COVPCSI TI ONS AND PROCESSES FOR REDUCI NG NO, EM SSI ONS.  DURI NG FLUI D
CATALYTI C CRACKI NG CROSS REFERENCE TO RELATED APPLI CATI ONS [0001] This
application is a continuation in part application of U S. Patent

Application Serial No. 10/824,913, fled April 15, 2004. FIELD OF THE

| NVENTI ON [ 0002] The present invention relates to NO reduction conpositions
and the nethod of use thereof to reduce NO, emssions in refinery

processes, and idd i i VAR ool i CC) processes.
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during -the FCC process wthout a substantial change in hydrocarbon
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| NVENTI ON [ 0003 recent years t )
Uni ted Stat eiougﬁhlﬂ‘l‘élaE@Wﬁté‘?nés aprgtipuation ingwrteplicaliPafhy-iP3tst ri al  eni ssi ons

of noxi ous ONpHRSatioh SBrid] NAJEI824,083) ifedl ARiId5 CMOMON.. | n response to such
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which is contain e coke on the cata t as It he regenerat or.
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t he cracki ngofaduwmblesracked prodicss i n t he cracking zone is renoved at el evated
tenperatures by oxidation with oxygen containing gases such as air. The
removal of coke deposits restores the activity of the catalyst particles to
t he BACKGROUND OF THE INVENTION

[0003] In recent years there has been an increased concern in the United-States and -

¢lsewhere about air pollution from industrial emissions of noxious oxides of nitrogen,
sulfur and carbon. In response to such concerns, government agencies have placed
limits on allowable emissions of one or more of these pollutants, and the trend is
clearly in the direction of increasingly stringent regulations.

[0004] NOy, or oxides of nitrogen, in flue gas streams exiting from fluid catalytic
cracking (FCC) regenerators is a pervasive problem. Fluid catalytic cracking units
(FCCUs) process heavy hydrocarbon feeds containing nitrogen compounds, a portion
of which is contained in the coke on the catalyst as it enters the regenerator. Some of
this coke-nitrogen is eventually converted into NO, ‘emissions, either in the FCC
regenerator or in a downstream CO boiler. Thus, all FCCUs processing nitrogen-
containing feeds can have a NO, emissions problem due to catalyst regeneration.
[0005] In the FCC process, catalyst particles (inventory) are continuously circulated
between a catalytic cracking zone and a catalyst regeneration zone. During
regeneration, coke deposited on the cracking catalyst particles in the cracking zone 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. In general, when coke is



poi nt where they can be reused in the cracking reaction. In general, when
coke is 1 WO 2005/099898 PCT/ US2005/ 012982 burned with a deficiency of
oxygen, the regenerator flue gas has a high COCX®2 ratio and a | ow | evel of
NO% but when burned with excess oxygen, the flue gas has a high |[|evel of
NO% and a r BQUOEH%®EBcont ent. Thus, CO and NO.,. or mni xtRCEES005/1bSSe
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i ncor por at as an egral part’o
a1r " with oxXygen in a regenerator operating in partial bum mode has also been

suggested, e.g., U.S. Patent 5,908,804.

[0009] Additives have also .been used in attempts to deal with NOx emissions. U.S,
Patent Nos. 6,379,536, 6,280,607, 6,129,834 and 6,143,167 disclose the use of NOx
removal compositions for reducing NO, emissions from the FCCU regenerator. U.S.
Patent Nos. 6,165,933 and 6,358,881 also disclose a NOy reduction composition,
which promotes CO combustion during the FCC catalyst regeneration processAst'ep
while simultaneously reducing the level of NO, emitted during the regeneratioh step.
NO, reduction compositions disclosed by these patents may be used as an additive
which is circulated along with the FCC catalyst inventory or incorporated as an
integral part of the FCC catalyst.

[0010] U.S. Patent Nos. 4,973,399 and 4,980,052 disclose reducing emissions of NOy
from the regenerator of the FCCU by incorporating into the circulating inventory of

cracking catalyst separate additive particles containing a copper-loaded zeolite.
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[0010] U. S. Patent Nos. 4,973,399 and 4, 980, 052 di scl ose reduci ng em ssi ons
of NO% fromthe regenerator of the FCCU by incorporating into the
circulating inventory of cracking catalyst separate additive particles
contai ning a copper-|loaded zeolite. 2 W 20051099898 PCT/ US20051012982
[0011] ManyWQAWSN%E conpositions heretofore used to comCAAIS204E)1208% ssi ons
have . typi, caused. a.signi.ficant decrease in rocarpbon. conversion or
the yield @ﬁlh&gﬁ'ﬂfa difive gppesiiops E‘iﬁ?}@g? usgd §p. cor&@!é{%} FEUSY§ AV ef i ns and
I l quefi ed gpicﬁlw emcgas@egsuﬁcédt%&}asewﬂmhy@mﬂ@ﬁea&wwoﬁ ke the olachF on of coke.

is a hi deswgble characte L‘ f% NO, .ad ({lve added to the FCCU
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conver si on(LPﬁaf: v@nﬁl@ﬁrﬁ'&daﬂﬂg ﬂaé pﬁob@ub‘muow It ¥ RhegHiy YesRaMIE BafRttrisfased on the
unit design, .feed and catal yst to produce_a slate of cracked products and

maxi i ze r©F iNfer 39d5Es P@dffBlt‘P itheyECGHy nat 19y effgeicth e yracked Podpdgdtidnff t he val ue

nodel of taﬁngestﬁ@svefralpmﬁ@cfom%ﬁdﬁ TE@bpe%@mtﬁe FagU @g,rp {dagy Bgtadiz@uUMMEr driving
season manéére i ners maxi m ze gasol i ne production, while during the

wi nter sealisef ethe yait §°5r‘ﬂ‘yfee4/\ﬁ¥i‘t°a‘@]d“rfﬁﬂ°ﬁi’°£é shata of fracksd progeestignt i on. In

ot her cas eﬁaﬂmﬁ&frémhyprmmmyndmstpmdwt@fatet@bésed bﬁt}iérvﬁﬂx\é%dlall @htte ol efi ns
products that can be sol in"the open market or used in an associ ated

pet r ocheni Watifipreameryadios @@mkeo@k@g he perksymppeAridngEaseaB IR HISaddi ti ve

i ncreases Gt Qo MaQfksd gég&metpp&lugtmm?eydurfﬂéﬂﬁ Wﬂﬁéi'fsfads% ?&fneﬁ'rﬁaycapac' ty to
burn the extra coke and may result in a |lower feed throughput in the unit.

| f the addvantve madnpizgdeating il mewu@tl &m ober Faws valelieerryayydsd it t he

product i 0nprQﬁtaGi@'i@pr\S@xlc'é%Qh%le%QﬁrU&Ic{% ﬂ%}fando“e%l‘%ﬁﬁ%e opBn mAfkEGFIBed N dry gas
may exceed the ability of the unit to handle it, thus forcing a reduction

of the anoisn a@f’”“ﬁ@é@’%h%@é@é@tas fapdstaskan additive that increases |ight.
ol ef i ns praghiivRR IO, D81 IARRL deskBil BB, Yl HeSUTRgSE product s

and the unit has the eqU| pnent necessary to process the extra’light.
hydr ocar boe insp@icigaiiniy papeciiydy bpmdbrextraoks andamiey iresyltiin atpwerfedd nery' s goal

is to maxigogendamothé i prf%tagamwmcﬂeasgmhe BroRL MRS ofa6® VBMQIdsaéaky rrade in the
FCCU at the expense of gasoline production. Even an additive which

i ncreases thhprodecsing of Biosrvalpabie produdioraay deskspse. j An incregsefiadrgegyrmeayuct  yi el ds,
causes t heuilind HifGAA AR AGHbRIT il Bkl RAucrRAY e SRGEaSeS the

amount of feed that can be pr ocessed

feed processed. While an additive that increases light olefins productlon may be
desirable if the refinery values these products and the unit has the equipment
necessary to process the extra light hydrocérbons, the additive may réduce
profitability if the refinery’s goal is to maximize gasoline production. Light olefins
are typically made in the FCCU at the expense of gésoline production, Even an
additive which increases unit conversion may be undesirable if it affects prodhct '
yields, causes the unit to reach an equipment limitation, and/or decreases the amount
of feed that can be processed.

{0013} Consequently, any change to the FCCU that affects the product slate or
changes the ability to process feed at the desired rate can be detrimental to the
refinery profitability. Therefore, there exists a need for NOy control compositioﬁs

which do not significantly affect product yields and overall unit conversion.



10013] Consequently, any change to the FCCU that affects the product slate
or changes the ability to process feed at the desired rate can be
detrinmental to the refinery profitability. Therefore, there exists a need
for NO control conpositions which do not significantly affect product

yi el ds and BPHEYP'%Rhit conversion. 3 WO 2005/ 099898 PCTIAUISLTOG/0298D82
SUWARY OF THE | NVENTI ON [ 0014] It has now been di scovered that. the

i ncorporation of a NO reduction zeolite conponent with a catalytically

cracking c%tlmywpm}uﬂo@@rtl cular a cracking catalyst inventory
containing an active Y-type zeolite, being circulated thr oughout a fluid

catal ytic C9QMilhgesemt bf’GFé@Eﬂ)VCHGrt}iah&ea""PTR?faﬂmb%tiaaII‘{Qand‘@F‘%‘bﬁo § (Fco)
process  prowuigdasnt Sbes be@e{ljﬁ ly 6RMifOdataBRY IQEMGHNG MirfidhPidta &wkmgant ifally
changing , or affecting the hydrocarbon conversion or the yield of cracked
pet r ol eum SrEANRE iyentpRy squieBme vy Y-hpe QR‘J%P@%%ECUITE}DQBCPEP?P‘&CCW dance
with the prg§eakakfy &R unif @YEU) Wding" aeﬂH@Eétﬂ?th&HB&% ) $rocése provi ded.
Typical ly, the cofnpositions conprise a particulate conposition containing
particles @fowddNOsupeerudOxovnizelopsrfosmageyent SUthﬁmaalbfr efasgingd Cfenbodi nent
of the invepttep thteh?ydm%rb&?g&l% R #8R VR &%r&dk%hep%tréfe@mbﬁ}HMts‘M th an

i norgani ¢ bi nder. The binder prefsera l'y Conprises silica, alumna or silica
al um na. M@P@@rwgth%@@ocwducn on zeolite is exchanged with hydrogen,
ammoni Um  {ckpd)in o8k BhecA0fh ﬁ:@’msa@%@xﬂﬁ)ﬁtﬁlﬁéﬁﬁé 1R Ghfbiigheal kal | et al
is sodium pot ssi um and nbi'nati ons thereof, |00161 |n. one aspect of the
i nventi on, arpovpepvidedol |Tty{=,lcéld1/htth¢ rfomposiions cewipidse o rPariiainfo sPmpesitéonar e provi ded
whi ch are agdqaghifd ngrtlgfeg col thg ,Je(;mﬁ&t %éht@fcoﬁq{?&]eﬁﬁt alyty q;refa&e’ack' ng

catal yst as a separate admi xture particles to reduce NO, em ssions

rel eased fromodieenFole invgetiser te NOxdeduictiny zenlite Patclss geeebond MGdIanL | n- anot her
aspect of m%garnyﬁ*aaer f’{ge%ﬂl‘égﬂ prifela &%gmpﬁgeeaneaom%hé bO&fcaiGmink! OVi ded

whi ch conpri's NO, reducti on e ncorporated as an integral

conponent 8fefarbipCiie dhabdpstion z9pkitt dsrexplapgedowith lyidivzan ammeniymealkadiol ite active
cracking GQes) A@LoERhatiodORLRds Ihe pilterAB AUBE TneABRLCH R p&th%ldn{‘é{r%”t' on, novel

NO, reduction conpositions are
comibinations thereof,

[0016] In one aspect of the invention, novel zeolite containing NO, reductioIn'
compositions are provided which are added to a circulating inventory of the catalytic -
cracking catalyst as a separate admixture of particles. to reduce NIOxvefnissions
released from the FCCU regenerator duriﬁg the FCC process. -

© [0017} In another aspect of the invention, novel NOy reduction cqmpositions -are
provided which comprise a NO, reduction zeolite incorporated as an integral
component of an FCC catalyst, preferably, containing a Y-type zeolite active cracking
com ponent. ‘ ) |
{001 8] In yet another aspect of the invention, novel NOx reduction compositions are

~ provided which compositions reduce NO, emissions from the FCCU regenerator
during the FCC process while substantially maintaining hydrocarbon conversion and
the wield of cracked petroleum products 'and' minimizing an increase in the production
of coke. ‘ |
[0019] It is another aspect of the present invention to provide a process for the

reduction of the content of NOy in the off gas of the FCCU 'regenerator during the



provi ded whi ch conpositions reduce NO, em ssions fromthe FCCU regenerator
during the FCC process while substantially maintaining hydrocarbon
conversion and the yield of cracked petrol eum products and m ni m zi ng an
increase in the production of coke. [0019) It is another aspect of the
present i nVERZPBA88 provi de a process for the reducti dETGS2RE1E8Nt ent of
NO, in the f gas of . the FCCU regenerat.or during the 4 WD.2005/099898
POT/ US2005F 84 T58555 Retet N ge EEoUS: ORI ol REF T GHifo B4 PEAST i 1
accordanceinwritibn.t he present invention. 100201 Anot her aspect of the
invention is to provide inproved FCC processes fqr_the reductjon of the
cont ent of [ORRY] A9tlpgspsct ofghg ipyentipn tSH%prp@éiJl%@@ﬁéP&r&?cemS%r €

subst ant i ajeliyetion bEGhé BEhtbtY GF QLR A SPRME! §f B8 FOUUL Reenkia@bdwRioupet r ol eum
products produced during the FCC process. 100211 These and ot her aspects of

the presentubstaRiially j Hfectngs hysesarbop sgnversion artthe yielleplapqtroleysl slRdueRI EF

DESCRI PTI Qo fdced e idAVENESrd8Q221 The FIGURE is a graphic representation of
the effectiveness of Additive A, Additive B, Additive C, Additive D and

Addi ti ve HOPHEJhessuandptiexafoptEg! the presenginventjorygrg descriked e farthes dgtail t o r educe
NO, emissigfsy.froma DCR regenerator versus time on stream when the
additives are blended with an equilibriumcracking catalyst (having the
properties as shown in Table 2) which contains 0.25 weight percent of a

pl ati num pEEFEERCRPTIGNOF TR bRIANESIdsr om G ace Davi son, Col unbia, M and
deactivated wusin clrc Propylene Steam ng procedure as described in

t e S () . )
EXAVPLE 6) [OPZW%I!QﬁR@ESWFPNmPWmPFE] PINVERFN 0N ddiYhdugh sever al
ni trogen oxifes BIRJKHVE, Xiph ikl ARiRE B StprtRRkaMIL EQTD) 8Nt _
conditions, for purposes of the present invention, NOx w [l be used herein
to represkd pPErE vedkiteeedugsiNQ.sgassions Hm 8 ECR regenpiafon ¥¢TE AT iM®RA ous oxi des

of ni trogefkafSvhelernk a@(ﬁtimd%1 bIHRaPwRD S éljtuﬁinﬁrﬁ%raTcﬂﬁé eallysi @add The present

i nvention enconpasses the discovery that:the use of certain zeolite

cont ai ni ngthNopeEkiRFcS HAWE dhpadd Divard doptaips AP HatShoRerefnt of aPIRINNE cat al ytic

cracki ng promoter, CP-3® (obtained from Grace Davison, Columbia, MDD and deacti'vateq‘

usfng the Cyclic Propylene Steaming procedure as described in EXAMPLE 6).

