WO 03/ 000412 PCT/ US02/ 19869 MOLECULAR SI EVE CATALYST COWPCSI TION, I TS
MAKI NG AND USE | N CONVERSI ON PROCESSES Field O The Invention [0001] The
present iwoasbmm2 rel ates to a nol ecul ar sieve catal yst eomumse/idsen, to a
met hod of making or form ng the nol ecul ar sieve catalyst conposition, and
to a conversion process using the catal yst conposition. Background O The
I nvention [0002] Oefins are traditionally produced from petrol eum
feedstock by catalytic or steam cracking processes. These cracking
processes, especially steam cracking, produce light olefin(s) such as

t hyl d/ I g dst ock.
Ei hyl one and pr opy! ondioie ¢k SHVE TR M CORIRBRINI GRS Uoci ui in a

vari ety of process¥&ESMAKINKG ANDOUSEINCONVERSI@N PROEESSES conpounds.
[0003] The petrochem cal industry has known for sone time that oxygenates,
especially al cohols, are convertible into light olefin(s). There are

numer ous t edtield QfiThe Inxentibabl e f or produci ng oxygenat es i ncl udi ng

fermentati o reaction of .s hesi s s derived.fromnatural gas,
petrol eum | i 89@& g%‘? B%%éﬂ&gl%fe‘éwgpsa ’inﬂEF'ﬂ}af Hy eSSty ecycl ed
plastics, MEBhobitbn WBalketRbd SMakifk Bﬁ‘fonﬂ'{r%tﬂé folRLEF bidle 08" ally, the

producti on of synthesis gas involves a ustion reaction natural gas,
nost |y net haweposindn.canddx g gemvesien pecesstusing iydeatggn compoditon.nonoxi de and/ or

car bon di oxi de nga roducti on processes are well known, and include
convent i onal ve othermal reform ng, or a conbi nation
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the presence of ' a heter ogeneous catal yst. For exanple, in one synthesis

process net Wlngb §roéﬂ%ﬁdlllﬁiléﬂ eli(s) gueh ascippente/aniior Peopy teae it yariety n a
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PCT/ US02/ 198f8ochemicals 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). There are
numerous technologies available for producing oxygenates including fermentation
or reaction of synthesis gas derived from natural gas, petroleum liquids,
carbonaceous méterials including coal, recycled plastics, municipal waste or any
other organic material. Generally, the production of synthesis gas involves a
combustion reaction of natural gas, mostly methane, and an oxygen source into
hydrogen, carbon monoxide and/or carbon dioxide. Syngas production processes
are well known, and include conventional steam reforming, autothermal
reforming, or a combination thereof.

[0004] Methanol, the preferred alcohol for light olefin production, is
typically synthesized from the catalytic reaction of hydrogen, carbon monoxide
and/or carbon dioxide in a methanol reactor in the presence of a heterogeneous
catalyst. For example, in one synthesis process methanol is produced using a
copper/zinc oxide catalyst in a water-cooled tubular methanol reactor. The

preferred methanol conversion process is generally referred to as a methanol-to-



2 olefin(s) process, where nethanol is converted to primarily ethylene
and/ or propylene in the presence of a nol ecul ar sieve. [0005] Mbl ecul ar
si eves arwoponouds2 sol i ds having pores of different sizes pexalsoasseeol ites
or zeolite-type nol ecul ar sieves, carbons and oxi des. The nost
commercially useful nolecular sieves faor the petrol eum and petrochem cal

i ndustries are known as zeolites, for exanple alum nosilicate nol ecul ar
sieves. Zeolites in general have a one-, two- or three- dinmensional
crystalline pore structure having uniformy sized pores of nol ecul ar

di nensions t ! t he pores, and
excl ude t hos%%%?)?gﬁ%%%?{%% mgfrﬂlgl%l'? %(gjﬁilvgﬁggaﬁr% 00 gi] ng@gfag@g} many

di fferent typesylafe invhepuicare sf emekculat siektiown to convert a feedstock,
especially an oxygenate contai ning feedstock, into one or nore olefin(s).
For exanpl e, 10095~ paddeleculgy sieyesere pormys galids haying nores afdiff@gentgizegel | known
zeolite, ZS : i . fl X ST t .
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et hyl ene angdnpic@pylleasfulsholgcdirssdval Firilke pdtiolunosid pttiergiedll i tes, for
exanple Zeolite T, ZK5, erionite and chabazite;, U S. Patent No. 4,079, 095
descri bes t Hadus§iesgfe rmwn Bazeplites dorexemplea Aainsisilicate myalecydarsisyes. pr oduct s

h th d | ene; d U,S Patent No. 10, 440 d ib
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useful nol ecul ar sieves for converting nmethanol to olefin(s) is a
si |'i coal um redpirb spHeduéesithiteaun kuter the porss, angiextludathosd mofshuleptiat are ( SAPO)
nol ecul ar sieves contain a three-di nensional mcroporous crystalline
framework st'PUtf8fre of [SiOQ(err)], [A Oerr)] and [PO(err)] corner sharing
t et rahedr al V1S - s d i L0 .
4430, 571 WAMLS; o PTGV BRPSiRrCrl GRS CT BRI SR BRRS |
general | y syohhata fedstbgk, etpechlidanbkegenate contaimigfebdstadki mito oe @ reacti on
m xture of silicon-, alum num and phosphorus- sources and at | east one
tenpl ati ng dB¥RElEigt ﬁ@%‘i”?‘lﬁ’fleaé}-gﬁgﬁ O%pe30441 08 desgaibes the userefranul at i on
into a SAPO t di ' b roga eedst ock
into ol efi n(@?f,@par Zlegg{%é%%/ﬁ%@?%ﬁ‘{%ﬁgﬁge{%{g%ﬂgglg?eiﬁg&ibl?%afﬁ%?& I\lkgs shown in
4,062,905 discusses the conversion of methanol and other oxygenates to ethylene

and propylene using crystalline aluminosilicate zeolites, for example Zeolite T,
ZKS3, erionite and chabazite; U.S. Patent No. 4,079,095 describes the use of ZSM-
34 to convert methanol to hydrocarbon products such as ethylene and propylene;
and U.S. Patent No. 4,310,440 describes producing light olefin(s) from an alcohol
using a crystalline aluminophosphates, often represented by ALPO,.

[0007] One of the most useful molecular sieves for converting methanol to
olefin(s) is a silicoaluminophosphate molecular sieves. Silicoaluminophosphate
(SAPO) molecular sieves contain a three-dimensional microporous crystalline
framework structure of [SiO,], [AlO,] and [PO,] corner sharing tetrahedral units.
SAPO synthesis is described in U.S. Patent No. 4,440,871, which is herein fully
incorporated by reference. SAPO is generally synthesized by the hydrothermal
crystallization of a reaction mixture of silicon-, aluminum- and phosphorus-
sources and at least one templating agent. Synthesis of a SAPO molecular sieve,
its formulation into a SAPO catalyst, and its use in converting a hydrocarbon

feedstock into olefin(s), particularly where the feedstock is methanol, is shown in



WD 03/000412 PCT/ US02/19869 3 U.S. Patent Nos. 4,499,327, 4,677,242,
4,677,243, 4,873,390, 5,095,163, 5,714,662 and 6, 166,282, all of which are
her ei n f WbDy3joomaez por at ed by reference. [0008] Typical |l ypCraiSerudsed si eves
are formed into nol ecul ar sieve catalyst conpositions to inprove their
durability in commercial conversion proxesses. The collisions within a
commerci al process between catal yst conposition particles thenselves, the
reactor walls, and other reactor systenms cause the particles to breakdown
into smaller particles called fines. The physical breakdown of the

nol ecul ar sig\wePaBhtalNSY 4998PPH 470120 ABY T 0hB S 873 3000898 s6eRL tri tion. Fines
often exit the reactor 1n the effluent streamresulting in problens in
recovery syst,éhs062 abdital 66s232¢ alirpbwhich areshengin ifwlly iacorpgtatad byesfestnaace t o
attrition g te f r fines, .less catalyst .conposition is required for
conver si on, e@ﬁ@al ong ryp}cia;l%’ W&ﬁ‘é’garrsé?’ﬁf; ?re%ﬁ%qdd%mﬁlﬁ%‘l‘lértqlﬁvﬁ C@@E@E. [ 0009]
Mol ecul ar - si @ghoSitibal ¥ShprNVERASH bindBidinPiSohfhdred] é&ﬁv&gfﬁa'd?b& g Mol ecular
sieve and a matrix material usually in the presence of a binder. The

pur pose of tHe doillistters within @ ctiaherdidl @romets betweat @wdlpdt compositiorepatidys to t he

nol ecul ar sjeve. The use of binders and matrix materials in the formation
of ol ecul arthemeshyss, g reacios wadls,And other s96tor syshns causo s preicles tari ety of

i ove cat al yEERESRETuo chl: pdhal B MGt br el B Ve, ™ oo

conposi ti on mbletlir sidve chdBAO¢onipraitingaticldsat Resion & atirRion N Fikabaky St
conpositions include: US. Patent No. 5,126,298 discusses a nethod for
meki ng a cr a&ikithgreagtonintbe efilugntigreamirgtyltanginiprotdems wsieeqvancsystsyisconbi ni ng
two differe | ay. part.i.cles in separate. slurries wth eolite slurry
and a sour 0(26 %%‘y%%g‘ﬁﬁ%#‘ Iﬁsglfavénﬁaa %‘gﬁe ﬁesésrt?/rfcﬁgo 3““?8%(”3?@%0%“’%%“?# urries
having a pH b&lcamly3i cdhpsitioatis RquiMed fot c8versid® addtonger RRGinl&R3euttligt es to a

catal ytic cracking process using a spray dri ed attrition resistant
cat al yst corlbwenepstptigesaster t han 25 wei ght percent nol ecul ar si eve

pat ent - Nos 10810 4 S Eslersicss sMaBY anGior el Pt RN T ¢ < acki ng
catal yst of BolelMhiRSdleahd 8inRiEx AL G B he BRsBIHTrawRdehopRhat e bi nder
havi ng a surface

purpose of the binder is to hold the matrix material, often a clay, to the molecular

sieve. The use of binders and matrix materials in the formation of molecular sieve

catalyst compositions is well known for a variety of commercial processes. It is

also known that the way in which the molecular sieve catalyst composition is

made or formulated affects catalyst composition attrition.

[0010] Example of methods of making catalyst compositions include: U.S.

Patent No. 5,126,298 discusses a method for making a cracking catalyst having

high attrition resistance by combining two different clay particles in separate

slurries with a zeolite slurry and a source of phosphorous, and spray drying a

mixture of the slurries having a pH below 3; U.S. Patent No. 4,987,110 and

5,298,153 relates to a catalytic cracking process using a spray dried attrition

resistant catalyst containing greater than 25 weight percent molecular sieve

dispersed in a clay matrix with a synthetic silica-alumina component; U.S. Patent

Nos. 5,194,412 and 5,286,369 discloses forming a catalytic cracking catalyst of a

molecular sieve and a crystalline aluminum phosphate binder having a surface

area less than 20 m*/g and a total pore volume less than 0.1 cc/g; U.S. Patent No.



area less than 20 n2/g and a total pore volunme less than 0.1 cc/g; U S
Pat ent No. WD 03/000412 PCT/ US02/ 19869 4 4,542,118 relates to formng a
parti cul awe o3momsgani ¢ oxi de conposite of a zeolite and alPamusOLI9869
chlorhydrol that is reacted with anmonia to forma cohesive binder; U S
Patent No. 6,153,552 clainms a nethod of4 making a catalyst, by drying a
slurry of a SAPO nol ecul ar sieve, an inorganic oxide sol, and an external
phosphorous source; U. S. Patent No. 5,110,776 illustrates the formation of
a zeolite containing catalytic catalyst by nodifying the zeolite with a
phosphat e 94731 13 BLte3 % Wb a phrBeul iRt Fotbaoxide SGp&43 Jral-851R8 tO Spray
drying a zeolite slurry wth a clay and source of phgsphorous at a pH of
bel ow 3; U. SnPatummnhumApjdrhydxol that iNceacted M8SlanGddnih itd feambcobedde 2001

di scusses a nethad for steamn mol ecul ay sieve to renpve hal ogen; U. S
Pat ent No. ﬁ’,"E&@?@@?Bi‘W ?-;Ea]tﬁs%gﬁﬁlaé?ls ad‘i“i’ﬁ‘?ﬁg"fé‘l@m satabyst, B dryame si eve
adm xed wit gﬁﬁﬁ} Ll Sl . P 75 di scl oses
a met hod fo:21 ma |&r)1gﬁl gﬂggﬁgﬁ%ﬁ@a%égtﬁ IHS&(%{Ca%cge{L %l’%?d halg'te %ﬁ%ﬁﬁg t he

i soel ectri c ghospHorafs seach; B STPasatNo.Gf 1 0[RY6fiNastaws the imhakidngfa to the pH

of the inorganic oxide sol; Murer, et al, Aggregation and Peptization
Behavi or of Zzelifeicoptainingeatalytiq %taémtby@mﬂlfézu@gﬁm@mwﬁhracp.homhgt.e Chem Vol .

40, pages 13- 257 200 i SCUSSES | i te egation.at or,pear the

i soel ectri c%%B%fngn gg%'&llonPt]}f‘)l fE% ?tﬁo'#géﬁgf%l%%%oe%ﬁx ‘%%’?%%?PHG ‘a
catal yst by stliri4i Wih @ clafianll 46@cObf pHdsphd#sisR apM ofiibvd 3 SBRPamlecul ar si eve;
PCT Publication WO 02/05950 describes neking a catal yst conposition of a
nol ecul ar siAppdicatont MM 1.6 tled June 202200 lodisosisses aimdthaskfor sedeinglaar  si eve;
and WD 02/05952 di scl oses a crystalline netall.q;gluygi.nophosphate nol ecul ar
leve and o AR SRR eafovgelagers UhSy L S R FHBTSEAGRY | | or wher o
the nol ecul afvinh @ WAPG-3RSHE& M ar sTevE RdrAKRY Withl &S fin bARL sifila Y51 gRL per cent
relative to tr%e catal yst weight and a preferable weight ratio of the

bi nder to nlaemtNar 5.3#4&8@5 disdesestaondhod 00 hibkingl 4 dataligic drickie camdlgtul ar si eve

catal yst conpositions described. above are useful ipn hydrocarbon conversion
processes, {E‘.‘)/%&li"agm@l SeTigpQInt ¢ ea QPén%?e?trPgﬁl%ﬁléﬁn%?rgéHP‘éPrestPeve

cat al yst corm@gg;o}fﬁ{e in@%‘gms oRELLER l\z?aﬂﬁééf AiaP Y gob E2hiSh BRE BednGomer ci al Iy

desi rabl e oper Ity and cost advantages
Behavior of Zeolite Crystals in Sols and Suspensions, Ind. Eng. Chem. Vol. 40,

pages 2573-2579, 2001 discusses zeolite aggregation at or near the isoelectric
point; PCT Publication WO 99/21651 describes making a catalyst by drying a
mixture of an alumina sol and a SAPO molecular sieve; PCT Publication WO
02/05950 describes making a catalyst composition of a molecular sieve containing
attrition particles with fresh molecular sieve; and WO 02/05952 discloses a
crystalline metallo-aluminophosphate molecular sieve and a matrix material of an
inorganic oxide binder and filler where the molecular sieve is present in an
amount less than 40 weight percent relative to the catalyst weight and a preferable
weight ratio of the binder to molecular sieve close to 1.

[0011] Although these molecular sieve catalyst compositions described
above are useful in hydrocarbon conversion processes, it would be desirable to
have an improved molecular sieve catalyst composition having better attrition

resistance and commercially desirable operability and cost advantages.



WD 03/000412 PCT/US02/19869 5 Sunmmary O The Invention [0012] This

i nvention provides for a nethod of making or formulating a nolecular sieve
cat al yst wompmsi4tiz on and to its use in a conversion proce®PETfm2/1BeNVerti ng
a feedstock into one or nore olefin(s). [0013] In one enbodi ment the
invention is directed to a nethod for mpking a nol ecul ar sieve catal yst
conposition by conbining, contacting, mxing, or the 1like, a nolecular
sieve, a binder, and a matrix material in a slurry, wherein the slurry has
a pH above or below an isoelectric point (I1EP) of, independently or in

conbi nat i on,sl;,ﬂﬁag%bngeqhvé{tﬁ,\{,e, t he binder and/or the matrix material. In
one preferr e i ; slurry has a pH at |east 0.3 above or bel ow
the | EP of [00E]nol edhisdnveition providesdops mbthod e nekingdir dfemtulatinigea ol ecul ar

sieve is synthesized fromthe conpination fromat |east two of the group
consi sting dfol C‘ﬁ%ri Sllqvéﬁﬁtag’]éh‘icﬁ’ép,osﬁloﬁﬁﬁ%%ﬁ? BN @EQPEESIQR BTOSESSAP LN num

sour ce, Opti&ﬂ%rli}{%h?eeﬁgtﬁck Ffm%&feoﬁ]ﬁgg hl ating agent, nore preferably

the nol ecular sieve is a si um nop ate or al um nophosphate, and

nmost prefergdb0idla silh omoahbodinephbspivadition ik ARdddd dom mehod fdragakimnt t he
invention is directed to a nethod for formnulating a nolecul ar sieve
catal yst corfyagiesulasievesatahyst ersppassinsriysiompining cogtagtirg, Grixingagr theit r oduci ng

a ol ecul ar lﬁéeeé/ %8Ee%u1f39 gi&eaa%knlﬂiréﬂ%hfl gt?l.)nan%iQ %n%?egﬁgfngqgﬁﬁgygb}geﬁﬁﬂ {}18:;) ts?)?\ ay

slurry; (c) ITntroducrng a matrix’ ’materi a

drying the sy bastapHPasE oL béIBe dnassBicaiEsbinIER)WahdSiead et rgh Y St

conposition, wherein a pH of the slurry is above or below an | EP of the
mol ecul ar sicewdinatian, thamotesulae pivedd ithegvinder tahd/op the phattinenatdriat.r kn ars at | east

0.3 away, abhove or belpw, the .isaelectri LNt of the nole ar. sieve. In
anot her enbd)d’ffﬁgﬁc[ ?mg‘?fgmﬁ%tr E’@G’W%a@iaé{;LatéS{)sgbg?PO‘éeoWBﬁ%‘W fh&ﬁghé’é an
Attrition Rahemblildepr L8R Dina§istelrERimBodikb the MEEGRAHsiRBYs hour, preferably
| ess than 1 wei ght percent pér hour and nost preferably less than 0.5

wei ght per cemtthperednfoam theRoefbematioh fronhat least seabfthe groapeondsting of a

si |l i coal um ngphosphate, ,an _al um norphos hate and/or a chabazite
struct ure-t ysggzon \Wree, 3 Rhpsphiogqus source and an aluminum source, optionally in the

presence of a templating agent, more preferably the molecular sieve is a
silicoaluminophosphate or aluminophosphate, and most preferably a
silicoaluminophosphate.

[0014) In one embodiment the invention is directed to a method for
formulating a molecular sieve catalyst composition, the method comprising the
steps of: (a) introducing a molecular sieve to form a slurry; (b) introducing a
binder to the slurry; (c) introducing a matrix material to the slurry; and (d) spray
drying the slurry to produce the formulated molecular sieve catalyst composition,
wherein a pH of the slurry is above or below an IEP of the molecular sieve. In
another embodiment, the pH of the slurry is at least 0.3 away, above or below, the
isoelectric point of the molecular sieve. In another embodiment, the molecular
sieve catalyst composition has an Attrition Rate Index (ARI) less than 2 weight
percent per hour, preferably less than 1 weight percent per hour and most
preferably less than 0.5 weight percent per hour. Preferably the molecular sieve is
a silicoaluminophosphate, an aluminophosphate and/or a chabazite structure-type

molecular sieve.



WO 03/000412 PCT/US02/19869 6 [00151 In yet another enbodi nent, the
invention is directed to a process for producing olefin(s) in the presence
of any ofwoDle/alore nol ecul ar sieve catal yst conpositi on®CTIUsop#essd cul ar,
the process involves producing olefin(s) in a process for converting a
feedstock, preferably a feedstock conta ning an oxygenate, nore preferably
a feedstock containing an al cohol, and nost preferably a feedstock
cont ai ning methanol in the presence of one or nore of the nolecul ar sieve
catal yst conpositions thereof. Detailed Description O The Invention

I ntroductionod)161 TgeriaA¥@BE ibodidesti HeGhRAEDRYETifbcRd T h PRIt fobi eve

catal yst conposition, its making and to its use in the conversion of a
hydr ocar bon prédevhgtadefin(s)inshopresence ofbany ofltlef abofs Inoldcntar sisve cathlgst si eve

catal yst conpositi.on is made or formed . fromthe conbination of a nol ecul ar
si eve, a bi fABPOSHORS- 19 partisHiar) he Progess iy Yeérpa?ﬂlvzngél?ﬁt@i IR aPROGSFT al . It
has been kn | 1ey. 4 1 TN /RN 101 i rsions
that parti cﬁ}é%a‘%g%é‘ taif%ergf S?)gk’ rg%@})%ye%ﬁggstwé(b%gl gag##]hgah ![0 %%Qe\ﬁ}gtg, ‘ggfe Waal s
attraction po¢ferabiyad febdstoukesontairing ar aldolal, gpdmhost peeferably fade&Btockt abi | i zat i on
of dispersions by electrostatic repulsion is described in E. J.W Verwey,

et al., ThedPytaping methaneldn thesuesener ffonews prspptthemalesulps siers satelyst |

Anst er dam ) X| surfaces are either negatively or positively
char ged de%@%%?%ﬁggﬂg egpr of the oxides in an aqueous nedia; see Th. F.
Tadros, Solid/Liquid D spersions, Academ c Press, London, page 5, 1987,
which is fully incorporated herein by reference. The isoelectric point

(1 EP) is thdletailedi Besghiption QfEheslnventien of particles in a nmediumis not

char ged, mh&cg aou&gsponds to a pH value for a particular material, for
exanpl e a i eve catal yst conposition, in a particular medium

for exarmle[m%r): S e thvehiidi] 8Wrectsd fobard'h rolculdd SievoRdthigil! qui d I nterface
and El ectrical ubl e Layer, in Solid/Liquid D spersions “(Edited by Th.F.

Tadoos), Acadmppstiéh,éssnakingataltp ifyagen t6Sc@Bersi@Baf,a whiradarbom ful |y

i ncorporated herein by reference, It _has heen surprisjngly discovered that
by prepari %@e‘jétoﬁ]lbfr@%ﬂp%l?r @P@\f@efﬂf)al’ﬁ@f“(gﬁ%életvf’ﬁﬁa I WHMROFIIQBSY e the | EP
of the

made or formed from the combination of a molecular sieve, a binder, and
optionally, most preferably, a matrix material. It has been known generally in the
art that with solid/liquid dispersions that particle aggregation is prevented by
overcoming the van der Waals attraction potential between the solid or particle
surfaces. Stabilization of dispersions by electrostatic repulsion is described in
E.J.W. Verwey, et al., Theory of the Stabilization of Lyophobic Colloids, Elsevier,
Amsterdam, 1948. The oxide surfaces are either negatively or positively charged
depending on the pH of the oxides in an aqueous media; see Th. F. Tadros,
Solid/Liquid Dispersions, Academic Press, London, page 5, 1987, which is fully
incorporated herein by reference. The isoelectric point (IEP) is that state where
the surface of particles in a medium is not charged, which corresponds to a pH
value for a particular material, for example a molecular sieve catalyst composition,
in a particular medium, for example water; see J. Lyklema, Structure of the
Solid/Liquid Interface and Electrical Double Layer, in Solid/Liquid Dispersions
(Edited by Th.F. Tadors), Academic Press, London, pages 63-90, 1987, which is
fully incorporated herein by reference. It has been surprisingly discovered that by

preparing a molecular sieve catalyst composition below or above the IEP of the



WO 03/ 000412 PCT/ US02/ 19869 7 nol ecul ar sieve, a catal yst conposition
havi ng i nproved attrition resistance is fornmed. The pH at the IEP of a

gi ven surweos/obeial so an i nportant consideration in sel e®Crrgpoaigssnder ,

wei ght ratio of binder to nolecular sieve, and total solid particle
content in a solid/liquid dispersion. Therefore, it has al so been

di scovered that in addition to |EP, that the weight ratio of the binder to
the nol ecular sieve is also inportant to producing an attrition resistance
catal yst conposition. Ml ecular Sieves and Catal ysts Thereof [0017]

Mol ecul ar —sigyBSulAYS e VRELRYS ERBBLIAEH haRko WV&%ﬁntfoﬁ@@ﬁM& s
characteristics. Ml ecular 5ieves have been well classified by the
Structure Gomméds Siterplbit thhEER off egivent swinat isZdsd artmpﬁsmmmoasudcmuacnnr ding to

the rules of the |UPAC Co ssion.on Zeolite hbnencl ur

f r amewor k- tﬁB’@CW&%?Wﬂ%‘sWF@{ ra&BﬁEQH{AF%otWOIC‘E‘Bﬁo*%@y, taf Ff?alﬁt etrahedral |y
coor di nat ed R bl § Wil BispditiBTCHREK for@ TR MR BisBRRFdACT | On Of
the specific properties teria Franewor type zeoli1te and
zeolite- typehz{tﬂh edditiou toSiEPy gt the weidhit ¢dtiosof thé bindérto ¢hdaslebalersie@stiabl i shed,
are assigned a three letter code and are described in the Atlas of Zeollte
Franmewor k TyAedmpsttantde pradyping gn geriiien resisingeatal B gpapesitior001) , which is
herein fully incorporated by reference. [0018] Non-limting exanpl es of

t hese nol ecul ar sieves are the small pore nolecul ar sieves, AEl, AFT, APC,
ATN, ATT, ANoleAYMY SRVEs a.@@ataqws Thébf DAC, DDR, EDI, ERI, GOO, KFI, LEV,
LOV, LTA, M, PAU, PH, RHQO THO, and substltuted forms thereof t he
medi um por e (80 Hcul aMolmUéar@@Vesélme VAHQYs dhpmicaHEd plsERal, KEMeWEl,, MW MIT,

TON, d tituted f dt | | |
EVT EAL, st plsb e g Bon e e Bahe SFeREves i ol ude
ANA,  BEA,  ChttomifalsSlon oPHY: In@r@tloﬁa-[%eo%&ss%md\%%ﬂﬂ% t§% rum%'fltﬂem ting

exanples of the preferred nolecul ar sieves, particularly for converting an
oxygenat e cdbPathCogmidsendst Lakite meenﬂlaﬁlren(ﬁsfrarnlewofh:ldpe éﬂcnbékﬁh{e; BEA, CHA,
EDI, FAU, FER, 4S5, LTA LT MER, MF|, MOR, MIT, AM and TON. In one
pr ef erred V@og@c@&sm :E%qujggpl/, gg@g /tq_tgaélg@rally coordinated atomlvsvzzw(\)lnstl-rtu![\{lng the

framework, and making an abstraction of the specific properties for those

materials. Framework-type zeolite and zeolite-type molecular sieves for which a
structure has been established, are assigned a three letter code and are described in
the Atlas of Zeolite Framework Types, 5th edition, Elsevier, London, England
(2001), which is herein fully incorporated by reference.

