WD 03/074177 PCT/ US03/04169 -1 MOLECULAR SI EVE COMPCSI TI ONS, CATALYST
THERECF, THEI R MAKI NG AND USE | N CONVERSI ON PROCESSES [0001] The present

i nvent i orwpaBar4as7t o nol ecul ar sieve conpositions and catragsoyoaent ai ni ng
the sane, to the synthesis of such compositions and catalysts and to the
use of such conpositions and catalysts in conversion processes to produce
olefin(s). [0002] Oefins are traditionally produced from petrol eum
feedstocks by catalytic or steam cracking processes. These cracking

processes, esMOIFCYLARCSIEVECONFIQOSITIONSSICCATAGINSD TEIEREOF, such as

et hyl ene and/ or propyl . dst ocks.
Et hgl ene and pr 4 Eﬁﬁ &g WW@@ B@fﬁi\f)fﬁb %é'

e petrochert s useful in a
vari ety of processes for meking plastics and other chem cal conpounds.

[ 0003] The petrochem cal industry has known for sonme tine that oxygenates,
especially al cohols, are convertible into light olefin(s). The preferred

al cohol fonodagght olTaE ipfespritdthtaitibn felatss tahblatglbr sievt dongpositivheandd process
for converting a nethanol -containing feedstock into |ight olefin(s),
primarily etialyistsmentainitg dhe ssmepip|thaaynthesisgifivaeh eqsppastiong gnd patalygsdst ock

with a nol ecyl af, siev at al yst. conposition. [0004 er e many

di fferent taﬁ}gé%{hﬁfusﬁﬂf%ﬁlcgppéflé% %ﬁo‘iﬂkﬁs 3 lgockgg?rfllmg%?agsﬁa % cont ai ni ng
feedstocksggm&egwn@). more ol efin(s). For exanple, U S. Patent No.
5,367, 100 descri bes the use of the zeolite, ZSM5, to convert nethanol
into ol efi f0802] U. SOl&fmseame triuditioral yazp@sd diost pessdeum fredstoeksdrysi on of

met hanol and _ot her oxygenates to ethyl ene and propyl ene using crystalline
al umi nosi | ictbic %émwg&%woe%aw CHeUPFTRe $¥°° g eéﬂ%"@h?%@ﬁd
chabazite; ; 9 [ Be ot DWVhdéyt O
convert netl acg%)qgf)?%ﬁ%%lrl (:tact)rhi)lcglg5 %@ggﬁgﬁ%ﬁc &/g}splgpﬁl ee’neo and pé%pyl ene;
and U.S. Paff@gtrobxbod fxlihodi) Rikglend dielspropyletuare migporitapih torameflitn(s) from an

al cohol using a crystalline alum nophosphate, .qften desi nalt ed A1PO4.
petrochemicals useful in a variety of processes for making plastics and other

P

chemical compounds.

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

[0004] There are many different types of molecular sieve known to convert
oxygenate containing feedstocks into one or more olefin(s). For example, U.S.
Patent No. 5,367,100 describes the use of the zeolite, ZSM-5, to convert methanol
into olefin(s); U.S. Patent No. 4,062,905 discusses the conversion of methanol and
other oxygenates to ethylene and propylene using crystalline aluminosilicate
zeolites, for example Zeolite T, ZK35, erionite and chabazite; U.S. Patent No.
4,079,095 describes the use of ZSM-34 to convert methanol to hydrocarbon
products such as ethylene and propylene; and U.S. Patent No. 4,310,440 describes
producing light olefin(s) from an alcohol using a crystalline aluminophosphate,

often designated AIPO,.



WO 03/074177 PCT/ US03/04169 -2 [0005] Sone of the nost useful nolecul ar
sieves for converting nethanol to olefin(s) are silicoal um nophosphate
(SAPO noweamalat7si eves. Silicoal um nophosphat e nol ecul aPC3itsoees16DNnt ai N a
t hr ee- di nensi onal m croporous crystalbi-ne framework structure of [Si (4],

[ ALO4] and [P0O4] corner sharing tetrahedral units. Synthesis of a SAPO

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

converting dstogk in ol efin(s) articularly where the feedstock is
met hanol , aﬁ’gbgfscl ggoél&e ?ﬁ]t%&moo.sz gg({‘@mol%ggr Slﬁ"&@@’,@??‘,’““ﬁ% ’6‘?2{39%129 _ .
4,677, 243, dichd@) #9QiliceaRRiindhdsphate/ GARPInaBLIS 48Rs282, all of which are
herein fully incorporated by reference. ['0006] Wen used in the conversion

of met hanol Siligoaimmiriopbosphetmoetedudansieves caiteimesthreentimenkioigl SAPO nol ecul ar
si eves, undergo rapid cg@iﬂg and 1t:keesnce rqui re frequent regeneration,

typical |y i THFOPRATRY &3 ABEWPHEStEUgHE PE ISP, Hlghl anddRekl earigres and
1 1. 1. . . i t | t
Cend t o havaoiB RSl [5Ribsts of b SABT wIRLAAPBbve, RERIEIRR, 7, Yo'

provi de a nintoecdtalystsiralies wRtintyislertOREPREUSHAINWb16fn @) hﬂ@ichl%rl?n enhanced
lifetime particularly when used in the conversion of nmethanol to ol efins.

[0007] U. S. Whete dhe fesgstock ia gwtingol, awgtisalonsd imUchtPateps Nosdiyd9s327, on

o bont um 55T R ST a0 P SR AR el tbe Al iR anor
di met hyl  etWhich af hefeilfltinBorpbRRIFERS refddtited hydr ocarbon product rich in

i so-C4 conpounds. [0008] U S. Patent” No. 6,180,828 discusses the use of a
modi fi ed no08@ell ar Whevesetlan hreadovasios ofiyetimnok® dlefins mesthascietuland ammoni a

W th one. oreiprandiiaR SARL efisbite 3805 ShIGUAARA coktRiEnhenes ki oxi de.
2 28 R p TR N Lol SO QOB gy Dot o
an oxygen dempeiahiresandfstdaneng envidoanehtst dgenresult] cuat@mdtbaray a nol ecul ar
sieve and a}sogsérgilon%)étia y%tsbcier?ddt%rﬁav\eM; (lai%*ieitetdrl]l%eig& I?I‘e%;nreea%dqjeggeetaeriesis ; tania and

need to provide a molecular sieve catalyst composition which exhibits an

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

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

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

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

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

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

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

a silicoaluminophosphate molecular sieve is combined with one or more

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

montmorillonite or kaolinite. |

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

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

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

the molecular sieve is an aluminosilicate.



the nol ecul ar sieve is an alum nosilicate. WO 03/074177 PCT/US03/04169 -3

[ 0010] EP-A-312981 discl oses a process for cracking vanadi um cont ai ni ng
hydr ocar bwo oBeed7st r eans usi ng a catal yst conposition conpCrdisegodaephysi cal
m xture of a zeolite enbedded in an inprganic refractory matrix materi al
and at | east one oxide of beryllium magnesium calcium strontium barium
or |anthanum preferably nmagnesi um oxide, on a silica-containing support
material. [0011] Fang and Inui, Effects of decrease in nunber .of acid
sites | ocaf@®0pn tHE- @7&1898@15@9@&@0@?5@ crapking yanadiymrconiaitiee cat al yst

by the nechanoch nmet hod Cata 1-176 (1998)
di scl ose t Y Eof’?f ogﬁegﬂgtre%rm BIPE G in‘\?y Ib%%lr? acﬁcg)glsmggq?ﬁ%é%loke f or mati on
mtigated 'nﬁx&?@oﬁ@f@bﬁ'ﬁ@élﬁﬁbd%d 1r{Tﬁ{ iﬁ@%@luctr@fr&it | ieafix vériNanSHPO- 34 by
mlling the catalyst wth 0] aO or on m crospheri cal

non- por ous lest oreayxidd d)ﬂbe&dmﬂnemagnermsm qa]rcam,rstl@dUUIH[ boiEh of nt er nat i onal
Publ i cation No. WD 98/ 29370 di scl oses the gonver Lon of oxré?c% tes to

ol efi ns ovéanthanyi, Preferably AEesium §%ids; OpgSHiarePtal g SRPSF: a netal
sel ect ed fr[@?oihe g%ﬁgfﬁ&’ﬂﬁ%%é}% de&e{n@e%%ﬁz‘bgﬁ &Wﬁ?ets'lwa%o;ﬁca”d' um

yttrium a netal or conbi atlons thereof. [0013]

I n one aspepd extérh@ls élbenSABQLMys'mllme eaztziazlszyls)l themwpbmachemzcak:orrprl si ng
a nol ecul ar sieve and at | east one 0x selected from Goup 3

of the Per inathad, CamlysiofetEredd pages 1t7ﬂe17l§a(ﬂl?%ér‘ilﬂs&@5§éhait&e P&l ement s and

t he Act d f t L ak .
car bon  a OeE0 IR, epgRBTa 1 LSS B b oAb e
of the net ghethl ffeth) 1R dler RS AP@LULY rhillenCib ahiBist wihhgd tCa® al so

includes at | east one of a binder and a matrix material different from
sai d netal BaO oeCs,008Wb5]crospheniesal amm@dmueﬁtdlca,wﬂdBn@tbmngdnwd@rqf@T@e| ect ed

L om Lo MR S St M R SRS s T MBI, o
m xtures t hﬁ' 0% Pfenatel A0SR EnE6 RS AR Mpord Ach-HRIiGE %(ﬁécuﬁr%i’e@fe%@ﬁt‘dﬁiﬁige ntly
compr ses a metal selected from the group consisting of a lanthanide, an actinide, scandium,

