WO 01/ 47810 PCT/ USOQ 35461 -1 SYNTHESI S OF CRYSTALLI NE

SI LI COALUM NOPHOSPHATES Field of the Invention 5 This invention relates to
the syniyhesigs@f a crystalline silicoal um nophosphate ($&P@soovsisgcul ar
sieve. In particular, this invention relates to increasing the yield of a
crystal | i ne SAPO nol ecul ar sieve by stilrting the starting materials while
applying heat at a tenperature and duration effective 10 to forma
crystalline S|I|coalu hosphat e _nol ecul ar_ si wherein stirring is
applied for sm“’ Ed%‘éﬂéWNEtS%QPA%UWQ%HO%’JMEF&;nd of the
| nventi on 15 Nblecular sieves generally have a m croporous structure and
are conposed of either crystalline alumnnosilicate, chemcally simlar to
clays and Feldisptrednaemkidel onging to a class of nmaterials known as
zeolites, or crystalline alum nophosphates derived from m xtures
contalnn%g an organic amne or quaternary ammoniumsalt, or crystalline
S'|'CO&|U”‘nOphO?Hﬁ%ﬁ@ﬁnMﬁk&Bw@ﬁﬁm@Qwﬂﬁéﬁs&Ma&%ﬂ&ﬁh@er”H| crystallization
froma reaction mxture conprising reactive sources of silica, alumna and
phosphat e. th@%ummpbowhe@' (RAVE) analequilastsievef Imsee'scularrﬁeg/lrwamloje used to
dry gases an UIdS Lve atlon sed on size
and potar oo B bERasn s YRGB A G PRSI R, pRAGEEH R oy SER Ry

hydr ocr acki (1g,staHigpmaneiats wiia d;ib[ym%h&ﬂ laed ic@iperdter@mma umthbﬂ Rffe@iiedat i on,

and 25 conversion of oxygenates to hydrocarbons; as chem cal carriers; in
gas chtb rrat%@rlaewystelhae pilcoalampopheipbatmaleridarsieve oV PR AT el
paraffins fp equF%dbk Rﬁﬁhc%&%ﬁ ﬁ%dn@apﬁgggﬁ%ﬂate (SAPO) nol ecul ar si eves
have becone I Cu erest recen ese nol ecul ar sieves have
the ability to convert 30 oxygenates to olefins, aromatics and ot her
conpositionﬁ They are especially effective in converting oxygenat e
conposi t i onS2ekge (Eéhﬁﬁﬁﬁﬂﬂaﬁd di methyl ether to ol efins such as

et hyl ene and propylene. WO 01/47810 PCT/ US00/ 35461

15 Molecular sieves generally have a microporous structure and are
composed of either crystalline aluminosilicate, chemically similar to clays and
feldspars and belonging to a class of materials known as zeolites, or crystalline
aluminophosphates derived from mixtures containing an organic amine or
quaternary ammonium salt, or crystalline silicoaluminophosphates which are

20  made by hydrothermal crystallization from a reaction mixture comprising reactive
sources of silica, alumina and phosphate. Molecular sieves have a variety of uses.
They can be used to dry gases and liquids; for selective molecular separation
based on size and polar properties; as ion-exchangers; as catalysts in cracking,
hydrocracking, disproportionation, alkylation, isomerization, oxidation, and

25  conversion of oxygenates to hydrocarbons; as chemical carriers; in gas
chromatography; and in the petroleum industry to remove normal paratfins from
distillates.

Silicoaluminophosphate (SAPO) molecular sieves have become of
particular interest recently. These molecular sieves have the ability to convert

30  oxygenates to olefins, aromatics and other compositions. They are especially
effective in converting oxygenate compositions such as methanol and dimethyl

ether to olefins such as ethylene and propylene.



-2 Various nethods o C nmaki ng SAPGs have been discl osed. For exanple, U.S.
Pat ent No. 4,440,871 discloses a nethod of making a SAPO nol ecul ar si eve.
The net kedoi/ywical |y i nvol ves m xi ng toget her a phosphor UCTUSUIAE4%1 Ng
conpound and an al um num cont ai ni ng conpound until a honbgeneous m xture 5
i s obtained. To the honpbgeneous m xtureis added a tenplate and a silica
containing conposition, and this mxture is stirred until a final

honbgeneous m xture i s gbtai ned, . Thj i hal hongpgeneous m xture is then

heated to form a a&‘loi)%fnﬁﬁﬁdﬁ@?%ﬂb@g%sp & (5 b§F‘é_’é‘?10E9’:dS.F opSgKERPIeNoS .

4,943,424 ands it N 1. 440891 QBRI ARSI kIS APOYROISARE ddvoro! ecul ar
u

sieve that is reported to exhibit unique and use ytic nd shape
sel ective pAbparthasktypitally imybbiss mixingitegethdr 8 phasiobys qonepdng ng an  aqueous

reaction m xture containing.alum num i Sopropoxi nd phosphor.i c aci d.
Thereafter, c&glﬁ oynd gndan aly 318%?%@%“\%?8%?9&?%‘6%58%0 BERIAVS THE W Yr e i s
then cosbi iwsbtiihéd B tR@MUgendRIPhiR{Le fsudied MdnkiRatt @A hisARaM Xt ure. The
reaction 15 mxture is then pH adjusted and heated to formthe crystalline

mol ecul ar s F@YAINIng coapasitiony g this mixgure dstiredowtibia Snelchdmpesneanst ocl ave and
Wit hout sti pfikqg ﬁlc;génnéalatlgﬂg it 'hoﬁio@gﬁseoﬁg #i)gt'u%cils ﬂfe%%egte%(g had, of making
net hod 1 hcl u er an a

SAPO- 34. The es m xi1 nhg-toge U num cont ai ni ng
conpound, acrystatlspHARG nodeduddrisiavg. conpound, and an acid. This mxture is

honogeni zed and t enpl at terial_i d. The tenpl ate added m xture
i s then honmogeni i‘gﬁ'ﬁ)at%{’r‘i qsh§9§f1ﬂ @4@19?@?@?5@?%% wathof ob mekingssel . The
vessel i sRalpen] AindlQUAr sfeSBBBE Al EpSited RNl vhinSAl %Qefﬁpcafmgw@ a
crystalline nol ecul ar sieve product. The product 1s recovered and dri ed.

U. S. Pat ent anbshape 3el4¢tingPropegtitsosEs molaatloievieds mady by atdparingign 25

l um h hat d sili | um. h hat havi EL  st.ruct in
2" bi ot (4 By St mins SRR SRR et it I 46 phmiEr S, cact tve

source of alTubleRfieR tHeAKAIRIO T biAHWitRBlicONakitY, Thislhi¢RRe isWhdh t he
addition of 1,2-bis-(4-pyridyl)-ethane. The m xture i s heated under

aut ogenous FPEbEer avithanorewliekaeplaty 49 farmtthe fesetion méxtarey Sthairedctien pr oduct .
e POt gkt iy MR B AR Lt Sy e
product. Crystallization is conducted in an autoclave and without stirring.
U.S. Patent No. 5,663,471 discloses a method of making SAPO-34. The
method includes mixing together an aluminum containing compound, a
phosphorus containing compound, and an acid. This mixture is homogenized and
20  atemplate material is added. The template added mixture is then homogenized,
and the entire mixture is poured into a vessel. The vessel is shaken at room
temperature. Then it is heated to form a crystalline molecular sieve product. The
product is recovered and dried.
U.S. Patent No. 5,324,493 discloses a method for crystallizing
25  aluminophosphates and silicoaluminophosphates having an AEL structure using
1,2-bis-(4-pyridyl)-ethane. The method includes mixing together a reactive
source of aluminum, phosphorous, and, optionally, silicon, with the addition of
1,2-bis-(4-pyridyl)-ethane. The mixture is heated under autogenous pressure in a
closed system to form the crystalline product. The product is isolated after the
30  reaction, washed and dried. Synthesis can be carried out either statically or with

stirring.



stirring. WD 01/47810 PCT/ USQOQ 35461 -3 The known processes for naking
crystalline silicoal um nophosphate nol ecul ar sieves are, unfortunately,
very i nefd o478t . I n sone cases, less than 50 w % of theaTEzspIBSHI61
conponents are reacted to formthe fi n%lt crystallized product. The
uncrystallized reaction conponents ar€ -typically not recovered and di sposed
5 as waste. It is, therefore, desirable to find a reaction process which
does not result an a substantial appunt of waste. Summary of the Invention

