WO 03/ 048084 PCT/ US02/ 34674 -1 USE OF MOLECULAR SI EVES FOR THE CONVERSI ON
OF OXYGENATES TO OLEFINS [0001] This invention clains priority to

appl i cat iwo93/048884 Ser. No. 09/997,778 and U. S. Ser. No. @@ra$e2/3#6%4 both
filed on Novenber 29, 2001, the entire disclosures of which are
incorporated herein by reference. FIELR OF THE | NVENTI ON [0002] This
invention relates to a process for converting an oxygenate feedstock to

light olefins using a crystalline_netalloal um hosphat e nol ecul ar si eve
havi ng a hi gh ﬁﬁ% éECUJ-H@R§IEWS|FQBI‘TH NVERSIQN QKo rel ates to
crystal line netalloal um no e R L fgves with high netal
content and a small partictre—stze—BACKER THE | NVENTI ON [ 0003]

O efins, particularly Iight olefins, have been traditionally produced from
petr ol eumfeedstocks by ejther, catal tlc 0], Stea r cki_ng. %y nat es,
however, alt00bkc oy pntan daimsmripd x@&&g{lmwﬁ nsgkhﬂ%g@@ 7g7§I efi ns,
part i cul ar y NHo/HOPRYY GRth AL Th SNBEnBEY SN (1] erdshipeks are

al cohol s, é%%?gsb%q\ﬂgno? Qand han(ﬁ? gh &% et hér, nmethyl ethyl ether,
di et hyl edhe]nsurehmfe&lhylhaxcandmp@raedhammhystdﬁqrbndeor mat e: Many of these
oxygenates can be produced froma variety of sources including natural
gas. Because of the relatively |ow cost of these sources, alcohol, alcohol
deri vati vegrE BDOPHIE INVENEORYeS have prom se as an econoni cal source for
l'i ght ol ef ' product One way of producing olefins is by the
conver si on[®02het rﬁmUmV@mlonaplequm@apmp@))s fenaavgitiag aByxygmsicecul ar si eve.

Sonme of th no| ecul ar eve | to
oTE: o) "R e r ARGV BB Ry AP 8e FRISae

si |'i coal unkigephasiekieh n(%laﬁh‘@)lt arﬂ("d’ smﬂlxlﬁl'ﬂ@dl@mzéJ BalsBatlert tdNo. 4, 499, 327
to Kaiser, fully incaorporated herein by reference, discloses ITB.kI ng

ol efi ns fr ewvsigmeapal QQBPWQOQWH@Q"%WI%FlaS?&F’GS Vi lighymetal sprigns andt aI ysts.
The procesgs&gﬁpg%cfé%qie[ ed out at a tenperature

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



bet ween 300C and 500C, a pressure between 0.1 atnosphere to 100 WO

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

vel oci ty WoKsSV)8oef between 0.1 and 40 hr' [0005] SAPO nolpetaisar/3wieves
contain a three-di mensi onal m croporous crystal framework structure of
[SiO2], [A102] and [PO2] corner sharing.tetrahedral units. The nunber of
[ SiQ2] tetrahedral units is related to the aci dic properties of the SAPO
nol ecul ar si eve the hi gher the Si content, er t he | ar sieve
aci dity. [@oospherssennd él"@l@t\hpﬂ%y\?%ﬁ@é@g?cﬁ?( Eveeay 0 EDPESQ known in
the art. {f these the nore inportant exanples as catal ysts for the
conversion of oxygenates to olefins include SAPO 5, SAPO 11, SAPO 18,
SAPO- 34, SPB05] 35SAPAPGndlkculandicSaP@obtin SARDeedirensianal shiewogsrduavi ng t he

catal yot o, orial e arosBRC LB g hPal S e n an

ABC st acki rﬂﬁf}ﬂﬁ%%f SiBhEeRMArARENAE RSN bk &lidieGhapestid@drog defined
by ei ght ng%%sa rings th a{ 1hat}]\e;ee a (rjl anet er gf about Alfloq%wa;ld cylindrical

cages wi t hite 34RO sholeatlar gewf thapighex ihvabietontert, the drighea th?;/pmlﬁecuhtf | as of
Zeol ite Framewot tTypes" 2001, 5th Edition, p. 96-97). SAPO 34 crystals
have a cubf&¥d ¥ 8% pr phol ogy and typically crystallize as cubes, parti al

cubes, pl a6 s ahefd @Bemdeevraﬁe@ ST AP0 tnftBedi@irgidve@knowhén eeyat.al s. Ot her
SAPO rml ecul ar” si eves of CHA franmework type include SAPO 44, SAPO 47 and

ZYT- 6. [ 0007] thegeothee marppisrnosient crawplesfassagalysts| & uthsr C@liVérﬁé@ @nsi sts of

m xed or iLnterqgro I eV d AEI
f ramewor k 0§%ngés @Ol@hﬁ #H s%cg G%tsgﬁpjl%lg g%gbg?/gé r%;A(‘)segdfi 98/ 15496,
publ i shed 3§ SAROD-H4l, alﬁl%AP(aﬁ mpe&mmwmmﬁymgm CHAeﬁrhlmmrknber 12,

2002, both here| n ful I hcor por at ed ef.erence. atent No.
5, 126, 308 &ie agdsesppgialli tS/NE)(g i@lpﬂﬁlﬁﬁf Es'alpag?nte‘fa[tgéﬁs Thf‘erscéig fully

i ncor por at gd BV ofikelFE BACE dothls %ixol%?g ari¥RlD9dad ABE 9AVIBRS aREngement.
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



met hanol to light ol efins using an ELAPO catal yst. The catal yst conprises a
nmetal al um nophosphat e nol ecul ar sieve having the enpirical formula

(ELxAl yPAyOR3/0wdees e EL is a netal and x, y and z are nol ePCramsn2/awes4 of EL,
Al and P respectively. Preferred EL netals are silicon, nmagnesi um and
cobalt, with silicon especially prefenred. According to these docunents,
smal | particle size SAPO 34 WO 03/048084 PCT/ US02/ 34674 -3 having | ow

Si/A ratiops have a.|longer |ife and |n reased sel ct|v1t over other types
of SAPCs whEHngdey Sé)s‘\ e %‘fesa? ﬁbraB 3s° “Fﬂlé%té‘”é’o%ﬁrréﬁ]ﬂ% al so

descri be aty%Q‘ameQthtsﬂﬁséaa&t@a@aqwgﬁ1MfroS@%sés%ég The oMl alsbC! €

di aneters expressed as a mass distributionh, In the range of about 0.6 to
1.4 m in déscdbe alpmcesmﬂoeﬁwl raanusfa@m@ S \PAMRS# of medianrmrticle dianretaas). As t he
amount of netal is |ower

(f rticle size (%g iso redu egh 0009]
Wl son, et S5Iresspéahi Pas Ffé‘%’“fl?n’ll JARSS o abrut B0ty &4 ar sieves
havi ng | ow, Vier, CAnORRE r ous
Mat eri al s, m%ecﬁ%?%t%%g{rrﬁﬁegy&ﬁﬁ%ﬁpsﬁ?rgc?eﬁé Fﬁﬂerel n %P?neef%elﬁgm E)dPAccordl ng

to WI sonthe%ﬁ@em&ﬂsalsome@ced;ontent deactivate slower and produce |ess

undesi red roduct s n oth AP en, us MT sions. [0010]
PCT WO 01/ Eﬁ@gg publ MSrie% e,&ﬁ F‘Fpoﬁte%@\é\q lﬂP%ﬁB’QL@ 'ﬁegéﬁﬁ;ﬁlo e8P1ar maki ng an
ol efin produeds Haw@l@xm s@w&ﬁ%ﬁmm@ﬂvefsmstméﬁmks akdMefpop@ishod,  a
si li coal um nophosphat e nol ecul ar sieve catal yst i's contacted with the

oxygenat e- duieridlni2fgl Fleblifs § B2% inqorporated betsin byt refenenpob rrgerding tal yst
feedst ock V\?Isg) ?éf(g%}@%ﬁﬁ% Sgg?erhen fdegc:‘[t (ya%asi; agd pIF %:i(lcea legé l]\.(néfgsff\ gt al yst used

under such fces 1 Oner e yie provi des

an olefin pfdadat@&han\/&me@BAP@slmrusb@nﬂvﬂr{réonpalrsa)ﬁqél n content than when the
ACFE index is lower th ing to_exanple 1 and Flgurelof this

docunent, M6k wit hPCE\NVO§1/2A§5OQtPGH1@e Aids, Z10d durckases # Bthod o der to
mm mze Sgleat a\ﬁ'otl%fnt BBl PRAPan éf;gylg'aaa\f@ B0 fmt I 1¥Hhdd, ne

met al | oal um no nol ecu eves pre cryst I né
silicoal urmmﬂmbaiamhmmhos(pﬁﬂeﬁ)olmﬂz&cswvalcamlyemsontbxavd wghahe smal | particle

size and a high netal abl content have | I.ent. catal ytic
oxyggenate contalnlrpg teeeg toc 1}'/1 a reactor at an average cata?ys%? edstock y

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



performances when used in MIO processes. SUMVARY OF THE | NVENTI ON [ 0011]
The present invention accordingly provides a process for converting an
oxygenat ewbaadstosck to |ight ol efins which conprises cont CTiusg2/s4se4
oxygenat e feedstock under catalytic conversion conditions with a catalyst,
the catalyst conprising a crystallingspetall oal um nophosphate nol ecul ar
sieve having a chem cal conposition on an anhydrous basis expressed by an
enpirical forrmula of WO 03/048084_ PCT/US02/ 34674 -4 (EL,zAl yPZ)Q2 where
EL is a netal selected fromthe ¢E Bu%@%ﬁﬁslstlng of silicon, gernanlunland

{nh);]ur 85 OE__)W eerrg Ei 1s a all%el[eagq H&Inﬁhé %ﬁﬁ#} 219519[ sﬁﬂ:gn Qnﬁﬁ 4@ of greater

racti o as a val'ue at | east
0.01, "z" rhﬁ(tdr&thﬁiebﬁ "x¥ fsakd mole fféctlﬁnaﬁHLhaéhasaahlueoﬁgreaﬂer thaast 0 01 and
x+y+z=1, the qnlecular Sj eve st s at le 2ONe Crys
di mensi on &95:|"¥sis themel mﬁ%owg% ttl"t?Ft qa@]; ]ﬁal?f’% 5 m cron,

more pr ef GraRLY P hh wfmegﬁa@eamopandmya&l @R eyt he ol ecul ar

sieve crys have a cryst di nensi ons of |ess than 0.20 micron.
[0012] | n aystdsrhadhgenieasdbne trestaidiscosion ogle@v@anl@é@ niigrophprefarddess of the
present invention, has a val ue pref er.abl |l east, Q. 07, nore

pr ef er abl )pgassélganqg%ggcrgnégoregypé ﬁléf ???Pilf ﬁq 1ge0 0 Jleast 0. 085 and
nost pref enallaymedt, @k nﬁ(ﬁ@e‘éﬂar s18vO8ryslaihh3t all @ry%f@ﬁﬁﬁns@ﬁb@ﬂleéﬁatﬁﬁn xly is
greater than 0.15, preferably, x/y is at least 0.17 and npst preferably,
xly is at 0.2ticron.18. [0014] In yet another preferred enbodi ment, is

sel ccrod BPRD the grsthslsHioRly PRUTER ot bistR Rl He Sl of e pEiLg ikt
SAPO- 35, 8R6 fhlfentﬁﬁlpﬁhﬁﬁa vilux pref@sbly e aeleﬁst aﬁ[ﬁ' inoteggrgfeeabily dLutns t her eof .