[0018] Non-limiting examples of these molecular sieves are the small pore
molecular sieves, AEI, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA,
CHI, DAC, DDR, EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI,
RHO, ROG, THO, and substituted forms thereof;, the medium pore molecular
sieves, AFO, AEL, EUO, HEU, FER, MEL, MFI, MTW, MTT, TON, and
substituted forms thereof, and the large pore molecular sieves, EMT, FAU, and
substituted forms thereof. Other molecular sieves include ANA, BEA, CFI, CLO,
DON, GIS, LTL, MER, MOR, MWW and SOD. Non-limiting examples of the
preferred molecular sieves, particularly for converting an oxygenate containing
feedstock into olefin(s), include AEL, AFY, BEA, CHA, EDI, FAU, FER, GIS,
LTA, LTL, MER, MFL, MOR, MTT, MWW, TAM and TON. In one preferred



8 enbodi nent, the nol ecul ar sieve of the invention has an AEl topol ogy or a
CHA topology, or a conbination thereof, nost preferably a CHA topol ogy.

[ 00191 Moweawloen41si eve materials all have 3-di nensional f ramamo?/kIseo
structure of corner-sharing TQ(err) tetrahedra, where T is any
tetrahedrally coordinated cation. Thesg nol ecul ar sieves are typically
described in terns of the size of the ring that defines a pore, where-the
size is based on the nunber of T atoms in the ring. O her framework-type
characteristics include the arrangement of rings that forma cage, and
when presentemiddgnéhit BB s dbul sk Bidk Snvedlish hilein APPEPSIRGLVEERA he cages.
See van Bekkum et al., Introduction to Zeolite Science and Practice,
Second Conpltep@bgy,Rewicemtinatian thepeafidacst Brtiferably a CldAtopold®7, pages 1-67,

El sevi er Sci , B.Y,,. Arst er dam t | ands. (2001)... [00201 The small,
medi um and |l§6§9§ por &%‘FLE%LW%IF “ﬁtg\l‘ﬁ%gﬁgﬁ‘)’g%gmﬁoﬂ& framfg' et a 12-ring or
greater frangyeiks 1 f j l[itic nolecul ar
si eves have 8-, ugeoéfyo%r?neifﬁar?}gﬁgé‘bﬁr%}%ﬂa?@ggrﬁﬁg%l 8é%tp%ﬁﬁ‘%§ aver age pore
si ze in the cocandjeataf cdtivonThtseuholddulirsicvss dre typicdllyadestrstiedin &fre € the

enbodi nent, the nol ecul ar sjeves of the invention, preferably

si |i coal um riggsrSdemargthadedings apow; whers thiasiee ig basadppsthe pamber ofder age por e
size lesst . ' o) r 3A to about 5A,
nore pref er%%piﬂijgg?ﬁngﬁott%g g‘%g{(ﬁta}& bé/ Q}R@ cé%%“%%%%%%‘f%r@%ﬂ%@ﬁ? .5A to
about 4. 2A. of[r}@2 fhht Mmecesgar andivii@reseat, tHeGiandioh RMahidl§ aad the
zeolitic-type nol ecul ar sieves, preferably have a nol ecul ar franework of

one, pref er Zbhgesaivesn themages. crerven Beklumgy af. Taredundriontte Zeelite §eiahceuni t s,

nore preferably, two gr [ i rr. 104%,%3%/.0r P04 t rahedr al
units, and rff ;Prﬁ?té‘iee‘?%%%??g{v%(% %ﬂ’,gel%%d[(ﬁé’f'? ﬂon’[‘%ﬂsﬁq‘lﬁ% °r ahedr al
units. Thesgaskd I-6PMEIs@hidtEchige, BVd Ahaskher RuseRarB{200M9! ecul ar sieves and
metal containing silicon, alum numand phosphorous based” nol ecul ar sieves

have been dd862Q]bed iThedmnbj medinmranddarge poneuindlemddristaves havel froohh ng- f or
exanple, U S, Patent .No. 4,567,029 APO where Me is , M, Zn, or Co),
U.S. Patent TH§ 102 14280 readold: ,e‘ﬁﬁwag&aﬂnpgeéﬁqe%w%@@%ﬂle@- A-0 159
624 (ELAPSO MBgfiEmblechiSr 8SvesBSve 8. 167 or 199y ires Etardel M, Ti or
zn), U.S. Patent No. 4 554 143 %f—'eAPoé), fj.ng% Bat e?ntgs a$¥ aﬁ‘,w%bz, 478,
4,683,217, average pore size in the range of from about 3A to 15 A. In the most preferred

embodiment, the molecular sieves of the invention, preferably
silicoaluminophosphate molecular sieves have 8- rings and an average pore size
less than about 5A, preferably in the range of from 3A to about 5A, more
preferably from 3A to about 4.5A, and most preferably from 3.5A to about 4.2A.
[0021] Molecular sieves, particularly zeolitic and zeolitic-type molecular
sieves, preferably have a molecular framework of one, preferably two or more
corner-sharing [TO,] tetrahedral units, more preferably, two or more [SiO,],
[AlO,] and/or [PO,] tetrahedral units, and most preferably [SiO,], [AlO,] and
[PO,] tetrahedral units. These silicon, aluminum, and phosphorous based
molecular sieves and metal containing silicon, aluminum and phosphorous based
molecular sieves have been described in detail in numerous publications including
for example, U.S. Patent No. 4,567,029 (MeAPO where Me is Mg, Mn, Zn, or
Co), U.S. Patent No. 4,440,871 (SAPO), European Patent Application EP-A-0 159
624 (ELAPSO where El is As, Be, B, Cr, Co, Ga, Ge, Fe, Li, Mg, Mn, Ti or Zn),
U.S. Patent No. 4,554,143 (FeAPO), U.S. Patents No. 4,822,478, 4,683,217,



WO 03/ 000412 PCT/ US02/ 19869 9 4,744,885 (FeAPSO), EP-A-0 158 975 and U. S
Patent No. 4,935,216 (ZnAPSO  EP-A-0 161 489 (CoAPSO, EP-A-0 158 976
(ELAPO, wweroa/ofiil41zs Co, Fe, My, M, Ti or Zn), U S. Pate®CTNs02/498840, 440
(A1PO4), EP-A-0 158 350 (SENAPSO, U.S. Patent No. 4,973,460 (Li APSO),

U S. Patent No. 4,789,535 (Li APO, U S.9 Patent No. 4,992,250 (GeAPSO,

U S. Patent No. 4,888,167 (GAPO), U S. Patent No. 5,057,295 (BAPSO, U.S.
Patent No. 4,738,837 (CrAPSO, U S. Patents Nos. 4,759,919, and 4, 851, 106
(CrAPO), U. S. Patents Nos. 4,758,419, 4,882,038, 5,434,326 and 5, 478, 787
(MJAPSO) , U.43744%8590EAPRO), E12A% 198979 HRAFQ) PatbhtNo. B8 6NgnAps894, 213
(ASAPSO), U.S. Patent No. 4,913,888 (AsAPO), U.S. Patents Nos. 4,686,092,
4, 846, 956 arkP-A-7 361 $8B(GaPITHOEP-A-0.158 P EhASONedereEI383, o) Fe, Migd

3 50, 500 ¢ AP 2 sTBHERNS R s TBa b PCE SR 3 sl s PSSR0, 20
(Ti APSO), U;Ps. Patas 4'!%;46@ @g%sg‘%u(él.11%%6@%?@53%9@9?0‘}%,_5( Ti APO),

U.S. Patents No. 4, 824, 554] Co tent 4,735, 806
(GaAPSO) EP-Patcht R934,937,2 §QARIP SO &I 8 Ftdns Nof 4888067 (GexPOpUi t [ Q2] ), as
well as U S. Patents Nos. 4,567,029, 4 4,781,814, 4,793, 984,

686, 093,
4,801, 364, FatsmsNeo%.054295 (BANS0). 4 BfatauiNo. 4798831 (IrAPSOIOEES. 165,
Tty oo pafehls Kada 3099, % &Chor RERPOTY Spde it NI EAEHR, 101 o

fully incorpo reféfence. ar sreves are ¢ribed in R

Szost ak, Hangdsaqks805. 4826 bihds,4 B, 2YEMg NRSONAS 51 Pdicht Rey. als3hd43 New Yor k, New
York (1992), which is herein fully incorporated by reference. [0022] The

nmor e pref er (BeABD).ilsdnPatent iNe. 82 H8ARHOE BhrRatent Nond 21 588Y nol ecul ar

ol oul ar - siGoAEON s FARE B R 0h 4386 530 Beg Y8 et MpaBRBles "and
sil'icoal uni npshpaﬁahams.(%@lmh%gl%?g?ls(m\mﬁmb%&ﬁt NbUd gst7 357 ef erably

nmetal substituted, ALPO and SAPO nol ecul ar sieves. The nost preferred
mol ecul ar- si(BeAES@),dJ. SAR@: N @ dif48s578i(BusBO),dAnE. Paseras Nosibs01t309ed SAPO

A of - the Herraane D e TEMSRon LIS shaeies 308 B e e oup 11 A

of the 4,605,492 (T1APO), U.S. Patents No. 4,824,554, 4,744,970 (CoAPSO), U.S.
Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO, where Q is
framework oxide unit [QO,)), as well as U.S. Patents Nos. 4,567,029, 4,686,093,
4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384, 4,956,164,
4,956,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of which are herein
fully incorporated by reference. Other molecular sieves» are described in R.
Szostak, Handbook of Molecular Sieves, Van Nostrand Reinhold, New York, New
York (1992), which is herein fully incorporated by reference.
[0022] The more preferred silicon, aluminum and/or phosphorous containing
molecular sieves, and aluminum, phosphorous, and optionally silicon, containing
molecular sieves include aluminophosphate (ALPO) molecular sieves and
silicoaluminophosphate (SAPO) molecular sieves and substituted, preferably
metal substituted, ALPO and SAPO molecular sieves. The most preferred
molecular sieves are SAPO molecular sieves, and metal substituted SAPO
molecular sieves. In an embodiment, the metal is an alkali metal of Group IA of
the Periodic Table of Elements, an alkaline earth metal of Group IIA of the

Periodic Table of Elements, a rare earth metal of Group IIIB, including the



Periodic Table of Elenents, a rare earth metal of Goup I11B, including the
WO 03/000412 PCT/ US02/19869 10 Lant hani des: | anthanum cerium

pr aseody mworm/ooaezlym um samarium  europi um gadol i ni um PCEMNIS0NY869
dysprosium holmum erbium thulium ytterbiumand lutetium and scandi um
or yttriumof the Periodic Table of Elgnments, a transition netal of G oups
VB, VB, VIB, VIIB, VIIIB, and IB of the Periodic Table of Elenents, or

m xtures of any of these netal species. In one preferred enbodinent, the
netal is selected fromthe group consisting of Co, G, Cu, Fe, G, G, M,

M, N, Sn, [Hntha§lledNshtKinunfReritth Xpréeddyhilfh §RbdyhitindRahRgkm, Preferred
enbodi nent, these nmetal atons di scussed above are inserted into the

f ramewor k ofeveopiwrh ggadbhniusi, ereiumh dyspgsien} letlmaie drbiumy didipmsuch as [ Me02]
and carry a net charge depending on the val ence state of the netal
subst i t uent .Y“FEh‘“mé‘%gﬁ?té}mi% SFRndBHR 8RY ki of tisdieriodis Tabledt substi t uent

has a val en%eﬁ%&%’g‘, ggnsh%,n mé 1%fr‘ﬁm@?}v}%%gg}n}g},*\ﬁlﬁ?@/ll%ﬁa@ﬁ‘T'B% fehe

t etrahedral uni et ween - n one e I ment, the

mol ecul ar sikeyiedicaabltas@léteds,ion nifktyes@f ahiof thebeSnetRbdpecies hrmki oned above,
is represented by the enpirical fornmula, on an anhydrous basis:
R (M , Al YP)pegferrgghembodimpnt; gigrnaeials selegted Bamttheogoup enpsiginged Cagent |

preferably r gani enpl at.i gent ; is,the nuq%er f_moles of R per
ol e of (M b Tesy e ME N S8 §9FRang Pl WS B ere i dRIAS o 0.5,
and nost prgfr@feﬂ@d ¥mbsdmel, HRsOmstal #omsMiscaed dbdvRRireaReHed ih@ (ARl € fraction
of AI, P and Mas tetrahedral oxides, where M is a netal selected fromone

of Group | A framesyork Bf a role@ular ¥iBye WiByughlaBetralied®] uniy) sutiBasiMeQArmndani de' s of
the Periodic Table qf Elenents, preferably Mi sel ected from one of the
group consi $P™Hg "5t 8_65%e ?ncéﬁg, Ogg’,ev ,nc‘;(agt?te%?hel\m‘?taﬁﬁuﬁ’““gﬂ}t' P Zn and zr.
I'n an enmbodigBible, M dre HBEBRIEN VAR (RE mRAY &lbstiRieR Kas a8ARn¥e stite oRRY Z are
greater than or equal to 0.01. In another enbodinment, mis greater than

0.1 to about+3];4x+5, er ¢j6.ahet éet cihhnga ofthedetadhedtal OniRb, beywden -2 and h2. r ange of

fromO0.4 to 5 and z is in . the range of fromO0.25 to 0.5, nore
preferably r{&)%s]f rorr?‘t)‘."lase"c‘l"c‘f’d@‘?l?‘}t’ the malequias ieye.q dessibod i maRyeH the

0.4t 00. 5, anq75SpLHOm Qreﬁﬁ&%d%bove, is represented by the empirical formula, on an

anhydrous basis:
mR:(M,AlP)O,

wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (M AL P,)O, and m
has a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to 0.3; x,
y, and z represent the mole fraction of Al, P and M as tetrahedral oxides, where M
is a metal selected from one of Group IA, 1A, IB, IIIB, IVB, VB, VIB, VIIB,
VIIIB and Lanthanide's of the Periodic Table of Elements, preferably M is
selected from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni,
Sn, Ti, Zn and Zr. In an embodiment, m is greater than or equal to 0.2, and x, y
and z are greater than or equal to 0.01. In another embodiment, m is greater than
0.1 to about 1, x is greater than 0 to about 0.25, y is in the range of from 0.4 to 0.5,
and z is in the range of from 0.25 to 0.5, more preferably m is from 0.15 to 0.7, x
is from 0.01 to 0.2, y is from 0.4 to 0.5, and z is from 0.3 to 0.5.
[0024] Non-limiting examples of SAPO and ALPO molecular sieves of the
invention include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPO-



[0024] Non-limting exanples of SAPO and ALPO nol ecul ar sieves of the

i nvention include one or a conbination of SAPO 5, SAPO 8, SAPO 11, SAPO WO
03/ 000412wB@B/WB02/ 19869 11 16, SAPO 17, SAPO 18, SAPO 2@CTSAPI B9

SAPO 34, SAPO 35, SAPO 36, SAPO 37, SAPO 40, SAPO 41, SAPO 42, SAPO 44
(U.S. Patent No. 6,162,415), SAPO 47, 1APO- 56, ALPO-5, ALPO 11, ALPO 18,
ALPO- 3 1, ALPO 34, ALPO 36, ALPO 37, ALPO 46, and metal containing

nol ecul ar sieves thereof. The nore preferred nol ecul ar sieves include one
or a conbi nation of SAPO 18, SAPO 34, SAPO 35, SAPO 44, SAPO 56, ALPO 18
and ALPO- 34, 1¢e¥RPO0PY, & AHT-€8 63 Qb Y009/ POL3 12 sm@wa&mfm@f SAP63s, 18,

SAPO- 34, ALPO 34 and 'ALPO- 18, and netal containi'ng nmol ecul ar ‘si eves

t her eof , ancBARQ{Wp%AP@F‘&bSﬁP@aél ®&ARO- 42,(ﬂ¥bP®eﬂt4| (OIS. dateBARG: Q46 AA5)ALPO- 18,

d t al t | | th 51 | nmbodi t
fhe ol ecul SR AeSA BB AP §r SUFa- Hebrial . Aeklind: AbBOSK more af ot nct
phases of crygghs mzp@tw%ﬂﬁ@aavanh%aal%ﬁtam PRl LG nGRTPOS L on.

In particular, Tntergrowth nolecular sieves are descri

Pat ent Appl iTRtrhae p&‘éﬂrﬁ] mbdlecul@didRg iftlGlefonk & a Au@UEatidn 02OQROAIS PCT WO
98/ 15496 published AE 16, 1998, both of which are herein fully
i ncor por at edARO-3fe3A Qrﬁ:5eSAiP@r4‘b>SeﬁP@ -86, AJpPOr181md A REB34 eamprRUNV 18

another o ﬁﬁgﬁ%kﬂ%tayﬁﬁ uliPn PEREOR SRR E A EOTTRY AR e o g1 o

phase of AE'and%k@al@bﬁtafnﬁr@g’@mHﬂaf MRS thdWfesidl @ést Dreuabl Wﬁ%@?&' s [00261 The
synthesis of nolecular sieves is described in nmany of t ref erences

di scussed alsombinagenef SAPY-34aidesLP@rl 8s aslmstabeantaiying Imméﬂ:czm steyes he
hydr ot her rral tallization of one or nore of a source of alumnum a
sour ce of h%r horous, a source of silicon, a tenplating agent, and a

metal cont a:][nozsq commaﬂboimeh@%ewole&lmmbn@ad B[Er%x%w%l?ﬁ%ﬁ:ﬁﬁl of silicon,
al um num an phosphorous, optionally wth one or tenpl ati ng agents

and/ or one dravimgrteo ometoad dlstmmt ahasengf aystplbive stsuciures pithmetheinmlecudeal ed
pressure vessel ti.onal 1l
steve comBosmon n particular, intergrowth molecular sieves are described in the
U.S. Patent Application Serial No. 09/924,016 filed August 7, 2001 and PCT WO
98/15496 published April 16, 1998, both of which are herein fully incorporated by
reference. For example, SAPO-18, ALPO-18 and RUW-18 have an AEI
framework-type, and SAPO-34 has a CHA framework-type. In another
embodiment, the molecular sieve comprises at least one intergrown phase of AEI

and CHA framework-types.

Molecular Sieve Synthesis

[0026] The synthesis of molecular sieves is described in many of the
references discussed above. Generally, molecular sieves are synthesized by the
hydrothermal crystallization of one or more of a source of aluminum, a source of
phosphorous, a source of silicon, a templating agent, and a metal containing
compound. Typically, a combination of sources of silicon, aluminum and
phosphorous, optionally with one or more templating agents and/or one or more
metal containing compounds are placed in a sealed pressure vessel, optionally

lined with an inert plastic such as polytetrafluoroethylene, and heated, under a



lined with an inert plastic such as pol ytetrafl uoroethyl ene, and heat ed,
under a WD 03/000412 PCT/US02/ 19869 12 crystallization pressure and

t enper at uwe,030mi4ii2 a crystalline material is forned, and Ppcrarsoz/esever ed by
filtration, centrifugation and/or decanting. [00271 In a preferred

enbodi nent the nol ecul ar sieves are synpthesized by formng a reaction
product of a source of silicon, a source of alumnum a source of
phosphorous, an organic tenplating agent, preferably a nitrogen containing
organic tenplating agent. This particularly preferred enbodi nent results in
the synt hesrpsiffizatiofipkds @8 hidMicRgRAGIRNE aCEyedifhd hBeriAmS &irhk atnlaat I's
then isolated by filtration, centrifugation and/ or decanting. ]00281
Non-limti nghmnqnteee;i byfﬁ]&atwm@nntsﬁlgauesandioﬂ degtentangsi | i cates, funed

silica, for Aerosi | -200 avail able from Degussa Inc., New York, New
York, and AR 5| L iR spr qrrq ? El?fo@ [gale:lﬁr sieves a yaihesired by

orthosil i CalfGiinin a%acmgg&ggg)&%t e, BABTICL b Aufidu YR ouRRd

t et raet hyl ort igl i cate F SilTcas or aquecus suspensions

t hereof, f Orofephasnhbﬂ)uh,LHﬂQngﬂS: t@ﬁlpﬂ%ﬂing agmg prefur#bly & aitrdgeh cotbinfipnt de
Nermours, WI m ngton, Delaware, silicic acid al kali-metal silicate, or any
conbi nat i on AEBYEISMPlatng aﬁ?féf dh ﬁé&“&c@lﬁfrl}’é’%ﬁm@d Pmb@hmengreaultsﬂn thea sol .

[00291 Non-| e I num sour ce u

cont ai ni ng cg{r%%éslggf ogégggs%uc ‘“8§h°%l"H ¥ Ak S %féal 8‘3(53%}@ Al umi num
I SOpr opoxi dqmraﬁmmﬁfu@mmﬁ de@dﬂﬁﬁ{gnum hydr oxi de SOdI um al um nat e,
pseudo- boehm te, gibbsite and alum numtrichloride, or any conbinations

thereof. A lﬂﬁwﬂer r etNoadimigiag Qxamlgmﬁmlmqwomemmgluldgemhca@& fpmedi cul arly

when produci SI|I ecul S 00301

Nor | P L1 g o PR, ANTEN 5RO SU0aa6 doBb e e - AR BP%oNeMnc ude
al um num con gk Q. ABIFBNOMRY SsikQIRBspobfiiSsuch QﬂeHQﬁkﬁhﬁﬁl@BﬁEﬁk&s
containing, inorganic or organic, conpositions such phosphori ¢ acid,

organi ¢ phdspéatmpie, seicmetty| dbrthesilioate (ﬂ]ﬁd@ﬁhmdetﬁtrmnl@/lcml}(sﬂaﬂaiel(ﬂmosp
anor phous al um nophosphat es such as, ALP phosphorous salts, or
conbi nat i onscoﬂlﬂ‘gf‘]eglfcas?ﬁ%q“ﬁ?‘é? BISPAFioss the of pr ‘I‘]BP‘éﬁi‘sHﬁs‘mpsﬁbsphorl c

acid, parti cbph/¥08M1. du Pont de Nemours, Wilmington, Delaware, silicic acid,
alkali-metal silicate, or any combination thereof. The preferred source of silicon
is a silica sol.
[0029] Non-limiting examples of aluminum sources include aluminum-
containing compositions such as aluminum alkoxides, for example aluminum
isopropoxide, aluminum phosphate, aluminum hydroxide, sodium aluminate,
pseudo-boehmite, gibbsite and aluminum trichloride, or any combinations thereof.
A preferred source of aluminum is pseudo-boehmite, particularly when producing
a silicoaluminophosphate molecular sieve.
[0030] Non-limiting ¢xamples of phosphorous sources, which may also
include aluminum-containing phosphorous compositions, include phosphorous-
containing, inorganic or organic, compositions such as phosphoric acid, organic
phosphates such as triethyl phosphate, and crystalline or amorphous
aluminophosphates such as ALPO,, phosphorous salts, or combinations thereof.
The preferred source of phosphorous is phosphoric acid, particularly when

producing a silicoaluminophosphate.



produci ng a silicoal um nophosphate. WD 03/000412 PCT/ US02/19869 13 [00311
Tenpl ati ng agents are generally conpounds that contain elenments of G oup
VA of thewBasioodiilz Tabl e of El enments, particularly nitrogecT/yshosgshor us,
arseni c and antinony, nore preferably nitrogen or phosphorous, and nobst
preferably nitrogen. Typical tenplating3agents of Goup VA of the Periodic
Table of elenents also contain at | east one al kyl or aryl group,
preferably an al kyl or aryl group having from1l to 10 carbon atons, and
nore preferably from1l to 8 carbon atons. The preferred tenplating agents

are nitrogenyoesMt ai NiMehplAHRULBAS afcifeheraB$ cOMbOHGRs A cOHAh UMt GMoNi um
conpounds. [00321 The quat ernary anmmoni um conpounds, in one enbodi nent, are

repr esent ed GxoupPeA gétherPatiodio rTratbleeoflﬁ(l@nm)tfosl(plertic)llarlvlrméntge?apﬂo;iﬁhdms, hyfj rk olge n
or a hydrocarbyl or substituted ocar roup, preferably an al ky
group or an ‘HF%&%/C a’ﬁlrat?lfsfﬁl_oﬁév‘l’“ﬂﬁ W?fg%{ﬁ%§' ‘?‘H"%%’ ?f%hﬁﬂ_ﬁmé‘f‘ﬁn@d nstone

QUat er nary a0 CRgR) PRI RerdiPratle "1 7.
ami ne. [ 0033df eowerts alsd ¢omtpie xelepdt ese olkyt @mpylajrourg pedanbly anrtilylideadyet r aal kyl

anmoni um conpounds i ngl udi ng salts thereof such as tetramethyl ammonium
conpounds i n¥PYRIhAEng P toHdrcaron sty a8d Aypre Brgterhly FeBo ¢frBon ncl udi ng

lts th oYl i i th f d
ot r abutyl aims.cEAERERRh (ARIBM Behd oMl BoblSbARbunEteh. 1 e
di - n- propy! &nintiges(da@Ahateinahypippyhiam dgapdundet hyl ami ne (TEA),

tri et hanol am ne pi peridine, cyclohexylam ne, 2-nethyl pyridine,
N, N- di et hyl [9838y| anilhe qualeraryiramiyiuat ¢rarrsiuags, freonaknlasiimerixsieani ne,

