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(FCCUs) process heavy hydrocarbon feeds containing nitrogen compounds a portion
of which is contained in the coke on the catalyst as it enters the regenerator. Some of
this coke nitrogen is eventually converled into NO, emissions, either in the FCC
regeneratar or in a downstream CO boiler. Thus all FCCUs processing nitrogen-
containing feeds can have a NOy emissions problem due to catalyst regeneration.
[0004] In an FCC process, catalyst particles (inventory) are repeatedly circulated
between a catalytic cracking 2one and a cetalyst regenmeration zone. During
regeneration, coke which deposits from the cracking reaction onto the catalyst
particles is removed at elevated temperatures by oxidation with oxygen containing
gases such as air. The removal of coke deposits restores the activity of the catalyst
particles to the point where they can be reused in the cracking reaction. The coke
removal step is performed over a wide range of oxygen availability conditions. At
the miniraum, there is typically at least enough oxygen to convert all the coke made to
CO and H;O. At the maximum, the amount of oxygen available is equal to or greater
than the amount necessary to oxidize all the coke to CO, and H,0,

[0205) In an FCC unit operating with sufficient air to convert essentially all of the
coke on the catalyst to CO; and H30, the gas effluent exiting the regenerator will
contain “excess oxygen"” (typically 0.5 to 4% of tota! off gas). This combustion mode
of operation is usually called “complete” or “full bum". When the fluld catalytic
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the mninum there is typically at |east enough oxygen to convert all the
coke made to CO and H2O. At the maxi nrum the anpbunt of oxygen available is
equal to or greater than the amount necessary to oxidize all the coke to
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reaction can occur in thé regenerator at any point above the dense catalyst bed,

including the area above the dense bed (dilute phase), the cyclones where entrained

catalyst is separated from the flue gas, the plenum above the cyclones, or even the

flue gas pipe.

[0007] This phenomenon, generally referred to as “afterburn™, is common in full

burn regenerators because by the very nature of this mode of operation there is excess

O, in the regenerator available to “light up” CO escaping the dense bed. Because

afterburn occurs after the dense bed of the cracking catalyst which acts as a heat sink

absorbing the heat released from the exothermic reaction of CO with O,, it can heat

up the gases to the point that overheating can occur. The result can be temperatures
which approach the metallurgical limit of the materials wsed to construct the
regenerator. High afterburn can limit the useful life of the regenerator equipment, and
runaway afterbum can cause catastrophic equipment failure.

[0008] Further, unlike units operating in partial burn, or even in incomplete
combustion mode, which typically have a CO boiler, full burn units do not generally
have a fired boiler on the regenerator flue gas train. As aresult, any CO escaping the
regenerator will be emitted to the atmosphere. In many FCCUs operating in full burn

combustion mode, CO combustion promoters are used to minimize the emission of



flue gas pipe. [0007] This phenonenon, generally referred to as
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additive, which is circulated along with the FCC catalyst inventory or incorporated as

an integral part of the FCC catalyst.
{0010] In U.S. Patent 4,290,878, NO, is controlled in the presence of a platinum-
promoted CO oxidative promoter in a full burn combustion regenerator. This patent

requires the addition of iridium or rhodium on the combustion promoter in amounts
lesser than the amount of platinum presence in the CO oxidative promoter.

[0011] U.S. Patent 4,973,399 discloses the use of copper-loaded zeolite additives for
reducing emissions of NO, from the regenerator of an FCCU unit operating in full
CO-burning mode.

[0012] However, there still remains a need in the refining industry for improved FCC
processes which minimize the content of NOy emitted from an FCC regenerator
operating in a full burn or complete burn mode and simultaneously promote the
combustion of CO.

SUMMARY OF THE INVENTION
[0013] A catalytic cracking process has been developed which reduces the content of
NO, emissions released from the flue gas exiting an FCCU regeneration zone

operating in a complete or full burn combustion mode. Advantageously, the



U S. Patents 6,165,933 and 6, 358, 881 di scl ose the use of a NOX reduction
conposi tion, which pronpotes CO conbustion during an FCC cat al yst
regeneration process step while sinultaneously reducing the | evel of NOX
emtted dugi regeneration step. NOX conpositions disclosed by these
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catal yst inventory or incorporated as an integral part of the FCC
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[0016] Accordingly, it is an advantage of this invention to provide a process for

reducing the emissions of NOy during a catalytic cracking process.

[0017) It is also an advantage of this invention to provide a process for reducing the
emissions of NO, released during an FCC process.

[0018] Another advantage of this invention is to provide a process for reducing the
content of NO, released from the regenerator of a FCCU operating in a full burn or
complete combustion mode.

{0019] Lt is yet another advantage of this invention to provide a process for reducing
the content of NOy released from a full burn or complete burn FCCU regenerator
while simultaneously promoting the combustion of CO.

[0020] Another advantage of the invention is to provide improved full burn or
complete combustion FCC processes. ,

[0021] These and other advantages of the present invention are described in further
detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Figure 1 is a graphic representation of the comparison of NO conversion in an
RTU where NO reacts with CO at various levels of O, in a reactor feed in the
presence of a catalytic cracking catalyst alone or in combination with Additive A or
Additive C.



storage conponent; (iv) palladiumand (v) at |east one noble netal
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of nitrogen, e.g. nitric oxide, (NO) and nitrogen dioxide (NO;) the principal noxious
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oxides of pitrogen, as well as N0y, N,Os and mixtures thereof,

[0027] For purposes of this invention the term “afterburn” is used herein to indicate
the burning of CO which occurs when CO and O, escaping the dense bed of fluidized
cracking catalyst being regenerated react at any point above the dense catalyst bed,
including the areca immediately above the dense bed (dilute phase), the cyclones
where entrained catalyst is separated from the flue gas, the plenum, overhead area
above the cyclones, or the flue gas pipe. Afierburn is measured as the difference
between any of the temperatures measured above the regenerator dense bed or the
average of all or any group of temperatures measured above the regenerator dense bed
{e.g., dilute phase, cyclone, plenum, overhead, or flue gas temperatures and the like)
minus any of the dense bed temperatures or the average of all or any group of dense
bed temperatures measured.

[0028] The present invention encompasses the discovery that the use of a certain
class of compositions is highly effective for the reduction of NOy emissions released
from a FCCU where the FCCU regenerator is operated in a full burn or complete
combustion mode. The compositions of the invention are characterized in that they
comprise (i} an acidic metal oxide component; (ii) an alkali metal, alkaline earth metal

and mixtures thereof; (iif) an oxygen storage component; (iv) palladium and (v) at



4 WD 2006/ 050168 PCT/ US2005/ 039093 [0023] Figure 2 is a graphic
representation of the conparison of N113 conversion in an RTU where NH3
reacts with NO at various levels of 02 in the reactor feed in the presence
of a cat al yt.i [ ing catal yst alone or in conbination with Additive B or
Addi tive Cf“)[zg'ﬁg'i@%ii gure 3 is a graphic representati oFURHERBWbari son
of NO conversion in an RTU where NH3 reacts with NO at various |evels of
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cat al yst bei ng} regenerated_react at any pojnt above the dense catal yst bed,

i ncl udi ng t Hé hﬂ%’“ﬁrﬁﬁ%’ﬂ?‘&f"&"% BJeA 2 Wes aluping: Bed preferrhly.ct jsAuSe) | the
cyclones  Wagbgal@nink it MeslsoRiidh ih%tscdpié o P fivaritRd tiat Atk hdhiSxf8sS, the

pl enum overhead area above the cyclones, or the flue gas pipe. Afterburn
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dense bed tenperatures neasured. _The present invention enconpasses
t he di scovel8#39h3he poigic wetel fideamasehe wysplline or amorphous. Amorphous silica

aluminas are most preferred. Where an amorphous alumina silica is used, it will have
a preferred alumina to silica molar ratio of about 0.6 to 60:1, more preferably 1 to
50:1, and even more preferably about 2 to 20:1.

[0031] The amount of the acidic metal oxide component present in the composition
of the invention will typically be at least 5 wt % of the total composition. Preferably,
the amount of the acidic metal oxide component ranges from about 5 to about 98 wt
%, more preferable from about 15 to about 95 wt % and even more preferable, from
about 20 to about 90 wt % of the total composition.

[0032] Further, the acidic metal oxide has a sufficient surface area to promote the
reduction of NOy and gas phase reduced nitrogen species formed in the flue gas of an
FCCU regenerator operated in a partial or incomplete combustion mode. Typically,
the acidic metal oxide has a BET surface area of at least S m*/g. Preferably, the acidic
metal oxide has a BET surface area of at 5 to 500 m%/g, more preferably about 50 to
250 m%/g.

