2 8 AUG 2006 MOLECULAR SI EVE COWPOSI TI ONS, CATALYST THEREOF, THEI R MAKI NG
AND USE | N CONVERSI ON PROCESSES 100011 The present invention relates to
nol ecul ar sieve conpositions and catalysts containing the sane, 2 2NEQ®E
synthesis of such conpositions and catalysts and to the use of
conpositions and catal ysts in conversion processes to produce olefin(s).
[00021 O efins are traditionally producel-from petrol eum f eedst ocks by
catal ytic or steam cracki ng processes. These cracking processes, especially
steam cracking, produce |ight olefin(s), such as ethyl ene and/or propyl ene,
froma variety of hydrocarbon feedstocks. Ethylene and propyl ene are

i nportant comoMWOLEQULAR SERYVEAOMBOSITIONS 2CATALY YT AHBRECH; ses f or
maki ng pl astics and ofher chenlcal co -ouﬁas 100031 The pet r ochemi cal

i ndustry has knowlHEIRJYIAM 1% SE {ERSIONBBOGESSES| cohol s, are
convertible into |ight oIefrn(s) The preferred alcohol for |ight oIefrn
production is nethanol and the preferred process for converting a

met hanol - Conpﬁm] ng f eRelptaek ihtnfoh rdibs R BbleBl1a) sieWd ddiBpdstions biy | ene
and/ or propylene; involves contacting the feedstock with a nolecul ar sieve

cat al yst corrpals]iysnsmnnta[rﬁﬁ)@th]e sdineyte the symignis afishdrecempositipsandtataiykiecul ar
si eve known to convert é genat e .contai ning feedstocks into one or nore
ol efin(s). Fapd edhpseof Yckcompasitens auy calylystin £oBvAEer PrYsEses e use of the

zeolite, ZSM.5 rt methanol into olefin(s); U S. Patent No.
4,062, 905 drgcggé%%ﬁﬁﬁg?conversron of nmet hanol and other oxygenates to

et hyl ene and[(mmzpryl eneldfiis A SidisdmllyiprediRbd FoROSdttdlam eeedéo@itsidyes, for
exanpl e Zeolite ZK5, erionite and chabazite; U S. Patent No. 4,079, 095

. descri bes t heatalytc of stgsMicuking rroressast Thesehcanking probgsdeso cspebiakly stermduct s

erjggu?.s g || GRRSBEarp e et Sl aeel morthilernendSinrgbriens. e & Saiery
al um no p h 0S PhalyRirocafldntRe A8 kI N BHE ferRl RPpropd 1 e AR Bint commodity

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 moiecular 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, ZK S5, 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,.



-2 [0005] Sone of the nobst useful nolecular sieves for converting nethanol
to olefin(s) are silicoal um nophosphate (SAPO nol ecul ar si eves.

Si | i coal um nophosphat e nol ecul ar sieves contain a three-dinensizg I

m croporous crystalline framework structure of [SiOQ2], [Al02] a %Wﬁdﬂﬁ
conmer sharing tetrahedral units. Synthesis of a SAPO nol ecul ar sieve, its
formulation into a catalyst, and its us2-in converting a feedstock into
olefin(s), particularly where the feedstock is nmethanol, 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. [(QeUd] WhesSotred thembitaisefahuplcduln sieles ol baettidganehaiding, nost
mol ecul ar  sieves, including SAPO nol ecul ar sieves, undergo rapid coking and
hence requi r elefin{qursnticeadypmephespbate (84POg aialsculangisved.ng exposure of the
catalyst to high .te ratures and. steam ng, environnents. aresult,

ar rent et haHBoR TR S Bl S LA A4 USRI Rbd us et ul
lifetime and i virde; I S at al yst
conposi tion aﬂ?@ﬁsgﬁﬁ?@?F@ﬁgﬂﬁmﬁﬁﬁgﬁ§§3aPﬁ?gﬂ?#%L a#?ﬁgﬁﬁifﬁﬂgﬁﬁgﬁ used in

t he conver si ghiurpig terdtedrdnite $Yehdsizsof a SAPO Aolebutar sRevecind foN@ulafiod 65, 889

describes a catalyst conposition conprising a silicalite nolecular sieve
i npregnat ed Wite A catalysbrnd ais use inceenventing gfeedatock antaiolpfinget partiendalde f or use in

converting nethanol imet hyl et her r ] re thereof, | a
hydr ocar ban BPoRdgt Tsererer mefetsh 4 sofieti S0 bt N +agdanr o
6,180, 828 di 3849395 4 b7 96E 4073839408 hds @6k 07 1”C4H28Ind 631 GV 2L 411 BF oduce
met hyl ami nes from net hanol 'and ammoni a,” where for exanpl &, a

si l i coal um nehlvhspé htreiminllg ¢udozporsted b réfsreacerbi ned with one or nore

nodi fiers, such as a zirconi um oxide, a tittp_gni um Oxi (1% a yttrium oxi de,
mont mor i | | onf0086h, K a¥fhenused inthe penversian olpgetbanol g oleging mosy mpleitast es to a

process O GOINertIathOXpEUSoIAIT URY BLASSab) AR AT EQRLALD O

effluent into nitrogen rusing a nol%ecul ar siéve an al oxide
bi nder, whergedqieat ppeheatiag ticdBintdvinglepobar@bfihe ch@lydploghgh ar sieve is an
al um nosilicate.

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 1n 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

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

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

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

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

a silicoaluminophosphate molecular sieve is combined with one or more

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

montmorillonite or kaolinite.

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

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

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

the molecular sieve is an aluminosilicate.



2 8 AUG 2006 -3 10010] EP-A-312981 discloses a process for cracking
vanadi um cont ai ni ng hydrocarbon feed streans using a catal yst cpgp@giifbon
conprising a physical mxture of a zeolite enbedded in an inorganic
refractory matrix material and at |east one oxide of beryllium nagnesium .
calcium strontium bariumor |anthanum preferably magnesi um oxi de, on a
silica-containing support nmaterial. [00311] Kang and Inui, Effects of
decrease in nunber of acid sites |located on the external surface of

Ni - SAPO 34 crystalline catalyst by the nmechanochem cal nethod, Catalysis
Letters 53, pages 171-176 (1998) disclose that the shape selectivity can be

enhanced and [60w0]coke HRARHDIBNdRtIbs@aL Brdcdsh féMeadkpvamadiom-efntaifidghanol to
et hyl ene over N -SAPG-34 by milling the catalyst with MJO, CaQ BaO or Cs20

on microsp hehydmcar’mn-fpftﬂMQms nsing & catalyshc@a@siemepmpisings plfysicebd. [ 00121

| nt ernati onal .Publ 98/ 29370 di scl oses the conversi.on of
oxygenat Ies t 8“61%15‘? IP @‘F e‘Hb%q’i]V\(ﬁ)ﬁj p %V’Qrgﬁ’}f# rfg'ﬁftiofy gy ’B@Eﬂ\{aranlg iBbve

containing g &?éoﬁ&é 6Pk OB AR A RGNS A bgfuf ok ant hani de, an

actini de, scan yttr nmetal or

conbi nat i onSIatnIﬂmaf pre[f&%@]mdxgmegnm @3 oh,a silhe- donvefihf Qippoeshalesiall N a
catal yst conposition conprising: (a) a nmetal oxide which has a surface area

greater thanl8W1he/ g, Kengend s Eﬁ@é@wfefawnwea Wb?éﬁméﬂtﬁséo@ff@é‘?mr t han

200C, and whi,ch, whe tur t acefone a ont act

acetone for TeHSE™ ﬁ{] ”ﬁ%ﬁe ﬁ@ﬁmg}msé“’{"ﬁﬁﬁ“ 6/gy et”ﬁ”éﬁ%\,\?' 'é",a?( b) a

bi nder; (¢) PRI Dhtal g&iﬂe@}ssaaggge@qmalmhﬁ@salc@sfclo%h%tmﬁh an average
pore size less than 5 100141 the nol ecul ar si’eve conveniently conprises a
. framewor k i nsdledivity caatbeleahstced &ddhE cakelfdrR@ddn trmhgaaétbnirthé canvietssorasfd nor e

particularly a frapework including at |east.[SiO4 [ Al 04]  and_ [ PO4]
tetrahedral = §thagol gy%erypﬁﬁg’&%ﬁwﬁ@ Ht%tﬂiﬁﬁﬁ‘ély-“ with MgO, Cao,

BaO or Cs,0 on microspherical non-porous silica, with BaO being most preferred.
[0012] Interational Publication No. WO 98/29370 discloses the conversion
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) a metal oxide which has a surface area greater than 20 m’/g, which has
been calcined at temperature greater than 200°C, and which, when saturated with
acetone and contacted with said acetone for 1 hour at 25°C, converts more than
80% of the acetone;

(b a binder;

(c) a matrix material; and

(d) a molecular sieve having an average pore size less than SA.

[0014] The molecular sieve conveniently comprises a framework including
at least [AlO,] and [PO,] tetrahedral units and more particularly a framework
including at least {Si0O,], [AlO,] and [PO,] tetrahedral units, such as a
silicoaluminophosphate.

[0015] In one embodiment, the metal oxide includes magnesium oxide.



100151 In one enbodi nent, the netal oxide includes magnesi um oxi de. 2 8 AUG
2006 -4 [0016] In another aspect, the invention resides in a catalyst
conposition conprising a nmolecular sieve and at |east one oxi dpgaf 00eet al
.selected from Goup 2 of the Periodic Table of Elenments, wherein said netal
oxi de has an wuptake of carbon dioxide at 100C of at |east 0.03 ng/n2 of the
metal oxide. [0017] Conveniently, the cétalyst conposition al so conprises
at | east one oxide of a netal selected from G oup 3 of the Periodic Table
of Elenents, such as yttrium oxide, |anthanum oxide, scandi um oxide and

m xtures thereof. [0018] In another aspect, the invention resides in a

nmet hod for ngR0Hg a dahadthet aspectpibsiinventipn tdsalesmat hodalggrpmpebitignphysi cal |y
m xing first partjicles conprising a nolecular _sieve with second particles
conpri si ng atcoppsingafaolssplaesicvs and ahdeasy onscpxada o metahsedscinddremot t he

Peri odi c Tabl f JEl.anent s, .. el ' I oxi| . upt ake of
carbon di oxi £’°§P 2%6@8 Igeffdgfe,\?%égf’ nge%%%%%b sag#}%%taﬂ@)?lggrﬁa%e' [0019] In
anot her aspe i J i j higqﬁii cat al yst
conposi tion, %R%E%gtcé{%ﬁg% %?ﬁgqgﬁﬁ%ﬁqﬁ%ﬁg%g@#ggh umt%go&es'phat e

nol ecul ar si qo@7]a bi MdavenientlBilid catdpstedbimpbsitiomalsatothpash apRastoakal oxi de
that, when saturated with acetone and contacted with said acetone for |
hour at 25C, oxisisfemealsslested{zem £509p dfof thedPeziodicokble ¢fdtemEntssugkes anot her
aspect, the invention re }i]des in.a rret(ﬁ)grg of maﬁi ng a catalyst conposition,
the method cHBFPSTXA ’E LI ARG I IR Q& ifleand Tiatites therepl-hqor and a

matri x materié@d]sﬁo Pr s a_@ﬁéc%'tﬁélnvﬁﬁﬁ&ilféi%é indflethBd (A9HANRg ho the
catal yst precursor a netal oxide that has been calcined to a tenperature in

t he range otathlysmoc2ij@Gition, theGaethpdO@hpriding phnesicalth adikingrfirst gdndcleset al oxi de
i s magnesi um oxi de and iis physically mxed with a nmol ecul ar sieve
synt hesi zed FPBRIENE 8 MAleaparIsHe Yith Secandh Padiclss corppriang it 63 ope ARida: i ng

agent. and at o} eaat,) 1008 BP0 P B PER0di? TARGIAGHAHS VIR Sgnd an

al um num sour
metal oxide has an uptake of carbon dioxide at 100°C of at least 0.03 mg/m’ of the

metal oxide.

[0019] In another aspect, the invention resides in a method for making a
catalyst composition, the method comprising combining a silicoaluminophosphate
molecular sieve, a binder, a matrix material, and at least one metal oxide that,
when saturated with acetone and contacted with said acetone for 1 hour at 25°C,
converts more than 25 % of the acetone.

[0020] In yet another aspect, the invention resides in a method of making a
catalyst composition, the method comprising {a) combining a molecular sieve, a
binder and a matrix material to produce a catalyst precursor; and (b) adding to the
catalyst precursor a metal oxide that has been calcined to a temperature in the
range of from 200°C to 700°C.

[0021] In one embodiment, the metal oxide is magnesium oxide and is
physically mixed with a molecular sieve synthesized from a reaction mixture
comprising at least one templating agent and at least two of a silicon source, a
phosphorous source and an aluminum source.

