WO 02/ 05951 PCT/ USOL/ 20677 -1 METAL CONTAI NI NG SMALL PORE MOLECULAR Sl EVE
CATALYST FOR OXYGENATES CONVERSION Field of the Invention 5 The invention
i s directveadoz/es9al met hod of maki ng nol ecul ar sieve that cpatr/asel/2eet7al s,
catal ysts contai ning nol ecul ar sieves that contain netals, and a nethod
for converting an oxygenate feedstock to a product, including olefin. In
particular, the invention is directed-tta a silicoal um nophosphate catal yst
with a nolecular sieve surface that is heat inpregnated with a netal. 10

Background of t herd IXEREORTAINGNGISM AN, POt MOLECEDARN VIS, have been
traditional ly prodUcqt {APRSPFOROSYEERRIISEONVERGIGNST Ccatal ytic or

st eam cr acki ng. &ygmmtgmvﬁf—argegbmmﬁﬁg—an—ﬂzr nati ve feedstock
for making light olefins, particularly ethylene and propyl ene. Prom sing
oxygenat e f addébbibkInwandoml cohol s, such as 15 nethanol and et hanol,

di et hyl _ et her, %Ethyl ethyl ether, diethyl ether, dinmethyl carbonate, and
met hyl ~ for mat e. ﬁﬂznv(?%ltl?lh’ésdéreﬁﬁg&%@F@@d@ﬁﬁlab@gﬂ?@%@élwé‘?ﬁt a variety of
sources inc b t ' : ' e lE eum
Ui ds; - ang Sa Gl ARR)R: RARARE Rl AR B B R P
rel ativel y nietiwddostomykrtingesexggenatedeedstdckddolprodakic atvbidingpslefvmt inves, and

ot her oxygenates, have. 20 praom,se an.econom cgl , .non-petrol.eum source for
| i ght ol efi Ra%]l%]@fxgl?‘? lé‘ﬁ.entpoéjl%dwgditf’ aﬁglwa@p}%oﬁqo&m}psca,%gyswmt catal ytic
conversi on afoldmIAaR0b sutkkih Mht & Iidat ingRaddardaneRNPERIAt € (SAPO) ol ecul ar
sieve catal yst. For example, U. S. Patent No. 4,499,327 to Kaiser,

di scl oses naking olefins from nmethanol using a variety of SAPO nol ecul ar

si eve cll al Paglgronmboffhebwentiatan be carried out 25 at a temperature between
300C and 500C, a S ere.to .1 t heres, and a
wei ght hourly spaogéef%%é? %@F‘%ﬁ( ef%nrqﬁ%g? \?\’E%lntr .ﬁonﬁH&%P%%ﬁ%&g nui (J
Chemi cal Sogeedlyurtifesnistockstmueithepca2Htic 309EYm braskiapodrygdnates tHogvevee! ecti vi ty

to ethylene can be.increased whe t hanol . is contacted with a nickel- 30

substitut ed? NS Ay @Fnapﬁgﬁegﬁg&gag@i(mgjtgg Olsﬁm@@.culraﬂﬁ his case,

ni ckel substj i dpiqat; 5951
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PCT/ USCL/ 2067 ntrast to al ser met al
i ncor potat i ovethaaypl @ldsashanol, 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 synthesis gas derived from natural gas; petroleum
liquids; and carbonaceous m%‘ierials, including coal. Because of the relatively
low-cost of these sources, alcoiml, alcohol derivatives, and other oxygenates have
20  promise as an economical, non-petroleum source for light olefin production.
One way of producing olefins is by the catalytic conversion of methanol
using a silicoaluminophosphate (SAPO) molecular sieve catalyst. For example,
U.S. Patent No. 4,499,327 to Kaiser, discloses making olefins from methanol
using a variety of SAPO molecular sieve catalysts. The process can be carried out
25  at atemperature between 300°C and 500°C, a pressure between 0.1 atmosphere to
100 atmospheres, and a weight hourly space velocity (WHSV) of between 0.1 and
40 hr.
Inui (J. Chemical Society Chem. Commun. p.205, 1990) has shown that the
selectivity to ethylene can be increased when methanol is contacted with a nickel-
30  substituted SAPO-34 rather than an unsubstituted SAPO-34. In this case, nickel
substitution occurred into the SAPO-34 framework .



t ake pl ace post-synthesis, that is, following the synthesis of the

nol ecul ar sieve framework. For exanple, U S. Patent No. 5,962,762 to Sun
et al. tewahmesvar process for converting nethanol to |ighPCDU8I20677USI Ng a
nmet al -i ncorporated SAPO 5 catal yst. An aqueous netal solution, preferably a
ni ckel or cobalt containing solution, is adsorbed onto the SAPO nol ecul ar
sieve by allowng the solution to rem@n in contact wth the SAPO

overni ght at anbient conditions. The treated nolecular sieve is then

separ at ed from t g cs@tddt 0Qhe MBEk SHK e abll Brui FRLUENhcPSration Qig s¢04 and
5,849,968 to Beck at al. teach a process of ‘incorporating a m] | 10 earth
and al kal i néakeaglage m&%wnﬁleﬁkﬁifbafals,zfewwmgéh@mdlemtof the Ipoleculaauavng t he

zeolite o) 0 foll onwed by the
tr eat ment o}ﬁt&ﬁ?e% gﬁ&sggﬁ%?eogé)aa% I¥Ii5a$< %S#éf%lom%ﬁlnégglp%ﬁ efé‘ Le Van Mao
teaches a ppemessfol oonvetthey etiiadol eOligRbATING Nsidf a AR PoriaRASAPD t he

ext er nal react‘liy g%t es of ZSM catalysts by adding a m ni mrum anount of an

aqueous ManGdRESE 4B egHSoEH Mk F@Pﬁ?%@fe&efﬁ’%lb’laé’a@ﬂeéob@ﬂ]é CaRinge r udi ng t he
paste under ;ppgss ufs‘%dsc&rﬂeé@ﬁtt) ?heoéAf@?nd?édu?e[r sf'efvg 8 tdﬁo‘fvﬂlrg@éiéol%lo'ﬁntl ecul ar

sieve, the need to find a nolecular sieve or Sl eve ca?alyst t hat
exhi bits hi g¢manh1yb@f[tectamd1{the SAPOopaetegle asmhbreht sdnditions. Thetresed/er si on of
nmet hanol to | |?hia§ol efins still exists f the I nventl on 20 The

i nvention pran} S§EY ﬁe‘?ms@mﬁﬁ@(frﬁﬂl the ﬁéﬁ’tlorh%l’c rigdy £5 deptent N

sil'i coal um napkosphal g, 8’1’9'9%9% BEckSt QY SeatRARFARETUE 1n&9r%)(ﬂ591)(g Qkﬂg a
silicoal um nopho hat e’ ol ecul ar si eve containing a enplate; b) mxing a

metal céht aierithandakelinesarthimdals itela 26 lisiclchtobat b roptipgphatelibol ecul ar
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si li coal um acmdstmphnioﬁ DS SRatdn@No. 5,69% 824 @)L SeRAVAD td@hésheSpBeat raret al
treated sili co%yum nophosphat e nol ecular 30 sieve fromthe netal

cont ai ni ng &4 1’6‘??fpodﬁfépr\/@§10@895@5101P@Fﬂh5@39§¢1’2@16‘¢€?0tlv%1t@)Of(Zaﬂl\é| ning the
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cal ci ned heat tre um nop sl eve.
Preferabby, atIMIearbﬂb@lastesnéettﬁrdu@th’épmmuﬂnbrgressme consi sti ng of Group IB

In spite of the prior efforts to modify molecular sieve, the need to find a
molecular sieve or molecular sieve catalyst that exhibits high ethylene and/or

propylene selectivity in the conversion of methanol to light olefins still exists.

Summary of the Invention

20 The invention provides a method of making a heat metal treated

silicoaluminophosphate molecular sieve comprising:

a) providing a silicoaluminophosphate molecular sieve containing a
template;
b) mixing a metal containing solution with said

25  silicoaluminophosphate molecular sieve containing a template;

c) heating the mixture obtained at step b) to a temperature between
120°C and 400°C to obtain a heat metal treated silicoaluminophosphate molecular
sieve;

d) separating the heat metal treated silicoaluminophosphate molecular

30  sieve from the metal containing solution; and



5 netals, Goup IIB netals, Goup VIII netals and m xtures thereof, nost
preferably fromthe group consisting of iron, cobalt, copper, zinc and

m xtures wobhzo®sf. The netal solution is selected from t heCyuUsu®oet? net al
acetate solutions, netal nitrate solutions, netal sulfate solutions, netal
hal i de sol utions and m xtures thereof. 10 The invention also relates to a
cal cined heat netal treated silicoal ugi-nophosphate nol ecul ar sieve,

obt ai nabl e by the nmethod of the present invention. It also relates to a

heat netal treatgy si Icaleg@dgmmeaq@aml%aﬁd@rﬂicsaghﬁrgopggp%e ﬁﬁ‘él@fﬁ&ﬂ“ a metal

conpound which is” the thermal deconposition produc a netal precursor

i s di sposedsigie tohproeide arcakeined ieftanealdrediedsilioalnimndphes pateesolotulthe 15
nmol ecul ar sis%¥ , said nmetal being selected fromthe group consisting of
Goup IB netal's, Goup IIB netals, Goup VIII netals and m xtures thereof.

It further rel at @gefbrably, dRlnRdtdISE sel IR frsih fige @oli®BdnsiMBhAbf Gr&pptied
silicoal um nophorsgghat e nol ecular sieve according to the invention. It also

rel ates o & HsaupiBrarihgCempol Bk metals epd guxtiresrkeredfimeble 20 cat al yst
conprisi ngwﬁ{%&‘gﬁl?ggglﬁhg%% go%sﬁﬁl!l%gﬂatnlf P&%ﬂpt@%gﬁa}n% ad8 ln%%lre%r S| €ve 1S

cont act ed npri si east organi ¢ conpound t hat
cont ai ns at tHeeadt Tlonmetakyod@ivnat setedtakfrganid epup ofieetat adetlité sadmsorsui t abl e to

convert the oxygenate . into olefins. 25 Petailed Description of the
| nvention THIS %H(Pé‘?lf‘?l‘dﬁﬁor}seinﬁiale@qfa@ %E’?‘}t}oé‘éé’f“ﬂﬁﬂﬁggﬁé%lﬁg%ﬁsémﬂréq‘%%ﬁsar si eves
that have bpesrtreated under heat with a netal. Wien these heat netal

nmodi fied nolecular sieves are used in the catalytic conversion of nethanol
to |ightOol efi nsTheiveytiex hlisdialates ighenaloseiddent méthl esmtddo et hyl ene and/ or

propyl ene than the.30.corresponding. un i.fi.ed. si.licoal unm nophosphat e

mol ecul ar sPt 1&_8?1u%°@§?%’%‘§§£8‘ﬁﬁ°ﬂli’i%8ff a?u?ab?@ §y k‘efrfl?tg?&j%ﬁrﬂggfes t he
present inveniiehon. i B alsbudatds 184 RQEmeRI trbdied fAlieRdidinbpRospRite ol@atar et al
treated silicoal um nophosphate. The first step of the nmethod consists in

provi di ng aSi$ve FEeRIMaNSERb RIBpeTdevieh sdhe hernsdl deeorernsitionmiredychof & enpl at e.
5 Silicoal ughg Al ' i N -
di mensi onal ' M c?g%gggussedé{@éﬁﬁﬂ @%g%%?%réa?éﬁ@%p&ﬁfg{ﬁ tff%ﬁggﬁ ‘];;ih‘fl%loz] and
[ PO2]  tHr newlshiarsiege,tseidrmbietscihg sefdcted. frob ehevayuStonsstihgedGapdBed i nt o
the structure qa benget er {n 8ed 29Si  MAS NVR. (See Bl ackwell and
Patton, J PHV& s,@@m metals, Group VIII metals and mixtures thereof.
It further relates to a catalyst comprising a heat metal treated
silicoaluminophosphate molecular sieve according to the invention.
It also relates to a method of making an olefin product, wherein the
20  catalyst comprising a heat metal treated silicoaluminophosphate molecular sieve is
contacted with a feedstock comprising at least one organic compound that
contains at least one oxygen atom (oxygenate) under conditions suitable to

convert the oxygenate into olefins.

25  Detailed Description of the Invention

This invention relates to silicoaluminophosphate molecular sieves that
have been treated under heat with a metal. When these heat metal modified
molecular sieves are used in the catalytic conversion of methanol to light olefins,
they exhibit higher selectivities to ethylene and/or propylene than the

30  corresponding unmodified silicoaluminophosphate molecular sieve.



