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WO 2004/ 014793 PCT/ US2003/ 025190 Flue Gas Treatnents
to Reduce NOx and CO Em ssions Rel ated Applications

wohos/oappBi cation clainms priority to U S. Provperasaln3/025190

Application-No. 60/402,710 filed August 13, 2002. 5

Field of t heFlhggﬁﬁth‘%Htrﬂ_Bﬁs td‘R@ﬂﬁée‘N‘OQraﬂH (ﬁgiﬂmlssmns

conposi tions an thods to reduce NOx and

em ssions fromthe flue gas of a fluid catalytlc

cracking (FCC) unit. BackRelatehdpplicatines | nventi on An

exenphaky, lr‘%&%ﬁ% CQIEBd A No. 6§402,710 filed A
shown |rs1 qﬁh% 'c etélﬁjci:%tqu ?‘}31/431?% sﬁﬁ%%@§r°ru‘z tled August
13,0893 he crackl ng vessel (not shown) of the FCC unit

to the catalyst regeneratigfiqde the Indeh@ibisf €r conduit 4.

The s&ent catal yst is regenerat egn‘}en a fluidized bed 6

by bufhs wyentine progides @rrfpmtlh@s end mptheds t¢ ypduge NOxnd E€hgrrissions from the
afie éés%féﬂ&ﬁ%&’t&'l?ﬁ@crh&&r% (be) ffpgenerator 2 by means of
air-conduit 8. The regenerated catalyst is returned to

t he cracking vessel vi Baekgnmudeof thedmyanition 10, NOx

(e.9. an Ié@mph‘@? g@l?e@atorl\al%%ack 1&@95@C%H@15%\£@1§1@ 1I Phd BRed catalyst is

regenerator 2 pass out of [ ui di zed
FasrefTQnp the ceagldpg Fes6ed ﬁnouhowwl ¢f thqu-,CC? jeto gla:sca\alyat re@n@ramt 2 via transfer

dénduibh Omé Jﬂ)@nt LRIGHREL @Eé?l@rateh Bea fll.luHEecglﬁﬁ 665 baRN; tﬁ‘éjco‘léé 8¥f the catalyst in
condui t to a Stack where it is refeased into

tfﬁ@rea%q%gw@ﬂ@oduwdelnwhrere@aﬁa@pﬁ Py gt aipeandiih8.ohe regenerated

BRAIGst %ng&@@%ttﬁe cxéékﬁlg e PifieRen&nadif1d. ﬁthx te.22 NO,U®,, N,O, N,Os,
gras cooler and the like), an electrostatic

p @ Pt €@ fRsmed I theyreggmeratag @ pagsiout of igs fluidigpdibré 6 ppddeave fhegegenerator

Qih tRIRE £0PRENE B2. (Bod the rég%ner&t@t tht@lue §ANs DL ViAO8E 12 to a stack
in any order along the flue wth respect to each

8¢ }YE‘?“’* it garelepsedl intq e Aimospheren & ha flite ¢aRPLNEY oafpihRne or more components

ERARY £6uchéRM4 R, fal e g8ASoM 4nll (NHiRe), ‘é‘i‘bl@&lro‘stﬁtlcaprempltator 15,a SOx
sel ective reduci gr% l%ent t hat does not react rapi d
cp

irthherehoe addhe likeq ional cappeRents (e eldy 13 A0k 93m be Pfﬁ?éged in any order

glaﬁ,gthéfm&,y@@gpe@{tolé&-d;ﬁoﬁ{epcesses have evol ved, thernal
and cgtg yti ¢. Therma| processes qperate_as

honog ¥ e o febNpr sEhedaRoet timdhe furgge ik fifegvhichis a
Ed@h@&lehdél@f 20&HD thal &R0 nbtQeatOQMHLy wWithe:xcabdlgyi thet rﬁe}&%@l’@ient in the flue

r [ 1 h | r r
TR N Tl —
H@ﬁdgrenebes gadchtlase PrdvEiSed 40 hfgh t@lpgﬁﬁlrésptypﬁil@l ayduing alsscyto 1900°F. The
r gucethe NOX to nitro Fl ue grastreat iqo S0°F. US.
BIHESYNRRS EPEFa oAUt “BMO“FH{?“‘@ AT YR 4t £ty
Basit Noad 821|'B8Q Hescrlﬂ_ﬁeiﬂ&ng NH@td’fﬁﬁ%aat 1 chiagtiedlly refdﬁée tA€MNOx to nitrogen.
met ho reduci ot her ' ons fr

mth .
T ue ke e Gefline bR PG 8T et gosts s high

ThﬂrcSJ,s aasedma e aﬁSfonteh&hethddﬁ'bDﬂ‘eﬂlmMg Ié(DJdSnd otiefremaisylomffronthe flue gas of
30 The i n rovi { ue
f?ﬁ’ﬁf R LB g TR RO 1 e PG TBIOGH S uni
addi ng at | east onesmﬂﬂp@softth@mvaﬁmpr i Si ng copper

and/o cobat toth gener at or of theﬂ\g nig .
an andunt 'SPt Peyidh ‘ieé srté'?? eé‘ lﬁ?&reij‘}’f"ig &C‘I“Elé %"fe ? ffFCC unit by
&dd@mgunietst ohdontpesitorhadipaising cappertdne/ot cvbelntd thawegerictaedr of the FCC unit in
g}sanboruntgsruéfgzlleél}; to I'%%lﬁe ﬁﬁé "}:\ﬁ% &h?h & t¥1 3 grgl?tl%romla g’mlgolalmen?gﬁhe invention,
the amount of NOx emitted from the regenerator is the same as or greater than the amount of NOx
emitted from the regenerator in the absence of the composition.

In another embodiment, the invention provides flue gas treatments for reducing NOx from the

flue of an FCC unit by adding at least one composition comprising copper and/or cobalt to the
-1-
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,adrbkfﬁ'at@%gﬁeﬁﬁrﬁf&inﬁlg H‘gﬁhﬁk )

emtted fromthe regenerator in the absence of the
conposition. 35 In another enbodi nent, the invention

wonroiodem™3f |l ue gas treatnments for reduci ng NOXPETMISRA0BO25190

flue of an FCC unit by adding at |east one conposition
Fe%%dt&'o@ the GORRAL: R BE re%@&?slt(;r hh@pdoh 6r unl;véﬁglr distribution.

04/ 014793 PCT/ US2003/ 025190 regenerator of the FCC
uni t, Ingnether erhedimege ﬁ@ﬁwwonwa@ﬂ% fpe g7 tgptEprin fogirgducing CO from the

ﬂhé&ff ah ki‘;@b d?ﬁl by Eﬁ‘dﬁ%qé?tlfﬁﬁ’trong H@%Eﬂ@ﬂﬂ&omﬂrﬁﬁg e f‘idd@ﬁ‘ cobalt to the
provi des flue reatnments for reducing fromthe

fageRerasfr %weﬁ@@ ugiin anamondiRufigicat tojredise C@rﬁ’@athéélﬁ’ﬁe%tﬁ? Fefqunit. In
%Umg LM GRRRERvARH SoviBQBRHodE Ror tdiEcing €OSRRL @ RlcerRfator of an FCC
the FCC unit in an amount sufficient to reduce CO in

BHe flue of the FCC unit. In 5 another enbodi nent, the

I NVenirhon o et AR LEPEHSH ih0 Frud SHWCARBNECRd LAV ds I%?the invention
regenerator of an FCC wunit. The conpositions that are

