-1 USE OF MOLECULAR SI EVES FOR THE CONVERSI ON OF OXYGENATES TO OLEFI NS

[0001] This invention clains priority to applications U S. Ser. No.

09/ 997, 780 0anaBoBk S. Ser. No. 09/997,779 both filed on Nowemiso2/2674 2001,

t he enti re disclosures of which are incorporated herein by reference.
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BACKGROUND OF THE INVENTION
[0003] Olefins, particularly light olefins, have been traditionally produced

from petroleum feedstocks by either catalytic or steam cracking. Oxygenates,
however, are becoming an alternative feedstock for making light olefins,
particularly ethylene and propylene. Promising oxygenate feedstocks are
alcohols, such as methanol and ethanol, dimethyl ether, methyl ethyl ether, diethyl
ether, dimethyl carbonate, and methyl formate. Many of these oxygenates can be
produced from a variety of sources including natural gas. Because of the
relatively low-cost of these sources, alcohol, alcohol derivatives, and other
oxygenates have promise as an economical source for light olefin production.

[0004] One way of producing olefins is by the conversion of methanol to
olefins (MTO) catalyzed by a molecular sieve. Some of the most useful
molecular sieves for converting methanol to olefin(s) are the
metalloaluminophosphates such as the silicoaluminophosphates (SAPO’s).  For
example, U.S. Patent No. 4,499,327 to Kaiser, fully incorporated herein by
reference, discloses making olefins from methanol using a variety of SAPO
molecular sieve catalysts. The process can be carried out at a temperature

between 300°C and 500°C, a pressure between 0.1 atmosphere to 100



WO 03/ 048084 PCT/ US02/ 34674 -2 atnospheres, and a wei ght hourly space

vel ocity (WHSV) of between 0.1 and 40 hr' [0005] SAPO nol ecul ar sieves
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conver si oan;l oxygenat es to olefins incl ude SAPCG- 5, SAPO 11, SAPO 18,
SAPO- 34, Sl O 35, SAPO 41, and SAPO 56. SAPO nol ecul ar sieves having the
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The pore openings of the structure are defined by eight member rings that have a
diameter of about 4.0 A, and cylindrical cages within the structure of
approximately 10 x 6.7 A type ("Atlas of Zeolite Framework Types", 2001, 5th
Edition, p. 96-97). SAPO-34 crystals have a cubic-like morphology and typically
crystallize as cubes, partial cubes, platelets or flakes, depending on the height of
the crystals. Other SAPO molecular sieves of CHA framework type include
SAPO-44, SAPO-47 and ZYT-6.
[0007]  Another important class of SAPO molecular sieves consists of mixed
or intergrown phases of molecular sieves having the CHA and AEI framework
types. Examples of such materials are disclosed in WO98/15496, published 16
April 1998, and in PCT W002/070407, published September 12, 2002, both
herein fully incorporated by reference.
[0008] U.S. Patent No. 5,126,308 and U.S. Patent No. 5,191,141 to Barger et
al., herein fully incorporated by reference, disclose a method for converting
methanol to light olefins using an ELAPO catalyst. The catalyst comprises a metal
aluminophosphate molecular sieve having the empirical formula (EL,AlyP,)O,
where EL is a metal and x, y and z are mole fractions of EL, Al and P

respectively. Preferred EL metals are silicon, magnesium and cobalt, with silicon

especially preferred. According to these documents, small particle size SAPO-34



where EL is a netal and x, y and z are nole fractions of EL, Al and P
respectively. Preferred EL netals are silicon, magnesi um and cobalt, with
silicon wopaoisaBly preferred. According to these docunenPsT/tsnmb467particl e
si ze SAPO- 34 WD 03/048084 PCT/ US02/ 34674 -3 having low Si/Al ratios have a
| onger life and increased selectivity._guer other types of SAPGs when used
as catalysts in MO processes These docunents al so describe a process for
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i ndex of at | east For a given catal yst used under such "conditions,

t he met hod MwtadisE9, 11GwElo, é%‘k% indospatatad Hetsindui igfesensa). dicepidingdpoduct  whi ch
is | ower cont ent n t | ower than
1.0. Accor&%&nt%gg I“i VXS Aot qélﬁ?ée%% te%lovgeﬁ aﬁ& fg\ggg%iﬁfsdﬁ@ﬁg@ with | ow
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preferably ave ex cat ti perfornances én used in
MTO proces aeﬂlcoﬁhl’ﬁw}{oﬁaﬁlﬁﬁléd\ﬂﬁmﬁvaw[aﬁ@m]:oﬂtbn@ecbme]m i nventi on
accordingl %x é’e%g‘gedc%rsltafam g t%gg tock 1n a reactor at an average catalyst feedstock
exposure (ACFE) index of at least 1.0. For a given catalyst used under such
conditions, the method produces lower coke yield and provides an olefin product
which is lower in C1-C4 paraffin content than when the ACFE index is lower than
1.0. According to example 1 and Figure 1 of this document, SAPOs with low
Si/Al atomic ratios are preferred in order to mimimize selectivity to propane.
We have now found that crystalline metalloaluminophosphate molecular sieves,
preferably crystalline silicoaluminophosphate (SAPO) molecular sieves, having a
small particle size and a high metal, preferably Si, content have excellent catalytic

performances when used in MTO processes.

SUMMARY OF THE INVENTION

[0011] The present invention accordingly provides a process for

converting an oxygenate feedstock to light olefins which comprises contacting the
oxygenate feedstock under catalytic conversion conditions with a catalyst, the

catalyst comprising a crystalline metalloaluminophosphate molecular sieve having
a chemical composition on an anhydrous basis expressed by an empirical formula

of



converting an oxygenate feedstock to Iight olefins which conprises
contacting the oxygenate feedstock under catalytic conversion conditions
with a cawelog®1goss he catalyst conprising a crystalline PCT/US02/34674

met al | oal um nophosphat e nol ecul ar sieve having a chem cal conposition on
an anhydrous basis expressed by an enpjrical fornmula of WO 03/048084 -4
PCT/ US02/ 34674 (EL,zAlyPZ)®2 where EL is a netal selected fromthe group
consisting of silicon, germanium and m xtures thereof, "x" is the nole
fraction of EL and has a val ue of(E éﬁ%‘&?é@ﬂhan 0.05, "y" is the nole
fraction qf f fraction
of P and %%C%E@g?ue ot 1%e1¥&ia%§gr?l tBé‘gro‘ug%gﬁs@u ffﬂgcoﬂ Fﬁ cu aa si eve
crystals hﬁi\kuﬂas thbrebgag! isaemoleyfsdcsibn deEnmddms afalue sSgreltanth@n 20 ni cron,

preferably of |ess than 0.15 nmor f,,J s t jan 0.10
mcron. |- % Wﬁb@ma“l?ﬁéfﬁgﬁ@g}ﬂﬁsérvai‘ﬂegvgt% di ’g h‘a? crystal
di mensi onsg.0f;.} 656 aﬁ@ﬁgs aﬁalgé)offﬂt G&R10.01 8R4 21y 18he %{m&%ﬂd}"@ﬁ% Of the

nol ecul ar "si eve use e process of the ‘Ppresent invention, x has a
val ue pr efceyaddk yiavihg at lehst ase crstal7dimensien pf lefethat Dy20ahicromn, plefaghly 0. 08, even

nore prefe bI y of l.east 0.08 abl at least 0.009.
[0013] In % %ﬂ%ﬁ’&?rﬂ%ﬁ?oreﬂ eriaElyégg élfmﬁg(ﬁ %%Olf fFeferably, x/y is
at | east %n%god?rﬁgnt”ﬁﬁ%tmcﬂéc%ta@ &i@bé Yoysthlsthakvs aﬂbr}‘s&ihﬂim@lsﬂ-)ﬁs of B&l#dn | n yet
anot her preferred embodi nent, El i's silicon. [0015] In a further

enbodi nentQ.2q lecranl ecul ar 5| eve is preferably selected fromthe group
consistin SAPO- SAP 41,
SAPO- 56, gﬁoﬁiﬂr es tﬁlgr en§$%e%%%§¢ﬁgr§ét CRer e(%g,&%esg A‘P%}reef erably,

the nol ecubrdgenbirR¥tidng xﬁéﬁﬁwﬁée pl{e@ﬁé}ﬁ} oFarlehdn 6.00r moesmefafabihef dtnvent i on,

t he oxygenate is preferabl y sel ected from net hanol et her and
mi xt ures tlaest 868, eygwgnons pefiarably of at leay 0. Q%@)F@Qr’i%‘fsépﬁ’e@er%ﬂi’ ﬁgﬂéFaS

0.09.

[0013] In another embodiment, x/y is greater than 0.15, preferably, x/y is
at least 0.17 and most preferably, x/y is at least 0.18.

[0014] In yet another preferred embodiment, El is silicon.

[0015] In a further embodiment, the molecular sieve is preferably selected

from the group consisting of SAPO-5, SAPO-11, SAPO-18, SAPO-34, SAPO-35,
SAPO-41, SAPO-56, mixtures thereof and intergrown forms thereof. Most
preferably, the molecular sieve is SAPO-34.
[0016] For the process of the invention, the oxygenate is preferably
selected from methanol, dimethy! ether and mixtures thereof. Most preferably, the
oxygenate is methanol.
[0017] The present invention also relates to the molecular sieves suitable
for use in the process of the present invention. Accordingly, an embodiment of
the present invention is directed to a crystalline silicoaluminophosphate molecular
sieve having a chemical composition on an anhydrous basis expressed by an
empirical formula of

(SixALP,)0O,
where "x" is the mole fraction of Si and has a value of greater than 0.05, "y" is the
mole fraction of Al and has a value of at least 0.01, "z" is the mole fraction of P

and has a value of at least 0.01 and x+y+z=1, the molecular sieve crystals having



[0017] The present invention also relates to the nol ecul ar sieves suitable
for use in the process of the present invention. Accordingly, an enbodi nent
of the pwesmnismsnvention is directed to a crystalline PCT/US02/34674

si |l i coal um nophosphat e nol ecul ar sieve having a chem cal conposition on an
anhydrous basis expressed by an enpitctkcal fornula of (SiXAlyPZ)OQ2 where
"X" is the nole fraction of Si and has a value of greater than 0.05, "y" is
the nole fraction of A and has a val of at le stb’LO.Pl, "z" is the nole
fraction oftlgast enerrrgial dimgngiopolessihan (gggfm@fpa,lprg%aa %ptlessithay he ol ecul ar
Sieve crys : i 4 UPRR434674 -5 at | east one crystal

di mensi on %?é ﬁjéés}g}{’tlﬂgrr?\%g?%gjb% %@%ﬁ,tﬁﬁ%feragﬁé of less than 0.15 mcron,
nmore pref ej0ab8ly of |ksgt thather®niddimeant,che plesdt djvehtioy eflateatoteher enbodi nent
the present inyentjon relates pilo a rystall bne si | | coal Prri nophosphat e

C
mol ecul ar EVEREDA SicAYuRinapbaspbate mol S19P SAVIBR BreESTER by an enpiri cal
formul a Ofco%gf%itioﬁ'e&ﬁl?e)s%byV%eern?pilﬁ%dl%rﬁlulle?&ﬂﬂ ate, "n" is the nole fraction
of tenplate and has a valuée of at least 0.01, "x" is the nole fraction of
Si and has a value of greater thaR(®:48P)0y" is the nole fraction of Al
and has a val ue of at ast, 0.01, "z" IS lL.e f ti Q P and has a
val ue of a‘fvﬁffrsi%is ad.elagiager,'dn i Remgle %{aﬁéoﬁéﬂg’@@ ads a%qy%“\%é \%plfsogfgf s having at
| east one ghrySLAl "di NERSIOR BictibessSitdndmada Ralife of reateBRIaktB.0BESCRE PTI ON OF
THE DRAW NGS [0019] _Figure 1 shows the selectivities for ethylene (C2=),
propyl ene the @3y frapfjarr ofedlrandhapp salue osatdeast BE 14 7C 4y hemale Bagiond
hydr ocar b uc i t vi ng crystal
di mensi ongﬁgﬁé ggsoarﬁg%l.l%g% l&%t @Oﬁlgfgcf%ﬁ’%ng’nige Eﬁl%"ﬁlagﬁfg% gr%rrstgf;%l o of 0.175.
[0020] Fi ghevingatdbawnend higstaledimendion of less thar 0.2trhigtoane (C2=), propyl ene
(C3=), hydrocarbon products having 4 carbon atons and hydrocarbon products
having 5 carbon atons for a SAPO 34 having crystal dinensions of |ess than

0.1 microgpipf BESCRAPTROROP THAE DRAOVINGESO.
[0019] Figure 1 shows the selectivities for ethylene (C2=), propylene

(C3=), hydrocarbon products having 4 carbon atoms and hydrocarbon products
having 5 carbon atoms for a SAPO-34 having crystal dimensions of from 0.5 to
1.0 micron and a Si/Al atomic ratio of 0.175.

