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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 NOy emissions problem due to catalyst
regeneration.

[0004] In an FCC process, catalyst particles (inventory) are repéatedly circulated
between a catalytic cracking zone and a catalyst regeneration zone. During regeneration,
coke deposits from the cracking reaction 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 H,O. At the maximum, the
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burn". When an FCCU 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 air in a burner usually referred to as "the CO boiler". The
heat recovered by burning the CO is used to generate steam.

[0006] When the regenerator is operating in partial burn, the conditions in the

regenerator, where the oxygen added with air has been depleted and CO concentration
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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 and increased amounts of CO may be found in the regenerator off gas along with
NOy. These reduced nitrogen species can be converted to NOy in a downstream CO
boiler before being emitted into the atmosphere.

'[0009] Various catalytic approaches have been proposed to control NOy emissions‘in the

flue gas exiting from the FCCU regenerator.
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generated during a partial or incomplete combustion catalytic cracking process. The
compositions generally comprise (i) an acidic metal oxide containing substantially no
zeolite, (ii) an alkali metal, alkaline earth metal and mi&tures thereof, (iii) an oxygen
storage component and (iv) a noble metal component, preferably rhodium or iridium, and
mixtures thereof.

[0016] Publication No. US-2004-0074809-A1, published April 22, 2004, discloses
processes for the reduction of gas phase reduced nitrogen species, e.g. ammonia, in the off
gas of an FCCU regenerator operated in a partial or incomplete mode of combustion.

Reduced emissions are achieved by contacting the off gas from the FCCU regenerator
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FCCU regenerator flue gas. The post-treatment involves treating the regenerator flue gas
to lessen the ammonia content after the gas has exited the FCCU regenerator but before
passage to the CO boiler.

[0020] Publication No. US 2004/0245148 A1, published December 9, 2004, discloses
reducing ammonia and hydrogen cyanide in a partial burn regenerator flue gas by
incorporating precious metals such as ruthenium, rhodium, iridium or mixtures thereof, in
the regenerator. -

[0021] Simultaneously with NOy emissions, afterburn may also be a concern for units
operating in partial burn or incomplete combustion mode. Gases exiting the catalyst bed

of an FCCU operating in partial or incomplete burn combustion mode will consist mainly

of CO,, CO, H;O0, reduced nitrogen species, other reduced species such as H,S, COS and
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FCC units operated in partial burn or incomplete combustion mode. By promoting the
reaction of CO to CO; in an oxygen deficient environment, a combustion promoter can
consume oxygen to convert CO, oxygen which otherwise would have been used to
convert coke to CO, thereby increasing coke left on the regenerated catalyst (CRC).
Increased amounts of CRC on the cracking catalyst returned to the riser will decrease the
catalyst activity, and may reduce conversion and product yields. Any increase in the
conversion of CO will also increase the heat released in the regenerator, a consequence of
the larger heat of combustion for the reaction of CO to CO, compared to the heat of
combustion for the reaction of carbon to CO. As a result increased CO conversion can

raise the temperature of the dense catalyst bed. Increasing the dense bed temperature can
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M&ﬂ&i&ﬁ@&ﬂ@ﬂo t he cracki ng catal yst

[002@61"?&' ! %@9 élon%ﬁg rabeht V}’Hk%bﬂl ORLE i h[ﬁe C&%Vél@/' 8f] pgltticulate

\Y; i onal ustl on pronot
comlbgsmcm*alvll}ylclm areprapside affi baiddi oﬁnculatetlahnﬁﬂghomganSHOCUcaldrngﬁlth the
t| num on alum.na,. or.,a nmuch snmal |l er, anount
craclgﬁgtﬁp

Yt IBVRILOTY fy GHPNIAR the COPISE Q| §7S alKeViEd quegnﬁntrogen

specﬁ?oé‘? QIH]; 4 BERUtand NOPRdsthttiiant %tﬂagas%iaﬂl‘é' F@CU regenerator
cat a i nventory, incorporated directly into al

whempathe BCCLh gegmaciirngs catmaledstin § QR3] Wuh@rﬁ@ete burn mode.
nmbust.i o > S.can be effecti.v to, ...
AcviRERY O ORYT s GE RatpaSHRTE A i dSR iR, Sghikit dpw €O
com BB SctiPifly, Pired, M &oSnpoSitidaé e asdt saddifcantly EERYt TJO th@bustion,
FCC units operated in partial burn or inconplete

simuttgngnystyi with fagle effgyensiasnot ithey oxidations g€ i2pd hesfe 1edneed nitrogen
spec%%?m 'I\{; ﬁbggtﬁg ggﬁ gﬁ@’%@g re%%ﬁét 1{6 %nver n%?ﬂ&“@ekaﬁﬁg under
partishordhcohpieteiusiemodel| th dvavelahaewith sledbrbeess of the invention, the gas
phase reduced nitrogen species are oxidized 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 NOy in
the CO boiler as CO is oxidized to COx.

[0026] 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



convert coke to CO, thereby increasing coke left on
the regenerated catalyst (CRC). Increased anounts of
WERO6am70he cracki ng catal yst returned to the PCHER2006/010968
wi |l decrease the catal yst activity, and nay reduce
conversion and product yields. Any increase in the
red O e Sy PR g O s ention
also ahhamrbilzt ranofabroft ey M@ tfoomedofin Gk t Earti? or dnpan@ete  burn
to the heat of conbustion,f the reaction of carbon .
regenegrtorby Ay AEs §H ToaREr L RE SO OB Botrgar ararvakAly é?g.f@ in the
FCCUNRobRIRSF, & 41 €00 hydrBBarB&ES né hablse ﬂe@@cedhﬁﬁsgéﬁweeies, to
the dense 'bed tenperature canoften be undesirable,
formgneleeulin njiregen: efydvatageenslyc dhcatansent LE NPy Eirmed i the regenerator

is e R b To e NCh it 5 Yk b M EDRD heskReab s e the
CO bHilet Biso thERuSironmeK, of the FCC units operated in

artial burn or inconplete conbustion node, cannot use
[0022hn eosdamse syitl rihe hoetstle inventiem ycampasitiond dift thgeinvention are

. C dat | v ' A _

com{J4 0 SR R0 AEH b EL AL Bl B BEpARL bhore s

of lesontar 1700 Ands024 ] anidonis &gite bhd Whobleh @teeal r @haatads fimnn lgd group
i he refining industry,for,}sdlérrple and effective

int .
consisHpg G iM{atisnEL HFHaEHHe BRI WP HIRL: dUthgRivE, Fherym and

mixtiﬁ:’xfes YRN8, ?Fe@téﬁ:&fjerﬂb&gﬁ’igﬁpoisﬁl@qh? ti%gfrj tHyQ%o.lifél Plticles are

CCU regenerator operated in a partia I'nconpl ete
boundowlibistni morgapdebidern. ngharbikdEC pefobds cumptisast silica, alumina or

... Ssi.gni.ficantly, affecti CO conbusti.an UVVARY OF THE )
slicf BN OR8] U erot BreGhgEcs he I P HER | HVEREg alkli
metal @8d ¢8mbinatibhe 11 tEOVReYpreferRardiit ARt i Q8RS hoRBSum and

whi ch are capabl e of being circul ated throughout an

comlmeigngtlsmeptinvi t h t he cracking catal yst inventory to

iz . Je . nit .
002§ 0SSR 9 50, AL OHER 5 05R g o
inveighm e ddded RECGUciredamey atventowhelfi theieataliEd cragdngrcatadist as a

is operated jn a partial_ or inconplete burn node.
Sepataify aﬁmaﬁ%r&ug partics okeques EYs amlé%%safassﬁsf_rw thgeFCCU
regeﬂe‘i’é’tspﬁﬁrﬂ’gg BE el frobQw CO combustion activity, i.e.,
the conpositions do not significantly affect CO

[0022Jolmbarsthayrembodiment of the invention, the zeolite containing compositions of
the invention are incorporated as an integral component of an FCC catalyst, preferably,
containing a Y-type zeolite active cracking component.
[0030] 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 without significantly affecting CO combustion.
In accordance with the present invention, the process comprises contacting the off gas of
an FCCU regenerator operated in a partial or incomplete combustion mode under FCC

catalytic conditions with an amount of the compositions of the invention effective to

oxidize the gas phase reduced nitrogen species to molecular nitrogen. The invention also



si mul taneously with high efficiencies for the
oxi dati on of gas phase reduced nitrogen species to N2
wob@a/118780 conpositions are present in a FCCU PCT/US2006/010968
regenerator operating under partial or inconplete burn
node. I n accordance with the process of the invention,
provida8 a RSceBNAS fediR 0T, BhiskiBEERoRPRACRES pRi@sONdetitid®th & Partial
nol ecul ar nitrogen prior to passage of 'the off gas to
or incéreple® dewitiverion Ml using theeampositiens ofghe gwsnidrase

uced. nitr.ogen species in.the off gas provides f.or .

o035 ASEEnRl: iCRIHR RERRERel Tt edien RFEroPiE ehiBuyiRbs ghicn
are dsefiNté RRIESE ebineent @f @adlpldse asd@ickd nithreA RPetMs Rieabdliefrom an

ni trogen species being oxidized to NOX in the CO
FCCbragereraior oprtiatng ki gpdiakot mcompletq oupbystios gpedeeduring an FCC
procéﬁdu‘:i ng environnent in an FCCU regenerator operated

I'n"a partial burn or inconplete burn node, some NOX
[0032Rit if alstah pdvdeageagfahBriatantion ko paditict doarpokvioas uhidhgare useful

the content .of gas ph educed nitrogen, species,,
to redyem St Y REORs Homedh ROEHt 8PS eL OBHAIAC I PHEAY Ghiggamplete

comB@stiBR by ﬁﬁﬁﬁﬁgzihg thd QmBﬁ'iF]tt dBled@ed! rﬁ&eg@ﬂ I\%(e@i\a? téﬁrﬁtted from

regenerator by catafyzing the reaction o
the regiect ardusing ppiFE4! prpcéssund i n t he FCCU regener at or,

: hydr ocar b and gas .phase reduced nitrogen .
100331, BopES $HERGEn Mol B AP FBgEn. AR Ges o | mbustion
compdtRicanyEoh o8& effetiveabedudentht RnfeRHBNGEAPRAsel Rduced nitrogen

reduced prior to the NO exiting the regenerator and

Sped@éia‘ﬂ@ Naststegsadnzoataadt QY caginetdier qor #imgl i rpartigl @r t Igomplete
comﬁ@(ibﬁ?ﬁ@%%rin%%%@c }%gceaég_cor dance with the present

inventi conpositions of the invention are conprised

[0039] Aaopar Advatitagt ef therpasikibh dtogRotide BompositictBalhitieare effective
conponent haviegg a pore size of |ess tthan 7.2
to oxidizer pBhassdredticade Bto2En SPRUS &clpssed fram| at HEACY risggnerator

operhtiify g;:éﬁia@ Q}?Sin§5ﬂngQﬁé)fcolﬂbﬁstﬂo Uoa@ab ! 3dietilbr WiPGHel Mihereby
iridium osmum ruthenium rheniumand m xtures
minitthzng éfe. conmeraioprod filer reduced mbtvoemespecied totlh@y imthe mipivostream CO
b .lthe zeolite particles are bound with an inorganic
OU%i nder. The binder preferably conprises silica,

[0035] BITE Rdothdr ivhntede it thi¥ ilPentioh @ BfAReYooniftRit®Re Mhidh dré useful
exchanged with hydrogen, amonium al kali netal and

to redueroNRataipEonshispaam FERE iseeriestipearerties in pastial oy complete
comﬁ'x%‘?i'oh' ModRb qﬁg‘l%wﬁrarﬂgogen by catalyzing the reaction of NOx with CO and

other reductants typically present in a partial or incomplete burn FCCU regenerator.

[0036] It is another advantage of this invention to provide a process for the reduction of
the content of NOy in the off gas of an FCCU regenerator operating in partial or
incomplete combustion mode by reducing the content of gas phase reduced nitrogen
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.



conmbi nations thereof. [0028] In one enbodi nent of the
i nvention, the zeolite containing conpositions of the
w0 novents7om are added to a circul ati ng i nvent orpCDUS100€010968

catal ytic cracking catal yst as a separate adm xture of
particles to reduce NOx em ssions released fromthe

[003FCRY AeARAS RhAE oIV hdink&RicNEE P6REE 8 Hrode@PRRthd Reduction of
anot her enbodi rent of the invention, the zeolite

gas plase aiediged wibngosispecsssinohn taaBusnt veagt stisamg passed from an FCC

I ncor por s.an. integr 0 n an, FCC
reesiR0S) Er G aMae AL ER RATGRAET Fioa Pisstaramount of the
redu@dtiittGg il pekie cXUTRANBINO,.[ 0030] The present

i nvention_ al so provides a process for reducing the

[0038bAnather advagtage sH4Bis ipwatiends 1 PIoyifen? BIRSessc9T ithy wdyelipn of

r t e 0 ] [ .
the csRlE ENDE IS L 300k bt BB SRR RGY obtafhd B 5yt o
incomplete tompusHoncoiotieidyi the. reliuctaacof NDYCEeiig temitté® in the off gas
releabofE Gyt RO GHy RSP PESEHCT 4B ER9aba COLbR Y a¥hete the NO,

 remddy 111'1’[1%'&1;69 Gndl RCQERNGHE réié‘a[ﬁﬁ’@dlJ fHkd B1 e'i{'x?ﬁl@rlpﬂglﬁgr FCC

catal ytic conditions”with an anount o
[0038ppbsinbihensiduéntegee of nthisninventiaf fiecoi pevide oxpoived panigal or

. a hase r.ed nitrogen ecies to nol.ecul ar .
incofB R bgERshRE SRt el Bt SomBrtt s dengn.
[0040EUHEeREd NiPer SfcSBioP e freRm RRefi{da 26 QeREBePREfAhaMtdtdll

a partial or inconplete conbustion node using the
belowonposi ti ons of the invention. [0031] Accordingly, it

is an advantage of this invention to provide

conpositions which are useful to reduce the content of
BRIERDHICRIP TI@N R THHE DRAGEINGPeci es rel eased from an

FCCU regenerator operating.in partial or inconplete
[0042bFHist PSohetirheie TaRIFFREIQR HEdke pieiivgaess P@@@é}t{q)et&i a prepared
in ERASIPER 22@YaRHRS E%WHgtiH'asDbﬂé’&Ptireﬁl {i% RIQY (SCR”) regenerator

conmposi tions Ich are useful to reguce NOx “em ssi ons
operftingmuaier pOCal beyeweditivos whpe thet dddgiviens plntedivitbran equilibrium

i.ncor%grete conmbusti on node by mnim zing the amount of
cracking G&83hi t r ogen species emitted fromthe regenerat or

[004§]JF1®.92 &' habhierreseSshtation of the effectiveness of Additives D, E, F, G, H
and I, as prepared in EXAMPLES 4, 5, 6, 7, 8§ and 9 respectively, to reduce NO

formation during NHj conversion in a Regenerator Test Unit (“RTU”).

[0043] FIG. 3 is a graphic representation of the effectiveness of Additives D, E, F, G, H
and I, as prepared in EXAMPLES 4, 5, 6, 7, 8 and 9 réspectively, for reducing NO by
reacting NO with CO in a RTU.

DETAILED DESCRIPTION OF THE INVENTION

[0044] 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,Oy4, N>Os, and mixtures thereof.
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[ 0033] Anot her advantage of the invention is to

provi de | ow CO conbusti on conpositions which are
wetdoeais7ve to reduce the content of gas phase PETUSIA6/010968

ni trogen species and NOx rel eased froman FCCU

regenerator operating in partial or inconplete

[00453@%@%@@(1&@&1 @géjs%ﬁa%re@ﬂcéfﬁﬁtr@g&ﬁﬁﬁ%}es'[ 20244 nhérat hendicate

advantage of theé invention is to provide conpositions
any gelipbhseanpecief fosmed irethe gegsrpraiar of gd81ig pislytie eragking unit during a

o Gl AR o ORE BERe RS S b APu el ERERR bRk angmina

chardBdfa€dd!thdn FHrd.r Bg@hples bR Qﬂ‘lam x’edlﬁﬂealnﬁlﬁogeh%pwéb\ﬁﬁbﬁd@ fbut are
of the reduced nitrogen species_to

not ligaitadde r asampde Mbk), &< rOE%@@]nlqet(H@\Daﬁ%ﬁ ﬂi’@rhkﬁdv ant age
[0046J|fS e#lfh' t%{dl n‘\c{ﬁé}% '{é)%sé%ir IR0 § (Pec‘ ! W‘f% Hnfch occurs

0 reduce em ssi ons
whert €Qediglr @ @xcaging tiat denge bed @fatﬂmdabd orackimgmm:ﬂ)et being regenerated

in a FD U] BEEITHA SRCNOAPON GAPE NS PR Vel e it GidTe the area
1mméa4&e§{aéﬂowe m{eef.%g%? cﬁlu%ﬁas@f ufércycgﬁemh@;eeer@a{rﬁd% st is

regener at or her antage of this
sepaiatedefmeinghe tflue gasvthel pleaupy, overhsad aovelrtbe ICEdQIMSL onewdn the flue
t.he coptent of NOx in th f as pf an
£25 DR erRREEOM SpBFRIHy Y o QS E o RBb Y Qi dhe temperatures
measudiDAISd OB rERGRrM de@débed ot e Sefdoeif 4f ofafy of such
reduced nitrogen species bei ng emtted in the off gas

tempewsitees adedsish (e, ddgenphaseoreyclprs, oplepymy @ysréag@i,oer e gas

tempgf%?ur%? aft 2 lH{% l‘n? us al\ﬁg%’f%)é/ dﬁ% e 584 lt%nu}ge)f%tqfe% %ﬂj thé a\%%ge of all

ser anDun se reduce trog
or anyRecuest d@s@k&dﬂﬂemdratwemasﬁl&(%?] It is anot her

advantage of thjs |nvent on to_pro rocess for
(0047}, & OF BHRROETSRE ¢ g*s IgUAtsAd %tqr@dd@@dﬁvd% w@a@wnswew%wpn as it
relaté’s“toeaf E(I)IHESQ:Itl&?éf ﬁltaftéa'{@ Qs%ash%gelﬁ tQ %cﬁ&tg%ohgﬁ%%h ak19€h does

wher éby CO 1s oxidized
not $1gm§eantlaznmﬁ¢ctt oD @h@tmdm: e@nhmatmogcand@pemte@mssufﬁclent CO

d zed t ﬁ%ﬁ her vant age of t
com{FRERPT BrrRn QoD BBl de s FaRoEen PRt BHepFCCy
opertliy &R} BOC QndMahs, o thﬁ\teth@fcf)mgﬁu@ﬁ hadtoFeGhded in an amount of
regenerator operating in a partial or

at least twice, preferably at least three times, more preferably at least five times, and even
more preferably at least ten times the amount of a conventional CO combustion promoter
consisting of about 700 to about 850 ppm of platinum on an alumina base, in order to
obtain similar control of afterburn achieved with a conventional CO combustion
promoter.