Most preferabl the nol ecul ar sieve is 8“
O>§/3 even more preferably of at least 0. 085 and most preferably of at least

least 0.

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



[ 0016] For the process of the invention, the oxygenate is preferably

sel ected from net hanol, dinethyl ether and m xtures thereof. Most

pr ef er ablwp oBhesosoxygenate i s nmethanol. [0017] The presentCirrosensdeon al so
relates to the nol ecul ar sieves suitable for use in the process of the
present invention. Accordingly, an enbgdinment of the present invention is
directed to a crystalline silicoal um nophosphate nol ecul ar sieve having a

chem cal conposition on an anhydrous b S ex enpi ri cal

fornul a ofatéesismequzs)t@zimﬁmwéofdﬁss tﬁ%n (ﬁg ?rﬁf}&qﬂ%ﬁﬂg?“ B0 and has a

val ue of Ri& ﬁr action of Al and has a val ue
of at Ieagq F%lhjgﬁmhnﬁ&e%rgéﬂbbyo lbgt&%?@tllonlmg) P and has a val ue of at

| east 0. 010618} x+y+zh11yethﬂnﬁhﬂmn&mdinaﬁnt stheplesentymeatlsn reéatestg awD 03/ 048084
PCT/ US02/ 34674 | east , on c:r%(ﬂta di rre i.on O es than 0.20 m cron,

prefer abI yc%f’ftallhégéﬂlfﬂﬁwnné’phgs rEVD @Yl&gﬁﬁ I ess than 0. 10

m cron. ositfbnye%reéﬂéatﬂ}% SRRRCH PHula bhe present invention relates to
a crystal e silicoal um nophosphat e nol ecul ar sieve having a cheni cal
conposi ti on expressed by an enpi nREHKAEBHAuI a of NR(Si.AyP2)2 where Ris
a tenpl ate "N rml,,e,,fractl | pye of at

| east 0. 01 harg.R ¥S§t?]??81aﬁeﬁlle b ilicdp 18Era8{1°r§| gia%a%qghz{;gfv&gl o alEreater t han
0.05, "y" jesst otdne "xrok ehd maktfiARfowbf $ilandes E!&éluaoﬁgﬂeu&rﬂfan@tOSl Basg 0.01, "z"
is the nole fraction of P and has a val ue of ast 0.01 and x+y+z=1,

t he nol ecuthamade éra@nqus‘tdaanéhaﬁawlﬁ@ow 1P@59101 o 1%:‘ih§§1%°é¢ fragtioer®di on of |ess
than 0.2 H 1 sh
t hgnsel ec'?il)w Eaéss§§ﬂ1§é:o%§%:q } ’%IYJ“E E ene g?&%%%%’ tglrsgggl(rabons o

products hlaavhr@atéleasamhmafryahlodmmﬂm @Mds;sothar@x@nnipromducts havi ng 5 carbon
atons for a SAPO 34 having crystal dinensions of from0.5 to 1.0 mcron
and a Si/Al atomc ratio of 0.175.

BRIEF DESCRIPTION OF THE DRAWINGS
[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



[ 0020] Figure 2 shows the selectivities for ethylene (C2=), propylene
(C3=), hydrocarbon products having 4 carbon atons and hydrocar bon products
havi ng 5 warbomost ons for a SAPO 34 havi ng crystal di nensipemassot/3deess t han
0.1 mcron and a Si/A atomic ratio of 0.189. DETAI LED DESCRI PTI ON COF THE
| NVENTI ON [ 0021] The present inventiongi-s based on the observation that
crystalline netalloalum nophosphate nol ecul ar sieves, preferably

crystalline silj coal um phosp ate O ecul ar .si eves, that have a
smal | par t pepesedpygr b 351% Oﬁ%?daq(-“%AE? ée}télﬂp)r Sffiegdsso begggrngittedhave

excel | ent %@&%@ﬁ%&ét@%ﬁﬁ%@ﬁ%hfe‘“ﬁe” used in MIO processes. The beli ef

prior to this I nvention hat, when used in MIO processes,
met al | oal u[%ﬁb]phosph&tedla(vElsm@@;mgiylfemd that wetelleadumigiophosphaicl particl e size

and | ow ne nt e pravi ded Uuct s deact i at ed | ess

qui ckly th&ﬁ“’*f (ﬁ)e‘in %Emeveéum‘#eﬁgrl\@bé&‘ éswg? BWF]&BM%]C]&FFH‘%I%%XI{ advant ages
| N CoMmer Cjy @kﬁb%p@r é&ﬂt&ﬂfperfmeaﬂqe&@gssweﬁ aéiSAP@'slmﬂﬂbwfmd cheaper WO

03/ 048084 PCT/ Uso2/ 3 because fewer X E)éo ducts are fornmed and the

catal yst nemtintand paall leéml@rsazeedn addigen, dhe of theipresepiAyedigbal yst life.

0022] We have .s f dth t ELAPO
Eml ecLI ar qv\é\?etguh B’FL?? %8‘?& %xn anS%att%sghﬂ }éérglto?g Q s?gg atﬁ/ﬂ( )
metal, pr ef@&l@é)éa&‘neﬁhumm@ffeﬂﬁ oP eathlofieTsiads, é&&&tob@ﬁné«ﬂkfith &ss HARCEaM t h | ow Si

content and small particle size. |In addition,, the ELAP@ of the present
i nvent i on sipeaidan whegkheraeta) conisnt wrihe mplgcylarsigNe IRt t he same degree of

catal ytic gﬁ&.ﬂ“ Uy, The froldcifr SRIE o'?'tﬁgﬁr%se(ﬂ{ ﬁg%t%nﬁd’re ?gfsﬁrliﬂé' C sites, can

be obt ai ne | ess nol ecul'ar  sieve content in the
mol ecul ar ﬁllea\]/lea]lumnh@hos;ﬂﬁﬂﬂﬁblemﬂar siledauingra chemicas cafipdasiimnpmement

i nvention are cry talline ngt al | oal um no hlos hat e nol ecul ar sieve having a
cheni cal c¥HY #S gxrprgsed ﬁﬁ?ﬁ%ﬂ?%gﬁgaggpressed by an enpiri cal

formul a of (ELXAI yPZ) 2 where EL ELSA@.PFI}@?_GJ sel ected fromthe group

consi sting of silicon, germani um and(
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.



m xtures thereof, "x" is the nole fraction of EL and has a val ue of greater
than 0.05, preferably at least 0.07, "y" is the nole fraction of Al and
has a valwe oof4za4 | east 0.01, "z" is the nole fraction ofPCP/tsnd3fsas a
value of at least 0.01 and x+y+z=l, the nol ecul ar sieve crystals having at
| east one crystal dinension of less than 0.20 mcron, preferably of |ess
than 0.15 mcron, nore preferably of less than 0.10 mcron. Preferably, EL
is silicon. [0024] The netall oal um nophosphat e nol ecul ar si eves of the
invention can have a variety of crystal norphol ogi es, depending on the

crystal @é\r/\gr Tﬂéﬁwuﬁymerstalg-BPt}iérp@és%ﬁfi%derﬁ%@fab@&'lé‘e[ﬂ nophosphat e

nol ecul ar have framework type, d nost preferably are
SAPO- 34. | oneampdtiletimensitwodf llemmﬂian@%nmreflﬂﬂﬁ@mt&}‘ less tian QS phistadgy i s cubi c

or cubic-like. bi use erein s _t.hat, .t.he c al s are not
cubes in tHECHIFEC bi%{e%ﬁ’ﬁg@sl T}"ﬁ%‘gl}ﬁ%dﬁ? ﬁ?‘?ﬂt BIW@&B {yéts nd gamma

angl es of Ha%%bﬁéo?%bmhmerﬁ&?h %@%lsnﬁuﬂtﬁaﬁe{tm gabfamth al pha, beta
and gamma angl es close to exactly equal to, Mol ecul ar si eves

Wi th cubi cerpstalsupsmaller Itleanrﬁﬂ pheopagyelewhlybenaller th@e 1f5omrﬁf‘@}f: moides, par tial
cubes (c Ubgrtsef \é\%})tég 1?1|a & ét 28 znsic torrll an dteg H}eﬁ %SS/, oCI 'iﬁ‘lgllo?éopﬁe[g%

pl atel ets ndi g on e Cr erably t he

crystals age@aﬁt&@ﬁb&ﬁmemr the&irysft&lbﬁ&e amaﬁ%@@&ﬁ&ﬁlcﬁﬁﬂﬂlhﬁ@ﬁdﬁﬂm4 -7 [0025]
The nol ecul ar si eve crystals of the present jnventjon have lﬁg ast one
crystal di migien.gRddave @ideast ﬁ%otberzbmﬁmse%ﬂna f5F &had (b PYCTPRIESIERAN 0. 15

m cron, n?r{lﬁle'?l Hel&. E%}n)fcrbl? s{ﬁmre 191?(1% smaﬁéﬁﬁﬁﬁ% bno %ro% ment in which

the crystals ave cubic or cubl ay, IS means that at |east
one edge Ofincihdr separgasteﬁibedmsem,rmlldrmal tihnensﬁmz ard sma:lhr than&f2emibdry smmal | er
than 0.15 m ¢ron, nore ref rabl smal | e 1 mcron as determ ned
by el ectrolﬂre r%‘?ﬂﬁé@ég?/”hghgégr@gﬁ T HPE pé‘?f%@%[}n%?#br OVBEINS have at
| east one QEFS'OH H{aﬂ&ﬁeoélﬁ@ﬁt&ﬂ?eqnvéﬂtféhomex%nﬂom@/ﬁnabfih@ast one ot her
di mension Smaller than 0.2 mcron, preferably | er than 0.15 mcron,

more pr ef emaldoylas sighd sreredtenthan .05, mrefeihly ﬁr%n@elﬂ TOé’n’%ﬁ Abe xgabnist e
embodi ment fa‘u%llé cit rsulegély gl g%%'eg Qy el%ﬁlgnt?tln&laiy%{s SR B1efullt §&/on