[0020] Figure 2 shows the selectivities for ethylene (C2=), propylene
(C3=), hydrocarbon products having 4 carbon atoms and hydrocarbon products
having 5 carbon atoms for a SAPO-34 having crystal dimensions of less than 0.1

micron and a Si/Al atomic ratio of 0.189.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The present invention is based on the observation that crystalline

metalloaluminophosphate molecular sieves, preferably crystalline
silicoaluminophosphate (SAPO) molecular sieves, that have a small particle size
and a high metal, preferably Si, content have excellent catalytic performances
when used in MTO processes. The belief prior to this invention was that, when
used in MTO processes, metalloaluminophosphate (ELAPO) molecular sieves
with small particle size and low metal content provided fewer by-products and
deactivated less quickly than other ELAPOs. Such properties provide significant

advantages in commercial scale operations: the processes are simpler and cheaper



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0021] The present invention is based
on the observation that crystalline netalloalum nophosphate nol ecul ar

si eves, pwefoanaoBy crystalline silicoalum nophosphate (SRPQUSHDBCUl ar
sieves, that have a small particle size and a high netal, preferably Si,
content have excellent catalytic perfogmances when used in MIO processes.
The belief prior to this invention was that, when used in MIO processes,

nmet al | oal um nophosphat e (ELAPO) . nol ecul ar si.eves ith small particle size

and | ow nebesprusedRYENRY-BrOgUFta 8t @E@&éfa“glﬁﬁ%f’%@ﬁﬁtt@e%% CHESCFFSt ed | ess

qui ckly th@gg' ecrue%ﬁg% c%%h‘?\}kt properties provide significant advantages
al "sca

i n comrerci e operatl ons. the processes are sinpler and cheaper WO
03/ 048084 HO2HCT/ USOWeSﬂﬁMultpelsmglsfefotﬁlei/@at mytaboaiummop espbattor med and t he

catal yst n ener at ed due to.. Ion talyst life.
00221 v (AP QaRrBRgR Y iR SRP e St SRR sl R (2 Aro

ol ecul ar ﬁbﬁl’%‘fefeﬁ'b@f Si @&‘lté‘nt%@&gﬁn at\%ésha§WBl|l bs BAPDs GYih 151vZR and hi gh
metal, preferably Si,” content performat |east as well as SAPOs with | ow Si
content anchngemgahd plaaltl petticlessizee In pdditendithe BRAPOS of theapesnighvemtionpr esent

i nvention , hav t n degree of
catal ytic hpeaig me%l Cgﬁe{?‘hﬁgsa&ﬁgan}s]ah ][-Iiﬂes %cfte%%at%?ﬁf él tes, can

be obt ai nege. Whd sanleatmtaR o€ el @k cat@lyﬁclﬁtdsj'l@m bmﬁ)lfalﬁddammeai momnment in the
nol ecul ar sieve is |ow [0023] The nol ecul ar sieves of the present

i nvention ap‘ee by ehgp therjaetalganignf Blathﬁﬁ?i(’llﬁ?ﬁ]ﬁ%‘ﬁﬁ%tséoWDI ecul ar sieve having a
chem cal ition enpi ri cal

formul a of IyPZ?ggn%%g%g%ﬁésﬁ)gﬁé%ne%% ﬁl>\(/Qﬁliect ed )rétg%ﬂlfhe group

consi sti ngmefallea]lurmmphogdramamolenulmmbvemaxinlgraeﬂnemmt emhpositich dnsant he nol e
fraction of Eh%ﬂé* g}éhas a val ge of r t ag 0. 05, preferably at |east
0.07, "y" PI8 CXRISESCH B 2B “03 value of at least 0.01, "z"
is the m)l e fraction of P and hasg, A@Ipu;@ of at least 0.01 and x+y+z=l,

t he nol ecul ar sieve crystals having at feast one crystal dinension of Iess
where EL is a metal selected from the group consisting of silicon, germanium and

mixtures thereof, "x" is the mole fraction of EL and has a value of greater than
0.05, preferably at least 0.07, "y" is the mole fraction of Al and has a value of at
least 0.01, "z" is the mole fraction of P and has a value of at least 0.01 and
x+y+z=1, the molecular sieve crystals having at least one crystal dimension of less
than 0.20 micron, preferably of less than 0.15 micron, more preferably of less than
0.10 micron. Preferably, EL is silicon.

[0024] The metalloaluminophosphate molecular sieves of the invention
can have a variety of crystal morphologies, depending on the crystal framework
type and symmetry. The preferred metalloaluminophosphate molecular sieves
have the CHA framework type, and most preferably are SAPO-34. In another
embodiment, the preferred crystal morphology is cubic or cubic-like. Cubic-like
as used herein means that the crystals are not cubes in the strictest sense
(rhombohedral with alpha, beta and gamma angles of exactly 90°), but are almost
cubic (thombohedral with alpha, beta and gamma angles close to, but not exactly
equal to, 90°). Molecular sieves with cubic or cubic-like morphology can be in the
form of cubes, partial cubes (cubes with a height less than the other two crystal
edges), platelets or even flakes, depending on the crystal height. Preferably, the

crystals are cubes or partial cubes.



than 0.20 mcron, preferably of less than 0.15 mcron, nore preferably of
|l ess than 0.10 mcron. Preferably, EL is silicon. [0024] The

nmet al | oalwoiosomeesphat e nol ecul ar sieves of the inventi onPCTAISIa6Rt a

vari ety of crystal norphol ogi es, depending on the crystal framework type
and symretry. The preferred netall oal um-nophosphat e nol ecul ar sieves have
the CHA franework type, and nost preferably are SAPO 34. |In another

enbodi ment, the preferred crystal norphology is cubic or cubic-like.
Cubic-like as used herein neans that the crystals are not cubes in the

strictest e (rh Wi d By ahipbahehedRntinde AR Rvangtas of exactly
90), but a@gﬂﬁl nost %&%?g?rﬁ%]%%oh%dral vm'e'?ﬁ aflpha? bet avand gamma angl es

cl ose to, Metcrysal dmandioy of lesphbn 0.20 nd@pn, tvofeeahly kess thian Pd$ mictam, cubi ¢ or
cubi c-11i ke norphol cap be in.the . f.orm of ..cubes, rtial bes (cubes
with a hei §fte Pﬁ@%ﬁ’%?ﬁs ﬁﬂﬁ%o]t‘ﬂﬁ%v!ﬁﬂber%?%me@daé@?& %‘Fﬁ{y&%& s or even
fl akes, depRRdiLPE RRubRAIENGHBIIHE HIhmecaly Bhedtaddsyond dige ofdlystal s are
cubes or partial cubes. WO 03/048 84 PCT/ US02/ 34674 7 [ 0025] The nol ecul ar

si eve crystabtalsds smalter prass®pmicrn.anefeahlyhanadles thandaky micgee morg st al

di rension of .1 ess than.0. 2 1.GLon, Pl icron, nore
pr ef er abl yprlegegb%?’ ﬁlgﬁﬁﬁ.tgm}]@éE(%?rgP’nast%ﬁg'rg{rpggé¥r%e%?r g}lhn%F%ﬁ}?[ﬁe@ crystals
have cubi csragidthbodiinker, TRI@PYMAIOYe at lhst e dhaersiat ofdesslteast2®ne edge of
all crystals is smaller than 0.2 m cron, preferabI% smal | er IE?E n 0.15

m cron,  norécropeatdaumitleashang ether dimpnsgom gmajie g 0.3 migrangysfe by

el ectron MENRSGAM0.1d fidon SARRLRIGATRAMNEERNY 010GiE[HShAlE have at | east

one di nension o n m cr and have at | east” one ot her
di mensi on amwlhdreepdrinaenibodinmint ratireryspal direermizing aressmedllee thap B mBra&k ni cron,

nore preferahly smal] er than_0..10 mcron., | et .. anot her, separate

enbodi nent Pre%r?blﬁls%h%ﬂthﬂ? ﬁéﬁﬁ‘&rﬁg’ HE p§‘#ﬁ]ia£5¥sr?ﬂgﬁﬁ@¥lgﬁr%@rc i, preferably
smal | er theggy 15 M 6f SlembliRe Ehsiaintios Mk kaf atbhadralo 4Ot cron. [ 0026]
In an enbodi ment of the invention, the x/y atomc ratio of the nolecul ar

sieve i s gmekecelar sivenis@radBer thare.&2.aufgrablyokiero 0117 tod-25. The xfyréomicy  at oni ¢
;?g/g, ! incgagx\éelg%%ygllﬁ%ﬂtg}g t cgtlzsell'nr?%i_rﬂgg b}p gle1%'eﬁ5’?ﬁ}aﬁjsisaﬂﬁilé/ 1?1'0Fec81far §i@fe, ap I ecul ar
an anhydrous basis.
[0027] The molecular sieves of the present invention are obtained by
hydrothermal treatment of a synthesis mixture comprising at least one source of
EL metal, at least one source of aluminum and at least one source of phosphorus.
[0028] As source for the phosphorus in the synthesis mixture, there may
be mentioned phosphoric acid, organic phosphates, e.g., triethylphosphate, and
aluminophosphates.
[0029] As source for the aluminum in the synthesis mixture there may be
mentioned alumina hydrate, alumina, sodium aluminate, pseudoboehmite,
aluminum phosphate, organic aluminum sources, €.g., alkoxides, for example,
aluminum isopropoxide.
[0030] In the case where EL is silicon, silicon sources include fumed
silica, e.g., that sold under the trade name Aerosil; aqueous colloidal suspensions
of silica, e.g., that sold under the trade name Ludox AS40, Ludox HS40 or
Hydroseal HS40; or organic silicon sources. In a preferred embodiment, the

silicon source is an organic silicon source, e.g., a tetraalkyl orthosilicate, for

example, tetramethy! orthosilicate, tetraethyl orthosilicate, tetrapropyl



[ 0027] The nol ecul ar sieves of the present invention are obtained by

hydrot hermal treatnent of a synthesis m xture conprising at |east one

sour ce ofwOHB/om®Bal , at | east one source of alum num and @CTIUSays460he
source of phosphorus. [0028] As source for the phosphorus in the synthesis
m xture, there may be nentioned phosph@r-i c acid, organic phosphates, e.g.,
triethyl phosphate, and al um nophosphates. [0029] As source for the

al um numin . t i Jxit 4. nt i d_al um na hydrate,
al um na, Soﬁﬁ&%lgﬁ{&mﬁﬁgﬂ@?ﬁﬂg leéé{éjgﬁ%g%hg?gei,%&%%& Pﬁgﬁtﬁﬁ?‘%ﬁ}gs RS gani ¢

al um num soU®®), e.g., al koxides, for exanple, alum num i sopropoxide.
[0030] In t[%ﬁ fase where EL is silicon, silicon sources include fumed
silica, e.g003%hat solnrddHings thepunthesipaixturaviddsnally contrinanorgariel | oi dal
suspensi ons it r Lydox AS40,
Ludox HS40 %rrtefﬁr-igérgggrgl &E%A%%Iﬁﬁc}%g)é?Eggﬂ?l%ggﬁc%u?gﬁsé%ﬁaﬁgggﬁ ﬁrﬁi%r?n g preferred
embodi ment , quakenaryiabingemuseompeunds, eed eithansingls ot inaoixtigel Meeemela®s, a
tetraal kyl orthosilJicate, fo exanple, tetramethyl orthosjlicate,

Lot raet hyl BFEABRY bs BEREncrlor SEFEy AR FORSORIT PETPOSSS) 34674 - 8

ort hosil i cadRlo hltgat y tetraethyl
orthosili catyg p?ﬂ}%%%)ﬁ %é,?%ggﬁetﬁgﬁdgg%ﬂa%agﬁ B Feﬁ?} fé?r??ﬂg;élﬁéﬁ% xture wll

usual | y comyglohesylanmganinethglthydoxyetbyldinims triomghaipeydipfdpghiplist e) . Tenpl at es

i nclude espegjal Ly.am nes _an uat er nar nmoni conmpounds, used either
singly or i@lﬂr‘ﬁ%ﬁ %rr“glg?’ R RB gg‘f}mf’ﬁ‘é‘?é@ﬁﬁﬁ??b%wgﬂ 8l f or exanpl e,
tetraet hyl jacleaictaeGOIRAMOESm hﬁt‘&ii@e@ﬂts‘ﬁltﬁ@.gleph@%ﬂa%}ﬂﬁbﬂ&é, cycl ohexane,
pi peridine, triethylam cycl ohexyl am ne, trinmethyl "hydroxyet hyl am ne,

ne
mor phol i ne, chiRtisien Bipnuds ard acetstonyiprempilarging éDP A3 driebplaing.ne and ni xt ur es
t hereof. Pr i t hyl ;. ni_ um hydr oxi de and
salte. o g SeRREEMEIP MaRLERHEIEBhIRR NaATIRAME YR, O
di pr opy! anidiethyBBaholatineBA afhamolecale biohestyicant ney bk effdedky an dazol e,

Bl Bl P RSS! em ne (0B T
, [0032] In order to obtain molecular sieves with the desired high metal
content, certain ratios of ingredients must be respected in the molecular sieve
synthesis mixture. For example, a synthesis mixture for producing SAPO-34
according to the invention advantageously has a molar composition, within the

following ranges:

Components Range Preferred range
P,Os : AlO3 06:1t01.2:1 about1:1
Si0; : AlLO; 0.01:1t00.5:1 0.1:1t00.5:1
H,O :ALO; 10:1t0100:1 15:1t060:1

together with an organic template, advantageously tetraethylammonium hydroxide
(TEAOH), dipropylamine (DPA), isopropylamine or morpholine, or a mixture of
two or more such templates, in a proportion appropriate to yield SAPO-34.

