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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



[0005] In the FCC process, catalyst particles
(inventory) are continuously circul ated between a
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Pafini £35.163791536; | 60589, 607¢ 61196,884 Qnd 6,143,167 disclose the use of NO
removal compositions for reducing NO, emissions from the FCCU regenerator. U.S.
Patent Nos. 6,358,881 and 6,165,933 also disclose a NOx reduction composition,
which promotes CO combustion during the FCC catalyst regeneration process step
while simultaneously reducing the level of NO, 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 NOy
from the regener;cltor of the FCCU by incorporating into the circulating inventory of

cracking catalyst separate additive particles containing a copper-]oaded.zeo]ite.



renoval conpositions for reducing NO em ssions from
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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 control compositions

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



exceed the ability of the unit to handle it, thus

forcing a reduction of the anount of feed processed.
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cath]%gnéﬂaaang t&?a]yst 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 NOy 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 NOy reduction compositions are
provided which compositions reduce NOy 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.



ferrierite zeolite are separate additive particles

bound with an i norganic binder. The binder preferably
weewpniEes silica, alumna or silica al um na. PCT/US2004/036642

Preferably, the ferrierite zeolite is exchanged with

hydr ogen, ammoni um al kali nmetal and conbi nations

thereof. The preferred alkali netal is sodium '
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DETAILED DESCRIPTION OF THE INVENTION

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

ambient conditions, for pufposes of the present invention, NO, will be used herein to
represent nitric oxide, nitrogen dioxide (the principal noxious oxides of nitrogen) as
well as N,O, N,Os 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 NOx 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 NOy reduction compositions



[0022] The FIGURE is a graphic representation of the
ef fectiveness of Additive A and Additive B, prepared
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FCCU, operating 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 the
present invention is added to the catalyst inventory. When the NO, 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 comprising 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
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Th@%&“? tm%)hﬁ'é r}cBSpoca%J ﬁﬂg%éi/\ﬁ e§ 8%%8%91&99, %pcgﬁgﬁltyga%?ﬁnethod

a natrix co

knmn Inadiei at, g, otdneﬂxdmﬂgeelrmpr'EEﬁatpﬂ;r eeht likear@e purposes of this
e derived fromstatistical analysis.

speci f i aboyve .a
mvs U@eR Sg%q.rg{dﬂcna‘ aglgt g:ferenced herein above 1s 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 dependi’ng upon several factors, including but not limited.to, the -
mode of combining the ferrierite zeolite with the catalytic cracking catalyst and the
type of cracking catalyst used. 1In 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 fenierﬁq
zeolite with a suitable morganic binder. Generally, the amount of ferrierite zeolite

present in the particulate NOx reduction compositions is at Jeast 10, preferably at least



[0026] Any ferrierite zeolite is useful to prepare the
NO reducti on conpositions of the invention. However,
WO poose4paeef erred that the ferrierite zeolite hBSI/HS2004/036642
surface area of at least 100 m/g, nore preferably at
| east 200 m/g and nost preferably at least 300 m/g
and a SiC2 to nolar ratio of |ess than 500,
30y siost pieforatle s Idabed) 25D evamsbrepprefeeatablay JeakeSE wéight percent
100. n one enbodi nent of the invention, the ferrierite
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te zeolite may contain stabilizing anmounts,
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inaHoR anclptR any Worspiq Yipderenhich is ferales ok BindEgelgrigrienzeolite
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in RECQENS Kihe PrAgntopVenupcluds, Dhiaarerist Kipiedier alumina,
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m xt ures thereof. Mbst ferably, the sta izin
Preftimbly, sheebidereistsettcted dmrh hiee groupronsingis of algntha, s1hca silica
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art, e.g., ion exchange, |rrpregnat| on or the lik

cpmpﬂwe@ alumipg soli mgerrliminum sbloreidseli chaléy, {he amount of
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2B U to @BoxﬁeﬂSO wefght @eent, iprefetsdBd fiofn faB@JtNU asluBit BD weight
conpositions_of the invention will vary dependi ng upon
PeETEy AP0t EEIGFARLY froer bpHgl bue adewt Ponveieht PéTCCF‘h@f the NO
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[@0803 | Adslitiansk ahatdrinl o npti@rdigdpresst iof the henipvgRiving af, the hgresent
invention include, but are not limited to, fillers (e.g., kaolin clay) or matrix materiéls
(e.g., alumina, silica, silica a]umina, 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 NOy 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. It-is preferred,

however, that the compositions of the invention consist essentially of ferrierite and an

inorganic binder.



reduction conpositions of the invention are separate
catal yst/additive conpositions and conprise a
w@anwsowi4s2e e conposition fornmed by bindi ng partPCT/@52004/036642
a ferrierite zeolite with a suitable inorganic binder.
General ly, the anmpunt of ferrierite zeolite present in
the particulate NO reducti on conpositions is at | east
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and even nore preferabl | east
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PTEI%%JQ%{ME Rri@cess conditions. Typical inorganic:

mat eri a s useful to prepare conpositions in '
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zeplief @nglvngntst the ihdraaide bcmiﬁp m’lcé epticrial mafras mElesialsyit & amount -
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General ly, the anount of binder material Tglsesent 13
thmeftgasnriab dryang Mo aguerstsIBTY ©JRPB FRTICHHS wried particles

arFr ogglg)ﬂ:dn%g %‘og ‘f]é‘go% tuﬁef&eﬁltsuﬁﬁ’&grfte{]ﬁﬁl % remove

t percent, nost
vanatered) w ﬁtrdmm%ﬁbm an@tmoabdm 2351 We5 Ghabperdehoyrs. In a
of the NO_reduction conposition. of th?a i nvent.i on
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ers (e.g., kaolin clay) mat ri x
innBé el e lpang qr ]edsumefeaabl;uSl iar leds) moat ]attcpﬁhia3 pm or less.

T et ta[ylxg)us slarr acr(])%tan%gé Ifa merrll?e z%g?ne mséy J Irna}l]ed prior to or after
mcorporatmn of the binder and/or matrix materials as desired.

[0033] The spray-dried composition may be calcined at a Iemperature and for a time
sufficient to remove volatiles and provide sufficient hardness 1o 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, nitrate,
chloride, carbonate, phosphate and the like), or an inorganic or organic acid (e .-
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.



europi a, gadolinia, titania, zirconia, praseodym a and

m xtures thereof). \Wien used, the additional materials
w@ae®@sosae i n an anmount whi ch does not signifi CRBCI/U§2004/036642

adversely affect the performance of the conpositions

to reduce NO em ssions rel eased fromthe FCCU

regener at or under FCC conditions, the hydrocarbon feed
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re%&@r‘&to@@pb}mmy &H@Fcoﬂb&&@ﬁtq}?&%{ od.r om about 55 to about

nmm even nore preferred from about 60 to about 120

[0A36] Imhaesesong evibbilioremt of t}tehavemmenﬁlle derrieyipd gedllitey ishian@rated or
val ue of |ess than about

Davi s ition.i nde
incRbomRa Bk R ine iR BBUGES 5 msabiss i pievided ipeeral NO,
refi@$ontdagilys2Bpdéml9n aE&Qﬁgﬂce%'&ﬂ fhid Qﬁxb@ﬁﬁr?e%?()f 't}ﬂ:vﬁ%ﬂtgg the

is not limted to any particular process
fessiesifrar zeoliten mztyyphecaﬂcﬂqﬂ tthethearcatakysi aalealh\jo sn@éucdlurmg catalyst

S 6 0 AT e BT bR
cr&mngoﬁaiilyﬂe od dat dless TPMYEATdS onfa N B pii BYOH gﬁ@h&mﬁ'd“ﬁ%&s@ﬁ steps

tional matrix naterials, in an anpbunt sufficient t
nefff \toglnigh th%ﬁﬁckm ertglysigpreParetiorant Wishotteintdndinigt ® limit the

dipat 1, rcent of bind

incd er'?lltl %?n h?h eln?l nal Q?\% \p@d%nicin%n 78 ogcglpp%r}?ngsndwnhm the
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rt.icles. .The spr

ey ForBgis 2tk Y A SHIOTRL ABRINER, Ube ek e SaRTySE Penlite ssaly
U, DTS R 5, g s S0 L0 P
miBerborlierene tef meae panidnsizernf sohids firenhé elurtyetoziesd tHag 10 pm,
pre?er lt)]y 10'188 A% O;lJJr% %mléltr {)Xzferably less than 3 uym. The milled slurry 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 org‘anic 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

sol 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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is mlled prior to spray-drying to reduce the nean

particle size of materials contained in the slurry to
wQaoos0er429 ess, preferably 5 nmor |ess, nost prPEf/ERm0I/Y36642

3 mmor |less. The aqueous slurry containing ferrierite

zeolite may be milled prior to or after incorporation

of the binder and/or natrix materials as desired. :
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dinment of the invention, the ferrierite
Tyeallyt eharinorgrmiaditeldr nuaterims ¢adladey Stut zre any llmlwgeto alumina,

NG TN TR ARV IN U TR

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 intégrated‘
catalyst composition ranges from about 5 to about 45 weight percent, most preferably
from about 10 to 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 compositiéns
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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cracking catal yst, regardl ess of any additi onal
optional or required processing steps needed to finish
wo b@sosaeki ng catal yst preparation. Wthout i nP@ntibaog4/036642
tolimt the incorporation of the ferrierite, and any
optional zeolite conponents, within the cracking
catal yst to any specific nethod of cracking catalyst
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addi tional zeoljtes, the cracking catalyst zeolite,
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optional I'y be washed using an aquedus sol ution of
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caﬁalymt €h- &let Rhe2, ﬁtafsq:re&h’feh Hal fenaérh@fzebhtefhasprbﬁﬂﬂ in the final
washed, by any of the methods known in the art. [ 0038]

COWRORILIOR i 3P am@am. shifirigm do prevideainghg wial gatalyst inventorha ratio of
t r ts at :
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[0@48]t]t db ealsdPméthér alid yeopehef ahmumtennbntlbeufcﬁfdél &ddifiénal zeolite

zeolite used _ranges fromabout 0.1 to about 60 weight _
CORROREHS i ﬁ%%tferﬁﬁlgﬁfe%egﬁireycwelﬁf%'s@x redpgiiomyeRippagtions of the

inVEhight PR G8Mtion A 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; to 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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the FCC catal yst particles. [0039] The integrated FCC
catalyst wll typically conprise the ferrierite
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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, hormally 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; '

(i)  the effluent is discharged and separated, normally. in one or

more cyclones, into a vapor phase rich in cracked product and a

solids rich phase comprising the spent catalyst;
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integral catalyst in the amount of | ess than 50 wei ght

percent based on the total weight of the conposition.
woe@besakd y, the matrix and fillers, if any, aP@I/US2004/036642

present in an anmount ranging from about 1 to about 45

wei ght present based on the total weight of the

cat a4 osi t %0041] The artl Ie size and

att 1] ontlr ARGE PPEE TofepEdagaPa Bdimcperaisd e

F1 ui di zat Fee %W&ﬂﬁﬁaﬁ%na Rs taés%mgwdtm@eﬂéolgﬁﬁqg%ﬂf

well the catalyst is retained in the commercia

unit. Theandlhegda:rackaqujrgmtctscodpd)mgtgamﬂxmt t he ‘

i nventj on tey%i(?%all has a .ne n par si ze of about

45 t@Vhbotft 1§ #eStpP Bqlib’ ﬁ‘ﬁ%uf‘) BORTHEL 0

about  15058IndRe 3bidkhbbA fan?ptﬁEtéa‘%a?'l A e LRtRanR!

catal yst, as neastred by the Davison Atirition I'ndex

(D), havem@pal ceadlye of dxelsvtlpancgeferanadr enpaeéz&ﬁlakll y

| ess than 20 and nost referaﬁ Y | ess than 15. [0042]
L a prefeftE0CBRbHME tpr?ﬂ‘uc? gl ToaFaRRissreatal ie vhaeh is

cracki ng gahakysklegony Qh@scrgck\{oé yﬂf}ez?@ |&-£kin -quanher

ferrierite zeoli'te may be ad a separate “additive
particl e. geenditics pCigkedt i ng | nventory of the cracking

OBE R rDhpa i BB sE Ry Sl g e by dfptyss wity

a FRRABMckIhg tHR 61%@'35’%%5@??96@ i RRE sERRR ré\txe\bs‘by Venuto and
preferred that ferrlerlte zeolite 1s present In

HatiihaF uicd Gqeedyiic Emackingawitazatite €arabistsi éﬂnr0¢lonldM| Iﬁew York
aratio of, ferrierite

1B RSB (394 FFRRY 2 i DEpS b BobRi®, B ohiey ylen s

deeglﬂ)eﬁéiaﬂ?luzd[ O@lﬁ@i}zctC#a%kza§S@aﬂMbbbk NGhifepsIon®. oustdB, 1995,
i.nvention to include additional zeolite conponents in

ISBALOB8# F3-89P1le Brefsrably, hoRES] Getalystis p ealgbist eemprising a Y-type
Z&ﬁ@%@&@&; %cbﬁggﬁa% gp{a' OB%I&%IJQ%QE%H%? aémd@err'g'gﬁteof the

mponent

‘ m&frﬁmnt tl'tehECE[ cmeﬂlysxtlcxonsmeoff arbivd £ usuallyagiiea, salumina, or silica
rocar bon conversion, or

supst anyl al ch e i.n hyd
alypuay ad FWB‘H&S‘? it ENRS Cé‘ﬁ??ﬁfg’l’t?fée POCEQIE JB@iEiX, aluminas and/or
sﬂ?craedc]@rﬁﬁﬁk)’andtﬁl?er@%tds 3%38fin E}%ZQ: ??gﬂ%%g)me llngy ?8 present in

zeolite having a pore size ra out
onalywuporg f erm’]g@i meydavd béenaulSh @:aBJ]Ized repfl/r treated ovidf stabilizing

ess than a ef erably | ess than 250.

Caﬂ?’esfsé]rcgﬁf gny f’ﬁ%’eéﬂaleﬁﬁ% zeolite conponent is a

[0046] Typical FCC processes are conducted at reaction temperatures of 480°C to
600°C with catalyst regeneration temperatures of 600°C to 800°C. As it is well known ‘
in the art, the catalyst regeneration zone may‘ consist of a single or multiple reactor
vessels. The compositions of the invention may be used in FCC processing of any
typical hydrocarbon feedstock. Suitable feedstocks include petroleum disvti]]ates 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
816 C, such as oil 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 o the

regeneration zone. This is performed by a suitable sparging device in the bottom of
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zeolite selected fromthe group consisting of ZSM 5,
ZSM 1|, beta, MCM 49, nordenite, MCM 56, Zeolite-L,
waQe@biota2Rho, errionite, chabazite, clinoptil oPCT/ES52004/036642
MCM 22, MCM 35, MCM 61, Offretite, A ZSM1 , ZSM 23,
ZSM] 8, ZSM 22, ZSM 35, ZSM 57, ZSM 61, ZK-5, NaJ.
Nu- 87, Ch-1, SSZ-35, SSZ-48, SSZ-44, 12SSZ-23,
thnpBhatdon gonelVer Ifidesirdde addiduntdroxlygen isemdded1o the dilute or dense
Launontite, Epistilbite, Grelonite, G snondine,
phesgefithmreesnerpieatrite, Stilbite, Pa lingite,
0pRY? o NEotfuioR g b b S A ES LA B eng i Sramaticaly
re@eett.eByfat deast NO%gmeefprabbnati lshdt i) %6f the ShthissionsSdF NO, in the
beta, MCM 49, nordenite, MCM 56, Zeolite-L, zeolite . |
FGEId, regeneraar tallugh aBimg de SRSt PEegeETation, WwiNie substantially
: ' : |2 f :
g e kg feP st ACVELLEERA Bifancc, e
gabdlade daelsghn@leffisgobthined fitdny tiedurecldet yatafybecin §dige cases, NO,
erformance of the NO reducti or] corrpolsji tions to reduce. -
redyotienio SPEN HrpesisseIdiacaleN b FarmedPs cpprositions and method -

I . . r.S4 el j
o NS RRRP SN PSR o LSty SRl I o e
cofiadraiby stHoweeouds wilkbe ahdtrgwbd dgdond siallebipdsd tdtagst art, the
Typically,. the additional zeolite conponent is_used in.
exg DGR A oA BT DTS Qoo SBUIPr BF SPwRPyion
anll '2BuAPLO e LR dfiRe BALKA; (b dMIndiHd BETEEREr Bf whidh the catalytic

catal yst/additive conposition. Wiere the NO reduction

cravligosiit is operagedumetiding tan nohtieijed o oxygsodevsl and distribution of - -

- .catalyst, the additjonal, zeolite conponent_ is '

st ey BB e 4oL RO 5 P G Rer T G HIRGE oergtion, and
re ,@Q@%&orﬁ%pémﬁﬁe,nn@%@pabﬂey of {RMAydbsidtboh fe@dsthi®Uiradk@d, and the
wei ght percent of the catal yst conposition. [0044]

pr&eneswblaothpr Faplyiic afgiavechap pryeffect Hgorheasuyand operation of
cracking o eav r . 0, 0.1 |

I S PERLPED BRI AER 020 PR e

the eff @iy etiess ef tHeqitbaks ofithe iadiiog npryodsesgewiet o &ary from unit to
circulating fluidizable_ cracking catal yst i n\,/enqc_or' .

ungo AP sTedne o C%lmm@pégf HWPY@‘UQWFE%‘P%Y% ArSAHPI R Increase

i L P A e R e okl mg of 1 hose.

