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[0005] In an FCC unit operating with sufficient air to convert essentially all of the
coke on the catalyst to CO; and H;0, the gas effluent exiting the regenerator will
contain “excess oxygen” (typically 0.5 to 4% of total off gas). This combustion mode

of operation is usually called “complete” or “full burn”. When the fluid catalytic
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up the gases to the point that overheating can occur. The result can be temperatures
which approach the metallurgical limit of the materials used to construct the
regenerator. High afterburn can limit the useful life of the regenerator equipment, and
runaway afterburn 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 a result, 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
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[0012] However, there still remains a need in the refining industry for improved FCC
processes which minimize the content of NO, 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
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[0019] It 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 Oy in a reactor feed in the
presence of a catalytic cracking catalyst alone or in combination with Additive A or
Additive C.
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where entrained catalyst is separated from the flue gas, the plenum, overhead area

above the cyclones, or the flue gas pipe. Afterburn 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; (iii) an oxygen storage component; (iv) palladium and (v) at
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[0032] Further, the acidic metal oxide has a sufficient surface area to promote the
reduction of NO, and gas phase reduced nitrogen species formed in the flue gas of an
FCCU regenerator operated in a partial or incomplete combustion mode. Typically,
the acidic metal oxide has a BET surface area of at least 5 m?/g. Preferably, the acidic
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, potassium 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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mbtipRerned | dntbddintent) thel ,oxygenthbl‘ageh el a)xpie edorpoaeht con51sts

aIumB o,silica mol ar rati o of about 0.6 to 60:1,
FRSPIRIAPY @F € Ably 1 to 50:1, and even nore preferably

ARSIt 1tdis taoAMithla 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



[0031] The anmopunt of the acidic netal oxide conponent
present in the conposition of the invention wl|l

wo yoosi1by be at |east 5 wt % of the total conpCEUS10051039093
Preferably, the anpunt of the acidic netal oxi de

t f r om about bout 98 wt
GBI el o Bieaiboor 8oy bt U moet iR Jyghebout 5
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R & %r@ﬁ%oﬁa@g ﬁ]heo 250 n2/g. [0033] A kali netals

uset conposi tions of the invention
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f rgc llth{éﬁ ng th?tglke F;rr%fe a 1% t he alrku o
R 8R% Abmiied 19n RIaimy, dHdiedy FhoGpms, ofpipy Sitienium,
H’bﬁi‘mfand'lfhﬁuwmhﬂbofbmefeMIy, tiehetle p’fe&ﬂ eninponent eselected
onpgsition of the i tion.i pi.cal |y least 0.5
GO e rob st B R ottt Jnd iR iedt.
quplaigbaltthez%ﬁdmu?t of the hhlﬂe mmfp Gﬁh%clbr@ﬁtr lfaseﬂlesn fhe prasakt Gukention,
abo refera ro ou
566‘&?"659’5 the m?&"(l:dﬁa'go Q- EP%&R‘*& 8“%‘8%4 I%‘ifm’(ﬂslgtaﬁ[?aﬁtdb RPrts per

SMRAShbit Preferb DY It ead K Haitd Beradillidh. "RtDprSfeki6@ EbodiMent of
prepare conpositions in accordance with the present

ithevaxention, it campyat oftlie ngble mggl qoppeReg ranges #ﬁ@n@%’%% to
@0@'13&% p@@hﬁlﬁ% p?&ﬂeﬁﬂfy' fédth 2B6uit fteid 2308 TpaPtrs ke hﬁi@bﬁ{ most

he al kaline earth netal is magnesium The anpunt of
arqf%wblmérowbpht Zrete aboup t anatts pex milienconposi ti on of the

aS| E;qld@%? 1(ﬁler aebiag%% ll? f%en%n(t?@ ﬁ“lﬂﬁﬁﬁhs kAl the
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{gﬁsfmea%e?glns%/do%o{ 8grﬁﬁca‘ﬁ4]¥ %ivelcsgl'& aﬁemﬁ%%ﬁﬁh?ﬁe Qg@gz)e 8]]:
tcblﬁpa)sntms to mdudeohmtenm Nk e promote GO écahbusigonanderhfull or
comgfegé com%us?tlon conc{] tions nﬁ 1sn1§1rte%e9rgd, 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 NOy 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



[ 0035] The oxygen storage conponent may be any netal

oxi de havi ng oxygen storage capability. In a preferred
wepewoensememit of the invention, the oxygen stor aR€r/us2005/039093

conponent is a rare earth nmetal oxide or a transition
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sarthsage corrponent In an even nore preferred
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The ox en storage net al  oxi de gonponent is, preferably

presentl as Henfe olsd?"éii@rcé]@d 8k g2 d’ﬁfﬂB@‘éd“ﬁﬁmrgarZ@@

bul k oxi de RFmbIIE!L£3is@ clablBSg |z@ﬁe'it Sifbrang eXCHANR ShbRifig
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the present [0yl Gl Ahig; as the

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

(iv)  the spent catalyst is stripped, usually with steam, to remove occluded
hydrocarbons from the catalyst, after which the stripped catalyst is
oxidatively regenerated 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.



metal, is at least 0.1 parts per mllion, preferably
at least 20 parts per mllion, nost preferably at

WO e@st5068 parts per mllion. In a preferred enmpCOUA®N$/039093
of the i nvention, the anount of palladiuntranges from

' about lto about 5000 parts illion, prefera f¥
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2500 parts per mllion, nost preterably from about 25
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g@%ﬁflals optionally present in the conpositions
ul in the present invention include, but are not
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mat eri al.s do not sign ant dve sel fect th
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mbustion conditions. s preferred, however, that
tvtea lnowpoisith¢ aris thsf cateﬂnﬁt |r¢g¢e¢mﬁ1@nzcm@ rr8#ss eonsis o i sngls or
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%Bgs%%ﬁle?égeggg&tﬁ ztoﬂee present cracking process could be
[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 following 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
CO..

