W) 2016/ 060519 I T Fl US20041039106 M xed Metal Oxide Sorbents Throughout this
application, various publications are referenced. The disclosures of these
publications in their entireties are hereby incorporated by reference into
this application in order to nore fully describe the state of the art as
known to thQﬁ?nﬁ5hk%@d therein as of the 5 date of the jpmyvenki@n-gescribed
and cl ai nmed herein. The disclosure of this patent docunent contains material
which is subject to copyright protection. The copyright owner has no
objection to the facsimle repvadddMatd®xily Sarbgotme of the patent docunent or
the patent disclosure, as it appears in the patent and Trademark O fice
patent file or rldcoeds! hisgpplvetrar wiigw rridiseopeye giffrereedyihg gitlospiegHt s

what Soever . ik Iﬁbl%hfﬂtmgfn tBQFcu'ti%\ﬁS‘s@Fé_ l%ﬂeb; m@m‘b(ﬂéﬂ@(m)] OfdreRLOMb q]%%pﬁ[ﬁﬁtm_ds for
reduci ng SOx, NOx and/or CC) em ssious from fluid streanms using m xed netal
oxi de conpoimdder torBorRARlK gesetivihofiaty ¢fdheiafpekitorarne bateakijed erep ackiMig is a
petrol eum r gfil Bi AOnPMAGESRSefbl@dndicRirdRRELGd comercially on a very large
scale. A mpjority of the refinery gasoline blending pool in the United States
is ‘produced by HRiifcIPRRCASSs patint dbc@hdPShiaak naReiingidRiodyeRt Wpim the fluid
catal ytic cracking process. In the catalyti% cracki ng process heavy

hydr ocar bon PRSI OB BP LR TERE ByoRsHHY: B Hieogintle Ferprwdiar BxangsiePbact i ons

t aki ng pl acencahtesldesaicachr tieppefialisdiogird, i it pPcapy i@ SR PeRNQARd Bradepatkadfisd , wWith the
maj ority of tbe-gonver%[?n orrcrgckinglfpcurhin%‘ig t he gas phase. This

hydr ocar bon PREBGEBEROTE PEHEIFERT CERTE LRI AT E 5 AL8T°HE. distillate and

ot her IH%uid cracking products as well as lighter gaseous cracking products

of four or fewer carbon atons per nolecule. the gas partly consists of

ol efins and partly of saturated @MQEHQQHQ9&§nu25 In catalytic cricking
processes, hydrocarbon feedstock is injected into the riser section of a

hydr ocar bon cr acKicngyepiemeroides mofheds dorirgdugingaths NOptod/priCg hereipsiony Py abl e

products on g,ARtAGLLAGMAQE neat Alidkbmfdul&ul ated to the rise-reactor froma
catal yst regenerator As the endotherm c cracking reactions take place, heavy

material known as coke is deposited onto the catalyst. This reduces the
activitypsof the catalyst and regdanesidlbPfc dfvehifim catalyst is 30 desired. The
catal yst and hydrocarbon vapors are carried up the riser to the di sengagenent
section of the H%&H?bﬁ?mﬁm%PéPf%ﬁvmb?@m§ﬁﬁ%F§ﬂ€ﬂFa@ﬂﬁ%%ﬁﬂ@ﬁ?ﬁ?ﬁ“?he cat al yst
flows into tbe largtchipph iEjosieCiii@nefinaeaRliid@enbnd e arhomivaparsisent r ai ned
with the catal yst aﬁe‘st[ipged béth‘2%10§G(é6115é9 lécgg ti S %{;04111397116
st eam i nj ect TSI ROMMGU S FERBTAT 0P B crads g e SEd FHYHYE GRS t he spent
cracki ng process. In the catalytic cracking process heavy hydrocarbon fractions are converted into
20 lighter products by reactions taking place at elevated temperature in the presence of a
catalyst, with the majonty of the conversion or cracking occurring in the gas phase. This
hydrocarbon feedstock is thereby converted into gasoline, distillate and other liquid cracking

products as well as lighter gaseous cracking products of four or fewer carbon atoms per

molecnle. The gas parily consists of olefins and partly of saturated hydrocarbons.
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In catalytic cracking processes, hydrocarbon feedstock is injected into the riser section
of a hydrocarbon cracking reactor. where it cracks into lighter, valuable products on
contacting hot catalyst circulated to the riser-reactor from a catalyst regenerator. As the
endothermic cracking reactions take place, heavy material known as coke is deposited onto
the catalyst. This reduces the activity of the catalyst and regeneration of the catalyst is
30 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

strippimg section, where the hydrocarbon vapors entrained with the catalys( are stripped by



catal yst, the stripped catalyst flows through a spent catal yst standpipe and
into the catal yst regenerator. Typically, catalyst regeneration is
acconplished by introducing air into the 5 regenerator and burning off the
coke to restore catalyst activity. These coke conbustion reactions are

hi ghly exot m.c and heat the catalyst. The hot, react | yst flows
t hrough the ré”gﬁgWaqed cat al yst st andpi pe back to t he #l@égghggkg |l ete the
catal yst cycle. The coke conbustion exhaust gas streamrises to the top of
the regeneratoinatioh. [Felwes: rheval phygelndd sydpreabpns Slogh the lieent aepgher at or | ue, The
exhaust ga & Ao d AL Ay sNuen 2 t stha %Y 4Rt HIIRRG, i trogen
and CQO, . T%égﬁﬂree c gract%rls?lc “legémﬁ: gss ggg ytlcocréck?ng can

t her ef or e begedirgti ngui shed: 1) a cracking step in which the hydrocarbons are
converted into 4r§,ﬁfat1fmmps@@lg&¥e§m& a&ompshdd RPN 8a LR it Reofu@TOVe hydr ocar bons
adsor bed on the cat and 3) a regeneration step to burn off coke from

t he catdiysmﬂﬂqﬁeﬂmégeﬁegeﬁé@C@ﬁﬂ@W9§$tm@YﬁﬁmﬁUréﬂ@édmbﬁﬂwﬁeﬁwﬂacklng step. |

S The cat al ystiods §9N8T Ak e iRYinP BeaPREEAEEM Thinde QRliShie GRFRUSS4On node, whi ch
has now becone the standard conbustion node, in parti al conmbusti on node,

or in a dudhrougidhreneaiphalal stEdrprisel o e Hpde conP!es RpFEtst e¥ibust i on

operation, Fl@@ol&%@lﬁﬁbt@ﬂoﬁeﬂ@amt‘};ﬁﬁ e M tisek B tﬁﬂ%f@{ceégcn@lldfon g 1tRCR. This is
typi cally acconpli shed by conductlnqathe regeneration_in_the presence of

excess oxygefFrerpPoYioBidhy REmFaIoF e ?vkewetéé*sgcaﬁr%ﬂy IR Ex RGO gas from

COﬁp|etﬁ)CQﬂbg§LmQﬂmeﬁ& ) @RSC@EoNpPri ses NOx. SOx, CO-, nltrogen and Oxygen.
In parti al carbon nonoxi de ,conbusti on node operati on, the cat al

regenerator is Bﬂé?&@éﬁ“%ﬁ$ﬁ9?%@%ﬂ?ﬁ%ﬂ@ﬁﬁ”§ﬂ“ﬂ6“Bﬂ?ﬁoﬁdeB?m¥H coke in the
cat al yst t o1 GQRckiMSstep ifi @5iblk the h;tdlﬁembsﬁlﬁecblecmwbwsgﬁerﬁladealqm)&ture of CO and
Cx2. The CO can o tionallﬁgf $XIdIZEd to i n_a downstream CO boil er.
The ef f 1 uent " PHEME KT BYIPE Oeoﬁmcé(s%“m&a y**sded 1P ERAE T D gen.

Sever al appﬁﬁ&ﬁheﬁchaueubeepqusmﬂugmmmaﬂmewmysm@nmeéumemSGMmq&EM¢and COin
cracklng catalyg generat or ex, ust gf llhes i ncl ude ga Htal-lnten5|ve
and expeénsive 6??8 & T SUEH A8 pr ety e Wﬁﬁﬂp°%“?%§8¥86“ &ed" W t'h hydrogen
and flue ga&wg@emnama§MmmemMmﬂmq@pmuﬂn$nmamdxbam$ueu@eﬂ@kv@wmpﬁmmns such as
the use Of C((:)?l'lt déyp%lt‘ll%l c%mgus??hl%g%sﬁn mr[') ¥e|c\0/rt%§ulstl op%raglo agsor r Oa II](T Used al um .na

conpounds as ur oxides in
the FCC regemeﬁatommﬂwﬁwh@dgoxﬁ@ﬂJ@uhimmmﬁmmpmmﬂGBEdh@mmemneg@d the process

in the feedrc%%&%i&ﬁ!a @@?ggnﬂcsof h‘chg Q)geégn Z)H Vd cglﬁ thql'fgljj'pgi c\pfs ?Laﬁl@l ng portion of

the cycle passe covery sectl e unit where they
wer e r eRdveskhat@l g@g\/@v@pqmplugwmbust]on opcratmns comy msus NOx, SO\ COq, nitrogen and

OXygen.

In partial carbon monoxide combustion mode operation, the catalyst repenerator is
operated with insufficient aiv to burn all of the coke in the catalyst to CO,. As a result, the
coke 1s combusted to a mixture of CO and CO;. The CO can opti onally be oxidized to CO,

25 inadownstream CO boiler, The effluent from the CO boiler comprises NOx, SOx, CO; and
uiirogen.

Several approaches have been used in industry to veduce SOx, NOx and CO in
cracking catalyst regenerator exhaust gases. These include capital-intensive and expensive
options, such as pretreatment of reactor feed with hydrogen and flue gas post-treatment

30 options, and less expensive options, such as the use of catalysts arid catalyst additives.

An carly approach used alumina compounds as additives to the cracking catalyst to
adsorb sulfur oxides m the FCC regenerator; the adsorbed sulfur compounds that entered the
process in the feed were released as hydrogen sulfide during the cracking portion of the eycle
and passed to the product recovery section of the unit where they were removed. However,
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wO 2100H060519 PCT/ 1S2004 039700 while sulfur is subsequently renoved from
the stack gases of the regenerator in this process, product sulfur |evels
are not greatly affected. It is known in the art that NOx can be renoved from
the flue gas with NH3, which is a selective reducing agent that does not
react rapidly with excess oxygen that may be present in 5 the flue gas Two
types of N113ppstedsi8s have evol ved, thermal and catal WGTESMHEFAHI processes
operat e as honobgeneous gas-phase processes at high tenperatures, typically
around 155&r11t1@su119£)i@Eubsallnamgadna)lvgdtﬂcml Ry Sick pEcgener ragdnyraop@riat goatss, much | ower
terrperature ‘ﬁg Ly at 30}t L0 t8dSOF U S. Patent No. 4,521, 389 descri bes
addi ng NH3 FFEU§E ”Bé% 1O &St I‘{ff? ally reduce the NOx to nitrogen. These
flue gas treat mntlﬁoxt/mmrﬂe:dm&tmczalrbe réb@vghiwar fhufflpe btatwltﬁlhréhcxelpﬂtlah and

(Iilge(r g;hngoclolagt? rg,ltzh[_lﬁml}_ea Cnéltha gsrn% %@{\rvpg‘\r%)lé}el g@\g;ﬁeangpa nm%lt[;e 1Ores ent 11(1) r ngegugl ng
Pat ent Applthciateigan Ne. typ:b@(lta\:m pEB88ssesfhnteedo Adgbatnall8id c2APE:. m1nmw$t r| aI
facilities are conti [ thods io
reduce t he ‘Concent m{]:égﬁc’%% W&E&%&gzg O&&%éat%‘é" %gﬁéﬁg%g}é? ()Jr?of FCC units to
reduce 15 ypohd UE50on!900°Tt Abe amlaﬁwgsyph@seenerThheonemmdimuelnlob\@ dhpesdtred t o t hese
and ot her o o invention is
directed t tgmbd? %%@EOE%% e CI ng 4‘52}\&@(9 &@éﬁ%@& i ;ﬁ}gst?gﬁes ?{rnom a fluid

st r eam conpriakingy c@meathﬁtlﬂ(hgmmh@m Uhde See malmaniets ta relorrdivdc 20 conpri sing
magnesi ym a;{%(iuﬁt!\lqm ﬁU@]%‘l%&@p‘(hﬂﬁv c‘%Qq 2& b }Y zQ'fcfrlta'ﬁ@&&}n )BQIQ@E:EJI%{ Retflggpl ayi ng at
least a refiection at a t tion at about 43 degrees and about
62 degrees, for Wemelwﬁtah@f’ﬂam iheﬂmkdﬁﬁglnéé?fumﬂtr@)d‘aslf?@wﬂmmﬁ rerdiphe-Sconpound i s
from about 1%@4*\&;1%@}89%‘6 10;’6(%’) dss, filg Qﬂ;‘%stqmﬁi nment, the ratio of magnesiumto
aluminumin the compound is from about 1:'1 to about 6: 1, I n one enbodi nent,
the ratio of n'aéjﬁé% i e tigesar e aemHURS A A B newp® iwuoyed miefiadh labout 1.5:1 to

about 10: 1.,chfdc BROENET - SIRAUOTBRIY ant 06 fodl thQenQbsiFRGRESIUM to tQu@! um num in the
conmpound is fromabout 1.5:1 to about 6:1. These conpounds can be used al one

to redudd SORUTNEKDS ARSIl i SR Brigdiregpd %Hﬁs%‘fjl‘>8‘ﬁ%1'|“1¥’9“%‘é“l§§ed in

combi nation with metallic oxidants, supports, or other conponents to reduce
SOx, NOx and/or CC) em ssions. These conpounds can be in the formUa slurry
or a shaped body. 30 The shaped“BBay 8k IB¥ R | ed shaped body and/or a

cal ci ned shaped Thoglysent iBreh@fh RS 6Ed tphiemﬂdsﬁf)rﬁd&&ngﬂgbﬂw@*{ Ehgone 1 is the XRD

(2)f 5?‘ _Sgur ' yen%];ﬂc%s 101%’ ?lugdl{trnl 1%1' clil);[nm]srllr?gtugn(gc(t)lng %uﬂmd t;tream wi hhaecol;npounoi of My/ Al i's
20 comprising magnesium and aluminum and having an X-ray diffraction pattern displaying at
least a reflection 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. In one embodiment, the ratio of magnesium to alunmimum in the compound is from

about 1:1 to about 6:1. In one embodiment, the ratio of magnesium to aluminum in the

)
th

compound 15 from about 1.5:1 to about 10:1. In another cmbodiment, the ratio of magnesium
to aluminum in the compound is from about 1.5:1 to about 6:1. These compounds can be
used alone to reduce SOx, NOx and/or CO emissions, or can optionally be used in
combination with metallic oxidants, supports, or other components to reduce SOx, NOx
andfor CO cmissions. These compounds can be in the form of a slurry or a shaped body.

