REDUCTI ON OF NOx I N LOW CO PARTI AL- BURN OPERATI ON
USI NG FULL BURN REGENERATCOR ADDI Tl VES FI ELD OF THE

WO MMERTISAN [ 0001] The present invention rel at eBCT/US1004018242
reducti on of the concentrations of nitrogen oxides
(NOx) froma fluid catal ytic cracking (FCC)
regenerator by operating the regenerator in partial CO
burn node with a NOx reduci ng catal yst system
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at which catalyst utilized in a hydrocarbon cracking
process is regenerated in the presence of carbon
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are cracked, coke is

deposited on the catal yst particles. The coke

formation on the particles progressively decreases the
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peatal yst particles with a hot regeneration gas,

uch as air. Coke is burned off, thus restoring

catal yst activity and simultaneously heating the

catal yst. Flue gas _fornmed tgly burni ng coke fromthe
BACKGROUND IQF THEANKENTION he treated for renoval

of particulates and for conversion of COto CO2, after
which the flue gas is normally discharged into the
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when t he
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



amount of coke on the catalyst after regeneration is

| ow. There are two types of FCC regenerators commonly
wag@d/ooishe hi gh efficiency regenerator and thep@Irobioo#gL8242

bed type. The high efficiency regenerator m xes

recycl ed regenerated catal yst with spent catal yst,

burns much of the coke fromthe spent catalyst in a

fast fluidized bed coke conbuster, then discharges the

catal yst and flue gas up a dilute phase transport

ri ser where sone additional cpke conbustion occurs,

and where nost of the COis afterburned to CO2. These

regenerators are desi gned for conplete CO conbusti on,
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Wikreth 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 government 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 NOy formation or

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



is conpatible with the FCC reactor, which suppresses
NOx formation or catalyzes its reduction in a

w0 e@enesszg or in conpl ete CO burn node. Thei nveP€DUS2004/018242
herei n, however, have unexpectedly discovered that a
NOx reducing catalyst systemtypically used in
conpl ete CO conbustion regenerators can provide
i mproved NOx reduction using a regenerator run in
partial burn node at | ow CO concentrations. SUMVARY OF
THE | NVENTI ON [ 0005] An enbodi-nent of the present
i nvention provides a process for the catalytic
cracki ng of a nitrogen-containing heavy
hydrocar bgnaceous f to lighter product | t .
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conditions to produce a m xture of cracked products
lawdCO&mcentraii®iisng cat al yst havi ng ni trogen conpounds
and coke deposited thereon, wherein said catalyst
system conprises (i) at |least one solid acid
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ments from G oups 1 and 3,
and one or nore elenments from G oups 4-15 of the
Periodic Table of the Elenents; and at |east one of
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fluidictd cadytincrackmg (FUC)apactiorcadad ysdrating atgatalyticagecking
conpounds and car bon deposited thereon, which spent

cenduiops to psodusgragmixtuee of ereekghpraglugtsrandcspent eraskingcatalyst
hé?ﬁjgptﬁfrﬁggn CahPohnbs Shd kAL GRiEd RALOLSwhireifsid 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;



zone to produce a stripped spent catal yst having coke
and nitrogen conpounds deposited thereon; d)

WO e@enessat i ng said stripped, spent catal yst w PET/ES2004/018242
oxygen-containing gas in a regeneration zone operated
at partial CO conbustion conditions effective for
produci ng a regenerated catal yst and a fl ue gas stream
containing from0.5 to 4 vol. % CO and greater than 90
ppm by vol unme, NO, wherein the content OFNOx in said
flue gas streamis reduced; apd e) conducting said
regenerated catal yst fromthe regeneration zone to the
reacti on zone. [0006] Another enbodi nent of the
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bet ween the groups and (iii) at |east one support,
filler, or binder; b) separating said cracked products
[0006) sataothrs embndanienhgf thetprresett imeention 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



produce a cracked product vapor phase stream which is
charged to afractionation zone, and spent catal yst
whans00s5me t r ogen conmpounds and car bon deposi t eRCT/US2004/018242
t hereon, which spent catalyst is charged to a
stripping zone; c) stripping said spent catal yst of
vol atil e conpounds in said stripping zone to produce a
stripped spent catal yst having coke and nitrogen
conmpounds deposited thereon; d) regenerating said
stripped, spent catal yst w thsan oxygen-containing gas
in a regeneration zone operated at partial CO
conmbustion conditions effective for producing a
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i nvention provides a FCC process for cracking a
readticogeoneont ai ni ng heavy hydrocar bonaceous feed to
l'ighter products with reduced NOxem ssions. The heavy
hydr ocar bonaceous feed passes to a FCC process unit

