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Hydr ocar bons BACKGROUND [0001] The present invention

relates to i nproved catal ysts, and nore specifically

to catalytlc cracking catalysts conprising zeolite and

Quth b ithors Gdvaprising Metad PhosphitgBopnd dlepliteiand Methods of

the productkPn.o ' 2], Catalysts

and zeol i t es=tt reHHteTa pHoSpr drpdhent ar e

described in the follow ng references. [0003] U. S.

Pat. No. 3,354,096 describes zeolite-containing

adsorbent and catalyst conpositions that contain a

i ndi ng agent to inprove physical strengt h.
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[Qﬁﬂé]oar ati UrS dat. d‘t@ckﬂﬁ@%hﬂa‘i@ﬁs’t@ MP8A7E and #:504.382 describe
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[0007] U.S. Pat. Nos. 4,605,637, 4,578,371, 4,724,066 and 4,839,319 describe

phosphorus and aluminum phosphate modified zeolites such as ZSM-5, Beta and

ultrastable Y that are used in the preparation of catalytic compositions, including
catalytic cracking catalysts.

[0008] U.S. Pat. No. 4,765,884 and U.S. Pat. No. 4,873,211 describe the
preparation of cracking catalysts which consist of a zeolite and a precipitated alumina
phosphate gel matrix.

[0009] U.S. Pat. No. 5,194,412 describes preparing a cracking catalyst that

contains zeolite and an aluminum phosphate binder.



conpositions, especially fluidized cracking catal ysts,
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BRIEF DESCRIPTION OF THE DRAWING

[0016] Figure 1 is a schematic flow diagram that illustrates a suitable process

for preparing the catalysts of the present invention.

[0017] Figure 2 is the 3'p NMR spectrum of the sample (Fe) from Example 1
with peaks at -6, -15, -32, —43, and —49 parts per million (ppm), with the —32 peak
attributed to an AIPO; site.



site. [0019] Figure 4 is the 31P NWR spectrum of the
sanple (Ca) fromExanple 3 wth peaks at 0, -11, -14,
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catal ytic conposites having desired properties, shape
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[0026] As illustrated in Figure 1, the catalysts of this invention may be
prepared by mixing in water a metal salt (1), which is other than an aluminum salt,
and one or more zeolite or sieve (2), and then adding a source of phosphorus (3), e.g.,
phosphoric acid, and optionally a finely divided particulate inorganic oxide
componenti (4), including, but not limited to, clay and alumina. The resulting slurry
(5) can then be processed to obtain bound catalytic composites having desired
properties, shape and size. Figure 1 schematically illustrates procéssing the resulting
slurry in a mixer (6) and spray drier (8) to form the desired bound catalyst

composition.



an alumnumsalt to forma slurry, which said slurry
is conbined with phosphoric acid solution that serves
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c?ofmpositions that are useful in other catalytic processes such as hydrocracking,
hydrotreating, isomerization, dewaxing, etc. Such catalyst forms can be used in fixed
bed and/or moving bed applications. Techniques suitable for extruding and
pelletizing these compositions are well known to those skilled in the art. For
example, the feed composition into an extruder or pelletizer generally is the same as
that for a spray drier, except that the solids content of a spray drier feed is generally

higher than the feed paste for an extruder.
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conversion, it is usually desirable to include 0.5 to 1.5% excess phosphoric acid when
phosphoric acid is used as the phosphorus source. The amount of phosphorus source
used to make the invention also depends on whether aluminum-containing materials
other than zeolite and clay are present in the composition. Larger amounts of

phosphorus are typically added when such aluminum-containing materials are present.



especially the zeolite, in a manner such that the
resulting conposition does not readily disintegrate
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it with the zeolite. However, as mentioned above, it is also suitable to add the metal

salt as a powder to the phosphoric acid solution and then later adding water to adjust

the concentration of the metal salt to the desired levels.



phosphorus source in typical enbodi nents should be one
that remains soluble prior to being spray dried.
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produc ndi tions :
lI&?%]r]ocar bo 68?1 3@85&}”3}"‘88“&(:% Sur?ce\brea of about 2 to 50

1%9@5{s0&%ﬁ5591 EIQI/ Peei2RBE/ AERRES as ¥i ®Inthodbntt dfecatdyas Medigned for
I cal” anpbunts of additional materials that can _be
lﬁéégﬁmesqsqs The catalyst of this invention may also comprise additional finely
divided inorganic oxide components such as other types of clays, silica, alumina,
silica-alumina gels and sols. Other suitable optional components include yttria,
lanthana, ceria, neodymia, samaria, europia, gadolinia, titania, zirconia, praseodymia
and mixtures thereof. When used, the additional materials are used in an amount

which does not significantly adversely affect the performance of the compositions to

produce olefins under FCC conditions, the hydrocarbon feed conversion or product



the invention range fromO to about 25% by wei ght of
the total conposition. [0042] The catal yst may al so
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net al phosphate. For exanple, materials can be added
to the mxture in mxer (6) of Figure 1 such that a
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significant disintegration of the composition.