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



preferably smaller than 0.15 mcron, nore preferably smaller than 0.10
mcron. [0026] In an enbodi nent of the invention, the x/y atomc ratio of
the nol ewoloan4®Be£ve is greater than 0.15, preferably fro®C@AUKE2/84w70. 25.
The x/y atomic ratio is conveniently determ ned by el enental analysis of

t he nol ecul ar sieve, on an anhydrous bd&sis. [0027] The nol ecul ar sieves of
the present invention are obtained by hydrothermal treatnent of a

hesi ] .S I f .. I
Sour oo of o G RAR TR kBBl Sehy 0 T AR ey TPt A cour oe

for the pho@@8)us in the synthesis m xture, there may be nentioned
e.g triethyl phosphate, and

phosphori c Ld, organic phosphates, e.g., . )
al um nophos@ﬁéﬁes. [g@%ifhtm’ 5@&5’%@%‘%@”@%@ Vﬁﬂd’ﬁﬂﬁb’rﬁqnﬁﬁll@ Aeomggmchesi s
m xt ure th%tﬁcﬁﬁé’-d?@ctir{%%@% eIk nwggpémifn@gﬂaﬁ IR 2l um nate,

pseudoboehmte, alum ate, ani c num sour ces, e.g.,
al koxi des, dquaterexarmpingoniualcomipoumisi ssep eitixsingy of BARR}ured Ashenglase where EL
is silicon,_sili colg sour.ceae%ncl udeI\ fumeq silica, e.g., that sold under
the trade nAies DY BEMPLUQRSHLISE EX e dFtERsInys AUROREI® ARMPOYNS; |  ca, e. g.
that sol d ugRpehffmiihddeninGIBhGeHhASHE, igéingd?fie, 'ff%gylg{xlﬁnew droseal HS40;

0 , e

or organic silicon sources. In a preferre di'rmen silicon source
i s an orgartyelobiexylemines bimethyl hydipxyethytamimea alokyholimes dipsiplylagdtee, f or

W0 03/ 0as0R P TACTPULSP BT AR g B ER o ha PR Bl o O
or t hosi | i caheluddtst@eyEiemaniunn hRksaes Mdl safs O SpHospiRhE fubh&DS) - [00311 In

addition, the synthesis mxture will usuall é contain an organic
st ruct ur e- dihirede; hymideard goctaig direnylamiappPBAdSriethylagdes,especi al | y ani nes
and quater foﬁ%ﬂ%}'“- 28R tther .singl £ in mxtures. As
t enpl at es Crtg/‘%ler 8 naymbeémrrngnt I %lﬁie ,01?’31? ?(@Fﬁ:?r grl(?ﬁég&’é%etrhwe’ ni um
conpounds, diethyletpeotaylimniDEA). it notetlay ieeyahrehex ang bepifRetieti ne,
triethylam ne . ..

controlled using combinations of templates.

[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



cycl ohexyl am ne, trinethyl hydroxyethylam ne, norpholine, dipropylam ne
(DPA), pyridine, isopropylamne and m xtures thereof. Preferred tenpl ates

i ncl ude tworlamsdogd anmoni um hydroxi de and salts, e.g., phesphsoz346f4 uori de,
chl oride, brom de and acetate, dipropylamne (DPA), triethylam ne,

cycl ohexyl am ne, 1 -nethyl am dazol e, mo®pholine, pyridine, piperidine, and
di et hyl et hanol am ne (DEA). The nol ecul ar sieve structure may be effectively

controlled ' ' {0 3 I rder. t.0 obtain
nol ecul ar sbllégi\ggag‘ a\(/(\:\lli%{’ﬂﬁldt@ﬁ%dedggtloﬁéealt lﬁ?%#i%&rgﬁ %ngrg%%l% %}h(’? %éeeF(‘?lBPlﬁS ratios of
i ngr edi ent sherustayle measipaed edlyiefe glyeolibReand aB-moredioky Aédiasi S m xture.
For exanple, a synthesis m xture for produci n? SAPO- 34 according to the
i nvention d8% ﬁg’eéﬁg Ispprepane]. gpngl apd pseferablyo Athappl; Rieferells the ol | owi ng

ranges: Co . I range P205 : A1203 0.6: 1 to 1.2: 1
Chour -1 PRER mtRdE IR, 100 FR0S L B Y te 050 17 1o -
A1203 10 : [0034) 1 O Q(ngederdthe tleatmenBOf the byhthesdd imdxtumi td lyieddither gani ¢

tenpl at e, vant ageousl etraet hyl a ni um roxi de. (TEACH),

di pr opy! ani %‘r%ﬂf’g?tglﬂfl% SH é’l‘?i"_%é‘s yﬁ%@g‘%’ﬁﬁ@gewl HedmeRtulSe of two or
more such ta@%ﬂt%%ﬁsly iR RUPRRIE bR BRE AREIAE For Kal %%aﬁA- PG-34. [00331
In addition to the synthesis m xture conponents nenti gne above, the

synt hesi s rauoclave, fonyxaatde a switledssteok awaclaepucentay, if degredylet mfe- i sci bl e

or gani ¢ sol vent}ﬁ. 1:As wat er - m.sci rgani.c, s ent th ment i oned

bl | ;
sul phoxi dedSid s TR Bayy écﬁéﬁ@gleh a‘fagé%\dr%%ﬁ ?twriﬁﬁ%‘gﬁ}{% eant ageousl y
WO 03/ 0480%QEGF/fMﬁQ%@{é?Z%OFCPaMﬁtB@oﬁﬂy@f‘dn@'90‘@ feR0de; es é‘éiélgfe or nono- or

pol yhydric alcohol. As exanples there nmay be nentioned et hyl ene glycol,
1, 2- and 1,120%¢ opAiedi ddrendiagenashemoleneltuhsiena heing madid Ths egeataeanol , but anol

and, bref o ably, e baiols Brel ot Yy LS BRSSP RS ot

to yield th@us, preferably up to 100 hours, again depending on the molecular sieve being
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



desired crystalline nol ecular sieve, usually ternmed hydrothermal treatnent,
is advantageously carried out under autogenous pressure, for exanple in an
aut ocl avewofost4sezanpl e a stainl ess steel autoclave which may/uset/3gesi red,
be ptfe- lined. The treatnent may, for exanple, be carried out at a
tenperature within the range of from.5@C to 250C, advantageously from 90C
to 250C, especially 120C to 250C, dependi ng on the nol ecul ar sieve being
made. The treat ment bfnga exa be carried out for eriod within

the range SPPFHHHf emﬁoH}aér B‘P F R A B ThstRod, Thgai n
dependi ng @AnhIfedRloReHhALiewd QYA RbAYosifioh rgqgmemﬁt&{sgﬁmﬁ R Y i ncl ude
an ageing period, either at room tenperature erab f

nmoder at el ysebé‘palﬁlahts b mel rkaowmdechmeduss sudhres stwtylldmlhgrpeﬂbtlzmg,eat rrent at nore
el evat ed ten{)er aturﬁ? 'Il'he | atter may include a period of gradual or
stepwi se v&FTattof” Heddfper at ure. [0035] The treatnent may be carried out
with the VW'] st at E\Ibn%mﬂm@'éﬁaﬁrﬁ?l@pbﬁbm&érﬁ FhabhdefukéfbalBhe ¥4 hh rotating the
vessel about hori zontal axrs f desired, the synthesis

m xt ure nayombl@tlplii H@Bldewamwﬁ}/m; qflhwﬂwge umunm silicas, apdfar offfert he heat i ng
stage, for t vated, e.g., the final
roatment, Hpugs Sride & O B SRERAh P rk iR st ABIROmagi Pt on

general | y phioduciesl. Bpat laatiag, the iforgansi@iliesol pristlikel gusbiagingfist a nar r ower
particle size distri but| on . than static hydrothermal treatnment. [0036] The
mol ecul ar §Y@bhesdzedmalerular sigyas ?I@rpth?rénﬂ%@lﬁﬂogﬁ@%EPQPW@%aﬁ vari ous

chem cal PLAGERS ﬁo‘i’wﬂl Qo o Gl b RaMRtind RecPhiEAkRA, CONVE S' On

processes. For t pose, the no ecu si eves are usually calcined
and/ or fof0fB9]into miulunmulmlchlsr}a«deolcahﬁirysylatedna];unﬂmunnhszsed)m"lor e catalytic

use. [0037] The. nol r sieves he present ention may be conbi ned
with one of°NBIEY %f%ﬁoﬁﬁte&ﬁ’é‘nﬁiﬂh‘fgen%ﬂiﬁ IQllﬁlr?)ﬁ)]éécul ar sieve catal yst
conposi t i omgon(@ﬁ)mm&t@zmdvﬁ@élﬁwisqrto%oeﬁ@s Pﬁl)tsiloM§S t&@@ﬂpﬁlzttb% The
fornul ati ng agents nmay be one or nore maferials sel ected fromthe group WO

03/ 048084 mﬂxus@m%hdmne embodivrest.she higdafis Blisdi(PFagént A HOhesisx or
filler matqrlahgs ANE M WhHLERn té][ 'ieggud gur‘ta’ Sci. and Catal., 76, pages 105-

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



formul ated nol ecul ar sieve catal yst conposition is fornmed into useful shape
and sized particles by well-known techniques such as spray drying,

pel | eti ziwgQ,03/0¢8084 usi on, and the |ike. [0038] Non-limtin@CEAsNpb34 of

bi nders that are useful alone or in conbination include various types of
hydrated al um na, silicas, and/or other]-inorganic oxide sol. One preferred
al um na containing sol is alumnium chlorhydrol. Upon heating, the

i norgani ¢ oxi.de sol acts |ike gl,ue, bindi. t he. .synt hesi zed o] ecul ar
si evos andh%?tb?sﬁ%’@é?%%%aE%&bx‘-‘erh?gfﬁ&:hﬁg%%ﬁ%, AR S
convert t ogatdRhRa UMK hERs {qkimeveAdy aato 4 Siall Rtucturk 0A3RkfeMleni ni um

chl orhydrol, a hydroxylated al um ni um based sol containing a chloride
count er i oaverdgrepartide gjemefthe nfatxmmkierief, muishoisferabiy bailip, ig(k@Opbeerein in is

1to 20, nyis 1 tq 8 i S t is. 2 to.1 d 1s,.0.to 30. In one
entbod: ment 0L (4 £hatb P Opad Xﬁ&é&%ﬁf@%&ﬁe f??rﬁ%‘%?n gE S hah 30t bed i n & M
Wl ternman, 1@ip.al ., Stud. Surf. Sci. and Catal., 76, pages 105- 144 (1993),
which is herein incorporated by reference. [0040] The nol ecul ar, sieve of

t he presenl00d#Rlent i ofn ereyembeodinensi the Bindg, the BalscHr sweanddhe natrivat eri al (s) .
Non-1imting, ex I f akri erd c 1] r.pre of the

fol | ow ng: mrggeﬁlgﬁggrcgﬁibﬂnlgg%,e p)lrgreest a ed(’)f‘xaﬁgﬁléd #O%ﬁg?rﬁog&%tl#tsgﬁa, zirconia,
magnesi a, ¢Aalystaconpekiyibh.i Bponquaitizing did molecdar sso®lkesind drdmatrixt ur es  t her eof
for exanple si]ica-na nesia,,silipa-zinﬁon%a, silica-tjtania,

si |i ca- al umiraial. erEoRalY Vel abinfstnHL & HoHf & TorR aoiame RHSEERIRICTa At r i x

materi al s al, : 1.t of

nmont nori | Iggﬁogggﬁ%ﬁgéﬁe?%% t‘?’ﬁ)g(g&eh Cﬁgtsgl%g%ﬁlayg% ng{)ﬁs&%mgg%bent onites and
t hose kaol éasaikingvthe aw]ectlor sieveatporelimbing examphs N setbleGapridsiiacladel Fl or i da

Oy NN oL 00 SOl S, O OB ML L TR Sl Sncide el ovel e
material, ploef SERbleN 1:30M i9Hvateh eltdRYtnbodiRer Ubb S16He & ¢ olhrilledkfd@Wn
nodi fication processes such as calcination and/or acid treatnent and/or
cheni cal t a petigdef time sufficient to produce the desired slurry texture, sub-particle size,

and/or sub-particle size distribution.

