Addi tives for Metal Contam nant Renoval Throughout this application, various
publications are referenced. The disclosures of these publications in their
entireties are hereby incorporated by reference into this application in
order to nore fully describe the state of the art as known to those skilled
5 therein as of the date of the invention described and cl aimed herein. The
di scl osure of this patent docunent contains material which is subject to
copyright protection. The, ffifiVdsi i MeNeBhtanRisasiRGRdEEt I ON to the facsimle
reproduction by anyone of the patent docunent or the patent disclosure, as
it appears in the Patent and Trademark O fice patent file or records, but
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products a gaseous” crackli ng products or fewer
carbonl@25 shemwsseverThese products, liquid and gas, consist of saturated and
unsat urated hydrocarbons. In FCC processes, feedstock is injected into the

riser section of a FCC reactor, where it is cracked into lighter, nore
val uabl e products by contacting hot catal yst that has been circulated to
the riser-reactor from a cat al ysFieldsfaheImiention As t he endot hermi ¢ cracking

reactions take p] ace, heavy. carbon is deposited onto the catalyst. This
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the FCtSreactor, where they are separat ed.
Background of the Invention

Catalytic cracking is a petroleum refining process that is applied commercially on
a very large scale. A majority of the refinery gasoline blending pool in the United States
is produced by this process, with almost all being produced using the fluid catalytic
20  cracking (“FCC”) process. In the FCC process, heavy hydrocarbon fractions are
converted into lighter products by reactions taking place at high temperature in the
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.



1 Subsequently, the catalyst flows into a stripping section, where the
hydr ocarbon vapors entrained with the catalyst are stripped by steam

i njection. Follow ng renoval of occluded hydrocarbons fromthe spent
cracking catalyst, the stripped catalyst flows through a spent catalyst
standpi pe and into the catalyst regenerator. 5 Typically, catalyst is
regenerated by introducing air into the regenerator and burning off the
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Common metal contaminants include iron, nickel, sodium, and vanadium. Some of these

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

25  step, metals present within the catalyst can volatize under the hydrothermal conditions and
re-deposit on the catalyst.

For example, vanadium contaminants in feedstock can poison the cracking catalyst
and reduc:,e 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.



coke is burned off. Vanadi um pentoxi de can react with water vapor in the
regenerator to formvanadic acid, which can then react with the cracking
catal yst to destroy its crystallinity and reduce its activity. 2 Because
conpounds contai ni ng vanadi um and ot her nmetal contam nants cannot generally
be renmoved fromthe'FCC unit as volatile conpounds, the usual approach has
been to passivate these conpounds under the conditions encountered during
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Summary of the Invention
The present invention is directed to catalytic cracking additives comprising a
20  metals trapping material; and a high activity catalyst. The present invention is directed to
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. 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.



Brief Description of the Figures Figure 1 shows X-ray diffraction ("XRD")
patterns of a high activity catalyst and a bulk catalyst. Figure 2 shows
XRD patterns of fresh and deactivated bulk catalyst. 5 Figure 3 shows XRD
patterns of fresh bul k catal yst, deactivated bul k catal yst, and bulk
catalyst in the presence of a catalytic cracking additive of the present

i nvention. Detailed Description of the Invention The present invention is

directed to catal ytic cracki rm_i&m#r@ﬁiﬂigﬂg)ﬁ%ﬁi_&g a 10 netal s trapping
yst. p

material; and a high activity cata sent invention is directed to
processes for tFRguedtshby$ Kerag dfrhdatiog ((XRD'Oeti¢ras &f chigh actbitygaalystandtai ng sai d
f eedst ock der. catal ytic cracking conditions with a conposition conprising
a bul k cat Q\L’J'gﬁtalé'ﬁd a catalytic cracking additive, wherein the catalytic
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The term “XRD” as used hercin means x-ray diffraction.

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
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vol atile and can mgrate within or fromcatal yst particles in the presence
of steam and high 4 tenperature, such as under conditions that are effective
to regenerate the catal yst particles. Applicant believes that in the
presence of steam and high tenperature, the catalytic cracking additives
herein can function by preferentially adsorbing volatilized netal

contam nants, which had been deposited on the catal yst particles. 5 1.
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cat al yst. Applicast belidves thatintthe priesenoedfsteamt and hxghrigmpexttars, dle catatytiche hi gh
activity catalyst .10 conprise,separate particles.. |In one.enbodi.nent, the
netal s trapff %‘é(?ﬁclhqrna%ﬁﬂ‘ @H‘ét%‘?iba }prefgrgptiugliy a\?“&‘&?‘ﬁl"?@fﬂlﬁgbr’ﬁ@l es are added
concur r ent dftabfindnBSwhith Rhdy béch depeistéd bigthd Rhtalystgartaldt her enbodi nent, the

metal s trapping material and the high activity catalyst are within the sane
particl®. 15 a) Metals Trapping Material In one enbodi ment, the netals

trappi ng matekiidlc &QRAEd A8SiidesC@! C1 UM contai ning conpound, a
magnesi umﬁ%-aﬁmm—mémmmt' or a conbination thereof. In one enbodiment,
the netal s tradpiongembddimentlis provided avatalpisirackingadditivalcomprisiogia metatdhodi nent ,

the nmetal s_trappi ng. materj.a as, a density that is fromabout 0.50 g/cc to
20 about 1@@951/%&32%3111a‘é‘ﬁ‘b{”ﬁh?&é"ﬁ%&aﬁaﬁéﬁﬁt, the density is fromabout 0.7 to
about 0.9 g/ cc.Inbfie efibRiiRBROME FRELs trippMmgdedictal ¥nd the hipghncaviudatalysb0 g/ cc to
about 0.70 g/cc. In another _enbodinent, the netals trapping nmaterial has a
densi t {0 t heamprise pepatate; nagticlesp &y pneembpdypent, the pgtals “Eaﬁﬁlﬁg%g‘?i'@? #ndgbe pighc: | ess
than about g (B3:H41G8 pariERs alehBe LA mdif fo @ ERalyliESaHiNR it @bout 0. 66 g/ cc;
| ess than %bggfco.&ps#lcc; | ess than abogt0 0. GOaéillcc;c(;}r@ elss t han about 25
0.55 g/ cc. |n dnenghtsedibodiment, theomefels fiapping mpisrialgpndshedripnactivity gatplystous
material. |n one . enbodi , the netals trapping material has a porosity
that is gr%rggvétﬂmtth%%m%%ﬂoaﬁc%Ao cc/g as determ ned by a water sorption
techni que. I n another enbodinent, the nmetals trapping material has a
porosity that is greater than . about 0.45 cc/g; greater than about 30 0.50
cclg; eatler tlﬂaﬁlsgﬁ “gd‘.g?)tﬁnéc/g; or greater than about 0.60 cc/g.

In one embodiment, the metals trapping material comprises a calcium-containing

compound, a magnesium-containing compound, or a combination thereof.
In one embodiment, the metals trapping material is a low-density material. In one
embodiment, the metals trapping material 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
one embodiment, the density is from about 0.50 g/cc to about 0.70 g/cc. In another
embodiment, the metals trapping material has a density that is less than about 0.70 g/cc;
less than about 0.69 g/cc; less than about 0.68 g/cc; less than about 0.67 g/cc; less than
about 0.66 g/cc; less than about 0.65 g/cc; less than about 0.60 g/cc; or less than about
25  0.55 g/ec.
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
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In one enbodi nent, the metals trapping material is a |lowdensity and high
porosity material. In one enbodinent, the netals trapping material has a
density that is less than about 0.70 g/cc, and a porosity that is greater,
t han about 0.40 cc/g. Applicant believes that a netals trapping material
that is lowdensity and high porosity can preferentially absorb 5 volatile
netal contam nants in the presence of steam and high tenperature. One of
skill in the.art will recognize that t oraosi.t.y. of a materi n be a
Functi on of \gHE mitalsonrmSang RLEE pisibr b eafb g il ieBipafinh. Ohe FaifiRal s
trappi ng nieertivill récogiiké hastha pbipsityodfal fdtéeal barkige a fancidinsiiiddengitysofithe a- and
al um na-cont ai hj ng conpound, a m xed netal oxide, or a conbination thereof.
i) Hydrot aF’éFePél-'l i ke Conpounds In one enbodi ment, the netals trapping
material is a hyQmelabbdihRnd, tHeSnEATREPYNE matkﬁ(ﬁ%@ﬁlﬁfi&'sta%}(hﬂo@ciféqmounds are
characterized by structures having positively charged 10 layers that are
separ at &d bympoundyrastilicar gid alwnisasontaingrcompownd, aptixssiuhetsl oxifecord ary nat ur al
mnerals t . alcite-like conpounds include neixnerite,

pyr oaur i te?&é?lgig@gg?{#ée& hydrotalcite, stichtite, reevesite, eardleyite,
mannasei t e, barert diydretakitelliky Gompaindsi te. O her hydrotalcite-like
conpounds and t hods for ma?]ifn them are descr.i bed, by Cayani et al,

Cat al ysi s Today* TE?T?S‘S%T’ 98“1‘}15 tr???é“ﬁff‘%tﬁ'i‘%ém Eyda?tal_ﬁm- € FYIRPEGr por at ed
by 15 ref eyghfofaldiRlIfeRomBords aRthhra@dzed!by s@hdtdres H&W@gi?dm%@, chhrg8d

hydrotal cité-1i ke conmpound can be a conpound of fornula (I)t (ry), (113

and/ or 19| Viayers soat preseparated bninterstitia) anions gpd/er yatpr molkeplesniixsmplaorpatyrebn) An/ aa
bH20 (1) nd RO EAARIRE) Sbbunl RO hhenbelB ARG EER AN 2) O
e X 1S nmg se, cobaft,

bH2O (1V) er nesium calcium zinc, nanga hi ckel ,
st ront i um hjdrofialgite, stichtjsgecevesiteacandlzyite; mamfas¢itepbabertonite andieydearfaluniitei s

" ant hanum CRF P P ket andBEees sor SmEhebter Sarsbelloy R\ .
SO, A, Oktal@atalysis Boday, 11!~.+P@33012(I11®4,), thkgicHosurdEPwhiéhl RdncoRfdbdated by@ M Xt ure
or

of two or nore thereof; ais 1, 3; bis between 0 and 10; and mand n
are 15  reference herein in its entirety.

