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I NVENTION A. Field of the Invention This invention rel ates gaéﬁgggal ytic

*cracki ng process using a nesoporous alum nophosphate material nodified
with at l'east one else |.r.coniu cerium | ant hanum
manganese, cobalt, %%ﬂ %\Eﬁﬂékﬁmﬁgb§m%%0mnsurface
area and excel |l ent the Q AHYMINGPROSBHATE MATERIALS el ati vel y

narrow pore size distribution in the nesoporous range. B. Description of
the Prior Art Anorphous netall ophosphates are known and have been prepared

“by various techniques. One , lal_is described in U S. Patent No.
4,767,733. This patent desgsﬁu@ggﬁéﬁ@}%%mﬂ BYWWENHQNosphat e materi al s,
whi ch, afterAcal cFiekkofahe IlvaYiiog '€l atively broad pore size distribution

with a large per;_gﬂt,age of pores greater than 150 A. The typical pore size
distribution is § Yrensiea relgigs to Sratelylio bravkinPpravesitusing@ héso 5t 020%

100 to 150A gk 0 t 0200A.. 5t 050% 200t 0400A 10t 050% U. S.
Patent Nos. 4, 72@?@‘7@%%@9“? ﬂ@%@lﬁﬂgﬁ lept ong glementselectedifrom aireomiumm
phosphat e s @prom} lanthirfi, MahgRied 26 NG L SaR tions (e.g., tertiary
or tetraal kyl.ammni um or ghosphoﬁiﬂﬁtn?dcbgf%nf\é%% ‘@o%&hﬂ%ﬂ%ﬁ@%ﬂ&gb si ze
di st ri but i ofi*"3féfF2 a9d gueelientchermahandihysrothesial stabilig), Wﬂﬁtah%ﬁitﬁel% bl¥ow

resul ting ngbe '

| : narrow pore size distribution in the rané’émfrom
30 to 100 A V\ﬁlgﬁibtﬁﬂé‘gmgpégmﬁﬁqpoﬁ%d?nﬁ%e pore size is predom nantly
greater than 200 AL U S. Patent No. 4,179,358 al so descri bes nagnesi um
al um na- al ugi num phosphate materials, materials described as having
excel | ent tHer nalescEphpn of the PriocArg UL 2004

Amorphous metallophosphates are known and have been prepared by various
techniques. One such material is described in U.S. Patent No. 4,767,733, This patent
describes rare earth aluminum phosphate materials, which, after calcination, have a
relatively broad pore size distribution with a large percentage of pores greater than 150 A
The typical pore size distribution is as follows:

Pore Size Volume Percent
50tc 100 A 5t020%
100to 150 A mtbss%
15010200 A 15 10 50 %
200to 400 A 10t0 50 %

U.S. Patent Nos. 4,743,572 and 4,834,869 describe magnesia-alumina-aluminum
phosphate support materials prepared using organic cations (e.g., tertiary or
tetraatkylammonium or phosphonium cations) to control the pore size distribution. When
organic cations are used in the synthesis, the resulting materials have a narrow pore size
distribution in the range from 30 to 100 A. When they are not used, the pore size is
predominantly greater than 200 &. U.S. Patent No. 4,179,358 also describes magnesium-

alumina-aluminum phosphate materials, materials described as having excelient therma]
stability.




WO 01/ 46342 PCT11JS00133999 The use of al um nophosphates in cracking @LéJUL 2004

cat al yst swoviMemayn. For exanple, U S. Patent No. 4,919, 78 drresARes ¢
use of porous, rare earth oxide, alum na, and al um num phosphate

precipitates for ¢ ' : ipa. This material s used as part of a .
cracki ng cat al yst, ﬁémﬁ%%%f%ﬁégﬁéag%éesam _ g‘i%gﬁgg‘@ﬁ\‘?&qﬂ?&“ad:@ﬁﬂ‘m@ WSe of
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gasol i ne feedstock i.s descriped in U S. Patent No. ‘4, 179, }

Addi t i onal | y2URIRHMRNOsRhate, pregigitatey far cawlysicicrasking h Tyls- maseridl svas 0identyaghar ge

stocks usin 1+ LYOe. eIl hosphat e-si.l ica-zeolite catalyst is

descri bed i %%QCSQA %ﬁ%‘ﬁ?%&ei{ ,ag??mgtafapﬁquaémg@gg}tn § UpReRip mggnesie- art

for hi ghly shutiheaaiminim phbaaieatgpralceialals ff SFackits Raldin Mkl £ 7 acking
of “pro g

processes, saf e processes GUci Kese

S |1 . for sinple,
material s. %ﬁ%"\p@F@I fﬁaﬁosp Katash Noed.1#9.868.al Adgitiedatly sdoprpcess forcutalRicCRhdkiiy
hydr ot her maly; 1 by | tth.uni form pore . sizes in the nmesoporous
range, and lhlg? gg? %‘%&H?ngg%gé étg\é\%s' 150e %@‘F'B’QE'\%I”FH“WBE ‘é‘i&’@é‘ﬂ-sﬁmﬁdﬁe
sel ecti vi t y cataly§4s dessrib& IMNARY PaentTHE. 4 NSEBET ON This invention resides in a

process for cat aﬁtic cracking of a hydrocarbon feedstock conprising
contacting the fe8sSTEBRINGRMAckInghe ant yort highdyrpralslic kluminephogtiate MsteRals for

MeSOpPOr ous ' _ terial j ch. ca ises a solid ‘
al u m!O nophos g%?g%m%?r%%?b’go” Egcr?ﬁscﬁs’f qse‘\é\cq(/\istr}ﬂr %{{’T‘B{ee ¢ PEsesses mpradusisgect ed

from zi r conihese materialsinThe hidfikpRUEPhalBNSBAQS Brefdr ! d vanadi um
wherein the ges porous. al um noph?sphate mat gprei a?ﬁﬁgéssggss%g%uleﬁ{"c surface of

at |east 10WIFphemalandacid sigbilipowish unifermepare sizesia thémmsapor@iange gndl00 A,
and a pore $bé ' ' ' h_that at ast 50% of, the pores have a
pore di arn::t]g?%I&(E,\gljsC§ ﬁ%ﬁé’iﬁb@&&ﬁ H&r gftgr’%cﬁ???é F‘P‘F@lteﬁfé%%%‘mg‘ G4 8a5-nophosphat e

mat eri al has an average pore dianeter of30 to 100 A Preferably, the
catal yst conposition also conprises a y catalytically active

rimar
cracki ng conmponent. Preferabd MMH&R&(PW BYVENEIOMI | y active cracking

t [ ; ; . I I . ' [
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feedstock comprising contacting the feedstock with a catalyst composition comprising a

mesoporous aluminophosphate material which comprises a solid aluminophosphate
composition modified with at least one element selected from zirconium, cerium,
lanthanum, manganese, cobalt, zinc, and vanadium, wherein the mesoporous
aluminophosphate material has a specific surface of at least 100 m*/g, an average pore
diameter less than or equal to 100 A, and a pore size distribution such that at ieast 50% of
the pores have a pore diameter less than 100 A.
Preferably, the mesoporous aluminophosphate material has an average pore
diameter of 30 to 100 A.
Preferably, the catalyst composition also comprises a primary catalytically active
cracking component.
Preferably, the primary catalytically active cracking component comprises a large

pore molecular sieve having a pore size greater than about 7 Angstrom.
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process f efo giaygrting feedstock hydrocarbon conpounds to TG990

hydr ocar bon conpounds of |ower nol ecular weight than the fPe st oC

*hydrocar bon conpounds. HRTAI EFDCHESE I mwg ok provi des a
process for catalytically cracking H?g?lgcgbon ee &:Igagl m xt ure of
products conpri sThgPrrseslipvestiomprbvalics & prdcedsdor convering PeeRociOfPbdantsony | € d

Is i ncreasegmﬁétﬁmhpg grul fﬁr aont&nt of the ggsol ine and distillate is
reduced. CalargAings [ ROgpEJvarcADonspRRAounds OF loses Boleculgr mrightthen thes of t he

i nvention ofeedsdbak Ridré@rRe RhiHo8ads 1R Bha about 870C and under
reduced, at msphe@fdc or .suggj;oat rrsnspﬁ]g@?@%rte sgsreé?m?hémgé’f%‘ll idPTBFSE ess
can be eit hiF catabmqallyechmmhydgodaﬁmmednbuiﬁmdobmddmdcéxﬁﬁismra?&ﬁ{ on
fl ow may be IdtlSQlﬁié conc rrg_‘nt or.. cog}p_t ercurrent to the catalyst Tlow. The
process of TRESTHGENE Bch thegasqling yelq is jncgased andishe sulfup cemtentrif thelgaSalind vt i C
Cracki ng ( Ra@distllaiEiereantad. CRbPHY Loty @il Wilcl cesses. The TCC
process is a noving bed processﬁén%hﬂ%%&gé&q?%%%?"Fnd’b?%tgﬁéﬁﬁrﬁée%f"ﬁhe

pel | ets or ipeatien hperategt temperatnrey droppatout EO°Si taAbOt TR0 bnd B&ies kﬁ“&é ourth
to one-fou\rﬂ&h énch. Active, hot catal yst beads progress downwardly
cocur r ent - \IUPRPRCTS BF BPSFAHBAsPhetc prgssuss. oEhe qatatysisgmocess eandi either fiaedtbiedn
zone. The hyfRCHERA Rt t he coked catal yst and
recovered, and the cata%t&?s%n?g%o@gﬁ%él%%ﬁ%ﬁjeﬁ]?yg%\ee?&gﬁﬁmcﬁme‘?tt% zone and
r egener at egountgnougrent|to tHeQ@taiysn flews i The peouesd 61 A8 snvemednus Qaﬁ&lﬁféé’&ﬁaglgact or

t enper at ur f .ab 50C.t o ,ab 510C, catalyst/oil volune ratio o
about 2 to?%‘%gﬁmgﬁamﬁjgg TGFW%&J&CWI%FF?% atabybigiCracking GHATX pracdsses.
vol./hr./vol. ,T : raki f ..about O.

(vol ume). The prggggge %?G%Sﬁégé)ﬁ&gﬁgpgéﬁ@gesﬁ'a@ @ ?‘Jgeuslgacra?ayggg‘paﬁ?'f:g%ﬁﬂeé’?t o fluid
catal ytic Peligsiarigady IReiDg anvaverape pardsleaize bikiul @ne-aixey-Routthh g fbistth

Thi s poviieleh AEIRE For Tanlia Beisipieeress onamREnConept biseRitwdrocaaar d | n 2
o xeg RGOl D A oo diye sffRe on

Is admxed wth the cracking catalyst to pro
and cr ackeBom theapked casalystiand reenvetedr andcthe catalyst is edcoetred at e 16WERRAAUT €S 1 O

provi de a .m r I ght hydr rbon products. The gaseous reaction
product s atﬁ%jéé%ea%fi ?Ié%ﬁn Sﬁ%,&g IFHP’SXI& ﬁéﬁ&?’b‘@&g"’? FYMhtians inclugde anjayerage reactor
separ at or tefpéaturofabolPPntNblahol b i r cti,on of an
encl osed st I‘El)ppi ng vessel, gpbg???t?ggr,@%%%ﬂoﬂgbpggﬁﬁgr?fgﬁ%ﬂ&ctf’sagﬁ'éti ng
conveyed t%reactpy space velogtpor alou0 1 i BEAR 2. ST /ISCEY ; 338 F€cyRleqd Wiekh F@aovVer y

zone and mf\o&pgrt\éag‘%t%l‘y@tolu%\é-eri ng a dense catalyst bed within the

The process of the invention is particularly applicable to fluid catalytic cracking

(FCC), which uses a cracking catalyst which is typically a fine powder with a particle size
of about 10 to 200 microns. This powder is generally suspended in the feed and propelled
upward in a reaction zone. A relatively heavy hydrocarbon feedstock, e.g., a gas oil, is
admixed with the cracking catalyst to provide a fluidized suspension and cracked in an
elongated reactor, or riser, at elevated temperatures to provide a mixture of lighter
hydrocarbon products. The gaseous reaction products and spent catalyst are discharged
from the riser into a separator, e.g., a cyclone unit, located within the upper section of an

enclosed stripping vessel, or stripper, with the reaction products being conveyed to a




| ower section of the stri pper. In order to renove entrained hydrocarb%fﬁsJUL 2004
fromthe wepiyssgAtal yst prior to conveying the latter to

regenerator unit, an inert stripping gas, e.g., steam isa%(g@é@(?)éﬁéﬂ?ough

t he catal yst p{g@l where it desorgés such hydrocarbons conveying themto the
product recolSIRYCUERAVeT Fnerand;ths spant eatalyst sntpang p dense satalysbbeswithin thecul at ed
bet ween the [dwe@kectidd drig e S, . ransfter heat fromthe
latter to the former there %u%ﬁ%ﬁeﬂy eg%%rgt?arlréﬁ%h dEOgaroops FAE the srept ng

reaction whi e3falyss priontiocdieying thellypercald catalysCegeenater &ﬁ@@n%@?@tﬁﬂéﬁgg
I ncl ude a riger top tenperature of about 500C to about 595C, pret %\abﬁy
from about 528CS¥RTRISPATSeE Souehhe catplyst bedswhare 8 dgsorbs siehdiydiocarbBiC t o
about 550C, gavaliNSiHe | | b 3.+ 0. about 12, referably
about 4 to ab_ou?jhlg;sl, eantg t%t@%ﬁ%@éé&b&%or%b?&% ﬂg'dﬁzc?b%t% YSh 1§ CORURBoEY al yst
resi dence t i @sulafeddivbueenthé riser antiohd regbnef60a@SseriRE & SERBheaPh e dlERer.

e, in

about 10 sectogéisf The hlygrocar hon feedstock to be cracked may inclu

whol e or in [B&p§iormgerthereby suppivng the themal needp af thacrasking eeacyiog ahichiss) havi ng
an initial kadbthegnipoi Nt above 204C, a 50 % point of at |east 260C and an
end point of at |east 315C. The feedstock may al so include vacuum gas

oil's, thermal oi [Typicatss Fiatomvetsion eotlitn inelRls a rsbIabS 1éRPerEturdSSabol AT
nthetic fuels, heavy hydrocarbon fractions derived

sand oil s, 3@&1@ oils Séo

fromthe deSPrutd2put RYareguaterabbntrom about 20PGite alpiut GHEYC, aadminast preferably

hydrotreat e Y Jromany .of the foreqoing, and the |iKke.

