁ%lf%ctfllqﬁ@ nfetd? '&h r

the group consisting of
m xtthnespid fiest aed secandi megys mdkentiosslly pcleesdione mmp@rrwet of a

Pr 0GE&sh Rxfeta%ﬁ'emh%n Jsaﬁﬁ"}ﬁ&e&él?ﬁd" gnc{ %%‘%Seqal \L}heggn said third

Specl es conponen 'S
t r amsdteliio nt heettavlne |P§;1tmeine(amep| nfigtad mntl Impugtauypatdms bsd il
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group consisting of iron, nickel, titanium, chromium, manganese. cobalt,
germanium, tin, bismuth, molybdenum, antimony, vanadium and mixtures
thereof;

(e) acomposition which comprises at least one zeolite having a pore size ranging
from about 3 to about 7.2 Angstroms and a SiO, to Al,O; molar ratio of less
than about 500 and at least 1ppm of a noble metal compound selected from
the group consisting of Pt, Pd, Ph, Ir, Os, Ru, Re and mixtures thereof,
wherein the zeolite is optionally stabilized with a metal selected from the
group consisting of Groups IIA, IIIB, IVB, IB, VB, VIB, VIIB, VIII, IIB,
IIIA, TVA, VA, the Lanthanide Series of the Periodic Table, Ag and mixtures
thereof;
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conposition (d) and the first netal is My, the second
nmetal is Al, the third netal is at |east one of the

wo a006/1emiz h metals and at | east one of the Pl apCnuf2006/006543

Goup netal, and the fourth netal is selected fromthe
group consisting of vanadium iron, nickel, manganese,
cobalt, antinony and m xtures thereof. 24. The process
of Claim2 1 wherein the reduced nitrogen species

conmponent s composition (f) and the Cu netal or ions
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and the G oup V tal is Co, the GroupIHB netal is

La dHoPdHBIXET >al kal i ne earth nmetal is Sr. 28.
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the cracking catal yst fromsaid contacting ste
t r esompgurcheclepsestiiremt the watupi qensistinggesh @t.akd, g, homs Ro, Re

and mixtures thereof, the hydrotalcite catalyst composition optionally
comprising at least one rare earth metal and at least one transition metal
selected from the group of iron, nickel, titanium, chromium, manganese,
cobalt, germanium, tin, bismuth, molybdenum, antimony, vanadium and
mixtures thereof;

() oxides of Mg-Al and Cu, and optionally Ce, and at least 0.1ppm of a noble
metal compound selected from the group consisting of Pt, Pd, Ph, Ir, Os, Ru,
Re and mixtures thereof}

(m) a NOx reduction composition which comprises (i) an acidic metal oxide, (ii)

cerium oxide, (iii) a lanthanide oxide other than ceria, (iv) optionally, at least

68



22.

23.

24.

23.

regenerate said catalyst. 29. The process of Caiml
wherein the cracking catal yst and the particul ate NOx

WO e@daod4een conposition are fluidized during coPCHUB1006006543

sai d hydrocarbon feedstock. 30. The process of Caim1l
wherein the particul ate NOx reduction conposition has
a nean particle size fromabout 50 to about 200 mm 31.
The process of Caim30 wherein the particul ate NOx
reduction conposition has a nean particle size from
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c bR scessont Chom T avhsred dipsredficed) aifrag@B spsisiss edompohent is
NQim ti [kl LSy :pr. ' mount . of

R QRO AE it R OBREE bl 37 e IR e of
The W Codds sFafCo(NgiZn S8 Mbdile Wy At)€ulNdx andohithie® thereof,
conposition is present in an anmount of at least 0.1 w
% of the catal yst conposition.41. The process of Caim
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composition (d) and the first metal is Mg, the second metal is Al, the third metal

is at least one of the rare earth metals and at least one of the Platinum Group
metal, and the fourth metal is selected from the group consisting of vanadium,

iron, nickel, manganese, cobalt, antimony and mixtures thereof,

The process of Claim 21 wherein the reduced nitrogen species component is
composition (f) and the Cu metal or ions are present in an amount equivalent to at

least one half mole of CuO for each mole of alumina in the zeolite.

The process of Claim 24 wherein the zeolite of the reduced nitrogen species
component has the crystal structure of ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-
23, ZSM-35, ZSM-38, ZSM-48, mordenite, dealuminated Y or Zeolite Beta.
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26.

27.