[0044] In typical embodiments, the catalyst composition contains relatively
small amounts of aluminum phosphate, i.e. regardless of whether a second binder
comprising aluminum phosphate is employed. In typical embodiments, the

composition contains silica- and alumina-containing zeolites, and it is believed that



during the manufacture of the invention, zeolite is
deal um nated and the resulting alumna will react
WO moshombe phosphorus in the phosphorus sour cePdDU$2003010603
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400 to 7 nd regenerated at 500 to 850C. to
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this invention. 9 WO 2005/ 097950 PCT/ US2005/ 010603

@gvéﬁ] Ther%?Jr?édyISéC A1 ThdRE i Gibehflod bRGinPREmAbut 5 t0

I'ng bed cataly
60 wt. % ZSM 5, 0 to 78 wt % kaolin, and 4 to 40 wt. % metal phosphate.

[0047] The catalyst may be used in a conventional FCC unit wherein the

catalyst is reacted with a hydrocarbon feedstock at 400° to 700°C. and regenerated at

500° to 850°C. to remove coke. The feedstocks for such processes include, but are

not limited to, gas-oil, residual oil and mixtures thereof which may contain up to 10

wt. % Conradson Carbon and 0-500 ppm Ni & V. The amount of metals depends on

the type of feed and other processes that have been run on the feedstock before

processing the feed with the composition of this invention.



cracki ng processes. The catalyst for these processes
is generally in extrudate or pellet form and those
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the cl ai s nded hereto.
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ageohmin thé far@\fPaiticulatéss CW eng/pupelleds. anount s
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was then added and stirred. 1880g of kaolin clay (the
iavension apd ard rgy intandedite atiminis agy vaydhe ﬁlélramnmfléed fereto.
reported in the Exanples that foll ow being reported on

a dry basis) was added to the slurry and m xed for

five mnutes prior to m|EXAMRIES slurry. The slurry

was mlled in a Drais mll. The pH of the slurry was

0.03. The resulting mlled slurry was then spray

£¥anfe tprafhrktidntif A IRIREPRIPhste WOUn@RELRE t enperature

of 399C and 149C, respectively to ftormparticles

[loasa]ng a ne0gpHrieCl. &L »as rdmsolrvt:éah i7800gL B,@0 To this aqueous

G W 209, 20pbe o e CRp ABopRERT S S B RO ple md the
iﬁ'l(mhttse tp%f'ted 39 #e Ek‘arﬁglle@t-haﬂ%ﬁdv@ beﬁEQeﬁ&[Hd%}{ aQry 1badis). The

cat al yst prepared hi s exanpl e and
resulting slurry was mixed and heated to 80°C for one hour. 856g of phosphoric acid

was then added and stirred. 1880g of kaolin clay (the amount of clay in this Example
and the amounts reported in the Examples that follow being reported on a dry basis)
was added to the slurry and mixed for five minutes prior to milling the slurry. The
slurry was milled in a Drais mill. The pH of the slurry was 0.03. The resulting milled
slurry was then spray dried at an inlet temperature and outlet temperature of 399°C

and 149°C, respectively to form particles having a mean particle size reported in
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various properties of the catal yst, such as average

(nmean) particle size, average bulk density, etc., are
wOo pswddsd i n Table 1 bel ow. The sanpl e preparBdr/us2005/010603

according to this Exanple 1 was al so subjected to

nucl ear magnetic resonance analysis to confirmthe

formati on of the netal phosphate. The results appear,
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s ity oo 1R, it SiehRRsicS AERb Hope was
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Bound Zeolite [0053;1 1180g of CaCl2.2H20 was di sso] ved
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@ﬁfz‘@&i f&l sahipldse Q)nejl‘ﬁﬁﬁﬂ:d(}fzvem?'e@ght‘cm) %@Qﬂ@tlbﬁs WeR performed
lurry and mxed for five mnutes prior to mlling the
(81 alt rsgtxnple?mcqitLﬁqu4v¢asthm Example Théorpwhich §008 ashuisitipns were