[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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used in the ol der noving bed type (TCC) cracking
process with appropriate adjustnents in particle size
W 0008051168 he requirements of the process. AparPCT/U82005/039093
the addition of the oxidative catalyst/additive
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I nder, “usua ca, “alum Ica al um na
aatMyptyapa camipdaent Qﬁbhb lcatalgzstadn la\peefexmdmmt@dhnent) nﬁthe unvmuncm,

t X alu 'na
BB 0% ST AR PRGAR R b S8 ToRED wRRs LS Wiy he
@mgfiﬁg cataly e niugm@sy tﬁﬁﬂmlili&ypthﬂal eobessionuflartgdsiabon fegddhile
and/qr, treated wth stahilizi tlons such as any of
PG MDA R oh 53 e ROCCRFPRYT. e 11 i d
PEU48] WHeh usidas K sdp@rafy AARES, theONOQ k&ictibnBm) Usmons are used in

%/drocar bop feedstock will be racked to 9% er
BRYaraeung syifgient toreducs the contsnf AR Ogpretenting ') regenerator
di&thvieGo ﬁﬂtaﬁh'oi{&tofl\]@'y‘(lpféééﬂt&tdhaﬁt thd RSloF e cRERSAAGItNES, Bs a
circulating fluidizable catalytic c¢cracking catal

mﬁa@ﬁ%dobwemlpgql ERfpnalysis methévleg% el ding bat ﬂ%tdwn%d to,

Eﬁéﬁl‘ltﬁﬁlﬁes@é&@ 0 sfebR88c8RPAHd Iﬁggéc@ro%%tané-ﬁg 1{%8) Since the
gre erably about 60 to dbout he significant

eduction ¢pmpeyitipiscof Hedaeansionhave agtivityrip promegCP exidation,
s nal-r?ﬁ%élﬁ&ls a¥e Ei@&%gqlgécpmaan%ﬁfoﬁﬁt%&&saﬁ & é\féﬁt ARMurnin

yarl Ing zone, operating at catal yti
dén the kiatakytic oacking wits Tnycakyﬁhmnmgltlﬁ@eque wiied fin an angwntef at

?%a]sﬁn%l’ o8 M??@(}lﬁ% ééa?agyg{ %@fe?a%‘éf'ﬂ%éictog%gm%n?‘i’[é%e&% an
@abahty s gingoining abmiun 6,0 t akaboain) \81%, |nmsaﬂzrbkrab§ycfrm alrdub 6.4 ;to
about 20 wt% of the cracking catalyst inventory. Separate particles of the NOx
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 NOy 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, NOy
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 NOy

reduction catalyst/additive. Examples of such other materials include the octane
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(ii1) the effluent is discharged and separ at ed,
normal ly in one or nore cyclones, into a vapor phase

w0 p@k/osriegr acked product and a solids rich phaB&r/UuS2005/039093
conprising the spent catalyst; (iii) the vapor phase

renmoved as product_.a racti onat n the FCC ma
CrUPIAGHE S UL PPN o SRORICC B ol
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to produce hot, regenerate cat al which is then

2 praer, Dotan Enlkangior iZaefinedieC £t JéfSaMl@TCﬁ]gD?lﬂiﬁlb st York,
ANty BNe% Cga% ?@39 [ 048] orht tcémbﬁleflﬁeﬁ% %kﬁsédnﬁl Wl

petf eun1 sti tes or residuals crud
einivertiiongltrepuntst al ytical |y cracked, prOV|de e|ther a

R S e T el
ot d HIOCc pavlcgsst eperagingds 20 fulks hadneon completgnbugh goodse Very
004 [ [ e
HRGEEGR e, BT BB, SR0R BB LUPhENEE o0 fien
pIQCd:se,vmr somel easas| mtoMoghQO%y dﬁ(b,cmdb@inm afnid ﬂodﬁ)%l is readily
eratUﬁﬁ of 480C to.ab

6000C. A catal yst.t
VBUE b er e eRtrBedy heBarieny b FoBn A5 it Eramplss
Bél@wt I@mif@e@%ilvﬁll(lﬁninﬁﬁ’eﬂoad &g thobnd ﬁﬁll&ﬂéﬁhrtﬁe aath'ElSart the
conver n. e ayv, e anoun coke deposit
EREM Gt Y Gt ion AT P13t Sieh Bt Bgerieton and
REHER Y (ROEUd3R WBEZEH tthdd 86se@NdndOBP Sibeh e Gin Ovhitth the FCCU is
quality of the feed, the catal yst use and t he

dlessstech ineiading duhapiolimitetaor RUgES devghgechdistribgtion G &l in the
RERRa8r BRI st de@ Wbt 8n ﬁfétr@ée\‘léxtatdr Sstfpe Bﬁrét%'ﬂ%q?l] r&peRerator

qui ck-stripping zone either intrinsic wthi
tegmetabire;dhe propatiesdiithe hydrassebes fradstockssasked; apdthe presence of

8&%{3 %Qﬂgp%anmgﬁdeg’ :%Haetf R gisfercmge {age&dgﬁy Pirfas eﬂcs}aldaf of the
fRegEaton Hheutingeadd’ CC[% is different in sgrgg ro?alll’I E)fe th(e)se rgsp(e):clzjts the
effectiveness of the process of the invention may be expected to vary from unit to
unit.

