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to NO redusidopzagrpositions and the nmethod of use thepepfust@spwsduge NO
em ssions in refinery processes, and specifically in fluid catalytic
cracking (FCC) processes. Mire particularly, the present invention rel ates
to NO reduction conpositions and their nethod of use to reduce the content
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ni trogen- containing feeds can have a NOx em ssions problemdue to catal yst
regener at i ¢gambuslionowde) n an FCC process, catal yst particles (inventory) are
repeatedly circulated between a catalytic cracking zone and a catal yst
regeneration zone. During regeneration, coke fromthe cracking reaction
deposits OBACRGROQUNTDY ©F THEINGENTION is renoved at el evated tenperatures
by oxidation with oxygen containing gases such as _air._ The renoval of coke
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sulfur and carbon. In response to such concerns, government agencies have in some

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

[0003] 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 NOy emissions, either in the FCC
regenerator or in a downstream CO boiler. Thus all FCCUs processing nitrogen-
containing feeds can have a NO, emissions problem due to catalyst regeneration.
[0004] In an FCC process, catalyst particles (inventory) are repeatedly circulated
between a catalytic cracking zone and a catalyst regeneration zone. During
regeneration, coke from the cracking reaction deposits on the catalyst particles and is
removed at elevated temperatures by oxidation with oxygen containing gases such as
air. The removal of coke deposits restores the activity of the catalyst particles to the
point where they can be reused in the cracking reaction. The coke removal step is
performed over a wide range of oxygen conditions. At the minimum, there is

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



performed over a w de range of oxygen conditions. At the mninmum there is
typically at | east enough oxygen to convert essentially all of the coke made
to CO and WO 09437037420 PCT/ US2003/ 033478 2 H20O At t hepganistenioesishe
anount of oxygen available is equal to or greater than the anount necessary
to oxidize essentially all of the coke to CO2 and H2O. [0005] In an FCC unit
operating with sufficient air to convert essentially all of the coke on the
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nitrogen exits the regenerator as molecular nitrogen.

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

insufficient to fully oxidize the coke on the cracking catalyst to CO» and H,O, some
of the coke remains on the catalyst, while a significant portion of the burnt coke
carbon is oxidized only to CO.. In FCCUs operating in this fashion, oxygen may or
may not be present in the regenerator off gas. However, should any oxygen be
present in the regenerator off gas, it is typically not enough to convert all of the COin

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

This mode of operation is usually called “partial burn.” When an FCC U regenerator
is operating in partial burn mode, the CO produced, a known pollutant, cannot be
discharged untreated to the atmosphere. To remove the CO from the regenerator off
gas and realize the benefits of recovering the heat associated with burning it, refiners

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



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

associ at eqv(y%o?mmwi ng it, refiners typically burn thep%sg?j%&%‘%
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regenerator off gas with the assistancg of added fuel and

PCT/ US2003/ 033478 3 air in a burner usually referred to as "the CO boiler".
The heat recovered by burning the COis used to generate steam [0007] Wen
the regenerator is operating in partial burn, the conditions in the
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the regeRrédweingdpbciedfegaldily iftatheltkygui idiacadlly atiliphesed)iT0Ader hekben emitt ed
to the atnosphere. This NOx along with any "thermal” NOx forned in the CO
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modes. An exanpl e of such an "internmediate regine occurs when enough COis
gener at ed these gifeplReCIgdnegsnitipganoipecigs aredymtin theneOhpdlepvith timoepofithe | but

because the a nts. of air added.are e en h Q bri the unit close
Co full biseBaolof Sh@ﬁ’é?a“g?eg?ﬁlaﬁzﬁ%h%éﬁo‘ﬁ‘#?ggso‘?’e%%%t@?%‘n@é € be found in
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under overall "oxidizing conditions. In such case, while gas phase reduced

ni trogen bgpeilizsg ammospherid Npeodsdting thertotahNOQfeinigsens ofithi FCCTamdit anount s of
NO, are also present. |In nost cases a majority of this NOx is not converted
i n the COoperalieg incnpertialdy ingomplete egmbnstiongdodes t he at nosphere. [0009] Yet
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mode intermediate between full burn and partial burn modes. An example of such an
intermediate regime occurs when enough CO is generated in the FCCU regenerator to
require the use of a CO Vboiler, but because the amounts of air added are large enough
to bring the unit close to full burn operation mode, significant amounts of oxygen can
be found in the off gas and large sections of the regenerator are actually operating
under overall oxidizing conditions. In such case, while gas phase reduced nitrogen
species can still be found in the off gas, significant amounts of NOy are also present.
In most cases a majority of this NOy is not converted in the CO boiler and ends up
being emitted to the atmosphere.
[0009] Yet another combustion mode of operating an FCCU is nominally in full burn
with relatively low amounts of excess oxygen and/or inefficient mixing of air with
coked catalyst. In this case, large sections of the regenerator may be under reducing
conditions even if the overall regenerator is nominally oxidizing. Under these
conditions reduced nitrogen species may be found in the regenerator off gas along
with NOj.
[0010] Various catalytic approaches have been proposed to control NO, emissions in

the flue gas exiting from the FCCU regenerator.



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

air wwth coked catalyst. In this case, large sections of the regenerator
may be undgg sRebsing conditions even if the overall regeoeyusz0us/izss7s

nom nal ly oxidizing. Under these condijions reduced nitrogen species nay be
found in the regenerator off gas along with NO,. [0010] Various catalytic
approaches have been proposed to control NO, emssions in the flue gas

exiting fr FCCU regenerator. WO .2004/037420 P Q 33478 . 4
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regenerator of an FCCU unit operating jn full COQ burning mode, [0014] U. S
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reducing emissions of NO, from the regenerator of an FCCU unit operating in full
CO-buming mode.

[0014] U.S. Patent 4,368,057, teaches the removal of NH; contaminants of gaseous
fuel by reacting the NHj with a sufficient amount of NO. ‘
[0015] However, aforementioned prior art has failed to appreciate an FCC process
which minimizes the amount of NO, and gas phase reduced nitrogen species, e.g.
NHj;, HCN, in the flue gas of an FCCU regenerator operating in a partial or
incomplete combustion mode.

[0016] Efforts to control ammonia released in an FCC regenerator operated in a
partial or an incomplete mode of combustion have been known.

[0017] For example, U.S. Patent 5,021,144 discloses reducing ammonia in an FCC
regenerator operating in a partial burn combustion mode by adding a significant
excess of the amount of a carbon monoxide (CO) oxidative promoter sufficient to
prevent afterburn combustion in the dilute phase of the regenerator.

[0018] U.S. Patent 4,755,282 discloses a process for reducing the content of ammonia
in a regeneration zone off gas of an FCCU regenerator operating in a partial or
incomplete combustion mode. The process requires passing a fine sized, i.e. 10 to 40
microns, ammonia decomposition catalyst to either the regeneration zone of an

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



[0016] Efforts to control ammonia released in an FCC regenerator operated in
a partial or an inconplete node of conbustion have been known. [0017] For
exanpl e, Wézoﬁ%?ﬁb 5,021, 144 di scl oses reduci ng anmoni %é%ﬁﬂoﬁ&gﬂs
regenerator operating in a partial burg conmbustion node by adding a
significant excess of the ampbunt of a carbon nonoxide (CO oxidative
pronoter sufficient to prevent afterburn conbustion in the dilute phase of
the regenerator. [0018] U. S. Patent 4,755,282 discloses a process for
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particles. The fine sized elutriated deconposition catalyst particles are
capt ur ed bynorganiyi sugpettage cycl one separator and recycled to the regenerator
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FCC process, which compositions are effective and simple to use.

SUMMARY OF THE INVENTION

[0021] The essence of the present invention resides in the discovery of particulate

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

[0022] Despite the reducing environment in an FCCU regenerator operated in a
partial burn or incomplete burn mode, some NOx may form in the regenerator. In

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



conpositions which are capable of being circul ated throughout a fluid
catalytic cracking unit (FCCU) along with the cracking catalyst inventory
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speci es being oxidized to NOx inthe COboiler as COis oxidi zed to CO2.
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[0024] The present invention also provides a process for reducing the content of gas
phase reduced nitrogen species released from the regenerator of an FCCU operated in
a partial or incomplete mode of combustion. In accordance with the present invention,
the process comprises contacting under FCC catalytic conditions the off gas of an
FCCU regenerator operated in a partial or incomplete combustion mode with an
amount of the compositions of the invention effective to oxidize the gas phase
reduced nitrogen species to molecular nitrogen. The invention also provides a process
for reducing NO, emissions from an FCC process operated in a partial or incomplete
combustion modes using the compositions of the invention.
[0025] Accordingly, it is an advantage of this invention to provide compositions
which are useful to reduce the content of gas phase reduced nitrogen species released
from an FCCU regenerator operating in partial or incomplete combustion modes
during an FCC process.
[0026] 1t is also an advantage of this invention to provide compositions which are
useful to reduce NOy emissions from an FCCU regenerator operating in partial or
incomplete combustion modes by minimizing the amount of reduced nitrogen species

emitted from the regenerator during an FCC process.



circulating FCC catal yst inventory. [0024] The present invention also
provi des a process for reducing the content of gas phase reduced nitrogen

speci es re\k@la)zagﬁm jRM the regenerator of an FCCU oper at edpéfysfopddsihsdl or
i nconpl ete e of "Conbustion. In accordance with the present invention,

the process conprises contacting under FCC catal ytic conditions the off gas
of an FCCU regenerator operated in a partial or inconplete conbustion node
wi th an anount of the conpositions of the invention effective to oxidize
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partial or jnconplete ustion nodes during an FCC process. [0026] It is
al so an advg‘ﬁtdggg‘s%?an?wafﬁ'enti on to provide conpositions which are
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or inconplete conbustion nodes by mnimzing the anmount of reduced nitrogen
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PCT/ US2003/ 03347 7 [0027] Anot her advantage of t invention.is to provide
composi t1 onSeuRPEle SPROuERE aiciey i oA RENBRERby bfyEMEdRL EdRkoT o ogen
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i nconpl ete conbustion nodes to nol eCul ar” "nitrogen, thereby mnimzing the
conver si on BECUregeresiatond nitrogen species to NOx in the downstream CO
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mol ecul ar nitrogen by catalyzing The reaction of NOX with and ot her
reduct ant s ingpinpketd sombustiemmada by rpducin githe gontientcefrgak phasclredused EE@gen
regenerat or Species being emitted in the off gas released from the regenerator, prior to passage of
the gas to a CO boiler, whereby as CO is oxidized to CO», a lesser amount of the gas
phase reduced nitrogen species is oxidized to NOy.

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

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

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

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

below.



[0029] It is another advantage of this invention to provide a process for
the reduction of the content of NOx in the off gas of an FCCU regenerator
operating WO pemn37ako or i nconpl ete conbusti on node by red@diUs2063/083408nt ent
of gas phase reduced nitrogen species ®being enmitted in the off gas rel eased
fromthe regenerator, prior to passage of the gas to a CO boiler, whereby
as COis oxidized to CO2, a |lesser anmount of the gas phase reduced nitrogen
species is T ' ot her advantage of this invention
to provide %ﬁuﬂ*ﬁ%g 6199 Ry gas phase reduced nitrogen

speci es i n [8034YFIGUen§ a gesphid represemnaimest the comparisof’cf amagmiereduotiorm a CO
boiler, whereby as COis oxidized to CO2 a |esser anount of the reduced
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conbusti on dgpsigedial b&gbﬁgﬁ)uqﬁ-bmategfcm_ being emtted in the off gas

rel eased fromthe regenerator, prior_ to passage of the gas to the CO boiler
where the [RORSKERai2nsa grrphicaiepieseniatiansof dheepmparispn Of pEERR FORVETI ¢TEt0

envi r onmentyyAl: n ..adyv s in i s to vi de

| mpr oved paIPTPilgl%grr Jﬁh@%ﬁ%@ {éla?g%ggl}gﬂ 1?;&%9 %—1 Brﬁ%kgége%g Ogggé gmtahreeﬁ)&’tgr
conposi ti onged®in th prdstivedfithd Additives 3] BBAG T tiecracking tatalipeslbse, ahd hhe

present invention are described in further detail below. WO 2004/037420
PCT/ US2003/ ®@s3negial gompystonESupeR RN .OF THE DRAW NGS [0034] FIG 1 is a

graphic re Lon of the co riso f nia reducti.on in .an RTU
wher e ammﬂ;0§§@re%1§’? 1YS/\/!E' Pﬁap%lﬁ rgﬁ r°x§§’??“o°l5‘s&|t@%‘?s%?”_&%g‘é‘ﬁ?“’unﬁa gor}vg%? or feed
in the presfREUGIheAE dintion®sreAets BitaMOCat vahious Ievelsiof ©,6h aéactdr faddPme, and a
commerci al conbustion pronmoter, CP-3(r). [0035] FIG 2 is a graphic

r epr esent atthepresenaerd AdshibeasiAdhawd Cathaerackingaiadyss alone and aonmmergigl RTU
wher e ammnéoa gu%glcrtlsovmgh E?@zﬁ various |evels of oxygen in a reactor feed
in the preseﬁ%e g R R A, B and C, the cracking catal yst al one,

and a CcoOMPOBTIAFIG: AN raphic RPRIBItEon §thd Céhparison of NOy conversion in an

RTU where ammonia reacts with NOy at various levels of O, in a reactor feed in the

presence of Additives A, B and C, the cracking catalyst alone, and a commercial
combustion promoter, CP-3°.

