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M xed Metal Oxide Sorbents Throughout this

application, various publications are referenced. The
walk®sioesuy es of these publications in their enpPCT/@52008039706

are hereby incorporated by reference into this

application in order to nore fully describe the state

of the art as knowMixed Migtad ©xideijSorkenty herein as of the

date of the jnvention described and cl ai ned herein.

ThelTapughewithis pplication. yatipus awhlicatinns AsrefereapdaiThe disclosures of

the&BRJuBlit AondVRithddr drPirH P hie GbrebPinS QPN ki |B§; rdEBhRGhtb ‘?rﬁs appBi€ation
copyright owner has no objection to t facsimle

in qrdgy i Engea fuBy desgribeihe plate of thelge ap kresyn todlense slehed thereinige of the
dat@@ftﬁ@hwéﬁtﬁﬁ'd%%Sdarﬁﬁcldl ?@H&aﬁfs in the Patent and

Trademark O fice patent e or records, but otherw se
r eSAMERIRle o RRYpdte Hodubiht c%nwﬂfg LA fvhi ﬂseshgﬁe&fto Ed¥Sright
I nvention The invention provi des net for reduc n
progesion. bR cenysighirovaer kasingobisationfte ghe fresimidp reprodestien by anygne of
the t)éﬁtddo%héﬂ 0921: %@teﬁ%% Sas 1&?5&% QlL{Héj eRénttol rademaék Office

nventi on t tic cracking is a petro eumre
patent dideegygedondst bitotleppise wdervesmiteppyiright sighthwhatsoever. | ar ge
scale. A mjority of the refinery gasoline bl ending
pool in the United States is produced by this process,
with alnost all being produced using the fluid
catalytic cracki ng priigdofthelInventioncat al yti ¢ cracki ng
o R T B R Al Q% AR PP L Sl
fluid gtrprensatsingeniked mbtel qridestonpeurdls. a cat al yst, with the
majority of the conversion or cracking occurring in
the gas phase. This hydrocarbon feedstock is thereby
converted into gathckgrpumﬂ oftthé¢ Imerti@and ot her || qw d

ducts as wel | asepu
o SHDEe BhAB0h S pBRo M e e R R el B o
very hegegsesle p Arthijyrity @l meS’rEﬁneqf ga@blﬁfeIMdﬁig(i)oﬁlaﬁ tHeyUrited States is

e dr oc. n. cat t C. CrI
profisil B URSProN o gL o SEHE Pk oSl s cbine
protdss.eh tﬁ@é‘dtalsbﬂib @hckanghteleaCian Bomy dédoatbish lﬂ@cﬁoﬁa@& @buveribEint
ter, valuable products on

tqQ |
llglﬁﬁrﬂ%f@t% ?1’5 If?ﬂﬁ%"@é%?\?%/@fwe&t Plevatest tslap‘iratuqulg the presence of a

catanyssz a;mﬂ{ B3 Gdafrity bpcm: aorﬁalts@h)bsze;ramgimmﬁlg fin thé\gastﬂhese This
endot her mi ¢ cr acki ng reacti ons take

hydgepaghondpedrineiing theseby sraverted H’é‘b%?lﬂ@ddléﬂlaée etnﬁ@ﬂ@a{w%r@clﬂng
proa_ltUt§asrv?éj% Q@hfejf‘ §as@&§s'c¥a‘cf(ﬁig ﬁodﬁ&@o%ﬁﬁirﬁer%%on atoms per

eneration of the catal desired. The cat al ySst

moléﬁ ehyhy g?éaaﬁlmovsa%@fsolm apdparibeef sapyraterbhydrosaiborso” t he

di sgReageEeAkkas glto'c%esof)ycfr&%rb%ﬁ %ﬁ&[)ok %\ﬂ‘géc?edtnt&gﬂe sbr section

separ at ed. Subseguent | the cataly WS into
of ashyidrqspibay cxeling chtomélp@ it dveckh jndio bgimrbmiuab&pm@wts on
confldfihPh, &%gtaWF:tt ﬁcﬁﬂ{%d ¢Mng Ir1¥e§tria£lfo &gﬁgﬂt %gﬁ s the

Ine tl on oW nNg renova OCC rocar ons
endpthormit |q1:_ac}31pg raaciiong ddkie m@cg ére:a;lyygﬁemaﬂ keovert asicpkeid deposited onto
the ?%%%Lty Fhis rgw tth 58‘}(‘3{%@ ofhe Q?{nlg/st%ﬁa ?E! g¥1§etrat§otn 3f 91@ Icgtglygmg

the ca nera
desired. The catalyst and hydrocarbon vapors are carried up the riser to the disengagement

section of the reactor, where they are separated. Subsequently, the catalyst flows into the

stripping section, where the hydrocarbon vapors entrained with the catalyst are stripped by
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Typi cal ly, catal yst regeneration is acconplishedby

introducing air into the regenerator and burning off
WO b@soaised t 0 restore catal yst activity. These POR®ES2004/039706

conbustion reactions are highly exotherm c and heat

t he cat a - Th
sea iR 3B g SR L of P IR SEp AR pickifiging,
catalmtsthe sﬁnppe(d@:ﬁtalyett fiowsttbrooglt aspysticatalyst standiblye and logo the catalyst

usti on exhaust gas streamrises to the top of the

rege‘?eé €herator and | eaves the regenerator through the

r egpiieiisf @talfst te@enetiion éxdoedugillisigd by garvdaingiaiconttas ns

NOx, SQx, CO, .0x n, anmoni and CO2. .The
regep iy A iR o PEETR (o PR Soretys e o o ok g
reaci@i atd18518§ @Io@aeﬁﬁm@h& héad gléicatiiget; The hét, ehatwitdicaBlyBplbws

whi ch the hydrocarbons, are_converted into |ighter
thrmtﬁha’amreg@erazefl cgtalypt standping backdp the &S%W@P’??W% gafplpE qcle:
The 8618 R6RBELBA ciABst Gad MeXBlrisesAB theddp @f theg SoR&abt /11 1§§v@E’the

to burn off coke fromthe catalyst. The regenerate

regepesptay fhrqugh thepogsperpterdusy The ei‘hﬁ‘é“cﬁﬁ%&%?‘iarblyé:@éﬁﬁmsw SOX CO,

Oxyggﬁtﬁ{ryé{la,mgaggﬁth may be operated in conplete
ombust i on node, which has now becone the standard

c oﬁhmtbtqe sherpgigtistic ptapsf the catalyBocreekinageani erohpabe distinguished:
| gt.e
s Exlial pHEIP SHOLDR AL P SHLAD, i L5
strippiogplep talemopahyideatatbonG@zorbathinsthe eatalyshiaawd 3)\p regeneration step to
bumao(ff:&'i@ Iﬁjoﬁll ?@&tﬁ}’st C’ﬁﬂedllé én'eﬂ&diéﬁgl %@Qﬁéﬂé\ﬁé@ th@ CIIa ng step.
resence of excess Oxy pr ovi In ormo
e be@@taéyst rega’mmt@xhﬁau'svmglasd fir mpdetngrinabestion meds,tvhdeh has
rat . . n
o SRR BTSSR e e
complpterpatnabmmuusma matea lIly sdmpleg mmmropemtmnemabekb o thé

ff
catafern(tslgﬁ:?@et?lg %%Eé to /_éO;a u]?lgssla f:ytplca %%ccgrgﬁloslﬁeed b c c?ucPlé%th{i o
regeﬁermoﬂlﬂ e p@éselﬁ@oﬁébd:eﬁ@ygéﬁhﬁroﬁﬁbmmhﬂbﬁnmf akd:ej;s fie The

ownst ream CO
exhegptant B PP BB eSS PR A PBEC R, SOxLS O apoegp nd
oxydeh! r ogen. Several approaches have been used in
|ndustr reduce, SOx, NOx and CO jn crackjn )
ca rway%at C?r %‘b‘ﬁ%‘?%fd&rco’é’%%f%@o %%@éauo?ﬁgé?a‘iah’éﬁgrﬁ%eé‘emm 18

oper8 B Wit linsufHcRABAiY R AT IEHIRI kY B tﬁ@@a'tdé’ibi,to 85 A3S result the
pretreatment of reactor feed with h ogen and flu

cokeglagora‘aﬁedm s of 6P and 692 %@C%g%oré%ﬁ@}lx 06 eXIdlzed to CO,
ina Qw&ﬁs@f@ﬁn CBMSoer@STHe RENULEEHEH the WPbONRE SondPiskes MGH, 88k, CO, and
addi tives. An early approach used al um ha conpounds as
nitrogetli ti ves t o the cracking catalyst to adsorb sul fur
OX kR | &r&%ﬁes% bRAYRETN R iRhstryl D edtlsSQDRELOR lzﬂuﬁ B0 in
corrpoun at entered the process in the feed were
crackipg eatslyet regsndrgiar exdavst sases. i theseduelpdrpapited-igteasine myl expensive
optlagrg;u yﬁ trgaﬁr?en? szxlfegctﬁj}g AL ro%@n Erﬁeﬂﬁ%\ggg)%gt-treaune t

ecovery section o renove

'0pt1¢m;/mzlé¢ss wkiehgvesetions, siah s tissieq ofmatalyyts raezudwa@b'sf additivehe

st £ FU t h%% R talyst t

or el 8l ol SLrIRERTRkR of Budlf P REARRime catalyat o
adsorb sulfur oxides in the FCC regenerator; the adsorbed sulﬁlr cornpounds that entered the
process in the feed were released as hydrogen sulfide during the cracking portion of the cycle

and passed to the product recovery section of the unit where they were removed. However,
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It is known in the art that NOx can be renoved from
the flue gas with NH3, which is a selective reducing
wag@shetsiiat does not react rapidly wth excessSPORY§EN4/039706
that may be present in the flue gas. Two types of NH3
WhllQ Elﬁﬁﬁ ‘?Sss%ﬁsegﬁ‘e\ﬁﬁg ?éﬁ?clvgg omttﬂeesrtzm@ a&g gf ﬁ'l%trgé%e{a&r in Tﬁll% éﬂ@éess
sses onogeneo S gas e process
prodattshlftgﬂewe@m@n@tgmaéﬁaffetcyepa cally ar ound 1550 to 19000F.

TR ORI e PR RO JFRERIk ARF SR fuctlys G NS VEon s

seled®art &thﬂg agenbthdt d%&SQn(ﬂl eeachlbléB' veithcbixoegs Nbﬂjﬁgdn(lheft Inwbgy bg sesent in

o g6 BN s Bl il Paplat BBRERPE Difma

proctdses cqaewtd @lhofdgerBpBIgat-pGe prodéssesat Elghlt@ﬂper{ﬁhﬁee,rtmtallye

aroufltﬁ g? éb@dﬂg ig d t ho d%e}{leo éeélfrirg u ¢! ?tle B@amahl%wer temperatures

typldhﬂy raesrt%n 6 g509F ; fg ?ggtggmo«pem 8&d die?dfl‘]}lNQ ai.‘ldlﬁé 63R,t688¢ gas to
(] t ria acllities
catalae?ﬂ ﬁiﬂb‘g%f NOX fp ggroggn- fﬁﬁae 25 HEPtMSR 'isawéumﬁ% s

powbiBull B UeRapibe aﬁ@é&ﬁeﬁhg &stsQite BEh. N%maﬁis)é RBRfoSRdlsTa@Mmethods

the enmission of FCC units to reduce pollution in the
for rsdmaf@f ad GO in the,{Jes2as ghan BCQ ppipge elgsaribed Heeospopdimg U S.

PateR AlichtiTRNJ. 263 £HES filePUNBRE ¥3,0003.he | nveution The
present invention i s directed to nethods for reducing

SOkdusin, facabiies @ cenimsndntying niind temand igpravgshmethods fo
rodub QB bt BRBE RBK! Sk e d kb dnhiSamR v i nfioERANRM
conpri sing magnesi um an um num and havi ng an E¥
pollyfionfin thetatnaespheae-t Ereringintipn iadireqieddp thesaand eth¢re1f11pemnt 6
at a two theta peak position at about 43 degrees and
about 62 degrees, wherein the ratio of magnesiumto
al um numin the coffpoumady ofsthe Doventidmout 1: 1 t o about
10 dj of
Tf]ie %regenf) r1]1 erﬁlnp ?s dn'ergte %) r}lc!h?% F%‘?ﬁ r% mqg% %ﬁ%}y g%% gP
emlﬁioils from acfuéd mebmabompnmng ¢dnacn@ thofloild stregn edihuneohpound

f 1 to .about
comBgHE Mfghetmnd R RNB ST RS rpe dithedion pansra aPaRving =
leastad xeﬂbdmumw a’ltwfohbet@pfma Pogitbn 28 abduo 43 ddpreds ahd bdut 6 dedrexs]

Thes punds. can be used al one d S
wheiGEshe AP MeEBITLS ABOTD i B FPTR R Ry Bt Gdh opt
10:1¢ Qﬂbﬁd@ﬁbo@ﬁneﬁt telke rad &t thd piesdith dﬁdlﬁrﬁmuammpm dinpoRfid Rtfoed

component s reduce SOx, NOx. and/or CO em ssi ,ons, ‘

about st 2R Aduy o TREAC PG, T pAzges g alupyugp in fhe
comg&ﬁﬁqgfr&ﬁ d¥eut Th€ 8 ABRR 0O ﬁyarféﬁl@r AEbAIMERtEthe $ARTGagnesium

ody and/or a calcined shaped body. Brief Description
to algmitugpingheorpaund ig fipm apoytd . 5t hie ke 6o} Bhese Gpppowss gan be
used @&HeQ§ {ddDR AL OHTINTRL £ 0P COURELi OB & Bark gﬁ'lornﬁfl}l' Be 2Vl A
I S S5.Figure 2 is the XRD of a dried magnesi um
comhmamrh‘altﬂemefe% @Eidants. [SEPOTtS 0 oeiomPeBents tp rgduce SOx, NOx
and/Bl‘/éb%hﬂAs{%hE eIﬂe’se(@on&ﬁmlé%j Yh&hEtR ?fuh?z b s héﬁ/eé\'bodﬁ

ure Ist XRD o a slurry cal ci
The ﬁﬂe@ﬂ@am reed beiariivied shared hpduand/ar hmlclined shaped body.

;-.

Brief Description of the Figures
Figure 1 is the XRD of a slurry of a magnesium aluminate compound where the ratio

of Mg/Alis 2.5.
-3
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a precursor to a hydrotalcite |ike conmpound where the
ratio of Mg/ Al is 2.5. Figure 4 is an XRD pattern for
W@ 200806589 um al um nat e conmpound havi ng a My: Al PCBRUSH0©639706
2:1 wherein the slurry has been heated in step (b) at
a Lr f .about 80- 0C .Figure 5 j n XRD
o T P RrBlord 4Bk itk ot el s goussorto
a hylitptaAditerlét commfun@ whenshier retimof Mg/Ad is2.5.y has been heat ed
in.ste a tenperature of about 80-85 0C for .
| o the, Ao BT R A Fng! mEgRELr ARy R oRapR thatis
a precargootorachydioeiditeilike borhppuné where tiel igtic €f Mg gvess.t he
crystal line tion of the phase shown in Figure 4,
LIS # Fran el BRGSO A PRSI 4juupigls campouRd daving & Mg:Al
ratiGoi: T @bdreifl tielbturBfhat Ben kel Pintstep(B) at Eitdniietrture SHuBEut BOB5°C.
XRD patterns for magnesi um al um nate conpounds of the

i A O 1 adtiIA §atrE: fop g Maghesiyatalypingte cpmpopnd davingMe Al

ratidSH % DRMFERRIRANE HAs bébnHefbd B stepi(B) R ténddvi:0 bPdduk 80-85°C
| i ke conpound. Figure 8 shows the XRD patterns for

for zlengsr Rerépdrad Gredhanthemesricsiama uss e enverovRkh o wayie Figure 4.
pr ﬁgﬂ&@@%“ts%éw&mi@ Stidh dFiESHHEQTROWR QﬁFingll\@/g_, xyhere the

cal ci ned magnesi um al um nat e conﬁounds have

amorphoppaterial gnfigare 4 Wavhwbiranigd oot of tha XRD pettemd 5: 1.
Fi Fidure 9s e dkﬁg %ﬁ%gi%& In%érﬂ:sifuﬂlr ahﬁmgat'é c %é(ugdélog 1.:he

~spinel conpound, 1 as_a conparative exanpl _
invegiigudusing Gardve wia g4steé pixRDae: t1lhe hottap XRDpageivn Figyje 7 is of a

b el S{Eﬁ , produced as a conparative exanple.
hydlé%ﬁ%ehkgg S gag the XRD pattern for a 3.0 Mg to A

s piFagnrel8 slevs¢loniSBBipattans Hf cdléisedmapsesiom ialwemtd @ympounds that

are Igjecglli!sro?s tgigl érgf?iwﬁ Llﬂg co)élR%mQ t t'[%er: Qalfi%d ol 3 IS Qunlg/glutm?n?ée.

onposition o fhe préesent i AVENtT on That was car i ned
comaburfi® Bav8 G1g: Ai gting frbdh toh i ttbingoDARD) 3pladtdetin for a 4.0

V0l SRS Bt i PHSE ph AT BBt e
compad@vitdxamplet has been unexpectedly di scovered that the

m xed | oxi of th r nt invention, ich, ca

o E50usETY Goud TR0 Sewern fu RS Lo AL gbectitonth mrpccedas a
comparitiviRahiaple. No. 6, 028, 023, U.S. Patent No. 6,479, 421,

and_ copendi ngy. S. Patent Application |ISTo. .