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 NOy 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 NOy



whi ch contains at |east one reaction zone, a stripping
zone, a catalyst regeneration zone, and a product

w0 e@snismat i on zone. The feed contacts a NOx reClUR2994/018242
catal yst systemin a reaction zone at 425C-600C,
preferably 4600C- 5600C. The hydrocarbons crack, and
deposit coke, sulfur, and nitrogen conpounds on the
catal yst. The cracked products are separated fromthe
coked or spent catal yst. The coked catal yst is
stripped of volatiles, usuallg. with steam in the
stripping zone. The stripping is preferably per f or ned
under | ow severity condl tions to mnimze thernmal
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oil; liquid products derived from coal .liquefacti ﬂ
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



processes; and m xtures thereof. Such feeds typically
contai n an undesi rabl eanount of nitrogen conpounds
W@ b@t/0eses converted to nitrogen oxides in the PCT/US2004/018242
regenerator. The FCC feed may al so conprise recycl ed
hydr ocar bons, such as light or heavy cycle oils.
Preferred feeds in this process are vacuumgas oils
boiling in the range above 6500F (3430C). [0010] The
NOx reducing catalyst systemutilized in the present
i nvention conprises (i) at |least one solid acid
conponent, (ii) at |east one netal -containing
conmponent conprised of one or nore el enents from
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catal ysts contai ni ng Iarge pore zeolites such as USY
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USY, and REY. [0012] The catal ysts use in the
present invention can also be a nedi unpore zeolite or

rge-por nd nmedi um pore zeoljite m xtur.e.
m Bl 801id 3¢id £optmanelt isinrpiczably ecqnsiatiphal REC catalyst

L NG T T
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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, ], 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 medium-
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



Butterworth-Hei neman, Third Edition, 1992, which is
hereby incorporated by reference. The nmedi um pore size
wQe@bi00538 general |y have a an average pore di ap@r/E82004/018242

|l ess than 0.7 nm typically from0.5 to 0.7 nm and

i ncludes for exanple, M-I, M-S, MEL, MIW EUO MIT,
HEU FER, and TON structure type zeolites (I UPAC
Commi ssion of Zeolite Nomenclature). Non-limting
exanpl es of such nmedi um pore size zeolites, include
ZSM5, ZSM 12, ZSM 22, ZSM &3, ZSM 34, ZSM 35,

ZSM 38, ZSM 48, ZSM 50, silicalite, and silicalite 2.
The nost preferred is ZSM5, which is described in
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Bigtterwidoth-Hefi@thatd ThirdPdiZibn 21907 iR i RerdbP inf6tpordid by
3,948,758, ZSM23 in U S. Pat. No. 4,076,842; and
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examiplasofAuPbriediunlepore simzdotités, facidé ZSNd-5, 4,SMOL 21 48M-22,
titani umalumnosilicates (TASO, such as TASO- 45 o
o3 BedMi 3 EM-3p Z8Me3 665 ASM-H caliealite, and silicalite
d i bed in U.S. : . 4,254, 297 .t j
2 e weeBrse 8 26 s bich s desripagis V-8 bicNospago2.8s6
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UhSnPatt Diced:07:34 aadZIMedigint Ui B, Noedi(H6\245. ol of the
bt D et e PO R sLEetohy raler e Ol Suitaalspnedivr-pore
sizk YEbAtes ifi@ude 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;
titanium 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



adm xtures of ZSM5 and ZSM1 1 are disclosed in U S.
Pat. No. 4,229, 424which is incorporated herein by