[0033] In addition to the synthesis mixture components mentioned above,
the synthesis mixture may also contain other components, e.g. water-miscible
organic solvents. As water-miscible organic solvent there may be mentioned

sulphoxides and C; to Cs oxygenated hydrocarbons, the latter advantageously



controll ed using conbinations of tenplates. [00321 In order to obtain

nol ecul ar sieves wth the desired high netal content, certain ratios of

i ngredi ernwe oglost08be respected in the nol ecul ar sieve synPOEAIS82/8d6%4 ur e.
For exanple, a synthesis mxture for produci ng SAPO 34 according to the

i nventi on advant ageously has a nolar ce9rposition, within the follow ng
ranges: Conponent sRangePreferred range P205 : A12030.6: 1 to 1.2: labout 1

1 Si02 : ;A12030 . -] .5 - 10,1 & .0..0..5.: 1 H0O. A120310 : 1
to'1 00 : UPPE%eiq Babyac, kbBadoimana B ptviaCulol” ot efinplss

advant ageousdry niagtheasérivhadempicusplyrelr 021 el 1,6 PrdsArlkdiotsi Récgiyl ami ne ( DPA),

i sopropylam ne or norpholine, or a mxture of two or_nore such tenplates,
in a proporf§thamoksp ﬁé‘gfﬁoa’f@a{l% Dutanal angh prederably, pibondl Preferalliithe on to the
synt hesi s ’Ekfit‘iqb’{%?m?ﬂﬂf%%%tf&t&ﬁ-’ﬁeieoned above, the synthesis m xture may

al so contai h other conponents, e.g. water-mscible organic solvents. As
wat er - m sci[B0¥] or ganilo gemdraletite ttdaenent nhthe Benthesit mixtet to Sidlpthexi des and Cl
to C5 oxygepated hydr.ocarbons, the latter advantageously WO 03/048084

PCT/ US02/ 3&%%“-@%%5%@“&26%@? dleveugualydes a%é}ygﬁﬁg%‘fnaiﬁ%me@% 18pol yhydri ¢

al cohol . As,exAHRbLESy chiRl Sulf@del SutBEHoLOpRLRS, 1 I, 1,2- and

1, 3- propanedi ol s, ac%fone, umet hanlcl)I‘,’ n- gﬁd is’opr%%glﬁg?ﬁcagut anol and,

pr ef er abl y,autechaedbor exangfle patainiesststeel ausgaltveesliish miays ifidesited, Isuptfeact ant - f r ee.
[0034] In general, the treatpent of the synthesis mxtyre tqg.yield the
desi red cr3%‘F§'Iﬁ]eﬁéeaﬁﬁ?%&ﬁya%%sqx@@g{e’ lﬂFs‘i?ﬁ’%ff mﬁé# ?rﬁetﬁnm}”i‘ft‘ﬂg’t‘ ® treatnent,
I's advant ageRUSHNE 8090 RDFEE, HRERAgRUSID IR YF PIESHIC CosptQhI1yexanpl e in an
aut ocl ave, for exanple a stainless s%eel aut ocl ave whi ch may, "i f desired,
be ptfe - I|li26¥dio AHECE dgmndmptonrthymoleonlaesieavgicdg tnede dheitedneut at a

tenperature within th range,of from 50C tao 250C, adyvantagequsly from 90C
to 250C, e%e%oélef‘?npl%%“@ar"ge‘ég‘é‘({?r?:i%‘ﬁ&ﬁldi‘”ﬁl&néﬁ TaRee @BL}IQ%PO‘%! eve being
nmade. The tygat ﬁi%fgrabl{/’rﬁ% 6% 06 h&XRHBAIR dePG1dSRY &l BE I cul BTsicRe BER; 0D Wi thin

the range of from1l to
formed. The procedure may include an ageing period, either at room temperature

or, preferably, at a moderately elevated temperature, before the hydrothermal
treatment at more elevated temperature. The latter may include a period of
gradual or stepwise variation in temperature.

[0035] The treatment may be carried out with the vessel static or,
preferably, with stirring or with rotating the vessel about a horizontal axis
(tumbling). If desired, the synthesis mixture may be stirred or tumbled during an
initial part of the heating stage, for example, from room temperature to an
elevated, e.g., the final treatment, temperature, and be static for the remainder.
Agitation generally produces a product with a smaller particle size and a narrower
particle size distribution than static hydrothermal treatment.

[0036] The molecular sieves of the invention are useful as catalysts in
various chemical processes, in particular in methanol to olefins conversion
processes. For this purpose, the molecular sieves are usually calcined and/or
formed into molecular sieve catalyst compositions before catalytic use.

[0037] The molecular sieves of the present invention may be combined
with one or more formulating agents, to form a molecular sieve catalyst
composition or a formulated molecular sieve catalyst composition. The

formulating agents may be one or more materials selected from the group



hours, preferably up to 100 hours, again depending on the nol ecul ar sieve
being forned. The procedure may include an ageing period, either at room
t enper at LIWe 0304808pr ef erably, at a noderately el evated tenperatsor/ae7bef or e
t he hydr ot her mal treatnment at nore elevated tenperature. The latter may
include a period of gradual or stepw.gg.variation in tenperature. [0035]
The treatnment nay be carried out with the vessel static or, preferably,

with stirring.or with rotating the ve abo horlzo aX|s ,
(tunbl i ng) ° %IStH’éﬁﬁ’ lngt%éméymaﬁé’éf”‘s rﬂlfﬂ %ﬁ@lﬁgﬁgﬁ Ef-‘@ fokhg ynbi ed

during an ghildihwd nﬁ?e'&ﬁlaf’@le@é"&teﬂ?ﬁtcbﬂﬂoﬁﬁéﬂi% fotndd ﬁWftﬁ 5 rrﬂJ QY r oom
tenperature to an elevated, e.g., the final treatnent, erature, and be
static for Sl:ZhépmélnEs hyl svell- knAgmttmhImuegemhrmlspmy}drsadgl,qmﬁeiazmg,oduct with a
smal | er part e Si &ﬁPznd a narrower particle size distribution than
static hyd ment. [0036] The nol ecul ar sieves of the invention

are useful [@(BS?at al y 8lo-linkitin¥ @kdApRs 6NSAH&ES thaPAR&RSHESIond HrRAr ticular in
met hanol to ol efins conversion processes. For this purpose, the nol ecul ar

sieves are€ a19n@§ NeHORHPRSrOo 8, esve cat al yst
obaiati Jugf fiemousrEpasrot hygrataschliming, siidas.canidéar o |

conpositio 12 i 37 e | ar_.si eves of the

present i nﬁoﬁ?. 6%5%88 eb\é% ?tyh%g al[;%? aéongal%ngn%r%&WWau ng agents, to

form a nol eslstigydrsli Bpen lgatiag yhé inoe oGl e #ts 1a<efgmﬁermhaqhg@hml ecul ar
si eve cat al ysh conposition, The _ fornul ati n%gg%en S may be one or nore
material s SBIBesizsd molerwar sieves e ton narodsbesthpct russErEacR4 - 10

consi st ngﬁﬁﬁnlpé 9&1' ']ﬁ cglgx%?gta’aldﬁﬁi {dlﬁ( QQi'aeff(')leﬁ{l%/H@att %étﬂleﬁt and m xtures

t her eof . orrm ated nol ecu si eve cat st conposition is forned
into useful0G3%pe andlusinzen cplarltyidedles hpdroxghtbd Knminiutretedsed gples such as

spray dryin elletizi trusjon, and the |like, [0038] Non-limting
exanpl es o1eglﬂ)ti"1 achl éfg’gc&flg Spiony s the S?fsz%:flowl aehnbi nati on i ncl ude
various tym y@i-@(}@z@)aabmlﬁ%lsSF fol %24 i ﬁml Qis 8kb86, p sPQHG8Ni ¢ oxi de
sol. One pre erre um na containing sofl is alum nium chI orhydrol . Upon

heating, tBedKab {:fa?rﬂ dnene gebgdimeattthe binder lgAheOzlﬁOhHuﬁ@ 1}(820@6115 hesi zed
mol ecul ar aésec\{%gd ﬁl”éleft\{}%el%ﬁq? L! a?.l, §tud9§1?rtf.r$%1. ‘and @’ata?f?g%agés ﬁ)%-

144 (1993), which is herein incorporated by reference.

[0040] The molecular sieve of the present invention may be combined
with one or more matrix material(s). Non-limiting examples of matrix materials
include one or more of the following: rare earth metals, metal oxides including
titania, zirconia, magnesia, thoria, beryllia, quartz, silica or sols, and mixtures
thereof, for example silica-magnesia, silica-zirconia, silica-titania, silica-alumina
and silica-alumina-thoria. In one embodiment, matrix materials are natural clays
such as those from the families of montmorillonite and kaolin. These natural
clays include sabbentonites and those kaolins known as, for example, Dixie,
McNamee, Georgia and Florida clays. Non-limiting examples of other matrix
materials include: haloysite, kaolinite, dickite, nacrite, or anauxite. 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.

[0041] 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



alum na sol will convert to alum nium oxide follow ng heat treatnent.

[ 0039] Al um nium chl orhydrol, a hydroxyl ated al um ni um based sol

cont ai ni Iyoa3kdos+s i de counter ion, has the general fornul ®CofUSAL/BHE74
(OH) od px(H20) wherein inis 1to 20, nis 1to8 ois 5to 40, pis 2to
15, and x is 0 to 30. In one enbodi nent, the binder is

A11304(0OH) 24 7. 12(H20 as is described in GM Wlterman, et al., Stud.

Surf. Sci. d tal., .76, 105- 14 1993), whi.ch i i
o por ai it g Larith B2 PRI HEb i sb 0 Db e iR eoent
i nventi on Ry BGrHOs if‘?ﬂzks WigkthePORIIPHuEW Rs PBlelek ¥ri¥AlB! AGhéflred

Non-1initing exanpi es of matrix materials include one or nore of the
f ol | owi ng: avezage peatiditsineofthe matrit mateoirl, dwost preterahdy kepling istfzom abowti r coni a,

e 1S FuaR R b R B S OB BSRbRug e thereet.
silica-alumypa and silica-alumna-thoria. In one enbodi nent, matrix

materials are natural clays such as those fromthe famlies of,
nont ror i | | 9942k and keerieiembottivaend. thabindar, theemalpeularfigvigsad dhgypatitoni t es and

those kal\llglnri_nglerrﬁ% igr\r’e]:wg&o%%inr@r% ?I{ ‘%1‘3@?&%{1%&30&&%#% 116) M%@e u%gfeg- a and Florida

cl ays. exa e r rixX materrals include: hal oysite,
kaol i ni t e, calhlgkt dompobi@ieh.i gn d@nbariag tie reoletulacsiere aadiiednateint , the matrix
material, preferably any of the c|ays, .are_subjected to vvel% nown

modi fi cat i BYtesaboRERAlyithe Bigderaing haif ihfosmdy Bt EHYingr BSIRY  and/ or

chem cal t fig@ltgﬁ? Eﬁixiné ?s?/n%g:lledl 18 pPétuck E%Bﬁ'srtérg%léf gﬁ@gé{fﬁ@ﬁs mbfi@eMtrix material

is aclay o ay- e conmposition, pr e clay or clay-type
conposi t i ocorauingghamoteaulai sieve. Aort-litndtmgeexampies of suitabte Inpsds ipelefler abl y t he

matrix material is kaqlin.. Kaolin 03/ 048084 PCT/ Us02/ 3467 -11 has been
found to f8rP%? ‘iﬂiﬂkﬂ%ﬂo@,dl‘ﬁa =%18?11\é\£]??g?’i‘€§ﬁ?£§?’ r%)ilé§ 1t5¥Es &l ow fresh
surface argRgt Fofdrell RARKS whkgelh@le c@dsvidinferlUe sl0rry iScdllond-Blilgdd o ructure. A
preferred average particle size of the matrix material, nost preferably

kaol i n, i sapewed efidme sufficientgmprestugd Sierdesirg! shigy teptuge, SOb-ppdicld 91% si ze

di stributi i%‘d/ggsulbgsa%iélgﬁg%ﬁ’igt?%hﬁ&n.m [0042] In one enbodi nent, the binder,
t he nol ecul™ar “sieve and e matriX

[0043] The molecular sieve and matrix material, and the optional binder,
may be in the same or different liquid, and may be 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 optional binder, are combined in a liquid as solids,
substantially dry or in a dried form, or as slurries, together or separately. If solids
are added together as dry or substantially dried solids, it is preferable to add a
limited and/or controlled amount of liquid.