[0049) dt is\addoywithighherwiope of &re imedngion thatd¥ O edbotion compositions of
thel,c i%%gx?tgo%cxlfugy %gsﬁlélfl: g‘loxilen o} Eaec ngl%ggt%ri \%?thogne%r more additional NOy
reduction component to achieve NO, reduction more efficiently than the use of either
of the compositions alone. Preferably, the additional NOy 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-zeolitic materials suitable for use in combination with
the NO, reduction compositions of the invention include noble metal containing NO,
reducti‘on compositions such as disclosed and described in U.S. Patent No. 6,660,683
the entire disclosure of which is herein incorporated by reference. Compositions_‘ 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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hydr ocar bon product of |ower nolecul ar weight. The
significant steps in the cyclic FCC process are: (i).

wo b@soered i s catal ytically cracked in a catal yp@muUS2004/036642
cracki ng zone, normally a riser cracking zone,
operating at catalytic cracking conditions by

ontacting feed.w a.saurce of, hot ... en t ed
prPaeR g oarag Lt § o SR HeESal MatPhels AT Big ot teas
0.5 bRhePererd beéféraﬁllﬂfdab%ﬁﬁ Mtio GBERI NFSWeigNpebdit)) GnGlkaine earth
and ‘st iippable hydrocarbons; (ii) the effluent is
maals@h draged. Sanel ghlepracan cprefendliabpyt §.A tegbowr SGrieight percent)

cl ones, into, a| phase rich. in_cracked, produc .
and S areopish 1 £ DS R tecfoty of nf SRR BaParSly oxice
coﬂ'li%()héﬂt) (phéTEra¥BPQE aPNAYE 4D St 1800.8 hpas oP b GMEd Rt component

fractionated i'n the FCC main colum and its associated,
(peiateblydttuResRh,dri Qs Ry e ansdmixtergs thezeadl k Prejepedoerrapasitions

._incl udin asol.ine; (iv),\the spent.cat St i .

in S 56T HRAA SORPTHE G0 oG O iRoyE Bbe fldspst 50 weight

pefBedl QRafiRPRAd fsubMiitRBycRs abyat; (23fd 8EasOIT veldh® percent of an
stripped catalyst is oxidatively regenerated in a

alkeditabipb and/ oresgeibdl meicanh menid o aniptuaesuibereps(3) about 1 to about 25
r.egener at ed catal yst_which is, then.rec
e ERGRTHE 2048 P ol Gkl RST8] B S rore-car

(plebiibly] 8915 arfdo@y enfebqrtal ppaCofCahebly $ietaliseletiedrorh @e group
exain’e zeolite based cat al %St s with a faujasite

. copsisiing oiPteBhpbmEisia ermbinaiéan Bewof. mllnsacepiagen heing dpsedpn the
. o sew beeLi Y i PO
ol w B P BRI BB Bbbi ot S0 K 198 e

. [06513 2Tothé 7ask, ofamnveolitiasnaterialy seitadls fat ixerinsauntgesion with

TR TR TR T —

POBPAT JRPRC BT R he AT BapFges P B, e
en?{f}é‘é@@é]@é’ﬂre of Ehede Paehis Wiy heter it GporePRIERBE. Dipically,

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

suppoﬁ; (2) an alkali metal and/or alkaline earth metal or mixtures thereof; (3) a
Iransitibn metal oxide having oxygen storage capability; and (4) palladium.  The
acidic oxide sﬁpport preferably contains silica alumina. Ceria is the preferred oxygen
storage oxide. Preferably, the NOy reduction composition comprises (1) an acidic
metal oxide support containing at least 50 weight peréent alumina; (2) about 1-10 -
parts by weight, measured as metal oXide, of at least one alkali metal, alkaline earth
metal or mixtures thereof; (3) at least 1 part by weight of CeO,; and (4) about 0.01-
5.0 parts by weight of Pd, all of said parts by weight of components (2) - (4) being per
100 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 includé NOy 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 compositions comprise (1)
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i nvention, the FCC catal ysts consist of a binder,
usually silica, alumna, or silica alumna, a Y-type
waQewbioda2act i ve conponent, one or nore natri X BCT/OB08$036642
and/or silica alumnas, and fillers such as kaolin,
clay. The Y-type zeolite may be present in one or nore
ary HHS AXEF AERPOHAD Brakraliimétal gtdey slkaltw eandy metal or mixtures

: t i : i 1.1,Z] i.Qn n f...1 he
bl B, 4 R gL e P U Be8 gm0 o
rasiitucihen] adledted GomOGrégIIBr @idulBsofahe #86odic TAbROOP EFerably,

with catalyst regeneration tenperatures of 600C to 800
the acidc prideSupRYT CRpaig af Acashal ayeightinsecephelumyng. and preferably

.af Lon. - i f ingle.or.multiple .
o SR SHE% uBipL " CellRYs SRRERDCE oxSel {fele Foulk T P RiEemres
emhleodisent ofithE GG epriors ebs N reductioy coxPosisbndWEtheeR! @Pa acidic -
f.eedst ock. Suitable feedstocks include petroleum :
0Xdfl& BYNPOK (08 1agRing akleatt H0sweighichaierat gluminai(@) ¢+ Owweight percent,
i gal C , ' i s@line.or a ‘
mEBLALNS SELMACORRL SfhenPH] Bl 41 SF OB AR s

thefeof Bt 12434 1Gvdightgleeaeint 820,;GndS¥Y0.085.® phrtd WeiBhe pébent of a
tar, sands or shale oil, can also be included. [0047]
rgngitigng et oMeatiike 2t greak Pyidet RE Chioal Ast all gy iy dieight of

Y d ot  This i .
co e o by Sont PRSI Ay aeid UL plRe supmopsy,
[0053]14ndtkerr elgem ef abhareolinn O predufctice shatedals astétable ofodluse in
0 en i s .added the, di.l ute or dense phase of the .
COP@&S%@Pat‘Y‘ﬂh_ ‘ES ng.&‘[ @%ﬁdﬁg]mm%waﬂ%n OE ofSodrieniiag inglude -
m@ﬁfeéglhggﬁlﬁgltiﬁ’tdlrﬁ RpinbendsBY 88diti08s KiraRlk l‘B@H 3415% g /'f&teﬁg removal
9

i.e., by east 10% preferably at |east
of eypifaig jogdss dfor@ FRCt tegeraa@or.r dopsmepl atyopatefi§ Iwlech disclose and

Ukl ng. . cat-al t. regeneratjon,,.while substantia
oo e RO L Sl ol il b 2.
4,957 18, 0,700 38k e ch HTIqEaCt 8,472,592, QaEP4s)e1and dk9h 830,840,

olefins, obtained fromthe cracki ng catal yst. n sone

t
4,?2%?936]\/391'79,2%{7“ 1§ 454@% $03MRe §ﬁt§ﬂeoﬁ§cg($§(e}gﬁ &E staE]cf ﬁ%tgftrsgngﬁlg Jlerein

i'nvention W thout’sirgnificantly a ing
in@patactishyy teftrdsceor Pefadblyp oympsditons oty elass asmpidel at least
be understood by one skilled in the catalyst' art, the
* OnE RN SBHIEL VB W ndegeplanshmstal §0¢ B seepndonstabkaving a

valcite BIREPIGn (B PalGRARASLId £ 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 1B metals, Group 11B metals, Group VIA
metals, the rare-earth metals, the Platinum Group metals and mixtures thereéf, 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. Preferably, the metal containing spinel comprises
magnesium as said first metal and aluminum as said second metal, and the atonﬁic
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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and anmount of the additive utilized; the design and

the manner in which the catalytic cracking unit is
woepesatady i ncluding but not limted to oxygenPCEUSL004/036642

and distribution of air in the regenerator, catalyst

bed depth in the regenerator, stripper operation and

regenerator tenperature, the properties of the
PlaintinoGaolypmet g dbe caré-eantlacioeds ammlxﬂneesphaseﬁ cThethird metal

ot her Qatal%tc addi tj ves that n@ affect _th
CORRERATS 1% Prefifably jarsstt BrEnANURL I séﬁaeaqf&bouwrggl to about 20

we?%lﬂ g)%rcee%? rI:aEG%c* 8 dbhERaeRirg! fn'iIei ﬁIOQF d 94id q!)\!l]’ﬂ?(’ft Lah ofmponent

ects ectiveness o rocess o

is pmsamt inoan rm;oulne iexipecingd dfoaboat Y. O‘Odom aipout 0o weinht .percent,
NO reducti on 03|t|?ns of the invention also

calgplaigd s mgﬁﬁ#IPPE%ﬁF“Increase in the production of

| [o@gmw LBg fzg&ﬁ]f%e%gcss%m h &@m& d)rf m' | 30 N0} Redbction

scope o e 1nvention that
addioinposi theonsemfontlhﬁudd;\benanemmt imyjtebeo, Lmﬁdbwed reatabysts SmlCh as

conbi nati.on e itional NO reduction
GG ARMASTEEIORE i D FSTF Sian 500 S ras s ROy reduction
a9 bt M Gespiingd hiehisObrdalf GRTRARNL NS H809; perovalite-
spmethaiedmctmnn%nidaNealsuc}t Iamtiescsbechamatifslcloaéd ih&LS. Patent Nos.

t I I i I th 5
Co%dﬁl Qﬁﬁ@s@ﬁ[lsﬁuﬁ&ﬁrg}%@f‘v Was 1 5 ﬁd@uoéf%mm%‘ﬁwe%ﬁ?sh as
de&EBLE tAd EROBMd, PoF exttePleCiRISSOPRAN-NKOl4, é89%15 4946581,
materials suitable for use in conbi nati on Wt

4,958 d8et S 4iitp Sslilfitons 6#7914% BhwedtRGH 1meam@ealnBuiblsauon
I I ni educt ositions such a
NGB R AR R G R ER RB R g il Bipgeries

fort &@n@m i &8l Fetdr@ NY. &, 250,88 o drgird BsBIo8ure T XaBR 'j)@t‘éﬁldbemg
by reference, Corrp05|t| ons in this class wll

heqeyplinggmoyat%bqu gen¢e- particul ate nmixture of (1) an

‘ [0023% era oalwngﬁ% de | s%ﬂ}t)@' .lﬁ])g ﬁ]%%%(ﬁﬂnttbaﬁgey }{230%\{(?0 é«fu%tion

alning silica an '
corthppyigbey ablt}}e eroeh@dmimgombinatas twith Wh,ghim@at eenipositions as

disploberkiied dsseabel BaroT Memeianal 5o Bbeon D (5/046112 A1
and ?qulﬁ{e)matﬁﬁafibglglc'aﬁ RBrWo Q@@@bS%@tlAle%% BIRII'E dRIoditks of -

percent, prefera out 0. out 50 wel
whmhr @aentheran dmnvbpbuzn@s biyhesferehce. ( 3yudt N@,as’em@vél wemgbdition

N T
ox i RerBbAl ccH8 AN optionally, at least oné oxide of a transition metal
selected from Groups IB and IIB of the Periodic Table, noble metals, and mixtures
thereof.

[0056] When used, the additional non-zeolitic NO, reduction compositions are used
in an amount sufficient to provide increased NOy reduction when compared to the use
of the ferrierite NOy 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
1o 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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(preferably Pt, Pd, Rh, Ir, Gs, Ru, Re and m xtures
thereof). Preferred conpositions in this class of
wordosniaks conprise (1) an acidi c oxi de cont ai PCTYSZEN4/036642
| east 50 wei ght percent alum na and substantially no
zeolite; (2) at least 0.5 weight percent of an al kali

. aline . Al i xtures .-
OFPECC, RN Bl T 3° sBBERC ERGe Rloifle cchbpungly, e
adiiyged NO pragei appahpsitdnamay be dncorpbraledaxiodfie HC@catalyst as
rare-earth (preferably, ceria); and (4) at least 0.1
ahBiEsRl COTIOBER ofdkafatdstect ed from the group :

{.St.i - d i nation thereof :
GRPPYEH D% SbuEhpialia whbie, ARG RpRATILE Bl tHERER L o
redstitat compodtiansy i desdeddnicy aviao R0 gidséninvERR2LInay be used in

Anot her cl ass_ of non-zeolitic materials suitable for
coBRInaBEn: Bl ¢then asiditiies KorvratiNGlheBifet indhe E6€pwicessong., SOx

e | ti ' s ustion :

reholdiead AR, LRSI Ry oy, R 28l promorers,
addisves Gorlths pP3Ricdoml ofli @h &1, arid@e @Rei re di'scl osure of

t hese patents being herein incorporated by reference.
[0Pyl The p§oPer Hethe SOV aubowas #ohBURY Bi#YphisAded o be limited by the
S F - . SUpP C ok 2)-
el T HIEREPVE 1P Sx bkl S BAEE pReHabfich BRAL s delives

usefut tin nles ptdvessedffthe (Bendot hahshd alaehalf B itenhiay 'Ei;t@:ess to
xygen storage-capahility; and (4) palladium .. The
reioecNE 35 f D an R S BEHBIY. cSHE &HGPles Ficosiven a5 specifi

i]]géti"moﬂél-of GRE ichitngd tiﬁ‘\eegﬂf)ﬁ._f e rsﬁgulgxﬁ’egﬁﬂde?gt%&gﬁov%%ﬂ (q%lt the

: referably, the NO reduction conposition conprises
inwgntmwiisinet limited todké secHimieoails seofurdi initmgexamplesast 50
1-ght, percent al um na; (.2) about 1-10 parts by
(ofiENERD P 7B neietBeRe i e e s PR 6 i A of e
speEifigdtionabhadh REereabt blTBERhpARItidHs XSrUE G ehhRIRES arel ﬁ% weight
at least 1 part by weight of and (4) about 0.01- 5.
undesp piepyispepeificdf Canrentgationsfof gajegup ariswrdsyarevby ghlumef unless

: 2) - (4) being per 100 parts by wei ght of
Ods;%i(wd&g?%ﬁgé'net al oxide support material. [0052] Yet

[0660)tFethes;| g srande oOMABGb irédied TAURE bFdcsiGuoh AR |cBrif®) such as
use in conmbination with the NO reduction conpositions
threpigeenting e ardFi #ntet QbBraReTtesdinits ofrmeastiso sPeditipms, physical

S SRR By Sy W

ordilscwiss uargy mfmbdrdsldinp atithin sudheiange,iacleding any subset of numbers

eXa
an ‘a

within any range so recited.
EXAMPLES

EXAMPLE ]

[0061] A composition comprising 40% ferrierite, 40% clay and 20% silica sol
(Additive A) was prepared as follows. An aqueous slurry containing 29% ferrierite
(8i0,/Al, O, = 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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i ncorporated by reference. n genera], the NO reduction
conpositions conprise (1) 16an acidic oxide support;

w@ 2005am7429 kal i nmetal and/or al kaline earth metBECT/082004/036642
m xtures thereof; (3) a transition netal oxide having
oxygen storage capability; and (4) a transition netal
sel ected from G oups IB and HB of the Periodic Table.

prgﬁaeécﬁfram sodidnh siliafk dh€ acdiatlen STBPEIalyQ@NirAf Was BlenlspAStdried

0 weight percent alumna_and 1 preferably contains
ins | Beweral spraynariecer The iTgsulting speyaiiicddrwdygenvast viaghpd with

o L AT e LT 8 e o
1es§;§§5’§f AN meé}gﬁék&% 27k GAShernt YIS NaaRRICHR 8L Pable 1 -

ercen asured as t
betdwan alkali netal, an alkaline earth netal or
m xtures thereof; (3) at least 1 weight percent Ce(V,
and (4) .0.01-5.0 parts wei ght percent of a transition

Ezg.}vﬂ;ngeasured as netal oxide, of Cu or Ag, all parts

', t of conponents (2) - (4) being per 100 parts
[0062]Weicghtpositios alothpaisingi 15 % Xertierieuppo?i% 100ma]sohadbrive B)
cl ass of n?(g zeoljtic NO reduction materials suitable
wasgrepaied phIQIos a PEHEOWP &I HEASNEF Page W&lncomamed 2174g of

a}&ﬂﬁﬂﬂ?‘&hé}eﬁd}& SB%I]OHV%O&)I él@)ﬂ Yeife (dr basis) of femente

nagnhesi um al'um num s ased additi‘ves ’heretof o
(SH%A geIQ;INa‘zCDH ﬂ<bé) « &nd)\veald anbuguhddmomhvdmr tbrmakeaa slurry
regenerator. npl ary patents which disclose and

whidls contamed habout %Q% @fﬁlldmat g’hfs alwry wab ydidled. ig, a- Fﬁatagnmlll to an
: .52 7 92. 4 8, .4,.790,

aviiags posats igp ons el 2.200n aile IRA i ata' s BGen spray arver.

