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FERRI ERI TE COVMPQSI TI ONS FOR REDUCI NG NO, EM SSI ONS DURI NG FLUI D CATALYTIC
CRACKI NG CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The application is a
continuation in part application of U S. Patent Application Serial No.

10/ 702, 240, filed Novenber 6, 2003. FIELD OF THE | NVENTI ON [ 0002] The
present invention relates to NOx reduction conpositions and the nethod of
use thereof to reduce NO, emssions in refinery processes, and specifically
in fluid catalytic cracking (FCC) processes. Mire particularly, the present
invention relates to NO, reduction conpositions and their method of use to
reduce the content of NO off gases released froma fluid catalytic
cracking unit (FCCU) regenerator during the FCC process w thout a

substanti al cIFERREERITRCOMPOSYPIONS FORFEDBUCING NG5 BMESSIONS DVRINGDI e

cracked producg BACKGR%J NVENTI ON (0003] In recent years there
has been an H#f!fs[@ EEF%FFﬁ%éUni ted States and el sewhere about air
pollution fromindustrial em ssions of noxious oxides of nitrogen, sulfur

and car bon. Imnmmﬂmmgh{mmmmgawmsmnt agenci es have pl aced
limts on all owabl e em ssions of one_ or, nore thegprgpol | ut ants, and the

trend is cledP§d}] ﬂ‘F PREcatiPR B@GoBinLaton ip Parbapp F?é‘l"?o R@}@HtAPPB%ﬁIP‘ét i ons.
[0004] NO,, orgenxinde$0/962, Mot file@RBvenitRr §,120¢3.9as streans exiting fromfluid
catalytic cracking (FCC) regenerators is a pervasive problem Fluid
catalytic cracking units (FCCU) process heavy hydrocarbon feeds containing
ni trogen conpaypds oFrRONVENTIgN Which is contained in the coke on the
catalyst as it enterS the regenerator. Sonme of this coke-nitrogen is

event ual |y corl0®R] Ebe present eentionirdapoiedNOetedystien Fempasitioprmd the geted at or or
ina domstre%%@@ BeE Fedudd W6, crtbdions TN BRESSIshd VpbdiAAPn ARAT &1 NI NG

feeds can have a em ssi ons probl emdue to" catal yst regene at| on.
catalytic crackmg (FCC) processes. More particularly, the present invention relates to

NO reduction compositions and their method of use to reduce the content of NOy off
gases released from a fluid catalytic cracking unit (FCCU) regenerator during the
FCC process without a substantial change in hydrocarbon conversion or the yield of

valuable cracked products.

BACKGROUND OF THE INVENTION

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

elsewhere 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
(FCCU) process heavy hydrocarbon feeds containing nitrogen compounds, a portion
of which is contained in the coke on the catalyst as it enters the regenerator. Some of
this coke-nitrogen is eventually converted into NO, emissions, either in the FCC
regenerator or in a downstream CO boiler. Thus, all FCCUs processing nitrogen-
containing feeds can have a NOy 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
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[0005] In the FCC process, catalyst particles (inventory) are continuously
circulated between a catalytic cracking zone and a catal yst regeneration
zone. During regeneration, coke deposited on the cracking catalyst
particles in the cracking zone is renoved at el evated tenperatures by

oxi dation with oxygen containing gases such as air. The renoval of coke
deposits restores the activity of the catal yst particles to the 1 point
where they can be reused in the cracking reaction. In general, when coke is
burned with a deficiency of oxyg t he regenerator flue gas has a high :
CO' COzr at i poinanhere thet R peITeused NoMbe GagkinghieActifr niideenerah wheneepkedkygen, t he

NG or m ARPAQH e rRiy BF otlen E BRI Bk R R H L CPIt g A

varying quand Iatloxes}cveﬁefm@d,lbwmen sumbd withekcess omypenniht fluegds hatachighni t r ogen
content of the feed, regenerator design, node of  _operation of t he

r egener at orleveh/f N@bnﬁé’@sﬁ f5d9pedoE Ot geateaht ahyss CQ ARENCSy g1 mixsbess of Wigst ous
attempts NayhuBesn Iadeadd vihhe fiicedhuahyfl ﬁgﬁ%lgas(g@am%toﬁdsu cf rom the

FCCU by tr Ing t . gases a their ost-treat nment
of NO corfhcaonslasgmgafseeélme,amsom chasnr bhdd. feed) repcBerdRat dasignNomde 4f 434, 147,
4,778,664, A4, 735@.?157 4,798,813, 4,855, 1 3} 5 413, 699, ‘and ' 5,547,648.
[0007] AnotoReratigphhe keecheratop ane commporgiany terra agﬁé}né(F’PIBW of the regenerator

to partialjogygnvaneus H@églnéstg ale Eé&ﬁ Iﬁ@e 1B BGH IR MrSound of R, f 4446 GRmepef Ore
they are converted -t Patent Nos. 5,173,278, 5,240, 690,

5, 372, 706 fmmmbstrezwgoseNox'@as'meﬁ@mlrmmagorsce(g D061 T§20008f Yet

anot her ach _has been to t| g as to
reduce NO %&ﬁ Qﬁt%?fgg g8 Strea"ﬁ g, éeﬁéfbgﬁ m §P§8§a Or ’45%4?’5/‘?%‘%60 :
combust | 0n4nlscgmt@v984md4 865,915, 51413, 690a4RTS, 4764899, 435, 4,%812, 430, and
4,812, 431. Enrichment of air with oxygen in a regenerator operating in

parti al burW‘?ﬂ?&ié’*q‘?%r #PR92te b besigipeBddly tee gperalipnsof mhg &sgenesalgndo 8o4.

partial'burn and then treat the NO, precursors in the flue gas before they are converted
10 NO, e.g., U.S. Patent Nos. 5,173,278, 5,240,690, 5,372,706, 5,4]3,6'.99, 5,705,053,
5,716,514, and 5,830,346.
[0008] Yet another approach has been to modify the operation of the regenerator as to
reduce NOy emissions, e.g., U.S. Patent 5,382,352, or modify the CO combustion
promoter used, e.g., U.S. Patents 4,199,435, 4,812,430, and 4,812,431, Enrichment of
air with oxygen in a regenerator operating in partial burn mode has also been
suggested, e.g., U.S. Patent 5,908,804. ,
[0009] Additives have also been used in attempts to deal with NO, 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 NOyx emissions from the FCCU regenerator. U.S.
Patent Nos. 6,358,881 and 6,165,933 also disclose a NO, reduction composition,
which promotes CO combustion during the FCC catalyst regeneration process step
while simultaneously reducing the level of NOy emitted during the regeneration 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 component of the FCC catalyst.
[0010] U.S. Patent Nos. 4,973,399 and 4,980,052 disclose reducing emissions of NO,
from the regenerator of the FCCU by incorporating into the circulating inventory of

cracking catalyst separate additive particles containing a copper-loaded zeolite.



[ 0009] Additives have also been used in attenpts to deal with NO em ssions.
U S Patent Nos. 6,379,536, 6,280,607, 6,129,834 and 6, 143, 167 di scl ose the
use of NO, renoval conpositions for reducing NO enissions fromthe FCCU
regenerator. U S. Patent Nos. 6,358,881 and 6, 165,933 al so di scl ose a NO
reducti on conposition, which pronotes CO conbustion during the FCC catal yst
regenerati-on process step while sinultaneously reducing the level of NO
emtted during the regeneration step. NO reduction conpositions disclosed
by these patents may be used as an additive which is circulated along with
the FCC cat/891Ad tMamy aditbreycongnositiaad PEE10ATe @seds 10a¢pntph NEYy reapissgisphvent  of t he

FCC cat al y§ ose

reduci ng en&ps]é]&ns ofyﬁélgfﬁ%a%mdeﬁlg%rﬁ e]%e efog?%r%ngc;ﬂﬂ}fﬁselg&%ﬁ%ﬁ ﬁc%lérporatl ng
into the cnrahmbhtarﬁrg(edrpvmt:mwg ogasobnadiqhng]eﬁm aldylsquefied petadlenrngdics i ve
particles containing.a copper-|oaded zeolite. 2 11]. Many, additive

conposit | orfsPHeb @fh(b‘gd?céeaég‘@dhetﬂo WHOEP G C?lf&(?‘e‘f‘r??ggg' %JSH%LI\@EC}"‘F%?T&S&FI y caused
a signifi Cargi NERCIRaTRs 18048 eardeD zﬁf?%%ﬁ%ét%e %ck&ﬁgydd%d yidlds o\fal uabl e
cracked products, e.g. gasoline, light olefins and ef 1 ed” petrol eum

gases ( LPC&n)mgewhe beeralhonie acglvnvgxcmh dheropehaten ofithoFCCbkie typntallw sppamﬁneg hly

desirabl e ghar rlstlc itives.adde ot o af f ect
the crac keg’ ﬁ‘?‘jg f’ung%%n g‘?‘ed aﬁﬂﬁ?fg]d S }?epr8%F§ISgtelJ(?c‘lh cgacgsggroﬂg& The
operati on GhaylifGeREhdry profYMilRd! THisGRbduH ARE is RASEEn M valiR Hiddel oﬂms,l gn, feed
and catal yst, to produce a slate of cracked products, and naxim ze refinery

prof i t abi | ispgcifiqrafivepr deon exareplatduring theapeakl SyRmENdiving srasomonany wiineme
S her o | Ay e e REQRRL Sraaltid i S.RER reSWIE sclch WL Ao RRTON Y

refiners I'ne pro uct1 o ren
season ref i o mayximi@nheating i xprodaeiohe atn n@eobhsepraomﬁményomay Ifindoither cases
i ght .ol efins oduc s that

L e e e

as feedst Oq}ﬁn associated petrochemical plant as feedstocks.
[0012] When a NG, reduction additive increases coke production, the FCCU may
have msufﬁcxem air capacity to burn the extra coke and may result in a lower feed
throughput in the unit. If the additive increases the production of low value dry gas,
the production of more valuable products may decrease. An increase in dry gas may
exceed the ability of the unit to handle it, thus forcing a reduction of the amount of
feed processed. While an addmve that increases light olefins producuon may be
desirable if the refinery values these products and the unit has the equipment
necessary to process the extra light hydrocarbons, the additive may, however, reduce
profitability if the refinery’s goal is to maximize gasoline production. Light olefins
are typically made in the FCCU at the expense of gasoline production. . Even an
additive which increases unit conversion may be undesirable if it affects product
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 contro] compositions

which do not significantly affect product yields and overall unit conversion.
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[0012] When a NO reduction additive increases coke production, the FCCU may
have insufficient air capacity to bumthe extra coke and may result in a

| ower feed throughput in the unit. If the additive increases the production
of |ow value dry gas, the production of nore val uabl e products may
decrease. An increase in dry gas may exceed the ability of the unit to
handle it, thus forcing a reduction of the anmount of feed processed. Wile
an additive that increases |ight olefins production nmay be desirable if the
refinery val ues these products and the unit has the equi pnent necessary to
process the extra |ight hydrocarbons, the additive nmay, however, reduce

profitabili. i i ' | is to maxi m ze gasoline production. |
Li ght ol efiéMMﬁ‘A‘khfaOi:ﬁf}1 VERTIK n the FCCU at the expense of gasoline
producti on. [001&vkrhannow detdh tdiscoveskd clmati the rieamparation tof GO fiareierite ozeoliwy be

undesirable if it affects EErod]i)(é:t lelds, causes the unjt to reach an
equi prrent | $FRROBEROWI Ancptalyicaly. cracking cellyst imyEmETY: B PRRISHIZE A FAKIR be

processed. LaQQ%S?)in‘gﬂlgocf ggﬁ&@fnhr)é’ an4tYive "]ra@@@ zE&ité,hﬁ%x@ﬁéﬁa’@L@ﬁ&gﬁ&ﬁ g the

product sl ate n the ability to process sired rate
can be det rflumdntaelyticocradkéng wref (HUSRY) qurimgiat faod Icatalytic Treek mzqFEC) heess exi sts a

need for NO, control co ition ich do not signifi.cantly affect product
yi el ds and Foxidss |S“aﬁﬁl?fn2‘§§v§?’§i°in9é%§”§mw%ejﬂ T _“’I”N_?/%\I'ﬁ PH0Y4] 1t has
now been di grUAE QHe halocirbBen icHBRINGH of 't]féng'féfd af kplcké®ptQedR YProdiRts ‘

conponent wth a catalytically cracking catalyst inventory, in particular a

cracki ng cprodugedtduring Bweth&preeass-ai ni ng an active 'Y-type zeolite, being

circul at ed h fl i Vi acki j F .jng a fluid
catal ytic c@giﬁﬁ%g&?{f@%mp‘&@cg‘g ?ésgblo@k%ég)gsﬁ@g? %ijrpﬁé’i&(‘;’%ﬁ%@{}f or mance
Wi t hout subgtagibvided.y Dypédagy,nthe VO, aéduedibn rRemipbstitnsdemnmise o pediawiatesi on or

the yield of cracked petrol eum progyct_s, produced during the ‘FCC process.
composition contamning particles of ferrierite zeolite. The ferrierite 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 "cata]yst as an
intégra] component of the catalyst. In a preferred embodiment of the invention, the
ferrierite zeolite are separate additive particles bound with an inorganic binder. The
* binder preferably comprises silica, alumina or silica alumina. Preferably, the ferrierite
zeolite is exchanged with hydrogen, ammonium, alkali metal and combinations
thereof. The preferred alkali metal is sodium, potassium and combinations thereof.
[0016] In one aspect of the invention, novel ferrierite zeolite-containing NO,
reduction compositions are provided which are added to a circulating inventory of the
catalytic cracking catalyst as a separate admixture of particles to reduce NOy
emissions released from the FCCU regenerator during the FCC process.
[0017] In another aspect of ‘the invention, novel NO, reduction compositions are
provided which comprise ferrierite zeolite incorporated as an integral component of
the FCC catalyst, preferably containing a Y-type zeolite active component.
[00]8] In yet another aspect of the invention, novel NO, reduction compositions are
provided which compositions reduce NO, emissions from the FCCU regenerator
during the FCC process while substantially maintaining hydrocarbon conversion and

the yield of cracked petroleum products and minimizing an increase in the production

of coke.



[ 0015] In accordance with the present invention, novel NO, reduction
conpositions are provided. Typically, the NO reduction conpositions
conprise a particulate conposition containing particles of ferrierite
zeolite. The ferrierite zeolite nay 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 conponent of the catalyst. In a preferred enbodi ment. of the
invention, the ferrierite zeolite are separate additive particles bound
with an inofQf) & bsi anbeer afhext dfithel@resprteineeraiohytocpropide seprasedsi foa,thal uni na

or silica alu referabl e ferrierit Z te is exc with
hydr ogen, ﬁ‘ﬁg‘ﬁﬁ 10 mek‘éﬂnfenhé{ gtd] dﬂdﬁ aﬁﬁf{%nge&pﬁéﬁ%fawr% g‘g? erred
al kal i met alpdcs m@ssummgqmssedam]@ﬂ%ﬁ]?@mmt mMOB&otdAREL With 1HeOfHt&dnt | N One
aspect of the invention, novel ferrierite zeolite-containing reduction
conpositi onsnwengompr ovi ded which are added to a circulating |nventory of the
cat al yt| c cr, taI ar. e ad xt ure article reduce
NO,; eni ssi éﬁ@ﬁ 21%8%535 ﬁ"hgv ]9 HTBP“’&fﬁﬁQ prr?%sﬁgﬁ%) d‘g%cess

[0017) "I n angiuleén aﬁn@c&omﬁm oheN0, nvent loﬁngasebowe{hel\mcme}e&&fefm WiggResi ti ons
are provided which conprise ferrierite zeolite |ncorporated as an integral

conponent ofsubstagalicaffeeting Jydrocaghont comnxersion s e ¥iglé pf apevoleppeprodents t e
active corrp not her aspect of the invention, novel NO
reduction c Prroggéﬁdtéugngﬂé?g@céﬁoc\?%ded whi ch conpositions reduce NO em ssions
from the FCQ021pFheserant @ther dipecis@f tHeepréseli ipvemdios arevdesdrtbed Ui Siirthet dakil y

mai nt ai ni ng h]ydrocar bon conversion and the yield of cracked petrol eum
products ande®Mi i zi ng an increase in the production of coke. 4 [0019] It
i s anot her aspect of the present invention to provide a proces's for the
reduction of the content. of NOL in the of f gas of the FCCU regenerator
during the BR d d NGON conpositions |n accordance with

the present [0022] The FIGURE is a graphic representation of the effecllveness of Additive A -
and Additive B, prepared in EXAMPLES 1 and 2, respectively, to reduce ‘NOy

emissions from a DCR regenerator versus time on stream, when the additives are

blended with a commercially available cracking catalyst (SUPERNOYA®-DMR+,
obtained from Grace Davison, Columbia, MD), which contains 0.25 weight pércenl of
a platinum promoter, CP-3® (obtained from Grace Davison, Co]umbia,' MD) and
which was deactivated usiﬁg the Cyc]ic Propylene Steaming procedure as described in

EXAMPLE 3.

DETAJLED DESCRIPTION OF THE INVENTION

[0023] Although several nitrogen oxides are known which are relatively stable at

ambient conditions, for pufp05es of the present invention, NO, will be used herein to
represent nitric oxide, nitrogen dioxide (the principal noxious oxides of niuogeﬁ) as
well as N;O4 N2Os and mixtures thereof.

[0024] The present invention encompasses the discovery that the use of ferrierite
zeolite containing NOy reduction compositions in combination 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. The NO, reduction compositions



i nvention. [0020) Another aspect of the invention is to provide inproved FCC
processes for the reduction of the content of NOL in the off gases of the
FCCU regenerator wi thout substantially affecting hydrocarbon conversion or
the yield of petroleum products produced during the FCC process. [0021]
These and ot her aspects of the present invention are described in further
detail below BRIEF DESCRI PTION OF THE DRAW NGS [ 0022] The FIGURE is a

gr aphic representation of the effectiveness of Additive A and, Additive B,
prepared in E respecti [ en1SS| Qns froma
bR T egener wPEATY Eponass T retsnEPERN G donbak BERs Mot BbBRGea Wit 1
a commer ci ajy ¥ prY¥atddadihidinhas bt 1@ isRntbyshe {eRifRRPNVAes DMHound althadnned from
G ace Davison, Cblunbla MD), which contains 0,25 weight percent of a

pl ati num pr thetgesic, bingeradhe apYel ffersierite replieraman ba N Qoredugtion GeEIPASIiNs) and

IO S CRRTIREL R R A M S TR 5
Al t hough "seyvspaalte particlegeditior ot aropomtddrsvan infepah camponent aftd el grackirahl e at

anbi ent condi.tions, for purposes of the present invention, NOL will be used
herein to F%ﬂy%sent nitric oxide, nitrogen dioxide (the principal noxious

oxi des of njgehORFL) %lﬁ'gose‘é’edfl thélﬁmhé}lgrgnmvé}%% @a@ﬂ)h?%s)ét o ﬁ%s{aﬂﬁﬁle&fan%fl f024] The

present invention ehconpasses i scovery t the use of ferrferite
zeol i t e conhydrocantgpnN(eed rcenivestioronr thenpadiof icoaked prodoods? madéfined wetein & f | ui d

catalyti e, Seack! R0 Lo GLR B A HOAR e At ASPTBORZHAD 711 one

rel eased fr%xﬁ@%%@&bﬁd&ﬁ@ﬂ%@‘é@s y 148 16934R4n FESIPFPRRE TheMRAintthOPRIdbS hout a

substantial change in hydrocarbon
LPG (liquefied petroleum gas) as compared to the baseline yield of the same or
substantially the same product; or (i) less than a 30% relative change, prefcrably less
than a‘20% relativg change and most preferably less than a 10% relative change in the

_ yield of LCO (light cycle oils), bottoms and gasoline in combination" with LPG as

corhpared to the baseline yield of the same or substantially the same products; or (iii)
less than a 10% relative change, preferab]y less than a 6.5% relative change and most
preferably less than a 5% relative change in the hydrocarbon feed conversion as
compared to the baseline conversion. The conversion is defined.as 100% times (1 -
bottoms yield — LCO yield). When the NOy reduction composition is used'as a
separate additive, the baseline is the mean conversion or yield of a product in the -
FCCU, operaliné with the same or substantially the same feed and under the same or
substantially the same reaction and unit conditions, but before the additive of tﬁe
present invention is added to the catalyst inventory. When the NOy reduction
composition is integrated or incorporated into the cracking catalyst particles to
provide an integral NO, reduction catalyst system, a significant change 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 operating with the same or substantially the same feed, under the same or
substantially the same reaction and unit conditions, and with a cracking catalyst
inventory comprjsing the same or substantially the same cracking catalyst

. composition as that containing the NO, reduction composition, except that the NO,

reduction composition is replaced in the cracking catalyst with a matrix component



conversion or the yield of cracked products. The NOL reduction conpositions
5 typically conprise a particul ate conposition containing particles of
ferrierite zeolite. 1In a preferred enbodi nent of the invention, the
ferrierite particles are bound with an inorganic binder. The novel
ferrierite zeolite-containing NOL reduction conpositions mnmay be added to
the circulating inventory of the catalytic cracking catalyst as a separate
particle additive or incorporated as an integral conponent into the cracking

catal yst. [QOR%{ kddin gruipaSikr.0Thé perceim @Bapes speeifietiabove irbJeAedFom” a
substanti al change in_ hydrocarbon feed conversion or the yield of cracked
product s" |satgeed! gealyHepERRRoperaiaafatin the alternative, (i) less than a 50%

relative c , I % t st
br et er bl y PORE) AR RAEAR Aol 3ol b Brelunt R el R APABO BIBI B e f
pet r ol eum gas imvesti@mnnawedkr{ioistfrefelrad dlat the fyrrielid zeblitehas 3 du#aderarea of

substantially the (ﬁage product; or (ii) | esg than a 30%rel ati ve change,
pref erabl y atdeast 1¢hayYeampompreterably oleleesh 28Q a1 randripest pperblyblepsi ¥s than a

10% rel ati ve,change..in. t ield of L.CO (li cycl i| ttons and .
gasol i.ne i nmzc/5r‘?'81j %?ﬁ’pﬁ)ﬁ) &Epﬁﬁ T3Le 0@8%@?%% Br%‘?{gﬁﬁi?éﬂ%eg@r 8% of the
sane or subgtRblyldsy Hdae 092 MR oRY abtdiment Of tHelihventioh,ahs fdri@e dedifd4sr el ati ve
change, preferably less than a 6.5%relative change and nost- preferably

| ess than =£x5Bgneed avithea chasgd ispleetpd Hgmr earBYR FeBitiasnok Mydmeens -

conpared to hasehi SO0 rSil I I .ned: . 00% ti nes
sl BTN Shhmad e GREHT PG, PRHRHRE T S Loa
as a separkhéeraddi@C vatalysheThapefdrred dlkalt inetainBsaonecsacerdsirom the gyoupl d of a

(I - bottons
product in the FC(%U 42 erati ﬂ&]wiqth.the @amsfor substantially the sane feed
and under 9SSR GPUUEL BEPRATT A9 PIAWES DEIE" reaction and unit conditi ons,
but before [ohe7adshifoniey, te fehfriPL&TRNna) QYRELI Ebilizng@sdednd, @ £ hg wat al yst

i nvent ory: en the NOI reduction conposition is integrated or. i ncorporated
into the craboki Hgweighpeyesnt, whpsiabilizang metal (or metal ion), preferably incqrporate‘d

into.the pores of the zeolite. Suitable stabilizing metals include, but are not limited to,
metals selected from the group consisting of Groups I1A, 111B, IVB, VB, VIB, VIIB,
VIII, 1IB, 1IIA, IVA, VA, the Lanthanide Series of The Periodic Table, Ag and
mixtures thereof. Preferably, the stabilizing metals are selected from the group
consisting of Groups 11IB, 11A, 11B, 1I1A and the Lanthanide Series of the Periodic
Table, and mixtures thereof. Most preferably, the stabilizing metals are se]écted from
the group consisting of Janthanum, aluminum, magnesium, zinc, and mixtures thereof.
The metal may be incorporated into the pores of the ferrierite zeolite by any method
known in the ar, e.g., ion exchange, impregnation or the like. For piirposes of this
invention, the Periodic Table referenced herein above is the Periodic Table as
published by the American Chemical Society.