[0044] The slurry of the molecular sieve, binder and 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. In a preferred embodiment,
the forming unit is spray dryer. Typically, the forming unit is maintained at a
temperature sufficient to remove most of the liquid from the slurry, and from the
resulting molecular sieve catalyst composition. The resulting catalyst composition

when formed in this way takes the form of microspheres.



material are conbined in the presence of a liquid to forma nol ecul ar sieve
cat al yst conposition. Upon conbining the nolecular sieve and the matrix

mat eri al ,wopBiogosd |y with a binder, in a liquid to form aPsTursey346m xi ng,
preferably rigorous mxing is needed to produce a substantially honbgeneous
m xture containing the nolecular sieve.- Non-limting exanples of suitable
| iquids include one or a conbination of water, alcohol, ketones,

al dehydes, and/or esters. The .nost preferred.liquid is er. In one
enbodi ment[0043e s ur When & spray fideids 15 S fﬂm%g_ i FY@&aBﬁF S uf £ i ci ent
to pr odUC§ﬁH@m@%%gl%9e éf{d_rdaﬁiﬁ)[f%%k{i%,l, @rlab)paaﬁatnyci inddrZR co-f&NY O

sub-particle size distribution. ] The nol ecul ar sieve and matri x

mat eri al , thadprhndryind vadmak whihreodying gaayvitheni avetage indetiemperatdief f er ent . | i qui d,
and may be caonbined in any_ order, together, simnmultaneousl. sequenti al ly,
or a conbirﬁagm%#%%(?oeéft.o 50 &héndp‘?écrfgg%%ou FHTw Wte,la’ilg’léégﬁ% li qui d,
preferablydﬁegtce } LR j rd .al, and

opt i onal b1| nder{o'ale!i)?lé coggi ;fggfc{%}ugﬁ |I%E%e§ﬁ1§}s/§g\(]ﬁ J|£§atls},,§té%u ssﬁgdrﬁfi ally dry or
in a dri eccoheimg fré&h aBsutdkaItordbest 9% gadleaireforabbefamabeltys% tfateat i ds  are
added together as dry qr substantially drjed | ids,.it i.s preferable to
add a i rﬁqve@ngﬁm%preé@ﬁblygqopb@og%%%ﬁoa oqtﬁé%, 3}’.‘7‘[66&5‘752}63‘?@ slurry of the
ol ecll ar ShEYAnr GLAARKeARHNIRIEI Woi IR BTth@d1dolar lvweidudiyse | 1 ed Lo achieve

a sufficiently uniformslurry of sub-particles of the nblecular sieve
catal yst campesitionon that is then fed to a forming unit that produces the

nol ecul ar si eve catalyst. conposjti.on. | referred enbodi nent, the

f or mi ng unﬁ%f)s%/]s _sp_raéf\{?frty‘émg.?eﬂ}iﬁf@ﬁw ?tgf’%ézlgf%w# Ay Rt *rmi nt ai ned at a
t enper at ur §pshifidis B9lor H9ed KABMS MRS hafdeh RRd/bt StivatefhOfrihbe sl urry, and
fromthe resulting nolecular sieve catalyst conposition. The resulting

catal yst cegipsicoinppsitioih @edtdreataent sughhiscaloagationles en elEatedr m of

' h . 03/.048084 -1 / 74 [ A g dri [
Uscd 25 ¢ HERSTIRY SRED bepRRed fyonraian conRiln A BIEY T L0 o

mat ri x mat@ed @hicadthchidtd H5all ymauhiofickeker vagowro Thpidaltoalcitdienspray dryi ng
volume with a drying gas with an average i nl et te(%o%rature
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.
[0047] In a preferred embodiment, the molecular sieve catalyst
composition is heated in nitrogen at a temperature of from about 600°C to about
700°C. Heating is carried out for a period of time typically from 30 minutes to 15
hours, preferably from 1 hour to about 10 hours, more preferably from about 1
hour to about 5 hours, and most preferably from about 2 hours to about 4 hours.
[0048] In addition to the molecular sieve of the present invention, the
catalyst compositions of the present invention may comprise one or several other
catalytically active materials.
[0049] In another embodiment, the molecular sieve of the present
invention may be bound to another molecular sieve, as disclosed for example in
U.S. Patent No. 5,972,203, PCT WO 98/57743, U.S. Patent No. 6,300,535, and
mesoporous molecular sieves. Binder may no longer be necessary in such
systems. In a further embodiment, the molecular sieve of the present invention

may be combined with a metal catalyst, for example as a Fischer-Tropsch catalyst.



ranging from 200 C to 550 C, and a conbi ned outl et tenperature ranging from
100 C to about 225C. The formul ated nol ecul ar sieve catal yst conposition
cont ai ns Wopenioaosut 1% t o about 99% nore preferably fromrabasn2/5854 0 about
90% and nost preferably from about 10%to about 80% by weight of the

nol ecul ar sieve based on the total weight of the nol ecul ar sieve catal yst
conposition. [0046] Once the nol ecul ar sieve catal yst conposition is forned
in a substantially dry or dried state, to further harden and/or activate
the formed catalyst conposition, a heat treatnment such as cal cination, at
an el evat nper | : . i cal cination
envi r onnmen Oﬁgeair a?ﬁ%?%?ﬁ)ll&@a ng?ﬁ?raﬁé@g%ﬁwﬁ\gﬁhén@% wat er vapour.
Typi cal caineémtami apnusetfdiperatusrchemmakpriopesséte Themyefefrednmoatases of4BOC t o about

1, 000C, preferably from. about 500(C t bgut 800C, and referably from
about 550@PHEFIEHERNO ](5‘61@,%6 B;og?s'g?sa(gfv?qdﬁoghec%qngm 'Ogﬁ fg%@{oflgnrrent such as
air, nitrogehrishfl drdéBr rhdrd SxykAstes RASTBAS S 1ABreRy] and @Adtebsds OXygen), or
any conbi nati orh t ere(§f. [00}3%]ﬂ In a preferred éeﬁr%g)fji ment, the nol ecul ar

si eve cat adiysted to dmpomiveisen df ¢ fersstoek comprsing egesr mprepxyeenstesapdre of from
about 600C to about ,.700C. Heat i js.carnied out for a period of tine
typically W@dntﬁi%gggn?e& lfg)alq%gl&?g}eﬁl rléargléngbl y from1 hour to about 10

hours, norposIEf er abinya prefsitedmbbdilenhotithe peocakesbf the ipiehtion, @i noSt
preferably from about 2 hours to about 4 hours, 0048] In addition to the
mol ecul ar ~fspésieckoiontanes qecs are PRXESAYES ROTe Reecifica{ly) §nstor aihosi ti ons of the

present in g i | vid ly active
mat eri al S_ch?%ﬁ%ﬁ%ﬂﬁ%@éﬁa@nﬁ%&aﬁ%ﬁé@ﬁgﬁ ﬁo?rgglﬁ}ltgér:ﬁé?tg%fk% t he present
i nvent i on ¢mbodimehiafiibe processof therinvantien,thaoxyieaste in the fekdsohlosaxhef or exanpl e
in US. Patent No. 5,6972,203, PCT WO 98/57743, U.S,. Patent. No.. 6,300, 535,
and nesopdrBee eﬁlﬁﬂh@§§ﬂ’ H‘Eef%r?l%égl%ra@f’ ﬁ&@ﬁoﬁé)}’ﬁ}%e %ﬁ&@ﬁ‘t‘ﬁén%%té’ &sary in such
systens. Iﬂﬂrerg)llgogfélt({)gfﬁts) &3Ot R arbdnhoI® peEtably $6:8M&0 a0 chiben Pr esent

i nvention ined with a netal catalyst, for exanple as a
Fi scher - Trgpsshandanedt psaferabi fos1 O 486 8arbpcHogso hg48phols uggul as

feedstock in the process of the invention include lower straight and branched

chain aliphatic alcohols and their unsaturated counterparts.

[0052] 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, diethy! ether or a
combination thereof, more preferably methanol and dimethyl ether, and most
preferably methanol.

[0053] In the most preferred embodiment, the feedstock, preferably of one
or more oxygenates, is converted in the presence of a molecular sieve catalyst
composition into olefin(s) having 2 to 6 carbons atoms, preferably 2 to 4 carbon
atoms. Most preferably, the olefin(s), alone or combination, are converted from a
feedstock containing an oxygenate, preferably an alcohol, most preferably
methanol, to the preferred olefin(s) ethylene and/or propylene.

[0054] The most preferred process is generally referred to as methanol-to-
olefins (MTO). In a MTO process, an oxygenated feedstock, most preferably a

methanol containing feedstock, is converted in the presence of a molecular sieve



[ 0050] Catal yst conpositions conprising the nolecul ar sieves of the

i nvention are useful in various chem cal processes. The preferred processes
of the pwegan#soBhvention include processes directed to tReTasnyaw3d on of a
feedstock conprising one or nore oxygenates into one or nore olefin(s) and
processes directed to the conversion pf- a feedstock conprising one or nore
oxygenates and ammonia into alkyl am nes, in particular nethylam nes.

[ 00511 In a preferred enbodi nent of e processes of the invention, the
f eedst ock %Y%icﬁ@P%Bo%Fﬁt%P%OW%@ﬁ%@: Prﬁ%‘?éﬁ}é ﬁ%%mﬁge%lmay‘e Y:one or nore
organic coggﬁgloggdéﬁ%rcfggéﬁ%%é BfeRfefdiRASH 2@ NEhVIHERY). atom In the nost

preferred I ment process of the invention, the oxygenate in the
f eedst ock j0858ine or Innamidétical to oo xygnategs e fherfedsisyockicap hertthip oag obhol (s) wher e

the aliphatic iety of . the al cohpl has from 1.0 20 carbon atons,

br of or abi ympreTuenk). Seicelly Bo 2 Hetacsmsebon pERe SR RRot i 1o 4
carbon at ogBqstddie MRk deaipis o diludneemelas kelivin! Mo hakess of the

i nvention i1nclude | ower straight and branched chain aliphatic al cohols and

t hei r unsatalbat mdneodncerboadickidd, oaBe]esiantially non-rengtiesearpiias of oxygenat es

i ncl ud hanol.. ethanol , n- L] | hyl et her,
o ot yl Gty i St m R g, SROROARRE RPN L G et hy

car bonat e, redtiRtA¥hatketBRgounds el eniRated therédttl Thiexhast prefdrhudrdtioénts | n t he nost
preferred enbodinent, the feedstock is selected fromone or nore of

met hanol , @e eyl and aitirgeny Yith watsr being eamigilagy pesfeged-a  conbi nati on t her eof |

nore pref e[()ﬁgk]y nmet hﬁﬂﬁ{e e?‘é‘%’dgjﬂn%%%@%“gmﬁ?ﬂ?@g éﬁﬁ%tfeed%[o%ﬂfsriﬁ nmet hanol .

[ 0053] In nost preter nent , stock, preferably of one
or nore oxyggnaf &sm absuiCbtovabotiegd moletpareept, psderablydfora abmitdcaBar si eve

catal yst conpposition into olefin(s) having 2 _to car bons at ons,
pr ef er abl meIGtR?r‘ZFn&é?(HSrﬁ’refﬁ’iag%{mr&/ﬁéqutgll‘éﬁg‘?‘ﬁéb)}?ﬁii RECEMeFPH(s), al one or

conbi nat i of.eraf RY &S89 16 hht 85 nloRestsE Qe FaSQnbRinRitatal dintRxygenat e,
pr ef er abl y&gn a }c,éﬁ%ol , host prefer algl y et hgnol , to the preferred

ol efin(s) mblegloétie faetitak pddpypémne. [ 0054] The nost preferred process is

generally red to, as net hanol -t o- ol.efins o] process, an
oxygenat ed[@ézgst oc k?hﬁﬁgqceﬁgglf “éorllé{%ﬁ}ggfeer(rflg Oﬁlé(ﬁ%ﬂ]}%%nr%%e%r% § eedst ock, is
converted pfydehfteRiRaRNEEscOEe G AMblREMAB eVl Rieyst composition of the

invention, is carried out in a reactor, operated as a fixed or fluidized (including

turbulent) bed reactor. Preferably, the process is a continuous fluidised bed
process, and most preferably a continuous high velocity fluidised bed process.
Suitable conventional reactor types are described in for example U.S. Patent No.
4,076,796, U.S. Patent No. 6,287,522, and Fluidization Engineering, D. Kunii and
0. Levenspiel, Robert E. Krieger Publishing Company, New York, New York
1977, which are all herein fully incorporated by reference.

[0058] The preferred reactors 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, U.S. Patent
No. 6,166,282, and U.S. Patent Application Serial No. 09/564,613 filed May 4,
2000, which are all herein fully incorporated by reference.

[0059] In the preferred embodiment, a fluidised bed process or high
velocity fluidised bed process includes a reactor system, a regeneration system

and a recovery system.



WO 03/ 048084 PCT/ US02/ 34674 -14 catal yst conposition into one or nore
olefin(s), preferably and predom nantly, ethylene and/ or propylene, often
referred wo oam4dosght ol efin(s). [0055] In addition to thePolyusenatef{s), the
feedstock can contain one or nore diluent(s), typically used to reduce the
concentration of the oxygenate in the jsfeedstock. Non-limting exanples of
di luents include helium argon, nitrogen, carbon nonoxide, carbon di oxide,

wat er, essentially non-reactive par ns especi al | y al kapnes such as
met hane, dPPée, andllsrepipeysteBsYE %ffltb By, ALH%E Cf’feé‘ﬁtt? ?%e%ﬁ%vﬁ%%i c

conpounds, ﬁ'l@ﬂre%ﬁgn%o § Wifte 6 or {)\‘3 rﬁ&%a&é&i}%ﬂ%@e&ﬂﬂd%ﬁh@n z8k Wat er and
W ar

ni trogen, wat er e| ng particu y preferred. [0056] In one
enbodi nentwithihet kastiwnt dmbnghgjmmﬁssal rpreﬂambb/e@mmrtsmg ¢r53 armmarhe range of from

about 1 to apout 99 nol erce referably fr bout..1 t0.80 nole

percent, nIFENET JPARSS ﬁ ;{b%ﬁ]? %”’P‘Heéﬁ%rurt %@(%n disspeasie’ nost

pref er abl yve%&@'fg &Q%‘ﬁed&wﬁlﬂn%@ﬁ@e %ﬁctﬁp\l'e@seﬂ’eFfe@ﬂfeedbt@@leq)r@f@rabfye total nunber
nol es the feedstock and diluent. [0057] The process for convertl ng a

f eedst ock wattiEhgng omereo:rxygmaées @p@m@hhsawetb onp AT feEe PilessEplel

nol ecul ar sieve catal yst co t|o t ed out in a
react or, otBéﬁca?IbGd)réfgo% r]fSFVSgBBﬁS lflu %F%I(a:lln %g\%néa?ﬁ%ﬂ cgmﬁ 1% bed
reactor. Pa{rﬁlf’&rcéiaéd’verﬁlbﬁtl{&&ﬁ%ﬁltrb&uo%d cmnermmlmémg thesesledotad  pr ocess,

and nost preferably a continuous high velocity fluidised bed. pr. cess
Sui t abl e cmﬁﬁ@@taﬂs@ha@mp@amrbﬁnd{cgrﬁégeda‘feéﬂ%%ﬁ%&&@Fﬁ#@r@k%ﬂl

Pat ent No. %ﬁ %b&%ﬁm’u &665 @Uérté\lgemg n%%agé%zto AN bk @Rt 1 pn

Engi neeri ng, unii nspl e ert E. Krieger Publishing
Conpany, MeYahiytdemmd{mmtermmqthMI ahndﬁre@aalid anhigerigas sughlby i ncor por at ed
by reference. [0058] The preferred reactors are riser reactors generally
descri bed 1Ho2®: ser Reactor, Fluidization and Fluid-Particle Syst ens, pages

48 10 59, fyoby) Zenz In%%%d&m&thﬂﬁeam%ﬁtrUMegh RuBltbabhicagefRat9oat i on, New
York, 1960, U.'S. Patent . , 282, and U.S. Patent Application Seri al

No. 09/ 564jo8E Wih @dapmly fe:bdstOQIQ(l@a regior By stere issinitheveange af framiOl i ncor por at ed
by rhle;ﬁr en\(zzvglgh{ ;(?e(l)rc?e%t to eﬁ:)oul['| §5 Rlelgfl'l?lroe':’rgednt equf%%bfgpﬁ{)m a%oiu! f‘l{)vgfgﬁte&er&%g Process

or
to about 75 weight percent, more preferably from about 5 weight percent to about

65 weight percent based on the total weight of the feedstock including any diluent
contained therein. The liquid and vapour feedstocks are preferably the same
composition, or contain varying proportions of the same or different feedstock
with the same or different diluent.

