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continuation in part application of U S. Patent .
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2004 andOMPRSIPHINS AN PROCHSSER FER REDUGING NOy EMISSIONS
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vallBUERERL PFRlutbs. @ pervasive problem Fluid catalytic

cracking units (FCCUs) process heavy hydrocarbon feeds

cont ai ni ng nitrogen conpounds, a portion of which is
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regenerator. SO of Thi's coke-nitrogen is eventually
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enera
elseweh re abo tt air pollution from industrial emissions of noxious oxides of nitrogen,

sulfur and carbon. In response to such concerns, government agencies have placed limits
on allowable emissions of one or more of these pollutants, and the trend is clearly in the
direction of increasingly stringent regulations.

[0004] NO,, or oxides of nitrogen, in flue gas streams exiting from fluid catalytic
cracking (FCC) regenerators is a pervasive problem. Fluid catalytic cracking units
(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 converted into NO, emissions, either in the FCC regenerator
or in a downstream CO boiler. Thus, all FCCUs processing nitrogen-containing feeds
can have a NO, emissions problem due to catalyst regeneration.

[0005] In the FCC process, catalyst particles (inventory) are continuously circulated
between a catalytic cracking zone and a catalyst regeneration zone. During regeneration,

coke deposited on the cracking catalyst particles in the cracking zone is removed at



or in a downstream CO boiler. Thus, all FCCUs

processi ng nitrogen-containing feeds can have a NOx
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In the FCC process, catalyst particles (inventory) are

continuously circul ated between a catal ytic cracking

zone and a catal yst regeneration zone. During

regenerati on, coke deposited on the cracking catal yst
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[0009] Additives have also been used in attempts to deal with NOy emissions. U.S.
Patent Nos. 6,379,536, 6,280,607, 6,129,834 and 6,143,167 disclose the use of NOy
removal compositions for reducing NOy emissions from the FCCU regenerator. U.S.
Patent Nos. 6,165,933 and 6,358,881 also disclose a NOy reduction composition, which
promotes CO combustion during the FCC catalyst regeneration process step while
simultaneously reducing the level of NOy emitted during the regeneration step. NO,
reduction compositions disclosed by these patents may be used as an additive which is
circulated along with the FCC catalyst inventory or incorporated as an integral part of the
FCC catalyst.



U.S. Patent 5,908,804. [0009] Additives have al so been
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S ri t y. ration.
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of the unit to handle it, thus forcing a reduction of the amount of feed processed. While
an additive that increases light olefins production may be desirable if the refinery values
these products and the unit has the equipment necessary to process the extra light
hydrocarbons, the additive may reduce profitability if the refinery’s goal is to maximize
gasoline production. Light olefins are typically made in the FCCU at the expense of
gasoline production. Even an additive which increases unit conversion may be
undesirable if it affects product yields, causes the unit to reach an equipment limitation,
and/or decreases the amount of feed that can be processed.

[0013] Consequently, any change to the FCCU that affects the product slate or changes

the ability to process feed at the desired rate can be detrimental to the refinery
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[0016] In one aspect of the invention, NOx reduction addltlve compositions based on a

metal-stabilized zeolite are provided. The compositions are added to a circulating
inventory of the catalytic cracking catalyst as a separate admixture of particles to reduce
NOy emissions released from the FCCU regenerator during the FCC process.

[0017] In another aspect of the invention, NOy reduction catalyst compositions which
comprise a metal-stabilized zeolite incorporated as an integral component of an FCC
catalyst, preferably, containing a Y-type zeolite active cracking component, are provided.
[0018] In yet another aspect of the invention, improved NOy reduction compositions are

provided which compositions reduce NOy emissions from the FCCU regenerator during
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whi ch has been stabilized with a netal selected from

t he group consisting of zinc, iron and m xtures

thereof. In a preferred enbodi nent of the invention,

the particulate zeolite conponent is ferrierite. In a
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containing a Y-type zeolite active cracking conponent,

are provided. [0018] In yet another aspect of the
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yield of cracked products. Compositions of the invention generally comprise at least one
metal stabilized zeolite component having the ability to reduce NOx emissions from the
regenerator of a FCCU under FCC conditions. The zeolite is stabilized with a metal or
(metal ion) selected from the group consisting of zinc, iron and mixtures thereof, to
provide a NOy reducing zeolite. In a preferred embodiment of the invention, the zeolite
is bound with an inorganic binder to form a particulate NOy reduction composition. The
particulate NOy reduction composition may be added to the circulating inventory of the
catalytic cracking catalyst as a separate particle additive. In another embodiment of the

invention, the zeolite is incorporated as an integral component of the cracking catalyst,



produced during the FCC process. [0021] These and
ot her aspects of the present invention are descri bed
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feed, under the same or substantially the same reaction and unit conditions, and with a
cracking catalyst inventory comprising the same or substantially the same cracking
catalyst composition as that containing the NO reduction composition, except that the
NOy reduction composition is replaced in the cracking catalyst with a matrix component
such as kaolin or other filler, The percent changes specified above are derived from
statistical analysis of operating data obtained from the Davison Circulating Riser (DCR)
as described in the following publications: 1) G. W. Young, G. D. Weatherbee, and S. W.
Davey, “Simulating Commercial FCCU yields with the Davison Circulating Riser (DCR)
pilot plant unit,” National Petroleum Refiners Association (NPRA) Paper AM88-52; and
2) G. W. Young, “Realistic Assessment of FCC Catalyst Performance in the Laboratory,”
in Fluid Catalytic Cracking: Science and Technology, J. S. Magee and M. M. Mitchell;
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yield of LCO (light cycle oils), bottons and gasoline

in conbination with LPG as conpared to the baseline

yield of the sane or substantially the sane products;

or (ii) less than a 10% relative change preferably
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lengeS gg[{'ﬁg?l ngl Xhat gOS bgrgfer g e#nboﬁﬁe%% %Eal%; Iin({/%}ltIO%InQﬂ]é/§éO§lte is

ferrfetitecul ati ng R ser (DCR) as described in the foll ow ng
ubl i cati ons: Weat her bee,

1004] Tt B5prerns PTG o PP RS ZGHIG SR EAE (e NO
red Xﬁ 5&9{)(9#&1%@% MertionSas (amce%réao&f APl Qttld@rlhi/ ppreferably

i onal Petrol eum Refiners Assocl ati on
at le‘ébyﬁ’ﬁ)(ﬁﬁz/gamd most preferably at least 300 m%/g. In another embodlment of the

invention, the zeolite is exchanged with a material selected from the group consisting of
hydrogen, ammonium, alkali metal and combinations thereof, prior to incorporation into
the binder to form a particulate NOy reduction composition, or FCC catalyst or
stabilization with the metal or metal ion. The preferred alkali metal is one selected from
the group consisting of sodium, potassium and mixtures thereof. ,

[0027] The NOy reduction composition comprises at least one NOy reducing zeolite
stabilized with a stabilizing amount, e.g., from about 1.0 to about 25 weight percent,
preferably from about 5 to about 15 weight percent, most preferably from about § to

about 12 weight percent, measured as the metal oxide, based on total weight of the NOy



2) G W Young, "Realistic Assessnment of FCC Catal yst
Performance in the Laboratory,” in Fluid Catal ytic
w@e@eH13865 Sci ence and Technol ogy, J . S. MageRCHOS20W/010843
M Mtchell,Jr. Eds., Studies in Surface Science and
Catal ysis, Volunme 76, p. 257, Elsevier Science
Publ i shers B. V., Ansterdam 1993, | SBN 0-444-89037-8.
[ 0025] Zeolites useful in the present invention
[
e R D A M 1A o ol o B Gl of v
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= oges nder F condltlons eneral, the
100 efive R 5o lBR fereal T it s 26 intsBe BT ramprogicient
to d§iogR theakgired stfabmmngb@eﬂél of rhRal aBWH orlorPthERBsIitE Q%pémehh It is
SIQ2 to Al203. nolar ratio of | ess than about
prefesresk @anthe ptabdizing metal omwetahivgtis gerosisechinl spch @s"saftﬂh’awCh that
Q1 oPhelaf iR
e 400 sPLELEIIR Kol PYESBILIE e SRUER LGRS witin e
framoBiokld f theozedbiei e, wiNM Wslersmd| byt enelskilkeloini the aRhchis may be

erripon chabazite, clinoptilolite, MOM 22, MCM 35,
accoms@ef’ oL T"Fé‘ o TSM 1D ZoM 23 ZSM I B, ZSM 52,
[00285NhE et SMnBhI ioAKnfay b%%orﬁﬂbht&ywﬂ@ntthelﬁaxﬁ@%rk%?the zeolite

SS7-48, SSZ-44, SSZ- 23 Dachiardite, Merlinoite,

by syrfiieriging Be 2Ry iethe prestronof the metglios imefabiane, Focswarenle.ttae
mete@c@ﬁ’@&%n'ﬂﬁvay CROGE hidedo (HRTSURESE %él?grlr?% ?mgéggg?n of the zeolite.
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b5 LASISOR o5, SRR S A FATERO e
exch‘aege’d fél‘ bteeof thebdther dhdAMS ,sudmafsdlﬁnmlhan uM}MséSﬁo synthesize the

Zeoljte-L, .zeo errionite, chabazit
zeol g, Jﬁ‘aepit?h figing a‘e‘faﬁﬁ\m’ iopypay el Jo g, InRIPY &R 1*120 theqores 91 the
zeolﬁé"ﬁﬁgg aitflenfionalmBSodNRLEaS, <.gl nldREhaMRs impBFRhaidres the like,
enmbodi nent of the |nvent|on the zeolite is

to foparthe Wk reducligogepposiiioy 0§ﬂ"@f1@\fmé@m enbodi ment of the
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tion o ion surface a
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temfer oG icder Sl AERThs Bl Poctlle PRI FhhEn B8 Rhce

wasmﬁte FéradvesRl @atefat ded Mdidl GorDarAR 269 REhEhihp galofo provide the
rogen, ammonium al kali nmetal and conbi nations

‘“ﬁ¥ﬁé¢5@€mjﬁwhﬁr to incorporation into
[0031] The stabilizing metal or metal ion component may also be impregnated or

exchanged, typically by solution exchange, on a particulate NOy reduction composition
formed by binding the NO, reducing zeolite with an inorganic binder to form particles.
While the present invention is not limited to any particular process of preparation of the
particulate composition, typically the particulate NOyx reduction compositions of the
invention are prepared by forming an aqueous slurry containing the NOy reducing zeolite,
inorganic binder, and optional matrix materials, in an amount sufficient to provide at least
10.0 weight percent of NOy reducing zeolite component and at least 5.0 weight percent of

binder material in the final composition and, thereafter, spray drying the aqueous slurry



the binder to forma particulate NOx reduction

conmposi tion, or FCC catalyst or stabilization with the
woredoali1sss met al ion. The preferred alkali netabCT/BS0€010843

sel ected fromthe group consisting of sodium

pot assi um and m xtures thereof. [0027] The NOx

reduction conposition conprises at |east one NOx

reduci ng zeolite stabilized mﬁ;h a stﬁb|I|Z|ngtanDunt,
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wi |l be understood by one skilled in the art, thrs 9
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mx§#0$ﬁgﬁ%gg?ﬁ?gggy synthesi zing the zeolite in the
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aq”%‘)ﬁ‘% ?ﬁ'ﬁ)@ﬁ%ﬁ‘éﬁgﬁﬁw%‘? Of AHBOLEY| i (e-g-n airoriym esuifate, ydtrate,
chloride, e@bédatqr phEEpidte bd tROMRONENt ar Bbr BRI AdF e aehlkﬁggid %e.g.,

w.th other reactants as a conponent used to.s%nt esl z
sulfyiis Bl iphesrbpripahydraghlgrics setia, tfatmeid and theclika) gedretlore the

. I eae . um hum.i gn, used

o B Ol Ae BLICE g DL BB B PRI o

[0034 {mpreigoatiomagf dlesparbeulata Opoeditctoh iconositien Pedyesypidally be
. i 1 ' ventional. nmet hods such as, e.qg..

s BB NS SRR ER' TBLF RRS e e

parti@eater@dipotition withmposdldtioan of the invention. [0030] A

i i d- st at hange may be acconplished by
005/ B g "B Bt 5 movlt Wiions i tenesbideine ectal o

metNéh beApdRE fBF AN HANP ARG R ﬂgﬁfgr}ﬁgpaﬁtioﬂ 41 1B p%j?igu]ate
NOx reduction composition. That is, the NOy reducing zeolite, binder and any matrix
components may be combined with the stabilizing metal component to form the feed
slurry followed by formation of a particulate composition, typically by spray drying as
described hereinabove. It is further within the scope of the present invention that the
stabilizing metal or metal ion component may be impregnated or exchanged, typically by
solution exchange, on the NOx reducing zeolite prior to binding the NOy reducing zeolite
particle with an inorganic binder to form the particulate NO, reduction compositibn as
described herein above.

[0036] Where the NOy reduction composition is used as an integral component of the

cracking catalyst, the stabilizing metal or metal ion may be exchanged or impregnated



tenperature sufficient to allow the exchange to occur.

