COVPCSI TI ONS AND PROCESSES FOR REDUCI NG NO,; EM SSIONS,. DURI NG FLU D
CATALYTI C CRACKI NG CROSS REFERENCE TO RELATED APPLI CATI ONS [0001] This
application is a continuation in part application of U S. Patent

Application Serial No. 10/824,913, filed April 15, 2004. FIELD OF THE

| NVENTI ON [ 0002] The present invention relates to NO reduction conpositions
and the nethod of use thereof to reduce NOx em ssions in refinery
processes, and I yin fluid catalytic cracking (FCC) processes.
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BACKGROUND OF THE INVENTION

[0003] In recent years there has been an increased concern in the United-States and -
elsewhere about 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 NOy -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 elevated temperatures by oxidation with oxygen containing gases such as
air. The removal of coke deposits restores the activity of the catalyst particles to the

point where they can be reused in the cracking reaction. In general, when coke is



renmoved at el evated tenperatures by oxidation with oxygen containing gases
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air with oxygen in a regenerator operating in partial burn mode has also been
suggested, e.g., U.S. Patent 5,908,804.

[0009] Additives have also .been used in attempts to deal with NOx emissions. U.S,
Patent Nos. 6,379,536, 6,280,607, 6,129,834 and 6,143,167 disclose the use of NO,
removal compositions for reducing NOy emissions from the FCCU regenerator. U.S.
Patent Nos. 6,165,933 and 6,358,881 also disclose a2 NOy reduction composition,
which promotes CO combustion during the FCC catalyst regeneration process'st’ep
while simultaneously reducing the level of NO, emitted during the regeneratioh 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.

[0010] U.S. Patent Nos. 4,973,399 and 4,980,052 disclose reducing emissions of NO‘
from the regenerator of the FCCU by incorporating into the circulating inventory of

cracking catalyst separate additive particles containing a copper-loaded zeolite.



NO, reduction conpositions disclosed by these patents may be used as an
additive which is circulated along with the FCC catal yst inventory or
incorporated as an integral part of the FCC catalyst. [0010] U.S. Patent
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exceed the ability of the unit to handle-it, thus forcing a reduction of the amount of o

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 réducé

profitability if the refinery’s goal is to maximize gasoline production. Light olefins

are typically made in the FCCU at the expense of gésoline 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 tﬁe FCCU that affects the product slate or

changes the ability to process feed at the desired rate can be detrimental to the

refinery profitability. Therefore, there exists a need for NO, control compositiohs

which do not significantly affect product yields and overall unit conversion.



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 vyields, causes the unit to reach an equipnent limtation,
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 detri nental
to the refinery profitability. Therefore, there exists a need for NO ,

control coShiSIMARYOF THiFE DRVENTION significantly affect product yields and
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are provided. T | cal | (1};:% conposi tions conprise a particulate conposition
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[0036] In one aspect of the invention, novel zeolite containing NOy rcductio‘n.
compositions are provided which are added to a circulating inventory of the catalytic .
cracking catalyst as a separate admixture of particles. to reduce NQx-emissions
released from the FCCU regenerator duriﬁg the FCC process. '
[0017] In another aspect of the invention, novel NOy reduction compositions 'are
provided which comprise a NOy reduction zeolite incorporated Ias an integral
component of an FCC catalyst, preferably, containing a Y-type zeolite active cracking
com ponent. ' 4 ‘
[001 8] In yet another aspect of the invention, novel NO reduction compositions are
provided which compositions reduce NO, emissions from the FCCU regenerator
during the FCC process while substantially maintaining hydrocarbon conversion and
the yield of cracked petroleum products and minimizing an increase in the production
of coke. |
[0019] It is another aspect of the present invention to provide a process for the

reduction of the content of NO, in the off gas of the FCCU 'regene'rator during the .



10017] In another aspect of the invention, novel NO reduction conpositions
are provided which conprise a NO reduction zeolite incorporated as an
integral conponent of an FCC catal yst, preferably, containing a Y-type
zeolite active cracking conponent. [0018] In yet another aspect of the

i nvention, novel NO reduction conpositions are provided whi ch conposi tions
reduce NO, ssions fro he . FCCU r egener at or ur| n rocess whi |l e
subst ant i alfﬁg| Wﬁ?ﬁ?éa?sﬁﬁ%[é@ﬁ?%% BBIHFC” BIHQ/SeF‘s?CSﬂr EN (6 ‘g'flhgﬁ'i/ péfis of cracked

petrol eum mrvexdlmts and minimzing an increase in the production of coke.
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substanti a Iggaffectl ng hydr ocar bon conyersjon or the yield of petroleum

product s udisere auft 9 hﬁf atSPFé?tSI@é@eli’feé@ég’é’em‘P%’fstcﬁ’H%‘é farperdeRRlls aspects of
t he presentepwvention are described in further detail bel ow. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0022] The FIGURE is a graphic representation of
the effectiveness of Additive A, Additive B, Additive C, Additive D and

Additive EBmmg@}{qmﬂW@ﬁﬁmm@s 4 and 5 respecti vely, to reduce
NO, em ssions froma DCR regenerator versus tine on ream . when the -

addi tives HO&Ipihs g RE ina grplkie derraseiatiomog F}ﬁcﬁﬁﬁeﬁ@’e’&iﬁ 8f Qélld“’("ﬁa‘\/l ng the

properti eSA@&t:WVﬂdHiﬁvJ@bh@dlme Phhe RagentBbRsards REveviBhEsnescent of a
pl ati num pronpt er (r). (obtained from G ace Davison, .Cofl umbia, MD and

deacti vat efl aﬂ%ie?ﬁcﬁlf‘i@y@é?q“&e WOopiFsutis romadh s eRNemi J6YSYs HBe @Bscr i bed i n
EXAMPLE 6) streaQEWlﬁlnLEQ AEECR 47 Bl@ée%nﬂ'ﬁ@dﬁ%' é%\lkmg catalyst (having -

the properties as shown in Table 2) which contains 0.25 weight percent of a platinum

promoter, CP-3® (obtained from Grace Davison, Columbia, MD and deactivated

using the Cyclic Propylene Steaming procedure as described in EXAMPLE 6).

DETAILED DESCRIPTION OF THE INVENTION

[0023] Although several nitrogen oxides are known which are relatively stable -at

ambient conditions, for purposes of the present invention, NOy will be used herein to
represent nitric oxide, nitrogen dioxide (the principal noxious oxides of nitrogen) as
well as N,O, IN,0; and mixtures thereof. '

[0024] The present invention encompasses the discovery that the use of certain zeolite -
containing NOYx reduction compositions in combination with a fluid catalytic cracking
(FCC) catalyst, preferably a catalyst comprising an active Y-type zeolite, is very
effective for the reduction of NO, emissions released from the FCCU regenerator -
under FCC process conditions without a substantial change in hydrocarbon feed
conversion or the yield of cracked products. Compositions of the invention typically
comprise a particulate composition containing particles of a NOy reduction zeolite
component. I a preferred embodiment of the invention, the NO, reduction zeolite

particles are bound with an inorganic binder. The novel NO, reduction compositions



[ 0023] Al though several nitrogen oxides are known which are relatively
stable at anbient conditions, for purposes of the present invention, NO
will be used herein to represent nitric oxide, nitrogen dioxide (the

princi pal noxious oxides of nitrogen) as well as N2O4, N2G5 and mi xtures
thereof. [0024] The present invention enconpasses the discovery that the use
of certai nmagekideea ©ORE @iréﬁlﬁ@lgl\lfnlverft Mth@ﬂat@l@ﬁmﬁbmhgnea&al'ysa a@ogrbi nati on
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zeolite corrponent In a s)re erre nmbodi nent of the inventi on,
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NG, reductﬂegnv@a{m%sw r96}>§pre~'r!‘er9ﬁ¥ 1826 1Rddee) RidiRe @hd’n@é‘hrﬁﬁhb gmd Ryentory of
the catalytic crac catal yst as a separate particle additive or

i ncor por at e ighseyciest Pﬁow@ﬁ@ﬁt‘e Wﬂ?@blﬂlﬁé’“&lﬁ’ékp%@f copptradlyat . [ 0025]

For purposgs bgellﬁmeleroe%rsamlerwesnﬁgta%anfdﬂ@sm{ ﬁx%@uctsao?H tamapd Cchange in
hydrocarbon feed conversion or yi e of cracked products” 1s defined

her ei n t o, 10%iekative phapsre p&feraé?lﬁéftss théne|6>5% eidive phanecandomest BEable change,

pr ef er abl yjedsqfs 4 NRRIatRe ddee Txﬁﬂh@ﬁ*&@ca%ﬁ@&@ c@%rs‘fﬂ'ﬂsats cBh &rt@l%hé/. l ess than a
10% rel ati ve change in the yie &{t cycle oils),.bottons and

gasol i ne i Prs@HRISPHAIBN THE £ YoEDTRIS dé@f??ﬁe?ﬁée dlmetsrﬁb NG ﬁédyT eld of the

same or subsh§iid)akngn EH&Q\J@%U(QYOQQ%E&H]OW]S lﬁéeﬂ ks b ?e?ﬁrafehﬁﬁ'ltx@e #d% relative
change, prefer abI |l ess than a 6.5%rel ative ch ange and nost preferably

| ess t han bpsdng isd %@FWO&W@W@@OW yield |92 pipdvcs inthp SRCeeRFratiBE WER dhon as

conmpar ed tQmthe sulRasgdiiynge GQBX?E&I' 08 unweths%wbs bibRtahihlIg ehd Qefe as 100%
times (I - bottons yield - LCOyield). e NO, reduction conposition is

used as a "epHgn ardkngsanditins, b*etﬁ@forwgéwlm@ ?f§h€t preseppiEyendigmbafdedhn or yiel d

of a produgtiné Rathif® ifekldry. OROhEH ROV bdtubiR conTBitioN. isSHesghadal bal |y the
sarne feed and under the 'sane or substanti al | y the sane
incorporated into the cracking catalyst particles to provide an integral NOy reduction

catalyst system, a significant change in the hydrocarbon conversion or yield of
cracked products is determiﬁed using a baseline defined as the mean conversion or
yield of a product in the same or substantially the same FCCU operatihg with the
same or substantially the same 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 NOy
reduction composition, except that the NO, reduction composition is repiaced'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 DCR operating data.
[0026] Zeolites useful as the NOx_reduction zeolite component in the present
invention include zeolites having a pore size ranging from about 3 to about 7.2
Angstroms with SiO- to Al;Os molar ratio of less than about 500, preferably_ less than
250, most preferably less than 100. Preferably, the NOj reduction zeolite component -
is a zeolite selected from the group consisting of ZSM-11, beta, MCM—49, mofdenite,



reaction and unit conditions, but before the additive of the present
invention is added to the catalyst inventory. Wien the NO reduction
conposition is integrated or incorporated into the cracking catal yst
particles to provide an integral NO reduction catalyst system a
significant change in the hydrocarbon conversion or yield of cracked

products is usrn a basel i ne defl t he e nver si on or
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[ 0026] Zeolites useful as the NOx. reduction zeolite conponent in the

present i ¥RPRBIIGNS i nesabitfe sdeeied tieom Hbwy iBrYP acopditive solz betpaMEMGf r om about 3

to about 7m3rder'ﬁﬁ?5N4CMU§6 Viebieed, 0 2ediif: %gognfmit@rchﬁﬁzl@ Qlino ekl han about
500, preferabl g%) ess than 250, nost preferab ?1/1 ess than 100. Preferably
fes

the NO reMGM-LDIOHEHEA ESMoRDIAE3, qn&*’fg%lafije'B‘P‘ ﬂ?éqoéct ed fromthe group
consi st i ngjopi7] £ pldferrdd&dnibod MMMt 42 the TRV, 'ﬁﬁe NO 6re%§§eoll¥eeﬁgs al glL zeolite

Rho, erri onr te chabazite, cl | noptilolite,
Ofretite, supfacczasm afa ICZSIWQZGI %/sz sferably ZISMSQZOO IZ@/B@MOQ_SW@&NY atzK- 5, NaJ,

Nu-87, G tle%s’t 30?%2/35111 a%%%er e?nbo%ézrenq’%f hg%eg@%@?% %cﬂrc %ze é I noi te,

Lovdarr te evyne, “Launontite |st|
Cancri ni teexch@geirmlélr jat m,ate@tlr ISblredzted TRaw| theggroup, cc&mse@rcﬁfekydrgen Nat rolite,

onega or qﬁ&{,%&]i@ﬁ{ 806t and @oﬁlpﬁ%@‘ﬂ?t&eﬁ%@;{gfﬁ% &g 1&%8%1?’1?%0 ofe the

i nvention reduction zeo Is a‘zeolrte selected from
the group Gudesios FCRgablysbetle pivBivied Gilkalimmta énioneselaeN B8y tegsbuipt e- L, zeolite

Rho, erri o&rng Qmﬁ?%&% Itpgtassﬂ] Qrpq%l)\lt?%gtg%of MCM 22, OfFfretite, A ZSM 12,