[0062] 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. 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.



velocity fluidised bed process includes a reactor system a regeneration
system and a recovery system WD 03/048084 -15 PCT/ US02/ 34674 [ 0060] The
react or swetoamugesef erably is a fluid bed reactor system h®eirripo2/aueld r st
reaction zone within one or nore riser reactor(s) and a second reaction
zone w thin at |east one disengagi ng. ygssel, preferably conprising one or
nore cycl ones. In one enbodi nent, the one or nore riser reactor(s) and

di sengagi n vessel is contali ned Wit hi Si, ngI ere r vessel. Fresh
f eedst ock &F er abl Ip onegmbedHpey Ogﬂﬁcgffe glé‘ig‘éeng&%]flgonal ly with

one or n%; Hefkdesa d1sbx§% gr% vesQLHPScARS B(Neﬁgmoﬁ P Bl iRABIARES) 1 N

whi ch a nD ec Sl eve st conposi tion d/ or coked version thereof
i s introducesdel i$ alsttmjppmgrzbmzll Imethe striphmgmohetalcaked mplevelacsited gatalyst onposi ti on

and/ or coked ver5| an there s cont with a ui.d r, gas, or

combi nat i ofPTEPRSBKLS C?)‘?tlaﬁ?é)l’v&h e%aﬁd’rgfﬁ{agg'a%’@é’a at°8mtbﬁf?tlf’f1§’£?te actor (s).
Pref erabl yplifnd i aiod dﬁo%u&akﬂboﬁ mdiBkiABNldrog8AtbridA8n&fgad SicikBs | nert gas
such as nitrogen. [0061] I'n an enbodi nent, the amount of fresh feedstock

fed separ agreby, peferabli siedny, toiredover adapidad hydseersbensifrony theecokedict or system i s

et or antyAoiaHes BETE Sty hBOLPR IR pd i Bha e B uSt el SR OO0

pref er abl ysfsin BRRGthep el\ﬁabcﬁhfenpmeosﬁnﬁﬁpmgaz@iaeym a &pateed ghtel foncet based on

the total weight of the feedstock nc udi n%é) ) di luent _contained therein.
By

The |i qui ddispragingoigsset arkibe gaxis passed ﬁ?%g%s spprafigiaheelodnposi tion, or
contain va ritd @ vmththe
sane or F(ﬁélrgg%pf%&ﬁuleﬁnrt %f‘g‘g‘&ﬁ%{’ﬁe feed %tg%fg&ee\;eoﬁ%?l nggsthglgiéleactor system
is prefer abf yoked modeciunba sieve asthiyat doymp@smbngl preferably dthae eldvattl react or zone
into a gaseous effl uen nte S gwth a
coked ol etsmpsrataiedipgm é% Q%a 9 OE"or@ éa HrFfSWlbfy ﬁgmtga:t?@%pij@ ég‘? di odi nent ,
cycl one(s) oW tdi fokell ndlbRERIRIE @&a&@tsc%%{poé‘i’h@n designed to separate the

nol ecul ar sieve catal yst conposition, preferably a coked nol ecular sieve

cat al yst c{Misdbi t i onThé canvetsien tgapewatise employethin o perycHiPYPIOASSOr nor e

specifically within the reactor system, is in the range of from about 200°C to
about 1000°C, preferably from about 250°C to about 800°C, more preferably from
about 250°C to about 750 °C, yet more preferably from about 300°C to about
650°C, yet even more preferably from about 350°C to about 600°C, most
preferably from about 350°C to about 550°C.

[0065] 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.

[0066] The weight hourly space velocity (WHSV) 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 fluidised state within a reactor.



olefin(s) within the di sengagi ng zone. Gavity effects within the

di sengaging vessel will also separate the catal yst conpositions fromthe
gaseous ewDloaesos4s O her net hods for separating the catal pstr/usonpwssi ti ons
fromthe gaseous effluent include the use of plates, caps, el bows, and the
i ke. WD 03/048084 PCT/ US02/ 34674 -161y0Q063] In one enbodi ment of the

di sengagi ng system the disengaging systemincludes a disengaging vessel;

typically r portion.of, t i;sengagi n vesse], i i ppi Nng zone.
In the strﬁ?)mg zonéIyPI?gll%’éI}eeWéa&ﬁ%%ﬁogIg@%t IEEII ath?z’f’I}[ SE)III sition is

contact ed WrdfBraBlydesm absg Dafrdkd bR 8000 hd, HRAMRRI-ANN fefn Mogas,! met hane,
carbon di oxi de, carbon nonoxi de, hydrogen, or an inert ?as sulch as argon,

:
pr ef er abl y t& gl SQ0bhry eanslmpstaaefsrabboromabeddOthan o banl PMEt o Had

I I [ I . ot 1 h ' i d h
rogenor at | ShE PEaRemRtARTPRE IR if PR b b B e 1<%

separ at e vVagHSN for cofiveRibn dflasfeedpagkrgntagtgehethagbltang dgashilsetiprsspd at a gas
hourly superficial_ velocity (GHSV) of from1 hr-1 to about 20,000 hr-1

based on t e 5aBepicom abewd 20duy o bt 304 hicoked nol ecul ar si eve cat al yst
conpositio ef era : to about
750C, pref Z?%%Ily frO%Ilggﬁéﬁrﬁgglg%ﬁpgfogg%g@%%@ét e@“&@ﬁ@&% ecul ar sieve
cat al yst cditpatiahd esacti¢grOfedhcty héthoothe esasion ay tenmisepraferubdy suffitienietd i n t he
conver si on pr, ce%s, sg@gi fically within_.t he.tﬁjeact or.system .is in the
range of f 15886 PoksBIET SigVe Bt COBROELOP WEPEY 2i5PEHIT 2 2bBSt  250C t o
about 800Cc¥Rsre TRE SG& RhY pldc&d® pARAUAN P RRMN!Re AROME 568N (morket MOr e
preferably from about 300C I)o about 650C, yet even nore preferably from

about 350Cpadicaladutwiddobe risosteactor(ek tsradbdast ¢. 1 meteapeutec@sD@/ses)about 550C.

[ 0065] The conversion essure enmpl oyed.in.the conversi on process,

speci fi cal Ipf/e%n'aﬁ i%ﬁeatt%gﬁ%@gfrgﬁecs Olrel?ﬁefe\I%IY g’éea%I/BIa“zI W&nga(é “%hge incl udi ng
aut 0genous nfire praférebly Bhetes AT /R0, m%Uﬁ&eIpﬁefbﬁﬁgfcgf'@ﬁeﬁth@l partial
pressure of the feedstock exclusive of any diluent therein. Typically the

conver si on THpeSs 8 most PP lRrEaict than fisess Se¢ Lricxample Y. anBaewt fr om about
0.1 kPaa t (AE@III%I olny e 2 Omo.a%ﬂ(%t’g%aﬂ%a NfoI/QIHI)é'}I%? %0&, \&IflI?cﬁlaisthgreﬂpom 1 Mpaa,

and nost prefera out
incorporated by reference.

[0069] In one preferred embodiment of the process for converting an
oxygenate to olefin(s) using a SAPO molecular sieve, the process is operated at a
WHSYV of at least 20 hr™' and a Temperature Corrected Normalized Methane
Selectivity (TCNMS) of less than 0.016, preferably less than or equal to 0.01. See
for example U.S. Patent No. 5,952,538 016, which is herein fully incorporated by
reference.

[0070] In another embodiment of the processes for converting an
oxygenate such as methanol to one or more olefin(s) using a SAPO molecular
sieve, the WHSV is from 0.01 hr™! to about 100 hrl, ata temperature of from
about 350°C to 550°C. See for example EP-0 642 485 B1, which is herein fully
incorporated by reference.

[0071] 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, which is herein incorporated by
reference. In this document, selectivity to propane is reduced by adjusting the

MTO process parameters. The present invention provides an MTO process in



kPaa to about 500 kPaa. [0066] The wei ght hourly space velocity (WHSV) is
defined as the total weight of the feedstock excluding any diluents to the
reacti on womg/ogses4 hour per wei ght of nol ecul ar sieve in Pog/usnl/BEHM ar

si eve catal yst conposition in the reaction zone. The WHSV is nuai ntai ned at
a level sufficient to keep the catal ystig§-conposition in a fluidised state
within a reactor. WO 03/ 048084 PCT/ US02/ 34674 -17 [0067] Typically, the
VWHSV ranges_.f.rom.a bout 50 referably from about 2
T to- abodtiouuenith to rgpansh BpBREKIqRRP o B erdif eB%s dhour 1800
hr-1, and rRsmopcelhesiat datdlya@m about 10 hr' to about 1000 hr-1. In one
preferred enbodi nent, the SV is greater than 20 hr-1; preferably the
VHSV for cdAOBsi on dkfies afcseaiartiveoleialyst whan gherraelsaar sieved ussdhier hy| et her

isin ther 0 0 hr 8] The
superficial Ogg‘%%&%{’j&eﬁ%%%a&% Pﬁcuvfl é" d g? %ij d%ﬁg it (gfrﬁ%ftl%g%?hent and
reaction prppedietss referidi t0 ab lbekd, eachodatdys! Camlytc pitbligraabby rétdréd by ent to

fluidise the npl] ecul ar sieve catal yst caonpasition wthin a reaction zone in
the react dPmOYRE thsercoks depasifsy b%éegeneegpg thewetelysy Hpweyst ite react or

system nor st 0.1
meter per SSorRAt bl it vt e hiHett pRSIL ERARANYE berch rBhir RS

pr ef er abl y rggematationt Aacordinglts g, preseaninvention, petilealablinophogdiaer t han 2

m sec, yet even nore pyefer reater than m sec, and st preferably
o oat or ¢ nar e b8t Bieh tadiiPutly & Plant g e FOReSr ol No.
09/ 708, 753 cfata:l.))f's@hfgg‘ﬂ%H%Eer%ml&Q@Q sisdgi ch is herein incorporated by

r ef er ence. I'n one preferred enbodi ment of the process for converting

an oxygend @7310 ol emeréél’,le wmelenglansisyHBs et #6 odtalytis petvaty dusdo process i s

operat ed at ast_ 20 hr1 . .and T ratur.e Corrected

Nor mal i zed CIQ/EWI%V&ECO@&%%IF ﬁ%}evﬁmﬂ}éﬁim&l fa%%?{gjcﬁ%eﬁg@glﬁ&gessﬁlr eferably | ess
than or equafetadblybyddne ov@sore baclogostd g iklr&uctBioaht rddenerdiifbdiskad 016,
which is herein fully incorporated by reference. [0070] In another

enbodi ment T TEERECI5iIBR B5EER CPBPTizesBRICHiC A ere the coked catalyst

composition is contacted with a regeneration medium, preferably a gas containing
oxygen, under general regeneration conditions of temperature, pressure and
residence time.

[0074] Non-limiting examples of the regeneration medium include one or
more of oxygen, O3, SO3, N,O, NO, NO,, N,Os, air, air diluted with nitrogen or
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
and/or hydrogen. The regeneration conditions are those capable of burning coke
from the coked catalyst composition, preferably to a level less than 0.5 weight
percent based on the total weight of the coked molecular sieve catalyst
composition entering the regeneration system. The coked molecular sieve catalyst
composition withdrawn from the regenerator forms a regenerated molecular sieve
catalyst composition.