30 The shaped body can be a dried shaped body and/or a calcined shaped body.

Brief Description of the Figures
Figure 1 ig the XRD of a slurry of 2 magnesiem aluminate compound where the ratio
of Mg/Alis 2.5,



WO 20e5/ uMb19 PC171JS2004/ 039706 Figure 2 is the XRD of a dried magnesi um
al um nate conpound that is a precursor to a hydrotalcite |ike conpound where
the ratio of Mg/Al is 2.5. Figure 1 is the XRD of a slurry of a calcined
magnesi um al um nate conpound that is a precursor to a hydrotaleite |ike
compound where the ratio of My/Al is 2.5. 5 Figure 4 is ttern for a
magnesi um aMfhi'fRdt'€ ' ¢onpound having a My: Al ratio of f’(”l\m%’r’/gfﬁm’t he slurry
has been heated in step (b) at a tenperature of about 80-85C. Figure 5 is an
XRD pattern form@umfag?nesmmoairimsﬁm@mmmra’mmhmd chawdund)thar iV pAlcusatté o of 2:1
wherein the sl u as_been h at a tenperature of about
80-85C fof hwjrl”%[% ! Cmm Ou em{“t’ %f%ng}ehe%mgnesr um al um nat e conpound
shown in Fi gurel«lgure:ms tﬁr@ﬁbei 6slsn‘rbo:v1/$c&lheedclrage:tsahiarhrmenfpcoqntrn]@mmbﬂhattme phase
shown in Fi . [ in.FHgure 4 was subtracted
out of the %ﬁmr § m%%‘?a'l_stnlé'ﬂke Caog%'ﬁ]la%%e LE%‘?Z&L?M ap?tlser%s for magnesium -

al um nat®e corrpol]rgdls 4of antXi@ paﬁnmérmalrmzmqﬂumlﬁhlgﬂmmqomu@uﬂéﬂla@esaMg Mreparation.
The bott o A BaLLgLR tmru'%ngrb% f heh®d stcﬁg)& AL Rblagh beplobke-geppound. 15
Figure 8 shows The X rns for ca magnes! um al um nat e conpounds
that are pr ecul‘szer@ 1 @X&Idpmemlf@qatr@aqum@ aporpduapcuthevinak devdd ntao esium
al uni nat e rgt@mqnqémﬁqrr&m}@hﬁébe&@reaeé 1 slef @Jgrattaqgmg;e?m&@sftd@,%m Qfgsde1, 3:1 and
5:1. Figure 9 shows pattern fora i ne] conpound,
produced asfoma lopgsngsapheftiyes ﬂ@saé.lrrﬂprllﬂ@nesmd@m@rcéom@m@ﬁreﬂwrlh IMRG- pattern for a
0.8 My t@ Al spipgle (C;QEKP;Q%LQVst(MnQ Hﬁ&%f%pﬁase GRURA! AkG, eXauRle. Figure 11
shows the XRD pattern for a lep ay-dried conposition of the
present i nvarEibers masriglip igype %%WB"W@% thepsitly Bs™for a 3.0 My to Al
conposi tion of chﬂraWsﬁ&eﬂtmXﬂﬁpbt[&%ﬁ@éthﬁ@ncgrmﬁhumtgciaxlnﬁéuﬂ@goﬁhc 600 T. Figure
13 shows the XRD pattern for a 4.0 to osition_of the present

i nvention tiRyOY “P:ga‘ldBP‘HéHg%tOfoMr?@”“ wartroauxn%égﬂrwrwrer 1¥Ha& | nvention
30 I't has bgemuwiexpesheshy di scovered that the mixed metal oxides of the
present _invention, which can also l%e referred toai precursors as descri bed
in U S "Patent R BhorghtrRD pylegs ipgilape meegesiug dipghaoomppipdsdihendi ng U,
S. Patent fsﬁ@btﬁﬁdois@cﬂnldéb&lcrteﬂlﬂ{@&@m@rag Thf,tdl@dsdmgﬁﬂ@bﬁrﬁhﬁnnagoz ?nfl U S |
Pat ent Appli cat 44,629 03, are useful to reduce
SOx, NOx and/8r" “é?ﬁ‘ ;“rqé’r‘r‘gg RmASHp h?“&“‘s‘lf\gela?n% ﬂ*rhu t he

Fignre 9 shows the XRRID pattern for a 0.5 Mg to Al spinel compound, produced as a
comparative example.
20 Figure 10 shows the XRD pattern for a 0.8 Mg to Al spine! compound, produced as a
comparative example.
Figure 11 shows the XRD pattern {or a 3.0 Mg to Al spray-dried composition of the
present invention.
Figure 12 shows the XRI2 pattern for a 3.0 Mg to Al composition of the present

mvention that was calcined at 600 °C.

ra
N

Figure 13 shows the XRD pattern for a 4.0 Mg to Al composition of the present

invention that was calcined at 600 °C,

Detailed Description of the Invention
30 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.
0,028,023, 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 streama. Thus, the
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-4 \V () 2005/0605 1 9 PC | TS2004/039706 present invention is directed to
nmet hods for reducing SOx, NOx, and CO em ssions froma fluid stream
conprising contacting the fluid streamw th a conpound conpri si nhg magnesi um
and aluninun1and having an X-ray diffraction pattern displaying at |east a
reflection at a theta peak position at about 43 d 15 bout 62
degr ees, mh@HbWH“PHé’ratlo of ntagttesium5 to alunlnuﬁgl Q?H%pSWQ ound is
fromabout 1:1 to about 10:1_ In one enbodinent, the ratio of magnesiumto
aluninun1inw@hﬁh@@ﬂpmmndmhstdmghmhﬁnmﬂmdngﬁme@b@udC@ﬁ&ﬂ%kmhﬁ@né enbodi nent ,
the ratio €& bk DB GAIBOHAR A botndris RNl - 5: 1 O
about 10: 1QRFﬂ%gﬂb h@gke CQ%Hﬁ%%%mUdhgdrawlo OQHHH negfﬁﬁgkoeggdﬁlnun1ln t he
conpound i sind flpommabolitving B Yrayolitieivn petem displayimhet leegnrellees « 2 8% used her ei n
MBans X-rayy, theﬁwl%@ﬁ]bmaba;h@a deBeBs anEqut@%eﬁ%mlﬁ%ﬁﬁhﬂd“@@magﬁﬁhﬁi catal ytic
cracki ng. I'n one enbodi nent, the invention provi des nethods for reducing
Styx, NOX dndtoinumaoiesdmssinsrisiem grual | loabat & T danrasyrbesiicae fefjica ni xed

net al oxi de,rGRIRAMA Wikibuh Bahe ohibehd $¢ f@AMbuilN WARuEILORiENt, the ni xed
nmet al oxi de conpound is a nmagnesi um 15 al uni nate conpound. |n _anot her

enbodi ment , SHOREMARL BT Rt AN SERIUBO BlaTIe b @mpﬁu"@h-“efm? 8 b1 & sol i d

sol ution. |m,anet heran&hd eflbsEidn:, ilhRid b ¥etheiBh Bl and¥hEeinl tBe @upb@EuE sor to a
hydrotalcite |ike conpound, In one enbodinent, the m xed netal oxide conpound
is used pefors®odd Shiaab¥iddive to reduce SOx. NOx and/or CO emissions. In

one ent hedi ment nde, mm@lu@&h@bmmemda-rm@maﬁi is in the formof a shaped
body. In one enbodl ment, the 20 shaped b& }flsllcarf_é\ dried, calcined or a

m xture thereof ™A RAGEhAT s Bﬂ?ﬁ%Wﬁ flar P8t eamis a 1 uid catal ytic
cracking unit. hﬂm&&ﬂ&ﬁ&ﬁmeﬂb&dLﬂRﬂbnwﬁhﬁnmmmemth&Rn@ﬁQMId@SamﬂthdS for
reducing S ons from gas, st ng one or nore
Chaped boared cBonr AT g ARt TR AT os 4 Pe® BB e R sRE B % nor o
netallic oxmdam]_tcsﬂtm oﬁuhenlg)am]cﬁﬂ; the afe:d menl whle c@bpoendiodinapmntsiumt he m x_ed net al
(r)nXIXCeig ﬁg?g_l ?H d;l(llnzlaes cong;om%tn %Hang@:[ eﬁn%n;hme]}l qhu mlg(?i metzﬁi Ofld%comglourtlcns n tﬁ thr)]Od! rrrml;[]}[‘lér the
enbodi nment , fotrnel amblxdafdmlumert dh amx}icdanbcsmanmlemummmdltcmdalswmmm eiate |ike
cpnpound l {}/dror!a?utenlpc C%“llﬁ?\ﬂd H‘l ergﬁod% cn%pl met,d gl%tdfa x1de§m% !)uqlar':;[quscﬁ anti nony,

bi smut h, f oSl um erbium

eur opi um gmd@tt dsticuAditigey FFQ.WHC@@Q\ P@féi-dld/OBOO hmlsmlunin dng pxdbmmwut rtn, | ant hanum

| ead, Wangamﬁé@mmup%a}md DRAAVBI WMl Fi Ialoﬂé ARodMcogp um pal | adi um

platlnun1 praseo r omet hi um nlum héni um samari um
scandi uff S@‘l“léﬁlbﬁ%‘iq agg drieg gpicingg qr \?éﬁ?\“"s theticpln In %ﬂa‘ﬁt‘fémhhfilmbélla the flpidm

streim 1s a fluid catalytic cracking unit,
In another embodiment, the invention provides methods for reducing SOx, NOx
and/or CO emissions from pas streams by adding one or mare shaped bodies comprising

mixed metal oxide compounds and one or more metallic oxidants to the gas streams. In one

)
wn

embodiment, the mixed nietal oxide compound is a magnesium atuminate compound. In
another embodiment, the mixed metal oxide compound is in the form of a solid solution. In
another esmbodiment, the mixed metal oxide is a precursor to a hydrotalcite like compound.
In one embodiment, the mctal in the metallic oxidant is antimony, bismuth, cadmium, cerium,
chromium, cobalt, copper, dysoprosium, erbium, europium, gadolinium, germanium, gold,

30 holmium, iridium, iron, lanthanum, lead, manganese, molybdenuin, neodymium, nickel,
' niobium, osmiwmn, palladium, platinum, praseodymium, promethium, renim, rhodium,
ruthenium, samarium, scandium, selerium, silicon, silver, sulfur, tantalum, tellurium,
terbium, tin, titanium, tungsten, thulivm, vanadium, yiterbium, yttrium, zinc, or a mixtire of

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

S5



terbium tin, titanium tungsten, thulium vanadium ytterbium yttrium

zinc, or a mxture of two 01 nore thereof. |In another enbodinent, the netal
in the netallic oxidant is cobalt, -5 |VO 200h50, 0519 11CT! C52004 /11 3 9 711
6 copper, or a mxture thereof. In one enbodi nent, the shaped bodies are
dried, calcined or a mxture thereof. In another enbodi nent thg gas stream
is a fluid MRANIE cracking unit. In another enbodi mnt " HE Y Rention

provi des net hods for reducing SOx, NOx and/or CO em ssions from gas steans
by addi ng emecoer atoir@resthapddinbod trebdimerptht dieprg bodesiradrigdrplcibd ¥y de conpounds

and a suppQLit.kHetde 1925 0%t EfSY nent e PREGRNOMHIE Mialy lcRSclhx@sl. metal oxi de
conpound i s a nmagnesi um al um nate conpound. I n anot her enbodi nent, the m xed

metal oxide corfpeurker pybedmenkéhcfioiepiop proddeanqlpds BF weres. SknNahot her
embodi Ment ;44 t@ JhiXdhs FBkahs SXirkkey ik RE SGHS Qpdi@oBedNAbRiRl Cite |ike
conpound. In one enbodinent, the Support is a spinel, hédroLaI0|te i ke
conpound, mEHERIA) Y SCEEREES FEGIERPPT I Ui 42 dteams. 1o onrergibedigrh 'l or i de,

nmagnesi um R0k 8 64idd BANESIIWN FAHEARAL EninABQRBSIHd M Db MELfbodidbsm NUM
titanate, zinc titanate, zinc alum nate, zinc titanate/zinc alum nate,

al umi num  2heeistinaal ogide eaniprimshds ddhe fermy of p srhd apluiann &t wothey qmbpHilARt:
nitrolivdrat@mix@d v R RUGHRXLEHR a IGRRRUATK: cBpdind URtoaOahdidiicng met al  oxi de
conmpound (e.g., other than alum na or al um num hydroxi de conpounds),
al um nuni i YPRSRY LR Rinel hydrptadffedike Hmpeyii fa%gn&ﬂuwce@teg??g‘nissmh%%'%ysi te,
rectorite, hesdin dhriddipaeimhlidtideena@ydldelhatapnihsiunl fhdmict €, sepiolite,
activated sepiolite kaoli n%,_.c%gﬁfhosghate Jjrat egi al/1E Dﬁeo.l ite, or a mxture
of two or rOFERRRERa 2ing Hanalsprincaliuc, BhT TR liE s AYBEGR Y I EY can are dri ed,
cal ci ned orziraomdiexdaldtuen d:divel @@fum dltmiang tlhehumebogha®eatumitubecygasdstreamis a
fluid catalytic cracking unit. |n another embodi nent, the invention provides
net hods for&cl’P"'B‘H\ﬂ ‘iaﬁlﬁ" SRS TR A PPN ngéﬁoéqgf%ﬁé‘mfnﬁ%‘hﬁ”gas streams by
addi ng one aminms &y dehap edniradise sluadnprechlisiohglrateitived, Airetrad, clox{ege conpounds; one
erbodi bt . e e o e SRS B SRS R el e
conpound. |sapianatdaen), elab pidispie rtmatdiblezepiix @da metwd ofoxe dengorpeundr i s in the
formof a i | utdon. 10t her,. ¢ i -t he.m al oxide is a
precur sor (5e e RusRst eahed BRpPhRe L AR ke RBE S ARV O e haped
bodi es arc wbpénientchi gis nedmos @ Buidiiadlie erackitgemaof | n anot her enbodi nent, the
gas streamis apfhuhd GabahWll G GG R idMhinod brARQLNeso,efpRdI ment, the
i nvention provides nethods for reducing SOx, NOx and/or CO enissions from
gas stréans By Gddnhgosdenoms fisres Bddgetions somnes speidiodish srgprigibut 99 w' L/,
to about | r%u%lmtﬁq%gid&@hﬁ;om%;'(ﬁt@01%&@@@0%@18?29@h't%up%or‘(‘fo%e&.ﬁs about 99 30 wt %
[

hydrotalcite |i ke conpounds to the gas streans. I n one enbodi nent, the m xed
net al strcams. In one embodiment, the mixed metal oxide compound is a inagnesium aluminate

compound. in another embodiment, the mixed metal oxide compound is in the form of a
solid solution. In another embodiment, the mixed metal oxide is a precursor to a hydrotalcite
25 like compound. In one embodiment, the shaped bodies arc dried, calcined or a mixturc
thereof. Inanother embodiment, the gas stream is a fluid catalytic cracking unit.
In another embodiment, the invention provides methods for reducing SOx, NOx
and/or CO cniissions from gas streams by adding one or more shaped bodies compnsing
about 99 wi% to about 1 wit% mixed metal oxide compounds and about 1 wi% to about 99
30 wi% hydroleite like compounds to the gas streams. In one embodiment, the mixed metal
oxide compound is a magnesium aluminate compound. In another embodiment, the mixed
metal oxide compound is in the form of a solid solution. I another embodiment, the mixed
metal oxide is a precursor to a hydrotalcite like compound. In one embodiment, the shaped

bodies are dricd, calcined or & mixture thereof. In another embodiment, the gas streamis a
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oxi de conpound is a nmagnesi um al um nate conpound. In another enbodi nent, the
m xed netal oxide conpound is in the formof a solid solution. In another
enbodi ment, the mxed netal oxide is a precursor to a Jtydrotalcite |ike
conmpound. In one enbodinent t he shaped bodies are dried, calcined or a

m xture thereof. |In_another enbodi nent, the gas streamijs ‘
20051060514)“%&““H"‘i" %0114; a39706 fluid catal ytic crack'i"d“hH‘i*f‘””i"h anot her
enbodi ment, the invention provides nmethods for reducing SOx, NOx and/or CO
em ssi ons ffhm:magasicsrtac}m@nmitby addi ng one or nore shaped bodi es conprising (i)
about 99 wt%to mixe X [ about I wt%to
about 99 5 vw%ﬁal?]% Flbx&{& ﬂielgvg%mﬁ% unds sgnq&h g?f&??&d;}&% SO(X 1k12)?mre netallic
oxi dant s tmnﬂ/hec@awlssbmémmas stiemnsgryeddindyod prmert shaphiebodiesceaprisizdl) oxi de
conmpound i s I . : of i pent, the m xed
ot Al oxi de i mnanad A R e Rl AR o AR

enbodi neht , withedmwiaked lieompowss, del (i3 o opmetsuretrdifc oxisiawts fryitreet Wit e | i ke
conpound. Ihnm(g%ogmgtdfhgﬁl%d mElEﬁ)xQ@t:&.llpohﬁh it Fﬁlaﬁ@&@l‘x lal'uxq:nn%'c End s antinony,
bi srtut h, cadm um cerium romum coba soprosium erbium
eur opi um gadeiticapupqdingak rbamwnmegqueﬁc chbandiinin e Oﬂpafﬂso?/fi@ tiof-ant hanum
l'ead, mangangs@ner BRbMRASD MR8 I LD;s I EKRby 10 2 AU RQLIUIIIKOSIRMMA. pal | adi um
pl ati num praseodym um pronethium rhenium rhodium ruthenium, samarium
scandi um  s@leanTirfingy} e paiel i fhepisielic Qi s antmagmy D, eEPIE FED. € er bi um
tin, titani dhomitHNGsdEppd:MgbdpkiumVanad] Mfbiut f-a5R1 M Mzethkbifih WA, 2i NC, or a
mxture of 15 two or npre thereof. In another enbodinment, the netal in the
metal |ic oxioWaie. ridingobat rthaupplsid: margancse, molypipnam e agm. "ckelone enbodi ment

the shaped hegigSs@fud, filhaey, ])@ﬁl‘llﬁ]‘l DRELBImitm, FINGMGE, hieheebdinkn anot her
enbodi ment, the gas streamis a fluid catalytic cracking unit. In another

enbodi nent “”t’h'é“‘f"n\‘%@i’l‘f‘i“bFfab‘?“ﬂj\hSEJ%‘E““Hé’thﬁ%’d@"Fro?ulf%ki‘ﬂ‘dl”ﬁ‘g‘e@@km’ NOx and/ or CO

em s; i ons f&OMmLEs. @tgnﬁarﬁagsb:)s, lﬂﬂdlnﬂ%m&ﬂ@1 qrmlmgewﬁhapm &Qdms(alarecaongri sing (i)
20 about _,99 Wt %t o abo I % m xe oxi de coppoun ii) about I w %
to about’99™V&t @"“Hv&ﬁ"gtIHI‘“(E‘?%%@]{R?OE@‘EB‘O BEAYE theﬁ}‘?ﬁﬂt“loi’”id*)“t&c%llfﬂport oxi dant s
to the gas aﬁ:pﬁMmI\ltmumeof‘ em&mdhmmhthm ltH&ehaiﬁbd(mdmmahedpmmd ganpound is a
magnesi um aI u c 0, ot er he m xed netal oxide
conpound i s™ ﬁ} ﬁcmff ?“n}%mg ”é’m}s)% mﬂl?solgiﬁ trb‘H“ mg]l“%%ﬁtor[yﬂ P e EY ment , t he

m xed netal oxi drealln@eml}bn@mumstb{mtemmalﬁng&mhaomahmistfce rédukisg SOOPON. 25 In one
embodi ment , antdn)?( 6&9199 %b ﬂo%l £as §1%'§nﬁsgblsy addlxg?glq%to?‘ll1§fetsﬁtﬁﬁ% bo%les cor%ﬁmagg % n’agneSI um

acetate, nagnesium ni ium nesrt um Xi de,
magnesi @ﬁn carbidfhatie, o ahtmlglne%/q wiked ronal axide Loaipmmdnumabmm awat @,abaitAe titanat e,

zinc alum n\?’l‘ ehvd?dtﬁ&lethlké &M%‘bﬁ(dg LLf %11}%%&“%}1}1’?%&@1’11&% t!l‘llg]gagls!trcatznla rI% ongt e, calcium

oxi de, cal ciumalumnate 'um nu
embodiment, the mised metal oxide compound is a magnesium aluminate compound. In

another cmbodiment, the mixed mctal oxide compound is m the form of a solid solution. In
another embodiment, the mixed metal oxide is a precursor to a hydrotalcite like compound.