The bl end may then be waterwashed to renove any
woepexabssged nmetal ion and/or any remaini ng saPCT/US2006/010843

provi de the netal exchanged zeolite. [0031] The

stabilizing netal or netal ion conponent may al so be

i npregnated or exchanged, typically by solution

exchange, on a particulate NOx reduction conposition
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hydrc?mgr ehelhfdngrPos m'?rlﬂorggm& ke o'r%b\’xﬁ:"‘&di&) Mandt Wee? &Pkdridve the

al ni ng aueouésurylsm rror to
ndesiptysathey The spehaslodulet o bereahapgedtWig] & weiep eolible rare-carth

materi al s, ¢ in t urry to 10 mm or | ess,
salt, F)lgefaéFg?fﬂ%/ @ D?‘gﬁtgignﬁﬁ%ﬁl ‘preferably 3 nmor |ess.
[003ThA taASRIE the WU, YredRyngdeeolitd bc&ﬁbqnemtonpm@labadéfmrml zeolites,

the IR BB eTHE a By PN L ERRBLI I Ao Re Cley

and g]ﬁllnﬁiarh%fibﬁﬂhe rd QUH%% Watr aRdibfeRdeda THersRurs Uk nitled®atd $ppay-
enove Vo es and provide sufficient hardne

dried. hEhbisprdedritdcatakyet issalcined pEabPUIRGRIC tackboyt 89%§7s 1 spray-
drleff F%%l{yétl lﬁg}? ’d}?pm }fngaef e &é&ho%%%t %g&&%oﬁ@BHtof%%mum

out urs tionally,
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exchan gueous, sol t|o | r
s SR Aok TS FRLHE LR BL IR e
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I norgani c_or organic acid (.e.qg.
the scope of the invention that the stabilizing métal component may be added to the
catalyst feed slurry at any step before formation of the final catalyst composition.
[0038] Typically, the stabilizing metal or metal ion will be exchanged or impregnated
on the NO, reducing zeolite or a final catalyst composition containing the NOy reducing
zeolite using solution exchange, solid-state exchange or any other conventional methods.
In a typical solution phase exchange, the zeolite is slurried up in an aqueous solution
containing the desired metal component. The pH and temperature of the solution are
controlled to maximize the exchange of the metal component on the zeolite. The material

may then be filtered and water-washed to remove any unexchanged metal ion and/or any

remaining salt. If the metal is added by impregnation, a soluble metal salt would be
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sul furic, nitric, phosphoric, hydrochloric, acetic,

formc and the |like) to reduce the anount of al kaline
woreaoal1s366&. g. sodi um or potassium in the fini B&EUS2006/010843

product. [0034] Inpregnation of the particul ate NOx

reducti on conposition may typically be acconplished by

di ssolving a soluble netal salt in water and

thereafter inpregnating the particul ate conposition
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amobiRtCo N NOR %&felr@&e@l‘i’t@‘@@ﬁlbbhéﬁf‘ ife§en‘t' %?%e%rt@ﬂla‘té"&ﬁx%o@itlons is
conmponent of the cracking cata yst, the stabilizin

at lepgit1Q) pusferahby al lepshA0.most peelernlelty 4k Fast 4@ranid Nl et I@Gig?mbd»’ at
leas{o E@,t \%Qéhtr Sﬁ‘}‘&%%'t R AEM {hteetog?%fgg]]; %? i3 ¢ sﬂ%?.r @%&11‘}” the

zeolite as a co nent he ca
particnlagnalddingvet corhpasitiont dwtanrscﬁtmpoabam ot t@fabbllte8ﬂ\l®(eferably from

sbo o p RS i BRI drire b B dPer 3 o aprgat of e

NOJRauiBEiddlitet@mpol it Gadet Yon thd1@ta @@lght 6f 16O BIRRNENEomRBYion.
addi tional zeolites, the cracking catalyst zeolite,

(00404 Bipdey matppialy vl &y Prepps, thaprrtigHgte Midr fedugiioniompositions of
e B RLLAELEC ARG ST A by s e
to foﬂnamati@lemhavmlgeﬁrequwsultablee®s ustham e ReCUnpeder FCC process
con@éef o 213}/% h Hﬁgrg%l}g B? mnglat-ggglsmuslelifuthos lglr’lerga e. ICngOﬁlth]‘lS in
accdbda’iﬂe fwithathd ;ﬁﬁielno fadenticat mc}udﬂablﬂraraln,ot #ingted ab,aylum]?me silica,
snhcaé Lglplp%{a untng &o’é&?atea Qrgd 51 1% dI r%?xtltxr%s f[hoerreof Preferably, the
binder is selected from the group consisting of alumina, silica, silica-alumina and
mixtures thereof. More preferably, the binder comprises alumina. Even more preferably,
the binder comprises an acid or base peptized alumina. Most preferably, the binder
comprises an alumina sol, e.g., aluminum chlorohydrol. Generally, the amount of binder
material present in the particular additive compositions comprises from about 5 to about
50 weight percent, preferably from about 10 to about 30 weight percent, most preférab]y
from about 15 to about 25 weight percent, of the additive composition of the invention.

[0041] Additional materials optionally present in the particulate compositions of the

present invention include, but are not limited to, fillers (e.g., kaolin-clay) or matrix
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spray-dried catalyst is optionally washed using an
aqueous sol ution of ammoni um hydroxi de, an ammoni um
W@ 200b/11365 | nor gani ¢ or organi ¢ aci d, and wat er P€DUS2006/010843
renmove the undesirable salts. The washed catal yst may
be exchanged with a water soluble rare-earth salt,
e.g., rare-earth chlorides, nitrates and the I|ike.
[0037] Alternatively, the NOx reducing zeolite
mate‘f‘@[gp(g)%e ré'iuzm lﬂFtél l@d&aLIH@Q%an'}&Q %rtrlﬁ% gﬂﬂl\ﬁtngscerltahﬁeo%glgngk tsa aria,
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morg?ahaibxhcﬂell ng netal conponent may be added to the
lyst feed slurry step before formation of
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i npregnated on the reduci ng zeo Ite or
simudtanepugiyt with nfhes invieoteryc @it enadm@ aetpdysNGRuringd thei I’E@C process.
S c SO|Id st exghan
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45 mal WRreforabphaise nexe panige:, sithés froml aboat i58 8l dboud edo Win, i rlost

ution aining the desired neta
Prefeé%i%%’r?@h? o ) hand St e i EVEt TP P et T9g1 thaub 0 4p about
120 Qﬂnt"m@doﬁl@oilﬁomtﬁ@ #Qertlon tﬁﬁi@eh@ﬂﬁt@e aiDakvien ﬁﬁ’xtlﬁ(lm mdex (D1)
nponent on the zeolite. e

nmat eri a ma
valug oY By G St S e HoH D FORGTE Ty e e leveben abou

netal ion and/or any remaining salt. If the netal is
" added by inpregnation, a soluble nmetal salt woul d
[004Bk dPag B0latee domhposiiinsr ofathed  inventiveoinay evei oiprudayerhtie dhavifodm of
t he exch

the s ut| n. Addit [
sepaiaicpaBHE R 5 o6 "Rrpt ErbeoBhe SR Byeheyy the FCCU.
Genék QIQ} It}ieq:aﬁ tﬁ’kﬂﬂlat@ afligv@nipokifibh i REdRIn A andduhabf 28e:£00.1 Rveight
? ions or on a zeoljte that has been converted to,
percqrttg Wd’%%a ¥ dppentory. Preferably the amount of the additive composition
used ranges from about 0.1 to about 80 weight percent, most preferably from about 1 to
about 75 weight percent of the FCC catalyst inventory. Advantageously, when used in
combination with specially formulated high activity cracking catalyst, e.g. the high
activity cracking catalyst such as described and disclosed in U.S. Patent Application
Serial No. 09/833,603, filed April 13, 2001, said document herein incorporated by
reference, the use of additive levels as high as 80 weight percent of the FCC catalyst
inventory allows for the effective reduction of NOx emissions from the FCCU regenerator

without a loss of cracking activity due to dilution of the cracking catalyst inventory.
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[0039] The anmpunt of NOx reducing zeolite used in the

NOx reduction conpositions of the invention wll vary
walewentionyy upon several factors, including butP@DUS2006/010843

limted to, the node of conbining the NOx reducing

zeolite with the catal ytic cracking catalyst and the

type of cracking catal yst used. Were the conpositions

of the invention are separate additive conpositions

i rticul it b e
1000 e 8o o ool N PR AR b Bl bpogiions
of tlstintamlbibr maydregddedctothe BECU igelreesoal tntionklenamet) rig.,ofith meake-
{ef“.lci ng zeol i te conponent ﬁxr esen&%j n the
up ARSI NGNS bYia8H STeE CUV eIl Ipetief. preferably at
[0045¢ AitendiPteghRed inkd fceF @O! Mtafst kw%@ks,"’tﬂe N, RMBRiIFD¢Bnponent
preferably at |east 50, weigh ercent based on the

typigadkygepigeanghat legst A evaiglinsedent ofrthe TG eadalys) partiste. Preferably,
: ddint | e . o
the BFOML B NGERLLKR CRTRNS e Bkl HgB? pbR T, ERF hou: 70
weight peropnte fnersa blefgralfly dronabboaitt 140 4bouaboweight pewentylof the FCC
tr)e{}gentl of the NOx reducing zeolite conponent based on
CAAPY YIS wei ght of the additive conposition. [0040]

[0048] nale kratFBtiRfdiRbBowes ﬂerhteFQteﬂrlﬁp@rc@tatﬁﬁwﬂm}tpii&tuB/%bﬁleQ(the
reducti on conpositions of the invention include any )
NOy Frugiasii oo BienersmpoRRRicHong Vetip s erapitingicaaisy zeplite olnpreanic
: + 2§02 440 [
DindR R el OB S, PR M AR SRS, R A such s
metaly piaps(foi mxangyae teaplifod i andiiVBrtp ahakeuspethel cracking extalyss. The

TSN G35 oGRS oD IR BRSO B

cracRinkiactvial andli inapicallypraaerniph esghdiiom suvdt (e dboke7s, drderably
m xt utﬁﬁs t her ) r ef er ab ect ed

f. P ,. the binder js sel
frong ?W o @Qoab g(? E%@pgtgrﬁﬁrag%/ fromy, ﬁp%t}(g)@ p{)%?s weight percent
basedl bit ¢ AtaiMvBRhABE (K8 S RFicnheNRREanidVBIRePhRt@RALLMI to
the binder conprises alumna. Even nore preferably,
prepareinisigridrst cagadyb PrBResitipns riegoriantsagith fiepresgeidnegntian azclude
he i c . o
sny Jkarhl e beplon b BRAInBfES R PR St o
fornbipadetesnitvixrg atopprties esftable fohaspan tthe HGLU addet IFCE process

0siti.o rrprises&{ m about 5 to a&?t 50 i gh
coniBBont Y0 571Dt APEBIGEF I R R teleir B 385 T 367 g Giied o
alunflf4, Cfiida, siloshluplief, @nadlhymfphesphatoand thé 1ike, @liomixtd®s thereof.
wei ght percent, of the additive conposition of the |

Prequ@bgrmt}peohl_nder is selected from the group consisting of alumina, silica, silica-
alumina. Generally, the amount of binder material present in the integrated catalyst
composition is less than 50 weight percent based on the total weight of the catalyst
composition. Preferably, the inorganic binder materials is present in the integrated
catalyst in an amount ranging from about 5 to about 45 weight percent, more preferably
from about 10 to about 30 weight percent and most preferably from about 15 to about 25
weight percent, based on the total weight of the composition.

[0047] The matrix materials optionally present in the integrated catalyst compositions of

the present invention include, but are not limited to alumina, silica-alumina, rare earth

oxides such as lanthana, transition metal oxides such as titania, zirconia, and manganese
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[0041] Additional materials optionally present in the
particul ate conpositions of the present invention

WO p@batsses but are not limted to, fillers (e.gPCT/KSZNG6/010843
clay) or matrixmaterials (e.g., alumna, silica,
silica-alumna, yttria, |anthana, ceria, neodym a,
samaria, europia, gadolinia, titania, zirconia,
praseodym a and m xtures thereof). Wen used, the

oxieR bt 28BS AL 558 R Db S 067 e
mixtues tb@mfoéﬂhbhmﬁx h@/ﬁﬁiﬂl&@arh@@@ﬂyﬁﬁdzs@ﬂﬁn I‘tlﬂﬁ ﬁ&%ﬁﬂi cAthI80 in
rator, under FCC conditions,

the F re
an RSB FEGN ORSrSTIh SO o bt BRIcYe\ghp thsr catelyst
compBSti&H. al@éfe%l)‘ﬁ h Y8k anbifdr FRBRMA plebigit W&H Emmlrangmg from

materials wll conprise no nore than about 70 weil ght
aboyjdrte ebrut 4f wen@t @@ﬁgﬁ@ﬁﬁd(méhe total wgight ef e ctalystrromposition.

[004t8£' o n%&l%ﬂ‘e%ﬁ%?&? gﬂﬂ@( 81 0p dltﬁgs bf‘t‘{)g nﬁtla é) ?leé:agﬁngsjt %ﬁfact fluidization

uci ng zZeo
properiies gatfiecurtit andedetern@@4ijw Rahl ttlnecuitayﬁ isckdihéd/id the commercial

onposj.tions e invent.i.on shoul.d have a, ticle
Pece SR St Piseafl Aty PP R b aSyerian bl b & mean
partl@lefﬁzél St &dui by edghubod hen, M) phdferblly AR Wbt 301 1 th RBout
| nventora’gt of cracking cat al yst during the FCC process.