In other embodiments, the hydrotalcite-like compound can be a compound of

formula (I), (ID), (IIT) and/or (IV):

(X** Y (OH)zms20)Ans” * bH0 O

(Mg mAP* ((OH)2m20)Ansa” * BH20 (I
20 (X% nY*" ((OH)2me20)OH,, * bH0 (1)

(Mg** wAL*(OH)20m20)OHy * b0 av)

where 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,
25 A5 COs, NO;, SO, Cl, OH, Cr, 1, SiO;, HPO;, MnO4, HGaO3, HVO,, ClO4, BO; or a
mixture of two or more thereof, ais 1, 2 or 3; b is between 0 and 10; and m and n are
selected so that the ratio of m/n is about 1 to about 10.
In one embodiment, the hydrotalcite-like compound is hydrotalcite, i.e.,
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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selected so that the ratio of rn/n is about 1 to about 10. In one

enbodi nent, the hydrotalcite-like conpound is hydrotalcite, i.e.,

My6A12( OH) 16CO8. 4H2O. I n anot her enbodi nent, the hydrotalcite-like conmpound
is 30 My6A12( OH) 1s4.5H20. The hydrotalcite-I|i ke conpounds, conpositions
and/ or shaped bodi es of the invention can be made by the nethods descri bed
in U S Patent No. 6,028,023. In one enbodinent, the hydrotalcite-1like
conmpound is a salid gol uti conpri sin gnesium and alumnumin a ratio
of about 1:1 tol bougﬁlé?' .8915"?)%9?%’?1‘@5‘%‘3 @‘ﬁ%”ﬂd’ i na- cont ai ni ng Conpounds I n
one enbodi nent, I e difodintent, tROMERALR tAPpiag materiabis an aRinimGsiikacmataiat nateri al .
In one enbodi nent, the alum nosilicate material, is a ¢crystal|ine material, a
quasi - cryst al | iheosspkedimgnt, t%‘“&‘ﬁ%ﬁ‘ﬁ%@“ﬁ'&ﬂé‘r‘? afrysigjling »RHUABN
thereof. 5 @h@ﬁ@%&m@,@%ﬁ% malRBaRb U oAHhatibh @lcfeofBl €1 1 @l contai ns
calcium and the predom nant netals trapping capability is performed by the
cal ci umSconponein anothrer embodimigntc thewhminasHwatsimat¢riad sotitainncadcivmi andithe  cont ai ns

no zeolitic_conponent Lii) M . Met al i.de e enhodi ment, the
metals tr aﬁﬁ?‘ﬁ:"'@prgluapgpngcﬁé@gﬁy g?%“??’di"é %ﬁusé’ampg%"ﬂgr ein the term
"m xed netal oxilgene émtdiméntahesumiiositicap mareal contafrisalo zexijtipasonipenent.onbi ned
wth two or nore netals.. In e .enmbodi nent, the m xed netal oxide is a
magnesi um al um Bibk e. M%??ewewgaé@e%xi de conpounds contenpl ated in one
enbodi ment of theop &ﬁ@d&ﬁmeﬂt,ﬂﬁ@&%ﬂaf&ﬂm@ﬁiﬁg ffafesial BamixéPme@KSIRE. CAs Usad
co-pending U S. Serial Nos. 60/527,258 and 15 60/576,146. In one

ermbodi n¥nt ,heteirethgitermd niivedanetalaxide” imeans aediemical eprapquad itralish oky8enas uni nat e
conpri si ng ' ' in aratio of about 1:1 to about 6:1,
wherein thecgglgﬁgﬁnwﬁ@gghﬂg ﬂgﬁ)sol i d solution magnesi um al um nate has an
X-ray diffract ilmongattodimern, thmined mgpta bxide 54 magnesibineattrminateat a two t heta

peak position at about 43 . .degrees,and about 62 degregs, .and wherein the
m xed netal oxi é_@"‘?‘gmﬁtah?f@ﬂ%%‘ “n%ﬁftﬁ’_mfﬁlp telﬁlrﬁ' ﬁﬂ?r‘?‘g%‘ﬁﬁ’af“ﬁioﬁg’e@é?fﬁ?}und_ t hat
has not beghveifibh %@ WedcriOsa, TorlikahpledinGblpendihKE.S. SendAI MNYR060/427,B8@ngbOdI nent ,

the mxed netal oxide is a spine|l. In another enbodinent, the
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, and wherein the mixed metal oxide is 2 magnesium- and

20  aluminum-containing 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



m xed netal oxide is a magnesium alum nate spinel. In another enbodi nent,
the m xed netal oxide is derived froma hydrotalcite-like 25 conpound, for
exanpl e by coll apsing the hydrotal cite-like conpound. The m xed netal oxide
conpounds, conpositions and/ or shaped bodies in one enbodinment of the

I nvention can be nmade by the nethods described in U S. Patent No.

6,028,023. iv) Formof Metals Trapping Materials 30 In one embodi ment, the

et al S 1 apl g THEA kiihpdritnds Budt 8 ol BT iAoSPIH: ShAR B, caltfinoe

enbodi nment appi ng materi I's uséd per 'se I1n the cafal ytic
cracki ng cafidlivt, hremivinn, cobalt, eofiped idysoprosiunt etbiwn sdusopivmgadolininmt erial is in

the formof a shap one e t he shaped bodi es are dried,
cal ci ned of*TRAMPR, E‘ﬁg’q} ﬁﬁ’r“&’of“dl‘f*ﬂ T a@%ﬁ‘b‘ﬁ? At Maghes! uﬁ%tnéa'ngat}er appi ng
material s gaRbidtuin) Béody MR, fickeR Atbbfim, ofmiti, altddeh, piRtinain, pAsgdpeRing such as
net al s of antinony, bisnmuth, cadmum calcium cerium chrom um,_cobalt,

copper, dyB@WP@MﬁP"%T hediu, Rgisnivm, sEaup, ﬁ?%mmsgéﬁmr silgong#lvar,

hol m um i t 08 R Min! mlg;apg@ SR ytterBRMYy Pdenum
neodym um £lirllflé'l(':lI;E‘J’HmlM-lOda | ulrﬁr.{;I t%gm im ‘f}g‘ﬁ‘ma. u t| num glr as)e(t(t)céym um 5

pr omet hi u nyttmhm Zingngr a hixgiire of twomrhmne tlme0§ aTimrmctnl;s catMuamder@ataémta m

silicon, ul t erbj

tungst en, cwe a{%%lg)mrﬁ? ?“118”]8 w%’f#{r’glg {aygﬂlﬁ es,lget%f]l;( uré of t wo
or nore thergituresidfewset mofe tﬁereobeoma ol Sftﬁmta‘hbompﬁeﬁts canalé®be can be in
the formof netal oxides, netal _h droxl des [

i’;l sul fjdes,. netal halides,
or m x19r eBregnt g3R5EYc ?FdF@'g?IH%FQ%EfmC adipe Top example,metal pitratersajts @Hﬁ’ﬁonents can
al so be 10pnes8nte @fis. gga%eeﬁbe&mieﬂpﬂﬂ%aﬁéa@%etﬁm rhiflré! Hirfgr %s&xaml e,

netal nitrate sats an metal acCetate salts. In one enbo nt, the
aqueous r eeadtitmrie.gi £aQy Ca(OlD), lve CaCOnpmagnesiumdaizc MgR.(Me@H):,Ca®e@h),.0H) 2, or

CaO) . agnCal i GrcokOFbe MIOHRe 00 MIOe (Rl AcE QIRUBRRAOR { T oo

The one or nponén i des
t her eof ) chalidecthpreef emi b¢ prcidnelnrt&é mb&lstufampg ﬂgtdmt mrahaknoimt Wtoabautnt up to

%?;Lt }? ; g’%’g}é\“\%’\f&%’gt“pf@/ 8‘1‘68‘&%&! O% bg ﬂlﬁ% élgfﬁgfg%% 3003("0 about

20% by Wel @ boutCBLEbY WEigh:; aﬁﬁ&h%omw@ assmlmd mengmh@alanﬁe@is thor e ot her
met al conponents can be added to the netal s trapping nmaterial at the sanme

time as thexidoeqbvalant.sThstoneios mor @hy matd spinpenentsicen papdded to the metals
trapping material at the same time as the components of the metals trapping material.