ERBITise cqpier ane/of goalt.gBhs copres enfabalt R e ishiisers obtheyr Fstals and/or their

bAM&N ] QRer eﬁ@%&bﬁ? tl%%ﬂl%[m%g é&ﬁpr%@ Béypkr anm?c&ﬁﬁ’ Qﬁfat least one
and cobalt can be in formof their netals and/o

t’%’@?frselefé%i faers hyqrefals%léie Cé%%ﬂﬁ?rélﬂt@s afufgnag %ﬁo@ﬂl@% ﬁ%lmmate

SIRATRISSica@ PR hindA St kte CARM Ana@ NEnAllurhi8 &8 1ziR Wandf@/zinc aluminate,
carrier selected fromhydrotalcite |ike conpounds

alpmingmircenatpyAgnesigm|aitnate, aEENR Bt dest eminuRcoRpigipgmetal oxide

SdrhpofAdsthe A NOMcdy ! BAAL S, 14iHARA, LirdAabBnia Z1dfhosphate materials,
al um nate, zinc tltanate/2|nc alunlnate al um num

PR EReS AR AES A P PASRSST R rTRRE ™ ShIRFiAenRSRSHHP Xdrgrede, magnesium

%ﬂeﬁiﬁm sfiohke Qhﬁgﬂ&,l&ﬁ Elﬁéaté Hﬁ@nesmm calcium
Al 203, clay nesi a, | anthana,. zirconi a,

sificafs. b?ﬁ}"s fofﬂ‘:%{?‘é sigtte crlgivg Oqu?aaétﬁglgprB mtlépg@qrgtf:,ealurmnum chlorohydrate,
BB i ZBb HidsaL. £, ZSMP) et Wik t6es Stive ©r mﬂﬁgﬁkﬁ?&jf UQther carriers known in

W%g%ﬁ%ﬁ%@qg %fiﬂ‘mc%grhgg ) o nat egrsa[ng{%% g(?%ait ui\q[ofélfe) re rTEodlment, the carrier
BROYEBt IR GRE €npduind, § kpihdl,; aihﬁmnzb @int @tan&a)| Z@xiclinghdté 6@k, titanate/zinc
cal ci um oxi de, al um num nitrohydrate, alum num

@HPHP@hydrate silical/alunina, zeolites (e.g.,

ZSM S5Yhesangt dthox h&ﬁeﬁs ofothe towéntiof argdeRribdiah @dte detilitelow.

carriers known in used in

s
conjunction with t he %fﬁﬁbrescéﬂ%?'bf’to%@%“fe In one
enbodFigartl, shb\hﬁarﬂaaéﬂhplexl’y regegeratotiyidn GCalwnitfiaclidikgthe flue.

conmpound, a spi nel a, z1.nc % nat zinc

al um nate or zinc tﬁf ghi’?? ion &ﬁ We. These

and oTheivasipepiosided cohipemmm amt methodaIfer rdthsmglNﬁbdn ithe flue gas of an
e de bel ow.

EE Sk &%gshb&?\%urgﬁpeg sg?vreﬁglbat EJ?I)( n 83 re&uced 1nr_t&ﬁue gas of an FCC
uiit by, adiding lobi€lorrgore bempdsitiens cobiptiging @mp@aﬁdfbn qxubalom tiof regelmerator in the

hé%f nglé r]°,8rr2ng Fr-é- élpen\{se e 1nve[r)1glﬁry Itl%ec%mggs@ong' flg ncg redlggecgmd may even
umaretse, the NM&nhm@rfraxmtﬁx pgexteeﬂkbryandltl&omxwdteﬂlhahe NOx ic@dnced in the

t he flue unit by addi ng
gﬁ%g%ggﬂ%?gkg5ﬁﬁwﬁm¥annsegg%%?ﬂge%%§%opper and/ or

cobal Th¢ enpedtiorsged emhbd}srof ithe it eetionFe@CTbeimied in dny cgvgrtional FCC unit.

%Hb %‘éb um t 3 l?afve g H.l\?/] dofh% usrglto{l Qgéneg?%er 8@{%@ %J)&ﬂ!)l.gpg'n dggengr%{or or a dual

r educe, rmcre
tdmbustegxera@mahmr (e.gandomhestion wgenepew thedhy oxidibieg Nkredusing environments).

RS dé’lo(r:nepomhonstalr'l](? methods are applicable to moving bed and fluidized bed catalytic cracking
units.

Air is continually introduced into the regenerator of the FCC unit. Fig. 1 shows the air being

-2~
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30 flue gas between the regenerator and the outl et of
the stack. The conpositions and nethods of the

wOonvanié®a can be used in any conventional FCCPAmiuS2003/025190

The FCC unit can have a full conbustion regenerator, a

RAkdduddd i MRWtbARS e %%Q&F@&roﬂﬁho@g'h e S4B in @RUERUSI aPfeciate that air
regenerator (e.g., a combustion regenerator havin

RN B IZIFI‘%JC% amé@%pﬁ@ t@ﬁ(ﬁg@@mnﬁg)contaqqh gbout 21% oxygen (i.e., O,), about
CRIPRRbdeh GNS NN dndBIBOUS o Btk @&Q‘t dn6@E! Bhela \He RGe tributed
and fl uéfed?lzed Eerclzl cat al ?I c ér ac ¥ 35 eunlrﬁas%, eA| rnws o
dbqqtlgh%tarm [PEEIEEAFQS QU ir rrm/ Be ‘Ef}?éef}lﬁé@é‘ﬁé‘l‘tﬁ"t‘ Brthegpganpigtopcgenerally, the
Wi ih the FdoBnerdioSiD O ed 1 Bis@iblied €URMGen d1&nm&%ﬁﬂsocﬂ£¥% are areas in the
PCT/ US2003/ 025190 introduced into the bottom of the
reggasraiPaihaihaveltighofyger GReERGAND EcB-i ARoYeridl angeRiiapgve 3% oxygen; above
Wé;@%&rﬁb?aﬂob@ﬁ%%&fgen G al BxilliBinG AR Re] ardYeal B aVORW oxygen
in the regenerator. Air contains about 21% oxygen
(cpnc‘éntrat@% (e-gq g)eémhan %%(yﬁep,rl(ggéﬁedclpmé env1r|qm}1ent)a Ehas pesgdiscovered that
1ib RnpBlifiéifs o MERRBRMJN FeduddIRORERisEBYs RfEn @Y B¢ Yas when the FCC unit has a
di stributed throughout the regenerator or. the air may
JeseleraigeiniFoptpias pYvigen et it Ftherryenly gemsy el hiistribyebinghe rygenerator In

toR€ermbadiherlt, T dEpbAGRR BFeAHMd th & rdsBRYLE that ‘ﬂhsﬁin&{/e*ﬂlb&?%n distribution.
Uneven distribution means that there are areas in. t

r egendtigs SrenRgiperiadfe dissoyered hoiguhen dbsrompesitiqns ghike invention are used in

(8> FgencaRPY 8hLNOR zsmgaems a&@@meé%tﬁame ., &Ja@éﬁ the¥nt of emission from
oxygen; or _above 5% oxy [ an _oxi d

Shf/ERORmIER 8 Fodihe P‘HP‘é’<§§mtsﬁ‘8't‘ frﬁ‘&\?'é’* V&5t ox 9"g]€ﬁgth B the flue (i, the length

GRfveanS kit § @M. ( Bis @eneréll@%ﬁleishaﬂ)ue%’ @é@yégﬁlﬁan be @out 25@0 feet or more. The
reduci n enV|ronne been di scovered th

