WO 2 013 /03 7 3 9 2 PCT/US2003/ 033479 REDUCTI ON OF GAS PHASE REDUCED
NI TROGEN SPECI ES | N PARTI AL BURN FCC PROCESSES FI ELD OF THE | NVENTI ON

[ 0001] Theww smemsssbnvention relates to a process for the gEgushiHissefy NO,
em ssions in refinery processes, and specifically in a fluid catal ytic

cracking (FCC) Pro ticuyl ar ng_ 1 jon relates to a
process for the regﬁﬁq%ﬁ%ﬁo a@A I#&i‘%SEB&fgggﬁﬁlﬁbgégﬁ pecies (e.g. NH3.
BCN) in the off gas SESRES ANGAR ]&%E}{RQF@,@BR{)@SS it (FCCU) regenerator
operating in a partial or inconplete conbustion node. BACKGROUND OF THE

| NVENTI ON [ 0002] In recent years there has been an increased concern in the
Uni t ed SIFEEED @RI HEDSY¥BENGAONabout air pollution fromindustrial em ssions
of noxi ous oxides of nitrogen, sulfur and carbon. In response to such
concer ns 1 0YBY dhe pEsfen B iR B ERERS 40 P RTAGHRT o7 iUl ed YOptBEe™ i nit s on
al I owabl e_em ssi f » - IR - . rend is
clearty 1B O uPReResdn g RIS b P R PPl RS T0005] no.
or oxi dePapiculrly, agepresdn ifviebiforg@ia &t ibaaB X ifér thg rddnomar diugad phaseal yti c
cracking (FCC) regenerators is_a pervasive problem Fluid catalytic cracking
units ( Feingyd mtwéa§p¢@w§-§q§>@kdé€}\’56htlréé§sa%fmmaiﬂw%atﬁhyw:@geéhn@onpounds
a portion_. hGh nt ai. ] s it enters

t he rege&g}lg%gw)gg%é@%{)ﬁ& (ﬁlﬁ}@ﬁgétgpﬁﬁfaﬂ ggﬁﬁoﬁ@ ]Jéegon]?%}as Fé%oooﬁi/erted into
NO,: em ssions. either in the FCC regenerator or in a downstream CO boiler.
Thus all FCC-Us processing nitrogen- containing feeds can have a NO,

eni ssi onSAeBOREANELOFJ B INVENT1Y9&enerati on.  [0004] In an FCC process.
catal yst éﬁ’@fzg'lﬁ &S n{ kf&‘{-?ﬁltegé Yok b@%ﬁ‘?r{ %?&E@@L%eg{u{ GhADEea %jﬁie‘é‘%%ﬁ a

catal yti ¢ cracking zone and a catalyst regeneration zone. ring

r egener ateiseheeak@u( fif polldie fesradhkdurgial emcdsican)of dexiosd bSdevoftigogat al yst
particles are renoved at el evated tenperatures by oxidation with oxygen
cont ai ni 1B YaaEscaghRiny Jadespanie 10THED FFSNE SOFCTHIBRIE A9BPo%i taye iBEBY es  t he
activi tycgéestanga(ﬁ:\ ]@Léﬁs' a0 E]ll(?@aﬁlé)eﬁ 2i0nR Q¥ Bhe WB}% Jf*?ﬁé/p&ﬂﬂa#l?, r_eused I n
t he cracking reaction. e coke renoval step I1s perforned over a w de range
of oxygennavia trafd isictearlemdietdnenson & intiteasinplyi stumgent tebecaons typi cal |y at

| east enwﬁg gﬁégen to copvert all the coke made.to CO_and H20. At the

maxi mum 1anBury o3tdes o gL, 47 fupRes Sieeagy rarined gp PR EA @It han t he

cracking (FCC) regenerators is a pervasive problem. Fluid catalviic cracking units

(FCCU) process heavy hvdrocarbon feeds containing nitrogen compounds a portion
of which is contained in the coke on the catalvst as 1t enters the regenerator. Some of
this coke nitrogen is eventually converted into NO, emissions, either in the FCC
regenerator or in a downstream CO boiler. Thus all FCCUs processing nitrogen-
containing feeds can have a NO, emissions problem due to catalyst regeneration.
[0004] In an FCC process. catalvst particles (inventory) are repeatedly circulated
between a catalvtic cracking zone and a catalvst regeneration zone. During
regeneration, coke (from the cracking reaction) deposits on the catalyst particles are
removed at elevaied temperatures by oxidation with oxygen containing gases such as
air. The removal of coke deposits resiores the activiiy of the catalyst particles 1o the
point where they can be reused in the cracking reaction. The coke removal step is
performed over a wide range of oxygen availabilitv conditions. At the minimum,
there 1s typically at least enough oxygen to convert all the coke made 10 CO and H,0.
At the maximum, the amount of oxygen available 1s equal 10 or greater than the

amount necessary 10 oxidize all the coke 10 CO- and H,O.

]



anount necessary to oxidize all the coke to CO_and B20. WD 21104/03 7392
PCT/ US2u03/ (133479 10005] In an FCC unit operating with sufficient air to
convert eswenhi@lhywial | of the coke on the catal yst to COBcgRek,3@ashbe gas
effluent exiting the regenerator will contain "excess oxygen" (typically
0.5 to 4% of total off gas). This conmbustion node of operation is usually
cal | ed0988] In HUREC unierperavas it hfEeieal Yt focconivert Risagtathi a1 of thecy)
regenerator is operati in l.. bu e.. the conditions in,the regenerator
are fd%ﬁfﬁglhﬁg? gé}?(gg?ﬁrgéﬁgﬁhEHQ%Qﬁggnfﬁgpétﬁ%“%f”?gggfngnough oxygen to
conver ontdiue) cead bxy@ﬁuclh:pﬂag@@.snba:%oswioﬁéﬁga(sy- This cE@buaiBiDRbde HCN)
regardl ess of whether this actually happens during the residence tinme of

t hese @fpasiraoniipusyrdly cabgéiatldnon ‘%Iﬁﬂgéﬁhqfﬂwééa@bmcmcdm@, ugssential ly all
of the. ni en_deposited w t.h ke on.the catal yst during the cracking
procesgﬁyﬁﬁfﬁgeﬁﬁffy%%%%?mVEJ @@ﬁ?ﬁgﬂP9“*@5H¥’Hgﬁ%SH“ﬁﬁﬂg%uF5¥ohitrogen or
NO,  angeq¥t the i@ phi€ @8IeSiAE OThASs IHEGD i WitiBast Bfoudh fox ygasio chie@nount of coke
nitrogen convened to NO as opposed to nolecular nitrogen depends on the
desi gn(bucoradi reidosing gadplmpe spaciesie ¢f: GhrenmoouaaidNe sersedlassigf  of t he
regenerator. but typicall he mpjority of co nitrogen exits the
regene‘r"ﬁ?@’?l thas ac%%hé’c}l?lpg?’}/antwpe e {esﬁé%l]’mﬁ?ggﬁﬁée %ﬁeﬁ'gP "hdlfd. when the
anount re@bndhior aUHBE thesel bR dfeRY dseGBARY afl OF tHeniwrbstmdchbsicantiho ful Iy
oxi di ze the coke on the cracking catalyst to CO2 and H2O. sonme of the coke
r emai n&okgront the calahval §uning dipicraskimegirgesiss ichatG8dy tians efentk@hbur nt  coke

car boncénsveﬁ)e(cli fj' rzn(éfjecglglr Xil}o%encg)i' T\"Bl a|1:1 X118 ﬁ]%ergé%[n'e%?orl 4l SBBI \%ilfna( Qloﬁn’ oxygen
may or ey notBe present in the regenerator of gas- wever, shoul d any
oxygengdie THI@5&Mt of foKehBurbegeienatal 100f0, gadpposediSrioydeutarl | y not enough to
convert all of the COin a gas streamto CO2 according to the chem cal

st oi chhivipgeR derspdeoon theydes NG o sangwperapPn 6pbediG e apg espagadllyy cal | ed
"parti burn. " e FCCU regener ator. | [ | J tial burn node.
the' o pPdtdas  RudT e VPRI ke bt PR PR B0l Rl ca 16 e
at nospheliculaf @itrspepve the CO fromthe regenerator off gas and realize the
benefits of recovering the heat associated with burning it. refiners

typi calU0PohGm thagthethand. then teginermobpr gifeqiadhal th U reerggiosisance of added
fuel aﬁ@aﬁ%‘io{%wﬁﬁ]\p&kﬁﬁ]% iRORL by FELEHGRE AR y8S0 AL TRRI e - The heat
recover ed by burni rig

of the coke remains on the catalyst. while a significant portion of the burnt coke

carbon is oxidized only to CO. In FCCUs operating in this fashion. oxygen may or

may not be present in the regenerator off cas. However, should any oxvgen be

present in the regenerator off eas. 11 is typically not enough 1o convert all of the CO in

a gas stream 10 CO, according to the chenucal stoichiometry of
CO + Y2 0,—CO>

This mode of operation 1s usually called “partial burn.” When an FCCU regenerator
is operating in partial burn mode, the CO produced. a known pollutant, cannot be

discharged untreated 10 the atmosphere. To remove the CO from the regenerator off
gas and realize the benefits of recovenng the heat associaled with burning i1, 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 bumning

the CO i1s used 1o generate sieam.



the COis used to generate steam 2 WD 2004/037392 PCT/ US20031033379 10007)
When the regenerator is operating in partial hum the conditions in the

regener at o, 3 £ the oxygen added with air has been |.eted and CO
concentratf\(?n Uﬂngs}gﬁw I't up, are overall reducing. That g%q lﬁ%ﬁ‘é}/ql‘éﬂﬁot

enough oxygen to convert/burn all reducing species regardless if some
oxygen (803} Wiadnliye &Ebﬂmdmamr&m&talmumﬂ@mimhMB the onuiditipons thenme of t he

coke-nitrogen is convened to call ed r ni trogen
speci es’CLCRR ARG WETHIE YR & dgrd ARHOHT Qasg‘?fﬂ %ﬁ%ﬁf d!ﬁ@g%@ﬁo‘%‘&?ﬁﬁ??%s al so be
presenthés\%en pﬁébwalanbwncrrﬁ:geﬂ% AL Berd hoB@Roueh Bk foérb’tB'&ﬂk/tﬁ(/bQHJ y in small

anount s. these gas phase reduced nitrogen §pec es are burnt in the CO
boi | er wi tdduche spests nabaztdﬂﬁes rfegerangtar isatfuapastil] pfaeymcéﬁndaeﬂmxd: di zed to
NON. whlchlsthenr?gm] dtothe at nosphere. ThIS al ong with any

“Uher maf nOIRER PERALES FPIEHETORS B PRRrBaf i calge oxi‘sle}ﬁSﬁ{f fbspheric N2
constityse the &%alexamﬁ?@s%ﬁ’“\xﬁé}fm@ a%wafa%@}\um t operating in a partial
0

or inconpléte Conmbust i node. 1000 FCCU regenerators may al so be
desi gneN(ynda ogeained aﬂsrml&p'resmonplhepmﬂahmm regaierai ovtcéf pEglbat e bet ween ful |

burn and part| aL hum des n%?) e of such an  internediate regi ne
occurs WRERaIBOGR SE‘@ &0 Uiese £ DRESC9dP S FIHBPSITLIPEESS 2Fequi re t he
use of g, GOPREIE b lwwlh%@vwog @%@?.Hﬁ‘iér A & fhew%eg&?ﬁde@nse enough
to bring the unit c?osetofu um oper ati on significant anounts of
oxygen d&n, whehfiothad emiti¢chie tbé Bingaphand Thalye, slerm motksangf ‘thdrmalegener at or
are actually operatin under overal | oxidizing condi tions. In such case,
whi | e g&©,dhased Wéﬂ@@%dbmleﬁ bagen by spidediesaiawaplaricl Yo eenstipuatheitatal he of f gas,
significant amunts are also present. In nost cases a majority of
this Nd\qxsen?féseora:cﬂw%@'\'g L heperey gD PR @ BRaEPIRSe CHBPRRYBi tted to the
atmosphere. 10009] Yet another combustion node of operating an FCCU is

nom nal PV fn full burn with relativel y | ow anmounts of excess oxygen and/ or

i nef fi ci@oig) FOGUN@eeferaiofs way Blso ©ekedesatabyptraiddintdtiiscsmisiee arye sections
of the regenerator may be under reducl ng conditions even if the overall
r egener E109e IMSTRRGIAH BEMNEER KAIHPYINRGd PeRBEPUDITRRES. ddrriielIRdmel susllaBed ni trogen

speci es Inqg%e%?al r%'ﬁ;n e b&uﬂ h§ héﬁ&?&%f) HPls g%ﬁagraga%%n %eoﬁ@CU regenerator to

require the use of a CO boiler, but because the amounts of air added are large enough
to bring the unit close to full burm operation mode. significant amounts of oxygen can
be found in the off gas and large sections of the regenerator are actually operating
under overall oxidizing conditions. In such case, while gas phase reduced nitrogen
species can still be found in the off gas, significant amounts of NO, are also present.
In most cases a majority of this NO, is not converied in the CO boiler and ends up
being ematted to the aumosphere.

100093 Yet another combustion mode of operating an FCCU 1s nominally in full burn
with relauvely low amounts of excess oxygen and/or iefficient mixing of air with
coked catalyst. In this case, large sections of the regeneraior may be under reducing
conditions even if the overall regenerator is nonunally 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 10 control NO, 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



with NO . 10010] Various catal ytic approaches have been proposed to control
NO, em ssions in the flue gas exiting fromthe FCCU regenerator. 10017] For
exanpl e, reaenhspatents. including U S. Patents 6.250. 607, pEr/it2M5331and 3
\'V, 0 2004103-392 PCT/US 2 0113/11334 7 9 6 143, 167, have proposed the use

of NO, renoval conpositions for reducin em ssions from an FCCU
r egener aPdf3.107. 3avpRIGRscE MEa5995NE) é‘?i“ﬁY@@PB’@@%’“ﬁ”?\b”e UPH@Jb@r on

composi t | afls; il B AUReRaCR SOMDUSS kAl k99 3anFaRFALAL X9

regeneration process step whi'Te sinul'taneously ' reducing the Tevél of NO

em tted cudocugn ¢dmepostgeneriath mnm@tcﬁ;ﬁoN&nbuﬂrmnﬂminocms]:@ﬁ:seﬂamed by these
patents may be. used as an additive, ch is C|rcul at ed_al ong with the FCC
cat al yst "GSS0YAP Y PTGESS SIFRB %wawaﬂ%%ls v ey s e ot HOxeREleC cat al yst .

100121 | %é{heﬁ) ﬁ?:%lﬂ')ﬂ dﬁ% REB- ook sm'oﬁs 8]98%5&}6??% %)e[}patlé}ﬁs Gggnce of a

pl atlnum pronot € OXi I vé pronoters in a tlon

r egener atisyd d&;antaldam\@ddnhtdhoncmcf,u]maﬁ dioumvath mhmmmtﬂmsttlheemmwmust i on
pronoter in amounts | esser_than the amount of Pt. [0013] U S. Patent

4, 973. 39U1CcamoEsed as ar Bppapl pasaridbe Febl qatadydddi ti ves useful for reducing

&0 bur nt N2 IEU4 g G L IRROR oS Rt erab e SPPRRRAR. . o he

cont am narirsoied Cgasedusve progloidpyinr£atithurg combudion rebdreraoshif theci ent  anmount

of NO . 100151 However, aforenentioned prior an has failed io appreciate an
FCC pr océddiionaf WJvﬁlrﬂrﬁh%%mt%éh%%nh@w@P PEAOSH HE @D P HHYes YT MianrtBgen

speci es, £ofnt Mp, and HCN_ in the flue gas of an FCCU regenerator operating
in a partla or i nconpl ete conbustion node. [0016] Efforts to control

ammoni a [@18Hsés. Patcand D&S@@gﬂdesatcoppm'p}eawdezioiim alditpas bsah] f@lf an

i nconpl ete, node of conbu ve been known For exa u. S
Pat ent STWilnftﬁﬂ“Eﬁ‘%‘bﬂQfs@é ﬁ@’a’d ¢ HG CBAARICA 2D ﬁ(\gﬁs)li@l)‘)p"rré@%@r for oper at i ng
in a parHah,huw gegbustion node by adding a significant excess of the

anount OF{ a car on nonoxi de (CO) oxidative pronoter sufficient to
[0014] U.S. Patem 4,368,057, teaches the removal of NH; contaminants of gaseous

fuel by reacting the NH3 with a sufficient amount of NO,.

