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regenerator or in a downstream CO boiler. Thus all FCCUs processing nitrogen-

containing feeds can have a NOy 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
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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
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[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 NOy.

[0010] Various catalytic approaches have been proposed to control NOx emissions in

the flue gas exiting from the FCCU regenerator.
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[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, at a
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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 NOy emitted into the atmosphere from the FCCU
due to a decrease in the amount of the nitrogen species being oxidized to NO 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 NOy may form in the regenerator. In

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



are used in the FCC process as separate additives
particles circulated along with the <circulating FCC

W@ a10al0y=0 | nvent ory. [0024] The present inventPONUS1088033478
provi des a process for reduting the content of gas
phase reduced nitrogen species released fromthe
regenerator of an FCCU operated in a partial or
' NRAS t.he
[g%@e n%l{h%\r/en vd ta%re of Ht? ('t)lgg is go 5%&%1?9 cgrgg&s?tlc%ngc rhlch are

diifediéve tbCRidizd gdsyphiase Iechlitﬁisdtnllt@cb‘@ntsbﬁzléklc ieleg&sl fedm an FO@I’@U
regenerator operated in a partial or_ inconplete

r%%{?é% WRTAHHI & PRrtipl (ﬁﬁm%ﬁﬁ@o@buﬁt% TRARS @ moleshlar of
%‘ge‘nnfh@fé‘b Qﬂnﬁlfnfzﬁ%tthé’ @ontvgrszﬁ' {7 & etdp@em : ogen gﬁlﬁse to NOy in

uced rogen species to ecuf
thmdMstmmnaI@d»oﬂamw des a process for reducing NO ,

ans f om an FCC process operated in a partial. or
[ﬁm |1%?%° G ERet ¢ d%%ﬂnﬂgﬂg F@P@N@eeewegrlw%w%wbﬁre

usbrR] 10 Péaide 90, ethfi0idnd frORCHI TEHOT Y, genbfatdr%g@ﬂl\t/\lﬂ?‘frﬂﬁﬁrﬁgleor

of this invention to provi de conposition are
ln@émnlete rombuglipnanedes te owlesntar oftrogas by) kaiskyzingdhe sction of
eas rom ener at
op’ér g?l ng |C§Otb%\rrrf3fl%‘ita@? %P}F@hﬁﬁfeé? in B&BH?EBBWC%B@E burn
Hﬂ@uj@ea&aﬁﬁc process. [0026] It is also an advantage
of this invention to provide conpositions which are

[0Q2R [t is angtheradsanyage ofdhis dyeptien fq I@m‘rmln an@mess for the reduction

S BAEOSIAL T NER O Ol RIS ek R BTBLES S o

indntipdee nompemo@s]aom;tﬂee@blﬁ i cohent SR8 PhaeGedided nfttbgen
an FCC_process. WO 2004/ 037420 PCT/ US2003/ 033478 7

P%%?‘}eﬂlﬁﬁ?ﬁféﬁ iy g 2k gagaclsrsed fom Hvémqnéwtqrspm@ to passage of
't Q d@gﬁg&' &Jg X‘@C@rls 3k Rizefkd BCL,1VEs éro z?rﬁéﬁnq é)f] the gas

ase reduce rogen spe0|es rel“ease
pﬂi&étﬂeducmganmghepeom@es akidivgditt\N@gr ti al or i nconpl ete

stion nodes to | ecul ar, nitrogen, thereby
[Wﬁ 5ieRgiheadvapiage PEihirnpntiondo PEifeciprRFess é@éhe reduction

oF BECHIRSe FRuNit:B ent @@gl@?ﬁﬂﬁf é'fﬂééﬂt%)%g%a %assécplggl%]an

i S anot her advant ge'o I nven nto
fwmp@mrttd) o130 bilaxhwhereby as@Ous otidizeé thiCO, N¢s@minssinDofSthe

CCUre ener.at o ratlng in partial or
rec[ugé%lltr&gsn S ést 8 IZF‘é)EPg@ to mol ecul ar- nitrogen by
[00813| AtoitHeg abiVeitd 0@ 19 hvehtiodNo }%JV'IHG%I@E\:@S B4NBE reduction of

reduct ant s typically present in a partial or

theconigst ef NOgum the off gas of an FCCU regenerator operating in a partial or
incomplete combustion mode by the reduction of NOyx being emitted in the off gas
released from the regenerator, prior to passage of the gas to the CO boiler where the
NOy 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.
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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, N,Os, 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 (NHj3), hydrogen cyanide (HCN), and
the like.
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opthe tineention, 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 an 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
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. Preferably, the acidic WD 2004/ 037420
o>péq-/ Mjpares3hergel. 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.
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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 um. Preferably, the mean particle size is from about 50 to about 200 pm;
most preferably from about 55 to about 150 pm, even more preferred from about 60

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



earth netal oxides typically not heretofore known in
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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
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slurry an alkali base, e.g. sodium hydrox:de 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
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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