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

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

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

Group 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 |l i coal um nophosphate. [0017] In another aspect, the invention resides in
a nol ecul ar sieve catalyst conposition conprising a Goup 3 netal oxide
and/ or arwoxBaei1ef t he Lant hani de WO 03/ 074177 PCT/ US03/ 02C621S03/d416Y
Actinide series elenents, a binder, a.gatrix material, and a

si |l i coal um nophosphat e nol ecul ar sieve. [0018] In yet another aspect, the
invention resides in a nethod for naking a catalyst conposition, the

met hod conpri sin hysi cal |y m Xi first partjcles conprising a nolecular
sieve with %@%@H’gd%%%’te?@?%x@o%%nagq’ ﬁénaél"tlxﬁ@?%’taﬁ&ﬂ 8oxi de of a nmetal

sel ected frgm .0di.c. Tabl e of El enents, the Lanthanide
series of eﬁ?enﬁ%ﬁgﬁ%&%ﬁ%@%@?@%ﬁ?a@%ﬂeﬁgri es of elenents, wherein said netal
oxi de has ajo0uf} ake Infyecatoltiosn asheox itlikeinaéntbdG€sidds iAt rhethed fod nking N2 of t he
metal oxide particles. [0019] Preferably, said second particles are
produced bycaalusicagpasiign the mgthod cemprisine physieally mixing finskpagticles precipitate

froma sol ution.econtaini L-0Ns t he tal, hydr.oth |1y treating the
hydr at ed pr‘_geoclzﬁ)rlssgr%géa Ogecplgrn%lg eavaﬂfrl8ec&ndg?ﬁpieggpn%gggggﬁe?%g%8x1f1§ days and
then cal ci neMOmbRLsdKREGH GIO8S 9108 te Rkiodic BIPRES A Ibhentsi e t he range of
from 400C to 900C. [0020] In a further aspect, the invention is directed to
a process floanthanidaiserienof dérénts fed theyAdtioiesetienef eemhes stteudin ssdch as an
oxygenate, conveniently an alcohol, for exanple nethanol, into one or nore
ol efin(s) imeiahexige Basicutaie of catban diqrade ad PP ds pf #tdeash0A3 meg/mr af thei eve and
at least o | . tal selected from Goup 3 of the Periodic Table
of El enent gseﬁﬁggﬁgﬁﬁlglﬁgge series of elements and the Actinide series of
el ements, WoeLs N sarefer@iyalsaidsketmdiasicds aﬂ@gﬁJﬁacesaIfby &akiaga Whmdade at 100C
of at least 0.03 ng/nR2 of the netal oxide. [0021] In one enbodi nent, the
cat al yst coprpoubari Gdrhdvastaboxiflé tet praeipitate fizente sention eraésining Fons ofiteat er t han
1, such as greater, than 1.5. LEl_i efi,ned herein as the t.io of the

i fot e of PRb PSdieI Bet Bt Bt PRREErsgr o EmOREe CLadr L

conposi ti Ong ok fop ﬁp ?(pf@@?fyﬁ aﬁﬁ 110 c%fttiﬂi}ff tMat%rg&Hsor 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, particularly
oxygenat ewofoeeuarocks, into olefin(s). It has been found trhatusebedisni ng a
nol ecul ar sieve with an active netal _gxide from Goup 3 of the Periodic
Tabl e of Elenents (using the | UPAC format described in the CRC Handbook of
Chem stry WO 03/074177 PCT/ US03/04169 -5 and Physics, 78th Edition, CRC
Press, Boca Raton, Florida [199 ]Ln)e and/ or the_ Lant hani de Pr Acti ni de
series el eawhPhysicssiBth Editiona CR& Biesss BoenRpoai Fiogda (i PRDgrd/oefifanced ol efi n

| d and/ Li.f et wh th o €ed k
Such ac oxehanER ot Mgt ey Sl KinbrSCRYSERRA oy POt 0
addi tion, g,gﬁggﬁ&gﬁﬁpfgkfa{mryﬁgng& THRQThd Wheh ﬁ@ﬂdﬁ tﬁetboheersmﬁ efpr opyl ene

sel ective to yie ower anounts of unwanted ethane and propane,
t oget her widetistotsesuchus dgygenabb enare [ppuicnbisly meztbdm@snwl defin(gednand ket ones,
specifically acetal deh Mol ecul ar. Si eves % Mol .ecul si eves have

been cl asskdditien.she ItCH'él 39’3 efalystrcompgRirs &ngs to erlg?%%‘?ﬁcgﬁ%l Zeolite
As t t [
soci ation %{3%1 h oG a%&ﬁ?#f‘ﬂn%nﬁﬁ #ﬂ?ﬁe ﬁk@peu%’a Jeftiel Mith@hefeo! i L€

Nonmencl at u?‘% rdrn i's classiticatio wor k-type zeolite and

zeol i t e-t ypgidIRhise UbﬁFo&icavﬁﬁ:h af Bldelties indikatbniascspecificalipscetddahydst abl i shed,
are assigned a three letter code and are described in the Atlas of Zeolite
Framewor k Types, 5th edition, Elsevier, London, England (2001), which is

herein ful : é li nﬂorg.or ated by reference. [0024] Non-limting exanpl es of
preferred 1e¥¢%ves, particularly for use in converting an

oxygenat e g@g@fv ni nm&%@aﬁs&% it el aassmea)by thStruelre a‘:(s@mmk types
AEL, AEIl, , FAU, FER, @S, LTA, LTL, MR MOR, MIT, MAWV

TAM and TOMNE thlerintartmtlpndemoh@dASntlamrrmqordlmg@ theryilescefi the I@l’t‘&@e enpl oyed in
Lopol ogy,  omREBABPRAEPER NamrEbenderrpere tas iR {opol ogy. [ 0025)
Crystal 11 ng il eaukie AbRYGnIBLRL-BlpS fidG1A shvell TBRFhRRAlsirudia -

has been established, are assigned a three letter code and are described in the Atlas

of Zeolite Framework Types, 5th edition, Elsevier, London, England (2001),

which is herein fully incorporated by reference.

[0024] Non-limiting examples of preferred molecular sieves, particularly for

use in converting an oxygenate containing feedstock into olefin(s), include

framework types AEL, AEI, BEA, CHA, EDI, FAU, FER, GIS, LTA, LTL, MER,

MFL, MOR, MTT, MWW, TAM and TON. In one preferred embodiment, the

molecular sieve employed in the catalyst composition of the invention has an AEI

topology or a CHA topology, or a combination thereof, most preferably a CHA

topology.

[0025] Crystalline molecular sieve materials have a 3-dimensional, four-

connected framework structure of corner-sharing [TO,] tetrahedra, where T is any

tetrahedrally coordinatéd cation, such as [SiO,], [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 (AIPO)

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 [Si O4], [Al04] and/or

[ PO4] tetwahgral? units. The nol ecul ar sieves useful herecm/usosigant ent |y
conprise a framework including [A104f and [PO4] tetrahedral units, i.e.,
an al um nophosphate (Al PO nol ecul ar 'sieve, or [Si04]1 [ AL04] and [ P04]
tetrahedral units, i.e., a silicoalum nophosphate (SAPO nol ecul ar sieve.
Most preferably, the nol ecular WO 03/074177 PCT/ US03/ 04169 -6 sieves

usef ul her sievesiusefal ler¢in doabilispalwmineppesphate (SAPO) malecutaysigve 6f @ve or a

bstituted, f | t al tit AP i . Ex |
ottt acribsPbie Pt s Bt S motidian M fahpRy B 2 APl s
Periodi c %1a§1e81§et%§hﬁﬁﬁﬂérﬁs ar@Rn 3kl h &g FTbhp TR @le MiriodOTHbIo0f t he

Peri odi c l'enents, a rare earth netal of Group 3 of the Periodic
Tabl e of EERmhtssan alkalinediarth ndia dfirbigadiofthe Resintisakabig ofddements, a

praseodym um neodyniu samarj u . europi.u ado| i ni , bi um

dyspr osi unjareedri mefal @%"Hﬁﬁ of g Peripdt fﬁ’é?g%%]%@e& dmf’ﬁlg}é}gﬁh?‘ﬂ and scandi um
or yttriu 1 I.ans] 'ggp% o b shhGriufger i odi ¢ Tabl e of
El enent s, n%?na%mx%ﬁrﬁaé&stho atn%/mé?’ {)%gsogy?rleﬁ%ng’lﬁegcg%%f es’.S [00126] Preferably, the

mol ecul ar _ giyeyRnt sadbIRAIR] dibiias dgsiResiemshelivtim) ertlivi, nladivny, yéartBamenber ed
ring of [TO4] tetrahedra and has an average pore size |ess thfaﬂ 5A, such
as in the amhlyeetiom; indsmapAiunponytiriaa Eapsivonangtal h Graupsyt 1 B0t they g

ticul Ay .5 4. 2A. [Q027 it | f SAPO and
RaP6 ol ocbEasdi €Tl eleieiis o il PRABAh SR R BEAER 0 Ol o OF
SAPO- 5, SA@F@%%]\})SSAHQe?erQny,S{ﬁg%ol&ular SAP L heRAPRAsIBporSARR, SAPO- 31,

SAPO- 34, S , SAPO- 36, SAPO 37, SAPO 40, SAPO 41, SAPO 42, SAPO 44
(U.S. Pat edéfindd byGnBeRembbied ringARCT 7] tethrdrased hag poaBragees 5176 A1PO- 18,

AP0 2. MRG0 2% 002 oG 0, B EEHAY 1 oo
HESTs MBI s, P01 o e ol w05
or a combi pgg27pn of NGARRfiRg e:GARleSd SABP@d AIPO molecular sieves useful

herein include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPO-16,

SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,

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

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

AIPO-37, AIPO-46, and metal containing molecular sieves thereof. Of these,

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

34, SAPO-35, SAPO-44, SAPO-56, AIPO-18 and AIPO-34 and metal containing

derivatives thereof, such as one or a combination of SAPO-18, SAPO-34, AIPO-

34 and AIPO-18, and metal containing derivatives thereof, and especially one or a

combination of SAPO-34 and 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, AIPO-18 and RUW-18 have



34 and ALPO- 18, and netal containing derivatives thereof, and especially
one or a conbination of SAPO 34 and A1PO 18, and netal containing

derivati e oBloerienf. [0028] In an enbodi ment, the nol eculPam/GtsbdeH6? s an
intergrowth material having two or noye distinct crystalline phases within
one nol ecul ar sieve conposition. In particular, intergrowh nolecul ar
sieves are described in the U S. Patent Application Publication No.

2002- 0165089 and I nternational Publ i cation 8/ 15 6 pubI i shed April
16, 1998, BBAEIdrangwaktereeanbPAPR-34Masyn CHAB?W’%’YO& ence. For

exanpl e, P P l@ﬁ 4169 -7
an AEl fraﬁé?%(i'ugar S§evg%%d§1§?@g\ﬁ%%ﬁﬁ)§§gaﬁ&¥ﬁ 9 %éﬁn%é%o%h %éee ng t he

mol ecul ar %@Ym&ﬁﬁﬁle%ﬂ@!yﬁeﬁ%pe@&m]prw}fe@eﬂferhtﬁﬂSﬁCHAet‘ralﬁém@nmﬂa phase of
AEl and CHA framework-types, especially where the ratio of

f r amewor k- tATdranpe workityfes asmkmnﬂﬂp)etheéﬂFEéXéthfb@S@9Squé[b$ FFaX net hod
g eat er ¢ n&Atept Apvliergonpupiapien S g0 AR B ARIEE TS eve s A
silicoal um[@@]‘osph@?&erﬁblgh@hémltﬁ&ﬁb%uﬁi §i¥6e HaAsilRodlulthopiRdkpifatd, €ss than or

equal to O such as mO0.65 to 0.10, preferably fromO. 40 to 0. 10,
mor e pr ef enlabinygldculamitvedistadiilkbtio kssithan o equat &f @63 Hugh s Homd.GP to 0. 15.