DETAILED DESCRIPTION OF THE INVENTION _

[0023] Although several nitrogen oxides are known which are relatively stable at
ambient conditions, for purposes of the present invention, NO, will be used herein to
-represent nitric oxide, nitrogen dioxide (the principal noxious oxides of nitrogen) as
well as NO,4 IN2Qs and mixtures thereof. '

[0024] The present invention encompasses the discovery that the use of certain zeolite |
containing NOx reduction compositions in combinétion with a fluid catalytic cracking
(FCC) catalyst, preferably a catalyst comprising an active Y-type zeolite, is very
effective for the reduction of NO, emissions released from the FCCU regenerator -
under FCC process conditions without a substantial change in hydrocarbon feed
conversion or the yield of cracked products. Compositions of the invention typically
comprise a particulate composition containing particles of a NOy reduction zeolite
component. Ir1 a preferred embodiment of the inQention, the NO, reduction zeolite

particles are bound with an inorganic binder. The novel NO, reduction compositions
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(FCC) catalyst, preferably a catalyst conprising an active Y-type zeolite,

is very effective for the reduction of NO em ssions released fromthe FCCU
regenerator under FCC process conditions without a substantial change in
hydrocarbon feed conversion or the yield of cracked products. Conpositions
of the i nveWPi2/0P%pP cal | y corrprl se a particul ate conpdSHYBHSEHEAI ni ng

particles gf, %eh@accf @Hﬁtdﬁﬁlaﬁﬁ lidveRtoryC M NGRIytic ! cpacﬁmErcﬁtfaF}Etr@éj a€mbodi ment
of the |nven%,| on, NO. reduction zéolite particles are bound with an

i nor gani c BePAESY partﬂlfeaqﬁlavepr NOorRoEtdcasiap rintegsARoTIPPRh o the prioine5/ 099898
PCT/ US2005,Q49q82 may oe added, to me circulating invent ory of the

catal ytic cracking catalyst as a separ ate particle additive or incorporated
as an i nt effl03f] Karmyamesst ofithe resaet ipyeaiRi.ribe pbraseala substaptph 2BNEFOR pur poses of

the present, dQuanhi o coh gl bASE 1ida 4 BLRAHuc RIS dherdiy dpOCar bon feed

conversi on or t e yi el cracked products® s erein to. mean in
t he alt er nateawvia thi§ jiternative (D hess than3(BRYs wlativé dhangd arefpeablyplessfthanatAQP6|.ess than' a

20% 11 At [ofing NARIE nA o RIRLLREE LRI, | BF S ATl QYo Shag I fe change [

the yield oms an I'm conbi nation
with LPG asCoOdtigcrde ¢ifs), bbtrmbag@asdeew®hdbmﬁort High bléﬁias empgudsvantial |y the

same. pr oduGk S eld of B8 8B k0 61 AL YSoRliang Ry RISHETADLY | o0

thana6.5 orel hange" an era an -a rel ative
change in 16 rﬁwd/ﬁ@bmgbmmfdréeu lcﬁ@rﬂwrasﬁ i%rd@lvc@h@ate@ﬂ mcﬁtph&xablybajsel i ne
conver si ONjess tlﬂﬁ gﬁ%\ﬁ%tﬁ) %ﬁ'an & 19‘31]c nggrgc on]fgé%i%oh{/eﬂgén .'gs com B'gé {o Yl eld - LCO
yi el d). Vhen the Fon conposition 1s use epara € additive,
the basel barselmesconwemma?he@onvemsn @ndeginedyasel 0%wotimes (pwdm@ms yild he FCCU,

operating p’bb@:él&e Wik e 19(5 15%%0%”0 %ésln%o ?g%egﬁaggtsl&%ﬁage Q@gxtvg Fr the same

or substan sane reacfion a ore the
addi ti ve obastlirs lpﬁles‘@m canpeygan ioopicldsof agoaidet in et apadtingtwithithent ory.  When

the NQ redigl i, OnnGamPAS itlaihe fed MLHAE 6 b & NGALARIRLAD JifLo the

cracki ng catal yst pa s to provide an integra ( eéduction catalyst
system a magwmfand:amtcoqaﬁaﬂgebuhbetﬂbrethrwddmaapmnp@mWEwsﬂtwn lscﬁddpﬂel d of

cr acked prgd%tcsatalg?r ﬂe‘gn‘w Rt IS DRRE] B AETHRAE i

conver si on or uct 1n the same or stan %t%? he sane FCCU
operating mwlhortahémt@&lmraelfmgwbt‘atyatmaﬁwllelsyo pﬂwwdsamW@éédw Lm@@tflon he same or

substant i a!:e!t&fystt Q?sté)%n? sfgﬁi@i%ﬂtoghange in the hydrocarbon conversion or yield of

cracked products is determined using a baseline defined as the mean conversion or
yield of a product in the same or substantially the same FCCU oper'citihg with the
same or substantially the same feed, under thé same or substantially the same reaction
and unit conditions, and with. a cracking catalyst inventory comprising the same or
substantially the same cracking catalyst composition as that containing the NOy
reduction composition, except that the NOy reduction composition is repiaced'in the
cracking catalyst with a matrix component such as kaolin or other filler. The percent
changes specified above are derived from statistical analysis of DCR operating data.
[0026] Zeolites useful as the NOx_ reduction zeolite component in the present
invention include zeolites having a pore size ranging from about 3 to about 7.2
Angstroms with SiO; to Al,Os molar ratio of less than about 500, preferably less thén
250, most preferably less than 100. Preferably, the NO, reduction zeolite component -
is a zeolite selected from the group consisting of ZSM-11, beta; MCM-49, mofdenite,



and unit conditions, and with a cracking catalyst inventory conprising the
sane or substantially the sane cracking catal yst conposition as that
containing the NO reduction conposition, except that the NO reduction
conposition is replaced in the cracking catalyst with a matrix conponent
such as ka®to momevsasher filler. The percent changes spBETARYES/ABMIe are
derived fromstatistical analysis of DCR operating data. -[0026] Zeolites
usef ul as MEM{SQZeoledy etolierRuwg elriohite, (cberbpzmedtnomtnoltthé’l@Me@eMCMﬁ nventi on

|ncludeze1| a I ut 7.2

Angst romns: \S/)vr 't &%L %Zw#ng’ﬁﬁ écgsﬁ%?é ZZ%M? %ess ?2 u&@% preferably

| ess t han ZR5)Nahdet:8H CaflebsiBilg, §8%548 tSSZrM;LﬂSZQPrDablemdhé )N,Ierhrhwe,NO, reduction
zeolite co opnent isS a zeollte ed.fro oul nsrs i ng of

2 11, bel B NEMLEe RS it SobE ot ga TR, 12982

MCM 56, ZeBiemisierite, Stilbiad, Pidinghg, Goesercreemtd, datradhabazpd e, mﬁ:tumapetredf olite,

MCM 22, ' 5, 61, Ofretite, ZSM S M 18, .ZSM 22,
ZSM 57, g%éf‘“él@%‘%"ﬁaﬁ‘?b%ﬁl@é‘?, o ’i‘"e‘é%% ég%@‘éze‘i‘ﬁ“"”sééf“ 4, SSZ-23,
Dachi ar di t eompyRerti il keplite badeeted ifiot thee‘g;dnp colnaktﬁi@nd)ﬂ béa, Emmmpl bite,

Grel onite, Cl i vvsterlte e, |l ingite, _
Goosecr eekf“f’%jer?%aq\dgﬁ %6?216 gm'a 6ér°l'fﬁ Br Sglof‘ﬁeer%éaz‘te’l ﬁl“’toﬁtél st preferred
enbodi ment MOM-heftremte,n, iZSRL- 12,IESMNCE, dnfgulaid mituZR @lerdog ~ cOnponent i s a
zeolite se| dfro t he group si.stin nordenite,

Vot 56, 2eliFHan & Pl TuwtTon BF B dRienioh. Sieade RouoR FE B ol 1t e

MCM 22, OF §uréd &@» ofAt lefs?lYbo léla@/ , prdrably at0BROP0ANYg BAdhbE efértgy @Of . . 100271 In
a preferred errbod% ment of the |nvent| on, the NO reduction zeolite has a

surface ar lsast 300 mf/zy Brasotherrmnbgdimeyt of e finsientiany tha N Q. gedictioymoliipisy and nost

pref er abl ye@fangbagth 30RhalR419 selbfle® RN &he eg?gﬁd'c&%mm@foft Beardganention, the
NO, reduction zeollte is exchanged wth a material selected rom t he group

consi st i ngaBPoHyEr Jiihmetahindo fernbiationk AiereofrgtriF ' i OSIEPhATP difs t her eof

prior to 'EIH&'PBPF@C'&&I}JsNﬂaé Peferraura%n ¥tal FC6nE il Stom' h&rfllpef er red
al kali metal is one sel'ected fromthe group consisting of SOdI um potassium

and ni xt ur @gsistig g sFdiuny, petosinropad Bixtresthergtfe NO, reduction zeolite may

contai n stg@pid Ior)rlalm@r@ym,reeu&lon zedifte rn@y%&%m s%glll\ﬂﬁggi%uﬂgr% of a
stabilizing, netal éor metal ion), preferab i ncorporated into the por es

of the zeol teaboay,23 Asight PEgBNY iOF i an gabitising. @erlahdwu@éta BRYY refsrably

incorporated into the pores of” the zeolite. Suitable stabilizing metals include, but are
not limited to, metals selected from the group consisting of Groups 24, 3B, 4B, 5B,
6B, 7B, 8B, 2B, 3A, 4A, SA, and the Lanthanide Series of The Periodic Table, Ag and
"mixtures thereof. Preferably, the stabilizing metals are selected from the group
consisting of Groups 3B, 24, 2B, 3A and the Lanthanide Series of the Periodic Tab_le,
and mixtures thereof. Most f)referab]y, the stabilizing metals are selected from the
| group consistin_g of lanthanurm, aluminum, magnesium, zinc, and mixtures thereof.
The metal may be incorporated into the pores of the NO, reduction zeolite by any
method known in the art, e.g., ion exchange, impregnation or the like. For purposes
of this invention, the Periodic Table referenced herein above is the Periodic Table as
* published by the American Chemical Society.
[0029] The amount of NO=x reduction zeolite used in the -catalyst/additive
compositions of the invention will vary depending upon several factors, including but

not limited to, the mode of combining the NOx reduction zeolite with the catalytic
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not limted to, netals selected fromthe group consisting of Goups 2A 3B,
413, 5B, 613, 713, 813, 2B, 3A, 4A, 5A, and the Lanthanide Series of The
Periodic Table, Ag and m xtures thereof. Preferably, the stabilizing netals
are selected fromthe group consisting of Goups 313, 2A, 213, 3A and the
Lant hani de VBeR(08499898 t he Periodic Table, and m xtures tehensefosolbst
preferably, the stabilizing netals are selected fromthe group consisting

of | ant hanycpie ALY TANSS The 20 R0 1 AL BRADRT 5OBe | The metal

may be incorpo pores eduction zeolite by any
met hod knawweniien,t e aempositiogs. ,ofi 6ia dxednédpgearei npergn akiabet/aditivhe | i ke. For

purposes of fhis |hventi.on, Lodi.c T f e 2 in above is
Phe pori odooeh s LB bl ol SR S ERRISFRGEFE, | “100501
The anmuntN@f reli@tion echlitt camporeapo vith @ sgtllei inorgémic biatal ySenemdlgi the ve

conposi tigns_of ipxention wll. vary depending. upop several factors,

i ncl udi ng aB‘L?FI% r?g[}g?ilﬁ‘laﬁ’t er%AutC{(’}fn tzﬁoé]teno%‘}épgf’gngo ?f'eﬁlt nlg ?’ﬁep?\%ﬁlﬁ?t%ducti on
zeol i t e wicbinptditione af b yvertion T d\Ba@ 005 pREIBOB atREF! MG2Egrefe28B 2t  cr acki ng

catal yst and the.type of cracki al yst use | n ope odi.nment - of the

Chvent ; on e SO B HPY wREREY F Rt SRRl oG boslpR PR RN ot  cta £ ve

conposi t i efisheaomnpositin.i Sgpiallpatht ipatit alae. cachyypadiittve @ambasithandofote bi ndi ng

particles.of a NO  reductio olite _co nent. Wit h i t.abl e inorganic

bi nder . CASPEI Sphtayns o bt 1P o oot SN CREN T 7D a9 18 Bhmonent

present i mndsherefedablyl, dlomaiteut 4A0MpH6IL TONSeiglit fdient avhatN@retlstiad | east 10,
ab and. even nore

pr ef er abl t | east ) referably at ~|east. 40 .
pr ef er abl ée‘gfte ?Oé%f’é’f’e“gQﬁ?c{%f‘egﬁia?ﬁgF@e?fttheb%?éa@'cfg%%“lvﬁgorf]%‘%sﬁ'lon\/vei ght of the
conposi ti ¢e30TRmiderakaerialt haefpars ipedphed ahe glagticylate/ adapdsitivas ebnpesi tion of the
i nventi on.contt ai.n?ﬁ %r om. about ﬁ%\gto}gggout B@é Bé.ef.er abl .fror’g about 30 to
about 80, MEBEY B EEBIOENF PERFEHGE uerPEEC RbBTHNY 8 ST B her cent of the
NO, reductd Gmm paeidles hevigoppmaes suithblsefbr ase inhke FOCH|undei RIIQ protest he
cat al yst/adddggok‘\sle rials useful to prepare

‘c

cat / age ]congl_osirti on der[ 00%9’]?] Bi %Fro ]rar%t e Sose _ _

parti ot PPEHUC BinderpRAECTPIS HSHPT &h PIERET FARPRINP™ Adr gani ¢ bi nder

which is eapeahbe with e peienginaenzieninclielepouder not timittd raejpmiral sili@s havi ng

B oPer Ry b B ST T RS aeFBRE

accor danc éevibitder iheelgoted Sent the rvemtdonsisiinge bialemiraytiliar, eilicotlumimd t ed t o,

alum na, ?\jlclré %raéferably, the binder comprises alurmina. Even more preferably, the binder
comprises an acid or base peptized alumina. Most prefefably, the binder comprises an
alumina sol, e.g., aluminum chlorohydrol. Generally, the amount of binder material
present in the particular catalyst/additive c'ompositions comprises from about 5 to
about 50 weight percent, preferably from about 10 to about 30 weight percent, mosf
preferably from about 15 to about 25 wveight percent, of the catalyst/additive
composition of the invention. . ' ‘
[0031] Additional materials optionally present in the compositibns of the present
invention include, but are not limited to, fillers (e.g., kaolin clay) or matrix materiais

~ (e.g., alumina, silica, silica alumina, yttria, lanthana, ceria, neodymia, samaria,
europia, gadolinia, titania, zirconia, praséodymia and mixtures thereof). When used,
the ad'ditional materials are used in an amoumnt which does not significantly adversély

affect the performance of the compositions to reduce NO emissions released from the

FCCU regenerator under FCC conditions, the hydrocarbon feed conversion or the



silica alum na, alum num phosphate and the |ike, and m xtures thereof.
Preferably, the binder is selected fromthe group consisting of alum na,
silica, silica alumna.. Mre preferably, the binder conprises aluni na.
Even nore preferably, the binder conprises an acid or base peptized

al umi na. NMoBP fIEPEPEbIy, the binder conprises an al umiHA/EBPIS0e2982

al um num chl orohydrol . CGenerally, the amount of binder material present in
the parti GUQdFt ¥igidapy, e/ Cd@ﬂ!l“&G@@Yébnﬁbﬁ@?@h@%‘éﬂﬁ‘ﬁ@@e@aﬁlﬂﬁnvﬁﬁout 5to

about 50 Vt’éin?me M&@Man a%u?fﬂ? %hﬁfpef&eﬁﬂbﬁt‘ﬁ@%mﬂ&n%ﬁs aﬁ’%rei%ged/\’e' ght
per cent, referably from about 15 to abqut 25 wei ght percent, of the

catal yst/ d@HPYEIT’vg‘at é’@n‘ﬁﬂﬂmo’élil% St the Hevertige fOPYY . espotdiy] oAdkfi NOsnal material s

optional | Xe&@@éﬁ%htb gnéﬁqn&%m%dy ons of the present invention include,
but are not limted ers kaolin clay) or matrix materials

(e.g., al dﬁQSﬁhPa@Fqlat@avata!ywad@aveame%aong‘/tqfr% inyegtierhskepld davd a, neodyni a,
Samari a,  GutRPLi sﬂﬁ&'&h 8! nt fnk ac@inﬁautszl{ ‘&P'B!: ercxnét@@?gg\)(%bgt @pd m xtures

t her eof) .- Phen used t| onal materials are us an anmount which
does not SiCEM sflmélémpwlyaﬂthéh@eveytorsaqffcemklrtgwetakyétr¢t@ngrﬁmF&Comr0@ehse conposi tions

to reduce NG ﬂgﬂ?ﬁééb%nl‘{)%{e@ ehti Wil Pfave @ﬁéén pgaﬁreesfl&t c%éa&qier FCC

condi ti ons, dr ocar bon conversion or 8 WO 2005/ 099898
PCT/ U82005h@1‘¥_59!82 qufmhlmthg/meancpadfclet $iee o &@mahgpt é&ttalap@,ltt 200 wmgeneral the

addit] onaly ek efelBly i Lﬂout @g@g%ﬁqs@gmm FBR DraBR ) B gpt percent of

t he conpositions. wever e conpositions of the
i nvention t@@h@ltslt-zoe@geriﬁheaﬂomyowfonﬁ o€ 4O, inventieiu Stricelly hewd mtleavised an i norganic

bi nder . [ 9030, BAG BRI IAL ALY 3R] bIYEBOTROBA bOAR 20T mbdpe i nvent Ton

shoul d have a part c e size s icient ' to permt e corrp05|t|on to be
ci r cul at edrefératdyitgbrahan abhet 1ISFCCU si nul t aneously with the inventory of

cracking Gais3) Watie 4o Berk NV Y AGCR ey TPLS hdrieiepQap st tion of t he

i nvention 'w have a nean partic size of gre pm Preferably,
t he mean peaptieddnetypically flhsp&m@ﬂntan@utedWIQndloatpemlor@@)@ﬂ}?rmventms@re preferably

fr.0m boubiiel By ARANE o3RRG, BE SELLAEiGT ATHANGNER0 0 abott

120 m Th ositio venti typi cal | ave a vison attrition
i ndex (DI yealisd @@pemenme%ls inorgamic hindert ar@@ptm@fr@aﬂahmyterlés,snahamonabout 20, nost

pref er abl y,digss «f %Qd@mbﬁtst 1o weight percent of NOy reduction zeolite and at least

5.0 weight percent of binder material in the final catalyst/additive composition and,
thereafter, spray drying the aqueous slurry to forrm particles. The spray-dried particles
are optionally dried at a sufficient temperature for a sufficient time to remove
volatiles, e.g., at about 90°C to about 320°C for abdut 0.5 to about 24 hours. In a
preferred embodiment of the invention, the NO, reduction zeolite containing aqueous
slurry is milled prior to spray-drying to reduce the mean particle size of materials
contained in the slurry to 10 pm or less, preferably 5 pm .or less, most preferably 3
um or less. The aqueous slurry may bé" milled jprior to or after incorporation of the
binder and/or matrix materials as desired. |

[0034] The spray-dried composition may be calcined at a temperature and for a time
sufﬁcient to remove volatiles and brovide sufficient hardness to the binder for use in
the FCCU under FCC process conditions, preferably from about 320°C to about 900°C

frqm'about 0.5 to about 6 hours.



