2 8 AUG 2006 -1 MOLECULAR SI EVE COVPCSI TI ONS, CATALYST THEREOF, THEIR

MAKI NG AND USE | N CONVERSI ON PROCESSES [00011 The present i nven%ig%ﬁgﬁqﬁat es
to nol ecul ar sieve conpositions and catalysts containing the safe, t he
synthesis of such conpositions and catalysts and to the use of such
conpositions and catal ysts in conversion processes to produce ol efin(s).
[0002] O efins are traditionally produced from petrol eum f eedst ocks by

catal ytic or steam cracki ng processes. These cracking processes, especially
steam cracki ng, MOBEGIELARSHE I €FOMPOSITI ONS, £3A FARLMSIh & HERBO®,

propyl ene, froma } | &-@and propyl ene
are inportant COMQ%WQ@C@Q@ #ﬁ‘gfﬁ{,ﬁa}ﬁ?@gﬁ%}dlﬂ%r ocesses for
maki ng plastics and other chem cal conpounds. [0003] The petrochem cal

i ndustry has known for sone tinme that oxygenates, especially alcohols, are
convertible into light olefin(s). The preferred alcohol for light olefin
producti on i Joogtjhanol ThaHedeneinpesi @ feklestd assieculdraieve coMypOSitibMgand

met hanol - contai ning feedstock into |light olefin(s), primarily ethylene

and/ or propylcetadysts ¢ppiigiag thosan t¢ thy syphesipefischekmppsitions asl eaalyss si eve
catal yst composgiti,on. 100041 There. ai e different .types of nol ecul ar

si eve known taBa&%m?éF'Fo 4 H&i%%&ﬁfﬂaﬁ%aﬂﬁ&&%&? '%ﬂ?‘i?sﬁsrfg or nore

ol efin(s). Fop,fxedRifas)Y S Patent No. 5,367,100 describes the use of the
zeolite, ZSM'5, to convért nethanol into olefin(s); U S. Patent No.

4,062, 905 di gee03es t kdefirmate tradivionally preidbedddrom petroletundedsiogebpt es to

et hyl ene and propyl ene using crystalline alumnosilicate zeqlites, for
exanpl e Zeol icatglytic ozm,anwa@%ﬂmg Brogesget hblipae Fragking pecessgs.caspeqigy stepmy 79, 095

descri bes the_use of ZSM 34 .t nvert methanol o hydrocarbon roduct s
such as. et hyrEREmgneroBRe T e R R e PP R R o BB oo
produci ng | i ghhy®belrbé fled$tbQHB. FhAsOM prdpyieke are GpsitaitlcoRnodity

al um nophosphat'e, often designated AlPQ,.
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.

[o0C4] There are many different 1+pes of moiecular sjeve known to convert,
oxygenate containing feedstocks into one or more olefin(s). For example, U.S.
Patent No. 5,367,100 describes the use of the zeolite, ZSM-5, to convert methanol
into olefin(s); U.S. Patent No. 4,062,905 discusses the conversion of methanol and
other oxygenates to ethylene and propylene using crystalline aluminosilicate
zeolites, for example Zeolite T, ZK5, erionite and chabazite; U.S. Patent No.
4,079,095 describes the use of ZSM-34 to convert methanol to hydrocarbon
products such as ethylene and propylene; and U.S. Patent No. 4,310,440 describes
producing light olefin(s) from an alcohol using a crystalline aluminophosphate,

often designated AIPO,.



2 8 AUG 2006 -2 [0005] Some of the nobst useful nolecular sieves for
converting nethanol to olefin(s) are silicoal um nophosphate (SAﬂD)AUB 2006

nol ecul ar sieves. Silicoal um nophosphate nol ecul ar sieves contain a
three-di mensional mcroporous crystalling framework structure of [5104,
[AIO ] and [POj corner sharing tetrahedral units. Synthesis of a SAPO

nol ecul ar sieve, its fornulation into a catalyst, and its use in converting
a feedstock into olefin(s), particularly where the feedstock is nethanol,
are di scl osed[00f5D. S. Pamenf thdosost 4sefObmaRzylar deG3 ToLdhvering fictRad)] to

FUITy' i ncor polSha) By SRERERBRRIDbRb S APAHTELEHET Hevee conver of on of
reChanol 2 o g R S RGP oo

typically i n}’rﬁidféﬁtﬁo@%&%?ﬂﬂi@;e@?anie'%ﬂ@Qtfr@dtﬁl’étoﬂ[ﬁd}]', JA10] anP EPE]) ¢ber and
st eam ng environnents. a result, current methanol conversion catal ysts

tend to have shatingiatediedrabinits. |ISyhttesivw! abdA F{emoteculae sieve.Stsdformaletiont o pr ovi de
a nol ecul ar sieve c conposi tion whi.c hj bits_an.  enhanced lifetine

tal yst. e )
particul arly ’W?éhcz{igﬁﬁ g’?f}‘ttgrﬂésedﬁﬁ%‘feﬁ‘%a &egﬂﬁéﬁ%P]%f-‘B@&IWW& [0007]
U.S. Patent erélfﬁe%e&ft”&k%%&'iﬁa%ﬁ afe d&é‘é}%ﬁ% 1%@.%?&1&\10%?‘4 4693p 1 S1 NG a
silicalite nolecular sieve inpregndted w a thorium zircon’im’ or
titani um met al, 67pR4t8 4{677,243 64 18M3,890\%095, 143, 5F1 h862knd 61661282] alesther, or a
m xture thereof into a hydrocarbon ({)r oduct rich in iso-C, conpounds. [0008]
U.S. Patent Mhiclsarederanully meorpomied bereferenest a nodi fi ed nol ecul ar  si eve

Si'1 Tcoal um ndbMRIphar oW1 BRI RcieayE 8 R ATRB A4 R ADSL OGRS

- f - -

modi 11 ers, SYehedindudiph SHPORBELAE siced, bhaRLYFRX béling A Hrck retRx1 de,
nmontnorillonite or kaolrnite. [0009] U S Patent "No. 5,417,949 relates to a

process for dequearttregeperationotypically imodeng expodare df thacatadystge highont ai ni ng
effluent .into nitrogen and water ysing a nolecylar sieve and a netal oxide
bi nder, wher ETRPFRAAtYFESABA SR EBATONETCRS A} aresiy current methanol

conversion catalysts tend to have a limited useful lifetime and hence there is a
need to provide a molecular sieve catalyst composition which exhibits an
enhanced lifetime particularly when used in the conversion of methanol to olefins.
[00607] U.S. Patent No. 4,465,889 describes a catalyst composition
comprising a silicalite molecular sieve impregnated with a thorium, zirconium, or
titanium metal oxide for use in converting methanol, dimethyl ether, or a mixture
thereof into a hydrocarbon product rich in 1s0-C, compounds.

[0068] U.S. Patent Nu. 6,180,822 discusses the use of a modii:ed molecular
sieve to produce methylamines from methano! and ammonia where, for example,
a silicoaluminophosphate molecular sieve 1s combined with one or more
modifiers, such as a zirconium oxide, a titanium oxide, an yttrium oxide,
montmorillonite or kaolinite.

[0009] U.S. Patent No. 5,417,949 relates to a process for converting noxious
nitrogen oxides in an oxygen containing effluent into nitrogen and water using a
molecular sieve and a metal oxide binder, where the preferred binder is titania and

the molecular sieve is an aluminosilicate.



the nol ecular sieve is an alumnosilicate. 2 B AUG 2006 -3 [0010]

EP- A- 312981 di scl oses a process for cracking vanadi um cont ai ni ng

hydr ocar bon feed streans using a catal yst conposition conprisingld Ality#ibcal
m xture of a zeolite enbedded in an inorganic refractory matrix material and

at | east one oxide of beryllium nagnesi calcium strontium barium or
| ant hanum preferably magnesi um oxi de, on a silica-containing support
material. 10011] Kang and Inui, Effects of decrease in nunber of acid sites

located on tfpe1ext er nBP-So1IFEIaliRiosth a PATEsSfor CfarRing Vahdtudodlaiisihg by t he
mechanochem cal nethod, Catalysis Letters 53, pages 171-176 (1998) disclose

t hat the shapydrewireet feed syeamsnsing aeatalypsesmpoditiohsompikising amhysicaln i t i gat ed
in the conversjon of ne]t_han%la éo et hyl ene over N -SAPO 34 by gi{él ing the
catal yst wi t HRgE abaceoliggaybsdadsn gndporappif SEiRyY R gKtgi aedatsi | ca,

i th BaO bel g, 1454 o0IRIEHESlum LRRRRSuLLSK AL SB8RuR BkERL on No. VIO

98/ 29370 di scl'oses the conversiadn oxygen stoo I'ns over a snall

por e non- zeollhkth&nuid) eftrably flaghdiG® okide) o g silida@Bhtainifeduppbr tndtéridl t he
group consisting of a |anthanide, an actinide, scandium yttrium a Goup 4
metal , a G odp0HB]net alKang anddtiingfieasne/ ddeegasein ngdber 3y arid staelomsiedon, t he

and at | east GGG dAce D NP LR Sptialivne SHHDRABA we el oc ¢
Tabl'e of El enpnisi C‘a\?\ﬂ&i@ﬂ&t‘f@?ﬂ%@% RS9 Q@'ﬁ@%@éi&@tﬂ%&&%ﬁa ctini de

series of elenents, rein said nétal oxid as an upta car bon

di oxi de at 1@electdfityatar iracthakbeQAnd sheckoky Pomedtion raltighed $i the.cOdversiondfof the
metal oxide. 10014] Preferably, the catal yst conposition also includes at

| east one of methasiohfeethylene averdirSAPQeaddny milling thegatalyst WiiYige) §2Qet al
oxi de. 10015}, ln oneenbodi nent . sai d_net al ..oxi de, i el.ected from | ant hanum
oxi de. yteri ERCA aeC CORATEise derPHERF GiHCex i BAG R IR i eRd do.
neodyni um ox !(Ftﬂz] S amaidfRaf A Pubkidioh N8, WOR/29% 0 HisclddeLhe (cbAVEGbn [ 0016]
Preferably, the ol ecul ar sieve conveniently conprises a

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

a metal selected from the group consisting of a lanthanide, an actinide, scandium,

yttrium, a Group 4 metal, a Group 5 metal or combinations thereof.

[0013] In one aspect, the invention resides in a catalyst composition

comprising a molecular sieve and at Jeast one oxide of a metal selected from

Group 3 of the Periodic Table of Elements, the Lanthanide series of elements and
the Actinide series of elements, wherein said metal oxide has an uptake of carbon
dioxide at 100°C of at least 0.03, and typically at least 0.04 mg/m? of the metal
oxide. -

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

[0015] In one embodiment, said metal oxide is selected from lanthanum
oxide, yttrium oxide, scandium oxide, cerium oxide, praseodymium oxide,
neodymium oxide, samarium oxide, thorium oxide and mixtures thereof.

{0016] Preferably, the molecular sieve conveniently comprises a
silicoaluminophosphate.

[0017] In another aspect, the invention resides in a molecular sieve catalyst

composition comprising a Group 3 metal oxide and/or an oxide of the Lanthanide



si | i coal um nophosphate. 10017] In another aspect, the invention resides in a
nol ecul ar sieve catal yst conposition conprising a Goup 3 nEtaléﬁ?é@?ﬂmﬁ
and/ or an oxide of the Lanthanide 2 8 AUG 2006 -4 or Actinide s

el ements, a binder, a matrix material, and a silicoal um nophosphate

nmol ecul ar sieve. [0018] In yet another a§pect, the invention resides in a
nmet hod for making a catalyst conposition, the nmethod conprising physically
m xing first particles conprising a nolecular sieve with second particles
conpri si ng aterl fapfidedReiedYieaentsOf bindeeh aatsehiedrid shiam G oup 3 of the
Periodic Table of Elenents, the Lanthanide series of elenments and the
Act i ni de ser isdscostuneineplsphate miodacslan sisse.d netal oxi de has an uptake of

car bon di oxi of at |east 0.03 ng/n? of. . the e particles.

Cie 100 ﬁQ:L
100191 Pr ef er %lafb sailll YELRWHST gsheet dredaventiondeydesdB “PJ"’;} 6 hydr at ed
precursor c%ﬁﬁg;g?%xﬁhos‘?ﬁérﬁﬁwtrﬂet% %Bbhﬁhgﬁbgﬁﬂlg dﬁpr ﬁﬁf‘%zﬁ-ﬂ%é" ning ions

of the rretal ermal’l'y treating't rat curs at a

t enper at ure @bmptisingastholeGl&r §i®Fc with bexodd ﬁdﬁ&&saﬁﬂlpﬁﬂﬁg aCRh&ionk RYidehe
hydrated precursor at a tenperature in the raa'%e of from 400C to 900C.
[00201 In a fotiatnmﬂ sgleptedtitom ﬁeounﬂ/eﬁthﬁd“ﬁrlpdwdi &Qf&iem@ltat}:‘#ocess for

Convent ent 1 y T %@eaﬁr&sofe&m@é@aﬁ& Brdeeries Attt g o 38 ef 1 n(s)

in the pr esence cat aI o) e | east
one. oxi de. of MEugridk s Fa BplRe of PARPEMSR R 4B B st B3 Fadff of

El ements, thgankiRpaagclseri es of elements and the Actinide seri es of

el enents, wherein said netal oxide has an uptake of carbon dioxide at 100C

of at |east (0009]ng/ n?redérablhesa&xbs@bnépard@esh@fom:duded byrreusnpedivdmtdd, t he

cat al yst “conposi tion Ii’ t| me . Enhapcenen lndex LEI% %&?%1 er than 1,
such as greaP’&?Fu‘isﬂ’é 35"3“1_@?“ %Wé?ﬂ%@&e TR, B3R LA0 CORIRINAg jox

lifetime of im0 ﬁhé {HhyPartd) ecfﬂfsmtzg% tSAPE aturPb Pt Sdst
conp03|t|on |n th a sence o an” actrve netal

80°C for up to 10 days and then calcining the hydrated precursor at a temperature
in the range of from 400°C to 900°C.

