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Summary of the Invention

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

oxidants and/or supports as described herein.
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oxi dants and/or supports. [0010] The invention al so
provi des nethods for reducing sulfur in gasoline by
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m xed metal oxide conpounds, also referred to as
precursors of hydrotalcite |ike conpounds, to an FCC
unit. The gasoline sulfur reduction additives can
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to about 225C; (c) drying the heat-treated conpound
fromstep (a) or step (b) to produce one or nore
shaped bodi es sDetailed Bescript patien duct i on of
sul fur from gasoline; (d) heat treating the shaped
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form of an aqueous slurry;

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

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

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

(e) hydrating the calcined shaped bodies from step (d) to produce a hydrotalcite
like compound; and

® optionally heating the hydrotalcite like compound to remove substantially all
of the interstitial water and/or anions to produce a collapsed hydrotalcite like compound.
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described in U S. Patent Nos. 6,028,023 and 6, 479, 421,
the discl osures of which are incorporated by reference
whegosiost7ih their entirety. O her nethods for neki/ng2004/039305

hydrotal cite |ike conpounds are described, for
exanpl e, by Cavani et al, Catalysis Today, 11:173-301
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emlquw%tﬂaesh E%i%ﬁ?slr FPEPPY a%ée uﬁ%ﬁgﬁeﬂgiaa egasaling i
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[0013] 1B 3k REine AflfftodiidoniadGERRLES corfis6 aﬁy@l@gsmdﬁﬁown in the art.
cal ci um al um nates, al um num ni trohydrates, al um num

Exefiplary sUpRertiBHada mpirels magnesiagpagnesiem ppiales, Hi9gRsIUBLRItHES,
ma@@ﬂ@m %hfoﬁde%%a@@&ﬁﬂlr}@ﬁfbxﬁﬁél m gﬂé&lﬁh‘i EdrBdnatth U ABsium formates,

Chemicals, Msra, Chanaky |ncorporated by
magngsiap @RErniesy bxdﬁoqsmqalgsueﬂ ﬁlﬂlﬁaéwyynagr&ﬁlum sHifates IPEAPTIITA g

caldilth ﬁhwé?é%' ngﬁﬁm%% HoBia gcalcuﬂ‘i Qﬁéatéshﬁﬁnma uemlrﬂﬁluﬁ’lrtltanates,
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nitrohydrates, 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), aluminum-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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conmpounds ot her than silicas, silicalalum nas,
alumna, titania, zirconia, clays(e.g., halloysite,
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nmontnorillinite, sepiolite, activated sepeolite,
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Sgs@ibeda esmﬂeama 1pghie the sppROTtie ATRINGLARAENESIUM peftate,
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thenfi 130 PP Harifn, SrbRr S ls SR SRt a
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pa a |un] rnodl um enum tun sten
ZinCe FFTBRITE Al 01O morqﬁherﬁ ﬁ%ﬂ%ﬁ@@@dm@%@ﬁmw fofffe metallic
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platingai RnEHeR. ahmmtﬁtureﬁ:w?mnnmw@e@pf | east one cal ci ned
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e interst ani ons ‘and/ or water nol ecul es
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I nven provi gaso
suppogichan be emy lasddintin the art, such as those descnbed above

subst
e

:§~1

[0018] In another embodiment, the invention provides a gasoline sulfur reduction additive
comprising at least one calcined hydrotalcite like compound and at least one metallic oxidant,
where the metal in the metallic oxidant is antimony, bismuth, cadmium, cerium, chromium,
copper, dysoprosium, erbium, europium, gadolinium, germanium, gold, holmium, iridium,
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conprising at | east one calcined hydrotalcite Iike

conpound and at | east one netallic oxidant, where the
woreaoalosi7ms t he nmetal |ic oxidant is antinony, biBOTUR2004/039305

cadmi um cerium chrom um copper, dysoprosium

er bium europi um gadolinium germani um gold,

hol mMmum iridiumiron, |anthanum |ead, nmanganese,
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_ I've conprising at |east on€ cal cined hydrotalcite
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h 1 bal t bi )
tandet G e Gt e B G pER R AR i i i,
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e I U
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the @éﬁalhﬁ OXiGp B R eRTIHA and(sp Xpradivgt pﬁ@#mﬁﬁvl&ﬂ fgafpline syt reduction
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nbodi ment , in th [1c oxidant 1s
oxnia@tfsmm wnbpf atémateﬂol%by wgl@tr%&f» bso eight, pn0% by pleight based on

the ﬁ;;lgefr ét{unfaFeHJt gﬂh :ﬂﬁ et Bt b Bt 8 'ihaféf?&[}ﬁr e %as%hﬁ@&ﬁﬁ? ﬁﬁu%tion

al ci e conmpound and one or “nore
additive cemrfugher nomnnmpporb fuchtas thossdesadisul byremu g ht 25%
by wei ght, or 30% by wei ght, based on the oxide
[002H) drr 9rzcitieen embodimenti the éenviouithinpeomtideste gaseding slmrddoetjontadditive

conBi HIEE Mk NS RO BSA  HBRT REE o,
XY (OH)amizn)Ana™* BH,O (1)
Mg AL (OH)amian)Ana” * BH,O0  (ID)

where X is magnesium, calcium, zinc, manganese, cobalt, nickel, strontium, barium, copper
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[0020] In another enbodi ment, the invention provides a
gasol ine sul fur reduction additive conprising at | east
wor@shydidt al cite |i ke conmpound of formula (1)PGr/US2004/039305
fornula (11): (X2+ mY3+ n(OH) 2m+2n) An/a a bH2O (1)
(My2+ mAl 3+ n(OH) 2m+2n) An/ . bH2O (11) where X is
magnesi um cal cium zinc, manganese, cobalt, nickel,
or asmbmm pfitwo (baxlidrel thereof) [YPie amiAmilindng iR sd iroh \WobAlt, nf¥REIE

oreh SRS Shiti, hipS LN ImAgaNeae, | LOD, COBAlL ot A O,

Noa, mgcum{ af, 11; smgpﬁpam Mhd,EGROS, ;va, @1&@0 M%lx{%%ftwo

or e SR & 97 1 BV o 2 v gelecsedo st Ty
ratib of Béx WaBsut Dag Qboh@lo arud nyurRakiR 1RE @onﬁﬁ‘éu%ﬁ 'i)?ﬁ)ﬂ%ﬁlat(ﬁ%an be

io.of mn is about 1 to about

el e M Qi s by Moo e ek fesebuoseoite ike
coniORlh@ o3¢ &dst@beldiab8ye anlYbh BIs2p Sk lNo@Q 02823 Q)ld 6 b§ H?ld the

for maki ng these hydrotalcite |ike cofpounds’ are
dlSﬂ%%l&S|°B@falca@Eﬁ/@cmaqe%bm@remab@rmn ingir e8tigps, 1028¢ and
f r

oo AR i NELCH B SRR Pl S B RERDRGE B 6o per e
as thergrsehineesyifur nefectinyg addiivel cite |i ke conpound of formula

or formula (11) can be usedper se as the gasoline
100£U| In @noth@@a@pﬁmwna dhiinvention providds|a ganolmoulﬁamducuon addltlve
corﬁﬁq;ﬁ’l af'fé Hﬁirétgl\éﬁé’]ﬁﬁe%m?[)&\@ oq'? ealatg&)s foifuis & )

reduction ditive conpris
Suphw wdmmntth@ eupipoktes @dmbmijh@émf hrcmﬂlembbﬂl)nenf t}fecsnpmms a

T R TR e —.

magwsmml cgrbna:gnesagumlm Girmbie, magngsiemialuminate,akinginum titanate, zinc
i.um ch r oxi de, nesi
iR s S e SRR i P e
aluminum h'ydmxidetcampmmd ﬂummumctomatneg matlaLlcmldwdaShﬁ)bﬁ&p(@ @t Bther
| ci um oxi de .al unmi num

T A R I
cla}ade lg:[lhﬁllld’ﬂsﬁé; RécAdrite, ﬂﬁctﬂﬁ‘t% ahobABINRE RPauaL rﬁ(ﬁmﬂonlhﬁitt@ 8dpiolite,

mna o um num hydr oxi de compounds),
acu&?t?fﬂﬁeﬁ i #F%}}“é»rf%rpélpa) ate myaiiah zeolity, Ofm P tute|of W @r. rgore
therdatl 19354 difbodié&: OF ihb frveRtfm! A biBlindRMuFRELdHoh BldiBve can

synthetic nontnorillinite, sepiolite, .
optionally further comprise one or more metallic oxidants.

[0022] In another embodiment, the invention provides a gasoline sulfur reduction additive
comprising a hydrotalcite like compound of formula (I) or formula (II) and one or more
metallic oxidants. The metal in the metallic oxidants can be 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. In another embodiment, the metal in the metallic oxidant is cerium,
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activated sepeolite, kaolin), clay phosphate material,

zeolite, or a mxture of two or nore thereof. In this
wensasment of the invention, the gasoline sul POT/US2004/039305

reduction additive can v optionally further conprise

one or nore netallic oxidants. [0022] |In anot her

enbodi nent, the invention provides a gasoline sulfur
vanagim plaBrnmacelladive, thedipmi isidivan, molypdersima Itlmgsten,ICkaEr, chromium,

nlcﬁa,niﬂ coﬁaﬂ{ %J&,}t&lﬁu urgngﬁ{ 1{aam{)4t\1r% oﬁ% orlnixore Qfhereof. In

nDre i c éxi in the nmeta
Onfmmbmnn@t cﬂa:nmﬁel inrthd mealic ohdasmrlst deyiuro aebibvh Ity eppmey rlatimim,
co Y, rosiu r ki.u .
tung%}%rgg% %ﬁ]ﬁxngrg g?lrvsdnor dl’rlr(]g'g gher ﬁgnﬁlgﬁf en&‘gﬁ)@elﬁc cﬂ? me%en’uon, the
gasolineckiulfing refdlwotion addititehan optionaitwathrtherdgphesesuppodty bdenum
neodym um nickel, niobium osm um palladi um
[0028]aknianotirer eprtadmunly, theLinyenfowpetidesumngasoliversulfion reddvticn ndditive

h . . . L |
cog i B et P e F D b L,
vt um zine e Rk QR AR et hereor 1
rium zinc r "a
)a/mot her enbodi (\Mg"l* AP’lf;e(t)H)a,L@)OHm-blhﬁ) g\ LI 8 oxi dant
nadi atinu a iU r hodi u
WG o YA ARt o ekl B bactun, copper

or Anixkat of HBNG ARRS fhereﬁﬂ tyads b lurdigiuds) mayipArREd) ird i) cobiA1a Ricken Or
' nmore thereof. In one enbodlnent

a m xt e o t
Chf?‘ﬂlémhggﬁoﬂlmr {‘Pr?’h a‘ﬁ%‘PHﬁ“t gegiupl,qr @ K tureof bwp PﬁWPfeéB%?ftb 18
bet@ePind 10} &ldirAUAd n bié@%ét@cﬂso tRAt ﬂae ﬂahd t)m i9hbdud™ tP4bout 10. In
m)rethereo In this enbodi nen he i nventi on

t he
onerAaoAmegt, iR qompoprdif PR @m:ﬂstMSﬁéIZé%H)166{5%ﬂam§,ﬁydrotalcm

likd sbnlpoRids©P mﬂhhfae(ﬂﬁ YRR VIR %§11talh ‘Pmﬁ&oa'ﬁﬁ%ﬁts of amomc (e.g.,
enbodi nent he i nvention Erow des a gasoline sulf

COrs)elwWﬁl%n N&@mdﬁ faranakingihese Yfgotalcﬁyhkmommpn@ arq @e@cnbed in

U.g ?Eé@il)ﬂm 6;625‘4 (%ﬁ[gﬁli %ﬁg%lﬁl%p tl%;dgcf?fsgﬂég 8¢ x(dgx},ﬂ are id%ipoatitoy

refgreropliomindn )ff@!f\smbﬁzo It owg enabrainednt, the Tnsireteigiteldlicoompound of
forfilafIr) B it P RAEREERD pel 202 il ool B Slreur HALOR iige.

ari-u copper m Xt

[0055] I laﬁgﬂl&%mboﬁﬁﬂ;gﬁ‘ %%ﬁvenh&?ﬁowﬁg?aaéa"solm%'sﬁfﬁ?rl reduction additive

comprising a hydrotalcite like compound of formula (1) or formula (IV) and a support, such

as those described herein.

[0025] In another embodiment, 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, chromium, cobalt, copper, dysoprosium, erbium, europium, gadolinium, germémium,
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
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chromum gallium boron, |anthanum ceriumor a
m xture of two or nore thereof; b is between 0 and 10:;
wapasosamdl n are sel ected so that the rati o of P@T/HS1084/039305
about 1 to about 10. In one enbodi nent, the conpound
of formula (1V) is My6Al 2(OH) 18*4.5H2q . The
hydrotalcite |i ke conpounds of fornmula (I11) or
twofap it theiebl)In eastherenibadiment, the metathintht metlllicasxidant & cerium,
. 0. ... 00) inpurit ods t hese
vanh piadited. gD, hER iR RolyBlenP RS Eiger, chromiu,
niclEﬂitlﬁmgMQSe cBhalt2fBor) gzﬁergimh ﬁl:afthlﬁl. dif%lmxtrl]ﬂi’eoﬁwse)k ﬁﬁ)ﬁhr @&esf In
whi.ch. are i nc orate erence herejn in their
onelihah e B Bt i SO, G B cBof1h fipper,
platirig Qm@deﬁ} for b efivateas (hd br)m&é t}fewomﬂn&hlé bMbo&RnidST the invention,
s the %asollne su ﬁ%treductjon addi tive.

u
the F%fsg%j ST TS RRANB A R ﬁ@?ﬁna ¥ REMPTRPBIESOR SIPPER des a
ol i ne sulf r reducti on additive cqonpri a. ..
IOO%‘% grofheriembofiment g@ﬁ%ﬂw RPVifigsaraapoiing ﬂﬂ?s ctigyy afiditiye
con{ﬂn%%awd@tawm% tom n%m h@snd SHOSRD has&ih WheN HAEH 8 itidta peak

002 l I n anot her e |nEnt t he |nvent|on rovi des
posglggéh% Frasaaaply gesembles)OF isgisathtidenticaldo B ipyngip CRD card 35-965;

ICTY 5N, 20 J0804; TkBDACHR /YN 0F7 5 @reminAcdh No) 35109640 T HhE

nd one or nore netallic oxidants. The metal in

embqﬁizs/)n%ttbﬁ Isideotelgiteialrprcompaynddas aXRPamiternyhich hal 2 2 theta peak

posgi%ﬁ Hlab s el ?égbmﬁfgg QR sHThr1CABRchr c}o GRRRGInd in ICDD card 35-965.
rosi um ~erbium’ europi'um gadolinium gernani um
Me@!@ﬂajgr meking thepe hyidradaleity like rcglmpounéﬁ e alpseniped @mule and in U.S.

PatdR RIS E2%; 0??9%&/ @ Q%‘ h@ %%%mr%@f (ﬁkﬁé Incg%&@teld%k reference
osm Um pa I num rase t

hergih gntheinentirétydilu mle wmlbdal@rmrm rie lwdrmdcltﬂmlce@ompdeavmg an XRD

patttex%I vﬁﬁ?l}ulh rsn a%ttiélerat% ﬁezar’lﬁpogh {h%lt r{eaésﬁna&lix refeﬁ%)é%sf 8rgk nctaaﬁlm 1dentlca1 to,

thatfamaidh 0ADDycktdEYSHaSnICHD Datlen 2240160; I0DDaCard MNou3 531237f5t o

IC@%Q%&#F %Eg‘gg?laéﬁ%sg?%irgg P %%x%éﬂ%m SR A
002 b BrerERpBHER e RS ot R edro g b i additive

con)firitsﬁg lalhvﬂfota&tﬁte ik & BorApoudd Ravidg HrEXRID phttéin ledlliﬂfa@a 2 theta peak
her eof one enpodi ment, t

he. net a n the tallic
POSBB?P%’E%‘?‘%‘ Er7SG e?fé’ﬁésdieiﬁlﬁ ideniigal tp, t {1?;15 pgrn I@SQt"P‘iﬁ‘&é} 965;

ICDDICGIINGS 220706 IODHGHr@N@f%tMSOJr I(IDDaCz{rB oL 95-0944NaddH S
embodi_ nent of the invention, gasol i ne sul fur

suppeIt §ieah a3 those deseiibed hessin- Jp ﬂhlﬁﬁa‘quy”?’{H*tPﬁéﬁsobléﬁﬁb‘}fl“sréd‘é‘tm
addfiHB R &ptlohﬁgztﬁ}thérréoﬁﬁﬁierb%é oERBRILIANRL oxilidifs. | Nventi on

provi des a gasoline sulfur reduction additive

[oogs%rrp bhSthd}@nBoiidhO i lisvehford préRAGAIASII sMBM & cBsh additive
attern which has a 2 thet a Eeak posi tion that

compEiging ﬁ&wﬂrytaﬂt‘é@él#b Fepougd hawgn PR thichihag 2 thefpepeak
posfthH Rt fe@sdngﬁ?ré‘s@ﬁlgleg’ i %%ar‘lg}aggﬁc%B dthpc fmﬁ% if} IY@IQD chi@3B.965;

ICDD Card No. 22-0700; ICDD Card No. 35-1275; or ICDD Card No 35-0964; and at least

one metallic oxidant. The metal in the metallic oxidant can be antimony, bismuth, cadmium,

cerium, chromium, cobalt, copper, dysoprosium, erbium, europium, gadolinium, germanium,

gold, holmium, iridium, iron, lanthanum, lead, manganese, molybdenum, neodymium, nickel,
9



enbodi nent, the hydrotalcite |ike conmpound has an
XEl Dpattern which has a 2 theta peak position that

WO e@sosErt y resenbl es, or is nearly identical PCT/US1984/039305
found in I CDD card 35-965. Methods for making these
hydrotal cite Ii ke conpounds are descri bed above and in
U S. PatentNos. 6,028,023 and 6, | 9, | | , the

niobilirs,CsMfuis, Palladiunyplainual ﬁaﬁeﬁ@}ﬁﬁlﬁﬁt @bﬁféﬂ'ﬁlyn rrHér@Irﬁ,rtﬁ@dium,
hereln in their_entiye

i on |nen%?¥ he .
rutheRI i R RRR PR eSCRRdiEn, 6 ahfpaw 5" aw SR ch
terblu@s tid, t&aﬂulﬁﬁttﬂnééﬁﬁ KehiSusoh, tia A48 IR 3k te b RAS, @’&ﬂ@rh}’mﬁ@ e BiBSe of
or i s near % i denti cal to that found in 1 CDD card

two grmgpherpeipes meiher Rgbodimens thpmeabintherrallingxides.iy gepiym,
vandHiurh, GRAnfAl ?ﬁll%@umgﬁlo@ﬁﬁﬂ iride@h Ry Nﬁﬁltﬁﬁ rtﬁl%s%‘ﬁ ddpBer, chromium,

gasollne sul fur reduction additive I n anot her
nickelygHgAReTe: CoblhdronnyteRtimBupHBRion 8 UKL e prometg|thageot. In

one %ﬁﬁ&&&bﬁ%@ pedfal | invtﬁe ﬁn@ﬂﬁfc'o%idgﬂt 1@041%?” %Iﬁhfﬁ'n{ goﬁa'ltk@o per,

conpound having a D pattern which
platipumk tupgsidng Drtmmtma@ Of @\@sm sk therees éﬁﬂu%@mbqshmﬁrg Oﬁ@a frvgntion,

oo R o TR g £,

[00%2 -rhge) ?rg)%hef %ﬁg% fimet ﬂgf? gfventﬁ)ﬂ‘bpo s 3 %g&?néj Sitfab éf&gguon additive

I nent olrne s U
compgsing &fi least ardiydiotadeitedie opnpomd lhavyng ay XRPrpatigmdispkwing atleast

a reﬁéctlgg b i@&g Phdkcpogfﬁ'og BPirdut {10&\ <5 af)]ou% H9U0es and l?ol}ll;c 34

nventi on prov gasolT1ne su
degreex] MMtthats faxddalﬁmg/thestedmhrotaﬁnm dikea cdnmmhunﬂsad,mil cbBapsedlgydrotalcite

e SRR R SRR LA D850 BB o

disclodeses bowlhich re ircbipbrakeaiiydeferentdHain &1 tHeidentR&P, Id &isD

embgBitigh e iR et Somin bavad 11 KD uetheisPRR ALY

refléchoh e M@ IpbdkGposiiba 8NiboG et &grea@ tabcm@ DY dedvéeaud Bbout 34
cadm um cerium chronum cob

degiggs e rsdae &raa.tmas@meab#ﬁgﬁ? ug'a%f ﬁwamtn Gisembadiment of

the Bi0&rflionNB¢ FAsbiMe shlfinte@iPioh beiivel AR btRaIN futtB@bomprise a support
manganese, nolybdenun1 neodymi um nlckel ni obi um

and/@%‘ilq}ﬁ?feﬁﬁltq Beoifaptspl at i num  praseodyni um pr omet hi um
rheni um rhodium ruthenium samarium scan

[00393 (1 prroter esbediment, the invgrion Plides p gagolipg wlﬁlﬁfedug‘ﬂon additive

comtpﬁlslhg' B 1648 oﬁe%@r‘o%ltetlik@ coﬁlb(;u"ilﬁ ihskThe ﬁmtlﬁﬁemtdﬂ’ﬁia&hh@at least
Vanalum ytter um yttrium zinc, or a mXxture

a reflegion pt avbtheta Pk resition phaberbt Indagrestrisbent 3a desreesriad ﬁhquaﬁ‘l
degllegﬁ tam?atrf@agtadn:% 14304 Sadnt ”ﬁieclﬁé'téllfﬁrglg‘ﬁ?e@aqﬁ‘é Sk b deMifnony,

fum 1ridium nol enum tungsten,
blsmlp,pyedmmuh peytvinu plroniiwk.esiobaliraerpan ém)pm@mb“a btblum,re@mplurn,

endfh i, Lot th 301, TR S o Mgl Bl

molyabdedani nebdyrgigmi, nunkel,vraoiautnwsmuum,hzalladlum,qﬂmum, ptasdodymm;m
prmg%&% ﬁ%@ﬂku?nr Fh% ﬁgf}l’lﬁé@é‘ﬁfﬂl &%ﬁ%’nu%l scanrdmm Seelgnellcl)m si 1(!]01’11,: SIHV%I',

sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, vanadium, ytterbium,

yttrium, zinc, or a mixture of two or more thereof. In another embodiment, the metal in the

metallic oxidant is cerium, vanadium, platinum, palladium, rhodium, iridium, molybdenum,
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t he gasoline sulfur reduction additive can optionally
further conprise a support. [0029] In another
weedpsasiment , the i nvention provides a gasol i nePGIIIUR2004/039305
reducti on additive conprising at |east one
hydrotal cite |ike conmpound having an XRD pattern
di splaying at least a reflection at a 2 theta peak
tungsttﬁl't tdpper, ciirominm hickd, ﬁagaﬁ@s,, coBhQ htbn,Zﬁteﬂﬁgﬂ agmidn dr a mixture
34, de

of 08 oo e B R TR Co b Rt b is4PEv e

vanhdilt@, @OANQUPIES, phitiBuECRbEstdde ot aahﬁmﬁe 8ol o nidréSthefRat. R this
, the discglosures_of |ch

s. 6,028,023, and 6,479, 4
emb;ﬁgn?nﬁ efgtr%f) Brvartion, fgﬁ ggsafis wipprefiustion Addifive qpgippally furthe
confpiikdsiaBupport.n one enbodi nent, the hydrotalcite |ike
corrpoundphavi ng an XRD pattern di spl aying at | east a