(76 OOy FOHED Grethres. BAD SHERSH. FEICe N oGS fsLe ik
from tiend éntb@dﬁ@ﬁt VReBmpdr&iokr{EE thiintenfias c@npke copper and a carrier, where

regener at qr ntai ns oxygen that is either eve
he@REY @r?lqv agct‘tF ? gﬁfoé‘?i’o}“?fl’ flﬁge? TR AR G SIhF?\ calgiig alhy““nate
%ﬁiﬁﬁﬂjnﬂﬁﬁ&ate b gianRatid rianstasE ziad dashida@, ginc tltanate/zmc aluminate,

regenerator that has yneven st.ribution. It

T A< S ep S A Gy U RSOt A" it Contaning meta

mi’diB o&hjiduad sthexf tthrh@lzﬂ)ﬁ viey) niagitesaf Rnthardziiconib, hﬁama a clay/phosphate
egene ns are regduc bvdroxid

f‘ﬁ‘%eé‘a f“aénwuﬁleatc%tgﬁ“?%‘?%s‘%P‘i‘f'“eo?‘agé’ﬁ?”é?| A rB’ﬁ%“eP‘H‘é‘ ydroxice,

rlmmemmonaean@nédnﬁn fodinat, hyﬂroemnsgieﬂmmfsﬂlom Jtriensiacddlicate,

61éatg esglﬁn c:';'ili]r%]ﬁxa s1§ca}te IB%na CBHCJ})II’{I sﬂlcat ﬁ:%f;lgrn' %;(1 Eli]}lrglélg]%‘l ngBogm(tlrate aluminum
Zﬁlofcﬁgdrateaﬂnltbalahlmm z@h&udbr aZﬁl@tufeEtﬁttw@ pr e ¢herebfieTHel compositions of the
ven ntcali? gﬁlonXlgrfg g%le% :c{)]rg? l1’Isg IE:]f(::rlu?n ?tetfeﬁ%g( 1nci£e t%fm o? CeOz In one

ros
enibontlmamntmc: c¢d1;®smom1d$hdln@nsormontphee doppa rand mcarn@nwhrarcsthe carrier is a
%3%?%{Cit? HQ n‘rp%rnrcf gpér;l.%\gﬁ %al?a (é&tl 'E)e)é %mc Eiaﬁate zisnc (a mr&% or zinc titanate/zinc
sluimigae,. cal ci um al um nat e, aI um num si | i cate
al um ' t i.nC I I i
Citan ;ié‘g%oy}e% %ﬁ%dﬁmen‘% ﬂtﬁ‘e coh?ééﬁ? E%f trlllé }hﬂlg?t?)n%nilnpgge%bba%t A& a carrier,
n@gmg@ aamiea istartiydeptadgite dikel eanmoenmdh gamana (A&03)aspinel, silica, calcium aluminate,
%kl%&%‘mm%?e” SR akmci tﬁxrlnage 0 TRAUAE., ?@P?t%na‘tebﬁﬁ‘c aluminate,

, y, nmagnesi a, Zirconl a,
eluayiyphzisphag, enagmitlm alahmatna?gl}lmsmru hydoeta e plumigme®nming metal
Rl é‘én?pouﬁé&ﬂgrsthéﬁ%%" 8%;5 %fgne';fﬁgﬂ&tﬁé ‘A“%J&éﬁé%én‘?aea clay/phosphate
nmagnesium car bonat e; ‘fragfiesfum f o it
nm@mels magnesiuin acettite, magneEs mtrmesmdlgncamre chlomg meg}eumn hydroxide,
%iglgésfﬁma lr,lﬁr%h%g:ﬂ% % n#]ﬁ)am%tt@leghl%lﬂu ne%@égi’liceﬁéln%g%ﬁum silicate,
chl orohydrate, silical aI um na, zeolite, or a mxture
of two or nore thereof. The conﬁcsi tions of the
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i nvention can optionally further conprise cerium
preferably in the formof CeQ2. In one enbodinent,

woheo4moaPssi ti ons of the invention conprise coppemUsSa04d/025190

a carrier, vv_here t he c_arri er is a hydrot_al cite |i k_e
Qﬁd‘gﬁ@dﬂmﬁicalﬁmh@ﬂkate abtYcAlduhnALRE8)calcinlékidel d1aMRu nitZdhhdrate, aluminum

te, inc titanate/zinc _alumnate. 30 _In
gl AT n%@raﬁgma 2494 RIGHPBEE PIGHS Obmote ok EhftGopositions of the
QﬁWﬂﬂﬁdnﬁ@n oplhily Riftflero@prise ic€fum, pWheiiy tnfike oah bf €60,1 $n éhe
%0 talcite |ike conpou und, ~alum na (A1203), spinel
ﬁ%} ga‘nen glrb EPMPASHICHS %ﬁtlgventl%ﬂ mpﬁéﬁﬁogfdf fméla'ztcgmer where the carrier is a

dlytivtalilike ¢pdtRd, spihdlGhiniha@M®), zikt Bfanak, UiHc ARifaate] biinc titanate/zinc
titanate/ zinc alum nate, alum num zirconate,

8% um al umi nate, al uni num hydroxi de, an
al um N BRI EAbdYiMeht, TR cs'@)lmpoﬁﬁcbrﬂ ®f 40 ventive c@&b@d’e cbﬂ;'})’éﬂ cobalt and a

Al1203, , m ana, zirconia,
i \2k M%%ﬁglegﬁ ﬁ’é@@faicéﬁa w&w&&fldui’ﬁ’%l@ét(%lﬁ@s SP"‘ef Slhca calcium
magmﬁ& Wil @licte, ﬂﬁ@fh&ﬁlltiﬂiﬁh@hilﬂftit%te PIBQ4188inkte) zinc titanate/zinc

r.oxi d nesi um carponat e, nesi u ornmat e,
ORISR AeEe SRS QT [REApUe, ot rgipm-containing
260 loRillé IShapob b $th 200 N1 1B ma SR iR G SrthHik Cz@{:&h&l mama a clay/phosphate

SI|IC boria, calciumsilicate, c¢al cjum oxid
ﬁm?%?ﬁswoﬁ%vaﬁedwﬂe%%mtrﬁﬁwagemlw 8%49‘345 P“ég“esmm hydroxide,

Smdgh@aina&aumnﬁla mZ@editin Srmae, WdiSuxikinesith silivale, fiagheiuen silicate,

t her eof . ositions of. the jnvent
TSI S PO DEUhETEE SR e BB BT o i pfgiac, luminum
fcblomh@drateiesilita/alulfni oH) ﬁ:oh&l’kh@dhlmi’d of tvdr6r raeaEHREdof.i THeSoMpositions of the

ETEINTG A e A T

ahlbndlmant( m&aﬁﬁpo,snmnm thel itn@nedneconiptistCeoppentobat and a(mirner where the

Z(:Iﬁr?lgr 1ts a | gerz] Slke al u ind, sir;i)g]tgﬁ taﬁugjﬁnagé%l’si, glgc {(L’Tttg)tbag ech al’urmnate or zinc
¢1©dnaﬂe1tzm|ahirrmatecar ri er vvher e the carrier is a
hy d r Otl\;ilétl‘%od% ?orlrrll h %%%%?s%te glogvglnﬂtﬁ?n gué lig)egc)g{ngggtlioqg Iof the invention can
@!3 mmien lﬁmet(alrtlldnéw ampregming driedrfiartre of the n@rieds mmmélhéQns zémaning ions of
%g%%g%%dﬁ&rrr] %gl{}ﬁ bge ?\Lfﬂé&‘ Falte Gt v&alll %@P d&[?:%@: téét el eco [ge? and cobalt can be in the
éclnnmfnhﬂmmmltaadi/m thgr om@tlathe@nmplwtmmﬁihmmmmher t han
Al120C8, [ |
cl ay/ p grg 5 allatog%ﬁgﬁlg ?coa mn%@ ﬁgtsl’xle Eﬂr\ﬁglg%g gp%rﬁge%%eﬁand% mydrotalcxte
tike ¢<an1@undra@1n1@$hlamdmltﬂlme |hét@conumgmb®nm¢s)wg olriagigher embodiment, the
r