92, 3965 (1988)) The desired SAPO nol ecul ar sieves will exhibit one or nore
10 peaks in the 29Si MAS NVMR, with a chemcal shift 8(Si) in the range of
-88 to - %0 opmivsand with a conbi ned peak area in that ranper/oloiztoeizeast 20%
of the total peak area of all peaks with a chemcal shift 6(Si) in the
range of -88 ppmto -115 ppm where the S(Si) chemical shifts refer to
external tetranethylsilane (TM5). SAPO4mwl ecul ar sieves are generally
classified as being mcroporous 15 naterials having 8, 10, or 12 nenbered

ring structures. ATHES6Ebjetid tisd froehtin@8ntANs UG b AN HRAR A BNS| Z€
rangi ng fromabout 3.5-15 angstrons. Preferred are the small pore SAPO

nol ecul ar sPEYbeatmsialitpated silicorluganqpbipephetes dheflirstetep afammathodt 5

{rons, . . : i i ng_f hout 3.5 to 5
angetroms, cere TRty ARaREb RS LRI BT 2es are

20 typi cal odmpimeecul ar sieves having 8 menbered rings. SAPO nol ecul ar
si eves conprise a.nol ecul ar framework of corner- sharing [Si02], [Al02],
and [P02] tet rahgéPCQF‘IUHHP?@OSH*WF%mP %WGWZWQWWHSéM@eﬁ ve in

converting : b @%M ' R The

[ PO2] tetr aﬁﬁﬁ%&gﬁﬁ%ﬁwﬂﬁmﬁ%ﬂg r anemo%dt@t%%ﬁ%@rﬂéﬁ%&? %Jgﬂg)?z}ml ecul ar
si eve of t hicernenshenng detrabedralbmitsr die deag Sbis iacorportatet yntofthesimptsé tinons.
Exanpl es of .t hese ph . USx i ni ng,.c sitions i ude, phosphoric
XAl oS of b NSE RRTRP Y AR R, NS SRS oS,  NE0e, BosPhor ©
al uni nophosphasoss.(19489) TREASARATARD GRMBIaRLREsCHNMRARIHi RRSr #le M xed with
reactive silicon an al um num cont ai ni ng conpositions under the

appr opr 1@t e PeddR theonSi MASTIMR, with a denviesl slifl 451) &1 e aangFing -$E0P

t et rahedr al i it hi . ructure ¢ e rovided by a

vari ety of 8§ m%@.%ﬁo%‘é&“‘égg%%%g éc,)%?lﬁi% %azéaélgglog?ﬁelﬁﬁsir??:%n%fél?enﬁo%p 02/ 05951
PCT/ USOL/ 20614 of af peglapoish & closnsicalnalftidiSi)dh tie range & -Repbahers -s1Hprds al um num
i sopr opoxi de, Hare:t#lum' num phosg&gt es, al um num hydr oxi de, sodi um al um nat e,
and pseudoBerathe (Streemiral shifis fefenivraxiernal detiromgiodsitang AEMMe mi xed wi t h
reactive silicon 5 Lo i r e
appropriate condi t?%%g@q%a? %ﬂﬁ)é?e%%%)ﬂ%@enﬁrg%ﬁggﬁg@e%ggﬂ%ﬁgﬂﬁé%%

t et r ahedl¥ al matdrtags aivirig %) 10her rraembheekrisg stnotturee Tlaase bieg spuawiesiexh by a

vari ety o, RRIPORLLl NS Farmhes, Bl Dcte, o I con contal png, sgreest i ons
orthosi | i cat@all bBreBAIRD niedilLRAKEs Bavild ACRI44ETHBRAIASIINIGE enADbesU! ar
sieve, the 5 angstroms, preferably an average pore size ranging from about 3.5 to 5
angstroms, more preferably from 3.5 to 4.2 angstroms. These pore sizes are
20 typical of molecular sieves having 8 membered rings.

SAPO molecular sieves comprise a molecular framework of corner-
sharing [Si0], [AlO,], and [PO,] tetrahedral units. This type of framework is
effective in converting feedstocks containing oxygenates into olefin products.

The [PO;] tetrahedral units within the framework structure of the

25  molecular sieve of this invention can be provided by a variety of compositions.
Examples of these phosphorus-containing compositions include phosphoric acid,
organic phosphates such as triethyl phosphate; and aluminophosphates. The
phosphorous-containing compositions are mixed with reactive silicon and
aluminum-containing compositions under the appropriate conditions to form the
30  molecular sieve.

The [AlO,] tetrahedral units within the framework structure can be

provided by a variety of compositions. Examples of these aluminum-containing



10 silicon-containing conpositions are mxed with reactive alum num and
phosphor us-cont ai ni ng conposi tions under the appropriate conditions to form
t he nol 8¢@bzp59si eve. The reaction mxture will al so cont BETVUSKE06T7 nor e
tenpl ates. Tenplates are structure directing or affecting agents, and
typically contain nitrogen, 15 phosphorus, oxygen, carbon, hydrogen or a
conbi nati on thereof, and can also contmin at |east one al kyl or aryl

group, with 1 to 8 carbons being present in the alkyl or aryl group.

M xtures of chbit@offioPinglule ARhAkAS afkdrides AHNGE aimihiwhSSopipoxfliel f €rent sieves
or predom nantly one sieve where one tenplate is nore t#%ngly directing

t han anot helunpiguraphosehstas aglppinune hydrexide, sodiwhuelominate, aed hyl amoni um

salts, cyc i i t hyl .cycl ohexane i peridi.ne .

di et hyl ani né?aﬁt%%%eht%%??nqega@ﬁ%yc '%&Wﬁ%&"%‘?“ﬁ?‘?ﬁaﬁ? ﬁ%edngrf&%vtehyl ami ne,
nor phol i ne, silitbpaapphesphors{cBMANinghigdstidns LERR HmhAPrat BAditieaddi nat i ons
thereof._  Preferred tenplates are diethylamne, triethylam ne,

cycl ohex§ll af? {ntg? ¢cHianéieves pyridine, i sopropyl anine, tetraethyl

anmoni um sal ts, diu@n ' Wikt
tetraethylannnniﬁ#?ggﬁ¥i%%%@ Gﬁe t%traetﬁ%?égﬁﬁgﬁgﬁﬁyuﬁggyg%ﬁde ( TEACH)
tetraet hyl aromdddim phaspheff @mposttivast Bydmpenafithesssilicon@ontdiming et r aet hyl

ammoni um brom de,. .t etraet hyl. anmyoni um.chl ori de, tetraethyl ammonium
acetate. Pr g?WP%HOQSe’PS]&é? g‘il)f’a%ﬂj hiriem aloxides speh 3s4ehethy30 armoni um

hydroxi de apghbgticast hﬂb@% RBERBABMEophadghheYh At aiSE ek ed
tenpl ates are diethylam ne (DEA) as used in the preparation of’ SAPO- 34A and
triet hyl@nmi sBicorFEa)tainiee enveppsitions hes mixep siithtreastive AlugAR@ 8aB. WO 02/ 05951

E%ﬁ gts hog rzrgﬁgsc?rh ;915’\85%%&?1 Q{Ff %O SN h‘gstcltﬁoglgré’mg‘iérﬁg?e gﬁ’ﬂe}é&ﬁ%%&l }S?In% ﬁ‘gﬁ)%the See, for
exanpl e, U. mol&aiar sidves. 4, 440, 871; 4,861, 743; 5, 096, 684; and 5, 126, 308,
t he net hods of making of which are fully incorporated herein by reference.
A reaction nixturldeiréactign pagtupwil glsoGaniiin epeeraere templateye Tenplatesn,
al um num ang, : I e e tenpl ate.
Ceneral ly the%ﬁiﬁggygcéﬁgg%&%%ggﬁggg ggt %6%%113'20%3%@&8 eér aut ogenous
pressur & t phasrhenpeostgenccadfonabydregesitor h@d@binmtioh dreadaifyankircanalsd 00- 250C,
until a crystalline product .is formed. Formation of the crystalline
product can CPARE HTSRHIREEY R P23 BUHE. Bth (T § HBORSOHUERCST 2 Weeks. 1n
sone 10 cas @yl 8 Al brd@p. MdildsRE 06 oSRER BEpMdsRak pithad higesBt erial will
e

facilitate
different sieves or predominantly one sieve where one template is more strongly

directing than another.

20 Representative templates include tetraethyl ammonium salts,
cyclopentylamine, aminomethyl cyclohexane, piperidine, diethylamine,
triethylamine, cyclohexylamine, tri-ethyl hydroxyethylamine, morpholine,
dipropylamine (DPA), pyridine, isopropylamine and combinations thereof,
Preferred templates are diethylamine, triethylamine, cyclohexylamine, piperidine,

25  pyridine, isopropylamine, tetraethyl ammonium salts, dipropylamine, and
mixtures thereof. The tetraethylammonium salts include tetraethyl ammonium
hydroxide (TEAOH), tetraethyl ammonium phosphate, tetracthyl ammonium
fluoride, tetracthyl ammonium bromide, tetraethyl ammonium chloride, tetraethyl
ammonium acetate. Preferred tetraethyl ammonium salts are tetraethyl

30  ammonium hydroxide and tetraethyl ammonium phosphate. Particularly preferred
templates are diethylamine (DEA) as used in the preparation of SAPO-34A and
triethylamine (TEA), as used in the preparation of SAPO-34B.



formati on of the product. Typically, the nolecul ar sieve product is fornmed
in solution. It can be recovered by standard neans, such as by
centrifugedbpesosr filtration. The product can al so be waBtE@SOw®eDVer ed by
the sane neans, and dried. As a result of the 15 crystallization process,

t he recovered sieve contains within its pores at |least a portion of the
tenplate used in making the initial reaction mxture. In the second step of
maki ng a heat netal treated silicoal um nophosphate nol ecul ar sieve

according to the TheSET moleaRt kidtes afrbﬁyrﬁﬁésizg@%#gareﬂﬁﬂﬂaphate crystals
containing the tenplate are then treated with a netal solution under heat.

20 Pr ef er r e@ st ligagion sxethads ggnargl Lt ko vy ingenart.i SeeefiriewampledUSePact ed from

th i sk B of .al | B s, & VI
motal s and NS RSP hes B 38 a PR s elPilrgnatieeled 11 om
the group cevisitsire figly @torpored Heehby refeRARETA réabiiéh Bitudisdonh8by her eof

and nost _preferably selected .  fromthe group consisting of copper, zinc or
a mixturd t FEF@gtosefif reastivedlieom, plygupem spd ghosphoms sempenests, dphen,

oref 201y Sabeg\A% SABHIR. SOUDISABSHALRN, Sl Th AEGLALALGY) U | o0

netal nitrate sol utions, te solutions, ol uti ons

and m xt ur esnddrentgenoufheesseteaio asomptianns of@yedoe] I0emEferably fiofr aqueous;
inthe latter case, the solvent ma(g1 be an al cohol or other polar organic
sol vent. ThéOPePiC. ustikepistailingprodict isforenad Fopautigaed tle @ystaliiaad 10.0 M 30
preferably 5 referably between 0.08 Mand 3 M
The net al cgﬁdg?ﬁ%ﬁgalgeoﬂnw g% f?osrﬁ/% Ogﬁa%h%ér t§ma$]ﬁm¥1h%s %%/ngguﬁ%?mg? eve in a

react i oh0 vesaek, stindnd) eahielthg @ stdiding witk ehyathilimatadlwi facliypieard | y, the
m xture is 02/ 05 ié PCT/ US01/ 20677 -7 heated at a tenperature between
120C and 406€MaHPRPEMEHIOIUSEt ween 120C and 260C, nost preferably between

160C and 220C. Prefeaablife mbliufll Sbil ol i(1eRh&HnAbIAL OGARYS Pressure.

Any period of time can be use pen g upon e process tenperature, the
pressure, theovypeé byktandirdimeos, stcloms hysediriftigaion oc fittctiohr Thé prodaét t he net al

solution, and the t f_nol ecul ar sieve used. .For. the specific

t enper at ur eSAHP Bﬁﬁ}é?ehe ufe8%5é6r%(ﬂl%y S8BEMENY fid g%%@cﬁis&ﬁe%“iﬁfgéhi)l ace for
sever al 1hiouesystallyti6@blatedsOthe kecoRreret Sievh bortdink Kithf iARESE @Q6 4 hat one of
ordinary stil] in the art will know how to vary the "anount of time the

mxture is Redtoadf thidsmplitawsed pomabiaeithomitisheseligraniseeers. 10 At this
R0, e, oL a8 S0, A RSB om o
met al molecular sieve according to the present invention, the silicoaluminophosphate
crystals containing the template are then treated with a metal solution under heat.
20 Preferred metals according to the present invention are selected from the
group consisting of Group IB metals, Group IIB metals, Group VIII metals and
* mixtures thereof. The metal is more preferably selected from the group consisting
of iron, cobalt, copper, zinc and mixtures thereof, and most preferably selected
from the group consisting of copper, zinc or a mixture thereof. The source of the
25  metal is a metal solution, preferably selected from the group consisting of metal
acetate solutions, metal nitrate solutions, metal sulfate solutions, metal halide
solutions and mixtures thereof. The metal solutions may be aqueous or non-
aqueous; in the latter case, the solvent may be an alcohol or other polar organic
solvent. The metal concentration is typically between 0.01 M and 10.0 M,
30  preferably between 0.05 M and 5 M, most preferably between 0.08 M and 3 M.