10%289'6‘? gh OWE {. e@%mﬁf 3.0 MgtmALspepyriried copppsitipn of the
preséRhiegfidd. on No. 10/444,629, filed May 23, 2003, are

useful to reduce SOx, NOx and/or CO em ssions in a

f 1 digre 1% ghows ther(RD patirapfos 8 80t Mg A heampgsition of the prasent

invehBodBhRL SalbREq 51A0et N SOk, NOx, and CO em ssions
froma fluid stream conprising contacting the fluid

st Figwie i shewa theoWpd naftere Bip i05Yia ép Megpmwebition efifble present
inveﬂ{i&ﬂ?h%s%&gin Yigage@n X-ray diffraction pattern

displaying at least a reflection at a two

Detailed Description of the Invention
It has been unexpectedly discovered that the mixed metal oxides of the present

invention, which can also be referred to as precursors, as described in U.S. Patent No.
6,028,023, U.S. Patent No. 6,479,421, and copending U. S. Patent Application No.
10/290,012, filed November 7, 2002 and U. S. Patent Application No. 10/444,629, filed May
23,2003, are useful to reduce SOx, NOx and/or CO emissions in a fluid streamx. Thus, the

-4-
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theta peak position at about 43 degrees and about 62
degrees, wherein the ratio of magnesiumto alum numin
wo b@soerspound is fromabout 1:1 to about 10: 1. PECTUS2U64/039706
enbodi nent, the ratio of magnesiumto alum numin the
t
presglﬁbm%%n%nﬂts alr%c‘]'f[]% ﬁ{%%hsgo }edhanggﬁghl\tl(gxé Cli,l %b%%@&ons fhom a
flui¢grepo ¢ooprigng ¢cmmca1hg)uhb ﬂm1d5tr&ann with b oeripcbd tomprising ok fessium

and %@?Ir%glu d rc]LtHaWPg 0 m a *fgictlgn %r}f} gn %{mot onggaltt T ryst.r%ﬁr@ﬂf;g]uotn%?a two

erm
thetd pdRDpositsonLig @bouh 43 d¢greasmadi sboxt 6%413 gobed, fwharzin the ratfbhef niaghenium

cC' d h t.al t
oo L BRRRRh b 9 A BlEb g o
of nfagabgimimNig aﬁ@dnmhla(tha Bethpoun@i fedim Sduons td‘ dtom @1 f I[mmda

emt Ry e g 6 aarest i DS REE0T HERRTPIRE AR ADNE A

abo@X 04 € IE StEey BflbbdEmant|HhE REDof aglebilint8 hRnARNPRIIAE compound is
anot her enbodi nent, the m xed netal oxide conmpound Is

from gpophk5:A &9 ARyt 6:4 sol i d sol ution. In anot her
entypglicp KR D16 ufRe il mbak x 9% dfrak§ord Precursor to a
hydrotalcite |ike conpound. In one enmbodi ment, the
m Xeeiter{ BECoas wed E‘?Iﬁ*ﬁé@ﬁ%ls fluid cpielpticrasckg. as t he

adg §de\eentloBinfeRfl WieSnveon Md@s"}ﬁ@tﬁfds @ﬁ)r@cmcﬁl% 1S5S NAxand/or
one erabodi ment, the m xed netal oxide corrpound IS 1N

CO emissiprsy franp ﬂw@ﬁram by boydaeting mmiied i) oxidpregrapoundavith the
ﬂulcﬂﬁ%gﬁd 1P e%?boaﬁ&ng Eﬂeq‘gme&;ﬁ%ﬁf A& Bh fi’urﬁl" X4 HaGnesiym
hereof. In another embodi ment, the ]p wof stréamis a
alunﬁlmje eprapouail.yini apotberaiodgnanhthe, miked mefel dréde compotindrisrin the
forn} Bif? dolly g%ﬁﬁ&n i 5190%1'16‘# ?ﬁb&%@&dﬁ t'n%{ed n?eb% %kfgg IS%%ECM toa
and/ or em ssions from gas streanms di ng one or
hydwmlcéte dike p@dpd@l@dll song @mbpdilmemgthmmmd nmatl akide xouhpound is used
per seta 1o LIS n%c‘ﬁ% V(% ?oorﬁgucg r%o ANRE R Péye li(#élelln?ss%m n%trc])tg? e&fgo% enlgﬁls
mixedmngelxilei cxonmomraigm asthel foral otﬁ Hsmecbb@bnﬁommd:mbbmmm,tth@ r

sharfed PRdietorg et ol Gd by (uOkero T B URR BB fndidind i

stremieadluidétﬂdlytw@rdﬁmg&nﬁ pr ecur sor to a hydr ot al CI te

e ST e € T e aye bt ot SeisditgrsOR Nox

and/QSCOléPﬁlssﬁJﬂE a6InLpAL steaf by addifP@RIor nﬂYeSShB{l Yol cEinpiising
r opi un(‘i gadol 1 ni um ger mani u m1 ol d o] m um
mixf mefeh ide; opRouTds Apchons e metallis Rg s odhe #s) %B‘E% umone
embOGIRHAWIT HHe Mhix&H 1Bki8 oxidd! BRIpHAd i9S Flapti¥siuRihiAidh Gbmpound In
| ati num raseod m _pronet hium rhenium rhodi um

anogm%ﬂ e WFtak%"é‘%oWOHWPu@éF Brfheformaf p pelighsolution. In
anofhbr fflodintt, k' mixbAMb@] SkTde it 8 blebirbdt T a hirBh kR 1iké Bompound.

titanium tungsten, thulium vanadi um’ ytterbium
In og¢ emhadimpens;j thgmetghin ghepsteliie exigant s gotigen rsewtlh Spdpium, peium,

I

o ey opeos il S, cut bl BadOFh i, Bl Bora
holneinoiidianticont lh@hmap tgd podigessa mb@ﬂm@l n@@ymlmdmglﬁel,a
niot et i A1, iR LAG QAR BT Bk, on RS, BLAERT

I's a cat al”

t| c cf
ruthenium, samanum scandium, selenium, s1hcon, silver, sulfur, tantalum, tellurium,

terbium, tin, titanium, tungsten, thulium, vanadium, ytterbium, yttrium, zinc, or a mixture of

two or more thereof. In another embodiment, the metal in the metallic oxidant is cobalt,

-5.
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I n anot her enbodi nent, the invention provides nethods

for reducing SOx, NOx and/or CO em ssions from gas
wa@isas1vy addi ng one or nore shaped bodi es cCPOPUSR0H03I706

m xed metal oxide conpounds and a support to the gas

copp':etr rcﬁ%'ﬁﬁxtule”th&@@f e BRANTRBment, BR sHApt8 BodiBd AL d8ed, B8cined or a

ound gneS|un1aIun1nate conpound. I n anot her
le@lrﬁa el ﬂn anqthré epbgdigierfethe Rasgipaie iseoipd emdyﬁlq:,crﬂqklrtgh@lt
fo t
i Ly RAacP o ei M bivEifon pihAREL USRS BELTE SOr WIS
and/of €O eoussros frdm das stores Syrbdsti gewtor mokeeshepdhordies fenpising
mixSPHBEL oV BOAE ah s LS COIPONIM IPINES] HBAGELALR
magnesi um ni ﬁ um chil , “magnesi um
mlxm/nietab(omtka compgumlsls a magmsiuurvéﬂrmpatmagmpmndnirf aothet enbodiment,
t.i.tanat e, .zi.n zi nc
the AT E500cEing FiR fre Wik s St BPo N2k Fp e
the mised enetat akidé isrm rﬁéwfnbmtaélydmtaluﬂtb hikercompduadykiroat embodiment,
al um num h C ound, .al um num cont ai ni ng net a
A e e L i e s R o
maghysiir xhidgdes mgﬁnmdsliydrcﬁidleimﬁgmlmhlc@ﬂbeﬁwa madgResivnh foRmata,
alloysite, rectorjt

zirconia, cla ‘5?15
alupinp gfanate, A P o wr@te @ﬁ?ﬁ&%t?/alnﬁﬁwwqa PRI
zircSRBY, ed1tih@ oxale] datorirR Blui@idiedillitBunkafbliydate, Bluflinum hydroxide
hos phat e mat eri al zeolite, or a m xture of two or

ComﬁB‘P@ fIp@iwaTconainipg metahaxidei crmpeundy(fg-» ehsian HBRMBET can

alun@ih®m W5 dBLide 6hFdunes), MimiBuichibriohdhR iR, zul:&hnar&fawgg
enbodi nent, the gas streamis a fluid cataly

hallgyeie ReqiepitmeetoritemaniBorlinite fentisaranimernttinife, spirticopetivated
sepiBEBMiabESD &T@}t PRAShatOatk: S %6]&9, o§9ﬁnxth@%f A6t o Bereof. In

em ssi ons fromgas streans |ng one or nore
ealpm

one ghhprEmenfolie skppe hﬁgﬂi@ss;pmgedﬂ ed01 agRixtiee herepb Un @rother
embBHiheRt, t%?st@}n%ghﬁld%ﬂagﬁpééckﬁ%\%x ;@ support to the

gas streans. In on e m xed netal oxide
co hpmﬂ@r obedimeriribs inventiah proviviss methodploureducingS@ndidrer

e _
and BECOHIRhs oMol iths T b ingd SlilF po BN GolRe Lo e
mixed metdl crmdeaionmmmdb s oampreemmh@ oxitlants ald/adsuppert tn thegas
streJimJ( %1& %genpd%o%grpent n[hé;rrlllgxrc I %Fo uer %)h} togr?de% n %P g desgu;r)lg %lﬁm}nate
com@mmdd Iresvther elbodimsntsthe edted meta ofclldel minpmhdi isyi ite form of a

ckln uni.t not her e the i nve
solif it s o B d i g S cue B g SAonleit
like @6ipRINAN In drfe@Mbyainest, ﬂﬁ&]ﬁm@bocﬁ&dﬂrcﬂ@e@ﬂ@l@ﬁedm B @nixture

thergl PGP S B BB R A AN RS “Blout 99

W % MmoeHepbmbediment] thk BvER POVl tnRthbiEfof ABudihg SOIBNOA N
enmhodi nent, the m xed netal oxide corrpound is a

and/ﬁhgﬁégflﬁfﬂné QP 595 PEeams b adding oneer mqw fharedbediss poratising

aboﬁtf@e “mms bR Y oMixeeme IR mipSurlds ahdBroliof WA%R ko Mout 99
d solution. In another enbodi nent, the nm xed netal

W%byd&éalplée Izkecomponds fo the2as SHgAISo R PRY ctr@qd}nke@t desmpirehmetal
oxideRo@PEurATPL Ha fRBum ABRFinSH @(ﬂﬁﬂ)uﬁ@ din@RobLentolifitbnt, the mixed

calcined or a m xture thereof. In another enbodi nment,
metaljogidg sempeund Ainithe form of 2isolid selitjen. dn ancthaiemgodiment, the mixed

metal oxide is a precursor to a hydrotalcite like compound. In one embodiment, the shaped

bodies are dried, calcined or a mixture thereof. In another embodiment, the gas stream is a
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I n anot her enbodi nent, the invention provides nethods
for reducing SOx, NOx and/or CO em ssions from gas
wa@isas1vy addi ng one or nore shaped bodi es cCPOPUSR0H03I706

(i) about 99 wt % to about 1wt % m xed netal oxide
about 1wt % to about 99 wt %
ﬂul c W iérl?a%k]tné *ul}ke conpounds, and (iii) one or nore
rrefreddoﬂler anbodamdng, thdmnvdmﬁogpmvslbsr metiheds fbrreduréng SOx, NOx
e di ne oxi de co
and SR s b v g U R RS R i meripine
abmﬁbemm%xedmmelaM%QMKﬂBnaﬂnnﬁbmdmpauﬁm(hhamﬁowmw©mahmn99
.,50L.i d _sol t|on er _enbodi ne
Wi el A 6 PO ER H O AR R S satrtrams.
In oﬁefbnﬂd’dﬂlr@d'ﬁ@ Qldsl hiRed meiahﬂ(l([&foﬁipouﬂa it B ehafBdsiinl A1Gmd%te dafipound.

In arlg)glbagpt et}b'xl St gg ﬁ%;'lorgépogfelél I}ﬁlirrp é‘l?rth%‘? gaﬁusniid solution.
In arghAckd bmﬁbdaﬂibntg@é Hﬁ;EHdlalﬁBtal gRldelis afwédmsémo d HyldebitdiéTie ke B6mpound.

| ant hanum | ead, .manganese, ybdenum neodym um

In oy eélklgdlmem’c s 19%?1 ip gﬁll‘%ﬁﬁlhep%qlaga}s @ﬁﬁlmﬁlpyap}s%% cadmium, cerium,
chroBfidiR SRUMTIcHPer, B&&Hﬁ%ﬁhp BRbivf) %ﬁlﬂoymn pRRELM, gérwaﬁi@ml S0,
sanmar| um scandi um sel eni Um silicon, silver ’fur
holmyiwy ixidiwm, irow) lpnihanym, lepd menganese; melybdenuan mwmt% g@k@n
mobwflllJ lo%ﬁifﬂm X)Qi%gﬁrp rﬁlatﬁﬁh{l %frgbéﬁﬁmﬁ(ﬂltﬁrbﬂ%mﬂ Menivf, Hddium,

mXture of two Of nore theréof. 1'n anot hér enbodi nent,
rutheriyem yremativmyseardampseleipincsilinonouliver, pulfugdirdalom, telbpivar, |

terblb dﬁg'ﬂt&&h&iﬁ glf\ﬁgggﬁec ljund, Da ﬁfnme g@&ﬂiuﬂie i l‘{l}%c, %%%%Qture of

s are I'C ne m xt U
two amobiedhereafh brkinathat qmltddeneglashesmetelamtheanalht oxidant is cobalt,

I
coppl%?ft?g %ﬁ&t%rectﬁqué%l 4 %r%b%lln@*ﬁaﬁlgtsﬁ led S%Qs%&?&@ic%d ora

rovi des e or re uc n
mixt@aredtheeofCh eamﬂm eobalihesthgges sgtane mrasﬂlbg/caaaiyhorvgachmg upit.

bSO o v et BTORGR bl s A Eh el Epox

and/dn€CQocirissinOftbm Ps sutenb ylidaligy @bbﬁniotd@apbﬂﬂjbmamprﬁmg @)

e e e RN R RN SN
wt(yorf@gfwzamwm@lcuxﬁpmug af@ikIgport dkiddnaith te gkiRdiniEhtone
ed et al dege co und|3|ntheformof a

embg@meat Iixgdgpetal r‘f8‘E“H éwaas%lﬁfn alyrpimath coranpupds: Iy

anotBd eitfdoliBnedt, Ee@EiNEEREtall Xid cBingbaidat i thefokhloea SOiAREMAGh. In
I n one enbodi ment, the support is

anotfier mhodiment, Gheymied e RcdS 2 W&@lﬁa&%ﬁ%@fﬂa{t@lm compound.