[0022] In a further aspect, the invention resides in a process for converting a

feedstock into one or more olefin(s) in the presence of a molecular sieve catalyst



[0022] In a further aspect, the invention resides in a process for
converting a feedstock into one or nore olefin(s) in the presence of a

nol ecul ar sieve catalyst 2 8 AUG 2006 -5 conposition conprisphgog Al ecul ar
sieve, a binder, a matrix material and an active netal oxide that, when
saturated with acetone and contacted with said acetone for 1 hour at 25C,
converts nore than 80% of the acetone. [8023) In yet a further aspect, the
invention resides in a process for producing one or nore olefin(s), the
process conprising contacting a feedstock conprising at |east one oxygenate
with a catal yst conposition conprising a small pore nol ecul ar sieve, a

bi nder, a MalhimpobMbAcoMprisig ARHAISSIIATR%! HBinB&akh nRgx RARMal 6Ad &l ned in the
tenperature range of from 2080 to 600C, and a G oup 3 netal oxide. 100241
The i nvent i oactied mets okde that avixdnysturgtedpahiatetons and somdamedeghsaidnd its use
in the conversion gf hydr ocar bon feedst ocks, 89rticularly oxygenat ed

feedst ocks, PHEENGIGEHRUE Rt 23°L, siyerReere bam §U onfithe 8¢80T ng” a nol ecul ar

sieve with gpajti cble/Mesahe OKbOS HEMEhGod Al Al AlsLssggpmosi i on wi th

a |l onger catalys In the conver sion of feedstocks, such

as oxygenat e?rocﬁh’@fn‘g orR&r tnhdrs bRAFnYs) NBE PrReds.cotphiBin@! @htdfifg a féddsgidi tion, the
resul tant catal yst conposition tends to be nore propyl ene selective and to

yi el d | oner aomprisisgef leastronaoxpgenatewitiea axtalypircopepesitionvenprisingra swhliret al
oxide is an oxide of .a Goup,2 . netal .having,an uptake of. carbon di oxi de at
100C of at | BHEMICpHar eV 8 Gndena maEt At b qumERRESBIm SXI8 (oAt M8 PS4B ¢ hat i s

capabl e of CONMEEN | MhedbABlSHurt HRge BENOAN009C ) BAPCLnd QRILLETRRIAL ure. I

one enbodi nen e metal " oxi magnesi um oxI de a surface area
. greater thangdden/ g and whi ch has been cal cined at tenperature greater than
200C. Thiirs unexpected result is further enhanced when an oxide of a Goup 3
netal (for elMAAl e sciheinysptiomrelaiesiamcatlysyeampesijon, fitssimthpds md itodi ¢ Tabl e

O o5 STEI S R oA R SRS Ak RSN 21 oo

i's conbi Ined RelifodiReintB OREA(sY M 134k B€en found that combining a molecular sieve with
a particular metal oxide results in a catalyst composition with a longer catalyst
lifetime when used in the conversion of feedstocks, such as oxygenates, more |
particularly methanol, into olefin(s). In addition, the resultant catalyst
composition tends to be more propylene selective and to yield lower amounts of
unwanted ethane and propane. The preferred metal oxide is an oxide of a Group 2
metal having an uptake of carbon dioxide at 100°C of at least 0.03 mg/m’ of the
metal oxide and/or a metal oxide that is capable of converting greater than 80% of
acetone at room temperature. In one embodiment, the metai oxide is magnesium
oxide which has a surface area greater than 20 m%g and which has been calcined
at temperature greater than 200°C. This unexpected result is further enhanced
when an oxide of a Group 3 metal (for example scandium, lanthanum, or yttrium)
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) is combined with the magnesium oxide.



2 B AUG 2006 -6 Ml ecular Sieves [0025] Ml ecul ar sieves have been
classified by the Structure Comm ssion of the International Zeolite

Associ ation according to the rules of the | UPAC Commission on? 2ed6iZfl
Nonmencl ature. According to this classification, framewrk-type zeolite and
zeolite-type nol ecul ar sieves, for which a structure has been established,
are assigned a three letter code and aré described in the Atlas of Zeolite
Framewor k Types, 5th edition, Elsevier, London, England (2001), which is
herein fully incorporated by reference. [0026] Non-limting exanpl es of
preferred nol ecul ar sieves, particularly for wuse in converting an oxygenate
cont ai ni ng feRE&OKSienés0o ol efin(s), include framework types AEL, AFY, AEl,
BEA, CHA, EDI, FAU FER 4dS, LTA LTL, MR, M, MOR MIT, MW TAM and
TON. In one hﬂﬂéﬂerredM@ﬂﬂw@r sievies have h@ernda@s@ﬁﬂdaby tbﬁ@wcf@rm@@ymsmn t he

tal yst f t h

Copol bay, _oroldne LHPAdRR deokE AareiaThscecepErioab P18 OB TEAGI ogy. [ 0027

Grystal | ne @&hnﬁé&h r?Z@Mﬁe%hféﬁbl%{lﬁT %gforamgtmﬁ@a%s@ﬁ jonf OUT - connect ed
ring [T

framework structure COMmer-s teCrahedra ere’ T is any

t et r ahedr al Ifyarﬁ@.ﬂdsmt@pé eebltatndieolitutybe asolédlf4leves, AdiOdhichadirogtutePOA]
tetrahedral units. The nol ecul ar sieves useful herein conveniently conprise

a framewor k hasheenestah)ished, @ aSélrSéefE P@hrj:e lester egiscing |are desembed;in ghe Adgs

al um nophosp ecu [ PO4] ]

t et r ahedr aj ef’lél,(e%.ag?ewo Jé"eﬁs?%a? %5%‘85‘{3@8?@'{&%%&%@2 ul ar si eve.
Most pref er abhiyh istﬁ't@ei?f%gfﬁlc@fpora‘ié@ f?efé&%ﬁé@' herein is a

si li coal um nophosphat e (SAPO nol ecu sieve or a substituted, preferably
a netal subq0026]t ed, Tﬁkptﬁmmm@ﬂess]f@vémakamﬂcakusifevessp:hrtialhihﬂymrt al
substituents are an alkali netal of G oup t.he Periadjc. Tabl e of

El ements, anS&PkSIMVEEINEAN ¢XYSeRale cmlalmlfsedztw ipRelBE(Ploticlidean| e of

ST ST 8 o e AR st Lk K01 PRk cofe, gipEl erents

samarium  MER, MFI, MOR, MTT, MWW, TAM and TON. In one preferred embodunent
the molecular sieve employed in the catalyst composition of the invention has an
AEI topology or a CHA topology, or a combination thereof, most preferably a
CHA topology.
[0027] Crystalline molecular sieve materials have a 3-dimensional, four-
connected framework structure of corner-sharing [TO,] tetrahedra, where T is any
tetrahedrally coordinated cation, such as [Si0O,], [AlO,] and/or [PO,] tetrahedral
units. The molecular sieves useful herein conveniently comprise a framework
inciuding [AIO,] and [PO,] tetrahedral units, i.e., an aluminophosphaie (AlPO)
molecular steve, or [Si0,], [AlO,] and [PO,] ] tetrahedral units, i.e., a
silicoaluminophosphate (SAPO) molecular sieve. Most preferably, the molecular
sieves useful herein is a silicoaluminophosphate (SAPO) molecular 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 Periodic Table of Elements, including the
Lanthanides: lanthanum, cerium, praseodymium, neodymium, samarium,

europium, gadolinium, erbium, dysprosium, holmium, erbium, thulium, ytterbium



europi um gadolinium erbium dysprosium holmum erbium thulium
ytterbium2 8 AUG 2006 -7 and lutetium and scandiumor yttrium a
transition nmetal of Groups 4 to 12 of the Periodic Table of Elenents, or

m xtures of any of these metal species. [00281 Preferably, the?8chUsciibar

si eve used herein has & pore systenm defined by an 8-nenbered ring of [TO]
tetrahedra and has an average pore size 74 ess than 5A, such as in the range
of from3A to 5A for exanple from3Ato 4.5A, and particularly from 3.5A
to 4.2A. [00291 Non-limting exanples of SAPO and A1PO nol ecul ar sieves
useful herein include one or a conbination of SAPO- 5, SAPO 8, SAPO 11,

SAPO-16,  SAG{E fhfetiunfiZid 38andRATE! giunAPRuRttionIEe: SGroapSPrd P2 oPARO: 36,
SAPO- 37, SAPO-40, SAPO 41, SAPO 42, SAPO-44 (U.S. Patent No. 6, 162, 415),

SAPO- 47, SAPEeridilic AhB©ob Elethdn@, dimiihfé®of 8ny &f Resedhetaldgecies4, Al PO- 36,
Al PO 37, AIPOQ 46, and_netal containing nolecul ar sieves thereof. O these,
particul ar | yl0928F ul  nBrefaahlyrthe molecylas sisve Heeddierain band PHSISYSANSf  SAPO- 18,

contai ni hg SRV Ry dE Rt B Oyt B O R e fiER b oo, 15

cont ai ni ng ives €0 ne or ac

SAPO- 34, Al Rgks tBdn 3Ad sutdhRie+ir the raflsk dfEtGth 30BN Thi&kaflRld okl 386 4 BAr eof , and
especially one or a conbination of SAPO 34 and Al PO 18, and net al

cont ai ni ng dex paati¢ulady fromredh 10 4280301 I n an enbodi ment, the nol ecul ar
sieve is an |ntergrowh terial havi r re distinct crystalline
phases withi W’éﬁe mrﬁ%gg?t“éﬁ W@Pliscﬁf{gﬁsé&%ﬁmﬁ ngfgi:qq?%r@peg,e,s usekiler gr owt h
nol ecul ar si : crib J: . P t hGat ¢ Publ i cation
No. 2 002- oﬁgéﬁdlgagdeg‘%% ﬂﬁ@ﬂ}?gﬁt‘{gﬂg}&éﬁb ? tg’%‘?gﬁs’%d\c}\% 8P ?5%6 ,

. publ i shed ABAPOLB, SAPYB] 8 BAPOQD, SAPOI3 BISAHESE] HAPOLI5y SAPTEgs por at ed by

reference. For exanple, SAPO 18, AIPO 18 and RUW 18 have an AEl :
f r amewor k- t \§RPOgTd SGROEABAS AR(I-43, BAROrZH FAROH4 (Upe PaentiNot 6é62.4b%ecul a

G 1 amowor i T s SNEERER AIPR S\HBRET BP0l BER AP BLRE APR- pe o
AEl T r ameworpOLpe, AP®-46,1 M8 8 LofhidiRe nidldchtk siEhtddidredf. SOF BREd 1N U. S.
particularly useful molecular sieves are one or a combination of SAPO-18, SAPO-
34, SAPO-35, SAPO-44, SAPO-56, AIPO-18 and AIPO-34 and metal containing
derivatives thereof, such as one or a combination of SAPO-18, SAPO-34, AIPO-
34 and AIPO-18, and metal containing derivatives thereof, and especially one or a
combination of SAPO-34 and AlPO-18, and metal containing derivatives thereof.
[0030] In an embodiment, the molecular sieve is an intergrowth material
having two or more distinct crystalline phases within one molecular sieve
composition. In particular, intergrowth molecular sieves are described in the U.S.
Patent Application Publication No. 2002-0165089 and International Publication
No. WO 98/15496 published April 16, 1998, both of which are herein fully
incorporated by reference. For example, SAPO-18, AIPO-18 and RUW-18 have
an AEI framework-type, and SAPO-34 has a CHA framework-type. Thus the
molecular sieve used herein may comprise at least one intergrowth phase of AEI
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, 1s greater than 1:1.



Pat ent Application Publication No. 2002-0165089, is greater than 1:1. 2 8
AUG 7006 -8 [0031] Preferably, where the nolecular sieve is a

si li coal um nophosphate, the nolecular sieve has a Si/Al ratio | EBS&%“P or
.equal to 0.65, such as from0.65 to 0.10, preferably from0.40 0 U. 10,
nore preferably fromO0.32 to 0.10, and nost preferably fromO0.32 to 0. 15.
100321 In one particul ar enbodi nent, thegnol ecular sieve is SAPO 18,

SAPO- 34, or an intergrowth thereof in which the franework of the nol ecul ar
sieves consists essentially of [Si04]1 [ A104] and [P04] tetrahedral units
and hence is free of additional franmework el enents, such as nickel. Metal
Oxi des [ 0033 met I [ Lon.area: ﬁ%]% i des,

di fferent fl()(?-rﬁnli ypi caef@?ﬁggﬁgé}gr%?@?légg%?%lg%?esﬁ% S, ? at l@ﬂﬂéé(n used in

conbi nat i on wietrholeauliili®@@Haat SiiAdveatio soihater bareid 0.65, suck as fbyt0.65
conversion processes., In particular, the netal oxides useful herein are

oxi des t hat , tofhé®, pseferabhi Gamg.40to QdGrens raefarahly fsom @ 32004k Hhand masbnt act

with the acetone for. 1 r at..room tenperature (about 25C), convert
gr eat er thaW@gﬁfﬁ%yfﬁo%B'ggé?gr}é; for exanple greater than 85% such as

great er than[o‘a@%’pe andil dhe$RRFeutR $RbodRal Sthe iAtube Yeve GAPOAS @ vari ety

of nethods for termning the conversion of acetone, and one such nethod
is the use o$APO-3Qlor dn dtterpeoviNRherkof inhwls chiricHethevichk ofrdteaholectilale is  first

dehydr at ed under vacuum whi |l e bei rp:{g‘1 heated by the use of a stepw se
t enper at ur e Pewgeansistygseralliof [SHa IniARelandiBRplertizhedeal yadyandhange

dehydration . praocedur.e i oc. T al__oxj is then saturated with
acet one- 2-" dsg{eeroggﬁlﬁ?%%p%%éﬁ%orrg% e(’:’iﬁﬁszglf% %31?%]452 use of conventi onal
vacuum |l ine technique. The netal oxide with adsorbed acetone-2-13Cis
transferred into a 7-nm NVMR rotor w thout any contact with air or noisture.

