17AUGR006 WO 03/074176 PCTI US03/04153 - 1 MOLECULAR SI EVE COVPCSI Tl ONS,
CATALYST THERECF, THEI R MAKING AND USE | N CONVERSI ON PROCESSES; 7 MQPQQk The
present invention relates to nolecul ar sieve conpositions and catalysts
containing the same, to the synthesis of such conpositions and catal ysts

and to the WEO¥¥Yhch conpositions and catal ysts in conver sPEHUSSIE@SEES t 0
produce olefin(s). [0002] Oefins are traditionally produced from petrol eum
feedstocks by catalytic or steam crackiing processes. These cracking
processes, especially steam D cracking, produce |light olefin(s), such as

et hyl ene and/ or Iene froma varlet of h drocarbon feedstocks

Ethyl ene and prM§ ‘ 1K M PQ seful in a
vari ety of IOrOCGS’FHEMA’I@EVGMBQ%EQN@DMR'SIONQ*I&DUE@SE&SOWDOUWS
[0003] The petrochemcal 1T NAUSTTY Nas KNown for SOnme tinme that oxygenates,
eSpecially alcohols, are convertible into light olefin(s). The preferred

al cohol for Iight olefin production is nmethanol and the preferred process
for converting a nethanol - contalnlng feedstock into Iight olefin(s),
primarily etl@09Hne dih¢/psesept ppontiongel ateﬁ\t@mp&;@uka@rst&aepomgosmmfa@édstock with

a nol ecul ar tal sitio 0 There | £ ferent
types of rmlcétaiﬁ'sisrc‘)é’? E]i‘leo r’%’pgo ng?s[‘ B%%Qﬁﬁ?’@oﬁ ﬂ?sd E&i St dst ocks
into one or 16 t £ ¢ i 38145 100 describes
t he use of t e §eﬁ(ﬁllﬁt g%gl\/ko%{potgfgﬁgg%?eﬁﬁ sHPno S|K;r}1¥t)}3)mo Sefl?l(s) u. S.

Pat ent No. 4rbdredfimgs)scusses the conversi on of nethanol and other

oxygenates to ethyl ene and propyl ene using crystalline alum nosilicate

zeolites, fdPO®Yanpl Olghns aredragitionplly predpénd frem petolepmfasdsiesks by 5. Pat ent

hydr oé‘a?ﬁno‘:%?a}%‘éé%{ O et BiteSioef i i RENSESS DRIy i |
4, 31?3440 d&ﬁré‘dld:ﬂgeﬁrod%@ﬁgﬁﬂ dlaiﬂ(b};l bichQls @bty M) antl/® Prafyces bAla weieR a

crystal | i ne ‘al um nophosphat e,
of hydrocarbon feedstocks. Ethylene and propylene are important cornmodjty

petrochemicals useful in a variety of processes for 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,.



of ten designated ALPO . 17 AUG 2006 WD 03/074176 PCT/ USO3A) 4153 -2 [0005]
Sonme of the nost useful nolecular sieves for converting nethanol to

ol efin(s) are silicoal um nophospliate (SAPO nol ecul ar sieves.

Si |'i coal um nophosphat e nol ecul ar sieves contain a three-di rrensil(}%

m croporous crystalline framework structure of [SiQ2), WD and [ mﬁmar
sharing tevoabedntad units. Synthesis of a SAPO nol ecul ar sig¥eusdsioiiss
formulation into a catalyst, and its use in converting a feedstock Into
olefin(s), particularly where the feegstock is methanol, are disclosed in
U S. Patent Nos. 4,499,327, 4,677,242 4,677,243, 4,873,390, 5,095, 163,
5,714,662 and 6, 166,282, all of which are herein fully incorporated by
reference. [fUFI61 WSemenfdhe imost usefd orplequdar sieves farsonverting netheinef fons, nost

nol ecul ar ieves, i.nclydi ng SAPO o ar sieves, undergo rapid coking and
hence requioi%fn@raéﬁﬁgﬁ?ﬁww P lﬁmbﬁﬁ’ﬁ). AFFYIan I¥Syi ng exposure of the
catal yst t --&le-ﬁ] ﬁﬁ%ﬂ LR Lt QRS As a result,
current ne?ﬁlgéno cgﬁﬂ\i}gﬁg%grﬁﬁog%ta fgvgégaelngn%o e%ve aﬁ%llﬁnn%lt ed useful
lifetine amgichpotdisichstdlinsramewetckuiuotupe oF [S10,]1a[ A, and FFOZ?b@‘ﬂer cat al yst
conposi tion which exhibits an enhanced |lifetime particularly when used in

t he conver shaingtetrakadnal voitst Syethedis aka SAPOoDolecuassieratitsformation 465, 889

describes a catalyst c osition_ conprisi a. silicalite oolecular sieve
i npr egnat edm\%iat%#%ystt’rﬂ?;ail HiseﬁF%ﬁpﬁl%pa%Fa&‘?‘f]‘t@?ﬂ ?}ﬁﬁﬁébfﬂ : for use in
CONVer t i NG JRENHRGLeds Mol iR S diQlosdd T ¥4 Miterk RRJsC00 330 2

hydr ocar bon product rich in ' So-C4 conpounds. [00081 U.S.” Pat erit No.-

6, 180, 828 di6iBRed,60R24B.5E87,3%0, 50951685 b4 .66 bad 6,166282, dllofpr oduce

met hyl am nes .from net hanol and ammpni a_where, for exanple, a
si | i coal univaghersheerin fylly iseenparated by zeferenconbi ned with one or nore

ront mor 1§ AR G o R gt B g iR o s i, bl S Ty

process f orsiese8RILdIAG SAPO Méfecular sieves, undergo rapid coking and hence require )
frequent regeneration, typically involving exposure of the catalyst to high
temperatures and steaming environments. As a result, current methanol
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

v

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.

[6009] 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.



ni trogen oxides in an oxygen containing effluent into nitrogen and water
using a nolecular sieve and a netal oxide binder, where the prt¥ &l qols
binder is titania and the nolecular sieve is an aluninosilicate. 17 AUG
2006 WO 03/ 074176 PCTI US03/ 04153 -3 [00101 EP-A-312981 discl oses a process
for cracki NyOWaMEH7am cont ai ni ng hydrocarbon feed streans uUKITHgs0a/0¢EBal yst
conposition conprising a physical mxture of a zeolite enbedded in an
inorganic refractory matrix material andgat |east one oxide of beryllium
magnesi um cal cium strontium bariumor [|anthanum preferably magnesium

oxi de, on a gid4l S ort materi | pui ,

Ef fects of d@drlﬁlgg ?ﬁf’?h?"r{l)‘g%l ‘r‘&g 1 ag?cegs (r)gléc‘]ag\g @%" Hgl sui j ace
of Ni - SAPO- 34h§;aﬂséér9$rl 18 srédrAd Wsih Qh‘.athig@t dﬁgﬂﬁﬁﬁﬂ%&? Hysichod,
Catal ysis Letters 53, pages 171- 6 (1998) scl ose t hat the shape

sél ectivity oAxureofedtalireintzdded h:eammbrgahmrrnﬁaqtony mattik geetealiand ehe
conversion of nethapol to ethyl ene oyeré‘gli SAPO- 34 by mlling the catal yst
with MO, Catsast EesKdecE PO cRAgHATERR CitR SUSBH WS DAMM OE ~ with BaO

b&i ng MOSt DEGELEETyeerh 00 21nh DUELIIAEAL Bl ULl Diport iR 83429370

di scl oses the conversion ygenates'to o ns ov por e

non-zeol i ti C!(ﬂll'lfcm aK ag %\t?hﬁQTEﬁbﬂldeec:@aMh&hn@@ﬁ &fdcedisitds doadtdForr oup
consisting o ant hani de, an actinide, scandium yttrium a Goup 4

metal, a G odp Gtamalatiface quiﬁb%@@ﬁ#rmywlémewab{mbnm menfwhemql@el:t t he
O e L Rafobd i, pa 2R B el Bt A BB per i ot ¢

Tabl e of El egapt ?%ﬁﬁ%b&ﬁ@é@m@&@lco KidifiaiaR Az b AEcafvERIGSE di oxi de
east .

at 100*C of at 3, and typically at |east 5, mg/ m- of the netal
oxi de. 10014indﬂiaabblb&l&iwenetd1erMtSa’lB(}BMJgnmdimgﬂwnatalysbmﬂmMgQL@acat | east
one ﬁi) a binder and a matrix material different fromsaid netal oxjde.

[0015] The cBRRrdis,@ ORposTasPRATIGHYOHPYEUS FiliP P thPald bring mest prefered
sel ected fr OT@@Z?Up 2In%}gat%n%ijpu§hc%{wﬁ W?) 4] 99@.’9‘376— 8%1:1‘8@%“11@:&@%&5& In one

of oxygenates to olefins over a small pore non-zeolitic molecular sieve containing

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.



enbodi nent, the Goup 4 netal oxide conprises zirconium oxide and the G oup
2 and/or Goup 3 netal oxide conprises one or nore oxides selected from
cal cium oxide, barium oxide, |anthanum oxide, yttrium oxide ar gi um
oxi de. [00161 Preferably, the nol ecul ar sieve conveniently co r{‘@@“
silicoal um nophosphate. 17 AUG 2006 WO 03/074176 PCT/US03/04153 -4 [00171
I n anot hegyyRepeiss the invention resides in a nolecular si %§1ﬁ5@11¥§t
conposition conprising an active Goup 4 netal oxide and a G oup and/or a
G oup 3 netal oxide, a binder, a matrix material, and a -
si licoal um nophosphate nol ecul ar si evé- [00181 In yet another aspect, the

I nvention resides in a nethod for making a catal yst conposition, the nethod

conpri si ng [07]st ep I9bnotysdspedt] the itivehtign fdsides in paidléculeSicvo oRalysi Nng a

mol ecul ar sieve with second particles conprising a Goup 4 netal oxide and
havi ng an ¢pmaRsitioh comphsing ahagiiveCrup4 medaboyitle apd p &xgup @ apdor aghn~ of t he
nmet al oxi d articl . .[;00191, Pref erabl .sai d, sec.on articles are produced ,
by causi ng Hg,gg%qtglgoméer,ggqﬁque&ra ‘8?‘“?6{?%&@0%‘1 ﬁsﬁg‘?;’j‘l‘?‘&ﬂpﬁ} Sp?‘ﬂtepr ecipitate
froma sol yidiomisda ning ions of said netal, hydrothermally treating the
hydrated precursor at a tenperature of at least 80" C for up to 10 days and .
t hen cal ci j00ik]t he My getdnethep aspent, derinadntion reddpeinat method fortowkingage of from

400*C to 900' C. 100201 .In a further aspect the inventign is directed to a
process f orcatahisberrepomition. dhg methpd sompespe the sigp af physisgllpanxingdysth as an

oxygenat . CAMEN kL oe FORLGANGEs: L8 oSAAEAEL AR S o1 o e
2t 1 00mC A BNl e o R O R B R a1
further aspegin’ of e membatidepartislesli rected to a process for converting a
1eedstock 15" Freferably, %aid secont particles ark prodaced by causing a hydrated )

precursor of said Group 4 metal oxide to precipitate from a solution containing -~

ions of said metal, hydrothermally treatiné 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.

[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.



si eve catal yst conposition conprising a nolecular sieve, a binder, a matrix
material and a m xture of netal oxides different fromthe binder and the
matrix material. [0022] In one enbodi ment~ the catal yst conpOftthEﬂ Eas a
Lifetime Enhancement Index (LElI) greater than 1, such as great AUBKUE 1. 5.
LEI is defined herein as the ratio of the lifetinme of the catalyst
conposi ti onAU¥HA760f t he sane catal yst conposition in thepebwsomeisd an
active metal oxide. 17 AUG 2006 WD 03/074176 PCT/US03/041-53 -5 100231 The
invention is directed to a nol ecul ar sigve catalyst conposition and to its
use in the conversion of hydrocarbon feedstocks, particularly oxygenated
f eedst ocks, 'ﬁiﬁ olefin(s). It has been found . that conhining a_ nolecular

r

si eve with morkhedBysnjion . tisgetelioaeuoleala fievy Gataly st spmpgdtion
wh ot Ve m STTE L Carar st
o Crocker HEHR PRIBE b PERATTEMERARRIMAS BRAY 0% o1 o o).

f eedst ocks, suc oxygenates, nore ,

I} addi ti on, odygenatéceReplisiadks, @S alefifs).CNaobichi fomnd Batsominiigel d | ar ger
anmounts of the desired lower olefins, especially propylene and | ower
aount s of umelserlatsiexcheite camor peTsstive metab gides Feswits I aed@ystundesi rabl e

conpounds, such as. al dehydes and .ket gnes speci fical.l et al dehyde. 100241
The preferr e@ng@?ﬁ@gm&%ﬁonggﬁaégmgr@epﬁ{gg%mf@ Ic%veam@{;ﬁ%egst al  (for
exanple zir 1} ' b Qe f S using .
The LAC o e e b e R BB s, 78t
Edi ti on, CRGehulmascatBostaolposition kénds tatpieldll8séy ambunts ofithecizsiesi lover i s f ound

that inproved results are obtained when the catal yst cqonposition also
contains at olplanssespspially propylese apd foyeamouns af apwapisshcthape gndpwRad®r G oup 3

o A1 P | e S0l ELSRNL bl oS0UE RERLD] ot 2 of ves
Zeol__,»-'rj e Assofpedficaly aetdddiydg to the rules of the | UPAC

[0024] The preferred active metal oxides are those having a Group 4 metal

(for example zirconium and hafnium) from the Periodic Table of Elements using

the IUPAC format described in the CRC Handbook 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 Atlas
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, AEL BEA, CHA, EDI, FAU, FER, GIS, LTA, LTL,
MER, MFI, MOR, MTT, MWW, TAM and TON. In one preferred embodiment,
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on Zeolite Nonmenclature. According to this classification,
type zeolite and zeolite-type nol ecul ar sieves, for which a

has been established, are assigned a three letter code and are
in the Atlas ofZeolite Framework Types, 5th editionl7 BUséWber,
gl and (2001), which is herein fully incorporated by reference.
100261 Nowdodiesntsirgy exanpl es of preferred nol ecul ar sieves,p@giuddsayisar!y for

i ncl ude

types AEL, AFY, AEL BEA, CHA_ED, FAU, FER, GS, LTA, LTL, MR
MIT, MW TAM and TON. In oﬁé'preferred enbodi nent, 17 AUG 2006
76 PCTIUS03/04153 -6 the nol ecul ar sieve enployed in the catal yst

themoldselar sivenemployédim tha catalyst opupasifionoof the Dxéntiaplwdscegy

or a

n %herﬁaf, no reffrably a CHA.topol O%ﬁms[tgo 71 Crystalline

PRARY PT & (414 tapalogysor 3combmptiontherep

#HeBe fr amewor k

-sharing [TO41 tetrahedra, where T is any tetrahedrally
FHAYRI)

ca

_ such as [SiO4j, [AI04] and/or [PO4] tetrahedra]
Igmz'ql evegrigaliit mdddcaian seob i have @B imdntioaal, fRFEWOT K

units.