In oRPGMSAHER: Thd duphdRi is AREINE Shy oAbk ikedBmpHRANARINSm acetate,
hydr oxi de, maghesi um car bonat e, magnesium f or mat e,

magpFsiiR AieIos MAgHssin® chisride, magnesium by droxife, MIERAHUARREONSHE.N
maghéstuﬁﬁ‘ Arflafe] HemBLNBePReC2inHithBtd) YRk v GRa L tRAMEL M

oxi d e, cal C|umalumnaie alumnumnltroyrae
aluminateriatiumintsy eireurid ccaleimp oxidel calgivoralyroinete oraingmn mirohedrate,

alunﬁﬁﬁgg ‘ﬁ;&l’ggﬁg c o(lﬁd Q um1 %nt&lnfﬁg R%(lt) 3 1@90 poﬂ'hd"{y gn Yifler

ounds um num drate t7dni a,
thanzaﬂmmgm pralumginpgp h(yéroglde cdmapdug@; aleminpch qhyérate titania, zirconia,

claygg.g.lt, g{lio gte 1{3&[@{1&40 C?rft({] hatog?no%’i}{i{%g%@ﬁ@&é%hhﬁté] isépqolite,
actiyaledsspiialite, katahlér ¢lagt phogmhetei rhageriad, rzealiteiox b rigtutsfor tweporgmore
therc%)t% Mt ctmlg n}%gcfhmea{] tha %ﬁap%gg(?&j ésngia'{] %r’ie %?cn?e%?i%ﬁ? %%imr%ltﬁe%oq’.r fn

another embodlment the gas stream is a fluid catalytic cracking unit.
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anot her enbodi nent, the gas streamis a fluid
catal ytic cracking unit.ln another enbodi nent, the
WO poosfsisen provi des met hods for reduci ng SOx, MNORUS2004/039706
and/ or CO em ssions fromgas streans by addi ng one or
MY Lar AR GHlbRRALA S ATRIoR pitidet heBflor R3uMgAG NOx
about 1wt % m xed metal oxi de conpounds, (ii) about
and/ou Qrermdssign® PmaBs siresenh Pyl pdsting erietas mordcbapsdpdighepsuprising ()
abm(t'9b lvs)t%qg Sbdtit AW%HQ@& Iﬁle‘éaf &1&)90 Q\Srﬁls, égp%)o(ﬂ f/')vt"/@tohabout 99
support to the gas streanms. |In one ent
wiVnliydendaleitet 1ikie cgmpdmdacﬁmb ouget Thare alemﬂgmsianm aall (iv) msupeort to
d. de
the %a? @R&Hﬁ 4 !éﬁlal e%%gﬁ% t Bl g& Ingtal xg& X&% &Ef:ﬁéne%hl
alunanaie banpoanthobi amethtr emHmdlmnnxelmb mmb@inetakcpmki}: qompaund is in the
fornP ) s&[ﬁ SOl%lth%t ;hé Q ([fgtga Cgltél]e%t girrgx 3%)3% ox1dg scaI prl{ee &rs&; toa
hydmakhua fike t:dsrepcﬁmﬂ Inl dhe ambbdigkntethb ehtipadbddiestaheadripd scakined an
unit.

mixlafe e et St o FREUaE S e s b Fal g rackipg unit

neulaédmabnwoﬂiﬂladﬂtssufareen@hﬁ@edascduehd asreiaMbel Rictallfe dx@lande @ist
pt, to

50% fro .1% b bout. 40%
press 10,5 ERUAT 1 BrALROULe O SRV RO b TATaLFi808 Byt A%
by vwaglgrﬁom ﬁﬁoﬁm%lb?bﬁelgll%@))/abwl 30 byt VeidOtdm 265G lp% Bweﬁ;gm to

rom about. 1% b ht to _about 20% by weig fro
abo%é%tbym%v %P@mutﬂ by rsaght iovhsyt 2Ret lawelglafr fr?mah?ut 1% by
welgﬁe D bod DY byWRbight of fPorR RIS 15:@YRYei n%@togal%ut 1984 lgudvﬁglﬁd
od

t he oxi de eQU|vaIent In one e i ment, the sollid

calcglafﬁé a¥ thejoxids palent.; In ong cahedimentyfbe solidsHpReEt isprosesyin an
amo‘ﬁﬁt' L@)h& ab(fu'i Q6% @2 Qdﬁghg' Oﬁ’op&’aﬁéﬁf % By LRighPBYbou @8/%*%\5/ weight; from

t; from about y wei ght”to about

abm%é nglm weightdorabayd 2R bmlghé ifgit abont b by WCIEBU/@ yﬁbfwé il gtatby
0 0
Welélﬁ,qmn‘? 1%%’}/Wel%\’f£1|[ogﬁﬁ)ut: 1? /Ztgg\gélgﬂt O éﬁﬁ)luﬂf‘% b;f egght to

r‘om about 1% b 5% by wel ght
aboutrbo oyt Weightaspect s of the invention are described in

oSN 808 STRO iy bR AR o
embedm&si te uﬁ\reomrglaewédssmhmis (ﬁa rgducmE(SOxuNDK ghd/byCQ@ eohissign
from % sgeams ??Cdumt;) n dS 1}Ee le 09%3 Cg’l‘}‘l %H’SB to ﬂllenngatg h:

oXi de conpounds  ar e
strednay; rfn ofie ahlmdﬁderhmhb aked hmtaamﬂhmmmnimdrdm nlie, fotoh 6f shaped

bod o ato A rRRd et HeoFAER SOEOBY REHL D FACOR Ry AL B

shapaﬂd)udhehes met hods for reduci ng SOx, NOx and/or CO

oty GRS, L TR i s B a0y,

and/bh@O%ﬁssﬁiﬂfﬁﬁiﬂEas stréan@(16.¢S FOCAiniE) by .addifg ciRFEsRiBhS dodiprisg
r CO absorbent. In another enbodi nent

le%l@eteloqusqomew%ﬁ & th 2393F3TBY- fn SR SRRATEREISAEG GoEposifiamis a
SOANOAan&dr SDAPEFHHIL dln%ﬁotﬁa%%dﬁ%np iRRImphARAds ROHL 88m of

I'n one embodi ment, the conpositjon optionally further

shaped hpdipss guch@p drigg hﬁﬁﬁd@"ﬁ’éf ad/or calsippdighaped bodigs o one

embDHRRAS, H2-composition optionally further comprises one or more metallic oxidants

and/or supports.
To reduce the NOx from the flue gas, the compositions comprising mixed metal

oxide compounds of the invention are introduced into an FCC regenerator and are
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To reduce the NOx fromthe flue gas, the conpositions
conprising m xed netal oxide conpounds of the

WO pwss65on are i ntroduced into an FCC regener apOT/Us20d4/039706
areconti nuously cycl ed between the FCC reactor and the

contfrﬁg\%nj%ﬁie‘arbet\@ﬁ tHe Wécttdr‘aﬂ? tHRefredeR&atol Vﬁ{étcbﬁlﬁoﬁﬁ’dhs *8? the
used 1 n an unexp ect edl amount to reduce

inveiyreqen 8 pgnddn alFmex S@alltaﬁ@u’éthWN@ﬁ meQEOteméSSlons
For é ﬂet I@Qoﬁg&lﬁfﬁ Uf’fflg 1Lv9ntﬁﬂ BN af nadkﬂgﬂht c;lf aBS’Jpltp‘Bm to
t ~1000 fsroma out pmto %out 500 ppm
abmft A @@ﬁ Rpiisd tonsghopphpine taadbout 509 mmpfmp abgut 59 ppm dbahent 23ppm;
t
or frggmtb&ﬁe)t 1?? @gltln'ltt(? %%uggdr? I ufgllfe glﬁttﬂvé/lg rI[Mea ?m %sﬁ&?g)o%ﬁe ﬁn%fﬁon
can @a ﬂ){ed inve agintudih efobali G001 Sreighi’g bt abbinioT weiblg % pf the eaeulatipg

invely o&r 0 tfl)g %éta(l)gatatﬂﬂs% it @It %bCC ?gtelaul?r t%fj in F %\'H%Eg&boutho Q% 1 Welght%
to alaiuo u Weighwe Dgﬂhb %cmﬂating mvemtmyLdf dtei totgl cal.’abestlincthQ/F@E retgamerator

t ot al toi.Nn rator;.or. fr u
or g Pow Ity B abaif od SEdEl SR b iei il Sifeoe
catalygnie ie@GC &@erteﬁ@oﬁ aha borﬁ;ﬂisﬁnloyﬁif thaintdriokr €@ reduce the NOx
regenerator, The ositjons aof the,invention, can
and/ il eEiss1Es R 23 RGO CErR B TOHE O J45iaBpitepeholior 1oss;
abo Eﬂﬁy ndiBesite Ws§ aBbut lfiEB& m%bfébl I)rf lecf@omwﬁt 5ahinh®es 6t leiﬁb out
t |rty n1nutes or ess a out I fteen m nutes_ or ess
or Iyigther I’ﬁ‘I’I‘I}?‘Es‘L%?OnPF@%OHSI‘ﬁ the jpysnEen @Hﬁ&&%lﬁtssu%%om

the @%éﬁé&%rfolf BCOfuntt BRY/brRNhE e ERGH GR fuPoilk FEICARS:. Tk 61B
nerator o an unit an or romthne ue
f FCC d/or f he f|

embgdigept, s the e ePrBTides e EECRFHPAntS IO IegManE S o fhdlye of an

Fod bt By&‘d@ﬁ%‘g@@mﬁ&s@t\fdn%ﬁlpﬁélﬂgccﬁb@ér dnfiRREIMALRI 4 &.{mer to the
reducin | ue of an FCC unit by addi a

regeperaion el the BRCadipH aiofgr @w&énenaﬁleﬁlaven@%mowdametaods for
P ob o BASORIANE ol A0 EE WM BBt
compednmquel@@d@m@@ tonda ¢artante e regsnespier Q‘fttb? F <é€ umlﬁeInB@C
ano‘cﬂaJ qTr‘tBM g{j %ﬁ&n@emﬁ@ﬂrﬁgah%shrﬁah&ﬁ B b Al Ci?ﬂpcﬁé ﬂ@é@’/ al'FCC

a carrier to e regenerato
unit landi for rddncipe COnmussiens fomibelicgerstatortoff ghei Figieuntit byrrdding a
comBbs? Andc pri i 99 e1t e%d/or %ﬁlaﬂcga ga(Prlérnr 'I:lg%e e élrgtog)gf tﬂQFEEC&nit.
nit an or = redu ef s&rons tromine

The Icmgien@na;b taﬂlydxfotaﬂdnte hE@Ebmpuuhd lyspiaeld almyma, mhmtp@ﬁmum @hlmlnate,
e r;g e %u apper. and/ or K a?l t1 %n a.carrier to. m

a““I ey ﬁéf’%\f’ TP filanpE g fftanaterplaninipg gugonate, ﬁnal%%esgl
alunkiyigie, lumhiairh @ydrokide, @@ e - ccmtaamng @letal azhdlemanmouﬁd dtherethan

alciu I I I
AL G SeAgRet It 2Rt Bt stiiissonef it Thaemestv
acetite UAghodiem n&Iasuerrmagﬁesm)thMde GmagABsidth Udroxige, aighesivih Ng
met al oxi de npound ot her than Al 203, clay, .mgnesi a,

carbpEA{E, EARASSITR [Py QU HRERESUED iy PHEEpHg;sdicate, magnetium

calclid Glidadd, boﬂiﬁa lil@iﬁintbfﬁc@ﬁ EdaRfiva oXTBE) ARG ikl Ritrbhdtfe, alummum
magnesi um c orid %nesn um hydr oxi de, magnesi u

chlogoliygigteatiace/ ﬂ%ﬁés%eém arrales@r%fgwe 8F mte thercof. In
one §inbbdiﬁ¥:ﬁ>c; th%&ﬁ@lslb B K}r&rbdalcﬁ@hﬁe cotBBRRE b Y& a16hita) zinc titanate,
ilicate, boria, calciumsilicate, calcium oxi de

ché‘ﬂWﬁﬁﬁ’I #n¢ Hiapaieleing §UmBPEN num chl or ohydr at e,

si I} Rk Hﬂb&ﬁmelﬁ etﬁé b&ﬁ;ﬁ)sﬁl%ngof thezlﬁ»bén%)m &n 1R uBd5h¥bGuttion

two or nore th ereo one enbodi nent the carrier is
witha GO ¢p@begtion p@mqwesuelwmdﬁumme@né/ﬁr NemmaéirQJ pRRustion nc

titanate
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zinc alumnate or zinc titanate/zinc alumnate. In
anot her enbodi nent, the conpositions of the invention
wa@anseosused i n conjunction with a CO conbust i BOT/US2004/039706
pronmoter, such as a platinum and/ or alum na CO
| Pt
prox‘ﬁgtgp l‘ﬁ&% i é(? TGH \?%]lght gxg@nt?r(\)e% l;agedt c%rothe\:rl\‘gw%ﬁge §§ &?F: ’regrer%e;ator,
ma}blw ussb‘dlthvgddd rgmltsl Vastgbbdsresﬁm rcyn ge)oidaln@ismdﬂt & litthrasioel to 10
ta to 10 wei ght ppm
welgqu a%num res%rt%t on Cﬁ.%l 1th¥1 1}1t inthe unit. Any

c o mwmbm\@nmbnalzmc ff@édam:bermdeé uuheECC fnit. h'@heﬁ@éﬂs ll]liuytrang'Elﬁéjm

et r bR LT r Sl ol G et ormea,

to tl&&u’cipld ?1 :sg!chraef:beﬂ ofls artd?;hﬁlg 6}19‘% el fesl freq&&iﬁlls} vilB cGMsth raeitlied
and_ shal e, oi).s. The fee requent i cont ai
hydpogarhensegich ﬁﬂ@ﬁ arfglaeﬁgy oxclrqfls ydiqh }@ﬁ? a ér rrga\s@wm g
cracdRings Piifdrfeld fReaY Breddas 6iBJVachR@RassR] afbheliOreSitiaakd Muum
Preferred feeds are gas oils, vacuunrgas oils,
1-":’S“E!l'?l*m)spher|c resids, and vacuum r esi ds.
AnyCEORR:6hig) Avmm@rd:@@zhﬁy&% %@tu@e!dyqthe @@em Qea 0%l he
catal yst can be 100% anorp gous ?era
amqrphopg; JekprefsipblyAsgndes éom%ze&hﬁdrl 3 @grorlererra@wmatwafmch fs silica-
alurfi ma@soﬁhé mea Atk P s is faLlany aut 5 r@aﬂohﬂ% ?J%lﬁ 0% 68t Lfalyst,

is usual |y about 5 to about’ 40 wei ght
withethe zstbeing mgtriny  Corveptéanel selifagsuches V)Z%l@m Veainigpa| deficient
forn%secﬁ{tlﬁets@zcboﬁﬁg t‘éué}rc'as\(.\leglﬁt‘i’i difefSy, uﬁfasﬁialg R %&ﬁ&%&i@%ﬂk Y may
forns of ese zeo suéh as deal umi ni ze ,
be uged. r s zeddites maydn:cstabﬂtzp@wu raspérathys.dotexpmplebio an gmdunt Bhigbout
t obe
0.1 goea%l)ﬁt lg%ve %" o m:?ﬂaﬁltvélg ?x ag}‘lﬂﬁ% Qeéorh%[ %nﬁiﬁ’{;ﬁa}%ta}%& can b?ﬁlsed in
the i)'tjvelmeh aif'hewezluyhstmg thegiighi tempaatotes teially asedistedgitic atrmilgtst s
conf B SRR R HEEL Ml R BBl 0
contanm’@a%bmtdﬂ t@hbdu0+2% uIﬁ@taWe tYhormart batthdastadiEeier at or .
sts, include those contalnl about 10 t
~bate SR PRkl % gt orbar bt H900ivEy aliespreasnyes
sepéfigg adddal pﬁﬁiclds,ll:]bteﬂiikﬁ iyl withyeact [0t COO thd ﬂgdé(ﬁlfg dataly’DrAdditives
Lyes, elther sent as se arate a |t|
can 38 P‘Heﬂ fohange opfang, 8“ 7S MeERMROEHS IR0 IES: & Bo ?’hé and other
nmwﬁa@Mwﬁ@a@aﬁmﬁygkmlﬁﬁ@u&dves can be added to enhance
oct such as nedium pore size zeolites,, e. ZSM 5

an OBY%PH $% CTagkiag ronditiogs may pegedy Typigal risgr facking reaction

con@itibakGhdM®R cafeRRYEA NS GHabbilt 9SS 1 ©aB6K1199 268 AAthly@REntAIR Yime
be used. T¥g|cal riser cracking reaction conditions

of aporg O de aloxt 20 sesendsi andriger to tepwpergsestol gbayt 990 tp gbeii RH0°F. It
is indporint38 HavR 684 AiMSE ofFORE R catdiyiRindhe BROVEHO rlger fré%ct%p Ql's‘rhg