g@rg §|OH%'Tn6tcsi Iﬁg%tﬁél?c r{}gﬁ%e& Bﬁ‘]@g{i ?Bﬁ{)tglmt@mg: c%hlngound where the
<13 refalette Bkd dogmpend dgmpn@s Mgzeind iAd: nlngmbthcr@lrré)odmhtctha pempositions of the -
%egt?on C@QP{EGQHBQI nEi L4 rgt'éﬁ{tce hkeaéo M%ﬂée the hydrotalcite like compound
chl or oh ate I cal al um na, e, or & M xture
GPMPLjHES ﬁmr@tfleh@nt@éfmentrﬁ"@ cemnw@sqnﬁ pﬁhgmmntrph eomprise cobalt and a
h?ﬂ’r@ﬁfcit@ er%?hp Qﬁ‘é?!a %P;ﬂ%t‘éf&ﬁé lllgeq,lm%blﬁl% cgfﬁghéém\/lg and Al. In another
pr eferab Int formo
mbmt@mid ¢ @qmm@tl@lfs of e invevéantcopnrissapper s:eb%kﬂgéeﬁlydrotalmte like
E%@g&lg ﬁ@?{eghgl%rdgdt%%hepl% Eglﬁpiug? ﬁoerﬁﬁfsg% ME, Insan(gther ecr)ri)l,))odlment the
gompositionnefdhesinveafiprecoalpuing ¢pRPE,; Cabplt tzridwdwydtoratlcaﬁq dikegoninend, where the
ﬁifd%maﬁﬁé fke c%gxp%ﬁh:gﬁinﬁrlgegﬁ/[gjmg AR ghttﬁlﬁ})ﬁ?cftaﬁ&ﬁrlfke %Iﬁpound the magnesium

known 1n the art he COI’TpOSItI ons th Il nventio
anthalupisuprattezendrally Iés?san'pn aratigyf phayt b & thegt @k |aé@!1t_fldrtﬂﬂb0ut 51
About B¢ (& Aok £1:Dr WbduP3.30! Utions containing ions of
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copper and/or cobalt. One skilled in the art wl|l
appreci ate that the copper and cobalt can be in the

woaommai7osheir netal and/or their oxide in thePCT/US2003/025190

conposi tions of the invention. In one enmbodinent, the

CoNMposh hugrb%s@fthet da»ﬁlpbﬁtv&@ of 88 1@@:&%'08ﬁpﬁ§éﬂb@ft ARRchbaut 65 weight %
hydrotalcite i ke conpound, where the g rotalcit

ma&'@me'aﬁwa =G At L@ 2Ry 20 peighiot By i54tj5go bout 30
gﬁk% bdgpensxidef(chdipanid/dy Edbait @ﬂd&@l’ﬁ@) | ﬁﬁan@&@rﬂﬁﬁbo&ﬂﬁﬁn@the compositions
ro

I ik wh
tkeem&%ﬁé%%ﬂe%pr{%%?g? gg%t gngllrg‘ﬁ g%ﬁg%\d ] C)tda (Nfgb? about 18 to about

m&gﬁt% Atimira 081,09 Sbdut O & Bbutt2B &veight %Qﬁb[be@ Bxide (CuO) and/or cobalt
conprise cobalt and.a hydrotalcjte I|ke co

A1 GODh PR EAPIPER R EoBoNEBE A edamﬂq?%fé?gmw abpyt 56 weight %

ARglhen ormb QQFG)? Bbout 2ReiSIRMP AGintla@RBOY] arkdaBout DY @BightoB copper oxide
t and a 30 hydrotalcite |i ke conpound,

ri se coba
Wﬁgé“‘%/?ifé’oi’%}‘di"&eép%@t e |ike conpound conprises My and

| Th@d??bihﬁrcom@mﬂwi*b Hi%'h&dra{e% &)l [Q&Im@ﬂlletﬁhﬁllpﬁocmét colrising about 75 to
|nvent|on conpri se copper, cobalt an
PROREYS weies Gubvgroriite ke porapaydhaBeus A &5 theu %ﬂ@t& %ﬂp‘gﬁﬁ gnd/or CoO, and
Qc]gbﬁpfq {0%86ut WBveidhh 7anaéthe at FITROW: BBt 8% IolhiboutGO W& Bihgdstalcite like
of the invention er alt. an
FRFEROBRG AR B 19 30RY 133:%&8&%05 nsics %ﬁea“dwwgﬁ%?bew weight % moisture

hil 1K E°C BNRRUIES veine Vi 15afotdWltediRel cdthpouhd) abdi# 15 ywelishit @lCaOtagd/or CoO, and
i ke. co esium 35 and al um num are

ound, the m
@@Hé@‘é(?lg‘@ prRsERR 20, rati o of about 1.5:1 to about
6:1; Wh@hl the 2orhpdsBioadétulie ibvehiion Eltpuike @eQ,, the CabOis refent jn an amount

or ab WO 2004/ 014 93 P 025190 n

ey EaE 0% PHesigBrBas T ng B PAVGRCT brinBbABrI e hout 12% o
a2 5% 3n hrPanfdd@UAT ab&ut W&o ghkbob 2298 g @sarisinOotiatlent (M3 @) about 20%; or in
about 10 % gg%ut 30 ght % al um na (A1203), and
ahyrunEetiagou ha (4o %tf?ut f'ght % copper oxi de (CuO

and/ oIn fofhal dmbodinget, {ho&hpositionasfahdiaventin cshiprisaitqppertasd/or cobalt in

t h t 0 t
SRR R oo ST
about 5 28 wei ght % al(¥pivd" (OELA3Y.. aht:bout 15 to

eraé(z*zgggbg %n I@nbgﬁ%rSr%%%? rc%lé - ;93; ﬁrhq/ h ﬁo&'}"ﬁl Cr Ga,B,Laor

er’'e e conpositi
ﬁfé 1h e i mﬁmgemrsele@efqmclsmtab@nano sibmings giont Do abaug ﬂl@Sll igp2, or 3;bis

OX' ersz'\)c@xloé fo bo t7 %4, Meb00 ﬂaé%r%{%z@&ﬂ? QA\} % éc@ﬂ,‘i\l@, SO, Cl, OH,

o cOpper oxi balt
|Io&04( SE@@)HPOEthOx )HGa@sﬁsV@oﬁE@;sBQs, n@thaﬂlbe)hifmrateeﬁodlment Zis

e L L
3 to &boothe23nbedinght, ticOumpsitivd# of thOn@ntian dommb@ €Qppgr ang/or cobalt in
a r%’i{;atéBW?th gtﬂmr@?}&ﬁé glsel'tro p@&nd]h]aglgﬁ ar?f(R%Hém %ld’l (ﬂas 2 th68ta peak

ot a Clte ound
bosidbotet @@omnmzemm@Mmlmar@W% 4D LagNo. 22-0700; 1CDD

@Qﬁlydpr 0% \1\?’59 B 1} eéfgg‘]ldr 8. O%Q ﬂl‘%&g’emggdlﬁgﬁ%e %r&@lblmﬁke compound

haﬁcb/ndememaﬂdch laib@metaaaealep@htonwmp@pnﬁbé/ ra%embkm@se foynd in ICDD

%{%ﬁg g conposi tions of the invention conprise Ce(2,
%e present in an amount greater than 10% by

wei g hMethods &)n making hydragslcitgghligtcorhpount parg KepgtibedOivg ejapplenin U.S. Patent
% f
S 5, BRI e Ao A LTyl

about IP@ber egﬂoodlments the invention provides compositions comprising copper and/or cobalt

and an aluminum carrier. Exemplary aluminum carriers include alumina (Al,Os), calcium aluminate,

-5-
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an anmount of about 15%to about 20% I n another

enbodi nent, the conpositions of the invention conprise
woappmids@and/ or cobalt in 20 conbination w th BCT/US2003/025190

hydrotal cite |i ke conpound having the chem cal

§It1ﬁ1uﬁh1tég§:ate Zz(lﬁ?ﬂﬂd‘ﬁ( ﬁ%ﬁﬁt@'&lﬂﬁﬂhﬂﬂ thUn@té md@h‘@sﬁn\{\&l%ﬁla%&hnmnum
n + |

Ndro’ﬂ%ﬁ? S‘h@’al‘%‘“a Nlum”@’rm m'@’ahydglte E‘é&m&ﬂ”m %éor‘%@'ﬁf?da’hal‘érPIE‘lm'CO“tammg
h}@ttaﬁﬁ@descoﬁ@bﬁﬂtoﬁ{ér Sue mzt)b &k a tid@ure af 1w dPinord tneraﬁ akmluha and
1 to about 10; a is 1, or. 3; bis., aninte