[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.



[0041] In one preferred enbodinment, the matrix material is a clay or a
clay-type conposition, preferably the clay or clay-type conposition having
a |l ow irwpoo48084 ani a content, and nost preferably the neCmivsomateesi al is
kaol in. Kaolin WO 03/048084 PCT/US02/ 34674 -11 has been found to forma
punpabl e, high solid content slurry; .o has a low fresh surface area, and
it packs together easily due to its platelet structure. A preferred

aver age partlcle size_ of the tr|x nat e refer kaol i n,
from about[0045]1 pm t Wheiha srap errﬂ?%f‘qd‘r?s ﬁ%&@“ﬁ%‘ﬁq%g’é’l i i’gtgﬁlg}é‘frﬁ’l buti on of
| ess than ghpiholecllar 5QRARI iR ReutGHIOMY ﬂBnalfyhaedeléi‘dﬁrco fédp nol ecul ar

sieve and the matrix material are comnbi ner%m the presence of a liquid to
f orm a noltke spray dsyneg/eolumamﬂh)asdrym@rga@smﬁn apravetdgge migderbpertue t he nol ecul ar

eve and the tr terd al t on thabnder n I dt
Form a1 urnging om 3 loctsur Gyt raBPed ot tsipratiraateité f8or aduce. a
bst t
Mol 1 1 0 SRTRAGLRRE, Thefatfiq ) %Eﬁ%ﬂ% TGt EGpecH T on of

wat er, al coedins ﬂﬁ@h@ﬁ@ﬂ 1%atockbbyitedss, ot/ mefeadliefrom abitwet 5%usdbopt ef er r ed

|IC]UIdIS water. In one enbodlrrent 0hes r colloid-mlled for a
peri od of $0%sandrgst predirably dropy Fhavk @H%aé%‘g 836e/l‘d?’¥l“{ﬂ%h§/ g@iture

sub-part i %Sle&'ﬂéleswvea&géc%n th¥ t?otQLaV(/élgﬁtl (fnf &ﬁé AB1edhit §1bw@l§a’t£§b [0043] The

nmol ecul ar sreve and rix materi al the optional binder, may be in
t he sane Ocroncbdsftﬁment |IC]UI d, and may be conbl ned in any or der t oget her,

si mul t aneousl y, sequentiall oy a co |ont ere the preferred
enbodi mentﬁﬁi‘%e sarre(%}”‘feqt f OleﬁP%f @F‘éﬁ)? cg}nppgl (Cfm}«?#;mﬁol ecul ar si eve,
matrix mat ﬁllbb@htualﬁzr@y‘épaﬁémﬁéte Qbﬂﬁfﬁ{er hafRn 6B} AdFateRhéforngyi d as solids, .
substantially dry“or"in a dried form or as slurries, together or

separ at el ycatalf’st§ompdst10ralaéle@tdti?@tinftr@gmh@rca%m@@y g en glebatednt i al |y dri ed
S.Ol ' _ds I[E)‘[GHIE]E aﬁ;ﬁ‘é?ﬁ%ﬁ'@% )fonggd oh% %Qala(ﬁfyn?arﬁoﬁgﬂ\é{%eﬁglsaa@unt of

l'i qui d. JCeeuUl ar “sieve and nmat
mat eri al s ihat tyfickieginetudes 4 kregll ﬁlﬁoﬁiﬁh)lfexxae‘erazap@lfrf Tgpredtdajcinatiohor m sl urry of

sub-parti Cgegq%e%];urgshaere 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.



nol ecul ar sieve catal yst conposition that is then fed to a formng unit
that produces the nol ecul ar sieve catalyst conposition. In a preferred
enbodi nerwp 0308884 orm ng unit is spray dryer. Typically, t®h@/iSoz/sdemg unit
is miintained at a tenperature sufficient to renmove nost of the liquid
fromthe slurry, and fromthe resultimg nolecul ar sieve catal yst
conposition. The resulting catal yst conposition when fornmed in this way
takes the form of mcrospheres. WO 03/048084 PCT/ US02/ 34674 -12 [0045]
When a spray drier is used as the formng unit, typically, the slurry of

t he nol ec i eve L% [idbrisi ' I hoder, is co-fed
to the spogéoﬁr yi ngé\%%yg?r]ré\eornll tS ﬂ'ﬁi@%@%drr%r;%@;%g Q‘ﬁ%@%ﬁ@ﬁ{?ﬂ?@gﬂ i nl et

t enper at uriaventamgiragsefulamvat@isChenicsbroGssesndlhe prefiebiehpcenstd afithe enper at ur e
ranging from 100 C.to, ut 225C. ..The for.nul at ed. nol ecul i eve cat al yst
conposi t | GHESEbVANHRT RFBAF BiFERLGCIs s i cBusisiondY @ TheBeeF abl y 1 rom
about 5% t @ 3hite orRAmAB dxPRBktePIRS BHAGH Mofe NERRBAI pt¥eses about 80% by
wei ght of the nol ecul ar sieve based on the total weight of the nolecular
si eve cat adiysted to dimpegiveision. of pdeefislocionermprisiag ap¢ ecmbrroxyEengtes@ad al yst
conposition is formed i.n_a substanti al dry or dried state, to further
harden andBPORRO 1taﬁ’énefsblpr]?§8wu@5 ﬁklé'sl%m%lgr%posi tion, a heat treatnent
such as cajoesypt i on, Irad prRferel eidbeichent 6MDE Heddesses bBtheStahliah, ey f or med. A
conventional calcination environnent is air that typically includes a

smal | anouisedseckaonEains Qpse MorTgReeattes MAF ARAGHRILY e ¥ %ires are in the
range fro . I 0C to about
800C, andna) %?1 Etﬁ?eg g‘%&%@y& %%%%g%gp%@tggﬁa %tﬁ@%&gﬁgﬁ?%ﬁabl y in a
cal ci nat i ogmesdimeninofehd poued ofithedanventinn tthogeygenhtelin theyfeddsioek isgas
(conbustion produc ean i_.n qQxygen)., or onbj nat.i on. t hereof.. [0047] In
a preferre®f @%&g‘iqai*@kﬁ); P%elﬁ%aﬁésﬁﬂ@m)ﬂaﬁ?@ﬁ@% V@%@E%ﬂ’g‘??ilph%‘&%%gtﬁoifon i s heated
in nitrogeedicofol{ MRS HRIT & B calBRAMRARE PrefBRB £6naROUD cabBRC. Heating is
carried out for a period of tine typically from30 mnutes to 15 hours,

pr ef er abl yatbmepant thost praferablydiom 1 % oanben aipprse Thealashealsugetikasm about 1

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



hour to about 5 hours, and nost preferably from about 2 hours to about 4
hours. [0048] In addition to the nol ecular sieve of the present invention,
the cat avpIB/0¢v8positions of the present invention nay c@CPrUSeBE3w®ne or
several other catalytically active materials. [0049] In another

enbodi nent, the nol ecul ar sieve of thegpresent invention may be bound to
anot her nol ecul ar sieve, as disclosed for exarrpl e in U.S. Patent No.
5,972,203, PCT WO 98/57743, U.S. Patieg_t gé@ 5 and nesoporous

mol ecul ar %itays §OMBPSHRR IR Y% eF RS PIFINGD: PSS Pde%}Eﬁn Nystens. In a
further e t S]EEHQJ#' ent invention may be
conbi ned vn\%%?ﬂhg@%rﬁedkgﬂ? eegﬂgﬁ ef&fegﬁgﬁ%f%ﬁtggefg{ I scher-Tropsch catal yst.
WO 03/ 0480@055]CT/ USORY Ridiih to¢h£o>{y@exmq(s)cﬁte6th§d§toc‘k@mo@mam@ns Otonprl 5| ng

t he nol ecul ar f.t
processes. ‘m éf ib‘regﬁér T(rg’QEFaBV BEeéQtéZg UG¢ ﬁ’te%g’%c%i BB’F\P*EW&%%‘%%% IP ude
processes fébdis%&ékeq\lérphﬁﬂﬁagcada&@ue%lo@aﬂ&hfntsamf:ﬁaeiﬁémﬁﬁ ar§Q{TRitiopbMg one or nore

oxygenates into one or nore fin(s) and processes directed to the
conver si oncapforambeedds, @@tboodttmmdes m@r,ma@n@allm@@rwv@maﬁgs and ammoni a

| kyl | | Q f d
;%gd?mﬁt(eﬁﬁeq‘ﬁ@ aﬂ)‘faggg&cg %glf He eiﬂﬁ e’r?%rpl rgpa[r{gblg e?%'eegélg\{fi'o rgoﬁ': ;lens one

or nore OoxXyaaRRtREmatiPERNSRAES,fan6 alikiires Gi@edl T meost prefarddalilaempound(s)
containing at | east one oxygen atom In the nost preferred enbodinment of

t he proces&eafatariadingieasni hwaﬁébﬁﬁgﬁéﬁﬁlﬁtl@ﬂb’tﬁ’r? feged.eedst ock is one or
nore al coh preferab Whgr phati c noi ety
of the al @8%@?(5) hglsgr?eréégn?o 1%‘ g% ca%o%tlg%l pre %%52%}(34 Prom 1to 10
carbon at@nge ofifidmrabsiit ptoeefbeuaﬁﬂ yoferperveitt, pn:fékablarﬂmn abdwrigo 80The al cohol s

useful as feedstock int B{ ess, of _the mvg i.on |ncI ude | ower straight
and br anch®@le REKCRTH MAGIE F’ia YD ARTE S 4R 809 @D rQlfR BEEENa8Y count er part s.