[ 0057] The peptized acidic netal oxide containing
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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



sul furic acid, phosphoric acid, acetic acid and the
like, is added to the acidic netal oxide containing
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(6) diluting the resulting slurrg with water to
hygracarhen HO@I&ﬂt Of ovees M%Uﬂadtwwhto? apsificmt sped the cyclic
F@C r@d’e@sb%r% from about 10 to about 20, weight % of the
rry, ) milling the slurry to reduce the particle
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spra?ry ]?JD articles at a sufficient tenperature and

for @i)suf fheerfht isidi@%hﬁl%e(ﬂ BRO¥DaM Bhbin®Sly if ofle offnore
about 100C to about 250 or
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



about 1-4 hours, and (10) calcining the dried
particles at a sufficient tenperature and for

wa@ adoftiogidsent tinme to formthe correspondi ng nmet BET/OK2008633478
as described hereinabove. 1¥n the nost preferred
enbodi nent of the invention, the base materi al
conposition is prepared by sequentially performng
steps (1) through (10) herei nabove. [0060] Fi nal
conpositions in accordance with the invention are
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[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



in conbination with the conpositions of the invention.
If integrated into the FCC catalyst particles, the

W@ owpo3i4o on of the invention, typically repreBenUs2083/033478
| east about O Ow %of the FCC catal yst particle.
Preferably, the anount of the invention conpositions
used ranges from about 0.01 to about 50 wt % nost
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feed. [0065] Conventional FCC catalysts include, for
exanpl e, zeolite based catalysts with a faujasite
w@e@aksTago conmponent as described in the sem naPCT/@82008033478
by Venuto and Habib, Fluid9Catal ytic Cracking with
Zeolite Catal ysts, Marcel Dekker, New York 1979, |SBN
0-8247-6870-1 as well as in nunmerous other sources

such as Sadeghbeigi, F Wﬁgﬂ ytic Cracking
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Handbook, Gulf Publ . ston, 1995, | SBN 0-88415-
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[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 NOx with CO.
The key performance measurement in this test is the NOy conversion. It is desirable
to have high NOy conversion to nitrogen for a wide range of O, amounts.

[0075] Gas phase reduced nitrogen species are reductants for reducing NO, 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
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in the FCCU regenerator effluent. By renoving the gas
w@b@gm374e@duced nitrogen species fromthe efflPenUSmb3/033478

the FCCU regenerator, signi2ficant reduction of NO ,

em ssions fromthe CO boiler is achieved. In sone

cases, NO, reduction up to 90 %is readily
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o Db P (e mledring: Bitone hosreral megiadlhg! che 12
wolkeE Sbiunel ritfel &0 FiEoH: BBACBE R Q81utRA%h 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 (~ % inch) of catalyst on the bottom of each tray.



Realistic Conditions,"” Designing Transportation Fuels

for a Ceaner Environnent, J.G Reynolds and MR
wb@n/o3aads. , p. 151, Taylor & Francis, 1999, |BBMUS2003/033478

1-56032- 813-4, which description is herein

i ncorporated by reference. [0073] The nodel reaction

for determning the ability of the conpositions of the

' ntion.to redu h e [ '
rodgRY BB Bt o LR eBAET B HEF R, o § PREM FSRACLES:
and Bray@bwith @agedoullsBlutye of sdiunachibogate &t ebtyiatabomaNar® in

containing the additive tested jn the presence of CO
thesirpl wapdustsThentsneng obsoleson Was adjynied RatfR pYGeet thenypfer pore

e [ j ognd
ol RLSAEE e AR RORREE et ) AidRt BEpi0 2
ovepniighit 2ed saltinpd fal2 houtoat6d5i°@. dhe FEOQl eomapositioaded éheafolpwing

oper a i in partial b t 2 level in the
nilgiec DR 10 DO A0TSR0 LRy TR ng
conditions that can be encountered fromregenerator to
regenerator or inside thgs hegenerator can be
simul ated. The key neasurement in this experinment in
addition to NH3 conversion, is how nmuch of the NH3 is

[oﬁgﬂt}%ﬁ tagqeo&osn'}& of egtgih?ﬁle hiundiSa %§i1{r@ﬁr€d B? ﬁ,‘glﬂbﬁkﬂng 27.8

ter conversion | ow as possible for
ponhdiestt Vemalg?Oofludihagrovet éotitainechBomcbaR whe IidBTHE, INke 99%

ahiljty of c osiions. of. the invention to conver .
ARGy, 01 vkt ViRE G ORISR e P s erp i PR e egitated
tak ) CWIRRE @4iRinBUL.N pORA® dFaSsodRinehyarbfide kolutibe wld-4loWdy added to

measuring the activity of the conposition to catalyze
the blamyeadtthe mixireNe ggedifoc2y) mimyies Riespopeicmperaiiiee At the end

asurenent .i.n this fest.is the CONMEI,S) [ N
of FEEFHBTRY ¢ b0 Al SRoeh VRl B EE 3% S er s §0)
and M.619otiRRAT Ruflcabsiitd srysthROVaE Jddsd phagesliegdueaidlitional
ni trogen species are reductants for reduci ng NOX after |
water was addsel i@ ghe stway &bbiing thesplidbepissntratisngo JR% Ehe material