Met al Oxi des [0030] The netal oxjdes usefu rein e oxjdes. of Goup 3

net al s and t@ A0, pig f?ﬂﬁﬁ@@%f‘l@it%@tlpﬁpﬂ‘@@%émgg’ ﬁ%‘l’éﬁa@ Wg(tcﬂ apdMostn upt ake
of carbon dj f- at |l east 0.03 ng/n2 of the netal oxide, such
as at Ieastpr%éﬁggln%§rﬁé)]%&gtoﬂg metal oxide. Although the upper limt on the

carbon di oxi de uptake of the nmetal oxide is not critical, in general the
metal oxides useful herein will have a carbon dioxide at 100C of |ess than
10 ng/ n2 ofMetadOxides| oxi de, such as Iess than 5 ng/mz of the nmetal oxide.

LAY ™ SR P G S B RS A R e PL e
mol ecul ar  giauRnidRUsH A@ﬁhid\é@eﬂ'@trﬁétaﬁﬂ}ﬁ%h@fe%h@&kb@!ﬂeiﬂbbﬁ dioxideadtal ytic
conver si on processes, partlcularly t he conversion of oxygenates to ol efins.

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 critical, 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, particularly the conversion of oxygenates to olefins.

[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

dehydr at eaOlwg/07412mt i Ng t he sanple to about 200C to 500C i mCfriusws/ogéeai r
until a constant weight, the "dry weight", is obtained. The tenperature of
the sanple is then reduced to 100C and carbon dioxide is passed over the
sanple, either continuously or in pulses, again until constant weight is

obtai ned. The increase in weight of the sanple i({) t,grg&?of, ng/ mg of the
sanpl e bastW33h t helnthp Examgles reoried beloxpihecarkon dippdde adsomiionis adsor bed

bon di oxi de. .03/ 17 - 8- I
aported bEBY HINEAMAR A S adeb st are e R i T et 11 e

TGA/ SDTA 85dddrhafuiagaessire! The nidka byt ieSagpklis Gehydided indfldii@phipoessure. The
nmetal oxi de sanple is dehydrated in flowing air to about 500C for one

hour. The tkopé0atQ fer ak hole Bertpmpeiagire hEthe seanledsithien reduceditng hel iumto
t he desi d ti t f 100C. Aft h

cqui || br at dawas hbe /b AevieRgreptomerretas ot s ATETbE N0 20
separat e %%@g%ﬁ&g% 1%@ﬁ%ﬁﬂﬁ%ﬁakﬁﬁ)theﬁmﬁplg@s%%}sétea?temrs £RBPr i si ng

10 wei ght i oxide wt e remal nder” being helium After each
pul se of t healseaddoubl Ngcomis/pulve) ofd gdseons dixtsampherisisg flD wedgd i t h 1 ow ng
heliumfor 3 mnutes. The increase.in weight of tge fsangl e in ternms of

my/ ny adsofdidan dinxddaiwith therpmainderheingbelipgr-gpftengach pulse @hfent at 500C i s

t he amount _of sor bed bQr: 1.OXI o the sanmple is
nmeasured i ﬁg%?égiglrg(%gﬁig Iﬁm&%]l“uoq{l] ees(ahl%‘% gugldl Sio[%ue rgglggg@ ﬁégﬁmﬁr-leﬁﬂ and Tel | er
(BET) publ hsihgds aFhAREMak B6G3ghtof iy @wipdeid encef hgmghdasibdat bigedike in
terms of ng carbon dioxide/n2 of the netal oxide. [0033] Preferred Goup 3

metal oxi des thnadsodenbweighkaftsr trsatareat arg00yEts themmozptof adsenbet G3HPOBNd

preferred oxides of the Lanthanide or .Actinide. seri . i ncl ude
oxi des of glé‘?’il%in ﬂ?ﬁ%é&l?ﬁ? ﬁﬁﬁheﬁ@& df FSEs nr%cﬁcr)rrlagnecl%@ ?}rer’] gadol i ni um
terbi um  dyson BbtiBunBe"E et e4dd Piller (BBT) puBlishdd ATASTIMID B86®id um  and

thorium The nost preferred active netal oxides are scandi um oxi de,
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, cerium oxide, praseodymium oxide, neodymium
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

LEI
Lifetime of Catalyst



| 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 owDWM8/07410034] I n one enbodi ment, useful netal oxi @#eT/EBOFL1HDSE

oxi des of Group 3 netals and/or the_ganthanide and Actinide series netals
that, when used in conbination with a nolecular 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
life i s dehetifitmeofithe catalysi drsatalist CWHWGQSHWEP gleé ®as defined by

the follow ng equation: LEl = Lifetin f : I 1 ion with

Aot ve. NetRPoReR REGELRe Sam onaiopere GF i Rait 7590k

PCT/ US03/ toliin b ERA1ly SR oRfpokilien Gatibthy sbnvetsiebfieydstookdyposi tion, is
measur ed 3% ?&%geqs%rrre plrotr)téesg ugdgro 1t hré sérre cor;ldisti ons, and is the

cumul at i vethapatalyst afmposiitstfalisidbelpw sems defingddevelr forexamplad 8oy AN conposi ti on
until the conversion of feedstock by the catalyst coppasitj falls bel ow
sone def i rigactivevagtal gxade ‘é@!glﬂﬁngmli% onoAﬁfPecF ﬂ%@?ilég“%f’g‘?‘eé’%‘iaiﬁpm Il have
little to no ef t . L Y EBm seb¥BbositichRAS WL on, or will
shorten th%)???%gfoﬁhgpg%lf%}ﬁgefégﬁé}ystQfgg%%?gﬁ?% on, g%% will therefore have

a LEl | essthbR#sc DavesLEI 1dsothhn oAequal & hreAativemitibexidés aflthe invertian on  are

those Group 3 netal oxides, including oxides % t he Lant h@%ge. and Acti ni de
series, thae these®raupd metalosidssiaelpdingwidss of theilaathegide QP HEUNIGE oy de a

nol ecul ar sj eve catal yst.connesi.ti . I : 1. B
defi ni ti onS°TgS tﬁﬁl@&ﬂ %F&g}%@@aat{ogﬁggi Qg%rlf%ggdlr?}eg% 5 é’fg@%]g{solér?g?ﬂbeen d

combi ned Wisth @alf&icoMPosifibh Blat B AEEMehtehthue 12 Bytdefieftionlato 1. 0. [0035]
It is found that, by including an active netal oxide in _conbipnation wth a

mol ecul ar siokseelar sievatahlysttcompaption thap hacrat been enmabipedyith a0 2¢§ean LEI in

the range of from gr.eater n 1.to, 50, such as from1l.5 to 20. Typically
cat al yst B@F%B?idﬁg’ﬂﬁ a&%ﬁhﬂﬁ?ﬁﬁl%ool‘ he invention exhibit LEl val ues

ggfflit ng ;?@3%1 ézﬁlt ];fr%ri% )Bogﬁr?&iﬁé%%yi iAclbdligg A RBRvhefal §xid inZontbiddtionand nore
with a molecular sieve, a .cat:ellyst 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 a metal salt, such as a nitrate, halide, nitrate sulfate or acetate.
Other suitable sources of the metal oxide include compounds that form the metal
oxide during calcination, such as oxychlorides and nitrates. Alkoxides are also
suitable sources of the Group 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.
[ 0036] The active netal oxide(s) can be prepared using a variety of

met hods. woOto3ios41pr ef erabl e that the active nmetal oxide i sPeRds03/0406? an
active nmetal oxide precursor, such agpa netal salt, such as a nitrate,
halide, nitrate sulfate or acetate. Oher suitable sources of the netal

oxi de include conpounds that formthe netal oxide during calcination, such

as oxychlorjdes and nitrates. Al kgxides, are aJso, suitahle sources of the
Goup 3 nettht oxde ghthedgpt Aciipide serifsAn ﬁiﬂﬁ&mﬂ‘gm’ ?‘6(%3}]11’ nP%ne

enbodi nent, . . vet: al - ! : i . kgil,iw r Actinide
series is r%}%?cg 0%?@%}}%@@%{1%&/%%2{11%?5 |'? %(E) F}ﬁsemt?ﬁg#@fnnc lﬁ%g Og

t enper at ur gh®bxidé withahé 1i§AE mddigh eTablyratibn bt lcodABGf tHhexiddwwithot her mal
treatment nay take place in a seal ed vessel at great er than atnospheric

pressure. Honbged mediyn éf prefaseblypideasbi hopo prefeiably ailesstebowrheligse of an
open vessel.. under .reflux .conditions, Agifati fothe Go 3 netal oxide
or D 03/ 07%1’_ mm_@r@%f%gmt_%fem@ %%ﬁad@ﬁ(??alf%é%l_oéﬁf%fﬁ’i de or Actinide
series in aylf-puig BEgetRY. N@ﬁ-nﬁﬁﬁﬁ%)&&mm offshRa€ lig@id ddid mElud¥i ng 11 qui d
and/or stirring, ‘pronbtes the effective’interaction of the oxide with the
l'i qui d nediwater, Epdroside abiutionofindliting bydrexiden6t WHg, diel,d&, Migf'hand he | i qui d
mediumis preferably at |eas referably at | eas ours. The

)i 1 hoyr, 8

l'i qui d medi%ims ¥ ?I}?Fesar{dr@%ﬁrfgr@?ﬁe i?hjlgpé‘gélﬁf’k‘/‘d aQ"’BFTCBF‘n%%‘B’i‘fgo%at%Sr greater,
preferably ¥ Mo ™MOR:d dat LNk ?{% vt hRliRyvivExg medi a

i ncl ude \/vaotqrtla\&,rI 4 %g%?io(% kc/i[g é%?dudt:?}c}h%ﬁglllﬁ% u :t Sﬁcger y%?é(%(l des%([){‘Hle—Mx,9 Na+, K,
My", and Gatings. carbonate and bi carbonate sol utions (including carbonates
and bi carbonates of NH4, Nat, K+, I\%zt .and Caz+), pyridine and its
derivatived0038ld al Hyenether sxiadiment; the gCtiveramap 3 hetahdHdeer Bedeiienent , t he
active Goup. al oxide qr.the J | . i de or

Acti ni de seor[})(i“gesoqﬁée BF@‘E%JPe%O’E)‘?/*C%}}H%?a%I&e?ﬁSgp r%?%?f%“bs%g?‘g? F Iai’%ins uch as an
aqueous solgdhitiRa, sukABah Shdus sAeEEE oRbrisiapa sofirct beioiebathe mealch as a
metal salt, to conditions sufficient to cause precipitation of a hydrated
precur sor tsoch hea gkl dalbxp dendidensrsifficient t eruse prepipithdomels hydsredf a
precipitati

pr}gcursor 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
0°C to 200°C. A particular range of temperatures for precipitation is from 20°C to
100°C. The resulting gel is preferably then hydrothermally treated at temperatures
of at least 80°C, preferably at least 100°C. The hydrothermal treatment typically
takes place at atmospheric pressure. The gel, in one embodiment, is
hydrothermally treated for up to 10 days, such as up to 5 days, for example up to 3
days.

