WD 2005/In 11 5 PCTIUS20011113 9 3 0 5 Gasoline Sul fur Reduction Using
Hydrotal cite Li ke Conpounds Field of the Invention ]0001] The invention
general ly provides nethods for gasoline sulfur reduction using hydrotalcite
| i ke conpounds and using m xed netal oxide conpounds. ]00021 This patent

di scl osure contains material which is subject to copyright protection. The
copyri ght owner has no objection to the facsim |l e reproduction by anyone of
the patent docunent or the patent disclosure, as it appears in the U S.
Patent and Tr a¥@liFk*'&Ffice patent file or records, bttt OrN&WiSe reserves
any and all copyright rights. Background of the Invention ]0003] Catalytic
cracking is a petroleumrefining process that is applied commercially on a
very large scale. A ngiQhkk¥in? ReddGonithl ARIYagaSAkd ApBhR0di Ng pool in the
United States is produced by this process, with alnost all being produced
using the fluid catalytic cracking (FCC) process. In the catalytic cracking
process heavy hydrocarbon fracti ofsldaftee mpmterted into |ighter products by
reactions taking place at elevated tenperature in the presence of a

cat al yst, w t hjotcherheajvetibd gena@dlly plodde ony«as Bt @eliod sulfira@idtigusgcur ring i n the

vapor phase. TBSufegdatacky f lhstshrnsonueriad.loto gasoline, distillate

and ot her |iquird cracki ng products~as ter gaseous cracking
products of fo .l ess .carbon at ons r..ool ecul e. Th S.. tly consists
of ol efins andH%%fPvagFd%%?ﬂ?&?@&sW?Hﬁ@%%ggﬁﬁ??hi6@&%§H%§%P%§qﬁhe cracki ng
reactions sonescheaytpwnabemnd ebectiduioinfaaisnile pireductioy brapos eitkdbawrit 0 t he

cat al yst. Thl&m&%@%%@ﬁeﬁﬁﬁnﬁﬁkhMi&maﬂ£MEMQm€@£ﬁﬁ%ﬁ%ﬂ@@ﬂmﬁﬁ@@ﬂ@rat'On I's
desired. After renoval of occl uded drocarbons fromthe spent cracking

cat al yst, regéﬁ?ﬁ&ﬂﬁ6ﬁ”?§“mﬁ@?ﬁﬁﬁ?ﬁ?ﬁ &“ﬁ?ﬁﬂﬁﬂﬁFﬁﬁngﬁf the coke to restore
catal yst activity. The three characteristic steps of the catalytic cracking
can be therefore be distingui sh8akergundolthpInventisn oy i n whi ch the hydrocar bons
are converted into lighter products, a stripping step to renove hydrocarbons
adsor bed on t hEBOBatHyfs eragdig i Peledfem estining eress theips 4pelich ammmegrfaly gfioke from t he
catal yst. The viagenedsat Ods&aaf dhidsdindosgaldl@bih8uSRM it fle TN SH@GKI Ng step. 1

N 0 2005/ 091715 BERIUS? 0.8 410,39, 305 [0005] Catalt i eraeki ng fecdst ook
AT RE PO of TR gant ¢ &t Ut e S P

U
normal | 'y cont af R EU¥ G otfids such as

mer capt ans, sulfEfdeseant telsitdplienddng piheres hprvp bdorabofiragtioes agreawkicdg  process

correspondi ngl yiotigRNd plo@uch @ teddtiBnsSdithnf; plhice h¥RHEd tenBSratBY SNl ph@et,r about  hal f - of

t he sul fur . . . o
catalyst, with the majority of the conversion or cracking occurring in the vapor phase. The

feedstock is thercby converted into gasoline, distillate and other liquid cracking products as
well as lighter gaseous cracking products of four or less carbon atoms per molecule. The gas

partly consists of olefing and partly of saturated hydrocarhons.

[0004) During the cracking reactions some heavy material, known as coke, is deposited onto
the catalyst. This reduces the activity of the catalyst and regencration is desired. After
removal of occluded hydrocarbons from the spent cracking catalyst, regeneration is
accomplished by burning off the coke 1o restore catalyst activity. The three characteristic
steps of the catalytic cracking can be therefore be distinguished: a cracking step in which the
hydrocarbons are converted into lighter products, a stripping step to remove hydrocarbons
adsorbed on the catalyst and a regencration step to burn off coke from the catalyst. The

regenerated catalyst is then reused in the cracking step.



is convorfad to hydrogen sul fide during the cracking process, mainly by
catalytic deconposition of non-thiophenic sulfur conpounds. The distribution
of sulfur in the cracking products is dependent on a nunber of factors

i ncluding feed, catalyst type, additives present, conversion and ot her
operating conditions but, in any event a certain proportion of the sulfur
tends to enter the light or heavy gasoline fractions and passes over into the
product pool. Wth increasing environnental regulation being applied to

pet rol eum pr odWeEYIHHF exanple in the Refornul ated G§§HPWH@”F%E

regul ations, the sulfur content of the products has generally been decreased
in response to concerns about the emi ssions of sulfur oxides and other

sul fur compou i . [ 00061 One
approach has Q@g%} C?%q%rhEeér}r%\%ﬁe}é 4 stQLkL I 919 c?%%?ﬁiﬁl g f%gpﬁ%zczzuﬁ@]dr otreating

su
bef ore cracki rigmpPEndsscp fsdlﬁcgﬂpm%‘i‘lﬁ@s WF(E}’F‘PP]EF“"éf ﬁ?é’f"f“%}’&‘ of ppirckingnr oach tends to
be expensive ipicest &fmFordingly had ﬁaqmtatxahlmmnmm evédtougicpbn At thasiftwel | as

oper ational l'y ;singe hyg d%%@ulﬁ%%%%g 88gbiodl, gy fyabier approach can

i nvol ve post - treatl Ing the crac suc as gasoline, after the FCC
process. Wil eiefqmpg&twa?ﬂeléﬂl@?}fe@ef"# réommowr% %ﬁﬁﬁ%‘&&?fl%&éﬁl{lﬁ@e dr awback t hat
val uabl e pr odugdckiCiaings iiBpendet drashmhecloRenchitiglfedcdaans oot eddits ar e

saturated. In p}{et t%‘nOt Qon dn?aﬁr rpe%bﬂg&o&d%%%{utlh ezeg{a ?#&Jpli’gpomg thI on in the

regener at or of jasol i ne wi t hout
having to trea@c%ﬁw @ﬁq%@f@%@ﬁ“@ﬁ“WdﬂﬁﬁméﬂmBW@&U@ﬁ§”WFG@@W?WWhﬂs there is a
need in the argof wlmnei«%sal@dmrdsﬂafeﬂme@ulmhm:apﬁhaus@ﬂme@nﬁrh@mswrfur content in

gasol i ne duri n%argprl]&n Ln,[ rmu aﬁ«?éas@%&b}é%{ ati?r},'m{heerg&l cnto t{1 6%%1 to this, as

wel | as ot her;, T mpor hvVeht i on The i nventi on
provi des net holdsgehmllyrbe@d@crcm@gd g gdspouse 14 qenqgasbit fie egeiontidisHigr @talswlnﬂ ne sul fur

reduction addi §uy@SuGonRaLdS LiRGreRY YA GinbRidnipkeesg@mpounds to an FCC unit.
The gasoline sulfur reduction additives can optionally further conprise one

or nore netal | [0e06] Oxciagmertishagbrdt 0 rerovEpjporifis freps the ESCietdbe Hydnareainm. 2 NO
20059981715 F’G;lJorcLé%%Q%s&Qﬁm&&&ﬂﬁaemgﬁpé?&lmér b af)ﬂaaé@nédd%bpaeé&ld&ﬁ met hods for

reduci ng sul fur asal j ne g gasol i ne reduction additives
conpri si ng caIEmﬁé HYHPBPﬁP%‘f@mPT?' 88Hﬁ8ﬁﬁﬂ§m%ﬁmgﬂwéﬁﬁnunlt The gasol i ne
sul fur reduct i @nsuagthnis hich. Aoathereptdacad inyolvk post theeting o Ptk BodAE SIGR  NDr €

metallic oxi dé@&s‘%lilﬁr}ﬁér%e red BBQ&‘!‘S; Sihile this may be effective, this approach has the
drawback that valuable product octane may be lost when the high octane olefins are
saturated. In yet another approach, an additive for sulfur reduction in the regenerator of an
FCC unit can be used to reduce sulfur in gasoline without having to treat either the feed or

cracked products.

[0807] Thus, there is a4 need in the art for new and improved methods to reduce the sulfur
content in gasoline during the FCC process cycle. The invention is directad to this, as weil as

other, important ends.

Sumumary of the Invention

{0008] The invention provides methods for reducing sulfur in gasoline by adding gasoline
sulfur reduction additives comprising hydrotaleite like compounds to an FCC unit. The
gasoline sulfur reduction additives can optionally further comprise one or more metallie

oxidants and/or supports as described herein.
2



100101 The invention al so provides nethods for reducing sulfur in gasoline by
adding gasoline sulfur reduction additives conprising m xed netal oxide
conpounds, also referred to as precursors of hydrotalcitc |ike compounds, to
an FCC unit. The gasoline sulfur reduction additives can optionally farther
conprise one or nore netallic oxidants and/or supports. [0011 ] These and

ot her aspects and advantages of the present invention are described in nore
derail below, Detailed Description of the Invention 10Q1§L<Igfsgﬁesent

i nvention rel atés't8* Adrotal cite Iike conpounds, opti ShEFYAE8Mpri si ng
metal li c oxidants and/or supports, having a superior ability to reduce sul fur
in gasoline when added to an FCC unit. The gasoline sul fur reduction

addi tive of t h@odoeRivk@bn HacCRNMREY BRedutip@ial AlgedbhiR b} ity gasRounds and/ or

col | apsgd hydrs(?lﬁua}lre%!lctﬁgn zldldiE\?es go(rjnggs?nup:aqslne%%:eo’talcfitgﬁke.c&%(%%ls %’anp Ctgnril.e f .Ol | owi ng
process: (a) reacting an aqueous Xtur e conpri si Ny a f°&48t~ Ghe di val ent
met al conpoundThe griefing tulfugrpdyetiop prditive jay eptienally fatherdomprarprs unmiore wetglioduce a mi xed
met al oxi de cogpeuddbitugpdes. form of an aqueous slurry; {b) optionally heat
treating the m xed netal oxide conpound fromstep (a) at a tenperature up to
about 225C; ( clpoidr Vicrryettiealdeeevidesmedipds &bt teduvive endidr ift sootmsbyeyddifiza) or step (b) to
produce oOne Ofr gasd¥Rd @111% RARESEh RAH S mPHink HMe LmEtQ bxiSBmpdinds o ket | On Of

sul fur from gasoline; (%%ﬂﬁgﬁt freatiq& t he éggpe deYes romstep (c) at a
tenper at ure of PAHBHFSS0TE B R IGHAPPOPES 5128 Hut BUonk® B o8 cal ci ned shaped
bodi es; (c) hydimtdrpdiitvercaticialyeirietrapete do di resge figtdinositiep afddd t o produce a
Irydrotalcite w&%ﬁg conpound; and (.) optionally heating the hydrotalcite

| i ke conpound to renove substantially all of the interstitial water andi'or
ani ons to prodweH] @heohd aps egech ytiraatanthges dfehe picdear iboMPOLHA akscriBedW @80r200510H 1715
PCT/ U 520031039303t €P (1) can optionally result in the product of

hydrotal cite | i ke conpounds. Methods for nmaking these hydrotalcite |ike

conpounds and col | apsed hydroég&péggmlhﬁgq%%gggﬁggs arc described in U S
Pat ent Nos. 6,028,023 and 6, 479, > ; tres of which arc

i ncorporated by reference herein in their entirety. O her nethods for making
hydrotal cite | k{)ﬁg] I'he present invention relates to hydrotalcite like compouinds, optionally comprising

metallic oxidants and/or supports, having a superior ability to reduce sulfur in gasoline when
added to an FCC unit. The gasoline sulfur reduction additive of the mvention can comprise
hydrotaleite like comnpounds and/or collapsed hydrotalcite like comnpounds made, for
example, by the following process:

(a) reacting an aqueous mixture comprising at least one divelent metal compound
and at Icast one irivalent metal compound to produce a mixed metal oxide coinpound in the
form of an aqucous shurry;

{b)  optionally heat freating the mixed metal oxide componnd from step (a) at a
temperature up to about 225°C;

© drying the heat-treated compound from step (a) or step (b) to produce onc or
more shaped bodies suitable for use in the reduction of sulfur from gasoline;

{d) heet treating the shaped bodies from step (c) at a temperature of about 300°C
or higher to produce one or more calcined shaped bodies;

(¢} Thydrating the caleined shaped bodies from step {d) to produce a liydrotaleite
like compound; and

H optionally heating the hydrotalcite like compound to remove substantially all
of the interstitial watcr and/or anions to produce a collapsed hydrotalcite like compound.
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conpounds are described, for exanple, by Caveni et al, Catalysis 'T oday,
11:173-301 (1991), the disclosure of which is incorporated by reference
herein in its entirety. [0013] In one enbodi nent, the invention provides a
gasoline sul fur reduction additive conprising at |east one hydrotalcite |ike
conpound. The hydrotalcite |ike conpound can be used per se (i.e., wthout
any additional materials) as the gasoline sulfur reduction additive. In
addition, the at |east one hydrotalcite |ike conpound ca a support
and/or at |eastY?8E&®ttallic oxidant. In another enbogﬁﬁéﬁyuﬂ%%g i nventi on
provi des a gasoline sulfur reduction additive conprising at |east one
hydrotalcite |i ke conpound, at |east one netallic oxidant, and at |east one

support. [ 0014wy thodpabait esuk ik pmmufaﬂamoas BeGhfoauat. eviitadody structures
having posi ti Velfllgna ﬂibsa%yg%gm ??e compounr.? %nd‘%{)l apscﬁ%@rog‘fc%eq{k?‘ | Q&ngsr stitial anions

and/ or wat er Pare aﬁydr otalcite
li ke conpounds ddsiétdielé SrPéiCRfr#{?F ﬁ@?—ﬁ OZbWéé'G’F“iZt ¢he disdgsgrgrad pypiglearc hydr ot al ci t e,

stichtite, rc e%@&i)o'&a@,d bERIAhR Yétifin HFR BERSL Oier mdtRAdIe t:@RE §y@roARE like
hydrocal untite.

r otalcite e,.Conp e by Cavani,
supra. In one é“r’?ﬁ‘g' m‘%?cnbc@ﬁreﬁaﬁf‘(?%ebﬁyga‘@]“te Ilﬁfpm ﬁﬂoﬂnlzgédéﬁggg used per se
as the gasol i néwe disdidswy of whinllis dcdrpmatalde ieferene herfl@@ItS}ﬂlﬂléh’e gasol i ne sul fur
reduction additi ves can conpri se any support known i art Exenpl ary

supports i ncl ud81d 5 Ferebodimel ey eptonRg e %W%&@f“éfe%m“ﬁﬁ‘b‘ﬁém um ni trat es,
magnesi um chl oringesyg sneghes hdrthpdiie xdngesd. Trgnegiladniicast@nalceshe magnesi um

fpr mates, NMagnes }yeUEQ(?J %Jﬁ%?§ddm|8%%ﬂ&ﬁls)m9&§dllﬂ<!@uﬁﬁr [ daGabEgipRgnesi um
silicates, magnesium  calciumsjilicates, alunmnumsilicates, boria, calcium

silicates, al uM¥EooraPIAcrtioR ficrpt ke comngynd canincludsaseprert andlopahlasim 7i r conat es,
cal ci um oxi des pneosetetic oxitaal Urmaneradr eshodigkuMienuyeationprbvidohygedibasifural um num

hydr oxi de COW‘?HM& Gﬁmgco ﬁ'ﬂﬁé"atﬂ%t LD ERRAESHE bR TuAN: RAOG. Rehile ACS
Monograph 184, Industrial Al unina Chemcals, Msra, d ranakya, 1986,

i ncorporated By kiErEREa T8N in its entirety). al uni num containing netal
oXi de COITpOUI’]di%] ﬁﬁﬂgdlotaig&: hg{comg&l&g a?lcﬁ%%t I%GCR‘%’ sf?llc%rgs Halﬁi% c}él%v CI)XI de conpounds),

al um num chl or nt al ni n dunhds ot her than
silicas, sili caﬁlaéaeihhﬁcﬁa@t arquieRAFAtod B mtcis‘tltal”ﬁmans azqqud’éfﬁﬁfﬁplccélPSa%CMIdW 0
201151118171 P@l?ﬂ%ﬂb&lb%ﬂ&e @dr&al&w hke &oelp@nds ildmkd Iﬁb)ﬁ&brtt@ pyrb@fitOrite, hectorite,

montmor i | 1 ni te, A théﬂf ot..{lmte q%c[}]l{’lt{; ICBVGb P)ardL:élf manﬁ)aﬁelte bﬁr%%rto 1%0{14 vated sepiolite,

kaol i n, ki esel g’uﬁ erials, zoolites
(e.g., ZSM5) 1hycbifr?€!mt"heorhlﬁlé’édr°@hé héwpmﬂtld‘* efaﬁﬂ@tbﬁﬁﬁm%‘@nbwem twee three, four

or nore of the cmbodiment, the hydrotalcite like compound can be used per se as the gasoline sulfur

reduction additive.