25 Inone embodiment, the support is a spinel, hydrotalcite like compound, magnesium acetate,
magnesium nitrate, magnesium chloride, magnesium hydroxide, magnesium carbonate,
magnesium formate, aluminum titanate, zinc titanate, zinc aluminate, zinc titanate/zinc
alununate, aluminun zirconate, calcium oxide, calcium aluminate, aluminum nitrohydrate,
aluminum hydroxide compound, aluminum-containing metal oxide compound (c.g., other

30 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 shaped bodies are dried, calcined or a mixture thereof. In

another embodiment, the gas stream is a fluid catalytic cracking umit.
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al um num hydr oxi de conmpound, al um num containing netal oxide conpound (e.g.,
ot her 30 than alum na or al um num hydr oxi de conpounds), al um num

chl orohydrate, titania, zirconia, clay halloysite, rectorite, hectorite,
nmontnorillinite, svnrthetic nontnorillinite, sepiolite, acti vated
se.piolite, kaolin), clay phosphate material, zeolite, of two or
more ther edfO 2'{* U8 enmbodi nent, the shaped bodies are’ HW'%H““”&HI"U ned or a
m xture thereof. In another enmbodi ment, the gas streamis a fluid catalytic
cracking unit. LD 2 b OB NG ABIGV ARG providespetdads fof reeGaTRE, NOn - anot her

ent bodi Mer t 44,080 LAYEM:IfRMh RLax Qih s, ABLAGES: Mo shEAHGNG.aRpsinX and/ or CO
em ssions from gas streans di g oné or nore shaped bodi es conprising (i)
about 99 wt%3@&99aﬁk@utabputvbtw}?%m‘ux@dn%paﬁemw@l@dwwpbwm&jsﬂ% fiapyutghout 1 wt % to
about 99 ]@hy%‘i! fi ﬁk@éo‘rﬁo&ﬂdk%n?tgmpﬂ&gﬁyeta{llb okl)ian@anﬁldcﬂfv) mg@n@t allic

oxi dants, and (iv) a support to as streams. [n one enbodi ment, the -
m xed met al ‘h@)K‘i“d@vt’ﬂorrbd’ﬂﬁ%f“l?@“&ﬂhﬁ‘gﬁé’s?gﬂ]ﬁ’\ﬁ] G CPITPRARIs e BHEBEMRL. | n anot her

enbodi ment , ;1588 S du i IR0 @% Ao GRBRANixkFmét okid@confBhidd iGh n@ sol i d
solution. In another enbodinent, the mxed netal oxide is a precursor to &

hydr ot al ci t @ Pl bbspBtiandn anmihes Frabadimsab heatied meRboxidsayaienBeited are dri ed,

cal ci ned or ny@rowdHii tikd &nipb@fde of one bRbRRNN @f sRFROBRERE diddnRicHdS st reami s a
fluid catalytic cracking unit. 10 In sonic enbaodi ments of the jnvention

descri bed h’é‘i"‘é‘i‘h‘helf‘ﬁeh’rfé‘f"éﬁlei“@“%‘i&?’lﬂlé]ﬂﬁ@“%‘r“@“‘sﬁrflé‘%ﬁi“lﬂ‘h”é%méﬁﬁ‘hnt up to about
50% by wei ght; fif @m-akesdiméhislof ey, eividh @bkt rided habiauke 4Q%ic BaMehght ; from about

1% by wei ght to about 30% o about 1% by weight to —about 25%by
wei ght ; fr ofiF¥Bdbit" % lwvm/bgh&*o%yawﬁlf %%&0-%?3éﬁf¥%ﬁrt?%“a@@ut % by
wei ght tO ab\ouéng}iﬁ?&xby)omr/ghtxg elghl Iofdb@ml;&b@}u\tm@hl Ofedayabesi 1ghly we@hadout 1 0% by

wei ght, al cu oxi equ ent the solid
suppor t | s q1’“5‘3@‘1 i @h fm%fr?B%tlﬂg"Eﬁ ‘Vt“1(§1“é%6tl?f“ zgébyywlﬁ?rﬁﬁagmﬁopm about 1% by
wei ght to aboeiubt 3%y raieivgizht, of framboaliGuty Widghby aweit give b ecighhout 20% by

wei ght; IfSr Obalu PQ?GB)%%omgyoqulﬁ%l ttlntooe enbb%HIant tgiscﬁ/xdgvpv\gmé)ﬁseu[ mrzpnabOUt | % by

wei ght to a f'F 6M about about 5% by
wei ght. 20 Tm@serpandaootﬁ)é/ﬂ)}asmémtfwnmbouth%bmwghttto aruatis igesggil; s | N nor e

gg(?l :\IQtzel’;l(r)l out lm%:%n\g%ﬁ@a%gﬁtwtb%w%gﬁt &n %El 1@“@%8@%@@0&% ’“ggsbgogd&ieﬁ;m ng

m xed net al “elxhtd@onedwpb%hbsw nghltorvéoga@% b}stvmelam; 1r01nrnbuné%é>mb@¢hlrtent , the m xed
met al oxide, coppounds.are in the formof shaped bodies. In another

enbodi ment, the shaped bodi es are dried shaped bodi es and/ or cal cined 25
shaped B8di es. Iewawst Hbr seatiorfilipanentiones despvibadtin waregelol baes Inethods f or

reduci ng  SOgmpd¥ent, the invention provides methods for reducing SOx, NOx and/or CO emission
from gus streams (e.g., FCC units) by adding mixed metal oxide compounds to the gas
streams. In one embodiment, the mixed metal oxide compounds are 1 the form of shaped

bodies. In another embodiment, the shaped bodies are dried shaped bodies and/or calcined

2
n

shaped bodies.

In another embodiment, the invention provides methods for reducing SOx, NOx
and/or CO emission from gas streams (e.g., FCC units) by adding compositions comprising
mixed metal oxide compounds to the gas streams. In one embodiment, the composition is a
SOx, NOx and/or CO absorbent. In another embodunent, the composition is in the form of
30 shaped bodies, such as dried shaped bodies and/or caleined shaped bodies. In one
embodinment, the conposition 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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and%or CO em ssion fromgas streans (e.g., FCC units) by adding conpositions
conprising mxed netal oxide conpounds to the gas streans. |In one

enbodi ment, the conposition is a SOx, NOx andi or CO absorbent. |n another
enbodi ment, the conposition is in the formof 30 shaped bodi es, such as dried
shaped bodles and/ or cal ci ned shaped bodies. In one
conposi ti on“8pt'*0AEM y further conprises one or nore né
and/ or supports. To reduce the NOx fromthe flue t he conpositions
conpr|S|ngbmﬁx@mmnﬁﬂ&ﬂbﬂﬁﬁ@kﬁ?ﬁﬁﬁﬁ@ﬁ@ﬁ@@t%ﬁeﬁﬁ@mphaéﬁFWHWQQW@ e roduced into
an FCC r egengfidt Oh 1andadl & un&pl:\@cd@(n)iﬁ) LR de k%uekw:ﬂuﬁ S Pchsbibnd (1139716
continuously cycl ed between reactor and the regenerator. The
conp05|t|oh@fb@mﬂ%é“°WﬁV§HPWﬁﬁﬂ@dW“b@“&@éﬂ“ﬁﬁ"&ﬁaUﬁ@%ﬁ&ﬁP@dﬂym§ﬁalI amount to

reduce NOX.apd o g r2s ﬂ@lﬁvp Rlo msmpdﬁm BGOSR S| @AS.@bsitHe; | nventi on
can be used in an ampunt of out 1 mto about 1000 ggﬁw from about 2 ppm
v

to abouf 590“ﬁbﬁP“?¥%ﬁ?%ﬁbﬁ@m§@3Eﬁhﬂﬂ mgilghit hosmpaRRNs © ¥ about 100
ppmdto abouin b%QQadprD?HanﬂuﬁtQﬂl’ongg! O/(ﬁ)h)&fmﬁhth{ﬂo@lﬂﬂgpﬁblgﬂtmtl&fcu’fcﬁ’lﬁm%nVﬁnti on can be
used in an_anount abou 1 wei ght % t 0. about % of, {he
circulatinﬁwmﬁﬂvéﬁgﬁwf 8@3FH@ﬂFéﬁgﬂaﬁﬁ?ﬁwygfn?%mWH@mﬁﬁﬁpb% 3%t or: in an
amount of aboutt 1&:@&3 wmugm&bmﬁgcmarmybnh el gl i fhetrioe regen@mblau ng

inventory of the tot cat al regener at or m about 0.0’
wel ght 5 & o aBUEL D GO GHER BPutoa P th LT RG R PR T B e total 10

cat al ysto | Ratiihe vk €&q eag@mroat Die. coﬁ[;hsn@@raspmsmwrmnﬁca@fredhmm K@ention can
reduce the NO ans from about two hours or
| ess; aboumeHéTHﬁdP“BF“W@ég}ééé Bt m???”ﬂ?ﬁﬁf@@mbwkq@§ Fé’bout fifteen
m nut es prAhﬁs$uh0mnﬂhﬂmhhﬁaMhﬂmta&nmnw$E$$qoﬂﬂmﬁﬁOMhﬂmuﬁthdlnEnt t he
composi tions Oflnt rhoFf‘l & nvgorglt uanr| the composxtl ISO?& mven% I uﬂuug tml‘ll&mrlgt gnerator of an
FCC unit and/or'from the 14U gas in R FUeof" t it ™" one 15
enbodinentUkhe%uﬂvenﬂﬂmﬁﬂbanmd®sﬁ¢1Ueﬂgassmnmahmahmsl¢©nmrédum4ng COin the
flue of,an i nd/ or cobalt
and a cgfrfgggmHnﬁnmgx$%%% gggﬁéﬁggﬁgﬁﬁ&kﬁ%fﬁgﬁp&Eﬁ?ggﬁﬁafﬁgglgnbodlnent t he
i nventi on pE6windésaddeizhcdspdstion congpdsing qpgpeC@dantesit emis: drrgmotiive regenerator of
t he FCC unif, i1 sl Log cobalt and a
carrier tor%ﬁg%ﬁgggﬁg?g?3§92ygﬁh%kgggd%%ﬁp%k kgﬁO§8§€@%ﬁ%$%gr%énbodlnent t he
i nventi on prdovingdes cnet! @dhmf%¢wgwd@®iM@W@EXhmﬂthdﬁL@@OEﬁmamnFCC unit and
for reduci ng,Gem53i: fa%mﬁ)gml&ig%ara&% orah eratopjyf dde s Wi by adding a
conposition conmprising c a carrier to the regenerator
of the Fccaomhe Cm'Mﬁﬁwbéﬁcrmémuwﬁww W“H’%ﬁ’bt‘vé‘#@igt(é) pithedlug ehapdiitd, a spinel ,

al um na, sihit Qlﬁl,forcré‘élﬁing' m#moﬂaﬁ(ﬁn the ﬁLéﬁ@ﬂaﬁH@l@ l*d(%ﬁl@w d@dn‘xﬂg numtitanate,

zinc titanate, alum num zirconate, magnesi um
compostlion comprising copper and/or cobaltand a carrier to the regenerator of the FCC unit.

(Jﬁ %%0840«81)

Wﬂants

The carrier can be a hydrotalcite like compaund, a spinel, alummina, silica, calcium aluminate,
aluutinum silicate, aluminum titanate, zine titanate, aluminum zirconate, magnesiuni
25 aluminate, aluminum hydroxide, an aluminum-containing metal oxide compound other than
Al (s, clay, magnesia, lanthana, zirconia, titania, a clay/phosphate material, magnesium
acetate, magnesiam nitrate, magnesium chloride, magnesium hydroxide, magnesium
carhopate, magnesium formate, hydrous magnesium silicate, magnesium silicate, magnesium
calcium silicate, boria, calcium silicate, calcium oxide, aluminum nitrohydrate, aluminum
3¢ chlorohydrate, silica/alumina, zeolites (e.iz., ZSM-5),0r a mixture of two or more thercof. In
\ onc embodiment, the carrier is a hydrotalcite like compound, a spinel, alumina, zine titanate,
zing aluniinate or zinc titanate/zine aluminate.
In anether embodiment, the compositions of the invention can be used in conjunctien

with a CO combustion promoter, such as a platinum and/or alumina CO combustion
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25 al um nate, al um num hydroxi de, an al um num contai ni ng nmetal oxide conpound
other than A1103, clay. magnesia, |anthana, zirconia, titania, a

cl ay/ phosphate material, nagnesium acetate, nagnesiumnitrate, nmagnesi um

chl oride, nmagnesium hydroxide, nagnesium carbonate, nagnesi um formate,

hydr ous magnesi um silicate, magnesium silicate, ragnest um cal ciumsilicate,
boria, cal cYUM'EI¥iate, cal ci um oxide, al umi num nit roWd‘r‘ﬁt“b”“HP(Um num 30
chl orohydrate, silical/alumna, zeolites (e.g., ZSM5),or a mxture of two or
nor e t her egbmottn l«roeﬂmletﬁbmdwmmbpm Pheed gdrasdien 111e$wam«istydf bt apoicter] i ke
comound, A SRS AR P R e B TSR e 0

i nvention @aghtlpﬁnpﬂstadmmesemmpﬂmcatalmmmltnlrt a CO conbustl on pronoter, such as

a platinum and/,or al um c St i 9 21415
PC 77US21104N13978 "“‘“"““?F &Of“g P s 16’3‘13 lﬂ %‘3%?9“ Yt "Mt al, based on
t he i nvént e ywpofl, ﬂlheasmetgmmertasttﬂiatps or m@;ﬂb@sm@@dlmlwmglmrtméﬁaﬁneﬁ Very good

results ca e aji ned. wit . | e ppm platinum

pr esent on%tﬂtl;1L mgjtag%la%u{c}é% (“:Mr} Op %%'%G'Ml dis Aﬁ?e%%cgr?\%g&e t|10n1(];{ CX@&%R%W?‘E can be used in
t he FCC unhydrocTihans fseeds lipepnd kmgecytlp gmw}]whﬂhee dlryly bedn sulgestt tas pet r ol eum
distillate r d oaV bifsd [ ik ald Yackgf i ned, to the
atypi cal , grﬁc nhagr%%ga w(ﬁ s gg%o ]beﬁE g{gﬂj 3 A@ﬂ@ Cfngg{i %rééquagrllfr{y will contain
recycl ed fyids.ocarbons, such as light and heavy cycle oils which have already
been syp egheplmmm.@]p%m NOrcPLRhs fhg}dbeu &d%@xmg@anmio@yu vacuum gas oils,

at nospheric T es| ds, vacuum resi Any comnr~rcially avail abl e FCC
cat al yst napirehys e mb’fﬁévbclatslawgmnecza@iﬂ%@ are'@%rcfémt@ﬂphﬁus%bmsﬂmef erably

i ncl udes SQ]'[H%m%QQL o Greliile. aﬂa@%cﬁﬂﬂﬁs ﬁs%falfyaa%@ﬁ)/o A8l b XeRMON oBRe Shlykca- al um na,
clay, or tine Iike. The zeolitc is usual about 5 to about 40 'wei ght % of

t he cat al y&ith the st Fing Histrie §PUYsBIGHY lﬁ%ltt‘?slﬁ'% AT el opplapinge grfig®es such as Y

zeolites, Q@fmabumduendelrheRblumhpesyafirdIBsS e Ae0khlv@Sphcdchnmds deal um ni zed
Y. ul trastabl e Y_and ul trahydrophobic Y may 15 he used. 'line zeolites may be

st abi | i'zed Paieh Thapelissmpnke stibgreyiiie sart forane ifan 28ruysbibeut 0.1 to about

10 wei ght .1 tRe)odtib Weisl: ohi ghRLSlt1|vél§iﬁwl¥ﬁQ&a%&nt@&ﬁt’faﬁlnEhﬂﬂys@sﬂi&@h%&ﬁcﬁuﬁan he used
in the invcntion. The wi t hst and” t he hi g ﬁ eratures usyal | y associ at ed
)I

with conpl & GRS | '(’}H“‘Qf‘fl t‘é@‘&“dc”@@?“ﬁ“tuf‘ﬂa tspRsiafeee P efRlef at or . Such

cat al ysts cashuiga of hoseC Oﬁx@lﬂ{ualhﬂl"(ﬂgr(ﬁmtﬂor 1€uch Cat:ARQUA 14O Mk r ast abl e Y or
rare earth ultrastah |nvetor y al so contain one or

Y [4)4 A .
nmor e addi t|\’/’é@“““e”i”i"ﬁé?t“pa}b%%I Rt l‘ﬁglstqé?g‘kérﬂg{cgalga TIri:‘ﬁ'iéét'}garti cles, or mxed in
W th eaxh partiTketofst nhentwy axakalmomahahg/cstmoroﬂeddmrdsv@sel peadnt e added to

enhance OCts‘?p‘)gz%!c a&d‘i‘t%@ pgi%lulgFQrI Hik 19rwelth%‘!:c% parﬁcﬁggl‘l UI’LC crelc,l\m;.1 ita) vsiZSMdStwand ot her
can be added to cnhance octane, such as medium pore size zeolites, ¢.g., ZSM-5 and other
materials haviny a similar crvstal structure.