[0020] In a further aspect, the invention is directed to a process for
producing olefin(s) by converting a feedstock, such as an oxygenate, conveniently
an alcohol, for example methanol, into one or more olefin(s) in the presence of a
catalyst composition a molecular sieve and at least one oxide of a metal selected
from Group 3 of the Periodic Table of Elements, the Lanthanide series of elements
and the Actinide series of elements, wherein said metal oxide has an uptake of
carbon dioxide at 100°C of at least 0.03 mg/m? of the metal oxide.

[0021] In one embodiment, the catalyst composition has a Lifetime
Enhancement Index (LEI) greater than 1, such as greater than 1.5. LEI is defined
herein as the ratio of the lifetime of the catalyst composition to that of the same
catalyst composition in the absence of an active metal oxide.

[0022] The invention is directed to a molecular sieve catalyst composition
and to its use in the conversion of hydrocarbon feedstocks, particularly
oxygenated feedstocks, into olefin(s). It has been found that combining a
molecular sieve with an active metal oxide from Group 3 of the Periodic Table of

Elements (using the [IUPAC format described in the CRC Handbook of Chemistry



[0022] The invention is directed to a nol ecul ar sieve catal yst conposition
and to its use in the conversion of hydrocarbon feedstocks, partz@UA[%r
oxygenat ed feedstocks, into olefin(s). It has been found that cofbining a
nol ecul ar sieve with an active netal oxide from Goup 3 of the Periodic
Tabl e of Elenents (using the JUPAC formet- described in the CRC Handbook of
Chem stry 2 8 AUG 2006 -5 andPhysics, 78th Edition, CRC Press, Boca Raton,
Florida [1997]) and/or the Lanthani de or Actinide series el ements results
in a catal yst,opparis! 78R Bitdh, @RC Pf@ﬂ@%gm{&f Flbridh ¢1 sb7ansagdr «ae | Onger
lifeti me when used in the conversion of feedstocks, such'as oxygenates,
nore parti cullarthanidst drahctinidé sﬁmseleﬂiants(rssuhshma catdljnstmmmpositm witlsah t ant
catal yst conposition tends to yl ene selective and to yield

e nore
| ower  anpunt sSTHRDGEH \Mﬁwe&mﬂzg adﬁageﬁﬂléﬁaﬁ%wh%a%qdﬁaﬂh%qnwe@tqn@

undesi rabl e ¢

acetaldehydeio&%gﬁggu CE% ogﬂ%nﬁfg é%%%gﬁecJ&ﬁbagﬁg%éggﬂgeén@f-H‘claSS|f|ed
by the Str uctddaﬁloﬁomréﬁﬂﬁﬂt ca@dlydt@nipatiabR &nlde tbe ABRAY ]brb?yléﬁé;%c%‘%on ‘
according to the rules of the Ib Comm ssi on on Zeol i Nonencl at ur e.
Accor di ng t o anllits yldlbsicr aosuntsmf unhmami\cﬂlake tyhpropad, idgethendithathért e- t ype
nol ecul ar S|eves for which a structure has been established, are assigned
a three | ett endesimblegompauady sueh apeldehydes and katongs, speeifizaldy aceialdshydewor k
Types, 5th edition, Elsevier, London, England (2001), which is herein fully
i ncorporated by reference. 100241 Non-limting exanples of preferred

nol ecul ar si gglculadSidves!! arly for use in converting an oxygenate

containing féedstock 1nto olefin(s), include franmework types AEL, AEl, BEA,
CHA, EDI, FAIDO2BER GM)lequia sieves haweheen chsifiedbRbertctwieyormaissiond TON. | n

f d h J I d I
N L R
conbi nation iaftion m%onfeqﬁ&hamlytupc %é%or&lﬂgpm ®BclastHesfdn, O yst Al i ne

nol ecul ar sieve materials have a 3-di nensional’ four-
framework-type zeohte and zeolite-type molecular sieves, for which a structure

has been established, are assigned a three letter code and are described in the Arlas
of Zeolite Framework Types, 5th edition, Elsevier, London, England (2001),
which is herein fully incorporated by reference.

[0024) Non-limiting examples of preferred molecular sieves, particularly for
use in converting an oxygenate containing feedstock into olefin(s), include
framework types AEL, AEl, BEA, CHA, EDI, FAU, FER, GIS, LTA, LTL, MER,
MFI, MOR, MTT, MWW, TAM and TON. In one preferred embodiment, the
molecular sieve employed in the caiaiyst composiuon of idie invention: has an AEI
topology or a CHA topology, or a combination thereof, most preferably a CHA
topology.

10025] 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 [Si10,], [AlO,] and/or [PO,] tetrahedral
units. The molecular sieves useful herein conveniently comprise a framework
including [AlO,] and [PO,] tetrahedral units, i.e., an aluminophosphate (A1PO)
molecular sieve, or [SiO,], [AlO,] and [PO,] ] tetrahedral units, i.e., a

silicoaluminophosphate (SAPO) molecular sieve. Most preferably, the molecular



connected framework structure of corner-sharing [TO4] tetrahedra, where T is
any tetrahedrally coordinated cation, such as [SIiO4], [AIAX] and/or [PQ ]
tetrahedral wunits. The nol ecul ar sieves useful herein conveni g A6 thbipri se

a framework including [AlO4] and [ PO4] tetrahedral units, i.e., an
al um nophosphate (ALPO) nol ecul ar sievef-or [SiO4], [AJO4] and [PO4] ]
tetrahedral units, i.e., a silicoalum nophosphate (SAPO nol ecul ar sieve.

Most preferably, the nolecular 2 8 AU6 1006 -6 sieves useful hereinis a
silicoal unin BUFHEASARON TRbAGHERDhSHRNE (SAPD) MBSkl 4Ry aPT ef erably
a netal subs?ﬁq@?ega&SAPo r]m glclul ar s@@ve.p Exagrgrp eg o(j’f’1 aisﬁtabﬁ)garret al
substi t uent s sabstitated aprisfdrablyratnadtal gibsBrated, IARD nidlecularsiodi Eximblee oof

El enents, an al kaline earth nmetal of G.oup 2 of the Periodic Table of

El ements, a spidghle metal substitagnipdre @p elkgliznaial af Karopediod dhecPerisiiceTadle &ff enent s,

0 s el A PR B S R R i b B
thulium yttefRiebh nd dricirehp YOF 1R Hﬁn@brkre"&%le%%{sl ifudfhglth@nsi tion

metal of Groups 4 to 12 of the Periodic Tab El enents, oOr m xtures of

any of theselLarthahidepkattemum] 0&A6d, frisebéymiahy nebdanivm, sambAtmsi eve used
herein has a pore systenm defined by an 8-nmenbered ring of [TO4] tetrahedra
and has an ageioabengsdeliniugg erhiwssdyshensiuvgn hokmim, esbinm, thdivas yerbsfm f r om 3A

to 5A, for example.from3A tpo 4.5A . and particularly fromga. 4. 2A.
100271 Non- | Pl il ety B uenda cap e el of GrOBF e 20t e

her ei n_i ncl uggr; Qe TAbIe®TARERS dr MxRfres Ry Bf thedE ekl gﬁé%?é? 11, SAPO- 16,
SAPO- 17, SAPO 18, SAPO 20, SAPG 31, SAPO 34; SAPO 35, SAPO 36, SAPO 37,

SAPO- 40, SAPD026] SAPPref@abisA©meledularSievPasehberbim had al®2e sybenm  SAPO- 47,
SAPCG- 56, Al PO-5, ALPG-11, Al PG lS’@ﬁLFPO 31 | PO- 34, Al PO 36, ALPO 37,
ALPO- 46, anddefifiedbycind-sembcgednecetiTsh] ehraliedsa antbhasyn average persesize

particularly I Al Si i i PO 18,
BAPo. 5 SAsts e SR AUCIRUEST B66 0B I BufR HorfSA% 434

cont ai ni ng ARY paradulxdy fiohed 64fto 42h as one or a conbi nation of SAPO-1 8,
SAPO- 34, Al PO-

[0027] Non-limiting examples of SAPO and AIPO molecular sieves useful

herein include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPQO-17, SAPQO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,

SAPQ-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No. 6,162,415),

SAPO-47, SAPO-56, AIPO-5, AIPO-11, AIPO-18, AIPO-31, AIPO-34, AIPO-36,

AlIPO-37, AIPO-46, and metal containing molecular sieves thereof. Of these,
particularly useful molecular sieves are one or a combination of SAPO-18, SAPO-
34, SAPO-35, SAPO-44, SAPO-56, AlPO-18 and AIPU-34 and metal contaniing
derivatives thereof, such as one or a combination of SAPO-18, SAP0O-34, AIPO-
34 and AIPO-18, and metal containing derivatives thereof, and especially one or a
combination of SAPO-34 and AIPO-18, and metal containing derivatives thereof.
[0028] 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, AJPO-18 and RUW-18 have



34 and AI PO 18, and netal containing derivatives thereof, and especially one
or a conbination of SAPO 34 and Al PO 18, and netal containing ge imi ves

t hereof 100281 In an enbodi nent, the nol ecular sieve is an int r%ﬂ 06
material having two or nore distinct crystalline phases within one

nol ecul ar sieve conposition. In particular, intergrowth nol ecul ar sieves
are described in the U S. Patent Application Publication No. 2002-0165089
and International Publication No. WO 98/ 15496 published April 16, 1998,

bot h of whi clangklel framewerkfype,\andiSidtP-34 has e £y frapfesiodntpe. Abps theanpl e,

SAPO- 18, Al PO 18 d.RUM18. h 2 8 AUG 2006 -7 AEl f - , d
ARG, 34’ hat, ORI SENE NS e G Ey FrBPU A Iehs! e IR AIgiel, HRE BRARL, 1P oy

conprise at | i . k- types,
capoci al 1y wiid SHATRMOERAR pRINRERLicAR, R CHERLRIRIREIEICS. o
det erm ned byRINearRbwérk>Xyp& tabdetethimet &g ehe DIFRAXSmethidd diselosépi Ugat i on
Publication No. 2002-0165089, is greater than 1:1. [0029] Preferably, where
t he mol ecul aPainedgplieatgndiubjieswnle-7HPBdEE FABES is greaier thah édul ar si eve has a
Si/A ratio | t han_or. egual .to 0.65, such.as.fram0.65. to 0. 10,
or ef erabl y 1 GRBD. 40 PETEAEE: WHERdhe PGB OF i TBCRIRisoBloghalEng most
pref er abl y { e Oyc3Rial Gefl o B4 ALt ON: il 30N T0B SRR lys Qe ss user Ul

es of & the L C

herein are oxi oup metal s an nt hani de an tinide series
met al s whi chtd @ e, peferigtilvkennd.4¢ ar ©.00, sibrepréferaily b Dio @10, Bdshodd. 03
ng/ M of the netal oxide, such as at least 0.04 ng/nR of the netal oxide.
Al't hough t hepigirably fram 0-331o0HS. car bon di oxi de uptake of the netal oxide is
not critical, in general the netal oxides useful herein will have a carbon
di oxi de at 100C of less than 10 ng/n2 of the netal oxide, such as |ess than

S no/n2 of Migal®kidesOXi de. Typically, the nmetal oxides useful herein have
a carbon dioxide uptake of 0.05 to 1 ng/nR of the netal oxide. Wien used in

conbi nati on [6#30h a nbheowizhoxideevefulshertdin ant exidesdtGrbup i inuveals padthede

bener 1 Lo L BN RMAE Sna SOV L0 LS SHIG a2 At AL ik RILYgT > O ©
100°C of at least 0.03 mg/m’ of the metal oxide, such as at least 0.04 mg/m? of the
metal oxide. Although the upper limit on the carbon dioxide uptake of the metal
oxide is not éritica], in general the metal oxides useful herein will have a carbon
dioxide at 100°C of less than 10 mg/m’ of the metal oxide, such as less than 5
mg/m? of the metal oxide. Typically, the metal oxides useful herein have a carbon
dioxide uptake of 0.05 to 1 mg/m’ of the metal oxide. When used in combination
with a molecular sieve, such active metal oxides provide benefits in catalytic
conversion processes, particuiarly ine conversion of oxygenates to cichins.
[0031} In order to determine the carbon dioxide uptake of a metal oxide, the
following procedure is adopted. A sample of the metal oxide is dehydrated by
heating the sample to about 200°C to 500°C in flowing air until a constant weight,
the “dry weight”, is obtained. The temperature of the sample is then reduced to
100°C and carbon dioxide is passed over the sample, either continuously or in
pulses, again until constant weight is obtained. The increase in weight of the

sample in terms of mg/mg of the sample based on the dry weight of the sample is

the amount of adsorbed carbon dioxide.



[0031] In order to determ ne the carbon dioxide uptake of a netal oxide, the
follow ng procedure is adopted. A sanple of the netal oxide is dehydrated by

heati ng the sanple to about 200C to 500C in flowing air until a,gonstant
wei ght, the "dry weight"”, is obtained. The tenperature of the %gdgﬁéﬁﬁs
then reduced to 100C and carbon di oxi degi.s passed over the sanple, either
continuously or in pulses, again until constant weight is obtained. The
increase in weight of the sanple in terns of ng/ng of the sanple based on

the dry wei t he e i t he nt of adsorbed, carbon dioxide. 2 8
A 2006 - o lbesao) R B s o S B CRB0N S e e BRHOR | o

g Ci ) ) etri
Sna vl & 00y s TealRa WS LG FOMPEOTAT8sT AR Mt U ARAOYEAT! 1! ©

dehydrat ed i andidrombientPpressire. Tabonttalaide daaiploRalehpdrated Thowigar ff ur e of
the sanple is then reduced in flowing heliumto the desired adsorption

t enper at ur e ahourGC°C Aintane hohe Famigmperatiars of dhei saimplens dhenaredu@d@® i n f 1 owi ng

hel ium the ganple, i.s subjected.tq 20 .separate I out 12 '
Ceconds/ pur sBpwEe eIt BghE Seiee lestpunn i e B St A0 esBmRie oxi de

ith the renpg| shel o} : rdi as the
metal oxi de Threseitagteldt I CUR ol he R et slufiedid a0 B ithed

increase in peEs@hlaboidt Ihecarlspuie) of 4 gisgbutrhixtgregmpasmgloteiped on the
adsor bent wel ght after treatnment at 500C is the anpunt of adsorbed carbon

di oxi de. Thecasbor dioaidgrveith GE remaindemhsing helium adfierench pukie ebthgance with the
eSO BRh aFTE et e S T R PR 270 (e
gg;ﬁlji u(r)n),(I Ste?] ﬁlﬁérn@sﬂa{]r?gﬁ%ﬁeﬁggﬁ %wgﬁé&p%% irn gghgi?fdlggmo t ﬁg%iﬂgﬁ%ﬁ(g];\i de or
Acti ni de seréethermsabent waightatier oxitohest aifSOORC il aproastexitisorbed carbonly m um
Chul i um yt (GPBREmTE St e Chibe VBRI GHpANE HBSEe e MU 1 i v et
oxides are sgandlh WFRAU8:, 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.