TR R e R pALmpm 5§ g e of
potodit§ afd wilQBdntalNG@EompsHtivelyl highddifackarda oved the t@@ﬂeratﬁte(}ﬁnge normally
HPG3, Mh04, HGaG3, HVO4, C104 B03, and the

%@U%ﬁ%}&lt@ﬁﬁﬁc urzf Illslumm Ci“hbed]ﬁ@j 2@&68&?6&%1&1& 11% {lilg ?grm of a finely divided

bo«xdfep&aif%a&@s&é ml&&mwatﬂrohsa peaAl2( OH) 184. 5H20. In
anot her enbodi men 05|tffhons of the jnventi

conpr Ps¥heg SBB%’#m%mWWO@BW&WS pihe RSFAEPRAFTRGHS® GRRPR aa/or cobalt and a

bpnehl edrddrcd & eMbAke, compound having an XRD pattern which
has 2_theta peak ositions.that reasonably resenbl e
t hos e QS AP RE 1 £PHPSRICuBE: (F EAHIUCAFYIISS SoPPer and/or cobalt and a

Zidc EAHQD; e.d. GIER t3khafeaFiflc NOmind®, zlnt Afvina@rzincGliifagd. ¢ZilNocarriers are
g e Ogg,rfar éxggagfgalﬁ%% 6%({1 tl'h?1 Ei\l%ﬁp%l dr.0 ?%Ci% lhgctrgorgtg%ky reference herein

pasiehtieys t hat reasonably resenble those f ound | n | CDD

card 35-965. or maki ng hydr ot al |te i

conpouf Beéiu%?rtéévﬁg g‘PFBEed UG t‘&fa?ﬁ%f’séﬁ“’"rs e §Ve‘}5‘§{’ gfsiintroduced into
tHe regBnddat &, £Did 3re cbhlﬁxudhﬁﬁ¢3@&tll b&wedn théFCO rdaStoi frmdmlrepegeaeretdr The
bR RLSTEE R b P Lt R RMIEG mauee owandco
emmaasﬂss Fﬁgsx@ﬁhp]aahe admalositionsald eetinveatith cam bathImnmmount of about 1 ppm

((‘0)&3? g;)OO bﬁvt?%ﬁ%?‘h@ég&u% g@ | er I&l?[aﬂalll{%ﬁ ggrlnl{(r)n :':l.b%%t 250 ppm; or
RGh/ablo? @QB]S;ﬁﬂﬁ)wﬁut 2a0 ppmnﬂhersativehyaﬂhe pora;iosliﬁbrrsu}ﬁthe‘ invention can be used
tgli %%nﬂ%%%of %/061?2&8 m\gezllg 1t Qa‘b /ua? N m%ﬁte'% o%l fy %i!rc%urlgrtri]gg;n%entory of the total
patdlyso yttle BCE regahaiarbm m’an(alrrloomtco)lﬁ yiohua®.801 weight% to about 1 weight% of the

al “B%]élﬂg mvgnqgr&]% {P’l @cgalngtg? £ i Eﬁl %%C(‘ng@ﬁ?o{%g ?ﬁ&'ﬁlab&.l!?@@l we1ght% to about

a1 dveight% of the mr@mmamvarngry@bmp tuzldatalystan the FCEakgeaerator. The
%grg&gxtl{)r(fsaorf tljaﬁ 1E\$e1nf&pccaﬁ %HQ%QN%E%Z?IZ?Q\% sﬂrﬁq{cﬁr?arpﬁcc Bhit in about
Mﬁcmcse)r &g aboy ene dneort lewp@pgttmrte rmram@@r tpgs( ﬁlamt fifteen minutes or less; or
g&%pygﬁn%@gr jefy the FCC unit. Alumi na can be used as a

per carrier in the formof a finely divided powder
or of Imaothesé e djpeent, ithel compésione df the mwerdiop trdieerCO prissions from the
9e H%Eat&rg? %@'Mﬂ‘f’t a?/lalefr&‘ﬂ %%E gﬁsgﬂ %‘hecﬁue Bme F@M%Hft ' Rne embodiment,

npri se copper and/ or cobal splne carrier,
élegnventh@l/p];@@dbs flu@gdsrreatitsats f(gpmtymng@ﬁ)t ig thetflye of an FCC unit by adding a

| ra | uni
963@?1%155 E(ﬁﬂ&lsfh% ct)@)%r AAdYde %BBaﬁQn@QQ&?Eér%@ thE QR RIrat S HRTFCC unit. In

carrier . ., Zl NC tltanate Zi nc
atather erbalimenitthe qunanlap@fvlziﬁmetmcta fermeduaing EOmigsigns framdhe regenerator

g‘ftﬁe é@ bt b? ?cgi \I\l}g S om%éﬁfm om hﬁn%’@gggj aft@/80bbalt [ a carrier to the

OSUTG 'S I nNCor pora ref erence
Fegereirator of theiHGS wmft ygqtynother embodiment, the invention provides methods for reducing

CO in the flue of an FCC unit and for reducing CO emissions from the regenerator of the FCC unit by
adding a composition comprising copper and/or cobalt and a carrier to the regenerator of the FCC

unit. The carrier can be a hydrotalcite like compound, a spinel, alumina, silica, calcium aluminate,

-6-
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To reduce the NOx fromthe flue gas, the conpositions
of the invention are introduced into 15 the

woeganas@sor and are continuously cycl ed bet weeaTise003/025190

FCC reactor and the regenerator. The conpositions of
tah@nihuiw sititdtd AluG@iin@ani®eeind fixadte, ulﬂ&m&miledﬂaﬁa ﬁfa'gleklum aluminate,

u 0o, reduce NOx and CO em For. exa
B B B e e A R P BT, SE 5o B e AOs,clay,
amghidiia, DihthaOkitcodiaapmia, h@la@’@ﬁéd;bhal@nﬂ&etw Maghésiith addate, magnesium

%Bfr%et &agrpegl:illt E’BS‘SP%W%{HO ?)g%tgbrggﬁng Eagbqéﬂg%u}naglggum formate,
Awheﬁsnaﬁgnmlhry silitdk€ na@naesi silicar Smanedile camumrstlic@ts, bod# calcium silicate,

St e By e RO ARG Y P Lo At (o8, ZSM-

t5bied mix@aé & tys br mﬂrettﬂiweolf:% ohe glﬁbtﬁiiraér{ﬂ rthe daﬂleaﬂs a&[?ﬁtd)mlcne like

of abogt 0, le i ght % t o _ahout ?

EPPRUMGLE RYSr AVEHRTY GinatehEng @'l“&lnat& 8 %{P%/%t?nﬁt%m?%aéu%e

r egendi atdfﬁfer ﬁmmodim@mltmuﬁ)oﬂu&& of\e givéiRtoh garﬂhﬂjséd inQonljunction with a
t% 0 the circul atin | NV the tot

L] it ot et ot o EQleinioR premger. From 001 to

tlb@ wbllgkl@’ptn PifneC based i €l 1ii\hﬁtoN®f tl&ﬂdée@éraﬁ@n&mbs fbaddth good results.