Al 04] and[ PO41tetrahedral units, i.e., an alunm nophosphate (Al PO
mol ecul ar spanesteddiraresiak strpgihe/gf comifrbaring [FQy teirabedral wheretlsis anye. | a

S 0 suitabl e netal substituents are an a nmet al

np

) nol ecul ar

g.b%. idieetliar gilceeéseds@ﬁﬁ ﬁe&%ﬁ‘@&@em%ﬂ@? Ebhiigch ?@g@»‘@o@' ecul ar

of G oup

1 of the Pdtdlading {AHh] end PO, Fletnibedral umits, .| M alemémophbsphates(AIBO) G oup 2 of
ic Table of Elenments, a rare earth nmetal of. Goup 3 of the

t he Peri od

Peri odi ¢ Tapplacudar sigveneiSé0.]; ifd Oulandd POab! teirabadral

pr aseodym

Cyopr os, um gAY ST A thoeCial Bt VIR ATl el
or yttriumsiewe$ istfiditetcdnisediBéoalimisofhigphite (SARO) nitfledull® sieve or a

substituted, preferably a metal substituted, SAPO molecular sieve. Examples of
suitable metal substituents are an alkali metal of Group 1 of the Periodic Table of
Elements, an alkaline earth metal of Group 2 of the Periodic Table of Elements, a
rare earth metal of Group 3 of the Pertodic 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 54, 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,
SAPQO-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, A1PO-36,
AlPO-37, AIPO-46, and metal containing molecular sieves thereof. Of these,

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

AE&d€l8nt hanum cerium
scandi"fgﬁ\



Periodic Table of Elenents, or m xtures of any of these netal species.

[ 00281 Preferably, the nol ecular sieve used herein has a pore systerm
defined by an 8-nmenbered ring of [T041 tetrahedra and has an avE?< 2@Jgre
size |less than 5A, such as in the range of from3A to 5A for 'gﬁﬁl from
3A to 4. 5SAWOLKA™AH ticularly from3.5A to 4. 2A. [00291 Non-AGTiSoBMm€s3
exanpl es of SAPO and Al PO nol ecul ar sieves useful herein include one or a
conbi nati on of SAPO-5, SAPO-8, SAPO-1 1 _ SAPO- I 6, SAPO 17, SAPO- IS,

SAPO- 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37, SAPO 40, SAPO- 41,

APO | 1, ABOARO S BePOIR S gk ARG e AIRDSE & mfplignltiogna ot o
cont ai ni ng_[BEEYLEheRof Wish hGHeRla colbibdiRRor SARMTCHAPOLI, UgpOL!

nol ecul ar sieves are on€ or a conbi nati on of SAPO 1 2006 WO

03/ 074176 PEFALSABPOAB53nd métaBdontGARG d2hivatBARGhetdof, afP¢Ipbdiallyoiddrl8 and
Al PO- 34 and netal _containin derivatives thereof, such as one or a
conbi nat i oncembigae pf %AP@A%IMA PA)- ¥y and Anedal rontaimng derivagives theregf.

cont ai ni ng lhyatives thereof. and lal.ly .one.qr a _conhination of
SAPO- 34 AU 8,“%Wﬁ%‘f‘%’?“%gﬁtlﬁﬁ?‘_ﬁﬁ?‘ﬁﬁrasd%rﬁ%{‘Pﬁﬁr?‘m@?’é l’“’_{;‘1100301 In an
embodi ment , KhRe BRG BEMORAT distiff Ery'stall#e PR ORe ARli@hlakievbiavi Ng two or
nore distinct crystalline phases withi'n one nol ecular sieve conposition. In

parti cul ar, compesigom vin'pantihdaryinter gromel e®]emubar dieyes arb ddscribed irethe/IBS.  Pat ent
e T e E b i 2ars s o0 S b N
ncor por at ety SEASA0E fufEa RYATEE Qoo B bBwHAFR i aAyRY 18 have an

AD framework-type, a S franewor us” the nol ecul ar

sieve used hebgiotated by esfoients Failexiuapl] SARS-1 8)tAAPQF I8\l PURSE8 bhveAEI and
CHA +fyr anmewor k-types, especially where the ratio of CHA fi-amework-type to
AD f ranmewor Ra A drameyvay QwﬁJngﬂABQ'iﬁéaSBI EHA e wod-tpes cTissdbe in U S.

Patent Appl in:?o%ciu a@ sﬁ:l\JfQ lui;ecdaﬁérguq ml\%‘ co%%?izs;é gfl 1%?59%%&: iriltgrg%u?t%tp%lgisetomll: L
and CHA framework-types, especially where the ratio of CHA framework-type to
AEI 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,



[ 00311 Preferably, where the nolecular sieve is a silicoalun-iinophosphate,
the nol ecul ar sieve has a Si/Al ratio |ess than or equal to 0.65, such as
fromO0.65 to 0.10, preferably fromO0.40 to 0. 10, nore preferably from 0. 32
to 0.10, and nost preferably fromO0.32 to 0.15. Active Metal OFi&l$sifi00321
Active netal oxides useful herein are those netal oxides, different from
typi cal biweygsped/ or matrix materials, that, when used i pcgaiddsagisson W th
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, such as zirconium and/or hafni¥m either alone or in conbination
wth a Goup 2 (for exanple magnesium calcium strontium and barium

and/ or a GlamiEngmnetidd and/omytirivh pgideh dnlganérhb okdies ofisiticdc talumides), oxi de,
(for exanple yttrium scandium and _| anthanum. The nost preferred active
Group 4 rref’ﬁ‘ilc‘&b’&éﬂ‘i’@therfPf%"Gr‘i‘iOEHiefer‘F@Bal oxi de, either alone or in

conbi nati o .t h caj ci | de, ri QX] A /074176

PCT/ US03/ Oiq‘ggﬁl ant na%%ir%ﬁé{)‘ii(aa%v a’%‘&%&%#ﬁﬁhﬁ'{% (%)?ifé h@ .O%Qc?e%’ %l\eﬂgree%gl , oxi des of
silicon, alf fpital biabéks aAdidr RaitlioRttctRR #R1, viied W3ed iPéahBihatRsAh witR033] I n
particular, active netal oxides are those netal oxides, different from

t ypi cal bi raerlecwardiaye imatcaiakyshecrepositian, atereffectivg nextersting of bembéfuht i on wit h

I | ar. _Si ' t al yst posi.tion, ffecti ' t endi f
the usef ul lff P4 gatalymecammgosttan, Pedipady i Ui OB Al atrssiok  he conver si on
of a feedsigg risiﬁggﬁ"tﬁaﬂoi‘ﬂnﬁﬁﬁé‘éf‘ﬁbré &é%@?%ﬂﬂﬁﬁo&b%ﬁ%&éﬁﬁo%y he

Quantificationh o e extension 1n cat e I's determ ne

Li feti me Efbeanslesdift id dudemindddy thrdiftdhieBithanbymémdndexd (LB axlefipeat i on: LE
= Lifetime_ of Catalyst in Conbination with Active Metal Oxide Lifetime of
Cat al yst wip¥itke folewing equalianiof t he catal yst or catal yst conposition, in the

same process under. th ane conditions, is the c l,a{i.ye amount of
f eedst ock prEyce ggw”flg?é‘ﬁ?r@¥tﬂ2%”@%ﬁog%‘%?ﬁﬁ%\%M%?jﬁ’ il the conversi:@
of feedstock by the catal yst Lifetimeof Catalyst _ -

where the lifetime of the catalyst or catalyst composition, in the same process
under the same conditions, is the cumulative amount of feedstock processed per =
gram of catalyst composition until the conversion of feedstock by the catalyst
composition fails 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.



conposition falls bel ow sone defined | evel, for exanple 10% An inactive
metal oxide will have little to no effect on the lifetime of the gpg 2oy st
conposition, or wll shorten the lifetinme of the catal yst conposition, and
will therefore have a LEl less than or equal to 1. Thus active netal oxides
of the i nVERA#¥BH1¥re those netal oxides, different from t PETAE03/MIAYer s
and/or matrix materials, that, when used in conbination wth a nol ecul ar
sieve, provide a nol ecul ar sieve catalyst conposition that has a LE
greater than 1. By definition, a nolecular sieve catalyst conposition that

Bfﬁ‘z{) 00341 ROV 1 ouieaenie? By il Gy San Retef Bhirp bR oo neq“a; t °dL
navi ng an_ it s B bR o B e R AR08 o 1. 5

to 10. Typingdtl i GRtmdNTxide; ONBRsighithOspme tigtidon helcarbohalib:Quenpthln exhi bi t
LElI values greater than 1. 1, for exanple in the range of from1.2 to 15,
and nore paf theonttal dxidepsweat enticahadn gengal the mmstalaxidgs wsafok hareiarwill. 5, such as
greater than 1.7, such as greaut er than 2. 17 A6 2006 WO 03/074176

PCT[ US03/ 0davesgcarbon digasisis vt | R06aefk fess than 10 medmiaf the meptal pxdde, 59 as her ei n

have an uptake of. carbon.., di oxide. at I . 1m of the
met al oxi dté?ssglff%hs Iélgyl%to It}%%]%’te%(al(l)f)b@%‘ fﬁﬁﬁmﬁ:’o@é frhieal r?g%g% u%)@?l }gggﬁl t hough t he
upper i m thaGda tABoE AR Uhkakéiot0.040b AEmehh? bihBe fRtaAbxRIl de is not

critical, in general the netal oxides useful herein will have a carbon
di oxi de at [003%)* C oiin drdestotdesermine ting catbopidioiide vpsakd ofpanefe] oddetheis | ess

than 5 / of. the tal. oxid Typi cal |y, the. netal i des .yseful herein
have a ggr %O‘Wingﬁ?fgg‘ﬁfﬁt‘%@(‘ippﬁﬁ%\é%‘wﬁ ""6){}2‘3 %Wa? lstc%)g‘ya‘@{egﬁ’yoxi de. 100361
I d t ' b@Xd f oui de, th

n order Qxegt%{eggtlﬂ}g‘éélﬁgﬁ h$ 26 PRS0 ABwiY iﬁﬁﬁmﬁ a P%ﬁggglﬁfé Eig:e e

fol l-qwi ng proc adopted. A sanple of e neta hydr at ed by
heat i’ng t h&dsawpight™t B oBGN«d. (TheGOfdp&atune bf theisagpleiis thentreducad cotd@nt wei ght
the "dry weight”, .is. obtained. The tenperature of the sanple is then
reduced t o 2p@@Gargon digrideds Bﬁe@PWi%SWI%@SHCW’@POW%i%OE $5, ei t her

conti nuous laéai?lrunitip Péﬂst?iﬁ§weight is obtained. The increase in weight of the sample in
terms of mg/mg of the sample based on the 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

a 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.



again until constant weight is obtained. The increase in weight of the
sanple in terns of ng/ng of the sanple based on the dry weight of the
sanple is the amount of adsorbed carbon dioxide. 100371 In the Exanpl es
reported bel ow, the carbon dioxide adsorption is mneasured usitighdh tler
TGA/ SDTA 851 thernogravinetric analysis system under anbient pressure. The
met al oxi sMpememi® i s dehydrated in flowng air to 500" C fperr@soh@sr. The
tenperature of the sanple is then reduced in flowwing heliumto | OO C.
After the sanple has equilibrated at gﬂe desired adsorption tenperature in
flowi ng helium the sanple is subjectedto 20 separate pul ses (about 12
seconds/ pul se) of a gaseous m xture conprising | O weight % carbon dioxide
with the r#08Bhder Genvenidntlyi theacthye metabaxide{syhawa BETisoefaceiarez bf ng gas t he

nmet al oxide sample is flushed with flow.ng hel] or .3 mnutes. The

i ncrease i BrORET l&m{/ﬁé%]&ﬁ%%aﬁeﬁﬂ{%w&[gz&t‘?@éﬂ?ﬁlglﬁdgé?fﬁ’@mysHQfsed on the
adsor bent ' f . Cd f otbed car bon
ol do. TREME M GGe(C BRLTREE saca e of i 2P Nucl s BIROIGCT, PRT DT

nmet hod of BAgnaso mPMelote prafiflablp the sct{vBmigtaPailié(s)ieg 2dSERSIAJe 3663 to

provide the carbon dioxide uptake in terns of carbon di oxi de/ m- of the
nmetal  oxi atea of #t leasc2500%e. sweh asron 25 78"/ PaT 20808/ dn3@refet®d[ 00381