[0033} Preferred Group 3 metal oxides include oxides of scandium, yttrium

and lanthanum, and preferred oxides of the Lanthanide or Actinide series metals

include oxides of cerium, praseodymium, neodymium, samarium, europium,

gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium

and thorium. The most preferred active metal oxides are scandium oxide,

lanthanum oxide, yttrium oxide, ceriuin oxid€; praseodymium oxide, neodyruuiny

oxide and mixtures thereof, particularly mixtures of lanthanum oxide and cerium

oxide.

[0034] In one embodiment, useful metal oxides are those oxides of Group 3

metals and/or the Lanthanide and Actinide series metals that, when used in

combination with a molecular sieve in a catalyst composition, are effective in

extending of the useful life of the catalyst composition. Quantification of the

extension in the catalyst composition life is determined by the Lifetime

Enhancement Index (LEI) as defined by the following equation:

_ Lifetime of Catalyst in Combination with Active Metal Oxide(s) where
B Lifetime of Catalyst

LET



| ant hanum oxi de, yttrium oxi de, cerium oxide; praseodym um oxide, neodym um
oxi de and m xtures thereof, particularly m xtures of |anthanum oxi de and
cerium oxide. [0034] In one enbodinent, useful netal oxides are those

oxi des of Goup 3 netals and/or the Lanthanide and Actini de seri 8U6gl0al s
that, when used in conbination with a mgl-ecul ar sieve in a catalyst
conposition, are effective in extending of the useful |ife of the catalyst
conposition. Quantification of the extension in the catalyst conposition

U g il 3 S D e
Active Metal tp&%egegse& er M&athe dohligioni®indfis R lahisive afholhor 080 the

lifetime of catal yst or catalyst conposition, Is nmeasured 1 n the sane

process undeprddessed e granel datans coftipdsitidn Uhe! thel soimatdioe offeatsibckaly f eedst ock
processed per gram of catalyst conposition until the conversion of feedstock
by the cat althestatadystsorippsitian fallsi beloye seme defaneddevel ot example 10¥orARxanpl e

10% An inacti | oxide will. litt] _effect on the Iifeti
of thocat al YV BIRALSKER O HEYe 4o dRToRt S 8 SR pRBesRBE cat al yst -
conposi tion, cgnﬁﬂrt) i, orR\hﬂ_rsﬁ&‘PernethQ@i‘fﬁi:ﬁe %hgh%ﬁ%s@nm&hi&q% wilp 1. Active

nmet al oxi des e Invention are those oxl des, 1 ncluding

oxi des of t hehekeforicltant dd EinessAbin o ed@al ®el. i Raivetrhathl oMidgs ofslslinventioarbi nat i on
wi th a nol ecul ar sieve, provide a nolecular sieve catalyst conposition that
has a LElI gragtthesetGranp 3. melgl etadesninclushng exidesofdhe Lanthanidg and Actnide t

conposi tion that s not heen copbiped with an acti.ve netal oxjde wll have
2 LB equal 190 B BRERE o FEBRaR P A SR i Bap e B0lT et ol

oxi de in Corrgjsﬂsaéaitaﬂfst BhripdsiBoN Pl B @LE?'F?ééEerﬂ?anClatE}}d@ﬁniﬁQﬂQPSi“O” can be
produced having an LEI in the range of fromgreater than I to 50, such as

from 1.5 to @0lecilppsicnt tatalysitcanysisitionchgtdes hotdrsn sowmbiredwjth an 4dtivei nvent i on
exhi bit LElI val yes greater t 1.2, fgr exanple in the range of from1.2
to 15, and n’E‘F@P%’Sfl '\*@ﬁﬁ@ﬁﬁ@?é%@éﬁo%ﬁ’an 1.3,

[0035] It is found that, by including an active metal oxide in combination

with a molecular sieve, a catalyst composition can be produced having an LEI in
the range of from greater than 1 to 50, such as from 1.5 to 20. Typically catalyst
compositions according to the invention exhibit LEI values greater than 1.1, for
example in the range of from 1.2 to 15, and more particularly greater than 1.3,
such as greater than 1.5, such as greater than 1.7, such as greater than 2.

|0036] The active metal oxide(s) can be prepared using a variety of methods.
It is preferable that the active metal oxide is made from an active metal oxide
precursor, such as & metal sali, such as a niirate, halide, niirate sultaie or acetate.
Other suitable sources of the metal oxide include compounds that form the metal
oxide during calcination, such as oxychlorides and nitrates. Alkoxides are also
suitable sources of the Group 3 metal oxide, for example yttrium n-propoxide.
[0037) In one embodiment, the Group 3 metal oxide or oxide of the
Lanthanide or Actinide series is hydrothermally treated under conditions that
include a temperature of at least 80°C, preferably at least 100°C. The
hydrothermal treatment may take place in a sealed vessel at greater than
atmospheric pressure. However, a preferred mode of treatment involves the use of

an open vessel under reflux conditions. Agitation of the Group 3 metal oxide or



such as greater than 1.5, such as greater than 1.7, such as greater than 2.
10036] The active netal oxide(s) can be prepared using a variety @fAUEBl{UﬁEOdS'
It is preferable that the active netal oxide is nade from an acti’Z et al

oxi de precursor, such as a nmetal salt, i@Ch as a nitrate, halide, nitrate
sulfate or acetate. Oher suitable sources of the netal oxide include
conpounds that formthe netal oxide during calcination, such as
oxychlorides and nitrates. Al koxides are also suitable sources of the G oup

3 netal oxi dehe bride@®f a0l entlyiridd oA diinpdeqeeixs tea 1igqid GRetiurhfop Bxanspteddi ment ,
the Goup 3 netal oxide or oxide of the Lanthanide or Actinide series is
hydr ot her mal [the e¢tian efgeflnsiag liguidding{os serringapromaies the effactiveriplerastion ef of at

| east 80C, preferably.at least 100C. _Th ydr ot hermal treat ment . t ake
place in a Eé% gﬁ‘%egég’e‘ltheé‘tq“@r@ g t@gﬁiuragiéﬁlygblhee?qqﬁa%pé@g@g@% yver, a
referred no A : i I der refl
Pondi 11 ons.—Ale fauidREhER, oty BRIl IR, feferdtly SPERYKERRE) THROT T
oxi de of the ligaid hadiveef@nhidatathiedepefrites haga pHl dfgbbot dediredrer, f or exanpl e,

by the action of refluxing liquid and/or stirring, pronotes the effective

i nteraction ofeferahly Hor geeatgr.t Nopfhimiting exampresipl suitatigdiayid media incdudet he
contact of the oxide wth . the Liqui.d iumis ferably,at,, | eqst 1 hour,
ref orably atasabyare¥is dpution nchidie FRma e A RBR - ok M B
preferably hggq dfbddatdfticbRateddot@ides (inc RIS A4t 2Bl bRLARNEEs =~
Non-limting exanples of suitable liquid nmedia i'nclude water, hydroxide

sol utions (i pENIGH,Na*hKtMel ces @F )Npidind\anid itkderivatj2es, andalkydaydroxydar bonat e
and bi carbonate solutions (including carbonates and bi carbonates of NH4,
"Na', K, My#MNend Ca"), pyridine and its derivatives, and al kyl/hydroxyl

ani nes. [ 003flosb anofNgto FHOGMIEN hOG AR EYGT QUR) FgELA. Qe de o The

active. oxid t he ani de or Actihide serires i S prepa y subj ecting

a liquid sobxité @ftheIUahhaSdedt AR risO]sWréphted Bﬁﬁﬂ?é@iﬂ@ﬁ Ijufpur ce of ions
of the metal, such as a netal salt, to conditions sufficrent to cause

preci pi t at i ospletiorn shghlasarcauepusslitiom camprising 8 sburde okicae ofttheandtal, , such as

by the addit éu%px a(s)fa n?etgf s(?sl(fti, R)i éo%hit%gs sufficient to cause precipitation of a hydrated
precursor to the solid oxide material, such as by the addition of a precipitating
reagent to the solution. Conveniently, the precipitation is conducted at a pH above
7. For example, the precipitating agent preferably is a base such as sodium
hydroxide or ammonium hydroxide.
[0039] The temperature at which the liquid medium is maintained during the
precipitation is generally less than or equal to 200°C, such in the range of from
37C to 200°C. A particular ;ange of wwinperazures {or precipifacion i iroin 20°C w
100°C. The resulting gel is preferably then hydrothermally treated at temperatures
of at least 80°C, preferably at least 100°C. The hydrothermal treatment typically
takes place at atmospheric pressure. The gel, in one embodiment, is
hydrothermally treated for up to 10 days, such as up to 5 days, for example upto 3
days.
[0040) The hydrated precursor to the metal oxide(s) is then recovered, for
example by filtration or centrifugation, and washed and dried. The resulting

material can then be calcined, such as in an oxidizing atmosphere, at a temperature

of at least 400°C, such as at least 500°C, for example from 600°C to 900°C, and



reagent to the solution. Conveniently, the precipitation is conducted at a
pH above 7. For exanple, the precipitating agent preferably is a base such
as sodi um hydroxi de or amoni um hydroxi de. [0039] The tenper at urlel A6 {6 ch
the liquid nmediumis nmaintained during the precipitation is generally |ess
than or equal to 200C, such in the rangeloft from OC to 200C. A particular
range of tenperature for prccipitationis from20Cto 100C. The resulting
gel is preferably then hydrothernmally treated at tenperatures of at |east

O P o ol Bl B3 G4PE o Ao B TRl b g e o1 1Y ks
hydr ot her nal |y i ARIAsnE A1y BRallPu HBNSurs SUER adfor 05 baholRY for fOr exanpl e
up to 3 days. [0040] The Kydrat ed precursor to the netal oxide(s) is then

recover ed, f exampieafoplle) toyl Oflidurs: dnicoe earbodendmt] daladtioans caried vasded and
dried. The resultin material can then be cal cined, such as in an oxidizing
at nosphere, &bowgt ¥ dPad i hows. at | east 400C, such as at |east 500C, for
exanple from 600C to 900C, and 2 8 AUG 1006 -11 particularly from650C to
800C, to formthe solid oxide material. The calcination tine is typically

up to 48 hout%maggblpbog%ofsﬁfon()ﬁ to 24 hours, for exanple for 1.0 to 10
hours. In on i ) | cination is carried out at about 700C for | to
3 hours. Cat #0041 Confitsichiabyst ddidpdsitiorhe thaimepton hohdesaryi e offthd he

invention includes any one of the nolecular sieves previously described and
one or nore Bfolequarfigves preyiously deseriked andone o miae abBg activgneBhexides with a

bi nder and/ or,_nmat.ri tepl i.l-fe t . i ide(s).
Typi cal 1y, ¢ AEonEr PSR Fhchsn? Wil itted By Bk PG 8 B 5
oxi de in theaGaleah¥al oxa@EERSTYpiGiMlyi theivweibherati@bOtheGholbhidiP sfeved Bét  per cent
to 800 wei ght percent, preferably from 10 weight percent to 600 wei ght

percent, noratpeghespbonige inrtberr@talyadaghpospiarcie m thegamgyoofeing htwesghtcent , and
most - pref er;?etglcgntfté il %v%ig i ipgrrégntfjglre(fg%lytf?on? q8 wvev?éhcl r}later egtrtg%% weight
percent, more preferably from 20 weight percent to 500 weight percent, and most
preferably from 30 weight percent to 400 weight percent. \
[0042] There are many different binders that are useful in forming the
catalyst composition of the invention. Non-limiting examples of binders that are
useful alone or in combination include various types of hydrated alumina, silicas,
and/or other inorganic oxide sols. One preferred alumina containing sol is
aluminum chlorhydrol. The inorganic oxide sol acts like glue binding the
synthesized molecular sieves and other materials such as the matrix together,
particular]y'aﬁer 1hé?ma] treatment. Upon heating, the inorganic oxide soi,
preferably having a low viscosity, is converted into an inorganic oxide binder
component. For example, an alumina sol will convert to an aluminum oxide
binder following heat treatment.
|0043) Aluminum chlorhydrol, a hydroxylated aluminum based sol
containing a chloride counter ion, has the general formula of
Al,0,(OH),ClLx(H,0) whereinm is 1 t0 20,nis 110 8,0is5t040,pis 2 to 15,
and x is 0 to 30. In one embodiment, the binder is Al;,O,(OH),,Cl,#12(H,0) as is
described in G.M. Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-

144 (1993). In another embodiment, one or more binders are combined with one



10042] There are many different binders that are useful in formng the

catal yst conposition of the invention. Non-limting exanples of binders that
are useful alone or in conbination include various types of hydrated
alunmina, silicas, and/or other inorganic oxide sols. One prefertBdUallii na
contai ning so] is alumnum chlorhydrol.oThe inorganic oxide sol acts |ike
gl ue binding the synthesized nol ecular sieves and other materials such as
the matrix together, particularly after thermal treatnent. Upon heati ng,

t he i norganic oxide sot, preferably having a | ow viscosity, is converted
into an i nor gamare slicaalupinyBRterialsiyeh anelumigim exddrexide y-alvmimana sol wil |
convert to an al urp' nym oxei de,. bi nder ]f | l.ow n(é;}bheatl tr.eatpent .. 10043]

Al um num chl &PE\VH? & ,ae?%ya’?%%ﬂsé‘f% AR D AT I8 K HF‘éI?Ehi'th a

chl oride cougfffinh laluififa, EhfudRRek aluhifh BAdD-Shma, Subdhld Gl 640
wherein inis | to 20, nis 1to 8, ois 5 to 40, p|52t015y, and x is O
to 30. |n oneudndsagibbsitef bayehee, homideandit, dbyeli8)44d2dfEs Thekedd( H20) as i s
described in GM Wlter-man, et al,, Stud. Surf. Sci. and Catal., 76, pages
105- 144 (19¢M4]| n aRenHentisgsseanpies of conmermiallyorvailghle geleidalaburaingni ned

ith 2 8 AUG 10 12 i . ial .al um
oxyhyar oxi desols gtk alCS sl AR i NG MR G e BlE RIS, nas such

as a- al um nag, PNGhAITAIDODW RhiHBI BomBNFMBINARe TEHRbIIFId aIncX ahidsana, and
p-al um na, alum humtri hydroxide, such” as gibbsite, Dayerite, ‘

nor dst r andi t Masshohedsette, and mi xtures thereof. [0044] Non-limting exanpl es
of commercially avail able collojdal alumna sols inclJude Nal cQ 8676

avai | abl e fri988&k| co Phsrs baratelyst coppestan qoptainy 3 mAxsmategal tigiscol  AL20DW

avail able fr I\Mﬁg l}lgp Too] : ”XE&S etts.