[0015] However, aforementioned prior art has failed 10 appreciate an FCC process
which mimimizes the amount of gas phase reduced nitrogen species, e.g. NHs and
HCN. in the flue gas of an FCCU regenerator operating in a partial or incomplete
combustion mode.

[0016] Efforis 1o control ammomiareleased in an FCC regenerator operated in a
partial or an incomplete mode of combustion have been known.

[0017] For example, U.S. Patent 5.021,144 discloses reducing ammonia in an FCC
regenerator operating in a partial burn cornbustion mode by adding a sigmficant
excess of the amount of a carbon monoxide (CO) oxidauve promoter sufficient 10
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
mcomplete combustion mode. The process requires passing a fine sized, i.e. 10 10 40
microns, ammeonia decomposiion 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



prevent afterburn conmbustion in the dilute phase of the regenerator. [0018]
U. S. Patent 4.755.282 discloses a process for reducing the content of

ammoni a | VQ24eREtr ati on zone of f gas of an FCCU r egenerREBUSWAEIREING i n
a partial ol inconplete conbustion node. The process requires passing a
fine sized, .i.e,. 10 to 4 ] NS, ... Qi o I to either
t he regeng"Fé?vlegHoggﬁoecesosfpaéﬂ%%@&fzcggggﬁ ?cailﬁ}lqﬁ]t %rgga%ntgﬁ)(wﬁ@%@ ng]s fromthe
r egener at {RIFGIIN ge @hertahd, E€C00, &l dracarpsiedeideragiphad rediked wpro@hepsdies) t hat

the residence tinme of the deconposition 4 \VO 2004/1037392 PCT/ US2003/ 033479
t he i nventdlermprae@sy HHPSFY 78 Y HEA2LRALY i BhPEFENROT i WHEPRIURIO¥RES2 t ypi cal | y
found in the FCCU.regenerator. e g . A6 0LAL bo n . educed
ni t rogen gepg%lfoe']sl,]] R bmfn@fgqﬁ%“n‘%) Ie]eag?}ﬁjgr&% %hr@g\g(é’n&q{,&g?/Q%traﬁeg‘ggagﬁly&%f%ga%r ocess

of the inygartd MRon0KE €S bailer@dusibiteervirobeni.n the regenerator prior to
the NO exiti ngrthe regenerator and being passed through the CO boiler and
into the 923} orheemocesy 0DEBINTHHEIOHCOBPESCATOYHEY hUE IR IBWIRIY S S
providing a circulating inve f voSLackl: at.al L0 a ytic

o1 acki ng-asSap Sl LS Sty SRS ERRLHR0 WO ERa R

i nconpl et @ peRADLSHEGRpRRIG MM n atbdoxwilRkh veideatatysivéadiditieve composi tion
having the ability to oxidize gas phase reduced nitrogen species em ssions
t o nol ecuF@rEPIF GOl LMgab IHT aPyidize 265 BRACE Aefucenhaitasemspecittd circul ati ng

t he oxidatjve | yst L Fion, thro Ut t 1ng vessel
si mul tane%”)’?})sS ’yoggv?‘%aﬂ’%feﬁ{éﬁg9%%:%%*@5%@%?3%@{‘? ({?%Cf}‘gﬂrﬁ gcg]@?lg%]rsi gr}'gd ‘?ch?aléggal ytic
cracki ng 1raeRsse ci@fddiddinvacpnpdsaronatrerbodiinesiaciohe vBsel nvention. the
process is a fluid catalytic cracking (FCC) process wherein the fluid

cat al yti cSENHERGIVGHUMItE tiermetlyng eyainEpBY BN OTYVidynHp dhcagasdi Yiia crackiagt i al or

i nconpl et gmg%rg‘ousti on node. In accordance with the process of the

i nvention! the oxidative catalyst/additive is circul ated throughout the
FCCU al onipoed] n & hei&€d0 @abadiyeht dfuenivenyor. heaprvaera ey a Suthcatdpic t he
residence time of the catal ystJadditive conposition in the FCCU regenerator

relative fECHRE (FE6) BERES “WPiTRE 18F P b cradkagnie dilet i reeeecralee “same or
substant | 4l dtrhdinS AT a1 g ALLABEAARRNSh Y de. L RiGEAGESSWRE glehe | nventi on
provides for a decrease in the "~ content of gas phase reduced nitrogen
speci es i prache df hheingasti ore leasedatfve@matys /kdddve is circulated throughout the

FCCU along with the FCC catalyst inventory in a manner such that the residence time

of the catalyst/additive composition in the FCCU regenerator relauive to the residence

ime of the FCC cracking catalyst is the same or substantially the same.

[0025] Advantageously, the process of the invention provides for a decrease in the

content of gas phase reduced nitrogen species 1n the flue gas released from an FCCU

regeneraior operating in a partial or incomplete burn mode. The flue gas having the

reduced conment of reduced nitrogen species 15 passed 10 a CO boiler. In the CO

boiler, as CO is oxidized 10 CO», a lower amount of the gas phase reduced nitrogen

species 1s oxidized 10 NO,, thereby providing an increase in the overail reduction of

NO, enussjons from the FCCU.

[0026] Accordingly, itis an advantage of this ;nvention to provide a process for

reducing the content of gas phase reduced nitrogen species, e.2. NHs and HCN, in the

flue gas exiung an FCC unit regenerator operaiing under a partial or incomplete mode

of combusuon.

[0027] 1t is another advantage of this invention to provide a process for the reduction



regenerator operating in a partial or inconplete bumnode. The flue gas

havi ng the reduced content of reduced nitrogen species is passed to a CO
boi l er. | nwdmo@as738pi ler, as COis oxidized to CO2 a | owescrosniefsstdhe gas
phase reduced nitrogen species is oxidized to NO, thereby providing an
increase in the overall reduction of NO _ em ssions fromthe FCCU. 100261
Accor di ngfaralypirelag vap wgJasealfeCsria ¥ saitislee nill ds shert g gidasabssk dcess for
reduci ng ) ) f e k: eec) . NB; and
Hon 1 e T TefRRERD o088 RIS AR R nl S B PR R CBBmoinin der 2
partial otathiysop@pligts TRdfne OfedCdotissdd @romp08ddh chiblysispandeher advant age of
this invention to provide a process for the reduction 6 NVO 2004)4) 37392
PCTRJS20087m334 2y 2 i §1ag8 €Y¢lapasnaeat proandrecycigdgerhereeensie@r pEthepar ti cl es
will be s [ ~ f W r [ lutriati(n
of the fi ?gﬁsngﬁé Q%gﬁﬁl,%%%gg?gla Y ré’ﬁ%g’éﬁ’gfea%g’? ”%ggr?tdﬁsg’le%gg Ogr‘?g fine sized
el utri at etholesnapgsioii on catal yst particles are captured by a third stage
cycl one separator and recycled to the regenerator of the FCCU. The
deconposi 1?8 cHtSaly/dd .Seays Basaathshdie RAsbUpAHENBPTOgFss pe Fesige 8AIAMa i nor gani c
support. [0Q1 Sy 04, 144, LSrhLlustrati - Of ost.-Lr,eat ment process
tor educeEnafr??ﬁt%]rﬁéé:b %:r?n?ﬁéorlj—%%éal?'eaﬁéﬁ85%‘6%“?%”3ér?\goégefsqlle%éH%I(E)hset -treat nent

i nvol ves tdgReatiang fluaas (E@ERANRE Minfoniec@®sn kel B8 §&hdshaiiaimyF@CTont ent
after the gas has exited the FCCU regenerator but before passage to the CO
boi | er. [ OeR2O¥rathdpbbe ereenassacs A8edCPPolEe refining industry for inproved
FCC proce | C 1.i.m 0, , - i trogen
pect s an Tl e R s G e

r egener at ovhisdinghimited Cess®send e e asSphipt ecdatel tiopet speegsiahé Nidintitiedal

equi pnent. tinme and expense typically_associated wth prior FCC processes
for the r&RBVAPTHR! eHBCHHERISHTASD USHAN EES LhieegiAT ¥PKHI RBeCssHes Ffe

regener at f \ | : : i.C..eracki ng
process hg@]@ggﬂggg\?gﬁgged m%ﬁ%ﬂgrﬁgalﬁ] egw’_hg! c%%%k%m@ft%g%by %o%%gcs]gmgeduced
ni trogen spacpee. FEC grocbides fomahd¥ehoviahot the chd pieasgasiuced siaseedn tpaeiasan

the regenerator off gas.

SUMMARY OF THE INVENTION

[0021) A catalytic cracking process has been developed which reduces the content of
gas phase reduced nitrogen species. e.2. NH; and HCN. in the flue gas released from a
partial or incomplete burn regeneration zone of the catalytic cracking unit prior {0
exiuing the regenerator and before passage 10 a CO boiler. Advantageously, the
process of the invention converts gas phase reduced nitrogen species 10 molecular
nitrogen during the catalytic cracking process in the presence of CO and other
reductants and oxidizers typically found in the regeneration zone operated in partial
bumn, thereby preventing the conversion of the reduced nitrogen species 10 NO, 1n the
CO boiler.

[0022] Despite the reducing environment 1 an FCCU regenerator operated in a
partial burn or incomplete burn mode. some NO, may form in the regenerator. In
addition 10 controlling the content of gas phase reduced nitrogen species. the process
of the invenuon also enhances the reduction of any NO, formed in the partial or

incomplete burn regenerator during an FCC process. Particulate compositions used in

w



partial or inconplete burn regeneration zone of the catal ytic cracking unit
prior to exiting the regenerator and before passage to a CO boiler.

Advant ageouwsdh Yausloigy2 process of the invention converts gasp(pﬂ%ﬁmlg(,ggy%ed
nitrogen species to nolecular nitrogen during the catalytic cracking

process in the presence of CO and other reductants and oxidi zers typically
found i n Y80 Bybseihgaseh ap8HE! SpPCITRIES FopRy PR IFCAY) FeereREY &y prevent i ng

the convegsi.on, ob,thQ ﬁﬁﬁ&ﬁ&%a%ﬁés@g@&émﬁi&%&wbem LhfredGRypoi | er .

[ 0022] Despite the reduci ng environnent I n anm ]regen’erat or operated in a
partial biiere@nerdnerampt efflicbum node- some NO, may formin the regenerator.
In addition to controlling the content of gas phase reduced nitrogen

speci es. tH3ShHde yelgnogyer @“laﬁﬁéﬁf}]]bw\’él’w ©ritigydes Pi'?féssr’gﬂtﬁ]&i on of any

orocess, AP T BEChEN Eiees BRECTRAGEE ARRES S8TRG-05oTEe BB 030470

of NGO i nafd heCuf feopmgadf operpand inglarity] or eofipiet eoropidnus trhade Ftiligihg £gener at or
by di m nishment and control of gas phase reduced nitrogen species being

eni tted WATHCYIRE Pedrarye caibysl shavediringenparuggorgsufiiciend tg germihdicher

advant age LS L venti } S . tHeen of the
cont ent o?aqéj%émﬁjﬁgls\% 1?@%@3@8&%9{?} %ggéﬁ&égjeegff(gge S@“gﬁgnﬁbggér‘%{iﬁﬁgﬁ I'n an FCCU
regener at @nalgpanadriig. i n partial or inconplete conmbustion node utilizing a

particul at e oxi dative catal vstladditive having a particle size sufficient to
permit t h028hAzriher pdvatace b T o yEN 9T 18 1P RTRAIa hpetkss oot redRengdry

si mul t aneg 1 i tal y St n h BKY ; ] vant age of
this i nveﬁ#isﬂg]\r%S%Msetdp(c)édgrﬁgv%ewga%ggfééI\sTHT ééﬁqﬁgf(}ua ‘rﬁg%ﬁgh‘eas'%ggggﬁ aégg reduced

ni trogen spespise cémbusubhFOQL HGbherator tWheredf thegas phfiseaeateti inddrogen

i nconpl ete conmbustion FCCU regenerator wherein the gas phase reduced

ni trogen SREFEEIBEIPEcd 8RR TP HIBANPEPY RIcERIE DEREPRYYSIBR & ng t hei r
conver si ofyghgy NGXy lalnggﬁplad\latiua'gﬁ of Sis MVRhAST 13y aat Q%?oc%g fdiiyge 1 nvention to
provi de a process ?or the reduction of pas phase re uceds nitrogen species

i n an ef f tedeotorséir gaphpasséutell mamgn spEUS negenBualt eireano pass&Dfioni drer .

wher eby g}? Ls oxi di Zﬁﬁﬁg@ 0. C_OZI a |l ess amount f he reduced nif; rogen
speci es ?EC FEPEEYO S NO, . 01]6’(3@1’]3’3,&%&?& ‘“a%}%fﬁ?‘gﬁec 12 1975 MVBN% on i s to
provi de i RLEYRYdRGFoRHFESEEE oxidized to NO,.

10031] Another advantage of this invention 1s 10 provide improved FCC processes

characierized by a reduction of gas phase reduced nitrogen species in the effluent gas

stream passed from the FCC regenerator to a CO boiler. which process eliminates the

need and expense of additional processing equipment and sieps hereto proposed in the

post-treatment of the regenerator flue gas afier exiung the FCCU regenerator.

{0032) Another advaniage of this invention is 10 provide improved FCC processes

characterized by a reduction 1n the overall NO, emussions due 10 the reduction of gas

phase reduced nitrogen species in the effluent gas siream passed from the FCC

regenerator 10 a CO baoiler.

{0033] Yet. another advantage of the present invenuon is 1o provide improved FCC

processes characierized by a reduction in the overall NO, emissions due to the use of

addiuves for reduction of gas phase reduced mitrogen species 1 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 Jow thermal NO, generation), thereby

resulling in even lower overall NO, emussions than achievable with the use of the

~J



characterized by a reduction of gas phase reduced nitrogen species in the
effluent gas stream passed fromthe FCC regenerator to a CO boiler. which
process e he need and expense of additional processing equi pnent
and stepskngkgﬁbgéP%posed in the post-treatnent of the r%ﬁ@ﬁé?&gﬁ%“f4ue gas
after exiting the FCCU regenerator. 100321 Anot her advantage of this

i nvent i gagsiive diendr ovi de i nproved FCC processes characterized by a reduction
in the overall NO em ssions due to the reduction of gas .- phase reduced

ni t r oge03pkéneder ?ﬂ\taﬁéa@qu Wém\'egé@n st @mw@fals@md\'ﬁfd fa§-trhieceS®E  r egener at or
to a CO_bailer 00 not her vant a ent _invention is to
provi de© ]?nggjb eh% ‘boélégéléeso g EP’i]?god’ gf/oné gg{ﬁ PR Y he overal |
NO, em i fQr, phase
Fetuced B T Saatraa of 230?"?%‘%0@??@’325‘2‘@%;39 A Ry P ihe Foc
regener aipwithaC@ aBO dorer Iredyctanms gpivhiinatesen imvatparteal of oworlM2€ bGO boi | er (t hat
is one deS| ned for | ow thermal NOX generation). thereby resulting. in even
| oner oVEFA TeesiDralehi ssi ons than achi evable with the use of the 7 WO
2004/03 i I vantage of
this ing §l§ﬁ£%§§ﬁgﬁgégbﬁﬁé‘%#%?g%sd’é@@ﬁp§ﬂ§§§%§§%ﬁ; ﬁ?gﬂpengﬁd by

reducti gglowwn the overall NO, em ssions froman FCCU regenerator operatl ng
in partial or inconplete conbustion nodes by catal yzing the reaction of NG
wi th CO and ot her reductants typlcally present in a partial or inconplete
burn FCCL 1035 ygRd other aspects of the present

i nvent i ofrare des fetail bel ow BRIEF DESCRI PTI ON OF THE
DRAW NGﬁmB@prd Hs@ glbplhlﬁ ré}mg‘fe@mﬁbﬁ of ﬂ@r@mh@@ﬂ enainohiae s 0aBRAI son of
amoni a conversion reduction in an RTU where amoni a reacts wth CO at

vari ousrqdevteqr@n@m %’Wg’éwrﬁ AME O aiEe¢1d Vithdeld af e ¢ predselnee 2o imdldi ti ves A

B and C_ the talyst n r Lign,pronoter.
CP-3(r )]eaflﬁb ?—'ﬁ%plﬁ nce%m@(ﬁu (?asc/grlgﬁ?éég gﬁ(gnatggq{)ﬂgn%onpgrl son of

annnnlac@ﬁﬂmﬁﬁgk@ﬂﬁiﬁnoﬁ$amndknaap%¢u where ammoni a reacts with CO at vari ous

| evel s of ox¥9en in
[0037]) FIG. 21is a oraphlc representation of the companson of ammonia conversion (o

NO, in an RTU where ammomia reacts with CO at varjous Jevels of oxygen in a
reactor feed in the presence of the additives A, B and C, the FCC catalyst alone, and a
commercial combustion promoter, Cp-3°.