Conventional riser cracking conditions may be used. Typical riser cracking reaction

e
h

conditions include catalyst/oil ratios of about 0.5:1 to about 15:1 and a catalyst contact time
of about 0.1 to about 50 seconds, and riser top temperatures of about 900 to abeout 1050°F, It
is important to have good mixing of feed with catalyst in the base of the riser reactor, using
conventional techniques such as adding large amounts of atomizing steam, use of multiple
nozzles, use of atomizing nozzles and similar technology. The base of the riser may
30 comprise ariser catalyst acceleration zone, It is preferred to have the riser reactor discharge
into a closed cyclone system for rapid and efficient separation of cracked products from spent '
catalyst.
The compounds, coinpositions 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,

- 10 -



materials having a simlar crystal structure. Conventional riser cracking
conditions may be used. 't'ypical riser cracking reaction 25 conditions

i nclude catalyst/oil ratios of about 0.5:1 to about 15:1 and a catal yst
contact tinme of about 0.1 to about 50 seconds, and riser top tenperatures of
about 900 to about 10507. It is inportant to have goqd m.xing.of feed with
catal yst i WOHE"Ha8e of the riser reactor, using conggh@}%ﬂgﬁyﬁ%chniques
such as addi ng | arge anmounts of atom zing steam use of nultiple nozzles,
use of at owipzilngs rroiskired badivd axsinkil¢ a the leldvries toeppss: The base of the riser may 30
conprise a riggr Cr@tc%@@%i_xﬁ&cu%ln%ﬁ%é R Rasl OARSivaleht thal Q&rﬁ%@ﬁdﬁl@ al O have t h_e .
riser reactor discharge into a closed cyclone systemfor rapid and efficient
separ at i olyasofnedulREaC Y comvrerS ofF ekt megi pads empounp & Boltgo thds,
conposi ti gngand/ or shaped bodi es of the invention can be made by the

met hods described in U S. Patent No. 6,028.023. In one enbodi nent, the
conpoudds, - 10 \ XEyt eeshyeisshioeiperijyspirernd 4y Fep sene) 2ldonposi ti ons and
shaped bogi8sadkap BMeutkysthepbalct @Walgalh @Fe8 Sictal Adelc8AEdUnME tBe M Xt Ure
conprising at |east one divalent nmetal conpound and at east one trival ent
metal co At $¥%r oduce a m xed metal oxide conpound in the tort of a
slurry; S (b) (heatatingat hogutdh@ inyadd ieh abp @Xiogardeampountbrsindpddy from step
(a) at a tenmperature up to about 225C to produce a heal -treated m xed netal
oxi de conﬁ%ﬂﬁﬂfWﬁmFﬁgme oo GFmRPURt: Ay OPUCR Y dr yi ng the }teat-treated conpound
from step (b) @0 praduaenQnectpoi@ienshpped a hodiese afabddnsoind xed netal oxi de

conmpound; .and, optionally, 10 (d) heat treating the conpound fromstep (c) at
a tenper afiPE < &&SSWP”3%6%9gngﬁﬁﬁﬁgvﬁFﬁmgﬂﬂﬂ%ggﬁﬁﬁ@ggngBWg'calcined shaped

bodi es of a mixet dbéne0xhdaixeanpoundeous hiturdgd ttenlubpdiankrertys t he m xture is
an aqueous, m xture and the slurry is an aqueous slurry. Steps (a)-(d) can be

Slurry. . . "
conducted i'n'a conti nuous and/ or batch w se manner, The terns 15 "aqueous
Slurry” and " slips tay-{dicacheuwdeiucitdm :epaimpluezndso patdobist momg, Tgelegusand pastes. I n
t he I’I‘%t hoaqlﬁ%o(ag Shl;lr%kl.’:llq "sfut}g" %H?&e%r ?\?ﬂ'gﬁshiﬂ%lu%@n‘?,ﬁa)éﬁad;%aﬁg{ eﬂl thQXI de corrp_ounds
of the’invention, ~ a solvent can optionally be e o0 the slurry during the
heat treatwwihnds comalsteipe faped bothes of dplmied meghrridkreompondextdrpliveniioacet i ¢ aci d,
propi oni ¢ agl g cof OFdTf1 A8 26heq 8’% yén'lrfy. oaﬁ;'.gqre N (R ogﬁ%;gﬁ% Ni.ri ¢ acid.
amoni um hydr oxi de, water, an the I'ike.° I'n one embodi , the solvent 20
i s aceti csardngean be, for example, acetic acid, propionic acid, formic acid, butyric acid, valeric

acid, nitric acid, ammonium hydroxide, water, and the like. In one embodiment, the solvent

20 s acetic acid.
The divalent metal cation in the divalent metal compound can be, for example, Mg?'J',
Ca®', 7n®, Mn®*, Co™, Ni¥", S, Ba™, Cu™ or a mixture of two or more thereof. In one
embodiment, the divalent metal cation is Mg?'. Divalent metal compounds are well known in

the art. Exemplary divalent metal compounds containing Mg®* include magnesium oxide,

2]
N

magnesium hydroxy acetate, magnesium acetate, magnesium hydroxide, magnesium nitrate,
magnesium hydroxide, magnesium carbonate, magnesinm formate, magnesium chloride,
magnesium aluminate, hydrous magnesium silicate, magnesium calcium silicate, magnesium-
contaning clays (e.g., dolomite, saponite, sepiolite) and mixtures of two or more thereof.

The trivalent metal cation in the {rivalent metal compound can be, for example, AI',

W M e A 3t 3 o3 oy 34 . " .
Mn™, Fet', Co™ NitL P, Ga™, B, La®t, GIFF or a mixture of two or more thereof. In oue

i
<

. embodiment, the trivalent metal cation is AP". Trivalemt metal compounds ate well known in
the arl. Exemplary trivalent metal compounds containing Al*" include aluminum hydroxide
hydrate, sluminum oxide, alununum acctate, aluminum nitrate, aluminum hydroxide,

aluminum carbonate, aluminum formate, aluminum chloride, hydrous aluminum silicate,
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The divalent netal cation imthe dival ent nmetal conpound can be, for exanple,
M Cal/l.rr ', Mr , Co", Nr Sr", 10". CQu' or a mxture of two or nore
thereof. In one enbodinent. the divalent netal cation is Mg3+. Dival ent
nmetal conmpounds are well known in the art. Exenplary divalent netal
conpounds containing My 2+ include nmagnesi um oxi de, 25 nesztsl)m) hydr ox, y
acet at e, rréb‘hé’é’?/\’f‘fﬁ cetate, nmagnesi um hydroxi de, rragne5| u i te,

magnesi um hydr oxi de, magnesi um car bonat e, nagnesi um f or nat e, rragne5| um

chl ori de, almmrgmesticu'nm gl trasieon dhyalno elsmimay trdsiman(se | dildatebaypiignesi um cal ci um
sili cate, [Rgr aﬁﬁn‘ﬁ%) aﬁlqmalegla%gl ‘ﬁ&@ﬁﬁlm(rﬁ ]ﬂcudolgjogilrglli@ Ell@mmﬁ’lﬁggrﬂhﬁlﬁ sepielite)
and mi xtures of two of nore thereof. The trival ent netal catlon in the

tri vaI ent chret @ls- Geripoumdite dpdpileitd, b‘?ﬂt@)é%lﬁﬁlabd,omll gdium ayguiggte, anflj | Fe's, Co-,
N, - iR 3 owBSTimb@'therc@d 3+ or a mixture of two or nore thereof. In one
enbodl rrent the trivalent netal cationis Al'. Trivalent netal conpounds ‘are
wel | known in Intthemged mExlomse eamponnds phiberenten Be ridgrpbadigdse Bt ni ng A13T

i ncl ude al ymnum s meclﬁvdlélvrqétﬁtcmn@é wlwmn%ﬁgﬁ,ab@k Hiicwmacet at e,
alum numnitrate, alum num hydroxi de, al um num carbonate, al um num f ornat e,

al um num clﬁlloﬁplaebouhwﬂdu%wlwﬁdniihﬁ'ulrh 5] tojabat & 1: abmlwlcozft@e@Al) 8U5 19 P(' Ti U

S211Q01 03974, B dbahlsm Mﬁm@aﬂ 16 la bR §I1 Ialb&aﬁ @,1 14 S RRS T LRt B VHB&y 58l um num
trihydrate (e. bsite, bayerite, calcined alum na) alumna sots,

anor phous ﬂéi"lﬁﬁ%rﬂa{“ %%‘éuéféb?j’éﬁﬁrl it @outaf A o dont®ihihg  clays (e.g., kaolin,

sepi ol g e, hydrgiral aid @), nhentieninie gd}f@b@@a@l ue@}opa@@dﬂtmmal Mmisnaye. and
m xtures of two or 1n0l'e thereoEa m xed net al gm de corrpounds of
the i nventd"BH HRENFEHH GOBRORhEn ?Wé’?aé‘ﬁt“‘ W‘éf"é’f‘ T eSO ' EYYEIMRIBR, ) to the

trival ent mealnd@admﬁw@augmzdl Ahapm&dwmeb@afammr@b&uﬁn & fbrrk 6F about  10: 1;
front abouH 1 to

about 5:1;° L&Hoﬂfi]h”i “kl“f “fgb”’hrbff&tm%‘“f CO‘&‘H‘S “"ig‘éiﬁimf%“gcﬁB‘ﬁ?ungﬁri&“‘%bout 1.6:1
to about 5Stikilenabeudl codypdind cirﬂac@’&@ﬁ'&d@ shultag@dodiit ortouderdio madathe 5: 1; about
1.9:1 to about ’”ﬁ qlé) 1to about 5:1. Prior to step (a), the

di val ent &4 B&r'pd A SN BE 5MEgared in the formof a slurry, and the
trival ent netaln memnbmhdumam al:m:op:rrezpamedmture it hep (fabcrammﬁlerasombnue oye ' the

di val ent net al can be separately

prepar e di% or u{ofr,'u otl? T I1IE aygfong‘gmmis qucr a% rrm,lYla Ie"lHFlmOIH‘i blS dﬁl% rg:Il) m[uhm cCIn,

or a mxture
cont ai ni ngdltc‘rmeurd,lwaﬂlenmpmbfaiprqsmmpubmm, @ﬂtﬂlunhgidotlmmrv,aiemtuumeg(m conpound can

be prepar e}%hp nns#xm'tllln 91”1%%1&{111 fbaé: ﬁﬁ&éﬂﬁgsg n%%%mn)ﬁl gd)}]lﬂtﬁn %ﬁkgl onpounds

together int ormo urry one ‘e ment e ‘aquebus reaction
m xt ur @0 nrigthep Oéral)llllbafﬁla¢1wrhtpﬂfé1rm@m¢qu191umn1€0111@hlLllmﬂlellm hlé)ldmmet al conponents

such as n'eltum:x%mgfs41@”{1‘(1111@&1}{(!11119'5@1%&1“’sﬂﬁé’rfjm\}é{r}mli‘ﬁfel{ilﬁmm uﬁ&]{u‘ﬁ{“ unm cobalt,
copper, dysoprosium erbium ‘europium_ gadoliniuny gerfmani um gold,
terbwm, tin, titanivm, tungsten, thulium, vanadium, ytterbium, yttrium, zinc, or a mixture of’

two or rore thereol. The metals can be in an elemental state and/or can be in the form of
mclal oxides, metal sulfides, metal halides, or mixtures of two or more thereof. Tn one

25 embodiment, the aqueous reaction mixture further comprises copper (e.g., Cu0), cobalt (e.g.,
Co0), vanadium (e.g., V,0s), titanium (T10;), lanthanwin (La;03), cerium (e.g., Ce0s),
tungsten, or a mixture of two or more thereof. In another embodiment, the aqueous reaction
mixiure further comprises copper (e.g., CuQ), cobalt (CoD), vanadium (e.g., V20s), cerilum
(e.g., CeOy), or a mixture of two or nmiore thereof. The one or more metal components (or

30 oxide, sulfides, and/or halides thereof) can be present in the aqueous reaction mixture in an
amount up to about 40% by weight; or from about 1% 1o abowt 25% by weight; or from about )
2% to about 20% by weight, calculated as the oxide equivalent. The one or more other metal
components can be added to the aqueous reaction mixture at the same time as the at least one

divalent metal compound and the at least one trivalent metal compound are being mixed
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hol mum iridium iron, |anthanunm |ead, nmanganese, nolybdenum neodymi um
ni ckel, 20 ni obi um osnm um palladi um pI ati num praseodym um pronethium
rhenium rhodium ruthenium samarium scandium selenium silicon, silver,
sul fur, tantalum tellurium terbium tin, titanium tungsten, thullum
vanadi um ytterbium yttrium zinc, or a m xture of thereof. The
metal s can bBX"W'di’el emental state and/or can be in t'r?”'ﬁ‘gmﬁ?gﬁ" met al
oxi des, netal sulfides, netal halides, or mxtures of two or nore thereof: In
one 25 embgdhenentrm ihdrenccagleous reaction m xture further conprises copper
(e.g., QuO), G w@ M Sndcred YA readdglg@ni um (Ti ),
| ant hanum (LaZ%p:?l b)((:n(e]r%d&“mn& %lleéeb ¢ uencggtg:ﬁ Mor am:?n )%ture of two or
mor e t her esfugouk fluandt ﬁ'ﬂelrpelet!rtm(ﬂ alrpeni0°C toHless dqm%i’él@, 2 glgwpirgnre ohibRetur e furt her
Corrp“ Ses @poea{bm(l%()@’o at raﬁlpc-pcﬁlaﬂou( %3@}0 ab&ﬁn?(fdt%(c‘ﬁlpgramrc\égom cerium

or a mxture of t or nore thereof he one or nore netal
corrponeht sal(ogtr/%bm@m“@éoo"gmff*hﬁespelﬁnwf@bmhéﬂ ﬂdfe@o'ﬂtﬁér%olfh)ﬂ%*an be present in
the agueoug,pEACLHAR ikt Ybfaeh b AlawcRERN Bloulfd it @ROHI I o By wel ght; or
from about 1f'b/oto]ab(gu 1 %S Up ay uﬁ t; or 0fur omlabout 5%t8 ébout 20% by
wei ght, cameyl Ehfe‘élwét%ﬂPPlﬁ@fedWTd@ﬂl@aW}PWI“‘éﬁkyCO”F‘H‘éeddﬁé“6fra“r‘f’ﬁ|“e ot her netal

conponent s, 6a3518E 1AHHGEh dshelid e RHE QM Enclc 8BS AN 1 skh ¥ BwadmpeRRrSane tinme as
the at | east one dival ent netal corrpound and the at_|east one trival ent

met al conpBithtFaEra! hacAPPifdans Yo iRIGORAEFHPESTY cPE1 NSO BHFI 39706

toget hay t ond 1ok Ml BewANKAUSSI UbdsYiot iShB M ) coafpoh@aihsitasatkiidohhe agueous
slurry can be conducted by heat treating the aqueous slurry at a tenperature
of about 56@&“3“(%‘5%“@%3‘??5@?50 at a tenperature of about 60C to about 200C;
at a tenper athI@d!@thﬁ@fﬂMBlm@ﬂQb& &ca)bﬁhkﬁe oliffEtal AbmnéRI P, Abhlk &nxcaits, 5 about 75C

t o about 100@ at at nger at bout 80C to about 85C. The | ow
t enper at ur & ét“df(’l‘ Eﬂlﬂjﬁig PRy gﬁm \ AR TR PO YBSE 1EP nut es to about
24 hours Oﬂy%oﬁ'ﬁﬁt&n cf[)h.en |uﬁ]’\ﬂ]')lﬁlﬁrﬂﬁﬁiﬂlatuw gerfi@aim, ngileaiomﬁmﬁ iHguigdrar al | y conduct ed
in air ?m h nu t d m paa np%c %roi' c?md r?t alglqoif mgbt [ esnsuglgles In one
embodi nLEnt {ie ms “&h TP S DR AV R TP R AT U L S ES: acconpl i shed usi ng
steam i nj eoa liadinm, g!amkleiurng;dphmat pooketham, mnrdmmnhcdwhooiﬂaumm, sl@dﬂ'tme | ow
t enper at ur I d; instead, is in
the fort g mc?f’?‘h s¢l ml{% rgﬁ{%n gﬂghalg%uéangiﬁ ellurnjlmhteg) Xl% %9% Odl ment. the one
or nore ot h@gbttmefthwum&wp@men@lsrb(uel gﬂmnm‘etualoSﬂ mighafechd §vo Orsrwllﬁth@eé) and/ or
hal i des Oof camkl iR Ol ATHE BurCRATLUMGRULUR, EhRM um cobal t, copper,
dysoprosi um erbium eur o |um gaddl i nifum germanium gold, holmum iridium
iron, 18 | ant hakimoniesds thﬁb?wgam@gﬁire hwt %@i@ﬁufdﬁ heaewafedi aamounilokel , ni obi um
osmi um  pal J adli #0r Blakh [ Pan RELASEREYAN U oRRAVELR Wl AGRI UM rhodi um
rut heni um sanmarium

drying, flash drying, tunnel drying, and the like, In one embodiment, the drying step s

accomplished by spray drying. Upon drying, the mixed metal oxide compound can be iu the

form of shuped bodics (e.g., particles, grans, pellets, powders, extrudate, spheres, gramules,

{2
h

and mixtures of two or more thereof). The drying step is useful to create shaped bodies
having particular shapes of interest. The dried mixed metal oxide compounds described
herein can be used in an FCC unit to reduce SOx, NOx and/or CO emissions.