[ 0045] Wer e&rﬂ-% C ;agffys q{:o-cl);?rrpﬁ%s .‘."oﬁ‘%i%r? gllﬁnagdgaﬁ%@”& ma erll%g{‘l‘,i‘Ji his is
preferably dirbhgsienty dffetivé hercagdihy overall @htaBixi 6B, aama%aéwmb}nm @inksMat ri x
materials are typically effective in reducing overall catalyst cost, acting

as thermal sduriag regeneratgny depsiipngttho patalystreonppisitigns and ivencasiys catalysiposi ti on,
and incr .eas ! pr}gzsﬁ:glt ﬁloggﬁies such as crush strength and attrition resistance.

[0046] Non-limiting examples of matrix materials useful herein include one

=

or more non-active metal oxides including beryllia, quartz, silica or sols, and
mixtures thereof, for example silica-magnesia, silica-zirconia, silica-titania, silica-
alumina and silica-alumina-thoria. In an embodiment, matrix materials are natural
clays such as those from the families of montmorillonite and kaolin. These
natural clays include subbentonites and those kaolins known as, for example,
Dixie, McNamee, Georgia and Florida clays. Non-limiting examples of other
ﬁiétrix materials include haloysite, kaolinite, dickiie, izacrite, or anauxite. The
matrix material, such as a clay, may be subjected to well known modification
processes such as calcination and/or acid treatment and/or chemical treatment.
[0047] In a preferred embodiment, the matrix material is a clay or a clay-
type composition, particularly having a low iron or titania content, and most
preferably is kaolin. Kaolin has been found to form a pumpable, high solids
content slurry, to have a low fresh surface area, and to pack together easily due to
its platelet structure. A preferred average particle size of the matrix material, most

preferably kaolin, is from 0.1 um to 0.6 um with a Dy, particle size distribution of

less than 1 pm.



physi cal properties such as crush strength and attrition resistance. [0046]
Non-limting exanples of matrix materials useful herein include one or nore
non-active netal oxides including beryllia, quartz, silica or sol 38 Mfd006

m xtures thereof, for exanple silica- naglggsi a, silica-zirconia,
silica-titania, silica- alum na and silica-alum na-thoria. In an enbodi nent,
matrix materials are natural clays such as those fromthe famlies of
nontnorillonite and kaolin. These natural clays include subbentonites and

t hose kaol i n§0048pwn as¥hérenheostaipdt @ompbiitioe corvhibie AdéndefSeomgirix rameridl] or i da
clays. Non-limting exanples of other nmatrix materials include haloysite,
kaol i ni te, diheatalysteagmosision dypiegiaipentans frere 1% ta §0%. prafemblafromsuch” as a

clay, may be subj ed 10 |1 _kno ifi i rocesses.,such as

cal ci nation ﬁgfﬂﬁé%i&g(&ﬁ’t Wﬂgrﬂre%mwyggoﬁﬁﬁa%g&/% B%E’ﬂé‘i?fthe[ 0047] In a
pref e red et dibhsievelbasdPbi ik 1JBSEER of e GuflyPeofiipoditiehay - type
conposition, parti cularl y having a low’iron or trtani zf content, and nost
preferably i pod4apl i n. WRaot the daadysbeanpdsitisitedntaiiod bindepatidadbeix hi gh sol i ds
content slurry, to have a |low fresh surface area, and to pack together

easi |y due tmateriag the weighs ratiprafisha bipder 1o thy mpixaatersldp Squcabarfidnz| e si ze of
the matrix rial St referably kaolin, . i ro . imto 0.6 mwth
a D90 partic ’ggé?iéi’a}r‘r‘g}?% dinilol B4, a0d papiuiey ‘%ng]:‘fg“’kt}é Thoe 13 10048]

Were the cajgbylof GHEIRPH @Ffeﬂumaﬁladua%t %hj%r\g@;h% aBBATI0% BRLRIgNRI .  the

catal yst conposition typically contains fro to 80% preferably from
about 5%t 0 fdkGas drdh atene SPHE bY ercizht 1o dhoan? BHobyov&@RE add/ pavacghtly fibmt he

nol ecul ar si eve b(gsed on_.the tot aI0 wei ght. of the cat al@XSt _comtgosi tion.
10049] Wher eBboHb7 @ltyapgieht tarheds] 3% by weashtapased anghefotdl weight o1 thet i x

material ; t i ght t ' the matrix material is typically
from 1:15 {bgn*SS&an&@E&ggr s?%vg#?}n?%ﬂgg{aﬁr%l. and particularly from1:6 to
1:5. The arnposg) of bitdefalys chipbsiibh yyph¢aMPhabadensifpib)he\Ringdbf frémabout 30%
by wei ght, 'such as from about 5% by wei ght to about 20% by wei ght, and

parti cul ar | y0.§ gomto aledta, sgoh as\franeifigm 0:6@/etioft 2/¢6dotsxamplefrom baged on t he

total wvei ghtto gfg/}:cr]%micular]y in the range of from 0.8 g/cc to 3 g/cc.

Catalyst Composition Formulation

[0051] In making the catalyst composition, the molecular sieve is first
synthesized and is then physically mixed with the active metal oxide, preferably in
a substantially dry, dried, or calcined state. Most preferably the molecular sieve
and active metal oxide are physically mixed in their calcined state. Intimate
physicai mixing can be achieved by any miethod knowa in the ari, suci a5 mizing
with a mixer muller, drum mixer, ribbon/paddle blender, kneader, or the like.
Chemical reaction between the molecular sieve and the metal oxide(s) 1s
unnecessary and, in general, 1s not preferred.

[0052]) 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



bi nder, the nol ecular sieve and matrix material. [0050] The catal yst

conposition typically has a density in the range of from 0.5 g/cc ég g
g/cc, such as fromfromO0.6 g/cc to 5 g/cc, for exanple fromO0.7 g? U5 2086 4
g/cc, particularly in the range of from0.8 g/cc to 3 g/cc. Catalyst
Conposition Formul ation 10051] I n maki ngl4he catal yst conposition, the

nol ecul ar sieve is first synthesized and is then physically mxed with the
active nmetal oxide, preferably in a substantially dry, dried, or calcined

state. Most ﬁﬁu\lc, h1 Sl V. .0xi de are
physi cal |y m%égﬁ%mﬁ\gzeﬁtdr ca %’JI e giét@%@?ﬁcﬁ%gg&&pﬂﬁﬁgﬁ&?}wﬁg’xi ng can be
achi eves try miytispgadrukidayand the tike. art, such as mixing wth a m xer
mul I er, drum m xer, ribbon/paddl e bl ender, kneader, or the |ike. Chemi cal

reaction bet @es3]t he roloaeeinbodigient,shamsidchlar meve corpositéqrend the matmrecessary

and, in general, .is not preferred. [0052] \Wuere. the catalyst conposition
contains a nﬁ??‘?&alaﬂﬂl%}aﬂﬁi"ﬁ bindefeare cg érfﬁ%a‘?“ﬂ%f’ wid;tg fg‘ﬂh@élmﬁpfly

iy oum 36 Bk e SR HIPREENE S Burd B BbE G 20

bi nder and the actli ve oxlde 1s I ne nul at ed

precursor. Thglaailirgevetiogipoditiod e NoalihRingGdes pRs of BsitidRAiduedk inflagé i cl es or
can be added in conbination with a support, such as a binder or matrix
mat eri al . Thavatersalcolol: ketones) sidehydesnsodior estersc dietnesh ptederfedriipuil isnt o usef ul

2 8 AUG 2006 - 14 shaped d sized particles.b | | -knpwn t echni gues such
s spray dryMater THERBE oty meldtin iesh comAring Rrdes Ang BOER R ghe
enbodi nent i [ oTal t r terial,
optionally V\H\Eeﬁ%ﬁi@hﬁiﬁé&%%& ne%b%?ﬁegrlﬁ?tquﬁg{@% C%leépﬁ]{rg slurry and
then m xed t coppogtioeino sehstairdd shhpy, fhronagphemicosphetadr € cont ai ni ng t he

nol ecul ar: si eve conposition. Non-limting exanples of suitable |iquids
i ncl ude wat K054} cohbince fstapleculangiensrrpidyst camgogton tformed e nost

R Y

drier, t hat ERE1FSt donepoRRiodl ¥ Bbat treatment such as calcination is usually performed.
Typical calcination temperatures are in the range from 400°C to 1,000°C,
preferably from 500°C to 800°C and more preferably from 550°C to 700°C.
Typical calcination environments are air (which may include a small amount of
water vapor), nitrogen, helium, flue gas (combustion product lean in oxygen), or
any combination thereof.
[0055] In a preferred embodiment, the catalyst composition is heated in
nitrogen at a temperature of from 600°C to 700°C for a period of time typically
from 30 minutes to 15 hours, preferably trom 1 hour to about 16 hours, more
preferably from about 1 hour to about 5 hours, and most preferably from about 2

hours to about 4 hours.

Use of Catalyst Composition

[0056]) The catalyst composition described above is useful in a variety of
processés 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

feedstock; isomerization, of for example aromatics such as xylene;



conposition into the required shape, for exanple m crospheres. ]0054] Once

t he nol ecul ar sieve catal yst conposition is forned in a substantially dry
or dried state, to further harden and/or activate the forned ci;agé%z@%
conposition, a heat treatnent such as calcination is usually pe ;

Typi cal calcination tenperatures are in_fjhe range from 400C to 1, 000C,
preferably from500C to 800C and nore preferably from550C to 700C. Typi cal
calcination environnents are air (which may include a small anmount of water
vapor), nitrogen, heljum_flue gas (conbustion product |ean_ in oxygen), or
any conbi nat iROYPEEFEIER, offgpexsinle one oF wo olelin@EhedaPdush@ Pol¥BeTC at al yst

it [ f ' Rl . af . 600C 700C f
Sopersod of e e B oaERRIH, ol SIRRAY B Ine SRAGATHS o 1™
hour to abouthydfdafsns to Ridve sRhighrM yar&ffmgg @&eﬂixioﬁ, &YOef ednl My 5 hours,

and nost preférably fromabout 2 hours to about hours. Use of Catal yst

Conposi ti on [a8@béfc dhepamntisforstparameaittisoancrs decedfpaklylatiay ef foar enample i n a

vari ety of processes incl udi ng\bgsracki ng, of for exafr‘el e a naphtha feed to
: e

li ght ol ef i n@Eymats hydrogaghanssuglpas benzens andalkdbengengseranmalkylaton, ofder ght (M
hydr ocar bons to_|owe dr, r hons; LOGrLackin f_for exanple heavy
petrol eum ang;‘%’”%ﬁ#ﬂ‘%&*@é&g@g@}%}?ﬁ @grﬁ%fazl&ﬁ?%ﬁfahsg‘w%fm %ﬁml e aromatics
such as xyl eﬂsalkgqaﬁoﬁ\,ugd&lszﬁéylizhﬂon;ng&pfraséﬂtié]@aﬂ@pofR;fr ek@hpleXaliBeéoone or nore

ol efin(s) to produce-a polynmer product; reforning; hydrogenation;
dehydr ogenat noike bepmvaneiand xylefies chg@rengdtion, df/fdr exemple sisaight andrboareehed r ai ght

Ceparat i ng. obfah SIBRY! EHEIB R0y eaRaR on. of Tor example aromatic
Dy ocarboreypuel, = BRORSDGEN MERREDSS LR baAD o
deal kyl at i onhjghydarodrey nixaikdsptonvdisiy dgn oldRNitb gasoliat, diaillatesanpl e tol uene
to nmake benzene and xyl enes; oligonerization, of for exanple straight and
br anched 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.

[0058] 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.

[0059] Non-limiting exampies 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 methy] sulfide, alkylamines

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

methylethyl ether, alkyl halides such as methy] 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,

diethyl ether or a combination thereof, more preferably methanol and/or dimethy}

ether, and most preferably methanol.



chain olefin(s); and dehydrocyclization. [0057] Preferred processes include
processes for converting naphtha to highly aromatic m xtures; conv étin%
light olefin(s) to gasoline, distillates and |ubricants; converting AUG 1006
oxygenates to olefin(s); converting light paraffins to olefins and/or
aromati cs; and converting unsaturated hydﬁocarbons (et hyl ene and/ or
acetylene) to al dehydes for conversion into al cohols, acids and esters.