{0038] FI1G. 3 is a graphic representation of the comparison of ammonia conversion in
an RTU where amumonia reacts with NO_ at various Jevels of O;1n a reactor feed in
the presence of additives A. B and C, the FCC catalyst alone. and a commercial
combustion promoter, CP-3%.

[0039] F1G. 4 1s a graphic representation of the comparison of NO, conversion in an
RTU where ammonia reacts with NO at vanous 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%.

10040] F1G. 5 is a graphic representation of the comparison of NO, conversion 10
molecular nitrogen in an RTU where ammonia reacts with CO at vanious levels of O;
in a reactor feed 1n the presence of additves A, B and C, the FCC catalyst alone, and

a commercial combustion promoter, Cp-3°.



reactor feed in the presence of the additives A, B and C, the FCC cat al yst
alone. and a commercial conbustion promoter, CP-3c'. 10035] FIG 3 is a

gr aphi c r%b%gpgﬁggﬂon of the corrparl son of amoni a Converp%frmmm/osamRTU
where amonia reacts with NO at various levels of O in a reactor feed in
t he presence of additives A. B and C. the FCC catal yst alone. and a
commercial conbustion pronoter. CP-3~10039] FIG 4 is a graphic

r epr esent gl ¢ HIES CGIPPAONSOR TOfE IVERDIGRI Sion in an  RTU Were amoni a
reacts with NO at various Tevel's of 02 in a reactor feed in the presence of
addi t i ves[0041BFanpu@osdshd RSO atian V@tleﬁm ONEL” anldl ba uswhimeeivitarepressibust i on

o 'NO,  coRtirs PERTeE 1R evicar B (YELER R R RO MBI cact o w ¢
0 co 6 f 8 leacts wi
QO at var kgl 8)\’1%@0101“1111@?@ 28 w2 RACI NIiGEednd Mt sRhgesmce Of addi tives
A. B and C. the FCC catal yst al one. an a comerci al conbustion pronoter.

CP-3(r). 8§040] zmewmmgeed:@wsmowmemgaoefnsmj¢sEDs DESCBRT&?H ION OF THE

| NVENTI C]\l. 0041£ For I@L@ ‘goses i.s invention t{ " NOa" will be used
her ei n t otRA edBnE?S P YIEHF lei g Ahe TERERFTAIRT P ‘i‘@“ AAYNq Neskingd

ni trogen %%bﬁﬁoemc;slaﬁmenzuamnra%oce@m@h%soaeﬁ;&?és &%tamm&%en as wel I as
N7O4. N7Gs. and m xtures thereof. "[0042) The termreduced "gas phase reduced
ni trogen $prengesiblmsa]wexgemfrlmsmhanozercv diaogles dreys gasepbdsed spegers f or med
in the re eneratar .of a flui .catalytlc cracki unit durin de
catalyt| o BRI e et trE i gadrepeth S8 D arthen s ORI o g
nom nal charge of |ess than zero. Exanples of gas phase reduced nitrogen

speci es include, but are not limted to, ammonia (NH3). hydrogen cyanide
(HCN), and0043fhén lau‘:doedax{ce(MB] the rprmssowfdhmwemﬁi ¢rh Iludra)DM©é§§)>c¢ﬁnitth@

invention. the c ?}g%e of N10,l € gﬁi an F pr.ocess erating in a
parti al oP“?ﬂ%B’ﬁg OEWJ?%E%’BHI%B ia]so”B‘f‘? RESFEMP ISP ORI a | ower and
nor e accepfialiwly B\akhbYy ar]%wéa:bﬁtgmmeac@'g_@m& 18e} bjgﬁﬁju@fﬁ'@&ﬁe £1%€J\lﬂrﬁ%* ni trogen
species present in the flue gas of the FCCU regenerator ™ prior to passage of

t he gas t @gat pleese@dyoed enroaghepes) aPraeni s tbxlue g@sdofttbe @@Eléreloesegeuor armunt of
the r educe%omc;[]ga(ggaoe O%Qﬁ%aesslo ife €0 bol_iel \ﬂaele as OIISSO)(()J 52%'(1%(39,‘62 a ]esser an

amount of the reduced mtrogen species, e.2. NHz and HCN; is oxidized to NOy and

emitted into the atmosphere. The reduction of the gas phase reduced nitrogen species
is accomplished by contacting the circulaung cracking catalyst inventory with an
amount of an oxidative catalyst/additive sufficient 1o reduce the content of the
reduced nitrogen species in the regenerator off eas while the addiuve 1s circulated
throughout the FCCU simultaneously with the circulating catalvst inventory.
{0044] While the mechanism by which the process of the invention works to remove
or ninimize gas phase reduced nitrogen species is not preciselv 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 partiallv oxidized to
molecular N,. according 10 a reaction that for NHg is:

2NH5 + 3/20, = N, + 3H,0
Alternatively, the gas phase reduced nitrogen species can be oxidized 1o a nitrogen
oxide, most Jikely NO. The catalvst/additive then catalyzes the reduction of the

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

\O



emtted into the atnosphere. The reduction of the gas phase reduced nitrogen
species is acconplished by contacting the circul ating cracking catal yst
inventory W gho@Ms-Aount of an oxidative catal yst/additi veCcBusiiogheary to
reduce the content of the reduced nitrogen species in the regenerator off

O P U0 1 0 I SRE LSS bR Ul R e TR BleRLS! Y

I'nven e the frechani'sm by which

the procesgafed tercab S i @R AIKE DnliBe ERBEME ca@lysN¥ihd RigeRedRd. PRagR reduced
nitrogen species is not precisely understood, it is believed that the

process prgasgedse xedacedvo uigen spectes Ath ENS Siesharssm ipeoceods aghpring ogbel ts in
t he conversion of reduced nitrogen species to nolecular nitrogen. In one of
t he mechanfalesving rrecers SgKESe reduced nitrogen species is partially oxidized

to nolecular N2. according t r ion, NH3 is: 2N J-13 + 3/202
N2 + 3H20 Alternatively, the %g§36ﬁ22%2ngﬁgg%3%§§%ogen speci es can be

oxidized to a nitrogen oxide. ikel ¥ NQ-~The catal vst/additive then
catal yzes the reduction of the g}r%?shhq(ngxﬁﬁgﬁen oxide by reacting it with
one of the reductants present inp\iheo g WR;20 37392 13CT/ US2003/ 033479
regenerator. e.g. CO or unconverPéd ammoni a. Additionally, the resultant NO
can be reduced by reacting wt € (Cokeno e cracking catal yst being
regenerated. For the gas phaseapgguggd'%$?gég§% species NH , this mechani sm
proceeds according to the follguyjngiKkepct kR SE . 2NH3 + 5/202 -+ 2NO +
31320 2NO + CO -+ N2 + C02 2NO+ -ih2+200'ﬂfNC?§2 -- 2N2 + CO2  2NH3 +
3NO --) 5/2N2 + 3120 [0045] The invention process involves circulating an
inventory of cracking catalyst and the gas phase reduced nitrogen species
oxi dat i ve H84a] ¥be¢ imugdiion process :aval agsaliypulatng @naekangyy pf oteekise cakalysh
presently is

N N S R o T

present craakiting pRiceSE shiEiPplcterile i4Isiaths MvhmgbIPklEFCaRybdess. best t ype
convenience, the invention will be described with reference to the FCC process
although the present cracking process could be used in the older moving bed type
(TCC) cracking process with appropnate adjustments 1n particle size 10 suit the
requirements of the process. Apart from the addition of the oxidauve catalyst/additive
composition 10 the catalyst inventory and some possible changes in the product
recovery section, discussed below, the manner of operating the process will remain
unchanged. Thus, conventional FCC catalysts may be used. for example, zeolite
based catalysts with a faujasite cracking component as described in the seminal
review by Venuto and Habib. Fluid Caialviic Cracking with Zeolite Caialysis, Marcel
Dekker. New York 1979, ISBN 0-8247-6870-1 as well as in numerous other sources
such as Sadeghbeigi, Fluid Caialviic Cracking Handbook, Gulf Publ. Co. Houston,
1995, 1SBN 0-88415-290-1. Typically. the FCC catalysts consist of a binder, usuallv
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 ulira-siabilized
and/or treated with stabilizing cations such as any of the rare earths.
[0046] Somewhat briefly, the fluid catalwviic cracking process in which a heavy

hydrocarbon feedstock will be cracked 10 lighter products takes place by contact of

10



(TCC) cracking process with appropriate adjustnments in particle size to suit
the requirenments of the process. Apart fromthe addition of the oxidative

cat al yst/ adgptl¥gzjsanposition to the catal yst inventory apdracnm:pesss bl e
changes in the product recovery section. discussed bel ow. the manner of

operating the process. wll renni -unchanged. Thus, . convent.ional FCC
ot Al yst SUtedge b Gewic PR eih R RAE Procs bR S PRIEE Wt b
faujasite G SRR RRR NN 085 RS iveRBEY Edhsidigo e Rkidles hh @Yk @4ndi Venut o
ol Fobi BIIPE bR iben R Wt h Zeol L te Bt aly ot R cal M Dekker

New Yor k p@iRle diSBd BeB2hPu6B70-zbous] Wakh, prefarablpabhend@do ebowriO§ources such
as Sadeghbeigi. Fluid Catal ytic Cracking Handbook. Gulf Pub]. Co. Houston.
1995, | SBNhe-SERA1GNDegPsIN H§ FYGKINTGCest BE” FCC catal ysts consist of a binder.

usual ly silica. gl umlﬂg{ee;arjs shbivGaan Y n%cXtaf\)(iQecré’c%rfﬂ fong€o0l i tic active

conponent. one or” nore matrix afum nas ang/]or silica aluivnas’ and fillers
such as kaolin clay. Them¥llvaentidreclpyzde. ppesend alicatadne oacking e forns and
may have been ultra-stabilized and/or treated with stabilizing cations such
as any of the rare earctor‘i'gl.“o[“é)@)ié‘}’mg?}ﬁbvé‘?" ?ﬁ“’ jgetopice of hat. resfmaralest al yti c

cracking process in whigh. , .eca4 b ol Y] be cracked to
| i ghter products Iak\é\lfsu]%{ké@%pag@y%:{é%?gctu o?ﬁ %CW%%Z%%%E PCT1US2 00
310 3 3 4 79 the feedrbduas eytdpent cadlpdiyshiairecs calel atisaippablcki ng process

with a circulating fluidizable catalytic cracking catalyst inventory
consi sting of particl V¥R IFSa nean particle size of fromabout 50 to

about 150 m prefgg ab'txegﬁg}émg%gggg@@p@gﬁd rfa, n'fﬁf},gamiiq kit fite SLEPS 11

the cyclic process” are: Is catalytica cracked in a catalytic
cracki ng zone, nor naldwloes.iisera \apaciiaig nzb e craoipey @bdug aad acalidd ytic
cracking conditions by contacting.feed with a source of hot, regenerated
cracking catal yst to prOdRIBES SHPRFFPREKSPEYMAIE Sng cracked products and

spent catal yst c ai nkbpg é -Shéd - i (el he
effluent is di scﬁgﬁ)geghgné}c@gﬁgfbggleﬁf)é negfd@ng%lﬁ/uc?%lq%ﬁga{)@g%grlg(ﬁéc%% ones,

into a vapor phase ri chainrcobmae kethiprssdueied arid calusoisitd$orn gashandaied

comprising the spent ng(ﬁgjxg}jr:oducls including gasoline;

(iv)  the spent catalyst 1s stipped. usually with sieam, {0 remove
occluded hydrocarbons from the caalyst, afier which the stripped
catalvst is oxidatively regeneraied 10 produce hot, regenerated
catalvst which is then recvcled 1o the cracking zone for cracking

further quantives of feed.

[0047] Suitable feedstocks include petroleum disti}lates or residuals of crude oils
which, when catalviically cracked. provide either a gasoline or a gas oil product.
Synthetic feeds having boiling points of about 204 °C 10 about 816 °C, such as oil
{rom coal, 1ar sands or shale oil. can also be included.

{0048] Cracking condinions employed during the conversion of higher molecular
weight hydrocarbons to lower molecular weight hvdrocarbons include a temperature
of 480 1o about 600 °C. A catalyst 1o hvdrocarbon weight ratio of about 1 to 100,
preferably about 3 1o 20 1s coniemplated for the hydrocarbons conversion. The
average amount of coke deposited on the surface of the catalyst 1s between 0.5 weight

percent and 3.0 weight percent depending on of the quality of the feed, the catalysi

11



(ii1i1) the vapor phase is renoved as product and fractionated in the FCC

mai n columm and its associated side colums to formgas and |iquid cracking
products i g Q(%qgghng.ﬁgsol ine: (iv) the spent catalyst is stpgppsaosasseml |y
with steam to renove occluded hydrocar bons fromthe cat al yst, after which

th t dat ted t
regeﬁei :a!to d @’é‘? ‘Vét" Qéﬁis%]lc‘)?)#fjé}%firlﬁéﬂn T 589 eégg”ti&eeﬁln %\'ﬁbocf%ﬁgsf or
cracking 85‘” fh@%%lﬂ&@rg écrcbﬁr?)héﬁedflﬁ’@‘a;m&\%ﬁﬂlnsﬁbﬁ@@hﬁl ]crﬁﬁl‘flss& Q6tksH dhacl ude

petroleumdistillates or residuals crude oils which. when catalytically
cracked, peaswirde laiatdien aa cytsodl iv n@ebrTlaS §appoig fUpﬁ:lwusperfOlSyfrﬁlhéhfr c feeds
havi ng b0| ling points of about 204 C to about 816 C, such as oil from coal.
tar sands or shale oil. can also be included. 100481 Cracki ng conditions

enpl oyed QU ERG Qe 0BV B0t ol o0 BesmpBhREbRIbou eIt 1ihupeay bons to
| ower nol ecul ar wei ght hydrocarbons include a tenperature of 480 to about

600 C. A ¢atalyst to hydrocar bon wei ght ratio of about 1 to 100. preferably

about 3t i con ated.for th ons Ver si on aver age
ount ot 0B The iRl S R barler S B B TR RO g S B8 Siende 25T 2
wei ght p%f@ﬁaﬁfsamaﬁg& &mrewaﬁ@mteo@erzemab@gtgm)fﬁaﬁdﬁ@smuhteﬁ of the
feed. the catal yst 11 0114/ 1137392 PCT/US21103/0 3 34 7 9 used, and the

unit desi glriuar]ﬂ]aecpef a&lalgﬁ ham.I@ladempg@WgagéﬁBm()Qﬂ°Cf toeabloyd$WLAr.baRg ifr om t he

cat al yst | S ccor}_‘g] f“ a qui ¢ -strl{pppl ng zone ei t&er .|0tr| nsic within
the reactst 0 %8“1 ﬁﬂaéﬁltrgrmffa BSLRE MapiosIsk ¥ 210 ﬁofunction is
per f or med nmmsﬂaeeao%]e\se@me mfor@ére@%ﬁcsveam&hﬁfm mecratams@%x Ber?-lsta%ﬂp@rat ure of
about 430 C to about 600 C 00461 The catal yst regenera ron zone of the

0O

FCC pr ocessthencantesion 2000ethi gismse opaed b}thlc\%aDy«s]tmd@amsn@ &s foenper ature of

bout 600 _C to_abou f catalyst h
2 emper af SPBR: T b 600 e B Bt a0 e onen PRI R o e

art, the @aialdysddtiesanRyad QRIS oMY sEQlHs BF 1Hf dedsEhbdibrahtiluul tipl e
react or vessels. In order to renove coke fromthe catal yst, oxygen is added

to the regbaerdithoregeoeretiompins. i s performed by conventional neans. such as

for [0050] In the present invenuon it 1s preferable 1o provide an under-stoichiometric

quantity of oxygen 10 operale the regeneration zone in a partial or incomplete
combustion mode. For the purposes of this invention, the regeneralion zone is
operated in a partial or incomplete combustion mode. when any one the following
conditions is satisfied: (1) there is not sufficient air or oxygen added 10 the

regenerator to convert all the carbon in the coke on the spent cracking catalyst 1o CO,:

(2) the effluent from the regenerator does not contain enough oxygen 1o convert all
CO in the regeneraior effluent 1o CO,; and/or (3) sufficient amount of CO is present
in the regenerator effluent 10 require the use of a CO boiler to treat the regenerator
effluent and convert the CO contained in the effluent 1o CO, before having said
FCCU regenerator effluent discharged to the atmosphere.

