WD 03/074175 PCT/ US03/03951 -1 MOLECULAR SI EVE COMPCSI TI ONS, CATALYST
THERECF, THEI R MAKI NG AND USE | N CONVERSI ON PROCESSES [0001] The present

i nventi orwpaBar4ds3st o nol ecul ar sieve conpositions and catrargstyoI®eNt ai ni ng
the sane, to the synthesis of such conpositions and catalysts and to the
use of such conpositions and catal ysts;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, especially steam cracking, produce light olefin(s), such as

et hyl ene and/ r

Et hyl ene andm e~ HPeFtant—C OOt tY ettoche 5 in a
vari ety of procepgeIRiMAKENG AND/UGSH IN CONVERSION PROWESSES conmpounds.
[ 0003] The petrochem cal i ndusiry has Known for sone tine that oxygenates,
especially al cohols, are convertible into light olefin(s). The preferred

al cohol for |ight olefin praductjon s t hanol and the preferred process

f or conver[pb@a a né[ﬁjﬁé’ﬁ"é?mdﬁﬁ?rﬁﬁoﬁirﬂﬁtef %@@8@1@1 FRYSGCQRASTHOgp @i“fn( s),
primarily &%, o DYJ @B SyntheW¥d6ESh EQRDRFEdTRUnk RRafyggAST OCK
with a nol gcf:au }gsr sflga\ijlgﬂécfta yst coﬁ{)nosi tion. [000}?1] There ar glrygrrany

di fferent tanfes thefussof suchlcampdbitivas kbearalyds manveesiongxygsseate cont ai ni ng
feedstocks into one or nore olefin(s). For exanple, U S. Patent No.

5,367, 100 deedicewédin(fle use of the zeolite, ZSM5, to convert methanol

into ol efi 1 U S.~Pate > j i on of

nmet hanol aﬂéﬁaz(;t her Oolﬁf@%se#%#égmtogalg{sﬁyglg%g%é)?]lgB %?(g%l*lle%ﬁegg @g;ﬂf&dﬁ crystalline
al um nosi | i gatRic Gedahd @ackih®proe¥s3ed| Fhedeoratltig Procéises, espéoiuliytsaand
chabazite; U S. Patent No. 4,079,095 describes the use of ZSM 34 to
convert netdizokdig, produgellightalefons), prchde ethyleng @nd/as pepiilenerfeomadapetipy | ene;

0 Ryt SR R B L ool () Trom an

petrochemicals useful in a variety of processes for making plastics and other

chemical compounds.

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

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

often designated AIPO,.



of ten designated AlPO4. WO 03/074175 PCT/ US03/03951 -2 [0005] Sone of the
nost useful nolecul ar sieves for converting nethanol to olefin(s) are

si | i coal uwornephasphat e (SAPO nol ecul ar sieves. Silicoal eeirnsphe®phat e

nol ecul ar sieves contain a three-di nensional mcroporous crystalline
framework structure of [SiQ2]1 [Al102].pand [PO2] corner sharing tetrahedral
units. Synthesis of a SAPO nol ecular sieve, its formulation into a
catalyst, and its use in converting a feedstock into olefin(s),
particularly where the feedstock is nethanol, are disclosed in U S. Patent

Nos. 4, 499[@%5] of % Olla %ﬁgu;: ﬁ%?&gaﬁ?lﬁ%lreéﬂﬁé%v%?ﬁ)r c%n@%gg%;ﬁl%thaﬁoﬂt%‘l’ 662 and

6, 166, 282, I'c erern y i ncorporate reference. [0006]

Wien used pRfih{A%aeRTiBERhAR0HospRiNEIHOY olebwlhi sisvesnost ol ecul ar  si eves,
i ncl udi ng SAPO nol ecul ar si eves, undergo rapid coking _and hence require

frequent r Sijenanminophosphyisi relletylal sighss ¢prigineadbsutmensiondle catal yst to hi gh

tenperatures and steani ng environnments. hanol
conver si onnE%rPa?r%%%fotane?@ﬂ}?&(? 3“‘11%%}56?2&8319%@?&62? #&e(}i{(%&%n hence there
is a needgyl o BnQWdEPulTR] lREIsHF 8 WA T idletalar SRWReSIfbinallatidti ch exhi bits

an enhancedagﬁngf etime particularly when used in the conversion of nethanol
t o ol ef i nsinto hGAARFt, khdSits Bt iarnbniMating a &8SstBdointieslefinGhpadiabart yst

conposi tion conprisingl(,a si]icalit .r’EDI cu_ng iey ir’rl)rs ﬂ.z/ed with a
thorium zihewrthefpedgec lénﬁfft{“’é’ﬁi@ﬁ‘? &’é‘f“ gfecdR é ]?36 nt‘g%oé' &l %3 ertin

ret hanol ’Zgi LYls @183, 4% 5491 5PAURE b0 68, YdaIpger bon pr oduct
rich in isorCAconpounds. [g(’.s)%g?’n% Sﬂ %ét ént No. 6, 180, 828 di scusses the

use of a mpgidh Rehemineflly aicorsireed by eefpreackice net hyl ani nes from net hanol
and ammoni a, where for exanple, a silicoalum nophogphate nol ecul ar si eve
i s combi ned@0d6i h on¥hsn usest @ therpenversionsof mefbanol &0 alebips, aost MK Be, a

o S R T R R TBO RS e yko00%) U o
frequent regeneration, typically involving exposure of the catalyst to high
temperatures and steaming environments. As a result, current methanol
conversion catalysts tend to have a limited useful lifetime and hence there is a
need to provide a molecular sieve catalyst composition which exhibits an
enhanced lifetime particularly when used in the conversion of methanol to olefins.
[0007] U.S. Patent No. 4,465,889 describes a catalyst composition
comprising a silicalite molecular sieve impregnated with a thorium, zirconium, or
a titanium metal oxide for use in converting methanol, dimethyl ether, or a
mixture thereof into a hydrocarbon product rich in iso-C, compounds.

[0008] U.S. Patent No. 6,180,828 discusses the use of a modified molecular .
sieve to produce methylamines from methanol and ammonia, where for example,

a silicoaluminophosphate molecular sieve is combined with one or more

modifiers, such as a zirconium oxide, a titanium oxide, a yttrium oxide,
montmorillonite or kaolinite.

[0009] U.S. Patent No. 5,417,949 relates to a process for converting noxious
nitrogen oxides in an oxygen containing effluent into nitrogen and water using a

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

the molecular sieve is an aluminosilicate.



ni trogen oxides in an oxygen containing effluent into nitrogen and water
using a nolecular sieve and a netal oxide binder, where the preferred

bi nder i swoiosanilas and the nol ecul ar sieve is an al um nosiPCTASYE03950

03/ 074175 PCT/ US03/03951 -3 [0010] EP-A-312981 discloses a process for
cracki ng vanadi um cont ai ni ng hydrocarlgon feed streans using a catal yst
conposition conprising a physical mxture of a zeolite enbedded in an
inorganic refractory matrix material and at |east one oxide of beryllium
magnesi um cal cium strontium bariumor |anthanum preferably nagnesium
oxi de, on aygithi ca- cppigakim #b‘i’d%@ g : - Fai | nui ,

Ef fects of !:I(@glr)]ease ?ﬁﬁgg%%gggg aC|§%p@%%sfofgrggl%&é%Q%J%ahlﬁgg%t%ﬁg}%aI
surface of RhydrGAiFtdbiBed sysing Usinpea cailastydmpbyitivh eompasiapaphpsitagal  net hod,
Catal ysis Letters 53, pages 171-176 (1998) disclose that the shape

sel ect i vi t yM&gHreR! agepbiiscabedded inra ineyranit seffastary maiix mgteriebandatt he

wen o et TEGRRER p R ARk botblei SO bt e i ¢h Bal |
bei ng nost RhthetimnesreferdtlP htbndsiirf bRl G kilitabbhisatdpho i A8/ 29370

di scl oses the conversion of oxygenates to olefins over a snall pore

non- zeol i t i [90kB) ecul Bangindouic dffeets nff degrecae ietahbeaelf ecideites oaetloe gr oup
consisting gf a | anthani de,,.. i_ni de, scandi u ttrium, a G.oup 4
netal, a G ﬁﬁxﬁg’@fﬁ%‘iﬁrof%m%fl6ﬁ’§t"tl4’fé6r%‘i’dfy ’?@&%Te‘i}ﬁ?”6?f€”’é%ect, t he
i nvention rgsiygascitilysis ke %st ot L Sk O a nmetal oxide
whi ch has a surface gr ga great’el?éé?ﬂgn 2% ﬁ%ﬁg?&’i\%ﬂ?%ﬁﬁlﬁg}gﬁl@%&n cal ci ned at
t enper at ur eselgotizite can baenhaH04@, andnhe vdkiedbrmatioamisighted &t 8@ cohtdisioneet one and
contacted with s(e)ali d %c tone for 1 _hour at 25C, converts nore than 80% of

the acet one™etogjoldo sihyirap overdNi-3ARRY 34 by malliae it catalysd Wit MaOnbr@eul ar si eve
having an ayghag %sﬂ? b& nﬁél%spﬂeﬁ&ﬁ ntog%nﬁias"silica, with BaO being most preferred.

[0012] International Publication No. WO 98/29370 discloses the conversion

of oxygenates to olefins over a small pore non-zeolitic molecular sieve containing
a metal selected from the group consisting of a lanthanide, an actinide, scandium,
yttrium, a Group 4 metal, a Group 5 metal or combinations thereof.

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

(a) a metal oxide which has a surface area greater than 20 m*/'g, which has
been calcined at temperature greater than 200°C, and which, when saturated with
acetone and contacted with said acetone for 1 hour at 25°C, converts more than
80% of the acetone;

(b) a binder;

() a matrix material; and

(d)  amolecular sieve having an average pore size less than 5A.

[0014] The molecular sieve conveniently comprises a framework including
at least [A10,] and [PO,] tetrahedral units and more particularly a framework
including at least [SiO,], [AlO,] and [PO,] tetrahedral units, such as a
silicoaluminophosphate.

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



[ 0014] The nol ecul ar sieve conveniently conprises a framework including at
| east [ A104] and [PO4] tetrahedral units and nore particularly a framework
i ncl udi ngwetosjoeass [SIi O4], [AIO4] and [ PO4] tetrahedral umCrgiSoyddlt as a

si | i coal um nophosphate. [0015] In one enbodi ment, the netal oxide includes
magnesi um oxi de. WD 03/074175 PCT/ USO3403951 -4 [0016] In another aspect,
the invention resides in a catalyst conposition conprising a nolecul ar
sieve and at | east one oxide of a netal selected from Goup 2 of the
Periodic Table of Elenents, wherein said netal oxide has an uptake of

carbon di oxj0deelt 108GnetheRdspk@adb iBreBBonEsiRs &f a Eﬂﬁg&%&)ﬁ'{poﬁﬁ%}ﬁie' [0017]

Conveniently, the catal yst conposition also conprise east one oxide
of a netal “EpEBINGR helbavlar seye Bdoit leaicorRaxidedifa el RlefcdB@rent s, such as

ttri i | i de, di i de and mi xt thereof. [0018
Th anot her SRS R B Rit f FESTRatowPerein swet mot pusde hesam & cat al yot
L _ rol S SRR S 9.2
conpr 1 i ng Pkl TR B0 P T Yot P B Rl ot | east one
oxi de of go00tTjal sel@etmenty, @B QMR cgm%sifi&?el;@%%r?g{i(&agﬁﬁ%ﬁ f% El ements,

wherein said, _netal oxide has an uptake of carbon I a C of at
| east 0. 03 Gl aynetehselectadifdm 6xpae3 of 08 Fe}iotlic Tabht dfdtlerasmeatich 4he

i nventi on resjdes. .i,n.a t hod .f.or i n catal yst conposition, the

net hod conﬁ&ﬁglu%}lggmg%’r}%rftﬂ%ﬁ@l oxide, s %?ﬁ‘%ﬁﬁ@é@ﬁ e thesgplecul ar sieve, a
bi nder, a rmeoI§]x MauLhhGher ARG ah ln?@ét 3 AL IRl 4 o WNEN
sat ur at ed vTiath]acetone anecf clg'ér%t’ac?e w%nﬁggggﬁhgac%%%%? ré?ﬁ(iﬁ%%ur at 25C,
converts meetalysheompditiony thetrhethad edropésing ﬂ@&ﬂ:]all%r miYiek RaPaRelesaspect, the

invention resides in 8 mit hod of making a_ catal yst conposition, the nethod
conpri si ng CHPIEEHS RO AT ar Soeatth second particlegcomprisieg atdeast anenartidé x mat er i al

2 ot al - oxi aa A REe R 6 S8 PEodTE ThBE ok B, Sn S PSS
metal oxide has an uptake of carbon dioxide at 100°C of at least 0.03 mg/m’ of the
metal oxide.

