WO 03/ 074176 PCT/ US03/ 04153 -1 MOLECULAR SI EVE COVPCSI TI ONS, CATALYST
THERECF, THEI R MAKI NG AND USE | N CONVERSI ON PROCESSES [0001] The present
i nventi on Welbab&as76 o nol ecul ar sieve conpositions and cat abyskes/ eyt ai ni ng
the sane, to the synthesis of such conpositions and catalysts and to the
use of such conpositions and catalys[i_in conversi on processes to produce
olefin(s). [0002] Oefins are traditionally produced from petrol eum
feedstocks by catalytic or steam cracking processes. These cracking
processes, esMOLECYLARSIHVE COMPOSITIONS, CATABVSTOTHEREQYF, such as

et hyl ene and/ or R{LORY S ﬂ&fﬁl I dst ocks.

Et hyl ene and prJﬂf?‘ Ye 121 CN n~§u. *ra%tﬁlgéé nggm@sweﬁ—cﬁsfﬁ@es useful in a
vari ety of processes for meking plastics and other chem cal conpounds.

[ 0003] The petrochem cal industry has known for sonme tine that oxygenates,
especially al cohols, are convertible into light olefin(s). The preferred
al cohol fofodoipht oTled presepit algntiororeldiss trendiesuddr stave compogitieisemded process
for converting a nethanol -containing feedstock into |ight olefin(s),
primarily eatdlystsgentaiaing the spne g therynthiesis of wued copmogitionngnd wtalystedst ock
with a nol ecyl si ey, cat al L] e many

di fferent ﬁfﬁ%’ﬁf‘%’r‘s"*‘ IS@%lhf(gpp%s?éeg}%%gaﬁwﬁéq%8‘%118%%4&“%@%Sg%sg e contai ning
feedstockspli()a{l@a@leﬁn@i nore olefin(s). For exanple, U S. Patent No.

5,367, 100 descri bes e use of the zeolite, ZSM5, to convert nethanol
into ol efi [08R] U. Plebias eret traditionsllp prduost Gowmmetroleynt fsedstenks &y si on of

B nosi | FEEYRS OF Bt CRCKRegrodsicty L HeBdot e Hochtes: Spetighy fefhing -
chabazi te; c%cﬁng,?g%émt oleén@i%u&?% AByichd i}ﬂ%rtﬂ?g;gﬂ&%, abmaSMridy t o

convert nethano rocarbon”™ product’s such as hyl ene and propyl ene;
and U. S. Paf kydroddsbondfeddsdockd 0 Ettydaneiahé propytemd ucd ingpdriaghdonohediiyn(s) from an

al cohol using a crystalline al um ngophosphate, . often designated Al PO4.
petlgochemic%tls useful in avartljety 0 IF))rocesges ftor making plastics and other

chemical compounds.

[0003] The petrochemical industry has known for some time that
oxygenates, especially alcohols, are convertible into light olefin(s). The preferred
alcohol for light olefin production is methanol and the preferred process for
converting a methanol-containing feedstock into light olefin(s), primarily ethylene
and/or propylene, involves contacting the feedstock with a molecular sieve
catalyst composition.

[0004] There are many different types of molecular sieve known to convert
oxygenate containing feedstocks into one or more olefin(s). For example, U.S.
Patent No. 5,367,100 describes the use of the zeolite, ZSM-5, to convert methanol
into olefin(s); U.S. Patent No. 4,062,905 discusses the conversion of methanol and
other oxygenates to ethylene and propylene using crystalline aluminosilicate
zeolites, for example Zeolite T, ZK5, erionite and chabazite; U.S. Patent No.
4,079,095 describes the use of ZSM-34 to convert methanol to hydrocarbon
products such as ethylene and propylene; and U.S. Patent No. 4,310,440 describes
producing light olefin(s) from an alcohol using a crystalline aluminophosphate,

often designated AIPO,.



WO 03/074176 PCT/ US03/04153 -2 [0005] Sone of the nost useful nolecul ar
sieves for converting nethanol to olefin(s) are silicoal um nophosphate

( SAPO) nowexasioas176i eves. Silicoal um nophosphat e nol ecul arpcIies0es413ent ai n a
t hree-di nensi onal m croporous crystalline framework structure of [Si Q2]1
[A102] and [PO2] corner sharing tetrghedral units. Synthesis of a SAPO

nol ecul ar sieve, its fornulation into a catalyst, and its use in

converting a feedstock into ol efin(s), rticularly where the feedstock is
met hanol | 08K scl Shesiof the piost vl anleRi sicyes B chpvering mghingl

4,677,243, 4873, 39 09 166, 282, all of which are
herein ful ?lﬁﬁ?(r?i%rlﬁSgicgawlg?%ggghgr%eé%?(ﬁ%%lggﬁm\ﬁ&ée‘%gused in the conversion
of met hanok;lit8aleBidphssphiRsholeBllGdves cortthin\ethreet ditlenidbmg SAPO ol ecul ar

si eves, undergo rapid coking and hence regui re frequent regeneration,

typi cal | y mivroporpwgicrestplbive framsvotlhgrustira 0§ EiOplo [MQphand B ¢8R es and

t eani i ts.. As It { et | . ' tal yst

fend to hateTagisiriedl wlsr Gyersbf R ARCHmglichler Mip s fiacl | 1% V>

provide a Eﬁa%gﬁ%%ﬂﬁ%&u&%h%bﬂﬁ%ﬁ@%ﬂﬂﬁahbapﬁnwbkﬁh@gﬁmhhhkﬁban enhanced
y

lifetime particu en used In e conversion of nethanol to ol efins.
[ 0007] U. SwhBetteafeelkiockdis468h881 ackedisclospddn &).8 Rasgnt NoschAPB32Li on

conprising a silicalite nolecular_ sieve inpregnpat i a rium

zi ?Boni umg4é?7=2€r?>t‘h@ﬂ7u¥ﬂ3r>rét8§f’=38Q>i %@%@,3@456%%@3@%2% ar]rtacf hanol ,

di rethyl ether, or a. m xtl ] a hydrocarbon product rich in
iso-C4 co E{fﬁﬁeflsfrgg%%ﬁ%{cgrp%?%ﬁﬁﬁ\%@h% 180, 828 di scusses the use of a
modi fied npjope)! ar WaieR\Vged @ the ashivesiomrdfiyétamiod esolkfinsnnet mateolilaand anmoni a

where, for exanple, a silicoal um nophosphate mol ecul ar sieve i s conbined
Wi th one osieves; meludiny $ABPgnolegar sigyes updergganrifhcoking@nd Bence ¢ediiim oxi de,

O S A SO Con TR s ARSIl Pent o
an_oxygen ol AnetibhiflenAbnatitd.! A9@TesRNouiemetmholg 1ol ecul ar
sieve and a retal oxide binder, where the preferred binder is titania and

conversion catalysts tend to have a limited useful lifetime and hence there is a

need to provide a molecular sieve catalyst composition which exhibits an

enhanced lifetime particularly when used in the conversion of methanol to olefins.

[0007] U.S. Patent No. 4,465,889 describes a catalyst composition

comprising a silicalite molecular sieve impregnated with a thorium, zirconium, or

titanium metal oxide for use in converting methanol, dimethyl ether, or a mixture

thereof into a hydrocarbon product rich in iso-C, compounds.

[0008] U.S. Patent No. 6,180,828 discusses the use of a modified molecular

sieve to produce methylamines from methanol and ammonia where, for example,

a silicoaluminophosphate molecular sieve is combined with one or more

modifiers, such as a zirconium oxide, a titanium oxide, an yttrium oxide,

montmorillonite or kaolinite.

[0009] U.S. Patent No. 5,417,949 relates to a process for converting noxious

nitrogen oxides in an oxygen containing effluent into nitrogen and water using a

molecular sieve and a metal oxide binder, where the preferred binder is titania and

the molecular sieve is an aluminosilicate.



the nol ecul ar sieve is an alum nosilicate. WO 03/074176 PCT/US03/04153 -3

[ 0010] EP-A-312981 discl oses a process for cracking vanadi um cont ai ni ng
hydr ocar beo @3@adi7et r eans using a catal yst conposition conmdrguseg/oasphysi cal
m xture of a zeolite enbedded in an inorganic refractory matrix materi al

and at |east one oxide of beryllium_4mgnesium calcium strontium barium
or |anthanum preferably nmagnesium oxide, on a silica-containing support

mat eri al . 0011] Fang nyi ,. Effects of decrease in nunber .of acid
sites | ocat[éinin t%@‘%@g?’#ﬂa&S@B?qS&&gows CBK é’&m%cﬂk}@fcé’lnﬁnﬂggcat al yst
by the nec b 82l striEh i r iR st 1-176 (1998)
di scl ose t %g?%t%%@méﬁ%ges se?gg?‘%\%i%%%iy%g%&ne gfr?ﬁlao%gg’glsg%d t h(sal%gloke formation
mtigated inixti€ofLDrotitsémbedatd immi margahictrofradtony reateix ovaeridliandaPO- 34 by

mlling the catalyst wwth MO, CaO ., BaO or Cs20.on m crospheri cal
non- por ous least preOxidg efrbendiime magnesbun, Galcaina, siogtiumy BRFAWN of nt er nat i onal

Publ i i . WO 98/ 29370 dj s. c i
POl Rt O, M 0RO 8RR 1S 0580 LR GRIMER ARG o aERALo® 0

ecul ar sieve‘containing a netal

sel ected frgmihe IKQHP aR@NSii SEfEess &Fdedrehshvaniberof @id sitdsilbdaaed orscandi um
yttrium a Goup 4 netal, a Goup 5 netal or conbinations thereof. [0013]

| n one aspeh¢ external sunfoeavf NSABE:Heayitalline catabisiybyt the grasbenachetiicatonpr i si ng
a nol ecul ar sje and, | east one i et al sel.ected from G oup 4
of the Peri"¥d d%&@?ﬁlﬁe@% REges %é%(ﬁg%gi%g%k@?él?ﬁg}ﬁs 8P%as an upt ake
of carbon dipxi ke RorfRtioRRASMR] Bthé YordkrdiPst 0. 03 5,
ng/ n2 of t%ggﬁﬂé‘ﬂg ‘?a(})l#%e. f(%%%(]l h%?%f%rabl 3}0 théécat al ystocorrSposi tion also
i ncl udes atméthasl tooegthylefic aver NirRHPO-Sdbyaniliing fhr catatyst wih Mig®.fea@nt from

said netal oxide. [0015] The catal yst conposit.io y.al so include an oxide
of a netal BaQpreLEPrrpiHespheiighl podnRgrogs gﬁ'ﬁa’s‘)"lg} ﬁ?ﬁzew&%ﬁmﬁ%ﬂ% e of

Elements.  fofe . CTSHLIEM pubiEShaWR ORI 10l yRARPELRRRIG T con um

oxi de and t'he oup oxi de conprises one or nore
oxi des sel eftorfodnaRBE dlefihsioVver@snthdl, pod@ndrispaoditic denledudartsien womainimbe, yttrium

oxi de and scandi um oxi de. . . .
a metal selected from the group consisting of a lanthanide, an actinide, scandium,
yttrium, a Group 4 metal, a Group 5 metal or combinations thereof.
[0013] In one aspect, the invention resides in a catalyst composition
comprising a molecular sieve and at least one oxide of a metal selected from

Group 4 of the Periodic Table of Elements, wherein said metal oxide has an
uptake of carbon dioxide at 100°C of at least 0.03, and typically at least 0.035,
mg/m? of the metal oxide.

[0014] Preferably, the catalyst composition also includes at least one of a
binder and a matrix material different from said metal oxide.

[0015] The catalyst composition may also include an oxide of a metal
selected from Group 2 and Group 3 of the Periodic Table of Elements. In one
embodiment, the Group 4 metal oxide comprises zirconium oxide and the Group 2
and/or Group 3 metal oxide comprises one or more oxides selected from calcium
oxide, barium oxide, lanthanum oxide, yttrium oxide and scandium oxide.

[0016] Preferably, the molecular sieve conveniently comprises a

silicoaluminophosphate.



[0016] Preferably, the nol ecular sieve conveniently conprises a

si |l i coal um nophosphate. WO 03/074176 PCT/US03/04153 -4 [0017] In another
aspect, tw® aywertsi on resides in a nol ecul ar sieve catal ystCT/coaposst i on
conprising an active Goup 4 netal oxide and a Goup 2 and/or a Goup 3
nmetal oxide, a binder, a matrix materigl, and a silicoal um nophosphate
nol ecul ar sieve. [0018] In yet another aspect, the invention resides in a

met hod for npaking a_ catal yst conmpositjon, .the nmethod conprising the step
of physi cal®817ki xi nfp anothar aspegt theiprentiog tpvisles Ing molpplasigvacaldte with

second part,] . ISl I i V| n upt ake of
carbon o o eSS BBk AL e ety 4 T E 0n 8 IR MR

particl es. GrO@9 ekl okalephbinders ainthtsL ankdiapantiatliRbaitndphosiiard by causing
a hydrated precursor of said Goup 4 netal oxide to precipitate froma

sol uti on comleduidrsigvei ons of said netal, hydrothernmally treating the
hydr at ed pr sor at tenperature .of at |east.80C for, up ta 10 days and
then cal ci Hﬁﬁé t he ﬁﬁ/ﬂ%ﬁ‘{l‘é@&p‘?‘s@% ’rtE‘S?nVﬁlg%P Ies E}%Pﬁ%@difﬂplpﬂgng nge of
from 400C (0aRR0L6mIdRRAI theMehdd¢dnliSsiRSRE Slep othEyéi&Ylg'?ﬁﬁ(ﬁ@ fi§ di rected to
a process for” producing olefin(s) by converting a feedstock, such as an
oxygenat e, paicles comptibing aamoledutaisadve Withr seecmmhpdrticleetdmapriding a Graupohe or nore

olefin(s) in the.c{;r esence of a _catal gst conposition conprising a nol ecul ar
si eve and &t oridgandheving 4n wptakie of egtberedipaidersg 18607 Cugftabkeasidi0k ar bon di oxi de

at 100C of _at, beast 0.03 np/n2.0of the netal oxide. [0021] In still a
further asBl.géI[Il,o ‘ﬁs%@&a@&%c “irected to a process for converting a
feedstock 0Y9] one Prerifmey, @HeldcOhhartiblel e RO8REASE cAlsid IR@RUIar i eve

catal yst conposition conpiising a nol ecul ar “si eve, inder,” a matri x
mat eri al apcecarsor off saidGoduprieetal oxidelésprdeipitate drom & santietheontdimdgr and t he
T X o b9y TRy a5 SRS o FOIRRRLAL O Mo
of at least 80°C for up to 10 days and then calcining the hydrated precursor at a
temperature in the range of from 400°C to 900°C.
[0020] In a further aspect, the invention is directed to a process for
producing olefin(s) by converting a feedstock, such as an oxygenate, conveniently
an alcohol, for example methanol, into one or more olefin(s) in the presence of a
catalyst composition comprising a molecular sieve and an active Group 4 metal
oxide having an uptake of carbon dioxide at 100°C of at least 0.03 mg/m” of the
metal oxide.
[0021] In still a further aspect, the invention is directed to a process for
converting a feedstock into one or more olefin(s) in the presence of a molecular
sieve catalyst composition comprising a molecular sieve, a binder, a matrix
material and a mixture of metal oxides different from the binder and the matrix
material.
[0022] In one embodiment, the catalyst composition has a Lifetime
Enhancement Index (LEI) greater than 1, such as greater than 1.5. LEI is defined

herein as the ratio of the lifetime of the catalyst composition to that of the same

catalyst composition in the absence of an active metal oxide.