[0048] The present invention encompasses the discovery that the use of certain zeolite
containing additive compositions is very effective to reduce NOy by oxidizing gas phase
reduced nitrogen species released from the FCCU regenerator under FCC process

conditions to N, so as to prevent the formation of NOy in a downstream CO boiler.

Compositions of the invention accomplish NOy reduction without a substantial change in
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i nconpl ete conbusti on node by the reduction of NOx
being emtted in the off gas rel eased fromthe
WO e@enes7ed or, prior to passage of the gas to tPer/082006/010968
boi |l er where the NOx remains untreated and is
eventually released into the environnent. [0039] Yet

hydrRB®ol efee@dvatéaiog @f thehyisld o epicken prdue®. PrTA¥i 16, reduction
i mproved partial or inconplete combustion FCC

comppgitions o theuptepryt tlmeen&l@nﬁﬂ@p&l yokayedpwt RO somvlustioppr oxidation

ik Q88D TRRR o BB, SR SHBh s, g o

prom&E&CEﬂtRﬁbf&NbQ&s&ﬁlﬁn BMWO\I%g[eﬁ)ﬁéfb} afh GO dorhBustiog hajphdter.
representation of the effectiveness of Additive B, as
(0049 &oampagitions E)fAmf’LEVQHU%FYPF‘@@MC?%PTWBa i GPmPOSHign septaining

pri R B4, B! DRl (RORRRANT (9080 Sl M gin 72

Angswbinls aad aedpaist ofdor habie oresed lselacied ditoat st gro[lp)@dﬂsjlsti-ﬁlg(af Matinum,
.S a graphic.representation of the effec |veness

pallagigps, trHQ,cg mDmc% 1%;,—_ osgaturyy nfum.hegium, gpé dm]xHJr oéswﬂh

rhodlﬂm Ridifm, dsmBnP RethéniliBSARATNY Bld/midterel BRAMES A preferred, and
fofmation duri ng NH3 conversion in a Regenerator Test

rhoditymi, ullilumd)mlxltl@‘@ﬂggbrepf Geing nnqst ar @crraqg}n In a preferred embodiment

of thei:m é?t?qe_rfng}%z Hte cgniﬂ;rgggyg eﬁ a%%ﬂ%fgﬂﬁ e‘tjnd%lto%%a%fc'c?bm%er The
novela&ﬁnﬁosﬁtﬁﬁ@%éy ¥€hided @rthe @duglhtige MVehiory 68¢Hd agalN@Q cracking
th COin a RTU. DETAILED DESCRI PTI ON OF THE

catalyswgmpmat[emuqle PoHtipR PHBSEPORTed Y &N iHgaspk ¢aprPanRRt into the
“ wll be used herein to represent oxides
CraCkHlfgr eH’ogen e.g. nitric oxide, (NO and nitrogen
[OOS(I]I ZBOIINE UsBKR In theeprgsenhiniv@etionnoatudel gseabitésdenyingf a pore size of less
trogen, as 1. as N2O4,

than {3 SR ABFICTRLY raRging St é&outggstg] p@é@& Trledyggioms, most

prefefﬂbﬁﬂ; A MSRER Sdut BS SaduP8seARgdRnngitsal §1(?r\‘)é AB8; molar
phase species fornmed in the regenerator of a

ratio oditledsythan abpwic k0t gorefeiablydiess tepna230, uhest qaelaraply éess than 100.
Prefeﬁﬁy ﬁb g (ﬁ%ﬁ?{?ﬁﬁfon% 1%% 3Rt IRRE eg Fronr teaér(r)]&p é‘onr%is%é’ dF2sm-
11, beta, MCM-49, mordenite, MCM-56, Zeolite-L, zeolite Rho, errionite, chabazite,
clinoptilolite, MCM-22, MCM-35, MCM-61, Offretite, A, ZSM-12, ZSM-23, ZSM-18,
ZSM-22, ZSM-35, ZSM-57, ZSM-61, ZK-5, NalJ, Nu-87, Cit-1, SSZ-35, SSZ-48, SSZ-
44, SSZ-23, Dachiardite, Merlinoite, Lovdarite, Levyne, Laumontite, Epistilbite,
Gmelonite, Gismondine, Cancrinite, Brewsterite, Stilbite, Paulingite, Goosecreekite,
Natrolite, omega, ferrierite or mixtures thereof. In a more preferred embodiment of the
invention, the NOy reduction zeolite component is a zeolite selected from the group
consisting of ferrierite, beta, MCM-49, mordenite, MCM-56, zeolite Rho, errionite,
chabazite, clinoptilolite, MCM-22, Offretite, A, ZSM-12, ZSM-23, omega and mixtures
thereof. In an even more preferred embodiment of the invention, the NOy reduction

zeolite component is ferrierite.
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charge of |ess than zero. Exanpl es of gas phase
reduced nitrogen species include, but are not limted
wo egocamstoni a (NH3), hydrogen cyani de (HCN), anpCT/082006/010968
like. [0046] The term"afterburn” is used herein to
i ndi cate the burning of CO which occurs when CO and Q2

[005?]8 AR hRGeldPeidBOEMehesk Bt ifveutioh,2BE z6518€ kbnPokdH Rhy 8lsurface
bei ng regenerated in a FCCU reOgegerator react at an
e

e ienfcat (4 e Py oy 200 andqmpﬁtdprﬁ@mhhe ahlesst 300
m?/ gcgma 1t§re e B&E%\éﬁ} iStht%e ‘iine\%%ﬁ xp%ﬁe %edol té‘Eomﬁ&n ?f s qx'gzpe}ﬂged with

al ned ca I's se

a mdidieal fsbl'é@te@ dtom tHeegrphe DoHKistiay @fﬂh@&ﬂbga@ Catﬁnblﬁiﬁnﬁ Widaingstal and
or even the flue %as pi pe. Afterburn is nmeasured as
combipatieqsf thereohc Brigefandesorpmigtian intpethe dhipdsrapy FeE catalyst.  The

pref&?e%iséﬁ&ﬁ aafsl onk Rl LEP BRG] ﬁ%g}'@ Ug)u ?isﬁ’l? of Qdidd? gpotassmm and

average o or any group eratur
mixtomashered. (e. g., dilute phase, cycl one pl enum

hea or fl e gas tenperatures and.the |like) mnus
[005§h§)PBPn He threh l%gamp FRAYUTEAIR (STAOREIRg aFQYBisof-€- up to

abo '2'5 @élgﬁtnféergérﬁué?f Qfsta@ﬁ%?g R t(@x”Ha%Ea@tlHﬁ)%réT&% ri%@o orated
47] w 0

For purposes of this invention the term’
into dwmmrss pbitheggeobiei c&niabh; staigliing neftals axcluds, Qut are not hmlted to,

meta ROt a GheER ot ind of NN e Py 4Pt dls B 2B 34,

4A, S’Alaﬂ@tth@lﬂalﬂlﬁam&k b The Peli6is Table, HieN&, ok totliemt riidures
onbustion or pronotion activity to be useful as a CO

there@énblﬁgfwﬂy,pih@nﬁwhzm& maglals ey ssbéwétﬁwg thadwpupconsisting of

Grou grﬁ(ﬁﬁ;’a"ﬁgt@?ﬁ% fﬁ% tBIAF ahd ttlhf%\ﬂ&r@femg&é tS%: bl Y af?erllgﬁlcu'fﬁ)q% r1H)n and

mlxttlteﬁEtBerenﬁJr &/lqat @faeferabllyy theet stlalﬁiasmgfmmelst zirmlec&ddfrﬁmethe group
referably at |east ten tines.the anount_ of

Consl%‘ﬁ% @?ﬂ%ﬂ&ﬁapmeéueamswwswlb % FTOROFRPPEY ngeﬁtures thereof.
The Pall’ &na}% ihQrAhakt s Qhé)]%ﬂeéjf)f ) %%&ﬁn%ol@ﬂe%&”aﬁ? method

’n ordef to obtain simlar control
knovactnm ehﬁedrt;/\ﬁgh ian capheage. onEbgrafonanbibstlilen Peputpeses of this

004 % nventi on_enconpa s | he&gq cover
Vet TR SROE G R O RO G F TS G Dlished
byth’éQﬁ(&ﬂ@ﬁd;g{nlmlbﬁ Seefeyy.ef fective to reduce NOx by

oxi di zi ng gas phase
[0053] The amount of the zeolite component used in the NOy reduction compositions of
the invention will vary depending upon several factors, including but not limited to, the
mode of combining the zeolite with the catalytic cracking catalyst and the type of
cracking catalyst used. In one embodiment of the invention, the compositions of the
invention are separate catalyst/additive compositions and comprise a particulate
composition formed by binding particles of a zeolite component with a suitable inorganic
binder. Generally, the amount of the zeolite component present in the particulate
compositions of the invention is at least 10, preferably at least 30, most preferably at least

40 and even more preferably at least 50, weight percent based on the total weight of the

composition. Typically, the particulate NOy reduction compositions of the invention
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reduced nitrogen species released fromthe FCCU
regenerator under FCC process conditions to N2, so as

wo ooopneszemt the formati on of NOXx in a downstr er@T/082006/010968
boi |l er. Compositions of the invention acconplish NOx
reduction without a substantial change inhydrocarbon

contdif BnTAIVGE T G tPaboRt 85, eefitiablydireth abb@ciad aps@BIC hivst préRrably,
NOx reduction conpositions of the present i nvent i on

fromtapent 40 Ity ahenie’ St sRighbpersepLal thsrreotiteompaneminbased pyitls, total
wegﬂpgﬁﬁegﬁfthﬂkUSBCJQ &ete burn conditions and do not

Fovide <u prormtlon activity to be useful

[0054]nBﬁﬂ]elFﬁ5@térra&gmﬁﬂ ab qurelﬁﬁe theGhartaridr &bh‘@ﬂmﬁb@tﬂ@f e, invention
0049], Conposjtions_ of the inventjon, typical
mclué%rﬁw. ierganicohpas Mhish BosAPaPISi Mg dipaing %Izégh’@f pogvder to form

part%l?é)}lé&lﬁg ?%ﬂ[}@%ﬁgﬂ%g?&oﬁ% 12 ﬁlaez pell nd2Fct ER{)? sSdoABitions.

ess ['east one
Typiuzéﬁ:axbrga;rﬁb bhtdedn:fateminaistdsefug toopiep@o msmbsmgnsorﬂl gobatlhmenyith the

' ladium .rho iri 0sm um . rut henji.u
preschl, g oI RN Ot LS S P b ity 1o G sipRy siligpralumina,

alumgm PR sphatt RRM 'tHéerer mimle@ thefdoxt Pf&&amls}efh%%ﬁnd%ﬂmleaed
pref erred and rhodium iridiumand m xtufes thereof

frompbe E@stpﬁl@ ef alomina, ﬁll@a,psﬂmaeatln@maemomnms thetedfhdviore

p1efeﬁri¥¥efqg%8 Srt cgygx}ﬁzrgg%%alhglélfao ae:glqjlﬁ(grg é)Fe%{c_;’rghlé’O%e bi cﬁeg %ﬁfé@nses an

acid b€ bastdpshtized henigh.r MU tpréTrably eid Bindei0torhhieses ahadlirhin sol,
cracki ng cata &gst as a separate particle additive or

e.g., aheuppsr dieghydrohn Generaly.athe comyeh ohbindet gnateréal present in the
partl&flﬁg l%a[h@ys@/ﬁ&ﬂ i¥8 Lom hgﬁé%le éah Illstegsfr eabeht ‘Sntoteﬁ)%ut 50 Welght

resent 1 nvention zeol1tes having a pore si
perceﬂnﬂ I:iref’ssabﬂ}hﬁnm?abﬁuw[g&tabomo peighepabdny, medt @Irafgrablycﬁm)m about

about t 0, about Angstr ... most pr.eferably .
15 o 7V RO RV B0 V8 CEmaRGeT SEde W teRtian
[00555 %]E@a?él 1‘2@3 réHQJcﬁBn rcéltng@sﬂf)nsl @fsﬁletlh%htﬁﬁoé}%uﬁloﬁ)ave a particle

preferably | ess t han preferably | ess than
size E@fﬁmw efoepatyhiy, the heompasitiane te drp sirewlateds tfaouémut ttke FCCU

a5 I 05 P LT P e B B o
Typi€dlly, eel dognposiiial dF Itlieemvéﬂtiolﬂﬁm‘ﬂll Ha®t iatrBsanMaMicle siz&leMeater than
MCM 61, Offretite, A ZSM 12, ZSM 23, ZSM 1 8, ZSM 22,

45 pps\Preferapigmthy meanpagticle ieesis g, aboit 8¢, to@bont 200 pm,” most
prefeﬁi%%y Fom St 4810 BBGt 150 pm, even more preferred from about 60 to about

120 pm. The compositions of the invention typically have a Davison attrition index (DI)
value of less than 50, preferably less than 20, most preferably less than 15.

[0056] While the present invention is not limited to any particular process of preparation,
typically the particulate compositions of the invention are prepared by forming an
aqueous slurry containing the zeolite, optional zeolite components, the inorganic binder,
and optional matrix materials, in an amount sufficient to provide at least 10.0 weight
percent of zeolite and at least 5.0 weight percent of binder material in the final

catalyst/additive composition and, thereafter, spray drying the aqueous slurry to form
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44, SS7Z-23, Dachiardite, Merlinoite, Lovdarite,
Levyne, Launontite, Epistilbite, Grelonite,
wox@aomsidme, Cancrinite, Brewsterite, Stil bitePCT/US2006/010968
Paul i ngite, Goosecreekite, Natrolite, onega,
ferrierite or mxtures thereof. In a nore preferred

parti€Igd Oﬂiegéﬁﬁlé y-Qfied Bﬁ’ubl@é’ aRt b AdnaltParibst & RBETIdn® RerdRRhtuteSlor a

compon is a zeolite selected fromthe grou
sufficientstinee tnrgnufvefvelatiles £ge at dleauh S0V I dput A0 derr v, to about 24

rourg e BsPer rebooRemhied T pfone B RR b pning agpepys stuny

is miIE @0 RS sprh i8S td REH&OThe rhéindfared]€ Biz8BF endpdrRi LEdedned in
enbodi nent” of the invention, the NOx reduction zeolite

the Sdzllil‘bp@nk(hﬂm o leas prefeinbly, T DUEQ) lepss mpsppiefaipbla hm or less. The

s L5, B s ARG 2 OSpFERLL GETRRR e P
materiaBsks d2§ieedn2/ g and nost preferably at | east 300 n2/g.