[0053] It 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 NO, 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 NOy 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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[ 0045] The catal yst regenerati on zone of the FCC
process includes a | ower dense bed of catal yst having
wa@2aoeopEas@at ure of about 6000C to about 8000C aPdI/EiS2005/039093
surnmount ed di |l ute phase of catal yst having a
enperature of from 6000C to about 800 OC. As
98301 Alhbats 1 pareenRees ing he cxamplps &t WP@glé s ?ﬁlﬂa&w@‘z 8hthe
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order to renove coke fromthe catal oxygen is

wdige dthevischeperibigln dloater analy oues anﬂmeﬁcepégiﬁemftb? eaInnigs as

VQ&F%’S%E&% LR de RS spe S HER 0 PeférBhg ﬁ?‘%%g%rﬁposﬂﬁ)'n%b folar or by

sul tabl e sparging device Iin the bottomof the

vodgeneress otherwisnspeeified.i f desired, additional oxygen is
) of. .. r

Ao P BERE MRl TSR ety e @

ﬂhﬁtvrepl’esennng 8 parsicylaredet pfyirbeertics, writwf @t@asme @mdm@ls physical

ant i X er h e
galf{?sucrrlpe%u?tﬁgeg,rt\é g’gﬁ%ﬁt Lg{oolﬁgrgfnf%ﬁlc I grre]l{e rﬁ%glrégsrl)gﬁérg 9 bé (Pé}greh&
HUIIRGE RS, Ak number faling ithisuch feage, egdnknganycubseo nentinsbers
YXEerated in a full burn or conplete conbustion node,

@Haﬁhvm%%%”ﬁwkﬁhe following 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 CO2 or (2) the effluent
fromthe regenerator contains enough oxygen to convert
all COin the regenerator effluent to CO2. [0047] NOx
reduction conpositions useful in the process of the
invention will typically be in the formof particles
and will have a particle size sufficient to permt the
conpositions to be circul ated throughout the catalytic
cracking unitsinmultaneously with the cracking
catalyst. Typically the particles will have a mean
particle size of greater than 45 mm Preferably, the
mean particle size is fromabout 50 to 200 mm nost
preferably about 55 to 150 mm and even nore preferred
about 60 to 120 nm The particles have a surface area
of at least 5 n2/g, preferably at |east 10 nVg, nost
preferably at |east 30 n2/g, and a Davison Attrition
Index (DI) of 50 or less, preferably 20 or |ess, nost
preferably, 15 or |ess.
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[0048] The NOx reduction conpositions may be used as
separate catalyst/additive particles along with the
w@e@eksiigs cat al yst or may be incorporated i nt oP€TES2005/039093

cracki ng catal yst as a conponent of the catalyst. Li a
preferred enbodi nent of _the invention, the NOx
reduction catalyst/addiﬁ%@@@néﬁh used as separate
particles along with the cracking catalyst inventory
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[OOQﬁ]t’ﬂfeQBﬂi’ﬂy 80cdnipokitiens af ﬂila yiiviestionrta Clshveg Ni?;( ina F@GUCI&génysrator
t he, conpositions are use of at
opegstigsh iny Gl Fode Mg L@Pﬁ“i’@“‘&%ﬁ{] i ?MB@F‘&P&&HP% R fivity of the
conGRBReS td cANFzAMR ¥SEidn iof NO), RAPWU ufidhd g/hﬂ@lsf 09 BvalkOULhe key
01 to about 50 wm % nost &r ef erably

per s dteaEanb AT his e 1S EheRR; GV eEOR %% quHQEQﬁtod}aye figh NO,

con$€r9ieﬁﬂiﬁn{ggehtfbxfé&ﬁe%gébﬁomtﬁ@sductI on COWDOSI tl ons
d in the conventional nmanner,

lﬂﬂﬁwéamggeemfar gaerating ip el ugybpemaydie agies wers ﬁg‘ﬂue%dnﬁ’ﬁcws other
thaft W%g a0, RN drclcgl%éng%) e kﬁk%t WP f8EU&H It to react with

ti'on 1s i ncor por at ed |n o or onto the cracking
NOg amftalt jtsis fammesl. s@parabtléy ©b epwpesitions drtho finveptien to catalyze such

reafif3IP %gtdﬁf%ﬂm%& IM@JS&%{A % @@txﬁ-w thel LRy %WEorH’éosﬁitons for

perce cracking catalys
rea@imgﬂ‘ﬂ'i[ﬁblltlyNON@xder wmms Qa tevelsnyoslatingthe wﬁizmgére@l@m copditions

posgﬁletlﬂgl#?rjgtre%%%nlgogpec a'tngl I{;}u?q’%lt s grésé]%er arg h\{@fx? %R'E high

NQQ cdnvesioahonitro@éh. wei ght percent of the cr ackl ng
cat al yst.

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 slurry
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 Ibs 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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[0051] Other catalytically active conponents may be
present in the circulating inventory of catalytic

woradoe/s@Ebs i n additi on to the cracki ng cat al ystPentS1o0#039093
NOx reduction catal yst/additive. Exanples of such

other materials include the octaneenhancing catal ysts
volatjleglewassddsdeta ithe: sturpsThe slugsy wp e dituteswith eeyHeip agoughpt water to

bring F@{Rﬁ@ SnbaRGHoLEE fe SHRY E(g 57 Flﬁzmy‘rs 3MBURY of6Iind& silica sol

I'num on al um na, statk gas desulfurization
of Nathdi 11140 debtainehirem NoESORheicdlrgnd8vualidsumsmgded to the slurry.
: . e L .
o L o Y8R B Rl A R 08 e
reduSe hgglaperate Ot sabstaraliptess thgn 2@ ofi¢ronse TRODilkdishirgyswas, fed to a 10