ZSM 23, onega a ereo In a preferred enbodi nent of the
i nvention, [092&13 Qrdpnallzdthe NOa medension zeolliasan consein fstabidizing @aoufits,atg.l east 100

ne/g, pr ef \ﬁ)r a)bl\%u?‘% lv?e‘f?‘g%tt p@rggnwf % @Qﬁll%@,he&ﬁ %rexrn@tgi Yon’fil,t preferably

incorporated into the pores of the zeolite. Suitable stabilizing metals include, but are
not limited to, metals selected from the group consisting of Groups 2A, 3B, 4B, 5B,
6B, 7B, 8B, 2B, 3A, 4A, S'A, and the Lanthanide Series of The Periodic Table, Ag and
‘mixtures thereof. Preferably’, the stabilizing metals are selected from the group
consisting of Groups 3B, 2A, 2B, 3A and the Lanthanide Series of the Periodic Tab_le,
and mixtures thereof. Most breferably, the stabilizing metals are selected from the
| group consisting of lanthanum, aluminum, magnesium, zinc, and mixtures thereof.
The metal may be incorporated into the pores of the NO reduction zeolite by any
method known in the art, e.g., ion exchange, impregnation or the like. For purposes
of this invention, the Periodic Table referenced herein above is the Periodic Table as
* published by the American Chemical Society.
[0029] The amount of NOx reduction zeolite used in the catalyst/additive
compositions of the invention will vary depending upon several factors, including but

not limited to, the mode of combining the NOx reduction zeolite with the catalytic



| east 300 nR/g. In another enbodi nent of the invention, the NO reduction
ze.olite is exchanged with a material selected fromthe group consisting of
hydrogen, amonium al kali netal and conbi nations thereof, prior to
incorporation into the binder or FCC catalyst. The preferred al kali netal
is one selected fromthe group consisting of sodium potassium and m xtures
thereof. [0028] Optionally, the NO reduction zeolite may contain

stabilizi ngraaltingmﬂtaﬂystencgthp typd pf tackiizp vitalRs uaed. g}mtonpembecﬂimpntodf tee- st abi |i zi ng
metal (or rabl i ncor orated |nto t t he
zeolite. Sb“vfe%bqn tﬂ% Roi' 5 9ht BF s THVSRTIMa ™ biPT AP e caetﬂlg?cvaﬁﬁ%met ed to,

nmetal s sel e@hﬁﬂltfonmdtcbﬁplﬁ}b@l}bﬁl’tlﬁtﬂﬂ&bﬁmpm‘amcmffoﬁedlhp%mﬂﬁg p&lﬂp[eslaj a 513, 613,
7B, 8B, 2B é)3 1/ . and the ?hnt hantl e Series, .o T qglc Tabl e, Ag
and  m xt ul rlrn‘ﬁ r'%"ofeo I8, QPRI T ¢ nielle BT Cyn eeefa % Wl ect ed from
the group agowmsi sf itheg N, @dactps Zd]ite2 AompBnend Aprasenk tuhethkam-tl’tﬁmde Series of
t he Periodi c Tabh)

e m.xt ure reo erabl the stabilizing
net al s arec%'@?c.’ég’to%‘)fftﬁ%‘ﬁl"?“ﬂﬁn is @t %Efbllq@o?fﬂte?tbpmadtl%‘% Wpﬁé’ﬁ%?ﬁ ¥EUm num
magnesi um Jezita0 and&én E’ﬂoi@lplﬂéfa’a‘bl{/ BiEE0s 0, weTé‘hEpéfBén&BasEEﬁMl thetotdleeighor ated into
L. P o L drer it SR SoORRen did e
l nvent i on, ifvBgionebhtids froﬁEchLu@ 10 &f £ORNES PréTeraBly rfroﬂbﬂié@t jostotaBeutfRey i odi ¢ Tabl e

as published e Anerican Chem cal_ Society. [002 The m)unt of NOx
reduction 288 I?rffﬁrag’é’egfo'i“rf‘bt"ﬁ $0ctoraBpy s 13> a"EFdWlR?@e r’?ﬁ‘logllomr US¥ the

i nvention w.olhte déaiwnede&e@ldmml&tu@mx e\bemlcaﬂ‘aay@ﬁ/zﬂaﬁwe tomsgotieloig bﬁt hnot
th the

limted to de o orrblnln reduction zeqglite

catal ytic (03 &r%ln% aaf&réwuy‘sff %ar%e%@awu 8tF aRaEPRg it a¥“ ‘Y used. In
one enbodi Hﬁéﬂtmﬁfu;cﬂthie any MY@aiit Bmdert\ﬂﬂclﬁ%rﬁhﬁﬂdlé bOBIRdiR] a kdvEitd poval Brltl on are
separate cat st tive osi tions an ise, a rticul ate.
conposi ti off 1%8% %?W%d’ir‘?i’ﬁrtng?"t‘t?@? 8T B '8 t é Y apdre £ E:grprﬁ‘efﬁ ite
conponent  wdridhiofs. smypxaeblleorgawsjaaurend@bndemsefﬁeme;sra;balre/comﬂrtemoasmunt of the
NO, reduction zeolite co onentp&_;ese in the Eart ulate Corrp05|t| ons of

the i nvent PEAFIPREE JHth) R RIpsepipnveRtits iaglagp.pul preyngh ipitego, ?P(S‘E Prailisfer abl y at

| east 40 agicaesl@ninaal@nipig pRéspitty/ ardtthle @&ks] arfd Qixring tgéréofpavrraedablypas ed on the
total wei gt@]e binder is selected from the group consisting of alumina, silica, silica alumina.
More preferably, the binder comprises aluzmina. Even more preferably, the binder
comprises an acid or base peptized alumina. Most prefer.ably, the binder comprises an
alumina sol, e.g., aluminum ch‘lort)hydrol. Generally, the amount of binder nﬁateria]
present in the particular catalyst/additive c‘ompositions comprises from about 5 to
about 50 weight percent, preferably from about 10 to about 30 weight percent, most
preferably from about 15 to about 25 wweight percent, of the cata]yst/additiVe
composition of the invention. _ ‘ _
[0031] Additional materials optionally present in the compositions of the present
invention include, but are not limited to, fillers (e.g., kaolin clay) or matrix materiais
(e.g., alumina, silica, silica alumina, yttria, lanthana, ceria, neodymia, samaria,
europia, gadolinia, titania, zirconia, praseodymia and mixtures thereof). When used,
the additional materials are used in an amount which does not significantly adversely

affect the performance of the compositions to reduce NOy emissions released from the

FCCU regenerator under FCC conditions, the hydrocarbon feed conversion or the



of the composition. Typically, the particulate catalyst/additive conposition
of the invention contains fromabout 10 to about 85, preferably from about
30 to about 80, nost preferably, fromabout 40 to about 75, weight percent
of the NO, reduction zeolite conponent based on the total weight of the
catal yst/additive conposition. [ 0030] Binder materials useful to prepare

the particulate c i tions of i nventi,on cl ude rgani ¢ bi nder
which'is caﬁ‘iﬁ?é‘egwg?‘ﬁdffﬁ % ?é@(bfspt dn p%%‘é‘i the; &d]l; f %‘llélvé@ havi ng
properti eSCcmpiritsabd QOerQhanUﬁ)&ltWO wichpfit fefecldt uﬂdlercoxﬁp?@]trmcmspre&ﬁadi tions.
Typi cal no ani der materi are. o ons in.
accordance %% & B@W‘t‘f”ﬁvgflrj‘ledﬂv?ﬁﬂ‘ e“é‘?'i' ttﬁq Nﬂxt ed to,
al um na, Sieflicéian zeoEIe|ah@éinﬁ$rgldﬂdtﬁndea| umi num phosphat e and the like, and

t he bi nder is_sel ected m_t he group

m xtures th Prefer

consi sti ngw&ﬁg’laﬁﬁ’i‘lﬁt& Ca?&svaéﬁlt‘v%lci’r?’%“&"'&l"ﬁn?f the inveytjpy, s Iﬂ?‘g‘f’ é’la‘él%lay, t he bi nder
conpri ses @ikt Bige sEEEntNORmiA eedoaibsitiof he bbld'ldﬂéted GRIdREHoSETean acid or
base peptized._al UHI na. Most preferably, the bi nd corrprl ses an alum na

Sol, e.qg., GV mmy eelrﬂYo‘w&%\nmmo %%l?"?%/catatlﬁé Wﬁﬂ?ﬂ FCft PioPSister materi al

present | NTypRalP e ldofmpésition G| iNEhticiOM 1 hite LAMOSiidddEe sOfPRérses from
about 5 to .about 50 wei ght percent, preferabl % from about 10 to about 30

vei ght perBah$s ”Wosqreferﬁ?léf‘é? %?prwléﬁdﬁfmﬂ? PY W A2 Yht per cent,

of the catghsy plofcrdblli fror¥ @bou€ SMROBLEL 190 R, dvBemorveBfeira froh(BaklcoAddi ti onal
materi al s opt| onal 'y present in_the conpositions of the present. invention

i ncl ude, HatabartelZPokm] i Fher enppytions;qf|the sinyeatign Yynicaly iN3ve 2aD3Vih matri x

mat eri al s atkiBod index@{DINVAAe ofSikdsithad, ab&it|SOC Prefdrbbly Méds thahtabbid,20] Abkthana, ceri a,
neodym a, Sanmarjia, _europia, gadolinia, titania, zirconia, pr aseodym a and

i Xt ur es tHﬁ%fFréBLP’)'ess\hh‘?e?Poﬂts]éd the additional materials are -used in an

anount \ml[@dﬂssqwﬁﬁlenme p$ésgrﬂ' hicnant iy nadviedieal ¥ adf bastukhgrdgsfsr mance of  the
conpositions tg red em ssions rel eased fromthe CCU r egener at or

under FCC RB&REHED &ﬁ’éca”l’ H@ PRiEHaE N0 s utdenicomeuitipas f theoiventian 218 pr oduct

yield of th&afeldskirhtheGalaghessd slurhcopRfth@ihe NG, ragl@tisd fiaste, oRiogsi al s Wil |
conprise no nDre t han abqut 70 weji ght percent of the conp03|t|ons It is

pr ef er r ed, 20 GREVRIPENLS, H‘ﬁt‘“‘ﬁi"ém@&ﬁiﬁroéth IRYipglgpattiy aeriglsnini a8 AMElHs i st
essenti al |stfEfemttb©rdNQe at least 10.0 weight percent of NOy reduction zeolite and at least

© 5.0 weight percent of binder material in the final catalyst/additive composition and,
thereafter, spray drying the aqueous slurry to forrm particles. The spray-dried particles
are optionally dried at a sufficient temperature for a sufficient time to remove
volatiles, e.g., at about 90°C to about 320°C fox about 0.5 to about 24 hours. In a
preferred embodiment of the invention, the NOy reducticn zeolite containing aqueous
sturry is milled prior to spray-drying to reduce the mean particle size of materials
contained in the slurry to 10 pm or less, preferably 5 pm or less, most preferably 3
pm or less. The aqueous slurry may bé{ milled prior to or after incorporation of the
binder and/or matrix materials as desired. |
[0034] The spray-dried composition may be calcined at a temperature and for a time
sufficient to remove volatiles and provide sufficient hardness to the binder for use in
the FCCU under FCC process conditions, preferably from about 320°C to about 900°C

frqm'about 0.5 to about 6 hours.



reduction zeolite and an inorganic binder. [0032] Particul ate

catal yst/additive conpositions of the invention should have a particle size
sufficient to permt the conposition to be circul ated throughout the FCCU
simul taneously with the inventory of cracking catalyst during the FCC
process. Typically the conposition of the invention will have a nean

particle s . than-45 gm Pr.ef | he rticle size is
from about Oé%] %§fg’%ﬁ2‘ttﬁ§6 dgOr Calcme Om P og?%B}%S%Protéﬁ%mélg?ﬁu%? Vﬁ@ a%’o about 150
gm even rmqueouprselhew eflarfum onia abemtnoﬁlﬂm stab (agomnrxicﬁmngrwlféfhminncgposi tions of

thelnventl |caIIy haye Vi attrition index.(D), value of |ess
than about® ’p‘?e DR \ﬁétgsanﬁ}fn@ﬁg&ﬁtan SPTEABE O ORRBP SII%El ess t han
abo;;jc 1|5. s[uﬁﬁr%]mﬂN)ldhesphh:ec mym?eﬂrtnc; m&mtfmﬂic |a?ﬁnm 11ke)rtbtri&ﬁitcé mlslgny et
particul ar proc epar atj on ica e ate reducti on
conposi t i gH¥YBEC aﬁ‘@]"]eﬁ(‘/‘g 3t iegnsodpp OTBP%% tﬁ? ﬁf’i:?P‘%f aqueous slurry
cont ai ni nqgmqe Pbl@culat(éj eﬁﬂ}ﬁdsin@ﬂsl drei iteationodpé tinadded inaky fohﬁ ocwmaﬁen]E fS_, the

i norgani ¢ bi nder, .an al_matrix materi n an a t ..sufficient to
provi de atPafts: g"stad‘%t'(‘)" ¥ %‘“ Bat CrB‘H‘ﬁ ai@ﬁ‘uﬂ‘f‘?‘@ﬁ"‘?e‘g?%@%nd at | east

5. 0 wei ghtGarra0gnte @ﬁtalgktrhd@ifwmrﬁfdsiabn |1si’lu§elilenfatmarhoﬁﬂtcﬂﬂd{sléa/sﬁddi tive
conposi ti on nd, thefeaf

y. dryi ng t ueous slurry to form
particles.W %eﬁ‘ic&ty Fli‘eehgﬁa?actﬁlﬁt 8veNiPe cf’ﬁ%e{)% e amewd ‘é‘%/ e sufficient
t enper at ur@taﬁﬁf/adamsuwm;fdsﬁeﬁ udeld F g Ofrdne BEMED. 1\t0|a56dt|765ve1ght gercerdt about 90" C
to about 320' C for about 0.5 to about 24 hours. In a ref erred enbodi nent

of the i nvBSY iFEFETabindratnabeut 4y dq AR A8o1sietk RESFT™Ai i ty 5&1@6‘@@5 slurry is

mlled prigventody. SSépanéted;sawldmgcamysw@mwe cbiiosHRRR oﬂaa}ﬁet inGétioninZg f materials
contained in the s Fgrry gm or | ess, gref abl y 5 gm.or |ess, nost

pr ef er abl y298°d ity tHsia. thel’?@"%ﬁﬁ‘ﬁ%"’élﬁ‘?“%%? ?al%éﬁt R isr to or after
i ncor poratrhgyﬂe[qfor b;h@ anjabmg%n@a%ﬂﬁetmt rix mat eri aI s as desired. [0034) The
spray-dried con;gosmln@ c%/ a?ilcmed at 31? er ture and for a tine
suf fi ci ent00Y] e dotferndoPabidiest b dhpitbeRis: L1t f CHPRr #i98¥s St o t he bi nder
for use inntegrbRd biGEdrpunstes inlo@he @adkﬁ@sc&a@grpdﬂtiudarﬂmnspweg‘ ©padMide dnt oM about
320' C to about I%80 g: from about O. TE’ bout 6 hour 9

integral reduction catalyst system. In accordance writh this embodlment of the

invention, the NOy reduction zeolite may be added to the catalyst at any stage during

catalyst manufacturing prior to spray drying the cracking catalyst shurry to obtain the

fluid cracking catalyst, regardless of any additional optional or required processing

steps needed to finish the cracking catalyst preparation. Without intending to limit the

incorporation of the NO, reduction zeolite component, and any optional zeolites,

within the cracking catalyst to any specific method of cracking -catalyst

manufacturing, typically the NO, reduction zeolite component, any additional

zeolites, the cracking catalyst zeolite, usually USY or REUSY-type, and any matrix.

