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[ 0001] Th ,nvention relates to the reduction of ations
of ni trog‘éﬁ&@%ﬁggesgb(NOX) froma fluid catal ytic cracki né’%?ﬁ'éé?&?ﬂg%%%er at or
by operating the regenerator in partigl CO bum node with a NO., reducing
catal yst system BACKGROUND OF THE | NVENTI ON [ 0002] It has been found that
oxi des of nitrogen, primarily NO and NO2, are forned at high tenperatures,
such as the tenperature at which catalyst utilized in a hydrocarbon

cracki ng process i SREINECFIOROFNORINLEFWICO PARTIAFABURNOXI de
e O bt CPERATION DKINGI P B RECEIERAPOR AP are
cracked, coke ar t1 e » tion on
the particles progressively decreases the activity of the catalyst
particles. Eventually the activity of the catal yst declines to the point
where the EHREDNO®R THEE EINVENTIONt he particles. This step, which is

normal ly referred to as regeneration, nmay be done on a batch or a
continuous basis by contacting the catalyst particles with a hot
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now use zeo I ng catalysts having activity an ctivity.
These cat alggtemare believed to work best when the

(

BACKGROUND OF THE INVENTION

[0002] It has been found that oxides of nitrogen, primarily NO and NO,, are
formed at high temperatures, such as the temperature at which catalyst utilized in
a hydrocarbon cracking process is regenerated in the presence of carbon
monoxide combustion promoters. As hydrocarbons, such as petroleum
feedstocks, are cracked, coke is deposited on the catalyst particles. The coke
formation on the particles progressively decreases the activity of the catalyst
particles. Eventually the activity of the catalyst declines to the point where the

( coke must be burned off the particles. This step, which is normally referred to as
regeneration, may be done on a batch or a continuous basis by contacting the
catalyst particles with a hot regeneration gas, such as air. Coke is burned off,
thus restoring catalyst activity and simultaneously heating the catalyst. Flue gas
formed by burning coke from the catalyst in the regenerator may be treated for
removal of particulates and for conversion of CO to CO,, after which the flue

gas is normally discharged into the atmosphere.

[0003] Most FCC units now use zeolite-containing catalysts having high
activity and selectivity. These catalysts are believed to work best when the

amount of coke on the catalyst after regeneration is low. There are two types of



anount of coke on the catalyst after regeneration is low. There are two
types of WO 2005/ 005578 PCT/ US2004/ 018242 -2 FCC regenerators conmonly

used, thewly B9s@dsktsci ency regenerator and the bubbling pe¢ukyddoiskie hi gh
efficiency regenerator m xes recycled regenerated catalyst with spent

catal yst, buns nmuch of the coke fromthe spent catalyst in a fast fluidized
bed coke conbuster, then discharges the catalyst and flue gas up a dilute
phase transport riser where sone additional coke conbustion occurs, and
where nost of the COis afterburned to CO2. These regenerators are designed
for conplete CO conbustion, and usually produce a relatively coke-free

regenerated catalyst, and flue gas with Very little CO and nodest anmounts

of NOR The bubbling bed regenerator naintains the catal yst as a bubbling
fluidized bed, to which spent catalyst is added and from whi ch regenerated
cat al yst i FCEregentratone semmeydyaised,the high effiorencyoreigeneratoreardtheal yst

I nventory than the high efficiency regenerator does, because gas/catal yst
cont act i ng bubbling besstypes Thedigh eHicientibmgengratormiresagcyeled segeneratedi gh
efficiency regeneraior. Mn bubbl i n ed regenerators operate in. conplete
G0 conbust (BN Jith Spgnt CHidlyst B HACRER the SRt oM s APeE) Pyt et 10
Refiners trgy .M . ket D |
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NO, with the regenerator tlue gas. Increasingly stringent governfrent

regul at or y veliere shest oftithe GO isaft@butied 1ot 06, aThesé rependiorstdreidesignede
present in a flue gas stream di scharged to the atnosphere. In response to

envi r onnentfat compiste 0 combustionoand nwilyguodepearelativéiyuikesfremys to

o o) Hesencatiod cafalyst and Hue gas with very ttie (0, and Mmodest sSdunts of |
NO,. The bubbling bed regenerator maintains the catalyst as a bubbling
fluidized bed, to which spent catalyst is added and from which regenerated
catalyst is removed. These regenerators usually require more catalyst inventory
than the high efficiency regenerator does, because gas/catalyst contacting is not
as efficient in a bubbling fluidized bed as in a high efficiency regenerator. Many
bubbling bed regenerators operate in complete CO combustion mode, i.e.,
wherein the mole ratio of CO,/CO is at least 10. Refiners try to burn CO
completely within the catalyst regenerator to conserve heat and to minimize air
pollution. It is difficult in a catalyst regenerator to completely burn all the coke
and convert CO without emitting NO, with the regenerator flue gas. Increasingly
stringent govermment regulatory emission standards restrict the amount of NO,
that can be present in a flue gas stream discharged to the atmosphere. In

response to environmental concerns, much effort has been spent on finding ways

to reduce NO, emissions.

[0004] There have been several ways suggested to decrease the amount of
NO, emissions from the regenerator including using a catalyst or additive which
is compatible with the FCC reactor, which suppresses NO, formation or

catalyzes its reduction in a regenerator in complete CO burn mode. The



NGO , em ssions fromthe regenerator including using a catalyst or additive
which is conpatible with the FCC reactor, which suppresses NO, formation
or catal ' Leduction in a regenerator in conplete ggntg . The
WO 2005/ Og@g%}é‘g){g@ﬁ S2004/ 018212 -3 inventors herein, hgmevery(,goqﬁgg\/}gf
unexpectedly di scovered that a NO,, reducing catalyst systemtypically used
I n conpl ete CO conbustion regenerators can provide inproved NO, reduction
using a regenerator run in partial burn node at |ow CO concentrations.
SUMVARY COF THE | NVENTI ON [ 00051 An enbodi nent of the present invention
provi des a process for the catalytic cracking of a nitrogen-containing
heavy hydr ocarbonaceous feed to Iighter3‘products with reduced NO. ,

em ssions, which process conprises: a) cracking said feed by contacting said
feed with a catalyst systemin a fluidized catalytic cracking (FCC)
reaction zdngemtoey Béﬂeilg hiweset, Have umegpéasdidisanireded tiana NO, pedisbine a

m xture of cracked products and spent cracking catal yst having nitrogen
conpounds aathlystaystiep ogiicallly usel mocompleter €Oncorabustiont reggReratagsaam
conprises (i) at l|least onpe solid,acid conmponent, (ii) at |l east one_ netal -
cont ai ni ng REONFissHBmMrored @ sedustion Haingra TegeReralAr RS PRrtdsh lmraupedelatand 3,
and one or ,nore el enents..from G oups 4-15 of the Periodic Table of the

El ement s; Jﬂﬁ'gp?(&‘(‘g{‘ HeM%f oxygen and sul fur, wherein the el enents from
Goups 1 and 3, Goups 4 - 15 and the at 1east one of oxygen and sul fur are
chem cally bound both within and between the groups and (iii) at |east one

support, fidQURIMARYOOFEHE INVENTION Ng sai d cracked products from said
spent cracKing catalyst 10 produce a cracked product vapor phase stream
V\/r?'iCh is charged to a