TR B BG5S s Bl
firla combegitibmhadihie rfoljemingan alyés 260047081502,34.3% Si0O,, 22.9% CeO,,

PCT/ US2003/ 033478 20 determ ned by nmeasuring in the
0.99p 022 ant#-PV4 N?’ZQJf the conpositions for converting

NH3 with NO, under various 02 levels, sinulating the

reduci ng/ oxi di zi ng condit, ossible in a
Exedprep

regenerator operating i bum It is desirable
in this experinment to have high NOX conversion to

[Oﬂgﬁ]rgg%ueWﬁtﬁnl 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,Os, 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% Na;O. The



[0076] A silica-alumna slurry was prepared by addi ng

30 pounds of SRSII silica- alum na powder to 57 pounds
we@bomas®aeo t hat have been heated to 38 C. ( SRSIPCHUBZNN3/033478

by Grace Davison, a Businegg Unit of WR Gace &

Co.-Conn., in Colunbia, MD, silica-alum na powder

cont ai ned 6% Si 02, 94% A1203 and had a noisture

A0 IR ML, VAP LR RN
hopm\éate 6éﬁ l"@.g I’EMtpmc:jucvalns p_ﬁ)pregi&ategf /a@rn withan gq%em?ls solutlcan of
chl oric aci ol utio % a ounds
6‘% L3 Dppgknat agmlaﬁn%rﬂ%i\f@p@&%ﬁﬂ%ﬁl BY d&vémgmckﬁ@k(n%z%as

de&l-%Q@)nEx\ﬁﬁﬁeqdﬂ,%qet o 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 pounds of cerium carbonate
crystals (obtained frongQaamer Pqul enc, Inc., 96%
Ce®2, 4% La203, 50% noi sture) was added to the tank
and 30 pounds of water were added to the tank to
[0084d cmidrbsphenbdad paictiatet support heatedlalivay ptepardd avh Yase material

1{1077 The m.X e\Nas_mII?dlnaDralsmerke
fo Atatien REANDxfompogitiop §T thespvenfign k Ay, Waptepared

frcfnh b ﬁ(ﬁhebﬁs ﬁgﬁ‘&' %a@igg/ozg% Mﬁs Mpﬁ gﬁlg‘é‘bﬂg?h&mﬁa ?V%fgz#l ter

gl ass™ beads. lurry a rate of about
ahgmga pidvedes opeimedifrom Ba R'ﬁbh@Ithi;tﬁbsnblc 988UABO;1308% moisture).

TR BT SRR el Fusine 466 it e opisto o thhgluping gacry
3.8 18§ bf’aﬂ\@eﬁlef)@sdsddﬁnﬁh}&of(fde sSiuBBR V7% RAMRD #ﬁ%qﬁ@@ reg,

spray drier fitted wWwth a rotary atom zer e spray
10drlpepf mwnbgféb@ta@crastals 16bta@ined fretn Rhone Rombemey It 06%aDieD-,

SR U R SRR N

suﬁmeﬁht Ot o@pm& t@brib§ theaoRAY EdticeNiBtioR W usd Sy um%
50% of the product m crospheres were retained on a

Finpdy, 3,88 desrpf exopmgpd sifiea %qhow algoi 1440 fetsained fI\ﬂ@sN alg@ded'

Clﬁ%(?dé§éa§‘5 gj?g ﬁ@eﬁé& (alxe stl\'ix?% F%‘%}Q\?ﬁ%& gsr eﬁaﬁeg éca %saugengood
migaghant tieen midled$n & @tn@éﬂ mbdila&lmlltt@ rddlut@y@tloheralds 4o butethtially
of cagza%st on the _bottomof each tra WO 2004/ 037420

lespghpn B33 g il %imEUE@OTaSAh‘%Ih@f% ties! glesqriiedan
Exﬁfﬁ%lenﬁfo%hﬁl 1&5388 79 %Eﬂ)% #TBH tgglleﬁfté:&a[&%%rat

and sprayed ueous so
appraxinaaiely 50 GCchbtcﬂnmweatnﬂmﬂeSS %Hﬂaéﬁllﬂmg mhifedalfhadahe following
r odugc Th unt of sol ut| dj usted not to
an%x%gédisq{oﬁ%taﬁ)écﬁgtﬁe% apg approxnnate y 4% slaoﬁ, g% Na0, 16.8% CeO,
and 73% Al,03, 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



vol une of the powder. The inpregnated nmaterial was

dried in an oven at 120 C overnight and cal ci ned for
wQ@20ve0sE2@t 675 C. The final conposition had tPeT/US2003/033478

