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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 availability conditions. At the minimum,
there is typically at least enough oxygen to convert all the coke made to CO and HO.
At the maximum, the amount of oxygen available is equal to or greater than the

amount necessary to oxidize all the coke to CO, and H,O.
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refiners typically boaibesQDin the regenerator off
gas with the assistance of added fuel and
This mode of operation is usually called “partial 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.



air in a burner usually referred to as "the CO
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with relatively low amounts of excess oxygen and/or inefficient mixing of air with
coked catalyst. In this case, large sections of the regenerator may be under reducing
conditions even if the overall regenerator is nominally oxidizing. Under these
conditions reduced nitrogen species may be found in the regenerator off gas along
with NO,.

[0010] Various catalytic approaches have been proposed to control NOx emissions in
the flue gas exiting from the FCCU regenerator.

[0011] For example, recent patents, including U.S. Patents 6,280,607, 6,129,834 and
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[0017] For example, U.S. Patent 5,021,144 discloses reducing ammonia in an FCC
regenerator operating in a partial burn combustion mode by adding a significant
excess of the amount of a carbon monoxide (CO) oxidative promoter sufficient to
prevent afterburn combustion in the dilute phase of the regenerator.

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

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

predetermined make-up rate such that the residence time of the decomposition
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[0026] Accordingly, it is an advantage of this invention to provide a process for
reducing the content of gas phase reduced nitrogen species, e.g. NH3 and HCN, in the
flue gas exiting an FCC unit regenerator operating under a partial or incomplete mode
of combustion.

[0027] It is another advantage of this invention to provide a process for the reduction
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reductants and oxidizers typically found in the regeneration zone operated in partial
burn, thereby preventing the conversion of the reduced nitrogen species to NO, in the
CO boiler.

[0022] Despite the reducing environment in an FCCU regenerator operated in a
partial burn or incomplete burn mode, some NOy may form in the regenerator. In
addition to controlling the content of gas phase reduced nitrogen species, the process

of the invention also enhances the reduction of any NOy formed in the partial or

incomplete burn regenerator during an FCC process. Particulate compositions used in
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CO boiler, whereby as COis oxidized to CO2 a |esser
phasgrredipved gftrogen species in the effluent gas stream passed from the FCC
regenerator to a CO boiler.
[0033] Yet, another advantage of the present invention is to provide improved FCC
processes characterized by a reduction in the overall NO, emissions due to the use of
additives for reduction of gas phase reduced nitrogen species in the effluent gas

stream passed from the FCC regenerator to a CO boiler, in combination with a “low

NO,” CO boiler (that is one designed for low thermal NO, generation), thereby

resulting in even lower overall NO, emissions than achievable with the use of the



the reduced nitrogen species is oxidized to NOR
[ 0031] Anot her advantage of this invention is to
w@e@nioa39t npr oved FCC processes charact eri zedP@IyUus2003/033479
reducti on of gas phase reduced nitrogen species in the
effluent gas stream passed fromthe FCC regenerator
additiyeplanecO poi | er, which process el inminates the need and
[0034ﬁ?&98t‘ﬁ§16ac91fan@§@ b i@l erion GEHIIDEde i pNENFCaFosh@pS
ereto proposed in the post-treatnment of_ the
characterized by atreduction én e varale¥O counissions frera apdiEieU regenerator

el SR oS B ARILA g W) s
NO, willeE8%h& bt }ﬁ? ijecf%taﬁts rtﬁﬁé‘«ﬁfy' REchfintd War@M & dddond¥dte burn

em ssions due to the reduction of gas phase reduced
FCCUweperegeor.speci es in the effluent gas stream passed

mthe FCC regenerator to a . CO boiler. O YR
(0035} Bk end i Atieg s oD, prerept BEHIon 6 SiEfigee adiher b
belowP! OVi de inproved FCC processes characteri zed by a
reduction in the overall NO, em ssions due to the use
of addi tives for reduction of gas phase reduced

S. uent gas stream passed
BRIEF, C%%Tﬁﬁ%ﬁ JiDigmim‘ﬁgia CO boi | er,

Fegetictat of in
[0036? @*‘T@' PRt %‘tﬁpﬂ% Hbr@s,enﬂaﬁb% ofNERCorephriion| o I%lm(tﬁdiﬂd cdnvegioa
gnhed | ow t hermal NOX generation t her eby
reductl@slml ani R@Uuwhee&/elmrloowepa%&/‘@ﬁh O alyarigns eyels 9f OxyesA in a

reactqg%%@:%%gﬁé hc? tlI'\Ze%‘ tone ae%ztléy\pflgoc%%l%ié E and a

com@@d{ﬂ%ﬁﬂﬁs@én pldimtérn@eCi on is to provide inpr oved FCC
rocesses characterized by a reduyctiqn in the overall
[003TNBIG erisssgrapkic FoRspReRit P EgEReY AR, FOTES{ G to
t ng
L g e
reactdrfeddCial the/ plek@ge ot therndditipes Al BIandlC khreclHO@ [catakysbalome, and a
FCCU re enerator [0035 These and ot her aspects of

commeeia EIOIFHKP@FW‘FTOQ e described in further detail
[003?51 Pflle\’\@ 1@5%&5\1 'uS]}'o%eEbﬁlp%Mﬂ%&% Bdnvelsion ik
representation of the conparison of

an R'Hﬂmﬁi‘eﬁurﬁmnnﬁrrsaCWWﬂh By et vaious levals d?m inkecasta hepdiin a
reacts with CO at vari ous |evels o

the preaense 6F addidypsidy B ARd 5y Be &leCecamly i aang ek %Hngerg% c
combubford Srbnfofrabpse. al one, and a .

[0039] FIG. 4 is a graphic representation of the comparison of NO, conversion in an
RTU where ammonia reacts with NO at various levels of O, in a reactor feed in the
presence of additives A, B and C, the FCC catalyst alone, and a commercial
combustion promoter, CP-3°,

[0040] FIG. 5 is a graphic representation of the comparison of NO, conversion to
molecular nitrogen in an RTU where ammonia reacts with CO at various levels of O,
in a reactor feed in the presence of additives A, B and C, the FCC catalyst alone, and

a commercial combustion promoter, cp-3°.



commerci al conmbustion pronoter, CP-30 [0037] FIG 2 is

a graphic representation of the conparison of ammoni a
weonmsBsPDN to NO in an RTU where ammoni a r eBCT/BES2003/083479

CO at various |evels of oxygen in a reactor feed in

the presence of the additives A, B and C, the FCC

cat al yst al one, and a cormerci al conbustion pronoter,
DETRIED DFSIRIP] d ) ATEO epresent ation of the
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the FCC catal yst alone, and a commercial conb
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conversi on no ecu
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eactor feed in the presence of additives A B and C
the % e FCC catal yst alone, and a commercial conbustion

:
100 G SRR 383

duripg pp BSEspro¢ess perating/isrs paotial toh &ncoerplate bm(busmoh Imdde iuised

et e Srob ) SV A sk e Rl NByrodue i Ao
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m xtures thereof. [0042] The termTreduced "gas phase

Priof RisEge off theogas o %&@ bailerj whers a8 Ofbiseixidizas toiGi adlasser
amo?ﬁyofgﬂécge?g?éﬁll cég EM , hlri_lf%lg %?(}e &ﬁ,eg N‘H and

emittat iatoythe tatmas@hknen § hB Ifelli:leti@l wihthe Bagptiss pRlGt@BniE05dnApBeids
a_nom nal charge of |ess than zero.

is a@g&ﬁ%@g b@?c%\é%\g %g@é;lrplélah%gaﬁmg %@ﬁst igyraqragvith an
amohﬂ@éf%%xupdﬁtve %Eﬁlygf?ﬁdd vl shgﬁt, én‘ﬁ to ? 881%5?9(# the

hydr ogen cyani d
redugedvitrdgerc spegies Inn tH@afegﬂnena&s@fﬁgas tWiﬁlel tlw addiiivenis cirbwdated
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[00443 While the mechanism by which the process of the invention works to remove

or minimize gas phase reduced nitrogen species is not precisely understood, it is
believed that the process proceeds via two distinct mechanisms, either of which
results in the conversion of reduced nitrogen species to molecular nitrogen. In one of
the mechanisms, the gas phase reduced nitrogen species is partially oxidized to
molecular Np, according to a reaction that for NHj is:

2NHj3 + 3/205 — N, + 3H,0
Alternatively, the gas phase reduced nitrogen species can be oxidized to a nitrogen

oxide, most likely NO. The catalyst/additive then catalyzes the reduction of the

resulting nitrogen oxide by reacting it with one of the reductants present in the



effectively brought to a | ower and nore acceptabl e
| evel by reducing the anount of gas phase reduced
WO ReroyBm speci es present in the flue gas of tPET/BSI00B/033479
regenerator prior to passage of the gas to the CO
regdiRtAtEY, e. oV ' [ Z edadi |
ot o5 CELE IRgtiortd ol ML Gotdh, e hERRGNG g be
reduqeN|byirsacting dvithetiie tokeN@Xthe nchckiapicttabat beih@rdgbeerated. For the
aﬁnvs @erg..The reduction of the gas phase reduced
gas B %%8 ed HUE9ssn speeies Iy (HF MerRanisy prsaedscacrorgingrie the

follGWh; i king catal yst inventory with an
© @n&%ﬁ%ﬁg?ﬂgﬁﬁ%@%dat ive catal yst/additive sufficient to

reduce the cont epNHQh 3/9@, — eMucedHyot r ogen species in
the regenerator off gas m%ile the additive is

circulated throughd+Ce—FRLY cOgul t aneously with
the circulating catalyst inventory. [0044] Wile the
mechani sm by whi ch 2NGe+RCoedss+aCa he i nvention works
to renove or mnimze gas phase reduced nitrogen
species is not predMNE{L unalds st1@@d, it is believed
that the process proceeds via two distinct nmechani sms,
ei ther of which r2¥l4 +SNOh—t HéNean3sQi on of reduced
ni trogen species to nol ecular nitrogen. In one of the
mechani snms, the gas phase reduced nitrogen species is