[0005] An embodiment of the present invention provides a process for the
catalytic cracking of a nitrogen-containing heavy hydrocarbonaceous feed to
lighter products with reduced NO, emissions, which process comprises:

a} cracking said feed by contacting said feed with a catalyst system in a
fluidized catalytic cracking (FCC) reaction zone operating at catalytic cracking
conditions to produce a mixture of cracked products and spent cracking catalyst
having nitrogen compounds and coke deposited thereon, wherein said catalyst
system comprises (i) at least one solid acid component, (ii) at least one metal-
containing component comprised of one or more elements from Groups 1 and 3,
and one or more elements from Groups 4-15 of the Periodic Table of the
Elements; and at least one of oxygen and sulfur, wherein the elements from
Groups 1 and 3, Groups 4 — 15 and the at least one of oxygen and sulfur are
chemically bound both within and between the groups and (iii) at least one
support, filler, or binder;

b) separating said cracked products from said spent cracking catalyst to
produce a cracked product vapor phase stream, which is charged to a
fractionation zone, and spent catalyst having nitrogen compounds and carbon

deposited thereon, which spent catalyst is charged to a stripping zone;



fractionation zone, and spent catalyst having nitroggn conpounds and carbon
deposited thereon, which spent catalyst is charged to a stripping zone; WO

2005/ 0055%7) Rfeb/obkz#904/ 018242 -4 c) stripping said spentpcgaisdbistisAb
vol atil e conpounds in said stripping zone to produce a stripped spent

catal yst having coke and nitrogen conpounds deposited thereon; d)
regenerating said stripped, spent catalyst with an oxygen-containing gas in
a regeneration zone operated at partial CO conbustion conditions effective
for producing a regenerated catalyst and a flue gas streamcontaining from
0.5 to 4 vol. % CO and greater than 90 ppm by vol une, NO, wherein the _
content of NO, in said flue gas streamis reduced; and e) conducting said
regenerated catal yst fromthe regeneration zone to the reaction zone.

[ 0006] Anot her enbodi nent of the present invention provides a process for
the catal ytic crecsiippingfsaad spentagtalystoftalatilegomponndsyin seibsthippmgeous f eed
to lighter products with reduced NO ,_ emn ssions, which process conprises:
a) cracki ngzang te nreducey semnedsnentcatalyst hawagwoks andduirages compeusds i n a
fluidized C@‘%Rejl:{ i/t i (ﬂ%ecr acking (FCC) reaction zone operating at catalytic
cracking cOTRASTEGRETESM ) oduce a mixture of cracked products and spent

Whorei n-sai d ot 8RRl i€ RpEE BT O BRF wiRIE §5903H b BfaliigE ="
component . g h HogbRditioR PenERpBlated aflbaitil 0D EORASASH coRgtghsed of one or

nore el enen romGoups 1 an , and one or nore elenents from G oups
4-15 of t heeffRevtivedioe pfahicing®h regenerdted atilyst andd fite passtreamnaontai en and

sul fur, wherein the elenents from Goups 1 and 3, Goups 4 - 15 and the at
| east one ofrom@.§da davnl. ¥uCQuand geeater than 90 ppm by volume, NO, wherein the
content of NO, in said flue gas stream is reduced; and
e) conducting said regenerated catalyst from the regeneration zone to the

reaction zone.

[0006] Another embodiment of the present invention provides a process for
the catalytic cracking of a nitrogen-containing heavy hydrocarbonaceous feed to
lighter products with reduced NO, emissions, which process comprises:

a) cracking said feed by contacting said feed with a catalyst system in a
fluidized catalytic cracking (FCC) reaction zone operating at catalytic cracking
conditions to produce a mixture of cracked products and spent cracking catalyst
having nitrogen compounds and coke deposited thereon, wherein said catalyst
system comprises (i) at least one solid acid component, (i) at least one metal-
containing component comprised of one or more elements from Groups 1 and 3,
and one or more elements from Groups 4-15 of the Periodic Table of the
Elements; and at least one of oxygen and sulfur, wherein the elements from
Groups 1 and 3, Groups 4 — 15 and the at least one of oxygen and sulfur are
chemically bound both within and between the groups and (iii) at least one
support, filler, or binder;

b) separating said cracked products from said spent cracking catalyst to

produce a cracked product vapor phase stream, which is charged to a



chem cally bound both within and between the groups and (iii) at |east one
support, filler, or binder; b) separating said cracked products from said
spent cr agih h&hs yst to produce a cracked product va eam
which is c a?ﬁ’é’@%fg&a WO 2005/ 005678 PCT) US2004! 018252 e TERR1ELS 527
zone, and spent catal yst having nitrogen conpounds and carbon deposited

t hereon, which spent catalyst is charged to a stripping zone; c) stripping
said spent catalyst of volatile conpounds in said stripping zone to produce
a stripped spent catal yst having coke and nitrogen conmpounds deposited

t hereon; d) regenerating said stripped, §pent catalyst with an
oxygen-containing gas in a regeneratiori“zone operated at partial CO
conmbustion conditions effective for producing a regenerated catal yst and a
flue gas streamcontaining fromO0.5 to 1 vol. % CO and greater than 263 ppm
by vol ure, figrtiovationi soriehand speritaataloét HiOtog nitvged compmuakis asidrcagtvon s
reduced; and e) conducting said regenerated catalyst fromthe regeneration
zone to thedeposited thereenwhicbspant EBalyEEGRITRATEENOCFSTIgPIMRESENT | NVENTI ON

[ 0007] As used herei.n, the reference to ,...0r nitrogen oxjde(s). refers to
the various oxi BPIng sat thq%ﬁyw\lqopgatgpé@g;ﬁo Sé@é@’é’s@m’m&anﬁ such
as, for exanple, the off:-qas ;of the r er.at or, of ECC unit. Thu t he
Cor 1 ef or B4 10rpageds N pebl Garh GREREHR RpkS gufl niteedil gty ¢ oxi de
(NO, nitrog s QX {N®2), nitrous oxide (N2O), etc. and m xtures

t her eof . O‘@ﬁ%“%?t‘ﬂ%%gg@f oxi des present in the regenerator off-gas, NO

typically makes mefgﬁﬁeﬂiﬁhgrshiWstﬁ'ﬁaPeé,| dpebibataREEHAM an S yér-tottalng v
represent 90%in 'thée regenérator off-gas.

( gas in a regeneration zone operated at partial CO combustion conditions
effective for producing a regenerated catalyst and a flue gas stream containing
from 0.5 to 1 vol. % CO and greater than 263 ppm by volume, NO, wherein the
content of NO, in said flue gas stream is reduced; and

¢) conducting said regenerated catalyst from the regeneration zone to the

reaction zone.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0007]  As used herein, the reference to NO,, or nitrogen oxide(s) refers to the
various oxides of nitrogen that may be present in process streams such as, for
example, the off-gas of the regenerator of a FCC unit. Thus, the terms refer to
all of the various oxides of nitrogen including nitric oxide (NO), nitrogen
dioxide (NO;), nitrous oxide (N,0), etc. and mixtures thereof. Of the nitrogen
oxides present in the regenerator off-gas, NO typically makes up the majority of
all NO, present. NO will usually represent 90% in the regenerator off-gas.
Therefore, the presently claimed process is especially concerned with the

reduction and control of NO.