followi ng analysis: 66.2%A1203, 3.9% Si 2, 23.9%

Ce®2, 1% La203, 5% Na20. EXAMPLE 2 [0081] An aqueous

slurry of peptizable alum na was prepared by conbi ni ng

i ned

b B e Y R et g3 BRI sO85 e Aile
solutips thml@h anl 4ihmi2 spray ndazlebyswal. eThéive! idPredrRdIea8d takrial

| k. Vihj | ds_ of
wa QBTN okt P CC S son | SrEs IS e dorD of s

chedikdTahd WAk @1r§t%‘?odﬂd’ih lérb?e ?ﬂgsﬁijeef]&f b&grergag: 1§§‘ g%Sd Q,ogc;r

tenperature At the en e age peri o
twohours $o déapmposé theatiteatedndt remové Q(?laﬁl% Sirﬂaresﬁluﬁg/qrmaﬁ)

cofited Lo PR 7% SR TR b G CED apadaand bad

Bmh@rﬁlwa{exofqggpw@g the solids concentration to 12%
The material was mlled, spray dried and cal ci ned

usi ng the met hods descrE%éMHhEGxarrpl e 1. The final
conposition had the follow ng anal ysis: 67.4% A1203,
4.3% Si 2, 22.9% Ce02, 0.9% La203 and 4. 5% Na20.

[0EB8ANRIompdsitida SR HdiARe BIWaOpepael i hQBrdase RitBRIR Silsent
consi sti ng}pof 3 ounds of L| gE}XOSI te-823 surfactant
mves%@rav%@ bg#a m@@ngl. rreeaed i ama:gec 4. B®6 g)ofitie 1B material

wag’g e{n r salb-%%lff%%%mrﬂ% %nﬁllgr at or( &Pﬁé}ﬁ%%ﬁ }sé(laﬂpn was

prelpaxﬁdmlyehllutidg@lDI)Q&gof dd&queo&%@eﬁﬁﬁﬂﬁtrat@gg{ﬁ g&hﬁélﬂ(l@% Rﬂfjto
é%g ounds of an aqueous formc acid solution
71. 0’553%%@ ABe baperrpatenial was @hﬂilslmpée@@tedth}’@liaduﬁﬂﬁ 5pray1ng

w1t§|6€')? oY the WfidRh Q¥RHok ﬁlr(@jlgg[%h noa{lrl%]?st %ﬁg gg%fle\:/\@y(’sgqn? uhpe wet

contl nuous agitation an

impragimetinetetinly eheditediR a8 oS EoN moam%magﬁth THe ks %!ﬁkéswas
tggl tation. The slurry was mlled, spray dried and
in the frnheldasee C&B%l"ér%néé’bﬁs|fﬁs®talm§i ig abletisiey and §c0aeq batoes

ded i h d
cuf % PE RSG5 L RSHAIE: S bt Senl

The:mstﬂalng integerfal 28t Sin0d: B@%J-A%@f)él\@‘%@@ The198,0, 17.5%
2004/ 037420 PCT/ US2003/ 0334 22 i npfegnat e& mat er | al

CeQgsl 005 ippoh RimamhhalveBEAtsuf2é: e 0ufer27igh. and cal ci ned
for 2 hours at 675 C. The product was i npregnated
again with an agueous sol ution of

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 wei ght. 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



sodi um car bonate containing 7.0% Na2O, followed by

drying and calcining as described in Exanple 1 above.
WEX0nPEE201 [ 0084] A m crospheriodal particul at BCHUPHOB/033478

mat eri al was prepared as a2lpase material for the

preparati on of a NOX conposition of the invention. A

slurry was prepared from an aqueous slurry having 20%

.salids of i zab V | ]
iR PR T BT alROURE hagas 11 8 lprfot gl ponks
andAHa05st 3BYAdRI SBIEER) and JdH€erdH UMd @icsl daké Yormaiaingr-€08ppth

usi ng .6 I bs of the alumna. To the alumina slurry

Rh s/as placebingin iadi@qlb@@l@g os gdnenheripareiaiore ABRIPMBN (50%

imeiesyiial S GHE HenehBh o by MpsHib eSSk o Sl Bl

tetré%ﬂeaﬁﬁ)y?droﬁa%dlml@ﬁ PR aaddidtinowith @Isi«anemty 100@ ®tal.
luted 1n with a suffjcient anpunt

somtséw Stowtsm.w tbwnmgra@edémmqnséfr i ORGP payder
oy bEAEAN spr sy tend 3 syt SOEHEGARM, W fRiiRBlegRiied

ma@ﬁ@Wai @riddia asloves y 12T)rve: oexiighte mmg ichlad was incthe form of
assure good mxing and then milled in stir