[ 0052] Nong Ileféﬂlﬁl% WB%‘?al?JthK}iﬂ) é‘e’?lt'H%%dJ&?th@Q&tBﬁﬂ%ber@f hanol , n-
pr opanol , sopro anol, nmethyl ethyl et di net hyl et her, diethyl ther

di - isopr pmpleS@fﬁmfeedsmqkainddﬁydé di rret hyI carbonate, di et hyl ket one,
acetic aci 81057] The process for converting a feedstock containing one or more

oxygenates, in the presence of a molecular sieve catalyst 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.



and m xtures thereof. In the nost preferred enbodi nent, the feedstock is
selected fromone or nore of nethanol, ethanol, dinethyl ether, diethyl
et her or WO ososmoBhati on thereof, nore preferably nethanol pamdsd/serhyl
ether, and nost preferably nmethanol. [0053] In the nost preferred

enbodi ment, the feedstock, preferably jgf. one or nore oxygenates, is
converted in the presence of a nolecular sieve catalyst conposition into

ol efin(s) having 2 to 6 carbons ato referably 2 to 4 carbon atons.

Voot | i of dPAly ¢ helhsrmarateR Sy emmrivEbbr sl e 1eBror s baions « e 1rom a
f eedst ock ¢ L, Al ﬁ;@(g I anqal I eferably
nmet hanol , atﬂ;ﬂgt%g&%reoggpggmg efIﬁ?%l?rgélﬁﬁ’%ﬁﬁéﬁang/@&%ﬁg@g&c{ﬁgﬁg?ﬁ 0054] The

nmost pr ef ewitled apleastens dissngpaivey wdske), prefemblyechmmpising onstdyanwk-t o- ol ef i ns

(MIQ. In a MIO process, an oxygenat ed feedstoclg st, preferably a
met hanol ¢ %F%%@W@E@Q?B’&%t’t & ORGIRYE S5 15 RS pqngéi&%%agbnfg a nol ecul ar
si eve WO 0%%&311%Q%ﬂtd?&ﬁ%i%ﬁﬁla%gffg?&eactaﬂvéé@a.aFw@h fe&QsteeRipréferabiynt o one or

S

nore ol efin , preferably and predom nantly, ethylene and/pr@é)ropyl ene,
of t en r ef evonéihing oas ol ingtet oxygedates; eptionpli®ith ong opEwre dident(), isti

t t he feedst ock ' . ' typi cal |
e et R B PR B ek SR elhr 50 Gfllck UGPhdTgn L yPt calTY
Non- | i mi tifey/@x%okred €gsieih tidrddfedinsoimel Utieortadnbodimantghe malédutapgen, car bon

monoxi de, carbon _di oxide, water, essentially nagn-reactive paraffins

(especi al | ievel Gatehst cempositien s oranked wrsiamdicregh i qgAstedeyith Riaddt  al 1 y,
non- reactjyv LG Hﬂg?}i M r t st preferred
di l uents %rggas%ggﬁutbgn%@ﬁﬁ%?og, ,Or\?\???"}%%rdﬁ gitﬁgﬁﬁg;regf%gﬁé@?y preferred.
[ 0056] | n Pretersyip e ligaid is whe cammtinnobtndltHelganis dminethgas geblss ock is in the
range of fromabout 1 to about 99 nole percent, preferably fromabout 1 to
80 nole p¥HesHt, nore preferably fromabout 5 to about 50 nol e percent,

most  pr ef fb’b@ﬁ' y fromakesodint, BbasbuddrREE fdeasieanted shpeadyen the total
number of " noles of the feedstock and diluent. [0057] The process for

convert i ngjointlyeeids & vepouc redatopk,rig a orietop sy i é in the range of from 0.1
weight percent to about 85 weight percent, preferably from about 1 weight percent
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.



oxygenates, in the presence of a nolecular sieve catal yst conposition of
the invention, is carried out in a reactor, operated as a fixed or

fluidi zedwQionohsesi ng turbulent) bed reactor. Preferably, PChaSpr/amess is a
continuous fluidised bed process, and nost preferably a continuous high
velocity fluidised bed process. Suitapde conventional reactor types are
described in for exanple U S. Patent No. 4,076,796, U S. Patent No.

6, 287,522, and Fl ui dj zati o ngi neering, D. .Kunii and .0. Levenspiel,

Robert E. H063her pub Q@Wﬁé’ﬁ@%ﬂﬁgﬁf}‘,e ‘ﬁ@ﬂg%?&§ysﬁé%ﬁ%ﬁhﬁengf@?g, whi ch are
al | herein | b8 oVl hiEN5R 10WRPEEk ol B8 1R BlcRE AR, T eact or s
are riser ?}{asggg{%lrcgdagg%ggaﬁag eS(S:rei ’bg%l ilé)ea I%i se? Rggactor, FI %i%?gzati on and
Fl ui d- Par t vesse iSy strippimg zong ek the strippiHg zofe the cgkatzmolgnaasifve @tdlysd, Rei nhol d
Publ i shi ng Cor porat.i on, New York, 196 . S. Patent. No. 166, 282, and

U S. Patenf® ﬁ#&éﬁF@ﬁwéﬁr%gﬁaﬁ8§15@£?§ﬁf§f§rﬁfp Hﬁﬂ?“@?meaﬁoo, which are
al I herei npfettlahy, R dRAAL 88HBY nldbeideNsRarogeR 0 %h ihétt bAresuph aé er red

enbodi ment, a fl'uidised bed process or high velocity fluidised bed process
i ncl udes aangengiroferablsssteam, ta recoyerasiserbedhydrgeareons feomg the qokedvery system WO
03/ 048084 PCT/ USQ2/ 3467 -15 [0060], The re [ S [ bly is a
fluid bed PE&EE SISY/%WéfﬂV?%&\?FWSSlg%n ha} ISSS hernelgfc:f{)?lgﬁa%Oo%lg%vé)etn%{aﬁ&gne or nore
ri ser reackpsdns) Irfdh@ihRr SRBEdicheht ded st@phiz@Ashe i Dicpadte Ve troanthe
disengaging_vessel, preferably conprising gne or nore . cyclones. In one
enbodi ment disengagingercesicl ast e gpsismaped 8t LEEIPUHK ARATHEAGUYPHY vessel s
cont a! ngd Y&HQV of’afréllnqgljlre t{)g %@,O\OG%ZELaseﬁ Fﬁ%}'ﬂz \tcﬁﬁﬂéb?%&’to%ﬁl A abl 'y
cont ai ni ngrone or nore oxygenates, optionally wth one or nore diluent(s),
is fed toof bkkednmlanlarsicee catskyst coagobitivf,greferablyhatah efeviatsidecul ar si eve

catal yst conpositian nd/ or coked yersion thereof is Jiptro . I'n one
enbodi nent }emméa%ﬁ@@a?%(?“/(? tgiaé%“.’&gt 1@%@”@&%‘6‘54’?@@&/%8%@2% version
thereof i s,contacied M¥idduR slevldhillysondRSitioRr conbi nation thereof, prior
to being introduced to the riser réactor(s). Preferably the liquidis

wat er or midG6dhol , afbe converpian femparature emplogedinsthe RORESTSIPN PIOBYFEN.

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.



[0061] In an enbodi ment, the amount of fresh feedstock fed separately or
jointly with a vapour feedstock, to a reactor systemis in the range of
from 0. 1 woeBgifospercent to about 85 wei ght percent, pref @cahisyg2/84s0m about
1 weight percent to about 75 wei ght percent, nore preferably from about 5
wei ght percent to about 65 weight perqgent based on the total weight of the
f eedst ock i ncl udi ng any diluent contained therein. The liquid and vapour

f eedst ocks pr ef e sition rp contai ryi ng
proporti onéﬁ%@]t he s % Ygﬁff mf nggrg?loa@Q fhﬁ? htotaﬁ}?Batssg)rQé r> di fferent
di luent. [ QaGehbilieon aeslabask (eab&h B0 ke mopask Riatty HofMbost PLef er abl y
converted, parti alolsg/Jt or fully, in the first reagtor zone into a gaseous

ef fl uent t iaebai el h@nd mpﬁmﬁgfagﬁbbgfrv@gb@mt 181hen do abaus 180¢Kednnol ecul ar
si eve cat a'aééhre%en@%o d?rﬁe | Re Wﬁg\/p ge?l{e tg?ﬁ,@qeﬁigfab%%m one(s) w thin

t he di sengagr ng vesse OgHaeTY, I'gne g&para r sieve

catal yst coMHSYI fof cohvesioaf @abtdstackeok@thindhethdlrand Firesbylcalierliy st
conposi tion, fromthe gasequs effluent containing one or nore ol efin(s)

within the ]éﬁ@é%@%“b&%ah@ﬁéo@&?/ﬂ?%}ﬁé@q Bcts within the disengaging vessel
w il also at e thege ggﬁgeahéﬁlglh%agcat aﬁi}gt@gﬁ’f%%eﬁ%cg?ﬁom ef fl uent.

O her neth d or separating t onposi tions e gaseous

ef fluent idiloéntced t&aemrsprodﬁctphalﬂqmsﬂle caxpr sydtdmovispreferably heffitickieto WO
03/048084 PCT/[.USD2/ 34674 00 I n one enbodi ment of the di sengagi ng
syst em ¢ hdiss aaly.leaalaréw @%%Wﬁ#owsaﬂanaﬂ gh@graea?w@@gé%ﬁw typically a

| over _por t ol ThESGY SRROARBERS, pHARARAY WihA B FbRE BiZ0NRore! N the
stripping zone the coked nol ecul ar sieve catal yst oriposition is contacted

with a gas papicelady atithyn Beaisor reactorimbisred idast?. bfnetewamecmnrbtm’amx car bon

di oxi de, car en nert ar gon,

or of er abl y PCHEARD e dfin ¥ RS ProaCrlt BebisR Bp R e Evabicad

nol ecul ar  sh@y gref@hill yedated ARROSHYe0) et BAdn hére pheBrabRtdrogeicsh o t he
regeneration system |In another enbodi nment, the Stl‘l@pl ng_zone is in a

separ at e vé@/% aﬂ@’@ﬁﬁtﬂ)ﬁ@ﬂa& e R ayihAy4 viisese Sea fd cxpapgds Si Ratprissed at a gas
hourly supey 18%&{%'11 S\éﬁ%ﬂgbtw/768q'%§\ﬁle@f\lot/&95@r]8 8600t WietR Qfei£0. 000 hr-1

based on th ume of gas to vo
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



of coked nol ecul ar sieve catal yst conposition, preferably at an el evated
tenperature from 250C to about 750C, preferably from about 350C to 650C,
over the woloaa48984 ecul ar si eve catal yst comnposition. [0062CTNse2/sm/er Si on
tenperature enployed in the conversion process, specifically within the
reactor system is in the range of fromgabout 200C to about 1000C,
preferably from about 250C to about 800C, nore preferably from about 250C

to about 750 . et. nore preferably from abou 00C to about. 650C, yet
even nore p‘%@ﬁ%?%%‘ittvﬂ? FOOP#)B%GJP %%%;&r 6103% ?%06%6(%?ecﬂ£%Pr°p 1€¥ € ably from
about 350Cth@m@l&urar§ié%ata{l9ﬁﬁ5] The conversion pressure enployed in the