10 In order to ov8f KBOD PHSERSSS {6 _%)‘EfV%ﬁ%m‘éé’éiﬁe’i‘la‘tné‘d’pﬂpfiﬂ?a_f%e _
manuf act ur enRlecalay sfedtd ir@,ﬁrﬁbﬂtﬁrﬁtg@},W&)’"Qx@m&ﬂaf@sdﬁ% LM ss WS, this

i nvention provides a novel nethod of naking crystalline

si | i coal um WEpHd$sheeaetionsimamnenls ags reseted toTaen st fiwd coomblizedgsodiddi ng to a
vessel a m re. c rising. a silicon containing conposition, an, alum num
cont ai ni ng ?%%r‘ﬁ%%ryg%%?éﬁea T GIoLF RS a%?ntéfplﬁalﬂ%B‘gtﬂﬁ%qql?égedcadﬂt(g?pﬁ?‘?‘f’g

conposi t3 onas wadle Sltiig, thergfotd) Aesttableodindt deetioARRbIsHFhitdatoedho@deligiper at ur e
and duration effective to forma crystalline silicoal um nophosphate

nol ecul ar sinev&ibstiERBalAMOUN PFWAHY is applied for 20-95%of the duration
that heat is applied. Desirably, heat is applied at a tenperature of

bet ween 50C and 250C. 20 Heat can also be applied at a duration of between
10 m nut es Sachn2dy dfahe Envenbleni r ably, stirring is applied from 20-90% of
the duration that heat is applied, nore preferably continuous stirring is
applied from 30-80% of the duration that heat is applied. In another

embodi mEnt,  the i bidePRd GRAMNHE JakQURRRMIEM Rssoliled3iHTEUM 25 contai ni ng
conposition, the tenplate, and the phosphorus containing conposition are
added i n anmanuigciefd elodrystalline siicoalimophesphste adlendarrsodveg vhiar  si eve

conposi tion. having a ratio of 0.30-0.34.Si02 / A1203 / 0..82-0. 86 P205.

Deg}) rably, "PR&1Q I‘”ﬁ@%a%ﬁ%f?eéli%d Hpaking F@’F{aﬁﬁ‘?ﬁﬂlcﬂﬁum}‘&‘}p&?ﬁéﬁ}e nor e

desirably, fgculaesiRbél ETHeaNRhbS ESmpiRics agdiRYy to A0FRAI LML OXpegingnd
di propyl am ne. 30 In another enbodinment, the invention provides a nmethod of
making an 2 silicon containing composition, an aluminum containing composition, a

15  template, and a phosphorus containing composition, and stirring the mixture while
applying heat at a temperature and duration effective to form a crystalline
silicoaluminophosphate molecular sieve, wherein stirring is applied for 20-95% of
the duration that heat is applied.

Desirably, heat is applied at a temperature of between 50°C and 250°C.

20 Heat can also be applied at a duration of between 10 minutes and 240 hours.
Desirably, stirring is applied from 20-90% of the duration that heat is applied,
more preferably continuous stirring is applied from 30-80% of the duration that
heat is applied.

In another embodiment, the silicon containing composition, the aluminum

25  containing composition, the template, and the phosphorus containing composition
are added in amounts effective to provide a crystalline molecular sieve
composition having a ratio of 0.30-0.34 SiO, / Al,0; / 0.82-0.86 P,0s. Desirably,
the template comprises tetraethyl ammonium hydroxide, more desirably, the
template comprises tetraethyl ammonium hydroxide and dipropylamine.

30 In another embodiment, the invention provides a method of making an
olefin product from an oxygenate composition. The method comprises providing

a crystalline silicoaluminophosphate molecular sieve made by the method of this



ol efin product from an oxygenate conposition. The nethod conprises
providing a crystalline silicoalum nophosphate nol ecul ar sieve nade by the
met hod Qfobim1\0 01/ 47810 PCT/ USCQ 35461 -4 invention, g&}6sdbi:8%:1t he

nol ecul ar sieve, and contacting the cal cined nolecular sieve wth an
oxygenat e conposition under conditions-£ffective to forman olefin

product. Desirably, the oxygenate conposition conprises a conpound sel ected
fromthe group consisting of methanol; ethanol; n-propanol; isopropanol; C4
- C20 5 al comnsngon,maldinihg tehmbleetlmesiover ambedndctiap hier caldhet tylecelaher ;

di -isopropyl.ether; formal dehyde; .di nmethyl carbonate; dinethyl ketone;
acetic aci d>'eXhd 3R PYEENE ﬁ%‘ﬁ%‘&ﬂ@“ﬁﬁ@%%/mwlﬁﬁgﬁﬁb‘fe tPfstH’éé"i‘Y P!’fgi”y .

cont act ed Wipkdtuat. POERbBY tit-dx9EBRacohifd st oidomPEes 2 EaRghidQRR Rl ective to
forma polyalefin. 10 Detail ed Description of the Invention

Si | i coal uni AEFhBSERAMRCqSiAPTY ofmetentlaethendyeprenandle isaprapanali Cut Erd y
desirable ¢ J i | R tin X nat.e feedstacks to olefin
conposi t|§ongmJ %ltéy’%gﬁgr %Eal]{” |ﬂ(§:%rr glr e@%%éhér’c‘g%tg g% < éléllsoi?‘fﬁﬁflr? Dl efins such

as 15 et hyl dorenabdethype;aiimethiyecdrbonntd xiyrg ethak l&at@m&ﬂi{dﬁﬁid; Iand mi>]$ture€i bei
Si |'i coal um nophagsphat | ecul ar sieves are generally classified as being
i cr opor ous rt‘i‘r“F‘é‘Eclafri X HVRTRGUS Is degirally contagiedmathedpdli lglindormingr es. These

[ing St UCUaRS: Gk BaNELAR AXKEAANR B & pdlfedandl ng from about 3.5-15

angstrons. Préferred are e sha pore nol ecul ar si eves havi ng an
average pore size 20 ranging fromabout 3.5 to 5 angstrons, nore preferably

from4.0 to 5. 0.a trQng. ese preferred pore sizes are typical of

mol ecul g? sié&@é‘—‘?ﬁfﬁﬂ%@%&ﬁz&am%. In general,

si i coal um nophosphat e nol ecul ar sieves conprise a nol ecular franmework of
corner-sharing [Si 021, [Al102], and [P02] tetrahedral units. This 25 type of

framework is ef f &dliqopbininophsaplkate (SAPQamolsaslansiyyenatvess patioulbtigf i n
products. T9851lalgge]c2clatt%l|§ttéé II%QF&:%E\ !in lélg'ﬂ\;[e%lr\é;\fe(gng:ggr\l/art%gegﬁ%?a/‘g@\qgrgrqf tructure of the

nmol ecul ar si éve AVEenti on-can b ety of
conposi t i onsomp&iaoHs. €Ehefard pertieul i gediDE At y £ ffr ahaRid0o16QHASH hi ons i ncl ude

phOSphOlig ¢ %ﬁniy?e’ne and propylene from oxygenate compounds.

Silicoaluminophosphate molecular sieves are generally classified as being
microporous materials having 8, 10, or 12 membered ring structures. These ring
structures can have an average pore size ranging from about 3.5-15 angstroms.
Preferred are the small pore SAPO molecular sieves having an average pore size
20 ranging from about 3.5 to 5 angstroms, more preferably from 4.0 to 5.0 angstroms.

These preferred pore sizes are typical of molecular sieves having 8 membered
rings.

In general, silicoaluminophosphate molecular sieves comprise a molecular
framework of corner-sharing [SiO;], [AlO;], and [PO,] tetrahedral units. This

25  type of framework is effective in converting various oxygenates into olefin
products.

The [PO,] tetrahedral units within the framework structure of the
molecular sieve of this invention can be provided by a variety of compositions.
Examples of these phosphorus-containing compositions include phosphoric acid,

