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-1- ' RARE EARTH BI NDER- CONTAI NI NG ADDI Tl VES AND CATALYSTS

Thi s appli s.a continuation-in-part .of U S. Patent i on

o T ol PR, W02 08/315,320 filed Septenber 29, 1994, o8 adls
Background of the Invention There are many wel |l known

- cracking catal ysts and additive conpositieis which are useful in
converting metal s-containing hydrocarbon feedstocks into val uabl e

products such as gasoline and diesel fuel. 10 : When

zeol i t e- contai ni ng cracklno catal sts are used to Dr ocess feedstocks

whi ch contain deRtyARIH BE JONTAINENGrAD] S SAMA] :

catal yst in o anDunts that eventually cause Ioss of act|V|ty and/ or
i ncreased production of undesi rabl e products such as ‘hydr ogen and
~ coke. * This ApplicRidnas a bhtifliafen-RERST YPUISO PareAEAPRE P SeridRIc?Vi NT

the catal ytic cracking 15 activity and selectivity of catalytic

cracki ng cat al83&1$, 329ﬁ19é5wtg9b¢rc29 9%4/nowere a rare . earth
~-conponent_is added to the catal yst. U S. Pat. 3,930,987
descri bes a process wherein cracking catal yst conposite ' particles
(conprising amﬁ'@gdb-pﬂﬁlmi' ) are inpregnated with a solution of rare
earth salts. Various so_ulTI'F'ﬁiei earth salts nmay be used to prepare the
catalysts. 20 - There arg.nBinyPedil knowh ackiig oatabtstmdaddltmetdumpbsitims which
passivating vana cr.ackin al ysts wherein

di m.on cat al
| ant hanum i s r%%?i?%‘i‘ d%F?V"BN%T‘ﬁFIF‘éPB@‘W hydeocarhog bt §igto valuable ¢
ordi nary use. ﬂrad&%,p &ieh &k ﬁg%gpd Pfel | @ant hanum i s preC| pitated by the
ydr oxi

addi tion anmon e or oxalic acid to a catal yst which

has bee rlq)r eV| ous| yWhen zeohte-cmmgg atacking/citalysts areed &5 process!feddsirks
sol ution. 921, 824 discloses a catal ytic cracking

cat al yst Whl c highgontaia metals such agy 4H&Fjﬁ¥"b themetalsage dapositagran T@S gstab'ﬁt in
| h - .H
soparate par t (EjoubiiaUCARN SN 5 oty BB ifereased prodyBICEE. 20 g

process. The mdemmerpmdumuaﬁdshydr@gmm'caﬁé ude an inert matrix such as

clay, silica and/or a netal oxide.
' The prior art discloses various methods for improving the catalytic cracking

15 activity and selectivity of catalytic cracking catalysts in the presence of V where a rare

~ earth component is added to the catalyst.

U.S. Pat. 3,930,987 describes a process wherein cracking catalyst composite
parti_cles (comprising a zeolite in a matrix) are impregnated with a solution of rare
earth salts. Various soluble rare earth salts may be used to prepare the catalysts.

20 U.S. Pat. 4,515,683 discloses a method for passivating vanadium on catalytié
cracking catalysts wherein lanthanum is nonionically precipitated on the catalyst prior
to ordinary use. In a preferred embodiment, lanthanum is precipitated by the addition _
of ammonium hydroxide or oxalic acid to a catalyst which has been previously

. impregnated with a rare-earth chloride solution.

25 . U.S. Pat. 4,921,824 discloses a catalytic cracking catalyst which contains
separate and discrete particles of lanthanum oxide. The lanthanum oxide particles are
added as separate partiples along with the catalyst particles durmg the cracking

- process. The lanthanum oxide additive may include an inert matrix such as clay, silica

and/or a metal oxide.
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U.S. Pat %05613&%413_ and 5, 248, 642 di scl ose cracking catal) o613
additives whi ch contain an inorganic rare earth oxide and/or
oxychl ori de di spersed as discrete particles in clay/alum na and/or
reacted netakaolin matrix. The catal ysts-&re particularly active

for the cracking of netal -containing hydrocarbon feedstocks. 5
Wi | e these conpositions have been effective in dealing with the presence
of vanadi u there remains a continued desjre for irrprovgd cat al yst

and additive U.S. Ratsnsoli44 13rand\§348,643 disclase cracking satalysts;apd agditives e

presence of nadj . i i r
flexibility M’i’&l éﬁgg%%grg‘%’%#co eaeapgroéf &eagagl ﬁ* ?o hg(ﬁ@ﬁtﬁﬁp%{%d B ibrete
cat al yst andpasticied h Elay/alufivia dind/o? Feaciéd metakaolin mdttixnThe/ cardlystiharel nvent i on

The invention provides inproved cracking catalyst and addi i‘iseqé(grrpositions
that are hi gpesticuleriy @etivedor the cragkingnfimeta)-qontairipg, hydracaghq teAKS et al s

such as _vanadi um . wher ei.n 0 |1 .00St: . | zed by
t he pr eSence of aweethg%?rﬁoﬂlpfgﬁmng ﬁh&%ﬁﬁ%‘uﬁ%ﬁ%@&%@rﬂﬁ glfe_r [ﬁ-ﬁeﬁ{;é 6¢
I n one aspeciyanddi@in] th¥Rtm@ins & 86MiTNes desiredoNingrovdduatalyss pataddiive useful in
catal ytic cracking wherein zeolitic cracking catalyst particles and/or

ot her parti clcompgsitions which provisie greateractisity incthe presericeof yanadiiny gByrtherne rare

earth conpounds contained in.the ... . _bi ed
fromthe gr Ogﬁers b%asﬁﬁgqrpﬁ%r %Fatﬁﬁ%bél}wgwgﬁ%gggég 3?%65} ¢ gé&é%?@ﬁ%@ es,
and m xt ures chiafysPMd/or additive particles. I n anot her aspect, the invention
enconpasses the ‘use of a rare earth conpound bi nder in conbination
wi th artGuxiliary binder material. The auxiliary binder is '
preferably sel ected f.r,omthe group consisting of peptized alum na and

col | oi dal sil nary of the nventioft I n anot her aspect, the invention

- enconpasses the Cclmﬁilédﬁaﬂ?rmdss%hﬁ}md Bfadking Satalyst ndratlditive dbmpoditidrser
particles in conbination with a rare earth conpound bi nder materi al

Preferred hi ghatsare higbly effectivefar contralling-the adverseceffegtsiof gstals sueh as vanadiym
hydr ogel s. . .The invention glsg enconpasses ods for
preparing conpaRrsinthose composmonsareefpg%qtmﬁ.hyﬁléeprgﬁglgggﬁfprg und bi nder
mat er i of | ' rein arare earth acid sol or rare
earth ?’a t solut |dgﬂaig§lhglgﬁ%eléﬁ§d with the desired particul ate .

In one aspect, the invention encompasses compositions especially useful in

catalytic cracking wherein zeolitic cracking catalyst particles and/or other particles are
bound by rare earth compound binder. The rare earth compounds contained in the
binder are preferably selected from the group consisting of oxides, oxychlorides,

20 oxycarbonates, and mixtures thereof.

In another aspect, the invention encompasses the use of a rare earth compound
binder in combination with an auxiliary binder material. The auxiliary binder is
preferably selected from the group consisting of peptized alumina and colloidal silica.

In another aspect, the invention encompasses the compositions containing high

25 surface area filler particles in combination with a rare earth compound binder material.
Preferred high surface area parﬁcles are silica xerogels and silica hydrogels.

The invention also encompasses methods for preparing compositions

containing the rare earth compound binder materials of the invention wherein a rare '

earth acid sol or rare earth salt solution is combined with the desired particulate
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rat eri al anﬁdﬁ,@g@sequently converted into the desired rare_eg 1% E@ ound
mat eri al . The invention further enconpasses inpr ovea’ Y

catal ytic cracking of hydr ocar bons_using the conpositions of the

Il nventi on. These and ot her'%spects of the invention are
described in further detail bel ow 5 Brief Description of

Dr awi ngs Figures 1 to 4 are graphic plots of catalytic
cracking data which. illustrate th erformance of conpositions of

the invention. materalandis subsequenﬁyggpw@ngd ingo Q‘eﬁﬂﬁ@?ﬁﬂar%emméﬁd materigh. a
rare earth co ted by
he i nventi on. e ARveRiSERther Shopmpa ROl I hARIRIR HAICRRUTIE S