150 mhi A |aitritipe peapsisiss iof itom inggeral atalypkeast measuigd| By thgRavison
Attrﬁﬁﬁ%(ﬂjﬁr(tljlglfﬁvékﬁ %ueg&el@%setrhal]i B méx%égg?te ]ce@ f’hgth and

rticle size is froma
mosmpmfemi@lepsriéﬁmﬂébl y from about 55 to about 150 nm
eferred fr mab

0043 SR s R o DT opy B BT i e s Laes o

Y-typt LEdlfté.0Thd N XedubInk z¢dlitd ena9fbeladasd dshagepalardddbie partlcle to
preferably | ess than about 20, nost preferably |es

a Cl&CHlaHn%\w&ﬁw%of E@G&%ﬂklf’fga‘?aﬁl}ﬁﬁloét“é”%%Fi’tr?‘"é’ﬁ(sm@f th? hetype

zeol[tE¥Efthin g er@ecﬁéIS/&Lﬂs%qgtegﬁ] th& 81‘%“1{1})9{1‘16%8@1: % either
particle additives al ong w he rraln cracki ng

casec theaY yyte zehlitsugpergenttinan ROOUNt Téfieienl tp3pr0\tldﬁeadequate cracking

actng@/r lgtﬂ&iuggéﬁ’ %sd%hwﬁéel {Seﬁ@mqu Hl te g[?)J ?‘W%‘@%&‘Ht e}r?l rléﬂ:trably,

per cen
the Yrygnteoti. is reskeer iabinyaniduat anffivient ofprovide adatid DKIEOX reducing

ition sed an rom abhqut, 0.1 tq abaqut 80
zeol R A i fealie SrsSt e PP RETOY e b T3 A, iRl talyst
mveﬁ@r}v\m ght per cent of the FCC catal yst inventory.

vant a%eousl y, when used in
[OOSO] Somew at briefly, the FCC process involves the cracking of heavy hydrocarbon

feedstocks to lighter products by contact of the feedstock in a cyclic catalyst recirculation
cracking process with a circulating fluidizable cracking catalyst inventory consisting of
particles having a mean size ranging from about 50 to about 150 pum, preferably from
about 60 to about 120 pm. The catalytic cracking of these relatively high molecular
weight hydrocarbon feedstocks results in the production of a hydrocarbon product of
lower molecular weight. The significant steps in the cyclic FCC process are:
(i) the feed is catalytically cracked in a catalytic cracking zone,
normally a riser cracking zone, operating at catalytic cracking

conditions by contacting feed with a source of hot, regenerated
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conmbi nation with specially fornmulated high activity
cracking catalyst, e.g. the high activity cracking

wa@ a0al1y®65 such as descri bed and di scl osed i n WEI/US2006/010843
Pat ent Application Serial No. 09/833,603, filed Apri
13, 2001, said docunent herein incorporated by
reference, the use of additive |evels as high as 80
wei ght percent of the FCC catal yst inventory all ows
for the e ans from.t
FCcU re0§%%§ t%%ﬁm# % ﬁ%ﬂg&iosggﬁyggaé§ ﬂ“%c?Pﬂﬁp
due to ;:lrddud:ts oancbfspéxhecaalgzetklcngama{galcxbﬁé and strippable
i nvent ogy L As will be understood by one skilled
in the Qr rate particul ate conpositions of the
i ngient i eR éi’ﬁﬁ(enb@s ﬁgﬁﬁpgeﬁ Qnd B@paFa@QJ n'oﬂnill}ﬁmc&ﬁvcﬁ%él@nal
manner, e.g., W th nake up catal yst he regenerat or
or by afycleficheintaceHeronipkae rﬂﬁéﬂtlhd?daCkF@@HEI}mWr@m solids
i ntegra particles, the NO
reductltc')lgﬁjI %ﬁ%gﬂéﬁ%m§§% LM& fesents at least 0.1
welight penapotphafe it handEaq as @tcﬁlhg/tsdnd piectiorckesl. in the FCC
Pr ef er abl tlhe an% nt of t hg I\@g reduct i 091
used raH‘ﬁﬁ‘sc? PO 4oty agrogiateg SifoGelumBs i gHe f—-’ﬁ raé' nt
nost pr ﬁﬁlﬁﬂ@hﬂcumé el Meuding ghselut 50 wei ght
per.cent the F cat al yst partl cles. [0046] As
Stdvbd Her meﬁt &B30et iy KBiPPrd.ebvathe Viioeteemy doyEmae |
typi cal da nt
ol bng. w i CheaREablf P P A DRakR P ARARE
bi nder paiglesti laIOSIdatln‘d:lprigJenmaledyr; aratahisk regbndritemszonand

ot her additive .c onen S a s tra

exanpl egl O prodiise o g%&ﬁ”e’éa&ﬁﬁj V‘}laq%’ ‘ﬂ%?‘E lﬁe”t fr&¥ (g?dagﬁk

cat al ystracki h@z@fe&”ﬁhrﬁl@(nﬁg’lﬁﬁhyﬁquaﬁ@t@sloﬁ" geedusual |y a Y,
provi des t he rm{ ority of

REU!
IOOSg} ewr%m aﬁ%y c3talyty incdudey forcexpmp ep@%@ééwaﬁef% catajysisquith a
fauﬁsﬁ@'&‘ra@t@ﬁ’xgtcoﬂf@oﬁ@lt %p‘élé'stcrlgéj lrptrhgfs%ﬁ‘x@l e By 8RANG che IIIaQ)xb

about and nost preferably from about 20 to about

Fluzq(@agcr{ytmp@mgézng W lz@anth@stF,(ﬁ/Ialtce\/\Bﬁlgm Ngw tYleek 1979, ISBN
0- 829¢9r5@9§| t 'a?nwell %aﬂb eljgbg%%{er nﬂs%{x?ge% 6gu%h %%egéﬁegﬁl%é%ih CFeluid

prepar e’ |ntegra cataly i'ons ’'n~ac
Catabyptich Crdneingr Hsm’ﬂook nGelﬁtIi’ubm Cm cHuuiﬁona nOIsN anma n®-88415-290-1.
rial of bi ndi ng t he nent s t he .
Pref?rﬁﬁlégg Fhﬁt eﬁé ést a tcataglati, ?HrB%ﬁlstn?gC ngg-t)ﬁng\ﬁeﬁgte active cracking
compPérRRET 1 @%ar‘@luukﬂp peeféedd atsiebdirert e tRORVeM A theASE catalysts
process, conditions. Typically, .the inorganic binder

conshsétoérq Bingen, hléqlau]d’esﬂl(@uta URBa, nest silisanglpminag 8, Y-type zeolite active

component, one or more matrix aluminas and/or silica-aluminas, and fillers such as
kaolin clay. The Y-type zeolite may be present in one or more forms and may have been
ultra stabilized and/or treated with stabilizing cations such as any of the rare-earths.

[0052] Typical FCC processes are conducted at reaction temperatures of 480°C to 600°C
with catalyst regeneration temperatures of 600°C to 800°C. As it is well known in the art,
the catalyst regeneration zone may consist of a single or multiple reactor- vessels. The
compositions of the invention may be used in FCC processing of any typical hydrocarbon
feedstock. Suitable feedstocks include petroleum distillates or residuals of crude oils

having a boiling point range of about 150°C to about 900°C, preferably, about 200°C to
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alumna, silica, silica-alum na, alum num phosphate

and the like, and m xtures thereof. Preferably, the
whrovdarsess sel ected fromthe group consisting BET/US2006/010843

alum na, silica, silicaalumna. Generally, the anount

of binder material present in the integrated catal yst

conposition is less than 50 wei ght percent based on

the total weight of the catalyst conposition

r terials. is
aboufTRDRE AP 11T HRRERAN, ErBh Bl IR sCRtsBli, T e pfpicum
prodabio L.'Stynﬁwtlof@b@hﬁvu@BbM&mg;;bﬁmtpef ﬁlﬁmt 200'01€ alﬁﬂugfiem abkuyeh as oil

from abo 10 to out. 30 wei g percent and nost
ﬁD”HF@ é@"&‘t?@ﬂ?%@dﬁ?angtﬁmhﬁ%ét 25 wei ght percent,
[OOSQEW%&? fohRni9t adokwelir&ht thef catdMat,CoOBRRRI &/ QI'P lS [LR4d Tto the

e matrix materials optlonallé present In
regengiatéqly zaned Thi islpggermedripos siiiab §p®fglrngrrevaes@mbottom of the

1egeh&%(§5trti (rﬂl@ 6ﬂ‘f’|d9§reed ?c%tl(ﬁltr ﬁ )g%%n 1§ md%&‘ go b qa fgﬁet %racﬁegse phase

umna, rate des such as
of theregeaerhiionzanet al oxi des such as titania, zirconia, and

nganeseoxi de rou 2A oxi des, such as gnesj um and
o0 RGeS iR et s s et e B a R cal b idace, e,

by af R@4t80%, pldieabIg! 4ti1éasePVo Ohe binkidsRL§ 0AKO, by e regenerator
present in the integral catalyst in an anount of |'ess

efﬂucrtaﬂrl 5e thgeqaghyst preppapionp abte sontantialiy weiatainies Ghthydfocarbon
feed tcbr‘?ve?ﬁ&f | tﬁ& féméctk%@ rodE’Et?f :%a%lsé(lme atﬂg ll%ﬁlt JIE?(QS obtamed

and/ or S are res In
fromathe ytackingocatahysut Im5mwe pgm, pex oaetnctxdmasfem% for tghmar of &tadlly
.weight .of .t he cat
echi\Eb @R D orSi ol hnd ERRRL Bh AR kG vilhShe sismificaptly
affetiag Aleyahelal balct lytd db d&édd%n%rﬁ@ﬁ:‘ I Hb®8vdrNastWi@l béRinblerstood
an etermne how well the cataly is retained in the
by ogg) erdcretr“ e el atnthe exteRpol; M@e@%ﬂﬂoa atiH | dgrendasriyel factasnas,

for é%famﬁafée theVSRARdsRdnt éﬂa' aﬁﬁ’cdn‘! o @fe Qdd?t'?@cnuﬂ?l?zreﬁl ﬁrleede%%ﬁean‘afthe
about 45 to about 200 mm nore preferably froma

mangg ifmvhieh dkro aetalygo cmﬂﬂnmeﬂtatSt ererdtesh lmlgqbeg tbiub gobfimitae to

ool B98Pl PLIFDR, R HE RS BRNE 300, g g e
regelmater,pstebmrabj)@tath(es sind h@geri2thtan mbmmzettuqar ahe Pﬁbﬂ;}e_ftiéseﬁﬁ the
th 15. referred i ment .of the
YRR eBROTna Pt BBt M etck 8 06 Londs Addiver bymay
affect @R dhbRistrlRAd MK ati@Hshd B ggRRdtbt. el“HﬁB,st*R,% eB8PACESs different:
Separate additive particle to a C|rculat|ng¢|nventory

in sagre qrivdl efrthesrirpgpeeiatthe gEectiyendshebihp prencesdofdhe Eventjon may be
expeEt%@ td 'vta%pﬁom unit to unit. NOy reduction compositions of the invention also
prevent a significant increase in the production of coke during the FCC process.

[0055] It is also within the scope of the invention that NOy reduction compositions of the
invention may be used alone or in combination with one or more additional NO,
reduction component to achieve NOy reduction more efficiently than the use of either of
the compositions alone. Preferably, the additional NOy reduction component is a non-
zeolitic material, that is, a material that contains no or substantially no (i.e., less than §

weight percent, preferably less than 1 weight percent) zeolite.
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zeolite containing cracking catalyst as an integral

conponent of the catalyst. In either case, the Y-type
wQe@bill®es s present in an amount sufficient torP@I/OS10d€010843

adequate cracking activity in the FCCU, as will be

readily determ ned by one skilled in the art.

Preferably, the Y-type zeolite is present in an anount

sufficient to provide a ratio O NOx reducing zeolite

Y-type zeolite of t han ref er abl t han.
100367 14" FRecFBpEEAHE Iy FpaRery ProTB T BgRB AP ve
comBbdigdilsYin abERdAHEWIIhARE Bisdni el &Qﬁb@ﬁﬁ:@l‘ih REmBfnation with
eavy hydrocarbon feedstocks to lighter products by
otheg @Adidives efnvenrtéonpbe gstdokthe FGE piaspssc e gatSixyrgeuction additives,
[ |3 r C ul
e gL, B BRELRS, P PERmMAT bl GG for the
produation of leght hbﬁhngnd\tmﬂma size ranging fromabout 50 to

t 150 ferab f bout b . 12
00ty 00, DB o e hoie nel B et rigdsl; Qops iged by the
exarfple® Gatl fBfth Welogt Thy ekasAdsbiaiull® edsiresigionasidddfives uidhd in

production of a hydrocarbon product of |ower nolecul ar
the prereshof theHavestignpid hesvalyatiopofithe inMentiop processyeaeduce NOy in

a caparlﬁf‘cec??clmgeenv fron Elﬂ? THE@Yarhg e§§\re%:nye'h'a‘§ %iaécYﬁcC flﬁ%ﬁ@nb Bf the

tic crac I Ng zone, orrra y a riser crackilng
claimed éyvemiier. dt simgidbe ma:teadtqudt bowevat khai gheciomelitionamgotdymited to

cont.act h f hot
the $psg ‘%gregﬂgaﬁéﬁ%@kﬁ”ﬁé i %J?;fetg prgduce an effl uent

[0038 I ipgit§iGné f@@d@ﬁﬂgw ad et exanipless peNvelL as ah¢/$émamder of the
cont ai ni nqbco e and, strippabl e hydrocarbons; g
specafigatign nthighsredirs éhag!| é@nmatlg%%rr%e@traﬂwwwymalg fniess

othe‘?\g\/xsg@ﬁ@clﬁéﬂc | (Qﬂl%éltra'nﬁﬁ@o%?g&ﬂﬁ’ iRAS &rd byciblhife GhREK&Rerwise
product and a solids rich phase conprising the spent

speatiedal yst ; (| ii) the vapor phase is rem)ved as product

[005};3:8&%805 gg gf |1 BJ@ &%: q’% [Batlhg S X ("gr,lﬁxg ﬁ??gal:agﬁ’s, such as that

at e g corums ormg
repréfetikg lgarpnmlduoettsf propértiels, rmgltgaﬁmbasnez ccénd\'vt)orishﬁysioelrﬂtates or

perc%gttagclasy SIS m%en%iteé gtheralll)J/S}Jn%lnlp ra\{\g ter}](plsetssﬁ r?\erélg Ey Metefence or

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

any range so recited.
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occl uded hydrocarbons fromthe catal yst, after which
the stripped catalyst is oxidatively regenerated in a
W@ 2108/1y%65 r egener ati on zone to produce hot, rePenEsENE0843
catal yst which is then recycled to the cracking zone
for cracking further quantities of feed. [0051]
Conventi onal FCC catal ysts include, for exanple,
zeolite based catalysts with a faujasite cracking
EXAG9 ent as described in the sem nal review by Venuto
bib, Fluid Catalytic Cracking with Zeolite
[0066}iﬂ"bd: yafamaer aveluaiekifetdditNew AYibrdagh 37 fr tHeSBiNiction of NO

emisSgi 42 S HHE e SO bl Gt BRFhgt e

expeﬁﬂﬁqﬁoﬂxKD@'bfaSB’ hted GRler h@ll}‘l%%’re %l@l{loh §§N1tlons where
- 88415-290- 1. eferably, the F catalyst is a