30  organic phosphates such as triethyl phosphate, and aluminophosphates. The

phosphorous-containing compositions are mixed with reactive silicon and



30 organi ¢ phosphates such as triethyl phosphate, and al um nophosphates.
The phosphorous-contai ning conpositions are mxed with reactive silicon
and WO &g di/&8(d PCT/ USO0/ 35461 -5 al umi num cont ai ni ng c@aT/Rsmi3s46ons under
the appropriate conditions to formthe _ nol ecul ar sieve. The [ AL02]
tetrahedral units within the frameworK%structure can be provi ded by a
variety of conpositions. Exanples of these alum numcontaining 5

conposi ti on%l i ncl ude al um num al koxi dg Isluch as . al um'cﬁum [ sopropom de,

al um num pht¥PHATBLOM AR HWWWE%P &, 108 BRRTORRAF GARREERS, to dbin th
pseudoboehmo@scuibi§iead UM num cont ai ni ng conpositions are mxed with
reactive silicon and phosphorus-containing conpositions under the

appropri ate condih¢ 6‘?11165)2] te@rab@;}rm ltrh@ Vﬁﬁll@&@l famnwmgtruqtoreﬁw HeSi 02]

t et rahedr al i rk str tu can be ovi.ded by a
variety of 8%&%)‘%? yaovrr]lasnet};E(?(r}ec es 0 fr@ff) a&%%{f’ﬁ M Enposi ti ons
i ncl ude 3i | ¢@apssfichsandudd zilumnrum @kb%hﬁﬁ&h%@@fmnﬂﬁuﬁq%d’p@o;ﬁiﬁd@
orthosilicate. . The silicon-containj conpositions are mxed with reactive
al umi num anéuﬁﬂ@%ﬁl}?ﬂ%’lﬁ@érﬂ‘&Pmuﬂbh%g%é%ﬂspii’@ﬁsaluwe #Aé appr oprl ate 15

condi tions o fobsBhbiie. Tk SihiAl sao%va%ngumpbﬁﬂ&%%%?@ Sl Befige De used
in this invention. These conpounds are genera Known: as ' MeABSOS® or

net al - cont asiicorgarsi pliospladrusicorgpinogpoatpesitiond tiedemettead ppephiatrecoaldieins et al
ions (G oup I‘ﬁﬂ? @Eaka ine earth nmetal ions (Goup I1A), rare earth ions
(Group |11 B PR HHMI CP ESIP¥nt hanoi d el enents: | ant hanum 20 cerium
praseodyyri um neggyg; eﬁamwumts QAP RanRdok sdlddife chgbbi um
dysprosium holmum erbium thulium ytterbiumand lutetium and scandi um
or yttri unproamigdibiye mdtﬁ¢fm®mp0‘§1ﬁlanS|Exmnplcmftbm sdicoGreoupsningy/B, VB, VI B,

VI | B, VIIIB and. | B.. Preferabl t.h re atons such as Zn, M,
Mh, Co, Ni, SEEPOSHens 15%“% sif dg(%’d Sg ‘ilumzfﬁ%’ Efe By ‘E)tﬁwglccan be
inserted i nbﬂhddﬁl@ba’te‘f)tTl&hﬁﬂﬁh’o@konfdhﬂﬂ@%&hiﬁo§1Mr@%@n@<e[d|\@1@2}eabﬁer ahedral wunit.

The [ Me02] tetrahedral unit carries a net electric charge depending on the
val ence st atlgnipum gad phesphorisisentainigh¢ompositions under the appropriate

15 conditions to form the molecular sieve,

Substituted SAPOs can also be used in this invention. These compounds
are generally known as MeAPSOs or metal-containing silicoaluminophosphates.
The metal can be alkali metal ions (Group 1A), alkaline earth metal ions (Group
ITA), rare earth ions (Group IIIB, including the lanthanoid elements: lanthanum,
20 cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium; and scandium or
yttrium) and the additional transition cations of Groups IVB, VB, VIB, VIIB,
VIIIB, and IB.
Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,
25 Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral
framework through a [MeO;] tetrahedral unit. The [MeO,] tetrahedral unit carries
a net electric charge depending on the valence state of the metal substituent.
When the metal component has a valence state of +2, +3, +4, +5, or +6, the net
electric charge is between -2 and +2. Incorporation of the metal component is
30 typically accomplished adding the metal component during synthesis of the

molecular sieve. However, post-synthesis ion exchange can also be used.



When the netal conponent has a val ence state of +2, +3, +4, +5, or +6, the
net electric charge is between -2 and +2. Incorporation of the netal
conponenwoios/47630 typi cally acconplished addi ng the metal POVpSeoasgeiduri ng
synt hesi s of the nol ecul ar sieve. However, post-synthesis ion exchange can

al so be used. WO 01/47810 PCT/ US0O0/ 35461 -6 Suitable

si |l i coal um nophosphat e nol ecul ar sieves include SAPO- 5, SAPO 8, SAPO I 1,
SAPO- 16, SAPO 17, 8, SAPO 20, . SAPO 31, SAPO . 34, > 35, SAPO- 36,
SAPO- 37, SAPO- 40 S“@HE} ﬂ{’fbalg 9phaleapplagiilar sioysginpfide 6, the netal

cont ai ni ng SAPTE8L HEPEOOT 1, SAPD-T6)XSAPES 7t DAPEOT S, SAHS-26 63 4 Bd-Ar SAPARO 18,
SAPO- 34, SAPO- 35, SAPO- 44, and SAPO-47, particul arly SAPO 18 and SAPO- 34,

i ncl udi ng t Ré APQ3% SHP4l-36. rfg‘\lf@'ﬁﬁBSAP@ BSAPGAY, Sﬁ&@tﬂﬁe@APﬁ)e‘ﬂ‘éof As
used herei ng Al &F bl gyt ‘;He‘?m%t lc%ﬂa?nlxg? stl‘%‘é ?cbfh%ocﬂb )r&%atl ﬁ}%@a dis

consi dered a conposition O 5 in

varyi ng properfeirehare SARyau16] £4BOH4, smml 3@@@@@ a&{dGSAEPOmhACCOFSi Bg to
this invention, yst ine SAPQO npl ecul ar sieves are synt esi ze y
hydr ot her rraPa%le}léflé{IﬁAfaPz(g‘tlﬁéﬁd SAY Qe hercludingdhe mplel grdiniee forms hi s

L nventl on 1 hefedt! Rl Alddrd® HIRIEC UL Abe UG, HOMnd Mpd e TP By HERET | NG L he

starting materials under ydrot erma conditions to or crystalline
product. | n“@tthdﬁemblmamosmgdui camitetey a coorpeasien toffienactonveaiigi wo @fméle starting
materials to cr%/ Illne 15 nol ecul ar S|evef3 oduct , ihe starting materials

are stirred Py stlﬁ a@l"‘%f’%pf’p?ﬁf’l%ﬁﬂﬁrd]ﬁs Bt PRYIGH §ékss. Stirring can

be contimuous OrAlcalf)ﬂErflgh foltBRinveAtbn,| cfryétaﬁm% Qﬁpé%oléﬁflﬁfﬁe\lebﬁrer eaction
process is corrﬁl et ed e reaction process is conpleted at the effective

end of crystwlthesizgdibyhydeatheuniat prystattigation. il aflesivvaatd. éhe podig obHtis nue t he
appl i cati on; foenpgr?}s a c%gstal?la n%:o‘?ecupa? sieby gl f {slflg Crtefl%g]%{m: thghOSphat € a

reaction mxture m X1 Ag t oge '€ al uni num

and phOSphomserlammﬂﬁfdr&heﬂhﬂm@nwlbﬁls t@tfohﬁﬁ&tcr?ﬂﬂhh@ﬁiﬂda&te In bkders
ultimately renoved calcining the crystalline product. Calcining the
crystalli netop?‘%‘élﬁéﬁmi;b’&ﬁ@aieﬁhﬁ C?W@m%?%b"aﬁtértl% rea eta $ P%‘FWW%W ned out,

| eavi nglﬁehmqiecma?@fe%?r&daem{e sltdrﬁr\?%gltd{ell’%}s%@ thre ergrahé BSsGhshal | 1 ne

product. Once t eterrpae I's reno ecu ar
or reaction process. Stirring can be continuous or intermittent, but it is stopped

before the reaction process is completed. The reaction process is completed at the
effective end of crystallization, at which time it is desirable to discontinue the
application of heat.

20 To make the crystalline silicoaluminophosphate, a reaction mixture is
formed by mixing together reactive silicon, aluminum and phosphorus
components, along with at least one template. It is ultimately removed by
calcining the crystalline product. Calcining the crystalline product means that the
template is essentially burned out, leaving behind a porous tunnel like structure

25 within the crystalline product. Once the template is removed. the molecular sieve
is described as being activated. That is, it is ready for catalytic use.

Generally, the reaction mixture is sealed and heated, preferably under
autogenous pressure to a temperature of at least S0°C. Preferably, the reaction
mixture is heated between 50°C and 250°C, more preferably between 100°C and

30 225°C.

Heat is applied at a duration effective to form crystalline product.