[00319 Th e6dthe? rén@bdlaleizt thb etvantedtonasial dagdlind bulah @dductlch additive
degr ees, ?ut 23 degrees and_ about 34 degrees can be

Conwgélag pdydrotalciie-likp, éora%fglaﬂ ForBPISNE A FRagssyacoB A foppewnd and
an alhﬁni‘ilﬂxhscoﬁﬁﬁﬁ}@ JERPbuRf whiiein 86k Afe of" K}@ 195}§f%1‘nr191 to 10:1;

sul fur reduction additive can optionally fu

frong dilip i05le ofremm b Sl to 6aln @y Bem@reto ol éfh?éwénotatlcate élkﬁ a@m@nd has
an X! Qgscﬁtﬁakno@ﬁst%m%s w&g% Eﬁﬁgrreﬁeféﬁoﬂ [UERb e nﬁ%ﬁf? yaﬁ@@gst

gasol i ne sul fur r ion additive conpris

betweea Srapdrlddegredst ddthade far anakingrieds hedrptalgite hkexmngand @en
ich
des IR P pcBlt NS a3 Bt £399.20 Bl gfoghilfORuRaRLe
mccartmaﬂed By red'@gmoe dsteingn @hea_tentn@&s tIn on@errrquathd:nt,dh@hydaiamhmte like
com-rgx d'?a%;% t 8% gg?ltée?éa{ﬁ%fne% lrfuor r’{?‘%}lﬁ]ﬁ‘%{; ocgieq En t%osne\{ﬁbodlment
of t]mtymmqamos,l thmgaselniel sulfyr reducttm adaytivg aahobptminalm ﬁlgbafrnsampum a
on | ant han

supfih Susti 0t soates ot e shmorknalic Oty yeh as those
des@ibat bedeinpal | adi um  pl ati num praseodym um pronet hi um

rheni um rhodium ruthenium sanarium scandi um
[003%} |Te bihenemisddirhenms) the S}h\}eﬂﬁcﬁn provitidstfasolina Biil&dr uéduction additives

telluriu rbium tin, tungsten, fhuli .
compSisint S Tt s P A o e oihto o8 Peg iRy p VETglERe ke

conipoBnd3thef¥R, rodh@a et exahipla BptHeasllboplot®Rt , the netal
in the netalllc oxidant is ceri.um vanadluggP [ ati num

pal®adi GRFUBAIRABGAYS PHFERS FPIRBTY S denstRTe ¢hy etal compound

and GORRR one #IVARAI AL cBnpRId to PRASRNEARed RRRRbLide éo'nﬁiaund in the
ytterbium uraniumor a mxture of two or nore

form gEanaguecys§lugie enbodi nent, the nmetal in the nmetalli c
oxicgant obéonaﬁy hédPhreaiap ﬁféllﬁmd 50RPHide SRPBELS frdth e&f,

tungsten, or m xture of two or nore Qﬁereo
temé‘#b@tﬁ ypeta ebeR 2251"6 tp prednes aieat-trepsedguised mele] exide cmlnpound m the

fonﬁg{dgd{:g Q&F%glggi,t ive optionally further conprises a

suppor I n anot her enbodi nent, the invention
pr de)i dedryangthe biat-treated tompoundfiom siep fb)ad giodiiaesone 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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conprising a hydrotalcite-1ike conmpound conprising a
magnesi um cont ai ni ng conpound and an

w@bkeosiosnrns cont ai ni ng conmpound, wherei n the nol PET/U§1000039305
of My: Al is from1:1 to 10:1; from1:1 to 6:1, or from
1.5:1to 6:1, or from2:1 to 5:1. The hydrotalcite
i ke conpound has an X-ray diffraction pattern

invedltion ktey (@) garatesileiashie poduefibeof himor ahovatst(eg., 1 5%toa lq@s: ak% or

D
tessP 8 ot 16 1 e S By AR R S reroupds. G ORFT oo, 8 @
proddaésanbivasiall PR Q23itae DBnpéshdd 2 MetHobefod hﬁking shesemiel

ich are incorporated refer e h
me'éhmd? SPYPOYNAS YR desg Pﬁ%ﬁtl’ateph OW&?&’% 4 47t9 4§é the
discfsRaROsNhicedte BR oAy 16@redse Kokdin BABEt btﬂﬁetﬁ:ﬁ' Th@ mixed metal
reduction additive. In this enbodi ment of th

oxidegomReyngs of Pisdnvsaten. plse relerradyp a3 wagEITHH hé{é@?ﬂ@ﬁlﬁ?élke an

comPBiddenRy do¥ ddiive bRAmERIY £&8 hdrstaRRe like ceiMfdinds t hose
descri bed herein, and/or one or nore netallic

[0033} IS%B (aﬁq(d)sddﬁ Be Bndb O R ALO8E IS ShdnS beIcH wideQR3br. Mhe terms
her enb

od |nEnts the invention praqvides gasoline

aq@eusr ey ead SEWBH ecderier foy examenbimeliselutignsnesieendpestss. In the

metﬁ’&ﬁs @?mﬁﬁﬂ?%@gﬁxd BLEE JrehEhxEd mef @ﬁd@éo%’?ﬁéﬁﬁd%ro? tfinvention,
hydrotal cite |ike conpounds herein, produced, for

2 sobyairaeh eptianplly breadded todine slarry dwinadhe hepbiyeaiaens of sigp @ The

soh BALETHS (TeARHEE FOTRIAL pB e AR Rm RS S b TR

acidpnitrih peisl, ammiorigth hydtaxidepwiteie andiip tke dnione ebodiment; thé selvent

ism%ﬂ??ﬁ&s slurry; (b) optionally heat treating the m xed
‘oxi de conpound fromstep (a) at a tenperature up

[00314i 11(5‘91(3 %Eo&%ée Cf)df %‘9‘{&9 Ht%]g ﬁ]tg?eﬁtlalgﬂt%&aq go (fﬁglrg rc{l/ﬁfﬁe?&%:rﬁpared

dé conpoun aqueous
in tletrfginngf & sﬂm'r}h ead tht tréateatime@hgmpodnd mxrbrs pteppred o) the tﬁorm ofa

surfyl KR SRR e S CRRES P el ohele T TPy
prepaeadpin thedodnt aiv shirgfp alﬁd:themmu&dtt@mer at anextod cajlmmtngm&lem

r hi gher r.oguce e or more calcin
metg)saagungiand S GRenl e CoRToHBS B U g neously o
con@ikatly AdihSthe thtpdiaad topghdfin Gk €l 6ha shryopt i onal . I'n

ot her enbodi nents of theinvention, step (a) can result

[0033) T biee dhitvdihgdnt, @it doftiedts AGXtufkriR s8p &) 0Lthg methbd US prephritShixed
]ne%ow aor less;. 5% or_less; 1% or | ess) of hydrotalcite

R COMBRIE e TPHheG CRRPTie 36 T weﬁt%her gl cqragonents such as

metHlE RN WmhaR ch@hiuih, B&ivny, dhoindl, coBall, téiHef; APIPLHIRS,
Met hods for nakln these ni xed netal oxlde compounds

erbigc AR P TGRLIYD. EeEmaip GHold, REuTg, 9B ran, dphenum, lead,
max@aﬁ]ezg, rﬁtﬁﬂbdeﬁtﬂﬁ, 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. The metals can be in an
elemental state and/or can be in the form of metal oxides, metal sulfides, metal halides, or
mixtures of two or more thereof. In one embodiment, the aqueous reaction mixture further
comprises copper (e.g., Cu0O), cobalt (e.g., CoO), vanadium (e.g., V,0s), titanium (TiO,),

12



di scl osures of which are incorporated by reference
herein in their entireties. The m xed netal oxide
weorpsosTds of this invention, also referred toPEBEUS2004/039305
precursors of hydrotalcite |ike conmpounds, do not
derive predom nantly from hydrotalcite |ike conpounds.
[0033] Steps (a)-(d) can be conducted in a continuous
lantMiﬂﬂxC(La}Q}a) @brivh &€z, EeDIE frungdoL, or G iBturesf e e osmeleUkidryof. In
slurr¥ i ncl ude, for exa , sol solutions, %ﬁéﬁ
0

anotiﬁ‘be TRpdiraat, qAGRRRYS FRPHRRIEEIC FERPTRPMPHECSSRIRSE -4

cob&lf ﬁcolms V¥ (@ avz@?,lc@ﬁurﬁ@é'@()@ 0L, R nlik@rd cﬁ\t@ﬂbt BBre a
nt can opti onal dded to.

t he slurr n
thergfe THE 9E° rTRelt FERI %g?%ifoe B¥ide. pHifides, o b s HgaooD) can

be pﬁ:&ént@%ﬁﬁﬁh@eou@féﬁéﬂoﬁ n@&iutb inBh SRLAR t@@do@h 40R biriveighE bfifrom
ric acid val eric aCId nitric acid amoni um

aboway tpabae 25ieseveishiner frompaliquks to sbayh20% ki Hgishb selculpted as
the SQHY/&Etvaledt. 2BRIKE oAfbE oflePRRA] ocdnbohbiRs SRBEG AR D A aqueous

prior to step (a), the divalent nmetal conpound can be
reactipie prFteg af the saee fige m ﬂ:w afdea§t enerdjvaleni thetaheonpougd prskhe at least

e e
[oos’ﬁﬁts?ép (B%ﬂ?@mféa en m B dﬂﬁh%&%@%&ﬁod &ntblg%oxfxcﬁ%fgh by

a slurry, ogether; or a mxture
heaigesating the ﬁ@lephﬁsslldrmt lpdemepemieralof swpBTEdo daselthem@25°C; at a

temée{réﬂnﬁﬁl o?gﬁoquf)‘% to GB0W 95’6‘% g%e&%er&&?@cﬁra ﬂ.lt*%% to abmét 150°C; at

taneously or concurre
a temperetutesyt ab@u‘tﬂﬁ‘& toabontdPOL; st atrartympe[rﬁlﬁﬁE‘jf about 8@1%3 to about

S5 Rl b R Rl b bR b A il o abou

24 Hourstoln afore dmerlms &nq:eame heaptreatmbinds genetadly copiupod @ndisor an

inerEy PR SO AT P EBp BBty ST Er B Rp o 0w

temPatit0RI Héan treg gkt is ﬁbdﬂi’ﬁph&féﬁm&ﬂg gmm Argéddion, U@dkmmg;rh%adt coils,

ridi | ant han ea anes no, enu
and g OIS B R PO AR B TR Ierin A Compound, but
instédad ik orhlof & BAA VBt aqio@@Edy.UM 1 heni um rhodi um

rut henium samarium scandium selenium silicon,

[00357!1 Ly Sothed Yhbodimet2Rt 3hd FRmdre bihoF ket cot@biaérw% .gl, inf®tals, oxides,
er

fitani um tun?sten thul i um vanadlumﬁ%}io
sulfides and{rhalides of antimogy rhisppyth,cadiivgm,gergym en%ecpé%}% copper,

dysophsiliE,lebidmCaogen a%’éd@lﬁmﬁﬁ SRR Am Séoﬁi Bolafcth QEdﬁﬁP B8,

in the form of mnet OX|des metal sulfides, netal
lanthagume legd, reangaesa, grobddeyrun, eodymivy nickeh @jabsm, oFRiUSH e

pallﬁﬁm %lﬁﬁﬁﬁn giagé%dﬁgfﬁﬁp Hﬁm{e@[ﬂﬁ:ﬂl' ﬂléhlﬂmxﬁl%lﬁmf fb‘iﬂeﬁﬁt‘fn samarium,
conprises C CuO (e CoO),

: g.
scangiimm @¢elanine Slgcon W@B }ulﬁlri t@lamlmmellqmm)teﬂbalm, bartitanium,
ol SELAR i SR 0P o, P
can hejadsled $o the aqnepmlurmdtetﬁwre, during hmi/orcaﬁnpm}s(éﬁ; oﬁbp plerve method of

mixéf a1 ox(?djeoc}ompound 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
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cobalt (CoO, vanadium (e.g., V20 ), cerium(e.g.,
Ce2), or a mxture of two or nore thereof. The one or
woReos/08gtal conponents (or oxide, sulfides, aneldDUS2004/039305
hal i des thereof) can be present in the aqueous
reaction mxture in an anmount up to about 40% by
wei ght; or from about 1% to about 25% by wei ght; or
by imzyrﬂmibguﬂp@%ﬂymgatbe utixedGfetd pxide cghpoundadanibedt d fas of

e AL 0,855 e B s
mixtirEd @ﬂt@ro at mblahaasnfy Tlhd‘ﬂi*ylﬁ@ stef Canddptibeaiy the ABe tdlcxéale@hdped

50 nd. and t.one tri aI ent met al
bod Rt B RS of e « 6 S e Poied el R coBidgts
destiitiet hyrein AR B6liseBtie pn FOT vak tdreddce kil ttorDgdsbgneaqueous

slurry in the above nethod can be conducted by heat

[0089] Sy (ﬂ? of ﬂiérnaﬂid& @gprg&hd;h{g’ ixad métal @RS cai %l&@%@éonﬂ%%%&%t a
50C to.l es 5 at_a tenperature of about
tompEra B %@éég@’&m 309U 689°% Ot oBt 3040 ift aberipSOf G or about

40080 @IAbod BAVDCET. B otBerteRibB@inRhid] LopQfl) B 0OMCtEd B a fRpaRRW from
1000C or at_a tenperature of about 800C to about

abog5ie°C fqAboRAAOf ers @bat aPE Crie about B RE; ﬂfgab§t“é§§0‘<’,{éFP gheut 850°C;
or #bORNGIGIER bt 30Ut THEGigH t@x’ﬂb&ﬁ’tuie%e%ﬁne%ﬁ1s@@hgr§llypcronducted

nmore. The |l ow tenperature heat treatnent i1s generally
in areh afgroprherie Rregsureso The high iranperaiurerbens regtaentzsial can be conducted

for Qﬁdﬁp SPRGHutS t@ﬁ%ﬁ?% otirs drin e Gro Rl B o LGt £E ﬁ‘terso br from

l'ow tenperature heat treatnent is acconplished usin
abogt khewr tqgbeut i0dhwury ddk dighrigmperature heas Megtmea‘mﬂe!rman be conducted

in a?fgél%g'tl&yﬁeng%ﬁnénﬁ?%&gg@g&ﬁ%@{l@mﬁ&%& (gfg @E{Ltﬁ%o%g fm%&gen

thapthatfolrekit - 'nwravat"em‘) anquemdscm fmwrymn@mOBl?(jne Iembadmtehtethe high
' e or
B R enrhAT o005 Bl ko Pl b iR e
congrotndyulescribbd barein lan eubed innn RO wting r&d‘&b@mlﬁm’_in gedlak!
copper, dysoprosium erbium europium gadolinium
[004 r The diriedandjw] cdlcinkd klrpedpodias icdlinpmmg' hixad neah blide tempounds

gen%r%@)ghav%%ﬂ g@%e%ﬁessggalﬁl AP g«i ﬁlﬁn?l B" %% %‘?%b’éﬂgﬁﬂeﬁﬁﬂmﬂ 2.3,

lessﬂheﬁmi‘l forr lesg thmlnem ptﬁferdbl}dé&slman % Wsdvbimh U19) leSsAAR 1.8Mess than 1.7,

silver,. sul ntal.um
st i s S og- [ ot i et ot BT e
can\ba MRl then . 4y1e§sﬁth£ﬂ U?]leééttﬁdhlbll'm]leggthgﬁ {‘l lo{eshsa:hiﬂ KO:UE® 8k 0.9; less
e thereo can be adde 0 e aqueous
tha%mqr}esgg% Od: Thgpfirtengddregnixgd metal eyidgromppupgds is measured by
the Alsqrmmn@ah&fbemeeﬁ%mr&@nd QecoHEn SRR USRLR HRHE @ Fifth
[ 0038] After conducting the |ow tenperature heat

Oufﬁ‘eat ment, the heat-treated, aqueous slurry is dried.

he drylng step can_ be acconpllshed b for exanpl e,
[00% |11é9nedffr9‘t?qql§nen(g,rtw§qeg irrﬁzgal 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 magnesium aluminate 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 embodiments, the ratio of magnesium to aluminum is 1:1 to 6:1; 1.1:1 to

6:1; 1.2:1 to 5:1; 1.3:1 to 5:1; 1.4:1 to 5:1; 1.5:1 to 5:1; 1.6:1 to 5:1; 1.7:1 to 5:1; 1.8:1 to 5:1;
14



flash drying, tunnel drying, and the like. In one

enbodi nent, the drying step is acconplishedby spray
walegosogr71iJpon drying, the m xed nmetal oxi de coPEDURS4/039305

can be in the formof shaped bodies (e.g., particles,

grains, pellets, powders, extrudate, spheres,

granul es, and m xtures of two or nore thereof). The
1.9:drybn gms’l Ep Xh nﬂwmonmnsahd)ry abewlisleftah coroprisatngagaésape th an

o O AP RO R RSl sl P Bl BB, o
Altd:rsﬁdfelyntha Ionﬁﬁiﬁltimm ds atwehole dacengitisé magﬁesmm igas anbie .of at least

o PO39] . S Cl m xe
39% 0 Helhb A by el A0 oas. 20s b POHes MO et g by
welgﬁw&ﬂg) 89 %@gt, or ﬂlz,gu% vcvagﬁﬂ Qslaﬂated 8%%@(: uildéaﬁn@@ldne(l ahoo).
or about to
Theeﬁqggmlmcgn g%tnébe {%&}1 of § sRiitcicd depag bodsipglr salciped shaped
bodids O ThéadidtsolaA&¢anbe uaddaH theGRARYds dedcriBiNekei® BPREIL R the solid
apbout 8500C; or about 5500C to about 8500C, or about
solugign gt basah B cogpopion thaeeoRiais ofhehersReneRte(ctfednetallic oxidants
andldr SRpOROt s generally conducted in air at atmospheric
pressures. The high tenperature heat treatnent step

[004@ MTHR@h£RM Bbtfitsdn tohpRRerd SOii@ s&ﬁt‘iﬁﬂtﬁ&?gg&ﬁmﬁ BRWinA4 one or more

hours or nore; from about hour to about 18 hours; or
metpllig gxidpweend, optienally.c sppRTh “iereﬁmgwl jée Thetafiic oxidant is
antﬁrféﬁ? Qﬁﬁﬁd{'ﬁ %acﬂfﬁﬁﬁl Eérﬁlﬂ{ ik %Bbaﬁ@@o;% ?fbgﬁlﬂfj ellb'ﬂlm,

air, in an inert environment, In an
eurepiN.r g3APHM, (gsTropniury aghk holathwnyitidiugy 1r@1x9@éhanumahact, hat
[ e
s} BHEE, shélybafitb ook, phot! ot MR B WM,
pragepdypning, promdihomng dhanmnalrhodlmmwlumnmanume@anmuml selemum
e OXI e re an b

s1hc(l§>)1r§]11 ?1?'{:12 %g’l{%gzﬁ%lﬂi t%ﬁ&ﬁu% QGI’QI% hH tﬁan[l% %H glluné? Jaua ium,
yttednah gyttrimad, ineyea asrhmqumbfhmd bemonemmeofs Irr@emmbedhrrrmt, dle

oxi.de co oounds ner attrition n
congpsuifig SRR SsBoA TEE" BHQ, o Te BocBbl Hatpadn F 'S
htaﬁlhramTﬁ)z)S ,Ianltlﬁﬁﬁmt(h@ﬁ)g)Z céhunﬁq_’e g, €20, ), Ampsteh, bi a priaheofiblyor
mort Tieqtg GLanp e 006 B (S TR0 CHPLIFS GERGS £ CUO. cobal
(Coe)f)'b@ﬁadﬁ&ﬂ {Sg., ‘mg) abdivith (d. 21CED,),td @ Tk RDIHRS ot m@ﬁéltﬁ@eof In

ess t 1.4;. less t han 1. 3; less tha

a .
ano%sgegn‘maﬁeni the cqn@gém?lh aqmwses copRarde.gh QHObargiforwe%a;t Co In

fheBem®dith&®,3hd Gitidr 84 ¥anhdiind LV OF anl/3ed :
mmnetg? oilde coﬁﬁgﬁndsnféhﬁghsurel ngg : %§N|D57€%m(eg

Ce%t H@feﬁuezq%@rbe@ﬁ@nrh andfor & hyrirefaleiin ugk bet ween
first and fifth hours. [0041] In one enbodi nent, -
[00131 érhmd%’él?n%?tall catign idhg divalew anetad cempaynd 61 bea §resaRte, Mg™,

Ca”8l74M, NAPe CEDIMRPT, S OBFagnesi Uit &*twmopﬂlmé tﬂg@otf 3 b

of about 1.1 to’about 6:1, mhereln the cal cined form
embgplinené therdiyadens sietal pasion ilfsE s Divalent watahenmepoads aamwidl kagivn in

the Gitf ﬁ{eﬁ‘l‘ﬁ)tld& BivRRhd FEh compounds containing Mg include 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, and
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di splaying at least a reflection at a two theta peak
position at about 43 degrees and about 62 degrees. In
we@rtdsnsenbodi nents, the ratio of nagnesi umto BET/IBI004039305
is 1:1to 6:1; 1.1:1to 6:1; 1.2:1to 5:1; 1.3:1 to
5:1; 1.4:1 to 5:1; 1.5:1to 5:1; 1.6:1to 5:1; 1.7:1
to 5:1; 1.8:1to 5:1;1.9:1 to 5:1; or2:1to 5:1. The
mixtaepofgivp oomoreghergofwhol e, can conprise nmagnesi umin an
anmount of at |east 38% by weight calculated as the
[0044i The teepkeny aietsh catr(on nethe triwglont medat conpaid,Ranype, @h@ample, AP,
610 + + 363 3
S A o e A b A

emb)gdmmtghd; mvﬂz%mtyalwemghs Al %3 %tgle@me@h pommwe well known in
% O%
theta & eqﬁ%\,{?}la eni1 It(impoqlnés %/6%34‘ ’Yﬂm@%lf’?‘%!‘l%‘a Bt Igdﬁ&lde

hydzate, alhﬂnmum kide fabumnah acetsth mllunyanurd miteut, shabaeh b‘ﬂlﬂq»e@%,

and/ or .cal ci ned. sh t:l.on
R S e A TG R B R
alutnh@ms@lldiwhn sidikaté,iand miaareb of twded more ﬁexeaff'rpo& tion that

cont ai ns ot her conponents (e.g., netallic oxidants
[00aBiCinahe mikpd atetad pxidd ﬂﬁxﬁﬂ)}md’shﬁ tiehapadonditd eo ofthe divalent metal