LG g BRSPS S0 AR icopers
TheGpray @ritt vasditted withret otary O0mer dilieopefatedcat 303°Ctihlet pir tegpatature

and 1585 SR relet TR bR RS SR b R o wo -
509 6Nl r@lubiLimitratphites Werkretaingd of iaQdm 200 escheer. | TherdafierNfx spray

. em ssi ons e achi eved. b use of the present
cri PV (Ll BB 450k Freygsvolapes PR BEVids p fnal
suppit. 10 to 90% i s readily achievable with the process
according to the invention, as shown by the Exanpl es
bel ow. However, as wi Il be understood by the one
skilled in the catalyst art, the extent of NOx
reduction will depend on _such factors as, e.g., the
conposi ti on and amount BXKAMELERiditive utilized; the
desi gn and the manner in which the FCCU is operated,
i ncluding but not limted to oxygen |evel and
[006%] stdditlyatA ovasafrepared asnfollaws: e‘gé’)éeqoata@m}g selutiqny was pesgared by
dissdfREd 48 1813 B9 %E% & epﬁd(%lz hitlaRRGTutiOP Slgtgi'iﬂ?d)ﬁ R8hnson-Mathey
reggner ator tenperature, e properties o t he
whibly demsaisedo® 6 3% d s tAo sipport arcis ekepared cis tdpssripece inelipenpds 1, with the
xR 2 e SR TP R Y Il composion
sho®h g Falflad eFGCUDIs hatidkédepands ofithe suppodwaalthengfladeHég en Eirich
.res ts, the effectiveness, of, .the process. of th
iy S B HRE) DGR ETR t BC 64, P Ruth CRTon (g Offayed on the
sup%&@ 58e ilpreigBatédinhtaral vexs peatdesdhdr et frofOthe @irtiabahixemandiflabh dried

e advant agrclgnou

in a Bowen Engineering f?als}\x/ dSthv%%&fé' 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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during the full burn FCC process of the invention

simul taneously with the reduction of the | evel O NOx
wa@eaesmEesri ni m zati on of afterburn. [0054] ThePGULUPMODH39093

the invention is not in any way intended to be linmted

by the exanpl es set forég Eh% The exanpl es incl ude

the preparation of NOx on catal yst/additives

useful in the process of the invention and the

eval uation of the inventi on&grocess, to reduce I\IOﬁ anc{ .
[0064} Additize Eovasawanatsd by placme 3005104 Additive By askgnapd in Example 3 in
an iftYed DG Un a bg%ﬁﬂcal-r@tafdﬂr W‘ﬁlﬁstélj M%lﬁtﬂinewésﬂﬁeﬁhf@mmtmg

Invention and the advant ages thereof | owi ng
1. oogggz £0% iRh feora mistatessalimathgi 7ASe. Dlw%ere@&mhersdlhmen dey arypared by
remg‘\%gé% o'f ltlllehgr%&l%élf Hﬁﬁé’fmatstlaled lﬁ}%ﬁ%ﬁ%dmktDISQ%ll & @(f“g total
un wever he Invention IS not limted
weight AﬁéltmpB@Vdsltkmndmp@ghgeds@t grhduraily spraying en it 60g of the latter dilute
e les. [005 d ce
o TR ShE T AL BB oA ABAe BB ol i s
dried &f &1 6Vdh0att1Q0%PbVedl night. eThadlrigiosske iat iiothedorm of large chucks and
concentration are by weight unl ess of herw

wasSféféfc propad in AoRlendsy andalS?re%’asi thefozs, ga &@f%eﬁmé@g@ fpt, ty gy gours to
bR Shifes Rl refiSve Jb@atﬂc%n’@h@&ﬁﬁpo@lftloﬁ RetHe RG] prodt istdhown
erring to gas conposition are nolar or by vol une
lnT@MbébSlO(Wt herw se specified. [0057] Further, any range
of nunbers recited in the specification' or clains,
such as that representing a particul ar set of
properties, units of measure condi ti ons, physi cal
states or percentages, ispijjignded to literal | y

i ncor porate exprg E1¥1e¥c?fr§dd‘?u Y Al faﬁ&@nce or

ot herw se, any nu ng vvlf in such range,
i ncl udi ng any subset of W I it
reci t ed. EXAVPLES [ 0058] A?ﬁgmf’fs\u C|5e°‘nla((:j§/]t“g%]§ Aiditivec
conpositions of the invention to reduce NOx from an
FCDU@®§516r at or wofer ati ngé®n a full Bdrn node Weds
eval uated in the Exanples using a Regenerator Test
éfo(RTU) and nwgg/l reactjons. The RIbis an 745
appar@at us specifi cal |y desi'ghed to sinulate the
opBkE&si on of a F@TY regenei%f or. Thi sS%ppar at usb3-5
desgid bed in detgjl,in G ggduris andyds W Petgps
" S’t?& Vi ng the d}gdrtfl(ystry of e FCCU RzegeneratorZUSder

ReGeOst i c wt.% - 21.8
Na,O wt.% 5.64 7.9 7.87
Pd ppm 970 990 1004
Rh ppm 104
SA m?/g 160 104 96

16



Condi tions," Designing Transportation Fuels for a

Cl eaner Environnment, J. G Reynolds and M R Khan
we@a®s/05@68 151, Tayl or & Francis, 1999, |SBN:. PCT/US2005/039093

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

I ncorporated by reference. 59] The ability of

conpositions of the inv@ﬁﬁﬁbﬁgtg convert thyin a FCCU

regenerator operated in a full burn node was

determned in the RTU by neasuring the activity of the

0063 s sactivim of g\adtivas y\z@nc% e fareiagicing NG engsgions iipmotye FCCU

regdtBR8r W aiRLRd E% nleSXBhS theﬂﬂﬁzlﬂg%r RN HIBE KO reductlon by CO in
neasurenent in this test is e NOx ‘conversi on.