[0033] Alkali metals useful to prepare the compositions of the invention include, but
are not limited to, sodium, potassium, cesium, lithium and the like. Preferably, the
alkali metal component is sodium, potassivm or a mixture thereof. The amount of
alkali metal present in the composition of the invention is typically at least 0.5 wt %
(on a metal oxide basis), Preferably, the amount of alkali metal in the composition
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met al oxi dedmeyst of Hieling carthyaetal presgyt i thg composition op the inyeticy gt lpast ot | east 25

Wt % al umi ngs w9 fonk BétA Rk Basish! Pleffibly, Bd amdhint r e WKalist ealth mefy) @1 SO W thin
the scope of the Invention at “the acidic netal oxi ge may contai n ot her
ﬂfa?l‘f’}/ﬂﬂ

th
st abi | i zi ngragasdromyahons tos 6 Wt Ys moghprefarably S0 40 3 o e¥ffa, yttria,

neodym a, SRy bfthe GivEMRidh Jompiafiehi Misaviditinb B@olpé bKf@e idventfonRb GieShé €d
enbodi ment  of the invention, the acidic netal oxide is selected fromthe

group consi 8kaliandgikaling earth matals glops eran gombigaian. | ant hana al umina and zirconia
al um na. [ OR%) TR Rk istordfe BhpStthIfuaflé &9 AESEald iV b phous.
I n preterred r phious al um na

Anor phous silica aluUmnas are nost p . Wiere an a
silica is ustegge ¢apability] Ing\nseferped pmbpdimentopfhe invension.ghe pxygem stomear rati o of

about 0.6 t gofifindnt VR rhire R %fe@a?'o)ﬁd%fol-?htgaﬁgﬁéndnéaﬁoﬁﬂ Ravity gf erably

about 2 to 20:1. [0031] The anount aclidic netal oxide ‘Conponent

present in stprage eappiilityt Sujkblegprersadh imeint exideminglpda, bt e ot liitpbtoat | east 5
W96 Of t NEodrl AlafiTFRRBIAounBiE 1668 ahd mir ST St kliiegg | o c et al

oxi de conponent ranges from about 5 to about ) % mnore preferable from
about 15 t omgiglsuinclods vanadig, Jpangenges oxids, drop raxidsy pisked oxideopapper oxide,

cobalt oxide, chromia, titania, silver oxide, molybdenia, niobia, gold oxide, tungsten
oxide, and mixtures thereof. In a most preferred embodiment of the invention at least
a portion of the oxygen storage component is ceria. In this embodiment, the amount of
ceria present in the oxygen storage component is at least 1 wi%, preferably at least 10
wi% and most preferred at least 30 wt% of the oxygen storage component. In an even
more preferred embodiment, the oxygen storage metal oxide component consists
essentiafly of ceria,

[0036] It is also within the scope of the present invention that the oxygen storage
metal oxide component may contain other stabilizing metal oxides such as, for
example, zirconia and rare earth metal oxides typically not heretofore known in the art
to have oxygen storage capability, e.g., lanthana, neodymia, gadolinia, yttria, scandia,
hafnia, and mixtures thereof.

[0037] The oxygen storage metal oxide component is preferably present as a micro
dispersed phase as opposed to large bulk oxide particles or ions located at exchange
sites in the oxide support. The amount of the oxygen storage metal oxide present in
the compositions of the invention may vary considerably relative to the amount of

acidic metal oxide. Generally, the oxygen storage component is present in the amount



about 20 to about 90 wt % of the total conposition. [0032] Further, the
acidic netal oxide has a sufficient surface area to pronote the reduction
of NO,, and gas phase reduced nitrogen species formed in the flue gas of an
FCCU reger‘l’%aqtq l{)er ated in a partial or inconplete conbustion node.

Typi cal [y, YO tH¥9%88qi ¢ netal oxide has a BET surface aPERUS?OO§P3NB,st 5
n2/g. Preferably, the acidic netal oxide has a BET surface area of at 5 to

500 n2/g, mefd1dastelsnab) ef&mﬂﬁoﬁgbdut)l t02500xt%% thlost pifeRBly fénk Mout et al S

useful to pr are the co ositions_of the invention |nclude but are not
limted to,? H‘F@H}W"p’btoﬁg’ﬂ%°’%@§‘ihﬂ?n lithiumand the Iike. Preferably,

the alkali mslalmecaﬂ%m%tpamﬁuﬁpﬁyeﬂm e ARSIt WileRtion2 cAlbuldiell & déer eof . The
anount of {ne‘lggé%%t taI present in the conposition of the jnvention is

typically a gpst0 \lvtl’a% pez gnillign, eeferpbly 2t least B8 Pty per millicnrmest y, t he

amount of _abledsly gkt 40 pdd erGIRAS I b pttonSd VRbGRABH 05 G4 Avention,

PCTI US2005/ 3909 ranges from about about % nost preferably,
from about thetasoyplopk pafladipm mpges from ?h?!“ap 1d?|3é@“tb%9§p Pprtsh pert pilligngt 5

conposi t | 0npref R ronfiaiicth b Bl 2800 TRkRbcE R hod BroRk AR Gn GRIFPOST LT ONS i 1
accordance wth t Q‘g’r esent 1 nvention Include, arenot limted to,
magnesi um 6%10@%15 pite per millen ont i um and the | ke Preferably, the

al kal i ne ea SRSUNES MR nmet al
present in [dﬁ? (r:m(;tga%egltst%n of Itetﬁlre&?%%ﬁttl?on |§tagc{ft?“§§%éé?&lp%&p%(on a
netal oxi deml‘i]éiémg)b“tmtéflém’éﬂﬂl 9, platisumminidium,ofhogdivm, Nsfim,natheaivmy net al
ranges fro t 9 (on a netal
oxi de bas r}l?mﬁ ?‘&jeﬁﬁl%gﬁﬁdggf (;i(’)rﬁpﬁ}(}gy I&igﬁrfoﬁfearﬁétéfl c‘énﬁjgﬁlérilp%s\klgee[es{%%pe of the

i nvention t Gomstetgieup gongisting af alatinyen| thadivma iridivmeand | mixtiresniersef. | n

conbi nat i 0”T#19a‘i’l?5&1e IBSunR’SYEE%ﬁE %ﬁﬂ@onﬁﬁ SRl dﬂﬁ%ﬁb&a%emxv oxi de

havi ng oxyge orage capa a preferre I ment the

i nvention, eéeulatsdagdhe metels ag@mseéhp@'h@mmﬂhonapm&rﬂély@haﬁ 1ﬁmléﬁ Pebxi de or a
transition peial n%&ﬁrgfeﬁbgy i@%ﬁtﬂ %e?ﬁrfiﬂﬁﬂehFéﬁﬁPérﬂeMeBﬁbocﬁHéﬂt%P' erare

earth metal oxides | Imted
the invention, the amount of the noble metal component ranges from about 0.1 to

5,000 parts per million, preferably from about 10 to 2500 parts per million, most
preferably from about 25 to about 1500 parts per million.

[0040] Additional materials optionally present in the compositions useful in the
present invention inciude, but are not limited to, fillers, binders, etc., provided that
said materials do not significantly adversely affect the performance of the
compositions to reduce the content of NO, or promote CO combustion under full or
complete combustion conditions. It is preferred, however, that the compositions of
the invention consist essentially of components (i) through (v).

[0041] The invention process involves circulating an inventory of cracking catalyst
and the NO, reduction composition in a catalytic cracking process, which presently is
almost invariably the FCC process. For 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 appropriate
adjustments in particle size to suit the requirements of the process. Apart from the
addition of the oxidative catalyst/additive composition to the catalyst inventory and
some possible changes in the product recovery section, 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



ceria, samaria, praseodym a, europia, terbia and m xtures thereof. Suitable
transition netals include vanadia, manganese oxi de, iron oxide, nickel

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

nol ybdeni ni ob| a, gold oxide, tungsten oxide, and m xtures thereof. In a
nost pr ef g\"q 808di ment of the invention at |east aPpBUSIEH03IS: he
oxygen storage conponent is ceria. In this enbodinent, the anmount of <ceria

present in mbeemmmealeﬁtwwmsmmeat Flusd @a:akyﬂaa:tmékz Worn Desther abl y at

| east 10 0, an rr wt % of the oxygen storage
conponent . V\E/ g@é???tq%{‘ ngri EP"gnMW"'ﬁﬁﬂé 1 gy {®drage net al

oxi de corrpomms&mcvmsbﬁceseaaem Saabgmsel fm&&ta:abh@@ﬁcliadgtﬂmadkso Wi thin
t he scope of, the p i nventi on gen. storage rret al oxide

conponent If £l iggﬁﬁBWF@r 195 £ frsﬁblsn%’f)él &Wﬂb’sﬂ? s¥alyyiy, exanpl e,

zi rconi a angbnkigyof a@fider) uSRIIPkilion laﬂﬁaaa,t MF&iliéﬂ'ahMuﬁ,Oﬁ Yh%@idiﬁl@i&hiwom in the
art to have oxygen storage capabili | ant hana, neod é a,
] The

gadol i ni a, $i¢ PAMPRENty,EREL0T MErSRAtriK a&‘ﬁﬂlaﬁfﬂé"ﬂ’r%@atmw and

oXygen St or a@R ad bk clfy THE YORPIRE RRfbe préscRtif by d¥hote RINAS SimAhade M CT O
di spersed phase_ as opposed to |l arge bul k oxide particles or 'ions |ocated at

exchange sPaeasltarstabzed andier eaisp otith. stapHiging fations sy¢h enenysfifiRrst or age
met al oxi deeggpgsent in the conpositions of the invention may vary
consi der ablé’ relative to_ the anmpunt of acidic netal oxide. Cenerally, the

oxygen st or 82 Semswhat nriefly, Hieduit, cataltic gracking gracess 7inyyhiclh @6heg%w0 168

PCT/ US2005/ Won @Jwﬁ&klﬁﬂ% crackeditto Hphtey Mrodicabthies p!a@@b?la&iﬁct drto 50 wt %
nost preferably from about to about 30 % of the to caonposi tion.