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

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

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

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

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



range of from 200C to 700C. [0021] In one enbodinent, the netal oxide is
magnesi um oxi de and is physically mxed with a nol ecul ar sieve synthesized
froma reaotdsoming xture conprising at | east one tenpl ati mgTapes03sand at

| east two of a silicon source, a phosphorous source and an al um num
source. [0022] In a further aspect, thg-invention resides in a process for
converting a feedstock into one or nore olefin(s) in the presence of a

nol ecul ar sieve catal yst WO 03/074175 PCT/ US03/03951 -5 conposition
conprising a nolecular sieve, a binder, a matrix nmaterial and an active

met al oxi decdriisitiof i hriRind AhSEcht HeRCE bRTIe: i 44 h said
acetone for 1 hohlr0 at 5C,nléconve(r:ts rlmré tﬁgn’gg%tggﬂﬁaﬂegfag%é%e. [0023] In
yet a furt hestivesmped toxidehthat] whandatonted edihcestona and pssesbwithkaidpr oduci ng one
or nore olefin(s), the process conprising contacting a feedstock

conpri si ng 2etangAan I Bows a2y Ge fameriiimase than $0% glsthe aesionssi ti on conprising a
smal | ore ecul i Lndgr . trix, material magnesi um oxi de
t hat hag be[g;q%]cal cﬁrﬁgg{ ?ﬁ%ﬁ?@aﬁgﬁbﬁf'%\%& Irléeﬁbdgsgfamocgﬁ%sé%oc to 600C, and
a Goup 3 ngbahcin@shdler mRAIAIn(SHehe ipioic@Bd ¢dibristlAdoRactife 8 f&ab@dLY St

conposition, its synthesis and its use in the conversion of hydrocarbon
f eedst ocks, comising dtdedstonpapygenatedith heetabisbekspositinnconiefsing(essmall t  has

been found that conbinin .ol ecul ar sieve with a particular tal oxide
results in BT 31027%'7‘ S 3%&3@{%%%%@%@1@@3}%&@3%%@6 that ﬁ%ig%é when
used in t hec ¢SGRy ThORnHerdn 88 931l O SronSHIRCE

particul arl ;1 nmet hanol , n@%{ao ol %??n(s). In ad%@?ﬁ%ﬂ?rﬁgﬁpﬁﬁ%%t cat al yst
conposi ti onoxidnds to be nore propyl ene selective and to yield | ower anounts

of unwante hane _.and propane. The preferred netal oxide . is an oxide of a
G oup 2 ne@gf‘hhavi ﬁ@“eéﬂgfﬁ‘fa‘f’ﬁ atgs tosaRirst grBRpHEoRtits sypikeys and ity east 0. 03

conver i ng oF earsropfEHiE of AR la Bl Bl Rod BRI bERREY T 0

enbodi ment , feedseocistiato cxfies). iI8ha¥A@eR fouaththat combining a molecular sieve with
a particular metal oxide results in a catalyst composition with a longer catalyst
lifetime when used in the conversion of feedstocks, such as oxygenates, more
particularly methanol, into olefin(s). In addition, the resultant catalyst

composition tends to be more propylene selective and to yield lower amounts of
unwanted ethane and propane. The preferred metal oxide is an oxide of a Group 2
metal having an uptake of carbon dioxide at 100°C of at least 0.03 mg/m” of the
metal oxide and/or a metal oxide that is capable of converting greater than 80% of
acetone at room temperature. In one embodiment, the metal oxide is magnesium
oxide which has a surface area greater than 20 m?*g and which has been calcined
at temperature greater than 200°C. This unexpected result is further enhanced
when an oxide of a Group 3 metal (for example scandium, lanthanum, or yttrium)
from the Periodic Table of Elements using the IUPAC format described in the
CRC Handbook of Chemistry and Physics, 78th Edition, CRC Press, Boca Raton,

Florida (1997) is combined with the magnesium oxide.



oxi de which has a surface area greater than 20 n2/g and whi ch has been
calcined at tenperature greater than 200C. This unexpected result is
further ewbanmoed7s when an oxide of a Goup 3 netal (for eramiisess®andi um

| ant hanum or yttrium fromthe Periodic Table of El enments using the | UPAC
format described in the CRC Handbook ©of Chemi stry and Physics, 78th
Edition, CRC Press, Boca Raton, Florida (1997) is conbined with the
magnesi um oxi de. WD 03/074175 PCT/ US03/ 03951 -6- Mol ecul ar Sieves [0025]
Mol ecul ar sieves have been classified by the Structure Conm ssion of the

I nternati OBZ'l! Zﬁol é'.te Associ ation according to the rules of the | UPAC
Commi ssi on ¢ : ®Nonencl at ure. According to this classification,
framewor k- T[%%] 2e0l el s29&d hidve be¥PEatiABY BE SHUENMASCohAiss ch a
structure as been established, are assigned a three letter code and are

descri bed bfitlellateAtatiasal ZeblieAdstietidn asvenwbngtoThpades &fithe BdPACon, El sevi er,

London, Engl and, ((2001), .which is herein fully i.ncorporated by reference.
[ 0026] NonMOorHusIpR OB S%Fé@n&ncfﬁ‘éf?e &fdmglté&}&}? a]tasgﬁ%a‘p@g,, particularly

for use i@ra&%%ﬂ{(—ﬁ{pg@/%e&ﬂiaﬁaQ%E@—%KE?%I%%{EI@%QWH&K Jish@ul ef i n(s),

i ncl ude franewor pes EDI, FAU, FER, 3 S, LTA,
LTL, MER, hiFbeenNEiRbliMEd, ardM¥ ontA N thred 1ekeNcoderandraee (esefibed indheAtiadi ment |
t he nol ecul ar sieve enployed in the catal yst conposition of the invention

has an AEkf Zeqise Beymeasrork Topen, dysditingy Elssyien Logron dagiand @¥eof , nost
preferably g. .CHA to ogy. 100 Crystalline nolecular sieve materials
have a 3-divﬁﬂﬁ]s]is&ﬁ%f$ﬂ133¥?0%%ﬁ%é%Y5ﬁ% Fahewor k structure of corner-sharing
[TO4] tet r?bmqa, WRBh&infitihg eRitiplet 6f prafeadn Mdlscube it phritubalifon, such as
[ SiO4] 1 [ AL104] and/or [P0O4] tetrahedral wunits. The nol ecul ar sieves useful

her ei n conwsairsnnierting ap ok ygenatefcoataiving feedstoek inth olgfip(ak daqludend [ P04]

e e e, ARSI PP TR T AL v
MER, MFI, MOR, MTT, MWW, TAM and TON. In one preferred embodiment,
the molecular sieve employed in the catalyst composition of the invention has an
AFI topology or a CHA topology, or a combination thereof, most preferably a
CHA topology.
[0027] Crystalline molecular sieve materials have a 3-dimensional, four-
connected framework structure of corner-sharing [TO,] tetrahedra, where T is any
tetrahedrally coordinated cation, such as [SiO,], [A1O,] 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
sieves useful herein is a silicoaluminophosphate (SAPO) molecular sieve or a
substituted, preferably a metal substituted, SAPO molecular sieve. Examples of
suitable metal substituents are an alkali metal of Group 1 of the Periodic Table of
Elements, an alkaline earth metal of Group 2 of the Periodic Table of Elements, a
rare earth metal of Group 3 of the Periodic Table of Elements, including the
Lanthanides: lanthanum, cerium, praseodymium, neodymium, samarium,

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



si li coal um nophosphate (SAPO nol ecul ar sieve. Mst preferably, the

nol ecul ar sieves useful herein is a silicoal um nophosphate (SAPO

nol ecul arweioawe4103 a substituted, preferably a netal sub®CTiusv&ISSAPO
nol ecul ar sieve. Exanples of suitable netal substituents are an al kal i
metal of Group 1 of the Periodic Tabl.eg of Elenents, an alkaline earth
nmetal of Goup 2 of the Periodic Table of Elenents, a rare earth netal of
Goup 3 of the Periodic Table of Elenents, including the Lanthanides:

| ant hanum cerium praseodym um neodym um samarium europi um

dolini . g ! e : . . WO
05 074175 Bt oY B a Y B BT Ppeflo O ol 1017 L T D
transiti On?%d}& Table GF B¥Rsents, bPmbdurk of By ofiBedeqdétsl shatiee of El ements, or

m xtures of any of these nmetal species. [0028] Preferably, the nolecul ar
si eve used[0028ki n hB=faalipribe mpdicularsicye fisaddwrddy hama porgsitiened ring of

[ TO4] tetrahedra and has _ an aver ore .si.ze less than 5A such as in the
range of f AgfnedAyias %me@ﬁlfedé%r%ﬂ’goﬁ rigabsAra Fdag An avelaee BOTE SR | ar |y fr om

3.5A to 4. f‘%\f t}{aﬁ%%glsuang'i*l ial‘ggé&%%%o%&}ggll&% K, A ARGHNIEALRR 0, s&ul ar

Si eves use eréinnc a conbi fation of SAPO-5, SAPO 8,
SAPO-1 1, SiPpirtibularlpABE 17A t5ARPA. 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) [0028hPO- 4N¥ondinpting gxamplexpESADNG ped 19PO melesular sickepsetil  a1po. 34,
A1PO- 36, 1PO- 37, .A1PO- 46 nd_net LR Uha heves thereof.
Of these, DESHIRERHAS PRS Of A SqmpInal ne%uqu%%@-??ggg’gﬂ %f;%A}g?]g 1’0$Agb§1\(;6|§rbi nati on of
SAPO- 18, SARO.135ARARE SRPOSA,OAPH-3 BAXPEB4, SAPO-35 SARD-34PO- 34 and
metal containing  derivatives thereof, such as one or a conbination of

SAPO- 18, SARD(BA7, PD4033ABO 1ABPBOE2, SOt BJ-S.FatrmaNe Adoddtthvat i ves

et al cont ARG Q56 SRS A8y afio-3f SRRSO T

I o 7 SUBNE, PO, AEAN i iemiooress, S
particularly useful molecular sieves are one or a combination of SAPO-18, SAPO-
34, SAPO-35, SAPO-44, SAPO-56, AIPO-18 and AIPO-34 and metal containing
derivatives thereof, such as one or a combination of SAPO-18, SAPO-34, AIPO-
34 and AIPO-18, and metal containing derivatives thereof, and especially one or a
combination of SAPO-34 and AIPO-18, and metal containing derivatives thereof.
[0030] In an embodiment, the molecular sieve is an intergrowth material
having two or more distinct crystalline phases within one molecular sieve
composition. In particular, intergrowth molecular sieves are described in the U.S.
Patent Application Publication No. 2002-0165089 and International Publication
No. WO 98/15496 published April 16, 1998, both of which are herein fully
incorporated by reference. For example, SAPO-18, AIPO-18 and RUW-18 have
an AEI framework-type, and SAPO-34 has a CHA framework-type. Thus the
molecular sieve used herein may comprise at least one intergrowth phase of AEI
and CHA framework-types, especially where the ratio of CHA framework-type to
AEI framework-type, as determined by the DIFFaX method disclosed in U.S.

Patent Application Publication No. 2002-0165089, is greater than 1:1.



conposition. In particular, intergrowh nol ecular sieves are described in
the U S. Patent Application Publication No. 2002-0165089 and I nternati onal
Publ i cat iwp 0380411750 98/ 15496 published April 16, 1998, botrkTafSowbissh are
herein fully incorporated by reference. For exanple, SAPO 18, Al PO 18 and
RUW 18 have an AEl framework-type, agd SAPO-34 has a CHA franmework-type.
Thus the nolecular sieve used herein nmay conprise at |east one intergrowh
phase of AEl and CHA franework-types, especially where the ratio of CHA
framework-type to AEl franmework-type, as determ ned by the DI FFaX net hod

di scl osed | S. at.ent | i gatian bl.i.call on. - 089, is
greater th@sﬂ 1. @e&%yﬁ@%e%@gﬂﬁ%é@@fgag@w{}%t}gﬁ%%%ﬁg%#lg?abl y, where
the nol eculial, SEE&HS dicvethas blSi/RO RO TLRARAOSIRREEL 0.63)8udiDdseEoth 8I65si eve has a
Si/Al ratio less than or equal to 0.65, such as from0.65 to 0.10,

pr ef er abl ytof 0.00n pReféfiblyofrOmID40 todk. H), praé preftraylyfframr03230 0t1§, andigostand nost

preferably from0.32 to 0.15. [0032] In one particular enbodi nent, the
mol ecul ar~ BiedFably fromnp32 18 0-155Ap0- 34, or an | ntergrowth thereof in which

the frame Pt | S ' *ﬁ?@t%@ﬁi MehlaP $Re0 s ppo-18f [ Si O],

[ Al (4] an\gﬂ{oéﬁﬁ] tgﬁr%ﬁguﬁﬁﬁ@g%n ’hencg I's free Sof addi ti onal
framewor k SA@UERY Sor af iEtBrodGwihi thdredf in MiticH thftatesvd00BBE nidlecutert al  oxi des of
the invention are those netal oxides, different fraomtypical binders

and/ or mat siexesmansisisgssentialiwef [SiPdrAIQdrrdAPOolisiahedrab Hiif 304 heBCep| ecul ar
si eve, provigde fits in catalytic. c er.si processes. In articul ar,
t he netal ‘??e‘geaaglélloﬁgl f?i‘&?%‘?’?{ﬁﬁeéneg%’ ngc\sﬁ e{sﬁlzla <lihen sat ur at ed \FI)\A th

acetone and allowed to stand in contact with the acetone for 1 hour at room
tenperature (about 25C), convert greater than 80% of the acetone, for
exanpl e gMetakbOxidesn 85% such as greater than 90% and in sone cases

greater than 95% ere are. a variety of nethods for determning the
conver si on[¥334cet OEEQ‘? m&f‘?goﬁﬁiés O%EW‘%E?%geit OF RS I%P’ (ﬁg%%isigl id state
NVR I thigg PRLRBPhinddE al®bfnafiid M8tetisls, that, when used in combination with

a molecular sieve, provide benefits in catalytic conversion processes. In

particular, the metal oxides useful herein are oxides that, when saturated with
acetone and allowed to stand in contact with the acetone for 1 hour at room
temperature (about 25°C), convert greater than 80% of the acetone, for example
greater than 85%, such as greater than 90%, and in some cases greater than 95%.
There are a variety of methods for determining the conversion of acetone, and one
such method is the use of *C solid state NMR. In this method, the metal oxide is
first dehydrated under vacuum while being heated by the use of a stepwise
temperature program. Typically, the highest temperature used in the dehydration
procedure is 400°C. The metal oxide is then saturated with acetone-2-"C at room
temperature (ca. 25°C) by the use of conventional vacuum line technique. The
metal oxide with adsorbed acetone-2-"°C is transferred into a 7-mm NMR rotor
without any contact with air or moisture. Quantitative °C solid state NMR spectra
with Magic Angle Spinning are acquired to determine the conversion of acetone
after the sample has been kept at 25°C for 1 hour.