the 8] r@fttrecatomahalw éor iyt I965C. dlemadslitisies ereoblprided @‘g@ﬁ%f léYel with
I

FC(g Ba/etnalg% Qg‘i%‘;c u I_&IK_JIU b ﬂ{%h Z‘l‘rog{ %%@Q %)alzi@org {ﬁh‘?%‘jm WAl Pbeactivated

for # &y geePCsinecihddized bedrredckva mvﬂﬁCDO()% dieam. NFhe, cridRig catalyst alone or

h drocarbon can _be present for a_sufficient tine
the plogd paythen fR%)IP e ey fepctpromesioita at T4G: abfte 3o ;feeéfto e reactor
wasCL2RBegE Eblﬁa‘iﬁm%fS 0béLSs 00%%1”@0 0400t B 0GREANDZ arPHE Elnountshof oxygen

reactions was determ ned by nmeasuring in the RTU

added v W4 0%, enkthedrposd niregr. f She faselcaars fepdnrate aoludingake O:
contaﬂﬁ% éé%éd%% 19801 Wgcg‘n Fhthaidt Bg%ﬂé}@n durmg this experiment was
X1 df 21ng/ reduci ng conditi ons possi

varieé gethet the condipparsan the R Threpaion wing simujate xedu@@tndm@zmmareas

[ Nt \%

of aﬁrﬂq%&g ee% neé&qvﬁ}ﬁq?;ﬂﬁ%%g ?l}og% k@élg géS) g hgfries%a Thtogled that the Pd/Rh
conpitihg AdditiveCdsmppdr momrffestivain radiscing M@ dhaadA dilitive base

material for the preparation of the NOx conposition of

the invention using the follow ng procedure. A slurry

was prepared from an aqueous slurry having 20% sol i ds

of a peptizable alum na (Versal 700 al um na prowder

obtai ned fromLa Roche Industries Inc., purity 99% A

203, 30% noi sture). The EXAMPIR6GS| urry was prepared

using 31.6 | bs of the alumna. To the alumna slurry

3.87 | bs of an aqueous sodi um hydroxi de sol ution (50%
[006§1CHe 20BFirPSdeditivaXind AdditivelPr Bdueifg NORRiss &R Fehtthe FCCU

crystals (obt aj ned from_Rhone Poul ene, Inc 96% CeQ2
reggR ALV ASEIEoPnRsEg)NQaythaHed The ckprsiment, pas, confyeied as in
Exa?ﬁoﬁif) 5 %x%ts 1At fhe tg@éjmﬂtﬁrg & 18 e ﬂe&dt@lmonﬁméa f)prefmﬁa@tﬁrooo ppm

rlng he sol1ds concentration of the slurr
NHi 204 5¢0-a3) pym N aswelbas vriowsarpruntiedf @ngnc‘alﬂgtbp @lence nitrogen.

At h@lhcf@lsgeﬁ%gragﬂ Hﬁ %q% {ﬁi—l??eagg %thC@l & fofin ’NZZHP%O To the

sol S a de
extent that NHj3 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 NH; is converted to NO. However,

Additives B and C further enhance the conversion of NO with NHj,
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The m xture was agitated to assure good m xi ng and

then mlled in a stirred nmedia mll to reduce
waowbosdasat es to substantially | ess than 10 mi B€DOS2005/039093

The mlled slurry was fed to a 10 ft di anmeter Bowen

Engi neering spray drier to formapproximtely 70

m cron m crospheres. ThéngﬁM%§Earier was fitted with a

rotary atom zer and operated at 3150C inlet air

erature and 138C oqutlet air tenperature. The

["Oa‘gﬁ\‘ﬁ ‘g‘hé%xméﬁ%actmtyloﬁ Additizes AP aRA < was assessel! inthe RTU using

5i6ifi6 edtalydIRoRIORURS FOTCHR i<Bn (G
cm2(,)Og: sc?r Zen.0 Ther eaf ‘tjte:?ﬁlt Egﬁg%fha%y rsﬁg&q{)cra%gg%tl{%\%rag)& The
desgription f dhey PCRpbs heemrintilisyedsmOb T allowingrpapersy o aW. [Yesing, G. D.

Wealherbhe, b e W, fiRe, « HRRXE Lo Cg%f%%}aﬁ Fedl? S vﬁz‘?]? i(’gl}i]ei Gvison

.A was prepared as Tollows: "A containing so
Clr&'/&%tl%rlgﬁfé (BERD pileti plans [upit,ii Nafipnal Betrdieuno Refiadre A s&¢BGjo (NPRA)
L. i tyra bl L1 ' nsgn-Mat hey
Py RL, R0 R, RSB P EINRE ROTA oe
Labgeateryi” e &1uich Catalytio| Grackjngni SckentdandeRecbpdlogyn Tt Sravlageband M. M.
o t r j ust ield i.nal. duct_havj_ng .
Vi 8 S S0 SRR LA R e
Scignsa nitisligfers BeV s WipsteidamaioBhESBIN| @4¢4189037a8) Eild BOC catalyst,