Enhancenent | ndex (LEI) greater than 1, such as greater than 1.5. LEl is
defined herein as the ratio of the lifetinme of the catal yst conposition to
t hat of tWe samel7¢écat al yst conposition in the absence of atTaclozwelsset al

oxi de. WD 03/074176 PCT/US03/ 04153 -5 [0023] The invention is directed to
a nol ecul ar sieve catal yst conpositipg_ and to its use in the conversion of
hydr ocar bon feedstocks, particularly “oxygenated feedstocks, into
olefin(s). It has been found that conbining a . nolecular sieve with one or
more acti vi@02Ht al Bhiedeeentien ig digectad tg agpglegfisieves f ESIBRPSHIOPh a | onger
lifetime wh sed in, the conversion . as oxygenates,
nore part i%ﬁﬁ%%ﬁysqfé’tqhﬁﬁ?}ﬁerﬁl?ﬂ %Phc?’;%é%g;nb é?g%%%g%m}%%? the resultant

cat al yst C&{ggeﬁt&i ﬁ@d&@dk@sinﬁd)ol}éﬁﬁds{i Tk BasORen domidnthst intitiagdesi red | ower
ol efins, espé&cially propyl ene and 1ower anpunts of unwanted ethane and

propane, molgedlhesiewa with obder marechetive mistaboxidapisawlisin angtdyshs al dehydes and
ket ones, specifically acetal dehyde. [0024]. The preferyed, active netal

oxi des ar ecqlmgloﬁé\’}ﬂhﬁﬁ’é‘g@alggBm& Vﬁ\?f‘&t‘fsedzl(]f%‘? C@?ﬁ%‘f%oéqg?%sgoﬁhjm and

haf ni um  f Lod| tistoiffs), ThaddiBAGd or mat

descri bed {u%ﬁg%@%é@ﬁ%%g%@%@%&g%@ﬁglagd Sﬁg?i Ccs, 178t h Edition, CRC
Press, Bocgsitahofatallt@ongasitidA%ehids td yickldamecanests bf thesleficdridwert hat

i nproved results are obtained when the catal yst co(rirp%%iati on al so contains
at | east oaBnpgsnesially pronyiang|and dpwerampupis ohuapranisd Shane At PePYlsp 3 of the

e 09 RBRb S USRS b5 s g0 pblsner o eves have

been cl assiCEFf mm <51 0N~ 0 ernational Zeolite

Associ at i ogcagelfhdeidchytife rules of the UPAC Conmmi ssion on Zeolite
Nonmencl ature. According fo this classification, framework-type zeolite and
zeol i t e- t y[9824p! ecTherprefeavd sctifegnetahixidesarathoshaying a faeunsb@stabst abl i shed,

Fr amovor ¢ (G9pEIIRE Aresa v GRS SR Cegaore et SHaeEsbihe hi ch s
herei n ful [\ 1{/pa@r REHAt &Lced iR MR @REHandbook of Chemistry and Physics,

78th Edition, CRC Press, Boca Raton, Florida (1997). In some cases, it is found

that improved results are obtained when the catalyst composition also contains at

least one oxide of a metal selected from Group 2 and/or Group 3 of the Periodic

Table of Elements.

Molecular Sieves

[0025] Molecular sieves have been classified by the Structure Commission
of the International Zeolite Association according to the rules of the TUPAC
Commission on Zeolite Nomenclature. According to this classification,
framework-type zeolite and zeolite-type molecular sieves, for which a structure
has been established, are assigned a three letter code and are described in the 4#las
of Zeolite Framework Types, 5th edition, Elsevier, London, England (2001),
which is herein fully incorporated by reference.

[0026] Non-limiting examples of preferred molecular sieves, particularly for
use in converting an oxygenate containing feedstock into olefin(s), include
framework types AEL, AFY, AFI, BEA, CHA, EDI, FAU, FER, GIS, LTA, LTL,
MER, MFI, MOR, MTT, MWW, TAM and TON. In one preferred embodiment,



[0026] Non-limting exanples of preferred nol ecul ar sieves, particularly
for wuse in converting an oxygenate containing feedstock into olefin(s),

i nclude Wwoxosevmork types AEL, AFY, AElI, BEA, CHA, ED, FAWRCTAER3/0G5S, LTA,
LTL, MER, M, MOR, MIT, MMWN TAM and TON. In one preferred enbodi nent, WO
03/ 074176 PCT/ US03/04153 -6 the nol ecul ar sieve enployed in the catal yst
conposition of the invention has an “AEl topology or a CHA topol ogy, or a
conbi nation thereof, nost preferably a CHA topology. [0027] Crystalline

nol ecul ar ieaneleerdarsiavalespinyed ia the-catabysh sprapegition Qfgﬁe IVERBRIERAS DS r amewor k

coor i nat e PLET S AR Adonals, oh SRR THEG HHRPE Eudt PR AL ol i ts

The ol ecub@ra &ipsleogs. usef ul herein conveniently conprise a framework
i ncl udi ng [Aloi);p and [P04] tetrahedral units, i.e., an alum nophosphate
(AIPO  no[0820] ar sCesellinemdlSidarsievieanadfialahaye[aFpdimgnsional &hedral units,

il | um hat SAPQO I [ : pr ef bly,
the. ol ecutatiecel SPEEmQURT R AHEPEFARPAHATEE [ QA B RBSR e ey SAP0)
o} ecul ar RhEKSirly Sor@HRted ;ét}a}n,eghchpﬂrsiéﬁj@g 103 aﬂa“fb@tp@gla%hédfsﬁd, SAPO
nol ecul ar sieve. anples o suitab me substitluents are an al kal i

met al of Cugityp TheaholehidarRdavieo diefulrbdin cofiventendyreampriseea rainkabikne eart h
metal of Goup 2 of the Periodic Table of Elenents, a rare earth netal of

G oup 3 of inchlimeelAl0d and TREIdetrheprab yalks, 4o pmaluganephosphate (AdRPhani des:

| ant hanum _ceri . pra i n rrﬁi% %@lr'- . ropi um

gadol i ni unpogei'cﬁrag%ﬁe. %fggﬁgyﬂ%@ﬂ]%ﬁ u &lgrtrﬁlﬁum Mﬁgl’lllietfﬁ# ytterbium and
lutetium gindoftandhbheBpRLite Y$APOY Moldtuld: 312st.t Mokt prefepdblpfthéInolipslad to 12 of
the Periodic Table of Elenents, or mxtures of any of these netal species.

[0028] Pr efievestisgful hé¢reinri b sidighalnménaphespheted SWED inmolpradarsigygoe asy st enm

defined b 8- menb i f [T hed d h
o e emesifiaR PRIy et Sunettet S KbO W A" BratPsf 6F 300 D% Fom
3A to 4. 5AqitANOMPAT fuibStithidts YrefdnQiitas: Métat 6 Grodh1 drPQ28dridNRNTAHIELE | N

exanpl es of SAPO and A1PO nol ecul ar si eves useful
Elements, an alkaline earth metal of Group 2 of the Periodic Table of Elements, a

rare earth metal of Group 3 of the Periodic Table of Elements, including the
Lanthanides: lanthanum, cerium, praseodymium, neodymium, samarium,
europium, gadolinium, erbium, dysprosium, holmium, erbium, thulium, ytterbium
and lutetium; and scandium or yttrium, a transition metal of Groups 4 to 12 of the
Periodic Table of Elements, or mixtures of any of these metal species.

[0028] Preferably, the molecular sieve used herein has a pore systenm
defined by an 8-membered ring of [TO,] tetrahedra and has an average pore size
less than 5A, such as in the range of from 3A to 5A, for example from 3A to 4.54,
and particularly from 3.5A to 4.2A.

[0029] Non-limiting examples of SAPO and AIPO molecular sieves useful
herein include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No. 6,162,415),
SAPO-47, SAPO-56, AIPO-5, AIPO-11, AIPO-18, AIPO-31, AIPO-34, AIPO-36,
AIPO-37, AIPO-46, and metal containing molecular sieves thereof. Of these,

particularly useful molecular sieves are one or a combination of SAPO-18, SAPO-



herei n include one or a conbination of SAPO 5, SAPO 8, SAPO 11, SAPO 16,
SAPO- 17, SAPO 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37,
SAPO 40, WARGM4176 SAPO- 42, SAPO- 44 (U.S. Patent No. 6, 162,pCUH)So3/084P0- 47,
SAPO- 56, A1PO 5, A1PO-11, A1PO 18, A1PO 31, A1PO 34, A1PO 36, A1PO 37,
A1PO- 46, and metal containing nol ecular sieves thereof. O these,

particul arly useful nolecular sieves are one or a conbination of SAPO 18,
SAPO WD 03/074176 PCT/ US03/04153 -7 34, SAPQ- 35, SAPO 44, SAPO 56, A1PO 18
and A1PO 34, 8ARO3.JARGHaS APA O éé?éxﬂa‘&w Pf)ﬁ%‘} %@fm@@h&% AdMgne or a
conbi natiop of . SAPO- 18, SAPO- 34 nadorfEs ABEQs18Apayisl nEP@L contai ni ng
derivati vé%rkvﬁtéYeéél??re%ﬁm sﬁ%é’g? 81y r%?]lg;g@? a conb(%ghgéll)on 6f SAPO-34 and
AlPO 18, ag;pmﬁeA@b_@gg Hn@inét GofRmiNedédrivasvésaerof, and f§aaially bne ana

enbodi ment, the nol ecular sieve is an int er?r ow h material having two or
more di st i comibinationtcISARER-3pland 84PQi 18hind wetal erstaipingslerivatigs theggddposi t i on.
In particular, intergrowh nolecyl ar.sigves are descri Ln.1he U S.

Pat ent Apdpp%qa]ti on Ip@BIeVF}@’QleH’T’i’t’ ‘?mfkfﬁﬂgﬁ i@%%f@néﬂ%rgr%@%ﬁg? F%Inal

Publ i cati -I{\éotw 180 prhsEPwithinléhe MOB&ilark@sve of which are
herein ful ;Yl ncowﬁlg@/gtjdzsgﬁgty&ﬁ%elreﬁgg For exgrrpl e, SAPO 18, A1PO 18 and

RUW 18 hav@mmiitdal Ih panewnr, kattrepeythanoleSARGIS4s hresdeacried if therkéfor k- t ype.
Thus the nolecular sieve used herein ngg @c)ﬁgg{ se at | L}s?ll one intergrowh
]Lohase of kA;El,tentamPh@WIf ?M&N?fﬁ)@gjm B ﬂ"fﬁgﬁéﬂ;@?ﬁﬁlcﬁ%q;oxof ﬂ—]lAd
r amewor k- r & =t P : aX met ho

di scl osed Nﬁ-p@.dsgg/léﬁ%‘%b%%@%@t1?%?%3%??‘?55?%19No. S 165080, i

great er t haRobodated BPRHreiiee Fof abimple, 2R @-18NATR®DI18and RUWHSM®mvEs a
si | i coal um nophosphate, the nolecular sieve has a Si/A _ratio | ess than or

equal to OaBAFEI Sanewask-fypenand. P06 hes aGHA fismemepr-iyrer SADHE0 to 0. 10,
o B e e on 5oV Bisadeio: ey Sombich Moehu ol BlaRhypidon Aef2 1o 0.15.

_ | ) ~oxrdes usetu rern are those
metal oxi dgsy cHiaf ﬁﬁhéw&r_k-tfy?&mpwhﬁﬁbvh@erm@fa%ioaﬁ@m fiBletioxk-tpeas i al s,
that, when used 1 n conbination wth ) )
AFI framework-type, as determined by the DIFFaX method disclosed in U.S.
Patent Application Publication No. 2002-0165089, is greater than 1:1.
[0031] Preferably, where the molecular sieve is a silicoaluminophosphate,
the molecular sieve has a Si/Al ratio less than or equal to 0.65, such as from 0.65
to 0.10, preferably from 0.40 to 0.10, more preferably from 0.32 to 0.10, and most

preferably from 0.32 to 0.15.

Active Metal Oxides

[0032] Active metal oxides useful herein are those metal oxides, different

from typical binders and/or matrix materials, that, when used in combination with
a molecular sieve, provide benefits in catalytic conversion processes. Preferred
active metal oxides are those metal oxides having a Group 4 metal, such as
zirconium and/or hafnium, either alone or in combination with a Group 2 (for
example magnesium, calcium, strontium and barium) and/or a Group 3 metal
(including the Lanthanides and Actinides) oxide, (for example yttrium, scandium
and lanthanum). The most preferred active Group 4 metal oxide is a zirconium

metal oxide, either alone or in combination with calcium oxide, barium oxide,



a nol ecul ar sieve, provide benefits in catal ytic conversion processes.
Preferred active netal oxides are those netal oxides having a Goup 4
metal , sueo @®74z6r coni um and/ or hafnium either al one or RAT/CSHEDIIFAL | ON
with a Goup 2 (for exanple magnesium calcium strontium and barium
and/or a Goup 3 netal (including tr_1§ Lant hani des and Acti ni des) oxi de,
(for exanple yttrium scandium and | anthanum). The nost preferred active
Goup 4 netal oxide js a zirconium netal oxide, either alone or in

conbi nat i ofnienwm Exidsi andi{os FHEEM Pade-uff EsteEd, ONSSEE Slren FAURTIMIS03/ 04153
-8 | ant han oxi,de .and/.or riumoxide.. In general, oxides of silicon,
al um num grérﬂn%)r%bdﬁ%qoﬁl %?65%%64$%¢{§5%é%?é not preferred. [0033] In

particul ar[0038f | Ve INEfasticuPati &%Fe McRalllRRIBS artBhdde PAhIR§desdififefinent from
typi cal binders and/or matrix materials, that, when used in conbination
wi th a nofremuppicaldiiedess and/er watrixinyaterials tipsswhénowsed dm eorebinetidr with i n
extending of the useful |ife of the .catalyst conposition, particularly in
the conver 8 FBIFCHIat SIOYE MR RS CORBOPLP g ER FRAGIL PrERAIBA RS BE il

ol efin(s). jifuatd faad 8kiti af"t}%tu is i | Stk i's determ ned
by the Li féﬁtﬁe Ena]rtlag%:ecrgrglrﬁ)t §1I1§]§,§;X Lg#?lggh ed%ﬁ@%‘ %}sflfte%de&(fﬁlél | owi ng

equat i on: tdrhprising fethans iofo dbetor nysé olefinEnQuadificationbt theAgtehsion Met al  Oxi de
Lifetime of Catal i/iSt' where the ljfetime of the catal yst or catal(%/st

conposi t i of cafakyst HEe i§ dgterpingd dydhe Lifetape Eplansamentdader (ildhas dafiged he

cunul ati ve f ock processed per gram of catalyst conposition
until the té ﬂ%g@g?@%ggﬁsgg)édst ock by the catalyst conposition falls bel ow
sone defined | exgdrimd O CardPLECINBmatdh WwRRCNYE MR Dxigox1 de will have
little to Adleffect—ont sition, or will
shorten the lifetinme of the caH4IAY C¥HESsition, and will therefore have a
LEI less : I LV, N> i nvention are
t hose net a%vn@l?)}(ll% é@?ﬂl iotf ;I%réleaml;r{ltég rcnﬁ%'%tl cgg{ﬁ%gﬁlﬁgeéstgé;%éﬁ%?&%%f rix

mat eri al s, uideathe samerondieiond, i the etiungive amownttdr feeddkR prdcasses beve, provi de

a nol ecul ar sieve catalyst conposition that has a LEI greater than 1. By
def i ni t i ongram Gfsriadist gpmpesitjen until the conversion of feedstock by the catalyst

composition falls below some defined level, for example 10%. An inactive metal
oxide will have little to no effect on the lifetime of the catalyst composition, or
will shorten the lifetime of the catalyst composition, and will therefore have a LEI
less than or equal to 1. Thus active metal oxides of the invention are those metal
oxides, different from typical binders and/or matrix materials, that, when used in
combination with a molecular sieve, provide a molecular sieve catalyst
composition that has a LEI greater than 1. By definition, a molecular sieve
catalyst composition that has not been combined with an active metal oxide will
have a LEI equal to 1.0.