WO efosnessce. The crystalline adm xtures are thePGEUS®E4/018242
medi um pore size zeolites and are not to be confused
wi th physical adm xtures of zeolites in which distinct
crystals of crystallites of different zeolites are
physically present in the same catal yst conposite or
hydr ot hernmal reaction m xtures. [0014] The | arge-pore
and nmedi um pore catal ysts of _¢he present invention
wi Il be present in an inorganic oxide nmatrix conponent
bi nder that binds the catal yst conponents together so
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of al um num oxyhydr oxi des-g-al um na, boehm te,
di aspore, and transitional alum nas such as a-al um na,
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and p-alum na can be enpl oyed. Preferably, the al um na
veiblehs presént inmnahorganigroxide hyatricodotepanenh baslegithridiinds the

bayerite, nordstrandite, or doyelite. The matrix

Yticamnegents togethsh s that thvsnlysbprodyet is hawd soaugh to
' i.1.hi ot this |nvent.i,on . .
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particles, in the aforesaid inorganic oxide r%atrl X.
chopbaEniSupgether Praferablyptherinatganay exide hatrixds yiet adthlynizally
or, anor phous materials, which may or may not )
aptienaed Yl bscomeprined, ofryades elsilieon aed @ﬁmnunp Inisialso
pg%fgﬁ:%p @i‘até?ﬁarsﬁ%s@gr { a%_aelp% B%s_e!s: Qggm 'tt% gx%oralltleh li‘r?ttortﬁte Iil\lloelrgeuclic oxide
matrix. Species of aluminum oxyhydroxides-y-alumina, boehmite, diaspore, and
transitional aluminas such as c~-alumina, B-alumina, y-alumina, §-alumina, s-
alumina, x-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 crystailine or amorphous materials,
which may or may not themselves be acidic, modified to increase the acid sites
on the surface. Non-limiting, illustrative examples are H,SO,4, H;PO4, H;BO;,

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



CH2(COOH) , nounted on silica, quartz, sand, alum na
or di atomaceous earth.,as well as heteropoly acids

worewavess7on silica, quartz, sand, alum na or PCT/US2004/018242
di at omaceous earth. Non-limting, illustrative
exanpl es of crystalline supported acid materials are
acid-treated nol ecul ar sieves, sulfated zirconia,
tungstated zirconia, phosphated zirconia and :
phosphat ed nobia. [0016] The solid acid conponent is
present wth at | east one netjgl - contai ni ng conponent
conprised of one or nore elenents from G oups 1 and 3,
and one or nore eIenEnts fron1G¥oups 4-15 of the

o As e eEre i deida B G e e B Afhunige

C
i O g St e

deidntht&igla ardecidriycated ﬁiol@Uulmbwasasulmte@fzuneﬁaL tungstated
selected fromlithium sodium potassium rubidium
»ewinignphosphaied gircewiamaid phosphated nabia ant hanum

cerium praseodym um neodym um samari um europi um
gadol i nium terbium dysprosium holmum erbium

[@pfﬁ]e g{nsl” tsbﬁﬂ%cmorﬁﬁgré%lgtlgbféé@ﬁtb\mtﬁfa? '19&@[ Xpe H@al-contammg

rom G oups can be an
ydeat compeiked®f 8hé of el ehdndiitd ﬁ?dn@ U}rbﬁﬁy 'Inaﬁﬂ@u and one or
cerium The eI enment (s) from Groups 4-15 can be any
mbrnalements fomi Granps 4015 of 8rePersodic a}aubla ofifhe Elenmta:fl‘he
the, Periodic Tablfg of the El enents. gferabj
rém@h@ﬁg §Pn¥9061ﬁ%1@ <ajalysf systepyHedccardancssy lt%ﬁ]ée gwentlon

ot S BERY Y S RAER. ORAMIR s bt A it

fgé}h'(‘}ﬂdﬁﬁ’gs Qe albe éh? GRALLER cAhBiRhHEh ofPhABRERWRed from
r ut heni rhodium palladium silver, indium tin,

lgthivnnodiurh apotassinmt, widgidiven, ceshanj ﬁmmcmm dearmdium, yttrium,
pl ati num gold, |lead and bismuth. Mre preferably, the
Tanthapimy §t)r1umoma@wp@mm,1®qd§npam FABATINER SUIQHUIL T