1 %8 ith the Eirich mxer in operation, the Pd )
OCEALRT* AN St o G’ DB aepelaoint RecRUHAdLPE 4 P 16°C in o
fluitlizpd e@nedctst Witk BI0Padteal@befbd ®Bing icsledaary AR thof fieihfel &1 the DCR to

and flash dried in a Bowen Engineering

Einicqggixer g 5 |
reagt ity BrG fepd e propratiesif die colsdratalitst are skasyn imTabBgd€low. The
dda t b ' r S t
B e o AP oabf el P DB BR e B ol
0.2 Adft!l%ttiVV derlwddepgolip aatalystf ai thowlang wisethpr dek thi ¢hel RTU reactor
. 2. except that .inputs re adjusted to.
opelatABRL P o 170G rEsnsEERE i 1BF ke VS hiroeF vt A ek iters i and
nitrg@hlsle thiat ﬁefe;vgaﬂm. f%lx&gﬂr Ob QQﬁé}éTM@ﬁ&érV&'ﬂ&éthdéCXQ &?e{aﬁged at
i ng. 80. 0 ive B as prepared in Exanple
the Pheefr Gfiuctd i’} BB RECOFORPTCh I Eh] ThécPEighs O the higher
the o@BbStoRictAY WE HRMddive PIEPMES woXhel kit EOSmlssRA9 &Rasured in
h #ﬁiﬁRh fr% nitrate salt with 77.48g DI water. A
the astorgftygnt.o W%@f‘p?féﬁﬁme@@%@r Fedvaing R anisdensanay vaey, all
Adcgtgg‘ditAQ tBSa:nu OwRéelerrsprss R rdudilg £ONNARHnRAdi ng DI water to
ota

18



wei ght. Additive B was then inpregnated by gradual ly
spraying on it 6Qg of the latter dilute Rh solution
W booelogiiesan air m st spray nozzle system The RET/US2005/039093
i mpregnated material was dried in an oven at 1200C
over night. The dried cake was in the formof |arge
chucks and was first grouddble@ a bl ender and screened
bef or e calPedpeitieg obeokesd codyt wsedtimthe RN experimgris onpose
the nitrates and renove vol atiles. The conposition of
the final produi0,i s shown in Tabl €314 bel ow. Table 1
Properties of Wtives A and C_ Additive A
Additive B Addﬁgg BTV @é‘%‘:o’u)’gocm."‘%6.6 9.58.2 S
W.%4.72 7.22 RE; Oy Al 203 wai% % 69. D.B3. 0 63. 7 La2(3
W . % 0.93 0.63 CeO 2 % 21. .3 22.0 Na20
Ww.%5.64 7.9 ﬁ%ngd ppm"@"%/b 990 4 Rh ppm 104 SA
n2/ g 160 104 96EXAMPLE 5 Wa065] The®.B&tivity of
Additives A andFeC;,\%or redugigﬁg NO egnissions fromthe
FCCU r egener at or s assedséy by nmeasuring the
activity for cafi®yzi ng t hae9NO redution by COin the
RTU. After cal ¢ [,on for 2 h at 593C the additives
wer e bl ended att%.%g’k}o I eveth'v@ th ch'%gt al yst,
OCTACAT(r) - DCH ®bt ai ned f ma¥% G- ace O0B&i son, whi ch had
been deactivated for 4 h at 816C in a fluidized bed
reactor with 100% steam The cracking catal yst al one
or the bl end waSAthen fedm’tthe RTWB& eactor operating
at 7000C. The ga,g' d to&zy react 86 was a m xture
cont ai ni ng 5000- g ppm CO,* 500- 550 ppm NO, vari ous
anounts of oxygefeolite m?/g 138
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added as 4% 2 N, and the bal ance nitrogen. The total

gas feed rate excluding the Q2 containing gas feed was
wa®e/0imed seem The anount of oxygen during tPCEUS2005/039093

experinment was varied so that the conditions in the

RTU reactor woul d sinul ate reduci ng and oxi di zi ng

areas of an FCCU regenerator. The results are shown in

Figure 1. The data showed that the Pd/Rh containing

Additive Cis nuch nore eflableBSi ve in reduci ng NO than
COpnipsiong during @ked BLE cgalygoesheratien inchd RTY yifAdtitiies AvB and C

B and Additive C fdendediuwitmthenokadmalyisons from t he

FCCU regenerator was assessed by reacting NO with NH3.

The Axiplitiveent was conduct ed Bedi Temp(Q) eCD @xppm)
that the gas m xture fed to the r or cont
6850 ppm 1GPEM e

approxi mately 1000 ppm NH3 and 50 0 ppm

as various anounts of oxygen with the bal ance

ni t r NgeAdditive (Babegasépnper at ur eg0df this ex3#80 nent
NH3 reacts wwth Oto form N2 or NO To the extent that

NH3 Audiditiveddit can al so react ingpBe gas phaggamth
NO in a non-catalytic process that is often used for

NO ajpdditigetB Thus, it is not surpggpsing thatqgdge data
in Figures 2 and 3 show the catal yst al one bei ng

ef f eplddifivé@ converting both NH ggagd NO unl esgydgie 2
levels Iin the reactor rise. In the latter case sone of
the NH3 is converted to NO However, Additives B and C
further enhance the conversion of NO with NH3. EXAMPLE
7 [0067] The CO oxidation activity of Additives A B
and C was assessed in the RTU using cracking catal yst

coke ' | ant, the-BPavison G, ting
Ri seﬂ°(%ék!§ﬁ"$ﬁ§a§§§§$e)gu on of tKEqDCR has bﬁ*eg
publ i the foll ow ng papers:. W Youn
V‘éathﬂgﬁﬂ‘éé%nd S. W Davey, "Si pgtl ng COTTTTg;]gI aI
ds th the Davison Orc ting Riser, (JPCR
p| I o wﬂeﬁx? %Vln " National Petrol gm Ref i ner’lg4
ASSO&C@# NPRA) Paper AMBS8-52; W Youn
" Rea I¥e Lssessment of FCC Cat al§8t Perfor in
the Laboratory,” in Fluid Catalytic Cracking: Science
and Technology, J. S. Magee and M M Mtchell, Jr.
Eds., Studies in Surface Science and Catal ysis Vol une