[0034] Suitable metal oxides are oxides of Group 2 metals, either alone or in

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



first dehydrated under vacuum whil e being heated by the use of a stepw se
tenperature program Typically, the highest tenperature used in the
dehydr at iwo 03praacedure is 400C. The netal oxide is then s&CarEso®a3odi t h
acetone-2-13C at room tenperature (ca. 25C) by the use of conventional
vacuum line technique. The netal oxide with adsorbed acetone-2-13Cis
transferred into a 7-mm NMR rotor w thout any contact with air or

noi sture. Quantitative 13C solid state NVR spectra wth Magic Angle
Spinning are acquired to determ ne the conversion of acetone after the

l'e has been kept at 25C for,1 hour. [0034] Suitapl |, _oxjd

oxi tes of e BURCH bl O melia? obe U, el AR I R & oup 3
tal oxidgs, whi : LR 75

meta: oxl Sﬂ&@f_ @H%{Taéﬁla%&g;{ﬂé ; r BniCAH 888 @aﬁ%ﬁ%&@é@t% & el

PCT/ US03/ 0 east 0.03 of the metal oxide, such
as at | eastyethl IR/ isBotritichln & gepienll thexhelel oxdddshrefyhhérhim wiideve hi mit on t he
carbon di oxi de uptake of the netal oxide is not critical, in general the
net al oxi desrbus dfoxidersrl 60FC of lebs thaw &0 mg/waeitbe meta eixifls, such2O&SS of | ess t han
10 nmg/ n2 of the rTthaI oxi de, such as less than 5 ng/n2 of the netal oxide.
[0035] I n Sraermeen’fiths MeiwboXNe carbon di oxi de uptake of a netal oxide,

the foll O%d}%i] Pr oCgALE: foSeRIRREHe H&B&gg%x%tutpk&re of Fiheehl bRidRDthe

t her mogravitnetti c analysis system under anbi ent pressure. A sanple of the
netal  oxi gglldvins pravkeuress stivpyednatech Mottlet ®6iAI§DAA 8310 about 500C for one

h . The t t f th le is th d [ | owg hel i t
100G, Aft cHhrmearsinpiie AndEsIoHaHD By SO Pire oo BIPEPORFEh
tenperature in.fl ow.n | Lum., . . e i 2 epar at e

pul e (abdtid s SRy R in g REIR ot SUPCABE B A i DT LT ane 6

carbon di oxifgeriutdoitthe sdrepBidien rdaatditin fleding elivih ter00sac Mipulise of the
adsorbing gas the netal oxide sanple is flushed wth flowi ng heliumfor 3

ni nut es. Thempledme agwlibratedeit gie dasfred adsorndiep tempsyaiues ingdlovgng hejlumy adsor bent
based on the adsoqrben “c’:\teeiq,ﬁh

adsor bed c&PHEIPRIF BN %EQ g‘%&%ﬁ’@?%ﬁ%&@?&%%ﬁ%? {ég?)ts&?‘rleaggﬁ ggt i (I’)lf
gaseous mixture comprising 10-weight % carbon dioxide with the remainder being
helium. After each pulse of the adsorbing gas the metal oxide sample is flushed
with flowing helium for 3 minutes. The increase in weight of the sample in terms
of mg/mg adsorbent based on the adsorbent weight after treatment at 500°C is the
amount of adsorbed carbon dioxide. The surface area of the sample is measured in
accordance with the method of Brunauer, Emmett, and Teller (BET) published as
ASTM D 3663 to provide the carbon dioxide uptake in terms of nig carbon
dioxide/m? of the metal oxide.
[0036] The most preferred Group 2 metal oxide is a magnesium oxide
(MgO). Suitable Group 3 metal oxides include yttrium oxide, lanthanum oxide,
scandium oxide and mixtures thereof. |
[0037] In one embodiment, the active metal oxide, preferably the MgO,
even more preferably the combination of the MgO and a Group 3 metal oxide, has
a surface area as measured in accordance with the method of Brunauer, Emmett,
and Teller (BET) published as ASTM D 3663 of greater than 20 m?/g, such as
greater than 50 m?/g, for example greater than 80 m?*/g, and even greater than 200

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



accordance with the nethod of Brunauer, Enmmett, and Teller (BET) published
as ASTM D 3663 to provide the carbon dioxide uptake in terns of ng carbon
di oxi de/ mM@ow®B/ot41e5 net al oxi de. [0036] The nost preferred @&ousoRoivet al
oxide is a magnesium oxide (MgO . Suitable Goup 3 netal oxides include
yttrium oxi de, |anthanum oxide, scangjum oxide and m xtures thereof.

[0037] In one enbodinent, the active netal oxide, preferably the MJO, even
nore preferably the conbination of the MgJO and a G oup 3 netal oxide, has
a surface area as neasured in accordance with the nethod of Brunauer,

Emmett, apd | 1er T ubl i she han 20 n2/ g,
such as gﬁ@ﬁﬁ@@f&éﬁﬁé@g’%%e ,cagg}egéggrﬁpéﬁg%age%t@ ge?’ a@ﬁgﬁé ‘g%t“‘ﬁ%/"g, and even
greater thagRRhe JRAtEr thRWDIRADLRLEE bithte MaleSDYs f6r dxanmie grektat thaxi des t hat
have a surtace area greater WD 03/074175 PCT/ US03/ 03951 -10 than 20 n2/g,

t hat have Bé¥rofasttons@doom tgmpertuwe.t han 200C, and are capabl e of

converting greater than 25% .suych a reater..than. 50% .for ex | e greater

than 80% Hfbgﬁltet on# 9&10“1}368%@&?&?@?’ %F‘St.ai ?ﬁé@éﬂré‘fleﬁgﬁnt& GEEDOdi nent, the

met al - oxi dg..pr ' I3 BYBNoABE 8 Blahes akl y the MO
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and a G oup net a I al Cined at a tenperature in the range of
from 200 Cidnghef0G, in hectangsof fr@m280 60tto 260°7C, tsuch £5b@n about 2694kt e in the

range of from 300C to 600C, and typically from 350C to 55QC. [0039] In one
embodi ment 6509 forryemplaimtheraee o Ea@ 3@9%%‘) g‘?ﬁ? ﬁa&%ﬁé{wéﬁ%gmﬂhbout 250

n2/ g, and/ Eo%ﬁzeo@g@esi um oxi de is calcined to about 550 C. [0040] The
active net O an be prepared using a variety of nethods. The active

met al oxi degp3opn berigsiCerihddimast ihéendgatdatmanétaleoxideitasiasnrface aercdf as net al
salts, preferably Goup 2 or Goup 3 netal salt precursors. Qher suitable
sources of abte 260 auffe, 2ndvet the nopgngsiuimxideds celsingd thekout A2l °¢-or m t hese net al

oxtdes durhighefa! o RAE hafve metalooifes Y B0 pRp:AA s AR VAkibly B GReth s’ UMt Ner
The active metal oxides can be made from active metal oxide precursors, such as
metal salts, preferably Group 2 or Group 3 metal salt precursors. Other suitable
sources of the Group 2 metal oxide include compounds that form these metal
oxides during calcination, such as oxychlorides and nitrates. A further suitable
source of the Group 2 or Group 3 metal oxides include salts containing the cation
of the Group 2 or Group 3 metals, such as halides, nitrates, and acetates.
Alkoxides are also sources of the Group 2 or Group 3 metal oxides.

[0041] In one method, the active metal oxide is prepared by the thermal
decomposition of metal-containing compounds, such as magnesium oxalate and
barium oxalate, at high temperatures, such as 600°C, in flowing air. Thus
prepared metal oxides usually have low BET surface area, e.g., less than 30 m?/g.
[0042] In another method, the active metal oxide is prepared by the
hydrolysis of metal-containing compounds followed by dehydration and
calcination. For example, MgO is hydroxylated by mixing the oxide with
deionized water, forming a white slurry. The slurry is slowly heated to dryness on
a heating plate to form white powder. The white powder is further dried in a
vacuum oven at 100°C for at least 4 hrs, such as for 12 hrs. The dried white

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



source of the Goup 2 or Goup 3 netal oxides include salts containing the
cation of the Goup 2 or Goup 3 netals, such as halides, nitrates, and
acet at es. woABkoui7sles are al so sources of the Goup 2 or GPeOSB3/M®5RI

oxi des. [0041] In one nmethod, the active netal oxide is prepared by the
thermal deconposition of netal -contaimi.ng conpounds, such as magnesi um
oxal ate and barium oxalate, at high tenperatures, such as 600C, in flow ng
air. Thus prepared netal oxides usually have | ow BET surface area, e.g.

| ess than 30 n2/g. [0042] In another nethod, the active netal oxide is

pLepar o6 DIt ghaheh 8l S AR SOmAIn LS,

dehydrati on an exanple, m Xi ng

the oxide B highel BRITZAFa¥4r84 (betwdeli 300 3001 tifdnUhitypregdd@l 18} Urry is

slowy heated to dryness on a heating plate to formwhite powder. The
whi t e powdethetingl flegonkpmsitidmi e dhe actiare meted ouide @vesursars. 100C for at | east 4 hrs,

such as for hrs. _The dri.ed ite. powder is then calciped.in air at a
Coner at ur dOPlar i dAde o matiad e AT sl o¥ids Gl ared BeRPUS03! 03051
-11 500C, Lsal t us- d i taly oxi des
general ly a%g\e?&eXﬁ?gﬁéﬁ%‘%@ﬁ%ﬁa%gég%gga(&bgi%@ﬁﬁgg't{%& i?%%bearl}g%g 'Jf han t hat
prepar ed byChdnheWaret. 108T,0RA68-2180). ¢ tHihmethotlj Mg postdat isaxadtel yrdecur sor s.

[0043] In yet another nethod, the active metal oxide is prepared by the so-
cal | ed aer dyBpeaparERWitk@plydroes methanql io famdMe(OCHY JBPR I8, and KI abunde,

K3 e MR 1980 R FR8 340000005, BRRERS bl ROUEET 1

reacted un eFt ni'trogen rous methano m OCH3) 2

sol ution i nadaed Brpdlise tdhike MRSOHY AdutVE (RtdhaRo btk @fdérSvigstead t o tol uene.

Water is then added dropwi se to the My(OH)2 sol ution in nethanol -tol uene
under vi gorstiuming. sthe repultant gplbvidiebsuspensioned Mg(OdDais Massgdmen awfodavevy( OH) 2 i s

| d i t. ized . to 100 i 690 .k it.h d
P rogen, aMaHtgaA 10 soft BPTHEAD i Gy pidedh Shdiebeg ity s el s  os0s
kPag) . The SURGFLIbb&RI000PsiaBROS RP .nﬁ"ﬁéiéﬁﬁgrcrﬁfcgﬂé&@n@isfdeﬁﬁd%i te powder

of Mg(OH) 2." Nanocrystalline O I s obt ai ned by
produce a fine white powder of Mg(OH),. Nanocrystalline MgO is obtained by

heating the fine white powder at 400 °C under vacuum. Such prepared active
metal oxides have the highest BET surface area, generally greater than 300 m%/g.
[0044] Various methods exist for making mixed metal oxides from Group 2
and Group 3 metal oxide precursors, e.g., wet impregnation, incipient wetness and
co-precipitation.