[0051] Downstream of the regeneration zone. the solid catalvst and oxidative
catalyst/additive particles and spent regeneration gas, comprising a small quantity of
oxyeen, as well as carbon monoxide plus carbon dioxide. water, and nitrogen oxides,
and gas phase reduced nitrogen species are passed 10 a separation means. Preferably,
the separation means comprises a series of cvclone separators wherein the particles

will drop out of the bottom of the cyvclone separaiors while the regeneration gas will
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exanple. using a suitable sparging device in the bottom of the regeneration
zone or, if desired. additional oxygen is added to other sections of the

dense bed OMOUH/Wit¥ite phase of the regeneration zone. [ 86501528 He
present invention it is preferable to provide an under-stoichionetric

quantity obe @xt@efRdtin IRPSVerk@dtdiehd egﬁﬂﬁrsa]bzir@l@r zafier ihe raggerdionlofogas
i nconpl ete conbusti on node. For the qlposes of this invention, the
regener at i b bZ@)‘h@ff@enﬂbé@%@éd iﬁr‘i)”a‘hﬁé?]ﬁ B USes imbsppErao BiepRfs theon nmode.

when any ope .the follo ﬁggmaé 4R8 ok ok Feeak ;aﬁofvaa%% 10k d,webemlcl% not

sufficientsai'r>or oxygen a0 ggenerator to convert a ¥ he carbon
in the COk?h@@O’iH&ﬁeﬁpﬁcﬁﬁmMs&@klzlge csatfpibgamolie@at@ﬁ);th daR)idréued i brdento from

t he regenerator does not contain _enough oxygen to convert all COin the

r egener at ol SBRICPHHIE ﬁ@“@@’oﬂ ah&fde C@%’P” Sibfdc | WHer ARBIGAT BF dOISI§amr esent

in the regg ﬂ%é?ﬁﬂm?t g E'&rés?alﬁep%'%é:‘?aé%}]@%ﬁﬁgyﬂgch%i g %lﬁ8l»e§§ﬁt3}9mtcfe at the

regener at or convert ent

bef ore havispghsd ehirdmiddUnnegarenatoon ef khuentcadbbahasgeldo be usédtoat m)spher e.
[0051] Downstream of the regeneration zone. the solid catalyst and oxidative
cat al yst / atrdieq Rash E&lﬁ]tCPk?Feésaﬂérﬁps‘ﬁ@ﬁ%m@sefg@ﬂé'ﬂea’ﬁ]bn gas. conprising a small

quantity o e as we ar bon | us .car.bon di oxi de, water,
and nitrog&}ﬁ)ggﬁ?g‘ég’”daléwaéﬂ%; “fsﬂqgg}e‘eF B‘(f R’P%ﬁ’ér‘? @Ee’@iv"égloéar’ga)b sed to a
separati onaﬁm@nalzaﬁ@%ﬁéﬁ@I}%vmotlh@aéﬁmn@bkmer@%ﬁa&qg@ﬁde@eﬁu eperies of
cyclone sepdrators wherein the particles wl ‘drop out of the bottom of the

cycl one segzcas presevhi e affeas egarediiemi tie rgwewtbﬂ zong 21 WDFCCA opere®d 392
PCT/ US2003/ 033479 .be discharged.in the ov§ ad of the gcl o]nﬁ separat or.
After the FERFEHEPRITCOMPHE CHREISIRRSHELA "4RlEr %u“é‘r‘i%"g?%% F4eQlCf rom t he

sol i d part pGkigfe tohdifiénsSRRRE 8dbIQB/ IRIARS is b&iBe 8RS hiBd PGS BKbut ThPerkRikol | er
where added oxygen is provided fo oxidize COto C02- The CO boiler or

conbust i onuzbaleng withyhe szlem;@rx)péwa@ledo ml@lhsmﬁmphqaao'ythﬁLsreialyswadﬁldms to
i nsure conpl ete conversio st ream or

Lounst r conborBtie RN s Pufiovs i bR RPN AR AEhe PRy e Ut 1 i zed

to remove gsit ndltdxedecs spii. amyarQaleid s:ahe8He | flotbRde@eBekadiiops of f gas. A
scrubber may al so be used to réduce both particul ates and SO, emi ssions

from t he umictal cappEEPL Thidabkiraeiel MemoRrsIngBIdE deidliatd Reidimisesk (0 alk@li t he process
of the i nv%’&/b an]\m% egﬁh melals, ransiuon metals, rare earth metals, Plainum group

metals, Group Ib metals, Group IIb metals. Group V1A metals, germanium, tin,
bismuth, anumony and mixtures thereof. Platinum group metals are particularly
preferred. Also preferred are transition metals and rare earth metals having oxygen
storage capacity. The metal promoters are used in amounts sufficient 10 promote,
under catalytic cracking conditions, ammonia oxidation and NO, reduction via the
reaction of NOx with gas phase reductants, such as CO, hyvdrocarbons and the like,
typically found in the regenerator of an FCCU operated at parual or incomplete burn.
[0053)One class of materials suitable for use as oxidative catalvst/additives in the
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 entuirety by reference. Oxidative
catalyst/addiive compositions in this class will typically comprise a particulate
mixture of (a) an acidic meta) oxide contaiming substantially no zeolite (preferably

containing silica and alumina, most preferably containing at Jeast 50 wt % alumina);



any fluidizable material having the activity to oxidi ze gas phase reduced
nitrogen species present in the off gas emtted fromthe regenerator zone
of an FCCU vperatimesiisrn partial or inconplete conbustion nudg tsponmdesul ar
ni trogen under catalytic cracki ng conditions as the catalyst/additive is

bei ng ¢! gyl ALBGTIaNADRYL o D6, o BRSO, AL Bl 80 2L gy nvent ory of

cracki ng Y, the” a ditives conprise a porous,
anor phOUSa]Qzﬁhr&l’e)éSth&héthh(%t leagfr o4 6, preserpb]@r:ﬂwona(n AnbabouteOgvt @handaci di ¢ net al
oxide, a spine]. a h drotal cite or the like, pronoted with at |east one
metal conmponist hemafi gpreleastthl Wbr’@‘?fcﬂIé%ese%rﬂwrd&’é’mlﬂﬂtm%‘?]eo’ﬁ@?“I imted, to

al kal i aﬁg{a%n?e;h%&;& g?%@gnffg}@érgbwt&ﬁgaﬁ% C;j‘amféaéi Spbgoug%@?@ metal s.

Pl ati num groap net af' s net a A netal s,
ger mani uninetal Bompdienmytrbierany ProdyRand @d.Ru Resanidhaixeots thefeaf). Allm gr oup
metals are particularly preferred. Also preferred are transition netals and
rare eartPRTRBN2HES CRBRESHY Wkﬂﬁg‘éﬁ%ed an hedgle! weishept (e oxpUNRt al pronoters are

used in aggqﬂo%ﬁdgm\;‘ecf%@%mtogupr_om)t e, under catalytic cracking conditions.

anmoni a oxl Ion an ction via the reaction of NOx with gas phase
r educt ant @ps8ualkeasndQasshyfdroedalbosesulandxidaave chelysvidamieslib yhef ound in the
regenerator of an FCCL operated_at_partial or inconplete bum 10053] One
class of PRREESICAHYE By ladlué? IQrs ¥ Uas CHGRaSIiEN PHIAPGERERISIP5e0880i n t he

& oo DOMRETEND s BOEB oy P ARG Y PP b E PR A SN Rabesi (h,  sai d

applicati o oK et i I ety rence.
Oxi dati ve Igp%]g?g gspﬁgﬁﬁcpw%oﬁ%oseﬁgfgﬁs ]ltﬁ)fﬂllt\sﬁgllg\s\s wi‘ﬁdet ypically

conpri se @midstibs ptdhier mﬁswﬁ@m@fw]ﬁ@us@maﬁ laglidec HBbakuspede2)aantianni ng
substantially no zeolite (preferably containing silica and alum na, nost

pr ef er abl pee nm@blnaﬂhghmeair@aré@am T 1 U6 el 1€|Tr¢pfia(§5) a mnsmaqmmzadmmﬁisw 392
PCT/ US20 3/ 033479 ferably about

| to abo %\'0/5’(5@5 ea?alga?]?r?!e aggklﬁﬁdrjreci o a]i sfmdle R%Er%% preferably

about 0. Spreferalloubni@fhs\whliWal@htha. Texi Lsrtagptaﬂaﬁ@p&vo(eﬁ)smaéoelcﬁa@é 0.1 wt % of
arare earth or transition netal oxygen storage netal oxide conponent

(pref er abPipfeselly de oxiauipayaiakysyaddutvepcamppin Gf 2n afein BetahXide sermpponent
(prefer abé ﬂuno agieagh 0w % ase‘gugRRgﬂaqd] : ﬁ%’éﬁg\ﬁit g.][rg?aﬁ)lred%‘ls

per cent ages exp Fesse el ng € oXxidative
alkali mela] oxide, of at ]easl one alkah metal, alkaline earth metal or mixtures

thereof; (3) at least 1 part by weight of CeO,: and (4) about 0.01-5.0 parts by weight
of Pd, aJ] of said parts by weight of components (2)-(4) being per 100 parts by weight
of said acidic me1al oxide support material.

[0055] A third class of materials usefu} as oxidauve catalyst/additives in the process
of the invention include NO, reduction compositions as disclosed and described in
U.S. Patent Nos. 6.280.607 B1. 6,143,167 and 6.129.834, the entire disclosure of
these patents being herein incorporated by reference. In general, the NO, reduction
compositions compnise (1) an acidic oxide support; (2) an alkal metal and/or alkaline
earth meta) or nuxtures thereof; (3) a transition metal oxide having oxygen storage
capability: and (4) a transition metal selecied from the Groups Ib and IJb of the
Periodic Table. Preferably. the acidic oxide support contains at Jeast 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/addiuves comprise (1)

an acidic oxi1de support containing at least 50 wit % alununa; (2) 1-10 wt %, measured
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catal yst/additive conposition. 10054) A second class of materials useful as
oxi dative catalyst/additives in the process of the invention include |ow
NOx. CO combogtisanipronot er as di scl osed and descri bed i npBriys2iaiegiito
Nos. 6. 165. 933 and 6-355.881. the entire disclosure of these patents being

herein incorporated, by reference. Typi 1y, the |ow NOx CO . conbustion

pr onot er B%Wﬁ@%fi‘i‘]ioéh‘%f Sf)ﬁ’ﬁ)? ]‘Eg 3l g’ﬁa%gﬂ"@l‘?ﬂ&iﬁﬂg SUBPOPES “(e’é‘ior}gQ. al kal i
metal  andjof,&hKal 4R Rasid (4yel @l-5 Opafis 6l Wt &F A PBkRRh méd), nfeabdgdgd tion
nmet al oxi de having oxygen storage capability: and (4) palladium The acidic

oxi de suppwrdl oxpleefedecadsl fromdmcaprb of itei Reai odicukrbiea 21l Geai gt pescamtageppef er r ed
oxygen storage. oxide. Preferably, the oxidative catal vsUadditives conprise
(1) an acidic netal oxide support containing at |east 50 wt % al um na: (2)

about 1- 1Qo&§8§en%vﬁzwei(@mejnaﬁﬁurﬁdh@%xala{z@himrﬂ?é@didi%x%su%oﬂt | east one
al kali netal, alkaline earth netal or m xtures thereof; (3) at least 1 part

by wei ght nofter@(2; and (4) about 0.01-5.0 parts by weight of Pd. all of

said part Y. i ght of conponents ).-(4) .heing r . par.ts by weight of
sai d aci di?%(gr@p%‘)%}%cgés gﬁ’ﬁﬁlcﬁ‘ﬂag_r}ﬁf’gﬁia%%’? ?”[’gﬁ%‘ﬁ Ca%?l'ﬁ{%?jg” Vleé’éij_eof material s
usef ul as ;Qxhdah b]‘()_%eé%%é!bbiéEélﬂ_@%éél%ﬁtaﬁzﬂné Hﬁg@ésﬂﬁﬁfa%m}%n{ ﬂﬁnél nvention

i nclude NO, reduction conpositions as discloséd and described in U.S.

Pat ent NogddiBve8ompeTidE. asaliskaBed 67d dexgribed ol $3Ratenhé. 780082 ssat] pat¢ndsur e of

t hese patents . being herein.incor or at d referenc In eneral.. the NO
Feduct | on PPCREEET eBS e BT TSGTrEy. gt s SREERT IR BR al kel i
netal andicfiss 8dikphden® lea8BdiemBmL-8bn @hird¥ optrel 85idhhBEIRRES 4 fifdht nietdllaf@ai ti on
met al oxi de having oxygen storage capability: and (4) a transition netal

sel ect ed fecmdiniralGravngs: Ydlermad ghep the thhwalemuerdf seidd i Tapewl, aPlaabicangbl y, t he
aci di c oxide support .copntajns.at .least 50 w. % alumn n referably

cont ai ne. SPTPRRRRLAIRET T Eaf P wefREe et LMo baR B B Ge. 1 n A
preferred gppesinrent (@fri Meal BireNthiafRaidtihe, @xbi@bhd diGahalassivhaddi tives
conprise (1) an acidic_ oxide support containing at |east 50 wt % al um na;
(2) 1-10 wend%m‘msalmwlww@nzgq 200 3PBINRET A Sep H3resdy Group 8y t he net al

i de. of | kal i tal . | [ t al m h f; (3
ot st Ppoof B VIR Aoy he g HekRn R, B R BonfO T e Rinn rotai

measur ed agixived BereoXiade saiggbett a@id [ O ededyiorh heddrobpeomgdiingdiferohabl e, al |

wei ght percent ages of i _ o
nickel, itanium, chromium, manganese, cobalt, germanium, tin, bismuth,
molybdenum, antimony. vanadium and nuxtures thereof. Preferably, the metal
containing spinel comprnises magnesium as said {irsi metal and aluninum as said
second metal, and the atomic ratio of magnesiom 10 aJuminum in said spinel is at least
about 0.17. The third me1al in the spine] preferablv comprise a metal of the Platinum
Group metals. The third metal component 1s preferably present in an amount in the
range of about 0.001% to about 20% by weight. calculated as elemental third metal,
and said fourth metal component is present in an amount in the range of about 0.001%
10 about 10% by weight. calculated as elemental fourth metal.
[0057]) Oxidative catalyst/additive compositons used in the process of the invention
will typically be 1n the form of particles and will have a particle size sufficient to
permit the compositions 10 be circulated throughout the catalyiic 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 Dim, most preferably about 55 10 150. and even more preferred about



conponents (2) - (4) being based on the total weight of the acidic oxide

support material. [0056] Another class of materials useful as an oxidative
cat al yst/ adalpt2zoneo37sn2t he i nvention process include nobl e ReETaIS20GMIBRITAI Ng
magnesi um al um num spi ne] addi tive conpositions as disclosed and described

in US Pa t 790 d t b h ted t

o R R S e ST SPLREEE S L

I t first t al d d
e e W B o o Bk

one  ConNpopgRk (Ei)&sbméksrﬁtaﬁhawy D@brié@@ﬁ‘n&@bf&f&hﬁ}@tlﬁﬂfdle%@COHd metal s and
at | east one corponent of ‘a fourth netal other than said first, second and

third net al®58ibe emdau‘&ractadalywaddmwetnady beSJsséIaeeftpechle cmahytsthasdcgnmlp
consi sting of G oup Gro i b tals. |s. the rare

rTEta S ¢ mg H Q
earth net aP§1‘CFﬁé]°PEé‘t’ihrf ﬁctﬁclﬁﬂ’ Y 87 BAY em%?mﬁf@g tart %Frac "8 said
fourth net 13]'\/§L a%%'c%ﬁr%w%qeﬁlr&@é @a@a]g&mmagw%éﬂr@& &Iﬂeo&f—neh{ Othe i &K8h,

titani um om um nganese. cobal rmanium tin. bismuth, nol ybdenum
anti nony. R}anaddamwe aad yri/addines atchereda sepﬁmé @riisleg aldrigewite t lad cradmrg ai ni ng
Spi nej COITPI’I ses. magnem umas said first. rretg] and haI umdnu as said second
metal . and“HRESIPYHRHYY I RPFEVLPPAREHED BNV ST MaeAshiATS 15 duss MEPETE] is at

| east  aboyfe s ld njirbiaen WM]E%a‘iﬁ‘ﬁTaﬁ nd m&,b\@b é@&mﬂa Dilesds & i a/raep_mgrl se a netal
of the Platinum Goup netals. hird metal cohponent is preferably

present incaalystsount in the range of about 0.001%to about 200/ c by weight.

| cul at ed t third t idf t h t
oresent. i nlGRORSUHLSThot PEEFPEBEBH SBEL T B0 LMY BBEIES TSHE) el gt
cal cul at ed Warﬁbﬁﬁ%ﬂffﬁhenﬁ %erhbcéﬁ%%%bme[]p&ﬁ%]s pfdedabiceg n?l%@:lncsz)teé jpddi tive

conpositions used in the process of the i Hvention  wil t ypi [y be in the
f orm of papies¢r@sn MG@WITGM@@I@]@@Wmtéesmpenmﬁsraldcmengert speqtermt t he

conp03|t|ons to be;wm r cul atF thlrgpghﬁq t. the cata%/ i C crlac in

STt aneoBeet Tt i S hEfhe R APy by Sy R P R A o a1 ves
Wi Il have gnali@amedbblogh Snshadme®in goEahREd ohaferdPurdfesdened, arabl y. The mean
particle size'is from about 50 to 200 Gn nost preferably about 55 to 150.

and even nepestppepEeneiR ApEiRosdB YW Do ike.1T3meeldy Pereusstadditicesas- 17 9 60
to 120 G muse-mlen a%%%n%luXIS(gi/ aqqgalsit 0. 6?%\/1 rwvﬁre{f‘eraw& %e calra?\'stlgcfidlgves! Sg%tse an/ 9

an amount ranging from about 0.01 10 about 50 w1 %, most preferably {rom about 0.1
10 about 20 wt % of the cracking catalyst inventory. Where the oxidative
catalyst/additives have activity 10 promote CO oxidation. the amount of the
catalyst/additives used is preferably an amount necessary 1o prevent afierburning in
the catalyuc cracking unit. Separate particles of the oxidative catalyst/additive may
be added in the conventional manner. e.2. with make-up catalyst to the regenerator or
by any other convenient method.