[ 0058] The nost preferred process of the invention is the conversion of a

feedstock to muegopr noOURING!tEE vilduk fecB¥RcRAdibdtssdd ol e aRshiQgdlcoNt ai ns one or

nmore aliphatic-containi ng conpounds, and preferably one or nore oxygenates,
such that t hfeedétoghearitainingi astoxygenmataisnch dsrapraldohpl thxbeaaly SGoogokition af ons,

preferably from1l to 20 carbon atons, ngr‘g%preferably from1l to 10 carbon
atoms, and nodfi \ff-’@flepamf?wﬁ%m fonvgrt AL icreterkRIBRATLY PRIOSIE OGS i i ti ng
exanpl es of sui e | hC- ol ' e al cohol s such
as net hanol aﬁgﬁgﬁia—g@% ?Eg?ﬁ@ﬁroﬁd@%@g@ Jgﬁgy g%c@#?%ﬂs}%sntgépyrh%%%ear@%%t an and

et hyl m%‘_rcapt,ﬁefermwltoSldafﬂdﬁea‘iorﬁy,qﬁb@?rd}ahbwlz ©W Edrbléh aBhisydtannBRs such:.as
met hyl am ne, "al kyl ethers such as dinmethyl ether, diethyl ether and

met hyl et hyl eairbferagblalig ¥ cheiond etonssuaid mestrreefhgablycire ethydeneaand/oet hyl chl ori de,
al kyl ketones suych as di nethyl ketone, fornal dehydes, and various acids
such as acet iRFFOPYEMd. Preferably, the feedstock conprises nethanol, ethanol,

di met hyl eth di et : e [ ' o) Of: erabl y
met hanol and/elg(rmc]i met hhy;)%pl&tg? hglF ,c&aﬁaaﬁ’cf?%@Wg‘?d&@%ﬁ?@ﬁé@hgﬁgﬁﬁy‘@ AUG 2006
-16 [00601 UsjoRgert A €cedatoc denthi@iSénecdrSnéte s yisshatds e \ueprodat tosteinaid ¥ a

f eedstock containing an oxygenate, such as an al cohol, the catalyst
conposi ti on areaterithan Hiy sieight peicentefypinally geeates thaarfieweighhperterdduich ek

[ i1y int | efi . Ih | ef d d typically h
Prom2 (4 30 eCeABaReLT b esent Frgpa s iresrany? aealst i S RED frsrat b of of abl y
2 to 6 carbonatRiifassi b theBfaf welphebLhARbdArtontia tHe FRITIONMBLBIE, dRNd nost

preferably are ethylene and/or propyl €ne.
' 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 30 weight percent, such as greater than 35
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
hydrocarbou product produced 1s 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.

[0062] 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
range of from 30% to 40% compared to a similar catalyst composition at the same

conversion conditions but without the active metal oxide component(s).



[0061] Typically, the catalyst conposition of the invention is effective to
convert a feedstock containing one or nore oxygenates into a produgt
containing greater than 50 wei ght percent, typically greater t hah ébﬁmpﬁght
percent, such as greater than 70 wei ght percent, and preferably greater
than 80 wei ght percent of ol efin(s) baskd-on the total weight of

hydr ocarbon in the product. Mreover, the anount of ethylene and/or

propyl ene produced based on the total weight of hydrocarbon in the product

is typically Aaomt er tmaaadﬁfén\e@imxtygara@@wmpé&ht, sGtPdmhansigaker than 50
wei ght percent, preferably greater an 65 wei ght percent, and nore

pref erabl y grfeaisescktrhancatfaineing bt mper dibrehts, Wpihcaé benerdllyenamrmadtive tet hyl ene
produced in wei g:gt percent based on the total weight of hydrocarbon product
produced, i s kg Eegdepck pamolpgulaesigys caly ¢ éamposition and agrippically #8840 35  wei ght

Brount o pr GRYRBRE ptsantaien of eieptooser CeRErE S el Gt Lot gnt o

hydr ocar bon E’ﬂc‘?ﬁ’dk_cﬁelﬁﬁrﬂ%éiﬁﬂnhﬁ)#gﬁ,%}t%ﬁl h&RXidD) AP Qlox®y, Gk, such as g.
eater than 25 wei ght perctent, for exanple greater than 30 wel ght percent,

and pr ef er abkysengalbat@i-rdabiive fbafims (@speqaicakanes[s0662y methiang etHane,catial yst
conposition of the invention for the conversion of a feedstock conprising
met hanol andPEHPREER §Issptidly nep-wasieasematiticyrppyrdspad mixturessthergghd t hat t he

d [ h d pr. i . h 9 h
R I SRR T e ey
range of from&&%&_o 40% conpared to a simlar catalyst conposition at the

same conversion conditions but without the active netal oxide conponent(s).
2 8 AUG 2006[0063)y [ 008B¢ praserguodesocant e dondudsy gesrat wideoagendnt , such as

met hanol, the feedstock may contain _ane Jore diluents, ich are
general |y nol§MREFES.SUCH as %/’}1@‘31“&5850?3@?‘ 2(50 %@é@ﬁbé’# fEf%’?ﬁé‘ airemy st
conposition \77<1 Lt ta t he

f eedst ock. n- Iclatl;%esiopn% @ggllr?p gﬁ‘?’gfﬁg?(f Bent s%’iéégY‘ﬁgﬂﬁmé‘ﬁéb% gi)n,

ni trogen, cag38C, prederabbefrom 350N 160 Cdad rivat preferabBsesrhi3s? @ taron-r eact i ve

paraffins ( essspO%%i. al ly al kanes such as net hane, ethane, and

[0065] 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.

[0066] The weight hourly space velocity (WHSV), defined as the total
weight of feedstock excluding any diluents per hour per weight of molecuiar sieve
in the catalyst composition, can range from ! hr' to 5000 hr', preferably from 2
hr! to 3000 hr, more preferably from 5 hr to 1500 hr’, and most preferably from
10 hr' to 1000 hr'. In one embodiment, the WHSYV is at least 20 hr" and, where
the feedstock contains methanol and/or dimethyl ether, is in the range of from 20
hr' to 300 hr'.

[0067] The process of the invention is conveniently conducted as a fixed bed
process, or more typically as a fluidized bed process (including a turbulent bed
process), such as a continuous fluidized bed process, and particularly a continuous

high velocity fluidized bed process.



propane), essentially non-reactive aromatic conmpounds, and m xtures thereof.
The nost preferred diluents are water and nitrogen, with water being

particularly preferred. [0064] The present process can be conductzggw@vm a
wi de range of tenperatures, such as in the range of from 200C to é by or
exanple from 250C to 800C, including frim 250C to 750 C, conveniently from
300C to 650C, preferably from 350C to 600C and nore preferably from 350C to
550C. 100651 Simlarly, the present process can be conducted over a w de

range of pr es including.. 0 ) ssure.. Typicall he.. tial

pressure of E‘Z@g]feedg{’ggﬁp r@)%%%xéﬂgg& e"&%gaﬁ"ﬁ%f C%’ﬁé‘?‘%fiﬁggmf%g% in the
process 1s I Bed Egode's‘sﬂﬁhﬂiziﬁ)éafera&ﬂ} Syslerk RAR o bierai YRR StePiRl £5eaR)eyy from 5 kPaa
to | MPaa, and re preferably from 20 kPaa to 500 kPaa. 100661 The wei ght

hour |y spacesystémcilh guchiHEdressdedshifectistecks oyaticnatlnvithveme @inmood difwetis),ock
excluding any diluents per hour per weight of nolecular sieve in the
cat al yst conisdépttpgsthercaith the mplecqulas siqve gatalyst gompestion Into necF &RYUBI y fr om 2

T 2,000, B rea BRI REL AR N LR R Measbeh RSBRG ' yMEDS
lleast 20 hr - reagfflis) M6 b gasdoi§ effRestshacdntéro BldddeASagdimy a8@lin 8RadER%odi met hyl
ether, is in the range of from20 hr"' to 300 hr-'" 10067] The process of

t he i nventi osystesn abmgenitlethe|cgkalomatilytt edmpesiioni Yeelciied caplystess, or nore
typically as a fluidized bed gr ocess (i ncl }Jﬁil ng a turbulent ped process),
such as a cofRMPRIBLIN 18|s6pRisd fropeite grerous stlueht wikinithe disehgaging vestli nuous

L R N T
utilizing a looae ?)@ﬁioﬁﬁ/(ﬁttﬁéfﬂis@]gﬁgiﬂg Regs@l.i BIthe ¥Gippifgtiile thd oked Batilyssyst em | n
such a process, fresh feedstock, optionally with one or nore diluent(s), 1is
fed toget hercompdsitioreiseonieetad aithgi gagesushistdays methang oearbanodiokide.catham or  nor e

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.

[0069] 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, anc preierabiy from 550°C 1o

700°C.

|0070] The regenerated catalyst composition withdrawn from the

regeneration system is combined with fresh molecular sieve catalyst composition

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

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

[0071] The gaseous effluent is withdrawn from the disengaging system and

is passed through a recovery system for separating and purifying the light

olefin(s), particularly ethylene and propylene, in the gaseous effluent.



riser reactor(s) in the reactor system The feedstock is converted in the
riser reactor(s) into a gaseous effluent that enters a di sengagi ng vessel
in the reactor systemalong with the coked catal yst conposition.? §Thgs goked
catal yst conposition is separated fromthe gaseous effluent within the

di sengagi ng vessel, typically with the -di% of cyclones, and is then fed to
a stripping zone, typically in a |ower portion of the disengagi ng vessel.
In the stripping zone the coked catal yst conposition is contacted with a

gas, such ste t ha QX b ' : and/ or
fi72(re NeoneGRaORA1 BhBXEifRnt, G HBkess epﬁle%h%gggg%g%%

an inert gas as argon, preferably steam”  to recover

hydr ocar bons &f anintdpeated prdessafoapyriicimgiipghsolefing) fromta hyklrddaebon i nt r oduced
into the regeneration system [0069] In the rg_generat i on systemthe coked
catal yst conpéesilstpeda ppriculashyrraethare Jad/or sshanegdhe fisst Sish nthfi RrAtespief erabl y a

t ai ni d t] it . | f b [
doke. 1 om t hePsSREP e R ey oot o BETerBf m SPBPIPRY ifia AP EyBent 888 ¢ han
0.5 wei ght peggend pr*aaﬁaﬂmoz_bntefa@ﬁ;d&eéasyﬁhe&fg gfsubdif, @i&sﬂy ea&sﬁabgr si eve
catal yst conpdsition entering the regeneration syste For exanpl €, the

regenerati on cabeh diowids, canlor mohoxide ahdhpdrogdrur €he syrithesisr gasgaeah i them 450C
to 750C, and preferably from550'C to 700C. 10070J The regenerated catal yst

conposi ti on waINeRedi anraxygenide contaiaing srcpmreesgrstle by contastig Wil ani t h fresh
nol ecul ar si eve cat al yst .conpgosition and/.or re-gircyl ated | ecul ar si eve
catal yst compiarPRuRoRTeEay Sy BRialS AcoRRty tied ki JarBrrefieiite. anc
returned to thged §SHEmNSBeE @ 450°C R0 plesstheindas eRige offibl e Mpd ® M t hdrawn
fromthe disengaging systemand is passed through a recovery system for

separ ati ng andPpuaifey pugfication| thgloxygenats contghingsteam can be hsedetshay| ene and
ooy ene: | D U gRscous. ol Ll ycnte, 2%, A0 100 43, 9872), Lhucne
oLt P, o POl ek fu SRR, .
'S described in EP-B-0 933 345, which is herein fully incorporated by reference,

[0073] In another more fully integrated process, optionally combined with

the integrated processes described above, the olefin(s) produced are directed to

one or more polymerization processes for producing various polyolefins.

10074) In order to provide a better understanding of the present invention

including representative advantages thereof, the following Examples are offered.

[0075] In the Examples, LEI is defined as the ratio of the lifetime of a

molecular sieve catalyst composition containing an active metal oxide(s)

compared to-that of the same mojecuiar sicve in the absence of a metal cxide,

defined as having an LEI of 1. For the purpose of determining LEl, lifetime is

defined as the cumulative amount of oxygenate converted, preferably into one or

more olefin(s), per gram of molecular sieve, unti] the conversion rate drops to

about 10% of its initial value. If the conversion has not fallen to 10% of its initial

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

based on the rate of decrease in conversion over the last two data points in the

experiment.

[0076] "Prime Olefin” is the sum of the selectivity to ethylene and

propylene. The ratio "C,7/C,” is the ratio of the ethylene to propylene selectivity



passi ng the gaseous feedstock, preferably in conbination with a water
stream to a syngas production zone to produce a synthesis gas stream
typically conprising carbon dioxide, carbon nonoxide and hydrogen. Tﬁt\e? ‘
synthesis gas streamis then converted to an oxygenate containi ng Bs‘@ Qplbl
generally by contacting with a heterogeneous catal yst, typically a copper
based catal yst, at tenperature in the range of from 150C to 450C and a
pressure in the range of from5 MPa to 10 MPa. After purification, t he

deser 1 bed abOFEHE Opaht BTy GaPugners Fcytated Borhigdrh tﬁ%ﬁpfo&i R nd o
propyl ene. Ngaﬁgnf e tﬁéFﬁﬁa?rfSFf ﬁ.%g&i@ge@&u [ The QLIECiviIRRC! | bed

in EP-B-0 93 ere rporate erence. [0073]

I n anot her nfyrenéthihhey ethyﬂaa; athexsk, pfap@rtbsxs,,propd;nep@gb hiyd Cg}nt)mieeadem'gé h the
i ntegrated processes descri bed above the olefin(s) produced are directed to
one or nore mittq;mmszaclgbwdm’veb@gm Neote that seriCi nycansist onky gfdlsyolest i ns.

0074] | d d b d t t
ol uti ng 1 oBFLGen: ShF Ve Gfanelist o PRERELIC THE e oo Perabtiebe are
offered. [ Oﬂaz.é]beleﬂ ch}@ctE&moﬁé as isEvlreH Rnowgi | ned as the ratio of the

lifetime of a nolecu sieve catal yst conposition containing an active
net al oxide(s) conpared to that of the sane nol ecul ar sieve n the absence
of a netal oxide, defined as having an LEI of 1. For the purpose of
deternining EBmpl¢ Aetine is defined as the cunul ati ve ambunt of oxygenate
converted, pﬁefera |y | AN, Qleye TOT € ol efin(s), per gram of nol ecul ar

si eve, until ops to about 10%of its initial val ue.