0 seconds, and riser top tenperatures of about
con‘éﬁslaeral tegOgues Fychias addipplereaamonis Abatemigivgdtepinis @f multlple

noz&l@se HseVif ta{?)nﬁﬁﬁgﬂl&%fes !Euﬂi sfrl ﬁark%@c%ﬁolg t lﬂffe 1 ec‘&r thé ff@e? B‘r%g/

usi ng conventT onal echni ques su as a dl ng
conprip ATiger ghtalysiedelerpiipnsrona it lsms@“emﬁd terhipei the @sen mztbe@scharge

1nto%§t§oesgcfo ?ﬁfoﬂg‘sfs!te%gfo? gzgrd &3 eﬁr@en% re;araasn af%m 4,39&1“&5% spent

e riser y conpri se riser ca
catalistel er ati on zone. S preferred to have the riser

reagl %m}%uﬁ&g? "élcgrgl?osmons and/or shaped bodies of the invention can be made by
the methods described in U.S. Patent No. 6,028,023. In one embodiment, the compounds,
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into a closed cyclone systemfor rapid and efficient
separation of cracked products from spent catal yst.
wab@soespounds, conpositions and/ or shaped bodPewrusi004/039706
the invention can be nade by the nethods described in
: gqﬁj i..ment, the
5&%35%%%@%%%%@5??ggﬁgggﬁ%ﬂﬁﬁgpe g@%ﬁ?%% are nmade by
t he) f ol leenting g npxtursecomprifing atrlesgicanie Wiy atenpingtal gompound and at

e T

aslumgt al oxi de conpound in the formof a slurry; (b) heat
trgati he..m xed . al, .oxide co und sl urr, m
st 83 ( ARt bR bR B S R BB NS 2ot {p (ol 8 ce
temprdtnaatp ta abatiedd SAC xettodoet alheatieated minep metd okide tdrapduad i the
P o% alslurry; (c) drying the heat-treated conpound from
MYEFYBY to produce one or nore shaped bodies of the
m ggd ndtiak tieXieaietraaedrompolind dipeh stayb) padduye ofethr nive@shaped

st SRR BE RSB ALPTLFLR ) 1 2, crperaturs

cafagi n elétaﬁtif’e’iﬁﬁgjthb @dn%p?naffmm sﬁa'p;](e)cht BednderAt d€about 300°C or
. .compound. In one enbodi nent, fhe mixture is an aqueous
highg 19 PIRGECEAM OF MeTStalfRed shaped hﬁ%ﬁ?é BE*e riphpxidgicgpypound
(thﬁ@kn%&ﬁnﬁﬁg&@%ﬁ%ﬁkﬁgaﬁmm@mﬁqumﬂﬂﬁﬁ$mﬂmQQQEa@aﬁﬁbhs
wi se manner. The terns "aqueous slurry" and "slurry"
slutyne| ude, for exanpl e, sol solutions, gels and pastes.
| NSepE(aiRd) ResIBe Qndftiéd AY cbRtBusAREd: BACH $Re RhnddCThe terms
m xed netal oxide conmpounds of the invention, a
"aqugeyis\sbiy" anth' s divdideyfopexamglyety! sdutians, selsand pastgr fhige
metiidd® oméﬁin% he & (m)ocﬂés of hﬁ%i&@metﬁ%%icﬁ%bﬁlﬁ&%ndg Qflthp fhvention,
or exanple, acetic acid, propionic acid, formc aci
a solyentyan eptinoilly, bevadfed todheadurty, duning the dieatdicatmeanefistep (b The
| de, r A ke .l . i t e
solvE LN O el oo @i Bfpiohit o, e Rl TR TR v
acidj thic didadremonimp thyfirogidepeaterdand dire ke, If ore eendmdiplent, thety@lvent
is acs@libig Zn2+, M2+, Co2+, N 2+, Sr2+, Ba2+, Cu2+ or a
M xture of two or nore thereof. In one enmbodinent, the
di Vid éimdlentiiesd] catiainiio thei divelpatimetil ooaipemid dae be| forcexamppleridg”,

»aresweld known.i n.t hesxart,. Exenpl ary, di val ent, net al
Cat e M R e Bt B b of o auE Rt e BrofFh T ome
embodigieats tha divaledt muxiyl @deit RMg™ . Nbigalestinenl 26@painds are well known in

magnhesi um roxi de, magnesi um ni t.raf.e nesium
the i ARERRPHE YR BT BB B Or S e R G PR ride
magfmgmﬁﬁ}:l'dﬂéﬁyt‘a!all:t_ﬁlfej xfl@gnemgraea@w, ﬂﬁa@h?bﬁﬂﬂﬂ ﬁydig))l(iheg ﬁ{a@h&%ium nitrate,
magnest um. st i cat e, nesi um cal ctum Sil1 cat.e, .
mawﬁm@r%%%% faEnasiig F ; e paggesiury Krgaie, wagnesipwychiogde,

magB@RinOAlifthbtedRelirdishAshOssur® bilié06) nRknd¥RIncaldih Sifitate, l@nesium-
trivalent nmetal cation in the trivalent netal conpound
contaiging slays (e, c@mf% gapomfesepiolite) and mixtures of two or more thereof.

The trivalent metal cation in the trivalent metal compound can be, for example, A

3+ + + T3t + + 3t + .
Mn™, Fe**, Co**, Ni*Y, Cr? , Ga’ R B3 , La**, GI** or a mixture of two or more thereof. In one

comy

+
B,

embodiment, the trivalent metal cation is AI’*. Trivalent metal compounds are well known in
the art. Exemplary trivalent metal compounds containing A1** include aluminum hydroxide
hydrate, aluminum oxide, aluminum acetate, aluminum nitrate, aluminum hydroxide,

aluminum carbonate, aluminum formate, aluminum chloride, hydrous aluminum silicate,
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W3+, Fe3+, Co3+, N 3+, Cr3+, Ga3+, B3+, La3+, d 3+ or

a mxture of two or nore thereof. I n one enbodi nent,
wo b@swosisval ent netal cation is Al 3+. Trival ent PeBUS1004/039706

compounds are well known in the art. Exenplary

I C .ol
alunhlﬁthr?r(n @e%lﬁﬂmﬁ‘n]’] 51% traglg[[ﬁﬁ-) %lr aﬁ*lai ﬁgﬁ%'ﬁ]&nng%ﬂte gﬁeé r@%ﬂéﬁ’ce beLllyente,
calcinedtlamena) alhnnmarsulm amdrplmhsealumirumSﬂudvbhglnint@xatluhemum containing
um,num car. m.num for

clay @R, SRS AR Heiogh PlelRbsim Aot Mipate. and
mlxtﬁtelsloﬁMCBQImO’raﬂlstebf on al um na, alum numtrihydrate

Frgthé aﬁ%e?iﬁi%% g)k]gf: ﬁﬁ%&%&%@@%&%&%@ﬂ?ﬂ%eer@m o} the dlvg?erﬂ metal

cahoﬁlﬂ (a@, M}glﬁ)a@ﬂieamvmﬁgmedamaﬁm( e.q. A13*b<azﬁi Berfroms etiuol i teabout
alcite entonite m
101 bl T io OO BF0L 1T 1 A o LLdhowt LA ghout §:; about

1.4: t i@eabmmeeﬂ aﬁaitatls 1008 iaB&ut sqnmunds 10b asdmes i1natRbt 1.p0to 4606t 5:1;

of di val ent netal cation l\/g]?) to the
abmttrllgvlaqoéﬁ?utr?e]t é\’o“& aPildnabout §:1; Orﬁﬂbgqi)z ]CTQr"f‘blé‘ét om about
1: ribQo3RP gé) the dlgaalerﬁtrn%iﬁl 3bapdund cdn Ye $rOpAROH kheforki of a slurry,
about 1.2:1 'to about 5:1; out131toabout5'
and s dtiyalent metal ¢onpopad gande Prepaqg@ i the formpfa slugy o Fhe @vq}ent metal
comﬁ&ﬁlﬂtan& - tehvdl &t ﬁi@fﬁ%on&m&md @alH‘BH Eeﬁhrazelylplteﬁal@@ﬁﬁﬁe 1%rnJr of 2
about 1.8:1 to about to about 5:1;
slurzzandtthen @1xpd)togﬁbfm orgy: nllxtup? q:qgﬁanp@g @p éryakeat) metplwgmpound and the
. di f
ol LA RO e SRR A bl g
Compq?le}dame‘thﬁmnttWéOlﬁmofm sfrrya sl urry. The dival ent et al
co . :
CORPOMIA R 1o SRS TR oy on
or mwmcehiertmﬁg'«étcmepqnems shra rietalseof entirbenyn bnsguthheadmunalcemm
ohuol B co SR ROMRE PPk AR, bl tE - SREER Pl R A o8
holnnompmﬂndra, 11toﬂgﬁﬂthkﬁlmnl, ead, Imemgzmem afolybdedunt, myodyhnmm me:kel
8 I oment 1 ?agleous a& on mxture i en, (iul’n
nio &“5?7 °P‘EH‘FIH &F acdb%rp BB RSP IRP . BPHE “n%f%ﬁm“m ot
ruthﬁﬁllim osagititm sdaiiias, sﬂ&ﬁ1&h§s1@éonﬁdi$vbﬂmﬂﬁlx, thtsloma} llurium,
mum .cerium chromum cobalt er, . )
b o T SR DR, ST, SO 751 e of
two 9PIndre therbdil qm mefals@hAIP inlah @Rmeh@NdthiaBtilr dafBélin the form of
anese, bdenun}dilneod ym um ni ckel , ni obi um

mety] §m%ﬁ%rfne&é S ﬁ%fisumta FSrITIX BFESE By of mere thSFe9helnifnEim
embBH'iﬁ{éhH e ab QA kA tioh Wiik@R fHAker @&Hﬁﬁdeb’% tp@xc@%d IC4 0, cobalt (e.g.,

 enium ‘silicon, silver, sulfur, tan

Coq)e‘rarleﬁlmuﬁ? g4 ¥p@dHqnivm (LIOp); fanthpmim (Itagm@scteéhm (¢-BruCeQmy

tung%ﬂ afl i Wik tuYd $£9K D bikbre Yk dor UTR anéfh@ﬁem‘r%ﬁlrﬁenm tid d416oud feactlon
two or nore thereof. The netals can be in ‘an el enent al

mixtyresfuethenramprises eppER(cign GURR cobAHGHD)risnadium 4.8 ¥20singeraim
I
(o83 oD S pREOAE (BB GI5% EoflTrKL U oo bibll BngBRLAS or
oxidgj seifides andfor kedidesctherpef) @@sbecrmsm in the agueouQgaytion gyukiuletin an
) [ i
amcffe hto ab6lDh0ne 59 VBT bimous YEBhpol 2 Uy LT Bm about
2% to aypwt20Pebyofeightocatoulatedae thetpaide gfiuivdlentaibe érgror more other metal
[ ' ' f
confBR801. 9818 o 15, ADUSEN R0 ORI SALE T e s o
diva(eat metal 3@H)nd adrthemnleast one trivalent metal compound are being mixed
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(e.g., Ceq 2), or a mxture of two or nore thereof.

The one or nore netal conponents (or oxide, sulfides,
wa@paso60shal i des t hereof) can be present in thePEUSIOE039706

reaction mxture in an anount up to about 40% by

' ' t 1%to about 25% by weight; or

1Dg¥§%%ﬂ% og%aé;%to out 20% by wei ght, cal cul ated as

t h&tepxb)ché heay Lmeaﬁaigehﬁ aquidve sty can beemnductadibyrheatgteating the

C t t he
aquer%gyglgl%eﬂ af‘ter?lﬁ&at?% r(r)g gl?(ﬁlg 56% to l?.fs ﬁﬁ# 3? ad S%t%gglépeg%lg|0f about

0°@rizt aé)but(ﬁ@ﬁffawndtearpdramn@omwtemg@ taoabeutt ISDY@ laea tempetature of

o SR sehateuipn G i s

tempmﬂulb Geat oreakitptsen cblybehﬁﬁ:ﬂudtéd?ﬁf abogt Id’hﬁm&ﬁu&ﬁhﬁuﬁlmﬂoﬁm or

er at ur out. 500C.t o ss,than 2250C at
morf, T B TR G fe STHeB U P A ORc 36 B0 o146 T
atmésphaRe,aad waimﬂiphétbq&téss&@@ Qntode albotimdb A0 tePbf 18w temperature
ol G 3B s R By B aoave.
The I & REpAfatEhdACREatrh 1R AbdsHt FhEPInGAHy Efnfodid Wikad, 15 R'the form
about 10 ninutes to about 24 hours or nmore. The | ow
of a perilertad- FAEHE ™ r eat ment i s general Iy conducted in

ai fn AlottRPethB&fitherHAOSRNR hidre @tﬂ& 1Adtal %Blﬂﬁ&]@ﬁ‘l@ Yé £&., metals, oxides,
In one enbodi nent, the step o

ressures,
sulfﬁéwééoah%lrdés Akaptimony, bisraih, cadmigmeesHipm @ﬁ@aluas FoRglts3opBen
dysd‘FPdsﬁEﬁ lofPum ) éﬂl%ﬁﬁﬁ %gdolilﬁﬁﬂ g@I%alnr%m %5‘1@/ BB, gﬁiuﬂﬂ elron
| Ow t enperature heat treatnent does not result inh
lanthangyny leed msogandse, malybéaym, heodyprivng aiokels mplmﬂmaosmlum
palleﬂﬁlﬂ'ﬁ Aﬁe[tﬁﬁﬁeﬁ%se@ }ﬁspr%h‘ﬁé{ 1}{1'1 rixé’ﬁuﬁﬁ] (Hi %quﬁlﬁeﬁ tn’au‘mm
ne or ef  metal conponénts g., netals
scandjind egenivm) silmeﬁllawdmﬁur taitdlete stelbfriuan telrbrmnytm itagivmt, h
I e

tunggf’glg ghkﬂol%n S/%]{ade ﬁ) V&%]Bﬁle%u Wurﬁr%%% gél orﬁlﬁﬁllpeugmf‘ two é)¥ more thereof)
can gez)dtchﬂpd teatheraquepusishurgi before, idoong addanm tfierstem(b)l ead

manganese denu neo Kk ni,obi um

R o D U RSN L B M OP D e
is dridde el dtynfgl’B&qbl (u)nan ibu hditempljmed b;a,rfaxrexunﬁplessq:)wydirjuﬁg, drum

fur

aryip oFeh ot e el e R e bl erlofsBt B arvingptemi
acconglisitid b spial dBkidY, Wpon Wit lifid, te mikbdi@etalDdxid® cdinpbutidecat be in the

t or e thereof) can be dded o t he _aquepus
forng e i b 2 Gl Fares SISy pOYdess BHURS. SPhftoe gramules
and ﬁﬂﬁﬁh@@bﬂtﬂ@ ok Bford 1B¥e b TPRY @ik Step @aseful 18 3fcARRhapeti BBdies

heat -treat ed, aqueous_slurry. |s drled The dr%;ng step

havipg parficplarishangs ebsFaSs e dpigd miXsel s AR comasa GeFyioRg,

hereﬂf démbg 0¥dng an FCESBIt & H¥ERG SOXNOR lan@byd O Gmls§i'8ﬁ|s the
ke. In one enbodi nent, the drying step

ac Stsimpiicanalgo by cangiasd %@Wm@rat@s éﬁemonbwtﬁQO"Q 9ebptl£§0°C;
or BBk 800°€%b gl%u@ 9563@“&%8&%6’% ﬂo@b&&%O(ﬁ@ T Qﬁlem%gnents, step

odi es particles, grains, pellets,

@ lészqndu@:teé @a ‘@ﬁ?ﬂiﬂé@ frog ghout 309°C smabori 8607 @5 g‘éﬁfut £QASC e about
850480 ro?aﬂohﬁf?@é Yo abbiE8sBEY UGkt %@odcsto Yssk 8'§O°E:° Thé ﬁ%

sae aV|n partlcu ar sapeso I nter ]
temnem@urs i dreptimentds aallly esndieted dmgivaiateospleesic pragedesh éIihe high

tem @%eﬂ%gtrﬂeﬂt s"fg}} c'e:uq;e UJHdBctEcPfo[‘ glﬂ)lﬁ? fo é%tes Mom s or

em SSI ons.
more; from about 1 hour to about 18 hours; or from about 1 hour to about 10 hours. The high
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Step (d) can al so be conducted at a tenperature from
about 3000C to about 1,6000C, or about 3000C to about
W@2@030050¢ about 4000C to about 5000C. | n ot hePCT/US2004/039706
enbodi nents, step (d) is conducted at a tenperature

o0, 800, Sl R T A 0
OXIdfiﬂmirmo@tg 3BERCamJunes df IOQYgetl dmpéhaafqmné ith'matmal" air), or in
a re&ucﬁatglgxgrg)gnn{eﬁlh 91? ﬁr?er %ml%o\ém(l:egl? gl%echtl g?rgtiur A tt%t %?ptg;;
condualnd benic OFid welcmeld fm»tedalhmn]l bxﬂ@cmpuuhdisiesmba& bermedn be used

in a B Sl 1RES ol QB aboUt - hawr, f 0 about 18 hours; or

hi ghd amdeh%uca&blﬁwahaﬁeﬂ @adissioinpsitiag mixd nikal oridd dehipdtinds
VI ron

nert n (4
sencly Ao o b b o vt bS50 ok 2 s e S
less fh@ﬂBQ brMess QTR ; preférably 1eed thhr2;dess @A Q90 GsSihkh [ 81188 han 1.7,
i ment he high te eratureﬁﬂ;at treat rren

di
less gl%,s 6|°§?666§‘6’E1é15eé“ othergribodyiguts it ifiisg o Frepepl oxide

can Wlle?s&héiplrm %s@ dﬁnd@s fosd a1 PaERithinaan 18&thds €9, Tebk tBdh (6Gess
unit to reduc . NOx and/ or CO emi ssions. The dried

thané?rﬁsl pPolesscthaneg- ?re*&hes%ﬁea offheimied ausig) pxide eRmpAURESS Fepgred by

the MM@)S@'WH@%BQ %et%é}?ﬁl@ lsksy aJJias\é@on@ ok bf bétév@é?l th@ﬁl%t 43
4: less than 3; less than 2.5, less than 2.4, |ess .