[0034] It is found that, by including an active metal oxide in combination
with a molecular sieve, a catalyst composition can be produced having an LEI in
the range of from greater than 1 to 20, such as from 1.5 to 10. Typically catalyst
compositions according to the invention exhibit LEI values greater than 1.1, for
example in the range of from 1.2 to 15, and more particularly greater than 1.3,

such as greater than 1.5, such as greater than 1.7, such as greater than 2.



catal yst conposition that has not been conbined with an active netal oxide
wll have a LEI equal to 1.0. [0034] It is found that, by including an
active mewa osmgide in conbination wth a nol ecul ar sieve,p@/caBaingst
conposition can be produced having an LEI in the range of from greater
than 1 to 20, such as from1.5 to 10. j,Typically catalyst conpositions
according to the invention exhibit LEI9'vaI ues greater than 1.1, for
example in the range of from1.2 to 15, and nore_ particul arl reater than
1.3, suchl0835Yr eat karparticatar.ithe medal opridgs upsfalbhessin baymamuptakesofared gr eat er

‘th 2. WD,03/074176 PCT/US03/ 04153 , - 00 J ticul t al
oxiages us efigridg &t i&%qg?éié&ﬁ ({1& %3821110‘?&@%\?11? ]OX’@EO%%BQIS gﬁea%géggf gf ?east

0.03 / 2 1 Ldg; : h t al

oxi e Al T hERieR ot TunSUANRT Bl RS 1 Ciibn B WL 10

oxi de i s nefthe hdtdl@aide is fotgeimeslain gdneraintdicahetakoxids ussfed biéretmewidli n Wil | have
a carbon dioxide at 100C of less than 10 ng/n2 of the netal oxide, such as
| ess t han Bavew qapbanfdiozide atek0QPC of iase thamylfi roghn’pf thehraetakoxitle, si¢liess usef ul

herein haye a carbon,di.oxi de uptake of Q.04 to Q.2.ng/ f t.he netal

oxi de. [O(E)I@Bﬁ %Pﬂ%é?%{@ro ed‘é‘?t%lr‘ﬁﬁl%ea{ C%ﬂr%ﬁ@%ﬁ%‘gg“ﬁn%q’glﬁelﬁ}f a et al
oxi de, the I 1 i 2 34 he netal oxide is
dehydr at edhab{?od i%ﬁ%ﬁgﬂ?ﬁgﬁg%gnﬁ %éét1 gpggg%g{noég%gcrm%t% C(1)e\t/v| ng air until a

const ant wW0g6f , t H& ordedny deeigint the ¢asbabdiakide dptakdef 4 e ozidaythe of t he
sanple is then reduced to 100C, and carbon di oxi de i.s_passed over the

sanpl e, ei folewirgprorefverisiagopied A s3Ipieet the metgl axidads dehydrdedt wei ght i s

obt ai ned. [The increa ' j ] I: of the
campl o basheitigh 1 SR b0t 00 A BPRirfnlil oA nBlenfIGE O e
carbon di oxdrgleveii¥93d bbthided "NEhEpATRlREreloFHYS daB Pl RN retiii@dean OGAT di oxi de
adsorption is nmeasured using a Mettler TGA/ SDTA 851 thernogravinetric

anal ysi s syt embondideide ipsissadtovier hosamele, Fither gentiuopsdy @& ispitigse i s
LTI NIETE T RA I e R NS Rt X
equi | i br at génabs fl3Ang88hE 88BN HALRE dPihe dry weight of the sample is the amount
of adsorbed carbon dioxide.
[0037] In the Examples reported below, the carbon dioxide adsorption is
measured using a Mettler TGA/SDTA 851 thermogravimetric analysis system
under ambient pressure. The metal oxide sample is dehydrated in flowing air to
500°C for one hour. The temperature of the sample is then reduced in flowing
helium to 100°C. After the sample has equilibrated at the desired adsorption
temperature in flowing helium, the sample is subjected to 20 separate pulses
(about 12 seconds/pulse) of a gaseous mixture comprising 10-weight % carbon
dioxide with the remainder being helium. After each pulse of the adsorbing gas
the metal oxide sample is flushed with flowing helium for 3 minutes. The
increase in weight of the sample in terms of mg/mg adsorbent based on the
adsorbent weight after treatment at 500°C is the amount of adsorbed carbon
dioxide. The surface area of the sample is measured in accordance with the
method of Brunauer, Emmett, and Teller (BET) published as ASTM D 3663 to
provide the carbon dioxide uptake in terms of mg carbon dioxide/m” of the metal

oxide.



tenperature in flowng helium the sanple is subjected to 20 separate

pul ses (about 12 seconds/pul se) of a gaseous m xture conprising 10-wei ght
% car bon wdi @w7digewi th t he remai nder being helium After asahupebsessof the
adsorbing gas the netal oxide sanmple is flushed with flow ng heliumfor 3
m nutes. The increase in weight of t sanple in terns of ng/ng adsorbent
based on the adsorbent weight after treatment at 500C is the amount of
adsor bed carbon dioxide. The surface area of the _sanple is neasured in
accor dancel0@B8lh t heConvenisoty.che sitive audal oxplehphes a B¥d srefapeareg BET) publ i shed

as ASTM D 3663 to rovi de .t he carhon di oxi de,Hpt ake 4 Nt of nmg carbon
di oxi de/ m6H ‘&?@“ r]r\B.ln?iYg’ SHSh Qf&re%qg%ﬁ gdi%l/“%go é@@ﬂéof/rﬁfﬁ?g’wﬁ?elo [ 0038]
Conveni ent ] Yive hi8a12%ideVS haEh BETOX S Srba BAS 18asBET nﬁn%" faaas@#oap2@f greater
than 10 er/?/, such as greater than 10 n2/g to 300 ig. Preferably, the

g

active nmetaf/goxRii@d)e. Merepr&Ehblythieactvaimetal okidafs) hasssBE2Gurffey, such as
from20 nR2/g {o 250 nP/g. re preferaply,.the,active tal oxide(s) has a
BET surf ac®ed af @deast 2%m2fgea%h€/3 aﬁﬁroﬁﬁ‘%gf@@u%’r@@s‘ny&o ?Bre'%’ieg to 200 n2/g. In
a preferre ] (S b I i EHCconi um

&b IR B cti b Frofh? b e sl Rlde L LG Rm né);&gd,eqa@ A gt

oxi de having a urface area greater t such as greater than
25 nR/ g angirfas bied rakdrthangzteat/grsuthang@ateniiag 25 0FADindIetiaddrdyve et al
oxi de(s) can be prepared using a variety of methods. It is preferable that

the acti vegmeteathanRDa@e/d s made from an active metal oxide precursor, such

as a netal , sugh as. a halide, . nitrat I L _or t her

sui tabl e s’(@%](tes oﬁeh?e(’%%ﬁpgl?al 8%%3@9 F%ﬁﬁe{rﬁrg? %Sgrirggélﬁﬁgsv _aﬁ%tgt()?%%}hn% he net al
oxi de  durj;Rgneala10lat 812 acBUCReAS oSNY hadd fles aandiv el &6de Al koxi des are
al so suitable sources of the Goup 4 netal oxide, for exanple zirconium

n- pr opoxi derecwxsorp swthersraguietslnaitcsich s a helidy; oiiptelsubiatedr assipte Gthethydr at ed
zirconi a. The expressi

material cOHgPlesoHEFey PE@B N?eﬂih %ré{ (ra*gd‘zl %‘?f%@%ﬁéﬁﬁ %ﬂ%gww Rg QQ |OF goﬁi um
atoms via fth Aol Ngn@HIGRnak 8Fehl GHtiks b hittkes. QARREIS APa1RY QlitBR € hydr oxyl
ITOups: sources of the Group 4 metal oxide, for example zirconium n-propoxide. A

preferred source of the Group 4 metal oxide is hydrated zirconia. The expression,

hydrated zirconia, is intended to connote a material comprising zirconium atoms

covalently linked to other zirconium atoms via bridging oxygen atoms, and further

comprising available hydroxyl groups.

[0040] In one embodiment, the hydrated zirconia is hydrothermally treated

under conditions that include a temperature of at least 80°C, preferably at least

100°C. The hydrothermal treatment typically takes place in a sealed vessel at

greater than atmospheric pressure. However, a preferred mode of treatment

involves the use of an open vessel under reflux conditions. Agitation of hydrated

Group 4 metal oxide in a liquid medium, for example, by the action of refluxing

liquid and/or stirring, promotes the effective interaction of the hydrated oxide with

the liquid medium. The duration of the contact of the hydrated oxide with the

liquid medium is conveniently at least 1 hour, such as at least 8 hours. The liquid

medium for this treatment typically has a pH of about 6 or greater, such as 8 or

greater. Non-limiting examples of suitable liquid media include water, hydroxide

solutions (including hydroxides of NH,", Na’, K*, Mg**, and Ca*"), carbonate and



[ 0040] In one enbodi nent, the hydrated zirconia is hydrothermally treated
under conditions that include a tenperature of at |east 80C, preferably at
| east 100© o3fnei7hydr ot hernmal treatnent typically takes plraeusosoasseal ed
vessel at greater than atnospheric pressure. However, a preferred node of
treatment involves the use of an opepy vessel under reflux conditions.
Agitation of hydrated Goup 4 netal oxide in a liquid nmedium for exanple,

by the action of refluxing liquid and/or stirring, pr s t.he effective
i nt er act i opicorbonatesdyiinst(Eglusiagiearhenates a’élqllglc?’l’b&ﬂf‘tgs ﬁ@ﬂ%%‘lg >dur ation of
the contac}, af t dr at.ed _oxi it Lo diniagi s conveniently

at least 1 u?r}‘{](gﬁk%p%réélg? qdégg?ergaﬁg%sﬁ gl? d q]kgﬂwdg%% meéi umfor this

treatment Emhcal | Vin@sthar hb&fimeRO te Btivs mgtabakide is mogdhredidoB or greater.
Non-limtinhg exanples of suitable liquid nmedia include water,  hydroxide

sol utions é&ianmglle)diysgbjeytitraxliged solutipmsuch agan aqueous\iglutiong eRMEIIG |

carbonate and WD 03/074176 PCT/ USD3/ 04153 - hi carbon .S i ons

(i ncl udi ng2 EAEEFOAHAPREOL ch%WB@ﬂ@tcé@&%Pnf\lﬂéﬁfleﬁbtp o aﬁ,rg‘“ﬁ}g"{“{é, and Cat}),
pyridine apg, { fotatsl 14 I fvid, QUoH syl the8dditib08fd] | n anot her
enbodi nent ?P%fﬁ?éd%zggﬂ)%/e\éa{rﬁgggﬁsﬂ%%gdeg%ls praeplar ed, afsgdryI exanpl e, by subjecting
aliquid Sgebh'fpit@tﬁhg Sugdnt &stheroltjoro Genwmiantlyothe presipitelion igeondudiedir ce of

ions of a oup 4 netal to conditions sufficient to cause precipitation of
a hydr at edaty i abessr 7. oforeeramglsy the RESTRIEAIRE RPN A1Y R APRSE SUMASt he addi ti on

of a precipjtati r eagent tion. Conveniently, the
preci pitat F‘%t\“@i*yﬁlg’%b‘%ccgéﬁlm‘%‘ﬁm%ﬁ?ﬁ%g‘gﬁe 7. For exanple, the precipitating
agent may 43] basewsidg A ndisturs 66k Giovpysimenl oeide withrmGrouprd dnddrdxi de. [ 0042]

When a mixture of a G oup 4 netal oxide with a Goup 2 and/qr 3 _netal
oxide i s t mek opidepsiodet prepared, atfirkt lisiidisodeian OBPTEBIEH SMHPT OB ce of

compr | si ngegroubhme i perenged SR AR LSS GTeb b O ("
conbi nat i 09, afe §MBns SOI BidRNBakRs ¢RkS 3Rhase Thdemisiaatbntdfaws suf ficient to
cause co-precipitation of a hydrated precursor of the m xed oxide materi al
as a sol i dsblutionstdae takel pladeamder indions puffieleyt totdauseseorpreePBMtiqng# of t he
Group 4 ne%l?llra%g%retcr&?so% (())%l ‘[h%ei\ni())(];d ic»(()i g m(%t]jterltaﬁ1 &s a solid from the solution.

Alternatively, the source of ions of the Group 4 metal and the source of ions of the

Group 2 and/or Group 3 metal may be combined into a single solution. This

solution may then be subjected to conditions sufficient to cause co-precipitation of

a hydrated precursor to the solid mixed oxide material, such as by the addition of a

precipitating reagent to the solution. '

[0043] The temperature at which the solution is maintained during the

precipitation is generally less than 200°C, for example in the range of from 0°C to

less than 200°C. A particular range of temperatures for precipitation is from 20°C

to 100°C. The resulting gel is preferably then hydrothermally treated at

temperatures of at least 80°C, preferably at least 100°C. The hydrothermal

treatment typically takes place at atmospheric pressure. The gel, in one

embodiment, is hydrothermally treated for up to 10 days, such as up to 5 days, for

example up to 3 days.

[0044] The hydrated precursor to the metal oxide(s) is then recovered, for

example by filtration or centrifugation, and washed and dried. The resulting



G oup 2 and/or Goup 3 netal nmay be conbined into a single solution. This
solution may then be subjected to conditions sufficient to cause

co- preci pwoatsiogsn7ef a hydrated precursor to the solid m xeEd/wsoBdess3
material, such as by the addition of a precipitating reagent to the
solution. [0043] The tenperature at ich the solution is maintained during
the precipitation is generally |ess than 200C, for exanple in the range of
fromOC to Iess than 200C. A particular range of tenperatures for

preci pi t atthateridlsah thembeeacined, 3gbes lm%omé@mgﬁtﬁaasxél@% Pa [SPRPRYSI y t hen

"Cast 10001 srirasti G nEh BT B bR onfle 4R Spo Rl e Sl &

at nospher i}%rtﬁ)é §m 650€C §L800°CNtPREN tRERiE MRmdl oxide dnydit vt thisedal | y
treated for uﬁﬁat%ﬁo gays, such as up to 5 days, for _exanple ug@to 3 days.

[ 0044] ThembyHsdtedTpr @bination tine ishppinaltyaip ©xd3dwuss, sich aserl-p &k dbered, for
exanple by filtration or centrifugation, an shed ;and..dri . The

resul ti ng haorpfenexampls fPC#PG%éQﬁ’Gﬁ‘fsén Oni?nﬁ%%fnaf’alﬁlgﬁu?rh{esnglglee-gcaI ci ned,
such as in_an, gxi di or&gq e, at a tenperature of at |east 400C,
such as atoq%gggqouggg% gtrlq(g;glﬁp % from 600C to 900C, and particularly

from 650C [pp4$00C, Th@nbthernerhbwlimeit the GretpH nostaldidsranddhé Geoupixed et al

oxi de. The calcination time is typically up tg 48 houra, sych as for 0.5 to
24 hour s, arfddor GrouppIneetalgixide age pigde sengiitely ang ghegseniaris a?%?ﬂm 0 cal cinati on

is carried. out at about, 700C. {or t . 14eRiR00EHEr

enbodi rrentfor‘?lﬁée@ %alrf’é‘r“gﬁ(%h%sé% nzfngétcﬁg%%otg%)ggﬂ&]gn%;g Br G oup 3 netal

oxi de are gBdeseRAGRB!VmaALoLiBE Baidoneicad widgthesledular sfvepribhe i xed

metal oxide that is then contacted with the nol ecul ar si ev&. For exanple,

the Group % ineddicimxihdGroan bed/cohraptioaciy exide pralipsnabivalyateG8yR prior to
i ntroducing the Group, 2 apd/.ogr Gou tal, gxi r jvely, the
Goup 2 agé}’l‘yPr CFIw’ @eﬁ\{;?’é{ © 83 lﬁeego@gar?@giew%%ﬁ)[eac? %‘gﬁ%r\ﬁ%%tp ﬁgpﬁ)ol ecul ar
sieve pri Ofnt}oﬁucihg'iﬂe@ﬂé%%'Zl.gnétg!eoxﬁé?“p 4 metal oxide. [0046] \Were the

catal yst conposirtron conprises a G oup 4 netal oxide and )
[0046] Where the catalyst composition comprises a Group 4 metal oxide and

a Group 3 metal oxide, the mole ratio of the Group 4 metal oxide to the Group 3
metal oxide may be in the range of from 1000:1 to 1:1, such as from 500:1 to 2:1,
preferably from 100:1 to 3:1, more preferably from 75:1 to 5:1 based on the total
moles of the Group 4 and Group 3 metal oxides. In addition, the catalyst
composition can contain from 1 to 25 %, preferably from 1 to 20 %, more
preferably from 1 to 15 %, by weight of Group 3 metal based on the total weight
of the mixed metal oxide, particularly where the Group 3 metal oxide is a
Janthanum or yttrium metal oxide and the Group 4 metal oxide is a zirconium
metal oxide.