, N-di met hyl et hanol ani hql N -di l.pi |
1 4. di azab) CyREarE O ERr g o NSRRI AIEEE08 nexcanedi an ne.
N- et hyl di etiaireassii Bﬁsubgﬁtﬁ&tdhﬁyﬁr&hﬂb?ﬂ%}gﬁﬁjﬂ?@ferabll'yr'@xtahwl grd &)O&Eahq{gfle

3-met hyl - pi peri dine, N-methylcyclohexylam ne, 3-nethyl’pyridine,
met hyl - pyri dirpep haymgiienildiod@, cathoN atamsrdniont ehpddidieat; aliE tepplatig?, 2, 2) oct ane

O D et S L SBLSR) ™ o
and one or more of a mono-, di- or tri- amine.
[0033] Non-limiting examples of templating agents include tetraalkyl
ammonium compounds including salts thereof such as tetramethyl ammonium
compounds including salts thereo‘f, tetracthyl ammonium compounds including
salts thereof, tetrapropyl ammonium including salts thereof, and
tetrabutylammonium including salts thereof, cyclohexylamine, morpholine, di-n-
propylamine (DPA), tripropylamine, triethylamine (TEA), triethanolamine,
piperidine, cyclohexylamine, 2-methylpyridine, N,N—dimethylbenzylamine, N,N-
diethylethanolamine, dicyclohexylamine, N,N-dimethylethanolamine, choline,
N,N'-dimethylpiperazine, 1,4-diazabicyclo(2,2,2)octane, N', N',N,N-tetramethyl-
(1,6)hexanediamine, N-methyldiethanolamine, N-methy!-ethanolamine, N-methyl
piperidine, 3-methyl-piperidine, N-methylcyclohexylamine, 3-methylpyridine, 4-
methyl-pyridine, quinuclidine, N,N'-dimethyl-1,4-diazabicyclo(2,2,2) octane ion;
di-n-butylamine, neopentylamine, di-n-pentylamine, isopropylamine, t-butyl-
amine, ethylenediamine, pyrrolidine, and 2-imidazolidone.
[0034] The preferred templating agent or template is a tetraecthylammonium

compound, such as tetracthyl ammonium hydroxide (TEAOH), tetraethyl



[ 00341 The preferred tenplating agent or tenplate is a tetraethyl anmoni um
conpound, such as tetraethyl ammoni um hydroxi de (TEAOH), tetraethyl WO
03/ 000412wB@3/HWB02/ 19869 14 ammoni um phosphat e, t et raet hplCTArRDMWsaM
fluoride, tetraethyl anmmonium brom de, tetraethyl anmmonium chloride and
tetraet hyl ammoni um acetate. The nost lgreferred tenplating agent is
tetraet hyl amoni um hydroxi de and salts thereof, particularly when
produci ng a silicoal um nophosphate nol ecul ar sieve. In one enbodi nent, a
conbi nation of two or nore of any of the above tenplating agents is used

i n conbi nat i imiituh gHaSpiate, MHEhYF ardmShiuhf AllorideeddbtAMmmaRdm Phosphor ous-
source. [0035] A synthesis mxture containing at a mninmuma silicon-,

al um num , tupaidss tegherbplammosiumebipsisiand detracthytiammosiym atetatey Bgent , shoul d
have a pHin_the .range of from2.to 10, .preferably . in fhe range of from4
(05, "and et pretrErlEmg ik S is GiraRhy G Hgreide@AShE |y ¢ he
synthesi s mutb@ phrdicRIBAY Kheh Brodutitg 3&HI; %ﬁl'&gﬂ, idyeunder

aut ogenous pressulr)e, cto g tgngrergtluge ilncot;%elr nggﬁg}%?l%glﬂ] al%%a'f 80C to
about 250C, lamde mmbedipreaf, arcahibjnatiow ot aioert mas@Eahp ofitheuboveli@Mplatihfe ti ne

required to formthe crystalline product is typically frominrediately up
to several ASERE S Ysd iyERmbipgfipnayithpneor mereodgsilicpngaheraent, aBd ¢ he

t enper at ur e; i.gh e tenperature the shorter the duration.
Typi cal |y, t%ggﬁg%tg’t g(ﬁr%éqhe nol ecul ar sieve product is formed, usually in a

slurry statgpo3sid is A syedie¥msigubycainiapandafitinfes b silideye, MakdindgRown in the
art, for exanple centrifugation or filtration. The isolated or separated
crystal | i ne ad©agkesphpiousnrompepibanAndta templafiag hgant, showiddave y pHusithey a

l'iquid such S o] many  ti . The washed crystalline
product is t e%?vkégp A4 ?@npé‘gr}?‘é%& ‘%&%%I%P%%W‘?‘B 42?? ?an_rﬁﬁsoté’fé/f?rﬁ%ne _
preferred emhesd aBg of WEB 1881 @Eﬁéxﬁﬂ%ﬂge KERIsisinfixHEEth efMed ffa vayat hesi s of
a nolecular sieve, it is preferred that the tenplating agent is

subst ant i al |apd hpated.erefbtaplyomdpt atedepous massves tead tegpetatyrs tatheirarggeicdn by
nunerous we] |l known techniques, for exanple, heat treatnents such as

cal ci nat i on.roneabut §87G Brabont W e sandomersaireisibbnliomsbewisarC &g dhpat

g?n;ﬁ;nidggi ﬁl@?éﬁﬁ@%ﬁﬁe&%u&%g gc? I’o&x‘ﬁi thg cr?lstgﬁi%’e p?ord%fcte is ?}tl);ligallglor(}n? I ning oxygen,
immediately up to several weeks, the duration of which is usually dependent on
the temperature; the higher the temperature the shorter the duration. Typically, the
crystalline molecular sieve product is formed, usually in a slurry state, and is
recovered by any standard technique well known in the art, for example
centrifugation or filtration. The isolated or separated crystalline product, in an
embodiment, is washed, typically, using a liquid such as water, from one to many
times. The washed crystalline product is then optionally dried, preferably in air.
[0036] In one preferred embodiment, when a templating agent is used in the
synthesis of a molecular sieve, it is preferred that the templating agent is
substantially, preferably completely, removed after crystallization by numerous
well known techniques, for example, heat treatments such as calcination.
Calcination involves contacting the molecular sieve containing the templating
agent with a gas, preferably containing oxygen, at any desired concentration at an
elevated temperature sufficient to either partially or completely decompose and

oxidize the templating agent.



el evated tenperature sufficient to either partially or conpletely deconpose
and oxidize the tenplating agent. WO 03/000412 PCT/ US02/ 19869 15 [0037]
Mol ecul arweioewestihave either a high silicon (Si) to al um mamysSé/)9ser ati o or
alowsilicon to alumnumratio, however, a low Si/A ratio is preferred
for SAPO synthesis. In one enbodi nent,15t he nol ecul ar sieve has a Si/A
ratio less than 0.65, preferably less than 0.40, nore preferably | ess than
0.32, and nost preferably I ess than 0.20. In another enbodi nent the

nol ecul ar sieve has a Si/Al ratio in the range of from about 0.65 to about
0.10, preferghsy fromabauir SviOhdwr cidbohigh siHeon (R & aﬂﬁxﬁirﬁlhﬁgilz from about
0.32 to about 0.10, and nore preferably fromabout”0.32 to abott O0.15.

Met hod for Nako oga Mw sticirao aBinememGatia | hpsievépatos St/Abrasio[i pRBrredrfoe t he

nol ecul ar sieve is nt hesi zed ependi ng on the requirements of the
particul ar P’é‘?tg 15r'8088 §f,nb9‘%§%ﬁb teanplerulas agvs hag aiSiveH ratilepiil at ed i nt o
a nol ecul ar gl hi Gl rcial use.
The ol ecul o ey Sy dRt It ICSIRE G R, e JrElb LBl i .38, IO, 11 S

mol ecul ar sipesferabht labsythan 6,200 Disarioitiesn embydig@bineimeedula siovethhes Szad
nol ecul ar sieve(s) with a _binder and optionally, but Preferably, a matrix
material tdaEQHHNG 13AgE O frrarabepe5 toaabenye 0.qupistbix frem abput).4Gtonul at ed

nol ecul ar si t i.ti.on i,.s_formulated nmol ecul Si eve

cat al yst cor?%égtl q.ﬁgﬁ%ﬁq@%gﬁn%%ouagé? dp a%%“é?éioa ’?P&ee‘?fetléﬁﬁ%h cles by
wel | - known tfeghabsiie3238abowd®.155pray drying, pelletizing, extrusion, and
the like. [0039] The pH at the IEP for various materials including netal

oxi des are discussed in J. Lyklema, Structure of the Solid/Liquid
Interface a | egtrical bl er, | | id/Ljquid D spersions,
Academi c Pr @&%ﬁ‘ﬁm King, f’secggarﬁxve Gafglyst f.gmpos on ter slto edt and D. A

oo | L] | SA= A~ g
Brandreth, $omdd] Par Onet &R lSIEONA Q9% is syRRESiz2d Stepét] thpew York, 1998,
which are herein fully incorporated by ‘reference. [0040] In one
enbodi ment , redquerenehsafltiar pasiiala, copvation ahicyssathesndleadalsiove iothbos phat e

nol ecul ar sieve, and nore preferably a SAPO 34 i
formulated into a molgcu?ar s{eve cXtalyst composition, particularly for

commercial use. The molecular sieves synthesized above are made or formulated
into molecular sieve catalyst compositions by combining the synthesized
molecular sieve(s) with a binder and optionally, but preferably, a matrix material
to form a molecular sieve catalyst composition or a formulated molecular sieve
catalyst composition. This formulated molecular sieve catalyst composition is
formed into useful shape and sized particles by well-known techniques such as
spray drying, pelletizing, extrusion, and the like.

[0039] The pH at the IEP for various materials including metal oxides are
discussed in J. Lyklema, Structure of the Solid/Liquid Interface and Electrical
Double Layer, in Solid/Liquid Dispersions, Academic Press, London, pages 63-
90, 1987 and J.-E. Otterstedt and D. A. Brandreth, Small Particles Technology,
page 258, Plenum, New York, 1998, which are herein fully incorporated by
reference.

[0040] In one embodiment, the molecular sieve, preferably a
silicoaluminophosphate molecular sieve, and more preferably a SAPO-34
molecular sieve, has a pH in the range of from about 3 to 7 at its IEP (measured as

an aqueous slurry), preferably in the range of from 4 to 6, and more preferably in



nol ecul ar sieve, has a pHin the range of fromabout 3 to 7 at its IEP
(nmeasured as an aqueous slurry), preferably in the range of from4 to 6,
and nore woaBeo@hbty i n WO 03/ 000412 PCT/ US02/ 19869 16 t hecmrarsge1wt9 from
4.5 to 5.5. In another enbodinent, the binder, preferably an alumna sol,
has a pH of greater than about 9 at itge6l EP, preferably greater than 10.

In yet another enbodinent, the matrix material, preferably a clay, has a pH
| ess than about 2 at its IEP. [0041] In another enbodinent, the slurry
conprising a nolecular sieve and one or nore of a binder or a matrix

mat eri al hashardige 8PRYA 25 tdS5OW alftiRh ShdBl¥nenb ShOWnHE plekRatlf ah he
nol ecul ar si eve, and one or nore of the binder or the matrix “naterial.

Pref erabl y tahemilagok hasoplhdof gester Henmbbetcutats IEP syreferdbihe giehtedhan d0d t he
matrix material and has.,a pH different fro above or_ bel ow, preferably

bel ow, the P8t Wﬂlel‘]@"%@gbﬁﬂf’éli‘e @?té\fé‘,‘at?“ﬂzgzw Y afkyt bas arP&F lesx material .
In an enmbodifEbout & Bt LHEPf the slurry is in the range of from2 to 7,
preferably from2.3 to 6.2; the IEP of the nolecular sieve is in the range
of from 2.5 [0@41]ess ThamtHer epitetianaib) tie slurrgrompeising 3. ole@l & skve thé | EP of

the binder is greater than 10; and the |EP of the matrix material is |ess
than 2. |n £6F MoEsphe binderaspdpatay maigsisd hasshpl abaye qretelayy, preferablyol ecul ar

i is i f . 42 h nbodi ,
T 2VEs b " Sy RIEP OB, Bl PR of e MR o o

t he bi nder, pre an nore prere

chl or ohydr atiaterisl. Pegeiablyehy slahaicomgrisRdhOmortular ke, tHe Bilkr hadgR of from
greater than 2 to less than 10. In still a further enbodinent, the matrix

mat eri al , a reatEy maerinbged hasel gH diftares droan @bove didsloy poéfetablydetdvgrih@ at its
| EP. I n another .enbodi ment, a pinder and.a nmatrix, co sitiagn,. preferably a
20 to 60 wéggr?tf erpgligglﬁarbﬁl%vﬁe&{e}h#e%mﬂ?e@%Fﬁﬁf‘a%@é‘rﬁ&ﬁﬁﬁ?% mat er?/al
based on tAge pAlRkhe MBS iR thel Bz ITRRA 236019, SPBfctdbly fBMEN &Jt %2;%1%”8 pH of

about 9.8 at its IEP. [0043] In one preferred enbodi nent, e slurry has a
pH at | east 1BP3fé#izovelecdar dxwleawirt the rdngP ob fromhx5 twlescthha i, mefewbdlyand/ or t he

[ of e binder G4 0% AN JUER RI LA TR mUSTL ) Brel b Y (e
] LR L G S
the molecular sieve is in the range of from 4.5 to 5.5.
| [0042] In yet another embodiment, the binder, preferably a alumina sol, and
more preferably an aluminum chlorohydrate, is positively charged and/or at a pH
in the range of from greater than 2 to less than 10. In still a further embodiment,
the matrix material, a clay is negatively charged and/or has pH of less than 2 at its
IEP. In another embodiment, a binder and a matrix composition, preferably a 20
to 60 weight percent binder and 40 to 80 weight percent matrix material based on
the total weight of the binder and matrix material, has a pH of about 9.8 at its IEP.
[0043] In one preferred embodiment, the slurry has a pH at least 0.3 above
or below the IEP of the molecular sieve and/or the IEP of the binder and/or the
IEP of the matrix material, preferably the slurry has a pH at least 0.5 above or
below, preferably below, more preferably the slurry has a pH at least 1 above or
below, preferably below, and most preferably the slurry has a pH at least 1.5
above or below, preferably a pH of at least 2 below. Preferably the pH of the
slurry is different from the IEP of the molecular sieve, the binder and matrix

material.



above or below, preferably a pH of at least 2 below Preferably the pH of
the slurry is different fromthe IEP of the nol ecul ar sieve, the binder
and matriwo osmoemz al . WO 03/ 000412 PCT/ US02/ 19869 17 [ 0024]r/us02/09369

enbodi ment, the weight ratio of the binder to the nolecular sieve is in
the range of fromabout 0.1 to 0.5, prafferably in the range of fromO0.1 to
|l ess than 0.5, nore preferably in the range of fromO0.11 to 0.48, even nore
preferably fromO0.12 to about 0.45, yet even nore preferably fromO0.13 to

| ess than 0.45, and nost preferably in the range of fromO0.15 to about

0.4. [0045] fpp44not hap oreBRbARRA:, thd\ReiPR 8G4bAthe BirRILLHRE BloYtlilaF ONPOSI ti on
or formul ated nol ecul ar sieve catal yst conposition has a mcropore surface

area (MBA) smeagsiretie rangaf romodbeoul.drto 8iSepefdariidy in the gargatod fronh@b tabout 70
ercent, referab reate an about 75 _percent, nore preferably greater

Ito han 80 perpclﬁ?ﬂtglan Qge‘%‘o??d?’%t[eﬁﬁ’g‘f ‘é‘rtg%ﬁ\?g%iagg?@ro-]clh@rp-% ‘per@ert , and nost

preferabl y ety kb, 120w SEERN e ;&%&ﬁ@p@? b8 (gRgcl ar si eve

itself. The M5A o ar si‘e st co ion 1S the total
MSA of the chap0db}dindmmebt picdaably by tHehenderddain®0.16fto bt 0B, ecul ar si eve

contained in the nol ecul ar sieve catal yst conposition. [0046] |n another
embodi nent i[804He f odpanethersynbodinenipghe melesulas sisvecatelystgopposionposi t i on,

1t e St SOl RSP RINML FRb HaP ] a5l Gy * v, 2

t he bi nder, ronal Ty incl X

process for @SApheasufed iiRGId-Mbleculdt Sibve thht ik Erefce fiRh86utl 73 erdehe
synt hesi zed nol ecul ar sieve contain an anount of a |liquid nmedium

pref erabl y ielsrabhhgreaterthbe abaad 75 peicent, mordyprefempblis extatentbah80pkreenty.  When
the solids content of ow,or too.high the attrition

| i t |
resi stance prop&tYs Brff%?kﬁl’ %ée%%%l}@lﬁliﬁsﬁﬁ?cgpte%d most RPN on i s

reduced. The,natl ®Eptrédnt 8F MY MSRLAINETholC QAR VEiRAF ThéMsN &f @b T ed
enbodi ment is nade by preparing a slurry containing a nolecular sieve, a

bi nder, and,molptularsadvieycatatyist eomppasitemabthe,toml MSA ofthendraposition dikided ol i ds
content of th referred slurry includes about 20%to about 50% by wei ght
of the nol edit ?Pra ti“l%\)‘g,tgepﬁn@ cSPARBiGVY Q%Fﬂl??gdﬁﬁh%%eﬁﬁah%%‘(ﬁca@@% by wei ght

of the ol ecll@osisibRYe:

[0046] In another embodiment in the formulation of a molecular sieve
catalyst composition, that the amount of solids present in a slurry of the molecular
sieve and the binder, optionally including a matrix material, used in a spray drying
process for example is important. Also, it is preferred that the synthesized
molecular sieve contain an amount of a liquid medium, preferably water, not
calcined, prior to being used in the slurry. When the solids content of the slurry is
too low or too high the attrition resistance properties of the molecular sieve
catalyst composition is reduced. The molecular sieve catalyst composition in a
preferred embodiment is made by preparing a slurry containing a molecular sieve,
a binder, and, optionally while preferably, a matrix material. The solids content of
the preferred slurry includes about 20% to about 50% by weight of the molecular
sieve, preferably from about 30% to about 48% by weight of the molecular sieve,
more preferably from about 40% to about 48% by weight molecular sieve, about
5% to about 20%, preferably from about 8% to about 15%, by weight of the
binder, and about 30% to about 80%, preferably about 40% to about 60%, by

weight of the matrix material.



nore preferably from about 40% to about 48% by wei ght nol ecul ar si eve,
about 5% to about 20% preferably from about 8% to about 15% by wei ght of
t he bi ndwo,03andizabout 30% to about 80% preferably about P€A%GSHDIBMbOUL 60%
by weight of the matrix material. WO 03/000412 PCT/ US02/19869 18 [0047]
There are many different binders that age useful in formng the nolecular
sieve catal yst conposition. Non-limting exanples of binders that are
useful alone or in conbination include various types of hydrated al um na,
silicas, and/or other inorganic oxide sol. One preferred alum na

contai ni ng gh47)s al ykeRUR GRhYUlTkEAR bidekBat AOLGANIIS fRMiGEhE0l acts |ike
gl ue bi ndi ng the synt hesi zed nol ecul ar sieves and other materials such as

the matrix trogetlarsicvepatalyst cdrapdsiticnt tINom-kingmgedxampleaofibmilers poareneat i ng,

t he i norgani c oxi de sol ref erably, havi n a low viscpsity, is converted
nto an P nort§am RIOBKPERY SeETBiRaHOn RRIRASNEREUS aﬁsgﬂy 3%‘% et sol il
convert to r [ 0048]

Al um num ch?%lﬁiﬁ# Eﬂggg&gﬁﬁdﬁ(%%apéabp%fuﬁﬁnﬂuﬁﬁn ase l?é cont aining a

chl ori de coubirainuiroshlorhgdrateh @hgémapalic bnﬁawlac&fllke@Mﬁ&ﬂ&ﬂ@ Px(H20)

wherein mis 1 tqg 20, nis 1to 8, ois 5¢to 40, pis 2 to 15, and x is O
to 30. In orynthstizd rﬁgﬁgulaxt sngve@an@g}he; gaterials such as the matrix together

ot al ) S ucer G R s a R e ok fing B TRRG bRaEN Which 1o

her ei n i ncorfpefeaibBthding £lo& FBERity i caveitBEint@ AP RBIFMR oxidONRriRr NOr e
bi nders are conbined with one or nore other non-limting exanples of

al uni na nat exomposegu&hr examplla shalimiox yolyitl erhvst toanaluminpe, oxidsehni t e,

di aspore, and t”g@fl t.i onal taI urmi nas such as a-alumna, (3-alun na,
y-al um na, SMOHEFIRTNEME BEYUEATHAY K- al umi na, and p-al umina, al um num

tri hydroxi deggog8jch asuuﬂnﬁmmsph @@eeam&&oxm{e@%idrﬁﬂéfntb%semyel ite, and
m xtures thereof. [0049] In anot%' nbodi nent, the binders are al um na

sols, pr edomonmmmg/a cldonye coynmg i, |ha$ thnrgtennralcfennuipbfonal l'y including sonme

o con e I PIRNAER LA PLIeLS, e pepy hagd gl gmina made
preferably apq3qid 6 Bet h{j&{%sen%fduﬁ%}tﬁé Birfer is Al,;0,(0H),,Cl,*12(H,0) as is

described in G.M. Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-

144 (1993), 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, B-alumina, y-alumina, 8-

alumina, e-alumina, k-alumina, and p-alumina, aluminum trihydroxide, such as

gibbsite, bayerite, nordstrandite, doyelite, and mixtures thereof.

[0049] In another embodiment, the binders are alumina sols, predominantly

comprising aluminum oxide, optionally including some silicon. In yet another

embodiment, the binders are peptized alumina made by treating alumina hydrates

such as pseudobohemite, with an acid, preferably an acid that does not contain a

halogen, to prepare sols or aluminum ion solutions. 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, MA.



hal ogen, to prepare sols or alum numion solutions. Non-limting exanples
of comercially available colloidal alumna sols include Nalco 8676

avai | abl ewbDrosno4ial co Chenmical Co., Naperville, Illinois, pPardhyased AL20DW
avai l abl e from Nyacol Nano Technol ogies, Inc., Ashland, MA. WO 03/000412
PCT/ US02/ 19869 19 [0050] The nol ecul angsi eve descri bed above, in a
preferred enbodinent, is conbined with one or nore matrix material (s).-
Matrix materials are typically effective in reducing overall catalyst
cost, act as thermal sinks assisting in shielding heat fromthe catal yst
conposi ti on [680)exanhe ntBlEdultd slcP9BEREBE] Mdve, iH@preEMENEMbOGmMERL & VSt
conposition, increasing catalyst strength such as crush strengfth and
attrition resmdimedoath amebrtroore mretmomateniel (s)atMatafk ncaserveds @ dypicatlya

particul ar process. 051] Non-limting exanples of matrix mterials

i ncl ude one SSECHYs A réf?“?‘“gr%‘iﬁéa”e%‘?at?ﬁt RENLAC s A STKS BSSISHBE A oxi des
including ti i: Bo hid ha, NEShRositi i i z, silica or
sols, and rris&%lifurlg%hﬁgﬁgg‘fh? C?%B)gexa lélogli |écx§{np%&ig&rﬁeIJ irgg,eng#?{)%’a- zirconia,
silica-tit anfensifySng the@aalysntompaitibnsinkieasingatnlystestichgthisach asl dtushn

enbodi ment, matrjx materials are natural clays such as those fromthe

fam |ies of stergthend pitation wsisigace aed torrontrpkthe raja pfieanversioayis aj ncl ude

sabbent oni t . e kaolins known as, for exanple, D xie, MNanee,
Georgi a and%épgglﬁggg&g%ays. Non-limting exanples of other matrix materials
include: haljgysilit e, Neadirhiting@xarfplekof Batrikagdtblifs irRludd AL ¥t fbre dfN One
enbodi nent, the matrix material, preferably any of the clays, are

subj ect ed t gangehith kietals nopdictives meitad exiden insbuling titgnielzireenioainegneaiai on and/ or

abodi mont . (i el SHe s of 7% T gt Heksol FoP gL kel 1 on,

preferably theneliakifa-Alctiial YR&-GAMAOSHLH-A0miRVUNAGi1RalaPihinh Hbri0r titania

content, and nost preferably the matrix material is kaolin. Kao1a| n has
been found tlo ah embodinEnhpadstie makdrghs asohatdrat dayesvch sb thosy fromtthdias a | ow

IS S M ST TR NECRT RS,
0 SE LY, NI K AT R By ik, SRSD GO vl
clays. Non-limiting examples of other matrix materials include: haloysite,
kaolinite, dickite, nacrite, or anauxite. In one embodiment, the matrix material,
preferably any of the clays, are subjected to well known modification processes
such as calcination and/or acid treatment and/or chemical treatment.
[0052] In one preferred embodiment, the matrix material is a clay or a clay-
type composition, preferably the 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 solid content slurry, it has a low fresh
surface area, and it packs together easily due to its platelet structure. A preferred
average particle size of the matrix material, most preferably kaolin, is from about
0.05 pm to about 0.6 um with a Dy, particle size distribution of less than about
1 pm.
[0053] In one embodiment, the binder, the molecular sieve, and the matrix
material are combined in the presence of a liquid to form the catalyst composition,

where the amount of binder is from about 2% by weight to about 30% by weight,

preferably from about 5% by weight to about 20% by weight, and more preferably



1 m [0053] In one enbodinent, the binder, the nol ecul ar sieve, and the
matrix material are conbined in the presence of a liquid to formthe

cat al yst wompmsi4tiz on, where the anount of binder is frompralraisn2/29%by

wei ght to about 30% by wei ght, preferably from about 5% by wei ght to about
20% by wei ght, and nore preferably WO @8/ 000412 PCT/ US02/ 19869 20 from
about 7% by wei ght to about 15% by wei ght, based on the total weight of the
bi nder, the nol ecular sieve and matrix material, excluding the |iquid.