[0075] 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



oxygenat e such as nmethanol to one or nore ol efin(s) using a SAPO nol ecul ar
sieve, the WHSV is from0.01 hr -1 to about 100 hr"1, at a tenperature of
from abowD 035@084 0 550C. See for exanple EP-0 642 485 13PCTWMs0nbucres herein
fully incorporated by reference. [0071] Qther processes for converting an
oxygenate such as nethanol to one or myre olefin(s) using a nol ecul ar
sieve catal yst conposition are described in PCT WO 01/23500 published

Gocurent , - sers0Rt Rpsh iy ah Bk ORRLRRE A g ToBl BT 1o ol o ocess

par anet er s. pslh@ ipgk®a®nt i nvention provi des an MI'O process in WO 03/048084
PCT/ US02/ 34674 -18 which selectivity to propane is further reduced, due to
the speci flwoﬁﬂopert i e byrning jof coles ig @p pxethemid eeagtigmalapd in arf 0072] After a

certain ti dlﬁ;l@ﬁtﬂhx ?&nﬁﬁuret\bﬁhlﬁgﬁ gél?egzﬁﬁ)'ng\éﬁgmq? ggr%tro?lred pponvert I ng

oxygenates lose catalytic activity reaction by-
products, refreus gghtiquasn teket inoludinpefeedih@h yﬁctled gfattalthﬁ leger®gdtoivi ty can be
restored by e[\m)w ng, t.hese cok(g1 deposits, i.e. regenerating the catalyst.

However it YeSSelpperatethitles i abajeh. €9 téﬂufz’g%é’r\?\‘if{llhcqnﬁ@u‘l"@ﬁ@%q ohdssi bl e
catal yst | 'Jo%ﬁ?ﬁatt%@hé’r&ﬁu 1A bfé%rre"d%gﬁﬁﬁ L@Efl%%'%ﬁﬁﬂ'fﬂl tﬁec}eg%}l‘ﬁ agéda sent

i nvention, netall oal um nophosphate ecul ar si eves VI n et al
cont ent andnglmullar pevetdatal st sq>mp®1tl'rravﬁom¢lmglegenewtoalsystemlanﬂqmsstn’(@n ot her

nmol ecul ar s ves ce. the ecul ar. Si st it talytic
activity du f?%en%‘%‘i?gﬁa’}‘e Oﬂf‘ésbegﬁgﬁt Cé’érmoaﬁhoeﬁge‘égq?%cw ¥y %ﬁﬁﬁ om t he
di sengagi ngfouAss eboled RpeiREBY Mol BRVOEatADERAYELABES TR catdPE i Nt roduced
to the regeneratjon system The regeneration syStem conprises a

r egener at orCoRlfeyia apgEibedikEat.dae hq:a)t@t(cha@gwﬁb@m logtted sitayimtamiaker with a
regener ati o Jedi H'Eﬂer %e%x?a‘h%ﬁn%t&ngas contai ning oxygen, under general

regeneration con |t| erature, pressure and residence tine.
[0074] Non-0D#i]ti ng eRmrppbamsefflicheconedring gt light oldipdsauictick ude one or
nor e of oxy‘gﬁelglgz 03, g% N20, NO, NO2, N205, ajr, air diluted with nitrogen
or carbon ‘Wi fro E]Q’r?e%mﬁagtyéﬁem(%%s PgsggihfouRs 2 recoyas) $$e%M. car bon

nonoxi de  There are many well-known recovery 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.
[0078] The molecular sieves of the present invention may also be used in
the manufacture of alkylamines, using a feedstock comprising ammonia in
addition to oxygenates. Examples of suitable processes are as described in
published European Patent Application EP 0 993 867 Al, and in U.S. Patent No.
6, 153, 798 to Hidaka et.al, which are herein fully incorporated by reference.

Examples
[0079] The following Examples, in which parts are by weight unless

otherwise indicated, illustrate specific embodiments within the overall scope of



and/ or hydrogen. The regeneration conditions are those capable of burning
coke fromthe coked catal yst conposition, preferably to a | evel |ess than
0.5 wei ghwo opessvent based on the total weight of the cokeaCmalsersdéas sieve
catal yst conposition entering the regeneration system The coked nol ecul ar
sieve catal yst conposition wthdrawn-20emthe regenerator fornms a
regenerated nol ecul ar sieve catalyst conposition. [0075] The regeneration

tenmperature is_in.the ran f fr about. 2Q00C . to about 1500C . preferably
from apout EBReTi RS doe e efp P pRane Aol atiiosdell o abou
750C, and wpeh, piledsendddiad dtherwighout 550C to  700C. The regeneration
pressure is in the range of from about 15 psia (103 kPaa) to about 500

psi a (3448 (W30 pr &n Besmsprlesnerypiebmontholosy and sizes wegalptermingdout 250
ia (1724 ,kP f : i & (17 to about 150
00 0f 0asody i) tllaR R EGROR BidtoldoBYy R, ke BPA PibMEZTAD. 0 PPVU  om

about 30 pstan{Oeledtddaa)icioscaeaisingGi acpdératifghlaitak®an) .2 th QAAOY. X-he burni ng
of coke is an_exotherm c reaction, and in an _enbodjnent, the tenperature
Wi t hi n ther%@lg‘é@h&fl Paiteray werAbaneden 3 siemsss Byl0 dikaciometebBHRE Gles in t he
art includi egé é : SRl er at ed
either in g ?ﬁ@ﬁ@ ?:]lg% F%%%Sggngﬁéz&eﬁsmg’gsﬁ%l nugu%ﬁér@geer?gor am%[glpﬁbi nati on
t her eof . Aapd efistil@uniceatien. Gaternnwetewedested hdstegpdcag ntode fioag2Aetat ed

nmol ecul ar si.eve, catal yst conposi tion fr t he regeneration system and
passi ng t§8%?6e3 n@@%étﬁpﬁ‘éﬁne%z{ﬂajro'@z @\?gﬂ]éﬁ‘?%fj mgg]ﬁ‘ﬂfo%tiolﬁefin through a
catal yst cooler that forns a cool ed regenerated nol ecul ar sieve catal yst

conposition. The catalyst cooler, in an enbodinent, is a heat exchanger
that is | ogaeegleel ther internal or external to the regeneration system

[0077] The ]JQ(ZS?# ,? E Z g%is%%gﬁlPPCqHBQ}aE[‘énge }ng.ﬁuflaictgr%tof %lAqJ(it)]-Bé %écﬁo? 1?1%; Z% IO\S/ ery

W t hdr awn i'sengagrng systemand i's passedt

system  Thigy @vaitenavingeddbik iowrystaavehylogy stitralged b thaies.1and
sequences that are useful in separating olefin(s) and purifying ol efin(s)
from the g&YewHsaed ¢ PyRhitomiciiigéPyI82y st ens general |y conprise one or nore

or a conbi TWGSZ?” of a %‘fﬂegi'é Inixture was prepared as follows: 19.7 parts of HsPO,
(85%, available from Aldrich), 47.2 parts of ethanol, 5.3 parts of tetraethylortho-
silicate (TEOS, available from Petrarch), 11.8 parts of alumina hydrate (Catapal
B, Condea Vista, 74% Al,Os, 26% H,0, available from Sasol Chemical
Industries), 71.8 parts of tetracthylammonium hydroxide (TEAOH, 35% in water;
available from SACHEM, Inc.) and 4.20 parts of deionized water were mixed

together, to yield a synthesis mixture of molar composition:
Al,O3 : P20s5: 0.3 SiO, : 2 TEAOH : 40 H,O : 12 C,Hs0H

[0083] The synthesis mixture was placed in a ptfe-lined stainless steel
autoclave, which was mounted on a shelf in an air oven, the shelf being rotated,
tumbling the autoclave at 12 rpm, and maintained at 200°C for 24.5 hours. After
cooling, the product was recovered by centrifuging, washed with water, and dried
in an air oven. The powder X-ray diffraction (XRD) pattern showed the product
to be SAPO-34. The relatively broad diffraction peaks indicated a small crystal
size. Elemental analysis: Si, 3.4%; Al, 17.4%; P, 16.4%, representing a product
stoichiometry of Sig.093 Alo.a9s Po.40o(Si/Al = 0.189).



separation, fractionation and/or distillation towers, columms, splitters,

or trains, reaction systens such as ethyl benzene manufacture (U S. Patent
No. 5, 476W008)p4808nd ot her derivative processes such as al e#emyber34oket ones
and ester manufacture (U S. Patent No. 5,675,041), and other associ ated
equi pnent for exanple various condensells, heat exchangers, refrigeration
systens or chill trains, conpressors, knock-out drums or pots, punps, and
the like. [0078] The nol ecul ar sieves of the present invention nay al so be
used in the manufacture of al kylam nes, using a feedstock conprising
ammoni a i n [0084]i ti on SEMexygsissh®sed thxadptsstatihag eibiabike n&frgﬁﬁﬁ s are as
descri bed in _ published European Patent Application EP 0 993 867 Al, and in
U S. Pat entWilcrygtal disrpnsionglesssthpp Bd wan g¢rysipl edges heiweandd Az prd & Lk y

i ncorporated by reference. Exanples [0079] The follow ng Exanples, in
which parts are by weight unless otherw se indicated, illustrate specific
enbodi ment Exeinifié & t he overal | scope of WD 03/ 048084 PCT/ US02/ 34674 -20 the

i ti i d. _Th d it f t ti terial th
Frst o vaROSaInl cse THUTERALG BERarsPSaEsT of P Aol o5 or yotal
mor phol 0gy RBe-BtZ&SstBhGpREIbSY Witﬁ%aﬁ?sbaeto&é&qﬁi ardl #h mﬁmgzm&é QFhj on

m croscopy pictures’taken on @ Hitac S-4500 scanning electron m croscope
usi ng an acdéehwmrati¢ af0.Vd.tage of 1.2 to 1.4 W X- ray diffraction patterns

wer e obt ai n a Si.enens D500 .diffract ter using | radi ation, 1
divergenceqﬁﬂ%ﬁanti-s Ate pgﬁ?é??cé&é%ﬂ@gﬁya§?§$ﬁﬁg@&ﬁ558€ omator, and
scintillat imno@mgnh@ap coBi}ioEi@ilbﬁSNd_é@Eé})a%ak 'ected in step scan rrpde fyom 2.00
to 50.00 2 » with a step scan size of 0.02 2 ~ ~ and a counting tine of 1

sec. Exanple 1 [0081] This exanple illustrates the manufacture of SAPO 34

accordi ng to.nths An 1N, i ic-li stal norphol o ith
edges 1)f gI e‘[gléof hgﬁdsowéllnc‘lgérlb@%&n%}% %UI%I&F !i‘% g%%cgpr{ati o of 8 189.gy[ \(,)M082] A

synthesis mixture was prepared as follows: 19.7 parts of H3PO4 (85%

? \é? Ir ;2? |h§| &i)&ﬂ)d'_b\l dri C1t]‘?e’syr4ftﬁ'eszls &?}Et}lrse vge];s p ;[chgri]r? L i)tfe?-'ligec[) gcgitnlsesg Lteel
autoclave, which was mounted on a shelf in an air oven, the shelf being rotated,
tumbling the autoclave at 12 rpm, and maintained at 200°C for 24.5 hours. After
cooling, the product was recovered by centrifuging, washed with water, and dried

in an air oven. The powder X-ray diffraction (XRD) pattern showed the product
to be SAPO-34.

[0088] Elemental analysis: Si, 3.24%; Al, 17.35%; P, 16.74%,
representing a product stoichiometry of Sig g9 Algaos Poa16(Si/Al = 0.179).
[0089] SEM analysis showed that the crystals had cubic-like morphology
with crystal dimensions greater than 0.1 pm (crystal edges between 0.1 and 0.4
pm).

Example 3

[0090] This example illustrates the manufacture of SAPO-34 having a

square platelet-like crystal morphology with edges between 0.25 and 1.0 microns,
a thickness between 0.05 and 0.2 microns and a Si/Al atomic ratio of 0.175.
[0091] A synthesis mixture was prepared from the following components

in the proportions (by weight) shown.



silicate (TECS, available fromPetrarch), 11.8 parts of alum na hydrate
(Catapal B, Condea Vista, 74% A1203, 26% H2O, avail abl e from Sasol

Chem cal wodos#sBes), 71.8 parts of tetraethyl ammoni um hyaCoAISAE346TEACH,
35%in water, available from SACHEM Inc.) and 4.20 parts of deionized
water were m xed together, to yield aXZynthesis m xture of nolar
conposition: A1203 : P205 : 0.3 Si02 : 2 TEAOH : 40 H20: 12 C21-150H [0083]

The synt hesd i re was placed in a ptfe-lined stainl gss._steel
aut ocl ave, S(b\/\ﬁllnghﬁ%/\l/{afts nmounted on a shelf in an air oven, Eifrﬁgogthove bei ng

rotated, tunbling t t a 12 rpm and nmaintained at 200C for 24.5
hour s. Afté& cool i ngﬁfgﬂéxmqu‘ﬁc@%ﬁs“’t overed by cent¥®i% ugi ng, washed
with water, and dried_in an air oven. The powder X-ray diffraction (XRD)
pattern showed the prWéi§Et to be SAPO 34. The rel ativel3.broad diffraction
peaks indicated a small crystal size. El enental analysis: Si, 3.4% A,
17.4% P, 16.4% repriaken(CatapabApCondeatVise) oi chi ondBry of Sio.093 Al 0. 498
PO. 409(Si/A = 0.189). W 03/048084 PCT/ US02/ 34674 -21 [0084] SEM anal ysi s
showed that the crystals had cubic-1ike norphology wth crystal dinensions
less than B 1 m (crysteAogdgesciaeimeen 0.05 and 0.1 m). gpxanpl e 2 [0085]
This exanple illust ra;s%mt‘bﬁelrmnuf acture of SAPO-34 having a cubic-like
crystal norphol ogy with edges between 0.1 and 0.4 microns and a Si/Al

atomc ratio of 0.179 . Usi r dure qgf. exanple 1, a synthesis
m xture of the foll gg@%é%ﬁg%lggaéu%%g#@ﬁ%@ prg ared: A1203 : P205 :
0.3 Si02: 1.52 TEACH ™3 B 16 C2H50H [0087] The synthesis mixture was
placed in a ptfe-lined stainless steel autoclave, which was nounted on a
shelf in an air oven,Ta#e shelf being rotated, tunblind50Re autoclave at
12 rpm and naintained at 200C for 24.5 hours. After cooling, the product
was recovered by centrifuging, washed with water, and dried in an air

gxgg BI-he FIBW roxer %o(sj};lfo;irc %&tdi, \%Qteg g(rll:ép glutrr)l%}atv%rg msnr(]e%vﬁgfnblgu eg gr(lj ct to be
aged for 5 minutes at ambient temperature, the resulting mixture forming
Component A. TEAOH, the silica and water were mixed for 2 minutes, the
resulting mixture forming Component B.
[0093] Components A and B were combined and transferred to a stainless

steel blender. The mixture was thoroughly homogenized in the blender for 5

minutes. The molar composition of the mixture was:
AL O3 : P;05: 0.3 Si0, : 2.0 TEAOH : 52 H,0

[0094] The synthesis mixture was heated in a ptfe lined stainless steel
autoclave to 175°C and maintained at that temperature under static conditions for
88.5 hours. After cooling, the solid product was recovered by centrifugation,
washed four times with water and dried overnight at 115°C in an air oven.