Quant i t at i veMe@ldMides st ate NVR spectra with Magic Angle Spinning are

ccaui 4 Lo L ™ nepLlie SOTNELel el o A5l N5 BULSE Uhg. SaEpl has beer

netals, eithes,alAe8 bfdetdand/or matrix materials, that, when used in combination with
a molecular sieve, provide benefits in catalytic conversion processes. In
particular, the metal oxides useful herein are oxides that, when saturated with
acetone and allowed to stand in contact with the acetone for 1 hour at room
temperature (about 25°C), convert greater than 80% of the acetone, for example
greater than 85%, such as greater than 90%, and in some cases greater than 95%.
There are a variety of methods for determining the conversion of acetone, and one
such method is the use of *C solid state NMR. In this method, the metal oxide is

' first dehydrated under vacuum while being heated by the use of a stepwise

temperature program. Typically, the highest temperature used in the dehydration
procedure is 400°C. The metal oxide is then saturated with acetone-2-"C at room
temperature (ca. 25°C) by the use of conventional vacuum line technique. The
metal oxide with adsorbed acetone-2-"*C is transferred into a 7-mm NMR rotor
without any contact with air or moisture. Quantitative ’C solid state NMR spectra
with Magic Angle Spinning are acquired to determine the conversion of acetone
after the sample has been kept at 25°C for 1 hour.
[0034] Suitable metal oxides are oxides of Group 2 metals, either alone or in

combination with Group 3 metal oxides, which have an uptake of carbon dioxide



conbi nation wth Goup 3 netal oxides, which have an uptake of carbon
dioxide 2 8 AUG 2006 -9 at 100C of at least 0.03 ng/ n2 of the nmetal oxide,
such as at least 0.35ng/n2 of the metal oxide. Although the UQFBeAUg 0t on
.the carbon di oxi de uptake of the netal oxide is not critical, in general
the metal oxides useful herein will have a carbon dioxide at 100C of |ess
than 10 ng/n2 of the netal oxide, such-& less than 5 ng/n2 of the netal
oxide. [00351 In order to determ ne the carbon di oxi de uptake of a netal
oxide, the follow ng procedure is adopted using a Mettler TGA/ SDTA 851

t her nogravi netric anal ysis system under anbi ent pr essure A sarrpl e of the

rotal_oxi dey 30 8ABPLES (PEE ! Sen thekd %R s LPIAR o mORE FOr one

hour. The eratu en ré

100C. After th@ et A AR08 Whd Lh;ﬁfeahﬂﬂ i thé B@bﬂﬁ‘%ﬁdx?&i: A8 dHichon

tenperature in flowng helium the sanple is subjected to 20 separate
pul ses (aboutetaloxdde gmutg/cpiticalein goheral thg aswa wxides usefubherempwillsianga10- wei ght %
carbon dioxide with the remainder being helium After each pulse of the .

adsor bi ng gaerhonedipxidajat b9 Geotfdessihan l%mghmsqfébp mgtal pxfdeosvichgs bes$ i um for 3

m nutes. The in we f the sanple in terns of ng/ng adsorbent
based on théh%ﬂjg 92 P%&E ﬁglhcgﬁé)eer treatnent at 500C is the anount of

adsor bed_cai o) OX'IH%TdEh@{l@t@ﬁﬁlﬁ@ﬁ]@{a%nqloﬁlﬁ@uﬁ RofpbuRaRd 6 |

accor dance t he met ho Brunauer, Emett publ i shed
as ASTM D JF6iiawing procedudeistideptednding a MaderdEGABDRA 851 terns of ng carbon
di oxi de/ n2 of the netal oxide, 100361 The nost preferred Goup 2 netal oxide
is a nagnesﬂ]@ﬂﬂlwgﬁi’éme(fwg@ﬁiysﬁzﬁﬁta@ll@ €y Bupjery Rressure. ok isyapleioidheymetalt tri um

o e TenU A, 05 PR AL B0 R G Sy B0 1 e

preferably tdigpéaibé 5Pthe @Ampfe it ﬂﬁn%ﬂac@dﬂﬂ] ﬂo\an@uﬁhanmtmloc*@xm@rﬂiaas a
surface area as neasured in accordance with the method of Brunauer, Emmett,

and Tel | er ¢8&EMe hpalshiidivetediat tisTvird 3é88ptm tgmpataturetim fowa digy, such as

the sample is subjected to 20 separate pulses (about 12 seconds/pulse) of a
gaseous mixture comprising 10-weight % carbon dioxide with the remainder being
helium. After each pulse of the adsorbing gas the metal oxide sample is flushed
with flowing helium for 3 minutes. The increase in weight of the sample in terms
of mg/mg adsorbent based on the adsorbent weight after treatment at 500°C is the
amount of adsorbed carbon dioxide. The surface area of the sample is measured in
accordance with the method of Brunauer, Emmett, and Teller (BET) published as
ASTM D 3663 to provide the carbon dioxide uptake in terms of mg carbon
dioxide/m? of the metal oxide.
[0036} The most preferred Group 2 metal oxide is a magnesium oxide
(MgO). Suitable Group 3 metal oxides include yttrium oxide, lanthanum oxide,
scandium oxide and mixtures thereof.
[0037] In one embodiment, the active metal oxide, preferably the MgO,
even more preferably the combination of the MgO and a Group 3 metal oxide, has
a surface area as measured in accordance with the method of Brunauer, Emmett,
and Teller (BET) published as ASTM D 3663 of greater than 20 m*/g, such as
greater than 50 m?/g, for example greater than 80 m*/g, and even greater than 200

m?/g. Suitable metal oxides are those metal oxides that have a surface area greater



greater than 50 nR/g, for exanple greater than 80 n2/g, and even greater
than 200 nR/g. Suitable netal oxides are those netal oxides that have a
surface area greater 2 B AUG 2006 -10 than 20 nR/g, that have BdemicAlici ned
.to greater than 200C, and are capable of converting greater than 25% such
as greater than 50% for exanple greater than 80% of acetone at room
tenperature. [00381 I n another enbodi nerit,- the nmetal oxide, preferably the
magnesi um oxi de, even nore preferably the MJO and a G oup 3 netal oxide, is
calcined at a tenperature in the range of from 200 C to 700C, such as from
about 250C to 650C, for exanple in the range of from 300C to 600C, and

typically frgmn 2850% tRatTh0 bednQaRMed 10 LRERORROINOTENENd drbRaprddngsi um net al
oxi de has a surface area of about 250 nR2/g, and/or the nagnesium oxide is

cal ci ned t o edowttifgsgreger than36%, Tivh agréate that 50%ofor desnpe grdater thampar ed
using a vari ‘5&’ of nmethods. The active netal oxides can be nmade from active
netal oxi de g v aseipre alygew IGRPeARNG| salts, preferably Group 2 or Group 3

I I Ik . Of I id
et uds. conpUaiL:  nal® T FRUARRLE oA SR ok R SRR Sloh s

oxychl ori desoxnel evieh hﬁr@Frefe&\aﬁly i Mg CBald ROk Sup SANTE Bxiaé, it BAcime@ua 2 Or
G oup 3 netal oxides include salts containing the cation of the Goup 2 or

G oup 3 net alesipesarate intheltahgedefSromi200 8€Cas 7061d) sackeasfren abowtl OXC tes are al so

sources of the Graoup 2 or .G oup 3 al Ldes. 100411 In gne nethod, the
St ve: ot al SR Ca e mpleitange oHeopLtrars soLoapbupicedh fom

met al - cont ai {4jeg ({GFPQENds, such as magnesi um oxal ate and barium oxal ate,
at high tenperatures, such as 600C, in flowing air. Thus prepared netal
oxi des usual j0939jve | BvwnBEmbedimdaeahahegnesud. methlensddd ks saffacedrga of 10042]
In another nethod, the active netal oxide is prepared by the hydrolysis of

met al - cont ai #oHY2 4O MYBuAELOT the MegRRFIWY oileyis ealeingd taghout 83 Gonat i on. ~ For
exampl e, MobgoLy o o5k 5oy Byl Bep Skt B Ry e
The active metal oxides can be made from active metal oxide precursors, such as
metal salts, preferably Group 2 or Group 3 metal salt precursors. Other suitable
sources of the Group 2 metal oxide include compounds that form these metal
oxides during calcination, such as oxychlorides and nitrates. A further suitable
source of the Group 2 or Group 3 metal oxides include salts containing the cation
of the Group 2 or Group 3 metals, such as halides, nitrates, and acetates.
Alkoxides are also sources of the Group 2 or Group 3 metal oxides.
[0041] In one method, the active metal oxide 1s prepared by the thermal
decomposition of metal-containing compounds, such as magnesium oxalate and
barium oxalate, at high temperatures, such as 600°C, in flowing air. Thus
prepared metal oxides usually have low BET surface area, e.g., less than 30 m*/g.
[0042] In another method, the active metal oxide is prepared by the
hydrolysis of metal-containing compounds followed by dehydration and
calcination. For example, MgO is hydroxylated by mixing the oxide with
deionized water, forming a white slurry. The slurry is slowly heated to dryness on

a heating plate to form white powder. The white powder is further dried in a
vacuum oven at 100°C for at least 4 hrs, such as for 12 hrs. The dried white

powder is then calcined in air at a temperature of at least 400°C, such as at least



a heating plate to formwhite powler. The white powder is further dried in a
vacuum oven at 100C for at least 4 hrs, such as for 12 hrs. The dried white
powder is then calcined in air at a tenperature of at |east 4odk§A§@am5as at
-least 2 8 AUG 2006 -11 500C, and typically at |east 550C. Thus-prepared
active nmetal oxides generally have higher BET surface area (between 30 to
300 n2/g) than that prepared by thernallldeconposition of the active netal
oxi de precursors. (0043] In yet another method, the active netal oxide is
prepared by the so- called aerogel nethod (Koper, O B., Lagadic, I.,

Vol odin, A. and Kl abunde, K J. Chem Mater. 1997, 9, 2468-2480). In this

net hod, My pPSOBEE! ahd typRetlyes [daRdEI0°CNIThuegedbardr@avavintyl aRfi¢s paiesaljet hanol
to form Mg(OCH3) 2 solution in nethanol. The resultant My(OCH3)2 solution is

added to tol hevadigheatBliT swfacherea (hetskedn 40 dp NG m g thah ehaViptePtdyed tsyol uti on i n

met hanol -t ol yene .under vi.goro stirring. The resultant coll oidi al
suspensi on ewléqygmpgsﬁgqnhelg@eiaﬁtl\épnmg@?g}@ QPECUSgSessuri zed to 100 psig

(690 kPag) wi dry njt - i re of
bout 1000 PUPEI shonsn g E ek SlafisiBhed BEBRES D oice
a fine whiteafedeeogel mbao&HK eperNONBG Maghdik) IL,Neo1diR), AsarK Bibasde, Ky J. heat i ng

the fine white powder at 400 C under vacuum Such prepared active netal

oxi des have Cheen. i@leestIBEY, 2468 2480). dinethis myethed, Mg poyderds esactedamds00 ne/ g.
[ 0044] Various nethods exis or maki ng, m xed Xxi des from G oup 2 and
Group 3 met dMTRBENFRITEY 8"6%‘@’9&3}( 0“%?’&5}”&13‘[‘) fﬁ%@bﬁﬁ@ﬁo Y905 18i ent wet ness

and  co- pr e pj, L %e,rés‘ﬁﬂé:’ﬁ]MgE%@g%ﬁg@gfiQ% )I}?Agﬁeicd 0 SREnEE WAl QX ilgS are

prepared by inpregnating a G precursor onto a Goup 2

et al oxi de.adlied droptuiss ahe MeQBN ptdloion i éthanpldolnetehndex vid@rqrsecur sor . such
as La(aceétylacetonate)3 is dissolved in an_organi ¢ sol vent such as tol uene.
The anount  &firring. vERt regaltaat pelloidigbsusrension pf Mg?(ﬂg)zﬁfeﬁlﬁﬁ'éﬁ LA arerlavger opor ous

Lot e OF S TRl 90 LB TR P B RACEHCT
dried in a Yagwu@oruesutl 1@00Ipsigq 6885 RP&Y)S The supercritical solvent is vented to
produce a fine white powder of Mg(OH),. Nanocrystalline MgO is obtained by
heating the fine white powder at 400 °C under vacuum. Such prepared active
metal oxides have the highest BET surface area, generally greater than 300 m%/g.
[0044] Various methods exist for making mixed metal oxides from Group 2
and Group 3 metal oxide precursors, e.g., wet impregnation, incipient wetness and
co-precipitation.