0047 'thie 3h¥ehtiBY ipfd ing to

e byt pRcER Aol e oG 2 Y55 BF (i 0nd e

and fer gas phedevedyced niteogga spesiva seidatde caal yniydddoperin & peelyeis

oxidi.zed to a.ni.trogen .oxide, nost |ikely NO

orac}R RGO AL it R By 86 Hebrogesc Epbn of

tehience, b nveigor Ny ilT RURRCrBE A1 fih A% wEc Widcpsone
Corlof tnﬁe reductants pr ese%t Fﬁﬁ%}ﬁ%f%&%tgg%ﬁ%%%&ézgss

althgueh thespresa)t oamling proecsgesnsidbonsedén the di@ranowime eyt ed

» i the.. |t ant be,
ek e pS L O Rl Eb St W ol e REgre
requiratnahty oif tizeprogess e gene frdhetle afftioh BEthe SRR]1aADASKAN SAUART e

en speci[ es, NH3, this nechani sm proceeds

comBe ity CEeIyRGITY Tty gl s BesiUlonheneimehe PREgCt:
recogéééggczﬁl\%i_ %i}%sﬁa%@w, %ﬁ%ﬂiﬂ%‘f)%gg %f&é‘%%@(&f{%&%]
unchphged. rilferst ¢anveptiomeBECicatabjstsesayche wdat Aok BgarAgle, zeolite
basel:’l %Xt%ﬁ};s%r\};it}?fa fz?uﬁ zzlis?tié icrr;). ld%gtcgrln%grtlent as described in the seminal
review by Venuto and Habib, Fluid Catalytic Cracking with Zeolite Catalysts, Marcel
Dekker, New York 1979, ISBN 0-8247-6870-1 as well as in numerous other sources
such as Sadeghbeigi, Fluid Catalytic Cracking Handbook, Gulf Publ. Co. Houston,
1995, ISBN 0-88415-290-1. Typically, the FCC catalysts consist of a binder, usually
silica, alumina, or silica alumina, a Y type acidic zeolitic active component, one or
more 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.

[0046] Somewhat briefly, the fluid catalytic cracking process in which a heavy
hydrocarbon feedstock will be cracked to lighter products takes place by contact of
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and the gas phase reduced nitrogen species oxidative
catal yst/additive in a catalytic cracking process,
wohkioglodpeesent |y is al nost invariably the FCC peDUSHS3/033479

For conveni ence, the invention will be described with
f r
the £4iBlaE ke LRy Godtobl bR ERERing bR AL MERRESEN e
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convent i oﬂ%‘%‘@éﬁé r@ﬁ’f Ela ?%z%o%a%g cata

zeolite Q&ﬁﬁ%&%&%bﬂtﬁ&tﬁlg\%éd‘wﬁhf@s‘éﬁ%ﬁ'oﬁ“ Bol Ee%%ﬁér%d
conponent as descfibed Im the semnal revie

Venut o andlaelabg batalfgbtup q)r@alcahly eiflvedqr @m@mglgvuradked
Zeolite Cat st S Dekker

0- 8247- 68%’ §“4/\%1€P{%?§al¥% Cﬂﬁﬁﬂ'ﬂ]ﬂ%‘gﬁ% &S&@B Ees
such as SpglegbPedi . Fluid Catalytic Cracking
Handbook, Gulf Publ. Co. Houston, 1995, | SBN

0- 88415- 2@1@-eiﬂueny1z§|d¢s&harged @%qu@@t%ianam@eébfsn@nmt wpreof
a bi nder, S,

oV Lype’ SERIRE HioPidpbE Prasf U Grcild odlcf iy KR
mor e mat r tigh p]hawlcmaﬁnamgﬂmrspsmlcmaaysal um nas, and
fillers such as kaolin clay. The_ Y zeollterm

pres@iit i egpBoRhasRjs éem%ws zmd%vldqfa%féloeaéﬁ th the FeC
ul tra-st aﬁia.Lﬂ Gt AR 11% assbGALE gldWcEfﬁﬁéfs%? E%dg 9nd liquid

cations such as any of the rare eart
Somev\,hat Macleﬁgprodutteirfdludimggasbhhg,ti C cracki ng process

V\IEI ch heavy P}ydr ocarb dstock will be
cr ackl '« Bepatheaalr s Sibed kb BB skab tousose o
10 WO 2006&&&?@9@&%&&@&%&9@%& st, hfRG WigEHthkRirR ed

cyclic catalyst recirculation cracking process wt
ci rcul at i pajaltystip axigatiyedy wwaendryied to prodede g, reganarajest

par t1 e TS i BRYC1eEtoffe SRS 18y Tif Cacking
pr ef er abl ﬁ;rai@pqmanﬁﬁest@ffa@put 100 m The significant

steps in the cyclic process are: (i) the feed is
catal ytically cracked in a catalytic cracking zone,

[004?f§ﬁﬁ?dﬂlé’fe@d§tb Endi '{/1‘8%8%{)%1 1a‘?&e§r%§é&19a1ﬁf Satalinti c

ckin condi tions a source
whichf whext catalggaaﬂlg/rcaztoezeld peoadkeitgr aeghaﬂmstor th@apoid drocdactan

Syntﬁe‘ﬂc p@(&t I 5! gn%mgtg Sﬁ%z 4 ?g %%%ug g% §(';Q,es?1£h as oil

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

| SBN

[0048] Cracking conditions employed during the conversion of higher molecular
weight hydrocarbons to lower molecular weight hydrocarbons include a temperature
of 480 to about 600 °C. A catalyst to hydrocarbon weight ratio of about 1 to 100,
preferably about 3 to 20 is contemplated for the hydrocarbons conversion. The
average amount of coke deposited on the surface of the catalyst is between 0.5 weight

percent and 3.0 weight percent depending on of the quality of the feed, the catalyst
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hydrocarbons; (ii) the effluent is discharged and
separated, normally in one or nore cyclones, into a

WQo apan3pbase rich in cracked product and a sol PABEUSI008083479
phase conprising the spent catalyst; (iii) the vapor

used? %ﬁ‘c@ Ehel uhit d%gié‘(l &fd %ﬁer@t'i(ﬁij Uedpi@Bded %%Q@FQ@E%%J;%%&%HS

mai n col'um a its associ at
frong therw:\a@laxst @radcd)mglwhdd incy qwkkﬂ@lppmgdzmb sitherghetidsiogithin the

the s e t .S strjpped, usually
reacff B Ch OCPEE’Q.H(' Ay BRI S sel E,[@ﬁ? lﬁ&/%%n BoREorReshinthe
catalyst after which the stripped catalyst is
oxi datively regenerated to produce hot, regenerated
PreS%%eeﬂf yleam g apRthesiners @as Atedgmperiture of Amut A8 AT tgaboan600
for cracking further quantities of feed. [0047]
" Sui tabl e feedstocks include petroleumdistillates or

[0049% Thel vathlysofegertertdn ohs of WBIRCIT probesR ificidk }étld)&éﬂ de¥ise bed

cracked, provide either asol 1 ne or as oil
of cafliii v ing adg PRt e of 2BEUEOREG Hustiowt I ol sswmofited

oS e 138G LA UG B ol O3Sy i
well @nawkiim thecaoty thet datahyst mgahmm thiicinndgy ddneiscamVei gt e of

nol ecul ar i ght drocarbons to | ower
m““%?a@a‘ioawemsgﬁt fP&EI&PB%?@(q frm theecatalyssrppagen igradded

to th@tegdBbkation Q&R:Utl“hﬁ@@p&forﬁe& B?{%Bﬂ%tﬁ)ﬁ’ cqigf) Csﬂ& 5) or o o

wei ght ratio of about pre
exanzﬂe,mélrxgmﬁuetﬁblleap@glng@hevnchm thryedxoaomrdfohsregmmml e or, if

ver anu ke deposited on the surface
desirglt S ddeHR AR BRI Pa e S HERRaY s et ihatiling. o
phmm@fghﬁegﬁkﬁ@bhz&ﬁpendlng on of the quality of the

the catalyst 11 WD 2004/ 037392 PCT/ US2003/ 033479

| [005{5&%! thepgsephiavetion itis pirefarablecto ppevide aroundeﬂalpldhlometnc
quanggﬁ&f@%&gﬁﬁﬁpegte {hla ?‘e%%lg{a §a%§1?en131 a;%l%tgzh E—?P {quégfp?etg

combustlom nxide. Wot thie Iputpb@es of el ibenB6n, l(RCRL KAt nIdne is
er nal .vessel his stripping function is per f or med

OPCT’T%R& bparfiplarancomniste corabpstion maofs: Waen preene thadollowing
condItﬁﬂ@%@hb‘ﬁ@d Q1) ARRUE né@s%f&:l&x? %ﬁ&%éég&:paddgd id 491 The

cat al yst regeneratlon Zzone rocess |ncludes
regengratomercogeers ell Hedarboh i dtealojs bn hievipegt @adl@?maaysﬂ k@ COk;

a %Ht 600 C to about 800 C and a surnount
(2) the eftluent from the regenerator does not contain enough oxygen to convert all

CO in the regenerator effluent to CO,; and/or (3) sufficient amount of CO is present

in the regenerator effluent to require the use of a CO boiler to treat the regenerator

effluent and convert the CO contained in the effluent to CO, before having said

FCCU regenerator effluent discharged to the atmosphere.