SRR RO PRt 250 e SRR B, and

lutetium. Preferably, the elements from Groups 1 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, gallium,
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



physically mxing or chemcally reacting wth the
nmet al - cont ai ni ng conponent and, optionally, conbined
wWowak/0033e8 bi nder to form catal yst particles orPE@DUSHS4/@18242
filler to noderate the catal yst activity. The wei ght
ratio of solid acid conmponent to the total weight of
t he netal - contai ni ng conponent can be from 1000:1 to
1:1000. Preferably, this ratio is 500: 1 to 1:500.
Most preferably, this ratio is 100:1 to 1:100. The
wei ght ratio of the netal - contai ni ng conponent to the
matrix conponent can be 100:1 to 1:100. [0018] The
rret al - cont ai ni ng or NOx reduci ng conponent of the

2% Bplha B LEMRY wi HEbl00 8 SRR Bk Br actasa
ﬂaﬁéﬁﬂothdetheth@%dlfﬁta%twﬁy C’Pﬁ@%?%{r B of Fgﬁgb&d%d?ﬁﬁonem

anmount s of ot her erials, which 0 not

tadhe tetel werdht efthe hretdil(bontzadmgl augnpposredit cam be fram lOOO 1 to
anl ficant way preferably, however, the

&80 n§ rfzf@i@bbhéhts r@t;ﬂés 5,9@,1é§sle$ﬁ() aIWprrq(ch@bb' this ratio is
bovy,
4 R B S35 SR e
| FCC cat al yst
ARk KB 1 L 1 300T et ve amount, An-

effective anmobunt is an amount, which is effective for
reduci ng the NOx content in the regenerator flue gas
[8818)v t hhe metakeontaining bel\@mducmgmomrmmns eﬁdze citalyst

th ddi t The NOx red onent may
SSiFB Y R H60.8 %@’Eﬂt%ﬁg iR worcle or B ap Hiseralineept a FCC

t lih rocess
ooty AR Thie RQurubaRetonBonh aled i findE ahGuys of
o@lQéﬂmQﬂ‘erlﬁlsF@(Elﬁﬁgﬁﬂﬁbl}péb hb@h&verhél @T&E@f@qﬁb éeducmg
contains from0.001 to 10 per cent b%; wei ght, and nore
fpnaticr md yighifooand way. Mors prefecably, lgtywmrgtgte N?gdﬁ@mhg
referably from0.Q05 to 1 percent.. by weight of the
cgmp@ﬁ@m g/oywst% essentiakly ag ltsmst(umlatme@mqglsaquo When the

N il (RIS Rk Bty SHA P RS 3 o the

i nt6 MM Aind FOE GAslyst ﬁarﬂ@l%sffn a NO, reducing effective
amount. An effective amount is an amount, which is effective for reducing the
NOy 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 NOy content of FCC regenerator flue gas, it has a

negligible effect on the hydrocarbon cracking reactions which occur during the



negligi ble effect on the hydrocarbon cracking
reacti ons which occur during theFCC process.
wao-enoshessnore, the NOx reduci ng catal yst syst enPCEUS2004/018242
conpati ble with CO oxi dation pronoters, which may be
part of the inventory of circulating particul ate
solids. Additionally, the NOx reduci ng catal yst system
of the present invention nay be used with additives
that provide SOx reduction. These SOx additives may
al so provide NOx reduction. Jjhe SOx additives are
preferred to be various fornms of alumna, rare-earth
oxi des, al kaline earth oxides, and spinels. Mre