If the Conve['i}@'ﬁ’rl haSAr&%ccfaﬁHnﬁGpHc@pﬂ-aqg/‘irﬁiechté steRE 18 APO-MabESeDedidde end of

the experiment fetime is estimated by |inear extrapolafi on based on-the
rate of dec r &g was omyma&hzei xmhopﬂ:sertch of tetrpethyvamdanaim by dioxiderfRi he

experi ment. [0076] "Pri efin" is the sumf the selectivity, to ethyl ene
and propyl e¥d. diniopy IPS(&‘)S? Grg?EICtSHBCtPﬁ‘ﬁfFCHf‘gtaE@“‘éPhS?F@a?émEo pr opyl ene

i :: gﬁf ;;"eéy K iSC:}pcIl nggﬁ]‘)f 0 fé!i’f‘tivﬁﬁ%%lé’}é% cbitfpokitidn; The "C3 Purity” is
0.2 8102/A1 0,/P,0,/09R1/1.5R2/50H,0.
was prepared by initially mixing an amount of Condea Pural SB with deionised
water, to form a slurry. To this slurry was added an amount of phosphoric acid
(85%). These additions were made with stirring to form a homogeneous mixture.
To this homogeneous mixture Ludox AS40 (40% of S102) was added, followed
by the addition of R1 with mixing to form a homogeneous mixture. To this
homogeneous mixture R2 was added and the resultant mixture was then
crystallized with agitation in a stainless steel autoclave by heating to 170°C for 40
hours. This provided a slurry of the crystalline molecular sieve. The crystals were

then separated from the mother liquor by filtration. The molecular sieve crystals

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

spray drying.

Example B

Conversion Process

[0078] All conversion data presented were obtained using a microflow

reactor consisting of a stainless steel reactor (1/4 inch (0.64 cm) outer diameter)



selectivity by the sumof the propyl ene and propane selectivities. The
selectivities for nethane, ethylene, ethane, propylene, propane, C4' s and
Co+'s are average selectivities weighted over the run. Note t hat? & A5 €086 s
consist only of CS's, C6's and C 's. The selectivity values do not sumto
100% i n the Tabl es because they have been corrected for coke as is well
known. Exanple A Preparation of Ml ecular Sieve [0077] A

si li coal um nophosphat e nol ecul ar si eve, SAPO 34, designated as MSA, was

crystal | i zedldcatetlig afugRenenbith vaidriet hydthaishoak fod. MitdrreadistendsRl )  and
di propylam ne (R2) as the organic structure directing agents or tenplating
agents. A nixaintained at hienipstatergion 4758} and apressweapds psigh72.HkPagd Be / A12C3

/" P206 / 0.9 R / 1.5 R [ 50 HOQ d_by initially njxi
amount of Cofiaeis i St iR i ihe b St of pethspafn Ypgh{bRC" 1 ¢
| o Sd™ Wall €7, Tt Y

ade i th SO R o e ey SRR aC e e iy RS eRRY hoous

m xture LudogwBSAD waE0e0d . Jir6R)ct paces atidieg thé fdatovwadre dofletté andldi ti on of Rl
with mxing to forma honogeneous m xture. To this honbgeneous m xture R2

was added armhalyred usinglgaanhromatagnaphywakhetdatalyst doadswasl 50 me @ndihercatalyst at i on i n

a stainless steel toclaye b eati.ng to 170C.for 40, hours. This provided
a slurry of Qe git%\‘ﬁ”ﬂ%@uﬁ%?g'c‘mné‘?“ ROy SPOtE I tEIEASl s were  t hen

separated fromthe nother liquor by filtration. The nol ecul ar sieve crystals
were then mxed with a binder and matrix material and formed into particles

by spray drExdamgpleExanple B Conversion Process 100781 Al conversion data
presented were ogt al ned usi g% a mcroflow reactor consisting of a stainless

steel reactdPOTH 4 i nttwampleas LafyOpuiHyO dpldrichdrhenyica Groepapgbwas - 21 | ocat ed
in a furnace jo Wi ch %3R85t 2§% kA oal@S ol B dhunt dgidecact or was

Example 2
[06080]) Fifty grams of La(NO,),-xH,0 (Aldrich Chemical Company) were

dissolved with stirring in 500ml of distilled water. The pH was adjusted to 9 by
the addition of concentrated ammonium hydroxide. This slurry was then put in
polypropylene bottles and placed in a steambox (100°C) for 72 hours. The
product formed was recovered by filtration, washed with excess water, and dried
overnight at 85°C. A portion of this catalyst was calcined to 600°C in flowing air

for 3 hours to produce lanthanum oxide (La,0,).

Example 3
[0081] Fifty grams of Y(NO,);-6H,0 were dissolved with stirring in 500m!

of distilled water. The pH was adjusted to 9 by the addition of concentrated
ammonium hydroxide. This slurry was then put in polypropylene bottles and
placed in a steambox (100°C) for 72 hours. The product formed was recovered by
filtration, washed with excess water, and dried overnight at 85°C. A portion of
this catalyst was calcined to 600°C i flowing air for 3 hours to produce yttrium

oxide (Y,0,).



mai ntai ned at a tenperature of 475C and a pressure of 25 psig (172.4 kPag)
The flow rate of the nethanol was such that the flow rate of nethanol on

wei ght basis per gramof nol ecul ar sieve, also known as the wei ghg Abp by
space velocity (WHSV) was 100 h". Product gases exiting the reactor were
col l ected and analyzed using gas chromgfoegraphy. The catal yst | oad was 50
nmg and the catalyst bed was diluted with quartz to mnim ze hot spots in
the reactor. Exanple 1 [0079] A sanple of La(NO3)3.xH20 (Al drich Chem cal

Conpany) wasg, dgped in air at 700C for 3 hours to produce |anthanum
oxi de. Exan‘;ﬁE—e@hgﬂg%] Fifty grans of La(NOG3)3"xH20 (Al drich Chem cal

Conpany) wer @082] ssol xedmpld ¢f SRNOL), ’El, ON AN Clidmidal CTompeg) waser . The pH
was adjusted to 9 by the addition of concentrated amoni um hydroxide. This
slurry was tdadgingdiin dinat PG gerobhows &o podurescapdismpxade®ci®;)a st eanbox
(100C) for 72 hours. The product forned was recovered by filtration, washed
with excess water, and dried overnight at 85C A portion of this catalyst

was cal ci ne% inflowng air for 3 hours to produce |anthanum oxi de
(La233) . Ex 00811 Fifty granms of Y(NO3)3.6H20 were dissolved with

stirring in 9083  of Fitlygrarhs e0CHRIG),-6HJTR vairt Wiasolveli with edrring ifl S509mt he
addition of concentrated ammoni um hydroxide. This slurry was then put in
pol ypr opy| erd dissiltedexatern dhe pHarascadjysted tor&ebintherdditiopof cenpeng@edour s. The
product fornmed was recpvered.b filtration, .washed with. excess water, and
G edover niAHPORRTLEXRAE oY SHmsvas Pt i By Breryisee BAIER AR 1 o 600G | n
flowng air I8 In AQMamboR (P(F(p@?'?& W B drd MThOXolEct (i) wasreBoviirka 1%,806 - 22
Exampl e 4 [ 82](4'I A sanpl e of Sc(NGB)3.xH2O (Al drich Chem cal Conpary) . was
cal ci ned i n fHtratiod, wBB&I With elcdspwaterf mdpdrixdunernsgiaad B5AQ, oXipdetigrSe2 O3) .

" this catalyst was calcined to 600°C in flowing air for 3 hours to produce cerium

oxide (Ce,0;).

Example 6
[0084] Fifty grams of Pr(NO,);:6H,0 were dissolved with stirring in 500ml]

of distilled water. The pH was adjusted to 8 by the addition of concentrated
ammonium hydroxide. This slurry was then put in polypropylene bottles and
placed in a steambox (100°C) for 72 hours. The product formed was recovered by
filtration, washed with excess water, and dried overnight at 85°C. A portion of
this catalyst was calcined to 600°C in flowing air for 3 hours to produce

praseodymium oxide (Pr,0O,).

Example 7
|0085] Fifty grams of Nd(NO,),-6H,0 were dissolved with stirring in 500m]

of distilled water. The pH was adjusted to 9 by the addition of concentrated
ammonium hydroxide. This slurry was then put in polypropylene bottles and
placed in a steambox (100°C) for 72 hours. The product formed was recovered by
filtration, washed with excess water, and dried overnight at 85°C. A portion of

this catalyst was calcined to 600°C in flowing air for 3 hours to produce

neodymium oxide (Nd,0,).



Exanple 5 100831 Fifty grans of Ce(NO3)3.6H20 were dissolved with stirring
in 500m of distilled water. The pH was adjusted to 8 by the addition of
concentrated anmoni um hydroxide. This slurry was then put in pol ygrBofif Bbte
bottles and placed in a steanbox (100C),for 72 hours. The product formnmed
was recovered by filtration, washed w tfr excess water, and dried overni ght
at 85C. A portion of this catalyst was calcined to 600C in flowng air for
3 hours to produce cerium oxide (Ce203). Exanple 6 (0084] Fifty grans

of Pr(NG3) 3. 6H20 were di ssolved with stirring in 500m of distilled water.

The pH was adjusted to 8 by the addition of concentrated ammonium
hydr oxi de. Tlﬂfﬂ!!ﬂllﬁﬁry was then put in pol ypropylene bottles and placed in

a steanbox ( for.{2 hours. The.pr t r s recgovered by
filtration, \tﬁgﬂad Wi #?"g(al@gsgrﬂﬁﬁ gﬁ@e(@;iaﬁﬁz@qﬂ%@%‘?ﬁ{%oﬁt 85C. A portion
of this catalyed, s, aleré BRLIVE] @Qﬁ@tihﬂagfih@wﬁgoﬁﬂiétilﬁéﬁw§tef‘.0}%§thEP produce
praseodym um oxi dé” (Pr203). Exanple 7 [0085] Fifty granms of Nd(NGB) 3. 6H20
wer e di ssol vedutibr borghining 2pgriamsxi@nficenthiediagtmdrlivd hwetoxide arues (Ohhlwd's

adjusted to 9 by the addition of concentrated amoni um hydroxide. This
slurry was t Hishllediwaten wasipysnagssly | Bisee B selaldong veere ppmbugd ahthg rae®dmbox

(100C) for 72.hgours. .Th roduct f r ered. filtration, washed
with excess égﬁﬂgfn,m Hﬁag %lﬂl% 5@%’\%@%?@%&%&%@@ %ﬁé’ognoquiltgﬁvagfa dJutsLelgsto_cat al yst
was cal ci neda%@oﬁ%@w@ HQJ B¥aBgitidh of toiceRtrted hsinfoRildh AYEERIdeNSRgy M UM oxi de
(Nd203). 2 8 'AUG 2006" -23 Exanple 8 [00861 Thirty nine grans of

Ce( NOB) 3. 6H28luapavag thergpatris polyprémdiedioglas didpleeedindi stsahbexd(MOPQ) &&ri rri ng
in 500mM of distill ter. Anoth | ut i tai ni 20 f
Concont af oA Th Rl SRS SoOREa Y HiSos Wishe o BT ©

water, and dried overnight at 85°C. A portion of this catalyst was calcined to
700°C in flowing air for 3 hours to produce a mixed metal oxide containing a

nominal 5 weight percent lanthanum based on the final weight of the mixed metal

oxide.

Example 9
[0087] Nine grams of Ce(NQ,),"6H,0 and 30.0 grams of La(NQO,),-6H,0

were dissolved with stirring in 500m] of distilled water. Another solution
containing 20 grams of concentrated ammonium hydroxide and 500ml of distilled
water was prepared. These two solutions were combined at the rate of 50ml/min
using a nozzle mixer. The pit of the final composne wus 2djustea (G
approximately 9 by the addition of concentrated ammonium hydroxide. This
shurry was then put in polypropylene bottles and placed in a steambox (100°C) for
72 hours. The product formed was recovered by filtration, washed with excess
water, and dried overnight at 85°C. A portion of this catalyst was calcined to
700°C in flowing air for 3 hours to produce a mixed metal oxide containing a

nominal 5 weight percent cerium based on the final weight of the mixed metal

oxide.



distilled water was prepared. These two solutions were conbined at the rate
of 50nml/mn using a nozzle mxer. The pH of the final conposite was
adjusted to approximately 9 by the addition of concentrated anmicth AU006
hydroxi de. This slurry was then put in pol ypropylene bottles and placed in
a steanbox (100C) for 72 hours. The pr t formed was recovered by
filtration, washed with excess water, and dried overnight at 85C. A portion
of this catalyst was calcined to 700Cin flowing air for 3 hours to produce
a m xed net ahxg}g;ﬁglgont aining a nomnal 5 weight percent |anthanum based
on the final T f the m xed netal oxide. Exanple 9 100871 N ne grans
of Ce(NO3) 3. B8] and IMeRagroankoxide bdGH)tBe 6X1AEs ofBxamples & dirvegh 9 t h
stirring in 500m of distilled water. Another solution containing 20 grans
of concent r aveE BERBECAHFIRG aNdstilercl GAPIEDO SO ! Shermogiavimetdic apalysls was

prepared. These t ol uii e L,hed.at _the rate of /[m.n_ using a
nozzle m xer?y%{%\{%ga %rgﬁlteﬁ{;&f’ %gﬁrzfl' @%nﬁ};%@ie?xé%agl? %‘f] ﬁé’ieefgmt%%%ﬁgﬂd% mat el y
9 by the addiibivitly 8f 1 MARBHOA RA cAEHBEH Y WHELHOKE UBeakd BE Sarbérl Siokieas then
put in polypropylene bottles and placed in a steanbox (100C) for 72 hours.