[0045] In one embodiment, mixed metal oxides are prepared by
impregnating a Group 3 metal oxide precursor onto a Group 2 metal oxide. Ina
typical preparation, a Group 3 metal oxide precursor such as La(acetylacetonate),
is dissolved in an organic solvent such as toluene. The amount of solvent used is
enough to fill the mesoporous and macroporous volume of the Group 2 metal
oxide. The Group 3 metal oxide precursor solution is added dropwise to the
Group 2 metal oxide. The wet mixture is dried in a vacuum oven for 1 to 12 hours
to remove the solvent. The resulting solid mixture is then calcined at a
temperature, e.g., 400°C, high enough to decompose the Group 3 metal oxide

precursor into an oxide.



heating the fine white powder at 400 C under vacuum Such prepared active
net al oxi des have the highest BET surface area, generally greater than 300
n2/g. [ O0804HB/ovari ous net hods exi st for maki ng m xed net alPCOAISI®E395T om
Goup 2 and Goup 3 netal oxide precursors, e.g., wet inpregnation

inci pient wetness and co-precipitatipn. [0045] In one enbodi nent, m xed
nmetal oxides are prepared by inpregnating a Goup 3 netal oxide precursor
onto a Goup 2 netal oxide. In a typical preparation, a Goup 3 netal

oxi de precursor such as La(acetylacetonate)3 is dissolved in an organic

| vent t ol Th : : ' fill th
resopor ous UHAT macr BBPRES COBTIRE b TowaS iiEEs feRled By uEDRGRRALD Ty oS
metal  oXi dgeRleCHERRues wyﬁéaﬂls},d 4 Sragreaictl 6Pk prectiBot irh Slatipnimet al

oxide. The wet mxture is'dried in a vacuumoven for 1 to 12 hours to
renpve t heasdte gntissoliled in dsiohizedhwyatn! The salntion is added dropwisslte pREAURL a
tenperature, e.g.,. 400C, high,enough to deconpo t u net al oxi de
precursor PARaloxIdsxiTde m 6@/%?3@9%%@%%%%%585?%%% {%%%’éi | n anot her

embodi ment .2 b ffsfil idrdidn b GRACALiNRY af §50 4Cf i ARG hote ness t echni que.

Typi cal ly, oup metal oxide precursor such as | anthanum acetate is
di ssol ved ig04dpi oni meykt wasther enfielimontya indxed metablalede Bropwirgkbit @-a Group 2
metal oxide. The mixture is dried in a, vacuum oven (a}t 50C fo[ 1dto 12
hours. Theregitigtony Anageequs spiutRe Rompritng CEoln? ACRUPSSHeB! PXIQ; r for 3

h . [0047] In_yet h . i ner - . . db
o oL kb TS BBy P e o gt o 9,

oxi de  preqHicaAbsof the SHI S6itle hdterRB kidhel by shef ddditi@nsf sodivtause
precipitation of a hydrated precursor of the solid oxide materials, such

as by the agdiokideror amnwmuuuﬂmyﬁlgﬂeltdﬁx |’Ja19 t@ppq;mﬁtuyhiqa}ymeé;gmjerpe@%@
co-pr eci pi tacrsirire wpped fpredirsors s B C LN e s then
hydr ot her mald o' Rfis&Herfthy drSilBRAAT U fedRE B RRatais 3BEveERB0 and 100
°C for several days. The hydrothermal treatment typically takes place at greater
than atmospheric pressure.
[0048] The resulting material is then recovered, for example by filtration or
centrifugation, and washed and dried. The resulting material is then calcined at a
temperature of greater than 200°C, preferably greater than 300°C, and more
preferably greater 400°C, and most preferably greater than 450°C.

Molecular Sieve Composition

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

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

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



C for several days. The hydrothermal treatnent typically takes place at
greater than atnospheric pressure. [0048] The resulting material is then
recover edwofoen7axmanpl e by filtration or centrifugation, &od/usasbssdl and
dried. The resulting material is then calcined at a tenperature of greater
than 200C, preferably greater than 3QQG€,.. and nore preferably greater 400C,
and nost preferably greater than 450C. Mol ecul ar Sieve Conposition [0049]
The catal yst conposition of the invention includes any one of the

nol ecul ar si eves previously described and one or nore active netal oxides
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conposition is in the range of from 1 weiéht percent to 800 weight
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from 10 wei ght percent t 00 i.ght percent. [0050] There ar.e y
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PCT/ US03/ 03951 -13 conbination i'nclude various types of hydrated al um na,
silicas, anddoositytihe@mveitetbingaam morgentbeoxsdy windeDrempordndr Ferlexaimpi¢, na
containing sol.is alum num chlarhydro e jnprgani c, oxi de so] acts |ike
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t he i norgart ¢ oxi de W Vviscosity, is converted

into an i naogaiMitg @xhldeddtadesr ionMas terdenebforextngfl e, an al umina sol will
convert to an al um num oxi de bi nder foll ow nﬁf heat  treatnment. 0051]

Al uni num ¢ aPdDSTLxH1)avsxsinam gl 81 At b S<tl 548140, Bt 19 kb ng a
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described in G.M. Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-
144 (1993), which is herein incorporated by reference. In another embodiment,
one or more binders are combined with one or more other non-limiting examples
of alumina materials such as aluminum oxyhydroxide, y-alumina, boehmite,
diaspore, and transitional aluminas such as a-alumina, f-alumina, y-alumina, 6-
alumina, e-alumina, k-alumina, and p-alumina, aluminum trihydroxide, such as
gibbsite, bayerite, nordstrandite, doyelite, and mixtures thereof.
[0052] In another embodiment, the binder is an alumina sol, predominantly
comprising aluminum oxide, optionally including some silicon. In yet another
embodiment, the binder is peptized alumina made by treating an alumina hydrate,
such as pseudobohemite, with an acid, preferably an acid that does not contain a
halogen, to prepare a sol or aluminum ion solution. Non-limiting examples of
commercially available colloidal alumina sols include Nalco 8676 available from
Nalco Chemical Co., Naperville, Illinois, and Nyacol AL20DW available from
Nyacol Nano Technologies, Inc., Ashland, Massachussetts.
[0053] Where the catalyst composition contains a matrix material, this is
preferably different from the active metal oxide and any binder. Matrix materials

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



and x is 0 to 30. In one enbodinent, the binder is A 1304(0OH) 24C17 12(H20)
as is describedin GM Wlterman, et al., Stud. Surf. Sci. and Catal.,
76, pagesw0O®3/07414%1 (1993), which is herein incorporated bypcrafsesexse. |n
anot her enbodi nent, one or nore binders are conbined with one or nore
other non-limting exanples of aluninpa.materials such as al um num
oxyhydroxi de, y-alum na, boehmte, diaspore, and transitional alum nas
such as a-alumna, P -alumna, y-alumna, 8- alumna, s-alumna, x-alum na,
and p-alumna, alum numtrihydroxi de, such as gibbsite, bayerite,

nor dst r andi -dovel it | ]_Degél%!p ot her

enbodi nent ,agsﬁﬁégg%ﬁlgg}gq}egﬁggmgb %ﬁﬁgﬁs&é’pﬁ’r"%ﬁ%% nan }elyd"hr@ npri si ng

al uni num oxégiperatiph,idengifitg tHrWatatlish GorBpoBitic, hid Didreaking yathlyarnsitength
enbodi ment, the binder is peptized alum na nade by treating an al um na
hydrate, sudhasssushstigtgtbandaitrition yisistanger aci d, preferably an acid that

d t i l.ogen, | .or . i i i on.
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Il1inois, and Nyacol AL20DW avai l'abl’e from Nyacol Nano Technol ogies, Inc.,
Ashl and, Missaahpisslitsmagisi3pilivheireonifeilvattuinisisilparmbasingiand cont ai ns a
matrix material, this is preferahly different fromthe c:li ve netal oxide
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for exanpl endludd sibertegeRandthioe kaslandinbywinng, fohexaatlalDiste, Maiansdes i on, and
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resi st ance.Gqoogi8 4pd Kiswidpic) on-Hvaling Wesrﬁfﬂhek Wﬂ%@%‘_@lsi ncl ude one or
or e non- ach! %e:lgag%%s?tle, #%)éliglgs éfrlr% Ctle,u gécﬂge 8? Mahkitg.’ Tﬂéﬁg%{‘rﬁc méﬂeéiélca or sols,

and m xt _uré‘é‘_:l’fl eol _ € srlica- magnesi a, I'ca-zirtonia,
silica-titafkRas $tlhy,GRapbdiibiatedng well koG mbdifftaARmigicddsses shich &

enbodi nent, matrix nmaterials are natural clays such
calcination and/or acid treatment and/or chemical freatment.
[0055] In a preferred embodiment, the matrix material is a clay or a clay-
type composition, particularly a clay or clay-type composition having a low iron
or titania content, and most preferably the matrix material is kaolin. Kaolin has
‘been found to form a pumpable, high solids content slurry, to have a low fresh
surface area, and to pack together easily due to-its platelet structure. A preferred
average particle size of the matrix material, most preferably kaolin, is from about
0.1 pum to about 0.6 pm with a Dy, particle size distribution of less than about 1
pm.
[0056] Where the catalyst composition contains a binder or matrix material,
the catalyst composition typically contains from 1% to 80%, such as from 5% to
60%, and particularly from 5% to 50%, by weight of the molecular sieve based on
the total weight of the catalyst composition.
[0057] Where the catalyst composition contains a binder and a matrix
material, the weight ratio of the binder to the matrix material is typically from
1:15 to 1:5, such as from 1:10 to 1:4, and particularly from 1:6 to 1:5. The
amount of binder is typically from 2% by weight to 30% by weight, such as from



as those fromthe famlies of nontnorillonite and kaolin. These natural
clays include subbentonites and those kaolins known as, for exanple,

D xi e, MWarm®74175corgia and Florida clays. Non-limting exarmshaesssft ot her
matrix materials include haloysite, kaolinite, dickite, nacrite, or
anauxite. The matrix material, such.@as.a clay, may be subjected to well
known nodification processes such as calcination and/or acid treatnent
and/or chem cal treatnent. [0055] In a preferred enbodi nent, the matrix
material is a clay or a clay- type conposition, particularly a clay or

clay-type ¢@Mpositi i (W i i t150 nost
preferably A;%' WS@?{% jn@)fﬂe)??vaefgh}t’%wgggﬁ ?Hla?lkz%%nlt‘ 2%1@75% egﬂ) ]fso/gﬁg to forma
purpabl e,  Rjeghht Sakédlen GeAbENWeightiéfitle binde tieanalebudiy sicvesind nsairik ace area,
and to pack together easily due to its platelet structure, A preferred

aver age pamtataiad Bihasbesn foled that 2 higheratievei cantenhaysk lopeemaltBiftoptgdhol in, is
fromabout, 0.1 to.about. 0.6 w th a. D90 rticle si i i bution of
| ess than é‘%‘iﬂse%@e GileqUi Sisye nglg’]ét ‘ioﬁlg’oéléltogIW@?%%W%O@E?%%#&(?%{ ains a

bi nder or 8§ bntPR R0 ih?%her iafHk &t Mﬁ}sro%hrmeaﬁﬁii&ﬂrersﬁéﬁhs@bmecont ai ns
froml%to 9 such as Troms%to 60% and particularly from5%to 50%
by wei ght obmbpbsitiom| ecul ar si eve based on the total weight of the catalyst
conposition. [0057] Were the catal yst 1(::?g osi tjon contains a.binder and a