In another embodiment, the invention provides shaped bodies comprising metals

20  trapping materials and one or more metal components. In another embodiment, the metals
trapping material is in the form of a solid solution. In one embodiment, the metal in the
metal component is antimony, bismuth, cadmium, calcium, cerium, chromium, cobalt,
copper, dysoprosiurm, erbium, europium, gadolinium, germanium, gold, holmium, iridium,
iron, lanthanum, lead, magnesium, manganese, molybdenum, neodymium, nickel,

25  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

B



I n anot her enbodi nent, the invention provides shaped bodi es conpri sing
nmetals 20 trapping materials and one or nore netal conponents. |In another
enbodi ment, the netals trapping material is in the formof a solid
solution. In one enbodinent, the nmetal in the netal conponent is antinony,
bi smuth, cadm um calcium cerium chromum cobalt, copper, dysoprosium
er bi um europium gadolinium germanium gold, holmum iridium iron

| ant hanum [ n ' - 25
 obi am oA, mIBIAGE! o BaRRS I dRKRESAU- DR S Rulh G © - 2

r hodi um mmmdnelzmmixanamnﬁmt aimnirfalmzlidi: tinmate/eine mluminate,iahintiagm zirconate , sul fur,

t ant al um t [.I urium ter tltanl tungst en,, thuljum vanadl um
ytterbi um® Wpﬁﬁf pleipm E‘Fﬂ? Hﬁﬁ) }l I n anot her
enbodi m?nteorﬁﬂbﬁnd“ﬁl@hmhﬂ-cbﬁtﬁlnﬁﬁtrﬂétalQﬂm&QBﬁﬂéuﬂdf(e g6 othet thah oh JRBGRAST UM O a

m xture thereof. In one enbodi nent, the shape bodi es are 30 dri ed, cal ci ned

or a mkt utlaminyeyhygroxidecompouns), abuminem ﬁﬂﬁltoglﬂifﬁ'é’ fitaviagiconiagiaiicdes one or
nor e 5hapﬁ%ll??ﬂie%ctoﬁﬁ”ﬂéc’t&hf‘%Jﬁ'ﬁﬁ@ﬁlﬁnﬁé ?ﬂm‘;ﬁ&éﬁg .n’iE%’irﬁEﬁ]ﬂnté‘@gp igupport. In
anot her e & neta teria 'h

trappi ng rmof a solid
sol uti on. dctivated sepirios kmﬂm),,clatyr;énosmqaponatenaé, zaolits,pnrraemxnmo!frm/b@lr gioree- | i ke

conpound, um a nesi,um.ni tra eS| um 8 chI oride,
magnesi um {@%nglﬂaa rﬂﬁﬁﬁlgg?tutﬁagmgﬁﬁlgc “tﬁ‘é“é%ég‘i" ?tﬁ'aclrg €al uni num
titanate, @glafdte/kint alaiirate. 1BBod fofinakih sucalcmrémﬁcaﬂaidadeam&dafoﬂm nat e,
al um num zirconat e cal ci um oxi de, cal cium alum nate, alumnum

ni t r oh{Rr at%@mplg, thMQUIR/ 43281 o %m@@ﬁ%ﬂh@e shirsdibadies edvare drisdi galsigedl  oxi de

conmpound (ﬁr&mmggﬁﬁ{:eog-han alum na or 5 al um num hydroxi de conpounds),
al um num chl orohydrate, titania, zirconia, clay (e.g., halloysite,
rectorite, hectklranothw emholinpant, the mverm,onsgqndeashapchWMphsmgwtaISepi olite,

acti vat ed Lolite,. . kaolin hosphat e, mat eri.a zeol i t amxture
o e or! P eSS of Rogs Bl soBOREE 5%q RRlephise i pfotier stnfinaifiepd T

zi nc al um ﬂ;ah&:al@urappingenatémauasmtﬂai tznﬂefakdlimsamhen Maingetitbodigientytiei ng such
corrp05|t|o S are descrl bed, .for, 10 exanp | n WD 99/42201. In one

e,
enbodi hent 8 aP?ijeb%iFF& daraleined g5 aé‘i“ém{fr‘L%rﬂml calcined or a mxture thereof.

I n anot her e”boﬂ'sgﬁ@TembBtﬁlﬁeht@%?ﬂfc'lﬂfén%lpd’és&ﬁ)%d%Qﬁﬁﬁﬁlet?ﬂéﬁl%nﬁgﬁgﬂfs' a3 ng
metals trapping material; one or nore netal conponents; and a support. In

anot her enpisstinhisran, amouhtcofmptte Rbout Pl b wesightitfron alpout 8. 1Py Weightde abast a sol i d
sol uti on. !16% %p%ve?grgﬂ%miﬁt l%hﬁr weight to about 30% by weight; from about 1% by

weight to about 25% by weight; from about 1% by weight to about 20% by weight; from
20  about 1% by weight to about 15% by weight; or from about 1% by weight to about 10%

by weight, calculated as the oxide equivalent. In one embodiment, the solid support is
present in an amount up to about 50% by weight; from about 1% by weight to about 30%
by weight; from about 1% by weight to about 20% by weight; from 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.



15 shaped bodies are dried, calcined or a m xture thereof. In sone

enbodi nents of the invention described herein, the netal conponents are
present in an anmount of up to about 50% by weight; from about 0.1% by wei ght
to about 40% by wei ght; from about 1% by wei ght to about 30% by wei ght;
fromabout 1% by weight to about 25% by wei ght; fromabout 1 % by weight to
about 20% by wei ght; from 20 about 1% by wei ght to about 15% by wei ght; or
from about 1% by wei ght to about 10% by weight, cal culated as the oxide
equi valent. In one enbodi nent, the solid support is present in an anmount up
to about 5% byHisRiAGHVity Catais@bout 1 % by wei ght to about 30% by weight;
from about 1% by wei-ght to about 20% by weight; from about |% by weight to
about 15% by \A/ezﬁ‘llﬁed srenths hEm hﬂs%ﬂﬁvv‘%/ﬁé‘i%“t%e%é&@tab@%’%h%' her “or from
about 25 19 | . % 101 01 Y, tals Trapping
Mat eri al s ﬂer{e%xag\é\gfwg%méﬁ@gﬁ?Qﬁ%érn%‘{gia%ﬂl\gﬁ{%p%?an%l%g%gf&gg@ rises from
about 2% t arystaltioity thes otk cmalyst;a[nahg/embotﬁrnaunhngighddﬁivitmtd!wwsiagbmt I n one

enmbodi nent ,, t netal,s _tr i teri,al rihses from.about 30% to about
95% of theabcf’é{[]gfymeﬁ h’é"rpz%cl?ﬁ‘ﬁge %%enﬁﬁ F‘?‘P?fé-%ﬁgﬁﬂ% itd e_:ra{l ﬁﬁ?&ﬁg age%%%lc(rne nt, the
met al s trappitings 6Rdrall ciyktalliiip tHah @ bufkrcatilyse 16 hotB&%énbodiiant tthkigh or from

about 40%t o, about. 6Q% of the catalytic¢ cracking . additive by ight. In
anot her en%wrtmmlystt%at&ﬁsa?bgu%?-Qameﬁéwrpalfcsmﬁ%ﬁ of ZgalF RREAr 9VERM SUERSUt  60%

to about 95% f 0109 % | racki ng
2 mﬂféﬂtoﬁrefgliggaﬂﬁ%nﬁ@ ﬁ\én_oa ﬁh@é&cﬁ?%’ Braf 1A GbGRDS tﬁ'ﬁéscthé:

additive by wel _ ctivity | ysts As used herein, the term
"hi gh &2t i péreentagaohizgpdite'andéon auerall suxfage grsa andiertovhmall coyshallimrthanpebudlent age of

i i ah | ‘ ' |
crystart | magyfordt B ap o S iehes I et SR BNR BluoP VISR BR[O,
cat al yst hagl/@toverat stystatlinitytthah. ahullk caealyst;ve apledst ebdun S timesabopdréantagad/ or 1.5

times the overall surface area and/or 1.5 tines overall crystallinity than
a bulk cat 8 %?eﬁt.efm OLANST FR7SER Wé‘%ﬂf,""?fﬂéc‘ﬁr?‘@\i'n“& @ihﬂ@( %&Mﬁ@t has at

| east aboufeadd-aflodt 4REméshRe gaé&@gk 3P Leolite BRF biRalPARHaE areY Shddd oveallf ace area
and/or overall crystallinity than a bulk catalyst; or at |east about 2.5

ti mes the aostplindent age of zeolite and/or overall surface area and/ or

overal | crystal hL Iy Ll ddrd s GRbAIOHRbrall prehoe SPRbIAMRM calinfhe 1 TES L he

per cent age of zeo overal " 'surtace
(bottom trace) compared with a high activity Y zeolite catalyst component of the present

invention (top trace). Comparing the Y zeolite XRD peak at about 6.3 degrees shows
significantly more diffracted intensity with the high activity catalyst. More diffracted

20  intensity 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. .
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
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and/or overall crystallinity than a bulk catalyst; or at |east about 3.5
tinmes the percentage of zeolite and/or overall surface area and/or overal
crystallinity than a bulk catalyst; or at |east about 4.0 tines the

per centage of zeolite and/or overall surface area and/or overall 15
crystallinity. As an exanple, Figure 1 shows a conventionally prepared Y
zeolite bul k catal yst (bottonltrace) conpared with a high activity Y

zeolite catgl yst, co nt . of th e tr Corrparlng
fhe v seol PR PR RO MaDAsiR ore g herch € 16 R Re e S g

di ffract eda&tmtsegahmt vk ldﬁgdﬁiﬁe tuogte &ﬁbneéérﬁbbdﬁﬁérfl,: tﬁGhlthBt}Liﬁty(ﬂafaLy%ﬁlﬁt ed 20
intensity js indicativ the increased cry inity of the hi activity
cat al yst oPetp feeliftey ¥ zef’ﬁtécé‘“laﬁﬁﬁ’ér%? abr’%'f’ ‘?"21 Inanothipr ﬁpg?f{]‘inﬁ% &tes a

hi gher Zeohlgﬁ‘icﬁﬂf}tc‘ﬁﬁlyspifs rarBRad ﬁ%lﬂ&ﬁ'b‘éh%ht@%ﬁle}éﬁﬁ staBilided R Dedifte,i Ndi cati ve

of the subsequent "hi gher activity of the high ‘activity catalyst. |)