The product Wwas medsued at £@RCerEe shyfade drea af the samples hede wichdurakiness wat er,

and dried overni‘%?lt at 85C. A portion of this catalyst was calcined to 700C
in flow ng atgcordsnce withthe meghadrof drupaugr, Fimmgttanda] elisk (BETHormrayide e a

nom nal 5 wej ght reen rid e n.the final: weight qof the m xed metal
oxide. 2 8 A@%@%x@ezépt%%a]ﬁg&ég%gﬁ%%&? ‘%ﬁéldgg?b%ﬁhgfnc?}ﬁq%ldﬁpt ake of the
oxi des of Ex&gggn%ﬂiln tigleygh 9 were neasured using a Mettler TGA/ SDTA 851
t hernogravi metric analysis system under anbient pressure. The netal oxide
sanples were first dehydrated in flowing air to about 500C for one hour
after whixch the uptake of carbon di oxi,Id% i/vas measured at 100C. The surface
area of, the sanples were neasured in Table 1

Example Catalyst Dry | CO, Adsorbed | Surface Area | CO, Uptake
Weight (mg) (mg) (m%/g) (mg/m’)
1 22 0.1846 40 0.210
2 31 0.6487 38 0.551
3 24 0.3296 80 0.172
4 20 0.0490 33 0.074
5 143 0.7714 57 0.095
6 50 0.3136 24 0.261
7 4] 0.6491 18 0.880
8 130 0.8407 51 0.127
9 42 1.2542 46 0.649

Comparative Examnle 11

[0089] In this Comparative Example 11 (CEx. 11) the molecular sieve
catalyst composition produced in Example A was tested in the process of Example
B using 50 mg of the molecular sieve catalyst composition without an active metal

oxide. The results of the run are presented in Table 2 and Table 3.

Example 12

{0090] In this Example, the molecular sieve catalyst composition produced
in Example A was tested in the process of Example B using 40 mg of the
molecular sieve catalyst composition with 10 mg of La,0; produced via nitrate

decomposition in Example 1. The components were well mixed and then diluted



accordance wth the nmethod of Brunauer, Emrett, and Teller (BET) to provide
the carbon dioxide uptake in terns of ng carbon di oxide/ n2 of the netal
oxide presented in Table 1. Table 1 Exanple Catal yst Dry CO2 Ads @Bt 2006

Surface Area CO2 Uptake Weight (ng) ( (nm2/g) (mg/nR) 1 22 0.1846 40
0.210 2 31 0.6487 38 0.551 3 24 0.329&580 0.172 4 20 0.0490 33 0.074 5

143 0.7714 57 0.095 6 50 0.3136 24 0.261 7 41 0.6491 18 0.880 8 130
0. 8407 51 0.127 9 42 1.2542 46 0.649 Conparative Exanple 11 100891 In this

Conpar ati ve FxAeh® olfbrii@h&readth bbd1ETHOIRGHS 81 thid &XpErimemiadé WdwtRNPOSI ti on
produced in Exanple A was tested in the process of Exanple B using 50 ng of

t he nol ecul aTalslee? end dtiHbspsting trp dwi addaronw t g (t, aaractied Gueipriematal oxi de. The
results of the run are presented in Table 2 and Tabl e 3. e 12 100901

3 : anpl
In this Exanptide. nersased|idetmepy d#8%pe Sehicivity o sbapodscrsas g@"(s@@é in
Exampl e A was,t est in th ro o,EX I ' 40 f .the
nol ecul ar si %e\ll%‘:%g g? g? ;9%‘{1’58@%6%%%?‘? g}%gé\ﬁ/‘f ﬁgé:% Sﬁﬁg%g ’%hlggﬁ%t rf)&%&?f@é‘%i Vi a
nitrate deq&mgg&ﬁﬁgﬁférqefgﬁ@ﬁ@l e 1. The conponents were well m xed and then
diluted 2 B AUG 2006 -25 with sand to formthe reactor bed. The results of
this experiment are showmn in Tables 2 and 3 illustrating that the addition

of La203, an_active Goup 3 netal oxide, increased lifetinme by 149%
Sel ectivity Examplealde decreased by 36% and

[0091] In this Example, the molecular sieve catalyst composition produced
in Example A was tested in the process of Example B using 40 mg of the
molecular sieve catalyst composition with 10 mg of La,0, produced via
precipitation in Example 2. The components were well mixed and then diluted
with sand to form the reactor bed. The results of this experiment are shown in
Tables 2 and 3 illustrating that the addition of La,0, produced via precipitation, an
active Group 3 metal oxide, increased lifetime by 340%. Selectivity to ethane
decreased by 55% and selectivity to propane decreased by 44%, suggesting a

significant reduction in hydrogen transfer reactions.

Example 14
[0092] In this Example 14, the molecular sieve catalyst composition

produced in Example A was tested in the process of Example B using 40 mg of
the mwiccular sieve caialyst composition with iU mg of Y,0, produccd in Exampie
3. The components were well mixed and then diluted with sand to form the
reactor bed. The results of this experiment are shown in Tables 2 and 3
illustrating that the addition of Y,Q,, an active Group 3 metal oxide, increased
lifetime by 1090%. Selectivity to ethane decreased by 45% and selectivity to

propane decreased by 28%, suggesting a significant reduction in hydrogen transfer

reactions.



selectivity to propane decreased by 32% suggesting a significant reduction
in hydrogen transfer reactions. Exanple 13 [0091] In this Exanplgg AU@?UUG
nol ecul ar sieve catal yst conposition produced in Exanple A was tested In
the process of Exanple B using 40 ng of the nolecular sieve catalyst
conposition wth 10 ng of La203 produced ¥t a precipitation in Exanple 2.
The conponents were well m xed and then diluted wth sand to formthe
reactor bed. The results of this experinment are shown in Tables 2 and 3

il lustratingBExasplehe additi on of La203 produced via precipitation, an
active G oup netal oxide, increased lifetine by 340% Selectivity to
ethane decr ¢08%] by Hs%hishyampledSt the mylecapsiensanatalyit compesitiony 449

suggesting a sjgnifigant reduction .i.n hydrogen_.iransf reagti ons., Exanple
142000021 1 nPEekEfTapls & WonisSirgIiB i PSS 8F E*EHPISIT uring GREYE | on
produced in I : ing 40 ng of
t he nol ecul aﬁ%&?@%@?@éﬁa&%&& |0:S?§)r?%ﬂfﬁ@§]gcrggsgﬁ ’@%@%ﬁ(ﬁuced in

Exanpl e 3. TRempipoTientdmydicatswedre walkfitkedadd tHeamildidduiiell sad b fognd t o
formthe reactor bed. The results of this experinent are shown in Tables 2
and 3 il ust thetrieagior best Theeenid@iof itlia experivres aresshoamtin Jables @uamdP net al  oxi de,
increased |ifetine 09Q% . Sel.ectivity to ethane decreased b 5% and

sel ectivity st ?%ﬁ%&&’ﬂ@gfi/’é‘%é’é%ﬁgfbﬁéﬁ/ c‘é‘i?g@'é’é‘?ﬁﬁﬁetél PHIRIFTTERSE reduction
i n hydrogen f{; 0P aQL]0f AdQ 2o ARl EatB093] In this
Exanpl e 15, %‘E@fﬁ?ﬁ{) ecl:?;{/g'r g&%eg@tycé’téryst e(%:%rq?gegsti\ytzili]on pr%gﬁ}lﬁg t|8n Exanmple A
was tested i prdpage peversdbpl 1 By sughestify alSigRFicdtt refuction ik hedrdpke auhsdfér Si eve
catal yst. conposition with 10 ng of Sc203 produced in Example 4. The -

conponent s wesagtQRst | ni xed and then diluted with sand to form the reactor
bed. The sresults of this experinment are shown in Tables 2 and 3

Example 16

[0094] In this Example 16, the molecular sieve catalyst composition
produced in Example A was tested in the process of Example B using 40 mg of
the molecular sieve catalyst composition with 10 mg of Ce,O; produced in
Example 5. The components were well mixed and then diluted with sand to form
the reactor bed. The results of this experiment are shown in Tables 2 and 3
illustrating that the addition of Ce,0O;, an active Lanthanide metal oxide, increased
lifetime by 630%. Selectivity to ethane decreased by 50% and selectivity to
propane decreased by 34%, suggesting a significant reduction in hydrogen transfer

reacions.

Example 17

[0095] In this Example 17, the molecular sieve catalyst composition
produced in Example A was tested in the process of Example B using 40 mg of
the molecular sieve catalyst composition with 10 mg of Pr,0, produced in
Example 6. The components were well mixed and then diluted with sand to form
the reactor bed. The results of this experiment are shown in Tables 2 and 3
illustrating that the addition of Pr,0,, an active Lanthanide metal oxide, increased

lifetime by 640%. Selectivity to ethane decreased by 51% and selectivity to



illustrating that the addition of Sc2G3, an active Goup 3 netal oxide,
increased lifetinme by 167% Selectivity to ethane decreased by 27% and
selectivity to propane decreased by 21 9% suggesting a signific @ U
reduction in hydrogen transfer reacti onf Exanpl e 16 [0094] In t é\%;@hpl e
16, the nol ecul ar sieve catal yst corrposT on produced in Exanple A was
tested in the process of Exanple B using 40 ng of the nol ecul ar sieve

catal yst conposition with 10 ng of Ce203 produced in Exanple 5. The

conmponent s Wefdhatie ldecrehsedthyad 8o ! fugPesting Wtstithifiddnb redladtbor & Hydrdgentth@sfeeact or
bed. The results of this experinment are shown in Tables 2 and 3

i | lustratingredeions.he addition of Ce20B, an active Lanthani de metal oxide,
increased lifetinme by 630% Selectivity to ethane decreased by 50% and
selectivity to propane decreased by 34% suggesting a significant reduction

in hydrogen reactions. Exanple 17 [0095] In this Exanple 17, the
nol ecul ar ExARe yst conposition produced in Exanple A was tested in

the proc ess piogexanpl & this EkagpkQ 8itheaholetler sm}eeﬁwlﬁn csmﬁuﬁnsﬂt al yst
conposition with 10 produced in npl e 6. The conponents were

of Pr203

wel | mi xed anmdmh@dwlrgﬁ:gwm@dwweg@ddnﬂm Jregass of Eéamnlacﬁ wsingdd mgiefe resul ts
of this experine re.shown .in Tables. 2 a il rati,ng.,.that the

addi 11 on of ze%fcﬂﬁf siEvs ey e n el pe S NEDEogiEn | f ot e by
640% Sel ect t @d}gp Gl6aSE WdVmatd bl selagt t AUG
2006 -27 prg%%&n%le ecrease cgﬁ ?fg’a}? suggrgét?g% gﬁlsll ghl |Vglg1%%%dtgu§?1?on in
hydr ogen traﬂﬁfr%ctoﬂ&dctmmesulﬁmmbexﬁﬁ&uﬁﬁﬁafe] shbwmtihiTablex2pdeg 18, the
nol ecul ar sieve catal yst conposition produced in Exanple A was tested in

the process Blusttingthat thegdirignad NeyOopfan active hentbanidemetal exidecincrgasesh
conposi tion me!i]me]bo "/Of SI\Pe%p v1t)p o eqﬁlceeddecreased by 49% and selectivity to

propane decreased by 34%, suggesting a significant reduction in hydrogen transfer

reactions.

Example 19

[06097] In this Example 19, the molecular sieve catalyst composition
produced in Example A was tested in the process of Example B using 40 mg of
the molecular sieve catalyst composition with 10 mg of the mixed metal oxide
produced in Example 8. The components were well mixed and then diluted with
sand to form the reactor bed. The results of this experiment are shown in Tables 2
and 3 iliustrating thai the addition of 5% La0,/Ce,U,, an active Laniign:ide metal
oxide modified by a Group 3 oxide, increased lifetime by 450%. Selectivity to
ethane decreased by 47% and selectivity to propane decreased by 37%, suggesting

a significant reduction in hydrogen transfer reactions.

Example 20

[0098] In this Example 20, the molecular sieve catalyst composition
produced in Example A was tested in the process of Example B using 40 mg of
the molecular sieve catalyst composition with 10 mg of the mixed metal oxide

produced in Example 9. The components were well mixed and then diluted with



Exampl e 7. The conmponents were well mxed and then diluted with sand to form
the reactor bed. The results of this experinment are shown in Tables 2 and 3
illustrating that the addition of Nd203, an active Lanthani de net & § Alb @86
increased lifetinme by 340% Sel ecti vi tégto et hane decreased by 49% and
selectivity to propane decreased by 34% "suggesting a significant reduction
in hydrogen transfer reactions. Exanple 19 100971 In this Exanple 19, the
nol ecul ar sieve catal yst conposition produced in Exanple A was tested in

t he process sahd kx éofh eheBeaomigd4 Thegesaits of tids expesiendnasreshews i Tabley 3t
conposition with 10 ng of the m xed netal oxide produced in Exanple 8. The
conponent s v ilkIsirating Bwt Bikaddiien ofisYaed. T h, anaige (Borp3 matde react or
bed. The resul.ts of,.thjs experinment are shown in Tabl.es,2 3

T ust rat | nREERpHeef ERERRERe et Gt crepied BRUER 1 26806 i de et al
oxi de modi figaldpiyidy (Sleithe Ae ¥R by 580/ SRAGICkVIG 1S FRpBI defied T eCtivity
to ethane decreaséd by 47% and serectl vity to propane decreased by 37%
suggesti ng 439%isgpEéstogd sigmduot raluciion yldrdoggen tramfes reactomsact i ons. Exanpl e
20 10098] In this Exanple 20, the nol ecul ar sieve catal yst conposition
produced in Exanple A was tested in the process of Exanple B using 40 ng of
t he nol ecul ar sieve catal yst corrpositiIo e'th 10 ng of the m xed netal oxide
produced in Exanple 9. The conponents wel |l mxed and then diluted with
2 8 AUG 20 — 28 [sand to formthe r thhe DU PriJE T ESUITS or(é§ s ‘
experinment fare showRedantoF@eles 2 and| 3 illustrati ng thaCy¥Ge |additi pn of 5%
CeOx/ La20B,| Exampde ijve Group 3 netal oSstemsiondi|fQletin by (o Lant hahirity seri es
oxi de, increased Iit(g’t'?l?f’é'tg'y 260%  Sel,q6f hvhhY (b4 ethane decrleased py 56%
and sel ectilvity to!propane decreased by 493\% sdégesti g a si ni'ti caht
reducti on if CERyDr 0gafd% MsAsf er reactijong. Tabl e 72.98i f et|itn® Pri{rig.iC3

