Additives for Metal Contaminant Removal Throughout this application, various publications are
referenced. The disclosures of these publications in their entireties are hereby incorporated by
reference into this application in order to more fully describe the state of the art as known to those
skilled 5 therein as of the date of the invention described and claimed herein. The disclosure of this
patent document contains material which is subject to copyright protection. The copyright owner has no
objection to the facsimile reproduction by anyone of the patent document or the patent disclosure, as it
appears in the Patent and TraderdditiygiciohMetnl flenspmingpd Remevaherwise reserves all copyright
rights 10 whatsoever. Field of the Invention The invention provides compositions and methods for
mitigating the deleteTinoagtidacthis apptidacion) aarioenpatilicativiagyite wispdtiogl. 1'The didcdsautesl of the
Invention alytic cracking is g petroleym refining process that.is applied ca tcially on a very
large scale. A f@%’l&ug ?ﬁ{éorrgffﬁtﬁlﬁ 65%% e b re?'r?‘cFllr%]’D E‘SP}R%@ flJtrS’\ egg‘fgfgsflllsg;t?%%uced by this
process, with giptiostied inairdgmicocecefiligidesdtibeffbaseitalf/the 20 as&oown BRADE Fliltedess. In the
FC(? procoess,tlp%gﬁ(lyapx {ﬁgﬂﬁgo&ﬁi%iﬂg%%&edgg&%%%ﬂdQ‘Qj#ﬁﬂtﬁéﬁ-%{ﬁdUCtS by reactions taking place
yS t

at high temperature Iin the presence of a catalyst, with the majority of the conversion or cracking

occurring in the gas phagReIbiE df thiCFHeHR Al aHIR! MM ARD MRS RING; SRR e IRflate and other

liquid cracking products as well as lighter gaseous cracking products of four or fewer carbon 25atoms.

These productepyEEh riRtsgien. dbesep i evar e ahicstitatedhs arstmays arrroductignecc
processes, feggatfeidomiactacnnéamefar IRepfend drdiéstre cadtappehem this rrakastinto lighter,
more valuable%ﬁjcﬁigﬁ_contactimm cataé%/ns thatgﬁlas. been cir(:lélﬁted %e rjg%er-reactor from a
catalyst regen AR RASTH ST RY 55 é‘}'e%{ BREGERETHAE, HRAPRLPEAY is deposited onto
the catalyst. Thisteeany. 30 carbon, known as coke, reduces the activity of the catalyst and the catalyst
must be regenerated to revive its activity. The catalyst and hydrocarbon vapors are carried up the riser
to the disengagement section of the FCC reactor, where they are separated. Subsequently, the

catalyst flows into a stripping section, where the hydrocarbon vapors entrained with the catalyst are
stripped by steam injection. Following remo¥figlépebthe Jaxemiig® ocarbons from the spent cracking

catalyst, the strippedrgaiabetitfaproltRey abripsEIaoheatalwtindas et Rt ARAHHR M dlaRIRIFAST
regenerator. STgpicaIIy, catalyst is re"(le?%enerated by introducing air into the regenerator and burning off

the coke to re ehiat cRtAmRas QO RBRAIE SFATKISEON reactions are highly exothermic and as a

result, hagt the catalyst. The hot, reactivated catalyst flows through the regenerated catalyst standpipe
back to the riser to complete the catalys gﬁge. Thﬁ céoér%gombﬁstion exhaust gas stream rises to the
top of the regenerator through the 10 reg PEROTLE. GRS gas generally contains nitrogen
oxides (NOx), sulfur Gsidbti¢ Stackicaibapeholeardef{inmgdmoaksxie iasppizdisomittagailyamd oxygen.
The performance of. a qu'? atglytic.cr (?I i %e zr‘%j by the canyersi rude
hydrocarbon f‘réélgsyttl)agﬁeir% gf a's%‘a%’fgorgﬁ uf(]:%séjsgl%%ﬁg{ﬁs asé&s%ﬁﬁﬁev }ﬂgvﬁlgeg)zﬁﬁiﬁfoﬁ%%g ggggﬁltic cracking

catalyst, convisrpfoduast Mamms,wﬂvﬂﬂmtﬂ pﬂbtﬂm@dﬁccﬂ usidgsheBleidiertalyiinucts including
coke anghydroganaaspEE4GRIERRIE 1 MCERAS s A4 IIRABE ABJnFacyBiisvyhile minimizing the

increase in coke and H2 byproducts. The presence of metal contaminants in feedstock presents a

serious probleiPNNCHRd TN lrghien Rrodusth Parractinns ikins Rlasr RN s ismReratyee B Bifdium. Some of

these presence of a catalyst, with the majority of the conversion or cracking occurring in the gas
phase. The FCC feedstock is thereby converted into gasoline, distillate and other liquid
cracking products as well as lighter gaseous cracking products of four or fewer carbon
25  atoms. These products, liquid and gas, consist of saturated and unsaturated hydrocarbons.
In FCC processes, feedstock is injected into the riser section of a FCC reactor,
where it is cracked into lighter, more valuable products by contacting hot catalyst that has
been circulated to the riser-reactor from a catalyst regenerator. As the endothermic
cracking reactions take place, heavy carbon is deposited onto the catalyst. This heavy
30  carbon, known as coke, reduces the activity of the catalyst and the catalyst must be
regenerated to revive its activity. The catalyst and hydrocarbon vapors are carried up the

riser to the disengagement section of the FCC reactor, where they are separated.



20 metals can promote dehydrogenation reactions during the cracking sequence, which can result in
increased amounts of coke and light gases at the expense of gasoline production. Metal contaminants
can also have a detrimental effect on cracking products. Metal contaminants can deposit on the
catalyst and affect its stability and crystallinity. In some cases, the catalyst can be deactivated by the
metal contaminants. During the regeneration 25step, metals present within the catalyst can volatize
under the hydrothermal conditions and re-deposit on the catalyst. For example, vanadium

contaminants$nbrsguentlzkthe fatalish s i acHipping srstiandviae deeihy drosarReroRRSeory to
explain this pejiRiied mertaslys hatitppad By RGN IFHIRVARE NARVSRT begades

incorporated into the coke depasited on the 30 crackin%%atalyst and are then oxidized to vanadium

pentoxide in thEFeeRhns fiom dhe sperliksa atahysh, e SRR el s dhrregtashttlvater vapor
in the regene@ialyid sandpisad ints te whithscaipdhanteeact with the cracking catalyst to destroy its

crystallinity and redyge jts activity. . Because compoynds cantajning vanadium and other metal
contaminants c:anng{c @ﬁ%&lﬁ@&?@fﬁﬁ%&%ﬁ% ﬁ?’e"ﬁ%@"ﬁﬂﬁ & %?aﬂﬁgérgg?ﬂf)%b%cﬁ the usual
approach hasbiedngtofpdrstokictdhrestorc ontydgstrad vityd €ftése cokeiboimisivaoigatéioed ataring the
cracking process, Passivation can invaolve. incorporating additives.into the cracki talyst or 5 adding
separate add%\%%gﬁ?zllgg?ﬁ?é%%&s ﬁhi?]a éﬂ’& ?v%%g{ﬁe crac ‘}hé"é‘g g@/gt. %%gggg itives can
preferentially Soonghthevicgenrsatad catalyst alaridpintsback ta dheigser ap somplespibe catalymicitedeactive
component ofie SRR Saialala s etk RIAl GIRABY WM RABIDERPREBRHRA 2long with

the catalyst that is withdrawn from the unit during its normal operation. Fresh metal passivating
additived @an tessnasetedined Therrxhanstgas grmstplbiteraieine oHregen g3ides QYNGR suliMeexideontinuous

withdrawal of {68,JelHhGRbIBRIAL CANBRUNARR, AHIRSh D RIGHREH 04t Fy/gén unit. Depending on the

level of metal contaminants in the feedstock, the quantitl)b(lf(l)f additive can be varied relative to the

makeup catalyst in orBePEamARcRaf R pd ralabiie FaasEipg it can Reameasyred R Wrial facilities are

continuously yiRgrifoiied dade apdritntoraecieiiottdastbbiegrdactiRadorveisineo it CC unit
while minimizing th%{i#icre se in.coke a%d 112 b}Products. .The invention is directed to these and other
important end® &g BEATRIYHE SFRFSHTS FRIAIYEL SRBYSTAAM MM AnGraste BY SR AHUVDE cracking
additiveq Eomgiding én 2F undéaimbiappiie grodatesialcladin adolghaad yilyopainpast. It iwsdpsiesilat invention is
directed to pracessenfondne satalvtio eraakioo ol feedstock comprising sentagtingsaidy fgedstock under
catalytic crack?nlg Conditions With & composition comprising a bu R Chta ystand a catgﬂﬂlc’tracking
additive, whetgyprédaataitalytic cracking additive comprises a metals trapping material; and a high

activity catalyst. Therigygilon ispisa iiesiahiRROReAS8a4E [Renniepalng L s-aLgrmance of a bulk

catalyst in the presence of at least one metal comprising contacting a feedstocK with a catalytic

cracking addifamsenn gt ganteraiassts lishide ineatairkelaspinmighdranedivatabpme efithe®escription
of the FiQUresmetani9%%&&%%3&'&%&%&%4@&@5?@{3%@r&ﬁ&fn:ﬁQ&h&%ﬁ}%ﬁ%ﬂ%gt and a bulk

catalyst. Figure 2 shows XRD patterns of fresh and deactivated bulk catalyst. 5Figure 3 shows XRD

patterns of fre$auIkipsgeased amoanty afcaks andlightysases atithe sxeersmyrf sasaiB o PEABISHETT a catalytic

cracking additiyericiiaptinafiiday eREMavOL R AR eiRbOsh 2k bIBinE YesdieisT IMeResent invention is
directed to catalytic cracking gdditives comprising a 10 metals trapping material; and a high activity

catalyst. The FPEETHPANSEATLACROSHARADG Fa%vStad alioes it stabitily ARd Grysiatlpiby- rdh SelK
comprising cogiseefithg catilyiaeds locldatiientabbyyicmeat kingapainaiionDwitly the eegansiiiazn comprising
a bulk catalyst and a catalytic cracking additive, wherein the catalytic gracking additive comprises a
metals tr ppinséeﬂ’ig}%tﬁ%?ﬁ\éﬁan g‘ﬁllg ma% |\?|"(‘['j[ya b’gfa?fmys{ &5 V%{%ﬁ%@{g@gﬁa&g& 6“8?3@8@%5 15 for
increasing thepdefmatandheafatalystk catalyst in the presence of at least one metal comprising

contacting a feedstogk, witl) & ARG GIAGKIDGLAAAINYE RORRIRIDH NGNS GRAING BlpifHp! and a
high activity catalyst. The term "XRD" as used herein means x-ray d%ﬁr%\c‘t%%. %tﬁ;slﬁ
and reduce its activity. One theory to explain this poisoning mechanism is that vanadium

compounds in the feedstock can become incorporated into the coke deposited on the

30  cracking catalyst, and are then oxidized to vanadium pentoxide in the regenerator as the
coke is burned off. Vanadium pentoxide can react with water vapor in the regenerator to
form vanadic acid, which can then react with the cracking catalyst to destroy its

crystallinity and reduce its activity.