[0038] FIG. 5 is a graphic representation of the comparison of NO conversion in an
RTU where NO, reacts with CO at various levels of O, in a reactor feed in the
presence of Additives A, B and C, the cracking catalyst alone, and a commercial

combustion promoter, CP-3°,

DETAILED DESCRIPTION OF THE INVENTION

[0039] For purposes of this invention the term “NOy” will be used herein to represent
oxides of nitrogen, e.g. nitric oxide, (NO) and nitrogen dioxide (NO,) the principal
noxious oxides of nitrogen, as well as N;O4, N2Os, and mixtures thereof.

[0040] The term reduced “gas phase reduced nitrogen species” is used herein to
indicate any gas phase species formed in the regenerator of a fluid catalytic cracking
unit during a fluid catalytic cracking process which gas species contain a nitrogen
having a nominal charge of less than zero. Examples of gas phase reduced nitrogen
species include, but are not limited to, ammonia (NH3), hydrogen cyanide (HCN), and
the like.



[0036] FIG 3 is a graphic representation of the conparison of anmonia
conversion in an RTU where ammonia reacts with NO at various levels of O
in areactor feed in the presence of Additives A B and

cat al yst AV 8RB0 commer ci al conb§st|on pr onot er, CF&Y/??&()%E%%% FI G
4 is a graphic representation of the conparison of NO conversion in an
where ammonia reacts with NO, at various |levels of 02 in a reactor feed |n
the presence of Additives A, B and C, the cracking catalyst alone, and a
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I nclude, b ammoni a (NH3), hydrogen cyanide (HCN), and
the |ike. %%‘8‘4@83’9&%%3@%6@2003/ 033478 9 [0041] The present invention
enconpasseq0042] Thesadiemetd] paideasefubimthe campesitiods ofaherinventidroid angmeetaler y

effective for the reduction of _the overall NQ em ssions_ _released from an
FCCU when t®é q:mpqr@g@wermawﬁqlgnt@s@tatteadﬁ%baba%ﬁ, gigapyidine, Jnddheliks. e burn
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m xt ur es

contains at least some alumina. Preferably, the acidic metal oxide contains at least 1
wt % alumina; more preferably, at least 25 wt % alumina; most preferably, at least 50
wt % alumina. Itis also within the scope of the invention that the acidic metal oxide
may contain other stabilizing metal oxides, such as for example, lanthana, zirconia,
yttria, neodymia, samaria, europia, gadolinia and the like. In a preferred embodiment
of the invention, the acidic metal oxide is selected from the group consisting of
alumina, silica alumina, lanthana alumina and zirconia alumina.

[0043] The acidic metal oxide may be crystalline or amorphous. Amorphous silica
aluminas are most preferred. Where én amorphous alumina silica is used, it will have
an alumina to silica molar ratio of about 1 to 50:1, preferably about 2 to 20:1.

[0044] The amount of the acidic metal oxide component present in the composition of
the invention will typically be at least 5 wt % of the total composition. Preferably, the
amount of the acidic metal oxide component ranges from about 5 to about 98 wt %,
more preferable from about 15 to about 95 wt % and even more preferable, from
about 20 to about 90 wt % of the total composition.

[0045] Further, the acidic metal oxide has a sufficient surface area to promote the
reduction of NOy and gas phase reduced nitrogen species formed in the flue gas of an
FCCU regenerator operated in a partial or incomplete combustion mode. Typically,

the acidic metal oxide has a BET surface area of at least 5 m?*/g. Preferably, the acidic



thereof; (iii) an oxygen storage conponent; and (iv) a noble netal conponent
selected fromthe group consisting of platinum iridium rhodium osmum
rut heni um wo foewozmreand m xtures thereof. [0042] The aci diPCTrERe3/033478 e
useful in the conpositions of the invert®ion is any netal oxide conmponent
having sufficient acidity to adsorb a base, e.g. pyridine, and the like. In
accordance with the present invention, the acidic netal oxide contains no or

substantial | Ytal'® igc%: H%s a #Eﬁ'ssu%@@aéa% 8 1 SRR rbzrlg,rnelgﬁaémré@h{%aﬁmgﬁgiﬁ' ¢
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50: 1, pref esnt 30 #0o)tmadt brefe@bly, frbA0Abht ThratRuoud vt 9 (dihemredl dkiderret al
oxi de conponent Pr esent in the conposition of the invention will typically
be at | eastbais\ef tedetal ¢panpasitian. conposi ti on. Preferably, the anount of the

acidi c net j onponent. ra rom about 5.to about 98 . e

pr ef er abl ea{rot0 gﬁ gﬁgﬁpé%{h gle%solﬁth%?"géé Rﬁ: p%%é:ﬁgupg\gg%nmag%grrd%pcée\r'\%'btﬁ@?c from
about 20 to?lem!ﬂtnvaﬂtidrtin%ﬁ%, Buli@rd Ataimied B Ombgriesitm, [cRRHEh, Badiubd)er , the
acidic metal oxide has a sufficient surface area to pronote the reduction

of NO and Heestipmeasd thelike elrefarablyghn abipline eartly weiably magnepiant. | The gas of an
o0 1 0enL btk RSN Lol By Peldiln B ISHRbELEORSHRAT TS,
2/ g. Pref ep.alityn (dhenredl dikile\Bakig)) OPreftsad 2 AhEThbhiB I A ARBnESearthGneret al
oxi de has a BET surface area of at 5 to 500 n2/g, nore preferably about
70- 250 ng/xgnges from about 0.5 to 60 wt %, most preferably 5 to 40wt %, (on a metal oxide

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

alkali and alkaline earth metals alone or in combination.

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

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

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

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

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

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

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

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

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

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

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

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

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

capability, e.g., lanthana, neodymia, gadolinia, yttria, scandia, hafnia, and mixtures

thereof.



[0046] Al kali netals useful to prepare the conpositions of the invention
I ncl ude, but are not limted to, sodium potassium cesium lithiumand the

li ke. Prefghallswsrbie alkali nmetal conponent is sodi um pElifysasiBlesisref
al kali metal present in the conpositign of the invention is typically at

least 0.5 w % (on a netal oxide basis). Preferably, the anount of alkali
nmetal in the conposition ranges fromabout 1 to about 20 wt % nost
preferably, fromabout 1 to about 10 wt % (on a net oxi de basis) of the

total conpl8f?l She oxyasn $oragadmeiphexidusmPIREDLLS Preigraby PressT bR HBI @O
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met al oxi dBesampesitionsyefithe Hyeytion way %y GAnsiderably gelati kel the amquatpfnet al
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conbi nati on. [0048] The oxygen storage conponent nmay be any netal oxide
havi ng oxyigehoutsilovh e obthsdptal ¢ampositiong pref erred enbodi ment of the

i nvention, | lide or a
tranai t1 orlO0aTLf SEAL ERARE merCBRBG I ARLQURE pbIPE R HAET 1
earth net ahclodingdmt hodiniiied td) platiaim, pdladiunilitididn, ehodiwm) ésminsQoRr i a,
praseodym a, europia, terbja and m xtures thereof. Suitable transition
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oxi de, cq ' L A LIt ang R ' ha,. ni obi a,
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enbodi mentrhehivinhd mikents theredf. Megtprefeablyo thei mbleahetaheompotganisst or age
conponent is ceria. Even nore preferred is _that the oxygen storage netal
oxi de conpdadm.chedingy Fidivmandimixiusesdherseh Typicplly.itae amaunt g the podle ne scope
of the pr ' | t 2 . St | nt may
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rare ear tparegpeamiliivhdasferabdy acledsy 10 phrtdypsrahitliion, endstpreferably ahleasti25 t o have
oxygen storage «capability, e.qg., |anthana, neodym a, gadolinja, yttria,
scandi a, HAHIPST malﬁan.n{g(g preferred qpabadigpent of the invention, the amount of the

noble metal component ranges from about 0.1 to 5,000 parts per million, preferably
from about 10 to 2500 parts per million, most preferably from about 25 to about 1500
parts per million.

[0051] Additional materials optionally present in the compositions of the present
invention include, but are not limited to, fillers, binders, etc., provided that said
materials do not significantly adversely affect the performance of the compositions to
reduce the content of gas phase nitrogen species and NOy under partial or incomplete
combustion conditions. It is preferred, however, that the compositions of the
invention consist essentially of components (i) through (iv).

{0052] Compositions of the invention are in a particulate form and will typically have
any particle size sufficient to permit the composition to be circulated throughout an
FCCU simultaneously with the inventory of cracking catalyst during an FCC process.
Typically the composition of the invention will have a mean particle size of greater
than 45 pm. Preferably, the mean particle size is from about 50 to about 200 pm;
most preferably from about 55 to about 150 gm, even more preferred from about 60

to 120 pum. The compositions of the invention typically have a Davison attrition



WO 20041037420 PCT/ US2003/033478 11 [0049] The oxygen storage netal oxide
conponent is preferably present as a mcro dispersed phase as opposed to

| ar ge bul k W@i20e4/433420i cl es or ions |ocated at exchange siRERUSIPB4Xi de
support. The anobunt of the oxygen storad netal oxide present in the
conpositions of the invention may vary considerably relative to the anount
of acidic netal oxide. Cenerally, the oxygen storage conponent is present
in the anvuriﬂaexquall;@aﬂbo% éws ab@utsoeﬁ@f@mlyf&ﬁm@@w 28; théreS0 W % nost
preferably from about to about % of the total conposition. [0050]

| n general , préferablyhl & hﬁat al corrponent |s any netal of the noble group netals
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per mllion, preferably . .fromabout. 10 to 2500 parts r.mllion, |
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10 to about 30, preferably from about 20 to about 25, weight percent solids, with an
oxygen storage transition metal and/or rare earth metal salt, e.g. a carbonate, nitrate,
sulfate, chloride salts and the like, in an amount sufficient to provide at least 0.1
weight percent of an oxygen storage metal oxide, preferably ceria, in the final base
material composition. Optionally, the oxygen storage transition metal and/or rare
earth metal salt may also contain stabilizing amounts of a stabilizing metal, e.g. ,
zirconium and rare earth metals typically not heretofore known in the art to have
oxygen storage capability, e.g., lanthanum, neodymium, gadolinium, yttrium,
scandium, hafnium, and mixtures thereof. Preferably, the peptized acidic metal oxide
containing slurry also contains an amount of an alkali metal and/or an alkaline earth
metal sufficient to provide at least 0.5 wt % of alkali metal and/or alkaline earth metal
in the final base material composition.
[0055] An additional acidic metal oxide source, e.g. sodium silicate as a silica source,
may optionally be added, with agitation, to the oxygen storage metal containing slurry
with agitation in an amount sufficient to provide at total of at least 5.0 weight percent,
preferably from about 5 to about 98 weight percent, most preferably from about 15 to

about 95 weight percent and even more preferable, from about 20 to about 90 weight



Typically the conmposition of the invention will have a nean particle size of
greater than 45 m Preferably, the nean particle size is fromabout 50 to
about 200 WO 2005&%7429r ef er abl y from about 55 to about 150 PQT/USHA3/0A3478
preferred fromabout 60 to 120 m Thelkonpositions of the invention
typically have a Davison attrition WO 2004/ 037420 PCT/ US2003/033478 12

I ndex (DI') value of about O to about 50, preferably fromO to about 20; nore
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particul af process of preparation, typically conpositions of the invention
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corresponding metal oxide, e.g. from about 400°C to about 800° for about thirty
minutes to about 4 hours.