[0051] Downstream of the regeneration zone, the solid catalyst and oxidative
catalyst/additive particles and spent regeneration gas, comprising a small quantity of
oxygen, as well as carbon monoxide plus carbon dioxide, water, and nitrogen oxides,
and gas phase reduced nitrogen species are passed to a separation means. Preferably,
the separation means comprises a series of cyclone separators wherein the particles

will drop out of the bottom of the cyclone separators while the regeneration gas will
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di l ute phase of catalyst having a tenperature of from
600 Cto about 800 C. As it is well known in the art,
WO b@4031392 yst regenerati on zone may consi st of PET/E510gs/e33479
or nultiple reactor vessels. In order to renove coke
be dSATELIT BELAESL oY SR Mol SePRUEL AT hlEeeneruion off gas
has s ffidently saparhed froex drpbld particley iraths sepaaition memus gheg

device in bottom of the regeneration zone v
gas (aGRRRA0 it PR RSB A SRy e T eREecants bhe
The@O bbEerdR RERLERHnHonk 'Ibecg?ﬂciﬂl&l SperBH&h AlixiliB fuel in order to
~ regeneration zone. [005 In the present invention it
insurgcuntiecabyasion op C6Vfoderben dinxdds. -Kithsr vpstrpant orj downstream

of 3l B RENAT Bp BBELG el BT ERGIE bR Y RO

whifhie @6esined int tht Sedefdranbn 6ff gad. & sERBBEEHAL A1SNbe O th S
operated in a partial or inconplete conbustion node,

redugp batharapticidades and 3Oy ¢raippines frem iR ¥iibns i s sati sfi ed:
there.is not sufficient air, or ox n added to the
roogad o gy e loaTifohves Frefylie teciuntid PRt ahRn Fiy be
any PRI SR W ate i ACdvite bt WS ito bRidiFe%as phask rbdiRe& hittddemt
fromthe regenerator does not contain enough oxygen to
speqiesrpresent il the off@as amitirel frany teaegangratesizong ehan FGC&)Qp,erated
: d{ or. (3) .sufficient ampunt gf I, resent _i.n.the
in oL apC PO ARG e e G GRaR caild e
cradkthgtdogaitioh$18s the geABKEdditiveqs f)déi:tci)% Bircilixdd Gaby@iout theerdelng
contained in the effluent to bef ore having said

unitpdong idyednvengnry of pragling ceplysth ngically othe Retalyst/additives
co h@@z? B?ﬁggé%zioggﬁ%dg toé”ﬁ%‘%ﬁl{n%af&ﬁétggsﬁl\?égﬂ %‘i‘a%r?atl,l qu. an

one, t and oxl
acidiatnadal stifle cdkipinel, e Ipairdtelcitesr thadiks jromoted gatieatdédsoone

as, conprjsi a spall quantjty of oxygen, .as wel |l
metgl_scoemgfﬁ- %W@% meiabpiomoitas Behah B @Eﬁé}ot%gu@fl; tohepli
and/dk hIkAGS e 200 H& RS, trARHiBARtREASR daff WeSsls Biha R Eg)gP y

species are passed to a separation nmeans. Prefe
metalbeGroup db atetadsy Greum Ebanstgs.i Gresp ¥14anétals, germayivhy tie,

. separators wher.ein the rticles wll rop out of the

visr B 5B e S P BereBo BrassFEerafp i 8 patufiny

prefe &€ N&TsB pkdTBrr&d gre\Wahbitiod AeVM3 A{404/eQ37AB Ieetals having oxygen
PCT/ US2003/ 033479 be di scharged in the overhead o

storageecapgaityo hbe BisHA Praraeters Afg wed iampenje peffigientlie pemogas
undl SRR R0, SRR REAOP LN, SR on g e

readtion af NOxbwith giis piiaes eedacided, saxly ge00| Bydibubeisthnti@he like,
: oxidize COto CO2- The CO boiler or conbustion zone is
typiedlfyi found i tBperesperatanof A BG%T opgrajed dfdartiah opmgamplete burn.

[005%]?E5 ElaSOSThALSa1E Y. %ﬁesiioi)ﬂseegerrsn oxtdatife CARNARREL HEihe

er upstream or ownstr
process of the invention include compositions disclosed and described in Grace

Docket No. W9556-01, having a USSN , filed concurrently herewith,
said application being herein incorporated in its entirety by reference. Oxidative
catalyst/additive compositions in this class will typically comprise a particulate
mixture of (a) an acidic metal oxide containing substantially no zeolite (preferably

containing silica and alumina, most preferably containing at least 50 wt % alumina);
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of the CO boiler, an electrostatic precipitator may be
utilized to renove dust particles which are entrained

WO pootloa73pgener ati on of f gas. A scrubber may aPGDURM®03/033479
used to reduce both particul ates and SOX em ssi ons
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Prefef%éh tl‘%acﬁ(l @‘P&El"'\‘ré %aﬁ%?‘é&fgﬁfl&? compEst @3 ar@%ﬂf&fﬁét@l%ﬁ&@ﬁﬁ?ort

found in the regenerator 0
contammg:@wwmsmﬁeaﬁuannqo &MHtabait 1ot0 pmminWenght impagnred as

f t tabl.e
T o 5 o JEUF L A L e
d
o DA T

of Pdcaih@ﬁﬁarcbmsybmlehﬁ af nomsamtsd@m@i)dmngmra@ﬂ parthiy weight

I,NC: ra edln |t entirety by reference. Oxidative
ofsmégg@ﬁ}@ﬁag ?F\lpé)o at%%:itl ons inthis class wll

[0055] YPihedl diass @O fiatdrint Wefubid d:¢ddtat eatalfiswhdditveasfin (tee)pracess
acidic netal oxide containing substantially no %egl, ite
of the(iprattiondpelyde Noh reduaiionycomnasitiong Ay diselgsqd-apd dﬁ%gx edin

L Y T e
these lpa@ats Wiy reibtinqormiraiedby yefaboeet Ih general et NQQreductign,
compggtggrlgskga;!rlggrfsge(ai%qcr%% g;lmie ?}épplggtg?Z) ag'a?ka\ﬁtm%)al aﬁlrd%rea{k%ﬁhé/
earth metal or mixtures thereof; (3) a transition metal oxide having oxygen storage
capability; and (4) a transition metal selected from the Groups Ib and IIb of the
Periodic Table. Preferably, the acidic oxide support contains at least 50 wt % alumina
and preferably contains silica alumina. Ceria is the preferred oxygen storage oxide. In
a preferred embodiment of the invention, the oxidative catalyst/additives comprise (1)

an acidic oxide support containing at least 50 wt % alumina; (2) 1-10 wt %, measured
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m xtures thereof; (c) at least 0.1 wt % of a rare

earth or transition netal oxygen storage netal oxide
waeorposmer (preferably ceri a); and (d) at | eaBCT/0SE03/033479

ppm of a nobl e mat aI conponent (preferably Pt, Pd,

Rh r,..0s.. Ru e »
as el e DAt pE T S Gty trereofy
at le3f 1 W€ Q¥Odahti\(4) 0. oms:ﬂ pests vadeli dfi awmnemp osatal maasured as

aL0054 A second class of materj al ?ful as oxi dative
metag xige-\selertad diom Geaup I of the Pesiogic 1"0131 pYFaeht peESHRiages of

i ncl ude | ow NOx, CO conbustion pronoter as discl osed

and described in U S. Patent Nos. 6, 165, 933 and
comfondh (B81(4) bhmgdatdd @ tiie sathlogeighe of fthet dvedie oxjslatsappast

bei ng herein incorporated by reference. Typically, the
matefigly NOx CO conbustion pronoter conpositions conprise

' iddti R caldl Yedlatiditive irpdhe

[Oosgllb}jor a alo?r%%ﬁﬁé%?ghngr m xt ur egﬁt her eof ; §3) a
invetticnsdedsoinchele aloblexhetal commmmg; magyRsEI-ShuERIaTE spine

.capability; an adl . T .
oo DT f s BB D3, BTl 700 i e
beink A6reRY iBEGPOHRALIAN Y8 ftifetyD bﬁl@ﬁe&ﬁdxd GGencEﬂEyf eﬁmbd)sytlortshﬁ thls
oxi dative catal yst/additives conprise (1) an acidic

clasmlamsg 2§ lgest onppstal-copigining spined which ipglydessplifg mpfal and
secogﬁi E%Hi‘ %%{1%%1 v%f)%lgg héﬁ%rQh ézgl?x%e\r’]@ sg fll'S{Tl?l@l%.P f ff\’eaﬁ%ne
compbiteat binethadmidialrehe|than said ﬁﬁsUirﬁlSseC(ﬁﬂahneuafs an(l&) least one

east 1tpart by wei ght of CeQ2; a @bout 0. 5.0
compenentofa fopeh grital %herrﬂaan sgjd Tiigh secopd 2 é% hixd HGaliel gﬁmeof
said ‘f}ﬁfﬁjdrﬂac | g%el%gt)ed Edh g ﬁ&ﬁho %tiﬂ% rrcgf*go?gll?y ni’é‘?ell% tGrouﬁﬁb

¢ RBtal Xl
metztlhlGrdup:VhA snevdls,rthe eare edrth mswisuthe el’éatumrrd@tcmpgneta 8 and

. t it t.h th
i RPN SR ORGSO g b serete S
n1ckgle§&hhfiﬁ? @hfdimuiﬂ shanBaie88 cobkIB cefnAdn 68, bikkutl, 143 167

the entire disclosure of these pat ents
moljzhdengnhzmtlmqnw vaodivor andaixiyres ﬁﬁ@énB@fefﬁWYg@ﬁ aneipl,

ction QSi il i;di c
conts%mcgespgxﬁz)ﬁo musee f}agg%ng l?%rtsaug '?1% t 8? glru(rﬂal%ﬁl%]rhs%gld
secoR@midial "@idahe Sfontit ¥diier Fndgnedienfto ama)lmantlm gaid ispinelris at least

met al oxi de havi ng oxygen storage capabil | gaq(n %1
aboyg 0: ¥7anidietthisdh megal i thespiet g GF%WQIH%“@%IQE@ fbthsﬁ’ Uiy
Grogjgmte&?s ’l%%rt 24 hfétaT%Q%ng nent E(}ﬁéf%pib/yy ]in%gé%t ﬁpérgérﬁoﬂﬁ e