The term "FCC" as used herein means fluid catalytic cracking. 20The term "Re" as used herein means
rare earth.  Applicant has surprisingly discovered that the catalytic cracking additives of the invention
can increase catalytic conversion but without increased coke or gas production. Applicant has
recognized that catalytic cracking is a two-step process with respect 25 to metal contaminants that can
be present in feedstock, wherein 1) metal contaminants are deposited on catalyst particles, along with
byproducts including coke, under the riser/reactor conditions in an FCC unit; and 2) catalyst particles
containing metals aleexgresomppunds contetras vesrdigarurd mheromsiabartamitiodscatitiout wishing to
be bound by heerlABelEABYAPHOHE IR C G AVIRMERRI AN Reepaus g the catalyst

particles in order to preserve their catalytic abilities. This physical removal of metal contaminants is

needed regarbfeBdaraneatechessromRannds indes hasoagditippyeaeumrercd unng e crdiag
contamination,RfcHae %&%N%Ei@ﬁ‘@é&i'%%varé‘eWﬁ@éﬁﬂ&dﬁﬂ@ﬁdﬂﬁﬂéﬁﬁ%%&%\@ﬁﬁ&&ﬂ%ﬁbpdieVeS that
ICle

metal contaminants are volatile and can migrate within or, from catalyst particles in the presence of

steam and higAdimseeatsAditivs pastiglisdrtodhe Fichnitalane with the craskingSalE the catalyst
particles. Appiges daigvascihairitdiatapsesasind sitafReanddighhtampaatsng adiascatahstic cracking
additives herein can fynction by preferentially adsprbing valatilized metal contaminants, which had
been depositéd oife ?a@%ﬁ%%‘ﬁ%?e?@?@tﬁ%ﬁ‘%%Rﬁ]&aﬁgﬁﬂﬁé’?mﬁ%gh@ bodiment is
provided a catahtitiitankicio daaibeactnonedisinggavitethd ixalypitigptiateitsdrand fdrngthaaivity catalyst.
In one embodiment, the metals trapping. material.and the. hi tivity catalyst 1 ise separate
particles. In oﬁ@né%g%a?r%%ﬁ??ﬁre%r%%ta%sr Sr%a&ﬁr?gl]pr%sg%?lg?gg#éﬂt%\ée %ﬁaélgé\}ﬁ/acg%%tﬂf?articles are
added cdficuraitflgioogmethavakeip catalimgonder to laffactativentimbacivitbdia v ofidtals trapping
material and the hi Ivi I [t figle~15:2) . j erial  In
H&n%ﬁt%‘?&‘é@ ERtRYRh AR &ﬂﬂ;}%ﬁ%&ﬁ&ﬂ%ﬂ% Eﬁcm?{%é‘ M@é&lﬁnﬁ iﬂgl’g\dé;

one embodiment, the metals trapping materi prises a ca ontaining cGmpound,

magnesium-cehmgtihepaiominantidndnefeesisippkatisravaatidnofiaddive eean bgivaaad elativetals trapping

material is a |%ﬂ§ﬁ§iﬁ’g§f§fgﬁ'% JRIONR SCRROCIMERiTEE dpgialS fHaPRINp4uNaHah has a density that is

from about 0.50 g/cc to 20 about 1.0 g/cc. In another embodiment, the density is from about 0.7 to

about 0.9 g/cc. In orl@dsiHalfrRHItiesAEs Gepdnyors iy spias L rdiBnpeRrdanethedsdoin another

embodiment, {hgnetals deavaigenodiarettama YR Hidhazifidens MirtasdRdRe/ shgae; less than
about 0.69 g/cc; less than_about 0.68 g/cc; less than about Q.67 g/cc; less than about 0.66 g/cc; less

than about 0.8BRIPAECTEs TG ARVERIRR 1§ Bbegied 1% gﬂﬂﬁﬁhﬁm%w&cc. In one embodiment,

the metals trapping material is a porous material. In one embodiment, the metals trapping material has
a porosity that is greater than about 0.40 $c/gc2 as dega mined bé/ a water sorption technique. In another
embodiment, the metals trapping materia R §"§B’o? éfﬁ/ ¥ial °§]‘reater than about 0.45 cc/g; greater
than about 300.50 c@hy; mresene intantiabisuliftGeddo/gatalyticeasekitipmdditives Goffprising a In one

embociron:, Pe B HE R R AT EhB AR i BRI AT . orosiy
that is greaterpmrgssesobountic satelotis xppiiogof feadstask dempaising shntealinggichfeesstacinat is
low-density angd {ualARRSINAGRRPEGAIE SRR RSB bosition comprising a bulk catalyst and a
catalytic cracking additive, wherein the catalytic cracking additive comprises a metals
trapping material; and a high activity catalyst. The invention is also directed to processes
25  for increasing the performance of a bulk catalyst in the presence of at least one metal
comprising contacting a feedstock with a catalytic cracking additive comprising a metals

trapping material; and a high activity catalyst.



volatile metal contaminants in the presence of steam and high temperature. One of skill in the art will
recognize that the porosity of a material can be a function of the density of the material. In one
embodiment, the metals trapping material comprises a hydrotalcite-like 5 compound, a silica- and
alumina-containing compound, a mixed metal oxide, or a combination thereof. i)Hydrotalcite-like
Compounds  In one embodiment, the metals trapping material is a hydrotalcite-like compound.
Hydrotalcite-like compounds are characterized by structures having positively charged 10 layers that
are separated by interstitial anions andisief/Bescrintion gbtheXignnetry natural minerals that are
hydrotalcite-like conmgmq%ﬁmq@_wmﬁgm@mpywi%ﬁ&ggeﬁBq‘i@{m%ta@gm;;g,areevesite,
eardleyite, mannaseite, barbertonite and hydrocalumite. Other hydrotalCite-like tcompounds and
methods for n‘i’&%‘ﬂk@ﬁﬂ are described by Cavani et al, Catalysis Today, | 1:173-301 (1991), the

disclosure of which ig;juge MR KIRDISHIRIHE SR IR Rl dBativaRdl Bk cataljspther embodiments, the
hydrotalcite-like compound can be a com@gﬁgund of formula (1), (11), (1) and/or. (1V):

(XImY3+4011)2m+208Raa S5 SR MEEmI /1 Festohyb fradyst dsachEpers ppLK catalyst, and
20(X2+n,Y 3+4({1k Yatdtya4)0id plektaoél iy 3 (MaRttervfabRing(6aditxdof &) prekenb MzOdtdhwhere 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 tDemiled@DedcidpliaBofNbEiventidnl, OH, Cr, |, SIO3, HP03, Mn04,
HGa03, HVO4, ClO(thOB Cc)nia mixture.of tWOtOJ{J‘Qr al’[ﬂlergr%f' ais L2 or 3; b is between 0 and 10;

oot 1t

and m and n are selecf ?sso Hé\ltv né ?gtll%dtl) tn/n IS a o%l%rcl)%? ‘1 Flrr? s()’??em g%%%?ment, the

hydrotald?@e-l?kaetakﬂpppm :lsdtwhbtalldiaal,ﬁigé.@MW@MlMMHW@MMimmment, the
hydrotalcite-like compaynd,is AuMLEMKRE VT4 aliel LRpMHEURICAGHE S50 RORONLS,

compositions and/or shaped bodies of the invention can be made by the methods described in U.S.
Patent No. 6,0deysatalytic|gragking epnstitionsvitha sRrapesiicR mmprsAg bl ratal¥gimdalution
comprising MagigRit GrRARM S HIANETWhcRelA R QhRBAM cLatkin @R Ge lbortipriisa-rAGiEls
Alumina-containing Compqunds  In one embodiment, the metals trapping material is an aluminosilicate

material. In orfEERHISFAAGEAL he ahighacihibatatehate e ot dniplec Aursted tRIRCES Sy stalline

material,13n appiieaing tiepalfopmance Bhinale batasse of thipreaibespanRasti sienhdae
aluminosilicate material contains cz;tlé:%m,ﬁ%nd, heé)re Qmirg%%t metals. tra inB%icapabilit is performed
by the calciunt CORTFEHRSID R WA SR8 AR & e T AN ITRBIRR S MY Politic
component. iiijeddping iviedabxidle high activioneaaatybiodiment, the metals trapping material is a mixed
metal oxide. As used.10 herej%,term "mixed metal oxide" neans a chemical compound in which

. . t?rm as use €Icin means x-ray ditfraction.
oxygen is combined With two OF more metals.

The term “FCC” as used herein means fluid catalytic cracking,

20 The term “Re” as used herein means rare earth.

Applicant has surprisingly discovered that the catalytic cracking additives of the
invention can increase catalytic conversion but without increased coke or gas production,
Applicant has recognized that catalytic cracking is a two-step process with respect
25  to metal contaminants that can be present in feedstock, wherein 1) metal contaminants are
deposited on catalyst particles, along with byproducts including coke, under the
riser/reactor conditions in an FCC unit; and 2) catalyst particles containing metals are
exposed to steam in order to regenerate the catalyst particles.
Without wishing to be bound by theory, applicant believes that metal contaminants
30 should be removed from the catalyst particles in order to preserve their catalytic abilities.
This physical removal of metal contaminants is needed regardless of whether traditional
metals passivating agents that can prevent metals contamination of the catalyst particles
are present in the riser/reactor. Applicant further believes that metal contarninants are

volatile and can migrate within or from catalyst particles in the presence of steam and high



In one embodiment, the mixed metal oxide is a magnesium aluminate. Mixed metal oxide compounds
contemplated in one embodiment of the present invention are described, for example, in co-pending
U.S. Serial Nos. 60/527,258 and 15 60/576,146. In one embodiment, the mixed metal oxide is a solid
solution magnesium aluminate comprising magnesium and aluminum in a ratio of about 1:1 to about
6:1, wherein the calcined form of the solid solution 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, andtevparahure, suctixe duder sbuditenisthahargpidedting-ta ol thie gatalyshpamivlescompound
that has not been;defived ey dotkiaikersamnnanadich hpasERINAE RERAithe mixed metal

oxide is a spinel. In another embodiment, the mixed metal oxide is a magnesium aluminate spinel.