The metal containing solution is then mixed with the molecular sieve in a

reaction vessel and heated to the selected temperature. Typically, the mixture is



containing solution. Oten the relatively high process tenperatures wl |
cause sone deconposition of the netal conplexes in solution resulting in
finely prveot/pissnted netals. The separated nol ecul ar si eveCT/AS®7Washed
with one or 15 nore fluids, typically water or an al cohol to renpove traces
of the metal solution and |oosely bound precipitated netallic ions. The
washed nol ecul ar sieve is dried, for .gxanple at 110C overni ght. The netal
can be di sposed on the external surface and/or within the pores of the

si l'i coal um penbrsRhelSeARIE644%RE ?ﬁ@teandwobk@%eﬂaﬁw PGl PBeEoypd to 20

any theory, the heat tal treatnent process i's beli'eved to occur in the
fol | owi ng f 26Wilomost piefaratily Petvitche 16051Ceand 220°6Ci Breferatiigtthe suixturesid Wit h t he

nmet al cont ajni.n solution had its ten e position within the pore
structure. b%%%%tra}l?‘)&?n?%é’r esﬁ?%cé?% P?rg‘gjp‘ggrt&?%aél tieéls?‘gg%l’é’aft@g MBO®f t he

tenpl ate or i RoadsitsmptarttecOEPRSdk ARe typk of Agtal SATRlicH &ei@ht exit the pore
structure and may be conpletely or partially 25 replaced by the netal

sol ution THenceafigionad thagpewhydutonenddedimd dfimolequlariseve netdaFoctbat ai ni ng
solution, t : [ o replace.the.tenplate in the
pores. Ot egﬁ%hfgcn%}rﬁ%%%gg ¢ aglr(rlpr{%?a &hug ﬁ !%I?Sg%%svsgret s %aoCPP? gaé(e%P laﬁeefotri ng poi nt

of the tenpbateeal tolwciybzally for 1athotze Ielk &ved tlicpt@sisbiteme of otdimariieat i ng
process. Alt rn%tivel ﬁ_, the high process tenperature can initiate
[

deconposi t i 8H! gbthgaevalieny hom oert bapmapet of igisshe mixtHes iphediohy, sone or

all of the HerRURALEBh cadh SBEQ Itk product of the tenplate m ght exit
t he nol ecul afgﬁ% e eppore%s WO 0%?8%9565 %CT/ USOL/ 20677 -8 during the heat

met al tt@at ment & dhisrsipgd @ne eplass echat owapbetaled adreapaetal wedtgd Wit h  t he net al
sol uti on.

After .the tal containing nolecul ar sieve i.s washed and dried,
the nolecuf O%ngggsr?lhﬁtg D&%{F(&Hlﬂeggw&w})bé}lﬁ?}hqnlsﬁpa&%\tﬁg?rr‘?@d&]ﬁﬂh?_ vari ous
condi tions. comaihitizl sedltion, OftBetHERbIBG VIR high pRYRsOfempBRnirseNE ek | s cal ci ned
at 550C in air for about 2 to 5 hours prior to use in a conversion reactor.

One thus obfenadecpmpesitioned teanetalmenyleses emsadetioni eywdived inrfinebphosphat e
mol ecul ar Sbgegﬁo\-}&a@tdéegg@_' e s&{p*&ﬁaéfd;@fgf%g@arg%%{eﬁ&hge}? LS Widd ore'sr 20 al so be

i npr egnat ed tiona ng CO-S0 i on of the

desi r ed1£0- aetrafludyrtypigallshwateheedn dfedhal tot te@@b e ides o ge. mhltselutiahi vel y, the
surface of the, nol egul ar sieve can bhe . inpregnated with the additional
co-netal by bloossly fguiheresipitaied metallighens| The Weshedrdplecilat Bie¥ns or nore

subsequent RQged f&eé)ﬁbpﬁé 8341680 bFernight.

The metal can be disposed on the external surface and/or within the pores

of the silicoaluminophosphate molecular sieve. Without wishing to be bound to

20  any theory, the heat metal treatment process is believed to occur in the following
fashion. Initially, the molecular sieve that is m&xed with the metal containing
solution had its template positioned within the pore structure. However, as the
process temperature is raised some of the template or a product of decomposition
of the template might exit the pore structure and may be completely or partially

25  replaced by the metal solution. The template may have some solubility in the
metal containing solution, thus enabling the metal complex to replace the template
in the pores. Often the process temperature is above the boiling or melting point
of the template molecule even at the elevated pressures of the heating process.
Alternatively, the high process temperature can initiate decomposition

30  mechanisms of the template. However the pathway, some or all of the template or

a decomposition product of the template might exit the molecular sieve pores



Sui t abl e SAPO nol ecul ar sieves that may be used in accordance with the 15
i nvention include SAPO 5, SAPO 8, SAPO 11, SAPO 16, SAPO 17, SAPO 18,

SAPO- 20, VBARIIVIL SAPO 34, SAPO 35, SAPO 36, SAPO 37, SAPEETOS01/86PO- 41,
SAPO- 42, SAPO- 44, SAPO 47, SAPO-56, and m xtures thereof. Preferred are
SAPC- 18, SAPO- 34, SAPO 35, SAPO 44, and SAPO-47, particularly SAPO 34, and
m xtures thereof. As used herein, the-t8rmmxture is 20 synonynous wth
conbi nation and is considered a conposition of natter having two or nore
conponent s  idriNgthei Hegt MEAPEEIneMSnd R§Hedbfasdbnipheily oppé{ﬁb&yﬁ’mtﬁt ate. The
met hod of preparation of the heat netal nodified Silicoal um nophosphate

nol ecul ar siaetabsadyian: ng to the present invention is thus a netal

treatment perfor t I I ieve.structure.is, formed. 25
| ncor porating thréx&%é%lﬁ%tﬂ%?n ggﬁrlolegcéb glr%v‘?sllseW/aéHﬁéa%n %réﬁﬁl’ B‘rﬁepar ed has

several advanilegés sevecad batalched o SirfidllytomedividerReioad Eeditionde physi cal
characte isérj cs ., of the m)}éec,ul ar sieve, such as particle and pore size,
can be vari daPsplythe Bolasular sieygefghe Brvartions calsingd pe0’E in gisder synt hesi s

techni ques gpQydE SUMRS piRRES 1Y thialdofiVerkiBn rdfRlogCul ar sieve preparation and
screeni ng. For exanple, ‘a particular net a? can be 30 tested over a w de

vari ety of nol ec@narthes abiass a calciacp hedt ineidl areated bidicodlamirviphvehaten be t est ed
over a w de r‘ﬁ)‘%%ﬁ of netals. Also, the nol ecul ar sieve structures WO
02/ 05951 PCPt 55897 -9 obtained by the various nethods can differ

significantly, WopgBnilsy, k&S ueGELr the modcank fibeadin MSfEnBRERSdn catal ytic
behaviors., A second object of the present invention relates to a heat
netal t t@at &dth asdditicasbmeisdshymeddngretoesolisican e desired eo-mivtal dimingitheet al
conpound whi I S it r d npesi.ti-on oduct of a metal precursor
o o sposed g ikl Emehs L Fenf e QTS R P R Gl Bthhe

mol ecul ar simpegnsead dititehadd diginalcsalett be tlldwitgmheiRstdHeai@etapnsi sti ng of
G oup IB netal s, Gogps JI B met%l s, Goup VI]I netals and m xtures
ther eof . Pr &Faimnest YithoRe ORREE] subseqyantdiepligetal EatmaEs.gr oup  consi sting of

iron, cobalt, copgghble ZADS mBRduld} é(iEngﬁa%hﬁ?rb%Qlfsed ?i[h?g%rgérsgeg)(li Iy, the 10

metal is selected fromcopper, zinc an xtures o nd zinc. The
met al pitecutsentipsinshide SARD-Hr HAPOHe SO, SHD-$6) SWPOF1 TnBARD-1%cet at es,

metal nitra t@ﬁ | f a# &?IIP AR f nmetal
di sposed ontsﬁyg'git (219)’ 15@%‘?@6%{ §%§bﬁ >, '_ﬁg’t (ﬁg’?ggggb"‘f%e nmol ecul ar
sieve is sgapd-hatsSARG-410t gPOLAS SAIPE)E7 GANT-K6 8% dREkHEAL OO and 20
percent by weight 15 metal, preferably Between 0.05 and 10 percent by
AP
wei ght net aPrefpgedhag SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,
particularly SAPO-34, and mixtures thereof. As used herein, the term mixture is
20 synonymous with combination and is considered a composition of matter having
two or more components in varying proportions, regardless of their physical state.
The method of preparation of the heat metal modified
silicoaluminophosphate molecular sieves according to the present invention is
thus a metal treatment performed after the molecular sieve structure is formed.
25  Incorporating the metal after the molecular sieve has been prepared has several
advantages over that of in-situ metal incorporation. The physical characteristics
of the molecular sieve, such as particle and pore size, can be varied prior to metal
incorporation. As aresult, post-synthesis techniques provide wider possibilities in
molecular sieve preparation and screening. For example, a particular metal can be

30  tested over a wide variety of molecular sieves, or a particular molecular sieve can

be tested over a wide range of metals. Also, the molecular sieve structures



preferably between 0.05 and 5 percent by weight netal. The heat treated
sili coal um nophosphate nol ecul ar sieves of the present invention are
useful asv@aredvysts in the conversion of feedstocks cont aP@imgoizo6i7zeast
one organi ¢ conpound which contains at |east one oxygen atom (hereinafter
20 referred to as an oxygenate) into light olefins. For this purpose, the
si |l i coal um nophosphates may be used inonbination or in adm xture with
ot her conponents. An al um nophosphate (ALPO nol ecul ar sieve may be used

in  conbi nabbaineditiythé kerisislhaBedswah aFRh SisRIRhAS), Whidde réAvegAtRON. 25
Al um nophosphat e nol ecul ar sieves are crystalline m croporous oxides which
can have aflgnisent diffsramgenin catulisip bebavieiave additional el ements within the

f K, i - U ' ' ' f bout 3
angatroms' 1o, Aboot “48 SapiekHE R FERt B bR o b ARl B Sl ect ve

separ at i ons siicoaiohm@mphasptapanokesulaiie vwiadin bh\wietd @osiposid WaicHhetheypes have
been 30 $ep rt i ncludi.ng zeolite topol ogi cal anal ogues. A nore detail ed

ed
descri pt 1 on ty¥0at REOBRERILPD FYUSHY adpeiplmsequesosfs disnasehempssstearads i s found
in US. Pat j [oSnd t i rence in
T et i 1ot e apdiof Wil he PSSR e R GRRRRLGH AehE dp Bl E L T M es ar e
ALPO- 5, ALP@OJIﬂ.the/gE@@Cm,SlsmG@PPMB@QQ,GIOMHQB IfstalYLEOuB ¥ Iland ALPO- 46.

The ALPGCs can_.al so,include a al. substituent in its framework.
Preferably, nﬁags ] lélllﬁfl%es ?Eﬁr‘:eorc{‘? Efff?r'fl@?h Raei! biﬁﬁpet‘}msff%’ﬁ %T‘Fg‘:f’f%‘fp magnesi um 5
manganese, zbmMsting@@Rdh! cob@NCoPbl Hih€Snl REk@eds thekBES Bio5H it BlyS 1y ef erably
exhi bit _adsorption, ion-exchange and/or catal ytic properties 'simlar to

al uni nod? | | &t is sehgcied HeypIroRpATatiac ansimiturpef opperiand phissphat e nol ecul ar

si eve conpositio i nd. thej.r..oreparation are
described in U. S%Eg%%@g&gsogweg}ﬁ%d %%O%E%IF %B?ué)tcé) > térge? ne %tfil reference in
i ts entir et yicetdts, hingalmitrates, @odl 3iitegordhSeEhaidee EhetdniR@t 6f femsi onal

m croporous . crystal framework _structure of M2, Al02 and P02 tetrahedral
units. Thesélsgggg%r%’ﬁb? %@U}\gﬁwr@f? /o widhip i RosescEribamplecalspsiateispri or t o

cal ci nati on : Ll ' &r{g,q;'- j.on, on an
anhydr ous bgg@atgg:e dﬁ%&?ﬁf&kﬁg‘%@%{%%g?%twe lgpglg %ﬁ&%%krégr e enétlgﬁtat | east
one or gahi c metgippraferabdy befmreen P&t 0 percedidy waightawatslshdinidshe pore system

morepr eseg}e%ertag'l% brg%lveee% 0065 ;nFS'S gerrggn? g;[r wpelegrht nrg%!ca? of
The heat treated silicoaluminophosphate molecular sieves of the present
invention are useful as catalysts in the conversion of feedstocks containing at least
one organic compound which contains at least one oxygen atom (hereinafter

20  referred to as an oxygenate) into light olefins.” For this purpose, the
silicoaluminophosphates may be used in combination or in admixture with other
components.

An aluminophosphate (ALPO) molecular sieve may be used in
combination with the silicoaluminophosphates of the invention.

25  Aluminophosphate molecular sieves are crystalline microporous oxides which can
have an AIPO, framework. They can have additional elements within the
framework, typically have uniform pore dimensions ranging from about 3
angstroms to about 10 angstroms, and are capable of making size selective
separations of molecular species. More than fWo dozen structure types have been

30  reported, including zeolite topological analogues. A more detailed description of
the background and synthesis of aluminophosphates is found in U.S. Pat. No.