[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 unwolwgdr4axi de or anmoni um hydroxi de. [0039] The temrpersbyodent whi ch
the liquid nmediumis nmaintained during the precipitation is generally less
than or equal to 200C, such in the range of from OC to 200C. A particular
range of tenperatures for precipitation is from20C to 100C. The resulting

gel is preferably then hydrothernmally treated at tenperai,ures of at |east
80C, pr ef eparbbyladyfnoaaéi @Ggéooﬁéolﬁ%fm@?ﬁ@#‘?rﬁﬁﬂ de masgripk etypl cally takes

pl ace at at her ressu h S

hydr ot her nf} F’;r/‘ tthtbgrpggs WBtcaB%uPl %Hc&tr%shgh ‘%nﬁ) gs@]@%‘t}g’%ﬂ cﬁays for exanple
up to 3 d@)¥a§n IE@M%ton@hMS'rﬁ{&iéeﬂ%@ﬁﬁ@rﬁrcat@nettmlﬁeérabdowade(s) i s then
recovered exanple by filtration or centrifugation, and washed and

dri ed. TheabasdDOiGfpr Inat3eiauad. can t hen be cal ci ned, such as in an
oxi di zi ng atnosphere, at a tenperature of at |east 400C, such as at | east
500C, for exanple from 600C to 900C, and WO 03/074177 PCT/US03/04169 -11

particul ar 8OOC to formthe solid oxide material. The

calcinatio tih L &1{18" ly up to 48 hours, such as for 0.5 to 24 hours,

for eX&WD'(ﬁMflg 1. Qhé %tél@sﬂtxmmlﬁmubn obthe irvdntidh ieattdes eay oheefithon i s carri ed
00

out at about Cfor 1 to 3 hours. Catalyst Co 05|t|on4q(£04 The
cat al yst cmﬁémﬂitrlsme%PerW@SWrﬁ?&ﬂbP@ﬁnd?&q QTd@%re AEVB N @XICRY| ecul ar

si eves pr eV| o Slg(f 2 Cé@?q?%ll%%ﬁloa%q%@gr &H@/"o girnz llilt?tte?iﬁf di¥ereEféth X1 des

descri bed matri X nmaterial different

fromthe %@ﬁ‘}evrﬁetﬁpéﬁhe(gy( i TheHi Sally, The Rietat katio dfBe welaghtar siaté © thé t he
nol ecul ar sieve to the ‘active netal oxide in the catalyst conposition is

in the rangetivfmétabonige incthg katalysecosmesition igmahoeanghof ferceyeighpr ef er abl y
O e G308 00 R TR B SRRl 5820
percent to 2400, a3 breREEIS Hom 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,

particularly after thermal treatment. Upon heating, the inorganic oxide sol,

preferably having a low viscosity, is converted into an inorganic oxide binder

component. For example, an alumina sol will convert to an aluminum oxide

binder following heat treatment.

[0043] Aluminum chlorhydrol, a hydroxylated aluminum based sol

containing a chloride counter ion, has the general formula of

Al,,0,(OH),Cl*x(H,0) wherein m is 1 to 20, n islto8,0is 5t0o40,pis2to 15,

and x is 0 to 30. In one embodiment, the binder is Al,;0,(OH),,Cl,*12(H,0) as is

described in G.M. Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 1035-

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



[0042] There are many different binders that are useful in formng the
catal yst conposition of the invention. Non-limting exanples of binders

t hat are wolehw17al one or in conbination include various PEpasSIpbé41ydr at ed
alum na, silicas, and/or other inor g?@i_c oxi de sols. One preferred alum na
contai ning sol is alum num chlorhydrol. The inorganic oxide sol acts |ike
gl ue binding the synthesized nol ecul ar sieves and other materials such as
the matrix together, particularly after therna Wthre, t ment . .Upon heati ng,

t he i nor gani motsxother alwnina materialp sihyas HYRIHBMDNY 93‘2‘160%’?]@1}“ »s convert ed
into an ingrganic ,0xide binder..c onen .. e ina sol wll
convert to?’% F%Hﬂ%ﬁ?ﬁeo‘iﬂd& ans%oﬁ%e%)m?@‘a% ) ?1‘18 aﬁgga % gftmn%i%% ’.Wn[ 0043]

Al um num c b ariRy $Lahmit, BXAmaRY @486, bid puriniasetduaiium gbgieikideng a
chloride counter ion, has the general fornula of Al mOn(OH) ol p x(H20

wher ei n m kschlastgibtfie, bayestelnerdst®ndie, doyslitecanglonixpures theraod 15, and x is 0

to 30. In one enbodinent,. the binder.is Al11304 Ci7:1 0) as is
descri bed 4044l m V\NIOPQPWEH% eé‘l‘m&e? QfWchgﬁyga%e_ccg}Qﬁaggﬂgﬁ? 76, pages

105- 144 ( 3) . i]_%grml Ricdlelot NMPREBNS [BhBisconbi ned
with one 33‘)"6%5‘%@9@%‘%@?@%{6 fﬂfgqglre rlr%reodt hé\jra al um nalsmat erials
such as al ypd NyasDALROD Waveiabld fralMyaeal NafmoEéatinblogied) brsp disklandind

transitional alum nas such as a-alumna, O-alumna, ,Y- alumna, 8-alum na,
s-al um na, Massaghysgeri, and p-al umina, al umi num trihydroxide, such as

gi bbsite, ite, (hordstrandi i -angn 1.3 t of . [0044]
Non-limti R@/‘@iarrpl of ﬁ’4:@00‘( ???’rsttt:?%qlﬁ 0%'%2\%%0 5313 e carf%:d%]tgﬁalé Ssrmﬁna sol s
i ncl ude NaleGe@6ikalifvahl Anahé saive Natgloxideamdeay bioler. Mapix mbdetiels 1111 noi s,
and Nyacol "AL20 avai |l abl e from Nyacol Nano Technol ogi es, Inc., Ashland,
Massachuss etd typichDp dfftctingan ecdubimgoaerallpstalysbeqsbactingas BsmealisidSa nat ri x
material, this is referably.different fromthe acti j de and any
bi nder. MatfiRe FRECBTTPUPY deﬁ?‘é"?%/ﬁﬁefgﬁa%t ‘é%‘]f‘%"é{‘}‘&?ea‘?&rﬂn%&ggé %ta veral |
catal yst C%ﬁ%&ﬁ@&%ﬁ&i&% Lss omkh sieak andWiinifion ke@earReat i on, densifying the
catal yst c osi t1on ang I ncreasi ng cat al yst o

[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
matrix materials include haloysite, kaolinite, dickite, nacrite, or anauxite. The
matrix material, such as a clay, may be subjected to well known modification
processes such as calcination and/or acid treatment and/or chemical treatment.
[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 pm to 0.6 pm 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
nor e non-wotmMaiimet al oxi des including beryllia, quartz, ®CIusa3/ernesol s,
and m xtures thereof, for exanple si_h% ca-magnesi a, silica-zirconia,
silica-titania, silica- alumna 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 cl ags i nc] ude
subbent oni {M48hnd t Mawee thasniahist Wltw,coﬂ@ﬂnsé&iﬁ%ré’,r maHI% PAteriYe Nanee,

Georgia and Fl orida cl ays. n- Lt I f rix materials
i ncl ude haﬂm?ql%sg C%BP%iﬁ?’? g%lc(?}lglgPlﬁt%{ﬁgr@gﬁé?%é,G%g%’ g%zg%%sl e. The matrix
material, SHGR 596160k hd HISkE psTebll fsih 86 1005088) By Weighnofitheli fi cati on
processes such as cal cination"and/or acid treatnent and/ or chem cal

t r eat ment . mdl@Mdk#]sieva basedroaftbe total venigls Of therratalysheompesiti®i.mat erial is a clay
or a clay- type conposition, particularly having.a.low,iron.or titania
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m WO 03/ 0Pmppnt eibindssisiyoisely from apoubddyy Weighidorheut3raby ¥ nposi t i on

contains a bi.nder or tdo) . Qr > L typically
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preferably aBaﬁn?%%y%igﬁ% bt We%t weifht, Based malteetokAweiglevétheased on the
total weight of the catal yst conposition. [0049] Were the catal yst

conposi t i orvimtentthé melegubic sigee azchaagixrasteria- material, the weight ratio of

t he bi nder he riXx erial.is typi.cally fr . 1 : such as
from 1: 10 t[é(?$ﬁ4, a eﬁﬁ?ﬁ%ﬁ%ﬂ%ﬁ%@‘?‘%ﬁm&ff@‘ﬁsg angsllp}) lﬁj;del&%e{%gaﬁfr%%]f bi nder
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by wei ght tto 4aiay partic@tatly imtieghnge dfdosl08rg/edte I geal wei ght of the

(sV)

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
physical mixing can be achieved by any method known in the art, such as mixing
with a mixer muller, drum mixer, ribbon/paddle blender, kneader, or the like.
Chemical reaction between the molecular sieve and the metal oxide(s) is
unnecessary and, in general, is not preferred.