[0038] The & iy fa s&sﬂhpa@%ﬁt wesirpylation neragking, progesh t withh we pifquISHIE cal cul at ed
as the net ﬁﬁldlzab?e @a&al}tﬁ%?&ckﬁ LathX g&hﬁm&@rl’y ggiéétlénhgﬂfpa?ﬁ&ésq{aﬁhéhﬁ&n | east 20

parts per mllion, nost era mlilion. In a

preferred epasils vizenf fiom le‘?ét 510r¥96\?ﬁuf by, um,tprpé*erembabwt @to;y&pméa@ P r anges from
about 0.1 t‘i’h@s@@&ﬁ mgﬂ?@:ﬁé&cﬁ@ﬁro&bﬂré on, preferably fromabout 20 to
1

about 2500 part nost preferably f rom about
the feed is catalytically cracked in a catalytic cracking zone,

normally a riser cracking zone, opereting at catalytic cracking
conditions by contacting feed with a source of hot, regenerated
cracking catalyst to produce an effluent comprising cracked products
and spent catalyst containing coke and strippable hydrocarbons;

(ii)  the effluent is discharged and separated, normally in one or more
cyclones, into a vapor phase rich in cracked product and a solids rich
phase comprising the spent catalyst;

(i)  the vapor phase is removed as product and fractionated in the FCC
main column and its associated side columns to form gas and liquid
cracking products including gasoline;

(iv)  the spent catalyst is stripped, usually with steam, to remove occluded
hydrocarbons from the catalyst, after which the stripped catalyst is
oxidatively regenerated to produce hot, regenerated catalyst which is
then recycled to the cracking zone for cracking further quantities of
feed.

[0043] Suitable feedstocks include petroleum distillates or residuals of crude oils
which, when catalytically cracked, provide either a gasoline or a gas oil product.




40 to about 1500parts per mllion. [0039] In general, the noble netal
conponent is any netal of the noble group netals including but not limted
to, plati num i ridium rhodium osmum ruthenium rhenium and m xtures

t her eof . g the noble netal conponent is selected fromthe group
consi sting §f2$0;§?% ?%’?wm rhodium iridiumand mxtures tA(Z1E305039Di cal |y,

t he anount. of the noble netal conponent useful in the present invention,

cal cul at ed 5mhii w8l fvingdilfdl pbiia B aifdur 2044 Lo abB 8165, LlcRls oiPRGEHT DL Y Al

| east 10 paris per I 1"on, preferably at least” parts per mllion.
In a preferﬂ@ﬂ@rﬁ%ﬂhﬂ\ﬂkodfmtﬂheWmvl@dﬂdi on, the amount of the noble netal

component leaElﬁﬁzi? artsnp ﬂlpfﬁ?ﬁ MQ%@%Mrs%ﬁroﬂlgl}uérQ{lbleomaﬁferably

from about 10 to 25C I on rom about 25 to

about 1500 wrahtshsfﬂeqcarhm tp @werm@ml]ar wdmtthv@marbmmmdabsexmmatmm ly

t t L ocl ud but
Dr e ot |1 mCF S IR AR SRR, Bt d'holbGaooR RGP by DY R Pl N LTC s 21
do not si gnipfafeahhy Iabouaavbriﬂ)eisycoafehmlatedtfh:ethamyﬂmmdmecoﬁ%rhble Thenposi ti ons

to reduce the content of X _or pranmote CO.co stiqn under. full or

conpl et e cofbUKi ﬁu%tc?ﬁﬁfkfl\l?g’r?gl.tedlofl essuﬁ?%f’gﬁfggfﬂyﬁ&%@%‘?”, (Btsﬁ‘éﬁ' ghf e

conposi t i ongperoént add %0 weightrpeicent depending dn the gexlity afithe/fead, ﬂﬁ@mﬂeﬁéds (i)

t hrough (v). Q41 he | vent on ss _invol v i reul an inventory
of cracking B‘iﬁ%ﬁ‘i}ﬁt"l 1 t%rak@)( ﬁ“@b‘ﬁ@fﬁngﬁe@mﬁlﬁc‘w&f’cﬁr ong alytic
cracki ng pr deesalysiiis adeomppléshedhid y quii:k-sﬁjbpiﬁgtzommvi&fer ahimld héthinGhe pr ocess.

For conveni enc

vent| Scrib Wt efe enetothe FCC
process alt ﬁ%autaﬁortlﬁgat r BB Wﬁ%ﬁﬁehg%ber%g @Bﬁ}% "f)B ®the ol der
movi ng bed ipyeence SOGRan b alothe isro g SH avmﬁlberﬁmﬁfﬁmbb@tttfm"@dd) usdutrent s in
particle size to suit the requirenents of the process. Apart fromthe
addi ti on of SP%& oxi dati ve cat al yst/additive conposition to the catal yst

i nventory arnghys ﬁ{@%aﬁ@gﬁe@naaﬁ&%%&th@Féd?sm@éspﬁuﬁaesra%@wexse%@&t ion, the
manner of opera |ng the Pprocess wll remain unchan Thus, conventlonal
By

FCC cat al ystof catdyst mswmpmture ekehopt @0°G Enatiowe8Q9 @udgavmoys&:@ with a
faujasite cuAGKiNde SPIRRIANYINGS @5REE§Hda600°C to about 800 °C. Asitis

well known in the art, the catalyst regeneration zone may consist of a single or

multiple reactor vessels. In order to remove coke from the catalyst, oxygen is added
to the regeneration zone. This is performed by conventional means, such as for
example, 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 or the dilute
phase of the regeneration zone.

[0046] In the present invention it is preferable to provide an excess quantity of
oxygen to operate the regeneration zone in a full burn or complete combustion mode.
For the purposes of this invention, the regeneration zone is operated in a full burn or
complete combustion mode, when any one of the foliowing conditions is satisfied:
(1) there is sufficient air or oxygen added to the regenerator to convert all the carbon
in the coke on the spent cracking catalyst to CO; or (2) the effluent from the
regenerator contains enough oxygen to convert all CO in the regenerator effluent to
CQO,.

[0047] NO, reduction compositions useful in the process of the invention will
typically be in the form of particles and will have a particle size sufficient to permit
the compositions to be circulated throughout the catalytic cracking unit
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WO 2006/ 050168 PC1/ US2005/ 039093 the sem nal review by Venuto and Habi b,
Fluid Catalytic Cracking with Zeolite Catalyst, Mrcel Dekker, New York
1979, |1SBN 0-8247-6870-1 as well as in nunerous other sources such as
Sadeghbei gi, Fluid Catal ytic Cracking Handbook @ulf Publ. Co. Houston,
1995, | SBWVO24064%046800_ 1. Typically, the FCC catal yst s PCABIS2005P39093 o

bi nder, usually silica, alumna, or silica alumna, a Y type acidic

der. | , | | di
zeol 111 aGhifEnc QP AN Mo cridRflp QiR TyBRAIL e Pt AIEAHed ! || 02

alumnas, and fillers such as I'n clay. zeolite may be present in
one or nor e Padelesize afigresr thanAS 1obe Brefarably, thegnean ippitiple giza dnifrom ebqudat ed with

stabi | i zi ng 56?%({03&0,%@&&&3@9%&{ 5§ 13950 AnCand e Mdre gﬁ?%%bo?@@?"mat

briefly, the atal'ytic tracking process in,whi a heavy hydrocarbon
feedst ock wi 120gen.cThecedisles Baveiaghitiase apsa ofinideast § mierrpfrrably ablpast it act of