Pt conansa al um na
rangRlof ﬁabdsui 10100 1 €10t donts2 (% Ibly veeigit, Luaidulate(tksralﬂncmaltthﬂd metal,

and G BRSO ST GHOPD o O3 A4 BEe Of Sbout 0.001%

to aﬁcﬁft Qb%sﬁ}/ ghtt bé’l@lﬁat%ﬁ'ipéleﬁl%m(aﬁourtﬁqn&ﬁ' di c oxide

port “containing at least 50 wt % al um na; (2) 1-10
[005/7(] %dmasaﬂabdt/ ddtlitive compositions used in the process of the invention

will typically be in the form of particles and will have a particle size sufficient to
permit the compositions to be circulated throughout the catalytic cracking unit
simultaneously with the cracking catalyst. Typically the catalyst/additives will have a
mean particle size of greater than 45 Om. Preferably, the mean particle size is from

about 50 to 200 Om, most preferably about 55 to 150, and even more preferred about
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WD 2004/ 037392 PCT/ US2003/ 033479 as the netal oxide,

of an alkali netal, an al kaline earth netal or
wOooou8®92 t hereof ; (3) at least 1 w % CeO2; apdI/{/82003/033479

0.01-5.0 parts wt % of a transition netal, neasured as

60 3 RS SR o 5P o
oS ESE 82l B S0 M5 B on
IndesS@IIYbf SPorABssOpicERhnlY l@o %léé,gﬁss‘[ prigdrhblye1s b he

i nvention process include noble nmetal containing

[0058 grhesixidatizng catilysiraddpiveehay bedibed Ay sepetstpentalystindditing
di.scl osed..and describ in U S Patent 4,790,982, -said

Paﬂb%ﬁse%?ngb%ﬁﬂhﬂw r‘féarci‘f“r% ‘iaﬁ’i%ﬁf SHPaY Bg merrhyraed H{%? s ragiing

catal 3t 8y £86iBponeRGITtRE LatalySiO TR @ Prédf@étBerhPodifiest ofth@FSention,

rise at | east one netal -containing spinel which

conpr 1S ] . .
the pxidptingecgtatyst/pdditivapeg isedrig separe paiglepatoar withytha gragking

. ot
catsffu G RolY 3Rl ol ol B RRE o e R e tiRled Tt en
spedied 0 nitrogeh wiid rs@naimdngredcaptablapaodutct yiekis of dreracking
onponent of a fourth netal other than said first,
cataistond and third metal s, wherein said third netal is
[00§9§|Wﬁér?ﬁjagﬁra9 Nt NEatd LARRAVE RSHShANG c‘a{alﬁfl%’cﬁﬁbé& aﬁ@ﬁ%ld%
Goup 11 netals, Goup VIA netals, tthe rare eart
any raetoahtssuffidient B adduneithe@ootept ofegaalpbasanreducedl xittoges species
t her epf said fourth netal is selected fromt.he
PresgRGa BT Seps 6Pt Tt 1 ff aRopnt i se i SAFeraRPER um
presERNEARNGS ehe 8 BAHe caBBYSVRAIHMS, hd MeaddbdBit dbnventional gas
nol ybdenum anti nony,” vanadi um and m xt ures thereof.

analysis meatlzasiojogyt melugingzhut neblimiedionehespiiureinessongss Udes
nesi S ' i.rst tal and upl num a i.d
speRAREY HERRoG) Geonl g BRI, T0R MY B TARAP R B e

used ki drabtnk Bf sdeddt 00l Ral %] Preférabl§aht ca@bBRUAddtivied .arelied in
third netal in the Zﬁi nel preferably conprise a netal
an gggouphengingaay aboutOdl o #hew |9 Wtk empsiinreferpbligirom about 0.1

' ¢ [ 1.0 the
0SB DRNh o e Ay R g B8 AEP Bl
catatylt/additiveschass ael vétygo padmath iGGloxid4tadn, theaanebumaofitheour t h
St [ ..conpon i esent in an anount in the_ range,

t
Ao b oRretE D BL A QBT frey e FEEPTERE s
the BMSFBE E@l:kiﬁ% whithsepirak pattfeRe 6F tHdxeBlivy Batalyst/additive may

catal yst/additive conpositions used in the process of
be added inrthe periventional hlanhgpe.gawitly nizde-jup catakyst tor the ofgenerator or

articles and w || have a particle size sufficient to
by é’rohl?etrc?%‘éen?:egﬁﬁlﬁbﬁofl@ ons to be circulated throughout
[00601EWES e )ikidatiGE @&M{Fm@dum% cofnpBytibaRaRsEThrawdtiftotdi®nto

cracking catalyst. Typically the catal yst/additives

the giarking g4al V8l asmesgparpigraoipoaeryitheseqdf thg catatyst/additiye Wil ~m
typilgﬁlﬁt & L?Slgh Yn af gfgoﬂﬁ%@ aPRAhd 'O‘ﬂ 1%51&&%&&:& S cracking catalyst.

Preferably, catalyst/additive will be used in an amount ranging from about 0.01 to 50

cat

weight percent of the cracking catalyst; most preferably from about 0.1 to about 20
weight percent of the cracking catalyst.
[0061] Other catalytically active components may be present in the circulating

inventory of catalytic material in addition to the cracking catalyst and the ammonia
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about 50 to 200 *m nost preferably about 55 to 150,

and even nore preferred about 15 WO 2004/ 037392
wEIMAOSAID3/ 033479 60 to 120 “m The PCT/US2003/033479

catal yst/additives have a surface area of at |east 5

reﬁ@%élg%ddléigé ng?ﬁlﬁpfeﬁl 8fl§ucha\fi/‘]§e';sr gr}]aq )&{% uﬁgﬁ} (Q: Oa?{%%%%? cY at
cat@lgstobastdos zeqmn@ZSMaﬁ),l g0 Zembnsti(fnsfﬁommﬁst bd@édii)ﬂi 3 @b[bpbrte& 5

e The qxidative catal yst/additive
nobfi il ap AR DTS 56 e aRIOTEEA e Ad5h P ERRSscPERR®
(ma\Qh&shth @ﬁmﬁﬁ@rﬁlﬁ I e tré)ﬂ’s aﬂﬁ%oﬁ&%ﬂ' gz%%{rﬁoa{d% tﬁgf sﬂ%h as

he cracking catalyst as a onen e ca
thosq'deacrpheéﬁreKnshhae Shdaephbeigt, opfczttahé Sthetedtt Ootane Ehh@nczng

zecfifp PRI CabFhmibie] RORkR NG5 o B0 SeBN 3883 S,

Thels® ofeF ¢BnipoRBits MRy HeQRYE [1SiheR ceaivehh@na@ amoph@se reduced
ni_trogen ecies to nitrogen while naintaining

[Ooﬁﬂcr@ksfteéﬁﬁp@fgh@m%@mPF@CSBStOGmntImge theaokiengof gratphhyestduced

t he oxi dati
ST TR T R
prodess bm:&tﬁg ih h@aﬁﬁmbﬁﬁkoﬁl@e@&rﬂlﬂﬁﬁl@ VR 6 8 f13ht 1 O8R%on in
S ecies present in the FCCU regenerator reI ative to

ssippLmaY Be aduewdiivtthe rerofdhepiessnt pracessein somet chmstup to
aboﬁlhfft’)‘?bI atQer t? 'EH% lﬁl@é @z;sg %ts{ng%qzloﬂl%n% n?l%%cliae agic%%ag%qtﬁé cgre&tant

conventional ‘gas ~anal ysPs 0 y,
conyetioh, usirigehle preferrddefvith wiitheaaneysc deschibed #9061 NTRGOMI tion

BT VA
shoWn B3 tlY@E)?é&nﬂ?éSQ;e%\@bewe%}e af fllaigey\%‘fc%%%dtﬂg fie oﬂé gquvf\%f"m
to dbout

in “an anount ranging froma out
the ogtalpigiart, fhe ekeentf YO, redneticimowil] d@pand droswehdadtoRQs)d.g. Yehef

oo R L ATy A Y
the BRCUAEL bfetated NBclafmi But At 1inlieed 6 %k?%éﬁ%(f@q dda Hisﬁ%tlldﬁ SF air

is preferably an anount necessary to prevent
in thefreganpiafasi ¢agaly ¥ bed deptban ﬁieytgmlerﬂthcunpgsrmpetanoSapcar ate

s SRR Rl U8 L Ao B e

preseadealf piiter taialytie adidigeﬁelhadrﬁﬁy Sifect e oﬂBIYnsﬂtyrlﬁﬂ operation of the
conven nt met hod.._ [ 0060]. When the oxidative
fege&%ﬁaaf Vsaal&F? Par8 R dsfiffiermt inssomecasrabinf shase r¢S|pPQiS,dhe

e T R T

unitj n an anount of at |east 0.01 wei ght percent of t he
o0 e G R
lower when the process of the invention is used in combination with a CO boiler
designed to make the lowest amount of thermal NO, practical. Typical FCC CO
boilers are older technology and are not optimized for minimum thermal NO,
emissions. Up grades to state-of the art low NO, designs are not expected to be
effective due to the NOy precursors in the off gas from the partial burn regenerator.
Low NOx burner design approaches and features are described e. g. in appropriate

sections in “The John Zink Combustion Handbook”, editor, Charles E. Baulkal, Jr.,
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wei ght percent of the cracking catal yst; nost

preferably fromabout 0.1 to about 20 wei ght percent
w@pRootloa7382 acki ng catal yst. [0061] O her cat al ypeT/aB1093/033479

active conponents nay be present in the circul ating

I C iti . 1
poMEIAbY CRC PRLEINDL CTRE hon SYNOSR Rk b Meigine
botﬁﬁﬂyluwaﬁﬁﬁ%@ésaﬁlﬂﬁgh emasyaky@d dondsweing Ekargbaek ndkinglich

t her mat ri a%s i ncl ude the, oct ane enhanci ng

exhea%tgﬁww R DBFes BNe 1R 2izeNipesd Teed InisRtam datgpse swirl
ml)ﬁﬁé)ﬂinilﬁirﬁl fRas ﬁﬁlg@lncd%lesf Lad \)aﬁgﬁsecdﬁ ?’Atlcﬁllé Sfa @ﬁoraegl of

plati num stack gas desulfurization a I'ves su
thegorissigh strtagign eEhaipresdnt i ventiorsgrahkek the beanfidiof ﬂmt/ NSburner