TR 55 R P LR G20 Ml 1) S

10: \m&sxﬁ abdi@ 1 et i3labéud 6110 gboet .2111tb ebouk 5d amout 53 .ams hbmng:]; about

bi snut h, m. cer b
SR AL oL SLOTLAR £OPE o GEPRT
abd@@h &1 thabdi 5 aBdilt doum albcfu@ﬂl brabbit@MiRabb@ddl,. In certain
nmanganese, denum_ neod

ckel
emb@dwem ]Bf‘aan%(%ﬁnLhﬁfmﬁfF %muhhh n@&oﬁﬁﬁﬂlﬁh Ub‘?g rH?Ptﬁnl
ﬁoﬁlrh%BhMr@ 1 &m)@hwn of HbREDLEID: 1 RAEBEtsUM  scandi um
sel enium silicon, silver, sulfur, tantalum

[0046] inUJn'e WhbodifeRt thlinvkhiibn ﬂrbxh@e%'a%olﬁlél Rat @ adi v totiprising a
vanadi um ytterblum ttrium zinc, or a mxture o

f
mixeggnesp! opsie solidyetution, whege tha &tiersh 81 d,a,:@,lﬁnt mpﬁlecatlon (e.g., Mg, Ca,
Zn,?ﬁﬁp@(?‘ 'I\h' Y& CPr g%ﬁ§tu?@&ﬁ%5 of Biofk- ther th&ﬁ‘ﬁzﬁieht metal cation

, vanadium (e.g V2Cs), ti anlum(T
e gaﬁtmamqm&@r) Ga,dblia e gree gixfurcelipp or maryterspl o feom

ab(ﬂq)ftlutg %bo%ft 1 !‘Dfrc% B0 € 1408850061 ﬁ&n %B‘&l& 'i‘%fl t%'zb&%niﬁ‘ GE from
i'on conprises coppef . CuQ, cobal

abQuEBD)tp almn am Umorfesengpoding@Oshe, mn;ed: mg‘m Q@degsohd Selaiign ofcshe

mvg%o&és ﬁét envc?dhﬁNo 1181 n%cﬂgtraﬁltg HEJ Oullld’] ﬂpe%toﬁl%f e bodlment the

0Sit1on conprises copper (e.Qg.
mik&dGhetainstidarsolidivdition cGotd used peram e the gamiibostilfve rﬁdycttoh@ddltlve

In &%srrg) Si dt 'e%gofctﬁ% 1on,rtﬁ§gz§sginbe SPS xgduc%l g%&ltl\%%%# %fmonally

futﬂ{w 6(|§if1pri%e b yalipottaduch hethbiekdesaribadhateia, anflO0 43 or'ﬁn(are metallic
ent tal. catign i.n the divalent netal conpound
OX’é*é?‘r‘S%C ‘fsgﬁossﬁﬁsﬁ%f’eé&eﬁ?g%, Ca2+, Zn2+, Nh2+, Co2+,

Sr 2+, m xfure

[0({4m3 }Ib%pthe{ ﬂn +ént,%1jé2 i;vgl{tiog provides a gaso{me rvéguc%on ggc{lgve

it
-

comprising a magnesium aluminate 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. In other
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enbodi nent, the divalent netal cation isMg2+. Dival ent

nmetal conmpounds are well known in the art. Exenplary
walrooalogrTits net al conmpounds cont ai ni ng My2+ i ncl BCEUS2004/039305

magnesi um oxi de, magnesi um hydr oxy acetate, nagnesi um

acet ate, magnesi um hydr oxi de, magnesiumnitrate,

magnesi um hydr oxi de, nagnesi um car bonate, nagnesi um
emﬁoarnmtsethe magurtﬁsﬂalgmsﬁm RlahiEnuiRoNe s 6tm Bl wa:nat $1 to 5:1; or

um sil | cate, %nesn um c¢al ci um
d

21 &Hd ?é 10 41 e SRR C4be R DreipEm P s BBy dripghepgd bodies

and/Bh @alélﬁéd/s‘&hﬁdmtbom%ﬁ ain &abinﬁ&iﬂnentt e nla%}‘rl] SéRIneAtmMBLeablid solution
npound, can _be, for exanp Fe3+, Co3+,

of thg igVentipg i ot dgrived fige hyémalcﬁeéks $°‘8P°“éldm{fki‘f\9ﬂ’é’r gmbadjggent,
the Rbgd¥Biuf ANBMBQREolid HIRHE ATRAREIBH se a§ fag gasronﬁ{@éu@m reduction
netal cation is A 3+. Trivalent netal conpounds are
addWé(FI known in the art. Exenplary trivalent netal
npounds cont ai ni ng_ Al 3+ i nclude al um num hydr oxi de

10041%} av aagher smbedipgnt, Big inyantion nyeNidRsH sding swfur s¢dyaion additive
conﬁ)hgﬁlga Suppdtt 4l B H{Qgﬁké%paihﬂﬁme RIS CBMBRAAAS Riagnesium and

al umm numf or mat e, um num chl ori de, hydrous al um num
aluginpinga p gatiogif gbauh @u’nt@ abast 10 and havimgen Jaray diffeetinnastterh

dlspgﬁyﬁn‘gg% n&%gr &%Bﬁ Qtfa twu)%%alslleai( Eoé@cﬁl 45@&@%& 11 %ﬁ)tut 62

the nvention, e rati 0
degrees. dlln othwr Emhoctlmergs,,thdvg@o@f matgntmn to alwain@m is ddttalb:1; 1.1 to 6:1;

L5 595 91 A SIS bl AT AROHE ik SR e

bodaeb ent/orxcalkined shaped hodBesl Ih oneadmahotliniend, theaﬂnmgmmﬂmlklu]nmne

confyiitofdneyinvitiss it Jerived Gofpibralingie iR SHwdung: Thi Support

can &b examjale quw, nibghkisih, moglﬁhmutacaat&s, n2gnahmhitrated, nia@nesium

hlqn?l out 5: ﬂXf{:e a| n errbodl % t he ratl can be
¢ 8?111“5‘5’6??%“”1 R&s) %?b‘B%ﬁ“eTbmfar PO RS 1P “’E‘aéesa%%ﬂes‘“m
alurBindtes ﬁl&&ﬂhﬁlﬁ@gﬂesﬂmﬁﬂﬂcaﬁeﬁg nﬂgﬂéﬁun@ sﬂlicaté%[ mbgrRBlumlakiun?silicates,
to about 5: 1 00?{1@]1 n ient,. the invention
a urB‘lnBR‘i‘lsﬂ’é’éte% QH@&P fi E?éﬂ TPy “E%S‘ﬁ'ﬁ?’lzg’icﬁ’&“ﬁtes
alufin B Gir08Hatds, AIddR oRidés, chisigth utuhﬁﬁbtesmﬁmﬁmhhﬁubwdmesof
the dival ent mstal cation (e.qg., Ca,
alujnumdyydropide coppeydgy ahainaemuwommw%ql okidp éorflmm%ﬁe)g stoher
thaﬂ Nminh 'oYQlluﬁﬁHutrF@ xideHohPBurddS), Frumidim cﬂmmh@atescgﬁlceu' sﬂlcon-
or a mxturé of two or nore thereof )
contaglm& asmpabedstotier thap siligasositicafaiuminas, plymingy tiigniagzironia, clays
t (o]
(e Ryt Joorcrhi LA, mydnitorih e, ERhc hohirm M Bpiclce,
actiwé@dasep@nht@i saddisl kigsedgyhy célise, bostnasfie), clay plmsplnte ingtends, zeolites
deld I n
(e. gé% ({fﬂg{l Eeh%nqﬁlg%ﬁ{j&tlﬁl?m ﬂhg as%ﬁﬁgjﬁgﬂgrefilh%og n(?(%lg@e can
optibmllysfenﬂaqneompmeame bi'mo@a)mdlhmml@mltsf ur reduction
additive. In this enbodi nent of the invention, the
(0044 do hnaikeer smibbdimente the drivientiongotelidés\aczasine syfiir oetmbtion additive

comprising at least one metallic oxidant and a magnesium aluminate 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. In other embodiments, the ratio of magnesium to aluminum is
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further conprise a support, such as those described
herein, and/or one or nore netallic oxidants, such as

wo besoesdescri bed herein. [0047] | n another enbPdi/B&2004/039305
the invention provides a gasoline reduction additive
conprising a magnesi um al um nate solid sol ution
conprising magnesium and alumnumin a ratio of about

1:1 ﬁ) 6|:1 tlol @lsolytl.51DtoB5: o2 Nay ISflg Tha solidr salutidh tdortgedh tlerform of a

n d| LLayi at. le a refl ection at
shu Y b hipmed Sl b Puo® bapfish
mag@leﬁﬁlﬁ afurmﬂla’ne ('IInIi}ﬁ[lﬁclTbKIHd: h®aiton id g démdeld @'roﬁf a ]Iiwgd’teleiltd.llﬁke

to num,i. s 0 6.];:. 1. 1.5:1 to.5:
comppurg. e ALt imessif it g b rivhenss bR GG Rrium,
chrddiuin(lcdbaR, doppet) dfopRoshlmireitiuméur&fus) g,@a@ldmhﬂ Cefrfiariital/ gold,

cal ci ped shaped bodies.. I n one enho
holmpyg, ity iEqm Janihaguan. Le9d; manganqse; %ﬂykﬂenwm@epmﬂﬁ Bigkals
niobieth, GA8HUN §ATAGAR) PathiAl fladdo@ihRind, bl BRI A4S Hum ) Modium,

anot her enbodlnent the ma neS|un1aIun1nate solid
ruthgRip FAFHTIEEINSBRdNE clepm, sibicens silyes syl tapialing @liugpm,
terbfufid Yint ﬁ&ﬁuﬁdﬁhg;ﬁéﬁethu{ngg %adlﬁn I’lhﬁﬁ ﬁt‘iﬁ’ﬁ&d LAk o nfifd@re of

i nventi on prov a gasol | ne sul fur reduction
two g giord th@re@fg P ﬁmqﬂilqn gmhocbmprﬁoﬂlf« meied nathﬁ’a)gﬁ&@u ogfiflant is cerium,
vané’d’lMH‘ lﬂﬁhﬁnﬁ Béliaﬁluﬁlo hi&i u‘&{‘ kl)l‘é&{iﬁl!lﬂ@&t niA S0t gsié&%l@ggr chromium,
nickeh wianganase, XOhaaMrm ﬂtqrbum wanigt dremuxgirsyltay orgowtthereof. In

I i O t. &t ti0on at

one efiSHinfnf B w3 iPfle Rloaflic RIS LA AL HenddH, opih Blpper,
platewoh thingeert, o1 a mirgure af fve mﬁnmgn&s»f ulmthie embadimentrof ite idvehtion,

to 6:1: .1.ta 6:1:...1.5:.1 to, 5:.1;: or 2:1 to 5:1. The
the gdpftie i i RoRadhi®, oafﬁ?%ilyfﬂgﬁ}# ot by ca

ed bodi es..and/ or . cal C|ned di e o

(00 RGeS ROE BR uf iR it AR a8 RiiRing o P sutfur
by dontaetirtg) a0mixied metal oxidy ¢ongduid with a chylglﬁmraémg feedstdé®. The mixed

und. The ort can for exa
metfi AR EPEpof R PR Bbnet il alfininiyR CrEER oF iy e Torm of a
solldf&gglﬁﬁi. e ﬁhkddﬁhdﬂ%mdﬁ?@ﬂﬁp&iﬂdﬁbdﬂ&ﬁ@ Hed&rsn oilmﬁgfbasobam
car t es, nesi um f or mat nmagnesi um al uni nat es
w. lﬂilﬁﬂngﬁ?“ﬁ‘idjﬁ]ggg‘bﬂ’i g eeeol ragnesi um si | i cat es,
ilicates, alum num

neS|un1c ,
IOOFE@ another ey Qﬁcﬁ"@i‘tr 1?1& H}VS%“O%I?J‘Pﬁkﬁéne%da?ﬁfﬁiﬁﬁ*f"ﬂlgtgéﬁ‘?&?"e?lf“f

by a@ting ohé biade @Raped botiids VeMpaking GitaldeSotal GRId6 okihsRaEISRL one or
caIC|un1aIun1nates alun1nun1n|troh%%rates al um num

morg efalliG eradanisip e saelytia prarking fredsiorkai e Agererei! ogidp gempound

can %@ mg%iﬁm{ AullinateRbBburldtR BarPb iR ofd HIRNMYon. The
dr oxi de conpounds), al um num chl or ohydr at es,

mlxgﬁl mieshexidesgamnewris st be withyfoss op ghanersbestaevhietheay be dried,
calc eh lof Q?nxﬁlle théf&lfa'rHéTingﬁﬁm 1R G e omfd'?1 é?&gﬁnoﬁy HQRR

yS|te rectorite
cadmmm mum,lqhmnn@n, pait; lsepnce, dysprosim, |erb1mnxee1r0pgewpug@dq>lwm,

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,
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activated sepeolite, kaolin, kieselguhr, celite,
bastnasite), clay phosphate materials, zeolites (e.qg.,
wa3msp3171and the [ike. In this enbodi nment, thePQEES10041639305
sul fur reduction additive can optionally further
conprise one or nore nmetallic oxidants. [0049] In
anot her enbodi nent, the invention provides a gasoline
zincS ol £ Mixture 6ol 0 hoddliflbleb n GAd@fboitiht ahe dhapsibodite are dried,
Ealllc oxidant, and a magnesi um al um nate solid
calogyg Bf?ﬁﬁawﬁﬂﬁwp i ng magnesium and aluminumin a ratio

o about 10:;1 and, havi,n
(0053} 25 Fidiir BPostineEr e Ereion v merds o e sepling sutfur
by adllin@ ohe\& rhdte EiRpPEBIiRQSmbtiSiNg Mixed Rl ofide dRHFRATs AAG
about 62 degrees. | n other_enhodi ne the ratio of

supRAEloiA &b o 3‘(“6 cxacking fReAstpckq :The pixes r&e’fﬁfwetcamemmd cgn e 3

magtn@mén 11;un@ﬁate2c,olnﬂo@ncﬁerloan Hof 50Tdrd o akslld LhtieANReadaffoRShe
formof a slurry, dried shaped bodies .and/ or cal ci ned

shapef BpEiEe B Ee0: FHoBIR OB EhGHeor. ¢ A helimeieh the upport

can @!3 H @Bﬂﬂé}taeh m&mg(e‘% &&%d' ﬂyﬁﬁglhﬁ%cétﬁte nrﬁﬁgngﬁﬁﬂn\ﬁﬁfjate
froma otM(nte e conpound. The netal

magrpgigh phlendﬁ( n@anrrﬁsm@ahydb@u@n magReajm @t@nﬁphnamw lﬁmnate
alurﬁl?lﬁﬁlﬁ@nat% hilMtFﬁQte, 991@@ u‘imnacfé:’ Qﬂl@ kitanGté ngr ﬂfﬂé, aﬁﬁﬁh&{m
europi um_ gadol i n'um ger mari um Qo m um
zircpmatki, aHpivinroaiie, dadoirh alvanmatd, ehldllnmmgfameis@e afrhigiyd dydraxide
. i
con BGRB8 BLAPAT BRLATT P T
alumintunéigdroride sampinds); alsomnol chiorohydtatetitama, siconie.odgy (e g
hall?ql/sltlt\é%}Ed&(ﬁl}%tlej,ltl%%tgg}eteﬁgﬁt%an Frmtte esl l/ a{a]tl;cu nos r’%l]tng{}?[n}’é seplol% activated
seplyhﬁe[kauhm), zlaylphospirateammﬁemil,uzeehtef orfawmixtmife osfctwe ot hlereerhéreoﬂ fin
an e the neta e net [ li.c oxidant
one BRIt e SSARA UGS BT A g o B 35%% P %m
' u t ungst en
100431 i a&%ﬂeﬁswbécﬁ@glﬁz Uk TS et SRS B SRR Dbl e

by addii hélsrem&@t shiaped Bdsdlmoﬁlphblﬁg fed niotal ORide eohEsings; dhe or more

t he tal ip the net [1ic oxidan sS. ce va am
me%‘@s griflants; gdia supppjt I e aﬁ?lw‘uﬁ@&r&feedaﬁodé Tha e mgtal oxide
cordpdndan BB b ﬁ1 [u@P4lumlrAtet B inpoRiade dh By ih tief fofrh 6f a solid solution.
i nventi on, gasol ine sulfur reduction additive

In adghtion, the %hypeﬂépélﬁ%?an&sﬁsﬁql salsingd e gympire therebo] | n
anot her. enbodj nent, the invention praovides nethods for
[0034] diy ey~ gmbestimprl, L FvERtcEypPrevtas ity fog refugiag savofig sulfur

by a‘&&in@ SnE G Bﬁ’ap\éél BJSH@ &)ﬁﬁ)ﬁkﬁé h&u@ﬁ@%{% Hgaﬂoﬁﬁﬂﬁz’é")@ &ixed metal
he m xed nmetal oxide conPoun can be a _magnhesi um

OXI% qemPARds apdaheBhtie fo #hgHt Pewi/nhydsetaleie Befompourgsitejthe
cata?ﬁ'iclt’:%dcﬁﬁg feEBé%%dP xgd nﬂ?éﬁhet&%xﬂi% cSﬁlgR%%Qﬁ b&é‘ﬂlaE&sﬁ;ﬁl

or m of aped bodi es, which dried
alurgimbte icprapound oncan betinthe ferveefsolid pajutim) In pddifiea fhershaped bodies

can%gg 0, IBBhed (;rl?aﬁm'xﬂl\feefﬁ%fegﬂ provi des nmethods for
ur

ucrng gasoline su
[0055] 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 1 wi% mixed
metal oxide compounds, (ii) about 1 wt% to about 99 wt% hydrotalcite like compounds, and
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by addi ng one or nore shaped bodi es conprising m xed
nmet al oxi de conpounds and one or nore netallic
woziodast7sst o the catal ytic cracki ng feedst ock. PATES2004/039305
m xed netal oxide conpound can be a magnesi um
al um nate conpound or can be in the formof a solid
sol ution. The m xed netal oxide conpounds can be in
(i) tohe of ok mefial B Gyi@:chts 10 tieatalytid cRbkia g fbeb:&odlk!f IThE mixed metal oxide

comfpRb) P 2o G QUi BRoIoE Rt Fe ORI  soid sluon
In oS €EhbERm ) 18 niked nfsed) dkide isG@GREREsOr %yﬂ@ﬂfd@amwmm%ﬂb&md In
er mani_ um gol d, ho

eur opi um gadol i ni u
additiop. fhe,shapgd Rpdies P%?q%wgmalcv@é gra w&ﬁaréﬁ@‘g@f PFB? PEaERIb
metiBO ¥t Gan By zﬁllﬁﬁiony,mlé?xﬁitﬂj RAdrEMN SERunD BhrbAlink! Mobalt, copper,

pl ati numy. praseqdym um, pronethlun1 rhenlun1 rhodlum
dysengesiaT S ms AR P rga delir asFandEn.eaelds Rplngym, igdiym, iron,
lantBAruHE fead S nlgbhiese, nNHRALMR, nb&dyhifirh Witkel, SidbidMosintuh,

titanium tungsten,” thuli'um “vanadi um’ ytterbi um
pallgdivmm; plafrms prasendymium, pramehiven, thepiue; thadinm, ritkeniiot, samayium,

[ C ed

s R B e IS SRR, BRuBHE G vy Rl
tungsien, thywlivemtvianadiym,qvtedbésn, iyiitito daind, or 2 msthursiofi v gersudre thereof.

sul fur by addi ng one or nore shaped bodi es conprising
[0056] sbe enather ginbediingat, the irpeutirdremides anethadp furtreduging Igasoline sulfur
by a‘&é‘l‘;}g lo%d !ar%c% %@ague@ Hodi&& c%ﬁmﬁ)ﬁgih lTﬁb%u{@%%{% %&gﬁm%&{fﬂ Snxed
metaiepxnda cbtmgoﬁr(ds,r(u))iboat lswt% tb eénohm \wl% hydnota]dde: hkermmpbtmls and
(111) ed b am%% garc]:;étg ol(g E:rlac 1{1g fé?%gocgﬁ%g{pfxaeggl )t(%%;u%e compound
can hp B mgnesmnhglldmﬂiaal oonipeuﬂdl ok earcleenip thenfdym ofgsudidisolntion. In one

kTR PBle e hAGHaLehio e B SRS 1Eh i Reapd e

addf’u@h,rﬂié shapé&l Bodies 4R bd drivddalined ioRg niixtin@Bdrénf. ThéSupport can be a
inc titanate/zinc alun1nate, al um num

Spmfi ﬁ%ﬂt&f"&e like, PRI G M AGReS UL RS AR B HUT R ate PR RSN
chldMdb [ RAPeRidh By drakide] bl Ea¥s e, MAgReMATormate, aluminum

al unj num cont ai ni ng metal . oxi de compound (e, g., .ot her
titanafen Angy AR ity LBE 19 tigrategsiccrd B BA Algm zirconate,

calcfny B1iBe! %ﬁﬁhparl@lhmreaélﬁmnuntﬂm dra?el BIGRHu hycak&ade(c%n@ound
hal I oysite, rectorite, hectori ront nori 111 nite,

alumippmteppmingIRetAide| compewnd (a8 ppfbpli then alprinp g plapinum
hyd%?ﬁg%%b&@undg)a Qhum GLF¥nRERS @i%ﬁa Zl%%r &1@‘&! fe.Z 8RN sRe,

] ture of two or nore th ereo
rectemio.dubrioriie; monhmnélhaﬁgeﬂnm@n mgntmanllmrte sclmplefd,, actigdtest sepiglite,

kaol?r;qéaa% wa > hiEHA oht[a 0933 hixdufl G290 '8%10%’19&9&‘"3 nt,

on provi des et hods for reduci ng gasoline

[00537!]I IIlfx otl@f gg&l nto{lhg 1rR¢ren ?oxﬁ(lj@ %%JAQ %r?gdue Eéoﬁhg&lfur
nds;
n xe ox| de’ conp , one or afPlPI'c

by adding andz sr mem chaped bpcp@wdompusmg él) dmaﬂ)sym% tccarbauki wt}o mixed
metal %jdse ch%pounds %ﬂgbo%{j 1 %} ?o abdit d% wi% 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 form

of a solid solution. In one embodiment, the mixed metal oxide is a precursor to a hydrotalcite
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conmpound can be a nmagnesi um al um nate conpound or can
be in the formof a solid solution. In addition, the

W@ b@posi 7bddi es can be dried, calcined or a m XPCF/ES2004/039305
thereof. [0054] I n another enbodinent, the invention
provi des net hods for reducing gasoline sulfur by
addi ng one or nore shaped bodi es conprising about 99

like wbpdunda additionf e shapyedibstidsahn B dribe, exoiidlon dsniatnek thereof.
about 1 Wt % to about 99 w % hydrotalcite like