The invention &pdrocgrhensasingthy osmpositivns of tiednventior.ed by the presence of a
rare earth conpound,binder material and one or nore particul ate naterials
bound by 15 t he Thsse-and other aspactsnf the Bvention arerdrscribedyin Sirthen detaid belowe

i nventiongare especially | useful in catalytic cracking processes
where a_ hydrocarbon feedstock to be cracked contains significant

amount s of vanBtiefiDesdription of Didwingsnposi ti ons nay be used in ot her

processes. The rare_ earth conpound binder materi al
preferably conpri se§igussel to ans graphic plots ofpalitic stacking data adhidhy itiusttatethgr oup

consi sting of oxycar bonates and m xtures
t her eof . Most g &gr&ggﬁ%y&{%osbgﬁibggﬂwewb‘??pound : mat eri al _
consi sts essenti al | Figore § iva ich@matid @b&s seatidnbf@IaRUARH Tom \‘fm{ﬁﬁé’er-eart h
metal in the conpound(s) nay be any rare earth or mxture
‘thereof PPef er oftginingieempgsition contemplated by tthe imeengioni s sel ected fromthe
group consisting of |anthanum neodym um cerium 25 and m xtures
~thereof Most preferably, the rare earth netal consists essentially of

| ant hanum -Pr epRtaibd Deg%ﬂoﬁ@fﬁwqgwnhgﬁorrpound phase is derived froma rare
earth acid SO owever e rare earth conpound phase may al so be
derived from a rar e Thainvention encompeq:nmmpd»smohwhamctemecgby therprésenédfiay sal t
such as rare. eaarté Qart hcl:gnrlglxgju%d bml\é%r ma ei'xglf a%%%?lle %r more particulate materials bound by
15 the rare earth compound binder. The compositions of the i invention are especially
. useful in catalytic cracking processes where a hydrocarbon feedstock to be cracked
COntains significant amounts of vanadium, however the compositions may be used in
other processes.
_ The rare earth compound binder material preferably comprises rare earth
20 compound(s) selected from the group consisting of oxides, oxychlorides,
. oxycarbonates and mixtures thereof. Most preferably, the rare earth compdund
material consists essentially of the these rare earth compounds. The rare earth metal in
the compound(s) may be any rare earth metal or mixture thereof. Preferably, the rare
. earth metal is selected from the group consistirig of lanthanum, neodymium, cerium
25 and mixtures thereof. Most preferably, the rare earth metal consists essentially of
lanthanum. Preferably, the rare earth compound phase is derived from a rare earth aéid
'sol, however the rare earth compound phase may also be derived from a rare earth

compound solution (e.g. a rare earth salt such as rare earth chloride). Most preferably,
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the rare npound phase consists essentially of |ant hanum compounds
derived &89%’9”§8fr0m a rare earth acid sol. PCT/USSIGEIS; | o,

an auxiliary binder may be used in conbination with the rare earth

bi nder. The auxili.ary binder may be any <el or colloidal conmponent which
acts with 5 the rare earth conpound binder to inprove the attrition
‘resistance of the netals ' passi vation conponent. Preferred
auxiliary binders are selected fromthe grou . consisting of silica
sol (col | oi dte rarelearsh rompound phaseconsists e@qsnualgrtﬁl!ﬂnﬂlapemtmmduad&ﬂeﬁmé .

Pref erably, é'}/’ aUXI | i %r%gb gder present is at a level of 50 wt.% (oxide
basis) or |e una Y on the total wei ght of rare earth binder and
auxiliary binder.y doht e4rfp about
40 wt . % of the totﬂgaglﬁdgglgémvmu?d%? bepu%sg& :ara deaﬁbﬁvmhriﬂ@far% ut 1/3 or
| ess of the hindexl Thieauxiliarydbinglet inay be any sol or colloidal ccﬁnpgpnent whiph acts with a

schematic il ustration of o ssi bl e conposi.tion of t
hvent i Bn. | T Sereieat Compody Hiles Fo danke att"aﬁlémwameoefah%@a@&a on bel ow

regarding  paseivationkdiion:P ki ubABRPRRNS ol seliBd SRS

shoul d be n relatrve 1 sl zes of the vari ou?‘L nponent S
depi ct ed i n dongisting of silicarsol (cblioidalailiea) dﬁdraldnﬁnasdimeferably peptiz@baluminaks have

. been depicted pheri cal, ease of illustration. The particl es may be
irregul arly B &ﬁ@i’ any aux111ary Binder presephis %PERYS"O r?&t‘@r%épx‘ﬂe hes)s) 198 less

honogeneous

Contan a1 Sheed 8 BeAGRT FRkh of ife GHATRGEr apd qucary bibdie MM Bleriral .,

earth genmouhe a@hﬁay bﬁld%ﬂfdrmﬂ th&ﬁ 40at% fofthe tbﬁl bmcetl vadight {mBstgiefefibly,
interfere with th bility of the binder 2 to bind the desired

(1 ar ger) par&bioﬂhl/ét%lmpétheéptahbmfdﬂfﬂlm al so ‘present in the

overal |l conpositi v nder 2. .

combi nati on of 1 Bk pRVETh heRaf Ruslattn de BichossuPopPRalon ofthe, ¢ any
fine invéhtioh] Thisd&tatée®ls éﬁésel‘itedﬁo clasfyend dibduséiibiebdlowadegarding pr ef er abl y
that material is itself a rare earth conpound or an oxide from which

the auxi | i arvariohspessiblecampaneetg of thecompositions. It shouldchenoted thmée relative

Prom chior ot 36 efipis Sipbasis debied pE Rl R BB Nuar EibE e g
m xt ures thqiaeﬁélesmvebeendad?afas%ﬁawdnﬁseésb%faﬂshréﬂdanm %1eaghﬂgmeary

bi nder) may be present in the rare earth - conpound phas i'n m nor
~amount s as |iomgulady shaped.do not adversely affect.the

The binder material 2 may be homogeneous or hétérogeneous. For example,
the binder 2 may contain a fine particulate material 4 in addition to a continuous rare
20 earth compound phase 6 so long as that fine particulate 4.does not interfere with the
ability of the binder 2 to bind the desired (larger) particulate material 8 which is also
- present in the overall composition 10.” As noted above, the binder 2 may bea
combination of rare earth compound binder and auxiliary binder(s). If any fine
.particulat'e' material 4 is present in the binder 2, preferably that material is itself a rare
25 earth compound or an oxide from which the auxiliary binder is derived. Most
preferably, t}ie fine parﬁculatg material 4 comprises a rare earth compound selected
~ from the group consisting of oxides, oxychlorides, oxycarbonates and mixtures thereof.
Other compounds (in addition to any auxiliary binder) may be present in the rare earth

compound phase 6 in minor amounts as long as they do not adversely affect the
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per f or man overaII conposition with respect to crackin

net al - conﬁgP%%H%ﬂg f eedst ocks. % The ngTH§ﬁVH¥E’phase
may include particles of any material which does not adversel y
affect the performance of the rare earth -Senpound phase with respect to-V
‘5 and/or N . nor the performance of the overall catalytic cracking
process. The conpositions of the invention can be used in
at least the foll ow ng nodes: a. as an additive particle

added to cat apsrformaneeefithe gverslhcompositionawitit msgect)to cracking of metal-containing

as a physi cal gl{p%ure wi th cracking catal yst particles,
b. as an {fﬁ i ncorporated into a cracking catal yst partlcl e or 10

C. ~as acatalytfge ﬁérﬁ@xhht@%hﬁs%ttﬂ&)b’iﬁéluﬂ’@% kLot iy mklerfal Which d%\%
conmpound bi'nder ase. ere the
conposi tion o#dverselyi affectthe performance of tke rate sm'piacmnpmmd(phase\mth respéveto V

reactor (node .ove) S an a |ve ora ed into a cracking
cat al ystgpart?@ '“°fth°Per§%‘a'é° q(iﬂcpfai‘"%k?’!ﬁﬂrﬁ?‘ﬁsbound in the
conposition prefer rﬁ196§ﬁ ted
fromthe group congpéfg? ng o d“?i%g%é 1?\%%%4 aoF?ﬁHﬂ%ﬁuﬁBE@dﬂg ﬁ)%h%
silica, and other aon- zwdnaddmvblplahmleacﬁbétoedtaiytnd/*mléng)ﬁaéﬂoie@aﬁtdyrbﬂa i s

used as an : Lauxi Ilab}}/ nder, preferably at | east sonme of the
filler particles are al 88 158# gdmixture with cracking catplystrparticss, particles may

have some functiongli tya@ﬁyzﬁﬂﬁw@ Wﬂt@gh{{gac‘?&?@@ﬁ@é{, éﬁ'flclg’n . OlebuI Kk

to the conp05|t|on In Sone cases greate sired,
the 20 10 boundgpart aga eaalmcmaaﬁgcatayarpaﬁmmm Q5aR darth| coshpefind
additional rare earth corrpound - particles adapt ed to provide

addi ti onal netal passi v binder phasq. gh surface area filler particles

b f.th h
metals passi vati onery B CAfRERARES bh PREndnh Mg o8 s Smbere s By Be° "
particles ar ereattor frode a. above) ok &§ @zﬂﬁ(ﬁtniéﬂﬁcdﬁ&ﬁ%%té - CRAUNIESdat Y particleabl €

hi gh surface area particles may be used | f desired, mxtures of

" di verse partiGnede b; above), the partigulatethound urﬂie panpwmmmwﬁ;&bbawmpnses a non-

Wh t .t | | at
cr acki nbS " BeORE el seictfed R the erpup Synssffe of A aiiba SBRM GBI bound
by the rare egfidahardPoihetAsh-zeolitic filler tﬁﬁ{ﬁi{lé AWherd \9%?&&3 Umin® SUskd 85 ar?

zeol i tie- craeki ng catalyst (e.g. a zeo any known
cracking cat atly@ltaryr’amdexepre&rablpat laast dome bithe Iﬁﬂercpnmmies are alumida pdrtcles.