THe, s@Qag - &2e, préd vl 8va8 241cied T8 90 Bfinutds 4990804 . TiHe Hiderties of the
469, 589, 4, 758, 418 4,522,937, 4,472,267 an

car@lwgsregbswm%TeWﬁ regleWscl osure of said pat ents bei ng
herein incorporated by reference. Preferably,
conpositions in this class conprise at |east one

E)WEMHL-B:S)nt ai ni ng spi nel which includes a first netal

econ havi a vaI ne i.gher than the .
0§l SedS A 4 vl exaapd 1o e e r&@lﬁoﬁ@ﬁwsms
frf 5hFééU”§‘§1ﬁé gl D%s&h@?rc%ﬁétﬂ fR:Eért (Wi‘f‘ﬁ) SGRONE BB RInSof the
| east” one conponent of a fourt N
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 Petroleumn Refiners_Association
(NPRA) Paper AM88-52; 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%

steaha for 4 hours at 816 C.
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metal other than said first, second and third netals,

wherein said third netal is selected fromthe group
w@oemsiosdeng of Group B netals, G oup B netal s, PCI/U804/036642

VIA netals, the rare-earth netals, the Plati num G oup

metal s and m xtures thereof, and said fourth netal is

sel ected fromthe group consisting of iron, nickel,

titanium chrom um manganese, cobalt, germanium tin,

bi smut h, nol ybdenum anti nony, vanadi um and m xtures

thereof. Preferably, the nkaldelcont ai ni ng spinel

conpri se \gnesi sal, d, f.irst netal daluriinum

as sai d SEEGhE RS 9qegn Lxample 1 and Examuple

magnesiumto alum numin said sphpgitivesa at | eashgaRfeB

0.17. The third netal in the spinel preferably '
TY¥o@p758ds a netal . sel ected from t hE. % oup consi st #r§
S.g% the 17Pl ati num Grv%% metals, the rare-earth netals

xtd "The third netal conponent is-

m xtures thereof”

Agogferably present iy an anount injtae range of abgut
.001 to about 20 wei ght percent, calculated as

REt@nental third metawt. %and said fdubth netal conpOi26t
I S, present in an anmu inthe ra f about 0.0Q1.to
N%%)out 10 wei ght per c%m% cal cul at ertg&s el enent al’ 8]]()
Fdourth netal. [0054]wQgher non-zeq.441ic materialsgr
useful in conbination with the NO reduction additives
Ti6h the invention ntMd& but are M3 inited to, Abc
based catal ysts suc tag di scl osed and described in
U S. Patent No. 5,002 654; anti nmony based NO reduction
SAdditives such as desices bed and di g¢fosed in U S. 320
- _.Patent No. 4,988,432; perovskitespinel NO reduction:.
Madti ti ves such as dé¥erd bed and di s osed in U.S. 85
7JR@tent Nos. 5,364, 514 gnd 5, 565, 18357 hydrot al ci t¢%35
catal yst and additive conpositions such as descri bed
and di scl osed, for exanple, in U S. Patent Nos.
4,889,615, 4,946,581, 4,952,382, 5,114,691, 5, 114, 898,
A%e,rﬁgfg‘?aﬁ‘% Bf%and PCTHPnt er nat i onal /Bubl i cati on No.S3\WD
95/ 03876; and | ow NO pronoter additive conpositions
such as described, for exanple 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
reducti on

21



conpositions of the invention in conmbination with NO

renmoval conpositions as di sclosed and described in PCT
WO ndososm=ee onal Publication Nunber WO 03/ 046112P&T/Us2004/036642

PCT International Publication No. WO 2004/ 033091Al ,

the entire disclosures of which are herein

oA a8 B TR TR B PR e

deS&HdTh DebHE bélblvi ) a | ant hani de oxi de ot her than
ceria and (iv) optionally, at |east one oxide of a

transition netal selected from G oups IB and I1B of
the Periodic Table, nobl eﬂELeai s, and m xtures
“thereof. [0056] Wen used, € additional non-zeolitic
NO r eduysibh&fieS PRI de8 M DORCTEIEDeddfibed i FRMAble 3
sufficient To provide increased NO reduction when
conpared to the use of the ferrierite NO reduction

conpasi tions al . Typically, the additi I
'nonfgﬁlfit’ﬁa?’gygﬁ‘gﬁgiti ons are used in an azg‘gnt up to
abogifal wekght percent of the FCC catal ygt0d nventory.
Preferably, the non-zeolitic conposition is used in an
anoJotal dptropeamdd® 30 wei ght percent, nos®-3preferably
up to ahout [ percent of the FCC ca t

i nvbﬁflgwﬁo’%\% V%Z%i tional NO reduction cgﬂnéégi tion may
be ldoafdieen Gatdonl®t.le FCC catal yst invent@y as a
separate particle additive. Alternatively, the

addMii GBI 'NO reducti on conposition may bd-

i nc ted into the FCC catalyst as an iy egral
corrg{jﬁjgﬁ? of the catalyst. [0057] t is al 5225 ,
conKeRpdtat ed within the scope of the presdml i nvention
t hat . NO reductjon co sitions in accordance with the
pr e§€ﬁ’t‘la}eﬁl\}%ﬁﬂ]?ﬂ9nnﬁ$(%e° used in combination with
othgr additives conventionally used in thgo&gCC -
process, e.g., SO reduction additives, gasoline-sulfur
red@0tion- additives, CO conbustion pronot é6%,

addi bi ves for the production of |ight ol efg%ﬁs, and the
i k& [ 0058] The scope of the invention i ot in any
waygphntended to be limted by the exanpl eggset forth
bel ow. The exanpl es include the preparation of

cat 80yst/additives useful in the process 8#3the

[ nvgg&,i on and the eval uation of the i nvenltj'é?)n process
to

[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,/NOy 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 788°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

N
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reduce NOin a catalytic cracking environnment. The

exanpl es are given as specific illustrations of the
‘weaeb@soed29 nvention. It shoul d be understood, hP@EBYEI004/036642

that the invention is not limted to the specific

details set forth in the exan‘pl es. [0059] A parts and

nt.ag [+ enmai nder.

b O pEnd |G i CAPEE  CRENERY , TEph fioh iR Hiflng of
Hydmpobot Ponessing Canalent AGSI S)ﬁﬁposame Sbiies&34g bt 171N{1686), ISBN

gﬁu}( gmg speci fied. Concentrations of gaseous
are by vol une unl ess ot herw se specified:
bERCR e et S
[Osggm %lecatl%ﬁ{ svragc ?%anggﬁg%%lh as t a?rﬁ]‘rgglgltrleggﬁtw?fﬁ cgliected.
Tm:aecztﬁec,m arSgseft theiC(ppopetér vesh 2 0g bSAdﬂztﬂveaﬁtd%QOSg of the samie
con i ons, physical states, or_percentages,

Sigamy uyge |Cf9§}“éllgl“3?‘%]}"?é Sriganaly doadesh wiws e E@.Rewnhwag of
Aacﬁﬁ@éﬁns@s @Heﬂdﬁ%‘ﬂcﬁ? gﬁ@efesogﬁ}@ a‘o?éédxﬂ%met?hg F99s is

range, 1 ncluding any subset mbers W th
timeng estrsmnrfwntthd limeXeAMed g E@EORIdmBs{iON pidmdier to the unit. As -

corrpo [ 40% ferrierite, 40% clay and
SIS LTI DA U B A nas A s HestiTe biscing NO,
enm]@gq%ﬂﬁhesb@w% SRk ning 29% ferrierite (SiQ /A

20) was m | |na als mll to an average particle
[0068] €l able I4es]sowmah1e 2ofvearsion Tind piddued yiedds |vath taﬁd SWidlidu¢ the

conbi ned t 2 Nat ka c| ay - basi s
colphiBab s FEPUSE b rAAIE (10 6P TS Comisesion and sracked
préiﬂict 9ielﬂi%ex’é@>‘élc%%&rd%§{geﬂ safrﬁﬂ@“o? o A48 biRad6s and hown in
.~ acid alum The catal yst” slurry was then spray-dri ed |

TahleBbviensancaynting for theTexpeeied wlatxatmtgu §Spragsperinedt m@qbanment
th _amon ate soluti.on ol |.owe
bofERGUIPREFE, 4] LB %R Eerrully b withour

sighifivan(y laffeeiigpt theeraeiid. gf‘aﬁi@c@r OREdst | % Bhrtichgr, both overa]l
additive are shown in Ta 1 bel ow. EXAMPLE 2

convesitm 381 t desnlinco st Pt TR rsub@arnttaélyanuemg%ugh the FCC
fecBbidlk D& SRIndLAbdrintEiER a high nitrogen feed.
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was prepared as follows. An aqueous slurry was
prepared whi ch contai ned 2174g of al um num

wa@bdosnoghagdr ol sol ution (23% solids), 1500y (drRCDES108)/036642
o. ferrierite (SO/A =20, Na O+ KO< 0.2) and
enough additional water to make a slurry which
cont ai ned about 40% solids. The slurry was mlled in
Drais mll to an average particle size of |ess than
2.5 mand then spray-dri eflﬂlgsa Bowen spray dryer. The
spray-dried product was cal'ciied for 90 minutes at 100

Ré&duciibe o NOp Etibg6nsArofie Rabéleyabr ¢Be DAGMON CirchBEhE Riser
bel ow. (Do VRIEn 3155063 e AR T b 1115258 ARt BVl §1d B
eval uated for their abiTity to reduce NO entsSIons
froma U using the Davison Circulating R ser (DCR).
Aldditidescr i ptiocont of {IM@S DCHRlaa6abBare pubNiOghed N, Rb&uction
follow ng pagers: . W) Young/h NPD) V\éa(tnlwy-,gee, anté«y,%. :

Caydpavey, "Sinulating Commercogg FOCU Yiglds' Wth The
Davi son Ci'rcul ating Riser (DCR) Pilot Plant Unit," ‘

CPRBTCBSal PeDi28] eum RbPi ners_A828bci at i on5B4PRA) Paper

8-52; G Young,, "Real i stjc Assessnent of FCC
AdRUPE A st Per%veér mance 3 n t he Lg{}gr atory, 'r'I‘in n Fluid 22

Catal ytic Cracking: Science apgh Technol qgy, J. S. g7
Magee and M M Mtchell, Jr. Eds. Studies in Surface
Sci ence and Catal ysi 84 Vol une §& p. 257]4E sevier 74
Sci ence Publishers B.V., Ansterdam 1993, | SBN
0-444-89037-8. [0064] The DCR was started up by .
Cagingt gi ng the unit with approxpsmtely 1830y of a (r)
coymer ci al Igﬁavai | abl e cracking catal yst, SUPERNOVA

CP-DMES obt abded from-& ace Da¥3%5on, hydfdt hermal Iy _

j vated kn a fl uixdi zed be eactor wth 100% s§gam

Adﬁgﬁg? hour s gt 816 C.3 20Tabl eg§g Pr opert;@ess of 8 f
Additives Made in Exdnple and8Exanple 28additive A3

Additive B 24 874 165 65
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TV @1750 10.78 4.68 SSOW. %- - A OW. %21.741

29.4 REOW. 9%0.011 <0.025 Na OW. %0.035 0.10 Fe
w5 a2941 o.r TIOW. %0.913 0.0 W. % SA RET/US2084836642

320 Matrix W. %58 85 Zeolite W. % 187 235 Average

Particle Size . m76 83[0065] For the purposes of the

eval uation, 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

@0 F 21.2 Sul fur, wiafpP 4206 Total Nitrogen, w.%

0.31 Basic Nitrogen, w.% 0.0868 Conradson Carbon,

Ww.%0.3 N m ' . : .K,Factor 11.61
Si mul at ed%—ﬂﬁ%—m{——vﬁ—&%—oié—dm I10 %é?&ede’? ey Fidha 98 20 682

Cracking Catalyst :

Catalyst Name w/ 0.25% CP-3(CPS) w/10% Additive A w/ 5% Additive B w/ 5% Additive E

Average of All Tests TOS=1h TOS=3h " TOS=23h
Rx Exit Temp, C 521 521 521 - 521
Conversion, wi% 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=, wi% 3.44 3.78 . 3.90 3.51

Total C4, wt% 7.03 7.04 7.22 726
iC4, wt% 1.66 153 . - 1.62 1.59
Total C4=, wt% 5.00 5.15 , 5.24 5.31
iCa=, wt% 1.52 1.59 1.62 1.65
Total LPG : 11.03 11.39 11,71 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 25.40 25.51
Bottoms, wt% 15.55 17.07 16.45 16.52
Coke, wt% 3.37 3.17 3.16 3.13
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40 789 60 865 80 943 FBP 1265 [0066] The DCR was

operated wth 1% excess in the regenerator, and wth
W0 b@snegener at or operating at 705 C. After thePCmUB2004/036642

stabilized the baseline NO em ssions data were

col l ected using an on-line Lear-Siegler SO /NO

r (SMB100OA). Subsequently, 100Qg of catal yst

IE‘L@\gf-éz'l-‘ylfigrject ed into the DCR consisting of 4.75g of a
[0069INMYeJoeh s itRangneprizinga6 3% -foakeite, 0/ Udimma vl amatiés kaolin

CP-3 &r}a }(éobt ained from G ace Davi son), which had been.
clayjehlDITEYB &) as mpeparrslassoleW 8N @ansqus SIHTYaWgs argpargd Nyhich

Vi ysi-ng,.t el i C. e ' -hqd
confinp 40:J5tbs, e SRR Sh a0, TP sansR o
bas{sh of ferRte (STO?/M;ES cx i1pf NejO efKithe: @RS ethaddioliasclegs is),
published in L-T. Boock. T.F. Petti , and J. Rudesill ,
and' ¥nftibsradditibnal Medtad, eDewdit ioviabkeon shiy which contained about 40%
Met al - Dehydrogenation Effects During Cyclic Propylene
SO]@?-SF@S%W 8’@% BRILFE "CétDJF‘?t’T“il © BCRCFREC RAATG §1z8 of less than

. : _ hy ' ol -
2.5 BRI S en 3R d one FEEIeRaRt SRy e TBlgspray-arcd
protlSBNvey- 81dipe®4di1 66 mih0@67A] 1APQ°Er The propettiasast thgadatalyst are
st abiéjjé'#)fgf the N emi ssions data were coll ect ed. '
shoymdp dapPieet DelgWs25g of the CO promoter with 210y of
Additive A or 105g of the sanme steamed deactivated
cracki ng catal yst origi n?ddbyegoaded into the DCR with
1059 of Additive B was added to the DCR. The results
are recorded Prpdiaibl ef AdicvoMadeéSExsmplenre on stream
fromthe tinme of adding Pt CO corrb%(tj‘%,o,n onoter to
the unit. As shown in that table arf9¥'H¥¢& GURE,
Additiyes #4.and B are effective in regygi ng NO
em ssions fromthe DCR regenerator. [0068] Table 4
shows B#&, Bonversi on and product vyiel@s’3nth and

W thoul,; 1€ 33.004
RE>O3, %: 0.049
Na;0, %: | | 0.135
Fe, 03, %: 0.295
TiOy, %: 0.448
DI: - 1.3
APS, microns: 93
Surface Area, m’/g: 257
ZSA, m*/g: 205
MSA, m2/g: 52
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conposition of this invention. n Table 4 the neans of

conversion and cracked product yields were cal cul ated
waigisg4a2sanpl e of 7 baseline DCR tests. As shPUOITUB2004/036642

Tabl e 4, when accounting for the expected variation

fromexperinment to experinment, both Additives A and B

are especially effective in decreasing NO em ssi ons

wi thout significantly affecting the cracked products

yields. n particular, both overall conversion and
EXadBLEe yield do not change substantially, even

h h the F ed k d h . ' '
oo BB SR el BRSPS R b
foll WSSS O@ﬁln%’r le aﬁ%gﬁﬁﬁf a Qt(]u&fust dlﬁaferal\awﬁxgnzo% solids of a

rcu atlng Ris (DCR) When Using Ferrierite Zeolite .
pe;BﬁShld Aatabirtai @emamaa @]LBnlAd dhopidee oﬁwwﬁt frompd-a-R gehedagustries

tnceisy YOS P eERT gt s FPEhed Mime 31,6 s of

: 0 % 90RHES 871024 8% 4qildblis 2ddiGat Wdrstid®@s&ution
| the%agu%}g% GF&L%%P%I%HZS r1]§ 937 474 Aadltlsve ]B 5}@ 85;9 55

(5088 mc&mwasza@dzmesm 0¥6Bs6s czmms@@%ﬂ@dﬁvgﬁh i(@hfaiggg from -
Rigpe St cB s b s 0 Mgt BN PRSP E B e PR
The YaA%¢i Wby Qilsted with a sufficient amount of water to bring the solids
concentration of the slurry to 12%. Finally, 3.38 Ibs of jon exchanged si]iga sol of |
Nalco 1140 (obtamed from Nalco Chemicals Co.) was added to the slurry.  The-
mixture was agitated to assure good mixing and then milled in a stnfred med:a mill to -
| reduce agglomerates to sﬁbslantial]y less than 10 pm. The milled mixture was then
spray-dried to form approximately 70 um microspheres and thereaﬁer calcined at
approximately 650°C to remove volatiles. The resulting material was impregngted

with an aqueous solution of a Cu containing salt (e.g., CuSO,) to achieve about 2%
Cu on the final product, and was flash dried. The final product had thé following
analysis (dry basis): 7.8% SiOy, 7.1% Na;0, 18.5% Ce0, 60.2% Al0s, 1.9% Cu and ‘
BET surface area of 111 m%/g.