[0047] Where the catalyst composition comprises a Group 4 metal oxide and
a Group 2 metal oxide, the mole ratio of the Group 4 metal oxide to the Group 2
metal oxide may be in the range of from 1000:1 to 1:2, such as from 500:1 to 2:3,
preferably from 100:1 to 1:1 and more preferably from 50:1 to 2:1, based on the
total moles of the Group 4 and Group 2 metal oxides. In addition, the catalyst
composition can contain from 1 to 25 %, preferably from 1 1020 % and more

preferably from 1 to 15 %, by weight of Group 2 metal based on the total weight



a Goup 3 netal oxide, the nole ratio of the Goup 4 netal oxide to the

G oup 3 netal oxide may be in the range of from 1000:1 to 1:1, such as
from 500: watas/241t¢ preferably from 100:1 to 3:1, nore prafcaredBp4iseom 75: 1
to 5:1 based on the total noles of the Goup 4 and G oup 3 netal oxides.
In addition, the catalyst corrpositi_qg_can contain from1l to 25 %
preferably from1l to 20 % nore preferably froml to 15 % by wei ght of

Goup 3 netal based on the total weight of the m xed netal axide,
parti cul anff thewhixed mdta O@mpm‘gcﬁéﬁlﬁw%%ﬁtb%qf%upaz megcﬁpﬁﬁa?ﬁ%?u% trium netal

oxi de and the G,oup.4 netal oxi.de.is. i | -qqetal oxide. [0047] Where
t he cat al )P§fde@6‘9ﬁ]6‘§gf9‘@ni@8 ?)f@%gs aam%roéiﬁ%?ﬁl%{r?g%]ldggxi de and a[Grou]p 2
netal oxide, the nole ratio of the Goup 4 netal oxide to the Goup 2

netal oxide may be in the range of from1000:1 to 1:2, such as from 500:1
to 2:3, aAiBsECbposikion100:1 to 1:1 and nore preferably from50:1 to 2:1,
based on the total noles of the,

G o 4. and. G.0 2 netal jdes. In
addi ti on, [P8lcat alljscatalysheRsapasition Oléglﬁe @3?@&%n%88?ﬁafytogiefg % preferably
from1l to20 % and.nor f 4he Bytivesh@hitoxidesG oup 2
met al baséHOIS%ﬁ%Séer{{%g aﬁ&c&eglf}g%e?a%d@%? B&%%fgméé&/ UeSOS} 04153 ° -le§ of the
m xed net ajes@itied@boRabpticndlgwish abieder dddéor@naitip niterial diffepsait dont thecal ci um
oxide and the Goup 4 netal oxide is a zirco iu%rstlﬁl oXi get Cat al yst
Conposi ti cutiy@os]l oxide(stalapigaly, Sisprightadn obhemplesulyrsivedhthenct udes any
one of the .nolecyl ar, sieves, preyij . ' T re of the
active met3Hve et oxidgdn e gL Sg Jg@ﬁ@ %O&dl?glr?]%ell}% th dgﬂgiv%ﬁd%ﬂrmand/ or
et i X matgn ) (iAo RERRL pdkE A phTerab ok e Ol pRidedebsi0) VEygitcal |y, - the
wei ght ratio of the nolecular Sieve to the active nmetal oxide in the
catal yst csspmsithoremréferably fréra 20 ayeight peroeRicm 80 weigH percsa o8t 800

wei ght percent, preferably from jght, percent to 600 wei ght percent,
more pref e@fﬁﬁ%bhfiﬁeﬁﬁ_ Wﬁébb?ﬁrceﬁigocmgflghgmce&gi ght percent, and nost
pref er abl yrahugm 30 el gl REREArehGDiARYs Wat Stusel Beoiming@e49] There are
many diffe[ren bi nders that are useful in formng the

catalyst composition of the invention. Non-limiting examples of binders that are

useful alone or in combination include various types of hydrated alumina, silicas,
and/or other inorganic oxide sols. One preferred alumina containing sol is
aluminum chlorhydrol. The inorganic oxide sol acts like glue binding the
synthesized molecular sieves and other materials such as the matrix together,
particularly after thermal treatment. Upon heating, the inorganic oxide sol,
preferably having a low viscosity, is converted into an inorganic oxide binder
component. For example, an alumina sol will convert to an aluminum oxide
binder following heat treatment.
[0050] Aluminum chlothydrol, a hydroxylated aluminum based sol
containing a chloride counter ion, has the general formula of
Al1,0,(OH),CL+x(H,0) wherein m is 1 to 20, n is1to8,0is5t040,pis2to 15,
and x is 0 to 30. In one embodiment, the binder is Al;;0,(OH),,Cl;»12(H,0) as is
described in G.M. Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-
144 (1993). In another embodiment, one or more binders are combined with one
or more other alumina materials such as aluminum oxyhydroxide, y-alumina,

boehmite, diaspore, and transitional aluminas such as c-alumina, -alumina, -



catal yst conposition of the invention. Non-limting exanples of binders
that are wuseful alone or in conbination include various types of hydrated
al um na, widdamasi,76 and/ or ot her inorganic oxide sols. One porefi®soedsal um na
containing sol is alum num chlorhydrol. The inorganic oxide sol acts |ike
gl ue binding the synthesized nolecul ar sieves and other materials such as
the matrix together, particularly afﬁéf thermal treatnent. Upon heati ng,

t he i norgani c oxi de sol, referably having a | ow viscosity, is converted

into an i nelpim. S-awning, prhana, el Ard p-rbmisgalwninunaiihyiwoxidea sol wi | |
tt | i id i.nder. fol l.owi ng heat treatment. [0050

Ao num oRRO R ST B  rrdh bRl Run R ARuAER L oot ai ri g

chloride cooustpr iONonJTﬁ;ﬁtih%@)t(egﬁ 8¢ aiqoﬁlﬁﬁéwiaﬁygbaila%hm{o% Ql%ﬁxﬁffe( H20)

wherein mis 1°'to 20, nis , 0is 5to40, pis 2tol1l5 and xis O
to 30. |n evleirshisiedValenso7a dveilihladem NalcAChatddaDEp2 MNapgrvilk, HAdisas i s
described in M |t erman,. | ., .Stud. Surf., Sci, and tal ., 76, pages
105- 144 (mgyacql M&%Vm@ﬁfoﬁ?mﬁcagﬂ@ﬁe%?]é?g’ﬁﬁ=rk}%-r shlard.c ormbi ned

wi th one QESQRhﬁwQ&Qer alumina material s such as al um num oxyhydr oxi de,
y-al um na, E% ehmte, diaspore, and transitional alum nas such as

a- al um na, [0053] um nWheye MOCAAlYSTdohiifosRoh/coladisQdhadix makérisl] Mg iva,

5-alum na, c-alum na, x-alunm na, and p-alum na, alum numtrihydroxide,

such as gi Brsderally difigrentifram thenciye metd oxide agd pey pinder. digtrix materias t her eof .

0051] Non-|j.nit] | f. iall i L abl | L oi dal al uni
Sols 1 not ol REPURERVEERaoinE SR b ool Bt Spial RS, 11 e
I11inois, damsh a&%tioﬁgag%%ahé adth19stfdofipoblyias OdndNadeastec ki Qoi es, Inc.,

Ashl and, Massachussetts. Wiere the catal yst conposition contains a
mat ri x nat ghysidal propegies suchmsetwshatengttiand eftiiion fesistmehie active netal oxi de

and any binder. Mtypix. maf.erials . are typically effective.in reducing
over al ?/ cal gkt COlél@-hgg@pg@xaég?l%%‘fwﬁggq%ﬁs Hﬁ?ﬁiﬁﬁ'@r‘?"éﬁﬁﬁ'@feé’ﬁeon, '
densi fyi ngof ASrCRnRloYivh nfdIRRRIek iidi A kriIMG! 38" dHEALAYS hnd PhYsi cal

properties such as crush strength and attrition resistance.
mixtures thereof, for example silica-magnesia, silica-zirconia, silica-titania, silica-

alumina and silica-alumina-thoria. In an embodiment, matrix materials are natural
clays such as those from the families of montmorillonite and kaolin. These
natural clays include subbentonites and those kaolins known as, for example,
Dixie, McNamee, Georgia and Fiorida clays. Non-limiting examples of other
matrix materials include haloysite, kaolinite, dickite, nacrite, or anauxite. The
matrix material, such as a clay, may be subjected to well known modification
processes such as calcination and/or acid treatment and/or chemical treatment.
[0054] In a preferred embodiment, the matrix material is a clay or a clay-
type composition, particularly having a low iron or titania content, and most
preferably is kaolin. Kaolin has been found to form a pumpable, high solids
content slurry, to have a low fresh surface area, and to pack together easily due to
its platelet structure. A preferred average particle size of the matrix material, most
preferably kaolin, is from 0.1 um to 0.6 pm with a Dy, particle size distribution of
less than 1 pm.

[0055] Where the catalyst composition contains a binder or matrix material,

the catalyst composition typically contains from 1% to 80%, preferably from



[0053] Non-limting exanples of matrix materials useful herein include one
or nore non-active netal oxides including beryllia, quartz, silica or sols,
and m xtwoes/vkeseof , for exanple silica-magnesia, silicacaivwentia;
silica-titania, silica- alumna and silica-alum na-thoria. In an

enbodi ment, matrix materials are natuag[ cl ays such as those fromthe
families of nontnorillonite and kaolin These natural clays include
subbent onites and those kaolins known as, for exanple, Dixie, MNanee,

Geor gi a an@b@iteh webWh.2pd maye prafergblyi fiom SXaiep10&s yrweighicrf themat ri x material s
i ncl ude haloysite,. kaplinit i GKi t Cri or _anauxite. The matrix
mat eri al , eﬁ:ugag Slgv%ﬁw,g Oﬁ’gli}e g)gﬁs e]g&? Ctaéa?%fz?mﬁ?ﬁgwp'mdi fication
processes w{sg})as colifetd @b canlyaneindbosafontohfa8 At Biderand/aMatglem cal

treat ment. 54] In a preferred enbodinent, the matrix material is a clay
or a cl ay- naygral,cherpeight ratin,of pherbindarlta tHeymitziv inregeréal iotypicalby from ti t ani a
content, and _nost referably is kaolin. Kaolin has been found to forma
punpabl e, ﬁﬂéﬁoééﬁ’is as mwéd@te|1a‘ﬁrapslp%wﬁé¥}¥¥@nr iiﬁ/tPr%ésshlo@Jrface ar ea,
and to pac 9@&&@ Ll i eferred
aver age pa??@c e s?gg?gﬁ&%%%mﬁg?#ﬁ§okg?éBbg%ﬁgﬁgg?B&%§2?%€%g€§8 aolin, is
fromO0.1 mstich 43.ffonmabdut 5%abyRighatd dbole2 (% be wbigits adduaridsulafy frbass than 1
m [0055] Where the catal yst conposition contains a binder or matrix

material, 2001 7¥aburgight toabeut] by wejghtcbaspd or Erettatahweighbai thes t 0 80%
pr ef er abl yb{@gﬁ%&%@%&%&%ﬁ%&%@ﬁ%%éagélr%lﬁig -15 about 5% to 60% and nore

preferably nol ecul ar si eve based on the
total wei glgosgf theTrEaéadlySicofRIRASH tyfahlly HaORA6AsitYAR IR fahige Rk@hYSt
conposition contains a binder and a matrix material, the weight ratio of

t he bi nder OtSce/ehite nglce,isucnest ferndton 8.6t g/ed od ¢/ye, flomenample Bomd. 1ge such as f
roml: 1 0,1:4, .and. particul ar f oml.6,to 1:5 The anount of

bi nder s 132k 1o Bibe Fossobomd § HeTS3 #sar 2056 by wei ght - such
as from about 5% by wei ght to about 20% by wei ght, and particularly from
about 7% by wei ght to about 15% by wei ght, based on the total weight of the
bi nder, t h€atalysdCdmposifiav Foemdlatenr i x nmateri al .

[0058] In making the catalyst composition, the molecular sieve is first
synthesized and is then physically mixed with the active metal oxide, preferably in
a substantially dry, dried, or calcined state. Most preferably the molecular sieve
and active metal oxide are physically mixed in their calcined state. Intimate
physical mixing can be achieved by any method known in the art, such as mixing
with a mixer muller, drum mixer, ribbon/paddle blender, kneader, or the like.
Chemical reaction between the molecular sieve and the metal oxide(s) is
unnecessary and, in general, is not preferred.

[0059] Where the catalyst composition contains a matrix and/or binder, the
molecular sieve is conveniently initially formulated into a catalyst precursor with
the matrix and/or binder and the active metal oxide is then combined with the
formulated precursor. The active metal oxide can be added as unsupported
particles or can be added in combination with a support, such as a binder or matrix
material. The resultant catalyst composition can then be formed into useful
shaped and sized particles by well-known techniques such as spray drying,

pelletizing, extrusion, and the like.



[ 0057] The catal yst conposition typically has a density in the range of
from 0.5 g/cc to 5 g/cc, such as fromfrom0.6 g/cc to 5 g/cc, for exanple
fromO0. 7 wiocw/o741064 g/ cc, particularly in the range of fr@omUR3Q4cs to 3
g/ cc. Catal yst Conposition Formulation O[ 058] In nmaking the catal yst
conposi tion, the nol ecular sieve is [ﬁgst synt hesi zed and is then
physically mxed with the active netal oxide, preferably in a

substantially dry, dried, or calcined state. Mdst preferably the nol ecul ar

si eve and[¢60] ve nin ete abadimentethsmyalpeudar sieveicemposition pred the pedtidk ned st at e.
Inti mate physic¢al .nixing.can.be achieved by.any. methad known in the art,
such s m DG B R by 3R b ERe B Mo S SR AP Bitencer
kneader, OgndnRixkdl k& prodtteubdanti ARk R8I NGER b SorRbRGUR&T Sieve and

the netal oxide(s) i's wunnecessary and, 1n general, is not preferred. 0059
Wher e t he omtietuesisieveonpopodiiion Nomdiaiitisg examgtles of saitabloliqhbidadeiudet he

| ecul i i iently. initjally f | ated j nto a .catalyst
pr ecur sor Wi albPOLRER. LRIV RS, BRHBRESIosh oL R BOS ¥ PO Toxi de i s ¢ hen
cormbi ned iyl ! g, slé:?fyrﬂflﬂfi’et rﬁﬁle@ﬁﬁ?é{é%oéot%pmg@%%ﬁa&& B i Q¥llGif a0 De
partic a

added as unsupporte es or can ed I'n conbination wth a
support, sicthedfedatohi fofsing @hit/@ich iaX spraptidern, elat fobhe tieasidlyant cat al yst
conposition can then be forned into useful shaped and sized particles by
wel | - known ceBpasitieuako Bigaequited sheney fareyample misglspearesi ng, extrusi on, and

the |iKke. 107417 CT/ US03/ 04153 -1 006 l.n.one .enbodi ment, the
nol ecul ar Xiiﬁeé\ig conégg? @F(%OLIJ%% tsheé%r(r:%&aﬁsg‘:(lrﬂ%qsghné? ,forglﬁfi "ofal | y with a

bi nder, ar guissemaang drybridiicd state) b chirther hatsh andbtctivatd ik folhe&n m xed to
produce a substantially honogeneous mi xture containing the nolecular sieve
conposi t i onatalysihedniprisitionga beed nphtenbsuchas calolnetion Fuisuallyi pecfoued. wat er

al cohol , ketones, .al dehydes, and/or. esters. .The t, areferred liquidis
Nater . ‘The 14PURT g GRERGRBIraRtare & o e gL bro THIREEr “and mat ri x
material  badasn fef sHEiof VOPE BEd Wikl Pre?éf&ﬁl%%%n?%@&f tQWb@‘G[.et hat forms

the catal yst cofrposition into the required shape, for exanp
m cr ospher dgpical calcination environments are air (which may include a small amount of

water vapor), nitrogen, helium, flue gas (combustion product lean in oxygen), or
any combination thereof.

[0062] In a preferred embodiment, the catalyst composition is heated in
nitrogen at a temperature of from 600°C to 700°C for a period of time typically
from 30 minutes to 15 hours, preferably from 1 hour to about 10 hours, more
preferably from about 1 hour to about 5 hours, and most preferably from about 2

hours to about 4 hours.



[ 0061] Once the nol ecul ar sieve catal yst conposition is fornmed in a
substantially dry or dried state, to further harden and/or activate the
fornmed cwtoaisyps#i76onposition, a heat treatnment such as calrdTmesoso#sss

usual ly perforned. Typical calcination tenperatures are in the range from
400C to 1,000C, preferably from 500 0 800C and nore preferably from 550C
to 700C. Typical calcination environhents are air (which may include a
smal | anmount of water vapor), nitrogen, helium flue gas (conbustion
product | eHge phiCatalyss Gomppsitialny conbi nati on thereof. [0062] In a preferred

nbodi t t t i t.0. i S . t.ed . it 1 at
Cenper at ur 88T ot gty ToaResiia AL RpRT 88 ei el SRR RE™ ¢ 1 om 30
m nut es t OprbeeddBYinludripedriikaty, ¥t fdr(émglfa%aphshaq&@ts 18 fewiE) (urer e

preferably from about hour to about hours, and nost preferably from
about 2 hBatest No G¥F37) ohbigher myiec @8y OFighT7@I WOy lisoabodd ®3owerl 7- Use of

Cat al yst sitio 0063] The. cat st ¢ osi tion, descrjbed above is
seeful in Q}Yﬂacer%%ssqyé&@gg@ga Pﬁ‘flé%/ amméggﬁ%wm#r@%eum andfr Q¥¢ligpl e a
ht ha f ' t 0, 537 hi gh
Prgloecu?ar e%glci%[ﬁ%ﬂ’I(l%er%}ﬁédd?g?%g%%nﬁg alr(g)%?dg Sk‘%ﬁy rléo%é\r bon)s; or Manet

hydr ocr ackpsigmesitzation; o£foaeRdneplo 0ay yr metd clefn®) widodiuce ayolynter f eedst ock;
i somerization, of for exanple aromatics such as xylene; polynerization, of
for exanpl Broghet; sifomyng hydedgepqtion; dehyjsregenation dewpxingrof forrexgmple r ef or ni ng;

hyd tion: deh tion; ' of, for. le  hyd b t
v ot B GReat B b SRR ko SRR Kandftinsh s ic SR SIS RS "o ot
conpounds §Qknatie Refinpbhit BtdephBBAR bt ibE1RES Mleredt KN 1BLibRRdE f&fexBﬂPleex anpl e

aromati c hydrocarbons such as benzene and al kyl benzenes; transal kyl ati on,
of for examplatichydwmeibnng sush apbermenerand akyhenzsotsy trhsalkylasiont eicfor

Tt S S SHRLo 80 ik eSe ALl SR Lo SproporLonati on, of for
exanpl e st §alighhH Sy BB MestionS BRLR BRI A6S bof fatifRYIReSYE! | zati on.

make benzene and xylenes; oligomerization, of for example straight and branched

chain olefin(s); and dehydrocyclization.