The filler particles may have some functionality beyond simply adding less expensive

bulk to the composition. In some cases, if greater metal passivation is desired, the

20  bound particles may comprise or consist essentially of additional rare éarth compbund
particles adapted to provide additional metal passivation. High surface area filler
particles may be incorporated into the compositions of the invention to improve the
‘metals passivation performance. Preferred high surface area filler pa:ticfes are silica
-xerogels and hydrogels, however any suitable high surface area particles may be used.

25 If desired, mixtures of diverse particles can be used as the bound particulate phase.

' Where the composition of the invention is itself used as a particulate cracking

catalyst (mode c. above), the particulate material (bound by the rare earth compouhd
‘material) preferably comprises a zeolitic cracking catalyst (e.g. a zeolite Y). Virtually N

any known cracking catalyst may be incorporated into the composition of the
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i nventi o ired, other particulate naterials can al ' por at ed
into the %vobé/oﬁﬁf conposition along with the zeolitic cr aé%'ﬁgs%};@?yst.
Where the conposition of the invention itself is used as an additive or as
a cracki ng catal yst, the total -&rount of binder phase (rare earth
and any auxiliary binder) 5 in the conposition is preferably about
10-75 wt. % based on the total dry weight of the conposi ti on. Were
the conposition is used as an additive (npde a. or b. above), the

conposi t i on inysngop: Efdssises, pthes parsicwlatemasenalo@nalsole inconporated insp thker  phase.

Wher e itself used as a cracking catalyst (node
c. above), tqgglpggﬁgggﬁg(gﬁghtﬁgzeoﬁmccmgngg&t & ably contains about 10-25
Wt . % of the bi ndewhaRah€conpitionl FiEinGdntibh Rselfis used (3ARRAG Ve Qf‘aé’@m d be
particul ate conponents bound by the bi nder phase.

rel ative pr epankingcatalyst, the totdlaumotnpof hinden pbase (mm&mdmmwﬂmybmdeﬁd

. dependlﬂg on the int e&%g?sg%ﬁr%flyp%gfﬁgy j&%ﬁeﬂh"‘%a@ﬁ% wglgﬁb

part i cul ate &ﬁgﬁaeiﬁaﬁt W&F@flﬁrcéﬁwsmon is used ascaarm&hs@(xﬂm& o?b%bo%f ttﬁe by wt .

clay, nore preferably about 40 parts; about O- 80 parts
al um na, norcemposition aivrg preferably 26ntsios ilﬁ:upaﬂ-ﬁewtz%df ﬂleﬁmlcteaphasebwm ght

zeolite (nolecul ar sieve r refe abI about .0 t jarts. \Were the
corrp05|t|ont ecompoancgnp%t segggacgg ng e4t %ﬂl(ﬂ‘gdﬁﬁt’&"v& SREPRFPARL and

type of zeolgdR é)?&@!%ﬁi}tcohﬁnfs put 10-25 m%oémﬁébnh&é}’bhﬁ&o%ﬂ H&ﬁné&'&ﬂ%hat the‘
resulting conposition’is an effective cracking

As notid abcmmp@smgnmaabuh@aemmlmdlnta companentsbeurndiby thecbmdbaphaselg conposi tions
of t he i nvent Qn may be m&c&r orated |nto commer ci al

zeol i te-cont ai ni 281 P‘éﬂe E’PBET%PH@O ound pagticiiase campanepss erlel‘@ﬂé@

gx??gill[ gfrff %ﬁﬁ@@%&ﬂgﬁ rgﬂ(ehand %?I ESIQﬁefsfngdﬁgn%?ézgd and sold

by the Davi general)omiaqatts Byﬂr;swaghﬂfasM/ttho@dmwﬁla@mxﬁimmmslﬁﬁfeﬁblyal yst s

25 typically conprise a zeolite (nolecular sieve) such as ty

ul trastabl e Wn\peswbout 0-90 parts /by we. elay, mpre preferahly about dfity 8O pasts; égo\ﬁrfh/ or

| Pref ortea o AR i, ke ProtEhip Bty 20 1970 pactd ST RSB il LT
CREY), U.S. Rolite (RoR8Rad§ievepflord plefSrably b6 20 patis. Wiete tha cBiBosiAdn

3,607,043, 3,957,623 (PCY) and U'S. Pat. 3,676,368 (REHY). The FCC catal yst
is itself used as a cracking catalyst, the amount and type of zeolite present in the

- composition should be such that the resulting composition is an effective cracking
catalyst. | _
20 As noted above (regarding.mode b.), the rare earth-containing compositions of
the invention may be incorporated into commercial zeolite-containing fluid cracking
- catalysts (FCC) particles.. Examples of commercial cracking catalysts are
OCTACAT®, ORION®, SUPER-D®, DA® and XP? catalysts manufactured and sold
by the Davison Chemical Division of W. R. Grace & Co.-Conn. FCC catalysts
25 typically comprise a zeolite (molecular sieve) such as type X, Y, ultrastable Y (USY),
rare earth-exchanged Y (REY), Beta, and/or ZSM-5 dispersed in silica, alumina or
silica-alumina clay matrix. Preferred zeolites are disclosed in U.S. Pat. 3,402,996
(CREX and CREY), U.S. Pat. 3,293,192 and 3,449,070 (USY), U.S. Pats. 3,595,611,
3,607,043, 3,957,623 (PCY) and U.S. Pat. 3,676,368 (REHY). The FCC catalyst
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.may be pr LN accordance with any known nethod such as i scl osed
in W@Mts. 3,957,689, 4,499,197, 4,542,118 and 4‘,’%@@;’%&‘%‘3

Canadi an Pat. 967, 136. ' The di scl osures of-these various patents are
‘incorporated herein by reference. The -7- rare earth binder-containing
conpositions preferably formabout 5 to 25 w.%of the 5 FCC

particles, nore preferably about 5 to 15 w.% Sinmilar proportions of the
conpositions of the invention are also preferred where the conpositions of
t he i maebe prepared én accortianee with ampknowremethod suthas dbivse disglosed inn

conj unction w.th FCC .cl es ile the

conmos: 11 ons USRS 2Tbe IR 197, 8301148 anid 458,937 ox FemdianPa 67661

of manufact ur gy ' f thaéed \Giri : orafak 'egp[a, lod 18! S Of
rare earth metq gfaiseﬁmgéctgén%ounggg gﬁtgﬁ%r&%f@@rrg%ﬁ&k%g{sc S{S%F%’?]&gf T?lgre
earth sol s canrdearfhchindericontdinihg domipositions preferablpfimiabbut S 1to 28 webosfithe of
which is i nco&a yrated herein by reference. Preferably, the rare

Yy y
earth bi Bder - EehiParticdesgmees preterablyahouts 1o hd Wi cpimilahpropertions af thed by a
net hOd i L. t . N . 3 i . - rt h
conpound sol %orn?@g?ighg g?&ﬁ Y f‘%‘°“s e uaEsiocP ﬁefsmnéﬁ%vp it %é‘é&ﬁ?pofiufoﬂé St the
particles to ihgertioniage tsediap séparatepartiviilate admixtures in conjunctiof With FO®r i ng t he
resulting mxture into particles, and _ (c) cal cining the
m xture parti partigles.o obt ai n particles which thensel ves

Comr S The G0 bl L ProB B B A s
sol uti ofip MY GfmARIABREre Pyrodékies usiintg rare eaftfi BY€ §31htsuha lor GBI BEN of rare earth metal

Wiere a rare earth sol Is used, it -|__s.preferablhl obt ai ned by peptizing a
slurry of compoundsatg pseferred. c Ardissussibnafiraneiearth apls hanberfonnd isUS. Bet.d. | n

the pepti zi ng. he,.25  Jmnghasic acid ig preferably.a egbto an
naueou. st ur SRR 09 e i osucs of FIGHR Senporated Rrelnbyefrencs. Pisr@abivant o
The pepti zi noratSerrtt Wifdérohtaftiing®driifiitioh® o e itfventt Qea'faﬁﬂgb amethod {Ne

slurry can be aheat ed tora(_:cel erg;étde theope?)f?zatvieonén Pr e?era le/(,antxﬁeo

pepti zati on ieomprising:. conducted -at about 20[err]-90[err]C. ‘The

pepti zation can be,carried out- for whatever tine is necessary to

forma %5{- whi ch i_ga capMHHRs yrare g3rth cRmravad selor rarg eanth salbsolutipnjvith ¥ phase.