{
matrix nad@08h 1 HBe GriplysicomposiiopyRl a5 gDty 1PiRe HRes Pl Mt erial i s

typically fr : Q.. L. : t : jeul arly
from1l:6 t(()) éiﬁ? £° %‘%g/ca’asrlr%%%f ﬁg#&cﬁél?lﬁgééé/?égogﬁ y%/ig%’afP ]i %iaélrpéﬁﬂg%%ngz%{/c\gl ght to
30% by wei ghiyg/@Updttiagarly BNhYEA{¥3/00 Trbi/G.8 BEE/SQRI03951 - 15 5% by wei ght

to 20% by weight, and particularly from 7% by weight to 15% by wei ght,
based.on the total weight of the binder, the nolecular sieve and matri x

material. | 4a fo Hﬁd Qt}gﬁ Sgghlinggéalgi ﬁi eve content and | ower matrix
content i _ n \ | yst conposition performance,
whereas a ligygy] Si ?ﬂﬁmﬁfﬁ%&l@@éataﬁ?ﬂ cBh@bsitioNRh¢ 10Nt sBe isThstoves t he
attrition resistance of the

formed and is then physically mixed with the Group 2 metal oxide described

above, or with a mixture of Group 2 and Group 3 metal oxides, preferably in a
substantially dry, dried, or calcined state. Most preferably the molecular sieve and
active metal oxides are physically mixed in their calcined state. Without being
bound by any particular theory, it is believed that intimate mixing of the molecular
sieve and one or more active metal oxides improves conversion processes using
the molecular sieve composition and catalyst composition of the invention.
Intimate mixing can be achieved by any method known in the art, such as mixing
with a mixer muller, drum mixer, ribbon/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.
[0060] Where the catalyst composition contains a matrix and/or binder, the
molecular sieve is conveniently initially formulated into a catalyst precursor with
the matrix and/or binder and the active metal oxide is then combined with the
formulated precursor. The active metal oxide can be added as unsupported
particles or can be added in combination with a support, such as a binder or matrix

material. The resultant catalyst composition can then be formed into useful



conposition. [00581 The catal yst conposition typically has a density in the
range of from 0.5 g/cc to 5 g/cc, such as fromfrom0.6 g/cc to 5 g/cc,
for exanpwe oBoonrd. 7 g/cc to 4 g/cc, particularly in thepPcargpes/afdsfrom 0. 8
g/cc to 3 g/cc. Method of Making The Catal yst Conposition [00591 In naking
the catal yst conposition, the nolecular6sieve is first fornmed and is then
physically mxed with the Goup 2 netal oxide described above, or with a
m xture of Goup 2 and G oup 3 netal oxides, preferably in a substantially
dry, dried, or calcined state. Most preferably the nol ecul ar sieve and

acti ve et adhad SRPsi RIS AL KHbKE echlighlihich abhpag st at e. W hout
being bound by any particular theory, it is believed that” imtimte m xi ng
of the nol epalletiringséxtrusionrahdahelike. nore active netal oxi des inproves

conver si on [re)rgi:]tessesI usi n{%(9 é,he noJ ecul ar, si eve conposition and catal yst
conposi ti onlPLk he ilhaRETGRdimentthemolechlar sigye compastionamddhematix any

met hod kno | : chys >4 - W ] XAt rum m xer,
ri bbon/ pad gﬂegfdtéﬁg%@,ahﬁr@gl erlﬁa%&%ﬁggﬂbflggwt%lg%ﬁﬁgé? %a%lwgfgia% t ween t he
nol ecul ar  sthew enigdhotphaiuce b 8libsatitidiy HipmogenddiLEAERUMtaMdg e general , is
not preferred. [00601 Wiere the catalyst conposition contains a matrix

and/ or bi nd@plecylgesieyeoamesisions Nopdimiting sgmples of syitable liquads ipclde nul at ed

into a cat recu Wit he trix and/or binder and.ihe active
metal oxi dng’thg}’ta Cgﬁ&cgﬁﬁ?eﬁéﬁld%xfﬁs’taﬁg%rF%FI}‘?UI_ é‘bOSBPrS Weélgqu.m e active
metal oxi dewgeh D ACEEEE @S MUISHPRQIE Gompasilib€ IbBficP inE ARt REmAdHASd 1N
conmbi nation with a support, such as a binder or matrix material. The
resul tant cathenfsd toofpoéig wrot secmstspey drierftbatrfedns the catalysf ul WO 03/ 074175

PCT/ US03/ 03951 -16.shaped and, si ze articles by well-known techniques
such as Sprc%,ngflsmog}d{ltoadgeeqegg]g?dzgﬁﬁa?%@%%?%w}cra e |ike. [0061] In one

b 7L WD L S SRS AT 1 L
substantially dry or dried state, to further harden and/or activate the formed
catalyst composition, a heat treatment such as calcination, at an elevated
temperature is usually performed. Typical calcination temperatures are in the
range from 400°C to 1,000°C, such as from 500°C to 800°C, for example from
550°C to 700°C. Typical calcination environments are air (which may include a
small amount of water vapor), nitrogen, helium, flue gas (combustion product lean

in oxygen), or any combination thereof.

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

hours.

Process For Using the Molecular Sieve Catalyst Compositions

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



then m xed to produce a substantially honogeneous m xture containing the
nol ecul ar sieve conposition. Non-limting exanples of suitable |iquids

i ncl ude watoan74123 cohol, ketones, al dehydes, and/or ester CTNISE3/009St
preferred liquid is water. The slurry of the nolecul ar sieve conposition,
bi nder and matrix material is then feti/to a formng unit, such as spray
drier, that forns the catalyst conposition into the required shape, for
exanpl e m crospheres. [0062] Once the nol ecul ar sieve catal yst conposition .
is formed in a substantially dry or dried state, to further harden and/or
activate t hRelfsdE konkakalons bl foR ¥RASDHlaBmatibsRESH ad¥yddeent such as
calcination, at an elevated tenperature is usually performed. Typical

cal ci nat i onpalgmpsraitony effonexanipie pheor maregdefin(eno406idce @ pbly@XRC, such as
from 500C to 800C, .for. exanpl e from, 550C to, 70QC. Typical cal cination
envir onrrentlérog}‘% ’é?lf‘?m{‘%ﬁ’é( 9%EYAt R fAchydrogenatipn e‘éi%ﬁ%rt"fg?r &gt vapor),

it , i I: i r an
Conbi nat | ony s 45 s AR AERY i BRI ol R, of 6 REKERMMIG LT 27
conposi t i onaromatie adgounds fori sepagting ait isorh@sefaifidleylafiod, b0 réRekpleo 700C.

Heating is carried out for a period of tinme typically from30 mnutes to
15 hours, s¥emats hydrgparhonssyeh ppbergenaangralkylibgpzeagansiosaliy with1 hour to 5

hours, and i fr hour.s .t 0 .hques. . Process. For ing the
Mol ecul ar # gf}@eﬁ%{ogfr%%ceéoﬁ%ég Pt }th_ %oﬁgocg’@iﬂ &Eﬁi‘és’ Haps ﬁi_?'ia?m@o%tj@%i tions
descri bed ab@ufplai Bobiktidn dfhrémyié hlﬁip’olfﬂ:llkylﬁfoﬁfa@ié%?érdc%bﬂﬁ' ng cracking,
of for exanple a naphtha feed to light olefin(s) (US. Patent No.

6, 300, 537) 4alkyilajioas hydspdesulizationedightopoitidhatinng pbfackanplettalubmeer MV

hydr ocar bons; drocrackin of for exanple av et rol eum and/ or cyclic
Wb 031 0741 PRSI AT SoER1ehe: O fRop EEERe, of L8 PR STBRI B f or - exanpl o
aromatics Stsiﬁﬁuﬁacmﬁh%nﬁ;n(s)péﬂcﬁ/d%m@é&a&aﬁo f for exanple one or nore
olefin(s) to produce a polyner pfoduct; reform ng; hydrogenation;

dehydr ogenadD65l;, deviaxferrgd pofcedsos inekalepl@cesses for converting naphtha to

highly aromatic mixtures; converting light olefin(s) to gasoline, distillates and
lubricants; converting oxygenates to olefin(s); converting light paraffins to olefins
and/or aromatics; and converting unsaturated hydrocarbons (ethylene and/or
acetylene) to aldehydes for conversion into alcohols, acids and esters.

[0066] The most preferred process of the invention is the conversion of a
feedstock to one or more olefin(s). Typically, the feedstock contains one or more
aliphatic-containing compounds, and preferably one or more oxygenates, such that
the aliphatic moiety contains from 1 to about 50 carbon atoms, preferably from 1
to 20 carbon atoms, more preferably from 1 to 10 carbon atoms, and most
preferably from 1 to 4 carbon atoms.

[0067] Non-limiting examples of suitable aliphatic-containing compounds
include alcohols such as methanol and ethanol, alkyl mercaptans such as methyl
mercaptan and ethyl mercaptan, alkyl sulfides such as methyl sulfide, alkylamines
such as methylamine, alkyl ethers such as dimethyl ether, diethyl ether and
methylethyl ether, alkyl halides such as methyl chloride and ethy! chloride, alkyl
ketones such as dimethyl ketone, formaldehydes, and various acids such as acetic

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



hydr ocarbons to renove straight chain paraffins; absorption, of for exanple
al kyl aromatic conpounds for separating out isoners thereof; alkylation,

of for exwomB®7418% omati ¢ hydrocarbons such as benzene andPalrRish3/Bosrzene,
optionally with propylene to produce cunmene or with |Iong chain ol efins;
transal kyl ation, of for exanple a conb§nation of aromatic and

pol yal kyl aromati ¢ hydrocarbons; deal kyl ati on; hydrodecyli zati on;

di sproportionation, of for exanple toluene to nmke benzene and paraxyl ene;
ol i goneri zation, of for exanple straight and branched chain olefin(s); and

denydr ocycl i eher bOPRRLIRIREARES, RIS BRAERI) ARSI APGRAREM! OF

converting naphtha to highly aromatic mXtures; converting I'ight ol efin(s)
t o gasol i negtheli, ahd iroat mefezablly methlanolcant s; converti ng oxygenates to
olefin(s); caonverting |light paraffins to_ olefin and/or. aromatics; and
converting ﬁW§§1 ur at %ﬂnﬁgﬁr‘@@ﬁ%&?éﬂ?‘éﬁ@?%%d& Ayeopartigilatly pene) t o

al dehydes f [: i h , i n e nost
preferred p%%g%g@é’%nﬂlﬁgg iaﬁégﬁno%’ %Cﬁtaﬁgﬁg%%@f‘ gﬁegﬁ&%§?l{1ﬁ%§g&§%}2k to one
or nore ol efheffredntion YPéfeaatilyto ddnert erdBEd¥edck pRIiaRIlY Fnt® Bl 6 mbRS €
aliphatic-containing conpounds, and preferably one or nore oxygenates, such
that the ablephédi Eherplefnip) produedadizpicalbnhavetfeona o0 s@bemptonts, at ons,
preferably from t.o .20 .carbon at ons repreferably from1 to 10 carbon
B ore, - and WELTRY 2B AT R ey BePEPipRRE o BbiDR Aosob HURRE) i ¢ ng
exanpl es of p&%r&ﬁ?'ﬁoﬂ'da%ﬁ& hfonfsOR P Bét PRe (ERBROHO B ylchBghyde al cohol's such
as net hanol and et hanol, al kyl nercaptans such as nethyl mercaptan and

et hyl nercaptogplenal kyl sul fides such as nethyl sulfide, alkylamnes such

as net hyl am al kyl, ethers such as di nethyl_ ether, . di.ethyl.ether and

et hyl et hyrl‘;%itbr i(f@a ma'ﬁéraﬁa;l&é@%heﬂnffwg Hyhe @wgram?ngf e&??ggﬁﬂw )
chloride, a . : r oo san

vari ous acids sfjtcah %dsy&g%ecta#% "%z?‘%'.&E‘?eﬂ’?‘g%f“g{}gt“ﬁeg#’ee&’gfock glg ri ses
met hanol , egfeateothandOedigiyt iperehie ty,pidAlly @Bdaiet 41ahSo (REFiEhiSEE3EhB 30dh as- 18 di et hyl

ether or a conbination thereof, nore preferably nethanaol and/or dinethyl
greater than 70 weight percent, and preferably greater than 80 weight percent of

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

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

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



ether, and nost preferably nethanol. [0068] Using the various feedstocks
di scussed above, particularly a feedstock containing an oxygenate, such as
an al cohowp osjeet1eat al yst conposition of the invention isPefrftse3/i3sslto
convert the feedstock prinarily into one or nore olefin(s). The ol efin(s)
produced typically have from2 to 30 parbon atons, preferably 2 to 8
carbon atons, nore preferably 2 to 6 carbon atons, still nore preferably 2
to 4 carbons atons, and nost preferably are ethylene and/or propylene.
[0069]tTyp;caeg, Lhe catal yst conposition of the invention is effective to
convert a feedstpc ai A3 nr '
rt d uct
cont ai ni ngrané? 8%%8?1 f%?}o Ag?%\%e&lngﬁt% g‘fa? (%gr%ltﬁarg%&é i call ysgfraggl% glre%?ﬁlgn 60
wei ght per ggffersigiiédhdaons Bieridesut theadetive muedl ohidepempendnt(sand pr ef er abl y
greater than 80 weight percent of olefin(s) based on the total weight of
hydr o?:ar bof007h] t he brasiduion.to therexygerate eqaPONERH FHEN ?}ﬁm@{‘?ﬁﬂléﬁ% and/ or
propyl ene produced based. on the total i ght r - J.n.the product
I's typical Ff‘;‘?gﬁff?’é&{né‘}’ oA oA %\E}O&M‘ﬁ“b‘ﬂé‘% ch q?r(% fger{}\éé(ﬂz’fnr%q%é@ggle\}gﬁ er t hgn 50
wei ght per %%edsﬂfcﬁfoﬁ NI 5RAE BhtalySEddntPositioh @kl araypiedly usednd nore
preferably greater than /8 weight pércent. Typically, the anpunt ethylene
pr og uced i rbc?u% fietcopeantretion bithe Geedstotth eNondiabiting expmples ofidigedear bon
product produced, is greater than 20 wei ght. per.cent, .such as greater than
38d' \t/v_ei ght Hﬁé‘ﬂ?éﬁil}mﬁ BHEOBH TR &?‘ré%ﬁ BPe¥de C&H’O%é{i(ﬁﬂ‘?e’ &@F%En? . In
addition, t . t - pr. L I
.’ reRltivR TR DAY CAGnENsuME a8 el CRinePaRIed on the
total wei gﬁ?sg%tflﬁﬂ%;{)glrrggélr‘%&n pfr-ugsg%%éycprg%uced ?s Sr eater t hane’20 wei ght
ggr cent » S iéﬁipaﬁé)t, ggseﬁga@uy no?haa&lgil% ateigictcopmoards, and mixteeathsteigr eat er t han
weig percent, and preferably greater than 35 i ght percent. [0070
Usi ng the daeatosspreasrpdciiliuents AregrateraRdi nilyRgRn; Wﬁhf"%ﬁ“\’?’ﬁﬁg“g&?ﬁ%ﬁ% Yon E)f a]
f eedst ock COTQrﬁi‘;ffl ng net hanol and di nethyl ether to ethyl ene and propyl ene,
it is fouRtP'YH#t the production of ethane and propane is reduced by
greater thqdmﬂz?% %@Bre@&n%f&ya&sedantﬂe@en&&%ddmaeoiamhgegfeat er than 30%

and particularly in the WO 03/074175 PCT/ US03/ 03951
temperatures, such as in the range of from 200°C to 1000°C, for example from

250°C to 800°C, including from 250°C to 750 °C, conveniently from 300°C to
650°C, preferably from 350°C to 600°C and more preferably from 350°Cto
550°C.