|0015) The gasoline sulfur reduction additives can comprise any support known in the art.
Exemplary supports include spinels, magnesia, magnesium acetates, magnesium nitrates,
maguesium chlorides, magnesium hydroxides, magnesium carbonates, magnesium formates,
magnesium aluminates, hydrous magnesium silicates, magnesium silicates, magnesium
calcium silicatss, aluminum silicates, boria, calcium silicates, alumina, alumninum titanates,
Zine titanates, aluminum zirconates, caleium oxides, calcium aluminates, aleminum
nitrokydrates, aluminum hydroxide compounds {e.g., such as those described on page 9 in
ACS Monograph 184, Industrial Alumina Chemicals, Misra, Chanakya, 1986, incorporated
by reference herein in its entirety), aluminuin-containing metal oxide compounds {(e.g., other
than alumina or aluminum hydroxide compounds), aluminum chlorohydrates, silicas, silicon-
containing compounds other than silicas, silica/aluminas, alumina, titania, zirconia, clays
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materi al s descri bed above. In one enbodi nent, the support is a spinet,
magnesi um acetate, magnesiumnitrate, nagnesi um chl oride, magnesi um

hydr oxi de, nagnesi um carbonate, nagnesi um Connate, nagnesi um al um nat e,
alumnumtitanate, zinc titanate, alum num zirconate, calcium oxide, calcium
al um nate, al um num nitrohydrate, alum num hydroxide conpound,

al um num cont ai ni ng netal oxide conpound (e.g., other than alum na or

al um num hydr oxi de conmpounds), alunlnun1chlorohydrate )tltanla zZirconia, or
a nmixture of t'RG"6P*'WSre thereof. [0016] The gasollnel%iﬁ¥%ﬁm?%ﬂuctlon
additives can conprise one or nore netallic oxidants known in the art. For
exanple, the netal in the netallic oxidants can be antinony, bismuth,

cadmi um ceri wa, h@imy@tmrummqg&a@lt& moHARPSite, fﬁ&&g%%bmmmaé,ﬁuhwm eur opi um
gad0| I ni um %.Bfgev{'s colite, gao Llese uhr CH% Raétlnasnea,ug'ﬁp (Bzﬂé matena%,‘zwr?lgs | ead,

manganese, osmi | adi um
pl ati num pr aé%d@hfri)mld 'ﬂw kﬁﬁfref%smpmﬂ cﬂm tvapiisanye, Whﬂldfmfmlr Ormrheﬁ‘ihmm samari um

scandi um  sel eRieHiN deSkibdd@@Re. 15 bile ¥bodimeht! hdlipport b3 i), HAGnedi® dcbtdtd, UM ter bi um
tin, titanium tungsten, thuli un] vanadi um tterbium ¥ttr| um zinc. or a

mxture of twS“BF NBPEY H@%‘E%‘F“h"ﬁd ARBEHEP 2 U PR et al in the
netallic oxi dapdesiis fooedtd, wpgnespinatumimate) alupghun sid hateninortivod?, alaminem | di um

mol ybdenum  t Ungahe uiciePRRE calciuf mﬁmtymmmn?,ﬁs@éhydrﬂm&aﬁ&?mmmpal t, iron,
ytterbium uraniumor a m xture of or nore hereof. I'n one errbodl ment ,

the metal in tHEPOHEL HFPRE %?R‘lﬁ’ﬂ’ﬁﬁ‘fl"“?lg"‘i‘,“é’f:"?‘%?ﬁ‘l‘d (&%{féﬂe‘t“’a“éﬁ‘ﬁlﬁ‘éPr pl ati num
tungsten, or awunintby@odie ciryourds), stopmemtchievigobe, 0B ki onkor anoturer enbodi ment ,
the invention pfQvifes.argasol ine sul fur reduction additive conprising at

| east one cal cined hydrotalcite |ike conmpound and a support. Cal cined
hvdrotal cite ljike D;G@ﬂ}ﬂﬂﬂdﬁuﬁﬁlﬂcﬂbﬁadﬂﬁﬁﬁ@cdﬂktorﬂﬁ&ldnwnﬁreh)édﬂleb)a&aﬁtist e like

oRoun | e RBL BN ARk ol Bkl SLELL a0l OnS ana) or
wat er nol ecul e are F eroved suppor can be an e art, such

as those descr%b@\ijmammechr%meﬂ]balm tPPeehdYsREpSiiEnb bR rEAR M. BHe iy ent | on

provi des a gasg@llxﬂaﬁl@mSgUddedTmnl’nﬁdldﬁlhﬂﬁibﬂ 1@, )éﬂi mERIN:] iddiyb@nath, | east one
cal ci ned hydrot |cite.like . compaoun gﬁlaadm ast _one.netal | ic oxidant, where

t
the metal in the vmm{nalﬁm Oy ARy I“num TSP ORI PRI M cerium

chrom um  copprarm, @%@pmﬁwmsm@ﬁm geepdiay ﬁ%lumn@hcgaﬂwu saifim  ger mani um
gol d, hol m umadidind teUfAumDteiuk) t%otgﬂuirﬂ-ﬁﬂgﬁl& ﬂlE’iGrfJﬁh@Mﬂtl%gﬁ%umi ron,

| ant hanum ! ea(ljno orrrg‘lrlllg\%rc o%te“’o TIHOI‘XBCTEOQU{T]&IIO eu: en BQuHrﬂ U‘lglmgtg] lﬁen bl um osm um
pal | adi um pl atin éf Fhen de r ut heni um

samari um oxldant 1s ccnum p]nhnum pal]admm rhodlum 1nd1um, molybdenum tungstcn 00pper,
chromium, nickel, manganese, cobalt, iron, yiterbiwm, wranium or a mixture of two or more
thereof. In one embodiment, the metal 1n the metallic oxidant is ceriuni, cobalt, copper,

platinum, tungsien, or a mixture of twe or morc thereof,

[0017] In another embodiment, the invention pravides a gasoline sulfur reduction additive
comprising at least one calcined hydrotalcite like compound and a support. Calcined
hydrotalcite like compounds can be made by heating a hydrotalcite like compound until
substantially all (or ail) of the interstitial anions and/or water molecules are removed. The

support can be any known in the art, such as those described above.

[0018) In another embodiment, the invention provides a gasoline sulfur reduction additive
comprising at least one calcined hydrotalcite like compound and at Jeast one metallic oxidant,
where the metal in the metallic oxidant is antimony, bismuth, cadmium, cerium, chroniium,
copper, dysoprosium, erbium, europium, gadolinium, germaniuvm, gold, holmium, ifidium,
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scandium selenium silicon, silver, sulfur, tantalum tellurium terbium
tin, titanium tungsten, thulium vanadium ytterbium yttrium or a m xture
of two or nore thereof. In another enbodinent, the netal in the netallic
oxidant is cerium vanadium copper, platinum tungsten, or a mxture of two
or nore thereof In another enbodinent, the netal in the netallic oxidant is
cerium and/ or vanadium |n another enbodinent, the netal in the netallic

oxi dant is copper. In another enbodinent, the netal in_the nmetallic oxidant
is platinum M%K% Enbodi ment of the invention, thePgasdt e Sul fur
reduction additive can further conprise a support, such as those descri bed
herein. [0019) In another enbodiment, the invention provides a gasoline

sul fur reduct i;Qp, At ¥&, m:ﬁl@ﬁ&@'n&ﬂﬁ@nﬁt néoeﬁrs&m aiam eabieheduhydrotal eite |ike
conpound and at one et %B’ dant. _.in anount of at |east 15% by

wei ght, cal culfﬁyﬂélﬂmapg PR PBEP “’@hﬂ?’i}%} "E’hfhem'\‘i%éhf’%m‘m% MECa*™F'H™ t he netallic
oxi dant is antscm:hmy selbriiwmsitidon, sibad pilfumtantaher, iellmpmcttbom timfendobal t, copper,

dysoprosi um ef, Mﬂ%r@mdwmyt%mlmhﬁmaﬁ%ﬁamymmmgeommmum iridium
enum . neo%fﬁ‘ um ni ckel, niobium

iron, |ant hanug‘}ﬂ I eag tﬁ ?
osotium pal | P ATORISR: BPRE! Bt st 'H%C?ﬁ‘dﬁ?‘h‘s BB T TOPPRERTUM  r hodi um
rut heni um sanmegony: 2 soanditung: neelterpiu M anaghet ¢rbodimesitheysm] ndy| f ur, tantal um

tel lurium terRiupodidois c&.hﬁlm&mmdmw @fga%z;tﬁemmﬁomut,qmme\samgl um_ytterbium
yttrium zinc, or.a mxture of or nore thereof. In one enbodi nent, the

metal in the nBEANGREmHYFPRTL i a@‘@bﬁbﬁﬂwe“bﬁﬁﬁﬁ?lmﬁ plizordantspper,  pl ati num
tungst en, or aplatinkh. Uk eis@fabddiwniol therbratidn iy seefine silfur @hotideddi®abadi nent, the

metal in the ﬁﬁﬁc{:l(lahlpl heg%ﬂlpgd'i‘z[‘%wﬂﬁth%&%&sbﬁﬁﬁ@gfnor vanadi um Al ternati vel y, the
uct

gasoline sulfur re I on I'tive can conprise a calcined hydrotalcite |ike
conpound and omewprn am'znrz,(acumealﬂédt Ifrﬁmvﬂﬂﬁbxﬂbaﬂfd& alghsoRR safibMictidbddalve | east 20% by

wei ght, 25%by ] +.pased i vaI ent. In
thi s enbodi men(tomtgg 1%ﬁtekd|‘%ﬁ)\l}eecﬁ C}D%dnhm%?% hke 0 Oﬁré(pag%‘ftﬁed&mcm gﬁ f’%éjﬁl additi ve can

further conprizén an@ﬁﬁﬁ%kﬁbtl%/wwembt qaﬁ%ﬁ@ apllsede Byl Ern the[rr@@z@ | n anot her

enbodi ment, thge h]&MW&id@iﬂmﬁxﬁtﬂﬁhﬁﬁiﬁmﬂl @aﬁmﬂnlcaﬁnrﬁahénuﬁna rcaﬁme&ﬂpan additive
conprising at | east. on droa}ll cit q égq 10n ) or fornula
(IT): (X2 Y, (FEBFY DRt fi g 'l“&lmﬁrﬂ‘”““” '@ 12##2“ “&‘“(”a“%‘Hzo (11) where X
i s magnesi um ka@ﬂu@mmad zrlameﬂeswnlg’fdn@%ncodmbml rtickelyiighkogt, osmais ont | um bar i um
copper 6 V1 O0p 2005, 08dhik3 @E’Mg@ﬂ%@@gsﬁmﬁm rRdivéh, Fintidd, €n@fiust WO Or nore

thereof-, Y i Sscg'rlrdxlillrxy, s\,hj.lmlm s lcc%aqgg esfllfu!‘ I{agtan!mn (ié?lunum ferb?ulmc 1, Itit’anium,

tungsien, thulium, vanadium, ytterbium, yitrium, zinc, or 2 mixture of two or more thercof,

In one embodiment, the metal in the metallic oxidant is cerium, vanadium, cobalt, copper,
platinum, tungsten, or a mixture of two or more thereof. In another embodiment, the metal in
the metallic oxidant is cerium and/or vanadium. Alternatively, the gasoline sulfur reduction
additive can comprise a calcined hydrotalcite like compound and one or more metallic
oxidants inn an amount of at least 20% by weight, 25% by weight, or 30% by weight, based on
the oxide equivalent. In this embodiment of the invention, the gasoline sulfur reduction

additive can further comprise a support, such as those described herein.

{0020] In another embodiment, e invention provides a gasoline sulfur reduction additive

comprising at least one hydrotaleite like compound of formula (1) or formula (IT):

(XY o OHhmize)Ane”* BHZO (D)
(Mg"* mAL" (OH)amizn)Ane’ * BELO (1)
where X is magnesium, calcium, zine, manganese, cobalt, nickel, strontium, barium, copper
6



chromum gallium boron, |anthanum ceriumor a mxture of two or nore
thereof; Ais C03, N3, S»4, d, OH, CT, 1, SiG3, |-1PC3, M04, HGaO3, HVH,
ClO4 B3 or a mxture of two or nmore thereof; ais 1, 2 or 3; b is between O
and 10; and mand n are selected so that the ratio of min is about Ito about
10. The hydrotalcite like conmpound of formula (l11) can he hydrotalcito
(i.e., My6A12(0OH) 16C03.41120). Methods for naking these hydrotalcite |ike
conmpounds are descri bed above and inUJ.S. Patent Nos. 6,028,023 and

6, 479, 421, the™OdI§¥4gsur: s of which are incorporated By vYéPEP&HTe herein in
their entirety. In one enbodinent, the hydrotalcite |ike conmpound of formula
(1) or formula (11) can be used per se as the gasoline sulfur reduction

addi ti ve, [OOZQfJﬂrﬂuﬂur@mtJm&oﬁmggf mrﬂfummﬁﬂ@nahﬁﬂﬁgﬁrb@%bgf Quiedes a gasoline
sul fur reduction additjve rising at |east one hydr taI Ci ti%l i ke conpound

of formula (1) P yeHinhb ‘("P“i ERTE™ SV QT OV e THEh is as
descri bed her eNf:, SPnCloAE. @b, HEML MnQ:HEGaOu BIYOR, IC10.BCa or sprtre b weragnesi um

acetate, magnegihidf alq;2 mgns&wm oGRd R inqgvanWQE]&%Etw@o hydkoxi de,
magnesi um car bonat e, um al ur ni nate, al um num

b 1 M L T A A
al um nate, al uhydmearrait.reandCaD €GO 4B UM ethndnfotvyaking ie gy @atpio liked,

al um num- cont ag Qi BGTRE Rl lSe &Qmpgen(l@os%ozs @igfa@c{mb Bang,@l um na or
al um num hydr oxi corrpounds) al um num chl orohydrate, titania, zirconia,

clay (e.g., haf"F%‘V‘é‘i‘toéWh‘?lb“&Wlpf"étedWé%f?T‘B‘F‘ittaff““ HERGEYH IO te, synt hetic
ntont nori | i ni teyodisep) i Hylrenlciteditt dompdnedbf Semeniicr Brmukam) dande us@lpayye phosphat e
mat eri al, zeoli ttﬁ*g{aﬁfme%ulmrf&ﬁ&%ﬁo%a&{nv wo or nore thereof. In this enbodi nent

a5 .
of the invention e gasoline sulfur reduction additive can optionally

further conpri mz@meanaﬁereiwoeuﬂaﬁttaélhueﬁlo@ﬁb&t@mgslsoh{a&@l%aleamorada@mer enbodi nent,
the i nvention prov it conpr|5|ng a

hydrotalcite | c?(rré)nsua;rﬁileaslcgl %}%roftalmte lﬁ(]lél Contpﬁndg nu Engrq'orfllﬂr: one or nore
met al | i ¢ oxi damtegort, Thigeintad abroit i a8 deestibpd headin. @m%mbl@mest @awme isgnt i nony,

bi smuth, cadm U;H&cl m@&éshd#ﬂﬂcdﬁhﬁr@ﬁﬂeiﬂﬁﬂ mt&&hﬁdghasmﬁi@ﬂ&%,,magﬁé&@rﬁE}Qﬁixidm er bi um

eur opi um gadoliniu er ma i.um.iron, |lanthznum
| ead, nanganesé: & rﬁ)llnlrb OI%ﬁfmma ot ‘gﬁnﬁﬁ]m esml?‘ ﬁlﬂurm“d%ﬂ R "“8“%12‘15‘%1 pal | adi um

pl ati num pras @@Wﬁlmmunpﬁremtt Wﬁluml o¥idsesnleivpluminge plyprinum pigreltydm.um - samar i um
scandium sele muﬁiﬁhm ﬁ}dtdxﬁ@&mp&lnh M@ hinug- Udnfauﬁnag rnret@lrbtxﬁla fpodn€ e gu Ehi4m  terbium

tln tltanlum q \ bﬁlﬁ&m vanadlcg 1 h%écﬁng t%/'['[I’IUI"I’I ZInC or a
m xture of t \Abhaﬁ? 8%#% < 18?'% Opife SORBERES @ Yt HEVHATATi n t he
netal | i ¢ oxi danmky (eg,bﬁéwsuamect?nt&l\@e@G@&o@&bﬂlmﬁlte,ﬁ@lﬂmﬁw&@@ﬁmw@@@’éhtc,

activaied sepeolite, kaolin), clay phosphate material, zeolite, or a mixture of two or more

thereof. In this embodiment of the invention, the gasoline sulfur reduction additive can

optionally further comprisc one or more metallic oxidants.

[0022] In another embodiment, the inveution provides a gasoline sulfur reduction additive
comprising a hydrotaicite like compound of formula (I} or formula (Tf) and one or more
metallic oxidants. The metal in the metallic oxidants can be antimony, bismuth, cadmium,
ceriumn, cliromium, cobalt, copper, dysoprosium, erbium, europium, gadolinium, germanium,
gold, holmium, iridium, iron, lanthanum, lead, manganese, molybdenun, neodymium, nickel,
niobium, osmium, palladium, platinum, praseodymtum, promethium, thenium, rhedium,
ruthenium, samarium, scandium, selenium, silicon, silver, sulfur, tantalum, tellurium,
terbium, tin, ftanium, tungsten, thuliun, vanadium, ytterbiuni, yitriwm, zinc, or a mixture of

two ot more thereof. In another embodiment, the metal in the mstallic oxidant is cerium,
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vanadi um platinum palladium rhodium iridium nolybdenum tungsten,

copper, chromum nickel, manganese, cobalt, iron, ytterbium uraniumor a
m xture of two or nore thereof. In one enbodinent, the netal in the netallic
oxidant is cerium cobalt, copper, platinum tungsten, or a mxture of two
or nore thereof. In this enbodinment of the invention, the gasoline sulfur
reduction additive can optionally further conprise a support. 100231 In

anot her enbodi nent, the invention provides a gasoline sulfur reduction
additive conpM&IHgHAlshydrotal cite |ike compound of f8FHURHPIF) or formul a
(rv)y: (X2 ry'""(0Hz,,,.2n)0H  bH O (II1) (M2}mAl "n(0CA) Zo z,)CFl bH20 (IV)
w herein X is magnesiuut, calcium zinc, manganese, cobalt, nickel,

strontium bar iviiBung Ip@RRH, palddiug, bt fRinaf mdlybPenti, niR@, doRef, eedniuny 1S

al um nUMm  MANGANEE S lcBeon SRR Lt NSl o ERERMIAD, AR ity or on

| ant hanum ceriu ' two' or ror e ereof etween 0 and
10; and to and Oh‘aeaﬁb@;d“&eé‘l @epetejus@emﬁcalgcopﬁ@t:p epriie cgfRlt apRRer atialBut | to about
10. In one enhogidRpRi nixiuher GOFPALEA Heak, ﬁ)&f&ﬁﬂb(ﬂm(eht\é}ﬂliz Bwddtiad( &) t 8. 4. 511 20,

The hydrotaIC|te ounds o or fornula (1Vl can contain
mi nor anounts &f*° mmmnémﬂﬁgfﬁ<ﬁqwe%6§?mm@§%mwi gseﬁﬁ?ﬁods for making these

hydrotal cite |idgseompaiRdsdiies: ﬂﬁﬁ@ﬁﬁops;duae@aga's&n% suff@t@0dHoMNRSiivd, 025, 023 and
6,479, 421, the discl osures of ﬁ g i Q @@ aﬁ@ﬂpg reference herein in
their entlrety‘mﬁﬁmﬁﬁéwgﬂﬁ%ﬂ?ﬁﬁﬁmeP & o SDSF Bt ke compound of formula
(111) or formula (IV) can be(g MHSOﬁSth? gapol hre sul fur reduction
additive. 10024] In another odg the | nvention provides a gasoline

sul fur reduction additive Pﬂ%ﬂﬁﬁﬂaﬂﬂQ%TB?é1cﬂYb | i ke conpound of fornula
(11) 7 or for mulvaefid ¥)is rm@ﬁbmusmlpqnmrvﬁnc rSghese, adalt, hclelestﬂbemm bdied, chyperei n. (00251

| another enbogl DRDer LIS LAY BOLN, REGHECES, AeAaRal A8 saylfur reduct | on

additive conprising a cite conp ormula (I'l11) or formula
(1V) and one oﬁmﬁBW@‘HW%$5PWPém@%P@&WF§””TH@mW§ﬁHPOFWWFW€@#6P3II|c oxi dant s
can be anti monybervdn®mit 10, anCAARE 1R selc@AAIsh HiTthe €6 IR/ LIRKboGRAY: 16.0pPET

dysopr osium _ef ol b SUC ORL UL, SRR NI S I3 e OBk o liohin um

iridium iron, anum num ‘neodym um ni ckel
ni obi um osniuﬁﬁ?@&MW&#PﬁﬁTmﬁﬂﬁﬂPﬁh@?hﬁwﬁgéﬁmyﬁﬂWWfM@Wﬁﬁﬁﬁhﬁuﬂ?&rhen|um
rhodium rut hQfﬂ;}»iﬁﬂmrﬁ@s”ﬁ’l’dhblfmfor%ﬁﬁﬁgihddé’ﬂydr&ﬂl:i@mkdﬂainpo%hdqlafé‘aéhﬁnb‘é& ihver, sulfur,

I |1 ' di
yiterbium vt i iveost e e p i o et b D B ep iy pert

S2004/ 039305 1Cf€]’ClluC hercm in thelr enurety In one embodiment, the hydratalcite like compound of

formula (II) or formula (IV) can be used per se as the gasoline sulfur reduction additive.

|0024] In another embodiment, the invention provides a gasoline sutfur reduction additive
comprising a hydrotalcite like compound of formula (II) or formula (IV) and a support, such

as those described hierein.