4,310,440, which is incorporated herein by reference in its entirety. Preferred



(MKAl yPZ) 02 and has a value of fromzero to 0.3, the maxi numvalue in each
case dependi ng upon the nol ecul ar di nensions of the tenplating agent and

t he avai Ivedbz0398i d vol ume of the pore system of the partieor/asowmszl 20

al um nophosphat e i nvol ved, "x", "y", and "z" represent the nole fractions
of the netal "M, (i.e. magnesium nanganese, zinc and cobalt), al um num
and phosphorus, respectively, presenti@s tetrahedral oxides. The netal
containing ALPCs are sonetines referred to by the acronymas MAPO. Al so
in those cag@POovicturkgrenatEd-5; NEPOLI, WP OLeeNOSP(3@NAT POy Magnesi um the
acronym MAPO i s agpl ied to the conposition. Simlarly ZAPO, ~MAPO and
CoAPO are apgtiQdotALPR8TearhOEPOr4ns which contain zinc, nanganese and

cobalt respectiv ) j i f. e { ous..structur.al species which nake
up each of the su ééA’r{:eBrtl)gc&g{}gggéégﬁﬁﬁ,g{a%&ﬁ%tAbﬁsgrﬁﬁlewo PO, each

speci es i s dsdeghigdthe ntaiieselesiel fromitesatvin tadistihg@bf exaimiey, as 30 ZAPO-5,
MAPO- 11,5 CoAPO- 34 and so forth, The SAPO nol ecul ar sieve of the_invention
can al so° be"SARRIESE ZnC, gobaltyprdmisdures thereaf. atkagy matarislsqurplsrablipediliinl s. Once

prepared, thgdasil Idnek NAI2hERDoda 'S?Hﬁ\%{e%%gﬁﬁr to %1 ‘f'@gﬂﬁﬂet ion i's

typically referred to as a SAPO cataly e cataly conprising the
SAPO nol ecubkmisdmhpephaidtnst ibdasalwhinophasahath endbdoaiud sidvevcdhpdsiteons ol ecul ar

sieve can be,various.inert or .catalytically active rials, or various
bi nder nat emeélilabse.rs Gltﬁtglsgeﬁmtaﬁﬁl fhﬁfréf’r?l%&tﬁaér‘%’%%ﬁb@dtlf‘gﬁéﬁ?ﬁ%-as kaol i n and
other 5 cl ays67\0ab)iabspbRtddtheRiin bRfer8idelih ieh@les, Metal oxides, other

non-zeolite catal yst conponents, zeolite catalyst conponents, alum na or

al uni nal@ol , al ufbaoatal chntgiiggIfbPOs hiteeatthege-dimendonad mierageress a, t hori a,

ber yl11a. URREE i bbABALBL LA, o0, Sl e 8 Pheg NG XSS, Lo eof-

These conponents are also e acl ¢ Bveral |
cat al yst costanufacturattstastiaes (wichedon@imtendplat@psorsb chldinagéd) ahbel di ng 10 the
catal yst during reg%nerat i,on, densifying the catalyst and increasing
catal yst stPERGRIFT O emaricah chenpigrlgpmpogien, oagnanpidious basisi #ert materi al s
that are used in the catalyst tochEMaglp) per mal sink have a heat
capacity of from about 0.05 to about "1 caflg-C, nore preferably from about
0.1 to &bout 0. 8whateiy-K raposentprebast aind yreafic temabing agdntpreenatmothe 0. 5

n al um.na, bi nder m num chl o drol,

and! or one B PLA RS SR TR SR PO GREARS RCEREREOICH Wit h ¢ he
mol ecul ar  spay&1PHOL BEd hhsWeibid STrom berb 80 A0S GiHxAhuB VAN ih Sadhatdre dry
from a fluid, sSuch as water, is
depending upon the molecular dimensions of the templating agent and the
available void volume of the pore system of the particular metal
20  aluminophosphate involved, “x”, “y”, and “Z” represent the mole fractions of the
metal “M”, (i.e. magnesium, manganese, zinc and cobalt), aluminum and
phosphorus, respectively, present as tetrahedral oxides.
The metal containing ALPOs are sometimes referred to by the acronym as
MeAPO. Also in those cases where the metal “Me” in the composition is
25  magnesium, the acronym MAPO is applied to the composition. Similarly ZAPO,
MnAPO and CoAPO are applied to the compositions which contain zinc,
manganese and cobalt respectively. To identify the various structural species
which make up each of the subgeneric classes MAPO, ZAPO, CoAPO and
MnAPO, each species is assigned a number and is identified, for example, as
30  ZAPO-5,MAPO-11, CoAPO-34 and so forth.

The SAPO molecular sieve of the invention can also be admixed (i.e.

blended, formulated) with other materials. Once prepared, the resulting



added to forma slurry. Mre often, however, the catalyst is prepared
followng the preparation of the nolecular sieve which is nmaintained as a
slurry fmoo02/bes1 20 preceding crystallization step. The oP@BUSCRIPDNent s
are then added to the slurried nol ecular sieve as either dry solids and/or
as slurries. This final slurry having a specific solid content and
particle size is mxed until a relativély uniform distribution of all
conponents is obtained. The uniformy mxed slurry is then spray dried or

extruded tocémposititieisappiodlssicferRB 1\ S APOMataRL Gk BE cBaRNE Naterials can
be included as a part of the_ SAPO catal yst conmposition or they can be used

as separ at e “HBPEYP Hhe SARY énoleylas sipge sMaferiatiiviichu pan bg blpndedevidbo cat al yst
1 oot redl oRAUdIAL ch PO Sarflos BB dr R By PARGULALRUL VPRl R _are

suitable for use In IS rnvention inc ' ATT, ATV,
AWN Bl K, ChiadeQHaterialsl ThE¥GnatBDRs incDide cbdibosiBOnsGch akKdolinlam¥ otHe®V, LTA,

MON, PAU, PH , RHQ, THO, an substituted forns thereof. Structural
types of> neléfaﬁ%vﬁﬁf"ésﬁ‘éegﬁgéer e%&é@%glsatlﬁ%fﬁl oxides, Qe ngsrzeotitcatsdBst i n t hi s

i nvention i BehpsiRnMbeol MEbatalYI\bmBEbRntMihmiha B AR CT/ USOL/ 20677
-12 FER, AFQ, gEL, TON, andagﬁbsﬁ%t utned fg%lrr% thgr ec%%.%{’% esémgrrall and

medi um por eblagiydral] tirnisj Hrcesiagmegubsiacthotiadeyiligrqmattz siltbetoasilica or t he At as
of Zeolite _Structural. es, Meier and D.H . Ogen, Butterworth

Hei neman, 37 "%8‘?01: an“?“é‘B;;ixr%? ﬁi&fe\é\ét“il?ﬁssamae%@fsp%f? Bii° 8&%‘(.%%@%“@&@ icitly

i ncor por at echtbhedlR] vyl atilgdiebangding RS 8 tiesrmerkiiPlasubah ehiawRsdiMbi ch can be
conbined with a silicoalum nophosp ate catal yst include ZSM 5, ZSM 34,

erionité&) athe @iiyhdpiies regpperaions densifyingithmeatalyg apdingreasingseatalysti t i on of
t he inventi Yipi . ' y 9 te. preferably
about 5% to abdut )%840}6&%” mrr%%ﬁ%?e g{rhael]%‘i{%/rhg%%ggﬂ %lba&) é?ousa 6nu1ih880% by
wei ght of noitelyst taractasevtherndl sink hatsoheat Oagaci§ of frem abbat0.0h® adatial yst
particles h re preferably about

a%/}&sgcsi ze of f f)g? about 20. i ago 3,000, no
30p to 200, “HEst 76P%rfeé’|r%f5§a%y 50 £0gb0t1do| e?t%%alégat%l%fpﬁﬁqf%hlﬁl es can be
subj ected tg.g M&{@_tlxo%o%gﬁgapg_mbs to achieve the desired physical and

chem cal characteristics. eat nents include, but are not necessarily

limtedifo hydroPhgemably dnrabahiigbindeCalch iaf alub@fum aBiothyldi@aid®itone Base 15
treatnment, mlling, b%ll | mlling, grindjing, spray dryi n(_:l, and conbi nati ons
thereof. THOIGERR] yuth gdieplip|ipuseddn campinatomwib dte mplegtlatsisnsioddhd ar si eve

ccoorcl ng ek, PESSERL ARSI ASE SRI SRR SHRIEL e
f eedst ocks eddudad fivmya slurrly e dire often, however, the catalyst is prepared following
the preparation of the molecular sieve which is maintained as a slurry from the
20  preceding crystallization step. The other components are then added to the
slurried molecular sieve as either dry solids and/or as slurries. This final slurry
having a specific solid content and particle size is mixed until a relatively uniform
“distribution of all components is obtained. The uniformly mixed slurry is then
spray dried or extruded to form the catalyst.
25 Additional molecular sieve materials can be included as a part of the
SAPO catalyst composition or they can be used as separate molecular sieve
catalysts in admixture with the SAPO catalyst if desired. Structural types of small
pore molecular sieves that are suitable for usé in this invention include AEL AFT,
APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ER],
30 GOO, KFL LEV,LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and
substituted forms thereof. Structural types of medium pore molecular sieves that

are suitable for use in this invention include MFI, MEL, MTW, EUO, MTT, HEU,



organi ¢ conpound containing at |east one oxygen atom (oxygenate) to |ight
20 ol efins. Accordingly, a third aspect of the invention relates to a

met hod ofwoakd3egt an ol ef i n product, wherein the catal yst POf/UBHIER06TIVENt | ON
is contacted with a feedstock conprising at | east one oxygenate under
conditions suitable to convert the oxygenate into olefins. In this aspect
of the invention, a feedstock contai nkhg-at | east one 25 oxygenate, and
optionally a diluent or a hydrocarbon added separately or mxed wth the

oxygenat e, FERAREBAR] TON nd sGbstdbi¥é foreRMabdl MBed seAAQnadl&euhar sieve
in a reaction zone or volume. The volune in which such contact takes place

is herein tQP%HOIteﬁ‘éla{‘Sri%‘@éta@rquCf\mﬁdéh grraier getad ipthetdrigh ohZealigact or
ADParaLUS” QtrycsfASHEOY SYSUBI ind PO RLePBL AL LGRS o SySt em ay

be a "regenerator ich conprisés a vo rein carbonaceous
deposits (on98nkky daailddrescripioalof sthiches ekpliokty fcompoidnel ikeihbp conver si on

reaction_are renov ontacting the catalyst with regeneration nmedi um
WO 02/ 05951 ' PEFRETS IF%Q%HOH?CUQL@S Hes Wﬁvgéﬁ%{?"ech@@%‘i WER20f this invention
conpri ses akjllc8AahitiPBofheR Hatalyst HMRALIENME SRNEINLRRRe %B%l:l?a%lﬁhté? ne oxygen

atom (oxygenate), such as aliphatic al cohpl’s, et hers, carbonyl conpounds
(al dehydes, ket oddter forardthasion) ihe catelydscommpaitiborndtlesinvesivertgpicaily t he | i ke).

When t he oxygenate is | coh t he al coh C i.nclu n aliphatic
noi ety havi ﬁgmﬂl%er% O’tltgﬂ/igo %bé)rugé%%a‘%’f%?re%@?bb asn&“gg%’rtgﬁé’?}‘qug%ﬁ‘ié to 4
carbon at ongosReRfesEN LB EYPoGEBE] 0%, b wideht iy MBI Seve NRELASAT i | Y
limted to | ower stral ght and branched chain aliphatic al cohols and their

unsat ur & ed PESemRdhatihe satalysippgicdes heve ggize 96 Fromoabpybit o T Ppomens
include, b I 49,1 : , g 2 | ;
: 2 gp?oganor?r%%ﬁbl?%%ggﬂoﬁgl t?%ﬁgﬁ,sr{l@néﬁ%ﬁ&a%{}%grl?o;gir ?rgfl RS | ether;

di ethyl ether; diThesetalyepydrtidthent;be sibjeorl dehyaidsty of refiiyhts caiddarat e;

di met hyl ketone;. acetic acid; and m xtures, thereof, Preferred oxygenate
conpounds a}‘}ée ‘fﬁ%‘crﬁ‘i S}C"‘Ef“ﬁﬂ‘_fh‘?wcaégh?éﬁ?tf’rbﬁucé_ ‘Fﬁ@(tf‘?i‘?‘l’é%tﬁ@tc@éﬁ. YA et hod
of maki ng t et MIcBIsBFilyEmREEH HYIRHRIHGT trédmbfY §al&iﬂ¥tﬁiﬁth 8 ty6@thent Badd1¢! ude
the additional step of naking 'these conposi tfons from hydrocarBons such as
oi |, codb, twetmeahdnillgigabdl mbliogrgsmdimedspray divalg, gadconMiEnstous teocofmaki ng t he
conpositions ar eTIflno incl.ude fer msﬁ.t ation to

al cohol or ether, ﬁﬁ%ﬁ%%ﬁ@ﬁ%@%ﬂ&%?ﬁ'[e?r&gt%eggegﬁg%lﬁql?{ggletvﬁé‘c%%; PResi s gas
to al cohol tothegli&ient inPyionasd sedass eanlyRe faBeesfersii MM cRibBsEsSes such
as in particular for the catalytic conversion of feedstocks containing at least one
organic compound containing at least one oxygen atom (oxygenate) to light
20 olefins. Accordingly, a third aspect of the invention relates to a method of making
an olefin product, wherein the catalyst of the invention is contacted with a
feedstock comprising at least one oxygenate under conditions suitable to convert
the oxygenate into olefins. |
In this aspect of the invention, a feedstock containing at least one
25  oxygenate, and optionally a diluent or a hydrocarbon added separately or mixed
with the oxygenate, is contacted with a catalyst containing a SAPO molecular
sieve in a reaction zone or volume. The volume'in which such contact takes place
is herein termed the “reactor,” which may be a part of a “reactor apparatus” or
“reaction system.” Another part of the reaction system may be a “regenerator,”
30 which comprises a volume wherein carbonaceous deposits (or coke) on the

catalyst resulting from the olefin conversion reaction are removed by contacting

the catalyst with regeneration medium.