In another envistingatdifivenhcein sy imstion by arditsntivbradsathingririadlined mstabmpound, for
example by cliapsindiiewhick il Bteriie,6eHed ol ke catahREpatiigesmetal oxide compounds,

compositions and/or shaped bodies in one embodiment of the invention can be made by the methods
described in U.S. Patent No. 6,028,023. iv) Form of Metals Trapping Materials 30In one embodiment,
the metals trapiagimaiCigdimnAbeifiesn of a solid solution. In one embodiment, the metals trapping

terial i d in th talytj ki dditive. | di t, th tal [
material < in the forl BF-CERIBUREBbRP A LFRBUAT RTCIRE SALA GBS R & AR Colcined or

a mixture theresppingrneteriabodimbizh Heavitgtakalystpping materials can further comprise one or more
other metal compongnis such a5 IGtats. of ANUTONN, PIRmuthy a%a&jﬁﬂ‘é‘ﬁf‘rﬁhca \&\'}fﬁ‘ faf{n. chromium,
cobalt, copper, dysoprosium, erbium, europium, ofinium, germaniunt, gold, ho m|u¥n, iridium, iron,
lanthanuih, lesuinpriag sepsiate particlganbrenasoibbdieranintheanetpls apping kuitenial sindrthe bighum,

palladium, plafiy JAREPRMATIITLS RIGISIUTRGTIE: AN dulspplu, samarium,

scandium, seleniu on, silver, sulfur, tantalum, tefllurium, terbium, tin, titanium, tungsten, thulium,
vanadium, ytterbiundnymathsr smbedinenttheunstasirapringapetivt ardithridghattidty satHash an
elemental staje.aReHRY haRahk Pathigiform of metal oxides, metal hydroxides, metal sulfides, metal
halides, or mixtures of two or more thereof. Some or all of the metal components can also be 10present
as organic or inorganic salts, including, for example, metal nitrate salts and/or metal acetate salts. In
one emhgdimgnt, theadldetaspinaaiepixture further comprises calcium (e.g., CaO, Ca(OH)2, or

CaCO03), magnesium (e.g., , Mg(QH)2, or MgCQO3), or a combination thereof. The qne or more
metal components (B}%}g&@ggﬁmﬂﬁs,‘o“ﬁ@&%’?&%ﬁ &8 8&%&%8&&?&%&@%&8& trapping
ma_terr]ial infanoampmb ﬂﬂf(frtﬁ@i;@iﬂﬂzmw : iy vomig hﬁ;r:cdpoﬁcaabbmbﬁzmmo bl{)m[%rgo/ up to a_bohut 30|% :Jy ;
weight; or from aboyt 1% to t ight: or from abaut 2% to.about 20%. eight, calculate
as the oxide equiva:féln?pﬁ“ﬁlg%’r%%ernrhgreexé\é\fw%eggnag?gf%grﬁtﬁ%ﬁéﬁtas{(o:gn egsggé%%e{éa he\f{l rﬁ%?als trapping
material at themsbodanintcthsitivtisdrapping mstofizhbasredatsityaibping fnatabait I Xhgitledp embodiment,
the inveRton j ' gami IpleRyle) Qtﬁ’mp’ ' r ggore metal
compongErjlts. ?ggg%%?t‘ﬁg?rggm gﬁ%ﬁ%’%@e me?gf’s trapkg}lﬁg ngaterla%#gafﬁét%?’rﬁl%?)ggﬁ?d solution. In

one embodiment sthkodimesti thiwdensisiaisdopnpahmun 0i8Gefdertombobidhilte/ceadpranethetalcium, cerium,
chromium, COQﬁBo&iﬁ%@tlﬁXﬁQﬁ[?&ﬁﬁFin@rn'PnLHQPia?HéQQi&@ﬂsiﬁ?ﬂﬂiﬁi% @SR @RIk, holmium,

iridium, iron, lanthanum, lead, magnesium, manganese, molybdenum, neodymium, nickel, 25 niobium,

osmium, pallass tham pbaut Ao hesess dess ihimabepb eR18(5m Iepretamaboub BibAre/saiAessithan samarium,
scandium, selgi,68ilige) 1HMBAnSHHEUE 0185 L3N eL8 Wktit 4ho ie (0FARIcENofifadsiah HuBasten, thulium,

vanadium, ytterbium, yttrium, zinc, or a mixture of two or more thereof. In another embodiment, the
metal inife nf=tal Ymponent is calcium, magnesium, or a mixture thereof. In one embodiment, the
shaped bodies are In one embodiment, the metals trapping material is a porous material. In one

embodiment, the metals trapping material has a porosity that is greater than about 0.40
cc/g as determined by a water sorption technique. In another embodiment, the metals
trapping material has a porosity that is greater than about 0.45 cc/g; greater than about
30  0.50 cc/g; greater than about 0.55 cc/g; or greater than about 0.60 cc/g.
In one embodiment, the metals trapping material is a low-density and high porosity
material. In one embodiment, the metals trapping material has a density that is less than
about 0.70 g/cc, and a porosity that is greater than about 0.40 cc/g. Applicant believes that

a metals trapping material that is low-density and high porosity can preferentially absorb

5



30dried, calcined or a mixture thereof.  In another embodiment, the invention provides one or more
shaped bodies comprising metals trapping material and a support. In another embodiment, the metals
trapping material is in the form of a solid solution. In one embodiment, the support is a spinel,
hydrotalcite-like compound, magnesium acetate, magnesium nitrate, magnesium chloride, magnesium
hydroxide, magnesium carbonate, magnesium formate, aluminum titanate, zinc titanate, zinc aluminate,
zinc titanate/zinc aluminate, aluminum zirconate, calcium oxide, calcium aluminate, aluminum
nitrohydrate, aklatikunetal/crotemésntsipabe prestmav ofisteamrted ingh tastpdratice ChmpHskill {e.g., other
than alumina [ j EE%WIV i | ates titania, Zi ia, clay
(e.g., halIoysitf':(felr,eE;?ié?:%"g){rilltgflé r%%g%%&f{%ﬁg tmorll irgﬁg,}g%lnt é%%ﬂrkgﬁt?rﬁgn %&f@%%ﬁ%’? gﬁ%ated
sepiolite, kaolmjtezialy phosphate material, zeolite, or a mixture of two or more thereof. In one

embodiment, the suppgktisniidaitianaite H%I@Wm&%ﬁﬁ%ﬁ?g}ﬁ&/éiﬂﬁ%%%ﬁwEthOdS for

making such compositions are described, for 10 example, in WO 99/42201. In one embodiment, the
shaped bédieSo@prund asdirac and bminaconiainiag serpound, ;mixstaetshaxidanseat, the invention
provides shapgehbRdiesn GRERITSING Metals trapping material; one or more metal components; and a
support. In another embodiment, the metals trapping material is in the form of a solid solution. In one
embodiment, the 15%3hapet ¥Betcitsrlke COmPAIfRd or a mixture thereof  In some embodiments of
the invention descrilie@ieéribodiitemeiid fraRANPPIAgARARIRSNY Hydrdrakiasikotompouabout 50% by
weight; from gbout 0.1% hy weight to about 40% by wgight; from about 1% hy, weight to about 30% by
weight; from a cﬁ'{) T‘l}f)“&?\%/%@[ﬁq “gﬁ%)ﬁ&eﬁ%aﬁﬁ‘/‘&%&g?gﬂ%ﬁ%“é%o&%%%‘i?‘%‘é‘f&%ﬁ‘%@out 20% by
weight; fitOm Jeyalschétlde bspaveiethbyaraérstitidlSihdny andightyaefroolcatlesit EX6rplavemdiatd about 10%
by weight, calcul th i valent. | emhodimen solid ortis present in an
o Ui <0 L R RIS oot 1o
by weight to disiretalitetsriohsitghre¢nsaite sardlanicomanairsbiteobatwntonBosng hydighalvnsita. about 1% by
weight to abod Q% By WRIGOTIRY JBRMCARARPrsthdA e i, AhaHRYAdEIA cadount of

Metals Trapping Materials In one embodiment, the metals trapping material comprises from about
2% to about SR ¢FaidvertdRda.crhdlg Udd AR, shedise]rsura oriehishinineamerated Mietals trapping
material ppmpEgesHORRRRPM i RER IRrpoout 95% of the catalytic cracking 30 additive by weight. In one
embodiment, the metals trapping. material comprises from about 30% to about 60%; or from about 40%

to about 60% of the ExPHshicebodimetsdhsihedmtalritetike somepned eanbsdirmmromd Metals trapping
material compds@ali o) @)outisakd e agut 95%; or from about 70% to about 90% of the catalytic

cracking additive by weight. b)Hi%zzA ﬁ@/ talyéés ~ sed herein, the term "high activity
catalyst" means a catalyst that has'a h P tegmate of Z&vlite and/ort higher overall surface area
and/or a higher overall 5crystalliniygias KO Rl AL, BHgCembodin(@t, the high activity catalyst
has at legst about 1.5 times the pacr:@e zeolite.and/or 1.5 times thg averall surface area and/or
15 timeglgverall crystallinity than bﬁm%é'ﬁ tﬁ;sllﬁi‘btfll_’elo—lrrzeémbodimen , te high activity catalyst has
at least about 2.0 times the percefgia.41%dO:anad0HpvbFOsurface 4F¥3 and/or overall crystallinity
than a bulk c I0F, .aho lghfh{[i'ﬂ mﬁn & BIROS; eajlj{) / b %grall surface area
and/or overaﬁ@éﬁgﬁﬁ@%m g’%lﬁi cata’lysﬁt;é’or at%eé%%tgg’qut 3%9%%’% t&(taﬁ_gg’rgentag’e of zeolite
and/or overallospierce armixtweltdtwoammens themiefin) tisaluminim caangance:s obasbalbout 3.5 limes
the percentagg; Gfer Qi RHRGH/ Qa VB Al AR RERARBHAMANUE! A cire i IND/ df Abr8 thidiagatalyst; or

at least about 4.0 times the percentage of zeolite and/or overall surface area and/or overall

15crystaflhity A 15 4@9uN@ IR £ ISR BEOn Mpfo FiF QudiX e 196 i BUK catalyst
(bottom tracesixtaRas Lok bR dnahcresiyiisYl 72olits basadysienropanan; aidhe si¢aeré invention (top

trace). Comparing the Y zeolite XRD peak at about 6.3 degrees shows significantly more diffracted
intensity with ﬁﬁge%fg\'ns%ﬁ ié)ecgtté?y%ff eéa?#}aﬁ% our 10:

In one embodiment, the hydrotalcite-like compound is hydrotalcite, i.e.,
MgeAl(OH);6CO3+4H,0. In another embodiment, the hydrotalcite-like compound is
30  MgsAl,(OH)5°4.5H,0. The hydrotalcite-like compounds, compositions and/or shaped
bodies of the invention can be made by the methods described in U.S. Patent No.
6,028,023.
. In one embodiment, the hydrotalcite-like compound is a solid solution comprising

magnesium and aluminum in a ratio of about 1:1 to about 6:1.
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20intensity is indicative of the increased crystallinity of the high activity catalyst of the top trace. More
diffractive intensity also indicates a higher zeolite content of the high activity catalyst, and can be
indicative of the subsequent higher activity of the high activity catalyst. i)Zeolites 25In one embodiment,
the high activity catalyst is a zeolite. In one embodiment, the high activity catalyst is an in situ
synthesized zeolite. The zeolites can be stabilized with rare earths, for example, in an amount of from
about 0.1 to about 10% by weight. Catalysts including zeolites can contain varying amounts of rare
earth compounds. Thse r88HiearthdcAinmpinaicntanigGmepemdiuring the synthesis of the zeolite, or

can be 30exchanged ogia Ui sealic MR aTbSHIRRAE.AA SRR ead aRlige are tpicall

denoted "REY". e zeolites can also be stabiliz th steam, including, for example, steam
stabilized Y zeolite, Knoneaexbodrnythermusnestieatematesial dofrerysteliogrmatena @siiesizeolite A,

zeolite L, zeoliiey ofifiide BrterAR OllieniBHIRSHEmRlAA06P R IBsHIBMNGRGREdBrANOther embodiment, the

high activity catalyst is a large pore zeolite. In one embodiment, the high activity catalyst is beta zeolite,
Y zeolite, faujasite, onarehasiembedimmatethe Wmﬁé‘ﬁ@ﬁmﬁ@%mﬁﬁ'@%ﬁgh‘&%\ﬁﬁv thalyst is
rare-earth staljlizpehRpia ﬁﬁ@iikeuﬁagﬂ’ iasIayilzsd¥mralie uk GlenaarBmapRALHed faujasite, or a