[0033] Wiile the present invention is not limted to any particul ar process
of preparation, typically the particulate NO reduction conpositions of the
invention are prepared by form ng an aqueous slurry containing the NO
reduction zeolite, optional zeolite conponents, the inorganic binder, and
opti onal eV PiZWSHEIE i al's, in an ampunt sufficient to p’rCJWSG@*MZ‘)B?east 10.0

ht 1. it d at ht t of
1190 oot R SRR Su Shou bt b Perce o
spray dryiaggecubeolaipnesfusnidni by ah@odionh nulp&ed.] ahesonivuhhulfe, ayrrae,i ed particles

are option dried at . a ff enpetature for a suff ent time to
Hrovn o olsrie.cetoBd pnughite puf iregtiel & PG BT S5 EnEaF e EEar 0 5 to

about 24 RoMirt, nitiic, PhosPh@fc hydebhtmbostens frmarf ahdehel me@mds radice thee NO,
reduction zeolite ont ai ni ngsspgueous sluryr prior to. spray-drying

to reduce ap}?gnt,{ﬁéglh S mefaly BL-SPIUMOF PRRFFIAM; 'ﬁ¥}§e gE‘BWéir?Pé’ﬁ inthe slurry to 10

pm or | esgp03ay ea‘uﬁaad@é yon@omlsxfs of @R Snvefifithtarevirel Riedith %e&onﬂ/bflse%ratbess The
aqueous slury P/ n(% L(r)llled rior, to or aftﬁjés corporalon the bi nder
and/ or natPRTHIIC é‘r"FSaIa SVithe Hiey BN s g Catphyst ‘BF‘%E? W By Fbriposi ti on may

be cal ci nestnabily the bREHMaldifyeadthpositiorist use® in 'saufefmwnem at QeaktO@VeE vol atiles
and provide,sufficient hardness to.the bi nger f y yse in the FCCU under FCC
0

process cOYFEEN iRSHET o BreeFGhI Srtalysh MYsBeDt thepgeu R e £ r om about

0.5 to abeufalyb/daoiitsconhoirRebA828% A%Girlolﬁz&)ﬁ)ﬂ&!ueii%&ht M&B’é] Optionally,
the dried or calci negr conposition is or exchangg& W th an aqueous
sol uti on SOSLRFREFILY &om abpbAi tnsbodl £V ("Yfgg PEEGFRD AL BB SO Sa%Ystnitrat e,

chlori de, lmmlagnase@ara@hﬁ&i@t&aetaw}@mmh@cdmﬂ@aimn@bfaqta ihvitigRfiag bBr Or ganic
acid (e.g., furi nitric, |tohosphor|c hy Eochlorlc acetic, formc and

the Iike) 3¢ tedm:%cﬁgﬁ%én therropvantiepal RRNgE. S anake-ug qgtalshin i or

pot assi umregeﬂer&tbxanrfbf Qxh}schﬁa&l c&{v@ﬂﬁgﬁ'&net}{o@036] Particul ate conpositions of the
invention are circulated in the formof separa jcle addjtives al ong

rt

with the HHPA Br AcKIHG TRRodimpat of Mo RYABIGE: i Necladicneg e 5, the

cat al yst/ aglelirtbd/ 6 iROHORSddLihO el @acHﬁQdatélf/\stQd'ltl@@@t—lﬁlnsélf'es&b plR@stan 0.1 wei ght

percent of t he I\'I: t.al yst i nventory. Prefera % m)unt ﬁ‘fé t he

cat al yst / dHeRiN@: rE%‘?‘fﬂ%‘éFaﬁ‘Hﬁsﬁ SYNeBY  IneveRedangs ?Yrﬁli'a T]et"‘b"% ut 75 wei ght

percent, investonpthe Nex, adduptidnrzesmite ey be szd&@to&ﬁ@&ﬁta@@t :wahgbttagwrmgnt of the FCC

cat al yst : . . . . .

catalyst manufacturing prior to spray drying the cracking catalyst siurry to obtain the

fluid cracking catalyst, regardless of any additional optional or required processing
steps needed to finish the cracking catalyst preparation. W ithout intending to limit the
incorporation of the NO, reduction zeolite component, and any optional zeolites,
within the cracking catalyst to any specific method of cracking -catalyst
manufacturing, typically the NO, reduction zeolite component, any additional
zeolites, the cracking catalyst zeolite, usually USY or REUSY-type, and any matrix
materials are slurried in water. The slurry is milled to reduce the mean particle size of

. solids in the slurry to less than 10 pm, preferably to less than 5 pm, most preferably
less than 3 pm. The milled shurry is combined with a suitable binder, i.e., a silica sol
binder, and optional matrix material, e.g. clay. The slurry is then mixed and spray- .
dried to form a catalyst. The Spray-dried catalyst is optionally washed using an
aqueous solution of ammonium hydroxide, an ammonium salt, an inorganic or

organic acid, and water to remove the undesirable salts. The washed catalyst may be

10



inventory. Separate particle catalyst/additive conpositions of the invention
may be added to the FCCU in the conventional manner, e.g., wth make-up
catalyst to the regenerator or by any other convenient nethod. [0037] In a
second enbodi ment of the invention, the NO reduction zeolite is integrated
or incorpor®? WSS t he cracking catal yst particles thdfdaS¥Ws1288%r ovi de
an integral NO reduction catalyst system In accordance with this

embodi mentex@fangdadvithi SWABL JoRBle rhiRGaMDiall €8 UGllaAh ZgekidtE nimikshgd added to the
catal yst at any stage during catalyst nanufacturing prior to spray drying

t he crackllflfg“‘éatal yst slurry to obtain the fluid cracking catalyst,

regar dl esgo@k; ARmANLl! 't&nNO ORLL BRI zeBlfte TBAPSIRI PHRMES 2MPonaPt EPS needed
to finish the cracki ng catal yst preparation, Wthout intending to limt the

i ncor por atzZdiiesothe crekingatalystizpotitcotny 2e4§15 m@ef@b@mﬁ@ﬁﬁﬁh #¥awr sglyplopt i onal
zeol ites, o \ididyi fdtalfnifd & tidagr %r@tsﬁxlrrYéﬁtm SR g BiRfEed. | §ndBlRPds of cracking

catal yst “mEnufacturing, typica NO, reduction zeqlite’ conponent, any
addi ti onalmﬂl%bfﬁlld|SPré$*dr1@41eT1@rSa@k1dﬂgd eaialyst ipsnlcineditiabeut 480G |t¢ gbausSyY or

REUSY- t ypgoogndpif 5‘%@& )éatalpﬁtn?'{y' tﬂénsop@l() fJl§| W}dsﬁéil 'u?in%‘@h eag}xeo-lwe slurry is

mIIedtoreuceterrean e slze o solids in urry to less
than 10 msolptierf efragsanivnp hyeexide hmamEIopHN salbsn iprednée ablojganicensisl, t han 3 pm

The mill eq lvk't@rr th ré ovg%gUnBL%QaMé Eans aOE‘thcril@b hE cQ&IQQE’an {)e ?xchan%ec?' lica sol

bi nder, optlona matrix materi al, urry s then m xed
and spr ay-Wl’dira| waiertsoluplgrrane sgartinsad] aﬁsm lt hwe@wﬁ*yd byi sy @fa@laln}ﬁﬁtodﬂi s optionally
washed using.fl meagueous sol ution of amoni um hydroxi de,- an ammoni um sal t,
an inorganic or organic acid, and water to renove the undesirable salts.

The washed0®38k ¥hes integeaedoiato the FAO cavd! 099668 tRATDUS2OOED £2gRe exchanged
with a WatcEr‘hpo%[?x(k) 1€alfxla¥e reSatfisd Bt Fzﬁ’étto lh%%tcl)t’ pér@én‘? “SfoHhFER! Qhgiglps, nitrates

and the |i rnative reduction zeolite conponent,
opti onal @erticlei Bregerablyz dslamoust, ofﬁWQ¢ra@wtlwe@u@a@rywn%@mdtréngeany mat r'i x

mat eri al S frofh dbBtD: 183" ﬂl 3\%&@% ost?p?éférabl? lfr@?ﬁ a@ﬂﬁilt @ltéjgﬁdﬁ?‘M?Ol bi nder are

slurried in water and | ed and spray-dried. The
spray-dri e@lgbmeFﬂeVsQfthstQ(éP%ﬂYﬁééarmlesabout 250' C to about 9000C, The

spray-dr| g&m@]ah@hmggratgwc&fegrglya%n ahyc&gﬂn\mb% UgkifidicAReAf!e0US
sol ution of anmoni um y I OXI moni sal t an | nor ganl c or or ganl C
aci d, component along with the crackmg catalyst zeolite, inorganic binder materials and

optionally, matrix, fillers, and other additive components such as metals trapys. (for
example, traps for Ni and V) to make up the cracking catalyst. The cracking catalyst
zeolite, usually a Y, USY or REUSY-type, provides the majority' of the cracking
activity and is typically present in a range from about 10 to about 7S, preferably ﬁom
about 15 to about 60 and most preferably from about 20 to about 50 weight percent
based on the total weight of the composition. Inorganic binder m aterials useful to
prepare integrated catalyst compositions in accordance with the present inyéntion
include any inorganic material capable of binding the components of the integrated
catalyst to form particles having properties suitable for use in the F€<CCU under FCC
process conditions. Typically, the inorganic binder materials include, but are not
limited to, alumina, silica, silica alumina, aluminum phosphate and the like, aﬁd
mixtures thereof. Preferably, the binder is selected from the group consisting of
alumina, silica, silica alumina. Generally, the amount of binder material present in

the integrated catalyst composition is less than 50 weight percent based on the total

11



and water to renove the undesirable salts. Optionally, the catal yst may be

exchanged wth a water-soluble rare-earth salt after it has been washed, by

any of the methods known in the art. [00391 Wen integrated into the FCC

catal yst particles, the NO reduction zeolite conponent typically

represents WP WBABID. 1 wei ght percent of the FCC cat al YWSI/USBS0i08%.

Preferably, the amount of the NO reduction zeolite conponent used ranges

fr om about Weight elothaisatatysioepmpesiien Perebly thenpeigas dfindesbpgtedaloih about | to

about 40  weightn MENAERhed Rltal Gy BB ki PR LhGLES 10 [BAAQE The

i nt egr at ed&i’g?(%c cnat allys%} \7\/? I %,a%ypxi] gal l'y conr%?rl&se t he NO. 'cr)eaducti on zeolite

conponent: Wtighipererthmpteepreferabliifing abaytdlye aboaed weight peroenyand @108 nder

material s ' [ £l it conponent s
b@A bl pfEbi; bed0hn At of freCONP

such as ms@gﬁgrs? &rgﬁl&s}%%?s toggéfrtr%?(g?&t ﬁgpéﬁ’f%}r " g‘tﬁﬁé‘?ﬁ ‘?g trcr)xalkee up the

cracki ng cemwbgiien. The cracking catalyst zeolite, usually a Y, USY or

REUSY- t ypépnih GV g j Of.] r: I J Vi . is typically

pr esent inlogﬂt]- %ggﬁﬁ ?Xoﬁﬁg%?u%pwi%}{)f glfes@fhgﬁtﬂ%f@%é%@g?%%%{ %lorr#p\réts)]ﬁ]&gabout 15 to

about 60 asfdherpssenpimetreioalicjudt, tmmmoulimipd t @luaboti 1@ abenightrager cent  based

on the tot ahh%{dgbgucgfastlﬂlﬁ}agao mgsﬁtliotnlrﬁ)&a] olxﬂigg 'S éipalxﬂge{irc i%,?{{fdal s useful to

prepare integrated catalyst ¢onpositions I n-accordance wt € present

i nvent i on mangedesdexidmn group 8A gaidkcsuthadseragadsivoapd bhgum Hxidesdilayy stdhe conponent s

of the integrated . catalyst to.form.particles hayin ropert.igs suitable for

Dse it e Rl g BRh Be/Bbedro ThORMRR RN RS NEYNAIPIORERLAER O LoD

bi nder natietegral sitalystinud @amolmtiof Bsahamdi) welghtrpdrelt based @h tira to] weighti ca, silica
gntrp

al um na, alupm.n hosphat e the lLike .an?l i xtures thereof. Preferably,

the bi noler(’fil“éré %%%“é%f@’agﬁ”?‘&*h {%ﬁ"gﬁ’%@%ﬂ}?f RS Pﬁ@%’ AR Biica, silica

al um na. Gawentahhging frére abovb Ut abofit 45iwedhbt pereenebdsed ompitestetaf wieight é¢fhe i nt egr at ed

catal yst ¢ ition’i.s |l ess than 50 wei ght percent based on the total 11
WO 2005/ ogtggg‘gﬁ’ﬁifﬁ“%i‘gﬁ%/ougsz wei ght or the catal yst conposition. -

Pr ef er abl y{p04zZh&he¢ martiginisice ind detritionapeperéts of ghe pmtegahtcatalyst hdfettnt egr at ed
catal yst i n_.amunt .ran baut, 5 tao ou re!ﬁ Lb(} percent, nore

preferably ufiaﬁ%aﬁiqg%ﬁr@ﬁfmﬁ)m?‘léengrggorr@r%%"%? Eﬁ'nvf Wﬁg?}%e a%alésﬁds nos Br ef erably

from a_bo_utthelcfmnmmrcahowc 7. We¢ plegraperatyendompbdt@dofole ilventiant tgpicallgi ght of t he

conposi ti qqgs a mean particle size of about 45 to abdut ZOOpm,. more preferably from about
50pm to about 150pum. The attrition properties of the integral catal yst, as measured
by the Davison Attrition Index (DI), have a DI value of less than 50, more preferably
less than 20 and most preferably less than 15. 4
[0043]).In a preferred embodiment of the' iﬁvention, the FCC cracking catalyst
contains a Y-type zeolite. The NOy redubtion zeolite may be added as a separate
additive particle to a circulating inventory of the cracking catalyst or incorporated
directly into the Y-type zeolite containing cracking catalyst as an integral component
of the catalyst. In either case, it is preferred that the NOy reduction zeolite be present

" in that amount sufficient to provide in the total catalyst inventory a ratio of NO,
reduction zeolite to Y-type zeolite of less than 2, preferably less than 1. ’
[0044] It is also within the scope of the invention to include aclditional zeolite
components in the catalyst/additive compositions of the invention. The additionél
zeolite component may be any zeolite which does not adversely affect the NO,

reduction performance or cause a substantial change in hydrocarbom conversion or



[0041] The matrix materials optionally present in the integrated catal yst
conpositions of the present invention include, but are not limted to
alumna, silica alumna, rare earth oxides such as |anthana, transition
metal oxides. such as titania, zirconia, and nmanganese oxi de, group 2A
oxi des suchWas20puEA8i um and bari um oxi des, clays such asr/keohignzosand

m xtures thereof. The matrix and/or fillers are typically present in the

integral CcahaledShodubt ABldAIRMMRIhOFCEasstsharreRAbWEBMAIIRIRAS 98l ileased on t he
total weight of the catalyst conposition._ Preferably, he matri x and/ or

fillers ar éoﬂﬁﬁoégféﬁﬁaipeﬁhfaﬁele%m he groyp H@SFV%%ﬁfafE)"BEI‘t“QI Zslhé SdboMr 45 wei ght

percent bageghdRixiuh8 mepdoal T%ea'd@ih&napfeohfef&@mﬁ@{%ﬂ'lé’ Sed GOUND ARbink Mt [ 0042] The
particle size and attrition erties of the |ntegral cat al yst affect

f1 ui di zat i 8eFSpPopEtitigaady chertsﬁéa prit thepseforansnesr ofitheNRotpdetion zedhBecat al yst i s
retained i E'omﬁoglﬁomm&&k ?Jo‘ Felelisstod find ;Fdﬁaammlﬁ%%au@%eaiwﬁokarsaﬁpos' tion of

the invention typically has a nean particle size of about. 45 to about
2001m . nof@vyier apaipradustr ielisabbte Cr@ngtcetab@omat%mntheWe ofthei tion