“fulld%ﬂflh 11§ definedp ﬁh%ﬂon@xtlan whergjrethe embintef aiseides totbriciengrator

is suﬁﬁ:n&?\l QS Wrvert Bl @‘{3@&%@&%,6@ %J’l lllw%{bgﬁtq{d@ gatﬁp%?cg g@ i%%fge :

nvent 1 on, catalysts consis
leaving tiad fegersi dtmrcﬁhe bting was, pecforrséd witla 1l axoess &), ia thé-rtygperator,
e active COHF nte%t5 one or nore matrix al um nas
his,

i
amjgﬁgﬁgﬁe§WFﬁgéquﬁ dnd fillers such as kaolin

clay. The Y-type zeolite may be present in one or nore
forns and may have been ultra stabilized and/or
EXAMRLEdG wit h stabilizing cations such as any of the

[006&?@?0@1 ﬁ%sh 9’%}51% -%9" Kterfr %ﬁ@ﬁ?ﬁﬁggﬁ%{oﬁ Wé"lé 88pared as

onduct e cti ntenperatureso
follOWSt M aquoys slurre gengrearshwhiehpentaingd 8§%0A 1,600 eluminum

enoB§3el et 2eh Sl SO e R R N Pl o
10w1r/@)a%@ren3@g%§ §dBtionkl %va‘?é?'f@%%ﬁe‘ Q8 b @oriqt&ﬁ@d“ab&@ 4BY4,

used I n” FCC processing of any typi cal rocar
sohdﬁeéﬂ@t&b\@k\/ waintiddsl ® efnewmg@qiwlqlmslwdélqsethaolb@mn and then

spra)gicciﬁ d +h%t %?’aﬁ/?cirled ocguc cal 1%%1%%&26 %gﬁilutegsgaégoo to 450 °C.
The Qﬂeflﬁf aehiellyst V\&bwkheﬁwﬂﬁ &rﬂaﬁﬂﬁdrﬁxu&%lfﬁiﬁ sehtioh wh®red by water,

catal yti d provide asoline or. o
to iR e bl oot BnHEMAE A5e JaaRal M bishiiongs Additive
A, tHéQJchHe%e@fof%%}Htar@%@ntlﬁT@QI@theﬁﬂi@C such as oil from
coal, tar sands or shale oil, can also be included.

[0053] In order to remove coke fromthe cat al yst,
EXAQMOER or air is added to the regeneration zone. This
formed by a suitable sparging device in the
[006BpAtcompositidtneomprising 73% ferrierite, 2.5% ZnO and 24.5% Alumina Sol was

prepared as follows: An aqueous slurry was prepared which contained 6520 g of
aluminum chlorohydrol solution (23% solids), 4500 g (dry basis) of ferrierite (Si0,/AL0,
= 20, NayO + K70 < 0.5wt%), 250 g of ZnCl, and enough additional water to make a
slurry that contained about 44% solids. The slurry was milled in a Drais mill to an
average particle size of less than 2.5 pm and then spray dried in a Bowen spray dryer.
The spray-dried product was calcined for 1.5 hours at 593°C. The catalyst was
designated as Additive B, the properties of which are shown in Table 1 below.
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regeneration zone, or if desired, additional oxygen is
added to the dilute or dense phase of the regeneration

wa ee/11366954] Addi tive conmpositions in accor danCEUSZ6010843

the invention dramatically reduce, i.e., by at |east
10% preferably, at |east 20% the em ssions of NOx in
the FCCU regenerator effluent during the catal yst
regeneration, while substantially maintaining the
Exampfipacar bon feed conversion or the yield of cracked
—‘——prU%Utts, e.g., gasoline and light ol efins, obtained
[0066] Poenmosition aokiprising Z2.AVa/fetrierite 33rBnOa9d F4%Nijumina Sol was

reduct.i.on of 70% or gr e, | i Ly .achi I
prevatf i ¢ s o AT Y EPuh TR ab REEEY sl THIRR) B0 s o
aluminiik R o8 ideRN isblutiam{23ye sllitie)c 45000g (dne basis) ok &drigrite @8i0x,4\1,0,
yields or feed conversion. However, as wll| be
= 20,UXal6r & tleed< By5vab®, 4K klodnCh andesnpugh additionahavagsxtie prake 2

NOx reduction w il .d oLS o
s SHSPREE 5080 A o ERoTHL S UER BREDS B Pl 0
averapd 'tbliritiZ?FEizet meibgﬁh;g D.5a0d anb ehmmpn@,g driiedl inhd gpwem gpray dryer.
catal ytl1 C Cracki ng nt 1L.s erate gL u . . not
The spray-gdef PEUuRY g8R Gelkieqd Snala; A8 k'slbt%névof B Sy paes
desighREEICA Ao CCRE BlopelicDELWHIBR bR shBwh RETAREGEBENAL OF

stripper operation and regenerator tenperature, the
properties of the hydrocarbon feedstock cracked, and
EXA esence of other catalytic additives that may
the chem stry and operation of the regenerator.
[006TTISompbYIten eanirishQC0.7% firfelies, Snd% -ZnCh asbdd SYr Alinting ol
t hese respects, the effectiveness of ,the process
was pRETFhRTAICON. 1y Beoes Sy ek ewary WARERRTREY, §20 ¢ of
alum B ch1dYEky dr 81U Rki0R 2100 BFIRS), UB0ME (dif bhdie dffsreintitedBiCalSl00,
prevent a significant increase In the production of
= 20CNK® eUtiog 0.5etyRCE0P roafessl, iBD&Bgh tadditiond] seater tohmake a

the scope of the, jnvention,that NOx reducti o
slurry, g}?b _691“2!”8& 2bgyt ‘%% Sloﬁé/ge n{} % ﬁﬁ“ﬁ%’yw%se m&@eecﬁma? g)nr gis gpilt 1o an
averdz@ PRHIAL §igd oM ek AR, Dim@idethad gprhy driad iMDBowed uptayadryer.
component to achi eve NOx reduction no ffigient

‘ |
The prabt-drigé RISEICTWas PHENCHIOE He COHIS0Y {55% s a né%ta%?t was
desi%ﬁtﬁgﬁg ﬁka}i?(iweﬁ]ﬁaeqﬁgéetﬂ:ié%%@hlwhmré adustihaRpROMRARENt i S

zeolitic material, that is, a material that
contains no or substantially no (i.e., less than 5

EXA@@@&?E percent, preferably less than 1 weight percent)
fte.[0056] It is also contenplated within the

[0068cARRPhsitibe comessing 6D1sve fariiaitet hd¥ Zufdiand v&.1% Alumina Sol
was prepared as follows: An aqueous slurry was prepared which contained 6520 g of
aluminum chlorohydrol solution (23% solids), 4500 g (dry basis) of ferrierite (SiO,/ALO,
= 20, NayO + K;0 < 0.5wt%), 800 g of ZnCl, and enough additional water to make a
slurry that contained about 44% solids. The slurry was milled in a Drais mill to an
average particle size of less than 2.5 pm and then spray dried in a Bowen spray dr&er.
The spray-dried product was calcined for 1.5 hours at 593°C. The catalyst was

designated as Additive E, the properties of which are shown in Table 1 below.
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conpositions in accordance with the present invention

may be used in conbination with other additives
waoeomanisbdnal |y used in the FCC process, e.(g.,PSXS2006/010843

reducti on additives, gasoline-sulfur reduction

addi tives, CO conbustion pronoters, additives for the

production of light olefins, and the |ike. [0057] The

scope of the invention is not in any way intended to

E %lted by the exanples set forth bel ow. The
—lggﬁgL€+es i nclude the preparation of additives useful
[OOG9EAI b@nwsnms&mqfllstnlg%mvaﬂtam@nl@m% zhe aﬁudztm IAQGmPJa Sol
the invention process to reduce NOx in a catalyt
was preparadrag feHow: orﬁremueowan%uréxa\ﬁplpé@amdewlgpw@nmamed 6520 g of
h I
alunﬁﬁﬁﬁ gl'o oeHth'oli‘%l[lﬁ‘(Sri ?{@@%ﬁﬁldg 2500 %&%ﬁlsyxpﬂhxegfge Eg /Al ,0,

under st oo I'nven

= 200 Na,OiKL@k b, QWWJ%I 1396 cff ' Z}l(ﬁzeérﬂ' dndu @? badi@sidah »\)afér ttcg‘ ?nake a

exanples [ 005 1 parts and percentages in

sluryyhapsedaingrs akgy |44%fssqlh'ié rﬂmlwmewaéfmlﬂlh@ in a Drats mill to an
f [ S QI

ovaSREELILE SO0 W06l 10500 ST AT BLROF Ry e

Thesqu -driegld proGoetc ems reatoireds foof 1.6 alsmou st rﬁ93‘t(mr eTharcatabyt was

dem@gﬁg 5&@#&; 3 q§é%$§e le eéﬁg%?Oﬁggklgméher any

cl ai ms, such as that representlng a particular set of

proEerties, units of neasure, conditions, physica
E or percentages, is intended to literally

[007b{‘ AR RALiAYE GEXRY Eﬁghﬁéd her 'lcﬂvsbyAr %ﬁrﬁﬁoﬁ BE 93?5 ms dry basis of
herw se, any nu |ng W t such Farfge
Addlth’e IDJdJrWrQﬁlr%ﬁ sbows én E@ﬁmpﬂl I%WS lmprbgnaltﬁdawyh aank}}lems q:)repared

wiaf 85010 BRAUELE, L0003 T8 L 96TPRT o 4B OR Sl

It wesnosm dried fisrom HnrsFEC 8MITT xmrdgﬁﬁtdweﬁiﬂﬂaksysm&hrtﬁ thB&ame

he e ri ts, the S. oper at ed
compiinn. ST A hOT G Ge 10k SEROPES DHG Colineh S 4 s a

593%Ur Addifive dBhd BRGréseridiQs csqaaam PibIYNBERKWN the amount
of air added to the regenerator is sufficient to

convert all the coke species on the spent FCC catal yst
to CO2 before |l eaving the regenerator. The testing was
performed with 1% excess 2 in the regenerator,
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and wth the regenerator operating at 7050C. EXAMPLE 1

[ 0064] A conposition conprising 75%ferrierite and 25%
weébmaiinsesSol was prepared as foll ows: An aqueoPST/EB2006/§10843
was prepared which contained 25% Al O from al um num
chl orohydrol solution (23% solids), 75%ferrierite
(SiQ/A 2083 = 20, Na20 + K20 = 6- 10wt %, and enough
additional water to nmake a slurry that contai ned about
42-44% solids. The slurry was mlled to an average
particle Cgi ze of less than 3.0 nm and then spray
dried. Thg sprayydried pgoduct was cal cigned for 20 to
40 minute§ at 4@% @450%C. The ®al ci ng satal yst was
washed wiBh an amfnium Sul fate sol ut i on, followed by
wat er, to%decrease the K20 level to less than 1.0 w %
The catalmst was designated as Additive A the
propertie8 of —-which arg shgwn in Table bel ow.
EXAMPLE ZE[ 00B5TC ,@&gn%og tgq\ on $OBpri si e H3%
ferrieritd, 2%9% ZnG and—2T. 5% Al uni na ggl was
prepared 8s fol l ows: An aqueous slurry was prepared
whi ch cont,ai ned 6520 g of al um num chl or ohydr ol
sol uti onr%ZB(V%s |ids), 4500 g (dry basis) of
ferrieritg (SPO%’. B BES=28 NRQ+ K20K D. 5w %, 250
g of ZndE and &cugh addi & onal Water b Hake a
slurry thé&t contai ned about 44% solids. The slurry was
Mlled in a Drais nmill to an average particle size of
| §ss thar@2.5 nm and then spray dried in a Bowen spray
dgyer. Thg spfalg ¢rigdgproduct was cal cined for 1.5
hgurs at H930g ke Safalyst was designai &4 as

ditive B, the properties of which are shown in Table
label ow. MPLE 3 [0066] A conposition conprising
Jé. 1% fervierite, 3.9% ZnO and 24% Al um na Sol was
2pgepared f#s fgl kows: o AN @queou urry was. prepared
ﬁv@i ch corgai n%’dgb@ g of ? um%slg(rn chl o@?ﬁdr ol

sl ution §23%sbl ids), 4500 g (dry basis) of

ferrierite (SiQ2/ AL, B = 20, Na20 + K20 < 0.5wt %, 400

gsof ZnCR and enough additional water to nake a
s%urry that cantpined about 44% solids. The slurry was

1
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average particle size of less than 2.5 mm and then
spray dried in a Bowen spray dryer. The spray-dried
w@e@duacicemvas cal cined for 1.5 hours at 5930C. H@IM/8S2006/010843
catal yst was designated as Additive C, the properties
of which are shown in Table 1 bel ow. EXAMPLE 4 [0067]
EXAMPLEBRposi ti on conprising 70. 7% ferrierite, 5.8% ZnO

d 23.5% Al S .. An .
10071 BRSO R B A e L s idh sl pnine
|
and 22(35 %%Fggg?é )leg‘?&;%??ﬁ? ?s%)fgﬂ%b@n A(nza'ﬁg%(%@ Zs'gﬁﬁ) N\g%%&‘éga@d which

contalﬁedsﬁ&% g of el’imgnmﬁl Chmwcbwcﬁoéﬁwg%%oﬁ@ilﬂ@oﬁwo gy rbaslcs) of

oS L0 B B SO0 AR £ S st
1200 g af %n@ eanﬁ'eﬂgué{ anjgﬁﬁgnatl Q\%ﬁaé%o %a‘ﬁ@aﬁs’;\lﬂi‘ dﬁﬁpc ?é(d dbdift qf4%

ryer. sSpray
solldsC élrlw sheely fvas nﬂllléd oa Dsaiatmii 93 Q€. avdiage paﬂmleysaie mﬁ]&ess than 2.5
gnated a [tive properti ich are.
pm ar% %Sprﬁyﬁélﬁaén § wpr@&m"f m%gﬁleffxp@g%ow saliined
for 1.§Aﬁ&HE 'a‘?f’)@%@ %ﬁe/eitﬁggt@ stlgna el ﬁ@%&d%ﬁ't@leaﬂdthg érc;pémes of which
um was prepared as ows: An aqueous slurry
are shmsnpﬂ“elpia@em:lo/w“ ch cont ai ned 6520 g of al um num
chl or ohydrol solution (23% solids), 4500 g (dry basis)
of ferrierite (SiQ2/A,0 3 20, Na20 + K20 < 0. 5wt %,
EXANPOE® of Znd 2 and enough additional water to make a
sTurry that contained about 44% solids. The slu