{0025 In znother cmbodiment, the invention provides a gasoline sulfur reduction additive
comprising a hydrotalcite like compound of formula (III) or formula (IV) and one or more
metallic oxidants. The metal in the metallic oxidants can be antimony, bismuth, cadmium,
cerium, chiromium, cobalt, copper, dysoprosium, erbium, europium, gadolinium, germanium,
gold, holmium, iridium, iron, lanthanuin, lcad, manganese, molybdenum, neodymium, nickel,
niobium, osmium, palladium, platinum, praseodymium, promethium, rhenium, rhodium,
ruthenium, samarium, scandium, seleniwm, silicon, silver, sulfur, tantalum, tellurium,

terbium, tin, timnium, tungsten, thulium, vanadivm, ytterbium, ytrium, zinc, or a mixture of
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two or nore thereof. In another enbodinment, the netal in the netallic oxidant
is cerium vanadium platintm, palladium rhodium iridium nolybdenum
tungsten, copper, chromium nickel, manganese, cobalt, iron, ytterbium
uraniumor a mxture of two or nore thereof. In one enbodinent, the netal in
the metallic oxidant is cerium vanadium cobalt, copper, platinum

tungsten, or a mxture of two or nore thereof. In this enbodi nent of the
invention, the gasoline sulfur reduction additive can o tlonally further
conprise a supPOrt¥BH961 I n another embodi nent, the i H/ERELEH™Y ovi des a
gasoline sul fur reduction additive conprising a hydrotalcite |ike conpound
havi ng an XRD pattern which has a 2 theta peak position that reasonably

resenbles, or llv@orﬂl%%theyeoi" de Moinenbdd@nent! hRiahetdd fama@hcmc bm lp@ﬁﬂn 35-965; |1CDD
Card No. 22 070 0964. |In one

enbodi ment @nﬂﬁvﬁr are preb ﬁ@éﬂﬁﬁ%%a“ﬂﬁbd%mm St .5%??? PR ch has a 2
t het a peak posmﬂummgmhandméa@mWQMhynn@@@m@h@gﬂmewWWQMn@&ﬂkVOH@entlcal to,

that found in §CRR kM, ﬂ%ﬁn&@émn{éﬁmmmsmmémﬁammﬂ hesechpdrotalcite like

conpounds are descri bed above an . '023 and
O Gk H e Bt et P e b B by 7 BF SR "Fer i i 1
their entiretymc$ﬂmmnemenﬁ0ﬁmnﬂmumC@hemmyUﬁmm@P@Mm@ahmmemconpound havi ng an

XRD pattern which has a 2 theta peak position that reasonably resenbl es, or
i s nearly i denPfEhir spoger enbpdipent, (915HHCDF‘?PHTT§5E§ 2 gaPbpe S8 yEStiP e tar d No.
22-0700; ICDD(Gamﬁn@bhwﬁﬁwm2m5cmmmmmmﬁm@aﬁﬁmummanuﬁﬁhm@@amm@amkbe used per

seas the gasol ?)onigonsjalxlt Ie&gonalé b'lc? 2 1?\%?:'!}136& tC;]' Q'Q%Zu]nd gpgcﬁﬁ Qz;rg'%r 6? nbodi ment,

the i nvention provi %Hg dugtron irve conprising a
hydrotal cite ICP@(bﬁﬁﬁb 0%§Vﬁhﬁn%ﬂ°¥Ff9%%ﬂ@%?ﬁmﬁﬁP§ﬁOﬁﬁsmén? t het a peak

position that ﬁﬂﬂﬁmna@byg&eseﬁmhﬁsmmﬂmnm@muﬁamM¢nmdﬁmhnaamnm@ukthat found in

| CDD card 35- 96031t:0ndm TAS0N fé'gesuu%le I'IS Qez deu lcge[?zgcrl B\%&NﬁCDﬁ%&I&%?%S or | CDD Card

No. 35-0964, ah suppor such ose erein hi s
embodi ment, th@“&&s@!PH@@§ﬁFﬁu¢mﬂ@8u&%?%ﬁmm%ﬁﬁﬂ%WW@“@%ﬁd%b%VénalIy further

conpri se one OratdAN®R, 6oes,odslahds cxuﬂamc&clo{uQO&&hch fre ABOioREK beragicnent , the
i nvention provtdes %ugunmh ne sul f ing a

c
hydrotal cite G oun ummemb e&gﬁﬁl&?gm“?gVﬂm%lmﬁﬁmm%f het a peak
posi tion that w@asﬁhéﬂhyal@Qem%ﬂE@hm@mﬂrémW@B¢$yb¢%@Wﬂﬁ@ﬁwkméﬁt%hat found in

:\IoCDD3ga(r386?15- 96& found £REDIC A sNBs; 1Ry O, 22L(§i@l31(@)"©hrcl\i®o. 335275—%175h or | CH:) Card
. 35- ©a a ne et a Xi tal..in the metallic
oxi dant can beﬂgﬁﬂiﬁ%ﬁ??g%wgnﬂ¥%““c%3ﬁ35teghoﬂggw 1“SM3 n#%ﬁﬁ% cobal t, copper,

dysopr osi um  efopi il noRY ERHR kiR, Igag@rlub,mrms @gomqmﬁmeducq&laghmdaol m um

iridiu iron, |anthanum se, en nlu ni ckel, 9
m compzl:;] sing a hydrota]mte?’]gc compou a\%ng an XRD pXttem Whlféh as a% cty a peak m

position that reasonably resembles, or is nearly identical to, that found in ICDD card 35-965;
1ICDD Card Ne. 22-0700; ICDD Card No. 35-1275; or ICDD Card No. 33-0964, and a
support, such as thosc deseribed herein. In this embodiment, the gasoline sulfur reduction

additive can optionally further comprise one or more metallic oxidants.

[0028} In another embodiment, the invention provides a gasoline sulfur reduction additive
compnising a hydrotalcite like compound having an XRD pattern which has a 2 theta peak
position that reasonably resembles, or is nearly identical to, that found in ICDD card 35-965;
1CDD Card No. 22-0700; ICDD Card No. 33-1275; or ICDD Card No. 35-0964; and at least
one metallic oxidant. The metal in the metallic oxidant can be antimony, bismuth, cadniium,
cerium, chromium, ¢obalt, copper, dysoprosium, erbium, europium, gadoliniwin, germanium,
gold, holmiumn, iridium, iron, lanthanum, lead, manganese, molybdenum, ncodymium, nickel,
9



WO 20051081715 PCTI 11S2004/ 039305 ni obi um osm um palladium platinum
praseodym um pronethium rhenium rhodium ruthenium samarium scandi um
selenium silicon, silver, sulfur, tantalum tellurium terbium tin,
titanium tungsten, thulium vanadium ytterbium yttrium zinc, or a mxture
of two or nore thereof. In another enbodinment, the netal in the netallic
oxidant is cerium vanadium platinum palladium rhodium iridium

nol ybdenum tungsten, copper, chromum nickel, manganese, cobalt, iron,
ytterbium ur af UHPBEIS i xture of two or nore t hereof PEWUSHHENRbodi ment

the netal in the netallic oxidant is cerium vanadium cobalt, copper,
platinum tungsten, or a mxture of two or nore thereof. In this enbodi nent

of the inventigg,, sgﬁmgaﬁgflld[qggla o o GEHAE Llo B4 6, OPL T onal |y

further conprise a support 1'n anot nbodi nent . the’invention
provides a gasHMPPE SRR SPRERTe teaHmSHeRt 11V8 010 FBFRE H S | east one

hydr ot al ci t e | fetomConiotind nhgwh, Mglian vaRRDin) tetbermydivapligydr agixate dfeast  a
reflection eta, om&mmpo@arﬁ B8 b {m@g%ﬁnd}eulmm@lﬁghgmﬁsce%tﬁ?m 23 degrees
and about 34 egrees ese rotalcite [ ke conmpounds
and col | apsed wﬂ%t:alr*@iﬂ? é’a“"F‘F’Réh‘@b‘ﬁ‘plﬁélﬁéiémé(l?démﬂbg’&%sfeb’éﬁppéﬂo‘é‘%“‘ﬁhd in US.
Pat ent Nos. 6, 28, &%?gdmﬂ:oﬁmél%&,yéaﬂmm mhﬁamnd:lasﬂtms biftes oradoranheiraah) Iar e

i ncorporated b C erein | entir n errbodl ment, the
hydrotalcite | IX% exq tF%m%al m,the meall ntrl)s certlum %D%imnl F%bglpﬁo DEL | east a
reflection at alat@umh@@awnp@amwfwwm@ﬁ therpréuip this emb éhe“at;@ert 23 degrees

and about 34 degLaRsuaRcdbiioMaiEvRel Peondh fidie cgRAsed d AipogUl fur reduction
additive. In this enbodinment of the invention, the gasoline sulfur reduction

addi tive can offuihnediter frhodiment, ﬂmrrvpmprsmovaiewwbmtsulﬁmwd#cmm agdigvenrore netal lic
oxi dants. 1003Q:lnphifinaMet:NRE hRRRRAURE Mnpolnl Bavin PHEALD QReRHGHES 1@stgasol i ne

sul fur reduction ad 1tiyv sin east on drotalcite |Iike conmpound
having an XRD PRI H gﬁ‘?%@?ﬂﬁ@m&t{’f%@ﬁik ‘Jegrées P& %c({;g‘%eﬁ aréiital}‘gf t heta peak
posi ti on of abduteesl Medhegreeskinstiroullyd@@littdiys @mgovadydnddotupted Biirotadbitgr ees, and at

| east one net alhi(écgmﬂ%ﬁogéghescr;g&eabg@gﬂllmﬂJE:‘ Ptat@rﬁNHPE @8'0!2?3:196'4@6491: ife@N be
antinony, bisnuth, cadmum. cerium chrom um cobait, copper, dysoprosi um

erbi um  eur opi GRFCUTERAB I F ORI RIS hytindn ﬂ‘?‘n’d’l‘“‘t‘ﬁ%rﬁ“ °% i dium iron,
| ant hanum | eaépbodanganeséotalcintikedoderudhavimea GRMipatR dipaKed af lesi 0bi um osm' um

pal | adi um bl a0 . Bf AAEAGHILR oroBRTRLDLUIL ENGRLU, Shodh um Ut heni um

samarium scandium selenium silicon, ver tantalum tellurium
terbim, fin, CPFETFUMRSCaRGetsdl ga?lﬂﬁﬁql%?ﬁd“%ﬁ%i’&i“ﬁnm Gl ERPHERL vt tri um
zinc, or a rri X tlid fr@eribn, the\Ensdine W @edbdier Adifive cdnppinolyietherebhodi M@pbs t he net al

in the met al | 'Fd/o%r!e%s%ne'caﬁmSﬁéa!nt‘s‘m vanadi um platinum palladium rhodium
iridium nol ybé

{0030] ln arother embodiment, the invention provides a gasoline sulfur reduction additive
comprising at least one hydrotalcite like compound having an XRD pattern displaying at least
a reflection at a 2 theta peak position of about 11 degrees, about 23 degrces and about 34
degrees, and at least one metallic oxidant, The metal in the metallic oxidant can be antimony,
bismuth, cadmium, cerium, chromium, cobalt, copper, dysoprosium, erbium, europium,
guadolinium, germaninm, gold, holmium, iridium, iron, lanthanum, lead, manganese,
molybdenum, ncodymium, nickel, niobium, osmium, palladium, platinum, praseodymium,
promethium, rhenium, rhodium, ruthenium, samarium, scandium, selenium, silicon, sitver,
sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, vanadium, ytterbium,
yitrium, zine, or a mixture of two or more thereaf. In another embodiment, the metal in the

metallic oxidant is cerium, vanadium, platinum, palladium, thodium, iridium, moiybdenum,
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10 WO 200 SIb61715 PCT/ Us521) 14/ 039305 tungsten, copper, chrom um nickel,
manganese, cobalt, iron, ytterbium wuraniumor a mxture of two or nore

t hereof In one enbodinent, the netal in the nmetallic oxidant is cerium
vanadi um cobalt, copper, platinum tungsten, or a mxture of two or nore
thereof. In this enbodinent of the invention, the gasoline sulfur reduction
additive optionally further conprises a support. 100311 In another

enbodi ment, the invention provides a gasoline sulfur reduction additiv
conprising a hYy8r¥Fuilttfte-1i ke conpound conprising a ﬂ&gﬁégmﬂﬁﬁﬁontalnlng
conpound and an al um num cont ai ni ng conpound, wherein the nolar ratio of M:
Al is from1:1 to 10: I; front 1:1 to 6:1, or from15:1 to 6:1, or from2:1

to 5:1. The hygdiotadogiet, Shrbril® llﬁxaamghga&séﬂaﬁm m}&cﬂbﬁm Winfubrcaghix@n pattern
di splaying at least a ectio iti.on between 8 and

{
15 degr ees. Né%H@&EmWBWﬁﬁﬁkFﬁﬁ”?ﬂggmﬂV%F3?%PH$T%£$FOggn‘S“%ﬂﬁd are described
in U.S. Patentnafos,cot328e008inamdungsted. 92 dhRtre of tve othgeheeadrbsisof which are

i ncor por at ed %baﬁﬁﬁ{me%v&%ﬂh@ e&nésln@dr;ed&e&a ALY opdoR P RARETOOdI Ment , t he
hydrotalcite |i ke, compound can %e used per seas the gasoline sulfur

reducti on addi®PFRES2EHPIhi s enbodi ment  of the invention, the gasoline sul fur
reduction addi Lonal Ly fukd, Q lﬁrcﬁHEQRHE such as those
descri bed heréﬁ%ﬁ%nIﬁ cgﬁ%ﬁ@ﬂbr n%fglng%%F% gRg§? nfg such as those

descri bed her éiovipﬂsmeewwme-@tcﬁwogﬁﬁwnﬁm@gﬂﬂﬁﬁ%—ww&%ﬂwurﬁﬁ i des
gasol i ne sul f uh akecluetondimiRdahjbindpgherchapivlaiirgf Mgped @i ako 04i de conpounds,

al so relerred 49, as,BhagULepe of Oxdronal of ue. |LhkgisaIRandzer of n

produced, for exa [T om ng proce an i cueous
m xt ure conprV§Xh@Y@ﬂm@@&§ﬁﬂﬁﬁ§*ﬁF%§W%%ﬁwﬁﬁﬁ&ﬁ“ﬁﬁﬁﬂ@ﬁﬁﬂkméﬁ@’at | east one
trival ent netaLn@an@wnﬁub&spmaﬂﬂcﬁnammgmﬁdyﬁaﬁa&nﬂ%m@@mmampound inthe form

of an 2queous aLULT 6 Rk RALLYNeah BT BELIIG NP Iled Tetal oxi de

conpound from ste %%ffo produce a
heat -t reat ed mpgeendraive byareiciyce u@cutle rhplowmm hl Ondnf@lbOCfuewth@hydawlcaqu@ous slurry;

(c) drying theghgsaha Lk emsagewwgllﬁers@mﬁau@t&nemtw&qnmsta@lbua@ne@tne or nore
shaped bodies t he m xe ¢anpou tionally, (d) heat

treating the c%ﬁﬁﬂﬂ)’ﬁ&% ) ﬁdi*%hln%%‘?ﬁ(réﬁ ucﬁ‘f’“ wer?ﬁleorpgff“ﬁlfg“rg'fr cgrﬂ%ﬁ?a 300" C or
hi gher to produmertond apthosdseibgherinedoshapade hodlies:didadts, secmistee: net al  oxi de
COITpOUI’]d. I N described hercin.

[0032] In other embodiments, the invention provides gasoline sulfur reduction additives
comprising mixed metal oxide compounds, also referred to as precursors of hydrotalcite like
compounds herein, produced, for example, by the following process:

{a) reacting an aqueous mixture comprising at least one divalent metal compound
and at least one trivalent metal compound to produce a mixed metal oxide compound in the
form of an aqueous slurry,;

(b) optionally heat treating the mixed metal oxide compound from step (a) al a
temperature up to about 225°C to produce a heat-treated mixed metal oxide compound in the
form of an aqueous slurry;

(c) drying the heat-treated compound from step (b) to produce one or more shaped
bodies of the mixed metal oxide compound; and, optionally,

(d)  heat treating the compound from step {(c) at a temperature of about 300°C or
higher to produce one or more calcined shaped bodies of a mixed metal oxide compound. In

some embodiments, the heating of step {d) is optional. In other embodiments of the
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sone enbodi ments, the heating of step (d) is optional. In other enbodinents
of the 11 N O 2005/081715 PCT/ US2004/ 039305 invention, step (a) can result
in the production of mnor amounts (e.g., 15%or less; 10%or |ess; 5% or

| ess; 1% or less) of hydrotalcite |ike conmpounds. In other enbodi ments, step
(a) produces substantially no hydrotalcite |ike conpounds. Methods for
maki ng these m xed netal oxide conpounds are described inU S. Patent Nos.
6, 028, 023 and 6, the disclosures of which are ed by
reference hereg “%mﬁﬁé ir entireties. The m xed netal P%ﬁﬁ%gﬂggﬁ%ounds of
this invention, also referred to as precursors of hydrotalcite |ike
conpounds, do not derive predom nantly fromhydrotalcite |ike conpounds.
100331 Steps (igent{od)ster incab esutdmiblesgddecion of ménoc ouwvlintgusamiksn0%at ch w se
manner. The t gLk, r@&usap&ﬁesglomygjxmlc@cnﬁe coalé&amqym om@&knush@u,enfs%cep@3<arrpl e, sol

sol utions, gels an alggstes maki ng .t he shaped bodi es of
the mixed met airodsses Bty Buivaeiste tkmeompenpdsn Metefs for making Ressipix@an optional Iy
be added to theetzsbmcrcym]d)um Etgddsdfiﬁedhea's Faegabie,ms,00f s 6,8,4h)he The sol vent

can be, for exda SITB ds 0 ?c.thl r% m% r%tr)zlted H crea&lhgrm t}g:ir elitlgtrtlgg ‘;I’heg‘rg ;c%] mappt yr ic acid,

valeric acid, Ti¢ aci 3 roxi Ice. In one
enmbodi nent, t h@ldsmﬁwelﬁ@- of this inyersion. els<a@icracd tc[aﬁ@@%&s‘“ls A ydreialgisdle et hod, prior to

step (a), t he By &Ndo noRERk pROMIANdomAN AP IRRAE®Ads.I N the form of a
slurry, and the trivalent netal conpound can be prepared in the formof a

slurry. The di Weaskpiers frefdaFanborrpduapdin aprititupis ardfor Yerdhare mpreera [Thatgpound can be
separately prepaagduiy afdreudyo ol ef 10?cx§llldlbr é’oysolu@dlgl gamm pd¥iex @glmdoget her; or a
m Xt ure cont ai ni ngét he an fttrl val ent met aI

Compound oan: BBl ARsEE SR Pt B re R moss S er oy S g t ho
conpounds togeztdwbﬁntpanomheallfvbmdﬂdﬂotav@mudwgth@_@m@nmofehe(bérﬁ@@dl ment, the

aqueous m Xturb%lvtunca%%@@or@%p@fdcalb@lmgmaaﬁ ch:in%Q@d’ bn?lcmlaeaerlcmt al oxi de
conmpounds can further rlsglé(gne or onents such as

metal s of anti g B bR ?ﬁ“twat%é?duﬂef# ﬁﬁ?fﬁﬁﬁ“\zﬂ%m& SiF copper,
dysoprosi um  ®rdfiamid. eur opi um gadol i ni um gernanlun1 gol d, hol m um
iridium iron, |anthanum |ead, mnanganese, bdenu neodym um ni ckel,
ni obi um osmi ulP3*hEiteaReamERH BT R F 6. ‘b"r%‘é"@ﬁtdﬂ? iﬁﬁ‘?ouggr“dﬁﬁf’cﬂﬁ?pﬁfﬁq rheni um
rhodi um r ut hemit¢mym Sen@fidy Land theSEigdai il caapbidiiad by prepsied in@eMgmefd ver, sul fur,

tantalum tell HLH}U ’er SRR coxfn{;dﬁnd atnh heRLAn metmﬁ'gbqﬁﬁ@ cantop%]él)z{réfm vazmdi um

ytterbium y'ttrr. zl nc, ture o nore thereof. The netals
can be in an %frpéﬁéﬁt‘*&|f°f§*t°é% %ur%ifﬁas‘ Bim 56 18BN 9T TSV GFIATR tedtValEt oxi des,
met al sul fi desmeuebidowliahd HESyaledimetal compound can be prepared by simultancously or

concurrently mixing the compounds together in the form of a slurry.