Conveni ent | .he active, netal, oxi .S as a BET surface are greater
than 10 m-FgboditRent. fae smalt%ﬁ‘?%‘ﬁéﬂ%\eﬁest%w%%&? BYiREaBil y the
active net ol=Y( 1) t ajy2 , such as
from20 rn~ %é?%& g%atgnﬁﬁﬁgﬁe/%%%?ﬁgﬁ&?ﬁzag igﬁ%ﬁ?gtﬁgﬁufﬁg@?de(s) has a
BET sur f acgreatr €an®0 /gl east 25 rn~/g, such as from25 nR/g to 200 mg. In

a preferred _enbodinent, the active netal oxide(s) includes a zirconium
oxi de havi H938] BET Theipetineanetplaridn(e)-nan beprepsrarusipgye varipty obgiethodat er t han

25,1219 PR o SRS, o AR maldsd | Vo ool
precursor, such as a metal salt, such as a halide, niirate sulfate or acetate. Other
suitable sources of the metal oxide include compounds that form the metal oxide
during calcination, such as oxychlorides and nitrates. Alkoxides are also suitable
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 hydroxy} 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



It is preferable that the active netal oxide is nmade from an active netal

oxi de precursor, such as a netal salt such as a halide, nitrate sulfate or
acetate. Qther suitable sources of the netal oxide include conpounds that
formthe netal oxide during calcination, such as oxychl orides aﬁ]ﬂg‘{ljﬁt@@t es.
Al koxi des are al so suitable sources of the G oup 4 netal oxide, exanpl e
zi rconi um nwoprigpoexizele. A preferred source of the Goup 4 I IS
hydrated zirconia, The expression, hydrated zirconia, is rﬁ%‘g’kﬁg‘ﬁ"'ﬁ%"”
connote a material conprising zirconiumatons covalently |linked to other
zirconium atons via bridging oxygen atohs, and finther conprising avail abl e
hydr oxyl groups. [00401 In one enbodi nent, the hydrated zirconia is

hydr ot her malYigarbonaset sdutions dimcludingréarbanates thébicartohatde o BN TP, dUr e of at

| east 80'C, prgferably at least 1 OO C, The &éﬁ;@ﬁ hermal treatnent typically
takes pl ace VB candded depXricingpndyits desivalivesy 2 8MIBeSpr essur e.
Héwever, a rred [We he. open. vessel
under reflu g%) diti %&&Rﬁ%@ﬁoﬁ%ﬁ@ﬁﬁ%ﬂ@%&f@ggbslﬁ%gﬁa% c};fi?igroxi de in a
liquid medi WiambR, be¥aijidtig AMquid Solatién, 8lctrds dntdqubdiist@lutiondbbiiprashslf or
stirring, pronotes the effective interaction of the hydrated oxide with the
liquid medi unsouldesf densatfiadhroup 4trhetaklorcpaditions suthieieniytd cansegresipithsioni t h t he

| i quid nmediumis .convenientl t least.,1l hour, such_as, at |.east_8 hours. The
liquid medi r"f'll’ny?at‘?%P@c‘FP‘é%{ngE‘thhc adegppionpl, such ashy dhe additien ef &r greater,

such as 8 or @%ﬁ,r |4 01 Ay f ] kO ia

i ncl ude wat eprr?(ggly rgﬁa e p@o*ﬁ%‘?}gﬁgn??ﬁﬂ(ﬂ%hﬁﬁﬂg th;é/gfrég%@%ggﬁ ?)f klﬁ(l,loo gle K, M,
and G'), cathebbitevald Fbr exdiapl2 Ol pWWOpdating ddenb 3¢ bedHAsé Bkhm3  bi car bonat e
solutions (including carbonates_and bicarbonates of N 14~, Na% K% My 2+ and
CW, pyri di redahydrexige of ¢mmopin bygraxideky| / hydroxyl  anines. 100411 In
L CTo OB e bl B e et oA RR Sbingh B2 AT & Y

subj ecting uid sofution, such as agueous” sol ution, “conprising a
sour ce of i ofigabdxide 1916 YP pfepiRidah fitR lig@Iddblution Tompfiking ia@Blrde@f fod HE
precipitation of a hydrated precursorof the solid oxide material, such as
by the addi tad Greupfé metaheandieromhingswitle a genend diguidrseluivnompmsingenveni ent | y,

the precipi ts%%}c% dfionsora %{11? ﬂ and/or Group 3 metal. This combination of two

solutions can take place under conditions sufficient to cause co-precipitation of a
hydrated precursor of the mixed oxide material as 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



at a pH above 7. For exanple, the precipitating agent may be a base such as
sodi um hydr oxi de or ammoni um hydroxi de. 100421 When a m xture of a Goup 4
metal oxide with a Group 2 and/or 3 netal oxide is to be preparefys 20061 r st
liquid solution conprising a source of ions of a Goup 4 netal can be
conbined with a second |iquid solution conprising a source of ions of a

G oup 2 andbeso@@wnup 3 netal. This conbination of two sol Uﬁ(‘f’l?ﬂ%sﬁﬂfk t ake
pl ace under conditions sufficient to cause co-precipitation of a hy‘arat ed
precursor of the m xed oxide material gs a solid fromthe sol ution.
Alternatively, the source of ions of ~the G oup 4 netal and the source of
ilons of the Goup 2 and/or Goup 3 netal nay be conbined into a single

sol uti on. ateyial el thei bercateiped,saoh beinsub)adiveg atmospdect, af otesperdtfiieci ent t o
cause co- prﬁci pi tEtion of a hydrat eg Precursor tophhe solid m xed oxide

malteri al , Stetdeass 407G mecheag it dsagipQ9F a_OIS?‘@BPISiQOé’E‘ _%ﬂ@%@%‘lﬁthg o
The  proci Bpgpy Bl SIRE@ 005 b A B e Bbtat k¥ or e b 1ad, S0 N0,

from 00C t fhetdl @%Rle! ITAB cRl@Rafion Hnieds Wgﬁdh’_lrlﬁruprtaﬂg(hoﬁfs, bWRIMRR et 15 @5 24 or

precipitationis from20°'C to | OO e resulting gel i's preferably then
hydr ot her mhbury, for exananle fir 1.0 tnlfehersir bsongfenshodimert c8Gn@iomisshwiedbl y at

| east 100' C.. The h ot hennal_ . treatnment typically takes place at
at nospheri 8“&?5@5%‘&%@6 ér?@qg"é?lg’, hoys.one  enbodi ment, is hydrothermal Iy treated

for up to 4§fy5’ ﬁ%ﬂ%?eﬁﬁ%o&ﬁh@f,%émv{pg me%%ﬁ?g%n&&é@m%g%ays- [00441

The hydr at ecursor to the net oxl de s t recovered, for exanple
by filtrat aediooGrougrit hethligtite are, madebepaatedydamhitien comacted togethestl ting 17 AUG
2006 WD 03/074176 PCT/ US03/ 04153 -12 material can then be cal cined, such

as in an ofqral e myxed metaperide thaiis then eortasted with theymoleculap gigye. 400 C, such as
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2 and/or Group 3 metal oxide can be contacted with the molecular sieve prior to

introducing the Group 4 metal oxide. ,

[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
lanthanum 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 t020 % and more

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



hours, for exanple for 1.0 to 10 hours. In one enbodi nent, calcination is
carried out at about 7000C for |I to 3 hours. [00451 In anot her enbodi nent,
the Goup 4 netal oxide and the Group 2 and/or Goup 3 netal Oﬁkkdﬁ are made
separately and then contacted together to formthe m xed net Be ¢ hat
I's then contacted with the nol ecul ar sieve. For exanple, the Goup 4 netal
oxi de can MO EYHtHEt ed with the nolecul ar sieve prior to iptredesidis t he
Goup 2 and/or Goup 3 netal oxide or alternatively, the Goup 2 and/or

G oup 3 netal oxide can be contact ed th the nol ecular sieve prior to

I ntroduci ng the G oup 4 netal oxide. [6'046] V\here the catal yst conposition
conprises a Goup 4 netal oxide and a netal oxide, the nole ratio
of the Gro@ﬁﬂlﬁIﬁﬁqed|mqsaauqxed%@alﬁlﬁéla®&b&resther%9wZ&qtdeo%ms@cnumthe range
of from 1000; uch,as. . from. preferably from 100:1
to 3:1, no& %r%ﬁ@agfgﬂpff?ﬁ?a%gmfefsa%éTQ]ﬁ%gtgﬁt%oxfc}?e total noles of the
Goup 4 and Group 3 netal oxides. In addition, the catal yst composition can
contain from1l to 25 % preferably froml to 20 % nore preferably froml
to 15 % bﬂamly@Co@oﬂtioup 3 netal based on the total weight - of the m xed
nmetal oxid rticylarly where the G 3 net al ide is a_ |anthanum or
yttrium rri?‘?;f&?oxi dihﬁﬁaa istempAsion }nVSRWQi’emF]é‘)éﬁs Ay s tE  net al

oxi de. [00 gl%mg [ JTEt al oxide
and a Go%éiémné{sg&pﬁwgmi %E?m e rgtoﬁlg%gF&?%Bf@ @eéf%tg{]alé%m de to the
Goup 2 nefesdribed hE&/d@?h&ﬁllP{Wlﬂh@bi’ﬂdﬁ%dﬂﬁ Iﬁitﬁmnid?&ﬁhl différaztﬁozn teuch as

from500:1 to 2:3 preferably from100: 1 to 1: 1 and nore preferably from

50:1 to 2: agtiveymetaliowidetsheTypically, thwgghtcm@ néth@rr@\nlpcﬂareﬁmw@&m 2 et al

oxi des. Inad|t| t.he ﬁ/yt 03|t|o can CCi{]% § qtg11to 25 %
preferanl y Bme ¢ 5 R EARLcoiRER L s Sk 3 vl el ghe of
PCT;J&OSIO 53%%03?&%&{?6%1&322 met g&%ﬁ&gu@é%g?’? E:clfﬁgp %yb\i\whégér% the G oup 2

nmet al oxi deeicent alare preferably from 20 weight percent to 500 weight percent, and most

preferably from 30 weight percent to 400 weight percent.
[0049] There are many different binders that are useful in forming 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

1 ») component. For example, an alumina sol will convert to an aluminum oxide
binder following heat treatment.
[0050] Aluminum chlerhydrol, a hydroxylated aluminum based sol
containing a chloride counter ion, has the general formula of
Al,0(OH) Cl »x(H,0) wherein m is 1 to 20, nis 1to 8, 0 is 510 40, pis 2 to 15,
and x is 0 to 30. In one embodiment, the binder is Al,;0,(0H),,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 a-alumina, f-alumina, y-



oxi de and the Goup 4 netal oxide is a zirconium netal oxide. Catalyst
Conposition [00481 The catal yst conposition of the invention includes any
one of the nolecular sieves previously described and one or ”Pf%g?flﬂﬂﬁhe
active nmetal oxides described above, optionally with a binder and/or matrix
material different fromthe active nmetal oxide(s). Typically, the weight
rati o of wWiggsmmlheeul ar sieve to the active netal oxide inpchayesbhalsyst
conposition is in the range of from5 weight percent to 800 wei ght percent,

preferably from 10 wei ght percent to 600 weight percent, nore preferably

from 20 wei ght percent to 500 wei ght 'p]é‘r'cent, and nost preferably from 30

wei ght percent to 400 wei ght percent. [00491 There are many different

bi nder s t hatunsing, dislemina, icreliroma welurhiea, andipadlysting ahmaisuti wikydoxides

i nventi on. n- | i_gfgti ng exanpl es of .binders that .are tHsef | alone or in
conbi nat i ofUSHRS ElBRsite abavsTite, nomsistrapdite, dorelifs, dnd myxtuses thevepf.cas,  and/ or
S

ot her inor 146 OXI . fer - Lhild : t Akt ]%8! |

al um num cﬁ%grlﬁydr oﬁ&@%ﬁ}nﬁ(?%g%lﬁ?e% Oo>?|5 e eg%gﬁ%gfaéﬁﬁiﬁk%'ngf ue DI rlln! ng the
synt hesi ze@oRBh&@6dd 94lc6 8676 SvARBlrHBNHIFS Ehéralcal SUSNa IR MBSk X _
together, particularly after thermal treatnent. Upon heating, the inorganic

oxi de sol , ang NyheolAdI20IhW\avaijable fiom Nysesd HNanp TechnalogiesdnedAsiland, an
i norgani c ?\ﬁi de.bi nder conponent. For exanple, an alum na sol will convert
to an al uniiGTHESHES: binder fol | owing heat treatnent. [00501 Al umi num

chl or hydr ol hydr il:ﬁ:dﬁ ' %% -al-nj ori de
counter i OA?U%AS thﬁemgééﬁeraa@%grﬁgﬁbgﬁaﬁ%ﬂn?%?w;%%&%erei nrnis
| to 20, n preferhblyadiffereat frombhé acil® metal sxide imod 4%y, binderd Matrix rhatérdal80. | n one

enbodi nent, the binder is A11304(OH-X17'1 2(H20) as is _described in GM
Wl t er man, 2t typically sifeqiivedn reducig ovegprcatadysicost, sgings dbeympdsinks 44 (1993) .