[0028] The amount of ferrierite zeolite used in the NO, reduction compositions of the
invention will vary depending upon several factors, including but not ]imiled'to, the '
mode of combining the ferrierite zeolite with the catalytic cracking catalyst and the
type of cracking catalyst used.. In one embodiment of the invention, the NO,
reduction compositions of the invention are separate catalyst/additive compositions
and comprise a particulate composition formed by binding particles of a fenieﬁtq
zeolite with a suitable inorganic binder. Generally, the amount of ferrierite zeolite

present in the particulate NO, reduction compositions is at least 10, preferably at least



provide an integral NOL reduction catal yst system a significant change in
the hydrocarbon conversion or yield of cracked products is determ ned using
a baseline defined as the nean conversion or yield of a product in the sane
or substantially the sanme FCCU operating with the sanme or substantially the
sane feed, under the sane or substantially the sane reaction and unit
conditions, and with a cracking catalyst inventory conprising the sane or
substantially the same cracking catalyst conposition as that containing the
NOL reduction conposition, except that the NOx reduction conposition is
repl aced in 3LOhe10@TraT@f©r¢Rijy etleast #8tandieyen alorpamrﬁfexabébﬁtpl@n%rﬁO weighupércend kaol i n

Ctati ot cal kg v B oBERbs R T BTl Pl 5o M RiGPer B PRl (e i <

useful to pra seadda@vd\laamp@dmtofane GORPOS torals @om Gttt i10vierHbboangs,Hovever ,
it is preferred that the ferrierite zeolite has_a surface area of at | east

100 n2/ g, nmféfe{:ﬁbb‘f EpEnBRuL B0 1@ algut BBomast ryeisraldiom gbaftd0ate| apout 73.east 300
me/g and a éﬁ?gffémér?ﬁan&ﬁ%ggs‘%{i ohhe 1 1A %r BE BhEREDAM RS S t han

250, nost pre er ess n-one enbo I nventi on;
the ferri erldompz)embnte is exchanged with a material selected fromthe group
consi st i ng dr oge um al kali, nmetal and conbi hations .t hereof,

of _h
prior to i n(,{QP%(H ]%Pii‘?fn“}a}ﬁr’éﬁt Héﬁ?llbf%cfg?Paber topapiy “i/s"comp?ﬁ‘é‘%sr eMeed

al kal i et a'mbém‘éﬂ?né@deeﬁ{fﬂorf mmbma%r GhRHUASs cHRBRI éﬁﬁ]ﬂ&ngffeﬁl@ﬁie%hﬁm assium
and m xtures thereof tlona ly, the flerrierite Zeolite may contain

st abi | i zi ng povwsientesiors. ;gmlchtsﬁlatvmg mmmtueszssnaldc dortuspen dEmFCCUfUIEleBF@ﬁl lizing
metal (or nmetal io ra t he ores of.
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metal s sel eGhedcéragtet With Qllid)yﬂésdh(mrﬂeﬁ{]d)rﬂﬁhcﬂfde%ﬂtuﬁl‘é ot Aimikdd 8, aluvBna,VB, VI B,
vViiB, VI, 1IB, IIIlA .IVA VA the Lanthanlde Series of The Periodic -

Tabl e, Ag arfdlicanisiticar @§mitkie radigpinupy phesphe yand: e Bkeapand minwresethsrest.ar e |
selected fr %fel:b%l)grt}%lpmder is selected from the group consisting of alumina, silica, silica

alumina. More preferably, the binder comprises alumina. Even more preferab]y, the
‘binder comprises an acid or base peptized alumina. Most preferably, the binder
comprises an alumina sol, e.g., alJuminum chlorohydrol. Generally, the amount of
" binder material .present in the particular NOy reduction compositions comprises from
about 5 to about 50 weight percent, preferably from about 10 to about 30 weight
percent, most preferably from about 15 to about 25 weight percent, of the'NO,
* reduction composition of the invention. ' '
[0030] Additional materials optionally present in the compositions of the present
invention include, but are not limited to, fillers (e.g., kaolin clay) or matrix materié]s
(e.g., alumina, silica, silica alumina, yttria, lanthana, ceria, neodymia, samaria,
europia, gadolinia, titania, zirconia, praseodymia and mixtures thereof). When used,
" the additional materials are used in an amount which does not significantly adversely
affect the performance of the compositions to reduce NO, emissions released from the
FCCU regenerator under FCC conditions, the hydrocarbon feed conversion or the
product yield of the cracking catalyst. In general the additional materials will
comprise no more than about 70 weight percent of the compositions. lt-is preferred,
however, that the compositions of the invention consist essentially of ferrierite and an

inorganic binder.



consisting of Goups 117B, 11A I11B, Il11A and the Lanthani de Series of the
Periodic Table, and m xtures thereof. Mst preferably, the stabili zing
netals are selected from the group consisting of |anthanum alum num
magnesi um zinc, and m xtures thereof. The netal may be incorporated into
the pores of the ferrierite zeolite by any nethod known in the art, e.g.,

I on exchange, inpregnation or the |ike. For purposes of this invention, the
Periodic Table referenced herein above is the Periodic Table as publi shed
by the American Chemnical Society. [0028] The ampunt of ferri erite zeolite
used in the[(031] Paardcndtalﬁé*i{)mdrwsntcpmn@slmnspﬁ@e invenden shouldwave ayparticledependi ng

upon several, factors ncl u but ted he nmbi ni ng
the ferrierPige SE&E?FT“E éovﬁﬁfrﬁg lﬁg C@g}PQP 7 lo mea@ffuﬁ‘?géd QF %}?Pnpg}?d?{:ﬁgo type of
cracki ng catigluisheousi§twith ﬂh@ﬂﬁveﬁh[ﬁ??difr@ﬂ&knigf chtligst BwRiY KRN FCThBrodkds.
reduction conpositions of the invention are separate catal yst/additive

conposi ti ongypiaalty berrempssitien phihei igvAnkiee Wb hpist Mesn prBiciredizgl B ng
particles O[hﬁlg Jgﬁ%uneﬁrkﬁe&fb R4 }nt ‘ﬁ”aﬁl ]Ieas€z%% 0] Ebéu“%qg%biimbic{b \ih;

General ly, r| erl Zeo resen cul ate NO,

reducti on cefOsikfcrabhsfros sboul east abet 151) ;em;ee\a:hlmozatpréfexaed frox?n abidut - 6mSt
preferably at |east 40 and_even nore erably at |east 50, weight percent

based on t h& 26wl 120eint 16F @H@Oﬁﬂﬂﬁogff}le fpve V’Bl pRI®ly heve BpRAVISMI at e
catal yst| ad%ﬁt;aﬁemggym?g'\Iamerbfqésstmﬁ] LBBGERG 'ﬁgfgfa%%l%ké‘ﬁaafn ra@%tﬁ#f)trﬂofstlo to

about 85, prefera om about 30 to about st preferal rom about
40 to about prferablyssgthangowdnt of ferrierite zeolite based on the total

wei ght of t /additive conmpositio 029 der materials useful
to prepare P@éggg&t’]¥c £ aP"&SCH P ELHET o‘ﬁsnoéf]”f“ﬁeeo{ ? 7 nPafrﬁﬁ‘ﬁ?rnBT%ﬁsé ghy

i norgani c bF RESEHM) i ghcdlly tﬁ@?ﬂhhﬁat@f}\l@)r@ﬂhcnlgnfc@:ﬁuf}bﬁlﬁdﬂs%fﬂ@lﬁwérﬁmnw\der to
form particles havi ng properties suitable for use in_the FCCU under FCC

process con#ieprgé Yy Rea 27 | 398eQya e icRplainingather feaniegitg g&elite, Pbtl%abpare
conposi ti ONZeolite components, the inorganic binder and optional matrix materials, in an amount

sufficient to provide at least 10.0 weight percent of ferrierite zeolite and at least 5.0
weight percent of binder material in the final NOy reduction composition and,
thereafter, spray drying the aqueous slurry to form particles. The spray-dried particles
are optionally dried at a sufficient temperature for a sufficient timé to remove
volatiles, e.g., at about 90°C to about 320°C for about 0.5 to about 24-hours. In a
preferred embodiment of the invention, the ferrierite zeolite containing aquéous 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 S pm or less, most preferably 3 pm or less.
The aqueous slurry containing ferrierite zeolite may be milled prior to or after
incorporation of the binder and/or matrix materials as desired. 4
[0033] The spray-dried composition may be calcined at a temperature and for a time
sufficient to remove volatiles and provide sufficient hardness to the binder for use in
| the FCCU under FCC process conditions, preferably from about 320°C to about 900°C
from about 0.5 to about 6 hours.
[0034] Optionally, the dried or calcined composition is washed or exchanged with an
aqueous solution of ammonia or ammonium salt (e.g., ammonium sulfate, ﬁitrate,
chloride, carbonate, phosphate and the like), or an inorganic or organic acid (e_;g.,
sulfuric, nitric, phosphoric, hydrochloric, acetic, formic and the like) to reduce the

amount of alkaline metals, e.g. sodium or potassium, in the finished product.



in accordance with the present invention include, but are not limted to,
alumna, silica, silica alumna, alum num phosphate and the |i ke, and

m xtures thereof. Preferably, the binder is selected fromthe group
consisting of alumna, silica, silica alumna. Mre preferably, the binder
conprises alum na. Even nore preferably, the binder conprises an acid or
base peptized alum na. Mst preferably, the binder conprises an alum na
sol, e.g., alum num chl orohydrol. Generally, the anmount of binder nmaterial
present in the particular NO reduction conpositions conprises from about 5
to about SOIOﬁES]gi?wﬁrpéaleMx, regwration realyipgsitions ref alo inventiont are airoulated 0n Wi ght

percent, t refer bl bout . 15 t. Qut. 25 t r.cen of the
NO, reductl‘S 5%%% p%mﬁ o?aﬂhvéls ah‘i‘/’éﬁ‘{‘?‘oﬁg T%ﬁ@fﬁﬁ 'ta?)(%ﬁmmughg erials
optional |y {Eegeny. iGenkAlyCOBREGYsi/MdRIvelcolipesife® sCided ih AyedHduanof acl ude,
but are not limted to, f|IIers e.g., kaolin clay) or matrix materials

(e.g., alurimal. lsweighpereqnt of he Helystyryeniosy. Pepferablbiahe ampim of Hodyni a,
samari a, V@Qﬁs‘ﬁd%ﬂ%’%&;ﬁﬁs@ CPntdsE@FHnges r?&ﬁ GO v’r‘n R ARGy We%l??géjrcéﬂt)(t ures

t hereof). use tion erials ‘are used t which
does not sigodf preforddly festveaboed ¥ toakaacts0t he;gheq;émemalf:ehe)ﬂ:ameatal@mpos| tions
to reduce NO em ssions rel e: sed frao FCCU .regener at or under FCC :
condi ti ons, mwréorbryﬁe@eereow Eéﬁ‘al‘Yéﬁﬂr}}é’r‘gF(?ﬁm@PS‘Pﬂ%s ok Wédﬁi‘ﬁmlﬂl &3y BSf t he

cracking c Eé’%%gné PCQ@”W@E cbieentigt tn'ra?lﬂ@rj ggt\@ﬁlﬁ e?1]r'<1'i‘te éatal%@'ﬁpmese no

nore than about wel ght percent of the corrp I tions. eferred,
however, thagertei'aeormr’op@sypth@ngbmﬁmtmuznalhndent i on consi st essentially of -

comost 11 or008 A PRVERRTGIPERoTs Raphon e FPrbie oghE o Wrel i Gy 7

pernit the pedposiciimg tiocrbeking datatstbadcledhengbloes otphevifEEUintgiarmg,aneous| y
with the inventory of cracki ngjoqfat al yst during the FCCfprocess Typically
t he conposifefustiopicaiahyst $¥§iEdht cofdpiceiethis “i’“fﬁ%ﬂﬁj“ﬁ‘ﬁ‘?‘tq dhe “?’F‘Z‘é"“of-hegr eat er

ferrierite zeolite may be added to the catalyst at any stage during catalyst
 manufacturing prior to spray drying the cracking catalyst slurry to obtain the fluid
cracking catalyst, regardless of any additional optional or required processing sieps
needed to finish the cracking catalyst preparation. Without intending to limit the
incorporation of the ferrierite, and any optional zeolite components, within the
cracking catalyst to any specific method of cracking catalyst manufacturing, typically
the ferrierite zeolite, any additional zeolites, the cracking eata]ys‘t zeolite, us'ua]]y
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 um. The milled s]urry. is
combined with a suitable inorganic binder, i.e., a silica sol binder, and an optional
matrix material, e.g. clay. The resulting slurry is mixed and spray-dried to provide a
catalyst material. 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 exchanged
with a water soluble rare-earth salt, e.g., rare-earth chlorides, nitrates and the like.
[0037] Aliernatively, the ferrierite zeolite, optional additional zeolites, the cracking
catalyst zeolite, any matrix materials, a rare-earth water soluble salt, clay and alumina
so} binder are slurried in water and blended. The slurry is milled and spray-dried.

The spray-dried catalyst is calcined at about 250°C to about 900 C. The spray-dried
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than 45 pm Preferably, the nmean particle size is fromabout 50 to about 200
pin, nost preferably fromabout 55 to about 150 pm even nore preferred
fromabout 60 to about 120 pm The conpositions of the invention typically
have a Davison attrition index (D) value of |ess than about 50, preferably
| ess than about. 20, nost preferably |ess than about 15. [0032] Wile the
present invention is not limted to any particular process of preparation,
typically the particulate NO reduction conpositions of the invention are
prepared by form ng an aqueous slurry containing the ferrierite zeolite,
optional zewblystemeprheneptianally fhe Warbedaming 45i sadepUsasrlutingt pf)n@rnonmu X

materials, Iaédr%lgf:{?“%m ﬁiliif f%aﬁ' {]ingiggmityoq Or i Pdcid %ﬁ?‘v&?’e@bl Ie er ' per cent

of ferrlerl ean per ¢ ?erlal in

the final Nohddsgabletsald) onprtpmiyt tHencatd) gt mdyhley e;eahtamed withi aywsteysongblé he
aqueous slurry to formparticles. The spray-dried particles are optionally
dried at a SUefereh aalt aficaiibes heenrwshesh by a%?ﬁ“h%@é%d% kngwvn iy thesfbve

vol ati | es, ‘fo@,s Wilerd %9 eé-{%%)oigto %9199(?? %9 PB‘E]CI@?OH-I ?1‘11_)]8}1{% g

hours. In a ferre odi nent "o e |n I on errlerlge zeollte
cont ai ni ng aqmpouﬁi 1ypicall yrepresents ki ledst pibowr0.1 o/e@ht psreett\of nige FOCreadilyse t he

ticl I d h I t I ,
pr ef er abl 'y"giryzieé?mffgga@& s LR aprre gl edgureet #ha é@aﬁﬁ‘iiésl urry
cont ai ni ng B t | por ati on
GF" b BqEEOL NS BIRERLAS RyRRRLI S AAbNIC0 Gy Hc PR o

conposi t i on theelfCOH eatelybigiantesat a terrperature and for atime sufficient to

renmove vol at} 5 -An Vi uf fi en nder.. use in

L he ooy un i RS BRI ot W e PP tp g 2E 8t 8ot S about
900" C fromvathoHe cfhcﬁm@&aﬁt}@uteoﬁtdi@ihb"rgami 8934] m&iialonad bytioidng, Meirad or

cal ci ned cogiﬁﬂgltlon I S washed or exchanged with an_aqueous sol ution of

amoni a or n#NgnetaeE] add{t@egompsnﬁwrﬁueih%mefa&ﬂéaps rﬁforrea@reple Eansdey e,
carbonat e, BH@W hahfkaRf BGaliifElatal9f. Ahel kIR afIRE z&f]ﬁ@'iisﬁall%fcé ¢ (e.g.,

USY or REUSY-type, provides the majority of the cracking activity and is typica]]y
present in a range from about 10 1o about 75, preferably from 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 materials useful to prepéré integrated
catalyst compositions in accordance with the present invention include, any inorganic
material capable of binding the components of the imegrated catalyst to form panic]es
having propemes suitable for use in the FCCU under FCC process conditions.
Typically, the inorganic binder materials include, but are not limited to, alumina,
silica, silica alumina, aluminum phosphate and the like, and 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 weight of the catalyst
composition. Preferably, the amount of binder material present in the imograted‘
vcata]yst composition ranges from about 5 to about 45 weight percent, most preferably
- from about 10 to0"about 30 weight percent and even more preferably from about 15 to
about 25 weight percent, based on the total weight of the composition.
[0040] The matrix materials optionally present in the integrated catalyst compositions
of the present invention include, but‘ are not limited to alumina, silica alumina, rare

earth oxides such as lanthana, transition metal oxides such as titania, zirconia, and
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sulfuric, nitric, phosphoric, hydrochloric, acetic, formc and the like) to
reduce the anmount of alkaline netals, e.g. sodiumor potassium in the
finished product. 9 [0035] Particulate NO, reduction conpositions of the
invention are circulated in the formof separate particle additives al ong
with the main cracking catal yst throughout the FCCU Generally, the

catal yst/additive conposition is used in an anount of at |east 0.1 weight
percent of the FCC catal yst inventory. Preferably the anmount of the

catal yst/additive conmposition used ranges fromabout 0.1 to about 75 wei ght
percent, noebggoest exidbl Grdupdid aiides sich es iapuasivsD ank beiem pavideenclagd t he FCC

catal yst inventary,. Separat.e rticlencatalyst/additive conposi.tipons of the
“nvent i on niToE FRIRCAN BUHHE BERST (TN EE VTR BaRieT B0 wi ¢
nmake- up cat ghepsdl ch@iyshfi the BUEHE bATSY theh SOWeRYpedtdAehase® B eel tefal weghhod.

[0036] In a second enbodi nent of the invention, the ferrierite zeolite is
i nt egrat ed of the compeyidemt Rraferablyo therpatex aekfilegys.dhemy, gretpresgnt nANEmauRkensel ves

to provide an int reductd op. ste - e with-
thi & embodi ABAF RGO oDl an eBaN s, RBiehTbRerE bl bl SRS ITIGE ' | o
t he cat al ystatalysiabshpdtidge during catal yst nmanufacturing prior to spray

drying the cracking cat ?I yst slurry to obtain the fluid _cracking_ catalyst,
regardl ess H‘O“&h?‘eadﬁ’i”ﬂ‘i riie 8t iBgRLeD JHOREYfidi P dh‘brlﬁ‘_@é@ki‘"ﬁ@a]%sfe% ! needed
to finish Fhsidgaaséggftg)eﬁﬁg% WRtunBr SRR ho (P9 e walgmg Rlaihld id Mt the

I ncorporation of t errierite, and any optional zeolit& conponents, within
the cracki thg comtrelrgist FGG vainyTlspeteigfal catalgstivonhpoditiar efcke nyentéanalypisally

manuf acturipg, typicall the. ferrierite zeglite, any ditipnal ,zeolites,
the cracki nﬁgc%lf’égﬁ}ﬁank%of’?"t af alﬁ%é"ﬁl? a%% : Pnhéf%?ﬁ%g@?’}yaﬁama?ﬂ?uhat rix .-
material s aggshdaboRd S0BmWelR aitrifibe pedpefifey of She iflektafdathyst, @8l ue@sdr&e Mmean
particle size of solids.i.n the slurry to less than 10 pm preferably to

| ess t han 5bythe Rayisong¥isitiondpdax (D8 daysha Rl 3alyerof iepethen PP ewmors prefegeblys”
conbi ned w fe?s ﬁaﬁ%Ex‘?&)}n‘éstipﬁ]&&gﬁﬂi]&s%aﬁ&q‘%f ;, i.e., asilica so] binder, and an

opti onal _ _
~ [0042] In a preferred embodiment of the invention, the FCC cracking catalyst

contains a Y-type zeolite. The ferrierite zeolite may be added as a separate additive
particle to a circulating inventory of the crécking catalyst or incorporatéd directly into
" the Y-type zeolite containing cracking catalyst as an integral component of the
catalyst. In either case, it is preferred that ferrierite zeolite is present in the final
composition in an amount sufficient to provide in the total catalyst inventory a ratio of
ferrierite zeolite to Y-type zeolite of less than 2, preferably less than 1.
[0043] It is also within the scope of the invention to include additional zeolite
components in the ferrierite zeolite containing NO, reduction compositions of fhe
invention. The additional zeolite component may be any zeolite which does not
adversely affect the NOy reduction performance or cause a substantial change in
hydrocarbon conversion or cracked product yields during the FCC process.
Preferably, the additional zeolite component is a zeolite having a pore size ranging
from about 3 to about 7.2 Angstroms with a SiO; 10 Al,O3 molar ratio of less than
about 500, preferably less than 250. Preferably, the additional zeolite component is a
zeolite selected from the group consisting of ZSM-5, ZSM-11, beta, MCM-49,
mordenite, MCM-56, Zeolite-L, zeolite Rho, errionite, chabazite, clinoptilolite,
MCM-22, MCM-35, MCM-61, Offretite, A, ZSM-12, ZSM-23, ZSM-18, ZSM-22,
ZSM-35, ZSM-57, ZSM-61, ZK-5, Nal, Nu-87, Cit-1, SSZ-35, SSZ-48, SSZ-44,
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matrix material, e.g. clay. The resulting slurry is m xed and spray-dried to
provide a catalyst material. The spray-dried catalyst is optionally washed
usi ng an aqueous solution of ammoni um hydroxi de, an amoni um salt, an

i norganic or organic acid, and water to renove the undesirable salts. The
washed catal yst may be exchanged wth a water soluble rare-earth salt,

e.g., rare-earth chlorides, nitrates and the like. [0037] Alternatively,

the ferrierite zeolite, optlonal additional zeolites, the cracking catalyst
zeolite, a@ﬁzmﬁtrlkchmnhmlaNbﬂumnwadeWQamchlma@am ﬂﬂhnbhewsaEpmumhay and

al um na er..are_ slur nwat Iur is mlled
and spray- 3%’?’58”] € ‘ﬁ'?émg’bcﬁﬁ? (EPPFTé’H‘eCE{%‘T esr{te'l gﬂﬁléﬁ ggﬁgﬂg’ %%oc to
about 900C.NlffieSBr ANxidfek QBkredkO Maﬁtglrmfabmametmﬂma@lt kébﬁ'ii’é t:é/mfi@)eﬁ@?shed usi ng
an aqueous sol ution of amoni um hydroxide, an amonium salt,” an inorganic

or organi c selsfidd feoml Uwagronp wconsigive 08 4R¢-5, LSdES 1+ besh, MEM 18, nlqﬁemmal ly, the

oen vashodCRESE AOBRE et heB, AFRRLS OIS Bl FoRB T MBS ot e o
into the FQG3, offrahy,sk, DSMLiXhfiSmixtdies fhereof.eThé eddeedal tz@omseamwra:ﬁt tsypi cal l'y

represents at | east about 0.1 wei ght _percent of the FCC catal yst part icle.
Pr ef er abl y,us¢hid @N@W”b‘ﬂ“a‘tms p@lrSan@?qap@y durscdeafipch themgrigegarce shiligoout 0. 1.