EXAMPLE 6 |
[0071] Additive C and a blend of Additives C and D consisting 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 usi‘ng the CPS method. After the
unit was stabilized, the baseline NOy emissions data were collected. Subsequently,
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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Average of Al Tests TOS=I h TOS=3 T0S=23 Rx Exit

Tenp, C 521 521 521 521 Conversion, w % 58.52 57.16
wW®B00544879 97 C/ O RATI O 8.72 8.59 8.69 8.60 H2 MCPUS2004/036642

W % 0.05 0.05 0.05 0.05 Dry Gas, wt% 2.00 2.08 2.10

2.03 Total C3, W% 4.00 4.36 4.48 4.07 C3=, wt% 3. 44

3.78 3.90 3.51 Total C4, W% 7.03 7.04 7.22 7.26 iC4,

%.1. 3 i al =3 9% . ‘t d
e L0 crtsiiyhofiiet 0k G pd AT TR Iwhot BRdeC an
thelblerPofl A ddilivéd C3I3d Basel dffeetivannddeda g 2 LbniddiodLin the DCR
41. 48 G Con RON EST 93.

1 93,12 93,20, 93..12 LCO, %
unip SeggeeIry Honeugn e blﬁg b dgHes ?& @}%‘3113 ."5‘?“1“?5%) 0 %.Cﬁ?lys‘
. 16:52. e e ETANCY : A
e R R N e A T e A
thaad d@ade €5% kaol in clay (ADDI TI VE C) was prepared as

foll ows: An aqueous slurry was prepared which

contai ned 40.1 | bs of al um num chl or ohydrol sol ution
(23% solids), 29.3 Ibs (dry basis) of ferrierite (Si O
/ Al 16, Na O+ KO<0.2), 7.9 I bs kaolin clay (as
is), and 32.5 | bs additi ofiablewat er, enough to nmake  a

sl u}r)ry whi ch_cont ai ned

OPE

wa ditp DER Tests
of

A?’f %rNi @

Engiheering spray drier.

%D% olii.ds. Th lurry
@%ﬁ%&éﬂﬁ»ﬁmm e size

mand then spray-driedhyfn a Bowen
The spray-dried

-Sulfur, wt.% 0.369
Total Nitrogen, wt.% 0.12°
"Basic Nitrogen, wt.% 0.05
Conradson Carbon, wt.% 0.68
Fe, ppm o 4
Na, ppm | 1.2
K Factor. 11.94
Simulated Distillation, vol.%. F
5 . 513
20 691
40 782
60 859
80 959
FBP 1257
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product was cal cined for 60 mnutes at HOO . The
properties of the catalyst are shown in Table 5 bel ow
waaism4BE2Pr operties of Additive Made in Exanpl BCHUS2004/036642
Additive CT.V., % 4.76 SiO, % 64.73 Al O, :
33.004 REO, % 0.049 Na O %0.135 e O, % 0.295
TiO, : 0.448 DI: 1.3 APS, mcrons: 93 Surface Area,
/g: 257 ZSA, m/g: 205 MSA, m/g: 52 26EXAMPLE 5
[0070] A participate NO relda#ﬁtjéon conposi tion
(Additive D) was prepared [lows: A slurry was
prepared from an aqoERE e\Equalihriun SatAystl i ds of a
pepti zabl e al um na (Ver sal 700 al um na powder obtai ned
fromLa Roche Industries Inc., 99% 30% noi sture). The
hHG | NG .prepar ed using 31.6 I bs of the
(’Zil1 'm]@ﬁéo ‘ﬁ%vﬁgum' na slurry 3.87 | bs of an aqueous
sodiSi@zhydr oxiwgh sol uti on (40% NaOH) was added. Next,
10.4 Ig§ of ceri um carbonate crystals (obtained from
Rhorf¥205ul enc, ™i%c. , 96% 50%hoi st ur e) was added to

the gk208y. Thg o5l urry was 1did uted with a sufficient
amount of vvater to bring t%estoI i ds

)

- C A

Na20 D W%

S04 D W% 0.10
Fe D W% © 0.6
TiO2 W% 1.2

Ni : ppm 1060
v : ppm 1760
SA : m¥g 174
Zeolite : mifg 127
Matrix : m¥g : - 47

Unit Cell  Angstroms | 2428

29



concentration of the slurry to 12% Finally, 3.38 |bs
of ion exchanged silica sol of Nalco 140 (obtained
wo c@sioNakeo Chemicals Co.) was added to the slPCT/YS20041@36642
m xture was agitated to assure good m xi ng and then
mlled in a stirred nedia mll to reduce aggl onerates
to substantially less than 10 m. The mlled m xture
was then spray-dried to form approximately 70 mm
m crospheres and thereafter calcined at approxi mately
650 C to renove volatiles. The resulting material was
i npregnated with an aqueous solution of a Cu 5
containing salt (e.g., CuSO ) to achi eve about 2% Cu
.on the final product, and Twde8l ash dri ed. The final

pr, oduct had. the foll ovv| ng anal yS|s (dry basis): 7. 8%
Reguction o, NG, Z3) 1sgignsshrony dhe Rggenevatoy OfThe DavsoGirgnidti

BETRésgr fQER) Whep Using AddeAlGD@FTBe Bﬂmﬂll@f Addiiives@ aﬁ‘d D
andddiivend of Addiivd vesTQSand Phed@as st i nyof 75%NO,
Addi tive C-and Ahbomddi ti(ie D wheRatet est qedppm)t hq“qg&,on
with feedstock hgg)ng the propeghigprshown in Tabl e(@)
The unit was | oaded with 19959 of an equilibrium
cracking catalyst (ECAT) having the properties as
Carrdyit + GP-Babl e 70.2%l ow, ahd 5g of8%%he commesxial ly

d%L\l le CO co stl on ptonot er -3(r), which had
een acti vat ed or 20 hours at C wi t h&ht any 40
added Ni or V using the GBS methoghs After e uni t Vs
stabilized, the baseline NO em ssions data were
col l ected. Subsequently, 42g of Additive C or the

’ diti and were i cted in the unit

Cg}amg+\je\nﬁ)t#jo. 25\9@205? t he ggnbustl gj pr onot ek’% and

Atgitivés@+@f the ep@ilibrimmcatal ysg. The regults arey
shown in Table 8 below. TOS is tinme on streamfromthe
time of adding 27the Pt 188 conbust?2on promdBer to thé
unit. As this Table shows, both Additive C and the

~blend of Additives C and D are effective in decreasing

NO em ssions in the DCR unit regenerator. However, the

bl end of Additives C and D when used in the catal yst

inventory in the sanme anpbunt as Additive C alone is

nore effective in reducing NO than Additive C
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Table 6 Properties of Feed Used in DCR Tests Descri bed

in Exanple 6 APl Gravity @0 F 25.5 Sul fur, w.% 0. 369
waoaoalo4™ee r ogen, Ww. % 0. 12 Basic Nitrogen, w.BeOUSH04/036642

Conradson Carbon, wt.%0.68 Fe, ppm4 Na, ppm1l.2 K

Factor 11.94 Sinulated Distillation, vol.% F 5 . 513

20 691 40 782 60 859 80 959 FBP 1257 28Tabl e7

WS EERER %, 1 400 AL2GR e, 90 46. 1 RE2CS
Ww.%1.44 Na20 wt. % 0.32 SO4 wt.% 0.10 Fe-wt.% 0.6
1. A process of reducing NO, emissions from the regeneration zone during fluid
catalytic cracking of a hydrocarbon feedstock into lower molecular weight
components, said process comprising o
a.  contacting a hydrocarbon feedstock during a fluid catalytic cracking (FCC)-
process wherein NO, emissions are released from a regeneration zone of a
fluid catalytic cracking unit (FCCU) operating under FCC condjtions with -
a circulating inventory of a -cracking catalyst and a particulate NO,
reduction composition having a mean particle size of greater thah 45 pm
and comprising (i) at least 10 weight percent of femer]te zeolite, ‘and @i1)
from about 5-to about 50 weight percent of an morgamc bmder selected
from the group consisting of alumina, silica, silica a]umma alumma .
phosphate and mixtures thereof; and '
b.  reducing the amount of NO, emissions released 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 NOy 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

NOj reduction composition is at Jeast 30 weight percent of the composition.

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

* NOjy reduction composition is at least 40 weight percent of the composition.
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T2 m.%1.2 N ppm 1060 V : ppm 1760 SA : /g 174

Zeolite m/g 127 Matrix : /g 47 Unit Cell \nsstrons
WQ20020842%abl e 8 Reduction of Em ssions From TPET/US2004/036642

Regenerator O The Davison Circulating . R ser (DCR)

When Using Additive C O The Blend O Additives C and

D |
6. Aﬂ% ﬁfﬁé%sgqqg%ﬁﬁ’? g}%]ﬁﬁ#@a@gl é"?tfgllﬁiéﬂé@%g kséﬁ@‘h@the

2 896, 1&RicAcs chinpesidrlis At Bagdh weigly percegodt o Composmon
Catal yst +CP-3(r) 0.25 2.8 907 169 Additives C+D 1.9
7.8 918 78 54 12.3 922 78 54 30WHAT IS CLAIMED IS: . A

pr hABEntf STaEfchiee SRURBfeddr @ th
7. zoggheed m%ss ?f@%gﬂca argﬁtgéc@ag% ng of a %ydroggr bon ©

f eedey, Q@dﬁ]chﬁi] @olpusitionvirges ffmm weiwyHo o mbpmn&:h weight gergent
_process conprising a. contacting a hydrocarbon
f eedfstho CRMAATIHAY a fluid catal ytic cracking (FCC) .
process wherein NO enmissions are released froma
regeneration zone of a fluid catalytic cracking unit

8. (FCEhd pﬂmessadsf @lgiru NdelertiBGhe emdint ofrfsmmigritchzeolite present in the

NO, reduction composition ranges from about 30 to about 80 weight percent

* of the composition.

9. The proce'és 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 I1A, 111B, IVB, VB, VIB, VIIB, VIIL, lIB, 1IIA,
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 1B, 11A, 11B, 11IA and the Lanthanide Series of

the Periodic Table, and mixtures thereof.
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a circulating inventory of a cracking catalyst and a
particul ate NO reduction conposition having a nean
w@anosioei4eo si ze of greater than 45 m and conpri BCTYSZ00)/036642
at | east 10 wei ght.percent of ferrierite zeolite, and
(ii) fromabout 5 to about 50 wei ght percent of an
I norgani ¢ bi nder _sel ected fromthe group consisting. of
14| unilhe pregess eh Claim 12 avhereini the stabiligifgnaeiah ds pelacted droin the

m xt f.rand b. reducing the ampunt, af NO, .
o < BB oSN B o A ahrp CHELRR Dk SRR B e, Famixtures
FCCUHeyeofit | east 10% as conpared to the anmount of NO

em ssions rel eased in the absence of the particulate
NO reduction conposition. 2. The process of Claiml

erej F I [ cat.al yst...conpri ses.a Y-type. ,
ol FrEp Bt ORbRIE AR R ERRBIL S etopparbP ingo e
accopgts shid farieHieUicodtesubst anti al change in the
hydr ocar bon feedstock conversion or yield of cracked

Yy dr beappesisss 85 Gopdr wherel theeinhigdnischbindenist sdesedlom the
£ rongiofin hBbipt sl oGl Sisca ¥ABEREROR R Bt

Claim1 wherein the anount of ferrierite zeolite
resent in the NO reduction conposition is at |east 30

inei ghte Rf@?@éﬁ? Corimy Hewhergipghe inosgenigbinderds plustnss of
Claim4 wherein the anount: of ferrierite zeolite
present in the NO reduction conposition is at |east 40

18ei dfite prxcesnof- Glaih &7 odiepasithe @lumidd s ahh&i® @aRse mRptized
G aim5 wherein the anount of ferrierite zeolite '
presEYP™n t he NO reduction conposition is at |east 50
wei ght percent of the conposition. 7. The process of
Claim 1l wherein the anount of ferrierite zeolite

19pr esBstprocess hECNONrigdulsdreionhe domas is ishminamgdiorbh pdrol.
about 10 to about 85 wei ght percent of the
conposition. 8. The process of Claim?7 wherein the

202N UrHe Rbccs€bf CRIimt BwheRid he A RSest inbfrahlenihgr resené' the
reduction conposition ranges from about™ 30 to apout 8y
wei gqqft]cyglq;é%x reduction composition ranges from about 10 -to about 30

weight percent of the composition.

21.  The process of Claim 20 wherein the amount of inorganic binder present in the
particulate NOy reduction composition ranges from about 15 to about 25

weight percent of the composition.

22.  The process of Claim 1 wherein the particulate NOy reduction composition

further comprises an additional zeolite other than ferrierite zeolite.
23. 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 ALO;

molar ratio less than about 500.
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of the conposition. 9. The proce'ss of Caim8 wherein
the anmobunt of ferrierite zeolite present in the NO

w0 e@aotidsen conposition ranges from about 40 toPEDUSL004/836642

wei ght percent of the conposition. 10. The process of
Caim1l or 3 wherein the ferrierite zeolite is

ed wth atjon,selected fromthe group
on??lg?;)ﬁ%cea%of@ gjénthfﬁﬁbﬁi u‘%] O24p kp?s mdlagiratipds less than

- combpgrations thereof. . The process of Claim1 wherein

the ferrierite zeolite further conprises at |east one
stabilizing metal. 12. The process of C ai mwherein

he stabilizin a .net al Iectedfromthe
23 Ul Orielt PG e G ke ApOBOnh/EFOBR Wighed from the

VI roﬁ(ﬁ'donsﬂs’ﬁago ik '%S]\ld\éo‘ Z§M 11t %tel-%@mqu?no?géﬁl é\%IM-56

The Periodic T m xt ur e 't her eof
pr océsditedl, @bdnmth mhmnalenchalbezma; abhboptiblig, VREL2d, SMCM 35,

20 L, ST A% LI A 2o

Tablﬁ 200061, XZRILSNihene]h . c31214ss'z”f3% NeLs Ss?& 44, SSZ-23,

Claim 13 wherein the stabilizing metal i's se
fr orﬁaqlneargn@ UPeitinnisé, dtavderitef Lewymehhaumontiae, lEplﬁlhlBite Gmelonite,

Ssi um,and zi nc. m Xt ures thereo e
pr oc §’§108fhn&1 ?ﬂ%g?’e?@fq’“ﬁ@“ﬁ abiti§1ig néa\ﬁl\é’%gétle’ i §oosecreekite,
I NnCNPIAE 88l mptteret hRrd@res of the ferrierite zeolite.
16. The process of Claim1 wherein the inorganic
bi nder is sel ected fromthe group consi sti ng of

263, 58 ARl S PR HTHER ) MR, L0588 e

27.