[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 to 5

g/ cc, sucwoag/fs1om from 0.6 g/cc to 5 g/cc, for exanpl e frPemBIFogsrc to 4
g/cc, particularly in the range of frgm0.8 g/cc to 3 g/cc. Catalyst

Conmposi tion Formul ation [0051] In making the catal yst conposition, the

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

! Yy
state. Mostshapesiandsired periiclerdivewell-kpova teghniquassugl 25 SRRV HIS oxi de are
physical ly mxgd. i i Woj state. Intimate physical m xing can be
achi eved bf@ﬁ@grﬁ%{éﬁ%@gﬁ%’oﬁvﬂﬁ%ﬂ?%e art, such as mxing wth a m xer
nul l'er, drugyssjxer, Ihbhbembpdiddng thl oretlar Kewadh@iposiiontahe thd ikstrix Chemi cal
reaction between the nolecul ar sieve and the netal oxide(s) is unnecessary
and, in geneatatial, pptiovetly pridfabindet, aGompinetwathen tigiad tnfoamastuenasbsi t i on
contains a triix and/ oy binder, the. nolecular.sieve js.copveniently
initially f ?ngapr#uaeaﬁ%@fv_ﬂyhm&?ﬂ%m €0 RIRBREE X and/ or
bi nder and bR At diMk BRikiteRl onlEmiineRx&apks BeslitbleNidult® infiaddrul at ed
precursor. The active netal oxide can be added as unsupported particles or
can be addewaten) alvohdli ketbhesnaldelsiles, andfopesters. Jhe matprfdmweddimuidos mat ri x
material. The resultant cat aIlest composition.ca e forned.i.nto useful

n.then
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material, ogmpgeRRioh)intéithdirequitedisieibe, fof exaagibmi@dsphieies. a 1iquid to forma
slurry and then mxed to produce a substanti all¥ honpbgeneous m xture

cont ai ni ng 9884lno| e Qicsrthe melasules figesfatalps compasifippis oRBedpl es of
suitable liquids.include, . .water, hal . . ket . and/ or
esters. The&:}gfﬁtﬁu%&eh OF gﬂg\?fta{?f @%ﬁer\a\}aa{dee & _a%gﬁgtf\%&e?t;ﬁ Q%@%}%ﬁe nmol ecul ar

si eve CONMPOgdlyQRompbiiHSH, a3d: Bk sTBH & daddinatich it BaALLY @erfbane. f or m ng

unit, such as spray drier, that forns the catalyst
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 from 1 hour to about 10 hours, more
preferably from about 1 hour to about 5 hours, and most preferably from about 2

hours to about 4 hours.

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
the nol ecul ar sieve catal yst conposition is forned in a substantially dry
or dried wpas®741tp further harden and/or activate the formea/usozoabyst
conposition, a heat treatment such asjgalcination is usually perforned.
Typi cal calcination tenperatures are in the range from 400C to 1, 000C,
preferably from 500C to 800C and nore preferably from 550C to 700C.

Typi cal cal cination environnments are air (which maé i ncl de a small anount

of water Paprerizatigmn, pﬁ@mxamleuqmormoa%olgﬁg(s RS b ‘é“tqaoﬁ’f’ PP8duct lean in

oxygen), n‘m n n_th f di ment, the
cat al yst cé’ﬁ%@'ﬁflﬁ 8%?%%‘?’%?%%’ aﬁ&ﬁoéeh}[&rrggéé 101# me@an{Tgegf;ft‘oﬁgx&ggan rom 600C
to 700C f ohyarde&bbRftoEmbl@Btrdyiiti chain! paraffifisd AbsiPption) uf &8 ekample aliglr s,
preferably 1yr om 1l hour to about 10 hours, nore prefer ablt}r/f from about 1

8

hour to abcauntma?ucmoum}mmr mxatmgewﬁlérsamess thereof; alkylation, ofifere@mple about 4

hours. Use of Catal The cat al osi tkon

descri bed M@lcilgd{f? n?‘llf’%afls\}’ﬁp? g%ﬂky F%eélgi’é’ganﬁﬂ%ﬁ%%ﬁ%grackl ng, of
for exampl g t i SrothiShydrEakBdts; No. 6, 300, 537)
or hi gher rm?m g&;ﬁ%&ﬁa‘%ﬁﬂ ?%ﬂéﬁ%aﬁg arygg(ﬁs (t)o 1ov\§/c’arr MV hydr ocar bons;
hydrocrac kld&@lkylaflofﬁ chydmchngdizaumgadtgprmmnmamm cfifdy cxanqqlc;tqlmne fieedst ock;

i sonerization, of for exanple aromatics SL%Ch as x ene WO, 03/ 074177

PCT/ US03/ 04 benzege gad yiiehes; a%lg‘efﬁeﬂ%%lmm Fresl gk Braaciidet i nes) to

produce a p I [ hydrogenatlon dehydr ogenati on;
et g it Syl AL

dewaxi ng, ons to renpove strai ght chain paraffins;

absor ption [0@5 for @a@m&@p@b&x&s 1ndh@ﬂpﬁdc€ss€@fmebm8t1ﬁglﬁaphﬂmao ating out
isomers thereof; alkylation, of for exanple aromatic hydrocarbons such as

benzene an chlallk Wonamlzemetgxres, cemieating gkt io n(&)ﬁo gaoling digihlates a0¢ onbi nat i on

f t tic.h b
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benzene a”%ﬁ%‘r%ﬁ%ﬁc&'@a%ﬁvéﬂﬁg iiRAturabd B?dro@azf%ﬂsl(ethsrldhalaﬁdvbr and branched

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 examples of suitable aliphatic-containing compounds
include alcohols such as methanol and ethanol, alkyl mercaptans such as methyl
mercaptan and ethyl mercaptan, alkyl sulfides such as methyl sulfide, alkylamines
such as methylamine, alkyl ethers such as dimethyl ether, diethyl ether and
methylethy] ether, alkyl halides such as methyl chloride and ethyl chloride, alkyl
ketones such as dimethyl ketone, formaldehydes, and various acids such as acetic
acid. Preferably, the feedstock comprises methanol, ethanol, dimethyl ether,
diethyl ether or a combination thereof, more preferably methanol and/or dimethyl

ether, and most preferably methanol.



chain olefin(s); and dehydrocyclization. [0057] Preferred processes include
processes for converting naphtha to highly aromatic m xtures; converting

| i ght ol evOrg®)41tD gasoline, distillates and | ubricants; PCOroses/ 0416y
oxygenates to olefin(s); converting Lijght paraffins to olefins and/or
aromatics; and converting unsaturated hydrocarbons (ethyl ene and/ or
acetylene) to al dehydes for conversion into al cohols, acids and esters.

[ 0058] The nobst preferred process of the inven%ion is,tgngonversion of a

feedst ock {¢6he or Usivesheyasious feerdstosksiscussed abpye PRESYA S A cont ai ns one
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to 10 carbon atons, and nnst(géeferably from1l to 4 carbon atons. [0059]
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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
hydrocarbon product produced is greater than 20 weight percent, such as greater
than 25 weight percent, for example greater than 30 weight percent, and preferably
greater than 35 weight percent.

[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 product

cont ai ni O ogoeater than 50 wei ght percent, typically gre&Cerusohes16%50

wei ght percent, such as greater than;70 wei ght percent, and preferably
greater than 80 wei ght percent of olefin(s) based on the total weight of
hydr ocarbon in the product. Mreover, the anmount of ethylene and/or

propyl ene produced based on the total weight of hydrocar qon in the product
is typical F@@i eat eln additipndo thipgrgenge cewpenent,gpch 2y gP&ater than 50

wei ght percent referably greater el g nor e
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f eedst ock conprising nethanol and di met hyl et her _to et hyl ene.and. propyl ene,
it is fourddemmest Pltegﬁfeﬂr‘%]él%tﬁ RESVHEL @%%%@g%wﬁﬁr%%rr@ﬂi@%ﬂ%&g by
greater thane{’LOO/ such as greater than 20% for exanple greater than 30%
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active nmetal oxide conponent(s). WO 03/074177 PCT/US03/ 04169 -17 [0063] In
addi ti on t terhperaturepgenhbeircbapansef frosudd) s<so HBOOAN pr exapwle FreBdst ock nay

contain ong_qr nore diluents, . wlich,are rally.non- | to the
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reduce t he 59nE GRLEALIORoMA 0P td 660+e! RkmodipRefbiaBlylfvdid 3682 es of

di luents include heli"'um argon, nitrogen, carbon nonoxi de, carbon dioxide,

water, es$é0tCally non-reactive paraffins (especially al kanes such as

met hane, et[(f)l&nsej‘, an%imila:rly, 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 molecular sieve
in the catalyst composition, can range from 1 hr” to 5000 hr, preferably from 2
hr to 3000 hr, more preferably from 5 hr” to 1500 hr, and most preferably from
10 hr™' to 1000 hr'. In one embodiment, the WHSV is at least 20 hr' and, where
the feedstock contains methanol and/or dimethyl ether, is in the range of from 20
hr! to 300 hr.

[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 aromati c conpounds, and m xtures
thereof. The nost preferred diluents are water and nitrogen, with water
bei ng parwpamalanty preferred. [0064] The present processPcaruShgoaenduct ed
over a wide range of tenperatures, sygh as in the range of from 200C to
1000C, for exanple from 250C to 800C, including from250C to 750 C,
conveniently from 300C to 650C, preferably from 350C to 600C and nore

preferably from350C to 550C. [0065] Simlarly, thgz pr s;}% .gro ess can be
conduct ed ¢0$8]a wi Heoneanacticat embpdimients the NreResgicRy %‘ﬁﬁ Y1268 essur e.

Typically th artial. pressure of. th i any dil uent
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MPaa, pref erabhy 1f 5RRaSDrERaa fidh fediFiaak, pidndllr with phebemak diluenigs) 20 kPaa
to 500 kPaa. [0066] The wei ght hourly space velocity (WHSV), defined as the
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hr"'. [0067] The process of the _invention is convepiently conducted as a
fixed bed compesiten isgeparated fropythegapgoug sttlpent W}tﬁﬁﬂiﬁﬁ&ﬁ%‘@éﬁ}n&&&sﬁi(i ncl udi ng
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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, and preferably from 550°C to

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 reaotdn7413ystem al ong with the coked catal yst conp@s€irttisosno4idhe coked
catal yst conposition is separated frogmthe gaseous effluent within the

di sengagi ng vessel, typically with the aid of cyclones, and is then fed to
a stripping zone, typically in a |ower portion of the disengaging vessel.

In the stripping zone the coked catalyst conposjtion is contacted with a
gas, such 02k nelrensoragdisphppbogigsityte Pé%ﬁe%?#&‘?rHWSWQibtgnWB gen,

and/ or an ipert gas such a [ . pr.ef.e cover adsorbed
hydr ocar boﬂgaﬁ‘% r?tﬁipggﬁsggoﬂ%ltgg %ghg@%g@@@i%&nﬁg%ﬁo&r@ en introduced
into the regQBeERijaARuRYS EShalcPARY cttiané NEhe Bgesep i ihoprayssiem t he coked

catal yst conposition is "contacted with a regeneration medium preferably a
gas cont ai phssingthy gesepusfzddatock; preferablziin eembippaiinn Vih 8 B SEEENAP Bur ni ng
coke fromthe coked catal yst conposition referably to a | evel |ess than
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catal yst ¢ Ighd R3890%iE and REEDSSAL TROsENR:RBas F@daneai®d €, the
regenerati gél%ggrﬁ%x?#bﬁgs%ﬁﬂay ?(r)\cll ugré I%jig[grrfg)éer ature in thrge range of from 450C
to 750C, anrdgnwielies abbyydenstecbit@i@ingstreaMlgenefall) bP cofMhetingsyiiner at ed cat al yst
conposition withdrawmm fromthe regenerat icgﬁr:]atzfléSt emis conbined with fresh

mol ecul ar dicevegenequsicp@lysh bypieadivia pperhase SRt IIRPHRNEE WdPecul ar si eve
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ret urned t(Sgg) eOflffoé%}saqagg[gt‘lgpf(g%ﬁ& ?g%‘?%?g{fﬂge (Eéi{ggﬁgﬁgﬁl ueant is wthdrawn
from the diNpnoAGENgirTitati @R 6kygksatp ssEsididgisongtanbe esdwsny system f or
separating and purifying the light olefin(s), particularly ethylene and
propyl ene, feedlstoek igjaprsess asfipsanidad abaye forproducing lightpiciunsy Hehés” - 19 [0072]

I n one practical enbodi nent e .process_of I I t f
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[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.