I | ed t
MFReReC el EEUbIRIAR bhuReD ¥, 4l 08P, B B e
déplaRAGpedtdh. 149C, respect ively to formparticles

having a nean particle size reported in Table 1. The
spray dried catalyst particles were then cal cined for

e TIPSRl of A il Phospitbe BYE dz’?eoh?@e Cont ent of

ous
[0osgler ti esl I(BDgtolﬁ €a€&t2ﬂﬁl)§tvas dissolvedsn éﬁ@@@g@-l{@re?ﬂn this aqueous
particle s den etc.
Dhisomaute Adta0E 28 Do TheHELtng punias rhsd and heated to

&3};@ 1of bRE hbr. '\'k@ga@@ﬂyo%bﬁomam& kyfds iGer A1 e rbﬂtltshﬁ@é 1666g of

scribed in Exanple 1. The results appear in FIG
dldy Was 2045 ©9the SurBCIHdUS2GASH0 fiye 0BinuEs gnior ¢ milling the slurry.

RS el el ST EReE oot AR g s
VoAK th‘é‘ntﬁra@ &iéDht hy ihies enfRRASB At &fllet temperature of 399°C and
149°C, respectively to form particles having a mean particle size reported in Table 1.
The spray dried catalyst particles were then calcined for forty minutes at 593°C in a
lab muffle. The content of the catalyst prepared in this example and various
properties of the catalyst, such as average (mean) particle size, average bulk density,
etc., are provided in Table 1 below. The sample was also subjected to NMR analysis

according to conditions described in Example 1. The results appear in FIG. 3.
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phosphoric acid solution. Mdre particularly, 1311 g of
CaCl2. 2H20 was di ssolved in 7000g H2O. To this

WO sob0e798n was added 2000g ZSM 5. The resul ti neCBUSADY010603

was m xed and heated to 80C for one hour. 828g of
phosphoric acid was then added and stirred. 1900g of
cI ay was added to the slurr and mxed for five
xample 3-Bieparation of e |Galeginm: Bho af; dealitgy (12 Yo e
5&J ed. The pH of the slurry was O. 10 The resultlng

ed slurry was then spray dried at an inlet
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according to conditions described in Exanple I. The
reegting snidlog esurry rwas thend sprEx almkleam@rlebartampmnue and outlet
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reduced to 7.7% More particularly 656g of CaCl2. H20
fasty migutes gt V83°C in 8 ddsEmuids. T cvmﬂ:%t afghecatghyst peepared in this

AR A0 i ol B0 58 Whiay30 sudk W AVeRSIE Gaft size
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srbjectedgtog NME jagel ws apprdnng for spngiions; eﬁféd’egvﬁ ’&FPI&}F 1. The
The resulting mlled slurry was
&ﬁﬂtssigg§%¥ng?§ed at an inlet tenperature and outl et
tenperature of 399C and 149C, respectivel y to form
part i cleﬁ haV|. an. | %I e ze . r b

sphoric

@ildfl ned for forty mnutes at 593C|n a lab muffle.
content of the catalyst prepared in this exanple
[&ﬁIS]v ar i ouBxgmplpér waetepshted leacepattiag goncentsatiom efsphosphoric acid

R SRR GboBRH or 711 o, B 838 SR OBIGE 1,0 was
diksodvedlia 62682000, 094 M9 sBTibh/SIQDRIded 2800 ZSpise cTidresulting

to NMR anal ysis according to conditions described in

HEyiag mixe heated! 10 186° G Spreane howr. @ g of phesphesiceack! was then

SRS HAAL. TSR Lada L P U ERPSARGL for U Hhnucs

Bfoftg millhg the dlinrg bk whirpnwas milled. The pH of the slurry was 1.41.

The resulting milled slurry was then spray dried at an inlet temperature and outlet

temperature of 399°C and 149°C, respectively to form particles having a mean particle
size reported in Table 1. The spray dried catalyst particles were then calcined for
forty minutes at 593°C in a lab muffle. The content of the catalyst prepared in this
example and various properties of the catalyst, such as average (mean) particle size,

average bulk density, etc., are provided in Table 1 below. The sample was also
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was added 2000g ZSM5. The resulting slurry was m xed
and heated to 80C for one hour. 725g of phosphoric
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resulting slurry was m xed and heated to 80C for one

miled. BugspH o tb*h slipmovasc0-3¢i d hpaesultinghmalddetlugy gvas then spray
ériédreg%g 1nl%¥1%§‘g)epgtur‘élaﬂ¥ olifict t@ﬂ?@l’gtur Pf §PCSIndr r439°("3‘ri‘gspectlvely
m xe or TIve mnutes prror Ing the s
t'6h16nﬁ|paﬂiqleSI\MmgT‘ald1ml pa]:lﬁkﬂe pHe atpdriedd ial Tabley lvva’Ehd)skay dried

resul i ng led. s was then sp .dried at
Y |péftl°§eérfﬁ%rr= s Il b 6oy MR & ibf [3pgttte. The
Hathnt 4P fhe daBVAE phdpéfebiYin this example and various properties of the catalyst,

such as average (mean) particle size, average bulk density, etc., are provided in Table