materials-are slurried in water. The slurry is milled to reduce the mean particle size of

. solids in the slurry to less than 10 pm, preferably to less than 5 pm, most preferably

less than 3 pm. The milled slurry is combined with a suitable binder, i.e., a silica sol

binder, and optional matrix material, e.g. clay. The slurry is then mixed and spray- .

dried to form a catalyst. The spray-dried catalyst is optionally washed using an

aqueous solution of ammonium hydroxide, an ammonium salt, an inorganic or

organic acid, and water to remove the undesirable salts. The washed catalyst may be

10



CdO ~] Opiionally, the dried or calcined conposition is washed or
exchanged with an aqueous solution of ammonia or ammniumsalt (e.g.,

anmoni um sul fate, nitrate, chloride, carbonate, phosphate and the |ike), or
an inorganic pr organic acid (e.g., sulfuric, nitric, phosphoric,

hydrochl oric, acetic, formc and the like) to reduce the anount of alkaline
nmetals, e.g. sodiumor potassium in the finished product. [0036]

Parti cul at&qieapaaosi 4 9R8r MuvidiareldaMe Ml op, Afceatih cRUrREE Qitdstahe f or m of
separate Eal‘_tl cle additives along with the main cracking catal yst

t hr oughoutth¢ & FCCU. General |y, the catal yst/additive conposition is used
in an amypizsphidhadveBSitne MO, L redtBicdNicoRE" &ML, &Pora aaifbmh st

i nvent ory.U[ P(‘gf era?)l ﬁ{g’fshee am)uﬁet gf teﬁe 'ca?arlleyst/ggodiati ve comnposition used
ranges fr oavlitsothe cracking eatalys meolies anyanajivt mpjeniate Arare-oapk tvajsr edlelabl y from
about | t oToT A g=TOpRTY centaof.dtih 8 t ok ANEOLOrY. Separate
particle (%gl'?a?d;,s%tn/ adl I %‘?3{;31 bgﬁgﬁpg%istﬁensl ga&fﬁ?ﬁi fr?\ﬁ/%%fl (’)rr}1l n%l?/?t;g added to

t he FCCU imilledhandspraydnied.ofild spreardnied catelysgis calsinged atraicait dp0 €de abgpst to t he

r egener at r . j : 1 nd enbodi nent
of the i n\%)%?i oﬁ?/e S?ﬁ% %B%rg%@tg}cr}t{ %’gg?ﬂ;é%ﬁﬁ%lg%gswajs?%?ééxp ggg?qgér%%?ncor por at ed

i nto the coratk eigeroaeratny diydrpede, iac lamsionivensib] apagorgani prap\orgheicaatid, i nt egral  NO,
reduction ¢ t dane i i t of the

i nventi on,anﬁlhgt]eﬁ{@r?lﬁ%%cﬁﬁc qd%)%a@ggﬁlst §B§@§]Wb££§%i%fg% 'I%gP t8 %E{E@%}gg yst at any

st age dur iwith a watrsdoluble mmrraftiastitafiend hey beon washed,pryaarded/thagnetheds cr acki ng

cat al yst %H&{%tﬁeo I,pbt ain the fluid cracking catalyst, regardless of any
addi ti onal " optional "or required processing steps needed to finish the
cracki ng deasq] Waen priegpaedintothe MG hoalyst ipatideditmgNOp tedndtiontzedite | ncor por ati on
of the NO __r t] [ ent, ont 10N z jkes, wthin
the cr ackicﬁré’s%gﬁa\lyg{sa?lﬁfgép ééﬁ%tsggg%?gi ((5:]E %@gag@%t cér}ajtt:]% ﬁgccg“?*lé SE/st

manuf act umanigle. Prefrddy, [the anheniNg the BQueticion zebifeicomp coenyasmirangeany additi onal

zeol ites, e.cr i ; i I Y. QF type, and any
matrix ma Og} %bgﬁltgﬂgroga% gf‘ﬁﬁio%%%ﬁ P%\rg%tn]g)rgti préﬁﬁ%@iglfx)ép%?) Olug 1%5%0&(1?(? o reduce the
mean part iveight mrceet, of the EGCicatslystpartibles.sl urry to | ess than 10 gm preferably

L o L e e I A

mat ri x matcempabnt aong. wigh the.crafkieg Shtalystyzeolge, tieganin Kiedenmdtesipls apd
optionally, matrix, fillers, and other additive components such as metals traps (for
example, traps for Ni and V) to make up the cracking catalyst. The cracking catalyst
zeolite, usually a Y, USY or REUSY-type, provides the majority‘ of the cracking
activity and is typically present in a range from about 10 to about 75, preferably ﬁom
about 15 to about 60 and most preferably from about 20 to about 50 weight percent
based on the total weight of the composition. Inorganic binder m.aterials useful to
prepare integrated catalyst compositions in accordance with the present invention
include any inorganic material capable of binding the components of the integrated
catalyst to form particles having properties suitable for use in the F<CCU under FCC
process conditions. Typically, the inorganic binder materials include, but are not
limited to, alumina, silica, silica alumina, aluminum phosphate and the like, aﬁd
mixtures thereof. Preferably, the binder 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

11



dried to forma catalyst. The spray-dried catalyst is optionally washed
using an aqueous solution of ammoni um hydr oxi de, an ammoni um salt, an
inorganic or organic acid, and water to renove the undesirable salts. The
washed catal yst may be 10 exchanged with a water soluble rare-earth salt,
e.g., rare-earth chlorides, nitrates and the like. [0038] Alternatively,
the NO reduction zeolite conponent, optiopal additional zeolites, the
cracki ng ctH St retitalyst CompRy iRt rFirfer ¥’etP‘? Hlogeany tf]é‘g%r- [efAls ikt er sol ubl e
sal t, clay ppsehtah uhe Regf@ld RiaREh A Sncshtihfdisd bR desers ansbobl ended. The
slurry is mlled and spray-dried. The spray-dried catalyst is calcined at
about ~ 25008t BHEHE MBppre .rab*v'hféor%ﬁlroayl‘)d&%iagéﬂégt%%bgtperfﬁgﬁ dioshpt i onal |y be
washed usi PERfRbIRGUAAYSut 1S @ AHohOr3 vafighBparen, Béﬁe@ﬁﬂﬂﬁ&%we?ﬂt-@ﬂm@ni um sal t,
an inorganic or organic acid, and water to renove the undesirable salts.
Opt i onal | y SOPPRSIMOBt al yst may be exchanged with a water-soluble rare-earth

sal t after [joy1a%e RRBNMARANES BntioRMlyPRéer@fn thbRtFRIAQEE 1y BOMPositdn he art.
100391 When _integrated into the FCC catalyst particles, the NO reduction

zeolite cORPEMERENtgSNER] ngludee Bitaseopnt imifed focgluming silighplyminap 8 cent of the

FCC cat al ygfith Haddsiseéas BRRIA! @ikivion BRI 8RN RLCHs dthBiaNSDreoni£dhEt i On zeolite
conponent used ranges fromabout 0.1 to about 60 wei gf’ut percent, nost

pr ef er abl y TRREMFRIPBIE. BroupcAapyddes supb as ANGHEM prd besinm Ofles; HeyFeeh cat al yst
particles. Qagﬂﬁ),]ana_:ﬂﬁxthl% 8Fedt efhe ki CANRL Hfidrs WelpilViB) HrabdnyinGREPr i se the

NO, , reduction zeolite conponent along wth the cracking catal yst zeolite,
i nor gani c iiteesrd catplgstdy aragmouanef lesp g ShweiERt persert bpsed omi the it weightl ot her

addi tive comenGAlS: Sdsich. TPl 1RRSari{ A/ orSNRIPLR pletdPHh bpr N and V)
to make up the cracking catalyst. The cracki nfgb catal yst® zeolite, usually a

Y, USY or REQZYAngiss fropraboitdes above 4hafiglitiespensbased on dnaéarinpictief i vity and is
typically presgib cbRp&itange fromabout 10 to about 75, preferably from
about 15 to about 60 and nost preferably from about 20 to about 50 wei ght
percent bH#¥éH By partcle xizg| ande pigiion arorefies cdnibesinterwd. catplystgaliick bi nder

material s ggafitontRopeRleS AL uhi LGOI RRe GBH Al She CANRRE ISl i accor dance
with the present i'nvention ‘ -
the commercial FCC unit. The integral catalyst composition, of the imvention typically.

has a mean particle size of about 45 to about 200pm, more preferably from about
50um to about 150pm. The attrition properties of the integral catal yst, as measured
by the Davison Attrition Index (DI), have a DI value of less than 50, more preferably
less than 20 and most preferably less than 15.

[0043].In a preferred embodiment of thel invention, the FCC cracking catalyst
contains a Y-type zeolite. The NOy reduction zeolite may be added as a separate
additive particle to a circulating inventory of the cracking catalyst or incorporated
directly into the Y-type zeolite containing cracking catalyst as an integral component
of the catalyst. In either case, it is preferred that the NOy reduction zeolite be present
in that amount sufficient to provide in the total catalyst inventory a ratio of NO,
reduction zeolite to Y-type zeolite of less than 2, preferably less than 1.

[0044] It is also within the scope of the invention to include additional zeolite
components in the catalyst/additive compositions of the invention. The additionlal
zeolite component may be any zeolite which does not adversely affect the NO,

reduction performance or- cause a substantial change in hydrocarbom conversion or
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i nclude any inorganic material capable of binding the conponents of the
integrated catalyst to formparticles having properties suitable for use in
t he FCCU under FCC process conditions. Typically, the inorganic binder
materials include, but are not limted to, alumna, silica, silica alumna,
al um num phosphate and the |ike, and mxtures thereof. Preferably, the

bi nder is selected fromthe group consisting of alumna, silica, silica

al um na. GerAdked (praduct; h@ldmﬂmmth@?C@pmféw riseferably) theraddisiamal geplitehe i nt egr at ed

catal yst CQdEPﬁ%ﬁérMsOJ‘zéoﬁte s&éc?ed%b’i’d‘th@@roﬂﬁb&]ﬂfstu&?&fq&%rup%‘ﬁ'5 gRNge total 11

wei ght of the catalyst conposition. "Preferably, the inorganic binder
mat eri al s 3%andgpisweastherqef.t He afditiengt zepktd corapaapnids uaeéﬂnainyamwhﬂmtangl ng from

about 5 t04R00Uf sifh éw%mgrsafagera pRlmaRESIARARDY rdahffh aeus 10 to about

30 wei ght percent™ an rom about out 5 wei ght
percent, bewmegsipnst heaeduge aloxwmxgl@ns @tfd substantigbnpeditain the. hy[dmeatuqanThe mat ri x

mterial s ontLoBRlLY PLESEMIal B hDSrRhEWALECARLALY B RITPRRELions  of the

present invention I ncludé,’ but, are no um na, i ca alunm na,
rare eart tracdoaighelystueithoassthd Bk fedunmon tatdyst/ndditone compesitionx frezl;aea,lljs uch as

itania, Zheeonidh ADfe IRAGRNSE Ge ] Aram ORI AN ARF  JUaBuRS mmanest um

and bari um oxi hereo The matri x
and/ or fil BGermsefardy tfioni eladut YO po ebcmhfim Welgﬂl‘t@erqemt dgthalcatabrst&thyawm n an anount

of less t h@bmpgguﬁr\?ﬁ re &%Wredu %S%%h?n Bsrés]a; EI%I f?f egr ar T ponenPoft g€ catalyst

conposi tion T K and present | n an anount
rangi ng fromlsbabd adkiltiomalad:aohte cdxﬁpmntghmrqﬁmlﬂxemedblasaechnmuntt:’axgmgt al wei ght of

t he cataly Iy T art i r|t| n properties
of the inté %‘P%ﬁ cgt%a% 164’1“% plref?r |za ?‘8?\1 t%ratg)%é?@ zgth %a(ief‘?g unit and
det er m ne bfche awllystctolrr@osnactnal yst is retained in the comercial FCC unit. The

i ntegral i he |nvent p has: a nean
particle s@% 3§s Bﬂ%‘fyt 3{?%81; CE Bo6m l%rveepp{hgf éerg%bri% Frhg?ﬁvﬁbout 50mto
about 150mnydi|'duerbat lferedsttmakm tpligperirodasts dfy dohtacti oft the) fealistackt ialayjegtlicas measur ed

B?/ e]E 2? agla';la%a]? eStS rSeE %q#llattloxgn aclzkl?defg(roc(eDl %ll’gheh?e;i;r/cglg?'ng khélg%a cr%glgxlége(%%l}sqan 50, rnore

inventory consisting of partlcles havmg a mean size ranging from about 50 to about
150 pm, preferably from about 60 to about 120 pm. The catalytic cracking of‘tﬁese |
relatively high molecular weight hydrocarbon feedstocks results in the production of a
hydrocarbon product of lower molecular weight. The significant steps in the cy-fclic
FCC process are: | '
@) 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
cracking catalyst to produce an effluent comprising cracked
products and spent catalyst containing coke and strippable
hydrocarbons;
(i)  the effluent is discharged and separated, normally in one or
more cyclones, into a vapor phase rich in cracked product and a

solids rich phase comprising the spent catalyst;
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[0043].1n a preferred enbodi nent of the invention, the FCC cracking catal yst
contains a Y-type zeolite. The NO reduction zeolite may be added as a
separate additive particle to a circulating inventory of the cracking
catal yst or incorporated directly into the Y-type zeolite containing
cracki ng catal yst as an i ntegral conponent of the cat aI yst In either case,

it is preferreg(.. ha reduction z ltitﬁ be. in that anount
sufficient to pf'Bvi Vaﬁort aset ‘?)f%ov?fiafiseﬂr‘if@f n \fréﬁtf PS‘7 é{‘ atio of NO
reduction zeolite tBCE rhaaﬁ)eolmohndtxe asdocibted sidé baimi, to poref @s abl y | ess than 1.
[0044] It is also wit he sco f i nvention to. i'nclude additional
zeolite conponents?? “’c“ cr 5’3‘5?8@‘(‘3 'B‘EJPCFFQ/%‘S@B‘%O& tions of the invention.