[0045] In one embodiment, mixed metal oxides are prepared by
impregnating a Group 3 metal oxide precursor onto a Group 2 metal oxide. Ina
typical preparation, a Group 3 metal oxide precursor such as La(acetylacetonate),
is dissolved in an organic solvent such as toluene. The amount of solvent used is
enough to fill the mesoporous and macroporous volume of the Group 2 metal
oxide. The Group 3 metal oxide precursor solution is added dropwise to the
Group 2 metal oxide. The wet mixture is dried in a vacuum oven for 1 to 12 hours
to remove the solvent. The resulting solid mixture is then calcined at a

temperature, €.g., 400°C, high enough to decompose the Group 3 metal oxide

precursor into an oxide.



to renove the solvent. The resulting solid mxture is then calcined at a
tenperature, e.g., 400C, high enough to deconpose the G oup 3 netal oxide
precursor into an oxide. 2 6 AUG 2006 12 [0046] In another enbodi nent, a

m xed oxide is prepared by the incipient wetness technique. Typggadljgywuﬁa

G oup 3 netal oxide precursor such as | anthanum acetate is dissolve

dei oni zed water. The solution is added-dgepwi se to a G oup 2 netal oxide.
The m xture is dried in a vacuumoven at 50C for 1 to 12 hours. The dried
m xture is broken up and calcined at 550 Cin air for 3 hours. [0047] In yet
anot her enbodi ment, a m xed netal oxide is prepared by co- precipitation. An
aqueous sol ufgoqp Comn'aiioﬂﬁzr@iﬁkl&n?en@%@eﬂ%ﬂld% 1&?&?&&)&&@& inkf] rsors is
subject to conditions sufficient to cause precipi ion of a hydrated
precursor of wetnesstottiniquex i Hgpicallyea Gadp 3 s1etdh ozmle pyectiiser autdh dsilanthafuns odi um
hydr oxi de or ammoni ym hydr.oxi de. The tenperature at which the Iiquid medium
i s mai nt ai ne’RFEHE lsrij@sSP}Yédé%dﬁ‘PB@F%“taﬁ’ﬁ g:ﬁe pelutigimisadied dropyasetoe QTQUHOOC The

resulting g {real ed at t e t ween 50 and
100 Cfor s g?aé})gglg ‘Fﬁg‘nﬁégﬂqcﬁe Falett n%gf%aﬁl{%t{; Orcafq aui{%fs pl ace at
greater thamcaclﬂeasxﬁb@ﬁﬂeqs Ef&%ﬁ\i{)%nd EAOH8A atT4m wemUif f0pG HEREeri al is then
recovered, for exanple by filtration or centrifugation, and washed and

dried. The r[@84T)t i ng Inpreeandheriesntiodenertad mireddnettl cande srmeyamdjb}ecaaf greater

t han 200C, preferably greater than 300C, . and _nore fer reater 400C,
and nost pr el?r%?‘ﬁ’bﬂpngr’g‘é?‘é"reot‘ﬁé‘ﬂ“ﬁ%@mwl%gf%ﬁp %p‘@gﬁa?‘i’%ﬂe [ 0049]

The catal yst, 6qunosidd8ncplo éolﬂgltio'ﬁggmﬁ'c%ﬂt{on&h%lzdé%(:1§‘{31¥tlcﬁf]0x| diig ! ecul ar

si eves preV|ous y descr one Or nore ac descrlbed

above, opti gieddrioriof gt sodid oriddmateHbRORIch a0l ae dd@itidno BRIk al di fferent
fromthe active nmetal oxi de(s% Typi cal | y, the weight ratio of the active
metal  oxi ddyydyoxids errmmpniapuhydroxidey éhe temmeatcrataamh thebiguidimedivmi s in t he

range of fram. L EhalbuRSy 68 e BRSoISt ARkl S bo-CHS o2, e S el o

resuiting gel is then hydrothermally treated at temperatures between 50 and 100
°C for several days. The hydrothermal treatment typically takes place at greater
than atmospheric pressure.

10048] The resulting material is then recovered, for example by filtration or
centrifugation, and washed and dried. The resulting material is then calcined at a
temperature of greater than 200°C, preferably greater than 300°C, and more

preferably greater 400°C, and most preferably greater than 450°C.

Molecular Sieve Composition

[0049] The catalyst composition of the invention includes any one of the
molecular sieves previously described and one or more active metal oxides
described above, optionally together with a binder and/or matrix material different
from the active metal oxide(s). Typically, the weight ratio of the active metal
oxide(s) to the molecular sieve in the catalyst composition is in the range of from
1 weight percent to 800 wetght percent, such as from 5 weight percent to 200
weight percent, particularly from 10 weight percent to 100 weight percent.

[0050] There are many different binders that are useful in forming catalyst

compositions. Non-limiting examples of binders that are useful alone or in



wei ght percent,
[ 0050] There are many different binders that are useful

particularly from 10 wei ght percent to 100 wei ght percent.
in formng catal yst

conpositions. Non-limting exanples of binders that are useful alone or in 2

8 AUG 2006

-13 conbi nation include various types of hydrated al um

na

'silicas, and/or other inorganic oxide sols. One preferred al udibril6 2006
containing sot is alum num chlorhydrolL. 3The inorganic oxide sol acts like
gl ue binding the synthesized nolecular sieves and other materials
the matrix together, particularly after thermal treatnment. Upon he
the inorganic oxide sol, preferably having a ow viscosity, is con

r i . i i 0 ek - jna so] wll
convert to an a 1%%?%%%%3%%?%8@% (g}gﬁny?jf)a\}mé:ér%uﬁégafm{hr&ésé n%/ﬂ .tHElplOOSll]
| PbFssicobxid@ sdly.d0ax pledéridl AhmitatidnaRafesblSOhluniMihai ni ng a

unter ion, has the general fornmula of Al.O'(OH)0C o x(H20
wher ei n m i schlothyd@d, Theimorganic 8xidesélsict like ghag bipding the symtheSizedand x is 0 to

into an i no

Al um num ch
chloride co

30. In one

such as
ating,
verted

enbodi yrent, the bj nder i g AL11904(COH)24C1, 12( H20), as .is. descri bed
"n' G M Vil CEPIFEHIAT Sievey and clfianatesialy S @?.ﬂgf‘awatr@a@&?t.ﬁ% P@%w@s@%gﬂ%s- 144

(1993), whi
one oOor nore

boehm t e,

trihydroxid
m xtures, . th

sot, predom Bapkh%

'silicon. .,In
treating an
preferably

ety M Gheh TR BN e Mok e ool PR IEL PR o
exanmpl es  ofyigdddity,i8 coBVeledantd afiisdtgasic akidaTbing®r eXmMPoittheXFsteexatiphd, Wil na,

di aspore, and transitional alum nas such as a-alum na, 0-alum na,
' Y-al um na, dumgiagel mall cenertmianalunxinuinaxideabinderdodowinglieatireaginemti num

IeSH°"  Somuhinm chBrmaPSChbyon e i o Bised R o o

yet another e
Al ndO1d), 0 eb (B, ©) whernehmas 1 ps 2Qdoisdhiers, bés 5 we 46, rain 2a6i1d,
an acid tha es not contain a_ hal ogen

and
um. na

%a%@fdeﬁ?ﬂﬂteﬁioﬂrﬁ)dy’lﬁé pxleda fopiih @pal Iy including sone

odi nent, the“binder i's peptized al unmi na nade by

repare a sol or

hat d | ot
al uni num i ordnd & iglite30. I‘IB%D‘F eRpedipgnb thekinder 16#“1396%.3@?7&1 GLQA)agis abl e

col | oi dal'. a
Co., Napervi

i nol’s, acol aval
144 (1993), which is herein incorporated by reference. In another embodiment,

one or more binders are combined with one or more other non-limiting examples
of alumina materials such as aluminum oxyhydroxide, y-alumina, boehmite,
diaspore, and transitional aluminas such as a-alumina, §-alumina, y-alumina, 8-
alumina, g-alumina, k-alumina, and p-alumina, aluminum trihydroxide, such as
gibbsite, bayerite, nordstrandite, doyelite, and mixtures thereof.

[0052] In another embodiment, the binder is an alumina sol, predominantly
comprising ailuminum oxide, optionally including some silicon. In yet another
embodiment, the binder is peptized alumina made by treating an alumina hydrate,
such as pseudobohemite, with an acid, preferably an acid that does not contain a
halogen, to prepare a sol or aluminum ion solution. Non-limiting examples of
commercially available colloidal alumina sols include Nalco 8676 available from
Nalco Chemical Co., Naperville, Illinois, and Nyacol AL20DW available from
Nyacol Nano Technologies, Inc., Ashland, Massachussetts.

[0053] Where the catalyst composition contains a matrix material, this is
preferably different from the active metal oxide and any binder. Matrix materials

are typically effective in reducing overall catalyst cost, acting as thermal sinks to

AL IRASREN higRahEl 5P SRSarald ablie yomy Malogo Cher cal



Nyacol Nano Technol ogi es, Inc., Ashland, Massachussetts. 100531 Were the
catal yst conposition contains a matrix material, this is preferably
different fromthe active netal oxide and any binder. MatriXx natq{$§h§mw9re
typically effective in reducing overall catalyst cost, acting as er na
sinks to 2 8 AUG 2006 -14 assist in shielding heat fromthe catal yst
conposition for exanple during regener-at4-on, densifying the catalyst
conposition, and increasing catalyst strength such as crush strength and
attrition resistance. [0054] Non-limting exanples of matrix materials

i ncl ude one or nore non- active netal oxides including beryllia, quartz,

silica or S°E§sist‘iﬂf§11i!3]d>fﬁ%’ﬁé%§frbH)%@,@{nalgs{ wmugﬁmm for ékzlrﬁq?é‘d esi a, .
silica-zirconia, silica-titania, silic¢a-al na and silica-al um na-thori a.

I n an enbodi pRgeherativhdexsifiihg tHeadatalyst eompbsitiah, abddyGessimgcatahyst bierggh f rom t he
famlies of nontnorillonite and kaolin. These natural clays include

subbent oni t eSudines aragsdrerad and sttiHensesidanceor exanpl e, Di xi e, MNamee,

Georgi a and ida c . Non-limting exanpl es. of. gther matrix materials
i ncl ude hal o&‘ﬁ@, ka%@“ﬁf‘?@?g&f‘%‘m’ﬁe@? ﬂ?&rﬁ%?‘m&% lﬁﬁgﬂ&??ee(?r A& Ndt r i x
material,  syghyAnel Gia¥ infRYinE DesHih &FRALY, &iBca sbisk RMRiREL Iuefe%tf,: on
Freat mont . [ Q0% siipr mberedsibaittoniatsiiGani) shor-shbémad |5 a ol ay
. 14A- 1 111 1h0a-
or a clay- type conposition, particularly a clay or clay-type conposition
havi ng a | owsiliegnlungipahariniln ap smbedimentpatiygnatgrials aredistural ghaysisuel i x
material is kaqli N t (o] | hi gh solids
content sl ur?%/?’ofé;frﬁ}é\?tgé gﬁ;@\%ﬁfrn@gﬁt&c&ﬁ@agﬁ %%%@@'%gggﬁg%%ﬁla %get her

easily due tgclide sabBdnebifies 8hd tHobdlkolind kRORhaS! R exANSE ANRid MINh&, Si ze of
the matrix material, nost preferably kaolin, is fromabout 0.1 mto about

0.6 mwith aGeagipand Fletida slays Ntinslimiting éxempdés dfetlser mimgmix migtemialsl m [ 0056]
Were the catal ys onposi ti.an ¢ontai ns .a bi nder, or trix materjal, the
catal yst  conPoLEMBEYs ekt SRR G Herify BRI, BBOPALTHRES% f om 596 1 o
60% and par Lichusaday, b BeIkbielted B tvelkotBindRbaifbarldiroRE S tha a1 eve based

0
calcination and/or acid treatment and/or chemical treatment.

[0055] In a preferred embodiment, the matrix material is a clay or a clay-
type composition, particularly a clay or clay-type composition having a low iron
or titania content, and most preferably the matrix material 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 about
0.1 um to about 0.6 um with a Dy, particle size distribution of less than about 1
pm.

[0056] Where the catalyst composition contains a binder or matrix material,
the catalyst composition typically contains from 1% to 80%, such as from 5% to
60%, and particularly from 5% to 50%, by weight of the molecular sieve based on
the total weight of the catalyst composition.

[0057] Where the catalyst composition contains a binder and a matrix
material, the weight ratio of the binder to the matrix material is typically from
1:15 to 1:5, such as from 1:10 to 1:4, and particularly from 1:6to 1:5. The

amount of binder 1s typically from 2% by weight to 30% by weight, such as from



the total weight of the catal yst conposition. [0057] Where the catal yst
conposition contains a binder and a matrix material, the weight 'ZaBtAlLB s
the binder to the matrix material is typically from 1:15 to 1:5, suc
from1:10 to 1:4, and particularly from1:6 to 1:5. The anount of binder is
typically from 2% by weight to 30% by wei ght, such as from2 8 AUG 2006 -
15 5% by wei ght to 20% by wei ght, and pdit-icularly from 7% by wei ght to 15%
by weight, based. on the total weight of the binder, the nol ecul ar sieve
and matrix material. It has been found that a higher sieve content and

| ower matri x content increases the nol ecul ar si eve catal yst conposition

per f or mance, syQF @aghero 298 by v Bflorfi7eh vua%ﬂmmrbt yent

i nproves the attri t| on resi s%(ance of the corrp05| ti oﬁy 58] The cat al yst
conposi ti on wyjghtdlabgd drathe dotdewsight/of the bhmler, ahtgnobtulaxr&)me dhdomggricc to 5

g/ cc, such as fromfromO0.6. g/ to 5. g/cc, for exanple fromO0.7 g/cc to 4
g/ cc, parti ci!i‘Fi'Ei’FllaU] ﬁt hag 8]‘\'&@816 a hight gevs “@Ptﬁ’f‘t? lowgr aﬁtrlwrﬁ of Maki ng
The Cat al yst C t he

nmol ecul ar sfél\%g?és% %%’n% CL%%}%LEL&‘W& mtsnl%n SI caﬁce %H%g& Oﬁ}rt he G oup
2 nmetal oxi dgetesdnidn®and hidhevMatrix contdn i Fﬂaﬂvé@tﬂé Qtt@tﬁqrﬁ‘e@iéﬁhn@e 8fthe G oup 3
netal oxides, preferably in a substantially dry, dried, or calcined state.
Most pref era&tﬂprShmnnol ecul ar sieve and active netal OXI des are physically

m xed in thejr_cal ci d st te W t hout Dbei nd by, partjcul ar
theory, it @Oﬁéh i eve y’ftﬁf’?‘&?ﬁflélom)ﬂﬂ‘??&?’&fa ensifyiin %‘Pgeg é\?’é‘ and one

t t.al
w0l toutarsi G0 Reap s%“f?f‘;ﬂ’ B A R T S L

CIntimate ni xonridgg/eqpahubely ia\iedrahye af fronEd. Sl@d:ckdﬂﬁ\gfbcl n the art, such as
mxing wth a mxer nuller, drum m xer, ribbon/paddle bl ender, kneader, or

the like. Chem cal reaction betvveen the m)l ecul ar sieve and the netal
oxi de(s) is s not preferred. [0060] Were the

cat al yst ; .CO HS ® binder, the
[0059}) In making the catalyst composition, the molecular sieve is first

formed and is then physically mixed with the Group 2 metal oxide described
above, or with a mixture of Group 2 and Group 3 metal oxides, preferably in a
substantially dry, dried, or calcined state. Most preferably the molecular sieve and
active metal oxides are physically mixed in their calcined state. Without being
bound by any particular theory, it is believed that intimate mixing of the molecular
sieve and one or more active metal oxides improves conversion processes using
the molecular sieve composition and catalyst composition of the invention.
Intimate mixing can be achieved by any method known in the art, such as mixing
with a mixer muller, drum mixer, ribbon/paddie blender, kneader, or the like.
Chemical reaction between the molecular sieve and the metal oxide(s) is
unnecessary and, in general, is not preferred.