[ 0054] Upon conbining the nol ecul ar sieve, the binder, and optionally the
mat ri x mat erfrdih abdid 78 by Abight {otabb@f 1998 b$ eidhY, baSldéihe t&ﬁ%agwﬂhé i gor ous
mxing is needed to produce a substantially honbgeneous m xture.

Non- | i mi ti nepiedearthé awlecokar sigiv¢ aisl matrixguatersalj excludde tbediqaid. a conbi nati on of

wat er, al co ket ones, al dehydes, and/or, esters. The st preferred
liquidis WQB@?"J In gﬁ?@“é%‘gm‘gﬁeﬁﬁmo AT sjeyFs tﬁe S@dgrus?g&twak%thﬁ gh shear
for a perio e hel ce:l: i rry- ture,
sub-parti cl g“%f"z‘é@%ﬁ%ﬂé? 11?'8 -paféﬁgﬁgﬁgi §é£¥${%8%§$%u+%é elé nmeans
for subj ect imeedddte psddute ¥ stlsstamitiblly hgmbgeplkowd mixnael Nondiniitihg 8xanhples ne

m xers, and the |ike. [0055] The preparation of the slurry conprising the
nol ecul ar sidvuitableiquids inglide apgior heombipation afaratari alrohod, ketanes.ed out by

m xi ng the a e t-he i d optional l.y the Jix material
at a tenper g@%eﬁlgagshgrﬁéer e%%ﬁsgeﬂgfm‘?gr@%%%%b ulcplfd'&ﬂ?ro Ié%fl?mg%eﬁependi ng

on the partithé Slufy #subfectel@o APheGEArdbr SH@IR of ARk JulbcifitN6 Bfodutdhene
enbodi nent, a particle size reduction step is perfornmed, either before or

af ter m xi nglesMideslerratiestuss syb-parpisie sizepand/on submartidlesize distzibutioreduct i on on
vari ous po .S, Usin var.i et f devices,. includin ut not.limted to
an i npi nge\é\gﬁ?tame |‘ﬁ‘ea8%%ﬁi5ta{‘?38ﬂi’ééﬁe sy |t%lB]?l g 1, ‘g‘fgﬁ({l@\‘f;ﬁ‘{ﬁ%’ fHige Bost on,

Massachuset tigikersO4ndahélike.0r Wet mll, for exanple an Eiger mll (a wet mll

avai l abl e from Ei ger Machinery, In., Gayslake, Illinois), ajar rolling
mll for bot[A05qry afitle peeparatibh pfidee Shwii doaiprisingthemPhalilatsievdhde, | nc. ,

Little Falls, w Jersey), or. by use of hi.gh- shear. m xer (available from
Sil verson N&Eﬁ‘f’ggé%d] &Fﬁf@t?lx E@ﬁ”a}) é&ﬁﬂwgé’ﬂbal' 8g therfneleslasievenie par ticl e
size distribyfiepind Sbtfolﬁﬁllflﬂérxﬁé{rik Tnaterial at a temperature in the range of from

about -10°C to about 80°C. Depending on the particle size of the molecular sicve

and the binder, in one embodiment, a particle size reduction step is performed,
either before or after mixing. There are many ways to perform particle size
reduction on various powders using a variety of devices, including but not limited
to an impingement mill (a micronizer available from Sturtevant, Inc. Boston,
Massachusetts), or a dry or wet mill, for example an Eiger mill (a wet mill
available from Eiger Machinery, In., Grayslake, Illinois), a jar rolling mill for both
dry and wet milling (available from Paul O. Abbe, Inc., Little Falls, New Jersey),
or by use of a high-shear mixer (available from Silverson Machines, Inc., East
Longmeadow, Massachusetts). The particle size distribution in the slurry is
measured using for example, a Microtrac laser scattering particle size analyzer
S3000 available from MicroTrac, Clearwater, Florida. To ensure the quality of
the slurry for spray drying to form the catalyst composition of the invention,
measurements of pH, surface area, solid content, bulk density, and viscosity are
also preferably monitored using respectively, for example, a Cole Palmer pH

meter, Micromeritics Gemini 9375 surface area instrument available from



measured using for exanple, a Mcrotrac | aser scattering particle size

anal yzer S3000 avail able fromMcroTrac, Cearwater, Florida. To ensure

t he qual iwe wfoosihe slurry for spray drying to formthe cacalyss?/19869
conposition of the invention, measurenents of pH, surface area, solid
content, bulk density, and viscosity apg also preferably nonitored using
respectively, for exanple, a Cole Palnmer pH neter, Mcroneritics Gem ni
9375 surface area instrument avail able from WD 03/000412 PCT/US02/ 19869 21
M conetrics Instrunent Corporation, Norcross, Georgia, CEM MAS 700

ni crowave m}f/ﬂcloﬁlefrlérsmﬁs(fﬁlﬁeﬂf c@ﬂJoradloﬁq%&mss C@é(ﬁ%l@‘ OBl PIASY@®) | abl e from CEM
Cor poration, Mathews, North Carolina, and BrookTield LV-DVE vi sconeter for

vi scosity. Zemmmeanﬁﬂalfummsfur shdrbatenedetermamteiooavailddd fomTFHN

el ect r oki net i nstrynent ava ble from M Sci ence, Nort hbor o,
VA, Part: cl %rP%ré“o‘? M%E%Ww@r@@%n% ﬂn‘{nﬁ@ogf:@w&% YISCREtER{Or s| ur r y in
the for mati QRsglip] "ot BE@HIA g BERERS Weflndde &msMaﬂ%%bb etrdillndfidi tion,

t he sequence O I Ng" eac IV conponent € nolecular sl eve,

bi nder, mat rihstruiisne fivaillabledrooh Mater Appligd Sdieacd, Northbo|, MA 1 aalideglke Sequence
of addition is nost_inportant when the surface of the different particles,
whet her t hed&butranedacteria thagfEctivenessofdbesluryién tiedaanatioprof theecatatyst r i x

mat eri al s Ve O .cha at i ye and pos er ent

char ge den&%n hRel 88%\8%&% Veg{lg ’r»“u‘r%gg“’é‘fwrse"s“e?g flatﬁiﬂgigre(?ﬁhfr@wd% leted, if
necessary, tdpoasit, the hﬁ)memm ka0, dkedick, inRdiriR RfhtdHaX iaRd ofer I¥edMRASI t €
charged particles. In one preferred enbodi ment, it is best to add the

conponent s@ﬂ@dﬁ@dﬂalrtoﬁﬁqmcmf@idmcmrls siosvigportaet whintbie surfuce ofithermmt r i x
materi al , n her c e dens ni t onponent
navi no a1 odiEncA R de st i alleulteisd Henies el ar o eve,
the binder, ﬁaﬁxmrﬁ% hirve ST alhygﬁer&gatwetama poSVE Ruirtlfiehgnt |1 auid
and are combined in any order, toget si mul t aneously, sequenfrally, or

a conbi nat i aiensihes eof a gdnerdl hee jpafef gee eduaitnas conapleted; Haesaraey, the Bt d,

preferably water is used. The rml ular sie matrix material, and the
bi nder, are SéF(H’déH’etaSH’élopiaagPHX‘&go CigROSIS %%‘?geg Paiticiegs [n ensquetseed or

separatel y. Jfy 5ol qﬁsaogst 15988 he cB?.‘BF?%{S Iseé]e&ed FoRtRE RloRRLA: Ligvadd 2

limted and/or contro anount
binder or the matrix material, having a higher charge density per unit mass to a

component having a lower charge density per unit mass.

[0056] The molecular sieve, the binder, and the matrix material, are in the
same or different liquid, and are combined in any order, together, simultaneously,
sequentially, or a combination thereof. In the preferred embodiment, the same
liquid, preferably water is used. The molecular sieve, matrix material, and the
binder, are added to a liquid as solids, or as slurries, together or separately. If
solids are added together, it is preferable to add a limited and/or controlled amount
of liquid.

[0057] In one embodiment, the slurry of the molecular sieve, the binder and
the matrix materials is mixed or milled to achieve a sufficiently uniform slurry of
sub-particles of the molecular sieve catalyst composition that is then fed to a
forming unit that produces the molecular sieve catalyst composition. Ina
preferred embodiment, the forming unit is a spray dryer. Typically, the forming
unit is maintained at a temperature sufficient to dry most of the liquid from the

slurry, and from the resulting molecular sieve catalyst particles. The resulting



[ 00571 In one enbodi nent, the slurry of the nolecul ar sieve, the binder and
the matrix materials is mxed or mlled to achieve a sufficiently uniform
slurry ofwosabe@azticl es of the nol ecul ar sieve catal yst eomume2/u9sen t hat
is then fed to a formng unit that produces the nol ecul ar sieve catal yst
conposition. In a preferred enbodi menp2 the formng unit is a spray dryer.
Typically, the formng wunit is naintained at a tenperature sufficient to
dry nost of the liquid fromthe slurry, and fromthe resulting nol ecul ar
sieve catalyst particles. The resulting WO 03/000412 PCT/ US02/ 19869 22

catal yst Cconpagjst tQRpIMIRI Wi TBEnddlintthis SvalSpfe B8l |the FoMifor the form of

m cr ospheres. [(0058]" When a spray dryer 1S used ds the formng unit,

typi cal |y, tohierosspheresy of the nol ecul ar sieve, the binder and the matrix
material is co-fed tgo the spray drying volune with a dryin as with an
average inl e[ﬁoslsérrper AYRenE SPEAYSITHEY 16 Pesich as thplermiegmitcty pica Yég‘é HBYned out ! et

femper at ur e gk DA AR HAPAN he R bl BORI B0 prak N aver age

di aneter of the spray drie ornmed ca conpositi about 10 m

to about 30Qrying poRbRalH ¥ dfyigaaheith arddchageifleeRipbralbOrafgingd¥sm pr ef er abl y
fromabout 40 mto about 150 m and nost preferably fromabout 50 gmto
about 120 ml0PBO &SI ambp eqmbigedioutientgmpeleurs ranging fremPASE ealabhdut ough a
nozzle distributing the slurry into small droplets, resenbling an aerosol
spray into 225dryInymn erbkadieent, tﬁﬁ@mr@%ﬁdlemeiem%@hiser\aédrlbs}/fqrwéicwglytshe slurry

through a single..nozzle q tiple.,no S Wt essure op in the
range of f r§ 9?88“%%*%%% aﬁ(}gg “Sg*Ogab(’ Bé@%gprf%m?’é’%am@%ﬂwﬁ anot her
enbodi ment , b BSouE R0 [uh, hioré Prefe@sbly FRRPABRAL 20 Bin6laBoutq38 luén, @hd st | Pl €

nozzles along with an atom zation fluid such as air, steam flue gas, or

any ot her swiefatably fiers abputtsOaunptoszbout B20wrop in the range of from1 psig to
150 P19 (0, hbRe0, {0,034 KR, | 0050L, L ek Another epbodt ment Lhe
ot B eSO S R 1
flow rate, pirgsguhanbeandtdérenpermat acldeadd byrfercf;rhgmheylumyithroﬂghpeinghd ,

nozzle or multiple nozzles with a pressure drop in the range of from 100 psig to

2000 psig (690 kPag to 13790 kPag). In another embodiment, the slurry is co-fed

through a single nozzle or multiple nozzles along with an atomization fluid such

as air, steam, flue gas, or any other suitable gas with a pressure drop in the range

of from 1 psig to 150 psig (6.9 kPag to 1034 kPag).

[0060] In yet another embodiment, the slurry described above is directed to

the perimeter of a spinning wheel that distributes the slurry into small droplets, the

size of which is controlled by many factors including slurry viscosity, surface

tension, flow rate, pressure, and temperature of the slurry, the shape and

dimension of the nozzle(s), or the spinning rate of the wheel. These droplets are

then dried in a co-current or counter-current flow of air passing through a spray

drier to form a substantially dried or dried molecular sieve catalyst composition,

more specifically a molecular sieve catalyst composition in a microspherical form.

[0061] Generally, the size of the microspheres is controlled to some extent

by the solids content of the slurry. However, control of the size of the catalyst

composition and its spherical characteristics are also controllable by varying the

slurry feed properties and conditions of atomization.



di mensi on of the nozzle(s), or the spinning rate of the wheel. These
droplets are then dried in a co-current or counter-current flow of air
passi hg twWomagbo4a2 spray drier to forma substantially driped/uso2/dssed

nol ecul ar sieve catal yst conposition, nore specifically a nolecular sieve
catal yst conposition in a mcrospherical form [0061] Cenerally, the size
of the mcrospheres is controlled to sone extent by the solids content of
the slurry. However, control of the size of the catalyst conposition and
its spherical characteristics are also controllable by varying the slurry

feed proper t[ﬂ@&zland QRAEH thitRES 18F foRniP Zabiceflar YR AL 4dmpbGédi02/ 19869

23 [0062] OQther nethods for form ng a nol ecul ar sieve tatal yst conposition
is descri betts¢ribed isU. Pdtagant ApplidationtSecal Mer(9417Nd 4 f0&d By 17,2000i | ed Jul y

17, 2000 (spray drying using a recyc|ed nolecul ar sieve catalyst
conposi ti on)(,gpr\ﬂ%id@ﬂgg Esqn%%FeéV?Ie‘iI H’@E‘II"HI?F Sexscaystepmpasitian), POES3S 1 n anot her
enbodi nent, ﬁe?&nIr%%gBlﬁr&%(ggz I@I:r@x?&éI ar sieve catalyst conposition contains

fromabout 1%to preferably fromabout 10 %to about 90% nore

preferably f[0868]aboutln 408thérendioditer80de f@irintetmelepilef seadayalyst r om about
20% to about 70% . and nost preferably from about 20%to about 60% by
wei ght of t HOMASFEen cantaigs &om 2oy Hodn abowt %%, areferablyronpabautd0 fdteecul ar

i I Lt oA N I I [ I
Composi 1 on R0y PREAGH S Sabyd otk Bos O TSt BOR BeRR U7 e

conposi tion s fornie fally

harden and/ cford @bt 208 {ohBohtOT0VE And GisBpnéeratil P FBRSAHoLPP0% fo BSAE 60%:cat ment
such as calcination, at an elevated tenperature is usually perforned. A

convent i onalbycw¢ightfitheomolsaular Sevechrased en dietotak Weighttofphemblegulansibvedes a
smal | anmount ter v.apor. Typi cal calcination tenperatures are in the
range from 286U 4YBROY' E about ~ 1, 000C, preferably from about 500C to about

800C, and nppedr ef eichRE helh OB AR Ve Ay st CortRiton if AHrea R £F €T ably in a

cal cination environnent such as air, nitrogen, heltum ftlue gas
(conbust i on spbsgnizilyldeaor driedotatg éo fyrther hadyn awlfty acdvatethetfoemabf . | n one

enbodi nment , callci nati on, of hhe formul at ed nol ecul ar si eve catal yst
conposi ti on PRLYSEEQRPSHiaT, @ hegt treanent, sisbas gplcipaion. @hamplewded ces” i ncl udi ng

rotary cal ciggp&atutd #iulually performed. A conventional calcination environment is air
that typically includes a small amount of water vapor. Typical calcination
temperatures are in the range from about 400°C to about 1,000°C, preferably from
about 500°C to about 800°C, and most preferably from about 550°C to about
700°C, preferably in a calcination environment such as air, nitrogen, helium, flue
gas (combustion product lean in oxygen), or any combination thereof. In one
embodiment, calcination of the formulated molecular sieve catalyst composition is
carried out in any number of well known devices including rotary calciners, fluid
bed calciners, batch ovens, and the like. Calcination time is typically dependent
on the degree of hardening of the molecular sieve catalyst composition and the
temperature ranges from about 1 minutes to about 10 hours, preferably 15 minutes
to about 5 hours.
[0065] In one embodiment, the attrition resistance of a molecular sieve
catalyst composition is measured using an Attrition Rate Index (ARI), measured
in weight percent catalyst composition attrited per hour. An apparatus such as
described in S.A. Weeks and P. Dumbill, in Oil & Gas Journal, pages 38 to 40,
1987, which is herein fully incorporated by reference. ARI is measured by adding



bed cal ciners, batch ovens, and the like. Calcination tine is typically
dependent on the degree of hardening of the nol ecul ar sieve catalyst
conposi t iwp candb4the tenperature ranges from about 1 m nutre3/usoz/adseut 10
hours, preferably 15 mnutes to about 5 hours. [0065] In one enbodi nent,
the attrition resistance of a nol ecul apqsieve catalyst conposition is
nmeasured using an Attrition Rate Index (ARI), neasured in weight percent
catal yst conposition attrited per hour. An apparatus such as described in
S.A. Weks and P. Dunbill, in Gl & Gas Journal, pages 38 to 40, 1987,

which is herg ' 3 ARl d addi ng
VO 03/ boon Ly el diiag LASAIRYTR A X peRbEY St gif r";{)"é‘i?‘ﬁ"%ﬁyhﬁ@'ﬁ"ﬁ% a

particl es sitgebowridd ngcionsin aharde¢ned tead attraivm cupo Appoxtimat2ly 28, 70ons to a
hardened stee| attrition cup. proxi mately 23,700, cc/mn of nitrogen gas

i s bubbl ed tcﬁ)ﬁ%‘acjlﬁ DYTqgsh gps ’é&H@glF ﬁﬁ@u%l?owfsmrﬁalﬁﬁﬁhﬂlbwr to anidify r ogen.
The wet nitr r t e L e attrition
appar at us tﬁ?%ﬁgﬁgﬁzg%oﬁg [ﬁ?g%rn I{aﬁﬁe%q&éﬁéﬂllﬁga‘? oW ﬁg’ %ﬁ(‘%%%edﬁlprenoves t he
finer parti cakeision apgdiatubithroi@hgegorparfibet timbleiTig fietiag AkGgemrdnitiesup. The
porous fiber thinble separates the fine catalyst particles fromthe

ni trogen t hake Bagriparticlesy with iwhe laeger parkiples beimp eetdipebinghe eur | Bie posensi ni ng i n

t he thinbl e ,epresent atal yst. c itkon .that has_.broken apart
hrough a6 e nPdes SRR Rk BREE SR B LR Fon cup 1 s
mai nt ai ned fipougdh tHeURimbI&eThd ﬁ%pé%@éléﬁl‘éhﬁﬁlii_}%in th8 thifnBlTepR sk fhef €MDVed from
the unit. A newthinble is then installed. e catalyst left in the

attrition umatalyisscempasiticaghitdias hrokanldpart hnaigh3tthitom.s Themitogert flewsane gas
flow and noisture.levels. The fines collected in t thi nbl e are recovered.
The. col | ect PG 1HE Eot hryeuBas pReruEkEhh bavedayiengofieine ot  or
the first hQu ihifbIR aBlcAROE rORRRETRENA dell FrAE iOhed IRBILRT TAE! €S di vi ded
by the original anmount of catalyst charged to the attrition cup expressed
on per hour ch@abissleftan theeattritiah unitns awritedhfor pe addinbngl rhonesjundenthe Shter ) . AR
is represented by the formyla: AR _= C (B+CQ./D multiplied by 100% wherein
B is weight &8% ﬂ8§t%9w15tu%ﬁ%&iThe Hiep gpliect lflﬁ]@n%‘%blﬁﬁfeeqecqvﬁéedat trition

R L L
are weighed. The amount in grams of fine particles divided by the original
amount of catalyst charged to the attrition cup expressed on per hour basis is the
ARI, in weight percent per hour (wt. %/hr). ARI is represented by the formula:
ARI = C/(B+C)/D multiplied by 100%, wherein B is weight of catalyst
composition left in the cup after the attrition test, C is the weight of collected fine
catalyst particles after the first hour of attrition treatment, and D is the duration of
treatment in hours after the first hour attrition treatment.

[0066] In one embodiment, the molecular sieve catalyst composition or
formulated molecular sieve catalyst composition has an ARI less than 15 weight
percent per hour, preferably less than 10 weight percent per hour, more preferably
less than 5 weight percent per hour, and even more preferably less than 2 weight
percent per hour, and most preferably less than 1 weight percent per hour. In one
embodiment, the molecular sieve catalyst composition or formulated molecular

sieve catalyst composition has an ARI in the range of from 0.1 weight percent per

hour to less than 5 weight percent per hour, more preferably from about 0.2 weight



treatnment in hours after the first hour attrition treatnent. [00661 In one
enbodi nent, the nol ecul ar sieve catal yst conposition or fornulated

nol ecul arweicgwa4ent al yst conpositi on has an ARl | ess t hanPtF/user/gist9
percent per hour, preferably |ess than 10 wei ght percent per hour, nore
preferably |less than 5 wei ght percent pger hour, and even nore preferably
| ess than 2 weight percent per hour, and nost preferably less than 1

wei ght percent per hour. In one enbodinent, the nolecul ar sieve catalyst
conposition or formul ated nol ecul ar sieve catal yst conposition has an AR
in the rang [ r i ght
per cont por Toair, Pt b 148 B3 Rl e BB e B e PRS00 S50 12

PCT/ US02/ 198Mh8ut @3 weight pacepger haurrto teas thaa @ wdight paroset gdethoper cent per hour,

and nost preferably from about 0.2 wei % percent per hour to less than 2
wei ght per cdiocgss Fogd{ping the Malegulap Sieve Uatalyst-Campesitions Sj eve Cat al yst

Qonposi ti ongehPROT] Tike RLGRMRYe Sl GRIALNShs SATRBS I8 q836] | Ped
above are useful® ina variety of processes Including: cracking, of for
exanpl e a ndplatadefyef@rdcesses inghidirng: efackihg) of(fbk &anfpad £hiphiek feéd 00, 537) or
hi gher nol ecul ar wei ( hydr ocarbons to | ower MW hydrocar bons;

ht
hydr ocr acki dight leﬁfl(‘ﬁg (Ié-)SaﬁMﬁA{)B@ M £,300,33d) pohighen melaeuder weighti®Weedst ock;

i soneri zatiqn,, of .for exa roqmat i cs such as.xyl epe, pol ri zation, of
for exanpl e%gﬁéocﬁbo%Foeogg}e)m?? FY ﬁ?soély@éocéac%lﬁy?ﬁ@’f eﬁ‘%ﬂ@é £3V¥ ef or ni ng;
hydr ogenat i QRiroRaRYHIRGRPALd REIstIRVBYnBHzatRh, §0br e @XMIPLOnIIMEY QEAr bons to
renove straight chain paraffins; absorption, of for ‘exanple alkyl aromatic
conpounds hf gis Xybp%rmsdfrmgizatjon,iog (ﬁcvmmpteegewrr l;(nolaté gl,eﬁatsb onprodade af or I Iex anpl ﬁ
aromati c hydrocarbons such as benzene and enzene, optignally wt
propyl ene td’og’%?:ﬁ?é%&(‘?ﬂ ’gﬁ‘ﬁ'ﬂgqnﬁﬂﬂl’é’ﬁa&‘;\%o%ﬁné?‘?’hgfewaﬂ‘l&r&fé‘PkyI ation,
of for examplemdlaaRicAdohOR Rinodt QR ChARGaRRtNE LKA RIBE |

hydr ocar bons; dgglkylgtion; hydPodecy%%zat?gﬁ; &?éSropoEtFongfion, of for
exanpl e t olexempletabkyrakendiernaempeurdsdopseparayihg bet isahérg dree¢dfzalkylation, of f or
exanpl e straight and branched chain olefin(s); and dehgdrocycllzatlon.

[ 0068] Pref é’rf_ g %‘@%“%h@“é‘@ﬁ%ﬁﬁ%%ﬁ%%@ééaikﬁb WdFtg: naphtha to
hi ghl'y ar omafli6n Ttk BopylchOt prBh&l! drfhne'd? WIASIBhY Bfin Glehibl;! ! at es and

| ubricants;
transalkylation, of for example a combination of aromatic and polyalkylaromatic

hydrocarbons; dealkylation; hydrodecylization; disproportionation, of for example
toluene to make benzene and paraxylene; oligomerization, of for example straight
and branched chain olefin(s); and dehydrocyclization.

[0068] Preferred processes are conversion processes including: naphtha to
highly aromatic mixtures; light olefin(s) to gasoline, distillates and lubricants;
oxygenates to olefin(s); light paraffins to olefins and/or aromatics; and unsaturated
hydrocarbons (ethylene and/or acetylene) to aldehydes for conversion into
alcohols, acids and esters. The most preferred process of the invention is a
process directed to the conversion of a feedstock comprising one or more
oxygenates to one or more olefin(s).