T o e e N S
O R
[0053] Non-limiting examples of matrix materials useful herein include one

or more non-aciive metal oxides including beryllia, quartz, silica or sols, and
mixtures thereof, for examplie 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 pm to 0.6 pum with a D, 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



-14 alum na, 8-alumna, & alumna, K-alumna, and p-al um na, alum num

tri hydroxide, such as gibbsite, bayerite, nordstrandite, doyelite, and

m xtures thereof 100511 Non-limting exanples of comrercially gvaé]lﬂﬁqmﬁe
colloidal alum na sols include Nalco 8676 available from Nal c em cal
Co., Naperville, Illinois, and Nyacol AL20DW avail able from Nyacol Nano
Technol ogiveep3hmers Ashl and, Massachussetts. 100521 Wher e fdteuaanalsyst
conposition contains a matrix material, this is preferably different from
the active nmetal oxide and any bi nder.1 trix materials are typically
effective in reducing overall catalyst®tost, acting as thernal sinks during
regeneration, densifying the catalyst conposition, and increasing catalyst
physi cal praheut $%ede 68%s Andimore preferably drog h%en d 0% by iwaight ofdlsd st ance. [ 00531

Non-limtin l.es of tr,i terial eful . herein.include one or nore
non- act i ve TEERHALSIFYRBsrep e WG BEEH of the Caet MRS, or sol 5, and
m X.tures,tﬁgbgaf T Ofme éa%axggt'eogﬁso 9D 8h@ins AithAdeR 248 h SR .
silica-titania,” silica- alumna and silica-alumna-thoria. I'n an enbodi nent,

mat ri x mat enatetisl, Geeveightthid of thedsies urtheasatiiv ofmeerfal toypiseally foinl | es of
rontnorillonite and kaolin. These natural clays include subbentonites and

t hose kaol i 1§53 knbansush as fiom Etdipl &, andpartigulany fapek6 tadox gt and Fl ori da

| ays. Non-|imtiRQ. | f.o0th L X. i al sadncl ude, hal ite,
Raol i to Al pE BTy SCu ] G A SR bL W IR L B0ty B VoL
clay, may bgichdbiBht fdut %W WeikROWRLBRIL A BRWeiht, MIQLATRERySGH as

cal cination and/or acid treatnent and/or chem cgh treatnent.  [00541 In a
preferred eatooti7¥edntweightdomhouti b6%rhy aveight, hasecdhorcthatotal weight efithe t ype

conposition, particularly having a l.owiron or titania content, and nost

pr ef er abl yr‘?’gﬁ)‘?’{a mple IS?‘?’feﬁBg‘Iﬁ?@%’ﬁm&WE to forma punpabl e, high solids
content sl ugy to AP £ e t her
easiﬁ/ dueu[{ 257]i ts p at?cg%é* gﬁ%@?ﬁ?}gﬁA&gfﬁfreﬁﬁg\%%ge article size of
the matrix Ofighorcitals,g/emsich aaifaine fidhl §.6lgAal tb 13, g/¢cs forrexamPle frogrel g/oc 0. 6 [un

with a D90 particle size distribution of less than 1 [un. [00551 Were the
cat al yst cdffo/ré iparticulsrlydn the mogs eiglsem&:8 &g #9 X 296t er i al |

Catalyst Composition Formulation

[0058] In making the catalyst composition, the molecular sieve is first

synthesized and is then physically mixed with the active metal oxide, preferably in

_ asubstantially 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.



the catal yst conposition typically contains from1%to 80% preferably from
17 AUB 7006 WD 03/074176 PCT/ US03/ 04153 -15- about 5% to 60% agc}oﬂﬁ{ﬁ
preferably from5%to 50% by weight of the nolecul ar sieve base Qﬁ
total weight of the catal yst conposition. [00561 Were the catalyst
conposition contains a binder and a matrix material, the weight ratio of

t he bi nderyd espagismatrix material is typically from 1:15 tggethiswsosisgh as
from1:10 to 1:4, and particularly from1:6 to 1:5. The anount of binder is
typically from about 2% by wei ght to about 30% by wei ght, such as from
about 5% by wei ght to about 20% by wet ght, and particularly from about 7%
by wei ght to about 15% by wei ght, based on the total weight of the binder,
t he nol ecul[@06G]i eve Iame smbobdimemnitthe mmileculd BT cinpostdmbnybthe amtpivsi ti on
typically has a density in_the range of from 0.5 g/cc to 5 g/cc, such as
from from ougieleeptionatly yyitha binder, aeLomtangd with @ lauy to form g shrey and

particul arly_in. I e of . t al Conposi tion v
For mul at i O&Xﬁl&%ﬁﬁeﬁﬁﬂﬁﬁgeg lelﬁ%%ﬂgﬁ y&o%ogg%%ogﬁsﬁ%‘#?&f‘%ngﬁ 0 )eig%l ar sieve is
first syntherbagcsientcdniposiiRn. MNotsligaidgexdinphs ofishitatid Bomas incfudeet al  oxi de,
preferably in a substantially dry, dried, or calcined state. Mst -
pr ef er abl y witer, alsbbal, ketonasi aldehydes dandéuriestersreftal mostipddemedlighigss cal | y ni xed

in their calcined state. _|ntimat physi cal m xing,can_.be achi eved by any
met hod knoW##h ﬂﬁest“éli‘?( ?fé'ﬁémpqg@??'ﬁ Sk‘?‘}r/?d’o_nmo@ﬁw&’ %ra“prmart’éi‘m m xer

ri bbon/ padd|, ﬁléﬁ'f@&'g)?zti ﬁoﬂ%ﬁﬁﬁ{,’m% ad )}&Jﬁg thal RSk Gl cal tion between the
nol ecul ar sIeve an e al “ox1 de( I

s ~unnecessary and, in general, is
not pref er reethpdsitionknidlibs feqtilred slaipa) fo8 bxanpip asicidspiereont ai ns a matri x and/ or
bi nder, the nolecular sieve is conveniently initially fornmulated into a

catal yst prif@6Hsor vPras the meleenlar sievenetplyst dnmpasitiondgiormedarei ve netal oxi de
be added ad BHE 8" Srsd Pr e DRt e P el o Win )
support, suGbalfs cBmpbaAsH, aleal®@édtinént such as calcination is usually performed.

Typical calcination temperatures are in the range from 400°C to 1,000°C,

preferably from 500°C to 800°C and more preferably from 550°C to 700°C.

Typical 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 1o about 4 hours.



material. The resultant catalyst conposition can then be fornmed into useful
shaped and sized particles by well-known techniques such as spray drying,
pell etizing, extrusion, and the like. 17 AUG 2006 WD 03/074176

PCTI US03/ 04153 -16 10060] In one enbodi nent, the nol ecul ar si ¢JehUt 2006
conposition and the matrix material, optionally with a binder, are conbined
with a |i gW@¥G4fiérm a slurry and then mxed to produce aPETWSFHRiAI |y
honbgeneous m xture containing the nolecular sieve conposition.
Non-limting exanples of suitable |iquihgs include water, alcohol, ketones,
al dehydes, and/or esters. The nost preferred liquid is water. The slurry of

t he nol ecul si.eve conposition, binder and matrix material is then fed

toa. form n%ﬁﬂi@ﬂ]ﬁﬁﬁ@&ﬂ‘.@&}&drier, that forns the catalyst conposition
into the regicaed sh ?gwi ' NG e nol ecul ar
si eve cat al stﬁéiorrpogﬁ?%ér‘\g%ts& rﬁe?n{@ﬁggrﬁ)%gggésﬁzﬁy %egﬁllqg}jadry réﬁd]ri ed state,

t'o Rirther pajkdans atilidig aatling g féhaaimple®aaphtial fabd ®lligh® 6RFm(d) (0. a heat
treatment such as calcination is usually perfornmed. Typical calcination

t enper at ur eBaigneNp6,80& 53 Areg bigheomolgolacweizht (M) Iy drogarbehs talsiwerf r om 500' C
t'o 800' C an r referably from 55QQC to 70Q0C. Typi cal | ci nation

envi r onnent &%%‘?W%‘Wﬁﬁéﬁ%? ° g‘geéa@ﬁgl ca Y]ﬁﬁe an@@{ ‘@FCT\?apor),
nitrogen, hell AP ' L BpoXygen), or any
conbi nati.on%t kékrg%%fl.g&f%@%ggﬂ’l%g a pre er%ggg%o%dglﬁ%gﬂl, IIé%)’he cat al yst

conposi t i onpolynteeiakiseh, ofi forrekimplgane @ nioré elgfia(sataupredode d elpmedN0’ C to 700" C
for a period of tine typically from3 O mnutes to 15 hours, preferably

from 1 hour Prsiughseferminenbystesenaiions depydpaenatipn; devgringpeiifor ¢xample t o about 5
C\%u(r)g} 0?227g9€f&%§%§1})%§%1§§£ gﬁ%%ﬁ% p%rafﬁﬂs"f ra%sotrﬁtitﬁf 8Pfor%xgﬂgfesalk);l7 AU 2006

.ﬁ) aromatic compounds for separating out isomers thereof; alkylation, of for example

s

aromatic hydrocarbons such as benzene and alkylbenzenes; transalkylation, of for
example a combination of aromatic and polyalkylaromatic hydrocarbons;
dealkylation; hydrodecylization; disproportionation, of for example toluene to
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
Iubricants; 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 info 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 methyi
mercaptan and ethyl mercaptan, alkyl sulfides such as methyl sulfide, alkylamines
such as methylamine, alky] ethers such as dimethy] ether, diethyl ether and



Use of Catal yst Conposition [00631 The catal yst conposition descri bed above
Is useful in a variety of processes including cracking, of for exanple a
naphtha feed to light olefin(s) (U S. Patent No. 6,300, 537) OL Wg?ﬁfﬁ

nol ecul ar wei ght (MAN hydrocarbons to | ower MW hydrocarbons; ?/ cki ng,
of for exanple heavy petroleum and/or cyclic feedstock; isomerization, of
for exanplwoas@maté cs such as xylene; polynerization, of fprr/exédmhs one or
nore olefin(s) to produce a polynmer product; reform ng; hydrogenation;
dehydr ogenati on; dewaxi ng, of for exan}; e hydrocarbons to renove straight
chain paraffins; absorption, of for exahple alkyl aromatic conpounds for
separating out isoners thereof-, alkylation, of for exanple aronatic

hydr ocar bonsethulethyh sther rabien balided satlkgd methybolderide amhethykohlaridepalkybf f or

exanpl e a conbi nation of ar tic _and | yal kyl arqmati ¢. hydr ocar bons; -

deal kyl at i ?OWGF%é&“P%&'? E%ﬂ?%é?@bql@%ayﬂﬁ%aﬁéwaﬂ?s @fdsf%‘f;h &%@G¥Fe tol uene
to make b Vi X ' ' ' fOrs. trai ght and
branched ?ﬁg‘f%ﬁe@@ﬁ(ﬂg?&%ﬁa%gﬁﬂ r%écszyc ?%g’ie%apoggb%ﬁ%@?%rred
processes idiethydahd @easatfindioh thabyf hioré grefiapbll idethénol Bhd/bi tic

m xtures; converting light olefin(s) to gasoline, distillates an
| ubri cant s;ethssnansk mpstprefriabbhaetbanelo ol ef i n(s); converting light paraffins

to olefins /or gronmatics;. an nvertin nsat ur at ed drocar bons

(et hyl ene am@ r a?&‘% é}‘?e‘ﬁa“%s %F@%ﬂ%jﬁéﬁs 8563 VePaftsilartyidy al cohol s,
acids and - L ' LeNn 1S the
colnver Si onqg%&g&kfcég%ﬁ%%%atg %ﬁggﬁéteggr&iﬁ%r%gﬂ gfogp ??’1 S) .a%ﬁ% P@P P%éﬁ&% hg |

f eedst ock cheimientomizeffectiveioconedrt tHeadfeedstahfranarily gnto oapormdes and
preferably one or nore ox?/genat es, such that the aliphatic noiety contains
S

froml to sieknGkdihenlslin(shpreduaced ypicallnbave fromdtp 30icarbpg adhon at ons, nore

B o, - 200 RSty ¢ i ErtEh Ao LS prRnIEb ST BB Al 0" P
conpounds  prBfetdbihe2 8 4 @hdlofis SUfY, ARl MBtHREfRIabRNEe @tHadHRlandak Kyl mer capt ans

such as nethyl nercaptan and ethyl nercaptan, alkyl sulfides such as nethyl
sul fi de, algpdedaes such as nethylamne, alkyl ethers such as dinethyl

ether, di et[B“JSS]et herTy%ri]éjally, the catalyst composition of the invention is effective to

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, B
and more preferably greater than 78 weight percent. Typically, the amount ,J
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