0

combination thereof. In one embodiment, the high activity catalyst has an overall surface area of

greater than about 350 9RofRberigient the alymingsticatsonwsial onkres ng 1S SEMPRBHM2/gr. In one
embodiment, the higfiiactivityicedughihosiaés overall surface area of about 400 m2/gr. Exemplary high

activity catalysts according to the presept invention include, for. 10 example, catalysts available
commercially from Eﬁ@gﬁ?ﬂ@gﬁﬁ&tfgﬁIﬂﬁﬁ%ﬁ?‘@f?&&%ﬁ%ﬂé%&ﬁ%ﬁm%ﬁ OLM ol igh Activity
Catalystsl0 |hessire thenfenditnerédthethl ghidetivibarodatyanhtahrprigendbin whichibb#getoisbout 60% of

the catalytic cracktr}ﬁeac%iegi}’\}%g% weight. Ip gne embodiment, the high activity 15 catalyst comprises
out 40%; or

from about 5% 10 'a rom abotit 10% to about 30% of the catalytic cracking additive by

weight. In another edbodﬁn@gdimhﬂ&emﬁ%mﬁﬂily&ﬁsdnmm albminat®o to about 60% of

o caelyc ek RO o RSB AU SAEH xRS bodment

provided a circulating inventory of catalyst particles in a f [
about 2% to alrNsnEonatsdessrftndeofuauanple s pevéno ) o el dasf/6atatyiardacking
additives ps deppsRefhabay ene bbbaiRHAHERRESSRIM R N acBRveR iRidh megiadilia cracking of

feedstock comprising contacting said feedstock under catalytic cracking conditions with a composition
comprising a AINEBAL FOMpRH BERBAYERIWRADE A HIRITYE JRERSE PRMEL A KRRPER Oklng additive
comprises a mglaieil appiaRimAlesial anthesbighsamiiohynsaindyivin WM aRes MRS ampesyment is provided
processes for improving FCC catalyst perf?rmanc from a fluid catalytic cracking unitgby dding the
additives descHbEECHEPRATR Rt leastgr ?é"é?ﬂ%aimgﬁ???ﬁf&ggﬁ'%éég B {61 increasing

the performangegpéss mdlabaiatstsgrdes, prdsenaeintinindasi antahekide Gompaghsgieantadting a
feedstocl%v ithafiluminum—cozmtaining compound that has not been derived from a hydrotalcite-like
compound.

In one embodiment, the mixed metal oxide is a spinel. In another embodiment, the
mixed metal oxide is a magnesium aluminate spinel.

In another embodiment, the mixed metal oxide is derived from a hydrotalcite-like
25  compound, for example by collapsing the hydrotalcite-like compound.

The mixed metal oxide compounds, compositions and/or shaped bodies in one
embodiment of the invention can be made by the methods described in U.S. Patent No.
6,028,023.

iv)  Form of Metals Trapping Materials

30 In one embodiment, the metals trapping material is in the form of a solid solution.
In one embodiment, the metals trapping material is used per se in the catalytic cracking
additive. In one embodiment, the metals trapping material is in the form of a shaped body.

In one embodiment, the shaped bodies are dried, calcined or a mixture thereof.

In one embodiment, the metals trapping materials can further comprise one or

7



15catalytic cracking additive, wherein the catalytic cracking additive comprises a metals trapping
material and a high activity catalyst. In another embodiment, the catalytic cracking additive increases
the catalytic conversion of feedstock. In one embodiment, the catalytic cracking additive increases
gasoline production from feedstock. In one embodiment, the catalytic cracking additive increases LPG
production from feedstock. In 20 another embodiment, the catalytic cracking additive decreases LCO
production from feedstock. In one embodiment, the catalytic cracking additive decreases the bottoms
production fronefeethstaartalrempenents susbarmratrisnE anisanni binkthocadminm epleitBses the coke
production from{GRASRAHiWA, A0S HTH E?Ja9§oyassﬁaﬁgafﬁﬁlﬁ{9ahi5{g@ﬁ,dgﬁaaﬁﬁﬁfgases hydrogen gas

production from feedstock. 25In one empodiment, the catalytic cracking additive mitigates the decrease

in crystallinity &STHBIBTHEEM AL, AT Hefn BALIRLTLIEI RIFRRINR BRRERNSShitigates the

reduction in tbﬁal}?amﬁg@&dﬁ}m&ﬁh%amgakoehﬁ;@déﬁﬁﬁﬁﬁ@ammmﬂwmmmwmmmpodiment,
in

the catalytic cracking additive mitigates the redyction in the surfacF area of the bylk catalyst. 30

a)Feedstdck PTG, hERiRIAaiToaEe BIREBIM, SAMHE R AR A SRR ek can
range from theutppicahtslust) i eabldistitatitandinmeaitdgatsidalium] tharadigi) wegsdislly refined,
to the atypical, such as coal oils %Trd sf le oils. Th fee(iistﬁg:k can contgin. re?gyglled plya(ilg ctarbons,
such as light gﬁﬂ%&@?%%%‘%‘lfs AN acyfct?e'en seull?fe%l[seﬁaf’o Cric mg‘.’ Xemp a?y
feedstocks inehdier gas tails thadormodastiloxatesosptabhiydresides, anctal aulfidesy esitid halidys,atalytic
Cracking Conditi I e j t [yt cki it] ed to the riser or
regenerator o?%#%%suorr% . In02%?%%%%6dglﬁngﬁé?%gscﬁ%lé%gﬁgﬁr%%%%%% added to the
regenerdfbr oprseRASARMNIGOD OO sittse s dingafanaxawpexing s aitratesaisantdered to an FCC

unit °°”tai”i”%Qﬂi&&&&%ﬁiﬁ&%%ﬁ&%%&&%ﬁ%@Eqﬁ%ﬁY@&%&&’rH%ﬁf@f@%ﬁﬁS%@s%&””Oduced

into the FCC unit by manually loading via bags or drums. The cats\lgtlc cracking additives and bulk

catalysts can ¢aksnBe(ferodePeHaBlincorCat Onk mysantimmdtee e oMe(tbrm o1 ¥e8&ribed, for
example, in Uypa BRI tha@32 e bR e LR CRiRIMHEH 2eKIGRIAN¥RR AN FCC unit, the

catalytic cracking additives can be pre-blended with bulk 15catalysts and introduced into the unit as

one system. AREAssRRERPIan e RTRTeTE ARchmmciela toRringRatemalin an Aropat g dadhdifuced into the
FCC unit yia Sopabste dpactip teuBLN0U b st e ROSHBUE BDY BycRENMHCOE sk BBoatidijves can be
added in a varying ratig 1q the bulk catalyst. A varying ratio can be determined, for example, at the time
of addition to {Ké]%t‘}é%l anc?r‘é%Fﬁf ?er?il}%ufﬁé%r%ﬁé‘ 8?5%1@({1 ¥ BPIRN %{’]ﬂa}i}ﬂ@bs cking additives.
Conventional sidde egabkilegtc didivaesaaorbethanteihl piaglsiratsaracknglded ctidiie enetaliéions include
catalyst/oil ratjos of abOlflt O'IS:EL flo abou .%15:1 Ei‘l?d a catal §t cp{f_ltact éigleuof about q.lt about 50
seconds, and Fla?gruf%f)n ?‘e%lf)e?ab?esgn(l)? Fom anout %‘)% ouf EPBRE EFE0T iment, good
mixing of feedstock imitincthtalysibiedineR Stheso atitreprieddes siitped pdiesi degiprising owtalentional
techniq S ' r Ot V4| t , ple.nozzl f atomizing
nozzlesuﬁd ;J%# %%?e%%@g ogy. q’%%hbase 5{ %%%é@%g%&&%ﬁﬁoﬁﬂge%@tﬁ]ﬁ ’ﬁgggf%%on zone.
In one embodirapmugtmatanalisandhsrfonn efisoiedichwointion dnoeraicoymdimenyidlenmedalinght and efficient
separation of grackegpaancts dhamcHebisrriaSkRENS Addily esAkAhenidgaLipRdaAR be added to

any conventional reactor- regenerator systems, to ebullating catalyst bed systems, to systems which
involve continERAPSFy LORDERFNG o TEAET SHERP tuta AR RSB BHE BEBM uB HE SN,

regeneration zRpelaiRaten! iéad mpASMRCHIMEMedE arvtsbarhitnarndbayiating, ArRgaystem. Typical of
the circulating bed systems are the conventional moving bed and . i i
25 T“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 metal component is
calcium, magnesium, or a mixture thereof. In one embodiment, the shaped bodies are
30 dried, calcined or a mixture thereof.
In another embodiment, the invention provides one or more shaped bodies
comprising metals trapping material and a support. In another embodiment, the metals
trapping material is in the form of a solid sclution. In one embodiment, the support is a

spinel, hydrotalcite-like compound, magnesium acetate, magnesium nitrate, magnesium
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fluidized bed reactor-regenerator systems. Both of these circulating bed systems are conventionally
used in hydrocarbon conversion (e.g., hydrocarbon cracking) operations. In one embodiment, the
system is a fluidized catalyst bed reactor-regenerator system. Other specialized riser-regenerator
systems that can be used herein include deep 5catalytic cracking (DCC), millisecond catalytic cracking
(MSCC), and resid fluid catalytic cracking (RFCC) systems. c)Bulk Catalysts As used herein, the
term "bulk catalyst" means any catalyst which can be used for 10 operating an FCC unit under
standard catathtirideanidgresivmidrexife mamgsinoseationtissadgnesivrefoanalicaplyyanum Any

commercially gyailablenE GiémarRlaR! AaMiRRI 9o Atttk srilvale, TieRHlikCAIRbRICaN be 100%

amorphous, but in one embodiment, can include some zeolite in a porous refractory matrix such as
silica-aluminaCXeaim Sxife sulsiumnalupinate. alumizum nitrehydraleqimminadesiraxivs of the catalyst by
weight, with th@rﬁ?&&t’ﬂﬁiﬂ%ﬁﬂ%&hﬁﬂihﬁ@%@tﬁmﬁﬂﬂQBﬁbéﬂﬁﬁ@Sg%l&Heﬁ&Xxﬁﬁ@mﬁ%d?r aluminum

deficient forms of these zeolites, such as dealuminized Y, ultrastable Y and ultrahydrophobic Y, can be

used. The zedlHEdnesnhydroxide compRmpds)alumimne ¢hlorohydrate, fianiamieemindtRef &bout 0.1 to
about 10% byhutrigHite, 26ckb6te, aRkt0H ) alciambia lised Syateitd nebatiadaithitg tsusibiing synthetic

zeolites.  Relatively high.silica zeolite coptaining catalysts can be used in the invention. They can
ithstand the FOH TR e G AR BB M oA E RS T LPE G within the
FCC regenersiterediutincret edyisédimetugthdsoppocas tair ntpadie tiddalombat, 40 %Zinaltrastable Y or rare