AR L 3B, b s
red&feﬁ@ﬁti@’en spEH AN afF @ b \kidigEPIhbicif tonES, CRh@l kit & a new
Mar cel er, New York, 1990, |SBN 0-8247-8399-9.

lowﬁﬂ@s@araalrmn E6kponiem bhahem chminatetheineed fgicapital and operating
Th if t f th t
o FRAE ek TPESDkonLAEReL, e 10 L0, e

theafctrogen species is the reduction of the overall
g ntent of NO .em ssions froman FCC process
[00 @eﬂf‘fmca@e ofithe inygpiomis 1ot in gayovayl inteadast im bedirmitedr the
S8R r
exa ggalﬁ g%ﬂetgﬂﬁg?eltoﬁg ullsjﬁsée&rﬁ?ip[ﬁ% 1&%1(5:22% ?%E%%ﬁgggy o%) ﬁatlve
addgvsessefig ib the I&bmst oﬁﬂ%mvﬁnabn wied the evhleathasef tﬁa’ﬁﬁ‘/ehlﬁcbtﬂg

a 8’ gnt Ir]r\?a i ng éat al yst, at constant
POGESH St aseedRcsf NEEPEeR SPRCHS 1 B2 @Rbttis gjagking
enviBa@editbed above. NO, reduction of 10 to 90%i s
readily achievable wth the process according to the
[00633v Enfuictber, illasirate ﬂmmewyt inkentienan klesadvehtages thireel dre,
under st ood he onelFskl lled in

rol B3 AR Ry SHBE B P depend

illuQratishCoF tﬁ@ﬁiv@ﬁﬁorﬁslt slioudd be iR rstEITROW LY O atRE 1 ARRYGY is
of the additive utilized; the desi gn and the manner 1n

not \{fpited to the spgodint detailose fosthaia the sng but not |inited

0066 AN LHNELL AR, AL ELANITR B0 e ik g
specsfwatmpeefenp%rtatsom namhal t@EEREIALR Coh@NBeiad bedy vtléight

h{g ert ies of. th ydrocar bon feedstock cr acked
un e’iYYléf‘s%Hﬁ’S’é‘le “f?é(Fr &l party andopeseratagey isthe n&amnla_syas

wel P4l tBCentdifc? BF%%bééfflé‘ﬂﬁ)nqa% [rﬂgé%%a?éonglﬁ%%tmn are molar or by

regenerator. Thus, Since eac eren
volupagrenless ogicrwise Sp¢w&6&1 respects, the effectiveness of

ocess of t ventio be. ex ected to vary
100471 GRhF ERYrefer o 85115 {7 16 spagiicHlen 8% patr TSt
that Q¥eRhlind\Dy BTN IG5 4 B pi¥ipkied Binfte YAREAIRO UBh%itiENE Bhysical

states or percentages, is intended to literally incorporate expressly herein by reference

or otherwise, any number falling within such range, including any subset of numbers

within any range so recited.
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| oner when the process of the invention is used in
conbination with a CO boiler designed to nmake the

wo ewess73aount of thermal NOx practical. Typi cCBCT/BE00£033479
boi l ers are ol der technology and are not optim zed for
mni num thermal NO,, e%geappRs. Up grades to state-of
the art |ow NOx designs are not expected to be
effective due to the NO precursors in the off gas

t arti burn r enerator Low NOx bur ner
ool it et B hede Pl B Rp SorEBPTIDE Eo PRC 1
red@ded @RS, eﬁtsﬁeme%%khﬁasfrdlﬂ an F@@[ﬂﬁ@@ne@tﬁf‘o&ﬁ%ﬁ@%ﬁmal or

Handbook", "editor, Charles E. Baul kal
mcmnin?ecb@msg@d@@masz@benm@gw@as puablaehiadhdPxamhple ORGg a

. nimzed b
Regg 5}%.3 qgl)m m c{%ﬂ%i {]J?Ibg (H‘&mi‘ﬁ @@@ggat%&ygen
speaifinglBy dbSi ggd td @ﬂﬁld@@ﬁqle opt4til of SXPCUBtre §Rrdt6CYThERTO is
t he burner make-up air, staged fuel injéction, intense

desgrifedin defpil imfy. Splugisand AeW. Qéuers ‘[Sowdying @@@l@nnstrmfetbe
FC@U q{ é@ﬁér&U?Uﬁ&éFﬁ&ﬁ%%@@gmﬁ{lo@sn yDé)s'i mﬁ Tran&lﬁgégq%gg Fluﬁlé fora

desi gn strat esent
Cleten Ehvirenmdnt) . R@nomdsramarMmmhﬂodd@gp 131, Mayloedl Frafés,
er so nodified, by mnimzing the

199 RREd - gﬁé ?fpﬂlé/b@budé%‘?ﬂmaﬁl fschsrein dRsopRoraRe @Y Fefarence.
[0069]91‘&' tHode? rdiEFon iHGe RETHEdr dbt%rrﬁlnﬂ‘g’\fhﬁ Eﬁi’&é}lgy fof B ihid@tion

burn FCC system that can el m nat e nee
prowpfqrabn@m@n@g@r@asmdumtmgenepmwsw eomvekitkethe

speghalo AR: wpBea et obNEpe et = erethR GERb PO FeoGenining
the RN EAREREesb et CQ T Bl aff'ﬁgnts BLSr 18 Pl o
experin & NI LrepAdeihtt iheSs Ilrbﬁ%fe%ddced hﬁl%g@ﬁ S;;\S;e%fe% £d ¢H%nd 0

i nvention and the evaluation of th ntion process
repregent e otieer Nad¥ceand gdoxptizgetyprdllg éshndiih b FTENUSPREERFator

n a,catalytic ckin envi r onnent 0065] To
opetipg Heparfl et &¢ ﬁiet%%a@légﬁﬁﬁremreqhanéw e

red&%’eﬁ&%éﬁgﬁlﬁ EPE&ESRJ tha{ pa% be e3 co (ggggmsrcélg%}leﬁ grx t%nggenerator

Iven e exanpl es ar

or 1ms|1deu:h¢ sahd @asnevfitot be beﬂs\imﬁlatddn Thbtke§ RdbiteMent in this
under st ood, however, that the invention is not
eXpHIRFRt éjaddition© NHe 6P vessiontiniqvs mewsh of thet™H} is qohgerted to

I
Nogﬁgn llgis deélra F%haﬁh‘ tlﬁtggr:céwgq?ﬁarger Cﬁg\%%g%gssllbqe% r a wide
ran@RE O, fdnfRintsan thefe@étbi.Ng to solid material conposition
or concent ration are by weight unless otherw se

[00H)) dibke feffatiencliofithesprocash bf haritwntion tpanheemn NQester it it Femed
in amllreeggne%gtor operating in partial burn was determined in the RTU by
measuring the activity of an additive to reduce NO, with CO, a common reductant in
every FCCU regenerator. The key performance measurement in this test is the NO,
conversion. It is desirable to have high NO, conversion to nitrogen for a wide range

of O, amounts.

[0071] Gas phase reduced nitrogen species are a reductant for reducing NO after it is
formed. The ability of an additive to catalyze this reaction while simultaneously

converting the reduced nitrogen species to molecular nitrogen was determined by
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well as the remainder of the specification referring

to gas conposition are nolar or by volunme unl ess
W@rwe%i3se specified. [0067] Further, any rangeCDiS2003/033479

nunbers recited in the specification or clains, such

me?s%_rm% hﬁ?]e RARS fis Qé}fvﬁ Mﬁ%ﬁmg tfq%'i;%wﬁﬁr‘ F\ICS’furl%P{?ﬁfJuk ®%

uni t nmeasur e, di tions, 'states or

lev§lesig@iMtgehs rddﬁcm%/bﬁﬁﬁiﬂﬂg tenditidng patdidle ifg RIgeAEBioR operating
exp resslﬁthereln reference or otherw se, any

in partiah Burns A1 isidggjrable i thissaperiment gehaveddguiOa gowfx}mgm Bs et
mng%dpunbers Wi thin any range so recited. 18 WO
4/ 037392 PCT/ US2003/ 033479 EXAMPLES [0068] The
efficiency of the process of the invention for
converting gas phase reduced nitrogen species
rel eased froman FCCU Bdor operating in a
partial or inconplete burn node to nol ecul ar nitrogen
was eval uated in the Exanples using a Regenerator
[0072sA mipiospHeE®Ul] mmntitutasel eipposacdteniat havifip eheRbllowingaamalysis:

2 BB TSR R oS S, SRR 2, na 73
Alg@? S BEOsurfcél fediof 1403 Wil g#épae BACh Whs¥\n ARG 1L ES the
'St udy |ggqthe Chem stry of the  FCCU Regenerator Under

prepaafiqnsafjadN Gopranpasging, o l@e@ivgmong ATslams pas peapacad frore ks

aqu&ﬁ.[s a?urmga %ﬁrllrgfrhaﬁglf io?af‘agﬁﬁ dtrs oga ﬁﬁ%t}%@lggena l ds g{}gisg]lBﬁlO

alurhirla G03de bBtathediionh Ld Rexché Riduetfied Tich €% A1, 09C30% Hodn@e).
by reference. [ 0069] The nodel reaction in the RTU

The vma@tsbanm \msfigemar@d esrmg 81.6desyof dhe glpminapayrder oo the
aluMi3% bg kAT Ié.ﬁl{l/éé)?% o rﬁlﬂgﬁt%xfcﬁdsﬂﬁﬁ%{lg!S%%a D) was

speci e out co Specl es
addedheNeHatﬁ # din; affcefiia casbenata cﬁ}rsaﬂ:d(dobguﬁbﬂtfﬁim Rhoh& PelERy, y

ine S Bl LB 30 b ot L BB R S v
dm&é%pmg g (%%fﬁcfeﬁﬁarﬂ%t RRdskr iEHnEEHe gbl'ic[s%ﬁ@erﬁﬁggh 6B the iy

represent t he ot her” reductants
to 134 diinallys 383§ b lby emungied silica s606f Nalco 1i 4@ érberiaddofrom

art he .02 | evel
Nl PR ER TR o B Ao P Py Theahiehng s i osure
good Qiifink a0 theniAilled aha BEr&NGOUR AN @@rédﬁ@@&%g@&ﬁ%fe@tt@r to
regenerator or inside the sane regenerator can

Sub%tﬁriﬁﬂllatl@a thapHd ey The aguqa@m@ﬁureuwasﬂhﬂnssprmqhmd todotm i n
addi t.i to NH3 canver si ch of N
appfiaE Y s Hﬂf«f@%ﬁ?efesaﬂﬁﬁﬁf‘:f?affeé C@@gg}f abmfngateﬂxﬁ%o"c to

remb@d V&htileQnversion is as | ow as possible for a w de
range of 02 anmpunts in the reactor.