Formation of the final crystalline product can take anywhere from around 30



is described as being activated. That is, it is ready for catal ytic use.
Cenerally, the reaction mxture is sealed and heated, preferably under
aut ogenowe opaesseure to a tenperature of at | east 50C. PrePer/abioys4dihe
reaction mxture is heated between 50C and 250C, nore preferably between
100C and 30 225C. Heat is applied at a duration effective to form
crystalline product. Formation of the final crystalline product can take
anywhere fr round 30 01/ 47810 .PCT/ USO0Q/ 35461 -7 minutes up to as
e s 2 wiBREe Rt rmtin Sd WA R M Shes R o iaee e S et al 1 1 e
material W lctystaaighd mbRtigl Whefat ot tHedBrmedtionh e Ry piddedt. PRIf@hBRaRhYisheat is
applied at a duration of between 10 m nutes and 2 weeks, nore preferably

bet ween 15 APPHAde aghwptmnpiibsiresn 1Rpainuiss apd e atsels, pearaprater2blyni nut es and
120 5 hour e i i i h irs.less th t he
duration of %ﬁ%e@ﬁ#?ﬁ%@%eﬁ alééz?wés%g’anﬁésgéﬁe?%&pg% ee%‘?/%tgtjlovn&n;l}%fsgfl (rjnq? %e final
crystal |l nehooisecul ar si eve product. The duration of the reaction is

consi dered conplete at the ti that crystallization is effectively
conpl eted. This dPiytuse ésosuérggrf%rs"p‘é‘ﬁaﬂiaélstlﬁ%s thamgeduiogof thene t hat t he

reaction mat&ictigh 8f MHeQoRHPBh&Hs ohrtdclildlg f&@ﬁe%x@F@@?@hf-n@gxg{l%%g r20- 95% of

the duration that heat is applied, nore prefera rom Yo of the
dur ati on t hatevhestducs Teplurgcn afitbe reastionpis ebesiddréd/ cdmplateald tiettiBOHB5% of t he

duration that at is.appli.ed. In neral., th xtent of stirring.is
affocted by heriBabRi SRl cnpelint B sinfedl Prrofendight e
crystal 1 zabf @meltBAARE Rhatlich mdRrihlRQrd RE%eds tStirrfiiag‘ﬂlotuld‘Ee Applie@ Gk 6L
Typically, the créstal | i ne nol ecul ar sieve product will be forned in

sol ution. | P5¢a0f thedpatioy draébedsys anphindanercmseipsmblyHoom 28r90% attheas by
centrifugati . | LOoR: T I Vv recovered by
the  same. moanuBh ol il b, 0 RER BB T B0 30 AP SEiteon ot ccess.
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15 the less stirring time is required.

Typically, the crystalline molecular sieve product will be formed in
solution. It can be recovered by standard means, however, such as by
centrifugation or filtration. The product can also be washed, recovered by the
same means and dried.

20 As a result of the crystallization process, the recovered sieve contains
within its pores at least a portion of the template used in making the initial
reaction mixture. The crystalline structure essentially wraps around the template,
and the template must be removed to obtain catalytic activity. Once the template
is removed, the crystalline structure that remains has what is typically called an

25  intracrystalline pore system.

The SAPO molecular sieve can contain one or more templates. Templates
are generally structure directing agents, and typically contain nitrogen,
phosphorus, oxygen, carbon, hydrogen or a combination thereof, and can also
contain at least one alkyl or aryl group, with 1 to 8 carbons being present in the

30 alkyl or aryl group.

Representative templates include tetraecthyl ammonium salts,

cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,



and the tenplate nust be renpbved to obtain catalytic activity. Once the
tenplate is renoved, the crystalline structure that remains has what is
typi cal lwooatsred an 25 intracrystalline pore system ThepEhBshosséacul ar
sieve can contain one or nore tenplates, Tenplates are generally structure
directing agents, and typically contai nS ni trogen, phosphorus, oxygen,
carbon, hydrogen or a conbination thereof, and can also contain at |east

one al kyl or aryl group, W 1 to 8 carhons bejng present in the 30 alkyl
or aryl grodg® Oéﬁ’ﬁggglé’ﬁt téi‘t'?tbg' liyélﬁ%yﬁih@gr?lﬁ%lrﬁ%h&&er Q’é‘f‘i’ﬂﬂla‘%‘ﬁ*ﬁoni um sal ts,
cycl opent ylémm , Py RO TRy 14YiGE Wmﬂanatmrﬁ%ér%mh%efkfrwmy 1&@s ne, WO

01/ 47810 PCT/ US 35461 -8 Cycl ohexyl am ne, tri-ethyl hydroxyethyl am ne,
nor phol i ne, gkt WietpianamieneyclahprApmingy pipdiidias, pysidpreo ppbwpy meiaand conbi nat i ons

thereof Preferred.tenplates . are triethyl am cl ohexyl am ne

bi per 1 di ne, R ARGRE Salt P ritres P rOre T Fetac P dmy !t ang
m xt ur esst hendade Ehteth@llanagbiivin IBFRAITEROHS, tSirdcfg) Udendimhaet hyl
anmoni um hydr oxi de gTEA , tetraethyl ammoni um phosphate, tetraethyl

amoni um f | pbesrhate, fesaethst #pmoarwrb Anerdes Fedigrtul ammenivgelriepiidanmoni um

chloride, t mni : P T r jum salts
are tetr net R R autn SRR HAC A Al AR L, RN kB O e
preferred t enphatiemcahparesasetisi amatdajim apadroridd rnb ydiaethytl emmibiymi ef er abl vy,
tetraethyl a i um_Jjydr oxi de and di propyl anine. As is _known in the art,

nol ecul ar sipgggﬂwe'c cATGSTree iR i‘tﬁicg@pgglf‘é tetﬁ%?lt}é’&ﬁp‘é?oné‘?’%@é?r% be
activat g0 Pr&trabf, USRelh§l AnfRhANY by GoPHOGRS diprd)fidnyi@ti on is performed in
such a manner that tenplate is renoved fromthe ol ecul ar sieve, |eaving
active catal ytic A isé&gowntimthelnet, modacolpo sisus octmaipgicenteiningthenol ecul ar si eve
15 open for cqgnt zilct W th fq)ed.t.T e actitvati on grtﬂctess is ty i.cal.li/.
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t enper at ur e pffofrh@MnZAeh h hanB&0Gat tBmbhae: BrESENCE G tRMMexYdansie@)t ai ni ng
gas. In sone cases, it nay be desirable to heat in an environnent having a

| ow oxygen dervérmdtiye catalytivhites vigh thegnicpmosasshannelue theewldcglar pigvei al  or
conpl et §sr ers?)gﬁkor%%n{amaw}tﬁ @é%ldatﬁefaat?vrgti%n%rocess is typically accomplished by
calcining, or essentially heating the template at a temperature of from 200 to
800°C in the presence of an oxygen-containing gas. In some cases, it may be
desirable to heat in an environment having a low oxygen concentration. This type
of process can be used for partial or complete removal of the template from the
20  intracrystalline pore system. In other cases, particularly with smaller templates,
complete or partial removal from the sieve can be accomplished by conventional
desorption processes such as those used in making standard zeolites.
Once the molecular sieve is made, it can be blended with other materials
that provide additional hardness or catalytic activity to the finished catalyst
25  product. When blended, the resulting composition is typically referred to as a
silicoaluminophosphate (SAPO) catalyst, with the catalyst comprising the SAPO
molecular sieve.
Materials which can be blended with the molecular sieve can be various
inert or catalytically active materials, or various binder materials. These materials
30  include compositions such as kaolin and other clays, various forms of rare earth
metals, other non-zeolite catalyst components, zeolite catalyst components,

alumina or alumina sol, titania, zirconia, quartz, silica or silica or silica sol, and



20 intracrystalline pore system In other cases, particularly with smaller
tenpl ates, conplete or partial renoval fromthe sieve can be acconplished
by convembioowmhio desorption processes such as those used PeT/ODsgo/3sgelst andar d
zeolites. Once the nol ecular sieve is de, it can be bl ended with other
materials that provide additional hardnéss or catalytic activity to the
finished catal yst 25 product. Wen bl ended, the resulting conposition is

typically ref.erred.to a silicoal um npoph hat.e APO) catal yst, with
the catal yst™& tihglieﬂgspheée SAPES R aéﬁﬁr)sgre%g&é‘(?é? r‘%\@?@ﬁ'}%ﬂegatlﬁ%){ajﬁ“can be
bl ended wi t Rokthgctiig!a8 @Uh@mas kAN o &RRKt BEhsREHiOdme thO&4thly S duss ?al ytically
active materials, or various binder materials. %hese materi als 30 include

conposi t i ongeasneratign, deasifying theccattlyré and ingyeasing gafabigsstfeneths When are eart h
metals, oth - ite.c l. onents, zeolite catalyst conponents,
%Fen'agcﬁl (}ﬁtglo o,n s?lfciog%ul%g?ﬁého%ghng%e molecular tSIZCYC g}laﬁclrlg%, §1I§ ag?qu[ng

alum na or alumn Zirconia, quar a or
silica s8l, ofinth a0l bledé SHcHCTHASDR] 35t finat Satallystpis Rt tdgeLObm TThese
conponents are al sg effective in _reducing overall catalyst cost, acting as
a thermal sit<h§0 Psighs persentof thestotal spfplistipirierehly Wdp A0yesizlfperasgt of the
regenerati o%tap&@gﬁtyi ng the catal yst and increasing catal yst strength.
When Dbl ended wth” non-silicoal um nophosphate nol ecul ar sieve materials,
the anobunt 5 of ribleevcitanarssieesymhesbed is acomtlaiceedth the pheedfitimathod at al yst