largs; crhunks)andemﬁcfembzg@llm@r %bléadqf g a@%@%ﬁthe%ﬂf? 9a1£1|%g£2§ a6

m crons. The m. h
oc g ReRdE B e B ML § Wi adBe 2t
matePialt &t ARedT72! rsmm%ofst @B@l@p@mma«;@ &% Oedl,, 80 ppm Rh,
approxi mately 650 o renove volatiles. The resulting
35$§ﬂ§1ﬁfﬂtadndhﬁd AlBET fiatdconieagr 1ahal2ysi s: 2. 3% t ot al
vol atiles, and approximtely 4.5% Si 2, 5% Na2O, 16.8%
and 73% A1203, and BET surface area of 140 n/g.
EXAI\/PLE 5 [0085] A comegiii gAdditive A, was
prepared in accordance wth the present invention
usi ng the base material prepared in Exanple 4. 80. Qg

o AR T o L RS P B 5B

op&afit in Hul GRAESRPIBYE ORI IHGw A tontbateliliaGhdictity of
aqueous platinumtetram ne dihydroxide solution

the(cmm@eqmlmt|atum)anémtounnemlalﬂugawﬂtahler§r0 vembystiog proyogter,

Th 2004/.0
TR O e
& BbLomd QC&BIIMHE MiDJ. utte dXperimehtd twebdicdrduoied By adacting in the

m st spra nozzl e system The wet inpregnated base
RThreagtionNH; with CO at various levels of Oy, 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 NHj, 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.



was dried in an oven at 120 C overnight. The dried

cake was in the formof |large chunks and was first
w@e@ud/os742m a bl ender and screened before cal ci PETIgSEN3/033478

650 C for tw hours to deednpose the nitrates and

renmove volatiles. The resulting material contained:

72.5% A1203, 4.4% Si 2, 5% Na20O, 18.8% CeO2, 33| ppm Pt

o33 R AR CD. BRI B

mifEA e AMELanipkdvchhify RE BsRREsion VO] 1 N6 othet Rrogbe okidse
materral prepared in Exanple 4. 80.0 g of the base
(e. gty joa N, Oharsriieteet], indiegting s ¢oreersimad¥Hptp molecular
_nmechani cal rotator. mast er,. Rh sol uti on S. prepared.
nitgget; RGNGS B D005 A1 A SUFGEOOT HOMRThAC 1veR SRCAT vy
of & iﬁ'&és%‘, B, 10 récf&cinéﬁﬁ%&ie?ﬁm@'alH‘(ﬁh%ndﬁ&% WaShr
mat erial” was then | npr gna% ed by gradual ly spraying
sup¥iriol 1ot ¢Ffthd behvehiidtiag cEbssiot prarioteh) lite g @mraertiatty St
spray npzzle system The wet inpregnated material was
avgjlabkCP m3an oven at 120 C overnight. The dried cake

was in the formof |ar gﬁq and was first ground
in a blender and screen}g}gA ef gir(g calcining at 650 C

for t WO hours to decon'_pose t he _ni trates _and renove
ro3 Fhe aafiin, of At Bl astS: far oo ED and (U3 Btk a0
FC[QJ{') glgl;?gg)&ﬂglgﬁ%_ gél&tralﬁo%? ﬁAéggﬁ Hin élziﬁcé‘i%fs)ﬁte EtMBE Was also

Itive C, wasS prepared i n
compared datteactivithof the cpckimgratal yshalent amaha cammgreidlky dyagable
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mikfirélfddad telRYURBIctéraonihinedSipgroxdmidk ywidDe ppmANHy bid §60-550
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pppr WOk osiwkl} agmatiousmstosntsdif [opy gorwHln dxeamgﬁnng nidlogemt Ehe regults

60g t.otal i,ght....The.base material was then
a“?ﬁﬁ?@ﬁ@&l%ﬁ&f”&?&éu%ﬂ’? Yspraying with 60g of the
[00%] tar shdivh 4h BIGRB arkId, UOPorhfsRUBI of thedhVenfiiofi|i.¢ Pldditives

nozzl e system The wet inpregnated material was WO
A, B oy G3shoped PUTNS? 0uBre3BugENH2 20¢iNOs do melesrlap pisipegr. No

. ight. i ed in the form of
O“I‘l"ég‘&(é:"%% ggﬁ@g’qg%&“z&gf Igblra:‘f’ef%%gfe?ﬁ@ Siyride Hege aiengRatS
indq’lggtlen%QEg Con-l‘_}é%ic%r J)feIgHg: %kﬁofé%%?hi%@&. -100 ppm

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 NOy 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