[0060] 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



nol ecul ar sieve is conveniently initially fornmulated into a catal yst
precursor with the matrix and/or binder and the active netal oxide is then
conbined with the formulated precursor. The active netal oxide czgnAL;Eeztmdded
~as unsupported particles or can be added in conbination with a support,
such as a binder or matrix material. The resultant catal yst conposition can
then be formed into useful 2 B AUG 20069¢-16 shaped and sized particles by
wel | - known techni ques such as spray drying, pelletizing, extrusion, and the
i ke. [0061] In one enbodi nent, the nolecul ar sieve conposition and the
matrix material, optionally with a binder, are conbined with a liquid to
forma slurry an hen, m xed 10 duce.a,subst antial | y hpnogeneous m xture
containing t épe%i‘%ﬁeidagmﬁ?lg%éy %%QWit?ﬁbpl%ﬁﬂqﬁ’rﬁsﬁp c&&‘& | es of

suitable Ii ?Elléﬁzihgcéﬂﬁ%ion"‘%@&e j@kcohol , ketones, aldehydes, and/or esters.
The nost preferred liquid is water. The slurry of the nolecul ar sieve

conposi tion,[0béljder dndnewtrtiodimattahe alolecular sleea chmgoditomandtheinggrixini t, such
as spray drier, that fornms the catalyst conposition into the required

shape, for enr@lgppleopienadyrith abindenampombined witk a dignid:iq farm gishyry andt al yst
conposition js for in.a. s Nt al | [ r..drie t.ate,.to further

har den and/ 3{36 r(’:’f’fe\r;ég? (gr?chuge]a osﬁﬁ'éénahailgt% aorrég?n%éggﬂgé{ ?o(f‘}],%algmﬁéﬂé? treat nent
such as cal Ghgatilsievd codipRitRMaNh-lih ARk Jf SuiialibydPaichaemed.

Typi cal calcination tenperatures are in the range from400C to 1, 000C, such

as from 5006vater, 8l80ly], ketpnesy aldphades randior 85013, tThe 20T prefymedhduid & ci nat i on

envi ronnent s areﬁ;er (which may include a small unt of water vapor),
I

ni trogen, he¥defm YT § th@é’éﬁ}%‘éﬁrisﬁ‘(eﬁP@BBEPOP’e}gH&TiaﬁdM@’éW?DG’r any
conbi nation{ ﬁ‘:%hg«g teo[daolﬂagﬂnré 1{1}}1@ 5@&?&%?&%&@32{%& t}%etx{lg?i&?fs?t al yst

conposition1s n at "a‘tenperature o 600C to 700C.

Heating is gafpbsidof kitoftied requirb®etapel, fof etanifle Migogperes. f rom 30 m nutes to 15
hours, such as from1 hour to 10 hours, for exanple from1 hour to 5 hours,
and particull62} fr ofneeRbmelacalansichoeatalyst composition is formed in a

substantially dry or dried state, to further harden and/or activate the formed
catalyst composition, a heat treatment such as calcination, at an elevated
temperature is usually performed. Typical calcination temperatures are in the
range from 400°C to 1,000°C, such as from 500°C to 800°C, for example from
550°C to 700°C. Typical calcination environments are air (which may include a
smal]l amount of water vapor), nitrogen, helium, flue gas (combustion product lean
in oxygen), or any combination thereof.

[0063] In a preferred embodiment, the catalyst composition is heated in
nitrogen at a temperature of from 600°C to 700°C. Heating is carried out for a
period of time typically from 30 minutes to 15 hours, such as from 1 hour to 10
hours, for example from 1 hour to 5 hours, and particularly from 2 hours to 4

hours.

Process For Using the Molecular Sieve Catalyst Compositions

[0064] The catalyst compositions described above are useful in a variety of
processes including cracking, of for example a naphtha feed to light olefin(s) (U.S,
Patent No. 6,300,537) or higher molecular weight (MW) hydrocarbons to lower

MW hydrocarbons; hydrocracking, of for example heavy petroleum and/or cyclic



Process For Using the Ml ecul ar Sieve Catal yst Conpositions [0064] The
cat al yst conpositions descri bed above are useful in a variety of processes
i ncl udi ng cracking, of for exanple a naphtha feed to |ight olefin sb 5 . S.
Patent No. 6,300,537) or higher nolecul ar wei ght (MY hydrocar bdnAb Mlbower
MW hydr ocar bons; hydrocracki ng, of for exanple heavy petrol eum and/or cyclic
2 B AUG 2006 -17 feedstock; isonerizatipn, of for exanple aromatics such as
xyl ene; polynerization, of for exanple one or nore olefin(s) to produce a
pol ymer product; reform ng; hydrogenation; dehydrogenation; dewaxing, of
for exanple hydrocarbons to renmove straight chain paraffins; absorption, of

for  CXaP! e Bldtdek: R AT fort BRR UAp QLo AARATAL by | SOTSr s ther eof

al kyl ati on, exanp aromat’i c rocarbons such a$ benzene and aIkyI

benzene, optpomﬁéﬂlzatm;dsffopmmﬂlem bmpfeaﬂe@:f{s)cmrmﬁtﬁmera poilfrer! ong chain

ol efins; transal kylation, of for exanple a conbination of aromatic and

pol yal kyl ar preduct: miqmmmmdmenat@aadw'dmgenﬂwrh;iqwmeg,wﬂfmawaumle

di sproporti e .toluen axyl ene;

t
S I Ay B B A e R R R gt
dehyd |
ehydr ocycl igahkNeorkORBSES § ELAERAh RIGRAS SRR IINABIB OF RIS

convertlng naphtha to highly aro C m xtures erting

to gasol i neardhhaid hydbesb@nduch sbsaneand Hid atloy benzdns gomionaknaids to

ol efin(s); converting light paraffins to olefins and/or aromatics; and:
converting BFEiencdediodicd comgReen¥ith kangyahaineolefies; ansafiadatianenklort o

| dehydes f | cahol d 00661 Th
or et ot rd prowiel ol AR AR L lp R ER BRatotcast ook to one

. orgmore ol eHbakﬂ)anofbawde@delcyhzahbﬁ d@ﬁeﬁér@@mf&nbﬁfdﬂ«%xﬂﬂﬂe%lumrt%
allphat|¢ cont al ni ng conpounds, d preferably one or nore oxygenates, such

that the almqkhdot:nzmmnélpyrawhnam&omenmtmm of fiveusmple straighvomdat ons,

B ome, "ant HGEhes S1ah Gy R Eh GO AEFUU at one. 10067] Nom-!imiting

exanpl es Of [(ﬁﬂi'Sl] abl e P?éﬂsﬁ?&?}gl'ogesgtgs%l@fuak BH)CE%@P%QGEvertmg naphtha to
highly aromatic mixtures; converting light olefin(s) to gasoline, distillates and |
lubricants; converting oxygenates to olefin(s); converting light paraffins to olefins
and/or aromatics; and converting unsaturated hydrocarbons (ethylene and/or
acetylene) to aldehydes for conversion into alcohols, acids and esters.
[0066] 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.
[0067] Non-limiting examples of suitable aliphatic-containing compounds
include alcohols such as methanol and ethanol, alkyl mercaptans such as methyl
mercaptan and ethyl mercaptan, alkyl sulfides such as methyl sulfide, alkylamines
such as methylamine, alkyl ethers such as dimethyl ether, diethy] ether and
methylethyl ether, alkyl halides such as methyl chloride and ethyl chloride, alkyl
ketones such as dimethyl ketone, formaldehydes, and various acids such as acetic

acid. Preferably, the feedstock comprises methanol, ethanol, dimethyl ether,



i ncl ude al cohol s such as nethanol and et hanol, al kyl nercaptans such as
met hyl nmercaptan and et hyl nercaptan, al kyl sulfides such as nethyl

sul fide, alkylam nes such as nethylam ne, al kyl ethers such as ngﬁﬁﬁﬁym
ether, diethyl ether and nethylethyl ether, alkyl halides such a

chl oride and ethyl chloride, alkyl ketones such as dinethyl ketone,

for mal dehydes, and various aci ds such aggacetic acid. Preferably, the

f eedst ock conpri ses nethanol, ethanol, dinethyl ether, 2 8 AUG 2006 -18
di et hyl ether or a conbination thereof, nore preferably nethanol and/or

di rethyl ether, and nost preferably nethanol. [00681 Using the various

f eedst ocks d&i§ﬂ.&2§&gr @P?Ll&ﬂblpﬁt'iédh{ﬁg}eﬂﬂ or pr éi%lea‘ﬂgﬁ REthatd &)oPHe Y ion i s

oxygenate, suc S an e cat’a ys conpaos |on (0]

effective toetheued indsherefeggtds hetianpl.i marily into one or nore olefin(s).
The oIefin(sk produced typically have from2 to 30 carbon atons, preferably
2 to 8 carbol®0&8bns, Hsing tl'pfreﬁr@marﬁere;istgclrs)dl@wafrdﬁh@vatmulagbra| nor e

referably 2.tq 4 .car ons at ons r are et ene and/ or
P ool e serc it i kel siots iAol dhd s Chrosoen et on | o
e f ective  GneGamsebh idefREUSIPG sdﬁvexqmcare@aaec%&rly% ngygfRet es into a

product containing greater t wel ght percent, “typically greater than
60 wei ght peslefings). Theblefis(s) gfod&éartyphany B@ve/\ﬁmglﬁtom@rdaﬂ:rm at@ng] preferably
greater than 80 weight percent of ol efin( séibased on the total weight of
hydr ocar bon Rraferaidy grte §setbon e viare preferabbindtank casboreatagsesid! mare/ or

propyl ene pr.od qn the tota h carb in the product
is typicall ypratée%ﬂ%?q?ﬁcﬁr Eﬁseré’ffﬁn%" ’e]PEte’%F%erqc‘i)&aree? E?ﬂeean %Later than 50
wei ght per ceibp @ﬁ@ferably greater than 65 weight percent, and nore
preferably greater than 78 wei ght percent. Typically, the anount ethylene
produced i n [@@6Yht pe’meilybd]s@dtabrstmbmp@smai ofbi ghventién tsyefifectar oon  product
produced, is great r thap 20 weig ercent, such as greater than 30 weight
per cent , forcoé‘yﬁ‘ﬁﬁ iteeds Pégfertﬂwrrsaqo rvrré?fgrﬂxygeraéeﬁflwwo R4 CPMBIRING he

amount of  prOPYLEAG BY QLS Per Bt/ p i1y RELAE thaP 86 GRighl pdrBént! Qlctlas Vel ght  Of

greater than 70 weight percent, and preferably greater than 80 weight percent of
olefin(s) based on the total weight of hydrocarbon in the product. Moreover, the
amount of ethylene and/or propylene produced based on the total weight of
hydrocarbon in the product is typically greater than 40 weight percent, for
example greater than 50 weight percent, preferably greater than 65 weight percent,
and more preferably greater than 78 weight percent. Typically, the amount
ethylene produced in weight percent based on the total weight of hydrocarbon
product produced, is greater than 20 weight percent, such as greater than 30
weight percent, for example greater than 40 weight percent. In addition, the
amount of propylene produced in weight percent based on the total weight of

~ hydrocarbon product produced is greater than 20 weight percent, such as greater
than 25 weight percent, for example greater than 30 weight percent, and preferably
greater than 35 weight percent.
[0070] Using the catalyst composition of the invention for the conversion of
a feedstock comprising methanol and dimethylether to ethylene and propylene, it
is found that the production of ethane and propane is reduced by greater than 10%,

such as greater than 20%, for example greater than 30%, and particularly in the



hydr ocar bon product produced is greater than 20 wei ght percent, such as
greater than 25 weight percent, for exanple greater than 30 wei ght percent,
and preferably greater than 35 weight percent. [0070] Using the%@aﬁsﬂsﬁl&ﬂﬂﬁt
.conposition of the invention for the conversion of a feedstock conprising
met hanol and di net hyl ether to ethylene and propylene, it 1is found that the
production of ethane and propane is redgged by greater than 10% such as
greater than 20% for exanple greater than 30% and particularly inthe 2 8
AUG 2006 -19 range of from 30%to 40% conpared to a simlar catalyst
conposition at the sane conversion conditions but wthout the active netal

oxi de COWDOW%HEc% 81 fro Oﬁ)ﬁﬁuo ﬁ(ﬁ%%@ﬁ'lg%}e‘a% LQirhilg cgfém.@@@ﬁlﬁ?sg@&p irigﬂtsamé uch as

met hanol , the eedstock may contain one or nore “dilue are

gener al | y notonvestdn aoaditions bhewitkewishoadtive mevallogidel coimppinemés)cat al yst
conposition and are tlypi cally used to reduce the concentration of the
f eedst ock. NOBZ1) ni t i IRpdditionp dlae fyrenate epmBonenhShekies methaneh ther gon,
nitrogen, carbon ponoxide,. carbon digxid ter essentially.non-reactive
par af 11 ns ( QSR somiainsRe of o e, wHicH at eerdA oo resbielte)
essential |y ROfc8BEE by MoRAMRbibe EARRSUMosARH aﬁuéﬁe&gs_ﬁaﬂmgéa%- The nost
preferred diluents are water and nitrdgen, wWth water being particularly
preferred. [ro@¥2]thd bencenestiéot offthe feedstoclanNbe liantingletantbleyef dilienisde r ange of
tenperatures, such as in the range of from 200C to 100QC, for exanple from
250C to 8ooanclhde helmpareen mitsegsn, ¢asbammoroxide, GorbRn&MRNIJE.MYaH 300C to  650C,

prefer abl v LOmai00ol SR 0C AN ISR SHARLY R AN AAC  SheraSats [ 0073]

Simlarly, t rocess can condu over -a w de€ ran

. pressur es i fgbpie @sstntiQL Ao Fealli 06 Slohfitic ERpE@dsyard@ixpaves tiRkedr essur e of

tthe feedstock exclusive of any diluent therein enployed in the process is
i n t he.rangelheghodt posfeded ditwats are vetevRad pitpagsheowidb Water beingpaktitadartyo 1 MPaa,
and nore prp%fgl[rggl y from 20 kPaa to 500 kPaa. '

[0072] 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.