The addi ti onal (lv;eokﬂet@emm@aeiatstrw baxaﬁmmm&@&ahi@ovmoﬁ;b does not
adversel y affect the NQ' . reduc i on.p e a substanti al

change in hydrocar bB?F]‘ElSiin}B(F"?F‘B Onérfr "CI"a‘é EFYO(‘Y t}i‘f’el ds during the

FCC process. Pr eferghb;yed E;&Lgy@.dﬁl bmamaély z,eggnb,ta@d goRpPeAgRt is a zeolite
selected fromthe group consisting of ferrierite, ZSM5, ZSM 35 and

m xtures thereof. Tf?ée’%f‘(ﬂ?di"{‘??iﬁa‘l’?ri’%f?ihf’ eTCBHRHIEARIYFSVIRES i n any anount

that does not si gnthfehC@B)tcle)ﬂ advier sRtRing@azZbRCtort bRchgy frafkence of the NO
reduction zeolite: rrgom tions to reduce NO em ssions and substantially

mai ntai n the hydroc&‘t‘ tHes oEEfdrer si on and product vyields of the cracking

catal yst rpbag)ictavérBokd FCUSBtaRbts ildRide, Goragkishpeg, Zati@bysed cabiydpowin t he NO,
reduction catal yst/additive conpasition. Typically the additional zeolite

conponent # &uifsiiq crrekingncompsniit 2t 4egiihsg it F}&nﬁe%@bfevle“t BY JBoHe a8, preferably

from about ddp, tmuattcmyr?cocfam dggbtzh RENFLOtaRs, NG cQ DRtk SKbaddirt | ve
conposi tion. \Were uction zeolite is used as an integral

conponent b4 H%BNCQ:HS%[‘W@’VO lt 8 WelHi%i Bnarmyew iofhsr cOWEPNEMh 28 preferably

used in angABENBi, rf&ﬂ&'@ﬂalyzfcr@mcakp%n&oék touiab@it cOOHoERS! 1@sef erably from
about 1 to_about 40, C% percent of :the catal tést corrp05|t|on [ 0045]

Sonewhat bISBRF4-§8415R80-ECErefrahly dhe HGR, eatalust isarfatalbromprsng f YHYBS/y

hydrocar boaof@adﬁ¢e0&kacldgocdlﬂpgmner Irpaq;dmemal}byrefe@r@a abodifnedthd theedst ock in
acyclic catalyst recircul ation cracki n% process wWith a circul ating

f 1 ui di zabl ’éve@?’%kt?’ﬁﬁcga‘faaqwgstcon?’ﬁ\%ﬁ’t Hprdencemals ity 20MiKact SEfes having a
mean si ze fiahigh,ng Yitypraneuictivd cérﬁ’poﬂ&@%ne_ 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.

[0047). 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 about 800°C, which when catalytically cracked provide a
gasoline or other petroleum product. Synthetic feeds having boiling points of about
200°C to about 800°C, such as oil from coal, tar sands or shale oil, can also be

included.
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150 m preferably fromabout 60 to about 120 m The catal ytic cracking of
these relatively high nolecul ar wei ght hydrocarbon feedstocks results in
the production of a hydrocarbon product of |ower nol ecular 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 4008t erdes tongsmove %‘érf&“hfbécFata@)fS’a@KY&‘?@ OF &fais\Pdedt 19 BF oduce an

ef fl uent cogRhéalidhGoss. atked eﬁérﬁﬂwsissa&éxe%p@ghg dé&adeah Mtboiéitodi Ni ng coke
and stri ppab e hydrocar bons (ii) the effluent is discharged and separated,

normal |y i AhSoieengRtion e, nyfcdeﬁif?ésaddi“ﬁlﬁ% Oéy%‘aﬁ&ddeﬁﬁ%té}@ il genser acked

product an@hse of Bk kddsndritioh zffgase conprising the spent catalyst; 13 (iii) the
vapor phaseé is renpved as product and fractionated in the FCC main colum

and its asd¥PhiCatrlsiaiditve pumesitions in arcridgecs witkriee inveptipeidiemaédellig product s

I ncl udi ng gagel, '1@e’by (at Ye)asttlt@%, SREMbI,CALIBsY Sdos] tﬁe %ﬁlfsblglpse&' NS %Ly ‘M th steam
to renove occl'uded hydrocarbons fromthe cat al yst, after I ch

stri pped caC&IU, segenesaton ctiuent varipg rtlegy efelysit weenergtion, cuhils) %’ﬁtaﬂtlﬁ&gener ation
zone to produgeniipthe HyRREREL Ak co‘ﬁ@érﬁ!)xy St th)é"*)‘lefd"of‘ éackéd‘ﬁ‘adlfc%c led to the

cracki ng zone for cracking furt g_gantltl es of feed. 10046)" Conventi onal
FCC cat al yseslinnainduibt ofetns, eeings feom orackiag beialed dmbeme enss, h a

faujasite I by Venuto
and b b Brar SR IRR! e &ﬁmﬂﬂuﬁf@o{’?@&%@ﬁ? RO, o1 Dol

New Yor k 399719 mY?SBNl wit @mmg@lﬁmﬂi a egiingusie crapked profunteyiolds Obfehér sour ces
such as fgg@eﬁpﬁ! quoweEgywwm@haaust%o@%h%F@Quéd%ﬁd@&@ifal £k fmpubl . Co.

Houst on, | SBN 0- 88415-290- 1. Prefera e FCC.cat a yst is a
cat al yst C@]qtpmt|o§NQ3rQ§jucpomy\plédepend on such factors as, or example, the composmon_

and amount of the additive utilized; the design and the manner in whlch the cata]ytlc '
cracking unit is operated, mcludmg but not limited to oxygen level and dlstrlbutlon of
air in the regenerator, catalyst bed depth in the regenerator, stripper operation _and"
regenerator temperature, the properties of the hydrocarbon feedstock cracked, and the
presence of other catalytic additives that may affect the chemistry and operatioﬁ of '
the regénerator. Thus, since each FCCU is different in some or all of these respects,
the effectiveness of the process of the invention may be expected to vary from unit to-
unit. NOy reduction compositions of the invention also prevent a signiﬁcant in@rease
in the production of coke during the FCC process. ’
[0050] It is also within the scope of the invention that NO, reduction éompositibns,of
the invention may be used alone or in combination with one or more additional NOy
reduction component to achieve NO, reduction more efficiently than the ﬁse of either
of the compositions alone.._ Preferably, the additional NOy reduction component is a
non-zeolitic material, that is, a matérial that contains no or substantially no (i.e., less
than 5 weight percent, preferably less than 1 weight percent) zeolite. , R
[0051] One such class of non-zeolitic materials suitable for use in combination with
the NO, reduction compositions of the invention include noble metal containiﬁg NO,
reduction compositions such as disclosed and described in U.S. Patent 6,660,683 B1,

the entire disclosure of which is herein incorporated by reference. Compositions in
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zeolite active cracking conponent. In a particularly preferred enbodi nent of
the invention, the FCC catal ysts consist of a binder, usually silica,
alumna, or silica alumna, a Y-type zeolite active conmponent, one or nore
matrix alum nas and/or silica alumnas, and fillers such as kaolin clay.
The Y-type zeolite may be present in one or nore fornms and may have been
ultra stabilized and/or treated with stabilizing cations such as any of the
r ar e- ear t hghis zhigs will typigpliveepmpresce prricuas mactye of 8‘@%@@@@6’1%1 Pilsct i on

tenperat ur %n@fnn‘%ﬁ@fbgaﬂtﬁlly ﬁQQeo@té’\(pwﬁerEtﬁjP @(l)rﬁfa?iﬁm% @ﬂl@d"%daﬁlbﬂﬁat %Gﬁer atures of
6000C to 800' I's well known 1n the ar t he catal yst regeneration

zone may cmﬁesfﬁrgblmpntalnglgmgle@térwerﬁht paresnicalyraige) 6 an glkaki gietal (aTlf@stconposi ti ons
of the invend o gh{wcehte H&%w aao&qqogsaﬁ%we@t &ic§ﬁ2yan iaRhEakmhydr ocar bon

feedstock. Sultable feelstoc I ncl ude petroleum Yates or residuals
of crude oimetalHal/lear 04 vright ipergenp draferablnpipst 65 teboart 56861zl paceaout 900 C,

pref er abl Ysan@ %%re%egp ROt B9 U ef ht gf%gﬂggxﬁ ﬁ'L%’etﬁﬁ& | J¥geCT acked

prOV|de a gasoline or er petr ol uct s havi ng
boi | i ng p0|cnltnso@fﬂt tpieserably 20%);@nd M)abdﬁast 0810121311(:0f s nelile a@tabmm}ﬁqnelm coal, tar

sands ot Shak o) v, 8821561, R BRLHARKs e WL Rl emove coke

fromthe c yst’, - bxygeh o Is a regeneration zone. This is
per f or med blyalis;eﬂhisaiflr@t@pbrcgmplgﬁedé)\/anwldiormtidvewb@tmwmtdﬁast Yheeiglgener at i on

zone, or if etqgrﬁ' Jllﬁﬁima ??%%\Jbétgﬁghy Flgégag%:, ((J%t %qga%g qué]%h? (eillcgﬁ{to? A" dense.

phase of t B regenera e conpositions in
accor dance ai/laah metdhend/wenﬁ(almq egtthamettlioc alijtyres uherdcufc@) aoue] fo dbyut@ﬁ | east 10%

preferably \&E%& %Qx%&nt%?% okggt%n sBFE' %g& gg‘é t%s't&%ﬁ tlal 5k ornz{: %%J? arfigener at or

ef fluent duri the c e substa y maintaining
the hydr ocdplbf@rabbeedlao)cand&)gt baBtOrl pptmeafyunebld mgtal s¢1@¢dde°obnpth@¢[mxps e.g:,

gasol I ne angudhgbtpOREL By, BRI LEATII DERAR LR EaLBL R | 0 Some

cases, ti'oh G or grea 15 rea eva usi ng the
conposi ti orh@alamighﬁrefﬂh@@ﬂdémfve cdtﬁéySﬂmdéwapmwtlphout significantly affecting

the cr ackequRsPANGhS: ok Rnenl Rue AANARAL 00 ol G Ainacd? wih! | e

under st ood ne s In the catalyst art
the NOx reduction compositions of the 1nvent10n include a low NO,, CO combustion-

promoter as disclosed and descrlbed in U.S. PatentNos. 6,165,933 and 6,358,881, the
entire disclosure of these patents being herein incorporated by reference. Typically,

the low NO_ CO combustion promoter compositions comprise (1) an acidic oxide

support; (2) an alkali metal and/or alkaline earth metal or mixtures thereof; (3) a
transition metal oxide having oxygen storage capability; and (4) palladium. The
acidic oxide suppdrt preferably contains silica alumina. Ceria is the preferred oxygen
storage oxide. Preferably, the NOy reduction composition comprises (1) an acidic
metal oxide support containing at least 50 weight percent alumina; (2) about 1-10
parts by weight, measured as metal oxide, of at least oné alkali metal, alkaline earth
metal or mixtures thereof; (3) at ’least 1 part by weight of CeO,; and (4) about 0.01-
5.0 parts by weight of Pd, all of said parts by weight of components (2) - (4) being per
‘100 pérts by weight of said acidic metal oxide support material.
[0053] Yet another class of non-zeolitic materials suitable for use in combination
with the NO, reduction compositions of the invention include NOy reduction

compositions as disclosed and described in U.S. Patent Nos. 6,379,536, 6,280,607 B1,
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extent of NOx reduction wll depend on such factors as, for exanple, the
conposition and anount of the additive utilized; the design and the manner
in which the catalytic ' cracking unit is operated, including but not
limted to oxygen level and distribution of air in the regenerator,

catal yst bed depth in the regenerator, stripper operation and regenerator
tenperature, the properties of the hydrocar bon feedstock cracked, and the
presence ofb,16%,het apdt@lAp§34, dudentiry eisclobhame afatpesaf patots tbhimg clreesin stry and

oper ati on Aok iaSISURLAL AL erllShe SUDRSLARF BuFOCHoL Skl eqgnt 10 some or

all of these es ec ect’i veness I OCEsS i nvention
may be expecacadiCtomdvangpoﬁr (navinlkali tnetal ami/ctr alkaline fraadumtalam migmeesi ti ons of

t he |nvent nt a ific incr duction of coke
during the I‘i‘r p@gcgrsag&?i’bﬁ"gﬁi 1%? gV O}S'gvﬁ ftﬁ%ﬁe e Q%I 9(@ ‘!{lhe i nvention
t hat NO reﬁmﬁtomnmtadeeiptn@i frd)lﬁ)l(fﬁmmﬁ IB tufnel 1B mﬁéant?emﬂm‘ﬁgbléoe?naﬁmﬁlyal one or in
conbl nati o re ad ction nt to achi eve