Prapert es fuif et SR e R bR fRkon B PEARHERdonBikiddhe 1 BN ALTTE LT o

I ndex (D), have a val ue of "l ess than”50,. nore prefe | ess than 20
and nost pﬂlefaéqh&mayzqow@@ommml5useﬁ OoxBgmunt rangan@fr@n@bwténm@imufent of the

i nventi on, r%;rgmﬁ%ww 1838 abotg o, €8 ﬁt%epc%n@ Yk YRG1 &Rkt Le- The NO

reducti on ze e ad as a sepa ate itive particle-to a
circul ati ngammelém o%erefhetNﬁh r@rta@mzmt@awriysw mtegnak@@mmnaqféue directly

0 e VehyRE FEOMIARCORPIBL DA R 3l ¥Sh A ghheo" !

conmponent t'he cata ase t the NO
reducti on fomebout €. lbeatmuéé(émost fireferelbin frommboutt! to tabcfut 49.evetight pergsrmdvi de in t he
total cata ratio of NO., reduction zeolite to Y-type
zeolite ofg%giglﬁﬁgﬂ) OMU@%ferably | ess than 1. 100441 It is also within the
scope of t[#845]Pemawhainbtieslyi rtbé UAeC guickiess amlves ek i Grecklllg)m@d%M's in the

cat al yst! afldlddite, GORAKS t AR Sl druERL! e FSaddyld o Zeolite

corrponent e any zeo Ite not adverse NG,
reduction p@hfsorenmwom pradammocaswwsa eintuiaging 8hidirgele crackingiratabastbon

conver si o 060 2B A00LARRRYRPCTL P05, D420RE (SERGKEAuRRTUCt yi €l ds

during t he' rocess zeo |te ~.component is a
zeol i t e sel¥atredrdferalty tflhel appe fd te eyt $20 mrg. dhe tatplyliceracking 286isE, ZSM

relatively high molecular weight hydrocarbon feedstocks results in the production of a
hydrocarbon product of lower molecular weight. The significant steps in the cyclic
FCC process are: ' '
) the feed is catalytically cracked in a catalytic cracking zone,
normally a riserl cracking zone, operating at catalytic cracking
conditions by c'ontacting feed with a source of hot, regenerated
cracking catalyst to produce an effluent comprising cracked
products and spent catalyst containing coke and strippable
hydrocarbons;
(if)  the effluent is discharged and separated, normally in one or
more cyclones, into a vapor phase rich in cracked product and a

solids rich phase comprising the spent catalyst;



35 and m xtures thereof. The additional zeolite conponent is used in any
anount that does not significantly adversely affect the performance of the
NO, reduction zeolite conpositions to reduce NO, em ssions and
substantially maintain the hydrocarbon conversion and product yields of the
cracki ng ca¥@pypsIBE ati ve to the use of the cr acki ng ®TaISy®WE0RPE2hout t he
NO, reduction catal yst/additive conposition. pi cal | t he additional
zeolite conpondi i éedgléd phase ireRasd e Pf%'lhijlaﬁ@ ‘f'ttﬁ’ﬁﬁltﬁi\;@l}i‘ to about 80,

preferably from abopéc bfhi QUG i Bssottibdliflc RAIERM forllgal ne
catal yst/additive conposition. Were the NO reduction “Zeolite is used as

an integral conponetd 1tﬂflldtcrﬁékl%ﬂpéﬂcffslﬁducﬁﬂﬂega%@éi?’t| onal zeolite conponent is
preferably usedn fﬁ? %HP%{E] {télé‘gt'ng&d Ixsrugm M Uteald: & fe F@ t@ﬁou" 60, nost

preferably from abou wei ght per cent e catal yst
conposi tion. [ 0045108kdedhzdrotsrions- |f5¢>m ﬁh?ecﬂmt,plﬂ%ewblch Mol ves t he cracking

of heavy hydrocar bad8eduRrks dialitdn!ElenBl Ol Uf! 2 éavap>§9nt act of the

feedstock in a cyclic™ catalyst recirc Iat on cracki ng ocess with a
circul ating fl ui di zebéneratiorazsing trppredicahgigegentmigd natelyst whdohds sti ng of particles

havi ng a nean si ze g‘p%&%hg t8”1h@b8'a@l\m§0z$n% ?Upo%?kirggﬁqurme preferably from

about 60 to about .12 e catalytic cracking o ese relatively high
mol ecul ar wei ght hygheottes bbhed: eedstocks results in the productl on of a

hydr ocar bggod%j el 1#@(‘(‘"‘2§ta1¥?}§ ﬁ?lHéeaFor‘éﬁdnngé 7o cgél'tal £, Steps in the

cyclic ocess are: dis cracke in a
catal ytic a:faa@mengacxmgecompmnm flegcriped iinsthe scmaJ@kremnglm‘éc;nuaperrdatl ng at

catal ytic b?oc‘fihﬁglc,’a?a%l?zg Ctr »9}7; 283 %a@attélﬁk% fé\fa?%l ‘fﬂefd@r NEPYLAE of hot,

regenerated ¢érac cat a to produce an uent conprising cr acked
product s afd%,spEny , 0- &Zaﬂt78689@-ﬂ, eonvai n$ Ng wokeowndthst sppgmbbuwsh &y dr ocar bons;

(11 ke LBt A cpIpE s ancPRRIC et g Rl RS, of | Tor e
phase corr;iSBtha%ﬁ"fﬂ 129G beﬂrtefewévtyathysFtC,C caBlyWOs 2@@5W@9@$9851MY&118®005/ 012982
(i) the XAROLRAASRNG LAPRYET B PLAGYS] ABRES AGbIARAL &F v the

invention, the FCC catalysts consist of a binder, usually silica, alumina, or. silica

alumina, a Y-type zeolite active cdmponeﬁf, one or more matrix aluminas and/or

silica aluminas, and fillers such as kaolin clay. The Y-type zeolite may be present in

_one or more forms and may have been ultra. stabilized and/or treated with stabilizing

cations such as any of the rare-earths.

[0047]. Typical FCC processes are conducted at reaction temperatures of 480°C to

600°C with catalyst regeneration temperatures of 600°C to 800°C. As it is well known

in the art, the catalyst regeneration zone may consist of a single or multiple reactor

vessels. The compositions of the invention may be used in FCC processing of any

typical hydrocdrbon feedstock. Suitable feedstocks include petroleum distillates or

residuals of crude oils having a boiling point range of about 150°C to about 900°C,

preferably, about 200°C to about 800°C, which when catalytically cracked provide a

gasoline or other petroleum product. Synthetic feeds having boiling points of about

200°C to about 800°C, such as oil from coal, tar sands or shale oil, can also Be

included.
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FCC main colum and its associated side colums to formgas and liquid
cracki ng products including gasoline; (iv) the spent catalyst is stripped,
usually with steam to renove occluded hydrocarbons fromthe catal yst,
after which the stripped catalyst is oxidatively regenerated in a catal yst
regener at i oYO 2889 produce hot, regenerated catal yst RATAR20050129%en
recycled.to the cracking zone for cracking further quantities of feed.

[ 0046] Conlpéﬁﬂllﬂr%‘iiem@@ef&%eﬂo%f@mlth%:IC%IéiéSt PR Xaniplieaddedde ithee based

catal ysts whtfrat@n E@}’ré.l al%!s @p&i‘oﬁﬁéﬁ'@% ﬁﬁﬁ@@%%nga&vig@%b B&thnl br t he semi nal
revi ew by Venuto and bib, Fluid Catalytic Cracking wi'th Zeolite

Cat al yst s, thR/ti‘Fg@é?ratD@I@R%ﬁﬁ or iidesiryd pdditiopglzaygqngpadded gty didgyordenseas wel | as in

numer ous Ofhed oSAULEES ﬁMﬁﬁ as Sadeghbeigi, Fluid Catal ytic. Cracking
Handbook, %UIfOP gﬁdg Hoﬁston 1995, | SBN 0- 88415- 290- 1. Preferably, the

FCC cat al yBW?]sCataldataddly@tcocmmﬁrqns inrﬂgchaﬂct yijfle the Zmshtianedramatically cr acki ng
conponent . . f}..a 1@31(5}1 htclgz{)sﬁli(l) ;E}Et@rfaﬁl ;fleasztln%wd'u{@ issRdns o"t“fqo ipygntion, the FCC

cat al yst s- consi st usu i éa, alum na, silica alum na,
a Y-type zE@EUtr@gmrtatweefﬂmrpdmm them@lm reponasatipns mihide asllbatnnh@lb’ and/ or

si1ca al Uk fiafinARE plA bRk S S RRidiA0AgyiEh A o plcdiies. gecl [ Le may. be

present in one . hav een ul'trar’s i’F1Zed and/ or
treated wi gdvolieai lighti qkj'lns,mtanr@dm@omut;hcra@clwtadbfst tllnesomarcescea‘iQMS

100471 Ty Plefidthin to0% segenas. ,%sﬁg%&ngl}a&te% he csmgéshgaﬂ%@g@%ﬂo%tures of 480~C

to 600 regeneration te ature to 800 C. As it
is well knaofwhe mvnnttOher&mtlt Slgriri@ama't aHlegiitg ﬂieg@nlmdatrod)!ntsmi@ ordyedconsi st of a

Singl e or mHLALBhexoRRR A% vl $93RIGuodS, GRIBARA U] ABSalthE denvent i on may

be used in proceSS|dg 0 rocar ock. Suitable
f eedst oc ksem'termt:bﬁd@x péictior wddndepkmdton Is'llc:htf&or@as fcrr@salmualﬂg a@fnpcslMe oi I s having

boi | i Qfs... y, about
goook ;ggar@L @3%9%ﬁﬁ?%ﬁp@ﬁ%ﬁﬂggf% %1?@2 &mggggﬁzddp$g&%% a ggsgrlne or
ot her pet r ohainmupit Gchpetated Sycitdieg hutndt digted tvawvg@ 1bel :mdrdgsmdmtlmsf of about

2000C to agr Illlxt t&g Q%e%iat&ugﬂal?ﬁ bgd depftt( Rmhg?%enelst@:r st?%BQ pgrratl&'nh?rlde oil, can

al so be inc
regenerator temperature, the properties of the hydrocarbon feedstock cracked, and the

presence of other catalytic additives that may affect the chemistry and operation of '
the regénerator. Thus, sincg each FCCU is different in some or all of these respects,
the effectiveness of the process of the invention may be expected to vary from unit to-
unit. NOy reduction compositions of the invention also prevent a signiﬁcant in_cfease
in the production of coke during the FCC process. '
[0050] It is also within the scope of the invention that NOy reduction c'omposit‘i‘ons,of
the invention may be used alone or in combination with one or more addjtiona] NOx
reduction component to achieve NO, reduction more efficiently than the ﬁse of either
of the compositions alone. Preferably, the additional NOx reduction component is a
non-zeolitic material, that is, a matérial that contains no or substantially no (i.e., less
than 5 weight percent, preferably less than 1 weight percent) zeolite. 4 V
[0051] One such class of non-zeolitic miaterials suitable for use in combination Witi]
the NO, reduction compositions of the invention include noble metal containiﬁg NO,
reduction compositions such as disclosed and described in U.S. Patent 6,660,683 B1,

the entire disclosure of which is herein incorporated by reference. Compositions in
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b

WO 2005/ 099898 PCT/ US2005/ 012982 [00481 In order to renove coke fromthe
catal yst, oxygen or air is added to the regeneration zone. This is
performed by a suitable sparging device in the bottom of the regeneration
zone, or if desired, additional oxygen is added to the dilute or dense,
phase of t{¥@ @gesesati on zone. 100491 Catal yst/ addi ti VETEGHIPOLILI9BDNS i n
accordance with the invention dramatically reduce, i.e., by at least 10%

pref er abl yuaf clhRasitl t280%41y thapasiagsirmate Mixte. of (Hnant Retic e oxiggener at or
effluent during the catal yst regeneration, while substantially maintaining

the hydr ocetsHE Sestegilly erosteplie él?ref{ewélywé‘lawrwsﬂtcﬁaeﬁéwnsv%mt s, e.g.,
gasol'i ne aﬁ@fe!rdb%h&on%ﬁﬁ%meastqb\rvagm@rc&ﬂgmnm? (?’a%CJf anqn&ﬁt@tl Y&t . |n some

cases, NOx reducti.on 0% or greater is rea achi evabl e using the
conposi t i ofé weight Areens dreferably Aeoul hireahoniold Wﬁlglﬁﬁﬂ?eni‘)b ghilikalisasenty af f ect ing

the cr aCkeﬁileth giql}{e%t Sylvgigﬂ%ef%ntf ﬁ'@férabﬁ’oﬂl@&ﬁrﬁ Qn‘rbmﬁt 0S¥ ht %% reducti on

under st ood by one skil i'n the catal'yst arty the  ext
will depen@ddwkmhhdf@ét(é}@lﬁg() 1f\m1ghéR@:¢ijI@f antopiwee@msmetabnmdfand amount of

the additi (YQ?TII}&I!?At (%'Eférabé{}%nge gab{ 5'? Rgﬁmeﬁirno'bl@ Wl%m&a&%ng atal ytic

cracking unit 1s operat imte oxygen | evel and
di stri but i @referbly &, Pdj Rh,tlh@sr@g&@@émmret@@m®®sPre&edd demppasitions t he

t tg th
et Pool p PR GRS A At aciPIRACTAAN BTRRIS Yol (e
catal ytic pedent al\u@glatdmatsulwaayxtxdlb/f@czeotlﬂae@hekmstOrSywalght m)@naofi on of the
regener at ofiai! rﬁé’@ anﬁ/'opzﬁleallgaﬂ%qeaﬁﬁ;ﬁgtal & rﬁ%&tﬁx?e??h%&%{, Agaﬁnvenﬂbo‘ﬁ 35 of these

respects, fectiveness process on may be expected
to vary frwerghirpercentoof anmh’o/genl\mrageedp@ﬂq wmsitiompwtil bkidnsr efraredearti nventi on al so

prevent a[@beg%ﬁﬁli(fc%fiés) &4&(‘(&)&&%@% ?;#ggf Ho%ﬂe%%t&l%ﬁle%d ﬁ&’é“t‘hed#&%;ﬂg the FCC

process. ‘ SO Wi scope o rnventi
reduct i on oospowiofPoRdy, b,fandahenbmmlemthemf a&yerb@tagssebtlrml @ corthé n corrbl nati on

W th one otal b tacﬁ‘ﬂ{e ok%FrﬂJe cﬁ&?xsvaacﬂ%cc%g&u?o%”po”e”t to achieve NO

reduction nore f| clen e use el ther of the conpositions
al one. . Pr ef08524 inpthet tiessazﬂdlpm-zwhm mial@yials edabkeifonuseompoankingtionswigh  non- zeoI itic

mat orial . DR, ey TBh B0k Rh: DAL LGARLAIARADE AR NPUOSS B0LERILY o (1

|l ess tha prefera ess percent) zeol i te.

