15 JUN 200 WO 01/ 45840 PCT/ US00134842 b THERMALLY STABLE, H GH SURFACE
AREA, MODI FI ED MESOPOROUS ALUM NOPHGOSPHATE 5 BACKGROUND OF THE f Nyl ON
A. Field of the Invention This invention relates to nesoporous

al um nophesphsdse materials that are nodified with at | easeCoustoshsent
selected fromzirconium cerium |anthanum to nmanganese, cobalt, zinc,
and vanadium The materials have high surface area and excellent thernal
and hydrothermal stability, with a relatively narrow pore size
distribution in the nmesoporous range. Methods for producing the nodified
al um nophosphate materials al so are disclosed. Advantageously, this

mat eri al can be used as a supgort for a crackin 15 catal yst, for exanple,
in a flUuFHERGERY ATPBLEr ZERH MYRPACCARER . BOPTBLER MESPTRPVS T AL PRESBRHOSPEAAE

Anor phous net al | ophosphat es are known and have been prepared by various
techni ques. One such material is described in U S. Patent No. 4,767, 733.
20 This patent describes rare earth al um num phosphate materials, which,
after calcination, have a relatively broad pore size distribution with a

| arge percentage of porR&CKGROIIND QF THDINVENEI®Ypi cal pore size
distribution is _as follows: 25 Pore Size Volume Percent 50to 100A 5t020%
100t 0150A 40t 03Kield pEthGBOBANBL 050% 200t 0400A 10t 050% U. S. Patent Nos.

{745, 572 a0, A, SR SHRIL e BRIESh BN R e
modified with at least one element selected from zirconium, cerium, lanthanum,

10 manganese, cobalt, zinc, and vanadium. The materials have high surface area and
excellent thermal and hydrothermal stability, with a relatively narrow pore size
distribution in the mesoporous range.

Methods for producing the modified aluminophosphate materials also are

disclosed. Advantageously, this material can be used as a support for a cracking

15 catalyst, for example, in a fluid catalytic cracking process.

B. Description of the Prior Art
Amorphous metallophosphates are known and have been prepared by
various techniques. One such material is described in U.S. Patent No. 4,767,733,
20  This patent describes rare earth ajuminum phosphate materials, which, after
calcination, have a relatively broad pore size distnbution with a large percentage

of pores greater than 150 A. The typical pore size distribution is as follows:

Pore Size Volume Percent
5010 100 A 51020%

25 10010 150 A 101035 %
15010 200 A 1510 50 %
200 10 400 A 10 to 50 %

1).S. Patent Nos. 4,743,572 and 4,834,869 describe magnesia-alumina-

aluminum phosphate support materials prepared using organic cations (e.g.,



WO 01 /45840 PCT/US00134842 tertiary or tetraal kyl anmoni um 0{: phgz@honi um
cations) to control the pore size distribution. Wen organic ati‘-' bare

used in nthesis, the resulting naterials have a nar re size
distribﬂ%?§%%¥ﬁ}the range from30 to 100 A Wen they aré&ﬁﬁ%gﬁgﬁﬁ? t he
pore size is predom nantly greater than 200 A. U S. 5 Patent No. 4,179, 358
al so descri bes. magnesi um al um na- al um num phosphate materials, nmaterials

descri bed as having excellent thermal stability. The use of
al um nophosphates in cracking catalysts is known. For exanple, U S. Patent

No. 4, 91948 indaseirhdiRSl afforiisf P phBgiRH im EATGs PRI doAteXitdore ghaini na, and
al um num phosphate precipitates for catalytic cracking. Thi's 10 nateri al

was used dsstplartiornf Wahen oagani meptoas are/ssied imbtersynihesischedesaiting net al

passi vating agent{. The use of a3 mgnesi a-al um na-al um num phosphat e
suppor t ed maé%ﬂaiF i?g‘t’e?B?m&\”é’(?Rfi ﬂ&”@&é@ﬁ“ﬁa 1P g@o‘?‘[‘%ﬁc Oﬁ""sﬂh@s]gogi’ged inUS.
Pat ent No. X! RV : f Yhh G Griacki ng
hi gh- et al“sfﬁ%ntj)-%t% %%?ggﬁalég@ té% gg’%sgl%ulssﬁjﬁég%g‘ﬁﬁ%ﬁ}aﬁ? El%lt-ga g}rln"%% U%:
phosphat ePsidnt Pia- 2600|358 Lat ddsyisbesi isaghesian-bghiha akinSnumifhoBsiagent No.

4,158, 621. There remains a need in the art for highly stable
al unm nophozaitizale matgtialsidgsabed as hewingxegdleat thermalstaiiiyng processes, as

well as for sinple, saf processes for pr.oduci t.hese materials. The
al Ui nophos phat i &Y PIRnoBhQspRA s 13 CratkiBg Stiabsteds KAWTHER! ot hor mal - and
aci d st abiekihyieM LS, RHIEf NP7 R0AEERRS thé‘u&él@fcr‘fgélﬁ’é?%r@léﬁn}ﬁ aR@e, and

provide increased gasoline yields with increased butylene selectivity in
C4 gas. SEMwRY, R FkEiHudvENTIpDRkeTTesipitates fariceralytsl caedgng.i Bhia first aspect,

to a nesoporous al um nophosphate .25 materi aJP conprj sing a solid
a1 i Wop h SR S RS R0 PRORE REGEK PR EHh Rber SATEd Sraigbment - sel ect ed
from zi rC%Qés‘i‘@tin%eigbﬂmTﬂéﬁet@%%gﬂ@ﬁ%ﬁﬁﬁ?&alﬁﬂw& phédphGie, suﬁﬁﬂ'{éﬁanad' um
wher ei n the mesoporous al um nophosphate material has a specific surface of
at | east tBRIwP{qy,cravkimy gasaljee fredstodk andesembddagd) ShBateot Neghi19,388.1001, 2
15 Ja ~~114 . . . .

Additionally, a process for catalytic cracking high-metals-content-charge stocks

using an alumina-aluminum phosphate-silica-zeolite catalyst 1s described in U.S.

15  Patent No. 4,158,621.
There remains a need in the art for highly stable aluminophosphate

materials for use in catalytic cracking processes, as well as for simple, safe

processes for producing these materials. The aluminophosphate materials

preferably possess excellent hydrothermal and acid stability with uniform pore

20 sizes in the mesoporous range, and provide increased gasoline yields with

increased butylene selectivity in C,™ gas.

SUMMARY OF THE INVENTION
This invention relates, in a first aspect, to a mesoporous aluminophosphate
25  material comprising a solid aluminophosphate composition modified with at least
one element selected from zirconium, cerium, Janthanum, manganese, cobalt, zinc,
and vanadium, wherein the mesoporous aluminophosphate matenal has a specific

surface of at least 100 m?/g, an average pore diameter less than or equal to 100 A,



WO O /45840 PCr/US00134842 and a pore size distribution such thrai/ 3@ I?ast
50% of the pores have a pore dianeter |ess than 100 A Preferably/’ Ky
nmesopor ous al um nophosphate material has an average pore dianmeter of 30 to
100 A 3 T%skdivention also relates to a method of maki ngPETESHESN30r ous

al um nopﬁ)ospdha e material described above, the nethod conprising the steps
of (a) providing an aqueous sol ution containing a phosphorus conponent; an
i norgani ¢ al um num cont ai ni ng conponent; and an i norgani ¢ nodi fying
conponent containing at |east one elenent selected fromzirconium 10
cerium | ant hanum nanganese, cobalt, zinc, and vana_dpi umn é%{l adjusting the
pH of sai dyRmyeekssiEodistribation st thilet leanigid o P! HEPGTSSPAB2RBBUt 12 so that
a solid material is Ereci@(ﬁ)itated fromsaid solution; and then (c)

recover i ngdialretedessdbami Aal from said sol uti on, wherein the solid

material includes,t S ] AbalLerimhhey arpdver Preferably,
t he i norganic al ﬂ?ﬁeﬁdﬁﬁ*ﬁenﬁgggﬁgg%s?éﬁggﬁ?giﬁncI udes sodi um az]a]@un‘i nat e and

the met hod_jnci;ydesr bhgo iatoddr step of lowering the sodiumlevel of the
solid matefral recover ed in step (c). This f[Taglﬂbe achisevegoulgy i on exchange
with ans anmoni uffitgahtemionatscargiates tryaapehed of MEHBE SEPERPPRYE] of the final

al um nophospate material is.l.ess th 0 % &4 Eg‘gég{@d@é ,oft he met hod
i ncl udes th mlﬂ@P}Pfé"Phg'Fé’ba‘ﬁ?aléf?fb%&eﬁgbﬁeétﬁé%qnu{e%ﬁ%c Sol Ut | on, a%éter step (b)

but before s)t ep (§ ip%r{éoagjwu(ﬁ,@%@@]ﬁwdn @htaiieg ephotpheatsrmentpoaent; about 100C to

about ZOOC(?O f dc| Iform pore formation. Advant a&ggéj%bé%t he solid

mat eri al s accor dhagahie Anainuny cottaioingeampREERlsEY aBOESN t

materials for fluid catal yti.c. cracking (;FCC Y&t SrcodrunkETAl LED
DESOR BT OV OF THERRGE AR AL SRS e”%g&)?‘nelrgn%%ﬁrspha{ce materi al

Zfﬁcn){ ﬁidggotso t hicseniupnv‘?ﬁ}t%ﬁlﬂnn,arﬁan aee! édpel, Abovwed vanadimdes a sol i d
phat e conposition noditied with at
(b} adjusting the pH of said aqueous solution into the range of about 7 10 about
12 so that a solid material is precipitated from said solution; and then
(¢) recovering the solid material from said solution, wherein the solid matenal
includes the mesoporous aluminophosphate matenial.

15 Preferably, the inorganic aluminum containing component includes sodium
aluminate and the method includes the further step of lowering the sodium level of
the solid material recovered in step (c). This may be achieved by ion exchange
with an ammonium salt or an acid. Typically, the sodium level of the final
aluminophospate material is less than 1.0 wt% Na.

20 Preferably, the method includes the further siep of exposing the aqueous
sohition, after step (b) but before siep (<), to hydrothermal or thermal treatment at

about 100°C 10 about 200°C to facilitate uniform pore formation.

Advantageously, the solid materials according to the invention can be used

as solid support materials for fluid catalytic cracking (“FCC”) catalysts.

25
DETAJILED DESCRIPTION OF THE INVENTION

A mesoporous aluminophosphate material according to this invention, as

described above, includes a solid aluminophosphate composition modified with at



3 15 LJJ4 WD 01/45840 PCT/ US00134842 |east one el enent sel ecléd,f¥idih
zirconium cerium | anthanum nmanganese, cobalt, zinc, and vanadi um
"Mesopo " used in this patent application, neans a_material having
por es WL'?(EEW%%& ers in the approxi mate range 30- | 00 A RE/VHISB et erred
properties of the alum nophosphate materials according 5 to the invention
have been identified. In its preferred enbodinents, the materials

according to the invention have a specific surface area of at |east 100
n2/g, preferably at |east 125 n2/g, and nost advantageously at |east 175

n2/g. Addiid 9pakieyhent N8R BordizAeSniAn, }cg‘?lfrﬁ?faﬁ{}faﬂﬁ?, ﬁ%&gﬁrgésg,%o%ght he

i nvention provide a nmesoporous naterial. In’ genera B average pore

di amet er ofind, hed raneinal $MesGh@enor g6 wrgd o tHi hpatenvaplicativn, $ndagsa t han or
equal to 100 A, preferably |ess than 80 A  and nost advantageously |ess
than 60 AMpepd haviig rAret With diamsieramths aperaxemateaapeeotl-de0 & her neasures of

the porosity of._a terial. In preferred nodified al um.nophosphate
material s accgyai%%aﬂrgfep %%i Erqpﬁvlgeﬁtofg'}?, Eﬁgﬁ%o ?‘10?1{%1}1%3 W{gpﬁgs XK6P'E¢ have a

di anet er 11898 inbarmickbhal@bebn ideRti Bed BT R HBleyreB QUL HBNE, 18 niig 9T es have
a dianeter less than 100 A, and nost preferably, 80% or nore of the pores

have a di aavetrding toghe irtvantidroieva a speiifin snds@earta obattipast pO6 eVl ume, t he

al um nophospha terigls ;according to the {nventi r.ef erably have a
pore vol uﬁggﬁﬁ%gﬁfﬁsﬁéggm&?@; 1gs @/"@niage?}‘.%a‘ 89‘5@?95 %ﬁemre pref erably
Wi thi 0 thea sangRaRl ol rede 5i9ebiifl. Afbldhal o iliing RVERLARAIbH R el ales 10
nmet hods for naki ng nmesoporous al um nophosphat® nmaterials according to the
i nvent i on.mesoporvas paaternialu lmgdneral atly andragepore dispetet odthetodterisiet hod, no

organi ¢ reagents or_solvents are used to produgce the nesoporous
al uni ABphdSpording teebervanuor igdess thangregual tordd0ghrreterabdy dasathan 8Ad aqueous

| uti ' : i et i vy t
soLutl ons AtpdlflverHlcSuIF MU iifinSloTR! 11 €5 produot ion and 25 wast e

me Imvention. The nethod of the invention
i ncl udes provi d?d’ig @R diatiBaion adlpotd Muﬁfea}imciatoaidﬂ@@sm@@phm us conponent
ConThe P perosty of amaterial 1n prefared modified Auminophosphate matenaie T M Cf
according to this invention, 50% or more of the pores have a diameter less than
15 100 A, more preferably 60% or more of the pores have a diameter less than 100 A,
and most preferably, 80% or more of the pores have a diameter less than 100 A.
With respect to the pore volume, the aluminophosphate matenals according to the
invention preferably have a pore volume in the range from 0.10 cc/g to 0.75 cc/g,
and more preferably within the range of 0.20 to 0.60 cc/g.
20 The invention further relates to methods for making mesoporous
aluminophosphate materials according to the invention. In one particularly
advantageous aspect of this method, no organic reagents or solvents are used to
produce the mesoporous aluminophosphate matenal; rather, water, inorganic
reactants, and aqueous solutions are used. This feature simplifies production and
25  waste disposal for the method of the invention. The method of the invention
includes providing an aqueous solution that contains a phosphorus component

(e.g., phosphoric acid, phosphate salts such as ammonium phosphate which can be

monobasic, dibasic or tribasic salt); an inorganic aluminum containing component



nmonobasi c, dibasic or tribasic salt); an inorganic alum num cont‘si nlj‘nﬁ
conponent 4 1 5 JUN 1004 WO 01145840 PCTI US00134842 (e.g., sodi tish N 2004
alum nate, alum num sulfate, or combinations of these na':éﬁj{gé@?s 84 and an
i nor gani WO #5§4i ng conponent containing at | east one ele &¥ted
fromzirconium cerium |anthanum iron, nanganese, cobalt, zinc, and
vanadium Typically, the nolar ratios of the starting materials are as
follows: 5 CUseful Preferred ow Phosphorus conponent 0. 02- 0. 900. 05-0. 85

Al um num cont ai ni ng conponent 0. 02- 0. 900. 05- 0. 85 i norgani ¢ nodi fyi ng

conponent 0, 01- 0. 500. 02-0. 40_.10.. AR X I dients, the
pH of the Hote “’Eoﬁ?‘ﬂﬁ’%}%’ ?lg%jrﬁcﬂg glréltf&etg,%rr%H%El%ﬁgg%?f;ggéé}ggﬂgg,gk?’nt‘o t he

. range of ahout, .ok SarRPRkiffAg $6mpbBAint domeainiig at esesricadiepenigeleceednompgeneous
gel) fornms In and precipitatées fromthe solution.. Aft er pH adjustnent,

the aqueousroaptitdaniunm neyivhe ladpoved 100, MeREBEFe Rt BNC12NG YRR t r eat ment
at about 100C to about 200C t(% further fagci I]i tatecy 'fsorm pore formation.