A will be ?fé’i’ﬁ%ﬂ’?"ze , t‘&%&?‘gﬁq F:af’?tﬁﬁs%Pl Wigidptio BbAhomh teabous 13, m

fractions alprefarabipebéut 400GbEUST1, AAd GRtfst prRfraMY aBH&gg_rt? X@&.gul@ bk 9art£¥esré to
I ze

avoi d thermal, cracking, The boiling tenperatures uti hérel n a
expressed f BideResHanpl AautitS tasshont 36 sedoads) préfembly aboutt 1 woaboat t @ sechids

at nospheric pres ' eeper cyt gas.oils wth high netals
contents can al _s'ghl{)@dé%‘g?df egééslt?lcg( tﬂ&%‘? ﬁ%&%%@ymﬂ‘h{ em_"i“’li‘R}_@ﬁ_f Rt Figas
process of bihe.g NighntméiiutiSesheave ghabiyHavi !mﬁ_tﬁﬂ\;\%] Itbﬁmgggﬁgg ?PJ"Q’%CQPFE%%

mesopor ous _ al um nophosphate nmaterial ‘nodiTi ed one e
sel ect ed fr'érRoMtof ahleast260%e pindian eddhpointofanfeasrd1§a0 e The fesdbidck mayiate, and

vanadi um "; r — A ed jn.this at ent application, neans a
nat eri al ha%ﬁgeo‘%gﬁlgégﬁ ?ﬁs’ g%ﬁ?é‘{ s resid a¥sleckockas whelgtepcrudes, taroo A 4
0 21 JUL 20ard ¥, Sal6iBd synthetR @414 PR Scarbon fractions derived from the

destructive hydrogenation of coal, tar, pitches, asphalts, hydrotreated feedstocks derived

from any of the foregoing, and the like. As will be recognized, the distillation of higher
boiling petroleum fractions above about 400°C must be carried out under vacyum in order
to avoid thermal cracking. The boiling temperatures utilized herein are expressed for
convenience in terms of the boiling point corrected to atmospheric pressure. Resids or
deeper cut gas oils with high metals contents can also be cracked using the process of the
invention.
The process of the invention uses a catalyst composition comprising a mesoporous

aluminophosphate material modified with at least one element selected from Zirconium,
cenium, lanthanum, manganese, cobalt, zinc, and vanadium. “Mesoporous,” as used in this

patent application, means a material having pores with diameters in the approximate range
30-100 A.
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process Gyolgasisavention have been identified. In particul TfUE@?." terials
shoul d have a specific surface area of at least io o n i % 3 rably

*at least 125 ”Q/‘@ano’&gﬂnﬁmﬁn YRdn¥
Additionally, the mat erials é gﬁ%ﬁggﬁggan avar gu%%orezéaaﬁ %ﬁ?ﬁf‘é?hﬂ ess than
or equal toPIGRESHQ tbcafvemm lgave bem mmwommmmﬁm&a&%@éa/ | ess

t han 60 A size distr tio ngd pore vol ume provide other neasures of
the porosi tyg &?ﬁ e gfaﬁ ?‘P@ rfﬁdeFfe&?]ya#tdWhlﬁéﬁbgﬁmdenOmat erials

d t hi di t |
Uhan 100 A “or e ep arre RV B 00 e MaRioh . B RAERS IBHE RE of it oss

than 100 A, diamgterdess thanek enad ity 1 0BAYpreferably &smaﬁ beﬁpﬁﬁcﬁﬁmﬁaéﬁ% a ééhé\?mer

| ess than 1% fA %hd; respect to the pore volume, the alum nop osp
materials us hﬁﬂ process of the nvention preferably have a pore
volume in the rapgR sider e prefer ny
w thin the range of O @i&%ﬂmoﬁ%%%fe%oﬁtﬂne%g@g?%eganas e (ﬁ)}h? H%

material s udeigrialhn In ke rpmhﬁed; sluminophesphare emitériafs usad é mﬁﬁﬁ%ﬁb&%%léf RA9r

i norganic r ﬁ antsh r and, a ous olutions and in the absence o
organi c reagq ROTSp %Vc?l ﬁ'PEte“FFﬁ BOE] Pfﬁferﬁbil)é@mfsmme pbtee pockswast e
di sposal . Havehligsheter ha¥Ef00P u t t hat contains a
phosphorus conponent - l&\éqg , OA%Egéé}gpgegel ({:Bﬁ&k’}é%ﬁﬁ?g OIS, Ve A
armoni um pr@ﬁmtmbswthimw(bén%rwp&mtmﬂwpore v:bhhﬁéltﬁe flamidophagghete Salt): an

A 18, SR p O, bl o B o g o
nodi fyi ng &emponert/gae it &Vg"gn@}ndr@ﬁ:%?er ?u&hﬁr{ﬁé‘ % Pfﬁtzﬁqﬂ ré%a‘ﬁ{g

Zzi rconi um ceriuni, | ant hanum 1ro manganese,

vanadi um Typi calhpwesﬂmomﬂmnpahmsphateﬁnatMS usédihi the grovesaf thé hvaitfordS
us conponent 0.02-0.90

fol | ows: CQ%)S 205 Pref.erred Phosph
0, 05- 0. 85 S’H AU clzfmsaf‘wsﬁ*ac E‘Eﬁ%ﬁemmeﬁﬁwga@e%swmaaé in tha@bsgant c
nodi fing coNpeasio redgehts of séi0erids. OPhi® feédfr Egﬁ?ﬁﬁ@%gﬁ@ﬁbﬁg {l e S8 g or

|ngred|ents the pH of the aqueous so ut| ] us
base, into Fﬁhﬁsisdﬂtfévﬁfpf aviding an ageecab solutidiPthapcdriins aplsdﬂphdruﬁ cbmpbhert004 WO

01/ 46342 / 9 a honoge el) forms in and
pr eci pitat‘gg‘f r’r&éc%% gﬁrgﬁ ha.teﬁ#seﬁ”gfﬂ)ﬁm"m r]10513 gwhlchcanbe |

monobasic, dibasic or tnb~asxc sait); an inorganic aluminum containing component {e.g.,

sodium aluminate, aluminum sulfate, or combinations of these materials); and an inorganic
modifying component containing at least one element selected from zirconium, cerium,

lanthanum, iron, manganese, cobalt, zinc, and vanadium. Typically, the molar ratios of the

starting materials are as follows:

Component Useful Preferred
Phosphorus component 0.02-0.90 0.05-0.85
Aluminum containing component 0.02-0.90 0.05-0.85
Inorganic modifying component 0.01-0.50 0.02-0.40

After thoroughly mixing the ingredients, the pH of the aqueous solution i
adjusted, with an acid or base, into the range of about 7 to about 12 so that a solid
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adj ust ment, the aqueous~sol ution may be exposed to hydrothermal or tHBAnIL 2004
treat menty, ut 100C to about 200C to further facilit pore ‘
formati on. 5&% e?Pf ormation, the solid material, which i nﬁ‘gﬂggdofz‘ﬁwdesi red

al um nophos ter can be recovered by any suitable nmethod known
inthe art, p,ggttgg?l ({Sn;g 4 *‘?‘P%ﬁ%"B?PS efhdomms ip apé presipiates omithesahmivine i fodr o

wat er torema)ﬁgraémﬂ{ n h a sol ution
cont ai ni ng ammﬁn um sgada_} Bg@sﬁiu}}m ﬂﬁg E%ogsg? )(;ou%'jy%[r?c{g %ﬁ?‘lﬁf‘?‘&?ﬁ}?ﬁa@%hat
reduction i rebphel O%Gctpabomte'm@rcmﬁmﬂf Rasilichtd gnifoh@ pORSRhR " Ve SR
stability ofy é%}ﬁ um n mat eri al léé/%_)lcally, the sodi um evel
of the final H’H%ﬁﬁ%‘sﬁ' 2 I éFheedeS%%ajwamp phmﬁantenancmaéﬂaaoveﬁéd er
washi ng andb ed, a cal ci ned.

AL Tholgh- any. oy apl e HelskRowh B Al £ 0k AiMon: Thaflgee feds fien

syt hesi zi ng Washes! wish @wrdu $erﬂ¢wnn9mbpapmt andMbLhpbs cottsded Vith Q‘%oxﬁF §Ces S

of the mve%ljl ferabl is a sulfate or a nitrate of Zirco
cerium | anfPHATHRAS 8’?;1']‘\'@55 tOEB‘EiﬁFQ exchangecout ghe spdivadionsn Such redwectiph @cgss of

t he i nventi sgdiuth f B sed in the
cracki ng cat aluils{m, eg?gﬂ‘sg?‘g[% t;a/ lg%%gg&gﬁa cﬁh?rﬁ‘gﬁﬁ%d‘lﬁa?f ftﬁﬁTW“PﬂP@Sphqtf-‘rar y
cracki ng cﬁ‘ﬁ@l‘@ tquﬂwn&ntsodmﬁ leve] althi VinhledhrARbpHosp at%ﬁ?e@aﬁs@;ﬂﬁﬁﬂ&é onal

cracking c er ueh as additive cat al ysts I ndi ng agents
clays, aum nal eXaaangsea e eerahe ldoadé dndis part
| | a‘th %aﬁ hung gad epuonal exahangsa thesbbb iz riahis dridé gn

of the cracdgldﬁgbdgat al yst. Typi cal ly, the weight ratio of the nodified
al um nophosphate material to the primary cracking catal yst conponent is

about 0.01 to 0.4lthqugbfasy atitaplelindzahio ncbdh?ngbﬁlpeﬁéﬂBWb&ﬁém thé‘s%ﬁ)O“e“t

may be any 4 nventlonal Iarggig re nol ec si eve having cra
activity ant ZFRROLOWS Jumpmo ate materialsotsed in the geacessmfitheinuetition, zeol ite X

(U.S. Pat enpreferaB®3t A%2uif .Pat 3. 130, 00
Ut rast abl ?Y azgotli ite 6@@“%@& ngﬂ%nL{% 38 %9% Uﬂh&p@gg&%sp*p%hanged
Y (REY) (Uu&as, Wa‘taélﬁdlum 415, 438) Rare Earth exchanged USY ( REUSY),

Deal ur ni nat ed YIA@%% #}J Patent 3,442,792; U.S. Patent 4,331, 694):
Ul t r ahydr ophobi ¢ {he inyengion. dhe modified) slugsmnphosphetermateriallisinseddn e d
si | i con- enthieckaddtin Z&@il Srefefa 4.6/8 76
Preferred are hi gher SIY§|£I ca fgg,rr?%fé éeollﬁkbrﬁvnf@qﬁl%?ghfﬁyﬂ 2 Pat ent
3, 247, 195) catalyst spmpenerk and @wa@:vatwmarnxsmwcaﬁeanuoz&m;{g%&ys?at ent

3,972,983 46342 21 JUL 2004
) mairids VéQGQ%S 2dditie catalysts, bxznd?ng agents, clays, alumina, silica-alumina, and the

like, can also be included as part of the cracking catalyst. Typically, the weight ratio of
the modified aluminophosphate material to the primary cracking catalyst component is
about 0.01 to 0.5, preferably 0.02 to 0.15.

The primary cracking component may be any conventional large-pore molecular
sieve having cracking activity and a pore size greater than about 7 Angstrom including
zeolite X (U.S. Patent 2,882,442); REX,; zeolite Y (U.S. Patent 3, 130,007); Ultrastable Y
zeolite (USY) (U.S. Patent 3,449,070); Rare Earth exchanged Y (REY) (U.S. Patent
4,415,438); Rare Earth exchanged USY (REUSY), Dealuminated Y (DeAl Y) (U.S.
Patent 3,442,792; U.S. Patent 4,33 1,694); Ultrahydrophobic Y (UHPY) (U.S. Patent
4,401,556); and/or dealuminated silicon-enriched zeolites, e.g., LZ-210 (U.S. Patent

4,678,765). Preferred are higher silica forms of zeolite Y. Zeolite ZK-5 (U.S. Patent
3,247,195),, zeolite ZK-4 (U.S. Patent 3,3 14,752), ZSM-20 (U.S. Patent 3,972,983);
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'PCTI US00/ 33999 zeolite Beta (U.S. Patent 3,308,069) and zeolite L (U2& JUL 2004

Patents 3wd6m48% and 4,701,315). Naturally occurring zeqld',lt OBH@Q as
faujasite, nordenite and the |ike my also be used. These Taterial’s nmay

*be subjected ' t ts, suc | npregnati on or ion
exchange wi tﬁééﬂéfg%gﬁ%?aﬁégti%creéa@zaﬂ ﬁ?ﬂlll'qu}r?a-sThg%‘Fgf?éﬁﬂé; dndrge pore
nol ecul ar si €7@1,315) Heaterally StQbrind S 6Hd 4 & e pr.eferably an
REY, USY or , REUSY,. Ct her jstui tab'l?ée) ar Sgyﬁoég%%ft'gﬁdﬁ% 1t flkea dsQes
i ncl ude pi | | %889 iThesematenialamay be subjeopest toaonvenitions vesufeatsesich@s 0. .