[0008] The present invention provides a FCC process for cracking a nitrogen-

containing heavy hydrocarbonaceous feed to lighter products with reduced NO,



Therefore, the presently claimed process is especialdy concerned with the
reduction and control of NO [0008] The present invention provides a FCC

process f @0 sjo86éssmg a ni trogen- contai ni ng heavy hydrocatharaaamissbeed to
| i ghter products with reduced NO ; W) 2005/ 005578 PCT/ US2003/ 018232 -6

em ssions. The heavy hydrocarbonaceous feed passes to a FCC process unit

whi ch contains at | east one reaction zone, a stripping zone, a catalyst
regeneration zone, and a product fractionation zone. The feed contacts a NO
reduci ng catal yst systemin a reaction zone at 425C 600C, preferably 460C
560C. The hydrocarbons crack, and deposi_&_ coke, sulfur, and nitrogen ,
conpounds on the catal yst. The cracked products are separated fromthe coked
or spent catalyst. The coked catalyst is stripped of volatiles, usually with
steam in the stripping zone. The stripping is preferably perfornmed under

| ow- sever i temissiongi t avy hyidmmbenadﬂ:eumechpmkstmaF@épmoem}mﬂ cat al yst
is then passed to the riageneration zone where it is regenerated by burning
coke on t hevhishgopdaing gt leagleons reaghen Zore,AstHppyihzens efallygt gas,

preferably air or,oxygen-ensiche i.f ... This rege at.i step r or es
ot alyet adPRORGHPGN 40P AT & ARRtHeF fariopaliqn ATt AT e Jeed patatts BNPRar ur e
from 1202F g@%@ Ve, nEnd Qg;q)a&o_r
reduces t herggrér%ggtéagﬁl}co_ ete%rlz}ri? %_)éeeancqbﬁlazto‘al%sdt 42? @2(?(%0;23, tr[’(li)l&_;eéﬁﬁge ni't rogen
conpounds, sgeelT, aﬂl@ﬁ?@l@carbcﬁl@d:radl& addRposif ok S, &d Ritkdgegen oxi des
that are produced in the regeneration zone from'coke "~nitrogen. The total
amount of a@ongsourids drhthercatpdpstt The erackedprodudts mr¢ sepasatet fedm théeoked
regenerator is operated in partial conbustion node. { 0009) Any_conventi onal
FCC feed canr spentieatalyish Theecokedsatalystris stripped of wlstiles cesnallyypith steap,i ncl ude
h hyd b f boiling. i h )
eavy nyar Cigat{le 8&%%%’5 %onéa. Se smabpinr:gglsIpr}e{'eraeblgf%ré%onned under low-severity

conditions to minimize thermal cracking. The stripped catalyst is then passed to

the regeneration zone where it is regenerated by burning coke on the catalyst in

the presence of an oxygen containing gas, preferably air or oxygen-enriched air.

This regeneration step restores catalyst activity and simultaneously heats the

catalyst to a temperature from 1202°F (650°C) to 1382°F (750°C). The

environment in the regenerator reduces the amount of coke nitrogen that is

converted to reduced nitrogen compounds, such as ammonia, and increases the

amount of nitrogen oxides that are produced in the regeneration zone from coke

nitrogen. The total amount of oxygen in the regeneration zone is limited so that

the regenerator is operated in partial combustion mode.

[0009] Any conventional FCC feed can be used in the present invention.
Such feeds typically include heavy hydrocarbonaceous feeds boiling in the range
of 430°F to 1050°F (220°C-565°C), such as gas oils, heavy hydrocarbon oils
comprising materials boiling above 1050°F (565°C); heavy and reduced
petroleum crude oil; petroleum atmospheric distillation bottoms; petroleum
vacuum distillation bottoms; pitch, asphalt, bitumen, other heavy hydrocarbon
residues; tar sand oils; shale oil; liquid products derived from coal liquefaction

processes; and mixtures thereof. Such feeds typically contain an undesirable



of 430F to 1050F (220C-565C), such as gas oils, heavy hydrocarbon oils
conprising materials boi'ling above 1050F (565C); heavy and reduced

petrol eu L1, petrol eum at nospheric distillation : tJ ol eum
vacuum d%ﬁqg@({% ;r? bottons; pitch, asphalt, bitunen, ot ﬁ‘gilh%@\%}&%{
hydrocarbon residues; tar sand oils; shale oil; liquid products derived
fromcoal liquefaction processes; and m xtures thereof. Such feeds
typically contain an undesirable WO 2 005/0 055 78 PCT/ US2004/ 018242 -7
anount of nitrogen conpounds that are converted to nitrogen oxides in the
regenerator. The FCC feed may al so conprise recycl ed hydrocarbons, such as
| i ght or heavy cycle oils. Preferred fedds in this process are vacuum gas
oils boiling in the range above 650F (343C). [00101 The NO,, reducing
catal yst systemutilized in the present invention conprises (i) at |east
one solid agichnéMBARASHEN cdrhpourils thePst coRfeBd & nﬁﬁ%@l ¢Hid&s ircheponent
conprised of one or nore elenents from Goups 1 and 3, and one or nore

el enent s f regeneraionsThe FL O feddwmaPaisocimprisdteeyoledialrétarbons, suchad at

| east one of oxygen and sulfur, wherein the elenments from Groups | and 3,
Groups 4 - light angem cxcle vilan Ereferred ords inrthissproress areaacwami gasioils bound
both wi thin and between the groups and (iii) at |least one support, filler
or bi nder . bollmgimtherangeabeveeiTFSA3ohEnt is preferably a conventional FCC
catal yst including catalysts containing |arge-pore zeolites such as USY or
REY. Additional zeolites, which can be enpl oyed in accordance with this

oot it ea i AEUIC TRENG, Eitibfhe ARy SISO WHEER I bEpreldf inPlfd " ©
fauj asite, 03‘??5???@ at 1a8Pe §4lid adi&\élﬁﬂiﬁo%enﬁr(ii? Bt fest &@ﬁe@%on@ﬁﬂﬁf inite,

ndphel i ne, ] , scolecite, natrolite, offretite, nesolite, nordenite,
brewst eri t eomposlefitarorhprissédof dncormede elenregts from Groups 1 and 3, and one or

more elements from Groups 4-15 of the Periodic Table of the Elements; and at
least one of oxygen and sulfur, wherein the elements from Groups 1 and 3,
Groups 4 — 15 and at least one of oxygen and sulfur are chemically bound both

within and between the groups and (iii) at least one support, filler or binder.

{0011]  The solid acid component is preferably a conventional FCC catalyst
including catalysts containing large-pore zeolites such as USY or REY.
Additional zeolites, which can be employed in accordance with this invention
include both natural and synthetic zeolites. The large-pore zeolites include
gmelinite, chabazite, dachiardite, clinoptilolite, faujasite, heulandite, analcite,
levynite, erionite, sodalite, cancrinite, nepheline, lazurite, scolecite, natrolite,
offretite, mesolite, mordenite, brewsterite, and ferrierite. Included among the
synthetic zeolites are zeolites X, Y, A, L. ZK-4, ZK-5,B,E,F, H,J, M, Q, T, W,
Z, alpha and beta, omega, and USY zeolites. The more preferred large-pore

zeolites are the faujasites, particularly zeolite Y, USY, and REY.

[0012])  The catalysts useful in the present invention can also be a medinm-
pore zeolite or a large-pore and medium-pore zeolite mixture. Medium-pore size

zeolites that can be used in the practice of the present invention are described in



synthetic zeolites are zeolites X, Y, A L. ZK-4, ZK-5, B, E, F, H J, M Q
T, W Z, alpha and beta, onega, and USY zeolites. The nore preferred

| ar ge- porg ﬁﬁ@é&gﬂs are the faujasites, particularly zepttiS0840182 and
REY. 10012? The catal ysts useful in the present invention can also be a

medi um pore zeolite or a | arge-pore and medi um pore zeolite m xture.