28.

29.

30.

| s group Bénsmllﬁg of NESMIr HCESM- D, HetaINTIM- 49""5{0%(4?11&h§4CM 56,
alumna is an_acid or base pepti zed al um na.
Zeolite-L, zeolite Rho, errlonne chabazite, clinoptilolite, MCM-22, MCM-35,

Offretite, A, ZSM-12 and mixtures thereof.

The process of Claim 22, 23 or 25 wherein the additional zeolite is present in
‘an amount ranging from about 1 to about 80 weight percent of the

composition.

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

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

The process of Claim 1 or 3 wherein the NOy reduction composition further
comprises & matrix material selected from the group consisting of alumina,
silica, silica alumina, titania, zircomia, yttria, lanthana, ceria, neodymia,

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

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

less than 70 weight percent.
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19. The process of Claim17 wherein the alumna is

al um num chl or ohydrol. 20. The process of daiml
wob@seiT2e he anount of 1norgani c bi nder preseneCT/NS1004036642

particul ate N reduction conposition ranges from about

10 to about 30 wei ght percent f the conposition. 2 .
TheTpr ocess of C aim 20 wherein the anmount of , .
31i nofganproceisnele Clamededit 3 irhpe cpmpisiagl igeeveriog the cracking

reduct j

wei e BC G S5 (e BRREp BT AL e pRaCERMba T o

C airgdchermiioh 2bhe {d1egdRfdid Said 34t81yNO r educt i on
conmposition further conprises an additional zeolite

other than ferrierite zeolite. 23. The process of

Cl ai,im 22 whergejn.t ddi.tional .zeolite is zeolit

32 i Thotess Bl T ARohh ' BY cliBE cobs| eyl RtictGee Mo,
ANg$édiREBn absposRida tafe Muidzéd| dfringatbati@is shi!ﬂah%rdrocarbon‘
about 500. 3324. The process of Caim23 wherein the

to eddarockatio is less than 250. 25. The process of
Claim 22 wherein the additional zeolite is selected
fromthe group consisting of ZSM5, ZSMII, beta,

33 MCMT8, pro®dsel i d1gim Vv D Gurtiée @ohipeising @@@dciihg thh@ydrocarbon
errioni'te, chabazite, clinoptiloljite, MCM 22, MCM 35,
NCV@, with pit legst 0Be a@diiongUND s e SUORZOTONAiRs, ZSM 22,

ZSM 35, ZSMt 57, ZSM 61, ZK-5, NaJ, Nu-87, G M
SSz- 35, -SSZ- 48, SSZ-44, SSZ-23, Dachiardite, . .

34 Mer IThe @iréeess bHCthanidBeyhdreivythe addidomad NGO #duction. composition is
Epistilbite, Grelonite, G snondine, Cancrinite,

Br e RdCBIZEPBUC SYMPITHW®.  Paul i ngite, Goosecr eekite,
Natrolite and mixtures thereof. 26. The process of

Claim 25 wherein the additional zeolite is sel ected
35.f r offht eogsowp @ains B4 twhegein ftheZ SAdiGpnad SNO) Ir¢dusabm composition

MCM 49, .nordenite,. MCM 56, . Zeolite-L, zeolite Rho,., . °
Cr PORPEES R aBASIIGmeE Phisfaerimpe suRERfsyy ol @) o
O f hRidt@mpdnedSMeadirédds HeXbHHAESseldtRIdEPém the group consisting

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.

36. The procéss of Claim 33 wherein the additional NO, reduction composition is
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.

37.  The process of Claim 33 wherein the additional NOy reduction composition
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. IB and 1IB of the

Periodic Table, and mixtures thereof.
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27. The process of Caim22, 23 or 25 wherein the
additional zeolite is present in an anpbunt ranging

wo e@soaiaeut 1 to about 80 wei ght percent of thBCT/US2004/036642

conmposition. 28. The process of Caim27 wherein the
additional zeolite is present in an anount ranging
from about 10 to about 70 wei ght percent of the

15 RR 3 of D, SRR LR Sl abosion

Mat Ldotn Rk 6f bt henfahesbniditing tspmelgwnmn iUk Satfnregmetfal and
alumna silica, silica alunmina, titan zircon

yt t & becondan¢thlmmvingevilancedugiryihap th a‘ﬁ“EﬁnF% of gajd ém;ténetal at
g?g@ég&% cBhETROAY ir Ll el 65 LA TRA angReoddhetals

pr eﬁr?cp TeBst e 20RHBhert RF 2 folhal mtdalwWeh@hharpesié €indt, second and
e process ' of daim1l1 or 3 further_ conprisi

r ec dmﬂ mnegls, Néhemnae:hd m@lrd: aretal ys seleqieshiTemy he &‘Pﬁpa%‘tqsﬁb}ng of

igﬁ r&g’d }% r@%ﬁé%’a Té’uB f&r%ll?:( aélﬁ\ Iqllﬁ‘.ﬁlsr BREARL 81O etals,

Focess of

d aiyp ﬂ%%'hﬁh{‘dréilﬁ) ﬁfe@eﬂklaﬁ@ rﬁﬁtlﬁéys}term’fd atndheald fourth metal is

particulate NO réduction conposition are fl uidized

dur selgetednframt theg geaipd conpistivE aph dons dbekeoBIaNTYE; Chyjpgnium,

process of C a 1 ar 3 rt S ct
t he THPEFSEEr bCé) ’ee%? R EHI nﬁe o{}#é %@gﬁ% érﬁﬂnony,
r edyghd9iin GAARASIukdsQhered®. The process of C aim 33

wherein the additional NO reduction conposition is a
non-zeolitic conposition. 35. The process of Caim 34

39”‘%?" n%rtogt%fagpldié]gpglb NRAEAIUE bR CaRARInk! §inel comprises

an aci dic netal oxide containing

subsanatiiaml & said freahébband @Ymmumessdaid sepoh metal.
neasured as the oxide, selected fromthe group
consisting of an alkali nmetal, an alkaline earth netal -

andgrﬂ Q%ME&§ 5fh@fa?rﬂg39( GAkrcd (RXYIRDN nedilr @@eporeh@lin the metal

nponent ; an at | east one nobl e netal

coneonritting spinel is se]ected from the group consisting of a Platinum Group

41.

42.

43.

44,

metal, the rare-earth metals and mixtures thereof.

The process of Clai'm. 38 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.

The process of Claim 38 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.

The process of Claim 33 wherein the additional NO reduction additive is a

zinc based catalyst.

The procéss of Claim 33 wherein the additional NOy reduction additive is an

antimony based NO, reduction additive.
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36. The process of Caim 33 wherein the additional NO

reduction conposition is a low NO, CO conbustion
W@e@sntEe9 conposi tion which conprises (1) an arCTUR2004/036642

oxi de support; (2) an alkali netal and/or alkaline

earth netal or mxtures thereof; (3) a transition

nmet al oxi de havi ng oxygen storage capability; and (4)

pal | adium 37. The process of C aim 33 wherein the

addi tional NO reduction conposition congrlses (1) an
45aci df h@ piReese of Uplgn 33 whyreignthg afditionael el regugtion additive is a

al k %kﬁeanéﬂaﬁg raé)uchlg}])éh&ﬂlsg thereof; (3) a

tra s |on avi ng ‘oxygen storage
capablllty, and (4) a transition netal selected from

G ou IB and JIB of the Periodic Table, and m xtures

46t her proggasﬁf Glain gRovbesinghe erditiona3N @R erduationtrdditive is a
addi ductl on osition conprises at |east
one]ﬁ@Fﬂgcgon Mg % % %Bmhlch i ncludes a first

metal and a second netal havi ng a val ence hi gher than
the valence of said first netal, at |east one
47¢ ompdhsamecess of Clawmy iwherein the pagieuleleaNOs sidyction sempgsition has

SeCadoiEL 88, 30 Al LEAT SO WARIRRYSNT Of a four th

an said Sseco nd third netal s,
wherein said third netal is selected fromthe group
conS|st|ng of Goup IB netals, Goup HB netals, G oup

48V1 A THEIRIPSESS of IR 47 S 1Bt apgiculeoNe, aﬁmmmn@oawsmon
met glis, g&gr g?hﬁ%cﬁée §5e HOT &R0 s RhLRH fsd gyrth metal is

sel ecte group consisting of 1ron, nickel,
ti tanl um chrom um manganese, cobalt, germanium tin,

' bIS , nti vanadi um an xtures - .
4501 STHE s 3L SloRYI, L1 T, el i S M €2 cion
c ontcafn@bﬁaoﬁ RL2DaCREP LItSESH AREN e§1) szu@%f?éék gne{x]]' 4t
metal and al um num as said second net al
process of Claim 39 wherein the third met aI conponent
e neta

30y ol g s of gt 78 Bielh AinpePoptribaired i cdposiion

rar egpeattivanRtadlsss @neh 70, Xt ures t her eof .

51. The process of Claim 49 wherein the particulate NOyx reduction composition

has a D1 value of less than 15.

52.  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.

53.  The process of Claim 33 wherein the additional NOj redﬁction compos'i'tion
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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41. The process of Caim38 wherein the third netal
conponent is present in an anount in the range of
W@bwaw41@2901 to about 20 wei ght percent, cal cuPEr/E@8208$036642
elemental third netal. 42. The process of C aim 38
wherein said fourth nmetal conponent is present in an
amount_in the range of about 0.001 to about 10 wei ght
Sdyer carftvid Capcking edalyals (RCEnEomBOsitiQ IHChnepaiposidn cohmrises
pro I 1p: wherejn t i tional .NO 1
redg‘gf ?ao?%ééijdﬁfa %ﬂ\}rﬁé | SIPYFE ﬁlc Sgg%b %dflgét%?ll@%zt”?g gihe giggking of
pr odsgisocibds abnted F@b escpidftionbe atiqby aopaicRe NO, reduction
reduction, additive is an anti nony based NO reducti‘on
addi CMROSItPBARVIngHempiopastele sizeOf &repe33hathdsy pimarntdn@mprising
addi tyi ction additive is.a .
per o'i S%}t@ 4les-t gl'élv%eg I‘@r(ceﬂjégﬁg Wl%rﬁ‘%a%@“ter gd (igaboyp, d to about 50
pr ocesighpercini oN 33inohRne) Bind&escdstd f10RAtheNPoup consisting of
reduction additive is a hydrotalcite containi ngp :
conpoEniNetilicy pilicrluming cdesingfphospliatn, andvndxieies théveof.
particul ate NO reduction conposition has a nean
particle size fromabout 50 to about 200 m. 48. The
55pr ocl@mscand]yClodliGhidy Savheresdin e BCQardokid @n®hdNent contains a Y-
reduction_conposition has a mean particle size from
abodYPEASOfilE- ahout 150 mm  49. The process of daim1 o
3 wherein the particulate NO reduction conposition has
a Davison attrition index (D) value of |ess than 50.
5650. Theamlyst of Sl 53 ahene#OtheiN eiedudtid: @RfFdsRAE %réﬂ@n in
reduction conposition has a D value of |ess than 20.
51. SHAPOPLIEDTRY ograriE Aga el e kaeplie s Satymegente of
redl}lé%%'ﬂ%Zﬁl@@ﬁitﬁl'dﬁfhlﬁéoxﬁaﬁ%it\f&l.ue of less than 15.
52. The process of daim?2 erein the anount of the
NO reduction conposition is that anmount sufficient to

57 g gg?ﬁhg :caf%]}rsf?l (tn!' ela?rg 5f4€v«r/hrelr§'1¥1|t & arlzagglltlo%?e}rigrit\gzte%ﬁ% present in the
NOjx reduction composition is at least 30 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 40 wei ght percent of the cémposiﬁon.

59.  The catalyst of Claim 58 wherein the amount of ferrierite zeolite present in the

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

60.  The catalyst of Claim 54 wherein the amount of ferrierite zeolite present in the
NOy reduction composition ranges from about 10 to about 85 weight percent

of the composition.
61.  The catalyst of Claim 60 wherein the amount of ferrierite zeolite present in the

NOx reduction composition ranges from about 30 to about 80 weight percent

of the composition.
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in the total catalyst inventory of less than 2. 53.
The process of Caim 33 wherein the additional NO
WO e@aotiden conposition conprises (i) an aci di CPOEUS1004/036642
oxide, (ii) ceriumoxide, (iii) a |anthanide oxide
other than ceria, and (iv) optionally, at |east one
oxide of a transition netal selected from G oups B and :
628 Ofpd @ﬁa]?ﬁrdf Qﬁh}ﬁ} gﬁ%@nelﬂ‘@@laﬁadﬁﬁf & et ze?]té(f)f*érs@rﬁ in the
t her eof cracki ng catal yst
conpyi Uc@ttloMDniposompwgts front et 48de abal)t # Welght percent
cr ac@l}lﬂ onent suitable for catalyzing the
cr ackit gc?frﬂp i}ﬁ‘i”bcar bons under FCC conditions, and (b)
a paniculate N reduction conposition having a nean
particle size of greater than 45 m and conprising (i)
63at | Bastatalyswef §itinpst cérreinfthd derriemiei teolimenl éxtobangeddwith a

ii) about .5 to.about 50 wei ght nt. of an
 nor AR co o O3 s B s St RE <6 BB essn rupeRigme kel

al und,Ba; afd édrffinatiidsite@estl UM na, al um na phosphat e,
and m xtures thereof. 55. The catal yst of O aim54

wherein the FCC cracking conponent contains a Ytype

zeoI T cat of d m 55 wher ej

%4 ed ’b}el Sﬂa]g’gnﬁpg qjﬁnoﬁi @ebﬁlgg}é%?erpﬁrngnze ﬁ{ﬁj er Compnses at
suf flegd oAt staBilRim@vhéegr. a ratio of ferrierite zeolite to
Y-type zeolite of less than 2 in the total catalyst

conposn tion. 57. The catalyst of Caim 54 wherein the
=Y A ent in
o e B b S s3bi 61,6 Fel B BEBR fRel e Deibesgoreg rom
the tg@ gnﬁfpl donSigind§. Grbags Al AIBsIVRIVE] wiBn \'z'ﬂBV\ﬁvm B, 1114, -
the amount of ferrierite zeolite present in t he

r edddh-oN Ae dhp dsniliapidei Serigs ofedBe Fepodisi ?j?ﬁle,pétgc@?ﬁ mftures
t he sition. 59. The catal yst of Caim58 wherein
t he anount of ferrierite zeolite present in the NO -
reduct| on conposition is at |east 50 weight percent of
he ositio 60. The catal yst. of  C aim 54 wherein
66y he okt Yot o Gl ¥ erfgb?n %alﬁf@gwetﬁhlst teeqigd from the
r edﬁ%ﬁ% g?xgsgégﬂg%ftcsx%ﬁpsr AMeAAl TENIARQYhe £0nthohnial %@heééf the
Periodic Table, and mixtures thereof. :

67.  The catalyst of Claim 66 wherein the stabilizing metal is selected from the
group consisting of lanthanum, aluminum, magnesium and zinc, and mixtures

thereof.

68.  The catalyst of Claim 64 wherein the stabilizing metal is incorporated into the

pores of the ferrierite zeolite.
69.  The catalyst of Claim 54 wherein the inorganic binder in the particulate NO,
reduction composition is selected from the group consisting of silica, alumina,

silica alumina and mixtures thereof.