NO, reductﬁSﬁc%roxmgefsfuP% TeHPRPRS ahg?ﬁs(%%ﬁ [@Ep%?e“gﬂ‘ﬂg‘ra angfprq? }éonp05| tions
al one. Pr et@nrzdsl syhcatahﬁuﬁa’id@ériaﬂﬂﬂlle phi@rred @elyeh |smmg60ﬂiﬁanani pieferad non-zeolitic
mat eri al ,

materia ns n or suhstantial no (i.e.,
less than ’%g%éfl‘%f’ﬁﬁ%}&ﬂ'gsmm By gﬁéf%ﬂ‘f@&?" IC%'E%OS IRy omPIE éﬁf‘“ f)cé(i’éc/ent) zeolite.
[ 0051] meoﬁd&hpﬁéra&mtahflng"lﬂﬂeazteimWéghtpd‘i‘wneﬂlnains (spl-mhﬁe@hfpzrcemse in
conmbi nation wt du n..co Si i nventi on include
nobl e met al"®¥8ff pﬁf&her{ﬁé\ﬁ@x'd‘% afine c?ilfa? Oéém’éﬂlfle osed and
ﬂescri bed therebk; &) aP&mntwe?gh«Bﬁﬁceﬁeee@ dnd (4) (h@l Qﬂbhﬁs&wﬂg}ﬁ%bmmﬂbﬁa of Wln: chis

erein |nco rate ref erence i is asvv|
bt cal |y CHREPR S8l eb e o Phrh r g BhPAG B o oxi de
cont ai ni ngcanpoatmnE) a44b yelmg:)pezeﬂﬂ pairte by wéxglﬁteifadixl acidioodidd sihppkg't si I ica and
al um na, refe cont a east rcent. alumna); (2)
an al kal i %ﬂl“grtoﬁ'te % f ngp- %eoé/{g‘f S‘ﬁ%‘ rB%FE%F’ateB\?IYngg’F%bﬁpgo allod? 1to about 15
wei ght per esittigatiomnwizhh kit | K, aaduction ehpdsitioad dfedst uﬂexﬁwweﬁnghﬂe percent,
pr ef er abl Yo about 0.5 .to cent m Xt ur es t hereof; (3)
at |east 0™AZWRIGRY UHB%?%(SWPGE’ Segﬁgﬁé‘%égﬂ&g 06?%5'35 ‘f‘?ﬁaﬁgf & '§8%% onponent
(pref erabl of efior ayiflesafain (a41)‘C@tregembr OEAeniniuny @htessts mmhzlhedlsmctsalamtonponent

ég;rg];gir? P YesEe b R of hateridls e 1552 Bihedl KO 456315067 6957, g0o €T €T red

4,957,718, 4,790,982, 4,471,070, 4,472,532, 4,476,245, 4,728,635, 4,830,840;
4,904,627, 4,428,827, 5,371,055, 4,495,304, 4,642,178, 4,469,589, 4,758,418,
4,522,937, 4,472,267 and 4,495,305 the entire disclosure of said patents being herein
incorporated by reference. Preferably, compositions in this class comprise at ]éa‘s’t
one metal-containing spinel which includes a first metal and a second metal having a
valence higher than the valence of said first metal, at least one component of a ihi'rd
metal other than said first and second metals and at least one component of a 'fourthj
metal other than said first, second and third metals, wherein said third metal is
selected from the group consisting of Group 1B metals, Group IIB metals, Group VIA
metals, the rare-earth metals, the Platinum Group metals and mixtures the_reof, and
said. fourth metal is selected from the group consisting of iron, nickel, titaniurﬁ,
chromium, manganese, cobalt, germanium, tin, bismuth, molybdenum, antimony,
vanadium and mixtures thereof. Preferably, the metal containing spinel comprises

magnesium as said first metal and aluminum as said second metal, and the atomic

17



inthis class of materials conprise (1) an acidic oxide containing at |east

50 wei ght percent alum na and substantially no zeolite; (2) at least 0.5

wei ght percent of an alkali metal and/or an al kaline earth netal or

m xtures thereof; (3) about | to about 25 weight percent of an oxygen

storage capable transition netal oxide or a rare-earth (preferably, ceria);

and (4) at rhwastifaghesppimnedummnet @idwpinal is sekascdbedt of I7omhe derdgha@alp consi sti ng
i nati.on ther.eqf rcenta bei based on the

of Pt, Rh, .Ir, and a co | _pe es.

Dot o wor ot Uisr DL s R, o S e Sk o B R B R S BRoma anat he

cl ass of n@tinesl GlobE mEalsethe adrs-esthi madll end ixtunsehdrevf.c Oabiha@thas Wi th the

NO, reduction _conposi tfi s _of t.he inventit n_incl u?eNg bf)W NO. ,,,CO conbusti on

promot er aSCBPYENLE RIFTIARY BreseetipgRATPYN 1) & rapss A APoUREd0! 9 2PER 33 and

g, 358],c 881, vidnght paﬂédt,lrdlalcdia&&h@aftﬁ@tﬂgﬁﬁdg?ﬂ, gpakad farth @iend chgpeient | ncor por at ed

y reference. Typi.ca , the |ow ust.i on pronpter conpositions

conprise (1§ p?fﬁ"}/’gd? i é};ﬁﬂ?tdé ‘thes[i’ﬁéeon ?b08t2'§'8§12j‘°a?q?5tl 10" ketehi p%[ﬁfﬂ’f’or al kal i ne

e?rth et a|ca%ﬁlaﬁ![iXiﬂér@édlteﬂlgﬁlﬁﬁﬂ{efal.EiS) a T':]ran5| jtld_on et al oxide Paw n]g ox%lgen

storage capability; and (4) palladiuym. The_. acidic qxi support preferably

cont ai ns si[&qséLo eﬁﬂi??fé‘?og‘&mgé?”f‘lé "F#\é] BroomBppiey ‘6&@8@&9&5{%}%@8 oxi de.

Pref er abl y additifesNBtherigebitibn Bl BRQE dot BRitEDRPLhSRSed(chialy?R sagi 4i ¢ met al

oxi de support: conqt?al nlng at | east 50 vvelgzqht Eer cent al u$ na; (2) about 1-10

parts by weitgiecd HELEEHRY BY Sbplar NpP &0 UMM AT Bie "UREPT netal

?:ia Iégl i nede?%ihvegma%}adg %ericrmgd%wa&:tlasbﬁrna@.sg Pa(t§1) Nat %gm@itzi berfmkttg-gy welt ghL of
;an abou .01- 5.0 parts by, .0 : of said parts by

wei ght of EBRpNEntedueioy addifvey Swéi%deﬁéw %@@%I&F%“t@&v&%e@ﬁﬁ%f sai d acidic

rret al Of(l d%,_%:l,BE’DFahd B8N s@!h.ydr[oa%ﬁa]cat:@tt a]ﬂo;dhmet: ﬁd)rﬁﬁd%iti@fls g&v&- &eolitic

material s sui tabl e for us n conbi natign_ Wi . reduction

conposi t i oN&seH eJ[ Fﬂéjf g‘ﬁ‘i}%sﬁﬁi %ﬁ c?“l"?%ﬁdé P ?t%'lfih@‘isi cA)’ggleénﬁc?s“?{S%bns as .

6. 143, 167 and 5. 120 34 The oot L6 d ol caure af - Chets batohte bel ng herei n

i ncor por at é@’ B‘?p %{8%3?7 e IOMF(S‘&R@F%{FF, adﬁiﬁée RREPOSIERRS SPS arfp‘%é?{%’@zi ti ong

conpri se ( Xrexabplagi Ui Paxshtde. 81200874, the(edlireaiscRbis@bf etk badnianthigor al kal i ne

earth netal or .m xt urt‘feqsqyyettehereof; (3) a transition nmetal oxide having

oxygen st olS§E RPN %A (4) a

[0056] It is also within the scope of the invention to use the NOy reduction
compositions of the invention in combination with NOy removal compositions as
disclosed and described in PCT International Publication Number WO 03/046112 Al
_and PCT International Publication No. W0 2004/033091 Al, the entire disclosures of
which are herein incorporated by reference. Such NOx removal composition
generally comprises (i) an acidic oxide support, (ii) cerium oxide, (iii) a lanthanide
oxide other than ceria and (iv) optionally, at least one oxide of a transition metal
selected from Groups IB and IIB of the Periodic Table, noble metals and mixtures
thereof.

[0057] When used, the additional non-zeolitic NOx reduction compositions are used
in an amount sufficient to provide increased NO, reduction when compared to the use
of the catalyst/additive compositions alone. Typically, the additional non-zeolitic
compositions are used in an amount up to about 50 weight percent of the FCC

catalyst inventory. Preferably, the non-zeolitic composition is used in an amount up



transition netal selected from Goups IB and 1B of the Periodic Table.
Preferably,' the acidic oxide support contains at |east 50 wei ght percent
alum na and preferably contains silica alumna. Ceria is the preferred
oxygen storage oxide. In.a preferred enbodinent of the invention, the NO,
reducti on conpositions conprise (1) an acidic oxide support containing at

| east 50 wei ght percent alumna; (2) 1-10 weight percent,:  neasured as the
met al oxi dm abofit Hnwegik akicemphat preferabplupad dboet Waveidht petant ofthe BC&t ur es

t her eof ; ¢ .parts wei ght
per cent , ‘)’tgllySttl?‘éeﬁsmtlyﬁe r@?'ﬁ?ﬁ?\ff@ég&f’%‘@ Cﬁg‘p?’rstrs}{on(m%'xl?ed@e" 8? 68 or Ag, all
parts by \AmegHCCocEatalmnrmmﬂmni Ss (a2);epara(e4ﬁ:artﬁlﬂ3& ragdxﬁr&r Mterpeivilg, thy. wei ght  of
said acidic upport. 100541 Another cla 0 eoljtic NO
reduction Fr%ffé%af'@xg DELOR) QMPEYIonImaY; B '“0883%636{??5]3 aféﬁa‘?h&‘ RO, reduction
conposi t i oasinedgrdl b@nﬁdmﬁmtftlﬁmatal@al ude rmagnesi untal um num spi net based

addi tives t of.ore bei nt for. the repoval of sulfur oxides froma
FCC regene?@?@ It i, al3h pop 3“’35? ﬁ”f‘g‘ WaHieC #FORA §goﬂ6338reé"r{’(§ ‘“H"é’é‘@?l"gaé this type of
materi al s taglhdsdeditibeSontpatigais xxN@@ordAnoQMmEMresémt%»?enﬁ&zma bdufb7, 718,
4,790,982, 4,471, Q70, 472 635, 4,830,840,

4, 904, 627, ‘“4°°K%8’3%%“7W“‘$°‘§?1adg‘§%?5 Ca‘,“’&%",“g‘ Se%‘“é’lf%cﬁ%mc?fs’zf@@ 9, 4;758, 418,
gf 522, 337, reudibg, ﬁ&ﬁv@ﬁ@a%lxﬂ@ﬁxlfﬁ?ﬁdﬁdﬁi@n emtlﬂnrefg CCtDSg?xlanﬁdﬁbﬁ pRimasad,d pat en:]_s

ei ng here ra reference, Preferably, conpositions in this
cl ass corrp'f“?@é"eéforlt% Juc%‘ﬁb%rlr'ﬁl?té’ efippaadifiify spi nel which includes a first
metal and P)OSﬂCnﬁCkcBﬁi@ﬂthB%Meﬂg)nas nMah BRE @aNigdneed toenlimhel wathehce of said
first neta 3.st gq igonent of hl rd metg of. ht/er than said first
and second®HEPks setdp beloy-e A8t XgmBlet Ry "nPreBaFatQ“fo ERiRlsaddites ot her than
sai d firstysehftcond pacwasstmwmmlaﬂx 8nd m@evvawanonsaﬂtﬁe tdvblﬁtcbnrm&oabs tbS sel ected
fromthe grou nsistin | B net B netals, Goup VIA

ou

metals, th&dp ’E‘&rat%t%g‘?eﬂ@km% yirppgnf. n?J Wrﬂﬁlﬁs gfﬁtgé‘ieg a8 FRECIE x t ur es
t her eof, amdstraslamsdof fe Widitied Rivatioh.S 16 Sogtatirtunkierettnd, Mowghapmaceesi sting of
iron, nickel, titani ro cobal germanium tin,
bi smut h, nBVGBGRHa 1 H&H?q %IHWP“‘%‘?‘F%F %‘r?oétﬁd“ tF AAMPES: t her eof .. Preferably,
the metal mosﬂ]aqlnpmg; ﬁﬂl ;reedenﬁ@dmﬁ lﬂseeé‘xamfrag e Sellis ahe Semhdindet 65the met al and
al um num as s? eca r}) %n the atomc 17

specili catlon which re ers to solid compositions or concentrations, are by welghtT

unless otherwise specified. Concentrations of gaseous mixtures are by volume unless

otherwise specified.

[0061] Further, any range of numbers recited in the specification or claims, such as

that representing a particular set of vproperties, units of measure, conditions, physical

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

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

* within any range so recited.
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"ratio of magnesiumto alum niumsaid spinet is at |east about 0.17. The
third metal in the spinet preferably conprises a netal selected fromthe
group consisting of the Platinum Goup netals, the rare-earth netals and

m xtures thereof. The third netal conponent is preferably. present in an
anount in the range of about 0.001 to about 20 weight percent, calcul ated
as elenental third nmetal, and said fourth netal conponent is present in an
amount i n EXAMBRE® of about 0.001 to about 10 wei ght percent, calcul ated
as elenmental fourth metal. [0055] Qther non-zeolite materials useful in
conbination wth the NO reduction additives of the invention include, but
are not |iFXAdPEB]! zinc based catalysts such as disclosed and described in

deseri bea KNP oBEaRo con A MRONNERRR W0 ISP ABELIGALSS D00 Mo
reduction a@lc{AﬂdM&sAsmhpmsard@scfolﬂdyed Azreduabius g ewhtaining 25% Nﬂa\ﬂent Nos.