[0072hiA ¢asapasiticn eymaprising 03 %ot ferrigaiteniel aGlaypand 2%&@@@ 8@1 was

s AW t a
prepallgﬁ 2 Hi%we Sg}rg]%hg%l S dﬁpr Y Jras Br\,?g‘[‘ﬂegg‘f'@?% K éﬁ%\{\ﬁa&l 3%{43% of
alumﬂingg rcﬁlo@(bh}&l%%@luti'ﬁhQZMt%h&SI 32?Iﬁlsg (g basislt efdemierite, 650 g (dry
Addi tive the properties of which are shown i.n Table
basmhcl%%@ve&%mﬁ ago@éqr 1R B SO IEnsntadRgdya §640%

solids! eftlel @vas }rgll? e @rﬁ@ hifiZo %r{oa%ﬂégé B%‘té@ SiY@Sf less than 2.5

preepare An aqueous slurry pr epar ed
pm anghihein spmamtdaned éal amebngsmeiy @dyam 'ﬁhmm’hy-dm&]ymd@bt was calcined

for 13kt A S8 cens ssst2 998 ArgSigeriions’ ninsp fpbte 2, wes

designb2@Qs daftivénd 2 and enough addltl onal water to nake a

EXAMPLE 10

[0073] Ferrierite was exchanged with zinc ions using a solid-state exchange procedure as

follows: Zinc chloride (228 g) was ground into a fine powder and then blended with
2500 g of ferrierite powder. The blend was calcined for 2 hours at 325°C. The calcined
blend was slurried into 9000 g of water maintained at 80°C, mixed for 0.16 hours and
then filtered. The filter cake was then washed three times with water maintained at 80°C,
dried and then calcined at 593°C for 1.5 hours. The final zinc solid-state exchanged
product contained 2.80% ZnO. 4

[0074] A composition comprising 65% Zn/ferrierite, 15% Clay and 20% Alumina Sol

was prepared as follows: An aqueous slurry was prepared which contained 2608 g of
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slurry that contai ned about 44% solids. The slurry was

mlled in a Drais mll to an average particle size of
woems/11386h 2.5 mm and then spray dried in a BoRenUSINGY10843

dryer. The spray-dried product was calcined for 1.5

hours at 5930C. The catal yst was designated as

Additive F, the properties of which are shown in Table

1 bel ow. EXAMPLE 7 [0070] An Additive G was prepared

alur g SOl SIBICa SHgl TDek iyl Eol) opgrne solid stte
Hgéoeﬁﬂ’?érﬁéjaﬁé& éﬁiza%gh gdgliﬁBHaPWaﬂ@F enasiec Wit which- Bn@inéd about

GXCH
(aA etate) 2" m H20 and 209.4 ™M of a 30%

409N ot elbirprwas ntilledain 20D eis will wdnfayerage haticls sige of less than

2870 rei npregnated wth a Lon -of
2.5 iRk IR PO SRR Y a P bl R P 1% iR AfEproduct v
calchdpbiel fasuishee 598, cThechtdlgst vashiesigsated abA3MiivAddhd hed the
G had t he, p“éﬁ% eréi es as shown in Table 1 below Table 1
Propsfisssh YR i ¢1®Vves A through G Additive A
Additive B Additive C Additive D Additive E Additive F
Additive G SiO2 wm % 63.07 68.20 65.64 64.57 63.55
EX/ANPEE W 208 wt % 33.59 28.85 29.98 29.21 28.57 27.11

o PR 1% P B A O T o

prockdd®: - An duértisGLOSY @nbdning Z9% Kerderle (5i0z/A280:3= 88) Wayfilled

. 7.35 10.73 19,4 Ow%O0.77.0.Q9 0.09.0.10 0. 10.0,
in aé%tamzwgl. 2’3@? lﬁékf}%féﬁﬂemsf?ﬂﬂ @lﬁ%a@ ‘zaéoﬁombé“ﬁ%w@h %2%0 %3%“@
clay2@fy basts)ofhdb6d008E silica sol binder (10% solids). The silica sol binder was

prepared from sodium silicate and acid élum. The catalyst slurry was then spray dried in a

Bowen spray dryer. The resulting spray dried product was washed with ammonium
sulfate solution, followed by water to give a catalyst with a NayO level of less than 0.1
wt%. The catalyst was designated as Additive K and had the properties as shown in
Table 2 below.

EXAMPLE 12

[0076) Additive K, prepared in Example 11, was exchanged with zinc ions by the
following process: The Zn-exchange was carried out by adding 150 g of the spray dried
catalyst to a zinc nitrate solution containing 12.4 g of Zn(NO3),.6 H2O in 1500 g water.
The mixture was stirred for 0.5 hours at 70°C. The slurry was then filtered and the catalyst
washed three times with water maintained at 70°C to remove the excess zinc nitrate. The

catalyst was designated as Additive L and had the properties as shown in Table 2 below.
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team deactivation: 24h/14Q0 ;am SA nR/g 276 276 271

265 254 245 154 Zeolite nR/g 218 223 216 203 200 181
W@4mxAMeLE 8 [ 0071] A conposition conprising 6RCBHYS2006/010843

ferrierite, 10.7% ZnO, 4.5% Catapal C al um na and

22. 3% Alum na Sol was prepared as follows: An aqueous

slurry was prepared which contained 6520 g of al um num

chl orohydrol sol ution (23% solids), 4200 g (dry basis)

of ferrlerlte(SlwlAI 220, Na20 + K20 < 0.5wm 9,
300 g (dry ba 200 g O znd and
enough additl erv{ajp 0 rrak}g@iyagﬁl&rtry t hat

Dr ai & ﬂffjlf&ﬁ e ot ! SRSl hadifitel” °

2.5 mMm and then spray dr| ed in a Bowen spray dryer.
Tsﬂ)zsprw dri4egh pr odesB2 was ©aBti ned 724 1.5 Hwlls at

OC O/The §3a¢9al yst 14 g7 desi gmgged asypsii tiveriHs t he
pr hortg,/es og%yhl ch are shown gn Table 2 bel owy

9 [O Aco osition conpri g 65%
¥ Qertae, 99% A ay” 20% Bf ém na é(?lg was pP@éar ed
RESF | Yans Arﬁ)laque0l§)5,03sl urry0.0as prefdled whi €F

cpai ngg 43@ddop of & 1sm num @bt or ohyd2sl sol ubilén
(23%solids) 3250 g (dry basis) of ferrierite, 650 ¢
%‘ basi s) clay and enough additional water to nmake a
Wiy ch &ont ai ne2;65about A sol i d&§)6 The sl2199ry

wﬂ d in Dr ai s aver af part| si ze
o@eolllé%é“ ?ﬂwan @55 mm then %%Pay dr in a gg‘é‘

spray dryer. The spray-dried product mas cal ci ned for
1.5 hours at 5930C. The catalyst, with the properties
as shown in Table 2, was designated as Additive | .
EXAMPLE 10 [0073] Ferrierite was exchanged with zinc
ions using a solid-state exchange procedure as
Exabh@lpys: Zinc chloride (228 g) was ground into a fine

oo e B S e R T s
of thd R&iGAs $bN8E reduction of NO emissions released from an FCC unit. In each of
the experiments, the DCR was operated under “full burn” regeneration conditions, where
“full burn” is defined as the condition wherein the amount of air added to the regenerator
is sufficient to convert all the coke species on the spent FCC catalyst to CO». The testing
was performed with 1% excess O in the regenerator, and with the regenerator operating
at 705°C.

[0078] A commercial FCC feed having the properties as shown in Table 3 below was
used for testing. The DCR was charged initially with a blend of approximately 1596 g of

an equilibrium cracking catalyst having the properties as shown in Table 4 and 4 g of a

commercial sample of a Pt-based combustion promoter (CP®-3, obtained from Grace
Davison), which had ‘been deactivated for 20 hours at 788°C without any added Ni or V
using the Cyclic Propylene Steaming method (CPS). The description of the CPS method
has been published in L. T. Boock, T. F. Petti, and J. A Rudesill, “Contaminant-Metal
Deactivation and Metal-Dehydrogenation Effects During Cyclic Propylene Steaming of
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bl end was slurried into 9000 g of water maintained at
800C, m xed for 0.16 hours and then filtered. The

wo Rdobarse6Bke was then washed three tines w th BI/@82006/010843
mai nt ai ned at 8. Q0C, dried and then cal ci ned at 5930C
for 1.5 hours. The final zinc solid-state exchanged
product contained 2.80% ZnO. [0074] A conposition
conprising 65% Zn/ferrierite, 15% C ay and 20% Al um na

P SBA08 A0 CH10s LU A PRUTRIS) St ccsing

Catatystsp AGISySmglosmol Bdries 34,2397 BGI99&)$)SBI\195{AIQ-3@M.)5 basi s)

lid st e exchanged fe eri.te and enough
10073} el SrRlzaer b i ik AR eseling P OWRTsF e s et collected
usin@ b on 40 sRItigds - 2030 eFBIRUIRY a‘ﬁ@l%zem |slus§qhéhtﬁy Br &h&ld blend
to an average particle sizé of |ess )

mill
contalﬁwgtth% AddpraayadmjestpdiintodheBeh Fop Mghtnypyés E Fh@ and H, this

h
bleng DAY Pe[gh gﬂ»rg%]a Heg 368 %‘;‘Shl%'gg&ﬁt i) O'Ehail &%8 ?:é\r/zh)%frotﬁarmally
deachaated hea fhuidjzed b«vcbsac;hxownh RopoBedamein Nglffed DVhoukXANBLIEE dithout

[0075] A Ferrierite catalyst bound with silica sol was
the gsidétisaraddNivesi ignd RE16 @l ofoine @Sme@@efdwdé:P equéddnslves B, C

29%
and %’}JI iy lﬁgﬂ} % Hﬂaﬂa%d E?ler&l ﬁte%/r I9|b|e§((j§::gei' .3895 Vg @Ph&\aéa’geen
hydr@%ﬁﬁ)a]g/) deaas\/am«inblarfaddmd HSEthﬁlﬁongwMﬂlZ(R% stdagyin(I $6r 24 hours

A8 el R i R i
d h I
L T IR S

shovl bet&ﬁi wamlomﬁrwe@ irWhe lmcanmnlmlw A at gimilar amounts.
.solution d by water give a catalyst with a
Thisng rrnévg]at d¥e| gionhgh 4n _on yjerife, d MPERVEP vy N{ax reduction
perféiﬁﬁihg@ahtﬁ%g d%%ctﬁ‘mbﬁ' verpg @J@ t@qcﬂi&e Ff@ﬁﬁal'nké Chcflses with
shown in Table 2 bel ow MPLE 12 %&76] Additive K,
incrggsiap dndevelsunt a msixanum is m@eéxrtﬂﬂadg WP tangei nc i ons
0 C r
[OOSBK B%gle og (ﬁ) %T‘%E%%g%@hlgyggf égmg)rﬁl egcgglg)g?% V\ﬁ atco?etg 'bglgw to
illuszrta cherpdimtaha nsn:et uﬁthena }m,maauonnon gddlﬂvéh ajfeon‘F(Z(D (NGB) 2. 6
H20 in 1500 g water.
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The m xture was stirred for 0.5 hours at 70Q0C. The
slurry was then filtered and the catal yst washed three
w0 20m8A13663 h wat er mai ntai ned at 700C t o r enpvePC®S2006/010843

excess zinc nitrate. The catal yst was designated as
Additive L and had the properties as shown in Table 2

bel ow. Tabl e 2 Properties of Additives H through L
Additive H Additive | Additive J Additive K Additive L
Si2 %54.90 65.82 65.31 76.24 76.00 Al 2Q38 % 33.79

32.97 31.82 21.68 21. 55,[Z§P % 10.7 - 1.86 - 0.59 Na20
% 0.09 0.08 0.05 0.05 0,8

%0.01 0 . 03,0, 02
oo ansiag: B brabe 544e BeBlofoRoads
265 Area 233 206 209 Zeolite n2/e 68 206 184 161 155
EXAMPLEPL & rh Oty Z60Addi ti ves A through H5were eval uated
in the t‘,‘q’o}gleterm ne the effectivengsggoof the
additives for the reduction of NO em ssjons rel eased
from ahoRENILAgEn; Wik each of the experirnents, the DCR
was opBasit ddtrogeaemwt:%bul | burn” regener &-Pdn
condi t cgRsdski €abbod, Wtlosburn® i's defi neo&ds the
condi t | wherein the anmount of air ad to the
regenekﬁf?ﬁtoris sufficient to convert alqlq@éhe coke
speci eRefactitedndeent FCC catal yst to CC23The testing
was pekfmilaad Distilatidh, exlc®s&F O2 i n the regenerator,
and wi the regenerator operating at 7@§DC. [0078] A
conmer €I al FCC feed having the properti %%bgs shown in
Tabl e 30bel ow was: used for testing. The was
chargedginitially with a blend of approf8mtely 1596 g
of an %gui i brium cracking catal yst havigeg the
properties as shown in Table 4 and 4 g %E a conmer ci al
sanpl e88f a Pt-based conbustion pronote %70P(r)-3,
obt ai n@BH rom G ace 125