EXAMPLE 2

[0073] An Additive A was prepared using the base material prepared in Example 1.
80g of the base material was placed in an inclined beaker on a mechanical rotator. A
platinum impregnation solution was prepared by weighing out 0.1715g of a platinum
tetramine dihydroxide aqueous solution containing 22.79% platinum and diluting with

DI water to 100g total. The base material was then impregnated by gradually
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[0070] The efficiency of the process of the invention
to convert NOX after it is formed in a FCCU

WO e@a/08739L or operating in partial burn was detPeTUR®A3/033479
in the RTU by mnmeasuring the activity of an additive

spriying ®HHG i ioR PRER i '

D o e ol icR TR Al 86 Ay hor K Rlakem.

The wetdmpeeanaied bageempiexial wandreddi em ovért ati IQ0H@ siveratifle. The

. i.gh conversion to nitrqgen for a w.de range
arfRéf Vaf e ot Bt AlutTndov M kel A iger &
scréeped befsreasalifing @E650°@ Yor Hidf hdu@eiecdeBB8mPO tAE hffatdstand S

formed. The ability of an additive to catalyze this

remoye ¥pladleswihhe eesyltingmeaipréad gentyined s tilxds, 4o Bidh6%d

| t [ ni. tr ogen det,er m ned
Nl G003/ GRS TR BED 50 SRR adhE b £ ean
partidiesigT bf $8 gmacti vity for converting NH3 with NO under

various 02 levels simulating the reducing/oxidizing

conditions possible in a regenerator operating in

partial burn. It is degi kn this experinment to

have hi gh NOX conversigggggbB%Ptrogen. EXAMPLE 1

[0072] A microspheriodal particul ate support materi al

oA RTINS LS Bt
the pR%nuAL2BRgnalth s%ﬁilfio‘iltﬂ'réﬁh?eﬁi x@ﬁse(ﬁluﬁéd Wil m%a@er%%o% fotal

prepared as a base material for the preparation
andgpdase matial wep theh impecgnatoé hy igoadually siraying withsall of the latter

it IRGEDp W 8TE I oG iy orde Phustunlthd pesaitag druirc
confainsd £72. 8 BAIROR M % 1990, 1521 FRORHG, 1796 @S | 688 JpAe Pe, a0PRAd a

203, 30% noi st,ure). The alum na slurry 'was prepared
BE é‘ifgaﬁeﬁ?ea@fﬂﬂ%%{g uifka meyTpaTtEclpeizeef 58 Mot he  al uni na
slurry 3.87 I bs of an aqueous sodi um hydr oxi de
solution (50% NaOH) was added. Next, 10.4 | bs of

cerium car bonat e crystBKAMRIE 4i ned from Rhone
Poul enc, Inc., 96% Ce02, 4% La203, 50% noi sture) was
added to the slurry. The slurry was diluted with a

0073 A Ab&R riRer it '
[ ?gn_c'e ntr a?? ?r?wrf @%e%ﬁa(ré??/ﬁg?% Vlilgg}oJ éﬁ;?ﬁ%ﬁ §/§§%’6%]8Bllbs
Thegflditige hak disdolfedingianalysess 5.8 %abtaNablatiled, lzhd apphixahmely Sio,

r c iLcal added to the slurry.
4981300 £94 QR8T a0 s v i P kpwipesips of
167 tktéeandi d hesh peitidle Sizelof 00 yedi @ mi Il to reduce

aggl onerates to substantially less than 10 m The

mlled mxture was then spray dried to form
EXAMPLE 5

[0076] The efficiency of Additives A, B and C, prepared in Examples 2, 3, and 4
respectively, to remove gas phase reduced nitrogen species other than N, from an
FCCU regenerator operating in partial burn was compared at various oxygen levels
with that of a cracking catalyst alone and a commercial platinum-containing
combustion promoter, CP-3® (platinum on alumina) sold by Grace Davison,
Columbia, MD.
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approximately 70 m m crospheres and thereafter

cal cined at approxinmately 650C to renobve volatiles.
WEXRPEB92 [ 0073] An Additive A was prepared UuBCTIYS1008033479

base material prepared in Exanple 1. 80g of the base

[00Rf 'Pl‘ié ApeWaRnRvAGe goﬁcfhc@:ﬁ b{y'&ﬁfci %@%ﬁﬁﬁ%ﬁ?fbr@ S %t 595

mechani Gal ot at or . i num 1 pregnat 1 on S0
°C.vBgllgyring arleigatign, wet ghiﬂmy;s oiete lﬂcﬂdéﬂ% 005% kvpl with FCO

t.et oxi de u t n .
e SRR TR AR SR AT g v
10099 tt8hm, TS chRkM g Fata8fst Aond\GShIEARA villP4 LR Ry Wihen fed to

radual Iy 20 WO £3004) 037302 PCTI US2003) 633459

the ﬂé&ﬁaﬁt@r APSrAtiEDY 780 °Chd’ hd ighuifeed Fu theabagtorovastamingh ofin

NEERIA O on R DAL 0B kPR, bl CBIHRENED, vekgns

am@irritse@f cozséﬂaewasszt%ro%ﬂmg @hdntRibal AL, C Y &ﬁalagag faTate
first ground in a blender and screened before

exching the Oy cantaif pdsdeed was 1080+19 00 scatec @hp pheintien alumina

coLglp T fgtOecest RIS G il 1 whfifielors! Rerare
rec@eéazmﬁa}lmﬂmﬁﬁ} 2881ldwhad a BET surface area of 135
nd a nean particle size of 58 m EXAMPLE 3

n2/q a
[00'{636%@] I abpwifpt atlew vt pmgm whichsinelatesippeil burn, the

o S O SHGTP Pul FPL L P, e
highigetfecttve ib @@ilicﬁigéﬁmmaﬁid W1hB@ c&ﬁpﬁedifﬁi ®e 'aé‘ﬂlvﬂ!}@& th@ @ﬂﬁckmg

Il nated by gradually spraying with all
cata lg*? %e Ofjihe PlAinpM-cAtyping ﬁomh\awgmrgmo@r,rcl?rﬁst FSlrﬂneatyFIG

2 sﬂg)g% gll(}/%q K?[%%I ’ 4al }&)ﬁlscfoglgﬂiogé ?‘%) a@%gé %})l%e%dggre g aE)tb‘{Hy to

redee theaaimboaidl ta ch&Tlla&mntf@ee theetabesy prévehﬁli;g 0 @naadiod o
artl cg e of 58 MPLE 4 0075 An Additive C
@a qﬂ?Pfé%t&Q%Faézﬁ S\ & hN@a ar Npltvease detegtsd, 601

T h fol.l owi ng anal yses: 5.8%
md‘tg%tg“%th‘;rg at%g ‘{&VﬁH ® ‘BBE%‘%J%k I88SP-Si 02 4. 9% Na20
4.9% Ce02 21. 2% A1203 68. 7% 970 ppm Pd, and BET
surface area of 167 n2/g and a nean particle size of
90 m EXAMPLE 5 [0076] EXAMBIE 6¢ci ency of Additives A,

B and C, prepared in Exanples 2, 3, and 4

[0079] The activity of Additives A, B and C, prepared in Examples 2, 3 and 4,
respectively, for reducing NO, emissions from an FCCU regenerator operating in
partial burn mode by reacting NH; with NO, at various levels of oxygen was
compared to that of the cracking catalyst alone and a commercial platinum-containing
combustion promoter, CP-3°,

[0080] The experiment was conducted as in Example 5 except that the gas mixture
fed to the reactor contained approximately 1000 ppm NHj; and 500-550 ppm NOy as
well as various amounts of oxygen with the balance N,. Results were recorded in
FIG. 3 and FIG. 4 below.