product ranges,from 10 to 90 weight percent of the total. catalyst,
preferably 6‘?‘?‘6”% M%ﬁ?seﬁé?‘%ﬁ%‘ggﬁffgﬁ? cuyg mojecp@ sjRAEtion %edﬁ?ﬂ ecul ar

si eve syot hegkaad pbr arspertaNEanbh Bx g & %@%talyﬁtiﬂgﬁcmgﬂ be used to dry
gases and |iquids; for selective nolecular separation based on 10 size and

pol ar pr opehyfiwsrackngadisprioposiwohizong elkylasion dsemeraalign. dxidatioackidng,

hydr ocr acki I.Spr rtionati albkyl ation, I sonerization, oxidation,
and conver glg%vr?q%)@ ’9855’% eﬁ%&?%@%%&%%ﬁ’r%&n@ ;e mécsa?z(iar(rzlﬁréﬁ%q 4 carri er; in

gas chr onatchgheqbytraplandnd ih the @epeletmligdustdy nel ughdwe doPmbESENERL Gloal
paraffins from distillates. It is particularly suited for use as a
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catal yst i ndstidgiesny,is pydeple I USP 4 asFBPG it FastdRg. o drosragling i on,
TR G BT, BAGRRLGA e ocar bons
oxygena{es to hydrocarbons. Most particularly, the molecular sieve is suited for
use as a catalyst in the conversion of oxygenates to hydrocarbons.
In its most preferred embodiment, the SAPO molecular sieve is used as a
catalyst in the conversion of oxygenates to hydrocarbons. In this process a feed
20  containing an oxygenate contacts crystalline molecular sieve in a reaction zone of
a reactor at conditions effective to produce light olefins, particularly ethylene and
propylene. Typically, the oxygenate feed is contacted with the catalyst when 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
25  phase or a mixed vapor/liquid phase, different conversions and selectivities of
feed-to-product may result depending upon the catalyst and reaction conditions.
As used herein, the term reactor includes not only commercial scale reactors but
also pilot sized reactor units and lab bench scale reactor units.
Olefins can generally be produced at a wide range of temperatures. An
30  effective operating temperature range can be from about 200°C to 700°C. At the

lower end of the temperature range, the formation of the desired olefin products

may become markedly slow. At the upper end of the temperature range, the



use as a catalyst in the conversion of oxygenates to hydrocarbons. In its
nost preferred enbodi nent, the SAPO nol ecul ar sieve is used as a catalyst
in the cwowenssion of oxygenates to hydrocarbons. |In this prousess#slf eed 20
contai ni ng an oxygenate contacts crystalline nolecular sieve in a reaction
zone of a reactor at conditions effecti've to produce |ight ol efins,

particul arly ethylene and propylene. Typically, the oxygenate feed is

tacted with the cat t when th isina. hase.
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vapor /i qui q)fghggggom#@,rhnah@ tgggg@gsﬂrgeﬁ@g.ri ed out in a liquid 25 phase or
a m xed vapor/liquid phase, different conversions and selectivities of

f eed-t o- product nkhe presas candepemdéchoutupe nyhdeicdat aysteh oandy sesaahi on
conditions. As used. herein e, termreactor  includes only comerci al
scal e react W?gtﬁffan_eﬁ'l %otr%’isﬂ’%'% ngsz H’OPEEC??B‘Fd Bﬁ?f?%&mﬂgﬁ?e b‘é?f{ Hi&cal e
react or gni tparticlRly deSirsHO IORLLB N JreRRIRACUGSES Hth Saddt daotigage of
tenperatures. An 0 effective operating tenperature range can be from

about 200C to 700khe capverpien of ewegenaigs toprogies alefinsds ataferebly xageed auhe

upper end o Eget e S AbEl QRS S AT SRS BT D0

process mnay bedtedcarsruahcaptirentrisanizditbrsafs des@ibda in “ABe BpRabdtog” t enperat ure
of at Ieastﬁ?OOC,,and up to 500C is preferred. The process can be carried
out in a dyddwiEeresegeeaoD- Spiapd(Q heverspiny Bobearki-dtjesst transport

beds, aljphoyglighih} é%dﬁ@?%‘?%%ﬁc%%&%h% Rbeelﬁﬁﬁ?a]ﬁtéén by refgreP@ert icularly

desirable to operate the reaction process at pace velocities. The
conver si on fddxygdpatestaarrpnottoe tllokadtonasndysbeprsedl ér tiblcyncasiohed out in a

| arge scal e continuous catal ytj € r,, Thi.s.type of .react.or . includes

[~ bed PEREED Sea it SRunelr o Bar s bho Rt Riu o ERTtigtiorinarr e

Fal | React Orx/id- Pl B B a9 paEbgi 816€H A7 el addUDi F. GAAfloReinf¥@NSPI €1,

Robert E. Krleger 10 Publishing Co. NY, 1977, incorporated in its entirety
1

herei n by rdubhdnegCorppdditli9%Ratht desceiptipnserfovdrieleane ekprsesly atdorposated or s may

be used,kn . [ process. See, for exanple, US-A-4,068,136 and
"Ri ser &gac?lg%u?gﬁ[eﬁlé%lhg%ti on and Fluid-Particle Systens, pages 48-59,

F.A. Zenz and D. Any $titdar] cdr@ineieidl deale reactor system can be used, however,

including fixed bed or moving bed systems. The commercial scale reactor

systems can be operated at a weight hourly space velocity (WHSV) of from 1 hr’'
to 1000 hr'. In the case of commercial scale reactors, WHSYV is defined as the

20 weight of hydrocarbon in the feed per hour per weight of silicoaluminophosphate
molecular sieve content of the catalyst. The hydrocarbon content will be
oxygenate and any hydrocarbon which may optionally be combined with the
oxygenate. The silicoaluminophosphate molecular sieve content is intended to
mean only the silicoaluminophosphate molecular sieve portion that is contained

25  within the catalyst. This excludes components such as binders, diluents, inerts,
rare earth components, etc.

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, preferably less than about 0.012, more preferably less than about

30 0.01. It is particularly preferred that the reaction conditions for making olefin
from oxygenate comprise a WHSV of at least about 20 hr' producing olefins and

a TCNMS of less than about 0.016.



Publ i shing Corp., NY 1960, the descriptions of which are expressly

i ncorporated 15 herein by reference. Any standard comrerci al scal e reactor
syst em owo obe7sused, however, including fixed bed or noviPQI/osa/Bsydt ens.
The commerci al scal e reactor systems (fin be operated at a weight hourly
space velocity (WHSV) of from 1 hr 000 hr 1. In the case of commerci al
scale reactors, WHSV is defined as the 20 wei ght of hydrocar bon in the feed

per hour per vvei ht of, sili hat HS%}ec ve CQntent of
Phe catal yat. TheoyRt b 5RO CRERGR P B aordia) et eibadh Sekep D

hydr ocar bOﬂ(NMS(}thEBYh@tE ipenalrk Ys 1og manhooved wetmshgdeﬁa%ga%nﬁée The
sili coal um nophosphate nol ecul ar sieve content is intended to nean only

the sili coamthanopmpmeld diroded by the ethydere odudt gield Whereirseachiyiadd ied 25
within the cata This ex des conppengnt s ch.as binders, diluents,
inerts, rare ear Cf?ln SO THEH ’t%%&jtoe?@'e‘ /n A5t g\&H 8133?%?5?%1 I$ operate at a
t enper atyur e4gdeCadr dréast t&mmsdls@eﬁamfh@tfwﬁmﬁg %ﬁ-@ﬁitoﬁdmmﬁlgﬁm i¢ed

Met hane Sensitivity (TCNVB) of |ess thari about 0.016 preferably | ess than

about 0. 012therveragp tepimerathieywitles shd feactomind@t 30 0.01. It is particularly
preferred that the reaction conditions for making olefin from oxygenate
conprise a WHSV of at |east about 20 hr | produgimg ol efins and a TCNMS of
| ess than about 0.016. WO 01/ PCT/ USQ0/ 35461 -11 As used herein,