the feed i nnf"?g‘f)ﬁ%&t!ﬁef&@ﬁl?'ab’ﬁﬁst B6 &i%VeC WlaPd DQﬂsoﬁ%&ﬁoﬂ@nd&?ﬁﬁ%?SWo}h a
circul ating ui di'izabl e” catal ytic cracking catalyst inventory consisting
of parti cl edeshavaforgple2herdess, mnst preferablysiSAs lest- from about 50 to about 150 gm
preferably erdznﬁ n@ONbgrahaiah caﬁl?osriﬁon_s m? b 98 bd Scpithte ddgitivee cyclic
process are: (i) the feed Is catalytically cracked in a catalytic cracking
zone, nor mpftiglealopg with ghepracking czws,ormrb;tmmﬂed;mcathytcm%og acki ng
condi tions | ] f . cracki ng
catal yst o uaghl BEOhRek RF hetiifet 8 kBlel enBlimerl SRR, Chont

cat al yst coithealNGi mefuctionecatalydt/aslditivesparp lusedrasdseparate (pertistes @long withethef f | uent i s
di schar ged ‘ pgae]ﬂ!] | ; LAL O a vapor
phase rich ?%ﬁgﬁ%%@g%& %rq%né‘%gg an %gbﬁg%a[cf?%g%sxpﬁﬁf?%%%%b@@%ﬁingllﬁl %g t he spent
cat al yst; ( minimizikgNQ.oqmissiqus telegssdSrometheiedUaegeprasehuct and fracti onated in
the FCC nmai | i gt i & s and liquid
cracki ng pr 5@32@%‘&%% dn%E%%%%@’;G?Fvﬁ fétﬁ %°§8§géﬂf°s‘%‘§¥s;°?{/ﬁ§°9?‘s stripped,
usual |y wi t kmsameunt sufficientieocducothe tontmtiof NOy present in the FCCU regenerator

relative to the amount of NO, present without the use of the catalyst/additives, as

measured by conventional gas analysis methodology, including but not limited to,
chemiluminescence, UV spectroscopy and IR spectroscopy, and the like. Since the
NO reduction compositions of the invention have activity to promote CO oxidation,
the compositions are preferably used in an amount necessary to prevent afterburning
in the catalytic cracking unit. Typically the compositions are used in an amount of at
least 0.01 wt% of the cracking catalyst. Preferably, the compositions are used in an
amount ranging from about 0.01 to about 50 wt%, most preferably from about 0.1 to
about 20 wi% of the cracking catalyst inventory. Separate particles of the NOy
reduction compositions may be added in the conventional manner, e.g. with make-up
catalyst to the regenerator or by any other convenient method.

[0050] When the NO; reduction composition is incorporated into or onto the cracking
catalyst as a separate component thereof, the composition will typically be used in an
amount of at least 0.01 weight percent of the cracking catalyst. Preferably, NO,
reduction composition will be used in an amount ranging from about 0.01 to 50
weight percent of the cracking catalyst; most preferably from about 0.1 to about 20
weight percent of the cracking catalyst.

[0051] Other catalytically active components may be present in the circulating
inventory of catalytic material in addition to the cracking catalyst and the NO,
reduction catalyst/additive. Examples of such other materials include the octane
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hydr ocarbons fromthe catalyst, after which the stripped catalyst is

oxi datively regenerated to produce hot, regenerated catal yst which is then
recycled to the cracking zone for cracking further quantities of feed.

[ 00431 Suukggﬁ %eedstocks i nclude petroleumdistillates or residuals of
crude oil 16@R"1%%hen catal ytical |y cracked, provide PSTUSP0S43998%0! i ne or
a gas oil product. 9 WO 2006/050168 PCT/U82005/039093 Synt hetic feeds

havi ng bol | banaiy altysafoodli eSS, Rhouiiof 66 crptblichridert om coal
|

tar sands of shale oil, can also be incl uded ng conditions
enpl oyed duP#shdy amha SupherEsdspebie &e‘qln%‘%rasnﬂﬁt%‘m &R almng,hﬁtaﬂmﬂ%car bons to

| over nol eC%s@W1MddﬂN$ﬁ%®E@Ma%uﬁ1&lﬁHﬂ% ML vadnfOC t 0 about
600C. A catal yst to hydrocarbon weig ratli) of ab ou?b ?g 10(1) preferably

about 3 to Yepsiaad @Bﬁ?‘%ﬁﬁf’lﬁ’ﬁaw‘ﬁ?&ﬁ% %Wﬁéﬁﬁﬁ@@é@b\?@o@ cifhe average
anount  of cmcﬂaﬁ&so&@ﬁk maﬁé?ﬁg ZOliRAREC Chralyss, Matd DRker) NewPgbieen 0. 5

wei ght percent and per cent dependlng on the quality of the
feed, the c&¥ }%PNuQ-éW 833%1? t Hbesgnpiherg eymppenth nayp &e aisedbrin Heipi d

di sengagerreagnvg{tmh&]gmbm ocarbons from the catalyst is acconplished in a
qui ck- Strlpﬁ@éﬁ zone either intrinsic wwthin the reactor or |ocated in an
ext er nal ieEfect of the present Prosest isd minimjze thegroptent of NQxismissigpesence of

st eam or anghesn Feerlsm&ass opératfhg tlﬁr@%lﬁ%iﬁeoroéo buBfiedd, © vipput  600C.
[ 0045] The catal yst regener atlon zone of process I ncludes a | ower

dense bed &ignifigant reduetion iy iNQy emissionp may e ra&hlﬁﬂed S dhr vsof th%P@%Ut NOT and a
sur mount ed pl‘abésb'tlﬁ sgﬂ@%gseﬁ)tlp Q@El%uy%%h% nﬁd&tl&lﬁgp% # 6‘% 19i'cafii'ijpm 600C to

about 800 T. known I n the art e cata regeneration
zone may coh@lileé!@bl'bﬂmh tkq p@veés asrcording| te iths Iévqné@mtaarshws@ethg EXMP]G# der to

remove cokepdisp, mﬂd%u%v&ahé‘wﬁﬁe w8 by %hea&{iesﬁhlleﬂ ‘?n Hﬂecaf g@?fl@ l{fig 1 on zone.

This is perforned g conventi onal means, such u3|ng a

suitabl e spextetof Nedustiom wilhdepsust omsiich flacttre as, @g!erfb? mmmqlt%md or,
amount of the additive utilized; the design and the manner in which the FCCU is

operated, including but not limited to oxygen level and distribution of air in the
regenerator, catalyst bed depth in the regenerator, stripper operation and regenerator
temperature; the properties of the hydrocarbon 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 all of these respects, the
effectiveness of the process of the invention may be expected to vary from unit to
unit.

[0053] 1t is further expected that CO combustion will be advantageously enhanced
during the full burn FCC process of the invention simultaneously with the reduction
of the level of NOy and the minimization of afterburn.

[0054] The scope of the invention is not in any way intended to be limited by the
examples set forth below. The examples include the preparation of NOy reduction
catalyst/additives useful in the process of the invention and the evaluation of the
invention process to reduce NOyx and promote CO combustion in a catalytic cracking
environment.

[0055] To further illustrate the present invention and the advantages thereof, the
following specific examples are given. The examples are given as specific
illustrations of the invention. It should be understood, however, that the invention is
not limited to the specific details set forth in the examples.
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desired, additional oxygen is added to other sections of the dense bed or
the dilute phase of the regeneration zone. [0046] In the present invention
it is preferable to provide an excess quantity of oxygen to operate the
regenerati %0‘39/5’50?1& a full bumor conplete conbustion npde. For the

pur poses o I's 1 nvention, the regeneration zone is opBFHUEWOP3s | |
burn or conplete conbustion node, when any one of the foll ow ng conditions
is satisfiedoosef All fahtsasd F&c@ﬂg&é Rl 188 bxadiplesQls WalYBCiHe Achtilief Of thae _
regenerator to,convert all the carhon in_ the coke on the spent, cracking
catal yst to °6'i‘°"(‘?§°“’t“?¥et°éf’l‘4 patetial cppResition or congeRitation gve ByoWeightns enough

oxygen to CQiksy éthaivise Ghecifftd! MBoweP@CANEpaMs And Perodntes il Me ellMpldsG@4 71 NOX

reducti on conposi tions ci%s_g% ul in_the process of the invention wll

typi cal |y beVellss fhegemainder af thespesifieation refirang ip s cqmpesitiongus mplay o by ze
sufficient tuRRMflels othdtRiss Spebifiad.t i ons to be circul ated throughout the
catalytic cracking unit 10 WO 2006/ 050168 PCT/ US2005/ 039093

si mul t aneoudP4S7hFthet RaY gange Rf Aynkersregited in thegpreifisation or claimy sushAes wi | |
have a mean hd)@dprdsértifg 2iphRictiar &E@Pﬁr«%ﬂ'ertfe&]%ité‘@f R&uE) Bh@HAR! physicdie mean
particle size is fromabout 50 to 200 pm nost preferably about 55 to 150
pm and everftaits EPFeEtagsss sdntensisd to lierallytipcorpmmte,expressiy hesain by sefarencgave a
surface are 1eel mbef Rl f : ; st

et or ably af redise B8 ShyberBlg VAR gk, BHUFEEl SOt IEMENT 60 or

| ess, pref ervaﬁmyanz@auspsq@glge,d- nost preferably, 15 or less. [0048] The NOx
reducti on conpositions my be used as separate catalyst/additive particles
along with the cracking catalyst or nay be incorporated into the cracking
catal yst as a conponent of the catalyst. In a preferred enbodi nent of the
invention, the NO reduction catalystladditives are used as separate
particles along with the cracking catalyst inventory to permt optimal
conversion of a hydrocarbon feed while mnimzing NO em ssions rel eased
fromthe FCCU regenerator. [0049] Wen used as a separate additive, the NOX
reduction conpositions are used in ‘