[0060] When the oxidauve catalyst/additive composition is incorporated into or onto
the cracking catalyst as a separate component thereof, the catalyst/additive will
rypically be used in an amount of at least 0.0] weight percent of the cracking catalyst.
Preferably, catalyst/additive will be used in an amount ranging from about 0.01 10 50
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 catalviic material in addition 10 the cracking catalyst and the ammonia
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preferably at |east 10 nR/g, nost preferably at ]Jeast 30 n2/g. and a Davi son
Attrition Index (D) of 50 or less, preferably 20 or |ess, nost preferably,
15 or | esswdOfRAk;bhe oxi dative catal yst/additive may be pCBUSHW3IBBPH at e
catal yst/additive particles along with the crackling catalyst or may be

incorporated into the acki - Cat st _as. a.c opent . of t catalyst. In
a pref errer&nlé)ﬁﬁt)%qdﬂfévﬁt %ﬁg}p%%g?fﬁégﬁ !}%Hnaﬁefjﬁgs ]Ba?qg%ﬁefglaélgtegpgscf’}gj@dddi tives
are used as;HeRgHAA cR2EHIEIZME, O c¥hbikiohPréhaekd tided 6ahalysdrednvent ory
to permt optinmal conversion of the gas phase reduced nitrogen species to

ni trogen whotlemesdl sech asiple)i nadeapicktsae dpyudiduieauapi addgsvesSuetnes BESORI ng

cat al ysts. 0°059l§ V%en. used .aea) a, seé)ar alt_e adg'?oti ve, tﬁ'u,e oxd'éjdati ve

cat al yst / adtfF vy AP TR): "FRYHHOUHY BUPPICPERME § NES 5B 32 ont ent
of gas phagg.s 8RBl NIkAMPENSSRARDES:, 0ptREBASched2&ihBGEG agangr at or
relative to the anount of said nitrogen species present wthout the use of

t he cat al ygedlaadr €€ venlysas MeraslupddebyNovnventlio8n IS Bihe-824A«1398i%

met hodol og i ncl udi ng but not, | i rqn'(%edI to. cvhe il ym nescence. W

Spect r oscoples T ROUBHETILRES S HOHF HE el M ST he

cat al yst/ agpigh] 186 eAER of Hizqfeden BrocBRY Minfhiz@the @AM B Ods YHasdbedbef erabl y.
the catal yst/additives are used in an anount ranging fromabout 0.01 to

about 50 weiuggen ppesies py BE ee@lshgn OF gin asoalt capied! of HCalsoussi @ fwwm o &ICG he
cracki ng catal yst i_pvent or%.ld. Wer e thf%e 1;dat idve v catal yst/additives have
activity toFOMBEEUED H PHEE! S PO RR IR S 1Y SR KPPSEPAd P ves used
is preferally alsRuUMy NeLBsSeA b ViiRe Pleedfend patde hiteith tdine tRes stal ytic
cracking unit. Separate particles of the oxidative catalyst/additive nay be

added in t heout SA%aatalivh il thadasferase @s1§2 agiop renverel-aipckeng edtglyst, aleonpient
regenerator_oqr .by any .other ¢ ni ent nethod, [.00 Wen,t he gxidative
catal yst/ aSINET o80Y 2 ngfenegqu%] OF e d aﬁ_\g?gesc,{ugetgggoovﬁt ?bi %egua

‘conposi‘tron Tsincorporated in e cF@cking

cat al yst asf F) &EH®E atreadiBdReablet\igh gefprodebeacai@hy s thadth éntive, a8l | |
typically be used in an amount of at |east 0.01 weight percent of the
cracki ng c&taan/ay the Fppaiplasdsiay. Barsrdsey wdbibe prdersiped bpepsgskillsdam anount

20919, {1 DA o Rk n0EL AL GELOERD R o e S Bogcil ot oo
catal yst. [&85dditid} hrrancainabyihecabiiyeaciliza® igofRamendShémsnher ipvasent in the
o T B e ersen. imaladint bt o io oxveen 1evel and distributson of ot 2
catal yst ah§ KHeUanersmied: ng vegen level and distribution of an

in the regenerator, catalyst bed depth in the regenerator. stripper operation and

regenerator iemperature; the properties of the hvdrocarbon feedstock cracked; and the

presence of other catalytic additives that may affect the chemistry and operation of the

regenerator. Thus. since each FCCU is different in some or al of these respects, the

effectiveness of the process of the invention may be expected 10 vary from unit to

unit.

[0063] 1t 1s further expected that overall NO, emissions will be advantageously even

Jower when the process of the invention 1s used 1n combination with a CO boiler

designed 1o make the lowest amount of thermal NO, practical. Typical FCC CO

boilers are older technology and are not opinuzed for minimum thermal NO,

emissions. Up grades 10 state-of the art Jow NO, designs are not expected 1o be

effective due to the NO, precursors in the off gas from the panial burn regenerator.

Low NO, 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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16 N O 2004/037391 PCTI US20( 13/ 033479 renoval additive. Exanples of such
other materials include the octane enhancing catalysts based on zeolite
ZSM5. CO C\Qm%}mo%zpronoters based on a supported nobl epggiighoBwely-as
pl ati num ack as sul furization additives such as DESOX(r) (nagnesium

al um num spi ne] ), vanadiumtraps and bottom cracki ng additives ch as
those descippblgherhypq §ﬁﬁhpre%§§ hba“’gfomébo‘bf’f éndf BHHEY & b y‘ﬁ?ﬂ%

Enhanci ng &ég‘%%weeg“ﬁg%ﬁ%ﬂ W Si §xce|¥?6>§§§,n DekGlsi h%%%clfcm;ﬁﬁp | SBN

0-8247- 8399- er conponents be used®in el r conveénti onal
amounts. [ @RBRIst Ihecefdert thobutiee npkespntr, pegakis] ingcnbnj inienee thigl cont ent  of
gas phase reduced nltroqen species is the reduction of the overall content
of NOT emi $®irtiesOifaionddHelFtemechretad amssensh YamgUs RORDIRAH O7sp! %wqr@b‘ | ete

ourn mode. & %egln%' %&glgptTﬁ@&L&%ﬂl%e‘nnon BRI R TheaRAS, BREIENRCRLAEPd DY

t he use of 8sén one cases up about atlve to

t he base Caé‘cﬁhnu&iongo Be mm\zemfmﬁrmi F@Cmmgelcsatrmcyﬁéd b@(tmﬁmﬁl&h@‘lﬂ]e
conversion. using the preferred formof the catal yst. descri bed above. NOL
reduction TefucEd Ni2OD FPECIGSAVRHARIE rtg/b%ewﬂwﬁmeemm NQshd'hsrerdisis 24€R0r di ng

to the inv [ , I
inder ot 0od By 8l BT PR S eleP T AR EBn A e BIUEhal B dhergd®
reduction thlmckapeadysrmsukhSCRctShrCsR asrubBerg. andtdeer apprqaokes krowvnaind amount

of the additive utilized; the design and the manner in which the FCCU is
operat ed. iBfc®ldi ng but not linmted to oxygen |evel and distribution of air

in the regiﬁ@dﬁtﬂ{e s eﬁé&*%éﬁm@ﬁﬁo#%ﬂwlﬂ nrhxl\b% fn?&%@&’ﬁc%?[mﬂ [?')399

operation regener at or tenperature: ropeni es rocar bon
f eedst ock exankkd setdmdh 1blake>w pTl&smm;ale:sfmdtxﬂmﬂweq;aet;alrgxidna)faﬁmmwves t hat may

affect the chem strﬁU an erati n of the en tor hus si nce each
FCCU i s di PAeiiyas Lseh) PC%SISIO HTC ]Ph%%’@”raé %chi"él uafigg 0 &qléﬁ?ﬂqf’@ness of

the pr OCesﬁaréPersst Q@e&ﬁ‘t‘é@%' b FRYIRS %Q%trﬁgo%‘?; #MS il P8 ? it c}a‘EkmU“' t.

[0063] It i's further expected tHhat overal ssions W |
advant ageousViyoreuan. Iower when the pr ocess of the invention |s used in
conbi nati on iler designed to nake the | onest arr%# of thernal

ith a

NO, pract i é%wéﬂppfue FrIPBRIE ey Fieat TVERITAdPE AERIRSES HiFT dts’ﬁr e not
opti i zed frofio inispReshd BesBks NOLiv TR AR pIc R AgP S et e- of the an
|l ow NO, designs are not expectedlo

1llustrations of the invention. It should be undersiood, however, that the invention is

not limited 10 the specific details set forth in the examples.

[0066] All parts and percentages in the examples as well as the remainder of the

specification refermng 10 solid matenal composition or concentration are by weight

unless otherwise specified. However, all parts and percentages in the examples as

well as the remainder of the specification referring 10 gas composition are molar or by

volume unless otherwise specified.

[0067] Further. any range of numbers recited 1n the specificauon or claims, such as

that representing a particular set of properties. units of measure, conditions, physical

states or percentages, 1s intended 1o hiterally incorporate expressly herein by reference

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

within any range so recited.



effective due to the NO precursors in the off gas fromthe partial burn
regenerator. Low NO, burner design approaches and features are descri bed
e.g. in appygphh@tesvrsections in "The John Zi nk Conbusti onpeinmdboockimdd t or .
Charles E. Baul kal, Jr.. 17 WD 21)(14/03-1392 PCT/ US2003/ 033179 publi shed
by the CRC Press. 2001. The formatigR QfpMNek is mnimzed by avoiding both
hi gh tenperature and hi gh excess oxygen zones using flanme back rnixing,
exhaust gas recycle to the burner nake-up air, staged fuel injection,
intense swirl mxing. of air and fuel, | ong?,er cool er flames. and vari ous
combi nat i oH¥68] Taayfiarensyiof dhe proressof HeesPyFrlop f ot eFivesIngTgee PhaEsent

i nvention enabl es the benefi_ : r i | eal i zed
from an FOCBoBIPer Saersdr Fras gy b G ek hESAZ 0 4 B shen

speci es avaidoaii@e bembaoxicthareulahaileksn fvas NMatddie theBibinples vgingaw | ow
NO, partial burn FCC systemthat can elimnate the need for capital and

oper ati ng Regeteraar eessilinel &iddieans) 1npded recmonssNirR REE iupbapraratahd ot her

Tt N I

exanpl es i gedcrded trheet Pl 8PEI Thiugie apfl AR GaferveStuddalg tHeu@emises of tHen t he
process of the invention and the evaluation of the invention rocess to

reduce NO, F&itd) BagensraeicUndardicalisun ¢ prsjeenss pldesi gyng drepspert allgniuelchoaeki ng
envi 1 0””'3”&%1 a%@Pﬁ?Jﬁ T%]Jnll{rlt.(?eﬁe\l/nlolldjssatn%%]. KenPERS 2{‘5 51 ,'ﬁ”a%mr'a?'?:r%]a& the
advant ages fereo , The " For ow ng specific exanpl’es are diven. e’ exanpl es

are given agosneBN: i1560821808t4 @hichss@iptibhés hensianhdd@poraled 8hefdrehdae
under st ood, however. that the invention is not limted to the specific
details sel0468] (Theimpdeheeagherhisi e RTUte GFemum imihe £TTaHenGye dbainy§B4oT n t he
exanpl s ag, gl foPSohifid LIRIMIE reflcddtyo SRIELGLEAIHON dofl &bk g Lo sol T d
mat eri al conpoSition or concentration are by i'ght” "unl'ess otherw se

speci fi ed. splayeveNO.akvhs haréguandf NeY.aesi agesking chfabysexasploesc@sainivgl | as
the remai nder of the specification referring to gas conposition are nolar or
by vol une thedddasveoehiet ini the pegsendefaf éd) af@oBIus Bomowherof Gylnrthisge of nunbers
recited in the specification aor clains, such as that representing a

parti cul ar eXRATIBEN hildgyepteseys thergas Phate rreicst PETOEB BTV 0 ARI Chhend @al

represent the other reductants and oxidizers typically found in a FCC unit regenerator
operating in partial bum. Asthe O, level in the reactor changes, the various
reducing/oxidizing conditions that can be encountered from regenerator 10 regenerator
or inside the same regenerator can be simulated. The key measurement in this
experiment in addition to NH3 conversion. 1s how much of the NHj 1s converted 10
NO,if any. Itis desirable that the latter conversion is as low as possible for a wide
range of O, amounts in the reactor.