* After formdoPealy.the mokrirenosd! &g PG maAT IHEF faed The desired

al um nog)hosphate material, can be recovered by any suitable method known
inthe “art, e.g., by filtration. The filtered cake is then washed with
water to rempwenamy trapped salt, and thdsefwlybe contac®eefemgdh a sol ution

cont ai ni ng anmonium salt 20 or acid to ex out the i ions. Such
reducti on Phospherisoefimpanealvel of is founﬁaf'@g%%ncr ease tﬁg%ﬁ@g%ot her mal
stability of the al um no ho%n mat eri @hz.0.0ypi cal l'y, otdyeg.gedi um | evel
of the finalVEMHR ﬁ%’?ﬁ%%‘g%‘t"e %ﬁeri al sh@u?d less than 1.0 wt% Na. After
washi ng an%&ggﬂigﬁ%diwmmhe solid dal&s5tl is dri &Dand0 cal ci ned.

25 Al t hough any suitabl e inorganic nodifying conponent can be used wi thout
10

After thoroughly mixing the ingredients, the pH of the aqueous solution is
adjusted, with an acid or base, into the range of about 7 to about 12 so that a sohd
material (e.g., 2 homogeneous gel) forms in and precipitates from the solution.
After pH adjustment, the agueous solution may be exposed to hydrothermal or

15 thermal treatment at about 100°C 10 about 200°C to further facilitate uniform pore
formation. Afier formation, the solid material, which includes the desired
aluminophosphate material, can be recovered by any suitable method known in lhe
art, ¢.g., by filtration. The filtered cake is then washed with water to remove any
trapped salt, and then may be contacted with 2 solution containing ammonium salt

20 or acid to exchange out the sodium jons. Such reduction in the sodium level of 1s
found to increase the hydrothermal stability of the aluminophosphate material.
Typically, the sodium level of the final aluminophospate material should less than
1.0 wt% Na. After washing and optional exchange, the solid matenal is dried and
calcined.

25 Although any suitable inorganic meodifying component can be used without
departing from the invention, preferably it is a sulfate or a nitrate of zircoruum,

cerium, Janthanum, manganese, cobalt, zine, or vanadium.



departing fromthe invention, preferably it is a sulfate or a ni{&%ﬁ Cﬁf
zirconium cerium | anthanum mnmanganese, cobalt, zinc, or vanad 2 s
JUN 2004 3\&) / 45840 PCTI1JS00/ 34842 The nodified al um noPhosghal e

mat eri al®$C8HESUing to the invention can be used in crackfhY e 3t s for
catal ytic cracking processes, preferably as a support in conbination with
ot her cracking catalyst materials, such as zeolites (e.g., USY zeolites),
and activated matrix. O her conventional cracking catalyst 5 materials,
such as binding agents, clays, alum na, silica-alumna, and the |like, can

al so be incl udgtheanodaes aﬁfmfn’ﬁﬁh&sbﬁﬁ'éirﬁ‘eﬂeﬁzﬂk@bd@&inﬁ@@tﬂeﬁn%tﬂon%ﬂﬁm in the
art, catalytic cracking processes convert feedstoc hydr ocar bon conpounds

t o producbe byl incardkome caabysisridscadlyhovweckmglpeeaes sos, prefargily at han t he
f eedst ock hydrocar bon conmpounds. I n particyl ar, th(? rmsibfi ed 10
al umi noph&YiRE: '8 SRERIPFUATSWHB O CHRFK I GaHEY Predats:iSHEE# 391 €an be used

1 catal yiicuRhosaanes, ARELAN:NY Al LA 8Rid-PR:ARRNL, 208C to about

870C and under re at nospheric or superat nospheric press The
cat al y4 i c maprt€Sscicanbindirg idears, flaysdhbeitha, siHvd-signiied and iHd Kkedtaed bed and
t he hydrocarbon flow may be either concurrent or countercurrent to the
catal yst Rlsohe iTHedabanpait of &g caaclifigppsphat e materials of the invention

are useful in the Fluyid Catalytic Kin FCC)._and Ther npf qr talytic
& acki g (100 Ascubiney® yhirt secepBie Bt beredi s BT Hegted and « ne
catal yst h$abBarbbs coRPREnES tFblifd HyfocRRRdTPOLAGS SNoR¥EMBGRuRArti Cl e
si ze of about one-sixty-fourth to oOne-fourth inch. Active, hot catalyst

beads progregs toovihedeaistockdndurcason osmpvungd b faydewaatheonodhed ge st ock

t hrough a crackin eaction zone. .The drocarbon products are separated
from the @BWBHO%%BL%E“%‘HHQF’@EW@WEG? %ﬂef*ﬂ’é"&"ﬁ’g??f%i‘“ bsusefdR overed at

the | ower -Of I §S1on
condi t1 onSTAREF Pra AU AN AR & o b ARSI MIEC o abou
510C, catad ysddrabduced| atmospBér©orfupaizonbspheino padssutte. Thelce@bhior space

velocity of about | to 25 about 2.5 vol ./hrivgl.; and recycle to fresh feed
ratio of @racessaEBle QUmT fixgd hag)moving bed or flmdized bed and the hydrocarbon

flow may be either concurrent or countercurrent to the catalyst flow. The
15 moedified aluminophosphate matenals of the invention are useful in the Fluid
Catalytic Cracking (FCC) and Thermofor Catalytic Cracking (TCC) processes.
The TCC process is 2 moving bed process and the catalyst is in the shape
of pellets or beads having an average particle size of about one-sixty-fourth to
one-fourth inch. Active, hot catalyst beads progress downwardly concurrent with
20  ahydrocarbon charge stock through a cracking reaction zone. The hydrocarbon
products are separated from the coked catalyst and recovered, and the catalyst 1s
recovered at the lower end of the zone and regenerated. Typically TCC conversion
conditions include an average reactor temperature of about 450°C to about 510°C;
catalyst/oil volume ratio of about 2 to about 7; reactor space velocity of about 1 to
25  about 2.5 vol./hr./vol.; and recycle to fresh feed ratio of O to about 0.5 (volume).
The modified aluminophosphate materials of the invention are particularly
useful in fluid catalytic cracking (FCC), in which the cracking catalyst 1s typically

a fine powder with a particle size of about 10 to 200 microns. This powder is



- The nodified al um nophosphate materials of the invention are partf iépﬁrquy
useful in fluid catalytic cracking (FCC), in which the cracking ca yé i's
typically a fine powder with a particle size of about 10 to 200 m crons.

- This povwiero1i4§849 15 JO N 1004 WD 01/ 45840 PCTI US00/ 34842 J&réyop¢sa2
suspended in the feed and propelled upward in a reaction zone. A

rel atively heavy hydrocarbon feedstock, e.g., a gas oil, is adm xed with
the cracking catalyst to provide a fluidized suspension and cracked in an
el ongated reactor, or riser, at elevated tenperatures to provide a m xture
of lighter 5 hydrocarbpn.products.. Th £afh dupcts and spent
cat al yst a$eé’er%ﬁ's%ﬁg?rb°%§ 1$5h§§?%¢]%1drgrg§?lﬂa?iﬁ.@g}égd{Sepaﬁag?dglrgﬂg:g' , a cycl one

uni t, | ocaf.edi W RidyhREroctidBs fediB®k g 04 p@viRNChdnREd Stithithpi ng vessel , or
T stripper, w tlh tthe reéaction products being conveyed to a product recovery
zone and tfrackiperttatyst & grovidentibrdingd susperesieanda@ratked in pealoRedttd n t he | over

section of the stripper..In grder to rerrove(.lﬂlo eri]ttﬁr%io'}?%h drocarbons from
* the spent FAERFyAI5Fi3FlVged FIRTHRTS AR PGP S "8t Al yst regener at or
unit, an i L BRI g9 liSc 03RS eknt baglyagthart he cat al yst
bed wher e llq)? ré%az%{)%gmsd&gﬁ' ﬁ;ﬁg'gg%%;l E)B%ts:ﬁ%g?\r\/dgilaﬁg tﬁ%m to :} he product
recovery zgghardfiefribhuhdinzatihe catpatayst egs acyrivnaunitdpsated wehingbed bet ween
the riser and the regenerator and serves to transf.er.heat .fromthe |atter
to the forweper SQ‘BIQH@?WCQ%NVPH@&WéWE,WéPWéﬁpehé’@g%‘theaFHgncr acki ng

reaction which is endotherm.c. i cal i Lt E4NS
i ncl ude a Pliong?tstsDSB’ gtceor]r]ﬁigwargttﬁra & “_)cl)-%&ll g%gt%’ryggé%m?@;mé%gﬁé[&gtg C,{]%B%Ig;r ably

from about ; 5206 daal e Bed vifiheabdler s0S6n pf Bt atripipey bravderaboernod30C to
about 550C; catalyst/oil weight ratio of 20 about 3 to gﬁé)ut 12, preferably
about 0 t oemtirourd Nydrogartomolsem the sREPheAIYHIPERE 1GCeYeYiRg ARG 1218 102nd cat al yst
residence tine of abo

about 10 sEXBX El‘sr.egei’heé%hglg?%’caéﬁ egng%%@%‘?‘t%gﬁgggﬁggﬂ’g?%gi%g k%ﬁ;@%g T uljef Oi n
\Qﬂog ﬁi ;)Ir a: &Bgl?Ft}?’leg wgg?%?t @sbrbk @uéh hydrb@ibonsnediveying Srerrhiealiy pdsctoi | ) havi ng
recovery zone. The fluidizable catalyst is continuously circulated between the
riser and the regenerator and serves to transfer heat from the latter to the former
15 thereby supplying the thermal needs of the cracking reaction which 1s
endothermic.
Typically, FCC conversion conditions include a riser top temperature of
about 500°C to about 595°C, preferably from about 520°C to about 565°C, and
most preferably from about 530°C to about 550°C; catalyst/oil weight ratio of
20  about 3 to about 12, preferably about 4 to about 11, and most preferably about 5 to
about 10; and catalyst residence time of about 0.5 to about 15 seconds, preferably
about 1 to about 10 seconds.
The hydrocarbon feedstock to be cracked may mclude, in whole or in part,
a gas oil (e.g., light, medium, or heavy gas oil) having an tmitial boiling point
25 above 204°C, a 50 % point of at least 260°C and an end point of at least 315°C.

The feedstock may also include vacuum gas oils, thermal oils, residual oils, cycle

stocks, whole top crudes, tar sand oils, shale oils, synthetic fuels, heavy



25 above 204C, a 50 % point of at |east 260C and an end point of at |east
315C. The feedstock may al so i nclude vacuumgas oils, thermal oil S 0ok
residual oils, cycle stocks, whole top crudes, tar sand oils, shal es %Wzs
synt het MOPDiré3d) heavy 7 1 5 JUN 2004 WD 01/45840 PCTNS4 PCBARH1234842

hydr ocarbon fractions derived fromthe destructive hydrogenation of coal,
tar, pitches, asphalts, hydrotreated feedstocks derived fromany of the
foregoing, and the like. As will be recognized, the distillation of higher
boiling petroleum fractions above about 400C nust be carried out under

vacuumin order .to avoid the | cracking. The boil.ing.tenperatures

i1 sed HerET i RisPs duaed B 66 AR e ENFreRebpl Sk E Soi | | ng

poi nt cor rgehed JkonAkMRPHSENEd REES S SterivEE HolSary ofdRERGEGHE, ARS O | S

wi th high }%Et al s? @z)ntents can al so be Screggked Ous?%o cat al %st%’ enpl oyi ng

t he nodi fiad liakusisnvaptespbainezedieatistdlad onfof higher bving ipewolelitie i nventi on

wi Il now be nore particularly described with reference to 10 the follow ng
Exanpl es. ﬂT?PIIOﬁéa&i‘@rﬂh@b?%ﬁ’&@u@i@éaﬂi‘@wWFTOY%UW‘IGH@Eé@d@@ﬂoﬁy a N2

d ti b AST t hod D4641 d I
reasur 8a oY PETRETRHEE thedbi ro RERE e At bre i PCiH3% “ni ch
docunent s @jiQe@Bhdd il thmd AR BEHNE Polif cBiBCtRY td AhRIpRGR: prifqypore vol une

and pore size distribution data réported herein correspond to pores

rangi ng f r®esidsSorajmepenadutrgeediys wih highloo@lsAontentsachnugso ncradkednating ncl ude
any m CroporQus pores. ich have typically less than 14 A in radius.
EXAMPLE | &t yﬁlﬁg‘ﬂpﬁwﬂwvﬁﬁrwﬁsﬁafﬁﬁée@ﬁﬂ? Bt BPidhe {TENERBpor t
Material 20 A zi L ! i RS epared by
mixing ¢ oget hrte ARe TRl bho b dhete AR ARIR Wit it B reliBe B P ot e
phosphor i cthadelibwing E3:agipdess rofhe Bxaaphesyporeish feadi stribamehs1afd ngrasuged &y sodi um

alumnate ._In this mxture, the zirconiunm al um num phosphorus nol ar
rati o was DN3SEPIBYY AMCcesabagtd AL RIEhad Rfoy s vR i%&fts, the pH

of the solUtiand'fs RelUshBlod froce bhied'SH R THITRAA DRSS Qkich-  The
resultlng m xt ure s"transtertre 0O a
documents are entirely incorporated herein by reference. The pore volume and
pore size distribution data reported herein correspond to pores ranging from
15  approximately 14 10 1000 A in radius, and do not include any microporous pores

which have typically less than 14 A in radius.