70.  The catalyst of Claim 69 wherein the inorganic binder is alumina.
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of the conposition. 6 . The catal yst of O aim 60
wherein the anount of ferrierite zeolite present in
W0 b@smiD4eeduct i on conposition ranges from abouPCB0S1004/036642
about 80 wei ght percent of the conposition. 3862. The
catal yst of Claim 61 wherein the anount of ferrierite
zeolite present in the NO reduction conposition ranges
from about 40 to about 75 wei ght percent of the
conposition. 63. The catal yst of C aim54 wherein the.
T1£ er rIher catalystef iGlaim &/ Oe EXERR S8© vinPTRaRICC hinden is énegligdnum
fro .Qup consi sting of hydrogen, amoni um
al kg}]ioli]@je\/t%g@' and conbi nati ons thereof. 64. The
catal yst of Claimb54 wherein the ferrierite zeolite
further conprises at |east one stabilizing netal. 65.
72The Thgteaglygt &f Claimi 16 sheigie th glumisa d¢ 4Bi 394 ion Papse peptized
s CYRIE | selected fromthe group consisting of
Goups HA, 1UB, 1VB, VB, VIB, VIIB, VIII, HB HA,
I VA, VA, the Lanthanide Series of The Periodic Table, .
Ag and m xtures_thereof. 66. The catalyst of Jaim65
Twherldierratahest of Lpim 3¢ yeheagindhe jagnogal at aeamihindgepresent in

Cant R ey N8 e R eRpPyPali S3 L nihlFLg i thowe 20
t heweddht péreentldfahe adrapysstiorof Cl.ai m 66 wherein the

stabilizing netal is selected fromthe group - o
consi sting of |anthanum al um num rmagnesi um and zi nc,

74 8N4 THEXLUIRS of ?iﬁffﬁ v@%reiﬁhﬁe GHoghy 5t irf?)ﬁ'g;%cai)md@r“’prteﬁeem in

wherein the sta zing netal is incorporated into
por ds pdrtictietef MO ratuictien zewlppsigon 68ngeT Hiwnt abaltykt toodbout 25

C ai m 54 vvhereifn the inorganic binder in the .
par e REE N Y tRPPSH Bbnposi tion is sel ected from

the group consisting of silica, alum na,

75. The catalyst of Claim 54 wherein.the particulate NOy reduction composition

further comprises an additional zeolite other than ferrierite zeolite.
76.  The catalyst of Claim 75 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.

77.  The catalyst of Claim 76 wherein the SiO; to Al;O3 molar ratio is less than
250.
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silica alum na and m xtures thereof. 70. The catal yst

of Caim&69 wherein the inorganic binder is alum na.
wW@2003/047e cat al yst of Cl aim 70 wherein the i nPCTENL004/036642

bi nder is an al um num chl orohydrol. 72. The catal yst

of G aim70 wherein the alumna is an acid or base

peptized alum na. 73. The catal yst of C aim54 wherein

t he anmount of inorganic binder present in the
Thar t iThal catedyshof (@ait 75 orheetinpbs pddibanal anles if seleceldtam the

N e AL LT S

| nor gRpjite- mlz@aﬁfe HH 2 88 tnite cHab&ziRRaETirioptl oﬁiﬁ@ MEM-22, MCM-35,
reduction conposition ranges from about 15 to about 25

wei gMCheb bebtiTetite, th el OZSM 3h.ZSM: 18TREM:AL AL M- 35 ZSM-

comodt o8O u b Neh AT C oy SHiDl ONA D S P4 SSZ23,

ot hepaLhafifee” NiglinbRe, Zepd)\bdaﬁte 76.evihe cBhah¥sieOf Epistilbite,
Claim 75 wherein the additional zeolite is a zeolite

havi fgnelopits e stm@ndlaﬁgu qandrindim aBoewsigiteo Sblhite, 7 Paulingite,
Angs nol.ar rat I?%hl ess than about

500. Se%egqg’atg ?a%qnﬁtgreﬁwthfé erein the to A2 3

nolar ratio is Iess than 250. 4078. The catal yst of
Claim75 wherein the additional zeolite is sel ect ed

79.r omeﬁ@a@b@u pf Edaimi &8 vhgren Upsmiditionbizeplite is spleeigd from the
5 I '
VO SRp RS, 8¢ AGH2er 80! LLE: kol bR pov-ss,

I\/CM BEoliteNLf, zedlite ®Rholerridhivk, kﬁabaZBMa&opmSMelMCmM ZIQICM 35,
ZSM 35, ZSM 57 SM61, ZK-5, NaJ, Nu-87, G M
SSz- @éfre‘SSvZA‘ﬂf%SMS andmixseges tigredbachi ar dit e,

Merlinoite, Lovdarite, Levyne, Launontite,
Epistilbite, Grelonite, G snondine, Cancrinite,
8®r ewshecatalyst &t Clabn {78, 76Paul 8 miietedn the additional zeolite is present in

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

composition.

81.  The catalyst of Claim 80‘ wherein the additional zeolite is present in én '

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

82.  The catalyst of Claim 54 wherein the composition further comprises a matrix
material selected from the group consisting of alumina, silica, silica alumina,
titania, zirconia, yttria, Janthana, ceria, neodymia, samaria, europia, gadolinia,

praseodymia and mixtures thereof.

83.  The catalyst of Claim 82 wherein the matrix material is present in an amount

less than 70 weight percent.

84.  The catalyst of Claim 54 further comprising at least one additional NO,

reduction composition.
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CGoosecreekite, Natrolite and m xtures thereof. 79. The
catal yst of A aim78 wherein the additional zeolite is
w@edsosadd f rom t he group consisting of ZSM 5, PSIVIUE2004/036642

beta, MCM 49, nordenite, MCM 56, Zeolite-L, zeolite
Rho, errionite, chabazite, clinoptilolite, MCM 22,
MCM 35, Offretite, AL ZSM 2 and m xtures thereof. 80.
gIhe TRE adwylsit odClah 84 mh@Bin tHEadsiitionsl Mbereduation bemposition is
addi ti onal _zeol ite js present in an anmount ranging

f r on® BBBHECHEIC CHMRASHIGE- 80 wei ght percent of the
conposition. 81. The catal yst of C aim80 wherein the

addi tional zeolite is Er esent ip.an unt rang 9

86r omThbGeiﬂlﬁﬂcpft(Halab%W sroinvibs gdrttional @got’edﬂ?“qnhcé’mp sition

Conpe&h{JJISQQ lﬁl&emaat &Jlae%nfafm@ ﬁwmﬁﬂuwﬁs rz@(blﬁe ;\(Bea
conposi |on fer conprises a matrix materi al

sel eateed cbmpcmenh ercgruoadpasdbn exide, |SﬁlgCt@ﬁ fremuhg graup spnsisting

sili c tit

ceri & bl AR L AR oL E BT mEhs red ) B Ogen

pr as gofhginrtah oxidetoniponas; anklﬁ(ld)aaiﬂeasﬁﬁle nWe mcal abypanentf

Claim82 wherein the matrix material is present in an

anmount | ess than 70 wei ght percent. 84. The catal yst

86 COraé Budlstf ofrgiiigr s4 angeinsthe gdditionabNeX, ra@iveti@detintpositiah

N reducti on conpqsition cat st of a| m:

4. WHETRISE (367 RO 1M aF RTPERIB) FOREL e P oL
g NOR%E 6} hﬁﬂ&e@fd?xgié@ﬁ 31(&)l OtansfBibn mERe ogidt Bhwisd oxzfgeﬁltara@h

5 wherein the additional NO reduction, co

conpeapsbidity; ayd, 48 aiangition madﬁels%?c}jéme §He Wﬁgn@d B of the
subspanidi@ldbye, Qﬂ’dxﬁﬁ(ﬁlrésttﬁere&ﬂo) a netal conponent,
measured as the oxide, selected fromthe group

consi sting of an alkali netal, an al kaline earth netal
gnd %é&&f&lgﬁ of Eﬁfﬁ? Qh wh((ﬂ%gn #@p a@fﬂ&ﬁm@t R84 Rn e bsition is

Xi dé " conmponent’; and | east one nobl e nef al
conmperiemtNO81CO Theb@aommmot@f compaﬁlﬁmswhwhew@mmsw@) an

addi tac':;ccﬁg %LﬂdN?uf;p%qy ?J) agrlz]]&%rmaﬁ', Lk Qaline earth metal or mixtures
thereof; (c) a transition metal oxide having oxygen storage capability; and (d) ‘

palladium.
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conprises (a) an acidic netal oxide support; (b) an
al kali netal, alkaline earth netal or m xtures

WO b@seofs29 (c) a transition netal oxide havi ng PRI/GSI004/036642
storage capability; and, (d) a transition netal
selected from G oups IB and B of the Periodic Tabl e,

and m xtures thereof. 88., The catal yst of Caim84

3§\fher Ehe, catplyst o dileimosfarhaven ﬁ‘é"d%ﬂ?ﬂt}(’aﬁl Nenirdustiangpmpgsition
| ow Nehp rlsggtq&@p%%egﬁ-cgﬁtgﬁﬂﬁ@}'Sméfl%H%?ﬁhélh(%@ a‘ﬂ?ét‘ﬁ%u}l and
conprises (a) an acidic oxi de support b ‘
met aé secand aielehhaving @ealdnie hiﬁh%tlfh'@rt almsw of seichErse oetal, at

(c) SR ygen stora

Conale OORRITE SR S fRYbRE SENEE L B B g

Cl ai andBat ladSEmreld@ntpb&nadﬁh foummaietamhexelﬂmctald)first second and
- conposi.tiQg rises at n cont ai ni,n,

ot MO R TR SRS e el seeE s D ECub o B 8f

havi ggbup 1Bah&41S GoIPIB rmétélﬁrﬁrb&;ﬁvwhﬁmsemfrars%ﬁh Fretag

netal, at. least one conpgonent of a third nmetal other

t hanthg A8 Sroupnmetals @A drivires) eraele and spid fourtly metal is
CONMPRNLRA EBmathfeog%ﬁ;;‘ B he WhB6n, tﬁl@l&l Sﬁiaﬂlufﬂ ré’rﬁomlum,

second and third Petals, whérein said third nétal iIs .
sel emarganeseoreobtlt geroupiument.s bismythyf mohbdenuns ARtinaony,

Go n!ad]igﬂré‘ﬁg?-hﬁuregh‘é ¢VIA netals, the rare-earth
met al's,

ti num oup metals and mixtures ‘
thereof, and said fourth nmetal is selected fromthe

9@ OUR,eC Qﬂac‘l'ys?t %fng am; §9r \gﬂerelgl tcf‘xg %etalt %o%@ar“ltfﬁspi%w Qgpnﬁjr%s ‘-

nmanganese,
nmol yhagsasinm aasmd ﬁnm;n,etai/aldaadilrmnumlaslsald sscondasetaher eof .
90. The catal yst of C aim 89 wherein the netal
cont ai ni ng spi nel” conpri ses magnesi um as said first
9het diheasathlyst WiiCiaim 8% whaideth the atbindl nived! aiompeﬂent Tl ¢he metal

cat al st of C n the third netal, co ent’
o iR sorieh i IR D PR g G PEGRIE Boup
gr OUfetalphs irSt-eth Métald afll Abitireswhéeop netal , the
rare-earth netals and m xtures thereof. 92. The

catal yst of G aim89 whéerein the third netal conponent

91.S pPmeseflysi &f @aim 89 wherein the third metal componem is present. m an
amount in the range of about 0.001 to about 20 weight percent, calcu]ated as

elemental third metal.
93.  The catalyst of Claim 89 wherein said fourth metal component is preseﬂt in an
amount in the range of about 0.001 to about 10 weight percent, calculated as

elemental fourth metal.

94.  The catalyst of Claim 84 wherein the additional NOy reduction additive is é

zinc based catalyst.
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amount in the range of about 0.001 to about 20 wei ght
percent, calculated as elenental third netal. 93. The

wa@e a10aloy=e9 of Cl aim 89 wherein said fourth netaPCT/US2004/036642
conmponent is present in an anmount in the range of

95abou]the0caPa(i¥st BPC ey \&W@r'eﬁﬂ'he BRAiGRAE NOE ?eld%‘tlicﬁ:ta%qnﬂé Js an
el enent a ourt net al . The cat al yst of Claim8
mhermtlmmhbamdﬁl&(ﬂ@uaﬂlonl‘a@ihﬂwuct| on additive is a ZI nc
based catal yst.. 4395. The catal yst of C aim 84 wherein
t he additi onal I\IO reduction additive is an antinony
9has eTheNt41ee W€ Ciladm 84 dehierdiv e MBitiofid] N@atedhotioh adlitiG &iam
84 wherejnh the ditjonal NO reduction additive is a
per RAERYS ’ée%'i’erllg x REUFRRE OIS additive. 97. The
catalyst of Caim84 wherein the additional NO
reduction additive is a hydrotalcite_contain

9T onpbhsi ¢qtalyst 0§§1almr8é wherdn ghet adgitiopgl Qs E@WQrE’gF}WV? Hed

part Atk %u&tn; BigPMposi tion has a nmean
partllbglr‘%a srl‘?eze r ab t150 to about 200 m. 99. The

catal yst of Caim98 wherein the particul ate NO

t on It : c e
ok poul 7 gE G 58 iR g IR NOE BBl iy,
wherlgisa nidae ppraickisize frameabdiid S0adlateut 200 jgwonposi ti on has a
Davj son attrition index (DI) value of |less than 50.
101. The catalyst of Claim 100 wherein the particul ate

9NO rEbuedl @ of @mﬁssthrelmm artDulawalNOg raficti@s®niposition

20.. 102. The c m.,10 erein the
part}i'aé@lnéﬁa@p é?’f’l"‘o‘{l?o‘étéra?ﬂ%gl? “il?)%mﬂgs a DI val ue of
| ess than 15. 103 The cat al yst of Cl aim84 wherei n

t he addltlonal I\IOreductlo ﬁ?ittign conpri ses 2)
10fh abhegsatalyss of Clagm iS4 evhersin § cqRRIY o Py gedugtiqn; qomposition

| ant aRiTskeiseX bitRiAtRRk (DI)aalue f ieds thansh. (i V)
optionally, at |east one oxide of a transition netal

101.  The catalyst of Claim 100 wherein the particulate NOy reduction composition
has a DI value of less than 20.

102. The catalyst of Claim 101 wherein tﬁe particulate NOj reduction composition
has a DI value of less than 15.

103. The catalyst of Claim 84 wherein the additional NOy 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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selected from G oups IB and B of the Periodic Tabl e,
nobl e netals, and m xtures thereof. 44104. A nethod of

w0 edsoi#7ge NO emi ssions fromthe regenerati on zPOBUS2004/036642

during fluid catalytic cracking of a hydrocarbon
feedstock into | ower nol ecul ar wei ght conponents, said
nmet hod conprising contacting a hydrocarbon feedstock
| 1N AGn&hEFSE BehchRIbY Shis@bnsGloRY Bt fed SRR bfring flui
n\%ieréfby | ower _mncﬁgcﬁa(ll)%r ]\fveingsht hydr?%car bon coﬁg%ﬁnégn?usfd
ar e talyee cragkingl of maukiasgrbemtesrsietk tonjomies imvdectae weight
conposi ti of..Cl aim 54, . . Fh th
o cRmr e S Radt RemRhe et {Rurdilibop [8s0B WA
cr ackicrigkiagtcatlysit at felevated admbecaont aditichy lotee pnaleudilar weight
treati t.he used catal yst in a,regeneratjon zone.to
e gorPShaLPoB OTTEAGI i ool S SECRBE IOt CoBTALTS
wher girfipdstidn of 8filth B9, wababyst 1s fluidized during
.contacting said hydrocarbon feedstock. 07. The nethod
- of Caim] 04 wherein the cracking catalyst further
NPIhSHEthed oPERidh 1 0D AlrhNL ik FQBvafigithd Scking catalyst
]gsgrrposi tion. 010_8. A L?ﬂﬁ d cracki % c\ét'a?fyst c%kr‘]r%%:fas?%sé
(a) &owrsaidiconigetngrsrprrad trealingtibiovsed farlydan afrsgenergtiortzone
Cracki r ons, (b) at least 0.1 weight
per Cég?&g?ﬁa}eg%f@icgtﬁéﬁ{?g zeolite and (c) less than 50
wei ght percent of an inorganic binder material,

npene nd {&).bei.ng based on.the .t at:-al i .ght
R e o L e e
of CloatanidgdBidHydreehrbos fedstazkt al yst conpri ses i ntegral
particles which contain conmponents (a), (b) and (c).
10. The cracking catalyst of C aim 108 wherein

1GRNPDentth¢bdf Clafipn 04 ehefeinaln alacking Eatdlyst durtHe YbmpBsewen -
% of tdhe clr Ki .catqaf{ia/st. The.cracki ng catal yst of -
d ai B K eGSR AP ™EBHI ses from about 1 to

about 40 wt % of .the cracking catalyst.
108. A fluid cracking catalyst comprising (a) a cracking component suitab].e: 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.

109. The cracking catalyst of Claim 108 wherein said catalyst comprises in.tegral'

particles which contain components (a), (b) and (c).