TCNMVS is defined as the Normalized Methane Setectivity —(NVB) when t he
tenperature is | ess than 400C. The NVB i 4 THEFHABHUN xtIHeB4) net hane product

yield divided by the ethyl ene product yield wherein each yield is neasured
on, or is conver f&epressuraalieingitvass oeesiasyidewmnge: ineludimgpatagenous i s 5 400C or

srester, TR Ty R BB ol R T 12, L
x 14. 84) Theithnkssosteprafesod Page baing of i sbott 8@ kPaagsout O(S|N4E|di NPh@ut ogenous
10  foregoing pressures are exclusive of any oxygen depleted diluent, and thus, refer
to the partial pressure of the oxygenate compounds and/or mixtures thereof with
feedstock.
One or more inert diluents may be present in the feedstock. for example, in
an amount of from 1 to 95 molar percent, based on the total number of moles of
15  all feed and diluent components fed to the reaction zone (or catalyst). Typical
diluents include, but are not necessarily limited to helium, argon, nitrogen, carbon
monoxide, carbon dioxide, hydrogen, water, paraffins, alkanes (especially
methane, ethane, and propane), alkylenes, aromatic compounds, and mixtures
thereof. The preferred diluents are water and nitrogen. Water can be injected in
20 either liquid or vapor form.
The process may be carried out in a batch, semi-continuous or continuous
fashion. The process can be conducted in a single reaction zone or a number of
reaction zones arranged in series or in parallel.
The level of conversion of the oxygenates can be maintained to reduce the
25 level of unwanted by-products. Conversion can also be maintained sufficiently
high to avoid the need for commercially undesirable levels of recycling of
unreacted feeds. A reduction in unwanted by-products is seen when conversion

moves from 100 mol % to about 98 mol % or less. Recycling up to as much as



pressures. Preferred pressures are in the range of about 5 kPa to about 5
MPa, wth the nost preferred range being of from about 50 kPa to about 0.5

MPa. Th ! goi ng pressures are exclusive of any oxygshrfeniRi&d
di | uent ?‘Véﬁy“ﬁﬁs, refer to the partial pressure of the oxygenate

conpounds and/or m xtures thereof with 12f-eedstock. One or nore inert
diluents may be present in the feedstock, for exanple, in an anount of
froml to 95 nolar percent, based on the total nunber of noles of 15 all
feed and di [abewitSOcpaliordnheietdth commereiatly actdptablez diter¢fore, camarsists) . Typi cal

diluents in e, .hUt are not necessarily limted to heliym .argon,
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conpounds, and mi xtures _thereof. The preferred diluents are water and

ni trogen. WA ahigugrropeersiogndetveeenif moldoand 489 mal §uinprder tospoplifydhen The
process y > 1 0 i . ] I ont 1.nUQus
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unreacted feeds. A reduction’in unwanted by-products is seen when
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goal s are frcomeadiont 50 nol % to about 98 nmol % and, desirably, from about
85 mol % to about 98 nol % However, it is also acceptable to achieve
conversi on bet wedfreggneigsionis sgsnredghepiolagan sisveleatalys w@npplify the 5

recycling p i i i his |evel
using a numgﬁ%%l Sl%%{Eogsgf%sfné)ﬁég{n%tbgaﬁggﬁe §eo 618%034'%& fgfstlg%? e|_n t he
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i : ti t t : ssure; flowrate
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catalyst is subject to a regeneration step by burning off carbonaceous deposits
accumulated during the conversion reactions.

The oxygenate feedstock comprises at least one organic compound which
contains at least one oxygen atom, such as aliphatic alcohols, ethers, carbonyl

20 compounds (aldehydes, ketones, carboxylic acids, carbonates, esters and the like).
When the oxygenate is an alcohol, the alcohol can include an aliphatic moiety
having from 1 to 10 carbon atoms, more preferably from 1 to 4 carbon atoms.
Representative alcohols include but are not necessarily limited to lower straight
and branched chain aliphatic alcohols and their unsaturated counterparts.

25  Examples of suitable oxygenate compounds include, but are not limited to:
methanol; ethanol; n-propanol; isopropanol; C4 - Cyy alcohols; methyl ethyl ether;
dimethyl ether; diethy! ether; di-isopropyl ether; formaldehyde; dimethyl
carbonate; dimethyl ketone; acetic acid; and mixtures thereof. Preferred
oxygenate compounds are methanol, dimethy] ether, or a mixture thereof.

30 The method of making the preferred olefin product in this invention can
include the additional step of making these compositions from hydrocarbons such

as oil, coal, tar sand, shale, biomass and natural gas. Methods for making the



catal yst regeneration; amount of catalyst re-circulation; the specific
reactor 10 configuration; the feed conposition; and other paraneters which

af fect tReoiapdyersion. If regeneration is required, the pprRR&YYHicS! eve
catal yst can be continuously introduced as a noving bed to a regeneration

zone where it can be regenerated, suchlas for exanple by removi ng
carbonaceous materials or by 15 oxidation in an oxygen-containing
atmosphere. In a preferred enmpodinent, the catalyst is subject to a _

r egener at i onCYPRISIIRPSIBLE kg igfthe arir Bbesgonethedsdaglodé fesmentetiomtd at ed duri ng

Lhe conver i QRoRAAE LA ShaclIEANIRIAL Shl BTN BOpHSEs, 2t | east. one

or gani ¢ conpoun contwai’ns at 9 eas

al i phati c al zloblall oy ethiecheSmthasar dagryh b2 Prodacmosindoviehrdehydesch ket ones,
carboxylic acids, esters and the |ike). \Wen the oxygenate is
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10 car bory at o, OBE @ REE AR XA ook e B AR ALETRoyy BERL fRen oL ve

al cohol s i nclude but are not necessari imted to ral and
branched chadxyeghiatpherolefinadoowdrsios reavtion béihe puereat nvaitda capbet er parts. 25

Exanpl es of suitable o enat e, conpounds jnclude, but are not limted to:
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ether; di nePf@)éésseifbelfémdh%f)&ybleﬁhb%m SEAASRPKROVH B & da?aﬂg@é dehyde;

| "ketone; acetic acid; and m xtures thereof.

di net hyl carbonate; dinet _ _
Preferred oRfpgesigtae @Eﬂfﬂmﬁ!d’girfa@éarivemmmﬂ,arfdinn’@llhgdneeﬁwg}er/l\tatta andri xt ure

h f.1030 Ik |.ng t ef esn efi rodugt, | hi s
| nventi o can e FEp g Sy Rl R or s Blet U SR B g R ES" S553Rt 1 ons
f rom hydr ocad.Behs9GUcED2,G9; 9jo59,680:a4,074,698; Sad,998haken 565 arpa 48y nat ur al

as. Methods for king the WO 01/47810 PCT/ US0O0/ 35461 - 13 conpositions
gre known i Wefﬁ‘é@gﬁﬁd PFAESSE drstinbions qfifarhy bring exnresshainreporated kdreishol  or
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or ether. Syrthesis gas can be produced by known €sSes S steam
reform ng, aupdyblefindbrmieg oataiystatanotessaretandlternopdratiuzadfiftive to e thki | | ed in
the art 1\/gi I lpo%(ﬁgﬁr?&pord%&i. ate that the ol efins produced by the
A preferred polyolefin-forming catalyst is a metallocene catalyst. The
preferred temperature range of operation is between 50 and 240°C and the
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
20 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
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
25  formed from the olefins recovered from this invention. These include, but are not
limited to, aldehydes, alcohols, acetic acid, linear alpha olefins, vinyl acetate,
ethylene dichloride and vinyl chloride, ethylbenzene, ethylene oxide, cumene,
isopropyl alcohol, acrolein, allyl chloride, propylene oxide, acrylic acid, ethylene-
propylene rubbers, and acrylonitrile, and trimers and dimers of ethylene,
30  propylene or butylenes. The methods of manufacturing these derivatives are well

known in the art, and therefore, are not discussed herein.



oxygenate-to-ol efin conversion reaction of the present invention can be

pol yneri zed to form pol yol efins, particularly polyethylene and

pol ypr oRy¥h8Ngrs10 Processes for form ng pol yol efins from ol @ifpseakss known in
the art. Catalytic processes are preferred. Particularly preferred are

met al | ocene, Ziegler/Natta and 10 aci dléatalytic systens. See, for exanple,
U S. Patent Nos. 3,258, 455; 3,305,538; 3,364,190; 5,892,079; 4,659, 685;
4,076, 698; 3,645,992; 4,302,565; and 4,243,691, the catalyst and process
descriptions of dinnseitieg vekhedssenundatstnadorigh wderbegedpthe tojlomaier ence. | n
eneral, th ] n t1ng t.-Re olefin product with a

gol yol ef i n-? %a?nnﬁﬁ%jh%g a‘]fng\s{?tjeé(?edgtgbltrl%grg’ffr C%IEI © lgﬂ%lg}egfsu‘?"g 1BPeRYSTEL t o form
t he 15 pol ystopkiof thpriadertion aA cpiimé&r r ed pol yol efin-formng catalyst is a

net al | ocene catal yst. The preferred tenperature range of operation is

bet ween 50 and 240C and the reaction can be carried out at |ow, nedium or
hi gh pressure, bei ng anywhere it 0l of about | to 200 bars. For
processgi carried out in sol ut(ljgfrlll?)ggﬁ“% |arngéltg§ iluent can be used, and the
preferred operating pressure range is between 10 and 150 bars, with a
preferred t r{‘per%ture Lange f .between 120 and 230C. For gas phase

rocesses, h tenperature generally be within a
p nmp

range of 60 to 16QGIuanld siff whiirepited 8) niginRiGaM 8806 ARt Ween 5 and 50
bars. In addition to polyol éefins, nunerous other olefin derivatives may be