hourshan 2.3, less than 2.2, or less than 2.1; preferably

| eﬁ?o&té%g}fg)oglﬁnae%@% nth&f'ertglgyxﬂe §o» sothla @&u&o@maén%§1§m AlRfnate
Comemémmmslmn ané elﬁanmm mjagaticdl abﬁé'lrh' tQ @blou*rétlawhmindhe

I
cale 8L R pie TR IR ok ! Q8ntites pERSy) Bfelotoatom,
dlsplayﬁg apleadt e sflettinnt @ t7o th¥la peakt fosition otnabolﬁt ABRegmetsand about 62
X u 7.

aeof S Tho TR ol TR i TP R o
5:1; 13l Hiskist 4a1ntd 5t 1; fltShl todul, § 6 Tt 5ciné. 7e1n1bddh mmtto 5t]hé 9:1to0 5:1;

tal oxide is id sol.ution nmagn
or 2]y, T Cosiiot 453 ol R P S e An HFapny of gt foust
38%dfy \ﬂhgmbal&ulﬁted as b oxitle Ejuivalenh@e e MpO) haltedhidiehe chef or m

e sol "f sol ution magnesi um

i al um nat e  has X-T.
Coma?sl“?‘}“aﬁst% whe HEIT EFTPPIEP SERT g AR APaud PID 4 lpask %92@?3{ ‘HF?%Mt’
40%an va?gngm 13/;1@ ﬁm@ﬂt@llﬂ% @tSj hweigan ﬁ%% ;@bmght %V@lggwh EgR, zes%iby
apou egr ees n.o er odl nen , r
weight of é%%@eh“t%%h& cglipiatshes e xige qquivplegt éﬁ ﬁgési Tﬁ @Ldfoluﬁon
can ﬂe 1% tﬂe ﬂ'oﬁn 5f Q—sluﬂsy 4:11‘133d El%p?i l?odle% aﬁ’d/ar Jaléu%d tlhap@d Bodlest Q"ge iOhd
. . (0] (0] .o or

solufes égn e Uden 8@@%@9% .deﬁnbeééle%?IWSélf oF th Se%ﬁﬂqt@é can be

usemgQ%b&%anhﬁ@oﬁﬁﬁﬁb‘%e&%m@&neh%§§% %@%ﬂ%e)bxi@%htg Bhd/or
cal cul ated as the oxide equivalen MyO

suppartgler nat i vel y, the conmposi tion, as a V\:hO| e, can

co
‘Tﬂiéléﬁ%rd(’)‘%?}? 3%%\6 i s@f}}e gél}g;bﬁf\kg?ﬁ %éne%ﬁﬁﬁ%uﬁi%{fb R¥he or more

metadlsm/swﬂw@mgih pptionaldy, byum@rtg\nhere ths %ew inflae oiatal hcmﬂucg@% by
a [ I
an“%@%? gL h SE, SRt (R kD) SRlerbdy rbium,
europjugy, gydoligiving aemhawed gold dioksivam ttidinm, deeinclantbehugh dg9dd
e t j | S
muan A ol RO BE b B R, GBS o el FREAIE
prasemlymium, promethium, rhenium, rhodium, ruthenium, samarium, scandium, selenium,
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used in a conposition that contains other conponents
(e.g., netallic oxidants and/or supports). The shaped

whoasmeosean conprise the solid sol uti on nagnesPCmUS2004/039706
alum nate, one or nore netallic oxidants, and,

51110919 tsg\p aslu fb{r taﬁtaﬁlltlrp ‘Pe%h mm%ﬁﬁn,gﬁet'tgﬁhﬁl tuingst&{1 ﬁluﬂﬁ{l,a\lahétcﬁum,
I's Brsml b Cadm ung Ceriam
ytterbmrro mtuml znwbaﬂ & mlxmrp p&iwo oaiy@@qoﬂl@soﬂj rp omg dnbkndjment, the

m
comp o"%d’lr‘h%%’%g%"pﬂ“ tgtfgr‘f%ﬁn “re *Wt a%aé%éé“mﬁo? 3 BHEHum
tltannmod&m)ulanthmumk(é]agmml cothurtl 6. 2. Q@f@zbl,n:l,ll‘lgsahl @dcimirture of two or

morf i et RS Clos R oo ot el LN Bobat

(Co@), IVMaﬂl,unS(ldlgf lSVEOs)I il (6,3, CeOb)l oird mi?ituré ef ﬂWouﬁnnotd thereof. In

sten, .thulium vana
anothercpibg et e CoBpoiqn SIS GrorELss mrei T iPEb(Cog)y In
anotﬁ&%n@ﬂﬁﬁ@hmﬁtco%pfsamoﬁmﬁsas W@I{hdﬁlﬂﬂ@fg‘d ,SE0);LARe 66\1}15& ()e £
cobal t nadil um e.
CeOe) ﬂgﬁ |SERﬂ°(t?P‘hb92‘) Splrreém%%fﬁdwgr%@i@zﬁl coremwnem ?e g.

Ceth ghkentbddigRhesT the%veamm )ﬁﬁd)rﬁ@gn@tfluﬁl\éﬁnﬁﬁatér&frﬁ)ohﬁkﬁ's a6fa
I n, anot her enbodi nent, the conposition conp

spm@lolérp@’p e(lé(e(bfrom @y@rotag‘éts éli(f cqn@@@yd apd is9t hyctr@ta]gﬂe like

comYafdR) It i§Frefept@d {18t e mal Bi?e‘aluga) alur@inaté c@nﬁ&dﬁﬁ%f afe 1ﬁ\>éﬁt1(91rls not
nore thereof. In anotRer enbodi ment, the conposition

denteérfmm %bxdr@telﬁ%hke(@myoundo}"@y coipSEiong eﬁbp inventigmphat pqmprise
a m%ﬂ&tunﬁ Eluﬁﬁ% H@Bﬁnd &l %%%}%hhér%m Hé@&tbé%&nﬁ(&@ﬁg | sHEH as

[or cerium ( 41) he support
smn@lawnnr@uadssbnv@l frcmmhﬁbotalalthyl@r@mp@ndsen Py decssipuibg.
Comg{)h pe enbodi ment of the invention, the nagnesium
um nate conpound is not a spinel; is not derived
f r tmotherteydpdights of the linvieatianpthp mnhonandwde§ nmpthods to reduce

SOthEI)E(%B@b@ ! 1ss&o|n§ Foftd W&Iﬂl’c d"l slng ?1?1 8{1% 1%rs¥1 dtol(')](ﬂgs coH&yrising

hagnesi nate conpoun i nven R oni1's
@) 99] wt%\te d wft%mmxerl ingtdl ®¢l®| coitpeurds ksd i) ipyatid 99 T hydrotalcite

. f 0
ke SRRRRI, IR Aot it 8 e bvRls SRR Bobop0 wit of
mix@hipi sile@bhpsunds thaoare ptesyrs@sl @i hydotaiterlide compompdsmndabout 5

o B S SFBET PRt Bl ot BTRGIErmB gl o pves

bodit$I€onipiée Mdudvs widh & dbOVIENSW 98 miXed Hethe 5xid® tdimsbandsahat are

reduce an em froman FCC unjit :
PrecyiSPIi g ]&WéOtﬂFllt\%iﬁecog‘ﬁa B%%oaﬁwﬁm JoophE ‘(‘i)J O@d’iﬁf%ﬂe
like b&mBounliS/OTHIaXRREr RRbAdimet, the sEPEwP BolckcompHsd dbot 95 Wit o aBout
99 wt % h%dr otalcite |ike corrpounds I n ot her

50 v s vt ingtal oxjgle cempprags thatare Bregenst todrydiptalgitedikg geygpounds

and 28buts %R0 Mosesh WBA 8l hydidtslEiCARREMPSIdS "Bl yeRither
precursors to @Ydrot alcite like corrEounds and about 5
a

embmh%% thgisbaped BodicsoompiseApaRiSaried toabpytidd vyl enirrddnetaly
oxid@ Qangmgp%‘t ?@a{rsorg Q%yéﬁ?aﬁ’&g 1RO g(‘)rﬁﬁ'ouﬁeém{d' aBburt @%%t to

wt % m xed netal oxide conpounds

abmtt Ratwtérod hydreteleite Bkescomponydsr Bhegthepeddofliek i thig mb%mnt afithe
1nveﬂ@%an%g%nﬁl%ﬁlg%%q}l¢¥nlp¥1§e s gﬁkﬂforg%gt'é E%&(ﬁlhﬁt? d\lxdé&gup orts to

oun ment ape
soduse HBKIN@x abu CODET A0 P TBBUEEC unit

In this embodiment of the invention, the shaped bodies can be made following the

methods described in U.S. Patent No. 6,028,023, where a hydrotalcite like compound is
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incogpREited bYRPEFENca hetFindn

50 wt % of m xed netal oxide conpounds that are

precursors to hydrotalcite |ike conpounds and about 5
wovdsnesabout 50 wt % of hydrotal cite |i ke conppCmus2004/689706

yet anot her enbodi nent, the shaped bodi es conprise

hat are précursors

add%ﬁ%gitgﬁ g@%@‘ifé&ﬂb&ﬁ%‘&e ?)éfo}%t ?{ﬁr‘ﬂ a%g?%e?gt%g Ikbt) g)é%clgigeed above;
and@ohqurrﬂsingndd/amfm st5p (& descabedmbonte. 25 wt % of

gfgg}o?almt tlﬁ(fa com SoundiiBay fl]argctenzeg B}b%]mro 1% S gxgipgf’)?si'%UVe hl S

| nventl on can | ona

chaxgermay@rs thatare separatwrby intetsttid] iagionxdnd on Mteamdlfeouless Upmplasy

nanif oSS Bed R S CogPor R B B REC S e

sjogbenite d doadiciteestivhtile, olebimpedidletitee mamiabad sbatieswonitdxmd i n

U S. Patent No. , 028, 023, ere. a rotaIC|t i ke
OBl O e A s po P Ay HelBode s e em af
des@BEOBECavddl dtRY Gandysar Todksk, a1:133-801 (1091)0i@s aiséibask aeniet is

and/ or. bef ore, durlng[ and/ or after step (c) described
It ¥ pounds are characteri zed

by I$ EmMoﬁﬁné%&VthQ Gydeficit VRd Yongioakdad bk a%6mpodrd At formula
re separated by interstitial anions and/or water

@, ﬂBl @ ndéer Benpl ary nat ural nminerals that are
hydr ot al ci te()iﬂ ke* eonnoynas, s Bﬁ%@lde mei xgerite,
pyroaurite, g%fgrelte ?frota cite, stichtite,
reevesite, | tx(@H)nfam}fam@e'ihfbo bar betloni t e and
hydr ocal um t(g<2+ Q3h@(§Hﬂ¥Qr)@HaLGH}(? like cggounds and
N

nmet hods for em are descri bed by vani et al,

Cat al ysi s To@@/ m@in(mzﬂsﬁpmnrmy the @V3cl osure of

whe‘f‘@X %@nﬁ%eélﬁl‘g% a‘? Iﬂ't ZSI%'E) p‘% %EIQS% r &)%Q Ele Etﬂ)nltl lga%UTlll, &(g)p cr

entiret nts, ylrotalcite
or agwrfuELa dwe enmbe thﬁrmfn’é@ﬂ.mmnmﬁmf mangah@e (itop, cabhlt,)nickel, | | )

chrc?l&géoéamr%_'_ Oﬁcnﬁﬁl@(ﬁ %3%%%&%% ?C}r%h{nln% Ais CO;,

NOH SO ANBENGOHBiI0;, HPAB OMOOL, [BGaOWpRVO4, Cl04, BO; or a mixture of two

or more thereof; ais 1, 2 or 3; b is between 0 and 10; and m and n are selected so that the

ratio of m/n is about 1 to about 10.

In one embodiment, the hydrotalcite like compound is hydrotalcite, i.e.,

MgsAl,(OH)16CO3°4H,0. In another embodiment, the hydrotalcite like compound is
MgﬁAlz(OH)13'4.5H20.