[0058) ﬂ‘[he gadiing sulfiivedodiba byditives of the kivegtidremad sbrapiise ofitier more

d b .
oAb SR e SRRLSER sy
mor8;(ibuiiti 196 by veightidinidrgboit!se, Bhapight d air€ abaanoaydrdigh or

cal ci or a mxture thereof. [0055] | n gnot :
morg AL R Y el F FO PO, A R PP PO AL by weight or
mork; 2 UBbU GOUAS Ol dighe obtabiellEaldtifatehdithOo@dtee arvammr dn sthaped
bodi es conpri si about 99 wt % to about 1 wt %

embfligeisnie et 13 ta%m@tﬁﬁw&mgt cap jpp yre%manfw% QLGOS B by
weiSi 10\MBSutTysdh 67 @eeht Groll #66uCIONBPWEERL to DS 5% z%&@gh@rﬂom

hore metal lic oxidants to the catalytic crac

aboytd&eiky weight trpbout{ Qe dy weight; o kiomeabesinye briweighito @gma 30% by
weigih %ﬁ:%la%@ ad ltﬂémxﬂﬁte@ulgﬁ%o HG G enfbBBinkGts! e h3G1 fnocﬁéT}ngﬂ‘alllc
a solid solution. I'n one enbodi nent, the m xed net al
oxidgnt eaa b pregend ireanm Anzrunt ef@t lgaghy 8¥drvaraght to JHore>SBohpweight from
&1 0
at 1eL1£’c 1@‘?%6;{(&% £ !ﬂfougg?/@ ngé%ﬂ{ 82 6608 2 204 b?fiﬁlglﬁ L& igGt0%
by leghﬂ,amtculamd abdieamde wowiyaleddi, s mJt h cadm um cerium
chrom um cobalt, copper, dysoprosiun1 er bi um
[00580: Thp imetals igdleonétaliic pxidend ms b usad iy dledt mdtadlinfonm(e.g., metallic
' t
pla‘dn'a{’.ljl('%i &?n&/ cl)JxJ r#l gﬁdmlk Efﬁr cla%?&glidgérln ?o%%g Fné‘% nd %etﬁﬁn 8f%lil¥ Qﬁg’ ﬁ&l)l MW hen
the mbtatsmmmpd fr msecilyaditive of)‘rhe mateh‘ummthey epibe m varioogialtrfprms,

0y PR deaPGREY Pt AR e D e B o  sring
matémdl antlhel paactians ggatmp to thb additivis of the &d}leﬂtﬁnn iyl ttheefotmh UMena cerium

r.um .Zzinc,., or a mx retere
scettls s St A B B PR it o YR DF ot
startifgd l’ﬁﬂéﬁal ﬁlo?e E@g&kﬁis NG dihgsethe ra&dlﬁwaow glebxyvegg@h 1ﬁ?h63ﬁdﬁn of
re snape 1.es CO rsing | about w%to
vanagig ox e ngop e deccrrEes lo%RliOéléCt%‘ef)ﬁ‘ﬁ Bicansdiym jaltygtigyas fhose
of aiiéniuen dd¥addte SSMdaM¥RIBEal cite |ike conpounds, and
(ii1) a support oxidants to the catal ytic cracking

[00603 A0S LAlEikatiohREpIHf ¥R Préveises uRd keiRalEARPAIIRE cE 8thS thvantion can
magnesi um al um nat e conpgund or can be in the form of

alsoaﬁe’% [t ePIYBAt B Row-oxfdg lﬁ%dl%@cﬁ (PRI agqiEe, pLigy nitey perium
carHBﬁétQFusb@ afa BEEhaRFiallifo I RIRUBIG (b.8., birifn £RMRO O Hm

I'n addition, the shaped bodi es can be dried, cal ¢ined
nitrage, cgrigen gargprate Viidlrhsspnvertad tosagpipmropide apomgaleinatign) éfhe metals in
the fﬁ)ﬁﬂflﬂtoﬁldﬁh'& of fuk Iﬁ‘ﬁ'eﬁt%ﬁgzgﬁ' '39 ass@cﬁ&%@iﬂt' {He@ﬁﬁ;o?ttb? placing them in

magnesi um nitrate
the reaction mixture along with the support 1ngredlents or they may be made by

impregnating solutions containing ions of these metals into a dried form of materials forming

the support.
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chl ori de, magnesi um hydroxi de, magnesi um car bonat e,

magnesi um formate, alumnumtitanate, zinc titanate,
wa@Rows/0sd7ud nat e, zinc titanate/zi nc al um nat e, Pel/ustonumm93os

zirconate, calciumoxide, calciumalumnate, alum num

nitrohydrate, al um num hydroxi de conpound,

al um num cont ai ni ng netal oxide conpound (e.g., other
[0061f) @meakilled mathoirt edniifiakauie doygoonds drd comppsitiodsdf,the invention

Fol e APk SR e o E T BN ROPHPF Aottt

discostine b€ whith RDMESTPSthie b kéferencs @btef ih it entdrelyl vat ed
sepiolite, kaolin), clay phosphate material, zeolite,

[0062] The gasolitk @ilfaf redudioahddiBves of the ﬁmﬁtlor{ el LY ]n the famafRRped

the in entlo pr ov t hods for
bodER B m&wéess%fmnﬁ@e SiF- Mo © va? SRS a0 herafees. or
mixBReki o SwE Sfabre Sheardhfy. i DheRMihe Qﬂfuy\&e%éﬂbn&b&lﬁ{fes]c\ﬂﬁ e ieded
nmetal oxi de conpounds, (ii)_ about 1 W% to about 99

mawé% F3lefet arendle Wﬁ%@d%@bnﬁgmxmslo)f tpher ere ihsreof.
II|c ,0Xi dant s, and a_sypport to the catal

l006§r1 éf R BRQIRG ST Frdketionad lmﬁeatwvgpﬁ%@ea@a%hﬁsaﬁafv"a%w of

abom ¥ 16ERABESH UP1EKs UBL it LorAORPAERD Hbr 16RNaBIRt 2.8 of 1REs; about
ormof a solid solution. In one enbodi rrent the m xed

2.2 %lfs%n aboyt 21k of lessa alub e aF e 2hayt b9 9y 185 plaué | Ser ﬂq@@ about 1.7 or

lesscm@gr ledsNoPfdid 1980 1edsh 80 &H&Qﬁ%o@iﬁ@hﬁsﬂﬁ @ﬁ‘ntlib% dFileSfsoline
calcined or 'a mxture thereof. [0058] The gasoline

sulfyy pedugtion adflitisies ean bechbowt hber less; qbﬁét . howdags; dhout b or less; about
1.1 &g@&f bxsa%oﬁ)['}e%&r 1ed30 e Fkifdhid rﬁeéggxlbou?h% f&%}‘l@'ﬂ)ﬁ@? Biho®T

out 0.019 y\/velgtorm)re . 1% by wei ght or
betwagn ¢he fabiond sscvndhowediistwasn thediretand fifbho&ss by wei ght
or nore; about 10%y wei ght or nore; about 15% by
[0064} i Tk asolingsmlfur rediehon a@didydspf theiimyientiar cambe eddedtioany 25%

cong@é]ti}éﬁl %Et 2 jfegg%rﬁor sgfgtaﬁp ¥ Ebu:l%lgﬁ{ eﬁ?éﬁta%’t s'){gcgmgr% gystems

ated € ’equi va
whielninmiwmmauomly&:onmyaig dar mrctdhﬁmgteata]ybts/adchbwasl betwecaradion

zongglﬁs ggetnerla 101??0n%g?oﬁ}teé%gu Lﬂl/%)tmg 'bg*k{ a’]%,n}s ar ht e%rg af%%géal of
the Wﬁjuglhhg béd syﬂtemb atttthel Sanloghtiordl g’fdwﬂg(bed bodifluidi28d bad reactor-

' f t h t bout .30
rensie gl v, LR R S g D S P BH o Y
hydeehoen sanvtision (918, Rekédarbiofl ciablEingRpatatibs voix e ntideed chislyst

present in an anount, of geggl east 15%y wei ght to about
bGdWAOB{F%fﬂﬂESYStF%R?IHSPTC f- 15% by vveu ght to about

fro QY% u
100680 oA bt ur i B s G HATE oG e S the
regenBfd®? bndmefemradf $helFTCA mﬁt B bR dohimuélf SyledBYwdR thSITT

in their nmetallic form ( %’ﬁ metal lic platinum

reaciy gnd theiregengrater-c K %ﬁsﬂﬁlﬁﬁ!& aféierctf@rqdélh(@% q§n be “PPdtlﬁ an amount

of af &g %Emt habdst PEpiALsat 1e¥0E PphB AABhRLS: &@ﬂem §6but §% of the
make the additive of the invention, the be in
invepipry of f§e tegpnerston; Axin an amount of at least about 10% of the inventory of the

regenerator.
Examples

[0066] The following examples are for purposes of illustration only and are not intended to
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e.g., oxides, nitrates, acetates, and carbonates. For
exanpl e, ceriumcan be used as a starting material in
w0 b@sgees i ons | eading to the additives of thePCT/US2004/039305
invention in the formof ceria, ceriumacetate, cerium
nitrate and/or ceriumcarbonate. Simlarly, vanadi um
can be used as a starting material in the reactions
limit @@dtdpg of ehetafpendediélhimees of the invention in the form
of vanadi um oxi de, and/or the deconposition products
of various vanadi um sal t suqh as those of ammoni um
vanadat e or vanadiun1oxa§¥¥@1—%0060] The cal ci nation
[OOGI] eplditfves heD Wem}ﬁqﬁlﬁﬂé&l a8 efxddat vakeithion dEiR0 wyight ;ﬁfcgnt with
he inve tlon ca 0. Serve to conv n- oxl.de
o o T PR S Ay B oE &e APE SR PG 1P g ling
mixGRs wdEtheRfudQAaL @mbsaﬂ l@drator§ FaCtsitiglatidi Ridtet (Khyke
cerium

oxi de farns J um acet at e,
Te%“ﬁ?%? Incwﬁﬂﬁ%ﬁ%%ﬁﬁée%dﬁns liguid prpdyel wasanalyzed opia fhgilent
6890 6h A rdtRABrEEH SHupRY kPNHP/ALNEnt MRS cFrhitsibBetBREAbE | C
oxidants of the I nvention can be associated with the

quagiifinabien ofsylfp evieyy HheapHur qonters meased was nerelied tedhe il

ylemnotf BasbIh® AERPRE bn bl A6 68J0SIMDIS (RSN TR Yre By M%ghxnt and
I mpregnating solutions containing ions of these netals

Seppsation aysthmsdac.}. dbarasplivafthersulfiredustion prplysiseand obtained from the

AgiRHPHRDLS 3{499 g,lstegpae%ﬁdv&d B%abl 1tﬂafwﬂrfhe oﬁ@g;asquﬁ@ Sulfur

conpounds conpositions of the inve t| oW ng
redydtien proerdadaed ecompatiegithy saselispbéaiebdi for ddclsadditiesnmpdiition to a

i ch,li e e .
basgecﬂx%ﬁigggla ta‘éaf(lfgg ?lﬁ)%(lrngd}]nélg]lﬁ e?ag&ﬁie%ﬁﬁﬁr?&&%%%n ofder Yo minimize
the [am&Z}f dilhigong &Ecblasmss@quﬂlbmum@dtabmt w@mpédebntaingd Qo%fof thp-based
mlclr')os eerr]e%:s: v@gclr&gors%es%ed m16 nra? %fti%{tgln ]{}\ég!?sg %gge)agﬁ*jg) ggss %1(0wn%s ‘Additive
Eispabires, granul es, other shapes or m xtures of two or

nore thereof). The gasoline sul fur reduction additives

g e E | cal cined materials, hydrated
Tab é%“)&agﬂﬁpﬁﬁg hg s of two or nore thereof. [0063]

The qasollne sul fur reduction additives of the

| NV@IitivON geneGakdithe fﬂﬁt%{) an Nbihalize® SulFhr g b9skmliz6d Gasoline

| ess; about 3 or |ess Jtm2g§oﬁﬁe{n%§a) abouturRHuefion
Iess about 2.3 or Iess about .2 or ess; abouq9@ 1

£+ D In .
I TS5, ﬁU’U Z UI CDS algyU I T3S, d.U'Uu'f 1. O

or | 8ss: abolt 1.7 %f | ess] abouﬁ71 6 or lless: or8!

aboun 1.5 or | ess. 5gm othen enbodgmgnts tlhe attrggi on

Ao Bn-a— Py r ol

H aankba ok~ it
UI l IIC yaam TTT DU_I rulﬁ U Jbll o1t auu1 Ll vYes—canpne—apout

1.4 &r less:| about>%*13 or less: 4Bt 1.2 lor | ess83

aboup 1.1 or Iess 5py abouf 1.0 qv7bess The attri@ion

1t ha ACTAA NC E hard A hao
} D IICGDUIW UTIT AOTIVITDJ IICTIIUU UCL CTI TITC TITDL

E(ne addithsy hpurs opl %etvveeh the Pil3-4t and |[fifth HOrs.

€ gasol 1l ne su ur reduction additives o e
0064] Th li | f duct ddi t f th
[OOJiiﬂ Vl%g ts1|11 r11:re urc}’m?nea dtdvgsd as set fa rtl‘\xl in Tables 1-3 are described below:

Additive A
[0069] Additive A is SUPER SOXGETTER® (commercially available from Intercat, Inc.)
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conventional reactor-regenerator systens, to
ebul | ati ng catal yst bed systens, to systens which
WO pwslos1Eont i nuousl y conveyi ng or circul ati ngPCT/US2004/039305
catal ysts/additi ves between reaction zone and
regeneration zone and the like. G rcul ating bed
systens are preferred. Typical of the circul ating bed
whlslystaennalﬁécemtdh(ﬁalei&nhﬂ&moh@ﬁa{d oFaMining deeidmaind vardadivel sxakk

act orr.egener at or ms Bot h of .t hese
meif oTaT i TBEE 6 Rt P B RPB TP PY dele dipe epproximate
quaktitg bOCRBOMAGRMIRIS r€est Re@by nmaa@&qa{d@@ﬁt 1§ 1 8%MIeg hnd 4%

perations, with the f| uidi ed catal
VaChedps ammé@eﬂ&ﬂ%\?rs?af% @éﬁ“éNPe@ozng%S‘{?}ng'lao
psedd®BbiRhiteROimsiHa dddrelbti @I Bigh Q,{rfa@@areﬁ hagrdekd digs herein
are introduced into the regenerator and/or reactor of
Addifige BCC unit and are continuously cycl ed between the
~— FCC reactor and the regenerator. The gasoline sul fur

[0070@ aditiveB @Mr&paye‘dfby&@eﬂn&ﬁod@&&lﬁeﬂ iRéb ﬁéﬂéﬁl@tpaﬁﬁt @plication
or at | east (gtjlnan
fw

USSR A5 238 and b k3o iies oI be oy v Hicheane

1nccf SBE bR teMrenc hetefh 1A PheRERHRieO hndik aln?a%'ﬁésnﬁ&bﬂuﬁnrﬂig/ﬁl&ted
e inventory of the regener af or Exanpl e 0066

metvlcﬂxv WW@O%WP@@W an §igmicgatiqelsaagnesium |t¢ Humjnga @n* 0. 1t

wasQd e%eaglg in@ 'hgalgﬂn%hrd &&ng%g%%eéﬂ%ﬁal)t Aglg pg@gg@eg{mé Qﬁmma

(SanBe ﬁmaelasm baisdlep ralatl‘aa wropratonsofildh apd MpO wese @htand 76
welgg{p&%gﬁt ﬂe@tl 31 %llg@in l pglg%%lx 'tl?cr % H{B_?g ﬁ&ﬂwggslfomi%dgmto

alne rom commer e resu
micmsnltemsmﬂmpmﬂémswetmnmf abaw ﬁﬂnnczrmaﬂ to labday 260 micyorSOF a spray

atio eactor r . Technaol I del
e i TR s e g
Aeg | ent 6890 gas chromat ograph coupled to a
%. | ent Atomi c Enission Detector for quantification

Th |
o R TGS TR,
AddativeAD tdredihe dGRdIetHidvbtiSanfsradn i Bed fdedtd sib)thd ﬂ’etaﬁlvé«ﬁﬂob@rﬁbns of

AL FTES st £ TR el de BB OPERE FHEY preparation,

the &glh}io@i‘ﬂibn 629 ornbMatSmRyspER AYith SHiidle bie rhagd @fasmheb @icrons
nt gasol i ne .sul fur reduction was cal cul at ed

The perce
to apgpt g@ hpAr Y areray doiing chpiug Aheresyfingdriad Profiyet Yapgalcined

at 66 BBl Hr. thn&dme‘iﬁfoﬁewfg Rl aledhrydibt @a’ﬂsrmh}ehydrated
contalnlng no gaso i'ne sul fur addltlve I n order

usingiwteriag hetnipdivef. f Bethydafedpirdduti was, tharholligmsd atc ¥ for one hour.
equi librium catal yst sanpl e contai ned 20% of

AddjtivePbased
[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 Al,O3, MgO and WO; were 21.6, 68.4 and 10.0 weight percent, respectively.

[0073] As can be seen from the results in Table 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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m crospheres whi ch possessed mninmal activity. This
base-case sanple is shown as Additive E in Table 1.
wqawbses1r1s Gasol i ne Sul fur Reduction [0068] ThePGIIUS2004/039305
reduction additives as set forth in Tables 1-3 are
descri bed bel ow. Additive A [0069] Additive A is SUPER
SOXCGETTER(r) (commercially available fromIntercat,
Inc.)which is a col | apsegxhimglet al cite-1ike conpound
contai ning ceriumand vanadiumas the netallic
[0004]i Aldditiwes ARND Weae/propared ARGRIRE] AtAchaceatrAtibin b Pnlvadi gt petbent with
1aboutt 4:1r The g@groginate quantity .of_ cerium and
2 IQpamsals sy irape et ehtaplyd fow asepmsTeie iCarindirgn on a
conlhéCRBb@ndry e Y distulatibh Cab0NIRTbdr TeEhndRSich 18D AI6H1 ABE R+
%JéﬁJgﬁﬁgﬁ#P U S. Patent No. 6,028,023, using a .
as 4pegtvg Pleal shoyd e Wishweightof icotalyst ok cRiplystand additive was
abodt fife SRGIECThdHAO S Shealyshdflatdlysfard daBRi0O10 AUidck ¥8 wRs Wkt
prepared by the nethod described in co-pending patent
sevelh pl jedgacteicnpesiurg avas glaintginedgoppyIPsE. dhg résniting gaseous and
liqE@pRBkctdNIere nflgRd02Re rekll& o‘ﬁﬁﬁg drfdlySis e A th 'ﬁ:[b?estzi agcsl 3

incorporated by reference herein’in their entire ;
beleid Thashygraiggjitpslske and sheumixedmeta]l oxdds apetpaindsyif the invention: reduced

botfoRfIPRS liki@ Wp&g&gﬁé’q Aoy @hoft . fakid 9&@3&9&%&%{&,
to alumnum o . 0. 1t was prepared using gnesi um
parthx flupeio (IRrdspricase iChettrinsalnpreased gpweusdobdrhyickle asdefintdiay

L N JrOm—

the pmpw@ of light egge oil isolted befrekh aswiutdp OfFepd abdut 650 °R. HEhe yield shift

c sitl was formed.into mcrospher Wi a "
suff P T 1B W83 BB ok BB MR B Efed B frensggiive
comgiogitioms) dd;as@e@ﬁimndlraﬁmg;m@wwggg%ngf Mdrtﬁ@ﬁ It braigt to

.dried product. .was calcined at . r one hour.,
i SheFEIoEE PP, A et gese VBN ey g SOHBRARS of
claypbased Micrésphérbawhioh pdydeksdd iinthl 2849 P This hade-AdSabipYesis Ghown

%ﬁggal eqhgo petallic oxidants. On a | oss free basis,
as Aqdtivedy gy | @Sﬁﬁﬁg%rtions of Al O and MyO were 24 and

76 wei ght percent, respectively. Following slurry

preparation, the conposition was fornmed into

m crospheres with a particle size range of about 20

m crons to about 200 microns by a spray drying

techni que. The resulting dried product was cal ci ned at

6000C for one hour. Imediately foll ow ng cal cination,

the product was fully hydrated using water as the

medi um The hydrated product was then col |l apsed at

6000C for one hour.
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Additive D [0072] Additive D was prepared by a process

simlar to that of Additive B, except that 10%
wo avgesEms oxi de was added during the slurry prPQERUSI000089305
the relative proportions

step. On a loss fr
O Al 20,
percent,

respectively.

ee basi s,

Table3trbduct Wicldshwieh Addifivee hydrotal cite-like and the

MO and WO were 21.6, 68.4 and 10.0 wei ght
[0073] As can be seen fromthe

mced—ret-al—exi-de uG%CH—F-‘dS of—the invention reduced

t he concentrationtef—sulfur in the A ‘MFQ F)Larml e 2

[0074] Additives A—D-ﬁererpregareq an§ m Xed & a E (no
- concentration often weight percentl with all ow nmet | additive)
Comyersion, B4 um cat al ys74-dbt ailnd#9f r ot 458omer dP4l FQC704
Cokfit and run on_alcob@mercial 63abolat 60y FAC Gilmul dt i 686
C2reactor (Kayser Techhol ogiles2.81nc| Mbdel ACE2R+) gs 2.5
TotdeGxri bed i n Exanpl 6.4 abgveZ.l1The |t 06.8] wgi gD of 6.4

cdfal yst or catal yst ahd additile {was dlodt ni ne7 1.6

gr@rs. The ratio of cabal yst 063cﬂtaLx§u gnd addi tji ve 4.8
TotalolCf eedst ock oi |l wasl.&bouf $Egen. Tmm4reagt027 11.7

t é@perature was mai nt asowed at algoyt 998 40F. The 4 4.9

resyl ti ng gaseous|and li3qli d pngducts wer e analyzdd. 13
TotdHRuteresul t s of this analysis asg shownsisn [Tabl gg 4 and 5.5