[0074] 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 molecular sieve in the absence of a metal oxide,
defined as having an LEI of 1. For the purpose of determining LEI, lifetime is
defined as the cumulative amount of oxygenate converted, preferably into one or
more olefin(s), per gram of molecular sieve, until the conversion rate drops to
about 10% of its initial value. If the conversion has not fallen to 10% of its initial
value by the end of the experiment, lifetime is estimated by linear extrapolation
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

t ypi cal | ywoonpr4131 ng carbon di oxi de, carbon nonoxi de andPaydrsogensd The
synthesis gas streamis then convertegyio an oxygenate containing stream
generally by contacting wwth 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 frgom, a ta 10 MP {ter rification, the
Dy genat e CBAERISHONG bt Pt Eas o i dacaleulbied Py afioeths MRy Biocess as
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In another nore fully integrated process, optionally conbined with the
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lifetinme of a nolecular sieve catal yst conposition containing an active
nmet al oxi de(s oppared to that of the sane nol ecul ar sieve in the absence
of a netal eéi%‘&ﬁfe—‘ggefi ned as having an LElI of 1. For the purpose of

det er m ni ngP#@:graﬂié#@ltM%cilﬁlr $i&fd ned as the cunmul ative anmount of oxygenate
converted, nore ol efin(s), per gram of nol ecul ar

si eve, untijo07fEe comnAeilisbaumiraiphogphateansleculadriave, 3APEaT4, idesgnated asal val ue.

I f the conversion has not fallen to 10%of its initial val,%e b% t he end of
the exper i mé#ed, waseaistatiizer dn ghemrerspesiofiyiragthd apmesaiym fydeidsiR Ihased on the

rate of decre | SGONY, I Q . . poi t he
experi ment émgcgg%#) 91"‘[ r%n@z%a gﬂjlenq\fgzl{nsuE ?ﬁg@ﬁ%r%%@%@%@gﬁgteﬁ vallt! to ethylene
and propyl grats. Wmittalel of thedId16%/ing msletrbo tahpdsitn: t he et hyl ene to

propyl ene selectivity WO 03/074177 PCT/ US03/ 04169 -20 weighted over the
run. The "C3 Purity" i&28PclhrbOedlSs/ iARE] h§ B2eSWHEDyI ene

was prepared by initially mixing an amount of Condea Pural SB with deionised

water, to form a slurry. To this slurry was added an amount of phosphoric acid
(85%). These additions were made with stirring to form a homogeneous mixture.
To this homogeneous mixture Ludox AS40 (40% of SiO2) was added, followed
by the addition of R1 with mixing to form a homogeneous mixture. To this
homogeneous mixture R2 was added and the resultant mixture was then
crystallized with agitation in a stainless steel autoclave by heating to 170°C for 40
hours. This provided a slurry of the crystalline molecular sieve. The crystals were
then separated from the mother liquor by filtration. The molecular sieve crystals

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

spray drying.

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 ar ewawanage’ selectivities weighted over the run. NeCce/usexo4ibhe C5+' s
consist only of C5's, C6 'S and C7' s.p1The 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, i gnated as MSA, was
o yss o | T uRoRed B Risrass SrBbieb ep AR She DL s Frch T B B (R and

di propyl am i GraBE T, LI i r latin
Coone o) A RSt 9 e AR 47550 i b i Rstleof o5 bR (PIERG L TRETP 0 %)

P205 /0.9 Rlow rdte of fRR niethdhotiz@s swwhshartkpfoedate\of infeithianal dryweight bagisan anmount
of Condea Pural SB with deionised water, to forma slurry. To this slurry
was added aper greswaf motecplapsipyoplse kaewa as tleswgighthously spersitelesiy wer e nmade

Wth stirri for ho eneous m.xture. To thi eous m xture
e GRS LTHE N BRARASNS, S oo L SlIBg cOUS XLt
m Xing to fHhuM-Ad IGHPYS @R HatdktbHY € Thd BathifktSload HEPIPARUAT the didlye R2 was
added and the resultant mixture was then crystallized with agitation in a
st ai nl ess shedebasaditutes] wile qirrtzte aniningize botlSPOG ihdhe ®actohours. This provi ded a

slurry of the crystalline nolecular sieve. The crystals were then
separated fromthe nother liquor by filtration. The nol ecul ar sieve

crystals wera then mxed with a binder and matrix material and formed into
particles by—S'ET-a'y drying. Exanple B Conversion Process [0078] All

conver si on [@8879] pr esksimple o Le(MND)) axkHig(Aldriny Chemical Goinpany)vemct or
consisting of a stainless steel reactor_ (1/4 jnch (Q.64 cm outer dianeter)

WO 03/ 0741 7lgsd ngdrat (448 otor 3thpursiepredpce faghanymidde-t o whi ch vapori zed
met hanol was fed. The reactor was . -

Example 2
[0080] Fifty grams of La(NO,),-xH,0O (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 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 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 bawo3/0par7 gram of nol ecul ar sieve, al so known as wPag/uses/ght9 hourly
space velocity (WHSV) was 100 h''. Product gases exiting the reactor were
coll ected and analyzed using gas chromat ography. 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(N03)3.xH20 (Al drich Chem cal

Conpany) wdxampledi ned in air at 700C for 3 hours to produce |anthanum

oxi de. Exa 2 [0 i g}gdp = Xl ! Chem cal
Conpany) wrewg&]di ss%?galéncfﬁ\émgf%c(g:(ﬁ r r?g) @géﬂé%@ngengiggéﬁﬁ%%%ter. The pH
was adj ust edldimeddn kit at 7HECafde B hoars tohreiuoe sentmiedkideBznd)m hydr oxi de. This
slurry was then put in polypropylene bottles and placed in a steanbox
(100C) for 72 hours. The product formed was recovered by filtration,
washed with,exc % wat er, and dried, overnight at 85C. A portion of this
cat al yst wa ned to 600C in flowing air for 3 hours to produce

| ant hanum qypgtq (Lazegy BP83 ] whiefdigto e iBthGtirn{gNES08n H2O wer e
di ssol ved amﬁ?%bqsti rri nggriaﬁﬁ%g?ggjr??]éé)% g?%ti |l ed water. The pH was adj usted
to 9 by thefaliktilled svatarf Tieopld svas rdiustdd tafby theaddijarocodesntrteds sl urry was

th toi ly | tt d | di t 00Q) f 72
our's. - The SBDRMIBI IFAEE s 1886 V8 Bk Byt 1 IR TUCRATIW th excess
water, and ;ﬁ%&eﬁf% Q‘é&%ﬂl‘b?ggl@t’%?ﬁg’m’ﬁogﬂr tTélS@)f&Huct foinsd GAak ?éc)ﬁére&vg cal ci ned

to 600C in ow ng arr ours to pro e yttrium oxide (Y203). WO
03/ 074177 BOHALSIRUADBRIth edss wr@nphd dbied 00&RAIghLattIAPl & pértiSe PRICS) 3. xH20
(Al drich Chem cal Conpany) was calcined in air at 700C for 3 hours to
produce scdhiicatalysk mas cgleiaodty)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,0;).

I

Example 7
[0085] Fifty grams of Nd(NO,),-6H,0 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

neodymium oxide (Nd,0,).



Exanple 5 [0083] 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
concent r awed3/oarmbni um hydroxi de. This slurry was then putPCrrruspab4py opyl ene
bottles and placed in a steanbox (1Q3G)- for 72 hours. The product fornmed
was recovered by filtration, washed wth excess water, and dried overnight
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 granms of
Pr(N0O3) 3. 6H20 were di ssolved with stirring in 500m of distilled water.
The pH was i to 8 by the addition of concentrated anmonium

hydr oxi de. %@%rry was then put in pol ypropylene bottles and placed in
a steanmbox [0086]JC) f OFhirt nine\gkans dih@e(PiGaylw6d,Of amdifetigrams of ecover ed by
filtration, washed with excess water, ried overnight at 85C. A portion

dd
of this cdtaNgs): kRO WP disprlved witb@é@%réﬁnépawl pidigfiliedrpaters Apaihe ¢ o

d dyni_um.oxi Pr 203 e 7. i f f
RACNDS) 3. br oSS ol G i obsenmRH B i tlogfle it SBPATRE 0 o
The pH was @gjiustweslet RaPprbyaréd TR two 961uRbnsewdie ehibidke dt tha fFa®BE UM

hydroxide. This slurry vias then put in polypropylene bottles and placed in
a st eanmbox J0bilddin dsing ¥ ozzleunixer. Thiee phl of thetfifab eoraposita svas edivvied 6l by

filtration, washed. wi _vater. and dried L ght, at..85C. A porti

b Uhi s ceanrgumaht) B o o e PO R PRI T s for o
roduce n ' ife: cTh MSA3 o - Ex |
8 [0086] Thg.iﬁrkt*ﬁ"éﬁ%"&’?‘%“%ﬁgﬁ%ﬁo3)“3&%5%%3"3%"35% graér%fl@? 9 ?21%%03) 3 BH20

wer e di ssol T2ekbus.t Thespiodudtfgrmed wGadovefeddystiliatien] washet witlheodeh®er  sol uti on

contai ning 20 grans of concentrated ammni um hydroxi de and, 500mL of
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(NO;),-6H,0 and 30.0 grams of La(NO,),-6H,0

were dissolved with stirring in 500ml 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 pH of the final composite was adjusted to
approximately 9 by the addition of concentrated ammonium hydroxide. This
slurry was then put in polypropylene bottles and placed in a steambox (100°C) fo;
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

adj ust ed wo o3aparoxi mately 9 by the addition of concentraPed/tsasoansum
hydroxide. This slurry was then put _bg.pol ypropyl ene bottles and placed in
a steanbox (100C) for 72 hours. The product fornmed 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 Exampled0n et al oxide containing a nominal 5 weight percent