EXAMPLE 1 - Zircopium Aluminophosphate
A. Production of the Support Material
20 A zirconium modified aluminophosphate matenal was prepared by mixing
together, at 40°C, 1700 grams of water, 29 grams of concentrated phosphoric acid,
133 grams of zircomum sulfate, and 170 grams of sodium alumimate. In this
mixture, the zirconium/aluminum/phosphorus molar ratio was 0.35/0.5/0.15.
After thoroughly mixing these ingredients, the pH of the solution was adjusted to
25 11 using ammonium hydroxide. The resulting mixture was transferred to a
polyprdpy]ene bottle and placed in a steam box (100° C) for 48 hours. The
mixture was then filtered to separate the solid matenal from the hiquid, and the

solid material was washed to provide a wet cake, a portion of which was dned at



"~ pol ypropyl ene bottle and placed in a steam box (100 C) for 48 hours. The
m xture was then filtered to separate the solid materi al fromtthUNdﬂ[]l.d
and the solid material was washed to provide a wet cake, a portion of
whi ch wawodniseshoat 8 15 JUN 20R WO 01/ 45840 PCTI US0013484 2P G5o%0/33%42C
(anot her portion of this washed material was used in the follow ng test
for measuring its hydrothermal stability). A portion of the dried solid
material was calcined in air at 540 C for six hours. The resulting

zi rconi um al um nophosphat e nmaterial had the foll ow ng pr operti es and
characteristics: LS El ement al An ses &% F &}1 4 A
24.3 P 4. @b@uﬁﬁage(amt afpmicrrsolmsg”a Vﬁﬁ é“Eﬁ Bro O“ZPIDES‘ Por e

R 10% 1007 GRS BB %3)392‘?1353*&% SRt 0 1

portion of .41hgcWeH aif ake4d°rOer Exciqure The abdviag vhsorsimraiiethophbdphatei oni zed
(D) water (20 g DI water per g of ZrAlPOX) . The pH of the slurry was
- adj ust ed t matertzl byd thedpHgwaogreparties ang haEctesislies i on while stirring for 15

m nutes. Then the cake was filtered and washed until it was free of
residuaf chloride. The
FElemental Analysis Weight Percent
zr 26.4
Al 24.3
P 4.0
10 Surface Area - 175 m%/g

Average pore diameter - 41 A

Pore volume - 0.21 cc/g

Pore Size Distribution Desorption, %
15 <50 A 80%
50-100 A 10%
100- 150 A 5%
>150 A 5%.
20 B. Hydrothermal Stability Test

A portion of the wet cake from Example 1A above was slurned with
deionized (DI) water (20 g DI water per g of ZrAlPO,). The pH of the slurry was
adjusted to 4.0 by adding concentrated HCI solution while stirring for 15 minutes.
Then the cake was filtered and washed until it was free of residual chlonde. The

25 resultant material was dried at 120° C overnight and then air calcined at 540° C for
three hours. One portion of this calcined material was steamed (100%

atmospheric pressure steam) at 815° C for 2 hours, and another portion was



25 resultant material was dried at 120 C overnight and then air cal ci ned at
540C for three hours. One portion of this calcined material wag %mfed
(100% atnospheric pressure steam) at 815 C for 2 hours, and anot

porti onVRdd/48845 JUN 2004 WD 01/45840 PCTI US00/ 34842 stea?ﬁé’ﬂUéQOﬂE&@ C for
4 hours. The surface area of the calcined and steaned materials were as
follows: 5 Material Surface Area, mi! Calcined only 227 Steaned for 2
hours 85 Steaned for 4 hours 68 These results denonstrate that the

zi rconi um aluninophosphate material according to the invention is

Y o e eanted 830 & A% I LL LS ARO M 31D PLarcined ARERa0EA | S e | 2°°

area under” The severe s con I 6ns

experi encadaierlaR W ak FgBMEE-at or . It mnll al so be seen that sodium renoval
resulting fromthe acid exchange increased the surface area of the base air
calcined material from 175 nR2/g for the product of Exanple | Ato 227 m'/g

for the product of anple 1B. 15 EXAMPLE 2 - _Cerium Al urd nopbosphate A
Production of the Su@@%wbteri al A cerium mmgé?%%phosphate
materi gl was prepare¢hyndd ¥409 together, at 40 C, 100 granms of water, 45
grans of concentrated phosphofic acid, 20 133 grans of ceriumsulfate, 75
grans of concentr at eGtsmbddufor @ marsd, and 760 grans oB5sodi um al um nate. In

this mxture, the ceriurn/al um nuni phosphorus nol ar ratio was 1/8/1.
After thoroughly m ximeFRHeloe 4iheyFedi ents, the pH of %8he sol ution was

adj usted to 7 u'ﬂl&% QMRS c}Hs{rg eﬁﬁ%ﬂqhe iy dt.eor{ S&%&ﬁﬁlﬂ%g%?ﬁﬁﬂe

transferred to a pol ypropyl ene e an ace eam DoX fﬂlOO 00' Q
for 48 according to the invention is hydrothermally stable and maintains about 30% or

10 more of its surface area under the severe steam deactivating conditions, such as
would be experienced in a FCC regenerator. It will also be seen that sodium
removal resulting from the acid exchange increased the surface area of the base air
calcined material from 175 m’/g for the product of Example 1A to 227 m'/g for
the product of Example 1B.

15
EXAMPLE 2 - Cerium Aluminophosphate

A, Production of the Support Material
A cerium modified aluminophosphate material was prepared by mixing
together, at 40° C, 2100 grams of water, 45 grams of concentrated phosphoric acid,

20 133 grams of cerium sulfate, 75 grams of concentrated sulfuric acid, and 760
grams of sodium aluminate. In this mixture, the cerium/aluminum/phosphorus
molar ratio was 1/8/1. After thoroughly mixing these ingredients, the pH of the
solution was adjusted to 7 using 50% sulfuric acid. The resulting mixture was
transferred to a polypropylene bottle and placed in a steam box (100° C) for 48

25  hours. The mixture was then filtered to separate the solid material from the liquid,
and the solid material was washed to provide a wet cake, a portion of which was
dried at about 85° C (another portion of this washed material was used in the

following hydrothermal stability test). A portion of this solid material was

10



25 hours. The mixture was then filtered to separate the solid redtenials from
the liquid, and the solid material was washed to provide a wet cake, a
portion of which was dried at about 85 C (another portion of this washed
mat er i ahv@vaf43s3@d in the follow ng hydrothermal stabilit PCTasi0p/34842 porti on
of this solid material was 10 1 5 July 2004 WD 01145840 PCT/ US00134842
calcined in air at 540 C for six hours. The resulting cerium

al um nophosphate material had the foll ow ng properties and

characteristics: Elenmental Anal ysi sWeight Percent SC e8 6 AI 36.2 P1.6

Surface Area - 272 n2/ 10Aver age p(r);l[e dlggrrete oI ume - 0.50
cc/ g Por e @icredings #A0 GriDesy MERISon hede “Mﬁ%% u”im%)(?

15100- 150A12%.> 150 Jity Test A portl on of the
* wet cake fPHM tpg%éﬁ’“a{ﬁ%#e%\%égctsgﬁg@%gg% th 20 deionized (D) water
(20 g DI water per g of CeAlPO,,). The pH of the slurry was adjusted to
4.0 by adding concentrated HO solution while stlrrlng for 15 m nutes.

- Then the cake was fi Elementalaimslysisshed untielght Pientt ree of resi dual
chloride. The resultant terial was dried at 0 C overnight and then air
cal cinéd at 540C for thr hours. One portion of this calcined materi al
was steanmed (100% Al 36.2

P | 1.6
Surface Area - 272 m*/g

Average pore diameter - 65 A

10 Pore volume - 0.50 cc/g
Pore Size Distribution Desorption, %
<50 A 44%
50 - 100 A 20%
15 100-150 A 12%
>150A 24%.

B. Hydrothermal Stability Test
A portion of the wet cake from Example 2A above was slurried with
20 deionized (DI) water (20 g D1 water per g of CeAIPOy). The pH of the slurry was
adjusted to 4.0 by adding concentrated HCI solution while stirring for 15 minutes.
Then the cake was filtered and washed until it was free of residual chlonde. The
resultant material was dried at 120° C overnight and then air calcined at 540°C for
three hours. One portion of this calcined material was steamed (100%
25  atmospheric pressure steam) at 81 5° C for 2 hours, and another portion was

steamed at 815° C for 4 hours. The surface area of these calcined and steamed

materials were as follows:

11



25 atnospheric pressure steam) at 815 C for 2 hours, and anot her EOL’H @n
was steamed at 815 C for 4 hours. The surface area of these cal t¢ndd 2dhd
st eaned ig{l s were as follows: 11 1 5 JUN 2004 WD 01/45840 PCTJUSO

0/ 34541 KBYP 4P Surface Area. m/Q Calcined only 272 St BSR&59/31892 hour s
138 Steaned for 4 hours 143 5 These results denonstrate that the cerium

al um nophosphate material according to the invention is hydrotherrnally
stable and mai ntains greater than 50% of its surface area under these
severe steam deactivating conditions. EXAMPLE 3 - Cerium Al um nophosphat e
10 Anot her cerium nogjf;bgg) al um nophosphat e maggri @l aMasmypiepared by

m xi ng together, at 40 C 2100 grans of Water,—36“0_g'l"al’T’i;_t)‘lg concentrated
phosphoric acid, 135(i@ansd edlycerium sulfate, and 1092grans of al um num
sulfate. In this mxture, the ceriunl/alum num phosphorus nolar ratio was
1/1/8. After thorougkamed 1 Agotrfese i ngredi ents, tIE% pH of the sol ution
was adjusted to 7 15 yesai n %giym hydr oxi de. The rggul ting m xture was
transferred to a poISyp 0 & BGtt1e and pl aced iﬁ st eam box (100C) for
48 hourss. TheRe rébuXik demonasatt i tfd ddRpeduithspBBasitEmbiteias 8 dsbinBier i al
fromthe liquid, and the solid material was washed and dried at about 85
C. Thi s sobtehventieniahydrathermoalcitalbd and mmimtaias gheaterChdrof0%iof itsour s. The

resulting cegium al ugi n%%hos hate 20 mat.eri al had. the follow ng properties
and char actEPFe icedMdsEinepe sy RreAteary dpAr VARG WAii9SSy cent Ce 31.4 Al 5.5
P 21.0
EXAMPLE 3 - Cerium Aluminophosphate
10 Another cerium modified aluminophosphate material was prepared by

mixing together, at 40° C, 2100 grams of water, 360 grams of concentrated
phosphoric acid, 135 grams of cerium sulfate, and 100 grams of aluminum sulfate.
In this mixture, the cerium/aluminum/phosphorus molar ratio was 1/1/8. After
thoroughly mixing these ingredients, the pH of the solution was adjusted to 7

15 using ammonium hydroxide. The resulting mixture was transferred 10 a
polypropylene bottle and placed in a steam box (100° C) for 48 hours. The
mixture was then filtered to separate the solid material from the liquid, and the
solid material was washed and dried at about 85° C. Tﬁis solid material was
calcined in air at 540° C for six hours. The resulting cerium aluminophosphate

20  material had the following properties and characteristics:

Elemental Analysis Weight Percent
Ce 31.4
Al 5.5
25 P 21.0

Surface Area - 133 m%/g
Average pore diameter - 93 A

Pore volume - 0.31 cc/g

12



Surface Area - 133 n2/g Average pore dianeter - 93 A Pore volune - 0.31
cc/g 12 1 5 JUN 2004 WO 01/ 45840 PCT/ USOQ 34842 5 Pore Size Di st rlipubN 1ot
Desorption % <50A 33% 50- 100 A 18% 100-150A 12% > 150 A 27% EXAMPLE
4 - LantWamyasbum nophosphate A | ant hanum nodi fied al um rreIiMeR0lI8R42
material was prepared as follows. Afirst solution was prepared by m xing
t oget her 2500 grans of water, 10 90 grans of concentrated phosphoric acid,
and 260 grans of lanthanumnitrate. A second solution was prepared by
conbining 1670 grans of water and 600 grans of sodium acum nate. These two
sol utions were conbined with stirring. Th | ant hgnun al um num phosphor us
nol ar ratio of this nbgrafize lRsnbytion) Af&éﬁ'p—l—ﬁ%%é0 188 Bughl y ni xi ng t hese
solutions, the pH of the rg%l_ibléi ng mxture was33gj usted to 15 12 by adding
* 150 grams of sulfuric acid. "Thé resulting m xture was then transferred to
a pol ypropyl ene bottle andspl.aggd in a steam bag% 100 C} for 48 hours.
Thereafter, the mxture was filtered to separate the solid nmaterial from
- the liquid, and the solidlf@tdpd Al was washed l1d%d dried at about 85 C.
This solid material was callﬁin din air at 54%7g}for si x hours. The
resul tiig | ant hanum 20 al uff Qpﬁosphate mat er i fiad the foll owi ng
properties and characteristics: 25 Elenental Analysis Wight Percent La
16.6 A 29.8

EXAMPLE 4 - Lanthanum Aluminophosphate
A lanthanum modified aluminophosphate material was prepared as
follows. A first solution was prepared by mixing together 2500 grams of water,

)0 90 grams of concentrated phosphoric acid, and 260 grams of Janthanum nitrate. A
second solution was prepared by combining 1670 grams of water and 600 grams
of sodium aluminate. These two solutions were combined with stiming. The
Janthanum/aluminum/phosphorus molar ratio of this mixture was 1/8/1. After
thoroughly mixing these solutions, the pH of the resulting mixture was adjusted to

15 12 by adding 150 grams of sulfuric acid. The resulting mixture was then
transferred to a polypropylene bottle and placed in a steam box (100°C) for 48
hours. Thereafter, the mixture was filtered 1o separate the solid matenal from the
liquid, and the solid material was washed and dried at about 85° C. This solid
material was calcined in air at 540° C for six hours. The resulting lanthanum

20  aluminophosphate material had the following properties and characteristics:

Elemental Analysis Weight Percent
La 16.6
Al 29.8
25 P 48

Surface Area - 123 m*/g
Average pore diameter - 84 A

Pore volume - 0.26 cc/g

13



P 4.8 Surface Area - 123 n2/g Average pore dianeter - 84 A Pore vﬁolm -
0.26 cc/g 13 1 5 JUN 2004 WD 01/45840 PCTJUSQO /34842 5 Pore Si 2e13J i
Di stribution Desorption, % <50A 32% 50- 100 A 56% 100 -_ 150 A 10% > 150
A < 5% WERAKFIE 5 - Manganese Al uni nophosphate A manganese GidHP 034312

al um nophosphate material was prepared by m xing together 2100 grans of
wat er, 45 granms of concentrated phosphoric acid, 10 68 grains of nanganese
sul fate, and 760 grams of alum numsulfate. In this mxture, the

manganese/ al um nunf phosphorus nolar ratio was 1/8/ 1. After thoroughly

m xi ng these ingr edipggcs%izg%tmtg;ﬂthe 519!:%#1% vwas adjusted to 11 by

addi ng anmoni um hydr ; ting s transferred to a

pol ypropyl ene bottle and pl3ckd in a steam box3Z%00C) for 48 hours. The 15
m xture was then filtered to separate the solid material fromthe |iquid,
and the solid material wd8-WASHed and dried at6%bout 85C. The solid
material was re- slurriedyth 6 i oni zed vvaterh[g,go cc of DI water/g of

MhAI PO,) and the pH of thel sla ?S/ iwas adjusted t’o 4.0 or slightly bel ow
with asconcentrated HCl seluypin. The pH was ageptained for 15 m nutes and
filtered to separate the solid material from20 the liquid. The filter cake
was washed thoroughly with 70C DI water until the washed solution is free

of chloride,anion, drjed overnight, at 120 C, and then <calcined in air at
540C for HXARREE ST [i%"é‘ﬁ?ecﬁ"ﬁ’d“’r?é’ﬁga €al unmi nophosphate material had

the properties angh £RALACHEEEEE bfifninbStRPhatP rfABE & Was prepared by

mixing together 2100 grams of water, 45 grams of concentrated phosphoric acid,

10 68 grams of manganese sulfate, and 760 grams of aluminum sulfate. In this
mixture, the manganese/alummum/phosphorus molar ratio was 1/8/1. After
thoroughly mixing these ingredients, the pH of the solution was adjusted to 11 by
adding ammonium hydroxide. The resulting mixture was transferred to a
polypropylene bottle and placed in a steam box (100° C) for 48 hours. The

15 mixture was then filtered to separate the solid material from the liquid, and the
solid matenial was washed and dried at about 85°C. The solid malerial was re-
shurried with deionized water (20 cc of DI water/g of MnAIPO,) and the pH of the
slurry was adjusted to 4.0 or slightly below with a concentrated HCI solution. The
pH was maintained for 15 minutes and filtered to separate the solid material from

20  the liquid. The filter cake was washed thoroughly with 70°C DI water until the
washed solution is free of chloride anion, dried overnight at 120 °C, and then
caicined in air at 540°C for six hours. The resulting manganese aluminophosphate

material had the properties and charactenstics listed in Table 1.

25  EXAMPLE 6 - Zinc Aluminophosphate
A zinc modified aluminophosphate material was prepared by mixing
together 2100 grams of water, 45 grams of concentrated phosphoric acid, 115

grams of zinc sulfate, 75 grams of concentrated sulfuric acid, and 760 grams of

14



25 EXAMPLE 6 - Zinc Auum nophosphate A zinc nodified al um nophosphate
material was prepared by mxing together 2100 granms of water, %5 lWag08 of
concentrat ed phosphoric acid, 115 grans of zinc sulfate, 75 grans of

- concent naoad/4stabf uri c acid, and 760 grams of 14 1 5 JUN 2@9F/WAD0G549445840
PCT/ US00134842 sodium alum nate. In this mxture, the zinc/

al um nunt phosphorus nolar ratio was 1/8/1. After thoroughly m xing these
ingredients, the pH of the solution was adjusted to 11 by addi ng 50%
sulfuric acid. The resulting m xture was transferred to a pol ypropyl ene
bottle and placed in a steam box (1000 % forﬁﬁ h%ﬁrs. ‘%E’]e S.m xture was
then filtesasims/waipaicate HBILETE themRe PIMEUEROPRATUSTRRIPLT2IINESt he
solid nmateyial . drd - t | terial was
o st urri LA i FRE PR hER B BRI oS ofE SRR IR "oy and

the pH of idigsteStdIT ¥y Wedin@8pX UK acid. Thetesaltinghbixyurbetaswransfetrea
concentrated HC solution. The pH was maintained for 15 m nutes and
- filtered to sppaprapslentboitioandpleaedin sadiednbak (PG ke fonHbeprsThee il ter cake

was washed t horough] ith . . 70C DI ter,. .dri i 0 C and
hen cal oi TR dh toén ik &€ Fepptaud Fediio §o:6iat TR Mo, Bho X

al um nophogpiahgreridPh 8 WadheRasd BHe&l AraBper $5°cs BRdbolibaiAsigwastecs |isted in
Table 1. 15 EXAMPLE 7 (Conparative)- Iron Al umnophosphate A sol ution was

prepar ed bstumed wigh 87i00izgd aater (10 waeidd] wasr/goa Ox)cod dlepi & dler
phosphoric acid, 200 granms of ferro sul fate, an rang. of —.alum num
sul fate. Tﬂénwaérad}%?qddoﬁfo ?rﬁilgf‘ﬁlbﬁé%”u‘?ﬂ ﬁﬁ?ﬁ%ggﬁ%é%@ssov@?n' The
0.34/0. 33/ gﬂ?{»@am{ %ta%éd%r'i?ﬁuim@éjafdtﬁméd asli ata@imt Qolld Wiatddia) Renaddi ti on
of .20 concentrated anmoni um hydroxi de. The material was then filtered and

washedio anthediquédl @he SB&Gakéwasmaklod théroughlyveitle? 9°4 Diwvstenidriegal ci ned to
540C for six hours. The resultin

g i;ron al umsnophosphat e teri,al had the
propert i esowghéﬁfalrzggpe Apd hep §31F1%§’iﬂ 2y gt %ﬁe‘gf]x%ms' The résuifing

zinc a]uminophosphate material had the properties and charactenstics listed in

Table 1.

15 EXAMPLE 7 (Comparative)- Iron Alnminophosphate
A solution was prepared by mixing 1700 grams of water, 65 grams of
concentrated phosphoric acid, 200 grams of ferrous sulfate, and 110 grams of
aluminum sulfate. The molar ratio of the iron/aluminum/phosphorous was
0.34/0.33/0.33. The pH of the product was adjusted to 7 with the addition of
20 concentrated ammonium hydroxide. The material was then filtered and washed
and dried at ~85°C. A portion of the material was air calcined to 540°C for six
hours. The resulting iron aluminophosphate material had the properties and

characieristics listed in Table 1.

15



15 JUN 2004 WO 01/ 45840 PCTJU 500/ 34842 Table 1 ZnAJPOxNMhAI POxFeAl POx
Exanpl e 5Exanpl e 6Exanpl e 7 I nventionlnventionCornparalive Cal cﬂ@eﬁjﬁﬁmd
Form Metal | oadi ng, wt%l. 29%Zn5. 7%vh21%-e A1203, w % -12.2 P, %

wt %0. 22800865309 Surface area, m/g314244109 Average por e iTAngH06842
(A) 5044202 Pore vol unme (>14A), cc/g0.370.260.55 Pore size distribution, %
<50 A39 75 4 50-100 Al17 23 12 100-150 A9 1 15 >150A35 1 69 Steam
Deactivated Catal yst (1500 F for 4 hrs) z 155 103 6 Surface area, m/g The
results in Table 1 show that ZnAl1POx and MAI PO, of the invention 5
retained a surface area in excess &f nk/ g after severe steam ng.
However, the FeAIPO z with a pore size distribution outside the invention

| ost al nnsi_aJ_l_oLLLSALwLacg_a-Lea_upan—sLeam_oﬁ_EXANELE_B_Cabal t
Al um nopbosphat e ZnAIPOx MnAIPOx FeAlPOx
Example 5 Example 6 Example 7
Invention Invention Comparative
Calcined Acid Form
Metal loading, wt% 4.2% Zn 5.7% Mn 21% Fe
ALO;, wi% - - 12.2
P, wi% - - 12.4
Na, wt% 0.22 0.08 0.009
Surface area, rnzfg 314 244 109
Average pore diameter (A) 50 44 202
Pore volume (>14A), cc/g 0.37 0.26 0.55
Pore size distribution, %
<50 A 39 75 . 4
50-100 A 17 23 12
100-150 A 9 1 15
>150 A 35 | 69
Steam Deactivated Catalyst
(1500 °F for 4 hrs)
Surface area, mzfg 155 103 6

The results in Table 1 show that ZnAIPO, and MnAlPQ, of the invention
5 retained a surface area in excess of 100 m?/g afier severe steaming. However, the
FeAlPQ, with a pore size distribution outside the invention lost almost all of its

surface area upon stearning.

EXAMPLE 8 - Cobalt Aluminophosphate
10 Sample A (Invention)
A solution was prepared by mixing 500 grams of water, 45 grams of
concentrated Iﬂhosphoric acid, 117 grams of cobalt nitrate and 75 grams of
concentrated sulfuric acid. Another solution was prepared containing 1600 grams

of water and 300 grams of sodium aluminate. These two solutions were combined

16



| 0 Sanple A (lInvention) A solution was prepared by m xing 500 grans of

wat er, 45 granms of concentrated phosphoric acid, 117 grans of (if;[bm]z
nitrate and 75 grans of concentrated sulfuric acid. Another soluti Ias

~ prepar eslo@emssabni ng 1600 grans of water and 300 grans of PSEHPWA*%%uni nat e.
These two sol utions were conbined 16 WO 01/45840 1 5 JUN 2004 PCTTU

500/ 34842 with stirring. The nolar ratio of the

cobal t ] al um nur nl phosphorous was 11811. The pH of the m xture was adj usted
to 9 with the addition of 50% solution of sulfuric acid. The resulting

i xt | aced | | | (. € box (100C
for 45 housib stimesT e MIASAR ohik corr DEb BT e ol A e 0o e
. Washed a“grgghggfr@g rqiﬁﬁ]% ﬁs&%@%ﬁe@ﬁb il B hBSHIHOS Ba% Ridtiogalici ned to

540C for e elene anal yses and physical properties were as

fol | ows: EhieFRMoid MIHe r&aTink AIXx263 w2R.placBd s apelyprapelennblessid 1@t A porti on
of the above material was exchanged _four. tines i on of

V\@Etg.a 0 1& sol u%

* ammoni um i & staem Boxd(JOARC) 5 4R bRy daearixaire nas tendiisred i BE SN washed
and dried at, ---85C A portion of ' ' | 0 540C

For si & natiie o reBg e BB b et O sk e e AR The
properti eg, e rGhah@at eThe blehfental shadsdsand ahysca? prijrmpisevdie @4 nventi on) A
sol ution was prepared by m xing 2100 grans of water, 45 granms of

concent r atfglibvahosphoric acid, 117 grans of cobalt nitrate, 75 grans of

Element, wt%
Co 7.1
Al 253
P 34
Surface Area, m*/g 145 ]

l 0 . -
A portion of the above material was exchanged four times with a 0.1N

solution of ammonium nitrate and the resulting material was then filtered and
washed and dried at ~85°C. A portion of the material was air calcined to 540°C
for six hours. The resulting cobalt aluminophosphate material had the properties

15 and characteristics listed in Table 2.

Sample B (Invention)

A solution was prepared by mixing 2100 grams of water, 45 grams of
concentrated phosphoric acid, 117 grams of cobalt nitrate, 75 grams of
20 concentrated sulfuric acid, and 300 grams of sodium aluminate. The molar ratio
of the cobalt/aluminum/phosphorous was 1/8/1. The pH of the mixture was
adjusted to 8 with the addition of 50% solution of sulfuric acid. The resulting
mixture was placed in a polypropylene bottle and put in a steam box (100°C) for

48 hours. The mixture was then filtered and the solid residue was washed and

17



20 concentrated sulfuric acid, and 300 granms of sodium al um naye; Tmmrml ar
ratio of the cobal t/al um nurnl phosphorous was 1/8/1. The pH of Hle

m xture was adjusted to 8 with the addition of 50% solution of sulfuric
acid. TWomessdoting mxture was placed in a pol ypropyl enddgUst0s34842d put
in a steam box (100C) for 48 hours. The m xture was then filtered and the
solid residue was washed and 17 1 5 JUN 2004 WO 01/45840 PCTI USOO /34842
dried at --85C. A portion of the residue was air calcined to 540C for six
hours. The el enental anal yses and physical properties were as foll ows:

El ement, wt% Co6,0 Al 19.2 P2.6 Surface Area, n2/gll ortjon of the
above mat 8FEdR! i3 %xéﬁﬁﬁ@%ogﬁlﬁﬁs{‘ YReWaiif ﬁalglmé.gI“I"\Igd(gntgfrA {FFiSBh‘I’Q}FS'ammni um

nitrate a t [ i n and washed and dri ed
at -85C. Sfr%?%rﬁ%%ﬁaltbﬁes%ﬁﬁsgﬂé\\g@e}g&?%ﬁg %%ﬁ)gﬁq?sb 540C for six hours.

The resulting cobalt alum nophosphate material had the properties and

characteristicsrtrsted Tatbt TO—SamptreC {Tnventi on) A cobalt

] Z
modi fi ed al uni npphosphi BRI 2l s prepared-in-the same manner as for
Sanpl e B above, | except theCpH of the niixtur ebflas adjusted to 7 wth the
addi tion of 50%solution ojysulfuric acid. The el eneptal analyses and 15
I

physi cal proper‘—n—erof—,t—he-}prod-ut‘t—we e as |¥|6i ows—El enent, wt % Co6. 8
Al 19.6 P2.9 '

Surface Area, m’/g 114

5 A portion of the above material was exchanged four times with a 0.1N
solution of ammonium nitrate and the resulting material was then filtered and
washed and dried at ~85°C. A portion of the material was air calcined to 540°C
for six hours. The resulting cobalt aluminophosphate material had the properties
and characteristics listed in Table 2.