Step (d) can also be conducted at a temperature from about 300°C to about 1,600°C;
or about 300°C to about 850°C; or about 400°C to about 500°C. In other embodiments, step
30 (d) 15 conducted at a temperature from about 300°C to about 850°C; or about 500°C to about
850°C; or about $50°C to about 850°C; or about 600°C to about §50°C. The high
temperaturc heat treatment is generally conducted in air at atmospheric pressures. The high
temperature heat treatment step can be conducted for about 10 minutes to about 24 hours or

more; from about 1 hour to about 18 hours; or from about 1 hour to about 10 hours. The high
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scandium selenium silicon, silver, sulfur, tantalum tellurium terbium
tin, titanium tungsten, thulium vanadium ytterbium yttrium zinc, or a
m xture of two or nore thereof) can be added to the aqueous slurr; before,
during and/or after step (b). 20 After conducting the Iom1tenperature heat
treatnment, the heat-treated, aqueous slurry is dried. The dry 9 step (c)
can he accoM shetfiby, for exanple. spray drying, druﬁ?TdPVWHb”'Flash
drying, tunnel dr}ping, and the like. In one enbodinent, the drying step is
aCCO”p'iSh&QmQMm&pﬁﬁymdﬁMh@@pmﬂﬂﬁﬂmﬂwyﬁmgmrhhﬁuﬁﬁmeﬁnmﬁmﬁﬁnamide conpound can

R e B Y N 0 s N S
drying steprmmmmﬁﬁmmmeﬁmlm@eaﬁmmﬁmamedhqm&mesmmhawmngmpamhmpular shapes of
Iugégr Ie?]t 'an w@a: tj{" fmt ch)ge celallljtgga]%ga(lge IIdejdecc%g]l%g%gi%serl%sgﬁmetl)r?gan bg?regl ?d)cagall?leal so
be conductednaﬁramuempmmaBOKe«bnm@baﬁbmmm&&@c to about 1,600C, or about 300C
to about 850C; . abpu 00C. .1 n_.ot-her odi nent.s, step 30
(d) is conducte dod”%/g Cﬂgcr"ﬁ‘% %19’?{1)1?% a‘anStmgélabeg“tw(t)a]g ol m@%g’ or about
500C to abga&mlgsﬁeﬁnmﬁnmbﬁmﬁhﬁﬁﬂG%umnaUauMmﬂsﬁiwﬁdmnaﬁob%ﬂ&@@@;to about

850C. The high tenper e hea ndugted,in air at
atnDspherlc %gessufes t#% le%H%pqﬁﬂmn lwsm%ﬁQﬁe$}%% ﬁgnSS&%eg7can be
conduct ed ﬂ@smabb@bﬂiﬁtﬂnmuteeanmamﬂmmeﬂwhmum@Hmﬂwnnnﬁewwﬂm@#nabout 1 hour
t o abou ol t r Q. haur gh -13 WO
2005/ 1 60, ‘Tb E*gﬂm ég%§2?q'3%8h?9#8ﬁg%€g?3%%alhzaﬁ'é??l?ﬁéﬁ% step can be
conduct ed MWn@ﬁrmﬁwﬁﬁemU7h@wnﬁeWVuﬁﬁmnmwﬂHmhhﬂahcmommdﬁmimgﬁeEVMTonnent

(e.0. . Nigher, ATPHE!:S 00 BXAER ANRN afd1Blon QU bl oI BL an@hfi) , OF in A
reduci ng environnent. I n one enbodl nent, t enperat ure heat treat nment
step is cdndect ed |n air. The caIC|ned nlxed netal oxi de conpounds descri bed
herein can be ugeg. m%«)ohmmﬁnmE%ee%rai xRe lsedcteﬁdesoﬁ%mms,msmfna@ eni ssi ons.
The deed and/ or cal ci ned shaped bodi es conprising mxed netal oxide conpounds
gener al |y Faweisay naeeeiv 9o pegemingitios! sbeus k1 forplept 81, Vegdn hhan 2.5, | ess

than 2.4, 1.288.dHaN0Ehcdolid dRSiSn tntagiﬁsm?x@alurﬁfn it BS%n Khandifabionhefigr ably | ess
than 2; less than 1.9; less than 1.8; less than 1.7, less than 1.6 or | ess

than 1.5. I9%PBYiHEs "éﬁﬁdﬂie%ﬁt%at“toﬁ'ée‘aa&efkrﬂoﬁlP?ﬂPtW“Eﬁélcﬁf‘iééad HOPHY oxi de 10 can

he | ess tha®grdesdin dll%ﬁelﬁlbd’dﬁ;ﬁbﬂﬂg e mhe&smtg&@nmlo dumh&8 % thad 611 12:1kess than 1.0;
| ess than 0.9: |ess 7. The attrition of the m xed

net al OX|déicéﬁﬂdund311E“ﬁbhééﬂé856yl6¥ﬁé Aé%&ﬁﬁ%?éf]ﬁﬁéﬁoﬁgﬁé{%ben the first

and secand Jounss: (DI’ ntmebm&enmh he a uhbls, Tcarﬁjaﬁllprfislefn{abncmbﬁl-ilﬁ S anldinyfi e 1@Bbodi ment
the m xed TI;%]; ;ab\f ww*ht &lclulsalegas t?é (I)\qdesegmyd ent {i.c. nﬂgp) Alterrr?at?'\!c ymhgat ¢

composition, as a whole, can comprise magnesium in an amount of at least 39% by weight,

40% Dy weight, 41% by weight, 42% by weight, 43% by weight, 44% by weight, 45% by

weight, or 50% by weight, calculated as the oxide equivalent (i.e., MgQO). The solid solution

[
h

can be in the form of a slurry, dried shaped bodies and/or calcined shaped bodies. The solid
solution can be used in the methods described herein by itself or the solid solution can be
used in a composition that contains other components (e.g., metallic oxidants and/or
supports).

The shaped bodies can comprise the solid solution magnesium aluminate, one or more
30 metallic oxidants, and, optionally, a support; where the metal in the metallic oxidant is
antimony, bismuti, cadminm, cenium, chromium, cobalt, copper, dysoprosium, erbium,
curcpivm, gadolinivin, germanium, gold, holmivm, iridium, iron, lanthanum, lead,
manganese, molybdenum, neodymiuni, nickel, niobium, osmium, palladium, platinum,

praseodymium, promethium, rhenium, rhodium, mithenium, samarium, scandium, selenivm,
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15 conprising magnesi um and alumnumin a ratio of about 1.1 to about 6:1,
wherein the calcined formof --he solid solution nmagnesi um alum natc has an
X-ray diffraction pattern displaying at least a reflection at a two theta
peak position at about 43 degrees and about 62 degrees. In other

enbodi nents, the ratio of magnesiumto alumnumis 1.1 .2:1to
5:1; 1. 3: 1t VB4t 6 5:1;1.5: 1to 5:1;1.6:1to 5: 1; 1. ik %55“‘1"]’37“ . 1to 5:1;
1.9:1to 5:1; 20 or 21 to 5:1. The conposition, as a whole, can conprise
magnesi um iifcoanilampulfitr, wftalat, ttdst, ter38sh oy twsightmasth. Sl ednagmt he oxi de
equi val ent (] 8 ercGO It @RmerfiShe® Whol e, can
conpri se nﬁjhbé%m I\@lﬁ’ 75’5Nétﬁ§1&\21?£g§/t%¥r Jggs ueg (I;Q)Pgﬁ%cV\BI ghc c40% by wei ght.

411 % by vveung:hsn,wnébz%rbsys wepfghztg A8%chyaliet-oFrQ), Wn%lblyfb\&ei\fg}%ﬁ 45% by wei ght,
or 50% by y&l:ahtro6a), Gi e Q4 9808 AMhNRL 8PL mbdurEoftn MO - The sol i d
solution 2 Icugrﬁt({)lg YA "% %ﬁc% gﬁr S dl’gl ed sh iatnpeudr %Odl es and/ or

cal ci ned shlapehjrrd@édne@ﬂwﬂ'hebvémtﬂdt18 smnwhwoelaﬂs%eopa@é@g|<?400 ebalfet hods

descri bed e \ﬂn}a%n{ &gebio, ?rceﬁuhﬁeﬁob&@> $04 thpoﬁaaopsorc usest i a
conpositio at contains” other corponents (e.qg., lic oxi dants and/ or
supports). aﬂlf’lfi@r gitapiednbdel Feposien C@@‘ﬁﬁbft@% OEPY s%’l@ﬂ“%%l"ﬂ%‘i%ﬁ?%@nem um

ul ur ni nat e*uuﬂﬁ?cn%odlmﬁlemc 3&1%{1@ dohnpri @X VL ARMS (e ARDO,) ARV QRAM (¥g., @ SUPPOrt;
where the nmetal in the nmetallic oxidant is antinony, bisnuth. cadni um
cerium chfef)uRic serigactm beaapipd anderpdisipiaitcdie c@PBiidn  eur opi um gadol i ni um

ger mani ym  gol dy, RadFhstientlof l'hganéHtlmlx R MaghBihanUibe dofashnd isHBNganese,
nol ybdenum neodym um ni ckel, niobium osm um pal]adi um 1E)I ati num

praseodyni gl pF BT HPUINT ¢ et knearatRd: g i+roht BHFCRAREFS um  scandi um
sel eni um  dfhoMsa Qt 2 éh&ﬁnmwec)nﬁﬁéﬂuln alunP2ROAHS R QBthe BikdntiGiOBnotSi | van,

sul fur, tantalum tellurium terb tin, titanium tungsten, Ihullum
vanadi um dw%? Hra Hi’dr?/‘t‘lf‘ﬁ Il}.‘hfo"iﬂ"ﬁltd T8¢ "‘%R‘Pf"ﬁ‘%“ﬁf)@hb’f‘“"t‘%’ B CORYFES t her eof | n
one enbodi mtmusitnha HinGAROSH UL © BanCIRRR tdr SesheCQRMPEEe di@r ompofii@)sucicobal t (e. g.

(oo Eocoyuiutuiite eGP B bmisod s ROBIRTRG 77 anot ner

enbodi nent ,CL)ﬁlﬂﬂﬁll(ﬁOl’TpOSI tion corrprl ses copper (e.qg. CuO) cobal t (CoO,
vanadi um (e. g 3 ! two or nore

vanad um (e. 9.1 VR0S) eSS el e o ChS ke Bl g Eattoer (e 0., O
and/ or cobaiOk. ‘(@O@ﬁ(uqmmsammfnhenn Eihodi uvepbtue of herccbappdiidick ompcienpr i ses

vanadi um( NV7059).,.an i B )) h can be a

spi nel and/ 1699 W% 3 )lfonl%({)n 6119%(1& co %‘Fo)ungq :(i:]]d (gglo%/ to%é%t/s D}%gjc[)qr]r%lrc]t of the

i nventidn, lfﬂxhesnmagrdeslinumlreeémbmhnmle tleohqpodirdici sbonots vet' tg gionel wifem not deri ved
froma hydrgta 4 Gbd KB SREPRNAL B 5 108L- S MA O ALRLLR bk compound.

It is pref erre magnesi u e conpoun the 1 nvention is not

us

w6 o about 80 wi% of hydrotalcite like compounds. In auolhu.,r embodiment, the shaped

bodies comprise about 95 wt% to about 25 wt% mixed metal oxide compounds that are
precursors Lo hydrotalcite like compounds and about 5 wi% to about 75 wi% of hydrotalcite
25 like compounds. In another einbodinient, the shaped bodics comprise about 95 wi% to about
50 wi% of mixed metal oxide compounds that are precursors to hiydrotaleite like compounds
and about 5 wi% to about 50 wi% of hydrotalcite like compounds. In yet another
embodinient, the shaped bodies comprise about 95 wt% to about 75 wt% of mixed metal
oxide compounds that are precursors to hydrotalcite like compounds and about 5 wi% to
30 about 25 wi% of hrydrotalcite like compounds. The shaped bodies in this embodiment of the
invention can optionally further comprise one or more metallic oxidants and/or supports to
reduce SOx, NOx and/or CO emissions from an FCC unit.
In this embodiment of the invention, the shaped bodies can be made following the

micthods described m U.S. Patent No. 6,028,023, where a hydrotaleite Iike compound is
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derived fsoma hydrotalcite |like conpound. The conpositions of the invention
that conprise a nagnesium alum nate conpound can, however, further conprise
ot her conponents, such as 15 spinel, conpounds derived fromhydrotalcite |ike
conpounds and/or hydrotalcite |ike conpounds, In ot her errbodi rrents of the

i nvention, the invention provides nethods to reduce CO

eni ssi ons WPSMIAHSECC unit using one or nore shaped bbﬁ?’éé"’&*o‘ff‘b?'i sing (i) 99
W%to | tnt% m xed netal oxide conmpounds and (ii) | w%to 99 w %

hydr ot al Ciab®d &Qinb k(2 GRMYMEISve; IbElfomtdme'ﬁg, @mbomemm(s)desmcmmed bodi es about

95 wt % to about, 20 A XI de corrpounds that are precursors
to hydr ot APEFPEOTF] Lklém%ﬁ}?%éﬁ%edéte%ﬁ%d ﬁ@’ﬁqzﬁ) (" to about SOw'/'c of
hydrotalcite |H)lﬁﬁylzﬂ@mm@uﬂdﬁmuﬂdﬁalammﬁeherl?eﬂIhibﬁdlcmﬂhavirtghesiéhaped bodi es
comprise a ggﬁﬁ\?g? 1[at0/¢1rc£ scngatiHp/ mtersy\éa%mo S&I%/Orr%td %@ gfénﬁﬁ nds that are

precursor s npoun ds“and a bout 75 wt/.,
of hydrsot aht@iat ein@5ls lhukee h:;drqnmmd:su cdmpomds)mbiedcrmmgmimmurm he shaped bodi es
conpri se about.

e ord e conpounds t hat
are precurséc’(‘ar[rc’éﬂeglgdﬁ)1dCItb m%}tﬁ? Yélgé co Sﬂhﬁ%@ ’ﬁﬁj 03%Ei W %to about 50

wt % of hydiydrbalumltbeOihedderdmcamn@hkmmpdnundwﬂ mathodsligmakegiigdiaent , t he shaped
bodi es co crclu ecb d\’dnl e%%l %a@sz{ odﬁpg?w3 0?(1\%1{0 %(d@l&%ﬁﬁoﬁ@ 91[15 oxi de

conmpounds a precurso ota crte e corrpoun s and about 5 w
t% to 30 lﬁcbwb[bQB}’Wlf%lmé hdnamots abtoety.e | i ke corrpounds The shaped bodies in

this eFPOd' rrenltn o%er Lngsf)dlmcnts %H‘e I}yggta?cﬁplll%géhﬁﬂ% J&ébfz %&ﬂ%ﬂf&%ﬁﬁe one or nore

metal lic oxidants an CO em ssi ons
from an FCQG. {Uinildl) ander{)s errbodl ment of the invention, the shaped bodies can
be made foll owing the t@@%ﬁgﬁ ni begdypbn U. S tent No. 6,028,023, where
a hydrotalcite like co ognd 15 VIO 20051060 19 PC T/162004,"' 039706
added during step (a) chmﬁbe@fé)b@vé%m péHdt e, dutlng andior after step (b)
described above; and/ orcheforgy, %()Hngb;a,@dl or aftgy step (c) described
above. Hydrotalcite Ilke nds are characterized by structures having
positiVely charged | avéfs n@aﬂmé}heh%@balbgt%d by {IMerstitial anions andior

wat er ol eguil8sis nEXRIRMA Y 1unD zMatokbh fnesd] OB 3hi Skel, Anudh Sahisllcdal cite |ike
conpounds i ncl ude mei xnerite, roaurite, sjogrenite hydrotaIC|te stichhte,

reevesit e, TaAVHIR Y] e of P heseal: t eis AIAIYRREAES. ECODH Hyaickdal unite- O her

hydr ot al ci éhamlmnkeamm@uﬂdﬁmﬁﬁdmn&hm&sa hiQfure BRI rlohamradres isdescri bed by
Cavani et al Cat al ysi s _Toda 11:173-301 {1991 t he di scl osure of which is

i ncor por at &6 By~ FeFEr Ehé S‘%%gph M+ O Y Qe 05 B oF 5ttt t¥erbodi ment s,
t he hydn ot @hn@idteerddfkgs C.orgpoud b&aenbandl 0C HIPOLHAG 0 sefo@Ed thui the

ratio of m/n1 is about 1 to about 10,

[ one embodiment, the hydrotalcite like compound is hydrotaleite, i.e.,
MpsALIOH) sCO524H,0. In another embodiment, the hydrotaleite like compound is
MpsAlL{OH)15+4.5H,0.