[0081] At the high temperatures NH; reacts with O, to form N, or NO,. NH; can

also react in the gas phase with NOy in a non-catalytic process that is often used for
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respectively, to renove gas phase reduced nitrogen

species other than N2 froman FCCU regenerator
wop@rasizpy in partial burn was conpared at varPOUES2003/033479

oxygen levels wth that of a cracking catalyst alone

NOR Bgatéin&ﬁmﬁcfv@év@f tlfig @l PUTE8 @h@ ng sl‘f%%fg%l;ftgﬁ g&o@ance

ronot er, (pl ati num on um na ace

wit i PYOESS Of]dilleumtﬂnapn Milditves AR @ﬁdt@fﬁ E382 extent, C showed
enhPCT/ Us2003/ 033479 5007 The el (ﬁgrl ments were

EBFYRPETS8Y Of AmEany darlerariEggencat jgvs oxyges o5

evdis. Kel |
v DS e e R %“ﬁ“i‘? ey et i B ARG

condaamhldfaIHgdtofrﬁdSleéiﬂﬁﬁlﬂé &16 C in a fluidized bed
reactor wwth 100% steam The cracking catal yst al one
or blended with an additive was then fed to the RTU

reactor operating at 7 . The gas feed to the
reactor was a mxture E%Awgnd CO cont ai ni ng 5000
to 5500 ppm CO, approximately 600 ppm NH3, various

amounts of 02 added as 4% 02 in N2, and the bal ance
[0083 Therpstivisy af AdditiveeAdB rad € tosleoicasti NQ, 4fter 102 formed in an

00- 1100 T t
FC G e aRheio? B D R BaPy Sriroee wghe oyl e
crac%kingha%yéi/oahﬂdiahﬁ‘ﬂeohm%@dlal ﬂ?ﬁﬁiﬂlhi—@orﬁﬁlﬁmgr ReMusesh prBmoter,
1 and FIG 2 below. [0078] FIG shows that at

CP‘I3o Y Bigaswingtheagsyity of isicetal st aad @ddetqug 40 tomiertdN®to N> in

|l adi t
the bitSenc 88 COJ o bl MR ePR, 87 Muere. i ghly
[0085] f’]élretdxpsmmentﬁ eductirduasdmha R@lﬁﬂbs@ﬁﬁ&ﬁﬁl@(ahﬁ)lés%nd 6

of the crackin cat al yst al one or the
Wlﬂbi%ﬁ HoB St éherﬂ%% ée@dﬁ%t?sﬂ@ﬁew@msannme 30ontaining 500

- 5904 condi fﬁpoﬁls%i f@h %&&%% %%t O%rd(?:raélgs@%{’%ﬂoe\ﬁ% y

Restiles are@ébge@dtlh@lgmwm a to nol ecul ar nitrogen thereby
reventing the conversion of the ammonia to NOX. No

[00§4] fagurg Vi § thabatilens @xy@ngevelmutatingmrtmébm'ndmb cldéiles

£ NH3 I I :
AR B C3l: A0 ARREEHER B0 Clort b wPBy S e sorbyaion
prondpteB GIRE®, @ rgnewaxed i n Exanples 2, 3 and 4,
respectively, for reducing NOX em ssions froman FCCU

regenerator operating in partial burn node by
reacting NH3 with NO m@kANaifegs | evel s of oxygen was
conpared to that of the cracking catalyst alone and a
comerci al platinumcontai ning conbustion pronoter,

[0089?_1%6 activity of the Additive C for removal of HCN from an FCCU regenerator
was compared to the activity of the cracking catalyst alone and a commercial
platinum-containing combustion promoter, CP-5® (platinum on alumina) sold by
Grace Davison, a business unit of W.R. Grace & Co.-Conn., Columbia, MD.

[0086] The cracking catalyst was deactivated for 4 hrs at 816°C in a fluidized bed
reactor with 100% steam, and coked in a DCR. The description of the DCR is
described in detail in the G.W. Young, “Realistic Assessment of FCC Catalyst
Performance in the Laboratory,” in Fluid Catalytic Cracking: Science and

Technology, J. S. Magee and M. M. Mitchell, Jr. Eds., Studies in Surface Science and
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[ 0080] The experinment was conducted as in Exanple 5
except that the gas mxture fed to the reactor
wa@omuasTierl approxi mately 1000 ppm NH3 and 500- BEDURINS/033479
NO , as well as various anounts of oxygen with the
t
o T T e ey eonheft BT, Aot 505
ISBN 0444@'29067'805*31@ NderenceN@R g hdrE@n drauorpaahisd by egfetenten t he

00§ AR e (R Yo R Bod oot B 5@22&@ ’
Abd¥D20 @bﬁttﬁa”&med cHRYE) g%tal}fshﬁoﬂ'@&awitﬂ (e &dlﬁv@@%

show, that in accordance with process of
combpyeon pr@motmcaﬂld@d otdsS Wi %Byasleddedinah¢ BT e rTlE)gae ﬂlbw tGthe

anc conver an o
RT8 G MBS B S B S i bilytosat
Followifi ©@eek jexintt@tal pfocedure Mn@hlym%%&%tsﬁﬁkﬁ% the art as
i ndi cating the conversion of NH3 to nol ecul ar

Tenﬁ?GF%tB@eErog@m}MQX¢aF@0@2TPGmd§mﬂlw frgmapomdenpérewmse, the

it is forned, i n
e RS 958080 DKL B b B W B8
Cimmp whéd contiftuvasigdlowing the aforéientichica ghd go @R RANY sdactor.

aI ohe and.a cog‘ma gl al ﬁ‘é’atl num cont a| ni ng conbusti on
(egperimesy the carbor, hygkogen, mitkegeniad selfungoniainng eoke
spe&@st @é%sg&a&aﬁ%oqmt&éwa%ﬁlg@ofw% ufedtrﬁ g%%s?e b fice
]gresence of at vari 6us 6xygen 7 ev 1
HCHxNex and@nm Nuf}.eBg mwgmir@the detetter REhhl dﬁSlthhB ldechtion of the
TP eXr%l S Je and 6 W t he exce tl%ﬂpthat the gas feed
5] éne#%’rw Nt bl %ﬁ’&a%m?ﬁhﬁﬂﬂo nEfhe VaTions esebhase sppsees
madepMhbIsans aROoEEDR 1Ble Bbel¥@* i Ous anounts of 02 and
the bal ance N2. Results are recorded in Figure V
[0084] Figure V show that at |ow oxygen |evels
simulating partial burn, the Additives A B and C are
m)re ef fective than cat ah}ﬂe Rk one or the platinum
ed c stion rmter ", to renmove NON.
atge apaapintial sBecies,detecties fadhe BRI 1 or
rem)val of HCNréactoreffl0@nt Guenfrator was conpared
to the act|V|ty of the cracking catalyst alone and a

comrer ci lE.I at i num cont ai ni ng conbusti on pronoter,
" g M9n on al unina) sold by Gace Davison, a

Spameses atalysff WR G ac€R-%o. - Conn., AdditibieaC M.
HCN 29066 8475 7038

NO 3966 36165 24476

N,O 3583

24



[0086] The cracking catal yst was deactivated for 4 hrs

at 816C in a fluidized bed reactor with 100% st eam
war@4osisezrl in a DCR. The description of the DORCT/ES2003/033479

described in detail in the GW Young, "Realistic

Assessnent of FCC Catal yst Performance in the

Laboratory,"” in Fluid Catalytic Cracking: Science and
Werdaitmol ogy, J. S. Magee and M M Mtchell, Jr. Eds.,

Studies in Surface Science and 23 WD 2004/ 037392

PCT/ US2003/ 033479 Catal ysis Vol une 76, p. 257,

1. El sevA&rocess fireedudie! thd Esfidnt B Yas phASS FRILARIRi S8R spbSBNn
0- 444-89037-8, said reference being herein

the joffcgs gleti Bedbioma regdnerasion gone ¢iroBup cafatysic dpasking wik@ECU),

i . | had.ab L2 - 1.5 % coke.
said Brob 8 OB 08 R et lpe B R tradiRe ol sas BRC°
redwéetdmitrbigen/Apeditd sentdinddin ttl'i&reﬁ@r@ﬁiﬁbﬁﬁioﬁ@ o AFRI&dse HERhe

at 0,5 wm %was |oaded in the RTU The gas flow to the
egeRptrtioan 7008 of s ECERbinrringad (e pracetso withiargan ghassaeducsds 02

itrhbd ; |19 L ow experinent al... .

i g CRUA sy oDl S AR R fiegco

redae thd eonpentatf gne piRise griaceted tro)éndepe cien petent RO he dfftigas relative
temperature, the reactor was

tarting.fromroo ¢
tot f‘e%&“é?i“%ﬁ SRLPIASH TR TRZEN SPPEeTRIesqnb 1t B gas absenpthe
oxidat{oal ' Ak td Lt Myloe
FLIALROlUsH oA T, M1 RSl bR on
havingi smeappartiole stzetofi eba 50 dmabduy 800 gamgndrtiavirggRaatEne) to
.sul fur containi coke species were gradually burnt
OXI(? @Ce

UARISHIECS rogsmpeqiesin theioi iges tngeplespariiegen yasler

Cmgwagcmmgagggbﬁﬁm@mhao. By integrating the detector
st gnal over the duration of the TPO experinent we

were able to neasure the anmount of the various gas
phasenspeci es de.. The result.s are recorded in Table
2 e B PSR of PR bR BaeSet i RhiER e dhreptiiston

is ciréulitbe tdkbhoue RIFTCE hlohd §ith A @rddikinSiReK| i €S
S Catal yst UehopeaeTactehlont it d drlolingiARhIRG of RATUES .

crackgnggiitalyst7e  N20 3583 24

3. The process of Claim 2 wherein the residence time of the oxidative
catalyst/additive composition in the regeneration zone of the FCCU relative to that of
the inventory cracking catalyst is substantially the same as the catalytic cracking

catalyst inventory.
4, The process of Claim 3 wherein the residence time of the oxidative
catalyst/additive composition in the regeneration zone of the FCCU relative to that of

the cracking catalyst inventory is the same.