BB S50 oS B0 K BRI AP it

Ol @idaton BRfthbRES wiiHE A% dhat 6t Ry ingeficty BECE Bfine

SUPERDESOX, or Interc ER or Super

pdtiealhtd solidst eyddicoaildy, the NQeducingriatalystgstena bf the present
conmbusti on node conditions, CO concentrations are

lgﬁmtm maydrectigedrwith ad?uuvgs that pyovide rSQbeueylucﬁm | Fheg SO,
R EES 2 R 00k Vo iPal 1R TP BB 48 B rea o e
b TOpES SEAFR A kot o, DAl PRRIRER A G
Mpiéd preferably, fthe SO, MAMithvedy ﬁlrﬁﬁlgrfe%hﬂhya‘iﬁm%iﬁﬁh &finelh8 00

concentration of the present invention, however, is
additivas ayeavadable drdmy s¢vayal malgswupphprcefseclam Gr@ceSDamson s

referably 0. 75 to 3.0 vol
16508 o SUERRPERDRiamymirenie SORTIT BB o oFuinr GRXGETTER.
Addi tionally, NO concentration is preferably greater
than 90 ppm by vol une, nore preferably greater than

[@5@0]p Py ré@%ﬂé@m ﬁﬁﬁuﬂ'ﬂb? 1R é’or%ﬁé’d(ﬁ{ nfoﬁ@ Ronditions,

ppm by vol une. CO concent ation is reduced
G}fbrcenbmtranqmsaw genbraﬂyt gseater thian el (NGol. Bchovithi \mny\l\mlé]NO being
CO, and thereby reduci ng NOx em ssions. The presence
peeseat,gengrallyt kepyth méormnchyn‘gnlamedﬂ (st Thg/magarity of nitrogen

reases the

cBAGLTRE Reties conine PeatiareGor ot Nk High Lo sREcftisipps are in
tlﬂ_éégocr%}lpgtr‘] Hggﬁgﬁﬂ N8y RIS K8t tHeSoptifvu! & fof a6, Féducing
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, causing 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.



where it contacts injected FCC feed. [0022] The
reactor operation will usually be conventional al

wo e@enossracki ng FCC, such as disclosed in U S PEHUS20M0018242
4,421,636 incorporated herein by reference. Typica
ri ser cracking reaction conditions include
catalyst/oil ratios of 0.5:1 to 15:1, preferably 3:1
to 8:1, and a catalyst contact tinme of 0.1-50 seconds,
preferably 0.5 to 10 seconds, nost preferably 0.75 to
5 seconds, and riser top tenpe-atures of 9000F to
HOOOF, preferably 95Q0F to 10500F. [0023] It is
preferred to have good m xing of feed with catalyst in
[ lgas erd h&i%géﬁ&&fggrcﬁﬁﬁ Qs ety t%ocﬁgfﬁdf‘ _‘Péh%ltlon gone

I ques S as addi ng 1arge anount

Wheﬁerﬁtd@ﬁecrﬁmwtédﬁt:e?fe@azl es, use of atom zing
nozzl es and simlar technol ogy. The Atomax nozzl e,

avai l able fromthe MW Kellogg CO, is preferred

f t abl 7/ di scl osed
123 oot oadtor opereting el gy be G entanal all iser crcking

FOSBHOLA A RSPEINLEY B8 RocheRy o bBoBELBLIBenly

k?él%nb@ Tﬁﬁcﬂq“fs%r @fack fe'a@ﬁén cbhditidnd ikQudd @attﬁfcyrsggﬂ ratios of

but not €ssenti al he riser reactor to discharge

0.6totcal @Ilppmfem}aly bﬂaosﬁjStm d oatalysp contaeipinatof@nl -60 seconds,
cracked (groducts from spent cat al A cl osed cycl one

prgterablyi &5 dp 8| sssemdls, magt prefeepbly 5 t, Sesx09dy, angl riser top

tgl?!%dF%HE@ o} 00°gt Eh%l‘iigb%r’ é‘f‘z’f@@ﬁY %ﬁ% g)t {@Egnt ial, to

rapidly strip the catalyst as it exits the riser
upstream of the catal yst stripper. Stripper cycl ones

[8028] os étlisiprefdn®@d tBdave Nood 4nikfidg éﬂfeedSﬁhﬁbataﬁy‘sﬂ in the base of
Heffl ey, incorporated herein by reference, my
the eiger reactay, prneg soneentional tesbnigessuch ab addmgdgg%amomnts of

agsrtn% g%lj)e%}‘i%lt é@ﬁgpg}g{# eégé,g a@@llgg‘gﬁg;g;qsa%éelmﬂar
t%\elﬂ%]oﬁ Tlﬁ’é’grtoﬂlﬁx 1B \%ﬂgb% frgﬂ'f theN: W: ﬁéﬁ%éé) §O is