Zeol i t e§ 28urg- nartimabelrmdcﬁammne, Jorglgemhingtipngbergefi t y catal yst is a zeolite. In
one enbodi nment t d

ool i to. The 2 oB<F eubb@iheft et taldiu bl Al Y IGRUAEET

an anount dfanfabmxmammﬁkgr(brgremraiamuhouw%dﬁgmer gdehterthﬁahladuyﬁ(sm?/glcllndl ng

zeolites can cont A amount rare These rare
earth conmp8¥nde Q‘,léfﬁerﬁéﬁ?)%@gg?ﬂ“té&?‘iaﬁ@%aﬁé“ Syt ﬁ%g age i'ff’ Pﬁ 0%1‘%’{(? “or can
be 30 exchangedpadiady BE1ZRAYi &tzfl% a‘él%rﬂ& itd &e?ygg%ﬁé@eauomeme for

earth-stabilized zeolites are” typically denote . The zeolites can

al so bé0st amnlzealalus@hvatab&mpmmmmmfngnEflgnlhaed(@nmoea,tioameemhesttadm lized Y
zeolite, Qlfx\@ In one enbodi nent, the zeolite is zeolite X, Y
zeolite, zeo Fe , zeollte L, zeolite 10 ZK-4, beta zeolite, faujasite, or
a conbi nat| on tfier eoAmoumtozﬁhbgHmctweuyiﬂntmymnt the high activi ty catal yst is

a large pore zeplite. .In _one e di men he h| tivit is beta
ol to, 'Y seol Mane bt e g seug datal comPRsea paBtabos S #%
enbodi ment g04.¥E thelYathiytRGhdckink ¥d&iv by wEightS 1k aﬁeexﬁ-@ddhﬁerﬁtm@higha@m
zeolite, rare-earth stabilized Y zeolite, 5 rare-earth stabilize

f auj asilbe, cealys comprisasdiombibouhifdeabout 4% s f&ﬂb@hﬁuhtﬂ% to phoat H%geftheti vity
talyst h of
reat or ¢ noseilc EKRR sadiie e o ol et AU SAIRI o "

comprises from about 40% to about 60% of the catalyt:c crackmg additive by weight.
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one enbodi nent, the high activity catalyst has an overall surface area of
about 400 nR/gr. Exenplary high activity catal ysts according to the present

i nvention include, for 10 exanple, catalysts available comercially from
Engel hard Corporation under the trade name Converter. ii) Amount of High
Activity Catalysts In one enbodi nent, the high activity catal yst conprises
fromabout 5% to about 60%of the catalytic cracking additive by weight. In
one enbodi t he _hi L vit 15 catal yst conprises fromabout 5% to
about 40% HS?’??’SW g%o(g‘fqaﬁg‘%ﬁﬁcé%ut 30% of the catalytic cracking additive
by weight. |In dnehéembaiiientiisprovided b eirdulaying &niehtort of catil vt yaticlecmmpr i ses from
about 40% t o about, 60%.0of the catalytic cracking addjtive by weight. 11 I1.
Processes Hyd cealytie WF‘E“@‘?&'&?@% At hﬁ@ 3@%35)? Hﬁ\’?“ﬁ_ @Vppbweé§8°%g@i rcul ating
i nventory gfcutafih@invetoRalohiprit@shé Ehtdyticl drabkthe GRBIRNYE dsQebribed hbte PT OCESS,
wherein from about 2% to about 80% by wei ght of said circulating inventory

conpri sks the dawasymbedimertdkprieyidgdipiocéssesJorthe gatalytic erackinpolfeedstockn one
enbodi ment _j OVl : : | I ' f feedstock
conpri si ngcoé1§ il tglélgtcloﬁ%&g%r 5310“13%@3‘3’? %gllideh gagg%%%é&ﬂ ?°g‘df§‘%§%{21’ﬁ‘r‘1§ condi tions
W th a cotgamsition bomprigig Sbulk catalgstiakd a astallytis éraciing addititeatviitren the acki ng

additive, wherein the catalytic cracking additive copprises.a netals

trappi ng n%ﬁ“gmcﬁra%ﬁ@ agﬁ’ﬁ’i"ﬁ ﬁg’BE‘?qCF/FP‘f‘A H!’lﬁé’fqte%a‘?‘ﬂpgﬁﬁgtaﬂévﬂtyenbodi ment is
provi ded pgppaegses for inproving FCC catalyst performance froma fluid
catalytic cracking unit by adding the additives described herein to an FCC
unit. L% one enlpaaetherambodimand s plenddgdrnsecsssee for improvingrilsealysthe per f or mance
of a bul k ' : - SRRt I | Si:Ng

cont acti ngp%ﬁ)}@é%@{frggﬂa \ifl\llﬂlt%hcg{aa @angpgégﬁ |E I():)I’cr aé(ﬁﬂﬁgdd;ﬁﬁlﬁﬁe\gfggm ez%l{e}i n the
catal yti c wraadCgnitddi tive conprises a netals trapping nmaterial and a high
activity catalyst. |In_another enmbodi nent he cat.al ytic . cracki dditive
et easws Che. cdioir GEPRIBSHE PRV Bocsisor Beitasing 05 RE OB AR ( he

catal ytic gftagdindie pridérice bEat 186t SRIAGIFBMPHINE coHiRUHE bif@AstbeloMth gedst ock. I'n

one enbodinent, the catalytic cracking additive increases LPG production
from f é&dseaartic qracking adddivacvhesein thei ic cragking additiye samprisesckmatglsaddi ti ve

decreases h‘&?m&r REUEd R0 Hg‘ﬂrﬁl:tivity 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 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.

25 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.

30
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



S |

feedstock. In one enbodinent, the catalytic cracking additive decreases the
bottonms production fromfeedstock. In another enbodi nent, the catal ytic
cracking additive decreases the coke production fromfeedstock. In one
enbodi ment, the catalytic cracking additive decreases hydrogen gas
production from feedstock. 25 In one enbodi nent, the catal ytic cracking
additive mtigates the decrease in crystallinity of the bulk catalyst. In

one enbodi ment, _th atal ytic cracki.ng additijve L.t i gates the uction in
The peak ooyl ifobiont, Shdh s i AR toulc Tl bR ARALERG o, ",
one enbodi ¢ibfbted tderacking | Biemplary foeltitoks artblide igasoils] vicgameas big reduction in
the surface area of, the bulk catalyst. 30 a) Feedstock Any conventional FCC
f eedst ock %‘H‘ﬁsﬁi’@“ﬁ%’és’i%ﬂﬂ’ﬁ%‘“ﬁwlaﬁi t. The feedstock can range fromthe
typi cal, such as petroleumdistillates or residual stocks, either virgin or
partially refined, to the atypical, such as coal oils and shale oils. The

f eedst otk blan 1Cataytia Gragking Epndilenshydr ocar bons, such as |ight and heavy
cycle oils whi hay . d . I . cki.n l.ary

f eedst ocks inclclgé”@‘3 8@2‘%&?@7 %\?ggtgpr%? g@@hﬁé@ﬂ“;"gf rmlgep g‘rﬂ?tg dr%e(glg%g? and
vacuum r esiegénerdorid)f aRFCA yritl dn Giicalods iemfodiment, the @mtalytio crpking atiditvesard , t he

catal ytic cracking additive be added to the riser or. regenerator of an
FCC uni t. We@fpoﬁﬁgqgmé%amtf@ffﬁb WH%%&F%?‘?‘P‘T@“@FB‘@RF%%HHP&&%S are added
to the reggiumivat & 18feddd AT BEUMitconfalimyMRLEsRAGH MeNt , the catal ytic cracking
additives are added to an FCC unit containin ul k catalyst. 10 The

cat al yl9 ¢ cr ackThegatabidicicragking additives aad bulk aptpbysts cambe introduped o eF Gt o t he

FCC wunit W ' . | cki ng
it ves THHPRAHRIY GsRg Robath o 78S Fho R pritheRb AV s RIPC T 1O,
aut ormat ed eafalidts can alspbedntsndues] intaBeFCO adit by automatedpddition systdniS, asPat ent  No.
5,389, 236. ,To.i ntroduce . the catal ytic Cr ing .additiyes to.an FCC unit,
the catal yfigsen i a%’RFWPA?jd‘? p’rgégt %O-ég’sgﬁgé-b?%m‘j@g% 'i{ﬁ“aﬂv‘kc oracking o ysts
and i ntr odygiles B & RAR uhiithe @iSal ARt rack Mg AEHitiNs' @A B bieBibdded Wit balid al ytic
cracki ng addi tives and bul k catal ysts can be introduced into the FCC unit
ra

via separ acaalysy ahintaoduced/stethe unif ps epssYHien. Alpoativebn the catrdyticaraskipgi c
cracking agtﬂfitWeg Gred lﬁﬁf'ceﬁﬁyﬁg gﬁlq)e' iftr&iuced 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
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varying ratio to the bulk catalyst. A varying ratio can be determ ned, for
exanple, at the tinme of addition to the FCC unit in order to optim ze the
rate of addition of the catalytic 20 cracking additives. Conventional riser
cracking conditions can be used. Typical riser cracking reaction conditions
i nclude catalyst/oil ratios of about 0.5:1 to about 15:1 and a catal yst
contact tinme of about 0.1 to about 50 seconds, and riser top tenperatures of

from about , 9Q00F, t 0 about 1050F. 0 i .gaod m xing of feedstock
Wiih oaral fuiZed ot isRSg badianir siding 1o SPAETEb R Dkl e

convent i ongdnvéivhalilyuses irshahocasboa danveesion(e ge hydrotarbdrscradking) @opedting. st eam
use of nmuljiple noéiﬂ es, use of, aéo_ zﬁ&gzg no§z‘£es and sim|lar  technol ogy.
The base ofqngembpdiment the sysipmyis ¢ Buidized calalyst Red feaetpr-tegenaralpLsysis®- zone. | n