Medi um pore size zeolites that can be used in the practice of the present
i nvention are described in WO 2005/ 005578 | PCT/ US2004/ 018242 -8 "Atlas of
Zeolite Structure Types", eds. W H Meier and D. H d son,

Butt erwort h- Hei neman, Third Edition, 1992, which is hereby incorporated by
reference. The nedi um pore size zeolites generally have a an average pore
dianeter less than 0.7 nm typically fromO0.5 to 0.7 nm and includes for
exanmple, M, M-S, MEL, MIW EUO, MIT, HEU, PER and TON structure type
zeol i tes ([AfagobdentitesSimnctare Tupes"s edsoWebh Meier end INJ. Olsany i ng  exanpl es

of such nmedi um por i.ze zeolit .i.ncl ZSM5,. ZSM. 12, ZSM 22, . ZSM 23,
2SM 34, 7okeTWorkHeineran mﬁm%z Tgﬁ:i‘%ﬁﬂ%,ﬁe eomnogateddy 2. The
nost prefe i - \Whi [ ' i Pat.. 02,886 and
3 770r b1a. reieigmet. b iteciele shoe Fth Bhecfiny e ¥y e pork % °07
Pat. No. 3 ' ; : fhP8; ZSM 23 in
Us. Pai . RETiofeiiss SR OF i IuGIsly o (5% 0P yn MY it S PO 10F the
above pat egkgmples ML MBS| ME, MW, EUKQ, MFEHELE FER hatid TON etbhetur

medi um por e s?zeg ze%l [ ters I ncl ude the silicoal urtngnophosphat es (SAPC%, such
as SAPO- 1type ZeaHGsIUPAMPCommissioh SAPEoli®, Notrenblature) dden4lirhitthg n U. S.
Pat. No. 4,440,871, chronpsilicates; galliumsilicates; iron sili ca&ke)s;

al um num  praBplesial suchmediumsperg sige 29aites, melude 4P, ZSM- 12, £8M-2
4,310, 440; 7 AN MBS 17584055, (F4N0hs, 24P B sTATR Snd STERIRSY 1
2. The most preferred is ZSM-5, which is described in U.S. Pat. Nos. 3,702,886
and 3,770,614. ZSM-11 is described in U.S. Pat. No. 3,709,979; ZSM-12 in U.S.
Pat. No. 3,832,449; ZSM-21 and ZSM-38 in U.S. Pat. No. 3,948,758; ZSM-23 in
U.S. Pat. No. 4,076,842; and ZSM-35 in U.S. Pat. No. 4,016,245. All of the

above patents are incorporated herein by reference. Other suitable medium-pore

size zeolites include the silicoaluminophosphates (SAPO), such as SAPO-11,
SAPO-34, SAPO-41, and SAPO-42, which are described in U.S. Pat. No.
4,440,871; chromosilicates; gallium silicates; iron silicates; aluminum
phosphates (ALPO), such as ALPO-11 described in U.S. Pat. No. 4,310,440,
titaninm aluminosilicates (TASO), such as TASO-45 described in EP-A No.
229,295; boron silicates, described in U.S. Pat. No. 4,254,297; titanium
aluminophosphates (TAPO), such as TAPO-11 described in U.S. Pat. No.
4,500,651; and iron aluminosilicates. In one embodiment of the present

invention the Si/Al ratio of said zeolites is greater than 40.

[0013] The medium-pore size zeolites can include "crystalline admixtures"
which are thought to be the result of faults occurring within the crystal or
crystalline area during the synthesis of the zeolites. Examples of crystalline
admixtures of ZSM-5 and ZSM-11 are disclosed in U.S. Pat. No. 4,229,424



229, 295; boron silicates, described in U S Pat. No. 4,254,297; titanium

al um nophosphates (TAPO/,” such as TAPO-| | described in U S. Pat. No.

4, 500, 651; ' alum nosilicates. In one enbodi nent t
inventioﬁw&a@g%ws ratio of said zeolites is greater thg%T@gs)oflgﬁ%] The
medi um pore size zeolites can include "crystalline adm xtures"” which are

t hought to be the result of faults occurring within the crystal or
crystalline area during the synthesis of the zeolites. Exanples of
crystalline adm xtures of ZSM5 and ZSM 11 are disclosed in U S. Pat. No.
4,229, 424 WD 2005/ 005578 PCT/ US2004/ 018232 -9 which is incorporated herein
by reference. The crystalline adm xt uresare thensel ves nedi um pore size

zeolites and are not to be confused with physical adm xtures of zeolites in
whi ch distinct crystals of crystallites of different zeolites are

physi cal |y Whi@ﬁﬁﬂmdoﬂﬁxéﬁa@e@@é&iﬁﬁy a¢ferince OThO shistalline Bilfiigtubey arel  reaction

m xtures. [0014] The 1arge-pore and nedi um pore catal ysts of the present
i nvention themkelves predéumtpore sige iauditeparidarexiod o batconfised vadinphysioainder
that binds the catalyst components, together so that_ the catal yst product is
hard enougidmixtuses of geolitas ar whach distinCherysialsek Gy sipdites @Em &eBhs. The

| norgani ¢ oxi matrix .can be de,from an_ i.nor gani c .oxi de ohv_‘or el which
o ar edt geofifesare physiEalteppSeRt botecatia S SrapsiB o BrdibfhpPinabe
I norgani c qé+&%m§{ | i‘esi s not catalytically active and will be conprised of
oxi des of sirTicon and alumnum It is also preferred that separate al um na
phases be incorporated into the inorganic oxide matrix. Species of alum num
oxyhydr oxi des-y-al um na, boehmte, diaspore, and transitional alum nas such
as: ct - al unif@al4ja- aThelage-poralandimediun-porencatalysid-ofahe present invehtiohna, and
p-'al um na can be enpl oyed. Prefer ab!dy, the alumna .

will be present in an inorganic oxide matrix component binder that binds the
catalyst components together so that the catalyst product is hard enough to
survive inter-particle and reactor wall collisions. The inorganic oxide matrix can
be made from an inorganic oxide sol or gel which is dried to "glue" the catalyst
components together. Preferably, the inorganic oxide matrix is not catalytically
active and will be comprised of oxides of silicon and aluminum. It is also
preferred that separate alumnina phases be incorporated into the inorganic oxide
matrix. Species of aluminum oxyhydroxides-y-alumina, boehmite, diaspore, and
transitional aluminas such as o-alumina, $-alumina, y-alumina, §-alumina, &-
alumina, k-alumina, and p-alumina can be employed. Preferably, the alumina
species is an aluminum trihydroxide such as gibbsite, bayerite, nordstrandite, or
doyelite. The matrix material may also contain phosphorous or aluminum
phosphate. It is within the scope of this invention that the large-pore catalysts
and medium-pore catalysts be present in the same or different catalyst particles,

in the aforesaid inorganic oxide matrix.

[0015] Supported acid materials are either crystalline or amorphous materials,
which may or may not themselves be acidic, modified o increase the acid sites
on the surface. Non-limiting, illustrative examples are H,SO,, HyPO4, HsBO;

CHy(COOH),, mounted on silica, quartz, sand, alumina or diatomaceous earth.,



species is an alum numtrj hydroxi de such as gi bbsite, bayerite,
nordstrandite, or doyelite. The matrix material may al so contain

phosphor o4§o8hps@lokdgNUM phosphate. It is within the scopg19fshddishavention
that the large-pore catalysts and nmedium pore catalysts be present 1n the

sanme or different catalyst particles, in the aforesaid inorganic oxide
matri x. [0015] Supported acid naterials are either crystalline or anorphous
materials, which may or may not thenselves be acidic, nodified to increase
the acid sites on the surface. Non-limting, illustrative exanples are
H2SO4, H3PO4, H3B03, CH2(COOH)2, nounted on silica, quartz, sand, alum na
or di atomaceous earth., WO 2005/ 005578 PCT/ US2004/018242 -10 as well as
het er opoly acids nmounted on silica, quartz, sand, alum na or diatonmaceous
earth. Non-limting, illustrative exanples of crystalline supported acid
mat eri al s aaswelli ai-heterapely acille mdvatedor silica, quartatsand zalnodnaar t ungst at ed
zirconi a, phosphated zirconia and, _pho_sPhat ed nobia, [00161 The solid acid
conponent i diatoraaeenusgarth. Nop-duritingn dlusative examples of erysishinmasmpastedpr i sed