13



any anmount sufficient to reduce the content of NO present in the FCCU
regenerator relative to the anobunt of NO present without the use of the
catal yst/additives, as neasured by conventional gas anal ysis net hodol ogy,
I ncl udi ng ‘% %§01I+1m' ted to, chem |um nescence, UV spectrosco and IR
spectroscopy, ANa"fhe 1ike. Since the NO reduction cAIFFISAGEDE the
I nvention have activity to pronbte CO oxidation, the conpositions are
preferably used in an amount necegSgANMPLES prevent afterburning in the
catalytic cracking unit. Typically the conpositions are used in an anount
of at least 0.01 wt% of the cracking catalyst. Preferably, the
corrposmwossmeem@éﬁcyaf&e co Fwtmaﬁmelmnﬁommr&ﬁew&ﬁ&wF ut 50

wt % nost preferabl from_ abou about 20 wt % of 't he crac

cat al yst F%?EFFE‘EPW"&@SFS‘&P &t“év%mdecwwthqd%thm@mplmm&@gmsu tions

may be adggd Unit (RIME) eRIM4EHd] r&RAnsTARERTU R. htt) lggst to the
regener at or orn byirg)ny ot her convngnl ent net hagapiﬁ\ér s%}l@%o%lﬁrde‘é@ﬁé%

reduct i onSiEWksoa epesitiop of 2 GG meenertpri This 9@?"1‘% i depraibed incdatailgn Gat al yst

as a sepayghfls &R W Pterd UGG the (RmEAYBAHE FCQU wagéﬂera&afmnfaa#ﬁe\éhﬁe used in
an anount of at_|east 0.01 werght percent of the Cracki n% cat al yst.

Pr ef er abl {rondifigns,” Degigning F@@Bﬂ%& iFpelpfer fCloangs Envisanent J 4G, i allFlangl ng
from abouty &, Ritad 0ds29. mew,har ‘@‘Ffaﬁéiytwﬁ Isf,ﬁw £560351919- 4031@11 W&rip
preferably from about t'o about wei ght percent 0 he cra |ng
catal yst. IS[h@@sllqlcomorpé?dhya?fawm cal | y actlve conponents rray be present in
the ci rcugo%sﬂnﬂ,e abﬂ}/fé’ftdaﬁnisoé?ﬁonﬁ g-:L:Xﬁ\)eﬁuoﬁ% %&1‘,@& NG} iR4%dCPR R aic*?

cracki ng uction catal yst/additive.
such ot heppessedeiniagivl] bumcmodeewaslstepninedin mqﬂmm@@wtm@%cnvny of the

PCTI USZOO@A@%@%?I%?N g qg@geagﬁ;nagf swﬂ{:\@@d Iugkg I%VESU(?EII vent i onal

CO conbust | ase supporte nob mef’ a pl ati num
on al uni naerfosmwkmgwerrhsetsu Kis fest iscthe NEx @mmwwdélsslamblaso brstigh pr

(magnesi UE&rﬁLﬂs’i ?O?L)wdd%gg%%&‘é”}méuﬁléps and bottom cracking additives,

such as those descri beigi, op cit and Scherzer, Cctane
Enhanci ng (0868 mamcmmmm}sm@ll by there o bR ateas Where redifckd species other

than CO (e.g., NH3, HCN, hydrocarbons) can be present for a sufficient time to react with

of

NOy after it is formed. The ability of compositions of the invention to catalyze such
reactions was determined by measuring in the RTU the activity of the compositions for
reacting NH3 with NO, under various O; levels, simulating the oxidizing/reducing conditions
possible in a regenerator operating in full burn. It is desirable in this experiment to have high

NOy conversion to nitrogen.

EXAMPLE 1

[0061] A microspheriodal particulate support material was prepared as a base material for the
preparation of the NOy composition of the invention using the following procedure. A shury
was prepared from an aqueous slurry having 20% solids of a peptizable alumina (Versal 700
alumina prowder obtained from La Roche Industries Inc., purity 99% A1,0s, 30% moisture).
The alumina slurry was prepared using 31.6 lbs of the alumina. To the alumina slurry 3.87
Ibs of an aqueous sodium hydroxide solution (50% NaOH) was added. Next, 10.4 lbs of
cerium carbonate crystals (obtained from Rhone Poulene, Inc., 96% CeO,, 4% Lay0;, 50%
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1990, | SBN 0-8247-8399-9. These ot her conponents may be used in their
conventional anounts. [0052] The effect of the present process is to
mnimze the content of NOX em ssions froman FCC process operating in a
full bum o te burn node. Very significant reduction in NOX

eni ssi ons f‘w’ﬁ’fﬁﬁ‘}s@éﬁ. eved by the use of the present pri§dé¥R005/039%93e cases
up to about 90% NOx reduction of 10 to 90%is readily achi evable vm'th t he

process aman&?médeoétb%sw@ e One 4 fa?' ab clézf%%ﬁ

However, as W be under st ood he cata _yst art t he

ext ent of briag the slide eqnemmtrafion ofdl@pﬂw f@dmulsmlimé@&ﬂ@ qigxcl@nsgd silict, ol

corrp05| ti i dnb t | he nmanner
i n which %@C&Gl S meg&e){r%l{le c@l nc nicéﬁ dbt bJS(Z%g%ls) vvhr%atqe ttggh%x en | evel

and di st r Thaumixene wes agitated to essare gp@bgn@mrérthenamiled insa stiseed mpdigmillitn t he

r egener at

properti ega%cf%gﬂbﬂa%?%%géﬁ%ﬁgpee st o?g%gr&g ‘i’ge mh Ef]‘zt“%? gegézr)]cg:goof ot her
cat al yt i cftdifrieter Bewen Baginesting sprayedsier tohforne mﬁmﬂﬁyaﬂdnletpa mtictospheres. t he

" egener at Phe spid)Wior WislHifed 441 otz dd Gpefiftls af 915°€ HRot t@l{lémrﬁﬂrgt hese

respects, ectiveness of the proces e i nvent i on
expect ed {ﬂ@ 1387G oytlebair temperaurs. Therrctation) opRy Of the |abﬂﬂ1ﬂmndmstqﬁelm&d that CO

conbust i 0Egopif the ﬁﬁocﬁ’l& %JeYc EW%@@N@%O e ?hér&lderhﬁé Pﬁ Level of

process o the I iventi on S|nu taneou with the reduction

NO. and t #réedrprodupt wastcelsined at @ptoemwﬁlm 0°0 0% oy zolstilopendaprovidea fimalent i on i s
not in any intended to be limted by the exanples set forth below The
exanpl es |R@?ﬁde the preparation of NOx reduction catalyst/additives
useful in the process of the invention and the evaluation of the invention
process to reduce NO and pronote CO conbustion in a catalytic cracking

environnment. [0055] To further illustrate the present invention and the
advant ages thereof, the follow nEX&EIE3 ¢ exanpl es are given. The
exanpl es are given as specific illustrations of the invention. It should

be understood, however, that the invention is
[0062] Additive A was prepared as follows: A Pd containing solution was prepared by

' dissolving in 45 lbs of water 549¢g of a Pd(ID) nitrate solution obtained from Johnson-Mathey

" which contained 8.643% Pd. A support was prepared as described in Example 1, with the
exception that the inputs were adjusted to yield a final product having the composition as
shown in Table 1 below. One hundred pounds of the support was then placed in an Eirich
mixer, With the Eirich mixer in operation, the Pd confaining solution was sprayed on the
support. The impregnated material was then discharged from the Eirich mixer and flash dried
in a Bowen Engineering flash drier with the inlet temperature set at 538°C, and the outlet set
at 149°C, The final product has the properties shown in Table 1 below.