[0064] Preferred processes include processes for converting naphtha to

highly aromatic mixtures; converting light olefin(s) to gasoline, distillates and

lubricants; converting oxygenates to olefin(s); converting light paraffins to olefins

and/or aromatics; and converting unsaturated hydrocarbons (ethylene and/or

acetylene) to aldehydes for conversion into alcohols, acids and esters.

[0065] The most preferred process of the invention is the conversion of a

feedstock to one or more olefin(s). Typically, the feedstock contains one or more

aliphatic-containing compounds, and preferably one or more oxygenates, such that

the aliphatic moiety contains from 1 to about 50 carbon atoms, preferably from 1

to 20 carbon atoms, more preferably from 1 to 10 carbon atoms, and most

preferably from 1 to 4 carbon atoms.

[0066] Non-limiting examples of suitable aliphatic-containing compounds

include alcohols such as methanol and ethanol, alkyl mercaptans such as methyl

mercaptan and ethyl mercaptan, alkyl sulfides such as methyl sulfide, alkylamines

such as methylamine, alkyl ethers such as dimethyl ether, diethyl ether and



[0064] Preferred processes include processes for converting naphtha to

hi ghly aromatic m xtures; converting light olefin(s) to gasoline,

di still ateo @nd4176 ubri cants; converting oxygenates to ol efRa(B03/0¢BBVerti ng
i ght paraffins to olefins and/or aromatics; and converting unsaturated
hydr ocar bons (et hyl ene and/or acetylegne) to al dehydes for conversion into
al cohol s, acids and esters. [0065] Th@phnst preferred process of the
invention is the conversion of a feedstock to one or nore ol efin(s).

Typi cal | y, methylatesd gdenctkyd datidassyclbarameihy helr eridegndsial ichlosidat akydi ng
conpounds,. and prefer abl e or [ xygenates. such that the aliphatic
oi bty corkaps e Aend iRt SRS S AR SRRl skl 1 Fo 20
carbon at oggd. PRIGaR e Fedkicl Eprisch tnetbanoR hio B HRREthyl 3k NDSt
preferably from1l to 4 carbon atons. [0066] Non-limting exanpl es of

sui t abl e adiethyhether contcmbinatpndberpafiinuse piefiribld enethanohaidorglimkthys et hanol

and et hanol , al kyl nercaptans such as nethyl nercaptan and et hyl
ner capt an, eth?ﬂ(??ggﬁﬁtfﬁrﬁl%@b&@ﬁﬁ‘é%&net hyl sul fide, alkylanines such as

t hyl am kyl . L et & J th d WO
031 0va176 T Lsha GHREHe Gl REAADARN s Bl ABEve, Bkl 8 17 T0h a5
met hyl chl peigeciadhtahinglan ORY @hagesuchlak yih aldodblo tirsatilish campdkitiot /| ket one,

f or mal dehydes, and various acids such as acetic _acid. Preferably, the
f eedst ock thenpyansies ineffactineto coaverhts feedstqpkimiprardy Hee one e BP9y | et her or a

conmbi natio here [ ref erabl . hanal hLar. _di | ether, and
nost pref e&gﬁflés‘nﬁ%gﬁﬁfl&) F{ygg:;ﬁdatzg%%lgye %’%Véer}goé? ?ggé f %@8@?& %5 di scussed
above, par %ﬂe@é%blﬁﬂf Yo B caltRRGSdHRS; kgt Pfe%rablr_;»gz 5 AYEENGhS, stifugdreas an

al cohol, the catal yst conposition of the invention is effective to convert
t he feedst pekerply etoidl oprtions etoorsearst mastrpsefersblsf ara e8lylen¥land/et ef i n(s) produced
typically have from2 to 30 carbon atons, preferably 2 to 8 carbon atons,
nmore pref ePEBYYPS to 6 carbon atons, still nore preferably 2 to 4 carbons

shore, o) o st gseilum s gt comi sompd 085
convert a feedstock containing one or more oxygenates into a product containing
greater than 50 weight percent, typically greater than 60 weight percent, such as
greater than 70 weight percent, and preferably greater than 80 weight percent of
olefin(s) based on the total weight of hydrocarbon in the product. Moreover, the
amount of ethylene and/or propylene produced based on the total weight of
hydrocarbon in the product is typically greater than 40 weight percent, for
example greater than 50 weight percent, preferably greater than 65 weight percent,
and more preferably greater than 78 weight percent. Typically, the amount
ethylene produced in weight percent based on the total weight of hydrocarbon
product produced, is greater than 20 weight percent, such as greater than 30
weight percent, for example greater than 40 weight percent. In addition, the
amount of propylene produced in weight percent based on the total weight of
hydrocarbon product produced is greater than 20 weight percent, such as greater
than 25 weight percent, for example greater than 30 weight percent, and preferably
greater than 35 weight percent.

[0069] Using the catalyst composition of the invention for the conversion of

a feedstock comprising methanol and dimethylether to ethylene and propylene, it



convert a feedstock containing one or nore oxygenates into a product
containing greater than 50 wei ght percent, typically greater than 60

wei ght pewoensto74wech as greater than 70 wei ght percent, awd/ysoebersably
greater than 80 wei ght percent of olefin(s) based on the total weight of
hydr ocarbon in the product. Moreover, . the anount of ethylene and/or

propyl ene produced based on the total Weight of hydrocarbon in the product
is typically greater than 40 wei ght percent, for exanple greater than 50
wei ght perisdound thatthe padsiugtion efathenetand pramngy igREcoddyagsenter thamt0%or e

preferably eater than i ght percen Typbcal | the amount et hyl ene
produced i ﬁl%\g}@s &ﬁ?ﬁtﬁgﬁ@eﬁﬁ%ﬁg Me g’ﬁge% 31&8?3'% |a8ﬂ \éa%lFlﬁllﬁg& FOESr bon
product prfaﬂgssﬁfrohﬁm EL®s chRiphred o Weintildr chEI %Gm%o%ﬁ% Athelafit er t han
30 weight pércent, for exanple greater than 40 wei ght percent. In

addi ti on, tdwersiorneomditons pubwith@n ¢hepactiste ceethliomidessiogipongé(stent based on t he
total weight of hydrocarbon product produced is greater than 20 wei ght
percent, slWf0ks grleadditiontaihe %gmtgﬁ?mb@}%ﬁp?&we@%ﬁ% greater than

30 wei ght Pe%{l%?{g}é It‘nagggntgirne({n%ro‘?m%e %1%56?@51 Shid a0 geer | ghilreRGveqpt - [0069]

Using the C onposition’o e I'nvention~for the conversion of a

f eedst ock gRMEEdsEICR®r BRI1EvANR Isietd BatallySEdomplositivarant areetypichigynasednd propyl ene,
it WO 03/074176 PCT/US03/04153 -19 is found that the production of ethane

and pr opanteduee thegonesatigiiompithe &edstaelh Nonsgimiting prampley efdientshan 20% for

| t 30% and particularly .in_the . f 30%to0 40%
compar od-t P, Segb PR EL RNkttt Ao e er ot on
condi ti onscRutiiytRtkadtie PRt e fRERIly Aiad6s GRARS AR08 )ethdn@0AQ] | n

addition to the oxygenate conponent, such as nethanol, the feedstock may
cont ai n ongropengjpesserdiallyeongeactive etonmtie cgepeneds, pndwiktuesdieiepd. t o t he

f eedst ock nmol ecul ar .sj.eve catal yst conposition and are typically used to
reduce t he%E%HE’éHPIF edlilyents A Waé%f&&f‘d’efggg%ﬂﬂtﬁm%?@ﬁﬁlg&&@%@ of
di l uents gfé@éﬁgjﬂe hel ium argon, nitrogen, carbon nonoxide, carbon di oxi de,
water, esSentially non-reactive paraffins (especially al kanes such as
met hane, e{(ogng, anThe presgapejcessess datcoadicyedmorr peddd fange af onat i ¢
conpounds, and m xtures thereof.

temperatures, such as in the range of from 200°C to 1000°C, for example from

250°C to 800°C, including from 250°C to 750 °C, conveniently from 300°C to

650°C, preferably from 350°C to 600°C and more preferably from 350°C to

550°C.

[0072] Similarly, the present process can be conducted over a wide range of

pressures including autogenous pressure. Typically the partial pressure of the

feedstock exclusive of any diluent therein employed in the process is in the range

of from 0.1 kPaa to 5 MPaa, preferably from 5 kPaa to 1 MPaa, and more

preferably from 20 kPaa to 500 kPaa.

[0073] The weight hourly space velocity (WHSV), defined as the total

weight of feedstock excluding any diluents per hour per weight of molecular sieve

in the catalyst composition, can range from 1 hr to 5000 hr”, preferably from 2

hr! to 3000 hr', more preferably from 5 hr! to 1500 hr”', and most preferably from

10 hr! to 1000 hr'. In one embodiment, the WHSYV is at least 20 hr”! and, where

the feedstock contains methanol and/or dimethyl ether, is in the range of from 20

hr! to 300 hr.



The nost preferred diluents are water and nitrogen, with water being
particularly preferred. [0071] The present process can be conducted over a
wi de rangwaood3/o7seaper at ures, such as in the range of fromPAKGBO41E800C,
for exanple from 250C to 800C, including from250C to 750 C, conveniently
from300C to 650C, preferably from §§8Q to 600C and nore preferably from
350C to 550C [0072] Simlarly, the present process can be conducted over
a wide range of pressures including autogenous pressure. Typically the
partial pr g&@t}l e of Theprocpsseafdheianention) iy sgnyenisntly gyndyiciedan e Tegd bed n

|l oyed in_th i Spi . 1 Kk tq.5,MPaa,
o of o abl y g B RBEEOpsaYY fe BSid R8s piloe GUIR: § WRPURIB K Paa (o s00
kPaa. [007§}oc3 . si6h 894 chBiuoMs BRAERd bed prickss, mitisicul®f h B&flinasud he total

wei ght of feedstock excluding any diluents per hour per weight of nolecul ar
si eve in high whctyybltdicechbakprocess,, can range from1 hr"' to 5000 hr"',

preferably 2 r'' to 3000 hr-1, re preferably frompb5.hr"' to 1500
hr-', and war ef B}%ﬂﬂ Rragtic mQ‘lﬂ“ﬁ‘Fm”NH’F@rgﬁ@@1Slﬁ°p§¥°t‘f‘{1asc?ntgmg%%di ment ,
the WHSV i 1 - I i,ns met hanol
andi or di met oI oS e reaot st ek S e A S 0 - v
03/ 074176 BStéhISDB4uidhEIFoces?Trdsh@ebditodl@ptionadBswithbné liembre\dlinent®), | s

conveniently conducted as a fixed bed process, or nore typically as a
fluidized beigd frgseies svith the madeculyr sicve eajelyepompogitiop ife 088 Pr metech” as a

i fluidized . el . as o
cort o i R, LRSS RS, T,

process i Sr&erRueyiRsaasseaut bifludhizBst cnheda BiseesMmoiesdel 7 1RO r@ctoract or
system a regeneration systemand a recovery system In such a process,

fresh feedsyserk alaggtwidntielcpked eatelysieomposivers The enked catplyst i s fed toget her
with the nol ecul.ar sieve catal yst conposition into one or .nore i ser
Feact or (s) CPRPUHGCR BAEOPed ertin SO0t eabetouindrdiorlrea Fivct ne 1 ser

typically with the aid of cyclones, and is then fed to a stripping zoune, typically in a

lower portion of the disengaging vessel. In the stripping zone the coked catalyst

composition is contacted with a gas, such steam, methane, carbon dioxide, carbon

monoxide, hydrogen, and/or an inert gas such as argon, preferably steam, to

recover adsorbed hydrocarbons from the coked catalyst composition that is then

introduced into the regeneration system.

[0076] In the regeneration system the coked catalyst composition is

contacted with a regeneration medium, preferably a gas containing oxygen, under

regeneration conditions capable of burning coke from the coked catalyst

composition, preferably to a level less than 0.5 weight percent based on the total

weight of the coked molecular sieve catalyst composition entering the

regeneration system. For example, the regeneration conditions may include

temperature in the range of from 450°C to 750°C, and preferably from 550°C to

700°C.

[0077] The regenerated catalyst composition withdrawn from the

regeneration system is combined with fresh molecular sieve catalyst composition

and/or re-circulated molecular sieve catalyst composition and/or feedstock and/or

fresh gas or liquids, and returned to the riser reactor(s).



reactor(s) into a gaseous effluent that enters a disengagi ng vessel in the
reactor systemalong with the coked catal yst conposition. The coked

cat al yst wooismosi7ti on i s separated fromthe gaseous effl uadT/vsoshoirsst he

di sengagi ng vessel, typically with the aid of cyclones, and is then fed to
a stripping zone, typically ina Ilo portion of the disengagi ng vessel.
In the stripping zone the coked cat a},\gi;f conposition is contacted with a
gas, such steam nethane, carbon di oxi de, carbon _nonoxi de, hydrogen,

and/ or an [09881 gasThkaigdseews efflyeni is witkdrawabiopm theshsepgaging sisteavend adsor bed
hydr ocar bons fr t he, coked cat al co Ltion t Lsthen introduced
i%to t he rgd)é‘ﬁ%ag%%ghgﬁc[oé’?ﬁy SP'%‘B%’%IPI Teﬁg%)aﬁggf%‘g%%&ﬁ%%%%@tstem t he coked
catal yst CoRRA&).Haitulaly égHﬂEﬁ&irﬁlerM\ﬁ)ﬂEhe?irfﬁg%aﬁo% EgReAedi um preferably a

gas contai ni ng  0xygen, under regeneration conditions capable of burning
coke from [00d9L ok edlnoategirygical gobrulaséent ta propess efithdinyenipormforypart | ess t han

0.5 wei ght percent based on the . total. i ght, of the.coked nol ecul ar sieve
cat al ysttpﬂﬁﬁb’é‘ﬁ%‘rﬁ %W&H@rpﬁ@érg%%ﬁﬁ{z?)ﬁp@ﬁwgﬁc gh exa][rp:ce, tzgoc
regenerati , J : o] rom

to 750C, aﬁe%d%?@{f?%%%ﬂ%ﬂ%%h@&% téefhg‘g%gﬁ%%%gsﬁﬂ %:f]e@lp g%g%gﬁ ated cat al yst
conposi t i opassinighiblé paveoilly fesdstduk, preégsbie iragdmbinstysi with b svatasheanedow  t h fresh

nol ecul ar sieve catalyst conposition and/or re-circul ated nol ecul ar sieve
catal yst c&¥ngespiodyeticmennsito Pradyet deathasis/esp streanp dypigally e¥mnrislg ds, and

returned to the. riser reactor 074 3. 1 [0078]
The gas eougaré‘i”il %’éh © f%rg%l ?’HB‘?’?\)%%&‘%V‘B&%% é etzal ) 3? @ee%%eéﬁ%% gtg%g‘n%sé%% I's
passed thr gsifilRriad EC&PNESokntY Sb@MnirYl sue SR enérally bposhtRetidgfwitng the | i ght
olefin(s), particularly ethylene and propyl ene, 1n the gaseous effluent.