I n_anot her_ enbodi nent of the inpyention, the zeoli )
(00521 Fae sigy -dried Soposthinn MY ﬁeacaﬂsaaffér%tafr %%meé%tpaedaﬁg%a time

suffibiRft H%rl’ghll v€ QG l[11-:\%15 ng fgvu#y Q{fﬁ S hAMRO R b%ci@?lf(‘)r yse in the
met a e

|nat|o reo prior to I ncorporation
FCClUntralet E@Cbpmdefss condixQ@E, pwfablylstfrorﬁ laBoygr320EC te dbcait RA0C from

tal js sel ected fromthe group consisting of
abo”émééitﬂﬁioo‘ﬁgt@ STim and mi xtures thereof. [0052]
[OOS%JDEQG@E{HW thd BBed 8P chlched VIRPISHTbn TR YvEREH 8+ Bxchanged with an
i zing anpbunts, e.g., up to about 25 wei ght

aquepes cehition obf amsnanid loir zm@omnmsal(toﬁe gretRMAngHY | sulfate, nitrate,

chlofd ef erffaona L ég]%%g}%% aLg q ‘ie g%ﬁ‘?&?&aég% r%a?x?é a&ﬁ (e.g.,

0t 4 zmgmsals

sulfuricirniteid, hhospieiial Bycﬁ@blﬁ@ﬁ@dadcetleﬂfdrhﬁc @ha Uhe CIftS | 1ot fedgce the
of G‘OUPS I B, 2A, 3B, 4B, 5B, 6B, 7B, 2B 3A, 4A, 5A
amow T elkalinameiiks e desashym &5 Pepssiwa. Peri odi ¢ Tabl e,

[0059]{1?§§cal rﬁ%?u&f?é%@'l\?o ARG, B ot g{;ﬂﬁg sCeful AL &hETRBle¥s of the

lzing netals are s romthe group
prese msvestidm greo;ﬁre@rcah bz nlnBregﬁ&nthhs bQB ze®Ateagrohtaiti@g material with

Lant hani de Ser sof th Perl ic Table, iron.and
an e fepne S ten 8 B ERSt (e (Ol anREDRS o & Riits ki fhybonate and
sul fale$edds Sarding cﬁﬁb%‘&@ And FRMKeND M AbdunE SifFicieht RGre¥ide at least 0.1
| ant hanum al um num nagnesi um zinc, iron, copper and

partsypszt willion tofsroblst methemeesid Anjhenmetahciar herirad ¢atahisyadditive
compgs?tl(Pno 5&? tl”?greatf’[%? c&%g ’[?lg qﬁm&o're%%aéaoﬂar{laegj Yo ¢RI tvgl%ﬂles e.g.

typically at about 100°C to 250°C for up to about 24 hours.

[0060] The amount of the NOy reduction compositions used in the process of the
invention is any 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 relative to the content of gas phase reduced nitrogen species present in the
flue gas absent the presence of the NOy reduction compositions. Particulate NOy
reduction compositions useful in the invention process are circulated in the form of

separate particle additives along with the main cracking catalyst throughout the FCCU.
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known in the art, e.g., ion exchange, inpregnation or

the like. For purposes of this invention, the Periodic
w(a aivea187ed er enced herein above is the Periodi cPOEDE®0&610968

publ i shed by the American Chem cal Society. [0053] The

anount of the zeolite conponent used in the NO

Gen%zﬁgg @soﬂoc%ﬁﬁéﬁotd R QditidGs AYEN uﬁ{] Moyt \6%2&{ least 0.01,

I'ng Opon Several “factors, Inc I ng but
prefdrabily tae tbakto).05 hﬁos‘rqnldembl}cambasn |0rig Welight 2penjent ef thietHCQ batalyst

catal ytic crac i.n atal yst and the t acki
inventgyy,| TR ar %%‘ﬁ SHiRR SPEHOSBoN %gde aRgen PG oY 01 to

abouf %W&gﬁﬂ ﬁ&éerf?f &E@aﬂl?\fﬁﬂﬁ LBt 65 S8 RBEALF® weight percent, most
catal yst/additi ve conpositions and conprise a

prefepably ifiout ab@it donocbiont Yhweightrpetcdny obitredr GG cptatytst mvestor.yf The

a zeolite compon tab e i norgani,c bi nd
sepaiis Bt OB Anths ot FRELL DAY s EGREBR TR ey vith
maké 8p Eﬁ'ﬁlf@ﬁtrotth@%g@h&aﬁﬁﬂp@tﬁblt doaReniedt héiBod.nvention is at
| east preferably at |east 30, nost preferably at

[006]L - Rereioorapasitians 1o thsriavpition araiplagraied insede BEC colelygtparticles
thenﬁglli/g %1?)5 ac%?lﬂeelﬁ%g%{] ﬁ:céuf t ?&ltal}ﬁ%(% f%f cggg)oﬁgﬂp&%w b&MNysed in

ductro conpositions
combuhatﬁdiewlmv&]et ¢cangshioak mfftherin‘aetmouh 1When iategtitedBmto the FCC
preferably from about 30 to abhout 80, .nost, preferably,
cataly ptERMpesiPn 46 NDralh mtwgonwe?laﬂle ogéxed%mnt@%l tymigally represents

at 1e§§ Hok€ 0 9BFRADE Nire REH Pﬂeagth&oﬁl@g@h Wel 9hos gregéé‘g%lg?f least

uction conpdsition. 0054 Bin materi a
about cﬁ) (fr epfdr ef ttlhﬁetqnarE(E@ ulated st ccompostmm dhsfepdbly hthe amount. of the

vl DB P TS BOM TETb ORISR e F P i b P REgferabl

fromnA6okNG. 0P k& B8t i30SwE it RBdeft, Infst PeerhMytfhtn BE&H oUFRrabout 20
FCC process conditions. Typl cal " i norgani c bi nder

wtYonef féue |t<ztalsF©G epialyst eomppesifinme Whamgpeirpeteted asqnaglesielieergponent
of tYVI rrl:s? gz%tgl gts%n om’ &t lth%n (5]C| ?cgu%ing YLoRE e f%nr%n% l}mjwally

na Si i Iumna

repr§3BAIS At st @[IDDSt Wevol dtkide tafaﬂ Pm&bamg@t thepesdfion. Preferably, the

Pr ef er abl the binder is sel ect ed fromthe ro
amopy;pfjthg Nﬁ)y IgUCHIZ AP IR used Tanges fram abeyt Oa@QﬁﬁOr?g’ wi%, most

preféﬁ n_glﬂro‘?ﬁ aﬁ 08B to a%’ﬁt@OW/r) rap t)Stal Fb@ Q‘trﬂﬂsz leom osmon

rises alumna. Even nore preferably,
[006@bhpradémsnam thei NOprrehases pepite zed thb mubtmmelkﬁdsctomponent the

mtegfrated %l’@é) lcé{t’alys{~I wil It?pqcearlly co %}gﬁsséetﬁe crac?qng cataﬁyssc zeblite, inorganic
binder materials and optionally, matrix, fillers, and other additive components such as
metals traps (for example, traps for Ni and V) to make up the cracking catalyst. The
cracking catalyst zeolite, usually a Y, USY or REUSY-type, provides the majority of the
cracking activity and is typically present in a range from about 10 to about 75, preferably -
from about 15 to about 60 and most preferably from about 20 to about 50 weight percent
based on the total weight of the composition. Inorganic binder materials useful to
prepare integrated catalyst compositions in accordance with the present invention include

any inorganic material capable of binding the components of the integrated catalyst to
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e.g., alum num chl orohydrol. Cenerally, the anmount of
bi nder material present in the particul ate
W@ a0al1y&vd addi ti ve conpositions conprises fronmPebus10065010968
to about 50 wei ght percent, preferably from about 10
to about 30 wei ght percent, nost preferably from about

form1partifle DR8N Z?Id&h&gtsuﬁﬁl_ﬁlé efdt ,usefint R FCCU under FCC process
cat al yst/ad(% ive conmposition of the invention. [0055]

condiamsi cTypicalyNGre inadganti¢ dindeb mpdeialy sredudsf buhere not limited to,

Lnvention.shoul d haye a parti ' sufficie
sty S RSt Y Gp el e Sha Bttt B oS oot
Prefdr&Bly fienbini@ngoiesdciedwirbii thberbupy eoisiting 08 dlumend, nflica, silica-
catal yst during the FCC process. Typically, the
alumggniodicraltyn thy ameant af dides ingienial Praveat 4niba infsaratsdc pasalyst

' 0 r e h
comBFoCl A 95570 DR Sl RRUEDARAY o OeARR g
comjpséticar ahkferdtiprthabmutntcd Hindea boitkdrial Heesent in eheimtegated catalyst

preferred from gbout 2\% to 52bo.u 120 mm The
COMPQSHHRFSTARBSHEB 20 He torAPa:4 W%bbveeawwnﬂ%@éefaraéaofrgwbout
it j: I e
10 13 abbbe 4O WAl Perdert hndf BE oftre | AERrabiA oD b AL Bbht 25
weighhpdreenthmsed ers thettoiahweighi @fitheé sompesitiomyi t ed to any

i cul ar ocess .of preparatign,. typically the .
(00685 Tbs Eiapd eeBRFoS EraR B it B nlkBifant e Fouparisges of
the (R¥schVeRGor hcAfIeE BuSar ot iynikantbadlihfia, biliea-aRPhink Erare earth

_optional zeolite conponents, the inorganic binder, and
oxidesptuichraallaribane; kaniiesy glak oxides suehAsdiiania.wcPRie; and mepganese

. Prov| ag .l I =ent [ ;
o A LB 0Nl AP SEEA L AR 8y IR,
mixtfited ahergéli[ anystr?]addidri féere @}rayosé pfsm%taimdmetihtegmwaaﬁft in the
spra ryi ng_the, agqueous urry to fornparticles. The . .
redylesty Peg Pareiedt @grcaweg%%@i%néwwtwa%waqu e’ composition.

e o s PB4 el RO 11

about 45 ateight pRsetidassi ol the dotpredightrafdheedidpstroontpositionhe

o064 RS AR S AP OB e SR T e Auiation
propBidies i iR $iZenOdetdBlifE hahSyalDHealafekt iNrdidlBed iriibe)eobnercial
10 mMmor |less, preferably 5 nmor |ess, nost

FCCpvwuit-er Hisl inteerainraalyptesgnposiiéona gf desu snventien yypiggilipaas a mean
Jul ). ed pri 0,.0 N | t ' r

partur:;l]ﬁ &}zgar oiﬁél%oﬁl::t )éltS rrtgt e(ebro?ig Pgé%ﬁsl, giggelo ?Iéegé.rbﬁ’l?f Rm e{B%up'SG;gr% to about

150um. The attrition properties of the integral catalyst, as measured by the Davison

amo

Attrition Index (DI), have a DI value of less than 50, more preferably less than 20 and
most preferably less than 15.

[0065] In a preferred embodiment of the invention, the FCC cracking catalyst contains a
Y-type zeolite. The NOj reduction zeolite containing compositions may be added as a
separate additive particle to a circulating inventory of the cracking catalyst or
incorporated directly into the Y-type zeolite containing cracking catalyst as an integral

component of the catalyst. In either case, it is preferred that the zeolite be present in that
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[0057] The spray-dried conposition may be cal ci ned at
a tenperature and for a tine sufficient to renove
wao oloatiid7es and provi de sufficient hardness to PEEUS2006/010968
bi nder for use in the FCCU under FCC process
conditions, preferably from about 3200C to about 9000C
amolift HRARMHT toOprovide ROBE! tole? JARsE intd?Pla ERid 8nad,Yreduction
the dried or” cal ci ned conposition is washed or -
zeolitsxionGtypedzenliterof dess apuckh peefereblitlessihasf I.anmoni a or

ni um.sal t . Q. nium sul f ,pitra
oo o R B e Pact SRR, BB or g Sigpog rom e
group NEIIBRNKE & pRAigan] (alledidm( eidium, SHbdiuf, Cosniti | &, ruthenium,
phosphoric, hydrochlorjic, acetic, formc and the Ii kea
rhentugn, rasd ueieturpe theraeiin Preferahivk die peblareial sommpogentdp a¢leged from
IS ' : ical |y, ' t .
e SogpRASRMLLEIRER) AUELEP R UISHLR. B apg mivures
therdglf.ewdiﬁt prefeblyi, tiie Astée preeg) aoetbobyntiisphieima; iridjumbead mixtures
ase zeol jte containi material wth an aguegQus,
theregf) L FTRepllys The amoxat obae Agbleestel SPmBgREnt ?ﬁﬁ' in the present

inveftidd, %Elgulafelagaﬁ,gh? E’Jeetﬁq,laié 2\9 Rak€n. ppds Héxf ﬁhﬁ?ﬁ,ﬂiréﬁrabﬂ%ﬂ%aﬁ 0.5

conpl exes, I'n an anount sufficient 1
partgpeowilmnamokemsferdbly atpaast $.0gsrt per nbillom. dh arpotferedrembbdiment
measured as the netal, in the final catal yst/addjtiv
of EGRBBLOT: B SFU™ AB SV M REPORET FsFa gt apout 01 perts
per BAGSA €& Sout 0.0 RIVRVSeRAR oRBabdit 0.5 parRi e inbidlical toaBewit 5,000
1000C to 2500C for up to about 24 hours. [0060] The

partspes umitliont mosepmsirabledost dhont EQmgggicr mahion e eboyt?, 30Qeparts per
110 OC t.he, v | IS . icient to

R A T

[0063p &t @bl nidie Ednieongais naf b ali{¥dUas egenapatent of the the NOy

operated in a partial or jncanplete de of confustio
redupghtGOPROFIHON h BSTBS NN 1Y ocba}%wwaé%nﬁ%@dalae&-w th’bg‘?ﬁHang=

implt%grg&@aﬁ uem&e.i nmé%fbleuae%%oggjr%tﬁéﬁt Irngf genN&ma% @k No,

ction conpositions. I cul
reduciag ugsoliten proinmpo sicoimnatiars stalthd NQheductiencowpopriatesdn the

eV B ST, ST GRS i e
redubiipOxaNRUo tie1 K @akidrneND,| dedubtid DEXpdseEbiChé @Bscribed herein

conposition is used in an anmount of at least 0.01,
abovss of ¢ ablegrahtcatabgt Panichs, compsisingr BreNQpIrgduping e@m@position and

com;ca)c')nlen’[smgii ﬁ’l@tF@@ rc?a%ﬂ%ngogatgl%? ':S%aﬁ@ts%%ﬁg of the noble metal and the
optional stabilizing component include aqueous solutions of nitrate, chloride, carbonate
and sulfate salts, amine complexes, and the like. The salts or complexes are used in an
amount sufficient to provide at least 0.1 parts per million of the noble metal, measured as
the metal, in the final composition. Thereafter the composition is dried or calcined to
remove volatiles, e.g., drying at about 100°C to about 250°C for up to 24 hours or
calcining at about 250°C to about 900°C for up to about 12 hours.

[0068] Additional materials optionally present in the compositions of the present

invention include, but are not limited to, fillers (e.g., kaolin clay) or matrix materials
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i nventory. The anobunt of the NOx reduction conposition
used ranges from about 0.01 to about 50 wei ght
w@ercam7po pr ef erably from about 0.05 to about BOT/WE10061010968
percent, nost preferably fromabout 0.1 to about 20
wei ght percent of the FCC catal yst inventory. The
t r & Gl y
(e.g., a%%@{erﬁt ?1(1)1%% &Gl eﬁﬁrnﬂﬁéygﬁ?,al%gt?ﬁné Qefélc?ﬁrbe’: gg}:rféﬂ @aﬁgﬂ% europia,
gadohﬂma rtﬂ@ﬁmetzat@na oprasdzdnb'miaoandemmmmremhdwd) [ OMEetﬂ used, the
ediforpb MR SBTaTy St BAE b P RGHE Sl paversely affec
the p@ﬁﬂﬁﬁe{ﬂcb Qrahe ESp&RicHstS treRREING] EmESiERS B&Eﬁse&r@%n{’ﬁhe FCCU
used I n conbination with the conpositions of the
regenenatentuiden FOfheonditinmegdaigeneraln the addéicmagCmeterialsywill comprise no

R T A e R W

NO, Wedactih edopippRitdnatof | B Shveallot tcoRsiftlessbMiallfostt the NOy reducing
preferably at |east about 0.05 w% of the total FCC
zeolitsapllegs one spplo sictalond Frigpigprisiynderne amount of the

' enti,pn 0si ti e r t o 1
oneh P53 AP 08 7 ARG LR PO e
comphensiighhe Nex, Qequuomsmppmf)m abihy 1ﬁvammmabd’l]nie ddd@ienalazeolite

about 20 wt % of the tot FCC cat a 03|t| on.
compgneRt ey hepw ateeliteayhigh Oﬁ% agt Ve&?%eﬁ# o PO prIRER-Of the

com}‘éc%hﬁlny & nfifmmes 'tlflé QouhiN6F g@x gﬁ&‘s@ufe'dﬁ&lcﬁueﬁitfoggn sgemes in the

onent typica repres | east 0.00
FCCUhI&gblmra’tbr FoGgat EC@smosrp Bsiferably, therasitigioabl ge,ohtdw@mponent

s 2ol B S350 BB A0 s o
abou@ bows ABoBS8d Ogﬁ@&amY 2ot Foouef10t Bre ab@lta‘VO Bepatcyst of the
onposi tion 062 n addition to the gum ng

Catalzétéﬂdldtté/eal@@ilnoﬁléloﬁ%bIVéhqif@tﬂéﬁ Nebrpdictian, ZGP]FFE ip r\lﬁ"ébﬁ%@lééptegfal
com}&cg}%gf %%é’ 2h Wfsé the %851‘1"%{1!113/26%8@3 £6rﬁﬁaxieﬁle i€ ?e‘féﬁggf used in an

Zeo ani c eri a
amo@lﬂtﬂaﬂglﬁg|ﬂ0m ﬁ’ﬁ(bl[tl()(l td albdmré@ nstpefdratly dchdh tabve 1 to about 40,

onponents such as netals traps (for exanple, traps
Wel%PeWntéﬁg&“@\Bat%lb“ﬁ%‘l@BO%%oq he cracking catal yst. The

007%@%@’ thet Mifly & s&g&'t dfltRe pSHR |1111\)én§01¥ to 4el4dehin the process and

type, provid he nmajority of the cracking
compastifiari b thenidvergionyghaadddjtives @sevantionally nsedgies FEGmrocess, e.g.,

SOy ?gcﬁlc%lon adc}ltlvesb&ld)t <?u’cti8rr1 gcfia%{i\?ebsl, gasoline sulfur reduction additives, CO
combustion promoters, additives for the production of light olefins, and the like.