1 below. The sample was also subjected to NMR analysis according to conditions

described in Example 1. The results appear in FIG. 7.
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to formparticles having a nean particle size reported
in Table 1. The spray dried catalyst particles were
WO tdvenomsd ci ned for forty mnutes at 593C i n aP¢EIDS2005/010603
muffl e. The content of the catal yst prepared in this
exanpl e and various properties of the catalyst, such
as average (nean). particle Size, ayerage qulk density,
Xqmple 4pdeparal 4 Lagthany e Sk e258npl e was
@058 subj eriseg of 2.aMRIBTRIISHi8s AN H000g bPHSONdotthRRS]ution
described in nple 1. The results appear in FIG 8.
Wasoarded 2800y 2Pbi- 5t Tbareshlting shyrewasmizdond haated By 80 for one

Zeol | 591, 12619, of C12. 6H20 [ | ved, |

855 bEBRS P A Wos JAGRA AL Y050l 7308 68 i addea
tbhBe sREM! dridngixeh Yo Fiv¥afinifex pHorROmNEaE ekt §18rry 8OGef Mirry was
one hour. 649g of phosphoric acid was then added and

willedr ebhe plEgdghoslurry|vas (48 ddegesuling melled slpwry veasdthen spray

ed . ftar, fiv L nut ' N o (prts .
TS0 3t Ao B b B0 e sl
tohformh gatidlésnigaviiid h etkasl patidle sis@sepdresd pTatle dr | Eigk gpray dried
an inlet tenperature and outlet tenperature of 399C
Gatdyst pagiclesveerp dhan cpiqiged; for fortyrmpnytes & 393 °qdyardab suffle. The

| .
R B2 plaBys? bARpleE R UE Gl L84 Sarkons pHORrAR! @ine catalyst,
stichu$ egerage @BA0) partiele sizapavenddel ek dasitgpett.cate pdvidbein Table

catal yst prepared in this exanp nd various .. .
lpgﬁlﬁ?é’%/ cad _5@?319 s foaﬁ%?c,te‘ﬁt?ciﬁ’i{%@ anglypis GECqrHingyp conditions
R3¢l if ERhdBle RVRIAGSIRUbBe¢IFIGYs. ©tc., are

provided I n Table 1 below " The sanple was al so
subj ected to NMR analysis according to conditions

ple 1. .Th res l.ts, a %ar.ien FIG 9.
3 S L Sime lu'@%—ﬁﬁ%%%l nventi on
[009HO1 Eacivedf éthe1838.8HYO waddRRAREd ih n5d25anpt 8B01- &o this
and ‘two conmerci al | % avai | abl e catal ysts, were tested

obitiop| iy Addndod9Pei B¥YMih dheaeswirg cluryuvat migedprd heated to

te i gnegh t ' e t i Li f:

SE ok Ens Rl Rl & Sl R IBBL 180 Guf sufted. 2280g of
IRTIVelS 2005 ©11B6 QRirrydasiCmixxedi fon fizd Anidptes riopro afillingethe slurry.
DCR has been,_published in the foll ow ng _papers; G, W
Nesustgrry @asppilipdaherniéer thentdursy Was Ineds e fhe resufingamilisg sturry

SRR iy Bt A PhEE el EURR et o 399°C and
IROPC nespechsapto rimopar(iABRKYvikinp encaAlBBicEsiz&repdrted in Table 1.

oung, "Realistic Assessment of F al yst o

T PO R AR BV e SR CEIPRSGEAT [ R apps o 593°C i
155 AAKFRY: THE €Mt 36X thECERALOBIeparkd 2 tHYRAKEmMPRI aMll various
M Mtchell, Jr. Eds. Studiés "in Surface Science and
Meapatigsofsthechtalmst, 56¢h gs azBage (Eleam)pasticlssizenaesrage bulk density,
eltgéj.,b z!trle Sprr]c?\;iéed B Mibte {'TELS! AN s:zlt?n% 4 whiEI80 gﬁbAjé"ééc? AR 014 analysis

according to conditions described in Example 1. The results appear in FIG. 9.