3i0ed ow. The hydr&talchge+like1and the1m Xxed matal 13

0xig¢e conpounds of thegjinyentiqg: |reduged |bottams, the
LiqhidTei6lcphGHICEPGE Q! 78,60 aboygo about (650 UF; [hHCT 64594 ]
GadoBh@ll yT1 C CONVET Si"0fs 3 par |y69ue o4yge decng S€ 1422
LigH@@jc‘Pé'@ﬂ L@@j’ €asell gapeouy mgruuu ngl ua d?SEB' S )
Bot! Jd1 querl 10 pel.ll F” N g’d:, ggrcl cflbvf@lol—llc uv§14iu + 13.7

ant Tty of gasoriy ot and reased-—the

TOtguunl Zﬂ H-ght—ey Il&jo}un# :Ig(\y.l?ul i L g wee 1 %gﬂu é&0.0

OF and about 650 OF. The yield shift sumaries in

I cal cul ated by conparing the results

Tat] ‘yﬁdﬁ B S additive conposition to a base

equi librium catal yst sanpl e contal nAagitig® additive. Tn

order to mininmze[theaefféctsgof dilugi on] thg E (no

base-case equilibiium catalyst sanple contai ned 20%diitive)
dLI&} ay- based m Crospherges |cq¢pos<esspp nlnlnp7 0.0
dGA6kdeVI TY. ThI's"Dage-gage jan@’;a T3 S ds ﬁy@TtTve 1)
dLé@ rapbles 2 amd 3. qu;f ﬁlyLHEECL YLEDE?ZEL;@ 100
dBdﬁ&H] tTves Tabte SI _ n\nl T .4JUII:I31_‘3:']:L 3 "Jj—él-ﬁ,ﬁm.c”(‘).o
GCRELEERt Tons.publTShgprtent appiepors L Fsted 00
O o o spobs - At o dre hie ol ndor gt atda 00

herei n by reference in their entirety to nore fully
[Oofﬁj\fé[ﬂ?q 5 th }c?%c?n%gpugﬂshed Ie>ate:nttap1t)l?ca‘cvl\él)qr{sClgsutegl1 gn grrgl?tgc? Igatents

texts, and literature references cited in this specification are hereby incorporated 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 fall within the scope of the appended claims.
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[0076] Various nodifications of the invention, in
addition to those described herein, will be apparent

wao eoosig17ski | led in the art fromthe foregoi ng PCT/US2004/039305
description. Such nodifications are intended to fal
wi thin the scope of the appended clains.Wat is
claimed is: 1. A nethod for reducing the concentration
of sulfur in gasoline produced in an FCC unit

[:Sj.pg.contacting a catal ytic cracking feedstock
Wit il ective anmount of one or nore shaped bodi es,
conprising a hydrotalcite |ike conpound of formul a

1. ( l )A néth%d%_lr rAﬂu%mg% c*%en@qﬁlo %t)éu fléttl}l g l{g@lg:gﬁ? hfﬁn

i nC, nanganese, _
umt@pnmsmg rcoraacmmgh laatelyﬂé cmuking)feedﬁﬁfcﬁ ﬁlfh&heﬁééﬁvé’ amBunt of one or

' . | t |, chrom um
ol TSl SO B BT T
or nor e thereofpé&né;«mahmg$¥% RO CH$OH Cr, I,
a mixture

HVO4
Wh?f? %wa%?eswm 8911}}1& dB¢> Magggnese) Cobzﬂtowl% SHOliltgmb SRR Fopper

or d3aRelrd Of twdE MBraheebr; FTiS alBRIREAT, %néé?leiehﬁl)n tcbsart ﬁitcké? of
mnis about 1 to about 10; said hydrotalcite [iKk

ChreB iR &MU Br st ethayurs, CSFIBRES 3 THEHESIA EV o mQrgyihereof A is CO;,
NOL 853t Enoa @r,quSi@? USPCY, Xndy, ,eﬁgém%o BV, NOIAIBAE @;{ m%{%&e of two

di val ent netal npound and a east one triva

or 1HQIe Hereodii lbr?dort%)b p%h?@meé Oaandﬂsle@dma@rall n Yy qu@t@@nﬁm it

tib BE Aultis hOYul £f dohooiRt J}%
MI?reatlﬁg&?hegaﬁgg% n%%g OXI gégghpo é%%ﬁ% %? g%ws
COompFisHgt enperat ure up to about 2250C; (c) drying the

heat - t r t edreﬁ&%?ﬁ%&e&ﬁ%@)ﬂ% ggo&&)m g( agtp g%)vafent metal

produce ne or I'es sui use
the reducti ocpmxfouadl hrid At lefasimme draxsbini metpl c(od)pohmmo produce a

temper atur o BRAAREHH B8k B AT Pore s haifons i or

rmlr e Calélm)l Eeabtmhgbgtéaﬁmnf tieg the @ked])é?tﬁl?bdd&@gggg;ndaﬁom step (a)
cal ci ned shaped bodies fro o pr

hydr ot al ci t egtl %ﬁr@p EYMSSw R 2 %%‘%Z&(& optionally heating
the hydi@t al diying the heat-eenqoisnthointi FRIBNE (=3 YPSERM®) to?rbd/uce

interstiti.al ter and/or anions to uce
gl | of the oﬁeeor%}ore shapedvx@1 s s { t{)r use in the reductlon of sulfur

dres suita
from gasoline;
(d)  heat treating the shaped bodies from step (c) at a temperature of about
300°C or higher to produce one or more calcined shaped bodies;
()  hydrating the calcined shaped bodies from step (d) to produce a
hydrotalcite like compound; and
® optionally heating the hydrotalcite like compound to remove
substantially all of the interstitial water and/or anions to produce a
collapsed hydrotalcite like compound;
wherein the hydrotalcite like compound has an x-ray diffraction pattern which has a 2 theta
peak position nearly identical to that found in an ICDD card selected from ICDD card 35-

965; ICDD Card No. 22-0700; ICDD Card No. 35-1275; or ICDD Card No. 35-0964.
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col | apsed hydrotalcite |i ke conpound; wherein the
hydrotalcite |i ke conpound has an x-ray diffraction
w@ai0se817113whi ch has a 2 theta peak position neaPCTUS2004/039305
identical to that found in an 1CDD card sel ected from
| CDD card 35- 965; | CDD CardNo. 22-0700; |CDD Car dNo.
35-1275; or |1 CDD CardNo. 35-0964.2. The net hod
2. acc&helinetfod accotdngto Llain ok kdrsin X is sraGRGNASAdNY atunYniug.
al um num 3. The method according to claim2, wherein

t he f out 1:
310 ’{Hpﬁl@tgo& ot gh to %%1 ’dr 0 rele tné ?’i TR0 %%%dhsdg‘?%gbout 11
to ghouni(: hyand ivhEreacthe hyﬂrqttalbite‘ahke @ipphalias gn Atral @Ffdction pattern

- i heta peak position betwe out
cishBlng 58 Pt S W5 B o REER S et e {ont 15
degrk@i m 1, wherein the shaped bodi es further conprise at

| east one netallic oxidant wherein the netal in the

net cted.f ant i man i snut h,
 Caonpyheng g o SR X R REThAR ERR torfspeotiorie ot eas
on@mbtal]moxeiantowhemn tlyaldetb]l in Ithﬂarmet@ﬁdi rmﬂmﬂ 8 selg6led from antimony,
| ant hanum. | e manganese,

bisjn(; mggﬁltullnrclh%(l)erg%lc{])o - PR IYSORP IR 1u161$ﬂ.}r m, gadolinium,

gemahiuad ol hcﬂ!inaim mmmmpm@s aadlymmmeadpm@ﬁgahéye Ufiblybdenum,
rium scandi um

neaHERl Rl Riob b, ooy BTl Py cresadipum, promethium,

thehitinl, utdditm rﬁtﬁélbmrﬂ,rﬂamhhﬁin schrldaith, $8leniimNEEERNsilvel) Yhik M

¢ wa % ytrlum zinc, or a mxture of two orrmre

a dgurtug, teshium, Gy, g, Soedteh dhnliyme yeerbinm, Viien.ging, or a

mitthe ofitwd eafdrePReeofet al | i c oxidant is present in an
anmount of at |east about 15%y wei ght, calcul ated as

t he OXi ui val ent. . 6. The nethod according to claim
"1, Rt?é?%ﬁ?f? %fdgtgéﬁéla%%rd’r@gelt the phlepst epsapetallis oxidant is present

in SERAKE of af leastBBoR 5N WASEHD (cHicBMtell Qs fhle kit 2 ulm% ein
the suppor t conprlses a spi nel, nagne5|un1acetate

B e A M

mnm&gne5|un1aluntnate, hydr ous magnesi um silicate,
nagnesiuntsilicate nagnesiuntcalciuntsilicate

i ﬁ goﬂislllcate al um_ num

m capgho RO [ the ATRPOH COMBIS 2 SRinel; miagnesium

acettd, dﬁgndﬁﬁtlnﬁmttme,a{iwgﬂeﬁﬁ&h Rhlofilld) MagheXium hyREMEY, &laBnesfith
ounds an al um num cont aj ni ng

num h; Xi de co
carﬁ‘té’ta t Tasie émctoﬁ’ﬁ?o% RSBTSHER alpmingteahydipus anagpesin siliee. num

ma@i&ﬁﬁ%lﬂﬁte?ﬁﬁ@@bﬁﬂﬂh caRtukI3i ek, SRbBRANVIEAL, %alcﬁinl dilfcte,
(i con-contalning conpound other than silica,

alulgmup)ctgp%tqj RiNf 4itanates alnigum zirconate, calcium oxide, calcium aluminate,

aluminum nitrohydrate, an aluminum hydroxide compounds, an aluminum-containing metal

oxide compound other than alumina or an aluminum hydroxide compound, aluminum
chlorohydrate, silica, silicon-containing compound other than silica, silica/ alumina, titania,

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

8. The method according to claim 1, wherein the divalent metal cation in the divalent
metal compound of step (a) is selected from Mg2+, Ca*", zn®*, Mn*", Co®*, Ni**, SP*, Ba®*
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zirconia, clay, clay phosphate material, zeolite, or a
m xture of two or nore thereof. 8. The nethod
waews/ngi7ny to claiml, wherein the dival ent nepel/US2004/039305
cation in the divalent netal conmpound of step (a) is
selected from Mg2+, Ca2+, Zn2+, Mh2+, Co2+, Ni 2+, Sr2+,
a2+, Cu2+, or a mxture of two or nore thereof. 9. The
C“ne?‘fﬂfﬂ“&t’%@f'@ﬂoriﬁnt%e@ﬁﬁpﬁn 1, wherein the trival ent
nmetal cation in the trivalent nmetal conpound of step
9. ( a) Thesm&Bb LAl tO Blaih §*Wﬂgﬂ§ﬂ'the %@@a‘fent fﬁ@éfcatl%lhﬁ the trivalent
O 3+, Ga3+, B3+ La3d+, O3 £ QL a.mxture of 1wo
mey coppaynd aEsteR ) is f@e"tqdr@mﬁéﬂshownac% r,(ﬁOn gNi'G, @ a 1133
LaW§P e 08 &, #lixviaé Mo B hle hgamound of step (a) is
sel ected’ from magnesi um oxi de, magnesi um hydr oxy

ace at e gnhesi um acet at e, nesi um hydr oxi de,
ﬁé@?‘ Ct"Prét”é to glaigh bé’Yh?Fﬁﬂhgls ﬂ@%lea@netﬁh@mgumf step (a) is

sel&@ddﬁﬂiﬁ@hﬁgne@ﬁﬁf@éd&fﬁh%&ﬁﬂﬁt@dr&? AB8sk Lfﬁﬁgﬁ{{gugﬁ b,
nagne3|un1alun1nate dr ous nagne3|un13| I cate,
maghesBCGRide, BRENesiEM) m@é@,@lagmesuan hydrexide negnasivon carbonate,
magids@ f 0, L

Rt (08RG maghdsyn Do, BREhcBREON G Ake! Bth® pllbdesiom
silieait, ageesivin epjeimmngiicaterar bynixosd Q:féWh yrimatedheredfuni num

oxi de, alum num acetate, alum numnitrate, al um num

11.hy dripxhétBod Rbstding ‘t'(m:IQﬂ{ P%Ieﬁh th 'tane%‘f{hfapéo%foﬁ?d of step (3) is

al um num chl oridé, hydrdus alumnumsilicate
selegted donnelgminuapltydroxisie hydygtex nlum@um oxtifvo alyminm ecetabee alemﬂnum
nitra; alﬂ—lﬂﬁluﬁlq{ylaﬂﬁlcﬁceﬁ%glhﬁgza}b% E %ﬁdﬂllﬁumgg}ﬁ{ % ﬁumm cgh?cg-lde
(a) he m xed netal oxi e ’conpounds he
hydmé apmyinwe silicatetaimivern calpiumsilidate, ord miateaof metoa Imore thereof.
cation is selected fromabout 1:1 to about 10:1; from

12.abotie létilod éecéljeﬁ to %a grbl fvs{h‘%%‘:it? ‘ﬂ%li%o (Ja)r% &e%ﬁﬁéﬁ%ﬂé&l gk

or from about t
compoppsethg gattowfélheedlmlqlt mgtabeagion tq the tlhytl:ém)maﬂabqatlen shelpedd from

boROHL fSaHo t f &4

o AT Fon PR B i Ao S S0 LT pom

abopidrl talaboutThé. net hod according to claim1, wherein the
hydrot al cite shaped bodi es conprise about 5% or nore

13.0f ’M@%étﬁﬁéﬁd%&ﬁ%gg (.E’EEIHI V\%ﬁer exl%nﬂletthﬁfl?ckota fle s I}EEgdt 6*%5 Q%gm ise an

according to cla

amqygtisedested drapr P& leastabout 1@pnp at least dvouf 2 pive, driatvieadt ahsqnt prm
the regenerator. 16. A nmethod for reducing the

14. CONERMRId RBor@ihg BHILH 1, WheRBSEL b o@fcﬁgﬁﬁpgd ddicd @mﬁ&%s
unit conprising contactlng a catalytic cra

abopte¥d ot wele afithehinyantasy ptbe fegencgatorunt of one or m)r e
shaped bodi es, conpri sing

15. The method according to claim 1, wherein the hydrotalcite shaped bodies comprise

about 10% or more of the inventory of the regenerator.

16. A method for reducing the concentration of sulfur in gasoline produced in an FCC
unit comprising contacting a catalytic cracking feedstock with an effective amount of one or
more shaped bodies, comprising

@) a hydrotalcite like compound of formula (I):
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(i) a hydrotalcite like compound of formula (l1): (XY

CH A bH20 (1), where X is magnesium cal cium zinc,
wormngasgse, cobalt, nickel, strontium bari umPCDPRI®N4/039305

or a mxture of two or nore thereof; Y is alum num

manganese, iron, cobalt, nickel, chromum gallium

boron, lanthanum ceriumor a mxture of two or nore

thereof; A is OB -WNEOHBM)AGH bEED CO), |, Si 0B,
whebk &S Sy S A Rran Sy % o B ni . Bt B8 ospper
or alflixtuagaf two andhore thereofsEliedtmhusy niahginedehieor, adbatt, mitkely n

i s. about 1t.o about 10: said hydraotalcite |ike.conpoun
g Bt R Plloar, BAP oY ithiEsf bSorepoth B A B0,
NOg@eatis OHY, K, Uy S0¢, GTHD;] KinOg, Ma(b3|eHS’D4p®le)4,:B®3abﬂhhi)dﬁ&E af two

conpound and .at _| east one tri ent tal c und t
or PO BGHRT 4 T2t B THeUTRER Qani S irdOR A A Hh e D ot e
rati@oieAUS atsduti T toysbodta)0; it hydlRahicite Merdonipbaat frey@rdd s aPrécss

net.al oxi de conpound fromstep (a) at a tenperature up
compysBout 225C;, (c) drying the heat-treated conpound

from st ( 2deading 9h BRUCOR mix@urd QAN e 0N BaQlonf B vElent metal
shaped ggdies suFtab?% for use_in thégfeduction of

sul fur from $AEEFGand o lepstigag irivaleabmetakpopmeaund g peaguce a
bodi es from $t@8 nfef oRlle SorhSARE frAthY lfdf»m%ff aﬁgﬁg%%%%w;

or higher to produce one or nore calcined

bodi es; (Pe) 9Pl heat tragting the eixpsomeitlopidy coppeund ffompsiep (2)
step (d) to pr gﬂﬁf jdp. | i ke conpound; and

() optional@§3heat?ﬂgm¥%gaﬁ§gggfglcite i ke conpound

to renp(@ su@yingthe hept-tyeaged compourtiefronm step &) ot stert (bt pgeduce
and/ or aniong,t LL:af ' |
conmpound; mhéFg?Hﬂ%ﬁgﬁﬁ§ﬂ?g%gﬁkﬁﬁg%gﬁgé%ég%g%@ﬂ%%ﬁg§hﬁn
an x-ray diffromgeiobne;pattern which has a 2 theta peak

positiop.nearly identical .h found.i n |
card se F‘Qct eféfa trr%a%ng %ﬁﬁe‘?g? goé’%s%% Blep f%ﬁ% @P?fgﬁ% of about
22-0700; | Chiyoda e hiher t@profliZcéune of mbsloblcii@d ehded bodies;

35-0964; .and, (jii) at |eas ne .al lic oxidant,

wher o n@ho. hstahefe cfERhatire PRbSsom e |4 Maptie ad
from anti nonlyydrdialsicaiike,compoiFdyaad chromi um cobal t,
copper, (8 ys oggﬁ%%elﬂwﬂeating the hydrotalcite like compound to remove

substantially all of the interstitial water and/or anions to produce a

collapsed hydrotalcite like compound,;
wherein the hydrotalcite like compound has an x-ray diffraction pattern which has a 2 theta
peak position nearly identical to that found in an ICDD card selected from ICDD card 35-
965; ICDD Card No. 22-0700; ICDD Card No. 35-1275; or ICDD Card No. 35-0964; and

(i)  atleast one metallic oxidant, wherein the metal in the metallic oxidant

is selected from antimony, bismuth, cadmium, chromium, cobalt, copper, dysoprosium,
erbinm, 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,
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er bium europium gadolinium germani um gold,

hol mum indium iron, |anthanum | ead, nmanganese,
wodoglogignuim neodym um ni ckel, niobi um osm uPET/US2004/039305

pal | adi um plati num praseodym um pronethium

rhenium rhodium ruthenium samarium scandi um

seleniumsilicon, silver, sulfur, tantalum tellurium

silicem, 3iluen) sulfiur) tantdlﬁrﬁ,ﬁblliﬂ‘iuni, téﬂﬁﬁﬁ‘letﬁh titaRbtin, Wigstéh, ttﬁlﬂﬁhy Mterbium,
yt%trlum ZlnC or. a m xture of tV\D or nDrethereO

Y, 20 R MEghre oL 883 ofi hyye ths™eof-ai m 16, wherein X is

magnesium and Y is alum num 18. The net hod accordi ng

17t 0o Fhameihdd accahitigiorlaih @ 6, Mheddin Kak hﬁgﬂfsluM]anﬁ'Y {sSldnkifdh.
about 1:1 to about 10:1; and wherein the hydrotalcite

18,1 < SPEAPREH Aoftite B el gl S0 T AL is oy abour
L:ifosberitdH: Ibatd/selmnemﬁxalhwdﬁtaamd liad eathpobihd HROMSe say diffractidie
wher ei n th% at | east_ one

A od_accor.di 16
ool R A5G0 e rorBornBLEhTS Y BRACHABiAR beers TpBL e sbout
15dbgreds. 15%y wei ght, cal cul ated as the oxide

equi val ent. 20. The nethod according to claim 16,

whe ed bhodi urther ¢ ri se a_support,.
10 e SRR P I e P S e oRanc s presnt
in m,mmmllnt oftad bqastiaberst 18%Hyi wigght, JaRgAGSIab HedikRlcRb@walent.
nagne5|un1n|trate magnesi um chl ori de, nagne5|um

hyd carbo
20 od R el ST PR o RS oSunprise o
Smnagne3|un13|llcate nagne3|un1caIC|un1S|I|cate

alumnumsilicate, calciumsilicate, alum num

tit n um. nym zirconate, cal.ci,um
Lo o Bt @R 20 B e e Ry ent B,
maghasivimasaiatey thagnestien mmtnowgﬂssmm phladids) iagiesied Tyaldxideg

ound r t han. al ym na or an al um pum
P Pl s SRR (P, me Gt iy e o Fragaesim
sﬂlsaté |nmgnesamm tikicare mgagﬁﬁmommﬁtshﬁﬁtetdmﬂﬂmﬁﬂn' silféé‘te calcium silicate,
Sili alum zi.rconi a,, clay

a‘“mh%%*b S?aée’mgﬁn&ie MnPppiroome. SHlppmasids. eﬁmweluavnate

aluntixiven thifreliyRindte, aA Alumifen ARirGEEe @mERUALNE d@mHhALBntGing metal
erein val.ent metal cation .in_ the dival ent

oxi f(gﬁlpogaﬁ&'ﬁ%[ﬁrntharba}lu@{né o :erhé)lumglug)ehygg)(x&g CPMPPHINp P yminum
chl@@ﬁy‘dratz,rkﬂlbal\ﬂ'ﬂ?cbn doRitiiryl c%fhpoﬁfd?o'ﬁneé B34 'Elhcgéﬁi’éa/gfunﬂna, titania,

xture of two_or nore thereof
Zlf“&&@o‘flaira 5y PEOThalP Matesial. ganbifee Pha mfdure of el amorerBierspr.
cation in the trivalent netal conpound of step (a) is
22.sel ’Hiétméégihéd zth%p&in%‘to clMﬁSI‘E W’ﬁ@l%i'h th%éle?t%gtdl'catgrﬁi’i the divalent
+ +
me%(pénqowéq %fbsfte% (a) is selected from Mgz“p rCaﬁ A 2X urze o ot Ni** Sr2+ Ba?

Cu®* or a mixture of two or more thereof.

m

m

23.  The method according to claim 16, wherein the trivalent metal cation in the trivalent
metal compound of step (a) is selected from AI’Y, Mn**, Fe**, Co®, Ni**, Cr**, Ga®*, B,

La3* , GI**, Ce*, or a mixture of two or more thereof.