[0070] The efficiency of the process of the invenuon to convert NO, after it is formed
in a FCCU regenerator operating in partial burn was deternuned 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 NOy
conversion. It 1s 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 NOy after it is
formed. The ability of an additive to catalyze this reaction while simultaneously

converting the reduced nitrogen species 10 molecular nitrogen was determined by
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states or percentages. is intended to literally incorporate expressly herein

by reference or otherw se, any nunber falling within such_r i di ng
any subset WP MBS within any range so recited. 1S VPO%%B%?B‘W@%J?H

PCl | US20031033479 EXAMPLES 10068] The efficiency of the process of the

i nventi on froaswovenhal THkss phiags Tor euyerd iy bgdNQperndeayarieds@sed from an
FCCU regenerator operating in a partial or inconplete burn node to

nol ecul ar FRVEIOHBR a%ﬁ%“E\/”&Wﬁd’@%@xidhwc’%%Or@(‘éﬂﬁl%’égg@ilﬂé]'Sgerﬁéad‘érn‘%ﬂeé%t’é‘lg Test
Unit (RTU) :anpd.: I ; L) TRELNT ectfically

desi gned 1 & Byt FREEEUBRR niRR L B p2R0REING  TRERIIEN 1]

descri bed imnrgiehail in G Yaluris and AW Peters "Studying the Chem stry of
the FCCU Regenerator Under Realistic Conditions."” Designing Transportation
Fuels for a Ceaner Environnent. J.G Reynolds and MR Khan. eds.; p. 151.
Taylor & Francis, 1999. | SBN 1-56%%%@%1921541 whi ch description is herein

i ncorporated by reference. 10069] e el reaction in the RTU for

determ ning the efficiency of the invention process for converting gas
phase reduced ni uogen species w thout converting the species to NQ was the
reaction of0QFR A ByepsricEpddRI2H WEalE SRR MAGEAL VP CHAT oI ing apRlYSIaddi ti ve
tested in t, f ~ i, - NBUNS Nof 5026 sh i eri ment
NI33'repr edent S Pha aae sl R T AR L P Pt S P 348
represent tAleOthéBETednitGtames oAnd0 axidwzemspirgpiacalbhye hawndl fon the FCC uni t
regenerator operating in partial burn, As the 02 level in the reactor
changes, t WEeRAEHIOB X 3 K PRISHIATR AP H g Ve BHIY 14 SRS Wat Pféaﬂeﬂgmé’héfbunt ered
fromregen : nat.or o LS can be

S il ot od. R B e 2 R A R o0 e

conver si on.alursinh@awderc hbafnedienNhi R dcke tratwyieres éut. 1 0 % MD,04, 308yoishire). S
desirable that the |latter co_nv’ergi on i_s a]g Iﬁo‘g as possi bl e ffr a W de range
of 02 anourk® FHINAE WK PEPY OO HEPL PHE BT p1 1BE EY T8 POPdE™ pF ofEss of t he

i nvent i on t.9, caRVRHY NG 1R 8h abbedut sb@LABMGrbNdBsdTElbh [RBERGOR)basOPer at i ng
in partial burn was determ ned i'n the RTU By neasuring the acti'vity of an
addi ti ve t addedluSextN®.4 Wstdf c€macackomaecryeds colaaned froneRbone F@Othc,

regenerat Orlhc.:rgg% lteebﬁl ofL%E&E,‘ %30 %%?uunra)e\%asn:;[ddieg lct) messhgx%ﬁt Tf)es s]EJrhr§ wl\rjl%)’
diluted with a sufficient amount of water 10 bring the solids concentration of the slury
10 12%. Finally, 3.38 Ibs of jon exchanged silica so] of Nalco 1140 (obtained from
Nalco Chemicals Co.) was added to the slurry. The nuxture was agitated to assure
200d nixing and then milled in a stirred media null 10 reduce agglomerates to
substantially less than 10 pm. The milled mixture was then spray dned to form
approximately 70 um mucrospheres and thereafier calcined at approximately 650°C to

remove volatiles.
EXAMPLE 2

[0073] An Addiuve A was prepared using the base matenal prepared in Example 1.
80¢g of the base matenal 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 sojution containing 22.79% platinum and diluting with

D1 water 10 100g total. The base matenal was then impregnated by gradually
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conversion. It is desirable to have high NO conversign to nitrogen for a
wi de range of O, anmobunts. 10071] Gas phase reduced nitrogen species are a
reduct ant ™Moo 20eddci%hg NO after it is formed. The abilit BESERPEHA i ve
to catalyze this reaction while sinultaneously convening the reduced

ni trogen spgeiigg vit J0@l cfabt dilueiRt rolyeon Wasughedresimnhe dpiay nbazk¥@iem.
21104103-1392 PCT/ US2003/033479 .neasuring in the RTU its activity for
conveni ng NPB W& FRPTREVALGHRRSE TRFT s @ref &y &t .vedt FlPET G qyerHeht. The

' educi ng! Olsgh hBd£90Hd {OATHMATEI Rk Hisldfla ek OENSEHLH RERRAY TN
partial bum i's desirable In this experinent to aveiklgh ) conver sion
to nitrogesteededARRIrECH cibdy 2116 R°@if or wedivars wdikkopaode e hataesamdpor t

material having the fol]low ng analysis: 2.3%_iota] volatiles, and
Appr ox | mat SO SIS, G SOOI T SV GRS, orih Aage 1A BOR0x 3 BET
surface ar RA, f]é"%@% 933\@? ﬂrﬁpﬁ{oelqadaasB@T @ﬁlsfgcer@éaeéf 35 1]}1@/5 359‘3 mean

of a ) ccfrrpos P A's

prepar ation Ion of the i1 nvention. un-v-was prepared

froman agueoksizlofri8nans| urry having 20% solids of a peptizable al um na
(Versal] 700 alum na powder. obtained fromLa Roche Industries Inc., 99%
A1203, 30% noi sture). The alumna slurry was prepared using 31.6 | bs of the
al um na powder. To the alum na sl UE§>&I\2P 3l bs of an aqueous sodium

hydr oxi de sol ution (50% NaOH) was added. xt. 10.4 | bs of cerium carbonate
crystals (obtained from Rhone Poul enc, 1Inc.. 96% CeQ, . 4% La203. 50%

noi st ure dded to the slurry.  The slurr. s .diluted with a sufficient
amount of JBiaf et ‘!l}‘@gt‘ﬁés %Pfivl‘a%aiﬁﬁ&lé?ﬁdﬂﬁt%w& 2P ‘SFG?‘WUO? §21296
Finally, 3_11%23'1!381&}%3?;;%%@@?&%%%% p%rlau-fzﬁ@amgr%d Mahae dadAQ dphb@l ned from

Nal co Chem ¢ S added to the slun-v. e mxture was agitated to
assure goend tiexiamgmatedal westhenlingo:cnaled by ieradueldly sdymenvith all of theduiee

aggl oner at % t?: s]ubst ntially |l ess than 1(%m The mlled m xture was then
Spray dr i eGP F SPRTORIBPS FLYBIYS 78 BRI E FEETRens B IEarY or
cal ci ned at,ARRESXI B A1YO LAY (90, LR REL.UO] B idees: 6 Ife. AalHE43] An

Addi tive A was prepared using the base material prepared in Exanple 1
BET surface area of 141 m*/2 and a mean particle size of 58 yum.

EXAMPLE 4

[0075] An Additive C was prepared in accordance with U.S. Patent 6,280,601 B1.
The additive had the following analyses: 5.8% total volatiles, and approximately SiO;
4.9%, Na,O 4.9%, CeO, 21.2%. Al-Os 68.7%. 970 ppm Pd, and BET surface area of

167 m*/g and a mean particle size of 90 um.
EXAMPLE 5

[0076] The efficiency of Addiuves A. B and C. prepared in Examples 2, 3, and 4
respectively. 1o remove gas phase reduced nitrogen species other than N, from an
FCCU regenerator operating in pariial burn was compared at various oxygen Jevels
with that of a cracking catalyst alone and a commercial plalinum-containing
combustion promoter, Cp-3°® (plaunum on alumina) sold bv Grace Davison,

Columbia, MD.
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$02 of the base material was placed in an inclined beaker on a nmechani cal
rotator. A platinuminpregnation solution was prepared by wei ghing out
0.1715g of waophaiisrasm tetrani ne di hydroxi de aqueous sol ut PERUEHNBAPHIhg
22.79% platinumand diluting with D water to 1008 total. The base materi al

was then i mmeg@ﬁ& EQpé?Mna{lﬁdlé?é édﬁd@&ed’@ R BA3 AddfoeEs F62200840884 79

spraying wth the dilute Pi solution through an air nist spray nozzle
system ThéCwébll o\mrve;ghamaadmbd@eaddmvesf vate herdedrat @cﬁ% revghwohdiCGt | 2DC over
ni ght. The i ed cake s i.n t.he r g gr ound
in a bl end&?‘d]é'ﬁ‘d“h@ﬁlrhég\rggﬁ’ B%afCBP%’e‘igcf’c% aﬁéﬁét 86 gﬂflglrz g&ﬂg\lﬁegullpg %’
deconpose fhgo,nidahfl Bfe &36kink AR o%@l Yeheadi H1&fded Mieh Efaaditi i G alBHeR Tédlo

contai ned: 72.5% A12Q3, 4.4% Si 5% Na20 1 S. 8% Ce02, 331 ppm Pt. and

had a BET merﬁbeemeaowfalm@&I 0920 (‘jCaﬂ"die aayrkgad 10 ﬁmreiaqszewss zeﬁmﬁrt’&f m

EXAMPLE 3 74 Addj tiv d as de lLe. 2 with
t he except i Off hﬁc?%‘@”ﬂ?agﬁ)(ﬁh‘ 39@ ’S’a(;@%”% 58§PB%’J?EQ%J Q%i | ut ed
with DI wabghhQ oﬁQﬂaEﬁé@m hhe Qﬁéﬁ]efﬁ%‘iﬁké% ngﬂamslf@pm@éﬁat ed by
gradual |y spraying Wt the Tatter luté Pt solufion through an air

m st spray eRQZ&he 15y/St @@ﬂtafﬁhﬁg gaasaéctwmlommmabcmcqmwlmﬂhm dRaldfeiAd , 03.
4.4%SiO. 5 1 %Na20 17% Ce(R. <0688 ppm Pt, and had a BET surface area of

14] mlg akd eomeusioparemelcs Gh2e whs sgedhil ESAMPIEYve 5ygls|RARINRIEI t i ve C

was prepar a d Pat ent 6.280,601 Bl1. The additive had
the fol | ow %or%gaﬁ%gés?gﬁgé:%t‘OPHP§VOI atiles. and approximately SiQ2 4.9%

NalO 4. 9% |(03337®2 F2G. E%O\ﬁhB&%lwﬂ%ek%@xp@n RahichagighuBitds st lamen, alieea of
16-7 n2/g and a nean particle size of 90 p.m EXAVWPLE 5 10076] The
ef fi ci ency vef ofaplelinym erd pallgghiomgontappepihatesi AdBaADHeS. ond G, Walkd 4
respect | Ve'@éﬂ ]ngféc%%\{r?r&ﬂﬁ]rﬂmﬁoﬁ ?%%ﬁgm'ﬁ?afa{eﬁ%'Ehesé%%%hg%f Batehc%ckﬁﬁlna” N2
from an enerator operating in “vari ous
oxygen | evelaﬁ]ysm]bﬁle bhide pddtinans t@akining cOﬁﬁ)&kly(Sipr@hmmﬁ @HdS@a Roehen@lGi al
pl ati num caont ai ni n conmbustion pronpter, CP-3' (platinumon alumna) sold
by G ace Da\sheyf thal under partial burn conditions the additives exhibited increased activity to

reduce the ammonia 10 molecular nitrogen thereby preventing the conversion of the

ammonia to NO,. No other nitrogen oxides. e.g.. NO, or N,O were detected,

mdicating the conversion of NH; 1o molecular nitrogen.

- EXAMPLE 6

[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 burm mode by reacting NH; with NO, a1 vanous Jevels of oxygen was
compared to that of the cracking catalyst alone and a commercial platinum-containing
combustion promoter, CP-3%.

[00S0] The expeniment was conducted as in Example 5 except that the gas mixture
fed to the reactor contained approximately 1000 ppm NH: 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, 1o form N, or NO,. NH; can

also react in the gas phase with NO, in a non-catalviic process that is often used for

N



Col umbi a. MD. 21 WD 2004/ 037392 PCTI US2003/ 033479 10077] The experinments
were conducted by calcining the additives for 2 his at 595 C. Foll ow ng

cal ci nati owotéamaddpti ves were bl ended at 0.5% | evel w t PETES208HIRIPst

whi ch had been deactivated for 4hrs at 816 Cin a fluidized bed reactor with

100% st ean\oT BB aEeFRAK] BGw R afhY Shiadh PIG. PhndFRNACG oW, T dNa@dethtve was then
fed to the RTU reactor operating at 700 C. The gas feed to the reactor was

a m xture woith iNTprocesand U@Oncenic. hiddig ve0B0Bt end®00lepysne3ent. &pghovxidmat el y 600
ppm NH3, vari ous annunts%Pf 02 add&ﬁggs 4% 02.in. N2. an? t he bal ance N2.
The total GHENEEEEPIVEIEN APRIMAG T he-d2 ™ i‘)‘?‘fﬂlbﬁfﬁf‘ﬁ%%é’% T8 s 1000- 1100
sccm The plat.i _ 1 NAL GORIYSLIeIN R BGino tested at
0,25 96 addit Fve YRuR AIET BobP e RO TP PR s SaoEme®S Ler o

10078] Fl Geofveshoyst to aloldc@Wr haMeks of oxygen. which sinulates partial
bum the wuse of platinumand palladi um containing additives, Additives A

B, and C, were highly effective in reduci ng ammoni a when conpared to the
activity of the cracking catalyst alone or the platinum containing
conbustion pronoter. CP-3. Further , EXAMPLR shows that under partial burn
conditions the additives exhibited increased activity to reduce the amoni a
to nol ecul ar nitrogen thereby preventing the conversion of the ammobnia to
NO,. No ot [p@82NThe agevinoufi Aéditives A.B a2 10idedi2EkeMeDeaftetiestiegned inndi cat i ng
the conversion of NH3 to nol ecul ar nitrogen. EXAMPLE 6 [0079] The activity
of Additi vESCAMBeaeRerator pReapated e 2EREmpY sLoppagedigdhe acuyisidbt i vel y, for
reduci ng LSS g rati B ial burn
rode. by r oBePLHE AP o hE RS st S AFRE0R] iny ARGl Febclh pRBIdE 1
that of thePa®diimgasoahathesicialippeihanstabiscanmidiiials 19k aiveRUNOC N inni Ng
conbustion pronoter. CP-3c. [0080] The experinment was conducted as in

Exanmpl e 5 &edepenehat COMHb vgaausaxett6velfed to the reactor contai ned

of oxygen TOEAT ERe <BATIE: RO ARl TR aBE P E O A0
bel ow. with the exception that the gas feed 10 the RTU reactor was a mixture containing 500

~ 550 ppm NO and 5000-5500 CO. at various amounts of O, and the balance N,.

Results are recorded in Figure V

[0084] Figure V show that at Jow oxveen Jevels ssmulating partial bum, the Additives

A. B and C are more effective than catalyst alone or the platinum based combustion

promoter, CP-3®, to remove NO;.
EXAMPLE §

[0085] The activity of the Additive C for removal of HCN from an FCCU regenerator
was compared to the activity of the cracking catalvst alone and a commercial
platinum-containing combustion promoter, CP-3¢ (platinum on alumina) sold by
Grace Davison. a business unit of W.R. Grace & Co.-Conn., Columbia,. MD.

[0086] The cracking catalyst was deactivaied 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 1n the Laboratory,” in Fluid Catalviic Cracking: Science and

Technology. J. S. Magee and M. M. Mitchell. Jr. Eds.. Studies in Surface Science and

N
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[0081] At the high tenperatures NTH, reacts with 02 to formN, or NO . NB3

can also react in the gas phase with NOx in a non-catalytic %rocess that is
of t en used wonru®32304/ 037392 PCTI US2003/ 033479 NOx abat enBRT/USHNWEY t he
data in FIG 3 and FIG 4 show. that in accordance wth the process of the

i nventi on. Cé?ﬂisfsi\v(ﬂﬁmgﬁﬁgp, 2470 B @vidr BeRs&d PeyiihBlk B.C. Shigveflant pdgm)ced

conversi on of "anmoni a and” NO, to nol ecul ar nitrogen at | ow oxygen |evels.
No ot her nISBM@er405903as8. seidgeierdion beine Np@imercouetied bedefeiende.cat i ng t he

conversion of NH. to nol ecul ar. ni en._ . EXA 7..[,0082]. The activity of
Addi ti ves W?’S%J\Iéﬁ‘&_f E“P_e Cﬁg%dr]é’ég‘ébl\tcg%éafctagﬁsit oy gb%rl%ea%ingf%? EC uni t
regener at OpLEREIPS bithel dAkBREaLRhe BMEBS 08OIPRNBGhd AddiiCe @Critety of the
cracki ng catal yst™ al one and a conmercial platinum containing conbustion

pronot er, c@PbBliobyromasurdday 1110 weld witlpaddd inhbe Bdilhl Ykt ganrftbvatidthei ves to
convert N2 in the presence of .CO at variaus .gxygen |evels f0083) The
exper i mew'?gT lieéc‘{?bﬁi‘]ﬁé}?%%loﬁ SEHE: CIQ?U”?:IBS@P?‘BZ:‘UI"% ‘Eﬁhﬁ’%ﬁ’é@"@e &ﬁ'd 6 wth

t he excepti Lhadtant Sni Ltird BEnmREW v 8artof 1155 t ai ni ng
500 - 550F§'g°r% ﬁoaé’rflc%%%'g’?)’ r-HSEE@%CCO.T at var i){)us arrgt}}rﬁ:%? of gghgﬁnﬁaf%ﬂ bal ance

N2. Resul Tsmaerturedoogecinad Giigare@ & TRO8MA skirgog ow slvowetipatatare, thow
oxygen | evel s si rrui{ati n% parti al78¢?;#3g, the Additives A B and C are nore
effective FAIERT R QFYET URIQARCYr RN RIEN 'GAEEF LB ALUELT 8 at_mb]!lormter,
CP-3"", togd&RY NG cofaOME ENSwi0BeLicThg e Acdilcdiday 3@5 derdddidid,ye C for

removal of HCN froman FCCU regenerator was conpared to the activity of the
cracki ng cRuahy stis ak pamanem dheacasombyrdiogen. nplregenramhsobnt edmdiniggeokbust i on

ronoter, CP-5(r | atinumon al um , Grace. Davi son. a.. business
Dt o witcot et B NEhAT i Petin BRSO arsb st ShBeen Sien s Eat al yor
was deact i yatedNdahd4oRE N8 By ffedrilid tht dbdtaediRBbver BRGREM dfhe  00%

steam and coked in a DCR The description of the DCRis described in
detail in TRe e3pwimvoung werRedt iGhEasunssessimmt obthe F@ToGagas|phese spPeies or nance

in the Laboragtory." in Fluid alytic acki ng: Science and Technol ogy. J.
S. Magee aﬂ’&g‘f\n &KEIWF%WSITFQOT%&]”%QC.I%ﬁ&i‘ es in Surface Science and
Table 1

Integrated amount of species detecied in the RTU
reacior effluent (a.u.)