76, p. 257, Elsevier Science Publishers B.V.,
Anst erdam 1993, | SBN 0- 444-89037-8. The FCC catal yst,
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OCTACAT(r) - DST obtai ned from G ace Davi son, was first
deactivated for 4 h at 816C in a fluidized bed reactor
WOwRa0h/030680 st eam bef ore bei ng coked by bei ng cPeTubBZN®B9093
in the DCRto react with a FCC feed. The properties of

the coked catal yst are shown in Table 2 bel ow. The

additives were calcined for 2 h at 593C and then m xed

wi th the coked cracki ngpgahgliys¢ at 0.2% additive

| evel . The coke catal yst or the blend was then fed

into the RTU reactor operating at 700 or 7100C

| .

100455 TREFRUKT o ARRAS IF o8 1€ Y B0y N Eilo e gy with o
conesntiesd GO cwnbdseomlbmo@aﬁ’e? (ebtaingé fitom Gtrge Daviserasasdepted in

the i}q%uglihlr elgéfa{ ala.svIs’c%xjteld(:“l%h1 I %h fi&E&{ﬁé‘ 5@66{{/1# Qﬁnr&?mate{thOOg of

equitibritm Shiabyst, aE\tmg/th*cy)rapﬁ:rtieh Ehomhdnﬂlable 4. |Hor ﬂ&k}iuqm’sewﬁ this test, a

con SRR S o B o PR MR TLARES O . v

opeRIEdSHItIO 1% JXBks @ﬁﬂ/ the dédend6il, thd fthAhe Bg@iRehide ope@ting at 705°C.
ef fective for reduci g; CO em ssions. Table 2 Prop rties

Afsfthecitesirbilizes the baselie b Qarind WO SR @iesaie i pallogedpsing an on-
) %

line ﬁeaﬁ’ S@gﬁs 2 /Nel':}/’ g&ﬁC%?seRE%%IWA% @uﬂse@ue“ﬁ?oldé‘agr %’%gat\% st /were

mJesfre@ i the DERpcopsiging RfPg ofy tllf@@dMFarﬁgs(ofr]%% comyssipR promoter

and"Thé bglaﬂn%sl-%lﬁ b ﬁgﬁ'y%t dypl RGuEOKeHifEG Qﬁv@ltﬁé?%e use of either

regeneration In wth Additives A, B and
Addltlves A or C resulted in lower NO emissions than using a conventlonal 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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blended in with the coked catal yst. Additive Bed Tenp
(C CO (nppm ( C) (nppm No Additive (Basecase) 701
w@2@6/0%das t i ve A 698 1172 Additive B 699 1890 PCOUS2008039093
C 698 1928 No Additive (Basecase) 7 11 1990 Additive A
708 915 Additive B 709 1477 Additive C 709 1460EXAMPLE
8 [0068] The ability of Abhledves A and C to reduce NO
em ssi ons a¥opwiigsaleariliprivm eptadshviedin BAA tetH
conmbustion pronoter CP-3(r) (obtained from G ace
Davi son) was ted in the,PeR The BGRYwas started up
by charging ?gguni t with approximately 190Qy of
equi libriumA; egyst, havi gg.ot he prog8chies shown in
Tabl e 4. For the purposes of this test, a comerci al
FCC feed wasRis#d; havi ng t e.%r opert 037 shown in Table
5. The DCR was gerated with 1% excess O2 in the
regener at or ,Naa® wi th t he: wdJener at 09-3)Ber ating at
705C. After the unit stabilized, the baseline SO2 and
NO eni ssi onsF@at a were col Mé@ed usi f4Gan on line
Lear - Si egl er / NO Anal y_seréy( SI\/BlOOAeT Subsequent | vy,
| OOy of catalfyse were inje&‘ft 8 intot g DCR consi sti ng
of 10y of theg additive, 5g of CP-3(r, ustion
pr onot er andﬁlg bal ance 'ed‘ﬁio'f’i bri urd-égglbyst. The
results in F'%ﬁure 4 show that the uilggain ei t her
Additives A C resul t ed PR ower emm ssi ons than
usi ng a convgnti onal conbusti.on pro . However, the
conbi nati on g? Pd with Rn i%}i)hg\ddi ti ngngr esulted in
| oner NO em ssions than those of Additive A which did
not contain . Table 4 Propesties of ilibrium
cat al yst usegan DCR test's.mezrlg 188

Zeolite : mAlg 128
Matrix - mlg 60
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SIQ2 : w.%50.9 Al2C8 : wt.%45.5 RE2G8 : wt. % 0. 37

Na20 : wt.%0.37 Fe : w.%0.6 TiO2 : w.%1.2 MO :
wowesnsigdd Ni : ppm 681 V : ppm 1160 SA : nR/PCLB882005/039093

Zeolite : nR/g 128 Matrix : n2/g 60Table 5 Properties

of FCC feed used in DCR tests. APl Gavity @0 OF 23.2

Sul fur, w.%0.023 Total HNabledgen, w.% 0. 13 Basic

Ni t rogen, wt . %PepeBie8 ofltrC fatd osed@abDodntesta . % 0. 03 Fe,

ppm 0.7 Na, ppm 0.7 K Factor 11.4 Sinul ated

Di stil | aPi Gravity @60 oF 5 453 20 576 4812660

Sulfur, wt.% 0.023
Total Nitrogen, wt.% 0.13
Basic Nitrogen, wt.% 0.0378
Conradson Carbon, wt.% 0.03
Fe, ppm 0.7
Na, ppm 0.7
K Factor 11.4