of one or nor,e elements from G .oyps | d 3, and.pone ar nore elenments from
Groups 4- 153‘65 TYETIHESATE 3rtd- ﬁ?ﬁea IB‘PIE’P%SI Eleéfﬁ%ﬂly%teﬁ@mqféﬁaﬁﬂﬁgﬁfgt nponent
of the catal.yst. .sy ' ] Layention can be at |east one
of sul fur a%&wéﬁ&%@&?ﬁ&%@%ﬁfa%sté)gxa]é%dbg enment (s) - from Goups 1 and
3 can be any netal or conbination of netals selected from lithium sodium
pot assium rubidium cesium francium scandium yttrium |anthanum

cerium prap@aéyn Urhe svdiebipoid ¢compoment isipreseait with Bnleastoneometiiwontdiaidy um

dysprosium hol mum erbium thulium ytterbium and lutetium Preferably,
t he el ement eofipongrtreompristdafdne eramotseelamentesfraim Groupsohbind 3, and one aret al s

selected | rl%rgré & e%::rl]e%r%éj Qoamn%rggprssi 415 c-)rth the ?e%%ﬁ?ct ’i"esxt))le of the Elements. The
remaining component of the catalyst system in accordance with the invention
can be at least one of sulfur and oxygen. Oxygen is preferred. The element(s)
from Groups 1 and 3 can be any metal or combination of metals selected from
lithium, sodium, potassium, rubidium, cesium, francium, scandium, yttrium,
lanthanum, cerium, praseodymium, neodymium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and
lutetium. Preferably, the elements from Groups ! and 3 can be any metal or
combination of metals selected from lanthanum and cerium. The element(s)
from Groups 4-15 can be any element or a mixture of elements from Groups 4-
15 of the Periodic Table of the Elements. Preferably, the element(s) from
Groups 4-15 is (are) at least one of titanium, vanadium, chromium, manganese,
iron, cobalt, nickel, copper, zinc, boron, aluminum, phosphorous, gailium,
germanium, zirconium, niobium, molybdenum, ruthenium, rhodium, palladium,
silver, indium, tin, antimony, hafnium, tungsten, rhenium, iridium, platinum,
gold, lead and bismuth. More preferably, the element(s) from Groups 4-15 is

(are) at least one of copper, palladium, and silver.

[0017]  The catalyst system of the present invention can be prepared by

physically mixing or chemically reacting with the metal-containing component



from G oups 4-15 can be any elenent or a mxture of elenents from G oups 4-
15 of the Periodic Table of the Elenents. Preferably, the elenent(s) from

G oups 4- % bnshidssy at least one of titanium vanadi um peiRBdoY/dis242
manganese, 1ron, cobalt, nickel, copper, zinc, boron, alum num

phosphorous, gallium germanium zirconium niobium nolybdenum ruthenium
rhodium palladium silver, indium tin, antinony, hafnium tungsten,
rhenium iridium platinum gold, |ead and bisnmuth. Mre preferably, the
el enent(s) fromGoups 4-15is (are) at |east one of copper, palladium and
silver. 100171 The catal yst systemof t present invention can be prepared
by physically mxing or chemcally reacting with the netal -containing
conponent WD 2005/ 005578 PCT/ US2004/ 018242 -11 and, optionally, conbined
with the binder to formcatalyst particles or act as a filler to noderate
t he cat al ysandgoptionally, ckimbined grith thetbinderf tosforindcadaliyst partiplesartact avat he

of the netal-containing, conponent, can be from 1000:1 to

t ot al i gh
1?1300‘.“'e E?eﬁgléeratm odengfethegatalystactiyity: The weightratigrad:s SOIPONEN; s
ti i 100; 1.t 1:1QQ. i,ght ti f th tal - t al i 1
(5 he e ik o THE g e Shobeny e RO, BB T e
NG, . diLG : | f1. 1 : t
Ol ve! SO0, CPRISRBN, (il fS it 0LV SO SRMTYeRE5 i fenarate

NO, reduci NE)RQIB AT, THRYWEIRRE fitld of Me'meEPUshRitthg @hifnefiBicteal s, whi ch
preferably do not adversely affect the NO reducing function in a.

si gni fi cantmamix cdrppengntedanrtebl 00: 1 howeM)., t he NO,, reducing conponent
consists essentially of itens (ii)-(iii) nentioned above. Wien the NO,
rqducing conponent is used as a separate additive particle, it is added to

the inventgnyep’ Giiciubal Logas, SENbY Slaitd Lohstnkt & dcardifiduci N0
system may be used as a separate additive particle or as an integral part of a FCC
catalyst particle. The NO, reducing component may contain minor amounts of
other materials, which preferably do not adversely affect the NO, reducing
function in a significant way. More preferably, however, the NO, reducing
component consists essentially of items (i1)-(iii) mentioned above. When the
NO, reducing component is used as a separate additive particle, it is added to the
inventory of circulating FCC catalyst particles in a NO, reducing effective
amount. An effective amount is an amount, which is effective for reducing the
NO, content in the regenerator flue gas below that which would be present in the
absence of the additive. The NO, reducing component may be combined with at
least one support, filler, or binder to form particles suitable for use in a FCC
process. If the particle NO, reduction component is an integral part of a FCC
catalyst particle, it preferably contains from 0.001 to 10 percent by weight, and
more preferably from 0.01 to 5 percent by weight, and most preferably from 0.05

to 1 percent by weight of the inventory of circulating particulate solids.

[0019] While the NO, reducing catalyst system of the present invention is
active for reducing the NO, content of FCC regenerator flue gas, it has a

negligible effect on the hydrocarbon cracking reactions which occur during the



amount. An effective anbunt is an amount, which is effective for reducing
the NO content in the regenerator flue gas bel ow that which woul d be
present i gwo bwsoedazence of the additive. The NO,, reduci pgrasanangsiszmy be
conbined with at |east one support, filler, or binder to formparticles
suitable for use in a FCC process. If the particle NO reduction conponent
Is an integral part of a FCC catalyst particle, it preferably contains from
0.001 to 10 percent by weight, and nore preferably fromO0.01 to 5 percent
by wei ght, and nost preferably from0.05 to 1 percent by weight of the
inventory of circulating particulate soljds. 100191 While the NO, reducing
catal yst systemof the present invention1s active for reducing the NO,
content of FCC regenerator flue gas, it has a negligible effect on the

hydr ocar bon_cracki ng reacti ons which occur, during the WO 2005/ 005578
PCT/ US2004/ a8 process; Euﬁ&rrpws e NOxredneingwatal ystisystam is ¢arapatiblg wish a) yst

Thventory oPORTERHGR PRYTOIRERFRIRIRe BePRAST BRI PLRTHED, r oduct ng
tal yst i t : | pLi hat

brovi do. soburchite folfas RaEHonal1)) BENGT aREE AR iBndF bRt T

The SO, adgvkhtiGis ndlyebPagidewithhddaivs thatgprovite SOL fddithionl Urid3e S@,are-earth

oxi des, al kaline earfh oxides, and spinels. Mre preferably, the 3o,

addi ti ve i sadditreggmaaiy atscaprovide NG pededtionSThe $0daddvives areprefenrédibd be f r om

several catal yst suppliers,, K such as Grace-Davi son's _DESOX or SUPERDESOX, or
| ntercat' s RouEsToERS ¢f akimng, soxaarthprides, adkaline; ¢arth exigenandtspinglein  under

typi cal tial ti d dition .CO trat.i |1

o oat or | nAVIoRE BISIGROAIRE SOhAT§ 13 LmREN BRI BLBT DGl 1y | ose

t han 50 vl | OL ' kL) LigS

e, %0 PPRA R T ol ol AR, s ACORLED AN
DESOX or SUPERDESOX, or Intercat's SOXGETTER or Super-SOXGETTER.