Cracking
Species Catalyst CP-5 Additive C
HCN 29066 8475 7038
NO 3966 36165 24476
N,O 3583

[N
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WO 24104/ 03-1392 PCT/ U52003/ 033479 Catal ysis Volune 76, p. 257, Elsevier

Sci ence Publishers B.V., Amsterdam 1993, |SBN 0-444-89037-8, said reference
bei ng herein incorporated by reference. [0087] After being coked in the DCR
the catal yst had about 1.2 - 1.5 wt % coke. About 20 g of the coked
cracking catalyst alone or with the Additive C or the conbustion pronoter
added at 0.5 wt % was | oaded in the RTU. The gas flowto the RTU reactor
was about 800 sccm containing about 5% O wth the balance N2. Foll ow ng
an exper i neM¢ alinpr ocedure commonly known to those skilled in the art as
Tenper at ure- Progrannred Oxi dation or TPO and staring fromroom tenperature,
the reactor was heated up to about 780C by raising the tenperature at a

rate of about qCAPrécesyvor r€duedigtthd tost Yf gdsqjmmeamdaﬁtﬁfgeﬁeﬁecmn@dlegﬁsgas
into the RTU reactor. During this experinment the carbon. i/drolgen- ni trogen

and sul fur d@@mdaffﬁnhg @Bwrat%eé‘?‘@sofmér@“@r“ééﬂjwcl grapking tunite (B h gsaidy process
SO reduced i thr fagg%o&aﬁmg%dek KBtalyl T%Wg%%dﬁigﬂ? gwn@]asgxea&w%%}efgg?ég%

det ector sign durati on o expe we were
measur e t heoatamadin the retgeeemaon zms' offbgas pha§€ Cipererated mraemiet.ial Thacomplete moderof

recorded in Table I, bel owy anmount | es ct.ed in
Che RTU- r damBBiondurfe i yid e ot TCEp arTes. cuffen §8, s i hirosenc
HCN 29066 8fddies/OddhtiviiCadBRBadiiiebeoafpbsition Na¥ah 3 B3abitty V6 coh@dripaslphade fROERASS
for reducing the content of gas phase reduced nitrogen species in the off

gas deri vadrggenripecissegemelestipbpitiogen wherein the pidatinnasajaly w/addisivg icagperitian is
(FCQU), Sa'p?es@ﬁto Car amggﬂg%déﬁ HARERL! hO FohRAEET G g I@{aéé 'rgdu% @Gtk ddEn sp ecies

condi ti ons “gas hase®Te rogen species conta e regeneration
zone off ge;sesenﬁt ia tmgmmﬂaﬂvedo ihe cantear ofi gak pbaseirer:hma(phmtogemmbelesfpresent in the

?ggﬁg:él g|nt JBI“ A genft It édox?(? ttl%lnyéaltaﬁys(%fagcﬁg\l/en%or(nposn)lorp rSOa? So?dda\tqnvé hcatalﬂ@add%?v%se

composition having a mean particle size of about 50 to about 200 um and being selected from the
group consisting of (A) an acidic oxide support promoted with at least one metal promoter
selected from the group consisting of alkali and/or alkaline earth metals, transition metals, rare
earth metals, Group Ib metals, Group IIb metals, Group VIA metals, germanium, tin, bismuth,
antimony and mixtures thereof, (B) a hydrotalcite promoted with at least one metal promoter
selected from the group consisting of alkali and/or alkaline earth metals, transition metals, rare
earth metals, Platinum group metals, Group Ib metals, Group fib metals, Group VIA metals,
germanium, tin, bismuth, antimony and mixtures thereof, (C) a spinel promoted with at least one
metal promoter selected from the group consisting of alkali and/or alkaline earth metals,
transition metals, rare earth metals, Platinum group metals, Group Ib metals, Group IIb metals,
Group VIA metals, germanium, tin, bismuth, antimony and mixtures thereof, and (D) mixtures

thereof.

2. The process of Claim 1 wherein composition (A) comprises (1) an acidic metal
oxide support; (2) about 1-10 parts by weight, measured as metal oxide, of at least one alkali
metal, alkaline earth metal or mixtures thereof; (3) a transition metal oxide having oxygen
storage capability; and (4) about 0.01-5.0 parts by weight of a metal, measured as metal oxide,
selected from the group consisting of Group Ib, Group Ib and mixtures thereof, all of said parts

by weight of components (2)-(4) being per 100 parts by weight of said acidic oxide support
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speci es oxidative catal ystladditive conposition having the ability to
convert gas phase reduced nitrogen species to nolecular nitrogen, wherein
the oxidation catal ystladditive conposition is present in an anount
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 oxidation catal yst/additive
conposition, said oxidative catal yst/additive conposition having a nmean
particle s%g&n l about 50 to about 200 m and being selected fromthe group
consisting o %') an acidi c oxide support pronoted with at | east one netal
pronoter selected fromthe group consisting of alkali and/or alkaline earth

nmetals, transiti,on als, rare, .eart t al G. | b a G oup .l.ib.
Total s, Group VPA medlF BOCGRAEITN g Hheh I oo SeelVal g ShmitPlibdis
t hereof , ( Rlrc@ate dhughdsiitttle FCUW AehgMnith &lcirb@latig afventdet df peaamtiercracking
selected fromthe group consisting of alkali and/or al kaline earth netals,

transitionca@lysls, rare earth nmetals, Platinumgroup netals, Group |b
netals, Goup fib netals, Goup VIA netals, germanium tin, bisnmuth,
antinmony and m xtures thereof, (C) a spinel pronoted with at |east one

met al pronoter del ecfThd prosesst v Glamp 3covisien | thg ofsidenkal imandf othe abkidativee
earth netals,, transition netals, .rare earth netal PlL atj.num gr oup, net al s,
G oup 1 msaialst AR, Tas Hisaits e {eBuaruon 2506, ot Be T ostiaitt Yo aCof e
bi smut h, ar&gcm@eaﬁnqt vitbfyas sidigneafy thebdnd D) m xtures thereof. 2. The
process of Caiml wherein conposition (A conprises (1) an acidic netal

oxi de support; (2) about 1-10 parts by weight, neasured as netal oxide, of

at | east one al ‘S‘?" i . tgllozces%l lﬁ?l b'pﬁme%r %ep@ﬁ a{heorres' .eﬁr:é”ﬁlﬁet ?prt(ﬁgf 'oxi(igtlvea
transition netal oxide having oxygen storage capability; and (4) about
0. 01- 5. 0 panatabystiyddivinegbdmpdsitinnit the, regemsatioadzons ofethal FORUdee]ative b ethatedf flreom

t he group con istin%, of Go&p {b, G oup I b and m xtures thereof, all of said
parts by ﬁ%%%ﬁ%‘%@ ShinseHERtS heFAME4) “hei ng per 100 parts by weight of said
acidic oxide support 25 material. 3. The process of Claim1l or 2 wherein
the oxidative catalyst/additive conposition is circulated throughout the.
FCCU al ong wi t ha ci rikalpzacessgoli Glam2oyRkeren cempeneat (3)iof the exifativg catabitsHadditive

4. The pr ngg.ﬁﬁ"’%"“cﬁ .Jggﬁ){%eaﬁﬁ’é.a@t ﬁ@‘ﬁ}@%ig?a i dg,me of the oxidative

catal yst/a rve C ronint gen on*zone of the FCCU rel ative
to that of the cracking catalyst inventory is substantially the sane.

7. The process of Claim 1 wherein the oxidative catalytst/additive composition has a

mean particle size ranging from about 55 to about 150 pm.

8. The process of Claim 1 wherein the oxidative catalyst/additive composition
comprises at least one metal-containing spinel which includes a first metal and a second metal
having a valence higher than the valence of said first metal, at least one component of a third
metal other than said first and second metals and at least one component of a fourth metal other
than said first, second and third metals, wherein said third metal is selected from the group
consisting of Group Ib metals, Group IIB metals, Group VIA metals, the rare earth metals, the
Platinum Group metals and mixtures thereof, and said fourth metal is selected from the group
consisting of iron, nickel, titanium, chromium, manganese, cobalt, germanium, tin, bismuth,

molybdenum, antimony, vanadium and mixtures thereof

9. The process of Claim 1 wherein the gas phase reduced nitrogen species oxidative
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5. The process of Caim3 wherein the residence tinme of the oxidative

catal yst/additive conposition in the regeneration zone of the FCCU rel ative
to that of the cracking catalyst inventory is the sane. 6. The process of
Claim 2 wherein conponent (3) of the oxidative catal yst/additive
conposition (A) conprises at least | part by weight of CeQ2. 7. The process
of Claim1 wherein the oxidative catal ytst/additive conposition has a nean
particle size ranging fromabout 55 to about 150 m 8. The process of Caim
1 wherei n theRyAdRIVeiSak addliveSparadeidpatat empigsdatdlyit cradkify dasstgstat | east
one netal -cont’ai ni ng spinel which includes a first netal and a second net al
havi ng a val ence higher than the val ence of said first netal, at |east one
conponent of a i rdTngF@essoét*@ﬁirﬁ DafherBl theldal Phast PERES RS SR RERs BRidatile
| east one conponent o ourth netal other han said first, second and
third met alcatalystisdditive is aitegratad ingo thetcatalyitis ceasking catdlyst asra compogens ifereof.
consisting of Goup Ib netals, Goup IIB netals, Goup VIA netals, the rare
earth nmetals, the Platinum Goup netals and m xtures thereof, and said
fourth nmetal is 1gel eqhegrddesydfidIgingl Gutkher eOMplisig Pabsidk shidadgendiatibe zone off gas
titanium chrom um nanganese, cobalt, germanium tin, bisnmuth, HD| ybdenum
anti mony, Jhanigiareduaed canieniefeees phasedsduced nitrogem pRssiss do A1CQHPaIlGHand Feleasuigan
t he gas ph i i i i | yst/additive is an
addi £ e ot AV R e B IR S R e e Vet 10, " The
process of Claiml wherein the gas phase reduced nitrogen species oxidative

catalyst/additive is integrated.into the.catalytjc cracking catalyst as a
conpo%ent thered‘?: 11the Ceﬁsr%tfcjgggnifwh&fe&? elga%ab?sﬁéf’&(%‘#rﬁﬁfoy'h@p%ﬁsclorﬁlﬁnse
sai d regeneimahbmft 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 NOx emi ssions into the atnosphere. 12. The process of

Claiml wherein {he I g [ ' ia
T3 The process o Cae RSl Gl Thuitiah Bs DRRS (R HRidaEf p R T hinrise
conpri se hydrapgeoyaydmi de. 14. The process of Claim 11l wherein the CO
boiler is a low NO CO boiler. 15. A process for reducing the content of gas
phase reduced nitrogen species in the off gas derived froma regeneration

zone of a fluid @at alTHeiprodesPstiClfign UNivhere@hdLO toileflis RIS, CO boiler.

15. A process for reducing the content of gas phase reduced nitrogen species in the
off gas derived from a regeneration zone of a fluid catalytic cracking unit (FCCU), said process
comprising contacting an off gas containing gas phase reduced nitrogen species from an FCCU
regenerator with a gas phase reduced nitrogen species oxidative catalyst/additive composition
having the ability to convert gas phase reduced nitrogen species to molecular nitrogen, wherein
the oxidation catalyst/additive composition is present 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 being selected from the group consisting of (A)
an acidic oxide support promoted with at least one metal promoter selected from the group
consisting of alkali and/or alkaline earth metals, transition metals, rare earth metals, Group Ib
metals, Group IIb metals, Group VIA metals, germanium, tin, bismuth, antimony and mixtures

thereof, (B) a hydrotalcite promoted with a metal promoter selected from the group consisting of
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conprising contacting an off gas containing gas phase reduced nitrogen
species froman FCCU regenerator with a gas phase reduced nitrogen species
oxi dative catal yst/additive conposition having the ability to convert gas
phase reduced nitrogen species to nolecular nitrogen, wherein the oxidation
catal yst/additive conposition is present in an anount sufficient to reduce
the content of gas phase reduced nitrogen species present in the off gas
relative to the content of gas phase reducéd nitrogen species present in
the of f gaalkahaed/or hiRelimexéatat metalse atiditjont hewts taire/eartlﬁﬁlmdxsiPﬂdtmnm grait metals,

N ong. vt nCan bt o 05 SRS o 5o ol ot RPN i o
al ong wi t h & T 5 f
group consigihRg tRedfAC) aaslau@@hwnfotwmﬁmw) BRfotd?s SEIEL: &P fr¥intthe gitoub gaststiape

metal pronoter selected fromt roup consisting of alkali [ or al kal rne
earth met al$§ alkalr anskontalkphingrearsh metals transitéant etalst raressartmnerigls) Pdatlrrm giloyp mefadip
l1b netal s t al i i t

t hereof, ( gﬁ O%P etgfa el%%%%owgf& nlpetalgeﬁ%m{p%@%?{gé se ect eg H#Hr aﬂ{i
group consmﬁimﬂgtM&eoﬂ%hquBahMM&mdmﬁaﬁalkallne earth netals, transition
netals, rare earth nmetals, Platinumgroup netals, Goup Ib netals, Goup
Ilb netals, Goup VIA netals, germanium tin, bisnmuth, antinony and

mi xtures thereofg ( Oi“hé‘?l%géég%tf CUERITDS ilertint oniPRkbn QA?H&Bﬁﬁs%s%?) BCAGdlc o
t he group consisting al kali and/or alkaline earth metals, transition
met al s, raosidesnpporyg)adtout Ptk pamrhygwglgbt measyred as @etalipxide, ﬁ%@talle@t o olkpli
|I'b netal S’megl %Qal}{lleA tx%'et%l 0 sutmre?tl Q%_)ng ?rn}llglp on mQ:Eal e av1r}ﬁ Qeygen

m xtures t her €0 ) m Xt ures er eo rocess O

vvger ein CO@mletch%Hbll(t_A) arglo@pabea . ((lés.owrtaby Fi\leﬁ?ghtrgf a|met£1}(lrﬂi€su$¢ﬂ3¢s(1hétal (lﬂ)ﬁc)el
about 1-10 parts , heasur as tal oxide at | east one al kal i
metal , al kaflpeied %gf%tthe &r@ymco'eﬁlstmg GHew ﬁ&r@m 1Ib ard maﬁurte? theggof allptisaidparts

oxi de havi pg Wi corlpPhé&fe 9@@;\%1@% moqmﬁél)oyavba%ﬁt & Qia §c191cp&}&&§s®}son

wei ght of a"nmetal, neasured as net al “oxi de sel écted fromthe group
con5|st|ngrm#mf§oup b, Goup Ilb and m xtures thereof, all of said parts

by wei ght of conponents (2)-(4) being per 100 parts by weight of said acidic
oxi de support material 17. The process of Caim 15 wherein the oxidative

catal yst/addi ti Y& coTROBidce®ofl Glaing 16 oMlerdie Ghd bxiaatplradatalysvad difikdcomposition is
si mul t aneous with the cracklng catal yst inventory. 18. The process of Caim
15 wher ei n cirftateddroneghewt the RECLf simpitansopsuith the cr%hmgwy@{yphmmtp%
conposition in the FCCU regenerator relative to that of the cracking
catalyst inventory is substantially the sane.

18.  The process of Claim 15 wherein the residence time of the oxidative

catalyst/additive composition in the FCCU regenerator relative to that of the cracking catalyst

inventory is substantially the same.

19.  The process of Claim 15 wherein the residence time of the oxidative
catalyst/additive composition in the FCCU regenerator relative to that of the cracking catalyst

inventory is the same.

20.  The process of Claim 15 wherein the oxidative catalyst/additive composition has

a particle size ranging from about 50 to about 200 um.