17 AUG 7006 WD 03/074176 PCT/US03/041 ~3 niethylethyl ether, alkyl halides
such as nethyl chloride and ethyl chloride, alkyl ketones such as_dinethyl
ket one, formal dehydes, and various acids such as acetic acid7 rie 1k ab| Y,
the feedstock conprises nethanol, ethanol, dinmethyl ether, diethyl ether or
a conbination thereof, nore preferably nethanol and/or dinmethyl ether, and
nost pref eWOIBH7418¢ hanol . [ 0067] Usi ng the various feedst ookg/disoussed
above, particularly a feedstock containing an oxygenate, such as an

al cohol, the catal yst conposition of _{he invention is effective to convert
the feedstock primarily into one or nore olefn(s). The olefin(s) produced

typically have from2 to 30 _carbon atons, preferabl %yz to 8 carbon atons,
nore pr ef eriairypdihetgheprodogiaen eficthane agd propapg isgedwiedrbyrgrenter than 10%. car bons

atons, and t preferabl re ethyhe I I | ene. ,100681 Typically,
t he cat al ysstqlglé I lg%{ef |1§'ﬁ%’f%§t R vcllaen i%tgpﬁ{saggp?g@ﬁ&éﬁf@aﬂg& re a

teedst ock SHNr&Hl 3098104 04 RESpA%T BEA FihEFar ctbF sBcdhRfiiifdn £ B bddi ng
greater than 50 wei ght percent, ?ypl cally greater than 60 wei ght percent,

such as greavessiocnlandifionswitghithque theeastiye aethl prxeleeoaipoyen(s®at er t han 80

wei ght percent _of olefin(s) based on the total I ght of hydrocarbon in the
product. MIP&&Wer , tlﬁéddlélﬁﬁﬁﬂﬂleﬁxyé?WW%H%émﬁiﬁﬁiﬁfgs foduced based

on the tot ' -} h ]Hﬁgg ' ' reater than
40 wei ght ?8?%%%}5 38%"“%%3’%?@5’3?&;%‘!%? {Sf. ﬁ’an y%ﬁ%ﬂ# %ogir'%gérﬂ% tgr ef erably
greater thafie §Sedwetl bi mpRicGRPkieve @a‘ﬂzﬂrﬁ%&p@ﬁiﬁ%ﬂﬁﬁ@bﬁé tgpicallehiseiig@n 78 wei ght
percent. Typically, the amobunt ethylene produced in weight percent based on
the total weihagetthe tonppoiraitan ¢fche fepddoele t Npn-brnidegiexampley efzdilwentshan 20 wei ght

t h t t han 30 I ght . t. for | t th 40
wei ght  per oBFEde PrTRcreom, fi-oge. iR ebdT I aifgp SiRdR StfEed i n el ght
per Qe)f;t basggeany henlrOichve Palafits (Speciady ARGAEA¥CH BE Hﬁﬂféhe,%l%\é%ﬂ IS

greatpr than 20 wei ght percéent, such as greater than 25 wei ght percent, for
exanpl e gr gabpane) easenfbllymogntactier arentatic amappmelseamidixturgs twteof. t han 35 -

wei ght percent.
g P "Fhe most preferred diluents are water and nitrogen, with water being particularly

. preferred.

[0071] The present process can be conducted over a wide range of
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 ﬁreferably from
10 hr! to 1000 hr'. In one embodiment, the WHSYV is at least 20 hr! and, where
the feedstock contains methanol and/or dimethy] ether, is in the range of from 20
hr™! to 300 hr',



[ 0069] Using the catal yst conmposition of the invention for the conversion of
a feedstock conprising nethanol and dinethylether to ethylene and propyl ene,
it 17 NUB 7005 WD 03/074176 PCT/US03/04153 _19 is found that the
producti on of ethane and propane is reduced by greater than 1003 AUGUER as
greater than 20% for exanple greater than 30% and particularly in the
range of fyemsa9fméo 40% conpared to a simlar catal yst conpegitiaiat the
same conversion conditions but without the active netal oxide conponent(s).
100701 In addition to the oxygenate cogponent, such as net hanol, the
feedstock may contain one or nore dil oents, which are generally non-reactive
to the feedstock or nol ecul ar sieve catal yst conposition and are typically
used to re[0d4] t he Thapreoéssalfitianingéntionds temdniandly cohibucidd axi 4 fixted bedanpl es of
di luents include helium_argon, nitraogen, carbgn nonoxide, carbon di oxide,
wat er,  essERE?S PLmArstypicalky w@ﬂp&p@ﬂ%«%ﬁ@%ﬁ)@mlu@mg agpbyiestbesich as

nmet hane, ethane,. an r opane ssenti a non-react. ve .aromat i c_conpounds,
and i xt ur e8P ?Fé)’élfa? aéjal'ﬁ%%%%’ifm ﬁ}n‘@rzgg Irbg% k%)lcf:gse ﬁ?tgpgr&%u\?ﬂy 3r°g§th'ﬂmﬁﬁt rogen,

with water gighRgldRaY hidibed bod prBéRterred. 100711 The present process can be
conducted ovér a w de range of° tenperatures, such as in the range of from

200' C to | [T, f on eegmpiteal embodi@biX, GetwodH6 i ondnctkd ds @ fuidizedh 250' C to
750 'C, conyveniently from 3000C to 650*C, preferably from 350" C to 600" C
and nore prRRIAEESs Utilighe 376aqtoR gystent B HRSCLTRiPD SYKPR; a0d A TGCOVER pr esent

process can ond, ' . ' d]

aut ogenous Pr gegg ugieé.h%[ilg} gﬁrgééﬁ%%’y&sﬁg&g% P @r%“%%‘%@%“?@% F %E H{é) p&{‘h(ia{ a%lcrll g?)dc Kk

excl usi ve ofs fadibg@iter Hith thé flodécnlae SievoyaalysicdnifosRicdGa®SoneSor mibre he range  of
fromO. 1 kPaa to 5 Waa, preferably from5 kPaa to 1 NWaa, and nore

pref erabl y fiseymeaREoriRamtheaestor syriem. Todfeedstonkas venvsited imtheiriges pace vel oci t ~
El\é\ﬁrsvgj er d\?\;%egﬁtgr(as 1%? g%s%%% e@'l]wg{,tg;ﬂgt e%{eré g ﬁgsseﬁé)acgli(ngeée%lseli (iII!l rg§c¥ordl | uent's pf>r

system along with the coked catalyst composition. The coked catalyst

composition is separated from the gaseous effluent within the disengaging vessel,
typically with the aid of cyclones, and is then fed to a stripping zone, typically in a
lower portion of the disengaging vessel. In the stripping zone the coked catalyst
composition is contacted with a gas, such steamn, 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.
[06077] 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).



in the catal yst conposition, can range from1l hr-1 to 5000 hf', preferably
from2 hf' to 3000 hf', nore preferably from5 hf 1 to 1500 hr-', and npbst
preferably from 10 [if ' to 1000 lif'. In one enbodi nent, the WHSV is at
I'east 20 hr-1 and, where the feedstock contains methanol and/ or?1adiAUbtZBBfI
ether, is in the range of from20 bf' to 300 hr-'. 17 AUG 2006 WO

03/ 074176 wWONsEA3 04153 -20 100741 The process of the i nwantosmosss
conveniently conducted as a fixed bed process, or nore typically as a
fluidized bed process (including a turhulent bed process), such as a
continuous fluidized bed process, and particularly a continuous high
velocity fluidized bed process. [00751 In one practical enbodinent, the
process is 88FHuct edThesgasedussiflientis withstaywr Gousthe disengagingysysteneant or syst em

a regenerat, on system.and a recover system In such .ocess, fresh

f eedst ock, 158?‘?38%%9%1}/\?{9908‘?{@ Swerﬂﬁ?rese\é?rlad]é%??‘Ey?n%%atpgg‘gﬁtoget her with the
wol ecul ar sd P yliglﬁ l.ser reactor(s) in
t he react ofdlsyssjezﬁléﬁi%ﬁghfeée s%}%c H?Jgoﬂ onv’e{ri)l'?g‘?jglasr?ﬁi;P gfﬂPi[eﬂng reactor(s) into

a gaseous d072ent tlhaheprdcars embddwsyabe ppcesssifahe inventim foaacpat system
along with the coked catal yst conposition, coked catal yst conposition

Th
i s separ at € 2pripiesrates praeess fer mducmgriigmolqﬁm@tﬁ@ ahydipgaigPhy vessel

typically w t he ai.d of ¢ on s t f t st ripping zone,
typically ﬂﬁé c{aétocﬁiog\%#m%lg{]?r %’ﬁﬁaﬁa %_ﬁ‘?{gﬁé}g@gﬁgﬁ% raﬁg%%%etﬁ? p{or?k{%ﬁ% stripping
zone the cqiagéng lerdabddus FERRRRE] rbRIAbIFINCRMARARA Wth & watddafeansUs St eam
nmet hane, carbon di oxi de, carbon ™ nonoxi de, hydrogen, and/or an inert gas

such as ar goyngagpreflentinblzpne tocprodudea synthesis gas stooy, ihguicdilycovpaisingns from t he

coked catal yst c Qsition that .is the i ntrqQduceq i.nto the regeneration

o - [ oo FlORR. cae TR A et e Btbe A €87 SRS H0a 11 on i s

contacted w ' | 2l ni ng oxygen,
Li ViohPerfed ﬁ%%?&ﬂa@cmg}sgp%rﬁ E%E&th bfc%.ﬁict@g%ﬂi

under regenerati on co t1ons capa urning C om t he coked

catal yst dmigrogércboncatgiyef spihlly acopper based|catadyss at temmpedatbrevieitlght per cent
based on the total
range of from 150°C to 450°C and a pressure in the range of from 5 MPato 10

.- MPa. Afier purification, the oxygenate containing stream can be used as 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



wei ght of the coked nol ecul ar sieve catal yst conposition entering the
regeneration system For exanple, the regeneration conditions may include
tenperature in the range of from 450T to 750T, and preferably from550'C to
7000C. [0077] The regenerated catal yst conposition withdrawn frogg g :
regeneration systemis conbined with fresh nol ecul ar sieve catal yst

conposi ti ¢y od¥d{7ARr re-circul ated nol ecul ar sieve catal yst peqxasbhiison
and/ or feedstock and/or fresh gas or liquids, and returned to the riser
reactor(s). 17 AUG 2006 WO 03/074176 PCT/US03/04153 -21 100781 The gaseous
effluent is withdrawn fromthe di senga?&i'ng systemand is passed through a
recovery systemfor separating and purif~ing the light o)efin(s),

par ti cul ar lbysedtdnythe fte andepéasp Yk emsversion dvee tipdastauws datd poigatin the00791 I n one
practical enbodi nent, the process of the invention forns part of an

i nt egr at ed SfEPBERYY- f or producing light olefin(s) froma hydrocarbon

f eedst ock, ﬁﬁ? i cul gl t hane .and/ or .et h .. -1The first step in the process .
is passi né i gase ﬂéle@gﬁgj[gﬁ? S"BI? 8?&9;151:%;“\“? tg’omlﬁ%%% with a water
streani, U Qrchyl¥éNaRe rﬁ&‘@'ﬁd O35 #RPRd O the O iRedo gi/dﬁyhé?r’é'séleél?xﬁtySt ream
typically conprising carbon di oxi de, carbon monoxi de and hydr ogén. The .

synt hesi s gasghted ewmtherunh dhe "€ Puetyt' esicalculand by iadmigdhe propglene ng st ream

generally by contacting with a heferogeneous catal yst, typically a copper
based cat aP§igetivily;by; thesempftherropylene and pregancorelectiyificssdhe selectvifiesc and a
pressure i f 5 " (") i.fi ion, the
oxygenat e g%llnrpgﬁhéﬁg&éﬁnga%ﬁ@fhp g%é%eg’g’o& ggangf é1' Seé&%?bt:ﬁg{éﬁfvg‘%% ocess as

descri bed aélemevifiey welkBRH Gvettht gt Nole@hdt e T+ Setsiltisasnlydfi0 ko008 and/ or
propylene. Non-limting exanples of this integrated process are described
in EP-B-0 988C3a5Thewdlediivity valuesida nptisuny tg Fﬂﬁﬂgmﬂmwlweﬂ@ﬁeﬂ@me. [ 00801

In another ,nmore fully inteqgrated.npr ss, optionally conbined wth the .
i nt egr at edhﬂY%ﬁee@&c@g\éﬁS@%‘?ﬁg“Sgﬁaﬁﬁg‘@'gfﬁ%‘ﬁ@'ol efin(s) produced are directed tho
one or nore polynerization processes for producing various polyol efins.

Example A

Preparation of Molecular Sieve

[0084] A silicoaluminophosphate molecular sieve, SAPO-34, designated as

MSA, was crystallized in the presence of tetraethyl ammonium hydroxidq RD
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,0,/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, f)
To this homogeneous mixture Ludox AS40 (40% of Si0O2) 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 mixfure was then
crystallized with agitation in a stainless steel autoclave by heating to 170°C for 40
hours. This provided a shury 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.