25 The shaped bodies of the invention can comprise a support. Exemplary supports
include spinels, hydrotalcite like conipounds, magnesium acetate, magnesium nifrate,
magnesinm chlonde, magnesium hydroxide, magnesium carbonate, magnesium formate,
aluminum titanate, zinc titanate, aluminum zirconate, calcium oxide, caleium aluminate,
aluminum nitrohydrate, aluminim hydroxide compound, aluminum-containing metal oxide

30 compoeund (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 zine titanate,

zinc aluniinate, or zinc titanate/zinc aluminate. Methods for making such compositions are
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(1), (1), (111) andior (IV): (X2*',,,Y3+ (OH)2m 2n)A,/a" bH20 (1) (1'1d2+n
Ala n(0ll)2n+2.,,)A /aa bH20 (H) (Yz+,,,Y,+,d01ld)zn,~z,;IOH" bH 20 (Il1l1) 15
(Mg24 n, Al"n(0OL1) 2, n+2")OH, bH20 (1V) where X is magnesi um cal cium zinc,

manganese, cobalt, nickel, strontium barium copper or a mxture of two or

nore thereof; Y is alum num nanganese, iron, cobalt, nickel, chrorniuln,
cal | iunr, boY®HISHETPhanum ceriumor a mxture of two B ymeHe i R¥reof: Ais
C03, NO3, S™4. d, OR C. |, Si03, HPC3, ML104, H GaC3, HV04, 0104, BO3 or

a mxture ofesd o, B9 compiinev® hesrof, thedistiBsule of &hiah is3ncolpotuted betafean: 0 and 10;
and in and n are selected so that the ratio ofnmitt is about | to about 10.
In one embddTHERES 1S hydrotalcite |ike compound is hydrotalcite, i.e.,
My6Al a( OH) 16 CO3 2 Mer ehidbodneat M&rm\&nﬂmdjrdv&lai methdfiie fdydnohged od endisslonk e corrpound

is M g6Al 1 25 | Q ﬂ&? he,invention can
conprise a - %ﬁs‘f(ms@( ‘H% ar Slss'gn bocr)l?% g glgrﬁ)gi “mltbg addﬁlﬁdl?ot alcite like
conmpounds, mgne&imr&&ntﬁdmr@m tcnagimnum liadltCE ab €0, ShagresNOreohiionsi de,
magnesi um h g arb n onn -~-al um num
titanate, 21|¥ e e §ﬁ13' e ’0 g m 27 cgﬁ‘gly agaaga tgelrﬁ ratm %hc Iachi um

al um nate, wal um num ni trohydr at e, aI um num hydr oxi de corrpound

al “m. num cont al . 0 a%%aélcsa) hg%v?’n 1011 ca uatﬂﬁ? &)ean cd(rj;wa%% Qua[legcrt]o?‘p al um na or
al um num hydr oxi de co S arum oro titania, zirconia,

clay (e.g. rctatanblidmysﬂstmﬁ, taf@ulﬂamng ¢a®,lyqﬁedbment,eq ssmemmvhroh inkdl¥eni te, synthetic
mont D hb ! Bk o, SPRLOLIL S o BELINAL AT SRBLOLI BreBRLLMn, £h2Y Phosphat &

mat er i aI Zeo a“m Xt nor e er eo one enbodi nent,
t he supportlegslcmlmcwm gndtigties. Cigillpongdedisystoas @¢ pofergd. fopcil vhthat e/ zi nc

al um nat e, , . LAY . o ' 1= Q2005110605 19
PCT( | 820041%8198%%6%%&%&?&39 O%ﬂgﬁaﬁéﬂ?&ﬁ%ﬁ%ﬂ&?ﬂ&\}%&gg;b%lcgrz%%% t he di scl osure of

whi ch is i ncempohasedmbyBaefldrcendeulatrgbed systems dre songmfipmally ysed inn - anot her
eni bodi nrent,q }&n%od BUERGHQD H{;@\M@& Fﬁ%&ﬁ%@ erzt%s LgAHehng é%lgm ssi ons,  NOx

em ssions an CO em ssions from a atalytic cr acki ng unit by addi ng
the 5 sHapebrdbodicemceentr leds bréearticicd: an FCC unit to reduce the CO, SOx

and/ or NOK_ e 5i,Q0fic: £ 00 dReufEOME: b 1R CSHARRARATL SR AE SriRf of er abl y
added to the regenerator t he uni t
herein are introduced mto thu 1Lhenerator of the FCC umit and are confinrously cycled

between the FCC reactor and the regenerator. The shaped bodies deseribed herein can be
used in an amonnt of least 2 ppm; in an amount of at least about 5% of the inventory of the
20 yegenerator; or in an amount of at least about 10% of the inventory of the regenerator.
In another embodiment, the shaped bodies described herein can be used as catalysts n
reactions known in the art, such as, for example, basic catalysis (e.g., polymerization of
alkene oxides, aldol condensation of aldehydes and ketones); reforming of hydrocarbons

(e.g., naphtha and CHy) with water; hydrogenation reactions (e.g., producing CI,, CH,0H,

]
(@]

higher alcohols, paraffing and olefins from syngas, hydrogenation of nitrobenzene); oxidation
reactions; support for Zicgler-Nuita catalysts, and other applications where particle strength is
of importance.

in another embodiment, the shaped bodies of the invention can be used in effective
amounts as flame retardants.
30 In another embodiment, the shaped bodies of the invention can be used as molding
agents. For example, the shaped bodies of the invention can be used to produce molded heat-
resistant electrical insulating paris, such as switch boards, capacitors, insulation wires, and
the Iike.

In still other embodiments, the shaped bodies of the invention can be used as
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The shaped bodi es of the invention can be added to any conventional reactor-
regenerator systens, to ebullating catal yst bed systens, to systens which
involve | 0 continuously conveying or circulating catalysts /additives

bet ween reaction zone and regeneration zone and the like. Circulating bed
systens are preferred. Typical of the circulating bed systens are the
convent i onal™M¥¥ity Bed and fl ui di zed bed reactor- regefd/@r¥r &Y% ens. Both
of these circulating bed systens are conventionally used in hydrocarbon
conver si on hydEacianibions & hask bRl RRebakiaNS ovdphker tikes fdr tiechoned cat al yst 15
bed reactor-regenerator systens being preferred. To reduce the CO SOx,
and/ or NOx f¥#ufPthe FCC unit, the shaped bodies described herein are

i ntroduced i nt o1 g ofirgen@dRicats, thf shijee bddCColihé invanrioh @&n&c codtd suppusl y cycl ed
bet ween the,FC%’reﬁ?th an Lhe({e engrator.,. The sha eg hodi es descri bed
herein can B&OP{EEY S WORE HHBURIS BFC FETL S SR Shotitt of at | east
about 5% of cirdigiumrudpidonuyn, afngitdne suPr, sdm@merRirdy, nafngandgie, alenampunt, of at | east
about 10% of tpe.kqve@tor% P%ﬁthelﬁg enerator.. |n ﬁﬂ%thg%u%qud&nent, t he
shaped bodi 89HEEEH B HE R BH R SBH A TR RPUR S ST $PRt i ons known
in the art, tignich, WEsyutlf, artinexgmpbam, baghs, \eatdainy sitBndng,.og mixtypel ofveo bzat i on of

al kene oxi des | dol...condensation of a d and ket opes); refonning of
hydrocarbongmm6§?ﬁginﬁ§5%ﬁﬁ§nd%%a%@fﬂ?&ﬁﬁﬁ%m@§¥%¥&mﬁv}?gagﬁ;hw%ﬁ reactions
(e.g., produdiidegar@bi halGH3 Ol dne cBhodimghge shdpedbmlics of thamadrfipingc ased apk ef i ns from
syngas, hydroge ion, o] e}y 0Xl I acl i igypport for
Zieglerjpbtﬁgg%gggfggfg{ggﬁl)Sgﬁgﬁggb%rpﬁéF%@%%@&ﬂé¢§§%g$§givgégtrength is
of i nport anbethedum (dnotheriuarbpdlsfehtunglidneor g haped ochodicemorsfihetded | nventi on can
be used in effegfy) I , : , her enbodi nent,
t he shaped bodigg&%gm¥ﬁgaﬁﬁ@gﬁ??8%S@%ﬁ”ﬁghﬁgggqggnﬁggaéﬂﬁﬁaggents. For
exanpl e, t hécsbapedy bbdtiesangfint rephpmmeemtdabrempeniidyetourseidaticotsprvdiice nol ded
heat - resistant. el.egtsd ' al itioal - boards,
capacitors,iﬁﬁgﬂﬁgﬁﬂéﬁﬁgf%ég, a%ﬁkbﬁﬁgnﬁ%%gwﬂﬁgggP?ﬁfﬁg?%ﬁl enbodi nents, the
shaped biddi eduipibterci g sphd/dntdedrrme ath be fon sepigstablets, $apslgorahalike51060519 PCT/

t 1S2004/ a39706 corrosion inhibitors in paints and coating conpositions or
spacer sheets for electrolytic capacitors. In still other enbodi nents, the
shaped bodi es of the invention can be*gpks as supports for other netals,

such as silver, BekfowklREmFAdR i Purpdieh bIGMRiat B8 bARBAIHR ndt infbnab£@d, 5

chrom um npl ybdenum _tungsten, sulfur, selenium tellurium manganese,
rhenium ir 61H‘l,11 the scepe of the claims appended hereto.

20
Example 1
Mg() powder (having a surface area of about 100 m*/g) (MAGOX®, Premier
Chemicals, Cleveland, OH) was slutried in water at a solids level of about 14%. Thereafter,
5.2% techmical grade acetic acid was added te the MgO shurry.
25 Separately, pseudobochmite (P2® Condea) was dispersed 1n water at a solids level of

8% to produce an alumina sol,

The MgO slarry and alumina sol were mixed in a conlainer such that the molar ratio
of Mg/Al of the preparation was 2.5, Additional water was added such that the resulting
solids content of the mixture was about 9.5%. The mixture was heated to about 214°F over a

30 period of about 5 hours, A slurry sample was taken from the mixture and analyzed, as
discussed below. The slurry sample was then spray-dried and the spray-dried particles were
caleined 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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cobalt, nickel, ruthenium rhodium palladium osmum iridium platinum
cerium copper, titanium bisnuth, antinony, niobium tantalum vanadi um
antinmony, or mxtures of two or nore .hereof. The netals can he in an

el emental state and/or can be in the formof oxides, sulfides and/or
hal i des. In one enbodi nent, the shaped bodi es of the invention are used as a
10 support ®QUESEPEr (e.g., CuO), cobalt (e.g., CoO, POENAWIMNY ('&g., V20s),
titanium (f 102), | ant hanum (La203), cerium (e. , Ce2), tungsten, or a

m xt ure of tvvomdfbaﬁipueezathaf:emfy:drid:d'(ig/estaaanrptlheteoe‘tﬂ@tﬁﬁa’ttmrinlptanlde shaped bodi es
of the inv can be.us | e y effective anmounts in

phar maceutﬁ@ gﬂ)‘ udbs)"t“f%ﬁé ﬂolﬂ?r?ogétSLg‘% HE?#tg?‘euhavi ng gastrointestinal

di sorders. The mharnmac«euthbrcallcilwomplcisn}tera@mcsoiépfé’tmréﬂlemraibﬁ the SidP |y 15

adm ni ster in emmmh spage forms such as, for exanple, tablets, capsules,
or the |ik “C(Exgs e ST ol | owi ng exanpl es are for purposes of
illustration onIy and are not intended to limt the scope of the clains
appended hereto. 20 Exanple 1 MyOgpQ) g{ ¢4 (having a surface area of about 100
nZ/ g) (MACOX(r), Prem er Chem cals, evel and, OFf) was slurried in water at
a solids | evel Mfmnahoudunidde cobnemdatitare precHeor to hydsetpilcdAb cyrreiedacet i ¢ acid
vas addec Lo LISy MBRH d/merbols §@s91‘ﬂ?\{c@;1§tlzt¥and9§9%dﬁiﬂé?t?1h5n6|038 (3 3ib Condea) was
di spersed in J evel 8% to produce an al umna so;. The
MO sl urrydtaqt@uetlot}whiﬁalbsmrpwetﬁ(ebbhﬁﬂﬁtleacque@ igrobieiler such that the nol ar
ratio gf" My/ Als 08 4, hﬁnhtlepﬁa&%If@rtntt%p}%rﬁmgﬁtqmrtmn@te Mater was added such

t hat the resulting “solids content of the mixture was about 9,5% The m xture
was heat edregugbsathy ek ks compand, JaeT 8¢ 8P CEBHEI: KW MASS ur ry sanpl e
was taken {rQmdileidntXtunes ang r@ﬁ@'ﬁ’dsbﬁﬁleadmuﬁ% wilhSCWaeed hekpwy the slurry
sanpl e was then spray-drled and the spray-dried particles were calcined at a
terrperatureb(w) ab & [TPfrERre AN RSP - 851%5&1’?%1%/ @1"}75\“1‘6F‘IY8W”W@05‘PEE)féPat| on of the

m xture, )§M!&t&va‘€\@§mn§kﬁﬁhtfcﬁqme¥ehﬁe anfBptbWrsteridl st & lewt«,he sample is
shown in Fl ure 1. -18 X60" 21[ 11511180519 PCT/ 1, S21@ |/ 7116 The sanple
was thel spt y“t‘dirclu&f“(clm@w%‘t“ s B8Pt ur e of 400C at the inlet arid 150C
at the outlet) @andet BRwWXRD hAeE8OEYILS siBld@WW Tdlioly G i@ tiR.prollie Sanpl e was then

cal il ned at, & {.STBET 2, 90005 [ Rdba iR AL pLISERc R e0f 115 shown in

aging"y shows the product of step (a) of the process deseribed herein, prior to undertaking
step (b) for a magnesium aluminate compound having a magnesium to aluminam ratio ©f 2:1.

20 The second XRD pattern from ihe top (Jabeled "2Mg/1 Al HTL Precursor after heat aging")
shows the product of step () of the process deseribed herein. The third XRD patiern from
the top (labeled "heat treaied™) shows the product of the calcination step (d) of the process
described hewein.