I ncorpora e hérern by réeference
pieferfdd. TRiAiOef RGHtdY AbzAOatLHisERYeE 2P U. SePéteFllos 5,289,976

catal yst before it is sent to the regenerator.
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
is 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



preferred hot stripper and catalyst cooler is shown in
U S. Pat. No. 4,820,404, Omen, incorporated herein by
wo edospessce. Conventional FCC steam stri ppi ng ce@miU$10041618242
can be used, with the spent catal yst having
essentially the sane tenperature as the riser outlet,
and with 0.5 to 5% stripping gas, preferably steam
added to strip spent catal yst. The FCC reactor and
stripper conditions, per se, can be conventional.
[0024] Two types of FCC regepggators can be used in
the process of the present invention, the high
ef ficiency regenerator and the bubbling bed type. In

AR e T B R SR Sl R L iler &
BlssbPhabur TS Pagm AL ESHE bt U e oRt ekt lon

Oadedl, Yifdorpdiagedobidreln by rdferbnte IEsRVeational BCE $teAm\etfipping
efficient at burning coke so a | arge catal yst

conditions gambel ubexh gvitletliedypentcatalyst having essengiatgthe same
are needed to produce cl ean burned_ catal yst. The
eRImsERUrea%ihs 1é3eT culeh endouh 0 @ 34tStERpingegas, preferably

entyonal .. - ] egs t 2,60k "
SRR s BhraphysThe SR reotop ind §efBB&r conditions, per
& ehfbakbyveyeshdless. By coke we mean not only carbon, .
but al so m nor anobunts of hydrogen associated with the
coke, and perhaps even very m nor anmounts of
unstri pped heavy hydrocarbons which remain on

41 y st waimes 8@ seganevaters garbe vsed indheprecess ef the

AR 5 g B ol el . 1
Mlﬁ)lfﬁ%%éd%ﬁ@ﬁéﬁf&&, 1hAh BE e%é{?ﬁﬁtiﬁﬂ%%%ﬂis{%ﬂy %, Plsses

contr t echni ques assocCl ate par
hentnlsthie ed[iARE forhh of publsies STlegsetpass fhireaginthe bk Muk @ontact

can al so be used wth high efficiency regenerators

it peRIg Wl heseaurtitsyperaty iveitly bag amogiokseo st dihe hiibbling bed
1,%2%@%@%0%? g% 20 tVer{} g‘fiﬁéip&n%hsq%:%gdco %dsotaola(r:goé (lza(?cgltyst inventory
and long residence time in the regenerator are needed to produce clean 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.



necessary to operate these in partial CO burn node to
make CO specifications. [0027] HERs inherently make
wexwslhbsmt use of regeneration air. Mst oper aP@€r/ub10n4/018242

or 2 mole %2 or nore in the flue gas when in

conpl ete CO burn node. Wen in partial CO burn node
nost operate with little excess oxygen, usually in the
ppm range, preferably less than 1/1Q0h% For HER s,
significant reductions in the anobunt of air added may
be necessary to produce a flugg gas with the correct
CO 2 ratio. Reducing or elimnating CO conbustion
pronoter nay be necessary to generate a flue gas with

IDBREE o7 TP YESessT R B PR st s ARG BB s i
RIEEy RadRARHA RN il 0 3849 9MidD B6d RBKE KBhHStor, dilute

contro sc enes e aval l eep the air
;mame;hamspcﬁnds@b am@ secmieb et thevolleonrtigehermatedGenalyat It will be
rate, with changes in feed rate changi ng the coke
ngpessary iosopatatedBein mmastiokly Ormirmsueds to wgkn 6@ specifications.
operation. Constant air, with variable feed preheat,

or variable regenerator air preheat, are also

0050, "Bis PR B om0 ek il g pee

VAP U @R 2cbEe %P0s bRwndrd il & fliebadneen iR comphéte COburn mode.
some ot her fuel may be burned I'n the regenérator.