Simulated Distillation, vol.%, oF

5 453
20 576
40 660
60 743
80 838
FBP 1153
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60 743 80 838 FBP 1153W Claim 1. A nethod of
reduci ng NOx em ssions fromthe regenerati on zone
walewoesosp1bs ui d catal yti c cracki ng of a hydr ocar bOTUS2005/039093

~ _feedstock into | ower nol ecul ar wei ght conmponents, said

nmet hod conprising contacting a hydrocarbon feedstock
We OMitdd a cracking catal yst at el evated tenperature

wher eby | ower nol ecul ar wei ght hydrocarbon conponents

are formed, said cracking catalyst conprising (a) a

cragkl nglw Sk {ioWzdRuring fluid
L cr‘ggﬁ%(g?%d oc%%‘%&}%&hif}%ﬁ{t&@%@@ reduct i on®
catalytiznqrackéng oftolmyuirocig feedstark intedewermmbolgeulsr weight ogngonents,

.. acidic netal oxide containi bst anti.al |
said 3Py Gemprppg SO g elpuob Rl dalipg gpiaystat
elevafil B8 peRfur@whBleBY IGRIRAS16¢ arSAiSilldrdoadan cbRpgnenipare

consi sting of alkali netals, alkaline earth pmetals,
formedh daidicxaclimgscatalst eqrhpriging (3) agragkingsongpoperfsuggble for

neasyred as al,  oxi 0 ‘o
catal g ie sraefhe 19 iedpiog s B (B P ARl R BAPoR Bhuprising
@) at1&@RB4bAt 3.0RRM OF acidicahital sradatontinipgRabitarsialle ab edolitenf) at

the group consi sti ng of platinum iridi unﬂﬁ r&gfdi ugp
least sniviuth, mepturchisuRetal ordde. KR arciRl FomPORER SeiRelPd fom G group

c e @it 1 wt
cons 3R SHBAPHCRR, B RS gt o b B B IR Tl Rl
%, measméd & meral @ddy ef kmgxyden storagskmeigl exitlel (i at g spprd
contacting ste nd treating the used catal yst. in.a
pallafigigs 4840 251745 L PP ot gl e 8l erpmpdt foye frogt tif group
i biftufn, WASHi 8N odriind, RERASHA! ieAiACAR] hiktures
°°nsggg$g?%lgﬁ?‘%§h@dﬁ’ nodlgllnbf combustion. 4. The nethod
thereof, alll pricentbgeslesieg hassdmpothe tsl Weiphtaod dhellp setigtion ggmponent.
are fiuidized during contacting said hydrocarbon
feedstock. 5. The nmethod of Claim2 wherein the
2. TeysRehahbPBr RS 1 MirtlpessibindredoveRitp|thé eradkidg cathlyst from
conbustion. 6. The nethod of claim1l wherein the
said ppmgg'gjg ?jpp)ﬁ@ql treatg thendsgd tcptglyst in a regeneration zone to regenerate

said catalyst.

3. The method of Claim 2 wherein the regeneration zone is operated in a full mode
of combustion.
4. The method of Claim 1 wherein components (a) and component (b) are fluidized

during contacting said hydrocarbon feedstock.

5. The method of Claim 2 wherein the regeneration zone is operated in a complete

mode of combustion.
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simul taneously with reduci ng NOx em ssions fromthe

regeneration zone of a fluid catalytic cracking unit
waleoosiospies f | ui d catal ytic cracki ng process. 7.Pdhes2005/039093

met hod of Claim6 wherein the process reduces

afterburn in the regeneration zone of a fluid

6. Catmhkyhiethodr dEKLIAGN UNT {vhelieird NBle apfoctsd peah@bytCO  combustion
_cracking process. 8. The nethod of Claim6 wherein %he )
simujtangonsly awithrredenieg NOo grissicag frematheiegensigtion gene of a fluid

catal%@%r%ﬁlgiﬁg Qm( %m%% ﬂg}gitn% %ﬁ‘{ °r%1?{1§$’ %c%ﬁ |r S : 2 ed during

contacting said hydrocarbon feedstock. 10. The nethod

of Claim®6 ein the regeneration zong js aperated .
7 O e AL i S neL o O 200 S R Eheraion

Qrd! iid Mg{'gua kiR uhPaufifgd Fhib PENAPHDSRSIAG bfocBss.
Z(mesepar alltg p rlti clce1 gddi ti \}egg%. The%t hod % CC:I SaSi m 11

wherein the NOx reducti on conponent has a nean

parficle siz f gbout 50,to about. 200 mm 13. The
5. helAbmegiolas i Aantirethoe RedtRestipd ] o Rbpana il bum
modé 8f &dmbuttiear al conponent of the cracking catalyst. 14.
The nmethod of Claim1 wherein the NOx reduction

conponent is used in an anount sufficient to prevent

af terbur.ni ng. in. t he cat.al yt i [ ' .
9. red oot i SRR et REE 60 il sppboerk ) R idized
duringcdMLHAP kait hyafocaton fdedSoclat | east 0.01 wt % of the
cracki ng catal yst.

10.  The method of Claim 6 wherein the regeneration zone is operated in a complete

mode of combustion.

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

particle additive.

12.  The method of Claim 11 wherein the NOy reduction component has a mean particle

size of about 50 to about 200 pm.

13.  The method of Claim 1 wherein the NOy reduction component is an integral

component of the cracking catalyst.

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

amount sufficient to prevent afterburning in the catalytic cracking unit.

15.  The method of Claim 1 wherein the NOy reduction component is present in an

amount of at least 0.01 wt % of the cracking catalyst.
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