[;)079] I 'n beterogenastus cathlye?mwdmwppﬂéala_pﬂdo@@%t?ﬁt tfcrm@eratmﬁeimthmndf or msbpart
. j
Feedst ock. TEF OF GATRL 0 Crie Anarte St prEiouss e Bngr ot Fpbg VIRLE 107} o™ °"

process i s\ RASEHADutiTRadHS ARy LERUSE RdininR sBESH 34 ¥e Likd@eRbI Nation with a
water stream to a

feedstock in a process as described above for producing light olefin(s), such as

ethylene and/or propylene. Non-limiting examples of this integrated process are
described in EP-B-0 933 345, which is herein fully incorporated by reference.
[0080] In another more fully integrated process, optionally combined with
the integrated processes described above, the olefin(s) produced are directed to
one or more polymerization processes for producing various polyolefins.

[0081] In order to provide a better understanding of the present invention
including representative advantages thereof, the following Examples are offered.
[0082] In the Examples, LEI is defined as the ratio of the lifetime of a
molecular sieve catalyst composition containing an active metal oxide(s)
compared to that of the same molecular sieve in the absence of a metal oxide,
defined as having an LEI of 1. For the purpose of determining LEI, lifetime is
defined as the cumulative amount of oxygenate converted, preferably into one or
more olefin(s), per gram of molecular sieve, until the conversion rate drops to
about 10% of its initial value. If the conversion has not fallen to 10% of its initial

value by the end of the experiment, lifetime is estimated by linear extrapolation



syngas production zone to produce a synthesis gas stream typically
conprising carbon dioxide, carbon nonoxide and hydrogen. The synthesis gas
stream i swhwmw7410enverted to an oxygenate contai ni ng streaomgeswoalsty by
contacting wwth a heterogeneous catalyst, typically a copper based

catal yst, at tenperature in the ranggzof from 150C to 450C and a pressure
inthe range of from5 MPa to 10 MPa “After purification, the oxygenate
contai ning _streamcan be used as a feedstock in a process as described
above for prsdeaithyrats offdectsiasd inrogyersion enerdhe last twa date painth/inthepr opyl ene.
hbn-linitin%%exan?les of this integrated process are described in EP-B-0
933 345, whh 1 &%herein fully incorporated by reference. [0080] In

anot her moygsBpl |y I1PHR80MMBN PHRGEMS L tRPSIEM Y Yo s@yRhosgh Wi th the
integrated processes described above, the ol efin(s) produced are directed
to one or propykenpolheeatioZ 81,1/60 pribermsie of tHemthylewtoqiropgy lerar selzotsvifyol yol ef i ns.

el udi ng PERLRERTEad o toatiagy | Harbaried Wty SRS AP PeseRfpl co arc
i ncl udi ng advan _ ;L HE _ es are
OT fer _ed. %89&%1%'173 ths??m@é?ﬁﬁgﬁ 1 Ianﬁi)r&%.fnle Qagctﬁﬁtiésh He%&l'e&ixg{iest he .
lifetime of a | ecul ar siev tal yst “conposition containing an active

met al oxi défrspetharnphykde, tethdnbapropfledd) prapan®; Cyelaad @ 8k afd B¥@gen t he absence
of a metal oxide, defined as having an LEl of 1. For the pur ose of
det er mi ni n&eleqtvitigsiyeightadoyey theyam; et the st s sonastioply effelints of oxygenat e

convert ed, fierabl y.int 0 re .ol.efin r gramof nol ecul ar

si eve, unt ﬁ'FC[ ?hsé' %en%/leéerc lylg%gaﬁ?seéod?%gnltt8 lﬁg 001&?1)1616%‘38% c?‘ése?lﬁ‘?yti al val ue.

| f the conygfeHicen chasctéPiorbakd fnstwelk@dwal its initial value by the end of
the experinent, lifetinme is estinmated by |inear extrapolation WO 03/074176
PCT/ US03/ 04153 -22 based on the rate of decrease in conversion over the

| ast two data ints in the experinment. ,[0083] "Prinme Aefin" is the sum
of the selgéﬂggﬁ%t—@ to ethylene and propylene. The ratio "C3 /C3 " is the

rati o of tPpeefirhbe BEM AedifPYikeée sel ectivity weighted over the run. The
"C3 Purity*—#géfaftufared—by—dfviding the propylene selectivity by the sum
of the profifi8dhe and spicopmnenstosgitate/mbleeslar Sibree, SAIPEEB4 \dekigasted as

MSA, was crystallized in the presence of tetraethyl ammonium hydroxide (R1)

and dipropylamine (R2) as the organic structure directing agents or templating
agents. A mixture of the following mole ratio composition:

0.2 Si0, / Al,0,/P,05/0.9R1/1.5R2/50 H,0.
was prepared by initially mixing an amount of Condea Pural SB with deionised
water, to form a slurry. To this slurry was added an amount of phosphoric acid
(85%). These additions were made with stirring to form a homogeneous mixture.
To this homogeneous mixture Ludox AS40 (40% of SiO2) was added, followed
by the addition of R1 with mixing to form a homogeneous mixture. To this
homogeneous mixture R2 was added and the resultant mixture was then
crystallized with agitation in a stainless steel autoclave by heating to 170°C for 40
hours. This provided a slurry of the crystalline molecular sieve. The crystals were
then separated from the mother liquor by filtration. The molecular sieve crystals

were then mixed with a binder and matrix material and formed into particles by

spray drying.



for nethane, ethylene, ethane, propylene, propane, C4's and C5+' s are
average selectivities weighted over the run. Note that the C5+ s consi st
only of CW0s03/0Z6176 and C7's. The selectivity val ues do nacusmHo153100% i n
t he Tabl es because they have been corrected for coke as is well known.
Exanpl e A Preparation of Ml ecul ar Si_ggg [ 00841 A silicoal um nophosphate
nol ecul ar si eve, SAPO 34, designated MSA, was crystallized in the
presence of tetraethyl ammoni um hydroxide (R') and dipropyl am ne (R2) as
t he organi &xampleBure directing agents or tenplating agents. A mixture of

the foll ow q rr%L e ratio conposition: 0.2Si 02/ A1203/P205/0.9R1/ 1. 5R2/ 50H20.
was preparé&—wl—m m xi ng an anount of Condea Pural SB with

dei oni sed |ygspr. t Alf QnPRiodldata presehRd Wit oBtaltel YisihB S ARAIRvAN anount  of
phosphoric acid (85%. These additions were made with stirring to forma

honobgeneousecagiox comssting Tof atskrisle$sotasd) smaectou §1/Aiinchu(p 4 lcogmutehSiinetad % of Si O2)
was added, [ foll qwe by the addition of Rl with nxing to forma
honogeneoudoiedifp .Wkow@ghm%ﬁ%@&&@nﬂmwg Rbe easlORaSd and t he

resul tant m I ' j jd ak | [ t@i.nl ess
steel aut oﬁa?@ghg%&ﬁée%ﬁ%%“ﬁ% O\ﬁg%dféc{fd 4 %%ugigi.st% Qn%fﬂ'gf;%gz(ﬁfg slurry of
t he cryst alfloivnatenaflibe lethiansli veasssucH tiat thekivatase vEmethatidlen wegiambatied from t he

not her liquor by filtration. The nol ecul ar sieve crystals were then m xed
with a bi n@ergramdimeelesulanpigver alsg kegym asdhaswight beuhasnace veleciBy  spray

drying. WO 417 1 Us03/ 04153 -.23- Exanple B Conversion Process
L008s] Al | RN Or Sol 0T FrER ahes < iiRe iR e SRR ELEE e of o

react or copgdlgiddn@ind g8 cﬁio%ﬁd%@ﬁ;tﬂly@ R cataBRE IAAH wak/56 rh%ﬁl'iﬁ e cRdlysf) outer
dianeter) located in a furnace to which vaporized nethanol was fed. The
react or wabed was diluted sdthatuarz tempamaehos spdts ai7thEreastbra pressure of 25 psig
(172.4 kPag) The

Example 1
[0086] One thousand grams of ZrOCl,-8H,0 was dissolved with stirring in

3.0 liters of distilled water. Another solution containing 400 grams of
concentrated NH,OH and 3.0 liters of distilled water was prepared. Both solutions
were heated to 60°C. These two heated solutions were combined at a rate of
50ml/min using nozzle mixing. The pH of the final composite was adjusted to
approximately 9 by the addition of concentrated ammonium hydroxide. This
slurry was then put in polypropylene bottles and placed in a steambox (100°C) for
72 hours. The product formed was recovered by filtration, washed with excess
water, and dried overnight at 85°C. A portion of this product was calcined to

700°C in flowing air for 3 hours to produce an active zirconium oxide material.

Example 2
[0087]  Five hundred grams of ZrOCl,-8H,0 and 84 grams of La(NO,),-6H,0

were dissolved with stirring in 3.0 liters of distilled water. Another solution
containing 260 grams of concentrated NH,OH and 3.0 liters of distilled water was
prepared. Both solutions were heated to 60°C and then combined at the rate of 50

ml/min using nozzle mixing to form the final mixture, a slurry. The pH of the



flow rate of the nethanol was such that the flow rate of nethanol on weight
basis per gram of nol ecul ar sieve, also known as the wei ght hourly space
vel ocity WOMBW179as 100 h'. Product gases exiting the readTousisesss

coll ected and analyzed using gas chronmat ography. The catal yst | oad was 50
ng and the catalyst bed was diluted yjth quartz to mnimze hot spots in
the reactor. Exanple 1 [0086] One thotisand grans of ZrOCl, 8H20 was
dissolved with stirring in 3.0 liters of distilled water. Anather solution
cont ai ni ngfinglGnigturersvas hdjusien ceapnreinatelH Op hgefdition ¢f qoagantigiedyi st i | | ed

wat er was prepar ed oth s tions re_heatedqto wo heat ed
sol uti ons pn&%ﬁ?ﬁeﬁl thQySrng Wﬁéﬂﬁ%m‘ lmarPdO&%l?rﬁg’q %%ezgcf}gé%%(i ng. The pH
of the fi ng%c&ﬂméa&ﬁbx@ 1008 Yk 99 hbs. GRBFEXIHTRRbIu® fdnel hrsaddi tion of

concentr at ammoni um hydroxi de. This slurry was then put i ndgol ypropyl ene
bott| es anekcpiaedty ifilirationt wasted witlOOSs waser, addies owerniZhieat §5 Yeudt f or ned

was recovered by filtration, she 1 th excess water,, and dried overnight
at 85C. A poiion&h this proguet, pias g emew({@a ¢P e ie3AlT %éélquﬁs %l owing air for

3 hours to_produce 1 Zir i ' i : 2 [0087]
Five. nundr BROGFEEEa GRSk Biofl ERE T EndRinal | i iRk Ba”
di ssol ved yhhtRamirhy bdsB@oh teFirdl knietgh 61 the ntlked mktabdxidat er . Anot her sol ution
cont ai ning 260 grans of concentrated NHAOH and 3.0 liters of distilled
wat er was prepared. Both solutions were heated to 60C and then conbi ned at
the rate of, 50 /mn using nozzle mxing to formthe final mxture, a
slurry. Th@Mt he WD 03/074176 PCT/ US03/04153 -24 final mixture was
adj usted t qoRRPr OXi PRHEIMmI oPYrOUE-88JCividre bisedlvednih Biifritigad 30amioni um
hydroxide. "This slurry was then put in a polypr op{l ene bottle and placed
in a steamdistiled $@BE) Ahothe? olhibarr enntaftiog reksgrpms of Lad¥alceHibmdetOwas
recovered by filtration, washed w.th excess.water, and.drie er ni ght at
85C. A pomtliofdisgfl W?%Wﬁlﬁﬂlﬁ?&?‘}-w&}é%e E‘@ﬂ’ E@H%@lﬁ%er?ﬁ%g}rﬁdﬂl vﬁ%#én%ir for 3
hours 10 RY REKGERAN nikhh CTHE ARG IR fHa AR, 6 MG HadBdjastbom nal 10
wei ght percent La

approximately 9 by the addition of concentrated ammonium hydroxide (28.9

grams). This slurry was then put in a polypropylene bottle and placed in a steam
box (100°C) for 72 hours. The resulting product formed was recovered by
filtration, washed with excess water, and dried overnight at 85°C. A portion of
this resulting product was calcined to 700°C in flowing air for 3 hours to produce
an active mixed metal oxide containing a nominal 5 weight percent La based on

the final weight of the mixed metal oxide.

Example 4
[0089] Five hundred grams of ZrOCl,-8H,0 and 70 grams of Y(NO,),-5H,0

were dissolved with stirring in 3.0 liters of distilled water. Another solution
containing 260 grams of concentrated NH,OH and 3.0 liters of distilled water was
prepared. Both solutions were heated to 60°C and then combined at the rate of 50
ml/min using nozzle mixing to form a final mixture. The pH of the final mixture,
a slurry, was adjusted to approximately 9 by the addition of concentrated
ammonium hydroxide. This slurry was then put in a polypropylene bottle and

placed in a steam box (100°C) for 72 hours. The resulting product formed was



(lanthanun) based on the final weight of the m xed netal oxide. Exanple 3
[0088] Fifty granms of Zr(OCl2. 8H20 were dissolved with stirring in 300nl of
di stil | edwwaisar4176not her sol uti on containing 4.2 grans of H@E(3)PBL56H20 and
300 m of distill water was prepared. These two sol utions were conbi ned
with stirring to forma final mxturge, The pH of the final mxture, a
slurry, was adjusted to approximtely 9 by the addition of concentrated
anmoni um hydroxide (28.9 grans). This slurry ws t hen put

. Lo
pol ypr opy| maevesest by 8lteatignpashed With excess SiRT, riefyesniglyat 35 Grawlo‘%r s. The

resulting B{}ﬁggg% g{;gé%‘f@%ﬁ;gﬁ%g@é%hﬁgeg Yo 7(Sd°bt 1'iﬁidnvlﬂﬂg a1 Wk fh excess

wat er, and ortion of s”resulting product was

cal ci ned t g,400G filb Mk OBmBlal o%igh conthifitp donipalHLRegheFernt Yve m xed
nmetal oxide containing a nom nal 5 weight percent La based on the final

wei ght of (yteium)baskdet the finrl deightofdhpméxed Mgalandidei ve hundred grams of
Zr OC12. 8H20 and 70 grans of Y(NO03)3.5H20 were dissolved with stirring in
3.0 liters of distilled water. Another solution containing 260 grans of

concentr at and 3.0 liters of distilled water was prepared. Both
sol utions Eqalu eq_it ed to 60C and then conbined at the rate of 50 m/mn

usi ng nozz{E9nj Xi NgFive htredred gransefl ZrICt: 3H,€ anths giamsfoft he final nixture,
a slurry, was adjusted to approximtely 9 b 0t he 3dght| on of conpcentrated

amoni um h{adeR) dELO0MWere dissorved Wighsstirrag r of distligh Palse epethEiot t1 e and
| di L . Q. f I t f d
Do 031 0741 SehEr R rg AP gramn OB (B O 4 3000 SRAHUIdEBRORLC, | DT TRC Vs

excess Wat Gfena@d THEdAN oW RTING Wereddonthiked with iiiting 0 ThehH dfehd fsall ti ng
product was calcined to 700C in flowng air for 3 hours to roduce an

active ni xedmpesitaiwasxidiistedsnepprokinately AdyithapddiBomef eiceEieent v
(Ybbon U 8355008 2 TAT5ko oLl s 60 A I © S
bottles and placed in a steambox (100°C) for 72 hours. The resulting product
formed was recovered by filtration, washed with excess water, and dried overnight
at 85°C. A portion of this product was calcined to 700°C in flowing air for 3
hours to produce an active mixed metal oxide containing a nominal 5 weight

percent Ca (calcium) based on the final weight of the mixed metal oxide.

Example 6
[0091] Seventy grams of TiOSO,xH,SO,xH,0 (x=1) were dissolved with

stirring in 400 ml of distilled water. Another solution containing 12.8 grams of
CeSO, and 300 ml of distilled water was prepared. These two solutions were
combined with stirring. The pH of the final composite was adjusted to
approximately 8 by the addition of concentrated ammonium hydroxide (64.3
grams). This slurry was then put in polypropylene bottles and placed in a
steambox (100°C) for 72 hours. The product formed was recovered by filtration,
washed with excess water, and dried overnight at 85°C. A portion of this product
was calcined to 700°C in flowing air for 3 hours to produce an active mixed metal
oxide containing a nominal 5 weight percent Ce based on the final weight of the

mixed metal oxide.