one enbodi mentgmbGetihiR risreberatt By MrSCRaT AR bé Bied Hardih ARide Q¥p! One
system for rapid an efficient separation of cracked products from spent

cat al ysi. oalyticecragking (DEKS, willisesend eatadyiicicoacking IMSE Qornddresid flaidyeatabtivent i onal

reactor- r ner@&%r , to ebullating catal yst bed systens, to systens
whi ch i nvo?’gce T&Ynt |Cr}f%saés'ﬁ§3conveyi ng or circulating catal ysts/additives

bet ween reaction zone and regeneration zone and the like. In one
enbodi nent, the z‘{aeig Is a circulating bed system Typical of the
circulati nE)) bedB‘ili}/ Sare the conventional novi ng bed and 13 fl ui di zed

bed react or - r eggOEfa hereins HliSHE buBOtathl R hERS BnFiatflidt AHidhkal 86 usedgbens are
conventional ly used in hydrocarbon conversion (eriqgtﬁ;i hydr ocar bon cracki ng)
1gQng; 1

oper at 1®nsoperatingea & CEmwBundenttandadeatalidic srackiag so elydingthose st bed
reactor-re t. her specialized riser-regenerator systens that
can be usegﬁﬂggegilﬁgr}ozéc/ﬁ%ﬁg&bggép 5 catalytic cracking (DCC), mllisecond
catal yti c crackAmgcedniuiB&Cia)ly avallableFiQf datallysticanctiealsgd asthe bulkchtalyst. (TRECC)
systens. c ul k ta As used herein, the.term "bul k, catal yst". neans
2y cat al v EuE AR el 10 aatbghs. DR ght i i P RSN PraARILS B andar d
catal yti c gpoolis REag8RthitHi® BSch ds Rilichldiuffind, Blag Qr i 18@U THe dedlite imrs@auget ai |
above. Any commercially avail able FCC catal yst can be used as the bul k

cat al yd? . " frme abpyf ko @hew )% of dbacagalyst bowsight Mith Shasrestihgingmattix er difseldi nent |
can i ncl ude,sanRoZeodiite shéh as?y P sorraﬁifnﬁﬁﬁ QiR S Io;ufe@e A lites,

silica-alumna, clay, or e zeo e I's usua
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.
20 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,

25 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

30  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
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15 from about 5 to about 40% of the catal yst by weight, with the rest being
matrix or diluent. Conventional zeolites such as Y zeolites, or alum num
deficient forns of these zeolites, such as dealumnized Y, ultrastable Y
and ul trahydrophobic Y, can be used. The zeolites can be stabilized with
rare earths, for exanple, in an amount of from about 0.1 to about 10% by
wei ght. 20 The zeolites that can be used herein include both natural and
synt hetic zeolites | el Maih ik ELmEGR b 1L 00, Bk al ysts can
be used in the ‘li-lﬁevcean )F%nc% gyd@a%m\?\n hgtanéﬁgt#gkﬁf‘é%%ﬁger atuFfes usually
associ at edactivity catalypt| 2=t set focthiusireadetaiifabo® t o CO2 within the FCC
regenerator. Such catal ysts [.nclu t hase contai ni no. about 10 ,tq about 40%
ultrastable Y o %&F’é‘%@ﬁﬂcﬂt’ thetcﬁté‘s'sﬁﬁfagﬁ%a 1Y€ POBIPLIses FEBH AR 2 ’/,ﬂ? he bul k

cat al yst ha@sout8®4of fieRompesitict by Wweight! Mifneaddsivdiné), the'@iflitic drickaipot her
enbodi nent, the bulk catal yst has a surface area of ,about 250 n2/917 A

sui tabl & badditiveomPyises f&i‘hz%“&%o%ﬁ%ﬁﬁ’&bﬁ% ebithg compositinn byueighe dhordy nt hesi zed
by an N ShbatiinEhiike OAEAE ErabiifadiRRdBHpiitds froth Sl to HBuPeREr | NC! udle,
a hi [al yst, aS define

for exanpl e, gh actrvity ca ;o herein, and a diluent. In
one enbodi therpmpodigorbhy weightt i ythed @mbodimenicthe katalytia bagking additveabout 70% of

Catalyst i FmnesCEpRatble Rt o Boft dovs s IR0 br o SRR BB Ol yst. by

wei ght. d) Catalytic Cracking Additives 14 The catal ytic cracking additives
conprise a nmetals trapping material and a high activity catal yst, as set
forth ith néte dBthsr CORBORFES | n one enbodi nent, the catalytic cracking

addi tive conpri $gsScad iRty Artist cothif bhe 8O0%bRTadiiveCRTBGRbS QR PY VeI ght.
In one enbodi nent, the catalytic cracking 5 additive conprises from about

20% t o abobulk@edystandilee catatpisgracking additiveofthe present ventiomprither pessant ag he

catal ytic ¢racki ng. iLd C i ses.fr ut, 9 60% of the
conpositi o%e%a&lt(%/\%r}iﬁlgtﬁ'g %aﬁglﬁiég’noét?ﬂgéd %ﬁﬁ%ﬁ%ﬁ&a% R%‘ﬁgéﬁaé\%i}g ?@E} ?tacki ng
additive oddpivesas r?tE raddlagabenlt&naé’/odrajégadnoms xta&ﬂfmm(pbreeditm}ﬁeoﬁﬁs(oecg‘., ZtSfMa-s
conposi.tion wei : . e er onent s e catal yst inyentory can

al so coént af’i‘FPéH%" %ﬁe%sr@"é&éﬁ ??‘U@?Wsﬁﬂg'ﬂmrla'oﬁggg"ﬁf@n a%ﬁli’ﬁ adeeldP yst and the
catal ytic gfonedté 00 cRHBLitionetodbdich SOR ASRIPNs, NOLEhisSiBns SIdIR S0 RhRGER as

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

20  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.
25
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Separate additive particles, or mxed in with each particle of the cracking
catalyst. Additives can be added to enhance octane, such as nedi um pore
size zeolites, e.g., ZSM5 15 and other materials having a simlar crystal
structure. Additives can also be added to pronote CO conbustion; to reduce
SOx em ssions, NOx em ssions and/or CO enmissions; to pronote catalysis; or
to reduce gasoline sulfur In one enbodi nent, the catal ytic cracking
additive of the present n @ nce octane, pronote CO
conmbustion, reduce SOx em y@?‘%}be H Qalﬁsé“%ﬁgltnggﬁwd/ or CO em ssions, to
pronot e cat al ysilgirotelcite gomludmdewgasacﬂpmé falloiwfing the Bnethmdls descrili¢tcheirein | owi ng

exanpl es are .f - lustration only and are not intended to
linit the %’gldﬁgf%ﬁﬁ{eﬁgﬁ&%ﬁ?sd Appended hereto. 25 15 Exanple 1:

Fl ydr ot al ci t e- INse pondpquadsig hivedft ales bf SHoGOTI0GH N XI®, PReiied f ol | owi ng
t he net hods described herein and in U S. Patent .. 6,028, 023. O powder

(havi ng® a Shemigale Glevelands OHpisislumeshinyates pt 3 solideleve) of abput s Thersalien cal s,
C evel and, gngeé}@ct%ie &dﬁ:@l& 5[:1 taﬁ&ed% (i ﬁgbé | evel of about 14%

Thereafter, ni ca e acetic a added to the MO slurry.
Separatel y, pse&ﬂ@&b@é}hmwol(d@mt)e (K&@lﬂmajea]lsddpgpeﬁswtdmt asitlids leyel of sol i ds

| evel of @%tom lr“%d c 1'111 gélum na sol. The MgO slurry and alum na sol are
m'xedinaé’é?n?a ner TA"RAt the nolar ratio 10 of My/ Al of the

prepar ati on wasThE MgOAﬁﬁhfytdndﬁaﬁnlmﬁrelnﬁxaﬁdadzoh@idchﬁmﬁithdt thegndlar raiy ust  t he
solids_ content of the m xture tg abogt 9% The 'x ur'g IS heate to about
214F oVer of Myélphtheprerapdign was fidy Additioppl vaigs i PUIHHE e adiuftt s of the

resul ting gesndé BRSHIBEXRInixtirt b Boff 9% DR MiARE iﬁle%d t St SRr goé}qe

cal ci um hydroxide along with sufficient water to give a final solid

cont ent of paisdof als hours. Ringe haated; %dwrb@ﬂssqgtsa&fthﬁmedtmgﬁimwmd@dd 15
condi tions Et{i’z%;%j%%%aﬁé Sft%aﬁuc%?]gfag gﬁﬁf.%}&ﬂo?%c%hg“ﬁtﬂ st valflho t'C' €

si ze of abo m Ccrons eén ¢ IC|ne A AT or
cal ci ner agivan fiagipohids cvateat m‘cpbomalloe’ntThetrmnmmmhmepnv dnbd)undeﬁat@ﬁﬁaid)r 1 hour .

phase. 15noeapaiaps I Repiee RS eIdal PGSR i vepdts patice sizeofabont 75 &1 1€

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

16



P | . em——

predom nant magnesi um al um num phase was nost closely represented by 20
My6Al 20HI g- 4. 5H20, as depicted in | CDD card 35-965. This substance is
referred to herein as "Metals Trap A'. The hydrotalcite-li ke conpound is

t hen col | apsed by heating at about 500C until a solids content of about 8%
I's reached. Attrition resistant mcrospheres with an ASTM 2 hour attrition
of about 2.1, apparent bulk density of about 0.72 g/cc, a surface area of

about 65 nR/ n : - t ai ned.
Exanpl e 2:‘:‘r§1g‘?fia§3lfﬂ E@n éﬁﬂ%’#h%@g%ﬁ#?ﬁ%ﬂ&%@gﬁyﬁe Wfé?gﬂ?r appi ng
addi ti ve ceabttatceiiswgieredad héreimas KMeamlsairep B2 conponent was prepared by

m xi ng, on an ignited basis, 3 parts cal cium hydroxide, 3 parts 30
pseudoboehmte alunmna gel, 0.5 parts silica sol and 4 parts kaolin clay.