[0035] In one embodiment, the agqueous mixture in step (2) of the method of preparing mixed
metal oxide compounds can further comprise one or more other metal components such as
metals of antimony, bismuth, cadmium, cerium, chromiurm, cobalt, copper, dysoprosium,
erbium, europium, gadolinium, germaniwn, gold, holmium, iridium, iron, lanthanum, lead,
manganese, molybdenum, neodymiwm, nickel, niobium, osmium, palladium, platinum,
praseodymium, promethium, thenium, rhodium, ruthenium, samarium, scandium, selenium,
silicon, silver, sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, vanadium,
yiterbiom, yitrium, zing, or a mixiure of two or more thereof. The metals can be in an
elemental state and/or can be in the form of metal oxides, metal suifides, metal halides, or
mixtures of two or more thereof. Inone embodiment, the aqueous reaction mixture further
comprises coppar (&.g., CuQ), cobalt (e.g., CoQ), vanadium (e.g., V20s), titaniom (TiQ,),
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m xtures of two or nore thereof. In one enbodi nent, the aqueous reaction

m xture further conprises copper (e.g., CuC), cobalt (e.g., CoO, vanadi um
(e.g., V205), titanium (Tig), 12 V1 O 214)5/01715 PC9'/1JS2004/ 039305

| ant hanum (1x203), cerium (e.g., CeQ2), tungsten, or a mxture of two or nore
thereof. In another enbodi ment, the aqueous reaction m xture further

conpri ses copper (e.g., Cn(]), cobalt (COO, vanadium (e. g V205), cerium
(e.g., Ce2), a mxture of two or rore thereof. The Q nore net al
conponents (or “M"Bém Sul fides, and/or halides thereof f”é'éqr%”wbz'é:’""resent in

t he aqueous reaction mxture in an anount up to about 40% by weight; or from
about 1% to about 2576 by weight; or from about 2% to about 20% by wei ght,
cal cul ated as mmfaﬁmo(xa,djg cﬁﬂhuoé@l @ﬂ); tungfieh, &mem)@lfre m&cememarerememal conponent s
can be added to %ﬁ bo? 8 uou chonmnhrefn{h o e co erlzre as the at

| east one di val'@nt “Hetal conpound and thHe at 1 apr’fs dhe ‘t7ivalent net al
conpound are b@baﬂtgﬁqﬂ),we@dm@gm I’Ye@s) P@uméﬂrmﬁ?@uéowmewgf@mrrrﬂ% [ 0036] Step (b)

ﬁf heat treat ixﬂgeot h@earwe@&sm&hu&nﬁpmeb@(ot b1 ADONSE, d{m&rlaaﬁes&@&obemconfiuct edhby
eat treatlng Lhe aqueous slurr erature o ou to |l ess than
225C;, at a nﬁ??cﬁqﬁtrea%lfou%‘ﬁ% “@ﬂ‘ﬁeinanggoﬁt”p'fd]f?&ljw yéwf’lélfroﬁgrature of about
70C to about 1@@@1%aitab01a2-‘t°/eh¢p’@rgat erfremgﬁou@?%mbm?@mbbwa@@mlcuy@@@ or at a

tenperature of th@mutsqu&%mt @ne%myﬁorggt@r mlﬂ%odlﬁamng@meﬁﬁms ﬁxe E@éﬁus treating step
can be conduct ed .for abou re, The |ow

t enper at ur e be‘éﬁ"“‘f“r‘@ﬁfrﬁ’étﬁlﬁc q?“ée 8 F\Sef“’aalt et OEB%WEV%&] OFPP%HHE a@@“éhkml nert
at mosphere, anche atvalet netsiphegoid apbessur@sogettamtodae tlempodisiemt , the step of |ow

tenperature heat treatment is acconplished using steaminjection, jacketing,
beat coils, aRiFShy r{BdRILHFaing Pr a1 payty Iy igheheve fethetkeat becPiduttsd®int  does not
result in a dryaGeipetinshmeditury bisdadhk 8f sbdut sch@oflaf hanabseg; daeat - t r eat ed,

aqueous 1 Ut 1Yl O3/l R0 DL BTBAEL BN LRGAAGCY ORE BraLNET e al

conmponents (e des sil ode es o ant | nony,
bi snut h, cadmi mmlpeéﬂéﬁfq oA CaPRbaYh 0 G9ad £ tempasyipee! 20oufPEoterksst um er bi um
eur opi um gadoksni tHowg e fFRni- W tregmigdt.cp Qe bdvortitdted ﬁﬁrlaﬁi:luummlhlfttﬁfb,dboull ant hant nr,

| oad, mnganes%’h urs&¥nore r}HenﬂowP cIn craYurc }}?I:rptrcmnenhs eﬁcr'gjy conduuzd a1rnc;|r um pal l'adi um
p| ati num praseodym um rone hP Flen 1 um % t1 eni um samari um

scandi um sel eﬁmﬁﬁmbsﬁcﬁl f@éﬁ dW@FPW’éPTCSS@Eﬂ frupne enbadmert, Gmstbm elidvuri um terbium
tin, titani um iempib@Steateathditi bdddRplishanatly Hdin 11}{&f1&1rjbdkbl[ﬂg wditdikum zinc, or a

m Xj[ ure of tV\'Oar J;:wr dng[lf?vct er e“otfc%pc aﬁtg‘:%etggea%mnted (gres qt mu ugghl:%u %l UJ[’ ry bef ore,
during and/ or et the "Sbové et i edie oxi de

conpound prod u@ﬁtnpdé i in the form of a heat-treated, aqueous slurry.

[0037] In ancther embodiment, the one or more other metal cormponents (¢.g., metals, oxides,
sulfides and/or halides of antimony, bismuth, cadmium, cerium, chromium, cobalt, copper,
dysoprosium, erbium, ewropium, gadolinium, germanium, gold, holmium, iridium, iron,
lanthanum, lead, manganese, molybdenum, neodymium, nickel, niobium, osmium,
palladium, platinum, prascodymium, promecthium, rhenium, rhodium, ruthenium, samarium,
scandium, selenium, silicon, silver, sulfur, tantalum, lellurium, terbium, tin, titamium,
tungsten, thulium, vanadium, ytterbium, yitrium, zinc, or a mixture of two or more thereof)
can be addad to the aqueous slurry before, during and/or afier step (b) of the above method of

mixed metal oxide compound production.

[0038] After conducting the low temperature heat treatment, the heat-treated, aqueous slurry

is dried. The drying step can be accomplished by, for example, spray drying, drum drying,

flash drying, tunnel drying, and the like. In one embodiment, the drying step is accomplished
13



100381 After conducting the | ow tenperature heat treatnent, the heat-treated,
aqueous slurry is dried. The drying step can be acconplished by, for
exanpl e, spray drying, drumdrying, flash drying, tunnel drying, and the
like. In one enbodi ment, the drying step is acconplished 13 WO 20051081715
PCT1US20041039305 by spray drying. Upon drying, the m xed netal oxide
conpounds can be in the formof shaped bodies (e.g. particles grains
pel l ets, powders, extrudate, spheres, granules, and "mixtu or nore
thereof). The d¥JA'W§*Stiep can optional Iy be used to cr@&Vquﬁﬁﬁgﬁ bodles
havi ng particul ar shapes of interest. The dried m xed netal oxide conpounds
descri bed herein can be used in an FCC unit to reduce sul fur from gasoli ne.

10039] Step (d)ayéaiaymﬁg r@oﬁ'@?n@iheﬁﬁﬁﬂﬂ&élBﬂde%&&%ﬁlndg&fn%lam%'féjﬁ%f can al so he
conducted at a rom about 30 dﬁ L&_& 60‘&%} r about 300C to
about 850C; or SIEB%EF“'S ?f‘”f%"s Bﬁ’tp°l§§d’ﬁw Fre SRR PR SEPHEAS, step (d) is
conduct ed at authenmpef@t ormerd thapgyy). ﬁbdmngbd@'l'cam@ﬂabﬁbmeu%@iO@ate@irap@dbout 500C to

about 850C; orb@d@@%ﬂ5§a@&uﬁmqh@@mtme&§0ﬁe IriQmiRl Bk KB GnhAm@bout 850C. The
hi gh tenperature energ{{ﬁ%sﬁ‘gugnduct ed in air at atnospheric

e
pressures. The® ﬁf‘g’hﬁieﬁ’lﬂj& t“ii’?é““ﬂiﬁ Ut EPBE=USf he conducted for
about 10 m nut %3‘}] gicﬁgibﬁhp%l%thg&)&&)%d&{ng mEﬁnetafl E}Q&L @AQQIQJ bclorﬂ@c% a0 about 18

hours; or from abou hour b 10 ho % JLenperature heat
treatnent step CAFHRTEBHALCEE © Popt Y PW"%‘WOP r?é? i’boét WiFRMt, in an
OXI di zi ng envi ronaentoul B0Y. In meghﬂfodlamump@) Gfcoraxygem wrbdeanrtaat found in

normal * air), %’udo()‘:d%o Ibgﬂ%d “%r%@&’t'séoo@ﬁ%ktd&&"@ 8”%\1@%;%% WEdkso-kne hi gh

tenperature hea ducte cal ci ned m xed net al
oxi de conpounds:eesere lﬁéEP“WéP@r Abedugh ymerpre Bea eetapnt Peeneufy erdvget educe sul fur
in gasoline. [GO4Q} aﬂ&ﬂladdpr@dlrﬁnd{eargh Eéﬁabdadnm:ﬁdat&l%h&@@dsulp@dik%onaﬁﬁmrl sing m xed

metal oxide co %Joupl%mug]g 10 ou %hgﬁvemao‘rrg r a[m l%urt utl tt]ags (ﬂ"frolless than 3;
"és 2! Zt than

| ess than 2.5, S tha ess than
2.1; preferabl ybque]s@uqtﬁéﬁuf@ hq0§s %”thhFEé\F'meﬂ‘Qure lbeetélgammwpf?f&e C‘Prés%ﬁdt han 1.7,

| ess than 1.6 Qfail, ﬁﬁﬁm&r{‘\ﬁﬂml}m@t, ,ddaoﬂalm@grenam@@li(egnﬁ@maﬁda@m@afsfyg&li on of the
m xed netal oxide nl.2; less

than 1.1 |ess tlEaHﬂldtq‘%m%m TOénszS ll'ﬁ1 Qr | agsducin%%nwronFJ ntaIanegm’bodlmeln gn nglhan 0.7. The
attrition of tHewskkedeahehglnteii leemél@w@)malnd@e pacimpmseteepl byde t he ASTD4 D5757

net hod bet ween th@udds ESdiv@Ndre SRR dseMRAYE FCBlnit REEMNREME BGadoinlest and fifth
hours. [00411 I n one enbodinent, the m xed netal oxide is a solid solution

magnesi um al umi[fe)cThe dmnmdioswhgmew@dmmammamum madekide campoadds 0 of about
1.1 to about 6: g@nera\’]‘@ﬁl;’@ajnrrlmgdaﬁless than 4; less than 3; less than 2.5, less than 2.4, less than 2.3,

fess than 2.2, or less than 2.1; preferably less than 2; less than 1.9; less than 1.8; less than 1.7,

less than 1.6 or less than 1.5. In other embodiments, the attrition of the mixed metal oxide

can be less than 1.4; less than 1.3; less than 1.2; less than 1,1; less than 1.0; less than 0.9; less

than 0.8; or less than 0.7. The attrition of the mixed metal oxide compounds is measured by

the ASTM D5757 method between the first and second hours or between the first and fifth

hours.

[0641] In one embodiment, the mixed metal oxide is a solid solution magnesium aluminate

comprising magnesium and aluminum in a ratio of about 1.1 to about 6:1, wherein the

calcined form of the solid solution magnesiun aluminate has an X-ray diffraction pattern

displaying at least & reflection at a two theta peak position at about 43 degrees and about 62

degrees. In other embodiments, the ratio of magnesivin to aluminum is 1:1 to 6:1; 1.1:1 to

6:1; 1.2:1t05:1; 1.3:1to 5:1; 1.4:1 to 5:1; L.5:1to 5:1; 1.6:1 t0 5:1; 1.7:1 10 5:1; 1.8:1 to 5:1,
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calcined formof the solid solution nmagnesium alum nate 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 to 6:1; 1.1:1 to 6:1; 1.2:1 to 5:1;
13:1 to 5:1;1.4:1 to 5:1; 1.5:1to 5:1; 1.6:1to 5:1; 1.7:1to 5:1; 1.9:1to
5:1; 14 WD 2005/ US1715 PCT' 11S20041039305 1.9:1 to 5:1; or 2:1 to 5:1. The
conposi tion, as a whole, can conprise nagnesiumin an r]Dunt :T;at | east 38%
by wei ght cal cHOZtBESZE t he oxi de equi val ent (i.e. Vole ik 29&["?cr“hat| vc?y, the
conposition, as a whole, can conprise magnesi um:i n an amount of at least 39%
by wei ght, 40% by wei ght, 41% by wei ght, 42% by wei ght, 43% by wei ght, 440/ D
by weight, 45% b sweirghtg s: DrThB&%p&moﬂyedaghblp cEadoppisamasiesian ih ke oxi de

equi val ent (i J, iy formof a slurry,
dri ed shaped baom Frétg/gzg}r? ?’ogr/h3 “%2' tcgﬂﬁa%hastdmof%%%aﬁv%‘gﬂ Ell'h%ggol id solution can be
used in the nef*%tﬂ%"bﬂe%“cﬁ“inﬂéﬂmhé“r@hﬁ]e Wl PPRFSt PaspisiupRRAnGBPEOl #deFlut | on can be
used in a corrpﬁwaﬁylmm,httztw{by@»@]rghtaqmsgy@E@em%em@mnmb;(\eelgn, ,44%mt allic oxidants
o SuPpOr ! Sdury A2 DS, S0ADGG P E7.4 54N, SONRLL 28, kROVEG! ! O SOl ution
magnesi um al um na &te”ohe n%l% Fric rdan él i‘'onally, a
support; where Thehelidpelptigh odn r‘?ﬁ ’tﬂﬁé‘ qu@toféﬂ sfurmy, dﬁ?@lsﬂﬁ?ﬂtbo‘ﬁl@s an%?ﬂ“‘ﬂ%ﬁﬁhap%l smut h,

cadm um ceri Updic& hﬂ‘h@£th|£6lutl&ﬂﬁﬁll)ctused¢rﬂﬁkﬂﬁﬂﬂmds@ys$ﬁlﬁﬁ masdlwms@frobmumld eur opi um

gadol i ni um ger niu u | ron,, | ant | ead,
manganese, nol B\ (Oanncuugr%C %eo comﬁmmonnts}éﬁc’@%ms (hﬂlleo BERC S urﬁaﬁ fapa ™di um

pl ati num prasé@dymoum promnet hi um rheni um rhod| um nut heni unm samari um
scandi wn, sel en| umﬁ siljcon, silver r, tantalum . tellurium terbium

till, titani umtAnFst@r FFLPF?‘&RWP"S\?Q%%?HW ion AERCEPB PP P U zine, or a
m xt ur e of twomenllinuidents, dr qpodnallyl ssupmee; véirb e mpra it the hdtadlic ogidapdsSi ti oN corrpri ses

copper (e. 9., Qi GORA fuahfimSoriunCRR) mmn\/%agu;s?e (SucfhossrY2ER, 1 tani um

('L"i02), I ant hanum (La20B8), cerium (e ungst en a m xture of
two or nore tREWEG gad?lﬁlué‘n%’f%?‘meﬁ?ﬁdm“ﬁ‘%f“d‘“tnh1é°“c1 BEH%%n conpri ses copper

(e.g., Qu0), coebahiese, (L PG)numyaoiycivuwnnidke, GubjumMBRbn, paﬁeiﬁunumt(nem,g , Ce®2), or a
m xture of two,or n ﬁr&g@rﬂg&f tichifh, RBBL G smbﬁgﬂam%andm%emmﬂos' tion

conpri ses copper anot her enbodi nent, the
conposi tion cofPter @é@r \%"é‘?ﬁ’aﬁi“i}ﬁﬁl (tfélmam te\‘mesl)" ‘éﬂwwn%wﬁwm gengdiom, CeR) . The
support can bey@is, pelungdid/ @b miknhy/d katoahat theedt I encconpitatthe 100431 The

dh val ent motal SAbN bbbl N oY) BRLAL, SORPONIA0GD, bey) For exampl e,

Mt -, Caz2', acm xtlre of two or
nor e t her eof . p*ﬁmgﬁghoq), Tanthanum (La;:,O;) cerium (e g., Ce0y), tungsten, or a mixture of two or

more thereof. In another embodiment, the composition comprises copper (c.g., CuQ), cobalt
(Co0), vanadium (e.g., V2053), cerium (e.g., CeQy), or a mixture of two or more thercof, In
another embodiment, the composition comprises copper (e.g., CuQ) and/or cobalt (Co0}. In
another embodiment, the composition comprises vanadivm (e.g., V105} and/or cerium {e.g.,

Ce03). The support can be a spinel and/or a hydrotalcite like compound.

[0043] The divalent metal cation in the divalent metal compound can be, for example, Mg™,
Ca¥", Zo™, Mn™", Co¥t, Ni**, 8", Ba?*, Cu™ or a mixture of two or more thercof. 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,
magnesitm hydroxy acetate, magnesium acetate, magnesium hydroxide, magnesium nitrate,
magnesium hydroxide, magnesium carbonate, magnesium formate, magnesium chloride,

magnesium aluminats, hydrous magnesinm silicate, magnesium calcium silicate, and
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enbodi ment, d_e divalent netal cation is My". Divalent nmetal conpounds are
well known in the art. Exenplary divalent netal conpounds containing M2+

i ncl ude magnesi um oxi de, magnesi um hydroxy acetate, nagnesi um acet at e,
magnesi um hydr oxi de, magnesiumnitrate, rmagnesi um hydroxi de, magnesi um
carbonate, magnesi um formate, magnesi um chl oride, magnesi um al um nat e,

hydr ous magnesium silicate, magnesiumcalciumsilicate, and 15 WO 2005 /08171
~ PCT/ US 2004/ 039305 m xtures of two or nore thereof. 100441 The trival ent
metal cation i WaHERYPval ent netal conmpound can be, f8FTVERHMPIE: Al ",
_hfn3", Pea’, Co3", Nl, C}, Gar', B3, La3l, G13'" or a mxture of two or
nore thereof. In one enbodinment, the trivalent netal cation is ell 3+.