conver si on Brocess, s%ici frcally within the reactor system varies over a
wi de range [MRBludi ng Afipircgepadsngeleaalys user e nolsodpsiioespsakioure i s based

h i i .of . di | h in.
o1 P BB ok B RIS S PL ARby her et

of from abgibdudts] rdfEreal tb @s ablod)on Shdaalyst. Qatsllyae adlwiyfoan b adsittd by kPaa to
about 1 MPaa, and nost preferably fromabout 20 kPaa to about 500 kPaa.
[0066] The 'BPYRE theseiroke depasts, L@ reesnesptingis\pptalist. JBpWRE 16§ t he t ot al

wei ght of tdggir%]tﬁgﬁﬁ{agg Fggglﬁrﬁﬂg lrégi-hntﬂe Meglﬂﬁmg %atﬁﬁflst;llr?@ HeffCHd ‘aﬂilﬂég n;a per

hour per werght of no sieve I'n e nol ecu sieve catal‘ys
conposi t i onregametaiion. Aeawmtlingrio denweseihimviiiiiou, mstaltealntrdnapbdsiatea | evel
n a.fluidised state within a

sufficient tq keep.the catalyst onposj tion i

Coact or - WS GRS PO D STk L DA e YC 1M WSV 1 anges
from about chtalkfst fifek thaRRMMEr npQQdsiches. Preferably fromabout 2 hrl to about
3000 hr-1, nore preferably fromabout 5 hr-1 to about 1500 hr-1, and nost

pref er abl y [P0Bh aboutOnre the molegulabhsiate esdost ks catalytip activity guedé er r ed
et et ok, LB n -SSR AR BGRB8 YV
range of frpeferbbuly ¢ dtfindre toclaia(y), dGnthsduted {0006 EgeddratiGupatchi.ci al gas
velocity ( S"fclal\e/)reggneﬁaggn fsyes%gnsl tcc?lggriisegcal rlélgeinggator where 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



di luent and reaction products within the reactor systemis preferably
sufficient to fluidise the nolecular sieve catalyst conposition within a
reacti on wora/0i#898¢ he reactor. The SGV in the process, palPCTasoas46y4 w t hin
the reactor system nore particularly within the riser reactor(s), is at
| east 0.1 neter per second (nmisec), prEferably greater than 0.5 m sec,
nore preferably greater than 1 m sec, even nore preferably greater than 2

m , t f I t . f bl
gr ot or ¢ b GO P KPR o D i AR 1P o e R AL MR o Tl R,
09/ 708, 753 jidid @d4Mpumnber 8, 2000, which is herein incorporated by

ref erence. [{00069] I n one preferred enbodi ment of the process for converting
an oxygenal®87¢lo ol ef Theuyniggiof goke isapexetberareireastion. apdin athe process i s

oper at ed at JHSM LR wi - r. [ rected
Nor mal i zed eNI@tt)%ane ’%gltégﬁclﬁrw tyw%ﬁi&%?s%g%g?@gg%%%ﬁ%&ﬁ%é&rr:k)’yef erably | ess
t han or equattiouste@hfijuesSe ¢he dromckudanplalih Scodted gantto e reperRpaob38 016,

which is hereie? fully i.ncorporated b reference. [0070] |n another
embodi ment  BFSEHPERGLeitisew 4 bich, § PH@T 86MI-eoniguousaode, 8ha as net hanol

to one or nEyuehidtRnithdSof, UShiRErRd IR IR SN R i aﬁ%ﬁg tﬁeﬂ%%%ﬂ'é‘gag%cics from

0.01 hr -1 to about 100 hr"1l, at a tenperature o abo to 550C
See for exanpleeulmsi¢vegalysssompdsitiahfrath thesreparesitionfsybtem antl passingor at ed by

f . 0071 f Li t h
ot hanol -t o heriteld ol RRR BREE Byt e Sftareh S SHETE o Ga e, °°
conposi ti onfoah€a desied teBeitbratbd nfdlebuldPs ¥4 323519? cl@l{h?béiﬁbﬁdTﬁ@Edtély§1 2001,
n IS

which is herein incorporated by reference, | docunent, “sel ectivity
to propane §o8lerdagnsmbpgimeat.is e hers exehangymiotps oeated eitharamtetnel st The pr esent

i nvention i r in WO 03/048084 PCT/ US02/ 34674 -18 which
sel ecti vi t%@éﬁgﬁgbﬁggﬁgﬁgggﬁ%&r educed, due to the specific properties

of the nol[@8TTar si elle gasdomk yfluenf &ATAhindliledighd oEntprbductsiige of catal yst

use, the m\zlw%? rlwavrrl fr%imet g ﬁisgggea%iggosrystem and is passed through a recovery system.
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



converting oxygenates | ose catalytic activity due to the deposit of
reaction by- products, referred to as coke, on the catalyst. Catalytic
activity wan3leosest ored by renoving these coke depositsPCIT/US02/34674
regenerating the catalyst. However it is desirable to have catalysts with
the | ongest possible catalyst |ife bef@be requiring regeneration.
According to the present invention, netall oal um nophosphate nolecul ar

si eves haviyng. high nmetal c ent and snal | rticle. sizes ve nger

catal yst |if% V?rﬂ’a?r? aSFﬁg?eqer%SS?ﬁlrgga%ﬁf%V&.O?%’Ei%]ma&ﬁr& S?rﬁzﬁ%lﬁg%ul ar sieve
has | ost i tgvepatidbistindica&d dthbiwiscdue to coking, the coked nol ecul ar sieve
is withdrawn fromthe di sengagi ng vessel, referably by one or nore

cycl ones(s)008hd i nt Mpthgeeekamplesheryplahmambataey and sizesyere detesminsgener at i on

Syt e COMR\S5A1 faf SASPEALON SIS L I ok alo o8l Akialy compps ion i

contacted wth a regeneration nediu a gas containing oxygen,
under genegednnirggséeioa nicsaqrdisingenscodleratnpesiapebL].2p6 ¢ siski .eX-and
residence tinme. [0074] Non-limting exanpl es of the regeneration medi um

i ncl ude onéofiffragtion Paiferpsygerpbitaincd anrpsSiengsns DRRY difjepctompighusing fu aj r
diluted w : I\ 0] _dioxigde, Pat ent No.
6, 245, 703) ?5&%&;&6{32 (iofgine ?H%% /Sgét@ﬁﬁggbﬁgﬁﬂﬁ%@@géﬁéﬁﬁﬁé%ndi tions
are those eagpadihellaionommen §atakewefermifettbdinctdpestac atodk fiom 2.60pmsi t i on,

preferably a.level less than Q.5 i_ght ercent based on the total
herant ot RO alcE e pER S i a2 pud BERETBE R G She or ' gt ne
regeneration system The coked nol ecul ar sieve catal yst conposition

wi t hdrawn fromthe regenerator forns a regenerated nol ecul ar sieve
catal yst c lei on. [0075] The regeneration tenperature is in the range

T000C, o SUEY or aoitgis FASRIARR B Eb b SO SR . of or bl

from about thb@Certon, EAME a ditéc-likgeRsabhbpholee sathredgesof 18sstthan 0.ange of from
about 15 psia (103 kPaag to about 500 psia (3448 kPaa), preferably from
about 20 p&rigrops aad x Piid) atpRicsEart 0488 psia (1724 kPaa), nore preferably

from about [gfapsi @ (WakRRE: iRuAbAHS prkGReYR RRLAEBARA LRRTNERY, 34674

(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).



-19 psia (1034 kPaa), and nost preferably from about 30 psia (207 kPaa) to
about 60 psia (414 kPaa). [0076] The burning of coke is an exothermc
react i on,wand/oigesan enbodi nent, the tenperature within tiRETrESgEserat i on
systemis controlled by various techniques in the art including feeding a
cooled gas to the regenerator vessel,-Zperated either in a batch,

conti nuous, or sem -continuous node, or a conbination thereof. A preferred
techni que involves withdrawi ng the regenerated nolecul ar sieve catal yst
conposition fromthe regenerati on system and passing the regenerated

nol ecul ar Si0084] cat alSﬁ‘Maﬁ@l@’ﬁ@ShﬁW@ﬂhﬁﬂh@U@btaﬁ HadkabigSike Bslogypat  forns
a cool ed regenerat ed. nol ecul ar _sieve catal yst conposition. The catal yst

cool er, i n 'Eith giysBhdimensions lessthand R dEusialadgesatwean 0.0 andetl eimher

i nter naI or external to the regeneration system [0077] The gaseous

effluent containing the light olefin products is wthdrawn fromthe

di sengagi ndExsymgtleth and i s passed through a recovery system There are nany

wel | - known rﬁ very stem; ]C ni qu s and sequ&nces that are useful in
lrﬁ us

separati ng [BP8i n(s) aemn G161 BEIIPSIACT o YAEOMSASINE %f £ 1 uent .
Recovery 5Y&%m&&?ﬁél%ér?h&egyMtﬁ%dg&eoe%eém Pad 0.2 nGOITRL A1 4 8DAPT 2

various separation, fractionation and/or distil |'at’i on towers, colums,
splitters, aﬁﬁvmtcrraimsml"r‘ﬂeactl on systems such as et hyl benzene manuf act ur e

(U.S. Pate 5,47 an er derivati rocesse such as

al dehydes, r\[L]g%\&jnes an 1%% P EFF&? £h7RP el ltJa@'n\ﬁﬁi ofhes75 041), and
ot her assoqbﬂb@ﬁlgeﬁ(uamq;osﬂ‘t@ﬁv@g r@}aggdvarlous condensers heat
exchangers, refrigeration systens or chill trains, conpressors, knock-out

druns or pots, punps, and the |like. [0078] The rrol ecul ar sieves of the

present in %n?%og mBY, ﬂ;&p 9952“15@&0?1” 3dﬁ?adge€ef%%{ yre of al kyl am nes,

using a feed$ conpri siPng anmonr a in 0 oxygenates. Exanpl es

of suitable processes are as described in published European Pat ent
plrcatrogE§0993 73}“ and in U S Patent No. 6, 153, 798 to Hi daka

et . al R9%He ner F§js Wﬁ%’iep%?sd%%‘?& By 2 pde @n%%t@nlese&taﬂpr es

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.