| ant hanum 6@&3 on hnals: wej f ! ] 1 Exanpl e 9
[0087] Ni ng grans of &%@f?%%%ﬁgf%wﬂ%ﬂsﬂ%ﬁkg(llc\{lgj???lghgHZO wer e
di ssol ved Widrbnfehéuréd idng A MM TOA/SDEA 851 dtrmegravimettioatadysissol ut i on
containing 20 granms of concentrated amoni um hydroxi de and 500m  of

distilled swstemrundesambieptnressureT s anqtalexdidst samipdassvere fiest demisirafedimat ¢ he

t f 50/ m n . usi I ] o Jhe. f th i.nal it
) usted ¢ dapRr Aetisr0 S B Sodho il FBiahe buaRon e AEHEE N um "
hydroxi de. wfirgeas ek laf YOO THIQOr R arkdlo @k ¥ahPRY LeRem&Rtidgs and placed in

a steanbox (100C) for 72 hours. The product formed was recovered by
filtration,aceadied with the eeatlasisof Brabarer, Bmuaetiy anddl ablee (Bl o peavidsige A

portion of this catalyst was calcined o _700C in oW ai,r for 3 hours
to produce “Arapmdaoxide iptpketp; t@f@lsdgj ﬁ’?%?eﬁf’%d‘&mdﬁ@ﬂi ‘?ffad‘e @e%gf”é‘ﬂ? per cent
cerium bas inal weight of the mxed netal oxide. WO 03/074177
PCT/ US03/ 033?%%&6?2%?&%%%@ e 10 [0088] The carbon di oxi de uptake of the
oxi des of Exanples 1 through 9 were neasured using a Mettler TGA SDTA 851
t hernogravinetric analysis system under anbient pressure. The netal oxide
sanples were first dehydrated in fl¥Ealed air to about 500C for one hour

ren of "t nol i éﬁ;g%géwgt;@bf'e BN dSmel TSI A [t  Bffaie The surface
} Veight (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 41 0.6491 18 0.880
8 130 0.8407 51 0.127
9 42 1.2542 46 0.649

Comparative Example 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,O; 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

oxi de prweanpwed7in Table 1. Table 1 Exanpl e Catal yst DryPCTsAsieasbed
Surface Area- CO2 Uptake Weight (ng)-osmg) (n2/g) (ng/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 41 0.6491 18 0.880 8 130

0.8407 51 0.127 9 42 1. 2542 4 . 649 ative.Ex le 11 J0089] In

thi s Conpar %aé‘déﬁg‘?ﬁ‘ﬂ the ﬁacf%gfg' ?Eﬁ retsﬁgsn%gtilg@l}pgqmgﬁgag%&owl | yst
composi {1 o QLGS 1 EXAIRLR 1 WRBHGPSHISHO! i PRGSOk Exanpl e B
usi ng 50 m‘r;rdg)ge%t e%(rjrsoﬁuglts:ﬁa:émsliﬁeve ca%éfysl?gc%inpgsﬁi on W thout an active
metal  oXi dside] hréagsdilifesineibyt 140%. USelevtiwitpte sthahedecreasddby 86% aadd Tabl e 3.
Exanpl e 12 [0090] In this Exanple, tge nol ecul ar, si eve catal yst conposition
produced isleiigitptocrapangsleeiaased byid Ve fuggssting 3 sicaHicaRiysducioB fisi ng 40 ny
of the nol.ecgul ar sieve catalyst conposition with 10 ng of La203 produced
via nitrat y%ﬁoe%%%f}%éﬂegﬁlqnﬁ' Exanpl e 1. The conponents were well m xed and
then diluted WO 03/074177 PCT/US03/04169 -25 with sand to formthe reactor
bed. The results of this experinent are shown in Tables 2 and 3

i I lustrati rgxavhple 1Bhe addition of La203, an active Goup 3 netal oxide,

i ncreased 1] i me 9 i Vi 0
[JOI)E{] tﬂ; tl:lligf )é)amp %,t (e:tnllo cleé arts?evgtcgt% y%t 90%%0%%1%%%% uc:é % and

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,O; 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,O, 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 molecular sieve catalyst composition with 10 mg of Y,0, produced in Example
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,0;, 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 [00911 In this Exanple, the

nol ecul arweiogwaticat al yst conposition produced in Exanpl e PATME83/046¢ ed in
the process of Exanple B using 40 ng af6the nol ecul ar sieve catal yst
conposition wth 10 ng of La203 produced via precipitation in Exanple 2.
The conponents were well m xed and then diluted with sand to formthe

react or be(rj‘lé Thel rgults of this experinent are shown in Tables 2 and 3
illustrati e addition of La203 produced via precipitation, an

active G oupogsjret alnqxis FampRCIseaRaHolebdIgt didR vl 0mpaRiqet i vity to
et hane decreased by 55% and sel ectivity to propane decreased by 44%

suggest i ng modsdiegnn Fixemple A ads tistednin ithe prgckse gERxampla ¥ wsing 4aogiafns. Exanpl e

14 [00921 Inp this appl e 14, the npl ecul ar sieve catal yst conposition
pr oduced iﬁhE%ﬁﬂ“aN%@@é@@&lﬂ%“{Oﬁémﬂ? iﬁ:@gs"f%ﬂzcgfé ced 8 using 40 ng of

t he nol ecul ieye onpesidi i fo ed in
Exanpl e S.nggmjﬁﬁggﬁ%\%&e Wel%i’etlfnllB %eegnagﬁéﬂe glhdg%te |vl‘rll}}tgga§d\?v§ ?‘%H‘gand to
formthe rihaedaetoribed. ThEesilesSe this e@perithent abxgiRfiniaMabRE € adigwn i n Tabl es 2

and 3 illustrating that the addition of Y203, an active G oup 3 netal
oxi de, i ncriflasteating|thatdhe pdditign affPe0s, agarie Proupy? metakedidhdnaessedased by 45%

and selectivity to ropane.decr eased 28%, S esti a.significant
Feduction eSS r%ﬁ%?{éﬁy W RRE St ’87"2&?@9%&176%03/ 04169
- 26-  Exanpl@opaned d¥eR3ed By 119 SubXaiRk @ sighifidaheredBétRmuh dkdidey faksiiral yst
conposition produced in Exanple A was tested in the process of Exanple B
usi ng 40 ngeadtionshe nol ecul ar si eve catal yst conposition with 10 ng of

Sc203 produced in Exanple 4. The conponents were well m xed and then
diluted with sand to form the reactor bed. The results of this experinent

are shown iﬁxél;ﬂ 1eeﬁ; 2 and 3

[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,0;, 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

reactions.

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,O; 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 Sc203, an active Goup 3 netal oxide,
increased lifetinme by 167% Selectivity to ethane decreased by 27% and

sel ecti viwQ 0B0741pT opane decreased by 21 % suggesting a siPgRitdSOdes169
reduction in hydrogen transfer reactipns. Exanple 16 [0094] In this

Exanpl e 16, the nol ecul ar sieve catal yst conposition produced in Exanple A
was tested in the process of Exanple B using 40 ng of the nol ecul ar sieve

catal yst conposition w of . Ce203 oduced in. |l e 5. The
conponent s %P@n%@qq eaﬁ?‘i&i} &?g&@ﬁ‘éﬂnﬁ i Sﬁﬁrgﬁc/‘%y feﬁugté‘?{’dlr‘&‘gagéFMra’Pﬁg react or
bed. The regylgsof this experinent are shown in Tables 2 and 3
illustrating that the addition of Ce203, an active Lanthani de netal oxide,
increased lifetinme by 630% Selectivity to ethane decreased by 50% and
selectivity to propane decreased by 34% suggesting a significant
reduction ifX -L“aﬁn transfer reactions. Exanple 17 [0095] In this
Exanpl e 17, nol reSl.eye b din Exanple A
was tested [drtl)gﬂe p?@tﬂégssm%b%&%%%hé&%%%g&%&tﬁ%yﬁf OIBP ﬁégﬁ%l ecul ar sieve
catal yst copfeasédd iQExeiriple AQvaiBestdd iRtROBropéss @ BREAMPIR B fRiACMY trgbof The
conmponents were well mxed and then diluted with sand to form the reactor
bed. The rethgimeleaflansigve calalist corapasitinnewiihdmg of Nbos prodpcesia 3

illustrating, t t ddi ti f Pr.203 tiy t hani t al i de,
ncreased THFBRETe Wy GRS rEe Il g dand i R PR SR B ok and
sel ect i Vi t yirQe QMO TAL ekyRCT WEQRHOAMER: are Hovhl AP dgEGRSed by 38%

suggesting a significant reduction in hydrogen transfer reactions. Exanple
18 [0096] | ilustratingFkainthe eddiBon ofNdyh)| scadtive Lantharide atetd] psidecionesidt i on

produced in . Exanpl e A tested in the process of anpl e .B using 40 ng of
the mol ecul E%Q%é@a(\@ﬁﬁ%eﬂ%%%s@@w Wr%S@fﬁgxégﬁ@Eﬁﬁgpﬁﬂ%@ Broduced in

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

reactions.

Example 19
[0097] 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 illustrating that the addition of 5% LaO,/Ce,0,, an active Lanthanide 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



Exanpl e 7. The conponents were well m xed and then diluted with sand to
form the reactor bed. The results of this experinent are shown in Tables 2
and 3 ilwogBnatirhng, that the addition of Nd203, an acti vecrarssohensde net al
oxide, increased Ilifetinme by 340% Selgectivity to ethane decreased by 49%
and selectivity to propane decreased by 34% suggesting a significant
reduction in hydrogen transfer reactions. Exanple 19 [0097] In this
Exanple 19, t | ecul ar sie at al,yst. conposition roduc i n.Exanple A
wne st ad T i Pt 8 el b Lo 4 SR are RORE HRaRRlERar o eve
catal yst cofosiikseainy thht hOaditia oft 3% CE0EA, OB hAhciRve (oup Buaduced in

Exanpl e 8. The conponents were well m xed and Yhen diluted with sand to
formthe readdomoblditd breel antismidesenés ¢xhids imorgmsed hftimedrye2E¥@wn i n Tabl es 2
and 3 illusgratjng that the addjtion of 5% LaOX/ Ce2C3, an active Lanthanide
metal  oxi deeleRSIWite athaye decesaserhbyso@reiand seleetbiAe deonaps eecreased Y 450%
Selectivity J d - 47.9 L VLLY: pr opane

decr eased b@ﬁgﬁghgﬁé&g&f ﬁg&ﬁgggﬁéhq 1}(‘2@&?@?@ g@#roljﬁaﬁ)ﬁr?}l]%ydrogen transfer
reactions. Exanple 20 [0098] In this Exanple 20, the nolecul ar sieve

catal yst conmposition produced in Exanple A was tested in the process of
Exanple B using 40 ng of the nol ecu[&é eve catal yst conposition with 10
ng of the mxed—+mtal—oxi-de—producee-in—Exanpbe—9-—7*he eoh“p:ab..to wer e
vel | m xed and t hdrglidobpeg Wi th WO d4FsinE1 77 Bt'ﬂeuso%gét 9| ~328 dand to
formthe riebgingsle jed. The results of| EfesioaxpeOil¢tmnt ar € showruiity Tabl es 2
and 3 illustrating Gdmpositiem addition of 5% CeOX/ La203] ~an active Gloup 3
nmetal oxide nodifjied by a Lant hani dedex (1D o4tede, i ncreased®fet)i me by