24.  The method according to claim 16, wherein the divalent metal compound of step (a) is
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24. The nethod according to claim 16, wherein the

di val ent netal conpound of step (a) isselected from
wor@sesi7ei oxi de, magnesi um hydroxy acetate, nRQRES004039305

acet ate, nmagnesi um hydr oxi de, magnesiumnitrate,

magnesi um hydr oxi de, magnesi um car bonat e, nagnesi um

format e, magnesi um chl ori de, nmagnesi um al um nat e,
selngtelt fyors nmggesasn uﬂﬂ&ilﬂldgﬁa}m hytBeHyesbthR) lﬁﬁérﬁi;ltﬂfiﬂ ac%t%te, "

QL a mxture. o e fhereo e

ma%é% ifihfrofle, PREEHI PSR %@nemﬁ@fﬁmﬁ’énwwgpeﬁbomw
mage¢silm ﬁmmptﬁm@ﬁﬁluﬁtcﬁmnﬁa)malgﬁesﬁﬁi S0iafte] hRIOR! P BT

il ¥gr oxi de d1 al um num oxi de, al um num acetate,
PRI P g Sﬂé‘fafﬁ’d’rrﬁfm"ﬂ%l? O 9& mozg therepkim
carbonate, alum num formate, al um num chl ori de,

25hy da‘bmeﬁabcm mcnmmgsuolclamue, witekditiTihe tiRralenk ﬁmletdﬂ%cﬁﬁﬂoluﬁ&gﬁ%ep (a)

yre. o hereof 6.. The net ho
is Slecksd o ?‘8“181“&1%%‘{ et AP i p?lERjIugK acelgis, aluminum
mtmra; e]ﬁﬁﬁnum hydridddyaanuieéadbonats] ASmBORIBHNES alddifunk é‘ﬁlbx@de
hcgr age di val.ent getal calon{othetrlvalent met al
YEQYS Apminumsgicate; alopyn,tilioptey of {miHprgOf Ty ar myre ghereof.
about 1:1 to about 6:1; fromabout 1.5:1 to about 6:1;
260r Thomethbdadcolinls tb Qla&bﬂ)ﬁltwlﬁrein istep ('Eblef R H#vR6ks, in the mixed
cording to.cl.aim16 re|ntage hyd cite shaped

e RUE- SRS LR AR hetl el Pyl moen i
seldctqiofifom aboult eﬂ&b a@dﬁ@ Wh: 1 2r @R BBouP! 134 aloBAEY ; ﬂ&ﬁ%oé 18P about

28. . The ne rding to claim16, wherein the
1A GO SR U e AP

lhodi es conpri se about 5% or nore
of the |nventory of the regenerator. 29. The nethod

27.ac cBMainetgod fvcoidigrto ]:ﬁlm W) 6vtRieih the Bydiyeicat Mapbd Eo&é@%ﬁﬁgnse
%or re of the inventory o

S .C I se abo
on g ST ind ot 530 sbonl habhcsu eh g g AR abbut 3 pp.
concentration of sulfur in gasoline produced in an FCC

28.uni Thecoethed mcmgmgcm thih 16)gvhareibthahydrb@le@s salsbdbdies comprise
nor e

st ock h. ef f i ve anmount of one or
abo%’ﬁ%%é’ﬂmt%ed#etée mé’%‘ﬁ‘b‘iyl zﬁﬁéeg&n?{%f'ot alcite |ike conpound
of formula (I11): (X2+ ra Y3+ n(OH) 2m2n) CHn " bH20
29.(11The m!btlwcbacnor)imgsto nian & whisteinCthé kydidalcté Saped bodies comprise

ese stronti um barium copper
aboor{rlr? p(g/ar% F PR g%befmi’%or& Phsr‘f)i:e@e‘feﬁaé? Y is al um num
manganese, iron, cobalt, nickel, chr omum gallium
30.bor Hmethodforhaducing the cainuent@tiorpofisubfinin gasling Pod@ied RDATEFCC

unif &)%{p%%{ng cgntlacscing a catalytic cracking feedstock with an effective amount of one or

more shaped bodies, comprising a hydrotalcite like compound of formula (III):

(X mY?*" (OH)ominn)OH, « bH,O (1IN
wherein X is magnesium, calcium, zinc, manganese, cobalt, nickel, strontium, barium, copper
or a mixture of two or more thereof; Y is aluminum, manganese, iron, cobalt, nickel,
chromium, gallium, boron, lanthanum, cerium or a mixture of two or more thereof; b is
between 0 and 10; and m and n are selected so that the ratio of m/n is about 1 to about 10;
said hydrotalcite like compound prepared by a process comprising:

(@) reacting an aqueous mixture comprising at least one divalent metal
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between 0 and 10; and mand n are selected so that the

ratio of min is about 1 to about 10; said hydrotalcite
wo 2dos/ogonpound prepared by a process conpri si NBCT/(83004/039305

reacti ng an aqueous m xture conprising at |east one

di val ent net al conpound and at | east one trival ent

nmetal conmpound to produce a m xed netal oxide conpound

in the form ebmpsundque atleassonerttiyslert byetad porhpoual ko/prbéit a

treating the m xed netal oxide conpqund fromstep (a)
at a tenper at“%ﬁ‘%ﬁﬁﬁ&? 14&&9813’?"‘2‘55’@:? 3%8’5‘“ 8*1;335’1 VR glurg‘%
heat - t r g8} ed opaaaY Reht Al heARixt@neRl oSEEfnigdhnd Rom step (2)
produce one or nore shaped bodies suitable for use in

the reducti ot dFETPFEET UR Po3RPYASdIGine; (d) heat
treatingcy he aiRP@E nbAdieRSd EsrRFBusd BBm(skeh (B ordtep (b) to produce

tenper ature of about 3000C qgr higher to produce one or
nore cal ci ned@P& PEPEE shipgd badiessgitatis for 45q inghemduction of sulfur
cal ci ned shapggd, pRiRs fromstep (d) to produce a
hydrotalcite |ikeé gonﬁound; and g) optionally heatin
the hydr@t al dpatdrepfingehe ief fropesige) & @ierpremiyrg of gbout

all of the inphgicsiihhpl tovi?tg ke Mr%or@@il%&l &Q%éarb%g;ege

a col | apsed hydrotal<cite l1ke conpound, ereln th
hydr ot al(€) t e hyfengbepdcined shapedhedikRbomatapddtowridoe a

has a 2 thet -NQS] 11 y identical to those

found in an %&%@%ﬁ@%%é‘%@&@%%?om | CDD card 35-965;

| CDD Car(@No. opfer@W9BeatingBP hgdrotilite 186 cdBFGmd 6o rohopD

fCar dNo.  35- 0%%&%@%&1&! a;ll_p & tﬁ%%?s%ﬁ%%a%r%h%r e‘in?on%lt? i)rr(pdéc%’a
urther conprrsing support conprising a Spiner;

magnesi a, maghkpsethhyaeiletedikeragpesidum nitrat e,

na Sj hl ori de, magnesi u dr.oxi de esi um
R B R ke o  rd  KRRL G GR e Pk
posityehi ey idegivabiouhnss :fcliu:ndat & 0Dy oed I;dléﬁtéii: fkout BTRD carld 35-965;

esj.um.c [ ilicat m icate, cium

rcdBtaetive 25 of 65 Gt S 815 BRI oS afiogh .

al um num zi rconat e, cal ci um oxi de, cal cium al um nate,
3t.al uThewethod ddcofditgiriatiaim a0 fakhentomprisingdr saspaecomprising a spinel,

conpounds,. an al um num.cont ai ni ng net al. .oxj de conpound
magRe By Mo AR AR R T AU GPRHe. REFsShma.
hydrbxite, Rngh&hing e bt teain@gneSiul fofuats nlagh@Nme Saindiaty, Rgirous

corrElgﬁnd ot her than ,Isi lica, silicalalumna, tit aniig,
magnesghillicate, magnespimusilistto AmnEsiam fa{clm sificate, ahynipym sijpate

calbiudhtsilicBte Oflurh B, Miminum titanate, zinc titanate, aluminum zirconate, calcium

oxide, calcium aluminate, aluminum nitrohydrate, an aluminum hydroxide compounds, an
aluminum-containing metal oxide compound other than alumina or an aluminum hydroxide
compound, aluminum chlorohydrate, silica, silicon-containing compound other than silica,
silica/alumina, titania, zirconia, clay, clay phosphate material, zeolite, or a mixture of two or

more thereof.
32.  The method according to claim 30, wherein X is magnesium and Y is aluminum.

33.  The method according to claim 32, wherein the molar ratio of Mg: Al is from about

1:1 to about 10:1; and wherein the hydrotalcite like compound has an X-ray diffraction
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nore thereof. 32. The nethod according to claim 30,
wherein X is magnesiumand Y is alum num 33. The
woredososi7atcording to claim 32, wherein the nol BET/U81000039305
of My: Al is fromabout 1:1 to about 10:1; and wherein
the hydrotalcite |ike conpound has an X-ray
diffractionpattern displaying at | east a reflection at
paderh diBplapiag at lpssa k rqilRstidn 08 taeihsR PealehiRiton Betdieh ARAHE arkPabout
15%9 ees. 34. The nethod according to claim 30, further
%ﬁ |S|ng at |least one netallic oxidant, wherein the
netal in the netallic oxidant is selected from
34ant Thomythod hewtiily to@iBOMirikdl compising £ M8 dne nERPRESxidant,

Whey 3 o cre ﬁ%t x_}%th,?e ﬁ%hﬁ?{ﬂﬁcﬂp@% ﬁelfeqteg%?q%g%ow %’S&tﬂacghrlfllmm,

chmngamsat, lc?miey,bﬁemmunn RELIYA] ddfﬁpuﬂrh G @ liniudh, %@in‘xﬂt?l}]um gold,
mum a adl u num praseo ym um pFOI’TE |um

holmum, HG8i 6 ar}ugb ?Fés#ﬂ’eﬁﬂga@é%}q Ihidpmuy Reedypipm, nickel,

nidbalne Rk im, philddamn ,plaiin{lfﬁeﬁraseﬁ&&nfnuﬁl; pﬁ)ﬁ@ih"iﬂn&* Fhenium, rhodium,
el.lurium, terbiy tin, titanium tungsten, thulium

e ?‘F‘é%t??lﬂ?ﬁﬁlu%}»tseﬁfrdlﬂﬁl sslepiam, glicog, sijver, selrgantalye, tshumen.e
terbil B, 8@ ftitandim, t[ﬁtfg%teﬂeﬁlﬂﬂgn 360, YidR, fhbi g’l‘%«tur%?f\x% & more
the at |east one netalli¢ oxidant is présent in an
theggobunt of at | east about 15% by wei ght, cal cul ated as
the oxi de equivalent. 36. The nethod according to

35cl aThe ﬁgthod\ﬁ@bﬁhrfg th réfélrﬁi 321{ a;lllféfhtin B hfleast Bhd Iﬁéltafhe o&ﬁ@n’t is present
di val ent nmpound p (a) is selected

in 31 3pQug ot a?f%%ﬁbzﬁéi% Wghtae@mlatem a the ogjdp-equigent,
Cu2+ or a mxture of two or nore thereof. 37. The

36. ms: 'hl;iﬁn&ﬁ@@ﬁdébﬂ@lgtta cRAn BONvARreiMAE BR b Rnt A&al Ja’.ué/l@in%g divalent
a

P s Srrsigg pEdtentd) foglsstig éﬁllemzlne O et it B8 B

Cu%%'&mlﬁ@i‘éofltﬂgtrm@e%ﬁere&e3+ or a mxture of two or
nore thereof. 38. The nmethod according to claim 30,

di val ent et al conmpound of ste

mhe ein
"sel t ‘Bﬁti‘?‘f PR Sl G g %gﬁfélﬁlhmfﬁ&d;lwyl the trivalent
me@l ednifoRnd FEGEAE) WALIBGEE Al AITRANESFAMAWINGX] @&, Ga**, B*,

g% pesj ym ni trate, nagneS|un1hydrOX|de nagneS|um
st eoT aTREHHES PLWORB MIPER Berepfagnesi um chi or i de,
nagne5|un1alun1nate hydr ous magnesi um sili cate,

38.magrigshetid Catc61dinits tlaint 30, SvheRin tBe Mivilehl” Iﬁetﬁfcoﬁl)ﬁ@urﬁrof step (a) is
nore. thereof, 39.. The nethod according to claim3

selegfrd Ty mp gresiup qides machesiay hyders seride. sraggesin e@yaw, S
ma Sk RA BArdxidind bt Uiy, Qﬁa%ﬁés% BYHEAEE maBhddlinD i Bonate,

oxi de, alunlnun1acetate al um num
magnesium formate, magnesium chlonde, magnesium aluminate, hydrous magnesium

silicate, magnesium calcium silicate, or a mixture of two or more thereof.

39. The method according to claim 30, 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.

40.  The method according to claim 30, wherein, in step (a), in the mixed metal oxide
34



nitrate, alum num hydroxide, alum num carbonate,

al um num formate, al um num chl ori de, hydrous al um num
wa@dosost7es al um num cal cium silicate, or a m XPCF/ESWD4/039305

two or nore thereof. 40. The nmethod according to claim

30, wherein, in step (a), in the m xed netal

oxi deconmpounds, the ratio of the divalent netal cation
coprpoyKis, thy Fajig|oé e dinelent metak dation toghesieivelettaktilroatiorsis stlécted from

abdutll: 1 £ BBAUD: 11 Gorky anbtiAM -~ FrohCupdboud.; & L f£.om
about 1,.5:1 t0 aboautB{iG: 1@%%1‘6?16#% %’ﬁ%‘%-ﬁ% %503{)%&“ from
abgutp:1 tppbontifel. met hod according to clai m 30, wherein the
hydrot al cite shaped bodi es conprise an anount sel ected
41f r omhanett@aSbcodifgio JRRBD, Pherdif ARt ; [oat
| east about 5 pprr“Tu 42. Th’e@ﬁr%tlﬁg%hgg%galr%feﬁ%%gg]bg & prse
anggrougfseleetpd froment ppstabeud L obmeatdératrbdutsopting T et dlget 5 ppm.
about 5% or nore of the inventory of the regenerator.
4243. ThbBcliBE AQSrBEERI N30 Wkl iHdh I i
b€1¥d50t alcite shalg%d bédi es cor%‘pri sg&gga%té sﬁ@%%@cﬂ%?énpme
byt SpQr m9y6 ehthg Anventorst ofdhe tegrmpmatast or . 44. A net hod for
reduci ng the concentration of sulfur in gasoline
43pr oUtie Rethbd agdrdiigioehih 36 QIRES IR Gy &R @R i i
bcat @J ytic cracking feedstock vlvith gn effecitdii)\%@%%%sucr?fnpnse
aboyjt 18eor grore,pf the uweniery ofs Bigitegsneratormpr i si ng: (i) a
hydrotalcite |ike conpound of fornula (I'l11): (X2+ my3+
44n( OW)rastiicinforducing Mel@6acthttatibn WHRIAE i Hsdific TRAANGR HR FCC

lgal cium zinc, rranagaanese, cobal t, nickel, strontium
Uy, PRI OBl EH calplytioetagking dredstogk with arpeféectivreamemnt ofione or

mor&shapedBodied) comiprigiapese, iron, cobalt, nickel,

chrom um_ gallium boron, |anthanum ceriumor a

mi xt ure t idwdrotalgitedike pempaynd opfarmulsétlijeen 0 and 10;

and m and n ar exgelgelsf),s rgtfyo of mn is

about 1 to abou(t fb; gai )ém%’i;g?[g%gflg?t e(’ﬁllbke compound
Wheieliyh isgpagegsiampgalsien.winsompradanésagrobgls nickela sttantigmabarium, copper
or RAUERY ST I XS YR & I8 eastone .di valh‘glnt . et al

conpound and at °| egasat?’ Ygirﬁ’gﬂl I‘II{/Aéﬂ ene e Ao Blﬂli‘fgeejt 0
chrgmia gellizmprboren, lamhaimooeriden aampigtundof tvo ohmofeahérestf b an

be%étﬂ‘g(?ﬁ%lxlﬁ)la gﬁ({c %1;%% B)ﬁﬁos?]ﬁeéggﬁp gc{ the%t tFegs%Eio to% r%?r} ils g outt t11%0 al Oi(lte ldO;
said hydrotalcite like compound prepared by a process comprising:

&) 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)
at a temperature up to about 225°C;

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

(d)  heat treating the shaped bodies from step (c) at a temperature of about

300°C or higher to produce one or more calcined shaped bodies;
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at a tenperature up to about 225C, (c) drying the

heat -treated conpound fromstep (a) or step (b) to
w@e@doggidne or nore shaped bodi es suitabl e foPCT/ES20041039305

the reduction of sulfur from gasoline; (d) heat

treating the shaped bodies fromstep (c) at a

t enperature of about 3000C or higher to produce one or

nmore calgj nedy&hanede l%!@ih&lsshé&)i voyies BbiREp(eao paldeided

shaped bodies fromstep (d) to produce a hydrotalcite

li ke conpoundy faﬁéfltefh}‘e epenogAdiary heating t he

hydrotal@gite t)ﬁ&ﬁll RomRY A h&@rofaﬁﬁﬁ?@\hﬁe Sethisduad td idoye al |
of the |nters |t|a wat er and/ ar. ani ons to produce a

col | apsed hy &vestaatialist all ofithedniesiig ovier 2hg{er amepsipgroduce a
hydr ot al ci tec[)ﬁ?}é)ge lg)mgaglh@%oﬁ u}g@D pattern which
oSl

has a 2 theta tion near yldentlcal to that

whengiartbie hysdretalcitOiiy eompauridhas en KB D nagenn varth kaard By peds:
poéégagﬁoﬁ gigﬁbcéﬂé% i Q«gmilll C% NP se1ctRsa o IC]9B c!«n@@@ 965;

| east one net al
ICRRIGahNo. 22HS08] ICDINEawdaf caBS-Il 7% pelGRp Satd Xo. é)i Toé?éﬁtanii s
. sel ecte dgc 2 rom %n% LD ngtall{g 0§ﬁ%thgh&ém %e%talqn rtl%rﬂlé{mw oxidant
cobal t, pper ysoprosium et eur opi um
is sgbdtra& fmmwmtlmgny, roésmiutiycadyaiing, chinerhiwing agbalty ¢0@p@mﬂyspproﬁum

oD, s SRS ap R G i, s,

maﬂg:ﬁﬁgwﬁﬁbmbdéﬁunp ma@hﬁ\mmmlckbh eiobinm, osthiodi, patiadivot, platinemy

sanmari um sc n icon, silver
A b A R R L S N
sitfcbt) lsileb) subths, SRRIUHT teljtluf, tefBiud) the titadfumg tumigsten) tienlinfn, ivabium,
or nmore thereof. 45. The nethpod according to claim44,
yttipgg Hes OE%W@loﬁB”%Oréﬂ‘Hﬁg‘?’feogonpri sing a spinel,
nmagnesi a, magnesi um acetate, nagnesiumnitrate,

45mag Teseiiod hdcordinieto chig 4e,Stiiner hmﬂpxmg:hesuppmg mmpru;mg a spinel,
car bonat e, , magnesi um f oy mat.e, nesi u

mm%ﬂw@gwa@ﬁé%e@rﬁ gﬁaﬁeéwm% PSR & ‘Pﬁ‘ afﬂégnesium

hy QA8 ShapRbSidth Chréomasd, agadsRim @iiaTe, ToePnsdilrh @Rifinate iy diousm
Si I|cate al um na, al_uni numtltan te, Jnc i tanat &,
magneRHIR BiPAEP. MRABREN N SHiA!E MBFERITYER CW,% stiotif FBRFRAL fgote,
caﬁlumlﬂééf@ R Mqﬁﬁﬂu% titafhted &kiﬂhfhﬁﬁﬁe Janghi@inGerconate, calcium
conpounds, an al um num cont ai ni ng netal _oxi de conpound
oxistehesfoith abimanata pivnimm BHFORYGHHT. (F0 AHURYRHT RY e IS0 ATRAHROS, an
al@hitih QUﬁﬂim } g%é%ﬂ%q{d@tc@mpélnh lofiRr thih hlumSB-dt @R bRk hydroxide

COﬁ'pOUﬂ ot fer than silica,
compound, aluminum chlorohydrate, silica, 'silicon-containing compound other than silica,

silica/alumina, titania, zirconia, clay, clay phosphate material, zeolite, or a mixture of two or

‘more thereof.
46.  The method according to claim 44, wherein X is magnesium and Y is aluminum.

47.  The method according to claim 46, wherein the molar ratio of Mg:Al is from about
1:1 to about 10:1; and wherein the hydrotalcite like compound has an X-ray diffraction
pattern displaying at least a reflection at a two theta peak position between about 8 and about
15 degrees.
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silica/alumna, titania, zirconia, clay, clay
phosphate material, zeolite, or a mxture of two or
woreoos/0811eF eof . 46. The met hod accordi ng to cl aP@T/482004/039305
wherein X is magnesiumand Y is alum num 47. The
met hod according to claim46, wherein the nolar ratio
of MJ: Al is fromabout 1:1 to about 10:1; and wherein
481 heThedetboddocokimgl th kleint ddypdidreth the st least dhermatallic oxidant is present

in hanigofy o RaR Bl RySPed Buflaaf Baissfe Sl about

15 degrees. 48. The nethod according to claim 44,
49 whets meﬁwtbacabrdirgas tlamé4, wiemin the dorlentandtali catiqar sleendivalent

me&aﬁlfgnlgﬁo% sé P {a% S Iecl:%%cf %r(ga 3/?%’:';' é‘n:/%{%éﬁng h 62+ i §r2+, Ba*

Cuéamamﬂmn@cﬁmwcmammmm&xaﬁhereln t he dival ent netal
cation in the divalent netal conpound of step (a) is

503 el Pl @%B&{ %&%g to cl% 3:4 W%gfzeij-ﬂ t%iNF%/aleng%Ztal’ cagl?%m the 1inva1ent

‘Sr 2+,
meBcorfimendref mﬁ(a;mscseiemm@om @1361 Mnﬁ; B4, GoffeNgi it @a3+, B,
&rivalent netal in i val ent metal conpound
LG G g PP BRI Whas, Fese, Codn
Ni 3+, Cr3+, Ga3+, B3+, La3+, d 3+, Ce3+, or a mxture
51.0f Thmcthodmadtdg&o elafm 44 Wheféhmhﬂéivhbnit metglaothipogndtod step (a) is
rein.the div ound of step

cl.aim 44, al ent
sel ekt 0 b o, MR e o e SRR e
maggﬁéhmxlyydMeaﬁﬁgneﬁﬁgnﬁﬁatemmmﬁm Bydroxige) aﬁgumum carbonate,
hydr oxi de,. nagnesi um.ni. e esi u dr oxi de,
mag L S RBrE O i B PR A RAPE WS Spgneium
silicdié, afaglesiuntredd¢iemisiitha] oriintiatues oftyd oS TRGBES um
silicate nagnesiun1calciun1si|icate or a mxture of

r 52..The ccor | .ai m
245 R PRI b AR o at. Vel BRa B Re St b el @
is selects® Fremtahanifuim My ddokide hthWmuﬁaxmymlﬁhmumabamJ Hlihinum
.. oxi de, .al um,num acet at e, um numnitrate
it e PO e E L Re e AL A Alprahunt Chloride,
hy@busiluihifing Ri1jekte dum AN A A kdite) BN Hixtikr6 aF Gvo HrkbTh DL
calciumsilicate, or a m xture of two or nore thereof.

53 The hod ace claim 44, wherei.n,. in ste
53.0 o) THS RetPRESCROEE AL s NPT B SER Al &1 Cip pipg Sfe
corthftinds, ﬂﬁhﬂiﬁ oﬂ’t‘ﬁé dilaralfra&mm citnttd ﬁlettﬂi\t'a‘Yé:lﬂé ftal catibalis sfelected from
iion jis te r out to a 10; 1; fro
abei bl oot PG st bast S o R 6t Sbca 35110 gy T orgkom

am@&zﬁm@mkﬁbgmt 2:1 to about 5:1. 54. The net hod
according to claimd44, wherein the hydrotal cite shaped

b ° dehe metgggj accor%mg to claim 44, wherein the hydrotalcite shaped bodies comprises

an amount selected from at least about 1 ppm, at least about 2 ppm, or at least about 5 ppm.

55.  The method according to claim 44, wherein the hydrotalcite shaped bodies comprises

about 5% or more of the inventory of the regenerator.