Sufficient excess water wasgkipplrdeMissdchetad@xiddse final solids was
approxi mately 20 wei ght percent. The resulting slurry was spray dried to an

aver aged part i c|Magresismzlurainatg tvas prepared fallewing e methods pesgribed hereig anding 9 of

about 5 wej I t rition resistant mcrospheres with an ASTM 2
hour attri %%atgﬁﬁcgguogs@.&%, apparent bul k density of about 0.64 g/cc, a
surface 16 ar eaMgO pabdert (h&dngfufaceada af abontel 00oh VglMAGAK®, Preémi&d cc/ g wer e

obt ai ned. I s. .substange.i.s.referred to herein, as, "Mtalg,Tr B.. Exanple
3: M xed I\fgg w%b?«f@'é@%@@b‘ﬁ@éf%%&#ﬁﬁ&?@ﬁ& leﬁg’leﬁ/ﬁ‘é"ﬁ I? & eﬁﬁ“"t he

net hods desgd] tb@micaEgraldaceiidladidis abled to BRIMBPO shery. 6, 028, 023. MO powder
(‘havi ngola surface area of about 100 nQ/lg}ewNAGOX(r . Premer  Chem cals,

O evel ¥d, OH) Sepamsiely, ppeadobachpite £72® Co s disgerpedipwaist ahp salids teyel of

Ther eaf t er g Sk rade acetic acid is added to the MgO slurry. 10
Separ at el y?éﬁggﬁ’g%%oem?nhg@fgﬂr) Condea) is dispersed in water at a solids

| evel of 8% t dllErMgOchigrand lalwminmsod ele miX¢tkinatpOntaingr such st thelmplintatisol are

mxed in a ntai ner such. .that the lar ratio f Al .of the.preparation
wns a1 AELAY obie pcharheod Vsl A% Bha et aded [P iR D RGRCP g
content of theR6lid¥icshtenitofitite aixaut tdoule. Thedhixte isheardteaboud2 SPUveral4F over

a 15 period of about hours. Once heated, 8 dry basis rts of th
resul tihg BFRdOf ahRps S hoisq Ongs hepted, %S’Q’ basis P@wyrﬂeesreﬂir“ne&w wat mg&egde

cal ci um hygkRxsidenalsaets ¥f febhridhl bladé SMiuRY8ox4de 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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give a final solids content of about 10% The m xture is then spray dried
under standard conditions to produce m crospheroidal particles with an
average particle size of about 75- 100 m crons. The product is then calcined
in arotary calciner at an approxi mte equival ent 20 tenperature of about
600C for 1 hour to.produce a m xed netal oxide of magnesium cal ci um and

al um num Exanple 4: |Inproved FCC Catal yst Perfornmance To eval uate the

per f or mance of ot g2 .aedst. . i 25 under
BOC reactor- |1 1 slSporikie cuil it Slielh A3fvE Bbdboteh vt ] At

conbi nat i omdividiaky at3R*C foxtoat keitr andithen degotivadll ecomdingaopestedioh| Vanadinm | abl e

catal ysts and.fornmulated with 5% rare earth exchanged Y zeolite in an
active mat ?“}r&){“%{%@h@fmﬁfﬁﬁﬂgéﬁ (?é‘ﬁ)rﬁaf’léfp r?f'tﬁg's_ XOYRYSBEFi ca sol . The
catal yst s{dhirhdtcivis avalai¥ atiohRtd ldeadtiostivntink (RERBET @hAdbgiePBIoEITd-260)and t hen
cal cined. The catal yst surface area was neasured to be about 250 /g 30 and

the rart ehhanthemapbeantagngiedetalgst was steangeateda B00°C withabout SA%HIm activity

catalyst —H3efbdtdhofts (TRECIIVE nﬂﬁtgfé?)(}ﬁc?a Hhal vafhdhlln SdrlctndtRioh Bk G | T O cf ay

m cr ospheres, avai rci rom Enge rporation under the
trade nanel®@i0ppnt and nidkebconsentfation ofabeat WAPpenp Fiooxompdrisby, afoBhRily with a

total rare rth content .o 203 basi s, of bout . 5% .and t.h re vol ume
was. abour G a5 g1 5ol \dBE RS sefieprdiofles TR bt AR X ¢ ve
conponent Sﬁatm&oﬁngaﬁéonc@a@un@@taljrsndﬁw 4t dlithyutaeactiddfior, & sho®a il Pighreand t hen
deactivated according to protocol, Vanadium and nickel naphthanates were

cr ackedf onFigusZcdsmopitrates; that thy deactisiation procrsehass significant sppgst o0 e Fyystalai | abl e
aut omat ed deagld ¥ é?&@%%ﬁ:ﬁ%@fwﬁ%ﬁl&gmﬁtﬁ. Mbdel D-100). 5 Then the
ed a

metal contam nated catalyst was steam treat 800C wi th about 50% st eam
for about 9 houFsmeahe wtaldicpetfomance desstivateld eatdlist atixtusadireitker tadesnt r at i on

of about 10.0 i |, conce i-on_.of . ut 90 m r
compar | sontis? vruBRellp BvalsEe b GRBRERMHCC e Bt PO RS PosaBPEY 4GRS e

pr ot Iocol amoﬂﬂaﬂ.gkmhhdﬂﬁbpéi iicladedAreadiio terﬂﬁérﬁﬁl‘cmfﬂbém@%"ifbﬁatﬂ&stao biul k
catal yst, w.t n i t hout . deactivation, is shown jn Figure 2 10 Figure 2
dem)nsﬁ’ at @é‘of’ﬁ;lwf )ri\rné”?!@%{%d( li"%a]@’isB?'Fep‘fF'BE‘é)é%fsaﬁa‘ét 3&“%4 whing 7 andard USSRIf on t he
crystal stpueiddigockf the Y zeolite contained within the bulk catalyst. To

measure catal ytic perfornmance, deactivated catalyst m xtures were then
| oaded into a lodieatdRun bAInp additive whs esed.| obastRensylBs tB | the &ddiveowas uni t

(Kayser Te%&@ ﬂ'gyAegﬁescribed 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.
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R+) .
catalyst to oil
8, and using a standard US Gul f
additive was used.

In Test Runs | B-1F,
described in Exanple 1 and/or the high activity catalyst Y Zeolite,
under the trade nanme Converter.

In Test Runs 1B-1

F1

In Test Run | A,
Metals Trap A as

no

ACE conditions included a reactor tenperature of about 985F,

15 ratio of about 7, weighted hourly space velocity of about
Coast feedstock.
the additive was
sol d

the additive nmade up

0% of thepadl. | G chaaive pesio ﬂi#[: BE&its E&rﬂ[aﬂgq@eAr esults for Metals Trap A
astherre‘a'i&)gg' Cm&ﬁwgmm aLV e 1, below. Al _data is
gi ven as W&esyht dﬁ’er cgridigibs . | Coversitn p LIG |FGBoBt pLOOt | Bettdmsr rfnkse) Hés ql ts
for Metal fRu ayAdditiveqt oo Addi ti B CohVYisldsli oXleMpq MgWo| i Yield cDYiskk | Bisd |coke
H2 Run Afditive™oy |Yield Vield Yie|d Yileld Yie]d Yigld in|Cata yst
M xture [A O I 5:‘5(.9 14.5 30.9 21|16 17.5 12.2(1.0 B 10% Hi gh 0.1 (13.8
31.3 21.4/18. 5 118 9 actlivity catalyslt _1C 10% Metals 70{5. 2013 34. 8
15.6 13.9] dA5[0. 2 TdapNeme| O 108%094 #4354 2309 3 28618 4740. p 1829 0.&

Metal s Tr RpBA] Lg% Ni{gNHigrCLl VT §01 ChuABY[ST 31.1TT| 0% BOsE8. f 12%. 0 636./5 19.1
12.4 8.2 D.5 Metal s |TeapiA | 20% hi gh
catalyst
1C 10% Metals 70.5 20.3 388 15.6 13.9 8.5 0.7
Trap A
1D 10% 0% 714 22.1 375 18.4 10.2 89 0.6
Metals
Trap A
10% high
activity
catalyst
1E 10% 80% 68.4 21.0 36.5 19.1 12.4 8.2 05
Metals
Trap A
20% high
activity
catalyst
1F 10% 70% 69.2 204 36.3 194 114 9.3 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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S |

activity catalyst |IF 10/a 70%69.2 20.4 36.3 19.4 11.4 9.3 0.8 Mtals
Trap A 30% high activity catalyst In Test Runs 2A-2D, conditions were as
above for Test Runs | A-1F, except that catal yst m xtures had a fi nal

vanadi um concentrati on 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,

t he addlt'\‘, anple 1 and the high
activity catz ks e ' B42 nane Converter. In Test
Runs 2B- 2[Crest he &ddi | Auditi nmﬁmQS%Pm‘ tthaolmat alcx atmhtyisd | nCokk U €H, I[N Test
Run 2D, thRumafddditixee| nade uip 5045 of | t¥iedd 0 Yield al| Ydedd Q| Wadid i xYield | Yield |
Addi ti onal perfoi“mance resufts for \Metald Trap A as the netals tfappiing
mat eri al lare Bhsti b Tabl el 2, below. All| data ils giVen as \wight '
per cent agles. XW8hl e 2. HACC Catallyst Pdrfornarce Results for Metals [Trap A
Test % Addiéi Ve Gonver ¥pmen |LPG6Raso] i B8 L|CO2Bbt tiot Cokd 0H2 | Rum Adich t|i ve
(% Yiel dygerdyh ettt d Yig O et [T Tsdat g ygs [ MRt une o 2A GhdNane
56.8 13.3 26.4 22.2 P1lm&Qail3l 6 1.2 2B 25%|50% 66.{1 18/7 35.7(20.0 {13.519.0
0.6 Metals Trap A PpOfppu gh activjty datalyst