[0073] 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.

[0074] The weight hourly space velocity (WHSV), defined as the total
weight of feedstock excluding any diluents per hour per weight of molecular sieve
in the catalyst composition, can range from 1 hr' to 5000 hr”, preferably from 2
hr? to 3000 hr'', more preferably from 5 hr' to 1500 hr”, and most preferably from
10 hr' to 1000 hr'. In one embodiment, the WHSV is at least 20 hr'' and, where

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

hr' to 300 hr''.



[0074] The wei ght hourly space velocity (WHSV), defined as the total weight
of feedstock excluding any diluents per hour per weight of nnlei%I @hfve
in the catal yst conposition, can range froml hr"' to 5000 hr-"; Hﬁ@f abl y
from2 hr"' to 3000 hr"', nore preferably from5 hr"' to 1500 hr"', and
nost preferably from 10 hr' to 1000 hr-'. In one enbodinment, the WHSV is at
| east 20 hr"' and, where the feedstock2gontains nethanol and/or dinethyl
ether, is in the range of from20 hr-' to 300 hr"'. 2 8 AUG 2006 -20

[ 0075] The process of the invention is conveniently conducted as a fixed bed
process, or nore typically as a fluidized bed process (including a turbulent

bed h [ i, cld gcul arl
€ procesg}mz]s;]uc Phéprol 'o?HfEHﬁvéddchq'é %&Rxeﬁ%ﬂt]?%@%ﬁ%ﬁdlﬁ'&qﬁﬁ&%«ﬁcu arty

a continuou I'gh velocity fluidized bed process. n one practi cal
enbodi ment, prbeespraceas typicabnaicfieidizad bad prosegdi(rethdiled typbalemswdut i | i zi ng a
reactor system a regeneration systemand a recovery _system In such a
process, fr@secesdeguthosia cansnnarivigizod bed presessrandarastieilaliemeqniinuouy s f ed

toget her with ,the ol gcul.ar, . si.eve catal yst conposition into one or nore
riser react3‘?%}53’&?%ﬁg}gﬂzeeélcqegrpr%%?ﬁ'em The feedstock is converted in the
rvser react[@@j’(@) I nyg o%e%?a’%ﬁ@él%nﬁofdiﬂ%éﬂtthEB%ce?s%%ﬁdlfbtéﬂ 2e0agi-0g vessel
in the reactor 'systemaldng with the coked catal yst conposition. The coked

catal yst cdep psedesoutilizng e peacatr agstemoardghrergimesyssenehfid aeswovenyt hi n t he

di sengagi ng vessel, typically with the aid of cyclones, and js then fed to
a strippi ng sY8a@; Ingpeleapracesssfrgsh fegdaockoaptionsy orith ere or mersgilyemts)vessel |
In the strippj co St Lf:on.i.s contacted with a
gas, such stmg%ﬁ] O%F%a‘&gﬁ%eaﬁrgglg%&% %%(‘i}é ea:[al Sg?gﬁﬁbélhgﬂb&?gg?oté rr.eogen, and/ or

an{ i nert gagsisgiiehctdf(spindBe reaRioekt@h! The F@aock & con®@&@dEn tRelfrbed
hydr ocarbons fromthe coked catal yst conmposition that is then introduced

into the regewxtrtditn agaseamel{l @Dy Hat enterskredisangagiog ae$sshinghs teantor he coked

catal yst conposition is .contacted with a regeneratjon nmedium preferably a
gas containf e@%&WIthﬁ%9°tke$§@t€Wé?%?E?%‘tP n&%‘l"ic(?k%‘p‘é%tﬁlé{ﬁtl e of burning

coke from t RE,50kRHN §PLePhitdld 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 steam, methane, carbon dioxide, carbon
monoxide, hydrogen, and/or an inert gas such as argon, preferably steam, to
recover adsorbed hydrocarbons from the coked catalyst composition that is then
introduced into the regeneration system.

[0077] 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.

[0078) The regenerated catalyst composition withdrawn from the

regeneration system is combined with fresh molecular sieve catalyst composition



conposition, preferably to a level less than 0.5 wei ght percent based on the
total weight of the coked nol ecul ar sieve catal yst conposition entering the
regeneration system For exanple, the regeneration conditions naz i@@B@ﬁ@
.tenperature in the range of from450C to 750C, and preferably fr #1 to
700C. [0078] The regenerated catal yst conposition wthdrawn fromthe
regeneration systemis conbined with f¥r2kh nol ecul ar sieve catal yst
conposition 2 8 AUG 2006 -21 and/or re-circul ated nol ecul ar sieve catal yst
conposition and/ or feedstock and/or fresh gas or liquids, and returned to
the riser reactor(s). [00791 The gaseous effluent is wthdrawm fromthe

di sengagi ng aadairesicaoslated snglecasadidvercatadiist dorh fEHIN®RT dhdfdrFeeistidcRang®par at i ng
and purifying the light olefin(s), particularly ethylene and propylene, in
t he gaseous fegshigaenr 1qudag0f rétumed ¢o theatser rraftoebodi nent, the process of the

invention f art ..of an in rat ed pyocess for producing light olefin(s
:‘ r\(;m aI hydr ghﬁ%gn f%o@f??é‘k ,ehﬁgflﬁsc‘ﬁll Yo E@Fh'g‘ﬁgg)s&ﬂ%éjg&l?g H?Iﬂg]%‘?d The :‘ i ﬁs%
step in the; j i : e - . bly in ‘
conginationlgpgﬁagaggﬁg}Q@%?%gﬂf§#§mgaﬁfﬁﬁégéggg%gﬁgﬁFlﬂhgg éatoyproduce a

synthesi s gagefii(s)e paptichMfly etlylene cadpriBidg, inche gaseodd effiuel®, car bon nonoxi de
and hydrogen. The synthesis gas streamis then converted to an oxygenate
cont ai ni ng 4008 m gedepa¢ pxachical embedisnanaghoprasess oftiks wverjimdonss part al yst.,
typically a copper based catal yst, at .t I r.e in.the ange of from 150C
o 4E0C and LB PaERARE Hraeen b Pidye o Y BIREREm B b Ocsbll s e |
puri ficati ofeedshRk SPRrEANAM Eme@Rhahi/Bbe Ak ArRCHSt é?é“p #43868pRRes is f eedstock in
a process as descri'bed above for producing |ight oIefln(sy, such as

. et hyl ene angassingthe ppécene feelistoel, ipneferably mcamiliegionfwittha svalensieganatted process

are described in EP-B-0 933 345, which_ is herein fully incorporated by
ref erence. SYRRASProqustign genete presuse maynthesin gayiiraea i GH¥ compsisingonal | y

conti ned 1 Ly Wl AL S RLRESH R IR ARRIE B ),

vari ous .b0| ¥&h®irietd 3o an oxygenate containing stream generally by contacting with a
heterogeneous catalyst, typically a copper based catalyst, at temperature in the
range of from 150°C to 450°C and a pressure in the range of from 5 MPa to 10
MPa. After 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.
[0081] In another more fully integrated process, optionally combined with
the integrated processes described above, the olefin(s) produced are directed io
one or more polymerization processes for producing various polyolefins.

[0082] In order to provide a better understanding of the present invention

including representative advantages thereof, the following examples are offered.

Example A - Preparation of a Molecular Sieve

[0083] A silicoaluminophosphate molecular sieve, SAPO-34, designated as
MSA, was crystallized in the presence of tetraethyl ammonium hydroxide (R1)
and dipropylamine (R2) as the organic structure directing agents or templating

agents. A mixture of the following mole ratio composition:



100821 In order to provide a better understanding of the present invention

i ncl udi ng representative advantages thereof, the foll ow ng exanples are
offered. Exanple A - Preparation of a Ml ecular Sieve [0083] A AUG 2006

-si | i coal um nophosphat e nol ecul ar si eve, SAPO 34, designated as I\;BBA, was
crystallized in the presence of tetraethyl ammoni um hydroxide (RI') and

di propyl ami ne (R2) as the organic struef@re directing agents or tenplating
agents. A mxture of the following nole ratio conposition: 2 8 AUG 2006 -22
0.2 SI2 / Al12G3/ P20/ 0.9 Rl / 1.5 R2 / 50 H20. was prepared by initially
m xi ng an anount of Condea Pural SB with deionised water, to forma slurry.
To this slurry was added.2a&10amwd,/@Op DS BIgNLERA¢KIH,085%) . These
additions were made with stirring to forma honogeneous m xture. To this
honobgeneous wisxprgpered by oxt:ABA Mixing @ @mognO) Candea Ruwk 8B with Heinrided by t he

addition of Rl with mxi.ng tQ. forma hono ous m xt . To this
honogeneous Y#&E &9 gor@a myag&é&sral‘mysw %gﬁgaﬁ’é’u% ‘%@Pép ac¥en
crystallize o8N i i i i S : ing to
e for a0 R TREAE AR Wrule Wi @b {fioBiedl migdle 10 |

sieve. The cTystahamygEheous himurednpror tesH0f(d0%h dfiseOnPlieidded ofellb wby
filtration. The nol ecul ar sieve crystals were then mxed wth a binder and

mat ri x nat ertiyahe additipn piBd with mixag t9 fires ymogspeeys niixpirag Togkianpl e B -
Conver si on Process 00841 ah:Z Cata?:dgéiﬁ Qr__conversion datag esented were
obt ai ned usiMPPEBEPHEIBKIEHALEE oNBI SPMQEENsOUS mix e WasbeR ool react or
(174 inch (QrAd:168d Qith ShitatndNBllileb Q480 GobRyvAb] HEMR qoth?%fo?govapor' zed
nmet hanol is fed. The methano conversion reactions were€ preforned at 475C,
25! psi g (172okRagihiapdvided a skHBVof thietchystadipembletaat sievearThendrysisls SARO- 34) .
The typical charge of _fornmul ated SAPO 34 described jn Exanple A was 95 ng
and the readkdyschamteddiom ghe megr liaver by Biration Thamelesulappigve Fysalsi ni ze t he
reacti on exQlef Bt/ LRI and Rt L Gh ha rdifbea 116 paAlA Y

e ot ecurar

;
conposition o I'Avention, e
spray drying.

Example B - Conversion Process

[0084] All catalytic or conversion data presented were obtained using a
microflow reactor consisting of a stainless steel reactor (1/4 inch (0.64 cm) outer
diameter) located in a furnace to which vaporized methanol is fed. The methanol
conversion reactions were preformed at 475°C, 25 psig (172 kPag) and 100
WHSV (with respect to the amount of SAPO-34). The typical charge of
formulated SAPO 34 described in Example A was 85 mg and the reactor bed was
diluted with 1 gram of quartz sand to minimize the reaction exotherm in the
reactor. In particular, for the catalyst composition of the invention, the molecular
sieve and metal oxide, a physical mixture of the MSA molecular sieve of Example
A and the active metal oxide was used.

|0085] The effluent from the reactor was collected in a 15-sample loop
Valco valve. The collected samples were analyzed by on-line gas chromatography
(Hewlett Packard 6890) equipped with a flame ionization detector. The

chromatographic column used was a Q-column. The response factors used are

listed in the following Table 1.



sieve and netal oxide, a physical mxture of the MSA nol ecul ar sieve of
Exanple A and the active netal oxide was used. 100851 The effluent fromthe
reactor was collected in a 15-sanple |oop Valco valve. The col | e@tBeli6 2006
.sanpl es were anal yzed by on-line gas chromat ography (Hew ett Packard 6890)
equi pped with a flanme ionization detector. The chromatographic colum used
was a Q columm. The response factors usettare listed in the foll om ng Tabl e
1. 2 8 AU6100b - 23 Table 1 C, C CZ C3 C3 CH3OH (CH3)20 Ca's C' s C6 is
Cr's 1.103 1.000 1.070 1.003 3.035 2.639 0.993 0.999 11.006 00861 The
terms " C's, Co+, etc." refer to the nunber of carbons in the hydrocarbon.
Note that the selectivity designated as "Co+' s" consist of the sumof C5 s,
C6 'S and C7's. The wei ghed averages (select|V|ty) wer e cal cul ated based on
the following formula, x1*yl + (x2-x1)¥#Blel y2)/ 2+ (x3-x2)*(y2+ y3)/2 + ..., .
where x; and y; are yield and g nethanol fed/g nol ecul ar sieve,
respectively. Lifetime of catalysts (g nethanol/g nol ecul ar sieve) reported
i's methanol fhef = [C Ta€ = el daN aHHE ﬂﬁgge Orat [Roth & I'ehgli ne:
and VHSV werg repbrted u%gsedJ 1t¥he we"iqhtgcf3 he SAPO| 37 sileve. ﬁ%fhano
converted at|l.863s|1t000 [F0 [\WO0GHLOJ2r B3t qoBvEEsi|dNE3ng8.96911.680Nt0od|i n t he
cal cul ati onsl_Di thyll ethdr was ndt countled as.product,  instead it was

treated as unreacted nethanol in cal cul ati ng selectivity and conversions.