EXAMPLE 3

[0063] Additive B was prepared following the procedure in Examples 1 and 2, except that
inputs were adjusted to make a final product having the composition shown in Table 1 below.
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not limted to the specific details set forth in the exanples. 12 WO
2006/ 050168 PCT/ US2005/ 039093 [0056] Al parts and percentages in the
exanpl es as well as the remainder of the specification referring to solid
mat eri al %@{/tlﬁn or concentration are by weight unless otherw se
speci fi ed. MBP%8 411 parts and percentages in the exBEHVES0390%e| | as
the remai nder of the specification referring to gas conposition are nol ar
or by volunme unless otherw se speaiAnmg 4 [ 0057] Further, any range of
nunbers recited in the specification or clains, such as that representing
a particular set of properties, units of neasure, conditions, physical
states orp Mﬂt]gﬁia'itﬁ@@was' p?epamwgeeing 80.b¢ 6ﬁl{cﬁﬁﬁv¥ H d%%épﬂﬁﬂﬁ&aﬂiﬁﬁ?ﬁ5| y

e

herein by reference or otherw se, wi thin such range,

i ncl udi ng@mkiigtined beaker off 2 mgrhsaical Totafor. hxrmaaﬁth aﬂg@nswméweé éw dilutingr
2006/ 050168093 Th44FAPRGH ARRRNA: wheAVBEEDI &&9.584 fﬁHB@r &futlb&wwupaeéd yhe

conposi tions of the invention to reduce NO, FCCU regenerat or
oper at i ngtemeviag 5f3g of thepravyensly madecmastes aleléfepnu wdtq#émel%lrwesto OB rigfaly

Regener at Qtight! ORiditlvE Blwds 'ﬁi@dﬁmﬁ@ﬁm’fw@ﬁ graﬁﬁﬁ&tslaﬁﬁﬁg of H%O th: RugiRRPar at us

specifically designed to sinulate the operation of regener at or.

Thi s appaRhtselythrs R (88 st spERyngEFle syptem.  Theawelr mquenetedamawa Peaser s
" St udyi nggpk %Oénsz&rl! R ovel i ﬁc%e'ﬁﬁg& E Halin H@g‘ﬂn El’idcﬁs and

Condi ti ons signi ng ranspo Fiation Fue or a O eaner © I’lVI ronnent,

G Reynol was ﬁrstigrd\md R akflender ssscreeped Hdre cmamngrat&smm o k8BSt | SBN:

1-56032-8 escrl t| Qn rein incor reference
{0050] - Theseampest e it sdherB dniatif 1h Someb g PERe BhShelel iR 0
FCCU regetné!fahleclrbelwper at ed ina full burn node was determned in the RTU by
measuring the activity of the conposition to catalyze the_reaction of NO

with CO under various 02 levels. The key perfornmance neasurenent in this
test is the NO conversion. It is desirable to have hi gh NOX

Table1
Properties of Additives A, B and C.

Additive A  Additive B Additive C

V@ 955 °C wt.% 6.6 9.5 8.2

Si0, wt.% 4.72 7.22 7.15
Al O, wt.% 69.7 63.0 63.7
La,0, wt.% 0.93 0.63 0.64
Ce0, wt.% 218 21.3 22.0
Na,O wt.% 5.64 7.9 7.87
Pd ppm 870 990 1004
Rh ppm 104
SA mfg 160 104 96

16



conversion to nitrogen for a wide range of 02 anmounts. [0060] In a
regenerator operating in full burn there may be areas where reduced species
other than CO (e.g., NH3, HCN, hydrocarbons) can be present for a
sufficient_tine to react wwth NO after it is formed. The abilit

conposi ti oS BPY/PRYS; nvention to catal yze such reacti O%T’U%"W?‘é?m ned by
measuring in the RTU the activity of the conpositions for reacting NH3

wi th NO under various 02 |evels, gxaMpgEisng the oxidizing/reducing
conditions possible in a regenerator operating in full burn. It is
desirable in this experinment to have high NO conversion to nitrogen.
EXAVPLEI ﬁd&@ﬁﬂe @ctiﬂtf ro@mrvbmahndperfef sddughe we&%ﬁnﬁ%ﬁr the! Fors

prepared as a base materi al preparation of ,. COTTBOSI tion of

t he i nventTPESHEr§Rs Wa§ apgeased by mm%g tﬁ? frtiniiy fop catalyzing the 910 mtl?n
aqueous Slguiy. h%‘g'tel‘;fh &;91%?1% & '2q§at‘3§3°@ e RAdiARR lweerealj.:lbﬁﬁ'e@ﬁt d&%ﬁév@f

|
al um na prowder ne rom La Roche | ndustries purit 810 A 1203,

30% noi st FCE)catalyph OCTAGAT: aDgH@btﬂsned/\ﬁ@n &r@qsd?aéﬁomyvh@ @4 been| dggctmted he

ol ot on (SdtA RARERnRLYEdpeafeudfr R gt il PR TR BRI 0, -

(obt ai ned tiier dendResrtken ad ke the RTUNeactor dpShibe@R 700M¢ LER(@s fdeld % thé rédlor

2006/ 050168 PCTI US2005/ 03 ol a ed to the sl The

Sl urry v FKERS CobiERN SO0 500 PR o St o S ot A TR <ol 1 ds
colncen]E r a@im ajfﬁ/n iwml eiid’ $he thaladodfitrdgem alThy totdl. ?38 fkda&aﬁaegoe/meiﬂlgml@eo,d silica
sol o cQ [ co 0 sQl ids) was
added to {HEMEING el%ﬁt?}( @F@%eéﬁf’\‘%& g@g]glﬂgs HPEHRTH ¥8%Hg and
thgn m |l @ﬁnwmoahas theﬁ:bﬁﬁtidﬂgﬁh fhe RII‘U|re£!:c|_ﬁr wbﬂfi ml 1awﬁhwifgraauafmdt§mgarcas
substanti a s than m crons e e was, fe

di anet er @69%%&2%?%‘?%%%& he sesulls agg shayn | ‘%?ﬂ'n iiﬂfp‘gﬂffgﬁhﬁ’ﬁfqeﬁh %‘%@&r on

M cr osphercgitaining AAdRHIPE s MlidhShior¥efechivelih Adudthd NOFhah A dftive &L OM zer and
operated at 315C inlet air tenperature and 138C outlet air tenperature.
The rotational speed of the atom zer was adjusted until 50% of the product
m crospheres were retained on a No. 200 screen. Thereafter the spray dried

product was cal ci ned at approxinmately 650C to renove volatil es and provide
a final

&4 from an

EXAMPLE 6

[0066] The activity of Additive B and Additive C for reducing NO emissions from the FCCU
regenerator was assessed by reacting NO with NH;. The experiment was conducted as in
Example 5 except that the gas mixture fed to the reactor contained approximately 1000 ppm
NH; and 500-550 ppm NO as well as various amounts of oxygen with the balance nitrogen.
At the high temperatures of this experiment NH; reacts with O to form Nz or NO, To the
extent that NH; survives it can also react in the gas phase with NO in a non-catalytic process
that is often used for NO abatement, Thus, it is not surprising that the data in Figures 2 and 3
show the catalyst alone being effective for converting both NH; and NO unless the O; levels
in the reactor rise. In the latter case some of the NHj is converted to NO. However,
Additives B and C further enhance the conversion of NO with NHj,
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support. EXAVMPLE 2 [00621 Additive A was prepared as follows: A Pd
containing solution was prepared by dissolving in 45 | bs of water 549g of
a Pd(Il) nitrate solution obtained from Johnson- Mt hey vvhi ch contai ned
8.643% Pd. A support was prepared as described in Exa with the
except i orWORMGOFHES | nputs were adjusted to yield a fi EI “ﬁ?%’a’ﬂ?f”%aw ng the
conposition as shown in Table 1 below. One hundred pounds of the support
was then placed in an Eirich mxggapPlgh the Eirich mxer in operation,
the Pd containing solution was sprayed on the support. The inpregnated
material was then discharged fromthe Eirich mxer and flash dried in a