5, 364, 517 181: drot lte at al.ystand. 1a onposi ti ons
such as dggg éﬁégggﬁd &ﬁg I%gé Por e%%ﬁ%ﬁ Th% <g§h§gﬁ§ﬁ§rﬁﬁ

4,889, 615, (4sh kaa'_%&%mbuéd%gliﬁ%ga@(a]&%%gg%]bas@,aiaﬁo &ilicBsd Ghad21 Bl and PCT

Internatlonal ubli cation gronnter addi tive
conposi t i ofkd”s pitska dheiailies sobpigder Was PrepshipPe speiwpy stjcatpapchasid dn. 4, 290, 878:

the entirergi wﬁlgﬁuruﬁy%s%ﬁ@pra Hﬁmmtaeyomn spridedrdN ThE cQLIRRE §r8d by
reference. 10056 is also within the scope of the invention'to use the

NO, reduct #0¢f Predigbiyas vated wish ammenipmalfats wiptien E’éﬂYﬁ?t‘?&t‘"iaE?ﬁt%W% NO, renoval

conposi ti Oy%a@rjst ﬂkﬁ&N@Z@%v@iw 16K8 9fah l0bedhod, nnchFoIJeme%mE lcw@&t aRubl i cation
Nunber WO 03/046 1 1 2 and PCT International Publication . WO

2004/ 03309¢hodtn inflableént i re di scl osures of which are herein |ncor por at ed by
reference. Such NO renoval conposition generally conprises (i) an acidic
oxi de support, (ii) ceriumoxide, (iii) a lanthanide oxide other than ceria
and (iv) -OEKAMELE& at | east one oxide of a transition netal selected from

G oups | B ](‘]Jé%o ROStltl 31 dcoF{am(i) $o0% 9el?a $d ﬁ%&l%@%@@h%ﬂg snﬂca s&r es thereof.

[ 0057] V\he non-zeol I'on conpositions are
used in amdxhtmsmB) w3 fplrezpaedtastfollqws:)vﬁdeaqums eshsrydecoN@inivgediié thiemn when

compared tQ;b0RAINS$=28) was milled in a Drais mill. The milled beta slurry (5670g) was
combined with 1200g Natka clay (dry basis) and 6000g silica sol binder (10% solids).
The silica sol binder was prepared from sodium silicate and acid alum. The catalyst
slarry was then spray dried in a Bowen spray drier. The resulting spray dried product
was washed with émmonium sulfate solution, followed by water to give a catalyst

with avNaQO level of less than 0.1 wi%. The properties of the catalyst are shown in

Table 1.

EXAMPLE 3

[0064] A composition containing 40% mordenite and 40% clay bound with 20%
silica sol (Additive C) was prepared as follows. An aqueous shurry containing 21%
Mordenite (SiO2/Al;03 = 19) was milled in a Drais mill. The milled mordenite
slurry (3850 g) was combined with SOOg Natka clay (dry basis) and 4000g silica sol
binder (10% solids). The silica sol binder was prepared from sodium silicate and acid
alum. The catalyst slurry was then spray dried in a Bowen spray drier. The resulting

spray dried product was washed with ammonium sulfate solution, followed by water
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of the catalyst/additive conpositions alone. Typically, the additional
non-zeolitic conpositions are used in an anount up to about 50 wei ght
percent of the FCC catalyst inventory. Preferably, the non-zeolitic
conposition is used in an anobunt up 18 to about 30 wei ght percent, nost
preferably up to about 10 wei ght percent of the FCC catal yst inventory. The
addi tional -NQ redu tlon copposi tion may be bl e ? W th th FCC cat al yst

i nvent ory #58¥esh it éstté‘”ﬁ"a? &g%@ée"é gf tessvthan (f t"ﬁ l?ev%‘PQFmets © addi ti onal
NO, reductkgg ?E'ﬁ@lﬂgy be |ncorporated into the FCC catalyst as an
integral conp nent of the catalyst. [0058] It is also contenplated within
the scope of the present invention that catalyst/additive conpositions in
accordanceEﬁkﬁgpfgg present invention nay be used in conbination wth other
additives conventronally used in the FCC process, e.g., SO reduction

addi ti ves, [@§aSbi cearpssitidrurontagingd0¥ohecdictdi and ¢8% clmoonﬂmmlﬂ%mhw onot er s,
additives f . gtion of ht ol ef | 059] The
scope of tﬁe(‘ﬁg\a?ﬁ?bg gre%ar%é)as tJOh(%’ s aqueOF Shg?n a"brég #6/??12?&% by the
exanpl es seétSi@/AhpMdet @Was‘ﬁhﬂeemﬂmafssmm ficd mdlked ﬁhdltptepmyeﬁowg) of
catal ystl additives _useful process_of the invention and the

eval uat i on"“af CP’I’?E‘“F%VQHtIPB‘?ﬁ Id?%%é]élé (4rp basisp grsk BORB)s lich ¢ tinden(10¥ ¢ cr acki ng

envi r onmentyjigdIerne %A |s@190n?£fe? wald yx%par@dsfr&ﬁ@&dum Gilicdté hitBadihILANEheOf the
claimed invention. It should be understood, however, that the invention is

not |im t eGiysteshEySYrsdheniseray dried ma Bowien pragt diier. nTleerféSLétMﬁaqaééned[ 0060] Al

parts and %H&&W@%ﬁhé@wﬁtﬂ%mﬁﬁm ﬁﬁfateasgluw lfoisveli g wAREFBRD RElRra Of the
speC|f| cation which refers to solid rrp05|t| ons or concentrations, are by

wei ght,  ufitdeg wt%ﬁﬁfz@ée@b@%heﬁté@01:@%éer'fﬁlﬁafqp5ﬁl§s of thg satalytidreni xt ures are
by vol une gr&kve ?ﬂTﬁ’lEIT]erW' se specified. [0061] Further, any range of nunbers
recited in“the specification or clains, such as that representing a

particul ar set of properties, units of measure, conditions, physical states

or percent intended to literally incorporate expr essl y herein by
reference EARTE ISJSSWl se, any nunber falling wthin such range, including any

subset of ﬁlﬂﬁﬁjeﬁgommsntmnrcoaqaynnga}ﬁ@ﬁd\dgbi -¥6eami B8, clay bound with 20% silica’
sol (Additive E) was prepared as follows. An aqueous slurry containing 21.8% -

MCM-56 (Si02/Aln0O3 = 19) was milled in a Drais mill. The milled MCM-56 slurry.
(5765g) was combined with 1200g Natka clay (dry basis) and 6000g silica sol binder
(10% solids). The silica sol binder was prepared from sodium silicate arid acid alum..
The catalyst slurry was then spray dried in a Bowen spray drier. The resulting spray
dried product was washed with ammonijum sulfate solution, followed by water to give:

a catalyst with a NapO level of less than 0.1 wt%. The properties of the catalyst are

shown in Table 1.
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19 EXAMPLES EXAMPLE 1 [0062], A conposition containing 40% MCM 49 and 40%
clay bound with 20% silica sol.(Additive A) was prepared as follows, An
aqueous slurry containing 25% MCM 49 (Si0 2/A12C83 = 18) was mlled in a
Drais mll. The mlled MCM49 slurry (4880g) was conmbined with 1200g Nat ka
clay (dry basis) and 6000g silica so] binder (10%solids). The silica sol
bi nder was prepared fromsodiumsilicate and acid alum The catal yst slurr
y was then spray dried in a Bowen BNP)/ drier. The resulting spray dried
product was washed wi th amoni um sulfate solution, followd by water to give
a catalyst with a Na20 | evel of less than 0.1 w% The properties of the
catal yst are shown in Talfrepeties 65iddiives A thhoeg3]. A conpositi on contai ni ng
40% beta and 40% clay bound with 20% silica sol (Additive B) was prepared
as follows. An aqueous slurry containing 21%beta (Si02/Al 203 = 28) was
mlled in a Drais mll. TheditvelAl eddditiveB s|Agrditiye ¢ 5650Fye BasAddgyeBi ned with
1200g Natka clay (dry basis) and 6000g silica sol binder (10%solids). The

silica sol T‘f)?@g({o':v\% prepaggd fromysedi um giki cate @and acid al um The

cat al yst ry was t en S Ay dri in a n spr drier, The resul ting
spray dri e %r oduct PEhed Wi tggﬁmmm E%\Q'gm fat@ésol uti Sn fol |l onwed by

water to ghles a cat a‘l\"y‘st W3h a Na2% | evel 2f | ess Ban 0. 22&%/a. The
properti esrefo,t he camal yst aoe shownotn Tablie 1. EXAWPLE 3 ¢d064] A

conposi ti oRggont ai niRg, 40%pmkudeni tgognd 4030064 ay boupgd W th 29% silica sol
(Additive © was pr(e}%ared as follows. An aqueous sl urry contal ning 21%

Nor deni te [Si 02/ AL20%% 19)%%fas nil PAY in a’Pais m%%. The %2 | ed nordenite
slurry (38 @z g) was' ¥dnbi ne®®wi t h 888% Nat kd-'€l ay (¢ basi 902and 40009
silica sol K&bi nder (vi@2% solids). The silica sol bindest was prepared from
sodiumsilicate and acid alum The catalyst slurry was then spray dried in

a Bowen spgay drier.;fhe resylting g 269 258 218
Zeolite : m2/g 182 174 224 196 124
Matrix < -m2/g 62 64 45 62 94
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spray dried product was washed with ammoni um sul fate sol ution, followed by
water 20 to give a catalyst wiwth a Na20 |l evel of less than 0.1 wt% The
properties of the catalyst are shown in Table 1. EXAMPLE 4 [0065] A
conposition containing 40% Zeolite L and 40% clay bound with 20%silica sol
(Additive D) was prepared as follows. An aqueous slurry containing 25%
Zeolite L (S]02/A1203 =6) was mlled in a Drais.mll. The mlled Zeolite L
slurry (SOBMM_LJE@ conbined with 12009 Nat ka clay (dry basis) and 60008
silica soI % ) e I d r ey ared from
sodi um SI| e ang’%%c%%lﬁgét ‘%Aﬁ‘ red&le 1\IK?%H{SSISIII urr b ﬁ&ts en‘%s%‘pr ay dried in
a Bowen spasvayuatdd ueng thEhanmLﬂhtquhgn§Brsay(DﬂR)ed“he;descadpminM‘/abemﬁkhed W th
anmoni um syl f at e l.owed by % catalyst with a
a0 | ever iR d i B R R R 008, Fori B FeaBernfbf " &' ' Shown
in Table 1w. EmyP[SEnE»la{xﬁg)G&hmérctabﬁoﬁﬁlyialdmwmahé Bhavisond;ircdRfngdGker56 and 40%

cla boun h. a V. follows. An
aqu)e/ous sI® %E Phuﬁg ﬁaﬁ EWI(PI%%@JC %@E%%ngﬁggmﬁa@msap% lled in a

Dlr ai S((T I |AM'%LG2rﬂilWemgh@/l-"E&lﬁilﬂAESfSlsmglﬁtFDg@E@)Ca&g.ﬁst emd e ugrvtﬂeh 1|2009 Nalt ka
cla r sis) an ca sol. bi nder % so] i silica so

bi néer Wgs H‘dlfl ‘5&&%618*1% %F‘Pg R %&‘# u*ns i)laﬁ%e Bd’gt alyst slurry
vvasdt hen smrrenyl\/ﬂutmldm Bda, ansmia:y Sdlléh@rand Eh@lysnewlumervg,;spsay dried

r oduct washed with ammmon sy water to give
g cat al y\sﬁlvﬁvteﬁgﬁe'ﬁﬁfﬁa %\‘?@I gf’r}q §9ﬁ§8‘ 6}4 g?ﬁé.’l gmgﬁ%%ﬁes of theg

catal yst aws stagbdupbyl cfha}'gbé tbe it inth Iﬁbd»&mﬂtel?ﬂ@@(ﬁg bf @;Sllmfmxﬂdﬁihlwtves A t hrough
E. Additive A Additive tI' %(Addljtlve D Addi.tiv g TV. @ 1750 OF W%
5 68 3. 72 HVEE pSOPiTe%aSO own In able 2 be he properties of the additives teste

are summarized in Table 1 above. For the purposes of this test, a commercial FCC

feed was used having the properties as shown in Table 3 below.
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5102 W.. % 75.9 75.1 76.3 70.5 75.4 A28 W.%23.0 22.8 22.4 17.0 22.2
RE203 W.% 0.02 0.02 0.19 0.01 0,01 Na20 W, % <0. 023 <0.027 <0.020 <0.023
<0.022 Fe W.ss 0.44 0.44 0.43 0.23 0.42 TiO2 W %0.96 0.95 1.10 0.52
0.02 K2OW.% 1.681 SA nRJg 244 238 269 258 218 Zeolite : n2/g 182 174 224
196 124 WMatrix nRig 62 64 45 62 94 22 EXAMPLE 6 10067] The ability of
Additives A-E to reduce NO em ssio Sb‘lf omthe FCC unit was eval uated using
t he Davison Circul ating Riser (DCR‘fi The description of the DCR has been
published in the follow ng papers: G W Young, G D. Watherbee, and S. W
Davey, "Simulating Comrercial FCCU yields with_the Davison Circulating R ser
(DCR) pilot plant unfropertipgaficgpilibriyneeatelys yspd i PCRE?ss- Associ ati on ( NPRA)

Paper AMB8-52; G W Young, "Realistic Assessment of FCC Catal yst
Performance in the Laboratory,” in Fluid Catalytic Cracking: Science and
Technol ogy, J. S. Magee ?’l[rjtﬂze M M Mtchell ér. Eds., Studies in Surface
Sci ence and Catal ysis Vo 76, p. “§§’7; EF’@ vi er Science Publishers BY.,
Anst erdam 1993, | SBN 0- 4A4089037- 8. wikke DCR45Mas started up by charging the
unit with approxinmtely 0 g of . ilibrj catal yst having properties
as shown in Table 2 bel ,o&é@%e pr opé&'t}"l es OP.%?]he additives tested are
summari zed in. Table | abd¥af For thetpur pos€s87of this test, a comrercial FCC
feed was used havi ng theFQr operties ot sho in Table 3 below. 23 Table 2
Properties of equilibriunrcatalyst 4584 in 3 tests. SIQ2 : wt.%50.9