110. The cracking catalyst of Claim 108 wherein component (b) comprises from

about 0.1 to.about 60 wt % of the cracking catalyst.

llj. The cracking catalyst of Claim 110 wherein component (b) comprises from

about 1 to about 40 wt % of the cracking catalyst.
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45112. The catal yst of Claim 108 further conprising at
| east one additional NO reduction conposition. 13. The

wa@e au0aloy=e9 of Claim 2 wherein the additional NOPCT/US2004/036642
reduction conposition is a non-zeolitic conposition.
14. The catalyst of Claim3 wherein the additional NO
reducti-on conposition conprises (a) an acidic netal

oxi de cont ai ni nghsubst antially no zeolite; (b) a metal

1t npbhe setalyseeisuleie 108 ferther cemaesing & keasternef adgitionaleNOx

gr ou edﬁé’tgﬁ: c%ﬁak;gﬂtm?)f an alkali netal, an alkaline earth
ures thereof;,(c) an oxygen storage

rret aI oxi de conponent; and (d) at | east one nobl e

B AR e T B AT S o

CoNpPisiasifm-Zealiticddmp6diinc net al oxi de support; (b) an
al kali nmetal, alkaline earth metal or m xtures

thereof; (c) a transition netal oxide having oxygen

194, or’?ﬂ@cﬁﬁf}ﬁb)'fldlatlﬁﬁ 11?%&6@@%6%@1‘&@&3?\1@ QBdEBbAkomposition
sel ected ffom Goups | B and B of the Periodi ¢ Tabl e

and eampriRes &) enapidistmetal@xidereonieining substasallyingi zeplite; (b) a
V‘hefﬁg{é C%&ﬁp@gﬁﬂ o0k NG dHE LERAE %m%m#&g dofisi&ling

ustion pronoter donposition
c onpof @eakdlametaln araa:lkaimc caith thetab @rpbomum(tb;reaﬁ;\(@lak akygen

et aétbra Qm%{ FS%HJ]C% entlxagg&cﬁlat %Est%éﬁéﬁeel%ettapgo@%gem.

(c) a t ansitron having oxygen s
capability; and (d) palladlun1 4617 The catalyst of

aim 2 ere dditio
18 DR A5 B8 R 2 St B ol B e o, pompegtion
spi n@impﬁses:@) bmadidicl ﬁ:%taﬁo;fldf sitpporet (@) araﬂkialamsel; alkdlimedanth
havi ng g ce h| t han. .t he fi\ 03 af said fjrst
ot e etabor PlE HRet: GacHERtoD el PRAF deviae BFesp rloriee
t hanca‘palbldtyf bfidh t(d)mebnslem@ Rttaleéladtad o GbupsaBSinddI® of the
nponl%g f a fourth nmetal_ other than said first,

seco]?f’d ablg; af mgtzgsdherger ein said third metal is
sel ected fromthe group consisting of. Goup IB netals,

Group HB netals, .G oup VIA netals, the rare-earth
1Het a catalyst of Claim 112 wherem the additional NOy reduction composition

is a low NO,, CO combustion promoter composmon which comprises (a) an
ac;dlc oxide support; (b) an alkali metal, an alkaline earth metal or mixtures
thereof (c) a transition metal oxide having oxygen storage capability; and (d)

palladium.
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the Plati num G oup netals and m xtures thereof, and
said fourth netal is selected fromthe group
w@omsiosdeng of iron, nickel, titanium chrom uPCT/US2004/036642
manganese, cobalt, germanium tin, bisnuth,
nol ybdenum anti nony, vanadi um and m xtures thereof.
18. The catalyst of Caim?7 wherein the netal

1 RNt The cAgly & Rf TRlim A0 heRastherddidsnal N seduatich éoﬁﬁpﬁsmon
netal and al um num as sai d, second taJ

Cat aAPYSRTSSH 2dsas] QP TEfe AR BT PR YHFY e gifrs metal and
CONPRRERhLA idid RS ifES Hlent® ﬂigﬂéﬂhﬁ]ﬂth@ REIBRe of $ai6 ThRGiced, at

fromthe group consisting Pl ati num G oup netal,
t he Feasteongaomponent of & third dnmlmthﬁrébam sqisk fist andipgondrpgtals

catal ysh, 19451 Sl 813&?11 WALFRHA A8 ok ﬂﬁn Bl %kst segond and
resgn In an anount 1 nt ?

conrponent e ran
abouthid. 1ﬁﬁﬂ]s txdaeadmosﬂxd 2irdwaital s sq@mtezdeﬁmn th@arampl cansistingof

el tal third t
oher BrOHRIR et TR Boaoe Febn S ol Rral A e,
anbuie Platinue GramdLetalks a’i;lﬂqutxnﬁe@ﬂﬂarebﬂ afmhmaid foeithhetal is

per cent | cul at ed as el errent four net al
The Ef’é?céfldygf Mo h edrﬁPanCQnWlé‘ngeP ‘rf’ﬂ’e“ gg {ifag %&@m’“m :

r edugiah@Reddidbh, € pbshafivii, N6inb a§@AuE AtrRdIySTenurf,7 Jaaﬁmony,
The catal yst of aim2 wherein the additional NO

r eduvanegimzad mixtyis theregh ant i mony based NO reducti on’
addi tive: 124. The catalyst of Caim2 wherein the

addi tional NO reduction additive is a
1 fbr ok catalysppfnGlainnd1 7 etheesin abe gl tqov@mmgzsnnem@mpnses

cat allnx esidin g:séﬂi %s@m%%rﬁfyégurhﬁﬁ addiilisQRad mba. -

reduct on additive 1s a rotalcite contai ni ng
conposition. 126.. A nethod of reducing NO em ssi ons

lg.antlfnéqgatgl %[l}%r] I'n' Py %lﬁé}gl dtHé LMk Ee{éﬁ %xﬁ?&n@htyﬁ' ﬁe metai

ng o a hy rocar feedst oc nto
ol ecantadmingvepigditis srd:mndnfemn she gmirpl cpnsisting of e dHigginum Gg)uP :

( a) r%gtgf %etriirggzal%'l m tafs%%&‘ ;nl?)% re]; %1 ge%thCk

120. The catalyst of Claim 117 wherein the third metal componeﬁt is present in an
amount in the range of about 0.001 to about 20 weight percent, calculated as

elemental third metal.
121. The catalyst of Claim 117 wherein said fourth metal component is preéent 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 112 wherein the additional NOy reduction additive is a

zinc based catalyst.
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during a fluid catalytic cracking (FCC) process
wherein NO em ssions are rel eased froma regeneration
waQ s/ 0gf424 he FCCU operati ng under FCC conditi OPGT/WE1004/036642
the cracking catal yst conposition of Caim 108; and
(b) reducing the amount O NO em ssions rel eased from

128he Thegratrbyshef Gpiny bidevhstein He apditopad NQureduetipst addisive éan
as cagg‘g,l fgasE?th-?edﬂ%BH%dlgw em ssions released in
ente of the

the a reduction conposi tion. 127. The
met hod of Cl aim 126 wherein step (b) is acconplished

1Pt BbROERE o wFERaRe LN Sidisine
obt gjepa@kitispimINOPRAIcn paditass as conpared to the

hydrocar bon feedstock conversion or yield of cracked
hydr ocar bons obtai ned fromthe cracki ng catal yst

128! Onghe chedyst JhElafiBl Wh&éln%@éd&ﬁ%@l RO, fediictidhelagiive tshe

amount of ferrierite zeolite present in the cracking
_ cat diygialeiterropsiniigsampesitiiii ses at | east about 0.1 wt %

of the cracking catal yst conposition. 129. The nethod

of Claim126 or 127 wherein the anmount of ferrierite
126e0lA nethpded ecrdmcihglNDh emissimok rony theategenestion aonrodiring dheid

ran fr om & o] 0 O r acki
cat %Fé lcc%?rcp I ?f a lﬁydrér%il%g.fé%%sgock 0 f)a\%r }n&ﬁac&ala % @ﬂp
whercempobdues, sait provessfcothprising (a) tcentaemg iat lg'dmcaa:bem tfeedstock
t he gcr.acki st co tion ra om about 1
{ 0% 4t 8% ERhY SerS SRR HEPeh SRR NOS PRt ot
?. Thélemﬂhfﬂdnoef réﬂeﬁ:trb]&thﬁow oiZKe Vﬁmwlwpetaﬁﬁg undler FCC
errietite zeoljte i s exch ion sel ect
f r ofPRHEOT BHh 1RO ferlgpe gt £ ﬁ%PQf&E’H “of ﬁféﬂﬂ g8 and &
al kKabduchRltid arddittt 600D] afssiomSelchet %fn thd fegenekieonmhé 6f

of daiml126 or 127 V\,herelnthegc{ ierite oI|t .
f ur tifeFCelhyet lsast 19 perren &5 coppar ‘T i‘r&‘?"ﬁbo PaleSiIS@S

The (oe4s0@h 1€ atiskrt B thd NOWEdRIish &dmpostiaRi | 1 zi ng net al
is a netal selected

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

from the cracking catalyst alone.

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

of the cracking catalyst composition.

129. The method of Claim 126 or 127 wherein the amount of ferrierite zeolite -
present in the cracking catalyst composition ranges from about 0.1 to about 60

wi % of the cracking catalyst composition.
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fromthe group consisting of Goups IIA HB, |VB, VB,

VIB, VIIB, VIII, HB, IDA |[IVA VA the Lanthanide
w®erosmes74ed The Periodi c Tabl e, Ag and nmi xt ur esSPCTER04/036642

134. The nethod of C aim 133 wherein the stabilizing

nmetal is selected fromthe group consisting of G oups

HB, IlA HB, H A and the Lanthani de Series of the

186" 1 | %ﬂé &e{@g'&cm&dd& FheHEiF el e{;ﬁaz Iﬁgéf fer e iaﬁteg?ééa% |

e st msta
fr om}terueaogmgwptabmmmiosmgn mhgdsdmﬂ*fd)nutrﬂ] toaboutid@uwti % of the
magnesi . um aq% ?%h m xtures thereof. 136. The
met h§WKEe ey ci@?" é‘rel n the stabilizing netal is
|ncorporated into the pores of the ferrierite zeolite.

37. The method of O aim 126 or 127 furth
BB PRI A ki 1, Shes N R sieP g f Feshau

cat alw‘i’tﬁta ba]oa gefce@aqw Iuséng,%@p%ortsgnﬁgeeﬁwrag& %Hfin%mum,
cat al . The nmethod. of daim 126

. where nhmﬁf@l@nde@mhi@n@mthw@t is fluidi zed dur| ng

~ contacting said hydrocarbon feedstock. 139. The nethod
of Claim 126 further conprising contacting the - - o
1B3.dr Gheambatodf @€ (Claint H2Gtor| B¥swhemim thd dfetriapite [zedlide further,

reduction ositign. 140. The nethod of .
d ai Fr?nl%rbses\{;\‘%geag W sﬁgmédlgln%m ‘nal NO reduction additive

conposition is a non-zeolitic corrp05| tion. 141 The .

thod of .0 140 di t S

audhs BRRdrIen Lohsbee: b Sebfithe ol s Tarplasieqid
nmet afromxmd:l@ommnaﬂsmm C&UiqstIImtIIIBJ ]IVSB, MB MIBJ VIIB V%ID)IIBi
metal _c opent, suyr.e X rom
the. BT Re Srote LPRGSRE S ok APt PHe R Tobln Agi 304 RGeS
ear tfaemgf. al and mi xtures thereof; (c) an oxygen '

storage. netal oxide conponent; and (d) at |east, One"
nobl e nmetal conponent. :

134. The method of Claim 133 wherein the stabilizing metal is selected from the
group consmtmg of Groups 1IIB, 11A, IIB, IIIA and the Lanthanide Series of

the Periodic Table, and mixtures thereof.

135. The method of Claim 134 wherein the stabilizing metal is selected from the
group consisting of lanthanum, aluminum, magnesium and zinc, and mixtures

thereof.

136. The method of Claim 132 wherein the stabilizing metal is incorporated into

the pores of the ferrierite zeolite.
137. The method of Claim 126 or 127 further comprising recovering the ¢racking

catalyst and treating the used catalyst in a regeneration zone to regenerate said

catalyst.
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42. The nethod of O aim 139 wherein the NO reduction
additive conposition is a low NO, CO conbustion
W@e@sntEe9 conposi tion which conprises (a) an arCTUR2004/036642
oxi de support; (b) an alkali netal and/or alkaline
rt tal ;oL Aq1.xt C r
151 B RETHE' LSRR deCladtiel ARBY: 16 uiggga -
_pal | agtingroonta@ing3aid Hydronmbdiofdedsfockll ai m 139 wherein the
addi ti onal NO reduction additive conmposition conprises
at | east one netal -containing spinel which includes a
181 StrhdTRibd 8Ndlafn §26 AGlen@hptisiigvorgtiag Wl garRabbgRed
than the val ence of said first netal, at |east one
conpwiibat least one additiogal NQ-Fdustipreaddite FOTBRASHION; r st and
.second netals and at | east one conponent of a fourth
- metal other than said first, second and third netal s,
Iaber &her nstliod ofhChaiin 80 awherein ghe eddidenal Néhn tethactipn cadgitive
-consi stin f Goup II1B netals, Goup
VI A %?%nggtlsh P Z%Oﬂltécacoﬂ?%glﬁ? "l s, the Platinum G oup
netal s, and mxtures t her eof and said fourth netal is

ed f m consi s ni.ckel
1§ b etionan G Sl Ry kBfurh NoBisaRioh aapive
bi s mﬁnﬁposi‘ﬁiﬁh Y BRI (a)admt AddI YhetaV axide conmaiaing sibstintialie no
t her eof 8534 The nmethod of C.aim 143 wherein th :
et aFolitsh CQBPeREHt: SRl ge e Rl SIeaiRe domsthr group
firsgons@tig ofndinaliunéiaUam ﬁﬁalﬁ@bé’;ﬂﬁﬁ@t@%dﬂ‘ﬁ&ﬁﬂres thétof; (c)
The method of C aim 143 wherein the third neta
conp¥hehtEeR ftofage Ml xidsrrogipareRy 28i(Redt Ipast gat @ehl% gnetal
from n&oup consisting of a Platinum Goup netal,
the rare-earth netals and m xtures thereof. 146. The
met hod of Cl aim 143 wherein the third nmetal conponent .
T T hed & e et o N A o RS o 8
met alow W@z, COheomiptstion pmmc@rammppmowvén@i gompriges (a) an

o AR Sl e el

cal cuixatrexd thereof; (c) a transition metal oxide having oxygen storage
capability; and (d) palladium. - ‘
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as elenmental fourth nmetal. 51148. The nethod of Claim
139 wherein the additional NO reduction additive

W@ 0op0%7429 on conpri ses (a) an acidi c oxi de sSuppCr/US2000)36642
an al kali netal and/or alkaline earth netal or
m xtures thereof; (c) a transition netal oxide having
oxygen storage capability; and (d) a transition netal

6 S R LA 30 B 0 R e

addi toapeitioNQ@omeelsts tat tiastached intdtal e onteiningSpinelowhick isclulena

base cat a net ho Cl.aim 139 erein .,
D e e e i ¢ SeE eI heBE AR EE L hb B B & i
anti ﬁmyné@asmemxi@é&%haﬂ oRddhird ¥Rtal bihdr thih QaidEirhiasd
of Claim 139 wherein the additional NO reduction

addi sgopad @skow1dt 3t denst eneacquuopis lof pefowh mefal peher than said
redu 0, : . i

Wher 1 RpGACint 6 mkpds, e TRAD BfraOineld 8 ol from the
conpesiup icorsistisg af ByaipotBametatse Geamt 148 meteds, Soapo YA intals,

153 'g)-le;h {ecezaﬁgfl?néqaqs th? ﬂa%%&xq(t ro@ %e 1 1 }gﬂgur%s l’t}xereof na;(nd

conprises
(b) baid powse mietd] nis aseleard ufidm sthéfgrmlpenbnsisonprafvmde rackel
rati Q of fergllerlteto Y- 1 zlgegt ite of, Iessth% th‘
in t HE"PBY ol E"&%"é{Pysf”a“&%‘ﬁe Tﬁ% r a8RPRG it 4y s O FPh
d ai ol B8enthe tinlorgOvapadiamtand mixthies thegof.conpri ses at-
| east one stabilizing netal. 155. The cracking: :
catal yst of C aim 154 wherein the stabilizing netal is

184.TeTR¢ nfeflodcéfedlafrh 0B t\0kRergih QHP Sl Tosthinig indH BHPHs
IHB, IVB VB VIBVIIBVIII BIHAIVANA the Lanthanide.

Ser | BaERsFiumAs spd g aetal srdplumingy agseid secepdme@lt her eof .
52156. The cracking catalyst of O aim 155 wherei n the -
stabilizing netal is selected fromthe group

1¢onsThe megodof Glampkt3ppyisreipiahe thizd megal compengry ip ﬁlaﬁnma@l-
Seri gsmddling B5indtas Q& F&RRe gRAF Bhstdinp ©8 atPIRERA Group

metal, the rare-earth metals and mixtures thereof.