nle 8-Frep

£
U

Example 9- Olefin Yields Obtained Using the Invention
[0060] Each of the catalysts prepared in Examples 1-8, and two commercially

available catalysts, were tested for olefin production in a Davison Circulating Riser

that is designed to simulate the conditions of a conventional FCC unit. The
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100611 The inventive catal ysts were tested wth
conventional faujasite-based catalyst, i.e., Aurora

WO 1®8097M5M cat al yst. Each of the catal ysts deseti/bgm03/e10603
Exanples 1-8 were blended with the aforenentioned
Aurora product at a level of 8% by wei ght These

bl ends were corrpared agai nst the s r oduct
dgsemRinn %rﬂeonefﬁ;@ﬁtq ke DCRshageheen agﬁﬁ% gaafa@%\‘mgtpapers G.

n | f
%gl n§UI tr a“l'& Cata ?}staﬁd gnwgl ;bfélv % xggl;ng{%lg? Commercial FCCU
Yinidwieiial The Basisonbliecilating Wik (GR}: Pilat GantClinit,” National

gl S i AsPgeton FHERM GO9S AL it heF gt Realisti

Rgsfe e Srer? VG F'@C' eatalth PefBARIRE/ iRt fhe pp@doratsmpemtpmla Chtalytic

DCR was C. "The regenerator was operated at
CZfMKingnSCIf:mel anldufmhmlpgy,ﬂ%s Meages and. Mhitchall Jndids. Studies

d bet.ween 14 71 C differe
BoqUEre: SHRCeTI FHel b SRR br Bt b1 HeCHitiaD Gages P yifishers
ﬁ ab] Amteb@in® W93 NSBNALANESO0BTIRNEr results are
generat ed using G- ConTM anal ysi s, which has been

9estr | bed The inventivedcatalysis yydre testedowith gonvegtioaslciauiasige-based

0g [
BT Tburolf Lo BRI Rt P of BERAARRS MecrtRE h Exgmples
p8ovdre dtknted Wathltiee FordnsdntivhedTAaropaprodatternt o leswel ke 8%byt Weight.
t he doubl e asterisks (**) are those used to

Thise blands wesm eempared againdthy jame Aveqrapraduct wﬂﬂe‘gﬁﬁé invention,
& ling Woﬂ‘g)leif‘e%l anmét theS AufheVBtobiat ¢ e&ngaglall‘ﬁ?t 8dy 55/ weight of

conposition I's invention provid i onal
Olefips1tta™ ratalyst, amedefig citastomamacially availabkesfromn® R. Grace

ETRod ety  EXBIPLE L) o POV 08 Bacal st AR s16°C
érgéf‘ ?0@’}0 st%&%ﬁl@r@hé%r@é@ldaﬁgh e THE %acﬂﬁ/sﬁﬂip@f' Wsdperature of

Ins Utra) and an al um num phosphate bound
thatDCR svasRdeC ac’i’&xo regengratay asipeRuekait 7> Candfalt burn with 1%

%s%ss ThERR S8 TES e RNRSD 67 aRda ¢l Oyain different

ElvERRIns C AMeUsed LR hddnprepértiedirdicafeininPrdb 2 b@ﬂﬁHr orrhe octane
enhance olefin yields and at the sanme tinme praodu

murgmrresjdtsm ggeeratefl singaF Kein™ @alyw/ewhg&sltﬂmh%n ‘described in
)ﬁlu d(;atal%‘g)g %lﬁkzxggbl Ci%{l? e.JleWl"gé lgg ifb'ld Vi mdez\ﬁageland

romterackrn

mtdhal:ar bon feedstream The y| eI ds reported were

[%Bkﬁ]bgggogfﬁggg}%gla%gr gg&%sogt[ %%h%Cth%st\l/\fg %%0;3@91%@3 in Table 3
below. The parameters marked with the double asterisks (**) are those used to
measure the performance of the catalysts relative to light olefins production. It is
shown that the catalyst compositions of this invention provide additional
compositions for making olefins and in at least one embodiment (Example 1),
provides a catalyst having enhanced production compared to standard catalyst
(Aurora), a commercially available olefins catalyst (Olefins Ultra) and an aluminum

phosphate bound catalyst made according to U.S. Patent 5,194,412 (Example 5).
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[0064] Table 3 below also includes a complete listing of yields of other

products from cracking the hydrocarbon feedstream. The yields reported were

obtained using gas chromatography.
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phosphate to at least function as a binder for the zeolite and the metal

is other than aluminum.

A catalyst composition according to claim 1 wherein the metal of (c) is
selected from the group consisting of Group IIA metals, lanthanide series

metals, scandium, yttrium, lanthanum, and transition metals.