12 80% MSA / 20% La,0, 25 73.84 0.81 96.1
13 80% MSA / 20% La,0, 44 73.78 0.74 96.9
14 80% MSA /20% Y,0, 119 73.68 0.76 96.0
15 80% MSA / 20% Sc,0, 2.7 73.74 0.81 95.5
16 80% MSA / 20% Ce,0, 73 70.51 0.69 96.3
17 80% MSA / 20% Pr,0, 74 7237 0.72 96.6
18 80% MSA / 20% Nd,0, 44 72.57 0.71 96.3
19 80% MSA / 20% La0,/Ce,0, | 5.5 70.64 0.73 96.4

20 80% MSA /20% Ce0,/La,0; | 3.6 70.52 0.71 %6.9




Reactor Bed C2 /C3 Exanple Extension Oefin Purity Conposition - |ndex
(LEI') (%9 (9% CEx. 11 100%BA 1.0 72.99 0.90 94. i 12 80% MSA / %g%@a@@
2.5 73.84 0.81 96.1 13 80% MSA / 20% La2C3 4.4 73.78 0.74 96.9 1 Yo VBA
/ 20% Y203 11.9 73.68 0.76 96.0 15 80% MpA / 20% Sc203 2.7 73.74 0.81 95.5
16 80% MSA / 20% Ce20, 7.3 70.51 0.69 96.3 17 80% MSA / 20% Pr20L1 7.4 72.37
0.72 96.6 18 80% MSA / 20% Nd, 0, 4.4 72.57 0.71 96.3 19 80% MSA / 20%
LaO / Ce2@3 5.5 70.64 0.73 96.4 20 80% MSA / 20% CeO /La20, 3.6 70.52 0.71
96.9 2 8 AUG 2006 -29 Table 3 Reactor Bed CH Exanple CZ C2 O C30 Cgq's Co+
Conposition 4 CEx.11 100%BA 2. 04 34. Siag!gjj 38.49 2.43 14.01 3.82 12 80%
MBA / 20% La2C3 1.61 33.05 0.50 40,79 4.96 4.51 13 80%vBA/ 20%.a20,

1. 38 31.43 (.35 42. 3RedctorBéd. 03 5. bTH 14 B0%|NSA | 20920171 39 BIL. 85 P. 43
41.83 1.74 1&xaspke 61 15 80% MBA / [ 20% |EFTB | £297| BF OBCEP 5T4%0. fEst. 9
14.49 4.45 |16 80% MSAMPOSHoP Ce208 p405 [28. 89 (0. 39 41. 62 1. 61 15.p9 6.88 17
20900,0, 164302 b A0 5 37 1 b1 I 14 5 83 18 GOV NEA T | SO0 o B3 29 85
0.41 40.80 {152 14. D¥0%MBA/20%0,0CeP0B] | 33.05 | 0.50 | 40.79 | 1.65 | 14.96 | 4.51
13 80% MSA /20% La,0, | 1.38 | 31.43 | 0.35 | 4235 | 1.37 | 15.03 | 5.51
1 80% MSA /20% Y,0, | 1.39 | 31.85 | 0.43 | 41.83 | 1.74 | 1443 | 5.61
15 80% MSA / 20% Sc,0, | 1.67 | 33.08 | 0.57 | 40.66 | 1.93 | 14.49 | 4.45
16 §0% MSA / 20% Ce,0, | 2.05 | 28.89 | 0.39 | 41,62 | 1.61 | 1529 | 6.83
17 80% MSA /20% Pr,0>. 1150 13018 1038 ;42101151 11522 16.06
18 80% MSA /20% N,0, | 1.64 | 30.2 | 0.40 | 42.37 | 1.61 | 15.13 | 5.68
19 80% MSA /20% 262 |29.85 | 041 |40.80 ) 1.52 | 14.07 | 7.14
La0,/Ce,0,
20 80% MSA /20% 2.13 129.16 | 034 | 41.36 | 1.34 | 14.86 | 7.92
Ce0,/La,0,




20 80% MSA / 20% 2.13 29.16 0.34 41.36 1.34 14.86 7.92 CeO /La2(3 2 8 AUG
2006 -30 W claim 1. A catalyst conposition conprising a nol ecul }@
physically m xed with at | east one oxide of a netal selected from @hﬁ
of the Periodic Table of Elenments, the Lanthanide series of elenents and
the Actinide series of elenents, wherejnh said netal oxide has an uptake of
carbon di oxi de at 100C of at least 0.03 ng/n2 of the nmetal oxide. 2. The
catal yst conposition of claiml| wherein said netal oxide has an uptake of
carbon di oxi de at 100C of at least 0.04 ng/n2 of the metal oxide. 3. The
catal yst Wedpimsi tion of claiml| wherein said netal oxide has an uptake of
carbon di oxide at 100C of less than 10 ng/n2 of the netal oxide. 4. The
catal yst conposition of claim1l wherein said netal oxide has an uptake of

carbon dijoxi dey @kalys®@émpdsiti@sSconipidihga MalédiRarfevk bﬁymm?lmim #gh ableasThe
cat al yst corrp05| tion of claim1 and al so includin east one of a binder

and a n@ng Pxideaf emetal sqiveft%ﬁr@ﬁﬁrwm%ﬂ%tapEemlaTa'gsszEIen@msmé catal yst
conposi t 'L%Ht(%)%l}dg L&le%fel%gm%ﬁd%hb f)f]c'qu&% @% e} oPEfefRht a&ﬂe 'n%fdfrgé‘tai (gé?d Lrial

each bei erent from one anot her an rom sal d’ metal oxi

cat al yst hamrpn;:tal{elctfmardntmcclicmdw\%1()&{ﬁ’@rcﬁ'anletalin;é)(l:)“umgi/m2 of sheanetal axidea sol and t he
matrix material is a clay. 8. The catalyst conposition of claim1 wherein
said netal oxide is selected from |anthanum oxide, yttrium oxide, scandium

oxi de, ceri Umm&b&iﬂlyst%&ﬁ}@gﬂbfﬁrbwfmmq GBerein @RV SR LRI hAdQn upaRBEF UM OXi de,
t hori um oxi de and m xtures thereof. ,The catal yst conposition of claiml

wher ei n saiban divxide apkPUE qfat least/O; Qﬁnﬁ’%@%} @é theomggalqyilep006  -31 10, The

catal yst conposition of claim| wherein the nolecul ar sieve conprises a
framework including at |east two tetrahedral units selected from[Si (4],
[ Al 4] ardd [ POkt catallysttcemposition of claim 1 wherein said metal oxide has an uptake of

carbon dioxide at 100°C of less than 10 mg/m? of the metal oxide.

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

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

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

a matrix material different from said metal oxide.

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

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

7. The catalyst composition of claim 6 wherein the binder is an alumina sol and the

matrix material is a clay.
8. The catalyst composition of claim 1 wherein said metal oxide is selected from

lanthanum oxide, yttrium oxide, scandium oxide, cerium oxide, praseodymium oxide,

neodymium oxide, samarium oxide, thorium oxide and mixtures thereof.

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



11. The catal yst conposition of claim 10 wherein the nol ecul ar sieve
conprises a silicoalum nophosphate. 12. The catal yst conposition,aqf, ¢l 'Em
10 wherein the nol ecul ar sieve conprises a CHA framework-type m)ﬁgc‘ﬂ'&aﬁﬁ
sieve. 13. The catal yst conposition of claim12 wherein the nol ecul ar sieve
further conprises an AEl framework-type nol ecul ar sieve. 14. The catal yst
conposition of claim1 wherein the weight ratio of the nolecular sieve to
netal oxide is in the range of from5 percent to 800 percent. 15. A

nol ecul ar sieve catal yst conposition conprising a Goup 3 netal oxide and/or
an  oxi Fleloof dnlhecht_allyystham}pdei_tiori oﬁﬂhinﬂid@e@ﬁ{ﬂhea}oedcemme cnﬁn@l’(ﬁjsﬁde_ra ? ;raL rix
material, and a | silicoal unm nophosphate nol ecul ar sieve, [ xide(s ei ng
physi cal |famgwesyingludmesh fegst tH‘BIt%tE"’t?JF%\VPI m'@@@?cti%ﬁom [m@ddj@dranaéﬁ@dg a

cat al yst g@oposition, the nethod conprising physically mxing first
particles conprising a nolecular sieve wth second particles conprising at

| east one oxide of a netal selected from Goup 3 of the Periodic Table of

El ement s,,,t he a i de r f t t i nide. series of

el enent s,ll\‘/\herTgflgﬁ%Plgtgdogn Oglﬁob))%f%}glm ﬁa@ﬂgﬁlnﬁtﬁggﬁg c@gr ég‘?éo%r?g p&fsgsxﬂi de at 100C
of at | eadicofuihoppbsphatef the netal oxide particles. 17. The nethod of
claim 16 wherein at |east one said first and said second particles also
include at | east one of a binder and a matrix material. 18. The nethod of

claim 16 wher g8 calysh donfpitiBRbE ¢iaint 80 FRERIN tREmdleuMtievdnpriséda CHA

si | i coal um nophosphat e | ecul ar sieve andy or an al um nophosphat e nol ecul ar
si eve. IfameRosk-tpe myrdeafarsleae.m 17 wherein said first particles conprise a
si |l i coal um nophosphat e nol ecul ar sieve, a binder including an alum na sol
and a matrix material including a clay. 20. The nethod of claim 16 wherein

sai d nmet al3. oxiThe chi@lyseddintpasitioh 0k tldien 1Y vhérelninth@ioltRulaE SEvd it denpdikesa

m xture thereof. 21. A nmethod of naking a catalyst conposition, the nethod
conpri si ARl ffamgyarkgge melgeudarsisvecul ar sieve froma reaction mixture
conprising at |east

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

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

15. A molecular sieve catalyst composition comprising a Group 3 metal oxide and/or an
oxide of the Lanthanide or Actinide series elements, a binder, a matrix material, and a
silicoaluminophosphate molecular sieve, said oxide(s) being physically mixed with said

molecular sieve.

16. A method for making a catalyst composition, the method comprising physically
mixing first particles comprising a molecular sieve with second particles comprising at
least one oxide of a metal selected from Group 3 of the Periodic Table of Elements, the
Lanthanide series of elements and the Actinide series of elements, wherein said metal oxide

has an uptake of carbon dioxide at 100°C of at least 0.03 mg/m? of the metal oxide particles.

17.  The method of claim 16 wherein at least one said first and said second particles also

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

18.  The method of claim 16 wherein said first particles comprise



one tenplating agent and at |least two of a silicon source, a phosphorus
source and an alum num source; and (ii) recovering the nol ecubar ais5 Bite
synthesized in (i); (iii) formng a hydrated precursor of an oxide of a
netal selected from Goup 3 of the Periodic Table of Elenents, the

Lant hani de series of elenents and the:ﬁptinide series of elenents by
precipitation froma solution containiifg a source of ions of said netal;
(iv) recovering the hydrated precursor forned in (iii); (v) calcining the
hydrated precursor recovered in (iv) to forma calcined netal oxide that
has an upilakduminopbwspbate diobecubie siate QAT aoflumiinddasphat: @3lcogamsevef t he net al
oxi de; and (vi) physically m xing the nol ecul ar sieve recovered in (i) and
the calcined netal oxide produced in (v). 22. The nmethod of claim 21

wher ei n tibe nrhegiéttdd oftRUR 1 ARGeRIn SNEfiREpaticlextddprist a combined with a
bi nder and/or a matrix material prior to (vi)., 23. The nethod of claim21

wher ei n sHisogleniephesahate mefecklae sigps. @ bindsr ingluding anglumipa seland ameairinet al  oxi de

isinth -fr 0 percent to 400 percent. 24. The nethod of claim
21 Mereﬁlﬁﬁﬁgﬁlﬁg{dg} ualoég%)gsi eve is spray dried with a matrix 2 8 AUG 2006

-33 material and a binder prior to (vi). 25. The nethod of claim 24 wherein
t he nol eqyl ar .si eve i.s si l.icqQal um npophosphat e, he bi nder .i.s an. al um na
Sol . and Dhe. BE MEoRRE Elea |6 Pt i Mes RSN § sbatm orec bt StiRher ef n
t he net alceith dRidE Sr & /ligGieaBerksfom | ant hanum oxi de, yttrium oxi de, scandi um

oxi de, cerium oxide, praseodym um oxide, neodym um oxi de and m xtures
thereof. 27. The nethod of claim 21 wherein said precipitation is conducted

At 3 PH 3ROV Ty GBor KGN0 lonh S e WOEEELAnphGRY: 2l SO [ ol udes

hydrothernmal |y treating t Cipitate at a tenperature”of at |east 80C
for up to 10 diays. sy@ghesiking amblkodandievelfaminm Rhctidremedture Cuinprising erldasct ed at a
temperat L(I)rn((:a teimr})k}tlfr]\eg alégnqggd gtf leasft {wogn 0 ab:g 1(Eon%9)81%e,taoph%ts)p %tmsgs(g)gl'cde and an
aluminum source; and
(ii)  recovering the molecular sieve synthesized in (i);
(iii)  forming a hydrated precursor of an oxide of a metal selected from Group 3
of the Periodic Table of Elements, the Lanthanide series of elements and the Actinide series
of elements by precipitation from a solution containing a source of ions of said metal;
(iv)  recovering the hydrated precursor formed in (iii);
(v)  calcining the hydrated precursor recovered in (iv) to form a calcined metal
oxide that has an uptake of carbon dioxide at 100°C of at least 0.03 mg/m? of the metal
oxide; and
(vi)  physically mixing the molecular sieve recovered in (i) and the calcined

metal oxide produced in (v).

22. The method of claim 21 wherein the molecular sieve and/or the metal oxide is

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

23.  The method of claim 21 wherein the weight ratio of the molecular sieve to the

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

24,  The method of claim 21 wherein the molecular sieve is spray dried with a matrix
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material and a binder prior to (vi).

25.  The method of claim 24 wherein the molecular sieve is a silicoaluminophosphate,

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

26. The method of claim 21 wherein the metal oxide is selected from lanthanum oxide,
yttrium oxide, scandium oxide, cerium oxide, praseodymium oxide, neodymium oxide and
mixtures thereof.

27.  The method of claim 21 wherein said precipitation is conducted at a pH above 7.

28.  The method of claim 21 wherein (iii) also includes hydrothermally treating the

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

29.  The method of claim 21 wherein (v) is conducted at a temperature in the range of

from about 400°C to about 900°C.