Trival ent net a{mxﬁlg,gppum}smagr&m\ml | known in the art. Exenpl ary trival ent
nmetal conpounds containing Al'4 include al um num hydroxi de hydr ate, alum num
oxi de, al um nuPPHL Eheatelentaleiahdation in thi tivelbtanctabdomndurd ar bry B exriele AU al uni num

carbonate, al Umnmtmtfc%l’*nﬁt*ec +8<bal%l*n}33ﬁltmf <‘dT*t G}ralndﬁmm\dd&%reatetem I‘E&JJEESI licate,
al um num cal ciumsi |'i cat e,

Sr{s tﬁ t er F00451 In the
ni xed met al oxtr&@d‘%‘ﬁﬁt‘ﬁ‘iﬁv&?ﬂtﬁmt%‘é@‘ enﬁ"ﬂﬁ‘tmﬁ éor?pa?Fri O oF® ﬁﬁ%w“d val ent et al
cation (e.g, Myt tfizuntf!raeymweaaheeammnmemalcomtng@rf {peludy alumpuih hyde@arde be f r om about
1:1 to about 1hyQirato Sumindn dxid afBRA Wetad, alum;]num mlratte qmﬁtﬂt%thyc@ox;]de about 1.2:1 to
about 5:1; about 3:1 to about 5:1: abou about 5:1; about 1,5:1
to about 5:1; é‘b‘Bﬂ‘tm ?t*rbemtﬂ VEEES. atlmma%a*atﬂdi h’?‘k%‘” tlbm‘é‘%ﬂ't‘“‘% 1; aboui
1.8:1 to about albmihgm aleowrt silitar® arlll ntixoureslpOwd obndls thapof.about 2:1 to about 5:1. In
certain enbodi nents, the ratio can be fromabout 1:1 to about 10:1; from
about 1:1 to abWBéf bphgmixedmeyhxidhermpoupdsyf the nymnigsoat =@ of the divalqb B about 2: 1 to
about 5:1. [004&hn R, M@'é)t@ﬂhﬁddlﬂ’t\&ﬂ&talcahblﬂe b N AENdah B Tropr 2Bt 0@ % abBougasol i ne

reducti on addi Iisin n, V\,hen the
ratio of the dltl&\)/}él?mm d%t] T ]I 900 61 {)u (?Zn%a%ﬁxt Péago%t I?DJ eo%ﬁ)%t%léogboﬁ]
or a mxture of4tvworberts: mb@fthbﬁ@e@PP It BPORAE: o B0Yu P driboubT: Al %k T bn (e g ,

A, Mn, Fe, CauouNig:1 hboutGli€sboldl ol A ab&i€s: Olor Moulh X tdbbt OF. hwe@r nore thereof)

is from about 1 1 ,fr bou t from about
1.5:1 to about c’@[m]ihme%t rraocr)ncang 11‘3 abg Oagouttwjl &[g' Olﬂqworlt)%"té%’bodl ment, the

m xed net al oxﬂrdleﬂ@@tlﬁdltseiilouttﬁlloq’tﬁeﬁlﬂtoh@HWPV‘élﬁtli on |s not derived froma
hydrotalcito |i onmpoun anot her e m xed.petal oxide
So1T " g0l ut on 65 SRR e B TR O o SRR PR RRIEETOR  addh 1| ve,
In this enbodi méwrt mef! okikesolidreletii) e telndio ofalgalvilere metall chtion (g tMgcC4, on addi ti ve
can optional l'y g, il t:taet sp@mmﬁﬁn@uéumsmtm%%g Bind MR/ HEPEGELPED herein,

and/ or one or nore_ metal
(e.g., Al, Mn, Fe, (,o N1 Cr, Ga, B, La, Ce or a mixture of two or more thereof) is from

Cu

about 1:1 to about 10:1; from about 1:1 to about 6:1; from about 1.5:1 to about 6:1; or from
about 2:1 to about 5:1, In on¢ embodiment, the mixed metal oxide solid solution of the
invention is not derived from a hydrotaleite like compound. In another embodiment, the
mixed metal oxide solid solution can be used per se as the gasoline sulfur reduction additive.
In this ernbodiment of the invention, the gasoline sulfur reduction additive can optionally
further comprise a support, such as those described herein, and/or one or more metallic

oxidants, such as those described herein.

[0047] In another embodiment, the invention provides a gasoline reduction additive
comprising 4 magnesium aluminate solid solution comprising magnesium and aluminum in a
ratio of about 1.1 to about 10:1 and liaving 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
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oxi dants, such as those described herein. [0047] In another enbodi nent, the

i nvention provides a gasoline reduction additive conprising a nagnesi um
alum nate solid solution conprising nmagnesiumand alumnumin a ratio of
about 1.1 to about 10:1 and having an X-ray diffraction pattern displaying at
Jcast a reflection at a two theta peak position at about 43 degrees and
about 62 degrees. In other 16 W 2005/081715 PCL/U52004/ 039305 enbodi nents,
the ratio of magnesiumto alumnumis 1:1 to 6:1; 1.1 to 6:1; 1.5:1 to 5:1;
or 2:1 to 5:1; We2up¥BiHp 4:1. The solid solution can b&@CEHSPHEIFEEr m of a
slurry, dried shaped bodies and/or calcined shaped bodies. In one

enbodi nent, the magnesium alum nate solid solution of the invention is not

der i ved from BSOS L8 o8 GOTRRNALn 11 ADOL T s LTBod grent -t he

magnesi um al umn I on_can be use pér se as the %asol i ne sul fur
reduction addet |“\/5@1 0’[20‘0918]1 Ths sodid é‘ﬂ?‘fé‘f”’é‘i’?ﬁ’bﬁ?ﬁﬁ‘h@fﬁsk‘%dﬁ”ﬂ\?}é‘ﬂ@ g pr ovi des a
gasol i ne sul f ubndreeelitaitd dRpe@Bidict. i Ly @1 eSlDIREL e etsitnl PGt |NdsoRtdAINES UM

alum nate soll d @O R EOIRES A1k IBONETLID B0 12LUHL RN, rall o of

about 1,1 to about avi ng raction pattern displaying
at least a ref Iﬂ@@tﬁwnaﬁtluwaﬁwldtsﬁéﬁ%“ﬁéﬁ%e%’%ieF% tb"rﬂ%’ﬁ“‘%h‘@ﬁf“‘%""degr ees and
about 62 degre@sivel n ot her enbodi nents, the ratio of magnesiumto al um num
is 1l:1to 6:1; 1,1 to 6:1; 15:1to 5:1; or 2:1to 5:1. The solid solution
can be in the fi@tinimdother shippdimpnt, thiyipvertios breydsela sabrdick s¥urzadeftioraddititeci ned shaped
bodies. In Onec&mgmarm;svmartd%ag@gmllngme@mmmtl@omp%wlgmumndt he invention
is not derived @roma bé tbal Lte lH%e Ccfn{t/) qiw’ﬁ ﬂ%‘é ort can be, for
exanpl e, spi nePS™HBFREL S DORE G EPUR " EBT B BE™ A7EY erIFIPI’at es, magnesi um
chl ori des, magregiyinmetisedragxiedionat a tragivasrakpescar Horrat S segravagd emisin f or mat es,

”HQHES'U”1 a'U%MHQIQ§mh£¥ﬂ&ﬁﬂémﬂﬁgﬂﬁ§&ﬂﬂbéﬁ&ﬂ@@%ﬁﬁmnﬁﬁgﬁﬁﬁi@”hﬁ#ﬂ'cates
rragne5| um cal ci um si | um si|icates, H“ibona calciumsilicates,

al um na, al umi NAM$ Tt §ﬁ7a1c @él E’?eﬁ?:“dts‘?l‘fﬁﬁﬁﬁf‘g%m the S A 43 l8AY- ATsBet es, cal i um
oxi des, cal ci unmpdidsunionedadsd shajed bidiRe M ore bniphiydit Abessgnesioh Blvininam hydr oxi de

conmpou nds, al u %rE';}&E‘}td%PﬂﬂE f'ﬁbéﬁhd?;gs SR Aled 98‘::5 %dﬁ@f‘ﬂﬂh’c@ Qlﬁnpéxfﬁd O sPhiier  than

al um na or al um num hydr oxi de conpounds), "al um num chl or obydrates, silicas,
silicon- cont ai’ti MO CHREGURTES GRS PIATVERaEsSemeriyn B TAISIEE . al umi na,
titania, zircorhlarjdegmayssiun(lgdgsides, hagdeﬁyxsuatbeqateg engredhini Srmahe ek geditne,

mont mori |1 ni te,gyol ﬁl%}ohscm A idaleb énks%m S%EB%] ghé%mm AGkh ¥Rked sepeolite,

kaol i n, kieselguhr, celite, bastnasite) ate materials, zeolites
(e.g., ZSM5), SHAGUPlcafsperie, ‘I"H‘“f“ﬁih@‘*eéﬁ’ﬁ%? ﬁtﬂvmflwte@&%wrﬁﬁs ssul fur
reducti on addi taiws@wu@aiftonates, calcium oxides, calcium aluminates, aluminum nitrohydrates,

aluminum hydroxide compounds, aluminum-containing metal oxide compounds {e.g,, other
than alumina or aluminum hydroxide compounds), aluminum chlorohydrates, silicas, silicon-
containing compounds other than silicas, silica/zluminas, alumina, titania, zizconia, clays
(c.g., halloysite, rectorite, hectorite, montmorillinite, synthetic montmorillinite, sepiolite,
activated sepeolite, kaolin, kieselgubr, celite, bastnasite), clay phosphate materials, zeoliles
{e.g., ZSM-5), and the like. In this embodiment, the gasoline sulfur reduction additive can

optionally further comprise one or more metallic oxidants,

[00491 In another embodiment, the invention provides a gasoline sulfur reduction additive
comprising at least one metallic oxidapt and a magnesium aluminate solid solution
comprising magnesium and aluminum in a ratio of about 1:1 {o about 10:1 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. In other embodinients, the ratio of magnesium to aluminum is
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optionally further conprise one or nore netallic oxidants. [0049] |n another
enbodi nent, the invention provides a gasoline sulfur reduction additive
conprising at |east one netallic oxidant and a nagnesi um al um nate solid
solution conprising magnesium and alumnumin a ratio of about 1:1 to about
10:1 and having an X- ray diffraction pattern displaying at |east a
reflection at a two theta peak position at about43 degrees and about 62
degrees- In other enmbodinents, the ratio of magnesiumto alum numis 17 VWO
200511131715 PEPAS 3054 1' 03 9305 1:1 to 6:1; 1.1 tofBUPS™408¥M o 5:1; or
2:1to 5:1, The solid solution can be in the forn1of a slurry, dried shaped
bodi es and/or cal ci ned shaped bodi es. In one enbodi ment, the magnesium

al um nate cormm&a@mfl t Be; 1. Mvemnt; loemlos 1n®1ﬁe ssh@rsbm@dcjurbemua mdrot al cite |ike
conpound. The

ant ..c n bi smut h,
cadmi um ceri ui aéé‘h‘! Sg?ﬁcpb(’dwb an%%lr Cf’lcme }I’aB Od‘?ﬁsgc?ﬁec go um. g]}’ébl um eur opi um
gadol i ni um gerspssivaRumgel compoyrd bifhainmentiop lquﬂdedfroeth‘Ih@EPiﬁlﬁéﬂhﬂm | ead,
nmanganese, nol yBdaRy Mhe ReMIdYHL Mﬂlcrbklaelﬁ%anbe AR, BB SR, cddiadh] adi um

pl ati num prase od m um. pronet hi u eni um. rho rutheni um samarium
scandi um sel ef ™ &P R d%‘"iOP‘vsé o P seep g &?‘l‘ﬂi’il%%hger?‘%r\‘ﬂ%ﬁ‘? %m t er bi um
tin, titanium hdmingstidum, irbrthlghthanwmy, lmamauhamm mylytdepuipi ngedymiptt wigkgby  zi nc, or a

m xture of tWaGQky BRiEn, bIIRGER biatich, ;ﬁlﬁ% ﬁm%%@@hﬂ%ﬁ@mumtﬂﬂé‘mﬁﬁt al in the
metal lic oxidant is cerium vanadi um |nu}rlnf“ a’IIal m rhodium iridium

mol ybdenum t uRGE®h sa“l‘?B‘ﬁ?Jé‘i‘md“‘c?h Feé?ﬁ’i”ﬂ’rﬂ]‘co"nsi‘l(‘ﬁ(é LAY ENEYE ™ cobal t, iron,
ytterbi um ur anibiun by, titgeium, Xingstee, tiafium, wnadim, modleunt, peiueofinc, drnmumme)fenbodi ment ,

the metal in the metahlis ﬁ)éﬁoq]%b?ﬁn&?{hk 01 i muwld&ﬂ@@c‘m copper,

pl ati num tungsten, or a m xture of two or nore thereof hi s enbodi nent
of the inventi GHediemy pleingmseleding, Taadiumyidikmgplbiegm, &H%ﬁ"[‘ﬁl“f)@%ﬁ‘f%ﬁhl ly further
conprises a suppey, anghddQ M1t ifon anabitis,ruraRin 6H MR of tivhi 6 nlopvBdadol. M provi des

met hods for regugl, P%Stﬂérwaefn%m i oY GOIEAL WM Tk Eldp et al  OXi de

conpound with a cata tic crac st oc The m oxi de conpound
can be a nagneglrtwwawlumnn%fﬁ@%wmmefﬁ theigef. ey be%@mf JhhinyFntier. sol i d
solution. The um ¥edinhRifalreddctiofdiGeRPMANESurGanomeisds Bsdpper. f or m of shaped

bodi es, which can be dried, calcined or a m xture thereof. (0051] In another
enbodi ment, t h#03i0hirenttheopmodiget.deednvamsichpyerddef rthodefguedueing ggeebiwd shifie sul fur by
addi ng one or W}ﬁao&ﬁ@{ﬂﬁ’gedb&m ﬁ&e&ﬁ%ﬁnﬁ&iﬂm&aﬁj}m 8 fedasi@ki R reRApounds and
one or nore metallllc 0X o the catalytic c(;ackln edst.ock. The m xed

f
met al oxi de cof‘?f)1 IRE Comgoun% i e g %ﬁmémmﬁlrﬁngftu?ﬁnﬁ%lf' oo} B o or s

ouna or can be in the
form of a soli ebligedhuiti. gitg mfr;hjgnetal oxide compounds can be in the form of shapcd bodies,

which can be dried, calcined or a mixture thereof,

[0051] In another embodiment, the invention provides methods for reducing gasoline sulfur
by adding one or more shaped bodies comprising mixed metal oxide compounds and one or
more metallic oxidants to the catalytic cracking feedstock. The mixed metal oxide compound
can be a magnesium aluminate compound or can be in the form of a solid solution. The
mixed metal oxide compounds can be in the forn: of shaped bodies, which can be dried,
calcined or a mixture thereof, The metal in the metallic oxidant is antimony, bismuth,
cadniiun, cerium, chromium, cobalt, copper, dysoprosiumy, erbium, europinm, gadolinium,
gemmaniug, gold, holmium, iridium, iron, lanthanum, lead, manganese, molybdenum,
neodyminm, nickel, niobium, osmium, palladium, platinum, prascodymium, promethium,
thenium, rhedium, ruthenium, samarium, scandiumn, selenium, silicon, silver, sulfur,

tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, vanadium, yterbium, ytrium,
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m xed metal oxide conpounds can be in the fort of shaped bodies, which can be
dried, <calcined or a mxture thereof, The netal in the netallic oxidant is
antinmony, bisnmuth, cadm um ceriumm, chrom um cobalt, copper, dysoprosium
erbi um europium gadolinium germanium gold, holmum iridium iron,

| ant hanum | cad, manganese, nol ybdenum neodym um nickel, niobium osm um
pal l adium platinum praseodym um promethium rhenium rhodium ruthenium
samarium scandium selenium silicon, silver, sulfur, tantalum tellurium
terbium tin, tTAANEH° tungsten, thulium vanadium yCEEPBMEHSStti um 18 WO
2095/ 081715 PCTVUS2004/ 039305  zi nc, or a mxture of two or nore thereof. In
one enbodi nent, the shaped bodies are dried, <calcined or a m xture thereof.

[00521 In anOtD&rorgmdﬁw‘%tormgr@@ncﬂcﬁvﬁ%ﬁée%@odﬁﬁ&tvﬂlgﬁ&emdﬂ@g§dr&@r reduci ng

gasol i ne sul fur H](\;“ addi n or nore shaped bodies conprising m xed netal
oxi de corrpound%'cﬁ E‘ﬂ%ﬁf to the catalytic cracking feedstock The m xed

retal oxi de cORpOAd.GaR:A Ay, TRANESLMALUYDAYS LOMOUATArgean be Tn the

formof a soli ution. tion {) S can edrled
cal ci ned or a hisfiesoae ‘frﬁ’éFeé’ﬁ‘P”Ibﬁd‘fshP’%P“é‘ﬁﬁi%dﬁ%H m‘?ﬁ‘@“@@ﬁif(ﬂ?f can be a
spite], a hydraepahe heatiykercionfodndk TRagreShdvakebaiodyd caBignesi umnitra’, e,

magnesi um chl Obl e IRANES LTI A QX0 ARARERLHIDARL RONANS, gmonesi um

for mat e, alum numtitanat e, zZinc tanate, zinc al um nat Zi nc
titanateizinc %ﬂ‘ﬁﬁ?ﬂ"ﬁlﬁt @ begrigh o OTﬂ‘?“@HﬁféWé’f Ip Bisembrimeses @%Supkf’él ci um
al um nate, al UEﬁthJal’Tépiiitl,taﬂ@d}ytdElﬁUlB: combdufi, mhgmshyxdmw Agmesaampaund,

al um num cont al e%glmrgglgr%e rgglieggmﬁfd:r@(% lx}ln%ncsnl.lngcafbﬂna i_:rgngsﬂ{]ai %:lnlug na_ or

al um num hydroxginde conpoun oro zirconia,
clay (e.g., héPﬂlnely‘s‘iﬂ%ﬂéw ¢ing Bipyte ains alumisele. Ging ftt@ate/WWtel lymigupe synt heti ¢

nmonttnorillini tzlﬁonaﬁaﬂlbl%loil& ca®Ginl sWRiBE, aS@Ph Ql'trbﬁy@mte Kﬁﬁl'lﬂuﬂ)hydr&ckd@y phosphat e
material, zeolite one enbodi nent,

the s haped bodlcogl bu118 dlL mmum aon'f!imdl,g metaf c}é\('%e coalpoung g e.g. qﬁetr glrf_lneallfnﬁtéirOéof [0053] In

anot her enbodi #ermlqn‘ h}HJ@NﬁW@mun(bhalpwem dilephyfestchiiehds, figenis: deliet-ng gasol i ne
sul fur by addidngysenRciiic, H@foetcM%Qllla@%ﬂ&t;@@mdﬂainﬂegsemomgqcnmﬁ;dal oxi de

conpounds; one or por t e catalytic
cracki ng feedsf°818]ktg‘i‘l"‘nﬁ’é? HS)P dpl {émg té or ““l?ﬁ%‘g rf)&e“éo Dﬁgnesi um

al um nat e conpourubgmegtathe ‘b@tdlwdtemn #retﬂlwﬁ,@ﬂcu&d sralmuvdurs@hmfl on. In addition,
t he shaped bodies can be dried, calcined or a m xture thereof. [0054] In

anot her embodi HEMW 1 oikeT FRROERETLA P RderRERaTe THras Belie sHg: gasol i ne
sul fur by addbygdiopec ormasheesivdipedmpGili eisedommbridicngpoaiauwte @Bomt /| t 0 about

% m L . . . .
1 wt% m xed mal}n@ilxlhc oxidonts; and a support to the catalytic cracking fecdstock. The mixed metal oxide
compound can be 2 magnesium aluniinate compound or can be in the form of a solid solution.