earth ultrastalgk 5In gne e b%{(ncatallyst hass%.surface are%oy?ss than about 300
mz2/gr. In ano h S

gn\zgf inc alum rg{bo%gﬁﬁ&}s ilae suct compositions are desc
er emzoodﬁlmerlftl, ie bu catalglni a® 3'Slrtace area of about 250 mgfgr. A suitable
bulk catdyst caanabs, im3VE1 %422 H!y 30 threet dmbolivesns yieisbaped boricsrcan sindrshnieieednd then
blended with grcgil%% J{ngg n include, for example, a high activity catalyst, as defined herein, and a
diluent. In one embodiment, the bulk catalyst 30 includes from about 5% to about 70% of a high activity

catalyst by weight. |inanotherearhpdianans theinyentinrcprenidssishaped badism copmrisig metalsout 40% of a
high activity C&L@Pﬁﬁgbe/ay&ﬂmnéls;%alxtiﬁe&m%ar@&gj%s‘ suppORE FALAbHE craskgadditives

comprise a metals trapping material and a high activity catalyst, as set forth in more detail above. In

one embodimbaiHRiErRRIAE BiaterM dsdadheferaned gitelid splptiom ok y,crybadimentothe of the
composition bipspeditidids araiAsi esliiralofAeiRiaY iefstCking 5 additive comprises from about 20%

to about 60% of the composition hy weight, In one emhodiment, the catalytic cracking additive
comprises from abolft $R39% ?@%ﬁ‘gﬁ{l‘%‘b%%?dﬁﬂEVEBH?B&W&?W&&?’%%%M%%Hﬁ’f?ent, the
catalytic craclingentiiiivieatomnpcisap faboabsdlIoweigho flonOFbom (bl Weighf hebeamposition by
weight. 10 e) Compaonents . The catalyst.inyentory £an also cgntain one or e additives in
addition to thg@ﬁﬁk%‘gfé@]stt %ﬂ%l ﬂ?glg;itéicﬁyc“é%ég%odl ﬁ@é g?’ﬂ‘{%‘%?e%n i?l%v%ﬁt%, Lither present
as separate aweighetgabtiotes% bymwaghir frith ahaoh Babiclecidithte ebackZy/chyakeight diditives can be
added to,gnha S j ize [ wZSM-5. th terials
naving < mi e L R B B I e
SOx emissiortsy N@hbm@ibt@aﬁdﬂepﬁdr_ emib’@ie_ﬂﬁs;%Wba@atyﬁm;so_ﬁﬁﬁw_ﬂm@gasoline
sufur.  IngeaeRmndmeh ieaiebiarardRnRd diuRebn pRisGRIR RGN serves to

enhance octahe, promote CO combustion, reduce SOx emissions, NOx"emissions 20 and/or CO

emissions, to Brareieht; dermpbrut, bt eiehtda brue28iirhy. wsightpisn about 1% by weight to
about 15% by weight; from about 1% by weight to about 10% by weight; or from about

25 1% by weight to about 5% by weight.
v) Amount of Metals Trapping Materials
In one embodiment, the metals trapping material comprises from about 2% to
about 98% of the catalytic cracking additive by weight. In one embodiment, the metals
trapping material comprises from about 30% to about 95% of the catalytic cracking
30  additive by weight. In one embodiment, the metals trapping material comprises from
about 30% to about 60%; or from about 40% to about 60% of the catalytic cracking
additive by weight. In another embodiment, the metals trapping material comprises from
about 60% to about 95%; or from about 70% to about 90% of the catalytic cracking
additive by weight.



The following examples are for purposes of illustration only and are not intended to limit the scope of
the claims appended hereto. 25 Example 1: Itlydrotalcite-like Compounds  Hydrotalcite compounds
were prepared following the methods described herein and in U.S. Patent No. 6,028,023. MgO powder
(having a surface area of about 100 m2/g) (MAGOX(r), Premier 5 Chemicals, Cleveland, OH) is slurried
in water at a solids level of about 14%. Thereafter, 5.2% technical grade acetic acid is added to the
MgO slurry.  Separately, pseudoboehmite (P20 Condea) is dispersed in water at a solids level of 8%
to produce an alumina so!. The MgO slurry and alumina sol are mixed in a container such that the
molar ratio 1%gf Mgr{_ﬁél%é e r@g& 'kgn was 4:1. Additional water is added to the mixture to adjust
the solids content o m1x¥ur¥ 0 about 9%. The mixture is heated to about 214F over a period of
about 5 hours. OnceAsaatdhegeiiythsateimng high attivity estalyaty sieans aeatalyistabiahdus 2 kigherasis parts of
techinical gradecaliELFYARIIAaAR G SVEaRI LSRR BlVR A phanlidagonient of about

10%. The miXture Is then sprag dried undeér standard 15 conditions to produce microspheroidal

particles With emistalliniydhen aibidkseatalysta Jo aresmbodisans nihiehigh sesiyidy qatahest hag gt Aeastin a rotary
calciner at anRop 9 MAIS BRPLAISREES VRRIANY Sndf RR03 RO B Qv irhPwirfficatiibataise is further

hydrated with water to produce a hydrotalcite-like phase. The x-ray diffraction pattern shows that the
predominant thadssiarsTatl Ry hatban pulk satalysts i sepshss srbedispend g Bigbo1-118.4.5H20,
as depicted ingtiy 6aE SRR |dRISBeRA NGRS HRIpErSshifz b SFitblte MEw sveran firfatbe
hydrotalcite-like compound ig then collapsed by h atinq at.abou%SOO untilﬁa solids content of about
8% is reached™ & PEER ‘f‘ft”ﬁtﬁﬁﬂ’éﬁ”@r‘bé %ﬁﬁ%ﬁﬂgﬂﬂ‘ﬁ BB on BIEHBI 2.1, apparent
bulk denEity ofeabaitige. ¢P@ilite amlistanealbauticoed SnlfoRdgentidspailmitglthacadiibout 0.45 cc/g
were 250biained, Examply 2 Slict-andAluminaeoniaining Comeouads, .. mstals iapping addiive
containing a AR, Sk aUARS componen} was prepared by mixing, on an igni ed HaSE, 3 parts
calcium hydrostidéer 8vpaatsciBiaimitjoheehinilk citalyitzoget 1eag glaots 3ificarssitmpert gasgs kaolin clay.

Suffcient excss WaeLWAS WIS A LBPLIBR TUL P UL MRR APRIAIINAIE Ko elghy percent

The resulting slurry was spray to an average particle micron calcined to a
final LOT of alsesiabavefyhtipmcthetpreeniegs fsicekitn andieo oypratbsupfnee areag@miarovesall attrition of
about 1.25 apgﬁyﬁgﬁﬁm&k‘ density of about 0.64 g/cc, a surface area of about 60 m2/g, and a pore
volume of about 0.54 ct/g were obtained. This substance is referred to herein as "Metals Trap B".

Example 3: Mixed Masancxaerls; Higyrekihoraia sanaatigpally ripeaesd B irsalitgblk eatalelds described
nerein and in chofiAiS8) NofafasHtPa high RRIWIRL SRS, WHRRAGIRT cthiihd 00 m2/o)

(MAGOX(r), Premier Chemicals, Cleveland, OH) is slurried in water at a solids level of about 14%.

Thereafter, 5 J¥SBERICR TR CRBRERE M YasRiHa KR Mrjcr'stanyt adegssarbows
pseudoboelunjighifReil aoaadriadisnateaio withige algh selivhyeual pit8Mde: Riekkgeian alumina sol.

The MgQ slurry and alumina sol age, mjxed in a container s gl[; at the.molar ratio of Mg/A1l of the
oroparaiin wALSES LY R ATHGHATS o o O GERE (THOUPIOA0 AB AR catatyetof e top
trace. More diffractive intensity also indicates a higher zeolite content of the high activity

catalyst, and can be indicative of the subsequent higher activity of the high activity

catalyst. .
1) Zeolites
25 In one embodiment, the high activity catalyst is a zeolite. In one embodiment, the

high activity catalyst is an in situ synthesized zeolite. The zeolites can be stabilized with
rare earths, for example, in an amount of from about 0.1 to about 10% by weight.
Catalysts including zeolites can contain varying amounts of rare earth compounds. These
rare earth compounds can be present during the synthesis of the zeolite, or can be

30  exchanged onto the zeolite following its synthesis. Rare earth-stabilized zeolites are
typically denoted “REY™.

The zeolites can also be stabilized with steam, including, for example, steam

stabilized Y zeolite, known as “USY™,

In one embodiment, the zeolite is zeolite X, Y zeolite, zeolite A, zeolite L, zeolite

10



the solids content of the mixture to about 9%. The mixture is heated to about 214F over a 15 period of
about 5 hours. Once heated, 8 dry basis parts of the resulting slurry was mixed with 2 dry basis parts of
technical grade calcium hydroxide along with sufficient water to give a final solids content of about
10%. The mixture is then spray dried under standard conditions to produce microspheroidal particles
with an average patrticle size of about 75- 100 microns. The product is then calcined in a rotary calciner
at an approximate equivalent 20 temperature of about 600C for 1 hour to.produce a mixed metal oxide
of magnesiunZKeaicheta zoudita) fanjasite, ¢hHeromlzingtion thereofl AC@@henbsbatirientmthedagho evaluate
the performa 8% ' slgﬁ S viically: {'%l,p : or-like
conditions Wl?ﬁi\}aﬁ%gg‘% E(%Iégtzﬁge adg%eﬁ%%%tm#ﬁé%ﬁé alggtg\&v ;E §gir§§g%able to

commercially bsfa#aplitec Xtagalite fauitsits: oracamhinatignshereo & dntanothrrmembedimeatibe in an active
matrix of aboyf; ADFRFGUALHAR 1RHR AR RN AHE MR R Irald1e Fl NS Y YBfSPray dried to

form microspheroidal particles and then calcined. The catalyst surface area was measured to be about

250 m2/g>30 AMa-aaahateblineg Ryintite enaremabinatigndhesiels about 1.3wit%. The high activity catalyst

used was a Y zeolitapsapassbiiment, ithé Hiphamtivity atatfst RlR)aMiceRsr bafase avaikiiraemmercially
from Engelhard Coyrporation ynder the trade name C%&ve{ter. The surface area was approximately

400m2/g with BabEReH A0 BB EisRish than 8o AL (rapheieats thap bl Bd®imBPwas about
0.54 cclg.  olpehvodialyst, hixhigh fetivitecuvitherHasdditverslDppfacenisd wasdisiontafgd
individually at 732C for one hour and then deactivated according to protocol. Vapadiym and nickel
naphthanates were ﬁé@?@%ﬁrﬁ&%%v%@&m%'ﬁﬁ%ﬁﬂ&% cL%rﬁ?ﬁné %m%}é?ﬁ?’fﬂﬁ'\éﬁable
automatéd deecituplépcatabys(i@siablEeohtntad ity ard Erigelitn). Cofjreatidicunmiziathearkkminated
catalyst was sﬁ%@ég%%%% att800C with about 50% steam for about 9 hours. The catalyst mixtures had
a final vanaditim concentration of about 10,000 ppm and nickel concentration of about 900 ppm. For
comparison, a fresh #ulk catalgentedslighc\dtwity Catalysinder the same protocol as the catalyst mixture.
An XRD pattern compayisau, Bha el SRUthealattii PRIt iRER BHORd SOPWIR DU 2. 10

Figure 2 demonstrates that the deactivation process has a significant impact on the crystal structure of

the Y zeolite citephidet gatlntimermkimg addijise by wrighhclsene anbarineepb thsy highaetiiBactivated

catalyst XUUSRIGIE IR iinesopm Btk v Habi SRR MR GRS Uni

(Kayser Technology ACE model R+). ACE conditions included a reactor temperature of about 985F,

catalyst to oil $2alxtis reldBgaddifividmarrigbiiip apetberrarbedimsnhisbe hishast vitisatah¥tandard US
Gulf Coast feedaipRkes frodNab68t 4095 3 Ab&iR @@WHF&&@%M&%%@E@%&HH%@&E@B? additive was
Metals Trap A as described in Example 1 and/or the high activity catalyst Y Zeolite, sold under the
trade name Converter. In Test Runs 1B-1F, the additive made up 10% of the 20 total catalyst mixture.
Performance results for Metals Trap A as the metals trapping material are given in Table 1, below. All
data is given as weight percentages. Table 1. FCC Catalyst Performance Results for Metals Trap A
Test Run % Additive in Catalyst Mixture Additive
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IL. Processes for Catalytic Cracking

In one embodiment is provided a circulating inventory of catalyst particles in a
fluid catalytic cfacking process, wherein from about 2% to about 80% by weight of said
circulating inventory comprises the catalytic cracking additives as described above.