The bottom XRD pattern in Figure 7 (Jabeled "heat treat + hydrate (activated HTL)")

g%
th

shows the XRD pattern for 2 hydrotaleite hke compound, as evidenced by the peaks at about
11.271 degrees, about 22.7 degrees and about 34.4 degrees. Figure 7 includes the effects of
the CeOs component that was added during the synthesis reaction and whose nost prominent
peaks manifest themselves at 28.6 degrees, 47.5 deprees and 56.3 degrees. This XRD pattern
demenstrates that the magnesium aluminate compounds of the invention are precursors to

30 hydrotalcite hke compounds.
: Yigure 8 shows the XRD pattern for magnesium aluminate compounds that are
precursors 1o hydroialcite 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 Tatic
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5 Exanpl e 2 Magnesium al um nate conpounds that are precursors to hydrotalcite
| i ke conpounds were prepared follow ng the nethods described herein and in
U.S. Patent No. 6,028,023, the disclosure of which is incorporated by
reference herein inits entirety. 10 An X-ray diffraction pattern for an
exenpl ary magnesium alum nate that is a precursor to a hydretalcite |ike
compound, WHEMESHOKEYratio of magnesiumto al um num is VUSG9 Kown in
Figures 4 and 5. The magnesium al untinate was heat treated (i.e., step (h)
above) at ai2ileMpahidtldxBDokiabRdbr a8k Bhium akingtileeoBpahdwsirtgheMetyst al | i ne
portion of the, phase that was shaown in Figure. wher e .t he anpy phous

nat eri al d?léosozﬁtl' ?ﬁ&ﬁﬁarﬂ%éméﬂmw?ﬁl U ershucltatlau(?“%mcog? Oﬂnﬁtgaﬁﬂﬁg&'&t tern shown

i n Fi gure Al faiigefrsel. 7 shows the changes in crystal structure at various steps
in the process described herein. "I'he top XRD pattern (|l abeled "2Myl1l Al
HTL Precursor before heat aging”) shows tile product of step (a) of the
processs descri bed herein, prior toExwmgddryaking step (b) for a nmagnesium

al um nat e conpg, i WaTlleol® i Q. 1. 20 The second
XRD patt or i 11 b e Re o oaBa P BB i TGk drahde o e R )
shows t he {Fbdictl rgfo wtl aplufiby ocodantshécqppo cebwniferceidsedOhekas fice ' fie third XRD
pattern from 4he.4.00Gbaagled,op b a0, ShoWs bhe RIPaued s of the

cal ci nati olﬁgpé’tl%gq?tdy;mg)g’ tﬁg Oggégang’gé(zztr‘ﬁ béd her ei n. _'T‘hlg bottom XRD pattern
i n Fi gure 7% | Bivebmpositive wes weneeet by dingedsmat! &1 9(ed picvdtbedimite 83® ) 25 shows t he
XRD pat § er @y 08 in@a by 5 Ak A&l U Rolob kG CRAPAMRDns. BShaYh defced iy difie peaks at
about E@Ll.%ﬁ 1I(szléng’r Ql\ég,’“ abil)lg(f .%5.07' (Iatgrees any_éf a%pgut %4.‘4E deegr?ae(s’. Figure 7

i ncl udes tHE2 efvfiectng 3d¥ & mygvesie OZdapIB EACORhBEM ke Shadddd “dur i ng t he
synthesi s reachiaf: an n‘é@fﬂ%&iomﬁéalﬂﬁiﬁ%{@omﬁrahded&ﬁ%ﬁa G 8she Likgpsel ves at
28.6 degrees, 47.5 degrees and 56.3 degrees. This XRD pattern enonstrates
that the ndgreshaiitautiriiape LORBBERES hoposrssly AVERtPHR Vardiupr ecur sors to 30
hydr ot al i §,8lciskiBi GNP PUNAS riunk highe Solion ReMSddeh en PRI P8 foehhufe@r THYRGNEST UM

al um nat e conpounds that are precursors to hydrotalcite |ike_ conpounds

fol | owilhg EaIEESEEY §As SREETIHY Pedugciuropigedddartiges dojlirape Hapeiwintwher e, the
cal ci nat i ofic séwRier WaS.I6RAANE beTuahceat @M@ dhdHoer. of 500C for one horn. The
top : KRD pattern is for, a magnesi um al um nate conpound havipng a My to Al

ratio -19 wo 20681°TPRERY e Frayididragiion anplysi 1as Reriouneg on g resukfiie The "1 ddl e XRD
pattern i Spdwakr :ad FRGBEtE pRtidiiil AAtnesi GOIMOHRE cihpsunDo 8c Mhd @i  ratio of
31 The bt LOm R bELD shis bRk FoTBYRES M £ ATt @ compound having a My

20
Example 4
For comparative purposes, a magnesium aluminum composition was prepared with a
0.8 Mg 10 Al ratio and including oxidants of cerium and vanadium oxides. On a loss free
basis, the relative proportions of Al;O5, Mg0O, CeQ7, and V.05 were 48.7, 30.8, 1 6.0, and 4.5
25 wi%. The composition was prepared by dispersing 638 g of pseudoboehmite (Condea P2) in

3044 g water under vigorous agitation conditions. Separately, 97 g acetic acid, 2272 g water

and 292.8 g nagnesium oxide (MAGOX, Premier Chemicals) powder were mixed together,

Upon completion, the alumina sol was added to the magnesium oxide slurry along with 4000

g water. Once the mixture was homogenously mixed, 304 g vanadium oxalate solution and
30 516 g cerium nitrate solution 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

-20 -



to Al ratio of 5:1, 5 Exanple 3 For conparative purposes, a magnesi um

al um num conposition was prepared wwith a 0.5 Mg to Al ratio and incl uding
oxi dants of cerium and vanadi um oxides. On a loss free basis, the relative
proportions of A1203, MgO Ce(®2, and V205 were 57,0, .115, 16.0, and 8.5

wt % The conpositi on was prepared by dispersing 1 119 | f boehm te
(P20) 10 CS'rﬁn;g‘é”“f“"'f h 6461 g wat er under vi gor ous agi tat'?(yg %’;"8%‘? ??ons
Separately, 106 g acetic acid, 2492 wat er and 321 nmagnesi um oxi de powder

( MAGOX, Prrdiic.ap depde ety d &retrel’alqrﬁ%& 19§82 e 47HBoN %Wpseﬂtiro% the al um na

sol was addggn §Rodn& IIBERRS L MKhECHHeUF Y predhCRGWSL h 6000 g water. Once
the m xture was hom)genousl y m xed, 456 g vanadium oxal ate solution and 774

g ceriumnitrate solution were added and mixed for 10 minutes. The 15
resulting slurry was spray-dried tgag5QQUce m rospheroi dal particles.

Fol | om ng spray-drying, the powder was calcined in a box furnace at 600 C
for oné hour. i@agﬁé\m HUEPITETLRgmEosg ion XAy RigPeE 1 P At M aH s Py was per f or med

on the resrhUlLﬁdu{ngdmm%EnMdsmmﬂ okib&. @ﬁ@qmmr&ajasls nRgagsieUm al um num
conpound to be of the spine] as_described in United States Patent

Nos, 4, 4695835 5‘3120471\2‘&(2@?0”2’61 ‘éQaﬁﬁF &% SﬁBrIGébﬁ’ifaﬂ"%WVe Bur poses, a

magnesi um @lnpeiial M SRBRASILY iR RS 0PE Elﬁ)@kfuﬂ@bo\éhrﬁl& (@onc@a M4 A ratio and
i ncl udi ng oxi da eri.um and vag adr u 0SS free basis, the

ts of ¢ es.
rel ative p‘r”é‘rBBP“{]i‘Gn‘éw‘Bf‘fv‘A‘i’ lti’?“d‘f\fg‘@ {y%é m%ﬂé #¥29T*¥0 g 16.0, and
4.5 2515¢ %;zTheme@rnmeswt p@mcmmcm)ep’aarred Clyinidi 1§ peicshingl 6@8hd@. Ufon
pseudoboehnt wat er gder vr agitation

or o
condi ti ons ‘”“@Eb‘ﬁ’ g’?&“?'mg‘;} g %{jgféd[tf’g’e&‘@ 5108 5%749° HYurncaiane '“ﬁr}ﬁ%éw g magnesi um
oxi de ( MAGXr. Bremheatixfhens aah@pnjpanaeed, 2er evitbied oiz@rgtestohrﬁi‘on andJjpan
conpl etion, the um na sol o.the mag sium de slurry al ong
wth 3000 Letimrdet S P R IR b e fRna T TS 364 o vanad: um
oxal ate sodpuﬂyrdomi tapehd 30 n5€|1'6r>pg,1@¢ﬂ putinlani Folbtvengsphytiyon, tverevdadeaed and mi xed

for 10 ut.es ﬁlourex was spray-dried to produce

The
mi cr ospher orcdaT mp?frmL ¥U”f‘““b s ol'T'ow'ng” Spray-drying, the powder was cal ci ned

in a box furna&eaadiiGo@u@udlors vomecrfvowd.on As reshidwnspiray deegandealk®ed X- r ay
diffracti Orr“%negwra 509! FOIIREL B bR LB rﬂ@%ehegwef w@d showed the

predom nant iy um al umnum co -20 WO
21105/ 060BlgcrmCiWﬂS@@OuTmﬁwmgmﬂphawhasre attldslledesmrgn@etdn Iydreindet ed St at es

Pat ent [\bsMoél’)H‘}Ga%d ]ﬁ%%dﬁ)ggun%L 4’131%111% 6A100ﬁ‘lx§lcb,gig gl%%tm N\@l?re 11. As shown im

20 Figure 12, upon calcination at 600 °C, the individual phases transformed into a predominant
phase of magnesium alununum oxide exhibiting the periclase crystal structure simuilar to

Mg0.

Example 6

25 To determine the performance of compositions of the instant invention as compared to
compositions prepared according to the teachings of United States Patent No. 6,028,023, a
portion of the calcined product of Example 5 was further hydrated with water to produce a
hydrotalcite-like phase. The x-ray diffraction pattern showed that in addition to tlae cerium
oxide oxidant phase, the predominant magnesium aluminum phase was most closely

30 represented by Mgy AlLOH s-4.5H,0, as depicted in ICDD card 35-965. Asmore fully
described in the United States Patent No. 6,028,023 patent, this phase is a hydrotalcite-like

compound.

Example 7
~21 -



a small amount of the magnesi um al um num oxi de of the present invention.
Exanple 5 5 A magnesi um al um num conposition was prepared with a 3.0 Mg to Al
ratio, and including oxidants of cerium and vanadi um oxi des. On a | oss free
basis, the relative proportions of A1703, MJO, Ce®2, and V205 were 23. 6,
55.9, 16 0, and 4,5 w0/o. The conposition was prepared by dispersing 309 g
of pseudoboebmitiesif@ondea P2) in 1473 g water under vPQEoYSUE/AAGId ation
conditions. Separately, 176 g acetic acid, 4124 g water and 10 532 ¢

magnesi um oxi de, powder £1M%Lo,ﬁgo%%ﬁasgzsmmk@4 MR Lo T X H@get her. Upon
coutpiotion, the alumna sol was added to magnesium oxi de slurry al ong
with 1600 geludiag @ndan@%@nmendmamdmnew@s %mwlﬁ%jémh@wﬁw%m 304 g vanadi um
oxal ate solyfd: Qs #ELEIR0IC&E! InH A §drdilq, 624, lﬂ&b%dwv@\w@@h{@d and mi xed for
five mnutes. The resultlng sl'urry was spray-dried ﬁroduce

mi cr ospher @ﬁnwwtlwrﬂtwbp@gdbwvrléw ht E—‘sﬁpsayﬂoa?cymﬁ@(tqq%@ poWde? éwas 15 cal ci ned

in a box f%ﬁ%ndé%o@@@q@tﬁlﬁl c&malohptgepm?&ﬂ)r ay: didio asd, umoa@.@k Y§ s was
performed on the resu tlng sp cal ci ned ers (Flgures 11 and

12) . Fol | oWt gnagpysayn ‘d‘ﬂ‘%Pﬁ‘dderﬁMXﬁ@&r %fﬁta%&" h@é“anSk‘éefbﬁa%ééoaﬁélﬁ'e Mbserved. Tde

predom nant,ndisieh, kel aﬂtﬂﬁn&h%ﬁ%dd@@ﬁ@th@ﬁl%%:shﬁﬂ S&helRrrRERe sit Mhdydr oxi de,
My(OH) 2 and seudoboehnlte al um na, Al F xH2O,. as shown_ in ﬁé%ure 11. As

shown in 2@«*1;:1 Jireethe pxtyreERs homOEInAE Bikedat0d goanadium gislatesgiuionard P hhas es

t ransf or ned cdfitithidddoRd O faidded PRSI MBGRERE UMeatdNinBympxhde exhibiting
t he perlclase cr§stal structure simlar to MgO Exanple 6 25 To determ ne

the per'for PaHCE B RGhpORIFPRIAY B Paticls ]HH?“&H& SHRVEYPE i PR¥dedtpar ed to

conposi t i oRscipiePaFRGuase af dbb Ag fdr end agr, t eachi ngs of Unl ted States Patent No.
6,02 8,023, a ort| n _of the cal cined F @duc nmpl e 5 was further
hydrated with v&gfaér‘" IR BALYE VE PHYAFOLHPRT “”Igupi%‘@ ﬁha“s“éh"“‘i“ﬁ‘é X-ray
diffracti om.qned e stidieidn dttao °d, meadmnctumqmaq‘ematnkfenﬁ@lrmwmpreraxmﬁlemox| dant
phase, the y 30

NaS | most I

et obent odts NGO BOR T A ST e HUDIEL B PACT OB A HTSE. D65, As mor e

- Ful 'y 15ded€f). e praaertt ves ddninh esld&iCa0es Pat ent No. 6, 028, 023 patent, this

phase is a hydrotalcite-like conmpound. Exanple 7 -21 VWWO 20(1&060519 PCTI P

S2004 /039 7116 A magnesi um al um num conposition was prepared with a 4.0 My

to Al ratio, and includi ng Bxinddeg:sS@fPedfemance Bsd vanadi um oxi des. On a | oss

free basis, t hef ore%!ll@:}té Y€ performance of the instant invention as compared to that of the prior
art, a test was performed in which a 75 mg sample of each of the products as prepared in

20 Examples 3-6 was introduced to a fixed fluid bed reactor containing 5 g of a ¢lay-containing
microsphere based inert material. The reactor was heated to 700 °C and allowed to
cquilibrate, after which a 80,-containing gas was introduced into the reactor. The
approximate composition of the test gas was 1998 ppm SO, 1% O,, and 4.96% CO; in each
case. The flow-rate through the reactor was maintained at 130 ce/minute. The exit of the

25 reactor was continuously monitored for SO, during the 24-hour test period. The SO, values
and the total SO; pickup as calculated by integrating the SO, pickup during the entire 24-hour
test period are set forth in Table 1 below.

Table 1. SO; Performance Test Results

Example Description S0O; at 1000 sec 24 hir Serption
{(ppm) {(ppm-hrs)
3 0.5 Mg 10 Al 385 2423
4 0.8 Mg to Al 208 2482
5 3.0 Mg to Al 64 5022
6 Hydraied sample of Example 5° 125 4700
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proportions of A1203, MgO CcO, and V,05 were 19.1, 60.4, 16.0, and 4.5 wt %
The conposition was prepared by dispersing 172 g of pseudoboehm te (Condea
P2) in 822 g 5 water under vigorous agitation conditions. Separately, 182 g
acetic acid, 42588 wat er and 549 g nagnesi um oxi de powder (MAGOX, Prem er
Chem cal s) we xed together. Upon conpletion, the alym na sot was added
to the nagnéglz‘l'jrﬁ”‘é’ R%de slurry along with 1600 g water'® 'dﬁ:zg‘”f”ijé“(’m xture was
honogenously mired, 304 g vanadium oxalate solution and 516 g ceriumnitrate
sol ution were7 ad Jled and4. ﬁr‘M@dAi or five mnut@s. The |resultisvg sl urr;d was 10
spray-dri ed—tos oguce MG aT e He 1al\Vé%'uhrbdaéeﬁ’ﬁﬁtoih'c_{nét}ehéYH'rt'o'Uoim"rH' aydrying, the
powder wassom&@l Cl NeGnicRan B¥ardbldoNAGEE@pi600 C for one hour. X-ray _
diffraction analysis was perforned on the I’eSU|][I ng powder. Afs ShO\c/im in Fi;
br edor nant.  pHASE B PGSR LA O er SPor £ LY G per cl ase
crystal 5st ccm&ﬁlyme nﬁlblﬂg‘rbﬁ&’r f(ﬁl(ﬁxﬁlﬁpl&@@nd Aksordiges enprevamsineatibum oxi de, Ce(Q2.
Exanpl e St gwﬂo gjﬂ rﬁsdtr t;I}o]eed\élg;lvle at e c;[s1h% Sperformance of the instant
i nvention %1§“p5r5 ar & rtSB"lf:hoa YRS TDT STPENC™ test was performed in which
a 75 ng sanpl elmé p@fﬁnﬁnn@cfotth&mperdomwdcaﬁ Hxnrenﬂasrﬁeadmdl’/rarczmxﬂxahmbes 3-6 was
o R e of SPShRN SO Bl A Rue Sl o e
to equili brapepdsat the previni 10+’Enac>1€sﬁ)c2acwd1ngay mrmgsc@am nafrgrd witishomuced into the
reactor The ; osition of the.es ! 199% ppm S22, 1 %
and’4. %H}I@%E |§°i§§c u%a T ﬂ“‘g{/(\)/-upta 8bt ﬁl%bggmﬁ Wﬁ%crleactor was
msu nt ai ned Ad¢itid8ly, 8c/fimtiahuteen! SPheclagidsisofictitly grabr ﬂl@ralmcmﬁrt wagogidertsi nuousl y
foral so2 pickandd EaPRut dRag ot ek RRabpand ook tabe, nS”?hte“e
entire 24- kol bOH@P@@ﬂ Wpérli“a@ndpleih@@dhlmﬂrfwﬁrthWéﬁbt emlllPOb@l @W’OSFéSbI e l. SO
gg:{o?{gﬁncmﬂ g"gﬂ“%ﬁwﬂqﬁ”’ cbﬁiﬁﬂﬂ’\%@?&daﬁégéd &%}!ng% §9;%d @Em{;%@@oﬁ@e 24 }”2 08
2482 55| Baroww‘«tu&yworszﬁng@:m cwcrenwdvééeew@amn 8%@@@31&&11 glewt 125 4700
-22 VA 'O @&Hé%mﬁ'l%%n? rgl}uhc%%ll §1)d4rfx‘u rg’raEQQ'espg‘hsz i QndMih,t Qaifile. 64~ 5424

Example 9: NOx Reduction
A teactor unit is used to measure NOx reduction. NOx emissions from: the reactor
20 unit are measured as close as practical 1o 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 1s then added. After the composition of the invention is added, the NOx emissions
are incasured as close as practical to the beginning and at the end of the reactor umit, The

compostiions of the invention reduce NOx emissions from the reagtor unit.