25 fornmed fAdmigd vl alsCondsannd 8017 oants ¢fi distilledevatérod o thisesixturacl ude,
but are;mot I, m ted . al dehvde cohol acgetic acid, |inear alpha
ol efi nsl,(pvi \r?/ﬁ% ldl{iaﬁcetedtaastotél,ﬂlongoﬁglelrﬁ ?é?.?hp%rrtsl (@hg w\?‘i“ﬁﬁ% (Iggl"gr/i"de,

et hyl benzena CRO$)y Lsing 20X pdets riosr®BRr, anil SiREOMI] haheobtlous athe] 2 5o al |yl
chloride, propyl ene oxide, acrylic acid, ethylene- propylene rubbers, and
acryl oni t ri PES A doxiARA0< 48 v d iohe ) b"fe“’e%dr‘if}fﬂéﬁlég 19@0pagpyf enge or

but yl enes. : g s erd vat | , Il known
'n the art, et FHoRerorare B R Db AR RE Tt (Bt uts

PCT/ US00/ 35t6dture- s akdied 1Bho &phitoof a0 vt.biesdbetdnest tetrdens aomshbnndrhh r ef er ence

Lo e Lol R AR RISl 875 Lt entet b0, st iate speciie
was mixed until homogeneous and 80.79 parts of dipropylamine (DPA) were
added using 26.27 parts of rinse water. When the mixture was visually
homogeneous, 237.3 parts were transferred to a stainless steel autoclave, heated in
2 hours to 175°C, and kept at this temperature for 60 hours.
20
A2.  Seeded Static Synthesis:

To 433.7 parts of the mixture made in A1 were added 2.78 parts of a slurry
containing 6.4 wt.% of chabasite crystals. The mixture was stirred until
homogeneous. Then, 181.5 parts of the gel were transferred to a stainless steel

25 autoclave, heated in 2 hours to 175°C, and kept at this temperature for 60 hours.

A3.  Seeded “Tumbled” Synthesis:

98.9 parts of the homogeneous mixture obtained in Al were transferred to
another stainless steel autoclave. This autoclave was mounted on the axis inside
30 anoven and tumbled at 60 rpm, heated in 2 hours to 175°C, and kept at this

temperature for 60 hours, with stirring continuing throughout the heating process.



5 Conparative Exanples A Al . Unseeded Static Synthesis: An alumna slurry
was prepared by m xing together 68.06 parts of Alum na Pural SB of Condea
and 110.iboparsne of distilled water. To this mxture 10 perUsE@dsssla
solution containing 115.74 parts of pho?ﬁhori c acid (85 wt.% ACROS), using
24.9 parts rinse water, and m xed untif *honogeneous. Then 22.50 parts of
Ludox AS40 (40 wt.% of Si02) were added using 10.20 parts of rinse water,
and the m xture st'irred unt.i | k}é)goge eous., To the honpgeneous m xture
was added 183. 31\,\%5?’3@ BOPPIFUGRS o 8% FYRIRSSH Bctires desetipsd Nakmdri um 15
hydr oxi de ( TRAGHs fEidstern Chem cal ), using 43.17 parts of rinse water. The
gel was m xed until honpgeneous and 80.79 parts of dipropylam ne (DPA)
were added using 26. 973 pHP1/sALO: f Prde Tld©H./ MABR A h¥ HiQt ure was visual |y
honbgeneous, 237. re.transferred to,a stainless steel, autoclave,
heated in 2 hourg‘ftg Ig{hﬁ%aé?atg%c RApraUen tmesthy é@b@r‘%ﬁrﬁﬂgarﬁg?“@&?' hours. 20
A2. Seeded Steadveredfroinfthes hivthef tiqdiddbylcepaifigingl Thbevashettuligs fRfaiddd Al were
added 2.78 partgoof slurry containing 6.4 wt.% of chabasite crystals.
The i xt ure %<0 308 XiRPinattermorasgessees. Then, 181.5 parts of the gel
were transferred ' heated in 2 hours to
175C, and kept at nt?ehliacgaﬁsgérrﬂgéfa%ua?%g@%rrnagﬁeacﬁggfr}%ﬂ{ﬁiél Seeded " Tunbl ed”
Synthesis: 98.9 parts of the honbgeneous m xture obtained in Al were
transferred to another stainless stegl autoclave. This autoclave was
mounted on the axis inside 30 an ove aﬁﬁd tunbled at 60 rpm heated in 2
hours tqol75C, and kept at this tenperature for 60 hours, with stirring
continui ng throughout the heating process. WO 01/47810 PCT/USOQ 35461 - 15

The nol ar conposifi o f (the synthesis m xtures descriped yRIA -A3 were
as foll ows: %Rémgfeoz?eeg&zoéfefnniﬁs 1 Tiresaep) | 1481t / 5243« Aftter the

i ndi cat ed cystalHzattonttine—theisolids—wefe gu
Al - 175 60 - 11.1
A2 + 175 60 - 10.7
A3 + 175 60 + 7.8

*Yield is expressed as dried product recovered per 100g of synthesis mixture

heated

These results indicate that stirring throughout the heating process reduces

15 the yield of recovered product, even for seeded synthesis mixtures.

Comparative Examples B

Bl.  Seeded Stirred Synthesis:

20 A seeded mixture having approximately the same molar composition as in
A1l was prepared similar to A2. The mixture was heated in 8 hours to 175°C in a
2 liter stainless steel Parr autoclave. The mixture was then stirred at 144 rpm
using a combination of the Parr anchor and propeller mixing blades. Mixing was
continued during the whole hydrothermal treatment of 60 hours at 175°C. The

25 solids was recovered from the mother liquor by centrifuging, washed and dried.

The yield of dried product was 7.5 wt.% of pure SAPO-34.



5 recovered fromthe nother liquid by centrifuging. The washed solids were
dried at 120C, and an XRD pattern was recorded. The results of A 1-A3 are
sunmar i 2eooi/vsihe Table 1. Table 1 10 Exanpl e Seeds Tenppdxaysobi3sasi( hr s)
Agitation Yield (w.o0)* A - 17560 - 11.1 A2 + 175 60 - 10.7 A3 + 175
60 + 7.8 *Yield is expressed as dri ed'ﬁpdduct recovered per 100g of
synthesis m xture heated These results indicate that stirring throughout

t he heati ngﬁgroc%ss! rlﬁutceg !15.the yield of recovered product, even for
seeded synt i < ative Exanples B B I. Seeded Stirred
Synthesis: 20 A seeded m xture having approxi mately the sane nol ar
conposition as in Al was prepared simlar to A2. The m xture was heated in

8 hours to 175C insegdedmpxturgrwastpaenaressas igthdel THRanixturatwes lhasted sttie mi xt ur e
was then stj . éﬁéi | ogbi nation of . t Parr anchor and
propel | er mk\%tﬁé}tgflrar .fgr&?)‘lxllloxlgs aﬂng goéé'oﬁ%lrrhﬁl %Sydlﬁ}?ﬁsﬁglr}te%ge\fh | e
hydr ot hef naSAPCe a4 mastecolere®. hours at 175C. The 25 solids was recovered
fromthe nmother |iquor by centrifuging, washed and dried. The yield of
dried product was 7.5 w. % of pure SAPO 34. WD 01/47810 PCT/ USQOQO 35461
-16- B2. Seeded Static Synthesis: mERdgdagixture was prepared as in B 1.
The m xture was heated static (V\E:t ﬁ? s'(}lnrrl ng) for 60 hours at 175C
Fromthis synthesis 12.5 w. % of pure 5 SAPO 34 was recovered. Exanples 1
and 2 Two m xtur g3 hayi n appr oxi mat.el Y t q]e sane nol ar copposition as in
WO mIXturcs 1ng approximately the same molar composition as in
10 Comparative Examples A1 and B2 were prepared. The mixtures were heated in
an autoclave having the same volume, same mixing blades, etc., as in Example
B2.
(Example 1) The first mixture was heated in 8 hours to 165°C and
maintained for 5 hours at 165°C under continuous stirring at 80 rpm. Stirring was
15  then stopped, but heating was continued for an additional 19 hours. After
crystallization (i.e., at the end of the heating process) 13.4 wt.% of pure SAPO-34
was recovered.
(Example 2) The second mixture was heated in 8 hours to 175°C and
maintained for S hours at 175°C under continuous stirring. Stirring was then
20 stopped, but heating was continued for an additional 5 hours. After crystallization
12.3 wt.% of pure SAPO-34 was recovered.
Examples 1 and 2 illustrate the advantage of semi-static synthesis (i.e.,

stirring for less than the entire duration of heating) for SAPO-34.
25 Example 3

A mixture having approximately the same molar composition as in
Comparative Example A1 was prepared. The mixture was heated to 170°C in 12
hours in a commercial scale unit with continuous stirring. The unit was
30 maintained at 170°C for 54 hours with continuous stirring, then stirring was
stopped. The yield at this point was approximately 11 wt.% crystalline molecular

sieve. After stirring was stopped, the unit was maintained at 170°C for an



10 Conparative Exanples Al and B2 were prepared. The m xtures were heated
in an autoclave having the sanme vol une, sane m xing bl ades, etc., as in
Exanpl e wBal/4afdtaanpl e 1) The first m xture was heated i n BChusewsss&l 165C
and maintained for 5 hours at 165C undﬁr continuous stirring at 80 rpm
Stirring was 15 then stopped, but heati’ng was continued for an additional
19 hours. After crystallization (i.e., at the end of the heating process)