50% high

activity

catalyst

2C 25% 40% 659 18.4 35.0 20.5 13.5 9.6 0.8

Metals

Trap A

60% high

activity

catalyst

2D 50% 40% 68.1 17.4 39.7 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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2C 25% 40% 65.9 18.4 35.0 20.5 13.5 9.6 0.8 Metals Trap A 60% hi gh
activity catalyst 2D 50%40%68.1 17.4 39.7 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 IA-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 Exanple 2 and/or the high activity catalyst Y Zeolite, sold

under the 3F, the additive nmade up

10% of th S B R%F%]MMBHQ% IE?Bsults for Metals Trap B as
t he net al sTést appling | Additivel pCongersion)) LBG (| Gasdlinp|(e LEO j)eﬂoamns Al Coldai alli 5 gi ven
as wei ght| Bt ,éﬁﬂi&i@e 10 2p TéW e 3“*‘!‘ C Yigld a| yé’{e“’Perf‘ﬁ?"iraljlcg‘dkesﬁiel"s for

Met al s Trto\ S"Lv Addi ti e Convefsiorf LPG Gdsol i ng LCO Bgttons| Coke H,
Run Additj ve f‘@tuf‘ d Yielfd Yield lield Yield|Yield} in Cafalyst| MxXture
3A 0 None[ 60. 9 145 B0. 9 21|16 17.5 12.211. 0 3B|10% High 60.1 13 8{31 3 21.4
18.5 11.7| GA9| adti v|tyoreat hl y&29 3C1409 VB4l § €367 16174 33, 4221] 3104 0
10.6 0.9 3B 10% High 60.1 138 | 313 214 185 117 | 09
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

v)

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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Trap B 3D 10% 90% 66.6 18.9 34.4 20.0 13.3 10.4 0.8 Metals Trap B 10% hi gh
activity catalyst 3E 10%80%66.0 18.5 34.8 20.3 13.6 9.6 0.8 Metals Trap
B 20%high activity catalyst 3F 10% 70%66.7 18.0 35.1 20.6 12.7 10.3
0.9 Metals Trap B 30% high activity catalyst The results reported in
Tables 1, 2, and 3 denonstrate a synergistic effect fromusing an additive
that contains both a high activity catalyst and a netals trapping material.

5 Essentially no benefit g ' ' ctivity catalyst al one
as an additive, but the%Z@&%é'@%#g‘h%gﬁ%ﬁ/i@ﬂgggal yst in conbination
with a netal s tRosaler ngayndiffeaction usimg €hKa ratiationiand surfacg areamadaburergerdat er t han
the benefij,of netals.trappi material . al one, . The opbi natj.an of a high
activity ctﬂnéleypé’f“t%ﬁg-) WQ{??P%%ngg icﬁiallﬁsﬂm'grﬁcégg'f@iaﬁié‘"g’i ncreases
conver si ONgatd1 it hEAEEFHRGEX fpld 4. TREdeRETRSare @hveh i Tabilé &) yblowlecr eases LCO
yield, 10 decreases bottons yield, and decreases coke yield, and decreases

hydrogeh gas yield. 21 Exanple 5: Crystallinity of Fresh Catal ysts Powder
x-ray diffgagd é %!&ﬁiﬁ 9y SHrda, ¢agdial i on and surface area nmeasurenents
eIIrs

(single po en of the fresh bulk catalyst and fresh

puiA ]

hi gh activyity Peak
{6.3° 2-0) Area

Fresh Bulk Catalyst 4236

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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catal yst as described in Exanple 4. These results are given in Table 4,
below. 5 Table 4. Crystallinity of Fresh Catalysts Peak (6.3 2-0) Area
Fresh Bul k Catal yst 4236 Fresh Hi gh Activity Catal yst 14554 The results
reported in Table 4 denonstrate the distinction between a bulk catal yst and
a high activity catal yst of the present invention. The area of this XRD
pattern peak is 10 a netric that generally indicates the degree of

crystallinj 1oAY fHiat i S iRafe gf@.:,s J e
crystalli ngét?éﬁfe)gegg% al ygt%l. gg;r@phjlate 6. I\Fl{e? gate t@g?gy gf;tﬁ%B l&r&%{ygtlr yé?f
Cryst al | i nitegterMbe peaktanes; theymgre arystalline thssptalystrdihe@acwnl x-tay difiactagramiavent i on,

XRD and supfac 1 r C I at had
been m xedgm‘%nﬁn yegt%gﬁ 35 ]?'r a% %Hatﬁgﬁ&ﬁne%% g’gé:‘?gﬁ\ﬁgfl %@ﬁ%pf@ésrﬁ or?tﬁ}tﬁ%fkp no
catal yti c bulkeitalys sabjdited toemondeactivatich. Follstvinigudeactatiqe devieheclossdat al yti ¢
cracking additive Metals Trap A and high act]lvi catal yst of .the present
nvent | Sn. CerHelip fobseriess e i the Sathr 1565 (SEm i 190 Hegm aseing Wik bved Bul k
Cat al yst %@51?1% @ﬁdkﬁgBﬁaiﬁEe%rﬂBtpPess}ﬁwem&n %'egttnwﬁﬂ)’,e@&gﬁﬁeﬁt joRee Area
(6.302-0) (m/79g) 1A Bulk catalyst 438 68 ID Bulk Catalyst with 10% 4713 102
catal ytic Bespislalgitydupresopeedasshgweindhestorirage. A and 10% hi gh activity

catal yst) The r§§E!: ks Ltdef il : l.aventi on

i ncreases the area ég?gtg ﬁ@gt@%ygg?terne?b@éﬁ%&gp’f%‘Jgg%ltllhgg?ﬁ%eg%%g{essalsg-t het a.
Gener al | y, shoeethatrtharedfictioniof théRDxrfaczirea 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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pattern peak is a netric that indicates the degree of crystallinity of the
bul k catalyst. The greater the peak area, the nore crystalline the

catal yst. The actual x-ray diffractogramis shown in Figure 3. In Figure 3,
the bottomtrace shows the diffraction pattern of the fresh, bulk catalyst
subj ected to no deactivation. Follow ng deactivation, severe loss in 5
crystallinity is observed as shown in the center trace (Test Run 1 A). Upon
reacting with a catalytic cracking aegliiﬁlgve of the present invention (Test
Run 1D), a significant portion of thé crystallinity is preserved as shown

i n the topWhaaiselaiiBed isace area of the catalyst is another indicator of
crystallinity. The results, al . show that the reduction of the surface area
of the bul kK cat 21 {Y“F§r38g'6‘5é§‘§8&“wp@ﬁ't"§1 ytic 10 cracking additive of the

present inventi gk méxBRapsing mabdpibRled Tr appi ng Scanni ng El ectron M croscopy
utilizing Energy D spersive Spectroscopy (SEMEDS) was perforned on the

catal yt Pc crackbyighiglyastivity&atalysted i n Exanpl e 4, above. 15 FCC

catal yst/catal ytic cracking additive m xtures were deactivated by being
nmetal | ated and steaned as described in Exanple 4. The additive particles
were found2to Thewatlyticoerecking additiye of Claime 1§ whdreinitigmetals tappisg matemadi um

sul fur, silicon erium ri,ouy difications of. the invention, in

addi tion t §°THEER a‘é’sacgif’?‘bzé%?%%’r"&f??{%f‘% “‘f?e%ya‘?’)%ﬁl?tem to one skilled in
the art fromthe foregoing description. Such nodifications are understood
to fall within the scope of .the appe cl aj s, ainms L What js clained

. . 23 d
is: 1. 1R cdtal y?h%c%ﬁfl&&&fﬁﬁjﬂ%ﬁgﬁ#ttw?@? 8@?%#5@%‘? themetals feepping matezighi ng
mat erial ; %&e(l]pés_epboﬁﬁb&@q@&{d%bﬁﬁgsﬁﬁﬁhaﬁdm&-bym atalytic cracking

additive of aim1l, wherein the netals trapping nmaterial conprises from
about 2% to about 98% of the additive by weight. 10 3. The catal ytic

cracking additi f al.m.1 rei | r i |t er | al
conprises ftom gﬁ%%ttalgéﬁ’%rg%q %\go%&éf "gg%kﬂﬁt‘ fq%ﬁ%ggiﬂﬁei I\%g&g&g" \‘/’\gllgé ma'_tenﬁl_ The
catal yti c comphden romcabot 2086 @f abolitcB0 Af theninklitbierbytvredghtet al s trappi ng materi al
conpri si%s from about 70% to about 90% of the additive by weight.

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

comprises from about 5% to about 60% of the additive by weight.

6. The catalytic cracking additive of Claim 1, wherein the metals trapping material

20  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,

25 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.

9. The catalytic cracking additive of Claim 1, wherein the metals trapping material
30 comprises a hydrotalcite-like compound, a silica- and alumina-containing compound, a

mixed metal oxide, or a combination thereof.