The shaped bodies of the invention can comprise a support. Exemplary supports

include spinels, hydrotalcite like compounds, magnesium acetate, magnesium nitrate,

magnesium chloride, magnesium hydroxide, magnesium carbonate, magnesium formate,

aluminum titanate, zinc titanate, aluminum zirconate, calcium oxide, calcium aluminate,
aluminum nitrohydrate, aluminum hydroxide compound, aluminum-containing metal oxide
compound (e.g., other than alumina or aluminum hydroxide compounds), aluminum
chlorohydrate, titania, zirconia, clay (e.g., halloysite, rectorite, hectorite, montmorillinite,

synthetic montmorillinite, sepiolite, activated sepiolite, kaolin), clay phosphate material,

zeolite, or a mixture of two or more thereof. In one embodiment, the support is zinc titanate,

zinc aluminate, or zinc titanate/zinc aluminate. Methods for making such compositions are
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mMAl 3+ n(OH) 2m+2n) OHN . bH20 (1V) where X i s magnesi um
cal cium zinc, manganese, cobalt, nickel, strontium
wharosoesizopper or a mxture of two or nore theeBUE200%039706
is alum num nanganese, iron, cobalt, nickel,
[ Nyl
desrfr}nﬁ)%? ﬁﬂe’&grfngtﬁ V\% W'do rj ‘9?@%@{ hg éigglffpgﬁg Uvam ﬁ%@t}at%l&r’ reference
heref)) initSiepntiigfy, |, Si 03, HPO3, M4, HGaO 3, HV»4, d (4,

BO%% Ql{otl%é g}{nwe 2 ng&%e Bl?%‘ltl%{‘l ng%d%s ¥1 ﬁ{c})ﬁ% fro(r:) re%u 13%%0 dgml%lons

NOx bratssmireeanrlém CO enfissimng friom aaﬂhmlrcatdlyumcraikmgtunﬂt(by alldingthe

Shaq?qu)ogl escrtrbed lﬂerelg% r@éﬁlu?{t I k 2 8%([}@% anldaor é\lﬁ)a(ﬁrlrg?smns

froneﬂch(DGnmmt , The: kiexpéu/letrdds afecpréiérab]yladdezﬂmﬂmmgbnemtor of the FCC
Myg6Al 2(OH) 18 4.5H 20 The shaped bodi es of the

I nvention can conprise a support. Exenplary supports

i Ndthel dl&pScDbthds%fthby&dXéﬁ)ﬁ(ﬂﬂ dah beaddeB @ a@rmﬁwndSnal reactor-

ﬁ‘]%nesr um ace @iﬁ m nitrate, nesj um

regeg tsrﬁxréemw% “B%F*H% %Yéte“ﬁatﬁ ﬁ}ésé‘? o PRl e,

confiRGUES botveiag Bmleulaaﬁgmmmauﬂﬁlaébajeayeea rd¥6tidrl foad e,
al um num zi rconat e,. cal.ci um oxi de, cal ci um al um nat e,

regeRPRAHPHERP AR 16 i (dtclating bed sysirmn e mestiERd- dumiseh the
circ@lbp By KRS ¢ i 08 WRicHh] AXHAELEIOMNR OMINELA %e&react&t her
t han al um na or al um num hydr oxi de conpounds),
TOZSAPTAIPT AYFANEH Bofepsaeieculafing heri systems presanventioally uged iy |
hydﬁ@lnbé’ﬁ/ SdnlvErsioh GEL. q{y'd;o%arbt?@ EhQkihd) %Ferg@d}fs WRihithd ﬂ\ﬂﬂl&&l  catalyst
synthetic nontnori'llinite, sepiolite, activated
bed g@sioerqg@eeratkrawprny beieg prgfephdsphat e material, zeolite,
5@%& er%CngO&V\QldRﬁ N fFork BEFRE unid the gﬂaj)ed bodies described
enbo I ment e support I's zinc titanate
hereg @rmm@rlecedomto tenegenérntanet tb¢ FCE onig hudhre atrginuislyeydsd
n . . L .
bentth RO SR BB P v RO 2Bt nerin cambe
used maorponsitodicak? pper; Hrzammuh‘ecrfat least about §%afttherieteptoryt of the
rege%grggo eorr 1ne or%eu%F(gs}Is al lce)aﬁsg \f&g’m z §|lov:?§%|§'ﬁ?ef%?%tg%%% orf or
enils a;nodi’ﬂx efmbadiment theisidpadtiodiey teseribsddekdimepnibiuseday catalysts in
ddi.ng _t he_.shaped bodi es descri.bed her to an ECC
reac i P I OB RO SIS RO AU e SED BB PR
alkeh® exil&sCaldoli &ndéﬁMoﬁ bEqiéshydading Retaiies); pefeinenaof lwdﬁ)dﬁﬁ@hs

to er or. o he FCC unit. The sha
(e Poril SR T B e O Gaes e o USRS L CEROH,
hlgHeﬁﬂGéH@)[sf pﬁ@mﬂﬁ ldlefBY FHofByngds Chyakigthaaioh BEniGabenlens]; okidstion
ens whi ch inyolve continuously

reac i BYF SHPPRG g e A L3 RYSTe ARAPYS AP UHPRS Wheze Bichimeth is

of ith héOn zone and regeneration zone and the |ike.
rcul ati ng bed systens are preferred Typi cal of the

ci Meosfter pgbetigensythe dupeddodios pthe Givewtinm cam by usedin offpotive
amdifd a8fshnd feiginged bed react orr egener at or

In another embodiment, the shaped bodies of the invention can be used as molding

unit

agents. For example, the shaped bodies of the invention can be used to produce molded heat-
resistant electrical insulating parts, such as switch boards, capacitors, insulation wires, and
the like.

In still other embodiments, the shaped bodies of the invention can be used as
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systens. Both of these circul ating bed systens are
conventionally used in hydrocarbon conversion (e.qg.,
why@soesidbon cracki ng) operations with the fl uPdi/Esmo4/039706
catalyst bed reactor - regenerator systens being
corx'%r 5§ {b?tgrs 11-%r§a1r edu a% ?Oénspo teslg%srqrgga&e%sheé}lq(or elrectrolt he

erern are
cqm@mmoduced into the regener at or of the FCC unit and

F dn ST e toE Rrap S R oL B G diiaf bR s supports

for 61Aér rbaalbl,sech dsi¥iladt, guld) itic, @imivegsilicéh, gpifantuim, &in, lesgunt
of at g@ t about 5% f the inventory of the h
chromuym, me “%F“n?%ﬁe‘hﬁ Tugy teliy %agtngat?a%t PR gFon:

cobhlf) @idkBY Rifliedun, Fhodile, PaBARIE oS, nidiurﬁgﬂithﬁfn cerium, copper,
nbodlnent t e shap yed bodi es described herein can

ﬁtattglédblagutbe&nawgtaéuqbﬁlmaéa‘étlwawanﬂawnm% ar aftmre%%wo or

mo@%eré&r TRXABRIsRan ’Q@fn' ag efelettalstitS adPor@an bR N B 3R6X1aBs,
al kene oxi des, condensati on of al dehydes and

sul%ﬁ afenhalidest &t ?ner?glb@fhnwya 5 ebaps® hedigseof dhe mYF‘alBﬁ‘t #g ugerias 2
sup&h‘@or WhoBr %Qﬁ@) hoedlaie %I ; enatdos) nva‘h&ﬂ&{l op SV{C%? Gitanium (Tl()z)

roduci ng ‘her “al cohol s, ~paraffins an
lantgpnatn ﬂ@z@sb caTiEy nﬁ@gasCew{tn@gg@natr aaHx@re ofitye eb@ﬁrzséhﬁéf)of
oX 'Iﬁi ?Eﬂ 2BBthEE od t tl?eus(ﬂgﬁsy tb0c§19§ of% Vﬁ k/&{tlomr{@ used n
catafysts, and ot her appli cations ere
the@p@'ll@nagbftefﬁestn@famonpt@ fitt Etmueacetmabnwmnshmértb tmlat rpefmnts having

t i : '

R SR e e R
adnenistectid imestlid dbkege $dray euchmsdioescamplet tabletsnaapsitlésoor thalikebe

used as nol ding agents. For exanple, the shaped bodies

of the invention can be used to produce nol ded

heatresistant electricalﬁkmmpkating parts, such as

ors ion Wres, and.the

7 e B PranGRRAR O Saern LRk R SRR rhdigp o
hmﬁhesUﬁQOﬂmemmamqbﬁwﬁﬁﬁ&uascorrosion inhibitors in

pai nts and coating conpositions or spacer sheets for

el ectrolytic capacitors. In still other enbodi nents,

the shaped bodi es of thegisygeti on can be used as

supports for ot her nmetal s, such_as | ver Zi nc,

cadtEQRpwdsTi(having a yEacrAsra Ahabayt A00 m@gb(M%ﬁP%@ & Fmier

ChdtRital e ind t@m)g@ats%thm&ithfvtater atsaesloﬁﬂ'd 18081 of &outif4% Mhereafter,
20r/H%fgl{a}nese rhenlun1 iron, cobalt, nickel, ruthenium

197 ergsie acetisi agid wasediadp theMel et pl at i num ceri um
CORRBArately, bRNEHIhRISEPI R GondEH 'erP&‘iXperé'éH@P{Vth@} at a solids level of
tantal um’ vanadi um ahtinony, or mxtures of two or

8%npprededsapabminaypd netal s can be in an el enental state

andx‘hg g@pnt}g ah@altnlgﬁl&semr%l é'nP' §onta31'1’é tmqﬁamg%ﬂar ratio

hal | ne e nment ape bodies o

of Mghpé of tho preprratiosees 2% ad@umbwttelf\tﬁs addysiruch (hat the resulting
woV ( o

soh%‘@n’ten?g ?ér}nl)gtgrf) as antpé g rf’u ﬁ%?%laétm a’sglgaeter:cli‘/tﬁ)(mﬁ%tg.%é‘l ’F over a

perigd @f &out § bhogst érslurrmsaraplﬁms taken fodm theonisturgandentlyesdeoas |

discussed below. The slurry sample was then spray-dried and the spray-dried particles were

calcined at a temperature of 550°C for an hour.
Immediately following preparation of the mixture, a sample was taken from the

mixture, and the XRD of the sample is shown in Figure 1.
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In yet another enbodi nent, the shaped bodies of the

i nvention can be used in therapeutically effective
wW@rwin6Es19 N phar maceuti cal conpositions to treRCT/US2004/039706

patients having gastrointestinal disorders. The

PR mBg: ?fétv!raﬁ Hen %@Q? &Zédt d(% ONa aEt% e‘?ét&xfe%‘% ARy a?iffh@ 'rirhét and

admnistered I n sage such as

150°@>@3ﬁ19|0€ﬂet1aitdlth;ﬂtXRDG@{y@lﬁllSeSélowmmFIEEYGIZ ke. Exanpl es The
I I

onty MR R o AEieBL B o b R R IR Fol L hiZhAAH) REE D
thereofmshmprlhgtded hereto. Exanple 1 MO povvder (having a

surface area of about 100n2/g) (MAGOX(r), Prem er

Chem cals, Ceveland, OH) was slurried in water at a

sol ids |evel of about 18Rampleer eafter, 5.2% techni cal

acet | d 0

SRR B ot afeﬁﬁtwsoeo“{ﬁ?z%yw j§ like compounds

Werequ@a&fdﬁ’eltbv\hﬂg thainethodd dedcritel helsinl agd @l Ul PASH No. ROZINES, the

aisclf ot THEIis SR rpam g ) SR e et A FOIAP cat o of

MIAAIX-@f difftectiph paeEedor @tnexmlazy Bagdidindiniiadte Matieh Was
added such that. the resul sol.1d content f the .
precw%miy%@l% cogpguRd, ¥ %fe eptig of mpglesiimm fopfurpigum s 2:1,

is sh&b@ti{mgﬂ;‘kﬁ QHES. @h@ﬂﬁ@fé@iuﬁfahﬁ;hﬁété was H&Ufr@ted/@ &) Mpf(ﬁ)
npl e was taken fromthe m xture and analy

abovu) %t@lﬁ%@éfaﬂ“tfé Phhoutiled SCy Figpre § shve %%rntﬂ%tf: portion of the

phas® Haf¥adhbRfl ifkidumle IS whok M a‘ﬁ{ uPAbdeligl Iﬁe%elw@x{ Pigure 4 was
cal cined at a tenperature of 5500C for ‘an hour.

SUbﬁﬁﬁﬁ%@?t&fgﬁmpqt@W fhgvpiehigread.on of the nmixture, a
ﬁ?ghf‘e Pa3wh MG Rardeb O hRBI 5[‘11?& a?ovaﬂ&fé Sf/‘\etgs ni§3r8desd e

e 1s shown 1n Figure 1. then spray
descandd@re(m e toppXRR pamrpélplml@r"éwlﬁd rgeursop beforgl heat

agm gkﬁ%ﬁﬁgﬁgﬁcﬁﬁ%ﬁ%{f?ﬁ&& gﬁq e@&t?éﬁ@eﬁeﬁgﬁrg)t?ftoaﬁrﬁeﬂi&ﬂ@

en cal ci ne
step {tg fpermimesiuro AluHRECHpoukHouingambgnrumXR3uniinen egio ©82:1.

The oAk ittt Bt o MR AR E Y Bl eyt s
showscﬂmprudld:s oi\‘/m&bpl‘fel}rfqrre@ssf deiséribed hereinh é’hﬁﬂﬁlﬁm pattern from
U.sS. P tent. No. 8 th
the t%P @agtt 5‘*?@@*‘%@%&& ?ﬂwt g‘n PHRIB LS g %‘“8 % Sgﬁ'fpg(ﬁ)e‘?{q Sproldis
deschiBgddierein.n its entirety. An X- ray diffraction pattern
f t "

or B ReGR SD Bt ot LT R b R BT

shovsfs&hé mmfpzﬁag mglhypraﬁta@ua |11M6Tb61hlp'6uh<|i s Evﬂencbdsbysﬂﬂ@ mks ft about
ur es a e ne al u nat e

1 Zﬂ e@él’ aP?“tgg 7 dgiss a&‘gag% g”x‘rg;{é%tes %\t/\‘gﬁ‘é?setﬂ%?ffeﬂs of
the G¥0Q UbmBEIreBRt wak ha@tiél QubngSthO¥ytHehie réétl’:ﬁ(&i a’ﬁh WwihB&: ARG prioflinent

of t| xe
peaks manifest themselves at 28.6 degrees, 47.5 degrees and 56.3 degrees. This XRD pattern

demonstrates that the magnesium aluminate compounds of the invention are precursors to
hydrotalcite like compounds.

Figure 8 shows the XRD pattern for magnesium aluminate compounds that are
precursors to hydrotalcite like compounds following calcination step (d) of the process
described herein, where the calcination step was conducted at a temperature of 500°C fox one

hour. The top XRD pattern is for a magnesium aluminate compound having a Mg to Al xatio
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phase that was shown in Figure 4, where the anorphous

material present in Figure 4 was subtracted out of the
WXRD5patstern shown in Figure 6. Figure 7 showsPthes2004/039706

changes in crystal structure at various steps in the

r h
of 2 B FRAERRD 3n AL Bogl Bt B B B ERBIER A1
ratiquefddu cThediottem &RIY pgttcuf is fire magnesdus aldwesate doegotmsl leiving a Mg
toAE%mB 59 undertaki ng step (b) for a magnesi um

m nate conpound havi ng a magnesi umto al um num

ratio o f 2:1. The second XRD pattern fromthe top

(labeled "2My/ | Al HTL Precursoy after heat aging")

shows the product of stgﬁaeﬁi %f the process descri bed

heiFet comphtaevé pirpah¥iR npgrhésairnn alihannd doempbgifion wadyeémeded with a

“heat . t reat ed") .sh t h d of .th |
o5 RIS 3hE PrboBlanBebl SuBERRIBY b SBh DR B e e
bas1é§ﬁ?ﬁé @&hﬁf@prﬁpdrﬁorﬁiog%ﬂﬁ)smébﬁ‘b@zeﬂld WeRtvetd Bl 22.5h)610,and 8.5

tivated HTL) e attern r.a.
Wt‘Vhyﬁhleo%ogrpeﬁlflan VRS Wé@ufwers Efé@? eﬁ@sﬁoggﬂm@ (BeR«ks
Conaéa) abenstl g]vaatéﬂlﬁdéi@@o@&l% agﬂ*ﬁ@ﬂ%orﬁlﬂmﬁs C@Eﬁ%‘iy 206lg ab&tidtacid,

ef

34.4 degrees. Figure 7 includes the ects of the Ceq
2492 g w3t 6%%%1 &TR2ENCSiRE oxide BaveR (MAG QPR ETayist Qassicals) were
mlxéae@géth&n RBSlc M:}%qaﬁmmé IR SR AN adRERS %émagnés%&h oxide slurry

t hensel ves at degrees, 47.5 degrees and 56
alongagthed®80 g yyafes. Qugs tb%lw@wﬁ viae hefpegeRaslySIixed 1456 B éanadlum
oxaBRGORELN MY @c@ﬁﬁrﬁ nfRPPOURER wefe iRl dnl%ERId 81 Bh$nutes. The

grecursors t o hydrotalcite |like conpounds. Figure 8
resulifpg\liyyeas XREY-geed tlermmodues mirasphereidatnazticlayi Hellewing spray-drying,
the J%H%ngsdéalc?ﬁéﬁﬁn 2héx E{i‘ﬁ L5500 S kR oy plfupt @l cite like

onmpounds I''om ng cal cination step (d) of the

pr deebevliadtigure OdXirey diffmctiom anatysistvas perfarinad bn tr resudgng

t
pow. eangi gg%aﬁeg% ?@og?ﬂgn?g& oer%{;uaﬁ[ zﬁ%rglfnuélgg n? 4n(a)§o 89?1’ tﬁg léﬂ;mel
phasepasplesaniedaniimgd Staldy PateniiNog %693@8‘9 and 3,477R67.m ddl e XRD

pattern is for a magnesi um al um nate conpound having a

My to Al ratio of 3:1. The bottom XRD pattern is for a

magnesi um al um nat e conp@unqﬂmaving a Mpto Al ratio

R RO GOMGOET  BHet BPBRar ot B erpazeih

0.8 Mg td Al Altioaad indluding okidahts of degiumahd aaadiumfoxidek. O d6d frce

AR B b 0 L
wt%2 2ITHe cothPodtionaid f&g&e\d’tb Wispbising g{)ﬂéﬁ&‘ ﬁsé&ﬂb&ﬁﬁn@ ('go@ﬁde@dﬂ) in

by dispersing 1 g pseudo nte ndea
3044 & walgs gndpr MP@PS fgiiglen mn@ BBt Seagrieh %& a<zf= ﬁ éﬁl@:l 2o g water

and 29DRE & a8hdkiund SGIHMREEDIXC PR&E G ChehRRIsPp Nl e xdd b ggther

nagne3|un1OX|d powder (MAGOX, Prem er Chem cals)