28.

29.

30.

ni trogen speci es conponent are present in the NOx

reduction conposition in a ratio of0.02 to 50. 42. The
weewoass1nf Claim4 1 wherein the NOx reducti OPCT/US2006/006543

conmponent and the reduced nitrogen species conponent

are present in the NOx reduction conposition in a

ratio of 0.1 to 10. 43. The process of C aim42

wherein the NOx reduction conponent and the reduced

ni trogen speci es conponent are present in the NOx

reduction conposition in a ratio of 0.2 to 5.0. 44.

The process of CQaim1l wherein at | east one of the NOx

ré"&i@:@trm@ﬁﬁ ebigimenl vdreraimdhe e@ue@dni’qﬂogwogm:i@p@mir@sent is

MBS v s LSBT FETRIFU Bl o e
aZSB/I}a,r Askl- pig rdetac MCRELN, trhorderdteg M Eel-394, %bhtédlrp&bﬁm Rho,
| Blnor forated s af A0SRk, SHBAT Ml e,

ZSM-12, ZSM-23, ZSM-18, ZSM-22, ZSM-35, ZSM-57, ZSM-61, ZK-5, Nal,
Nu-87, Cit-1, SSZ-35, SSZ-48, SSZ-44, SSZ-23, Dachiardite, Merlinoite,
Lovdarite, Levyne, Laumontite, Epistilbite, Gmelonite, Gismondine, Cancrinite,
Brewsterite, Stilbite, Paulingite, Goosecreekite, Natrolite and mixtures thereof.
Preferred zeolites are ferrierite, ZSM-5, ZSM-11, beta, MCM-49, mordenite,
MCM-56, Zeolite-L, zeolite Rho, errionite, chabazite, clinoptilolite, MCM-22,
MCM-35, Offretite, A, ZSM-12 and mixtures thereof,

The process of Claim 21 wherein the reduced nitrogen species component is
composition (0) and the Group VIII metal is Co, the Group IIIB metal is La and
the Group IIA alkaline earth metal is Sr.

The process of Claim 1 further comprising recovering the cracking catalyst from
said contacting step and treating the used catalyst in a regeneration zone to

regenerate said catalyst.
The process of Claim 1 wherein the cracking catalyst and the particulate NOy
reduction composition are fluidized during contacting said hydrocarbon

feedstock.

The process of Claim 1 wherein the particulate NOy reduction composition has a

mean particle size from about 50 to about 200 pm.
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

WO 2006/104612

The process of Claim 30 wherein the particulate NOy reduction composition has a

mean particle size from about 55 to about 150 pum.

The process of Claim 1 wherein the particulate NOy reduction composition has a

Davison attrition index (DI) value of less than 50.

The process of Claim 32 wherein the particulate NOx reduction composition has a

DI value of less than 20.

The process of Claim 33 wherein the particulate NOx reduction composition has a

DI value of less than 15.

The process of Claim 9 wherein the NOy reduction composition is present in an

amount of at least 0.01 wt % of the catalyst inventory.

The process of Claim 35 wherein the NOy reduction composition is present in an

amount of at least 0.05 wt % of the catalyst inventory.

The process of Claim 36 wherein the NOy reduction composition is present in an

amount of at least 0.1 wt % of the catalyst inventory.

The process of Claim 11 wherein the NOy reduction composition is present in an

amount of at least 0.01 wt % of the catalyst composition.

The process of Claim 38 wherein the NOx reduction composition is present in an

amount of at least 0.05 wt % of the catalyst composition.

The process of Claim 39 wherein the NOy reduction composition is present in an

amount of at least 0.1 wt % of the catalyst composition.
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41.

42.

43.

44,

The process of Claim 1 wherein the NOx reduction component and the reduced

nitrogen species component are present in the NOy reduction composition in a
ratio of 0.02 to 50.

The process of Claim 41 wherein the NOy reduction component and the reduced
nitrogen species component are present in the NOy reduction composition in a
ratio of 0.1 to 10.

The process of Claim 42 wherein the NOy reduction component and the reduced

nitrogen species component are present in the NOy reduction composition in a

ratio of 0.2 to 5.0.

The process of Claim 1 wherein at least one of the NOy reduction component or
the reduced nitrogen species component of the NOy reduction composition is
contacted with the FCC cracking catalyst inventory as a separate particle additive
and the other component is incorporated as an integral component of the cracking

catalyst.
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