56.  The method according to claim 44, wherein the hydrotalcite shaped bodies comprises

about 10% or more of the inventory of the regenerator.
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an anount selected fromat |east about lppm at |east
about 2 ppm or at |east about 5 ppm 55. The nethod
waews/ngi7ny to clai m 44, wherein the hydrotal ci PET/EREPLI305
bodi es conprises about 5% or nore of the inventory of
the regenerator. 56. The nmethod according to cl ai m 44,
wherein the hydrotal cite shaped bodi es conpri ses about
571 O%Xmlieﬂmdrcﬁ' réfucinp ¢hel conentration of fulfunén gaeglieairaduoed inan FAC unit
t hod of reduci the co tration
cor e B B Sk R sl b ToE g S pmore
miRedGadtalloxide Gompasidk ﬁl@pzfre&'ﬁiﬁé pobesvbddiprivingef f ecti ve
anmount g one or, nore m xed netal axide co ‘éﬁi
prepar ed®by %351 HAMERTHHILISFOMPESTE PEgrst g‘{] ent metal
aqueous m Xt WoRp&E@HAAIE 1 194t Se theaaattnm&c&hycaﬁaered proBicala
conpound and at | east one trival e&w metal conpound to

produce a m ¥edcdmeial oxide crreyiB thedorh ot W dp s+ By an

aqueous @} ur lopiioday h@attﬂeaﬂ@ltwmﬁe@hmfal 6:ahé Singoifa Fomaep (a)
met al oxi de con‘%ound fromstep z&a at a ten‘gerature up
%

to about 225@t R inpeEiuRED | AheE22 (eiomaeiugs %Pt'ﬁ‘é{‘tﬁ‘imlxed

oxi de conmpoungtiijRyid %o&pma@&m@@orap&%a 'd&ue%{;éjé'lﬁ&y (c)
drying the heat-treated conmpound from ste

produce @he chyinpthe hgfﬁat{@éféd perapqud Hom; step (Ei @@é’éi()fh*é‘t efie
oxi de compoung nﬁ#é §h§Pédeoo fé% & rﬂu[kdﬁmlilﬁl o Chi &nﬁfsmtable for

sul fur from gasol1 ne; optio eat treating
t he shaped bodeevsth¢redmt®ne§s1(lfsl)framgasqllean:[ﬁ@dature of

Chaped ol coPimta Fhsyeul B SR BafE Rl ey O

a’mxe co
nmet hod accor demgeritarecif abawt 530°Cwin htgherrto ptmluoh ongloe more calcmed

nmetal cation n di v, Ient net 0 und of step
(a) is sel ect FE’B ‘Elfetag?wxé&r 2+, Ni 2+,

Sr 2+, Ba2+, CuZ+ or a mxture of two or rmre thereof.
5859. Thémaetied hxmlrdz'mg:to ickhim g 7,twheodi1athmdﬁfﬁlenvmanledation Inghe divalent

val ent cat e+t 4 bV W
el o o8l PR P G TS g G St o
Culil @+, miiuBerof tEadtmoRIheredfad+, G 3+, Ce3+, or a mxture
of two or nore thereof. 60. The nethod according to

Cl all‘ﬁ% 1?1 P&"h c{ %f r%t% Qﬁlrg 5’/ av!/}%%m %%Wale%?ﬂﬁﬁﬂ&%oﬁ En tﬁg il alent

( a) 'Is se
mdn@} domp(gundcoéﬂtap @) ivmigeted frmmﬁd%: eFe ﬁ;ﬁgﬁe%ﬁ n€r3+, Ga**, B,

gﬁo b{:aa?jg%}e{gf)gmon&tngo% Elereg?gnem um hydr oxi de,

60.  The method according to claim 57, 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.

61.  The method according to claim 57, 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,
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magnesi um f or mat e, magnesi um chl ori de, magnesi um

al um nat e, hydrous nagnesiumsilicate, nagnesi um
wa@alosiosnmisi | i cate, or a mxture of two or norePthesmoi/039305

61. The nethod according to claim57, wherein the

trivalent nmetal conpound of step (a) is selected from

al um num hydr oxi de hydrate, alum num oxi de, al um num
hydestadintinura kiliohtaamintm ableinmadilivaienema mixtire xf th®, or more thereof.

al um num car bonat e, al um num formate, al um num

chI ri L1l cat ] ]

2.c1' Tl ncoq e ML ST VR B o G MO WG e

mpzmhdxj thecator ditxgdivaer ngtaroBion tovhe raesraiﬁnt natak¢agion (sesplectied from

the mxed, netal oxide, . oungds., | f
o AT g0 SRR BP0 P o fom
abgweb-aes egbuf 5:0m about 1:1 to about 10:1; from about 1:1

to about 6:1; fromabout 1.5:1 to about 6:1; or from

C| a e?t%oci acrc?ﬁ%g}g tcé gr%r? Is‘g I%%I’éh-ggg% p %tdd saf jjgpr OTp? sfng a spinel,
magxmsfaeinamagm%eﬁte, B RE Bin WiiTade atagllwwnn@l{ljml wAgnesium

B SO 5 RS R A prons

maghddfiinngilicte, Magtiestitn s‘fﬁ@t&ﬁiagm?sﬁni dafcatnge $111naag rahmllnllrm silicate,

i G R TR R SRR, s

oxidb,! ARAIE Ik, Aufmaied ﬁitro}i:}ldw% Bl BluineOnal & idcainpouds, an
oxi de, cal ci um aI um nat e, @ lr_llmgﬁumlnl f rolgngdr at e a}}y d

alumlw FRRfeIRpa msial @8de eomRRN StheL A tHnA SR AR hgroxide

A, Mlﬁﬁm(&m&gﬂﬁt@ﬁlh@i silibeHIcokaiithg) orBiouad othbtifimdilica,
ydr oxi de co , ~alum num chl or oq%dr ate, siljca
s1h§a/aluu@m %@ﬁl@a@lwpwg daynplaviPkpsBliationatealpeglife; grg mixture of two or
mo?“%]{h'ef%gf.a' um na, titania, zirconia, clay, clay
phosphate material, zeolite, or a mxture of two or
nore thereof. 64. The net hod ac ord| n i m57
64nh by Tethpd aGrPRERs tefaiin SoxT e etelo%% omPgpds
co gﬂééryh BB Rkl B Aleadt 8BS 1 BRI 1éaspzﬂi6‘ut Bpprh, &2t least about
out 2 ppm or at |east about ppm 65. The nethod
Smocording to claim57 wherein the mxed netal oxide
conmpounds conpri ses about 5% or nore of the inventory
659F  tHemkR98 A8ALRE to cBfm 5T Rderti the thiaciuislioRide ompdumtii
57, wherein the m xed netal qoxide conPounds conpri ses
compes 2@ GrorFare obthe {IYentp\aE fiedpePNEiFof-he r egener at or .
67. A nmethod for reducing the concentration of sulfur
661 N GBS Rleinog a&fo@cﬂﬂ%ﬁ@ldmﬁ 58 wideEin tHeinhix6Diiptal Giidegcompounds
contacti n% a catalytic, cr acki n% feedstock with an
compriges pbau 18w morepf the imendory of the

regenerator.

67. A method for reducing the concentration of sulfur in gasoline produced in an FCC
unit comprising contacting a catalytic cracking feedstock with an effective amount of shaped
bodies, comprising:

@) a hydrotalcite like compound having an XRD pattern which has a 2
theta peak position nearly identical to that found in an ICDD card selected from ICDD card

39



bodi es, conprising: (i) a hydrotalcite Iike conpound
havi ng an XRD pattern which has a 2 theta peak
w@oemsHsons nearly identical to that found i n anP¢TZDER004/039305
card selected from | CDD card35-965; |CDD CardNo.
22-0700; |1CDD CardNo. 35-1275; or |CDD CardNo.
35-0964, produced by a process conprising: (a)
35-965dCDDCAD NaREBOTH; IIDID Tkl N& BPH1235;0g IGDDIRadNo 33560964,
i val.ent nmetal caonpound and at |east one trival ent
pIo Vgﬁy@€W§6ﬁH@“WGS #oduce a mixed netal oxide conmpound

in the form gf) anraeRodagsdous mikurt BYmPENihOL dakdond ddtalent
treating the m xed tal oxide c%ng)ound,f omstep (a)
at a tenperature D@ 6oRoYRY anskag teastqus higetphompotnd to

heat - treat ed conpartcdd Bieheil :3de HmpduPin(th) fokf of an
produce one or nore shaped bodies suitable for use in

the reduction of SWePEFSEEPOm gasol i ne; (d) heat

treating the ghapggihiamh gt fréa0fp He@RxéEhetdt 0x3de compound from
tenperature of about 3000C or higher to produce one or

nore cal ci ned shapiéepl (B air temperpiaye uptgiebeut 345 Che

cal ci ned shapgad badi g

Pyl ot al o1 ¢ o) ke tonins bl Sk ER b Pan I8 P sep ()t

the hydrotal cite pideceamapomars sheped dndivesuitabls fierrise il thy

all of the imers%éd{iﬂ:@dno\f"?ﬁlﬁﬁﬁ%ﬂl Q2N ons to produce
I'ke co

a col | apsed hydrotalcite ound} (ii) a support
conpri sing a(dpi nbtat treatppg dlsi shapedibgdies fromnsepde)att e femperature of
magnesiumnitrate [ hl.orj nagnesi um .

hydr oxi de, rmgnes?%%?ggkf Sﬁg‘ g?”?rﬁf;o%g%elol?r%% oPHcac?ﬁecfnedShaped
magnesi um al um nabediehyydr ous nmagnesi um si l i cat e,

AR SR R R —
titanate, zinc tihafefakite Hkdddnipotnd;ian¢onate, cal ci um
R R RN I £ W T
net al oxide conpowkta@tidiBTalltof & imtetdtitisl dvaldr afd)qiednitis BLIM
hydr oxi de conpound, al um num chl orohydrate, silica,

si |i concont ai ni ng produce a collapsed hydrotalcite like compound;

(i) 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, aluminum silicate, calcium silicate, alumina, aluminum titanate,
zinc titanate, aluminum zirconate, calcium oxide, calcium aluminate, aluminum nitrohydrate,
an aluminum hydroxide compounds, an aluminum-containing metal oxide compound other
than alumina or an aluminum hydroxide compound, aluminum chlorohydrate, silica, silicon-
containing compound other than silica, silica/alumina, titania, zirconia, clay, clay phosphate
material, zeolite, or a mixture of two or more thereof, and

(iii)  one or more metallic oxidants selected from 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,
40



conmpound other than silica, silica/alumna, titania,

zirconia, clay, clay phosphate naterial, zeolite, or a
worRoos08E1Hf two or nore thereof; and (iii) oOnePOT/URIINE039305

nmetal lic oxidants selected from anti nony, bisnuth,

cadm um cerium chrom um cobalt, copper,

dysoprosi um erbium europium gadolinium gernmani um
theyoing rhddiyinm; I’Ulllh]:niilmj Qimariymj scamliurh,aalkchiam, mhcdxe siﬁzer, sulfur,

o030, S e SR, s,

zinpy @reehiktuono ftive o thote théred] um rut heni um samari um
scandi um sel enium silicon, silver, sulfur, tantal um

:/Zln adi um y%%%r Rigyg{}b cfam{i ?7 whe?erfﬁ &llnhlvaié?grggt%qd {1{?}? 1131 t%#&lzabm

metalvoompound pEste@) amélect&Bﬁorﬁmégzﬁﬂaﬁ dnAcrat dCed, X', sPaiBe,
ra\’\n@n% e| t he d|v %ent netal cation in the dival ent
ma({ conpoﬁwaof)?]o is selected from My2+,
Ca2+, Zn2+, M2+, C02+ N| 2+, Sr2+, Ba2+, Cu2+ or a
69 xThe lgetbbd acxmrdd;ng tnolabn 6hewlswﬁn the Q‘ivallélnemamt datidn in the trivalent

me@ﬁ ?8};0&0“99 %T% gpta { er‘e 67 ?ﬂ j+r¥t8 t3f- [ g@iw:e‘grfia% g%a%r §3+

La%ed}lé e, 61ralmxmr6¢ft\xfdhﬁmoré:th&eof C03+ N| , Cr3+,

Ga3+, B3+, La3+, d 3+, Ce3+, or a mxture of two or

nmor C cI aim
70 Whe?}éé ﬁ&?ﬁ@&go 9‘1g et%_ t@ﬁlms ’}%glbe%pt%gn afe]:gt m?ca coEné)j)ur?d df step (a) is
selendddefipume thagmes wnmergdes siapgwasin lg@roxyagetats, magnbyiain axefate,

o RO PR A PR M e
magmsmﬂnﬁhﬂate nBayheshiry Whlbﬁddmtagnesiﬁ&gﬂﬁ’mmam Bfir@s inflgnesium

s nesi um al mnate es umsllcte,
S AP TE S P ST S ATt SRk PP o or

nore thereof. 71. The nethod according to claim®67,
71wheTks mettlbrbadcondvrgl te ohinre?, athewanthe tivdleaf msthbgn{pajind & step (a)

ramalu hydr oxi de al um
i S GO A R P e b i Rt
mtxla;ed slomirmen hyakaxiden almnﬁﬂﬁ{mﬂ&hﬁc, adl iR R0, BRdreaum chloride,

h % m, num chllor dn? Xdr ous al.um num si | i Cﬁ%)e, al um num
yEys AR, i lEalpalingpmtng cgloiym silicalsy o uxsire Qb Qe fereof
72. The net hod accor ding to claim 67, wherein, in step

72.( @) The met}ndsrbadm')l)dﬁ@ toehih 67 )O\ih(d&nﬁ anpeuifay |3n the hﬁxé’dﬂh&tﬂ oafde
al ent ntot tri aent
corhiignd, et 0Es SutFlonel geshn o o taldhn Bttt o8 I slepi from
abadp 0 tto dbolit 1@ 1;afenibbdut L1 té AKv @POfdm dbduit 1.5t100ABOI6: 16 orlfrom
or_from about 2:1 to about 5:1. 73. The nethod
ab"é‘&%&rt%lfr‘?ﬁ’é‘t?' “claim67, further conprising a support
conprising a spinel,
73.  The method according to claim 67, further comprising 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, aluminum silicate,
calcium silicate, alumina, aluminum titanate, zinc titanate, aluminum zirconate, calcium

oxide, calcium aluminate, aluminum nitrohydrate, an aluminum hydroxide compounds, an
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magnesi a, nmagnesi um acetate, nmagnesiumnitrate,
magnesi um chl ori de, magnesi um hydr oxi de, magnesi um
wea0bosert®, magnesi um formate, nmagnesi um al uni PEL/@$2004/039305
hydr ous magnesi um silicate, magnesiumsilicate,
magnesi um cal ciumsilicate, alum numsilicate, cal cium
silicate, alumna, alumnumtitanate, zinc titanate,
aluadimmi-pentaizing ol beide ocahpniuudmﬂmi ttlen aloming orian @dhwinumatydyoxide

co%%qlﬁgﬁ%%ﬁh% P (ﬂ}y ra r‘% {! Ca SH 1§?@ﬁmn% 11'\1/;9 Eo?n)poaréd gtger thanns ica,
slhezt/htemlﬂahﬁmma,l Ahicbriia, oy, elay Iaﬂoupfhammtblya];z@ﬁhtﬂ@raammwrd]mo or

ﬁﬁn1chlorohydrate, silica, silicon-containing
mo&%ﬁﬁ‘@ d other than silica, silica/alunina, titania,

zirconia, clay, clay phosphate material, zeolite, or a
74.m X‘l[‘hEr @ethbd aomrdm’(g toolagn 6h@v13tn‘m thé 4hapééh bodiest dooghrise an amount

acc n the S ed.bodi e
solRi ot Aheis? et PhO i B Sl it o RABECoBRC By
at | east about 2 ppm or at Ieast about 5 ppm 75. The
75 et Tbometbodachorigng to clinabwbareintthe ghaped todies eppriselabelit 8% or

co u re of the inventory of the
’“Weﬁﬂﬁewg?%wwfggwr e]‘%E'fhod according to claim 67,
wherei n the shaped bodi es conprise about 10% or nore
760f Themethvéatcordingith clafre 67.cvterssn tie ghapeq Podigs apmphissiaboft 10% or
red on of sulfur in gasoline
Inmeo u%glahﬁyéﬁagfﬁg%gg{kconpr|5|ng contacting a

catalytlc cracki ng feedstock with an effective anount
T70f Atmétherdsef rednsing; theeadnerutrationpéisgléirde aprolinpredivpd insindiyC unit

conpH u?gg J’l %ﬁgfﬁxqa% 3 t%%c,n&mk Mg f@edrst%glg\?/%t?gn @ﬁ&ﬁ@e gmguntt Bf at least one

raction pattern
migédspttalyixidy cmnpbmatsctomnmeg tnagttasmm and alumingm tlrh@taao péatiout 1:1 to

Ltion,at. about I

oo oo B e AR BR 1R o Fye

thetmgpHak position 0 abdut B ldegn:es&ndahimut 62 deprdes. about 6:1. 79.
The nethod according to claim77, wherein the ratio of

T e e

abomdrietsiaboottodl. al um num i s about 2:1 to about 4:1. 81.
The nethod of claim 77, wherein the conmpound is a
Josha B .
shagggn’%&gxaCC%?dln%rle 5722‘8%63&% 36/}5&88%% e net %d&lotymls
abaltdi8nl ®labowttel.ei n t he shaped body is a cal ci ned shaped
body.

80.  The method according to claim 77, wherein the ratio of magnesium to aluminum is

about 2:1 to about 4:1.

_‘.

81.  The method of claim 77, wherein the compound is a shaped body.
82.  The method of claim 81, wherein the shaped body is a dried shaped body.
83.  The method of claim 81, wherein the shaped body is a calcined shaped body.

84.  The method of claim 77, wherein the compound comprises magnesium in an amount
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84. The nethod of claim 77, wherein the conpound
conpri ses magnesi umin an anount of about 40% or nore
whyoos®sghht , cal cul ated as t he oxi de equi val ent PCBES20041@39305
nmet hod of claim 77, wherein the conpound further
conprises at |least one netallic oxidant. 86. The
met hod of claim85, wherein the nmetal in the netallic
of abolth6 of moedlyevdight chicamed ns theorie efiigaiRith, cadm um
cerium chromum cobalt, copper, dysoprosium erbium

85.2 1 R 0o O3t 7 aeﬁ%%%?%g’?”“mdg‘ﬁ“ﬂ%g@pnﬁs R gttt

merdlzdbxrdanty ni ckel , ni obium osm um pall adi um
plati num praseodyni um pronethium rhenium rhodium
86. Utﬂ?&h&ﬁ&} Slﬁn%vhﬁl’?&ﬁ%' {(%l i ﬁle%‘et i Xcidant I8, sglected from
silver ur, tah Ter i
antmanynbismythy migmtne,rc;mtrh,lﬂlﬁommmymbalmcupper ﬁyt@rdmmmn erb1um

i nc ] re .of t noy e t her
curdbof, MRl oo B held Wi, I ol i
maﬁganesh:emobzbﬂ@mns ﬁeodamﬁmp miz:ktl niSBiumThﬁmﬁmt ba]ﬁdmfn plaguhiin,
erein ort c S. i nel
oo, Bt R R i, M, sqandivm, selenium,
Slhm%{ sibst, gﬁ]lﬁm, taﬁﬁhm, tdlll&ﬁﬁhﬁﬁtbl%mnﬁ; hinpiﬁﬂaﬁi&m, ﬁiﬁg@fﬂ&ﬁ thulfum, vanadium,
roxi de, magnesi um cayrbonate nesi um f or mat e,

ytteé T AT 400 OF aem”‘?}r?]@rtf”f’toéﬁﬁfeet ergf’fu m num zi r conat e,

cal ci um oxi de, cal cium alum nate, al um num
87.ni t Tiehyethad f, claainiT wheeih yidroomipohendcfortie ¢oprises a support.

al um num cont ai ni ng netal oxide corrpound al um num

88.¢ h gtﬁqu%(tﬂ&f‘&eﬁlal 8t78\9fr1e?’%1n ﬁale:( %(iﬁ)m adgplpp\?\% a sl‘pm%l\é P@(ﬂotafc):ﬂe IEG

comﬂwném‘lagn%um abwaterpiagockiund nichia] M ghésiumivhloeide nidpgesium

ort is.selected from.zi tit nc . ..
iy R RlaehShi 3 e5ora, medhihb Simint. A i ity gine fippate
alumﬁtuhodrcaﬁﬂé;rcdlchml bxddes baléitin ATamindie raRinkiniih &lltﬁihydh@@%lurﬁﬁhﬁm
h(gn g nmet al . oxi de conpaund conprises an g
YRGHETOBP O ARy S AR fietad ofipporapoup miawsut 2
chipoRydr&E, tRhnik, 2a6¢nid BRY cldy (hBEPha natcke zB&14 RH a GRG0 or
to clajm77 wherein the at |east one mxed netal oxide
mogedhiefnd conpri ses about 5% or more of the inventory
of the regenerator. 92. The nethod according to claim
89.77, ThehBstRé Do flcNEmAY, WiRash tHRREppYirtds sb168RIdaon® %inél Gtanate, zinc
ound conpri ses about 10%r nore of the inventory
alu’&i‘f g?"h%r?’é“g%tﬁ e{eips algmnalk. gas0l i ne reduction additive
conprising at |east one m xed netal oxide conpound
90. C oNiel iBéthad arca@ﬂﬁgiwmlaﬂw aihein thént 18asforeahiked Mbtabdiedd

0 _about 10: vin
compoun& compr?ses an arnount se?ecteg omgat east aboXt 1 ppm, at least about 2 ppm, or

at least about 5 ppm.

91.  The method according to claim 77 wherein the at least one mixed metal oxide

compound comprises about 5% or more of the inventory of the regenerator.

92.  The method according to claim 77, wherein the at least one mixed metal oxide

compound comprises about 10% or more of the inventory of the regenerator.
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diffraction pattern displaying at |least a reflection
at a two theta peak position at about 43 degrees and
Ww@bwawsB2s degrees. 94. The additive accordi ng POT/TEENMN39305
93, wherein the nmagnesiumand alum numratio is about
1:1 to about 6:1. 95. The additive according to claim
93, wherein the nmagnesiumto alumnumratio i s about
93.1: 1Ateasciherddu&tioh.ad@iive congpriapidiat leve oacmined metp] bxide t@mpound

93, .wherein the nesi.um and um.num ratiq i s.about
comppini iy gnd g g At BbOT 3 Bsbi B e B an =
rayW3ffravdivay patternidisplaying @clleige b adfleotidria atwoletipdalc pukitionsesbont 43

solid, sol ué'%gn in the formof one or nore of a slurry,
deggpes apd appuh e degi®res, or cal cined shaped bodies. 98.