A catalyst composition according to claim 1 wherein the metal of (c) is

selected from the group consisting of iron, lanthanum and calcium.

A catalyst composition according to claim 1 comprising at least 5% by weight
of the metal phosphate as measured by amount of the metal’s corresponding

oxide present in the composition.

A catalyst composition according to claim 1 comprising about 4% to about
50% by weight of the metal phosphate as measured by amount of the metal’s

corresponding oxide present in the composition.

A catalyst composition according to claim 5 further comprising a member of
the group consisting of clay, silica, alumina, silica-alumina, yttria, lanthana,
ceria, neodymia, samaria, europia, gadolinia, titania, zirconia, praseodymia

and mixtures thereof.
A catalyst composition according to claim 1 wherein zeolite (a) is selected

from ZSM-5, beta zeolite, mordenite, ferrierite and any other zeolite having a

silica to alumina molar ratio of twelve or greater.
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cl ai med A catal yst conposition conprising a

zeol

ite, (b) alum num phosphate, and (c) net al

ot arn caBmEr g shmeEOkmle A€ 28 aer 1 or

t he

zeolite and the netal is other than al um num 2.

A catal yst conposition according to claim1l wherein

I0he .

rfecathlystfaccondingsto chaimetwhereinrtberzeide irail-5.

consisting of Goup Il A netals, |anthanide series
nmetals, scandium yttrium |anthanum and transition
Iret alg catalys‘eaac@axtd@igytstclaimrm(ilﬁd:réin(lhe aecling thiZRfMt%H claim 1
wherein the nmetal of (c) is selected fromthe group
consi sting of iron, lanthanumand calcium 4. A

atl

13.

14.

15.

16.

17.

18.

19.

eas

eat al y §%ta%%$§%4g3ﬁtcﬁa§ﬁq Sh&8int e CeitdszHamr i si ng

A catalyst according to claim 6 wherein the zeolite is ZSM-5.

A catalyst composition according to claim 1 wherein the composition is

particulated and fluidizable.

A catalyst composition according to claim 14 wherein the catalyst has a mean

particle size in the range of 20 to 150 microns.

A catalyst composition according to claim 1 wherein the composition is in the

form of an extrudate or pellet.

A catalyst composition according to claim 1 wherein the composition has a

Davison Attrition Index in the range of 0 to about 30.

A catalyst composition according to claim 1 wherein the composition has a

Davison Attrition Index in the range of 0 to about 20.

A catalyst composition comprising
(a) zeolite,
(b)  metal phosphate present in an amount sufficient for the metal

phosphate to at least function as a binder for the zeolite and the metal
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of the netal phosphate as neasured by anmount of the
nmetal's corresponding oxide present in the

wooep@sdi on. 5. A catal yst conposition accor daTgus2005/010603
claim1 conprising about 4% to about 50% by wei ght of
t he net al phosphate as neasured by anount of the

Compost t i GHEng (A LT, i hH s WEiGhPAREBR cRPFises a leas
claims5 fysg B? M&Qﬁmf'tﬁé B&taRsNEIRSIsitRin ad RGastfLBy amount of
consisting of" clay, silica, "alumna, silica-alummna,

yttria, | &memhenls corc&spommmemdym a, samaria, europia,
gadolinia, titania, zirconia, praseodynmia and
m xtures thereof. 7. A catal yst conposition according

200 claatdtuldstrhigsitiohecbideng f) clafin I8! Whérei thereal is selected
ZSM 5, beta zeolite, nordenite, ferrierite and any
ot heffomedhd geoupacansisting ofj Gram HA metals.nlanthanide scries anetals,

gET; %@Qgﬁ’@ﬁﬁ%g‘gm@?”@cé@aﬁys?{ %2%%?‘%. ng to claim1

wherein the zeolite is ZSM5. 9. A catal yst accordi ng
to claim?2 wherein the zeolite is ZSM5 g A
2tat ar'%ygetta Yetcemenasiongacepiding o glaim donwherein b metal jssselected

ZSM 0 I wher ei n
t he g‘g érdﬁg‘:(%g%%t??gtoﬁgﬁ [agllct:}{a%?g Sasn? cglgcf:ﬂ(gl?dl ng to
claimb V\/nerelnthe zeolite is ZSM5. 13. Acatalyst
ccording to clai.m 6 wherein the ite is ZSM5

ca PR ComPRNPR aFFoREs fuf i 18 St spRefied member of

the gpNRGE) bRdsting ofP@hY, s‘il%aataﬁﬂnlﬁﬁ] d51f1éauélgﬂn¥r§hb |yﬁr1a 1fnthana,