10051) mepr&bl@thr Bl g Bsdafand aeRalil UiSCPA@k Rob.d|155,938 4raly, 35880, these i n
conbi nat.i on w the NO reductjon conpositi ocps of. the jnvention include
nobl e met aqntu(-’eo fc(ljﬂsplreﬁ)& tlﬁéﬁ patents being hercm incorporated by reference. Typically,

the low NO, CO combustion promoter compositions comprise (1) an acidic oxide
support; (2) an alkali metal and/or alkaline earth metal or mixtures thereof; (3) a
- transition metal oxide having oxygen storage capability; and (4) palladium. The
acidic oxide suppdrt preferably contains silica alumina. Ceria is the preferred oxygen
storage oxide. Preferably, the NOy reduction compbsition comprises (1) an acidic
metal oxide support containing at least 50 weight percent alumina; (2) about 1-10
parts by weight, measured as metal oxide, of at least one alkali metal, alkaline earth
metal or mixtures thereof; (3) at least 1 part by weight of CeO,; and (4) about 0.01-
5.0 parts by weight of Pd, all of said parts by weight of components (2) - (4) being per
100 pérts by weight of said acidic metal oxide support material.
[0053] Yet another class of non-zeolitic materials suitable for use in combination
with the NOy reduction compositions of the invention include NO, reduction

compositions as disclosed and described in U.S. Patent Nos. 6,379,536, 6,280,607 B1,
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reducti on conpositions such as disclosed and described in U S. Patent

6, 660,683 Bi, the entire disclosure of which is herein incorporated by
reference. Conpositions in 15 WO 2005/099898 PCT/ US2005/012982 this class
will typically conprise a particulate m xture of (1) an acidic netal oxide
cont ai ni ngWOLMIEYHMBal |y no zeolite (preferably contai fPAgUSIYEE¥and

al um na, nost preferably containing at |east 1 weight percent alumna); (2)

an al kal i ¢ret3a167( aitd leerass34). fe V@tightisQEN AL BE thfé fa@hRbbyinglierin | to about 15
wei ght percent) gn al kaline earth netal (at | east 0.5 weight percent,

pr ef er abl y‘“ca‘BB‘Hi‘te by, rafeyenggo it eaeralydicdHix rﬁ@%@h‘{ojnp"ﬁﬂ%flsrﬁoﬁ’ﬁ’ﬂ?eé% thereof; (3)

at | east Ouplacyvid efitle RHERNG) B alRd)i AXMNUR0/08 hIREIRG Rafl idlal gxhq;@ureg:orrponent
(preferabli]/ ceria); and (4 at least 0.1 ppmof a noble net aI conmponent

(pr ef er abl erret; (Pga tppsitiqny metasoxidehaving expernsiNegsr ewabitie: @est 19 Pref erred

CONMposi ti afSsitibi mlefdl §el&|téasf§mpéroﬂ§stﬁdnﬂllﬁ3 SOAPPerRRlic(Tab e préEiaflyc OXi de
containing at |east 50 weight percent alumna and substantially no zeolite;

(2) at | edBe agdis oisle sHppopcopiaiis atoleashpl waishiaiercepterl yning ged prefeaablyal kal i ne earth
metal or mioxtis&gich Qﬁ&%f CekiR)s ROPEert B%g@rpﬁb&tagez&de""el'ngdﬂ'ﬁrefgﬁéoce”t of an

oxygen storage capable transition netal oxide or a rare-earth (preferably,
ceria); arrhbedimesgt of Oftb%@tver@l% thNP-ofedugtiprogsimwosiiengIcomptissdil bap acidéim t he gr oup

consi st g fe Bhuorfdnialiing £ Rk 30 GAEH AALLORAARE LBl 10 Sbbwieiernt ages bei ng

based on tota g? ative cat yst/a I ti've conposition.
[ 0052] Ancotéseyred pnthg msta @mde ~&ah alkkile matal, @n a&hlyewiﬂn aigtab of mixtyree i n

combi nat i Gkt B ot B N e OB, COTRATIAL NS R REp YR on 1o ude a

| ow NON, ustion ter ose In U S Patent
Nos. 6, 165ra0giEom metas, @%U@QES meted oxigat P 6Uonrsfte3 ﬁlup@tsoﬁy whigbleoat ent s bei ng

her el n | NRERAKALA 1) EEHGELIOG TRl AR beaia 0% Do CO combUSL] o

pr onot er ositions co I C oxl support; (2) an alkali
met al  and/[B954hAathemelassagft krnrselitic WOx mdmtwmelsat@rwéer @Dﬁable(fg') ua% in ransition

et &l OX1 S BRKIAN A G6N NUOLANGIPARIL Y AT (H)cokBh| Adham The  acidic

oxi de support preferably contains si um na. Ceria Is the preferred
oxygen stmgawmiuwunmp@feébam gdditivhehen@loreddng useinl foompouiavebn conpri ses

(1) an aci gl Mhal M 49RURRRIh GO BhPLAS,Alnd #A%h SiULANt Per cent

al um na; parts asured as netal oxide, of at
| east one Chiidzl;htlthlﬁetvm Ofamdt@iaISnecle@ﬁtUnS PrstnaNasr 496362 eb91THOReof - (3) at

least | pards7hys Walahbs0f 4 980, a9, aRu4s0- Dirs635, 4,830,840,
4,904,627, 4,428,827, 5,371,055, 4,495,304, 4,642,178, 4,469,589, 4,758,418,
4,522,937, 4,472,267 and 4,495,305 the entire disclosure of said patents being' herein
incorporated by reference. Preferably, compositions in this class comprise at léa’St
one metal-containing spinel which includes a first metal and a second metal having a
valence higher than the valence of said first metal, at least one component of a fhfrd '
metal other than said first and second metals and at least one component of a 4founh:
metal other than said first, second and third metals, wherein said third metal is
selected from the group consisting of Group IB metals, Group IIB metals, Group VIA
metals, the rare-earth metals, the Platinum Group metals and mixtures thereof, and
said. fourth metal is selected from the group consisting of iron, nickel, titaniurﬁ,
chromijum, manganese, cobalt, germanjum, tin, bismuth, molybdenum, antimony,
vax_ﬁadium and mixtures thereof. Preferably, the metal containing spinel compris;s

magnesium as said first metal and aluminum as said second metal, and the atomic
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5.0 parts by weight of Pd, all of said parts by weight of conponents (2) -
(4) being per 100 parts by weight of said acidic netal oxide support
material. [0053] Yet another class of non-zeolitic materials suitable for
use in conbination wth the NOx reduction conpositions of the invention

i ncl ude NO, WPSHUWP8%h conpositions as disclosed and desRGT/HROOS0M29%E S,

Pat ent. Nos 8, 375580um o 2800007, Bl k1 W0LR005UAR0B I8 RET 5005 012082

6, 143,167 and 6,1 834, the entire disclosure of these patents being herein
i ncor por at €d thsyspinef Breéerbly, comprispsriemeil selesied fm theetioupt donsistigIASdRS t i ons

conprise (]ﬁlatﬁ-ﬂma@§OQ{;91e% %@9@% 3a]§%ad mnaééqﬁéreofn%@'thlﬁdﬂﬂé@f al kal i ne

earth nmetal or m xtu er eof a transition netal oxide having
oxygen st orcap@orsapisivrdferelyly prasedt in4) amourt inethe rangeoef sheut 41005 & shoredd from Gr oups

1 and 318 ol bRl ToOL SonlRaR ot st B FENGbAngihde, support

cont ai ns at ercent alum na an contains silica
al umi na. Cgsipsesérs in he aprogfxtemrtbd rapgsy gEabayit 8108 ¢0 aboutié0 weigha pprcetfter r ed

enbodi nment C' {C.u,ta@ga;gi%(rgghtdl%mhm@a] . reduction conpositions conprise (1) an
aci dic- oxide support containing at |east 50 weight percent alumna; (2)

1- 10 wei ght[0¢fsi Odhrer nonmnwmenbnab ustfel ime¢oaibingsiordwith dife H@x atduation met al, an

glelé)g.l I gﬁ de?%hlaéggog_f%{xj 18ven5nor)[ mgllﬁge thtarr]ee no??}cn’ltgci t%)) %1% bas%aacaEa s){sfs suclght dont gler Cent

nmeasur ed adliwissal and)dles:tebecbh U:&‘u Petenwlgq 5di02.6 e putandmy buseil i, redmf:tnoncorrponent s
(2) - (4) b%dltlg?s s%ch a Og’es?n ed 2 {éscwese(g in E)%f Pﬁgﬂt %oagb?fgg QX' d quort [ 0054]

Anot her cl ass ion nmateri’a e Tor use in
conbi nat i orspineit HOE hadum addadwstsu@lnasobsqmbai andohslosdd mHéSJ Palethosn i ncl ude

magnesi um 65| }éﬂ" ?’7‘%?%‘ §]181?6}1§§r051 ddl t a}é/gt anraegdﬁﬁlgg %éﬁgos%loplg sucﬁ'ne]c ul for the

renoval  of'sui™f ur oxi ener at or . atent's whi ch
di scl ose. ~alegbribete st diselogelj fr texpeplaf mnmSePatantg\IcpsnélSﬂﬂéliJ @469811 ent Nos.

4 470, 245, ‘B ean s itaIRlaht oo Gl pEan Por gl fudsingiee
47 495, 308, N, 42 0LDBH 764550 BEY, prém TBSHALSs SorkioBRI06T koA ER267 and 4
495, 305 th??_;fg%' biE r?'USsC PRRHN%. 92 6%‘7§jt aarr]xﬁﬂtdsticpo‘ibr%f Qa%ﬂ%at@m icor por at ed by

ref erence erab NPosI ti Meeast  one
nmet al - cont auemnngcospmratal by\mfemhca ncI udes a first netal and a second nmet al

having a @S%f'f(ﬁ heg%h%th}nhf%n &Q;‘?e 153 themr\h%erﬁfon tgl Qse thé So m?éa%ct’ionat (cast one

conmponent
compositions of the invention in combination with NOy removal compositions as

disclosed and described in PCT International Publication Number WO 03/046112 Al
_and PCT International Publication No. W0 2004/033091 A1, the entire disclosures of
which are herein incorporated by reference. Such NOx removal composition
generally comprises (i) an acidic oxide support, (ii) cerium oxide, (ili) a lanthanide -
oxide other than ceria and (iv) optionally, at least one oxide of a transition metal
selected from Groﬁps 1B and IIB of the Periodic Table, noble metals and mixtures
thereof. |

[0057] When used, the additional non-zeolitic NOy reduction compositions are used
_in‘ an amount sufficient to provide increased NOy reduction when compared to the use
of the catalyst/additive compositions alone. Typically, the additional non-zeolitic
compositions are used in an amount up to about 50 weight percent of the FCC

catalyst inventory. Preferably, the non-zeolitic composition is used in an amount up
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metal other than said first and second netals and at | east one conponent of
a fourth netal other than said first, second and third netals, wherein said
third netal is selected fromthe group consisting of Goup IB netals, G oup
1B netals, Goup VIA netals, the rare-earth netals, the Pl ati num G oup

met al s and WPRYIES9% hereof, and said. fourth metal is PS8IE2006H10820m t he
group consisting of iron, nickel, titanium chrom um manganese, cobalt,

ger mani um td dbBut 30i 8digHt Ipercmlry&sdﬁefafﬁblya]p&d ABoiRyL0 weipAngetedntbBRREIFOTXt ur es

t hereof . Pref.erabl a ne ne m a
said first “ﬁ@%’sélmvﬁ t&’yalhﬁmaﬁiﬂﬁﬁo %Q)a B‘R’ gc?ﬁg‘l ioalma%ﬁmﬁ’édg’% o ul? ;SI\D

2005/ 09989 ¢he PEOE USR5/ iEARBR as faabdp@ra@f pdi@n @8ditive t OxIakmiaivdly, Utk - | n sai d
spinel is at_le st about 0.17. The third metal in the SBI neI preferably

conpri ses &'diHangl NQsfedustiog CPWBWtOHémgrbaufng@aﬁwtpﬂge BFCepalyst®sat i num G oup

nmetal s, thegn mesRd 6aifoiedRE fleSatapd, M xtures thereof. The third netal
conponent is _preferably present in an anount in the range of about 0.001 to

about 20 WEPYHt ‘beﬁ@eﬁ?mef@ﬁ?t%I“é‘l‘@dthﬁsscéﬂ’eeﬁﬁﬁ'?eaﬂefwr‘&"fﬁ%‘?’al aand said

fourth met gl GQERANRNompb$ititHs 85 8ebrdhite Hikh TRt ifvehlibh MANEE @f about 0.001
to about 10 a\l/vel ght per cmgnt1 ScaI curl at gd as el errr\]erit ael fourit’]h lrlnet al . [0055]

O her non- BEgmbEREoT#itther additiesconveptonaliyisediathediCGRTOrEsE§€-18x r educt i on

addi tives f%fjuétﬂaﬁ aHH‘i‘t’i@é%t Fé%elu'leos@llfh&dl%ducjﬂb'ﬂ a0 bbMbishon %&mo@r@c based
catal ysts such as disclosed and described in U S. Paten 002, 654;

anti mony basigenor theamduetioof ighalefipy aad iyl as descri bed and di scl osed in

U S Pat enf()()%] TiE, s%§§ 6}”?{3@ nﬂ@r&féi{%héﬁn al%ptv mte’h‘@d tro%uﬁﬁnlt&lnb)ﬁ@l@‘ tives such
as descri bed and di scl osed . Pat ent 5, 364,517 and 5, 565, 181;

hydr ot al ci ¢empkes sgtyeth ek aH'Eﬁ etxm@lemﬁ%rsthﬁt Prémat@u ehcagalystgdditives hed and

di scl osed, &8 % FRIBs df %Mn%nt@@&rﬁﬂhe N‘%ﬁlatléh &39@ fhlféntloﬁ pPétessaf 1,
4,952,382, 5,114,691, 5,1 | nt'er nat:i onal

Publ i cat i oWdUWOAV\Ba%VaMB7@°ki&§16‘VFr6WW€) Tfﬁr%ﬁ*ﬁf'é?aradﬂ’et’ Py &Peeififposi ti ons

such as deﬁlﬁgtiag&% of til@rc]ambﬁltlb@ Y PoulfdeaterNOed, hodlrSifi mbhe entire
di scl osure of each Eat ent being herein incorporated by reference. [00561

It is al solny#tipg i ne @“é@dﬁ@eﬁe%fﬁé’etaﬂﬁ/@hf@%#ﬂ theexamplgs. t he NOX .reduct i on
conposi ti opseRfaill b&tsl qudeﬂagels Nn G§RMEXEAAES, A5 Wil ta8 tNORnf-ff¥eVéf theoNpPosi ti ons
as disclosed_and descri bed PCT International Publication Nunber WO
03/ 046112 skecification which refers to sohd compositions or concentrations, are by weight.

unless otherwise specified. Concentrations of gaseous mixtures are by volume unlesé

otherwise specified.

[0061] Further, any range of numbers recited in the specification or claims, §u§h as

that representing a particular set of 'properties, units of measure, conditions, phySical

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

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

~ within any range so recited.

19



and PCT International Publication No. WD 20 04/0 3 3 09 1 Al, the entire

di scl osures of which are herein incorporated by reference. Such NOx renoval
conposition generally conprises (i) an acidic oxide support, (ii) cerium
oxide, (iii) a lanthanide oxide other than ceria and (iv) optionally, at

| east one ¥ WEI/YP898 transition metal selected from G BURYSPE/ HAS2I | B of
the Periodic Table, noble netals and m xtures thereof. [0057] Wen used,
the additi BRAMPIES zeol itic NO reduction conpositions are used in an
amount sufficient to provide increased NO reduction when conpared to the
use of the catalyst/additive conpositions alone. Typically, the additional
non- zeol i tERAMRIIDSi tions are used in an anmount up to about 50 wei ght

percent of t CC catalyst inventory. Preferaply, the non-zeolitic
composit i drﬁ’_“?@’&%fap‘?swoaﬁmaﬁﬁlﬂﬁf‘o‘ MCrg ot é‘g%ggbé%%“ibé?h%%oa 012982 to
about 30 Wyl gRAdipes £LR4s préfafel ap et alh ¥quéBudt sturdRithindd@ 2984 ibM-per cent  of
the FCC cat al_ﬁs} ‘tnventory. The additional-NQ reduction conposition may be
bl ended wit%h §iRa/Aees sad®l Fat milkd dntioPipisamilh  ThoabadeMEM-4? slu8Yaddi ti ve.
Alternativ , | 11,0 r hOF i t4.0Nn Y .he

i ncor por at qugaﬁvggtcﬂnégiﬁ%t’%%@k %E@k as 93%%%{&%%?a| g%rr';l)'ganséﬂ?%dﬁ t he

cat al yst. (108E8}iddt Thessilidasol Wodet ®appraped fwint bidmn kibcascodecidfalinhe present

i nvention that . alyst/additive.co ifi i.n accordance with the
present 1 it R Bh fbipr ) G TEBRue SRS P “SECER Gt o

convent i onhiddypremietvaswashe iGGnpnobhes sylfag. sglutionS@Xlowedbuwateon gavedi ti ves,

gasoline-sul fur reducti addi.t i ves onbustion pr ters additives for
the product F%%y%fw‘ﬁ!‘iagh?@l"’éﬁi"?ﬁsﬁss aﬁ‘ho't?ﬁ)ve‘%ri k%.p};"[pf)’é‘ég‘if%rr%éa LHEE of the

i nvention j¢nowhi@t Tagle BNY Way intended to be limted by the ~exanples set
forth bel ow. The exanples, include the preparation of catalyst/additives
useful in the process of the invention and the evaluation of the invention
process taxARguUEe NO, in a catal ytic cracking environnent. The exanples are
gi ven as SBECi fic il]lustrations 0of t he cloai med invention. It should be
under st 0od?O¢rvie GRIRPosttiny contpiging PG AKta 8 4P ok tPoridWite 0% siliEhe! speci fi ¢
details sqidupive IB) wast,E@p@a@apka@ws.[ 0R6Qhuebld sipay csni@nthgPavE 8RRt ages in the
exanpl es, as WeL;II%a e remai nder .of the specjfication which refers to

sol i d-compPa¥pr/ i %?{g)c‘%‘c@ﬁ?‘? ot 4 Breds muly g yilied Lt slurry (5670g) was
combined with 1200g Natka clay (dry basis) and 6000g silica sol binder (10% solids).
The silica sol binder was prepared from sodium silicate and acid alum. The catalyst
slurry was then spray dried in a Bowen spray drier. The resulting spray dried product

was washed with ammonium sulfate solution, followed by water to give a catalyst

with a NapO level of less than 0.1 wt%. The properties of the catalyst are shown in

Table 1.