to about f}@o"‘ﬁw@ Cata E:oné*&%dﬁe%@r@:?l(%lgé Q{H]gd%?tg{mﬁl}ja@ e20 vei ght

percent, of st particles “cat al yst
will. typ| c dylisocambop comerditre of e rpreduict giekle @if itlneecrad:ldmgcamlythelalneem geki ng

catal yst - zeolite, an bi n terlal and optiqnall trix,
fillers, ard® B{ﬁ’ér"r%ﬁ: H’i%t a\,aiy h‘g%‘ﬁé cataly %Q‘?Vﬁﬁ? P%Sl‘t‘?‘hpiyR‘? Y, Banpl e,

traps for Mudmam zyaﬂn&qoﬂag!s&nm JsB@ it iRekbi rﬁ%‘in?é 8- abdtie1 w&&lﬁtm cat al yst
zeolite, usua Y, or REUSY-t provi dés the majority of the

cracki ng acpmfvnagl)y gmn jabouty b0 dal dhput. ﬁl%es"efhghh pergent aofgdhef cotalyathasiditiveD t o
chout 15, BORETBLIEE DR ol QclMnt s FRBhcBieLat by (v om
of the catalyst, the addmonal zeolite component is preferably used in an amount
ranging from about 0.1 to about 60, most preferably from about 1 to about 40, weight
percent of the catalyst composition.
[0044] Somewhat briefly, the FCC process involves the cracking of heavy
hydrocarbon feedstocks to lighter products by contact of the feedstock in a cyclic
catalyst recirculation cracking process with a circulating ﬂuidiz’ab]e crackiﬁg catalyst
inventory consisting of particles having a mean size ranging from,abouti 50 to about
150 pm, preferaBly from about 60 to about 120 ym. The catalytic cracking of these
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:
(i).  the feed is catalytically cracked in a catalytic éracking zone, 'norinal]y a
riser cracking zone, operating at catalytic cracking conditibns by
contacting feed with a source of hot, regenerated cracking catalyst to
produce an effluent comprising cracked products and spent catalyst -
containing coke and strippable hydrocarbons; '
(ii)  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;
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wei ght of the conposition. Inorganic binder materials useful to prepare
integrated catalyst conpositions in accordance with the present invention

i nclude, any inorganic material capable of binding the conponents of the
integrated catalyst to formparticles having properties suitable for use in
t he FCCU under FCC process conditions. Typically, the inorganic binder
materials include, but are not limted to, alumna, silica, silica alumna,
al um num phosphate and the like, and mxtures thereof. Preferably, t he

bi nder is selected,fr the co silica
al um na. Ceneral i}) t ﬁlfasg% Pﬁder sn%'%%‘?‘iftﬁpdgraggg?ﬁleqs ?le integrated

catal yst conpositi onchs: in@ﬁ;&oldih@ﬂarﬁﬂts%!s@medpﬁd@ed]tlmnb&SﬁﬁmOQSt he total
wei ght of the catalyst conposition. Preferably, the anount of bi nder
material present in tABd ilﬂ‘ﬂlégfaé}éléélPTOQH‘E‘&W%}E]’WW&%| on ranges from about 5

to about 45 wei glg]g,) PengeMent MRS tp"sesLﬁJp@t? L}éual out aglqg%{’ Qoore%rfb bout 30

wei ght percent and’ even nore pr YeFa rom 25 wei ght
percent, based on theotduddd Wepdrgtdrbaks frb\ma tenpasiyst, adter [ WHi¢P]thdhe matri x

materials optionally prese t inthe in ted catalyst co sitions of the
present invention i ncPUPRed eafalyst e’SnB’E’E?‘R’ﬁft Y EBBPETALAdLAR nd, © rgép‘ﬁysllca al umina,

rare earth oxides SU?&eﬁ@rah&ﬂiJﬁ%”@ roHﬁ&ﬂ}%’t tréHx‘.efE?édaéaté? t%ﬁc}ﬁk‘Ch as
titania, -zirconia, and - 11 rranganese oxid I'1 A oxi des such as

magnesi um and bari um hendeesycled aps thesmahklas kens! |f®r caacting emthees t her eof .

The matrix or fillers H%é 1Joe {)freedeent inthe integral catalyst in the amount
of less than 50 wei ghfq ceft'“Based on the total wei ght of the

conposi ti on[odarsgetehaéahmnaltmc eREIyE imthde ffol bfingple, deoBRYbased @idPys@Swilli i N an
amount rangi ng-fromabout | to about 45 weight present based on the total

wei ght of | t Refaujesitca¢peting GAHEID] 8h descibuin hasepial ireview hyz¥eiRiasd tri tj on
properties QfhNay; t@&%}zf @ﬁ&"’@;’g’?%&% Caldl %ymd'M éloﬁelﬁ{?%@é& ek I n the

unit and determ ne yst 1s retalne e comercial FCC
uni t. The ineeyr i8BNadf2¢368tdipasi welbnasofin tmendronse theyn saurgasc achy as
| ' Sadeghbeigi, Fluid Catalytic Cracking Handbook, Gulf Publ. Co. Houston, 1995,
ISBN 0-88415-290-1. Preferably, the FCC catalyst is a catalyst comprising a Y-type
zeolite active cracking component. In a particularly preferred embodiment of the
" invention, the FCC catalysts consist of a binder, usually silica, alumina, or silica
alumina, a Y-type zeolite active component, 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. _
[0046] Typical FCC processes are conducled 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 procéssipg of any
typical hydrocarbon feedstock. Suitable feedstocks include petroleum distillates or
residuals of crude oils, which when catalytically cracked, provide either a gasoline or
a gas oil product. Synthetic feeds having boiling points of about 204°C to about
8]6°C, such as o0il from coal, tar sands or shale oil, can also be included.

[0047] In order to remove coke from the catalyst, oxygen or air is added io the

regeneration zone. This is performed by a suitable sparging device in the bottom of
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has a mean particle size of about 45 to about 200pm nore preferably from
about 50pmto about 150pm The attrition properties of the integral

catal yst, as neasured by the Davison Attrition Index (D), have a D val ue
of less than 50, nore preferably |ess than 20 and nost preferably |ess than
15. [0042] In a preferred enbodi nent of the invention, the FCC cracking
catalyst contains a Y-type zeolite. The ferrierite zeolite may be added as
a separate additive particle to a circulating inventory of the cracking
catal yst or incorporated directly into the Y-type zeolite containing

cracki ng cathalrggsnemasomporien beif dadired oarimanlt oxygen headdcxhtoatlhyslﬁlutelan denseher case,
it is preferred rri.erite zeolite is present in the final conposition

in an am)unPhaéﬁP#ﬁtﬂ&reegﬁ{ler?tdmbzro&?l de in the total catalyst inventory a ratio

of ferrier [doaz;]z e0ING,Srelif1i¥n byBBosh ek if fcoidah@SSith thetnvention &fafaaddlly | ess
than 1. [0043] is alsowithin the scope of the invention to I nclude

addi ti onal zedgm, tlé byorperse A, prefareldy fabfeesie?( B ethg estissienscafiV@i int thg NO

R T e

per f or mancemami4isivg ehah gibsintfead calvangn drnhe Riet of arabiesd ﬁem &lgon or
cracked product yields during the FCC process. Preferably, the a di ti onal

zeol i te conprsabpf andslight oiefins eb1aacs ﬁ@méh‘béfra@(@g Falalyglnglmmipmer gased Mbut 3 to
b 7.2 | b
about AFEQ?&@WH? 90 & Q§§%1Q§ réag 2 %E%aﬂﬁ l@fngrtg% F(?Pg si cﬁésanﬁ l?rfcg: gapout

500, preferab ess tha Pr thea zeo conmponent
is a zeoli bféthsehmm]em wWithom $ipeifigaulyeffeoung thei-argcked pZﬁMct‘s ylzlSMoiLIeedbet a,

MCM 49, nordenite, 56, Zeolite- zeolite errioni . bazi te,
cli noptil ol PERETS OWEVER gy Wl O5 BREESIO0RY RS F Fi{]@éd R ‘hZST\‘W’EM Qs €3,
ZSM-18, ZSMexdént of KelhénctigoWilbdepe S Gdch 8o asNd ex A8 The @:ﬁl okitiorSZ- 35,
SSZ- 48, SSZ-44, 12 SSZ-.23, Dachl ardite, Merlinoite, Lovdarl te Levyne,

Lauront i t e, amehamaeunt Bf the additive pikaed ethe desigmar the manapCwn; ‘MhlﬁléﬂleB}ﬂ@hQICer ite,
Stilbite, P&H&é ﬁ"@hﬁ:?l’s oﬁ&%&%%ﬁ%ﬁ%m not limited to oxygen level and distribution of -

air in the regenerator, calalysl bed depth in the regenerator, stripper operatlon and
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 regenerator. Thus, since each FCCU is different in some or all of these respects,
the effectiveness of the process of the invention may be éxpected 10 vary from unit 1o
unit. NO, reduction compositions of the invention also prevent a significaht increase
in the production of coke during the FCC prdcess.

[0049] It is also within the scope of the invention that NOy reduction compositions of
the invention may be used alone or in combination with one or more additional NO,
reduction component to achieve NO, reduction more efficiently than the use of either
of the compositions alone. Preferably, the additional NO, reduction component is a
non-zeolitic material,-that is, a material that contains no or substantially no (i.e., less
than 5 weight percent, preferably less than 1 weight percent) zeolite. .
[0050] One such class of non-zeolijtic materials suitable for use in combination with
the NO, reduction compositions of the invention include noble metal containing NO,
reduction compositions such as disclosed and described in U.S. Patent No. 6,660,683
the entire disclosure of which is herein incorporated by reference. Compositionsj in
this class will typically comprise a particulate mixture of (1) an acidic metal oxide

containing substantially no zeolite (preferably containing silica and alumina, most
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Natrolite or m xtures thereof. Mst preferably the additional zeolite
conponent is selected fromthe group consisting of ZSM5, ZSM 11, beta,
MCM 49, nordenite, MCM 56, Zeolite-L, zeolite Rho, errionite, chabazite,
clinoptilolite, MCM 22, MCM 35, Ofretite, A ZSM 12 and m xtures thereof.
The additional zeolite conmponent is wused in any anount that does not
significantly adversely affect the performance of the NO reduction
conpositions to reduce NO em ssions and substantially maintain the

hydr ocar bon feﬁeé%ﬁr%g%,%{, zﬁ r?easlp { 9%%%& gX]jcgd %ﬁ.}ﬂ%}a)}? K%uatn ;ﬁﬁé' %g a?

rel ative t o} he cracki ata % addltlve

conposi t i ong,5 Wil dekdent, pheferablgidibbutoneal abbelolﬁ WEmhom?@éiﬁntanlaﬂcaUﬁedarl}n an
anount rangi ng fromabout 1 to about 80 preferably from about 10 to about

70, wei ght mefak&xtleast 0t5h‘éelél&‘t%€F§F§t /paefaiably\/%bou'c%éﬁesa PRt WeiRBt BErEFE) NO,
reduction ngjg@wg&ﬂeme+e%ftt§ 18 @w %ﬁ?&%&m%@@?%ﬁ'ﬁ% stegﬁ]etmaaf:a&aé yst, the

addi ti onal e corrponen I's prefer y used rangi ng from
about 0.1 tecompeiht @ﬂefenbbzt cepink fand 48) 3 lbasothlatponitof 3 robleaimetal cdriponeni ght

t of th 441 S t.b fl t he, FCC
B ocess | nuorEEtbREY BitaRi Rt i B THSUrS AT HEn PREEABPREoN ght er
products by cont agds &fmata‘fali e&ﬁ@e% Al aéideYdSJ]deCco %ﬁlﬂ%measﬁm WEighat | on

cracking- process wth a circul |ng di zabl e crackihg catal yst ~ I nventory
consi sting pércqmraﬂluhms ahd\subgyardialiy a0 mOhe, (2nayi lmgst ﬂrbm@h@lpbrcw efoarabout

these " r 6l aPFOLRyohPBRon ) SRUPA A YEPER oyl BEaP BN (CRerbHetellaT (s n”

the product {yehoperdentordinosas ao@zowégchapsbwtrah@w T @R ideddr MRIr@Blrth The
significant steps in the ¢ rocess are: (i). the feed is

cat al yti cal (pyefereibk eerid)na (éé@tailew Ol e?reekﬁ Agble gnréal salseied fropn the arpuger
cracking zopé.;.f gBﬁ?ﬂ ﬂ Bl arfo?] &t ﬁfﬂ?é} f ] 58884 dekOBSin lsaseﬁ% tReting

feed with-a sourc regenerate crac cata yst t pro uce an .
ef fl uent couguliveiighy oﬁﬁmekeidummh]lysn/sadtanvh enmusnmat al yst ‘
~ [0051] Another class of non-zeolitic materials suitable for use in combination with

the NO, reduction compositions of the invention include a low NO , CO combustion

promoter as disclosed and described in U.S. Patent Nos. 6,165,933 and 6,358,881, the
entire disclosure of these patents being herein incorporated by reference. Typically,

the low NO, CO combustion promoter compositions comprise (1) an acidic oxide

suppox;t; (2) an alkali metal and/or alkaline earth metal or mixtures thereof; (3) a
transitien metal oxide having oxygen storage capability; and (4) pa]ladiﬁm... The
acidic oxide sﬁpport preferably contains silica alumina. Ceria is the preferred oxygen
storage oxide. Preferably, the NO, reduction composition comprises (1) an acidic
metal oxide support containing at least 50 weight pereem alumina; (2) about 1-10 -
parts by weight, measured as metal oxide, of at least one alkali metal, alkaline earth
meta] 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 parts by weight of said acidic metal oxide support material. '

. [0052] Yet another class of non-zeolitic materials suitable for use in combination
with the NO, reduction compositions of the invention include NO, reduction
compositions as disclosed and deécribed in U.S. Patent Nos. 6,280,607 B1, 6,143,167,
6,379,536 and 6,129,834, the entire disclosure of these patents being herein

incorporated by reference. In general, the NO, reduction composilions comprise (1)
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cont ai ni ng coke and stri ppabl e hydrocarbons; (ii) the effluent is discharged
and separated, normally. in one or nore cyclones, into a vapor phase rich
in cracked product and a solids rich phase conprising the spent catalyst;
13 (iii) the vapor phase is renoved as product and fractionated in the FCC
main colum and its associated side columms to formgas and |iquid cracking
products including gasoline; (iv) the spent catalyst is stripped, usually

with steam to renoye occluded h rocarb@_fr}lzqfromthe catal yst., after which
the strippRRUACHEAxydst supEoRyi2e ab ialkaliymetahydidlr Allang amh angiad| g gpixtures

regener at i OReRBnCis} ) REAUGCTEAL or/BARRSIALRAC ASUSLaBiF drd (4 hen

recycled to the cracking zone for cracking further th'es o feed.
[ 0045] ConveatsitomaheElCe] wdalons GroupsclBuae, 1B of t}wﬁﬂmlda; Tatdel Preferbldyed

t al yst t h fayjasit Ki bed |
ovhew by e R BB SRR daih ] T PR R BB ey T
Catal ysts, Mai&sd siekiamindNewerdoss he ﬂx%?e@red loRPenOs &4 oﬁé@ 01d & pAF g ael‘f&i | as in

nunmer ous ot her sources such as Sadeghbeigi, Fluid talytic cki ng
Handbook, Gembodbmeht, ofd@e 1rmgmwmhe M@gsductmssmosm&omq(l)ran@f:xdrcab|y, t he

FOC catal ysty e BubR ShuSIne AR 50 DRisP aborP Bur Rl FaOSIAERBEER 1D, oo

catal ysts cpiasdusdd &ftha nibdldRide, ubaablkyli Siddl Cah alRdllig dagth r@étal&brl ffk@rredl UM na,
a Y-type zeolite active conp onent, one or nore matrix al umi nas and/ or

silica al unihseesf; @het lﬁqsrﬂ@resghéaelﬁerascq@ao¢ndd4b98§/5lee*tswwlpi@ezcém oftee may be
present in oty rﬁzlzaiemmm gn%&@h@%ﬂtﬁ?%ﬂ%rﬁ] Lﬁsbbg ﬁgha&d/ or

treated mﬁt sta I'ng cations such as an re e
components (2) - (4) being per 100 parts by weight of said acidic oxide suppon
[0053] Another class of non-zeo]mc_NO, reduction materials- suitable for .use in
combination with- the NO, reduction compositions of the invénlion include -
magnesium-aluminum spinel based additives heretofore being-useful for the femova]
of sulfur oxides from a FCC regenerator. Exemplary patents which disclose and
describe this type of materials include U.S. Patent Nos. 4,963,520, 4,957,892,
4,957,718, 4,790,982, 4,471,070, 4,472,532, 4,476,245, 4,728,635, 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 béing herein
incorporated by reference. Prefefab]y, compositions ih this class compﬁse 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, whereiﬁ said third metal is
selected from the group consisting of Group IB metals, Group 11B metals, Group VIA
metals, the rare-earth metals, the Platinum Group metals and mixtures therebf, and -
.said fourth metal is selected from the group consisting of iron, nickel, titanium,
chromium, manganese, cobalt, germanium, tin, bismuth, molybdenum, amimon'y,'
vanadium and mixtures thereof. Preferably, the metal containing spinel comprises
magnesium as said first metal and aluminum as said second metal, and the ator;iic
ratio of magnesium to aluminum in said spinel is at least about 0.17. The third metal

in the spinel preferably comprises a metal selected from the group consisting of the
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[ 0046] Typi cal FCC processes are conducted at reaction tenperatures of 4800C
to 600'C wth catal yst regeneration tenperatures of 600'C to 800*C. As it
is well known in the an, the catal yst regeneration zone nay consist of a
single or nultiple reactor vessels. The conpositions of the invention may
be used in FCC processing of any typical hydrocarbon feedstock. Suitable
feedst ocks include petroleumdistillates or residuals of crude oils, which
when catal ytically cracked, provide either a gasoline or a._gas oil product.
Synthetic feeds having boi K ng points of about 204'C to about 8160C, such .
as oi |l fromiationin, Grawp metaldsthorarsteartie msials, artdamlxalllrsmﬂbeed ndhedeig] mead47] | n

order to renove coke f the c taI en oL t
regeneratl(gﬂm?%’??é‘?]&l%r?éerq %rgwl da%%)yng%gw 5?8 oa‘{'} gloﬁgq%l%{ﬂ g%(t)l n the
bottom of wedehi Bercepgesneilalet @8 ekmesal Bird inferdesidrsa foaﬁﬂlnﬁdtarbahu eeren i s
added to the dilute or dense hase of_ the re8enerat|on zone. [0048] NO
reducti on Gbmltlpoﬁbamﬁu@c@dgﬂémfé ofi abgut 801 1o bR O dredehd thercsnt, y
reduce, i eferably at |east 20% the emi ssions of
NO, in the Ca]ﬁ%d%%eieeﬁ%ria Xor etj?elq%]ent durlyng t he catal yst regeneration,
whi | e substegsal @.jthet norBzdolidt magidshesefiy dn apmbimrio eeith dwNEY, Seduttion t he

yi el d of cracked -products, e;g é)glasol | ne- and i ght .ol efins,. obtained from
t he cracki r@édlé%’&sa‘Pfy‘QF ’”WCH“%WE“JE% L areyjel limjlediifs insiPastd SRRyeY SUSP @Bt er i s
readily achy £ &esag?édhﬁnmmwooslﬁo@@sh ltntaﬂylbasfap yd?ereau&v&@tlon

w t hout si gm I cant affecting the cracked ucts or

conver si on.adéiowesvsich asiewﬂbled laad drsd]ese;ltloddisbyatemd\le ké 98834132 rpetohskltcat aI yst

il o REPENBe <P IRR SAEerEhes Br-STRE S enoied J0 1Yo BHETIRY desi gn

and the nanngRy s19 Mai 5,863,081, CRidedinbihe catﬂ&ﬁcéﬁdnﬂdda'ﬂ"\bet coBipSMenatsaeh akncl udi ng
but not limted to oxygen levél and distfibution of air in the r egener at or,

cat al yst balgsaibpd nf rdistesed e fpsnexemplss in 4.8 Bpept deer 488DA1AMH46. & ener at or
tenperatur g gdhhg,p "5993,@95,651 of 88, SRR ROM PeeHRLAG R FabfcioANd the

~ No. WO 95/03876; and low NO, promoter additive compositions such as described,
for example in U.S. Patent No. 4,290,878; the entire disclosure of each. patent being
herein incorporated by reference. ' .