[0071] Somewhat briefly, the FCC process involves the cracking of heavy hydrocarbon
feedstocks to lighter products by contacting the feedstock in a cyclic catalyst recirculation
cracking process with a circulating fluidizable catalytic cracking catalyst inventory
consisting of particles having a mean particle size ranging from about 50 to about 150
um, preferably from about 60 to about 120 um. The catalytic cracking of these relatively
high 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:
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from about 15 to about 60 and nost preferably from

about 20 to about 50 wei ght percent based on the total
wowioghts7ed t he conposition. | norganic bi nder nBCEUSZNE010968

useful to prepare integrated catal yst conpositions in

accordance with the present invention include any

i ngy gani c [:.C f h ;

of@ he i nt er%% g{eg% lga?ﬁﬁ%t@al ofC 1c:))élrC lranéapg?t%c%é@?ﬁg\%? %gﬁﬁg 200,

properties msumbApla riser cwsblngnzctriee eOSBting cae rcafed@ic cracking

process condi tj ons. i j

d
materials iGPOAHQES béfu¥gxg§<.g1nlgofeeﬁ Wit %238%8%% ;ﬁbﬂ%‘?q Eégenerated

silica, siligadd tdhip@to oMo IResNhMRistptrhédl@d products
l'i ke, and m xtures thereof. Preferably, the binder is

sel ect ed f randsppia cgta@wpcwmmgtcphgam stippatilgrbydre¢arbang;

o e R T g TPl BDAY i o o o

conmposi ti Orbylc‘p‘onb@Sﬁtotah\Ql@oﬁﬁha\é@ kighin a@&ﬁdﬂrﬁrodmaﬁ&ia@éﬂlds rich
the total weight of the catalyst conposition.

Pr ef er abl y, Phapecemmprisine Be sperdaelysat eri al present in

t h@o nt ear a@gdv mg@g@{aiéﬂesr £AIREF ol A gf&&&@@%ﬁ&&g%@h& Uhe FCC

about 10 tOmmhmmﬂurﬁlﬁ)amltgha;soplatedesude mmnasvenfommr@s and liquid

preferably fr mab t 15 0, about .25 wei ght percent,
based on th‘ga‘i%?%l’m\a%‘ftéﬁ’cc wing gasotiiposi ti on. [ 0063]

Thgyymatrix t'ﬁ@fsﬁérit dhsly9Pk 'sﬁ’ﬂ)?%él MJSQ:EH%}S@HB steBmt Reremove occluded
i nt €grated catalyst conpositions of the present

i nvention |1n1>cd|ramtebonlslftormthe najalybtl, afterewhich the whripped catalyst is
silica-alumn earth ch as |.ant hana

r anars PR e FeaBRha AR L ERpS Y a B R B0 produce

manganese OpdtdRgefer@bd cAAlyoivaieR iStheh réscragneld cratldng zone
bari um oxi des, clays such as_kaol in, and m xtures

t her eof . Thier geecking Tatheranpdities phieede present in the
[007ﬁgbcenet%ltlgﬁﬁtiﬁl,‘% ﬁbtaliah’éts Bglu Mp%ﬁ?{gglfeeQiOIﬁp @Qseéoca\(ﬁysgéq%th a

ase tota e conposit
faujﬁheﬁethinlg)QommﬁeM&tSrdeXCrmd 1f1|thé sansipal fevmmyby a/Feauto and Habib,

Flui reéﬂi\'z‘chl z[rﬁ]fzgavgzogzgeo ?‘lgaffg)%lt%t anc%&l?éé(lel ewy é)rkt19§§ ISBN

0- 82@@"6@47()( $1as GRIMASH hhRRroub Qaﬁﬂou-m% sBé‘l‘i hi ShR [gﬁbe'ﬁgl md Catalytzc

trition properties of the integral cata
Cr aq‘ktngl HirmdobbrGyf Bpkdr €pddoustor, 189%Y IISBNaQ’r& 84ﬂét 0rin @théwly, the

FCC ey TR, gt s R P SRk P TN <prim b a ¥ type
zeolitd1H@Asite @ctﬁ%pédiﬂibdrhénh dBe @r MRAO matrix aluminas and/or silica-aluminas,
and fillers such as kaolin clay. The Y zeolite may be present in one or more forms and
may have been ultra stabilized and/or treated with stabilizing cations such as any of the
rare earths.

[0073] Typical FCC processes are conducted at reaction temperatures of 480°C to 600°C
with catalyst regeneration temperatures of 600°C to 800°C. As it is well known in the
art, the catalyst regeneration zone may consist of a single or multiple reactor vessels. The

compositions of the invention may be used in FCC processing of any typical hydrocarbon
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particle size of about 45 to about 200mm nore

preferably from about 50mmto about 150mm The
w@udaoeiti§7om properties of the integral catal ystPCEES2006/010968

nmeasured by the Davison Attrition Index (D), have a

DI value of less than 50, nore preferably |less than 20

feedsﬁ)@ﬂf QFabR I%E@%c@@dsyin&lﬁ§§ FE@@@ur%%isiﬁl@é@@&)r }e@ig%%ls of crude oils,

preferred enbodi nent of e invention, the

whiclg relodai eajalyticallyysackednpeivide a geselingeorze @hs 108, progect NGxynthetic

duct | b Lo e o
recs PO PR SR B RO R R REBROBLO L PRy pR G458 v
sandd dJP%BRE QALY cAf altde BcR@Kd.Ng catal yst or incorporated

directly into the Y-tépe zeolite containing crackin
[0074 dnaprgdet tastemeove ntokgr BPmc iep safalyst, ofxyee Qfa@lauysadde& nfo the

ei_ther sey. it e . - Lt
oessfB8 PR S i Bl PRl e BSR4 bhotom of
regerefitidh fataby §t ddshvd@nddditional bRyden iofadlEk teo dttudiluterphase of the
zeolite to_Y-type zeoplite of less than, 2, preferabl¥
regenegiontzeas 1 OIEER! Y egatterag UnderHyoKianetie aggntity of oxygen
is pr&QaROB IS tHlret@tioR Ind RE @Earﬁ _ B@&nél!é%_r@o%stion mode.
group consisting”of platinum palladiumitidium
For pinpdsesnpf dkisi inventom, rtbe hepénemtionheoneuns opachted xi v gertial or
. thereof. Preferably, the nobl | .conmpopent .is ..
incogB P GRBP PG TORE WG B CBATE] ROLCSHSE FRhas o Satisfed: (1)
there/ i@t YiBficRAMEMDr dxyEEE BRI tolthe @é%éﬂb@.&ﬁl tB1oohire8ll the carbon,
thereof. Most preferably, the noble netal conponent is
hydregendsulfur and nidfogem emidie wpka e b spergceaskingTapalyshre $O24140, SO,
ant G203 PR B R PR3 bk ot o comver
all d@agld Bnyl oftahtizdpRd fitlobeor uIRE espabiby aatl heksdarbbrs in the
parts per mllion, nost preferably at legst 1.0 part i
regersatonpHleBnto TR0 o ob Or R Nobt Sra) SBHIcieHs amouint of CO is
presén?viﬁnﬁl'eofégeﬁé?%to 'E[P%L'ﬂstnt Qb ltegﬁir@ qhl §ispei@h €0MBOMENo freat the
ranges from about 0.1 parts per mllion to about 1.0
regendrétpr pifeketr all gorfvennhab@utoaibepar the gffnentitd IG@mnbafore having
t 5,000 payts per, mllio nost preferably from
the Fg:gngegfp@ai%re ”ﬁB?éllﬁ‘?hafgegﬁnt?gh%%taﬂﬂspl%%oo parts per
[0075] Thé ?_fbsel%s@ldth@_rboﬁﬁlﬁsitﬁh@in wet@dncefwith ehd\fd¢ention during the
reducti on conposition. £/0067] The nobl e net al
catalygnegaeerationapiehedrandtionl bys refugesniion emissishns t ¢fe gsh @hagexreduced

nitrorg?elij ts'l}%:etg%eg r}r’l ioegﬁégyf:% %rbeg%thp SrriABy:. r§§ ?QQO\%HQ it ée@ ﬂhlage reduced
nitrogen species from the effluent of the FCCU regenerator, significant reduction of NOy
emissions from the CO boiler is achieved. In some cases, NOy reduction up to 90% is
readily achievable using the compositions and method of the invention. However, as will
be understood by one skilled in the catalyst art, the extent of reduced nitrogen species and
NOy reduction will depend on such factors as, for example, the composition and amount
of the additive utilized; the design and the manner in which the catalytic cracking unit is
operated, including but not limited to, the amount of oxygen used and distribution of air

in the regenerator, catalyst bed depth in the regenerator, stripper operation and
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I mpregnation and the |ike. The noble netal conponent
may be added to the NOx reducing zeolite prior to
wo p@enipp@t i on i nto the NOx reducti on conposi t PONUS1006/010968
the alternative, the noble netal conponent nmay be
added to particles incorporating the NOx reducing
' I [
regerﬁ?&%ﬂ ttS'{l#)e%tfu% m Sgﬁ)ﬁ)%ﬂtl yhég{r g}ehlgg o?)%%% rf%?%st(l)cr% ecrackf:d the
prese\naé af yiier pafal‘ymcl additivesntat smaygaifdme thddhenasttyc hd) operation of the
onposi t i on and cgonponent s

Ki
regenggan guq (hesiss{Eag PeTHicRe! G CdotioprBihariands e sapersion

of re@lﬁ%’d%geﬁt biikd & KO, %Qmﬂhaﬁ&%ﬁkﬂ@m@ﬂmusThus since each
ut ons nltrate chloride, carbonate and sulfate

FCCWaik wsfferemtiin eomemplalé)oéﬁ;esam@pme th¢ gidectivheess aff the process of the
ar e

imverg o b BCEHN Qoo T Bt Y e B TaRigiohS of he
invedTRASME® Bredent 4 8ighHIcBht inkfeatd i fhieNRbdie@BR i dok®Muring the FCC
Thereafter the conposition is dried or calcined tq

procgsendg-e lags theni 3086, preferpbly tessthay 18%0. aplstive trobe prestughien of coke

s or calcining at about 2500C
abselfzt EI e@%‘ﬁ’@écp i)og% o about 12 hours. [0068]

[0070]dﬂllklfﬁﬂhér empiceted ahst @\Qiralbmm) | emipsiesentillite sdvantageously even
onpositions of the present invention_ inglu

lower aHhon e T¥EntiQ isfised & comlungfion Wb (D dPESH) 3%"&5@ gk the
lowe%rﬁ&iﬁrﬁ‘lo% (tl?erﬁ)al N gﬂ]crxd?i%al Sﬂgg&ﬁ F& 0P Bo e Fd@der: technology

['an samari a, europi a,
and g&dmbtl mptamzed tfan lnaninzurn dberine] Nfbasmmﬁymsa HnWemrxthﬂy gmn be

t her eof S t.he additi onal terj.al s, are used ..
replopfl g EHBONES AHHCIPHEOE o 4T BRI RhATYy N G s Gapy Heuding
retrofi{RClith MGw RED RUrABRC &0t N @ ueATIeS A iaPP®adlies 286 Y6Lures are

NOX em ssi ons rel eased fromthe FCCU regenerator under

descmm eenill einserriate pecgeneinalThet/pln dindi €ombuntiopdiandpegld’, editor,

Char;fvI CB: ﬂgag,l J?e s‘ﬂ?@ %y tt}bea@ ﬁg@ggesdzg%m}g@ d&%ﬁgﬁ&{shagé herein

incoﬁ}s@@técﬁﬁjﬁl @éﬂefhihcé:or‘ﬂheibtmﬂm af NOhes niinvietizédoby aomidingt both high
essentially of the NOx reducjng, zeo]i at | east one
tempeEsYIS and hidh SieESSPKYISHD FOREIVSISI aCE k qpigd1e, prhaust gasageycle

to th\é"lg 1& ﬁlQ{? ﬁg%lﬂe sBled 61l J\é@ﬂgﬂ QHteh& tRel Weein of air and fuel,

t1ona te conponen S In NO r educti o
longerocmxben flanogss and vetieusi congnbdtons oTiaey @d calltqfdhade cieetgnl strategies.

The BF ng&lg?%glgﬁw}g?%c%%g {siﬁ é%iﬁ&( ggr%%r pecfmcﬁggye gé Yealized
from an FCC CO boiler so modified, by minimizing the reduced nitrogen species
available to be oxidized therein to NOy. The result is a new low NOy partial or
incomplete burn FCC system that can eliminate the need for capital and operating cost-
intehsive systems like SCR, SNCR, scrubbers, and other approaches known in the art.
[0077] To further illustrate the present invention and the advantages thereof, the
following specific examples are given. The examples are given as specific illustratipns of
the claimed invention. It should be understood, however, that the invention is not limited

to the specific details set forth in the examples.
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conposition to mnimze the ambunt of gas phase
reduction nitrogen species in the FCCU regenerat or
walewocngg7en FCC process. Preferably, the additiPEEUS2006/010968

zeolite conmponent is ZSM5. Typically, the additiona

zeolite conponent is used in an anount ranging from
[0079gmt partd @n@bRdenB@es RA aherexamylesr @mwaliogd tH réBaiall@ubs the

7 ,.melqht percent of the catalyst/additive .
speciftsaios ivthidnisferpie selid pempEsitionsqicoperntations aig b wigkehy unless

o b Bl PP BRS, B POECAL B ol g e

remaARA¥ NUf thangecifcitionnteddrning t6. ghs toonmsitionS@re Mo$dr or by volume
preferably fromabout 1 to about 40, weight percent of
unlesstherytisa Speeifisdrposi tion. [0070] It is further within
[00751~I ?uﬁﬁ&?grﬁpfan Do 1 RLEPEArelitUSR AP Ehek BickiGh BEEIalMs, S0 as that
pt ocess’ and conposition of the invention other
reprexanliing & particolay e tof prapettiesysst dfmda@@e peandéss, ghygical states or
SOx reductio ddihiv%f,.hﬁk reduction ag%itivgs,‘f
percepagnsi fe WIAMET 1PelitraNoAnCoRATEiCy BEPTeRly dRBlisbY offference o
i ; i1fid BriReivainb @iy Qfibdet BFhumbers within
Oﬂw@?@?ﬁhgfﬁgﬁgpgﬂgm¥?§g&ng%%%f’Sonemhgt griefly, t he
any fa@ge po eged i nvol ves the cracking of heavy hydrocarbon
feedstocks to lighter products by contacting the
feedstock in a cyclic catalyst recirculation cracking
process with a circulating fluidizable catalytic
cracking catal yst inventory consisting of particles
havi ng a nean particle size ranging fromabout 50 to
about 150 mm preferably from about 60 to about 120
mm The catal ytic cracking of these relatively high
nol ecul ar wei ght hydrocarbon feedstocks result in the
production of a hydrocarbon product of | ower nolecul ar
wei ght. The significant steps in the cyclic FCC
process are: (i) the feed is catalytically cracked in a
catal ytic cracking zone, normally a riser cracking
zone, operating at catalytic cracking conditions by
contacting feed with a source of hot, regenerated
cracking catal yst to produce an effluent conprising
cracked products and spent catal yst containing coke
and stri ppabl e hydrocarbons; (ii) the effluent is
di scharged and separated, nornmally in one or nore
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cyclones, into a vapor phase rich in cracked product
and a solids rich phase conprising the spent catal yst;

W@ 2oo6)1187he vapor phase is renoved as product aPdI/US2006/010968
fractionated in the FCC main colum and its associ at ed
side colums to formgas and |iquid cracking products

ing gasoline; (iv) the spent catalyst is

EXA%@?%%%ed usually with steam to renove occl uded

hydr ocarbons fromthe catalyst, after which the

stripped catalyst is oxidatively regenerated in a

catal yst regeneration zone to produce hot, regenerated
EXAGAigt yst which is then recycled to the cracking zone
— for cracking further quantities of feed. [0072]

Cbnventional FCC catal ysts include, for exanple,

eplite sed cat.a S cr .
100sER oirndtas pEBLRnta™ Kructi® abfRZP bRt ) ixe o) wes

prep@bd dsakillwsFl Wi a@@éo@b yilu@y Gh@cC brdpgrewl ’bvhlcﬁead)ntﬁlﬁed 6521g of
Cat al ysts, Marcel New _York 1979,

| SBN
alumgngpeiorgydol scagt%(le-‘i‘ya%ohdﬁ) Hanoe &mf beiRke! fepisrite@i0/ALO;

= 203&%&%%3&2@ ﬂg%}ba‘éd ou@ogdoﬁ%u g S Yoty {g g?c@%@@%gy which contained

abouD48B4Abhd2 9Tha slufyypweamiled, ihe Eﬁfﬁi@mﬂh; & ys bgeragmparitlecize of
bi_nder, ally sil.ca, um na, silica-al um.na,

tess oy 20y oo bt et it & Bediep et stine bhe Somb O broduct

was ﬁ?{ ﬁecf%‘i b %ﬁht‘é%@ @%f’srsaﬁi}gké Was @ési‘gﬂaﬂ:@%’s Aﬁﬁl@tlve A and the

ers suc aolin cl e Y zeolite may be

prop@tiesefithisi addoive aoafshmnﬁnmab}esl and may have been ultra-
stabilized and/or treated with stabilizing cations
such as any of the rare earths. [0073] Typical FCC
processes are conducted at reaction tenperatures of
4800C to 600C with catal yst regeneration tenperatures

EXAMPIEDAC to 800C. As it is well known in the art, the
catal yst regeneration zone may consist of a single or
mul tiple reactor vessels. The conpositions of the

[0081NXBHIt 188 A daerivesedas PlabddGn ph dedsed E@kﬁfonafmedhmwlabtator
hydr ocar bonf eedst ock. Suitabl e feedstocks inclu

A master RBiselpiprias prepaied by giutingdi(9daRE fom apiResal (Ps’o Rh) t0 100 g
with DI water. The calcined product was then impregnated by gradually spraying on it 16.7

g of the dilute Rh solution further diluted with 75 g DI water, targeting a concentration of 100
ppm Rh on the finished catalyst. The wet impregnated catalyst was dried for 1 hour at
99°C and then calcined for 1 hour at 593 °C. The finished catalyst was designated
Additive B.