[0020] In aregenerator run under typical partial combustion mode conditions,
CO concentrations are generally greater than 4.0 vol.% with very little NO being
present, generally less than 50 ppm by volume NO. The majority of nitrogen
containing species exiting the regenerator at such high CO concentrations are in
the form of HCN and NHj;. This is not the optimum use for a NO, reducing
catalyst system. The CO concentration of the present invention, however, is run
in partial combustion mode with preferably 0.5 to 4.0 vol.% CO, more
preferably from 0.75 to 3.0 vol.% CO, and most preferably from 1.00 to 2.0
vol.% CO. Additionally, NO concentration is preferably greater than 90 ppm by
volume, more preferably greater than 150 ppm by volume, and most preferably
greater than 200 ppm by volume. As CO concentration is reduced, more NO is
produced, cansing more NO reduction with CO, and thereby reducing NO,
emissions. The presence of a circulating NO, reducing catalyst system increases
the rate of NO reduction by CO, thereby causing additional reduction in NO,

emissions.



the formof HCN and NH3. This is not the optinumuse for a NO reducing
catal yst system The CO ‘concentration of the present”invention, however, is

run in pgy E&Ismg%g%ustlon node with preferably 0.5 to 4,0 K%Izooﬁoggu% m)re

preferably rom to 3.0 vol.% CO, and nost preferably )

vol . % CO. Additionally, NO concentration is preferably greater than 90 ppm
by volune, nore preferably greater than 150 ppm by vol une, and npbst
preferably greater than 200 ppm by vol une. As CO concentration is reduced,
nore NOis produced, causing nore NO reduction with CO, and thereby
reducing NO. em ssions. The presence of ,%1 circulating NO reducing catalyst
systemincreases the rate of NO reductli) by CO thereby causing additional
reduction in NGO, emssions. W 2005/005578 PCT/ US2004/018242 -13 100211

The hot regenerated catalyst is recycled to the FCC reaction zone where it
contacts i nf2dd FO® heeregeneixriicatiystrigaccynled pethe: FGE reattionigons | y be
conventional  all riser crac such as disclosed in U S. Pat. No.
4,421, 636 |H@Eﬁ%ﬁﬂ@?@ﬁ’ﬁBH@ﬁﬁEg§K§§§$erence. Typical riser cracking reaction
conditions include catalystloil ratios of 0.5:1 to 15:1, preferably 3:1 to
8:1, and a catalyst contact tine of 0.1-50 seconds, preferably 0.5 to 10

SESen: OO ! Rl kel e fich OERRG BACofSfonkPB) fLEERRLRIY o2 Cf

m xi ng of fREC, Wuth asdisvliosed ih V. ShPaARse 4421 sﬂelﬁdoiﬁbrataﬁﬁéxem byisi ng
conventional techni gues such as addi ng Iarge anounts of atom zinhg steam

use of nul tigierenueZEypical rissr cvdcking réactiop conditicrs mnhldelqatalys’dmi matiusaifogy.
The At omax nozzI e, available fromthe M W Kell og preferred.

Dotal |5 of GSbia il PRRIZEY AT IR dcnada aialyss contiod ime 50 T550 sercams,
| preferably 0.5 to 10 seconds, most preferably 0.75 to 5 seconds, and riser top

temperatures of 900°F to 1100°F, preferably 950°F to 1050°F.

[0023]  Itis preferred to have good mixing of feed with catalyst in the base of
the riser reactor, using conventional techniques such as adding large amounts of
atomizing steam, use of multiple nozzles, use of atomizing nozzles and similar
technology. The Atomax nozzle, available from the M. W. Kellogg CO, is
preferred. Details of a suitable nozzle are disclosed in U.S. Pat. Nos. 5,289,976
and 5,306,418, which are incorporated herein by reference. It is preferred, but
not essential, to have a riser catalyst acceleration zone in the base of the riser. It
15 also preferred, but not essential, for the riser reactor to discharge into a closed
cyclone system for rapid separation of cracked products from spent catalyst. A
closed cyclone system is disclosed in U.S. Pat. No. 4,502,947 to Haddad et al.,
which is incorporated herein by reference. It is also preferred but not essential,
to rapidly strip the catalyst as it exits the riser upstream of the catalyst stripper.
Stripper cyclones disclosed in U.S. Pat. No. 4,173,527, Schatz and Heffley,
incorporated herein by reference, may be used. It is preferred, but not essential,
to use a hot catalyst stripper. Hot strippers heat spent catalyst by adding hot,
regenerated catalyst to spent catalyst. A hot stripper is shown in U.S. Pat. No.
3,821,103, Owen et al, incorporated herein by reference. After hot stripping, a



and 5, 306, 418, which are _incorporated herein by refefence. It is preferred,
but not essential, to have a riser catal yst acceleration zone in the base

of the ri @b 00sloosshg al so preferred, but not essential, fpiidIodioiseh
reactor to discharge into a closed cyclone systemfor rapid separation of

cracked products from spent catalyst. A closed cyclone systemis disclosed
in US Pat. No. 4,502,947 to Haddad et al., which is incorporated herein
by reference. It is also preferred but not essential, to rapidly strip the
catalyst as it exits the riser upstreamof the catalyst stripper. Stripper
cyclones disclosed in U S. Pat. No. 4, 17? 527, Schatz and Heffl ey,

I ncorporated herein by reference, may bé %J’sed. It is preferred, but not
essential, to use a hot catalyst stripper. Hot strippers heat spent

catal yst by adding hot, regenerated catalyst to spent catalyst.. A hot
stripper iscstabhcooletnfay deail hebled catalgRthefoR it wentad tled regenemtgoat ed
herein by reference. After hot stripping, a W 2005/005578 PCT/ US2004/ 018242
- 14 cat al ysprefeatdhotrsiyippeband eatalist caoker ysshayen in U.5: Pats Needi82040he
regenerator, A preferred, hot.sfiripper angd, catalyst ler is showmn in U S
ot No-. 4. Dy GhcorDeiaiedl Beteinh b sPEReson 0B IRl FCr aHhesh SERIBR | onal
FCC steam st ppi Y e | { t .cat al yst havi ng
cssent | al 1 y-PHBEERcat BERS. Pl e s Habihe dReRBRIY RS o 500
stripping g P AR Rt b @,Eﬁ,% he FCC
react or and%z?l?@%%g‘?ﬁgg{néll%éocﬁg&’per gg,(g?:géng esc vég?%?é%(&}ﬁb&gzq Two

types of FCieamgeddedicostsipepenbeataliet! Tie FOEC rehctoeafd etripee coRARRAR] per
i nvention, the high efficiency regenerator and the bubbling bed type. In

bubbl i ng besk, cande@onvenonaluch of the regeneration gas, usually air, passes
through the bed in the form of bubbles. These pass through the bed, but
contact it poorly. These units operate with | arge anounts of catal yst. The

bubbl i ng befb024] Two types of FCC regenerators can be used in the process of the
present invention, the high efficiency regenerator and the bubbling bed type. In
bubbling bed regenerators, much of the regeneration gas, usually air, passes
through the bed in the form of bubbles. These pass through the bed, but contact
it poorly. These units operate with large amounts of catalyst. The bubbling bed
regenerators are not very efficient at burning coke so a large catalyst inventory
and long residence time in the regenerator are needed to produce ciean burned
catalyst. The carbon levels on regenerated catalyst can be conventional, typically
less than 0.3 wt % coke, preferably less than 0.15 wt % coke, and most
preferably even less. By coke we mean not only carbon, but also minor amounts
of hydrogen associated with the coke, and perhaps even very minor amounts of
unstripped heavy hydrocarbons which remain on catalyst. Expressed as wt %

carbon, the numbers are essentially the same, but 5 to 10% less.