Upogicpmgletiony er?élrmmwé iag aodsa &q the Fagpasameaxide ﬁlfarySaéq’ngmh 4000
g watldeshet %etnhﬁtumﬁ%hfégé&ﬁély ?nv?ta'd WgaYg V%hﬁﬁﬂn Widikke @é‘r)lqgmg and

water. Once the m xture was ormgenous y m xed,
5 16\ga:ﬁxalgp Oiate solutlon were added and mixed for 10 minutes. The resulting slurry was

spray-dried to produce microspheroidal particles. Following spray-drying, the powder was
calcined in a box furnace at 600 °C for one hour.
As shown in Figure 10, X-ray diffraction analysis was performed on the resulting

powder and showed the predominant magnesium aluminum compound to be of the spinel
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oxal ate solution and 774 g ceriumnitrate sol ution
wer e added and m xed for 10 m nutes. The resulting
W@ aosiogoswas spray-dried to produce nirospher oi BEl/US2004/039706
particles. Follow ng spray-drying, the powder was
phagée‘ lc1§dle@&‘fioeli i Bni étgtéérﬂ?ecﬁﬁg 6l 4 Q@QS%JdQIr47§%7 hREB r68ent was
hown 1 n Figure 9, ray ffraction analysi's g
a Snpﬁélramﬂun’eqf ﬂmwm@gnesmleghmumn@ oxideefcthe pmstntinvewsiont he
predom nant magnesi um al um num conpound to be of the
spi nel phase, as described in United States Patent
Nos. 4, 469, 589 and 4, 472EmipleExarrpl e 4 For

oA 18 AR oop S S AR SR ASRE i

inclodingl exitistodf oemtm and eanadivanatics r@mxlodeﬁee anisatht aebsivier ee

propierea o Hedec % B B0 1683 eantoul o af 85 S oG e

con@ﬁpgﬁgﬁs pﬁﬁpa\t\aﬂ)ypiispﬁlafnng@g offp s pdvbseingiteGB8Bnda®) in 1473 ¢

seydoboehm t e a P2) in, 30

watl Rl RO FesB T8 L ap e geideog exveiey wnd

5328Chabneshdnh %x@e w@a& (A Y Prénigr ORGIESE) Wordnixde tdebMeM Upon
Prem wder were m xed taqogether. Upon

co &ﬁ?ﬁPé{“? %th mm@ﬁ@l ‘%asa S0 thmagacsurerade S8y Mengritih d 6P

watéXiiRe ﬁieuﬁl&wr@mnﬁm%éﬂauﬁp%ea 3RS anadie x4 sEhbh bR 516
was honogenously ni xed, 304 g vanadi um oxal at e
OF

g cesym iR S%%pns’iee;e #lde@pud prixed for Svemimiiast Thnroneliias dueedvas
spra0ficT it S ade rmléigsﬂﬁbﬁigaﬁﬁamaae F6ﬁ§vlf'1|n% 58y iyl ﬁﬁe P& der was

spray-dried to produce m crospheroi particles.

calomed [ipgberglusiseagt-680 V¢ frg ong bairpowder was cal cined in a
b O)X fy HRGEI ALanfPls R I;e‘ﬂro nqﬂéjfesulfe\?% %@%ﬂéﬂeh Bndd le'h@d

0, X-ray diffraction ‘ana yS|s was p
po“fde§lﬁ1*“ igures 13 anddR). dietlowingviprdy tyingpnelisindtalgite- hhqalglaw were

oA AT s ML e

MgdQH)7 @@@?udohbémllm‘dbmﬂm, AlQOHxIB Ok shavm imFigorfe Xlhé\s shown in
Flg@gﬁe‘?ﬂolﬂ? %\nlﬁﬁ%n e 38 ) ggasess SNy e oI £fFedominant

nmagnesit um’al um num osSI'tron was

phager prnmgﬂdsium hllummuih dxiddpxhibiti tlreqienolaseﬁmybtal stthande signilar to

M xi dants of cerium and vanadi um oxi des. On a loss free
Ehasis, the relative proportions OFAl 203, MgO, Ce2,

and V206 were 23.6, 55.9, 16.0, and 4.5 wt% The

conmposi tion was prepareg%%qiigpersi ng 309 g of

pseudoboehm te (Condea 1473 g water under

Vi gordettsming Itﬁeqietfﬁﬁnaﬁm cbfn@blﬁtaongepﬁhé ats@inyinvdnffon @s compared to

acet.ic acid, ter and gnesi um oxi de
ConPERH RSP BIoRe LR af R e AR Np s .
portUHQﬂ tIECARRM ipflluctiof BxAhPIET Ras Bthe mﬂl et B roduce a

nesi.um oxi de sl urr I ong with wat er .

hydf CIerié%eLP#léSem&ée KoHoY wgﬁﬁ?ﬁlﬁbwedgb% 7 a%‘i*@d?ﬂ'ﬁﬁ Getium

0x1&)@hcﬁh§)l§@ oﬁﬁﬁn@ﬁggngmﬁﬁ‘ biudAniM biRE ﬁ/a§ﬁbéﬁ:lo@é‘ly
were a m xed for five mnutes. The resultin

fep@feawé@ym%%w Qe s fepiqindon eRDiertd BsHite Asinepas fully
desBed ifthE BnitdPth OV AGht NBT QY2802% 13 nt, IHAEHASE & hy B 1cite-like

compound.

Example 7
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calcined in a box furnace at 600 OC for one hour.
X-ray diffraction analysis was perforned on the
WO e@dlosismy spray dried and cal ci ned powders (FPQUUSR04/439706
and 12). Fol |l ow ng spray drying, no hydr otalcite-like
S obse e _pr n I
gélzlégn%p% iy ll.lm ?m%oshclonQvag 1%”&6(?‘ Q th r OXM% tg ﬁ@gﬁg]&_ﬁr&i
incluxhnlg s danthodf cediim am’d ahadmmaxldéslm-h loxsl—ﬁ@ b,asmsths Incdavivei n

prorge b AR MR RA e Yo S S DR % gl e

conmbﬁdmaméparddageh@érsmgg ne g bﬂmaiohmhnum(cmndi@ P2)in 822 g

Watc?e&!xyh@dl ek%'gﬁ(%)” sk higau%g 5{5'@& Ao @', 634 g ggeg,,g @g 's'g%atér%nd

549 ngmg(ﬁsslﬁm oxide pdwdeh @\/IA[EEDQTPEeémléNﬁiMm@JE]B) aBreCONRA ft@:@tﬁe@ Upon
S tlons pr.epar accordi ng, to the.teac I Ng$S

ComtB tl%dfles% lumiog sPAYas A eﬂkso the mesgcsiyaoxide SRy P]gﬂg mthtlﬁ%o g

wat&rd IO B nkRfUEds heoEenaGI fild Ve gfvﬁﬁatcﬁlﬁﬁ oyidieabR#on and 516
with water to produce a hydr ot al ci te-1ike phase. The

g coginmayirap FlptipnreETAdded er@rrﬁm%@miae miptes; ‘hhe rsplting slugry was
spraglnﬁleg ?J}erdiﬁc@ &h&@spﬁéﬂoﬂﬁf‘ﬁarﬁm@ﬁ Polldwif: % Br80aRina e powder was

neS| um al um num phase was nost closely represented

CalCBV peofopgage at §06 1 for oagsheyepi ct ed in | CDD card
3578{% dlfﬁéct{waﬁalwé Jvé(s &%ﬁﬁédbﬁ%é @s&h‘il?g ﬂdw&e? d ASLiWESin
Pat en . pat ent , phase is

Flgwdﬁommmﬁlp@aﬂmnl@é 6% rﬁaélnmddwmzd m’bzises tremsfmgﬁé #itg ppredominant
t
phad® Bl T P R i) 8RR E AR Bl Sl shftidvo
MgQx Adropresent vees kersen dxride JoBsi s, the rel ative proportions
OA 28, MO Ce®2, and V206 were 19.1, 60.4, 16.0,
and 4.5 wt % The conposition was prepared by
di spersing 172 gﬂxafnpmfs&usmhbaffnl‘lﬁaecc{mndea P2) in 822
Sep gﬁeﬁz{xlu#@ %&)g 0 %rggeg%tfgglggcg% Im%gﬁtg)élconglcgl oarecéll rt]o dthétzﬁzf the prior
art, AEGNES mrfbmxaddﬁ wpmcmié’ls nfMAGEDIK, of E’acﬁmfﬂ*re p@fthmtmlmépamnﬁ

m xe oget her. on ¢ I the alumna.so] was . .
Exafis -4 SR e B e Tafe BB Ge! SRl Rof R Shugargiing
micmp&ge bdshiCifert h@terthiX }fIlhE: @ea@@ﬁwkdmwt@@ 3030)31K) aﬁfﬂd)aﬂdwecB% g

vanadi um ate sol ution and, 51 ceriumnitr
eauil e, ooy Va@ea GTALHRE S Yas g 56%1 P (o deacs. e
appfoRfibHtd EdheboSitibh bHth¥RSt P vay 1 Ih8ip Fﬂl Sm, pmx;u@@i 4 96% CO; in each

m _cr ospher oj dal tﬁartl cles. Fol|ow ngOs ray drying, the

casey Mg dlovate thrangh the reaptar wasymaintainediafd 8?/“’66‘630 § oHit friee

readd} ¥ as c&‘ltfnﬁb{usw I{’l&{l%@édl BNS@@kMS i1 2‘4@1‘6uﬂ@§tfp%hﬁ§ dTROISO N Galues
resul ti ng powde As shown in Figure 13,

and dhq tetah3Ps Ia?kuatas e@@ﬂ@esi bt #iseratipg Hp éQanb}?a@@%ng the entire 24-hour

test‘i)éﬁdhsd‘rﬂeﬁﬁth'lﬂtrﬁ’bl@l%El%@rom nant phase of magnesium
| um num oxi de exhi biting the periclase crystal

Tabh Ir. SO Berdormiange| Tept Rasults

Example Description SO; at 1000 sec 24 hr Sorption
(ppm) (ppmrhrs)
3 0.5 Mg to Al 395 2423
4 0.8 Mg to Al 208 2482
5 3.0 Mg to Al 64 5022
6 Hydrated sample of Example 5 125 4700
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MyO. Al so present was cerium oxide, CeQ2. Exanple 8:
SO2 Performance Test To eval uate the perfornmance of

Wo b@siosstiant i nvention as conpared to that of PEEURINO039706
art, a test was performad in which a 75 ng sanple of

gach of llll:‘4pd %’A as_—prepar ed '5'4 Exanptes —3-6
i ntroduced to Méf| xed fluid _bed reactor containing

of * Bor exbrane Garptidi ﬁ@zgntm & meggighvegsdntoduseldnt thetpst repptpr @pbtaha
sorbefhe 1 eacPITITHAEECO kép thahof FFoPC- and al | owed to

equilibrate, after which a SO2-containing gas was
| NThO ARG T R tperibiRinE LR/ sRdw thAh e TR Hivkh gﬁﬁ@overall énckup

conmposition of the test gas was 1998ppm

capagiy a1g nyyshereater for Exgraples hand 7 aPﬁerdﬂngdﬂﬂhedtrésepﬁf%@ﬁn fhe
com?%@ {vth es sﬁﬁél 3t ﬁ}bcﬂ@cglcﬁé dek364 66k g. The exit of

he reactor was conti nuously noni ored for SO2 during

t hdhorerfpsance e the paémddaetalméle obExgmplee s aphd arerfeundde pve

| [ i<ckup

G S S R R R R R
Compwisnds of thseresent iMTeghiian ate ag@AinRbyY Yoy reafeldo TefinersRdyeh ars

¢ 4
ARl g Sy BB Ry S,
Addiion2i8 t@@ﬁal&a@ 00SOpitloipAs sigdfi6aRY @edtgrdhemtmid»r st aprhpositions
as ingdii(cg% l%gtﬂ%eSds ﬁevgﬁ%nﬁzl%%ﬁt % ‘1(8Va fr%tglelt & 6&' PPl a f?e?’ g&qOSsve\g(gnrds of the
test aswtonpelted exdthi 125 ppmifer thesctllapseahydnotdicntedﬁ{ea;lompaumlmnﬂ 208§-395

t bl e.to that
pony BC i Rt U by REIRAGTPRE REY AP mikum i Sos s
partfeulaky psedinl dorQufead dvhm)@l{mmlccﬁﬁﬁmeﬁ Ync@dage LB} lgreaduerto a feed

for Exarrles ccording to the present s
chat e A BT DuTHpEh £ AT TS RSP 0 O addiive.

hydrotal cite derived corrp05| tions. The performance of

the m xed netal oxide o H{)I es 5 and 7 are found
to have nearly tvm]é’éa‘?ﬂ%%lgpﬁ ectighacity as those
bagedadst unl1es &Rl ReheQfire RO WBURSI0R. N@( hisSSHIBROMMAS rédftor
t he present i nvention are accordin r% very useful to . .
unitags mepsyred giless agpactica @.theebfgmalwvg the sap of ¢ gagtofpifprior
to aé’dlfci? Ak @%ﬁﬂﬁﬁ BF the ﬁnv@%nacg%rr@édi‘& 1ﬁ‘1§{d itk \'5@mposmon of the
i ona he initial rate of pi

u
mve@tlgmsme@aﬁ@qdy Adice the 6pmposiionof rlmm*aﬁmoe eﬁ?&é%f thediax gaissions
are fn@ghﬂeﬂt&§9o@ﬁs %ﬁ%ué% th@ﬂ(?gllnn r%‘d@l‘t 151%) e‘ﬁH o?thle %’Xc{o? Mﬁlt ’?ﬁe

000 seconds of test as conpared wt
conmgspcmef the inviertiaorduep 36 dnyissrastsdiant the Tédcias ugibnpound
and 208-395 ppmfor the conpositions containing a
predom nance of spinel. Rapid pickup of SO2 is
Example 10: CO Reduction

A reactor unit is used to measure CO reduction. CO emissions from the reactor unit
are measured as close as practical to the beginning and at the end of the reactor unit prior to
adding the composition of the invention to the reactor unit. The composition of the invention
is then added. After the composition of the invention is added, the CO emissions are
measured as close as practical to the beginning and at the end of the reactor unit. The

compositions of the invention reduce CO emissions from the reactor unit.

-23 -




particularly useful for refiners who experience a
sudden increase in SO2 | evels due to a feed change or
wequspasne mal function and require rapi d respoPSEURZ00#139706
the SOx additive. Exanple 9: NOxReduction A reactor
Unizhridud nibaGitafichs AR li'ﬁv%ntm(mra@gﬂi%h' 9 ﬁlosé\@écﬁlf@d%fe‘ﬁp Svill be
fromthe reactor unit are neasured as close as
appagné ot ane skilledinthearbBesn i figeeingideseriptien. ¢high grodifipations are
undd GBS 181t Viin Ble!spelP B dffldifled diginfiomPOST L on of the
Invention to t eactor ‘unit conposition of the
invention is then added. After the conposition of the
invention is added, the NOx em ssions are neasured as
cl ose as practical to the beginning and at the end of
the reactor unit. The conpositions of the invention
reduce NOx emi ssions fromthe reactor unit. Exanple
10: CO Reduction A reactor unit is used to nmeasure CO
reduction. CO em ssions fromthe reactor unit are
nmeasured as close as practical to the begi nning and at
the end of the reactor unit prior to adding the
conposition of the invention to the reactor unit. The
conposition of the invention is then added. After the
conposition of the invention is added, the CO
em ssions are neasured as close as practical to the
begi nning and at the end of the reactor unit. The
conpositions of the invention reduce CO em ssions from
the reactor unit.Various nodifications of the
invention,in addition to those described herein, wl|l
be apparent to one skilled in the art fromthe
foregoi ng description. Such nodifications are
understood to fall wthin the scope of the appended
claims.Clains What is clainmed is: 1. A nethod for
reduci ng SOx, NOx, and CO em ssions froma fluid
stream conprising contacting the fluid streamwith a
compound conpri si ng magnesi um and al um num and havi ng
an X-ray diffraction pattern displaying at |east a
reflection at a two theta peak position at about 43
degrees and about 62 degrees, wherein the ratio of
magnesiumto alum numin the conmpound is from about
1:1 to about 10:1. 2. The nmethod of claim1, where the
compound is heated prior to contacting the conpound
with the fluid stream 3. The nethod of claim1l,
wherein the ratio of magnesiumto al um numis about
1:1 to about 6:1. 4. The nethod of claim1, wherein
the ratio of magnesiumto alumnumis about 1.5:1 to
about 10:1. 5. The nethod of claim4, wherein the
rati o of magnesiumto alum numis about 1.5:1 to about
6:1.
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6. The nmethod of claim5, wherein the ratio of

magnesiumto alumnumis about 1.8:1 to about 5:1. 7.
wab@soetsiiod of claim6, wherein the ratio of nRgRES:00#039706

to alumnumis about 2:1 to about 4:1. 8. The nethod

of claim1, wherein the cegpgund is a shaped body. 9.