[00811 In order to provide a better understanding of the present invention
I ncl udi ng representative advant ages thereof, the follow ng Exanples are
offered. [00821 In the Exanples, LEl is defined as the ratio W AUBE006
lifetime of a nolecular sieve catalyst conposition containing an active
met al oxi deX@d3naomwpared to that of the sane nol ecul ar si evecTrushkesiabsence
of a netal oxide, defined as having an LEI of 1. For the purpose of
determning LEI, lifetine is defined the cunul ati ve anmount of oxygenate
converted, preferably into one or noreolefin(s), per gramof nolecul ar
sieve, until_the conversion rate drops to about 10%of its initial value.

| f the convdixpmple®hs not fallen to 10%of its initial value by the end of

t he experi n&t! | i.f egi me is estimated by |inear extrapolation 17 AUG 2006
WO 03/ 07417 53 -22 based on the rate of decrease in conversion
dver the | agbogspo datg] Poivatstorl dath PR serfREPRele Biiidined ﬁs@x@@ﬂni&%ﬂbﬁ}e Adefin" is
the sumof the Selectivity to ethylene and propylene.” The ratio "C, 7C3"'. is
the rati o ofredcher conbiytiwnef 4 ¢ vintespyteelreacsed @£t invh (§.64 vei) ghtee diameear) t he run.

The "C3 Purity” is calculated, by dividing the propylene selectivity by the
sum of the aP@ﬁ%ﬁ@ﬁeﬁmmembpmaﬁ@u@étwm%&as Tha waetpyves es  for

cel ot vi t1 SRR 3 FocRURRA 3% o5 8BARGel 25 (BT T2E o] T V1 07
C's, C's fRjwWrde ofthe EighsRl /a8 bydhitiat\Bé BE6W rae ofPletBdndt bR weiiiibadis t he

Tabl es because they have been corrected for coke as is well known. Exanple
A Prepar at i qer gfanhol mol¢cular Seey alsbdagiwa as ithe weightindunkypipespveleatynol ecul ar

si eve, SAPO Si gd as . MBA, was.crystallized in th resence of
t et raet hyl mﬁﬁgﬂﬁaﬁ% gxi g’é)d(’ﬁl%asesa‘ﬂ‘&‘?ﬁ GM%M%%CM" 4 he organic
structure di | ; t 4 ' : ol | owi ng
ol e~ at o R B0RR Rl BPh T TS PRB0R% B B0 e R S0 fo

' bed was diluted with quartz to minimize hot spots in the reactor.

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 diétilled 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
R 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,O

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 shury. The pH of the



was prepared by initially m xing an anount of Condea Pural SB wi th dei oni sed
water, to forma slurry. To this slurry was added an anount of phosphoric
acid (851/0). These additions were nade with stirring to forrﬁl%@)mgeneous
m xture. To this honbgeneous m xture Ludox AS40 (40% of Si02) ded, N
followed by the addition of R with m xing to form a honbgeneous m xt ure.
To this hegoRaengess m xture R2 was added and the resultant &/ﬁgwﬁlws t hen
crystallized with agitation in a stainless steel autoclave T)y a{l ng to
170*C for 40 hours. This provided a slurry of the crystalline nol ecul ar
sieve. The crystals were then separat%‘bl“fromthe not her |iquor by
filtration. The nol ecular sieve crystals were then mxed with a binder and
mat ri x mat efinahnigtce was adidsted toagpastimateys 9 by thspddidionloédigentdaledAUG 2006 WO
03/ 074176 PCT/US03/04153 -23 Exanple B Conversion Process 100851 All

conver si on amanigpekysipxidewdhis shptavashen phig apelypropylepabotile eaét or

consisting of g.si dnless £ e or (14 inch (0.64 uter dianeter)

| ocated in aqca%gggeaggg% ﬁb@hébé%m’%‘éfa #@Fﬁ%{sﬁgtfng/ﬂggf%g%%equeactor was
mai nt ai ned @ty ardAPERAkH Swahed Wb il B3PS MerdinPaiggec 1 A2 4 kPag)
The flow ratoe Bf then?rde'tdh’ano eWas such that the f1 owera?g of met hanol on
wei ght basimrtigreof thissprodfictpwheciltiaed ©i H0eC iafisoiknawfordshddretonei ght hourly
space vel ocit (Wr-1SV) was 100 If'. Product gases exiting the reactor were

col | ect ed amagucgﬁwayﬁ'é@nﬁ&@d@e@ngiéﬁmeﬂawnalrhféwe@ap%%m|I@ad was 50
e | . ! e TS .
(b 1 eact or SRR baRitof BE finel WG Nl alBl Rudl BBy 128 100 Sh0ts 1

dissolved with stirring in 3.0 liters of distilled water. Another sol ution
cont ai ning 400 grains of concentrated NH4OH and 3.0 liters of distilled
wat er was pExqmpled Both solutions were heated to 60'C. These two heated

sol utions vgheecombingd At mdof 2iGci28H,0 were dissolved with stirring in 300mi of >
distilled water. Another solution containing 4.2 grams of La(NO,);6H,0 and 300 .

ml of distill water was prepared. These two solutions were combined with stirring
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 (28.9
grams). This shurry 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 shury, 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



50ni |/ mn using nozzle mxing. The pH of the final conposite was adjusted to
approximately 9 by the addition of concentrated anmoni um hydroxi de. This
slurry was then put in polypropylene bottles and placed in a st1ef\mzﬂ%
(100" C) for 72 hours. The product forned was recovered by filt'r'a :
washed with excess water, and dried overnight at 85 C. A portion of this
product wadveadeinwd to 700'Cin flowing air for 1 hours tecpnsdseasan
active zirconiumoxide naterial. Exanple 2 [00871 1 Fi vehundredgram of

Zr OC12, - 8H20 and 84 grans of La( NO3) 3-6_3539 were dissolved with stirring in
3.0 liters of distilled water. Another “Solution containing 260 grans of
concentrated NH40H and 3.0 liters of distilled ter was_ _prepared. Both
sol uti ons weweveredbE diliraiogp washaddvitihercesowiien aad dried pecrpigheatdS°€0 A mi / ni n

usi ng nozzl e _m Xxi to formthe fipal  mxture-..a.skurry. .The.,pH of the 17
A6 3006 Wb R g sl e B0 C i ik ain % 3Beefp e o
appr oxi mat elpyodlcdin hdiReatittbd il OkideQDARMiIAAA BImiRAITO Wil pBiteitoxi de. This
slurry was then put in a polypropylene bottlfe and placed in a steam box
(100' ©) f or (wivogurased JibtherfamliMeight ofthe chiztd Metalresideas recovered by
filtration, washed with excess water, and dried overnight at 850C. A
.portion of this product, was calcined to 700'Cin flowing air for 3 hours to
produce an Linkge £1 Xed metal oxide containing a nomnal 10 wei ght percent
La (I ant haftm ed on the final weight of the m xed netal oxide. Exanple

3 100881 Fi 8090yr ansFive hah@¥el 2rahi 6f WEOE,-8HIS ahd 86 giinidofSt i rring in 300m  of
distilled water. Another solution containi ng 4.2 grans of La(NO03)3-6H20 and

300 nil of CaNO)-#HyRuwere diasolyadepith stiTing e Q00NN Ishstilled ayaternensthennbi ned

with stirring .to forma final m T f.the final mxture, a
slurry, was S%BP?&?%‘%W‘@g iﬁg;ﬁrﬁt}?? Hﬁﬁi’@} @B?Op E{@j 8&%115@11%#\%@ eBhcentrat ed
anl I um hyen@ell d he3@okohd AT Were ddhEindd With ¥titMhg, [IRpIPUE the Bindl

pol ypt opyl ene bottle and placed in a steam box (I 00O Qfor 72 hours. The

resul ting prompesitefvasmdihsteisto mppoxensey$\by the addition of concentrated

ammonium hydroxide (160 grams). This slurry was then put in polypropylene
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.

Examplé 6
[0091}] Seventy grams of TiOSO,xH,S0,-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.



filtration, washed with excess water, and dried overnight at 85 C. A portion
of this resulting product was calcined to 700*Cin flowng air for 3 hours
to produce an active m xed netal oxide containing a nom nal 5 weight
percent La based on the final weight of the mixed nmetal oxide.1 B 4
10089] Five hundred grans of ZrQCl,-8HO and 70 granms of Y(NO ),.5H20 were
di ssol ved wiads/s#irzsring in 3.0 liters of distilled water. Apetrhgbzeqkiition
cont ai ning 260 grans of concentrated N1140H and 3.0 liters of distilled

wat er was prepared. Both solutions Mﬁég heated to 60' C and then conbi ned at
the rate of 50 nil/mn using nozzle nfxing to forma final m xture. The pH
of the final mxture, a slurry, was adjusted to approximtely 9 by the
addi ti on of concentrated anmonium hydroxide. This slurry was then put in a
pol ypropyl ene bottle and placed in a steam box (1000Q for 72 hours. The
resulting product fornmed was 17 AUG 2006 WD 03/074176 PCT/ US03/041-53 -25

recover ed ilyr-ati on, washedaith excess water, and dried overnight at
850C. A pr biaple the resulting product was calcined to 700'Cin flow ng

air for 3 h@ooy to Fivegduas cHAOCL ¥H,Oiwse dissslivad with stierig@oni Fi0ailng a noni nal
10 weight percent Y (yttrium based ~oii the final weight of the m xed
metal oxi dedlsiﬂ@rmatér-mgfﬂﬁﬁl@] rompiesile wasadinstsd tg approximwielytbys6 gr ans

of Ca(N33)2-4H20 were dissolyed with stirri izn _3000md, .of, distilled water.
Aot et SHPE ERGHOE Sh oS BEmiiR B dR A ETRTR0 0 SHYQNSL 11 ed

wat er was ed. i Bt MY iyt héfkNg. The pH
of the fi naq%ﬁgg{rrlg%spiog@ﬁé slé%%?(ﬁg%e d@g&%rags;(i mat é\r@g%d@t}y@ ﬁ%h‘g‘g&i tion of
concent r at €the prodmnifomnmddysasretoheréd bONiration,) washbd svifl axcess watear, bien put in
pol ypropyl ene _ bottles and placed in_a, steanbox (I or 72 hours. The

o0 Qf
resul ting piadRvemighatss Gad nosten af bip WYS"I"‘W&@P%?%&QW&“\M th excess

}[I\(B;.t %bogn?nﬁ‘?‘}@%aﬁ\ggé??‘gp%}°%FOCI%%;’g“aéi‘%%ﬂi% o%dé.hi s product was cal ci nfa%

Example 8
[0093] Five grams of HfOC1,-xH,0 and 0.62 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



hours to produce an active m xed netal oxide containing a nomnal 5 weight
percent Ca (calcium based on the final weight of the m xed netal oxide.
Exanpl e 6 [00911 Seventy grams of Ti 0S04- XH2SO4- XH20 (x=I) wer ¢ 7dsUfstibbved
with stirring in 400 m of distilled water. Another solution containing
12.8 gransVeP30W@AB and 300 ml of distilled water was pref&Tdif034HEde t wo
solutions were conbined with stirring. The pH of the final conposite was
adjusted to approximately 8 by the addbyion of concentrated anmmoni um
hydroxi de (64.3 grains). This slurry was then put in polypropyl ene bottles

and placed in,a .steanb 100" ©) for 72 haurs., Eh roduct formed was
recovered b§TPPR Wﬁ%d’ﬁ%‘es&&@ﬁ o\{mgncaél;(%cggx@g{ rosﬂgerﬁeﬁf PEde over ni ght at
85'C. A porg}ggﬁ&jkpﬁﬁﬁzproduct was calcined to 700'Cin flowng air for 3
hours to produce an active m xed netal oxide containing a nom nal 5 weight
percent Ce based on the final weight of the mxed netal oxide. 17 AUG 2006
WO (13/074176 PCT/ US03/ 04153 -26 Exanple 7 [00921 Five grans of Hf OC12-xH20
was dissolved with stirring in 100m of distilled water. The pH of the
final conposite was adjusted to approximately 9 by the addition of ~~
concentrat ed anmoni um hydroxide (4.5 grans). This slurry was then put in a
pol ypropyl ene bottle and placed in a steanbox (100'C) for 72 hours. The
product fornmed 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
flowng air for 3 hours to produce an active hafnium oxide. Exanple 8
100-93] Five grans of Hf OCl2-xH20 and 0.62 grans of La(NO ).,-6H20 were
dissolved with stirring in |1 00Oral of distilled water. The pH of the final
conposite was adjusted to approxinmately 9 by the addition of concentrated
ammoni um hydroxide (3.5 grans). This slurry was then put in a pol ypropyl ene
bottle and



pl aced in a steanbox (1 OO Q for 72 hours. The product forned 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 mxed netal oxide containing a nomnal 5 38@?“ o La
based on the final weight of the m xed netal oxide. Exanple 9 ‘Y\g he
car bon di owodsnoapt@ke of the oxi des of Exanples 1 through Spowekesdigasur ed
using a Mettler TGA/ SDTA 851 thernogravinietric analysis system under

anbi ent pressure. The netal oxide sarrp_{,ﬁs_ were first dehydrated in flow ng
air to about 500'C for one hour after I ch the uptake of carbon dioxide
was neasured at 100'C. The surface area of the sanples were neasured in
accordance with the method of Brunauer, Emrett, and Teller (BET) to provide
the 17 AUG 2006 WO 03/074176 PCT[US Alngl ;3 -27 carbon di oxide uptake
in ternms of ng carbon di oxide/n2 of t tal oxide presented in Table 1.