EXAMPLE 3

[0082] Additive C was prepared using ferrierite which contained Na and K cations (about

1.02 % NayO and 7.08% K;0). An aqueous slurry was prepared which contained 41%
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whi ch, when catalytically cracked, provide a gasoline

or a gas oil product. Synthetic feeds having boiling
w@oinaiiss70d about 2040C to about 8160C, such asPOI/USINEMO68

coal, tar sands or shale oil, can also be included.

lk%O 4] %$ or to renove coke fromthe cat al yst,

soi x%‘%ﬁo s 1g;the §1§rr)§8%&{5t‘ido°ft]§e@ Feagieite (sadivn and petassfirh sontent
t ih&luB&)f ]

no lbo tut ?r)n agﬂ @Fﬁeﬁ%{rgglgﬁfﬁlg tﬁ? gﬁmglgl%é %hf&golﬂ?ﬁ/%l lulngat(ibﬂ% solids).

The slgrtytwasmailled Xwgewerae@ddeﬁb give dflesscthhnip & ;ﬁﬂ@ﬁ@th@ﬁ spia§-
In the present invention,

ener ation zone.
driec) i LA RGNS P GRISReR £ BPUokbeeiRt ro A89P@add then
wasHRB &8 & %‘%1 i
i nconpl g?ggg%nbusfpgﬁiﬁggg &?G%QFE%%% PRFW(éw%
(NHj)n¥epttp (WdUCB thee sodgmmandapatassivnpesntérs. Qhefakest prBddt was then
rtial i nconpl ete conbusti on node, when any one of
flashpdisdrageseiesh glecohen! prosisst has! thepiopkitied shqvy irt Feerle2i s
not sufficient air or oxygen added to the regenerator
to convert all the carbon, hydrogen, sulfur and
nitrogen in the coke on the spent cracking catalyst to
EXA H2O, SO2 and NO, (2) the effluent fromthe
rator does not contain enough oxygen to convert
all CO and any ot her reduced nitrogen or sulfur
speci es and hydrocarbons in the regenerator effluent
[OOSQ]OA@mve y@mag@pmgdathﬂ) withdRlnr dfidd @udf talcinedt usk®URE same
n,the re rator effluent to
pro"e%recé%s"ﬁk)%‘f KAmpIE 2 sl gl dhe AgopRceladdiere C sed was 200 g

urre

(dry b&@gﬁa{cﬁﬂﬁrmﬁéén\dﬁﬂé @00 YAY %efdet\pﬁh @Qé%g%f‘hr}ﬁgdlh nltrate

he effluent to CO2 before having regenerato
Soluflépf<|1%éﬁ% Hhsepdri§e e phbd water. gma“gpﬁede:ata{lmws dl'dsgnated as

ABECOENG Rk LI SETROREH 612 LOGRERSLATS AT Mo 0,

1.5% @Caaid leal d urfacelueest sOEnEMF Ssi ons of gas phase
reduced nitrogen species in the FCCU regenerator

effluent. By renoving the gas phase reduced nitrogen
species fromthe effl ueniﬂ@ it he FCCU regenerator,
significant reduction of em ssions fromthe CO
boi | er i s achi evedPrdperiend Additise ANOX reduction up to
90%is readily achi evabl e using the conpositions and
met hod of the invention. However, as wll

ALO; % 28.3
Na,O % 0.09
RE,O; % ' 0.08
SiO; % 71.4
SOy % 0.01
Surface Area m%/g 328
Zeolite Surface Area m*/g 259
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be understood by one skilled in the catalyst art, the
extent of reduced nitrogen species and NOx reduction
wowdle/1osgpend on such factors as, for exanpl e, PEEUS2006/010968
conmposition and anmount of the additive utilized; the
design and the manner in which the catal ytic cracking
unit is operated, includimglbut not limted to, the
amount of oxygen used and distribution of air in the
regenerator, catal Jaepedies @EAdHItVE €he regenerator,
stripper operation andregenerator tenperature, the
properties of the hydrocarbon feedstock cracked, the
presencalgh; ot her catal ytic addytives thaB3may affect
the chem stry and operation of the regenerator, and
t he des™NgeOand operation of the”CO boil e0-14hi ch
inpactsFﬁﬂﬁ conversi on of reducgd nitroge@4species to
NOx and 3formation of thermaf’ NOx. ThuS, since each
FCCU i ssspf ferent in sone or ald, of thesegrespects,
the effectiveness of the process of the invention may
be expedSad to vary fromunit t% unit. NOkSreduction
conposi tjons of the invention also prevent .a
signifi&gg{ i ncrease in the proéhction of&goke duri ng
the FCC process, e.g., less than 20% preferably |ess
than 10% relative to the production of coke absent
t he NOx Suefage tirem conposition.HE@D76] It 3% further

expected, that, overall NOx em sskons wil |
advant a BB I%Prgr\’f’@nlﬁeé'wer when™ 1%e invent?@n i s used
in conmbination with a CO boil er designed to nmake the
| onest amount of thermal NOx practical. Typical FCC CO
boil ers are ol der technol ogy and are not optim zed for
m ni mum t hermal NOx em ssions. However they can be
replaced or retrofitted with upgrades to
EXAVMBLESof -the-art | ow NOx designs, including
retrofitting with | ow NOx burners. Low NOx burner
desi gn approaches and features are described e.g., in
I - | Lo4R [
00 R S e By Lk inal POl SO 61 (RTREHAE,
impregndting tIBR@nMe g5 ta2G0 of 2Whprh Idles trcippenit ovetness esihgn dilnte

s B gAY G SR it R RO B Ploh R ana
61 g@XNGEHSEr. ORWIARIPrEMARY cdialyagwht an®l R0k °O oveRdghtembiadRined for

gas recycle to the burner make-up air, staged fue
2 hopusjag 649 A, intense swirl mixing of air and fuel

EXAMPLE 6

[0085] Additive F was prepared by taking a sample of 80 g of Additive C and
impregnating the sample to a target of 200 ppm Pt by incipient wetness using a dilute

solution of 0.503 g platinum tetramine nitrate solution (2.9% Pt) and 61 g of DI water.
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| onger cool er flames, and various conbi nati ons of any
or all of these design strategies. The present
w0 novents7om enabl es the benefits of | ow NOx burP&r/US2006/010968
technol ogy to be realized froman FCC CO boiler so
Th nodiﬂ%gd bé m ni m zing the reduced nitrogen species
© IURferalr b oAl BV e irRd AR d 20nér evernieht Mckealained faruhaurs at 649
oc., a new |l ow NOx partial or inconplete burn FCC system
that can elimnate the need for capital and operating
costintensive systens |ike SCR SNCR, scrubbers, and
ot her approaches known in the art. [0077] To further
illustrate the present invention and the advantages
EXAnereof, the follow ng specific exanples are given.
The exanpl es are given as specific illustrations of
the clainmed invention. It should be understood,
[008¢losddiive @ hwes tpheparedy byttakingi & sampld offi 109dgt 6 Wagitive C and
. ecifi,c details set faor in the exanples.[0078] AU
imprSRBfaE U Sl o B of 100 el ek Sashoss st Rl 18 g of
a palla@itah REeke Odlufibye (834956 IPd) GAd 891 W]DPE!atre?.f %ﬁ 'Ijhgre%ﬂétécﬁj catalyst
conpositions or concentirations are by weig P UnPess
was it 12e Copyemight ead coloined ur,2 laduirs a9 Cand
percentages in the exanples as well as the remai nder
of the specification referring to gas conpositions are
nol ar or by vol une unl ess ot herw se specified. [0079]
EXA ther, any range of nunbers recited in the
ication or clainms, such as that representing a
particul ar set of properties, units of neasure,
condi tions, physical states or percentages, is
[008Tindéditieel H ovds pepateldyby naldanpar atraplexpf 688l y dTenedifivbyC and
. reference or.otherw se nynber. falling within such
improghalad he.Semipls o ks SCHEERPra {iisiionienass Hsige 0.667 g of

a ruthea@e SRodye ditrae sEMAMIYESIEIRAYVRRE gb %%{}ﬁ%lttfé%Tgeui%pﬁ%gnated

conposition conprising 75%fefrierit
catalyspwag dried &f 420 &) oxgaeightrand apksihedSof Dhbwest 64M°@queous
slurry was prepared which contained 652 Ig of al um num
chl orohydrol solution (23% solids), 4500 g (dry basis)
of ferrierite (SiO ZAI 28 = 20, Na20 + K20 < 0.2) and
B addi tional water to make a slurry which

EXA ned

[0088] Additive I was prepared by taking a sample of 109 g of Additive A and
impregnating the sample to a target of 100 ppm Rh and 50 ppm Ir by incipient wetness
using 0.083 g of rhodium nitrate solution (12.11% Rh), 0.010 g of pentamine chloro
iridium (IIT) dichloride (49.9% Ir in the salt) and 83 g DI water. The impregnated
catalyst was Qried at 120 °C overnight and calcined for 2 hours at 649 °C.
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about 40% solids. The slurry was mlled, in a Drais
mll, to an average particle size of less than 2.5 mm
wapastiissno spray dried in a Bowen spray dryer. AEEUSI0&Y10968

dried product was calcined for 90 mnutes at 593 0C

EXA nmpl e was designated as Additive A and the
ies of this additive are shown in Table 1.

EXAMPLE 2 [0081] About 158 g of Additive A was pl aced

in an inclined beaker on a mechanical rotator. A
[0089hAsiddiveRtvasairepareshbwamprpgrabae 4d.38 kedifl Additig @ voth 10§ ppm

R s o LA 0 2% et 08, B Pl s

solutiGpcayainigpg 3o g djf dlfhodivgn gifratehelhudionyl E4WR§)OAﬂdt20Qﬂkg of water.
further diluted with 75 g DI water, targeting
The irapriserated metesial whs then dﬁp@@mxn@ht @trﬂél9f°ﬂﬁrg1rfmllmab:ir;c§tax 593

o ool TRAEARTHSE1ESIARAED U8R ] 68, 10k 0281
0.17% NaiGs lvehs ka0ah vist SeRsandeast aratBek Adgdbt19memBy EXAVPLE 3
[0082] Additive C was prepared using ferri erl te which

contai ned Na and K cations (about 1.02 % Na20 and
7.08% K20). An aqueous slurry was prepared which
contai ned 41%olids. The solids in the slurry
EXAMBDEiI st ed of 75% ferrierite (sodium and potassium
content not included) and 25% al um na from an al um num
chl orohydrol solution (23% solids). The slurry was
O B B8 e I Bnfich Y M e
evaluated by menhgftbc Drvizon Girdnﬂ:ajmga&sab@]fﬂRﬂZEhé)ﬁemqbﬁbhe)lﬁ the DCR

hes o8 APLYER 11 (9h $a00 (RSB Dt Ve BIER el Soabarpavey.

“SimadithgPObA kN FOOUEHEIds Tifh ﬂ@ﬂb@ﬁs&r eﬁ&ﬂﬁuﬂgaﬁlsteh %DCR) pilot
flash-dried and stored. The final product had

plant prippdvatioas! Beteakpno RefiapiseAsocig@nVENERA) [P@gasaxwm,.amé (b)
k lcin S » in
. v Y, BSADSL o P Ll PO 150 b
Fluid CaelgivoOnatkiaf: &ditinté med Tedlmelbgyas. Qwa@e and M. M. Mitchell, Jr.
Eds., Studies in Surface Science and Catalysis Volume 76, p. 257, Elsevier Science
Publishers B.V., Amsterdam 1993, ISBN 0-444-89037-8, which descriptions are herein

incorporated by reference. A commercial FCC feed having the properties shown in Table

3 was used for these tests. The DCR was initially charged with approximately 1900 g of
an equilibrium cracking catalyst having the properties shown in Table 4. The DCR
regenerator was operated at 705 °C and the air flow rate was adjusted so as to achieve a
CO,/CO ratio of 7.0 and virtually no O, in the regenerator flue gas. After stabilization of
the unit, the baseline NH; emissions data were collected using a MKS Online Products
FTIR multigas analyzer (model 2030). Subsequently, 100 g of a blend containing 10 g of
Additive B and 90 g of the equilibrium cracking catalyst was injected into the DCR and

NH3 emissions were continuously collected for about 1.5 hours. No increase in NO
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(dry basis), and the inpregnating solution was nmade
wth 0.165 g of a rhodiumnitrate solution (12.1 1%
wR)o6amfod80 g of DI water. The fini shed cat al pET/UBES6/010968
designated as Additive D, contained 92 ppm Rh, 66%
Si 2, 33.6% Al 203, |0.15% Na20, 0.7% K20, 1.5% SO4, and
emisgions ¥as delealed Uap My estion of Additiye Brabise ng offren pérqglessxxdfzs (e-g.,

NOzéq%_zUi\(?geéﬁ‘dQ gt% ft(?g?}hﬁsc {eélgtir%es;gh% i) 1n?§ TS ég/ecfnl 'lga%le é %ddltlve

B 1s&ffa‘caae if\reducir®y NH3 59Tiadibes &velr Wﬂ@f tibedsatod. s Adst bv ﬁ‘le Gverall
%3366\@20%0 15 RE2G3 % 0 SSO2 %67 SO4 ¢
cata Istsnk%)f% hesasigte dermongtiale th@t/@ddz‘g‘ae Bdpve ettt eonvertmg

redu@édexﬂtrﬁgérgs tiés @%Nﬂrﬁ P%I%Hpﬁék% {Ileégne M@s prepared

by tal a sanple and

Table 3
Properties of the FCC feed used in DCR tests of Examples 11 and 13

API Gravity @60 °F 23.2
Sulfur, wt.% ‘ 0.02
Total Nitrogen, wt.% 0.13
Basic Nitrogen, wt.% 0.04
Conradson Carbon, wt.% 0.03
K Factor 11.40

Simulated Distillation, vol. % at °F

5 453
20 576
40 660
60 743
80 838
Final Boiling Point 1153
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i npregnating the sanple to a target of 200 ppmIr by
i nci pient wetness using a dilute solution of 0.029 g
wo@toopamg7eori ne chloro iridium (111) dichloride $@PUSHN$/010968
in the salt) and 6 1 g DI water. The i npregnated
catal yst was dried at % C overnight and cal ci ned for
2 hours at 649 C. EXA l84[0085] Addi tive F was
il . ki e it lof YR afapdé o1
e L G A S R S g i
i nci pient wetness using a dilute solution of 0.503 g
pl ati num t etram ne, mo};orate sol Utizgf?o 2.9% Pt) and 6 1
g of DI wiber . The i Mpregnat ed catal'yst was dried at
120 C oveyj 'ght andweml ci ned for 2sbours at 649 C
EXAMPLE 7 F% 86] Additive G was prepared by taking a
sanpl e ofRES® g of ' AHdi ti ve C and 1i~‘§‘pr egnating the
sanple tq,a target. gf,,100 ppm Pd i nci pi ent wet ness
using O. %’%*g of a%é oo b Baancip e (8. 46%
Pd) and 88cg of Di:wawer. The inpriegnated catal yst was
dried at 120 OC overni ght and cal cined for 2 hours at
649 C. EXDMVPLE 8 [08%7] Additive HO%s prepared by
taking aganple of, 109 g of Additiyg C and
i npregnating the sanple to a target of 100 ppm Ru by
i nci pi entSwet ness uspmg 0. 667 g of278 rut heni um
nitrosyl nitrate solution (1.5% Ru) and 83 g DI water.
The inpregnated catal yst was dried at 120 0OC over ni ght
and calcigied for 2.hddrs at 649 0G74EXAMPLE 9 [0088]
Addi tive was prepared by taking a sanple of 109 g of
Addi tive Peditel | npf &yBating the saldle to a target of
100 ppm Rh and 50 ppmIr by incipient wetness using
0.083 g of rhodiumnitrate solution (12.11% Rh), 0.010
g of pentamine chloro iridium (Il11) dichloride (49.9%
Ir inthe salt) and 83 g DI water. The i npregnated