13. 4 wt. % of I8¢ s.recovered. (Exanple 2) The second m xture
was heat ed iarﬁieﬁloﬁ%ur sl%uds’f?\g%c yne ﬁ@?tﬁﬂgﬁﬁ%%w Iisetes: A iy geitnder
continuous sheé yleldgas Sproxinagiyas wibgn 20 st opped, but heating was
continued for an additional 5 hours. After crystallization 12.3 wt. % of

pure SAPO 34 was recovered. Exanples 1 and 2 illustrate the advantage of
sem -static synthesis (i.e., sti rriﬁ&ﬂmﬁ re4l ess than the entire duration of
heati ng) for SAPO 34. 25 Exanple 3 m Xt ure having approxi mately the sane

nol ar coffposition as in Conparative Exanple Al was prepared. The m xture
was heated to 170C i.n 12 hours in aei}?qgrsrci al scale unit with continuous
stirring. The unit "HXWISAVIRG FRPSPHEEY the pame mplanonpesition@f th cont i nuous

stirring, theskhédd Tha yi ' o]

approxi mately 11%{r é&i&éfy?%ﬁ%?élﬁ%%gﬂ %T%dénﬁ’ zfrﬂq&lélﬂg\%.sth%t? %?0 %ﬂc’pﬁ?ﬁé was

st opped, t héours i avasmetiat aninedthabntlm@Gs Etiringn TAOUAi AvhE 8dlintR@Ed WS00/ 35461
-17 additi on%l oég hours, at_ which tinme crystallization effecti ve_I?/ ceased.

At this poi nt/0°C{ere’Qhqurswith contypioys sting] ihen stirfng ovas slepnpd-c Te yiSldA ni xt ur e
havi ng pr oxi DASIL i ; tive Exanpl e
A wes propar SR bRLhr Gy ORRY RLARARR B b T R

comrer ci al unifingnivadistoppedi theamst vedsindintaghed ThE7030i for wasddioml ap Aegksat  170C

for 30 hours with continugus stirring, then stirring was stopped. The yield
at which time crystallization effectively ceased. At this point, the yield was

approximately 13 wt.%.

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.



10 at this point was approximately 11.8 wt.% crystalline nol ecul ar sieve.
After stirring was stopped, the unit was maintained at 170C for an

addi ti onglo ghd78y@urs, at which tinme crystalli zatl on ef f ectpictRlghosRgred. At
this point, the yield was approximtely 13 w.% 15 Having now fully
described this invention, it will be app¥eciated by those skilled in the
art that the invention can be perforned within a wi de range of paraneters
within what is clainmed, wthout departing fromthe spirit and scope of the
i nvention. VELAIM& 810 PCT/ USO0/ 35461 -18- CLAIMS 1 1. A nethod of making
a crystalline silicoal um nophosphate 2 nol ecul ar sieve conprising adding to
a vessel a mxture conprising a silicon 3 containing conposition, an

al um numlcont ai ni hg coApoathbdd Oﬁmalamgerwjrsﬁdlﬁne dhcbatumthoph@pRiter us contai ni ng
conposi ti,on, d sti.rring the mxture while applying heat 5 at a
t enper at dr e BRFCYRT SIEYOTP T SR 3 &tG % XsPHRl & NeiK(ide aPmPpEngGa silicon

si | i coal ym nephesARaLA d for
20- 959 of | 7 Fhe e T o e Con LS BN Jleh AR 5T of

claim1, %hm}@ﬁphqrh‘ecqmumgwampmnent el stirrirgnthe nakurewhile afplyiat vean 50C and

250C. 1 3. of t cedi ng cl ms wherein the heat is

2 applied at at%%erg |u(r)€h f@%g?% 60118 ﬁ?ﬁ’u‘?‘eascréﬂgl 1294) hours. 1 4. The

met hod ofs ar‘syh@falltnﬁlﬁolﬁl{(@ﬁﬁﬂé R &t RReve V\’(f‘l?é’r&h@tu%;ﬂ i bﬁ'&ie'dsfor 3ppl 4ed from
20-90% of . the duration that the heat is applied f .- The od of any of

the precéddi ﬁBeéP%’i‘Pﬁ%tha\F\H@r}@Pwsﬁpplﬂ@d ng is 2 applied from 30 85% of the
duration that the heat is applied. 1 6. The nethod of any of the preceding

Cont at i o conpost 1 ont he pASePafh™ A RERERLtE Dtk it R g

conposi t 2on ditetvatde®°Crand2o0rd.s ef fective to provide 4 a nol ecul ar sieve
conposition having a ratio of 0.30-0.34 Si02 / AI-)03 / 0.82-0.86 5 P205

1 3. The method of any of the preceding claims, wherein the heat is

2 applied at a duration of between 10 minutes and 240 hours.

1 4. The method of any of the preceding claims, wherein stirring is

2 applied from 20-90% of the duration that the heat is applied.

1 5. The method of any of the preceding claims, wherein stirring is

2 applied from 30-85% of the duration that the heat is applied.

1 6. The method of any of the preceding claims, wherein the silicon
containing composition, the aluminum containing composition, the template, and
the phosphorus containing composition are added in amounts effective to provide

2
3
4 amolecular sieve composition having a ratio of 0.30-0.34 SiO, / ALO / 0.82-0.86
5  Py0s.

1 7. The method of any of the preceding claims, wherein the template

2 comprises tetracthyl ammonium hydroxide.

1 8. The method of any of the preceding claims, wherein the template

2 comprises tetraethyl ammonium hydroxide and dipropylamine.



1 7. The nethod of any of the preceding clains, wherein the tenplate 2
conprises tetraethyl ammoni um hydroxide. 1 8. The nethod of any of the
precedi ngo ol/#igns, wherein the tenplate 2 conprises tetraattysooasaani um
hydr oxi de and di propyl am ne. WD 01/4781Q PCT/US00/35461 -19 1 9. A nethod
of making an ol efin product from an OXylg?enate 2 conposition, conprising 3
providing a crystalline silicoal um nophosphate nol ecul ar sieve nade by 4
t he net hod of any, of c]ai 1-8, .and 5 cqntacting the cal ci ned nol ecul ar
sieve with an oxygenat “FgﬁP@o%fiW?]%‘i‘E a‘BOIGﬁH@FOdé‘Sthmiaﬁﬁgyéﬁa@cti ve to form
an ol efin pragipetitiod, tehpriflig method of claim9, wherein the oxygenate
conposition 2 conprises a conpound sel ected fromthe group consisting of
met hanol ; ethanol; 3 n-propanol; isopropanol; C4 - C20 al cohols; nethyl
ethyl ether: di mereyifingtasystallingisiiceajumisionbesphatie n@epramydveenduerty

f or mal dehydey, . di I nate, dismethyl 5 ketone; acetic acid; and

m xturesbghglpee%#ﬁ?h%?nﬁ'ﬁég%gﬁw%é’ aOan clainms 9 or 10, wherein the olefin
product is 2 contacted with a polyol efin-form ng catal yst under conditions
ef fective to for roatacBngileyalcafell Mmolecular sieve with an oxygenate composition

6  under conditions effective to form an olefin product.

1 10. The method of claim 9, wherein the oxygenate composition

2 comprises a compound selected from the group consisting of methanol; ethanol;
3 n-propanol; isopropanol; C4 - Cy alcohols; methyl ethyl ether; dimethyl ether;

4 diethyl ether; di-isopropyl ether; formaldehyde; dimethy] carbonate; dimethyl

5  ketone; acetic acid; and mixtures thereof.

1 11. The method of claims 9 or 10, wherein the olefin product is
2 contacted with a polyolefin-forming catalyst under conditions effective to form a

3 polyolefin.