17 AUG 2006 THT7 3/ 2 Exa yst Dr
Jo Bt el i
0.0980 29 0.{045 2 11% O. SO 0.j085 3 73(0.4243°89 D.O 97 0. 3808
100 0. 039 78 0.5398 85 0.081 6143 0.1035lso 0.048 o/

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

Example 10 (Comparative)

(00951 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.



7 158 0.3704 25 0.094 8 164 0.7359 60 0.-07--5--1 Exanple 10 (Conparative)
[ 00951 The performance of the control, the nol ecul ar sieve of Exanple A
MSA, using a 50 ng load in the reactor and under the conditions gl'g”léihﬁp‘ﬁﬁj
above in Exanple Bis reported in Tables 2 and 3. Exanple 11 10 hi s
Exanpl e, t MO @#7d1%st conposition consisted of 40 ng MSA obcExsapgsA and
10 ng of the active zirconium oxide of Exanple 1. The catalyst conposition

and active m xed netal oxide were wel | g1_xed, and then diluted with quartz
to formthe reactor bed. The results 01?' testing this catal yst conposition

in the process of, Ex | e B.are.shown in.Tables 2 and Th esults
i ndi cate thif‘efﬁéhsd?ﬁgg}n@ Cafalyst campOsition P&Eﬁ?’iﬂ%%a 'W?"’tﬁ@r%at al yst bed

i ncreased t ' ' t-herpp ' ARes gotficantly, and
o.lecr eased tﬁ@ovgﬂn{éﬁtﬁbg(%gngn%ey r(lje Qg%ﬁ%br%%%%gi %r opang&h@ﬁrr%ﬁgem%ﬁﬁf 00971 In
Thi s Exanpl g0% dfehcakals sbmposikios dadomitle skt veshimd MetangkidSA of Exanple A
and 10 ng of the active m xed netal oxide containing 10 wei ght percent La,

descri bed i AOERiaing 18 weightperesnt bhytbe lifetimmef the oiel ateve deubleded  net al
i d .| mixed . and, th i | uted w,th tz to formthe . tor bed.
07 Ao Sooe i BNl s s b e e oy 8L Bk T, 2

cat al yst coppeésk Li ' ceYanal l.pa;Jables 2 and
e e dat o B e e o o e i Cob of t h

cat al yst copppyiene ofi2.[76%d offs¢tting hematitdevreastiin ethyheealf 16 eSeleaivitgi ni ng 10
wei ght percent La, the lifetine of the nmolecular sieve goub‘l) ed, as
i ndi cat ed biP sthane depreggad iy 3% and pelectiyifyie gropapp de@cargd D% 3IA& gain of 1. 7%

an ©nor ease " aEe e AIRR S Se Rk Sonstish S ellp a3 BRER O T, [T ene

of 1.07% Selectivity

» Example 13
10098] In this Example, the celltalyst consisted of 30 mg MSA of Example A
and 20 mg of the active 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 stmilar 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 resulis of testing this catalyst composition in the process of Example B are

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

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



to et hane decreased by 39% and selectivity to propane decreased by 37%
suggesting that hydrogen transfer reactions have been significantly reduced.
Exanple 13 [00981 In this Exanple, the catal yst consisted of 30 VBA of
Example A and 20 ng of the active mixed netal oxide containi ng 1D MNEileht
percent La, as described in Exanple 2. The catal yst conposition and active
m xed metwio s were well m xed, and then diluted wth goznsasnqasiormthe
reactor bed. The results of testing this catalyst conposition in the
process of Exanple B are shown in Tahlies 2 and 3. The data of Tables 2 and
3 illustrate that by constituting 40% 8f‘ t he catal yst conposition | oad
containing 10 weight percent La, the |[ifetine of the SAPO 34 catal yst
conposi t i onofi asciramatidastsgen 50U th tathboung with|the gainiin primsrolefin being at al yst

| oadi ng ar §)’rrilar t? ttﬁ%se seen in Exanple 8. Exanple 14 100991 In this
Exanpl e, the /890 &7 §RIOIEERBIS ti on consisted of 40 my MSA from Exanpl e A and
10 ng of the active m xed netal oxide containing 10 weight percent Y, as (
described in Exanple 4. The catal yst conposition and active m xed netal

oxi de wereEwai#plmyed, and then diluted with quartz to formthe reactor bed,

The results of testing this catalyst conposition in the@%ocess of Exanple B °
are shown[0190kab|laghis Exgenpe, theatdygsonsisted oh4dmaMSA ofExample 4nt hanum has

the effect ' ' th El finther. Ho t i ts in.
Serocti vi 1 PPl OmERT Ao sl 65 e remtig S B Feiesn Fagt ot ae
dramati Cc ageRE6EH ¥ Ethnidle 3! amkhans %&'ii%d“sitidiﬁmﬂaeicﬂvé hiRéd MBtaPbAlE N bei ng

1. 2% on an absolute basis. Exanplé 1 100) I'n this Exanple, the catal yst
consi st ed wfredvell ngxedylidd dfenfdlatad witth\quartzdo Termmiheatadtbreberc t Theaesultsed net al

oxi de containing 5 weight percent La, as desgribed in Exanple 3. The
cat al yst CBWS%‘F&‘?'&F%iWéPEPW@UHP%@GME&? M@Jﬂ?@%ﬁﬁo‘fﬁ%d, and the

diluted withQUantd st & §Af 5B LR A MR ivh Bffxed BBtal 63 bintaining 5 N

weight percent lanthanum oxide seems to have a much stronger effect in
increasing the LEI than the active mixed metal oxide of Example 8 contajhing 10

weight 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 o
percent calcium oxide has increased the lifetime of the molecular sieve

composition by 223%.

Example 17 (Comparative)

{0102]  Inthis 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



of testing this catalyst conposition in the process of Exanple B are shown
in Tables 2 and 3. It wll be seen that the active m xed netal oxide
containing 5 weight percent |anthanum oxide seens to have a gqcm#gsm(pnger
effect in increasing the LEI than the active m xed netal oxi Exampl e 8
cont ai ni ng ¥ OE#YAt percent La. Exanple | 101011 In this Erempbe/uess t he
catal yst consisted of 40 ng MSA of Exanple A and 10 ing of an active m xed
met al oxi de containing 5 weight percentz{a, as described in Exanple 5. The
cat al yst corrposition and active m xed netal oxide were well mxed, and then

di | uted th t th t d... T l t f .thi i t
T e onet ERa iy Bdsf alsD Bt s TEREL fnd 8o 7o ok B xtip 172 o T
Tabl es 2 andjjRstdthea ARLENG lﬁ'mc{o ABafle 10361t F£ORF RN AnNEaciviehidid meRET CENt

cal cium oxi de has increased the lifetinme of the nolecular sieve conposition

by 223% Exaayibe ishitilizéidapeomaparedio ExXibiid 11 of theiisvddtiopalmbddigomberplise, t he
catal yst conposition_consisted of 40  ing NSA of Ex nple A and 10 ng of an
anor phous si #1esa.0k1 Q?r{"ri&,P“&?P ?lﬁ@éﬁﬁ‘fl@@l"l% andnagnifictiraduction do ghars. ul ar
sieve cataly nd the inactive mxed netal oxide catalysts
were wel | m%;ed&%g%%s}}% ?I uted with quartz to form the reactor bed. The
results of testing this catalyst conposition in the process of 17 AUG 2006
WO 03A) 74176 PCT/ US03/ 04153 -31 Exanple B are al so shown in Tables 2 and 3.
Thi s Conpar aExgmpledpl e 17 illustrates a reduction in LEl to a value |ess

Exanpl e 1 1 DF03he "R R Ermp ) feaaays Srmpeisstnsisted Gt 403mg MK 0756 |
prime ol ef'“ﬁ%ﬁﬂ@:&&ﬂ i by g%g%agryrfuﬁisgﬁ{ew%&‘etdoa&mﬁ%%%ae and

propane production. Exarrp | s Exanpl e cat al yst
conposi tion titani, ad dderifeddn Bxgmls®6. The catalyst composition and active mixed

: j 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 presence of the active mixed metal oxide increased

the lifetime of the molecular sieve composition by 134%.

Example 19
[0104]  Inthis 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



from Exanple A and 10 ng an active m xed netal oxide containing Ce and
titania, as described in Exanple 6. The catal yst conposition and active

m xed netal oxide were well m xed; and then diluted with quartz to &ormthe
reactor bed. The results of testing this catalyst conpositi on 7i A6
process of Exanple B are shown in Tables 2 and 3. The presence of the
active m xea@d oymtzad7e oxi de increased the lifetime of the nol geyhanssiigye
conposition by 134% Exanple 19 [01041 In this Exanple, the catalyst
conposition consisted of 40 ng MSA of Exarrpl e A and 10 ng of the active

haf ni um nmet al oxi de described in Exarrﬁl3 7. The catal yst conposition and
active netal oxide were well m xed, and then diluted with quartz to form

t he react orpdreeht Lihdescebed insExafuple 8t iThg catalyst connpdsitiin andoavpive ntiketh i n t he
process of Exanple B are shown_ in Tabl 2, apd 3. The_ dat in Tables 2 and
3 illustrat @e%a%idsyves,%wgﬁ F‘ElﬁﬁfiaﬁﬁdM‘gfm%ﬂltgaP%?tfoE‘B BEREIBRE | oad wi t h

the active i j i . | |.eve has

i ncreased b?ﬂ%%gﬁ})@ @ng&gﬁéi# 3“"%’%@?‘#&%@’6 ecrtie)% g%%%{/@ﬁ% a}ﬂ%BgAer ectivity to
propane decgraarid Tbled 8%nsl UEid d419 id Tabledy SidY diustraRbitly dodegfutings have
been significantly reduced. Exanple 20 101051 In this Exanple, the catalyst

conposi t i on2@%6mdiths catalyst campasjtivgioadiwitleshgragtive mixadomed! exjdef t he active

m xed netal oxi.de nt.aj ning 5.wejight. | 17.AN 2006. WD 03/ 074176

T Usoa osaeeithe Behtratent Liche ieameidt ieatdlier e ve s miafand .

conposi tion Clb Btk t | WedibctiUs then diluted
w th quart zbfgsi?‘%r %Itéﬁteﬁwég’g?%a{rﬁb%&e%#ﬂ% yf@éﬁ?t sé o?dﬂné?tgiprrl t ei s catal yst
conposi t i ondedtedstdby § ocshggestingtieatblydrogen ransfeiveastions hiedbes 2 and 3. The
data in Tables 2 and 3 illustrate that by constituting 20% of the catalyst

conposi t i onsigagarifniedussd. acti ve mi xed netal oxide containing 5 weight
percent La, the lifetinme of the nolecular sieve has increased byl50%

Selectivity to ethane decreased by 51% and sel ectivity to propane 7
Table 2
Reactor Bed Prime wy~ = | C; Purity
Fxample Composition (wt%) LEL | Otefin (%) 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/ZrO,

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 %4.9
10% Y/ZrO,

15 80% MSA/20%of | 4.85 | 75.84 0.84 94.8
5% La/ZrO, -

16 80% MSA /20% of | 3.23 | 73.85 0.79 96.7 P
5% Ca/Zr0, _

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/TiO,

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,




decreased by 5 1 % suggesting that hydrogen transfer reactions have been
significantly reduced. Table 2 Exanple Reactor Bed LElI Prinme C~-/C3-
C3Purity Conposition (W'/O Oefin (% | (% 10 (Conp) 10097N4A M0674. 65
0.92 92.7 11 80% MBA/ 20%ZrJ02 2.64 74.79 0.82 96.1 12 80% MSA /| 20% of
2.03 76.34W0®N79666 1 10% La/Zr2 | 13 60% MBA / 40% of 5PEI/URE/HBSYH. 85
94.6 10% La/Zr02 14 80% MSA /| 20% of 2.79 75.81 0.85 94.9 10% Y/ Zr02 15
80% MBA /| 20% of 4.85 75.84 0.84 94.8 -%% La/ZrQ2 16 80% MSA / 20% of 3. 23
73.85 0.79 96.7 5% Ca/zZrQ 17 (Conp) 80% MSA / 20% of 0.79 73.58 0.93 93.3
S 02/ A 203 18 80% MSA / 20% of 2.34 6,8 $.87 95.1 Ce/TiO 19 80% MBA /
20% of 2.26 72.98 0.71 96.2 H O7. 20™80% MBA / 20% of 2.50 72.75 0.76 96.5
5% LaMvR 17 AUG 7006 WD 03/074176 PCTIUS03/04153 -33 Table 3 Product

Sel ectiviti (% —
) Product Selectivities (%)
Example |Reactor 1 cH, ¢ (¢ |G |G [Cfs |G
' Bed (wt %) .
10 100% MSA | 1.51 |35.82 | 095 |38.83 |3.05 |14.50 | 2.12
(Comp)
i1 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 ;1496 | 2.46
20% of 10%
La/ZrO,
13 60% MSA / | 1.47 |34.75 | 0.66 [40.75 | 232 |14.76 | 2.52
) 40% of 10%
La/Zx0,
14 80% MSA/ | 1.32 }34.92 | 0.66 |40.88 | 2.20 (1441 |3.07
20% of 10%
Y/Zr0, |
15 80% MSA/ | 1.26 |34.59 {0.64 141.25 ;228 | 1496 |2.52:
20% of 5%
La/ZrO,
16 80% MSA/ | 1.50 |32.65 | 0.42 [41.20 | 1.43 | 14.84 | 534
20% of 5%
Ca/Zr0,