Rh was placed in an inclined beaker on a nmechani ca
rotator. A platinuminpregnation solution was prepared
whgoomesyo ng out 0.1715g of an aqueous pl ati NUPCT/US2003/033478

tetram ne di hydroxi de sol u2bon (22.79% Pt) and
diluting wwth DI water to 100g total. 50g of said
sol ution was then inpregnated onto the dried rhodium

g&”éé' §Qd‘95(?§@9?\f0 Qchgfs %% S.ﬂg%g&%%ﬁl Hed N ML /RN and the

nozzl e sy I pr egnat
bﬁﬁhé‘ém%%&’ﬁsﬂfgﬂeﬁﬂts'a% 1%'801‘21\5@5}1 PiG 5214y over ni ght. The
dried e was in the formof |[|arge chunks and was
(00923 FI@ri)&hmfv that Additizeddr B and Csare eenyedifeb@veofoe converting NOy

t h d
ot Bl Bufkechditions Tt Rish 900 eltPerbRERITER FaBiyiign
pEsinétet e IJ\%ls%f%xgégrpﬁmufatﬁ%@p%@ bu@: N6 HChitrdonVkides
Ce@2, 90 and had a BET surface

lie dpQopr N égw@temNPLE 8 [0088] The activity of
Additives A, B and Cto reduce NH3 in an FCC unit
regenerator operating in partial burn or inconplete
conmbusti on was conpared to the activity of the
cracki ng catal yst alone and a conmercially avail abl e
CO conbustion pronmoter, CP-3(c) (platinumon alum na)
(sold by Grace Davison, a business unit of WR G ace
& Co.-Conn., Colunbia, MD). The experinents were
conducted by reacting in the RTU reactor NH3 with CO
at various levels of 02, sinulating partial burn.
After calcination for 2 hours at 595 C, the additive
was bl ended at 0.5% 1l evel with FCC catal yst, which
had been deactivated for 4 hours at 816 Cin a
fluidized bed reactor with 100% stream CP-3(c) was
bl ended at 0.25% with the cracking catal yst. The
cracki ng catal yst alone, and the plati numbased CO
conbustion pronoter Grace Davison CP-3 " or the

addi tive/cracking catal yst bl end were separately fed
to the RTU reactor operating at 700 C. The gas feed
to the RTU was a nmixture of NH3 and CO contai ni ng
approxi mately 600 ppm NH3, 5000-5500 ppm CO vari ous
amounts of 02 added as 4% 02 in 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. WO

2004/ 037420 PCT/ US2003/ 033478 25 [0089] As shown in
FIGS. 1 and 2, Additives A, B and C are very effective
in



m nimzing NH3 and preventing its conversion to NO ,.
No other nitrogen oxides (e.g., NO2 or N20) were
waledsos®aAd) i ndicating the conversion of NH3 t OPCT/US2003/033478
nol ecul ar nitrogen. Additi2ves B and C are the nobst
effective of the three additives. The activity of
additives A, B, and C for reduci ng NH3 under parti al
V@EMB%EA%@BS[SMS far superior to that of the
CO ustion pronoter, like the
commercially available CPO 3. EXAMPLE 9 [0090] The
activity of Additives A, B and C far reducing NH3 and
Ino, Ap?%gmﬂanfoawdu%@hﬁﬁquéa%wgw andpasoheratedheed n

r » .
e PR SRR L BROR i TR T AP 6e B8 ine (FCC)
pericesse sad dompesinorecanpiding paraclbshdving £Deew pintiskeistae of about

SfiG A 200 i kbt PORG Sl S ek RgRboxide
comBRuE REstasidly R¥RERee (B Ax&8Pionfhaknt s!aféc&a?fmnﬁfm%g%@p
fed to the RTU reactor contai ned approxi mately 100

cp@ﬂiﬁtimg@f alkali Mal5g1@ali@mmh|®)¢tds angeixtarss therdody §ii) at least 0.1

R ST SR DR o) s

pbROF k] nobte mB@WLPLEhGeledtedTebr tfe gréup @(ﬁﬁﬁﬁﬁ% bf pRAGEn&H,
the invention, i.e. Additives A, gB and C, showed
rEH Bt BT oRRPE R BithepfuHBeBing MAXiKgrppthereaf, ajaid metal
L L SO L SR ARG S et
of the coameeitishon of NH3 to nol ecul ar nitrogen. EXAMPLE
10 [0092] The activity of Additives A, B and Cto
reduce NOX fornmed in an partial burn or inconplete
burn : t P i
ot alyer e ond SR BCEA | e AR 2t Wsclected from
il groumconsisting af alungna eitioa aluindna, pamhoiael ymiGR-a8d eirconiy
asuring the activity of the materials to covert NO
YUYl ecul ar nitrogen in the presence of CO at
various | evels of oxygen. The experinents were
conducted as in Exanple 8 except that the gas feed to
3t he Tbacempositen af Giaknh drvéherein ke saicharidio 0o:td SEe\WDsilica
a 004/ 037420 PCT/ US2003/ 033478 26 ppm CO, 500-550 ppm
, various anounts of oxygen added as 4% 02/ N2, and
the balance nitrogen. The results are recorded in

FIG 5 below., _
4. The composition of Claim 1 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.