The additive according to claim93, further conprising
94a STpPaditive acqotdisg toglam 9p) wisdrein frgneabdym madjsdemimm ratio is

acet at e, nesiumnitrate, magnesi um chloride,
ab%&ghggﬁmqﬁadr oxi de, mmgnesi um car bonate, nagnesi um

formate, magnesi um al um nate, hydrous magnesi um
95si | Thaidditivemgroadingito cddihi98 awkereintigpreagnesivio & diminum ratio is
bsith]_i Ctat& ?J um num silicate, boria, calciumsilicate,
abayt 1y} A5 Pl num titanate, zinc titanate, alum num
zirconate, calciumoxide, calciumalum nate, alum num
96ni t Thadditae@ccoadiogriordaimI9p dwlsereid ¢hecroagnesivd andbluminygywatio is
chlgr.ohydrat.e, silica, silicon-containing conmpounds
ab%“tth‘ rtoflﬁ%‘ﬁggi‘l icas, silica/alumina, titania, zirconia,
clay, clay phosphate material, zeolite, or a mxture
970f Theadslitivearerdihgtosddim 93 owheFein thedulixed wetahoxide ehimngued
claim9 I e, cl :
coReByan Loy R 37 ofth i SF% S e Rled bodies, or
calsipned Hlepedbadimst norillinite, sepiolite, activated
sepeolite, kaolin, kieselguhr, celite, bastnasite, or

a . Of t . . :
981 cctis i acddiinglo Fabds; AEhELomphiatly » Byl 86phi e o pinel
magnexity ergndsivnasceBECmagnesiumomiipate, snagyesion chlotidey nagnesium
atal ytic cracking, feedstock.w t.h(i f '

by Qe highe i SOy FRER R o ahdao By bl B Fycrous.
mapadsidn sitibate, intipneshump sili site) ragrgivas calicivia siicatk Lalnminnmisiiicate,

ratip.of .about. 1.1 to about, 10: 1. and havi.ng. an X-r
bofipcp Bisdh s b S SrER R, 2ot MR AR AR
caRiunBodids) cilbigincalpiakte POEhitvina AitechyddaeyiluvdBiuadgydessieantipound,

about 62 degrees, .. - iy
aluminum chloro ygrate, sS111ca, silicon-containing compounds other than silicas,

silica/alumina, titania, zirconia, clay, clay phosphate material, zeolite, or a mixture of two or

more thereof.

99.  The additive according to claim 98, wherein the clays are selected from halloysite,
rectorite, hectorite, montmorillinite, synthetic montmorillinite, sepiolite, activated sepeolite,

kaolin, kieselguhr, celite, bastnasite, or a mixture of two or more thereof.

100. A method for reducing the concentration of sulfur in gasoline produced in an FCC

unit comprising contacting a catalytic cracking feedstock with
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(ii) a support conprising a spinel, magnesia,
magnesi um acet ate, nmagnesi um nitrate, magnesi um
wa@kiososde nagnesi um hydr oxi de, magnesi um car bBEEUS2004/039305
magnesi um f ormat e, magnesi um al um nate, hydrous
magnesi um si l i cate, nmagnesium silicate, nagnesium
calciumsilicate, alumnumsilicate, calciumsilicate,
al um nag) al udn dftrivei shoalt of shaped bodiést comatising anixddretal oxide
zirconate, .cal ciumoxide,. calciumal.um nate, al Wn A
ol sy aRrne SHEREF A oD 2 20 Sh ;b B 7D and
havﬁF WA IER A RL F)hﬂf@n aeplayin®xilet £riipaiondt otwictheth peak position
alum na or an al um num hydr oxi de conmpound, al um num
at alqf 6} Seayess apgabout ¢ degee%i | concont ai ni ng conpound
other t{gn sh Lippért cohrisGid spiHei, Rfgndsial MAgRsiuii dcetate] a,
clay, clay phosphate material, zeoglite, or a mx ur e
magnPsiEm@ItELE, mysresuREshiestde, magnesipm;hydroxidedmagnegip carbonate,
magéﬂ@%@ﬁllfé)ﬁla@f hAakiuReI8rhed, KydRms aRkhTRMY silidid Mapiesium silicate,
adm um cerium chromum cobalt, copper,, ) )
maghgsiom calsiugmsilieatds Rluminuaysibgstas alcigmadicats: AwPinga PR Hanate,

ZzinI@h e, AR Lﬂmﬁird.boéi\tg,i HiBunt 5:08e, chidit M| S@finum nitrohydrate,
hmanganese, nolybdenum neodyrm um nickel, niobium

an aheninum hypaiidgdpupeungs, an pliminunpeeninig metakPxige epraraind pfper
rheni. um _r hodi : . i #4silica, silicon-

thr It SRt Sl ol R R 13 sl ilicon

contatdihgicanmpound ethix tham silidensilical fheminaurtitania) aiyeanian clay.teldyi hagphate

vanadi tterbium yttri ; or a mxture of
maip ’@Pﬂglb?yea’f%&ree%{gwf%fm eremégrgdod according to
clai m 1QRi) f arltdsesncansndtic sxidgnt aclbopelt fotra pusicneny) bikmuth,
conpound. 102.. The .net hod accordi.ng t laim.101 L
cadgBP e fﬁ‘yl&%f%gﬁi 8PSy ‘%’é"%%?%%‘gueﬁ uffi, SrOhicm, gadolipium,
gerRAIRY 8818 HoBmiuink Bidh@nTiouNknthdfih, 1660 emaepinse magiiedimg
to claim 101, wherein th? h%dr olté{al cite I%#e.corg%%gagium
necdymipmg @igkgh BioiuRy AFTRRY PAH A, RIBURERPRATRY Y R ’
rhefRID b afRL, réiBeHiGh NemBREH) scaiin st liu@osiicanssitver, sulfur,
contacting a catalytic, cracking fui_edst ock. W t h‘?}ﬁi %? B rium
tantpiugs del hsivay, teghivmdin, § BT S EHRD MUy VHGHES VPR Y v,
7inf) TR At Gwh BVinBE tRReof; ray diffraction pattern
displaying at least a reflection at a two theta peak
osi tion at about 43 d d about 62 .degr
b oSk mobaschai i HE SRR ot S CRAEE e compouna
t heconpound is fromabout 1:1 to about 10:1, and (ii) '

108b0the thettbdadcordaldas tlaihb 101, Whefeirathbijigtirathlaite likeecokripkand is a
conpound.. 105. The nethod of claim 104, where the

calgigpgbyieralede HeeRoBWOWI% or to contacting the conpound
with the feedstock.

103. The method according to claim 101, wherein the hydrotalcite like compound isa

collapsed hydrotalcite like compound.

104. A method for reducing gasoline sulfur comprising contacting a catalytic cracking
feedstock with (i) a tnixed 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
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106. The nethod of claim 104, wherein the ratio of
magnesiumto alumnumis about 1.8:1 to about 5:1.
wda ens/oFt1es met hod of claim 104, wherein the ratPOT1/082004/039305
magnesiumto alum numis about 1:1 to about 5:1. 108.
The nmet hod of claim 104, wherein the ratio of
magnesiumto alumnumis about 2:1 to about4:1. 1009.
comprand ey fixen aldut t11ad abol0UQ:1,\éné (i) aboutHevieoOwmboutd Sive%enf a
h%ha edl'EOd . 110. The nethod of claim 109, wherein the
¥ ﬂ%ﬁ&&l WY dried shaped body. 111. The nethod of
cl aim 109, wherein the shaped body is a cal cined
105 hapecmbiboy of cldid. 107 vehenethb oompdund lissheated Pror toiventedting tive
[o30) un 0 I ses magnesi umin an anount of about 40%
co%?oqpﬁgrwg‘ﬁge%#&%g‘, cal cul ated as the oxide equival ent.
113. The nethod of claim 104, wherein the conpound
10& onibhe wethod ofjclaiinot, Wgrein HetraticadfonsgnSiumtdslehingm is about 1.8:1
onpound conpri si ng magnesi um and al um num and havi ng
to%r?‘q?é)'?‘ay diffraction pattern displaying at |east a
reflection at a two theta peak position at about 43
10t egiThewethnd ot 106 2whkaejn ghegatiogfanagnesiyh o glamingmgs about 1:1 to
aboi[l@%riesi umto alum numin the conpound is from about
17to about 6:1, and (ii) about 1 wt%to about 50 wt %
of a hydrotalcite |ike conpound. 114. The nethod .
10&c c Shefingiod of daimi 194 IiEreinherraiinofirhesnesinp sUHEmEYRDE plqug 2:1 to
abddth.1about 99 wt % to about 75 wt % of a conpound
conpri si ng magnesi um and al um num and havi ng an X-ray
diffraction pattern displaying at |east a_ reflection
109t EthBmP@egﬁmpB%H,W@%@ﬂﬂ@ﬁoﬁmoﬁﬁbﬂ@Sﬁmﬂﬁﬁﬁbbes and
about 62 degrees, wherein the ratio of nmagnesiumto
| UFhOREIhbA of HANCRIPREAN kike shifba8Pldl dhied sRaPedibudy!
11%:1?haﬁh (ii) about 1 wt%to abothgS Wt%of9

ahydrotalcite |ike conmpaound. 115. The net hod accoydj ng
1{o Eb%mﬁﬁhmf,e cliet 08 wﬁgﬁ@%ﬁwﬁﬁa&ﬁﬁmcgﬁ s aipjx? bty

95 Wt % to about 75 wt % of a conpound conpri sing
11780 Tes néiiod 0flclsiln o4 neherein thd@stipognddombris@ymadinédiura @it anemount

pattern di spl.ayi ng at_|east ref] ectiaon at a two
of b 40305l Yo o bfidite Thesnie UL NG about 62
degrees, wherein the ratio of magnesiumto alum numin
118 he Thempthod df ¢1sind Y0dmvhdreid thelcotnpoondadpmplriss: (), abart @9 (wito)to about
0 0 , .
50%%@%81\4%({%&000%%%&1% rzllggn\%ﬁsi@mogndglurﬁ}/ig{n? Eu?cl l?alvgneg alnI -reay
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 6:1, and (ii) about 1 wt% to about 50 wt% of a hydrotalcite like

compound.

114. The method according to claim 113, wherein the compound comprises (i) about 99
wt% to about 75 wi% of a 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 6:1, and (ii) about 1 wi% to about 25 wi% of a
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116. The nethod according to claim 104, wherein the
conpound further conprises at |east one netallic
w@xoodasit71s 117. The met hod accordi ng to cl ai m 18@T/US2004/039305
wherein the netal in the nmetallic oxidant is antinony,
bi smut h, cadm um cerium chrom um cobalt, copper,
dysoprosium erbium europium gadolinium gernmani um
hydyolateite ik eampeopnd.r i di um iron, |anthanum | ead,
manganese, nol ybdenum neodym um nickel, niobium
1 195 Mk heidd dRGIdHS o Pht | DY PheRARE M@uﬁ@bomﬁﬁr&@?@ﬂb‘dﬂ% 95
heni um rhodi um™ rut heni um samari um scandi um
wt%éo albutiAg W of @ epmposnd gemprising thagnesivm godplupnum and having an
X 1ta nacr?‘lf}%mpf/&&ﬁ mb#lg}mé btrleasl :!ltJ %%@chétlfb?gt&mor aE n‘?g%khﬂbg t1'o R about
43 dvgleets rangraout 6hdegesss,. wlmmn thEmmomg"tntugdesmmaéumlgumon the

oo 8y 0118 SR SOTROHELIE ety S0P 5o

hy&xfotaioaeﬂlkebmnmup@ort conprises a spinel, hydrotalcite
| i ke conpound, magnesium acetate, magnesiumnitrate,
g
1182 BN el cHROTGE B Oititin FRABESIHhcs atfast
on¢ me@h®mtogjdaad um num zi rconat e, cal ci um oxi de, cal ci um
al um nate, al um num nitrohydrate, alum num hydroxi de
11?0”99%%0 lﬁc‘é[ﬂdﬂ%b M 2| &) WiroEhE ek indfe HOARRWARnt is
al um num chl oro rate, ti'tania, zirconia, clay, clay
antphogp humgthnmdemral cerigra pihirareiymg potaltropperr dyserfrosivi, ebium,
culdBlu, LRRIGREy oddnindl Sl ol fint GEALH RS, bkl Teati! 9
er t éé ort npTr1ses 2inc ahat e,
maaBanghd) atoéybdcxmnz mudynmmlanml@Y niohoing Iosrmunapdlaﬂﬁlm, p]!atmum
pra%%s N 1\?{%, qrqer{c;%{ 1tuh10 el%glr%l 1trh émﬁ, r?ug}g rn;mg L pa%lun% %Qashdlu%p %elenlum
silidois gllesy) sntfuﬁtantamnelhmnmf tegtd i otim, dtanmnt, wngttbre tlarlipeakanadium,
ESIII n_of .about 1]ElH ees, 23 deg%ees and 34
y W% bt PLTHY g ° AR ne netal lic
oxi dant sel ected from antinony, bisnmuth, cadm um
llﬁer Themethhd ectotding to olih 104, vdper the dyspqmd Sirther caanizisesn
uropi um gadolinium germanium gold, hol mum
pr‘i’?itr um iron, lanthanum |ead, manganese, nolybdenum
neodym um ni ckel , ni obium osm' um pall adi um
119l aiTberonethod ameling/tmclahn 1p3,ovhetdn thﬂpugphﬁnbmmises hepjmlm
sanar scandi el eni SI L
hy roFaTCétre 1{11( ?r{a%ound,tnéa aﬁnmﬁqacettéf u %s%hlm an%ne fhl] m chloride,
mdghésith hydroilden GEigadiunt daibinate) mvmadmlihmnayd, hhnhnumm;ltanate, zine

tlt%xﬁ@ %1}lljl’ilrrl%nu§1| é‘%ﬁx&g{, Pﬁggnwﬁcﬁj i(,ei;,fagclum\/\%mmate | %‘llltllprr? It oiledrate

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.

120.  The method according to claim 119, wherein the support comprises zinc titanate, zinc

aluminate, or zinc titanate/zinc aluminate.
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spi nel s, magnesi a, nmagnesi um acet ate, nagnesi um
nitrate, nmagnesi um chl oride, magnesi um hydr oxi de,
wor@sesi7ein car bonat e, nagnesi um f or mat e, MagneBCT/IB2004/039305
al um nat e, hydrous magnesium silicate, magnesi um
silicate, magnesiumcalciumsilicate, alum num
silicate, calciumsilicate, alumna, alum num
121.i t Argasdine rddncticniatlditiaé eomiesiiy a8 least dhé Copnmiued hHahLdnifay

QX | gi um.al um nat e | um num ni trohydrate, an

il pa i SRy WTAES eSS U Bk norb dosdpa pEtge 11

degredsal3 degradeaciifpdegreds ﬁ‘tdl'tﬁfnpi‘iﬁ’iﬁﬁ l(iiiiltlléﬂ'sfjkﬁle?ﬁetélﬁk; el%hél'dﬂt BlisBred
oro rate, .StliCa,

hydr.oxi de. conpound, al um num cf h ; ]
S SRY EITRUAD AT oS 1 B OEHER. D Winc R} d¥soprosium, erbium,
ewdpiuing gddaliniing germbhibAD péld, HolhBer) irfiug, i, lafth#m, lead,
aﬁgosghatf gaterlakf zeolite, or a mxture of two or
mAEHIESS ROPBEFmy Bdymitie kel pigbivpe atreinHgPBledivawplatinum,
prapédasa Rt pRymethiGa! dkMinCrieARRK hiliknRind S8R iueD WhbiRid) Selenium,
.pont,ctlnggg catal ytic cracking feedstock with an .
siligets, SYSF- PRI 30iA b Fellypumolerbingm.dins Hapiaen, ogstens thulium, vanadium,
GBI, s ZhcDA Bl bt Svold i
ytt,f or i zgﬂrng%si ncg cat al ;ti c go‘%@fﬁ@%ﬁ%%aﬁ%%Suﬁp;%:gg&pggng
spipgls Anaehe§ian e SIS HMasaigiel BpgNgsivmITitale, inAgnesivwackipyde, magnesium
hydrbA8K nfign ' ' e [ o]
d nor e ’shapéesgﬁg%%?cgsét,ey\fgg e?ipgl%é&gé’ h}ég?%@f@??glafef E%dmus
magpRsauTidcate] magnesiumesilicate, fegnesinur Bsinmsjlitatey aiuchinum silicate,
r ! . .catal ytigc crackin rocess
ool e PSS Sl POl iR St R
oxidg, tchlcam alfithimgtei alemmmmunitrolyfiragn en sinmimehydhapiet oIS, an

c LS hydrotalcite like conpound. 125. A nethqd .
o SR 00 U B SF GRUBRIRE ooty Spice
comgpriuad,yaluntingm ablkiohgdrptepd s sitianipdontinigg @aipbaet éthe than silica,
siliga?élal }e/ﬂtaitct cracki n% %ee st %ék hvvi th an effective anount
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decreasing light cycle oil produced by a catalytic
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124. A method for increasing liquid petroleum gas produced by a catalytic cracking
process comprising contacting a catalytic cracking feedstock with an effective amount of one

or more shaped bodies, comprising a hydrotalcite like compound.
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m xed netal oxide conpound in the formof an aqueous

slurry; (b) optionally heat treating the m xed net al
wexiodesoehpound from step (a) at a tenperat ur ePOPUSIHS/039305

about 225C; (c) drying the heat-treated conpound from

step (a) or step (b) to produce one or nore shaped

bodi es suitable for use in the reduction of sulfur

125r om pathod fomérjcrdasihg BiRafuattiteat fa86line %%d%k@ﬂ%da Q0 Rracking
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or[pfore EMapddtiodivg, doh@ri@iﬁ% & hij@dtakhia BROcQLES from step (d)
to produce a hydrotalcite |i ke conpound; and (f)
ptionally.heating the hydrotalcite Iike conpound to
128 s oo G Siirvasthe ik velgiot prnalipd i acpatts crapimg process
compeisiag cammdcanga b&alpﬁ@&hkﬂ&g&‘e&ﬁfobl@%ﬁ Qn Bifebtiob ﬁlln&ilﬂt &f bie§t more
net hod, for increasing catalytic

compound. 128. A h
g%%ﬂ@@&§$8ﬂmﬁVW¥Qﬂ%%W@WW%M@FQ@PWHﬁ-process conpri si ng
contacting a catalytic cracking feedstock with an
128 f ectethed forpadnting botnes @R6dudRd 18 SHERRIE dBRBINGDrocess comprising

conpri Si a hydrotalcite |ike conpound prepared by a
cof e B réTHg FpyPutia s0G e HURB SR dhaped
bodiesebmpiisige Ahydr&alsite Bt oftipyakdibpafiiitila TR0 RAG: at
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(b) optional |ympe@id dnti@elchd 8nd i€alBhER] Q@ﬁlﬁ&un‘a){% g%tduce a

conpound fromstep (a) .at a tenperature up to a

225C, (c) drymigd meiel prdde compenndsia teeofiepe aftn dauemsstuey;

(a) or s@gp (dpki i '
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produce a hy %l .t e |ike conpound; and (f)
optionally hé%%? 58¥‘% hydrotalcite |i ke conmpound to
renove (d)  heat treating the shaped bodies from step (c) at a temperature of about

300°C or higher to produce one or more calcined shaped bodies;
) hydrating the calcined shaped bodies from step (d) to produce a
hydrotalcite like compound; and
® optionally heating the hydrotalcite like compound to remove
substantially all of the interstitial water and/or anions to produce a

collapsed hydrotalcite like compound.

128. A method for increasing catalytic conversion by a catalytic cracking process
comprising contacting a catalytic cracking feedstock with an effective amount of one or more
shaped bodies, comprising a hydrotalcite like compound prepared by a process comprising:
(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;
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substantially all of the interstitial water and/or

anions to produce a coll apsed hydrotalcite |ike
wae@oeoposttds 129. A net hod for increasing |iqui dPCT/US2004/039305

pet rol eum gas produced by a catal ytic cracking process

conprising contacting a catalytic cracking feedstock

with an effective anount of one or nore shaped bodi es,

conpri sithy a ohtiatrally hbat ireaingithemizedpotsheiige eqanosnd fgmatep (2)
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produce @ hydpHenalyb Paémgltlp{aéiy@%%t?ﬂ coRBoYnAt
optionally h%aﬁgtzﬁﬁaﬁﬁﬁl JSB’[HJ BodtGhl Watbri dKE/oE HIDAUD grddfoe a
renove substanti al | of the interstitial water

and/ or ani Oﬂ§°l@?sﬁ‘}%ﬁi§@@°’éﬂé@|q"5‘ﬁg‘€@ hydrotal cite |ike
conpound. 130. A nethod for increasing the quantity of

129 as @l hétRo PP fdfeeen HNqAd ﬁafoaéum ga6 pfdda@daw@ dafaBeie Shcking
onpri sing contacti a_cat al yt| C. cr ack{1 eedst ock

n
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or SRMNhhdHAdRs, RYHHA e% &h;t(ﬁothucif@hmmuﬁm em@ob ﬁwceas
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(b) opt i onal |opnmemd and @hlepsh gne tmralnmtml wemmuné@ g@duce a

conmpound fro ThbE RiefaPdxide compound in the form of an aqueous slurry;

(b)  optionally heat treating the mixed metal oxide compound from step (a)

at a temperature up to about 225°C;

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

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

(e) hydrating the calcined shaped bodies from step (d) to produce a
hydrotalcite like compound; and

® optionally heating the hydrotalcite like compound to remove
substantially all of the interstitial water and/or anions to produce a

collapsed hydrotalcite like compound.
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at a tenperature up to about 225C, (c) drying the

heat -treated conpound fromstep (a) or step (b) to
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the reduction of sulfur from gasoline; (d) heat
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131. A method for decreasing light cycle oil produced by a catalytic cracking process
comprising contacting a catalytic cracking feedstock with an effective amount of one or more
shaped bodies, comprising a hydrotalcite like compound prepared by a process comprising:
(2 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)
at a temperature up to about 225°C;
(c) drying the heat-treated compound from step (a) or step (b) to produce
one or more shaped bodies suitable for use in the reduction of sulfur
from gasoline;

(d)  heat treating the shaped bodies from step (c) at a temperature of about
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132. A nethod for reducing bottons produced by a
catal ytic cracking process conprising contacting a
wa@ an0alogt7i® cracki ng feedstock with an effecti vRCEHIB2004/039305
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loiheta peak position at about 43 degrees and about 62
‘degrees, wherein the ratio of magnesiumto alum numin
the conpound is fromabout 1:1 to about 10:1. 135. A
met hod for increasing_|jquid petroleumg roduced by
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about 43 degrees andabout grees, wherel
degregsi ‘@hqwm ﬂﬁgﬁ@% pilmagnesivin Lnﬁlwmwmnn theeconpnistia @fombwtdm to
sza 1:1 to about 10:1. 136. A nethod for decreasing
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about 62 degrees, wherein the ratio of magnesium to aluminum in the compound is from
about 1:1 to about 10:1.

135. A method for increasing liquid petroleum gas produced by a catalytic cracking
process comprising contacting a catalytic cracking feedstock with an effective amount of a
mixed metal oxide compound comprising magnesium and aluminum and having an XRD

pattern displaying at least a reflection at a two theta peak position at about 43 degrees and
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about 10: 1.
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about 62 degrees, wherein the ratio of magnesium to aluminum in the compound is from

about 1:1 to about 10:1.

136. A method for decreasing light cycle oil produced by a catalytic cracking process
comprising contacting a catalytic cracking feedstock with an effective amount of a mixed
metal oxide compound comprising magnesium and aluminum and having an XRD 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.
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