S .of ;.. about

SRS B o b obdndiithas By Rt H Seigh rpBaTiung et on the
kmﬁ@a@mmﬁmmmtes or less; or about 5 mnutes or |ess.
I n angt her e
| nvendi e ERRa G sk el e AT B FERaticy Dyt REs gpeypangp from the
typécal Gichuag pétrcﬂﬁnd{ distilihtepon redidnaf dtapks, gatker ivingih loepdrtially refined, to the
aglg{?laldseugH ¢ gl o1§ (? s%g{se Ofls, d’{‘hnefne(_c)i’rfrerqu%lglg Iw:%cectgglr? rrcl,cyfcllled hydrocarbons,
fsﬂlqlneas tightand Eﬁ@ eyeietoillo whimtl diavegalraad&(])eﬁmlrbﬁ&éd fo@mcking. Preferred feeds are

ng. cop er an or col and a rrier to the
BBl P EQPRE R AR kSRRl RN ER oo rren
tAtm_e cpl!nmemtaill@ aquabiw Fﬁésatalgttim@dsbe figmd. Thelentalysgca@®e 100% amorphous but
e

g%&ﬁ%ﬂl}o gl%lélgés smng Pe%(l)l% 1% g ﬁ‘pI{O‘I%tS rigﬁ%ctogg n‘}ag?( sg ﬁﬁ%s lgplcg al@)ﬁlma clay, or the like.
dihel Z®11®as usueldy ¢boutt5rte abqug eweightt % pf t_d)f: catdpst, W@(b theniest being matrix.
Y/%BVS%B aIP %aroh%g%%g L i l} oht%s h& a ﬁg{;} H%%gg{ faﬁhsd&‘ctkéﬁg?%e:aﬁg§ such as

for reducin uni t
ﬂe@mnngd Eﬁoﬂgaﬁt@lﬂ Y)md \fltrraiamhtohl@brceﬂg anebatsod. Blie zeplites @Y be stabilized
n r
G IR M e R
Bifica zaghietcontginmg catplystecandansddan the Irryvamt@ma Wea's @tHSIalaé the high temperatures
‘ﬁ?ﬁﬁ? W3iacld S &%llplet #ﬂ[}uaﬁyn fthEeo %h Ljee regenerator. Such
uninate, -6 WO 2004/014793 PCT US2003/ 025190
shtelystningluds thpsepeiaining @hauh LProtabpeQfeetltrasiable ¥ oriraie qtreh ultrastable Y.
al um me:eﬁélg/sq %@ﬁt@ny n%gﬁ@ %erzﬂh Qﬁé"&prﬁ@é gidlthéé 'éﬁ‘l"le? Hf&ent as separate

hydr oxi de, an al uni num contai ning metal oxi de conpound
gdididve narfiees /2T 208:d ie ity cach pargele of e craglingeafrbyst zAdditigs gan be added to

EhtlaABH @tand shéHP¥ /&hﬁﬁpﬂlﬁé §zeROIRLS @E Zgﬁgﬁa‘?ﬁ' otH&} AGRLiAL Baving a similar
magneSI um nitrate, neS| um chl ori de, magneSI um

Eyydiebskivglare. HelgitEes wfbealmbﬁgwayﬁhgh@sﬁeém formate, 5

hy dr oug, PRHBES HiMBédih LRG o B B2 D T hikAR& cracking reaction
magnesi um cal cium silicate, boric, calciumsilicate,

sendisionprinslurleieatalyai/pibiatignetieheut Sy ide abaut 131 and higaRLyst contact time of about
8N o LIRJAY 56 &kSnds, Sdhlj h&@&@l t%e?zﬁure@ﬁ%bbﬂt 980 fo®b8ut 10965 It is important to
5),or a mxture of two or nore thereof. In one

bNsEapdrmiting 9ftieed wethrcaiglysiiis the bnsmf dheaiserireastor,j ygig conventional techniques
GRINRO Hitfing 18rg RntRlts of AldHBifPsteafd, 0% If infullpRd 22184, B of atomizing nozzles
alum nate or zinc titanatel/ziné al um nate. |n another

enbodi ment, the conpositions of _the invention can be

used in conjunction with a T
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10 CO conbustion pronoter, such as a platinum and/or
al um na CO conbustion pronoter. From0.01 to 100

woebght4pppm Pt nmetal , based on the inventory oPCThs2003/025190

regenerator, may be used with good results. Very good

r aguinikr ealmolvey oHhabasedf the tiker asy bd)rhpr[se z'aﬂseﬂca]lal)tst)acﬂ:ﬂeratlon zone. Itis
\S@P{%H& B%meglﬁgrtéslﬁzn%gét arlrde s,t_:%}gef igl[g) tc[lz]cgs%d one )sé(y& e flg){ rﬁlgl% |g&i.}.\f:fﬁcuant
uwp:tratio‘ﬁhné ciagkeed prodagts fram geenf cagalyst. he 15 t ypi cal , such

as petroleumdistillates or r ?si dulal stocks, either

virgin or partially refined, %) atypi cal, such as

coal olledolnwdngsdxamgleds fospurfidses dfekbdtritionapuiyrent ¥ naf intended to limit the

C i I I .hydrocarbons, such as |light and
hsggé/e%fghfcasé%gﬂecgm i ch have al ready been subjected to

crac Ki AugFC@ma’t mwirgdyﬁi@da dlseraimg corgias)nmiNhSused/ mahisiaxpgasent. For example,
gg%]ﬁr%(r: glgia zldp rgélene [a{obﬁ%lmgs € oq wn%%%%% Tate Af‘af}ﬁowg,ooo barrels per
ok 2 gosvernarratwf 43095 Whrmn pkx&snsoz doud:entrétﬁm[at hé exitdy] tl}e

I tjggejh glgg)?/gg I{E?ngzo?&l Iffue of ﬂ)Ofalt 5% oalfllse{(?r]e%f ({)%a (fiotngern¥rﬁon at he stack (i.e., end of
zboflue) ef at@uugiu ahd the zhhmnmtrégeh @oracbm uf thé Gedwagitouds00ppmhe

cat al y1§etferr1 tltg])ti: aé qwa §1? S e%mn}?stflrrom the rel%graer? ort i C%.fl IFCC unit were

zeolites s Z€eo or a

frovaswedds ddsessepractiodlits e begnnitg e the fdeélaudrmrthqeld o¥the flue 5 prior to adding

Yhd &%%QB!»%&%&H%ME& fof Ze%f(‘?‘?rﬁfb' ¢ Y may be used. The

zeol I tes ma h rare earths, for
exanplBe cpmpcamoawﬁthmnvgrﬁtloab@aadded lo thoregbreutor b0 tha#CGhinit in an amount

SR bl Mo Gl RSPl RO, Pt pporr. i
tqqerlphftlfgm cortpped At Uweight %Jg@anebiymassbéMaﬁé@&m welight % alumina (Al,0), and
PSR S OBUOTT) PO nCEE M Rul5of i oy
asesliee 2. PmpYSitPOLAMPONE 55 9 wgizhtf hgdrytalsite fily eonmarndy 131 weight % CuO,
Whii i3Stk & noislil@e ¢adoal yst inventory may al so contain

one or nore additives, either present as separate
addi t i T hsapstafien e comgposifiprx efthg inventiph wasaddedirths regemergior of the FCC

LR, RE ROK ROCORLAsaL weré%hstuke\ﬂecé clo@hs B?ac@cciﬁj&)Cihé l%gm?lgig of the flue 3 and
enhance octane, such as nedi um t|%or e Size zeolite

&t te engzefbostluerty The meskltsrhee BoraintheZghlnbelar si m | ar

crystal structure. Additives which adsorb SOx may al so
be used Conventional riser cracking conditions nmay be

used. Typical riser cracking reaction condifi ondSOx ACO
include catalyst/oil ratios of about 0. 5:1 tlo about

Neaturameht akeaitaheysdt of thatapeherdtond tlefFCGIhatt 0. 1 #5@pm -60 ppm
about 50 seconds, and riser top tenperatures| of about
Méxrstromeart calten &t 0eOdnd of the Ssack nport ant to 35 have-Zqpeh -42 ppm
mxing of feed with catalyst in the base of the riser

reactor, using conventional techniques such as adding

l'ar ge ﬁ@?ééﬂlksdeﬁfonﬁ;aﬁ%& kﬂégzoﬁbé‘sﬁmn & iffendByl rEdu@«l:cleNOx emissions from
nozzl es, use of atom zi Q% nozzles -7 WD 2004/01479

teeTilussp e ELE 25it oo dered G qraisions SRmRggencTRins albh‘é@ﬂ@ﬁ of an FCC unit.
tTie résh@sefﬁnﬁ@yhowmrméﬁoﬁu{cfeﬁ&a sEAHR YR theBCERbEHAL AR then decreased
zone. It is preferred to have the riser reactor