ALPO4-5, ALPQ4: = b Id.l.coal um nophosphates, e.g., SAPO 5, SAPO 37,
SAPO- 3 1, SA"'F;%r ?‘Yé"%ap‘g{' ﬁg‘?ﬂaﬁ? Hith Tagp SE’F‘%‘BH'efgﬁﬁﬁaﬁfé@ﬁf}’rﬁlé!@@refmewmgeous| y

descri bed i rpotk foldealaesiege ¢ 18I AR abBvéRQ BTk v b 4 :

4, 666, 875: 033: 4,880, 611; 4, 8a59,31%%;2%13}55?”7"3%???@4%1%%&%&31%%@
catal yst ma ~include an additive catalyst in the formof a medium
pore zeolite havi ¢ | nt Index.(which is defined in U S Patent No.
4,016, 218) of a%ﬂ?ﬁ“@gL"%%%P°rfffys§cy!'?'t(%{5?1&%éfeﬁﬁﬁ ige/nde pillared sibisatenc| ude
ZSM 5 (U.S. afdfoedrys; Aunlibph8éprand, &e. AZPR4S)A Iybr €U, S. Pat ent

3,709, 979); éSM 12 (U. S. Iggt ipnt 4%:%32, 44(1)8;@3 % YH g‘ Pat ent ;
4,556, 477); S W%‘“P@%Ph% &1t SARDS, SAPD-3 7 SHRRB 3 1,(SAIR)-4BakR bther metal

4, 016, 245) : 4. 397 827): 7SM57_(U.S. Patent

4,046, 6853 : désmﬁ"éﬁ?%éﬁ’a?gﬁ%% ¥EeuY 53@55,% E(Qfe(l@.‘*ém%@eﬁﬁm,a?l;

4,954, 325) &i56he43; ‘Bﬁmwﬂﬂwm@;@?@bmQ;ssB!ﬁfl?li,%?éjm-taHSﬁ;}"éggygg‘ por e
i

zeolite is ZSM 5, The invention will now be nore particular i bed
with reference t bhe FrackiRg,eataiFt iupyRiseriptiade arl addithe dmabispinabe fdiY oF sShdBum
di stribut i opiste & RATH £EoRNratht mg%Fxgg,%gcmgégA;@ggfgfﬁﬁsgf@g 4ol Gﬁggydgg;hw

D4641 and pore vol unes ar e neasu
herei n by

Ao ot NoCEAZD® st th S E&uﬂ@r@%d}i&%hﬁ%ﬁ I on ?;{ngegaétﬁlgrted her ei n

reference. L. %re:/Pgelr| me and gﬁ(()re size distri »

cor r espond “ Bteand §?,ﬁ§8k2§ -Ap fP ek PateneB709.479)0 ZSHH02 AUIS) Pagsi us, and

do not incligie L FRAL r LC i ically |ess than 14 Ain

radi us. EXAI\/PLE'EMI@)/ZF]SZI‘EZ rzggg)ir' %'Ln?aﬁﬁi%'r?g\g?zg%#ﬁé%ﬁgr%&%ﬁiqgﬁ,%@;tw&jpport

Mat eri al A(HiS: Perenuf0i6,245) ZSMUS (UISH PaRAPASDT, sz@t; zsmg-;g?g_ pLaRAred by
grans of water, 29 grans concentrat ed

mxing to . 4 00
phosphor i cggl]tép’g ,§5 &%H?? &ifﬁg{%f“f@@@,%)mﬂ@d@%ﬂ (U.S. Patent 4,954,325) either

alone or in combination. Preferably, the medium pore zeolite is ZSM-5.

The invention will now be more particularly described with reference to the
following Examples. In the Examples, pore size distributions are measured by a N,
desorption process based on ASTM method D4641 and pore volumes are measured by a
N; adsorption process based on ASTM method D4222, which documents are entirely
incorporated herein by reference. The pore volume and pore size distribution data
reported herein correspond to pores ranging from approximately 14 to 1000 A in radius,

and do not include any microporous pores which have typically less than 14 A in radius.

EXAMPLE 1 - Zirconium Aluminophosphate
A.  Production of the Support Material
A zirconium modified aluminophosphate material was prepared by mixing

together, at 40° C,_ 1700 grams of water, 29 grams of concentrated phosphoric acid, 133
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PCT/ USOQ 33999 granms of” zirconium sul fate, and 170 grans of sodi um 4 JUL 20k ‘_

al um nat ewolgi/gkfas m xture, the zirconiuni/alum num phosp r
ratio was 0.35/0.5/0.15. After thoroughly m xing these i ng'?gjétfsé‘%’?%,wt he pH
of the sol utgrams ¥&sbrcddiulsdufigrel Sndl BrdS ' hydr axide. ., The resulting
mxture was fransferred to aeiool ypro ;ﬁgﬁg&ooﬂ#gﬁ?ﬁﬁ‘ 408 pixgre, the eam box

(100 O for ZfgoniwMalumimire/phisphones malar tatie wak 01356150015 0 ARRP S0l i d
was was hg{ﬁ lggl{glf @J\ﬁ% a

material fr .Jauid, _and the solid materi al S
wet cake, aﬂpm3$ Er{%g%cﬂéo ’Wﬁ‘gﬁ&ﬂ?&@w&d"a&tﬂd}%%w B5usg(ammotiem pdrdidy of
thi s washed Ther@uitiak miRErd S8R RE tof ' st for nmeasuring its
hydr ot her mal_ st abi | Ft y) . A ﬁ%trrgtulﬁgn ofmtaﬁ@@)r%lpg%néﬁﬁlaanc‘rﬁ‘?%‘? 02 shgam box
cal ci ned i n(190r Chforgtithomst Grhesnixtune sas thef fiftere@ $o! bdphrate ik rsﬁl@d‘f_—dé’f@ria% from

[ c eristics:

al um nophosghate. mat eri al.. had the foll owi ng properties an har ac
El enent al Aﬂ'gﬁ‘ﬁg’uds i’z@f the; solismatsrial was washed 1 ravide pavepcaber & portio efavhickl 75

nk/ g Aver aggs doddeat dbairise I - 0.21 ccJ ore Size

Di stribution_Desorption. S%C%%ke&qﬁgégfﬁ%d%g greqygras “%S‘g“whS% > 150 A

5% B. Hydrigliowgdest Siransasiting iebydrethenmnd sebiligl. ARRrivdi of4RE Aribd QéﬂaExa”]P' e |
0

A above wa ried wth deionjized (D) water (20 g DI water per g
Zr Al PO, ) .s‘“a?k‘gﬁp Sl lns"’f'ﬁ?tr%ﬁo\/\é:sfoéalf‘@@?@d The resulting gircenduinng

concent r at ethndgbphossihdinkRn 4l Wad . 15 .m nut es. , Then t he cake
was filtered and V\gshed umz:ﬂi/,fhl itlﬁe\ﬁ‘%‘é’%é@oé&l?seﬁdg’hﬁa“gﬁmﬁsf de. The
resultant material was dried at 120 C overnight and then air cal cined at

540C for three hours.,One portion of this 8 A2 j JUL 2004 WO 01/46342
PCT/ USOQ) 33999 cal c'ﬁm S was st eXeiglht Beteenos at nospheric pressure

stean) at 815 C for 2 hougs, 26.4
Al 24.3
P 4.0

Surface Area - 175 mz/g
Average pore diameter - 4] A
Pore volume - 0.21 cc/g

Pore Size Distribution Desorption, %
<50A 80%
50-100A 10%
100 - 150 A 5%
>150 A 5%.

B. Hydrothermal Stability Test

A portion of the wet cake from Example 1A above was slurried 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 HC| solution while stirring for 15 minutes. Then the cake was
filtered and washed until it was free of residual chloride. The resultant material was dried
at 120° C overnight and then air calcined at 540°C for three hours, One portion of this

8




“and anot her portion was steanmed at 815 C for 4 hours. “The surface arél:a'ld"'UL 200

t he cal ci waxhi/4ep@d steaned naterials were as foll ows: Nﬁteri&&.ﬁ&,gﬁg@ Ar ea,
n2/e Calcined only 227 Steaned for 2 hours 85 Steaned for ours” 68
"These resul dakistAmAsiiiaia stagkd TRzl ' ' rial
according to the invention is &{@é%ﬂi@ﬂ%ﬁ@ﬁéﬁé@g{%ﬁﬁpﬁgﬁ“%%?%}ogﬁout
30% or nor eandfanpther poftiva s steamead anSEY G foe 4housr d hs serdfire ACHTitNaEdldskd

condi tions, au%g aa W?ul be exPeiLOié%nced in a FCCregenerator. It wll

al so be sedfiCHAME RAIAS EFBPAOO¥Sul ting from the acid exchange increased
the surface area of the base air calcined material from 175 nR/g for the
product of Exanple 1 A to 227 nR/g for the product of Exanple 1B. EXAMPLE 2
- Cerium Al uni nophosp¥ategalA. Production of theSupfapparda Mfgeri al A cerium
nodi fi ed al um nophos a:flte materi al was prepared by m xing together, at 40
C, 2100 granms of waters 9% s of concentrat ed ph7<3§phoric acid, 133 grans
of ceriumsulfate, &iedHeaThr Phogncentrated sulfur$§ acid, and 760 grans
of sodium alumnate. In this mxture, the cerium al'um nun phosphorus nol ar
ratio was 1/8/ 1. Aft &teameddoodivirg mi xi ng t hese i ngégedi ents, the pH of the
solution was adjusted to .7 using 50% sulfuric acid. The resulting m xture

was transf er r ed 15 B PEMEpRSTERG Bhap Hergreonpm afiniaerhosphatematesiaacerding1 00C)
for 48 Moutsthe liventlbxsHyBrotfFmbileRabie shE b HERAIRE Br hhe 5P drpliRt ori @l
ol i ed top d

fromthe liquid, and the s terral was was r OVI “take, a

portion of aighundenths seyeiesteant desbtivatingTofdifienms) sivdras pauld Bexpleriedves iv@shed
A portion

mat eri al used in tlag’gfaql | ow ng hydrothermal stabjlity test).

of this softd RETEM YL PEPe5R dhgt sogipm removal geselting from therpsis . The
resul ti ng &ehi i ' 7% : Polll] R rties
and char gcter%%ﬁ%@g‘&@ j&%%rg%gp Ih\?\gagéﬁrél%gﬁxéé%}%g%%gg%& %Es%%nt al

Anal ysi s\\eprogectiof Barmplet] A © 76m g 36 tBe PiadGict of Example 1B.

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, 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 bottie 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 to provide a wet cake, a
portion of which was dried at about 85° C (another portion of this washed materia) was
used in the following hydrothermal stability test). A portion of this solid material was
cacined in air at 540° C for six hours. The resulting cerium aluminophosphate material

had the following properties and characteristics:



Surface Area - 272 n2/g Average pore diameter - 65 A Pore vol une -/@d. 4BL 2004

cc/ g DesowpigiQgsqr % Pore Size Distribution < 50 A44% 50- 1@%%3@9 - 150
Al2% > 150 A24% B. Hydrothermal Stability Test A portion o e wet cake

from Exanpl e 2A abovep@snsi d with gﬁg j (D) water (20 g DI
wat er per g of CeAl PO.'L)‘.—HTH%%SM t he [m];&gemadj usted to 4.0 by

addi ng concentrated HO sdlaition while stirringdor 15 m nutes. Then the

cake was filtered and washed until it was free of residual chloride. The
resultant material was dri‘¢d at 120 C overni g2 and then air cal cined at
540C for three hours. One porti on of this calginhed material was steaned

(100% at nospheric pressure stean) at 815 C for hours, and anot her
portion was steaned &urfddbAfsaf-@724nours. The surface area of these
calcined and steaned naterials were as_follows: Mterial Surface Area n2/
Cal cined only 272 SAYSTRS8 PPEsrdismetsr &5 438  Steaned for 4 hours 143 These
results denonstrate CRI4| al um nophosphate material according to
the inventionis hygrag% c;ehl#.l‘ﬁn'ia'al ?;b;ét@a‘f’bl e and mai ntains greater than 50% of
its surface area under these severe steam deactivating conditions. 10 i
JUL 26 1 WD 01/46342 PCJ/USO00 /33999 f EXAMPLE 3 - Cerium Al um nophosphate
Anot her ceri um nodi fmﬁawﬂégphat eDesarptionm%was prepared by m xing
together, at 40C, 2100 gramg pf water, 360 gr uof concentrat ed phosphoric
acid, 13 5 granms of ceriumsulfate, and 100 granms of alum numsulfate. In

‘this mxture, the 50-100 A 20%
100- 150 A 12%
>150 A 24%,

B. Hydrothermal Stability Test

A portion of the wet cake from Example 2A above was slurried with deionized
(DI) water (20 g DI water per g of CeAIPO,). 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 chloride. The resultant material was dried
at 120° C overnight and then air calcined at 540° C for three hours. One portion of this
caicined material was steamed {100% atmospheric pressure steam) at 815° 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:

Material Surface Area, m%g
Caicined only 272
Steamed for 2 hours 138

Steamed for 4 hours 143
These results demonstrate that the cerium aluminophosphate material according to the
invention is hydrothermally stable and maintains greater than 50% of its surface area under

these severe steam deactivating conditions.
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ceriunfal um nunf phosphorus nolar ratio was 1/1/8. After thoroughly m'@ﬂ dUL 2084
t hese i ngyeeiifBds, the pH of the solution was adjusted to P n@gm)nl um
hydr oxi de. The resulting m xture was transferred to a pol ypropylene bottle
fand placed in a steambox (100C) for 48 hours. The m xture was then

filtered to separate the solid material from the liquid, and the solid

mat eri al MME" {eeritim Aduminapbosphags C. This solid material was

ol um nophosphat AR Sefurn Rodflel sl Aot St WAF peBied By mixing
char act er i sigether, JEMONEL 10 ghiad ofsw&ex\/\@lsmbﬁanﬁ%&“@@ﬁﬁenn&ﬁ,‘dé ého@% acid,A35P 21.0

Surface Area - 133 n2/g Average pore di ameter - unmg - 0.31
cc/g Pore MO@PQ&WM@@MH% B gpansoof alungucs OABBS HOhis MRl 00 - 150

ﬁ%é:%])‘ reéSSﬂ:um nopﬁés%ﬁg&S;’jﬁ%?lg%% haé]\tlgo;n %Q%n%@%iﬁhatg%il&n&p%?m

sol uti on viagrepleffathRcIDYf theXbiok %@hdgeited?éoﬁu@ﬁ ¥y BFoxidi 182 Of
concentrated _phosphoric acid, and rans of 1ant hanum nitrate A second

sol ution VESSUliRGIEREE Wap tlansfemed t a pglmnmmemume@amd PlEEH/iB(sERoY RI999

conbi ni ng nd 600 r sodi um ac nat €., These two
sol utions (1168 %?%glhﬁfér Wa[th? H“’?‘PFWFMIQ“ %ﬁeéeﬁfnﬁeﬁﬁrﬁ 5F¢.’m 'Hﬁtﬁflﬂﬁfﬁ'ﬂ)hor us
mol ar rat ithe uajula hirsdl thersotid e Swas/ walshed anfViRied bNSHRYESH ¢ 'ms'saﬁldb F‘eglgl

sol utions, the pH of the resultin m xture was adjusted to 12 ng
150 gr ams W%F‘Tﬁdr‘i‘ air g 340° Crive snxgmrs iThg rcﬁukmsr@num@mlhephdsphme;ferred to
a pol ypro I ced in.a steam.box (100C) for 48 hours.
Thereafte?léﬂt ehf%l?ili uf?]é%m}gg%{ Reftéersé'lﬁd Barg PEPSte the solid material from
the liquid, and the soI id material was washed and dried at about 85 C.
This solid materi al

Elemental Analysis Weight Percent
Ce 314
Al _ 5.5
L 21.0

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

Pore volume - 0.31 cc/g

Pore Size Distribution Desorption, %
<50 A 33%
50-100 A 18%
100- 150 A 12%
> 150 A 27%.