17 80% MSA/ | 2.17 | 3546 | 0.89 |38.12 | 2.72 | 14.21 | 2.65
(Comp) {20% of
Si0,/ALO,
18 80% MSA/ | 6.79 |30.57 | 0.75 |35.09 | 1.80 | 12.72 | 3.97
20% of
Ce/TiO,
19 80% MSA/ | 1.98 }31.62 1052 |41.36 | 1.65 | 14.64 | 4.93
20% of
HfO,
20 80% MSA/ | 198 {31.58 | 0.47 |41.18 | 1.49 114,53 | 552
20% of 5%
La/HfO,

o




Exanpl e Reactor CH4 C2= C 2 -~~37C3* C4'S C5+ Bed (w % 10 100% MSA 1.51
35.82 0.95 38.83 3.05 14.50 2.12 (COW) - TT -7 9 3.31 11 80% MSA / 1.50
33.74 0.53 41.05 1.68 20% Zr02 12 80% MSA / 1.31 34.75 0.58 41.5,2 E[ ZU% 14. 96
2.46 20%of 10% La/Zr02 13 60% MSA 1.47 34.75 0.66 40.75 2.3 AAUG 006>
40% of 10% La/ZrO, 14 80~MBA/ 1.32 34.92 0.66 40.88 220 14.41 3.07 20% of
10% Y/ Zr@2 15 80% MSA / 1.26 34.59 Mizgl.25 2.28 14.96 2.52, 20% of 5%
La/Zr02 16 80% MSA / 1.50 32.65 0.42 41.20 1.43 14-.8 -4 -K 3 -4 20% of 5%
Ca/ZrQ2 17 80% MSA / 2.17 35.46 0.89 38.12 2.72 14.21 2.65 (Conp) 20% of

S 02/ A 20LABM80% MSA / 6.79 30.57 0.75 35.09 1.80 12.72 3.97 20% of
Ce/T'02 19 80% MSA / 1.99 31.62 0.52 41.36 1.65 14.64 4.93 20% of kfl(), 1
1

We claim:
1. 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 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 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 claim 1 wherein said metal oxide has an uptake of

carbon dioxide at 100°C of less than 5 mg/m? of the metal oxide.

5. The catalyst composition of claim 1 and also including at least one of a binder and

a matrix material different from said metal oxide.

6. The catalyst composition of claim 1 wherein said metal oxide has a surface area

greater than 10 m%/g.

7. The catalyst composition of claim 1 and also including a binder and a matrix

material each being different from one another and from said metal oxide.

8. The catalyst composition of claim 7 wherein the binder is an alumina sol and the

matrix material is a clay.

9. The catalyst composition of claim 1 wherein said metal oxide is selected from



20 80% MSA / 1.98 31.58 0.47 41.18 1.49 14.53 5.52 20% of 5% La/HF Q2 17 AUG
2006 -34 CLAIMS W claim | . A catalyst conposition conprising a

nol ecul ar sieve and at | east one oxide of a metal selected from ﬁr p@ﬂt of
the Periodic Table of Elenments, wherein said netal oxide has anTHﬁ@k f
carbon dioxide at | OO C of at least 0.03 nmg/m2 of the netal oxide. 2. The
catal yst conposition of claim|l wheregp-said netal oxide has an uptake of
carbon di oxide at 100'C of at least 0.035 Mg/ M2 of the metal oxide. 3. The
catal yst conposition of claiml| wherein said netal oxide has an uptake of
car bon dizxbuigmaixide aBdh@frafm jogigle. t han 10 ng/ m 2 of the netal oxide. 4. The
catal yst conposition of claiml wherein said netal oxide has an uptake of
carbon dioxide at 100'C of less than 5 ng/m2 of the nmetal oxide. 5. The
cat al yst monpdihetchatyspdontdosition lof alatin &lasdalst iclidingnadxidessfatmeanle of a bi nder
and a matrix terial differen rom sai.d tal _oxide. 6. The catal yst
conpositiﬁ?[?cﬁfi%%éfﬂupz\mgr(gmp Qkﬁ‘e%f’%‘?‘cggglﬂé’fﬁgféne&tssurface area greater
than 10 m2/g. 7. The catal yst conposition of claiml| and also including a

bi nder and a matrix material each bei ggl different fromone another and from
sai d net all. oxiThe caglystupamposition pé elaive i BdEreingthe Sirount ametat oxide eemprisehe bi nder

compos t | BopRed e PG iRl gl off tarsds oA ABE, 1% 6 2006
- 35 zi r comidanselxételd framchéd gionp aonsisting ef caléium Dixélecbdrainy stide dampivmiuii on of cl aim

| and al so.including. an oxide of a netal selected fromGoup 2 and G oup 3
of the PePidRrEIeRRRIEe gpd penrfium ide.

12.  The catalyst composition of claim 1 wherein the molecular sieve comprises a
framework inciuding at least two tetrahedral units selected from [SiO4), [AlO4] and [PO4)

units.

13.  The catalyst composition of claim 12 wherein the molecular sieve comprises a

silicoaluminophosphate.

14.  The catalyst composition of claim 12 wherein the molecular sieve comprises a

CHA framework-type molecular sieve.

15.  The catalyst composition of claim 14 wherein the molecular sieve further

comprises an AEI framework-type molecular sieve.

16.  The catalyst composition of claim 1 wherein the weight ratio of the molecular

sieve to metal oxide is in the range of from 5 percent to 800 percent.

17. A molecular sieve catalyst composition comprising an active Group 4 metal oxide
and a Group 2 and/or a Group 3 metal oxide, a binder, a matrix material, and a

silicoaluminophosphate molecular sieve.



11. The catal yst conposition of claim 10 wherein the Goup 4 netal oxide
conprises zirconiumoxide and the G oup 2 and/or G oup 3 netal oxide
conprises one or nore oxides selected fromthe group consisting quﬂ; gl um
oxi de, barium oxide, |anthanum oxide, yttrium oxide and scandi ur]n oxl de. 12.
The catal yst conposition of claim| wherein the nolecul ar sieve conprises a
framework including at least two tetcrghedral units selected from (Si (41,

[ Al04] and [P04] units. 13. The catal yst conposition of claim 12 wherein

t he nol ecul ar sieve conprises a silicoalum nophosphate. 14. The cat al yst
conposi tilkdn ofA sethothfd2mattieg ecatalysteompbgton, shre méthve canpringsplysgal YCHA

f r amewor k-Iergﬁt‘ nol eccpll ar_si.eve. 1@. The. cat atbyst EOERO ition.af claim 14
wher ei n tAEFHOIERH LT S SOBPLSE AREFOI A SisT MEBSCPRI RAHICS SRERBYRE £y pe

ol ecul arGpupY tetdl @xidEmaviaabahpeke 60GRREIdid:ade af100t@bMtlicath@0Bm/hhe wei ght
ratio of the nolecular sieve to netal oxide is in the range of from5

per cent t%d topetaexidgpartiales. A npl ecul ar si eve catal yst conposition
conprising an active Goup 4 netal oxide and a Goup 2 and/or a Goup 3
nmetal oxide, a binder, a matrix material, and a silicoal um nophosphate

nol ecul arl%i evihe methoyg cimd 8 wigsein 8aid scaend hartickes havegkiunfgcnarcagrhigs t

conposi tit%][i 16%@ met hod conprising physically mxing first particles
conprising a no Ecul ar sieve with second particles conprising a Goup 4
met al oxi de having an uptake of carbon dioxide at 100' C of at |east 0.03
mg/m of the netal oxjde particles. 19. The nethod of claim18 wherein said
second patticl “I‘FZ’&I'\‘/%f %%?’f@c‘@h"é‘?‘%éa‘gﬁwﬂ Pa“‘f’géﬂa"f@ £ aroperedise et hod
of clai mgg, Wgfei n said second particles have a surface area greater than
15 in 2/g. 21. The method of claim 18 wherein said first particles conprise
a silicoal um nophosphat e nol ecul ar sieve and/ or an al um nophosphate

ol ecul aly 15! ©Vi%ie method of claim 18 wherein said first particles comprise a

silicoaluminophosphate molecular sieve and/or an aluminophosphate molecular sieve.

22.  The method of claim 18 wherein at least one said first and said second particles

also include at least one of a binder and a matrix material.

23.  The method of claim 18 wherein said first particles comprise a
silicoaluminophosphate molecular sieve, a binder including an alumina sol and a matrix

material including a clay.

24.  The method of claim 18 wherein said second particles also comprise a Group 2

and/or Group 3 metal oxide.
25.  The method of claim 18 wherein said second particles comprise zirconium oxide
and at least one of calcium oxide, barium oxide, lanthanum oxide, yttrium oxide and

scandium oxide.

26. A method of making a catalyst composition, the method comprising:



22. The nmethod of claim 18 wherein at |east one said first and said second
particles also include at | east one of a binder and a matrix material. 23.
The met hod of claim 18 wherein said first particles conprise a 17 AUb 2006

si | i coal um nophosphat e nol ecul ar sieve, a binder including an alum na sol
and a matrix material including a clay. 24. The nmethod of claim 18 wherein
sai d second particles also conprise a3f&xoup 2 and/or Goup 3 netal oxide.
25. The nmethod of claim 18 wherein said second particles conprise zirconium
oxide and at | east one of calcium oxide, barium oxide, |anthanurn oxide,
yttrium oxi de (Brspnthestzingli molasxlagsievelsom A reastipe nixtiregeriptiging ag leastiops t

conposi ti - |.SIeN Qi - I esizing a

nol ecul art%gplgg}eg ?é%%ﬁjﬂ}fa%idartg%w 8n0f%1g’§<licélrzaé%g§e a?’?(gslpﬁaégtS&}r)é%g’?dq%"Ee tenpl ati ng
agent andalahinumastirctysmdof a silicon source, a phosphorus source and an

al um num source; and (il relcoxieri. ng thﬁ\ ool ecgﬂ_ar sieve synthesized in (i);
(iii) form ng & KGEENgYiefpaleetaievssymnesizsd i Winet al  oxi de by precipitation

from a sol uti@y) feanhgh B&d}ﬁteap?déUst@qMGﬁleuﬂn&al!&ﬁcfé'byiﬂ&ﬁ'ite(tiioM)frohﬁCOVeri ng
t he hydrated precursor formed in (iii); (v) calcining the hydrated precursor
r ecover ed® lupencantaiging asoupgedif fseurd Bgl wnsinet al  oxi de that has an upt ake of

carbon di oxi dqi\ﬁ}ecw&gn%ttﬂéeh%fnjgggﬁ%rglrlrgo%mqwim(gi)of the netal oxide; and

(vi) physicall'y’'mXxin C Sieve recovered in (i) and the calcined
metal oxi de fvpclcedg the ydyated2ptecufdve revevdred (o) todbam ac@éinadh Greiprd t he

I I i / the G 4 t i i ined, wit bi nd
Tndlor o MERORACIEERS af UGt B Figritess TE L pRTDT REIE dttE mhor o n
the wei ghhethbdxide: @hd t he nol ecul ar sieve to the calcined netal oxide is in

the range of from 30 percent to 400 percent. 29. The nethod of claim 26
wher ei n t he cdVBiPhrtcaliymixingthemolegulatsiaygrecayered irp) and the calcined metal

oxide produced in (v).

27.  The method of claim 26 wherein the molecular sieve and/or the Group 4 metal

oxide is combined with a binder and/or a matrix material prior to (vi).

28.  The method of claim 26 wherein the weight ratio of the molecular sieve to the

calcined metal oxide is in the range of from 30 percent to 400 percent.

29, The method of claim 26 wherein the calcined metal oxide has a surface area

greater than 10 m*/g.

30.  The method of claim 26 wherein the molecular sieve is spray dried with a matrix

material and a binder prior to (vi).

31.  The method of claim 30 wherein the molecular sieve is a silicoaluminophosphate,

the binder is an alumina sol and the matrix material is a clay.

32.  The method of claim 26 wherein a mixed metal oxide is produced in (iii) by

precipitation from at least one solution containing a Group 4 metal oxide precursor and at



greater than 10 m 2/g. 30. The method of claim26 wherein the nol ecul ar
sieve is spray dried with a matrix material and a binder prior H(}A%I? 31.
The met hod of claim 30 wherein the nolecular sieve is a 006
silicoal um nophosphate, the binder is an alum na sol and the matrix

material is a clay. 32. The nmethod of claim?26 wherein a m xed netal oxide
is produced in (iii) by precipitationgtromat |east one solution containing
a Goup 4 netal oxide precursor and at 17 AUG 2006 -38 |east one of a G oup
2 metal oxide precursor and a G oup 3 netal oxide precursor. 33. The nethod
of cl ai m 2&t oheofsi Grovpi2dngalexids predurson anda Gonguicmetd! etideprsbhiragrove 7. 34.
The nmethod of claim 26 wherein (iii) also includes hydrothermally treating
the precipitate at a tenperature of at |east 80C for up to 10 days. 35. The
met hod of 3| ai Thedfethdies fRildim(26) wheteifi 0fid pedcitatién B coadiresdalt diptl Abdvé he range of
from about 400C to about 900C.

34,  The method of claim 26 wherein (iii) also includes hydrothermally treating the

precipitate at a temperature of at least 80°C for up to 10 days.

35.  The method of claim 26 wherein (v) is conducted at a temperature in the range of
from about 400°C to about 900°C.