[0092] FIG 5 show that Additives A, B and C are very
effective for converting NOX wunder partial bum
wa@oeoudiosisons. They are al so nore effective thanPthes2003/033478
conbustion pronoter at |ow8levels of oxygen
simulating partial bum No other nitrogen oxides |ike
N20 or NO2 were detected. WO 2004/ 037420
PCT/ US2003/ 033478 27 WHAT IS CLAIMED IS : 1. A
conposition for reducing the content of NO,, and gas
8phasdheedmpesitiomiof CogmrY whacindgbe allsali ngtad &t siditsh or
rfagenerati on in a fluid catal ytic cracking (FCQO
P , said conposition conprising particles having
a mean particle size of about 50 to about 200 gm and
conpr|3|ng (i) at |east about 5.0 wt % of acidic netal
9oxi dd'hecompasifipn gl Slairstiawhdreinithe allaly awtal issodium) a
net al conponent- sel ected fromthe group consisting of
al kali metal, alkaline earth netal, and m xtures
10her auk ,coﬁipbsﬁloﬁlbf Ceaatl \Qhékem\&bnﬂfl)néiﬂ Sﬁ}kf(ﬁi@aiﬁ’ssaﬂ@kﬁine
OXI de, of an oxygen storage netal oxide; and (iv) at
getah. 1 ppm of a noble nmetal conponent sel ected
fron1the group consisting of platinum iridium
sodi um osm um ruthenium rheniumand m xtures
1t1 h er ot cospbsitior bAClaimdopaieesih thd dlkallieicagh pictd entelédied
nt of at |east 0.5 w % neasured as netal oxide,
I&an STUPHBSISHRS AL MogneFiEn, caleia PR, sHrontymjand mixtures
tisgrei n the acidic nmetal oxide is selected from the
group consisting of alumna, silica alum na, |anthana
al urri na and zirconia alumna. 3. The conposition of

1Z) i COREORHER EOBEI 1 Bieron e AiHng SAHORSES K he -

ggllgmnet al oxide further conprises at |east one
stabilizing netal oxide. 5. The conposition of Claim4
wherein the stabilizing netal oxide is selected from

con | St .of ttr. neod sanar i
1307 a8 BpBaRROR pLERR 1 Wheitintie SRREH SlizegdppmSi it is
&0 RROs hietaﬂ) Bxide h@vﬁ% @xﬂtgéﬂb@(hﬁ%é‘cép‘ﬁ&h@}o RREMSIRbLN hdtal dxide
al kali metal. 7. The conposition of Gl ai m 6 wherein

hawing oxygen) forags eapabidity; and s styres teareathe

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



group consi sting of sodium potassium cesium |ithium
and m xtures thereof. WO 2004/037420 PCT/ US2003/ 033478
wQ@83008/037b@e conposition of Claim?7 wherein the Bt Rab2003/033478
metal is sodiumor potassi2m 9. The conposition of
Caim8 wherein the alkali netal is sodium 10. The
conposi tion of CGaim1l wherein conponent (ii) contains
| . .

RUNp et By 0T o Xmords, ), FRELOTh. ARy Rhert, 3 dBie,
goheoxg dey upn gsemsixsdd, mgd miixtoeg fessafim cal ci um bari um
strontiumand m xtures thereof. 12. The conposition
of Caim1ll wherein the alkaline earth netal is
1329 N e Wdinpbsition B CERIPGS) QR aPfealt AldRidn YHGE Eér@ e&xjﬁfmetal
oxygen storage conponent (111) Is a Tare earth neta
axidechontpaige nefimxygen storage capability, a transition
metal oxide having oxygen storage capability, and
m xtures thereof. 14. The conposition of Caim13
19her efta dobpoSiine 8N CEiMI 1RIPHFANRIRNARE edrihi thétal &uée crRlst
earth metal oxide having oxygen storage capability.
esgntigiheoicesmigosi tion of C aim 14 wherein the rare earth
netal oxide is selected fromthe group of ceria,
samaria, praseodym a, europia, terbia and m xtures

20her éXie.compbsitidh ef CLARASI \mhe@an e &yeistbdagelinstal dxiddhe
oxygen storage conponent (iii) is_a transition netal
CORIPRBETHA &) A @%mygwﬁnw@ kge cagpiabilizingmetaloxighe
conposition of the above Claim 16 wherein the
transition netal oxide is selected fromthe group
2dons i'Bieicompotitiva i dlaiim 2 Inmitgein elsestabiliziag metfxakiifeelected
ni ckel WD 2004/,037420 PCT/ US2003/ 033478 29 oxi de,
feqmp Hisreran cRusisipg af tireowiay knthana.diredymia, gadliaia, yitrigeeandia,
hgﬁlg%nd%gﬁﬁl?&e[ﬂ‘g@@f ni obia, gold oxide, tungsten
oxi de m xtures thereof. 18. The conposition of
Claim15 wherein at least a portion of the rare earth
Zg?t alTheoc)c()lm%%m 10n o% bfa?mc & flerem the noble metal component is selected
from the group consisting of platinum, iridium, rhodium, osmium, ruthenium,

rhenium and mixtures thereof.

23.  The composition of Claim 22 wherein the noble metal component is
selected from 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).