10
Sample C (Invention)
A cobalt modified aluminophosphate material was prepared in the same
manner as for Sample B above, except the pH of the mixture was adjusted 1o 7
with the addition of 50% solution of sulfuric acid. The elemental analyses and

15 physical properties of the product were as follows:

Element, wt%
Co 6.8
Al 19.6
P 2.9

A portion of the above material was shurried with DI water (20 g DI water
per g of CoAIPO,). The pH of the slurry was adjusted to 4.0 by adding
20 concentrated HC] solution while stirring for 15 minutes. Then the cake was

filtered and washed until it was free of residual chlonde. The gel was dnied at

18



A portion of the above material was slurried with DI water (20 g DI water
per g of CoAIPQ ,) . The pH of the slurry was adjusted to 4.0 byl adgNngy20
concentrated HC solution while stirring for 15 m nutes. Then the cake was
filteregppdispgshed until it was free of residual chloridecriBer/oes2 was
dried at 18 15 JUN 2004 WD 01/45840 PCTI USOQO 34842 120C for overni ght and
calcined in air at 538C for 3 hours. The resulting cobalt al um nophosphate
material had the properties and characteristics listed in Table 2. Sanple D
(Conparative) 5 A cobalt nodified al um nophosphate naterial was prepared by
m xi ng 2100 grams of water, 45 grams of concentrated phosphoric acid, 117
grams of dab¥l formivermaghs and Balginadin of atHifceder Abewrss dhe iesulinggdaltand 300
grans of alum num sul fate, The . nolar rati f the .. .

- cobal t/al @FH‘WBHPT)‘PFBE?)‘%‘?%WI %‘gmeff@?q{’esﬁ{@ %ﬁraﬁpe“tsﬂ%s hRisd T E2RIGS adij ust ed
to 11 with the addition of concentrated 10 amoni um hydroxi de. The
resulting mxture was placed in a polypropylene bottle and put in a steam
- box (1000 ahgsle $B(DempsratiVee mi xture was then filtered and the solid

resi due was washed and dried at --85C. A portion of the residue was air

cal ci ned to 540C f orAspRalhipadified phemBpRhRSRDAE P SES pé%r?ﬁﬂ%i cal
properties . wer s fall . o 2 8 A portion
of the abdV@’ ﬁeoﬁ%w&/ggwélleﬁ#?i%g Vg\;lg ?%ﬂrﬁ%n(m%%w?%g%g%?éhgﬁer per g of
CoAl PO, , ) .grdigopkbiiit difte SIsUgrais Whsoraditsteé dulfarictaddd lapd 300i angm 201
concentrated HC solution while stirring for 15 m nutes. Then the cake was
filtered ahammashadfamtThe melapgatiofof dee eFdaARHINMM/ERISERO@YS Wiie gel was
dried at Ag0C b Py PR AN e0gs SALELARS | Ridihe MRSt {HeerhriprT s The

resul ting
10 ammonium hydroxide. The resulting mixture was placed in a polypropylene bottle

and put in a steam box (100°C) for 48 hours. The mixture was then filtered and
the solid residue was washed and dried at ~85°C. A portion of the residue was air
calcined to 540°C for six hours. The elemental analyses and physical properties

were as follows:

15
Element, wt%
Co 10.7
Al 27.4
P 5.8

A portion of the above material was shurried with DI water (20 g DI water
per g of CoAIPQ,). The pH of the slurry was adjusted to 4.0 by adding
20 concentrated HCI solution while stiming for 15 minutes. Then the cake was
filtered and washed until it was free of residual chloride. The gel was dried at
120°C for overnight and calcined in air at 538°C for 3 hours. The resulting cobalt

aluminophosphate material had the properties and characteristics listed in Table 2.
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al um nophosphate material had the properties and characteristics |listed in
Table 2. 19 15 JUN 2004 WD 01/45840 PCT/ US00/ 34842 Sanpl e E ( ConbaulN 26ie)
A cobalt nodified al um nophosphate material was prepared f ution
whi ch WS Op#¥d8red with mxing, containing 1700 grams of vga%?m?gﬁggr ans
of concentrated phosphoric acid, 213 granms of cobalt nitrate, and 170 grans
5 of alum numsulfate. The nolar ratio of the cobaltl al um nunm phosphorous
was 0.35/0.5/0.15. The pH of the m xture was adjusted to 7 with the

addi tion of concentrated ammoni um hydroxi de. The resulting m xture was

pl aced in POk Y ottle and put in a steam box (100C) for 48

hour s. é ?ﬁpx i&r(gro :Jsr%?ﬁgﬁ filtered and the solid residue was washed and
dried at -85C. A porA coFalilfobffidduimbsiplugphatsmateriabwls prepdreddrd@C for si x
hours. The el enental anal yses and physical properties were as_foll ows:

El enent, sal%iGo2dich was prepared \wtlpmmnsncqslﬁamwe J06\eEaTRE & MAET: Sas sl urried

with DT water ter CoALP ) slurry
was adj usg@&“‘t‘?fzc n erﬁ?‘%ﬁ?%ﬁheﬁﬁggﬂt ?&f?&“ﬁdﬂjfca’?lu{‘%%ﬁgvﬁ’ﬁ I loiosgflr |£Hr?lr| ng for
15 m it °8( ﬂhﬁﬁhxh*?sﬁ}]f&%kerﬁéﬁﬁolamﬁo%ﬁﬂe asshinasheshifphiokplidrow@wad r ee of

resi dual forid e gel was dried at 120C for overnight and calcined in
air at 538@sf®s/03 sholihe pHItkthe asuhire mgs @djvated to J|with ﬂtﬁp&dﬂsm@% mat eri al
had t he properti es and characteristics listed . n Table 20 Hydr ot her nal

St abi | i t y cqraeptrated pREnewAHandroxidgniheEsHvae iR use W@Fr?é’i‘cegt ABility of each

COALPO, . 98 CREGI Aot TH0GEALS0) for 4
hours w t % 5’86% %\éégdmlﬂﬁ% %‘P‘d E]YI 2 %%Bg?g@ugz The results are given in
Tabl e 2 belgwhantldregune the soTh&es:due was washed and dried at ~85°C. A portion

10 of the residue was air calcined to 540°C for six hours. The elemental analyses and

physical properties were as follows:

Element, wt%
Co 28
Al 10.9
P 6.3

A portion of the above material was slurried with DI water (20 g DI water
15 per g of CoAIPO,). The pH of the slurry was adjusted t0 4.0 by adding
concentrated HC1 solution while stirring for 15 minutes. Then the cake was
filtered and washed until it was free of residual chloride. The gel was dned at
120°C for overmight and calcined in air at 538°C for 3 hours. The resulting cobalt
aluminophosphate material had the properties and characteristics listed in Table 2.

20
Hydrothermal Stability Test of the CoAIPO, Samples

The hydrothermal stability of each CoAIPO, gel was evaluated by
steaming the material at 1500°F (815°C) for 4 hours with 100% steam at
atmospheric pressure. The results are given in Table 2 below and Figure 1. The

25 results show that Samples A-C, with the average pore size and pore size

20



25 results show that Sanples A-C, with the average pore size an
20 1 5 JUN 2004 WO 01/45840 PCTI USOQ 34842 di stribution accordi

i nvention, exhibited excellent hydrothernal

contrast,
of the i

Surface area, n2/932124717510382.Ayer%%$egore
vol une (>disuiaptior 8¢eeadiBg e HEanYERy qt

- Deact 1 vatBdreib ey YEPBTLOGE PA

contrast, Samples D and E, without the narrowly-defined mesopores structure of

Deacti vat

nvention, lost nearly all

the invention, lost nearly all of their surface area upon steaming at 1500°F.

0369

or&®

stability

o BBl aL

P

in that they

mai nt aiwedy@¥ae 100 nzl g surface area even after severe sPEHRPHEP484INn
Samples D and E, without the narrow y-defined nmesopores structure
of their surface area upon steam ng at
1500F. Table 2 Sanpl eABCDE Cal ci ned Acid Form 6.27.9101528 Co | oadi ng, w %
A1203, w %17.836511820 P, wt %3.42.641110 Na, wt %0.490. 280. 050. 010. 01

Zﬁﬁ{{152108 Por e

I on,

% X50

ﬁﬂf@?%ﬂé@%%ﬁ&%@é@%ﬁﬁym St eam
rs) 1281131112918 Surface area, nR/g

Table 2
Sample A B C D E
Calcined Acid Form
Co loading, wi% 6.2 7.9 10 15 28
Al203, wt% 47.8 36 51 18 20
P, wt% 34 2.6 4 il 10
Na, wt% 0.49 © 0.28 0.05 0.01 0.01
Surface area, m2/g 321 247 175 103 82
Average pore diameter (A) 67 74 74 152 108
Pore volume (>14A), cc/g 0.55 0.44 0.37 0.38 0.24
Pore size distribution, %
<50 A 38 29 32 8 13
50-100 A 32 39 27 14 27
100-150 A 9 11 13 14 19
>150 A 21 21 28 64 41
Steam Deactivated Catalyst
(1500°F for 4 hrs)
Surface area, m’/g 128 113 111 29 18

"EXAMPLE 9 -Vapadium Aluminophosphate

10

Sample F

A solution was prepared by mixing 2100 grams of water, 45 grams of

concentrated phosphoric acid, 87 grams of vanadyl sulfate, 75 grams of

concentrated sulfuric acid and 760 grams of sodium aluminate. The molar ratio of

the vanadium/aluminum/ phosphorous was 1/8/1. The pH of the mixture was
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EXAMPLE 9 - Vanadi um Al um nophosphate 1o Sanple F A solution was i)r e.gjar ed
by nixing 2100 grans of water, 45 grans of concentrated phosphorld Jdi260
87 gra padyl sulfate, 75 grams of concentrated sul fyrq nd 760
gr ans g?’ds)odt?lgm alum nate. The nolar ratio of the vanadiu Wﬁﬁ%ﬁjﬁg"ﬁ
phosphorous was 1/8/1. The pH of the m xture was 21 WO 01/45840 1 5 JUN
2004 PCTIUSQO 34842 adjusted to 7 with the addition of 50% sul furic acid.
The m xture was then filtered and the solid residue washed and dried at
about 85C. A portion of the dried material was air calcined to 540C for

si x hour s adjikeded gnenh ahe adibliyns 66560 dulfiphy sdiéaThpripeid vas tieh filesed ting
vanadi um al um nophosphate nmaterial were as 5 follows: El ement, w% V3.0

Al 17.0 P1agd anrﬁoégcleremd@awaMcbagsdmdramerSSpGrﬁpcpm@fn Otfhl@e @mﬁ/e dried
materi al was slurrled Dl ter PO ,). The
oH of 't he D) il Arined Bys¥calos siyjrorts. s SPenAbindydh et o sbi uti on
while stirt fel washed unti |
it was f rgh&%?al es?%ﬁa?bgﬁgglﬁ §mﬁ£q1%rﬂg]e&ﬂiﬁ%ph%?aetd ﬂé%t%ﬁ%%e% (S)r over ni ght
and cabci fgldlowsn air at 538C for 3 hours. The resulting vanadi um

al um nophosphate materi al had the properties and characteristics listed in
Table 3. 15 Sanple G A solution was prepared by m xing 2100 grans of water,

45 grans of Element, wt%
v 3.0
Al 17.0
‘ P 1.7
Surface Area, m%/g 335

A further portion of the above dried material was slurmed with D] water
(20 g DI water per g of VAIPQ,). The pH of the slurry was adjusted 10 4.0 by
10 adding concentrated HCI solution while stirming for 15 minutes. Then the cake
was filtered and washed until it was free of residual chloride. The gel was dned at
120°C for overnight and calcined in air at 538°C for 3 hours. The resulting
vanadium aluminophosphate material had the properties and characteristics listed
in Table 3.

15
Sample G

A solution was prepared by mixing 2100 grams of water, 45 grams of
concentrated phosphoric acid, 87 grams of vanadyl sulfate, 75 grams of
concentrated sulfuric acid and 760 grams of sodium aluminate. The molar ratio of

20  the vanadium/aluminum/ phosphorous was 1/8/1. The pH of the mixture was
adjusted to 8 with the addition of 50% solution of sulfunic acid. The eiemental
analyses and physical properties of the rgsulting vanadium aluminophosphate

matenal were as follows:
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concentrat ed phosphoric acid, 87 grans of vanadyl sulfate, 75 grmﬁ&
concentrated sulfuric acid and 760 grans of sodium al um nate. The £004
ratio of 20 the vanadi um al um numi  phosphorous was 1/8/ 1. The pH of the
m xture Wa4sIPusted to 8 with the addition of 50% sol ut F&ABTSHF4Ruri c
acid. The elenental analyses and physical properties of the resulting
vanadi um al um nophosphate material were as follows: 22 15 JUN 2004 WO
01/ 45840 El enent, W% V2.1 Al 20.9 P1.2 Surface Area, n¥/ g 130
PCTI USOQ 34842 A further portion of the above dried material was exchanged
four tinmes w thaOtN—sotutionrof—gmonrommitTate to renove the excess
sodium and the |_resul ﬁme%r"t‘%ﬁmf was! then filtered and the residue washed
and dried at abqut 5 85C. A portion of} the r2é$idue was air calcined to 540C
“for six hours. The resul tlAﬁlg vanadi unm al umsgaephosphate material had the
properties and tehatractert+stires—tisted—nTapte3—The calcined acid form
of each of the [VALPOX Sarr.tﬂ es F and G were ! ubjectled to the steam
deactivation tedqt desuriabedrabave and the resllts arle to summarized in
Tabl e 3. Table 37VAIPOX VAIPOx Sanpl e FSanple G I nventionlnvention

. | _ S
Cal cined Acid F%H}rt\ée} ggrghggfth\éwag(gvggﬁ%d material was exchanged four times

with a 0.1N solution of ammonium nitrate to remove the excess sodium, and the

resultant product was then filtered and the residue washed and dried at about
5 85°C. A portion of the residue was air calcined to 540°C for six hours. The
resulting vanadium aluminophosphate material had the properties and
characteristics listed in Table 3.
The calcined acid form of each of the VAIPO, Samples F and G were
subjected to the steam deactivation test described above and the results are

10 summarized 1 Table 3.

Table 3
VAIPOx VAIPOx
Sample F Sample G
Invention Invention
Calcined Acid Form
V loading, wt% 30 2.1
Al2O3, wt% 35 35.6
P, wt% 1.2 0.3
Na, wt% 0.59 0.83
Surface area, mzlg 317 304
Average pore diameter (A) 53 36
Pore volume (>144), cc/g 0.42 0.27
Pore size distribution, % ‘
<50 A 55 82
50-100 A 20 10
100-150 A 6 2
>150 A 19 6
Steam Deactivated Catalyst
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A1203, wm%3935.6 P, Wt % 1.20.3 Na, wt % 0.590.83 2317304 Surface g(rﬁg m/g
5336 Average pore dianeter (A) Pore volune (>14A), cc/g0.420. 271 W ze
di stribution, % 5582 X50 A 50-1 0o A2010 100-150 A62 >150 A196 Steam
Deact i va¥@eP/€4thl yst 23 1 5 JUN 2004 WD 01/ 45840 PCT/ USOQ BE48AB00/84B8D0F f or
4 hrs) 2 Surface area, m/g 81 126 The results in Table 3 show t hat
Sanples F and G with the average pore size and pore size distribution
according to the invention, exhibited excellent hydrothermal stability.
Sampl e G prepared under higher pH conditions exhibited better stability in

that it Wmm st eam ng.
EXAMPLE 10 ¢} PH7Eal ytic Cracking with ZrAIPOx A. Preparation of a

Zr Al POX tu?fal;é‘lne%om%t hermal |'y |stabl e, gihi gh surface ajga, nesoporous
Zr Al PO nmeteral—weis—=

T 1T U

The results in Table 3 show that Samples F and G, with the average pore
size and pore size distnbution according to the invention, exhibited excellent

hydrothermal stability. Sample G prepared under higher pH conditions exhibited

in

better stability in that it maintained over 100 m2/g surface area even afier severe

steaming.