[0073] Similarly, the present process can be conducted over a wide range of
pressures including autogenous pressure. Typically the partial pressure of the
feedstock exclusive of any diluent therein employed in the process is in the range
of from 0.1 kPaa to 5 MPaa, preferably from 5 kPaa to 1 MPaa, and more
preferably from 20 kPaa to 500 kPaa.

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

hr' to 300 hr.



-19 range of from30%to 40% conpared to a simlar catal yst conmposition at
the sane conversion conditions but wthout the active netal oxide
conmponentwe)3/0fQA@¥1] In addition to the oxygenate conponemCI/UGS03tB98E

nmet hanol , the feedstock may contain one or nore diluents, which are
generally non-reactive to the feedstmrk or nol ecul ar sieve catal yst
conposition and are typically used to reduce the concentration of the
feedstock. Non-limting exanples of diluents include helium argon,

ni trogen, carbon nonoxi de, carbon di oxide, water, essentially non-reactive

par af fins e)%zgﬁ?l al t}%/el Ra}rége%ggfth?mnﬁén f@cto%g&ﬁent QRBGetedRda iREPRRNE) |

essenti al | rea ar onati ¢ conpounds, and m xtures thereof. The nbst

preferred gibd@niSmereayMBAIBrasanibitized bgEprocsus (includingra tasiubent ped t i cul ar |y
preferred.” [0072] The present process can be conducted over g w de range of
t enper at ur peeess) chehaas 4 epntihwousgfhydized bed prreesecradingrticyHoly, 2 $98HMUSpl e from
250C to 800C, incl ug]:#g from250C to 750 C, conveniently from300C to

650C, pr ef RighAElPCHy CEHEEET and nore preferably from 350C to 550C.

[0073] Si ﬁd(ﬁﬂjy’ tfheoﬂ%gﬁéc%eal REIRRBESCAB phftesOB dusdietbdanarfiadinedle range of
pressures I ncludi ng aut ogenous pressure. ‘pri cally the partial pressure of

the feedsbatproesssutitiving aatacmsysteinyie regendretien systamphush@ECPYETY he process is
in the range of fromO0.1 kPaa t MPaa, .preferably from5.kPaa.to 1 MPaa,
and rore pységer Ebtughpiuesesh fquiégeeaﬁogg@pwg}fil}' V[']gb‘?'}élf}] Orfﬂ%re\%éllugﬁ&)’hourl y
space vel og¢j . ] ; I Labh iRb ohesdsbreck excl udi ng
any dil uenfssfte%éég\é\ﬁ%g%m%gg %&gH@%lkwﬁ*ggﬁlcgp\ﬁgi1eve1 i r? t he catal yst
CONPOSi t i OfiserGasLiéd)ge tHefreabtdk sktem. ttheFoAMBtdek IS conerddeimahe yisdrr om 2 hf' to

3000 hr" 1, nore preferably from5 hr-1 to 1500, hr-1, antg nost preferably
from 10 hiéacton(s1000a gaseous ¢ffuenidhaepisa disengaging VaEsln e facioast 20

M 1) Sl L SR S SRR R ey 1LY et
composition is separated from the gaseous effluent within the disengaging vessel,
typically with the aid of cyclones, and is then fed to a stripping zone, typically in a
lower portion of the disengaging vessel. In the stripping zone the coked catalyst
composition is contacted with a gas, such steam, methane, carbon dioxide, carbon
monoxide, hydrogen, and/or an inert gas such as argon, preferably steam, to
recover adsorbed hydrocarbons from the coked catalyst composition that is then
introduced into the regeneration system.

[0077] In the regeneration system the coked catalyst composition is
contacted with a regeneration medium, preferably a gas containing oxygen, under
regeneration conditions capable of burning coke from the coked catalyst
composition, preferably to a level less than 0.5 weight percent based on the total
weight of the coked molecular sieve catalyst composition entering the
regeneration system. For example, the regeneration conditions may include
temperature in the range of from 450°C to 750°C, and preferably from 550°C to
700°C.

[0078] The regenerated catalyst composition withdrawn from the

regeneration system is combined with fresh molecular sieve catalyst composition



WO 03/074175 PCT/ US03/03951 -20 [0075] The process of the invention is
conveniently conducted as a fixed bed process, or nore typically as a

fl ui di zedwbadioprietess (including a turbul ent bed processPCTAI305103S1 a
continuous fluidized bed process, and particularly a continuous high
velocity fluidized bed process. [0076p1kn one practical enbodi nent, the
process is conducted as a fluidized bed process utilizing a reactor
system a regeneration systemand a recovery system |In such a process,
fresh feedstock, optionally with one or nore diluent(s), 1is fed together
with the moheHIALin R bRty SbvE RO cbirdBsitibh ShdBreBlstem dhd i | Ser
reactor(s) In e reactor system The feedstock is converted in the riser
react or (s) fiesh fasordaffdy andfetirnato thoidsereedotor&)a di sengagi ng vessel in the
reactor systemalong with the coked catal yst conmposition. The coked
catal yst dO9dsiti J?ie iggseqBpRfiluerids Wﬂfbﬁﬁaﬁﬁ’é}%}ﬁé@g&eﬂéﬁgm&éﬁmfﬁjap in the

di sengagi ng_vess ypi cal | i i.d o : is then fed to
a strippi ngs Q%?ﬁ%‘fth’f%}ﬁ%c%ﬁ?veﬁsyg et“f]%)\t%ggp a%%[&igl %ﬁ%ﬁ@ﬂ%ﬁl&@gﬁgagi ng vessel .
In the strijpmg, gRAuLNE G9lkad af@bRbyRhe, if @i@stduseflicht.contacted with a
gas, such steam nethane, carbon dioxide, carbon nonoxide, hydrogen,

and/ or an i[0@80] gas Isouhprasticat gohodimesnt, dheabgess et intention Eggipdiartadsor bed
hydr ocar bons, fromthe coked_catal yst .c ositien that is then introduced
into the ré%éﬂé@%@?@ﬁ}§?§§%ﬁ¥pf%ﬁ]?FFﬁﬁﬁﬁﬁ§n¢t§8ﬁﬁ£$%¥%ﬁm%§%ten1the coked
catal yst C%@%@ck%%%&ﬁﬁ}fd@%aﬁé SN iR, TRESHERDIiR e Bbtddss preferably a

gas contai ni ng ox regeneration conditions capable of burning
coke from tassigoie gasaualfeeditockc prgfesbly inrpmbimatien abithys waenstieamelo 4 ess t han
0.5 wei ght percent based on the total _weight of the, cgked nol.ecul ar sieve
catal yst cohpesinredistieneens ingpreduse as¥bads &15 %ﬁ?@y@'ﬂ’@?{ﬁy FOTPEXBepl e, the

regeneration_.condit.i o ' a hiled NS sHRAE iOfhef, F OM 450C
to 750C, ar b&néﬂ%}?g%@rbg%nnqn@%%%sg h&%g%{ Fg%%l}tﬂﬁslale&}sesgenerlat gd cat al yst
conposi t i orowdrivdrta\wh oky gdiateltontaining stream generally by contacting with a

heterogeneous catalyst, typically a copper based catalyst, at temperature in the
range of from 150°C to 450°C and a pressure in the range of from 5 MPa to 10
MPa. After purification, the oxygenate containing stream can be used as a
feedstock in a process as described above for producing light olefin(s), such as
ethylene and/or propylene. Non-limiting examples of this integrated process are
described in EP-B-0 933 345, which is herein fully incorporated by reference.
[0081] In another more fully integrated process, optionally combined with
the integrated processes described above, the olefin(s) produced are directed to
one or more polymerization processes for producing various polyolefins.

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

including representative advantages thereof, the following examples are offered.

Example A - Preparation of a Molecular Sieve

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

agents. A mixture of the following mole ratio composition:



regeneration systemis conbined with fresh nol ecul ar sieve catal yst
conposition WO 03/074175 PCT/US03/03951 -21 and/or re-circul ated nol ecul ar
si eve catwbysw7aesrpositi on and/ or feedstock and/or freshPgagisesnissqui ds,
and returned to the riser reactor(s). [0079] The gaseous effluent is

wi t hdrawn fromthe disengaging system2hd is passed through a recovery
system for separating and purifying the light olefin(s), particularly

et hyl ene and propylene, in the gaseous effluent. [0080] In one practi cal
enbodi ment, the process of the invention forns part of an integrated
process for produci ng bi2io, PAED, NPX), /f0rPRI 2 11yRE ps@pahon  f eedst ock,
particularly methane and/or et hane.” The first step in the process is
passi ng theWg&B@Q@r@dfoéem@@]dﬂ:kHXngélﬂémabmtwflGOI)dgarButhB (mth/dendmadwat er

stream to as roduc ne to uce a sy as ,stream
typically cgﬁff ﬁha‘FrBohJ gﬁléﬁ a‘glGS‘ﬂ Wtd’zp AP ﬂ’i}gﬁﬂgen The
synthesi s ge3op)! r’I%EQ ARENS '%ver&&'ﬁ&@%tﬁ%l 9 RBRAbSerfeBil 1?1'1){1*1{&9 stream
generally by contacting wth a heterogeneous cata yst, typlca a copper
based cat al Ysthis AbmbgenpenamintereilmdbhAS40dAefs odfSiO2 owaslhided, tfolldkﬁ&i: and a

pressure in the range of fr 10 MPa. After purification, the
oxygenat e cBnihs; aﬁlﬂﬁ@nﬁfﬁéa‘mﬂ&@%%%fi@a aghompgepequygpigtre.i Ko tivr ocess as

desor ! bed s AR BAIEION A Ao OFRE HBkBhentHERifie GMLETE 20 o

propyl ene. |ng exanpl es o process are described

In EP-B-0 9&9stahoed WithGiithtorliaaakdinibsy dtael am@@rap@b@h@mm@yo nedoerfopge. [ 0081]
In another nore fully integrated process, optionally conbined with the

i nt egrated @1@& e¥his prajddesra ey aﬁmél‘ystﬂ}ﬂen@melﬁp\d@lséle\m oldhgsexstals werti r ect ed

to one or r t|o .0ce duci ng various _pol yol efins.
[0082] In o ﬁlélse aﬁa%ﬁv ﬂ’&?ﬁ‘&?" jﬁ'a@%tl%diﬁ k%ﬁ% SIBYELE Fl i nvention
i ncl udi ng r@@fe&ﬁ&{'ﬁﬁdd\/\ﬁﬂﬂéﬁéﬁﬂéx%ﬁﬁn&thﬁ h@é@érzal%ﬂ&f&r&'e&%%ﬂrﬁ%l&@%p' es are
offered. Exanple - Preparation of a Ml ecular Sieve [0083

silicoal um sm@hdvsxm@t e nol ecul ar sieve, SAPO 34, designated as MSA, was
crystallized in the presence of tetraethyl anmmoni um hydroxide (Rl)

Example B - Conversion Process

[0084] All catalytic or conversion data presented were obtained using a
microflow reactor consisting of a stainless steel reactor (1/4 inch (0.64 cm) outer
diameter) located in a furnace to which vaporized methanol is fed. The methanol
conversion reactions were preformed at 475°C, 25 psig (172 kPag) and 100
WHSV (with respect to the amount of SAPO-34). The typical charge of
formulated SAPO 34 described in Example A was 95 mg and the reactor bed was
diluted with 1 gram of quartz sand to minimize the reaction exotherm in the
reactor. In particular, for the catalyst composition of the invention, the molecular
sieve and metal oxide, a physical mixture of the MSA molecular sieve of Example
A and the active metal oxide was used.