A catal yst conposition according to claimi14 wherein

the caizalnesdymms samamaneurgpia,t gadodingi, 2ariia Zirveniaarpgescodymia
20 to 150 m crons 16. A catal yst conposition

acco W gf 0rﬁl wherein the conposition is in the
formof an extrudate or pellet. 17. A catalyst
conmposition according to claim1l wherein the

2% onpdseatalyst dempositioppgeardingAptolaim bh whereék thenzeokite is selected

r anggsr &f ZQMQ ﬁﬁ%‘éniém;] rﬁgnte’%tnﬁ &r@J ¥tk % ﬁﬁbin%”a silica to

accor |ng erein 05|
Davi slumifd inbldr ratfo dfdebveion gidagerr ange of 0 to about 20.
19. A catalyst conposition conprising (a) zeolite,
(b) nmetal phosphate present in an anmount sufficient

24 01 Wh&tdiBk 3k cording to claim 19 wherein the zeolite is ZSM-5.
25. A catalyst according to claim 20 wherein the zeolite is ZSM-3.
26. A catalyst according to claim 21 wherein the zeolite is ZSM-5.
27. A catalyst according to claim 22 wherein the zeolite is ZSM-5.
28. A catalyst composition according to claim 19 comprising about 4% to about

50% by weight of the metal phosphate as measured by amount of the metal’s

corresponding oxide present in the composition.
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phosphate to at |east function as a binder for the
zeolite and the netal 21 WO 2005/097950

WOR@®/(98%005/ 010603 is other than al um num wreraiSRoosioe0603
nmet al phosphate conprises at |east 5% by wei ght of
the catal yst conposition as neasured by anount of the
metal 's correspondi ng oxi de. 20. A catal yst
200npdséatilyst ageardingita glaim 28| veiensin thegeohits if ZSMESnet al i s
sel ected fromthe group consisting of Goup I1A
nmetal s, |anthanide series netals, scandium yttrium
3bant harualyse86mposnen tacerdingt @l slain? 119 Aherirltles tomposition is
conposition according to claim19 wherein the netal is
sel e@ﬂ'é’@‘ﬂafqddmdtfh’édlé?gt&%p consi sting of iron, |anthanum
and calcium 22. A catal yst conposition according to
claim19 further conprising a nenber of the group
3¢onsiAstatalgstafontoaiyion sictordimg talclaimrBd, whdrkinahe ahtalysilizas a mean
yttria, |anthana, cerj neodym a, samaria, europi a,
gadolPARicle sifs nghe wnes PngJFﬂ ]aé% [¥¥¥odyni a  and
m xtures thereof. 23. A catal yst conposition according
to claim19 wherein the zeolite is selected from
3ZSM 3\ catslystectinmositfoar accendirtgetoaslaimah§ vdtehain theeedmpaesition has a
havi a silicato, alumna nmolar ratig.,of twelve or
gr eai%”?soﬁﬁmﬁw&‘a}f’%ffwtﬁ]%ﬁ@g? 8*@@0 ?1?5)“5? % m 19 wherein
the zeolite is ZSM5. 25. A catal yst according to
claim 20 wherein the zeolite is ZSM5. 26. A catalyst
3accorAdcatglystocaphpasitionlacaprding to ¢lpian 1@ otherain ithe comypasition has a

27. cat al yst.. accor di to clai rein the
zeol i1&5°8 %%M%C‘“%‘é‘ ng%lé?flg? 39?? Egc%tr?roﬁlggf&ti on accordi ng
to claim219 conprising about 4% to about 50% by

wei ght of the netal phosphate as neasured by anmpunt of,
3dhe demgthagd fqgocpa,tzgg%ﬁ@ic g b lpd tthat Cqmprises reacting a

I
compegitd ' itibR2 ORE FHORAG: 022 catalyst
A catipiefibon St AR GRCRDR SRhdh O PeRtaad pfg caalys
IS Zobprisin@. A catal yst conposition according to
claim19 wherein the conposition is particulated and

f1ui ddzablzeolit§s . A cat al yst conposition according to
cl ai |30 %ﬁh&eﬁ%&% al yst has a nmean particle
0

size'in the rang 40”to 150 nicrons. 32. A catal yst
conpds) t i ometalc phosphatg prosent an anl 9mehetr sufficiehte for it to at least

conposi ti %HnCQ%% gs a binder for the zeolite and the metal is other than

aluminum.

35. A method according to claim 34 wherein the metal of (c) is selected from the
group consisting of Group IIA metals, lanthanide series and Group VIII

metals.