In addition, the shaped bodies can be dried, calcined or 2 mixture thereof,

[6054] In another embodiment, the invention provides methods for reducing gasoline sulfur
by adding one or more shapcd bodies comprising about 99 wi% to about 1 wt% mixed metal
oxide compounds and about 1 wi% o about 99 wt% hydrotalcite like compounds to the
catalytic cracking feedstock. The mixed metal oxide compound can be a magnesium
aluminate compound or can be in the form of a solid solution. In addition, the shaped bodics

can be dricd, calemed or a mixturc thereof.

[0055] In another embodiment, the invention provides methods for reducing gasoline sulfur
by adding one or more shaped bodies comprising (i) about 99 wi% to about 1 wt¥ mixed

mectal oxide compounds, (11) abont 1 wi% te about 99 wt% hydrotalcite like compounds, and
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oxi de conpounds and about | w%to about 99 w % hydrotalcite |ike conpounds
to the catalytic cracking feedstock. The m xed netal oxide conpound can be a
magnesi um al um nate conpound or can be in the font of a solid solution. In
addi tion, the shaped bodies can be dried, calcined or a m xtarc thereof.
[ 00551 In anot her enbodi nent, the invention provides nethods for reducing
gasol i ne sul fur by adding one or nore shaped bodies conprising (i) about 99
wt%to about 1 wt nmet al oxi de conpounds, (ii) a % o about 99
wt' /o hydrot al cu‘t’@’“ﬁ"i‘*l?é‘ conpounds, and 19 WD 20-5/ osﬁ%g’%%’&&*f"%ézoom 09305
(iiti) one or nore netallic oxidants to the catalytic cracking feedstock. The
m xed netal oxide conpound can be a magnesi um al um nat o conpound or can be
in the form of i@ o8Odrindresflatit bmnmtolumcmc&mgrewmk Thh@ixfineedoxi®et al oxide is
a precursor to a;m%ﬁ talcite | haped bodi es

0 n
can be dried, &APEIMe& eam%\”“esmmtaﬁlf“ém&cg}x)nrpomgmcﬁ The 16 }OTI“&”?IHSO?“ metallic
oxi dant can behamtwﬁﬁﬁvwnﬁwgwuﬂmﬂﬂ@aénfum%m@@ﬂvﬂwﬁm@h@éﬁqwmmm@@ﬁalt, copper

dySOprolsi umh e%@itﬂdmthe@lkéﬁﬁ}%i)didmcangu@d&hicﬁlilhbﬁbd ragﬁft{mﬁﬂlieﬂém T Ghethi mklﬁ' Im um Lri di um
i ron, ant hanu anese enu ni cke ni obi um
osnium pal | adf %%mm*%ca tmﬁ?%@ nﬁy ‘m%¥°%#€ﬁ§Fﬁy q%%é%?%h] r hodi um

rut heni um sansysprgsjum, gbmduramm galolinimy germagjufnj g@blnholrsmdl,v@um gen. fur, tantalum

tteltl urium terlmnmmmtwae,mamamgmmaen&mg@m& nibUibBAR, oM@Radi um ytterbi um
yttrium zi nc

q{ nk two or reht err?”{mb 00561 In anot her
enbodi nent, t h& iR WBW‘H?SVWﬂﬁglﬂﬁF Y PP P Pﬁﬁmﬂﬁ§ﬂ?TH@ sul fur by
addi ng one or nendus hdpied, dodi, 8isercolig tins umgel{un)m, adlowt, i@ Jiapt®h t 0 about 1 wt %

mxed netal Oxjde,GRMERRYAASum, (iR, dincW: Yoni@urdl ot or e Wepthydrotal cit e
| i ke conpounds, and (iii) a support oxidants to the catalytic cracking

f eedst ock. The (0956} @cnnbdr ashbodxiettCthCiovdu providec@nhddefoeredbign gsdlivdsubilr um nat e
compound or Ca%y?dﬁmgamtonﬁmiﬁzg&mﬁw@wﬁlJF] g(,)sa% bd A0 tp LB QU nfIPOCI TNt e

m xed netal oxide | recursor ) onpound. In
addition, the slﬁabé&cwmp@és Giatpond ‘Véfﬂoé‘ ut 90 3% Pysevplde ik cpBepidF-@nd her eof . The
support can be (@) » Spbnalidantipdicitaiiicting fkdtoBO MROLIREL, memagdme sémpanacet at e,

nmg nesiumnitr agnqie a % es%%{ a't'l‘u@ama%m) our%%r ca{x@é%pgé %0 ﬂ%gld S%illll%O [)rx%g nesi um

carbonate, nagnesi Um t ana Zi nc anate, zinc
al umi nate, zi nCﬂ“t’qdtuafhia@’@P%?dn%emé@‘tﬂwsﬂate@m%ﬂ’ pRidisity ke eorpaend. In cal ci um oxi de,
cal ci um al um naﬁcﬁlwualheuﬂ]pmﬁﬂcﬁrﬂ@hyﬂl’oaﬁzﬂod odd Mﬂmu&mehydﬁ@%m&&wpound

alunlnun}contalnln Jret al xi de anpou ﬁ her_ than al um na or
1&te 1 .
al um num hydro§’<111 gygbacelpésTmm" mﬁ*“ﬁﬂf% ¢ %Wﬁﬁ tmwr???%ﬁ?a, zirconia,

clay (e.g, hal |c@91§1ic,t1@1 gnesium hydroxide, magnesium carbonatc, magnesium formate aluminum
titanate, zinc titanate, zinc aluminate, zinc titanate/zine aluminate, aluminum zirconate,
calcium oxide, calcium aluminate, aluminum nitrohydrate, aluminum hydroxide compound,
aluminum-containing metal oxide compound (¢.g., other than alumina or aluminum
hydroxide compounds), aluminum chlorohydrate, titania, zirconia, clay {e.g., halloysite,
rectorite, hoctorite, montmorillinite, synthetic montmorillinite, sepiolite, activated sepiolite,

kaolin}, clay phosphate material, zeolite, or a mixture of two or more thereof.

0057} In another embodiment, the invention provides methods for reducing gasoline sulfur
by adding one or more shaped bodies comprising (i) about 99 wt% to about ! wt% mixed
wetal oxide compounds, (i1) about 1 wt% to about 99 wt% hydrotalcite like compounds, {iii)
one or more metallic oxidants, and (iv) a support to the catalytic cracking feedstock. The
mixed metal oxide compound can be a magnesium aluminate compound or can be in the fonn

of a solid sclution. In one embodiment, the mixed metal oxide is a precursor ta a hydrotaleite
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reetorite, bectorite, nmontnorillinite, synthetic nontnorillinite, sepiolite,
activated sepiolite, kaolin), clay phosphate naterial, zeolite, or a mxture
of two or nore thereof [00571 In another enbodi nent, the invention provides
met hods for reducing gasoline sulfur by adding one or nore shaped bodies
conprising (i) about 99 % to about 1 wt% m xed netal oxide conpounds, (ii)
about I w%to about 99 w % hydrotalcite |i ke conpounds, (iii) one or nore
metallic OX|dants and (iv) a support to the catal ytic cracking feedstock.
The mixed met%P2¥Xi*daS conpound can be a nagne5|un1a|dﬁﬂﬂ§?%mﬁgﬁbound or can
be in the form of a solid solution. In one enbodi nent, the m xed netal oxide
is a precursor to a hydrotalcite 20 WO 20051')51715 PCi'/L82004/039305 i ke
conmpound. In ﬂﬁé‘ib%«;@ﬁb 1t NELENAPBEb PRI ESn SR D BTl §d miGad @épgd or a mixture
t hereof. [0058] e gasoline sulfur reduction additives of the invention can
conpri se one O58Mhezasoinet sallfdr reductoniadititivesof iha ingquticrauntpmst ogloomdre 0. 01% by wei ght

or nore; about,.Quddadvs Weh erbtmtgfabomw%by%%”ttorgu/féqyouy\@l‘@?w%tcﬁmre about 5%
by wei ght or nore; about nor e wei ght or nore;

0% b i
about 20/ a by "W At [BPY WB%‘%“%?EPO@P‘%@%BWWW abﬁ?‘loﬁé’i‘éa‘g ¥ about 30% by
wei ght or nor ewrecahwg Li%abyeekigasor tibre; aboct Tés e gaightal ert; abdurgs@ttlherightenrbodi ment s,

the metal in RE dalElbiG, QuLdaHos Ati: BUESEN olifudl agiHNt of about O 1%
by weight to about ght; from about 1% ght t o about 50% by
O

wei ght; from Ga\aﬁmﬁmﬁb%ﬂwéwérhgﬁlftaliwofm%&ﬁe’b%%fwW@ﬁ& abgyt Ol edih about 1% by
wei ght to abouwkigl@OH0ut B3 bm@hﬁom fakculbat.aght asbduhmoyindightelpeti val ent. I n

ot her enbodi ment s, e - . n R esent in an
anmount of at Igoaglt/ %Jf}f’% %OUMEJ{%{%]%EB%JP 8%0?({));1\%%?18%?&80/ l}at | east 15%
by weight to a*ﬁ@hi‘tvah(ﬂ%do?%‘ [§guivalgpt %nwétﬁﬁea?b@memza%wlméie el 0 about 30%
by wei ght, caloglwinactdedcpa@m&henﬁ;wuﬁlefemm M&h@%:ght[t(ﬂ@&ﬁ}@ymﬂ&vefﬁﬁﬁﬂd:rﬁ in the

metal | ic oxidapt asﬂw b w%il’__’&%?o dFoup40t’/%glwelﬁh 'rLLb%ut 2?‘% lg%\(lclgl‘gfo atfoﬂl?ato?l lic

pl ati nun) and or f'or s ormof their
oxi des). When bywnéﬂﬁéﬁ%t@aa‘ﬁ@%wwﬂlﬁﬂrrake the additi ve of the invention,
they may be i ous sal t et at es, and
car bonat es. ?ODQJAWFEIS mtt:héfmtﬁlﬁf’lc %xadﬁ“tﬁég??§ée§ i c"ziﬁcgﬁﬁ ¥ ’h‘ﬁ%ﬁ%rl al in the
reactions | ea@ianlglmt) ndfohie cledabltyi commurifd foire (4. mvxetmfpmmfﬂwr MIFES)J‘ ®ihen of ocri a,

cerium acet atmeRhlk l&&h%xﬁ&@&@ad@aﬂ@o@ﬁm ﬁ%ﬁdﬂ%&%@%@tﬁms%{ﬂ)&@” y, vanadi um
can be used as a startln%lcmaterla in the reactions | eading to the additives

of the invent iEnTHeC1as SFAFDHI A HIH; Wﬁ??lﬁée”“&‘r‘f?ﬂ s R SGBEBNpOosi ti on
products of vamicou$ tanadinimdsgldls: agditds dge inlhoge in bf foanvmizuerivvanadat e or

vanadi um oxal %Ec@dte, ceriumn nitrate end/or cerium carbonate. Similarly, vanadium can be used as a
starting material in the reactions leading to the additives of the invention in the form of
vanadium oxide, and/or the decomposition products of various vanadium salts such as those

of ammonium vanadate or vanadiym oxalate.

{0060] The calcination step of the processes used to make the additives of the invention can
also serve to convert any non-oxide ingredieuts (e.g., cerium acetate, cerium nilrate, cerium
carbonate) uscd as a starting material into their oxide forms (e.g., cerium acetate, cerivm
nitrate, cerinum carbonate will be converted to cerium oxide upon calcination). The metals in
the metallic oxidants of the invention can be associated with the support by placing them in
the reaction mixture along with the support ingredients; or they may be made by
impregnating solutions containing ions of thesc metals into a dried forn of materials forming

the support.
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[ 0060] The cal cination step of the processes used to nake the additives of
the invention can also serve to convert any non-oxide ingredients (e.qg.,
cerium acetate, ceriumnitrate, cerium carbonate) used as a starting
material into their oxide forns (e.g., ceriumacetate, cerium nitrate,
ceriumcarbonate will be converted to cerium oxide upon calcination). The
metals in the netallic oxidants of the invention can be associated with the
support by placing themin .he reaction mxture along with the support

i ngredi ents; oPY4FEPHEy be made by i npregnating sol ut POHSSEHYHF ni ng i ons of
these netals into a dried formof materials formng the support. 21 WO
2005/ 081715 PCl 7US2001/ 039305 (00611 One skilled in the art can make the

conpounds and femp@@lsmwmwinaabﬁakhmf&%sm ana‘aaln csammfa]bﬁve%gcesses
descri bed her e%ﬁq and i exa

uU. nt. Nro. t he
di scl osure of YR ”i?“’“ﬁ%?ﬁ?ﬁﬁ%‘g%ﬁ%éram %g é’r"“é’ﬁé& 6%%? ‘\?’Sﬁoﬁ AT sﬂgeentl rety.
10062] The gasdiciore & whifiuis inceehrrddd bpnfeaatd hdrdivie §s ofiretyhe | nvention can be in the
form of shaped bodie articles rains, pellets, powders ext rudat e,
spheres, granui®®¥ T‘bﬂ?f@%‘““éﬁ%lb’é@""“"&r“ddmr‘ﬁ%?f‘g“rlé@m’é’f‘ Cat“\}?f)‘“él?” BB iLr eof ). The
gasol i ne sul f usedieeduclaitiols, gdils, pélve povaian, chisday, sphetes, fratues, b@drshapsak ci ned

mat oral s, Y AhALAL TR Sl Srcol T KIHE £ Olandilu08 IDEE e eof - 10063] The

gasol i ne sul fur reduction additives o e invention generally have an
attrition of BEHES @B MpEgys hylpind patgrisgror migduges O%Hﬁﬁftm"? tBe’ftSF I ess; about 2.4

or | ess; about f | ‘ 15]\, ess; about 2 or
| ess; about 1. 53365’ ]l‘eé%bgf;?masgglﬁrtcguftfoﬁt a%d;mvfsé’gtgc mcﬁuonﬁenira have . Iatmmn, %about 1.6 or

| ess: or about abputs opless]apas3 or|legs; @RokiEyS Oellﬁr%‘(?é‘i’%‘h?fée,ss lpat 2faf'totf ebstdbei of t he
gasol i ne sul f pp of@d usshii 20iNor @ekdivhiit ¥ 88lesatbudS ARGULbouk 14 ofEss]8%S51.7 @bout 1.3 or
| ess; about 1. ? abo

or r The
attrition is ne?assaﬁ?ul?ﬁﬁflests e R L§'|'I%/I é?%h}'ogrfrﬁbog‘melgség‘\?\%%nﬁ%mf(hf%eﬁasglmf and second
hours or bet weetutréfaction F@ﬂ“ﬁﬁ@bﬁrﬂl@tﬂﬁ Alyolgasigbout DDG 4eps; Tewt IGeapslatsiahet sul f ur

reducti on addi t} ¥8&s: Qifdbt)momv@ntﬂe@tﬂm&ammmr@tﬂgiﬁeiAEW PENS7 mempvent i onal
reactor-r egene at or

ating ca st bed systens, to systens
whi ch i nvol ve &BWET it rffé’f’%ﬁ%“&%b?éﬂ??ﬁ’@wﬁ“ t@%?sfﬂ?% g%d%/}%’scat al ysts/addi tives
bet ween react i gpqy) %pen@somdumm&%du% ABOG AR S addb kB anyC T Ul ati ng bed
systens are preferred’ Typical of the circulating bed sy stems are the

convent i onal nERAFREPHEAETERP IR iR PsRgatna sriagibed sryé‘@”é”n‘@ F45EBt systems. Both
of these circulati ingvbedtisipsdyensedtper ﬁmﬂmg\ctatatma&dldiyivds s@dech rractiby dr ocar bon

conversion (€. gy, AYILAGALION 41 ALl rta)culs%ﬂgﬂeays@a&r rd ke ghﬁypm& ol di zed
catal yst bed reactor-regenerator systens bein referre
the circulating bed systems arc the c@nvenuonal moving be and fluidized bed reactor-

regenerator systems. Both of these circulating bed systems are conventionally used in
hydrocarbon conversion (e.g., hydrocarbon cracking) operations with the fluidized catalyst

bed reactor-regenerator systems being preferred.

[0065] To reduce the sulfur from gasolime, the additives lierein are introduced into the
regenerator and/or reactor of the FCC unit and are continuously cycled between the FCC
reactor and the regenerator. The gasoline sulfur reduction additives can be used in an anlount
of atleast 1 ppm; at least 2 ppm; or at least 5 ppm; in an amount of at least about 5% of the
inventory of the regenerator; or in an amount of at least about 10% of the inventory of the

regencrator,
Examples

[0066] The following examples are for purposes of illustration only and are not intended to
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[ 00651 To reduce the sulfur fromgasoline, the additives herein are
introduced into the regenerator and/or reactor of the FCC unit and are
continuously cycled between the FCC reactor and the regenerator. The
gasoline sul fur reduction additives can be used in an anount of at |east |
ppm at least 2 ppm or at least 5 ppm in an anmount of at |east about 5% of
the inventory of the regenerator; or in an anount of at |east about 10% of
the inventory o regenerator. Exanpl es 100661 Th dI % ) exanpl es
are for purpos@? gmelﬁustratlon only and are not |nte§C/§ﬂtﬁwbgg
20u51081715 PCTJJS2 00 410 3 9 305 limt the scope of the appended cl ai ns.
Exanple 1 100671 Additives A-D were prepared and m xed at a concentration of
20 wei ght per cesif thanedph of tR: sp@wacaabiab.s equi | i brium catal yst obtained froma
commercial FCC unit. The resulting mxture was then run on a commerci al

| aboratory FCC sinulation reactor (Kaymge1 Technologies I nc, Mbodel ACE R+).