146. The method of Claim 143 wherein the third metal componeﬁt is present in an )
amount in the range of about 0.001 to about 20 weight percent, calculated as

elemental third metal.
147.  The method of Claim 143 wherein said fourth metal component is preéent in

an amount in the range of about 0.001 to about 10 weight percent, calculated

as elemental fourth metal.
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157. The cracking catalyst of Caim 156 wherein the

stabilizing netal is selected fromthe group
w@omwsiogt4eng of | ant hanum al um num magnesi um BOTUK2000036642

and m xtures thereof. 158. The cracking catal yst of

Cl ai m 154 wherein the stabilizing netal is

i ncorporated into the pores of conponent (b). 159. The

14% ackhn gﬂe@mdaqﬁy@l@mbfﬁtwdwmnz thh additiopal NO« areéneslio@ rREATLIND
red [ [

OXI Iﬂﬂ ]tgbgcer s'éé |a’gg£mfc|0|§|ﬁﬁ S(lbx? ant gdﬁl glgﬁong&%laind/or
ot hear]kztllmneadh rmeml oandxt(mev)thammf; ©h alttawltlat mieah skido having
oxi d transi ne
ot GG PebeBRRR BT v R al SRR ShARs bvee

t heri@énd IlBGftha'hmddtothlbleng catal yst of O aim 108
further conprising an additional zeolite other than
ferrierite zeolite. 161. The cracking catal yst of

149, ai el Gnaesredivint 199 adlidin amakdBeRal NO, 'éd&t;éﬁQJdHi‘tﬁe
having a pore size ranging from about 3 fo about 7.2
AngsYoTnesitian i azinsibesed caiglyol ar ratio | ess than about
500. 162. The cracking catal yst of Caim 161 wherein’
the to A2 3 nolar ratio is |less than 250. 53163. The

158k acKiengethad aify(Spimofl 3Civdierpin 86 odsiitiaviah NCheredubtiion iadditive

zeol | ks I i.sting of

s omashbotifip? FifahRondBRaG, LB, AL, LB

Zeolite-L, zeolite Rho, errionite, chaba2| te,

li tl iy t MCM-35,

1515 bRk 43 S vt T e e RS atve
. ZK- &,onﬂ}slaﬁtloﬁ\ls-a&&ovmnte-sﬂmelm BByctipAddifive. SSZ- 44,

SSz- 23, Dachiardite; Merlinoite, Lovdarite, Levyne,
- Xaunontite, Epistilbite, Grelonite, G snondine,
158ancrheninttBod BF @Iﬁﬂheﬂﬂ ®her&hi thbiadéitioRANON Gleth@tion additive

Goosecreeki tge, l\}?t {% ite and mxtures t hereof. 64. The
cr aRPRG LS ijp haqrogiciteoptapIag fpEpQst H’“t he addi ti onal

zeolite is sel ected
153. The cracking catalyst of Claim 108 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.

154. The cracking catalyst of Claim 108 wherein component (b) further comprises

at least one stabilizing metal.

. 155. The cracking catalyst of Claim 154 wherein the stabilizing metal is a metal
selected from the group consisting of Groups I1A, IIIB, IVB, VB, VIB, VIIB,
VIIL, 11B, 11IA, IVA, VA, the Lanthanide Series of The Periodic Table, Ag and

mixtures thereof.
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fromthe group consisting of ZSM5, ZSMI | , beta,
MCM 49, nordenite, MCM 56, Zeolite-L, zeolite Rho,
weeoosomise®e, chabazite, clinoptilolite, MCM 22, POZVERB4/036642
Ofretite, A ZSM 12 and m xtures thereof. 165. The
146, aC#h@eraea@ﬁgﬁka@%st of CHlidi 195580 reid B QAbikh> WHGT B RIetRE

additional zeolite is resent in an anopunt rangi-ng
- f r onfremdbe group epnaitingtof §00bmé lEP LB JHA, e Lanbanide Series

conp ki at al yst of d ai m 165
V\hergﬁﬁdﬁgm’e%dwl%% |’ Jﬁ%&i“gﬁ F‘?gmfs present "in an anmount
.rangi ng fromabout 10 to about 70 wei ght percent  of

he SETRAR A Pt b e b b

an agbdithe pRRbBLomKiitEf bhthinugs Biukimaxi esﬁum lahd Zinc, and
| ant hani de OXIde ot her than ceria, and

opt i BRAVEYhersel. | east one oxide of a tranS|t|on met al
"sel ected from Goups | B and- PB of the Periodic Table,
- noble netals and m xtures thereof. 54168. The process
1% ke rﬁT@kWBeFJ@NMStsO%;S:]QID‘I) 154 whersimpthes abiliging hoetal s

subsi ant,l, Ed%ﬂ@ﬂﬁﬁg} Anégﬁ arbon feedstock . -

conversion or yiel ydr ocar bons as
conpared to the hydrocarbon f eedst ock conversion or

13, & fhebraBlAC KSR Y 6 B33 WRRLAIRE daditi ) N, sayerign

ing ca T oné. e crac I'ng ¢
d ai m@&mﬁeompmes @iypemnanidic (nostalcowiq; i(B)e serfutro oxidbo@ii) 4
to about ercent of .t.he cracki atal.yst. .~
190 i d0one, Ml BFLFR o (hehubhAbh a el B 6 ofa
cat alraylsmoxﬁ et e¢lectainfsn SesupanB addiln eithd Pafdid THlhbige
than f rrlirtte z oI| L €. 171. The process of O aim 170
wherBf 'S EREM LGP 18 zeolite is a zeolite having:a. -
pore size rangi ng fron1about 3 to about 7.2 Angstrons
and a SIC2 to o | ess, than ahout 500, -
16072, ThicéacﬁF’éc‘@?%ysbP?@gg‘P 7@”{?\2{&&%5‘!‘& én Sﬂ?@?o{*"é Zﬂéﬂée'
3 Nt tKadtférfiedite zb@R& t han

161. The cracking catalyst of Claim 160 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,Oz molar ratio less than about 500.

162. The cracking catalyst of Claim 161 wherein the SiO; to Al;O; molar ratio is
less than 250. ' ‘
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250. 173. The process of Claim 170 wherein the
additional zeolite is selected fromthe group

W@ omwsiogtdeng of ZSM5, ZSM 1 | , beta, MCM 49, PCT/US2004/036642
nordenite, MCM 56, Zeolite-L, zeolite Rho, errionite,
chabazite, clinoptilolite, MOM 22, MCM 35, MCM 61,
Ofretite, A ZSM 12, ZSM 23, ZSM1 ZSM 22, ZSM 35,
165M TBe crarkng Gatalystiof Slaimal 0 Whergy the@dNitiosst zgelite Soelepd

oo, i DR MBSO, MOYSR! b,
G smviaMAE, Zeaitel zeotite RhBy evienite; thabgzitst élinbptilelite, MCM-22,
Fher MM S SRORELT SIS At 280814, 59948 Asielr sm22
addi zsnnas, Z&\@JSWtESM-%ISEKGQN@Jj Nu-TNGitE SSZBSP SSZ-48, SSZ-

consi st iéZ%OOf ZSM beta, MCM 49, nordeni te
Pt é?aehlarfé%n .M%hmm Eovereis t EEVYBhabaympwite,

cli nEBishib@tE' t@mew 2%15%&5 cehdrinfit ] tﬁvew@terlt%swbt]r]bge

and m xtures thereof. 5517 The process of Clajim1

171 Bauliege, \m@ﬁ@rq@krﬁmyam{l@ﬁ@memaqturQSébcrp@fe i s present
in an anount ranging fromabout 1 to about 80 wei ght
percent of the composition. 176. The process of Claim
164.5 Therxcking hatalys dif tGlamal 6327&tehéin ¢hei ssidpiondemolite s setected

armu r 8| bg t,,7 erce
ol 308, LERmbaekPs 2P Sl hel RO HER e
vvh e r MGMt%eZéoérter—L ereplite R:he,odmbrete; dlabmth,aaigeptﬂmhtbhvleM-zz, .
catl l.e fro r,ou SI st.i ng of hydrogen,
35 @beﬁqne’ée?%mhlgnag‘ fﬁé hs t hereof . 178.
The nmet hod of Cl aim 126 wherein the cracking catal yst
np iti conpris z e as, c one )
lgi) ’g crégﬂ%%nﬁ}{st egélafnéTB e@iﬁf ?g%wgﬂ‘elg%% tlona]nzeohte
suf f jsqireBit ih n Phowk ﬂaﬁgi’ﬂ i &bof 1 foibbiteB0i gt Perferit YPthe
zeolite of, | ess than |nthetotal cat al yst

conpBRETRASHIAN- 179 The met hod of O ai m 104 wherein the
reduction of NO enmi ssions is ‘

166. The cracking catalyst of Claim 165 wherein the additional zeolite is present in
an amount ranging from about 10 to about 70 weight peréerﬁ of the

composition.

167. The method of Claim 139 Wherein the additional NOy 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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acconpl i shed wi thout a substantial change in the
hydr ocar bon feedstock conversion or yield of cracked

whyasoeaebons as conpared to the hydrocarbon fRPENESOK036642

conversion or yield of cracked hydrocarbons obtai ned
fromthe cracking catal yst alone. 180. The net hod of
Cl ai m 107 wherein the additional NO reduction additive

160 MPPRE bioBess b CRINQWheRM dép ®) iishe@withbBila subs@ntial
met hod of Claim7 wherein the NO reduction additive

conpe#ngs o ithe Jydreirign feedetodlormonyrsiom qsr Bislsh of cracked
P PR i GRTPE Bk ey, AL O gr i

et abf oackeil h}'dm@sbmhebtamd, froém )haa:ratckmgsatka]ymlmt al
~oxi de having oxygen storage ccapability; and (d)
. pal l adium 56182. The nethod of C aim 107 wherein the
16gldi Theo batkihcstalgstcdfiClninadel whteinCmpostrd: i(ONconpives 6

at | east_one netal -cont ai ni spi hel ich includes a
firsfooyk! QS)QH\JJS&N BW&GWFE‘FC%SQ‘P%&\A%W&\I ence hi gher
t han the val ence of sal d first nmetal, at | east one
conmponent of a third netal other than said first and

1'% cobler mathad of Giagm é?6 mhgisin e eracking srakyst fafthes cp@prses an

et a}4dftdner zebite Bihe Aihth f’eHe?itte ze%Fféond and third nmetals,
wherein said third netal is selected fromthe group

consisting of Goup IB netals, Goup HB netals, G oup

IMA T‘i?éagﬁeés bPe1afA %0 GRLER HELRiTonal EES)IE]@%'ZEH% HitPa

m_xt ur es er eo and sal ourt ,
sel eptre diz¢ rangingHeony rbawp 3do abowt . hgngdtromsang arfiOk & A1,0s:

ti tq%lﬁmangﬁggg}drym aBjiganese, cobal t, germanium tin;

bi snu enum anti nony, vanadi um and m xtures
thereof. 183. The nethod of O aim 182 mherein t he

cont ai um as,sa .
s ol e TR R SITS AR R S 165 dpen
The 288t hod of C aim 182 wherein the third neta
conponent in the netal containing spinel is selected
fromthe group consisting of a Platinum G oup ‘
173. The process of Claim 170 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, Offetite, A, ZSM-12, ZSM-23, ZSM-18, ZSM-22, ZSM-SS,'ZSML
57, ZSM-61, ZK-5, Nal, Nu-87, Cit-1, SSZ-35, SSZ-48, SSZ-44, SSZ:—?B,l
Dachiardite, Merlinoite,. Lovdarite, Levyne, Laumontite, Epist:ilbité,
Gmelonite, Gismondine, Cancrinite, Brewsterite, Stilbite, Paulingite,

Goosecreekite, Natrolite and mixtures thereof.

174. The process of Claim 173 wherein the additional zeolite is selected from the
group consisting of ZSM-5, ZSM-11, beta, MCM-49, mordenite, MCM-SG,'
Zeolite-L, zeolite Rho, errionite, chabazite, clinoptilolite, MCM-22, MCM-35,
Offretite, A, ZSM-12 and mixtures thereof. . ‘
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nmetal, the rare-earth metals and m xtures thereof.

185. The nethod of C aim 182 wherein the third netal
W@ososEre i s present in an amount in the rangPCDUS2004/036642

about 0.-001 to about 20 wei ght percent, cal cul ated as

elenmental third netal. 86. The nethod of Caim?2

re n_an
b unths okt SPGTRAI 7 ot 0REEH s SaBBRP Sty Beem
per ceint an camani adngitlg afsore| aboent afo Akt 80 Wbl perddh? .of the
The net hod.of C aim 107 wherein the additi onaF
r eductqBRPHEH tive conposition conprises (a) an acidic
oxi de support; (b) an alkali netal and/or alkaline
earth metal or m xtures thereof; éécg a transition

HeE6: al Tl iPERSeH 811 Flginb 93 avhessim thig brgoliteyis prasen{ én an

o 't n it Phefig el BEUIELT ol Iy R HOT dhet g fion
wherei n the additional NO reduct| on addi ti ve

O]Slj.let &a?{]#t%%laﬂ]r% %%?e | ona 1‘ie'\60f dfl c% sﬂrrg%tdhm a

CI alm erein he a d|
addl t davien @@hped; iftomothei gonam cauisting rof. iydsgen, NOvhedug] akali
addi ti ve of Cl aim 107 wherein the

addi trPStﬁa? lé’@ﬂ?(??ﬁ’ﬁf? dditive conposition is a
per ovski t e- spi neI NO reduction additive. 191. The

th reip the additjonal NO
{%dugﬂl oﬁ”egt? i g* &83’5’0 BsMPETER ithe &raTking otaalyst « gomposition
coNt ajoRiphigescOVRARI Zb1A8 as d8Bponthe(alBidehRherd(B) i8Rt in

wherein the aqul tional NO reduct] on conpaqgsition
conprifs@ROYnt Fulhpien dp #Tvideet Eatiof fgierite; to)Y -bipe jzgohte of less

oXi dﬁiharizinlthet@tah@dﬂélm%rg sfignde other than ceria, and
(iv) optionally, I east one oxide of a transition

nmet al sel ected from G oups | B and HB of the Periodic

fﬁ@m erhen%{h%dr@{ &lasin alr@)q Whdle a% tOREGRS o f NS elfSions is

met hod of (aim 180 wherein the additiona
r educcsepplisbrei pitheut 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.

180. The method of Claim 107 wherein the additional NOy reduction additive

composition is a non-zeolitic composition.

~181.  The method of Claim 107 wherein the NOj 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 storége

capabilify; and (d) palladium.
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conposition conprises (a) an acidic netal oxide
containing substantially no zeolite; (b) a netal

w@ormposmre , neasured as the oxide, selected frpOT/UR®04/036642
group consisting of an aIkaIi netal an al kal i ne earth
met al _and mni xtures thereof an. oxygen storag

188t al Thexmg@od oisdwiani 07 abfhare( }hea%ddrt@a%lt B ée%BP’b additive :
et alcom%}?%pré& at Jeast one metal-containing spinel which 1ncludes a

first metal and a second metal having a valence higher than the valence of said
first metal, at least one component of a third metal other than said first and
second metals and at least one component of a fourth metal other than said
first, second and third metals, wherein said third metal is selected from fhe
group consisting of Group IB metals, Group 1IB metals, Group VIA met_a'ls,
the rare-earth metals, the Platinum Group metals, and mixtures ﬂﬁered:ﬂ amj
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.

183. The method of Claim 182 wherein the metal-containing spinéi -compriséé

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

184. The method of Claim 182 wherein.the third metal component in the metél-_'
containing spinel is selected from the group consisting of a Platinum- Group -

metal, the rare-earth metals and mixtures thereof.

185. The method of Claim 182 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.

186. The method of C]aim'1‘82 wherein said fourth metal component is preseht"inA
an anjount in the range of about 0.001 to about 10 weight percent, ca]c%ulatéd

as elemental fourth .meial.

187. The method of Claim 107 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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188. The method of Claim 107 wherein the additional NOy reduction additive

composition is a zinc based catalyst.

189. The method of Claim 107 wherein the additional NO, reduction additive

composition is an antimony based NOy reduction additive.

190. The method of Claim 107 wherein the additional NO, reductidn additive

composition is a perovskite-spinel NOy reduction additive.

191. The method of Claim 107 wherein the additional NOy reduction additive

composition is a hydrotalcite containing composition.

192. The method of Claim 107 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 meial'
selected from Grdups IB and IIB of the Periodic Table, noble metals ana

mixtures thereof.

193. The method of Claim 180 wherein the additional NOy 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 métal

component.
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