particles to be bound to form a mixture, o |
(b) | forming the resulting mixture into partxclesand ST
(c) calcining the mixture particles to obtain particles which themselves
- comprise the particies added in step (a) bound by a rare earth
20 compound phase. o '
The rare earth compound sol or salt solution may be formed by any
conventional method. |
Where a rare earth sol is used, it is preferably obtained by peptizing a slurry of
-rare earth compound material with a monobasié dcid. In the peptizing step, the
25 monobasic acid(s) is preferably added to an aqueous slurry of the rare earth compound
" material to be peptized. The peptizing reaction is then allowed to occur. If desired,
the slurry can be heated to accelerate the peptization. Preferably, the peptization is
conducted at about 20°-90°C. The peptization can be carried out for whatever time is

" necessary to form a sol which is capable of forming the desired rare earth binder phase.
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“In sone i it may not be necessary to conpletely r - arting
5030 Ao

rare eart material wi.th the acid providing that

mentioned condition is nmet by the resulting sol. Preferably, the
peptization is allowed to proceed for abe8t 5 minutes to 2 hours.
5 The solids content of the initial slurry is preferably about
5-20 wt. % The ~anount of the acid used is .preferably an anount
which is sufficient, to peptize all the initial rare earth conpound

mat eri al . Thelmssne ingtances gt may net benecessaryde completehirsactdh¢ starting rare earthhe

initial sl . af Ly . f b -4, desired i tati
bo 2 ST bl AR il BPCKR o R R mtioned pORENGRS et B iR, T e
resul ting solresdlfing'®Y. Prefékfibly, the peiizhtidrtis allow&d ﬂraééeamohps_ﬂﬁkﬂxttes to

expedi ents such as dispersants to the initial slurry or he rare

earth sol. W&harrpeptized alunina is used as an auxiliary binder,
preferably it .S forned by .addi ng .al um to t a rth
compound® monobasi ¢l BcielidsFanicht of the fifid d“‘&ﬁ!@?@?‘ﬁg’j}ﬁ%g%d&&%eﬂ%asi c

id has b ' ; : : ; i the
aci d has beenpysmtlof thedcid @e&g%&ﬁglp afl 3R108H: Wﬂcﬁis@ﬁlﬁé;en} 1o peptize ﬁlffh&' ze the

rare earth conpound.) The peptized alum na may be partially 15
pepti zed. initial rare earth comipoundmpterialatThempole ratioi ofiatid4b rare eartie eompoundripound

material may coptain any rar arth c ounds capable of formng a
S0l and of ¥ dhe i SV pestpiably rpnges fromabut 14 IFESe] abafacum e ne

cal ci ned end r=1a10 L "r@s% t

pepti zed are e@ﬁ%tatet?i fﬁl@%}?tfﬂgh%%g{ggﬁté%l%{sl gt [ %’P(g)? oxXl g ) l'cgr@%ﬂbeﬁ es, ‘
hydr oxixtes, Zdssible imsomeinstances so adidiexpedients sschi dsalisperfsarits &5 thedditial shirlyeorr ar e
earth elenents in the conpounds to be peptized are selected. from

the group corthe Eare gaytinsol) ¥hergpeptized alumina is used 8§ g auxiliary. pinder, p by itt ur es
t her eof Pref 8 r - - ' ntially
of | ant hanum@%%ﬁ%?&dﬁ@ﬁﬁnﬁﬁtB%&ﬁ@%?&gn@BP?dzaopgﬁ#&fﬂg?mﬁ%ﬁ% asic acid
may be any orvieenein anexdesoofxnonabasic acid Bas been use@b), beyvind Rl tneededgo isineply
initial rare earth_conmpound material. The nongbasic acid nm be
sel ected to aqepa:emnéarem%swmwdafwamm@mm&mnﬂypﬁ@u obt ai ned
after ﬁ;érdci nation (conpared to the conposition of the initial rare
earth rgafieriﬁe?o'nay be ' sel ected such that little or no

di fference in the Faipeptidation, tho'iitiabfde et donffolR@ tatkial may contain A Hiré

between the initial rare earth compound nmaterial to be peptized and the
rare eartipcompowsisgapable of forming a sol _and of forming the desired rare earth

PCT/ US95/ 106%?6mpounds in the calcined end product. Preferably, the rare earth compounds to be

peptized are selected from the group consisting of oxides, carbonates, hydroxides,

20 oxychlorides and mixtures thefébf. Preferably, the rare earth elements in the |
compounds to be peptized are selected from the group cénsis_ting of lanthanum,
neodymium, cerium and mixtures thereof. Preferably, the rare earth 6ompounds
consist essentially of lanthanum compounds. _

For peptization, the monobasic acid may be any organic or inorganic acid

25 capable of peptizing the initial rare earth compound material. The monob_asic acid may

be selected to alter the composition of the rare earth compound phase obtained after
- calcination (compared to the comp_osition of the initial rare earth material) or may be
selected such that little or no difference in the make up of the rare ear_th compounds

occurs between the initial rare earth compound material to be peptized and the rare



1 0- earth conpound phase after cal cination. For exanple, the use

of -hydrochl-oric acid w |l : typically result in the formation of
yare eart ride in the cal cined product whe EE'P e of
nitric ac:%v é\llé? I f’ypi cally result in the formation of rare {éar ﬁs{’)@fﬁz in

t he cal ci ned product. Preferably, the nonobasic acid is selected fromthe
group 5 consisting of formc acid, a®etic acid, hydrochloric acid, and
nitric acid. Formc acid is general |y preferred.

Wiere a rare earth salt solution is used, it is preferably formed by sinply
dissolving the desired rare earth salt(s) in water. The concentration_of
salt in the earthcompoynd phasgafiercalginationa Bpsexampie, theatse phbydrpehionicagidwill t i ng

fromstep (a - ar | ek d.a. conpesi.ti ith the
dest red- anoun?PSRyEsPlnibe rrafioh B s o usfinge R ORI BB (7, ¢ ¢
are sel ect ed Wwhereas the ugs oftritric@eid willitjysically résalton R/ fofindtidh O r4le artiBxide in
nitrates. ' In mxing step (a), the rare earth sol (or

sol ution) is thessicised pradunt. Preferably; themenobasic acid is selectedifeam thetgsowp xi ng may
oo bt 1 org " ancEAsiNe S BrEaci. Breuf SEH mudrtghleicHbd and fifiq acid. Hormic Sid 1

consi st ency -Ofenbfally preferréd’€ resulting mxture is preferably such that the
m xture can bé foried into particles by spray dryi ng. _

The amount of sol Wheresatane easth) saltisolution isiused,;itis preferably ffermed byisimpipt enough
SO that .the.rare earth ase W ll act_as a binder for .the :
particul ate n&?ﬁ?p‘f'%ﬁ tl\e%reflmg "&?ﬁ?&ﬂéﬂh(s) in water. 1ecopeaniratiqs %é%‘[té’blﬂﬁ? t he
rare earth soloiin is hefdrhilp bucktHattfe bGieab iRl Gich 8 €Qpi ned
such that the resﬁ‘l‘t Png rnggture acont g‘lnﬁs ea%%utm%tlfg&tgdeggi)\e/\c/ta.g%eg?m?’ﬁg rare
ear t h cborpounyield @ueaposition adthithe desined amauntrof caneeanin inden Preferred rare learth
initial rare

egrt h conpound naterial) based on the total weight of
the rare eart$fltsarasslested fiqm the Sroup consisting 9@?{&1 wﬁ&g@n and; nijrates.
Where an auxili ar.yn%&ﬂﬁ | L bard f . . ' e
before 25 thIe m X srt%nsgazﬁﬁgﬁ‘%gaﬂhfﬁog(‘gasrg {ulﬁc%%g @%ﬂﬁ%%ﬁ}}o@%ﬂfé t he
case of peptimesrial Flienfixing may be pepfoemédbiearyaiohentiohal nidafis. aPeeferabdy,\théi nder
may be formed by peptizing in the same mxture as the rare earth

sol by subseqgipbfer spintion) and pastieulate materiahare subjecsed tosmillingn Jhesoasistenqy of

et orabty” 8RR AR TR R b RRLH o33 A R B S

dryi ng, the spraydrying. WO 96/ 09889
PCT/ US95/ 1061£ y aying '

The amount of sol (or solution) in the mixture should be sufficient enough so .
that the rare earth phase will act as a binder for the particulate material in the calcined
particle. Preferably, the rare earth sol (or solution) and particulate material are

20 combined such that the resulting mixture contains about 15 to 75 wt.% of the rare
earth corhpounds (measured as the rare earth compounds present in the initial rare
earth compound material) based on the total weight of the rare earth compounds and B
- the particulate material.
Where an auxiliary binder is used, it is preferably added to the mixture before
25 the mixture is formed into particles. As noted above in the case of peptized alumina
and rare earth sol, the auxiliary binder may be formed by peptizing in the same mixture
as the rare earth sol by subsequent addition in the presence of excess monobasic acid.
The mixture from step (a) may be formed into particles by any known method.
Preferably, the mixture is formed into particles by spray drying. For spray drying, the



m xture preferably has a solids content of about 10 to 30 wei ght percent.