[0057] The peptized acidic metal oxide containing slurry used to prepare the base
material composition may be prepared by (i) forming an aqueous slurry containing an
amount of at least one acidic metal oxide, preferably alumina, sufficient to provide at
least 1.0 weight percent, preferably at least 25 wt %, most preferably at least 50 wt %
, of the peptized acidic metal oxide in the final composition, and having from about
10 to about 30, preferably, 20 to about 25, weight percent solids and (ii) adding to the
slurry an alkali base, e.g. sodium hydroxide, potassium hydroxide, sodium aluminate
and the like, and/or an alkaline earth metal base, e.g. magnesium hydroxide, calcium
hydroxide and the like, in an amount sufficient to peptize the acidic metal oxide and
provide at least 0.5 weight percent alkali metal and/or alkaline earth metal in the final
base material composition. In general the amount of alkali metal and/or alkaline earth
metal base used ranges from about 0.01 to 1.0 mole of alkali base per mole of acidic
metal oxide, preferably 0.4 to 0.7 mole of alkali base per mole of acidic metal oxide.
Thereafter the slurry is aged, preferably with continuous agitation, at a temperature

and for a time sufficient to permit complete peptization of the acidic metal oxide



containing slurry also contains an anount of an al kali netal and/or an
al kaline earth netal sufficient to provide at least 0.5 w % of al kali
met al and/ AYORPUABTHAR earth metal in the final base nat erPGI/USHRHBBHTE on.
[ 0055] An additional acidic metal oxidelsource, e.g. sodiumsilicate as a
silica source, may optionally be added, with agitation, to the oxygen
storage netal containing slurry wth agitation in an anount sufficient to
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spray dri edcensaipingslmrypispreparedsbheantanging aragueqiaselugios withyapertizgbleat er t han

45 m prefer.gbly fromabaout .50 10 0 St e bly f ut 55 to
150 m and a%gllcd?{?%%]aog‘g%e'gtlg m‘&\"ﬁh&é 9‘?%%8? g‘[svﬁlrlie?(gna{@{ f}&p% guisa%?% igcgﬁ%gnt time
to form t hepfepil bRREBRBAaIR ifEBHeATurey Wil 8lso RoRAIRI Bdilzihé @ffoae f stbilzidgo about
800C for about thirty mnutes to about 4 hours. [005%] Optional ly, the

cal ci ned memgtal oxidgs; spelr as for example, lanthanadirapnip, wiria, segdymiacsamagideous al kal |

metal and/or_al kal i eart al lt solutign.i.n an amount sufficient to
pr egnat e POVt Bon ld B, Ciliobp Y iR e iR O A P e

met al and/ oaddedlil dlabiiRifadmbduniPioahe beptiZed atidivadxieshtaRing shity.conposi tion.
Suitable salts for preparing the i ngéegnatl ng sol utions include, but are

not i m t ed[Q058] Bas alemwithin the steperdfdhainventianniodpima éhs, pepiizediacidic metali cat es
o0 e gl b RIEA0R)BY BB B it PR BB Rl a0,
oxi de, e.g. cdseoaviafabletact)@G. hodrdbRletic 861, fodmicaad tnifridi acidy citft Asides to about
4 hours. [0057] The peptized acidic netal oxide containing slurry used to
prepar e t heswiyic acichPhesphiprie 8eidoadetic epidrang threliks, éprdded tothe(acidie sretdlng an
aqueous s! Unk e SORLAIN ke th o IRHON: sBfriciny b A2 0: ARKE hfeddiRbake S8 o

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

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

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

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

above.

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

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

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

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

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

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

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

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

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

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

least one oxygen storage metal oxide in the final base material composition, (5)

optionally, adding to the slurry an additional acidic metal oxide source, e.g. sodium



| east 1.0 weight percent, preferably at least 25 wt % nost preferably at

| east 50 wt % of the peptized acidic netal oxide in the final conposition,
and havi ngyd begrpsagut 10 to about 30, preferably, 20 topefaisboodhssmei ght
percent solids and (ii) adding to theisslurry an alkali base, e.g. sodium
hydr oxi de, potassi um hydroxi de, sodium alum nate and the |ike, and/or an
al kaline earth netal base, e.g. nmagnesi um hydroxi de, cal cium hydroxi de and

the like, i.,n an anou sufficient, to ethea t oxi.de and
provi de at Sifig#g{o Uog%\ﬁéﬂ&‘h torpwgs AN QE‘SEP‘P"‘ Aeidig mef & gq%léﬁi“?‘ﬁ%t@art h metal
in the fi nﬁ:'suluﬁé%ﬁnﬁ%ﬂ afer 'f&ngm@eta' Blds é&c@ﬁ?ﬁﬁﬁ'oﬁaﬂ@u of alkali

ali ta

netal and/or a e eart base used ranges froma ouf 0.01 to 1.0
nmol e of al ﬁmferalﬂy,sfeomabom)llOetombomaOdMIghtrﬁtdl thexludy, (7 netlargahe ylufry4ot o 0. 7

nol e of alkali base of acjdic netal. oxide. Thereafter the slurry
i s aged, p@?@%ﬁwﬁﬁq gzecg,tﬁtp “faé‘ﬂ‘?adldﬁ ,tﬁ(ea?qugy f%%@‘%ﬁ’ﬂ? erlesihd for a
time suffigisg i oxi de WO
2004/ 037428 BT S IBE s 93 95Tt ek S B eyt BOLH farfiBE 201 g
attrition hadhgi arhn pmttetel site dfcpreaner tharDéS/pnnpreférabllgfr((nDhbomeOﬁohbombout 50,
preferably fromO to about 20, nost preferably, from to 15. Preferably

the slurry 20Q g BTG P@Fﬁrﬁﬂ&ﬁﬁom Mtﬁéﬁ‘bbf‘(bﬂﬂraédt%o%B@g@m@U@%P oW®fut 30
Cont i ni oSl (oL 88 Gialy RE tesera Fr BEPARE DB GLR (FRbSonR . 5

pepti zabl eancﬂfbtdls@ffimrnahn@mgmwetvdlaﬂw el Bt {toat $e050a0@boktBSOPQYENt | on t hat
the peptizable acidic netal oxide contained in the slurry will also contain

st abi | i zi ngbeidurmars and (Hbicrlcining thesied pagiclages a sgﬁi@wnasemmﬂratu;@amﬁ
| ant h dth
(ke Opt i ity i b B BERHE BnafBIRL AR xiaS S Bl BB RERIBLR, AT, LT

amount s t olr the n&%ﬂ?ﬂei&&ﬁéd&@ﬁbﬂdﬁn&ﬁloﬁﬂldmﬂéﬂioﬂl the b&édxhﬁ&na][&ﬁﬁﬁjsnidn iss al so
wi thin the scope of the invention to formthe p@Btlzed acidic netal oxide

cont ai ni ngPEePafed Py ssaysapelly perfeming steprell threngh (8) bereisrbene. usi ng an acid. In
this case oo%oﬁﬁgkﬁéﬁn@q%ﬁio‘ﬁs uFa&grcﬂ}{gé Qﬁﬁlﬂ‘f’erlh%lﬁ 3% éx%@gﬂeﬁb cid nitric

aci d, C|tr uri c aci ori ¢ acl d and t he

l'i ke, is afifgegiating it base diateriat tvth an@qud@s(sohitlanmfﬁglesdt@hé)ﬁoblﬁ mdtalanmount
sufficient to peptize the acidic netal oxide and _obtain a high attrition
resi stant Pk &g Btlltfaﬁs chlerde caehpnpigs andrultptessaliy, agyeg eompjexes, and the like,

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

measured as the metal, in the final catalyst/additive composition and thereafter drying
the impregnated particles to remove volatiles, e.g. typically at about 100°C to 250°C
for 1 to 4 hours.

[0061] Compositions in accordance with the invention may be used as a component of
a cracking catalyst in an FCC process to reduce gas phase reduced nitrogen species
thereby reducing total NO, emissions. In a preferred embodiment of the invention, the
compositions are used in the form of a separate particle additive which is circulated
along with the main cracking catalyst throughout the FCCU. Alternatively, the
compositions of the invention are included as an additional component of the cracking
catalyst to provide an integrated cracking/ NOy reduction catalyst system.

[0062] Where the invention composition is used as a separate additive particulate, (as
opposed to being integrated into the FCC catalyst particles themselves), the
composition is used in an amount of at least 0.01 wt % of the FCC catalyst inventory.
Preferably, the amount of the invention composition used ranges from about 0.01 to

about 50 wt %, most preferably from about 0.1 to about 20 wt %, of the FCC catalyst



preferably fromO to about 20, nost preferably fromO to 15. In general, the
anmount of acid used ranges fromabout 0.01 to 1.0, preferably from about

0.05 to 0. Qo hRsRsR_Re acid per nole of acidic metal oxidepciis6@fdss7st he
slurry is aged as herein described abgge. [0059] In a preferred enbodi nent

of the invention, the base material conposition is prepared by (1)
preparing an aqueous acidic netal oxide slurry having fromabout 10 to
about 30 percent solids, (2) addi ndg.to the slurry, preferably with

agi tati on, mVeRtary. iAsiseparatgpetiitle additiyesasquapasitinns of Hednuention raaxbe addsdear t h

orovi de ot 1HEPCHTEthe ofVeplifhd Machf ST bR R PG it

met al , measiygeferator, iod ©y ARY athep¥orl@nient fietholll nal base nmaterial conposition,
(3) aging the base peptized acidic nmetal oxide containing slurr at a

suf ficient [Q963EWherercompegitions ohthginyengion gre infegratedinke e HCE satplyst e

i
peptization_of. , the acidic _netal oxi IR the sl urk 4) addi ng.t0_the
bept i zod oI Bitbcteh fepREEr, b epBS G cdfsiaticl soridneiimd bt et
provide at |fasibifatibnWatiiNe cBRipesiibnObf Bt invefisi. Hikte@sedantothoFage net al
oxide in the final base material conposition, (5) optionally, adding to the

slurry an acablystanasiclese theicompesisiion o theanventivo etypeally repsefients ansasahond37420

PCT/ US2003/ 4 %-siH icate to. provide. silica, t qQui de..an additi onal
aci di ¢ met aﬁf’i%%’&fg‘gﬁ%@ﬁ "dﬁ}%sg pf“%gi)e' ?’éesfgﬁapﬁfn&esﬁqqnyoﬁn{hgﬁnmlgp to provide
a solids co sitfnis QBedPfan 2ENedm abb@ (X5 to dbof S0 &P ks, mdst preféaplyifrol) t 0 about
20, weight %of the slurry, (7) mlling the slurry to reduce the particle

si ze of t heabaut Brljtalabowtci wii %edlf tha HOCecatalystiparticdesio mi crons or | ess,
preferably L6 0N r.less, ray-dryin h 1.0 | lurry to obtain
particles @ﬁf‘ﬁgmﬁg‘ﬁ@%r?nﬁﬁhtpé%@ﬁ?ggs’(ﬂn%’?\ggt@? grtagléﬂg%h vypref erably from
about 50 tOh?«h@éﬁrbo@fé@dd@&ksﬁMighﬂ@f pioduak by cbhtash s/ fec8&totlOinlbyclicand nost
preferably fromabout 60 to 120 m (9) optionally drying the spray-dried

particles atatalystuegirculasion crasking procass withracifcgtatingdlvidirahle patabytigerackingenove

oot o Aot AR O BBl S O

calcining t a su e ture for
sufficient 150pm grefeablytfiven aledut 666 AbbUT ] 20Rhd | Thxédifgiiasradking lof BRde

her ei nabove. ~|In the nost E)r eferred enbodi nent of the invention, the base
materi al cofg#ively kigh molecular weight hydrocarbon feedstocks result in the production of a
hydrocarbon product of lower molecular weight. The significant steps in the cyclic
FCC process are:
(i) the feed is catalytically cracked in a catalytic cracking zone, normally a
riser cracking zone, operating at catalytic cracking conditions by contacting
feed with a source of hot, regenerated cracking catalyst to produce an effluent
comprising cracked products and spent catalyst containing coke and strippable
hydrocarbons;
(ii)  the effluent is discharged and separated, normally in one or more
cyclones, into a vapor phase rich in cracked product and a solids rich phase
comprising the spent catalyst;
(iii)  the vapor phase is removed as product and fractionated in the FCC
main column and its associated side columns to form gas and liquid cracking
products including gasoline;
(iv)  the spent catalyst is stripped, usually with steam, to remove occluded
hydrocarbons from the catalyst, after which the stripped catalyst is oxidatively

regenerated in a catalyst regeneration zone to produce hot, regenerated catalyst



prepared by sequentially performng steps (1) through (10) herei nabove.