The resulting | ] auid. product was an on a_ Agi t . 6890
chr omat ogr aph @%@Bf%&gf%“gwﬁg}’ﬁ&m% %tglﬁgﬁtrﬁcﬁncﬁﬁtg’ ¥ ?@?‘,’YGSBW?“M
quant i fi cati onalo¥ mstek tquilibgpesizies obifike iguh ¢oulmem§@1rﬁ0§nxtnt nmdassited was nornal i zed

to the total Mbce&%%mg@rﬁelalcaenemm%msmlzﬁghlzem %0 SI MDI S
(manufactured by from Agil ent and _Separ.at.j OPB‘,‘#Stem; The results of

the sul fur red?ﬁ?}l”l‘)](?ﬁe WaW&%‘éCEW a“BBtrgﬁuﬁefﬂ‘q’F g ‘“ﬂaﬁdé’h? AE8%0 SIMDI S
system ar e shoe#i0 pas chf@ipkegraph doglledws 2 EYeiipepoaivEmipsisroPatier ul f ur  reducti on was

cal cul ated by gﬁmeinbmsmemsceéum&mgxﬁennﬁasute%a%mh@eqmdtyte conposi tion to
a base equilibriumcatal t1 | e containing no gasoline sulfur additive,

In order to m Hf ?rf%ollﬁeﬁ’éasé?‘f@(?f‘ﬁ*g’&?t 6879 SRS A anpfading e dom 286 &g%i | i bri um
catal yst sanpl espoaih yspedn2D Yootsultlcagte HHs eduction pulpsphbhemcddimcht possessed

m ni mal activi kgtem&@oemﬁaﬁe@ys@e@ emmﬁgt %@Jwvmee&fﬁgga%e M@ Bin Table I.

"Table 1. Gl solinc Sul uction tive wt9% Normalized
Sul fur Nor mal i %élaﬂea:ewi%léted ‘iYﬁomgw‘?ﬁeultSﬁBmi fagerck gl @mRtTigh©2 (99 A 56.5
4710 8.1 B 58. Gasd cqdibithiu: cRalst safoplb Sonthindhyd b dasoBue3ulfur additive. In order (o minimize

the effects of difution, the base-case equilibrium catalyst sample contained 20% of clay-based
microspheres which possessed minimal activity, This base-case sample is shown as Additive
E in Table 1.

Table 1: Gasoline Sulfur Reduction

f Additive Gasoline (wt%) Normalized Sulfur | Normalized Gasoline
‘ in Gasoliue (ng/pl) Sulfur Reduction
(%)
A 56.5 472.0 8.1
B 58.3 4642 9.6
C 39.1 470.5 8.3
D 57.9 477.3 7.0
|__ L (no additive) 51.8 513.4 0.0

{0068] The sulfur reduction additives as set forth in Tables 1-3 are described below:

Addjrive A
[0069] Additive A is SUPER SOXGETTER® (commercially available from Intercat, Inc.)
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Il 57.9 477.3 7.0 L E (no additive) 51.8 513.4 0 0 [0068] The sul fur
reduction additives as set forth in Tables 1-3 are descri bed below Additive
A 10069] Additive A is SUPER SOXGETTER(r) (commercially available from
Intercat, Inc.) 23 vA" O 200i 081715 PC1l'! 0520 W/139305 which is a
col | apsed hydrotal cite-li ke conpound contai ning cerium and vanadi um as the
netal lic oxidants and having a magnesiumto alum numratio of about 4:1. The
approximate quantity of cerium and vanadi um represented its oxide
equival ent is IH3EEGYand 4% V205. The conposition mé§‘6*éﬁ§#@ﬁ as
disclosed in U S. Patent No. 6,028,023, using a pseudoboehmte alum na and
relatively high surface area magnesi um oxi de, Additive B 100701 Additive 13

was prepar ed by,mt:fneamﬁﬂamy@laaafemﬁfdmtdan&@mﬂ@mgengu &anﬁmma@mel cation U S
Serial No. 60!527 % e contents of whi ch

nctatli OX‘idd. andhavl es-lu umt t100ﬁ8li t éh
are incor poraf S By B e ﬁl ﬁ“ti”H I??\“@VP ¢ Pét | % PHREYS a magnesi um
al um num ni xedquapy eﬂce@m ﬂdévae@wporsmrtsmmd bpitepds edivdint anSatCahian 44at i o of

nmagnesi um t o akut b osxﬂonqvas Lr&parem%lsﬁésgﬂﬁﬁgdh%ﬂﬁbgﬁ FRAFL M oxi de (Prem er
Chem cal ) and c}éﬂopoeh # ?sol a l'oss flee basis, the
rel ative propo s[""r’ “B’f“ TIes™ a ﬂw‘ir\l)g%?t\ﬁé‘ “&ﬁtﬂs‘%‘m%l ght percent,

respectively. Eqkl vs,; ng preparation, the conposition was forned into
m crospheres w a particle size range of about 20 microns to about 200
m crons by a spmay Adaiiyei Ighs begha bgtiemetibh @csersdth Ed-pﬂ@dx@l‘phﬂdapﬁbﬁ@ﬁhict was

cal ci ned at 60% ge(?ul’\%na)/ﬁ??ﬁ&cfdﬁgg Eta{ei\%o%&g’glzjl%%ﬁ?tgnt égl aréNas pr eDar ed by

a process simlar to except tive C contai ned no
metal lic oxi daﬁP%‘POfﬁﬁlbérqf%%‘gbhl"fl@éé‘ltbeﬁ§?t§etwstﬁ’é‘srﬂeillaafteii‘%al}ﬁﬁ@%mt‘?dons of Al 203
and vl gO wer em% (ﬁi’dldco?r@wéibﬁhgrhﬂdreﬁ)ﬁtraﬁﬁﬂiw rar@spﬁ@u;aﬁetbmumﬁ@h browi mg sl urry

preparati on, conposi ti d mcrog with a particle
si ze range of aﬁsof’uffpdlr Nits md cmmcfm ° cﬂmetrC Hndlp%mﬁ% ] ugeag]m% pray drying

t echni que. Vi e(?aé%)uppﬂivgsfﬁpbce@ t@ﬁmomgmem@m@ddgch%r%@@%or one hour.
| medi ately fol le@wpagenpa;s&ma; |F8ﬂbwuh@%pé?d’u@1d%t:on%§nofnu.]ad Mm{am{oat ed using

water as the nediu rat.ed was then c at 600C for one
hour. Additi vé"ﬁfﬁ‘@rﬁiﬁﬂ%ﬁa%f‘ﬁf g %qﬁﬁészo ?Céoﬁéﬁpé‘ﬂ)u@!) E%“E%%&Ea similar to
t hat of Additi veiiBeclexpeplhe tehdting &@3¥produgirgs tagmedn 6WEC vasicadded during the

slurry preparatdl?n séep On a loss free basis, the relative
dditive

10071] Addiive C was prepared by a process similar to that of Additive A, except that
Additive C contained no metallic oxidants, On a loss free basis, the relative proportions of
Al(; and MgO were 24 and 76 weight percent, respectively. Following slurry preparation,
the composition was formed into microspheres with a particle size range of about 20 microns
to about 200 microns by a spray drying technique. ‘The resulting dried produet was calcined
at 600°C for one hour. Immediately following calcination, the product was fully hydrated

using water as the medium, The hydrated product was then collapsed at 600°C for one hour,
Additive 1)

[0072] Additive D was prepared by a process similar to that of Additive B, except that 10%
tungsten oxide was added during the slurry preparation step. On a loss free basis, the relative

proportions of ALz, MgO and WO; were 21.6, 68.4 and 10.0 weight percent, respectively.

[0073] As can be scen from the results in Tabie 1, the hydrotalcite-like and the mixed metal

oxide compounds of the invention reduced the concentration of sulfur in the gasoline.
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proportions of A 333, MgyO and W3 were 21.6, 68.4 and 10.0 wei ght percent
respectively. [00731 As can be seen fromthe results in Table I, the
hydrotal cite-like and the m xed netal oxide conpounds of the invention
reduced the concentration of sulfur in the gasoline. 24 WO 2005/0 8 1 715
PCT/ 1JS2004/ 039305 Exanple 2 [00741 Additives A-D were prepared and m xed at
a concentration of ten weight percent with a |ow netals equi I i brium cat al yst
obtained froma comercial FCC unit and run on a comrer | aborat ory FCC
si nul ation readt®¥5(*Kd’ser Technol ogi es, Inc, Mdel ACE® ﬁ%z"”‘%{:’éﬁ"aescrl bed hi
Exanpl e | above. The total weight of catalyst or catal yst and additive was
about nine grains. The ratio of catalyst or catalyst and additive to
feedstock oil was about seven. The rgagtp§ tenperature was maintained at
about 990 F. The resulting gaseous and— ] iquid products were anal yzed. The
results of thi g00anakyisiesAdr@rSheuad indimkeddk £Sndntatich o3 ten Reibiopercedtrath

hydrotal cite-1i Xide e invention:
reduced bottor?llgo%v"@wS F‘n%n{ln C&q%pﬁ%@adlﬁgo atrrérge%{%gd\:}kggg ng 0 F; increased
catal ytic conv&rgnal la"%‘“’éﬂf tadatoprercheRgeerTedadogioy IBF@MP‘%?%CE Fficr eased
gaseous pr oductasc;éi;cebcﬂﬁlm@mﬂef aboed Thetotal hveighi ef daiglst pehh@dt dmigas wad NCreased t he
overal | quantit I ). e t of |ight
cycle oil isol ated n%g’%{;\lgefr?eé 1%1?8{%%8&'53&5! " n%qg%gdswkr@h am?,lngl d shift
summari es in TabFe T3¢ Heop e@pirads ‘a%sé‘tﬂmlw':dc%#ﬁéﬁon@ Tbﬁé%‘lﬂ@gtﬁsﬁ%‘s 88t ai ned for
each additive la@RESEE v@dankigzed hase&mesmld ambysisumm&hai §YASIES z&ampl e contai ni ng
no additive. In ord ects of tion ase-case
equi li brium cat af)w Ehydmwllcga gon (gtlgene %I’Jox ecomIpolm agle Vﬁ‘%nrr(ggucheres whi ch
possessed ni ni r?aqtom&é}!elhq'iﬂ‘é produttrigolptep) phore abeys &S0 sFaWﬁ‘Pféeq cgtalyfircompyersian Add| tive Ein

Tables 2 and 3.padbad @&i@é&%&%&?%&h@%&%& &8&&@@1&1@95@1% Pr oduct Y:N;I ds
rsi on, (0]

%t g éggl t7|5V8S ?@‘gg dt')’@“"j““m ‘”é"”% k' °§e”g sy if(%s"%“ pﬁ’g‘f% gl d’gg‘%‘g{‘ 7 2.5

the amount of light cyclc oil isolated between about 430 °F and about 650 °F. The yield sh:ﬁ

summaries in Table 3 were calculated by comparing the results obtained for each additive
composition to a base equilibrium catalyst saniple containing no additive. In order to
minimize the effects of dilution, the base-case equilibrium catalyst sample contained 20% of
clay-bascd microspheres which possessed minimal activity. This basc-case sample is shown

as Additive E in Tables 2 and 3.
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otai G 6.6 7.1 6.8 7.06.4C31.61.81.7 1.7 1.6 C35.0535.15.34.8
Total C4 11.8 12.8 12.4 17 1 1.7 iC4 5.05.6 5.45.4 4.9 nC41.31.5 1.5 1.
1.3 Total Butene 5.5 5.8 5.5 5.8 5.5 C4=1.1 4.4 1.3 1.4 13 nC4= 4.1 4.4
4.2 4.5 4.1 Liquid PetroleumGas (LPG 18.5 19.9 19.2 1.7 18.1 GGasoline
45.3 46 99 47.2 46.8 44.2 Light Cycie Ol (LCO 153 14.1 8 15.0 15.2 _ 15.9-7
Bottons 10.0 9.3 10.0 9.4 13.7 Total 100.0 100.0 . 100.0 100A 100 'Cable 3.
Yield Shift Sunmary r -- Additive AB CDE (no additiv,e%. dLI?(T“a 0.4 1.9 1.1
13 0.0 dGasol W2"#M"8 7 3.0 2.6 0.0 dLCO. -0.7 -1. Y8 0.0 -

dBottons -3.7 -4.4 -3.7 -4.3 0.0 j dConversion 4.4 5,6 4.6 5.0 0.0 dCol c
2.6 0.6 0.4 0.5 0.0 _ 100751 All patent applications, published patent

applications, hgsuet,.880iQiarkedupat ents, texts, and literature references
cited in this specific ' -

Lo --—r—eﬁer ence in
their entirety to nore fully desecs x—he-si‘jrt-@dﬂf"’the art—ta-whi-gh t he
present invention pertains. 100761 Vdri otis dei(Fi cati c}ﬁrs C)fad fﬁ sijnvention,
1 1 1 Aca -Aaoacerri-koad H a1 a B Iy $- Li: H
in addition tcgﬁ‘{jﬁg&l@u crbed W%T €75 APPEr gt g RIE SKi lled in
the art from trie Forégorng—desciri-pion—ppchogyfrgaty onsTars;

G 2.7 2.8 2.6 2.7 25
Total C; 6.6 71 6.8 7.0 6.4
G 1.6 18 1.7 1.7 1.6
Cy= 5.0 53 5.1 5.3 4.8
Total C4 11.8 12.8 12.4 12.7 11.7
iCy 5.0 56 5.4 5.4 4.9
nCq 1.3 L5 1.5 1.5 1.3
Total Butene 5.5 5.8 5.5 5.8 5.5
iCq= 1.3 14 1.3 1.4 1.3
nCy= 4.1 4.4 4.2 4.5 4.1
Liguid Petroleum Gas (LPG) | 18.5 19.9 19.2 19.7 18.1
(Gasoline 453 46.9 47.2 46.8 44.2
Light Cycle Oil (LCO) 153 14.8 15.0 | 152 15.9
Bottoms 10.0 9.3 10.0 9.4 13.7
| Total 100.0 100.0 100.0 100.0 100.0

Table 3. Yield Shift Summary

Additive
A B C D E (no
additive)
PELPG 0.4 1.9 1.1 1.7 0.0
dGasoline 1.1 2.7 3.0 2.6 0.0
dLCO -0.7 -1.2 -1.0 -0.7 0.0
dBottoms -3.7 4.4 -3.7 -4.3 0.0
dConversion 4.4 5.6 4.6 5.0 0.0
dCoke 2.6 0.6 0.4 0.5 0.0

[0075] All patent applications, published patent applications, issued and granted patents,
texts, and literature references cited in this specification are hereby incorparated herein by
reference in their entirety to more fully describe the state of the art to which the present

invention pertains.

[0076) Various modifications of the invention, in addition to those described herein, will be
apparent to one skilled in the art from the foregoing description. Such modifications are

intended to {all within the scope of the appended claims.
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intended to fall within the scope of the appended clains. 26 Wiat is clai ned
is: 1. A nmethod of reducing the concentration of sulfur in gasoline produced
in an FCC unit conprising contacting a catalytic cracking feedstock with an
effective anmount of one or nore m xed netal oxide conmpounds prepared by a
process conprising: (a) reacting an aqueous m xture conprising at |east one
di val ent netal conpound and at |east one trivalent netal conpound to produce
a m xed netal oxide compound in the formof an aqueous slurry; (b)
optionally heat treating the m xed netal oxide conpound fromstep (a) at a

t enper at urWhayjs ¢laimedgyut 225 C. to produce a heat-treated m xed netal oxide
compound in the formof an aqueous slurry; (c) drying the heat-treated
conmpound fron1ste produce one or npre shaped b of the m xed

b) to S
metal oxi de %maﬁﬁé P& Eiecaginigee phowe i saaeE ng & 3ure FE im
gasol i ne; dm@ﬁmgwcontab@qgomeatﬂyncrmc@m@fe@dom@ aDYF@BveCOHNPAUSUShe RASoaN X- 1 ay
diffraction gﬁg arn dlsplaé |least a reflection at a two theta peak
posi ti on dPebBUR oxige ogR perPareg%Equ%? HeY¥'e'88 and (d) optionally heat
treating t(b)ere@hag)ﬂohqbaﬁils &Sxtﬁré@dﬂqﬁ[sﬁ@a(l@e)st@feda/aleﬁtnﬁ)ﬂilabxuﬁcﬁmﬂ)ﬁndaiﬁﬁhﬁt o0 C. or
hi gher to E ?ducewgne or?rmre cal cin g shﬁé) bodi es 3 ed netal oxide
conpound. YA ECRET R ER SFUF T PBCOE MERK™9e SRFEPES H“fhﬁ o VA éftCret al
cation in ﬂdn@ di val ent et al corrpound of step (a) is sel ect ed fromM',
Ca' +, Zn' of two or nore

Cher sof 45 Bt FR oot B R T SR b oo B 19t e Eroaptatoe by o

cation in doba 2059 @.ab ertudtet @ht-treaedpoied chetl osiie@n{paind is tieah@cbes diion Al ' +,
M'+, Fe'+, Co", N", C'', G-+, B+ La + Gd'+, Ce34, or a mxture of two
or more tH3¥&of . 4. The nethod according to claim1, wherein the dival ent

met al conpoudigingthe St preftag cdngpousifrae ttee(bh rmcrmgn:&sdrurmmmapiﬁ bottagstasd um
hydroxy ace esi um nesi,umnitrate,

agnes um Ry ke R RO G B BolarE ne FGHEI N G e ST urn
chl ori de, trm@me)sinummkmmmatoel,de hgmb“ooms hmsa@rresanyurffrsdnbn patesn dispbagimesiletn  cal ci um

Si | I cate, eﬂec110n %% l’tlw? th«:ataé)lee\lll\('0 O(S)I¥10 Eoutt 4?de§re S ar?d ab?UQ%Z ?’Etrg]eggnaaccor di ng to

claim1, V\%ereln riv sel ected from
al um num h(ylljommnalle hbat direating, theaslhapudrbudmoﬁmrdapp al) ard nemmratoetodhmut a0 m. num

glhi[ E)?;[ gé, aAléi] t%%%dgydgng)é{’ rcxi'ngfe calcme s@llélggd%gélgsor}aatrx%ked me"flﬂ‘lomggncorr?gomla e, alumnum

2. The method according to claim 1, wherein the divalent metal cation in the divalent metal
compound of step {a) is selected from Mg?, Ca*', Zn®", Mn®*, Co*, Ni**, $*", Ba’", Cu*' or a
mixture of two or more thereof.

3. The method according to claim 1, wherein the trivalent metal cation in the trivalent metal
compound of step (a) is selected from AI*", Mn*", F&’*, Co™, Ni*", Cr’*, Ga™*, BY, La*", GI*,
Ce”, or a mixture of two or more thereof.

4. The method according to claim 1, wherein the divalent metal compound of step (a) is
selected from magnesium oxide, magnesium hydroxy acetate, magnesium acetate, magnesium
hydroxide, magnesium nitrate, magnesium hydroxide, magnesium carbonate, magnesium
formate, magnesium chloride, magnesium aluminate, hydrous magnesium silicate, magnesium
calcium silicate, or a mixture of two or more thereof.

5. The method according to claim 1, wherein the trivalent metal compound of step (a) is
selected from aluminum hydroxide hydrate, aluminum oxide, aluminum acetate, aluminum
nitrate, aluminum hydroxide, aluminum carbonate, aluminum formate, aluminum chloride,
hydrous aluminum silicate, aluminum calcium silicate, or a mixture of two or more thereof.