19. The conposition of Claim18 wherein the rare earth

nmetal oxide consists essentially of ceria. 20. The
wa@eovpo3i4e on of C aim 13 wherein the oxygen stBCHYS2003/033478

net al oxi de conponent (iiidy further conprises at

| east one stabilizing nmetal oxide. 21. The conposition

of Claim2l1 wherein the stabilizing netal oxide is

el e C

Zi%ant ﬁlglﬁgracﬁd T n%“fast 9:5 ggﬁPIZ%Ir\)Zﬁe?&ht@%dg:%ta st E@‘Hgﬁses integral

plaafcmsayhidndommnfomlwrmpwsm@(a) aﬁd (b)The conposition of

Claim1l wherein the noble netal conponent is selected

fromthe group consisting of platinum iridium

WhOle%@]crﬁtﬁcﬁﬂ Eatalfstt T4 Wikesh Herd?l (8 B6A t least
t her eof . gf’ he gon‘posn tion of C %Zevm(g}r el nﬁltjsﬁS afeas

Or{HbWb%r?eftﬂéﬁ credipoedalyst s sel ected from the group
consi sting of platinum rhodium iridiumand m xtures
thereof. 24. A fluid cracking catal yst conprising (a)

28. Cr ackiethdd &P MaRBRBLgaS phés@ bédilcfa@ ﬁlt@%&l@ kpeeicd @mfidifons from the
cracki ng of hydrocarbons, e conposition of

r%%eaﬁliﬁwll zoneglurmgdlug eainlyg C@gklag pﬁa hadro@rbpwf@dstock into

LLE R e DN
h?d’fﬁbddﬁaﬁ) O2A6B3d Wit a3Dackéng chetyst hoelkv gl eaipatayst wiereby

Cl ai m 24 wherejn said catal yst conprises integral
loygtimelpedar yeig qwémcaxh?nwemoe%aﬁéwd( 89id sragking yatalyst

r
e (DR SRR RibIE o8 AR e G dbing, o
h&dl@cknbmgs, aadl ) ylse cor@@sitibnrftckadidl 10f r educi ng gas phase

reduced nitrogen species en ssions fromthe
regeneration zone during fluid cat alytic cracking of a

2bydr qeaiRhd SRESIP oK fdr[HePcorh f&h@éﬂﬂéﬁﬁc X‘ﬁhﬁﬁ}g catalyst

conponents, said method conpr conta

fiopusaid eorisening stepsnd dieating the as@t ma&ys”ug;n cad @hmﬁomzone to
erature whereby |ower nol ecul ar wei ght

riﬁ?ggr%{:easﬁc{)%?% onents are forned, said cracking

catalyst conprising (a) a cracking conponent suitable

for catalyzi ngf the cracking of
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 NOy 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



hydr ocarbons, and (b) the conposition of claim11. 29.
The nmethod of Claim28 further conprising recovering

wo b@4o8HeKi ng catal yst from said contacti ng sPepuUsINd3/033478
treating the used catal yst 3ln a regeneration zone to
regenerate said catalyst. 30. The nethod of C aim 29
wherein the regeneration zone is operated in a parti al

Bndt &i@ﬂ? g%ﬁ'i ﬂ;#p | rein

it A S S O

coopbsitibn nfjclsam d. hydr ocar bon feedstock. 32. The net hod

of Caim29 wherein the regeneration zone is operated

in inconplete node conbustion. 33. A nethod of

e ducingGndibdd oft@lafii 39 Perild: @Hﬂnbﬁﬁn% ELBVE i the @raé%% catalyst

durlng fluid catalytic cracking of a hydrocarbon

ffome sid cemdad¢tingstdpoandrtraating theluaed owalysttin acegenerating gone to

sai d t hod  conpri sing contacting a hydrocarbon

1?%@@@%%%%Pﬁféﬁgg cracki ng catal yst at el evated

tenperature whereby | ower nol ecul ar wei ght

hydr ocar bon coqgonents are fornmed, said cracking

3¢at allpstmatinehef Slaing 3¢ apheeein theakgangrafion 20021is@ERA in a partial
/ 3478 31 conponent suitable for

ngé é#???ﬁgéf e cracking of hydrocarbons, and (b) the

conposition of claim1. 34. The nethod of C aim 33

further conprising recovering the cracking catal yst
36r om1dginpethesheifelaim §3 stheprimpremponeats (Ahandrompoaent (b) are

: o ' egenerate said

TR Bire Bl RERES A8 elifoek SRer el n the
regeneration zone is operated in a partial node of

onmbystion. 36, The _nethod of C aim 33 wherein .
3donp ﬁre%hf(ifjf Glaan 86 mhsrramthegpgengragion gpRg igioperatediir iR g
i éﬁgghﬁge%@kgmgwg%ﬂcarbon feedstock. 37. The nethod
of alm 34 wherein the regeneration zone i s operated
in an inconplete node of conbustion.