260%  Sel BGEL VI TY 106 ®isRane decr easedy by 567 apgy Sel egbpVi LYok 9 Propane
decreased by 45%| suggesting a significant reduction|/in hydrogen transfer

reactions.| fPabl e 2 SR%AEI020BEa0Li f et|iZ® Pri ne| 2843 C30.81 96.1

13 80% MSA / 20% La,0, 4.4 73.78 0.74 96.9
14 80% MSA /20% Y,0, 11.9 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, 7.3 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% CeO,/La,0; | 3.6 70.52 0.71 96.9




Exanpl e Extension Oefin Purity Conposition Index (LEI) (%9 (% CEx. 11
100%VBA 1.0 72.99 0.90 94.1 12 80% MSA / 20% La203 2.5 73.84 0.81 96.1 13
80% MBA /WRBHEA203 4.4 73.78 0.74 96.9 14 80% MSA /| 209%P¢20301/04189 73. 68
0.76 96.0 15 80% MSA /| 20% Sc203 2.7293.74 0.81 95.5 16 80% MSA / 20%
Ce203 7.3 70.51 0.69 96.3 17 80% MSA / 20% Pr203 7.4 72.37 0.72 96.6 18
80% MBA / 20% Nd2CB 4.4 72.57 0.71 96.3 19 80% MSA / 20% LaOX/ Ce2Q8 5.5
70.64 0.73 96.4 20 80% MBA / 20% CeO,,/La208 3.6 70.52 0.71 96.9 WO

03/ 074177 PCT/US03/04169 -29 Table 3 Reactor Bed CH Exanple C2 C20 C3 C30
C4's C5+ Conposition 4 CEx. 11 1009jf. 3- 04 34.50 0.78 38.49 2.43 14.01
3.82 12 80% MBA / 20% La208 1.61 33765 0.50 40.79 1.65 14.96 4.51 13 80%
MBA /| 20%[La2O3 1] Réacddr B 0. 35 4PCH5|1. 37 [15.03 5,51 14 80% NBA / R0%
Y208 1. 39 |Fxagple)| 43 41.83 1.74 14 436261 | €3° 86 VB3P PO S¢ &3 1| 67
33.08 0.57 40.66 1C9%PYUUIM 4 45 |46 $0% MSA / 20% Ce208 2. 05 28.89 D. 39
41.62 1. 61 G5, 29 b16v% MIA B0% VEA 7.020%4 56 2(&79 59480218 0130 42.889 [L. 51
15.22 6.0 18 80% MBA / 20% Nd?2 1.64 30 0.40 42137 1.61 1% 13 5168 19
80% NBA | |26% 2. 62886M84 /0% 12,30 BbOY | §2.05 4] @70 74949 |15, | 14%204-530 80% MBA

o B aVWal

I 20% 2. 133916 Ogi3t il 36 ta,0F 138937492035 4235 | 137 | 15.03 | 5.51

14 80% MSA /20% Y,0;, 1.39 | 31.85 (043 |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 80% MSA /20% Ce,0;, | 2.05 | 28.89 | 0.39 | 41.62 | 1.61 | 1529 |6.83
17 80% MSA /20% Pr,0, 1.59 | 30.18 | 0.38 | 42.19 | 1.51 | 15.22 | 6.06
18 80% MSA /20% Nd,O; | 1.64 | 30.2 040 | 42.37 | 1.61 | 15.13 | 5.68
19 80% MSA / 20% 2.62 | 29.85 | 041 |40.80 | 1.52 14.07 7.14
La0,/Ce,0O;
20 80% MSA /20% 2.13 [29.16 | 0.34 [ 41.36 | 1.34 | 14.86 | 7.92

Ce0,/La,0,




CeOx/ LalG3 WO 03/074177 PCT/ US03/ 04169 -30- CLAIMS W claim 1. A catalyst
conposition conprising a nol ecular sieve and at | east one oxide of a netal
sel ect ed woeai@ioup 3 of the Periodic Table of Elenents, wha@/ushamtibani de
series of elements and the Actinide sggies of elenents, wherein said netal
oxi de has an uptake of carbon di oxide at 100C of at |east 0.03 ng/nR of
the nmetal oxide. 2. The catal yst conposition of claiml1l wherein said netal
oxi de has an uptake of carbon dioxide at 100C of at |east 0.04 ng/nR of

t he met al %Jﬁ? 3. The catal yst conposition of claim1 or claim2 wherein
said netal oxide has an uptake of carbon dioxide at 100C of |ess than 10
nmg/ ng of the netal oxide/n2 of the netal oxide. 4. The catal yst

conmposi ti oyoOfaiany preceding claimand also including at |east one of a

bi nder and a matrix material different fromsaid netal oxide. 5. A

nol ecul ar sieve catal yst conposition conprising a Goup 3 netal oxide

and/ or an oxide 0 he Lant hani de or .Acti ni de, series i nder, a
matrix mateérial & céf?(tﬁysé QPPN EOMPIAIRGE BT etcglaﬁﬁlleg%ﬁ?faﬁga%gé@e o:@d?
catalyst conpos b}"%%ta?fselgét@d foth Gfouf>|3adﬂﬂ1e5Pémﬂ'i@T£b1& BEERNRARS tHes an
alum na sol and the matrix matertal "is a clay. WO 03/ 074177 PCT/ US03/ 04169

-31 7 The cat alLysthatidersais i olenehtsany thr sctéddnserics af elemieatsewvhersiai d net al
oxide is selected fromlanthanum oxide, yttrium oxide, scandi um oxide,

cerium oxi de, paués@dxd)omdﬁrha@ﬂn@Etakﬁéﬁwmnﬁwmpéblo@%ﬁt ifastdki e, thorium

oxi de and m xture eof The cat al yst conposition of any preceding
cl ai m wherein sg?gzmrr%ﬁéF n??)("i‘lcﬁ’

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

uptake of carbon dioxide at 100°C of at least 0.04 mg/m” of the metal

oxide.

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

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

metal oxide/m? of the metal oxide.

4. The catalyst composition of any preceding claim and also including at least

one of a binder and a matrix material different from said metal oxide.

5. 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.

6. The catalyst composition of claim 4 or claim 5 wherein the binder is an

alumina sol and the matrix material is a clay.



is yttriumoxide. 9. The catal yst conposition of any preceding claim
wherein the nol ecul ar sieve conprises an al um nophosphate or a

si |i coal wpmephasphat e. 10. The catal yst conposition of clpairmsd3/odier ei n the
mol ecul ar sieve conprises a CHA framgywark-type nol ecul ar sieve and/or an
AEl framework-type nolecular sieve. 11. A nethod for making a catal yst
conposition, the nethod conprising physically mxing first particles

conprising a nolecular sieve wth second _particles conprisi at | east one
oxi de of a7net alTheeptabist gompesian 79y Preseding g “Pé’f’el'i‘et‘i?}f’gg‘#%qtaqﬁ‘fé%l enent s,

t he Lant hani de se[i I el [ 0, ment s,
wherein said mtlggélgci?dééoﬁé%ﬂg%%@gg%%@?l carlgéc}nsgﬁ}%%ggﬁlgi ée{%(k)l?: of at

| east 0.03 ny/ Mxade, bRedlyhahm @xiddendvalyhiieheside, dnaritineoxide,fthetiwh cl ai m 11
wherein said first particles conprise a silicoalum nophosphate nolecul ar

si eve, a binder dxids andimigtuaes thegmd-na sol and a matrix material including a
clay. WO 03/074177 PCT/US03/04169 -32 13. The nethod of claim 1l or claim
12 wherein said second particles are produced by causing a hydrated

precursor qf saifhdBlM st exhPssifidh ARG pRideaing cldimOmhatein@hidirhaul ¢xedd ai ni ng
ions of said nmetal, hydrothermally tréeating the a hydrated precursor at a
t enperature of dtyttdestox8®C for up to 10 days and then calcining the a
hydrated precursor at a tenperature in the range of from400C to 900C. 14.
A process for converting a feedstock into one or nore olefin(s) in the

presence ofy a c I =T I i and at
| east one 09>'<i deaf:) %ﬁt#ésg g{mgé%nré%?gﬁ ? ﬁ%egng%aﬁrg%&?ﬂéﬁépgﬂeg%ﬁ Tabl e of
El ements, the LafidvRanigheiseedn demblopkésphnieios aailidotlomirgphbsphde. seri es of

el enents, wherein said netal oxide has an uptake of carbon dioxide at 100C
of at least 0.03 ng/n2 of the netal oxide.

10.  The catalyst composition of claim 9 wherein the molecular sieve comprises
a CHA framework-type molecular sieve and/or an AEI framework-type

molecular sieve.

11. 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.

12.  The method of claim 11 wherein said first particles comprise a
silicoaluminophosphate molecular sieve, a binder including an alumina sol

and a matrix material including a clay.



15. The process of claim 14 wherein the catal yst conposition has a Lifetine
Enhancenent Index (LEI) greater than 1. 16. The process of claim14 or

cl ai m 15 wohesmi4171 he nol ecul ar sieve is a silicoal um noplrespisas/et1647. The
process of any one of clainms 14 to 1G3pherein the feedstock conprises

nmet hanol and/or dinethylether. 18. A process for converting feedstock into
gne ﬁr nore ol efin(s) in the presence of the catal yst conposition prepared

t he met hod of any one of ims 11 to 13, . .
Y 13.  The rzethod of claim lf‘or claim 15 wherein said second particles are
produced by causing a hydrated precursor of said metal oxide to precipitate

from a solution containing ions of said metal, hydrothermally treating the a

hydrated precursor at a temperature of at least 80°C for up to 10 days and

then calcining the a hydrated precursor at a temperature in the range of

from 400°C to 900°C.

14. A process for converting a feedstock into one or more olefin(s) in the
presence of a catalyst composition comprising 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.

15.  The process of claim 14 wherein the catalyst composition has a Lifetime

Enhancement Index (LEI) greater than 1.

16.  The process of claim 14 or claim 15 wherein the molecular sieve is a

silicoaluminophosphate.

17.  The process of any one of claims 14 to 16 wherein the feedstock comprises

methanol and/or dimethylether.

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

claims 11 to 13.