VEl@wviat partial CODROiN Miode prast operate wath litble exasss exygen, asmally in
%?ééﬁrﬁég@,”psr' ToSnden s 1o0th o, ey RERG, guapifieant reductions
i ECAhGh: it Ao g Belnso BT IER IR M LACwIh IR

cMﬁJecto/@O%? ratid) Hedu@iorodlirkina6a8 O dopithiRfion '}pomoter may be

concentration varied Troma maxirmum of 266 ppm by

nectssany toqyemetate a fidengasumith fiwaqepasaxiiola CED s 81pgen.by
vol une (Table 1). The accepted reacti on nmechani smfor
mnimzing NOx em ssions fromthe FCC unit regenerator

[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 invention was tested and developed using a commercial

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



requires operation in a regine where significant
concentrations of both NO and CO exist. [0030] In
wasosieds7dbur n operations, at very high CO PCT/US2004/018242
concentrations there is little NO avail able (nitrogen
species are primarily NH3 and HCN) for reduction with
CO Moreover, relatively high NOx em ssions are found.
As CO concentration was reduced, nore NO was produced,
causi ng nore NO reduction with CO and thereby
reduci ng NOx em ssions. Bel owgl% CO, the NO
concentration asynptoted to a constant, naxi num val ue,
and NOx enmissions were at the | owest value. See Tabl e

. . ow
SyRDE NS e kA e SR RES BB Al Rhrgly 0.
VB, 16 a{aﬁf&ﬁrﬂa&:l? 5316190 @Uéﬁh@ﬂ%gb 0P T cohOMtEARAS NO
2. For such fulT-burn units, NOx reduci ng catal yst
aysteirstidmvaried froana nmxtimuei 6£266 ppm by vphimie dbwhuora
uni.ts, where the CO concentration is typically above 4
mpyHmym pf approxoRately 3 & prge bxvalume (Eyldedis Theaccepted reaction

A R SN e R
YA L gl T TR in VRSt B R oIk HRas of Rl N and
Cexlimat h exist in significant concentrations. TABLE 1

NO concentrations are at a nmaxi nrum at | ow CO
concentrations. CO (Vol.% NO (vppm) 0.50 266 0.75 266

[i’)ﬂi%)] 26i3n 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.

[06031] 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, NOy 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-burn operation because the

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



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
wa@2@5/006781. 50 62 4.75 50 5.00 4 1 5.25 35 5. 50rGRUS20§8H018242

31CLAIMS ; 1. A process for the catal ytic cracking of

a nitrogen-containi ng heavy hydrocarbonaceous feed to

i ghter products with reduced NOx em ssions, which

process conprises: a) cracking said feed by contacting

said feed with a NOx reducing catal yst systemin a

fluidized catal ytic cracki ng1lf#CC) reaction zone

operating at

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
425 75
4.50 62
4.75 50
5.00 41
5.25 35
5.50 32
5.75 31




catal ytic cracking conditions to produce a m xture of
cracked products and spent cracking catal yst having
wWoRa0s0eEm conpounds and coke deposited ther eonPCTHIg2004/018242

said catal yst systemconprises (i) at |east one solid
acid conponent, (ii) at |east one netal -containing
conponent conprised of one or nore elenents from
Groups 1 and 3, and one or nore elenents from G oups
4-15 of the Periodic Table of the El enments; and at

| east one of oxygen and sul fgg, wherein the el enments
fromGoups 1 and 3, Goups 4 - 15 and the at |east
one of oxygen and sulfur are chem cally bound both

%tégmand bet ween the groups and (iii) at |east one

, filler or binder; b) separating said cracked

Pr OdU&&)ZOééSQ TSRl Cafdlpiid cicREtY Hta ﬁﬁf%%ﬁ&@gﬁf

a cracked product vapor phase stream ar ged

hydrecdrbewddeonsaféedrtodighter produsteemith esduebd NOhamidgsions, which
ni trogen conpounds and carbon deposited thereon mhich

PIpesss COHAISP8t s charged to a stripping zone; .
ol A BT R Eione m%%bﬁéﬁﬁ%g‘s’ém&%p&m %e%%cmg Butalyst