* [0055] It is also within the scope of the invention to use the NO, reduction
compositions of the invention in combination with NO, removal compositions as
disclosed and described in PCT International Publication Number WO 03/046112 A1l
and PCT International Publication No. WO 2004/033091 A1, the entire disclosures of
which are herein incorporated by reference. Such NO, removal composition
generally comprises (i) an acidic oxide support, (ii) cerium oxide, (iii) a ]anthanfde
oxide other than ceria and (iv) optionally, at least one oxide of a transition metal
selected from Groups 1B and 1IB of the Periodic Table, noble metals, and mixturés
thereof. -

[0056] When used, the additional non-zeolitic NO, reduction compositions are used
in an amoum sufficient to provide increased NO, reduction when compared to the use
of the ferrierite NO, reduction 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
to about 30 weight percent, most preferably up to about 10 weight percent of the FCC

catalyst inventory. The additional NOy reduction composition may be blended with
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presence of other catalytic additives that may affect the chemstry and
operation of the regenerator. Thus, since each FCCU is different in sone or
all of these respects, the effectiveness of the process of the invention
may be expected to vary fromunit to wunit. NO, reduction conpositions of
the invention also prevent a significant increase in the production of coke
during the FCC process. [0049] It is also within the scope of the invention
that NO reduetion conpositions of the invention nay be used alone or in

combi nat i on il HocoRgaRE: TRIRATdLt ABabQtriae kAT SHBARRHY, 1 ol eve

NO, reduction nore etfricien an the use of elther cohposi ti-ons
al one. Pr ef additibna) NOeredadiohicomapbsitie) nrag dedbdcoporatediimoci FCE catalysoas zeol itic
material, that is, a materi that contains no or substantially no (i.e.,

|
l ess than Snﬂllié?&jﬂtCOHI?PE@HP?‘hﬁrcé‘P_ Pably I ess than | weight percent) zeolite.
[0050] One %MB*?%Q' ?%Zs@&orﬁéﬂplﬁ%@!\ﬁﬁﬂiﬁ HEBERpe @k%éﬂ#e”sé]’}?liﬁvé(nﬁBnlt'ﬁaQN@x

conbi nati on Wt NO, reduction conpositions of the invention include
nobl e net al rgletien nemgosi@dns ineataordimne withpes presenisingantion asaylbs ases &l and
described in U S .Patent No. 6,..660, 683 .t ent.i.re disecl osure of ichis
herein i ncoFﬁ‘BP’_é?f“é‘H’ B’ﬁ/tgroél?eérag%z:’@‘?s @Hﬁgﬁngi?ypﬂ%edi] the‘t hfé PSS S 1Pt ypical |y
conprise a pafkli&Hhdligved] ?és'éﬁﬁe-ﬁflﬁﬁ IrtdRfom @i ditesTeiR boRbhstidn préibdiessni N9
substantially no zeolite (preferably containi n_cRJ silica and al'um na, nost 15
pref erabl y eoditivgsiphide arodueiien of lighedlgfins, prdbehke.al uni ha): (2) an al kal i

metal (at | [ t [ . t, 1 to.aho wei ght
per cen'g) , aﬁ&%ﬁ('zgﬁ? g% eia(gp‘he %ﬁg& Fa’%‘ﬁlﬁaggfwﬁég‘\?\ggﬁ%{o %’e}'] liéﬁé’foy é}?eef elr gbl y
about 0.5 t exabsied sebfordebagiw. Pre exantples iaclddanihk tpuepasatioh of estblysyadlitives | east

0.1 wei ght percent of an oxygen storag tal oxid conponent« (preferably
ceria); andufcdy Bithg eaoéffssmﬁgf‘pwwfonaanﬁdg‘rewwgp ogdhepawsmon R'BrEs & abl y Pt

Pd, Rh, 11; e RO, iR8 @lfidicdcking et hGieeh.) Thgeﬂrgé]esege%waa%isfné&@é in

this class of materials conprise (1) an acidic oxide contalning at |east 50
wei ght  per dbntratidng raf rihe gheimed) inyveawan. altl shopld beevhdersgsood, However, duws tthe). 5
wei ght per'c?nr{'t.em%n %ot limited to the specific details set forth in the examples. ;
[0059] All parts and percentages in the examples, as well as the remainder of the
specification which refers to solid compositions or concentrations, are by weight
unless otherwise specified. Concentrations of gaseous mixtures are by volume unless
otherwise specified.
[0060]) Further, any range of numbers recited in the specification or clainﬁs, such as
that representing a particular set of properties, units of measure, conditioﬁs, physiéal
states or percentages, is intended to literally incorporate expressly herein by reference
or otherwise, any number falling within such range, including any subset of numbers

within any range so recited.
EXAMPLES

EXAMPLE 1

[0061] A composition comprising 40% ferrierite, 40% clay and 20% silica sol
(Additive A) was prepared as follows. An aqueous slurry containing 29% ferrierite
(§i0,/Al,0, = 20) was milled in a Drais mill to an average particle size of less than
2.5 pm. The milled ferrierite slurry (4160g) was combined with 1200g Natka clay
(dry basis) and 6000g silica sol binder (10% solids). The silica sol binder was
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al kali metal and/or an alkaline earth nmetal or m xtures thereof; (3) about I
to about 25 weight percent of an oxygen storage capable transition netal
oxide or a rare-earth (preferably, ceria); and (4) at least 0.1 ppmof a
nobl e nmetal selected fromthe group consisting of Pt, Rh, Ir, and a

conbi nati on thereof, all percentages being based on the total weight of the
oxi dative catal yst/additive conposition. [0051] Another class of
non-zeolitic materials suitable for use in conbination with the NO
reducti on conpositions of the invention include a | ow NO, CO conbustion

pronmot er asréiascd fsAdoding sifaG anBeidialum). The damlﬁnmuNg)svas@heJrﬁ@r%]e@nd
6, 358,881, the entire disclosure of these patents being herein incorporated

by referende.a Boywaspypy drigie Tha TN@““EK)SEVGW%‘@ |R§ﬂdl{§i MR evaskesyddi t i ons
o v { oyl sivte Ul (BHAPEL by whiE 03y o1 WP NANSRIe & Kal | ne

earth netal mxtures tra t| on oXI| ving oxygen

storage capghihid ¥ @egm(f}érca@' i pt E'%mes-ré'fethe%%l@'v@faf?(k S UPPIE 1 -

preferably contains silica alum na. ria is the preferred oxygen storage
oxi de.. Preftiadl y, the NO, reduction conposition conprises (1) an acidic

nmet al oxi de support containing at |east 50 wei ght percent alumna; (2) about
1-10 parts by weight, nmeasured as netal oxide, of at |east one alkali
metal , al kagxAageagh netal or mxtures thereof; (3) at least | part by
welght of .CeQZ; and (4) .about 0.01- 5.0 parts b ght of Pd, all of said
par s by veDBs) Akossnpimmemprisne 15% fymiaiergddefo abounpasl Gdsitvedhght of

mon- zool 1 11 e aparfpcBUSHPERpofRAS bl wes HicHRlediFhich BO ko 21 RARe(

reducti on caimpaint ichlvsoytird! heohitivne 23 % nsdlids), UBOONQdry ebtisis) | of fergiatiposi ti ons
as discl osed and descri ed |n}é U, S. Patent ‘ﬁf 6, 280, 607 B1,:6, 143, 167,
6, 379, 536 aﬁﬁtpzéAli@wa?@al 3y Qa Kafd <rQe2)and angughy addgional water &F@hﬁéSbwng herei n

i ncor porate t he NO, tlo compasi tions

conprise (1Y ‘g{é(’%tﬁmgg ﬁ?%t o‘& ?i’gp g pﬂk?ts,?ff(yzy”h%ﬂ“g?‘ﬁ Hm lzntal B

al kal i ne eaefv%ﬂgé’@érﬁb]e@izemf)ﬁstlﬂﬁﬁ 2.5 ym and then spray-dried in a Bow.gn spray dryer.
The spray-dried product was calcined for 90 minutes at 1100°F. The properties of the

catalyst are shown in Table 1 below.

EXAMPLE 3 |
[0063] Additives A and B were evaluated for their ability to reduce NO, emissions
from é FCCU using the Davison Circulating Riser (DCR). The description of the
DCR has been published in the following papers: G. W. Young, G. D. Weatherbee, |
and S. W. Davey, “Simulating Commercial FCCU Yields’ With The Davison
Circulating Riser (DCR) Pilot Plant Unit,” National Petroleum Refiners_Association
(NPRA) Paper AMS88-52; G. W. Young, “Realistic Assessment of FCC Catalyst
Performance in the Laboratory,” in Fluid Catalytic Cracking: Science and
Technology, J. S. Magee and M. M. Mitchell, Jr. Eds. Studies in Surface Science and
Catalysis Volume 76, p. 257, Elsevier Science Publishers B.V., Amsterdam 1993,
ISBN 0-444-89037-8. ‘

[0064] The DCR was started up by charging the unit with approximately 1800g of a

®
commercially available cracking catalyst, SUPERNOVA -DMR+, obtained from
Grace Davison, hydrothermally deactivated in a fluidized bed reactor with 100%

stea'm for 4 hours at 816 C.
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thereof; (3) a transition netal oxide having oxygen storage capability; and
(4) a transition nmetal selected from Goups IB and |1 B of the Periodic
Tabl e. Preferably, the acidic oxide support contains at |east 50 wei ght
percent alum na and preferably contains silica alumna. Ceria is the
preferred oxygen storage oxide. In a preferred enbodinent of the invention,
the NO reduction conpositions conprise (1) an acidic oxide support
containing at |east 50 wei ght percent alumna; (2)1-10 wei ght percent,
measured as the netal oxide, of an alkali netal, an alkaline earth netal or
m xtures thereof; (3) at least 1 weight percent CeQ2; and (4) 0.01-5.0
parts weight percent of a transition netal, nmeasured as netal oxide, of Cu
or Ag, all parts by weight of conpondab¥I(2) - (4) being per 100 parts by

wei ght of said aci di §i g@ I @ﬁ E I s'gof non-zeolitic
NO, reduction materiq)rg rtg(%o? BR]VESMa[jQQ‘L%Ja K !ﬁ'ﬁf )Fan?s] th the NO
reduction conpositions of the invention inchddiiveragnesi umy@digwé Bum spi nel
based additives heretofore being useful for the renmoval of sulfur oxides
froma FCC Aeg@nEr&for. Exenpl ary patents whi Eh78li scl ose and4-68escribe this
type of mat ?;gal s include U S. Rgtgnt Nos. 4,963,520, 4,957,892, 4,957,718,
4,790,982, X, 4%71,070, 4,472,532, 4,476,245, 4,728,635, 4,830, 840,

4,904, 627, AI4R8, 827, 5,371, 055,wtd9%495, 304, 4A1642; 178, 4, 4692%89; 4, 758, 418,
4,522,937, ii 4&2, 267 and 4,495,305 the entire Si scl osure of said patents

bei ng herei E; ficor por at ed by r éflePence. Pref® %t]bly, corrposFQrp%s in this

cl ass conpringgpat | east one netg@l gcont ai ni ngp g ne] whi ch_i@Fd)udes a first
netal and a second netal having a valence higher than the valence of said
first nmetal Feat | east one conpondn® of a thir@44imetal other OHan said first
and second al s and at | east Qvge conponent (25 £ fourth rrebe& ot her than
said first, ‘§&ond and third net IZ wher ei n 'a1d third netal” s selected
fromthe group consisting of G edp%ll3 netals, Goup 11B netals, Goup VIA
netals, the rare-earth netals, the Plati num Goup netals and m xtures
thereof, anéA said fourth netal Wis%sel ected fr8f the group cd#kisting of

iron, nickehjafiitani um wt. % 58 85
Zeolite ‘ wt. % 187 235
Average Particle Size . um 76 ' 83
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e S

chrom um nmanganese, cobalt, germanium tin, blsnuth, nnlybdenunl antlnDny,
vanadi um and m xtures thereof. Preferably, the netal containing spine]
conprises magnesiumas said first nmetal and al um num as said second netal,
and the atomic ratio of magnesiumto alumnumin said spine] is at |east
about 0.17. The third nmetal in the spine] preferably conprises a netal

sel ected fromthe group consisting of the 17 Platinum Goup netals, the
rare-earth netals and m xtures thereof The third netal conponent is

preferably n an armu -he. range of 0 1 to ahout 20
wei ght per J@h&ﬁp@éltbﬁlmeﬁg Y e ﬁgcroﬂmi'%?’ E&Qnﬁze Y P¥Erth net al
conponent décrﬂ{eﬁ%ﬁ%b]'e@&!bv@mum in the range of about 0.001 to about 10
wei ght percent, calculated as elenmental fourth netal. [0054] O her
non-zeolitic materials useful in conbination with the NO, reduction
additives of the invention include, glu% Z%e not limted to, zinc based
catal ysts such as disclosed and des A be in US Patent No. 5,002, 654;
anti mony based NOX prgstiids ¥ FeeUshdlih DER TetedDasrip@SHERadleand di sclosed in
U.S. Patent No. 4, , perovskite- spine . reduction additives such
as described and disclosed in U S. Patent Nos. 5,364,517 and 5, 565, 181,
hydrotal cite cat itive conpositions suc descri bed and

di scl osed, for ?A%%‘@?}n@ &ﬁgs Pat ent Nos. 4, 889, 6?51?4, 946, 581,
4,952,382, 5, 114uf@]wt9% 114,898, 6,479,421 Bl and PGERoént er nati onal

Publ i cation No, WD 95/03876: and | ow NO, pronoter add| tive conpositions
such as descri bdgtal Nigeeeax®hl e in U S. Patent No. 4-390,878; the entire
di scl osure of eg Eﬁcﬁﬁﬁ‘&féﬁtwp% ng herein incorporate gl%]égy ref erence. [0055]
It is also within the stope of the invention to use reducti on
conposi tions of CohmdsenEabommti% conbi nation with NJ.3r enoval conposi tions
as discl osed aﬁ’g described in PCT International Publication Nunber WO

03/ 046112 Al BE I nternational Publication No. 2004/ 033091A1, the
entire discl osuuvg§p1gf ‘ 2.5

K Factor 11.61

Simulated Distillation, vol.%, of

5 498

20 : 682

40 789

60 865

80 943

FBP 1265

[0066) The DCR was operated with 1% excess O, in the regenerator, and with the

regenerator operating at 705°C. After the unit stabilized the baseline NO, emissions
data were collected using an on-line Lear-Siegler SO,/NOx Analyzer (SM8100A).
Subsequently, 100g of catalyst were injected into the DCR consisting of 4.75g of a
commercial sample of a Pt-based combustion promoter, CP-3%® (obtained from Grace
Davison), which had been deactivated for 20 hours at 7 88°C without any added Ni or
V using the Cyclic Propylene Steaming method (CPS) and 95.25 grams of
hydrothermally deactivated SUPERNOVA®-DMR+. 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



whi ch are herein incorporated by reference. Such NO renoval conposition
generally conprises (i) an acidic oxide support, (ii) ceriumoxide, (iii) a
| ant hani de oxide other than ceria and (iv) optionally, at |east one oxide
of atransition netal selected from Goups IB and IIB of the Periodic

Tabl e, noble netals, and m xtures thereof. 10056] When used, the additional
non-zeolitic NOX reduction conpositions are used in an anpunt sufficient to
provi de increased NO, reduction when conpared to the use of -the ferrierite
NO. reduct 'annqﬂgpefs'ﬁlﬁ@néaégﬂge&a@ﬁﬁg Cc@hhiysts t’*‘@eé’é@i@htﬁdrp'}ﬁh Tflag 20! 1 tic
conpositions are used 1 n an anount t o about wei ght percent of the FCC
cat al yst i nhgdrbcarhon Prosﬁsemtﬁa}qummés(}mnm@ium S@e@@ﬁﬁqsllﬁMIQ%}; I8BNd in an
anount up @g fa%tg%t] 0 wei ght percent, nost preferably up to about 10 wei ght
per cent of & “tatal yst inventory. The additional NOx reduction

conposi ti ongpEy} RReiRNGMOWN hddin dBbiliR&I, FeONCR teMiystdns] dBYL Ve do1REed 2
separate partl cl'e additive. Alternativel % the additional NOx .reduction

conposi t i onTresseftgs Q. 59:5@r05®h¢a€@d3r¢m@téf Vite ZHEOicAddiliys A, 913105@er it Sagieal
t of t t. t
comporent o1 1 SO0 R DAY RAAPR BIe score,,

the presentAddiuenBives adasd lahdDER. iMhe rsmmt)araaédoﬂi&dm ThbleBhRIowadrds isves
conventionally used in the FCC process reduction additives,

gasol i ne- s iMeEnSEEYBHTM teddme pf adding Py QQWFW POBIART de she Uni At | ves for
the productyghndh mal game Alaihd ﬂ%}u@%d&dhﬁveéka@d gﬁ%cmﬁn %308 No,L e
e imte ko

i nvention is not, i'ntend the “exahpl €s set
forth bel OWmffhmﬂxmnmedQCRrregeudetdr he .pr epar ation of cat al yst/additives

useful int f i nvention e eva uat f .the invention
process to ﬁﬁ@ﬁuﬁ%’ Q}i‘ Eileaf%vfr’isic’@ 5’?@18}8 ) g rS’h do"'ﬁ%@“‘e%‘pl es are
gi ven as Sp&%ﬁo‘sﬁmn'dﬂ @St kbS8 Thkle 4Rl feshsi aﬁ/ecsﬂvkembn bid efekdqd be
under st ood, however, that the ,

product yields were calculated using a sample of 7 basehne DCR tests. As shown in

* Table 4, when accoummg for the expected ‘variation from-experiment to cxperlmem,

both Additives A and B are especially effective in decreasing NOy emissions without

significanly affecting the cracked products yields. In' particular, both overall

conversion and gasoline yield do not change substantially, even though the FCC

feedstock used in these experiments is a high nitrogen feed.
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invention is not limted to the specific details set forth in the exanples.
[0059) Al parts and percentages in the exanples, as well as the remai nder
of the specification which refers to solid conpositions or concentrations,
are by weight unless otherw se specified. Concentrations of gaseous

m xtures are by volune unless otherw se specified. [0060] Further, any
range, of nunbers recited in the specification or clains, such as that
representing a particular set of properties, units of measure, conditions,
physi cal states or percentages, is.intended to literally incorporate
expressly herein by reference or otherw se, any nunber falling within such
range, including any subset of nunbefrgplewi thin any range so recited.
EXAMPLES EXAMPLE 1 [0061] A corrp05| t| on conpri sing 40%ferr| erite, 40% clay
and 20% si | Redncsioh of NAY Hini§sics e Ravereratoriofdke Payi gpoRigerus sl urry
cont ai ni ng 29% f er (DER) Waen Qﬁn@ﬂ%ﬁdg li(Basedmadditiveed and B2 Drais mll to
an average particle size of less than 2.5 pm The mlled ferrierite slurry
(4160g) was conbined with 1200g Nat ka_cl a (dry basis).and 6000g silica sol
bi nder (10% Additiye) . Thmoupt cal bFlHG&?;SMée 19NBx epalNEl Redgatiesbdi um
silicate and acid al um (Fe cat a(hilst s|(k NPThas t(henmépr ay- df%gd in a Bowen
spray dri erCatﬂIbm resulting spray-dried pr%&iuct was Washed wi tth anmoni um -
sul f at e .sol @ follo r to gi a catalyst with a Na20 | evel of
| ess than .1’ V\E?éht peﬁ@gnt.-T pr opert9¥gs of thégdzddi tive are shown in
Table | beh@iveEXAMPLE @) [ 0062] 3A conposgipsi on compapi sing 75%pferrierite and
25% al um na sol (Additive B) was prepared as follows. An aqueous slurry was
prepared which contai ned 2174g of 902 69 87

24 - 874 141 74
Catalyst 943 32
CP-3% CPS 0.25 1.6 937 474
Additive B 5 3 889 55 88
' 4 - 874 82 83

24 874 165 65
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al um num chl orohydrol solution (23% solids), 15009 (dry basis) of ferrierite
(Si 2/ A12C6 = 20, Na20 + K20 < 0.2) and enough additional water to nake a
slurry which contained about 40% solids. The slurry was mlled in a Drais
mll to an average particle size of less than 2.5 pmand then spray-dried
in a Bowen spray dryer. The spray-dried product was calcined for 90 m nutes
at 1100 F. The properties of the catalyst are shown in Table I bel ow
EXAMPLE 3 [0063] Additives A and B were evaluated for their ability to
reduce NO, em ssions froma FCCU using the Davison Circulating R ser (DCR).
The description of the DCR has been published in the follow ng papers: G
W Young, G D. Watherbee, and S. W Davey, "Sinulating Comrerci aI FCCU
Yields' Wth The Davison CircusBiLBg Riser (DCR) Pilot Plant Unit,

National Petrol eum Refiners Association (NPRA) Paper AMB8-52; G W Young,

"Real istic Assessnent cQfefebdn fRlcEhieh PrddRed Pe@NCe in the Labor at or y," in
Fluid Catalytic Cra k‘r‘hgmgy J. S. Magee and M M

Mtchell, Jr. Eds. St u%’ §Hf ace Science and Cat aI ysis Vol unme 76, p.
257, ElseV| SC|ence am 19 0- 37: 8.
[ 0064] Cq1 "Was st af %B/EI ¢ a%ﬁ% 'g"e 'f"'? V%'rao;'(v ?‘rgggg'%"i%oo
of a COhTTEI’CI al Iy avatergeLt @ldERng ¢ t, SUP f‘ned

from G ace Davison, hydrot hernal |y deactivated in a flui d| zed -bed react or
wi th 1B8%xitstessnG or 4 hour 82ht 81 6C. 20P2fable | Prof@ities of A&ditives

Made in Exanple | and Exa Ie2 Addi tiv Addi tive JV @1750 0.78
4.68 Conversion, wi% i §74% §padV @1750.F57

C/O RATIO 8.72 8.59 869 " 8.60
H2 Yield, wi% 0.05 0.05 " 0.05 0.05
Dry Gas, wt% 2.00 2.08 210 2.03
Total C3, wi% 4.00 436 4.48 407
C3=, wi% 3.44 3.78 . 3.90 3.51
Total C4, wi% 7.03 7.04 7.22 726
iC4, wt% 1.66 153 . - 1.62 1.59
Total Cd=, wt% 5.00 5.15 , 5.24 5.31
iCd=, wt% 1.52 1.59 1.62 1.65
Total LPG . 11.03 11.39 1171 11.33
Gasoline, wt% © 42.08 40.46 41.12 41.48
G-Con RON EST 93.21 93.12 . 93.20 93.12
LCO, wi% .~ 25.93 25.77 265.40 . 26.51
Bottoms, 1% 15.55 17.07 16.45 16.52
Coke, wt% 3.37 3.17 3.16 3.13

25



Si02 wt. % A1203 wt. % 21.741 29.4 RE203 w. %0.011 <0.025 Na20 wt. %
0.035 0.10 Fe w. %0.441 0.1 Ti02 w. %0.913 0.0 w. % SA w. % 245
320 Matrix w. %58 85 Zeolite wt. % 187 235 Average Particle Size pm 76
83 21 [0065] For the purposes of the evaluation, a commercial FCC feed was
used as described in Table 2 below. Table 2 Properties of Feed Used in DCR
Tests Described in Exanple 3 APl Gavity @60 F 21.2 Sul fur, wt.% 0. 206
Total Nitrogen, w.%0.31 Basic N trogen, wt.%0.0868 Conradson Carbon,

wt.%0.3 ' .5 V, ppm2.5 K Factor 11.61 Simulated Distillation,
Vol .o of EXaMEL

[0069] A composition comprising 65% ferrierite, 20% Alumina Sol and 15% kaolin
clay (ADDITIVE C) was prepared as follows: An aqueous slurry was prepared which
contained 40.1 Jbs of aluminum-chlorohydrol solution (23% solids), 29.3 lbs (dry
basis) of ferrierite (SiO, /Al O, = 16, Na,O + K,0 < 0.2)7 7.9 lbs kao]in clay (as is),
and 32.5 lbs additional water, enough to make a slurry which contained about 40%
solids. The slurry was milled in a Drais mill to an average particle size of less than
2.5 pm and then spray-dried in a Bowen Engineering spray drier. The spray-dried
product was calcined for 60 minutes at 1100°F. The properties of the catalyst are

shown in Table 5 below.