21.  The process of Claim 15 wherein the oxidative catalyst/additive composition

comprises at least one metal-containing spinet which includes a first metal and a second metal
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19. The process of Claim 15 wherein the residence tine of the oxidative
catal yst/additive conposition in the FCCU regenerator relative to that of
the cracking catalyst inventory is the sanme. 20. The process of Claim 15
wherein the oxidative catal yst/additive conposition has a particle size
rangi ng fromabout 50 to about 200 m 21. The process of C aim 15 wherein
the oxidative catal yst/additive conposition conprises at |east one

nmet al - cont ai ni ng spi net which includes a first nmetal and a second netal 28
havi ng a vahengea Vilgilcehigheathah ke vabmweod said fai thefal,ras ieasedsd conyfonertasita thire
conponent of third netal other than saiqd fjrst and second tals and at
bt one destdl iR Fist oot R ot [hhionE SPHBPTeRLOT & CuE B iher
third nmetalggs, Whereiinseohd ahdithith FRiM, vikrge!sgiat Bid fhaa ishRl@fedUfom the group
consisting of Goup Ib netals, Goup IIB netals, Goup VIA netals, the rare

eart h net alcensisting of iraup Humels yponr il metalsd Graupt Viie setaks thopfare garth mgtals, the
fourth net S S t fr J .St jp I ' ,

L tanium . QR oo Asal SR ARGl eRor SRTS (blith Mo € eiectb K e group
anti nony, \angistingnofainon,ixkely ganiufe robhedmiuz? mahbanepe, obals, gérm@himim tih bismmdtiner

conprising passing said regeneration zone off as having a reduced content
of gas phaé@lylélc?ﬂg@da‘ﬁi“i%gwa@ﬁ@b? sr“‘E‘B"%?tE'%e‘btgi ler and releasing an off

gas having a reduced content of NOx into the atnosphere. 23. The process of
Claim 20 further conprising passing said regeneration zone off gas havi n? a
reduced content 28f gdde pieeses pediladad Snfurthergeamprséing passing saidaegysration zanel otf

| . . . E '
24, “The o Ao 08Vikg IBRAY iR of ERRESE O Mot teids 8 O BB NI fre
boi | er, 25.anTffgaphaviaga rafucéd edntent of Wg ireo thetanaogphsrephase reduced ni trogen

speci es conprise ammonia. 26. The process of C aim 15 wherein the gas phase
reduced nitrogen species conprise hydrogen cyanide. 27. A nethod of

reducing NO.  emijgsi O%e%ééeggopéiﬁhﬁd f‘hrt%na&%ﬁﬂ‘r&irfgip ¥l %ﬁﬁrnfégéherdctf%ﬁdz%@%k‘ts
into lower nol ecul ar weight conponents while operating the caral yst _

r egener at i @s haonga redugedrennténfof gas phassoregicst aitgge spdciasdaria (S boiter agd ireleasing
met hod conpri sin i.) contacti Neninvent.ory of  catal ytic cracking

cat al yst ci& #%ﬁgih ‘él}lgﬁr% uggé %'ﬁ%n?gﬂ(\:lpgé‘ﬁ?%hﬁ a¥umn?stph\‘7’\7iet h a gas phase reduced
ni trogen species oxidative catal yst/additive conposition selected fromthe

rou
g P 24. The process of Claim 22 or 23 wherein the CO boiler is a low NO4 CO boiler,

25.  The process of Claim 15 wherein the gas phase reduced nitrogen species comprise

ammonia.

26.  The process of Claim 15 wherein the gas phase reduced nitrogen species comprise

hydrogen cyanide.

27. A method of reducing NO, emissions during catalytic cracking of hydrocarbon
feedstocks into lower molecular weight components while operating the catalyst regeneration
zone in a partial or incomplete mode of combustion, said method comprising (i) contacting an
inventory of catalytic cracking catalyst circulating in a catalytic cracking unit with a gas phase
reduced nitrogen species oxidative catalyst/additive composition selected from the group
consisting of (A) an acidic oxide support promoted with at least one metal promoter selected

from the group consisting of alkali and/or alkaline earth metals, transition metals, rare earth
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consisting of (A) an acidic oxide support pronoted with at | east one netal
pronoter selected fromthe group consisting of alkali and/or alkaline earth
netals, transition nmetals, rare earth 29 netals, Goup Ib netals, Goup Ilb
metals, Goup VIA netals, germanium tin, bismuth, antinony and m xtures
thereof, (B) a hydrotalcite pronoted with a netal pronoter selected from
the group consisting of alkali and/or alkaline earth netals, transition
netals, rate earth nmetals, Platinumgroup nmetals, Goup |b netals, Goup

| I b net al s,meéBlguProvipAlmetesdls,, GgepnHhbi metalst iGioup Bildnmietals, agerinaming, dimg bismuth,

el cot od f rorERLat BufEbEropRy Say i el N i Ak v o B R Ee
transition tﬂ@g@hg cohsidtig dTadlkdl &RW G dikalink @bt dieeQy, QtaRsifBH Melals, FaRUdarth bnetals,

nmetals, Goup Ilb netals, Goup VIA netals, germanium _tin, bisnuth, )
ant i nony arfdatinus gresr metals, Sypup Eheels) Grpupt Il Bstaly &rews VIgimstals.cgermanivm; gy

the cr acki gt ahion AYPR AL AN bHR) RRANAL AR AKleLl K6, GRMPIRI AN

t hr oughout Ul I c cracki un tween a hydrocarbon c I ng
zone and catlettyd fronr thg eneupatansistiag nfalkale nmd/e@dalkaling gaeth tneahls,aranisition nitas, erare
node of conbustion to contact a regenperation zone off gas containj a
phase. r edy Bt s darEL & PRy CUr o tame b et lbaaeaR Coa K s
reduced cornfegnini@th, Gias HHARRE, GRGHESH afll t BG@Bs IAEHande (DY inviRtukd tHeRRS, (ii)
content of gas phase reduced nitrogen SE)ECI es present in the regeneration
zone of f gadrculgiinghoie emekingi eatelyste ipventory sendaciridatiye exlalyeéadditiyn, compgsition
provi di ng L Ler : i i . Sa) Lk gr
Do mgoncs JUSTURR! LR AABHARATlng Bl fAAER, kANt REKnp e O bl
gas, and (iregenpatisn nné heperatgk meraapanial oonecanpletgamotd® dfheonilistion Itercontact a
provi de an off l%?s havi ngqfa reduced. NO, cont ent 'nécg t.he atnosphere. 28, The
process of TEFRFTHIY HMer it 830 (IPYRINNEL §2Y R}‘aﬁ?oﬁ’idr"‘lc Juirqgen, speg Sdfoc.pﬁcﬁ’t‘dﬁ a
oxi de suppQkfenefaddn 8P4k havihP aRBddced RYntéR! dttlas phBRATENREd AftrdFBh 3pechsi rélBtivedh
at least one alkali metal, alkaline earth metal or m xtures thereof; (3) an
transi ti on thecenterxoidgashphasa gediepd aitrogen owpagjes prepeithi inj thy regangrafian zapo gtf gas

0.01-5.0 parts I. gh: . . (0)¢' . f rrom
the oroup’ aupEihertdRve BuasRbdRle CRASHESE (D I Blnedk LREboulsf BEfipREy' &
sai d parts satdyregeiegdtionofone psgid @D t®ilE2 peifig Jopbaiedginpe mabfér pfediive iy oxidightheof
sai d acidi c oxide suppor materjal. 29. The process of aim?2 rein

sai d regen_erF%et“F@HO‘i 5&‘8" B#ffgaé’a%“di é‘.%p%?éﬁ tl?eoreggneggpgr%&npcp% gﬁ%@né‘emrb@ll?f to
sai d crackiggyigespdiy shs BRtheOeddel WO,CdhRhYRitd hE dinfdspkereOnPOsi tion are
separated in said separation nmeans prior to passage to the CO boiler,

28. The process of Claim 27 wherein composition (A) comprises (1) an acidic metal
oxide support; (2) about 1-10 parts by weight, measured as metal oxide, of at least one alkali
metal, alkaline earth metal or mixtures thereof; (3) an transition metal oxide having oxygen
storage capability; and (4) about 0.01-5.0 parts by weight of a metal, measured as metal oxide,
selected from the group consisting of Group Ib, Group IIb and mixtures thereof, all of said parts
by weight of components (2)-(4) being per 100 parts by weight of said acidic oxide support

material.
29.  The process of Claim 27 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,
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30 30. The process of Caim27 wherein the oxidative catal yst/additive
conposition is contacted with the regeneration zone off gas in an anount
effective to reduce the content of gas phase reduced nitrogen species in

t he regeneration zone off gas. 31. The process of C aim 27 wherein the gas
phase reduced nitrogen species oxidative catalyst/additive conposition
conprises particles having a particle size sufficient to permt the

catal yst/additive conmposition to be circul ated t hroughout the catal ytic
cracking unit 30.nul Tlenpwaedsyofiilaim 2hevherer khengxidatival catalyst/additiveocgmpBitionTibe

process of Claim 27 ﬁ%erein he resigdence tine o he. oxi dativ

ot alyst | adtl v b MTeErRetioR 2of5af 285 bn Ao h Ui o Fab e cgnieptof ses
resi dence hﬁer@hcé&ﬂtroge'ngfpkéiegn&m@gyﬁaﬂoﬂ\t@ﬁvé@ﬂfgad.s substantially the
sane. 33. The process o aim 27 wherein the residence tinme of the
oxidative catalyst/additive conposition in the regeneration zone relative

to the residencgti m&; r%&?ofé[a l@b%e@'{l ?{‘;ﬁ%ﬁ%gfg%?3@?5%“'??%&“%63%@%6

The process of ai ereln the oxi a ve comnposition
has a neanatplystiadditive Sompositiomrabpries portictes dbving a2tidticte si36.suffiveenptopesst thé

Claim 27 wherein the catal ytic crackin rocess i§g a fluid catalytic, .
oracki ng proRaubddnge “FaBpittdh ol B RaRRIT Winuhenh e cBENEnKusking gty
ni trogen spgfil@fecustyRiithStie cROKRE c@&alyStinvehiitypr ocess of O ai m 27 wherein the
gas phase reduced nitrogen species conprise hydrogen cyanide. 38. The

process of Claim27 or 29 wherein the CO boiler is a low NO CO boiler 31
39. The process of i R a r ALLr S i

oxi dat i ve/ addi tl‘q’g/)'e (C:J(gﬁéb(rpsr ?gﬁsémngﬂcrz?nl%ﬁ ggsqgl?erﬁme}a&% 5%g&?rlg€aﬁ%oﬁ‘?:[ﬁ%i ‘%‘3&*‘%
spi nel whi chalysiedddifios awmplositish inethelregandradios eonddelatteato kv tenglencey iine nufethe
hi gher than the val ence of said fi r??gjl rTEt al, at |east one conponent of a
third et aCrasKiRgcatalystineniory iy substantigly e netal s and at | east one
conponent of a fourth nmetal other than said first, second and third netals,
wherein said third netal is selected fromthe group consisting of Goup Ib
metal s, Goup JBb nelhe spro@spupl \GIAm nZt avkereinheher gesideneg ttimereohlthe exidative

Platinum q:&%l@/ﬂ%ﬁ&fvg Kb og?-tiéﬁ YhERe trggerngl%{i()n %ﬁle ?‘gliatﬁjvef fu mehresidence time of the

cracking catalyst inventory is the same.

34.  The process of Claim 27 wherein the oxidative catalyst/additive composition has

a mean particle size from about 50 to about 200 pum.

35.  The process of Claim 27 wherein the catalytic cracking process is a fluid catalytic

cracking process.

36.  The process of Claim 27 wherein the gas phase reduced nitrogen species comprise

ammonia.
37.  The process of Claim 27 wherein the gas phase reduced nitrogen species comprise
hydrogen cyanide.

38.  The process of Claim 27 or 29 wherein the CO boiler is a low NO, CO boiler
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metal is selected fromthe group consisting of iron, nickel, titanium
chrom um manganese, cobalt, germanium tin, bismuth, nolybdenum anti nony,
vanadi um and m xtures thereof. 40. The process of Clains 15 or 27 wherein

t he gas phase reduced nitrogen species oxidative catalyst/additive
conposition is an additive particle separate fromthe catalytic cracking
catalyst. 41. The process of Clains 15 or 27 wherein the gas phase reduced
nitrogen species oxidative catalyst/additive conposition is integrated into
the catal ytic cracki mge GrbedsySéf @faim 2T Onfe¢ienthe t ST pitfse @ducedhgitPpaC 8peiedf
Clainms 16 or_ 28 wherein conmponent (3) of the oxidative catalyst/additive
conposi t i oPXidajivelaidifieseomnposition £empnisqscat deagh onganefak-coptainipgyspingswhigh dncledes @
for 1educt noutREarCaldl £9toRl RS HVARS {AAKE HEHE HRIRE VARRS EOcdd ik Sherdl! &
gas derive ¥'rom a regeneration zon€ of a fl catalytic or ack ng unit
(FCCU), sailehspowx ewsponennpf a shinhmetihtothet ithag saiddbrst ard a¢ophd anatalaa@hd atleast one

condi ti ons gas phase reduced. nitrogen s ies contained in the,regeneyati,on
Sone of 1 gaumBpReHh SE DRI sl b b SAF Firdy sendbad) A hflaborateRoual fird
conmbust i on k4l i9Geldctb ol he@ESup YrisRtifg GAGrAPABEMERHUGEShpNITE hiegds) GBS VEA
oxi dative cat al%st/addi tive conposition having the ability to

si nul t aneourdtgls,rthel e eambriiftals, dhel Phiaps famup $ ged pritares tsreefony] $aid frurthi

an anount i Gi e 4 3 i ji.de
o eaont i n iHygal bl Grdif 4HE GropeiRhAT bf Bon TR, Braifih, MYSHEOAE IS
cyani de preebaifigeinmaniung tof bisopath, atedydnienirentimiooy tvapadiva taad ysxthed dheréof e

conposition, said oxidative catalyst/additive conposition having a nean
particle size of about 50 to about 200 m 32 44. The process of Caim43

wherein the oxi dgli vaheprcteyssf @Rethd 15 6r 0P WMRFRL tHeMyak phadel re@itledtn@ebgen species
t hroughout the FCCU al og(gj,wl th a circulating inventory of catalytic cracking
catal yst. #5idatiMe qgtabystiadditbfe cpmpesition \hanedditivee pardisied sapagate jfran dghe tqatalytic
oxi dative (Y ditive conmposition in the regeneration zone of the
FCCU rel at ic\%%i(ﬁ%” ctﬁ%gtggof the cracking catalyst inventory is substantially
the sane. 46. The process of Caim44 wherein the residence tinme of the
oxi dative catalyst/additive c osition,Ln.the regeneration zqne of the,
FOOU rel at  ve t 41t hatProes & QBRI &S ShLAYSEEN Ry Fbry Teducef diesaen spipies
The processxpfatitd 2htAlydBadditBleCidingodRionXis datehraRdCiatoatneStatAckt tlavking VaROst bt QN
has a nean particle size ranging fromabout 55 to about 150 m

component thereof.

42,  The process of Claims 16 or 28 wherein component (3) of the oxidative

catalyst/additive composition (A) comprises at least 1 part by weight of CeO,,

43. A process for reducing the content of gas phase reduced nitrogen species in the
off gas derived from a regeneration zone of a fluid catalytic cracking unit (FCCU), said process
comprising contacting under catalytic cracking conditions gas phase reduced nitrogen species
contained in the regeneration zone off gas of an FCCU operated in a partial mode or incomplete
mode of combustion during a FCC process, with a gas phase reduced nitrogen species oxidative
catalyst/additive composition having the ability to simultaneously reduce ammonia and hydrogen
cyanide under FCC conditions, in an amount sufficient to reduce the content of ammonia and
hydrogen cyanide present in the off gas relative to the content of ammonia and hydrogen cyanide
present in the off gas absent the oxidation catalyst/additive composition, said oxidative

catalyst/additive composition having a mean particle size of about 50 to about 200 pm.
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48. The process of Claim43 wherein said regeneration zone is operated in a
partial node of conbustion. 49. The process of C aim43 wherein said
regeneration zone is operated in an inconplete node of conbustion. 50. The
process of Claim43 further conprising 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, em ssions
into the atnosphere. 51. The process of Caim50 wherein the COboiler is a
|l ow NO, CO boiler. 33

44.  The process of Claim 43 wherein the oxidative catalyst/additive composition is

circulated throughout the FCCU along with a circulating inventory of catalytic cracking catalyst.

45.  The process of Claim 44 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 substantially the same.
46. The process of Claim 44 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.

47.  The process of Claim 43 wherein the oxidative catalyst/additive composition has

a mean particle size ranging from about 55 to about 150 pm.

48.  The process of Claim 43 wherein said regeneration zone is operated in a partial

mode of combustion.

49.  The process of Claim 43 wherein said regeneration zone is operated in an

incomplete mode of combustion.
50.  The process of Claim 43 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 emissions into the atmosphere.

51. The process of Claim 50 wherein the CO boiler is a low NO, CO boiler.
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