[0095] The powder X-ray diffraction (XRD) pattern showed the product to
be SAPO-34. Elemental analysis: Si, 3.13%; Al, 17.2%; P, 16.6%, representing a
product stoichiometry of Sig g7 Aloags Poa17 (Si/Al = 0.175). SEM analysis
showed that the crystals had square platelet-like crystal morphology with edges

between 0.25 and 1.0 microns and a thickness between 0.05 and 0.2 microns.



[0088] Elenmental analysis: Si, 3.24% A, 17.35% P, 16.74% representing
a product stoichionetry of Sio.o089 A10.495 Po.416(Si/A |l = 0.179). [0089]
SEM anal ywpD93sksosed t hat the crystals had cubic-1ike norpreray2/34674 h
crystal dinensions greater than 0.1 m (crystal edges between 0.1 and 0.4
m . Exanple 3 [0090] This exanple illus2¥ates the manufacture of SAPO 34
having a square platelet-like crystal norphol ogy with edges between 0.25
and 1.0 mcrons, a thickness between 0.05 and 0.2 mcrons and a Si/Al
atomc ratio of 0.175. [0091] A synthesis m xture was prepared fromthe
foll ow ng conponents in the proportions (by weight) shown. WO 03/048084
PCT/ US02/ 346d4nnle 42 Conponent Proporti on AHSPO4 (Al drich), 85%in water23.2
Wat er 20. 0 tapal A, Condea Vista)13.9 BTEAOH, (SACHEM 84.5 35%in
wat er Col | di%826] si | i cBhi¢ exateple Hiisirates thepaanuifacius of 88 Dr34baveng T ot al 150. 0

[ 0092] Phos [ I rand.alumna were mxed for 2 m s and
aged for 5 (ﬁl’l%gcl]]tﬂg% %tg%nﬁ%mﬁ)éﬁlto‘g}' gvr‘lr%leerd gf}sul?eg‘fve?%go ?rél)s(@ Ticﬁ(@lsrﬁngltaglj}(ﬁf orm ng
Conmponent AstorhicA@Hp of DQ0si | i ca and water were mxed for 2 mnutes, the

resulting m xture form ng Conponent B. [0093] Conponents A and B were
conbi ned an80®Flansf er Asythesismittagervas Psepasedelsom shesfollewingmompensatsr e was

t hor oughl y igq@@%&?%ﬁgﬂs tﬁ}&é}gm%}?d%ﬂ?f for 5 mnutes. The nolar conposition

of the m xtur

Component Proportion
A H3PO,4 (Aldrich) 85% in water 12.2
Water 20.0
Al O3 (Catapal A, Condea Vista) 7.28
B DPA (dipropylamine, Aldrich) 13.4
C Colloidal silica (Ludox HS-40, duPont) 3.17
40 % in water
Water 19.0

SAPO-34 seeds(prepared as in example 1) 0.050

Total 75.0

[0098] Phosphoric acid, water and alumina were mixed for 2 minutes,
aged for 5 minutes at ambient temperature, and mixed again for 1 minute, the
resulting mixture forming Component A. DPA was added to Component A, the
resulting mixture forming Component B which was mixed for 1 minute. The
colloidal silica and water, forming Component C were added to Component B.
The resulting reaction mixture was transferred to a stainless steel blender and was
thoroughly homogenized in the blender for 5 minutes. The molar composition of

the mixture was:



A1203 : P205 : 0.3 Si02 : 2.0 TEACH : 52 H20 [0094] The synthesis m xture
was heated in a ptfe lined stainless steel autoclave to 175C and

mai nt ai newoaB/oydesds t enper at ure under static conditions foPCTABIE34s0Ur S.
After cooling, the solid product was recovered by centrifugation, washed
four times with water and dried overnigbt-at 115C in an air oven. [0095]
The powder X-ray diffraction (XRD) pattern showed the product to be

SAPO- 34. Elenental analysis: Si, 3.13% A, 17.2% P, 16.6% representing a
product stoichionetry of Sio.087 A10.496 Po.417 (Si/A = 0.175). SEM

anal ysi s showedAlLat Pthe: G4 $RD.a1 255 DRA ssEHK@ pl atel et-1i ke crystal

nor phol ogy with edges between 0.25 and 1.0 mcrons and a thickness between
0.05 and 0.2 m crons. W) 03/048084 PCT/ US02/ 34674 -23 Exanple 4 [0096]

Thi s exarrplggééll ust ra—fﬁésg)tggegiggﬁ%@é:‘;vyg eagéﬁldiﬁép%eﬁﬁleﬂgt\éinﬁ' a%tge ubi c-1i ke

crystal norphology wt etween 1 m Crons an i/Al  atomc

rati o of 0.a6bcldv@A8 2P0 sydihiasiisedmt Hat tenpedguRrvdiRBdadtoclivd Wes f ol | owi ng
conponents in the proportions (by weight) shown. Conponent Proportion

AH3PO4 (Al dPtagss) atdfapmfondl-e haurso Afigr epalingpthssebid pioduetayasiremvergdndea
Vi 7.28 .q] ] L dr | 13. | | ol dal,.siLi. Lud
10 7 o bk AR AT Altes MGl AT BB LRSI RS

exanpl e 1) &ef50 Total 75.0 [0098] Phosphoric acid, water and al um na were

m xed for 2 mnutes aged for 5 mnutes at anbient tenperature, and m xed
agai n for 10Ke M it e,Th? Rewder X-ray diffraction (XRD) pattern showed the product to be

SAPO-34. Elemental analysis: Si, 3.77%; Al, 18.1%; P, 16.2%, representing a
product stoichiometry of Sig.101Alp 505 Po.304(S1/Al = 0.20). SEM analysis showed
that the crystals had cubic-like morphology with crystal edges between 10 and 30

pm.

Example 5

[0101] This example illustrates the manufacture of crystals of a mixed phase
of CHA/AEI having a morphology of half-cubes with longest edges between 0.3

to 0.6 microns and a Si/Al atomic ratio of 0.07.

A solution of 33.66 gr of phosphoric acid (85% in water), 32.88 gr of de-
mineralized water, and 61.6 gr of a TEAOH solution (35% in water) was prepared
in a glass beaker. To this solution were added 2.23 gr of Ludox AS 40 (40%
silica). 19.9 gr of alumina (Condea Pural SB) were added and a slurry was

obtained with the following composition expressed as molar ratios:
0.1 SiOp : P05 : AlpO3 : TEAOH : 35 HyO
[0102] This slurry was mixed until homogeneous and transferred to a 150 ml

stainless steel autoclave. This autoclave was mounted on a rotating axis in an

oven. The axis was rotated at 60 rpm and the oven was heated in 8 hours to



resulting m xture form ng Conponent A. DPA was added to Conponent A, the
resulting mxture form ng Conponent B which was m xed for 1 mnute. The

col | oi dalweioBioegsasand wat er, form ng Conponent C were addedCrascosgonent B.
The resulting reaction mxture was transferred to a stainless steel blender
and was thoroughly honogenized in the-® ender for 5 m nutes. The nol ar
conposition of the mxture was: WO 03/048084 PCT/ US02/ 34674 24 A1203 :

P205 : 0.4 f9¢ ; AL he.sypthesi re was heat ed
inaptfe Iineg' g?%fuﬁ ggéé e {sqggg raa; foﬁégéo’érﬁd }nrgéa at that
t enper at ur eromhiﬂempeﬂ'amre,LEsaﬁip&v@amﬁen a&ﬂt\a&sﬁédaﬁd dfed, PM fOf 45- 5 hours.

After cooling, the solid product was recovered by filtration, washed four
times with water and dried overnight at 115C in an air oven. [0100] The

powder X-r ayyqghh 1égact| on (XRD) pattern showed the product to be SAPO 34.
El enental a Si, 3.77% A, 18.1% P, 16.2% representing a product

st oi chi onmet [PY0F]f S"Ilhlsmmp[é 1H®é3ram tB@éb(tﬁyﬁé\berfo&laaéB of tBEMyaAlnksi s showed
that the crl@t al.s had g gy with crystal edges between 10
and 30 m Sﬂblﬁres%vef(ﬁe@ﬂed?ﬁ §3@R15§]5v|% 3 4nd psiprthe ednversonafgaf act ure of

crystal s ofoxggbl%&feBisSENtoAfhEbRFAE! havi ng a nor phol ogy of hal f-cubes
wi th | ongest edges bet ween 0g3 to 0 6 mcrons and a Si/Al atomc ratio of

0.07. A solld164dn offhgmabsulgr siefesphasiphbie refemeido 48&RALY s, Watr€teted32. 88 gr of

de- mnerall solution (35%in water) was
pr epar ed |n%§ﬁi(b assf%ggﬁégﬁ’ ?‘g‘%ﬁ‘i‘hé“é’@s&gﬁ d\A%F‘é““é R¢enat 580%y inof  Ludox
AS 40 (40%airsfol bsahourtdréndie e teipld. @?&tﬂ@@%%ﬂéﬂﬂho PkedBEe added and a
slurry was obtained with the followi ng conposition expressed as nolar

ratios: 0. foa5igp A H’PQ@BO - fequiptog was Promar¢d: byspardh@ §rod0tiouhi svesbalr ry was
rced o hamgenenian) SAISLELISH 10,5000 HE LR S0

aut ocl ave. Th| S a t ocC
to 100 torr of methanol in argon. The total pressure was 760 torr. The

argon/methanol feedstock was passed across the catalyst bed at 450°C and a
WHSV (Weight Hourly Space Velocity) of 300-1000. The reactor effluent was
passed to both an on-line mass spectrometer and an on-line gas chromatograph.
[0105] The activity of each catalyst is provided in Table 1. The activity is
determined by taking the measured conversion value and inserting it into the

following equation (first order rate equation):

A = In(1- Cyeon)* ( Fmeon /60%0.7912/32)/ Inteon A Ws /1500)

wherein
—  Cmeon is the methanol conversion in percent;
— A s the activity expressed in k(1/sec);
—  Fwmeon is the methanol feed rate expressed in ml/minute;
— Imeon is the initial methanol concentration expressed in moles/liter;

—  Wys is the weight of molecular sieve expressed in grams.



oven. The axis was rotated at 60 rpm and the oven was heated in 8 hours to
WO 03/048084 -25 PCT/US02/ 34674 175C. The autocl ave was kept at this

t enper at LWeo 0Bo#804¢8 hours. After cooling to roomtenperat RCEFUSA2/3&BM| e was
taken and washed and dried. Exanple 6 [0103] This exanple illustrates the
catal ytic performance of the crystallifn® -nol ecul ar sieves prepared at
Exanples 1, 2, 3 and 5 in the conversion of an oxygenate feedstock into

| ight olefins. [0104] The nol ecul ar Shf hereinafter referred to as
catal ysts, were tested as follows. Before testlng, each catal yst was
cal ci ned i nCaalyuf dfiExagipdh)| at 600C i air for ope hour to fenove the
tenpl ate. |Catal yst was | oaded into g fixed bed | reactor. A nethanol

f eedst ock S prepared by sparéing argon ghrough a véssel |containing

met hanol perature—THe resultingrfeedstock—rontained—y0 to
100 torn of ﬂ§¥%an6#wkﬁga'gon. The tjotal pressure was 760 torr . The
ar gon/ met hia(pad) f eedst ock Wwas0.pmoded |acr 03s0.4he cat@bygto bed a®.34866C apd a

VHSV (Weight _Hourly Space!Velaocity) iof 300-1000l The reactpr effl uent|was

passed to potM an on-1ine| ma&8pect|r o EF and| an R i ne| gas 007

chromat ogr@a The—activityjof—each—catayst—s—prpvided—+n—TFabl e
Ré‘r v1tyl k(ﬂég@t

1. The actj rmned by tgking the neasured conversion val ug and
inserting |t |nto the follows8@ equati on8@first ordee rate equapion)| A =
| n(1- CMeox)*(EMeox [60*0[ 7912/32)/ || MeCQH /(\ [1500) wherein - CMeOH is
t he met hanol conversion in percent; - Ais the activity expressed in
k(1/sec); - FMeOH is the nethanol feed rate expressed in m/mnute; - | Meox
is the initial methanol concentration expressed in noles/liter; - WBis

t he wei ght [0106io] ediik aclestivaties fexgth@sse(C2=), gopyisne {B=03yd4ARadn- 26
products having 4 carbon atoms and hydrocarbon products having 5 carbon atoms
is shown in Figure 1 for the catalyst prepared at example 3 and in Figure 2 for the

catalyst prepared at Example 1.