Table §
Properties of Additive Made in Example 4
Additive C

T.V., %: 4.6
Si0y, %: | | 64.73
ALOs, %: | 33.004
REZO3, %: 0.049
Na;O, %: | | 0.135
Fe 03, %: 0.295
TiO2, %: 0.448
DI: - 1.3
APS, microns: 93
Surface Area, m*/g: 257
ZSA, m%/g: 205
MSA, m¥/g: 52

26



20 682 40 789 60 865 80 943 FBP 1265 [0066] The DCR was operated with
1% excess 0 2 in the regenerator, and with the regenerator operating at
7050C. After the unit stabilized the baseline NO enm ssions data were

coll ected using an on-line Lear-Siegler SO/ NO, Analyzer (SMB100A).
Subsequently, 100g of catalyst were injected into the DCR consisting of
4.75g of a commercial sanple of a Pt-based conbustion pronoter, CP-3(r)
(obtai ned from Grace Davison), which had been deactivated for 20 hours at
788' C without any added NI or V using the Cyclic Propyl ene Steam ng net hod
(CPS) and 95.25 grans of hydrothermally deactivated SUPERNOVA(r)-DVR+. The
description of the CPS nethod has been published in L. T. Boock, T.F. Petti,
and 3. A RUBESMPLE'SCont am nant - Met al Deactivation and Met al - Dehydr ogenat i on

Ef fects During Cyclic Propylene 22 Steamn Fluid. Catal ytic Cracklng
Cat al yst s, moﬁ@i@t PYLCHIgle &hﬂ rpggqqoﬁgcqupposw B6n Dr Wae SEPAEFACAT al yst s,
ACS SprOSfdﬂmer e8u 4was reﬂazéd (‘r%%ggﬁ aqheday sl@rﬁﬂé‘@né@é% @ohd% QQGJ) After

the unit was agal n st abil i ze NO, em ssions data were col | ected
Ther eaf t er pediz8A6 gluwhing h‘éer@@ 'mOOa}muma paivder Q@@gecbfroxmua Roeke mduam&OSg of

bR w1 1850 2a7e ARER 10 B EEL T BB Bl hefb TR e of Mecor aea

in Tabl e 3kel@hina TP tlh@aluﬁ:iﬂzmm H8T DALY b @qnebﬁesddmﬁh?aroﬁidsbaqnﬁ CO
conmbustion pronoter to the unit. shown in that table and the FI GURE,

Addi tives £04nNaBHmesaifedt N, 1%4 }'tédﬁ@?fﬁﬁn ReRonBeFLSalsHebEIngthitoN:  DCR-
regener at ORhone Poulenc, Inc., 96% CeO;, 4% La20s, 50% moisture) was added to the- slurry.

The slurry was diluted with a sufficient amount of water to bring the solids
concentration of the slurry to 12%. Finally, 3.38 Ibs of ion exchanged si]iga so} of
Nalco 1140 (obtairied from Nalco Chemicals Co.) was added to thé slurry. The~4
mixture was agitated to assure good mixing and then milled in a stinéd quié mill 10 -
‘ reduce agglomerates to sﬁbstamial]y less than 10 pm. The milled mixture Was'then
spray-dried to form approximately 70 pm microspheres and thereafter calcined at
approximately 650°C to remove volatiles. The resulting material wés impregnated
with an aqueous solution of a Cu containing salt (e.g., CuSO,) 10 achieve abou142%
Cu on the final product, and was flash dried. The final product had thé following
analysis (dry basis): 7.8% Si0., 7.1% Na0, 18.5% CeO;, 60.2% Al;03, 1.9% Cu and
BET surface area of 111 m%g. | ‘

EXAMPLE 6

[0071] Additive C and a blend of Additives C and D coﬁsisting of 75% Additive C
and 25% Additive D where tested in the DCR with a feedstock having the properties
shown in Table 6. The unit was loaded with 1995g of an equilibrium cracking
catalyst (ECAT) having the properties as shown in Table 7 below, and 5g of the.
commercially available CO combustion promoter CP-3%, which had been deactivated
for 20 hours at 788 C without any added Ni or V usihg the CPS method. After the
unit was stabilized, the baseline NOy emissions data were collected. S-ubseqUenﬂy;
42g of Additive C or the blend of Additive C and D were injected into the unit along
with 0.25g of the combustion promoter, and 157.75g of the equilibrium catalyst. The

results are shown in Table 8 below. TOS is time on stream from the time of adding
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[ 0068] Table 4 shows the conversion and product yields with and w thout the
conposition of this invention. In Table 4 the nmeans of conversion and
cracked product yields were cal cul ated using a sanple of 7 baseline DCR
tests. As shown in Table 4, when accounting for the expected variation from
experinment to experinent, both Additives A and B are especially effective
in decreasing NOx emi ssions without significantly affecting the cracked
products yields. In particular, both overall conversion and gasoline yield
do not change, substantially, even though the FCC feedstock used in these
exper i nent syjepr @dNEdHbURtibE PRI the AR, A3 i@ TRHIRGHHG b&%&fdnm Empsions
From the Regenerator of the Davisan Circul ative Riser ( ) When Using
Ferrierite BedlendeofBedditivesandily exe eifeqiiet iB dperersinaMO AemispibnTi8h&DER Gas Rat e

NO, NO Reduction (9 h h, NPT) RRRY. (9 | yst 918 17 CP:-3(r)CPS
0,25 1.9 92§&g§%e“%é‘§?'t Fketebitbg b RO G o D Nl ased S b rifebtt g

Cat al yst 94§1v31ﬂo§'3n3hé)sarﬁP§n@ur2Fas hdadiB8 C ddde Rdfdrt ieffectRedn FefBRHgIP0B8 4 874
82 83 24 874 165 65 24 TABLE 4 Conversion and Cracked Product Yields

than Additive C. ,
Table 6
Properiies of Feed Used in DCR Tests Described in Example 6
API Gravity @ 60°F » | 25.5 |
‘Sulfur, wt.% | ‘ 0.369
Total Nitrogen, wt.% 0.12
.'Basic Nitrogen, wt.% | 0.05
Conradson Carbon, wt.% 0.68
Fe, ppm 4
Na, ppm ’ o . 1.2
K Factor. 11.94
Simulated Distillation, vol.%, F
5 , 513
20 A 691
40 782
60 859
80 959
FBP - 1257
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Cracki ng Catal yst Catalyst Nane w 0.25% CP-3(CPS) w 10% Additive A wW 5%
Additive B w 5% Additive E Average of Al Tests TOS=1 h TOS=3 h TGCS=23 h
Rx Exit Tenp, C 521 521 521 521 Conversion, w%58.52 57.16 58.14 57.97
C/ O RATIO 8.72 8.59 8.69 8.60 H2 Yield, wt% 0.05 0.05 0.05 0.05 Dry Gas,
wt% 2.00 2.08 2.10 2.03 Total C3, wt% 4.00 4.36 4.48 4.07 C3=, WM % 3.44
3.78 . 3.90 3.51 Total C4, W% 7.03 7.04 7.22 7.26 |C4, w%1l.66 1.53 1.62
1.59 Total C4=, wt%5.00 5.15 5.24 5.31 iC4=, % 1.52 1.59 1.62 1.65
Total LPG 11.03 11.39 11.71 11.33 Gasoline, w%42.08 40.46 41,12 41.48

G Con RON EST 93.21 93.12 93.20 93.12 LCO w % 25.93 25.77 25.40 25.51
Bottonms, wt % 15.55 17.07 16.45 16. 52 fpke, W% 3.37 3.17 3.16 3.13 25

EXAMPLE 4 [0069) A conposition_conpris 65% f.errierite, 20% Al um na Sol
and 15% kaolin clay (ADDI TI VEM&%MMZ An aqueous slurry
was prepared which contained 40.1 | bs of al um num chl orohydrol sol ution
(23% solids), 29.3 Ibs (dry basis) of ferrierite (Si 2/ A12G3 = 16, Na20 +

K20 < 0. 2), CHEVIICALKANAIUYSHSYY (as is),

Sio2 : W% 49.0
Al203 : W% 46.1
RE203 D wt.% 1.44
Na20 W% 0.32
S04 : wt.% 0.10
Fe : wt.% » 0.6

Ti02 W% 1.2

Ni : ppm 1060
A% : ppm 1760
SA : m¥p 174
Zeolite :mip 127
Matrix . m¥g : - 47

Unit Cell  Angstroms | 24.28
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and 32.5 | bs additional water, enough to nmake a slurry which contai ned about
40% solids. The slurry was mlled in a Drais mll to an average particle
size of less than 2.5 pmand then spray-dried in a Bowen Engi neering spray
drier. The spray-dried product was calcined for 60 mnnutes at 1100F. The
properties of the catalyst are shown in Table 5 below. Table 5 Properties
of Additive Made in Exanple 4 Additive C T.V., % 4.76 SIQ2, % 64.73
A1203, % 33.004 RE203, % 0.049 Na20, % 0.135 Fe203, % 0.295 Ti2, %
0.448 DI: 3.3 APS, mcrons: 93 Surface Area, nR/g: 257 ZSA, nR/g: 205
MBA, nR2/g: 52 26 EXAMPLE 5 [00703 A particul ate NO reduction conposition
(Additive D) was prepared as follows: A slurry was prepared from an aqueous
slurry having 20% solids of a peptizable alum na (Versa] 700 al um na powder
obt ai ned from La Roche Industries 1Inc., 99% A1203, 30% noisture). The
alum na slurry was prepared using 31.T6 lll?% of

’ . a

Reduction of NO, Emissions From The Regenerator Of The Davison Circulating
Riser (DCR) When Using Additive C Or The Blend Of Additives C and D

Additive Additive TOS Flue Gas NO, NO,
: Amount (h) Rate (nppm)  Reduction
(%) (Vh NPT) (%)
Catalyst + CP-3® 0.25 2 895 152
Additive C 1.9 7 895 9] 40
12 895 90 41
Catalyst +CP-3° . 0.25 2.8 907 169
Additives C+D 1.9 7.8 918 78 54
12.3 922 78 54
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the alumna. To the alumna slurry 3.87 | bs of an aqueous sodi um hydr oxi de:
olution (50% NaOH) was added. Next, 10.4 |bs of cerium carbonate

crystal s. (obtai ned from Rhone Poul enc, Inc., 96% CeQ2, 4% La203, 50%

noi sture) was added to the slurry. The slurry was diluted with a sufficient
amount of water to bring the solids concentration of the slurry to 12%
Finally, 3.38 Ibs of ion exchanged silica sol of Nalco 1140 (obtained from
Nal co Chem cals Co.) was added to the slurry. The mxture was agitated to
assure good mxing and then mlled in a stirred nedia n]]] to reduce

aggl oner at §3pAG ISWISAEDak! y I ess than 10 pm The milled m xture was then
spray-dried to form approximately 70 pm m crospheres and thereafter cal cined
at approximately 650 C to renove volatiles. The resulting material was

i npregnated w,th an ueous utjan. containing salt.(eqd..,, CuSOH4)
to achi eveqaboﬁtprﬁ%ss%gr%r?cfwzg fﬁré]ﬁ)sslgggogﬁgﬁéearn% n\%r/ﬁgo’f’lgg%d’ﬂﬁrfgeggldThe final
product had t heahiglit Bpbdkéhg anal ydrecattibny feb@sdck) inmd . 18WeSintdlecullr 1R6ipir20, 18. 5%
Ce®2, 60.2% A1203, 1.9% Cu and BET surface area of 111 nR/g. .EXAMPLE 6
10071) Addi ti veorapensatsasdd Bipgess COmBdsieg ves C and D consi sting of 75%

havi ng. the profer (120 2k 8 YSaBcS el St giah o R Ryt bing GRG0 02g or

an equi l'i bri um cr agrotesy whesdiNQg emfds{oAT prelraleased fidne a pegeperatioregorgsof *hown i n

Tabl e 7 below, and_5g of the. _comerci y avail abl e _CO conpusti on pronot er
CP-3, which had et gaizbiic ack e ‘]F‘&}r(%gUHSBF@“%& “f?‘%ﬁé‘g%m Bigps Y added Ni

or V using the CPS, r@n‘cﬂlﬁﬁn% %\te%for%hﬁ a Widkind@agly@llahd Z€ ardcigied syl 1 ne NO,

eni ssions data were collected. Subsequently,” 42g of Additive C or ‘the blend
of Additive C and m@dveioa dopjpesitienl having a thran pnaiticlasien gl gwiaten ten2Bguof t he

are shown i h Tab & ROt 8 B el el THERIB e e hd ng
27 from about 5-t0 about 50 weight percent of an inorganic binder.selected
from the group consisting of alumina, silica, silica a]ﬁmina, alumina -
phosphate and mixtures thereof; and B
b. reducing the amount of NOx'emissions‘re]eased from the regeneration zone
of the FCCU by at least 10% as compared to the amount of NO, emissions

released in the absence of the particulate NO, reduction composition.

2. The process of Claim 1 wherein the FCC cracking catalyst comprisés a’Y-type
zeolite.
3. The process of Claim 1 wherein step (b) is accomplished without a substantial

change in the hydrocarbon feedstock conversion or yield .of cracked
hydrocarbons as compared to the hydrocarbon feedstock conversion or yield -

of cracked hydrocarbons obtained from the cracking catalyst alone. -

4, The process of Claim 1 wherein the amount of ferrierite zeolite present in the

NO, reduction composition is at least 30 weight percent of the composition. -

5. The process of Claim 4 wherein the amount of ferrierite zeolite present in the

* NO, reduction composition is at least 40 weight percent of the composition.
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the Pt CO conbustion pronoter to the unit. As this Table shows, both
Additive C and the blend of Additives C and D are effective in decreasing
NO, emissions in the DCR unit regenerator. However, the blend of Additives
C and D when used in the catalyst inventory in the sane anmount as Additive
C alone is nore effective in reducing NO, than Additive C. Table 6
Properties of Feed Used in DCR Tests Described in Exanple 6 API Gavity @
60'F 25.5 Sulfur, w.%0.369 Total Nitrogen, w.%0.12 Basic N trogen,

. % 0. 05 donr athe giRodesy HOaindls. Whedeift Shda@nouppof ferridiie 2dtie predent ifn fRCt OF
11 94 Sinmulated Distillation, vol,% F 5 513 20 691 40 /782 60 859 80

959 FBP 1257 i‘éoxvﬁlév%w PRpEten ¥§§1 BAst oA avetgh PEEHY Pﬁme@@mwg@n CHEM CAL
ANAL YSES:

7. The process of Claim 1 wherein the amount of ferrierite zeolite present in the
NO, reduction composition ranges from about 10 to about 85 weight percent

of the composition.

8. The process of Claim 7 wherein the amount of ferrierite zeolite present in the
NO4 reduction composition ranges from about 30 to about 80 weight percent

of the composition.

9. The process of Claim 8 wherein the amount of ferrierite zeolite present in the
- NO, reduction composition ranges from about 40 to about 75 weight percent

of the composition.

10.  The process of Claim 1 or 3 wherein the ferrierite zeolite is exchanged with a
cation selected from the.group consisting of hydrogen, ammonium, alkali

metal and combinations thereof.

11.  'The process of Claim 1 wherein the ferrierite zeolite further comprises at least

one stabilizing metal.

12.  The process of Claim 11 wherein the stabilizing metal is a metal selected from
the group consisting of Groups 11A, 111B, 1VB, VB, VIB, VIIB, V1], 11B, 111A,
IVA, VA, the Lanthanide Series of The Periodic Table, Ag and mixtures

thereof.
13.  The process of Claim 12 wherein the stabilizing metal is selected from the

group consisting of Groups 11IB, 11A, 11B, 1lJA and the Lanthanide Series of

the Periodic Table, and mixtures thereof.
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S102 : wt.%49.0 A1203 wm.% 46.1 RE203 :
Ww.%0.10 Fe w.%0.6 TiO2 wt,%1.2 N ppm1060 V : ppm 1760 SA nR/g
174 Zeolite n2/g 127 Matrix n2/g 47 Unit Cell
Reduction of NO Em ssions From The Regenerator O The Davison Circul ating

Ri ser ( DCRwoOMvesioddsiong Additive C Or The Blend O Addi t PGEYSH0HHE64D

Additive Additive TOS Flue Gas NO NO, Amount (h) Rate (nppn) Reduction

w.%1l. .44 Na20w.%0.32 SO4

Angstrons 24.28 29 Table 8

(9

(1/h NPT) (%9 Catalyst + CP-3(r) 0.25 2 895 152 Additive C 1.9 7 895 91 40
Qg%ealg%%éss +o(t:PC_]§1(n§ )130W}12e§ei121 't}gse sgta 71]111316133;9 mpéctja Iigls\é e%te 4iﬁ%rr} 'thge 7. 8 918

12 895 90 .41
78 54 12. 31922

15,

16.

17.

18.

19.

20.

21.

22.

23,

group consisting of lanthanum, aluminum, magnesium -and zinc, and mixtures

thereof.

The process of- Claim 11 wherein the stabilizing metal is incorporated into the
pores of the ferrierite zeolite.
The process of Claim 1 wherein the inorganic binder is selected- from the

group consisting of silica, alumina, silica alumina and mixtures thereof.
“The process of Claim 16 wherein the inorganic binder is alumina.

The procesé of Claim 17 wherein the alumina is an acid or’base peptized

alumina.
The process of Claim 17 wherein the alumina is aluminum chlorohydrol.

The process of Claim 1 wherein the amount of inorganic binder present in the
particulate NO, reduction composition ranges from about 10 -to about 30

weight percent of the composition.

The process of Claim 20 wherein the amount of inorganic binder present in the
particulate NO, reduction composition ranges from about 15 to about 25

weight percent of the composition.

The process of Claim 1 wherein the particulate NOy reduction composition

further comprises an additional zeolite other than ferrierite zeolite.
The process of Claim 22 wherein the additional zeolite is a zeolite having a

pore size ranging from about 3 to about 7.2 Angstroms and a SiO; to Al,O3

molar ratio less than about 500.
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30 WHAT IS CLAIMED I S: 1 A process of reducing NO em ssions fromthe
regeneration zone during fluid catalytic cracking of a hydrocarbon
feedstock into | ower nolecul ar weight conponents, said process conprising
a. contacting a hydrocarbon feedstock during a fluid catal ytic cracking
(FCC) process wherein NO emssions are released froma regeneration zone
of a fluid catalytic cracking unit (FCCU operating under FCC conditions
with a circulating inventory of a -cracking catalyst and a particul ate NGO
reducti on composi Thopreesss atyClaimeddh wharein Blecadditiopabbecite i saleat¢dafromsthpm  and

conprising (i) at |east 10.wei % r foferiisniie zeqlite, i)
fromabout 5 to aHGHP %s\ﬁg?ggﬁ? @&?e%%il ?’ahgt?’ngrcg\g#}gc "b?fﬁafaP; Nsléplg%éed
fromthe group copgdistil)Geslite RHoeRidnits ] dhblsedite, SdlinbfidoBlel MAWI-22NOM3S,
phosphate and mi xtures thereof; and_b. reducing the anpbunt of NO em ssions

rel eased from t heM@Yehie Qifrebis, PodSM-32, £5d-28 ¥8.2€SMedds tZSNF5a€SMonpar ed
h f ) 1 $Hi } f I cul
to the amount of L ,ef)gpi RS XelaReed LR IAAN0C602 8f sKheuparda syl ate

NO, reduction conpdsition. he “proces’s ~of ereint

cracki ng cat al yst Dachiprdiite Sl edin¥ité,  pedartedlevyse, 13umdhete PEpicEdite abmElogiten 1
wherein step (b) is acconplished wi thout a sugsﬁaanti al ~change in the
hydr ocar bon f eedsEEEOTdHKy ef-anGmitey Breasigriteos SEPHe K dRUIIRgEs 0 LoPHEHEKilES

conpared to the h calhe ;i GRdSiLeds conversion or yield of- cracked
hydr ocar bons obt a?qg{é 'rapm t]he cracﬁdifng catal yst alone. 4. The Process of

Claim. wherein the anount of ferrierite zeolite present in the NO,

reduction cogposition is at ast, .30, wei ght .cent aof the conpasition. 5.

The process 6 C Wﬁoc\ﬁﬁe?fe{:ﬁ”f’ e %{Wﬁlﬁgg%ﬁ&gé?’?a?&&ftg ’%égF???E?rﬁF’eéhént' in

the group consisting of ZSM-5, ZSM-11, beta, MCM-49, mordenite, MCM-56,
Zeolite-L, zeolite Rho, errionite, chabazite, clinoptilolite, MCM-22, MCM-35,
Offretite, A, ZSM-12 and mixtures.thereof.

26.  The process of Claim 22, 23 or 24 wherein the additional zeolite is present in
“an amount ranging from about 1 to about 80 weight percent of the

composition.

27 The process of Claim 26 wherein the additional zeolite is present in an amount

ranging from about 10 to about 70 weight percent of the composition.

28.  The process of Claim 1 or 3 wherein the NO, reduction composition further
comprises a matrix material selected from the group consisting of alumina,
silica,- silica alumina, titania, zirconia, yttria, lanthana, ceria, neodymia,

samaria, europia, gadolinia, praseodymia, and mixtures thereof.