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

listed in the following Table 1.



and di propyl am ne (R2) as the organic structure directing agents or
tenplating agents. A mxture of the following nole ratio conposition: WO
03/ 074175wB@301WE@3/ 03951 - 22 0.2 SiO2 / A1203 / P205 / paTAISR/0I9SL. 5 R2 /
50 H20. was prepared by initially m xing an anount of Condea Pural SB with
dei onised water, to forma slurry. F@3t-his slurry was added an anount of
phosphoric acid (85% . These additions were made with stirring to forma
honogeneous m xture. To this honbgeneous m xture Ludox AS40 (40% of Si O2)
was added, followed by the addition of RL with mxing to forma
honobgeneous m xture. To this honogeneous m xture R2 was added. This
honogeneous m xture was then crystallized with agitation in a stainless
steel autoclave by heating to 170C fkabled hours. This provided a slurry of
the crystalline nol ecul ar sieve. The crystals were then separated fromthe
not her liquor by filtration. The nol ecul ar sieve crystals were then m xed
w th a bi ngeg—ang=mat g x natericab eS¢ Ul TATOAPar i, EB ray
dryi ng. Exanple Ezz-thodﬁverg? o1lcgrc?e1!gssdl?cg§t‘ ’)ZQI IC(‘:gt aicgtsi :Cf)%( (%%versi on
dat a preseniqd3WeDEo ORGA ned3lisosd 3.0381 dr afd3ow | roesEst pr.ogPp 1008t 1.0g0 of a
stainless steel [reactor (1/4 inch|(0.64 am outer dianeter) laocated in a
furnace to which vaporized nethanol is fed. The nethanol conversion

reactions prefqrned at, 475G 25 psi 72 kPag) .and 100 VHSV (with
r espect tovﬁﬁéﬂarmu he&?n@Aléssgﬁ’e‘?"nereif%ﬁéilﬁ’lnwgﬁgcaﬁ onsgi 5 "at ed SAPO
34 descri befg 2 sectBtyadichiied heeC LAY BRgkt Wathe i st ed with 1
gr am of qug&fﬂz&ggarﬁ)gn‘ﬁ)&%ﬁiﬁ% zse (t:he reac,gti on exot hercm in thg reactor. In
parti cul ar ,Cfsp€C, s il CAd. alhesweigladpostdgenselettitityy wany eai¢ulatnd baded omol ecul ar
si eve and netal oxide, a_physical mxture Pf t he %A mgl ecul ar, si eve of

D 8‘5]5’3

Exanpl e A thaiplionang farmyda, keyal (oxhddY ia¥)idd dd Brie--efTi¥ient from

the react ory Xi@dsn}a%?e! %gﬁ]{)aglg (%-{B?tﬂaﬁléf&ﬁgﬂﬁ?echﬁggg?f%{/gh%gctm&}y e ifetie GP! | ected

sanpl es wereé andl'yz I'ne gas~ chroma
catalysts (g methanol/g molecular sieve) reported is methanol that was

cumulatively converted. Note that both the lifetime and WHSV were reported
based on the weight of the SAPO-34 sieve. Methanol converted at less than 10
weight percent conversions was not counted in the calculations. Dimethyl ether
was not counted as product, instead it was treated as unreacted methanol in

calculating selectivity and conversions.

Example 1 - Control Experiment

[0087] In this Example 1, the catalyst composition consisted of a molecular
sieve, designated as MSA as described in Example A. The catalyst was diluted
with quartz to form the reactor bed. The results of this experiment in the reactor

and conditions discussed above in Example B are shown in Table 2.

Table 2

C, C= C, = | C° | Cs |Cs's |C,,5=|Lifetime g/g

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




(Hewl ett Packard 6890) equi pped with a flame ionization detector. The
chromat ographi ¢ col um used was a Q colum. The response factors used are
i sted i rwOha/ofald ow ng Table 1. WD 03/074175 PCT/ US03/ 0396T/USe2@938bl e 1
Cl 2= CZ CG3= C3 CH3OH (CH3)20 C4's C5's C6's C7's 1.103 1.000 1.070
1.003 1.052 3.035 2.639 0.993 0.999 1.6 1.000 [0086] The terns " C4 s,
Co+, etc." refer to the nunber of carbons in the hydrocarbon. Note that
the selectivity designated as "C5+ s" consist of the sumof C5's, C6' s and
C7's. The wei ghed averages (selectivity) were cal cul ated based on the
followng formula, x1*yl + (x(err)-x(err))*(yl + y2)/2+ (x3-x2)*(y2+ y3)/2
+ ..., where x; and y; are yield and g nethanol fed/g nolecul ar sieve,

r espect i vel Examples + ReepairatiomofMg6r and A cetont SloniéxgsiaomMeastirament eve)

reported is hanol _t was cumnul ati vel nverted. t hat both the
lifetime anwﬂgé-lsv meT}é@h%Qo‘P"l‘séﬁepaﬁ%ds@otjoﬁﬂw 'hé‘B\ﬁe‘?fg}ﬂggéP%hgchPO 34 sieve.
Met hanol ¢ : i e I S not
count ed inol%gént(t: gfg((:i gltﬁgtn?gziﬁéﬂ%u]ﬁ%{}%/ elt té?@ﬁl\@vgga‘%g{%&%ﬁéﬁ%tt%gﬁgﬂ%r oduct,
instead it whte tlugql @ie ahiteRhegovadlovelyieart to drynessl ond ladating plaed. ecti vity
and conversions. Exanple 1 - Control Experinent [0087] In this Exanple 1,
the cat al ysthedigseake was beekesiine pipoet and wes gewndito a Gnerawvdegedhgnat ed as MSA
as descri bed j e A.. The c I d b ut it h to form

t he react org%‘*é%r%%é%lrﬂéegéﬁg%o @L%%s‘ﬂ‘*/zé%gﬁ%ﬁg% i ﬁﬂleh&éﬁl?eepé)%%%%d

condi tions @k ealcmed aedsDPeE ih RirFxeRise TRug iR ?&M&H ddfivd ek oRideTabl e 2 C1 C2
CZ C3 C3 Cos Co+s C2+3 Lifetine g/g 1.77 37.65 0.29 39.80 0.63 13.04 6.82
77. 45 16. 34MgD, 08k @ rdlativel pOighisso¢ResMBET awa of about 250 m*/g). The MgO

powders were sieved to get particles of various sizes. Particle sizes between 75 to

150 micron were used in a conversion process as described in Example B.

[0089] 0.25 g of this prepared MgO was loaded into a glass tube, and the
tube was connected to a vacuum line via a 9-mm O-ring joint. The MgO was then
heated to 450°C and kept at 450°C for 2 hrs under vacuum to remove water from
the oxide. After cooling down to room temperature, 25°C, the MgO was saturated
with acetone-2-2C. The MgO with adsorbed acetone-2-"C was then loaded into a
7-mm NMR rotor without any contact with air or moisture. The sample was
allowed to stay at room temperature (about 25 °C) for 1 hour prior to NMR
measurement of acetone conversion. *C NMR experiments were performed on a
200 MHz solid state NMR spectrometer with Magic Angle Spinning. Cross
polarization spectra were acquired using 1-s pulse delay, 2-ms contact time and
2000 scans. Quantitative single pulse spectra were acquired using 15-s pulse
delay and 400 or more scans. The test was repeated and results of the *C NMR
revealed that, on average, after 1 hour more than 80% of acetone had been

consumed.

Example 3 - Molecular Sieve and MgO

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

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



Exanple 2 - Preparation of MO and Acetone Conversi on Measurenent [0088]
The MJO was prepared as follows. 5.0 g of MgO (98% ACS reagent grade from
Al drich) wevsnisesl with 150 ml of deionized water to formpaT/ush3/035sl urry.
The white slurry was slowy heated to dryness on a heating plate. The

dri ed cake was broken into pieces and2fas ground to a fine powder. The
powder was further dried in an oven at 120C for 12 hrs. The white powder
was then calcined at 550C in air for 3 hrs. Thus the prepared active netal
oxide, MO has a relatively high surface area (BET area of about 250

N2/ g). The Phplo0WleTs TS QitdyLEvedpbati@tivapaell nikes and thealdilatwd sSi zes.
Particle sizes between 75 to 150 mcron were used in a conversion process
as descri bedith quiEizategben e eaa@ted0 Ths repulis of tisexperpwniid they@actas | oaded
into a glass tube,. and. the tube.was cgognnected to.a vacyumli,ne.via a 9-nmm
Oring joi G?Hglt‘ﬂﬂ ifEssedhehove V\Ei‘@’dp Egeéf%@ %Hﬁ%@? gag}lﬁgﬁt&l*or 2 hrs
under vaculgy 0 LRITY W16l irdtd @ by fshilE 1640be8r diogkhing down to room
tenperature, 25C, the MjO was saturated w1Th acetone-2-13C. The MgO with
adsor bed acehgpwitidonldddingsithhknMgOadedifetimeo ofithe/SAPOIMRholetudar sidviehout  any
contact with air or noisture. The sanple was allowed to stay at room

t enper at ur ehasapeased tp 1.6 gig molsgilar evedrom d 63e/e molesulee HEF%: aBf  acet one
conver si on.; gxperiments were perforned on a 200 MHz solid state
NVR spect rolrr%ért‘%gsre%4t{g('wagi c Angle Spinning. Cross polarization spectra
were acquired using 1-s pul se delay, 2-ns contact tinme and 2000 scans.
Quantitative single pul se spectra were acquired using 15-s pul se delay and
400 or nore scans. The test was repeb2ldg3and results of the 13C NWR

reveal ed t hat—enr-average—atterAthaurare—tbBan—80%pi—acetone had been
consunmed. Exafmpi]eCq - ol £CoT dr Cs evg“sar\dbﬁﬁ Qoﬁlﬁﬂf“f‘?ﬁ 8Ekanple 3, the
B

nol ecul ar si ot O £ QR St sbet WSER 76 of | MSA, 50. 4
wt % of bi nde(ri' ange'l VX\);%/Z) 396(?216;05 es é?l@)geds?z /\67'35’/ 074t1)371\£,‘>\66I;CT/ JS03/ 03951
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Example 4 - Mixing MgO with a Group 3 Metal Oxide (S wt% La,0;)

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

were used in a conversion process.

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

[0092] In this Example 5, the catalyst composition consisted of 33.6 wt% of
MSA, 50.4 wt% of binder and 16 wt% of MgO containing 5 weight percent of a
Group 3 metal oxide wherein the metal is La, as described in Example 4 above.
The catalyst composition was well mixed, and then diluted with quartz to form the
reactor bed. The results of this experiment in the reactor and conditions discussed

above in Example B are shown in Table 4. The data in Table 2 and Table 4



Exanpl e 2 above. The catal yst conmposition was well m xed, and then dil uted
with quartz to formthe reactor bed. The results of this experinent in the
reactor Napd3OON@ ti ons di scussed above in Exanple B are ®howsos/esoInbl e 3.
The data in Table 2 and Table 3 illustrate that by constituting 16 w % of
the catal yst conmposition |loading with-2he MO, the lifetime of the SAPO 34
nol ecul ar sieve has increased to 31.66 g/g nolecular sieve from16.34 g/g
nol ecul ar sieve, an increase of 94% Table 3 C1 C2= CZ C3 C3 C4s Cb+s
C2+3 Lifetine g/g 1.73 36.86 0.27 40.74 0.53 14.01 5.87 77.59 31.66

Exanmpl e 4 -illiktrdtd thalVBOcvhstifutihgGrom9s 3f e tcatalyoktdtBpdsitiont 19ad-#@BIz0 [ 0091] The
| oading of a G oup 3 netal oxide where the netal is La onto the high
surface ar eeonijOngdsveight pevesnt Li®,i the lifktion: ofithe RALO-3Pmpkgulagsiofe Lant hanum
acetate was_di.ssol ved inca. 9.m .of .deionized er..The solution was
Rdded dr op- TP ABSTEeS°8 ot e 30DV 1914 Eik REUF © Goedd BBSRYS: n a vacuum oven
at 50 Cfor 1 hr. The dried m xture was broken up and calcined at 550 Cin
air for 3 hrs. The wt % of La203 is about 5 % The netal oxides powders were

sieved to get particles of various sTaked4 Particle sizes between 75 to 150
mcron were used_in a conversion process. Exanple 5 - Mlecular Sieve and

a Mxed Metal Ofi d& [L&Z08 €5 WG/ S | Covdets [Cadm [Lifctiman/'s| 5, the
cat al yst conpositiegeanststetr o 36wt 0t A’W bi nder and
16 wmt % of MyO con%‘g?npﬁg’s%w g)lr%'o%e goe t‘%”f 6387 3605 p 3 tal oxi de wherein
the metal is La,a @8 ceQcsivasith haasurdaiip6odviADONNE,: lifetikld Of 5780 gm¢htnod®NPOoSi ti on
was well m xed, and then dil ut wth art o formthe reactor, K bed. The
Posul'ts of this SYpEMPREREIN Tikaum TRl S bRE Ul SRRy above

i n Exanpl e B ar ebyshpapnlating theahdversidn frobin20.@att% to 1 Wihl e 2 and Table 4 WO

03/ 074175 PCT/US03/03951 -26 illustrate that by constituting 16 wt % of the
catal yst conposition load with MO

Comparative Example 6 - Molecular Sieve and BaO

[0093] In this Comparative Example 6, 28.8 wt% MSA, 43.2 wt% binder

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

increased 43%.