TiO, © wt.%

MgO : W% 0.319
Ni . ppm 681

\Y : ppm 1160
SA : mé/g 188
Zeolite : m¥g 128
Matrix : még 60
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Al2C8 W, % 45.5 RE203 wt.%0.37 Na20: wm.%0.37 Fe wt.%0.6 T102 w.%
1.2 MOW.%0,319 N ppm681 V ppm 1160 SA nR/g 188 Zeotite n2/g 128
Matrix n2/g 60 24 Table 3 Properties of feed used in DCR tests APl Gavity
@0 of 23.2 Sulfur, wt.%0.023 Total N trogen, wt.%0.13 Basic N trogen,
wt.% 0.0378 Conradson Carbon, wt.%0.03 Fe, ppmO0.7 Na, ppmO0.7 K
Factor, 11.4 Sinulated D stillatjon, vol % of 5 453 20 576 40 660 60
743 80 838 FBP 1153 Table 3

Properties of feed used in DCR tests

API Gravity @60 oF 23.2
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 o 0.7
K Factor 1.4

Simulated Distillation, vol.%, oF

5 . 453
20 _ 576
40 660
60 743
80 838
FBP 1153
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25 [00681 The DCR was operated with 1% excess 02 in the regenerator, and
with the regenerator operating at 1300F (705C). After the unit stabilized
the baseline NO em ssions data were collected using an on-line Lear-Siegler
S02/ NO Anal yzer (SMB100OA). Subsequently, 100 g of catalyst were injected
into the DCR consisting of 4.725g of a commercial sanple of a Pt-based
conbustion pronoter (CPO 3) which had been deactivated for 20 hat 1450F
(788C) wi-t hout any added Ni or V using the Cyclic Propylene Steam ng nethod
(CPS) and €068 iThe INGR wad afeyastl. witihido desesr Optin die regdnetalve, £ddSvitkethhod has been
published in L. T. Boock, T. F. Petti, and J. A Rudesill,

" Cont ani nan%gd\dbrtamlr oﬁhaathigiava}doﬁlh (mﬁ‘%t:)l\/mfaelr-tﬁ)ehx)ddstatgﬁ'zeﬂtthd)ﬁasaiﬁems Duri ng

i P Al | uid Cat t t gl yst
Doact fvat | SIHE 1B PG caipeed, BE aF Boie be Sl St & Sics oymposi um
Series 634, SMSI@O@ @@%%)ently,h@@%‘o@cﬁeﬂ V\%%Lm}ecﬁzd 1{1tQQl$egleﬁfctoﬁ§]stﬁ1 e unit

stabilized agal n, enm ssions data was collected. - Thereafter, 210 g of

the additi V£4tn5goefd®am&ehlﬁkm WfiatFa-bEed 26@b@tioPproba&e dCIER3) wmam)ter was
added to the DCR The results are recorded in Table 4 below. [00701 As shown
in that tabiadbeandlcadtivated fBURE atAdEI°F |(Y,8é8C)Awuth¢lma@haCEe®Neoerfuecg thee in

reduci ng %(@ ddi ti.ves e especi ai |y
ef fecti ve’\llc‘)”‘r?)ié gleg g’?enét %fgh%ggths p"s?gn bqépgér%ﬂs Sgaﬁ{“i descrfa‘te}(’\:t ing the
cracked profchectBS lyncthbcdhasézsensiubl\mmomllow Bnoérqalﬂ B. Petti, 26d Tabmsdaﬁaneductl on of
NO em ssion Lt%%masttggeta eeagtgf fé Jnd%e{.%—@%h %gg%n%ff cltls Buru%ggcoyml er (DCR)

when usi ng f7eam he tinme of
addi ng Pt CorytmwbSsenmg oﬁﬁmrmmwtc(ﬁradkmgmmlyéts ‘ADeactivatonlaed §kstiiS Gas Fl ow

TS6NO Redugy f I—?y%rocgr%n g’r@cesgmé I&)atafyntpp&S %y/pnpog S:A-I_Se§§§ 6?42 pCF1)7?’(199€S 0.25 1 889
ISBN.O‘-8412-3411-6.
[0069] After the unit stabilized again, the NO emissions data was collected.
Thereafter, 210 g of the additive to be tested along with 0.525g of Pt based CO
promoter was added to the DCR. The results are recorded in Table 4 below. _
[0070] As shown in that table and the FIGURE, Additives A through E are effective
. in reducing NO emissions from the DCR regenera'tor[ The additives are especially
effective in decreasing NO emissions without signiﬁcant]y affecting the cracked

products yields as shown below. in Table 5.
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Additive A 10 4 906 63 60 ECAT 886 49 CP-3, CPS 0.25 1.3 884 148 Additive B
10 4 917 56 62 ECAT 864 27 CP-3, CPS 0.25 1.3 877 124 Additive C 10 4 912

81 35,

ECAT 887 19 CP-3, CPS 0.25 1.2 877 125 Additive D 10 4 913 97 22

ECAT 878 39 CP-3, CPS 0.25 1.4 872 152 Additive E 10 4 864 109 28 27 W U

0> QH,

V CV I

0 Q WN oOvt~r

00 Oto PQ6 'Dt"°

Reduction of NO emissions from the regenerator of the Davison Clrculatlﬂg Riser
(DCR) when using Zeolite based additives. TOS is time on stream from the tlme of

Additive

ECAT
CP-3, CPS
Additive A

'ECAT
CP-3, CPS
Additive B

ECAT

CP-3, CPS

Additive C

ECAT
CP-3, CPS
Additive D

ECAT
CP-3, CPS

_ Additive E

O ccoo co oto Wn MN co
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adding Pt CO combustion promoter to the unit.

Level
(%)

.0.25
10

0.25
10

0.25
10

0.25
10

0.25
10

TOS Gas Flow
(h) (Ith)
888
1 " 889
4 _ 906
886
1.3 884
4 917
864
1.3 877
4 912
887
1.2 877
4 913
878
1.4 872
4 864
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NO
(nppm)
32
156
63
49’
148
56

27
124
81

19
125
97

39
162
109

NO Reduction ,

(%)

60

‘62

35

22
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> + u w ul %T%%Ahhgyléu- U~UJ MU 28 WHAT IS CLAIMED IS 1 A
process of reduclng ., em ssions fromthe regeneration zone during fluid

catal ytic cracking of a hydrocarbon feedstock into | ower nol ecul ar wei ght

ot S 7 Al R RGASS of RURELSNBO ki i HAE e ek el BR2REN, A5F 05t OCK
during a fluid catalytic cr.acckl ng f process wherern Ko™ i 557 ons are
rel eased from a reyjelite atacking 26 acrydiocarhorf fagfitioakaintd ypmier motexuler mgighhi t  ( FCCU)

operating under FEL GQ0W {HORSceWcblprfingCl rcul ating inventory of an FCC
cracking catalyst and a particulate NO  reduction catalyst/additive

conposi tion havi ng a®meeotapiingt ¢ dvdroagibee feststopkeduriog a flhid ncathBtim caasliing onpr i si ng
(i) at least 10 weicht,rReloaRteiPNOReNQiodsGHUCIh QR frofELlebdnSraROIRARSH!
selected fromt h\é\@%ér&gl% cos_nsi sqtl_i ngng éOSI\SA 11, Dbet ar,0 I\/CIS/F 4?,_ nmor denite,

MCM 56, Zeol i t e- L2 ThgbhFaialgicRmgsking injt HEE, oreretinmphdep FCC conditions with a

circulating inventory of an FCC cracking catalyst and a particulate NO,
reduction catalyst/additive composition having a mean particle size of greater
than 45 pm and comprising (i) at least 10 weight percent of a NO, reduction
zeolite component selected from the group consisting of 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, NO, Nu-87, Cit-1, SSZ-35, SSZ48, SSZ-
44, SSZ-23, Dachiardite, Merlinoite, Lovdarite, Levyne, Laumontite, Epistilbite,
Gmelonite, Gismondine, Cancrinite, Brewsterite, Stilbite,  Paulingite,
Gooseereekite, Natrolite, omega or mixtures thereof , and (ii) from about 5 to
about 50 weight percent of an inorganic binder selected from the group
consisting of alumina, silica, silica alumina, alumina phosphate and mixtures

thereof; and

b) reducing the amount of NO, emissions released from the regeneration
zone of the FCCU by at least 10% as compared to the amount of NO, emissions

released in the absence of the particulate NO , reduction composition.

2. The process of Claim 1 wherein the FCC cracking catalyst comprises a Y-type

zeolite.

3.  The process of Claim 1 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.
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clinoptilolite, MCM 22, MCM 35, MCM 61, Ofretite, A ZSM 12, ZSM 23, ZSM
18, ZSM 22, ZSM 57, ZSM 61, ZK-5, NO, Nu-87, Cit-1, SSzZ-35, SSz48, SSzZ- 44,
SSz- 23, Dachiardite, Merlinoite, Lovdarite, Levyne, Launontite, Epistilbite,
Grel onite, G snondine, Cancrinite, Brewsterite, Stilbite, Paulingite,
Gooseereekite, Natrolite, onega or m xtures thereof , and (ii) from about 5

to about 50 wgi ghtTREFEERE oPTIAR 1| PRTARMLaRSRIBE RAIGCL8ehh eIlbe group
consisting of alumna, silica, silica alumna, alumna phosphate and

m xtures thereof: SRECOKT PEUHCIPnge CHalYYAdsE compagnon diits Sp¥n Veiebased from
t he regeneration zsfentof the bendoSiidd. by at | east 10% as conpared to the anount
of NO em ssions released in the absence of the particulate NO, reduction
conposition. 2. The process of Claiml wherein the FCC cracking catal yst

conprises a Y-bype THeeftbéds€of alalﬂhewwraseﬁéar@(funﬁoamaNowhe.mioﬂ gélep (b) is
acconpl i shed w thout a substanti al gﬁ‘/g@h‘ in the hydr. oca{ bon feedstock

conversion or yi el dBPOEPLERER ‘“h&l?ﬁfﬁt& e £omposHion e &' 185 (e H8r ocar bon

f eedst ock conver si opercetit of the kainposifiorcr acked hydr ocar bons obt ai ned fromthe
cracking catal yst alone. 29 4. The process of Caiml wherein the anount of
the NO reduction zeolite conponent present in the catalyst/additive

conposition iseat | E@Sprodds WECGIh 5 PRIr&RNke Q'ﬁodnh@f mmsﬁeHth zéothe
process of Cl aim4 wherei n the a ngunt ofvgﬁ duct i Lon %eﬁ% 5’
conponent present i ¥PREMCBESPY W g §plYSYe tb"Br’FB%‘B‘?SftPBHS 25 Ay e 40 wei ght
percent of the conpmsdebtiofthe cGnpoditien. pr ocess of C aim5 wherein the anount of
the NOL reduction zeolite conponent present in the catal yst/additive
conposition is at |east 50 weight percent of the conposition. 7. The
process of Clarm | Whepetdis bhelaarrmuwherah thehandN@; orecéuccb,j @Buctidalzebi@e
conponent present icnorr} he ata {l Ctiltl ition ranges rg%about 10
ponen presen n the cafa lyst/a d1t1ve mposmon ranges fom a

to about 85 weight percent of the composition.

8. The process of Claim 7 wherein the amount of the NO, reduction zeolite
component present in the catalyst/additive composition ranges from about 30

to about 80 weight percent of the composition.

9. The process of Claim 8 wherein the amount of the NO, reduction zeolite
component present in the catalyst/additive composition ranges from about 40 to

about 75 weight percent of the composition.

10.  The process of Claim 1 or 3 wherein the NO, reduction zeolite component is
exchanged with a cation selected from the group consisting of hydrogen,

ammonium, alkali metal and combinations thereof.

11.  The process of Claim | wherein the NO, reduction zeolite component further

comprises at least one stabilizing metal.
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to about 85 wei ght percent of the conposition. 8. The process of Claim?7
wherein the anmount of the NO reduction zeolite conponent present in the
catal yst/additive conpositi on ranges from about 30 to about 80 wei ght
percent of the conposition. 9. The process of C aim8 wherein the anount of
the NO, reducti®on Z&gPiogess ofcfdwadh&h@relﬁ%été‘?wﬂ?grfnw@ adaﬁtt%hsg}%%eﬁéfamﬂeq ve
conposi ti on ranges ghéuprtomaditg oflOroliss 243814B, 5B, m;-gijisapﬁm CH]MAQ!B/(\jttH@
conposition. 10. The pr ai.m. | rein e .NO reduction

zeol i te conponent i tgg&d% %ﬁggﬂ\ﬁpteﬂ“g“ 13 a\g,gg’ll’%'tr’f“ %%fom t he group

consi sting of hydrogen, amonium alkali metal and conbi nations thereof.

11. The process of aim | rein the NO reduction zeolite conponent
further corrpri ses gf’ pf‘é’g&sﬁ%@ms&a‘ﬁ?ﬂ’?’glﬁ?@tﬁgfzéﬂg mejpl ’iﬁele‘;ﬁfief?ﬂ‘d?ess of
Clai m 11 wherein t heouptcamistihg bNGroomt 38, 2iAs 2B, Iretdd the dambingld Jefi@noftthe gr oup

consi sting of Gou 5B,. 61 7B, 8B, 213, 3A, 4A, 5A the
Lant hani de Seri es g’:enﬁ‘{?T%Eﬁnggnxmﬁségﬁre?; Ag and m xtures thereof. 13. The

process of Claim 12 wherein the stabilizing netal is selected fromthe

group consi sti of .G ou the L nt h n| d Ser es of the
Peri odi ¢ Tabl eP and PR srse‘%]‘ﬁﬂglr @o‘f’hzer?ﬁ%’efﬁaé’q&?%rgg ‘81se ﬁ?’ﬁé Sher ei n
the stabilizing metgdupicensisehgof Rothinummaliuhdumgmagpsie asd z:h¢,ragd afixttrant hanum

al um num magnesi ump and zinc, and m xtures thereof. 15- The process of
Claim 11 wherein the Stabilizing netal is incorporated into the pores of
the NO reduction zeolite conponent. 16. The process of Caim1 wherein the
i norgani ¢ bind i s.sel ect r consi stl ng of .siljca, alumna,
silica al uni naresi:;mdsr F RO 1%’8??0%'“&191% %ﬁpﬂ oceéssmcé) opfedi} rlr?gf% wherein the
i norgani ¢ bi nder i poweb ofithedO, ri@.cncﬂiheolmcnmmntof Claim 17 wherein the alum na
is an acid or base peptized alum na.