29.  The process of Claim 28 wherein the matrix material is present in an amount

less than 70 weight percent.
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NO, reduction conposition is at |east 40 wei ght percent of the conposition.
31 6. The process of Claim5 wherein the anount of ferrierite zeolite
present in the NOX reduction conposition is at |east 50 wei ght percent of
the conposition. 7. The process of Claiml wherein the anmount of ferrierite
zeolite present in the NO reduction conposition ranges fromabout 10 to
about 85 wei ght percent of the conposition. 8. The process of daim7
wherein the anount of ferrierite zeolite present in the NO reduction
conposition ranges from about 30 to about 80 wei ght percent of the

conposi tion30.9. The poasesd GkinCllapm3sfurher eompiifieg asoueing thef erackisgi t e
zeolite present in ucti.on conposjtion ryﬁgﬁ% rom about 40 to

th NO, d
about 75 wei ght 5‘3?I€§‘ﬁtfr°n6fsaicﬁ§°’@8ﬁﬁlgsFlFPo"ﬂ’.d 152une, SEYSLAlafm 1 or 3

wherein the ferr}@%ér@ﬁg@%ﬂet@rejggn@ﬁ(@g@@gggi]yyﬁth a cation selected fromthe
group consi sting-of hydrogen, amonium alkali netal and conbi nations

thereof. 11. The process of Caiml wherein the ferrierite zeolite further

conprises at.|lea one.s L ozd 12 Th rocess. of ajm 1
wherein theg Lt abiﬁ’ie ?Tor?gssrréefta(g?m} id‘gger%?téﬁé %‘8’?% (éaéaeiyg(ﬁprﬁ%ﬁ}et{)eanbﬁ”gﬁ%@dnsi sting
of Groups Il1A | tddBctidnVEomyBsitiv Bire \ldi@ized/| duking | &dtactihg Asaid |MBrockfdont he ’
Lant hani de Series of The Periodic Table, Ag and m xtures ‘thereof. 13. The

process of O ai nfeedst@fferein the stabilizing netal is selected fromthe
group consisting of Goups I11B, ]]A 11IB, ]]]A and the Lanthani de Series of
the Periodic Table, and m xtures thereof. 32

32. The process of Claim.1 or 3 further comprising contacting the hydrocarbon

‘feed with at least one additional NO, reduction composition.

33. The process of Claim 32 wherein the additional NO, reduction.éomposi;ion is

a non-zeolitic composition.

34.  The process-of Claim 33 wherein the additional NO, reduction composition
comprises (1) an acidic metal oxide containing substantially no zeolite; (2) ’a
metal component, measured as the oxide, selected from the group consiSti’ng
of an alkali metal, an alkaline earth metal and mixtures thereof; (3) an oxygen

storage metal oxide component; and (4) at least one noble metal component.

3s. The procéss of Claim 32 wherein the additional NO, reduction composition 1s
a low NO, CO combustion promoter composition which comprises (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.

36. The process of Claim 32 wherein the additional NOy reduction composiiion
comprises (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) a transition metal selected from Groups. 1B and 1IB of the

Periodic Table, and mixtures thereof.
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WO 2005/ 047429 PCT/ US2004/ 036642 14. The process of Claim 13. wherein the
stabilizing netal is selected fromthe group consisting of |anthanum

al um num nagnesi um and zinc, and m xtures thereof. 15. The process of
Claim 11 wherein the stabilizing nmetal is incorporated into the pores of
the ferrierite zeolite. 16. The process of Claim1 wherein the inorganic

bi nder is selected fromthe group consisting of silica, alumna, silica

al um na and m xtures thereof. 17. The process of Claim 16 wherein the

i norgani c binder is alumna. 18. The process of Caim 17 wherein the alum na

is an acid gy ba ' | DRereihShe TH& S ' .wherein
the alumna is- a?ﬁ#ﬁ%kiﬁfjg}a?ﬁ;?rgﬁnghe Tﬁgt]gfriagg\qe‘és%r% Ctgrg%énﬂ’ﬁo%mr ein the
anmount of i nor ganomphisesdeieagrons eretalicontaining spanet whichdabt@udd®,a firsmertl oxd

conposition ranges from about .10 to about 30 . weight percent of the
conposi tion. 21. 2PF& rrﬁﬁlég}_%av o ‘?ngﬁﬁl’%éf”_éf}?‘? Yaﬁfé‘cﬁﬁgﬁﬁi@ fi5¥t Mty #ani ¢

bi nder present | fglifigne Batfibdieh 8 £ oPmESCHAL! B SATRAS LR cgRNgeRI T O
about 15 to about 25 weight percent of the conposition. 22. e process of

A ai m 1 wherei n thdapkestianalcatpondd of &thiethimeialcwshpabart said firdt usetdrar arclonpr i ses

an additional .zealjte other than, ferrierjte .zeolite. 23. The process of
Cl ai m 22 wher ei n%'tlﬂjemﬁlf  tYDSTEH) S Bmdretplds éelﬁcéf)‘ik OB e oy %?ngwgeoéi ze

rangi ng from abogirog !BJn%bQHtGIZU}?HB‘r}EéE]%PGﬁ)gﬁr\qAamgaQZtﬁe(}aféle?agcﬁ mémkar ratio
| ess than about 500." 33 24. The process of aim 22 wherein the additional

zeolite is sel ectledPlationmt Geoupgheials andnsivderengheseoflzgnd saidzZiowril] metbleisa,
MCM 49, mor deni t(sa«é]eclz\/e%w t“i_’o6m the group consisting of iron, nickel, titanium, chromium,
manganese, cobalt, germanjum, tin, bismuth, molybdenum, antimony,

vanadium and mixtures the;eof.

38. The process of Claim 37 wherein the metal containing spinel comprises

magnesium as said first metal and aluminum as said second metal.

39.  The process of Claim 38 wherein the third metal component in the metal
containing spinel is selected from the group consisting of a Platinum Group

metal, the rare-earth metals and mixtures thereof.

40.  ‘The process of Claim 37 wherein the third metal component is present- in an
amount in the range of about 0.001 10 about 20 weight percent, calculated as

elemental third metal.
41.  The process of Claim 37 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.

42.  The process of Claim 32 wherein the additional NO, reduction additive is a

zinc based catalyst.

43.  The process of Claim 32 wherein the additional NO, reduction additive is an

antimony based NO, reduction additive.
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Zeolite-L, zeolite Rho, errionite, chabazite, clinoptilolite, MM 22,

MCM 35, MCM61l; Offretite, A ZSM 12, ZSM 23, ZSM 18, ZSM 22, ZSM 35, ZSM
57, ZSM 61, ZK-5, NaJ, Nu-87, Cit-1, SSzZ-35, SSZ-48, SSZ-44, SSZ-23,
Dachiardite, Merlinoite, Lovdarite, Levyne, Launontite, Epistilbite,
Grelonite, G snondine, Cancrinite, Brewsterite, Stilbite, Paulingite,
Goosecreekite, Natrolite and m xtures thereof. 25. The process of Caim24
wherein the additional zeolite is selected fromthe group consisting of
ZSM5, ZSM 11, beta, MCM 49, nordenite, MCM 56, Zeolite-L, zeolite Rho,
errionite, chabazite, clinoptilolite, MCM 22, MCM 35, Ofretite, A ZSM 12
and m xtures thereof. 26. The process of Caim22, 23 or 24 wherein the
addi ti onal 2zeol i The ipsocpssese@iaimm? wheminmhﬂhdd‘iémgaﬂ INDf redoetidaoadditivetio aabout 80
wei ght percent of th %he process of C aim 26 wherein the
addi tional zeoli Pgovg"‘ﬁrsé?g%ﬁﬁqxrfe W“é’ﬁﬁﬁ B¥€.rangi ng from about 10 to about
70 wei ght percent of the conposition. 28. The process of Caiml or 3
wherein the NO reduction conposition further conprises a nmatrix materi al
selected framt hé‘hgtpmqoss:oﬁﬁaémi 3y whérenl heradditionad iINQ cedustidr additileuiniana,
titania, zirconi g ail | ant hana, ceria, neodym a, samaria, europia,
gadol i ni a, prase m Clteé:r‘?ataﬂﬁlgﬁﬁ‘?ragosﬂlwgr eof . 29. The process of Claim 28
wherein the matrix material is present in an amount |ess than 70 weight
percent. 34 30. The process of Claim1l, or 3 further conprising recovering
t he cracki nge. cafTht peicessrairalsin &IV\dmmmﬁﬂtmmyC@ate;N@;nudmm@atqonmosmm based

catalyst in a re enerat i NZOH nera ald catalyst. 31. The
process of C ainf ARETSLS Sl%enéo@r §8’1’3%@3°3a% i\??/s‘t' and-the particul ate NO,

47, The process of Claim 46 wherein the particulate NOX reduction composition

has a mean particle size from about 55 to about 150 pm. -

- 48 - The process of Claim 1 or. 3 wherein the particulate NO, reduction
composition has a Davison attrition index (D]) value of less than 50.
"
49.  The process of Claim 48 wherein the particulate NO, reduction composiﬁon

has a DI value of less than 20.

50.  The process of Claim 48 wherein the particulate NOy reduction composition

has a D] value of less than 15.

51. The process of Claim 2 wherein the amount of the NO, reduction composition
is that amount sufficient to provide a ratio of ferrierite zeolite to Y-type zeolite

in the total catalyst inventory of less than 2.

52. The process of Claim 32 wherein the additional NO, reduction composﬁion
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 1B and 1IB of the Periodic Table, noble metals and

' mixtures thereof.
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reduction conposition are fluidized during contacting said hydrocarbon
feedstock. 32. The process of CQaiml or 3 further conprising contacting the
hydrocarbon feed with at | east one additional NO reduction conposition.

33. The process of Caim 32 wherein the additional NO reduction,
conposition is a non-zeolitic conmposition. 34. The process of C aim 33
wherein the additional NO reduction. conposition conprises (1) an acidic
nmet al oxi de containing substantially no zeolite; (2) a metal conponent,
nmeasured as the oxide, selected fromthe group consisting of an al kal

metal, an al kaline earth netal and m xtures thereof; (3)' an oxygen storage
nmet al oxi de conponent;  and | east one noble netal conponent. 35. The

4) at
process of3C a4\rﬂuédzcrw#é’rgeﬁa@%@%dpmp%wan, wiish fampaeitionoFPrsiigsdel e F6R is a

low NO,, CO coam&tgidaﬂlpmeﬁmi@mecrm%?zmgqne \Whiclehg 6P ARIrb&Msond ddepPccaci di ¢
oxi de support; (2) an alkali petal and/or alkaljne earth' metal or mxtures

thereof; (3) aconfibensiand e arattighlateRiQH seduetipn aeroRiige hevinesmgge PaEep sl ¢fi ty; and
(4) pal | adi um g3fer ERQ 5 RNReRSSOnPlisif @) Mias 10RRIAI ferdehtoraciabit oaile, M

reduction conposition conprises (lI) an acidic oxide support; §2) an al kal
metal and/ or aliikabauhé teabauh SO jistehl Pesteningfian paganichiipdss Feledte) from theagiaipt i on

netal oxide hayhilgin@%V&eRind sRicAqRica AFRAR Ialunfik phadddart, 4hd Rikdr&ngdrddron et al
sel ected from Goups IB and || B of the Periodic Table, and m xtures

t hereof. 35 37. The process of Caim32 wherein the additional NOx reduction

conposi tioa. COHRhLSSDS &laith §8§her@R teFeCatackiRNER ORI coiRiilY-WhE ddlidlencl udes a
first metal and a second netal having a val ence higher than the val ence of

said first nmetal, at |east one conponent of a third netal other than said
first and ssecomngd daBly& f Claim 54 wherein the NO, reduction composition is present in an amount

sufficient to provide a ratio of ferrierite zeolite to Y-type zeolite of less than 2 in the total

catalyst composition.

56.  The catalyst of Claim 53 wherein the amount of ferrierite zeolite present in the NO,

reduction composition is at least 30 weight percent of the composition.

57.  The catalyst of Claim 56 wherein the amount of ferrierite zeolite present in the NO,

reduction composition is at least 40 weight percent of the composition.

58. The catalyst of Claim 57 wherein the amount of ferrierite zeolite present in the NO,

reduction composition is at least 50 weight percent of the composition.

59. The catalyst of Claim 53 wherein the amount of ferrierite zeolite present in the NO,
reduction composition ranges from about 10 to about 85 weight percent of the

composition.

60. The catalyst of Claim 59 wherein the amount of ferrierite zeolite present in the NO,
reduction composition ranges from about 30 to about 80 weight percent of the

composition.
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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, Goup JIB netals, Goup VIA netals, the
rare-earth nmetals, the Platinum Goup netals and m xtures thereof, and said
fourth nmetal is selected fromthe group consisting of iron, nickel,
titanium chrom um rmanganese, cobalt, germanium tin, bisnuth, nolybdenum
antinmony, vanadium and m xtures thereof. 38. The process of Caim 37
wherein the nmetal containing spine] conprises nmagnesiumas said first netal
and al um redm aShesaallyss ef Ghathn rBtvalereiBthe afdoentpifaeeisste Gkol(t dreldnBdn WeeN@i n t he
third netal conponent in the netal . containi i.n is.selected.fromthe
group consi sti %5“8?“ SOBPRIIR e ol ar?@'?ta 6q?h%€?ta?£-‘%eé$}it HPRERa LS Ynd

m xt ur es t her eafmpodflon. The process of Claim 37 wherein the third netal
conponent is present in an anount in the range of about 0.001 to about 20
wei ght percent, calculated as elenental third netal. 41. The process of

Cl ai m 37 wdier ellie @aalyst dfQldins3 Mbkein thofPeentolitsis pxdaeRt with aamionasedusnt i n t he
range of about 0.001 to about. 10 i,ght percent, cal.cul ated as . .el.enmental
fourcn meral . H9n ih et oaging o Bt SoiaNat PHeMEALRR Sy SEr
reducti on addithereef. is a zinc based catalyst. 43. The process of Caim 32
wherein the additional NO reduction additive is an antinony based NO,
reduction additive. 36 44. The process of Caim 32 wherein the additional
NOX reductd3on dlddiatalysteofiCiuira 53 pbereiv stiei fereeritp zaotie fidMer coaghriedsiavlpasaddi ti ve. 45.
The process ofstgiliiziin@rée%aIMerei n the additional NOx reduction additive is a

64.  The catalyst of Claim 63 wherein the stabilizing metal is a metal selected from the group
consisting of Groups IIA, IIIB, IVB, VB, VIB, VIIB, VIII, IIB, IIIA, IVA, VA, the

Lanthanide Series of The Periodic Table, Ag and mixtures thereof.
65. The catalyst of Claim 64 wherein the stabilizing metal is selected from the group
consisting of Groups IIIB, IIA, IIB, IIIA; the Lanthanide Series of the Periodic Table, and

mixtures thereof.

66.  The catalyst of Claim 65 wherein the stabilizing metal is selected from the group

consisting of lanthanum, aluminum, magnesium and zinc, and mixtures thereof.

67.  The catalyst of Claim 63 wherein the stabilizing metal is incorporated into the pores of the

ferrierite zeolite.

68.  The catalyst of Claim 53 wherein the inorganic binder in the particulate NO, reduction
composition is selected from the group consisting of silica, alumina, silica alumina and

mixtures thereof.

69. The catalyst of Claim 68 wherein the inorganic binder is alumina.
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hydrotal cite containing conposition. 46. The process of Claiml| wherein the
particul ate NO reduction conposition has a nean particle size from about
50 to about 200 pm 47. The process of Caim46 wherein the particul ate NO
reduction conposition has a nean particle size fromabout 55 to about 150
pm 48. The process of Claim1 or. 3 wherein the particul ate NO' reduction
conposition has a Davison attrition index (D) value of |ess than 50. 49.
The process of Claim48 wherein the particulate NO reduction conposition
has a D] value of |less than 20. 50. The process of C aim 48 wherein the
particul ate NO,_ reduction conposition has a D] value of |ess than 15. 51.
The procesd of 10 dlalyseolHaP vhersy ta‘f"ﬁﬁﬁfﬁ?m%t?m‘{eh@ ap@umingg fforddrebnposi t i on
is that anpunt sufficient to provide a ratio of ferrierite zeolite to Y-type
zeolite in the total catalyst inventory of less than 2. 52. The process of
Clai m 32 wher eiThe e3byshefclpimoifarher the demie ison 2ddaphsss repdrsd akidingr i ses (i) an
acidic netal oxide, (ii) ceriumoxide, (iii) a |lanthanide oxide other than

ceria, andn(iV)rh@RkiaQRabf ¥lairdts3 RRSdin ANE BN Ind@f Ghorgantc! BNt Ar@BnthRt @k
selected from Goups |B and 1] B of the Periodic Table, noble netals and

mi xtures ther e@fﬁrtlcwe 9 r%luqtioa.cefnw%eemage%@tnaqbg?@tlo(ﬂrc@yt {owgigeireesth, whi ch
conposi tion compihks&spds@pn.a FCC cracking conponent suitable for catalyzing
t he cracki ng of hydrocar bons under FCC conditions, and (b) a particul ate

NO, reduction conposition having a nean particle size of greater than 45 p

m and conpsi si NYe (dathiydt off €AFh 720wHREigNEe REEGENT iMrgdn®l bingdri fr&edefl it e, and
(ii) about 5 to about 50 wei ght percent of an inorganic binder selected from

the group condPirtiag NOk rdreiion fampasition exagesdiom abguidp uorloat 2%aveisht Bercphosphat e,
and m xtures tRhemeedmposition.

74. The catalyst of Claim 53 wherein the particulate NO, reduction composition further

comprises an additional zeolite other than ferrierite zeolite.
75. The catalyst of Claim 74, wherein the additional zeolite is a zeolite having a pore size
ranging from about 3 to about 7.2 Angstroms and a SiO, to A1,0; molar ratio less than

about 500.

76. The catalyst of Claim 75 wherein the SiO; to A1,0; molar ratio is less than 250.
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54. The catal yst of C aim53 wherein the FCC cracki ng conponent contains a
Y-type zeolite. 55. The catalyst of Caim54 wherein the NO reduction
conposition is present in an amount sufficient to provide a ratio of
ferrierite zeolite to Y-type zeolite of less than 2 in the total catalyst
conposition. 56. The catal yst of C aim53 wherein the amount of ferrierite
zeolite present in the NO reduction conposition is at |east 30 wei ght
percent of the conposition. 57. The catalyst of Caim56 wherein the anount
of ferrierite zeolite present in the NO reduction conposition is at |east
40 wei ght 7oer ceiiet capdlyst be Codmpraswhdram theS@iditibhe zattalisysdecefl fidnaihd ddupaher ein

o at east SOTENURC BEYEBAS b BHE oML rerEH MM SR aled G8or @ & m
53 wherein thERRfI[etr;'mthfChﬁlﬁllZﬂtd etmdpeloziepMctI\e-ép,r BIEBABS5, i MCMAe!, Nidfretite,educt i on
comost t1on " apgs SANAPRU A0240 A0y BOAGLIPELIRL €L NS
zeol i te presenCitilnS$has, NOZ-48r 8884, - BomdsardlteoMerlamgesLowanm abwe 30 to

about 80 wei gh ercen posi.tio 3%[ Ei%fé{ of Claim®60
wherein the arr];“fﬂl o %gr%;lllblté?"’l e @rgg i I%m%nr énsee ancrmltfh ere lbtte’l on

conposi tion r aPagésgifer Gensadoekite, Nokrdlite @b ottturébthevesfght per cent of the
conposition. 62. The catalyst of Caimb53 wherein the ferrierite zeolite is
exchanged with a cation selected fromthe group consisting of hydrogen,
amoni un 78l kaThe cadlat ofidthiro GiITbwiadin ohesadditiosal ezetﬁlite @3seletted fomt dleygdupof C ai m

53 V\herelntheferrleréﬁ[ furt 0 e
stabilizing me%onflsnn&?f e cak\Hl bpta, 1}4@@499 hi @@?‘ 5% e ]tseta“aﬁeth Zi ng
nmetal i s a netRho, seloeitd, ehhbﬁmt@mlmhmll@mwM -22, MCM-35, Offretlte, A, ZSM-12 and

mixtures thereof.

79.  The catalyst of Claim 74, 75 or 77 wherein the additional zeolite is present in an amount

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

80.  The catalyst of Claim 79 wherein the additional zeolite is present in an amount ranging

from about 10 to about 70 weight percent of the composition.

81.  The catalyst of Claim 53 wherein the composition further comprises a matrix material
selected from the group consisting of alumina, silica, silica alumina, titania, zirconia,
yttria, lanthana, ceria, neodymia, samaria, europia, gadolinia, praseodymia and mixtures

thereof.

82.  The catalyst of Claim 81 wherein the matrix material is present in an amount less than

70 weight percent.

83.  The catalyst of Claim 53 further comprising at least one additional NO, reduction

composition.
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consisting of Groups IIA 1I1B, 1VB, VB, VIB, VIIB, VIII, IIB, IIlA IVA
VA, the Lanthanide Series of The Periodic Table, Ag and m xtures thereof.
65. The catal yst of Claim64 wherein the stabilizing netal is selected from
the group consisting of Goups I11B, IlA 1B, IllA; the Lanthanide Series
of the Periodic Table, and mxtures thereof. 66. The catal yst of C aim65
wherein the stabilizing netal is selected fromthe group consisting of

| ant hanum al um num rmagnesi um and zinc, and m xtures thereof. 67. The
catal yst of Claim®63 wherein the stabilizing netal is incorporated into the
pores of t8ae TiercataBstiof €lare 83 ivh&ein 63 .additialded akdistiorndompbatidniS3narher ei n t he
i norgani c bi nderl.ti n the.tparti culate NO reduction conposition is selected
fromthe groupze86h°sﬁoglp?shd)nbf silica, alumna, silica alumna and m xtures
t hereof 69. The catalyst of C aim68 wherein the inorganic binder is

al um na. 9 70. The c | f G aim69 rei,n the inorganic binder is an
21t mam & or SisrAGr ST O S Bire o fpong B Bt EomBRF R e e <
an acid or basa pégtimad alidarcogainidd® subbhetidiatal ysditepf(bClaameamlb ordoaerei N t he
amount of inorganic binder. present.in the partjculate . reduct.ion
Conposi L1 on' r aigBeet Pl SHebeaaER wlub st s BOhel Gt e nd R gr

conposi tion. 7&uthTikeeal eat @ixysds tidreofl (@) 4m okPeenhierage metah exid@urpbnadt; ahd)@d)gani c

bi nder presentatil nt hgnobPear ttziilcul at e tNC), reducti on conposition ranges from
about 15 to abbut® 28° WEight ™ S&PeERt" of the conposition. 74. The catal yst of
Cl aim 53 wherein the particulate NO reduction conposition further

conpri ses an di tjional. zeollLte other than rrierite zeolite. 75. The
catalyst P bR caR g adbitBhu 0L aRiioh SR b S B AU ng
pore size rangi agidmarhoaidestppdt;t(o) aalbhali metalRalkaigs tarthmeeta ndmatuBes@eréoss A 1203

molar ratio | e&?attrgr?sﬂion metal oxide having oxygen storage capability; and, (d) a transition metal

selected from Groups IB and IIB of the Periodic Table, and mixtures thereof.

87. The catalyst of Claim 83 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; (¢) a transition metal oxide

having oxygen storage capability; and (d) palladium.
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about 500. 76. The catalyst of Caim75 wherein the SIQ2 to A 1203 nol ar
ratio is less than 250. 40 77. The catalyst of Claim74 wherein the
additional zeolite is selected fromthe group consisting of ZSM5, ZSM 11,
beta, MCM 49, nordenite, MCM 56, Zeolite-L, zeolite Rho, errionite,
chabazite, clinoptilolite, MCM 22, MCM 35, MM 61, Ofretite, A ZSM 12,
ZSM 23, ZSM 18, ZSM 22, ZSM 35, ZSMb7, ZSM 61, ZK-5, NaJ, Nu-87, Gt-1,
SSzZ- 35, SSZ-48, SSZ-44, SSZ-23, Dachiardite, Merlinoite, Lovdarite, Levyne,
Launontite, Epistilbite, Gmelonite, G snondine, Cancrinite, Brewsterite,
Stilbite, 88P8.U1"Heﬂ:gtialyﬁ of s 88 fvderkintti:, admabrraoNbL fdaditidn am;idsﬂheﬁcdnlitﬁfs@caf 78.