@i berar i fito a cl osed cyclone system for rapid and

ef fi CitgBbarefi€ B%ﬁtab@[&aﬁ}fns CJn@?KtﬁﬁlatiUnQ Eiiké‘atlﬁrefl{ ané&ﬁ&ﬁted by reference
catal yst. Exanple owm ng exanple is

ﬁelieb’dgé@“@f’mﬂlyl ustration only and is not i ntended to

limt the




scope of the appended clainms. An FCC unit having
typi cal operating conditions was used in this
weoxprroiamat . For exanple, the FCC unit had a PCT/US2003/025190
regener at or tenperature of about 1350F a feed rate of
about, 90 OOO onve
about’ 784% 9;1(H 81&2&%2“8 Bthoé]elr’ﬁ’targ% 1|°Ibn a P ? ﬁcrl&‘ij%? r%ifn will be apparent

tb bx& skﬂled agaat avanidfegpsin dgeriptiot. hSuch medifioftionb amtmtended to fall within
g ?q}exgﬁﬁ qz concentration at the stack (i.e.,
BHOIsT° YL about 1% and the basic nitrogen
content of the feed was about 300 ppm Referring to
Fig. 1, NOx and CO em ssions fromthe regenerator 2 of
an FCC unit were neasured as close as practical to
t he beginning of the flue 3 and at the end of the flue
5 prior to adding the conposition of the invention to
the FCC unit. 15 The conposition of the invention was
added to the regenerator of the FCC unit in an anount
of about 0.04 weight% of the circulating inventory of
the total catalyst in the FCC regenerator. The
conmposition contai ned 55.9 wei ght % nagnesi um oxi de
(MO, 23.6 weight % alumna (A1203), and 20.6 weight
% copper oxide (CuO on a dry basis. The dry basis
conposition was hydrated to produce a conposition
conprising 85.0 weight % hydrotalcite |i ke conpound,
13.1 weight % CuOQ, 20 and 1.9 weight % noisture @
110C. Two hours after the conposition of the invention
was added to the regenerator of the FCC unit, the NOx
and CO em ssions were neasured as cl ose as practica
to the beginning of the flue 3 and at the end of the
flue 5. The results are shown in the Table below. O
NOx O CO Measurenent taken at the exit of the
regenerator of the FCC unit +5 ppm -60 ppm
Measurenent taken at the end of the Stack -21 ppm -42
ppm 25 The results denonstrate that the conposition
of the invention reduced NOx em ssions from the flue
of an FCC unit, and reduced CO enissions fromthe
regenerator and the flue of an FCC unit. The results
further show that the NOx increased slightly near the
regenerator exit and then decreased at the exit of
the flue. 30 The patents, patent applications, and
publications cited herein are incorporated by
reference herein in their entirety. -8 W 2004/014793
PCT/ US2003/ 025190 Vari ous nodifications of the
invention, in addition to those described herein, wll
be apparent to one skilled in the art fromthe
foregoi ng description. Such nodifications are intended
to fall within the scope of the appended clains. -9
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WO 2004/ 014793 PCT/ US2003/ 025190 Clains \What is
claimed is: 1. A flue gas treatnent for reduci ng NOx

wonod4ve4MdBue of an FCC unit conprising addi ng &CT/US2003/025190

conposition conprising at Ieast one of copper and

cobalt to the regenerator of %mECC unit in an 5

anount suffici ent to reduce I'n the flue of the FCC
é}&isc?a que gas treatnment of claim 1, conprising
e conp05|t| on to the regenerator of the FCC

Onl t in an A}aﬂ}%t{gg%: treatm&%npfl "redgclgg ﬁ&gtﬂ 8§foanwn[lt%ompnsmg adding a

vvelght%of iTcu ng I n
cahpdsition comprishng 2HEGt pegE veprt o, co@ilt t?ﬂti@ régeneatgnef the FCC unit in an
tdﬁlg‘?ﬁ §E1§16‘9 h‘-‘?cl 'NC%C in MGG oP htelﬁ% unt of NOx

e

regenera or I's the sane as or

greater t h%ﬂe hlli]e %QH&HIELEM%{“ CIMI %El]nﬁlrls?r%pz{dﬁlg htelggmﬁosmf}ﬁ to the

regener at or sence (O]
Fdgoeergersf the%i(}mrtnn af arpdual e about\ WO eleighthte aborpPowiight@nf the

%ﬂ@gﬁ{tﬂngﬁc exﬁ@n? P)? he 204 cgtal[sjgtg‘ﬂ fub %Csfgéeeﬁ&&%fj froma

r ot rte e Cco um na, zinc

a5 . AT 0 B S G et i
vigeregiter is the samsngs o5 Eredterth et of¥OX erpisted fipm thfregenerator in the
CORRET fﬁ%é ?QFQ cobalt oxide and a carrier selected

froma cite like compound, a spinel, alumina,

zinc yit an@"ﬁ@ﬂu@%a@ frefhbiToPathish ﬁ%e&hﬂﬁe &d é@ﬁ@&@&%\ﬂ&@@s copper and a
al um nat e gas treat rrent for cln

exgersplggiechfrorg A hmm@ﬁ@ tikeccommppins fgpingd @qugnaa zinc tltanate zinc aluminate and

CRPFBRRARL/LR0IGAHRE] Si ng copper and a hydrotalcite |ike
conmpound to the regenerator of the FCC unit 20 in an

anount, suf frh&fi@das trlathmbil UE Bl vdh@retnhﬁe &Jngﬂsﬁén dR@ribdeat least one of

unit. 7. The flue gas treatnent of claim sin
SORPPTRYideriBd e S5 1B giet préected dipaTEAFSHCIGH ke ¢ heamgaend. a spinel,
HRliinal AnAitaid) Bt alGhindRAHd zife f@datdMahdhtHnke. about 5

wei ght % of the circulati ng inventory of the

t ot al scat alayfife gadirdatifent fderdd@@8HROADMhe flue & an HIE dnlitéSmprising adding a

as treatnent. of claim6, wherein the ampunt of NOx )
TR TSSO TS e P R s ConeahQ i Tagenpitor of the FCC unit
gf @ain@inttshfiRichie ralieNOx of thiNDe @iid F@Tludit. om t he

regenerator in the absence of the conposition. 9. The
flue gas t Meafliemnt redtmedtaf chaim 6, whapising ddiiag the composition to the

dr ot I t Kk
qy ! O a Ithﬁ:%?d Lg]?t ngaotrb rrologlgg?ﬁa%gﬁg O??%vglgg%g{&ta%%ul%?weiggﬂ% of the
Ein@lafuhgl ewga&ytof thatara phtalgét ic thaiFOCoegenkretoei n t he

hydrotal cite Ii ke conpound conprises 30 magnesi um and
aI um' ﬂum i Mhaflueagas oeafmemlodcibin?s, Wwhewinaboarhount &f NQxXlemified from the

reatment fo cin Kt .
Eégler QrtlS t:l;]o same as OI‘ 6reatearcff1andtﬂe am(gl(l)lnplcgo&\é(li))f ?rglf’t}g(% %E)l%ﬁhequgeﬁa ator in the
a@gm&f&boc)mpﬁsntohe FCC unit, wherein the regenerator

has uneven air distribution, and wherein the .
conpo8i t i ofhemggas semmartt of laigt 5, griereonthelaydsatdleitetlkd compawnd comprises

Hagneglﬂ%lﬁgd EBH]?I{U% i.h Iant%fof about 1.5:1 to about 6:1.

10. The flue gas treatment of claim 5, wherein the hydrotalcite like compound comprises

magnesium and aluminum in a ratio of about 2:1 to about 5:1.