[0069] The molecular sieve catalyst compositions described above are
particularly useful in conversion processes of different feedstock. Typically, the
feedstock contains one or more aliphatic-containing compounds that include
alcohols, amines, carbonyl compounds for example aldehydes, ketones and

carboxylic acids, ethers, halides, mercaptans, sulfides, and the like, and mixtures



oxygenates to olefin(s); light paraffins to olefins and/or aromatics; and
unsaturated hydrocarbons (ethyl ene and/or acetylene) to al dehydes for
conver si owoioatao41al cohol s, aci ds and esters. The nost prefremresd2/msecess of
the invention is a process directed to the conversion of a feedstock
conprising one or nore oxygenates to oge or nore olefin(s). [0069] The
nol ecul ar sieve catal yst conpositions described above are particularly .
useful in conversion processes of different feedstock. Typically, the
feedst ock contains one or nore aliphatic-containing conpounds that include

al cohol s, ary r [ ] nes and
carboxylic ghggéf'Q?ﬁggs%hﬂgﬁggggﬁﬂﬁgﬁggg§gﬁ?&“@ﬁﬁ?ﬁﬁ%ﬁgﬁéﬁﬁ%gﬁg i ke, and
m xtures WO af0RFAR 1 RETHAIBGR/cADBH AtonRE plefienslofronT heo 20 tpbat dtemepi ety of

t he aliphatic-containiqg conpounds typicall contains from1l to about 50
car bon at ongnorsesferahhy fjom A denl 9 cargon gtoms; wﬁma@tmﬁ%fsrabbbﬁr@ndrteﬂer ably from1

to 10 carboqmﬁ%%a mgnd nost preferably from1l to 4 carbon atons. [0070]
Non-limting exanpl es of aliphatic-containing conpounds include: alcohols

such as net hgoml] and Nyni@hRing eRhkplles BEAIGARG@BSSHGT @&fpgﬁﬁ&mhclua&r captan
and et hyl nercaptan, alkyl-sulfides such as nethyl sul fide, alkyl- am nes

such as mnet fakohalsisueh asmkiphnadtahé ethaselctlkpsmelicapttsduck ahmethytli et hyl et her
and net hyl et hyl et her I.kyl - hal i des, sych as nmethyl chlorid nd et hyl

chl ori de, ép‘?{rﬁpt%%eégyléﬁed??pé‘g" B&Pf]éf‘ﬂﬁﬁjesléé%%’f%‘#‘%f %ﬁ‘%eﬁ@dgs and
various aci deniflichicRes meh§i arﬁnﬁcauﬁyl-e{tﬂé}iadch'ae dPmBhe fhdredemyPapLTent of the
process of the invention, the feedstock contalins one of nofe oxygenates,
mor e speci f iandInhefhylethgl esherpalkgl-habideamich ac orefiglicldpdje aahdthylhivgidef | east one
oxygen atom Iq t he nos preferrgd enbodi nent of the process of invention,
the oxygenat®Ky! ketopes such gs digeathy! ketope fgrmaldghydess padragrqus peidp peghasapl y

al i phatic alggholfs) where the aliphatic noiety of the alcohol(s) has from
| to 20 carbon atons, preferably from1 to 10 carbon atons, and nost
preferably fl0oTh]1 toIdapafdesd eiitodimentlo€ thzl predess of s afvehtiais tHeeedst ock in

t he propessfpiithe i nvention include | ower straLght and branched chain

al i phatic eedstock contains one or more oxygenates, more specifically, one or more
organic compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of invention, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in
the process of the invention include lower straight and branched chain aliphatic
alcohols and their unsaturated counterparts.
[0072] Non-limiting examples of oxygenates include methanol, ethanol, n-
propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,
and mixtures thereof. In the most preferred embodiment, the feedstock is selected
from one or more of methanol, ethanol, dimethyl ether, diethyl ether or a
combination thereof, more preferably methanol and dimethyl ether, and most
preferably methanol.
[0073] The various feedstocks discussed above, particularly a feedstock
containing an oxygenate, more particularly a feedstock containing an alcohol, is

converted primarily into one or more olefin(s). The olefin(s) or olefin



al cohol s and their unsaturated counterparts. [0072] Non-limting exanples
of oxygenates include nethanol, ethanol, n- propanol, isopropanol, nethyl

et hyl et hwo,03dboxet hyl et her, diethyl ether, di- isopropyl PeTiEs02/19869

f or mal dehyde, di nmet hyl carbonate, dinmethyl ketone, acetic acid, and

m xtures thereof. In the nost preferreg7yenbodi nent, the feedstock is
selected fromone or nore of nethanol, ethanol, dinethyl ether, diethyl
ether or a conbination thereof, nore preferably nethanol and di net hyl
ether, and nost preferably methanol. [0073] The various feedstocks

di scussed abgymdR) b frimihd RESISRUpicMhALHA2 W3PAGSNat e, nor e
particularly a feedstock containing an alcohdl, is converted primrily

i nto one or awmnsg po¢fefably(ZSio.8 dansorodteds,mee poeferablyfa 0 AAQArRDRY AOR4 k711

PCT/ US02/ 19869 27 noper (s), produced fromthe feedstock typically have
from2 to SGn%rélpﬁﬁfﬁg‘ggi%Ws‘{c%ﬁ"éﬁéF%sﬁm‘énloétMe@éﬁbbbﬁhél@éfh%n/orrmre preferably
2 to 6 carb , 4L k- I . CGAl ons, and nost
preferably g@ﬁ@lhgﬁn% I\g% gllrnktm ;%%I;?}P feérglg’?8@5-#?%{#?%81@%&%%@2?%% ol efin
nmononer (s) ipiepyleie, bhteyd-€yentenpr10Mhe i peliteh€N Shextne-NESHGIRET ankh

4- et hyl - pent ene-1, hexene- 1, octene-1 and decene-1, preferably ethylene,
propyl ene, biseeisel, prefprahlyetievlane, propelens:|buirngtle penterne- 1, Hemethgl-pentenst ene- 1 and
i soners theregof. Oher. olefin. mnoner(s) Anclud unsat ur.at ed, nononer s,

diol of i ns hat R GoeEL aPRisHIAR SRR eSt At e PO R fat od i enes,
pol yenes, VidhghtuffsdiBhcma did¥GEAs Kavigef o catlffd Admd, Rohjllgat8®st preferred
enbodi ment, the feedstock, preferably of one or nore oxygenates, is
converted i monbenjpgatesbdicresopolpenes | varyl Inomosiees/andaathd glsfins. conposi ti on of the

i nvention i | efi having 2 to .6 carbons .atons, pr.eferahl 2to 4
carbon at orrgwkﬁst p?é?%fr’ﬁ?ﬁtQfe?"trff:éi_%li‘l?éﬁd?‘ﬂ?’g?{ﬁe gqeéﬁg&brppe&f%]iy r?gf’)fq%ﬂr, are
converted fr&@e%x&@&ﬁ%ﬂgKoxﬁ%ﬂ%@irﬁt‘h@g]gé%&lcgg)\fg%kﬁ&&lzarme%g @é@gw an al cohol,

nost preferably hethanol, to the preferred olefin(s) ethyléne and/or

propyl ene. [O&pbditibhef theenvemtiyn prookefia@s hardegl? t@6 cabury dtorhegasfembly | nt o
olefin(s) including various cracking praocesses such as steam cracking,
t her mal regen@rkgartan at‘é‘P%thoﬁtd?re%@ibﬁiﬂ}ee‘ﬂefg‘éa% aloge R eRyubipgtigngareat al yt i c

cracking, degpy&Gabiatomh E?ee(c\lgtg%i:&lgaining an oxygenate, preferably an alcohol, most

preferably methanol, to the preferred olefin(s) ethylene and/or propylene.

[0075] The are many processes used to convert feedstock into olefin(s)
including various cracking processes such as steam cracking, thermal regenerative
cracking, fluidized bed cracking, fluid catalytic cracking, deep catalytic cracking,
and visbreaking. The most preferred process is generally referred to as gas-to-
olefins (GTO) or alternatively, methanol-to-olefins (MTO). In a MTO process,
typically an oxygenated feedstock, most preferably a methanol containing
feedstock, is converted in the presence of a molecular sieve catalyst composition
thereof into one or more olefin(s), preferably and predominantly, ethylene and/or
propylene, often referred to as light olefin(s).

[0076] In one embodiment of the process for conversion of a feedstock,
preferably a feedstock containing one or more oxygenates, the amount of olefin(s)
produced based on the total weight of hydrocarbon produced is greater than 50
weight percent, preferably greater than 60 weight percent, more preferably greater
than 70 weight percent, and most preferably greater than 75 weight percent. In

another embodiment of the process for conversion of one or more oxygenates to



and vi sbreaking. The nost preferred process is generally referred to as
gas-to- olefins (GITO or alternatively, nmethanol-to-olefins (MIO. In a MO
process, woypioeriiz y an oxygenated feedstock, nost preferalpCy/Esonmesbhanol
containing feedstock, is converted in the presence of a nolecul ar sieve
catal yst conposition thereof into one28r nore olefin(s), preferably and
predom nantly, ethylene and/or propylene, often referred to as |ight
olefin(s). [00761 In one enbodi ment of the process for conversion of a
feedstock, preferably a feedstock contai ning one or nore oxygenates, the

amount  of ol &@feiod fore oEﬁﬁEngﬁéjarhéﬁrﬁ@f@ﬂhyfehé‘ abh@bPhropPleSdiprodhicddyEQcR bon

produced is greater than 50 weight percent, preferably greater than 60
wei ght per cethe¢ jotatovaghgod hpdrabdrhompreduaproduced isteatei thit 6peeighnt , and nost

preferably greater thap 75 weight_percent. In another enbodi nent_of the
process for g&%‘?‘?\‘?&rpé‘?fgrﬁgldfgr%%r tg 0 T VeigBlRry b RYe PEicieb y Erenserdhan 75

PCT/ US02/ 198\9&%%@%@2&? gga gﬁg{ ef&a%fl;[ %&%\éﬁhtaﬂﬁgg\g@%@heggmgt hyl ene and/ or

propyl ene pro he t rocar bon product
produced is [@0FHt er thanothé&r emtioghhent péthepnécespfoe temabdion gf @rtoeimdrban 70
wei ght percent, nore preferably greater than 75 wei 8ht percent, and nost
preferably dgPagenatestnape oumers Jefin(petheamount gbylepe priedugedtingyeightbodi ment  of

t he process i ta one_or nore

ol of | () . ieieenbBRKEOT IRl B] wth Of BBSc ool ARRPD R O B4 e
total wei ght3okeiplidicasat, gite pfe@éib.llﬂ% gRhaed HeRB5 WaghiRaleat, ahfadst 30 wei ght
percent, nore preferably greater than 35 wei ght percent, and nost
preferably g}réfgtaé}y graater than 4@ iwgight pereerdnin yqtangtber embndimentafiedi ment of t he
process for conversion of. onge or nore ox ﬂena es to one %rf m))rﬁ ol efin(s),
the anount BPCPE SPyPRHE ' 8 eoaf?%ew% PG e e a3 the t ot al

wei ght  of W&F@fﬁl@ﬁyl@xﬂ GliceR iR M pBfpdréerd bRt Oh thO'@fal 4Eik LENT percent,
preferably greater than wei ght percent, nore preferably greater than 30
wei ght per céndjocaghod praxBict prodiced abgrgatgr han 20 wekght p&Semeprgferahber cent . [ 0078]

The feedstock, .in onﬁi’enb di rent, cont ?.I ns, one or. nore diluent(s),
typically us%ﬁat?rc}h?ne. WEIBHRCTESh JRYE PEEFT8 ycﬁfrea\‘?{éh*?”eghg’flg KPCTCERE ar e
general |y nopgy ng&gﬁte!fé@ol;greta{b@tﬁag%q%p&% pafcefi0! €cul ar sieve catal yst
conposition. Non-lTmting

[0078] The feedstock, in one embodiment, contains one or more diluent(s),
typically used to reduce the concentration of the feedstock, and are generally non-
reactive to the feedstock or molecular sieve catalyst composition. Non-limiting
examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon
dioxide, water, essentially non-reactive paraffins (especially alkanes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water
being particularly preferred.

[0079] The diluent, water, is used either in a liquid or a vapor form, or a
combination thereof. The diluent is either added directly to a feedstock entering
into a reactor or added directly into a reactor, or added with a molecular sieve
catalyst composition. In one embodiment, the amount of diluent in the feedstock
is in the range of from about 1 to about 99 mole percent based on the total number
of moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,
more preferably from about 5 to about 50, and most preferably from about 5 to

about 25.



exanpl es of diluents include helium argon, nitrogen, carbon nonoxi de,
carbon dioxide, water, essentially non-reactive paraffins (especially

al kanes swolizmeo41zret hane, et hane, and propane), essenti al IPgTrUS02/1B8Tt | Ve
aromati ¢ conmpounds, and m xtures thereof. The nost preferred diluents are
water and nitrogen, with water being particularly preferred. [0079] The
diluent, water, is used either in aliquid or a vapor form or a

conbi nation thereof. The diluent is either added directly to a feedstock
entering into a reactor or added directly into a reactor, or added with a

mol ecul ar sijgyg)] cat & ¥id eiBEERIRSL bBBr hydRo@PonS AROMIBE RS a febiifogmoUNt  Of
diluent in the feedstock is in the range of fromabout | to about 99 nole

per cent baseitherditeatly poindirectlyybed inchide oisifinés) afaraffie(s),eedsitads (ssedordi | uent ,
preferably from nore preferably from about 5

t..1 tq.80 | t,
to about 50,"«"3‘??81%&35@%?% -é‘tﬁ@sﬁ?pe i AT asoTpasics byrgmixtwss thogoba) 000412
PCT/ US02/ 19 f%lmq’ i - dded
to a feedstg)g%eraélglté{gﬁﬁ glller’ ggtly %;ﬁ‘é, ro nﬂ‘lle?%g%?%}g@ﬁgo C%Fgg%n%l%e]ﬁ i ﬁz g)fi ©

par af fi n('s) ,mae oambbn atos)s, Osmextires themodnpl e U. S. Patent No. 4,677, 242,

addition of aromatics) or m xtures thereof referably propyl ene,
butyl ene, pdf98lilene, Thparasesder snpepingaderdstaskaasnecialyos feedgiock car bon at ons,

R e R L

especially a contarni ng one or nore oxyd

of a nol eculcampstiive ok ahwestion, GOPRAS bitaR a@éactiBe plod¥RNh b @hctors carried out
in a reaction process in a reactor, where the process is a fixed bed

process, a fwheralthe@odgesds pritxeébed piogedsiaibuidized bed bracesst(inobdepr ocess) ,

preferably ont j nuous fluidi.z bed process.,.and nost preferably a

cont i nuous ﬁ}lr Hfé{}tell’egic}?r?vsf)r packirg ?ﬁlaﬁg'?fprﬁlro%agg}zeggﬁ‘éﬁjocﬁeal}déﬁ‘&ti on _
processes Ciia?ef%x%ﬁy @écﬁaﬁﬁuéd%Iﬁ’gﬁ’%lb&ﬁymtﬁcﬁiz&%éﬂﬁ%éé_és.r eactors such as hybrid
reactors that havé a dense bed or fixed bed reaction zones and/or fast
fluidi zed bd#082¢act i dhe rraneon prougssescban taketphee in e ivedety af Eavglyfid teaciorsed bed

e SRS T S oo B O Em, omindig 2oL LS

6,287,522 fa5t fluidized bed reaction zones coupled together, circulating fluidized bed
reactors, riser reactors, and the like. Suitable conventional reactor types are
described in for example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522
(dual riser), and Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E.
Krieger Publishing Company, New York, New York 1977, which are all herein
fully incorporated by reference. The preferred reactor type are riser reactors
generally described in Riser Reactor, Fluidization and Fluid-Particle Systems,
pages 48 to 59, F.A. Zenz and D.F. Othmo, Reinhold Publishing Corporation,
New York, 1960, and U.S. Patent No. 6,166,282 (fast-fluidized bed reactor), and
U.S. Patent Application Serial No. 09/564,613 filed May 4, 2000 (multiple riser
reactor), which are all herein fully incorporated by reference.
[0083] In the preferred embodiment, a fluidized bed process or high velocity
fluidized bed process includes a reactor system, a regeneration system and a
recovery system.
[0084] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or more riser reactor(s) and a second reaction zone

within at least one disengaging vessel, preferably comprising one or more



(dual riser), and Fluidization Engineering, D. Kunii and O Levenspiel,
Robert E. Krieger Publishing Conpany, New York, New York 1977, which are
al | hereiwo oBibdsay2 i ncor porated by reference. The preferreCramsot/mses ype are
riser reactors generally described in R ser Reactor, Fluidization and
Fluid-Particle Systens, pages 48 to 530 F.A. Zenz and D.F. O hno, Reinhold
Publ i shing Corporation, New York, 1960, and U.S. Patent No. 6, 166, 282
(fast-fluidized bed reactor), and U.S. Patent Application Serial No.

09/ 564,613 filed May 4, 2000 (rmultiple riser reactor), which are all

herein full yewbRaed NAAL 8fbbYineRt, thestetor 083 kabtblE ahl afsehidagtheenbodi ment,
a fluidized bed process or high velocity fluidized bed process i ncludes a

react or systwenssel & coegerdrvthina segktiremtandszl. Feslofedstosky preferably0084] The

reactor systempreferably is a fluid bed reacﬁor system.having a  first
reaction zorf@NFHRIRG PNSRTENRE pgatesstiopalhevih eag comgreditisatndistedct i on

rore vo 03 008 R RREs S ERERI AE KBRS R Icc R SR L ORARIGD ONE O
or nore ri sar cokaltepsisihetnd isdhseh@adi hgoneweswdiméns, theaicdédied siehé hi n a

singl e reactor vessel. Fresh feedstock, preferably containing one or nore
oxygenat es, GFYsbERIMPIsitign T coked virsiap theregf i contacted withsa figeid of gas, Be one or

nore riser rea t.or.és% in which ol ecul ar, si,eve cata{ E C ition or
coked vorsi SINERE fhereof; BoF do Bl intfaduted  tie ser Teaciof . reliBBR. || 27 o7 eve

catal yst conpeshkiil ¥waer 6:0kHand? FidaRe FAraE5 80 fnettSoas odhaRtegogsht h @ liquid or
gas, or conbination thereof, prior to being introduced to the riser

reactor (s), [098Fer ablllyan embodimgni, theiasnonat ef fresh feesistvak déd separdtelyher gas is an
inert gas such. as .nitrogep. ,[00851 In an enbodi.ment, the. anoyunt of fresh

f eedst ock féamél@ﬂ%{ﬁ’aat@ rgefdlt?cgﬁ’ﬁ‘ﬂ‘va%?fﬁys&%ﬁdﬂ G1BRERT ‘PP}UQO a reactor
systemis inydibg ;Jl'e%ﬁteto%i)o&tr%m@gﬂ-t pe¥eht) B{fefé}%lg?fgm 5%@@?%&7%}§§g%@gwtght

percent, preferably from about wei ght percen to abou
per cent, norte apowf/Sévatight pkrcomn, alooupreferatdy o ghencemeighopabettto atemt wei ght

ercent based on the total i ght of the feedstock including any diluent
(F:)ont ai ned t Her¥! ht PFRENY l?*’(ﬁ?#\grll g’ﬁdo"\?gﬁﬁﬁgﬁ? ‘éféh"sfeﬁg%g"k:'f%l“lé}n{éfagy &B}X‘iﬂt!t hg same
CoMpOsi ti 0N, coQfikAMALA. AE Y b QRS ARD RS ark BRerSARF RE sl f erent

f eedst ock
composition, or contain varying proportions of the same or different feedstock

with the same or different diluent.

[0086] The feedstock entering the reactor system is preferably converted,
partially or fully, in the first reactor zone into a gaseous effluent that enters the
disengaging vessel along with a coked molecular sieve catalyst composition. In
the preferred embodiment, cyclone(s) within the disengaging vessel are designed
to separate the molecular sieve catalyst composition, preferably a coked molecular
sieve catalyst composition, from the gaseous effluent containing one or more
olefin(s) within the disengaging zone. Cyclones are preferred, however, gravity
effects within the disengaging vessel will also separate the catalyst compositions
from the gaseous effluent. Other methods for separating the catalyst compositions
from the gaseous effluent include the use of plates, caps, elbows, and the like.
[0087] In one embodiment of the disengaging system, the disengaging
system includes a disengaging vessel, typically a lower portion of the disengaging
vessel is a stripping zone. In the stripping zone the coked molecular sieve catalyst

composition is contacted with a gas, preferably one or a combination of steam,



with the same or different diluent. 100861 The feedstock entering the
reactor systemis preferably converted, partially or fully, in the first
react or zwoe3jomi4e2 a gaseous effluent that enters the di seagagongseessel
along with a coked nol ecul ar sieve catal yst conposition. In the preferred
enbodi ment, cyclone(s) within the di sesgagi ng vessel are designed to
separate the nol ecul ar sieve catal yst conposition, preferably a coked

nol ecul ar sieve catal yst conposition, fromthe gaseous effluent containing
one or nore olefin(s) within the disengagi ng zone. Cyclones are preferred,

however, gr ayithine, @Jrf)&s:a@watalrwbntlhgn&a&eeﬁﬁﬁagé}g oY@ﬁ?n%h kKdchalsso separate
t he cat aI yst conpositions fromthe gaseous effluent. er mnethods for

separ ati ng tangon; pteddrylsly s@ammﬂsnetm\@nadsoibadmydfceagmseﬁum tb¢ tolednt i ncl ude the

use of plates, el bo and t he 100871 | n one enbodi ment of the
di sengagi ng rgglg‘f@%mwﬁ@a@rgg%m@n tg?é%@ﬁi‘l“ﬁﬁqdﬂ toghgiegenrgatiitng vessel |

ypi oal [y 2 4 QR 1RGO alodtEn e SH030Mne KSAILod AR LFHARIAD. Z0n

In the strlp ing zone t coke steve cat CONpoSi nis
cont act ed Wdlitngagj@@vespélehélﬂ&:@ay 1;01!585&21( ata g@@ﬁ@lrl}%ﬂpeﬂlcﬁl veloeiyn WO
03/000412 PCT/ US02/ 19869 31 met hane, carbon di oxi de, carbon nonoxi de,
hydrogen, orGESV)effromy k& sioabouts20, Qﬂodﬁ basgd endhel 9m§t0§8@ﬁ topveluneg over

adsorbed_ hydlragRLARNS NG ARK Sl GO LA ALY, GRIALY L corposi ¢ ion

that is then'in uce o5 he rregene {i%h her enbodi nent,

the strippi nemg&h@rd ﬁommsa°@&p@do@t ¢50P€5?&Terﬁﬁl?@ﬂohhﬁaou%ﬁ?ﬂg@%'w% vessel and
the gas is passed at a gas hourly supertficial velocity (GHISV) of from1l

hr-' to aboultVCQ'(he@@l@dhholeclﬂmemataiwmmmﬁmnof gas to volume of coked
nol ecul ar S|[w cat a@/]st co t| on

¢ refﬁ)ra‘iti) at an el evat ed
t enper at ur e 250 80%"8 g}?&ra LHES?’B 2 (3} VY?’FSH?‘?B%?HP@S??@ to 650C,
over the colsﬁéclﬂpc{n%%hﬁﬁ ﬂfelr@y&mcs%@wﬁtm ge&n%mb&ﬁ%é theab%ﬁ version

tenperature enployéd in the convérsion process, specifically wthin the
react or systlé)ﬁQ°G préferablydromabeut 2507C tnababoA0°C0MGre prefehabiy frorhGHOG,

pref erabl Y (W ShAuL, 206 Lo, abolt, BOVE o BT SLEE L FOBESlY | 250C
even nore preberRl prefer ABRAHboaPHEEQ AU E0GWTo N reRbES £oAL! Y from
about 350°C to about 550°C.
[0089] The conversion pressure employed in the conversion process,
specifically within the reactor system, varies over a wide range including
autogenous pressure. The conversion pressure is based on the partial pressure of
the feedstock exclusive of any diluent therein. Typically the conversion pressure
employed in the process is in the range of from about 0.1 kPaa to about 5 MPaa,
preferably from about 5 kPaa to about 1 MPaa , and most preferably from about
20 kPaa to about 500 kPaa.
[0090] The weight hourly space velocity (WHSV), particularly in a process
for converting a feedstock containing one or more oxygenates in the presence of a
molecular sieve catalyst composition within a reaction zone, is defined as the total
weight of the feedstock excluding any diluents to the reaction zone per hour per
weight of molecular sieve in the molecular sieve catalyst composition in the
reaction zone. The WHSYV is maintained at a level sufficient to keep the catalyst

composition in a fluidized state within a reactor.



about 350C to about 550C. [00891 The conversion pressure enployed in the
conversion process, specifically within the reactor system varies over a
wi de rangwoiaobadl ng aut ogenous pressure. The conversi onpPomdseimse? s based
on the partial pressure of the feedstock exclusive of any diluent therein.
Typically the conversion pressure enpBeyed in the process is in the range
of fromabout 0.1 kPaa to about 5 MPaa, preferably fromabout 5 kPaa to
about 1 MPaa , and nost preferably fromabout 20 kPaa to about 500 kPaa.
[ 00901 The wei ght hourly space velocity (WHSV), particularly in a process
for convertijngn fee%})fé&l‘fyﬁ&“ﬁﬁ{w RehgPOB R abBRY EROXNABRAL STO0IH? 'L he
presence of ‘a nolecular sieve catalyst conposition within a react| on zone,
is defined gsefetablyt foomlabowtei lghto afout BEOT h!édmbmcprefembllwﬂomgabamw hii'l uents to

éf‘liv;e?ﬁ ;f:gé"@%aS@M B Pl eraB Do g PSS 'q”rgtfgﬁa Hgg.eﬁzba;t
t at

e o iR RIS EHASNS) raRTRARII0 A L]l red st ate

VWHSV r anges WHSV fbooiivedsidhl of-a feéd}st@kcmhtaﬁﬁﬁ)@niaﬂlan@ramﬂelﬁraahyl dth@nid mbout 2

hr"' to about 3000 hr-', nore pref erabla/ fromabout 5 hr-" to about 1500
hr"', and mibftraﬁ%ﬂ%ﬁ%layomr@rhfaﬁb%houl@ Ghr. t 0 about 1000 hr'. one

f d t th f th
DoV T or contisTon Ipt Sothif dsd ool Kot Mg Rsook infly e:@t“ﬁ@;ﬁ ot her
is in the raAa@&cAbn proatrtadRemin RO rétcior sy ferdboprefediMly MifficichO8IRdiZhe

superficial gas velocity (SGV) of the feedstock including diluent and
reacti on pr dbemokculat sigve Qatvéysteampwn@ymtbma rsagsioafzenab the saatfor.ci ent to

fluidize cular _sieve copposition within a reaction zone
i nUIt hlezr eac?ﬁ?%’%é‘y BeProcsss, ﬂ%‘g 18{% th"b‘i’?f‘fa&ﬂra?‘?t?fnvﬁ‘f"ﬁlmcﬁ‘ tyeact or
system nor &ia@h tHeGideRfehdtor(¥y, is*yt Reabf®1 bled8 pef ?e%ﬁﬁd)(n(l@éo) ﬂréfe?atblyj east 0.1

met er per second (m sec), preéferabiy greater than 0.5 nm sec, nore
pref erabl y gresdrehart manﬂéecmWrekvaéﬂy geater thaefl en/aérl yvexgnemtpeefextabazn 2

m sec, yet even re prefer abI greate an 3 sec, and npst preferably
great er tharBrogt ”gég@m%& 31“36!3" Wﬁlpéefr?fa y@%‘tt@%%ﬁv?e&aﬁddﬁo%erl al

preferably greater than 4 m/sec. See for example U.S. Patent Application Serial
No. 09/708,753 filed November 8, 2000, which is herein incorporated by

reference.