The catal yst of m 77 wherein the. i on eis ted fromthe
O oup . comal stEROBIMSEPRAT GRS Mk A R aPUBAT DY TG
Zeolite-L, zed vdl@ce Righer tianrthovdldnee oiCsh&ibﬁZﬂ theal, &tlleaaogic cloﬁhbd)ﬁeﬁt, oﬂ\eBM'rdZZ,

MCM+ 35, O°f tit t f. 79 f

o oy I LS b M G s ST gl s e carmRonsbidie SR R o

rangi ng from ahbuthad sm@ﬁﬁbwbncﬁdﬁdmdgﬁaalqwh@aﬁ%ald)fhlrti hetacersmaﬁddtﬂo@nhe 80. The
t al t of d 79 .wh | t

anging 1 om BBBPDNED ARsh [ 7B nr b heraantoon VBB RuRltrah. a1,

The cat al yst ofhetélk ahermﬁ&ukfmm@ methlf endOBIRIRES tHereof) afidWatdfatirtlCra¢tlld SRsted rrat rix
material sele ted fromthe, sgrouol;}) .CoNnsi El nﬁ .of at)um na, silica, gl lica
alumina, titantd 95 BESRiRMSISDE (I PEKY h HRA UM SPPRI: SBHBACS Shilar i a,

eur opi a, gadol gefhajunpriaseaaylrinelybdehun xititoes vartabiemead mi-8zes théreofcat al yst of
Claim81l wherein the matrix material is present in an anount |ess than 70
wei ght percent. 83. The catalyst of Caimb53 further conprising at |east one
addi ti onal8INQ, Threedtalyttiodlairs @8rpd@tin th@metal containing spinel comprises magnesium as

said first metal and aluminum as said second metal.
90.  The catalyst of Claim 88 wherein the third metal component in the metal containing spinel
is selected from the group consisting of a Platinum Group metal, the rare-earth metals and

mixtures thereof.

91. The catalyst of Claim 88 wherein the third metal component is present in an amount in the

range of about 0.001 to about 20 weight percent, calculated as elemental third metal.

92.  The catalyst of Claim 88 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.

93. The catalyst of Claim 83 wherein the additional NO, reduction additive is a zinc based

catalyst.
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41 84. The catalyst of Caim83 wherein the additional NO, reduction
conposition is a non- zeolitic conposition. 85- The catalyst of Claim84
wherein the additional NO reduction conposition conprises (a) an acidic
metal oxi de containing substantially no zeolite; (b) a netal conponent,
measured as the oxide, selected fromthe group consisting of an alkali

nmetal, an alkaline earth nmetal and m xtures thereof; (c) an oxygen storage
nmet al oxi de conponent; and, (d) at |east one noble nmetal conponent. 86. The
catal yst of Caim83 wherein the additional NO reduction conposition

conpri ses ¥a) Therarbtdif €lare8ahoxinthe addippel WO, edictiemadditivalsian pesinadny al kal i ne
earth netal or r (c) atransition netal oxide having oxygen
st orage capabl e{;’é&%d}' r@ﬂ;ch&ﬁdﬁ?@e ransition metal selected from G oups |IB and
1B of the Perlodlc Tabl e, and m xtures thereof. 87. The catalyst of Caim
83 wher ei rbSt heT@edcq{aIy'stQ)@@ aujf}@} wﬁ&giH%elaQ&]tl&lgm@sﬂeadcg& ddﬁlt@e Is% ellB'Q!lqte-

conmbusti on pronoter “conposition h conprises (a) an acidic oxide support;
(b) an al kaI|5Wtﬁp;feéwtla¢%@ltivﬁe earth metal or mxtures thereof; (c) a
transition netal oxide having oxygen storage capability; and (d) palladium
42 88. The catalyst of Caim83 wherein the additional NO, reduction

conposi ti & cohfprqatalyst A Claim 83 whergin gherpadiipnabldpt radustiprpaddipivasia bxfroelsite ncl udes a
first metal ang,gi3@C8Rgoshal having a valence higher than the val ence of
said first nmetal, at |east one conponent of a third netal other than said
first and second netals and at | east one conponent of a fourth netal other
than said d7i r sthe QRGN CBRM 58 klfhérgin%tpﬁllnéulatm@r ?e'dﬁ'cti%ﬁb&nﬂo%[)ﬂhd}%txﬁéhn' S

sel ected fromthe group consisting of Goup [B metals, Group 118 netals,
Group VI A net aP%thl%%fFO&?%’D@éPtt%abOHﬁOQP@ the Platinum Group netal s and

m xtures thereof, and said fourth netal is selected fromthe group

consi st ng of iron, nickel, titanium chrom um nmanganese, cobalt,

ger mani um 98t i nThegeielysitd Claim 0y herrin te PARICHAS Y- TedUHIQR FOIRROSIAN hAs 2MFAR s

t her eof . particle size from about 55 to about 150 um.

99.  The catalyst of Claim 53 wherein the particulate NO, reduction composition has a

Davison attrition index (D1) value of less than 50.

100.  The catalyst of Claim 99 wherein the particulate NO, reduction composition has a D1

value of less than 20.

101.  The catalyst of Claim 100 wherein the particulate NO, reduction composition has a DI

value of less than 15.

102. The catalyst of Claim 83 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 IIB of the

Periodic Table, noble metals, and mixtures thereof.
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89. The catal yst of Claim 88 wherein the netal containing spinel conprises
magnesiumas said first nmetal and al um num as said second netal. 90. The
catal yst of Claim88 wherein the third nmetal conponent in the netal
containing spinel is selected fromthe group consisting of a Platinum G oup
metal, the rare-earth nmetals and m xtures thereof 91. The catalyst of Claim
88 wherein the third netal conponent is present in an anpunt in the range
of about 0.00 1 to about 20 wei ght percent, calculated as elenental third
metal . 92. The catalyst of Caim88 wherein said fourth netal conmponent is
present inoan anmmehvd df Reduting NORRESsiOhs AdI0 the Bgedftitidn0zoad autinglifhidvedtgiic

percent, cal cul ated | ement al . fourth tal. 93 The catal yst of. Claim83
Wher el n’ the actbIPBrdl 2 RESOvRCETBR AU (96 malceliay Yiiehh SUBRP=ts By st 43
94. The cat al yséth@f c&hrisig8donwlgigeh nytifvearbehd fdedststlvithNQ crekibg tdaalystaatdi t i ve
is an antinony, based NO reduction additiye. 95 The catalyst of C aim 83
wherei p ¢ he. adirERgan PRI ety BrE G e ndh SR ShuR riRRod B No
reducti on addiforrved, saBfcracking caalysa byrsrising tHelcamposBidn whelaei 58, sH@3aoh. t i onal NG,
reduction additive is a hydrotalcite containing conposition. 97. The

catal yst of Claim53 wherein the particulate NO, reduction conposition has a
mean par tlo¢l eTlel mehddr gr@lamold8 t&thet conghising r20@ring th@8rachihg cadyslfipstsadf Cl ai m

o1 2o 11 om aboui Be o ETh My BT HEY ARG A | Rl 7' e

particul at e NGatalywducti on conposition has a Davison attrition index (D)
val ue of less than 50. 100. The catalyst of Claim99 wherein the particul ate
NO, reduction conposition has a DI value of |ess than 20.

105. The method of Claim 104 wherein the cracking catalyst is fluidized during contacting

said hydrocarbon feedstock.

106. The method of Claim 103 wherein the cracking catalyst further comprises an additional

NO, reduction additive composition.

107. A fluid cracking catalyst comprising (a) a cracking component suitable for catalyzing the
cracking of hydrocarbons, (b) at least 0.1 weight percent of ferrierite zeolite and (c) less
than 50 weight percent of an inorganic binder material, components (b) and (c) being

based on the total weight of the cracking catalyst.

108.  The cracking catalyst of Claim 107 wherein said catalyst comprises integral particles

which contain components (a), (b) and (¢).

109. The cracking catalyst of Claim 107 wherein component (b) comprises from about 0.1 to

about 60 wt % of the cracking catalyst.

110. The cracking catalyst of Claim 109 wherein component (b} comprises from about 1 to

about 40 wt % of the cracking catalyst.
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101. The catal yst of C aim 100 wherein the particulate NO reduction
conposition has a DI value of |ess than 15. 102. The catal yst of C aim 83
wherein the additional NO reduction conposition conprises (i) an acidic
metal oxide, (ii) ceriumoxide, (iii) a |anthanide oxide other than ceria,
and (iv) optionally, at |east one oxide of a transition netal selected from
Goups IB and 11B of the Periodic Table, noble netals, and m xtures
thereof. 44 103. A nethod of reducing NO emn ssions fromthe regeneration
zone during fluid catalytic cracking of a hydrocarbon feedstock into | ower
nol ecul ar 1wei gite caalfpoenNenis | 0Bfaitkkr cémirking adeddpine 2ddigbnaloNb aediicich a

hydr ocar bon feedst ockwi th a cracking catalyst at elevated tenperature

wher eby | ower WP ar  wei ght hydrocarbon conponents are formed, said
cracki ng cat aI yst conprising the conposition of Caim53, 55 63 or 74. 104.

Th th 0 th Ki t al t
fre e o b2y Mistpih ot claih L N5 3RE pit i LS &ta%%m?g?es“?’ﬁ?c 8o ener at | on

zone to regenexeahtacsmpckltlomat al yst. 105. The nethod of C aim 104 wherein the
cracking catalyst is fluidized during contacting said hydrocarbon
feedstock. 106. The nethod of C aim 103 wherein the cracking catal yst
further cdrl’pri%l&scaatysta@fdilaihomal wheN@ theeddithdrﬁabNOaﬁdﬁctibNeormsinmsbdmmises 107. A

flluid cracki ng. s af alfsSRIREL LG 8)u B AE AN ERRICRL PULLARLE for

catal yzing the Yo oca Bohs Ber cent of
ferrierite zeo:lnedseecaaﬁdthé 0}idd, e@sctedtﬂ‘tﬁmthE(@rduﬁIcghistlwfcaﬁmlkabfmeaﬂh anmbmky&nl o

bi nder materi al ent s bei ng d. n. the tota i ght of
t he cracking Cal }élmys and ture%ﬁg re"Pgéé %nastta?gff %S xi A Vé]%d:‘\gl n said

cat al yst corrprluesse@lemnblegmallcqnmonancl es Whl ch cont al n conponents (a), (b) and
(c). 109. The cracking catalyst of C aim 107 wherein conponent (b) conprises
fromabout 0.1 to

114. The catalyst of Claim 111 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 1IB of the Periodic Table, and mixtures thereof.

115. The catalyst of Claim 111 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; (¢) a transition metal oxide having

oxygen storage capability; and (d) palladium.
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about 60 wt % of the cracking catalyst. 110. The cracking catalyst of Claim
109 wherein conmponent (b) conprises fromabout Ito about 40 wt % of the
cracking catalyst. 45 111. The catal yst of C aim 107 further conprising at

| east one additional NO reduction conposition. 112. The catalyst of Claim
111 wherein the additional NO reduction conposition is a non- zeolitic
conposition. 113. The catalyst of Claim 112 wherein the additional NO
reducti on conposition conprises (a) an acidic nmetal oxide containing
substantially no zeolite; (b) a netal component, neasured as the oxide,

sel ect ed fiiem Tlesagiystugd @omslil$ twharginghe @iditiahdt 2A, redicédn, coanposilidaalompases ear t h
metal and m xtyr e f en. st ar oxide c pent; and
(d) at |east %{nlgastnB% L&A cion{a%ngnﬁm%f(%?lch Hﬁ s_l_%%rslge e@all am?(a s}gco&gar;r}%% 111
wherein the adhhvtng@nalenNngheedimcﬁlﬂ ouerco nPoSi ﬁmtcmetajoerqbeastsces céraponerdnf aci di c
metal oxide suppoily, St?gr 1 <& %j ’Egéoﬁ{g]meélsléﬁ‘é A6 ERE E&ng%rﬂ'of% uffh Xt ures
thereof; (c) atransition e OXi avli ng oxygen storage capability;
and, (d) a tr amstal tion theetsat ﬁr%@b@@ﬂ@uﬂ third me@sowhsgein ®1éﬁdrdlrn®l(iﬂf sefelied Per i odi ¢
Table and m x r I i reiLn the
addi ti onal ,h%g%cé&gﬁg%%%%&é}mﬁﬁi ﬁs}@%@ éé&h)@ mga%b Tl k/tlétn} o% %!raormt er
conposi ti on whiagheagh metaissias Platijumafiraap imgtats aodrrmur;wtpgmft and(sbl)i feunth meetdk al i
metal, an al kali t L. nmet al
oxi de’ havi ng Sy EARP Ll MEL Ry S s 1D, AORL Rl Shrofibd AL 12

cat al yst of C eribali, 1detmedem.eiin blhreutadmdnbdnmam N@lmwrefdwemadwm eohposiutes on
conprises at Jeast one netal-containing spinel which includes a first netal
and a second neta havi ng a val ence hi gher than the val ence of said first
netal, at |east one conponent of a third netal other than said first and

secon d et 16}|7 S @i%dcaéibst FeHim NEWELIR AR Gllal &fntaﬁ\ rIgCEH nElh:omprlses magnesium as

said first metal and aluminum as said second metal.

118.  The catalyst of Claim 116 wherein the third metal component in the metal containing
spinel is selected from the group consisting of a Platinum Group metal, the rare-earth

metals and mixtures thereof.

119. The catalyst of Claim 116 wherein the third metal component is present in an amount in

the range of about 0.001 to about 20 weight percent, calculated as elemental third metal.
120.  The catalyst of Claim 116 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.

122.  The catalyst of Claim 111 wherein the additional NO, reduction additive is a zinc based

catalyst.
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metal other than said first, second and third netals, wherein said third
netal is selected fromthe group consisting of Goup IB netals, Goup IIB
nmetals, Goup VIA netals, the rare-earth netals, the Platinum G oup netal s
and m xtures thereof, and said fourth netal is selected fromthe group
consisting of iron, nickel, titanium chrom um nmanganese, cobalt,

germani um tin, bisnmuth, nolybdenum antinony, vanadi um and m xtures
thereof. 117. The catalyst of Claim 116 wherein the netal containing spine)
conprises magnesiumas said first nmetal and alum num as said second netal.
118. The dat.al VsteatalystOf Glamm 116wy e additiveal N, reliurhaldigenp anetitnonn t he
nmetal contai ni i ected fromthe group consisting of a Platinum
G oup netal, Qgedrl\i(?ergagl)étrl nhadﬁl?l'ef als and m xtures thereof. 119. The catal yst
of Claim 116 wherein the third netal conponent is present in an anount in

the range 1?3 a’ﬁ‘x%%%ta&ﬁ%@élaﬁ&lfj‘lb\%&'fu?%f%tg)galéﬂ? &flon 2Gl; dg”i%é‘t ed as el emental

third neta e catalyst o alm wher el n sal ourth netal
conponent i s preewefite-spinela¥D.apdvotinn additivdhe range of about 0.001 to about 10
wei ght percent, calculated as elenental fourth nmetal. 122. The catal yst of
Claim 111 wherein the additional NO, reduction additive is a zinc based

cat al yst . 134 1D carglygs of Glagh bt wiegkeiOha pdditional Nheeduptiontadditiediela t | onal  NO,
reducti on addi ased NO, reduction additive. 123. The
cat al yst of Oljgjld}r%@aiélécgﬂ%@g%% étl(é[gdl tional NO reduction additive is a
perovskite-spinel NO, reduction additive. 124. The catalyst of Caim1lll

wherein thes ad\d;ntnhsmaé reau!fangrmL&ﬁlssmas aolithd MEerktiéh zmqnmg&h&a tRalfRNt ai ni ng
conposition. 125. A nmethod of reducing NO emssions fromthe regeneration
zone during f Icigcking &f a| lv/p;oearbon feedstock nto lower molecular weight components, said

process comprising (a) contacting a hydrocarbon feedstock during a fluid catalytic
cracking (FCC) process wherein NO, emissions are released from a regeneration zone of
the FCCU operating under FCC conditions with the cracking catalyst composition of
Claim 107; and (b) reducing the amount of NO, emissions released from the regeneration
zone of the FCCU by at least 10 percent as compared to the amount of NO, emissions

released in the absence of the NO, reduction composition.

126. The method of Claim 125 wherein step (b) is accomplished without a substantial change
in the hydrocarbon feedstock conversion or yield of cracked hydrocarbons obtained
during the FCC process as compared to the hydrocarbon feedstock conversion or yield of

cracked hydrocarbons obtained from the cracking catalyst alone.

127. The method of Claim 125 or 126 wherein the amount of ferrierite zeolite present in the
cracking catalyst composition comprises at least about 0.1 wt of the cracking catalyst

composition.

128. The method of Claim 125 or 126 wherein the amount of ferrierite zeolite present in the
cracking catalyst composition ranges from about 0.1 to about 60 wt % of the cracking

catalyst composition.
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cracking of a hydrocarbon feedstock into | ower nol ecul ar wei ght conponents,
said process conprising (a) contacting a hydrocarbon feedstock during a
fluid catalytic cracking (FCC) process wherein NO em ssions are rel eased
froma regeneration zone of the FCCU operating under FCC conditions with
the cracking catal yst conposition of Caim107; and (b) reducing the anount
of NO em ssions released fromthe regeneration zone of the FCCU by at

| east 10 percent as conpared to the anbunt of NO, em ssions released in the
absence of the NO reduction composition. 126. The method of Caim 125

wher ei n stl@p (Bie methodof Ghmph il Shelkrean thhembund obfehisti@ztélad preteatig ehe crackinge

hydr ocarbon fe I el r y, .bo t ai ned
during the Fﬁ%%%gg%nsp%ggé{%ga% éagpfgg{ ta%du'? rlmce!" %%%]?gggftg%’n&ftggeg%%%(%% S\?er si on
or yield of ceompRetbnhydr ocar bons obtai ned fromthe cracking catal yst al one.
127. The nethod of Claim 125 or 126 wherein the anount of ferrierite zeolite
present in the cracking catalyst conposition conprises at |east about 0.1
wt of the 189.acKiemgpthwdtodClagn 12 a6 whereiothe farpigrite Tavditermeeivbahged with acatird 25 or
126 wherein t f jerl | e in the:. Lhg

cat al yst corrpgsg}e?tfg%%nég%eesg {)1530%5%8 Sglﬁ%eog. ﬁ}dfoégébgﬁﬁg%wwah@)lo@gttqﬁgah@r acki ng
cat al yst conposmbinetionsf8revR9. The met hod of O ai m 128 wherein the anount of
ferrierite zeolite present in the cracking catalyst conposition ranges from
about | to about 40 wt % of the cracking catalyst conposition. 130. The

met hod of 18}.ai Thexxghodof €Ran Wbear é2hwhdnein fhe fariicsitd zeelite éurthert comipgseegidéranged wit h
a cation sel egt.edyifismMitde group consisting of hydrogen, ammonium al kali
metal and conbinations thereof. 131. The nethod of Claim 125 or 126 wherein
the ferrierite zeolite further conprises at |least one stabilizing netal.

132. The method of Claim 131 wherein the stabilizing metal is a metal selected from the group
consisting of Groups IIA, IIIB, IVB, VB, VIB, VIIB, VIII, 1IB, IIIA, IVA, VA the
Lanthanide Series of The Periodic Table, Ag and mixtures thereof.

133. The method of Claim 132 wherein the stabilizing metal is selected from the group
consisting of Groups I1IB, IIA, 1IB, IIIA and the Lanthanide Series of the Periodic Table,

and mixtures thereof.

134. The method of Claim 133 wherein the stabilizing metal is selected from the group

consisting of lanthanum, aluminum, magnesium and zinc, and mixtures thereof.

135. The method of Claim 131 wherein the stabilizing metal is incorporated into the pores of

the ferrierite zeolite.