[ 0060] Final conpositions in accordance with the invention are prepared by

i mpr egnat i wg Jobgodzeame naterial with an aqueous sol uti on opcpisioensizamne
noble metal salt, e.g. nitrate, chloruge, carbonates and sulfates salts,

am ne conpl exes, and the like, in an anount sufficient to provide at |east
0.1 parts per mllion of noble netal, neasured as the netal, in the final
catal yst/additive conmposition and thereafter drying the inpregnated
particles to renove volatiles, e.g. typically at about 100C to 250C for 1
to 4 hours. [00GHnGOMRATEcRAS IR aﬁaeﬁ%%}feefo%&aqhhﬁw&\fausﬂms @Ry be used
as a conponent of a cracki’ng catal yst an FCC process to reduce gas phase
reduced nitrogefeedpeci es thereby reducing total NO enissions. In a

f d | . d h
Pt GURRPLTEgBhgSRE LANSRS ¥ B o SRR FSElBRS (e
main crackj f‘aQL]]a%ﬁE Q{a\éﬁfrﬁtcc%@'dg&ft‘é% dbQ%i gggﬂ%he*&ﬁ{aﬂﬁwie%y Veh{¥s an@OMPOSI tions

of the invention are | as an additional conponent” of the cracking
catal yst t HapibpFhui Camlyriet ©@grkng witr ZeokitanGatalyes, Mamel:DeklkercHewlm‘k system

0062] Where th |nv osition is used as ase arate |ve

.[oart i Lm at £97% %Q@% Vel a3 mw%wwthﬁtsm% é&ﬁ%&

particles @?Jfﬁﬁiapg@crafc}a HAROS, G Pt 5 Stbusfh am@mﬁ fs T east
ra

0.0l wt %o cata i nventory. Pre the armunt of t he

I nvention EQO?'bbEymcaﬂy ﬂmdﬁ:@ aartglgrstsfcommtaiﬁtathmdér Qikualty sihtm atuntifiavdr % nost
pr ef er abl y about 1 to about % of the FCC catal yst WD

2004/ 03742?3 PIERen 8 (YR8 4odlite feid; Sﬁeéﬁtﬂ‘é?r%?mpﬁge%teﬁ%ﬁ%ftf@OF}afP%/‘Pél e additives,

conposi ti Oﬁlﬁmﬁ’ﬁasta'ﬂﬂ/ot QiY1€£‘EIu‘P:HmF§;)S£mPﬁ11@1‘§‘§§&1 asti@olifl €lal ?C‘i"ﬂe'c}“z% faPygnt i onal

manner, e. t to the regenerator, y any- ot her
conveni ent pnasmnlnmjone{ mﬁﬁ&]e fu¥es andcmapbavet been siltcf statibBzadrandrdriteatedvéth nt egr at ed

into the FC%ﬂciat al yst rticles bhemsel ves, any conventional FCC catal yst
particle cYAPSHBALCEY a%%‘@’o"ft IS RHHMRati on with the conpositions of the

of 't he. .°Rvé’ﬁi‘ﬂoﬂi’ﬁ?ﬁ‘;ﬁ%ﬂ%&%ﬁ%gﬁﬁ“ﬁ*fi‘%%?%’“ e AT &P he. Foc

cat al yst péd@°Covith cRalyftaregdiieyationttemperatimts aff60DME ta 8AAAL | Asit 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. The amount of the composition of the invention
used may vary depending on the specific FCC process. Preferably, the amount of the
compositions used is an amount sufficient to reduce the content of gas phase reduced
nitrogen species in the flue gas of an FCCU regenerator operated in a partial or
incomplete mode of combustion. Typically, the amount of the compositions used is at
least 0.01 wt %, preferably from about 0.01 to about 50 wt %, most preferably from
about 0.1 to 20 wt % of the cracking catalyst inventory.
[0067] In order to remove coke from the catalyst, oxygen or air is added to the
regeneration zone. This is performed by a suitable sparging device in the bottom of
the regeneration zone, or if desired, additional oxygen is added to the dilute phase of
the regeneration zone. In the present invention an under-stoichiometric quantity of
oxygen is provided to operate the regeneration zone in a partial or incomplete
combustion mode.
[0068] The presence of the compositions in accordance with the invention during the

catalyst regeneration step dramatically reduces the emissions of gas phase reduced



conposi tions used ranges from about 0.01 to about 50 wt 9% nost preferably
from about 0.1 to about 20 wt % of the FCC catal yst particles. [0064]
Somewhat Wi ®bd/s7440he FCC process invol ves the cracki ng pEriusz00y/033478

hydr ocar bon feedstocks to |ighter prodsicts by contact of the feedstock in a
cyclic catalyst recirculation cracking process with a circulating
fluidizable catal ytic cracking catalyst inventory consisting of particles

havi ' ing f bout 50 to .aboyt, 150 ferably f bout
80"t 0 anotiorsh SHFciotn RO Eeeu R By st e Pl i gn
ol ecul ar réﬁﬁi:él:hﬁitrb?&[ gifeefel@%ﬁ 2RESHRFK 6f e RECU régehbRitdd! agnigithsn of a

0

hydr ocar bon produc | ower nol ecul ar wei ght. The signifrcant steps in the
cyclic FeQuptiecefsNOgemissians frometheddd bpderdsachievedc bl yomeeasekNO\i n a

catal ytic_cracking z .. normal [y a,.riser .cracking zone, oper.ati.ng at
catal vt cTEPaRR] Po e is Pt s Sahie i 0 PRReSTiofR Sk wBRAZT o ot
regener at gfleffige ki Nng catal yst to produce an effluent conprising cracked

products and spent catalyst containing coke and strippable hydrocarbons;
(ii) the EGG60LEafuitiserdiletiate the present invgntiontand therasivanthgss thereofytheor nor e

cycl ones, .i.nta a vapor phase rich in.¢cracke roduct and a.solids rich phase
conpri si n.&olpq%ngwﬁff?%g{)ag} Share givem) Tﬁﬁ&"%@B?”ﬁr%%ﬁé‘ qsép?%ﬁf)vgd as product
and fract iaah@shs! of thd'\Glafntdd in¥&tionC  shoTdRbirldeRtRUSREWSIR dngi e col umns to
formgas and |iquid cracking products including gasoline; (iv) the spent

cat al yst irvestion jspet Jimited 4 the spedific detadnset forth srthe examplesided hydr ocar bons

f th t, aft whi ch t.h tri d | yst i s .oxidativel

+egener at LOV70)AY s 20 oetePrGesidp Shs amEleis GF SIS HBer of Bfener at ed
catal yst VB ZRAA6Q I refbed 4&%%?1%0:%6%%%3& orlcondéil Fa}lﬁoh§a1te &ighycl ed to the

it
cracking zone for cracking further quantities of eed. [ 065 Conventi onal
FCC cat al ysless otherwistespetified cilawpver, allpastsiand percentdgesinghy sxanples s well

faujasite cracki co nent ..as .described in the sem nal reyvi ew by Venuto
andj as {he remarlllgndero the SpCleﬁ:atIOI‘l re(femng% gas compositions are mo aro}’\i)yy

volume unless otherwise specified.

[0071] Further, any range of numbers recited in the specification or claims, such as
that representiﬂg a particular set of properties, units of measure, conditions, physical
states or percentages, is intended to literally incorporate expressly herein by reference
or otherwise, any number falling within such range, including any subset of numbers

within any range so recited.



Habi b, Fluid Catalytic Cracking with Zeolite Catal ysts, Mrcel Dekker, New
York 1979, |SBN 0-8247-6870-1 as well as in nunerous other sources such as
Sadeghbei gYO0 2002(03743@0 Cat al yti ¢ Cracki ng Handbook, Gulf PuBRCT/¢S200343&80n,
1995, | SBN 0-88415- 290-1. Typically, ¥he FCC catal ysts consist of a binder,
usually silica, alumna, or silica alumna, a Y type zeolite acid site
active conponent, one or nore matrix alum nas and/or silica alum nas, and
fillers such as kaolin clay. The YmeQlipiggmay be present in one or nore
fornms and may have been ultra stabilized and/or treated with stabilizing
cations such as any of the rare earths. [0066] Typical FCC processes are

conduct ed ction tenperatures.of 480C to 600C wth t al yst
r egener at i[@hﬁ]gﬁﬁeﬁfﬁ‘flﬁ?cégg}ége 8‘362933%0%08%?3 1R¥er}t1[on! Q %ﬂc? I\ﬁi’?ﬂﬂf%’r it he art,
the catal yasd RABEKIRED sg,eaes 1ot HACSCOreQnefatdr dpolRing'in AhftlaPbe reactor

in
vessel s. The conpositions Of the invention hay be used rn FCC processi ng of
any typi cahcémpledarnbmodé sadsvadoited Ththe dixamplesalingraeR egenpratirtTestUnit t he

i nvention d vary dependi n the specific,.F rocess. Preferably,
t he amunt(RﬁSt%gB’X%ﬂﬁ%gﬁ‘?ﬁoﬁgfemlﬁ@Wa‘%ﬁ’ﬁﬁ??c‘?ﬁ X‘E‘?Ségﬂeatt‘b reduce the
content Of0ak e dpetafidy6€5h F@Cnggé‘ri%_ré&e.Cﬂféﬁ{TU i H@scﬁ]bé@il%?aipfn @n FCcU

regenerator operated in a partial I nconpl et e node of conbusti on.

Typi cal | y, Yalhas ambArW. Bétetsh'S tudymgnthe Chemsstrysefdhé ECEU Régeastat@r. Wident %
preferably from about. 0.01 t.0o about 50 wt % t eferably from about 0.1
Po 20wt RAISHHCORM RS et grae Smspaiindiusls Roobireh EBT I  amove
coke fromjde Vel M X & s edrtRcikNEoogr EEENE] 3k zone.
This is per@gl}ﬁgﬁ?dgyaﬁg l\ggel(ggﬁpe%p rg? ﬁgag%i ce | ﬁfs’t ﬁgeggt’)ot t omI gf bﬁtlhe

r egener at i 83-4,ovtdch desciiptiatessihesain imdrpioratedhby raferggemn i s added to the dilute

phase of regeneration zone, In.the pr nt .i.nvention an

Cinder - ot of DFANERTREd Embok §PtSecerBiayme el BRRY o6 Ipeaming SthoRh af Be: ne
regener at i e oo rdiue BA fHa8t redlucd YRR Rcies WHRUSL doRVertig She sieERS] The
presence of the conpositions in accordance with the inventidn during the
cat al yst rtegNDeinahé B Uswapthd reactin ofNHg averlacrekingeatlyst siventorpf gas phase
reduced WD 2004/ 037420 PCT/ US2003/ 033478 18 nitrogen species in _the FCCU
r egener at diongxning éeraddiivetesied infhe presengg f fiChard various amounts of Op. In

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

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

[0075] Gas phase reduced nitrogen species are reductants for reducing NOy after it is
formed. The ability of compositions of the invention to catalyze this reaction while

simultaneously converting the reduced nitrogen species to molecular nitrogen was



reduced nitrogen species fromthe effluent of the FCCU regenerator,
significant reduction of NO emssions fromthe CO boiler is achieved. In

sonme casesyoMNgyosiLduction up to 90 % is readily achi evabperusioosoisis

conpositions and nethod of the inventppn. [0069] To further illustrate the
present invention and the advantages thereof, the follow ng specific
exanpl es are given. The exanples are given as specific 1illustrations of the

clainmed invention. It should be understood, however, that the invention is
not |im tedeteBninedby p'e@rsumtg laélneaR’rFy the ectiipst of the CPMBOSitionsfPESONVEDIED] Al |

Speci f ?E‘St Rt i) SRl LB LRTRYTE offlng uRTed R SRR, .@%@*2& by
wei ght égs%gosleweﬁefegbgegaﬁeﬁas bt (Y5, b JRREHIE i s BEIRRRFEES | N

t he exanpl ere r of the specification re errrngto gas
conposi t i ohavedrigh M) aonwersioy to uittoge®. unl ess ot herwi se specified. [0071]
Further, any range of nunbers recited in the specification or clains, such
as that representing a particular set of properties, units of neasure,

condi tions, physical states or per M@/ﬂifeﬁl is intended to literally

i ncor porate expressly herein by reference or otherw se, any nunber falling
W thin suc €5 oS -So
recited. 0278 %037420&PCT/ UsZo03/ gﬁ%?‘? b%& E R Ebﬁﬂzi[s(%f?%usgﬁg!%

ef fi ci encyalafnihdipowdentosi7 paunds of wates that\heme been hmterdetdxﬁﬂe“(NO (SRS sold gas
phase reduced ni trogen species from g&g& re ener tor 1ejratr ng.in a

partial or bY{Graesbrdisen i Business Wik o 13¢f FnCpn °‘E3<a’r?p alumbig, MD,
Regenerat o 1113@%&:1995 owﬁgré&m ‘%ﬁbﬁ,@@%ﬁl\gbé ana_ &4 é‘&rﬁé}%’fat us
speci fi cal y designe st mul ate e“operation of an regenerator. The

RTU i s des8B%bedhe rsluigt wrad; piepar€d in ‘daltaam-ﬁachetdd AtaihlesSateet Sankﬁttady\mlgan he
Chem stry.of the FCCU Regenerat or r Realistic ndi ti, ni ng
Tr anspor t atfegiHichosiesed %%‘gaéord éﬁ@\mcgrﬂef PAHEMHS, ydﬂocgf @F@E %Dge%
Khan, eds. yq) afgcg% 7 PBUARY oi&aﬂ:r Jrﬁ?l%m kﬁ%%hy&ro’i@%ﬁﬁlonffé@i%“mz bch

descrlptlon 'S rei |ncorpora erence.
were added to the silica-alumina slurry The mixture was heated to 55 °C and allowed

to age at this temperature for 4 hours with continuous agitation. After the age period,
15.3 pounds of cerium carbonate crystals (obtained from Rhone Poulenc, Inc., 96%
CeOz, 4% La,03, 50% moisture) was added to the tank and 30 pounds of water were
added to the tank to reduce the solid content of the slurry to 20 wt%.