I f necessary, .the solids content of the sol-particle m xture can
be al ter ition or renoval of liquid. The drying is
pref er able‘go?éf‘%ggt ed at a tenperature of about 160 to fgffgggfg lcgrr]C to
obtain particle I ng a size range of 10 to 150 mcrons (mMm). 5

The spray dried pm,gié;_ cal c+Hed. The calcining is preferably
performed at a jenper 7 BEEO | o 800[err]C for about 1 hour. During the
cal ci nati on, e earth conpounds are reacted to formthe
desired rare earth phase conpoSitron and to transformthe spray

dri ed parti ohixture praferablydas a solids content-of @abowst 14rto 3Paveight ipercent. If necessary,
cont ai ni ng articulate ase bound by a rare .earjih c ound phase, If .
Gosi red. | hhd Botids SonhCofha i agisl mintush chd b lfsied AR G rP BRI EE e
conposi ti on pfid. MEnd Pp dr?ﬂ@ifﬁ@&r&%’édﬁductedatati efatfte of Mour18gw €. Where

an oxi de or xture Of "oxide and ot Her conpound desired, the
cal ci nat i on ¥98fC beobtainchactioles haming lacsize rangerof 40 06 150 microasqnm)Onot e
formati on of rare_earth ' calcined particles

xide. . The,
preferably possesghq%éaﬁ‘g'fepmwsééﬁ@F’}/P‘f‘ﬁm%dn}ﬁﬁ?f‘?'ﬂ%ﬂ is peeferably opert i es:

1 . . . 3 M . ) N .
(1) 3 7 copiotphd o it SRl RS BORF e cacimy,
density of Qhérdreedrtidcqnputinds are reacted to form the desifedrareyafth phaserodmpotitidh) t o

200 nmerr]/g. 20 . .The, Davi son Index, (D) is determ ned as
fol | ows: and to transform thespeay,fisied pasticles intp gense; ajtrtiontrosigantIrtidlaser i ne t he

0 to 20 mcr, 70 . _ i Sypj oal
hour test inc%gt ur %8@%@%&Mﬁtforuw Px%b%g%%ﬁ&:@gﬁ&nﬁrﬁgse. qﬁé&%&gh%ar dene
steel i@t cuialdifing Sdhdiions €4 beé wved b infideriteithé Ectnposifioniof thel resultig rafe éarther s 25

a mnute is used._ The Davison Index is calculated as follows:
Davi son | ndephase. ior exampleowhere as exide oe mitureiof oxidd and, pthegcorapund is

\Ig'tCT ] (l)JrSIQ g} Qggifgugedf tl{g c%ic?nrin];trl %33 f)é) Conducted in the p@sgn%/e %? gt%%n to promote

fomation of rare earth oxide:

The calcined particles preferably possess the following catalytic and physical
15 properties: _ |
" (1) amicroactivity of 10 to 80 as determined by ASTM 3907;
(2) aDavison (attrition) Index-(DI) of 1 to 30,
(3) adensity of 0.6 to 1.0 g/cc;
(4) a surface area of 20 to 200 m%/g.

20
The Davison Index (DI) is determined as follows:
A sample of catalyst is analyzed to determine the O to 20 micron size content.
The sample is then subjected to a 1 hour test in a Fluid Catalyst Attrition Apparatus
using a hardened steel jet cup having a precision bored orifice. An air flow of 21 liters
25 a minute is used. The Davison Index is calculated as follows: |

Davison Index = wt. % 0-
wt. original 20 + micron fraction

This Sheet Has Been Reﬂlaced
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111- The conpositions are preferably used in FCC
processes conducted at cracking reacti on tenperatures of 500 to
H00[err]C neration tenperatures of 600 to 850[err] usi ng
hydr ocar bo gg'éﬁgfocks that may contain up to 100 ppm or. C?ST’SF”(/“'S B N
The presence of the conpositions of the invention during the FCC process

passivates 5 the adverse effects of -hktals such as vanadi um and
decreases the formation of . hydrogen and coke. It is believed that
use of the conpositions of the invention will pernmt the

successful use of FCC regeneration catalysts that contain as nuch as 10, 000
to 20,000 ppm V. Thecompositions are preferably usedin¥CE peapssses conducted ab pracking

furth | 1 ust Theno
venti on | s 1o RBetahices GR003h BR0IC wid pefheratiop kil ol «d 85
Exanple 1 usu? hydrocarbon feedstocks that may contain up t& rlﬁOi) i drfore of Reaid Ned
La[err](err] Sanpl es of peptized La erréCIerr] aci d sol

wer e pr epar edThepresence pﬁgielcamphanenqofa[xeammqoa iduiing the FCC processipasspvaleshnson
Mat hy- Al gha D,v. .undert he &hnurrber 55334~ 7

as vanadium anq Jeef %F?sjti‘m“\%{pé’gf’fsl urri ed

acid (H the agy gp%ggectso

in water at Bgli’ bgetrind'doké: 1t | li‘éPéd tﬂaﬁ%@to?me depblifiod 3F'thy/ invention will \as
from about 8-15 percent. Sanple the La[err] qperr? slurry were conbi ned
with 20 vpermit the smacassfd usé oﬁEﬁ@rngeacmtiomtatﬂysts that cdntain ws mach ant @GOGk | vy
m xed. After th addition of the formc acid, the m xing was
conti nued fort R0 BRM ¥ nut es. The resulting sols possessed a

HOOOH Laferr] g er r ]l‘hmﬂ%“ﬁr&t &amples drdgiveh to-furthé? iftiifhate sPecific embodgnents of

respectively. 2

Prepar atoon ofhehmemimarbomaemioﬁhﬁyotmnmdso themspecific details of the examplesThe sol s
of Exanple 1 were each coinbined with kaolin particles as follows:

Example 1

Preparation of Peptized La;0s

15 ~ Samples of peptized La;O; acid sol were prepared by reacting lanthana (La;0;
sold by Johnson Mathy-Alpha Div. under the catalog number 55334-Z3) with formic
acid (HCOOH) as follows:

La,0s was first slurried in water at about 25°C. The solid content of the slurry

was from about 8-15 percent. Samples of the La,Os slurry were combined with

20 various amounts of formic acid while the slurry was intensely mixed. After the
addition of the formic acid, the mixing was continued for about 10 minutes. The
resulting sols possessed a HCOOH/La;0z mole ratio of 1.0, 1.5, 2.0 and 3.0

Tespectively.
25 S Example 2
Preparation of La oxycarbonate/Clay Composition

The sols of Example 1 were each combined with kaolin particles as follows:



- 12 - 25 wt. % Laferr]Jerr] and 75 wm.%kaolin (Sanples 1, 2 &
3) 50 wt. % La[err](err] and 50 wt.% kaolin (Sanples 4, 5 & 6)

The solids_ content (total of La conpound (cal cul ated on an oxi de basis) and -

kaol i n) OYOPHWSEB< | ting mixtures ranged from 14-25 wt. % RCYPRISEAd | n
Table |. The 5 THI S BEL |l ed, spray dried, and calcined in a-
nmuf fl e furnace ?ﬁ EN 593[2%rr]C(1100[err]F).

The chem cal ant=pg =G Bpertilbs of the additive sanples is set forth |
in Tabl e I . TABLE | 10
Conposi tion 25% La[err]Jerr]-75% C ay 50% La[err](Jerr]-50% C ay
(W . % 25 wt.%Saayh ancNdS wt.% kaolmJ(Samples 12&3) 3 _ 4 5
6 Pept | Conposi tign '
HCOOH La] er rﬁod[”@’; ‘faz 3 AR §5 W% Ead@ (Samples 4, & 6) 1 o 3.0
(ol es) : 14
5708 0. 42 Wﬁ’éﬁ it (ki 'ofLa cgnPoﬁ&i&almﬁat@@ on ag Rﬂ‘@e basnsz) fng 18. 6
20. 7 Kaohin) of theétredulting mixtures ragdd ﬁohi 1#525 wt % as mdmited %Table I The Heat
Treatment: 1 HR at 593 err]C ' [err] %
23.27 5 24. geixtureswere milled; spray dned,@ndsglcmed in a mufﬂe tme]f@r b\houtatgi% C 0.75
0.54 0. 4(1“000175) 40 . 0.38 0. 36
The chemical and physical properties of the additive samples is set fbrth in -
Table 1.
TABLE I - |
10 |
Composition  25% La;0-75% Clay |  50% La;05-50% Clay
(wt.%) '
Sample No. 1 2 3 -4 8 6
- Peptized La;0; Composition _
HCOOH/La;0; 1.5 20 30 | 10 20 - 30
‘(moles) _ |
HCOOH/La,0; 021 028 042 | 014 028 042
(wt.) : _
Spray Dryer - 247 24.6 18.6 20.7 15.5 14.3
Feed Solids '
wt. %
Heat Treatment: 1 HR. at 593°C
La;03 wt.% 2267 2327 2466 | 5653 4544 4731
. H,0PVce/g 075 054 046 | 040 038 ~ 036
APSmm 60 62 - 52 57 49 50
SA, m¥/g 31 26 26 28 25 26
ABD g/cc 047 062 063 | 079 080 077
DI .1 11 20 13 25
T