136. The method of Claim 125 or 126 further comprising recovering the cracking catalyst and

treating the used catalyst in a regeneration zone to regenerate said catalyst.
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132. The nethod of C aim 131 wherein the stabilizing netal is a netal

selected fromthe group consisting of Goups IIA 111B, 1VB, VB, VIB, VIIB,
Vill, 1113, ILIA [|IVA VA the Lanthanide Series of The Periodic Table, Ag
and m xtures thereof. 133. The nethod of C aim 132 wherein the stabilizing
metal is selected fromthe group consisting of Goups 1118, I1A 11B, II1A

and the Lanthanide Series of the Periodic Table, and m xtures thereof. 134.
The nethod of C aim 133 wherein the stabilizing netal is selected fromthe
group consisting of |anthanum al um num magnesi um and zi nc, and m xtures
t hereof . 135%. THeenatetl hOAlamd 123 il 26 WiBicinvhe cracking damlystiabuibized dwginget al i s

i ncor porated i f errierite zeolite. 136. The nethod of
Claim 125 or é{g?tmp%ﬁg%aggca%ro? gele%gocg(ecoverl ng the cracking catalyst and
treating the used catalyst in a regeneration zone to regenerate said

cat al yst. ki ng

cat al yst |1§§f lr?h eTﬁbg Ogﬁrapﬁgzsqg%}h gdcn{;ﬁn%lég gcgllliaégnﬁ}gg\@%%% 0& gd ‘gﬁ}?%ck 138.
The net hod of leisavrmasl@EBOIfaUN@hl@ducommtmWP@@MIact| ng the hydrocar bon feed
with at |east one additional NO reduction additive conmposition. 139. The
met hod of Claim 138 wherein the additional NO reduction additive

conposi ti dAY.i sTheanethod-of €lain 1 38cwheerimpibe ddditonal ND4Gedudtive addititeesdmpdsit@nas m 139
wherein the adgdj o&'z@&ﬂfc cHQ%osftSQUCt' on additive composition conprises (a) an
acidic nmetal oxide contalhing substantially no zeolite; (b) a netal
conponent, neasured as the oxide, selected fromthe group consisting of an
al kal 1 metjgh, Tt%ﬂg&ﬂdﬁaéf' él%meﬁ:@t \bhemgﬁ?l a%&@lo X rEfchidie dlﬂf?lfve cérﬁ%osi@lgn oxygen
st or age mat al oxi onent d east one noble neta conmponent .
141. The net h@@lrnmfsescl(aélam acBBe wietst ekide tChréaIN@ splestboealiyore zeptiiet i(R)ea onstabosi ti on
is alowNO, ngam%%yews RE QHBS, S4iectATRASHE kAl WA oGP IR bEBReLR) an

aci di c oxi de sup
an alkalme earth metal and mixtures thereof; (¢) an oxygen storage metal oxide

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

141. The method of Claim 138 wherein the NO, reduction additive composition is a low NO,,
CO combustion promoter composition which comprises (a) an acidic oxide support; (b) an
alkali metal and/or alkaline earth metal or mixtures thereof; (c) a transition metal oxide

having oxygen storage capability; and (d) palladium.
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S S

al kali metal and/or alkaline earth nmetal or m xtures thereof; (c) a
transition netal oxide having oxygen storage capability; and (d) palladium
50 142. The nmethod of C aim 138 wherein the additional NO reduction
additive conposition conprises at |east one netal -containing spinet which
includes a first nmetal and a second netal having a val ence higher than the
val ence of said first netal, at |east one conponent of a third netal other
than said first and second netals and at | east one conponent of a fourth
metal other than said first, second and third netals, wherein said third

metal is l ected fro he gyoup consistin Goup IB petals, Goup 11B
Total s - Gldtp 107 Al wh PECMESR 3% Rt o TeiBorrd i brertip et al s,
and m xtures fthapeed at ieddorkahdal-chbiihing spirdl alhichSnekes el nfetabaad hecgtdoup
consisting of irop, .nickel, titaniu chrom_un manganese, cobalt,

ger mani umy ¢ i ACNETRE A5 YBIE A AT GGh5AA JShBEA R S HOR P RPRIES

t hereof 143. The thirthas dofer gﬂa?isﬁm Fds? aﬂmlw'c@idnnettalheaﬂmataéastcmtcainp&ﬁagt cﬁ“gi net |
conpri ses magnesi um as . sai irst nmet nd al um num as sai d. seco met al .
o The ot ROTOITA T T WS RPREE M THBIS Mg BenEs FRaL fe

met al - cont ai nisélgctedsPori@le grous dneiedr@offGrowp B1@e@lsOGup AIBS higtalsNGraep VAAPI at i num
Goup netal, the rare-earth tals and m xtures thereof. 145. The npethod of
Ol ai m 142 whe PBHAF. FRAERITLmARERC BEHEEH GHUP et aRb MR GoUmBE i n t he
range of aboutfodthORealtio salbdddt fratd) thedroiit copsiktig nif iro6 ahickel, aft@tung Schedn@irgnt al
third netal. 146. Thec&% hod of. Clain%142 wherein said fourth HBtaI

conponent is PrRBEAIRT: CHPan SHRBUHT- 'R CiPREhr AGEIBImaBYitoy. SEE dout 10
wei ght per centmixtgb gdteatt €ed as el enental fourth nmetal. 51 147. The met hod of
Claim 138 wherein the additional NO reduction additive conposition
conprises (a) an acidic oxide support; (b) an alkali metal and/or alkaline

earth met a3 0rthe MethbdlsBSaitnel @Bbrein (e metallcbmalfing spie] bR pisesONdgfk@iuRpaél Ng oxygen
storage capability; and (d? a ,
said first metal and aluminum as said second metal.

144. The method of Claim 142 wherein the third metal component in the metal-containing
spinel is selected from the group consisting of a Platinum Group metal, the rare-earth

metals and mixtures thereof.

145. The method of Claim 142 wherein the third metal component is present in an amount in the

range of about 0.001 to about 20 weight percent, calculated as elemental third metal.

146. The method of Claim 142 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.
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transition netal selected fromthe Goups IB and 11B of the Periodic Table.
148. The nethod of C aim 138 wherein the additional NO reduction additive
conposition is a zinc based catalyst. 149. The nmethod of C aim 138 wherein
the additional NO reduction additive conposition is an antinony based NO
reduction additive. 150. The nethod of C aim 138 wherein.the additional NO
reduction additive conposition is a perovskite-spinel NO reduction
additive. 151. The nethod of Cl aim 138 wherein the additional. NO reduction
additive conposition is a hydrotalcite containing conposition. 152. The
cracki ng dat.al st mghodOhfaClainl 078 wheeieithe additposl ¥, (ed)ctiom ppditiwe®mpositidny pe
zeolite and c 1S ) i ci vi de a
ratio of ferri ée%%tg %(ER{? #b% ?%eoxpc{zegsgﬁg %t’etbgfl ﬁ?‘é@@?ﬁ%ﬁlaéi ffrlfglélﬁga?%?' gﬁgf (E:)rat al yst.
153. The cr ackinixgresghedofist) ofranSitian metkDakideHerieg pxygompongntapgtilty;fand {her

conprises at 't%§ihorﬁ£1§tgl s§1%¢l?l§’ci frdef 1H2 G %ﬂi!and}l%zloftﬁlé%rigc{igﬁwl@g cat al yst of

Cl aim 153 wherein the sta I zing met Is a netal selected from the group
consisting of Goups IIA 1I11B, 1VB, VB, VIB, VIIB, VIII, IIB, IIlA [IVA

VA, h hanl i : [l | ) 08 f.
the Laggt hapl Ig&ho?.r%ﬁvtﬁlﬁn @%8 %—4}%&3 ik L‘ml"ﬁalﬁg r&iuctfd 2By BortbbkieR id S1er eof .

52 155. The cracking catalys arm 15 rein the stabifizing netal is
sel ect ed from zikebasgreataystconsi sting of Goups I11B, IIA 1IB, IIIA the
Lant hani de Series of the Periodic Table, and m xtures thereof. 156. The

cracking catal yst of Caim 155 wherein the stabilizing nmetal is selected
fromthe IgP.ouphegentikadof Clagn 38 Wherdimhinedditiondl INR«meshstioraddia e aompesttebnzd nc, and

m xtures theregf  imdRbhaseliM GEREKINGiGA al yst of Caim 153 wherein the
stabilizing metal 1s incorporated into the pores of conponent (b). 158. The

cracking catalyst of Caim1ll wherein the additional NO reduction
CONPOSI t1QRY,  The method of Claim 138 wherein .the additional NO; reduction additive composition is a

perovskite-spinel NO, reduction additive.

151.  The method of Claim 138 wherein the additional. NO, reduction additive composition is a

hydrotalcite containing composition.

152.  The cracking catalyst of Claim 107 wherein component (a) comprises a Y-type zeolite and
component (b) is present in an amount sufficient to provide a ratio of ferrierite to Y-type

zeolite of less than 2 in the total catalyst.

153. The cracking catalyst of Claim 107 wherein component (b) further comprises at least one

stabilizing metal.
154. The cracking catalyst of Claim 153 wherein the stabilizing metal is a metal selected from

the group consisting of Groups IIA, 11IB, IVB, VB, VIB, VIIB, VIII, IIB, IIIA, IVA, VA,
the Lanthanide Series of The Periodic Table, Ag and mixtures thereof.
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conprises (i) an acidic netal oxide, (ii) ceriumoxide, (iii) a |anthanide
oxi de other than ceria, and (iv) optionally, at |east one oxide of a
transition nmetal selected fromGoups IB and II1B of the Periodic Table,
nobl e netals and m xtures thereof. 159. The cracking catalyst of C aim 107
further conprising an additional zeolite. other than ferrierite zeolite.
160. The cracking catalyst of Caim 159 wherein the additional zeolite is a
zeolite having a pore size ranging fromabout 3 to about 7.2 Angstrons and
a Si2 to A1203 nolar ratio I|ess than about 500. 161. The cracki ng catal yst
of Cl aim 16 witereicRing h@talﬂ;t@f AlamAL20sheren] @E staBilikifg infetal @S&lcbB@Mom2h®. 53

ol et od {1 om T “hrams ok SReirSt g or T dis ey biles o gt © ' °

nor deni t e, MCMrdbtz, andediktuteethkreof. zeol i te Rho, errionite, chabazite,
clinoptitolite, MCM 22, MCM 35, MCM 61, Ofretite, A, ZSM 12, ZSM 23,
ZSM 18, ZSM 22, ZSM 35, ZSM 57, ZSM 61, ZK-5, NaJ, Nu-87, Cit- 1, SSZ-35,
SSZ- 48, SS&&4’HﬁSﬁmRﬂgcBﬂ&hHﬂKﬂmmewswhmkmnmeBemhhﬁgdamlhewkhewﬁmmthe
Launontite, Episti terite,

ST o ot R TR i R R R e 2y P e DR eof 163,

The cracking catalyst of Caim 162 wherein the additional zeolite is

sel ected fl%ﬁ/u\/ﬁ“g%crac%{ngrﬁfﬂé&n§ba Pﬂ v%ere %h/el- sﬁébll#‘zm&ﬁnet:l’dé is %cf,(')a%Oéa%%Mt%to ?He

nordenite 70

clinoptilolit egordvlohMd@ihonddth.35, CIfretlte, A, ZSM12 and m xtures thereof.
164. The cracking catalyst of Caim 159, 160 or 162 wherein the additional
zeolite is present in an anount ranging fromabout 1 to about 80 wei ght
per cent of158.heTleongbisg tatalpst of Ctim The wheraio klhmgiditiahall\gﬁatredmtticﬁl @impositoh wher ei n

;Bgutad(;i)t :Ag:’lg‘lhcio%n%g?eéiﬁ?n acfl(PnE eét%f;%ildebgls?erlafl%oog{l&e (11 ar]g]t}g] 1d]; ro% e gt?erl'{ﬁanlo to

ceria, and (iv) optionally, at least one oxide of a transition metal selected from Groups

IB and IIB of the Periodic Table, noble metals and mixtures thereof.

159. The cracking catalyst of Claim 107 further comprising an additional zeolite other than

ferrierite zeolite.
160. The cracking catalyst of Claim 159 wherein the additional zeolite is a zeolite having a

pore size ranging from about 3 to about 7.2 Angstroms and a SiO, to A1,0; molar ratio

less than about 500.

161.  The cracking catalyst of Claim 160 wherein the SiO, to A1,0; molar ratio is less than
250.
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166. The nethod of Cl aim 138 wherein the additional NON, reduction
conposition conprises (i) an acidic netal oxide, (ii) ceriumoxide, (iii) a
| ant hani de oxi de other than ceria, and (iv) optionally, at |east one oxide
of atransition netal selected fromGoups IB and I1B of the Periodic

Tabl e, noble netals and m xtures thereof. 54 167. The process of Caim?2
wherein step (b) is acconplished without a substantial change in the

hydr ocar bon feedst ock conversion or yield of cracked hydrocarbons as
conpared to the hydrocarbon feedstock conversion or yield of cracked

hydr ocar bdfz obearaskidg fcatelysttdf&Claimr @ kwhagpirctie atiqiéchnahk@he is ]sﬁ&ted'ﬂhmn dreacki ng
catal yst of C OPqA! ( about
45 wei ght per g)'rll]{)n € '?Jsuﬁ%%g?g fng cgf ‘%eta %}C@Q;gp Fn'fﬁﬁr?l %Léﬁhgelt]?ﬁ 125
wherei n the crendikiRy. @faoraﬂey@abafzm Ph@ptllel@ﬁﬁﬂﬁllﬂe@ Mﬁl\/&aﬁlMQMfﬁdl Ofﬁz:et@JAt e ot her
than ferrieri Goveenysies, 290181 7AMB5 ORRRSs IML AZEMIAD ZRNCRE], Ruldiees

additional zeolite’is a zeolite having a pore si'’ze ranging fromabout 3 to
about 7.2 Angst rde SanibZet8s) §324tho SAZ203 Dachigndity, aMedinpiéss sLevidanite, dbowne, 500.

171. The proceggn i Bhifii€0 SReH&ED éi@ﬁ i Efh A%%OS’BQQLt%ter%Itﬁb‘ﬂe' s less

than 250. 172. The process of Cai m 169 wher ei n e additional” zeolite is
sel ect ed fromPeHegigs Ge?ﬁecr%ﬁsﬂ@trplﬁga@fmlmms QlereZBMl 1, beta, MCM 49,
nordenite, MCM 56, Zeolite-L, zeolite Rho, errionite, chabazite,
clinoptilolite, MCM 22, MCM 35, MM 61, Ofretite, A ZSM 12, ZSM 23,
ZSM 18, z3fB-22Thezspgkg camignBy, Claim G 1whemia the aNgijonaNgeo§i, is setpatedifronsd- 35,

SSZ-48, SSZ-44 ro@s%ngé”tmg%ciﬁl\%dﬁﬁ 11'V€ét£ '1\3@1&4‘@ o PHHRL, INIEM-96 Y¥dHRe-L,

Launonti te, Epl stilbrte, Grelonit G snmondine, Cancrinite, Brewsterite,
Stilbite, PauicPifgRhe, err@@é@ébarbé@teu ¢lisoptilglite: MG N2 MEM X Ofifside, Ph &PMOR. 173,

The process of ;@ @kiedthérednerein the additional zeolite is selected fromthe
group consisting of ZSM5, ZSMI| 1, beta, MCM 49, nordenite, MM 56,
Zeolite-L, zeolite

164. The cracking catalyst of Claim 159, 160 or 162 wherein the additional zeolite is present in

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

165. The cracking catalyst of Claim 164 wherein the additional zeolite is present in an amount

ranging from about 10 to about 70 weight percent of the composition.

166. The method of Claim 138 wherein the additional NO,, reduction composition comprises
(1) 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 [IB of

the Periodic Table, noble metals and mixtures thereof.
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Rho, errionite, chabazite, clinoptilolite, MCM 22, MCM 35, Ofretite, A

ZSM 12 and m xtures thereof 55 174. The process of Caim 169, 170 or 172
wherein the additional zeolite is present in an anount ranging from about 1
to about 80 wei ght percent of the conposition. 175. The process of Claim 174
wherein the additional zeolite is present in an anmount ranging from about
10 to about 70 wei ght percent of the conposition 176. The catal yst of Claim
107 wherein the ferrierite zeolite is exchanged with a cation selected from
the group consisting of hydrogen, amonium al kali metal and conbi nations

thereof . 167.7- Tligb?ocggtol? Q‘fialrg f2 »gﬂe?e'lrg%tgpz(%) M‘EJO Ig‘pshteéi" @1&&@9 %hﬂggimcfﬁtcﬂn

conposi tion conprises a Y-ty i'te’ as cohponent (a) an corrpo%ent (b) is
present in an therbydiecaggp fqeéﬁt@ktcotl@rsmnmnywéi ef crached kydefeartbensrdsepimpaed ® Y-t ype

zeolite of |esge B}hi?&ar%orﬁ ﬂ:e(ﬁsh)%k E(Qltv@tjsmﬁ;altﬁéla’ 8t cr&REPBAchrBOhs oi)t?aﬁled E&ﬁ ¢feet hod of

G aim 103 wherein the reduction of NO ‘emi ssions i's acconplished wthout a
substantial chatgBecHayRaloRy dr ocar bon f eedst ock conversion or yield of
cracked hydrocarbons as conpared to the hydrocarbon feedstock conversion or

yi el d of asaickp crdiidg &6aysPOMSaiabloaWwAedinfcbApIntMec)chRphkeNBok abal st al one.
179. The net hod of Caim 106 wherein the additional ) reduction additive

conposi tion i s2bgut 43 3i5iepeRsroent &f thesrptoes %Mt 180. The method of O ai m 106
wherein the NO reduction additive conposition is a low NO  CO conbustion
pronot er conposition which conprises (a) an acidic oxide support; (b) an
al kal i netiad. artd/npthodlok@lainh €258 etdhn tetradkim catdlystifutiRBcdntpeik @h additihala

transition netal gen storage capability; and (d) pall adi um
56 181. The nezteﬂl&aotg?rt@“%%eritgée(\%erei n the additional NO, reduction

additive conposition conprises at |east one netal -containing spine) which
i ncl udes a76.i rBie prekesl ofafidmal (9ederih thaeddifionhlaeblitg isa vallienaeinpiagloer sitehan t he

val ence of sai rgngfirllgr fsr(t)m qg(;u?%;to atoul ?E%ngg{rrg)?ns%gcmg%g&nt% A1,05 molar ratio less than

about 500.

171.  The process of Claim 170 wherein the SiO, to A1,0; molar ratio is less than 250.

172. The process of Claim 169 wherein the additional zeolite is selected from the group
consisting of ZSM-5, ZSM-11, beta, MCM-49, mordenite, MCM-56, Zeolite-L, zeolite
Rho, errionite, chabazite, clinoptilolite, MCM-22, MCM-35, MCM-61, Offretite, A,
ZSM-12, ZSM-23, ZSM-18, ZSM-22, ZSM-35, ZSM57, ZSM-61, ZK-5, Nal, Nu-87,
Cit-1, SSZ-35, SSZ-48, SSZ-44, SSZ-23, Dachiardite, Merlinoite, Lovdarite, Levyne,
Laumontite, Epistilbite, Gmelonite, Gismondine, Cancrinite, Brewsterite, Stilbite,

Paulingite, Goosecreekite, Natrolite and mixtures thereof.

173. The process of Claim 172 wherein the additional zeolite is selected from the group
consisting of ZSM-5, ZSM-11, beta, MCM-49, mordenite, MCM-56, Zeolite-L, zeolite
Rho, errionite, chabazite, clinoptilolite, MCM-22, MCM-35,
Offretite, A, ZSM-12 and mixtures thereof.
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of a third netal 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 metal is selected fromthe group consisting of Goup IB
metals, Goup IIB netals, Goup VIA netals, the rare-earth netals, the
Plati num G oup netals, and m xtures thereof, and said fourth netal is

sel ected fromthe group consisting of iron, nickel, titanium chrom um
manganese, cobalt, germanium tin, bisnmuth, nolybdenum antinony, vanadi um
and mxtures thereof 182. The method of C aim 181 wherein the

met al - contiad.ni mge §r[bi:d§€|of cmmniss,els'o rmgma%uema& ac&iaiodalfﬂeslae ispeaht ang

al um num as sai d second FE L 3 gg &%alnllﬁl wherein the
third metal coABSHERPENRIPRAME! 1 g AT Msie tgoercg'ﬁloﬁ QEPSEPRct ed fromthe
group consisting of a Platinum Goup netal, the rare-earth netals and

m xtures thereof 184. The nethod of CIaLn1181 wherein the third netal
conponent 173 plB@Ates of pimdibuhtrein fhe addidonakasplite isPreseyts in anGmoeTt "mgingbout 20
wei ght per cent gogabsih8fetBo@do evle%n@a;caﬁt of Ak E&hngweitigh - 185. The nethod of
Claim 181 wherein said fourth netal conponent is present in an anount in the
range of about 0.001 to about 10 wei ght percent, cal cul ated as el enent al

fourth may@l . THk8GalystRecnmh MedyiRfeilha e chiRb el 8kdhat J38 witd dchtlof BaécidO,
reduction additive conmposition _ conprises (a) an acidli c oxide support; (b)

an al kali met aiforaiigsorp sanRishingsd hydseden, amstogiumpplkaliznsipl gpdeonphingfignsitherqegy
transition netal oxi de havi ng oxygen storage capability; and (d), a

transition_net sele%%ﬁgifron1 (iﬁ s | B nd JIB of the Perlodlc Tabl e.
57 187. TH%7me ihl{p t “ﬁC{“ﬁ%C%{ ¥t CPBRRsIHONEP MRrISER AL Y TS

addi tive conpogblit @d’bohﬁ)o{rént @) #a cbﬂ%@n&@tlﬁ}'}ryﬁht in 48&mouhh@ffBRinbEGrefide@ ai m 106
wherein the additional educ EIOH a ﬂltlve conposjtion is, an antinony
based NO red uretfq er{eraef&f: {oi Y/éype zeolite of less than 2 in the total catalyst composition.

178. The method of Claim 103 wherein the reduction of NO, emissions is accomplished
without a substantial change in the hydrocarbon feedstock conversion or yield of cracked
hydrocarbons as compared to the hydrocarbon feedstock conversion or yield of cracked

hydrocarbons obtained from the cracking catalyst alone.

179. The method of Claim 106 wherein the additional NO, reduction additive composition is a

non-zeolitic composition.

180. The method of Claim 106 wherein the NO, reduction additive composition is a low NO,
CO combustion promoter composition which comprises (a) an acidic oxide support; (b) an
alkali metal and/or alkaline earth metal or mixtures thereof; (c) a transition metal oxide

having oxygen storage capability; and (d) palladium.
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189. The nethod of C aim 106 wherein the additional NO, reduction additive
conposition is a perovskite-spinel NO reduction additive. 190. The net hod
of Claim 106 wherein the additional NO, reduction additive conposition is a
hydrotal cite containing conposition. 191. The nethod of C aim 106 wherein
the additional NO reduction conposition conprises (i) an acidic netal
oxide, (ii) ceriumoxide, (iii) a lanthani de oxide other than ceria, and
(iv) optionally, at |least one oxide of a transition netal selected from
Goups IB and I1B of the Periodic Table, noble netals and m xtures thereof.

192. The 8t hoﬂle%etﬁadaﬁfr@l%%glme%lp tl}era%dlﬁgr% Né% r}@cluctl\élq addﬁqy %&JB (Qltl%rgdl tive

COh‘pOSI tion conpri ses an acidic netal oxi contal ni ng substanti al | Y no
zeolite; (b) aomptigs at lsotpomesitlconsapa skl adich ieluwizd dérst @etlalsmti@dedond)m t he

group consi St'rﬂ&al%aw ﬂl&%éhlgﬁ"?tttﬁhfhev%rg%'o@dﬂ?t rgeg ti%l tf}d [ Xt ures

thereof; (c) an One[ east one
nobl e, rret al cqfrmblmgmt:tal Ger 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 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, titanium, chromium,
manganese, cobalt, germanium, tin, bismuth, molybdenum, antimony, vanadium and

mixtures thereof.

182. The method of Claim 181 wherein the metal-containing spinel comprises magnesium as

said first metal and aluminum as said second metal.

183. The method of Claim 181 wherein the third metal component in the metalcontaining
spinet is selected from the group consisting of a Platinum-Group metal, the rare-earth

metals and mixtures thereof.

184. The method of Claim 181 wherein the third metal component is present in an amount in

the range of about 0.001 to about 20 weight percent, calculated as elemental third metal.

185. The method of Claim 181 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.

186. The method of Claim 106 wherein the additional NO, reduction additive composition
comprises (a) an acidic oxide support; (b) an alkali metal and/or alkaline earth metal or
mixtures thereof; (c) a transition metal oxide having oxygen storage capability; and (d), a

transition metal selected from the Groups IB and IIB of the Periodic Table.
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187.

188.

189.

190.

191.

192.

The method of Claim 106 wherein the additional NO, reduction additive composition is a

zinc based catalyst.

The method of Claim 106 wherein the additional NO, reduction additive composition is

an antimony based NO, reduction additive.

The method of Claim 106 wherein the additional NO,, reduction additive composition is a

perovskite-spinel NO, reduction additive.

The method of Claim 106 wherein the additional NO, reduction additive composition is a

hydrotalcite containing composition.

The method of Claim 106 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 IIB of the

Periodic Table, noble metals and mixtures thereof.

The method of Claim 179 wherein the additional NO, reduction additive 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; (c¢) an oxygen storage metal oxide

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