Example 7
[0107] The catalysts prepared at Examples 1 to 5 were tested at 500°C and 25

psig in a plug flow reactor equipped with on-line gas chromatography analysis.
The catalyst selectivity data are provided in Table 2, in which E refers to the
ethylene selectivity, P refers to the propylene selectivity and Propane refers to the

propane selectivity.

TABLE 2

Catalyst of Example

1 2 3 4 5
Crystal dimensions
(um) 0.05-0.1 | 0.1-0.4 | 0.25-1.0 | 10-30 0.3-0.6
Si/Al 0.189 0.179 0.175 0.20 0.07
WHSV 500 500 500 500 300
E+P (%) 75.8 76.0 75.2 68.8 77.0
E/P 0.80 0.87 0.85 0.83 0.79
Propane (%) 0.5 0.6 0.7 2.0 0.4




TABLE 1 PCT/ US02/ 34674 Cat al yst of Exanple 1235 Crystal di nmensions

(gm 0.05-0.10.1-0.40.25-1.00.3-0.6 Si/A 0.1890.1790. 1750. 07 Activity k(1
/sec) 580wBM®30:D80D [ 0106] The selectivities for ethyl ene PCZA)SO2/p6OPY| ene
(C3=), hydrocarbon products having 4 carbon atons and hydrocarbon products
having 5 carbon atons is shown in Figu2®e-1 for the catal yst prepared at
exanple 3 and in Figure 2 for the catalyst prepared at Exanple 1. Exanple
7 [0107] T t al ggﬁ| at 500C and
25 psig |2®16%1 ﬁ?ﬂgg?/vﬁ?tgg@ gfabZ%%l ppe a?g?l%ugl& ?ﬂswgﬁﬁhlgﬁﬁ&gﬁ%f%gr aphy
anal ysis. hive compaiablftcawjrtmqicrfwnhmdéab theagaealyut of extthlé B widhld Bw2, i n which
E refers to Zt&]d .ethylene selectivity, P refers to the propylene

sel ectivi tyS opane refers to the propane selectivity. TABLE 2

(C):a Bgl %StloOfll %" lzgf-}ﬁf. i Ei%%%%&%%%%n%&gi PEVE 4383988 199281 00. 07
VHSV50050050980CB01y Hisher @ofvity. whik. 07ihtadt8g 8 dctyitE/telgh0le flis0TRS0. 830. 79
Propane ( %hlgg er act1v1¥y (or %1 g'onvcglt)oa {O%Stg%ge Egégvseozfm e4 a?c f'eVlr;th € same
conversion. Also, the high activity sieve according to the present invention has
low selectivity to undesired products such as propane, comparable to the propane

selectivity of the low activity catalyst of example 5.



[0108] The results from Table 2 show that small crystals with high Si/Al
rati os have conparable catalytic performance to the catal yst of exanple 5
with a | owo 03048884 rati 0. [0109] This denonstrates that thecwuiSersdeasr sieve
can be tailored to enable significantly higher activity while maintaining
selectivity to light olefins. The. high28-activity (or Si content) allows
to use less sieve while achieving the sane conversion. Also, the high
activity si ording to the present invention has |ow selectivity to
undesi red m such as propane, conparable to the propane selectivity
of the low activity catal yst of exanple 5. WD 03/048084 PCT/ US02/ 34674 -28
CLAI V5. 1. f pro&ess for. converting an oxygenate feedstock to |ight olefins
whi ch  conphi ses/dBRATEIR 1T FENYREAN QGosRAC fesdeetlotadighhalebng whishyt i ¢

conversi on condidhanss %ﬁt&tﬁigg%{]%{yéé}% }“ééﬁftﬁéﬁ Fhdes Eatﬁfiffp Eb gp%%‘g i cal

crystalline netalloal um nop ecular sieve VI ng

conposi tion on amdiimgdvithuescaeyit.she palystsednivisirene eppaltiheal f or nul a of
(ELXAlyPZ) 2 where. EL is a,netal selected fromthe group consisting of
1T con: ) ger G aRET b ETRURe RGP GRAT Soxe bof e b ORPLCRRBRS B of _EL

and has a val ueyfn SiISAESH bhiidekReL& by ¥n empirldPfMRLR Jfr action of Al and
has a value of at least 0.01, "z" is t%e nole fraction of P and has a

value of at least 0.01 and x+y+z=<(EL.Ah&)hl ecul ar sieve crystals having at

| east one crystﬁl\IV{l rgigiegséi (%][alosglg:cte@zmtg?@jgtgg?é)%gég%%gg?tzs.ﬂ&ghe process of

claim1l1, wherei € ol ecul ar §‘stal di nensi ons

of less than 0. 2gdfinanivmm aidl mikhgePtheees 3x0fs tht o8 fackion 3f EM¥BH @adat he
nol ecul ar sieve crystals have at |east one crystal dinmension of |ess than

0.15 micron. 4. RS preaisisthat 0.85y'vols thaaqle Sedionf Adlaati hes avtlee ef n the
mol ecul ar si eve ;,GLA8H@h S AAEe Alold ffﬁéct%}*?n%@% a(}llagl?%]éll\/%]ﬁ% Ifi?né‘;[%%%go.%ﬁ. less than

. t
0.1 mcron. 5. Tahe process of any o e prece erein x has a
val ue of at and x-+y-+z=1, the molecular sieve crystals having at least one crystal

dimension of less than 0.2 micron.

2. The process of claim 1, wherein the molecular sieve crystals have all

crystal dimensions of less than 0.2 micron.

3. The process of claim 1 or 2, wherein the molecular sieve crystals have at

least one crystal dimension of less than 0.15 micron.

4. The process of any of the preceding claims, wherein the molecular sieve

crystals have at least one crystal dimension of less than 0.1 micron.

5. The process of any of the preceding claims, wherein x has a value of at
least 0.07.

6. The process of claim 5, wherein x has a value of at least 0.08.

7. The process of claim 6, wherein x has a value of at least 0.09.

8. The process of any of the preceding claims, wherein El is silicon.



| east 0.07. 6. The process of claim5, wherein x has a value of at |east
0.08. 7. The process of claim®6, wherein x has a value of at |east 0.09.
8. The prwoes®48984 any of the precedi ng clains, wherein El PCI/UsSOYB00. WO
03/ 048084 PCT/ US02/ 34674 -29 9. The process of any of the preceding
clainms, wherein x/y is greater than 0.2% 10. The process of claim9,
wherein x/y is at least 0.17. 11. The process of claim 10, wherein x/y is
at least 0.18. 12. The process of any of the preceding clains, wherein the
nol ecul ar sieve is selected fromthe group consisting of SAPO5, SAPO 11,
SAPO- 18,  SAPO- 3Phe [BABSs 35 anySARRE frkceddPOabifs, wherdinkgSs bReeetanand

i ntergrown forns hereof. 13. The process of claim 12, wherein the

mol ecul ar si eve 9-52-SAPO-34. 14. The process of any of the preceding clains,
wherein the oxygenate is selected from nethanol, dinethyl ether and

m xtures thereof. 15. A crystalline silicoal um nophosphate nol ecul ar sieve
havi ng a chiédr calhe poogse st tlamm9.onhacinarhisdit teast A% s expressed by an
enpirical forrmula of (SixAlyPZ)Q2 where "x" is the nole fraction of Si
and has a value of greater than 0.05, "y" is the nole fraction of Al and

has a val uejjof afhéoﬁﬁééssgfgllnm 18, WH(??&BR%HS@P @stfgaction of P and has a
val ue of at | east 01 and x+y+Z=1, the  nolecul ar sieve crystals having at

| east one crystal dinensi on of Iess than 0.2 mcron. 16. The nol ecul ar

sieve of clag m where si eve c stal s haye . all crystal
di mensi ons Tg% I é@% CRIREH° 6 %nyn? #}ng RIS, ¥ @Fr%ql%c\'} SEV&ISi m 15 or
cl ai m 16, Wﬂerels&leTc’ﬂ:ﬂﬂ@hﬁ@ﬁr&p@n@féﬁng@f&&l’@t§ st»mmtsAmg one crystal
di nensi ons of |l ess than 0.15 cron. WD 03/048084 -30

SAPO-34, SAPO 35 SAPO-41, SAPO-56, mixtures thereof and

intergrown forms thereof.
13.  The process of claim 12, wherein the molecular sieve is SAPO-34.

14.  The process of any of the preceding claims, wherein the oxygenate is

selected from methanol, dimethyl ether and mixtures thereof.

15. A crystalline silicoaluminophosphate molecular sieve having a chemical
composition on an anhydrous basis expressed by an empirical formula of
(Si,AlyP,)O,

is the mole fraction of Si and has a value of greater than 0.05,

ne-n

where "x
"y" is the mole fraction of Al and has a value of at least 0.01, "z" is the
mole fraction of P and has a value of at least 0.01 and x+y+z=1, the
molecular sieve crystals having at least one crystal dimension of less than

0.2 micron.

16. The molecular sieve of claim 15, wherein the molecular sieve crystals have

all crystal dimensions of less than 0.2 micron.

17. The molecular sieve of claim 15 or claim 16, wherein the molecular sieve

crystals have at least one crystal dimensions of less than 0.15 micron.



PCT/ US02/ 34674 18. The nol ecul ar sieve of any of clains 15 to 17, wherein
the nol ecul ar sieve crystals have at | east one crystal dinension of |ess
than 0.1 wDooBo#80849. The nol ecul ar sieve of any of clai m PETIUS0ABi67Mmher ei n
x has a value of at |least 0.07. 20. The nol ecul ar sieve of claim19,
wherein x has a value of at |east 0.083021. The nol ecul ar sieve of claim
20, wherein x has a value of at least 0.09. 22. The nol ecul ar sieve of any
of clainms 15 to 21, wherein x/y is at least 0.15. 23. The nol ecul ar sieve
of any of clainms 15 to 22, wherein the nol ecular sieve is selected from
the group ci®nsi sThengoktulsARESySof aBABO:Ihns BRI 7L SvherebNRO B stecuRAREV35,

SAPO- 41, SAPO 56, m xtures thereof and,  intergrown forns thereof. 24. The
mol ecul ar si eve @¥St Y @deasipisy @y Halidiwensen et lessy than @ enicewnsapo- 34. 25,
The nol ecul ar sieve of any of clains 15 to 24, wherein the nol ecul ar sieve
crystal s have a cubic or cubic-like norphol ogy. 26. A crystalline

si | i coal um IWophoEEatkeculet sevd arang bEvieinh 4§ ito 18, avieheinixdak a valoeposai t i on

expressed by an enpi.rj.cal formula of nR(Si,,AyPZ)2 where Ris a

tenpl ate, "n" isleﬁ@' fol e fraction of tenpl ate and has a value of at |east
0.01, "x" is the nole fraction of Si and has a value of greater than 0.05,
"y" is the nole fraction of Al and has a value of at least 0.01, "z" is
the nol e fr¥eti obhegholecelansitnesiglaim|l@ewbéretn x haswval@: Ofat dmask k08.+z=1, the
nol ecul ar sieve crystals having at | east one crystal dinension of |ess
than 0.15 m cron. WO 03/048084 -31 PCT/US02/ 34674 27. The nol ecul ar sieve

of cl ai m 2&1. wheFirimolBcilar iéftercdelaii 2OwRseR hiwv0xd skt (RRAJD.. 28. The
nol ecul ar 'si eve of claim26, wherein Ris a mxture of tetraethylamonium

hydr oxi de (TEACH) and di propyl am ne (DPA).
22.  The molecular sieve of any of claims 15 to 21, wherein x/y is at least 0.15.

23. The molecular sieve of any of claims 15 to 22, wherein the molecular sieve
is selected from the group consisting of SAPO-5, SAPO-11, SAPO-18,
SAPO-34, SAPO-35, SAPO-41, SAPO-56, mixtures thereof and

intergrown forms thereof.
24. The molecular sieve of claim 23, wherein the molecular sieve is SAPO-34.

25. The molecular sieve of any of claims 15 to 24, wherein the molecular sieve

crystals have a cubic or cubic-like morphology.

26. A crystalline silicoaluminophosphate molecular sieve having a chemical

composition expressed by an empirical formula of
nR(SixAlyP,)0O;

where R is a template, "n" is the mole fraction of template and has a value
of at least 0.01, "x" is the mole fraction of Si and has a value of greater
than 0.05, "y" is the mole fraction of Al and has a value of at least 0.01,
"2" is the mole fraction of P and has a value of at least 0.01 and x+y+z=1,
the molecular sieve crystals having at least one crystal dimension of less

than 0.15 micron.



29. The nol ecul ar sieve of claim26, wherein Ris norpholine. 30. The
nol ecul ar sieve of any of clains 26 to 29, wherein the nol ecul ar sieve
SAPC- 34. WO 03/048084 PCT/US02/34674

27.

28.

29.

30.

-31-

The molecular sieve of claim 26, wherein R is tetraethylammonium
hydroxide (TEAOH).

The molecular sieve of claim 26, wherein R is a mixture of

tetraethylammonium hydroxide (TEAOH) and dipropylamine (DPA).

The molecular sieve of claim 26, wherein R is morpholine.

The molecular sieve of any of claims 26 to 29, wherein the molecular sieve

is SAPO-34.

S