[0077] The mixture was milled in a Draiswerke horizontal media mill of ca. 12L
working volume, filled to about 80% of the volume with 1.2 mm diameter glass
beads. The slurry was pumped at a rate of about 2.3 liters per minute. This milling
reduced the average particle size of the materials contained in the slurry to less than
10 microns.

[0078] The milled slurry was fed to a 10 ft. diameter Bowen Engineering spray drier
fitted with a rotary atomizer. The spray drier was operated at 315 °C inlet air
temperature and 138 °C outlet air temperature. The slurry feed rate was used to
control the outlet air temperature. The rotational speed of the atomizer was adjusted
until ~ 50% of the product microspheres were retained on a No. 200 screen.

[0079] The spray dried product was loaded into stainless steel trays and heat treated
for 2 hours at 675 °C. Only enough material was loaded in each tray so as to obtain a

thin layer (~ Y inch) of catalyst on the bottom of each tray.



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

converting wheoeipsahes to NO in the RTU was the reactiop 9&5%/09%% a
cracking catalyst Inventory containing,the additive testeg I'n e presence

of CO and various anmpbunts of 02. In this experinment NH3 represents the gas
phase reduced nitrogen species, and CO and 02 represent the other
reductants and oxidizers typically found in an FCC unit regenerator

oper ati ng (00803 one-thindmertionsofithe nperiabwes then charge inta etsmalldidelymixert he

vari ous reduci ngl oxi dji zi ng _condj t.ions that can be.engcounter from.

e bener at oang sbravatuith 8RG8 0tuloR AR sddih cafBnRE sERERKPLESENETIR L1 at ea.
The key m@%‘ﬁn@d’lﬁi’ddubﬂ T ABowdht REEGITERG whiladjasléd hétio eRcddithecRMELpSEON, 1S
how nmuch of the NH3 is converted to NO if any. It is desirable that the

| atter convelueef the pewderoRhe improgrates matesal wafedrieg in@goveralgk?00C 02 anount s

in the reactor, ,[0074], .The .abj.lit G Sigtipns of ..t he i,nveptd on to
convert  nooveiett BEEenpE 8 Ao p 33 RS el BrpRisil ol RIS L bum
node was dﬁhﬂzm:mt’.%DXIE@?&B%&O})’ZJ@%S@&D;DQ%D@O@,Cfi%\Ndz@. of the conposition
to catalyze the reaction of NO wth CO The key performance neasurenent in
this test is the NO,, conversion. It is desirable to have high NO
conversion to nitrogen for a w de rEK@MBEEQ2 anounts. [0075] Gas phase
reduced nitrogen species are reductants for reducing NO after it is

formed. The ability of conmpositions of the invention to catalyze this

reiact i f)n V\A[@({SQ] A raqh&omaesdmrg) ff ggggmgiapac?ﬁm ggs@cﬁ?mbyrzaé)gg:miagaﬂ.&z L 0
mol ecul ar ni trpgen wa 200¢ . def er y
measuri ng Pﬂ%%‘%@ﬁ%fi‘f@ﬂaww rf‘??émﬂifﬁ%%%‘gg‘?@egﬁqusmv t [Bl?%'? NH3

with NO_unggs, 6% BbsnRd) Wl sbpoudsBi\ain rddiR iR ROOXhEl 3kitfled

d
conditions possible in a regenerator operating in partial burn.
desi r abl e itankt Whilerpeingdhpotnds dasediunghydixide solutios were slowhi added tm.

SRSI | o1 || 3 SIay nd i0e, BEIER e Sep B A e A BPm FEPETIAVE BOIR FBL od (o
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and 13.6 pounds of cerium carbonate crystals were added to the slurry. Additional

water was added to the slurry to bring the solids concentration to 12%. The material

was milled, spray dried and calcined using the methods described in Example 1. The

final composition had the following analysis: 67.4% Al,03, 4.3% SiO3, 22.9% CeO,,

0.9% La203 and 4.5% Na20.
EXAMPLE 3

[0082] An aqueous solution was prepared consisting of 3 pounds of Lignosite-823
surfactant (obtained from Georgia-Pacific West, Inc.) in 180 pounds of water at room
temperature. Twenty six pounds of Versal-700 alumina powder (obtained from
LaRoche Industries, Inc., 99% Al,03, 30% moisture) and 29.3 pounds of an aqueous
formic acid solution (45% CH,0;) were added to the Lignosite solution. The slurry
was allowed to age for 10 minutes with continuous agitation and then 12 pounds of
cerium carbonate crystals were slowly added with continuous agitation. The slurry
was milled, spray dried and calcined as described in Example 1 above.

[0083] The calcined product was loaded into an Eirich mixer and sprayed with a

aqueous solution of sodium silicate containing 9.2% SiO> and 1.92% NayO. The



silica-alum na powder contained 6% Si 02, 94% A1203 and had a noi sture
content of 33%) The slurry was prepared in a steam jacketed stainless

st eel tanl‘H ‘It’fﬁﬂ Woth an electric powered agitator. SiXp@pygshesaiz4d
aqueous hydrochforic acid solution (35% HCO) and 6.7 pounds of an aqueous

al um num chl or ohydrol solution (22% A1203) were added to the silica-alumna
slurry. The m xture was heated to 55 C and allowed to age at this
tenperature for 4 hours with continuous agitation. After the age period,

15. 3 pounm@megr@@qdmﬁﬁeaalr\bme@mraywamgt 290 e veanight ané Rirdned 68| enc, | nc.

96% 4% 3 5 h unds of

wat er were Oué%léaﬁcﬁtgt Luéaes)rlgl\c,iﬁl &h %%{5'1 y‘g%%@%%lggﬁ ﬁgeggl urry to
20 wt % [O&HYdmImoﬂatxwmt@mWUwN@ﬂ) if6llewdd oy Smaigkandaldizioptaal nedia mil |
of ca. 12L working volune, filled to about 80% of the volune with 1.2 mm

di anet er gdessabedjadiamplnbakover ry was punped at a rate of about 2.3 liters
per mnute. This mlling reduced the average particle size of the naterials
contained in the slurry to less than 10 mcrons. [0078] The mlled slurry
was fed to a 10 ft. dianmeter Bowen Engl neering spray drier fitted with a
rotary atom zer. The spray drier Id4d at 315 Cinlet air -

t enperat ure and 138 C outlet air tenperature. The slurry feed rate was used

to control e outlet ai rdé‘t[ eagﬁerature The roiatl onal sp eeg’ of the atom zer
was adj ust[ﬂ? fIpiCcTosphesiy @Jﬁ‘FéHBPR“ mars Wﬁ%?@gaﬁ%%a asemaesabn a No.

rays and Hea e b SO, e R O R Ay s BB s °°
Ioadﬁd 13 n ﬁamtan;aqayo?scslmy havind2@drsolids ofha peptizgtee aIunnihéaVensalHZOOof cataly
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%2123pirﬁye?h%\’m§ll na duclp%%gdl‘gm%?nt o) ut?@%&é@%‘gjaustgg@mﬁsom

exceed the3 \Bﬁﬂlmofpanraquemmlsudmmlﬂydrh}adpwldaon (SU‘FeNamI)e,gaxaetdddd niNegt,i al was
dried in a

final corrp?)‘%?I ‘?S(r)]‘?’f%tﬁgég’? qq@{eﬁ%}?ét gt(ob.{?%gﬁ;grp 16‘%"3];{8?: M‘?O&‘ur %6%5%382? Zghg%

Ce@2, 1% L@%@ﬂ(ﬁ%%%ﬂmsture) was added to the slurry. The slurry was diluted in with a
sufficient amount of water to bring the solids concentration of the slurry to 12%.
Finally, 3.38 1bs of exchanged silica sol of Nalco 1140 (obtained from Nalco
Chemicals Co.) was added to the slurry. The mixture was agitated to assure good
mixing and then milled in a stirred media mill to reduce agglomerates to substantially
less than 10 microns. The milled mixture was then spray dried as described in
Example 1 to form approximately 70 micron microspheres and thereafter calcined at
approximately 650 °C to remove volatiles. The resulting material had the following
analysis: 2.3% total volatiles, and approximately 4.5% SiO-, 5% Na0, 16.8% CeO,
and 73% Al,Os3, and BET surface area of 140 m? g.

EXAMPLE 5

[0085] A composition, Additive A, was prepared in accordance with the present
invention using the base material prepared in Example 4. 80.0g of the base material
was placed in an inclined beaker on a mechanical rotator. A platinum impregnation
solution was prepared by weighing out 0.1715g of an aqueous platinum tetramine
dihydroxide solution (22.79% platinum) and diluting with DI water to 100g total. The



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

| ndustri e%m%},gm”g(?% A1203, 30% noisture) with 52 pounggrRisad@losis7et room
tenperature in a well agitated tank. ;¥hile mxing, 2.7 pounds of a sodium
hydr oxi de solution were slowy added to the slurry and the m xture was aged
for 20 mnutes at roomtenperature. At the end of the age period, 4.5
pounds of a sodiumsilicate solution (27.3%Si @2, 5.7% Na20) _and 13.6
pounds of beseratarielavasshen snpreguated by gradeallyrpeayingwith 808 pfitheydiluteiBi i onal

. j Lds:. conce I 12% Th
e 1 s g o 9 Al PR, THL OB B2 e
i n Exanpl evad driddén arf dvenl at ¢ 00PODivEinight. N THe thied Edkelvansiin thefoam)filage 67. 4%

A1203, 4.3% S102, 22.9% CeQ2,  0.9% La203 and 4.5% Na20Q EXAVPLE 3 [0082] An
aqueous s&hunrksand s fisstgseinddn adiendst andyscagened peforrieal@ningay AR € do 23

surfactan t al f . Ql.a- L . 1.:.180 nds of water
at room %%é‘ﬁg‘#‘gt‘ﬁ?%190“{?\%5%%%&‘?5%9%%‘3‘?#8@08? eﬁllse% ‘l“é Bges‘élp W#ﬁ‘%@'ﬁ%\/\der

(obt ai ned chitgined: 2% 9,00 dush Si®s 5% N&,0, 183%% £t20R31ppH Piindthdde) and 29. 3
pounds of an aqueous form g acid solution (45% CH202) were added to the

Li gnosi t e B3] swrfagparexiof 135 o¥f8y was al l owed to age for 10 minutes with
continuous agitation and then 12 p@ﬂ&ﬁ@% cerium carbonate crystals were
slowy added with continuous agitartion. g slurry was mlled, spray dried
and cal cined as described in Exanple | above. [0083] The cal ci ned product
was | oaded into an Eirich m xer and sprayed with a aqueous sol ution of

sodi um si [0084] & comnositionnddditiveBsiwas peapared in aogoxgance withehepreseg4/ 037420

over i gt RAtad i g RE ORI o SrandE 47 800k BB ERR 002

agai n W t Rvag pladed BOASincRMed heaRer®n a 1m6¢HadPalotON A enas@p RAl solutidn Avda% Na20,
followed by drying and cal cining as described in Exanple 1 above. EXAVPLE 4
prepared by diluting 1.0098g of an aqueous rhodium nitrate salt solution (10% Rh) to