T
A



APS [err]m 60 62 52 57 49 50

SA nferr]l/g 31 - 26 26 28 25 26
ABD g/cc _. 0. 47 0.62 0.63 0.79 0. 80 77

DI wo 9_6/09889' 11 17 11 20 . 13 PCI‘IU%IIOGB

WO 96/ 09889 '

PCT/ US95/ 10613 : -13- -13-
Exanpl e 3 5 Prepar.ati on of

Vanadi um Cont ai ni ng Addi ti ve/ FCC

M xt ures In order to test the ability of the conpositions
of the invention to conbat the adverse effects of vanadium two
sanpl es of FCC cracking catal ysts were prepared by bl endi ng a
commerci al zeolite-containing cracki rllig catalyst (ORIONJerr] 822 sold by 10
G ace Davison) with 10 wei ght percen |l es No. 3 and 5 of Exanple 2
(Bl ends B and Cin Table Il). An additional sanple (Blend A was
prepared without the - conposition of the invention as a corrparl son
sanpl e (gontaining only the @%%ﬂ_\%#ﬁum%st)

The Bl ends were inpregnated w V. as follows: 1 Cal ci ne the
sanple for 1 hour at 216[err]C (Additive/fFCC Mixtbres, rai se the tenperature to

oot e at or o nlorder 8 esh o3t of ok BotBosittns B e GuetBR e bl B e
to give the dggérkeefatPofVansdium, two samep‘fe%r!ﬂ‘i*mr%hﬁé‘& tA 7P vere przei;t)ar%dlla err] C.

Cal ci ne the vanadi um napht henate | nprégnated sanpl e for’ 1 hour
20 - (400] evlendifig a ¢dmmercial zeplitéacontanipg cmhng cataly§tE{Q]BdON®:82Mﬂ® berr] F)

T FIAR o > Sragetavisam ot I weight pesrans i SAmdstNe 5ed § febeazmpls SBknds ¢ ©
g]lﬁﬁ?[ee[)lrj]r g)e I?Martl%cl\& Ta@% (YI%S W&Ma%&ﬁl&m&ﬁ%%&' ﬁe&?%&vﬁfl&t%e a 10
composition of the i mventlon as a comparison sample (containing only the ORION 822
catalyst). _ '
The Blends were impregnated with V as follows:
15 Calcine thé sample for 1 hour at 216°C (400°F); then, raise the temperature to
674°C (1250°F) and hold for 3 hours. Allow the sample to cool to room temperature.
Impregnate the sample with vanidium naphthenite to give the desired amount of
vanadium on the sample. _ |
Calcine the vanadium naphthenate impregnated sample for 1 hour at 216°C
20 (400°F), then raise the temperature to 782°C (1450°F) and hold for 1 hour. Allow the
sample to cool to room temperature. .
In a fluidized bed, carry out the following cycle 30 times at 782°C (1450°F),
50% steam and 0 psig. One cycle consists of a 10 minute purge with N>, 10 minute
.s-tream of 5% propylene in air, and 10 minute purge of N, followed by a 10 minute
25 exposure to an air stream containing 4000 ppm SO, and 10 minute purge of Nz
- Dunng the whole cycle, a flow of 50% steam is used.
The propertxes of the V-conta:mng FCC/Addmve samples (Blends A, B, C) are

| summanzed in Table II.

30



stream of 5% propyl ene in ai r, and 10 m nute purge of N2 followed by a 10

m nute 25 exposure to an air stream containing 4000 ppm SJ err] and 10
mnute p [err]. During the whole cycle, a flow of 50% st eam
i s used. %8%6}8;”%] The properties of the V-containin %ive
sanples (Blends A, B, C are summarized in Table Il. 30
WD 96/ 09889 ' ~14- :
PCT/ US95/ 10613 -14-
TABLE | | 5 Conposi tion . 100% 90% FCC 10%
90% FCC (W% FCC (25% La[err]err] + 75%
10% (50% La[err]Jerr] + _ cl ay)
50% cl ay) Addi tive Sanpl e - . None 3 :
5 No. Bl end No. TABLEII A B
C : V ppm - 5590 5610 :
5450 g RE[err]err] (Ww.% 1.51 3.70
5.68 Peak Ht . .31 34
33 (Sompysition W% cel |_9QX9 FCC10% 24 99% FCC 24. 21
24,22 (wt. %) FCC (25% La;0; +75%  10% (50% La,0; + -
" clay) 50% clay)

Additive Sample = None . | 3 . 5

Blend No. - A B : ' C

V ppm 550 5610 5450

RE;O; (wt.%) | 1.51 3.70 5.68

Peak Ht. - - 31 . .34 33

(X-ray) _ o , '

Unit Cell (A) _ 2422 2421 N 2422

Zeolite SA (m*/g) 85 101 105

Matrix SA (m’/g) 28 2. 32

Example 4

Evaluation of FCC/Additive Mixtures
10 L _ |

The FCC/Additive mixtures of Example 3 were evaluated for the catalytic
cracking of a gas-oil feedstock. MAT evaluation wa_é conduct_ed ﬁsing the procedure
set forth in ASTM 3907. The kinetic conversion, coke selectivity, hydrogen.selectiv'ity
and hydrogen/methane selectivity were determined at various catalyst/oil (cét/oil)

15 ratios expressed as wt.% and conversion levels. The resulting data for Blends A, B,



Zeolite SA (merr]/og) 85 101 105
Matri x SA (nR/g) 28 32

.Exanpl e 4 . Eval uati on of FCC xtures
10 WO 96/09889 The FCC/ Add| tive mxtures of Exanple 3 Ag‘g*’héya"ﬁﬂ%ed for

the catalytic cracking of a gas-oil feedstock. MAT eval uati on was
conducted using the procedure setlS-orth in ASTM 3907. The kinetic
conversion, coke selectivity, hydrogen selectivity and

hydr ogen/ net hane sel ectivity were determ ned at various catal yst/oil
(cat/oil) 15 -, rati os expressed as wt. % and conversion |evels. The
resul ting datamdiGis semeizedrin Figures 1, 2, 3 and WO TheA@Es &bels on the curves

PCT/ US95/ 11613 -15-
and Cis sumfé’ﬁei%%‘dtﬂtﬁ‘—qﬁﬂ?eé’gvible%ds 3 and 4. The letter labels on the

curves : correspond to the respective bl ends.

Exanple 5 5 A l'anthanum oxi de slurry was prepared by
vigorously mxing 1579 g of La[err]d eExample5 in 13.4 kg of water. 942
g of for%1c acid solution (45 wt.%formc acid) was added to t he
slurry fOIlowed by vigorous mxing for 15 mnutes. 1059 g of kaolin clay

9031y e 5 S R BN BRI O,

g of water were 10 y was 't hen
m xed i n a hiigh3dhapof water r942tgefiformic acid sohitibh ¢45 wh%efobhitlaSid)yiwals addedtospr ay
dried. The sp | ¢i ned for .1 hour, at

593[err]Cin &gglﬂg‘{':fé ; er‘lég‘l’r?ﬂ%mp‘g&%f (igll&“ 85t K059 g.af kaplinclay k843
particle Gthind (QEW &0/ ﬁ'&?pn &%k%&ﬁ&@h&ﬂé&f 39kl 800 ¥ of rdter wetd

mMerr]/g s.urfgo\ce area
10 added to the slurry. The resultmg slurry was then mixed in a high shear mixer, then

milled in a DRAIS mill, and spray dried. The spray dried material was then calcined
for 1 hour at 593 °C in a muffle furnace. The resulting product had an average particle
size of 58 pm, average bulk density of 0.85, 32 m /g surface area, and a DI of 8.

15 . ' . Exainnle 6

15.8 lbs. rare earth oxide (calcined Molycorp 5211 rare earth carbonate) were
added to an agitated heel of 99.6 Ibs. water on a mix tank. 2.7 lbs formic acid solution
(45 wt.% formic acid) were added to the slurry over about 6 minutes. 48.6 Ibs.

20 alumina (VERSAL 700 from LaRoche Chemical Co.) were added to the slurry over 90
minutes with vigorous agitation. 83.3 Ibs. of dilution water were then added to the
slurry over 10 minutes. The resulting mixture was then DRAIS milled and spray dried.

The spray dried material was then calcined at 677 °C in a rotary calciner. The
resulting product had an average particle size of 77 um, average bulk density of 0.87,
25 andaDIof 1.