S?E“E?L%ﬁé ) Aot RoRneridbk (FORD ERTRAUAER (eRend &,
catdlyti @Braekitgedoneldtidii tol prodecsa hﬁxﬁlré @g erekad 'p%kil?cﬁ@ 8nd spent
operated at partial CO conmbustion conditions effective

cramknpg oatalyish awngewg@ogemc@upoaméa gmd calreddepokited theason,
eamc nlngfrom05t % nd, gr eater
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clains wherein'the solid acid conponent is in physical

Pardioilict Tialde wif the Elemerds;adndcatrieast mns @ fomygemand 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 and greater than 90 ppm by volume, NO, wherein the

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



3. The process of any of the preceding clains wherein
the solid acid conponent and the netal -base conponent
wa@e@sobssng cal |y bound. 4. The process of any OPCT/H82004/018242
preceding clains wherein the 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
oxygen is part with the netal -contai ning conponent. 6.
The process of any of the pr-¢geding clainms wherein the
one or nore elenents from Goups 1 and 3 are at |east
one of lithium sodium potassium rubidium cesium

L: 22 gelg @%ﬁﬁ@gﬂ%&g% ené’énteﬂt&ﬁqcaﬂamtt ?I%EW 'cﬁe l%gr%l%ion zone to the

um Samarium eur opil

4 figen terbium dysprosium hol mium erbium
rtgﬁéuj[fﬁl um ytterbium lutetium 7. The process of any of

the preceding clainms wherein the one or nore el enments

from Goups 4-15 are_ titanium vanpadiuym .chyom uyum .
2nangahessprocessoet, anyodzihe pregeieg claggs p&@e,relaitﬁ% solid pgid

al umi num phqosphorouys, .galli er.neni um . zi i
A s TS BRL AR e ARG i EGRAPbHER.
pal | adium silver, indium tin, antinony, hafnium
tungsten, rhenium indium platinum gold, |ead and

i sSMUFkL pRcedd¢f Aafyosfihe peécedinyg clhirmbevhereiaahe solid haidms
wher ei n It)he wei ght ratio of solid acid conponent to
donepdnenahndéiegmetabibase componentrachgmiesthydramd. i s

1000: 1 to 1:1000. 9. The process of any of the

precedi ng clains wherein the NOx reduci ng catal yst

yst cConpri.s ' 0 i Si .
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crystalline substituted alunminosilicates, crystalline

sappoited pbids phd teisctures thereof.

5. The process of any of the preceding claims wherein oxygen is part with

the metal-containing component.

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
elements from Groups 4-15 are titanium, vanadium, chromium, manganese, iron,
cobalt, nickel, copper, zinc, boron, aluminum, phosphorous, gallium,

germanium, zirconium, niobium, molybdenum, ruthenium, rthodium, palladium,



crystalline substituted al um nophosphat es,
zeol i te-bound-zeolite, having 8- or greater-than-8
wWOoreeebeesam oxygen rings in framewor k structur esPCI/0S20051€18242
process of any of the preceding clains wherein the
cracki ng conponent of the NOx reduci ng catal yst system
is selected fromthe group consisting of |arge-pore
zeolites, a nediumpore zeolite, and m xtures thereof.
11. The process of any of the preceding clains wherein
the large-pore zeolite is a fa04 asite. 12. The process
of any of the preceding clains wherein the nedi um pore
zeolite is selected fromthe ZSM series. 13. The

- : i i s _wherein the, .
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ol enind bishhigh. conpri se at | east one support,
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8. The process of any of the preceding claims wherein the weight ratio of

solid acid component to the total weight of metal-containing component is
1000:1 to 1:1000.

9. The process of any of the preceding claims wherein the NO, reducing
catalyst system comprises a cracking component comprising at least one of
crystalline sificates, crystalline substituted silicates, crystalline aluminosilicates,
crystalline substituted aluminosilicates, crystalline aluminophosphates,
crystalline substituted aluminophosphates, zeolite-bound-zeolite, having 8- or

greater-than-8 membered oxygen rings in framework structures.

10.  The process of any of the preceding claims wherein the cracking
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 large-pore zeolite

is a faujasite.

12. The process of any of the preceding claims wherein the medium-pore

zeolite is 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.