Table 4 .
Properties of equilibrium cracking catalyst used in DCR
evaluation of Additives A-J and M-T

Si0, wi% 49.01
AlLO; Wt% 46.05
RE,O3 wit% 1.44
Na,O wit% 0.32
TiO; wi% 1.16
CaO wt% 0.14
Ni ppm 1060
A% ppm 1760
Sb ppm 270
SA m?/g 174
Zeolite m?/g 127
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Davi son), which had been deactivated for 20 hours at
7880C wi t hout any added NN or V using the Cyclic
wee@pMiee St eanmi ng nmet hod (CPS). The descri pt POTUS$006/010843
the CPS net hod has been published in L. T. Boock, T.
F. Petti, and J . A Rudesill, "Contam nant- Mt al
Deactivati on and Metal - Dehydrogenati on Effects During
Cyclic Propylene Steam ng of Fluid Catal ytic Cracking
Catal ysts," Deactivation and Testing of Hydrocarbon
Processing Catal ysts, ACS Synposium Series 634, p. 17
1 (1996), |SBN 0-8412-341 1-6. [0079] After
stabilization of the uni¥ablgfe baseline NQ enissions
data were Q¥Ok ecstuetiompeifgrmsncgef BiddiiwsdHyas 2030
FTIR gas anal yzer. Subsequently a second bl end
containing the avOiemistRneadthi nj exiCeemiskiofs with DCR . For
AL i vesIdMIVeE, o qritipiandatdlyst/hi sablvedrepptoined . -
APt oxi meedly 86 g of, fhe additive thatelad beenreduction
hydr ot hermal | 'y deg@gi/ﬂlggedgi n a fluidized bed reac{o/o
Wi th 20%wt%Am in N2 BPBY 24 hours at PB®0OC wit hout t°i1e
addition of Ni or V and 0.215 g of the CPS-deactivated
: 3. r AdditivegoB, C and D, thijg4bl end 15
A@Eﬁ Qa‘iAned%g;lappr oximately 90 g of the additive that had
been hydrathermally ctivated in a fisyi di zed bed 33
Aqdit¥¢ Br with 20% steafiin N2 for 24 hours at 7600C
wi t hout the addition of Ni or V, 109.5 of the
A®HHVe Cbri ¥ cracki ng 24t al yst and O. 25128 of the 4
CPS- deactivated CP(r)-3. As observed in Table 5,
Ei t{yves B through ow better NOx mgduction 52
AYEFYOPmance’ in the than Additive Aat sinilar
amounts. This confirns that the addition of Zn to
Additive & i t &.1 nproves i 18 Nc reduction Perfornmance o
after deactivation. The NOx reduction performance
' es ¢ th increasgng Zn | evels ungyl a maxi nuni@ s
A?@@%ﬁ?ﬁ inﬂ he 10% ZnOgTange. [0080] The yields for
the runs with Additives A, E and F are shown in Tab#\%(
Addibet G t &1 1 1 ustrate!fhe point that nbﬁe of these
reduction additives affect FCC yields. Table 3
ARIPRE | ess. pf Feed Usegsin DCR Tests f6B the 68
Eval uation of Additives A-J APl Gavity @0 F 25.5
Sul fur, wt.%0.369 Total Nitrogen, w.%0.12
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NOx reduction performance of Additives A-H NO
em ssions with NO em ssions with N O Sanple Ad itive
weowel1idssd um cat al yst/ Additive after 2 hours PCLUBEN&D10843
reduction 0:25% CP(r)-3 on-stream (wt.% ppm ppm
Additive A 5.] 169 144 15 Additive B 5.0 248 154 38
X AShTtR C 5.0 241 123 49 Additive D 5.0 265 128 52
E AddlLttElgﬁ E 5118 1 65 64 Additive F 5.1 187 57 70
[008%] cidditreesd apd 7 Wﬂ‘% evaluateBiondles teidvesiod & NOJ84is§i8ns from an FCC

dr ar bon Yields,for. AddiLtives A, E a
unitP A8 SCR TH L BERETE Mrrtiie Db BARER Flutinsapiidighe seme
conditiday, &uilvienmh @atalsVoan®. fdd @s 53 Exbn$ite 43. 2[@1e7§C§4was charged
Cat/OI Ratio 9.31 0.11 9.15 9.22 9.34 H2 Yield
initiglly with, aphlend Qﬁanprtmrr@tebll §95.25 gof thewgoiibriom cmacfk&ngCalfost and
2.10 . 2.17 Tota %5.82 0.19 6.00 5.83 5.92 C3 w %
4.7 grof &%d@ﬁmﬂ@d i@’v&t?ﬂ?s‘\i@;—wb)%@t% of #e snp3ti®, baseline NO

emissidft Hata were collected using an on-line Multigas 2030 FTIR gas analyzer.

Subsequently a blend of approximately 105 g of Additive I or J, 94.5 g of the equilibrium
catalyst and 0.5 g of the CPS-deactivated CP®-3 was injected into the DCR and the run

was continued for approximately 10 hours on the additive. As shown in Table 7, Additive
J was only slightly more effective in reducing NOy emissions than Additive I after 1 hour
but shows a bigger NOy reduction performance advantage after 7 hours. From this data,
it can be concluded that the addition of pre-exchanged Zn to ferrierite stabilizes the NO,
reduction activity and provides improved NOy reduction performance as compared to the

non stabilized additive.

Table 7
NO reduction performance
of Additives I and J in the DCR

NO emissions  NO emissions 1 hour NO emissions 7 hour
Samole Additive with equilibrium with Additive nestre with Additive n_° tream
amp level catalyst/0.25% after 1 hour NO AMm o fter 7 hours ;OS ca
cp®:3 on-stream Reduction on-stream Reduction
(wt.%) (ppm) (ppm) (") (ppm) (%)
Additive I 5 173 36 79 75 57
Additive J 5 180 34 81 59 67
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Total C4 Wwt% 9.91 0.37 10.01 10.25 10.38 Total C4= wt %
6.48 0.28 6.71 6.85 6.93 Gasoline wt%53.13 0.40 52.54
WG 300081585 96 Gasol i ne Paraffins wt % 3. 61 0. 05 BCHUSB0&810843
3.62 Gasoline IsoParaff ns wt% 24.58 0.62 23.61 24.98

24.59 Gsoline Aromatics w % 30.88 0.68 31.28 29. 96
EXAMPIP® 1&asol i ne Napht henes wt % 11. 01 0.24 10.73 10. 68

0 .Gasol i A efins 0029.92 0.43 30.81 30.78 .
(008G EE0R SRET 8 e oY sk Bl pingion ok eobthamce in the
DCRARIRENYEARE oS k@RS 27 fh Blarihld]1 7 Shbht. 78 BhnTReif0FCC

LCO WM % 19.41 0.39 19.50 19.28 19.03 Bottons wt% 5. 45

feed wag @s&l 65 testing and 34 pronestiss as shom ;m Tablg 8deley.7 The DCR was
o) 4 8 L]

g R S ARSI AL 0810 od B N

Crad%‘%(r} el t ‘5@?&%‘%@;@ HRR-P Sﬁ%ﬂ{eﬁ?x%n’{‘@r&e.tIpfrg%%drothermally

ng under the same conditions, equi
deactbattal st flaidizefl ded restdrnwilix 404k etcath fof HehoDBRatVBIS C without the

.charged ipnitially wth a pblend, of approxioately,
addit _ Borg{)ofAl?qq QYHQH&?V?IE)P %ug}ta@ﬁ%qgel@gt fg}lg/sg}pa dlata were
couegt]g& Asihg %B_ofﬁﬂ%edﬁéaqlsw?éﬁ%m Andlyz&f (SR8 190AN! 'sg%@qhémly, a

the unit, the baseline m sSi ons data wer

blend @f | B0t @d ofi atallys@nvaNalidede tdVithd ITYER &M3Btifid IdR 98385 g of the
anal yzer. Subsequently a blend of approximtely 105 g

hydratherAdlytdesetiviatedr Suber)Oeha® DM+ tiialyscarid 4,95 gwihtieaChEysp®-3.
and 0.5 g of the CPS-deactivated CP(r)-3 S injecte )
NO qnﬁﬁ%OQ%@eTWW%WéOﬁEﬁeWO%hWﬁf}‘é Jinpoframe and orice the wnit

s B0 SR, 00 h, afhiyve, B8 shown o
Adaiffle Kirdnan1 B 5 58 PRgseotuere ot et T STkt celalins e agied o
the DIt EAs fbde@iHdSin AL M Rlitthat Blis béttes a0 rdiRcH@NEOUSESsions from

that the addition of pre-exchanged Zn to ferrierite
the RERbihan Abe AddativgOK. This shows that post-exchange of Zn onto ferrierite

contained in a particle with a silica sol binder improves the NO reduction performance of

ferrierite.
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reduction activity and provides inproved NOx reduction
performance as conpared to the non stabilized

wa@daetiizees Tabl e 7 NO reduction performance of PCT/US2006/010843
Additives I and J in the DCR NO em ssions NO eni ssions
NO em ssions Additive with equilibriumwth Additive 1
hour 7 hour Sanple |evel Tade$yst/0.25% after 1 hour

on- stream waghdrkifbAHRITEQ] WiddriM IRCRAests frae NO NO

CP(r)-3 on-siT eqmynAgsh bE ABIRRIYH A Reduct i on (wt . %
(PPM (ppm) (PPM Additive | 173 36 79 75 57 Additive

J 1 4 8.1 B7EXAMPLE 15 [0082] Addit4wves K and L
mer‘gpleéﬁf'ﬂgf@g?gr their NOx reduction p%ér' ormance in
t hesdifef®, wgicgg the same operating condi tigees as in
Exanpl es 13 and 14. A commercial FCC feed was used for
t esTotalNifnegem widpooperti es are shown in $dBl e 8 bel ow.
The harged initially with a ble of
applﬁwgge&’%bjé g of a conmercially ag'gid'l abl e

cr aCnmdsemCaryai, wtSUPERNOVA(r) DVR+ obt &i0Aed from

G ace_Davi son hydrothermal |y deacti vat ed i a

f1 JSHaEY bed reactor with 100% st eam f of g hours at
81 ' : j /] of Ni or V. After

st g%ﬁ%{gth?%%n%?%tlﬁg%ﬁ’?ﬁ t he baseline NO em ssions
dat® were coll ected using an on-line Lea#sSi egl er

SOé; Anal yzer (SMB100OA). Subsequently, 2 bl end of
10 (gloof cat al yst was added to the DCR cg gi sting of
95.4p g of the hydrothermal |y deacti vat edg®uper Nova(r)
DVR+ catal yst and 4.75 g of the CPS- CP(r)-3. NO
emi@hi ons were continuously coll ected thﬂé@lgh out this
ti n§0frams and once the unit 338

FBP 1153

Table 9
NO reduction performance of Additives K and L in the DCR.

Average NO emissions

Sample Additive level with catalyst/CP-3 added NO emissions after

2 hours on stream NO reduction

(wt.%) (ppm) (ppm) (%)
Additive K 5.0 276 114 59
Additive L 5.0 279 84 70
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was again stabilized, a blend containing 0.525 g of

the deactivated CP-3(r) with 105 g of Additive Kor L
war@eAeyy of the deactivated SuperNova(r) DVRRCT/US2006/010843

catal yst was added to the DCR. As observed in Table 9,

Additive L is better at reducing NO em ssions fromthe

EXANBY {6an the Additive K. This shovvs t hat post exchange
[0083;||f/|\|z<(5:ba oﬂ ieﬁéﬂnﬁﬁélé%rﬁs}g;c ng @"/a &R%Em% I,§0F was pregared as

folloper f cknreaymieowsf shueryr ivedsi pmpéﬁebl thaB ch@ﬁxﬂdt Pe34 of dfh@luminum
d r the eval uati on of Additives

ChIOIRﬁ)éCﬂ'aP E(ﬁuw-ii ( /aVSiOf 35)@1 éé)ﬂ: gXgry begip) o clayrand, aopgls additional

water RJ ﬁiaké\l'atﬂtﬂg}e Whic coﬁ’t %@%@%ﬁﬁ Z'\%Jlfdgg 1p %ﬁr&/‘l\x&P Q'%Jlled ina

Conradson Cdr bon,
DraiDingt ol dnatvietage patticle%md)@f 16ss4bsh 20 1o Gnclﬂfﬂieﬁ@ﬁra(ﬁerEéiin 8Bowen
or mance

[ f
PP | DS ROEHISE PP e D eh i & PouTs of $5 e Thacatlyst
was (ﬁsls 5%’[661 ab AdHlt?l)@'—M@hd ﬁQd—the@ro;%%e%sa!s QRown & T8 Moelow.
uc

tion

EXAMPLE 17
[0084] A composition comprising 71% clay, 6% ZnO and 23% alumina sol was prepared

as follows: An aqueous slurry was prepared that contained 6520 g of aluminum
chlorohydrol solution (23% solids), 4500 g (dry basis) of clay, 620 g ZnCl, and enough
additional water to make a slurry which contained about 45% solids. The slurry was
milled in a Drais mill to an average particle size of less than 2.5 um and then spray dried
in a Bowen spray dryer. The spray-dried product was calcined for 1.5 hours at 593°C.
The catalyst was designated as Additive N amd had the properties as sho§vn in Table 10

below.

EXAMPLE 18
[008S] ZnO supported on alumina was prepared as follows: 1000 g (dry basis) of HiQ

alumina (obtained from Alcoa) was impregnated, to incipient wetness, with 165 g ZnCl,
dissolved in water. The material was then calcined for 2 hours at 593°C. The catalyst

was designated Additive O and had the properties as shown in Table 10 below.