EXAMPLE 10 - Fluid Catalytic Cracking with ZrAIPO,
A. Preparation of a ZrAIPO, Material

10 A thermally stable, high surface area, mesoporous ZrAIPQO, material was
prepared_as described above in Example 1. The described wet cake of ZrAIPO,
was used for the catalyst preparations that follow.

B. Preparation of a USY/ZrAlPO,/Clay Catalyst
15 A first catalyst, Catalyst A, was prepared using commercial Na-form USY
zeolite with a silica to alumina ratic of 5.4 and a unit cell size 0f 24.54 A. The
Na-form USY was slurmed and ball milled for 16 hours. A wet cake of the
ZrAlPO, material above was slurried in deionized water, and the pH of the
resultant slurry was adjusted to 4 using concentrated HCl. The ZrAlPO, material
20 was then filtered, washed, and ball milled for 16 hours.
A uniform physical mixture of the milled USY slurry, the milled ZrAiPO,
shury, binding ageﬁt, and kaolin clay was prepared. The final slurry contained
21% USY, 25% ZrAlPO,, 7% binding agent, and 47% clay, on a 100% solids
basis. The mixture was spray-dried to fine spherical particles with approximately
25 70u average»panicle diameter. The sprayed product was then air calcined,

followed by ammonium exchange using an ammornum sulfate solution. The
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prepared as descri bed above in Exanple 1. The descri bed wet cake of ZrA) POx
was used for the catalyst preparations that follow B. Preparatip§ jof 2604
USY/ Zr Al POx /Clay Catal yst 15 A first catal yst, Catalyst A, _was prepared
usi ng comPENEEM Na-form USY zeolite with a silica to al uﬁqfélsﬂ’“z*‘? of 5.4
and a unit cell size of 24.54 A. The Na-form USY was slurried and ball
mlled for 16 hours. A wet cake of the ZrA PO, material above was
slurried in deionized water, and the pH of the resultant slurry was
adjusted to 4 using concentrated HCl. The ZrAl POx material 20 was then

filtered, shed, an all .m.led . faor .16 .hour ni f or i m xture
of the m I96amgEe ?EYFEV?S ffibep Weishs %hﬂs%?wé%r@e?y?ﬁ% nﬁéﬁagﬁdm, and

kaol in cl ay)\aQ RERAT %jr-thfgé%ofnisnaﬁhe%JrgﬁérﬁesC&Hh@ﬁﬂE]Cha?a]ly%al:ﬁﬁow%fi% Zr Al POX,
" 7% bi ndi ng agent, and 47%clay, on a 100% solids basis. The m xture was

spray-dri erhbleo4fi ne spherical particles with approximately 25 70 average
particle dianeter. The sprayed product was thg{n air calcined, foll owed by
anmoni um ékchanrepagatigp aha dmdaluming/(lay Catedystt i on. The 24 1 5 JUN 2004

WO 01/ %5840 PCT. é??co%d/ %ﬁ%ﬁ& @églﬂ,?‘rg’ﬁﬁc&%g%rwm nf Wd HBEedpSHed with

dei oni zed wate rie erni g clned at~538C for three hours.

The property4%101 0BhghdvieNalceprthal 118 ZrAlRD sih@utalyn A Rablrepldced®ittPr epar at i on
of aUSY/ Aiumina /C ay Cat ala_ést 5 A second catal yst, Catalyst B, was
prepar ed fIBC)-peptizgd mhaningodbdertized alupmagebwas Ppagd i except that the

ZrAIPO, in al yst. A was replaced with HCL - i . isaa. The

pepti zed aWSﬁgﬁlqﬁ’é’eE@FIe\ﬁ‘&gmﬁ?é’ng%& tr‘gﬁ’% p?&%ﬁgagf)@gﬁ:%&?g“%ﬁ?%@na powder
that was pepfukaqs Y8 wPoelid90 I THeipRBpdrats @Q:atmgm &J80 apé sHoWInYbabid | ds) . The
properties of Catalyst B also are shown in Table 10 4. D. Preparation of a

USY/ ZroAl RO,/ Alum na/Cl ay Catalyst Athird catalyst, Catalyst C was
prepar ed fB.I | OV\{’pe%ater(’aio o gm&rEAQPO,IAIumina!Clay Catalyst
A third catalyst, Catalyst C, was prepared following the procedure in
Example 10B, above, except that the amount of ZrAIPOx was reduced and part of
the clay was replaced with the HCl-peptized alumina used in Example 10C so that
15 the spray dried slurry contained 21% USY, 15% ZrAIPQO,, 25% alumina, 7%
binding agent, and 32% clay, on a 100% solids basis. The final properties of
Catalyst C are shown in Table 4.
E. Preparation of a USY/ZrAIPOs/Alumina/Clay Catalyst
A fourth catalyst, Catalyst D, was prepared following the procedure in
20  Example 10D, above, except that the ZrAIPO, in Catalyst C was replaced with
HCl-peptized ZrAIPO, gel, prepared by peptization of wet cake using HCI
solution. The properties of Catalyst D also are shown in Table 4.
Before evaluating the catalysts for performance on a pilot unit for catalytic

cracking, each catalyst was deactivated at 1450° F and 35 psig for 20 hours using

25 50% steam and 50% air. The surface areas of the steamed catalysts are shown n

Table 4.
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Exanple | OB, above, except that the amount of ZrAl PO was redu%ao(l d part
of the clay was replaced with the HCO -peptized alum na used in ﬁﬁ&ﬂ@ I
OC so that 15 the spray dried slurry contained 21% USY, 15% Zr Al PO, 25%
al um naWOomy458#ti ng agent, and 32%clay, on a 100% sol i ds RAYR004%@2 1 nal
properties of Catalyst C are shown in Table 4. E. Preparation of a

USY/ Zr AL PO ,/Alum nal Cl ay Catal yst A fourth catal yst, Catalyst D, was
prepared followi ng the procedure in 20 Exanple 10D, above, except that the
Zr ATPO , in Catalyst C was replaced with HCl -peptized ZrAl PO, gel,
prepared by peptization of wet cakerA&ﬁéﬁq HCI solution. The properties of
Catal yst D also are shown in Table ef ore evaluating the catal ysts for
performapce-on.apilot unit for catalytiec—cracking—each-catalyst-was
deactivated at 1450 F hnd-asygishg I orCatalysidir s |usiGRplYP € 5006 s€aalyshRd 50%
ai r. The| sCofmpositamehs| @6% ArAPgam ‘e Ahahyst § ark¥b%Baln i n 15PabeptiZed 25 1
S5 JUN 20p4 WFLKirdS5840| TABING Mo PCT/ USQRdAMNE42 Caidley ArAN@} Bl y AraB@at al yjst
CCatal ysf D 15% Bal | 15% Rephized Compogirc,onal ?&%a%@d\!pﬁ@ PIR% ALATP A
MIlled Zy Al PO, Zr Al PO, { Feat ureand No and No (Rep cﬁc(ggyﬁgﬁt of Clay) and

| 25% Alumina 25% Alumina
Calcined Catalyst Properties

Rare Earth wt.% 1.7 1.9 1.9 1.8
Na wt.% 0.1 0.1 0.1 0.1
Si0; wt.% 37.1 36.7 29.6 30.3
AlLO3 wt.% 42.5 52.0 51.6 54.2
Surface Area 221 222 255 256
mzlg
Steam Deactivated Catalyst Properties
Surface Area - 123 122 120
mzfg
F. Catalytic Cracking Process
5 Catalysts B through D were compared for catalytic cracking activity in a

fixed-fluidized-bed (“FFB”) reactor at 935°F, using a 1.0 minute catalyst contact

time on a Arab Light Vacuum Gas Oil. The feedstock properties are shown in

Table 5 below:

26



(Repl aced Part Al um naZr Al PO, ,of Clay) and of Cay) and 25% Al um na25%

Al unina Cal cined Catal yst Properties Rare Earth wt. 9. 71.91.91. & 5NN 2004

w. 9%0.10.10.10.1 SiO2 wt.%37.136.729. 630.3 A1203 wt. %12. 552. 051. 654. 2
Sur f ace WH8eR48s4$222255256 n2/ Steam Deacti vat ed Cat al yst r (uarvs$esss4dur f ace
Area -- 123 122120 2/g T---- -1 F. Catalytic Cracking Process 5 Catal ysts B
t hrough D were conpared for catalytic cracking activity in a
fixed-fluidized-bed ("FFB") reactor at 935F, using a 1.0 m nute catal yst
contact time on a Arab Light Vacuum Gas G |. The feedstock properties are
shown in Table 5 below. 26 1 5 JUN 2004 WD 01/ 45840 PCT/ 1JS00/ 34842 TABLE

5 Charge Stock PropertiesVacuum Gas Ol Gavity at 60F0. 9010 Refractive
| ndex1. 50084

TABLE 5

Charge Stock Properties Vacuum Gas Oi}
Gravity at 60°F 0.9010
Refractive Index 1.50084
Aniline Point, ° F 164
CCR, wt.% 0.90
Hydrogen, wt.% 11.63
Sulfur, wt.% 2.8
Nitrogen, ppm 990
Basic nitrogen, ppm 250
Disullation

IBP,°F 536

50 wt.%, ° F 868

99.5wt.%,°F 1170

These catalysts were then used in the FFB pilot plant. The catalyst

performances are summarized in Table 6, where product selectivity was

interpolated to a constant conversion, 65 wt.% conversion of feed o 430°F

material.



Ani | i ne Poi nt,

wt. % F868 99.5 wt. %

F164 CCR, w.%®.90 Hydrogen,

wt.%1. 63 Sul fur,

w. %2. 8

Ni trogen, ppnB90 Basic nitrogen, ppnR50 Distillation 536 113P, 1 S:J@g@mbi ot

pl ant .

W6 ofiadssd Yst

F1170 These catal ysts were then used in the

5 performances are sumari zed in Tabl gepyuswrasg
product selectivity was interpolated to a constant conversion,
conversion of feed to 430 F material .

65 Wm. %

27 15 JUN 2004 WD 01/45840 TABLE 6

PCT/ USOQ 34842 Cat al yst BCatal yst CCatal yst D Matri xNo Added ZrAl PO, , + 15%

Bal |

MIlled + 15% Peptized Zr Al POxZr Al POX

Conver si on,

. 9656565 Cat/ QO |

3.83.33.6 C5+ Gasoline, wt.%39.642.142. 4 LFO wt.%25.425.625.5

10

TABLE 6
Catalyst B Catalyst C Catalyst D
Matrix No Added ZrAIPO, | + 15% Ball Milled + 15% Peptized
ZrAlPO, ZrAIPO,

Conversion, wt.% 65 65 65
Ca/Oil 3.8 3.3 36
Cs" Gasoline, wt.% 39.6 42.1 42.4
LFO, wt.% 25.4 25.6 25.5
HFO, wt.% 2.6 0.4 9.5
Coke, w1.% 5.1 5.3 5.1
RON, Cs* Gasoline 88.2 85.7 85.6
H,S, wt.% 1.7 1.8 1.9

C; + C; Gas, wt.% 1.8 1.8 1.7
Total C; Gas, wt.% 6.3 4.9 4.9
Total Cs Gas, wt.% 10.4 8.9 88
Ca /total Cs 0.8] 0.80 0.80
C. /total C, 0.48 0.48 0.50
Ca/Cy 0.98 1.10 1.13

The test results in Table 6 demonstrate that incorporation of ZrAIPO, into

the zeolite matrix resulted in significantly improved gasoline yields (as much as

2.8 wt.%). This increase in gasoline yields for Catalysts C and D resulted mostly
from lower C; and C, yields. The ZrAIPO, matrix “as-is” (Catalyst C) had a

slightly higher coke-making tendency, but this tendency was alleviated by HCI

peptization of the gel (Catalyst D).

The ZrAIPO, matrix has bottoms cracking activity, and a slight decrease in
HFO (heavy fuel oil) yield is observed (0.2%). The bottoms yield differences are

small for these catalysts, probably because all three catalysts convert nearly all of
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HFO, wt.9®.69.49.5 Coke, w.%. 15.35.1 RON, C5+ Gasoline88.2
W.9%.71.81.9 C + C2 Gas, wt.%1.81.81.7 Total C3 Gas, o v 5 IR T
C4 Gas, W.%10.48.98.8 C3 /total C30.810.800.80 C3/tot aI C40. 480. 480. 50
CA_/ C3=vPRLEaML. 13 The test results in Table 6 denonstrattET{RAp34842 -

i ncorporation of ZrAlPQ, into 5 the zeolite matrix resulted in
significantly inproved gasoline yields (as much as 2.8 wt.%. This increase
in gasoline yields for Catal ysts Cand Dresulted nostly fromlower C3 and
C4 yields. The Z rAIPOx matrix "as-is" (Catalyst C) had a slightly higher
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removal and/or gasoline
selectivity in C4 gas and the C, olefin-to-C; olefin ratio. The results in Table 6
clearly show that the chemistry of ZrAIPOy is different from a typical active
alumina matrix, which is usually added to improve bottoms cracking.
10
EXAMPLE 11 - Fluid Catalytic Cracking with CeAlPO,
Al Preparation of a CeAIPO, Material
A thermally stable, high surface area, mesoporous Ce AIPO, material was
prepared as described above in Example 2. The wet cake of CeAIPO, descnbed
15 above was used for the catalyst preparations that follow.
B. Preparation of a USY/CeAlPO,/Clay Catalyst
A first catalyst, Catalyst E, was prepared using commercial Na-form USY
zeolite with a silica to alumina ratio of 5.4 and a unit cell size of 24.54 A. The
Na-form USY was slurried and ball milled for 16 hours. A wet cake of the
20 CeAlPQ, material above was slurried in deionized water, and the pH of the
resultant shurry was adjusted to 4 using concentrated HCl. The CeAlPO, matenal
was then filtered, washed, and ball milled for 16 hours.
A uniform physical mixture of the milled USY slurry, the milled CeAlPO,
slurry, binding agent, and kaolin clay was prepared. The final slurry contained
25 21%USY, 25% CeAlPOy, 7% binding agent, and 47% clay, on a 100% solids
basis. The mixture was spray-dried to fine spherical particles with approximately
70 p average particle diameter. The sprayed product was then air calcined,

followed by ammonium exchange using an ammonium sulfate solution. The
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sul fur renmoval. The Zr A]POx contai ning catal ysts increased the Itsgj | ene
selectivity in C4- gas and the C4 o] efin-to-C3 olefin ratio. + 80 t s
in Table 6 clearly show that the chem stry of ZrAIPO is different froma
typi calWa™HG0 al umina matrix, which is usually added toPEH808484dt t ons
cracking. 10 EXAMPLE 11 - Fluid Catalytic Cracking with CeAl PO, A
Preparation of a CeAIPO,, Material Athermally stable, high surface area,
mesopor ous CeAl POx nmaterial was prepared as descri bed above in Exanple 2.
The wet cake of CeAl PO described 15 above was used for the catal yst
preparatign h f B, Pr rafl f Y, . PO3/ Cl .a talyst A
S0 ab Bl chsE s Rrylt SAALLRR oBLnR DML, o

first cat aT{ysa ; 5 repared Gsin usy

zeol i te WehiBirRdSh bBSE 16 tRlc Hola. MBlel Rodniss ¢ @RB¢inal dilstGRd dhodizig of 24. 54
A. The Na-form USY was slurried and ball mlled for 16" hours. A wet cake

of the 20T@kllPOx, material above was slurried in deionized water, and the

pH of the _resultant slurry Wa‘f adj usqt’@d t& 4 using concentrated HC]. The
CeAl POx néteri direppiationgha USk/sdeming{blnetatalytt bal| nmilled for 16 hours.