20 steamreform ng, autothermal reform ng and partial oxidization. One or
nore inert diluents may be present in the feedstock, for exanple, in an
anount ofwéppesoitto 99 nol ar percent, based on the total pPOMbse/2677nol es of
all feed and diluent conponents fed to the reaction zone (or catalyst). As
defined herein, diluents are conpositions which are essentially
non-reactive across a 25 nol ecul ar sievg-catal yst, and primarily function
to make the oxygenates in the feedstock |ess concentrated. Typical

di I uents i ncl ude ThewkygdatefoédsRREDF FAE [nviintidnl d¥niRHed 4 1081 bt BreAfigON, _

ni trogen, carbon nonoxi de, carbon dioxide, water, essentially non-reactive
paraffins (&3peewd whichgantaing ahleastone Rxygenrmian (v genstdaveh annlgphatiopane)

tiall - i I n-r.eact.ive.,aromatic 30
conpounas. * ARGRok Aty Y IR Ena CRREIAA Ao ERS L X808t o and

ni trogen. \ddenategrstom andjtiechile)l Wheeithdextygkhaieistnalconapdie dl@hal WO
02/ 05951 _PCT/ USOiL/ 0677 . -14 Hydrocarbons can al so be included as part of
the feedst ofRl melude analiphatic meigly haxmedem b éey 1 hearBematomydrear bons i ncl uded

with the fepdgtsk Bi® 1 thYLhBCRRRMY. §ﬁt5‘@i%%dﬂ315ﬁﬂclﬁ{i§bﬁ%§’§c§tt ed to

anot her chem cal arrangenent when contacted wth nolecular sieve catalyst.
These hydr osasdseady digmted e lavcke staightefnid bsanchehdtinvdipbatiailtohuds andeact i ve

al kyl ar omat iﬂcesl, nre%ctti¥e ageoma i or m'%<t U{ f thergof. Pr eg‘ierred

hydr ocar bon "¢0- PE&HE TR ,art?rg%@PB}?ép B‘Haseeor%?elﬁ%ﬂmé’%,s Ca+

hydr ocar bon i#dlxde, beiSare @tﬂilﬂﬂ&f@Cﬁéﬁh@ﬁblﬂ@tﬁ&ﬂw;Qﬁpro@ﬁ%l;%éﬁrk#%ﬁl%l;td);er eof. Mre
preferred as co-feeds are a C4+ hydrocarbon m xtures, wth the nost
preferréd Ko Hgolods: mejhylstr sdsr dimethylesshenndiethy betberoditispprepyliethem
separation f ey t Sln. r f this

i nvention, ?%%g%ﬁ%égéﬁ?g%ﬂgg%ﬂﬁgﬁgéggggﬁggggﬁﬁywmg%%ﬁ%%P?%%%@ﬁ% coked

catal yst wi tlhereofr Pgefareedbd:iyganaie doipaunds aerrstiarsll |dimethpbdther0dr a t he coke
deposits. Thi.s regeneration can occur periodically within the reactor by
ceasi ng t he WKW Ber%ed to the reactor, introducing a regeneration medi um

15 ceasing flow afhet8ndrsrenaliag t'h%ré}‘gﬁéwlbﬁ@g@dh&%tﬂiﬂn%ﬁtﬁﬁ%h”9 the feed

to the fully or partially regenerated catalySt. Regeneration nay al so
occur pé?di odradadd the additiowh sien wb makingdlutss cdmpodigonsdant bydibgarb@noucing a

portion of the..deactivated .catalyst to a separgte regenerataor,
regeneratin§® P}]l’eco&glzaer&a]&(gtsgarlfl’%ﬂorp Sstaﬁé na?‘é%&%er@?@?fis g’ﬁ@%ﬂ’&é‘auent! y

rei nt roduci RgmpbEtiI6HRABBRAG £ th B3ha! YhbselRethfiR ihEadd RimemditidRagener ati on can
occur at tines_and conditions appropriate to naintain a desired |evel of

coke on t he 2BRbPLe ether.angiing sintlisis qahdheneerayerting the synthesis gas to

alcohol or ether. Synthesis gas can be produced by known processes such as
20  steam reforming, autothermal reforming and partial oxidization.

One or more inert diluents may be present in the feedstock, for example, in
an amount of from 1 to 99 molar percent, based on the total number of moles of
all feed and diluent components fed to the reaction zone (or catalyst). As defined
herein, diluents are compositions which are essentially non-reactive across a

25  molecular sieve catalyst, and primarily function to make the oxygenates in the
feedstock less concentrated. Typical diluents include, but are not necessarily
limited to helium, argon, nitrogen, carbon monoxide, carbon dioxide, water,
essentially non-reactive paraffins (especially the alkanes such as methane, ethane,
and propane), essentially non-reactive alkylenes, essentially non-reactive aromatic

30  compounds, and mixtures thereof. The preferred diluents are water and nitrogen.

Water can be injected in either liquid or vapor form.



Cat al yst that has been contacted with feed in a reactor is defined herein
as "feedstock exposed." Feedstock exposed catalyst will provide olefin

conver si 60 02/@¥®6t i on products havi ng substantially | ower peDpaneoarid coke
content than a 25 catalyst which is fresh and regenerated. A catalyst wll
typically provide |lower anounts of propane as it is exposed to nore feed,
either through increasing time at a gil#en feed rate or increasing feed

rate over a given tine. At any given instant in tinme, some of the catalyst

in the reactor wHydrQRrbonk eshals$ BERCIRABEREHH Sthe ARTstSAUTBCRKEHA OF
partially coked as a result of having 30 not yet been regenerated.

Therefore, ¥ead eifsdefied hernin, bydroprsbenatinglydad with thedeadstack ore wi | | have been
[ cedst ock eXRIRERL G ALARLEBELLAE ot IR SHREHANSRBRCRL, 1

feed fl ows e reactor can vary, t

02/ 05951 PCWhdbChhtae6d with-mdlbcul pasidvie@amlyaf. Thige BpdradasdnscanimhiRe vary. To
account for Erp s varjatio the "average catalyst feedstock exposure index
( ACFE i ndexeting, 1gagtyepar fsaetays alleylgrogisticy eeactiparamatien ortieixiiesch t he

entire catakyglof Prdifiged 1%%&6%'%&%-@%?18&38’9@gﬁgﬁn@%?ﬁg%apéﬁgﬁﬁg d herein,

ACFE index is the total weight of fe ivid y the wei ght of
nol ecul ar siGavhydrbcabon mitthnes]iGy hpdmcebon mivaurtes, andtrxturasfthérbet, dddral yst
conposi tion) nt.to t edreactqax The greasurenent.ﬂgtgoul d be_ nmade over an
equi val ent PFAETTHISSRUEFds atp g G nBYdrpeasbehpEstyrss, Vaighe BoskPefAgd enough t o
smooth  out being@ UaydeBabbmeabRl Whichofre bRGHISH A6k JephBBoPMAEd g to the
reactor and regeneration process step selected to allow the systemto be

viened &% eoE&seioaPIofudd continuous. In the case of reactor systens with

periodi c regeneraf | j [ fromMhqurs.up to days or longer. In
t he case of reac?ltcl)'#h% yg?eéér]réfst\lfl\n& f} ﬁvengﬁg’gct%gﬁé F%?lp'é;t c%%R%F%ﬁ?er?tgé@Xer ation,

m nutes or lkonmstingpiie bekesiwatalyst efith.a regeeratioh eredfunt ftrahy$é alt arpdheofreasur ed
in a varietg of ys. .In_the design of the equipnent used to carry the
catal yst betifetedrRosite s This regenaratien erercspioperiodieslly pathirtha rspstor by ow r at e

can be det ercgasﬂ%dtlhg hﬁ%f{f&lﬁ tﬁ'?llﬁélare%t&d Hﬁfédﬁ&né%trggeh&aﬁ&?mreﬁiﬂﬁf or, the

average coke level on catalys eavi ng the reactor, and the average coke
| evel ohS catcedsyng fldve afthegegeneratieyerdivat, and then reintrogheingt the feedmd thewi t h

cont i nuous al yst .f]ow, a i of neasurenent .techni qgues. can be used.
Many such ?@bﬁ#@&é@iyﬁ%e @i@?ﬁ%ﬁt en@?ﬁﬁﬁp&y%%? QWWF%“"E’%@%,
" Exper i ment ak ca@Rinh66 GRS the ehétbih Plehid@ iy A HiEHBRE deaciRES, Avi dan, &

Knowl t on, eds. Bl ackie, 1997 (336-337), the descriptions of which are
expressly i ei@lgbiod snarateaeeanaraiyy, regeraraimedhe coked catalyst in the

regenerator, and subsequently reintroducing the regenerated catalyst to the reactor.
20  Regeneration can occur at times and conditions appropriate to maintain a desired
level of coke on the entire catalyst within the reactor.
Catalyst that has been contacted with feed in a reactor is defined herein as
“feedstock exposed.” Feedstock exposed catalyst will provide olefin conversion
reaction products having substantially lower propane and coke content than a
25 catalyst which is fresh and regenerated. A catalyst will typically provide lower
amounts of propane as it is exposed to more feed, either through increasing time at
a given feed rate or increasing feed rate over a given time.
At any given instant in time, some of the catalyst in the reactor will be
fresh, some regenerated, and some coked or partially coked as a result of having
30  not yet been regenerated. Therefore, various portions of the catalyst in the reactor
will have been feedstock exposed for different periods of time. Since the rate at

which feed flows to the reactor can vary, the amount of feed to which various



In this invention, only the nolecular sieve in the catal yst sent to the
reactor nay be used in the determ nation of ACFE i ndex. The catal yst sent
to the reae@dD03951 25 however, can be either fresh or regenPCRUSH/WE77a

conbi nati on of both. Ml ecul ar sieve which nmay be recirculated to and from
the reactor within the reactor apparatus (i.e., via ducts, pipes or

annul ar regions), and which has not beéh- regenerated or does not contain
fresh catalyst, is not to be used in the determ nation of ACFE i ndex. 30
I'n a pref er pedicasbditiercetatysotant discsvarnVEn becdint far fheeehriaabl, ah*Reraas
oxygenate, and optionally a hydrocarbon, either separately or mxed with
the WO 02/ 058lys stasirppBiy indey GAGRE drdex)’ds upes! te gRengtntetelniefinea cat al yst

cont ai ni N9 ghe3ARG: IPKWARRMIEE eRir€¥&aBlt in ae?ﬁ&‘c‘f& 0B iieQ&%oc%fegiﬁg dgve to

produce olefins in a reactor. Any Stan reactor system cah be used,
i ncl udi ng fixed Bedsed hereih, BEFEondexnis vherigtabedighy sf fead divRicd bgrhiemtaleact or s
are co-current hrigr%ro react.ors,.and ﬁh contact ti ount er current

% PEmolsed

. t.5
free-fal aF%‘BY%l'e’ﬁécP@éﬁpﬂﬁd%?eﬁeﬁ?n&%&ﬁg@ Y$n oxygenat e

f eedst ock casmpesitier)isasttt6ehaehdlo THRIBS&IhRMea BYUEIdRIRIMvetin @ Wei ght
hourly space velocity (WHSV) of at |east about 1 hr 1, preferably in the

range of fr &fyixyewttime iteryal; grdithe Gmerintervahshosldhredbag etisivghitmsibethr ange of

f rom about - 1 0- r t preferaply in the range of from
about 20 hr Oﬁ%}%} ‘%‘?"QYLQ °§/\i‘f§9/§:°1§i‘ %geﬁiaﬁ%é‘%ﬁéﬁ%ﬁ‘ﬁ)f%ascp‘?ﬁﬁmi ght of
oxygenat e, apgndytisrop@cesntephiciebied M@ylapthedpatiito be vievetiag efsep@hllyper hour
per wei no i eve content. of the catalyst. Because the

%’ut of the diélfgm ar |

cat al ystV or COHEUPBE &t %Rasﬁﬂéfeéﬁﬁ‘?f 8yStee With Peradig regpreratigis hisgel as inerts
or dil uent s ;dRercWHRYrd S0 &R 'i"lo%g IR Y ' f ::he oxygenate
feed, and a?\%/r{ghyél_)r ocarrbo% V\/nEiEy(g:r? ma elggng%e%aé\%t)g%% %m(rgmwl{ehgul ar 15 sieve
cont ai ned i pulisteastieldy ednptant re@eedratich) minuteher loysgamabesifiieidnt S contacted with
the catal yst when.the, o nate js in a vapor .phase. Alternately, the
process may be CE}OrV_YEa&eB{E%Iagéﬁﬁtﬁan%"?’&‘_ﬁ?séi‘r%lrm&Vﬁf1§t€&§Wé§%r]}qt;‘ﬁaF%gl_ hase. Wen
the processof the@ghiiphRet @ék t Bardy the Qhtalst BARES 18E rAclt X@fre@RP4tHE | qui d
phase, different conversions and selectivities of 20 feed-to-product nmay
resul t 4epetis stplispHavine ceabadptsrminnd siventie coke poddstidnonts.in ththe  pr ocess

can gencral L LI a4 6 8,150 ARG, O B SHAUNL gt L1 v
from about 366Qetd o6 @BGE]lyshiaeinpief epabatord ToEh apaufingd®iGyite 550C. At the
O e O ot CRATyet How, o Vandsy of measuroment technidues can be toed. Sty
such techniques are described, for example, by Michel Louge, “Experimental
20  Techniques,” Circulating Fluidizéd Beds, Grace, Avidan, & Knowlton, eds.,
Blackie, 1997 (336-337), the descriptions of which are expressly incorporated
herein by reference.
In this invention, only the molecular sieve in the catalyst sent to the reactor
may be used in the determination of ACFE index. The catalyst sent to the reactor,
25  however, can be either fresh or regenerated or a combination of both. Molecular
sieve which may be recirculated to and from’ the reactor within the reactor
apparatus (i.e., via ducts, pipes or annular regibns), and which has not been
regenerated or does not contain fresh catalyst, is not to be used in the
determination of ACFE index.