Table 5
C, |C~|C |C=]|C, |Cs | Csts | Cy5= |Lifetime g/g
1.74 137.19 | 0.27 [40.36 | 0.55 [13.57| 6.32 | 77.55 23.36




containing 5 weight percent La203, the |lifetinme of the SAPO 34 nol ecul ar
sieve has increased nore than 300% from 16. 34 g/ g sieve to 65.90 g/g
sieve. TaWDe3#474715 C2 CZ C3 C3 Cos Co+s C2+3 Lifetine g/ gPCI/B93/@9564 0.23
42.02 0.50 14.24 6.87 76.56 65.90a a. the | owest conversion nmeasured was
30.69 wt%wth a lifetime of 57.57 g pgt-hanol/g sieve at that conversion.
The reported lifetinme (65.90 g nethanol/g sieve) was estimted by

extrapol ating the conversion from30.69 wt%to 10 wt % Conparative Exanple
6 - Mol ecular Sieve and BaO [0093] In this Conparative Exanple 6, 28.8 wt%
VBA, 43.2 \é@d]i{%‘m@g?jer and 28 wt % of barium acetate were well m xed, and
then dil ut quartz to formthe reactor bed. The reactor was heated
to 550C and kept at 550C for 90 min in a streamof a mxture of 20 mM/mn
of oxygen and 50 m/mn of He. Barium acetate was deconposed into barium
oxi de” underWeltd®: condi ti ons. The nolecul ar catal yst conposition consisted
of 32 wt % of MSA, 48 wt % of binder and 20 wt % of BaO The reactor
tenperature was then |owered to 475C, and the catalyst conposition was
tested in a convarcaiaBRt iR ondderisinge conditions of Exanple B above.
Results of the conversion process are shown in Table 5. The data in Table
2 and Tabl e 5-i|(akst rametal hzide mhichdrs wistrfe¢enjepgregienthen 20 me/%s Athighy st

conposition |oad wi,th BaO, the lifetime of the 3 l.ecul ar sieve has
i ncreased 43% %éaﬁlbge%c%‘ilhégﬁ@p%@?gea%@aﬁgﬁép%ﬁéV‘f_rhlli)?heﬁ%ﬁ% g/lg 1.74
37.19 0.27 40. 36,8584 b3tSHeBnd dnd dorBR BB siPa0R6R7Hbi ThoRIGk/2A9803/ 03951
-27- CLAIMS W claim 1. A catalyst conposition conprising:

converts more than 80% of the acetone;
(b) a binder;
(©) a matrix material; and

(d) a molecular sieve having an average pore size less than 5A.

2. The catalyst composition of claim 1 wherein the surface area of said metal

oxide is greater than 70 m*/g.

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

selected from Group 2 of the Periodic Table of Elements.

4. The catalyst composition of claim 3 further comprising a Group 3 metal
oxide.
5. A catalyst composition comprising a molecular sieve and at least one oxide

of a metal selected from Group 2 of the Periodic Table of Elements,

wherein said metal oxide has an uptake of carbon dioxide at 100°C of at

least 0.03 mg/m” of the metal oxide.



(a) a netal oxide which has a surface area greater than 20 nR2/g, which has
been cal cined at tenperature greater than 200C, and which, when saturated
wi th acetwoasand7tontacted with said acetone for 1 hour aPCTASp3/0ISNvVeErts
nore than 80% of the acetone; (b) a binder; (c) a matrix material; and (d)
a nol ecul ar sieve having an average pofg.size |less than 5A. 2. The catal yst
conposition of claim1 wherein the surface area of said netal oxide is
greater than 70 n2/g. 3. The catal yst conposition of claim1 or claim2
wherein said netal oxide is selected fromGoup 2 of the Periodic Table of

El ements. 4 Th t itk on: | ai.m 3 . further. conprising a G o
3 netal oxié'de. %&@%ﬁ%gtaglog@tgaggi&gggﬁ#ér&ggé%ﬁ?lgﬁeéalé’xﬁﬁ3’ :arl sigeve angp

at | east one oxishurael vithhaeine 384 eait@ded WRRSAH QR oRe R 11Hder Reysedi ¢ Tabl e
of Elenents, wherein said netal oxide has an uptake of carbon dioxide at

100C of at | eastoryesmesy then 86%tdfshaasetineoxi de. WO 03/ 074175
PCT/ US03/ 03951 - 28 6. The catal yst conposition of claim5 wherein said
nmet al oxi de, when saturated with acetone and contacted with sai d acetone

for 1 hour At 23[he ca%!y’\ét%f)ﬁl?oﬁﬁ&?ofélé’iﬁl §91‘V%19fm6'3§d§fs8th§’&§din% t1ljg catal yst
conposition of claim5 or claim6 and also i1ncluding a e2ef %fe of a

bi nder and a mataneofpdtieder ahd dinfatx materibt diffesat fonedai] mewmi 66de. 8. The

catal yst conposition of any preceding claimand including a binder which
i ncludes an alumna sol and a matrix material which includes a clay. 9.

The catal ys§. compRsiatdl B‘Fﬁn f i 5 to .8 and further conprising
a Goup 3 netal oxi ge.%?(%. %ﬁégﬁ%lgta 3;){@&8%& %E}Utni%ﬁl%(ﬁu Pgiarli‘l‘nzfgﬁr claim9
wher ei n the G ouphigh inetwaldes an alumina sol and a matrix material which includes a clay.

9. The catalyst composition of any one of claims 5 to 8 and further

comprising a Group 3 metal oxide.

10.  The catalyst composition of claim 4 or claim 9 wherein the Group 3 metal
oxide is selected from yttrium oxide, lanthanum oxide, scandium oxide

and mixtures thereof.

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

comprises a magnesium oxide.

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

sieve comprises a silicoaluminophosphate and/or an aluminophosphate.

13. A method of making a catalyst composition, the method comprising (a)
combining a silicoaluminophosphate molecular sieve and/or an
aluminophosphate molecular sieve, a binder and a matrix material to
produce a catalyst precursor; and (b) adding to the catalyst precursor at
least one metal oxide that has been calcined to a temperature in the range

of from 200°C to 700°C.



oxide is selected fromyttrium oxide, |anthanum oxi de, scandium oxi de and
m xtures thereof. 11. The catal yst conposition of any preceding claim
wher ei n swod3nei23 oxi de conprises a nmagnesi um oxi de. 12PCThiSopedal yst
conposition of any preceding claimwherein the nolecular sieve conprises a
si |l i coal um nophosphat e and/ or an al um2sophosphate. 13. A nethod of naking
a catal yst conposition, the nmethod conprising (a) conbining a

si li coal um nophosphat e nol ecul ar sieve and/ or an al um nophosphate nol ecul ar
sieve, a binder and a matrix material to produce a catal yst precursor; and
(b) adding to the catalyst precursor at |east one netal oxide that has
been calcined to a tenperature in the range of from 200C to 700C. WO

03/ 074175 PCT/ US03/03951 -29 14. A nethod of making a catal yst

conposition, the nmethod conprising conbining a silicoal um nophosphate

nol ecul ar sieve and/or an al um nophosphate nol ecul ar sieve, a binder, a

matri x mat ef4 al ,AM&fofilﬁaég% aggﬁk%ﬁ{é”?ﬁoq%h%how aturated with

acetone and contacted w't etone for 1 hour a Converts nore
than 25% of the odining a silicoallidnsphibbsidteaholetdlbiidvd Mid/dlagl m 14 wherein
said at | east one netal oxide conprises a nmagnesium oxide. 16. A nethod
for making a catBipEopbesphateineleslarsicye achinder, ¢ owinix miategial, phdatileast | y i xi ng

first particles LSi cul.ar. siewe with second articles
conprising at IeogigHP ‘%l‘rllled}%% %%{’Tglfh %%Sar%rtaelﬁvgl eI @&8%@%@3’“& Bl the
Periodic Tabl e aicefohe Rt our Wh2s°€), Borsvesmees @hn 9X4SF thescefdheUPt 2ke of
carbon di oxide at 100C of at least 0.03 ng/nR2 of the netal oxide. 17. The

nmet hod of claim 16 wherein at | east one said first and said second
particles also i-nclu t.l.east_one .of inder .and a matrix material. 18.
The net hodalf cl erﬂl%gocgf’f“cl?]g? ﬁ‘%ﬂé}‘g?’vﬁe@éﬂ %f“??ﬁ%‘is" pas el @ddeonpri se a

comprises a magnesium oxide.

16. A method for making a catalyst composition, the method comprising
physically mixing first particles comprising a molecular sieve with second
particles comprising at least one oxide of a metal selected from Group 2 of

the Periodic Table of Elements, wherein said metal oxide has an uptake of

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

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

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

18.  The method of claim 16 or claim 17 wherein said first particles comprise a
silicoaluminophosphate molecular sieve, a binder including an alumina sol

and a matrix material including a clay.

19.  The method of any one claims 15 to 18 wherein said at least one metal
oxide further comprises at least one oxide of a metal selected from Group

3 of the Periodic Table of Elements.



si I i coal um nophosphat e nol ecul ar sieve, a binder including an alum na sol
and a matrix material including a clay. 19. The nethod of any one clains 15
to 18 whewein/ozardl at | east one netal oxide further conpPCIASH0395East one
oxi de of a nmetal selected fromGoup 3 of the Periodic Table of Elenents.
WO 03/ 074175 PCT/ US03/ 03951 -30 20._4y process for converting a feedstock
into one or nore olefin(s) in the presence of the catal yst conposition
prepared by the nethod of any one of <clains 13 to 19. 21. A process for
converting a feedstock into one or nore olefin(s) in the presence of a

mol ecul ar sieve,catal yst co [ L ARt S Sieve, a

bi nder, a %tri’%%‘feéﬁoélco ﬂ%@é %r{ef%gftgom egéﬂgt@oﬁéﬁﬁg%grﬂét ed wth
acetone and Conﬁ@%&éoﬂﬁeﬁaﬁaﬁs@c@ﬁpémﬁreparédbptl{erﬁétha&ﬁtf ayoomeanft s nor e
t han 80% of the acetone. 22. The process of claim 21l wherein said netal

oxi de has been claind e t% a tenperature in the range of from 200C to
700C. 23. The process of claim?21 or claim?22 wherein the netal oxide has a
surface area of greater than 70 n2/g. 24. The process of any one of clains

21 to 23 ‘Q’?Ffei %p%§%%%t&hv%{£§§§a§o%int&%@8m&e ASRE)indhoXi de at 100C

of at least 0.0 of the oxi de. 25. The process of any one of
claims 21 to 24pmbeiceiofiasiwdlecubmtsidve oatalyst canmprsitioneomprisigrrenpleenlaxi de. 26.

The process of claim 25 wherein the cataglyst conposition altso %ont ains a
Goup 3 metal ofieye 2 biperp pagixsaaterigan rada'i}eli%g&o L SReRSHEaSdet i n(s), the

process conpri si T@aatcgtgglés ?&} Ll8adted \?ﬁﬁi S48 GEtGRRE 1 ﬂoﬂlgat@{ﬁl"d?%ﬁ%@ e

oxygenate with Y conposi t1on conprising a sna pore nol ecul ar
sieve, a bi nder mofe fHhBO% of the acetone.

22.  The process of claim 21 wherein said metal oxide has been calcined to a

temperature in the range of from 200°C to 700°C.

23.  The process of claim 21 or claim 22 wherein the metal oxide has a surface

area of greater than 70 m’/g.

24.  The process of any one of claims 21 to 23 wherein said metal oxide has an
uptake of carbon dioxide at 100°C of at least 0.03 mg/m? of the metal

oxide.

25.  The process of any one of claims 21 to 24 wherein said metal oxide

comprises a magnesium oxide.

26.  The process of claim 25 wherein the catalyst composition also contains a

Group 3 metal oxide.

27. A process for producing one or more olefin(s), the process comprising
contacting a feedstock comprising at least one oxygenate with a catalyst

composition comprising a small pore molecular sieve, a binder, a matrix



WO 03/074175 PCT/US03/03951 -31 material, a nmagnesi um oxi de that has been
calcined in the tenperature range of from200C to 700C, and a G oup 3

met al oxiwe.0388177he process of any one of clainms 20 to 2PCEES0®DINSTt he
f eedst ock conprises nethanol and/or dinethylether.

-31-

material, a magnesium oxide that has been calcined in the temperature

range of from 200°C to 700°C, and a Group 3 metal oxide.

28.  The process of any one of claims 20 to 27 wherein the feedstock comprises

methanol and/or dimethylether.