[0079] The follow ng Exanples, in which parts are by wei ght unl ess

otherwi se indicated, illustrate specific enbodinents within the overall
scope of W0D0084048084 PCT/ US02/ 34674 -20 the invention agCtlsoned’4 The
source and purity of starting materials are those first given, unless

i ndi cated otherwi se. [0080] In these exX2wles, crystal norphol ogy and sizes
were determ ned by visual analysis of electron m croscopy pictures taken
on a Hitac .Olﬁi’éé scanni ng el ectron m croscope usi ngrPar(l) actcel erating

vol tage of 1. .4 W X- ray diffraction patterns we ¢ BBt ™hed on a

Si enens D500 diffract . USi . radiation, 1 divergence and
ant i -scatte‘g slits, s@%ﬁ‘}gﬁ}#mbﬂ§8%¥’ew ochromator, add scintillation

counter. Patterns were collected in step scan node from2.00 to 50.00 2 ~
with a step scan sizeV8®r0.02 2 ~ »~ and a counting tine280 1 sec. Exanple
1 [0081] This exanple illustrates the manufacture of SAPO 34 according to
t he invention, havi ngAlsO¢({Bitapal Ak€ondeasViata) nor phol dgy wi t h edges of |ess
than 0.1 mcrons and a Si/A atomc ratio of 0.189. [0082] A synthesis

m xture was prepared as follows: 19.7 parts of H3PO4 (85% available from

Aldrich), 4.2 parts TEA@HDGSK@HEM%C% parts of tetraethylgarsd ho- silicate
(TECS, available fromspefraseh), 11.8 parts of alum na hydrate (Catapal B,

Condea Vista, 74% A1203, 26% H2O, avail able from Sasol Cheni cal

| ndustries), 71.8 par ot r aethyl i ydrgxi de (TEAOH, 35%in
water, avail able froé(i/@g\@iéga ﬁ‘nugf)}f/ @r}g&gﬁ%@artg’%f dei oni zed water were
m xed together, to yiél % 8ynthesis mixture of molar conposition: A1203 :
P205 : 0.3 SI2 : 2 TEACH : 40 H20: 12 C2H5CH [0083] The synthesis m xture
was placed in a ptfe-19%%ed stainless steel autoclave, WAPEh was mounted on

a shelf in an air oven, the shelf being rotated, tunbling the autoclave at
12 rpm and naintai ned at 200C for 24.5 hours. After cooling, the product

e e Y oM SRR L B0 B
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.



to be SAPO-34. The relatively broad diffraction peaks indicated a snall
crystal size. Elenental analysis: Si, 3.4% A, 17.4% P, 16.4%

repr esentwog@sa4gosoduct stoichionmetry of Sio.093 Al 0.498 POTAGHY/Si6NAl =
0.189). WD 03/048084 PCT/US02/ 34674 -21 [0084] SEM anal ysis showed t hat
the crystals had cubic-Iike norphol ogy-234th crystal dinmensions |ess than
0.1 m(crystal edges between 0.05 and 0.1 m. Exanple 2 [0085] This
exanple illustrates the manufacture of SAPO 34 having a cubic-like crystal
nor phol ogy with edges between 0.1 and 0.4 microns and a Si/Al atomic ratio
of 0.179. [0086] Using the procedure of exanple 1, a synthesis m xture of
the foll ovqigmn}jllgzhar conposition was prepared: A1203 : P205 : 0.3 Si02:

1.52 TEACH 0: 16 C2H50H &087] The synthesis m xture was placed in a
ptfe-1ined BP%Inl ess Thisexampigil tra%the\mmﬁaqnm ofiBAROeM bavirg shel f in an

i ntai ned SpogBC TR HebShEh e bt ad (M R Gafasfc ™™ ™

recover ed hytom&tatibbOgiong, washed with water, and dried in an air oven.
The powder X—ray diffraction (XRD) pattern shovved t he product to be
SAPO- 34. [ d88%7T Bl enefisunthegiamidpis: wasjpreparatiygm she follgwamogonpondigs 74%

representi of Si 0.089 A10.495 Po.416(Si/A =
0.179). rlgélsiﬁfgg%f%h%wméé sﬁowe ‘that the crystals had cubic-like

nmor phol ogy W th crystal di rensions greater than 0.1 m (crystal edges
between 0.1 and O m. Exanple 3 [0090] This exanple illustrates the
manuf act ur € %‘f‘p%@’@ 34 having a square platelet-like crRrepartisir phol ogy
wi th edges between 0.25 and 1.0 microns, a thickness between 0.05 and 0.2
m crons andda Si/ Al ddgiRidAldsichy 85% iowers. [ 0091] A syri2iksis nixture was
prepared fromthe foll ow ng conponents

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:



in the proportions (by weight) shown. WO 03/048084 PCT/ US02/ 34674 -22
Conmponent Proportion A H3PO4 (Aldrich), 85%in water 23.2 Water 20.0
Al1203 (Cawepalo4shg4 Condea Vista) 13.9 B TEACH, (SACHEM 84PBET/U3B2B46m wat er
Col | oidal silica (Ludox HS-40, DuPont) 4.5 40%in water Total 150.0

[ 0092] Phosphoric acid, water and al um2b-were m xed for 2 mnutes and
aged for 5 mnutes at anbient tenperature, the resulting m xture formng
Conmponent A. TEACOH, the silica and water were mxed for 2 mnutes, the
resulting mxture form ng Conponent B. [0093] Conponents A and B were

conbi ned and traakDer Pe0; 104 8iGt:a@. HDPS: 56Hs@! bl ender. The ni xture was
t horoughly honogeni zed in the blender for 5 mnutes. The nolar conposition
of the m'xture was: Al1203 : P205 : 0.3 Si2 : 2 0 TEAOH : 52 H20 [0094] The

synt hesi s nj r e WaSTH? Bfdsit il §8s llléa[gegpi 1SS Stafid ggs? steﬁPUt ocl ave to

175C and rra' |ned at at tenperature un atirc con s for 88.5

hours. Aft @tut(ﬁﬂ)a)deltng()m(hmmhmtilrmdmﬂtlmt tenfferdt@eovialcable Bytoglevd whd ugat i on,
washed four tines wth water and drjed overnight at 115C in an air oven.

[0095] The 'pEfeedt 1Rrpmyfords- hawsi vter seudingy thetselid peodbstevensirpeoveredduct to  be
SAPO- 34. E t
product st o%ﬂjgﬁé ry o?é@%bmggsiwﬁkéé X%Ganﬂg nﬁ%? Pglgﬁk?ﬁ%@c/‘in]r egr g?l\a/ln 'ng @

anal ysis <wued that the crystals had square pl atel et-like crystal
nor phol ogy wi t h edge between 0.25 and 1.0 mcrons and a thickness between

0.05 and 0.[91¢8lcy o%éle powderaf-nasediBaactior (XBH) padershowed 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



-23- Exanple 4 [0096] This exanple illustrates the manufacture of SAPO 34
having a cubic-1ike crystal norphology with edges between 10 and 30

M crons awo 0/08iosAl  atomic ratio of 0.20. [0097] A synt h@sTaISNZ/x6t4 € was
prepared fromthe follow ng components in the proportions (by weight)
shown. Conponent Proportion A H3PO4 (AREri ch) 85%in water 12.2 \Water 20.0
A1203 (Catapal A, Condea Vista) 7.28 B DPA (dipropylamne, Aldrich) 13.4 C

Col | oi dal sjt4oga - 40 %, i n wat Water 19.0 _
SAPO- 34 seelolﬂs5| ( gi g%%?%g&g@%q%e géﬁ@éﬁfé%ﬁg T _ 01:61%351@55_ er f%@‘@]to Phosphori ¢
aci d, wat erroamdtenipuriture, avanpleWwredkéroinddwashb@hSdrieged for 5 minutes at
anbi ent tenperature, and mxed again for 1 mnute, the resulting mxture
form ng Conponent A DPA was added to Conponent A, the resulting mxture
form ng Co t 6B which was m xed for 1 minute. The colloidal silica and
water, form onent C were added to Conponent B. The resulting
reaction nifiQdle wdhistexamplestnarhtdsahacailgiiobasanahesds tht eRdaNiRNd was

t hor oughly haonogeni.zed in the hlender for 5 minutes. The nolar conposition
of . the m APPSR e Gaied a5 BaanpET  Bdzand Ao dhe comnesmiond an P205 : 0.4
S : 2.5d;}%eﬂatéfée&g&mggqgéht;l;jggn§_ynt hesis m xture was heated in a ptfe

| ined stainless steel autoclave to 200C and nai ntai ned at that tenperature
whil e the d01QH| avdheawlecular sieves, hereinafter referred to as catalysts, were tested

as follows. Before testing, each catalyst was calcined in a muffle oven at 600°C in
air for one hour to remove the template. Catalyst was loaded into a fixed bed
reactor. A methanol feedstock was prepared by sparging argon through a vessel
containing methanol at.a fixed temperature. The resulting feedstock contained. 70
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.



rotated at 10 rpmfor 45.5 hours.

recovered by filtration,

at 115C iwoan/ogd084 oven.

showed t he product to

be

After cooling,

the solid product was

washed four tinmes with water and dried overni ght

anal ysi s:

Si,

3.77% A,

[ 0100] The powder X-ray diffractPca/USKRBI67pat t ern
SAPO- 34. El enent al

18.1% P, 16.2% representing a produc26stoichionetry of Si0.101A10.505
PO. 394(Si/Al = 0.20). SEM anal ysis showed that the crystals had cubic-Ilike
nor phol ogy with crystal edges between 30 m Exanple 5 [0101] This
exanple illustrates the manufacture of Ccrystals of a m xed phase of

CHA/ AEI havCaglyst sRE@a@l©0y of half-lcubes with Jongest edges between D. 3
to 0.6 mcrons and a Si/Al atomic ratio of 0.07, A solutioph of 33.66 gr of
phosphoric aci d (85%i n Water),1 32.88 gr 8f de-| minePal i zed watér, anfl 61.6
gr of a T ! 3%t n—water)—was—prepared—inr—a—gfass—beaker; To
this sol ut) St\)ﬁ‘g?gﬁéagfc?nﬁ b. 23 gr of |Ludox AS 40| (40% silita). 19.9 gf of
al umi na (Co(rpﬂga Pural SB)|we0.@5-added and.120.4l urfy @@s-1.00bt pi n@d-wet h | he
foll owing iconposition expressed as molar ratiost 0.1 Si@ P2Ch : Al PQO3 - :
TEACH : 35 ¥ [0102] This iU wds mOER untj 1 HoRByenepus A4

t ransf err edyter: ——starntess steet—autochHave—This—aptoectave—was
nmount ed on %btﬁ% al‘g(li)}r%é)am 5 in an oJen. The axils was rotated at 60 rpm and
t he oven s heated in 8 hoursg8oo W) 03/@88084 |PCT/ Bp02/ 34674 1585 17p' C.
The autocllave was kept atithis tenperature for 48 hours fter coaling to

roomtenperature,

This exanple illustrates the catalytic performance of the crystalline
nol ecul ar sieves prepared at Exanp
oxygenat e fl0&86t ockdhe ﬁelecthji@&*stfonéthﬂiems(CQ[=Q,1@4]>y1€in@(GﬁBﬂ) dydtaarteneves,

her ei naf t erprgggc?sr

catal ys

ﬂaevmé 8 &Box Stoms ané %ydrocar

t est.ed
on producto 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

a sarrpl e was taken and washed and dri ed. Exanpl e 6 [0103]

les 1, 2, 3 and 5 in the conversion of an



as follows. Before testing, each catalyst was calcined in a nmuffle oven at
600C in air for one hour to renove the tenplate. Catal yst was | oaded into
a fixed bwoo3emst or. A net hanol feedstock was prepared byCIasoys4sgs ar gon
t hrough a vessel containing, nethanol at. a fixed tenperature. The
resul ting feedstock contained. 70 to 4®D-torn of nethanol in argon. The
total pressure was 760 torr. The argon/ nethanol feedstock was passed

th | Vel t
o 300- 1000 P T L2 ASRCEACS sow M ELSS JRb LY SPRRiiQlD 0! 1Y)
spect r onet dravarcdm@arabre-datahﬁlog&sfonhamab dgrapdlyst of Bdddqlle Thethaclowi ty of each

catal yst is ovi.ded in Table 1. The activity is determned by taking the
measured com/er@i8n val ue and inserti ng it into the follow ng equation