Example 7
An aqueous rare earth chloride solution containing approximately 60 wt.% La

on an oxide basis was combined with kaolin clay and water to form a slurry having a



15 Exanpl e 6 _

15.8 I bs. rare earth oxide (cal cined Ml ycorp 5211 rare earth carbonate)
wer e _ d to an agitated heel of 99.6 I bs. water ) ank.
2.7 Ibs FEPHYHELi d sol ution (45 wt. % form c acid)pgg@gﬂé@ d to .
the slurry over about 6 mnutes. 48.6 | bs. 20 al um na (VERSAL 700 from
LaRoche Chemical Co.) were added to the=-urry over 90 mnutes with
vigorous agitation. 83.3 |Ibs. of dilution water were then added to the
slurry over 10 minutes. The resulting m xture was then DRAIS m || ed and

~ spray dried. The spray dried material was then calcined at 677
[err]-C in a salidaegntent ofiaheyt 10Twic%. The slurrywasimilled; gpiay daed tand salcined ater age

particle si zg gl fr | R b mbH A8GCPIS Jiel SWehbbsiflbn Soriiipgag weos ™ @ D
An aqueous rREQEHATS WiNole TRE Edmpuiition Hadah A SLGPRAOXSFEORE §, A0 W . % La
on -an oxi de basis was conbined wth kaolin clay and water to forma slurry
having a average bulli&sitYOBRI2 and an average particle size of 46 um.
PCT/ US95/ 10613 S - 16-

solids 8ontent of about 10 wi.% The slurry was nilled, spray dried, and

cal ci ned at 649 [err]C for 1%?‘? a muffle furnace to yield a
conposition containing 25 wt. % rlderr] and 75 wt. % kaol i n.
The conposition had an attrition index of about 8, an aver age bul k
density of 0.92 and an average particle sjize of 46 [err]m

Exanple 8 An aqueous rare aprth; eltleridgssolutioa centainingapperamately 0wt Grla

ComL el 1 10 QP SAEb R oot o FReFlb R RRLTLOBOR " o
10 brand) to form a slurry having.a solids content of about 10 wt.%. The slurry was
milled, spray dried, and calcined at 649 °C for 1 hour in a muffle furnace. The
resulting particles were then washed with an ammonium hydroxide solutipn (pH=8) at
about 70 °C to yield a composition containing 40 wt.% RE>O; and 35 wt.% kaolin and
25 .wt.% Si0; (from the colloidal silica). The composition had an attrition index of
15 about 4, an average bulk densify of 1.04 and an average particle size of 77 um.

Example 9
An aqueous rare earth chloride solution containing approximately 60 wt.% La
on an oxide basis was combined with kaolin clay, silica ID xerogél, and wafer to form-
20 a slurry having a solids content of about 10 wt.%. The slurry was milled (Prater mill);
| spray dried and calcined at 649 °C for 1 hour in a muffle furnace to yield a
compositioﬁ containing 40 wt.% RE;O;, 35 wt.% kaolin, and 25 wt.% xerogel. The
composition had an attrition index of about 11, an average bulk density of 0.85 and an
" average particle size of 64 um. '
25
| . Example 10
" In order to demonstrate the utility of the materials (traps) of examples 7-9 for
trapping vanadium in F CC operation, the followin_g study was carried out: a 100 g (on

a dry basis) blend was prepared by mixing one of the traps prepared above with an



10 brand) to forma slurry having a solids content of about 10 wt.%

The sl urry was -m|led, spray dried, and calcined at 649 [err]C for
1 hour ogkl(a furnace. The resultl ng particles were then
washed WI t roni um hydr oxi de sol ution (pH=8) at PCTYRYVID61A)
[err]C to yield a conposition containing 40 wt.% RE203 and 35 wt. % kaolin
and . 25 . % Si2 (fromthe colleil#al sili-ca). The conposition had
an attrition index of 15 about 4, an average bul k density of 1.04 and
an average particle size of 77 [err]m

Exanpl e 9 An aqueous rare earth chloride solution

cont ai ni ng apPRIGNER2GRACERavisonhFCC catalyst atarweightoatialef bpart trapas 9 partbi ned
th kaol to fo 20 |
having o sol | HCC saftsht Apumuiled” 100 o P EC halvst s et s aase etbe( Bach oy
mil), sampl® sﬁxa&iwee@ di¥hn & 3hAlloREskdAbasfich réiiéd agcsﬁinlﬁgto\tiwﬂé'&llb%x%

muffl e furnace to yield conposition contalnin
RE[ err]  er r ] proédcolt Hdaﬂedm a mufflerfdrmabe ta 204'Q airpaiowed Th eoak for one hour at this

corrp05|t|on had an attrition x.of -about 11, aver age bul k density of
0.85 andSan temperaturexaised @i}%iuayp\ye f°z@al5}°f634ﬁ([‘€$ at| this temperature; and

Exanpl e 10  ipeq allowed to cool @ﬁg@pﬁﬁaﬂ@%ﬁ@?&@ with% dtkired l&éf 1°f50669

materials (traps) o exarrp rappi ng vana

oper ati on, t hppthan thisétody smmmdiam naplitherack iapentane tolédbnpldtelp and umformly a dr y

basi s) bl end was p{e par ed ¥l m xjng one of the traps prepared above with an
WO 96/ 09889 cover all particles with vanadium; allowed pentane to evaporate away in muffle ﬁ.lmace

PCT/ US95/ 106
ORI ON 822 (G?%élgowemgemfmf?&éatcegtt% PO4’C and held for ope hour, raised to §93°C, il ap to
9 partsio allowddGo sosk a thﬁttemﬁéiawfé)foeﬁdﬂdrs mh&l gowed%o ‘é@bﬁb}fébmwas

t aken as a base case. Each npl e spread over a dish in a shallow
bed was then tempgratereachargediintg amdn@cm@l ﬂlud-lbedvrtngtor allowed theghedttemperatureta ed

ffle f Q C h hi
5" ® Y eher PRI TG 0 BV ilSod dver R bR A Brei el HohRS B "L Tt
t enper at ure; cted to 20-hdurg71%d é}%l‘i@-g dg?leﬁ&@ﬂeaﬁlﬁlgr(QPS) laf AB&e]hidh Ratalyst

i npregnated with a desired |evel - min this study - of
vanadi um naphdmmtmmmoqoenltlamlvmgrmmde&aﬂ@ lmmte:lcyclq)land $0 weight % cover

ol pargiel es ity g R0MAT) ARANSH RS HANC BISHEPRY St W irkdbe (47 ©

furnace
_ ml/mm.), 10 minutes of nitrogen containing 5 vol.% propylene, 10 minutes of nitrogen,

and 10 minutes of air containiﬁg 4000 ppm SO finally, the reactor was allowed to cool
to room temperature in flowing nitrogen for discharging the sample. |
| In the course of the above deactivation treatment, FCC catalysts are attacked
20 by vanadium. In the presence of a metals trap, however, the degree of vanadium
attack on FCC catalysts can be significantly lessened as a result of vanadium capture by
the metals trap. In order to prove this, each of the above deactivated samples was
divided into two fractions - approximately 10 weight % of sink (metals trap) and
-approximately 90 weight % of float (FCC catalyst) fractions - by means of so-called
25 "sink-float" or density separation, using tetrabromoethane hé.ving a density of 2.96
g/ml, tetrachloroethane having a density of 1.58 g/ml, and a centrifuge. All the
samples, before and after the sink-float separation, were analyzed by using an
Inductively Cdupled Plasma Spectrometer. The so-called vanadium pick-up factor (V-
PUF) was determined for each of the compositions of examples 7-9. The V-PUF,



at roomtenperature; heated to 204[err]C and held for one hour; raised to

593[err]C, and 10 allowed to soak at this tenperature for 3 hours; and
then all oqwed to cool to room . tenperature; charged into-an |l ncone
f1uid- bed¥P2UMMBBY: all owed the bed tenperature to PCHUSVIONAS] o r] C

in flowi ng nitrogen over a period of approximately 3 hours; and then
subjected to 20-hour/771[err] C cyclic-prtgyl ene-steam ng (CPS), an

accel erated cat al yst deactivation protocol involving redox cycles
(40 m nutes/cycle) and 50 wei ght % 15 steam (10 g Herr] O hour)

t hr oughout each cycle as follows: 10 minutes of nitrogen (137

m/mn.), 10deﬁnad|bpﬁ1ecrhtim of vmgdhnnmncexitn‘tiug irbthe tiap ¢hepyio plyd sMefraGI'(bn)rtm ut es
of nltrogen 10 .m nut e air containing 4000 err]

finally, ethain che FCLES1alt (e 16 Hogbfiaction), & & meptyrd ol mRRpdrRbREe. | n

fl ow ng n|tr "TH PR n the course
of the abov aggg%é VTa!t[él‘gn trfggtg%erﬁ'@sﬁ%@%ﬁ?%?/Z‘tasndagr%regp%%lgﬁlgd 20 by
vanadium In the presence of- a netals trap, however, the degree of vanadi um
attack on FCC catalysts can be significantly | essened as a result of

vanadi um capt ure by ' the netals trap. In order to prove this, each
“of the above deactivated sanples was divided into two fractions -
approxi mately 10 wei ght % of sink (netals trap) and : approxi mately