In one embodiment is provided processes for the catalytic cracking of feedstock
comprising contacting said feedstock under catalytic cracking conditions with a
composition comprising a bulk catalyst and a catalytic cracking additive, wherein the
catalytic cracking additive comprises a metals trapping material and a high activity
catalyst.

In another embodiment is provided processes for improving FCC catalyst
performance from a fluid catalytic cracking unit by adding the additives described herein
to an FCC umnit.

In one embodiment is provided processes for increasing the performance of a bulk
catalyst in the presence of at least one metal comprising contacting a feedstock with a
catalytic cracking additive, wherein the catalytic cracking additive comprises a metals
trapping material and a high activity catalyst. In another embodiment, the catalytic
cracking additive increases the catalytic conversion of feedstock. In one embodiment, the
catalytic cracking additive increases gasoline production from feedstock. In one
embodiment, the catalytic cracking additive increases LPG production from feedstock. In
another embodiment, the catalytic cracking additive decreases LCO production from
feedstock. In one embodiment, the catalytic cracking additive decreases the bottoms
production from feedstock. In another embodiment, the catalytic cracking additive
decreases the coke production from feedstock. In one embodiment, the catalytic cracking
additive decreases hydrogen gas production from feedstock.

In one embodiment, the catalytic cracking additive mitigates the decrease in
crystallinity of the bulk catalyst. In one embodiment, the catalytic cracking additive
mitigates the reduction in the peak area of the 2-theta peak at 6.3 degrees of the bulk
catalyst. In one embodiment, the catalytic cracking additive mitigates the reduction in the

surface area of the bulk catalyst.

a) Feedstock
Any conventional FCC feedstock can be used in the FCC unit. The feedstock can
range from the typical, such as petroleum distillates or residual stocks, either virgin or

partially refined, to the atypical, such as coal oils and shale oils. The feedstock can

12
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catalyst 60.1 13.8 31.321.4 18.511.80.9 1C 10% Metals Trap A 70.520.3 38.8 15.6 13.98.50.7 ID
10% 90% Metals Trap A 10% high activity catalyst

contain recycled hydrocarbons, such as light and heavy cycle oils which have aiready been
subjected to cracking. Exemplary feedstocks include gas oils, vacuum gas oils,

atmospheric resids, and vacuum resids.

5 b) Catalytic Cracking Conditions

In one embodiment, the catalytic cracking additives can be added to the riser or
regenerator of an FCC unit. In another embodiment, the catalytic cracking additives are
added to the regenerator of an FCC unit. In one embodiment, the catalytic cracking
additives are added to an FCC unit containing bulk catalyst.

10 The catalytic cracking additives and bulk catalysts can be introduced into the FCC
unit by manually loading via bags or drums, The catalytic cracking additives and bulk
catalysts can also be introduced into the FCC unit by automated addition systems, as
described, for example, in U.S. Patent No. 5,389,236. To introduce the catalytic cracking
additives to an FCC unit, the catalytic cracking additives can be pre-blended with bulk

15  catalysts and introduced into the unit as one system. Altemnatively, the catalytic cracking
additives and bulk catalysts can be introduced into the FCC unit via separate injection
systems. In another embodiment, the catalytic cracking additives can be added in a
varying ratio to the bulk catalyst. A varying ratio can be determined, for example, at the
time of addition to the FCC unit in order to optimize the rate of addition of the catalytic

20  cracking additives.

Conventional riser cracking conditions can be used. Typical riser cracking
reaction conditions include catalyst/oil ratios of about 0.5:1 to about 15:1 and a catalyst
contact time of about 0.1 to about 50 seconds, and riser top temperatures of from about
‘900°F to about 1050°F. In one embodiment, good mixing of feedstock with catalyst in the

25  base of the riser reactor is provided using conventional techniques such as adding large
amounts of atomizing steam, use of multiple nozzles, use of atomizing nozzles and similar
technology. The base of the riser can comprise a riser catalyst acceleration zone. In one
embodiment, the riser reactor can discharge into a closed cyclone system for rapid and
efficient separation of cracked products from spent catalyst.

30 The additives of the invention can be added to any conventional reactor-
regenerator systems, to ebullating catalyst bed systems, to systems which involve
continuously conveying or birculating catalysts/additives between reaction zone and
regeneration zone and the like. In one embodiment, the system is a circulating bed

system. Typical of the circulating bed systems are the conventional moving bed and

13
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fluidized bed reactor-regencrator systems. Both of these circulating bed systems are
conventionally used in hydrocarbon conversion (e.g., hydrocarbon cracking) operations.
In one embodiment, the system is a fluidized catalyst bed reactor-regenerator system.

Other specialized riser-regenerator systems that can be used herein include deep
catalytic cracking (DCC), millisecond catalytic cracking (MSCC), and resid fluid catalytic
cracking (RFCC) systems.

c) Bulk Catalysts

As used herein, the term “bulk catalyst” means any catalyst which can be used for
operating an FCC unit under standard catalytic cracking conditions, including those
discussed in more detail above.

Any commercially available FCC catalyst can be used as the bulk catalyst. The
bulk catalyst can be 100% amorphous, but in one embodiment, can include some zeolite in
a porous refractory matrix such as silica-alumina, clay, or the like. The zeolite is usually
from about 5 to about 40% of the catalyst by weight, with the rest being matrix or diluent.
Conventional zéolites such as Y zeolites, or aluminum deficient forms of these zeolites,
such as dealuminized Y, ultrastable Y and ultrahydrophobic Y, can be used. The zeolites
can be stabilized with rare earths, for example, in an amount of from about 0.1 to about
10% by weight.

The zeolites that can be used herein include both natural and synthetic zeolites.

Relatively high silica zeolite containing catalysts can be used in the invention.
They can withstand the high temperatures usually associated with complete combustion of
CO to CO; within the FCC regenerator. Such catalysts include those containing about 10
to about 40% ultrastable Y or rare earth ultrastable Y.

In one embodiment, the bulk catalyst has a surface area of less than about 300
m?*/gr. In another embodiment, the bulk catalyst has a surface area of about 250 m*/gr.

A suitable bulk catalyst can also include a catalyst that has been synthesized by an
in situ technique and then blended with a diluent. This can include, for example, a high
activity catalyst, as defined herein, and a diluent. In one embodiment, the bulk catalyst
includes from about 5% to about 70% of a high activity catalyst by weight. In another
embodiment, the bulk catalyst includes from about 5% to about 40% of a high activity
catalyst by weight.

d) Catalytic Cracking Additives

14



activity catalyst 69.2 20.4 36.319.4 11.49.30.8 In Test Runs 2A-2D, conditions were as above for
Test Runs 1A-1F, except that catalyst mixtures had a final vanadium concentration of about 5000 ppm
and nickel 5 concentration of 2000 ppm, the catalyst to oil ratio was about 6.0, and using a Mexican
Mayan crude feedstock. In Test Run 2A, no additive was used. In Test Runs 2B-2D, the additive was
Metals Trap A as described in Example 1 and the high activity catalyst Y Zeolite, sold under the trade
name Converter, In Test Runs 2B-2C, the additive made up 25% of the total catalyst mixture. In Test
Run 2D, the additiveTirentabiicomskingrdditiversompesps mialsrsappingoatsrisbens bighe results for

Metals Trap %&ﬂimg@ﬁ?k?ﬁ@gpjmﬁlﬁﬁgmjn Table 2, below. All data is given as weight

percentages. Tablé 2. F

C Catalyst Performance Results for Metals Trap A Test Run % Additive in

Catalyst Mixture AddRiorecmhodinient. s qatatytigigracking additive comprises from about 2% to

10

15

20

25

about 80% of the composition by weight. In one embodiment, the catalytic cracking
additive comprises from about 20% to about 60% of the composition by weight. in one
embodiment, the catalytic cracking additive comprises from about 40% to about 60% of
the composition by weight. In another embodiment, the catalytic cracking additive

comprises from about 5% to about 20%; or about 10% of the composition by weight.

€) Other Components

The catalyst inventory can also contain one or more additives in addition to the
bulk catalyst and the catalytic cracking additive of the present invention, either present as
separate additive particles, or mixed in with each particle of the cracking catalyst.
Additives can be added to enhance octane, such as medium pore size zeolites, e.g., ZSM-5
and other materials having a similar crystal structure. Additives can also be added to
promote CO combustion; to reduce SOx emissions, NOx emissions and/or CO emissions;
to promote catalysis; or to reduce gasoline sulfur.

In one embodiment, the catalytic cracking additive of the present invention also
serves to enhance octane, promote CO combustion, reduce SOx emissions, NOx emissions

and/or CO emissions, to promote catalysis, or to reduce gasoline sulfur.
Examples

The following examples are for purposes of illustration only and are not intended

to limit the scope of the claims appended hereto.
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Gasoline Yield LCO Yield Bottoms Yield Coke Yield 112 Yield 2A 0 None 56.8 13.3 26.4 22.2 21.0 13.6
1.2 28 25% 50% Metals Trap A 50% high activity catalyst

Example 1: Hydrotalcite-like Compounds
Hydrotalcite compounds were prepared following the methods described herein
and in U.S. Patent No. 6,028,023. _
MgO powder (having a surface area of about 100 mzlg) (MAGOX®, Premier
5  Chemicals, Cleveland, OH) is slurried in water at a solids level of about 14%. Thereafter,
5.2% technical grade acetic acid is added to the MgO slurry.
Separately, pseudobochmite (P2® Condea) is dispersed in water at a solids level of
8% to produce an alumina sol.
The MgO slurry and alumnina sol are mixed in a container such that the molar ratio
10 of Mg/Al of the preparation was 4:1. Additional water is added to the mixture to adjust
the solids content of the mixture to about 9%. The mixture is heated to about 214°F over a
period of about 5 hours. Once heated, 8 dry basis parts of the resulting slurry was mixed
with 2 dry basis parts of technical grade calcium hydroxide along with sufficient water to
give a final solids content of about 10%. The mixture is then spray dried under standard
15  conditions to produce microspheroidal particles with an average particle size of about 75-
80 microns. The product is then calcined in a rotary calciner at an approximate equivalent
temperature of about 600°C for | hour. The substance is further hydrated with water to
produce a hydrotalcite-like phase. The x-ray diffraction pattern shows that the
predominant magnesium aluminum phase was most closely represented by
20 MpgAl;OH,3-4.5H;0, as depicted in ICDD card 35-965. This substance is referred to
herein as “Metals Trap A”. The hydrotalcite-like compound is then collapsed by heating
at about 500°C until a solids content of about 8% is reached. Attrition resistant
microspheres with an ASTM 2 hour attrition of about 2.1, apparent bulk density of about
0.72 g/ce, a surface area of about 65 m?/g, and a pore volume of about 0.45 cc/g were
25  obtained.