The method of claim8, wherein the shaped body is a
Whatris deimsAésped body. 10. The nethod of claim$8, wherein

the sha

rretqho q % }%%q‘grﬂ &uc\a}%%f N?:g é‘ﬁ‘?; g%ee%l? fro%n}? gg@%tream
compagng sonprtingithe Auisrstrean with aadompbumt)%mnsngmgbgsiwm iagcht

alung' 1%%' @B&g\ﬁ -raytdgtﬁagtlo&;p% 1 | ot Afls&)?atyhn&a% legst a reHE c&mg tat a two
theth paktpommm ambcmlt U3 degbeels dad bboui 82 dél'gieesmhételd tl&f ratid af #mgnesium

vvher i n the I oxidant is
to aéﬂ?l? eqr?lng’ﬂ]ﬁ]i‘ g'tﬁlﬁoﬂw?éo Oﬂud ﬁhr onmi um cobalt,
copper, Thifymetbdsdlﬁlcwm letvbetéthe @uipdphd/inhegadipliortb Udhtacting the
hol M um indium iron, |anthanum
C°"1%8%1"gla %Q%E%Gamrml ybdenum neodynmi um ni ckel,
Ni @Gbi UNTheXEEhotdf cliin|1a6HhEIFIn B @&lbwmagﬁsaﬁewmﬁuﬁm is about
' E)‘r:a%mst hj um rhenium rhodium ruthenium samarium
11 H\h‘iGUIm selenium silicon, silver, sulfur, tantal um
t el uri @R métBEPSEMim!t1l Whedeir! tAO A of hﬁ@ﬁb%fu%ﬂto Al ® about
vanadi um_ ytterbium yttrl um zinc, or a mxture of
L5 {gabopt Wk e t hereof. 14. The nethod of claim 1,
wher ei NThRERTRRE 47 WhEREI thS RRBIOE ﬁﬁénélu%yﬁpa@ﬁlﬁm&é is about
The met hod of clai m 14, wherein the support conprises a
L3:5pahept 6hydrotal cite |ike conpound, magnesium acetate,
nmagnesi 4y Iﬁéthéﬁf%ialmga'ﬁﬁeﬂﬁh@ﬂk@ro&' J8ondSRAPRSIHRum is about
hydr oxi de, magnesi um car bonat e, malgnegxll or mat e,
1.8:hka@bonidr-ti t anate, zinc titanate, al um num zirconate,
calci u
b ohyl ' :1 Qér a(lhgcﬁod naiq%lﬁnm%ﬁle%@otg?{ Zlb ggh}dgh&gm to aluminum is about
2:1 wlapawtrfuim cont ai ni ng met aI oxi de conpound al um num
chl,or ohydr ' Zi rc | aynhasphat e
ma t8er| a rgéetg?c} <%flec?a 1 ighclfﬁe%atge cor%?ou{ng Ys’a scfma%%dq)o%
t hér eof The]xﬁethda"mf cﬂmhf&ouihen‘em:thashnpdrﬂbaﬂyes e dried dheped body.

. , | 2
SRHOT 0SB AR g BRI 814 5 B by
whel ei nTh&lﬁetﬁédxbfcilﬁmneahe@mmé baﬁpouam coifiided idagnebfhim # an

nmet hod f r educi S froma
s gl HgoF BBTROP LIRS ] Pl SHTCERNHH st  oarm

W tih. a ThRymebeTof cmﬁrlewneﬁehﬂh@ Ad AGHIPEdre@fed dt)leadt one

‘éﬁngé?ﬁnd conpri si ng magnesi um and al um num and havi ng
metaifie XIaNG di ffracti on pattern displaying at |east a

r efib ect TRy maho@oflct@miinSkBerBRake ROG1 Tl mathilR R4S

.degrees and
antimony, bismuth, cadmium, cerium, chromium, cobalt, copper, dysoprosium, erbium,

europium, gadolinium, germanium, gold, holmium, iridium, iron, lanthanum, lead,
manganese, molybdenum, neodymium, nickel, niobium, osmium, palladium, platinum,
praseodymium, promethium, thenium, rhodium, ruthenium, samarium, scandium, selenium,
silicon, silver, sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, vanadium,
ytterbium, yttrium, zinc, or a mixture of two or more thereof,

14.  The method of claim 1, wherein the compound further comprises a support.
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about 62 degrees, wherein the ratio of nmagnesiumto

alum numin the conpound is fromabout 1:1 to about
wdaoook/oednd (ii) about 1w %to about 75 wt % of BCT/US2004/039706

hydrotal cite Ii ke conpound. 19. The nethod of claim

18, whe 3 ' i agti -
t n> S ha e TR {1Eerithe Bk Simbihel DR AR PRt
like gdmapavnd Snagnesien acatite, nagne Hum fitraey meghesinm ohlatidayimagmasium
t 1. 1. : . ] of [
tyof§ mepupyihR o8Bl Biapresiehn el Aot BBl bafil B o Mot
alunfindn Zir¢ama@balriun 0xide, c22iunT hleminsttd) ebhinofiung higgohydrate, aluminum
hvdakquherei nthe ratia of. m@gte i u@ to alumnum i< about
Y lf?(%‘: 1% gg’ou‘f Ha % & PRod BIPT G M 5, wher ei n
chlokdhgdiate titaniaf zircaginaddyichayt phedphiate matarialy zeddive) or 4 nixtiretod two or
aﬂt%ut f5: 1. 24. The nmethod of claim23,wherein the
morg Hf8"of magnesiumto aluminumis about 2:1 to about
4:16. 25Thelherhoeddadmat, vhédeli th8supipett & 4ind titenats) B0 aluchinate,
i s a shaped bqody. 26. The nethod of clai m 25, wherein
Orz’lnﬁé‘taé‘i’fﬁfég‘ﬁab'gﬂ?f%‘?'s a dried shaped body. 27. The nethod
of 1¢l ai TheZBethbEsRildimt INRhSkRaAPHE faftrehf c8mpAdes kA BAC unit.
shaped body. 28. The nethaod of claim 18, wherein, the
c oﬁ’gou @ e ipsisducinggtie i Np-iad &Q eimistions ferm a BEidsttat,
comPFisiPEShtRYin YRl s€RAhGHA b @EmPSurdd) R hér¥indBe compound comprises
_equivalent.29. The nethod o f claim 18, wherein the
(i) acempodoRpHipg Fegnesiuy andalmigomanddeengpbirandififgcmn
pattén ARPROME 9t AR drREGE MRERE B DAR Potid It AHS A5 degrees and
having”an X-ray diffraction pattern displaying at
aboyté3 slegrgess whereiatheiatia of repgmgsivirhie alinpawr e compepngds from
abm?ttiglutro aﬁ?htqggf @rﬁ?(ii?%u@lb@f%. t8 gbcﬂ& 95 KR of \Q'El_gﬁl%{aﬁhi& hi&
rati o of maghesiumto alumnumin the conpound 1s from
compbangt 1:1 to about 10:1, and (ii) about 1 wt%to about
50 flw % %e% tﬂé{(\gﬁpctlﬁlnolliit\ﬁhéljelf e S _JBH({]Q'heg’th rT o @Fl{t&(ﬁqg the
o f'claim 5, ereintheratio magnesnu?n 0
comabundi withnthe Auidisgeawonpound is from about 1:1 to about
6: %0. 3.1TheTh &l (t)fh c(faquIwaﬁl %in%g rga’tiovc\)'{'f]eraeI e%'utn{] % al antﬁlnomqsf about
magneesi um T 0 afl uninumin the c:orrpoun(rjIl PSS Fromaabout
1:1 tb.dbodt 610 about 10:1. 32. The nethod o f claim 31,

wherein.the rati of nesiumto. al.um num i he. .
coaboundtq Gl B hen i iy gt alufigum is about
1.5:met dvo0t 1©:F. cl ai m 29, wherein the conpound conpri ses
i 0
(i )22.abojlj'lt'xe %gthg\ﬁ c@ ctlaCim 21, wherein the ratio of magnesium to aluminum is about
1.5:1 to about 6:1.

23.  The method of claim 22, wherein the ratio of magnesium to aluminum is about
1.8:1 to about 5:1.

24.  The method of claim 23, wherein the ratio of magnesium to aluminum is about
2:1 to about 4:1.

25.  The method of claim 18, wherein the compound is a shaped body.

26.  The method of claim 25, wherein the shaped body is a dried shaped body.

27.  The method of claim 25, wherein the shaped body is a calcined shaped body.

28.  The method of claim 1§, wherein the compound comprises magnesium in an

amount of about 40% or more by weight, calculated as the oxide equivalent.
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about 75 wt % of a conpound conprising magnesi um and

al um num and having an X-ray diffraction pattern
wale@ploensing at | east a reflection at a two thePer/pszk4/039706

position at about 43 degrees and about 62 degrees,

whepei nm@ﬁeﬂ]@a b?clgfm PRGRRR R %&n?&&ﬁmcwme@ Q Bout 99 wi% to

conmpound is fromabout 1:1 to abou
abopi§ vt sofgtcompennghenmprizBigpagnefiug ah«wmmm:andélamk en X-ray

dlfffagﬁ&‘g%ﬂ?m d?&glayﬂ;@‘aat @Eﬁqgﬂ&ht)n 94 M tﬁgta 83&%‘3{) Sit thi%f)ut 43

magnesiumto al um num i n
degegopand abouk 62 degrbrery twherein thg Bitio o mageeshvoitogldmipiuaiinie Eompound

: :
o SRELT DSoha1 00, 0k 1PABSR L BT ) bl
commtuhbd o f claim35, wherei n the ratio of magnesiumto
gl: %H‘ ggﬂéﬁﬁe’&l&f ?ﬁglnpng) Hﬁ? d 1‘161‘611’1 hgisr?t%bc%ut gr]ies1%%o a urrlkﬂurllfjl\tr%lathe
conpoupt is frem apoyt 1 alb aLetboB8H6: 1t % t 0 about 75 wt % of a

co oun aI um num and  hayi
R B Al B e e Bl PR eaed B e
confpeﬁﬂcﬁeﬁbmrabattlﬁ t woalidael@1. peakmﬁoa ti onhat about ?,3
deqr.ees.and rees erein the.ratiqQ o )
o T ey Aot g T LRI i PAZESHrE i AyBpEm in the
conibbﬂﬁdlsﬁbﬁlabo&@ k1 taawsbuf b:i1) about 5 w%to about 25 wt %

of a otalcite |jke cqonpound. 38. The nethod o .
cl @&m 3?{6 RERed Al 29, herin the cempewd samprses () ﬁb%ﬂ? wt% to

abolilV75tWes erarmeayithd &nﬁﬂr@iﬁg@%ﬂém&n ind SuAbRHE arfd: h11v1n§ 80 X-ray

The nmethod o f claim 37, wherein the ratio of
diffrpgiipnoettermdiseleningt raph 4 Tefleciien abmivwtheia peakmosifipn Bobeut 43
deg%e?anli aB&lt %@ Qblred wheftth thd %o'@hﬁ%sﬁﬁn &l a‘fl’drﬂﬂn%%’mh the compound

wher ei n he rati o of magne3|umto [um numin
is fr@@rﬁb@lﬂddl to gbgut 4R lapedifii) 2bat 1 wilp tatsbent 26 wi% of 2 hytigéalcite like

con@gﬁﬁ}pd of claim 18, wherein the conpound further
onprises at least one netallic oxidant. 42. The ]
nmethod &he mpthpdroAdlainybib vdiereint the ratiotodimaignesiume torpdyrainiingn the

con@?éhﬂﬂghofn%b@gtll M Would-gMut h, cadmi um cerium

omum cC copper’, dysopr osi um erbium
eunbpi uthe mettiod oﬁclum 33;;esrhe;mm tharatypaif dyaghesium torgluminum in the

conlpbhfl WL bARY 3 FU QL. | ead. | manganese, ol ybdenum
A ni ckelr,” niobium osm um palladium

pl 361 Nuithe pethsobylainidy, whesirethh irativ) of fagnésiunm todladinuimin the
rut heni,um ., s dium selenium silicon,
comppyRy del? ho’glﬂ)?lgnﬁmsr g‘ﬂ%baﬂuﬁﬁ’? tellurium terbium tin,
ti Banl UTThe ethgbdeelaint B3)Iwharein thaoalpaiid cyinEses (i) %out 95 wi% to
m Zi a mxture of two nor e thereof.
abojeg S W AT B e e Enieh 81k BB AR d e o X-ray
dlfffablﬁdrﬂ%&elﬁ AfPplayin@sat feaStABAECtion at a two theta peak position at about 43
degrees and about 62 degrees, wherein the ratio of magnesium to aluminum in the compound

is from about 1:1 to about 10:1, and (ii) about 5 wt% to about 25 wt% of a hydrotalcite like

compound.

38. The method of claim 37, wherein the ratio of magnesium to aluminum in the
compound is from about 1:1 to about 6:1.

39.  The method of claim 37, wherein the ratio of magnesium to aluminum in the

compound is from about 1.5:1 to about 10:1.
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44. The nethod of claim 43, wherein the support

conprises a spinel, hydrotalcite |ike conpound,
wor@sesisum acet at e, nmagnesi um nitrate, nagnhesi BPOT/US2004/039706

chloride, magnesi um hydroxide, nagnesi um carbonate,

”a%‘es' ¥ Ing{hgakf“‘clalﬁl W%ntthé B3 of maghedfant fo | amﬁithﬁn in the
ARBE ma o fo

al umi num zirconat e, cal ci um oxi I um al um nat e,
Coma¢unm1ﬂfrmnmbbufdrﬁ;ﬁttmbeut®l um num hydr oxi de conpound,

al Y fn n Eﬁﬂ% 131[@%1’%3 ?)JIF @%ﬂ‘ﬁi Whm%ﬁl tﬂg c&‘l%gqﬁg& %hleir"éong}jrﬂéﬁ least one

chloro ania, zirconra ospha
nwwﬁMQXM£m zeolite, or a n1xture of two or nore

g 50 BT AL A AP s
antithéortya bishetly icdmiain, cérinat, ehroﬂﬁum ,dobaltreovpper dgfopedsivimpebBym,
euro\lé\équglr, ?giagol}nl?uem fgei‘lrlngmusrg,rg%mo r¥1,| i§1 1Suma, Ii]ror'f cl:a%tHanum lead,
manganese, molybdenum, neodymium, nickel, niobium, osmium, palladium, platinum,
praseodymium, promethium, rhenium, rhodium, ruthenium, samarium, scandium, selenium,
silicon, silver, sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, vanadium,
ytterbium, yttrium, zinc, or a mixture of two or more thereof.

43, The method of claim 18, wherein the compound further comprises a support.

44. The method of claim 43, wherein the support comprises a spinel, hydrotalcite
like compound, magnesium acetate, magnesium nitrate, magnesium chloride, magnesium
hydroxide, magnesium carbonate, magnesium formate, aluminum titanate, zinc titanate,
aluminum zirconate, calcium oxide, calcium aluminate, aluminum nitrohydrate, aluminum
hydroxide compound, aluminum-containing metal oxide compound, aluminum
chlorohydrate, titania, zirconia, clay; clay phosphate material, zeolite, or a mixture of two or
more thereof.

45. The method of claim 44, wherein the support is zinc titanate, zinc aluminate,

or zingc titanate/zinc aluminate.

46. The method of claim 18, wherein the fluid stream comprises an FCC unit.
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