30 In a preferred embodiment of this invention, a feed containing an

oxygenate, and optionally a hydrocarbon, either separately or mixed with the



25 ol efin products may becone markedly slow. At the upper end of the

tenperature range, the process nmay not form an optinmum anmount of product.
It is highby2/eksirable to operate at a tenperature of at PER®EFBIBOOT and a
Tenperature Corrected Normalized Methane Sensitivity (TCNVS) of |ess than
about 0.016. It is particularly preferred that the reaction conditions for
maki ng 30 ol efin from oxygenate conpride-a WHSV of at | east about 20 hr-1
producing olefins and a TCNMS of |ess than about 0.016. WD 02/ 05951

PCT/ USOL/ 206%ygenate/ ishonthsRd Wit £tdalysteOMRinife £SAPO&H188u15:N\ge Nk Mal i zed
Met hane Selectivity (NMS) when the tenperature is |ess than 400C. The NMS

i s defined &EOeHecongiionsadepivedeprodyreldiny iniadesttdsy t he et hyl ene product

yi el d wherein eagh, yi i e e OF 21 ony¥erted to,.,a weight %
basis. Wen the ?*re}‘#pgé%él?ﬂdr%a‘f@?%ﬁ%o‘%“g"? uggd, inclyding KA G BT 0 by
the fol | ow mgpvéegisdd systenisn Préfeiel réadtors akdie-eueshgSerr€Enes atdytertM thin the

react or $n C. NVB, TOCNMS = 1+(((T-4ﬁO)/400) x.14.84) The pressure al so may
vary over aS@ftae tff%?ag"r@?m?’ﬁl‘:‘{rﬁ‘&ifﬁ@'fé {BGeR JLesipblysibiareastor ¥ gnsdhi ve

pressures NMeyhibead Jkyglgh’ette B0 cHARED ?aHeEXNiJLH ef%f)l?egultap 'e\;eoca%ys?_ﬁpat €
partial pressures at least 1 psia, preferably at |east psi a. e process
i s particul avejghstpudy spaseaelokity (WHSORwfenlztst abparttlital’, pefesdly mshe such as an

oxygenat e partial..pressure, aof tey than 20 i.a.,, Preferably, the

oxygenat e rS%{’rgteiogfl%B’r%?%lﬁ?@ri Eoggfb%l asTOEHE ?ragéz lﬁél?"jar,an%ﬁ)?@?‘b%él?‘@’rtabl y at

| east about 28D BO00 HrO! add 1864t ipec¥brabl§Sh Y RARTTRM hout S0 HESorRbl € to

operate at a t hanol partial 15 presSure of nhot greater than about 500
b

psi a, phefehabl WHYY isgedined hereineas thbwoaighudfpxyperiate, anbbydrpeasharebich not
reater tha S e versiaon, of ..ox nat.es. t o _produce |ight
gl efins may %bag%%gbrrl% d ég%ttﬁe fe-r%&ap e\ggﬁar ef/{wglfghg%ﬁtg y ?%:uiagglcey%?(gn.ter%eact or

types i ncl udétiei catatlysbeBesapaethe catalyist ot te fdegdodkeBe} Ediain dftthr aRRGAlY ent ri ser
reactors as described in "Free Fall_Reactor," Fl ui di zati on Engi neeri ng,

. 20 (
D. Kunii and"ésh3boemeps ef dilyeisethe VEHS S sevlated onithnmrighthasisey the 977,
expressly i Bﬁ%dﬁ%%&g afi§ 5%% fé'yd&?é{caFr oSN iBk fra g@‘%ﬁés&'&o% th¥ mo(f&gﬂltrer current

free fall reactors nmay be In the conve focess as described in
US- A- 4, 058, 3R86e eordaihiil sethe Ratalysor ", Fl ui di zation and Fluid Particle

Systens, pages 4%}gf‘gfabﬁi, ﬁie o%?rggna?ent%eclf-) is c'ghtageg gv?fh tﬁee ice{’ltglgzlstdwhen the
oxygenate is in a vapor phase. Alternately, the process may be carried out in a
liquid or a mixed vapor/liquid phase. When the process is carried out in a liquid
phase or a mixed vapor/liquid phase, different conversions and selectivities of

20  feed-to-product may result depending upon the catalyst and reaction conditions.
The process can generally be carried out at a wide range of temperatures.
An effective operating temperature range can be from about 200°C to 700°C,
preferably from about 300°C to 600°C, more preferably from about 350°C to
550°C. Atthe lower end of the temperature range, the formation of the desired
25  olefin products may become markedly slow. At the upper end of the temperature
range, the process may not form an optimum amount of product.
It is highly desirable to operate at a temperature of at least 300°C and a
Temperature Corrected Normalized Methane Sensitivity (TCNMS) of less than
about 0.016. It is particularly preferred that the reaction conditions for making
30  olefin from oxygenate comprise a WHSV of at least about 20 hr! producing
olefins and a TCNMS of less than about 0.016.



25 Publishing Corp., NY 1960, the detail ed descriptions of which are al so
expressly incorporated herein by reference. In a preferred enbodi nent of

t he cont iwaoues9speration, only a portion of the catal ystPCHUS@m¢Ed from
the reactor and sent to the regenerator to renove the accunul ated coke
deposits that result during the catalytic reaction. In the 30 regenerator,
the catalyst is contacted with a regengfati on nedi um contai ni ng WO 02/ 05951
PCT/ US01/ 20677 -18 oxygen or other oxidants. Exanples of other oxidants

i ncl ude 03, SOB, A¥2ed hodein, NORMAZOR(inaMNEs 1Hh Mok 8E7cNaER Rt e SdidctiviyPr ef erred

to supply 02 in the form of air. The air can be diluted wth nitrogen,
002, or fl uéNyES whendheteaweratury isblessatiae400°CDIZie NB ys deftred @2theoncent r at i on

in the regenerator i ed dto a.controlled level 5 to mnimnmze

over heat i ng 5045 @r%qﬁlggﬁegﬁﬁ%lpe‘ﬁw ﬂ@ﬁ&yéeqel?r st %ﬁ’éin‘f’h%?ln&é‘gb??@d_ﬁ ed _
catal yst. Thrasleadbh\ligeorsitad t6Sh walghPldBikisb VLA RhdfeBfukgductively with
H2, ©CO nixtures thereof, or other suitable reducing agents. A conbination

of oxi dat i ¢80 egfegrentar, it GNMS is danédhy the flosving epuntioarin sihsth B enpl oyed.
I n essence,  the coke deposits. are renopved fromthe catalyst during the 10
regener at i oﬂlep"]'VSEf‘ggg?mI? P nﬁléegrgﬁ%?ra’fleg'cat al yst. The regenerated
catalyst is then returned to the reactaggkor further contact with feed.
Typi cal regeneration tenpemranNmgs=are in the range of 250-700C, desirably
in the range of 350-700C. Preferably, rleg€fieioay4@)xiist.&arried out at a
tenperature range of 450-700C. In one enbodi nent, the reactor and
regenerator are configured such that 15 the feed contacts the regenerated
catal yst before Theipfesk@tulsbeshylvary HRrhORAGS Age liflclading ahtbeéddat i ve

enbodi ment, the reactor and regenerator are configur _e%l such that the feed
contacts th&resggendifeciqe paasargsmanpe sy butare sotmseessardsl lingtediie reactor. In

yet angf he i t am can. be | it _such that feed
tontact L SRR R prd ey AleS] BORDRAPBRIRe? oYL Rt PBhbor - anc
after it hak peguldly efédiveechiteroRggdnerqiatiial ptessurss, pidifgraned t hat the

catalyst within the reactor haye an average |evel of coke effective for
sel ect i vi t y OXv2eapigyaEe PETele PT gieatisyihan @0 PpacPritemhly, the REySeadter age coke

llevel on th?aﬁﬁf ﬁljeysﬁrreizé'ia“eap@dbt)ﬁ%oﬁ?i?%r mfﬁé%;f%’l%%l@%?%o&@%ia. % nore

preferably from about w.%to ab .% In order to ntain this 25
aver age | ev&br placiool deogn papadey sttis dedimblend bpeateat ametiaholgatriadlyst can be
parti al regenerated under cqnditions effective to majntajn t desired
coke. comlenpregﬁure 8@?% %;gaggr tFr{m zﬁgmk% FR¥e Qﬁferﬁ%mégfeat?f)thﬁ’é%téggnl y a
portion of pkie weketlerembsl Mt lereater than about 300 psia.

The conversion of oxygenates to produce light olefins may be carried out

in a variety of catalytic reactors. Reactor types include fixed bed reactors, fluid
bed reactors, and concurrent riser reactors as described in “Free Fall Reactor,”
20 Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger
Publishing Co. NY, 1977, expressly incorporated herein by reference.
Additionally, countercurrent free fall reactors may be used in the conversion
process as described in US-A-4,068,136 and “Riser Reactor”, Fluidization and
Fluid-Particle Systems, pages 48-59, F.A. Zenz and D. F. Othmo, Reinhold
25  Publishing Corp., NY 1960, the detailed descriptions of which are also expressly
incorporated herein by reference.
In a preferred embodiment of the continuous operation, only a portion of
the catalyst is removed from the reactor and sent to the regenerator to remove the
accumulated coke deposits that result during the catalytic reaction. In the

30  regenerator, the catalyst is contacted with a regeneration medium containing



for feed contact wi thout regenerating. This recycle can be perforned either
internal or external to the reactor. The portion of coked catalyst to be
regener atve@ 030955 preferably regenerated under conditi onsPefAiseti0vE t o
obtain a regenerated catalyst having a coke content of less than 2 w.%
preferably less than 1.5 w.% and nost preferably less than 1.0 wt.% WO
02/ 05951 PCT/ USQOL/ 20677 -19 In order-1®-make up for any catal yst |oss
during the regeneration or reaction process, fresh catal yst can be added.

Preferably, okfigenfdrestierofidahis Exidiplef 8@ el RidAR ih8H8HOL HHANs@iRbYSt after
it is renoved fromthe regenerator, and then both are added to the

react or. HoWEeeN:O4 mad misiiresdhareafy dtis peaferad taduendy Oa in the form efait.or
i nd dent - At t A t of f at al yst
nepencent el LS RSESEa 2015k oy BBl

can be added, but 1t i's preferre i X 1.5 be
mai nt ai ned. Defingbly khé OgdondentritonaintthemebdneddtSios aqfpe&Cioaf @ntbadd fehe ol ef i ns

produced_by the . oxygenate-to-olefin conversion reaction_of the present

i nventi on cé%m%m&ﬁy‘%ﬁgfqaﬁ“é%lo’i © FE5RIRTH Bes pitts Histhe prant prdgagiivajedhol yet hyl ene
and pol ypr opyh8Be- ThelaB AR BIyst Ao hRy TR aRea¥! &4 | jefins are
known in the alr%lt?t.e Cat alayti C ptr%g}é:sess%s gre %e?ﬂgrrégédcgg?l iV@u lgif’l y
preferred af®,mexhir¢sobersef, o7pthel swithiNatedncmgagersi 4 coatbadagibhof syst ens. See,
for exanple . S. Patent.Nos., 3,258, 455; 3,305,538; 3, 364,190; 5,892,079,
4656, 085; - TETE BRGNS SR SRS IO D TpoPESTBIN (e catal yot
and process desciih pse@istHefcoRAGEpoRI 418 réN B ATInY tHeRGRRPEA RALBer ei n 15 by
reference. In general, these nethods involve contacting the ol efin product

with alPol jREcBeRHE piosessglosming azegengrates gatadyssuilhe epganaratapertalysirie ef f ecti ve
to formthe f.] fer lyalefin-formng catalyst is
a netall oceﬁheeﬂgg%ﬁeés?{) ﬁl#)’ﬁ%&éﬁreﬁ@rh E{a " aésﬁrglgpg eﬁlr ?yﬁgﬁgré;’g%%erac? gr ation is

bet ween 50 smape2A0fss arinttherad@e 6£ZH0LT00PC ChRirkisly Gatheir@thbe@t sa700@Y, medi um
or high pressure, being anywhere w thin the range of about 1 to 200 bars.
For process&&cterablyi egerfmatiqnis surigd virat adempdratre rangd ofetd0-QRChe used, and

the preferred operati .essune range i.s between 10 .and, 15 Ers, with a
preferred tenper 2‘% ﬁéeeé}rg%(%{gl%le%tf hﬁéﬁﬁgogﬁn‘_{%ea?{\é\gﬁ a5 contigired 853 t. %a; e
processes, ile fesd fireidy thededeharhtet RetalyBIHEHRLLIE SctORRE thk YeRRBrMd S n- @ 25
range of 60 to 160C, and that the operating pressure be between 5 and 50

bars. | n a8t webqlimges Ee mactos anbreesrerdiohae confegured shshitheatheres may be
o 1 o e SR S Ay AT B e ot
acet at e, et hydtberembodiment, the feed stream can be split such that feed contacts
regenerated catalyst before it is returned to the reactor and after it has been
20 returned to the reactor,
It is preferred that the catalyst within the reactor have an average level of
coke effective for selectivity to ethylene and/or propylene. Preferably, the
average coke level on the catalyst will be from about 2 wt.% to about 30 wt. %,
more preferably from about 2 wt.% to about 20 wt.%. In order to maintain this
25  average level of coke on catalyst, the entire volume of catalyst can be partially
regenerated under conditions effective to maintain the desired coke content on
catalyst. Itis preferred, however, to recycle only a portion of the coked catalyst
for feed contact without regenerating. This recycle can be performed either
internal or external to the reactor. The portion of coked catalyst to be regenerated
30  is preferably regenerated under conditions effective to obtain a regenerated
catalyst having a coke content of less than 2 wt.%, preferably less than 1.5 wt.%,
and most preferably less than 1.0 wt.%.