Example 2: Silica- and Alumina-containing Compounds
A metals trapping additive containing a calcium oxide active component was
prepared by mixing, on an ignited basis, 3 parts calcium hydroxide, 3 parts
30 pseudoboehmite alumina gel, 0.5 parts silica sol and 4 parts kaolin clay. Sufficient excess
water was included such that the final solids was approximately 20 weight percent. The
resulting slurry was spray dried to an average particle size of about 100 microns and
calcined to a final LOI of about 5 weight percent. Attrition resistant microspheres with an
ASTM 2 hour attrition of about 1.2, apparent bulk density of about 0.64 g/cc, a surface
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66.1 18.7 35.7 20.0 13.5 9.0 0.6 2C 25% 40% Metals Trap A 60% high activity catalyst 65.9 18.4 35.0
20.513.5 9.6 0.8 2D 50% 40% Metals Trap A 60% high

area of about 60 m?/g, and a pore volume of about 0.54 cc/g were obtained. This

substance is referred to herein as “Metals Trap B”.

Example 3: Mixed Metal Oxides
5 Maghesiurn aluminate was prepared following the methods described herein and in
U.S. Patent No. 6,028,023. |
MgO powder (having a surface area of about 100 m?*/g) MAGOX®, Premier
Chemicals, Cleveland, OH) is slurried in water at a solids level of about 14%. Thereafter,
5.2% technical grade acetic acid is added to the MgO slurry.
10 Separately, pseudoboehmite (P2® Condea) is dispersed in water at a solids level of
8% to produce an alumina sol.
The MgO slurry and alumina sol are mixed in a container such that the molar ratio
of Mg/Al of the preparation was 4:1, Additional water is added to the mixture to adjust
the solids content of the mixture to about 9%. The mixture is heated to about 214°F over a
15  period of about 5 hours. Once heated, 8 dry basis parts of the resulting slurry was mixed
with 2 dry basis parts of technical grade calcium hydroxide along with sufficient water to
give a final solids content of about 10%. The mixture is then spray dried under standard
conditions to produce microspheroidal particles with an average particle size of about 75-
100 microns. The product is then calcined in a rotary calciner at an approximate equivalent
20  temperature of about 600°C for 1 hour to produce a mixed metal oxide of magnesium,

calcium and aluminum.

Example 4: Improved FCC Catalyst Performance
To evaluate the performance of the additives, feedstock was catalytically cracked
25  under FCC reactor-like conditions with various bulk catalyst/additive combinations. The
bulk catalyst was comparable to commercially available catalysts and formulated with
25% rare earth exchanged Y zeolite in an active matrix of about 30% pseudoboehmite
alumina gel and silica sol. The catalyst slurry was spray dried to form microspheroidal
particles and then calcined. The catalyst surface area was measured to be about 250 m’/g
30  and the rare earth content on a Re;O; basis was about 1.3wt%. The high activity catalyst
used was a Y zeolite prepared via an in situ technique from clay microspheres, available
commercially from Engelhard Corporation under the trade name Converter ™. The
surface area was approximately 400m2/g with a total rare earth content on a Re;O; basis of

about 5%, and the pore volume was about 0.54 cc/g.
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activity catalyst 68.1 17.4 39.7 19.7 12.2 8.3 0.6 In Test Runs 3A-3F, conditions were as above for
Test Runs 1A-IF, except for the additive. In Test Run 3A, no additive was used. In Test Runs 3B-3F,
the additive was 5 Metals Trap B as described in Example 2 and/or the high activity catalyst Y Zeolite,
sold under the trade name ConverterTM. In Test Runs 3B-3F, the additive made up 10% of the total
catalyst mixture. Performance results for Metals Trap B as the metals trapping material are given in
Table 3, below. All data is given as weight percentages. 10 Table 3. FCC Catalyst Performance
Results for Metals TRaghRataystruixtgeeAaithioe witloutagditive campomgaisl e dnsiaaiineds) LPG Yield

10

15

20

individually at 732°C for one hour and then deactivated according to protocol. Vanadium
and nickel naphthanates were cracked onto each specific catalyst mixture using a
commercially available automated deactivation unit (Kayser Technologies Model D-100).
Then the metal contaminated catalyst was steam treated at 800°C with about 50% steam
for about 9 hours. The catalyst mixtures had a final vanadium concentration of about
10,000 ppm and nickel concentration of about 900 ppm. For comparison, a fresh bulk
catalyst was also deactivated under the same protocol as the catalyst mixture. An XRD
pattern comparison of a bulk catalyst, with and without deactivation, is shown in Figure 2.
Figure 2 demonstrates that the deactivation process has a significant impact on the crystal
structure of the Y zeolite contained within the bulk catalyst.

To measure catalytic performance, deactivated catalyst mixtures were then loaded
into a commercially available, laboratory-scale FCC test unit (Kayser Technology ACE
model R+). ACE conditions included a reactor temperature of about 985°F, catalyst to oil
ratio of about 7, weighted hourly space velocity of about 8, and using a standard US Gulf
Coast feedstock.

In Test Run 1A, no additive was used. In Test Runs 1B-1F, the additive was
Metals Trap A as described in Example 1 and/or the high activity catalyst Y Zeolite, sold
under the trade name Converter ™. In Test Runs 1B-1F, the additive made up 10% of the
total catalyst mixture. Performance results for Metals Trap A as the metals trapping

material are given in Table 1, below. All data is given as weight percentages.
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Gasoline Yield LCH Yield Bottoms Yield Coke Yield Hz Yield 3A 0 None 60.9 14.530.921.617.512.2
1.0 3B 10% High activity catalyst 60.1 13.8 31.3

Tabie 1. FCC Catalyst Performance Results for Metals Trap A

Test % Additive | Conversion | LPG | Gasoline | LCO | Bottoms | Coke H;
Run | Additive (") Yield Yield Yield Yield Yield | Yield
in
Catalyst
Mixture

1A 0 None 60.9 14.5 30.9 21.6 17.5 12.2 1.0

1B 10% High 60.1 13.8 313 214 18.5 11.8 09
activity
catalyst

1C 10% Metals 70.5 203 38.8 15.6 13.9 8.5 0.7
Trap A

1D 10% 90% 714 22.1 375 18.4 10.2 8.9 0.6
Metals
Trap A

10% high
activity
catalyst

1E 10% 80% 68.4 210 36.5 19.1 12.4 8.2 0.5

Metals
Trap A

20% high
activity
catalyst

1F 10% 70% 69.2 204 36.3 194 114 93 0.8
Metals
Trap A

30% high
activity
catalyst

In Test Runs 2A-2D, conditions were as above for Test Runs 1A-1F, except that
catalyst mixtures had a final vanadium concentration of about 5000 ppm and nickel
5 concentration of 2000 ppm, the catalyst to oil ratio was about 6.0, and using a Mexican
Mayan crude feedstock. In Test Run 2A, no additive was used. In Test Runs 2B-2D, the
additive was Metals Trap A as described in Example 1 and the high activity catalyst Y
Zeolite, sold under the trade name Converter ™. In Test Runs 2B-2C, the additive made
up 25% of the total catalyst mixture. In Test Run 2D, the additive made up 50% of the
10  total catalyst mixture. Additional performance results for Metals Trap A as the metals

trapping material are given in Table 2, below. All data is given as weight percentages.

)
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21.418.511.7 0.9 3C 10% Metals Trap B 63.7 16.4 33,4 21.3 15.0 10.6 0.9 3D 10% 90% Metals Trap
B 10% high activity catalyst 66.6 18.9 34,4 20.0 13.3

Table 2. FCC Catalyst Performance Results for Metals Trap A

Test % Additive | Conversion | LPG Gasoline | LCO | Bottoms Coke H,
Run | Additive (%) Yield Yield | Yield Yield Yield | Yield
in
Catalyst
Mixture
2A 0 None 56.8 13.3 26.4 22.2 210 13.6 1.2
2B 25% 50% 66.1 18.7 35.7 20.0 13.5 9.0 0.6
Metals
Trap A
50% high
activity
catalyst
2C 25% 40% 659 18.4 350 20.5 13.5 9.6 0.8
Metals '
Trap A
60% high
activity
catalyst
2D 50% 40% 68.1 174 397 19.7 12,2 8.3 0.6
Metals
Trap A
60% high
activity
catalyst

In Test Runs 3A-3F, conditions were as above for Test Runs 1A-1F, except for the
additive. In Test Run 3A, no additive was used. In Test Runs 3B-3F, the additive was
5 Metals Trap B as described in Example 2 and/or the high activity catalyst Y Zeolite, sold
under the trade name Converter' . In Test Runs 3B-3F, the additive made up 10% of the
total catalyst mixture. Performance results for Metals Trap B as the metals trapping

material are given in Table 3, below. All data is given as weight percentages.