(R
A

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 o 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
30 1sthen 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,
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"For exanple 6, an additional quantity of material was introduced into the
test reactor to obtain a sorhont concentration conparable to that of Exanple
5. The results of the performance test show that the SO2 pickup and overal
pi ckup 5 capacity are much greater for Exanples 5 and 7 according to the
resent invegntj conpared with either spinel or h derived
Eonpositiongmzyﬁn’@z%forggnce of the m xed ngtal oxi de g Rﬁibﬁkﬁéé 5 and 7
are found to have nearly twi ce the sorption capacity_as those based on the
spi nal of Exanpiageusarogiigatipns of isnpisuiivasn eddftins o lessedsecribad asnenarill & e

accordi ngl yppm@ﬁtyo bh%@fnll&d 15%(:&@&1'031&1‘5(}3"01’6%}1@@@@%@11&0 JERlMbdiachtbes SoONt rol SO 2
|l evels with a g1annun of orblng additive. Additionally, the
i

initial rat%hﬁpoé@ﬂ“ @R%We“§p%W6WPWFH§HFP§“breater than prior art
conpositions as indicated by the SO2 | evel remaining at a | ow | evel of 64
ppm after 1000 seconds of the test as coeupared with 125 ppmfor the
col | apsed hydrotal cite-li ke conmpound and 20S-395 ppm for the conpositions
cont ai ning a predom nance of spinet Rapid pickup of SO2 is 15 particularly
useful for refiners who experience a sudden increase in SO2 |evels due to a
feed change or equi pnent mal function and require rapid response fromthe SOx
additive. Exanple 9: NOx Reduction A reactor unit is used to neasure NOX
reduction. NOx emi ssions fromthe reactor 20 unit are measured as cl ose as
practical to the beginning and at the end of the reactor unit prior to
addi ng 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 NOx em ssions are neasured as close as practical to the beginning
and at the end of the reactor unit. The conpositions of'the invention reduce
NOx ernissions fromthe reactor unit. 15 Exanple 10: CO Reduction A reactor
unit is used to neasure CO reduction. CO em ssions fromthe reactor unit are
nmeasured as close as practical to the beginning 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 30 is then added. After the conposition of
the invention is added, the CO em ssions are neasured as close as practical
to the beginning and at the end of the reactor unit. The conpositions of the
i nvention reduce CO enmissions fromthe reactor unit. -23 WO 2005/ 060519 N

T US2004/ (139706 Various nodifications of the invention, in addition to

t hose described herein, will be apparent to one skilled in the an fromthe

f oregoi ng description. Such nodifications are
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understood to fall within the scope of the appended clainms. -24 CLAIMS Wat
is clained is: 1. A nethod for reducing SOx, NOx, or CO em ssions froma
fluid stream conprising contacting the fluid streamwith a nmateri al
conprising magnesi um and al um num and having an X-ray diffraction pattern

di splaying at least a reflection at a two theta peak position at about 43
degrees and about 62 degrees, wherein the ratio of magnesiumto alum numin
the material is fromabout 1:1 to about 10:1. 2. The nmethod of claim1,
where the material is heated prior to contacting the conmpound with the fluid
stream 3. The nethod of claim1, wherein the ratio of magnesiumto al um num
is about 1:1 to about 6:1. 4. The @‘W of claim1, wherein the ratio of
magnesi umto al um num i s about So\bout 10:1. 5. The nethod of claim
4, merﬁ@?@ F |o of magnesi umto alumnumis about 1.5:1 to about 6:1.

6. The h5 & ad'i" %aim 5, wherein the ratio of magnesiumto aluminumis about
1.8:1 to about 5: 1 7. The nethod of claim®6, wherein the ratio of magnesi um
to alum numj s a@PHFeth%djfor r%éPu ‘Néx B COORisTBLRE AffGd &bddinl. Wherein the
material is a shaped body. rret hod of claim8, wherein the shaped body
is a drécsrprishgpentagiogythe ﬂ@ld STham mﬁlmdatoﬁal(gblapmleg nm@msmmamdréumhlapmmdbody is
a cal cined sh of ¢ eria

Conpr | B MR HEEN R P AiEL e PRORE S5t e HrE By E R ELF ol at ed
as the goudes @gtbey ahddout d2deghbve, WRirkiAdhoatis banagresiunh@raRiniintiien ERt er i al
further conprises at |east one netallic oxidant. 13. The nethod of claim 12,
wher ei nmgtgealigiram abputtlnbtongbont 19:k oxi dant is antinony, bisnuth, cadnmium
cerium chrom umpeqhad 4y of“c‘?a‘?@elr wh@é%f?é’ﬁﬁﬁhh‘l”i%h&&é’d HrFBr tS«‘U&RQJtM the gadol i ni um
germani um gold, holmum irididm iron anum mangdnese, -25

nol ybdewummoumewdymhajﬂmd mre:dnel ni obi um osm um pal | adi um pl ati num
praseodym u nmet h rhe iu dium _ruthenium samari un‘boscandl um

sel enium sidi CO Thedpqt ofclalm , W eremt e rat1io of magnesium to aluminum 1s about 1:1
to about 6:1.
4, The method of claim 1, wherein the ratio of magnesium to aluminum is about
1.5:1 to about 10:1.
5. The method of claim 4, wherein the ratio of magnesium to aluminum is about
1.5:1 to about 6:1.

6. The method of claim 5, wherein the ratio of magnesium to aluminum is about

1.8:1 to about 5:1.

7. The method of claim 6, wherein the ratio of magnesium to aluminum is about 2:1
to about 4:1.
8. The method of claim 1, wherein the material is a shaped body.

9. The method of claim 8, wherein the shaped body is a dried shaped body.

10.  The method of claim 8, wherein the shaped body is a calcined shaped body.

11.  The method of claim 1, wherein the material comprises magnesium in an amount
of about 40% or more by weight, calculated as the oxide equivalent.

12.  The method of claim 1, wherein the material further comprises at least one
metallic oxidant.

13. The method of claim 12, wherein the metal in the metallic oxidant is antimony,
bismuth, cadmium, cerium, chromium, cobalt, copper, dysoprosium, erbium, europium,

gadolinium, germanium, gold, holmium, iridium, iron, lanthanum, lead, manganese,

25



sul fur, tantalum tellurium terbium tin, titanium tungsten, thulium
vanadi um ytterbium yttrium zinc, or a mxture of two or nore thereof. 14.
The nethod of claim 1, wherein the material further conprises a support. 15.
The nethod of claim 14, wherein the support conprises a spinel, hydrotalcite
| i ke compound, magnesi um acetate, nmagnesiumnitrate, magnesi um chl oride,
magnesi um hydr oxi de, magnesi um carbonate, nmagnesium formate, al um num
titanate, zinc titanate, alum num zirconate, cal cium oxide, calcium

al um nate, al um num nitrohydrate, alum num hydroxide conpound,

al um num@bdﬁnannnﬁgjyn‘ﬁm:ajmokel deotd ofpesuticm, @dlluﬁrhnumanhlhranﬁrhseddﬁhﬁm,tl tani a,
zirconia, clay, clay p phate material, zeolit.e, a mxture of two or nore
t her eof Profgth ‘“Fﬁéh?fﬁk”ﬁoﬂmglfmblr‘&f‘?ﬁ“ﬂ Sa{fRE B} wa@ﬂémsi%%wm: jildcoR; §ilveti t anat e,

zinc al lerfup‘?f% aluﬁ?ir telléhlﬁlrﬁ tte}t;nﬁﬂatlir?/tl%dnﬂﬁn EHJ eﬁathﬁ’hunlr ana_(hﬁmn‘ﬁwf'@iqm()f claiml,
wherein the urd streamis a fluid stream of uni t 18. A net hod for

redUC|nguﬁ@mznmtngampdmﬁkénwsenmnsthﬂ@nia f|UId strean1 conpr|5|ng contacting
said fluid s with a,c 0 ein th ound. conprises (i) a
ater i al cont s ot TS LB SR TR harnel R A KT T EiseSE FAPOs:  { r act i on
pattern dl sp.ayi Ti@ méthb®asdlaith TETheiH @B s@iport coMPribdiat pirReddPaNilei ke at
about 43 degrees and about 62 degrees wherein the ratio of magnesiumto

al um nuﬁqmww%eﬂm@%vm@wﬁ@ megesiapotitrate; magnesigp shtoridegnagnegye hyfioxidgbout |

W% to %Qgﬂ{é%m% ca o%oa@f mg glofogljngt'etaqﬂ‘l nhﬁlctg Qﬁ'lg Tlt%n?]ite Illi]% m hod of claim

18 wher e e conpound rior o npound with the
fluid stie@ane, c%&.lurfr heldamaﬂmmefunnhae mltikﬁinumhﬁrcﬁiydratdjeluhﬁhmﬂ hgdlromﬂgnem umto
alum numis about 1: 1 to .about 1. 21. Th nmet hod of cJaim 18, wherein

the rat F%nmm%%@mrﬁ%lran&m%ﬁwﬁeC%{Bw umgingimy 1%[8 atgJitania,ny - The
met hod gf g H%%i'a’y dﬁgﬁfh%hr}nﬁtgl‘?alrf%hﬁ O a ARARESE D Srdne iidrayem i s about

1.5:1to a out e nmethod of ’claim?22, wherein the ratio of
nagne5|un1touhluﬁﬂﬂunuhsdabdmnlb4\Wﬁﬁmlﬁesahmansﬁndnumdw dihealmeitagdoof cl ai m
23, wherein thg ratﬁo of magnesiumto alum numis about -26 2:1 to about
4:1. 257 NGHRNYEZNSE BRNYFai m 18, wherein the conpound is a shaped body. 26.

The nethod of7.cl afie d&hodbediS 1, iR réh 8REThiDAEYmI i§ a Aud RemITARFACRGY .  27.
The net hod of clai m 25, wherein the shaped body is a cal ci ned shaped body.
A method for reducing SOx, NOx, or CO emissions from a fluid stream

comprising contacting said fluid stream with a compound, wherein the compound comprises (i) a
material comprising magnesium and aluminum and having an X-ray diffraction pattern
displaying at least a reflection at a two theta peak position at about 43 degrees and about 62
degrees, wherein the ratio of magnesium to aluminum in the material is from about 1:1 to about
10:1, and (ii) about 1 wt% to about 75 wt% of a hydrotalcite like compound.

19.  The method of claim 18, where the compound is heated prior to contacting the
compound with the fluid stream.

20.  The method of claim 18, wherein the ratio of magnesium to aluminum is about
1:1 to about 6:1.

21.  The method of claim 18, wherein the ratio of magnesium to aluminum is about
1.5:1 to about 10:1.

22.  The method of claim 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
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28. The nmethod of claim 18, wherein the material conprises magnesiumin an
anount of about 40% or nore by weight, calculated as the oxi de equival ent.
29. The nmethod of claim 18, wherein the conpound conprises (i) about 99 w %
to about 50 wt % of a material conprising magnesi um and al um num and havi ng
an X-ray diffraction pattern displaying at least a reflection at a two theta
peak position at about 43 degrees and about 62 degrees, wherein the ratio of
magnesiumto alumnumin the material is fromabout 1:1 to about 10:1, and
(ii) about I Wwt%to about 50 Wt % of a hydrotalcite |ike conpound. 30. The

met hod fl tebaundd9, wherein the ratio of magnesiumto alumnumin the

material is out 1 t.o apou 61 31. The .nmethod of claim?29, wherein
the ratio ofi%agnﬂ'ﬁrﬂ?fl]?%‘)%q]ﬂfﬂ ie’i‘i’”ttl]?éco‘ﬁﬁ? 1S S}!apF‘ég?qyom about 1.5:1 to

abou_t 10: 1, 2. e rH&hB@Qf&IimPiﬁ'vmel%iln th&"@ﬁip@éi Bodﬁ%a@%&@hé&%d H@zﬂﬂes' umto
aluminumin the material is fromabout 1.5:1 to about 6: 33. "The net hod of

cl ai m 29, vx/n%7r ei nTlteheeth@chpﬁnjmm b‘omﬂmeregetsl;le (slna)pedibodws anml%ltstmpeélbodm 75 w % of

a materi al al um num a y diffraction
pattern di spiyi ngetne gt aAtTLE Moot e APl Guihied BBt Boine P
about  4gf 4egr €8s or ABEE BO0EIEhE2alElRgERaShe WEIGE Equivdldie. ratio of magnesiumto
alumnumin the material is fromabout 1:1 to about 10:1, and (v‘%)tabout

tl

W % to about2%5 wihgmethad ﬁ%?lmbﬁ iheesin hr 6omBeHRG sREPrises. (1) pReut oof claim
33 whe f rom about
11 1o Mo Ry R ot ol PRARSALTL R BB AN RS e TBY B Ky 2 [ oneat um

to al unﬁuﬁfnamtuon phten dn;ptagmlgat leas afreidevtiadp oiLet twh. thetd ptak mibioh afll 8bolit 4B6egrdae

nmet hod of agjl 5, wherei.n the ragi o of. mag FSI umto al um nﬁlmfln t he
mat er i aPq ot erdegirsstWhergn fhe rgtia glmpengsiym 18 plumepum in the seatestal &y g apaept
wher ei njjhg abSUTROeY ”Qldc(‘ﬁ')’f%du% eswibd b a%@lﬂLStO W, Wa’ﬁﬁd?otal@#?@}il&e Jo'?hﬁ%r(ﬂ of a

mat eri al conprising magnesi um and al um num and Having an X-ray diffraction
pattern di spb@yi nbheanethedsf clainy 24, vdsteinothe aatico fimpagnesien o plamiknypo gi the on  at

about 43 degr.ees -27 and. abou 2 degrees, wherein the ratio of magnesiumto
al uni nulﬂag" {lﬁzro%%bé’}’?gﬁlt?s quﬁgﬁn about 1:1 to about 10:1, and (ii) about 5

W% to about3R5 wifieméthad byslhiat 29, Gilegein ihkeatosmgdgnekiud o al ahhmmmtma of claim
37, wherein the ratio of _magnesiumto alumnumin the material is from about

1: 1 to awkuel lgs fromyoutrhe ligebid 1871 cl ai m 37, wherein the ratio of magnesium
to alum num gn theye HBHES bRLai n?ﬁ,%@@re"f‘rpﬁl‘étraﬁjo FfaghOsi AR hiut@hubn in the

material is from about 1.5:1 to about 6:1.

33.  The method of claim 29, wherein the compound comprises (i) about 99 wt% to
about 75 wt% of a material comprising magnesium and aluminum and having an X-ray
diffraction pattern displaying at least a reflection at a two theta peak position at about 43 degrees
and about 62 degrees, wherein the ratio of magnesium to aluminum in the material is from about
1:1 to about 10:1, and (ii) about 1 wt% to about 25 wt% of a hydrotalcite like compound.

34.  The method of claim 33, wherein the ratio of magnesium to aluminum in the
material is from about 1:1 to about 6:1.

35.  The method of claim 33, wherein the ratio of magnesium to aluminum in the
material is from about 1.5:1 to about 10:1.

36.  The method of claim 35, wherein the ratio of magnesium to aluminum in the
material is from about 1.5:1 to about 6:1.

37. The method of claim 33, wherein the compound comprises (i) about 95 wt% to
about 75 wt% of a material comprising magnesium and aluminum and having an X-ray

diffraction pattern displaying at least a reflection at a two theta peak position at about 43 degrees
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40. The nethod of claim 39, wherein the ratio of magnesiumto alumnumin the
material is fromabout 1.5:1 to about 6:1. 41. The nethod of claim 18,
wherein the conmpound further conprises at |least one netallic oxidant. 42.
The met hod of claim41, wherein the netal in the netallic oxidant is
antinony, bismuth, cadm um cerium chromum cobalt, copper, dysoprosium
erbium europium gadolinium germanium gold, holmum iridium iron,

| ant hanum | ead, manganese, nol ybdenum neodym um nickel, niobium osm um
pal | adium plati num praseodym um pronethium rhenium rhodium ruthenium
sanar i umd aboanidi degrees eviendini the ratid bfcmatgnes'hrln\tealumimuh firuthe maadrahisuirom higdult ur i um

terbiu . titani tungsten, thuli i ytterbium  yttrium

zi nc, m 1o ir’:t?c&‘f Hﬁi %‘g(t‘%ﬁb%‘ J?%OPE @gfw‘lf%o a%wér%{c#%eo@nmoav% 18, wherein
the conpounds ur NRMGRSPE! S8 B, SHBRAT the rd: ofm%négﬁm%iam& Rininhé3, wherein
t he support conprises a spinel, Rydrotalcite Tik conpound, negnesi um

acet at emaWaglneﬁpmmbnuttkalt(eabqtra@rhea um chl ori de, rragne5| um hydr oxi de,

magnesi um ¢ on rnate al ym num titan zinc.titanate,
al umi num z %ong]t@ m%ﬁ‘? tScrlrﬁ’ B dg nered] By fﬁlfdoaclr}mﬁgﬂ‘ést“gn ?Qa‘T%H “nt’“f rohydr at e,
al um numafeyiglrio fofebocONPAUadhoudll m num cont ai ni ng net al oxi de conpound,

al um num chl orohydrate, titania zirconia, clay, clay phosphate materi al,
zeolite, or 40 mi xtheraethed efainy 3 drphereimige et of enashen teelhEanuet indhai m 44,

wher _ei np%{%ﬁﬂlé?ﬂ@ﬁralbohtsh&éqgfﬂgd'{t%qat e, zinc alumnate, or zinc titanate/zinc

al um nate aim 18, wherein the fluid streamis a fluid
stream of andIFCC Tieirhethod @8claim 18, wherein the compound further comprises at least one

metallic oxidant.

42, The method of claim 41, wherein the metal in the metallic oxidant is 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, 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
zinc titanate/zinc aluminate.

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