E)c()?rprrglsletll on E@ﬁ glt et?f Igrlrﬁglté 8 87%&' .n t081 ﬂ%g'ﬂwfggcaééhe 5 %I )éztscrl‘bed
i n Exanpl e Apydtbearbas.aNvelthiaie géléaw;lv dewgmemu@vct 2'st QohQ§tBfihesuneaet or  bed.
The results of this experinment in the reactor nd conditions di scussed

.above i n .Exa@ps,€B aad &, shdihn waighbdliverages CEalbttEVlB/) GereadcdateChaed onCos J CS+s
C2+3 Lifeti n&le

%l?owing formula, x,*y, + (%,-X,}* (¥, + Y /24 (X3-X,)*(y, T y)/2 + ..., whe;'e
x;and y; are yield and g methanol fed/g molecular sieve, respectively. Lifetime of
catalysts (g methanol/g molecular sieve) reported is methanol that was
cumulatively converted. Note that both the lifetime and WHSV were reported
based on the weight of the SAPO-34 sieve. Methanol converted at less than 10
weight percent conversions was not counted in the calculations. Dimethyl ether
was not counted as product, instead it was treated as unreacted methanol i

calculating selectivity and conversions.

Example 1 - Control Experiment

[0087] In this Example i, ihe catalyst composition consisted of a molecular
sieve, designated as MSA as described in Example A. The catalyst was 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 Table 2.

Table 2

C, C= | G [C=]|C | Cs |Cs's |C,=|Lifetime g/g

1.77 | 37.65 | 0.29 |39.80| 0.63 [13.04|6.82 |77.45 16.34




1 1.77 37.65 0.29 39.80 0.63 13.04 6.82 77.45 16.34 2 8 AUG 2006 -24
Exanple 2 - Preparation of MgO and Acet one Conversi on Measurenent [0088]
The MyO was prepared as follows. 5.0 g of MyO (98% ACS reagentl 8ghlibd®llf r om
Aldrich) was m xed with 150 m of deionized water to forma white slurry.
The white slurry was slowy heated to dryness on a heating plate. The dried
cake was broken into pieces and was greid#éd to a fine powder. The powder was
further dried in an oven at 120C for 12 hrs. The white powder was then
calcined at 550C in air for 3 hrs. Thus the prepared active nmetal oxide,
MyO, has a relatively high surface area (BET area of about 250 nR/g). The
MjO powders were sieved to get particles of various sizes. Particle sizes
between 75 to 150 micron were used in a conversion process as described in
Exanpl e B. [Bf8fpleéR 2Brepahtiviniof Mu(pad ddeip® Garrversian dMedsnrementgl ass t ube,
and the tube was connected to a vagéjumllne via a 9-mmOorin 8%1 oint. The

MyO was t henl0088lat ed Tlae Medwaserepapd antollonisc g odMaQ (F¥rae¥C¥acuum t o

e W0 vas S brddd i Bl S i P W RS O R SR R IRE BE  ne
was then | oaggiet 410649 a"heivmmsw% Wa 95wy Raidito Aynce OB @ﬁ&aﬁﬂ gtdlatdi I Or

noi sture. The sanpl e was | owed to stay at roomterrperature (about 25 Q)
for | hour pThe(ﬁnetdocaNWasrbad@unmnmcemanchwe$ groand éme &ns powderl 3BeNVR

Vagi ¢ Angl & PYIRH PR ARG LSl TP | O B QR oL PE VRS BOVRE RS g 1 -5
pul se del v dcifeqkAsio-Ll 530t nR0AhS iR rep UARLI L4001 © Pl oe

spectra were acquired using nore sc¢ans. The
test was repﬂg@?ﬂha@ﬁdelbﬁwyh’ﬁgh@furfa&EaréB(BMearcﬂ\aBalht%Otd‘izag) mmg@r age,
after 1 hour nore than 80% of acetone had been consuned. Exanple 3 -
Mol ecul ar smv@emenv@@\f[e@@@gt}t parsiclgsiof vesiewpiieess Partide pig¢sdeetivesn B teve

0
(1:gt a'lt g//os'lt\/ggoggi}g{élétq%n\ﬁg%nqssh 1n a con%ersm% perocess as descnﬁ‘éd 1n0Exam 1 /(iBOf bi nder and

[0089] 0.25 g of this prepared MgO was loaded into a glass tube, and the
tube was connected to a vacuum line via a 9-mm O-ring joint. The MgO was then
heated to 450°C and kept at 450°C for 2 hrs under vacuum to remove water from
the oxide. After cooling down to room temperature, 25°C, the MgO was saturated
with acetone-2-*C. The MgQ with adsorbed acetone-2-">C was then loaded into a
7-mm NMR rotor without any contact with air or moisture. The sample was
allowed to stay at room temperature (about 25 °C) for 1 hour prior to NMR
measurement of acetone conversion. “C NMR experiments were performed on a
200 MHz solid state NMR spectrometer with Magic Angle Spinning. Cross
polarization spectra were acquired using 1-s pulse delay, 2-ms contact time and
2000 scans. Quantitative single pulse spectra were acquired using 15-s pulse
delay and 400 or more scans. The test was repeated and results of the °C NMR

revealed that, on average, after 1 hour more than 80% of acetone had been

consumed.

Example 3 - Molecular Sieve and MgO

[0090] In this Example 3, the molecular sieve catalyst composition consisted

of 33.6 wt% of MSA, 50.4 wt% of binder and 16 wt% MgQ as described in



2 8 AUG 1006 -25 Exanple 2 above. The catal yst conposition was well m xed,
and then diluted wth quartz to formthe reactor bed. The resylgt (e)j this
experinment in the reactor and conditions discussed above in gn@ﬁ U@ are
shown in Table 3. The data in Table 2 and Table 3 illustrate that by
constituting 16 wt % of the catal yst conposition loading with the MgyO the
lifetime of the SAPO 34 nol ecul ar sieve 25has increased to 31.66 g/g ‘
nol ecul ar sieve from 16. 34 g/ g nol ecul ar sieve, an increase of 94% Table 3
C 2= C 3= C Cos Co+s C2+3 Lifetine g/g 1.73 36.86 0.27 40.74 0.53
14.01 5.87 77.59 31.66 Exanple 4 - Mxing MJOw th a Group 3 Metal Oxide (5
W % La2CB1l  EQA9pIe Mitwvk 0THE bgalght contpdRitondvabél mwdddsmdnhen giltite netal is
La onto the high surface area MyO was achi eved vi a inci pi ent wetness.

0.2261 g of wnhrqulaanmwfmméhmeecmbetﬂl Thotosults ¢frthis@xpdrirgentiin gfe rdaitomi zed

wat er. The sol s add se t e mxture was
dried in av IS&PSSS d@ Bgﬁmaﬂ}peﬁﬁé‘agﬂ %rfa}?eﬁor‘@%&%%ken up
and cal cined Tale mé%?:d@"ablhi"i‘l‘u&tri@ a%bplca{]stﬁmﬁvwﬁ/wo oA alout 5 % The
met al OX|des ers were S|eve ar es of vari Si zes.

Particle si zaﬁnmm@ﬂaaalﬁg“ﬁm 1BOVIgD, Qh@nfetmr@fthesﬁpmwmmum §ieG& process.
Exanple 5 - Ml ecular Sieve and a M xed Metal Oxide: LaOO3 (5 wt %/ MO
[0092] |n thhas imsarssido B1.66 Bég maleshlas sievo frpus] &3 bp/ zonelsuarsttvef aB3. 6 wt % of
MBA, 50.4 wt% of binder and 16 wt % of MO containing 5 weight percent of a
Group 3 net PR &ein the netal is La, as described in Exanple 4
above. The catalyst conposition was well m xed, and then diluted with
quartz to formthe reactor bed. The results of this experinment in the
reactor and conditions di scussed aboWable8 Exanple B are shown in Table 4.

The data:in T e 2 and Table 4 2 8 AUG 2006 -26
Cl C - C ° C3= C3 C4s C +S C2+3 Llfetlme g/g

1.73136.86 | 0.27 |40.74| 0.53 |14.01 | 5.87 | 77.59 31.66

Example 4 - Mixing MgO with a Group 3 Metal Oxide (S wt% La,0;)

[0091) The loading of a Group 3 metal oxide where the metal is La onto the
high surface area MgO was achieved via incipient wetness. 0.2261 g of
Lanthanum acetate was dissolved in ca. 1.9 ml of deionized water. The solution
was added drop-wise to 2.0146 g of MgO. The mixture was dried in a vacuum
oven at 50 °C for 1 hr. The dried mixture was broken up and calcined at 550 °C in
air for 3 hrs. The wt% of La, 0, is about 5 %. The metal oxides powders were
sieved to get particles of various sizes. Particle sizes between 75 to 150 micron

were used in a conversion process.

Example 5 - Molecular Sieve and a Mixed Metal Oxide: La,0; (S wt%)/MgO

[0092] In this Example 5, the catalyst composition consisted of 33.6 wt% of
MSA, 50.4 wt% of binder and 16 wt% of MgO containing 5 weight percent of a
Group 3 metal oxide wherein the metal 1s La, as described in Example 4 above.
The catalyst composition was 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 Table 4. The data in Table 2 and Table 4



illustrate that by constituting 16 wt % of the catal yst conposition load with
MyO containing 5 wei ght percent La2031 the lifetinme of the SAPOégA}){U

nol ecul ar sieve has increased nore than 300% from 16.34 g/ g sie 82% 90
-g/g sieve. Table 4 r C, C= CZ C3= C3 Cos Co+s C2+3 Lifetine g/g 1.59
34.54 0.23 42.02 0.50 14.24 6.87 76.56 65.90 a. the | owest conversion
measured was 30.69 wt%with a lifetinme-86-57.57 g nethanol/g sieve at that
conversion. The reported lifetime (65.90 g nethanoVg sieve) was esti mated

by extrapolating the conversion from30.69 wt% o 10 Wt % Conparative Exanple
6 - Mdlecular Sieve and BaO [0093] In this Conparative Exanple 6, 28.8 wt%
MBA, 43. 2 wWiBuditadélthat baoenstifutidg?beohtoh @l theroatdwt adposticn wak with Med, and t hen
diluted with quartz to_ formthe reactor bed. The reactor was heated to 550C
and kept at ®5R@ingp veoghtrercenhla,Ost the difstume of the RARQE3dMmaderuldr/sieva of oxygen
and 50 M /m.n of He.. . Barium tate eco S i nt o.barium oxi de under
t hese condi thaéﬁgyeafﬁ%mo%hgg&ﬁgﬁ @%’Pé}ﬁ%é}ﬁéﬁgg& ﬁj'%(#]g}cgosﬁ%‘iested of 32 wt % of
MBA, 48 wt % of binder and 20 wt.% of BaO. The reactor tenperature was then

| owered to 475C, and the catalyst conposition was tested in a conversion
process under the conditions of ExanphbleB above. Results of the conversion
process are shown_in Tabhle 5._The data in Table 2 and Table 5 illustrate
that by constitutifg 200 %61 | Ka=cafal y&is |Corrdsi i deifetimneigigiit h BaO, the
lifetime of the BARQ-34—moHeeHlpr—sievehas—tiherHeasedr43%—Table 5 C C2 C2
3= 3 Cos C5+s| G rfatitie| 490 [1°0]192446.87078:387 46890 65 13.57 6. 32
77.55 23.36 2 8 AU 1RNEPconvession e vas 30169 W% A T¥etime SP3IT Simetiafby/g ONPr | Si ng
a conbination of: (a) first particles conprising active netal oxides of a
Group 2 netal and€¥ a@h&tu:ﬁnvgrs%t "g]efeported lifetime (65.90 g methanol/g sieve) was estimated

by extrapolating the conversion from 30.69 wit% to 10 wt%.

Comparative Example 6 - Molecular Sieve and BaO

[0093] In this Comparative Example 6, 28.8 wt% MSA, 43.2 wt% binder
and 28 wt% of barium acetate were well mixed, and then diluted with quariz to
form the reactor bed. The reactor was heated to 550°C and kept at 550°C for 90
min in a stream of a mixture of 20 ml/min of oxygen and 50 ml/min of He.
Barium acetate was decomposed into barium oxide under these conditions. The
molecular catalyst composition consisted of 32 wt% of MSA, 48 wt% of binder
and 20 wt% of BaO. The reactor temperature was then lowered to 475°C, and the
cetalyst composision was tesied in 2 conversicn process under the conditions of
Example B above. Results of the conversion process are shown in Table 5. The
data in Table 2 and Table 5 illustrate that by constituting 20 wt% of the catalyst
composition load with BaO, the lifetime of the SAPO-34 molecular sieve has

increased 43%.