77.48 g of DI water. The base material was then impregnated by gradually spraying
with 60g of the dilute Rh solution through an air mist spray nozzle system. The wet
impregnated material was dried in an oven at 120 °C overnight. The dried cake was
in the form of large chunks and was first ground in a blender and screened before
calcining at 650 °C for two hours to decompose the nitrates and remove volatiles.
The resulting material contained: 73.2 % Al,0,, 4.5% SiO,, 5.1% Na,0, 17.5%

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

EXAMPLE 7

[0087] A composition, Additive C, was prepared in accordance with the present
invention using the base material prepared in Example 4. 80.0 g of the base material
was placed in an inclined beaker on a mechanical rotator. A master Rh solution was
prepared by diluting 1.0098g of an aqueous rhodium nitrate salt solution (10% Rh) to
77.48 g of DI water. A further dilution was prepared by removing 5.83g of the
previously made master dilution and adding DI water to 60g total weight. The base
material was then impregnated by gradually spraying with 60g of the latter dilute Rh

solution through an air mist spray nozzle system. The wet impregnated material was



[ 0084] A m crospheriodal particul ate support nmaterial was prepared as a base
material for the preparation of a NO conposition of the invention. A
slurry waswpropaoiesto from an aqueous slurry having 20% sopEflgsfb/asssrs

pepti zabl e alum na (Versa] 700 al um na4 prowder obtained fromLa Roche

I ndustries Inc., 99% A1203, 30% noisture). The alumna slurry was prepared
using 31.6 I bs of the alunina. To the alunina slurry 3.87 Ibs of an aqueous
sodi um hydr oxi de sol uti on?éSO% NaOH) was added. Next, . 10.4 | bs_of cerium
car bonat e 9884 4t a1 avengh i 20 He @ver HBhtRIMSSiriog $rks W as e forgpof leggeprhunksy, | 4203,
50% noi st . I MeSortdihinbed ot ith a
suffici entHﬁ cg%%\ﬁfstB \%gtutérgbygﬁ%%ﬁ%srcﬁﬁegggg@ﬁ cg)gﬁcentn?ég'#gnqugp ﬁfe slurry
to 12%  Rhnedslplaced iB8n ifetined beakehemg etchari¢al aotatar. &f plhdilumn 1140 (obt ai ned
fromNalco Chemcals Co.) was added to the slurry. The m xture was agitated
to assur elBRRSENALANSOHIIORRSIRERRIGH PY WEIEINEPW 0i 11 88 of BipgicAns PIaNBIR duce
aggl oner a 1.0 S i ) t ) Cf ] hXture was
t hen spr agé?%lr]‘lhlg%&lggér&g{ggrsl Légéni(%fﬁ%‘?aﬁ#g?nedl%h{ﬁg vglrlﬂ.r?anyéF%@ Iflrg 0y 170 m cron

m cr ospheseg ofisuid sdletiepivhethen amprogaated bntoathe dhied rwdiiny cofifintag gowdzrove
volatiles, The resulting material had the fol]l ow ng _anal éZIilS: 2.3%t ot al
vol at i | esby grasually, spsaying thrpyghasir sustsprayonoggleoysters. The welimpragnated3os A1203,

d BET f 140 ne/ VPLE 085 i ] ddi ti
A oo pr Bt v 8 in Aot e S Ao KO B QTR T e el hise
nmaterial prePanRits bid Was ik erobind §8 a Bendér drdeschased befbRs ¢aldining@s650 aced in an

I ncl i ned beaker on a nechanical rotator. A platinuminpregnation solution
was pr epaP@dotty odeughiordpcanpoe. the Bmptasfand memavacvolatilps. aThewesultisg r ani ne

di hydroxi de solution (22 79% pl ati ~and dilut] | DI ter,,to 1009
foral | ThEMBRBRest 756 hokhCbrbal 953’ 3o 0 A8 o0 o P Rh hen

| mpr egnat b adual |y ayi.ng with of the dilute Pt solution

t hr ough aﬁg%lpgmﬁ{ts‘f"@lfpémf#% sasyﬁ%rnﬁ &wet i npregnated base nateri al
was dried in an oven at 120 C overnight. The dried cake was in the form of
| arge chunks and was first ground in a bl ender and screened before

calcining at 650 C for two hours EXAMRIEBose the nitrates and renove
vol atiles. The resulting materi al

[0088] The activity of Additives A, B and C to reduce NHj3 in an FCC unit regenerator
operating in partial burn or incomplete combustion was compared to the activity of
the cracking catalyst alone and a commercially available CO combustion promoter,
CP-3® (platinum on alumina) (sold by Grace Davison, a business unit of W.R. Grace
& Co.-Conn., Columbia, MD). The experiments were conducted by reacting in the
RTU reactor NH; with CO at various levels of O,, simulating partial burn. After
calcination for 2 hours at 595 °C, the additive was blended at 0.5% level with FCC
catalyst, which had been deactivated for 4 hours at 816 °C in a fluidized bed reactor
with 100% stream. CP-3® was blended at 0.25% with the cracking catalyst. The
cracking catalyst alone, and the platinum-based CO combustion promoter Grace
Davison CP-3® or the additive/cracking catalyst blend were separately fed to the RTU
reactor operating at 700 °C. The gas feed to the RTU was a mixture of NH; and CO
containing approximately 600 ppm NH3, 5000-5500 ppm CO, various amounts of O,
added as 4% O in N, with the balance being nitrogen, The total gas feed rate
excluding the O, containing gas feed was 1000-1100 sccm. The results are recorded
in FIG. 1 and FIG. 2 below.



contai ned: 72.5% A1203, 4.4% Si 2, 5% Na20O, 18. 8% Ce2, 331lppm Pt and had a
BET surface area of 135 n2/g. EXAMPLE 6 [0086] A conposition, Additive B,
was prepar j cordance with the present invention usjing the base
mat eri al p‘r%g)piéﬂrhé@g%ﬁ Exanpl e 4. 80.0 g,of the base materistTUsdd¥BAted in
an inclined beaker on a nmechanical rotator. A master Rh solution was
prepared by diluting 1.0098g of an aqueous rhodiumnitrate salt solution
(10% Rh) to 77.48 g of DI water. The base material was then inpregnated by
gradual | y [6¢89AswhowniihIFIGBO] afid Lheddiiives £, Band O ait ivery dffecavgih an air i st
spray nozzle system_The wet _inpregnated material was dried in an oven at
120 C overningnizingdNHs gpd preventing ifgeonvessiona NQyv N ptheppifegemorides and was
first gro i & r 0 CleRj for two
39‘1 O%%H%I;(g)dﬁl&[e?ﬁ&c?éﬁ &g&%ﬁnpﬁie Jo%y%rgﬁhed;fwa%ﬁ%o@éﬁ

hours to d€es ates and rendve Vo eresulting

mat eri al nedig; g , 1 % 4 s&@f % 1005
ppm Rh angﬂtﬁ%%néq%léqﬂsgrﬁ é%d;égrpegtgeg?cﬁ%@é&éf é,? tﬂg&%ﬁaé’d@&g@? A

conposi t i af adéuides AyB, &hd Gder ledeqiag Bl undacpatiadure condithorisheasfiae s ent
invention using the base material prepared in Exanple 4. 80.0 g of the base
mat eri al  swperiqyltashad of theaenventionaleepniiwistien pmmc&ernbngmﬁwicammer or. A master
Rh sol utian wepared by diluting 1.0098g of an aqueous rhodiumnitrate
salt sol utaivgﬁgb?i‘&&)%ﬁ) to 77.48 g of DI water. A further dilution was
prepared by renoving 5.83g of the rxsgaviPPES)y nmade naster dilution and
adding DI water to 60g total weight. The base material was then inpregnated
by gradually spraying with 60g of the latter dilute Rh solution through an

20047 0374200 BB BB HEATIOR. HibalC R SRR RNE S Y 850 Rargne . e
dri ed cakep@@suriftef&iferdtoF G@e@éﬁdgﬂh@ﬁnﬁhyﬁﬂﬁ%r i%ﬂ&%g&inbﬁéti(ﬂxr@wﬂsd n a

bl ender and screened. The dried cake containing -100 ppm_ Rh was placed in
an i ncl i newmpasddo thhactivity of thei eragkingreaialyst. algnepingta aommerpialy gmailabdn sol uti on

B nytr oxi dOSBIBER oBoRoc)” St fenftand SR B NP APt b8y (ol

burn conditions. The experiments were conducted as in example 8 except that the gas

mixture fed to the RTU reactor contained approximately 1000 ppm NH; and 500-550

ppm NOxy as well as various amounts of oxygen with the balance nitrogen. The results
are recorded in FIG. 3 and FIG. 4 below.

[0091] As shown in FIG. 3 and FIG. 4, compositions of the invention, i.e. Additives
A, B and C, showed enhanced conversion of NH; and NOy to molecular nitrogen. No
other nitrogen oxides, like NoO or NO,, were detected during these experiments,

indicating the conversion of NH; to molecular nitrogen.
EXAMPLE 10

[0092] The activity of Additives A, B and C to reduce NOy formed in an partial burn
or incomplete burn FCCU was compared to that of the cracking catalyst alone and a
commercially-available, platinum-containing combustion promoter, CP-3®, by
measuring the activity of the materials to covert NOx to molecular nitrogen in the
presence of CO at various levels of oxygen. The experiments were conducted as in

Example 8 except that the gas feed to the reactor was a mixture containing 5000-5500



50g of said solution was then inpregnated onto the dried rhodi um contai ni ng
powder by gradually spraying through an air m st spray nozzle system The

wet i nmpr egwe ®osyo3Tedeeri al was dried in an oven at 120 C opermisgiabsiosske dried
cake was in the formof |arge chunks agd was first ground in a bl ender and
screened before calcining at 650 C for tw hours to deconpose the nitrates
and renove volatiles. The resulting material contained: 72.5 % A1203, 4.3%

Si2, 5.1% Na2 9% Ce 90 m Rh, 35 m Pt.,. and BE urf ace
S on or ToAPRBG: RO ROP RN s B houatt P pEYEepmate i 4 DL/, O C L

reduce NH3 | E Nt 1 a i I artial burn or
i nconpl ete %agﬁgﬁ&%ﬂm@eEg%pﬁg%cfte?%d?(g@%' P&%%dﬂof the cracking catal yst
al one and aj0pOPYTEIG: i5ahbi tAatAddVE LB afl0Wsd &F epfedtivg fF conveRtin ND,

(platinumon alum na) (sold by G ace Davison, a business unit of WR G ace
& Co. - Conn. undeppaisl kurn ppyditignre Bigyare alsomoreeifectiye tepancthe gombustivact i ng i n

the RTU reactor N 4t at _varli | evel s, of , Simylating.parti al
burn. Aft erPiopaes thi sy aF o8y e o tafing Gl bin, N it LB KPR qed
0.5% | evel wid N,OCENGAN@kRtectedhi ch had been deactivated for 4 hours at 816
Cin a fluidized bed reactor wth 100% stream CP-3(r) was bl ended at 0.25%
with the cracking catalyst. The cracking catalyst alone, and the

pl ati num based CO conbustion pronmoter Grace Davison CP-3(r) or the

addi tive/cracking catal yst blend were separately fed to the RTU reactor
operating at 700 C. The gas feed to the RTU was a m xture of NH3 and CO

cont ai ni ng approxi mately 600 ppm NH3, 5000-5500 ppm CO, various anounts of
02 added as 4% Adin N2, with the bal ance being nitrogen. The total gas feed
rate excluding the 02 containing gas feed was 1000-1100 sccm The results
are recorded in FIG 1 and FIG 2 below. WD 2004/037420 PCT/ US2003/ 033478
25 [0089] As shown in FIGS. 1 and 2, Additives A, B and C are very effective
in mnimzing NH3 and preventing its conversion to NO . No other nitrogen
oxides (e.g., N2 or N20) were detected, indicating the conversion of NH3
to nmol ecular nitrogen. Additives B and C are the nost effective of the
three additives. The activity