[0093] In one preferred embodiment of the process for converting an
oxygenate to olefin(s) using a silicoaluminophosphate molecular sieve catalyst
composition, the process is operated at a WHSV of at least 20 hr' and a
Temperature Corrected Normalized Methane Selectivity (TCNMS) of less than
0.016, prefefably less than or equal to 0.01. See for example U.S. Patent No.
5,952,538, which is herein fully incorporated by reference. In another
embodiment of the processes for converting an oxygenate such as methanol to one
or more olefin(s) using a molecular sieve catalyst composition, the WHSV is from
0.01 hr' to about 100 hr’', at a temperature of from about 350°C to 550°C, and
silica to Me,O; (Me is a Group IIIA or VIII element from the Periodic Table of
Elements) molar ratio of from 300 to 2500. See for example EP-0 642 485 B1,
which is herein fully incorporated by reference. Other processes for converting an
oxygenate such as methanol to one or more olefin(s) using a molecular sieve

catalyst composition are described in PCT WO 01/23500 published April 5, 2001



No. 09/708, 753 filed Novenber 8, 2000, which is herein incorporated by
reference. [0093] In one preferred enbodi nent of the process for converting
an oxygewetos/ov@1pnl efi n(s) using a silicoal um nophosphat e PaoltSo2I®WE9 Si eve
catal yst conposition, the process is operated at a WHSV of at |east 20 hr'
and a Tenperature Corrected Nornalized3Met hane Selectivity (TCNMS) of |ess
than 0.016, preferably less than or equal to 0.01l. See for exanple U S.
Patent No. 5,952,538, which is herein fully incorporated by reference. In
anot her enbodi nent of the processes for converting an oxygenate such as

net hanol to @Rspan®fediBich eﬁ'aﬁfalvélﬁgé cataly i declst¥ok egpdsafe oFlaPleastqag)al YSt
conposition, the WHSV is from 01 hr' to about 100 hr', at a tenperature

of from abouwh@ﬁwlm@nm@oran@bys¢ﬂmen€€ to Me2G3 (Me is a Goup IIIA or
VI elerrentob%mth Per ] odi c, Tabl e of Iemsntsg nol ar. .ratio_of from 300
to 2500. Sed exafh}he B3 Ol ABIan 8V eAtaly 5 AP BROSI GO is ey frgm

I ncor por at edth@ﬁlséﬁéa%ﬁ%r\fe?sel gr&@fabgfﬁp $ndrB Ly Q0 ?tdnﬁgn@(ghucgd(%genat €
such as nethanol to one or nore olefiin(s) using a ecul ar sieve catalyst
conposi ti on the ecgdearatiorbsydtenm mﬂeg@ﬁﬁéﬂéﬁﬁﬂﬁh pathpriiseh @ degdpértator whe001 WO
03/ 000412 PCJ/ US02/ 19 69 33 (propane reduction at an average catal yst
feedst ock extPpseked 3 Yaﬂ C?ré%%sﬂt“’_[‘ léfonta%ﬁi wihjagegeaewtian meddmbor at ed by

ref er ence. }9%{%4%, Zﬁ' asc&%&%lﬁgh%é rfcé} gé/n%][aﬁ ?é%b&%to&%nﬂ%‘?éonts lopn 1's

wi t hdrawn fro I sengag nor e

cycl ones(s) , temperatup¢, ppstvecnd @esuiehee tiig eNehainhififg 8¥&h 5183 ofthe regeneration
system conprises a regenerator where the coked catalyst conposition is
cont act ed wiTegengratiog arreivm FW@W@WW ef @xyapn, PzaS@asNz@oh@alN@zng oxygen,

under gener egener itions erature and

resi dence tl%n%d” Tq\lgﬁu @lﬁﬁ&et% gh qrgﬁ%rf & Ca<5 Ont(h%’?g‘? é’é@%eélrdd’td ﬁ r@rogum i ncl ude

one or nore Rier@X06245083), &Bon h&%ﬁaoxﬁ@and)mlydr&g%QB,Thélrégené}hﬁoxfi' luted with
nitrogen or carbon di oxi d€, oxygen and water (U.'S. Patent No. 6,245, 703),

car bon nmonoxiogditignsiAteithdsp ¢arbénof biineng egenfeora tharoked catdliyst conpositient hose
capable o DL BRSNS ST 09, E06, SOl ISk cRTRRSL Loty P! T bl o
coked molecular sieve catalyst composition entering the regeneration system. The
coked molecular sieve catalyst composition withdrawn from the regenerator forms
a regenerated molecular sieve catalyst composition.
[0095] The regeneration temperature is in the range of from about 200°C to
about 1500°C, preferably from about 300°C to about 1000°C, more preferably
from about 450°C to about 750°C, and most preferably from about 550°C to
700°C. The regeneration pressure is in the range of from about 15 psia (103
kPaa) to about 500 psia (3448 kPaa), preferably from about 20 psia (138 kPaa) to
about 250 psia (1724 kPaa), more preferably from about 25 psia (172kPaa) to
about 150 psia (1034 kPaa), and most preferably from about 30 psia (207 kPaa) to
about 60 psia (414 kPaa). The preferred residence time of the molecular sieve
catalyst composition in the regenerator is in the range of from about one minute to
several hours, most preferably about one minute to 100 minutes, and the preferred
volume of oxygen in the gas is in the range of from about 0.01 mole percent to
about 5 mole percent based on the total volume of the gas.
[0096] In one embodiment, regeneration promoters, typically metal

containing compounds such as platinum, palladium and the like, are added to the



coked nol ecul ar sieve catal yst conposition entering the regeneration
system The coked nol ecul ar sieve catal yst conposition withdrawn fromthe
regener atwpo oBooo¥s2 a regenerated nol ecul ar sieve catal yst PCONMso%i4sson.

[ 0095] The regeneration tenperature is in the range of from about 200C to
about 1500C, preferably from about 30084to, about 1000C, nore preferably
from about 450C to about 750C, and nost preferably from about 550C to
700C. The regeneration pressure is in the range of from about 15 psia (103
kPaa) to about 500 psia (3448 kPaa), preferably from about 20 psia (138

kPaa) to ahgsdnedal} dﬁ%&@y,%}?r%‘ﬂregtg)a%nexﬁﬁfpfe WhEHRI RREY ctf196n about 25 psia
(172kPaa) to about 150 psia (1034 kPaa), and nost preferably from about 30

psi a (207 kRaspositionaltset inGhoper empddithekPadiesh Todecplaefieve edalyssi dence ti ne
of the nol ecul ar sieve  catalyst conposition in the regenerator is in the
range of frcFﬁP’é’BB‘HP“b??éldﬁﬁ?mfb“ér‘?gﬁnergg’\?é?lgPlnH&?r@gemkonﬂeé?‘éPQBI y about one
mnute to 1 ] : § I LN gas is in
QB Pate AR AHDR P UL Bafnt B! 61085 03, MNGR nbind Ay

t he range of out e. percent to ‘abdu e ‘percent based on

the total vdheorporatedbeefgrence. [ DGL6indtier@ntbodinimtli amition sfBebsledt i on
pronoters, typically metal containing conpounds such as plati num
pal | adi um ariBole¢dan siqug catalyst eoepagition fiame tharegemOT4g et disgPiy 19869 34

egener ator gl et el AT L RSB MR RS 2 1

conposi tion. I'h~anot res tat al yst

conposi ti on dgreomdetafs Wwith frbg HEGERIR AR cafiPit BbMpditich, bEGRIRLAL Weth ATedi um of
oxygen and water as described in U S. Patent No. 6,245, 703, ich is herein

ful l'y i ncor pegeaewiedayoleeylarsegvesatalyst gampasiivnnga conlsddégeperateda porti on of
t he coked nol.ecul ar siev ion fromthe regenerator is

t al 1 i
returned di rRYEY artsbevetcﬁtégﬁﬁ%’gﬂ%ﬁwpég?@éaE’FlQ&'ct or(s), or indirectly, by

pre-contactijpgom t h trhe plieGESdeke is MexbMRiAi rbfbot 4nll if h#Sh nol ecul ar
sieve catal yst conposition, or contacting wth a regenerated nol ecul ar

si eve cat al yestbodomgbshe¢ tempeatura vathih e regepengpatystem isodoatrallalbysi eve

catal yst conpasitiagn.described .bel ow. .[0097] The burning of coke is an
exot herm ¢ Wé&e’fﬁt& nigHeq iR the 3f m‘gH‘%BEif%‘FQH’cg,J GOQledi s tRuthg FegeBeAOr hi n t he

regenerati on.s%8 LBBhled cHRELiR AR, Bhtinuous, or semi-continuous mode, or a

combination thereof. A preferred technique involves withdrawing the regenerated
molecular sieve catalyst composition from the regeneration system and passing the
regenerated molecular sieve catalyst composition through a catalyst cooler that
forms a cooled regenerated molecular sieve catalyst composition. The catalyst
cooler, in an- embodiment, is a heat exchanger that is located either internal or
external to the regeneration system. In one embodiment, the cooler regenerated
molecular sieve catalyst composition is returned to the regenerator in a continuous
cycle, alternatively, (see U.S. Patent Application Serial No. 09/587,766 filed June
6, 2000) a portion of the cooled regenerated molecular sieve catalyst composition
is returned to the regenerator vessel in a continuous cycle, and another portion of
the cooled molecular sieve regenerated molecular sieve catalyst composition is
returned to the riser reactor(s), directly or indirectly, or a portion of the
regenerated molecular sieve catalyst composition or cooled regenerated molecular
sieve catalyst composition is contacted with by-products within the gaseous
effluent (PCT WO 00/49106 published August 24, 2000), which are all herein

fully incorporated by reference. In another embodiment, a regenerated molecular



various techniques in the art including feeding a cooled gas to the
regenerator vessel, operated either in a batch, continuous, or

sem - contwouwawso4snnpde, or a conbination thereof. A preferped/tSezimssgue

i nvol ves withdrawi ng the regenerated nol ecul ar sieve catal yst conposition
fromthe regenerati on system and passing the regenerated nol ecul ar sieve
catal yst conposition through a catalyst cooler that forns a cool ed
regener at ed nol ecul ar si eve catal yst conposition. The catalyst cooler, in
an enbodi ment, is a heat exchanger that is |ocated either internal or

external to iR hRUBDESAPISRIbNSORIACRA With ANBcdD Yk BRBLy: ethdid], q00! er
regenerated nol ecul ar sieve catal yst conposition is returned to the

regener at or propraot drutaned asmixtyxelthereaf], isenimediicedtosthe (eastor by Sem Pat ent
Application Serial,. 9/ 587,766 filed n : portion of the
cool ed regerféﬁ%’f@& 1‘!"\:&'% lﬁ‘Feé‘FfA‘?P]é%'oeﬁﬂP ?'%c?g%écég%q%&hrgaryéﬁur ned to the
regenerat or @3 Sehich s RrGRRITHBUPORIE B roRRChBNORRE mARdsirgn Of | the -
cool ed nol ecul ar sieve regenerated nol ecul ar sieve catal yst conposition is
returned to dpeeating ageganemtbosyssdm adi in disclogedt.S. RdicheNb) 6290916 porti on of

t he regenerated npl ecul ar sieve catal yst conposition or cool ed regenerated
nol ecul ar  sEeRterling moisaire)s wishds hereit fully isatposatedibyratererse. product's wi t hin

the gaseous e[lﬂﬁég]:c ue n;}"hlg Eecc%n eg%cﬁg%.lgaqrsee&? lcgtagrggcoﬁﬂ%léﬁltopzwﬁthdga}%géi’ n‘\f/smn![ ? h a

are all her ul | rporate eren anot her
regener at ed it ek 8énci¥BoR 34 Q0433 fePibTy HoRAhd 8889st c351es,iS¥smBiatdl yst

conposition contacted with an al cohol, preferably ethanol, 1- propnaol,
1- but anol orwith & frgshempleelangicve aatdlyst coripestipn andidigerisadatod mojesulam  as

described in.U. S  Patent licatian . Serial 9/ 785,122 fi)]ed February
To. " Doo1,  wiereielhEPen R G r FRgEH St T Pt erIated o her met hods
for operatiggirfdts aRN¥eAiaOBr@)Y ThaAMbBECerBbdhSE! B8 $&bekkrated RS8R arNO-
6,290,916 (controlling nmoisture), which is herein fully iIncorporated by
reference. [sBD@8atalfisecaneppsitonariduiravmt foml the regewaratiaadyaleysis retampdsi t i on

Wi t hdr awn

R o e SAPREL ! QNSNS BT PR el
o |k e ety Yo, g oot o
anot her enbadinireodtinuohdy pegenmueinstyl favliwes kiarintroduction of the regenerated
molecular sieve catalyst composition to the reactor system, preferably to the one
or more riser reactor(s).
[0099] By controlling the flow of the regenerated molecular sieve catalyst
composition or cooled regenerated molecular sieve catalyst composition from the
regeneration system to the reactor system, the optimum level of coke on the
molecular sieve catalyst composition entering the reactor is maintained. There are
many techniques for controlling the flow of a molecular sieve catalyst
composition described in Michael Louge, Experimental Techniques, Circulating
Fluidized Beds, Grace, Avidan and Knowlton, eds., Blackie, 1997 (336-337),
which is herein incorporated by reference. Coke levels on the molecular sieve
catalyst composition is measured by withdrawing from the conversion process the
molecular sieve catalyst composition at a point in the process and determining its
carbon content. Typical levels of coke on the molecular sieve catalyst

composition, after regeneration is in the range of from 0.01 weight percent to

about 15 weight percent, preferably from about 0.1 weight percent to about 10



si eve catal yst conposition withdrawn fromthe regeneration systemis
returned to the riser reactor(s) directly, preferably after passing

t hrough awoaBabosgz cooler. In one enbodi nent, a carrier, PEOOIS0A$98aN | nert
gas, feedstock vapor, steamor the like, sem-continuously or

continuously, facilitates the introducgon of the regenerated nvolecul ar
sieve catal yst conposition to the reactor system preferably to the one or
nore riser reactor(s). [00991 By controlling the flow of the regenerated
nol ecul ar sieve catal yst conposition or cool ed regenerated nol ecul ar sieve

catal yst conpQghitjeRnf, 'hﬁﬂé biferabl§ BORPAGYL 07 Wi %lflt ckft th '&Soﬁt%a\%igﬁt system

the optinum | evel” of coke on the  nol ecul ar si catal yst conpdOsition
ent eri ng t hepereeat taind miost preferdbdy frenh. abohield. & waight peraemyt té elodun Rouedghtf or
controlling the flow of a nolecul ar ﬁi eve catalys conposi tion descri bed

t
in M chael IRStR§BY bassden thedptehvergbtpfihe moteculer et ad 1oy thertptl wewdioBeds,
G ace, Avi dgﬂ%%%cm%‘;@&ta&gﬁ%?gg%iﬁ&gi e, 1997 (336-337), which is herein
er e leve

i ncor porat e yre ence. S 'on the nol ecul ar ‘si eve catal yst

conposi ti on [06100¢as ulgdndjyrefdriicl dmbotingent, tRini eGP e molular sieess t he

mol ecul ar sieve catal yst conposition at a point in the process and

det er m ni ng Satalyst exppgsiticiandapgenerpindi raglecylansigve catalysbrampnsitionandior ecul ar
sieve catal yst, .conposjtio fter regeneration.is in.the.range of from

0. 01 vei ght RRIFEETRRE R e oles sty e semneiition spReis b s T At about 0. 1
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nore preferably from about B wei ght percent to about 5 weight percent,
and nost pr ehercpigrablydmmabbait 200 3bawti2g vicighe perant, srol mbopref2rablyi ght
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based on the
systems, techniques and sequences that are useful in separating olefin(s) and

purifying olefin(s) from the gaseous effluent. Recovery systems generally
comprise one or more or a combination of a various separation, fractionation
and/or distillation towers, columns, splitters, or trains, reaction systems such as
ethylbenzene manufacture (U.S. Patent No. 5,476,978) and other derivative
processes such as aldehydes, ketones and ester manufacture (U.S. Patent No.
5,675,041), and other associated equipment for example various condensers, heat
exchangers, refrigeration systems or chill trains, compressors, knock-out drums or
pots, pumps, and the like. Non-limiting examples of these towers, columns,
splitters or trains used alone or in combination include one or more of a
demethanizer, preferably a high temperature demethanizer, a dethanizer, a
depropanizer, preferably a wet depropanizer, a wash tower often referred to as a
caustic wash tower and/or quench tower, absorbers, adsorbers, membranes,
ethylene (C2) splitter, propylene (C3) splitter, butene (C4) splitter, and the like.
[00102] Various recovery systems useful for recovering predominately

olefin(s), preferably prime or light olefin(s) such as ethylene, propylene and/or



of the m xture of nol ecul ar sieve catal yst conpositions. See for exanple
U S Patent No. 6,023,005, which is herein fully incorporated by

ref erencewoO[0300®@13 The gaseous effluent is w thdrawn frompPCrasd/ssagagi ng
systemand is passed through a recovery system There are many wel |l known
recovery systens, techniques and sequamces that are useful in separating
olefin(s) and purifying olefin(s) fromthe gaseous effluent. Recovery
systens generally conprise one or nore or a conbination of a various
separation, fractionation and/or distillation towers, colums, splitters,

or trains, nRaGkiRNdG&YSRTR (58 TPhid@t Noeb B Ben(RBshdB MRGhiEeR: (U. S. Patent
No. 5,476,978) and other derivative processes such “as al dehydes, ketones

and est er netrafima); LB ePtent SlosPad Eht4ING6,452586 abd 608,48 htuiemblane associ at ed
equi prent for exa iou sers, heat £ exchangers, refrigeration
sgst g_ms or CRPYTRU Egﬁﬁé% e r@ggg? ,reRSh‘Ef’c‘ﬂ@PS{}@enH?‘E%?g’e&Fs)’s%§t KateRjunps, and
the like. '.@,0@9228’83%?&32%x%ﬁlo%l?],tlﬁgfsfat%;ﬁw.%;90ﬁf3|89m§%¥er§djl itters or

trai ns used al one or nati on i nclude one’ or’ nore a denet hani zer

preferably anéthgll tehpkoghund cadordhaidedaone stefpUSiRatert Noas,9dgpsdpani zer,
preferably a wet depropani zer, a wash tower often referred to as a caustic
wash tower dHgP¥redmethanclitegay turkine ppwerrndanth @8é Mot Patenidliené.42b804 et hyl ene

c2 litter, | | j . byt | j -t d the |ike.
Loot02] var falie PRRNCENGnGRY St Rulshiint o P SRR RE osbbnAl ol y°
ol efin(s), pugéabhedingtion) &Rl OIS, PhghtNe| E193d9R)(predsiite S%inBlad¥drBién), Propyl ene

and/ or WO 03/000412 PCT/ US02/ 19869 37 butene are described in &TS. Pat ent
No. 5, 960, 64shi¢kargcahidwrejn fullylinesrpgried by referesegr) , U. S. Patent Nos.

5,019, 143, 581 .and 082, 481 .(nmenbrane separat.ians), U.S. Patent
3672, 197 (JPE0GN, o SR AompeRy hERS) Rogyes S Tamodtigho. 288
(hydrogen r ?éﬁé/ﬁiién othcRumatieNbe M@litio‘ﬁa%ﬁd@ﬁ@ b@gﬁ@&ié?sraﬁfé/ormt hanol to
hydr ogen and carbon di oxide in one step), U S. “Patent No. 5,927,063
(recover ed rehtaamudnts domgpwith thelpireferrpbpeme pratucls, Thngrdferfed pahent No.

6, 121, 504 di rect product quench), U S. Patent No. 6,121, 503 (high purity
ol ef i ns wi t RSHUCt ﬁ%é@r TR %ﬁ}f}yleamn PEOPYsRE e twallz,ngg?@gs

(pressure svhngeaflges v Manufatfiking pfcessad Suches BbRnetLiton PIGQLRQr at ed by

reference.
Therefore, in the most preferred embodiment of the recovery system, the recovery

system also includes a purification system. For example, the light olefin(s)
produced particularly in a MTO process are passed through a purification system
that removes low levels of by-products or contaminants. Non-limiting examples
of contaminants and by-products include generally polar compounds such as
water, alcohols, carboxylic acids, ethers, carbon oxides, sulfur compounds such as
hydrogen sulfide, carbony! sulfides and mercaptans, ammonia and other nitrogen
compounds, arsine, phosphine and chlorides. Other contaminants or by-products
include hydrogen and hydrocarbons such as acetylene, methyl acetylene,
propadiene, butadiene and butyne.

[00104] Other recovery systems that include purification systems, for
example for the purification of olefin(s), are described in Kirk-Othmer
Encyclopedia of Chemical Technology, 4th Edition, Volume 9, John Wiley &
Sons, 1996, pages 249-271 and 894-899, which is herein incorporated by
reference. Purification systems are also described in for example, U.S. Patent No.

6,271,428 (purification of a diolefin hydrocarbon stream), U.S. Patent No.



[ 001031 Generally acconpanying nost recovery systens is the production,
generation or accunul ation of additional products, by-products and/or

cont am nawbD3abemy with the preferred prine products. The pomafSee/nesdo pri ne
products, the light olefins, such as ethylene and propyl ene, are typically
purified for use in derivative manufaéBuring processes such as

pol yneri zati on processes. Therefore, in the nost preferred enbodi nent of
the recovery system the recovery systemalso includes a purification
system For exanple, the light olefin(s) produced particularly in a MIO

process are Qe (s&fablBil pRofyiéne!ftdh blopandY s, lpmeﬁt AgpTRYEsn NWw | evel s

of by-products or contam nants. Non-limting exanples of contam nants and
by- product s (%% fjehOrctobey2G 300 (ruegertiganisisingdtydeasing watiabyst), whicbhol s,
carboxylic a .et hers rbon oxides, sulfur conpounds such as hydrogen

id
sul fide, caﬂgbﬁév“gﬂF?WBﬁgﬁgﬁ “Héftapt ans, ammoni a and ot her nitrogen
conpounds, 00103 PHYPRAINE 20 P8I or%ggjegﬁ@mml Favitlg 2

by- product s nci ude hydrogen and hydrocar bons as acetyl ene,” net hyl
acetyl ene, quiapesnemnens, autaustod hydebchbbys) @articORHY Hlefli$)eespedaldw er y

systens that include purification systens, for. exanple for the
purificati orPlg?n(ﬁ)ll@f’l%(‘%‘)r,m‘érPé g8 afanseand othes bykpiodufie are fermsd9ropedi a of

Chem cal Te y bt A . 996, pages
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Puri fi cati orfosysivernihgalicpalicds dasdnddd@dhinihd effluexaap hWethdidwa. frdtakient No.
6,271,428 (purification of a diolefin hydrocarbon streanm), U S. Patent No.
WO 03/ 00041 Zeqetr/ouseyeriggsthoseggoductoprodod @s e pesubitdl the 1ee®isyy sistent r om

pr opane), aq11&&§. Pat ent Application No. 09/689, 363 filed Cctober 20,
2000 (purge sﬁrean1using hydrating catalyst), which 1is herein incorporated

by referencqooiddpPl0Sin didéibddiMent! the COMERE EdsRGiItIRIAWR froADhHE rd¥thgRNat es to
olefin(s) having 2 or 3 carbon atons, an anount of hydrocarbons,

par ti cul ar | yasdedtlimygh a rasgpasg ispsitény praglueiigiwps pr mavd mgirdcadronmontirgag bon
oLore, and oLher DXBGNELS pre Tonmed o propuerd dpcluded i the
products continedh Wid dhtbdifenteht lcieRfdré@shol B AN sttdafistied
through a first fractionation zone producing a crude C, hydrocarbon and a C,"
hydrocarbon containing stream, the C," hydrocarbon containing stream is passed
through a second fractionation zone producing a crude C, hydrocarbon and a C;*
hydrocarbon containing stream. The four or more carbon hydrocarbons include
butenes such as butene-1 and butene-2, butadienes, saturated butanes, and
isobutanes.
[00107] The effluent gas removed from a conversion process, particularly a
MTO process, typically has a minor amount of hydrocarbons having 4 or more
carbon atoms. The amount of hydrocarbons having 4 or more carbon atoms is
typically in an amount less than 20 weight percent, preferably less than 10 weight
percent, more preferably less than 5 weight percent, and most preferably less than
2 weight percent, based on the total weight of the effluent gas withdrawn from a
MTO process, excluding water. In particular with a conversion process of
oxygenates into olefin(s) utilizing a molecular sieve catalyst composition the

resulting effluent gas typically comprises a majority of ethylene and/or propylene



reactor or converting those products produced as a result of the recovery
system utilized. [00106] In one enbodi nent, the effluent gas w thdrawn
fromthe woaswarsit s passed through a recovery system pro@®@Tiusg2/09869 or nore
hydr ocarbon containing strean(s), in particular, a three or nore carbon
atom (C3+) hydrocarbon containing stréam In this enbodinent, the C3+

hydr ocarbon containing streamis passed through a first fractionation zone
produci ng a crude C3 hydrocarbon and a C4+ hydrocarbon contai ning stream

t he C4+ hydrocarbon containing streamis passed through a second

fractionati andzaGRRoPAAGwE oA SR chbbA andHighMdiaeson iibed Prbdactsard ofh¥dr ocar bon
containing stream The four or nore carbon hydrocarbons include butenes

such as but édryeprpdenisl ebeluding wWaterbut adi enes, saturat ed butanes, and

i sobut anes. 7] The efflyent gas r.enroved from a conversi on process,
particul arl Jbgﬂfs&rr o) EPB%@%&eﬂ%ﬁwgé?qcyo%é’?teénsrﬁsrﬂﬁp A FRUSSEOVSEY BX M car bons
havi ng 4 or : AlESor iLhg 4 or nore
carbon at orrsﬂnihgﬁll%/ %E?%ryai n a%dggﬁsD%E?Hﬁ%esrgﬁl '? @a&ﬁ%%éf/\g@giggggértgent,

pref er abl y |Fessxarhpla, the Opbydrhtarbgrest betate-1 and butpne? arcabky td make t han 5 wei ght

percent, and sf preferably | ess than 2 weight percent, based on the
total wei ghtal‘glotsﬁ’é"%‘gfgl tadAtcahan atgras, ardioiher spseralty characals.dsebsitylenex el udi ng

tal wei ght!d ftaertcatyas sigy !
ohet i n(s) utt i naekChitadtnf ARMELE AR ATERRNG, bUBBEREIE Bk Ot i ng

ef fl uent gasydyigealdnyunidspériversd mterBitend-1 indbutehd ¥ dduame/iDisenil opy! ene WO
03/ 000412 PCT/ US02/ 19869 . 39 and a m nor anount of four carbon and hi gher
car bon numbés agbeld iNonslinaiting skaraples plrepetivay stems éncdudedy SgPatentd¥o. [ 00108]

Sui t abl e wel reaction. systens_ a art .of t cQvery.system
ortmart Tyt TSR L B A B b bBlent ST SOPHFINGE Y Vel ve
products.  HQ77463%BNAoButahdidWhtdhedr Sednkensd tobaltmgyaaté gasling)ligge- 2 are used

to make alcohols having 8 to 13 carbon atons, and other specialty
cheni cal s, iRatsiptNgl @A€9,015(dimvenization whkéutylerms,dl . SnBatentdiasi 4,287,369 and

IR A R e SO N
dioxide and hydrogen making carbonyl compounds), U.S. Patent No. 4,542,252
(multistage adiabatic process), U.S. Patent No. 5,634,354 (olefin-hydrogen
recovery), and Cosyns, J. et al., Process for Upgrading C3, C4 and C5 Olefinic
Streams, Pet. & Coal, Vol. 37, No. 4 (1995) (dimerizing or oligomerizing
propylene, butylene and pentylene), which are all herein fully incorporated by
reference.