11. A flue gas treatment for reducing NOx in the flue of an FCC unit comprising adding a
composition to the regenerator of the FCC unit, wherein the regenerator has uneven air distribution,

and wherein the composition comprises at least one oxide selected from the group consisting of
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-10 WD 2004/ 014793 PCT/ US2003/ 025190 copper and
cobalt and a carrier selected fromthe group

woansig4i9ng of a hydrotalcite |i ke conpound, aPCSpiSz®B/025190

al um na, zinc titanate zi nc aI um nat e and zZi nc

titanatelzinc, alu e flue r

SopRaN TRod B g B et SRR g I GRARD e compound, o
@ﬁreaa uwdirtahziAdtitanayeg eific alnmnﬂretahatm@ntanagar/nm zéutmllnhtan 20 The flue gas

0 ar.e en conce
FeluT Ty Sl B3 oty dpS s ol Vi3 pifben concenreion
SrdaterCiiNA% sidrige addom grehhelt}cmfmggntclommr@lon haes than 2%.
regenerator of the FCC unit in an anount of about
0. 00113nei gme@ﬁiubgaabaaunenilbf qm*lingmtdlzﬁnpfisingmidingithwhmbsiimgl to the
rlrege\éigr%éof 8 I:C£i Ij]fglt }ﬁ,])z}na mdrzttoglgsout 0. b&t Welel'tt'g (t:Cabolut I we1§11t% of the
firenlatier incanpy ofshanigtal extkuyst mghd\ERC ragertehator. r egener at or  of
the FCC unit. 10 15. The flue gas treatnent of claim
11, wHer ei Thetflve geomqaomsint ofeteind hyfnitise sompoing rélutiog NOx in the
about 23 % CuO and about 75 to about 95 wei ght
G aregr Hftgebgal Cl(t e |like compound conprising My and
Al . 1%‘ ff{ulé %agt?e%tr{lern?gttcﬁcgrgtdg C{L guﬂh@c%g%os%@ﬁ E&hﬂ}ls%s about 3 to

t he comnposition®conprises a
o0, W@@oﬁxc@artd@batbdﬁ to BOulisi V@hght % S r29dotateeic abmpmpound
d “”“?% wei ght % 15 CuOQ, on a dry basis. 17.

foe gas 'reat ment of claim 11, wherein the
ConMpogg ti | 9
o0 al;d 4 ag%?ﬁggggt% gr%&t’gﬂglauﬁ 15 C\Vheﬁé?ﬁﬂlte cgrgpd@ﬁl'oﬁ Bmpfises aboat 45to
hpulr Stveslight feeMEQ kaboutdfpio eheut 3%\tm$ht F@Ab@a fwg ahow 1Q\fo abgyg 30 weight %
ahs, o%'a‘z‘l%{lga@é treatnment of claim 11, wherein the
conposi tlon conprises about 45 to 20 about 65 wei ght

% MyQ7, abotie g‘é@trcﬁgﬂéﬁ oﬁt@an‘fﬁ'l g&bﬁereo{ﬁ &Q-gggpc@ﬁi@n {ses about 3 to
10 to about 30 O on. a dry basis. 19,

he
fmou%%g’asgm PactaaQrnsk a%ewt 78 |t<a@hwt19§ Weihs e it hy rataleits ke compound
&Qfggl d@npri ses about 3 to about 23 weight %
O and about 75 to about 95 weight %of a

hydr 01@' Ci TR flekefs GQANROY B[dclalﬁlqlfp&'lhe‘iélﬂ the MompRBioAompties about 45 to
20. The flue gas treatnent of clai

ROHFSTa 6 % MEpriel ta ghsyt SQrseighy % éé@a%ﬂwagowﬁ @%?W 30 weight %
M6 onaliepibasit0 to about 30 weight % A1203 and about 10

to about 30 weight % CuO and CoO on a dry basis. 21.
A fl up.gasTid Rateaemdatchént of @4l NGhdNiX the Rotapitioh bemmises about 3 to

%}%ﬂ%eggmtg é\%ﬂ?@é@ﬂ%%aqggut %9 G%?baﬁt%gp vge?éhﬁ %Za or} a hydrogllcne like compound

EonfpeidihgaMan@diaventory of the total 30 catalyst in the
FCC regenerator to the regenerator of the FCC unit;
wher e200 t hEhecfhigpasirdataent 60:1Mmi 1S shercio fpepmpusitioa comprises about 45 to

%{ ta' t%egllg{)a@ogt"@ptoué‘dtfd’ g‘ﬂ%A QIRANES et‘iﬁ‘t ﬂ)gut%weight%

Cﬁ{geﬁtﬁfdﬂ),@)hamaﬁba@ﬂe or nore areas with an oxygen
concentration greater than 2% and
21. A flue gas treatment for reducing NOX in the flue of an FCC unit comprising adding a

composition in an amount of 0.001 weight% to 1 weight% of the circulating inventory of the total
catalyst in the FCC regenerator to the regenerator of the FCC unit; wherein the composition comprises
copper and a hydrotalcite like compound containing magnesium and aluminum in a ratio of 2:1 to 5:1;
and wherein the regenerator has one or more areas with an oxygen concentration greater than 2% and

one or more areas with an oxygen concentration less than 2%.
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than 2% -11 WD 2004/ 014793 PCT/ US2003/ 025190 22. The

wohoa/ogem3t reat ment of claim 21, wherein the raCTtwsefo3/025190

magnesiumto alumnumis 2:1 to 4:1. 23. The flue gas

t r eat gent | al c [.NG LSNPS rumi :
n eher T edts BhaRkEdmeldt bt o 5 ARG e AR AR P uminum is
Lrieattrient for reducing NOx in the flue of an FCC unit
conprising adding a conposition to the regenerator of

t he FCE uniThe flwhess eeaimetief clegeliefugthencotragsingredesingiifpein the
@erﬁgr{%?atgyotfgw%clgﬂygen concentration greater than 3%

ne or nore areas with an oxygen concentr at ion
| ess an
the r ggener 8 e rgé@ﬁ%g Q’lt I“cg ?reéiﬁas lg§x gl;tgg@é? &'Ehtggfﬂmit 'cO8brising adding a
aoropasitionfo thE)cgemamr@ﬁthf: FEmuntieviresiethe regersratorhag pee or more areas with an
@%%gpgo%caitrah&e%rgﬁéwl3tg¢5a§1lrason§%éﬁ€ ?%%S\mgtﬁ%x}gen concentration less than
a%owhersis theeingiint ofN@Q@midsldtam the regenezdteris thg crmagsiog gneat% than the
éﬂ)‘%&% @ﬁ'@)ﬁ_ﬁ&]ﬁ#&fl frgn(l)) thre AR or I fS%% oto/ &%&@1@6@ fand wherein the

ue gas reatnent o aim 2 wher el n
t:¢rep0@mnp®s|atdrrxobasmmmrleh83abm§5 ®, abow@ﬁmelgb*e% My #bows 30 to about 30

3}0’3 /_g@b% 12633 d‘@doﬂ!‘f@ tg/"afa\&%o abotte, ERotAuabeys. 28 wei ght

about 25 wei ght % CuO and/ or

%5 26 Sahd e F%Ctrgﬁﬁ‘leﬁt lof AhipsaL wflé}&n E@%&b%l&%d &dry basis,
t he flue o

unit conpri sing
ETRRIISES ztbp@trﬁ%@ Aot &0 wgglwp%p @hﬂ?ﬁf/ 1<§rt0 é‘afblg¥% weight % ALO; and about 15 to

gﬁutgﬁ%elgﬁ%&gorﬁgg{r@g@tor of the FCC unit. 27. The
flue gas treatnment of claim26, further conprising

reduchyg CQ @id 55iQRfed: FRRdutiRECOSL 8B B b0 FIiC ﬁlhﬁ:oligﬁ:smg adding a
unit. 28. The nethod of claim 26, wherein the carri

Fempesiigr e espREisEngcaPRer RIS/ SRS ERY2 CAIE R Wérfegen%m of the FCC unit

alum na, zinc titanate, zinc alumnate, qr. Q
titanafe/ zilheflug Wtﬁ%{{r@nt of ¢lgim 26, further compnsmg reducing CO emissions from

the regenerator of the FCC unit.

28. The method of claim 26, wherein the carrier is a hydrotalcite like compound, a spinel,

alumina, zinc titanate, zinc aluminate, or zinc titanate/zinc aluminate.
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