EXAMPLE 19

[0086] In order to simulate the pick-up of SiO, and sodium ions of the ZnQO/alumina

catalyst during deactivation in an FCC unit, the catalyst was impregnated first with a
SiO, compound and then with sodium salt. 500 g (dry basis) Additive O was

impregnated, to incipient wetness, with 85 g tetraethylorthosilicate dissolved in ethanol.
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(W.% (ppm) (PP ) Additive K 5.0 276 114 59 Additive
L 5.0 279 84 70EXAMPE 16 [0083] A composition

W@ vpnisshg 75% cl ay and 25% al um na sol was pPEpPHFEA6/010843
as follows: An aqueous slurry was prepared that '
contai ned 2174 g of al um num chl or ohydrol sol ution

The éRAYetSRhd d8dd al 266 gefgertbasivemnight antahemimiprgoatgh with an

additional water to nake_a slurr V\/fl][nCh cont ai ne 1 4
aque B GOItPORPBBINBE 4 TH! SPARRORPRIAN | Magmpierial Y fhen calcine
for 2mh8L1¥s % %@36@’“% g@éntﬂ'yc ltﬁ’lsséa%’?pl@fwése§§b3§a&{‘ _113 Ryd¥thermal

hen “Spra Bowen “spray dryer.
deactbpRitioy -idr a é‘duchmblhed revasorclak i heutsfa:br81ﬁ°@ Witlyrl90% steam. The

ctal o HE BB L BSna e MORSBr 100 Barb KRB R

17 [0084] A conposition conprising 71%clay, 6% ZnO
and 23% al um na sol was prepared as follows: An
aqueous slurry was prepared that contained 6520 g of
al um num chl or ohydrol solution (23% solids), 4500 g
(dry basis) of clay, 620 g Znd 2 and enough additi onal
water to make a slurry wihple 100nt ai ned about 45%
solids. The sl pigperiiBSohddigded M drbigh P Mill to an
average particle size of less than 2.5 mmand t hen
spray dried in a Bowen spray dryer. The spray-dried
product was cal ciAdditiveM 1A&dibiveNs AddBHINT. Pdlitive P
cat al yst was designated as Additive N and had the
properties as shown in Table 10 bel ow. EXAVPLE 18

[0085] ZnO s orte al u was p red as ¢

f ol Al g (dr€6 gg& Ss) rr%#]@q_' i Q al gzgﬁa (obt al ned

frorﬁiﬂlzcoa) i np#28hat ed, 44 i nci pikift wet ness:!

Wit lzn®5 g AmC¥e2 di 90l ved i f.water. Th&7materi aD.7Ras

t hericgl ci nggh dior 2 ghaurs at g3930C. Theoxat al ysto.nas

des;zg ted Add‘; tive nd ha% Jyhe properties as ghown
02

3e 10 ow AVPLE 19 014 ’
Surface Area m°/g 52 60 142 117
EXAMPLE 20

[0087] The performance of HiQ ALOj; and Additives M through P for reduction of NO
emissions were evaluated in the DCR using the same conditions, feed and catalyst as

shown in Examples 13 and 14. The DCR was initially charged with a blend of 1596 g of
the equilibrium cracking catalyst and 4 g of CPS-deactivated cp®.3. Upon stabilization

of the unit, a blend of 85.12 g of the additive and 0.215 g of deactivated CP®-3 was
charged to the DCR and the run was continued for approximately 2 hours on each

additive. Results were recorded in Table 11 below.
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[0086] In order to sinmulate the pick-up of SiO2 and
sodiumions of the ZnO al um na catal yst during
wale@etiidset i on in an FCC unit, the catal yst wasPCT/US2006/010843
i npregnated first with a Si O conpound and then with
sodiumsalt. 500 g (dry basis) Additive O was
[0088]pAe gmaweth Tdbde 1 hat gindwtinfeetd dws additibh oBBZnQ to different

s L P S0 oSSl R i s
intrfgll@i@ INORESARALREVIY bIZAK @%W&&Pkéﬁif%@@{&h@%ﬁbﬂ& This

.3 g of sodium cadrbonate. The materia
datacshipwyis iHeed thedncizased i¥Qx wHuGBBGCHvigublssered ntithythe ehdision of Zn to

BP0 P BB B AR ey

ferrgtieam The catal yst was designated Additive P and had
the properties as shown in Table 10 bel ow. Table 10
Properties of Additives Mhrough P Additive M Additive
N Additive O Additive P Al2038 W. % 56.18 54.00 87.90
82.5 Si2 wm.%42.07 40.97 0.34 5.1 ZnOwW.%0.04 5.11
11.77 10.79 Na20 wt. % 0.08 0.10 0.02 0.44 Fe2@®B wm. %
1.40 1.31 - 0.03 SO4 wt . %apl®1P2 0.14 - Surface Area
2/ g NG r6@uckibh PekformiVeleE AAQifi AR 3T knrldienheld @l THoRe
of H Q Al 20 and Additives Mthrough P for reduction of
NO emni ssi ons were luated in the DCR using the sane
condi t i gagitiveeed amt? EBUSHORSWILR shAVA epHssisnsipiths 13
Sampléd 14." They DCR weesiuilHimiymicaialystar gedddditive aftpt 2ndN6? reduction
1596 g of the equili d+23¢m EP&cki ng choulsymi-stagagm4 g of
CPS- deaq{,\jt_v@t ed CP -3. gn stabilizati orbé)% the unit (%)

a blend of 85.12 g of t additive and O. g of
. deactivated CP(r)-3 was charged to the DCR and the run
Additige, M cont i hlied for approxi®ately 2 hours olSeach 22
Additive N 5.1 257 198 23
Additive O 5.1 186 56 70
Additive P 5.1 157 139 11
HiQ ALO; 5.1 194 59 70
EXAMPLE 21

[0089] A composition comprising 75% ferrierite, 25% Alumina sol was prepared as
described in Example 1. The spray dried product was calcined 1.5 hours at 593 °C.
About 125 g of this material was subsequently impregnated with 17.7 g of YCl3 6 H,O

dissolved in 100 ml deionized water, oven dried at 287 °C overnight and then calcined
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additive. Results were recorded in Table 11
bel ow. [ 0088] As shown in Table 11, it can be inferred
WO b@b/1asd65 t i on of ZnO to different supports doRST/NS1006/010843
i mprove their NOx reduction activity in the DCR
meani ng that the intrinsic NOx reduction activity of
for BMduss eTI8 I@WTHE deultlpadabipld G/af @hsieifell 49 ADGitive ) 8nd had the
data shows that the increased NOx reduction activity
proprties ssesdiowintin Teble 13d@iaw.on of Zn to ferrierite in
Exanples 13 and 14 is primarily due to the stabilizing
effect of Zn on ferrierite. Table 11 NO reduction
EXBMPIE ppnce of Additives Mthrough P in the DCR NO
em ssions Wwth NO e ssions wth Sa | e AdledV|te|Ive
[009@Q] Af ¢aanpositin) ¢RIBRIENRSD M5 &y HFIiCHES, Fave AxlBming; pol Apen prepared as

cesyyige o By O STASY SR oG RTRABH T Mt ¢

Ab&ut1125 &,GOfﬁﬁmiﬁ)atémtﬂIWaS\saquﬁerftlyllﬁﬁol dgitedl bvith 83 Alg2@VIECh. 6 Hz0

s T e S SRS e

2 h@ﬁl%cit' fgdodn ﬁ%%af@ﬁlﬁn% sa;EtE)fe SRS Asidhdiss apm%ﬁte ROshd had the
calcined 1.5 hours at C. About 125 g of this

pronatleﬂfa%ﬂhomsné“@bl@el@df@iMWy |n'pregnat ed with 17.7 g of
YO 3 6 HO dissolved in 100 m deioni zed water, oven
dried at 287 0C overni ght and then cal ci nedfor 2 hours
at 538 0C. The resulting sanpl e was designated as
Additive Q and had the properties as shown in Table 12

EX MPLE 22 [0090] A conposition conprising 75%

[005131r Ai c%'friﬁo@i’tioﬁ%%‘fﬁ%lrigmgn%“/? %rri@ﬁl%, @5/??92'6%%@524% Alumina Sol was
prepared as follows: An aqueous slurry was prepared which contained 6520 g of

aluminum chlorohydrol solution (23% solids), 4500 g (dry basis) of ferrierite (Si0,/Al, 0O,

=20, Na O + K20 < 0.5wt%), 445 g of FeCly 4H,0 and enough additional water to make
a slurry that contained about 44% solids. The slurry was milled in a Drais mill to an
average particle size of less than 2.5 pm and then spray dried in a Bowen spray dryer.
The spray-dried product was calcined for 1.5 hours at 593 °C. The catalyst was
designated as Additive S and had the properties as shown in Table 12 below.

EXAMPLE 24
[0092] A composition comprising 67% ferrierite, 11% Fe,O3 and 22% Alumina Sol was

prepared as follows: An aqueous slurry was prepared which contained 6520 g of
aluminum chlorohydrol solution (23% solids), 4500 g (dry basis) of ferrierite (SiO,/AlLO,
=20, Nap0 + K70 < 0.5wt%), 1782 g of FeCly 4H,0 and enough additional water to
make a slurry that contained about 44% solids. The slurry was milled in a Drais mill to
an average particle size of less than 2.5 um and then spray dried in a Bowen spray dryer.
The spray-dried product was calcined for 1.5 hours at 593 °C. The catalyst was
designated as Additive T and had the properties as shown in Table 12 below.
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described in Exanple 1. The spray dried product was
calcined 1.5 hours at 593 0C. About 125 g of this
woroeiwbs was subsequently inpregnated wth 33PCT/GS2006/010843

OMd 2. 6 HO dissolved in 87 m deionized water;
oven dried at 287 OC overnight, and then cal cined for
2 hours at 593 C. The resulting sanple was designated
as Additive R and had thfa?@q@erti es as shown in Table

1

n

73% ferri er it of PO Bt s OTARRIG £ P 51

prepared as follows: An aqueous slurry was prepared
whi ch contai ned 6520 g of al um num chl or ohydr ol "
sol ution (23% sol i dshddiBem gAdditiye RasAdditive S Additive T
ferrierite (SiO2/ Al 203 = 20, Na20 + K20 < 0.5wt %, 445

FeCl.2 4H20 gnq eno addi tional water, to ma
Sgp&?’;gtf?fﬁf‘“’con?\gi/ﬁed gzgg%lt 44‘3)%13%}% ds. 6%’7(?1 sl url%gg\%as
mlledOa a DraMgdfill3080an av¥Etée pardidl e si 28.26f

| ess F&@®] 2.5 nmiWtawd then spray dried in2.829Bowen 1§8Ray
dryer yghe Spraysqried product cal ci ned for

hours at 593 OC?éVtT/ﬁe catal yst V\g@%desi gnat ed as 1066
Addi t ¥y©®3 S and M&dsot he 4pfperti es as showa in Table 12

bel OWNa FFAVPLE 4 0,009 0gA conpogst i on coEpri si ngy.69 %

ferri d e 110/%5.%/%&3 %;? 22% Alolélg] na Sobég/as prepgs ed
i

as foll%ows: An ous rry was . prepar whi ch
cont ai¥féd 6520 g‘g al dmi%um chI1§7|50hydr 06' dol uti ohlo
(23% solids), 4500 g (dry basis) of ferrierite
ﬂ%%@dr%&%ei ﬁQmZ/d_ tZQ3'07|K20t< Q-stéwt%i( i7‘82| g O‘Eth
O and enoug itiog water . to make g slurry_tha
Zeshited Hdcey§at A0 solﬂgs. The W¥furry wa@ mill edI#E a
Drais mll to an average particle size of |ess than
DeaetiVifed Pop 21ds:SRE Rousd/ 1760 °Cn2eyBowen spray dryer.
sw@n)spray-dn ed product was calcined for 1.5 hours at
593 '0C. The catal yst was designated as Additive T and

had the properti as shown in Table 12 bel ow Table 12

TutahBpdacesnrer AdeiE i ves’® t hr ough4T. Add#¥Bve Q

28kd $Mga Rk Hddi thye S Addi tive T71 210 184
EXAMPLE 25

[0092] The performance of Additives Q through T was evaluated for the reduction of NO
emissions in the DCR using the same conditions, feed and catalyst as shown in Example

13. The DCR was initially charged with a blend of 1596 g of the equilibrium cracking

catalyst, and 4 g of CPS-deactivated cp®.3, Upon stabilization of the unit, a blend of
85.12 g of Additive Q or R or S that had been hydrothermally deactivated in a fluidized
bed reactor with 20% steam in N, for 24 hours at 760°C without the addition of Ni or V,

and 0.215 g of deactivated CP-3® was charged to the DCR and the run was continued for
approximately 2 h on each on additive. For the evaluation of Additive T, the second

blend contained 85 g of the hydrothermally deactivated additive, 14.75 g of the
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SiO by difference W. % 62.42 61.88 66.74 58.24 Al 203

W . % 30. 20 30.60 29.57 30.20 Fe23 W.% - 2.99 10.92
wWO2@ 186696 0. 08 0. 08 0. 06 0.09 K20 wt . % 0. 37 OPGBUR2006010843

0.09 SO4 wt.% 1.86 1.75 0.29 0.16 Total Surface area

n2/ g 307 256 277 228 Zeolite Surface area n2/g 226 174

; ti 11.es; 760 0 2Q9
cquiffbrtityodB9% Y A BF GREHHEP CPL U5 HhShe iitechigfi Tabte 13,
at cBusthitcroks ed th®/spbillRihglmttal 10n 284 FeXiilited 2miIA0R2, reduction

nce of Additives t hrough T was eval uat ed

he perforna | )
perkognanqgeTy @6@%&’[? SRd Showey ERPTe¥ed N« radudtien Derormineg aveeeither
- kA .feed and catal yst as shown in Exanple

IWg%gﬁg%ﬁgﬁ%%%Hgggmpﬁ?tiaIIy charged with a bl end of 1596
g of the equilibriumcracking catalyst, and 4 g of
CPS- deactivated CP(r)-3. Upon stabilization of the