Q



of additives A, B, and C for reducing NH3 under partial burn conditions was
far superior to that of the conventional conbustion pronoter, |ike the
commercially available CP(r)-3. EXAMPLE 9 [0090] The activity of Additives
A, B and C for reducing NH3 and NOx present in an FCC unit regenerator
operating in partial burn or inconplete conbustion was also conpared to the
activity of the cracking catal yst al one7and a comercially available CO
conbustion pronoter, CP-3(r), using the reaction of NH3 with NOx under
partial byma¢8dItA®GSD [§:he experiments were conducted as in exanple 8
except that the gas mxture fed to the RTU reactor contained approxi mtely
1000 ppm NH3 and 500- 550 ppm NOx as wel | as vari ous anounts of oxygen with

t he bal anc i tro esul | G, 3 an bel ow.
[0091] As §h§ ﬁ Orée “ﬁﬁ‘%ﬁ‘“cf"“ ?SFﬁ 65| ? hagsiredyced i r°egﬁ?9%e°‘es .
Addi tives d&rmg?cawylst&geﬁ&@ﬂ@dm&nﬂam@ﬁly@emaekmg@ncof pﬂNb‘é’ss,aS‘aiﬂ N@Kpdsﬂlon

nol ecul ar nitrogen. No, other nitrogen _oxides,_ |ike

det ect ed dEPMPSIRS PRICIER Javinged maean IPaﬁ'ch‘il‘Eétzien‘bf hoat éanewquBfumH@dt 0

mol ecul ar @bﬁlﬁ?ﬂﬁ%‘rel) BN LB odCs. bg&qug]of I@i@w%éthl"&&&e 9<§ntﬁgﬁlgtsh3§§ntéll Boand C
to reduce in an partial bum or inconplete bum”FCCU was” conpar ed
to that of zedlige;iipchicnlcanpaieyssleated dionathd gaoupccomrsmgudlalkphamﬁ'aall alkdlime
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at various okya%?ﬂl Sorafe @etdeokidel rdegvest RetG1 \p@heof:@n@bm (ﬁd:télscdrr[ponﬁi(arfm e 8
except that t %?s feed to the reactor, was. a_ m xture containing 5000-5500
WO 2004/ 03 seediedbirpm e (ayayn sasistng Qép&aﬁv@c}n@e@» thodiugh ASRER, PHNBITY

amounts of . esults
are recorde E{'G gtqﬁ‘%ﬁ%éve@t[og%g%et%{%ﬂ% s ow ?‘ﬂg?p JI[ ? ?\%grsouﬂ-ﬂ,q@fBJta d C
are very eﬂefastdli we %, areasuwped &y metabo iR, of thadempestian. al burn condi ti ons. They
are also nore effective than the conbustion pronoter at |ow | evel s of
oxygen sinul ating partial burn. No other nitrogen oxides

2. The composition of Claim 1 wherein the acidic metal oxide is selected from the

group consisting of alumina, silica alumina, lanthana alumina and zirconia alumina.

3. The composition of Claim 2 wherein the said acidic metal oxide is silica alumina.

4. The composition of Claim I wherein the acidic metal oxide further comprises at

least one stabilizing metal oxide.

5. The composition of claim 4 wherein the stabilizing metal oxide is selected from

the group consisting of yttria, neodymia, samaria, europia, gadolinia and mixtures

thereof.
6. The composition of Claim 1 wherein the component (ii) is alkali metal.
7. The composition of Claim 6 wherein said alkali metal is selected from the group

consisting of sodium, potassium, cesium, lithium and mixtures thereof.

8. The eompositien of claim 7 wherein the alkali meal is sodium or potassium.



| i ke N20 or NO2 were detected. 27 WHAT IS CLAIMED IS: 1. A conposition for
reduci ng the content of NO,, and gas phase reduced nitrogen species during
catal yst regeneration in a fluid catalytic cracking (FCC) process, said
conposition conprising particles having a nean particle size of about 50 to
about 200 pmand conprising (i) at |east about 5.0 wt % of acidic netal

oxi de containing substantially no zeol?&e; (ii) a netal conponent sel ected
fromthe group consisting of alkali nmetal, alkaline earth netal, and

m xtures tRereofthe Corhpasitidn dfedaiin dwhertdhn the aBIRFIaE s RAiupEt 2l oxi de, of an
oxygen storage netal oxide; and (iv) at least 0.1 ppmof a noble netal
conponent selected fromthe group consisting of platinum iridium rhodium

boi ng presdit | i soRRPTLATLF il EMGR LRt (BRBuTR 8| oRamenRl. (ot

t he conposinidgtain. 2. The conposition of Caim1l wherein the acidic neta
oxide is selected fromthe group consisting of alumna, silica alumna,
| ant hana al um na and zirconia alumna. 3. The conposition of Claim2 wherein

the said aqijdi c TREtahp&Ktidicofl Glaii 10 GRer@inUfd ARaline’barth Rt QIRATId iy B C @i M
| wherein the acidic nmetal oxide further conprises at |east one stabilizing
met al oxi degroup.comsigingorfpaagnesion, elciwn hptivm, sijeatienand pexwresihar¢ofi ng net al
oxide is selected from the group consisting of yttria, neodym a, samari a,
europia, gadolinia and m xtures thereof. 6. The conposition of Caim!]l

wher ei n t hel2conTheesmpdsition ¢ fClaink &l whereinahe alKalintlearth e $d magiesiafi. Cl ai m 6
wherein said alkali nmetal is selected fromthe group consisting of sodium
potassium cesium lithiumand m xtures thereof. 8. The eonpositien of claim

7 wherein tje akigalhm ioﬂéféraﬁﬁyrm;enpmeaﬁ%mtoége cSmpdfifit GRIRAThlel ON Of
Claim8 wherein the alkali netal is sodium . The conposition of Caim!]l

wher ei n corgaomengtal( oxide davingiaxygem stafdgal dapebilitay ahtransiionl metall oxiflnehaving

f(ﬁrerpom ti onox%encgtoe}la& C%gamﬂ{e[gﬁ m}xktlueres Ihiér%l)f ne earth netal is selected from

14.  The composition of Claim 13 wherein the oxygen storage component (iii) is a rare

earth metal oxide having oxygen storage capability.

15.  The composition of Claim 14 wherein the rare earth metal oxide is selected from

the group of ceria, samaria, praseodymia, europia, terbia and mixtures thereof.

16.  The composition of Claim 13 wherein the oxygen storage component (iii) is a

transition metal oxide having oxygen storage capability.

17.  The composition of the above Claim 16 wherein the transition metal oxide is
selected from the group consisting of vanadium, manganese oxide, iron oxide, nickel
oxide, copper oxide, cobalt oxide, chromia, titania, silver oxide, molybdenia, niobia, gold

oxide, tungsten oxide, and mixtures thereof.

18.  The composition of Claim 15 wherein at least a portion of the rare earth metal

oxide comprise ceria.

19. The composition of Claim 18 wherein the rare earth metal oxide consists



group consi sting of magnesi um cal cium barium strontium and m xtures
thereof. 12. The conposition of Claim1ll wherein the alkaline earth netal is
magnesi um 13. The conposition of Claim1l wherein the oxygen storage
conponent (iii) is arare earth nmetal oxide having oxygen storage
capability, a transition netal oxide having oxygen storage capability, and
m xtures thereof 14. The conposition of29C aim 13 wherein the oxygen storage
conponent (iii) is arare earth nmetal oxide having oxygen storage
capabi | i t Yessehfially Bcesi@mposi tion of Caim 14 wherein the rare earth netal
oxide is selected from the grqup of ceria, samaria, praseodynia, europia,
t erbi a and2thi xtThecomphsitienpf Clagm IBhehesanpesixyzenstofagtingialpiide ghmperent t he
oxygen st of. Q nent (i) i e L r A nmet al oxi de havi ng oxygen
st orage ca‘%@bgf?lplﬁ?r;é.ggf?.sesf%ga%é)rrrlﬁ%ts?ﬁlﬁ%’ﬁ%g%lt%g&above Claim 16 wherein the
transition metal oxide is selected fromthe group consisting of vanadi um
manganese oxide, iron oxide i,ckel ~ oxide er ox|de obal t .oxi de
chr gm’ a, t#kanithe Cé’ﬂﬂ?éiﬁ%?fggﬁim |\y}§5éﬂﬂ§:stafh?l%gqgi§net§ pyide g“xﬁe gted {9y st en
oxi de, andmPiXduy &hsisties 6P Lircoh, 1IMIRanaORRRAS NG, YAd&nif irid) IGnWhAChahR, at
| east a portion of the rare earth metal oxide conpri'se ceria. 19. The
conposi t i oadohix@iresitheredf. wherein the rare earth netal oxi de consists 29
essentially of ceria. 20. The conposition of Caim 13 wherein the oxygen
storage netal oxide conmponent (iii) further conprises at |east one
st abi | i zi ngp. met’Ble xipdeitior bf Cldi@ CahgeBi the aoblemetd] @bmpadeniveseRicted tfiven
stabilizing netal oxide is selected from the grqup consisting of zirconia,
| ant hana, HeGAMA sonsistiag of Mlatinugy drdigm, ghodium,z0smHump rytheniymgrignipm,
thereof. 22. . JhemeRpposition of Caim1 wherein the noble netal conponent is
selected from the group consisting of platinum iridium rhodium osm um
rut henium rheniumand m xtures thereof. 23. The conposition of Caim22
e el RO or TeEEh BRLP R cobhondh WRIERATH 9
the group consisting of platinum, rhodium, iridium and mixtures thereof.

24. A fluid cracking catalyst comprising (a) a cracking component suitable for

catalyzing the cracking of hydrocarbons, and (b) the composition of claim 1.

25.  The cracking catalyst of Claim 24 wherein said cracking catalyst comprises an

admixture of components (a) and (b).

26.  The cracking catalyst of Claim 24 wherein said catalyst comprises integral

particles which contain both components (a) and (b).

27.  The cracking catalyst of Claim 24 wherein component (b) comprises at least 0.01

wt% of the cracking catalyst.

28. A method of reducing gas phase reduced nitrogen species emissions from the
regeneration zone during fluid catalytic cracking of a hydrocarbon feedstock into lower
molecular weight components, said method comprising contacting a hydrocarbon
feedstock with a cracking catalyst at elevated temperature whereby lower molecular

weight hydrocarbon components are formed, said cracking catalyst comprising (a) a



24. A fluid cracking catalyst conprising (a) a cracking conponent suitable
for <catalyzing the cracking of hydrocarbons, and (b) the conposition of
claim11. 25. The cracking catal yst of C aim 24 wherein said cracking

catal yst conprises an adm xture of conponents (a) and (b). 26. The cracking
catal yst of Claim24 wherein said catalyst conprises integral particles

whi ch contain both conponents (a) and (¥). 27. The cracking catal yst of

Cl ai m 24 wherein conponent (b) conprises at least 0.01 w % of the cracking

catal yst. 28cki ’%‘rﬁ]ﬁﬂerﬁf sdlﬁglécfd?gcéiﬁ%ﬁé‘%ﬁ@ cfé%ﬁ gegf WyHFoQ%anS%‘a' &
em ssions fromthe ‘regeneration zone during fluid catalytic cracki ng of a

hydr ocar bomompesitsanoedmprising pastigles havivige mean pamctg:rwzq:@ﬁmhméﬁﬂ 40 abait@0fet hod
conpri sing cont ctln f eads t.h a ¢ Ckl g.cat.al yst at
el evat ed télp?pg?‘gtcﬁ mﬂéréﬂﬁﬁ%ﬁg%ﬂ%l g@ ar f‘Mac]wC ry ré’é‘édr%bg%n %lglﬁ%onents
are fornedsutsaintally ackicoljtecéi)ad yetal conponent B¢ledted ﬁaanhe oroag komistiagrafonent

suitable for catalyzing the cracking of hydrocarhons, and (b) conposition
conpri si ng 2l mel ékaé\?l%ﬁ &’%éa?’f‘dp'a}xtt‘?rﬁq ge’s"Pgéugfdt logsh it 36 %pgneasist 200 m

and conpri §i Rl lokida! of £Skysel WMbrage: Metth oXfIOfand 1] i€ 188 &h ¥ 8fa GEREAI Ni Ng
substantially no zeolite; (17) a netal corrponent Sel ected fromthe group

consi st i ng netal catnlpamnt meteaﬂed zirk dhe group aqonsistingt off plaanldnnpadtadrm iridaie of ;

(i) at ast 0. oxj, d n sto

et ol oxi aghodiy qsmyymafufERT B fanan Aeri ot Fei el ¥R i ect oo
fromthe gbeiup gresat Shidgowit ¢l at lastm. spaltl%gimmmdlail midtal dxtidegli afmheosm um
rut heni um rhenium and m xtures thereof, said netal conponent (ii) being
present inCemBYFHiONof at |east 0.5 wt % neasured as nmetal oxide, of the
conposition. 29. The method of Claim 28 further conprising recovering the
cracking catalyst from said contacting step and treating the used catal yst
in a regenébat i Bhe methediod Glagelfefusther cogwiriding atcalvgring thg@racKing catelysolorof Cl ai m

wherein t. de_of
conbust  on 4 PO I AN AN BTG & wPOREHERah } BeRBeentls FesltErts mponent

(b) are said catalyst.