[00109] The preferred light olefin(s) produced by any one of the processes
described above, preferably conversion processes, are high purity prime olefin(s)
products that contains a single carbon number olefin in an amount greater than 80
percent, preferably greater than 90 weight percent, more preferably greater than 95
weight percent, and most preferably no less than about 99 weight percent, based
on the total weight of the olefin. In one embodiment, high purity prime olefin(s)
are produced in the process of the invention at rate of greater than 5 kg per day,
preferably greater than 10 kg per day, more preferably greater than 20 kg per day,
and most preferably greater than 50 kg per day. In another embodiment, high
purity ethylene and/or high purity propylene is produced by the process of the
invention at a rate greater than 4,500 kg per day, preferably greater than 100,000



as a fuel. Non-limting exanples of reaction systens include U S. Patent
No. 5,955,640 (converting a four carbon product into butene-1), U S

Pat ent NowoO 08/050442 375 (i sobut ane and but ene-2 ol i goneri zegdcrasazrimbkyl at e
gasoline), U S. Patent No. 6,049,017 (dinerization of n-butylene), U S
Pat ent Nos. 4,287,369 and 5,763,678 (aarbonylation or hydroformnul ati on of
hi gher olefins with carbon dioxide and hydrogen maki ng carbonyl
conpounds), U.S. Patent No. 4,542,252 (multistage adiabatic process), U.S.
Pat ent No. 5,634,354 (ol efin-hydrogen recovery), and Cosyns, J. et al.,

Process for ;agiy %r@%ref%bl?@ea@ thAr300M00 kgPek B Tver Rore Jtﬁé e ot

37, No. 4 (1 di meri zing or oligonerizing propy ene, and
pentyl ene), gntatcrhhar B0@0,00(hkg pérnlaf ek yvénoorepoefatably drgater thiuer ence. [ 001091

The preferred |i ol ef.in(s) produced one of the pr ocesses
descri bed atef9; (%Sr@fﬂ?lr gay-pti Gﬁ%’i”gTeci?{egf'@gé%@E@r thap 2,000 HRO ke pex y prine

ol efin(s) t unber olefin in an
anount great e?%rﬁo%@?&fa&@?ﬁa‘?&pﬁaﬁ gﬁiﬁo(ﬁggate t han 90 wei ght percent,
nore prefer g0dpoyr eaCrhertcbaversibn pieeghd, ippartieilhs, a2baveidish pkc&s@fahl y no

| ess than about 99 wei ght percent, based on the total welght of the
ol efin. In OHEEURFIQIONERT MOKg glﬁﬁpdg}mtti}e prfeism@e@f afmalgeslar sigvecgialysfuced in t he

process of the inyvention ter t han da referably
greater than 10 KRG perPdX laEHyw err%t (g IRRGTEEY @Pesgﬁ(gﬁo %i{j &Y day,
and nost pr %@glﬂﬁmsgraﬁammw%u&@ 1KQu@@!ho§@&escﬂ15bdﬂﬁ%xr@(ram§@Qﬂ$ ment, high

purity ethyl ene and/or high purity propylene is produced by the process of
t he i nvent iPatenalNoab,iat.80%( wakiog pidsmlwdlth@@@)ldfgl peducthgving n phmffabloy gr eat er

th 100, 000 03/00041 USOZ/ 4 d e preferabl
gr 22t er t har?le\sfg’o gt RYO ieéf %HW € &rﬁ@eUg?‘ (l}%éﬁ%ggpyg){ﬁ? gg{ er Iot han d
1, 000, 000 erlE&ForHé’@ﬁetlcy @ﬂerg}y ﬁﬂeﬁ@?loﬁ s§9§t@rﬁfrP@b[| WEo6285 ﬂlﬂ)"ﬁ eslﬁi {0, 000 kg

per day, still even nore preferably greater than 2, 000, er day, and
nost pref er dbl Y99 @edvarhydhaartdn 50 SffDe dag fqkto adagher {e@ﬁdzﬂ)(PE]OWbr conver si on

or e ol of | n(fCUTA0 P e 45aES 26201 68 LSl SHons ABPLRiap AN 0 compos 1 on.

especi al l'y %%ﬁ,éﬁqﬂéﬁ)jﬁf 9&,%006 i(lﬁgﬁ“ p}e§SL§é’)[]Ur§sijaFe%gAEBl?(fQu§n lexllélq@(p
09/507,838 filed February 22, 2000 (staged feedstock injection), and U.S. Patent
Application Serial No. 09/785,409 filed February 16, 2001 (acetone co-fed),
which are all herein fully incorporated by reference.
[00111] In an embodiment, an integrated process is directed to producing -
light olefin(s) from a hydrocarbon feedstock, preferably a hydrocarbon gas
feedstock, more preferably methane and/or ethane. The first step in the process is
passing the gaseous feédstock, preferably in combination with a water stream, to a
syngas production zone to produce a synthesis gas (syngas) stream. Syngas
production is well known, and typical syngas temperatures are in the range of
from about 700°C to about 1200°C and syngas pressures are in the range of from
about 2 MPa to about 100 MPa. Synthesis gas streams are produced from natural
gas, petroleum liquids, and carbonaceous materials such as coal, recycled plastic,
municipal waste or any other organic material, preferably synthesis gas stream is
produced via steam reforming of natural gas. Generally, a heterogeneous catalyst,
typically a copper based catalyst, is contacted with a synthesis gas stream,

typically carbon dioxide and carbon monoxide and hydrogen to produce an



phosphorous-, and al um na- source, include those described in for exanple:
US Patent No. 6,121,503 ( making plastic with an ol efin product having a
paraffin woosobaiztn weight ratio | ess than or equal to 0. @&/uso/BsePat ent
No. 6,187,983 (el ectronmagnetic energy to reaction systen), PCT WD 99/ 18055
publ i shes April 15, 1999 (heavy hydroearbon in effluent gas fed to another
reactor) PCT WD O 1/60770 published August 23, 2001 and U. S. Patent
Application Serial No. 09/627,634 filed July 28, 2000 (high pressure),

U S. Patent Application Serial No. 09/507,838 filed February 22, 2000

(staged feedgédhek prétb@6ly RethancdkNieH.iPcoiBin@ién whRRIa&GatA @ Serial No.
09/ 785,409 filed February 16, 2001 (acetone co-fed), which are all herein

ful |y i ncor pombodadensythe eymhesicgas sfrédm dd symheais tempardiuneintthe mnge of egr at ed
rocess is directed to producing _light olefin(s) fraoama hydrocarbon

Peedst ock, pryné %‘Hllf8a8®%?"85§b08r? gka synd %H&?@Prerfﬁrt@ 13hgs e f5ny et hane

and/ or et harh%oyt:}_?g/{)ffa;}f).%BoﬁtI@F?\sz{'is.tﬂﬁgseHrtmﬁgl?akacrboﬁ)@?iﬁé PShVe[orIARE 'S

f eedst ock, pre in conblination with water stream to a syhgas
producti on zwoduce@anpixgghnae @nihdesdam.gas (syngas) stream Syngas
production is well known, and typical syngas tenperatures are in the range
of from abdf1Zdoc tIhispygenatoemeainmg sygHpy ca&@sm}hwl,amcally the range of

from about 2 Mo t"l? %@Er?nﬁq‘f &)(rq d t %ﬁ%a&%ﬁ?&tggrséo%&%)ﬁlént%tﬁci%@%ﬂ?e{' e produced from

natural gas, petro s, and carbonac %uch as coal,

recycl ed pl gskticularlydifetypathe\R&tbes) hldaiydes dieblved gads Sudibls ey iRlgen ,
preferably synthesis gas streamis produced via steamreformn ng of natural
gas. Gener alsthang, parben exjde awliitrogera lagd fusel il plheadNygerateampaninpas ed

catal yst, is. contacted with a nt hesi,s gas.stream typically carbon

i oxi e and LEBonrorgmeiee ﬁlﬁgyﬂﬂ?g‘?'fbe&ee 031%%&%5%%83 Joar2
PCT/ US02/ 1988@wnphrific&fiProcddsed] @5@IR16n"RpAANG anﬁré&i’&néﬁbn?%ﬁhiﬁ?t fon with
water. In one enbodinent, the synthesis gas streamat a synthesrs

t enper at ur e in@ puhéed anygenat coftaiomgaddeam, fos@arhple advminerdaDGraled\ aid a

synthesis pressure i he range of from about 5 Pa to about 10 MPa is
passed thr odb& néet}&aé’iogo'hheo%yé LOFRALFIBING FUGYP QT P'(b“f%gir%‘d’ﬁ%r@tea‘ﬁ)n@ﬂ%énat e

cont ai ni ng %&&aﬁ%%{oqgﬁjl%hhm& Sr AOYIENRKE, SBAAEDRE AUGrhht 8- MorPr Crude

met hanol , typicall
molecular sieve catalyst composition described above in any one of the processes

described above to produce a variety of prime products, particularly light
olefin(s), ethylene and/or propylene. Non-limiting examples of this integrated
process is described in EP-B-0 933 345, which is herein fully incorporated by
reference. In another more fully integrated process, optionally with the integrated
processes described above, olefin(s) produced are directed to, in one embodiment,
one or more polymerization processes for producing various polyolefins. (See for
example U.S. Patent Application Serial No. 09/615,376 filed July 13, 2000, which
is herein fully incorporated by reference.)

[00113] Polymerization processes include solution, gas phase, slurry phase
and a high pressure processes, or a combination thereof. Particularly preferred is a
gas phase or a slurry phase polymerization of one or more olefin(s) at least one of
which is ethylene or propylene. These polymerization processes utilize a
polymerization catalyst that can include any one or a combination of the molecular
sieve catalysts discussed above, however, the preferred polymerization catalysts

are those Ziegler-Natta, Phillips-type, metallocene, metallocene-type and



contains the al cohol product and various other conponents such as ethers,
particul arly dinmethyl ether, ketones, al dehydes, dissolved gases such as
hydr ogen woeshemez carbon oxi de and nitrogen, and fusel oPCT/UShE1988ygenat e
containing stream crude nethanol, in the preferred enbodi nent is passed
through a well known purification proadgsses, distillation, separation and
fractionation, resulting in a purified oxygenate containing stream for
exanpl e, commercial Grade A and AA nethanol. The oxygenate containi ng
streamor purified oxygenate containing stream optionally with one or

nore dil _Uenta’ﬂwaﬁc%d‘b@gﬁn?&izﬁt%d’\éawys@é}%n@fniﬂt"afe% thé?@éf?%%%ly%ie’?é’ﬁroﬁé‘ée@' yst
conposition descri bed above in any one of the processes” described above to

produce a vdmnithe polyimepratinm pocdsestdsscribad abavel inclhge lineghtow ddnsity n( s) ,

et hyl ene and/ or propylene. Non-limtipg exanples of this integrated
process is d?—ff’iﬁrﬂ?}ﬂ%'% Flastemens: Blagg@ef?tlg‘%h\f\ﬁi’g& Rolyatiuienenlomdensity necor por at ed
by referen 0 i I wth
the integr aﬁ%&y o rlgrgéééélggm rse§$ :;rgieﬂ)(fx %\%ﬂgbggﬁég%(g)? }}}r?llzége??eo%fg@}télgg é;l?desle%i rected
to, in one gubpdérspriducedinethepolyaiesizpidnyprocdssatihcladitaargpdpropierel oduci ng
various polyolefins., (See for exanple U S. Patent Application Serial No.
09/ 615, 376 fipotadicnelyprapylenpgemdiaigstic polypsonydans; #ndiprppylenefendorartdeckd by

ref erence.) rization processes include solution, gas phase,
slurry phase(qurglﬁ%ciilgoﬁ(ﬁgﬁg%f essure processes, or a conbination thereof.

Particul arl yioprefler r ed pieSerfed c@ifodRREE &th® Intéuritell bfoteRRaHrivgd &/ mer i zati on of
one or nore olefin(s) at |east one of which is ethylene or propylene.

These pol ynenalymerizang proecse o ere ertoreodefm(paon sheanreseacs ofre mayma¢yztion hat can

i nclude any o r conmbi nation of th | ecul ar sieve catal ysts

di scussed alfg\{}’i’fs(t)?‘?@a%@&?p@ﬁ'@eﬂ?aé’f)ﬁrr?aé:gorggpmﬁ PR TICTERPAMEt s are those
Zi egl er - Nat tiodehy, WhieR$1 th¥RRe ofBbA! dI teh AEAE 8y LR rn/\O

03/ 000412 P (/)USCOQI 19869 42egdvancegﬁggﬁ/ar¥e[%lt zation cht al ysts, nand

m xt ur es t hedeahbl, patieujadly ymethano} uesidg @evboledartsivye patalysecdnmatition. Thecesses

descri bed above include |linear |ow densi pol yet hyl ene, el astoners,
pl ast omer s, MFGACYRAYMEGZAHIONPLRYSSY 18 32 PE#@@E’&?V”W@@FW‘P%%,

pol ypropy! eng,sapgk Hahy BleARY(SFR €Itk RHUWIRGF probyfnB! HB-&BGLRARED POl yners
produced by t%e po%rrer I zat1’on processes | cl u%e at a?t IC pg/lqypr opyl ene,
polymerization catalyst system is a supported metallocene catalyst system. In this
embodiment, the supported metallocene catalyst system comprises a support, a
metallocene or metallocene-type compound and an activator, preferably the
activator is a non-coordinating anion or alumoxane, or combination thereof, and
most preferably the activator is alumoxane.
[00115] In addition to polyolefins, numerous other olefin derived products are
formed from the olefin(s) recovered any one of the processes described above,
particularly the conversion processes, more particularly the GTO process or MTO
process. These include, but are not limited to, aldehydes, alcohols, acetic acid,
linear alpha olefins, vinyl acetate, ethylene dicholoride and vinyl chloride,
ethylbenzene, ethylene oxide, cumene, isopropyl alcohol, acrolein, allyl chloride,

propylene oxide, acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and

trimers and dimers of ethylene, propylene or butylenes.

EXAMPLES



i sotactic pol ypropyl ene, syndiotactic pol ypropyl ene, and propyl ene random
bl ock or inpact copolyners. [00114] In preferred enbodi nent, the

i nt egr at edopBOOESE conpri ses a polynerizing process of OPETATSOINSEI
olefin(s) in the presence of a polynerization catalyst systemin a

pol yneri zation reactor to produce one @8 nore polynmer products, wherein
the one or nore ol efin(s) having been nade by converting an al cohol,
particul arly methanol, using a nolecul ar sieve catal yst conposition. The
preferred polynerization process is a gas phase polynerization process and
at |east ongopie)t he ahekddItd provide LbctBeindR MR Mhe PR ifBRtioRNd
preferably the polynerization catalyst systemis a supported netall ocene
cat al yst syshdmlingmepredestatizerbddintages thereh§ tisufofowirecexamples lacoeffieed at al yst

system conprjises a support, a tall ocene or netallocene-type.conpound and

a% act i va{rgré,O’ﬁF‘%\egﬁsé’EgW‘f‘Wée usgg:%?%flﬁf‘mﬂaf‘%g CptafYss ¥ g%neﬁai{x ‘?‘Pgta&hi gﬁ or

al unoxane, i i f ] tivator is
E\?(l)é%gg?&?g&daegﬁi fn@ﬁ'&lﬁl%, blF,l) ipd? dto Wa?gr%&quhet e 8F ;

al unoxane. tion t°0 po yg ef 1 ns, numerous o‘?ﬁer ol efin

derived pr oduclesular sevef onpamid tdniglatet fieis obmfrion (psgctice aodescrdtst thoymong of t he
processes described above, particularly the conversion processes, nore
parti cul ar | YItPERPOSTEY ofr thesssenyituentiss beirigcisa "calpinegddapisc | Galeination  are not

limted ;o , ' ' | | | ph | efins; vinyl
acotate, o HJrare eine FRRad! BB RiTeRRiEm bR SrBRRul ' iyl one

oxi de, cumengffidien s aRYIndatEeNoiny atadedivalatitd dontent (450PC €& one RF BRYE €NE
oxi de, acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and

trimers and hwiursr ©ngtf"calcingt dass” ip delndde fos thyr puspesgs efihs cUFGIMPICASOMOD
03/000412 PCT/tU802/1 868 43 4f00 164 I n or der.to ovide a better
under st andi iy 15 TPHET F Baglin qf Soh YRRt fEmaty LHMBE RSt i ve advant ages

thereof, thenfiRbhodang r@&@mo%céllﬁﬁ fRHI6REER. weiHIRRR bl ddRBIR c@fif e xt ure

used for formulating catalysts will generally contain volatile conponents,
i ncl udi ng, bempoo¢nthadbeadcalanedwaliberterandQlI {Iross{Om-Igag@ndis usedhaeinl ar si eve,

T NN RO EN AR TN

Cal ci nati on Thys 10 grams of a component containing 25% volatiles would be described as
"7.5 g on a calcined basis" with an LOI of 2.5g. Synthesis of a SAPO-34
molecular sieve is well known, and the SAPO-34 used in the Examples below was
measured to have a MSA of about 550 m*/g-molecular sieve.
[00117] MSA is determined using a MICROMERITICS Gemini 2375 from
Micromeritics Instrument Corporation, Norcross, Georgia is used. An amount
0.15g to 0.6g of the sample is loaded into the sample cell for degassing at 300°C
for a minimum of 2 hours. During the analysis, the Evacuation Time is 1.0
minute, no free space is used, and sample Density of 1.0 g/cc is used. Thirteen

(13) adsorption data points are collected with adsorption targets of:

Data Point Adsorption Data Adsorption
Target (p/p,) Point Target (p/p,)

1 0.00500 8 0.25000

2 0.07500 9 0.30000

3 0.01000 10 0.40000

4 0.05000 11 0.60000

5 0.10000 12 0.75000

6 0.15000 13 0.95000

7 0.20000




i nvol ves heating a material in the presence of air at an el evated
tenperature sufficient to dry and renove any contained volatile content
(650C f orwoms/oe4izore hours). On a "cal ci ned basi s" is dernsdy/19869 t he
pur poses of the current invention, as the anmobunt or fraction of each
conponent remaining after it has been 4dat hematically reduced to account
for losses in weight expected to occur if the conponent had been cal ci ned.
The term LA (Loss-On-lIgnition) is used herein interchangeably with the
fractional |oss during calcination, a "calcined basis". Thus, 10 grans of
a conponent containing 25% vol atiles would be described as "7.5 g on a
cal cined basis" with an LO of 2.5g. Synthesis of a SAPO 34 nol ecul ar
sieve is wellP0Okkdwn, &l colrectBnH@:tarnusedan thert-plotas EﬁﬁﬁpNesiekmmﬁnnwas

measur ed towg?vea% Ck’//ﬁA oI Eq‘ﬁ 50 nQ e}%rrrggg |ar ;j 00117] MsA is
det er m ned 'tics Instrunent
Cor por ati on S %Ipﬁr& gAp of the
sanple is |lo E g&?ﬁf% l%lﬁ&%{slgﬁng déé(?e%ﬁq} egagglltonsgeggl'g(ﬁ &){C)lpl(a% M2 i ni mum

of 2 hours. (]20000090 0}990@013Icyﬁstm,cteﬂhmrﬁ\th@AStn\/DcertTﬁéfbfdrm of tke Haiikmste no
free space is used, and sanple Densit /cc is,used. Thi rteen (13)

1.
adsor pt i on dRfduRGanationd ) MadeRc(RF &3'{9#/(9&)5”6 p8(PG)Y ar Kds shoym byDat a Poi nt

Adsor ption Ro 0. 00500 8
0.25000 2 %%é\g?@lg@; g%g&?};@é&g&&%gﬂ% B&Z%E%%%e‘%t%@a%% %1 0.60000 5
0. 10000 12 0O.3859H5206(1090) QR0 theZolvEaRDAS BET SurfL0 Qkka\0Pa GaLAPOALS

PCT/ US02/ 19869 44 [001181 The correction factor used in the t-plot is

0.975. No denaefiglcrohe d?f@nmogedemnn@rw@zztl@a theqriernal areal apdithe par anet er s

i nclude, Analysis I\/b(ii E U|I|br% %lllbrailon Tinmg: 5 second; Scan
Rate: 10 sedBISERporenq uIB?(ﬁS Kprgssed y equation given below: S, ;.= S-S, = vi/d;,

where v, is the micropore volume, S, is the micropore area calculated from S,
and S_,.. S, is given by the conventional BET method, and S_, is the external areca
taken from the t-plot. d; is a nonphysical length the value of which depends on the
pressure used in the experiments. The proportionality factor, d, is determined
quantitatively by the pressures used in the BET fits.

[00119] For purposes of this patent application and appended claims "solids
content" is measured by weighing a sample of a slurry, calcining the slurry
sample, preferably at 550°C to 750°C, re-weighing the calcined sample; the solids
content is equal to the calcined sample weight divided by the weight of the slurry

sample multiplied by 100.

Example 1
[00120] A slurry was prepared by mixing 45.8 kg of a SAPO-34 molecular

sieve containing a template (Loss-on-Ignition (LOI) of 46.6%) to 25.1 kg of de-
ionized water under vigorous stirring conditions using a turbo-blade mixer at 60 to
300 rpm for a period of 2 hours, at which time the solid was totally disintegrated.
A high-shear mixing step was applied on this mixture using a Silverson high-shear

in-line mixer for two passes depending on the size reduction. Particle size



0. 00000 to 0.90000 is constructed using the ASTM certified formof the

Har kins and Jura equation (HJ Mdel): t(p) = (13.99/(0.034-10g(p/po))).5
It is showo opoostape and Ki bby [J. AL Cape and C L. Kibby, po1/tGot/Issds and
Interface Science, 138, 516-520 (1990)] that the conventional BET surface
area of a mcroporous material can beddeconposed quantitatively into the
external area and the mcropore volune, as expressed by equation given
bel ow. Smicro = Stot-Sext = vnid; , where v,,, is the mcropore vol une,
Sciro is the mcropore area calculated fromS, o0, and Scxt. Stot is given
by the convemnhiyeR¥f aBR-paRIHIGdsheaPFeabetiluir$ id APl B, area taken from
the t-plot. dd 'is a nonphysical |ength the value of which depends on the
pressure used in the experinents. The proportionality factor, dd, is

det erm ned !guanHitgtively by the pressures used in the BET fits. [001191
For purpose 15 patent application and appended cl ains "solids
content" is red b i, Qlal : j.ning the slurry
sanpl e, pre#gygﬁﬁy at‘%E%%5?%h§%8%?ﬁ?g?tng*Fﬁgﬁ%ﬁﬂﬂ%gP@?%giﬂ%anp|e; t he
sol i ds contBurkeley Heiphesl, New Jefsey § aheprepared bpptidingd B gtikg off vi ded by t he

wei ght of the slurry sanple multiplied by 100. Exanple 1 [001201 A slurry
was prepar ecﬁlwlnﬁﬁk‘fwohg)@el(bolﬁﬁa@@@@ 5245 ke PEderiopizedgyai¢te cont ai ning a
tenplate (L - on- Land itk on. f % . f~.de- ionized water
under vi gor JBie] P#‘g’un%aeg‘%h’%}'& éoon@ 38@?%‘% %r}tﬁerrgjo%-‘%fld;%é’o'r% O at 60 to 300

rpmfor a peajrivadl fframshivett i was obhined ThiRRIUntiGuShidloMaigatt es1al | y
disintegrated. A high-shear m xing step was applied on this m xture using

a Si| ver son Wisghemsadsgd to thesluryeof Bxrapler busingvs fesd pyaw andpeined ng on the size
reduction. Rarticle.siz 3/,00041 CT/ US02/.19869 5 analysis of a
one- pass hi Qfﬁr- QRE%S hf)}‘lrég’teg‘%?e gﬁ“’d?‘r‘i(jfaﬁ @*55’. gade TRilshlg) ré’“iéng%?é‘f%l e 2 [001211
A slurry of @drPsaiemMonr GBS Was adieal lAablfodnt em?@lkgiomolﬁerkel ey

Hei ghts, New Jersey ) was prepared by adding 13.4 kg o al um num
chl or ohydr atcday((LOL: 159%76%hd amadslitichabarkgundfof 4 €-kgoofi deadniwext water usi ng a

turbo- bl ade wrgsxa%iaef ’Eo tEg mti>?tur3eoo(% SrA%-gl? rrno?ec%?a& isi%(\j/e grfld z?lilr%irgucr)n 12 hours
chlorohydrate. The resultant mixture was mixed using the turbo-blade
mixer at 60 to 300 rpm for a period of 2 hours, then passed through high-
shear in-line mixer twice. This slurry was aged at 40°C in a feed tank
under constant mixing using a turbo-blade mixer at 60 to 300 rpm for a

period of 15 hours. Particle size analysis of the aged slurry is given in

Table 1.