6. The method according to claim 1, wherein, in step (a), in the mixed metal oxide compounds,
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hydrous alum numsilicate, alumnumcalciumsilicate, or a mxture of two or
nore thereof 6. The nethod according to claiml, wherein, in step (a), in the
m xed metal oxide conpounds, 27 the ratio of the divalent netal cation to
the trivalent netal cation is selected fromabout 1:1 to about 10:1; from
about 1:1 to about 6:1; fromabout 1.5:1 to about 6:1; or fromabout 2:1 to
about 5:1. 7. The nethod according to claim1, further conprising a support
conprising a spinel. rmagnesia, nagnesium acetate, magnhesiumnitrate,
magnesi um chl ori de, magnesi um hydr oxi de, nmagnesi um carbonate, nagnesi um
format e, nhgnésbﬁWﬁdh@hmMGﬂé(mhwdmdmsﬁhﬁgnegmﬂnmgmﬁi6&%@dfhmagweEiunl

silicate, ;{gﬁgﬁﬁ?' (5 G BbhileCatEim a%ulllerHF]al%l &£k FomGBhfi LU §tiou cate,

al um na, mnumtitanate, zinc’'titanate m num zi rconat e,
oxi de, cal®i.um alumnate. al uminum nitrohydrate, an alunlnunlhydrOX|de

T h her in c 1! nét, -
conpounds, antal Yl Geak 'td’bBQn et 9891;51@ d %ﬁg 8121 llcgfap%ﬁ al um na or

an alunlnunlhydrOX|de conpound, al unm num chl or ate, ' .
si | i con- comeassif ﬁgg@@mo@ﬂateomwwmaﬁra@b mawsw@ logigy, amaghgsiien hydraxiai a,

zirconi a, Iﬁ;%gﬁé/smn{ika@%n%%%@&ﬁn RRMEE! AheneFER hiuhfrateChy Poul bk bsRnfilichip0 Or nore
t her eof 8. hod according to claim 1, wherein the mXed netal oxide

conmpounds EIERTHITS &ilieate, nAgPRIM Siqiwe sidigate. radjmlaltm sidigade, calsn siticafsp pumine. | east

about 2 PPIR mifm atttada@:aszrmcagﬁlﬁte alRBum gxrco;g?@ mm%xﬁﬁcgﬁlghﬂlgalﬁﬂmgs aiml
wherein the m xed metal oxide conpounds conprises about 5% or nore oT t he

i nvent ory @fmiptne nitehEdrateafpluminm hitsexigreedronguiziec ar dlungnurpeantagiitg metalvher ei n

the m xed &@kakmﬂ%hﬂ?cﬁQFHHMPQEmG&ﬁBFh%eﬁmmﬁﬁ%U%w%Q%@@Qmﬁﬂﬁ%dOEhhhﬁm{nVentory
of the regenerator. 11. nmet hod of reducing the concentration of sulfur in

gasol i ne priaedati siligh Slﬂ(E@n'G?ﬂ“tmm&Gﬁ@P‘?@ij ridhee dhanagtifangiliga/elamany tildgiacr acki ng

feedst ock Mchiba, afaet HBC HhYBh AR aDT zcBitc] BASE P06 5§ X&S oEhGL @xbge
conpound conpri sing nmagnesi umand alumnumin a ratio of about 1:1 to about

10: 1 and haxmfgfra%g%@ FeeRdige 15 Faet - Shepateredmel aydergmap e &¥tPrise fef | ecti on

at a two thehs seReRK RASht 0 afdut At oft Radlegbees pandorahiabikt fdudegp@es. 12.
The met hod according to claim 11, wherein the ratio of magnesiumto al um num

i s about 191 Thomgiherdipecgrding tg glainty ewhestih 81§ BixebMefRingrideocoRIPAPI EMPRRr ei n t he

rati o of nagnesi ym to @l umypdm i Sprabowte 1. §avkntbe abouyt Sind. L%mgﬁmg net hod

accordi ng to claim11l, wherein the ratio of nagne5|un1to al umi num i s about
2:1 to aboutl04Hhhe method according to claim 1, wherein the mixed metal oxide compounds comprises

about 10% or more of the inventory of the regenerator.
11. A method of reducing the concentration of sulfur in gasoline produced in an FCC unit
comprising contacting a catalytic cracking feedstock with an effective amount of at least one
mixed metal oxide compound comprising magnesium and aluminum in a ratio of about 1:1 to
about 10:1 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.
12. The method according to claim 11, wherein the ratio of magnesium to aluminum is about
1:1 to about 6:1.
13. The method according to claim 11, wherein the ratio of magnesium to aluminum is about
1.8:1 to about 5:1.
14. The method according to claim 11, wherein the ratio of magnesium to aluminum is about
2:1 to about 4:1.
15. The method of claim 11, wherein the compound is a shaped body.
16. The method of claim 15, wherein the shaped body is a dried shaped body.
17. The method of claim 15, wherein the shaped body is a calcined shaped body.
18. The method of claim 11, wherein the compound comprises magnesium in an amount of

about 40% or more by weight, calculated as the oxide equivalent.
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15. The nmethod of claim 11, wherein the conpound is a shaped body. 16. The
nmet hod of claim 15, wherein the shaped body is a dried shaped body. 17. The
nmet hod of claim 15, wherein the shaped body is a cal ci ned shaped body. 18.
The met hod of claim 11, wherein the conpound conprises magnesiumin an anount
of about 40% or nore by weight, calculated as the oxide equivalent. 28 19.
The nmethod of claim 11. wherein the conpound further conprises at |east one
metallic oxidant. 20. The nmethod of claim 19, wherein the netal in the
nmetallic oxidant is selected from antinony, bisnuth, cadm um cenum

chrom um cadbalhe, matmdpdiclainyid ophassin iy compprind fprihen copirisey at lepaderiei metalig

germani umg aald, holmum iridium iron, lanthanum |ead, nmanganese,

nol ybdenum neodym um nickel, niobium osmum palladium platinum
praseodymni uAf- Thsr oeikechlifleint Anihanin theodktalnin the mieeahlioupidash irmsalagied fomandi um

sel eni um  3fihbGORismSth! c\é%mmswnﬁwohmrﬁl@rntc%bmo,gbél &)}ééﬂré’smm toR%R, Yiopiti
titani um tungst en, hu [ ] um vanadl um yt er bi um tri um Zi nc or a

m Xt ure ofZaflmivgr WP@“Wﬁleréf&‘f holmiungh drigigh olgPnp f laaqhaiumslrpadm@m&ﬁnﬁm he

conmpound fﬂ‘f&l%@i@ﬁunﬁzoﬁ%ﬁhﬁﬁ& %1&Hpmb§um gs%rlthFall%Lmo%laQiBurﬁl ’ﬁiaE@o@}mther ein
the support conpri'ses a spinel, hydrotalcite [ik onpound, magnesi um

acetate, nEGREEITNMAYR.AhediuTrEhESIY FHEHIVGS Fodrdii g A ST U8 Y- HY sidur,

rragne5| Umtﬁ:ﬁél@ﬂﬁ@lﬁ&mnﬂ%@rﬁ't&h”htfa%ﬂ%ﬁ‘%steﬁ'tHJHuH#OAnTaalbﬁnﬁieﬁmun?'yﬂﬁmﬁ'z‘irﬁnat €,
al um num zi r conat e cal ciumoxid cium al um nat e,” al um num ni trohydr at e,

al unmi num hfdr oxi de conpBYNEe  al uf num céHt ai ni ng met al ME%i de conpeR

al um num chher ehydrat&s ofi 4ART @1, ZhécRANHR C&Apeynd f&JtH'éV oQﬂQﬁsQE'aé esuls&herl al
zeolite, or a mxture of two or nore thereof hod of claim 21,

wher ei n t he 23upporethpd of laiat Fel Whesin die nePrart %Eﬁ%ﬁ”ées %lSH‘@elalhmf?‘ﬁlét“‘e"ke or zinc
titanat e/ Zicpo@dUmhiialifn acetdle, mddfesiBL NQ&le, 36GAANGh drRle Ch#hB9ivkd hydi&leei n t he

at | east one m xed netal oxi de conpound conpri ses an anount selected from at
| east aboubagnesipmparbnate gnagnesipp formate, spminygy titagate, gastH e MEUMFHRNaEE  The

met hod accQlctinm@xi® &l alumiMier Hirindd GitdhydrRaS Lu@REmMhyteski¥edoipoai de
conpound corrprl ses about 5% or nore of the inventory of the regenerator.

26. The metWHAVBERUHEPAGED RIiaicATARIdWHERIETT chieh¥dra P ebatiacHE X net al

oxi de conpgynd m@pma S @fteARIOUtzedii80 06r MRT emiRfurd Nef i ANENTHT Ymbke t iRreof,
regenerator. 5 thod for reduci ng the concentration of sulfur in

gasol i ne pr 8%1 u%a‘nepwd gﬁcliueélumiqrem the support is selected from zinc titanate, zinc aluminate,
or zinc titanate/zinc aluminate.

24, The method according to claim 11, wherein the at least one mixed metal oxide compound
comprises an amount selected from at least about 1 ppm, at least about 2 ppm, or at least about 5
ppm.

25. The method according to claim 11 wherein the at least one mixed metal oxide compound
comprises  about 5% or more of the inventory of the regenerator.

26. The method according to claim 11, wherein the at least one mixed metal oxide compound
comprises about 10% or more of the inventory of the regenerator.

27. A method for reducing the concentration of sulfur in gasoline produced in an FCC unit
comprising contacting a catalytic cracking feedstock with
(i) an effective amount of shaped bodies comprising a mixed metal oxide solid solution
comprising magnesium and aluminum in a ratio of about 1:1 to about 10:1 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,

(ii) a support comprising a spinel, magnesia, magnesium acetate, magnesium nitrate, magnesium
chloride, magnesium hydroxide, magnesium carbonate, magnesium formate, magnesium

aluminate, hydrous magnesium silicate, magnesium silicate, magnesium calcium silicate,
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conprising contacting a catalytic cracking feedstock with (i) an effective
anmount of shaped bodi es conprising a m xed netal oxide solid solution

conpri sing magnesium and alum numin a ratio of about 1:1 to about 10:1 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, (ii) a
support conprising a spinel, nmagnesia, nmagnesi um acetate, nmagnesiumnitrate,
magnesi um chl ori de, magnesi um hydr oxi de, magnesi um car bonat e, nagnesi um
formate, magnesi um alum nate, hydrous nagnesium silicate, nmagnesium
silicate, stegnesiimazalceicwm siliitgatlenina2gluainum fnsi kine gitaatec alusiinm

silicate, ﬁJ Hmen% cﬁ!nuanlqauml&h&@anﬂﬁl ate, Zh RGindnd LARR Bate agnumrnmgvpu@]hlﬁg@gate,

Ca|ClumOXI C|uma um nate, al ufi num nitrohydradte _
hydr oxi de cocrmomdmdglunawnammnn@mm@@iwaip ndmgpupeether thaa adwmmmmwhmmmmher t han

al um na ory rbx@w%g&bﬁm mrﬁkmwc%mﬁg Q%fta Ak G lc%e&m oBkEmasi |1 Ca,

si li con-cortai ni ng conpound ot her t l'ica, silicafalumna, titania,
zirconi a, tlicysilielabyniphgpiaazisonatctayi Céfly thwallt? meterigly zealilgi sttaupistugsfoftv  or

nor e therq& 2or@fidheéd L) at least one netallic oxidant selected from antinony,
bi smut h, &%1un1 cerium chromum cobalt, copper, dysoprosium erbium

eur opi um @la)dié)leﬂfﬁl pummetglde e fintisplectsd [figm anherYU P Mith.j cdiimivm, cdrivgmchrpminmhanum

| ead; nang@o%ﬁ%opdp@foh%paswmermgcl%mpmm gff&bfﬁjﬁﬁh gema%mnpgand%mlum irigR@! | adi um
pl ati num praseodymum pronethium rhénium rhodi um ruthenium samarium

scandi um i@l elﬁlilttmlmsulpadconanggieisevemoly@ammr neorimwt ungket enipRipusmivey bi um

tin, ti tanba‘l’iﬁ'alux{nuﬂl%ﬁu%ﬂ pras‘é&'t}'}h]'uh'xm erﬂ&ﬁﬁQhU'i]HenMH SRt rudehitmURAmARC, OF a
mixture of two or more thereof. 28, The method according to claim27, further

conpr i si ngscandiyelrseleriimi tikdeony wéercaﬁfi%dwlum g luriypie e HOE: HBEMdiMEs o cl ai m

28, wher ei fiyfii¢ v!uramﬁ]o;@emmhg,qtlnuxlﬁ%&oapm&glré&fnao 6ah&k Reor hydrotal ci to
| i ke conmpound. . The method according to claim28, wherein the hydrotalcite

|i ke conpourd The meted pegoeking Lohgamot alfwthes comring ghpwsivieite Bre commptchod f or

reduci ng gasgl tiRem&kddl dEorGRERY L8NG, GAGLIA G Brotl GRURL ¥ddSould ARGKIaRGd eedst ock
with (i) a mxed metal oxidé compound corrprl Si ng magnesi um and al um num and

havi ng an »dratadgitedi f fracti on pattern dili§pl aying at |east a reft@POPsh at a

two theta p%@kﬂ@%tﬁdd%c@am%mmm% w}@%&r@.@ﬁy@aglc@@mtcoﬁlgo@@gg@&ﬁlaps\é@erel n
the ratio of nmagnesi umto um numin the conpound is fromabout 1:1 to

about 10: 1hvIEHCEi i) about | wt %to abbut 75 wt % of a hydrot Ga‘l“lﬂot”éi li ke
conpound. 31. A method for reducing gasoline sulfur comprising contacting a catalytic cracking feedstock

with (i} a mixed metal oxide compound 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, and (ii) about 1 wt % to about 75 wt % of a hydrotalcite like
compound.

32. The method of claim 31, where the compound is heated prior to contacting the compound
with the feedstock.

33. The method of claim 31, wherein the ratio of magnesium to aluminum is about 1.8:1 to
about 5:1.

34. The method of claim 31, wherein the ratio of magnesium to aluminum is about 1:1 to about
5:1.

35. The method of c¢laim 31, wherein the ratio of magnesium to aluminum is about 2:1 to
about4:1.

36. The method of claim 31, wherein the compound is a shaped body.

37. The method of claim 36, wherein the shaped body is a dried shaped body.

38. The method of claim 36, wherein the shaped body is a calcined shaped body.
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32. The nethod of claim 31, where the conmpound is heated prior to contacting
the compound wth the feedstock. 33. The nethod of claim 31, wherein the
ratio of magnesiumto alum numis about 1.8:1 to about 5:1. 34. The nethod
of claim 31, wherein the ratio of nagnesiumto alum numis about 1:1 to about
5:1. 35. The nethod of claim 31, wherein the ratio of magnesiumto al um num
is about 2:1 to about4l 36. The nethod of claim 31, wherein the conpound is
a shaped body. 37. The method of claim 36, wherein the shaped body is a

dri ed shaped body 38. The nethod of claim 36, wherein the shaped body is a
cal ci ned sha%erlede of 3pimgl, wipeeinihe kpuPend cpapTiF3TeFHEP D A" fReME 8hpound

conpri ses JRANegHUM iop amo@rmusgt QEighi@bOsticufhfi0 Ofs Mohe byxiwel ohivaled! cul ated
as the oxide equivalent. 40, The nmethod of claim 31, wherein the conpound

conpri ses (FQ1&56@W°99fﬂfm@3%6m8566%3%ﬁmoﬁﬂ‘@@8?“&0@6Wﬁbﬂhﬁt%dﬁﬁWWE?

magnesi um-ang o3l UsBnipein daddehpRigiM e Rfig@Biuk- andYaldhifidh 3gd h&ng ﬂﬁfﬁ(tr?’ Birccse ayl ng at
| east a reflection at a two theta peak position at about 43 degrees and about

62 degr eesellsdrplaying Hdeastz reflecypn %weéhe&rﬁeﬁlbp%ﬂtm@rﬂ?ﬁm% desrees@pdpound i s

from abOUt62]de%re$sowh@QQlﬂﬁe Kiid of lﬁ@eﬁhﬁ Jo ARMHEM lin We cMUpduRd AR atRlt M 10 of a
hydrotal cite ke conpound. 41. ‘The nmethod according to claim40, wherein the

conpound cBfpr §:4ednd (1)) st 9b %Ntto oAby SUapbue oF5? i drekalsiie dike opBeHTd:
conpri si Nng GROME $iethdl aftdrdal Ui RMIE RUeldR\hd @ Burt-doMrised (i fsoacdd vy, pat t er n
di spl ayi ng at Ieast a, reelection at a two theta peak position at about 43

degr ees Aheutabovit Y68l Elé@‘?‘%‘?é%‘d CRRBT R EnMRERES ¥ 2N "B‘f“ Wﬁbﬁ‘&%ﬁﬂr‘ﬂgt%‘ A i num i n
t he conpowirattfonfph@im dighouie alleisttaaef&bmtat B twlo theR Peakipbitich@dbout 43Megfed 0 about
25 wt % of a H%F gtaIC|te l'ike co F 42. The met hod accordhgg to claim
41, wherei®dg rﬁiﬁ%ﬁﬁdwéﬁﬁﬁr‘?%fé‘g e 5“‘1%‘8%}? tQgluginugy inghe sPRANG figM of of 4
corrpoundd_cawmru 1Sﬂoragomgnaﬁi (umhta)mdl at wb avow a6t %adflaﬁgdraﬁlc?fc Elaeyconiﬂblfnﬁr action
attern |1 S | east a lon at a two theta e SItlon at
gbout 43 degé 2%‘5 m ﬁ“ﬁﬁ agRuiiAe t%ﬁ 61r évi?gre‘“\ﬁkfe“r‘)&pﬁ“rtdrfémf’ﬁief §> %"P“ g"u“nt Yaf%Um t o
?I uni ngm i dbodithes @om'peﬂmdoﬂnﬁodnﬂ mpmhag&leﬁumﬁnabﬁmilnlﬁl &md amlng( an X-rabout 5 wt
Yot 0 about

%a 0 n il droh% c%t ke co 1U %di accordi ng
o ol ai m fGlargi i Ha ¥ P UG * BETBFT S0k P41 1L St b O e o) | | o
oxi dant . zﬁéab&hﬁzmmyaadw&ﬁaﬁnmingobom@@ﬁmmh48amwhﬁhemnhéb@mﬁmmahfkm1the
metal lic Oa)giol?talnlt 1o a%out Igtl andn(yl) about 5 wt % to about 25 wt % of a hydrotalcite like compound.

43. The method according to claim 31, wherein the compound further comprises at least one
metallic oxidant.

44, The method according to c¢laim 43, 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.

45, The method according to claim 31, wherein the compound further comprises a support.

46. The method according to claim 45, 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.
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bi snmuth, cadm um cerium chromum cobalt, copper, dysoprosium erbium
europi um gadolinium germanium gold, holmum iridium iron, |anthanum

| ead, manganese, nol ybdenum neodym um nickel, niobium osm um palladium
pl ati num praseodym um pronethium rhenium rhodium ruthenium samarium
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. 45. The nethod according to claim 31, wherein
t he conpound further conprises a support. 46 The nethod according to claim
45, wher ei n4t-heesuphk tecedingrip séasm o6 pherein  thhgubpet appises zing kigangtlonpound,
magnesi um agehal 6, ;iNBGRes/HR Mihihat e, nagnesium chl oride, magnesi um

hydr oxi de, nagnesi um carbonate, magnesium formate, alum numtitanate, zinc
titanate, alum num zirconate, calcium oxide, calciumalum nate, alum num

ni trohydrate, alum num hydroxide conmpound, al um num containing netal oxide
conpound, al um num chl orohydrate, titania, zirconia, clay, clay phosphate
material, zeolite, or a mxture of two or nore thereof 31 47. The nethod
according to claim46, wherein the support conprises zinc titanate, zinc
alum nate, or zinc titanate/zinc alum nate. 32
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