16. The process of Claim 1 wherein the inorganic binder is selected from the

group consisting of silica, alumina, silica alumina and mixtures thereof.

17. The process of Claim 16 wherein the inorganic binder is alumina.

18. The process of Claim 17 wherein the alumina is an acid or base peptized
alumina.

19. The process of Claim 17 wherein the alumina is aluminum chlorohydrol.

20. The process of Claim 1 wherein the amount of inorganic binder present in the

particulate catalyst/additive composition ranges from about 10 to about 30

weight percent of the composition.

21. The process of Claim 20 wherein the amount of inorganic binder present in the
particulate catalyst/additive composition ranges from about 15 to about 25

weight percent of the composition.



19. The process of Claim17 wherein the alumna is al um num chl or ohydrol .

20. The process of Claim1l wherein the anount of inorganic binder present in
the particulate catalyst/additive conposition ranges from about 10 to about
30 weight percent of the conposition. 21. The process of C aim 20 wherein

t he amount of inorganic binder present in the particulate catalyst/additive
CoMposi L1 0N 1 3398S 1h{ Gigh peyéla%lgvﬂer@a%m@ S bR BROEGHen Blas b e

conposi tion. rocess of Oraim 1 wherein uction zeolite
conponent has a Sﬁ@tq‘ﬁlz%m@gfmloélcssr%ﬁ@) of less than 500. 23. The process
of Caim1l wherein the NO, reduction zeolite conponent is a zeolite

sel ected fromthe group consisting of beta, MCM 49, nordenite, MM 56,
Zeolite-L, zedBit ellRmaocesy pf Glaim d, wheheib thei N @, redidtinopedlito cpmponepva2 2,

Ofretite, A ZSM'z]cghteZs%M'c?e% frEHTRRA r%@ﬁi c5ﬂs¥stt1|rl%%§ vbaae VRN 492%10r<i@ﬂ§e process of
Claiml wherein the &artlcu ate catal yst/addi ti ve conposition further

conpri ses an addi t MeMai6 Zé@}lt‘?'bezﬁlﬁe]ih% [§BiAniteh shakite,r dgoralqlitsn MEdi22t e.  25.

The process of cl abfiedd, AMZSIMEINZEM 23 aftdpd dn® BidluréaRdrddfe 1S sel ected fromthe
group consisting of ferrierite, ZSM5, ZSM 35 and m xtures thereof. 26. The

process of Claim24 or 25 wherein the additional zeolite is present in an

amount rangi ngaf r on‘haﬁ}eéegs Jf Cldtn 2R@Ltkin 812 pYBLLN caRBE TR v ombORiorONPOSI ti on.
27. The process of Caim 26 wherein the additional zeolite is present in an

amount rangi ng fr ofiTREFSATPISS PPddifentt 2ot otk gk 1 S0e EtCligh 24K conposi ti on.
28. The process of Caim1l or 3 V\/ner e| n t he cat aI yst/addl tive conposition
further conprises a matrix nateri ected, f roup conS| sting of
alumna, silia, JPFPESESAChHRRIR24 WP?‘&W%F adfftP%]rﬁe%“te)ﬁt iellelcéfd framhirana,
ceria, neodym a, gRUPEInsistingWf Rfette, 26| Z2SM-35 anp mrd@eddresd, and m xtures

t hereof. 29. The process of Claim28 wherein the matrix material is present
in an anount |ess than 70 wei ght percent. 30. The process of daim1l or 3
further conprisi ng Thegosessrdf Btpirh P oS ahkrein the @ddiddnylistolite is present in an

amount ranging from about 1 to about 80 weight percent of the composition.

27, The process of Claim 26 wherein the additional zeolite is present in an amount

ranging from about 10 to about 70 weight percent of the composition.

28.  The process of Claim 1 or 3 wherein the catalyst/additive 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.

29, The process of Claim 28 wherein the matrix material is present in an amount

less than 70 weight percent.

30. The process of Claim 1 or 3 further comprising recovering the cracking catalyst
from said contacting step and treating the used catalyst in a regeneration zone to

regenerate said catalyst.



fromsaid contacting step and treating the used catalyst in a regeneration
zone to regenerate said catalyst. 32 31. The process of Caim 30 wherein
the cracking catal yst and the particulate catalyst/additive conposition are
fluidized during contacting said hydrocarbon feedstock. 32. The process of
Claiml or 3 further corrprisi ng contacting the hydrocarbon feed wth at

| east one addi4,i on LinPR0 GRAIRASHE | e _Rproc Claim 32
wherein the adztdll ti iﬂnal’\ﬁ%\ﬁ' P(())n CO?Tlp{g'éSI ?I %Jﬂgo’l%%tal ! aﬁlgntgezgéﬁcu?afte

conposi tion. 34. Twetalmt@écbts@ @mpﬁlm rare3 Buidiprdr diring contactmprisald hydedeard,
reduction conpositifise&Onpri ses (1) an acidic netal oxide containing
substantially no zeolite; (2) a netal conponent, neasured as the oxide,
selected fromthe group consisting of an alkali netal, an al kaline earth
metal and m xt4yres ; nponent ;

and (4) at Iea}sﬁt on’%lg?&%fé Orfrgg) amq?&%ﬁgﬁgﬁoﬁhgﬁggﬁéﬁgégﬁggdrg%r%ﬁal m 32
wherei n the addi ti derdiwitiel leaseeng edditimaldhprdystion eamrogitien. | ow NO, CO conbusti on
pronot er conposition which conprises (1) an acidic oxide support; (2) an

al kali metal and/or_alkaline earth nmetal or . m xtures thereof; (3) a
transition met3 oxingaroresy Piigaimdgdrenyths addigonat NDatsApation compaeitionds 2 pal | adi um
36. The process of ﬂl@édmlé&n%m@ n the additional NO reduction conposition
conprises (1) an acidic oxide support; (2) an alkali nmetal and/or alkaline
earth metal or mxtures thereof; (3) a transition netal oxide having oxygen

storage capabiq it e ﬁ?raées( 4 C@alﬁxrﬁnﬁhé&@'&lenﬁﬁﬁ‘ibnéQ‘h@clte@@tlf)rf @mpﬁel%}ps 1B and
1B of the Periodic and mxtures t her eof process of Claim

32 wherein the addFeTRiSES 1?\!@" aqidiey fmetal g% AR f‘@ﬁaﬂt@BHﬁ? |Z§‘E’§e 4% 4 east one
met al - cont ai ni Ng S pieAEorvoneld, meustred estha ofnué SsEleEfed fbmané gidup sasiaﬂ.eg met al

having a val ence hi pher kathhx?ier%alt zt]neall\c/a%lnee Qa%‘l:i metal an mlxtuxgsséergg%t 85 an oxygen

storage metal oxide component; and (4) at least one noble metal component.

35.  The process of Claim 32 wherein the additional NO, reduction composition is a
low NO, CO combustion promoter composition which comprises (1) an
acidic oxide support; (2) an alkali metal and/or alkaline earth metal or
mixtures thereof; (3) a transition metal oxide having oxygen storage

capability; and (4) palladium.

36. The process of Claim 32 wherein the additional NO, reduction composition
comprises (1) an acidic oxide support; (2) an alkali metal and/or alkaline earth
metal or mixtures thereof; (3) a transition metal oxide having oxygen storage
capability; and (4) a transition metal selected from Groups 1B and IIB of the

Periodic Table, and mixtures thereof.



| east one conponent of a third netal other than said first and second netal s
and at | east one conponent of a fourth netal other than said first, second
and third nmetals, wherein said third netal is selected fromthe group
consisting of Goup 113 netals, Goup 11B netals, Goup VIA netals, the
rare-earth nmetals, the Platinum Goup nmetals and m xtures thereof, and said
fourth metal i¥. sd&heptoeeksfaf (Chimhd2 ghereip tho adiitonal YO0 fedigtion, compasktion

titani um - chr o ko AREANESSne OBl AFIRA WA iofies PhMLD il yDdenum

antinony, vanadi umand m xt Ures thereo rocess o aim 3
wherein the netal &esarhimsiahhaving fedlensehighdr skas th?rﬁﬂ?f@é@ﬁﬁq‘&é'lr%aie@l,fqtrst met al

and al um num as saigsS&eRMpiRhAds 2 Bidd mmeomarofa@rﬁ@dl@hrs%% Beshd whgsei n the
third netal conponent in the metal cont aini nglhcé | nel SI 1zrfsel ected fromthe

group consisting of"G2Prat PRAHIRPHIRO! anferreh me TH> $fE¢d128d and
m xt ures thereof. 41Q1:d m&ss p{'}ﬁﬁ‘eﬁﬁ&ld)ﬁur@nﬂtams&aemfr&h Nhe fréug bunkicting®ir al

wel Gt per cent, - calitiPal ol R Rear P AT e SRECEs of
Cl ai m 37 wher ei n s&ilainbouGtduprmetetals adnponeest theseofir gsiemldifnuratn meam)smt in the

range of about 0.0Qck BGMIncIUP LAl BELE 8Bk, nERUOHIALG APonhement al

fourth netal. e process alm ereint ti ona

reduction addi t| ve nagganesy, mabage@la@t\malt}ﬂstbls@whAmOlM@nWoé‘é%Om d aim 32
wherein the additi QRakiuNGnd hSdiiGlhddradditive is an antinony based NO,
reduction additive, 44. The process of Caim 32 wherein the additional NO
reduction additive is a perovskite-spinel NO reduction additive. 45. The

process of C ajm 32 _wherein reduction additive is a
hydrotal ci te g:{?nt ai Rl?erﬁméedf‘rﬁég fajm gﬂ WE‘%‘“ tlﬁﬁ‘etﬁ} ‘6°d‘éa§%m%15p‘§l &PRPEFSwherei n t he
addi tional NO redumignediunt ayspid$irst metal and aluminum as said second metal.

39. The process of Claim 37 wherein the third metal component in the metal
containing spinel is selected from the group consisting of a Platinum Group

metal, the rare-earth metals and mixtures thereof.

40. The process of Claim 37 wherein the third metal component is present in an
amount in the range of about 0.001 to about 20 weight percent, calculated as

elemental third metal.

41. The process of Claim 37 wherein said fourth metal component is present in an
amount in the range of about 0.001 to about 10 weight percent, calculated as

elemental fourth metal.

42. The process of Claim 32 wherein the additional NO, reduction additive is a

zinc based catalyst.



conprises (i) an acidic netal oxide, (ii) ceriumoxide, (iii) a |anthanide
oxide other than ceria, and (iv) optionally, at |east one oxide of a
transition nmetal selected from G oups 1B and 1B of the Periodic Table,

nobl e netal s d 1 Xt ures erepof . 47. The. process of aiml wherein the
particulate NO' r eg:hec‘fr?cc?ﬁs °é§§%%§?¥vi‘%ﬂ“ ﬁ%%ﬁgwgﬂ’g@hr%‘éﬁ“f"? %dgwg’isf"é fr om about
50 to about 200 gmanth®ny Bdsed POoedssonafiditteai m 47 wherein the particul ate NO
reducti on conposition has a nean particle size fromabout 55 to about 150

gm 49. The process of Claiml or 3 wherein the particulate NO reduction
conposi tion has a Dhwprewss dClam B2 wheréimdieadd{tiond NQatedectiof add#igsisthan 50. 50.

The process of O ai,m,ARidQeLAN®, theifabdidveul ate NO reduction conposition
has a DI value of Iess than 20." 51. The process of Caim50 wherein the

particul ate NO reduction conposition has a DI value of less than 15. 35

52. The process of 16l abmiZerthsh si fnd-heuB Rk N0, KIS GRIalaskaddi ti ve

conposition in the ca st Inventory Is that anoun Icrent to provide a
ratio of NO reductydpfalgiasiontpiging eemnepiten to Y-type zeolite in the total
catalyst inventory of |less than 2. 53. The process of Caim52 wherein the
ratio of NO reduction zeolite conponent to Y-type zeolite in the total

cat al yst i nveftor yThesprpessssof flim B2 whereinrfis ﬁﬂ?‘&%’@gg‘%f“@%ﬂnm%‘mﬂﬁ%i n step
(b) is acconpli sheghmpritddqlitan Acigidhsdtarokidal (ii) EmamaskideN(itie1ahma Qcsxideon

f eedst ock conver si og OE yield ngf ) gr ackeql hydr ocar bgns _as coﬁare to the
hydr ocar bon feedst Y0¥ RUNSFEAsIE{1ve PPURaIY 2t [sAst ong okide of ¢ HRRYUANIBHY obt ai ned
fromthe cracki ng @bdcaddyfsdm @roups.IB3ad 1IB of the Periodic Table, noble metals and

mixtures thereof.

47, The process of Claim | wherein the particulate NO, reduction composition has a

mean particle size from about 50 to about 200 pm.

48, The process of Claim 47 wherein the particulate NO, reduction composition

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

49. The process of Claim 1 or 3 wherein the particulate NO, reduction

composition has a Davison attrition index (DI) value of less than 50.

50. The process of Claim 49 wherein the particulate NO, reduction composition
has a DI value of less than 20.

51 The process of Claim 50 wherein the particulate NO, reduction composition

has a DI value of less than 15.



52.

53.

54.

The process of Claim 2 wherein the amount of the catalyst/additive
composition in the catalyst inventory is that amount sufficient to provide a
ratio of NO, reduction zeolite component to Y-type zeolite in the total catalyst

inventory of less than 2.

The process of Claim 52 wherein the ratio of NO, reduction zeolite component to

Y-type zeolite in the total catalyst inventory is less than 1.

The process of Claim 2 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.