EXAMPLE 3

[0064] A composition containing 40% mordenite and 40% clay bound with 20%
silica sol (Additive C) was prepared as follows. An aqueous slurry containing 21%
Mordenite (SiO2/AlpO3 = 19) was milled in a Drais mill. The milled mordenite
slurry (3850 g) was combined with SOOg Natka clay (dry basis) and 4000g silica sol
binder (10% solids). The silica sol binder was prepared from sodium silicate and acid
alurn. The catalyst slurry was then spray dried in a ’Bowen spray drier. The resulting

spray dried product was washed with ammonium sulfate solution, followed by water
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unl ess ot herw se specified. Concentrations of gaseous m xtures are by vol une
unl ess otherw se specified. [0061] Further, any range of nunbers recited in
the specification or clainms, such as that representing a particular set of
properties, units of nmeasure, conditions, physical states or percentages,
i's intendedVP30l5i0p®BP&I |y i ncorporate expressly herein byaTafsensnemss2 or

ot herwi se, any nunber falling within such range, including any subset of
nunbers  wiot fiive aacwalysamngie sNaj@ tavtled. lesk Ghan0. QM%S/'D&Q;B@;&rtB@'Bf 82005/ 012982
EXAMPLES EXAMPLE 1 [0062], A conposition containing 40% MCM 49 and 40% cl ay
bound wi t hea0yst<rq shewn isiblgladdi ti ve A) was prepared as fol | ows: An aqueous
slurry containing 25% MCM 49 (Si 02/A1203 = 18) was mlled in a Drais mll.
The mlled MCM 49 slurry (4880g) was conbined with 1200g Natka clay (dry
basis) andEBADBLES| | ca sol binder (10%solids). The silica sol binder was

pr epar ed f (e s AdbMEbsHid oAb fiRNdAsbhe l iior. TR bGIRleigoplitil v was then

spray dried in a Bowen spray drier. The resulting spray dried product'was
washed wi t 5! GiYASHYURY wed HfmaeedsaéIfQ]iolWénA"ﬁ@lePWHW@rZS{VDZ@iIWe a catal yst

with a Na2 /] %y T- atalyst are
shown in Tgt(ﬁ ?‘?AIZQE’(AI\/@E%S%“ %)hoﬁ??br%ﬁgrlrpjg}gr??lg(ﬁgic}c])frtfglsﬂl 0 ._4 .A) beta and 40%

cl ay boundwud ctdsm‘ﬁﬁ% wlth 12@gSNdtka {lA&ddirt basi) B1)d 6E9g plﬂleq:)@me»dmda:s(*lf)%l lows. An
aqueous slurr |n| 1% bet a j R1AI 203 .= 2 ed in a Drais
mql | . The fh ’F%/)egﬂ ‘ﬂ%ﬂ%ﬁr Y%Wﬁ‘&fe%alboén SodpimhPeRr ?Iddtgr,\‘fladiai tka clay
(dry basi Sﬁatzﬂiyﬁi sﬁlﬂ@@@s iehi Isﬁxay 810dd ibb Bdetn (piz@%rﬁmTlﬁ&&su]tm}bﬁaﬁd:ﬁddca sol bi nder
was prepared from sodhum silicate anﬂ ] fog]g % ai slurry was
then sprayPdMed" ey elgo\x}él?'la@ﬁ‘roﬁ'i)moﬁ” & s ‘f‘hoé’ Ted oK gvals §“’8|"’| ed product
was washedcatilydy vamnNarOnlesel dfdtse tisml QWL ivok, Thé plobavedoftye vailgd aleo gi ve a

catalyst wth a Na20 |level of less than 0.1 wt% The properties of the
cat al yst athewstbdableh Table |. EXAMPLE 3

EXAMPLE 5 ‘

[0066] A composition containing 40% MCM-56 and 40% clay bound with 20% silica’
sol (Additive E) wés prepared as follows. An aqueous slurry céntaining 21.8% -
MCM-56 (SiO2/Al703 = 19) was milled in a Drais mill. The milled MCM-56 slurry.

(5765g) was combined with 1200g Natka clay (dry basis) and 6000g silica sol binder
(10% solids). The silica sol binder was prepared from sodium silicate ard acid alum..
The catalyst slurry was then spray dried in a Bowen spray drier. The resulting spray
dried product was washed with ammonium sulfate solution, followed by water to give:

a catalyst with a NapO level of less than 0.1 wt%. The properties of the catalyst are -

- shown in Table 1. .
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10064] A conposition containing 40% nordenite and 40% cl ay bound with 20%
silica sot (Additive C) was prepared as follows. An aqueous slurry
containing 21% Mordenite (Si Q2/A1203 = 19) was milled in a Drais mll. The
mlled nordenite slurry. (3850 g) was conbined with 800g Natka clay (dry
basi s) and “WOHIY Y% ca sol binder (10% solids). The sPCTE&28HP12:nder was
prepared fromsodiumsilicate and acid alum The catalyst slurry was then
spray dried in a Bowen spray driefTabled resulting spray dried product was
washed wi th anmoni um sul fate solution, followed by water 20 WD 2005/ 099898
PCT/ US2005/ 012982 to give a catalyst with a Na20 | evel of less than 0.1

Wt % The properties of thewo p&@adsalf Waitlitiaeses shaughEi n Tabl e 1. EXAWPLE 4 [ 0065]
A conposi tion cont aining 40% Zeolite L and 40%cl ay bound with 20% silica
sol (Additive D) was prepared as follows. An aqueous slurry containing 25%
Zeolite L (SiO2/A1203 = miditivees nAdditee Bi nAadiedi s Andilide.D ThAgdioivd8 ed Zeolite L
slurry (5050g) was conbined with 1200g Nat ka cI ay (dry basi s) and 6000g
silica sol_hbinder. (10% sol.ids) S|I|ca bin pared from
sodi um si |V c@t%‘gané“&él d a|5&g‘| Thehse{?at al ys? S| urryg\/\i;ls t hen gpr ay dried in
a Bowen .sﬁr‘ driefr M%he rd&8lting Sgray dri%td proft was’hshed with
anmoni um sAdGE at e soluki on, 28.01 | owed®2l8y wat e?24 0 gi v&-@ catargst with a Na20
| evel of lmgss, than.Qud. vvt%ooﬂ'he praperties @igthe cabal yst ape shown in
Tabl e 1. I%;(A%/PLE 5. [p066] nposj n co ni ng . MCM_ nd 40% cl ay
bound with 20%sili ca9 solé%\ gﬁdlt votedzg % @roe ar eggﬁ f ol ?gv\%1 An aqueous
slurry corfeai ni ng 218% I\/CM456 (Si WAlZCB 0'4319) wal2hi |l | ed%*h a Drais mll.
The m || edi®dCM 56 shwwry - ©3965g) WS conbi hed wi t h0.4200g Navka clay (dry
basis) and,6000g siliga sol binder (10%solids). Theisilica so] binder was
prepared fromsodiumsilicate and acid alum The catalyst slurry was then
spray dried- in a Bovxgn spray, drier.,,The I’eS%gtl ng spsay dri,gd product was
washed wi th anmoni um%ulfate sol utlon foll owed by water to jve a cat al yst
with a Na2&9vel of? ess t'Fan 0.1 W% The®roperti®s of t A& catal yst are
shown in Tabiiz 1. : m2g 62 - 64 45 62 T o4
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21 WO 200-5/099898 PCT/ US2005/ 012982 Table | Properties of Additives A
through E. Additive A Additive B Additive C Additive D Additive E TV @1750
OF W.%5.68 3.72 4.76 5.11 5.09 SIiO2 W.%75.9 75.1 76.3 70.5 75.4 Al 20
23.0 22.8 22.4 17.0 22.2 RE20 W.%0.02 0.02 0.19 0.01 0.01 Na20W.%

<0. 023 <0. 007208900983 <0. 023 <0.022 Fe VA % 0.44 0. 44 OPQBURIDIIRAD T| 2
VA.10 0.96 0.95 1.10 0.52 0.02 K2O W% 1. 681 SA nR/9 244 238 269 258 218
Zeolite : HRARPLBE 174 224 196 124 WMatrix : nmRlg 62 64 45 62 94 22 WO

200- S/ 099898 _PCT/ US2005 982 XAVPLE 00 The ahjljty of Additives
A-Eto red@@Gﬁ% gﬁf@sﬁ’é&i tl"’ref)élleﬁo re ﬁ‘ﬁ&l\ﬁ#’ V&kﬁo&ﬁ’le%lﬁ‘{de‘ﬁ%ﬁa\sng t he

Davi son Ci¢veluhtad vsigg HQIeS]Bdiws(oD@:ﬁ)culaﬂ'ﬂigERdﬁS(DURmt Tae dekripta JPAR DORS been

Bavey: s HaPse B s AR e G e ul AP 0r- RoPebie 89 at 1 ng R ser

(DCR) pi | ow. ph@@;“mulhul Sahineral FEEU fyild withRef Divedos O?s&ﬁl@ﬁxhgamls@n (NPRA)

Paper R istic sessnent of ‘Cat al y

Per f or manc(gq?{ﬁ Rk plaE‘aBB?’at%ﬁ“ﬁmﬁaﬁeﬁmﬂ"ﬁl}%A& a???‘i"’é‘oﬁtr(g@ﬁ‘f"‘hé) apeSCl ence and
Technol ogyamds-53.G. Wg‘iféun@g"dReMtld\AssMsﬁl%%k‘ FCCXatal et Berformbnidiithei N Surface
Sci ence and. Cat al ysis Vol une 8 %ﬁ EI sevi er Scj ence Publ i shers B. V.
Anst er dam £8gaton; S@l\f‘@‘%ﬁ%alg@fb “ngng ngscrd Iggnologkrh SdMageéArd char gi ng t he

unit w th Mpyroxtikeat 8l Edsl%@&m@ lﬂku@aas&lbmlamﬂaﬁyg& yfﬁrumef’mVp asﬂ properties as

shown in Table 2 bel ow @D perties of ves tested are
summar i zedjeyier Sr%lﬁ]cép}‘blé%éré VF@F“SECFPémp‘l?P%ﬁ%%@ 00’1‘44t8ﬁp§7 $-e3ke DGR commer ci al
FCC was started up by charging the unit with approximately 1800 g of equxhbrmm ca.talyst

having properties as shown in Table 2 below. The properties of the additives tested
are summarized in Table 1 above. For the purposes of this test, a commercial FCC

feed was used having the properties as shown in Table 3 below.
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feed was used having the properties as shown in Table 3 below. 23 WO
2005/ 099898 PCT/ US2005/ 012982 Table 2 Properties of equilibrium catal yst
used in DCR tests. 5102 wt.%50.9 A1203 wt.% 45.5 RE203 : wt.% 0.37 Na20
Ww.%0.37 Fe wt.%0.6 T102 : wt.% 1.2 MO W.%0.319 N ppm 681 V ppm
1160 SA nP¥@2088"8%eolite nR/g 128 Matrix : nR/g 60 24TINR@IYE5Y2099898
PCT/ US2005/ 012982 Table 3 Properties of feed used in DCR tests APl Gavity
@0 of 23.2 Sulfur, w.%0.023 TEPE2ZNitrogen, wt.%0.13 Basic Nitrogen,
wt. % 0.0378 Conradson Carbon, wt.%0.03 Fe, ppmO0.7 Na, ppmO0.7 K Factor
11.4 Sinulated Distillation, vol.% of 5 453

Properties of equilibrium catalyst used in DCR tests.

Sio,  :w% 50.9
AlLO, C W% 45.5
RE,O, L W% 0.37
~ Na,0 : wt.% 0.37
Fe cwt% - 06
' Tio, L W% 1.2
MgO L W% 0.319
Ni : ppm 681
\ : ppm 1160
SA : még 188
Zeolite : m¥/g 128
Matrix : mz(g 60
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20 576 40 660 60 743 80 838 FBP 1153 25 WD 2005/099898
PCT/ US2005/ 012982 [00681 The DCR was operated with 1% excess 02 in the
regenerator, and with the regenerator operating at 1300F (705C). After the
unit stabilized the baseline NO em ssions data were col| et%tot?d/mgs%ng an
on-|ine Lewo2Begksr SO2/ NO Anal yzer ( SVSI OQA). Subse&ﬁgtllI W? g of
catalyst were injected into the DCR consisting of 4.725g of a commerci al
sanpl e of a Pt-based combustion pFabigdr (CPO 3) which had been deacti vated
for 20 hat 1450F (788C) without any added Ni or V using the Cyclic
Propyl ene Steam ng nmethod (CPS) and equilibriumcatal yst. The description
of the CPS nethod has be I LA oock, T, F. Petti, and J. A
Rudesill, "Contam nant - %?ng{%légfg??\‘fétai“tﬂcgﬁe gl\/bt al - Dehydrogenation Effects
During Cyclic. Propylene Steam ng of Fluid Catalytic Cracking Catal ysts,"
Deactivation an ti. f. Hydr ocar bon Proc ing Catal ysts, ACS Synposium
Series 634, p. %ﬂ%(s"i‘@@g??&ﬁ SBN 0- 8412- 341" 1-5%.5 [0069] After the unit
stabilized agai uf'bh%vt'}}o em ssions data was cq)é'ect ed. Thereafter, 210 g of
the additive to é b&Sted al ong with 0.525g or based CO pronoter was
added to the DCRotatMreae8udt% are recorded i n®fable 4 bel ow. [0070) As shown
in that table arBhsicheitrbgédRE% Additives A thoodgh E are effective in
reduci ng NO eni ssions fromthe DCR regenerator.. The additives are especially
ef fective i n dectomasisng Cbaniwt%i ons wi t hout 8i0gnificantly affecting the
cracked products yields as shown below in Table 5. 26 WD 2005/ 099898
PCT/ US2005/ 012982, pdrabl e 4 Reducti on of NO em0Os&si ons fromthe regenerator of
the Davison G raqy gbmng Riser (DCR) when usingy Zeolite based additives. TGS
is time on streamfiromthe tinme of -

K Factor 11.4

Simulated Distillation, vol.%, oF

5 . 453
20 _ 576
40 , 660
60 743
80 838
FBP 1153
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addi ng Pt CO conbustion pronoter to the unit.' Additive Level TOS Gas Fl ow
NO NO Reduction (% (h) (1/h) (nPPm (% ECAT 888 32 CP-3, CPS .0.25 1 889
156 Additive A 10 4 906 63 60 ECAT 886 49 CP-3, CPS 0.25 1.3 884 148
Additive B 10 4 917 56 62 ECAT 864 27 CP-3, CPS 0.25 1.3 877 124 Additive C
10 4 912 81WQRIOERYE 887 . 19 CP-3, CPS 0.25 1.2 877 125pQAddi2bisie2982 10 4 913
97 22 ECAT 878 39 CP-3, CPS 0.25 1.4 872 152 Additive E 10 4 864 109 28 27
WD 200-5/ 099898 PCT/ US2005/012982 F4 WUE a Q3 acor ocoyr Nr- Mn W

H+~ )0 C7 [00@] @@e Nc@ $v£>s rat¥d Tvith@ % Gkl OViin Wié rexebraldr,dandWiti@eN a Qt, N
WN > 00 ) O : '

regenerator operatmg at 1300°F (705°C). After the unit stabilized the baseline NO

emissions data were collected using an on-line Lear-Siegler SOp/NO Analyzer
(SM8&100A). Subsequently, 100 g of catalyst were injected into the DCR consisting
of 4.725g of a commercial sample of a Pt-based combustion promoter (CP®-3) which

had been deactivated for 20 h at 1450°F (788°C) without any added Ni or V using the
Cyclic Propy'lené Steaming method (CPS) and equilibrium catalyst. The description
of the CPS method has been published in L. T. Boock, T. F. Petti, and J. A Rudesill,
“Contaminant-Metal Deactivation and Metal-Dehydrogenation Effects During Cyclic
Propylene Steaming of Fluid Catalytic Cracking Catalysts,” Deactivation and Testing
of Hydrocarbon Processing Catalysts, ACS Symiposium Series 634, p. 171 (1996),
ISBN 0-8412-3411-6.