Bowen Enqommen@ofokﬁg%ﬂdu%y wA&anlvla@Al B'a‘ﬁ& dﬁi@ﬁ&é&é&rxﬁ ﬂﬁ%‘l‘@h?‘ﬁ%ﬁc and

the outl et set at . The Tinal roduct properties s

Tabl e 1 sEcking catabygyopleedn o pilt dant, the Iﬂavwaacwé isgrdPCBM Abe t he
procedur gedch @ﬁadmeeﬁck 8 Doy lﬁﬁﬁl@(ﬂn ﬁa@%nmol Brs! Y. ?b&h%} ?th 0 nmeke a

final produc{’ havi ng t he corrp05| tion shown in bel o

2006/ 050 Werthecbee, 98d 0 5Wo Doveys “Smméommm%f@chhmkls weﬂ:dhwdbvwepar ed by
pl aci ng IEE%@T R YDER ysn&é rgga’ﬁt ﬂﬁ@ﬁ%ﬁ PRy SRR fners Aé!:ocx%ﬁyg ;ﬂ?dk{a{]ed beaker

on a mechan rotdtor. sol utl on was prepare t1ng

1. 0098g Taper AMEE-Pinth |Wﬂémgs‘dieahsm msevsmemgf RGC Gatakypt Performanedhiartheli | uti on
was pr epglasfatty,” &%ﬁﬂ?&’b&@yﬁf %ﬁﬁknﬁ S&l gg&f"r&lﬁ%w%”?%eﬁ)@éé & Miggution and

addi ng DI wate tive I npr egnat ed by
gr adual | yMighelhyir. r‘@serﬁmdlesﬂggsud’ﬁ%t ﬂpfaﬁltde‘ﬁat@lwl%ﬁ/@lumh%smt @97, dilsevier ough an

20T M St BRI PIAREES poV S LS 1993 ISB ARRLAATIE Ak o0 aydt e 10 an

oven at 120C over cake was in the form of chucks and
was fi rstot‘gmﬁmﬂ“—ml‘abmnedw&emCamrmsexemdﬁtsedm@mmm 41hng81ét’c 860C for two

the 1 nai AR TRl Ralldob i @Rl (HIEAD e cfuiadd GEBERT 1 01 ©F

react with a FCC feed. The properties of the coked catalyst are shown in Table 2 below. The
additives were calcined for 2 h at 593°C and then mixed with the coked cracking catalyst at
0.2% additive level. The coke catalyst or the blend was then fed into the RTU reactor
operating at 700 or 710°C respectively, and the coke was burned with a gas mixture of air and
nitrogen so that there was 1.1% excess O, in the RTU reactor effluent. The CO measured at
the reactor effluent is a measure of the CO combustion activity. The lower the CO the higher
the combustion activity of the additive, In Table 3 we show the CO emissions measured in
the RTU reactor effluent. While the effectiveness for reducing CO emissions may vary, all
Additives A, B and C are effective for reducing CO emissions.
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Properties of Additives A, B and C Additive A Additive B Additive C TV @
955 Cwt.%6.6 9.5 8.2 S102 wt.%4.72 7.22 7.15 A1203 w.%69.7 63.0 63.7
La203 w.%0.93 0.63 0.64 CeO2 W.%21.8 21.3 22.0 Na20 wt.%5.64 7.9
7.87 Pd pwﬁzgﬁ 1004 Rh ppm 104 SA ns/g 160 104 96 16 WO

2006/ 05016 05/ 039093 EXAMPLE 5 [0065] The act PGFU§208%/03208di ti ves A
and C for reducing NO em ssions fromthe FCCU regenerator was assessed by
measuring the activity for catalyzin aﬁl@f NO reduction by COin the RTU

After calcination for : Ry re bl ended at 0.5%/ evel
with FCC catalyst, %@}ﬁ%ﬁé %@%%ﬁ#gﬁeﬁgﬁgﬁavi son, which had
been deactivated for 4 h gip816Cin a fluidized bed reactor with 100%
steam The cracking catal y8t2al one or the bl was then fed to the RTU
reactor operating at 700C. AlgBg gas fee® to thggyeactor was a mxture

cont ai ni ng 5000- 5500 ppm Q%Zd 00- 550w€~ﬂm NO, dll'ﬂél ous anounts of oxygen
added as 4% 02i N2, and the 3ance ni ‘rogen. total gas feed rate

excl uding the 02 contai niN&Qyas feedt.thas 1000331100 scan. The anount of
oxygen during this experi ng@% was vafd.ed so t the conditions in the RTU
reactor would sinulate reduclng and oxidizing areas of an FCCU
regenerator. The results &0shown i Wt%i gure @.7 The data showed that the
Pd/ Rh  contai ning Additiverijf,i s muchyygre effigti ve in reducing NO than
Additive A. EXAVPLE 6 [006n$ rﬁThe activity of 137ditive B and Additive C for

reduci ng NO eni ssions fro @NFCcy wt.%
S wt.% 0.16
SA m?/g 168
Matrix m?/g © 30
Zeolite mé/g 138
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regenerator was assessed by reacting NOw th NH3. The experinent was
conducted as in Exanple 5 except that the gas m xture fed to the reactor
cont ai ned approxi mately 1000 ppm NH3 and 500-550 ppm NO as wel |l as vari ous
anount s of en with the bal ance nitrogen. At the high tenperatures of
this exper\vﬁéﬁ@ ORS8 r eacts with 02 to formN2 or NO T Tﬂégzr}&??@?ﬂ t hat
NH3 survives it can also react in. the gas phase with NOin a non-catalytic
process that is often used for NO abatenent. Thus, it is not surprising
that the data in Figures 2 and 3 show t he catal yst al one being effective
for converting both NHB and NO unl esgpjhe 02 levels in the reactor rise.

In the | atd®tm M@% . y;%v§ ditives
B and C furt%er enhance t e %mgﬁgﬁﬁ%m?@gﬁthdw ?0‘15‘8 50168
PCT/ US2005/ 039093 EXAMPLE 7 ?‘8 oXl ion activity of Additives
A, B and C was i?ﬁﬁ d in the RTU usin st_coked in the
FCC pil ot pl antﬁ v vison G rcul ati n&"ﬁc‘; @R%%Hi? I"(H)escrl ption of
t he DCR has been published in the foll ow ng( ﬁépers cinppmy Myoung, G D.

Weat her bee, and S. W Davey, "Simulating Comer CI al FCCU yields with the

Davi son Gircul gig g@g}s ilot plan nit," Petrol eum
Refi ners Associ atl on mé apeey AMB8- 52; %gltl W YounghgaReal istic

Assessnent of F IAyst Per f ormance in tg§8 Labor at irlg in Fluid
Catal ytic Cracking: Science and Technol ogy, S. I\/age ad M M

Mtchell, Jr. Egs ies in Surface SC|e an is Volume 76, p.
257, Elsevier gdgﬁ@%%ubl i shers B. V., Eggdam 1993 %¥ BN 0-444-89037- 8.
The FCC catal ys ﬁgﬂ r - DST obt ai ned fro ace Dav , was first
deact i vat ed forhﬁldriu %?GC ina fluidi zedgggd reacto aa#th 100% st eam
bef ore being coked by being circulated in the DCRto react with a FCC
feed. The properties of the coked catal yst are shown in Table 2 below. The

additi ves were cal ci ned for 2 h at 593C and then m xed with the coked
cracki ng catal yst at . 2% additive |l evel. The coke catal yst or the blend

was then fed in eactor, operating,at 700 or C respectively,
and t he coke waé'%aﬁié‘a’%é%% gg m xt ure 2ﬂ?ai r and 1%&& ogen so that
there was 1. 1%ﬁdcd?t?5 9‘2 in the RTU reactor78gfl uent. 'g]les CO measur ed at

Additive B 709 1477
Additive C 709 1460
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the reactor effluent is a neasure of the CO conbustion activity. The | ower
the CO the higher the conbustion activity of the additive. In Table 3 we
show the CO em ssions neasured in the RTU reactor effluent. Wile the
effectiven‘gés for reducing CO em ssions may vary, all Additives Al B and C
are ef fectTV8"4r% % duci ng CO eni ssions. 18 WD 2006/ 05FEEES2005/039093

PCT/ US2005/ 039093 Table 2 Properties of coked catal yst used in the RTU
experinents S102 53.4 AI203 wt.%43.7 RE203 w.%0.10 Na20 w.% 0. 33
S4 w.%0.56 Fe203 wt.%0.7 Ti02 wt.% 1.0 Carcon wt.% 1.37 S wt.% 0. 16
SA n2/g 168 Matrix n2/g 30 Zeol EXAMBIES 138 19 WD 2006/ 050168

PCTI US2005/ 039093 Table 3 CO em ssions during coked FCC cat al yst
regeneration in the RTUwi th Additives A, B and C blended in with the
coked cat HP68{The ability iof AdBitivesTAngnd (C)to oPuea PiShpmisgiays g pomparedNwitnddi ti ve