[0025)  There should be enough CO present in the flue gas so that the FCC
regenerator can be reliably controlled using control techniques associated with

partial CO combustion.



regenerators are not very efficient at burning coke so a | arge catal yst
inventory and |long residénce tine in the regeneratof are needed to produce

cl ean bur st. The carbon | evel s on regenerated lLys be
conventioﬁ&?oﬁ&gﬁ%ﬁgl ly less than 0.3 wt % coke, prefer 5&&{)&?%%@1{2%% 0.15
- W % coke, and nost preferably even |l ess. By coke we nean not only carbon,
but al so m nor anounts of hydrogen associated with the coke, and perhaps
even very mnor anmounts of unstripped heavy hydrocarbons which remain on
catal yst. Expressed as w % carbon, the nunbers are essentially the sane,
but 5 to 10% I ess. [0025] There should be enough CO present in the flue gas
so that the FCC regenerator can be relild@bly controlled using control '

t echni ques associated with partial CO conbustion. WO 2005/ 005578

PCT/ US2004/ 018242 -15 [0026] The process or the present invention can al so

be used wi tjpphsph 'I%Ldr@é@@‘iﬁ the pRiehinReAtioiieh) alsy B used with highi di zed bed
coke conbustor,” dil ut phase transport riser, and second bed to0 coll ect

r egener at ectffiajenky se¢gereratord (HBR), with asfasy fuidizeddssdadaket dueslustor, diluté al  CO
burn node to make CO specifications. [0027] HERs inherently make excel |l ent

use of regaghasatianspart riscniead sepandhbed tontellect regenerated satalyst. Kiwilldree i n t he
flue gas when in conplete burn no VWhen in partial, CODb nmode nost
operate wi ISCPISREY §0 BREFALSt §‘§/§éﬂ?ﬂ{§g§§9 pym wodpﬁg%%%@rf@@ﬁ@aﬂpeﬁam y

| ess than 1/10th % For HER s, significant reductions in the amount of air
added may be necessary to produce a flue gas with the correct CO02 ratio.

Reduci ng or i NERERYidkek ' eneL) : ener at e
a flue gas [\(/)\P%m V\AP;C%K%S nuégﬁ%%gg ?g%/]g;en. tsf 8 8 g%mgﬁthﬁgﬁ'%n%goﬁ&a&
regener at orgitll er Taivlé 9 0sbrinomEnithy fig gadivdidn cimiglet@OUBimahode.
regeneration air added, other equivalent control schenes are avail able

When in partial CO burn mode most operate with little excess oxygen, usually in

the ppm range, preferably less than 1/10th %. For HER's, significant reductions

in the amount of air added may be necessary to produce a flue gas with the

correct CO/O, ratio. Reducing or eliminating CO combustion promoter may be

necessary to generate a flue gas with twice as much CO as oxygen.

[0028]  Although most regenerators are controlled primarily by adjusting the
amount of regeneration air added, other equivalent control schemes are available
which keep the air constant and change some other condition. Constant air rate,
with changes in feed rate changing the coke yield, is an acceptable way to
modify regenerator operation. Constant air, with variable feed preheat, or
variable regenerator air preheat, are also acceptable. Finally, catalyst coolers can
be used to remove heat from a unit. If a unit is not generating enough coke to
stay in heat balance, torch oil, or some other fuel may be burned in the

regenerator.

EXAMPLE 1:

[0029] The present mnvention was tested and developed using a commercial

FCC process unit. In the experiment, CO concentration in the flue gas at the



whi ch keep the air constapnt and change sonme other capdition. Constant air
rate, wth changes in feed rate changing the coke yield, is an acceptable
way to el bovshegemer at or operation. Constant air, w th peayiiablspizaed
preheat, or variable regenerator air preheat, are also acceptable. Finally,
catal yst coolers can be used to renove heat froma unit. If a unit is not
generating enough coke to stay in heat balance, torch oil, or sone other
fuel may be burned in the regenerator. EXAVPLE 1: [0029] The present

i nvention was tested and devel oped using a commercial FCC process unit. In
the experinment, CO concentration in the flue gas at the a WD 2005/005578
PCT/ US2004/ 018242 -16- outlet of the FCCUnit regenerator was varied from
above approximately 0.5 vol.%to approximtely 5.5 vol.% Over that range
of CO concentration, NO concentration varied froma maxi mum of 266 ppm by

vol ume dowroutletaf the GG my regenerator meas slayied frgmraboye wpprormarelyi05 1) . The
accepted reaction nechanismfor mnimzing NO, em.ssions framt FCC uni t
r egener at orVolsfedaiappromatelyi %g vpﬂ}’/g Bé@? %@t\ﬁﬁw&quc@&ﬁ?ﬂ@&rﬁat rations
of both NO and .exi st.. ,10030] In parti.al-burn,operations t very high CO
concent r at | GiFCePHA ‘éﬂi‘@“eﬁi%'mlé TREER) IOQGQRWI}"%%WB&CE%WZO 4re primarily
NH3 and H . f ' , ' ' 1.SSI ons
are found%‘%‘lﬁ?g_lﬁi@g 1%#%01&%\}/@ ‘ng{]@@eﬁa@@'%gﬁ%%%e ,acgghlsi ng
nmore NO r edygbhdifismWor iffthizame NO\emid¥ions dksth iBe BOG ufiffirégémitator Bel ow 1%
CO, the NO concentration asynptoted to a constant, naxinmm val ue, and NO
em ssi ons requires operation in a regime where significant concentrations of both NO and

CO exist.

[0030] In partial-burn operations, at very high CO concentrations there is
little NO available (nitrogen species are primarily NH3 and HCN) for reduction
with CO. Moreover, relatively high NO, emissions are found. As CO
concentration was reduced, more NO was produced, causing more NO reduction
with CO, and thereby reducing NO, emissions. Below 1% CO, the NO
concentration asymptoted to a constant, maximum value, and NO, emissions

were at the lowest value. See Table 1 and Figure 1.

{0031] The region of very low CO concentration simulates CO and NO
concentrations that may be found in a full CO burn operation at low excess O,.
For such full-burn units, NO, reducing catalyst systems have proven to be
effective. In partial-burn units, where the CO concentration is typically above 4
vol.%, these NO, reducing catalyst systems are relatively ineffective. This
invention recognizes that at very low CO operation, the NO, reducing catalyst
system is much more effective than in typical partial-bum operation because the

key species (NO and CO) both exist in significant concentrations.



were at the | owest value. See Table | and Figure 1. (0031] The region of
very low CO concentration sinmulates CO and NO concentrations that may be
found in um operation at | ow excess 2. For | ] - units,
NO, reduci ‘ég@élpgﬁ?y’gt systens have proven to be effecti g%sﬁ%f}@ﬁy | - bum
units, where the CO concentration is typically above 4 vol.% these NO
reduci ng catal yst systens are relatively ineffective. This invention
recogni zes that at very |ow CO operation, the NO, reducing catal yst system
is much nore effective than in typical partial-bumoperation because the
key species (NO and CO both exist in significant concentrations. WO
2005/ 005578 PCT/ US2004/ 018242 -17 TABLE’/1 NO concentrations are at a
maxi rum at | ow CO concentrations. CO ol.% NO (vppm) 0.50 266 0.75 266
1.00 263 1.25 257 1.50 248 1.75 237 2.00 223 2.25 209 2.50 193 2.75

176 TABLE 1
NO concentrations are at a
maximum at low CO
concentrations.
CO (Vol.%) | NO (vppm)
( 0.50 266
‘ 0.75 266
1.00 263
1.25 257
1.50 248
1.75 237
2.00 223
2.25 209
2.50 193
2.75 176
3.00 158
3.25 141
3.50 123
3.75 106
4,00 90
‘ 4.25 75
4,50 62
4.75 50
5.00 41
5.25 35
5.50 32
5.75 31