5. The process of Claim 1 wherein the oxidative catalyst/additive composition

has a mean particle size ranging from about 55 to about 150 um.
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WD 2004/ 037392 PCT/ US2003/ 033479 We claim 1. A

process for reducing the content of gas phase reduced
woRamogBm species in the off gas derived fronP@I/US2003/033479

regeneration zone of a fluid catalytic cracking unit
6. (FCCUThe pRRES P CRERSSWRGBRY daitl ﬂégerfe? Io?l%hél% %J%ga%d in a

cat al ¢ cracking conditions gas ase redu
Pmﬁﬂﬂn@éeﬁk@pémmeslcontalned in the regeneration zone

of f gas released fromthe regeneration zone of an

FCCU during a FCC process, with a gas phase reduced

7. m t 1 OPROpIBRERIRE 1AM (0Rhérk® sarf RbyrkdiRAGohé ¥ eraed in an
g}gosml on in an anount sufficrent to reduc?
incery

termnods ofentiigre r educed ni trogen speci es present
in the off gas relative to the content of gas phase
reduced nitrogen species present in the off gas absent
8. the D piabésens Chiial lyfatthaddinipristh GRRTAS kil Bken&alish zone
oxi dative catal yst/additive conposition having a nean
off gag havinga & dpeedonigBhieas phass s nﬁmemsmﬁ?mﬁew% boiler
andtrBEaQH% hi by Qha 1;1% QS P‘Jﬁ@ﬁf H]?S%g)nrs] it
species Int gas to 5l ecu rogen un
atmosghekeyt i C cracklng condi tions. 2. The process of Claim
1 wherein the oxidative catal yst/additive conposition
is circulated throughout the FCCU along with a
9. Ci rcufid hidee r t [ t t.
3, e O R A i SRR &R Frld
comyirise pmaiialat i ve catal yst/ additive conposition in the
regeneration zone of the FCCU relative to that of the
inventory cracking catalyst is substantially the sane
10.as t HEhecrbedsy bf Clagh aGikhedgin thea Al phaife ﬂeﬂﬂ&ﬂtn@t'fd’gen%pec]_&e
rocess of Claim3 wherein the residence tine of
s ydreegencyeridy.st / addi ti ve conposition in the
regeneratlon zone of the FCCU relative to that of the
cracki ng catalyst inventory is the sane. 5. The
11. pr océBe wbcesh af Glaim Bhaieptin tHidE€OMYildatsial8w NO, CO boiler.
catal yst/additive conposition has a nean particle
size rangi ng fromabout 55 to about 150 m 25 WD
12. 20%/ AR ﬁgydh&gg B/ BArdy gf a@ phzgeereﬁﬁc%? %ﬁ?og%ﬁ s;%c?ésq]n
erein said regeneration zo fe b5 o
the pfigas dériveddeomh regendratien zome of a flitié cqnalcyae smckihg GhRi(RTAU),
zone i s operated in an

smdvg}g re%'s Qons181l‘1s1ng c&?ac%glg ta}l %ﬂ“ gas containing gas phase reduced nitrogen
species from an FCCU regenerator with a gas phase reduced nitrogen species
oxidative catalyst/additive composition in an amount sufficient to reduce the content
of gas phase reduced nitrogen species present in the off gas relative to the content of
gas phase reduced nitrogen species present in the off gas absent the oxidative
catalyst/additive composition, said oxidative catalyst/additive composition being
circulated throughout the FCCU along with an inventory of cracking catalyst and
having the ability to oxidize the gas phase reduced nitrogen species in the off gas to

molecular nitrogen under catalytic cracking conditions.
13. The process of Claim 12 wherein the oxidative catalyst/additive
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i nconpl ete node of conbustion. 8. The process of Caim

1 further conprising passing said regeneration zone
wotdo4gasIhavi ng a reduced content of gas phasePCPHUNNOR 033479

ni trogen species to a CO boiler and.releasing an off
co 0.t he

P o O R TP gl O SRRl 00
Catfﬂmis@vemécumed ni trogen species conprise amonia. 10.

The process of Caim1l wherein the gas phase reduced

nitrogen species conprises hydrogen cyanide. 11. The
14.pr oce¥he procéds dF El&?’:nm%l%rélnttﬁ’@regi@eﬁ&' iR ‘f]of the Bx dgﬁ\‘zé\lo

CO boiler. 12. A process for reducing e content of
caty} us{/agdisiye compesitéen inithe BGEW speciraer lrehatwe hethef 6f thasracking

{ ation zone of a fluid catalytic

Cat%?%é%%ﬂtgorggﬁugitéﬁ%@y%eSséj?d process conprising

cont acti ng an of f gas containing gas phase reduced

nitro species froman FCCU regenerator with a gas
15.phase <RroES OﬁCiﬁll@d@ﬁWﬁ%@e|ﬂéﬂsr6816ﬁ1ilqyatmax@f the oxidative

e PR A PR o B PR LR b yine

catdyst civestopy essthebaniad t he of f gas relative to the content
of gas phase reduced nitrogen species present in the
of f gas absent the oxidative catalyst/additive

16. COMPOBid frBbbss SAER rﬁ’ib%ﬂe'réiﬁt legd
CoNnposi tﬂl) on bei ng1 circul at e@% lrk%)fﬁ}%houﬂ} %&/d?‘#@cu

comglositignias h patticierswentngiyg fbncabeokshy abatiedofgimand
having the ability to oxidize the gas phase reduced
nitrogen species in the off gas to nolecular nitrogen

17. underTieairabat bECHRIALK W& ; Rlocess
of C alfé%; 12 wherein the gx?%‘%ﬁ\}gﬁ%gtcé\%)ys%lﬁdtdl tive

conp@sifion Zempwmmemmﬁeﬂmmaew& abooyy$0irhi on i s
circul ated throughout the FCCU simultaneous with the
cracking catalyst inventory. 14. The process of Caim

18. 12 WhEH{eGirBeds§16f CRafth 48 WHerdih 98
cat al ys?ﬁ/ addi tive corrposft]:lond??]: [E%ggﬁt,%%} 20¢ ﬁrea}ea 1na

partiabjonincomplete mhda ofofonitivetiar.acki ng cat al yst i nvent ory
is substantially the sane. 15. The process of C aim 12
wherein the residence tine of the oxidative

19. cat alTistpracdt 6f URing QP PRk b@l‘ﬂphﬁné B&sshgShd B GRE L Yone

relatjve to that of the cracking
off gas having a reduced content of gas phase reduced nitrogen species to a CO boiler

and releasing an off gas having a reduced content of NOy into the atmosphere.

20. The process of Claim 18 further comprising passing said regeneration zone
off gas having a reduced content of gas phase reduced nitrogen species to a CO boiler

and releasing an off gas having a reduced content of NO, into the atmosphere.

21. The process of Claim 19 or 20 wherein the CO boiler is a low NO, CO
boiler.
22. The process of Claim 12 wherein the gas phase reduced nitrogen species
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catal yst inventory is the sanme. 16. The process of
Claim 12 wherein the oxidative catal yst/additive

W@ vpo3i3vt on has a particle size rangi ng from BUDUS2068033479
to about 200 m 17. The process of Caim 16 wherein

conifiRe XSkl ve catal yst/additive conposition has a
pﬁgfsti cle séllze rangi ng from about 55 to about 150 m
18. The process of Caim 12 wherein said FCCU

20T PR Ty B Bk ORTES e

COIﬁpﬂsglhgan)%@,qrp}mnﬁjeng passi ng sai d regeneration zone off
gas having a reduced content of gas phase reduced

ni trogen species to a CO boiler and releasing an off

gas havi educe ontent of NOX into the.
24 O oo e SR RN R Bl lont ety et rbEiine of
hydeuaEionSfe e doRS Fitd\ B weed bl 6 RYL RS @Ht cOp&RASs wRild ot fting the
having a reduced content of gas phase reduced nitrogen

catalysh £5288CTRHORZQO 1h 8iPpdial oniigompleteamperoinombustiomasaid method

' X 1nt.o the atnos re.
conp o0 AL SRR, oL P Lk DRy
catdbytid eackisg anit with N@Xs fldse baluced nitrdden sfecicp bREeSve Of

%f a'g&lZ ggenein_the gas phase reduced nitrogen.
catalysia u8ve,15) shsubgos fexradongpetily2063as sad oxidatbrepr | se
. .ai . .nNe.gas

co IR SRR RS o B B R 16,86
hydegrartioderacking zanerencheafalgét regmierition zbidopemtssinangardslrdrng

. catal yti racki of hydrocarbon, feedstocks 1 nto
mc‘?“a%aﬁf%ﬂ%‘?%eogﬁwﬁ“%ﬁéﬂ PO%%ﬂﬁdﬁ%%egatWH 7PRe efp EAneMmigningesas
pha%aﬁd@tniﬁ%ﬁ@ ¢Ads 18 PrRiEa tdgeRerR@sd 4R [Lgasoﬁavﬁﬂ(‘gcffgahgéde
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gas contai ning gas phase reduced nitrogen species to
provi de a regeneration off gas having a reduced

25. The process of Claim 24 wherein said regeneration zone off gas is passed to
a separations means wherein said cracking catalyst and oxidative catalyst/additive

composition are separated in said separation means prior to passage to the CO boiler.

26. The process of Claim 24 wherein the oxidative catalyst/additive
composition is contacted with the regeneration zone off gas in an amount effective to
reduce the content of gas phase reduced nitrogen species in the regeneration zone off

gas.

217. The process of Claim 24 wherein the gas phase reduced nitrogen species
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34. The process of Claim 24 or 25 wherein the CO boiler is a low NO, CO

boiler.

35. The process of Claims 1, 12 or 24 wherein the gas phase reduced nitrogen species
oxidative/additive composition comprises (a) at least 1 wt %, measured as the oxide,
of an acidic metal oxide containing substantially no zeolite; (b) at least 0.5 wt % of
metal component, measured as the oxide, selected from the group consisting of an

alkali metal, an alkaline earth metal and mixtures thereof; (c) at least 0.1 wt %,
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metal is selected from

38. The process of Claims 1, 12 or 24 wherein the gas phase reduced nitrogen species
oxidative/additive composition comprises (1) an acidic oxide support containing at
least 50 wt % alumina; (2) 1-10 wt %, measured as the metal oxide, of an alkali metal,
an alkaline earth metal or mixtures thereof; (3) at least 1 wt % CeO,; and (4) 0.01-5.0
parts wt % palladium, all weight percentages of components (2) — (4) being based on

the total weight of the acidic oxide support material.
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the group consisting of iron, nickel, titanium
chrom um mnanganese. cobalt, germanium tin, bisnuth,
wodglogseum  ant i nony, vanadi um and m Xt ures tPer/e81003/033479
38. The process of Clains 1, 12 or 24 wherein the gas
nitr : i . L _
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cracking catalyst. 40. The process of Cains 1, 12,
or 24 wherein the gas phase reduced nitrogen species
oxi dative catalyst/additive is integrated into the
catal ytic cracking catal yst as a conponent thereof.
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