Table 1
Example | d,,(um)?* | Dgy(um)?® dgo (um) ? Solid Content °
1 1.08 1.75 2.74 18.7%
2 0.93 1.85 3.24 46.7%

a. d10,d50, dgo: 10%, 50%, 90% of the particles are at or smaller than the size given.
b. Solid content was determined by calcining the slurry in a microwave muffle furnace to 6500C.

Example 3
[00122] The IEP of the materials used in the formulation of the

catalyst composition was determined from the measurements of zeta-
potential using a Matec ESA 9800 electrokinetic instrument available from

Matec Applied Science, Northboro, MA. Zeta-potentials are calculated



or until a translucent sol was obtained. This alum num chl orohydrate sol
was then added to the slurry of Exanple 1 using a feed punp and m xed for
0.2 to 5 wouswmodaet ore kaolin clay (ASP grade avail abl e fr ecrHsg2I93a9 d

Cor poration, Macon, Georgia) was added. An amount of 35.1 kg of kaolin
clay (LO: 13.9% and an additional amggnt of 4.2 kg of de-ionized water
was added to the m xture of SAPO 34 nol ecul ar sieve and al um num

chl orohydrate. The resultant m xture was m xed using the turbo-blade m xer
at 60 to 300 rpmfor a period of 2 hours, then passed through high- shear
in-line m Xeforh WeaGrerhBhis oﬁwﬁlﬁxsde@css@w%gﬁlaﬂggfrbﬂl dstbdl grank  under
constant mxing using a turbo-blade nixer at 60 to 300 rpmfor a period of
15 hours. Pah¢ cmiloedeﬂlpzmctdsadopb]esnamlglhfeecpgwaz:lﬁnfldyCosvegsmmnf in Table 1.
TablelExanBée le(rr)gDSO(rr) P r%aSolld ntent b 11.08 1.75
2.74 18.7% * B‘tr%oni" ggna] intg aggtazpptential yalyef nJBEicla §1gg. 500 90% of the
particles a IB]F@Q Solid content was

det erm ned @%nﬁlﬁg%hﬁlrgls ur ?é;ﬁﬁr??gléﬁs]u egl&/é?/se&ﬁiuffle furnace to 650C.
Exanpl e 3 [001221 The IEP of the materials used in the fornulation of the
catal yst conposition was determ ned fromthe neasurenents of zeta-

potenti al u@ﬁ;‘l@_&at ec ESA 9800 el ectrokinetic instrunment avail able from

Mat ec Appl i ik enc rt.hb tenti al al cul ated WO
05l 000arn pAl9TRSTS SanbRY SAREGadNy ety AR fesf i35 o' ol el

ori gi nati ng vdighnpdicehQof heblisifial siihalieHal RicGalaveragd paitislesizdogbl € in a high
frequency ac field. Conversion of the ultrasonic signal into a

zet a- pot ent itfltoV anaeometemScas ¢ funetign of pHl xeasslemmmepaxsmgcal 7@%! 8iei ty, and
vl e BB g AR o bR ER el e 1=
: particles were in the form of individual particles. However, these
individual particles aggregated to 1.45um (25 to 30 times bigger than the
primary particle size) when the pH was adjusted to near the IEP.

Table 2
Example | pH Viscosity | d,,(um)® | dgo(Um)? | dgo(tm)? | Solid Density
(cP)® Content ¢ | of Slurry
(g/cc)
5 3.6 1840 0.28 1.45 3.54 44.5% 1.44
6 3.7 2940 0.38 0.90 6.48 44.8% 1.46
7 42° 1720 0.25 1.42 3.80 43.0% 1.42
8 3.7 3920 0.37 0.91 7.94 46.9% 1.48

a. d10.d50, dgg: 10%, 50%, 90% of the particles are at or smaller this size given.

b. Viscosity was measured using a Brookfield LV viscometer: spindle #3, room temperature, and
30 RPM.

c. Using the procedure of Example 5 except its pH was adjusted from 3.7 to 4.2 using an ammonia
solution;

d. Solid content was determined by calcining the slurry in a microwave muffle furnace to 6500C.

Example 5
[00124] A slurry as prepared as in Examples 1 and 2 but added to a

slurry of SAPO-34 molecular sieve (B) to give a total solid content of
44.5% while maintained a weight ratio of sieve to aluminum chlorohydrate
and kaolin clay at 40/10.6/49.4. Viscosity, pH, and particle size

measurements of this Example 5 are given in Table 2.



wei ght percent) of a colloidal silicalite having an average particle size
of 60 to 70 nanoneters as a function of pH was determ ned using a Zeta

Si zer 3080 ofMmi4vern | nstrunent as above). At pH s away f PomUShE198EP,
silicalite particles were in the formof individual particles. However,
these individual particles aggregated4o 1.45m (25 to 30 times bigger than
the primary particle size) when the pH was adjusted to near the | EP. Table
2 Exanple pH Viscosity dlo(tm a d50(Itm a d9o(l.tn) a Solid Density (cP)
b Content d of Slurry (g/cc) 5 3.6 1840 0.28 1.45 3.54 44.5%1.44 6 3.7
2940 0. 38 0.19937,&614% 44.8% 1.46 7 4.2 ° 720 0.25 1.42 3.80 43.0%1.42 8
3.7 3920 0 7.94 46.9%1.48 a. d 10,d50, d90: 10% 50% 90% of the
partl cl es ar|[@0B25]or sndlsluenry w¢$|mepa|rezbasgn\Eaampbs 1\4nd @dmit tyingvas neasur ed

B LV conet ndl e # roomte atyre, and 30
lé?:wngca rO%@‘ﬁéﬂw@eéﬂﬁ%rwsﬁeb&é%ét%aléﬁgéﬁ?mﬁ%tsofﬁﬁp yﬁiﬁaj usted from
3.7 to 4.2 qﬁblﬂf&ﬂfyaa AN r8tio 3941We't8%h*\19fm1§%10% g%tgglg%%\%%ndet ermned by

calcining the slurry in“a mcrowave nu e furna nple 5

[00124] A sldiay at 4851 0p6/4paredeasity] pH Endmattide sizemedasdrdmentosithd t o a slurry
of SAPO- 34 nol ecul ar si eve {(;_az) to give atotal solid content of . 44.5%
whi | e nai nt aEW@EP% wes givan indiaple »f si eve to al umi num chl orohydrate and

kaolin clay ]70 6/49.4. Viscosity, pH and particle size neasurenents
of this Exa e given in Table 2. WD 03/000412 PCT/ US02/ 19869 47

Exanple 6 Of ooml A sA dlufry WRréfaeddiisatl e sare Eapaitesm dngand 2 but using a
SAPO- 34 ol ecul ar sieve (C) to give a total solid content of 44.8% while
procedure of Example 6 and its pH was increased from 3.7 to 4.2 using a
diluted ammonia aqueous solution. Viscosity, pH, and particle size

measurements for this Example 7 are given in Table 2.

Example 8
[00127] A slurry as prepared as in Examples 1 and 2 but using a

SAPO-34 molecular sieve (D) to give a total solid content of 46.9% while
maintaining a weight ratio of molecular sieve to aluminum chlorohydrate
and kaolin clay at 40/10.6/49.4. Viscosity, pH, and particle size

measurements of this Example 8 are given in Table 2.

Example 9
[00128] = Zeta-potential measurement of SAPO-34 molecular sieve

(A) used in Example 2 after being calcined in air at 550°C for 5 hours. It
was found that the presence of template in SAPO-34 resulted in a
substantially lower IEP pH than SAPO-34 free of template.

Example 10
[00129] The slurry made in Example 5 was spray dried using a lab-

scale spray dryer (Yamato DL-41 available from Yamato Scientific
America, Inc., Orangeburg, N.Y.). Slurry feed rate was at 40 to 50 g/min,
inlet temperature of 350°C and product temperature of 80 to 85°C,



mai ntai ned a weight ratio of sieve to alum num chl orohydrate and kaolin
clay at 40/10.6/49.4. Viscosity, pH and particle size neasurenents of this
Exanpl e 6waros/ogi4ven in Table 2. Exanple 7 [001261 A sl urrycamasopispar ed

usi ng the sane conposition and procedure of Exanple 6 and its pH was
increased from3.7 to 4.2 using a dil ug8ed anmoni a aqueous sol uti on.
Viscosity, pH, and particle size neasurenents for this Exanple 7 are given
in Table 2. Exanple 8 1001271 A slurry as prepared as in Exanples 1 and 2
but using a SAPO 34 nol ecul ar sieve (D) to give a total solid content of
46. 9% whi | e a1omiAtich ﬁﬂe@@r@oﬂ’\lebé}htrhé@rﬁﬂag d%f proBL&GHIsRhicRie@%E L0 al um num

chl orohydrate and kaolin clay at 40/10.6/49.4. Viscosity, pH and particle
si ze measur eféft.s This catalyst uapusiten®shie Egample li0hadablARIDf 0.8xanpl e 9

[ 001281 Zeta-potential neasurenent of SAPO 34 nol ecul ar sieve (A) used in
Example 2 after being calcined in air at 550C for 5 hours. It was found
that the presginsrdfiive IS IRlAL Q11 1 SAPO-34 resulted in a substantially |ower
| EP pH t han npl ate. Exanple 10 [001291 The slurry nade

i n Exanpl e J00830]spr ayindonteabt testha gnventia a tgsiadleompieddialdf@€r ( Yamat o DL- 41
avai l able from Yamato Scientific_ Anerica, Inc., Orangeburg, N Y.). Slurry
feed rate weatayst.Aor exampde, ¢/Wi R, Gracq Ldima A4 eatalysirhas an Aﬁ@% and product

t enperature —p§ 80 to 85C, WD 03/000412 PCT/ US02/ 19869 48 atom zati on
pressure of 1 %ar. The spray dry product was cal cined at 650C. This

catal yst conposition of this Exanple 10 had an ARl of 0.33. Conparative
Exanple 11 [001301 In contrast to the invention, a typical comrercial FCC
catal yst, for exanple, a W R Gace Utim 447 catal yst has an ARl of

Comparative Example 12

[00131] A slurry prepared the same as Example 8, its pH was
attempted to be increased to 4.5 to 4.6 using a diluted ammonia solution
(5-15 wt%). It precipitated and solidified when the pH of the mixture
reached of about 4.6. The targeted pH value approached the IEP of the
SAPO-34 molecular sieve of Example 9, thus leading to destabilization of

the slurry. The resultant material could not be spray dried.

Example 13
[00132] The slurry made in Example 6 was spray dried using a lab-

scale spray dryer (Yamato DL-41). Slurry feed rate was at 40 to 50 g/min,
inlet temperature of 350°C and product temperature of 80 to 85°C,
atomization pressure of 1 bar. The spray dried catalyst composition was
calcined at 650°C for 1 hr. This formulated molecular sieve catalyst

composition had an ARI of 0.32.

Example 14
[00133] The slurry made in Example 7 was spray dried using a lab-

scale spray dryer (Yamato DL-41). Slurry feed rate was at 40 to 50 g/min,
inlet temperature of 350°C and product temperature of 80 to 85°C,



7.94. Conparative Exanple 12 [001311 A slurry prepared the sane as Exanple
8, its pHwas attenpted to be increased to 4.5 to 4.6 using a diluted
anmoni a swbuwsiood12 (5-15 % . It precipitated and soli dif iped/ushemsshe pH of
the m xture reached of about 4.6. The targeted pH val ue approached the | EP
of the SAPO 34 nol ecul ar sieve of Example 9, thus leading to
destabilization of the slurry. The resultant material could not be spray
dried. Exanple 13 [001321 The slurry made in Exanple 6 was spray dried
using a lab- scale spray dryer (Yamato DL-41). Slurry feed rate was at 40

to 50 g/ mM n,atorhPh@dn HreSRRS M 1UBL. Phe AR R EGhpdsaimRerna ure of 80 to
85C, atom zation pressure of 1 bar. The spray dried catalyst conposition

was cal ci nedlcatedd680°CorThis formulftddsndleculan sitvedatabylsecom@sitineve cat al yst
conposi tion hgd <§I of 0.32. Exanple 14 [001331 The slurry nmade in
Exanple 7 %%ﬁ O4Hd usi ng a |l ab- scale spray dryer (Yamato DL-41).
Slurry feed rate was at 40 to 50 g/mn, inlet tenperature of 350C and
product tenperature of 80 to 85C, WD 03/000412 PCT/US02/19869 49

atom zati on BxsmplyEs of 1 bar. The spray dried catal yst conposition was

cal cined at 650C. This fornul ated nol ecul ar sieve catalyst conposition had
an AR of 0.144134y anp| Theshiryy madesinExprwlesd was sprapdded vsimalabtseals was spray

01 60 U5 10 e Al 5 5o L 80, SRS SPGBt el o0 2 e
to 85C, at ontpérafite HF BOALD ptudt thiperathiRCofHYta 85U, iatnicat ! prédsure
conposition was cal ci ned at GEOC. This formul ated nol ecul ar si eve catal yst
conposi t i on diddannlharprayfdrigd 2etalysf capBsitionhvdssalcined pt €86t Thisvent i on has
been descri qumlﬁgtgd irrllolleLcI:%}arr %}egg callotlest composition had an ARI of 0.29.

[00135] While the present invention has been described and illustrated by

reference to particular embodiments, those of ordinary skill in the art will

appreciate that the invention lends itself to variations not necessarily illustrated

herein. For example, it is contemplated that the molecular sieve catalyst

composition is useful in the inter-conversion of olefin(s), oxygenate to gasoline

conversions reactions, malaeic anhydride, phthalic anyhdride and acrylonitrile

formulation, vapor phase methanol synthesis, and various Fischer Tropsch

reactions. It is further contemplated that a plug flow, fixed bed or fluidized bed

process are used in combination, particularly in different reaction zones within a

single or multiple reactor system. It is also contemplated the molecular sieve

catalyst compositions described herein are useful as absorbents, adsorbents, gas

separators, detergents, water purifiers, and other various uses such as agriculture

and horticulture. Additionally contemplated the molecular sieve catalyst

compositions include one or more other molecular sieves in combination. For this

reason, then, reference should be made solely to the appended claims for purposes

of determining the true scope of the present invention.



reference to particular enbodi nents, those of ordinary skill in the art
wll appreciate that the invention lends itself to variations not

necessar iwp oslobdsi rated herein. For exanple, it is contemrplratseziisshat t he
nol ecul ar sieve catal yst conposition is useful in the inter-conversion of
ol efin(s), oxygenate to gasoline convapsions reactions, malaeic anhydride,
pht hali ¢ anyhdri de and acrylonitrile formulation, vapor phase nethanol

synt hesi s, and various Fischer Tropsch reactions. It is further
contenplated that a plug flow, fixed bed or fluidized bed process are used
in conbi natiopapp& ticularly in different reaction zones within a single
or nmultiple Teactor system It is also contenplated the nol ecul ar sieve
catal yst conpositions described herein are useful as absorbents,

adsorbents, gas A epatictfor makitaengeatlsr, sisvetceta d}@tldfdnflpc%ftﬁ),n @Rtn@h$Er Var i ous
uses such as agriculture and horticulture. tionally contenplated the
mol ecul ar si eve cc@pmrygxg the gapsoxi @Qr@bigmgr@dnql@@ﬂ@rrﬁeevmahmﬂer, afiqexd ol ecul ar
sieves in comnbi nati t hi ef er nce }houl be nade

(ﬁ dr p nsl&y reaﬁ‘ 1%1 t rlgln £ erean.t
solely to the appSrd¥l FCIRHONFY; 2 BRFBOLAS 88{1&5 9% ue scope
of the present inyapfh@n %&@o@@@l@l&h?%k&@iyp&%@@m%@the%éé\@arl A

nmet hod for maki ng a nol ecul ar sieve catalyst conposition, the method
conprising the stsgs. of: conbining a nol ecul ar sieve, a bi nder, a liquid
medi um and optionally a matrix material, to forma slurry, wherein the
slurry has a pH above or below the isoelectric point (1EP) of the nolecul ar

sieve. 2. The nmethpd,g %o&b@élﬁﬂﬂ 1 WhEFei fﬁeﬁlﬁem&fe% s ﬁih%é’l%d ﬁoﬁ%ﬁé gesi zed

fromthe conbination fromat |east two the group onS|s I'ng o

silicon source, aoniesiphdroaust lsautveeofthe grupabngistingrofacilicog sompéiaonal |y in

the presence of a tenplating agent. 3. The nethod of any of the precedl ng

cl ai ms wherein t HROSPIPFQUS SpEe gi W?IHmIQ%SQ‘a?Fg@PB‘?naﬁV he pgesepcaof5. 4. The

glrat hod of any of t@ﬁp&ﬁlﬁgﬁgéd?g clainms further conprising the step of spray
ying the slurry

3. The method of any of the preceding claims wherein the slurry has a pH in
the range of from 2.3 to 6.5.

4, The method of any of the preceding claims further comprising the step of

spray drying the slurry.

5. The method of any of the preceding claims wherein the pH of the slurry is

at least 0.3 above or below the IEP of the molecular sieve.

6. The method of any of the preceding claims wherein the binder has an IEP

greater than 9, and the matrix material has an IEP less than about 2.

7. The method of any of the preceding claims wherein the molecular sieve
catalyst composition has an ARI less than 2 weight percent per hour after

calcination.



5. The method of any of the preceding clains wherein the pH of the slurry
is at least 0.3 above or below the I EP of the nol ecular sieve. 6. The
met hod ofwarvg/oef412 he precedi ng cl ai ns wherein the binder a3/ 02198
greater than 9, and the matrix material has an I EP | ess than about 2. 7.
The nethod of any of the preceding claisnms wherein the nol ecul ar sieve
catal yst conposition has an ARl |ess than 2 wei ght percent per hour after
cal cination. WO 03/000412 PCT/US02/19869 51 8. The nethod of any of the
preceding clains wherein the pH of the slurry is below the IEP of the

mol ecul ar sigve Ofhdh&hodbPin j&?héﬁﬂééé&’ng aal%lmrélhehe Mﬂafﬁf igol ecul ar

sieve and the I EP of the bin . The et hod of any ‘of cedi ng

cl ai s wher ei n t HeldvEthedEPtdf¢he moleedan sigvesir eveepH 0f tHeeslure_},nge)emfw theom about 3
to 7. 10. The netggd of any of the precedln%,clalns wherein the nol ecul ar
sieve, binder ardPmiths molegylar sieye apddhe R ehiheibinder he fol | owi ng order: (a)
the nolecular sieve is introduced in a liquid nediumto forma slurry; (b)
a binder is added to the slurry; and (c) a matrix nmaterial is added to the

slurry. 11. 9The rEtiehnethed ofany ofithd precqigCeisinisgviidreih tike MiPesfehdr two of the
nol ecul ar sieve and the binder have a positive charge at the pH of the
slurry. 12. The rgelegdarsiievgrdy thefrapgeeoffrase abiuig te7ai ms wherein the matri x
material has a negative charge at the pH of the slurry. 13. The nethod of
any of the preceding clains wherein each of slurry conponents consisting

of the nol ec ar HieaH&hod bEary dpxemlﬂg*@alffﬁ,t Wwherein B¢ flol@blagdiche have a
charge density, and are |ntroduce to each er such that the Slurry

conponent with hllgmﬁstan@h@trgemdtensharsycmblncmmtthcrﬁdk)wmg omlddda) tho the slurry
conmponents with | ower char densi t er. u 14. The net hod of any
of the preceding IB?\;E Vgr‘%I ﬁ dﬁ’lgl th ,’[21 Cga rt?&’rfnsaSIB@Y%) fhe | EP of
the mol ecul ar Si Gygier Kdddiifo ELHOY; Hd @Y nfikrid REeRLPS QARG GhAI M5 wher ei n

the nol ecul ar sieve iIs
slurry.

11.  The method of any of the preceding claims wherein two of the molecular

sieve and the binder have a positive charge at the pH of the slurry.

12. The method of any of the preceding claims wherein the matrix material has

a negative charge at the pH of the slurry.

13.  The method of any of the preceding claims wherein each of slurry
components consisting of the molecular sieve, the binder and the matrix
material each have a charge density, and are introduced to each other such
that the slurry component with highest charge density per unit mass is

added to the slurry components with lower charge density per unit mass.

14.  The method of any of the preceding claims wherein the pH of the slurry is

below the IEP of the molecular sieve.

15.  The method of any of the preceding claims wherein the molecular sieve is

a silicoaluminophosphate or aluminophosphate molecular sieve, preferably



a silicoal um nophosphate or al um nophosphate nol ecul ar sieve, preferably WO
03/ 000412 PCT/ US02/ 19869 52 selected fromthe group consisting of one or a
conbi nat i wo BLVBAPO- 18, SAPO 34, SAPO 35, SAPO 44, SAPO PET/US0BPOsi8 and
ALPO- 34, nmetal containing fornms thereof and intergrown forns thereof. 16.
The nethod of any of the preceding claisps wherein the binder is an alum na
sol, preferably alum num chl orohydrate 17. The nethod of any of the
preceding clains wherein the matrix is a clay. 18. The nethod of any of
the preceding clainms wherein the liquid nediumis water. 19. A process for
converting a fee ' d [ [ : epnnce of a
formul at ed nol ec%ﬁ%%gfﬂg\%ﬂgggﬁp%{l%&o t@%ﬁgg%gvbtnﬁlggg%tg{}gge{)g; any of
clains 1 to 18. ZAP(H4, PHPOSs SAPOs44iSAPIY S6hel. PO & dnd AlEROSUpmkstatonpri ses
at | east one oxygenate. 21. The process of any of clains 19 or 20 wherein
conversion of th&on@ERg BEws thergad agh intererayy} fors Brerepfs) t akes place in a
reactor system and the process further conprises the steps of w thdraw ng
fromthe reactor systeman effluent stream and passing the effluent gas
through a r g@oVerthesy&h&Iwf an§GIVIRS procedalp didastwhehan @inder @4 ol ef i n(s) .
22. The process of any of clainms 19 to 21 wherein the process further
conprises the st apumnapselt prstuehlyngluniaumshloselydratsi eve catal yst conposition
to a regeneration systemto forma regenerated nol ecul ar sieve catal yst
conposition, and introducing the regenerated nol ecul ar sieve catal yst
conposi tion jt70 t Mghehgakdd YT U Bre MR AR W FEHURAR4 19868y, 53 23. The
process of any of clains 19 fo 22 wherein the feedstock conprises

met hanol , and the ol efin(s) include ethylene and propyl ene, and the

nol ecul ar sieve i.§ a sjljcoal um nophosphat e.
1%. ﬁle metflod of any o?the ]PrecedBlg cﬁzﬁms wherein the liquid medium is

water.

19. A process for converting a feedstock into one or more olefin(s) in the
presence of a formulated molecular sieve catalyst as obtained by the

method of any of claims 1 to 18.

20.  The process of claim 19 wherein the feedstock comprises at least one
oxygenate.
21.  The process of any of claims 19 or 20 wherein conversion of the feedstock

into one or more olefin(s) takes place in a reactor system and the process
further comprises the steps of withdrawing from the reactor system an
effluent stream and passing the effluent gas through a recovery system

recovering at least the one or more olefin(s).

22.  The process of any of claims 19 to 21 wherein the process further
comprises the step of introducing the molecular sieve catalyst composition
to a regeneration system to form a regenerated molecular sieve catalyst
composition, and introducing the regenerated molecular sieve catalyst

composition to the reaction system.



24. A process for converting a feedstock into one or nore olefin(s) (i) the
feedstock is prepared by passing at |east one hydrocarbon tthrough a
syngas prwowsii@m zone to produce a synthesis gas streamPCiusp2/193e9
synthesis gas streamobtained in step- (i) is contacted with a catalyst to
forma feedstock conprising at |east o8 oxygenate; and (c) the feedstock
conprising at | east one oxygenate obtained in step (ii) is converted into
the one or nore olefin(s) according to the process of any of clainms 19 to
22. 25. The process of any of clains 19 to 24 wherein the process further
conprises the step of. (d) polynerizing the one or nore olefin(s) in the
presence of a polynerization catalyst into a polyolefin.

23. The process of any of claims 19 to 22 wherein the feedstock comprises

methanol, and the olefin(s) include ethylene and propylene, and the

molecular sieve is a silicoaluminophosphate.

24. A process for converting a feedstock into one or more olefin(s)

1 the feedstock is prepared by passing at least one hydrocarbon
tthrough a syngas production zone to produce a synthesis gas
stream,;

(i)  the synthesis gas stream obtained in step (i) is contacted with a
catalyst to form a feedstock comprising at least one oxygenate; and

(c) the feedstock comprising at least one oxygenate obtained in step
(i1) 1s converted into the one or more olefin(s) according to the

process of any of claims 19 to 22.

25.  The process of any of claims 19 to 24 wherein the process further
comprises the step of: (d) polymerizing the one or more olefin(s) in the

presence of a polymerization catalyst into a polyolefin.