30.  The method of Claim 29 wherein the regeneration zone is operated in a partial

mode of combustion.

31.  The method, of Claim 28 wherein components (a) and component (b) are

fluidized during contacting said hydrocarbon feedstock.

32.  The method of Claim 29 wherein the regeneration zone is operated in incomplete

mode combustion.

33. A method of reducing NO, emissions from the regeneration zone during fluid
catalytic cracking of a hydrocarbon feedstock into lower molecular weight components,
said method comprising contacting a hydrocarbon feedstock with a cracking catalyst at
elevated temperature whereby lower molecular weight hydrocarbon components are
formed, said cracking catalyst comprising (a) a cracking component suitable for
catalyzing the cracking of hydrocarbons, and (b) composition comprising particles having
a mean particle size of about 50 to about 200um and comprising (i) at least about 5.0 wt

% of acidic metal oxide containing substantially no zeolite; (ii) a metal component



fluidized during contacting said hydrocarbon feedstock. 32. The nethod of
Claim29 wherein the regeneration zone is operated in inconplete node
conmbustion. 33. A nethod of reducing NOx em ssions fromthe regeneration
zone during fluid catalytic cracking of a hydrocarbon feedstock into | ower
nol ecul ar wei ght components, said nethod conprising contacting a

hydr ocarbon feedstock with a cracking cHtalyst at elevated tenperature
wher eby | ower nol ecul ar wei ght hydrocarbon conponents are fornmed, said
cracki ng cagladtyd fromOther gréiip onsiting oFralGil Metal; GMRMNE Rartk hdtabhid fnfiktures

catal yzing the cracking of hydrocarbons, and (b) conposition conprising
particles mgpgoigliihatnieast Ghvt G measured ay mstad 9xids of @n HXYERN Storags apfipl
conpri si ng ,(iqk. . t 0, i Qi j t.al gi
substanti alof(%(/ﬂ:’n%{dzggf?tt 13@4{'?%11; )pﬁ rél ?rfr/s\% gﬁﬁlggﬁrr%%néebmﬁ% ‘?}%{t %ﬁcggtgﬁﬂftg%%dtaﬁe gr oup
consi st i np cofisisini adfi platiwh,, paeleksidm;Agalledinmh irditie, rhedidmmosming srutienemsg of ;

iii) at least 0.1,wt. % asured,as tal oxi of an oxvgen storage netal
i tb: *nd Thnyym 4t PisdlesgRaell Sid Fadl Eoianeh 15 behe BEH i BBt L, om
the group |&eIEs sk P4)eheaSurtd & hbNdxidabf hdictmpodd@dd. adi um i ridium rhodi um

osm um ruthenium rheniumand m xtures thereof, said netal conponent (ii)
being present in anmount of at least 0.5 w % neasured as netal oxide, of

the composigyi on Erg?élg%h-gp%f'@ﬁiﬁl% REinéd AnfBridfe rtolBife 18Rk gg%ahgpﬁyﬁgi ng

t he cracking ca rom sald contacting-step ard treati use

cat al yst i Baid cosigetivgy step amd mroatmgt the usggbcrtalpdtan asmgchecaioal 208t to 3égendrhte net hod
of Caim34 wherein the regeneration zone is operated in a partial node of
conbust i on 5 @?‘tas'ﬁte met hod of C ai m 33 wherein conponents (a) and conponent
(b) are fluidized during contacting said hydrocarbon feedstock. 37. The

met hod of Cl aim 34 wherein the regeneration zone is operated in an

i nconpl et e 3fode The medhagduat Claim 3dgwhesein dh Egendrations gnneris gperated intfepasidslt ent of
NO, and ga%q%%go[ﬁﬁgk{ﬁgd nitrogen species during catalyst regeneration in
a fluid catalytic cracking (FCC) process, said conposition conprising
particles having a nean particle size of about 50 to about 200

36.  The method of Claim 33 wherein components (a) and component (b) are fluidized

during contacting said hydrocarbon feedstock.

37.  The method of Claim 34 wherein the regeneration zone is operated in an

incomplete mode of combustion.

38. A composition for reducing the content of NOy and gas phase reduced nitrogen
species during catalyst regeneration in a fluid catalytic cracking (FCC) process, said
composition comprising particles having a mean particle size of about 50 to about 200
um and comprising (i):at least about 5.0 wt % of acidic metal oxide containing
substantially no zeolite; (ii) a metal component selected from the group consisting of
alkali metal, alkaline earth metal, and mixtures thereof; (iii) at least 0.1 wt %, measured
as metal oxide, of an oxygen storage metal oxide; and (iv) at least 0.1 ppm of a noble
metal component comprising palladium and at least one metal selected from the group
consisting of platinum, iridium, rhodium, osmium, ruthenium, rhenium and mixtures
thereof, said metal component (ii) being present in amount of at least 0.5 wt %, measured

as metal oxide, of the composition.



um and conprising (i):at |east about 5.0 wt % of acidic netal oxide
containing substantially no zeolite; (ii) a netal conponent selected from
the group consisting of alkali netal, alkaline earth netal, and m xtures
thereof; (iii) at least 0.1 w % neasured as netal oxide, of an oxygen
storage netal oxide; and (iv) at least 0.1 ppmof a noble netal conponent
conprising palladiumand at | east one Mdtal selected fromthe group
consisting of platinum iridium rhodium osmum ruthenium rhenium and

m xtures Bhler eppg c&ﬁ;sdiuﬂsﬁt&lcmmaﬁ%n(the Lm@r%lrﬂaalpcrx@&eei@tseue&e@m%eof at

|l east 0.5 W % neasured as netal oxide, of the conposition. . The
conposi t i ogroup c@hsisiting 88 alwménag sitica emari umdlamalamlmnd@lrp@n@ellumaed f romthe
group consisting of alumna, silica alum na, |anthana alum na and zirconia
alum na. 40. The conposition of Claim 39 wherein the said acidic netal oxide
is silica 4@l unTha.cofpositlbre of aDIpinGi30i @herefn (Heasdid 3Bidih @fetdlnotibe iasilidhc net al
oxide further conprises at |east one stabilizing netal oxide. 42. The
conposi t i oAlUBiNAc ai m 41 wherein the stabilizing netal oxide is selected from
the group consisting of yttria, neodym a, samaria, europia, gadolinia and

m xtures thereof. 43. The conposition of C aim 38 wherein the conponent
(ii) is al Rali Tt edmpositionT € laonPowhereinrthoacidic ametal4xidenfertbérrcogmridesadt kal i
nmetal is selected fromth consi sting of sodium potassium cesium
lithium angeaﬁio%f’ﬁtia&glzinﬁé?z%}% (tf!S The conposition of C aim 44 wherein the

al kali metal is sodiumor potassium 46 The corrposi tion of Claim45
wherein the_alkali metal is sodium 47. nposition of C aim 38 wherein
conponent (12| ) Ebmeampesition of Glaim HeWh%rFmﬁhe W'h?mgmtal?ﬁ@ed%?%@&dtf?% of

G aim 47 Ex‘oﬂ%t&%m@ﬂlﬁ?lo‘f NRira2 b ﬁﬁagmha%aseeluﬁ%tlfd &éibﬁﬁ?at'ﬂﬁ kiR

consi sting of nesrum- calci um ium stront m xtures thereof.
49. The cotheositi on of Cl aim 48 wherein the alkaline earth netal is
magnesi um 50. The conposition of Cl aim 38 wherein the oxygen storage
conponent (iii) is arare earth nmetal oxide having oxygen storage
capabi lityg43a t TROSIhpoRRioR®f @laivdsdehdiéit ithtomponent (ii) is alkali metal.

44.  The composition of Claim 43 wherein said alkali metal is selected from the group

consisting of sodium, potassium, cesium, lithium and mixtures thereof.
45.  The composition of Claim 44 wherein the alkali metal is sodium or potassium.
46.  The composition of Claim 45 wherein the alkali metal is sodium.

47.  The composition of Claim 38 wherein component (ii) contains an alkaline earth

metal.

48.  The composition of Claim 47 wherein the alkaline earth metal is selected from the

group consisting of magnesium, calcium, barium, strontium and mixtures thereof.
49.  The composition of Claim 48 wherein the alkaline earth metal is magnesium.

50.  The composition of Claim 38 wherein the oxygen storage component (iii) is a rare

earth metal oxide having oxygen storage capability, a transition metal oxide having



33 oxygen storage capability, and m xtures thereof. 51. The conposition of
Cl aim50 wherein the oxygen storage conponent (iii) is arare earth netal
oxi de havi ng oxygen storage capability. 52. The conposition of Caimb51
wherein the rare earth nmetal oxide is selected from the group of ceria,
samaria, praseodym a, europia, terbia and m xtures thereof. 53. The

conmposi tion of O aim50 wherein the oxydén storage conponent (iii) is a
transition nmetal oxide having oxygen storage capability. 54. The conposition
of the abovsygtmdtoradscapabiliéy, Aand hextlifes fikdofon netal oxide is selected from
the group consisting of vanadi um mnanganese oxi de, iron oxide, nickel

oxi de, copper oxide, cobalt oxide, chroma, titania, silver oxide,

nol ybdeni a, ¢ni obja, : FEe; I ) k 55.

The. composi 11 on P <gfifigf Bl fim syt EhORer el icfen (iR are O

met al  oxi dearth omgalioziale havingaxygeh. stofhge @patplityi t i on of C ai m 55 wherein the
rare earth nmetal oxide consists essentially of ceria. 57. The conposition
of Claim50 wherein the oxygen storage netal oxide conponent (iii) further
conpri ses a2, | eafe RRMoSitidR of CIIMSD 1NLkebin A Aes et mdthEoi@dRGslette@fronf C ai m
57 wherein the stabilizing netal oxide is selected from the group
consi sti ng ¢ goup ebaeria, S@”&%ftahﬁ’f@a@dbi@éﬁi?vﬁoﬂl,a, e dynictures thereal. scandi a,

haf nia and m xtures thereof. 59. The conposition of Caim38 wherein the
nobl e metal conponent is selected from the group consisting of platinum

i ridium rhisdi urftencbmpositioned Clamm S6fwiddein 6l odypen ctorpges cdmpomentf (if) &ian 59
wherei n the nobl e metlal . onent is sel ect d]1.f romthe group consisting of
rhodi um i rFERHOR B r??‘lgt%glﬁng@gtoﬁ%gegﬁor@fcaﬁ?% I%i d cracking catal yst
conprising (a) a cracking conponent suitable for catalyzing the cracking of
hydr ocar bons, and (b) the conposition of Caim38. 62. The cracking catalyst
of d ai m 6154herBiencaepagitionaeikiha pbevg Slajet ST vipreins the Ensitipgningtaly pridefis
component s s(e?e)cteanﬁjorﬁb[)le group consisting of vanadium, manganese oxide, iron oxide, nickel
oxide, copper oxide, cobalt oxide, chromia, titania, silver oxide, molybdenia, niobia, gold

oxide, tungsten oxide and mixtures thereof.

55.  The composition of Claim 52 wherein at least a portion of the rare earth metal

oxide comprises ceria.

56.  The composition of Claim 55 wherein the rare earth metal oxide consists

essentially of ceria.

57.  The composition of Claim 50 wherein the oxygen storage metal oxide component

(iii) further comprises at least one stabilizing metal oxide.

58.  The composition of Claim 57 wherein the stabilizing metal oxide is selected from
the group consisting of zirconia, lanthana, neodymia, gadolinia, yttria, scandia, hafnia

and mixtures thereof.

59.  The composition of Claim 38 wherein the noble metal component is selected from

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



63. The cracking catalyst of Caim®6l1 wherein said catal yst conprises

I ntegral particles which contain both conponents (a) and (b). 64. The
cracking catal yst of Caim61 wherein conponent (b) conprises at |east 0.01
wt % of the cracking catalyst.

34
60. The composition of Claim 59 wherein the noble metal component is selected from the

group consisting of rhodium, iridium and mixtures thereof

61. A fluid cracking catalyst comprising (a) a cracking component suitable for

catalyzing the cracking of hydrocarbons, and (b) the composition of Claim 38.

62.  The cracking catalyst of Claim 61 wherein said cracking catalyst comprises an

admixture of components (a) and (b).

63.  The cracking catalyst of Claim 61 wherein said catalyst comprises integral

particles which contain both components (a) and (b).

64.  The cracking catalyst of Claim 61 wherein component (b) comprises at least 0.01

wt % of the cracking catalyst.