A uni f or m physi ' ' iXe dub e CeAl PO
S ' ) g SO SRR Bk it T

cont ai ned E2hmale YRISbov2SoceeAhRke CoAPOdimgaapgent wahepldddbwiiay, on a
100% sol i ds_ basis. The m xture was spray-dried to fine spherical particles
wi th appr 8&Imapsegd pyondebegienisgydupana. | Théepr@pamies of Caplyst Eglsayesel product was
then air g’%}v‘&ﬁ neq, b f.PI | owed by ammoni um exchange using an anmoni um sul fate
sol ution. e JY E ]§ JON 2004 WO 01/45840 PCT/ USOQO 34842 exchanged

catal yst was ftFﬁengawbﬁﬂusf\t/tzesiqi)gqmsﬂam\@tf:rﬁy C‘Milgﬂ over ni ght, and
calcined at 538C tor three hours. The properties of the final catalyst are

shownl9n Tabl e\ thirdxatPiyet Grtal ysd f, fas pregevgdioliniving Blegpyod@dtrs iyst
Example 11B, above, except that the amount of CeAJPO, was reduced and part of
the clay was replaced with the HCl-peptized alumina used in Example 11C so that
the spray dried siuny contained 21% USY, 15% CeAlIPO,, 25% alumina, 7%
binding agent, and 32% clay, on a 100% solids basis HCl-peptized
15  pseudoboehmite alumina. The final properties of Catalyst G are shown in Table 7.
E. Preparation of a USY/CeAlPO,/Alumina/Clay Catalyst
A fourth catalyst, Catalyst H, was prepared following the procedure in
Example 11D, above, except that the CeAIPO; in Catalyst G was replaced with
HCl-peptized CeAlIPO,. The properties of Catalyst H also are shown in Table 7.
20 Before evaluating the catalysts for performance on a pilot umit for catalytic
cracking, each catalyst was deactivated at 1450° F and 35 psig for 20 hours using

50% steam and 50% air. The surface areas of the steamed catalysts are shown in

Table 7.
TABLE 7
25
Catalyst E Catalyst F Catalyst G Catalyst H
Compositional 25% 25% 15% Ball Milled | 15% Peptized
Feature CeAlPO, and | Alumina and CeAlPO, CeAlPCO,
No Alumina | No CeAlPO, | (Replaced Part of | (Replaced Part
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5 A second catal yst, Catalyst F, was prepared followi ng the procedure in
Exanpl e 11B, above, except that the CeAlPO, , in Catal yst E was 1@9%,@&%
with HO -peptized pseudoboehmite D. Preparation of a

USY/ CeARS1/4shoumi na/ Clay Catalyst 10 A third catal yst, CQTASHEBIE was
prepared follow ng the procedure in Exanple 11B, above, except that the
anount of CeAJPO,, was reduced and part of the clay was replaced wth the
HC - peptized alum na used in Exanple 11C so that the spray dried slurry
contai ned 21% USY, 15% CeAl1PO,,, 25% al um na, 7% bi ndi ng agent and 32%
clay, on a 100%solids hasis HC-peptized—15 bo 1“, LC , a —
final prqoperties of Catalyst G are|shown in Thb P“Zaﬁang ep ‘glla}’cf’ﬁ‘dof a
USY/ CeAl PO,/ Al umina/ C ay Catal yst |A fourth catal \é’étlmH@at al ly 6V luyRa |
prepared [fol T ow ng the proceduCaldintd Exalypl BropertiBs above, except that tshe
CeAl POx i ”I%ﬁé ﬁ%ﬁﬁ%ﬁ% IS re@baced W T hy 9HCI - pept | zgdh CeA1PO, . The
properti gs—of h—ad bgldle :muwnol g Id)l e 7. g0 Before evghuating
t he cat aljyst cNﬂn‘W f"/Pmefmm“ op—a-pHef—un-t—+or—e 6' yHer—ct ‘é') g each
cat al yst vvas Sd@a@ﬂl%ate at 3184150 E|and 35/ nmd; for g’n hours!t usi m\ 509

st eam and 50%ladywt.The durf adfeS areas of52bhe steaned>Eltal ysts ar®-Shown| i n
Table 7. [TABlgee/aa néa 4 yst2fgCat allyst Ffatal yst CCagal yst H 257
Conposi ti 'O'H'affﬁ"/aib"/d.bu/o Barl S&Mn'l%’aw LAV B8 Rt AR Présdrié£CeAl PO, andAl um pa
andCeAl PO—CeAHPO—Ner At n%gu W |-'u, ,’M(epu ared—Pardy of ( H‘pl aceigﬁ Part| 30
WO 01/ 45845@% 0643 ae—259 Eay)—and

l— Ay ) alTad 2970 Ul

F. Catalytic Cracking Process
Catalysts E and F were compared for use in a catalytic cracking process
using an FFB reactor at 935°F, having a 1.0 minute catalyst contact time using
5 Arab Light Vacuum Gas Oil. The feedstock had the properties described in Table
5 above.
The performances of the catalysts are summarized in Table 8, where

product selectivity was interpolated to a constant conversion, 65 wt.% conversion

of feed to 430° F material.

10
TABLE 8
Deactivated Catalyst E Deactivated Catalyst F
Matrix 25% CeAlPO, 25% Activated Al;O;
Conversion, wt.% 65 65
Cat/Oil 4.1 3.8
Cy + C; Gas, wt.% 2.0 1.8
Total Cy Gas, wt.% 5.4 6.3
Total C4 Gas, wt.% 9.5 10.4
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Al um na25% Al um na Cal ci ned Catalyst Pro erties Rare Earth wt.%g 3& 3§‘73.5
Na wt.9%.10.10.10.2 Si02 w.%38.136.731.030.6 A1203 wt . %16. 552. 'g % 5
Surface Are [ 238222249257 St eam Deactivated Catal yst Pr i urface
Area nﬁWQUE%?%@OlZG F. Catal ytic Cracking Process Catalysfgqﬁﬁgﬂgiﬁ§mere
conpared for use in a catalytic cracking process wusing an FFB reactor at
935F, having a 1.0 mnute catalyst contact tinme using 5 Arab Light Vacuum
Gas O 1. The feedstock had the properties described in Table 5 above. The
performances of the catalysts are summari zed in Table 8, where product
selectiviTy was interpolated to a constant conversion, 65 w. % conversion
of feed o 430 F material. 10 Matrix Conversion, W.% Cat/Ql d + Q2 ,
w. % Total QC3" Gasolind, w9 ABLE 8 Deactismved Catal yjst E 25% @Al PO, 65 4| 1

2.0 Deac

ivated Cat al yst

E

LFO, wt.%

25.0

25.4

HFO, wt.%

10.0

9.6

Coke, wt.%

5.5

5.1

RON, Cs" Gasoline

87.6

88.2

10

15

The results in Table 8 suggest that the CeAIPO, matnx has bottoms

cracking activity comparable to that of the activated alumina matrix. The catalysts

provided comparable HFO yields. The CeAlIPO, catalyst shows higher gasoline

selectivity (1.1 wt.% yield advantage).

G.  Product Selectivity Improvement With Addition of CeAIPO,

Catalysts G and H were compared with Catalyst F to determine the benefits

of adding CeAIPQO, to an FCC catalyst. An FFB reactor was used with the Arab

Light Vacuum Gas Qil described above in Table 5. The performances of the

catalysts are summarized in Table 9, where product selectivity was interpolated to

a constant conversion, 65 wt.% conversion of feed to 430° F material.

TABLE 9

Catalyst F .

Catalyst G

Catalyst H

Matrix

No Added CeAlPO,

+ 15% Ball Milled

CeAlPO,

+ 15% Peptized
CeAlPO,

Conversion, wt.%

65

65

65

Cat/On]

3.8

3.6

3.5

Cs* Gasoline, wt.%

39.6

40.7

42.0

LFO, wt.%

25.4

25.0

253
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" 25% Activated A1203 65 3.8 1.8 5.4 6.3 Total &4 Gas, wt.%9.5 1 10.4 31 1

JUN 2094 WO 03/ 45840 PCTI US00/ 34842 C5t Gasol i ne, wL%0. 739.6 LE®JUN 2004
. 9%25. 025.4 HFO, wt . %10. 09. 6 Coke, .9%%.55.1 RON, C5+ Gasoline87.688.2

, The r eswbtos/4bsao Tabl e 8 suggest that the CeAl POx matrix haRCHBIOGA?

cracking activity conparable to that of the activated alumna matri x. The

catal ysts provided conparable HFO yields. The CeAlPO , catal yst shows

hi gher gasoline 5 selectivity (1.1 w.%yvyield advantage). G Product

Sel ectivity Inprovement Wth Addition of OeAJPO, : Catal ysts G and H were

(o]

conpar ed {—G—Q'E'f—alz‘\—ﬁe"{‘hr: benefit (I(]I g PO T 10
an FCC catal \lﬁo Wﬁ'}/'EFB rleact ar “wths usedl wi-th 1_10505 A ah 10—+ H“tget,\abuw” 3as
O | desclibedddsowe%n Tdbl e 5. 5The perfpr mBncexdof the | catal Yt s are
summarized 1n Table 9, where product selpctivity was intlerpol ated to_a
const ant ETSF RRe W 70 COpygrsion bf feeg7t® 430 H matergals. TABLE
15 Catal‘)sLG. C?ja%,so i" tatyst ?l-.? 19 19
158, wt.% 1 . .
Cy + Cp Gas, wi.% 1.8 1.8 1.7
Total C; Gas, wt.% 6.3 54 5.0
Total Cs Gas, wt.% 10.4 9.5 9.1
C; /total Cs 0.81 0.81 0.80
C,4 otal Ca 0.48 0.52 0.49
Cq /Cs” 0.98 1.11 1.13

The test results in Table 9 demonstrate that incorporation of CeAlPO, into
{he matrix resulted in significantly improved gasoline yields (as much as 2.4
wt.%). The increase in gasoline yields for Catalysts G and H resulted mostly from
5 Jower C; and C, yields. The CeAIPO, matrix “as-is” (Catalyst G) had a slightly
higher coke-making tendency, but this tendency was alleviated by HC] peptization
of the gel (Catalyst H).
The bottoms yields are comparable for all three catalysts, probably because
al} three catalysts convert nearly all of the crackable heavy ends at this conversion
10 level Oné negative aspect of the CeAIPOy containing catalyst is that it lowered
the research octane number (“RON”) of the produced gasoline by as much as 2.7.
The CeAlPO, containing catalysts increased the H,S yield by >10%,
suggesting that this material may have potential for SO, removal and/or gasoline
sulfur removal. The CeAIPO, containing catalysts increased the butylene
15 selectivity in Cq” gas, and the C, olefin-to-Cs olefin ratio. The results in Table 9
clearly show that the chemistry of CeAIPOy is different from a typical active

alumnina matrix, which is usually added to improve bottoms cracking.
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Matri xNo Added CeAl PO, + 15% Ball MIled + 15% Pepti zed OeAI PO. CeAl POx
Conversion, W .%56565 Cat/ QO |3.83.63.5 CS+ Gasoline, w.9%39.63d i
LFO wt . 9%25.425.025.3 32 1 5 JUN 2004 WO 01/ 45840 PCTNSCD’ 34842 HFO w . %
9.6 10. WS, wt. 9. 15. .55.2 ROV C5° Gasol i ne8s. 287, SEH /S O054%42
.9%.71.91.9 G + C Gas, .9%.81.81.7 Total C3 Gas, .96. 35.45. 0 Tot al
C4 Gas, w.9%0.49.59.1 C3:/t0t al C 0.810.810.80 C4:/t0t aI 40. 480. 520. 49 W
/C3-0.981.111. 13 The test results in Table 9 denonstrate that incorporation
of CeAlPO, into the matrix resulted in significantly inproved gasoline

7o (xisiver 2 il clavibe dategnaungstcianol s Tor
CeAl POx nmat rVAIP@s-is" (Catalyst G had a slightly
CoAIPOy from Example 8 (Sample A) and VAIPO, from Example 9
(Sample F) were each pelleted and sized to an average particle size of
5 approximately 70 micrometer (p), then steamed in a muffle furnace at 1500°F for
4 hours to simulate catalyst deactivation in an FCC unit. Ten weight percent of
steamed pellets were blended with an equilibrium catalyst from an FCC unit. The
equilibnum catalyst has very low metals leve] (120 ppm V and 60 ppm Ni).
The additives were tested for gas o1l cracking activity and selectivity using
10 an ASTM mucroactivity test (ASTM procedure D-3907). The vacuum gas o1l feed

stock properties are shown in a Table 10 below.