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, 90 grams of concentrated
phosphoric acid, and 260 grams of lanthanum nitrate. A second solution was prepared by

11



calcined in air at 540 T for six hours. The resulting | ant hanum 21 JuL Eﬁffﬂj
al um nophegdhpiaqqaterial  had the follow ng properties an

characteristics: Elemental Analysis Wisht Percent Lal6. edPA?%fS‘é”%éﬂ?f’s

Surface Area_ - ,123 F@Og Average pore diameter - 84 A Pore volune - 0.26

cclg  Desor PG {7/ 0grams of water st 6@fhgsams of Soi@eabinidzn6 ABhdée 109 solufiafs

A10% 150A B o Al um h hate A dified
A nophosp: oo i e R PO SR RaPolat GO akis of
wat er, 45 gmmgirowacbBdemfierttRetopfis @rhﬁh%@he@fkéluticﬁé, @k gﬁ%ﬁﬂe {eglzlﬁgganese

e. nt

sul fate, and.760 grang of alum num sul fa hi's" m Xture,
manganese/ aliitHu dP g byrmdding I54tgramsafsulfifié acid AThefestifing auallky

i ng amonr o e a4 HleRPRlins PR and blaf g erGH9SD oda
pol ypr opy! eheurboiThéreaftancthp hibgrash wiks Aitsrb® an lQnT&ée thd 99 m%tgﬁﬁjg%r&h%lgj% .u&iI'JEe

m xture vvasi'tﬁﬁ%nfl({teredto separate the s materi a

2001 v WO 01488 59id marenal gras qvasherbianchdrissioatiabioursBSB €1 aThiswadid wesdtRdlwaed dri ed
at about 85&icidd#Gn 3fal i.al, was.re-slurrjied wth deionized water (20
cc of DI water/ g o N%%I‘ P E’ancf'ciuﬁse Fﬁ-? @F“if‘%ian T plugrophgsnheteniatetald . O

or sl i ght| yhadehofolinivng mopstiesii cibf@iddshcs ol uti on. The pH was mai nt ai ned
for 15 mnutes and filtered to separate the solid material fromthe |iquid.

The filter cake was washed thoroughly with 70C DI water until the washed

solution is Elemental Analysis Weight Percent
La 16.6
Al 298
P 4.8

Surface Area - 123 m%g
Average pore diameter - 84 A
Pore volume - 0.26 cc/g

Pore Size Distribution Deso.[gtion. %
<504 32%
50-100 A 56%
100-150 A 10%
>1504A < 5%.

EXAMPLE 5 - Manganese Aluminophosphate
A manganese modified aluminophosphate material was prepared by mixing

together 2100 grams of water, 45 grams of concentrated phosphoric acid, 68 grams of
manganese sulfate, and 760 grams of aluminum sulfate. In this mixture, the
manganese/alunﬁnunﬂphospboms 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 mixture was then filtered to separate the solid material from
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“free of chloride anion, dried overnight at 120 C, and then cal cined in &l JUL 200!

at 540C f ovoei/as3zshours. The resul ti ng manganese al um nopho rial
had the properties and characteristics listed in Table 1. W@gg- Zi nc

¥Al umi nophosphgd | L, fied.alumn osphate material was prepared by
m xi ng toget her%%@lﬂgl?é;;r@aﬁa%ﬁww egraaﬁ#éneﬁ At EOPIEHC aThe splithmplerisi ¢
acid, 115 gr awas reslumiedovishiidigtiosd Water @0ATS EIFNLS ul furic acid,
and 760 grans, of sodi,um al um nate. | neﬁt’ hi Sfﬁl;{aﬁé}éé}‘%ﬁ:@jmc{&e PH of the

zi nc/ al umi nuPPK SRS RARSEd 4 ¥ L orrslightly basw iaﬁtﬂ/alconéﬁnhﬁfedmrs‘éﬂﬂi'&h% The gid;ng
these ingreg) : of the sol.ution was adjusted to 1 | by adding
50% sul furi CngHﬁfmar}g}%%o? ng iRk é!ie{ﬁdéowatp aﬂﬁssobd pateriabfram the fiquid,

pol ypr opy| enEhdbltdrl cakenels a8 horbushi Q0C)., for 48 hours. The
m xture was %hen filtered to separg eﬂ“ﬁgr@o pél firélm)naf;’e?‘?aél?ﬁd SPHJé’OPil‘-t]ui d,

and the sol i iehefidiqris apies, drieshentraipint aii 2@1T, ahd tHen¢hicReCin AP& SRPE thy

mat eri al m%uFﬁ@-fWe%d]ﬁ%erwth dei oni zed water (20 cc of DI water/g o

ZnAl PO.) and the pH © AT ORfsPiAte matepialhad thy propenies kyd bel ow

wi t h a concemaraateeistids@ited 94 Thhlen. The pH was nmaintained for 15 m nutes and
filtered to separate the solid material fromthe liquid. The filter cake

was washed thoroughly with 70C DI water, dried overnight at 120 C, and
then cal ci ng&x A iy g2lz; CAfRﬁH{lP'{OW I x _hours. The resulting zinc

al um nophosphate materia oAt (i es and characteristics listed in
Tabl e 1. EXAMPLEA7zifiCongified hiufdophbb L hat.e A solution was
prepared by mixi 1700 grans of pvvatxg{raf%%g%%g%aﬁegfpé'éﬁﬁrﬁ@gether2.100
phosphor i ¢ BB, % 2(ftergf emmsfof cencentrates phbspheric adld, 115Qraha BBzAL s@kyi-gum
0. 341 0. 33 0E3E Y RendeiriiSd Balod, 3R Pt tams 6 badhum glumivate h In fis mibaie

1.‘ coni:ent r;&lﬂgﬂ]came -Eﬁm@ho hspjlzmgir,ﬂ@! &8 a{;;j;ii ﬁ!&e 4 -fi L tered afﬁldon
(0] ar : A
washed and drifﬁd at --85C, A portion of “{ e nﬁterl}é@%\s\él CRPBE3BPSE3999 13

JUL 2004 OB 1£Ris the pHQfﬂhBM@@B@BS adjusterbioch Inechddmg O shIRIricSdtd. S-
T L M
5Exanpl e 6&19IG) 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. The solid material
was re-slurried with deionized water (20 cc of DI water/g of ZnAIPQy) and the pH of the
slurry was adjusted to 4.0 or slightly below with a concentrated HC| solution, The pH
was maintained for 15 minutes and filtered to separate the solid material from the liquid,
The filter cake was washed thoroughly with 70°C DI water, dried overnight at 120°C, and

then calcined in air at 540°C for six hours. The resulting zinc aluminophosphate material

had the properties and characteristics listed in Table 1.

EXAMPLE 7 (Comparative)- Iron Aluminophosphate
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 concentrated ammonium hydroxide. The
material was then filtered and washed and dried at ~85°C. A portion of the material was
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Cal ci ned Acid Form nventionlnventi onCom arative Metal |oading, w ‘Vé.@a/od-UL 2004 .

Zn5. 7% MRO%1 k634821203, W% P, wt%2.2 i 2 4 Na. w'/0o ,0 5950999

Surface area, nR2/g314244109 Average pore dianeter (A) 5044 ore vol une
% 39754 <50 A 50-100

(>14A), cc/ g& cakth .§aBo .Sl ze di.stribhution, X
A172312 100- 150 _Ageﬁg 53?5‘5%%@%‘6‘%?@ eﬁhﬂ,‘é‘l& Fhtlugnophemphate materisbRa e
forahr) Sur PaeReriaseamd chivagtedibiics 1i93d6n Thige 1eSul ts in Table 1 show that

ZnAl PO and MhA]PO,, of the invention retained a surface area in excess of
100 nR2/ g after severe steam ng. However, the FeAIPO, with a pore size

di stribution outside the invention |ostTgdiggst all of its surface area upon
steam ng. EXAMPLE 8 - Cobalt Al um nophosphate Sanple A (lnvention) A

= s nf

sol ution was prepared by mxi S AP O - S o
concentrated phosphoric acid, 117 GFaHehf cofBLEx 1 at FatBOYS grans of
concentrated sulfuric acid. Anof her*BR&Li on sk@nie 6par edxamples] ni ng 1600
grams of WW‘ : lion Invention Comparative
Metal loading, wt% 4.2% Zn 5.7% Mn 21% Fe
AlLO;, wt% -
B wivs - 12.2
- - 124
N
a, wt% 2 0.22 0.08 0.009
Surface area, m'/g 314 244 109
Average pore diameter (A) 50 44 202
Pore volume (>144), cc/g 0.37 0.26 0.55
Pore size distribution, %
<50 A 39 75
50-100 A 17 23 ' 142
100-150 A 9 1 15
>150 A 35 1 69

Steam Deactivated Catalyst
{1500 °F for 4 hrs)

_Surface area, m /g 155 103 6

The results in Table 1 show that ZnAIPO;, and MnAIPQ, of the invention retained
a surface area in excess of 100 m’/g after severe steaming. However, the FeAIPO, with a
pore size distribution outside the invention lost almost all of its surface area upon

steaming.

EXAMPLE 8 - Cobalt Aluminophosphate
Sample A (Invention)

A solution was prepared by mixing 500 grams of water, 45 grams of concentrated
phosphoric 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 with stirring. The molar ratio of the
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~alum nate. These two solutions were conbined with stirring. The nuol ag.,r‘ﬂﬂ_i ?nm
of the 14wWi§yPdes46342 rFLIJUL20Q4 PCT/ US00/ 33999 PCT/US00/33999
cobal t / al um nuni phosphorous was 1/8/1. The pH of the m xture was agj ust ed

®to 9 with t Jj. 1] % sol ut.i sul furic.acid. The resultin
m xture was p g@%@#r@%ﬂgip R{’)ﬁ%'&l”ﬁ&ﬂ%ﬁ@ﬂbgﬂhﬁ@%ﬁ{f& B’éﬁ‘“’ler}"aéaél"é@mt@)Bxﬁ(i'gOOC)
for 48 hour sthe ddidition uf $0% svRfiod BESulfukit hti8! THe AlGINE GGl Was pfia{e YiF, NAS

ue ca

washed and dried at -85C. A portion of the resi was alr cihéd to
540C for si XPIPEPRYIenprhottls andenut i 2 staam pox £108R@) fon 98 howrs. Mhe petkitiredvas theg € as
follows: E \ Al 25,3 .4 surface Acea, n2/ 145 A portion of

t he above mef?%?éldaﬁn%mﬁgeﬁég%%@%ee‘aa%‘g e F‘?FE@“%% 83 CS.AIPW‘S%! ofttheresidhie
amoni um ni twatatr caivbhethe 586=fdrisRChdid. eftiedd Bal | and washed
and dried at --85C. A portion of the mat ercl a mégﬁgkieéb%&aﬁﬁﬂ%lc?r?%er%%oc for
six hours. TfEeellPWEng cobalt al uni nophosphate material had the
properties and characteristics listed in Table 2. Sanple B (I nvention) A
sol ution was preps+ed—by—rixing-2100 grans of water, 45 granms of
concentrated phgsphori Eleswint wt¥d7 grams of cobalt njtrate, 75 grans of
concentrated sul fluric acid,cgnd 300 grjans of; sodiunj al um nate. The nol ar

rati o of the cobglt7arum nuéu phosptorogs—was—3~8++—fThe pH of the m xture
was adj usted to §—w-th—t-he—2tdi-tion of (500 s@dtion pf sulfuric acid. The

resulting mixture_was placeB in a polypropyl 8ne bott] e and put in a steam
box (100C) for 48 housadacthgred] mt/pre was thepydiltered and the solid
resi due was washed an rired at -8oC. ~A portrTomof—t he residue was air

i

cal cined to 540G far.: : e.el enent al al yses and physi cal
properties wer ecgggﬁ fﬂ%lagvt\géj%%r%an ?a[\maé/f%’?&?d}rﬁ‘i@{@ewt a@u‘rﬁ/ sbetionrefy

n2/ 114 ammonium nitrate and the resulting material was then filtered and washed and dnied at

~85°C. A portion of the material was air calcined to 540°C for six hours. The resulting

cobait aluminophosphate material had the properties and characteristics listed in Table 2.