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

comprises a zeolite.
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15 5. The catalytic cracking additive of Caim1l, wherein the high activity
catal yst conprises fromabout 5%to about 60% of the additive by weight. 6.
The catalytic cracking additive of Caim1l, wherein the netals trapping
material 20 and the high activity catal yst conprise separate particles. 7.
The catal ytic cracking additive of Claim1, wherein the netals trapping
material and the high activity catalyst are within the sanme particle. 25 8.
The catalytic cracking additive of Caim1l, wherein the netals trapping
material conprises a cal ciumcontaining conpound, a nagnesi um cont ai ni ng
conpound, di. a Thecdtalptid ¢rackingwsidgdotke of ClaniiH ewbertialthe high actadtyicaglyaddi t i ve of

Claim1, wherei.n the tals t.rappifng material 30 conprises a
hydr ot al ci tcgmpp%éagg}%mﬁme%{ze?ﬁ%?@g_ and al uni na- cont ai ni ng conpound, a

m xed netal oxide, or a conbination thereof. 10. The catal ytic cracking

additive of Caiml1, wherein the, high ?cti vity catalyst .conprises a

zeol i ted 24211, Theeatelyticerpeking edditiveiof Glaimd 0y Whiareip thageg]itpig ze < n the high
activity c : ' ith KSh S ;tp, '-;ﬁﬁ &e0ldnitBnatid fhe

catal ytic %%gk{’i%%%htg%g?ﬁl@iﬁ’o@%ﬁhgﬁn’fg, \Aﬂerg?lh t he zeé}lni; te | Isli*%gegl ite X, Y
zeolite, zeolite A zeolite L, zeolite ZK-4, beta zeolite, faujasite, or a

conbi nati on.t hereof . 3. The catal yti .cr.ackin diti.ve of d.aim 10,
wherein thg32eol f“éat?l 'cYcr?‘élSW ?‘@,’twﬁé{f ?3“96@1 ‘ivt’eé‘,%n%gqﬂegbfetl%? 288"5’ bcr%’rmi nation
t her eof . 1Gedite, fAiljssite 2dral opiribinatib@thietedf) additive of Claim 1, wherein the

metals trapping material is a vanadiumtrapping material. 15. A circul ating
inventolroy of catalyst particles in a fluid catalytic cracking process, 15

wherei n from abayt cAallfc daakhg KRG RN whbredAhs meRaRIpBIng nterR jsSes the
catalytic cracking additive of Claim 1. 16. A process for the catal ytic

cracki ng ofa apadiwm (reRpinpmaterial. ng contacting said feedstock under catal ytic
cracking conditions with a conposition conprising a bulk 20 catalyst and a
catal ytic cracking additive, wherein the catalytic cracking additive

15. A circulating inventory of catalyst particles in a fluid catalytic cracking process,

15  wherein from about 2 to about 80% by weight of said inventory comprises the catalytic

cracking additive of Claim 1.

16. A process for the catalytic cracking of feedstock comprising contacting said
feedstock under catalytic cracking conditions with a composition comprising a bulk
20  catalyst and a catalytic cracking additive, wherein the catalytic cracking additive
comprises:
a) a metals trapping material; and

b) a high activity catalyst.

25 17.  The process of Claim 16, wherein the catalytic cracking additive comprises from
about 2% to about 80% of the composition by weight.

18.  The process of Claim 16, wherein the catalytic cracking additive comprises from
about 20% to about 60% of the composition by weight.

30
19.  The process of Claim 16, wherein the catalytic cracking additive comprises from
about 5% to about 20% of the composition by weight.

20.  The process of Claim 16, wherein the metals trapping material comprises from

25



conprises: a) a netals trapping material; and b) a high activity catal yst.
25 17. The process of Claim 16, wherein the catalytic cracking additive
conprises from about 2%to about 80% of the conposition by weight. 18. The
process of Claim 16, wherein the catalytic cracking additive conprises from
about 20% to about 60% of the conposition by weight. 30 19. The process of
G aim 16, wherein the catalytic cracki ng additive conprises from about 5%

t o about 20%, %w&oﬁp@ﬁwﬁﬁﬂe%dﬂ% t. 20. The process of Caim 16,

wherein the metals trap teria rlses from 25 about 2% to about
98% of the additive by WEI ght 21. The process of Cl aim 16, wherein the

nmetal s trappin materlal s fr qQut 650% bout 95 of the
addi tive b§ wei ‘ﬁﬁ“ﬁg{dp?@ ‘g%Fw%P "’RPT&’“W&?’HP‘H%% %t al s
trappi ng nEdoﬁfG(%tcﬁMﬁﬂ%Sfﬂxé@ﬂﬂxthe@ﬁ%to about 90% of the additive by

wei ght. 23. The process of Claim 16, wherein the high activity catalyst
conpri sts from about 10 5% to about 40% of the additive by weight. 24. The

process of 5{J ai ffelfocedd ' Qhith T@%h@ﬁir?th@n{efa{’squpﬂﬁlgr)ﬁit&{ajl%m s kB hi gh

activity catalyst conprise separate particles The process of Caim
16, wher ei shouh#0%tx about $%appihngdditivedy weightnd the high activity catal yst are
within the sanme particle. 26. The process of Claim 16, wherein the netals
trapping material conprises a calciumcontaining conpound, a

magnesi um znnt ai‘treipil@:ces)diﬂmuilﬁdlﬁ Whereirctherhighattivity cathlyst domnprises frén.abdihe process
of Claim 16 wher ei n tgﬁﬁgﬁé trapping material conprises a non- anionic
magnesi®im > %rte1abaut AP v ?\PY}&C fpound that has not been derived from a
hydrotal cite-1ike conpound, a hydrotalcite-like conpound, a silica- and

al um na 25 contai ning conpound, or a conbination thereof.
24.  The process of Claim 16, wherein the metals trapping material and the high

activity catalyst comprise separate particles.

15 25.  The process of Claim 16, wherein the metals trapping material and the high
activity catalyst are within the same particle.

26.  The process of Claim 16, wherein the metals trapping material comprises a
calcium-containing compound, a magnesium-containing compound, or a combination

20  thereof.
27.  The process of Claim 16, wherein the metals trapping material comprises a non-
anionic magnesium- and aluminum-containing compound that has not been derived from a
hydrotalcite-like compound, a hydrotalcite-like compound, a silica- and alumina-

25  containing compound, or a combination thereof.

28.  The process of Claim 16, wherein the high activity catalyst comprises a zeolite.

29.  The process of Claim 16, wherein the high activity catalyst comprises an in situ-

30 synthesized zeolite.

30.  The process of Claim 28, wherein the zeolite is zeolite X, Y zeolite, zeolite A,

zeolite L, zeolite ZK-4, beta zeolite, ZSM-5 zeolite, faujasite, or a combination thereof.
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28. The process of Claim 16, wherein the high activity catal yst conprises a
zeolite. 29. The process of Claim16, wherein the high activity catal yst
conprises an in situ- 30 synthesized zeolite. 30. The process of C aim 28,
wherein the zeolite is zeolite X, Y zeolite, zeolite A zeolite L, zeolite
ZK-4, beta zeolite, ZSM5 zeolite, faujasite, or a conbination thereof. 26
31. The process of Claim28, wherein the zeolite is Y zeolite, beta zeolite,

or a conbinati-pg frB&sEef Clame28, WiRrd M6 8&titdk Y ealith, 8&a ze¥Nes, 8k & the netals
trapping material is a vanadium 5 trapping material. 33. The process of

Claim16, oebipstiondhrseafy| k catal yst is about 5% to about 40% zeolite. 10
34. A process for increasing the performance of a bulk catalyst in the
presence of at |east one nmetal conprising contacting a feedstock with a
cat al yti c 82.ackThegprocksds ¢ff Gleim &6 vwherein thg meta)s trappingahaterial apgpvangdiomit er i al ; and
b) a hi?h gct Lvity cagtalyst. 15 35. The process of C aim 34, wherein the
catal ytTc CPRRUMETAH“YUditive increases a catalytic conversion of a
feedstock. 36. The process of Claim 34, wherein the catalytic cracking
additive increases a 20 gasoline productjon froma feedstock. 37. The
process of 38 ai FieRrocashel Elrim { §avherinthe bulk catalyskis abowd 3% toiabauti49es eases an
LPG produgiypn froma feedstock. 25 38. The process of Claim 34, wherein
the catal ytic cracking additive decreases an LCO production froma
feedstock. 39. The process of Claim 34, wherein the catal ytic cracking

procesdSor 6 o o oss REPR AR RS Pa B Bl IR prheEdrances coe
product i onldast@mne etal esifiprixidg contacting a feedstock with a catalytic cracking additive
comprising:
a) a metals trapping material; and
b) a high activity catalyst.
15
35.  The process of Claim 34, wherein the catalytic cracking additive increases a

catalytic conversion of a feedstock.

36.  The process of Claim 34, wherein the catalytic cracking additive increases a

20  gasoline production from a feedstock.

37.  The process of Claim 34, wherein the catalytic cracking additive increases an LPG

production from a feedstock.

25 38.  The process of Claim 34, wherein the catalytic cracking additive decreases an LCO

production from a feedstock.

39.  The process of Claim 34, wherein the catalytic cracking additive decreases a
bottoms production from a feedstock.

30
40.  The process of Claim 34, wherein the catalytic cracking additive decreases coke

production from a feedstock.

41.  The process of Claim 34, wherein the catalytic cracking additive decreases

27



41. The process of Claim 34, wherein the catalytic cracking additive
decreases 27 hydrogen gas production froma feedstock. 42. The process of
Claim 34, wherein the catalytic cracking mtigates a decrease in
crystallinity of a bulk catalyst. 5 43. The process of C aim 34, wherein the
catalytic cracking additive mtigates a reduction in the peak area of the
2-theta peak at 6.3 degrees of a bulk catalyst. 28

hydrogen gas production from a feedstock.

42.  The process of Claim 34, wherein the catalytic cracking mitigates a decrease in

crystallinity of a bulk catalyst.

43.  The process of Claim 34, wherein the catalytic cracking additive mitigates a

reduction in the peak area of the 2-theta peak at 6.3 degrees of a bulk catalyst.

28