(first ordepipg e Q%&{sadén%h)stratés fhat tﬁ@ ﬁo%gf')s teve EMBEIa418Q0 0, L2Aad 32) /1 | MeCH

[ (WVS /150 wherein - Cveox 1s the met hano conversion i n percent - A
i's the actisigtificanbyrlegiee detivitykfliilesmaintaining MicHivity to hghtméeﬂmnﬁihe feed rate
expressed |n m / S the initi.al hanol centration

expr essed it g%é)’ﬁ%{ &’étswon’ybmqv‘?tf’ﬁ‘ée{]ﬁé? ﬂﬁ‘(e%ﬁwh&’mga ¢§3MYe expressed
in grans. Vé@n%?ils%89ﬁ§0 W@Q&f%@?&e am?cﬁdm?f@t—l‘l\:e éﬂesgﬁltlﬁ{/éﬁ“‘tfon hs Exanpl e 1 2
3 5 Crystal dinensions 0.05-0.1 1.0 0.3-0.6 Si/A 0.189
0. 179 0. 1750w slectinity tcwrtdyswqdprqscb@ts)suglsas A®PaE] cothp@rable 0d 0] prdjeae

sel ectivi tls% ec{l\% g{,thglloe‘{;%%t g[r%/oc)ca I}E% I en f =), hydrocarbon products

havi ng 4 carbon at ons - and s having 5 carbon atons



is showmn in Figure 1 for the catalyst prepared at exanple 3 and in Figure 2
for the catalyst prepared at Exanple 1. Exanple 7 [0107] The catal ysts
prepared WD 0BoeIpl es 1 to 5 were tested at 500C and 25 pecg/usn2/asepd ug fl ow
reactor equi pped with on-1ine gas chronmat ography analysis. The catal yst
selectivity data are provided in Table-2§-in which E refers to the

ethyl ene selectivity, P refers to the propylene selectivity and Propane
refers to thagpf@pane selectivity. TABLE 2 Catalyst of Exanple 1 2 3 4 5
Crystal dinmensrons (gn) 0.05-0.1 0.1-0.4 0.25-1.0 10-30 0.3-0.6 Si/A
0.189 0.179 0.175 0.20 0.07 WHSV 500 500 500 500 300 E+P (9% 75.8 76.0
75.2 68.8 77.0 P 0.80) 0.87 0.85 0.83 0.79 _ Propane (0/% 0.5.0.6 0.7 2.0
0.4 WD 03/ 048084/ FEGISEE CORETIEE Wyﬁeli%%feeﬁﬁ@dfgsltam glefippwhicdbl e 2 show

that small crystglgsiel Qoﬁ}h&ﬂ]g%ﬁé &#&&2&% BRdstay ﬁ?cge\?vw%lﬁrf}g};&}vgﬁsﬁ%{ ytic

performance to the catal yst of exa wth a [ 0109]
Thi s denonst r at esonditiinstvith avgitadyl the cathlyvtecongmishe ¢ @idtatieel t o enabl e

significantly highe ctivi ile maintaining selectivjty to, |ight
olefins. The hi %ﬁ@ﬁba&ml‘%ﬁpﬁéwﬂg‘iﬁ nﬁle%ﬂtsé‘?{te)hagﬁng_ e‘Pl?aL@éan(@g_%‘msi eve
whi | e achi eving ¢dgn 8@RIros PANEESr&Red BY 89 empRalfoduRGE Vity sieve

as

according to the present invention h | ow sel ectivity to undesired
products such as propane, conparab{f«APe propane selectivity of the | ow

activity catal ys\;vhgrfe 1D rgpl'lleefaISS'ele\c/gd Qr:z’)/rrp‘fh%('gg'upljccc:)-lr-l/s1lsJ 119g2(/> sllll?c?o%,
germanium and mixtures thereof, "x" is the mole fraction of EL 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 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.



-28- CLAIMS: 1. A process for converting an oxygenate feedstock to |ight

ol efins which conprises contacting the oxygenate feedstock under catalytic
conver si OWO 00#8#84 i ons wWith a catal yst, the catal yst conpPCIiusg2/a674
crystalline netall oal um nophosphate nol ecul ar sieve having a chem cal
conposition on an anhydrous basis expr¥Zssed by an enpirical formula of
(ELXAlyPZ) 32 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 value of greater than 0.05, "y" is the nole fraction of Al and
has a val ued.of 'Hie preass 00allof the precedihdelatimd, evterais kiydn gehtePthand has a

val ue of at | east 0 01 and x+y+z=l, the nol ecul ar sieve crystals having at
| east one crystaq di mensi on of less than 0.2 micron. 2. The process of
claiml1, wherein the nol ecul ar sieve crystals have all crystal dinensions

of less than 0.2 mcron. 3. The process of claim1l1l or 2, wherein the

nmol ecul ar slileve Theymbeadss ofialaim 8f whdreiast'y Gra¢ leasty&1al di nensi on of | ess than
0.15 mcron. 4. The process of any of the preceding clains, wherein the
nol ecul ar sieve crystals have at |east one crystal dinmension of |ess than

0.1 mcron.5. Thﬁm@&%ﬁclgfmwxwmelhaﬁy @ra@fe@g'mm claims, wherein x has a
value of at Ileast 0.07. 6. The process ‘of claimb, V\/nerel n x has a val ue

of at least 0.08. 7. The process of cI aim 6, vvherel n x has a val ue of at

| east O. 09 8 roces rece wherein El is
silicon. W03/ Oﬂ?dgﬁc% Ocﬁgél%r?ﬁe ngz‘é} s, g?%’fé%ogscmaréwe@f t he
precedi ng cl ai wsscle&wrfﬁjnmtne’gtoulﬁco@mﬁﬁgéfMBo 5, @ASPED 11L& APhegprocess of
claim9, vvherelnx/eglsatle 0.17.

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.



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 nolecular sieve is selected
from t he womap4so8nsi sti ng of SAPO 5, SAPO 11, SAPO 18, SAPDABM/346APO- 35,
SAPO- 41, SAPO-56, mixtures thereof and intergrown fornms thereof. 13. The
process of claim 12, wherein the nol ecudar sieve is SAPO 34. 14. The
process of any of the preceding clains, wherein the oxygenate is selected
from met hanol, dinethyl ether and m xtures thereof. 15. A crystalline

si |l i coal um nophosphat e nol ecul ar sieve having a chem cal conposition on an
anhydrous bifsi s Ehepmokseldr siyverof sappf tlaiad 15 @ 1T wheftfin the SRz} Wher e
"x" is the nole fraction of Si and has _a value of greater than 0.05, "y
is the nole fractyOalsdpvedt leashoneaysialdimgesion oblesy tar - 1gnigmn. 2 is the
nole fraction of P and has a value of at |least 0.01 and x+y+z=1, the

nol ecul ar sieve crystals having at | east one crystal dinension of |ess than
0.2 micron.1916. Theemplsbweusieve cfiapy ef clhing Il Aitorl &, Syherdia xdian a vhige Phecul ar
sieve crystals avgO a/II crystal dinensions of less than 0.2 mcron. 17.
The mol ecul ar si'€FE0 claim 15 or claim 16, wherein the nol ecul ar si eve
crystal s have at |east one crystal dinensions of less than 0.15 mcron. WO
03/ 048084 PCT/ US02/ 34674 -30 18. The nol ecul ar sieve of any of clains 15
to 17, wherdin tHe moleedat sievesifelaim 10y yheralnsx hasevate dfzdadastdh@S.cr yst al

di mension of less than 0.1 mcron. 19. The nol ecul ar sieve of any of claim
15 to 18, wherein x has a value of at Ileast 0.07. 20. The nol ecul ar sieve
of clai m 12]1. wheTigimolkscklassiévedlclagm 00, FhedeBAS hash Bue ol leaddteogro! €cul 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 |east 0.15.

23. The molygcul aI"he%@l\é@ulQIf si&of %y 8% é}hﬂ]ﬂss 1355tot29, afﬁere%)%f ?s' a léag{a O.T?.l ecul ar

si eve

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.



is selected fromthe group consisting of SAPO 5, SAPO 11, SAPO 18,

SAPO- 34, SAPO 35, SAPO- 41, SAPO 56, m xtures thereof and intergrown forns
t her eof . W0.03/0k8884101 ecul ar sieve of claim 23, wherein thePeoluSoussar4 si eve
is SAPO-34. 25. The nol ecul ar sieve of any of clains 15 to 24, wherein the
nmol ecul ar sieve crystals have a cubic-8t-cubic-1ike norphol ogy. 26. A
crystalline silicoal um nophosphate nol ecul ar sieve having a chem cal
conposition expressed by an enpirical formula of nR(Si xAlyPz)Q2 where Ris
a tenplate, "n" is the nole fraction of tenplate and has a value of at

| east 0.01,27.x" Tke idodecotal siet¢ atdlaiorn®fwhSiei@Rds hegadthyl@hthen@i or eater  than
0.05, "y" is the le fraction of Al and has a value of at |least 0.01, "z"
is the nole frack‘%ﬁx@F(fE/éQéDhas a value of at least 0.01 and x+y+z=1,

t he nol ecul ar sieve crystals having at | east one crystal dinension of |ess
than 0.15 m cron. WO 03/048084 PCT/ US02/ 34674 -31 27. The nol ecul ar sieve
of cl ai m 2628.whetk moRculsr sieve afatldiyl ZoymabieieinR ibyatigwirdlef ( TEACH). 28. The
nol ecul ar sieve of claim 26, er ei i m xtyure of  tetraethylamoni um
hydr oxi de (TEAO—Be{r?:t %d{ﬂﬁi%wwgwﬁfﬁéﬁe EB»"&;.O%D?@?‘ diyepylamiedPEA)si eve of
claim 26, wherein Ris norpholine. 30. The nol ecul ar sieve of any of clains

26 to 29, wherein the nol ecular sieve is SAPO 34.
29. The molecular sieve of claim 26, wherein R is morpholine.

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

is SAPO-34.