Table 5
NH; reduction by Additive B in the DCR regenerator

operating in partial burn mode

Average NH; NH; emissions after
Additive Level emissions with 1.5 hours on-stream NH; reduction
(wt.%) equilibrium catalyst with Additive B (%)
(ppmv) (ppmv)
0.5 128 69 46
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catal yst was dried at 120 OC overni ght and cal ci ned
for 2 hours at 649 C. EXAMPLE 10 [0089] Additive J was
w@e@patssdo by i npregnating 45.35 kg of Additi vePCI/Wb1006/010968
100 ppm Rh as follows: Additive C was placed in an
q m xer and then inpregnated wth a Rh sol ution
——A@@#. ng 36 g of a rhodiumnitrate solution ( 11.4%
Rh) and 20.4 kg of water. The |rrp:rjegnat ed matlerl al dvvas
VES, cal.ci ne .
(009 GR B B0 o YEIANA0D Bhodkhh SRai T Smisliobd etoECE wni
1eger;emnortherﬁéfgn & ﬁﬂ:tlaBBur&%ﬁhlﬂ:@mpl&e obabasa was 1 @1 to the

and a surface area of 292 n2/g.
aC‘“Vﬂ Ofé éleﬁaeﬁaclﬁ*ﬁg Cé@ YS\AleRe- of heaprppiimgrts pvere pondugied .bmgeemmg NH;
e et ot he P ap b e S G B g R g 19-scale
reactpmgfstSMSﬁdaég repighdd hsddulate: thé a))ael@tlol\!\bf YRO@unifregenerator.

n b and S. .W ey, "Si g Conmer ci al
The W8 el e i ERE 8 ool G Pl Hatg FRGUme beRemisty
of thpHGTWU M e@Bherkiidt Undell\REélf%ﬂ@Co%%ﬁfo% S@ésﬁilﬁ%?f%p%ianon Fuels
Associ ation (NPRA) Paper AMS8-5 oung,
for a Clgsger EFYIEOIM ynefds ﬁ@d:M:Rt Klhys tedPe pf bilr;rﬁ‘lapler grFrancis,
ence

t i.n Fluid Catalyti.c. Crackin
1999, IR -4 MoB R0 Fnbiein e raERby Felerghce. Afer
calcifition, foSRUsues af FOSRCS ard RAitRRCRaABRNGE! a{ ¥Si %qlawfr%th a
257, El sevier Science Publishers B.V

comm@fgtaﬁwdawh@% FCEBRaiplyst 4(HIDACAT®-MRKE h obiesredi [ftdnmns}race
Dav1$d; Z d@ﬁfcﬁ'lﬁd’ o fdgg&fivtf ?I fkc)>¥4 }ﬁc%%eﬁng%ra |1CO %[ggzlegyg@ reactor

e properties's

with fl 60%t dneam. t’ElSd sracling cReRsWalsné, rbrtthéi|aH8ﬁt1Q%faQEﬁ|1gVHaHPyst blend
of ‘an equilibriumcrackin

was fa@?%ﬂs?sﬁﬁt% a %‘glzfgqcl)ii%@ 158 3péV Ies Thpganicen tasdts RTYW. waptpemixture
of NHGRrkegenes oy &glﬁ{a?élg%o@t J95NAC %%Cgﬂﬁ) Al f£0, and

ow rate was a s to Achi eve
variog§ amomﬁanﬁO\uadduhdtsl 43% 1 IONnwithehe bgjeﬁt&f St niﬁﬂogal g@ke total

Afte bj on aof. the u seline
oo 154 5, AR B B S S BB actves
were %fﬁdtiﬁé Sn E'Bh%rﬂﬁ%tl‘lﬂgﬁsn ¥ 8T odorpdals @&%R)ed 1n Flgure 2, all
Subsequentlg/ of a blend containing 10
Additives are also effective in mlmmlzmg the conversion of NH; to NO. However,
Additives D, E and I are the most effective in minimizing conversion of NH; to NO. No
other nitrogen oxides (e.g., NO, or N,0) were detected, indicating the conversion to

molecular nitrogen of any NHj; not converted to NO.

EXAMPLE 13

[0092] The activity of Additive B for reducing NO emissions from the FCC unit
regenerator was evaluated in the DCR under full burn regeneration conditions with the

same commercial FCC feed shown in Table 3. The DCR was operated with 1% excess



Additive B and 90 g of the equilibriumcracking

catal yst was injected into the DCR and NH3 em ssi ons
woweoe/1e89mt | nuousl y col | ected for about 1.5 houPGT/UBI06/010968

i ncrease in NOem ssions was detected upon injection of

onn B a8 00 AU BETORY FE0E B BRI iy

with dijpg(bmmaﬂeband%'@blge &, aﬁddbl’hm\éﬁuﬁly SaefilaBlet | é&@cl«hﬂ% catalyst
reduci ng NH3 em ssions even when used at 0.5 wt.

SUPERN@VA\@:‘ MaVIR-+c abalineﬂt fromv Gndoer Pavithes eTﬁi@tceacﬂﬁiﬁo Bzﬂhl"y@tt Qas
at Aadltlve Bis efficient at convert

hydrotegeikh caetiv e o disebirdlsbadgentiprwith 400K steam er #bet 816°C.
After sﬂéﬁil&aﬁ&gmé AhR! the E?Q iffe (f &9&%?5 % %%14 gﬁleé&;g usfﬁ? an on-

used in DCR tests o
line Le@SJe@ErmgN&JlAﬁlalyzeM(SI\%mm TSﬁwequﬁhypgeblen&\ﬁof %00 g of
13 Basic Ni tro]% % 0. 04 Conr adson Car bon, %
catalyswe% aqdedfetthe DA &enmtmgl oft Wl DeHfithe hydrothermally d@@twated

& 576 40 660 60 743 80 838 Final Boiling

SUPER%E?}S{(* %é‘é%a*maéalnstmﬁb?i igeaf @FO@mﬁmlﬁ%Y ipViaHlablea eiviegtional
CO cog@ﬁlgg tpréf’ﬁ&gr (@Ptﬁe é%%ﬁnéc? %}on? fGr%)ég rﬁ)awson V\;h% \%d 0@een
deactivated for 20 hours at 788 °C without any added Ni or V using the Cyclic Propylene
Steaming method (CPS). The CPS method has been described in L. T. Boock, T. F. Petti,
and J. A Rudesill, “Contaminant-Metal Deactivation and Metal-Dehydrogenation Effects
During Cyclic Propylene Steaming of Fluid Catalytic Cracking Catalysts,” Deactivation
and Testing of Hydrocarbon Processing Catalysts, ACS Symposium Series 634, p. 171
(1996), ISBN 0-8412-3411-6, which description is herein incorporated by reference. NO
emissions data were continuously collected, and once the unit was again stabilized, a

blend containing 0.525g of the deactivated CP-3® with 26.25 g of Additive B and 183.75
g of the deactivated SuperNova® DMR+ catalyst was added to the DCR. The NO

emissions data is shown Table 6. It can be observed from these data that Additive B is

effective for reducing NO emissions in the FCC unit regenerator.
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Al 203 Wt . % 46.05 RE2C3 W . % 1.44 Na20 wt. % 0. 32 Ti Q2
w.%1.16 NI ppm 1060 V ppm 1760 Sb ppm 270 SA n2/g
wQaZebeAesho t e n2/ g 127 Table 5 NH3 reducti on byPEUS100&/€10968

B in the DCR regenerator operating in partial burn

node Average NH3 NH3 em ssions after Additive Level

em ssions with 1.5 hours on-stream NH3 reduction

(W.% equilibriumcatalygfieqM th Additive B (ppnv)

(ppmv) 0.5 128 69 46EXAMPLE 12 [0091] The activity of
NO pettiictiondy Additive Bgin the DCR eckenerapB operiasmigan full bome arvde

FCC unit regenerator operating in partial burn or

i nconpl ete conbustion was conpared to the activity of

the cracki ngyGag@Nsémabione. TNO mRSohSRItes Were
conducted by reacting NH3 with CO at various |evels of

Addigige Lgvel Reydhequllibrivnesatalyst t 3 lqwys onThaditive i 3@ reduction

wibescal € 4140.25% CP-3 added B %)
(ppmv) (ppmv)
1.25 263 180 32
EXAMPLE 14

[0093] The activity of Additives D through I for reducing NO emissions from the FCCU
regenerator was assessed by measuring the activity for catalyzing the reduction of NO by
CO in the RTU. After calcination for 2 hours at 593°C, each additive was blended at
0.5% level with a FCC catalyst, OCTACAT®-DCH obtained from Grace Davison, which
had been deactivated for 4 hours at 816 °C in a fluidized bed reactor with 100% steam.
The cracking catalyst alone or the blend was then fed to the RTU reactor operating at
700 °C. The gas feed to the reactor was a mixture containing approximately 5000-5500
ppm CO, 500-550 ppm NO, various amounts of oxygen added as 4% O,/N,, and the
balance nitrogen. The total gas feed rate excluding the O, containing gas feed was 1000-
1100 sccm. The amount of oxygen during this experiment was varied so that the
conditions in the RTU reactor would simulate reducing and oxidizing areas of an FCCU
regenerator. The results are shown in Figure 3. The data show that with the exception of
Additive G, all additives are effective in reducing NO emissions. However, Additives D,

E and I are the most effective in reducing NO emissions.
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reactor system specifically designed to sinulate the
operation of a FCC unit regenerator. The RTU is
walewenigyedd in detail in G Yaluris and AW PePEF/ES2006/010968

"Studying the Chemistry of the FCCU Regenerat or Under

Realistic Conditions,"” Designing Transportation Fuels

for a Ceaner Environnent, J.G Reynolds and MR
EXAKMeNE ©ds., p . 151, Taylor & Francis, 1999, |SBN

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

i ncorporated by reference. After calcination for 2

each s bl ended at 0.5 wt

593 .0C %
(009G CFf RIS Eb ARG Sl FCHUS EaBrengon ve: wpgssed i the RTU
usm%g‘&é‘@eﬁ_ ehtaeHcolRt 8 RRADLYREY @1?0%91 1?%"%@?1‘3%(3% “Phe FCC

ad been deactivated for 4 hours at
catalygty QﬁTZAe@AEed)QHa@bt@lmew frdm 16096 Davésam CbhenbinadkDNevas first

oA T AT e e,
coked b9 W@afy éiedhitPid AR ]%fi t‘ﬁﬁ%acﬁ‘ VWtH(kIEré,% g%eg h%g:g}gl%g%es of the

cont ai ni ng_appr oxi matel'y 500 ppm
coke(tgata]afﬁ@arv &hq‘)‘@ugn dabla it lselmfv @Rr adidpatises plopdses, Ith]e NZ) oxidation

t he anc itrogen. The total gas
sctivill & B EAN G HeO CBOTEBHAR PPipcifts (el alaimedotom Grace
D B e e S Pl SR R HP BN or v
usingathgi €7y aretbeds veasstlsetialuvated.e Haoh rmidditive Zeste] tfae mixed w1th the

coked Qﬁ\fgﬁgc&qﬂ S}?S];: {(\IF%CW@haqﬁhtmeﬁ\ﬁﬁbzqﬁgP%J éq?iglitlaﬁ |]:'%\fel @-369 ).

The dokedNQatalNRt 6f HRIbIBAT HAS ROkl 385 the RIU rHIER _ .
wer e detected, indicati nn t he cor%versn (r)n té%ﬁo{%%lm 700 °C

respegii Yol hgad the C@lﬁWWM-BUmbWI ongesrhigtiire of manﬁmmgeﬁ sb3hat there

v ORI T P SO B S0 00 M

measune dffiee OORouttigtiont wdtlvityUiber RGBS @hélRg Gmléﬂs%ﬁ the actual

p sanme .commercial FCC feed shown in
amoughg %ép@ra%%f BBYaedy corelpted 49 ehedeQoridatinn aﬁe\nty of the additive.

The £QSQNEERLY {

© RIS TECARLin B St P60, BE ARG Fy ity a0 Setive

as CQ combusiiasi pilomptey &Nd:rab/lhen aset ki tvgee eeadrSint of the conventional
SUPERNOVA(r) DWVRt+ obtai ned from Grace Davi son. The

COpmln& R ng catal yst was




hydrot hermal |y deactivated in a fluidized bed reactor
with 100% steam for 4 h at 8160C. After stabilization
wo@toobhes7omi t, the baseline NO em ssions data WeCBUS2006/010968
col l ected using an on line Lear-Siegler SO2/ NO
Anal yzer (SMB100A). Subsequently, a blend of 100 g of
catal yst was added to the DCR consisting of 95.25 g of
the hydrothermal |y deactivated SUPERNOVA(r) DMR+
catal yst and 4.75 g of a Teblgtrcial | y avail abl e
convent i onBronessiesefineked eatahysonendein Kx@m@ens, obt ai ned
from Grace Davison), which had been deactivated for 20
hours at 788 OC wi thout any added Ni or V using the
Cyclic Propy e Steam ng ne d (CPS), ,The CPS net hod
has been des%@bed inL. T. %g}gck, T. %%14 Petti, and J
. A Rudesi |  ALLbOgont am nant - Mg{%al Deacii yation and
Met al - Dehydrﬁﬂenati on Effects During Cyclic Propyl ene
St eani ng of ePd Catal ytic Wacki ng Tt al ysts, "
Deactivatio Testing of rocar bon Processing
Cat al yst s, EE%WSynposi um Ser‘f’l_[x% 634, 43171 (1996),
| SBN 0-8412-8@] 1-6, which dgsgriptiqygjs herein
i ncorporated by reference. NO em ssions data were
conti nuous! ye®s| ect ed, and Wt¥6e the W8t was agai n
stabilized, %le end contai ni ng 0.525g of the
deacti vat ed 23(r) with 26.V§5/°g of tive B and
183.75 g of @¢he deactivat edgyper Novg(4-) DVR+ catal yst
was added to the DCR. The NO enissions data is shown
Table 6. It can be observed fromthese data that
Additive B i ffective for reducing NO em ssions in
the FCC uni IS%fEﬁE Fator. TaBl € 6 NO ridQuction by
Additive B in the DCR regenerator operating in full
burn node Average NO em ssions NO em ssions after
Addi tive Level with equilibriumcatalyst 3 hours on
Additive Qreduction (wt.% and 0.25% CP-3 added B (o
(ppmv) (ppmv) 1.25 263 180 32 EXAMPLE 14
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[0093] The activity of Additives D through | for
reduci ng NO em ssions fromthe FCCU regenerator was
wW@e®edassIdo by nmeasuring the activity for catal yr¢TgS100e010968
reduction of NO by COin the RTU After calcination
for 2 hours at 593C, each additive was bl ended at 0.5%
level with a FCC catal yst, OCTACAT(r)-DCH obt ai ned
from G ace Davi son, which had been deactivated for 4
co hours at 816 0Cin a fl ul@bleet bed reactor with 100%
Ypissinps $HEng caked KE Coentalyytstegeh ontiontin HIeR TURWED MaRlitives F
then fedthreugihd apdCR-83 blorded peitiatiiengkad cAfdfys¢C. The
gas feed to the reactor was a m xture containing
approxi mat el y 5000-5500 ppm CO 500-550 ppm NG,
vari ous anmouphg:.Qf oxygen added as 4% Q2 N, and the
bal ance nit rlgg%rﬁ&eThe t ot HPOBUE f eddO emtissiangc| udi ng
the Q2 containing gas fee@ti4y 1000- (bpafi)seem The
anmount of oxygen during this experinment was varied so
that thengQldigjons in the RTU reactor \QBM d sinmulate
reduci ng and oxi di zing areas of an FCéfJJ egenerat or.
The resuCPs3%are shown in Fogure 3. Theygata show t hat
with the Sx,cgsption of Additive G all additives are
ef fecti v@4fiiVedduci ng NO eRi2ssi ons. HAMeOer, Additives

D, E and he nost effective in reduci ng NO
em ssi onéb%QX%S‘LE 15 [0094P3The CO oxilgg@i on activity
of Addi tAdésived hrough J wag assessedjsikh,the RTU using
a cracking catal yst coked in the Davison Circul ating
Ri ser ( itivgfb” FCC cat al §8t, OCTACATBEi(®CH obt ai ned
from G agg,.Payikson, Colunbja, MD, was first
deactiva‘%‘g%lla% 4 hours at b'216 0C in &8%Q ui di zed bed
react or Addifvdd0% st eam befjore being ¢ d by being
circulated in the DCRto react wwth a feed. The
properties of the coked catal yst are shown in Table 7
bel ow. For conpari son purposes, the CO oxidation
activity of a conventional CO conbustion pronoter
(CP-3(r) obtained from Grace Davi son), which had been
deactivated for 20 hours at 7880C wi thout any added Ni
[0095]op lthougdi the prasentGREentienting bewnprimbal @albat Btko ﬁgﬁﬁon with

| tiive tested was mixed with the coked crackin
exarr.1p 2‘%?3 élp yb§'t rea%re%fegov@nﬁ%g%rﬁ%T’ thegeed, Eigyvidentghat menyvslternatives,
modifieatitink idn€ VaeMBbns Gt BE Tapparent to those skilled in the art in light of the
foregoing description. Accordingly, it is intended to embrace within the invention all

such alternatives, modifications and variations that fall within the spirit. and scope of the
appended claims. |

36



The coked catalyst or the blend was then fed into the
RTU reactor operating at 700 OC respectively, and the
W@ ele/1v8180 burnt with a gas mixture of air and PCT/USZPE6I010968
so that there was 1.1% O in the RTU reactor effluent.
The CO neasured at the reactor effluent is a measure
of the CO conbustion activity under catal ytic cracking

WHADKICLAGMEDRIR] t he actual anount of CO present is
inversely correlated to the CO oxidation activity of

the additive. The results recorded in Table 8 bel ow

J .ar.e not, effective as
- MRS By O o Bl il

nitroggrgperiesotlen el fmm VientepareddticnQopé @ﬁ@ﬁ,«?ﬂulﬁaﬁ{a%ftyc cr%ck&% ofa
ked c taI yst .used in Exanp

hydrogh BB IS Re sy w4 sctﬂemglwttm"%ma’@ ““""'ﬁiﬁ’é“‘?@mg
O e Ay e BT g o anee IS EHk A ra it g tsrea
ey oy o o SOy
partia} {S}I dlﬁ?&l:)%l‘é‘f&rm b @l);ﬁig lgq?cgzﬁ g%@%or@etlo@&pwl) aRpcuadig i ve
inven®496f GPFGC rc}acﬂhnlg ca@lyst in the presence of an effective gas phase reduced
nltrogen species reducing amount of a NO, reduction composition comprising (1) a
zeolite component having (i) a pore size ranging from about 2 to about 7.1 Angstroms
and (ii) a SiO, to Al,O3; molar ratio of less than 5 00, and (2) at least one noble metal
selected from the group consisting of platinum, palladium, thodium, iridium, osmium,

ruthenium, rhenium and mixtures thereof.