[0069] After the unit stabilized again, the NO emissions data was collected.
Thereafter, 210 g of the additive to be tested along with 0.525g of Pt based CO
promoter was added to the DCR. The results are recorded' in Table 4 below. _
[6070] As shown in that table and the FIGURE, Additives A through E are effective
in reducing NO emissions from the DCR regenerator. ' The additives are especially
effective in decreasing NO emissions without significantly affecting the cracked

products yields as shown below. in Table 5.’
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c) T Ue Qto NOr Nto Oco Nr4f.NU N WN\ OO U r

Reduction of NO emissions from the regenerator of the Davison erculatidg Riser
(DCR) when using Zeolite based additives. TOS is time on stream from the tnme of
adding Pt CO combustion promoter to the unit,’

Additive Level TOS Gas Flow NO NO Reduction ,
(%) {h) (i) {nppm) (%)
ECAT 888 32-
CP-3, CPS 025 1 - 889 156
Additive A 10 4 1906 63 60
'ECAT 886 49’
CP-3, CPS 025 1.3 884 148
Additive B 10 4 917 56 ‘62
ECAT = . 864 27
CP-3, CPS 025 1.3 877 124 |
AdditiveC 10 4 912 81 35"
ECAT o 887 .19
CP-3, CPS 025 1.2 877 125
Additive D 10 4 913 97 22
ECAT ' 878 39
CP-3, CPS 025 1.4 872 152 |
_ Additive E 10 4 864 109 28
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F. Uf. &7 JCDU =UIl- U288 Wat is clainmed is: 1. A fluid cracking

cat al yst (PEZRIEAEHSi ti on, which conposition conprises PCIUS2HSPEIBLr acki ng
conponent suitable for catalyzing the cracking of hydrocarbons under FCC
conditions, and (b) a particulate NO reduction catal yst/additive
conposition having a nean particle size of greater than 45 pm and conpri sing
(i) at least 10 weight percent of NO reduction zeolite conmponent selected
fromthe group consisting of ZSM1 1, beta, MCM 49, nordenite, MCM 56,
Zeolite-L, zeokite Rho,w errionite, chabazite, clinoptilolite, MM 22,

MCM 35, MOM 618 O‘fLeté e, A ZSM 12, ZSM 23, ZSM 18, ZSM 22, ZSM 57,

ZSM 61, ZK-5,- BaJ, N4BE @telwnSSE-3By SFHE S S$Y- 43,5 SF7- 23,

Dachi ardite, Mgrli n@t tﬂev L&\/dgrlg e, 2 LeVigneg Hadimdnt i%e, ¥ upicsti| bite,

Grel onite, Gsm)ndl 0 @an&‘rl nite, Brevvsterlte, Stilbite, Paulingite,
CGoosecr eeki te, ENatr ol id &, onega or mxtures thereof, and (ii) about 5 to
about 50 wei gﬁt percent of an inorganic binder selected fromthe group
consi sting of &l umina,g gsilica, silica alumina, alum na phosphate, and
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(a) and conponent (b) are separate particles. 2. The catalyst of claim1l
wherein the FCC cracking conponent contains a Y- type zeolite. 3. The

catal yst of claim2 wherein the NOx reduction catal yst/additive conposition
is present in an anount sufficient to provide a ratio of NO reduction
zeolite conponent to Y-type zeolite of less than 2. 4. The catal yst of claim
1 wherei n Wwha iapaidd ief NO, reduction zeolite conponent present is at |east
30 wei ght percent of the NO, reduction catalyst/additive conposition. 5.
The catal yst of claim4 wherein the amount of NO, reduction zeoli te

conmponent Pr esentiuiy %r&kmb%ﬁa"lysﬂ%d@' @HpoBRIbR 8MictPEorhPsitda caniitides

catal yst/additive conposition he catal yst of claim5 wherein the anount
of NO re&u’é@@&ﬁ"%@@lqwonéﬁrﬁlﬁﬂ@ﬁforrﬁa@@m the craskivg obbydierajhener cent of

the NOx reghaet Foa déﬁ&hﬁbh/ss%é 'at;béfﬁculétemﬁéédc%h cdtalydtisadrrbal yst of claim1

wherein the amount of NO uction zeolite 9 conmponent present ranges
f r om aboutcomposigorbaving asnm Reticleaize ehgreater tha@ 49am apd gaaprigng () at

catal yst/ addittbyRidge ?B%hltéfq\ib rgducTBﬁzgaft@l:tyrﬁEo s nt Q%I@&tgh ?roWé?E JLpt he anmount

of NO, reduction zeo jonent present ranges from about tpo about 80
wei ght peracesisting oft48M4M, betad‘dGM‘i%mnqraeraﬂeyMCﬂ\&aa;Zeqhte eaepbisiRicon. 9. The

precent ratidue; BubatEcidhyidie, HEAR2 BoALSS 1R, BB sty oner
reduct i on Z3M-2ByZSMalddZEM22, o?cﬁ“lq‘.béi‘i I5M4161, ZB-5, Nad, fda{85| gat1, 86Z63%i m 1 wherein
the NO. o\ Suelh 0L789! 44 2-0sRANSHL. ery N AAERa{ Lline CRpARe! ect ed

fromthe group SIstin
conbi nat i dsstibiter €ofelonlt, G'Eh'@ndmfeaCamﬂnmé Brbwshamtb Blikite PauihgiteNO, reduction

zeol ite cogponent gr her. conprises, at Jﬂe stabi Lizin tal. 12. The
catal ot oroaPaeis NaEle fRERALSRRsMEs LRRST AR T EpBR BBl ot ed it om
weight percent of an inorganic binder selected from the group consisting of alumina,
silica, silica alumina, alumina phosphate, and mixtures thereof, wherein component

(a) and component (b) are separate particles.

2.  The catalyst of claim 1 wherein the FCC cracking component contains a Y-

type zeolite.

3. The catalyst of claim 2 wherein the NO, reduction catalyst/additive
composition is present in an amount sufficient to provide a ratio of NOy reduction

zeolite component to Y-type zeolite of less than 2.

4.  The catalyst of claim 1 wherein the amount of NO, reduction zeolite
component present is at least 30 weight percent of the NO, reduction

catalyst/additive composition.

5. The catalyst of claim 4 wherein the amount of NO, reduction zeolite
component present is at least 40 weight percent of the NO, reduction

catalyst/additive composition.

6. The catalyst of claim 5 wherein the amount of NO, reduction zeolite
component present at least 50 weight percent of the NO, reduction catalyst/additive
composition.

7. The catalyst of claim 1 wherein the amount of NO, reduction zeolite
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the group consisting of Goups 2A, 3B, 4B, 5B, 66, 7B, 8B, 2B, 3A 4A 5A
and the Lanthanide Series of the Periodic Table, Ag and m xtures thereof.
13. The catalyst of claim 12 wherein the stabilizing netal is selected from
the group consisting of Goups 3B, 2A, 2B, 3A and the Lanthani de Series of
the Periodic Table, and m xtures thereof. 14. The catal yst of claim 13

wher ei n t%nﬁioﬂéhﬂprésdmréf@b@krohﬁa&b@iWi@ébduf 85 Weltit pericentibfeNDSt | ng of
| ant hanum al umi. nu nesi um and zinc, and m xtures thereof. 15. The

catal yst dPdeqtign sate A WECOMROSEPRDi | i zing netal is incorporated into the
pores of the NO reduction zeolite conponent. 16. The catalyst of claiml
wherein the i norganl c binder in the particul ate reduction

cat al yst/ ad8i ti Ve edaysisfciayn 7 whesaindhe é@OF?tM@%Bﬁ%Z%'F%l sting of

silica, adonBoﬂént p?ééén@?ar@leb'?ﬁoﬁﬁam%md(éwu?ﬁo WeRfheBrceribf e NORE catal yst
of claim 16 wherein the inorganic binder is alumna. 18. The catalyst of

clai m 17 VReYLPR cptalyst/addiiverroenesiigér is al umi num chlorohydrol . 19. The
catal yst of claim 17 wherein the alumna is an acid or base peptized

alum na. 20. The catalyst of claim1l wherein the amount of inorganic binder
ranges from9. abbbe catelystoofeliantd Weremitohampentead NO oeduckien Kedlite educt i on

cat al yst/ Sy erein the
anount of a&m Sgﬁl é %éﬁ‘?gaﬁirg%%?rgrsneﬁoutggﬁoges fk%%gﬁ B% C%mtfg@ea'g}@ﬁt 25 wei ght
per cent ofredMION@tafy@dmlmv@monm@byst/addi tive conposition. 22. The
catalyst of claim 1l wherein the NO reduction zeolite conponent is selected

fromthe group consisting of beta, MCM 49, nordenite, MCM 56, Zeolite-L,
zeol i t e Rho,10er Thenatalyst afltidirazli wieereiolthe NP rddotiigrezeoliteModonehfiset i t e, A,

et ern i enditeadcT o AR sEletadfoln IASHEN corbibtind SEn bR Sl 2 M 2 1

of | ess t hadlalis0&al and combinations thereof.

11.  The catalyst of claim 1 wherein the NO, reduction zeolite component further

comprises at least one stabilizing metal.

12.  The catalyst of claim 11 wherein the stabilizing metal is a metal selected from
the group consisting of Groups 2A, 3B, 4B, 5B, 6B, 7B, 8B, 2B, 3A, 4A, 5A and the

Lanthanide Series of the Periodic Table, Ag and mixtures thereof.

13. The catalyst of claim 12 wherein the stabilizing metal is selected from the
group consisting of Groups 3B, 2A, 2B, 3A and the Lanthanide Series of the Periodic

Table, and mixtures thereof.

14. The catalyst of claim 13 wherein the stabilizing metal is selected from the
group consisting of lanthanum, aluminum, magnesium and zinc, and mixtures

thereof.

15. The catalyst of claim 11 wherein the stabilizing metal is incorporated into the

pores of the NO, reduction zeolite component.
16. The catalyst of claim 1 wherein the inorganic binder in the particulate NO,

reduction catalyst/additive composition is selected from the group consisting of silica,

alumina, silica alumina and mixtures thereof.
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24. The catalyst of claim 1l wherein the particul ate NOxcatal yst/additive
conposition further conprises a zeolite other than the NO reduction zeolite
conponent. 25. The catal yst of claim 24 wherein the other zeolite is a
zeolite selected from the group consisting of ferrierite, ZSM5, ZSM 35 and
m xtures thereof. 26. The catal yst of claim24 wherein the other zeolite is
present in an anmount ranging fromabout 1 to about 80 wei ght percent of the
NO, reduction catalyst/additive conposition. 27. The catalyst of claim26
wher ei n t he 18t héhe salalyst f daimJSdisneinithe iapraanider $12lW@HG ng from about 10
to about 70 wei ght percent of the NO reduction catalyst/additive
conposition. 28. The catalyst of claim1 wherein the conposition further
conpri ses a 8at I P& cataiygledfjctaimsld| vwarain the BRIgRAS Ritdstjs FBMEUET i ng of al umi na,
silica, sidndrén@kdim na, titania, zirconia, yttria, lanthana, ceria,

neodym a, sanaria, europia, gadolinia, praseodym a and m xtures thereof.

29. The catalyst of claim28 wherein the matrix material is present in an
amount | esggt h?ﬂeZQa@@f&@airﬂeﬁmeiﬁﬁhég\ﬁm -s%ﬁ%%tdr%s@gwﬁz%at/add't've
conposition. 30. The catalyst of claim1l further conprising at |east one
addi ti onalalpona. r educti on conposition. 31. The catal yst of claim 30 wherein
the additional NO, reduction conposition is a non-zeolitic conposition. 32,
The catal yst of claim 31 wherein the additional NO, reduction conposition
conpri ses (&P amhecatdiyst ofetaiin loutheteindogaaionntraf incugartiabinfed rapgemfrerecl it e; (b)
a netal c t 1 .98, t e grou

consi st ngacﬁéppg(ﬁfba?q?g}a ?é Wﬁ@[ﬂgﬁécgﬂ%é a'ﬁléhrgagéatr%ﬁ hc%ﬂaé{sg/?mghv m xt ulroes

t her eof ; (@mpamitiorygen storage netal oxide conponent; and, (d) at |east one
nobl e metal conponent. 33. The catal yst of claim 30 wherein the additional
NO, reduction conposition conprises (a) an acidic netal oxide support; (b)
an al kali m2tlal Thet#talysthef otsdmt20 wredreih theoamounttofi inesgdniebiadér;présenta transi ti on

RN VL O TR

catalyst/additive composition.

22. The catalyst of claim 1 wherein the NO, reduction zeolite component is
selected from the group consisting of beta, MCM-49, mordenite, MCM-56, Zeolite-L,
zeolite Rho, errionite, chabazite, clinoptilolite, MCM-22, Offretite, A, ZSM-12, ZSM-

23, omega and mixtures thereof.

23. The catalyst of claim 1 wherein the NO, reduction zeolite component has a
SiO, to Al,O; molar ratio of less than 500.

24. The catalyst of claim 1 wherein the particulate NO, catalyst/additive
composition further comprises a zeolite other than the NO, reduction zeolite

component.

25. The catalyst of claim 24 wherein the other zeolite is a zeolite selected from

the group consisting of ferrierite, ZSM-5, ZSM-35 and mixtures thereof.

26. The catalyst of claim 24 wherein the other zeolite is present in an amount
ranging from about 1 to about 80 weight percent of the NO, reduction
catalyst/additive composition.

27. The catalyst of claim 26 wherein the other zeolite is present in an amount
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m xtures thereof. 34. The catal yst of claim30 wherein the additional NO
reduction conposition is a low NO CO conbustion pronoter conposition which
conprises (a) an acidic oxide support; (b) an alkali netal, an al kaline
earth netal or mxtures thereof; (c) a transition netal oxide having oxygen
storage capability; and (d) palladium 35. The catalyst of claim 30 wherein

t he addit irangihg Koin db@utico toabato NP ORight pércett@Tid Nesredlictichast one

net al - cont aiag;él%dafi nel which includes a first netal and a second netal
having a V&t HEHEIMPIRLP™ he val ence of said first metal, at |east 32
one conponent of a third netal other than said first and second netals and
at least o c onent of a fourth metal other than said first, second and
third metal 25, * B FeRSLali A ImH WeerRBKAR CrBPesiaactERr PEIR Rb 2 il

consi sti NgnateridiseldRtddBrdi® tl group E6rsiting bBalBirf, SilicsAstiel alinfinaBialis, the
rare-earth nmetals, the Platinum G oup netals and m xtures thereof, and said

fourth met#lconia. Biiaelapthana r et PROY YR SaMEBR SRR RPN Riaseady R |

titani um SarAuses theplsganese, cobal t, germanium tin, bisnuth, nolybdenum
anti nony, vanadi um and m xtures thereof. 36. The catal yst of claim 35
wherein the nmetal containing spinel conprises nmagnesiumas said first netal

and al unmi nupgas TREL&aREEAILIMEIoAherdf thel RBtr&ahakNSlis Bleshtah Bh 3mogher ei n the

third metal conponent 'in the netal containing S})I ne_?rfl S selected fromthe
group condestthag 78weightpaiceniohtits N@preduetian catalyst/additive earmnpesitigst al s and

m xtures thereof. 38. The catal yst of claim35 wherein the third netal
conponent is present in an anount in the range of about 0.001 to about 20
wei ght per c&ft , Toalatalyat df¢laig 1 fartbercgomprisingiat easkend add#®naNex cat al yst  of

claim 35 rei id.fourth metal conponent is present in an anount in the
range of %gﬂ(ﬁfog.cg@lfg?lgggbout 10 wei ght percent, calculated as el enental

fourth nmetal. 40. The catal yst of claim30 wherein the additional NO

ot on, e chip g PR o DR g

reduct i on adeh-tealiic composition.

32. The catalyst of claim 31 wherein the additional NO, reduction composition
comprises (a) an acidic metal oxide containing substantially no zeolite; (b) a metal
component, measured as the oxide, selected from the group consisting of an alkali
metal, an alkaline earth metal and mixtures thereof; (¢) an oxygen storage metal

oxide component; and, (d) at least one noble metal component.

33. The catalyst of claim 30 wherein the additional NO, reduction composition
comprises (a) an acidic metal oxide support; (b) an alkali metal, alkaline earth metal
or mixtures thereof; (c¢) a transition metal oxide having oxygen storage capability;
and, (d) a transition metal selected from Groups IB and IIB of the Periodic Table, and

mixtures thereof.

34. The catalyst of claim 30 wherein the additional NO, reduction composition is
a low NO, CO combustion promoter composition which comprises (a) an acidic oxide
support; (b) an alkali metal, an alkaline earth metal or mixtures thereof; (c) a

transition metal oxide having oxygen storage capability; and (d) palladium.