Ca(NO03) 2. 4H20 were dissolved with stirring in 3000nml of distilled water.
Anot her sol ution containing 260 grans of NH4OH and 3000nil of distilled
wat er waswqpgpgar’ed. These two sol uti ons were conbi ned w tACTSUS0B0413g. The
pH of the final conposite was adjusted to approximately 9 by the addition
of concentrated ammoni um hydroxide (160 grans). This slurry was then put
in polypropylene bottles and placed Th a steanbox (100C) for 72 hours. The
resulting product forned was recovered by filtration, washed with excess
wat er, and dried overnight at 85C A portion of this product was cal ci ned
to 700Cin flowmng air for 3 hours to produce an active m xed netal oxide
containing a nomnal 5 weight percent Ca (calciun) based on the final

wei ght of gm joted nmetal oxide. Exanple 6 [00911 Seventy grans of

Ti OSO4xH, (x=1) were dissolved with stirring in 400 m of
distilled (0802 . ArivégransadfHAOK, 0 wandisgplil Githysmimgah 10@eBd# and 300

m f distilled t Th t | yt i d th
Stirring.  dREGsNEES (The B Eﬁﬁleff‘rwgwmélstaea@\smﬁlso i o T S Bt oty & by
the addi t'%{'aﬂﬁlﬁ%ﬁ%%ﬁce@{rﬁgd %'a dmga&gﬂagg %S3Th%r&ﬂ§w9tea wadhis slurry

was then pu n polypropyl ene In"a ox (100C) for

72 hours. fﬂaﬁpﬁﬁ’lﬁdﬂfcﬂyﬂrﬁp m&e m@;tplu&rded ats;eafnbbkr(mm@o for TRemined wi t h
excess water, and ed overnight at 85C. A portion of this product was
cal ci ned tEhapr@dwrfoquvaﬁgreawer%by Blingtion. svashed Wil gEeesaalfEtande i xed

metal oxi ont ai n I n the final

wei ght of gﬂ‘:éf OYHKe taﬁglsé’? g‘x‘? Eﬁon %ﬂﬁﬁ%fg%g%fl%ggﬁ%jﬁé -26- Exanpl e
7 [0092] Fﬂx@ngrﬁ%rgfhohﬁs% 2odiROanasivdinssRhMedidd th stirring in 100m of
distilled water. The pH he final conposite was adjusted to
approximately 9 by the add| tion of concentrated ammoni um hydroxide (4.5

grans). This sl i” y was then put in a pol ypropylene bottle and placed in a
st eanmbox ( r 72 hours. The product formed was recovered by

filtrati ON{0093p hed it £XCHTIORL-R1,0 #H0.62 grams of La(NO;),-6H,0 were
dissolved with stirring in 100ml of distilled water. The pH of the final composite

was adjusted to approximately 9 by the addition of concentrated ammonium

hydroxide (3.5 grams). This slurry was then put in a polypropylene bottle and

placed in a steambox (100°C) for 72 hours. The product formed was recovered by

filtration, washed with excess water, and dried overnight at 85°C. A portion of

this catalyst was calcined to 700°C in flowing air for 3 hours to produce an active
- mixed metal oxide containing a nominal 5 weight % La based on the final weight

of the mixed metal oxide.

Example 9
[0094] The carbon dioxide uptake of the oxides of Examples 1 through 8

were measured using a Mettler TGA/SDTA 851 thermogravimetric analysis
system under ambient pressure. The metal oxide samples were first dehydrated in
flowing air to about 500°C for one hour after which the uptake of carbon dioxide
was measured at 100°C. The surface area of the samples were measured in

accordance with the method of Brunauer, Emmett, and Teller (BET) to provide the



dried overnight at 85C. A portion of this catalyst was calcined to 700C in
flowwng air for 3 hours to produce an active hafnium oxi de. Exanple 8

[ 0093] Fi we @roamgeof Hf OC12xH20 and 0. 62 granms of La(NO3) P@HZD30erse

di ssolved with stirring in 100m of distilled water. The pH of the final
conposite was adjusted to approxina[alx 9 by the addition of concentrated
ammoni um hydroxide (3.5 grans). This glurry was then put in a

pol ypropyl ene bottl e and placed in a steanmbox (,100C) for 72 hours. The
product f orcAEeniexideersdles iademis offmg earhen diexidgarTRfdheunetal exidess water, and
dried over E Qﬁmgg §§§-1A portion of this catalyst was calcined to 700C in
flowi ng airrfor Tholire “to produce an active m xed netal oxide containing
a nomnal 5 weight % La based on the final weight of the m xed netal

oxi de. Exanple 9 [0094] The carbon di oxi de uptake of the oxides of Exanples
1 through 8 were neasured using a Mettler TGA SDTA 851 thernogravinetric
anal ysis system under anbient pressure. The netal oxide sanples were first
dehydrated in flowing air to about 500C for one hour after which the

upt ake of carbon dioxide was neasured at 100C. The surface area of the
sanpl es were neasured in accordance with the nmethod of Brunauer, Emmett,
and Teller (BET) to provide the WD 03/074176 PCT/ US03/ 04153 -27 carbon

di oxi de uptake in terns of ng carbon dioxide/n2 of the nmetal oxide
presented in Table 1. WD 03/074176 PCT/ US03/ 04153 -28 Table 1 Exanple
Catalyst Dry Mg of CO2 Surface Area CO2 Uptake Weight (nmg) (nR/g) (nmg of
C02/m 1 76 0.0980 29 0.045



2 115 0.7781 80 0.085 3 73 0.4243 89 0.065 4 97 0.3808 100 0.039 5 78
0.5399 85 0.081 6 43 0.1035 50 0.048 7 158 0.3704 25 0.094 8 164 0.7359
60 0. 075 wWexarmphiee 10 ( Conparative) [00951 The perfor mance refT/wdes/0€138t r ol |

t he nol ecul ar sieve of Exanple A

and under the conditions discussed aboge

Tables 2 and 3. Exanple 11 [0096]
consi sted of 40 ng MSA of Exanple A and 10 ng of the active zirconium

oxi de of Exanple 1. The
m xed, and then
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Example 10 (Comparative)

[0095]

The performance of the control, the molecular sieve of Example A,

MSA, using a 50 mg load in the reactor and under the conditions discussed above

in Example B is reported in Tables 2 and 3.

Example 11

[0096]

In this Example, the catalyst composition consisted of 40 mg MSA

of Example A and 10 mg of the active zirconium oxide of Example 1. The

catalyst composition and active mixed metal oxide were well mixed, and then

diluted with quartz to form the reactor bed. The results of testing this catalyst

composition in the process of Example B are shown in Tables 2 and 3. The results

indicate that the addition of the active zirconium oxide to the catalyst bed

increased the lifetime of the molecular sieve composition significantly, and

decreased the amounts of undesired ethane and propane.

Example 12

[0097]

In this Example, the catalyst composition consisted of 40 mg MSA

of Example A and 10 mg of the active mixed metal oxide containing 10 weight

percent La, described in Example 2. The catalyst composition and active mixed

metal oxide were well mixed, and then diluted with quartz to form the reactor bed.



containing 10 wei ght percent La, the lifetine of the nolecul ar sieve
doubled, as indicated by its LEIl value of 2. In addition, there was a net
gai n of 1wgsimn4psi me ol efins on an absol ute basis, w th praagwsSoeN41sBi s gai n
being due to an increase in propylene of 2.76% offsetting a small
decrease in ethylene of 1.07% Sel ec;'%yi_ty to et hane decreased by 39% and
selectivity to propane decreased by 37% suggesting that hydrogen transfer

Exarl 6.t hos DA ST BB SHB D For T WA SRR AR CE00 my of ¢ he
active m xgd m&*iflEl :tagfeé??ﬁd@nﬁ?é 19 TR B PESEAD that By cASstind@gcr i bed in

Exanpl e 2. conposition and active m xed netal oxide were well

m xed, andyphest el duiied coinpbsitbidad vith thebotivehaixedasttairoxhled. The results
of testing this catalyst conposition in the process of Exanple B are shown
in Tabl escéntainthgd 0 Weighidaereend.a,the lifsine efrile molacplas sieys douding aby

constituting.40%.of. at oshtian.lo BUA: wei ght

per cent La}nql??éﬁd(l) byrity ]it‘llt'lljgvag‘ﬁe %Sf@iag)ogﬂ£hgr§tv§?5yas€eq ggl(r%rlpn&o@jtb{ %pﬁﬁgr eased by
440% Trendpgl i bYsif, Quith Mbst of etk 2hiv HeidgQR@itdgn dcgeasé i | ar to those
seen in Exg%gllngogshg%glrrﬁél e Sféf [10099] 0In this Exanple, the catalyst

conposi t i oprapylesk of 2604, offSettig Mehall fdeomasBinnblylena o hd7%0 JRiecivity he acti ve
m xed metal oxide contajning 10 i ght, ercent Y, as.de i bed in Exanpl e
4. The cat & §thenccdesisassd b /aﬁad\égﬁ‘%%tmg Q@@an%‘icé‘?asﬁigﬂz%@ere wel | ni xed,
and then dil uted w ; Qi oiB86hntly tOgice@sul ts of
testing thisgggagﬁ%é&}@g%%éf#lg%gP{agglérﬁgla{éggiégssg of Exgmlg B are shown in
Tables 2 and 3. The substitution of yttriumfor |anthanum has the effect

of increasing the LEI even further. However, the inprovenments in
sel ecti vi t Exampled® 03/ 074176 PCT/ US03/ 04153 -30 not as dramatic as seen

absol ute baliBl Exufbites irrRRgnt R B S InteVEs o R AT ot e
of 40 ng Mafq9b n@‘@ﬂﬁé 8ctfve mixed metal oxide containing 10 weight percent La, as

described in Example 2. The catalyst composition and active mixed metal oxide

were well mixed, and then diluted with quartz to form the reactor bed. The results

of testing this catalyst composition in the process of Example B are shown in

Tables 2 and 3. The data of Tables 2 and 3 illustrate that by constituting 40% of

the catalyst composition load containing 10 weight percent La, the lifetime of the

SAPO-34 catalyst composition increased by 440%. Trends in selectivity for this.

catalyst loading are similar to those seen in Example 8.

Example 14
[0099] In this Example, the catalyst composition consisted of 40 mg MSA

from Example A and 10 mg of the active mixed metal oxide containing 10 weight
percent Y, as described in Example 4. The catalyst composition and active mixed
metal oxide were well mixed, and then diluted with quartz to form the reactor bed.
The results of testing this catalyst composition in the process of Example B are

shown in Tables 2 and 3. The substitution of yttrium for lanthanum has the effect

of increasing the LEI even further. However, the improvements in selectivity are



and 10 ng of the active m xed netal oxide containing 5 weight percent La,
as described in Exanple 3. The catal yst conposition and active m xed netal
oxi de wew® os#i7¥1761 xed, and then diluted with quartz to faowwses/ossact or
bed. The results of testing this catalyst conposition in the process of
Example B are shown in Tables 2 and ?0 It will be seen that the active

m xed metal oxide containing 5 weight percent |anthanum oxi de seens to

have a nuch stronger effect in increasing the LEl than the active m xed
netal oxi dBOHs deiags a8 sser withdhgiapdaman, with distgapeinguhne plgfinbeingpl e 16

[0101] In bs Exanpl e 16, .the catal yst consisted of 40 ng MSA of Exanple
A and 10 r%'ri({?sogﬁng%o%%g?ﬁlﬁed netal oxide containing 5 weight percent Ca,

as described in Exanple 5. The catal yst conposition and active m xed netal
oxide were well mxed, and then diluted with quartz to formthe reactor
bed. The r&sampde 19f this experinent in the reactor and conditions

di scussed i anpl e re hown i n Tahl es d.3. The active m xed
met al oxi dgﬁg‘éﬁt aﬁﬁ%@%%ﬁgﬁ}e Caf?if EPfsisted i@@%@%&oﬁﬁé‘a@%&‘%ased t he
lifetinme o oA S LELen: Dy 22 l.e, 17

(Conpar at i %%‘% wg@ﬁ#%&?ﬁ%% n&g%?g%iﬁgg&@gg%%%aﬁﬁepcat a f}’s’atlS conposition
consi st ed déschibed iEddbiplo8. Fhanmhigstoaipdsition prd aftivemaed i wside
silica/alum na, an_inactive mxed netal oxide. The nol ecul ar sieve

catal yst coepowell méxedaped thee dilnted tyithequapiz feformehe reagter bed.c Beameydiss wer e

Il nixed i .1 f . bed. Th
rosul s o " CRon A LGP BLIREbeck 8 o PRl E AleCBEMRR Vo 031 074176

PCT/ US03/ 04%B513s 2 add 3 Exanipl 1 Beilft Blestivdi@ed ntetdlaki®scodtaadidg 3. Thi s
Conparative Exanple 17 illustrates a reduction in LEI to a value | ess than

1.0 when ameighhpercen latithaminnexidé seemsitd bayesa murh sizangensffectipar ed t o Exanpl e

1,2, T R e i ™ O

product i ONyyejoht percent La.

Example 16
[0101] In this Example 16, the catalyst consisted of 40 mg MSA of Example

A and 10 mg of an active mixed metal oxide containing 5 weight percent Ca, as
described in Example 5. The catalyst composition and active mixed metal oxide
were well mixed, and then diluted with quartz to form the reactor bed. The results
of this experiment in the reactor and conditions discussed above in Example B are
shown in Tables 2 and 3. The active mixed metal oxide containing 5 weight
percent calcium oxide has increased the lifetime of the molecular sieve

composition by 223%.

Example 17 (Comparative)

[0102] In this Comparative Example, the catalyst composition consisted of 40
mg MSA of Example A and 10 mg of an amorphous silica/alumina, an inactive
mixed metal oxide. The molecular sieve catalyst composition and the inactive
mixed metal oxide catalysts were well mixed, and then diluted with quartz to form

the reactor bed. The results of testing this catalyst composition in the process of



Exanpl e 18 [0103] In this Exanple, the catal yst conposition consisted of 40
ng MSA from Exanple A and 10 ng an active m xed netal oxide containing Ce
and titawicen3/asizdescri bed in Exanple 6. The catal yst conragitsosndizad

active mxed netal oxide were well mxed, and then diluted with quartz to
formthe reactor bed. The results of;festing this catalyst conposition in
the process of Exanple B are shown in Tables 2 and 3. The presence of the

active mxed netal oxide increased _the_l i{u_gt' me of.tefte m)ie | ar sieve
conposi t i oRxayple Bare alse shewe in dahles dand p.nT ié"@?ﬁﬁﬁ’le Xapple ﬁgt al yst
conposi tion, consisted of 4 f p, : active
haf ni um neﬁ]é‘ﬁtr%% ?:IEE%B‘étéO@rling‘equP %u%%%ﬁs%l.b %@%&%@X%&?&%@ﬂl on and

active met gli10x {8 MG EEcHMbdredio®ebmA A1 bhee invbintivh.eth additorgtiaré & to form
the reactor bed. The results of testing this catalyst conposjition in the

process of albsanpl 7% iampeinshalefin selectiity eandnogmigni§cant medughien in ¢thaneap| es 2 and
3illustrate that by constituting 20% of the catal yst conposition | oad
with the aé‘?@B‘@PWR{Pg‘%ﬁtlﬁﬁt al oxide, the lifetine of the nol ecul ar sieve
has increased by 126% Selectivity to ethane decreased by 40% and
selectivity to propane decreased by 46% suggesting that hydrogen transfer
reactions EQuﬁIEPeEI significantly reduced. Exanple 20 [0105] In this

the cafa

Exanpl e, st conposition consisted, of 40, A of anple A and
10 ng of t H&03Lt | \léthmﬁémme %HI%C%B?%W%W@S’é%ygﬂﬂn%M@og}) 074176
PCT/ US03/ 0415 -3 er ClL i j : at al yst

conposi tio oﬁﬁ%x%ﬁ%?%emﬁg@%%%nng&gfe %&)%agglé\kﬂrogmﬁe%b&%ﬁﬁégﬁ%gﬁd thgn di | uted

with quart g4t boadEctib&l intBGhile 6£The cathigstroeaipotisionfind ectivengixti s cat al yst
conposition in'the process of Exanple B are shown in Tables 2 aad 3. The
data in Talbietd oRiderverd wiell lnised,and thevediluggd wighgearizieifogn thegescet bee cat al yst

conposition. load with the activye m xed.wmetal, 0x] L. 5 wei ght
per cent La&hﬁ Besufts ‘F’ttle?tilf’eg s PR ShSPEREHP L iﬂéf\:/élloggsss a?%%%@?@e@d dre
shown in Tables 2 and 3. The presence of the active mixed metal oxide increased

the lifetime of the molecular sieve composition by 134%.