2. The process of Claim 1 wherein the FCC cracking catalyst comprises a Y-type
zeolite.
3. The process of Claim 1 wherein the zeolite component of the NO, reduction

composition has a pore size ranging from about 3.5 to about 6.5 Angstroms.

4. The process of Claim 1 wherein the zeolite component is selected from the group
consisting of ZSM-11, beta, MCM-49, mordenite, MCM-56, Zeolite-L, zeolite Rho,
errionite, chabazite, clinoptilolite, MCM-22, MCM-35, MCM-61, Offretite, A, ZSM-12,
ZSM-23, ZSM-18, ZSM-22, ZSM-57, ZSM-6 1, ZK-5, NaJ, Nu-87, Cit-1, SSZ-35, SSZ-
48, SSZ-44, SSZ-23, Dachiardite, Merlinoite, Lovdarite, Levyne, Laumontite, Epistilbite,
Gmelonite, Gismondine, Cancrinite, Brewsterite, Stilbite, Paulingite, Goosecreekite,

Natrolite, omega, ferrierite or mixtures thereof.
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Additive E 0.2 2100 Additive F 0.2 1740 Additive G 0.2
3520 Additive H 0.2 3410 Additive | 0.2 1850 Additive

wa 206218000 [ 0095] Al t hough the present i nventPCIURZS6/010968
been primarily described in conjunction wth exanples

an reference to enhodji ments thereof, it is evident

> thal ﬁ,hqqﬁssaqfe(gl@%fl iWhesein fesreol ismearenpaeain Svlacueétﬁtonn‘éle group

consYMtth (ﬁ’eféﬁﬁ?f’ée%tat aERRES fkkdd ?tg ?\gbl{/lhf@azreto litg §ho e}nonlte

foregol ng descri ption. AcCo
chabpgites @he@j}ttl@lltenh}(ﬁ‘de?,?\;\n(lﬁreﬂntel A ZSvirent ZOWI-24, lonsdbahind mixtures
there%!ft ernatives, modifications and variations that fall
Wi'thin the spirit and scope of the appended

cI aims. WHAT IS CLAIMED |IS: 1. A process of reducing

the content O NOx enissions and gas phase reduced
6. ni Thoperespétilem § vhemsedic zedite thepoepeiatatdinn zone

durl ng fluid catalytic cracking of a hydrocarbon

feedstock into | ower nolecul ar wei ght conponents, said

7. prBhepﬂ)ceszrmﬂC&ﬁlﬁgl GOBleaf tHeNYOa r&%@ﬁ@ﬁ% ?831&&?‘?&5&%951‘[ as a
rin catal ytic cracking (FCC oces

Sepali?v}?é?aéﬁgﬂﬁla& g‘b‘@ﬁ%?‘ﬁ@%’“%ne of a fI ui d cat al ytic

cracking unit (FCCU) is operated in a partial or
i nconpl ete conbusti on node under FCC conditions, with

8. a dheprdcass (vfgCllann énvierginahe partib@&eqy @Qi@dﬂ&lcﬁﬁé&hﬁ’oﬂt:dnmas a
meanng]a?t% esence g{; ef fecti ve gas phase reduced
Fogeke & %‘i?ia LHaadddi™g amount of a NOx reduction
conposi tion conprising (1) a zeolite conmponent having
9 (|,1)1 a pore size ranging fromabout 2 to about

henreeese o Claign (uwl)er%m ﬁlmnbmt/klf%ﬁhu&tﬂoafpohaﬁtl feRht in the
one nobI e net al

and ast
NO. SRS A op Lt gt 8 st B e spoantstii.
pal | adi um rhodium iri d| um osm um ruthenium

rheni um and _m xtures thereof.
¢ process of Claim 9 wherein the amount of zeolite component present in the

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

11. The process of Claim 10 wherein the amount of zeolite component present in the

NOx reduction composition is at least 40 wei ght percent of the composition.

12. The process of Claim 7 wherein the amount of zeolite component present in the
NOy reduction composition ranges from about 10 to about 85 weight percent of the

composition.
13. The process of Claim 12 wherein the amount of zeolite component present in the

NOy reduction composition ranges from about 30 to about 80 weight percent of the

composition.
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2. The process of Caim1 wherein the FCC cracking
catal yst conprises a Y-type zeolite. 3. The process of
w@k@omgromher ein the zeolite conponent of the MNORUS2006/010968

reduction conpositi on has a pore size ranging from
rons. 4. The process of

ab 5 to. abpo st
ifﬁrﬁower uhé “2}@6?1? ?1@ HBoKIH 9é Aeolite cempensng gresermrin the

NOy tﬂa& t
RSB M B B g of

compasisaizi te, clinoptilolite, MCOM 22, MCM 35, MOM 61,
Ofretite, A ZSM 12, ZSM 23, ZSM1 8 ZSM 22, ZSM 57,
ZSM 61, ZK-5, NaJ, Nu-87, Cit-1, SSZ-35, SSZ- 48,

15. SSThdproc&S%f Zﬁampli%'eﬁﬁrgthfeezeoﬁ‘f% l)hé'ée{qén?nst é}&Y]Qx?gre'dtwfth a cation

Levyne, Launontite, Epistilbite,
selectgds Fsyai the gggmbrqomls@g Brfe\hs(dmgem e anﬁhcbriul‘rml €alkali metal and

comtiat dnd CGoosecreekite, Natrolite, onega,
flerrlne?ljlle:rgo or mxtures thereof.5. The process of Claim

4 vvherel n the zeolite conponent is selected fromthe

16. gr consi sting of ferrierite, beta, MM 49,
efrﬂo?eés °§/§IW§‘67 whetsin the Néhgedustion sainpesitioh dindizi temprises

an lngﬂghﬂ@@iﬂdepl ite, MCM22, Ofretite, A ZSM 12, ZSM 23,
onega and m xtures thereof 6. The process of Caimb5
wherein the zeolite conponent is ferrierite. 7. The

17. pr cess e% gcili.m é%m/ﬂer ein the NOx reduction

538 ETOR Ma B B BReredsthy Inurpania bedgaist selatedtfeom the group

consiaifh i MEc; QTS {5180 218nigh b4 RS InGlod al m 7

wherein the particul ate uction coiposition has
a mean particle size of greater than 45 nm 9. The

18. PHE ereln the amunt of zeolite
con‘% néecr?tg) ! %ﬁgg%tl?wmfﬂlé worrg%‘ng 4dShISESHBEE tion i s
at | east 10 wei ght percent of the conposition. 10. The

19 cess of %a im9 wherein the amount of zeolite
' BF%:F??S ap 8 whetaie the@kumisd dcar anid oobgse peptized alenina.
at | east 30 wei ght percent of the conposition. 11. The
process of Claim 10 wherein the anmount of zeolite
20. cdhpornsass @fr@sient 8 whetehethe alumina is aluminum chlorohydrol.

21. The process of Claim 16 wherein the amount of inorganic binder present in the
particulate NOy reduction composition ranges from about 5 to about 50 weight percent of

the composition.
22.  The process of Claim 21 wherein the amount of inorganic binder present in the

particulate NOy reduction composition ranges from about 10 to about 30 weight percent

of the composition.
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NOx reduction conposition is at |east 40 wei ght

percent of the conposition. 12. The process of Caim7
wob@eca18706 he anount of zeolite conponent presePCT/UR20061€10968

NOx reduction conposition ranges from about 10 to

abhqut 85 wei.ght. cent .of, the co sition. .,13. The
23, prEetler At 75 RS e FRe ST RTEBne Aualer pessent in the
parti PP NIKNEdRItRE QB pbBitibA arlleX fogd Heduk A8 6 A8PASISt ‘JNQight ercent
ranges from about "30 to about 80 wei ght percent o t%e
of thecenmppesitionon. 14. The process of C aim 13 wherein the
anount of zeolite conponent present in the NOx
reducti on conposition ranges from about 40 to about 75
24, WeTl@roges 6£01iR 17 Whkeiaanppatitilor NAredi&tBrnoafRs oA further
G aim1 wherein the zeolite conponent is exchanged
compyjsesanpaddittanghze9bifeect ed fromthe group consisting of
hydrogen, anmonium al kali netal and conbi nati ons
thereof. 16. The process of Claim7 wherein the NOx
25. r éthegirocess oHGlans 28 ivdierdin thdwidittomap zeslas istSMARr gani
bi nder. 17. The process of Claim 16 wherein the
i norgani c binder is selected fromthe group consisting
ofrmsiLi ' :
26, {R g PO i s AP NG riptfiig presentin en
amounhemgmgifoorbebadrl tb sbaltBdi weighti@reeThef the oampssitdn. Cl ai m
18 wherein the alumna is an acid or base peptized
al um na. 20. The process of Caim 18 wherein the

27. alTHE fecdsS oPC 1 DErvichia HRNWiinal Zeblitel U PURAES $rédbnt in an
Claim 16 wherein the anobunt of inorganic binder

amougt eaeig fram abeut J4te peant P evelghi peesguicafitencaapgséin: i on
ranges from about 5 to about 50 wei ght percent of the
conposition. 22. The process of Cdaim2 1 wherein the
28. arfthentroaks bNOlafiar whdrtindbe NO@sdrtioh Bombesipad furthel ad@prises
reducti on osi tion ranges from about 10 to
a maltglgéwteglel Wel-?cé?ff %gglr tepgroup cons%sting of alumina, silica, silica-alumina,
titania, zirconia, yttria, lanthana, ceria, neodymia, samaria, europia, gadolinia,
praseodymia, and mixtures thereof.
{

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

than 70 weight percent of the composition.

30.  The process of Claim 1 wherein the zeolite component further comprises at least

one stabilizing metal.
31.  The process of Claim 30 wherein the stabilizing metal is a metal selected from the

group consisting of Groups 1B, 2A, 3B, 4B, 5B, 6B, 7B, 2B, 3A, 4A, 5A, the Lanthanide

Series of The Periodic Table, nickel, iron, cobalt and mixtures thereof.
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of the conposition.23. The process of Claim22 wherein
t he anount of inorganic binder present in the
w@arobitesTh@t e NOx reduction conposition ranges PEDIS2006/010968

about 15 to about 25 wei ght percent of the
aim7 wherein the

co race s of .
2. 0o RO Bl e lon Cfoip o lrah RS Rt P et Brlested from the group
consmmngrdfﬁ!@u 1Bd8B! 28N28, 2801Het 18, 11810 o
i m24 vvlgder ein the additi or?al né%gldletie@lleg g%ﬁfger?%c Table,

lronﬁ*ﬂinwtateéélserm f.C aim 24 wherein the additional zeolite
conponent is present in an anmount ranging from about 1
to about 80 wei ght percent of the conposition. 27. The

. pr 6hepmce§s &Il Glaim 38 wikediritie $thsilizidg 'n‘iét&rﬁkeléﬁ% leoﬁ'l the group
gn‘é) PE‘B S present in an anmount ranging from ab

ConsisyE § &?Pumeamlw TRRANCEHI, Binct inen, copyeosid nnntureEShereof
The process of Claim7 wherein the NOx reduction

nggsnlonfurther conprises a matrix materi al _
se'lF enbesy ofiClaie 3 odpreiotisi shbiligingfmahlUiyi Mdor tpefaltéd%f[o the

l.um na tania, zirconia, yttria, |anthana,
poreidéilrth%zecﬂg% HP‘Q]GH amaria, europia, gadolinia,
praseodym a, and m xtures thereof. i 29. The process

. of CI aim28 wherein the matrix material is present in
35 anThgwygeass 08 Simhlawhaeintbe LI rpdarcd:lent:omboshﬁ@n is present as an

integf ﬂﬁbﬁén?gf th%%r%cﬂ?n%rct%%ﬁ?ss of daim 1| \e\lhagtr eloﬂet he

zeol'i1te componen conpri ses at
stabilizing netal. 31. The process of C aim 30 wherein

36 t stabillﬁlng netal is a netal selected fromthe
: ﬁifppfeﬁeﬁ%io {lay byhesemthe npBe motal is eeleetai ﬁﬁm gi6Bp cFBisting

ofrh@d%ﬂ%Ah idhin h Ser,i es. of eri odi c
Tabl &, ni c’k&ﬁfluﬂ&lf %ﬁﬁ&m@qﬂ%’ﬂ B et ’Ff@ ‘eof . 32.
The process of aim3 1 wherein the stabilizing netal

i smsel ect ed m the group consisting of Goups IB5
37. 3§hezﬂr°°§§§3 I‘E’. , aﬁgiﬁ_gﬂ]elﬁlh.ta% noblg anetelr is [eleted | foathcgroup
consistafpl & rhbdim, ANBulliakl WilSrdsNELES -

38. The process of Claim 1 wherein the noble metal is present in an amount,

calculated as the metal, of at least 0.1 parts per million of the NOy reduction composition

39.  The process of Claim 38 wherein the noble metal is present in an amount,

calculated as the metal, of at least 0.5 parts per million of the NO reduction composition.

40, The process of Claim 39 wherein the noble metal is present in an amount,

calculated as the metal, of at least 1.0 part per million of the NO, reduction composition.
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33. The process of Caim 32 wherein the stabilizing
netal is selected fromthe group consisting of
wo awbh#sToom  al umi num  nmagnesi um  zi nc, iron, CPEPER20861010968
m xtures thereof. 34. The process of C aim 33 wherein
the stabilizing nmetal is incorporated into the pores
41, ofThe lpeoenbf CimohfothentomBssing hecopengthe wickigeatalyst from
., Wherein the reduyction c sition is present. as an
said QoS P SIeB G oFRAPE OFe tird CAIAER, Mg Fespasiglion ZGes torfrgiherate
said cBfaBzess of Claim1 wherein the noble netal is selected
fromgroup consisting of rhodium iridium osm um
ruthenium rheniumand m xtures thereof. 37. The

pr.ocess  of im erel.n the .nobl tal is. .
. CaRETReRs S aPh BT U 8P BT ARl b arsisulaieaNOs
reductibX tonpssitifiesreafuididd duthg doneeans safl h{dmtamadn Wedstetln
the noble netal is present in an anmount, cal cul ated as
the netal, of at least 0.1 parts per mllion of the
r [ ; : o [ 3,
4. e aFRUEs of CLARTE SBicP he iR, RGO drAiothidd has o
meanGatttld sivefromsatiohes et dopt b§0 @, | east 0.5 parts per
mllion of the NOx reduction conposition. 40. The
process of Claim39 wherein the noble nmetal is present
44, | ﬁn@%@g@%ﬁ] Bl? lC_laﬁ%H ﬁ?xlht@{]e%gt}ﬁ%atrﬁ’&lﬁ@mg re@hictfhn, dR@RkitibnGas a

part ion o e NOX reduction conposition.4l.
Davistnerttpition estex¢PI)radueneflefsiharh&}. conpri si ng recoveri ng

the cracking catalyst fromsaid contacting step and

treating the used catalyst in a regeneration zone to

45. T eORNBHESS of alAmCalt whatsin. thé gartidhiate MO f@iSictdn §dndpd¥ition has a
wherein the cracking catal yst and the particul ate NOx

DI valyafefdessdhartdhposi ti on are flui di zed during contacting
sai d hydrocarbon feedstock. 43. The process of Claim8
wherein the particul ate NOx reduction conmposition has

46. a Tegropss bf ClatmsiSzaehdreianhapatitulstd NO, @boettonldehporition has a

834. The ﬁro ss of Cdaim7 wherein the particul ate NOx
DI valugyefdesSdhet bimosi ti on has a Davison attrition index
(D) value of |less than 50.