35. The catalyst of claim 30 wherein the additional NO, reduction composition
comprises at least one metal-containing spinel which includes a first metal and a

second metal having a valence higher than the valence of said first metal, at least
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42. The catal yst of claim 30 wherein the additional NO reduction additive
is a pervoskite-spinel NO reduction additive. 43. The catal yst of claim 30
wherein the additional NO reduction additive is a hydrotal cite containing
conposition. 44. The catal yst of claim 30 wherein the additional NO
reduction conposition conprises (i) an acidic netal oxide, (ii) cerium

oxi de, (i idne ddnlpaRERaNadBI@Hels oBlehBian s3R firiamdaREDR MRk &hd/dt exdti onal |y,
at | east one oxide of a transition netal selected from Goups IB and |I1B of

t he Peri odin€ cPaIpoReNt A @ fayrh meta othgethapmsaidfisst, serend and ithiet meflsg| ai m 1

wher ei n t hghdpaih ishieitthifd Met¥Pis deicbusd fréh tr‘»‘@%@hpf%éﬁﬁﬁﬁh—gtdf@ou&meﬁléi on has a
nmean particle size fromabout 50 to about 200 pm 46. The catal yst of claim

45 wher ei r5fcHe lIBaretalsuCaup Wdmetalguibeirag-castatragtalst thadtlatinupre Gedposi ti on has

a nean parhétals@ndingigtufd<ARBE Yhd it iOudiPRllal it2R1ecl fréhf thelgteugat al yst of
claim1 wherein the particulate NO reduction catalyst/additive conposition

has a Davi%oaistna efiitononickeldéanipm) ghromium redngassse, chbait, SermasumTle cat al yst
of cl ai m 4y er &b nPatib o H el tal yst/additive
conposi ti orllsrﬁ@s’ a I%Faév}gjl ugarng.?] Pégéﬁ?ﬁgﬁ %3%4%?@{1]3'%?& al yst of claim48

wherein the particulate NO reduction catalyst/additive conposition has a
DI val ue of gkes ai ; L the ratio of
NO, reducti gh ZZP)% P?@y%@%ﬁaﬁrgg;ghﬁqegébﬂé’y%%tagé%rﬁ%lﬁ @@sﬁlrﬁgérﬁ%rﬁ%ae cat al yst

i nvent ory magriesiisn ashsaid lirst Bietal Anél laluminwm aslshdgecanditngtt. conpri sing (a) a
cracki ng conmponent suitable for catalyzing the cracking of hydrocarbons and
(b) at least 0.1 weight percent of a NO, reduction zeolite selected from

t he group c@isiBte qagplESoF dlaim B&wwherevidie4ird metat denparent Mahe BtstalZeol it e- L,

zeolite Rhg,.errionite habazi t | i nopti.lolit.e, 5, MM 61,
O fret 1t o, CoRTHG B8 s oiPB3R Rbling BroaBhy s deg sl Spumelaf®, MO
Nu- 87, Ci tthd rar&84artBmetdSand BixtGes-theteofSSZ- 23, Dachiardite, Merlinoite,
Lovdarite, Levyne, Launontite, Epistilbite, Grelonite, G snondine,
Cancrinite, Brewsterite, Stilbite, Paulingite, Goosecreekite, Natrolite,

omega or  m3st urTes catbFeesiiclaimBshaianeih iite NP nietalwotiponema bidsentdeapr i ses at
| east one stabilizin
amount En tﬁe rgnge of about 0.001 to about 20 weight percent, calculated as

elemental third metal.

39. The catalyst of claim 35 wherein said fourth metal component is present in
an amount in the range of about 0.001 to about 10 weight percent, calculated as

elemental fourth metal.

40. The catalyst of claim 30 wherein the additional NO, reduction additive is a

zinc based catalyst.

41. The catalyst of claim 30 wherein the additional NO, reduction additive is an
antimony based NO, reduction additive.

42. The catalyst of claim 30 wherein the additional NO, reduction additive is a
pervoskite-spinel NO, reduction additive.

43. The catalyst of claim 30 wherein the additional NO, reduction additive is a

hydrotalcite containing composition.

44. The catalyst of claim 30 wherein the additional NO, reduction composition

comprises (i) an acidic metal oxide, (ii) cerium oxide, (iii) a lanthanide oxide other
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nmetal selected fromthe group consisting of Goups 3B, 2A, 2B, 3A and the
Lant hani de Series of the Periodic Table, and m xtures thereof. 52. The
cracking catal yst of claimb51 wherein said catal yst conprises integral
particles which contain both conponents (a) and (b). 34 53. The cracking
catal yst of claim51 wherein conponent (b) conprises from about 0.1 to
about 60 whaVedia, bhe( @r@m&hag gk adt \onk oxiad of A@nsitien iefd serbRUY®m of claim
53 wherein_co onent%lsbzl_W nprises from about 1 to about 40 Wt % of the
cracki ng c3P4pPs & and épc?é’PQ'FJ?P'eoF”Q:F‘éEﬁ‘HﬁeSihqf%‘i’ther conprising at |east
one addi tional NO reductl on conposition. 56. The cat al yst of claimb55
wherein the addltlonal NO. reduction conposition is non-zeolitic

conposi ti on4°57Therpalysl oficjam 1ovheseigithg B@T'QW@PGNQVr?%@“&ﬂ&?ﬁ'YéHa‘I’d'%\l@

reducti on Gaipeesibh hQsE‘a UM arR®S sitdiroRMidEi S0 © dRLUBboPYde cont ai ni ng
substantially no zeolite; (b) a metal conponent, neasured as the oxide,

selected fromthe group consisting of an alkali netal, an alkaline earth
metal and mgst ures cABGLEATIaih s vﬂ'{érQKYrgeeﬁbrﬁ&%tégﬁ%rF@é@tlonox' de conponent ;
and (d) at |east one nob onponent e catal yst of claim55

wher ei n trr@taéxcﬁdraddlb\rmcsoms'ttoed@éta reeArcRATHES sz diem emuﬁﬁﬁ@gbw)wan acidic
net al OX|q§;nsupport (b) an alkali netal, alkaline earth nmetal or m xtures
o

t her eof ( a transition metal oxide havi ng oxygen storage capability; and,
(d) a transition metal selected fromGoups IS and | | B of the Periodic
Tabl e, and I X It ot he
addi ti onal ) ﬁ'ﬂ%ﬁ%a&%ﬁ&f%@glmggﬁhelrgﬂ?pé;B‘é@&%%\%%rg@t@h%ﬁt@ ?é(ﬁdlglr onot er

conposi t i aemgiesitibn bawprDa@&ssn @diitiemindei @icvatue ofdessstbppdPt ; (b) an al kal i
nmetal, an al kaline earth nmetal or m xtures thereof (c) a transition netal
oxi de havi ng oxygen storage capability; and (d) palladium 60. The catal yst
of clai m 5548heTee patalyst dwimiﬂMeréﬂﬁXhermhmﬂétem&(meMbmi on conprises at

| east one talt/ é&gt alonl ng...spi negneﬁ\{? h II’IIC| fi rst metal and a second
net al hawnga UIdMEYC MR N A AP Y3 evcgleesr? sald first nmetal, at |east
one conponent of a third netal other than said f| rst and second netals and
at | east 49. The catalyst of claim 48 wherein the particulate NO, reduction

catalyst/additive composition has a DI value of less than 15.

50. The catalyst of claim 3 wherein the ratio of NO, reduction zeolite component

to Y-type zeolite in the total catalyst inventory is less than 1.

51. A fluid cracking catalyst comprising (a) a cracking component suitable for
catalyzing the cracking of hydrocarbons and (b) at least 0.1 weight percent of a NO,
reduction zeolite selected from the group consisting 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-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, omega or
mixtures thereof, wherein the NO, reduction zeolite comprises at least one stabilizing
metal selected from the group consisting of Groups 3B, 2A, 2B, 3A and the

Lanthanide Series of the Periodic Table, and mixtures thereof.

52. The cracking catalyst of claim 51 wherein said catalyst comprises integral

particles which contain both components (a) and (b).
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one conponent of a fourth netal other than said first, second and third
netals, wherein said third netal is selected fromthe group consisting of
Goup IS netals, Goup IIB netals, Goup VIA netals, the rare-earth netals,
the Platinum G oup 35 netals and m xtures thereof, and said fourth nmetal is
selected fromthe group consisting of iron, nickel, titanium chrom um
manganese, cobalt, germanium tin, bisnuth, nolybdenum antinony, vanadi um
and m xtures_thereof. 61. The catal yst of claim60 wherein the netal

Cont ai ni g 531 nbhe Sarsne saBlSHERE B Sae S emPe e LTRSS OB uri num as
sai d seconbolEd.ake abclt 60RR % at k)dckiy d‘akﬂsiﬂ) 60 wherein the third netal
conponent in the netal containing spinel 1s selected fromthe group

consisting of a Platinum G oup nmetal, the rare-earth netals and m xtures

t hereof . 6354Thene alagkik§ ta@fysEbfiidinG3 wméiﬁicemgbﬁeﬁthbyébnﬁ@tseg fleRPONnent is
present in an range of about 0.001 to about 20 wei ght

amount in the _
percent, coEUl i aRpUL40 Wo iRt sfacking catalyst al . 64. The catal yst of clai m 60

wherein said fourth netal conponent is present in an anount in the range of
about 0.001 to about 10 wei ght percent, calculated as elenental fourth
metal . 65. PRe &g aatalyst frclaim Bl funmerirepesing ahleasidmetadditienalNk®dx r educt i on
addi tive igq@tiodicBmphag&GH catalyst. 66. The catalyst of claim55 wherein the
additional NO reduction additive is an antinony based NO, reduction
additive. 67. The catal yst of claim55 wherein the additional NOx reduction

addi tive s PRLYASKA! &-Rndely MO SR foiBrontbmpbafgh 4 al ySt of

claim55 whereint ‘tional uction ftive Is a hydrotalcite
cont ai ni ngp eenErMtic conposd®n. The cat al yst of clai m 55 wherein the additional
NO, reduction conposition conprises (i) an acidic netal oxide, (ii) cerium
oxide, (iii) a lanthanide oxide other than ceria, and (iv) optionally, at
| east one o0%i’deThé catalystaofsiain®o whereih thseddsiitiondl NOoredu@ianugesndoBitiand | | B of
t he Peri odi - 1 imb51
wher e n conshEat & 2 b ERuE G518 Rno sUByrn iy FRLAbMS! oPh el

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

metal, an alkaline earth metal and mixtures thereof; (c) an oxygen storage metal

oxide component; and (d) at least one noble metal component.

58. The catalyst of claim 55 wherein the additional NO, reduction composition
comprises (a) an acidic metal oxide support; (b) an alkali metal, alkaline earth metal
or mixtures thereof (c) a transition metal oxide having oxygen storage capability; and,
(d) a transition metal selected from Groups IB and IIB of the Periodic Table, and

mixtures thereof.

59. The catalyst of claim 55 wherein the additional NO, reduction composition is
a low NO, CO combustion promoter composition which comprises (a) an acidic oxide
support; (b) an alkali metal, an alkaline earth metal or mixtures thereof (c) a transition

metal oxide having oxygen storage capability; and (d) palladium.

60. The catalyst of claim 55 wherein the additional NO, reduction composition
comprises at least one metal-containing spinel which includes a first metal and a
second metal having a valence higher than the valence of said first metal, at least
one component of a third metal other than said first and second metals and at least
one component of a fourth metal other than said first, second and third metals,
wherein said third metal is selected from the group consisting of Group |1B metals,

Group 1IB metals, Group VIA metals, the rare-earth metals, the Platinum Group
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36 and conponent (b) is present in an anmount sufficient to provide a ratio
of NO reduction zeolite to Y-type zeolite of less than 2 in the total

catalyst. 71. The catal yst of claim 70 wherein conponent (b) is present in
an amount sufficient to provide a ratio of NO reduction zeolite to Y-type
zeolite of less than 1 in the total catalyst. 72. The catal yst of claim51

wher ei n t hfetalsafidl rhiziured thefeat, dng saRl feGrterhefal RMBeldteed fdrAtHe ge0pi sting of
| ant hanum al um num rmagnesi um and zinc, and m xtures thereof. 73. The

catal yst SPNEPUIGRTEPNWHERRL: tHariWe. Siramium. Znangapgten cobalt, oREBRYPEPald into the

pores of aM@AERblyb&enun 4ntihbRy GahadiMstanafimikiupdsthéreopher ei n t he NO,
reduction zeolite is selected from the group consisting of beta, MCM 49,

nordenite, MCM 56, Zeolite-L, zeolite Rho, errionite, chabazite,

cl i nopt i 10l e, THOM@Rst Sddifl6chnerdn HHbbRcorhha3oraTBgApmad i xtur es

thereof. 75. The catalyst of claimb51 wherein the reduction zeolite has
a Si 2 to Magnesiunheg sgid fiest metal@nd abknipwa @s 560 seeondmetatat al yst of claim 51
further conprising a zeolite other than the NO reduction zeolite. 77. The
catal yst of claim 76 wherein the other zeolite is selected fromthe group

consi sting &R f&he ratalysiof cleBmos, wiesain 3% thitd matatcameonenidn &wfmetaB. The

cat al yst Al A i ; | o in an
anount raﬁ%ﬁ% %%ﬁgg%a%g%g@gggggﬁp%‘gﬁ%&/@l&%@eﬁé%lgtﬁrﬁtlﬁ%g rt eﬂ%toalrl‘rposi tion.
79. The cdbaraeteagh mdtals and Sitheesdhereothe ot her zeolite is present in an
anount ranging fromabout 10 to about 70 wei ght percent of the conposition.

80. The catalyst of claim51 wherein the NO reduction zeolite is exchanged
with a cati6dn $ké eatblyst dfrotmtaievhprein phecibind instalrmgmpbnéntds prpsant imanoni um

al kal i msta%l\oﬁ'{'g\ thg?%enoqtaib8&so.66]1etroea%fout ft?weight percent, calculated as

elemental third metal.

64. The catalyst of claim 60 wherein said fourth metal component is present in
an amount in the range of about 0.001 to about 10 weight percent, calculated as

elemental fourth metai.

65. The catalyst of claim 55 wherein the additional NO, reduction additive is a

zinc based catalyst.

66. The catalyst of claim 55 wherein the additional NO reduction additive is an

antimony based NO, reduction additive.

67. The catalyst of claim 55 wherein the additional NO, reduction additive is a

pervoskite-spinel NO, reduction additive.

©68. The catalyst of claim 55 wherein the additional NO,reduction additive is a
hydrotalcite containing composition.

69. The catalyst of claim 55 wherein the additional NO, reduction composition
comprises (i) an acidic metal oxide, (ii) cerium oxide, (iii) a lanthanide oxide other
than ceria, and (iv) optionally, at least one oxide of a transition metal selected from

Groups IB and 1IB of the Periodic Table, and mixtures thereof.
70. The catalyst of claim 51 wherein component (a) comprises a Y-type zeolite

36



and component (b) is present in an amount sufficient to provide a ratio of NO,

reduction zeolite to Y-type zeolite of less than 2 in the total catalyst.

71.  The catalyst of claim 70 wherein component (b) is present in an amount
sufficient to provide a ratio of NO, reduction zeolite to Y-type zeolite of less than 1 in
the total catalyst.

72. The catalyst of claim 51 wherein the stabilizing metal is selected from the
group consisting of lanthanum, aluminum, magnesium and zinc, and mixtures

thereof.

73. The catalyst of claim 51 wherein the stabilizing metal is incorporated into the
pores of component (b).

74. The catalyst of claim 51 wherein the NO, reduction zeolite is selected from
the group consisting of beta, MCM-49, mordenite, MCM-56, Zeolite-L, zeolite Rho,
errionite, chabazite, clinoptilolite, MCM-22, Offretite, A, ZSM-12, ZSM-23, omega and

mixtures thereof.

75. The catalyst of claim 51 wherein the NO, reduction zeolite has a SiO, to Al,O;

molar ratio of less than 500.

76. The catalyst of claim 51 further comprising a zeolite other than the NO,

reduction zeolite.

77. The catalyst of claim 76 wherein the other zeolite is selected from the group
consisting of ferrierite, ZSM-5, ZSM-35 and mixtures thereof.

78. The catalyst of claim 76 or 77 wherein the other zeolite is present in an

amount ranging from about 1 to about 80 weight percent of the composition.

79. The catalyst of claim 78 wherein the other zeolite is present in an amount

ranging from about 10 to about 70 weight percent of the composition.
80. The catalyst of claim 51 wherein the NO, reduction zeolite is exchanged with
a cation selected from the group consisting of hydrogen, ammonium, alkali metal and

combinations thereof.
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