36. A method according to claim 34 wherein the metal of (c) is selected from the

group consisting of iron, lanthanum and calcium.
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Davi son Attrition Index in the range of 0 to about 30.

33. A catal yst conposition according to claim19
wovdoes/@i7950t he conposition has a Davison Attri tACavuS200e10603

in the range of 0 to about 30. 34. A nmethod for

catal ytic cracking of hydrocarbons that conprises

reacting a hydrocarbon under catalytic crackin

3% ondfmeshed agsording 5y daigndd whereln thgcatalyst corpyisss i%&leﬁﬁi 5% by
(2) &8l t9: b | s ) the metal
phos‘éﬁlgb{e ogrtgée%}eﬁﬁll ﬁﬁHgﬁﬁg&ﬁéSBﬂ%t ng%uﬁ?dci ntaﬂﬁj@l iotf tg gltea >
| easdorrekporalingooxids pesdit idthe cbmpositien.zeol i te and the
netal is other than alum num 35. A nmethod according
to claim34 wherein the netal of (c) is selected from

3¢.Ne AGhQHRd &Q&E&gﬁ W Igla% & @Hé}eihgcﬁ\e gﬁttaﬂlsﬁ cothAdBaBbEe4% to

series and 0 netal s. 36. nmet hod accordi ng
to catmutr58% Wheveedht of Itee metakiphodphate) asi measateschye dmpopainef the

t he rqup consi sting. .of iron, .l anthanym and cal ci um

23 VP8 89 GerpaBRnpERIdBesses b RS POSHNA et nod

according to claim 34 wherein the catal yst conprises

at |east 5% by weight of the netal phosphate as
3%reasérrecthby aceeoding t@ﬁlaimé%ﬁh%tﬁmszeog@r(ﬂg ispwhstadgirem 2M-5,

' . ition. 38 . : diing:
01 o ol EiH T AR cay Aty g8 AT G Iid molar

aboufatig @Yawalveet glektepf the netal phosphate as neasured
by amount of the netal's correspondi ng oxi de present

in the conposition. 39. A nethod according to claim 34

gyher i rg?tﬁgé)%lécto?diﬁgb Q5% Ghteth t&é 9581%§P4235M-5. , |
nordenite, ferrierite and any other zeolite having a
silica to alumna nolar ratio of twelve or greater.

40. A nmethod according.tqQ.claim34 whereipn . the zeoli.te

4}s” ZAynghod sccording e, s’glragéa*(hﬁrﬂa the,mgtal of {0345 aﬂs‘?’fgﬁk or the
t he I e irS:- el r bons
ConsEbB cdtiishfiy drSirh® BAMEHAS 1B ARd (66 Qiftked hydrocarbons

hydr podntzdnby the oukibet] hbve ehtenned ipoapylengeyields sasc mgasured by
ar ed

I ield db / '
P o’ RCuke aa EonauEa Pt ohEb HaroreRsstiemo ol ga RELEGRGHse the
et ajln RN BAGIPRLR DHAREer .

42. A method according to claim 34 wherein the metal of (c) is selected from the
group consisting of Group IIA metals and the cracked hydrocarbons produced
by the method have enhanced butylene yields as measured by Cs/Cq4 ratio
compared to a catalyst composition that does not comprise the metal

phosphate binder.

43. A method according to claim 34 wherein the method of catalytic cracking is
fluidized and the catalyst composition has a mean particle size in the range of

40 to about 150 microns.

44. A method according claim 34 wherein the method is a fixed bed catalytic

cracking process and the catalyst composition is in the form of an extrudate.
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42. A nethod according to claim34 wherein the netal
of (c) is selected fromthe group consisting of G oup
waol dogs/ee93l s and the cracked hydrocarbons prodweadus2bgs/010603
t he net hod have enhanced butyl ene yi el ds as neasured
by C3/CA ratio conpared to a catalyst conposition
that does not conprise the netal phosphate binder.
5213. A ommmsrmﬁoa(accmdlnggo chin| ¥ whadinthe rnenzﬁodlhe nmicm sieve

?;n;@& %ltfﬁteﬂ% %ﬂurb‘éw P%Oésggan%lfﬁ ang

40 to about 150 mcrons. 44. A nethod according cl a| m
34 wherein the method is a fixed bed catal ytic

cracki ng process and the catal yst conposition is in
the formof an extrudate. 24 WO 2005/ 097950

PCT/ US2005/ 010603 52. A conposition according to

cl ai m 50 wherein the nonzeolitic nolecular sieve (a)
is selected fromthe group consisting of SAPO AlPQ,
and MCM41. 26
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