47. The process of Claim 1 wherein the zeolite component of the NOy reduction

composition has a SiO; to Al,O3 molar ratio of less than 250.

48.  The process of Claim 47 wherein the zeolite component of the NOy reduction

composition has a SiO; to Al,O3 molar ratio of less than 100.

49. A low CO combustion composition for reducing the content of NOy and gas phase
reduced nitrogen species during a FCC process operated in a partial or incomplete
combustion mode, said composition comprising (1) a zeolite component having (i) a pore
size ranging from about 2 to about 7.1 Angstroms and (ii) a SiO; to Al;O3 molar ratio of

less than 500, and (2) at least one noble metal selected from the group consisting of
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45. The process of Cl aim44 wherein the particul ate
NOx reduction conposition has a DI value of |ess than
wWQ0R00648700The process of Claim45 wherein the PCT/US2006/010968
particul ate NOx reduction conpositi on has a DI val ue
, of | tha 5. 47. The proces aimil erein
platingmepaiiagiig.dhi HpofLim T ie P UBICET B SRR on
theredf@s a Si Q2 to B nmolar ratio of |ess than 250. 48.
The process of CI aim 47 wherein the zeolite conponent
of the N()( reductlon conposition has a SIQ2 to Al 208
ar _rati h 49.. A lo
e Potfiof o CRER 42 M- R iocisnlis forGEnReSe! S Guctiction
comp@ﬂ"‘ﬁ@rﬁhisﬁa%&@ dizB kdnph rﬁ RB&WESS bond6.3 Aestromecess
operated in a partia i nconpl ete conmbusti on node,
sald conposition conpr|5|ng (1) a zeolite conponent

s1. e Apborf BE R o ieRt i el Co o s sfeefribfim the
grouplc@fsistiipadt Z8M- 1 1286ta (FCM49! ﬁ@?ﬂenﬁ@%@@pgg PRAR-L, zeolite

sel ected fromthe roup consi sti ng Rﬂ@tl num

Rho, gsepnisedlichahazithedinoptilolite MGMTD@)MEMrﬁS Me6l, (Hffretite, A,

2SN K BAPS) ST SRR el o2

35, SSAABICIS A4 (SBPDS, DAchIirdigss Merifdite, SovdariteIgvige, fUanontlte
about 3.5 to_about. 6.5 Angstroms. 51. The conposition

Eplstlmﬂtecﬁmemnatg Grgosdinet ﬁéncz@&m BisWeishifso Seifhite; Bawlimgitet ed
gbeta, MM 49,
Goosé‘cE&glé%:T@atHﬁM’Qﬁﬁzéééfrl te%, zeofhlegee Rio, errionite,

chabazite, clinoptilolite, MCM 22, MCM 35, MCM 61,

52. : gé_lln}o%{n%ﬂ @M 1%’1 Vé‘l?%iét \ Zggt% C(l)gg)ogégzszgpéec%e rom 'the
group %ggsﬂtfhg 03%érrBite, BaaMvRIMI4oe moMRhith NAICIME.5 6L QUEIRE R,

Levyne, Launontite, Epistilbite, Grelonite
errionitp.srhebatitseclinoatitoliten MEM-2%, dWbette feZSKH-12.5190d;23, omega and
te, Goosecr eek| te, Natrolite, onega,
mlxtufg%élrg% te or mxtures thereof. 52. The conposition of
d al m 51 wherein the zeolite corrponent is selected

fr t he
53. The composmon of Claim 52 wherein the zeohte component is ferrierite.
54.  The composition of Claim 49 wherein the NOy reduction composition is a

separate particulate additive composition.

55.  The composition of Claim 54 wherein the particulate NOy reduction composition

has a mean particle size of greater than 45 pm.

56.  The composition of Claim 54 wherein the amount of zeolite component present in

the NOy reduction composition is at least 10 weight percent of the composition.
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group consisting of ferrierite, beta, MCM 49,
nordenite, MCM 56, zeolite Rho, errionite, chabazite,
w@bkioops7nd ol ite, MCM 22, Ofretite, A ZSM 12, pCBBRA86/010968
onega and nixtures thereof. 53. The conposition of
ferri

57. e -Fﬂglp8§/ﬁ,§ eS%v%%'rgp %164@11% ng F%ol%,] ‘émWenJ[ present in

the NOS ‘ilétﬁich@xﬁ‘ cSﬁh@'@ﬂﬁbﬂ k3ed From SRRANOUE apaktt§CHbBhEpercent of the
ditive conposition. 55. The conposition of C aimb54

compo#Bei n the particul ate NOx reduction conposition has
a nean particle size of greater than 45 mm 56. The
conmposition of O aim54 wherein the anmount of zeolite
58. campeoepbsifioesLClaimrd 7t iteréiokhe ftlowmitiod ae&nm@ﬁb@ﬂe@ﬂpﬂesent in
at least 10 wei ght erc nt of the conposi tion,. 57
the NP gpristipn samgpsi lairaﬂgsa eI 3P e ahawdh Wslrghka%;mt@f the
nent present in the NOx reduction composition
°°mp8§ﬁ§gs fromabout 10 to about 85 wei ght percent of the
conposition. 58. The conposition of Caimb57 vvher ein

t anmount, .of it ent pr nt in the
- die orano agnphCmaR g FeivE BEdrols0 conbatglpresst in
the N@? irghictiBR c6@pbsiQbn tdies AROSHJut QD to ﬁgoutT’fBew@%ﬁPS&b&ﬂtQﬂ the
Cl ai m 58 wherein the anmount of zeolite comrponent
compggibeent in the NOx reduction conposition ranges from
about 40 to about 75 wei ght percent of the
conmposition. 60. The conposition of Caim49 wherein
60. t MaezeMpbiitios of PRIRMS Wheredahengsile vbihPorene &f dxeRanged with a
sel ected fromthe group consjisting of hydrogen,
cationg pleted) omn Uk IBTOURREASISHAG of JMFosRn; smenaniepe kkali guetal and
combinBBosofpess tion of G aim 54 wherein the NOx reduction
conposition further conprises an inorganic binder. 62.
The conposition of Claim6 1 wherein the inorganic

birjﬂder is sele

6l. e composition otI Egugrsoé{n wtherem the NOy reduction composition further

comprises an inorganic binder.

62.  The composition of Claim 61 wherein the inorganic binder is selected from the

group consisting of silica, alumina, silica-alumina and mixtures thereof.
63.  The composition of Claim 62 wherein the inorganic binder is alumina.

64.  The composition of Claim 63 wherein the alumina is an acid or base peptized

alumina.

65.  The composition of Claim 63 wherein the alumina is aluminum chlorohydrol.
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group consisting of silica, alumna, silica-alumna
and m xtures thereof. 63. The conposition of C aim62
wob@ca1870¢ he i norgani c binder is alum na. 64. H¢EUS2006/010968

conposition of Claim63 wherein the alumna is an acid

or -base pept.ized al.umnpa. 65. The conposition of Caim
66. 63 &PE&’H E}%lﬂ‘é Ogl ?H]h‘sctp pderein, therAmAtath 6 insiganiobinger present in
the Ph€icGREOND. ! tedlcttfhh EBbsRifonl Loy € unt, of :

?nor gani ¢ bi nder or esefr)n in tréﬁ%ggbgfrog? cagﬁ%t?gotﬁcﬁbom >0 weight
perceidles emmpasitpsi ti on ranges from about 5 to about 50

wei ght percent of the conposition. 67. The conposition

of Claim66 wherein the anount of inorganic binder

67. pr @herbmipdsitibe oP@dilnCel dherehOhel Hbint BPﬁlo‘Pg’ﬁgﬁﬁiing%roﬂﬁseent in

ranges from about 10 to about 30 weight perc
the E%H‘g‘éé‘iet NOn. redtiontromnesitioni rangss H6mCitaium 167tonkisrueiz0 weight

erct & FAND, . i.norgani ¢ binder present in the
Per parti cu@pgg@' reducti on conposition ranges from

about 15 to about 25 wei ght percent of the
69, The conposition of C aim 54 wherein

68 cogPositi on.. bl i _ _wh .
© t hepEPEPRITICR et NBim Gowherinthe smeust of mordanict ieder present in
the j a hii l.zeolite. 40. The oSi ti )
A QB TP oh (e RBosER hd s 4y iRt 3576 St 83 weien
percerg of tHeecopppitiont i on of Cl ai m 69 wherein the additional
zeolite conponent is present in an anount ranging from
about 1 to about 80 wei ght percent of the conposition.

69. 72ThelbEmBEUMRASHL CRn B WHeRiM R4 pMIGHISIeNONENDon composition
reduction conposition further c%rrprl ses a matrix

furthgrgoannriges %ﬁ‘gﬂ@tﬁl #¢dite-.t he group consisting of
alumna, silica, silicaalumna, titania, zirconia,
yttria, lanthana, ceria, neodym a, Samaria, europia,

70. gabled ¢omipgositipnasEnaybBwhevath tik XUdifi6salt relieat zs¥gs The
conposition of Claim72 wherein the matrix material is
present in an amount |ess than 70 wei ght percent of

71,thﬂlecm' I QF-f 4 ity f .ai m 49 .

~ wherei n thietk)?ggl%ﬁf%én g%%g%gﬁgﬁ%fahpﬁﬁgr Zggl‘l‘%ﬁogqe@ng?t 15 present

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

72. The composition of Claim 54 wherein the NO, reduction composition further
comprises a matrix material selected from the group consisting of alumina, silica, silica-
alumina, titania, zirconia, yttria, lanthana, ceria, neodymia, samaria, europia, gadolinia,

praseodymia, and mixtures thereof.

73. The composition of Claim 72 wherein the matrix material is present in an amount

less than 70 weight percent of the composition.
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| east one stabilizing nmetal. 75. The conposition of
Claim74 wherein the stabilizing netal is a netal
w@eloeaiszado from t he group consi sting of G oups PE/USMN6/010968
3B, 4B, 5B, 6B, 7B, 2B, 3A 4A3 5A, the Lanthanide
Series of The Perlodlc Tabl e, nickel, iron, cobalt and
74. ni KeaeasapaskineafiClaing49 Whereirotin aeolite oompénedt firthe7 Bomprises at

tabilizing netal is selected fromthe
leaSt%gEt%i’@l%ngm%ﬁ of Groups IB, 3B3 2A 2B 3A the

Lant han| de Series of the Periodic Table, iron and

m xtures thereof. 77. The conposition of C aim 76
75. whihepompesition ahQlaisy A4 Wheren thes sigbilisngeniet} ims tmhetal selected

fromgtfn? gfb@%ﬁ%éﬁfé}% gr e%frodﬁg nltrEn%h %r‘}\g 523; %H‘:er egg] 7%9@,@5"% 5A, the

Lantlmndm%aries ofi Thé PeliadiaTd¥levdieked] ifor, bebat aldi thixziregtherbal
is incorporated into the pores of the zeolite
conmponent. 79. The conposition of O aim49 wherein the

76. NOrhd itfh 810@'91%' 14 Qfﬁex‘e%hﬁ@ s'teﬂ)tﬂ?ﬂﬁ%‘ ne?aqq‘g)ggg&gd ?1%31 the

the cracking cataly e co
groughenssstimgt dfeGroups éBnéBaQA| 2Bs élAectheeHarithmrd@ Settigs of the Periodic
consi stin hodj iridium osmum ruthenium
Tablerﬁrgﬁlaﬁﬁwn%\gt&lr?ﬁ EZ?YGP s thereof. 81. The conposition of
Cl aim 80 vvherei n the noble netal is selected from

group consi sti of rhodium iridiumand m xtures
t hEliCempagitior Cl@émﬂ@swh@rem tbe sebdizng metdhés edlecte ﬁom the

S A, an, amount cal cul ated as
groué‘rg{ﬁlés‘[?s’tl foqg? 1'1t?1%1§f51 88{}'&1 1540 {'QAEDEFIUM, [Z{1C,) HOBF CHRpE! Rl&mlxtures
thereoduct i on conposition. W83. The conposition of Caim

82 wherein the noble netal is present in an anount,
calculated as the netal, of at least 0.5 parts per

78. My &ﬂnﬁfsuwﬁeo@a?@nd%g@v Vﬁ‘glrngtfﬂ 9&?1)'1152 Ig%fnega[} is I}P:%rporated into

conposi tion of e
the pgree gbtlie zeolitagomponamt., cal cul ated as the netal, of at
|l east 1.0 part per mllion of the NOx reduction
conposi tion.
79. The composition of Claim 49 wherein the NOy reduction composition is an

integral component of the cracking catalyst.

80.  The composition of Claim 49 wherein the noble metal is selected from group

consisting of rhodium, iridium, osmium, ruthenium, rhenium and mixtures thereof.

81.  The composition of Claim 80 wherein the noble metal is selected from group

consisting of rhodium, iridium and mixtures thereof.

82.  The composition of Claim 49 wherein the noble metal is present in an amount,

calculated as the metal, of at least 0.1 parts per million of the NOy reduction composition.
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85. The conposition of Caim55 wherein the
particul ate NOx reduction conposition has a nean
wW@a0obi1ed7e@0 si ze from about 55 to about 150 nm BGI/UI1066/010968

conmposi tion of Caim54 wherein the particulate NO
83. req%td LoD shas, a ison attrition index
(D) va e"gg ?0343(21 ‘é‘%f‘elggye *FH © JBHp0Si RipgsAt §F an amount,

calca]amdmsslﬁae mbet,eifat lhe Opsat drisGiet ALRoNOK HeBHC dd
conposi tion has a DI ]Fue of | ess than 20. ggtlonr%omposmon
conposition of Claim 49 wherein the zeolite conponent
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reducti on conposition has a SiQ2 to Al 20 nol ar rati
of less than 100. 90. The conposition of O aim54
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amount of at |east 0.01 er cen
has ameq WICIﬁﬁVérftmybm@ﬁ td’hlmwdﬁ@pm tion of Claim90
wherein the NOx reduction conposition is present in an
anount ranging fromabout 0.01 to 50 wei ght percent of
86. t h@hfFGﬁnp@eﬁtabry 8t Clanv et WheteinIRe péﬁlﬁeuﬁ{%rﬁ@? %Jdugpon composition

| m 79 wherein the NOx reduction conpos
1as %Vé\%‘?ﬁatflﬁloﬁﬁn%ﬁm} vape off lepsethan 5@. 005 wei ght per cent

of the FCC catal yst.93. The conposition of Caim92
wherein the NOx reduction conposition is present in an
87. an"élumcommgmgoff Claim &b outieréln @SpdrAciifie Wed IRy PES rP&i}%posmon

he 94. The conposition of Caim
has 3 Ival eotﬁcsétg ‘JF(?/te component is present in an anmount
of at | east 0.005 wei ght percent of the FCC catal yst.
95. The process of Claim7 wherein the NOX reduction
88. ¢ ohsoremmositionsf Gileetft whereanthanain cafipdtent 6665 Nb %ductlon

t he .FCC t 96.
comp 8O kP BT Rlgh dRutrri &l Redbieadict on Conposi 1 on

IS present in an anount ranging fromabout 0.01 to 50
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90.  The composition of Claim 54 wherein the NOy reduction composition is present

in an amount of at least 0.01 weight percent of the FCC catalyst inventory.

91.  The composition of Claim 90 wherein the NOj reduction composition is present

in an amount ranging from about 0.01 to 50 weight percent of the FCC catalyst inventory.

92.  The composition of Claim 79 wherein the NO reduction composition is present

in an amount of at least 0.005 weight percent of the FCC catalyst.
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anount of at |east 0.005 weight percent of the FCC
catalyst. 98. The process of Caim97 wherein the NOx

WO e@dais7om conposition is present in an anmount PCEO§I006010968
from about 0.005 to 50 wei ght percent of the FCC

catal yst. 99. The process of Caim 35 wherein the .
93. ; eéﬁl‘FtC@mé’@ﬁE@lh ehtlain 93 vdwssin theNQp redwotion camhpaitidne Egtresent

in a@a&&%ﬁ‘@@ﬁg@ﬁ‘é frgﬁraeo%ﬂ{‘o.%S {ohﬁ) \E/g%htc getrgel %{” the FCC catalyst.

94.  The composition of Claim 79 wherein the zeolite component is present in an

amount of at least 0.005 weight percent of the FCC catalyst.

95.  The process of Claim 7 wherein the NO, reduction composition is present in an

amount of at least 0.01 weight percent of the FCC catalyst inventory.

96.  The process Claim 95 wherein the NO, reduction composition is present in an

amount ranging from about 0.01 to 50 weight percent of the FCC catalyst inventory.

97.  The process of Claim 35 wherein the NOy reduction composition is present in an

amount of at least 0.005 weight percent of the FCC catalyst.

98.  The process of Claim 97 wherein the NO, reduction composition is present in an

amount ranging from about 0.005 to 50 weight percent of the FCC catalyst.

99.  The process of Claim 35 wherein the zeolite component is present in an amount of

at least 0.005 weight percent of the FCC catalyst.
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