di chol oride and vinyl chloride, ethyl benzene, ethylene oxide, cunene,

i sopropyl 30 al cohol, acrolein, allyl chloride, propylene oxide, acrylic
aci d, et woenesopr opyl ene rubbers, and acrylonitrile, andP€CTUREr®6ENd

di rers of ethylene, propylene or WO 02/ 05951 PCT/ USOL/ 20677 -20 butyl enes.
The net hods of manufacturing these derivatives are well known in the art,
and therefore, are not discussed hereiti@-This invention will be better
understood with reference to the follomjng exanpl es, which are intended to

illustrate speci f[m@rd@frmaamrﬁ@rwﬁgt gth@swﬁﬁgtﬂeregnéﬁ%ﬁopf the
i nvention as clai med. Exanple APO- 4A was nade hydrothermal |y using

di et hyl ami neeacipprogesst fesh qatalist san hrpddgénPrelgiipn Bakeshatalysaiss, vvas added
to an aq”eogé%%idcg%lﬁe%&?etr ed 528411 ea?t@xl]a }sorgmmv?d Rci.%i tM re g eiratg} )a(&l hoeg e d and

stirred in aln ess s vessel. e ve

heat ed i n ahoihveaadded26 e rajctauthgeaven s fr@h&é’&tﬁsﬁcefndfe aiﬂﬁedlwihé Thg i ed
nol ecul af si eve recover by filtrati shed w_th water, an rie
at 110C veF‘?ﬁC@‘ifndse’?ﬁréjc g&?éggeé‘ﬁé’{?é% st emPRYteEfrestheatalasit i ng in air
to 550C for chyge adaeﬁlwlh§>yfe‘feneﬁnh§t 2R AORE Bl %%qydsﬁﬁ s%e%neaﬁled' abel ed as
Zn- SAPO- 34A-200. 15 The procedure was repeated for the other netals |isted
in Table 1. |n aOne skidlseddn ﬁ@taailWlﬂahalsoeapesecméatj@edleﬁexpﬂpmwddrytﬂu{b Ti, I
where titaniym sul fa procedure of Exarrpe 1
was repeat ed VLR tﬂéﬁ%twa O&VFISWntrﬁaé‘go?ﬂgﬁBWéﬁsﬁm lleeé]éL.ﬂvg g tenperature was
180 C. Thi spplyatkeided & foas pb%mﬁ%afﬁﬂ’uldr%olf@ﬁﬁ&?e dn'd%io%rd)ﬁ}léﬁ%b' e 2. In

al | cases rret al nitrates were used, except Tor = where titanium
sul f at el%as Prsseses fardompiag palyokafing ffé@t@@ﬁfgmﬂ%’m mthéGﬂZQa’@b@@rdl ng to

this exarrpl gseé gg%ﬁgfgrr%%ﬁrfhﬁé@ hgemmpe ech') Pg%(a%pﬁ/ﬁﬁgstldt uted by

the cor resp | ng neta rocedure o Was repeat ed
with the exaa;itcatatyttchgstemkleSee; i e&@mblenUrﬂ)Ph&ﬁpNai 8,258|486 Ut 305, 53%ve used

et PR s S g BT M R A T

the catalyst and process descriptions of each being expressly incorporated herem

15 by reference. In general, these methods involve contacting the olefin product with
a polyolefin-forming catalyst at a pressure and temperature effective to form the
polyolefin product.

A preferred polyolefin-forming catalyst is a metallocene catalyst. The
preferred temperature range of operation is between 50 and 240°C and the

20  reaction can be carried out at low, medium or high pressure, being anywhere
within the range of about 1 to 200 bars. For processes carried out in solution, an
inert diluent can be used, and the preferred operating pressure range is between 10
and 150 bars, with a preferred temperature range of between 120 and 230°C. For
gas phase processes, it is preferred that the temperature generally be within a

25  range of 60 to 160°C, and that the operating pressure be between 5 and 50 bars.

In addition to polyolefins, numerous other olefin derivatives may be
formed from the olefins recovered therefrom. These include, but are not limited
to, aldehydes, alcohols, acetic acid, linear alpha olefins, vinyl acetate, ethylene
dicholoride and vinyl chloride, ethylbenzene, ethylene oxide, cumene, isopropyl

30  alcohol, acrolein, allyl chloride, propylene oxide, acrylic acid, ethylene-propylene

rubbers, and acrylonitrile, and trimers and dimers of ethylene, propylene or



-21 repeated for the netals listed in Table 3. In all cases, netal nitrates
were used, except for M= Ti, where titanium sulfate was used. The heat
metal treadero8APOs obtained according to this exanpl e apeTWatedoety

M SAPO- 34B- 200, where Mis to be substituted by the corresponding netal. 5
Exanpl e 4. The procedure of Exanple 3 was repeated with the exception that
the netal treatnent tenperature was 180-C. This procedure was repeated for
the netals listed in Table 4. In all cases, netal nitrates were used,
except for butyldhes. Thiarethods bﬂmhmrfa&uhﬁ@these/\MWuﬁ%d ardWell Reain ehal treated

SAPGCs obt ai ned 1Ph or di n th| exanpl e are | abel ed M SAPO 34B- 180,
where Mis &8 ?ﬂr‘ﬁ wysseAberesk r espondi ng metal . Exanple 5. The
procedure of Examhselnsem wlﬁn)%%feﬁ& LWdEl@totoh?vﬁfﬁ%f’e%ﬂcg@o fiaby d&‘{;\ﬁ ”E‘t a'
treatment tenperature was 160 C. This procedure was repeate Pt

metals |ist @aamnleS'amleh ge mhan@dl to dasaate spetifit embodiateets vmﬂnmthamd:;allexcept
for M= g'l O " tita lums 4e was used. The heat netal treated SAPGCs
obt ai ned cprec? ﬁlb PEey H)nsasé é\tﬁf) ‘e are | abel ed M SAPO 34B-160, where Mis
to be substltuted by the corresponding netal. 20 Exanple 6. In this
exanpl e, the catalytic performances of the heat netal treated

silicoal um %&éﬁ@&pﬁate nol ecul ar sieves prepared in Exanples 1 to 5 were

tested. The C0n\S@IR@-Q@AQ{'as'Tﬁédé%ig@fotﬁé?mbllﬁﬁﬁmgHf%tﬂy'fhsmméggEA h B fp@rticul ar,
t he sel ect|V|ty for ethylene and propyl ene was conpared to those of the

untreated ca@Bplpkng agenb SAPOSIA, 119 gofms, W@S@ddeég@gnaq@om gigenitee i n Tables 1

broguct - wer &0/l @A%1 815 Tl S RA0 AR M e R L O W h o
cont i nudlis vkisely Tife %ﬁﬂw&ap@seda\&ﬁ%mdﬂﬂa@vw dtavet élbiah’tbgehdoﬁ@gen (60

m/mn) at 450 C The nol ecul ar, si eves prepared in Exanples 1-5 were
pressed int Bresae £ots! 2 hayss. sthegpelsaiilarpievatyastrecayered bb’lfé?ﬁat&nu%@@dto a powder

Wi th 20-40 RR&NSkZ8nd dridPatd 1@£C é&%ﬁp 5%1}%5%1&%%6%9& lgen cafc%ldidhe

powder ed nol ecul ar "si eve was pl ace reactor an I'va at 500C in
flowi ng N2 bgGeativginra)r tbdﬁoml@rhwto fivd loird. dTHinplepatd npldchiar Me@Hsf eed. The

reaction prri)éjb das%—§A§8§§4%§(Sjo,USi ng an on-|line gas chromatograph equi pped
15

The procedure was repeated for the other metals listed in Table 1. In all

cases metal nitrates were used, except for M = Ti, where titanium sulfate was

used.

20 Example 2.

The procedure of Example 1 was repeated with the exception that the
metal treatment temperature was 180 °C. This procedure was repeated for the
metals listed in Table 2. In all cases, metal nitrates were used, except for M = Ti,
where titanium sulfate was used. The heat metal treated SAPOs obtained

25  according to this example are labeled M-SAPO-34A-180, where M is to be
substituted by the corresponding metal.

Example 3.
The procedure of Example 1 was repeated with the exception that the

silicoaluminophosphate molecular sieve used was SAPO-34B, a SAPO-34 made

30 hydrothermally using triethylamine as the templating agent. This procedure was



wi th a Paropak-QS(r) colum and a thermal coupl e detector. The test results
shown 5 in Tables 1-5 summarize the initial performance of the nol ecul ar
si eve of w@e2/039sventi on approximately two mnutes after MCHUSIR0677
i ntroduced. The relative crystallinity of a given sanple was determ ned
using X-ray diffraction, with the non-netal SAPO 34A as the reference
sanple. The lifetine (min.) is definedZ2hs the tine-on-stream when MeCH
conversi on dropped bel ow 100% 10 As shown by the product selectivities
sumari zed irepediab feshd metdds Borell indBpiec3. @al alh camekyintehll iitrates Wwhe vsed,r espondi ng
Figs. 1-5, the tél_mf\?r_ ure at, which the mxture js netal treated affects
ttes;

the surface%¥8p L WRsFekitden spifate s 3%?(9: T}é‘b]iﬁ%@ie’fail Hrated SAROSnol ecul ar
sieve or at oh@aRH ab&RdMBYo tils mlhﬁme LRea0TRIGAl-480 0 BuBPRBCHNSR M Aol ecul ar

H
si eve surface. 15altiIaV| ng now full'y described this invention, it will be
appr eci at edbpyulishbsed by thielcogdspondingenesalt t hat the invention can be
performed within a wide range of paraneters within what is clained,
wi t hout epgg% | B% i romthe spirit and scope of the invention. WO 02/ 05951
PCT/ US017 20 = OviIO0OO00O0OO M I~-0O0OO 00d O ~~-1 NOmMOMmMoOo

N O ~--~ 00 00 ONeprodetiureidf Bkathple® whs@eptabédGbitinhelex&aptich @atthe00 V. O O N
~ocl- N MOMN- NVINM i p00NO CDcr! UNr mo mNNYV) ~vli m

00 00 O C, Owtalfregmeny tempeggture was 80 *EK{ hig graceduye gas ogpeded/forte 0 00 . CD
a c) um methid Tisted o TMI(J: Q alY c'e}ges, metal nitrates were used, except for M = Ti,
where titanium sulfate was used. The heat metal treated SAPOs obtained
10 according to this example are labeled M-SAPO-34B-180, where M is to be
substituted by the corresponding metal.

Example 5.

The procedure of Example 3 was repeated with the exception that the
metal treatment temperature was 160 °C. This procedure was repeated for the
15  metals listed in Table 5. In all cases, metal nitrates were used, except for M = Ti,
where titanium sulfate was used. The heat metal treated SAPOs obtained
according to this example are labeled M-SAPO-34B-160, where M is to be
substituted by the corresponding metal.

20 Example 6.
In this example, the catalytic performances of the heat metal treated

silicoaluminophosphate molecular sieves prepared in Examples 1 to 5 were tested.
The conversion of methanol to light olefins, and, in particular, the selectivity for
ethylene and propylene was compared to those of the untreated catalyst. The
25  results of these tests are presented in Tables 1 to 5.

Conversion reactions in which methanol (MeOH) was converted to olefin
product were carried out in a fixed bed reactor (ID = 1/2” quartz) with continuous
flow of MeOH vapor (WHSV = 2hr') diluted with nitrogen (60 ml/min) at 450° C.
The molecular sieves prepared in Examples 1-5 were pressed into tablets. The

30  prepared tablets were then crushed to a powder with 20-40 mesh size. 1.28 g of



ry Oti "Il V1 ~MI\ L\ NpoVv N-p-vOppC poV UWqg OO0OSmO
'C0O0O00OM "'"L~..f~UO~"17NOM'" NNV) OOO0OM CC3alb- 00 OW CD
d LI Cbi vvas9%im ~-D O~ Iplp CT' to 00 rn NMO N N pPet/usoiedemi O ON
O~-~O0OhON'CCDO0 14 [: gp'-"iNN OMMNM ~OODbDUODDC CO
V1 1~ 0 ~o OOpV1iMVIQOQ & O~1 MMMMVL 07 pONd NO MNM'Cm
OO Mm- N~t yipN. ¢~-00O0OmMm3)P-000 00O ~--~mO'COd 70 O
CCOO MMr-i m(TyvN E'~HpN oo,~ dU”"Dbyy0 ~~yyo ~~IOQyyo

~WCyo ~WO fhelpobdeMdtmbleMilsy sidfle WwaY fldced imthd reactor and activated at 500°C in
flowing N (60 ml/min) for one hour prior to initiating the MeOH feed. The
reaction products were analyzed using an on-line gas chromatograph equipped
with a Paropak-QS® column and a thermalcouple detector. The test results shown

5 in Tables 1-5 summarize the initial performance of the molecular sieve of the

invention approximately two minutes after MeOH was introduced. The relative
crystallinity of a given sample was determined using X-ray diffraction, with the
non-metal SAPO-34A as the reference sample. The lifetime (min.) is defined as
the time-on-stream when MeOH conversion dropped below 100%.