10
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10.4 0.8 3E 10% 80% Metals Trap B 20% high activity catalyst 66.0 18.5 34.8 20.3 13.6 9.6 0.8 3F
10% 70% Metals Trap B 30% high activity catalyst 66.7 18.0 35.1

Table 3, FCC Catalyst Performance Resylts for Metals Trap B

Test % Additive | Conversion | LPG | Gasoline | LCO Bottoms | Coke H;
Run | Additive (%) Yield Yield Yield Yield Yield | Yield
in
Catalyst
Mixture

3A 0 None 60.9 14.5 309 21.6 17.5 12.2 1.0

iB 10% High 60.1 13.8 313 214 18.5 11.7 0.9
activity
catalyst

3cC 10% Metals 63.7 16.4 334 213 15.0 10.6 0.9
Trap B

iD 10% 90% 66.6 18.9 344 20.0 133 10.4 0.8
Metals
Trap B

10% high
activity
catalyst

3E 10% 80% 66.0 18.5 4.8 20.3 13.6 9.6 0.8

Metals
Trap B

20% high
activity
catalyst

3F 10% 70% 66.7 18.0 351 20.6 12.7 10.3 0.9

Metals
Trap B

30% high
activity
catalyst

The resﬁlts reported in Tables 1, 2, and 3 demonstrate a synergistic effect from
using an additive that contains both a high activity catalyst and a metals trapping material.
5 Essentially no benefit is seen from using the high activity catalyst alone as an additive, but
the benefits of high activity catalyst in combination with a metals trapping material in the
additive is generally greater than the benefit of metals trapping material alone. The
combination of a high activity catalyst and metals trapping material in an additive
increases conversion, increases LPG yield, increases gasoline yield, decreases LCO yield,

10 decreases bottoms yield, and decreases coke yield, and decreases hydrogen gas yield.
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20.6 12.7 10.3 0.9 The results reported in Tables 1, 2, and 3 demonstrate a synergistic effect from
using an additive that contains both a high activity catalyst and a metals trapping material. 5SEssentially
no benefit is seen from using the high activity catalyst alone as an additive, but the benefits of high
activity catalyst in combination with a metals trapping material in the additive is generally greater than
the benefit of metals trapping material alone. The combination of a high activity catalyst and metals
trapping material in an additive increases conversion, increases LPG yield, increases gasoline yield,
decreases LCO yield, 10 decreadbxapmle fiCpestallimity i dreesbeCatakistyield, and decreases hydrogen
gas yield. Example & {dasfahp ﬁYf&Q&ff&?&%@B@Wﬁﬁr%&l‘ﬁfﬂﬁfdﬁ&%\h‘#&ﬁé%@?ﬁaéﬁ&%&héa radiation

and surface area measurements (single point BET) were first taken of the fresh bulk catalyst and fresh

high activity céiagjepaintBED) veas fistdanss eftherfrashobulk satalyst ad &resh higheivibeiow. 5 Table 4.
Crystallinity offrafzhds atakyited RERkatfpR £-ThéearsuigsheBivkrGatalisst 4284dwesh High Activity
Catalyst 14554 The results reported in Table 4 demonstrate the distinction between a bulk catalyst
and a hig?] activity catalyst of the present invention. The area of this XRD pattern peak is 10a metric
that generallyTaslicat€sviel Gty o BrieshySitdlinty of a catalyst. The greater the peak area, the more
crystalline the-eatalyst—Example-6-Mitigate-Less G#Dul'fCateerst Grystallinity To further evaluate
the performance of the instant invention,|XRD ang sijlgGg.area 15 njeasurements were taken of FCC
catalysts th } j Mated.

Fresh Bulk Catalyst 42
Fresh High Activity Catalyst 14554

The results reported in Table 4 demonstrate the distinction between a bulk catalyst
and a high activity catalyst of the present invention. The area of this XRD pattern peak is
10  ametric that generally indicates the degree of crystallinity of a catalyst. The greater the
peak area, the more crystalline the catalyst.

Example 6: Mitigate Loss of Bulk Catalyst Crystallinity
To further evaluate the performance of the instant invention, XRD and surface area
15 measurements were taken of FCC catalysts that had been mixed with Metals Trap A and
then deactivated.
In Test Run 1A, no catalytic cracking additive was used. Test Run 1D used the
catalytic cracking additive Metals Trap A and high activity catalyst of the present

invention. The results are given in Table 5 below,

20
Table 5. Improved Bulk Catalyst Characteristics
Test Run Catalyst Mixture Peak Area Surface Area
(6.3° 2-6) (m/g)

1A Bulk catalyst 438 68

1D Bulk Catalyst with 10% 4713 102
catalytic cracking additive
(90% Metals Trap A and
10% high activity
catalyst)

The results reported in Table 5 show that the present invention increases the area

of the XRD pattern peak at about 6.3 degrees 2-theta. Generally, the area of this XRD
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In Test Run 1A, no catalytic cracking additive was used. Test Run 1D used the catalytic cracking
additive Metals Trap A and high activity catalyst of the present invention. The results are given in Table
5 below. 20 Table 5. Imnroved Bulk Catalyst Characteristics Test Run Catalyst Mixture Peak Area (63
2-0) Surface Area wig) 1A Bulk catalyst 438 68 ID Bulk Catalyst with 10% catalytic cracking additive
(90% Metals Trap A and 10% high activity catalyst) 4713 102 The results reported in Table 5 show
that the present invention increases the area of the XRD pattern peak at about 6.3 degrees 2-theta.

Generally, th#ifem peakis x rapsris shat indieatesithe degresotipaysiatimite ot the SuliresalyryEsilinity of the

bulk catalyst. Jragdi@Rigsalbarag a6 dRREINE GO/SAIRE hRGRIBNSL16iARitBm Rl
diffractogram is shown Jn Figure 3,.In Fi&lé{ée E the botto trac%ﬁsh_oqvgaf?the diffractign pg}_tern of the
VAt rB

fresh, bulk cafIfRR EgerE d1Jhbigss Gt a6 Shode 4 1opRAeB oL e e allinity is
observed as Yultaisl s igaiaditace (Eastviation] Holldpdng eeastiivgtiviihsaveadabsiéncracking additive of

the presept inventiqn (&iest unl %ﬁ significant portion ofé.[ge st tISLIP ity.is preserved as shown in
the top tr§ce. Crystani IS ogreY %‘? gh 8&%31@5@%%%%%&% |85t%68ﬁ 35?&“&5&%" r%lgﬁﬁs also show
that the reductiayictbhedinfedditieaaifthiepisathtoatahtiin{ Tt Ruas th)by sighaficinti@iaicking additive
of the present,nv nﬂa X /lé ]§ %F |g%%? ning Electron Microscopy utilizing Energy
Dispersive Séggt?%sco%g}ﬁ(}éw B %\?géas |c())er ormedo rﬁ#@ ‘catalytic cracking additives used in
Example 4, above. Surface area of the catalyst is another indicator of crystallinity. The results also

show that the réduction of the surface area of the bulk catalyst is decreased by catalytic

10  cracking additive of the present invention.

Example 7: Metals Trapping
Scanning Electron Microscopy utilizing Energy Dispersive Spectroscopy
(SEM/EDS) was performed on the catalytic cracking additives used in Example 4, above.
15 FCC catalyst/catalytic cracking additive mixtures were deactivated by being
metallated and steamed as described in Example 4. The additive particles were found to

contain one or more of the following elements: vanadium, sulfur, silicon, cerium.
Various modifications of the invention, in addition to those described herein, will

20  be apparent to one skilled in the art from the foregoing description. Such modifications

are understood to fall within the scope of the appended claims.
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15FCC catalyst/catalytic cracking additive mixtures were deactivated by being metallated and steamed
as described in Example 4. The additive particles were found to contain one or more of the following
elements: vanadium, sulfur, silicon, cerium. Various modifications of the invention, in addition to
those described herein, will 20 be apparent to one skilled in the art from the foregoing description.
Such modifications are understood to fall within dgsaepe of the appended claims. Claims What is
claimed is: 1.A catalytic cracking additive comprising: a) a metals trapping material; and b) a high
activity catalyst, wherein the high activity catalyst comprises at least a member selected from the
group congigtingchi fiednigctivity catalyst has an XRD peak intensity at about 6.3 degrees 2-theta of
greater than 500 CPS (counts per second); and high activity catalyst has an XRD peak area at about
6.3 degrees 2-theta of at least about 14000. 2.The catalytic cracking additive of Claim 1, wherein the

catalytic gracking egdiiye sraprpfipagditan @hﬁp\ﬁgﬁ(g {0 about 98% of the metals trapping material by
weight. 3.The catalytic crackln ddltlvz?g fclm 1, wherein the catalytic cracking additive comprises

from about 309AG ABLASSENP pping material by weight. 4.The catalytic cracking
additive of Clalm)hm@e&tn/tﬁﬁc@m@&tlc cracking additive comprises from about 70% to about 90% of

the metals trappin terial b ht 5.The_ catalytic cracking addjtive of Claim 1, wherein the
catalyc LI L LSO R ST 5 0 e S B P e G AR G Bty by
weight. Gdhsstiatpbyitipigraaking aostdlye: GaSHAINAD Wbk erdis yne tabe dtan dgraaseriakanst the high
activity catalyst compri arate particles. 7.The catalytic cracking additive of Claim 1, wherein the
metals trgﬁ%tﬁ?ﬁgﬁiﬁﬁ%eﬁ%"ﬁ Reﬁéﬁ%pﬂ?r st are within the same particle. 8.The catalytic
cracking Iaigdiamamg/@wwyé habaie(RD @exnle thts HRAM0D 613depaes roheises a teisivbbgontaining
compouréf[ea agnesium-containing compound, or a combination thereof. 9. The catalytic cracking

additive 1, wherein the metals trapping material comprises a hydrotalcite-like compound, a
silica- and alumina-containing compound, a mixed metal oxide, or a combination thereof. 10. The

catalyic racking adqe, of UM ARFIST BRI ARLH Rl PRTRRASGR A ale

comprises from about 2% to about 98% of the metals trapping material by weight.

3. The catalytic cracking additive of Claim 1, wherein the catalytic cracking additive
comprises from about 30% to about 95% of the metals trapping material by weight.

4. The catalytic cracking additive of Claim 1, wherein the catalytic cracking additive
comprises from about 70% to about 90% of the metals trapping material by weight.

5. The catalytic cracking additive of Claim 1, wherein the catalytic cracking additive
comprises from about 5% to about 60% of the high activity catalyst by weight.

6. The catalytic cracking additive of Claim 1, wherein the metals trapping material and
the high activity catalyst comprise separate particles.

7. The catalytic cracking additive of Claim 1, wherein the metals trapping material and
the high activity catalyst are within the same particle.

8. The catalytic cracking additive of Claim 1, wherein the metals trapping material
comprises a calcium-containing compound, a magnesium-containing compound, or a

combination thereof.
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11. The catalytic cracking additive of Claim 1, wherein the high activity catalyst comprises an in
situ-synthesized zeolite. 12. The catalytic cracking additive of Claim 10, wherein the zeolite is zeolite
X, Y zeolite, zeolite A, zeolite L, zeolite ZK-4, beta zeolite, faujasite, or a combination thereof. 13. The
catalytic cracking additive of Claim 10, wherein the zeolite is Y zeolite, beta zeolite, faujasite, or a
combination thereof. 14. The catalytic cracking additive of Claim 1, wherein the metals trapping
material is a vanadium trapping material. 15. A circulating inventory of catalyst particles in a fluid

catalytic Brackint'B/SLaYS G LA MO PSRN G Whboibe6 B WEigis LY mesndry comprises
the catalytimprrekiaaaneitigelikéaitmbound, a silica- and alumina-containing compound, a mixed

metal oxide, or acombination thereof.

10.  The catalytic cracking additive of Claim 1, wherein the high activity catalyst

comprises a zeolite.

11.  Thecatalytic cracking additive of Claim 1, wherein the high activity catalyst

comprises an in situ-synthesized zeolite.

12. Thecatalytic cracking additive of Claim 10, wherein the zeolite is zeolite X, Y zeolite,
zeolite A, zeolite L, zeolite ZK-4, beta zeolite, faujasite, or acombination thereof.

13. Thecatalytic cracking additive of Claim 10, wherein the zeoliteisY zeolite, beta

zeolite, faujasite, or a combination thereof.

14.  The catalytic cracking additive of Claim 1, wherein the metals trapping material isa
vanadium trapping material.

15. A circulating inventory of catalyst particlesin afluid catalytic cracking process,

wherein from about 2 to about 80% by weight of said inventory comprises the catalytic
cracking additive of Claim 1.
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