Table §
C, = | G | C= | GC° | Cs | Csts | C,;= |Lifetime g/g
1.74 |37.19| 0.27 140.36 | 0.55 [13.57] 6.32 | 77.55 23.36




whi ch netal oxides have been activated by cal cination of said netal oxides
or precursors thereof at tenperature greater than 200 Cto formml'?ﬁvmﬁ
net al oxi des which have a surface area, greater than 20 ng/g, an& ch,
when saturated with acetone and contatted with said acetone for 1 hour at 25
C, converts nore than 80% of the acetone; (b) second particles conprising a
nol eculgr si eve having an average pore size less than 5th;. (c) a binder
associat®¥BSwith said first particles, said second particles or both; and (d)
a matrix material associated with said first particles, said second
particles or both. 2. The catal yst conposition of claim1l wherein the

surf ack ar ehcarlyssegmpoaitien spmprigingd copbingien ¢fs  greater than 70 n2/g. 3. The
catal yst c 0Sig | . i i1 0,: i i

11 coal uni bpnasnaidks SriliThe et EBUROIBIEE hohy AU T b el ) 1,
cat al yshichooeryd ogidtsi lawe béenaktirviated by vdkeraomofsaid chetabaxidesor(premuzo@ theebbdt oxi de
conprises a magnesi ide. 5. The catal yst conposition of claim4 wherein
sai d CPORe FEAEThAR AP T (€ 10BN ACHBumE b Aee WD Y e SN APS PR GO 1R 1 um
oxi de, 20 K, RRIWHRIOWhéhataRidd SR Asttod8irebitBotedBvith Ani aleRhy/BE | KRFROS?CE,1 on
conprising a conbination of first particles conprising a nolecul ar sieve

and sewoyrs paethae BB oldbansetpsl ng at | east one active oxide of a netal

selected fr G, t i.qdi !§""@ t one
active oxi odeggnof Sg&ﬁ%g%rﬁ Jlgsgplgglgsg{c?afq?(ggﬁuggﬁjﬁ §mﬁﬂzﬁlgﬁ %t 1 odi cl&%'g%[ﬁgﬁ of

El ement's, woer eiabirslad esoGiaed itk saidfirad paixles] enidgechnd particley @ bpthZandet al  oxi de or
precursors thereof .have.Lbeen .activated by calcination at.a t erature
greater thdf) 208 RtixmptgH ‘E‘?t?ftwﬂ#biabﬁq‘"gi’%glgs’s ?eﬁ?f‘%t?évﬁ%éﬂ%l'ake of
carbon dioxide at 100 C of at least 0.03 ng/n2 of the active netal oxides.

7. The_ cat aIT%/st conposition of claim6 wherein said active netal oxides have
an uptake offhewabsiromgpsiion@éclaim heiprad he susfece aaof said agtivegnetal oskiesifie net al

oxXi des%%er%% 06 -28 8. The catal yst conposition of claim®6 wherein
sai d active netal “oxi des have an uptake of carbon dioxide at 100 C of |ess

than 10 ng/n2 of the netal oxides. 9. The catal yst conposition of claim®6
wher ei sai active netal oxides have an uptake.of .carbon dioxide at 100 C
of les$ tha %C"F?:};‘/F‘r@“@f’s“t“}’i‘é’)%ﬁlé?‘hl Wikt .mOT‘G&afﬁ‘Fé’etsé‘tS&r‘%'P"E‘zﬂ?BB #eon of

cl ai m §,dy@h Gluthifephbsphbte Hholb@ldrisehes, said second particles or both also

4. The catalyst composition of claim 1 wherein said active Group 2 metal oxide comprises a

magnesium oxide.

5. The catalyst composition of claim 4 wherein said Group 3 metal oxide is selected from the

group consisting of yttrium oxide, lanthanum oxide and scandium oxide.

6. A catalyst composition comprising a combination of first particles comprising a molecular sieve
and second particles comprising at least one active oxide of a metal selected from Group 2 of the Periodic
Table of Elements and at least one active oxide of a metal selected from Group 3 of the Periodic Table
of Elements, wherein said Group 2 metal oxide and said Group 3 metal oxide or precursors thereof
have been activated by calcination at a temperature greater than 200 °C to form active metal oxides
which have an uptake of carbon dioxide at 100 °C of at least 0.03 mg/m” of the active metal oxides.

7. The catalyst composition of claim 6 wherein said active metal oxides have an uptake of carbon
dioxide at 100 °C of at least 0.35 mg/m? of the metal oxides.



include at | east one of a binder and a matrix material different &ﬁf@h§§¢§
active Goup 2 and Goup 3 netal oxides. 11. The catal yst conposi‘t
claim 10 wherein said active netal oxiges have a surface area greater than
the binder and/or the matrix material?" 12. The catal yst conposition of claim
6 wherein said active Goup 2 and G oup 3 netal oxides have a surface area
greater th 20 n?/g. 13. The catal yst conposition,of claim10 rein said
B nderand thedv sohingpnin ot it B Berdh saf Rt aste! STouhedhan BAEAbRRA  r om
sai d agiblidett B0CURS Rssail 10T of thehdlal 0Xiddes. 14. The catal yst conposition
of claim 13 wherein the binder conprises an alum na sol and the matrix
material conprises a clay. 15. The catal yst conposition of claim®6 wherein
sai d tiv i k: j Xiflg, When
satur2$ed 3??%8§!%§% e %ﬁ%aﬁgﬁﬁgg@gﬁa§?§ﬁﬁggﬁﬁﬁg8g?g%gm%g§%%ﬁﬁggr at 25 C
conver disxident HOr6 afleS @ 6 ingtiifeofabemeta oxitlés. The catal yst conposition of claim
6 wherein said active G oup 2 netal oxide conprises a nagnhesium oxide. 17.
The catal yst conposition of claim6 wherein said Goup 3 netal oxide is
sel ect il THeQidtalyteconPbsMith TUMSrh S WhGeil fsaid tiksk ipbrfit1esX ki@ sechid) pAdles "or BihCiso
scandi um oxi de and m xtures thereof. 18. The catal yst conposition_of claim
17 whelngpds af kst eyeofipbigderands masix paterial differepifEamm paidagtiye Graupg andGroppdmetal g 19,
The caéﬁh%§t conposition of claim®6 wherein the nol ecul ar sieve conprises a
framework consisting of two or three tetrahedral units selected from
[SiO4], [AI04] and [PO4] units. 20. The catal yst conposition of claim®6
wherei p the_ ol ecul ar sieve.co ises.a.,silicoal um nophosphate. 21. The
cat al ybb coMFdeRbRSABIGH Sf Ghs | BB feid AUV B EL e DY BSUBERARA RIS o cria
f r amewardkthe biNdeeard®r 86 Wadix redt@MME. 22. The catal yst conposition of claim 21
wherein the nol ecul ar sieve further conprises an AEl franmework-type
nol ecul ar sieve. 23. The catal yst conposition of claim6 wherein the weight
ratio pf t NendlRGbApoctioRtPeikith 63leralFsaldable e 45 drdup Tkl al from
1 percent to percent .

surface area greater than 20 m*/g.

13.  The catalyst composition of claim 10 wherein said binder and a matrix material are each different

from one another and from said active Group 2 and Group 3 metal oxides.

14.  The catalyst composition of claim 13 wherein the binder comprises an alumina sol and

the matrix material comprises a clay.
15.  The catalyst composition of claim 6 wherein said active Group 2 metal oxide and said active
Group 3 metal oxide, when saturated with acetone and contacted with said acetone for 1 hour at 25 °C,

converts more than 80% of the acetone.

16.  The catalyst composition of claim 6 wherein said active Group 2 metal oxide comprises a

magnesium oxide.

17.  The catalyst composition of claim 6 wherein said Group 3 metal oxide is selected from the

group consisting of yttrium oxide, lanthanum oxide, scandium oxide and mixtures thereof.

18.  The catalyst composition of claim 17 wherein the Group 3 metal oxide is lanthanum oxide.



24. A nmethod for nmaking a catal yst conposition, the nmethod conprisin
physically mixing first particles conprising a nolecular sieve V\AZ&%B&&M
particles conprising at |east one actjyve oxide of a netal selected from

G oup 2 of the Periodic Table of ElerfEnts and at | east one active oxide of a
nmetal selected from G oup 3 of the Periodic Table of Elenents, wherein said

G oup and, G oup 3 netal. oxides or precyrsors thereof have been actjvated
by onl18: natTheFoED P oL RS B 8 e, S5° PEPHRac: FOBNAEk o
oxi de&oﬁﬂi&iﬁ%bﬂ@@&&ﬂ%eﬂéma&ﬁl wfts SREBORorA [903]) JRIGY adPOR) @fitsat | east 0. 03
ng/ m2 of the active netal oxides. 25. The method of claim?24 wherein said

active Goup 2 netal oxide and said active Goup 3 netal oxide within said

secondart ifd &y Sachnatnds S A6l fR LAk Nert Bl S0/ 0. 26. The

met hod of c¢ n sal Irst particles conprise a

si | i codicoalumopipbesphaiee nol ecul ar  si eve and/or an al um nophosphat e nol ecul ar
sieve. 27. The nethod of claim 24 wherein at | east one of said first and
said second particles also includes at |east one of a binder and a matrix

materigl . 28e caldipst EBMSH0NSS IdidicRRIEinhemelciulaicte donptibesRATHA Ga®SwORAPr | Se a
si |1 coal um nophosphate nol ecular 2 8 AUG 2006 -30 sieve, a binder including
an al UMrereeleylar sigNe- a natrix material including a clay. 29. The nethod of

claim 24 wherein said active Goup 2 netal oxide and said active G oup 3
nmetal oxide of said second particles, when saturated with acetone and

cont acX2ed Wikt batdwst chngoeitiomef cfaon 2 L wherein thetmdkisulaGieve fisthemmmpeis¢ssanbifle t han 25%
of th 30 Tﬁggmet hod of claim 29 wherein said active Goup 2 netal

g, acet olggy
oxi de ST EDe POIEURESEn oxi de. 31. The method of claim 24 wherein said

second particles conprise at |east one oxide of a netal selected from
yttrium |anthanum and scandium 32. A nmethod of neking a catal yst

conpoiXt i orfhe cardysheompositionsiplaingd whereia the svsighi mtiaf the melecalagieve to agfreyetal 5
bi nder ﬂll\gq%{' i e catal yst precursor particles; and
(b) aoPﬁégjis?lo t ?égﬁ*;g@ngﬁggﬁéeg%yeparti cles, particles conprising a
G oup 2 netal oxide or Goup 2 netal oxide precursor that has been cal cined
to a tenperature in the range of fr.om 200 0 700. Cto.forman active G oup
2 ot 1% o ARG g A GrPeT e Be R sgp el PeTa Bip 2 net al
oxi de, paleRBconiriding b 8fbledhlhisieva G/ath G¥EnEReticke Bé st attedshorkabkleanrbone for 1
hour at 25 C, converts nore than 25% of the acetone. )

metal selected from Group 2 of the Periodic Table of Elements and at least one active oxide of a

metal selected from Group 3 of the Periodic Table of Elements, wherein said Group 2 and Group 3 metal

oxides or precursors thereof have been activated by calcination at a temperature greater than 200 °C to

form active metal oxides which have an uptake of carbon dioxide at 100 °C of at least 0.03 mg/m? of

the active metal oxides.

25.  The method of claim 24 wherein said active Group 2 metal oxide and said active Group 3 metal

oxide within said second particles each has a surface area greater than 70 m?/g.

26. The method of claim 24 wherein said first particles comprise a silicoaluminophosphate molecular

sieve and/or an aluminophosphate molecular sieve.

27. The method of claim 24 wherein at least one of said first and said second particles also includes at
least one of a binder and a matrix material.

28. The method of claim 27 wherein said first particles comprise a silicoaluminophosphate molecular



34. The nethod of claim 32 wherein said active Goup 2 netal oxide has an
upt ake of carbon dioxide at 100 C of at |east 0.03 ng/n2 of the A8tAU6d00
nmetal oxide. 35. The nethod of clai m%‘ze wherein the active netal oxide
conpri ses a nagnesi um oxi de. 36. The Tet hod of clai m 35 wherein the nethod
further conprises the step (c) of introducing a Goup 3 netal oxide

sel ected f ttriumoxide, |anthanum oxide and scandi um oxi de.
s?eve, a'iagl er)llnciud{ng an umgna sol ancg1 a matrix material mclu%mg a c?ay.

29. The method of claim 24 wherein said active Group 2 metal oxide and said active Group 3 metal
oxide of said second particles, when saturated with acetone and contacted with said acetone for 1 hour at 25

°C, each converts more than 25% of the acetone.

30.  The method of claim 29 wherein said active Group 2 metal oxide comprises a magnesium

oxide.

31. The method of claim 24 wherein said second particles comprise at least one oxide of a metal
selected from yttrium, lanthanum and scandium.

32. A method of making a catalyst composition, the method comprising (a) combining a molecular
sieve, a binder and a Matrix material to produce catalyst precursor particles; and (b) adding to the catalyst
precursor particles, particles comprising a Group 2 metal oxide or Group 2 metal oxide precursor that has been
calcined to a temperature in the range of from 200 °C to 700 °C to form an active Group 2 metal oxide.

33. The method of claim 32 wherein said active Group 2 metal oxide, when saturated with

acetone and contacted with said acetone for 1 hour at 25 °C, converts more than 25% of the acetone.

34.  The method of claim 32 wherein said active Group 2 metal oxide has an uptake of carbon

dioxide at 100 °C of at least 0.03 mg/m? of the active metal oxide.
35.  The method of claim 32 wherein the active metal oxide comprises a magnesium oxide.

36.  The method of claim 35 wherein the method further comprises the step (c) of introducing a Group 3

metal oxide selected from yttrium oxide, lanthanum oxide and scandium oxide.