Sample B (Inventicn)

A solution was prepared by mixing 2100 grams of water, 45 grams of concentrated
phosphoric acid, 117 grams of cobalt nitrate, 75 grams of 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 polypropyiene bottie 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:

Element, wt%
Co 6.0
Al - 19.2
P 2.6
Surface Area, m’/g 114
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15 WD 01/46342 It | AL ~2004 PCTIUSOO 33999 A portion of the above @7 JUL opp .
mat eri al wayrAgPanged four tines with a 0. IN solution of pcgdRIRHs1453
nitrate and the resulting material was then filtered and washed and dri ed
at -'85C. A portion of the material was air calcined to 540C for six

hours. The resul ta : ] phat.e erj.al_h t he properties

and characteri StIE‘\CS I?lgtB g%k%ﬁ%ﬂ “g'q@@%aeﬁ%m&g Phb@ﬁﬂvgﬂf Oﬁﬁééﬁlﬁg?n of

rodi £ ed al aminoojuitosirtatond uhd esiitihg waknal WRANGKiRed A WaEd ROGRL A5 fO"
e

Sampl e B abov‘%, except the pH of the mxture was adjusted to 7 wt
addi tion of ~8580 A FPIHANGH thst matgrigl wasairaealcined Th §4¢Ceive six dloussn Thy sesaltiag d

physi cal pr, LE : oduct re as follows: Elenent, w % Cob6.8
A 19.6 P2. 9%%%?”@3%@%’%%%‘%‘885@aﬁgﬁeePri°BF“’ﬁﬁa§"ds‘fh&’F’f’¥eé‘a“ listedin Taled; (20
g DI water per g of CoAIPO.) . The pH of the slurry was adjusted to 4.0 by

addi ng concentrated HCO solution while stirzing for 15 mnutes. Then the

cake was fiyamBpleL finyentiemed until it was free of residual chloride. The
.at. 538C for 3

gel was dried at . night and calcined in air

hours. The resul ?%ﬁg&c%géﬁgal%P‘WH&BW&@ISH%t@#Wé PTegﬁreﬁéﬂtﬁmr%@ﬁ #%s
and  char adbeBample dsabove,texBept Thel S0 the mRAFE Was BHjLSeRAY Wiﬂhvt.g% adiGPAt ¢

nmodi fied alum nophosphate material was prepared By m xing 21 grans of
wat er, 45 gPanEoldfonefiulinig 2aié dThhdempuel analysésind Physical properties of g t
nitrate, 7 ntrated sulfuric acid, and 300 grans of al um num
sulfate. T ém?rfo g}r%ré)%tfﬁgmsgf t he cobal t/al um nunf phosphorous was 1/8/1. The
pH of the m xture was adjusted to 11 with the addition of concentrated
ammoni um hydr oxigde—Fheresulting mixture was placed in a pol ypropyl ene
bottle and put iln_a st Eemenhwttd00C) flor 48 hours. The mixture was then
filtered and thg solid resggue was waghed arglgdriedjat --85C. A portion 16

19.6

21 JUL 2004, WWUUI 38999
P 2.9

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 by adding concentrated HCI solution
~ while stirring for 15 minutes. Then the cake was filtered and washed until it was free of
residual chioride. 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.

Sample D (Comparative)

A cobalt modified aluminophosphate material was prepared by mixing 2100
grams of water, 45 grams of concentrated phosphoric acid, 117 grams of cobalt nitrate, 75
‘grams of concentrated sulfuric acid, and 300 grams of aluminum sulfate. The molar ratio
of the cobalt/aluminum/phosphorous was 1/8/1. The pH of the mixture was adjusted to
11 with the addition of concentrated 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

16



*of the residue was air calcined to 540C for six hours:- The el enentalg4 :;UL 2004

anal yses and physi cal

properties were as follows: Elenent, w% Col0.

Al 27.4 PSP N/A6342 i on of the above material was slurried wRdTABooas0er (20

«g DI water per g of CoAIPO,). The

pH of the slurry was adjusted to 4.0 by

addi ng concfihe Eesidie mas ais sriginedte S4T0 for sixihpurisn Fhe elemeaivinalysesandThen t he

cake was fi
gel was dri

hour s.

A SER BB bl o

The resulting cobalt alum nophosphate material had the properties

was free of residual chloride. The
nd calcined in air at 538C for 3

and characteristics listed in Table 2 Sanple E (Conparative) A cobalt
modi fi ed al um nophosph&lememtwertbal wa
prepared with m i ng, cont gphi Ng 1700
concentrat ed phosphorte m,.ﬁ:j., 2+ 3—gtr-aft trate, and 170 grans of

al um num sul f atle—The 0ol

s| prepared from a solution which was

gr anms,@f, Water, 29 grans of

ratio qf

t he c@Bd4lt/al gni nun phosphor ous was

0.35/0.5/0.15. The pH of thhe m xture
of concentrated ammoni um hydr oxi de.

pol ypropyl ene bat ﬁdrﬁoﬁlﬂflthﬁ%o&é}ﬁi’teﬁﬁﬁﬁﬁ' ARed FH D1 whd' (ﬁg g, Iglﬁ‘ggtEF ?e-el;?ge%ti

m xture was then filtered and the soli

was adf.gsted §o 7 with the addition

he resultTng mxture was placed in a

resi due was was

-85C. A pofpiAd0.0f ThipHrafshelslerryaas adjusted ke it 0y adding 40f2chtrated HCIRoMtisn The

el enent al
Co Al P 28

wE YR8 <R ot Thel e Sakovas Akred mil voshed Sk pasiod oh DI

water (20 gesidhalihididelThe gl Was dRPLPR0PE £ Prgkjv}ﬁf et (i ah 4053 Lysted
to 4.0 by addi ng _concent I’%[ ed HC sol ut?on%‘? ﬂt&%@%&%&o / gﬁﬁar
PCT/ US00/ 33899s. The resulting cobalt aluminophosphate material had the properties and

characteristics listed in Table 2.

Sample E (Comparative)

A cobalt modified aluminophosphate material was prepared from a solution

which was prepared with mixing, containing 1700 grams of water, 29 grams of
concentrated phosphoric acid, 213 grams of cobalt nitrate, and 170 grams of aluminum
sulfate. The molar ratio of the cobalt/aluminum/phosphorous was 0.35/0.5/0.15. The pH
of the mixture was adjusted to 7 with the addition of concentrated 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
~B5°C. A portion 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 per g of

CoAIPOQ,). The pH of the slurry was adjusted to 4.0 by adding concentrated HCI solution
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~while stirring for 15 rinutes. Then the cake was filtered and washed ZmtduL 2004

it was freg gilissafesi dual chloride. The gel was dried at 120 ni ght
and cal ci ned |jn azfar at 538C for 3 hours. The resulting coba 1E18§00%\_£§H'9

i B e A L

hydr ot her nal resitadlichidride OThé€ gl ivaSaAdPEX1 208t frasvemigt: 4al eslciidd taﬁaa% =R
material at 1500F &%150) fo$&4 hours with 100% s'g%iam at gt rm@p eri Cﬁdf},r
pressure. Thehourss e sesytinggobahaluminpphosphate witena! hatithBipgepeetiet andhe resul ts

show t hat Saéml A Co. W LN o average pore size and pore size
di stribution agg%@l%dlswwgégﬂﬁvent i on, exhibited excellent hydrothernal
stability in that they naintai ned over 100 n2/g surface area even after

severe st eamiyifrothéintd Siiity Tg@%ﬂféCPAW, é_:amweg hout the narrow y-defined

mesopores structure of the i'nvention, lTost nearty all of their surface area

upon steani ng at TiedyHrothérimal Qaisltynif eABEARD, gehwds dahatddbyRdaming @601528
wt %3. 42. 641110 Na,

Co | oadi ng, wt % Al12 08.{.836511820 P, ,
wt 9%9. 490. 280 6‘1%?“% Gx fé?"t?s,fs wigh (%4 stepmal atrsesphercprassurey oF ke
di anet er ( Ar&itdarkaveh08 1081 Ydbw iRy £k e SR 220 e
size distribution, % 382_9??28813 <5O%R%géﬁéﬁAggé%%ﬁ%%ltgéloﬁ%@?ﬁﬁ'%ﬂﬂ’l9
>150A212128ésvesige perdezc srd/mire sizE€disalbytion adcbblg 14 thie ikvelfion, edRiBite31112918
Surface area /% e .. 2

cxcellent hydrothermal stability in that they maintained over 100 m%g surface area even
after severe steaming. In contrast, Samples D and E, without the narrowly-defined

mesopores structure of the invention, lost nearly all of their surface area upon steaming at

1500°F,
Tabie 2
Sample A B C D E
Calcined Acid Form
Co loading, wt% 6.2 7.9 10 15 28
Al203, wt% 478 36 51 18 20
P, wi% 3.4 2.6 4 11 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 (>144), 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 1128 113 111 29 18
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<18 :21 JUL 2004 WO 01/ 46342 PCTI USOQ 33999 EXAMPLE 9 - Vanadi um @1 JUL 2004

Al um nophagpbpias Sanpl e F A sol ution was prepared by m xi ns of
wat er, 45 grans of concentrated phosphoric acid, 87 gransr%ﬁ@%'ﬁﬁ%ﬁ

~sul fate, 75 WEQOVSEMIE%(‘QHHEH.' &W cid and 760 granms of sodium
alum nate. The nolar ratio o aI um nun? phosphorous was
1/8/ 1. The pPample Re ni xture was adj usted to 7 with the addition of 50%

sul furic acid. Th? r@@ture was then filtered and the solid residue washed
and dried at about* ¥8¢on ‘WsﬁG?ﬂaFWYdF‘WIQPEWSrﬁWGTMS gmmsmfcoﬁc&hﬁtﬂ%ﬁd

Fesul ting. vansar iy did, W oT IR SRR Y3 BPoly Bengee shlbrescidanct
rove dri od mﬁ‘ﬁ“‘”‘"ﬁ"?‘r‘?ﬂ;‘z Tl ok B3 e SR APl
VAI POX). The n%ﬁﬁg Pi]‘ Bhgs nYRLreWps dddiustedito 74with the addidomgf $0% aalfiiiat ed
HCl sol uti oracihiTie xﬁﬁ:]gdré'\a}lg l'feﬂrﬁlé% r%n’c’l‘i@le&hdggs? L he%eéi'a akna gmgea ,a{ ééptuglrgg%éggd

washed until it was reeo resi

for overnig h‘i pemi@nodiths dried materél tvas atr caled f054®CHBMGS hokd € THE Efé{n%hﬂg

vanadi um aI o%ho‘gﬁﬁﬁe mat erial had the properties and characteristics
listed in T ca! gropertigs of ﬁegﬁtl%@ﬂpdlémmnmmphamgla&ﬁ%w&rew of

wat er, 45 grfa[mvsof concentrated phosphoric acid, 87 granms of vanadyl
sul fate, 75 grams of concentrated sulfuric acid and 760 grans of sodium
|l um nate. The nolar ratio of the vanadiunf alum nunm phosphorous was

1/8/1. The pH of {the m KletHefit \W7S, 20 UST ed—to 8 wtirt he addition of 50%
sol ution of -
v 3.0
Al 17.0
P ' 1.7
Surface Area, m%/g 335

A further portion of the above dried material was slurried with DI water (20 g DI
water per g of VAIPO,). The pH of the slurry was adjusted to 4.0 by adding concentrated
HCl solution while stirring for 15 minutes. Then the cake was filtered and washed until it
was free of residual chioride. The gel was dried at 120°C for overnight and calcined in air
at 538°C for 3 hours. The resulting vanadiuxﬁ alumihophosphate material had the

properties and characteristics listed in Table 3.

Sampie 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 the vanadium/atuminum/ phosphorous
was 1/8/1. The pH of the mixture was adjusted to 8 with the addition of 50% solution of
Asulfun'c acid. The elemental analyses and physical properties of the resulting vanadium

éluminophosphate material were as follows:
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sul furic acid. The el enental analyses and physical properties of the21 JUL 2004

resul ti ngyyafa@iypm al um nophosphate naterial were as foll é&ﬁ@
01/ 46342 El ement, w%V 2.1 Al 20.9 P 1.2 Surface Area, n2le Exps JUL
2004 PCT/ US00/ 3?999 A-o-t-her—portlon of the abqve dried nmaterial was

exchanged four til i t Elementowt¥%N sol utli on of ammonijum nitrate to renove
t he excess sodium and the resultant product was then filtered and the

resi due washed ang dried at A;}DOU[ “B5C R pUl:éUl of—ijt he resi due was air
cal cined to 540C {er—stx—hotis—Ithe—-esyltin g.na.d.l_l.m al um nophosphat e

material had the hroperties I%md char act éri sti d§ listdd in Table 3. The

cal cined acid forn of Burdve ofred, h6?//Al PO| Sanpjgs F arjd G were subjected to
“the steam deacti vation test de€SCri bed apove and the—Tesults are summari zed
| POXVA PO( SaMRl.e FSanpl e G I nventionl nvention

in Table 3. TabI
Cal ci ned Acid Form o%%i"ﬂ&° thesboyo dredynstsnal wasexompees four vinms vaih 23 Na,

/
Vol e (314N Gor 0. 400, B o aree o e AR RISt RSt ulisg 100"

A2010 product was then fiitered and the residue washed and dried at about 85°C. A pomon 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 caicined acid form of each of the VAIPO, Sampies F and G were subjected to

the steam deactivation test described above and the resuits are summarized in Table 3.