90 wei ght % of float (FCC catal yst) fractions - by neans.of so-called 25
"sink-float" or density separation, using tetrabronoethane having a density

of 2.96 , g/m, tetrachl oroet hane having a density of 1.58 g/n, and
a centrifuge. Al the - sanpl es, before and after the sink-fl oat ‘l
separation, were anal yzed by using an - Inductively Coupl ed Plasm
Spectroneter. The so-call ed vanadi umpi ck-up factor (V- PUF) was

determ ned for each of the conp05|t|ons of exanples 7-9. The V-PUF
WD 96/ 09889

PCT/ US95/ 10613 -18-

defined by the ratio of vanadlun1concentrat|on in the trap (i.e., inthe

sink fraction) to . that in the FCC catalyst (i.e., in the float
“fraction), is a neasure of vanadi um trapping . efflciency. The V-PUF for

examples 7-9 were 4.4, 4.7, and 9.6 respectively.
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- 19 - Cl ai s : What _is clained.iss. 1. A
part i culate conposition having a{parrT, LE=PLAS EfEfENl' 150 [err] mconpri sing
.5 i nor anlc oxi de particles p a) .m@gbtlnuos rare earth conpound

bi nder ph "~ which cont ailhs-at 163 S=m==), of r arBCHUFSAYI3pound

" sel ected from t he gr oup consi sting of oxides, oxychl ori des,

oxycar bonates and m xtures thereof. -19- m m I lf
Claim 1 wherein said binder further conprises up to 50 10-[ llmm al lml“
auxiliary binder. 3. The conposition of CGai‘mt wher®ir

said rare earth conpounds corrprl se rare earth netals selected from
the group corGlaiis ng of | anthanum neodym um ceriumand m xtures
t hereof. 15 . ] . 4. The conposition of Caim1l wherein said

i nor gani ¢ oxi Wbatjs clajraedJs: ' conprise materials. selected fromthe
group consisting of zeolites, clays, silica, : alumna, silica

alum na, rare earth oxides, and m xtures thereof. 20 5. The
conposi tion of C ai. m&oms:ﬁomcmpﬁku@moigaﬁc»xidbrpdnrclesmﬁﬁﬂ bk et barthn

the group consisting of peptized alumna and col ['oi dal silica.

6. The c%rrposqqmmngb ndeli m 1 wherein said rare earth conpound binder is
derived froman acid-peptized rare earth sol. 25 7. The
conposition of Claim3 wherein said rare earth netal consists '

essentially of |anghfReledmposition of Claim 1 further comprising an auxiliary binder.

3. The composition of Claim 1 wherein said rare earth compound binder
10 comprises rare earth compounds selected from the group consisting of oxides,

oxychlorides, oxycarbonates, and mixtures thereof.

4. The composition of Claim 1 wherein said rare earth compounds comprise
rare earth metals selected from the group consisting of lanthanum, neodymium, cerium

15 ~ and mixtures thereof.

5. The composition of Claim 1 wherein said inorganic oxide particles_coinpn'se
materials selected from the group consisting of zeolites, clays, silica, alumina, silica

alumina, rare earth oxides, and mixtures thereof.

20
6. The composition of Claim 2 wherein said auxiliary binder is selected from
the group consisting of peptized alumina and colloidal silica.
7. The composition of Claim 1 wherein said rare earth compound binder is
25 derived from an acid-peptized rare earth sol.

8. The composition. of Claim 4 wherein said rare earth metal consists

essentially of lanthanum.

This Sheet Has Been Re[vlace
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earth conpound conprises #t goput 50 wei ght percent |anthanum

expressed rlderr 9. The conposjt.i aim1l
cxpresoed ipabiphi | 0o I RACED [ 2 The compos e °

silic | particles. ' 10. The conposition of daim1
vvhereaiuiﬁ ’lﬁlm t”\ H oxide particles =20- conprise zeolites selected
from ing of zeolites X, Y, REY, USY, Beta, ZSM 5,

and m xtures thereof. 10 11. The conposition of  Caim1l
wherein said inorganic oxide particles L conprise materials sel ected
fromthe group conf2i Jhe sempesitiongfLlaig 4 whereinthe rare gartisgompound comprises at

Comosi 1 on oFiGep S R AR B R 0 e

consi st essentially of alum na. 13. The conposition of
Claim 11 wherein said inorganic oxide particles . consist
- essentially of cla}0. Ehecomposition of Claim 1 wherein at least|aypariorcefsaid inorganical yst

conposition conprisi.ng a zeolite-containing fluid cracking
. catal ystéadm' %"Eemﬁg%'&isﬁﬁ%é“-‘_wmq?%ﬂ es having a particle size of 10-150
[err]mconprising inorganic particles selected fromthe group consisting of
clays, silica, alumna, silica alumna, rare earth oxides, and
m xtures thereof, thi Thécomppsition of Claim 1 whereinskid indyganigioxidepatticles a

COmt I nUOUS Fa e RO et %rgrBE‘pacso%sx‘ét“u'zg‘?o zeolites X, Y, REY, USY,

Beta, ZSM-$, and mixtures thereof. ' ‘

10
12. The composition of Claim 1 wherein said inorganic oxide particles
comprise materials selected from the group consisting of clays, silica, alumina, silica
alumina, rare earth oxides, and mixtures thereof. '

15 13. The composition of Claim 12 wherein said inorganic oxide particles consist

essentially of alumina,

.14. The composition of Claim 12 wherein said inorganic oxide particles consist
essentially of clay.
20 |
15. The composition of Claim 1 wherein the compbs_ition itself is in the form

of particles having a particle size of 10 to 150 mm. -

16. A catalytic cracking catalyst composition comprising a zeolite-containing
25 fluid cracking catalyst admixed with additive particles comprising inorganic particles
selected from the group consisting of clays, silica, alumina, silica alumina, rare earth
oxides, anc_i mixtures thereof, said inorganic particles being bound by a rare earth

compound binder.
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‘contains at |east 50 wt. % of rare el ected fromthe group

consi sting of oxi des, oxy ITHrS QFQ@ET AX¥E@EROJjat es and m xtures
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15. A nethod for the catalytic cracking e2l-hydrocarbons mmp wjmumw “l
reacting a vanadi um cont ai ni ng hydrocarbon feedstock in he
cat al yst of Claim 14 under catal ytic cracking conditions.

16. A nmethod for preparing a particulate conposition having a partlcl e size
of 10- 15017. e’th compesition of Glpimri6rvwnein sgid additiveparticleshaviy particle e
earth conpound bi sai d nmet hod conpri sing:

(a) nixing sézer‘gnﬁ‘g SuALLH 153MBund sol or rare earth salt solution with
said 10 particles to be bound to forma m xture,

(b) formngtheresultlng m xture into particles, and - ()

cal cining the m xtlf eApmthoct:ﬂoeﬁ:etoatalwtca:raclqngrdfhydmsathmhmhemapmsees

conpri se the articles added in.st bo a.conti nuo rar
car th cohmouriaatsinsdyangum-contaning FArdCatbopeedpinek 1o e FHesGRORILIN P8 Siner oi n

mxture et Ruhdbe Shefic Phcking spndiB™e) o7y 16 wher i b Sai 0
calcining is conducted at a
19. A method for preparing a particulate composition comprising inorganic
particles bound by a rare earth compound binder, said method comprising:
10 (@ mlxmg a rare earth compound so] or rare earth salt solution with sald
partlcles to be bound to form a mlxture _
(b)  forming the resulting mixture into particles, and
() calcining the mixture particles to obtain particles which themselves
comprise the particles added in step (a) bound by a rare earth

15 - compound phase.

20. The method of Claim 19 wherein said particle forming in step (b)

comprises spray drying said mixture.

20 ' ~ 21. The method of Claim 19 wherein said calcining is conducted at a
temperature of 400 to 800°C.

22, The method of Claim 19 wherein said rare earth compounds are selected
from the group consisting of oxides, oxychlorides, oxycarbonates, and mixtures

25 thereof.

23. The method of claim 19 wherein a rare earth sol is used _in step (a), said
rare earth sol being formed by peptizing a rare earth compound particles with a

monobasic acid.
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20 tenperature of 400 to 800lerr]l C .. 19. The net hod of

Cl aim 16 wherein s?i d 'gﬁ% %élh.ﬁgﬁgﬂnﬂs"are sgl ected fromthe
group CoRShki of o €S, pi¥ ri des|] oxycarbonates, a ' S
t her eof . r\gg%/bﬂﬁs' LAOED ot 7d of claim 16 wherein a l?gre earth
sol 'Ts used in step (a), said rare earth sol being forned by
pept i,z4 I 23 iconpound particleZ&with a nonobasi ¢ aci d.
- 22 ﬁ“lli”ﬂlﬂlﬂ@!ﬂﬂl“[ - 21. The nethod of claim20 wherein the anount of
nonobasl @ aci du in . excess of that needed to formsaid rare

- earth sol and wherein alumna particles are added to said rare earth

sol containing said excess nonobasic acid to thereby for an -
auxi liary binder ' ' . 22 d of
claim 16 wherein gél 12%)% Aftﬁgérj?/ﬁg#@ er ?eg‘elgéhcfe%n?ugt P f]%lonql_?aglc aIiI% xsgﬁsg’?of step
(a) before sggess(dfthat needed to form said rare earth sol and wherein alumina particles are

added to said rare earth sol containing said excess monobasic acid to thereby for an

5 auxiliary binder of peptized alumina.

25. The method of claim 19 wherein an auxiliary binder is added to the mixture
of step (a) before step (b). '
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