3.00 158 3.25 141 3.50 123 3.75 106 4.00 90 4.25 75 4.50 62 4.75 50
5.00 41 5.25 35 5.50 32 5.75 31 -18- CLAIMS 1. A process for the

catal ytic cracking of a nitrogen-containing heavy hydrocarbonaceous feed to
| ighter products with reduced NO em ssions, which process conprises: a)
cracking said feed by contacting said feed with a NO reducing catal yst
system in a fluidized catalytic crack‘i1 (FCC) reaction zone operating at
catalytic cracking conditions to produce a mxture of cracked products and

spent cr ag@wt al yst having nitrogen conpounds and coke deposited
t her eon, said catal yst systemconprises (i) at |least one solid acid

conponent, (ii) at |east one netal-containing conponent conprised of one or
nmore el enents fromGoups | and 3, and one or nore elenents from G oups
4-15 of thk PerA paicessTabthe cathlytineragkiegeht sitrogerdcarttaihingdeavyne of oxygen and

east one BRFGREBAORFOL UV R SEN R Dt U, WHERPREERG bet ween
the gr OUpSco?r{b%séé. ii) at |east one

a) cracking said feed by contacting said feed with a NOy reducing catalyst system
in a fluidized catalytic cracking (FCC) reaction zone operating at catalytic cracking
conditions to produce a mixture of cracked products and spent cracking catalyst having
nitrogen compounds and coke deposited thereon, wherein said catalyst system comprises
(i) at least one solid acid component, (ii) at least one metal-containing component
comprised of one or more elements from Groups 1 and 3, and one or more elements from
Groups 4-15 of the Periodic Table of the Elements; and at least one of oxygen and sulfur,
wherein the elements from Groups 1 and 3, Groups 4 — 15 and the at least one of oxygen
and sulfur are chemically bound both within and between the groups and (iii) at least one
support, filler or binder;

b) separating said cracked products from said spent cracking catalyst to produce a
cracked product vapor phase stream, which is charged to a fractionation zone, and spent
catalyst having nitrogen compounds and carbon deposited thereon, which spent catalyst is
charged to a stripping zone;

c) stripping said spent catalyst of volatile compounds in said stripping zone to
produce a stripped spent catalyst having coke and nitrogen compounds deposited thereon;
d) regenerating said stripped, spent catalyst with an oxygen-containing gas in a
regeneration zone operated at partial CO combustion conditions effective for producing a
regenerated catalyst and a flue gas stream containing from 0.5 to 4 vol.% CO, wherein

the content of NOy in said flue gas stream is reduced; and



support, filler or binder; b) separating said cracked products from said
spent cracking catalyst to produce a cracked product vapor phase stream

which is charged to a fractionation zone, and spent catalyst having

ni trogen conpounds and carbon deposited thereon, which spent catalyst is
charged to a stripping zone; c) stripping said spent catalyst of volatile
conpounds in said stripping zone to pjgpduce a stripped spent catal yst
havi ng coke and nitrogen conpounds deposited thereon; d) regenerating said
stripped, spent catalyst with an oxygen-containing gas in a regeneration
zone operated at partial CO conmbustion conditions effective for producing a

regener at ed cat al yst .and ont ai nin from vol . %
CO, wherein %@W’é‘ﬁtsmgfreg\%em% %E 5te$?lﬂghegr§§er§faf$%a lilestor l?%ce(?% and 19-
e) conducgbmg sald regenerated catal yst fromthe regeneration zone to the

reaction zone. 2. The process of any of the preceding clains wherein the
solid acid corrponent is in physical adm xture with the netal -contai ni ng

conponent gn ont H%g %x%r (?s% oF %‘é’?‘f’ﬁ tﬁ%ére%dn%c%aims gélﬁl theGboftll gﬁF \é@ﬁg&{eﬂt e solid

acid conp Bhent are chem caf | ound. 4. The

process ofph@sigal @dmibchﬂeewitml&admalgl—cdmniagw;amemthe solid acid conponent is
at |east one of one or nore crystalline solid acids, one or nore supported
acids and m xtures thereof. 5. The process of any of the preceding clains

wherein the ”Etrﬁ# pRoREls 3 91'1}“ th& Bﬁemélaﬁ& WiOh iRed i@ hei@ X ¥ABthenPandThe

process of any of " the preceding cl wherein the one or nore el enents
f rom G oupls metalrbhs@cemponant dre abemiozily ksfundli t hi um sodi um pot assi um
rubi dium cesium francium scandium yttrium |anthanum cerium
praseodym um neodym um sanmarium

4. The process of any of the preceding claims wherein the solid acid component is at

least one of one or more crystalline solid acids, one or more supported acids and mixtures

thereof.

5. The process of any of the preceding claims wherein the metal-containing

component is comprised of oxygen.

6. The process of any of the preceding claims wherein the one or more elements
from Groups 1 and 3 are at least one of lithium, sodium, potassium, rubidium, cesium,
francium, scandium, yttrium, lanthanum, cerium, praseodymium, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium,

lutetium.

7. The process of any of the preceding claims wherein the one or more ¢lements
from Groups 4-15 are titanium, vanadium, chromium, manganese, iron, cobalt, nickel,
copper, zinc, boron, aluminum, phosphorous, gallium, germanium, zirconium, niobium,
molybdenum, ruthenium, rhodium, palladium, silver, indium, tin, antimony, hafnium,

tungsten, rhenium, iridium, platinum, gold, lead and bismuth.



europi um gadolinium terbium dysprosium holmum erbium thulium
ytterbium lutetium 7. The process of any of the preceding clains wherein
the one or nore elenents from Goups 4-15 are titanium vanadium chrom um
manganese, iron, cobalt, nickel, copper, zinc, boron, alum num

;phosphor ous, gallium germani um zirconium niobium nolybdenum ruthenium
rhodium palladium silver, indium ti4s,_antinony, hafnium tungsten,
rhenium iridium platinum gold, |lead and bisnuth. -20- 8. The process of
any of the preceding clains wherein the weight ratio of solid acid

conmponent to the total weight of netal-containing conponent is 1000:1 to
1:1000. 9., The process qof any.of th recedi.ng .cl.ai ns er el .he solid acid
conponent & condit BEEEolrulat ng peregfing GORaY FIFE 51 Priereis ophdasil | ne
subst it ut @gmpbhdnt&L18S tot&lWesitof inkal-calthifing@embbiedt &S100011 16 1 albbo.ne _
substituted alum nosilicates, crystalline alum nophosphates, crystalline
substituted al um nophosphates, zeolite-bound-zeolite, having 8-or greater-

t han- 8 nergbere fel j r eS.1: 0. raqcess of any
of the pr ccedi nge BTAEh ST aREP LR ofds ATEY Phifa e RS Sotid id iy

reduci ng canpgliystat kystopsol srysielliae sitidatés, orystallime gulstipitabsibdasds] argstalfingé ar ge- por e
zeolites, medi,um pore zeolite, and m xtures thereof. 11. The process of
any of t hé?%‘?lé?,sé]éﬁaﬁa el GWJPé“‘é‘FeH a%%ﬂ%{iqa&sawﬂa@%ﬂawhwﬁatw»f auj asit.
12. The pr, G i Al } e 3 Ld.acid
component e b A g o B ARG E P 10T e
process oftharl/membeied opymnathignin Thméwekwirestaien t he sol i d aci d conponent and
t he netal -containing conponent further conprise at |east one support,

filler, or binder.

10.  The process of any of the preceding claims wherein the solid acid component of
the NO, reducing catalyst system is selected from the group consisting of large-pore

zeolites, a medium-pore zeolite, and mixtures thereof.

11, The process of any of the preceding claims wherein the solid acid component is a

faujasit.

12, The process of any of the preceding claims wherein the solid acid component is a

medium-pore zeolite selected from the ZSM series.

13.  The process of any of the preceding claims wherein the solid acid component and

the metal-containing component further comprise at least one support, filler, or binder.