Table 3
VAIPOx VAIPOx
Sample F Sample G
Invention Invention
Calcined Acid Form - o
V loading, wt% 3.0 2.1
ALO;, wt% 39 35.6
P, wt% 1.2 0.3
Na, wt% 0.59 0.83
Surface area, m?'/g 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
(1500F for 4 hrs)
Surface area, m /g 81 126
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- +100- 150 A62 >150A196 St eam Deactivated Catalyst (1500F for 4 hrs) S@7¥ dbk 2004
area, 2 m@oBd3426 20 WO 01/46342 [21 JUL 2004  PCT/ USOCO 9
results in Table 3 show that Sanples F and G with the average pore size

~“and pore size di ' | - ording to the jnvention, exhibited excellent
hydr ot her mal st ab? H‘%HH ‘%?{ﬁﬁ{%? ’t‘é"B’r@ﬁ'a%é’&iHﬁr#d@d ‘E’i‘@mhemmnmimmd
exhi bi t ed bepdresizedisibution abebréifigto tHe iFRInAbRIREE /g surface area
even after sg\{_‘?re st eam lng.a )Z&N%LOE 1olﬁ@ngf“giegﬁgg‘%&é%?lfegp@r%g%eﬁﬁd\ﬁﬂgﬁﬂy-

Zr AEPOL | Ri? Epprienarpd Hndsr highzr pii Ronditensexhibited'beriee stabilityin Skl €, hi gh

surface areay,; rAlLPQ. materi al s prepared as described above
in Exanpl e %Tlmﬁgﬁgéﬂéfggmoéaaﬁﬂﬁgﬁﬁéeaﬁﬂ ﬁ&%@?‘:’e"mﬁd for the catalyst
preparations that follow B. Preparation of a USY/ Zr Al POW Cl ay Catal yst A
first catalyst, Catalyst A was prepared using commercial Na-form USY
zeolite wi thXAMELEJ4 -tRiuig| CatahaicrGackingfwih ZralRDA unit cel | size of

24.54 A. The Na-f Y S I ried and ball mlled for 16 hours. A wet
cake of the%r Al J%Eg}lnétﬁ PY@PQ@AE@‘M%“’"Q' urried in deionized water, and

(he o {he_rcovlieanilysate wataaras el i bihbut S, AQRRETIAALELED

8
The Zr A1POx materjal was then filtered, washed, an
hours. A un®# 8sstibed ahovein Bxample & The dheribed WeikakSYE BFAIPOY wab Sed ok tid

ZrAIPO t sl \ .ndin t  and kaolin clay was prepared. The fi nal
slurry cont g%tgrll%ﬁ pﬁ%@??%%%N PO ,, 7% binding agent, and 47% clay, on
a 100% solids basis. The m xture was spray-dried to fine spherical

particles w,th approximately 70 average particle dianmeter. The sprayed
product was®t hentEipargienceheUSYWEARGLACly Carlyst um exchange usi ng an

A first catalyst, Catalyst A, was prepared using commercial Na-form USY zeolite
with a silica to alumina ratio of 5.4 and a unit cell size 0f 24.54 A The Na-form USY was
slurried and ball milled for 16 hours. A wet cake of the ZrAIPO, material above was
slurried in deionized water, and the pH of the resultant slurry was adjusted to 4 using
concentrated HCl. The ZrAIPO, material was then filtered, washed, and ball milled for 16
hours.

A uniform physical mixture of the milled USY shurry, the milled ZrAIPO, shurry,
binding agent, and kaolin clay was prepared. The final slurry contained 21% USY, 25%
ZrAIPQ,, 7% binding agent, and 47% clay, on a 100% solids basis. The mixture was
spray-dried to fine spherical particles with approximately 70 u average particle diameter.

The sprayed product was then air calcined, foliowed by ammonium exchange using an
ammonium sulfate solution. The exchanged catalyst was further washed with deionized
water, dried overnight, and calcined at 538°C for three hours. The properties of the finaj
catalyst are shown in Table 4.

C. Preparation of a USY/Alumina/Clay Catalyst

A second catalyst, Catalyst B, was prepared following the procedure in Example

10B, above, except that the ZrAIPO, in Catalyst A was replaced with HCl-peptized
alumina. The peptized alumina gel was prepared from pseudoboehmite alurmina powder

21



amoni um sul fate sol uti on. The exchanged catal yst was further washed@wdiJul 200k .
dei oni zedwoRlsgs42 dried overnight, and cal cined at 538C forp(%lmsgg,sgygyrs.

The properties of the final catalyst are shown in Table 4. C. Preparation

of a USY/ Al wm Eg;amll ecpond_catal yst, Catal yst B, was prepared

f ol | owi ng tﬁ?‘%?g@ﬁe N g:tgﬁ@f@m&ﬂrggﬁ?m&ﬁ%é&,ué‘ﬁwdﬁ)h;ﬂlerequ

i n Cat al yst Catalyss Braig sreaHowh i T4#R apepti zed al unmina. The peptized al um na
gel was prepared_from pseudoboehni te al um na powder 21 WO 01/46342 JUL 20

PCT/ US00/ 338’99 t REePATALiop of 2 USWARAIPO S umina/Clag (Catabyst30 mi nutes (at 12

W% solids). Th | f talyst B also are shown in Table 4. D.
Preparation of aw&gﬁyﬁgﬁaﬁlmﬁgﬁégymeé?l wiag the pragedyrega Expmple

Cat al yst C, 10Babprepxcest thalth®in RIPoL ' | OB, above,
except that the am,)untqgf Zr Al Poéﬂfttohmgg reéﬁ%gégdgﬁgdgﬁé@o&tpﬁgaﬂvﬁ was
repl aced wi TRiaeeeWHbItbe G -peptived abwmineused erExampilx 200 Iso that €6 eayidial t he

spray drie . i 0 15%, Zr ALPOK 25% al um na, 7%
“bi ndi ng ag cejsr'h“?’L Liiking A1) Q@Q ’ gs%?fjﬁé% %i Bsl% binding appmaand@Bper t i es

of Cat al ystcldy, ane 19004\olids baad! Thedf ' f - ‘
USY/ Zr Al PO/ Al umi na/ Cl ay Cat al yst ?Egg?{tﬁpggtégﬁ%,@a&hgwﬁ Tﬂ?le\ﬂ/as
prepared fdl owiBrgParRtion e USNEZiAlPD aipmina/CIH0Caslpve, except that the

Zr AIPO, in Cat ep| d with HC -peptized ZrAl PO . gel,
prepar ed by pept‘?g(ya |hoc%ag?5§'\l\é?tglé'§ Wi%@“ﬁ‘&fong}}m&fﬁl@ﬁmwemﬁmp& es of

per f or manc

air. The sgy
4 Conpositio

B DRET e Shoddf y The

cracki

Cat al yst D !8Dsabavepedepthat the TRAIRD,An CRRIRE € \@éﬁaljeﬁlgéédggjglﬁl ﬁ?ét%gﬁt"% sts Sf or

on a pilot unit for catalytic
deact i vat edTaPOxs156 Prensres Bopeptizagicinout vad chice ising HCh ghiGRSH
med catal ysts are shown in Table 4. TABLE

B

25% Alum na and No Zr Al PG,
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 50%

steam and 50% air. The surface areas of the steamed catalysts are shown in Table 4.

TABLE 4
_ Catalyst A Catalyst B Catalyst C Catalyst D
Compositional | 25% ZrAIPO, | 25% Alumina | 15% Ball Milied | 15% Peptized
Feature and No and No ZrAIPO, ZrAIPQ,
Alumina ZrAIPQ, (Replaced Part | (Replaced Part
of Clay) and of Clay) and
25% Alumina 23% 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
AlOs wt. % 42.5 52.0 51.6 54.2
Surface Area 221 222 255 256
2
m/g
Steam Deactivated Catalyst Properties
Surface Area - 123 122 120
2
m/g
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-Catal st C 15% Bal |

Al um na GilgdingsyCat al yst Proper-ties Catal yst D 15% Pepti
of Clay) and 25% Alumina Rare Earth wt. %
37.1 36.7 29.6 30.3 Al203 wt.% 42.5 52.0

Stafsl G568ty

8588 np/ g Steam Deactivated Catal yst

(Repl aced Part
+“Na wt. %0.10. 10.

Mlled ZrAIPO (Replaced Part

of- O ay) and 2484 JUL 20

Pl ) g

51.6 54.2 Surfac

Properties Surf abualg¥t€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:

TABLE 5

Charge Stock Properties Vacuum Gas Oil
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
Distillation

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 to 430° F material,
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123122 120 n2/ 22 Cataljst A 25%2rAlPO, and No Alunina - Cj JuL 28d4JUL 2004
WO 01/ 46347 $i5aks44S00 33999 F. Catal ytic Cracking Process %ﬁbgﬁ%‘%@
I Xed-

t hrough D were conpared for catalytic cracking activity ina
fluidized-bed ("FFB") reactor at 935F, using a 1.0 mnute catal yst contact
time on a Arab Light Vacuum Gas O |. The feedstock properties are shown in
Tabl e 5 bel ow. TABLE 5 Charge Stock Propg LbeGsVacuum Gas Gl Gavity at 60
FO. 9010 Refractive I ndex1l.50084 Aniline Pornt, F164 CCR, wt.% .90

Hydrogen, w.%1.63 Sulfur, w.%.8 N trogen, ppnB90 Basic nitrogen, ppn250
Di still ati gr—536—+BR—F5p—t—%—F868--.99. 5 wt —.% . E1170 These catalysts
were then ysed—in the EER hil otCqRIvtB Thd cat Beighyst Ger f or manCasalysae
summari zed |i n TaBfaTis, whef NopadardcZrAIBOedt i+viSy BalhMillett 6 pel B3% Peblzea
const ant nversion, 65 wk. % conversion 9f fe@iAtrD,430 H natezjgapg, 23 1
JUL 2004 01/ 46342 _
Conversion, wt.% 65 65 65
Cat/Qil 3.8 33 3.6
Cs™ Gasoline, wt.% 39.6 42.1 42.4
LFO, wt.% 254 25.6 25.5
HFO, wt.% 9.6 9.4 9.5
Coke, wt.% 5.1 5.3 5.1
RON, Cs” Gasoline 882 857 85.6
HaS, 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 C4 Gas, wt.% 10.4 8.9 8.8
Cs /total Cs 0.81 0.80 0.80
C4 ftotal Cy 0.48 0.48 0.50
C./Cs” 0.98 1.10 1.13

The test results in Table 6 demonstrate that incorporation of ZrAIPQ, into the
zeolite matrix resuited in significantly improved gasoline vields (as much as 2.8 wt.%).
This increase in gasoline yields for Cataiysts C and D resulted mostly from lower C; and
Cu yields. The ZrAIPO. matrix “as-is” (Catalyst C) had a slightly higher coke-making
tendency, but this tendency was alleviated by HC! peptization of the gel (Catalyst D).

| The ZrAIPO, matrix has bottoms cracking activity, and a slight decrease in HFQ
(heavy fuel oil) vield is observed (0.2%). The bottoms yield differences are small for these
catalysts, probably because all three catalysts convert nearly all of the crackable heavy
ends at this conversion level. One negative aspect of the ZrAIPO, containing catalyst is

the lower research octane number (“RON™) of the produced gasoline, lowered by as much

as 2.6.
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“TABLE 6 PCTI USOQ' 33999 Catal yst BCatal yst CCatal st B Matrix No Add@d UL 280

Zr Al PO, + 9 MIled + 15% Pepti zed ZrAI PQZr Al PO, t 4 0?513999wt %
656565 Ca‘?léréilllﬁgdgh% 3 3.6 Cs' asoline, . 989. 642.142. 4 Llﬂ—%}e s*
vO@5.425.625.5 UFQ, wt.%9.69.49.5 Coke, wt 96. 15. 35. 1 RON, CS

eTARD: Gantaging ratalgsts Sicra@sedREHSS vieldy. 0%, Jbgghsi G
Gasol i ”688 285. 780 /fotal C30. 8?(% 800. 80

Gas, w.9%. ﬁ%‘%ﬁﬁﬁ@@%a&%ﬁ?@@@f% OI%QO@SW gasalive sfyrremoyal, Thel e 6

ggrrl)tngt ?Lt e ZrARO,i conoiiring Edtalpsts Btredsedl tﬁ’%ul?/féh@sélé&ﬁwgzﬁ% Béa% aﬂmﬁe' éﬂ@@#' ted
in significantly inproved gasol i ne |e ds (as nmuch &as 2
increase in “Q’gg Glefindayg. eT&l'eB‘éZﬂ;S lmglg ﬂefil?ﬂg S'f'lmlg tflfa; t%ﬁﬁy g?zgﬂ"ﬁia 55021
i ont 1y i oy ol & 8picileedt Bmmtn MRl oo & iy aaod iswariecwramed by
HC  pepti zatfaokingf the gel (Catalyst D). The ZrAIPO., matrix has bottons
cracking activity, and a slight decrease in HFO
EXAMPLE 11 - Fluid Catalytic Cracking with CeAlPO,
A. Preparation of a CeAIPO, Material
A thermally stable, high surface area, mesoporous CeAlPQ, material was prepared
as described above in Example 2. The wet cake of CeAIPQ, described above was used for
the catalyst preparations that follow.
B. Preparation of a USY/CeAlIPO,/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 CeAIPO, material above was
siurried in deionized water, and the pH of the resultant slurry was adjusted to 4 using
concentrated HCl. The CeAIPO, material 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 21% USY, 25%
CeAlPQ,, 7% binding agent, and 47% clay, on a 100% solids basis. The mixture was
spray-dried to fine spherical particles with approximately 70 average particle diameter.
" The sprayed product was then air caicined, followed by ammonium exchange using an
ammonium sulfate solution. The exchanged catalyst was further washed with deionized

water, dried overnight, and caicined at 538°C for three hours. The properties of the final
catalyst are shown in Table 7.
C. Preparation of 2 USY/Alumina/Clay Catalyst

A second catalyst, Cétalyst F, was prepared following the procedure in Example
11B, above, except that the CeAIPO, in Catalysf E was replaced with HCl-peptized
pseudoboehmite alumina. The properties of Catalyst F also are shown in Table 7.
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(heavy fuel oil) yield Ts observed (0.2%. The bottons yield differ@tellL 2004
are smal | whan/skiese catal ysts, probably because all three 043160
convert nearly all of the crackable heavy ends at this conversi on evel .