Table 10

Charge Stock Properties Vacuum Gas Oil
API Gravity 26.6
Aniline Point, °F 182
CCR, wt% 0.23
Sulfur, wt% 1.05
Nitrogen, ppm 600
Basic nitrogen, ppm 310
Ni, ppm 0.32
V., ppm 0.68
Fe, ppm 9.15
Cu, ppm 0.05
Na, ppm 2.93
Distillation

IBP, °F 358

50wt%, °F 716

99.5%, °F ‘ 1130

15
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" hi gher coke-maki ng tendency, but this tendency was all eviated hy Mﬁﬂ
peptization of the gel (Catalyst H). The bottons yields are cc;n%el 0k for
all three catalysts, probably because all three catalyst rt.pnearly
call of tHe%#¥ak¥Rabl e heavy ends at this conversion 0 Ievaé.li%@lsﬁséggati ve

aspect of the CeAl PO roduced gasoline by as much as 2.7. The CeAlPOx
containing catalysts increased the H2S vyield by >10% suggesting that
this material may have potential for SO, renoval and/or gasoline sulfur
removal . The CeAl POx containing catalysts increased the butylene 35
selectivity in GALGasf cHWrdHR Wi sehdeldyvantse Hethatalystas-of.ratléye resul ts
in Table 9 cl e%l{aygshosh th?it the chem s{bryy of CeAlPQ,, is different from
a typical agd tesetiord wereman aE@80°K., Gasulile rasgeyrodudt yromeked matetigpr ove bott ons
cracking. 33 1 5 JUN 2004 WD 01/45840 PCT/ US0QL34842 EXAMPLE 12 - Fluid
Catal ytic Urlankd Was EhYZea™ithe G eymnse¥ihysu @Kldﬁﬁfmféé%% . from
Exanple 8 (.Sanpl e and_V Exa we ek PHRERar RSP each

pel | et ed aﬁﬁtegﬁglgéﬁ% %ﬁgﬁn%@éfgggn%%%lgﬁe@@de gfe 5 appr%xi mately 70

i cr onet er oflifk) contBiefatish @edmRthtédwih Mut fuagofsinieitlatibn £600Fnf alithe 4 hours to
sinmul ate catal yst deactivation in an FCC unit. Ten wei ght percent of
steamed pelkhetmend speciisaaniging ahbyHram thigehanepe Carnthiophal§rst ere @A aiedrce unit .

The equilibriumcatalyst has.very |ow al,s lheve PPV, 60 ppm
Ni). The a&éﬁ”ﬁﬁ%@’a}bo@rdé‘ef'é’étaﬂﬁy eo%”b‘é@s gﬁnegragc%}/tn%asé]c |\S/i't}£% Gn 7

sel ectivi tYedéﬂégﬁ ed QoraRuASEMiAE S eadhdasizhy beREIhiGATINM ankddbgitur e D- 3907) .
The vacuumgas oil feed stock properties are shown in a Table 10 bel ow.
Tabl e 10 Chailiye Sticies Privgeweresagped ims gesolior sample daed disjiHletign Ani | i ne

i CCR 0
Foint, I(I): 18%verlap’. I\DAgr (?ﬁnzag)ces of the catalysts are summarized in Table 11, where the

| )

product selectivity was interpolated to a constant conversion, 65wt% or 70wt%

conversion of feed to 430°F- material.

35



Sul fur, wt%..05 Nitrogen, ppn600 Basic nitrogen, ppnB810 N, ppnD %2 M
ppn0. 68 Fe. ppnd. 15 Cu, ppnD.05 Na, ppne.93 Distillation 358 I8P SHNEMkt o
F716 99. "gﬁ{ W}é@%o 15 34 1 5 JUN 2004 WD 01/ 45840 PCT/ USO0 /34842 A range of
conver si (é scanned by varying the catal yst-to-oil ratPeEUSaRH842
reactions were run at 980F. Gasoline range product fromeach materi al

bal ance was anal yzed with a GC equi pped with a sul fur detector (AED) to
determ ne the gasoline sulfur concentration. To reduce experinmental errors
in 5 sulfur concentration associated with fluctuations in distillation cut
point of the gasoline, S species rangggionly fromthiophene to

C4-t hi ophenes were quantified using the sulfur detector and the sum was

defi ned as—ectt—gasotr+re—S—Fhre—st+
S" excl udes any benzot hi ophene and hi gh%“}segfifq ing }§%§§%PQS @0 WA e,
trapped in @measRhl #e,Sanpl e due to distrrpation 10 RVerTap. Per hgr mances
of the catalysts are summarized in Table 11, where the product selectivity
was i nterpdfa@H to a constant conversi on3-265w % or B % conver 3i7on of
feed to 430F- material. 35
H, yield, wt% 0.04 +0.24 +0.21
C+ C2 (Gas, wt% 1.4 +0.3 +0
Total C3 Gas, wt% 5.4 +0.1 -0.2
C, yield, wt% 4.6 +0 0.1
Total C ) Gas, wt% 11.1 0.2 04
C,” yield, wt% 54 -0.1 +0.]
iC, yield, wt% 4.8 -0.2 -0.4
C.* Gasoline, w1% 49.3 -1.7 -0.9
LFQO, wi% : 25.6 -0.4 +0.1
HFO, wi% 4.4 +0.4 0.1
Coke, wt%4 2.5 +14 +1.3
Cut Gasoline S, PPM 445 ' 330 383
% Reduction 1n Cut Gasoline S Base 26.0 13.9
% Reduction in Gasoline §, Feed Base 28.5 154
Basis

Data in Table 11 show that the gasoline S concentration was reduced by
5  26% by addition of CoAlPO,, and 13.9% by the addition of VAIPO,. The overall
FCC yields (Cy- C4 gas production, gasoline, LCO, and bottoms yields) changed
only slightly with the CoAIPO, and VAIPO, addition, although some increases in

H; and coke yields were observed. When the desulfurization resnlts were
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1 5 JUN 2004 WO 01/45840 Table 11 PCT1US00134842 Base Case+ 10% CoAi PO, +
10% VAI PO. Conversion, w%07070 Cat/Q13.23.23.7 H, yield, 1 5JUN 2004

w %9. 04+0. 24+0. 21 C1+C, Gas, wt %.4+0.3+0 Total C3 Gas, w %b.4+0. C3=
yiel d, WOMIESB0. 1 Total C4 Gas, W 9%1.1-0.2-0.4 C4- vyi eI HCTW%“&‘DO 1+0. 1
i 4 yield, wt%. 8-0.2-0.4 C5+ Gasollne w %19. 3-1.7-0.9 LFO

wt %25. 6- 0. 4+0. 1 HFO, wt %l. 4+0. 4-0.1 Coke, wt%.5+1.4+1-3 Cut Gasoline S,
PPMA45330383 % Reduction in Cut Gasoline SBase26.013.9 % Reduction in
Gasoline S, FeedBase28.515.4 Basis Data in Table 11 show that the gasoline

S concentration reduced ) IO Qfip RGtoaRd 13. 9% by
the additi éf° ag? I\é}%’éﬁ nco%ﬁcga%v%he‘?’%%?f{ﬁ%@ﬂ&g l%%fé @8% -@O’Cﬁé"gas /gr oducti on,
gasoline, LLE RAGrA0Y A, gmh@séreah@med only slightly with the CoAl PO
and VALPO addition, although sone increases in H2 and coke yields were

observed. When the desulfurl zation results were 36 1 5 JUN 2004 WO

01745840 PCT/ USH%41834 Fluid Catalytic Cracking Evaluation of ZnAlPO,

S ZnAIPO, from Example 6 was pelleted and sized to an average particle

size of approximately 70 micrometer (p), then steamed in a muffle furnace at

1500CF for 4 hours to simulate catalyst deactivation in an FCC unit. Ten weight
percent of steamed ZnAlPO, pellets were blended with a steam deactivated, Super
Nova D™ FCC catalyst obtained from W. R. Grace. Performances of the

10 ZnAIPO, are summarized in Table 12.

Table 12
Base Case + 10% ZnAlPO,

Conversion, wt% 72 72
Cat/Qil 3.2 36
H, yield, wt% 0.09 +0.03
C] + C2 Gas, wi% 1.8 +0.2
Total C3 Gas, wt% 5.8 +0.3

C,” yield, wt% 4.9 +0.2
Total C, Gas, Wt% 11.3 +.1

C,” yield, wt% 5.9 0.2

iC, yield, wt% 4.5 +0.2
C.* Gasoline, Wt% 30.0 -1.0
LFO, wt% 23.7 +0
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recal cul ated to incorporate the gasol
reduction and VAIPO , gave 15% reduct
Cracki ng Eval uation of ZnALPOL 5 ZnAl
Si zed tWwWOan/4488r age particle size of
steanmed in a nmuffle furnace at
deactivation in an FCC unit.

i ne-vol une-1oss, CoAl PO, gavye, 29% S
i on. EXAMPLE 13 - Fluid Cat a%tl@lﬁl
POx from Exanple 6 was pelleted and
approxi mately 70 nmi CCAMR06B4EP), then

1500F for 4 hours to sinulate catalyst
Ten wei ght
pellets were bl ended with a steam deactivated, Super

percent of steanmed ZnAl POx
Nova DTR FCC cat al yst

obtained fromW R Gace. Performances of the to ZnAl POx are summarized in

Tabl e 12. Jable—22Base—Case+—10% 2/
3.23.6 H, V& &%wt 99. 09+0.03 C) + C.
Gas, W 96. 8y 3 +@= yiel d, wt %. 9+0. 2 T
W%5.9-0.2 14 yield, w%. 5+0.2 +50
LFO, wt %

Cut Gasoline S, PPM
% Reducuon i Cut Gasoline 8

% Reduction in Gasoline §, Feed Basis

: , O |
Gas, v‘&cz/(i.8+0.2 Tot al'gg

otal Chdas, Wm%11l.34%9.41 C T yield,

-1.0 0 Gasoline, % . C5 23.7+0
477 449
Base 5.9
Base 7.7

Jt will be seen from Table 12 that gasoline sulfur concentration was
reduced by 6% by addition of the ZnAIPO,. The overall FCC yields (H,, C;i- Cq4
gas production, gasoline, LCO, and bottoms yields) changed only slightly with the

ZnAlPOx addition, although some increase in coke yield was observed. When

the desulfurization results were recalculated to incorporate the gasoline-volume-

loss, ZnAIPO, gave 8% S reduction.

38



2(%5.._ JUN 2004 WD 01/ 45840 PCTI USO0 /34842 HFO , W % 4. 3-0.2 Coke, US0034842
Wt 98 9+0. 4 Cut Gasoline S, PPMA77449 % Reduction in Cut GsbdlihBlisBase5. 9 %
Reduction in Gasoline S, Feed BasisBase7.7 It will be seen from Table 12

. that gasolinpe.s oncentration was reduced by 6% by addition of the
ZnAllﬂ&ﬁ‘i‘TﬁecEgbﬁgbl I%FCC yields (H2, Cl- C4 gas production, gasoline,
LCO, and bottons yields) changed only slightly with the 5 ZnA1POx

addi tion, although sonme increase in coke yield was observed. Wen the
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The MESOROPOHES [P VETE HPd aitphetee of80 ¢o 180 According to claim!| and having an
average pore dianmeter of 30 to 100 A. 3. The nesoporous al um nophosphate
material according to claiml1l or claim2 and having a specific surface

area of at 12'0‘”@% g% alifindPodBRAP At EaltcLor ARG IO TR P aRRliRVIRg an

accordi ng
average pore diamster of 30 to 100 A,

3. The mesoporous aiuminophosphate material according to claim 1 or claim 2 and

having a specific surface area of at least 175 m*/g.

4. The mesoporous aluminophosphate meterial according to any one of the

preceding claims and ha'ving a pore volume in the range from 0.10 cc/g to 0.75 ccfg.

5. A method for making a mesoporous aluminophosphate material according to
any one of the preceding ciaims, comprising the steps of.

(a)  providing an aqueous solution containing a phosphorus component; an inorganic
aluminum containing component; and an iporganic modifying component containing
at least one element selected from zirconilim, cerium, lanthanum, manganese,
cobalt, zinc, and vanadium,

(b)  adjusting the pH of said agueous solution into the range of about 7 to about 12 so
that a solid material is precipitated from said solution; and then

(¢)  recovering the solid material from said solution, wherein the solid materia! includes

the mesoporous aluminophosphate material. |
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.precedi Ny cldi s and haVing a pore volunme in the range from0.10 CC/%
8. 17#3?%949 5. 'A met'hod for meking a mesoporous al umi nopho?5m§ ergp034842
according to any one of the preceding clains, conprising lu ps of, (a)

provi di ng an aqueous sol ution containing a phosphorus conponent; an
“inorgani ¢ al um num cont ai ni ng conponent; and an inorganic nodifying
conponent containing at |east one eIenent selected fromzirconium cerium

i d aquoots AOTEeRRoPHR e, vRTaRele s (Rbe i R diMpfel™

sol i dy&@d By hel meshdd.eci pitated from said sol ut| on and then (c) recovering
the solid material from said solution, wherein the solid material includes
t he nesoporous al um nophosphate nmaterial. 39 EMPFANG AVENDED SHEET 6' 06

aher ei n o/ ol éé‘?@ggem'éﬂq 387 s ST b B e oBonflp i Rin

met ho, E’or’i\%ﬁf?ﬁ 'c891 LFeLiodUR AUmindBelrR tvhetrh@thoﬂqmmaes taé Yaithem

cont al ni ng conpo ent |nc udes sodi um alum nate and the nmethod includes the
f urt hetep sftlewefihgltbaeodhgn idhe! sbiticusolidemaler rednyesed irastegt(6).i al recover ed
in step (c). 8. A nethod according to claim7, wherein the sodiumlevel of
the solid material recovered in step (c) is reduced to less than 1.0 wt %

9. A neth i f i
e Oﬁe%gﬁtgg?%ésgﬁ% tPB&IM7, GHrB® tﬁets%d&pmﬂévet\ fmhé 86l dldﬂiaRGnal

exposi ng t ueous sol ution to hydrothermal or thernal

t r eat pRBVentd RbSeD (EPRCaducedhoigssADan.1.at%A met hod according to any one
of claine 5 to 9, wherein said inorganic nodifying conponent includes a
sulfate or a nitrate of zirconium cerium |anthanum manganese, cobalt,

zinc or vagadi ymin4Q LUENRPICERFOnG & diaifng' 5 to BYfuither fidudifg AlxpBsiHy the
pH adjusted agueous solution to hydrotherma! or thermal treatment at about 100°C to
about 200°C.

10. A method according to any one of claims 5 to 9, wherein said inorganic

modifying component includes a sulfate or a nitrate of zirconium, cerium, lanthanum,

manganese, cobalt, zinc or vanadium.
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