10 As shown by the product selectivities summarized in Tables 1 - 5 and
depicted graphically in the corresponding Figs. 1-5, the temperature at which the
mixture is metal treated affects the surface properties, and hence the surface
composition of the molecular sieve or at least the way in which the metal is
disposed on the molecular sieve surface.

15 Having now fully described this invention, it will be appreciated by those
skilled in the art that the invention can be performed within a wide range of
parameters within what is claimed, without departing from the spirit and scope of

the invention.
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UuuuUuuUuuuuuUr~a HW 02/05951 PCT/USQOL/ 20677 -28- WHAT IS CLAI MED
IS 1. A nethgdT1al grekivigpgsheat netal treated silicoal um nophosphate

nol ecul ar sieve conprising: a) providing a silicoal um nophosphate nol ecul ar
sieve containing a 5 tenplate; b) mxing a netal containing solution with
said silicdal uni*nBsthed ohmakings heatmgial Eeatedsilienstuminpphpsphatenpl at e; c)

heati ng the m xt i . p b) to a tenperature between 120C and
400C to obtain a%%%@%ng%egﬁg?@ %%Ié% si li-coal um nophosphate nol ecul ar 10
sieve; d) separating the heat netal treated.silicoal um nophosphate

nmol ecul ar a) providing a silicoaluminophosphate molecular sieve containing a
5  template;
b) mixing a metal containing solution with said

silicoaluminophosphate molecular sieve containing a template;

c) heating the mixture obtained at step b) to a temperature between
120°C and 400°C to obtain a heat metal treated silicoaluminophosphate molecular

10 sieve;

d) separating the heat metal treated éilicoaluminophosphate molecular

sieve from the metal containing solution; and

d) calcining the heat metal treated silicoaluminophosphate molecular
sieve to provide a calcined heat metal treated silicoaluminophosphate molecular

15  sieve.

2. The method of claim 1, wherein the metal is selected from the group
consisting of Group IB metals, Group IIB metals, Group VIII metals and mixtures
thereof.

3. The method of any of the preceding claims, wherein the metal is selected

20 from the group consisting of iron, cobalt, copper, zinc and mixtures thereof.

4. The method of any of the preceding claims, wherein the metal is selected

from copper, zinc, or a mixture thereof.

5. The method of any of the preceding claims, wherein step c) is carried out

at a temperature between 120°C and 260°C.



sieve fromthe netal containing solution; and d) calcining the heat netal
treated silicoal um nophosphate nol ecul ar sieve to provide a cal cined heat
met al tr &a0ezlosl i coal um nophosphate nol ecul ar 15 si eve. PCT/USOIER0Et hod of
claim1l1, wherein the netal is selected fromthe group consisting of G oup
IB nmetals, Goup JIB nmetals, Goup VIII netals and m xtures thereof. 3.
The nmet hod of any of the preceding clak9s, wherein the netal is selected
20 fromthe group consisting of iron, cobalt, copper, zinc and m xtures

t hereof . 4. 6The Frhéhfb‘daddfofaﬁyOﬂfhetpE’@e@ﬁlg%ﬁﬁithvvlﬁ:lr@h @‘&p Qhfidd dupe netal is
sel ected from copper, zinc, or a mxture thereof. he met hod of any of
t he precedi ﬁba@pmeppgure\bﬁme@pﬂ@‘{%ylchpq € carried out at a tenperature

bet ween 120C and 260C. WO 02/ 05951 PCT/ USOL/ 20677 -29 6. The nethod of any

e Sl D P I B AR

wher ei n st ept altogeneaarpressdreout at aut ogeneous pressure. 5 8. The nethod of
any of the preceding clains, wherein the rret al solution is selected from
the grou trate sol utions, netal

sul fate gol %tl ongi1 ﬁ%ﬁb%t &?‘%@&%ﬁ?ﬁﬁl&% %IWH%%F@@?W&OQBPHI@ The

nmet hod of agyleQtd frbf tRE BfRFIR thefdl AbdThte sURMBHR ﬁle%a'l‘ﬁltlri?ets%hutfb%'trﬂétm ng
solution has a netal concentration between 0.01 . 10 10. The

met hod of afylfase salpieonsy metadihalidecbhitions andmn@ms tthOfnst aI cont ai ni ng
solution has a netal concentrati on between 0.05 M and 0.5 M 11. The nmet hod

2 motal “condentr a1t A2 e R ARR g o i AR PRy o

t he precedi sgutibmhars, mmﬂabd:cmcanttdntbantv@dehIO(ma‘l/[wnﬁﬂQnVIOsphat e nol ecul ar sieve
is selected fromthe gr oup consi sting of SAPO 18, SAPO 34, SAPO 35,

SAPO- 44, SAPO-47_and m res hereof .. 13 The nmet hod of any of the

precedi hY cllg Tﬁ FH§°¥§¥6IPF?98§1P HaiBn rdetin e mpleonianingi eve i s

sel ected fr@é%%?@s%eﬁ?@&c%rﬂonb@v@eﬁ@% M%H@@M 20 14. The nethod of
any of the preceding clains, wherein the tenplate present

11.  The method of any of the preceding claims, wherein the metal containing

solution has a metal concentration between 0.08 M and 0.3 M.

12.  The method of any of the preceding ciaims, wherein the
15  silicoaluminophosphate molecular sieve is selected from the group consisting of

SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-47 and mixtures thereof.

13.  The method of any of the preceding claims, wherein the
silicoaluminophosphate molecular sieve is selected from SAPO-18, SAPO-34 or

mixtures thereof,

20 14,  The method of any of the preceding claims, wherein the template present
in the molecular sieve is selected from the group consisting of diethylamine,
triethylamine, cyclohexylamine, piperidine, isopropylamine, tetraethylammonium

salts, dipropylamine, and mixtures thereof.

15. A calcined heat metal treated silicoaluminophosphate molecular sieve,

25  obtainable by the method of any of claims 1 to 14,



in the nolecular sieve is selected fromthe group consisting of

di ethylam ne, triethylam ne, cyclohexylam ne, piperidine, isopropylam ne,
t et raet hywanmedssum salts, di propyl am ne, and m xtures thererpok01/20677 A

cal cined heat netal treated silicoal um nophosphate nol ecul ar sieve, 25
obt ai nabl e by the method of any of clains 1 to 14. WD 02/ 05951

PCT/ USOL/ 20677 -30 16. The cal ci ned héét netal treated

si |l i coal um nophosphat e nol ecul ar sieve of claim15, wherein the calcined
heat netal tlbeat dtiewalcaedhaat sétavecatediidosiemifbphbspHate BOlepEbcaete dfy wei ght
metal . 17. The | cined heat netal treated silicoal um nophosphate nol ecul ar
si eve of ‘gﬂlacﬁx ‘I’ger(?’rn t?‘% Cal\‘m@i& g?‘ﬁnﬁﬁ t‘ﬁ'éf&a %f%éwﬁﬁ@@emearo%ﬁ eve
conpri ses Ot&gob&cg&bywl Rhetlly Weight netal. 18. A heat netal treated
si |l i coal um nophosphat e nolecul ar sieve wherein a netal conpound which is
t he heat decorrp05|t| on product of a metal precursor is disposed on the
ext ernal suiface éﬁ&ﬂléme%hﬁﬁlmetﬂlﬁéeatﬁdrségloéﬁmtlmhﬁmh@mmgh%@amwe o0 said
nmet al ng. qef f G ou , Groups
31E metal o <SGy Ve SR YRR HOR N Bl ByRer RRAI® et

treated si I lpemahuhylwelghmadahte nol ecul ar sieve of claim 18, wherein said
met al - cont ai ning precursor is selected fromthe group consisting of metal

acet at es, aI itrate et sul fates tal halides, and m xtures 15
t her eof . he%@?n@%mﬁ?%‘?%“@iqoph‘bﬁﬁ MOpME sieNe &/ sHiBe Ul ar si eve

of claim 18 me‘i’éfl chhpoWiterRicA if e h%t(ﬁlzorh B@LQ:’LEf QH?eEah‘fa _I%{n%lescons' sting
of iron, cobalt, nntgper zi nc, ures her eo eat net al
treated sil dispasedrs ph@tsmahﬁléfmh@(ﬂqﬂWmthlsrﬂ@/}@rcﬂ‘ofdh@mmiﬁcumﬁs@ﬁe to 20,

wh h t | t h t f
and m ot o S el i Rl OF Sl PPt G5t e HRBRb S et o

mol ecul ar si®B/achatls, Graip ¥l ﬂgﬁtaﬂ@arﬂimx%@eﬁﬁlaﬂ@o{the nol ecul ar sieve conprises
0.05 to 20 percent by weight of the nmetal. 25 23. The heat netal treated

silicoal um r sieve of clainms 18 to 22, wherein the

p ho jg nmol ecul
nol ecul ar 5| ﬁg?@té’é@aldf B tsélcﬂ?@luﬁ’é@f&’é‘ﬁﬁphﬁﬁﬁ elegHer seve of glaifet al . WO
02/ 05951 PCTé,"‘Wfél%%gﬁﬁmetal-contamlng precursor is selected from the group consisting

of metal acetates, metal nitrates, metal sulfates, metal halides, and mixtures
15  thereof.

20.  The heat metal treated silicoaluminophosphate molecular sieve of claim 18
or 19, wherein the metal is selected from the group consisting of iron, cobalt,

copper, zinc, and mixtures thereof.

21.  The heat metal treated silicoaluminophosphate molecular sieve of claims
20 18 1o 20, wherein the metal is selected from the group consisting of copper, zinc,

and mixtures thereof.

22, The heat metal treated silicoaluminophosphate molecular sieve of claims
18 to 21, wherein the molecular sieve comprises 0.05 to 20 percent by weight of

the metal.

25 23.  The heat metal treated silicoaluminophosphate molecular sieve of claims
18 to 22, wherein the molecular sieve comprises 0.05 to 10 percent by weight of

the metal.



-31 24. The heat netal treated silicoal um nophosphate nol ecul ar sieve of
clains 18 to 23, wherein the silicoal um nophosphate nol ecul ar sieve is
sel ect ed Woomke group consi sting of SAPO 18, SAPO 34, BARPOS@R06BAPO 44,
SAPO- 47, and mixtures thereof. 5 25. The heat netal treated

si |l i coal um nophosphate nol ecul ar sieve of any of <clains 18 to 24, wherein
t he silicoal um nophosphate nol ecul ar sPkve is selected fromthe group
consi sting of SAPO 18, SAPO 34 and m xtures thereof. 26. A catal yst

conpri si ng &4cal dhabdatheettl treatsdtsdetosiuhiinaphbsphiateapblesyihiadieve afelatmsl ar si eve

according t | Al 15 to 17 or a heat treated 10 siljcoal um nophosphate
nol ecul ar 3?33%9%:5??%%‘%‘8@ ﬁlgc@ﬁ%%ﬁﬁplﬂ%e %‘QFCQH%I s{eyy i gelected Spm the o
catal yst of ofdui dngibring\bes £PO-18NSAPDIHIE S APD-521520HRd4 f AP 17 e,Af Oup
consi sting of alum na, alum niumchlorhydrol, clay, and m xtures thereof.
28. A met hoisturesgheraef an ol ef m product, wherein the catal yst of claim 27
or 28 is contacted with a feedstock conprising at |east one organic

conpoundsthat 1 %‘Ihg ARLah A t?etateld%?ﬁcto a@)@l@r@oﬁﬁé%)%gteq{*i&g%#l&xﬁgv%no%%g} of'll_n der

conditions suitable to convert e e€iInto efns. he net hod
of cl ai m 28clawhei &ta24, vehepsiy gendi@alumisgihesitact hokonlbhgeds i sglectédnsi st i ng

of net hanol . et hanol , di net hyl r thyl ethyl. ether, djethyl ether,
di met hyl caf8h @,rowtl?%?@é&ggéﬁd%%%r igBEesFhereoh 30. The net hod
of claim 29, wherein the oxygenate is nethanol.

26. A catalyst comprising a calcined heat treated silicoaluminophosphate

molecular sieve according to claims 15 to 17 or a heat treated

10 silicoaluminophosphate molecular sieve according to claims 18 to 25 and a binder.

27.  The catalyst of claim 26, wherein the binder is selected from the group

consisting of alumina, aluminium chlorhydrol, clay, and mixtures thereof.

28. A method of making an olefin product, wherein the catalyst of claim 27 or
28 is contacted with a feedstock comprising at least one organic compound that
15 contains at least one oxygen atom (oxygenate) under conditions suitable to

convert the oxygenate into olefins.

29.  The method of claim 28, wherein the oxygenate is selected from the group
consisting of methanol, ethanol, dimethyl ether, methylethyl ether, diethyl ether,

dimethyl carbonate, methyl formate and mixtures thereof.

20 30.  The method of claim 29, wherein the oxygenate is methanol.