rO;gegregﬁt ggtﬁaﬁngﬁé A}Ltlﬁa%l@?eﬁﬁgaﬁ%@ggf a%tgflﬂ)@;iﬁl SI orA/ngeLIO\g;r as nuch
Contal i ng ral alysts i nerenced tne o opuceIRAE e ploRagtih Erpie oy

cont ai ni ng g&ﬁﬁh sts increased the yi e

this materi év%%%epf) thag the aamompf S@klP(}x@mveducmeﬁdeargaﬁtﬁé bigwayl fur
renoval - ThepiadddALFR: cat aI reased the butylene

sel ectivity ?ﬁgé’Cél g%@%ﬁféﬂ{;ﬁ&@@ﬂmn@ﬁsﬁ ? Ol Ef 'P"Whaéthedpraﬂdeied esul ts

in Tabl e 6 shirpecdnyaisddo®l% USY.1158; CRAMG] byb, di ffer froma
typi cal aCté;@A(e al um_na matrlx w?n ch |s’usuaF a?fé}“f““%.%%w £t ons

cracki ng ML & 1P0%0 soligls W&Hﬁk-mwuﬂd:p@duﬁoehmmmhmﬁeﬁq‘li Properties
Prepar ati osef, 5{‘@9‘% A thermally stable, high surface area,
Mesopor ous CeA‘I:ag’ Egﬁu“ afn Wa?z ?Jrepar ed as described above in Exanple 2.
The wet cale of Pﬁz‘eﬁx‘aﬁon o QS Y Kk 1IRDOMG Y éﬁg%@k the catal yst

i 43

preparations that_foll ow B. Prepar ation O=/ C ay Cat al yst A
first catalyst, :’(ﬁf‘g hyagalyst, Spfbwsedepaadrfgﬂmt(m&pr@bedﬂ?e g

zeolite I at i-0 4 and a unjit cell siz

24.54 A ThIelb’l\g’c’? %rérﬁ%%’ét\‘?g tqw&%ﬁﬁ 4 Ca Sb IWaSrﬁEPIP‘éqsiW'éhHm-phmmé 2 wet
cake of t hEeAPA,PThe pedriviesl of Caealest Moo §,le %Tgb[ggl oni zed water, and
the pH of the rggfsl tant slurry was adj uste using concentrat ed HCl .

The CeAJPO, nmt 8P SValating the deraiyses fod penfasrtaacb omb @ilbaldit ok bdgighif or 16

hours. A ughdisy gmep%y Efﬁﬁslr £ _of d USY slurry, thée mlled
CeAlPQ,, slurry, g“}a%)é%\ m 194 2 ﬁg‘gﬁ é’;? Rﬁt&efobﬂﬁﬁau@dlsmmse%u nal
slurry corsteima McaldSTheBEx‘YaceQéﬁsB@the stdafhddl & 0 clay, on
a 100% solids basis. The mixture was spray- égrl géyrktgso&?lgﬁ&ew%l ng

particles with approxinmately 70 u average particle dianeter. The spr ayed
product was then air cal cined, foll o®BEBE 7anmoni um exchange usi ng an '
ammoni umsul fate solution. The exchanged catal yst was furt her washed with

dei oni zed water dried oCetalysgBt.| agstaRa{E' fed m fom 6&'.-:'13‘?5‘:’1?"”3-

The propgr t Cempexitioriaf Tl nal 259%5al al|yzse, A Emm Y 5% Bal Miled T 15% b tized
Feature CeAlPO, and and No CeAlPO, Ceﬁs.lego,c
No Alumina CeAIPO, | (Replaced Part of {(Replaced Part
Clay) and 25% of Clay) and
Alumina 25% Alumina
Calcined Catalyst Properties
Rare Earth wt.% 4.9 1.9 3.7 3.5
Na wt.% 0.1 0.1 0.1 0.2
Si0O» wt % 38.1 36.7 31.0 36 6
AlLOs wt.% 46.5 52.0 57.9 55.5
Surface Area m%/g 238 222 249 257
Steam Deactivated Catalyst Properties
Surface Area m%/g | 90 I 123 | 130 I 126

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 Arab Light Vacuum
~Gas Oil. The feedstock had the properties described in Table above.
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"+«C. Preparation of a USY/ Al unmina/C ay Catal yst A second catal yst, Cafgy YL 2o
F, was pb@%rlg%ol | om ng the procedure in Exanple |1B, above. except that
t he CeAl talyst E was replaced with HCl-peptized SEY mte

¢al um na. The properties of Catalyst F also are shown in Table 7. 25 21 JUL
WO 01/ 46342 Cata %Pe'%r@mw«?ﬁmeaaata&ﬁtwe smusyized i Tably 3\ wirdreprodhay

Cat al yst A thif; ¢ follown procedur e
in Exanpl e ge?fglgff@%%%&bg%t(%%‘?g ?ﬁ sttﬁf ﬁg\‘%ﬁﬁg 693%' REggvEEen gelart@(féeée:d and .
part of theF chaagriaas replaced with the HCl -peptized alum na used in

Exanple | 1 C so that the spray dried slurry contained 21% USY, 15%

CeAl PO, 25% alum na. 7% bi nding agent, and 32% clay, on a 100% sol i ds

basis HO - peptized pseudoboehni te aw&@ The final properties of
Catal yst G are shown in Table 7. FI on of a USY/ CeAl PO / Al um na/ C

Catal yst A fourth catal yst, Catal yst H was prepared follow ng the

procedur e .|_n_E;ga.;:;p.l_.e__;L_J.D,_a,h?y_e,_exrpnT that the CeAl PO in Catalyst G
was replaged with HCl - peptized CBgaqu@ted ¢hta1}15t5per t i ExacdvaGalk @diyigst FH a| so
are shomnTn—Ta'm-e%—il"ﬁ—Bcuuucca.um the—eatat-yst-s—or—perforyanceah a
pilot -unif for cat Eﬂ ¢ cracking, jesla/vﬁe il yst has Padcivaeedb: 14500
F and 35 pPsi g CofivesdlodWtre3 USING 0% St@am and S0¢alr. T1he P73 face—areas
of the steamed catalysts are shown in Table 7. TABLE 7 Catal yst E
Conposi ti pnal 25%Japdiure CeAlPO,, and 4No Al uminafl15% Ball gTTed CeA PO
( Repl aced HRar+—ef—Ccay—and—25%—Alumi-Ra—Catalyst L F 250 Al umi na
C, + C; Gas, wt.% 2.0 1.8
Total C; Gas, wt.% 54 6.3
Total C4 Gas, wt.% 0.5 10.4
Cs” Gasoline, wt.% 40.7 39.6
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

The results in Table 8 suggest that the CeAIPO, matrix has bottoms cracking
activity comparable to that of the activated alumina matrix. The catalysts provided
comparable HFO yields. The CeAlPO, 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
-add'mg CeAlPO; to an FCC catalyst. An FFB reactor was used with the Arab Light
Vacuum Gas Oil described above in Table 5. The performances of the catalysts are
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A1PO, Cal cined Catalyst Properties Rare Earth wt.% 4.9 1. 21NdL 200%
o000, 1 wt. 9% 38. 1 3%.7 A1203 wt.% 46.5 52.0 Surface Area m/

. .
o 97 Q"‘5}"”‘B’L}”QLZ3. 7 0.1 31.0 57.9 249 tivated Catal yst PrBREMBIEESurface

238 222 Steam Dea ;
Area m4g -1 90 123 F. 130 P CT/[JS00/ 33999 Catal rest H 15% Pepti zed

CeAl PO,, ( RSBMpsgedin fabledt, viepgproduct selRbfivif)l was inrpdldiedto’ @sfanb5. 5 257 |
126 | Catal %Bh@er%&%' WO RogE s en of feed to 430° F material.

TABLE ¢
Catalyst F Catalyst G Catalyst H
Matrix No Added CeAIPO, | + 15% Ball Milled + 15% Peptized
CeAlIPQ, CeAlPQO,
Conversion, wt.% 65 65 65
Cat/Qil 38 3.6 3.5
Cs" Gasoline, wt.% 396 40.7 42.0
LFO, wt.% 254 250 253
HFO, wt.% 9.6 10.0 9.7
Coke, wt.% 5.1 55 5.2
.RON, C;s” Gasoline 88.2 87.8 85.5
H,S, wt.% 1.7 1.9 1.9
C; + C; Gas, wt.% 1.8 1.8 1.7
Total Cs Gas, wt.% 6.3 54 ‘5.0
- Total C, Gas, wt.% 10.4 9.5 0.1
C; /total C; 0.81 0.81 0.80
Cq ftotal C, 0.48 0.52 -0.49
Cs /C3™ 0.98 1.11 1.13

The test results in Table 9 demonstrate that incorporation of CeAIPO, into the
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 lower C; and C,
yields. The CeAlPO, matrix “as-is” (Catalyst G) had a shightly higher coke-making
tendency, but this tendency was alleviated by HCI peptization of the gel (Catalyst H).

The bottoms yields are comparable for all three catalysts, probably because all
three catalysts convert nearly all of the crackable heavy ends at this conversion level. One
negative aspect of the CeAIPO, containing catalyst is that it lowered the research octane

number (“RON”) of the produced gasoline by as much as 2.7.
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«Catalysts E and F were conpared for use in a catal ytie cracking proc@ssJuL 2004

usi ng an E,E)E& tor at 935F, having a 1.0 m nute catal yst | me
usi ng Ara Lllg‘ﬁ?ﬁVacuum Gas O 1. The feedstock had the prb’ﬁ%ﬁ‘ﬁ@aé

wdescribed in Tab e. 26.\WD 01/46342 r21 JUL 20 PCT/ USOQ 33999
o e or mncos Ths CeRBRY. Goniine taist i raaed Sut H 9By & 1%, spezstings oduct

The perfornmances

sel ecti vi t ythieis hitefidl a3t de bSredtidl PG, ' : 9 veLsi on
of feed to 430 sF rrateriag’I. QFRBEEI8 Deacgmel\x/lgt%ejﬁﬁ@{ g%%?f‘:&%@ﬁfo&a :‘Q‘e

Cat al yst F G&AIPOx28500ing RElyse ing8asedche huylent sel20dtyGn Q\agas) @id, the\l, Y6565
Cat/Q14.13,8. Cl .+ s, w.%2 01,8 Total C3 Gas, wt.9%.46.3 Total C4
Gas, Wt . o, Q- P-Cralefesly iﬁ%fﬁﬁ)ﬁ‘?% E@B}?leigggeﬂi#@,‘” et the shemistry ofFQ

ut. 940. 09. G ke, isifisfenTForh a Rdbal Goive @AM EHE %SJJ&%@I&@#'{@OS in Table

8 suggest that the CeAl PO, matr as bottons cracking ac
conpar abl e impravedottofmsicraskimgt i vat ed al umi na matrix. The catal ysts provided
conparabl e HFO yi el ds. The CeAl POQ,, catal yst shows hi gher gasoline
selectivity (1. I w.%yield advantage). G Product Selectivity

Cat Ayt Fio Horae iy Mt kRt hlatiok A Kbl aa g, 1
catal yst. An FFEaAIBO: fomvigampieed!(Sengle Ahend\WAPQ, fgérh Example 9 (Sample F)

were each pelleted and sized to an average particle size of approximately 70 micrometer

(1), 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 equilibrium catalyst has very low metals level

(120 ppm V and 60 ppm Ni),

The additives were tested for gas oil cracking activity and selectivity using an
ASTM microactivity test (ASTM procedure D-3907). The vacuum gas oil feed stock

properties are shown in a Table 10 below.

Tabie 10

Charge Stock Properties Vacuum Gas Qil
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
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Vacuum Gas O| described above in Table 5. The performances of the {29 JUL 2004

cat al yst sy, WD 01/46342 21 J U L 2004  PCT/ US00/ 3399 jzed in
Tabl e 9, eo‘rilé‘g%‘rzoduct selectivity was interpolated to a c%ﬁiﬁ%ﬁ’ggég

conversion, 65 wt.% conversion of feed to 430 F material. TABLE 9 Catal yst
FCat al yst CCat al X%%n A\factori xNo Added Oeﬁ O .+ 15% Ball MIIled+ 15% Peptized
CeAl PO, , CeAl PO, e ST ON- RS YRS ERRRRd Y Ve ths saglysistocsil radas aid ne,

W 9615 55,2 RO GO Caoal | nens IRy g P o pat el paBiSipes, o

Gas, wt. % .28%yeed witlietGl eqipmedwithve soifuraftetior QARDY) ab dEHrigas theWasdfR. 49 59. 1
C3 /total gﬁ&-’lﬁ&’%c%ﬂt?&tsg 7t gt al C40.480.520.49 C4°/C3.0.981.7111.13 The
test results In Taple 9 derdieiEEReRRgtalieronT issntin wacerratena®Griatednt o t he

matrix reswiihefihdubtng i dis@Rbbh Yuf gif?% | lelds .(as mich as 2.4
Wt.% . The increase in glasol i ngut;/é@?t s o@@%ﬁ??ﬁ" esé"‘%ﬁﬂéﬁ plY &om t ed

most |y fr ofHipRRREE tTC4athivptines yept geantifibuGisgHRQulfur@idcior andhd sum (et al yst
G had a sh%mhlé ..‘I;u‘iggher . C ﬁ-ﬂ'f%ki H,g tendency, but this tendency was

al | evi at ed By SUSFUNE Jn e sukEr lwsl reroniedifs fouppasoline Shexciures agy el ds
ar e conpar béizetHi®shett knd ReR& Bl . %gp se all. three

catal ysts conver?hnearl y gl | of l‘%h&yeﬁ%:‘:';rérztia(s:ka ?%éé@ggegﬁaggﬁo@ﬁis%m%ﬁ%rsi on
| evel . Onete ¢atlatipy overiape Rerfokmatves GEMERAaly s Alrnivizedah Thylst 1 wpdhat it
lovered t h&e rp?&ﬁl%{ Se']ec?ﬁ}tf}r&,%s interpolated to a constant conversion, 65W1% or 70wt%

conversion qf feed to 4309F- material.
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«nunber ("RON') of the produced gasoline by as much as-2.7. 28 21 JULQQQM- 2004
WO 01/ 463 g’CTI USOO 33999 The CeAlPO,, containing catal ysts increased the
H2S i el d% o suggesting that this material may haveGIAS08B3%P f or