(Basecasely¢Qtiond €0 combustion promoter CP-3® (obtained from Grace Davison) was tested in
the DCR. The DCR was started up by charging the unit with approximately 1900g of
equilibrium catalyst, having the properties shown in Table 4, For the purposes of this test, a
commercial FCC feed was used having the properties shown in Table 5. The DCR was
operated with 1% excess O in the regenerator, and with the regenerator operating at 705°C.
After the unit stabilized, the baseline SO, and NO emissions data were collected using an on-
line Lear-Siegler SO,/NO Analyser (SM8100A). Subsequenily, 100g of catalyst were
injected into the DCR consisting of 10g of the additive, 5g of CP-3%® combustion promoter
and the balance equilibrium catalyst. The results in Figure 4 show that the use of either
Additives A or C resulted in lower NO emissions than using a conventional combustion
promoter. However, the combination of Pd with Rh in Additive C resulted in lower NO
emissions than those of Additive A which did not contain Rh.
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Additive A 698 1172 Additive B 699 1890 Additive C 698 1928 No Additive
(Basecase) 711 1990 Additive A 708 915 Additive B 709 1477 Additive C
709 1460 20 WD 2006/ 050168 PCT/ US2005/ 039093 EXAMPLE 8 [00681 The ability
of Additives A and C to reduce NO em ssions as conpared with a

convent i on¥? ¥WEBKBusti on promoter CP-3(r) (obtained fRGHULPEBYRByi son)
was tested in the DCR The DCR was started up by charging the unit with
approxi mately 1900g of equilibriumyGafgl yst, having the properties shown
in Table 4. For the p o T gﬁﬁ‘ L ORELGd a2l FCC feed was used
havi ng the properti esugrﬁge\%n&%ioggqf}élﬂ,@m . ﬁm was £&éc')per ated with 1%
excess 02 in the regeneégéor, and with the regenerator operating at 705C.
After the unit stabilize#athe baseliw%s2 anGONd eni ssions data were

col l ected using an on- ki Lear - Si egl er, SO2/ al yser (SMB100A).
Subsequently, 100g of cétlgyst wer e - ‘Ntm%ect ed'\gﬁtﬁg t he DCR consi sting of

| og of the additive, b5g d:P—3(r) (of0) stion gr ter and the bal ance
equi | i brium catal yst. Fekults in%ure4 How t hat the use of either
Additives A or Cresult | ower Nq: ;ggp ssion an using a conventional
conmbustion pronoter. H'gﬁ%évoler, t he conbi nationebefTPd with Rh in Additive C
resulted in lower NO eppssions than se of Aglditive A which did not
contain Rh. 21 WO 2006/ 050168 PCT/ US2005/ 039093 " "Tabl e 4 Properties of
equi librium catal yst us€iOQpn DCR testwt%Si 02 w1.® 50.9

MgO : wt.% 0.319
Ni . ppm 681
Vv : ppm 1160
SA . mélg 188
Zeolite : mélg 128
Matrix : m¥g 60
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A1203 : wt.%45.5 RE203 : wt.%0.37 Na20 : m.%0.37 Fe : w.%0.6 TiO02

w.%1.2 MO : w.%0.319 N ppm681 V ppm 1160 SA nR/g 188 Zeolite
: nmk/g 128 WMatrix n2/g 60 22 WD 2006/ 050168 PCTI US2005/ 039093 Table 5
Properties%?%&oh%ed used in DCR tests. APl Gavity @0 F 23.2 Sul fur,
Wt . % 0. 023 trogen, w.%0.13 Basic N trogen, BRETUSHOHBIEY3
Conradson Carbon, wt.%0.03 Fe, ppmO0.7 Na, ppmO0.7 K Factor 11.4
Sinulated Distillation, vol.% of 5 'fgb?leszo 576 40 660 60 743

Properties of FCC feed used in DCR tests,

AP] Gravity @60 °F 23.2
Sulfur, wt.% 0.023
Total Nitrogen, wt.% 0.13
Baslc Nitrogen, wt.% 0.0378
Conradson Carbon, wt.% 0.03
Fe, ppm 0.7
Na, ppm 07
K Factor 11.4
Simulated Distillation, vol.%, oF

5 453
20 576
40 660
60 743
80 838
FBP 1153
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80 838 FBP 1153 23 W claim 1. A nethod of reducing NO em ssions from
the regeneration zone during fluid catalytic cracking of a hydrocarbon
feedstock into | ower nol ecul ar wei ght conponents, said nmethod conprising
contacting a hydrocarbon feedstock with a cracking catalyst inventory at
el evated tenperature in a fluid catalytic cracking unit having a
regeneration zone operated under a full bum nobde or conpl ete node of
conmbustion under fluid catalytic cracking conditions whereby | ower

nol ecul ar wei ght hydrocarbon conponents are formed, said cracking catalyst
conpri si We¢laima fluid catal ytic cracking conponent suitable for

catal yzing the cracking of hydrocarbons, and (b) a NO reduction conponent
conprising (i) at least about 5.0 wt % of acidic netal oxide containing

subst ant ijal | y Anfiethg®6f detigsing NO), eﬁﬁssioﬂﬁﬁ‘bm@h@re@éne%noﬁ&@ﬁélﬂlﬂﬁlgeﬂiudfet al oxi de,
of a netal conponent selected fromthe group consisting of alkali netals,

al kal i ne caabvtip cipeking ef a hydroearkan feedstack ante drwer n(qlwu;aratel semparentsit 9

measur ed I | east
0. 1 ppm S regieRhecfibhfie o e SNARGa bR ISR o BECRER oftblt 70 ont

sel ect ed inventory dthievated tgmseatstesih alﬂlglchfatdbjrt&tdramkmg umitlhdwimgla regepeiation osmi um
rut heni um rheniu and_m xtures thereof, al] percentages being based on

the tot aPOfetRgrte nder fullchum jaeds o Fomplets RSt combustiticindgt WA of O aim 1
further coamfit §1‘a@ﬂn%@&mﬁ%disn9hér€® l%@v@ncrlﬁbﬂgul%akm{ydwc%n SShforeRRt act i ng

step and treéatin e used cat al in a regenefatiron zone to regenerate
sai d cat afteyfetmed3 sand‘ halcln'reg hntdlystrcoﬁjpaslng [a)whﬂuld|cntab(omrpmabmg$0mapnemnd

conmponent e f.l uidi zed dur | cont act i al.d. hydrocar bon f eedst ock.
o meviibl BF artihg e Thrakiite RS R BAIRBRE N N i
si mul t ane@thMng\m & 1eR6akpun 8.0 MD.Y% BMAcidit Mgl Bx.eabémﬂnrnggam5@hllp Rozone of a
fluid catalytic cracking unit during a fluid catalytic cracking process.
zeolite; (ii) at least 0.5 wt %, measured as metal oxide, of a metal component selecte
from the group consisting of alkali metals, alkaline earth metals, and mixtures thereof;,
(iii) at least 0.1 wt %, measured as metal oxide, of an oxygen storage metal oxide; (iv) at
least 0.1 ppm palladium; and (v} at least 0.1 ppm of a noble metal component selected
from the group consisting of platinum, iridium, rhodium, osmium, ruthenium, rhenium

and mixtures thereof, all percentages being based on the total weight of the NOy

reduction component,.

2, The method of Claim 1 further comprising recovering the cracking catalyst from
said contacting step and treating the used catalyst in a regeneration zone to regenerate

said catalyst.

3. The method of Claim 1 wherein components (a) and component (b} are fluidized

during contacting said hydrocarbon feedstock.
4, The method of claim 1 wherein the method promotes CO combustion

simultaneously with reducing NO, emissions from the regeneration zone of a fluid

catalytic cracking unit during a fluid catalytic cracking process.

24



24 5. The method of Claim4 wherein the nmethod reduces afterburn in the
regeneration zone of a fluid catalytic cracking unit during a fluid

catal ytic cracking process. 6. The nmethod of Claiml wherein the NO

reducti on conponent is a separate particle additive. 7. The method of
Claim6 wherein the NO reduction conponent has a nean particle size of
about 50 to about 200 m 8. The nethod of Caim1 wherein the NO reduction
conponent is an integral conponent of the cracking catalyst. 9. The nethod
of Caiml wherein the NO, reduction conponent is used in an anount
sufficiet to T)lneemembd af €hirbdrwhiergin the mdtleod:adlaieyhftabmnamﬁierrggamaiaﬁon 10. The

net hod of CI rein the NQ, ,reduc IS present in an
amount offO"%t° aghgq C%ﬁmcwclwwmtﬂgmgﬁaﬁﬁ??@g%? ’c‘gP‘iﬁ‘\? tory. 25

6. The method of Claim 1 wherein the NOy reduction component is a separate

particle additive.

7.  The method of Claim 6 wherein the NO, reduction component has a mean particle

size of about 50 to about 200 pm.

8. The method of Claim 1 wherein the NO, reduction component is an integral

component of the cracking catalyst.

9. The method of Claim 1 wherein the NOy reduction component is used in an

amount sufficient to prevent afterburning in the catalytic cracking unit.

10.  The method of Claim 1 wherein the NO, reduction component is present in an

amount of at least 0.01 wt % of the cracking cartalyst inventory.
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