Example 19
[0104] In this Example, the catalyst composition consisted of 40 mg MSA of

Example A and 10 mg of the active hafnium metal oxide described in Example 7.
The catalyst composition and active metal oxide were well mixed, and then
diluted with quartz to form the reactor bed. The results of testing this catalyst
composition in the process of Example B are shown in Tables 2 and 3. The data
in Tables 2 and 3 illustrate that by constituting 20% of the catalyst composition
load with the active hafnium metal oxide, the lifetime of the molecular sieve has
increased by 126%. Selectivity to ethane decreased by 40% and selectivity to
propane decreased by 46% suggesting that hydrogen transfer reactions have been

significantly reduced.

Example 20
[0105]  In this Example, the catalyst composition consisted of 40 mg MSA of

Example A and 10 mg of the active mixed metal oxide containing 5 weight ,



by 150% Selectivity to ethane decreased by 51% and sel ectivity to propane
decreased by 51 % suggesting that hydrogen transfer reactions have been
si gni fi camd gs/medaced. Tabl e 2 Exanpl e Reactor Bed LEl Prirca/@Go3nQss C
Purity Conposition (%9 Oefin (%9 2 3 (% 10 (Conp) 100% MSA 1 74.65
0.92 92.7 11 80% MSA/ 20%Zr 02 2.64 74,49 0.82 96.1 12 80% MSA / 20% of
5600/3L7?Z3£Cl)20'184 95.6 10% La/Zr02 13 50% MSA / 40% of 5.41 75.50 0.85 94.6
o Lal Zr 4 80% MSA / 20% of 2.79 75.81 0.85 94.9 10% Y/ Zr02 15 80% NS
/| 20% of 4p@sentd.agdesgriber MW@@-LI#?P@@Y&@OWWWP& 99/9¥cdP89 23 73. 85 A

0.79 96.7 5% Ca/zZrQ 2 14 (. % 2009 : . 93.3
S 021 AL | 03k B el gt B Hptad vt g  SSgh b iR O B
20% of 2. 26nd 2538 OF t€dirdGhR catdlR2c&Bp&AOrMBALE prd08ss off FRamPle®@ a5 0. 76 96. 5
5% La/ Hf 02 WD 03/ 074176 PCT/ USO3/ 04153 -33 Table 3 Product Sel ectivities
(% shown in Tables 2 and 3. The data in Tables 2 and 3 illustrate that by constituting

20% of the catalyst composition load with the active mixed metal oxide

containing 5 weight percent La, the lifetime of the molecular sieve has increased

by 150%. Selectivity to ethane decreased by 51% and selectivity to propane

decreased by 51% suggesting that hydrogen transfer reactions have been

significantly reduced.

Table 2
Reactor Bed Prime = = | C; Purity
Example Composition (wt%) LEL Olefin (%) GG (%)
10 (Comp) | 100% MSA 1 | 74.65 0.92 92.7
11 80% MSA/20%ZrO, | 2.64 | 74.79 0.82 96.1
12 80% MSA /20% of | 2.03 | 76.34 0.84 95.6
10% La/ZxO,
13 60% MSA /40% of | 5.41 | 75.50 0.85 94.6
10% La/ZrO, '
14 80% MSA /20% of | 2.79 | 75.81 0.85 94.9
10% Y/ZxO,
15 80% MSA /20% of | 4.85 | 75.84 0.84 94.8
5% La/ZxO,
16 80% MSA /20% of | 3.23 | 73.85 0.79 96.7
5% Ca/ZrO,
17 (Comp) | 80% MSA/20% of | 0.79 | 73.58 0.93 93.3
Si0,/Al, 0,
18 80% MSA /20% of | 2.34 | 65.65 0.87 95.1
Ce/Ti0,
19 80% MSA /20% of | 2.26. | 72.98 0.71 96.2
HfO,
20 80% MSA /20% of | 2.50 | 72.75 0.76 96.5
5% La/HfO,




Exanpl e Reactor CH4 C3 CZ C3 C3 ¢A's C5+ Bed (vt % 10 100%BA 1.51 35.82
0.95 38.83 3.05 14.50 2.12 (Conp) 11 80% MSA / 1.50 33.74 0.53 41.05 1.68
14.79 3.3W0 3074125602 12 80% MSA / 1.31 34.75 0.58 41.59 1.PE3/Ush306152. 46-
20% of 10% La/ Zr02 13 60% MSA / 1.47 34.75 0.66 40.75 2.32 14.76 2.52 40%
of 10% La/Zr02 14 80% MSA/ 1.32 34.9230. 66 40.88 2.20 14.41 3.07 20% of
10% Y/ Zr02 15 80% MSA / 1.26 34.59 0.64 41.25 2.28 14.96 2.52 20% of 5%
La/ZrQ2 16 80% MSA / 1.50 32.65 0.%20 1.43 14.84 5.34 20% of 5%
Ca/Zr@2 17 80% MSA / 2.17 35.46 0. =12 2.72 14.21 2.65 (Conp) 20% of
Si 02/ A1203 18 80% MSA / 6.79 30.57 0.75 35.09 1.80 12.72 3.97 20% of
Ce/TiO2 19 80% MBA / 1.98 31.62 0.52 41.36 1.65 14.64 4.93 20%of H Q2
Product Selectivities (%)

Example | Reactor CH, |c” |c° |c= ¢ |Cs | C+
Bed (wt %) 4 2 2 3 3 4 5

10 100% MSA | 1.51 |35.82 [0.95 |38.83 |3.05 | 14.50 | 2.12
(Comp)
11 80% MSA/ | 1.50 |33.74 | 0.53 | 41.05 | 1.68 | 14.79 | 3.31
20% ZrO,
12 80% MSA/ | 1.31 |34.75 | 0.58 [ 41.59 | 1.93 |14.96 | 2.46
20% of 10%
La/Z10,

13 60% MSA/ | 1.47 | 34.75 | 0.66 |40.75 | 232 |14.76 | 2.52
40% of 10%
La/ZrO,

14 80% MSA/ |1.32 |34.92 | 0.66 |40.88 |2.20 |14.41 |3.07
20% of 10%
Y/ZrO,

15 80% MSA/ | 126 |34.59 | 0.64 |41.25 |2.28 |14.96 |2.52
20% of 5%
La/ZrO,

16 80% MSA/ | 1.50 |32.65 | 042 [41.20 | 1.43 | 14.84 | 534
20% of 5%
Ca/ZrO,
17 80% MSA/ |2.17 |35.46 | 0.89 [38.12 |2.72 | 1421 | 2.65
(Comp) | 20% of

Si0,/Al,0,
18 80% MSA/ |6.79 |30.57 | 0.75 |35.09 | 1.80 | 12.72 | 3.97
20% of
Ce/TiO,
19 80%MSA/ | 198 |31.62 | 0.52 |41.36 | 1.65 | 14.64 | 4.93
20% of
HfO,
20 80% MSA/ | 198 |31.58 |0.47 |41.18 | 1.49 | 14.53 |5.52
20% of 5%
La/HfO,




20 80% MSA / 1.98 31.58 0.47 41.18 1.49 14.53 5.52 20% of 5% La/ Hf G2 WO
03/ 074176 PCT/US03/04153 -34- CLAIMS W claim 1. A catalyst conposition
conpri si nwomokweul ar sieve and at | east one oxide of a raavesosselsect ed
from Goup 4 of the Periodic Table of El enments, wherein said netal oxide
has an uptake of carbon dioxide at 100¢,0f at |east 0.03 ng/n2 of the
nmetal oxide. 2. The catal yst conposition of claim1l wherein said netal
oxi de has ag ugﬁlke of carbon di oxide at 100C of at |east 0.035 ng/n2 of
t he net al 3. The catal yst conposition of claiml or claim2 wherein
said netal oxide has an uptake of carbon dioxide at 100C of |ess than 10
nmg/ n2 of the netal oxide. 4. The catal yst conposition of any precedi ng
cl aim and aM&oclainc! udi ng an  oxide of a netal selected from Goup 2 and
Goup 3 of the Periodic Table of Elenents. 5 The catal yst composition of
claim4 wherein the Goup 4 netal oxide conprises zirconiumoxide and the
G oup 2 and/lor Group 3.netal .oxide con%ri S i des .sel ected
e

. S ne. or [ (0]
from cal of uh oxi 857 A PePasig compisioha RRTesR Bev prd polean 835 §d%&nd
scandi um oxi de. §fa bRl sty EbrCGrRES JitROP&{oddd1Yaé BEBRIRELC! ai m wher ei n
said netal oxide has a surface area greater than 10 n2/g. WO 03/074176

PCT/ US03/ 04153 whéreih saihmetzhbridy bbs awufalsd ¢fl carbonfdietiye pr Edediofigt ¢l ai m and

also including at least one of a binder and a matrix material different
fromsaid netal kgstdd)3 mg/m” of the metal oxide.

2. The catalyst composition of claim 1 wherein said metal oxide has an

uptake of carbon dioxide at 100°C of at least 0.035 mg/m” of the metal

oxide.

3. The catalyst composition of claim 1 or claim 2 wherein said metal oxide

has an uptake of carbon dioxide at 100°C of less than 10 mg/m? of the

metal oxide.

4. The catalyst composition of any preceding claim and also including an
oxide of a metal selected from Group 2 and Group 3 of the Periodic Table

of Elements.

5 The catalyst composition of claim 4 wherein the Group 4 metal oxide
comprises zirconium oxide and the Group 2 and/or Group 3 metal oxide
comprises one or more oxides selected from calcium oxide, barium oxide,

lanthanum oxide, yttrium oxide and scandium oxide.

6. The catalyst composition of any preceding claim wherein said metal oxide

has a surface area greater than 10 m%/g.



8. A catal yst conposition conprising an active Goup 4 netal oxide and a
Goup 2 and/or a Goup 3 netal oxide, a binder, a matrix material, and a
si | i coal unionphegphat e nol ecul ar sieve. 9. The catal yst caqiogsoBiernssof any
one of claim8 wherein the binder is an alumna sol and the matrix
material is a clay. 10 The catal yst copposition of claim8 or claim?9
wherein the Goup 4 netal oxide conprises zirconiumoxide and the Goup 2

and/or Goup 3 netal _oxide conprises one or re gxides sel ected cal cium
oxi de, | anthanunthegaiaest compost é)r%mdmg&ﬁ@i a@%ﬂlﬂ%ﬁlﬂ%.&% %ﬁﬁ cat al yst

conposi tion of o@%%%ﬁﬂ%&@&hﬁ]krmﬂﬁf%&ﬁl BfbRR: BInSGH Abtal SLi§Ye CONpri ses
an al um nophosphate or a silicoal um nophosphate. 12. The catal yst
conposition of claim 11l wherein the nolecul ar sieve conprises a CHA

f ramewor k-t%\pe nol ecul ar sieve and/or_ an AEl franmework-type | ecul ar
sieve. 13. & netheatalyst comnasiipnsomprisingan agtyggrqupiometal aeideandiag
conprising ' physical Ly m xi first particl [.S] . ul ar sieve
wi th second par ngésang}@ﬁﬁ;t?‘g}l% Héet Ogﬁﬁ’ﬂ%%ggg%é@%%é%@ﬁ%\?%ng an

upt ake of car borbili&ja%iggp}@sp};g@@ﬁiowcuﬁ}Si|ee@.St 0.03 ng/n2 of the metal oxide
particles. 14. The method of claim 13 wherein said second particles have a
surface area greater than 10 n2/g. WO 03/074176 PCT/US03/ 04153 -36 15.

The nethod of cl.aim 13 or clai.m 14.wher ei aid first ti.cl.es conprise a
si | i coal uni %opho@}f’rféfaiyﬁtrﬁ?‘@l??ﬁﬁé‘i’n%faé\)’e‘fneé’?ﬁ{%ﬁﬂ rwh‘qﬁﬁlpﬁ%aﬁﬁd%msﬁ?um na sol
and a matrix matgy,l ' b Ot A¥ia] L6.c1akhe nmet hod of any one of clains
13 to 15 wherei nﬁéﬁéﬁ%sggéicﬁg gglrl?%gaesla al scoég{;orrpri se a Goup 2 and/or
Goup 3 netal oxide. 17. The nethod of any one of clainms 13 to 16 wherein

said second particles are prqduced by causing a _hydrate recursor of said
Goup 4 metHl oxTheecatalyst gpmppsitiomekclaiy fronclapn at"Y}@FPl%g}?t(gﬁoﬁP Ad2%Bhs of said

metal, hydrot her&%é é/omprises zirconium oxide and the Group 2 and/or Group 3 metal

oxide comprises one or more oxides selected calcium oxide, lanthanum

oxide, yttrium oxide and scandium oxide.

11.  The catalyst composition of any preceding claim wherein the molecular

sieve comprises an aluminophosphate or a silicoaluminophosphate.

12.  The catalyst composition of claim 11 wherein the molecular sieve
comprises a CHA framework-type molecular sieve and/or an AEI

framework-type molecular sieve.

13. A method for making a catalyst composition, the method comprising
physically mixing first particles comprising a molecular sieve with second

particles comprising a Group 4 metal oxide and having an uptake of carbon

dioxide at 100°C of at least 0.03 mg/m® of the metal oxide particles.

14.  The method of claim 13 wherein said second particles have a surface area

greater than 10 m*/g.



treating the hydrated precursor at a tenperature of at |least 80C for up to
10 days and then calcining the hydrated precursor at a tenperature in the
range of WooM4@0& to 900C. 18. A process for converting @dTeessnock i nto
one or nore olefin(s) in the presence of a catalyst composition conprising
a nol ecul ar sieve and an active Goupgh netal oxide having an uptake of
carbon di oxide at 100C of at least 0.03 ng/n2 of the netal oxide. 19. The

process of ai 8 wher.ei.n, t he cat al yst, conposi.t i has.a Lifetinme
Enhancen‘entf%'nqgﬁx‘&?@ﬁﬁhfdﬁkg]ﬁ%ﬁ;toﬁﬁ 1%34 .e%ﬂéaléf‘g%}é’_ iclgs cOpwriST 48 or
clai m 19 wher ei ngfifieiRnessBhats hI&ulat shve H bihGS2hiNORARIRMAL o1 21. The
process of any one of clains 18 to 20 wherein the catalyst conposition

al so i ncl udes anamld muixGnatapaldnendihgm cayoup 3 netal oxide. 22. The

process of any one of clains 18 to 21 wherein the feedstock conprises
met hanol and/or dinethyl ether. WO 03/074176 PCT/US03/04153 -37 23. A

process forlé?om’fﬁéﬁa oft offg't@f’c?ﬁeo léiﬂ{s%%?s %h[eF@?ﬁ ?aié?'s@cfohﬁﬁaﬁl)ticie@ t he
presence of a nolecular siéeve catalyst ¢conposition conprising a nol ecul ar

si eve, a binder, algo b@hfrise aN@ioRp2andRGroupB xiduldxife. met al oxi des di fferent
fromthe binder and the matrix material. 24. The process of claim 23
wherein the m xture of nmetal oxides conprises a Goup 4 netal oxide in

Conver 11 ng T hedsTBRAEGT BRGNS CHiGH B g ap IR COFrsihotheecopd Balisle or the
catal yst conposi ki@RodibaPsy Eshsihg 4 yardtBd BREuSE: ARYidBRupY mEhRhaE: 13 to 17.

to precipitate from a solution containing ions of said metal, hydrothermally

treating the hydrated precursor at a temperature of at least 80°C for up to

10 days and then calcining the hydrated precursor at a temperature in the

range of from 400°C to 900°C.

18. A process for converting a feedstock into one or more olefin(s) in the
presence of a catalyst composition comprising a molecular sieve and an
active Group 4 metal oxide having an uptake of carbon dioxide at 100°C of .

at least 0.03 mg/m?” of the metal oxide.

19.  The process of claim 18 wherein the catalyst composition has a Lifetime

Enhancement Index (LEI) greater than 1.

20.  The process of claim 18 or claim 19 wherein the molecular sieve is a

silicoaluminophosphate.

21.  The process of any one of claims 18 to 20 wherein the catalyst

composition also includes an active Group 2 and/or Group 3 metal oxide.

22.  The process of any one of claims 18 to 21 wherein the feedstock comprises

methanol and/or dimethylether.
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23.

24.

25.
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A process for converting a feedstock into one or more olefin(s) in the
presence of a molecular sieve catalyst composition comprising a molecular
sieve, a binder, a matrix material and a mixture of metal oxides different

from the binder and the matrix material.

The process of claim 23 wherein the mixture of metal oxides comprises a
Group 4 metal oxide in combination with a Group 2 and/or Group 3 metal

oxide.

A process for converting feedstock into one or more olefin(s) in the
presence of the catalyst composition prepared by the method of any one of

claims 13 to 17.