¥ SOX renoval and/ or gasoline sulfur renmoval. The CeAl PO,, containing
catal ysts increased the butylene sel ectTabl¢y1in C4 gas, and the C4
olefin-to-C3 olefin ratio. The.results in Table 9 clearly show that the

chem stry of CeAl POX 1s ditfrerent 1 OlBée CokP! CH 05| :
whi ch is usuaH-y—added.to inprove bhoftops cracking. LE 12777 Ll

Catal ytic Cr &CRYSFIPIEVERUati on of CoAl PO, ald VALPQ ToAl PO, fronvexanple 8
(Sampl e A) apdyyil POX from Exanple 9 Sarr% F) were each pellet ed and
sized to an average particle size of jappr 6Xi rrately 70 cr omet er Zp) t hen
steanmed in a nuffle furnace at 1500F for 4 hours to sinulate catalyst
deacti vation unit. Ten wei gh ent of steamed pellets were

bl ended wit hﬂagl E’er\arﬁl |'i brium catal yst froﬁb‘?in FCC unf®4* The equi F¢-Bk i um

cat al yst hascveiygh@Wwetetal s level (1120 gpm V and 690y pPM Ni ). The
additives werk tésted for gas oil crdcking activity and sel ect|V|T(§/ usi ng
an ASTM m cFaalof,iGasf wi% est  (ASTM prqcedusg D-3907).4ghe vacuum gas oi |
feed stock pfopertl es are shown in g Table 10 bel ow. Table 10 Charge Stock
Properti esVacum;rTﬁala,ﬁ% APl Gravity26.6 #6iline Poind, F182 CCR.g.wW %0. 23
Sul fur, wt%l.05 Nitrogen, ppn600 Basijc nitrogen, ppnB810 N, ppnD.32 V,

ppnO. 68 Fe, Ppad, Ggs.0n% ppnD. 05 Na, ppn2.193 Distil | atdon 04
C4= yield, wt% 34 -0.1 +0.1

iC, yield, wt% 4.8 0.2 0.4

C,* Gasoline, wt% 493 -1.7 -0.9

LFO, wt% 25.6 04 +0.1

HFO, wt% 44 +0.4 -0.1

Coke, wt% 2.5 +1.4 +1.3

Cut Gasoline S, PPM 45 330 383

% Reduction in Cut Gasoline Base 26.0 13.9

% Reduction in Gasoline S, Feed Basis Base 28.5 15.4

Data in Table 11 show that the gasoline S concentration was reduced by 26% by
addition of CoAIPO,, and 13.9% by the addition of VAIPO,. The overall FCC ytelds (C;~
Cs 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 results were recalculated to incorporate the gasoiine-

volume-loss, CoAIPO, gave 29% S reduction and VAIPO, gave 15% reduction.
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PCT/ USOO/&aQﬁaﬁﬁgrange of conversions was scanned by varyi %’1‘?15!&%0/33999
catalyst-to-oil ratios and reactions were run at 980F. Gasol i1 ne range

product fromyes ri zed w equi pped with a
sul fur detector &E%) gt ﬁg%%}gg ‘?%%kﬁ%n@ﬁ‘ 10 ‘Ul#}'dﬁpgcencentrati on. To
reduce experi nentZalAIRO; from Exandle 6 vas peIRERTdrdaized fo ﬂ'ﬁﬁ/@ﬁé@?ﬁﬂiclé’!i}_
fluctuations in distillation cut point of the gasoline pecl es rangi ng

only from epprogimeney 76 nizrotreten ik miesh soeaneeddniafiufe ﬁﬁl&b‘@ht”ﬁiobbﬁ £Sr4 hiMirs
defined as "cut-gasoline S'. The sulfur [evel

det ect t.h
rgpg(r:t Ce)(rtl ? 2?" S‘Eﬁ{atﬁ%ga?tﬂéa@vaﬁ%wa@%wt Bemweighi pepteanof steaindd GinkiPO,
DAl [ ar SRAEHEFrERSIGAS oS 008 Py 08 SO STRNC il Shinech o

distillation overlap. Performnces 0
11, where frbm Wi BdGraces Pedfotrhaticey ofiths ZnAIEO Rok alrRflarkied #n TS 1ant
conversion, ©65w%or 70w% conversion of feed to 4300F- material. 30

LS. -1 JUL 2004 V WD 01/ 46342 Table 11 Base Corse+ 10% CoALPQO, , + 10% VAI PO
Conversi on, w%07070 Cat/ G| 3.23. 23\,\17;‘%,}/ eld, wt% 0.04+0.24+0.21 C +
C, Gas, W% 1.4+0.3+0 Total C3 Gas, w36 55:%4+0.1-0.2 C3= yield, w%

4. 6+0-0. 1 TOTACI— oS —Mro—H—t—0—5=0 4G mpi-eht— 305402401 | O
yield W%.4.8-02-0.4 Lase Cage 0% ZnAlPO,
Conversion, wt% 72 72
Cav/Gil 32 3.6
H, yield, wt% 0.09 +0.03
C, +C, Gas, wt% 1.8 | +0.2
Total C, Gas, wt% 5.8 +0.3
c3= yield, wt% 4.9 +0.2
Total C, Gas, wt% 113 +0.1
C.= yield, wt% 59 02
iC, yield, wt% 45 +02
Cs'" Gasoline, wt% 50.0 -1.0
LFO, wt% 23.7 +0
HFO, wt% 43 02
Coke, wt% 29 +0.4
Cut Gasoline S, PPM 477 449
% Reduction in Cut Gasoline S Base 3.9
% Reduction in Gasoline S, Feed Basis Base 77
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*C5+ Gasoline, wt%49.3-1.7-0.9 LFO, wtto/o 25.6-0.4+0.1 HOW/4 4. 4%)‘14UD.2BD&
Coke, W %y@op¥4e34z4+1.3 Curt Gasoline S, PPM 445330383 % Reg }LEQ %
Gasoline S Base26.013.9 % Reduction in Gasol | ne S, Feed BaS| S aseé’ 515 4

& %
by addi t ron of oA st o 5085 backRsoing SR Goh GtreharboRs eRME BV |

Eﬁgnélegl gﬁg%lﬁby%zt h t hémﬁ@CS\A?ggpdﬁC%ds A Pdam:q gg.@f)tl on, *{’igﬁ} ugh

sone incre ofRfyieldRechgnged pnlywightly wisk theZAIPOR edditibe, although
desul furiz recalcul a to.incorparate t gasol i ne-
vol ume- | oss %OQB\%E%&B égﬂe)ﬂgléo‘?srogmﬁ e&h%@e ’é’yé'eﬂ-g‘%weé?juctl on.
PCT/ USOO' 33884c1ddted '\ 91&6 Pt the E&lm%%ﬁ)me-logspfm 3o 8% >§§§M 13 -
Fluid Catal ytic Cracki ngﬁ’gval uatglion of ZnAl'P xZ%AlP% § ré"{rrn&lzxarrpl e 6
was pelleted and sized to an average particle 5| ze of approxi mately 70

m croneter (p), then steaned in a nuffle furnace at 15000F for 4 hours to
sinmul ate catal yst deactivation in an FCC unit. Ten wei gh. percent of _
steaned ZnAlPO pellets were blended with a steam deactivated, Super Nova
DTR FCC catal yst- obtained fromW R Gace. Performances of the ZnAlPQ, ,
re summari zed in Table 12. Table 12 Base Case+ 10% ZnAl PQ Conversion,

W %272 Cat/QO| 3.23.6 HZ yield, wt%0.09+0.03 C | + C2 Gas, wt% 1. 8+0. 2
Total C. Gas, wt%5.8+0.3 C3- yield, wt%4.9+0.2
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Total C4 Gas, WM% 11.3+0.1 C4= yield, Wt%5.9-0.2 iC4A vyield, wt%.4.5+0.2
Cs + Gasoline, t9%%0.0-1.0 LFO, w%®3.7+0 HFO w %!. 3-0. 2 Coke, wt[zfa.,QmQ.Z@
Cut Gasoline S, PPM477449 % Reduction in Cut Gasoline SBase5.9 % Reducti on
in Gasoline S, Feed BasisBase7.7 32 L - rs 1 JUL 2004 WD 01/46342

PCT/ US00/ 33999 It will be seen from Table 12 that gasoline sul fur

concentration was reduced by 60,7, ,” by addition of tThe ZnAI'PO - rhe

overall FCC yields (H2 ZnAl POx addition, although sone increase in-coke

yi el d WASHABISClAIVBINS: t he desul furization results were recalculated to

I ncor porate }h& gasol i ne-vol une-|1 oss, ZnAl POx gave 8% S reduction. 33 [2 1

JUL 2w4 WHAT!| & Precassviecatadytic crackingf @ bipdrocdroon feedstkly tompresime ki ng of a .

hydr ocaghang onprisi con.tacti.ng, the feedstock with a

cat al yg‘%&%%@??‘} %%églgwﬁpgwﬁ@gt&onwgg HLFWESING g MESPRIMSs phat e mat eri al

whi ch cawpinopksphate Matediablhioh AGRMREPH IR al&ﬁﬂ%%%#h’a%%omﬁggﬁéﬂ ed wth at

| east one el enment selected fromzirconium ceriu ant hanum nanganese,

cobal t ,m%‘ﬁ@e with gt least aa¢ dementisdraetirom eirnmsopaetdus, lanthhdui, nophosphat e
urface area .of at least 100 nll/9, an average

! e
3‘3? o h?{é es€, OB, ey and Yanaiim, Whciein Hs mesopgrepsalypipephosphatedi st ri but i on

such t hdterédl hbeasieciiie Wuice bRE 0P 1 ? han 100 A
alid futther, that 10%cg6% oof tﬁ%tg(?rﬁgs@ﬁg@g&gg oo?éeﬁéﬁgtﬁéﬁgfma%f 50 to

i oo AOFsqual ip100- Acrad s pofe sizeadistribution sueh thattablzast 0% eticpozes lakeyi nophosphat e
mat er i ver al ore.dianeter of 30 to 100A, 3. The process of

ol ai m 20 R R ER A 8 Euihe! BeCloshiemins smares bia troradiames o
speci f bE5&ty fomck, area of at least 175 m/9. 4. The process of claim!]l
wherei n the nmesoporous al um nophosphate material has

2, _The process of claim 1 wherein the mesoporous aluminophosphate material has
an average pore diameter of 30 to 100 A, .. '

3. The process of claim 1 wherein the mesoporous aluminophosphate material has

a specific surface area of at least 175 m¥/g,

4. The process of claim 1 wherein the mesoporous aluminophosphate material has
a pore volume in the range from 0.10 cc/g to 0.75 cc/g.

5. A process of cétalytic cracking of a hydrocarbon feedstock comprising
contacting the feedstock with a catalyst composition comprising a mesoporous
aluminophosphate material which comprises a solid aluminophosphate composition
modified with at least one element selected from zirconium, cerium, lanthanum,
manganese, cobalt, zinc and vanadium, wherein the mesoporous aluminophosphate
material has a specific surface of at least 100 m®/g, an average pore diameter less than or
equal to 1004, a pore size distribution such that at least 50% of the pores have a pore
diameter less than 100A, wherein the catalyst composition further comprises a primary

catalytically active cracking component.
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a pore volunme in the range from0. 10 <cc/g to 0.75 cc/& 5. A procegs of
catal ytic cracking of a hydrocarbon feedstock conprising contacti 1bﬁ&.ﬁmg
feedstock with a catal yst conposition conprising a nmesoporous
al um nophosphate material which conprises a solid alum nophosphate
conposition nodified with at |east one el enent selected from zirconi um
cerium lantha-num nanganese, cobalt, zinc and vanadium wherein the
nmesopor ous  Sal unTheophosphitieim et £whadeinde weighPefib bi fesur f ace of at | east
100 m 2 . era re,di aneter less than or equal tol OOA, a pore
si ze di %4“?‘."%‘%?‘?53’;{5’“36‘%%8‘%3 1 the primanstradkingeabilyst pempreeetss Maane .04 tpor e
di anetef.5l ess than | OOA, wherein the catal yst conposition further
conprises a pnmary catalytically active cracking conponent. 34 21 JUL
2004 6. The pr oCestheQfoceltiBdimdror AR L GV ELOOLRLEQ O the
al um nophosphate material to the primary cracking ca afy t “Conponent is
about 0.9gacking compgnery compdses pdargs poreimaéaiansicve mvirg aet sizagieher pri mary
catalythﬁaih%ugggjve cracki ng conmponent conprises a |large pore nol ecul ar
sieve having a pofe size greater than about 7 A 8. The process of claim7
wherein the primary catalytically active cracking conponent conprises a
zeolite Y. 98, Theprocessesolaii 7cihaiein the pfimerywanlyticdllyldeavdorali@sar bon feedst ock
contains sulfur and the process produces a gasoline boiling range product
havi ng SOMBRRERt COmITIses a gehitecYit t han the feedstock. 10. The process of any
one of clainms 1-9 wherein the nesoporous alum nophosphate material is
anor phous. 35

9. The process of claim 1 or 5 wherein the hydrocarbon feedstock contains

sulfur and the process produces a gasoline boiling range product having a lower sulfur

content than the feedstock.

10.  The process of any one of claims 1-9 wherein the mesoporous

aluminophosphate material is amorphous.
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