~unit, a blend of 85.12 g of Additive Qor R or S that

had been hydrothermally deactivated in a fluidized bed
reactor wwth 20% steamin N for 24 hours at 76Q0C
W thout the addition of Ni or V, and 0.215 g of
deactivated CP-3(r) was charged to the DCR and the run
was continued for approximately 2 h on each on
additive. For the evaluation of Additive T, the second
bl end contained 85 g of the hydrothermally deacti vated
additive, 14.75 g of theequilibriumcatalyst and 0.25
g of deactivated CP-3(r). As can be inferred from
Tabl e 13, at constant noles of the stabilizing netal,
Zn and Fe exhibited simlar NOx reduction performance
on ferrierite and showed i nproved NOx reduction
performance over either Mg or Y in stabilized
ferrierite. Table 13
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N O reduction performance of Additives C, F, R, S
T and Vin the DCR a t constant noles of stabilizing

woredoaliideen LI - - , .,. . Mle %N O em ssi onsP@i/UK2006/010843
Steady state NO S "anpl .e Additive Stab ilizing ** of
met ,al, equi .l.i.b. r i .umcat ,al,yst ,/, em
.8si.ons wi.t.h. |i rup rrperal iui rcpi nonn | eve |

cat i on ion 0.25% CP-3 Additive (w.% ppm ppm
Additive C5.1 Zn 0.05 241 123 4 9 Additive Q5.1 Y
0.04 172 136 2 1 Additive S5.1 Fe 0.04 182 9 8 4 6
OO Additive F 5.1 Zn 0.13 187 5 7 7 0 Additive R5.1
Mg 0.13 203 178 13 Additive T 5.0 F e 0.13 233 104 5
SWHAT IS GLAIMED I'S: 1. An inproved process of

reduci ng NEx emi ssions fromthe regeneration zone of a
fluid catagytic.cracking unit (FOCU) during fluid
catal ytic grackl ng% ré‘cé? of &a thlar ocar bon feedst ock
into IowerSm)I ecul ar wei ght conponents, said process
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a) contacting a hydrocarbon feedstock with a
circulating inventory of an FCC cracking catalyst in a
WO a06l113863 he presence of an effective NO reducP@mUS2006/010843
amount of a NOx reduction conposition conprising a NOx
reduci ng zeolite having a pore size ranging from about
2 to about 7.2 Angstrons and a SIQ2 to Al 203 nol ar
[ f t han about 500, said zeolite bein
AT PIS g
whArie et —rh a stabilizing amount of a netal or
netal ion selected fromthe group consisting of zinc,
a a : .
L AR PR S RPN CEO R Bl A BOIb b o i
FC@hlytm/cmqlpr@ uw:g?e“@émtdunmg fod eatakydc beuclngg (iif&)aaf@diydrocarbon
under F ocess . condi L. ed gl
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yi &llestedfirem e@aumgtisisting porac. dionAnd defxre ihererf and having the
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gr wapnesasion zend ang being pmrnfpé pidep FCE pracess condifjeisyand

ﬂ’:gucﬂg){hg |ufe oMY 51@11551%@50@1&%&&0&% ie%&e%@n zgne of the

errlonlte cha azite, Ccl I noptilolit

MCREGU as Chifipazed todhe mo@wl*.{@; erzlspwxzssele@su/mths absgmiglop zhe NOx
ZK-5, NaJ, Nu-87, G M SSZ-35, SSZ-48,

SS%%Q%PnéégﬁgérmDachiardite, Merlinoite, Lovdarite,

Levyne, Launontite, Epistilbite, Grelonite,

2, Gs %ngéo?eess or eIt il Wh%{:eir}ﬁé ?%’gtc?e[c}(&g 'cat Etl c%ln&aﬁsas a Y-type zeolite.

Paul osecree
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obtained from the cracking catalyst alone.

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

Stilbite, Paulingite, Goosecreekite, Natrolite, omega or mixtures thereof.
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6. The process of Caim5 wherein the NOx reducing
zeolite is ferrierite. 7. The process of Caiml

wob@caissct he NOx reduction conposition i s presPOI/USR0G010843

separate particulate additive. 8. The process of C aim
7 wherein the particul ate NOx reducti on conposition
has a nean particle size of greater than 45 mm 9. The

. Pr OTESSro6dss 61 @lafi 8 WMBRIEhE NJ) fed¥ed g LEIHE L QR erite, beta, MCM-49,

conp03|t|on further conprises fromabout 5 to about

wei GREdepE MvM-a¢, ZRoliterdy Fanlite Bihderionits, ebalatite,r glinoptilolite,

t hen@naub, 6gRateSAl AGMVOR, 25MB N Bmes 'Ang‘f'xﬂxtures thereof,
silica-al um na, aiun1na phosphat e and m xt ur

t hereof. 10. The process of Claim9 wherein the anmount

. of NGO HEAUSE AGin? SRk thY %du‘ci’ﬂg%@cﬁxt@ﬁ&‘%rhgﬁéeate NOx

reductlon conposition Is a east percent of
the conposition. 11. The process of C a|n110 wherein

t heTl?éTg}blaéssoJf &R N 5@‘%%%'}9&) F%hétio% %}H\?@%glhl[‘lllg pre@ent as a

uct1on conposi |on i'S eas
per sparateofartidwnteaddgosi ti on. 12. The process of daim
11 wherein the anount of the NOx reducing zeolite
present in the NOx reduction conposition is at |east

- 50 Ve gletesperf cdaitn dfwiteldn clenpotduldto NO,Lidduclibe pmPesseh has a

of CI aim.9 vvhe o%gﬁeafeﬁ§1 1a\|§unt of the NOx reducing

zeo ?ngFgé Meducti on conposition

ranges fron1about 10 to about 85 wei ght percent. of the

co osi tion. .Th rocess Cl.aim 13 wherein the
PSSt b Gl § ol e 2001 1oCeeon dompstion fsboNesmprises
r edﬂu@ﬁla@ﬂutci)fmﬂﬁduf 5O Rveighb @eertl InaReEniS Bidder ahQuld &Qn the
dg gercent ﬁf t he conposition. 15, The process of

TGP e HE o it 167 ajupnanejumiegiphdsplpte and mixtures
zeqha%gﬁpresent in the NOXx reduction conposition
ranges from about 40 to about 75 wei ght percent of the
conposition. 16. The process of Caim9 wherein the

10.1 NOTI@AEbEesP bNARIm i9SwRdrsA tBamount of NO, reducing zeolite preseﬁt in the

1.

12.

13.

particulate NOy reduction composition is at least 30 weight percent of the

composition.

The process of Claim 10 wherein the amount of the NO, reducing zeolite present in

the NOy reduction composition is at least 40 weight percent of the composition.

The process of Claim 11 wherein the amount of the NOy reducing zeolite present in

the NOy reduction composition is at least 50 weight percent of the composition.

The process of Claim 9 wherein the amount of the NOy reducing zeolite present in the

NOx reduction composition ranges from about 10 to about 85 weight percent of the

composition.
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17. The process of Caim16 wherein the alumna is an
acid or base peptized alum na. 18. The process of

w@k@emsbés wherei n the al um na i s al um num chl oPOhYE2006/010843

14,

15.

16.

17. ¢

18.

19.

20.

21.

22,

23.

19. The process of Caim9 wherein the anmount of
i norgani ¢ binder present in the NOx reduction
conposition ranges from about 10 to about 30 wei ght

PerkERocdl of BRif ANPARIdIN G2.andfint JiitRe NOQGERBingfze€ht@ipfesent in
19 wherein the anount of |norgan|c&gonder resen

t hihe N9k federiion .calﬁp%twao@v&eﬁ Siomt sk sl £¢ b b6 e epspgent of
abgitodpodinght percent of the conposition. 21. The
process of Claim1l wherein the NOx reducing zeolite
conmponent has a Si2 to Al 20 nolar ratio of |ess than
259he Ex%cesya? O?arnﬂclg%he%(m geadnmuﬁt WRE RiC) EhRi n@@éohte present in
reduction conposition f her conprises a natrix
math@rN@J rededtion tcent psitiom mh&es drosu pbaib A ites @bqwlg THfweight percent of
#E%Qﬁ éﬁ ica, silica-alumna, titania, zirconia,
ria hana, ceria, neodym a, samaria, europia,
gadollnla praseodynia and m xtures thereof. 23. The

f h. [
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The process of Claim1l or 3 further conpr|3|ng
cont

T AT T
G aim 1 or 3 whetai b the o acking oaialyat and.ihe
pa?k?@ﬁ?ﬁf@ggﬁﬂWffWEﬂEBﬁHH%WFWSHgQFBmPWyihygggK%ur|ng

contacting said hydrocarbon f eedstock. 26. The process
of aiml or 3 fur her npri si ontactln t he
hy dhoeRres ! (3 Wi el BRGY™ GhAnEEHS PBIPraes in the NO,

r G%Gétl&nc&%ﬁl@% trhiQRs fdm 68 Y ecabsut oo GehiMp&cent of the
wherein the reducti on conposition has a mean

paP@DﬁFém§1ze from about 50 to about 200 mm 28. The
process of Claim 27 wherein the particul ate NOx

reduction conposition has a ) o i
The process of Claim 19 wherein the amount of inorganic binder present in the NOy

reduction composition ranges from about 15 to about 25 weight percent of the

composition.

The process of Claim 1 wherein the NO reducing zeolite component has a SiO; to

Al,0O3 molar ratio of less than 250.

The process of Claim 9 wherein the NOy reduction composition further comprises a
matrix material selected from the group consisting of alumina, silica, silica-alumina,
titania, zirconia, yttria, lanthana, ceria, neodymia, samaria, europia, gadolinia,

praseodymia, and mixtures thereof.

The process of Claim 22 wherein the matrix material is present in an amount less than

70 weight percent.
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mean particle size fromabout 55 to about 150 nm 29.
The process of Claim8 wherein the particul ate NOx

W0 e@daiieen conposition has a Davison attriti onPCTUS206/010843
(D) value of less than 50. 30. The process of Caim
29 wherein the particulate NOx reduction conposition
has a DI value of less than 20. 31. The process of
Cl aim 30 wherein the particulate NOx reduction
conposition has a D _value of |ess than 15. 32. The

24.pr 0 oesks i Gpim ¥ onh 8prbiehcansisingeecov ering theycraglting Sasalyst from
COMAId @Rctng sy 128l theuRBdathi§ iRARRherMont e N PEgenerate
reduction conposition in the catalyst inventory Is
t hatidastalivst: sufficient to provide a ratio OF NOx
reduci ng zeolite conmponent to Y-type zeolite in the
total catalyst inventory of less than 2.33. The

25.pr obegwoasks @@ Apim Bor wwbereinrthe ¢rackinzg ¢atnl f MO the patiadatagdditive
zeo - -
carSrySyEOTREHERch Byl @F bR bbibohilfn Mo o
Claim 33 wherein step (b) is acconplished without a

26 390 SRR D0 o S R P0 e B3RS EB v v
C o deasxcbnt additienah) Oy edastibaromeediiéinock conver si on or
yi el d of cracked hydrocarbons obtained fromthe
cracki ng catal yst alone. 35. The process of Caim1l

27.WheTigi frodebeoNQalng d ugteredn the NPt dtioN coSpoINead e ah&d particle
into the FCC,$ ac%in% 8atalyst as a conponent of the
cré@?iﬁ@1@§W5.@§¥‘°§ 00#Me process of O aim 35 wherein
t he amount of the NOx reduction conposition present in
the FCC cracking catalyst is at least 0.1 weight .

28. per denrogsss phelalp Zdkvhigeis heapartigulatg NOxmgduchipp Camposifion has a
C ah&n3arnsRaiRifint MuesedaboRfiss fg. NOx reduction
conposition present in the FCC cracking catal yst
ranges from about 0.1 to about 70 wt % of the cracking

29.CalBeYsibeesPBf CIR PWACRES tHRf pafhc@iald RO, WBRIBLA cbiflfosition has a

amount of the NOx reduction conposition
Davison attrition index (DI) value of less than 50.

30.  The process of Claim 29 wherein the particulate NOy reduction composition has a DI

value of less than 20.

31.  The process of Claim 30 wherein the particulate NOy reduction composition has a DI

value of less than 15.

32.  The process of Claim 7 wherein the FCC cracking catalyst comprises a Y-type zeolite
and the amount of the NOy reduction composition in the catalyst inventory is that
amount sufficient to provide a ratio of NOy reducing zeolite component to Y-type

zeolite in the total catalyst inventory of less than 2.
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ranges from about 1 to about 50 wt % of the cracking

catal yst. 39. The process of Caim 35 further
wa@empAisbhg contacting the hydrocarbon feed w POT/EB2006/010843

| east one additional NOx reduction conposition. 40.

The process of Caim?7 or 35 wherein the NOx reducing

zeolite is stabilized with zinc netal or zinc ions. 4

331, The pkes oS ©ldh 38! vitierdid theheibNOD fedlXg L&ABUCEIAhonent to Y-
zeolite is stabilized with zinc netal or zinc ions.
type zeolite in the total catalyst inventory is less than 1.

34.  The process of Claim 33 wherein step (b) is accomplished without a substantial
change in the hydrocarbon feedstock conversion or yield of cracked hydrocarbons as
compared to the hydrocarbon feedstock conversion or yield of cracked hydrocarbons

obtained from the cracking catalyst alone.

35.  The process of Claim 1 wherein the NOy reduction composition is incorporated into

the FCC cracking catalyst as a component of the cracking catalyst.

36.  The process of Claim 35 wherein the amount of the NO, reduction composition
present in the FCC cracking catalyst is at least 0.1 weight percent of the cracking

catalyst.
37.  The process of Claim 36 wherein the amount of the NOy reduction composition
present in the FCC cracking catalyst ranges from about 0.1 to about 70 wi% of the

cracking catalyst.

38.  The process of Claim 37 wherein the amount of the NOy reduction composition

ranges from about 1 to about 50 wt% of the cracking catalyst.

39.  The process of Claim 35 further comprising contacting the hydrocarbon feed with at

least one additional NO reduction composition.

40.  The process of Claim 7 or 35 wherein the NO, reducing zeolite is stabilized with zinc

metal or zinc ions.

41. The process of Claim 6 wherein the NOy reducing zeolite is stabilized with zinc metal

or zinc ions.
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