WD 01/ 25151 PCT/ US00/ 2701 | PROCESS FOR THE SYNTHESI S OF . _ ?(
SI LI COALUM NOPHOSPHATE MOLECULAR SIEVES Field of the Invention 5 The

present invention relates to a process for the synthesis of

si |'i coal uni NEPHEEEHat e nol ecul ar si eves. Background of the BGRAETPEH! Li ght

ol efins, defined herein as ethylene, propylene, and mxtures 10 thereof,
serve as feeds for the production of nunerous inportant chem cals and
polymers. Light olefins traditionally are produced by cracking petrol eum

feeds. Because of a |limted SpROCESS FORTHE SYNTHESISrOEeum f eeds, the

opportunities to producgiLiOARINOPHOSPRATEMOLECULAR siives feeds are
limted. Efforts to develop light olefin production 1s technol ogi es, based

on alternative feeds, have increased. An inportant type of alternate feed
for the producti I ins are oxygenates, such as, for exanple,

f e
cther. i ethy ot hor . THE RIS in@lfion RIS a Progrglor o RielRiGh ' of ™!

t hese oxygenat es sitiepalonirdiphmsphatearoleyulbe sisvesat i on, or from synt hesi s gas
derived fromnnatural gas, petroleumliquids, carbonaceous materials,
i ncludi ng coal, recycled plastics, mnunicipal wastes, or any organic

mat eri al . Becaus 8agkqgronad\of e Inventicet Yy of sources, al cohol, al cohol
deri vatives, and ot her, ox nates, show pron se as econom cal,
Light 0¥ deine

non- pet r ol eum sour ces - By ihereis ﬁﬁ%ﬁ'@ﬂ?oﬂomﬁcﬁnﬁﬂix@%enat es
are conver t eqot otridtedt, 8bive Y 188HS forlthe Préiuclion T hlhiérbds i . The

conversion of a feed containing oxygenates is usually conducted in the
presence of a norbemiogls andpelymersi| Light olafing tragiiionziyate preduoed byl ar si eves
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petroleum feeds, the opportunities to produce low cost light olefins from
petroleum feeds are limited. Efforts to develop light olefin production

15 technologies, based on alternative feeds, have increased.

An important type of alternate feed for the production of light olefins
are oxygenates, such as, for example, alcohols, particularly methanol and
ethanol, dimethy! ether, methyl ethyl ether, diethyl ether, dimethyl
carbonate, and methyl formate. Many of these oxygenates may be

20 produced by fermentation, or from synthesis gas derived from natural gas,
petroleum liquids, carbonaceous materials, including coal, recycled
plastics, municipal wastes, or any organic material. Because of the wide
variety of sources. alcohol, alcohol derivatives, and other oxygenates
show promise as economical, non-petroleum sources for light olefin

25 production.

Typically, oxygenates are converted to an olefin product through a
catalytic process. The conversion of a feed containing oxygenates is
usually conducted in the presence of a molecular sieve catalyst. Although
ZSM-type molecular sieves and other molecular sieves may be used for

30 the production of olefins from oxygenates, research has found



si li coal um nophosphate (SAPO nol ecul ar sieves to be of particul ar val ue

in the catal ytic process. Wile SAPO nol ecul ar sieves are thought to be the
nost usef ul §,¥E§1§psi s of this type of catalyst is expensipcanimeezuose of
the | ow yi el‘g s nol ecul ar sieve provided by the reaction m xture used
to fornmulate this type of nolecular sieve. In a SAPO synthesis procedure, a
silica source, an alum na source, a phosplprous source and a tenplating
agent are conbined to forma reaction m xture. The SAPO nol ecul ar si eve S
then crystalli z@dicgab!mlaomilqspbét%ﬁ‘s"tﬂ%“ol%?ﬂ!aééqu?SéP be of partisulag

hours to to severa ﬁd Péﬂetsge reaction m xture. The synthesis of SAPOs
IS sensitive to smarf va |ons in the reaction m xture conposition and
reaction mxture prepeWIaﬂé SAPOTdnel:asulaselesne'swethcmght/EIbeﬂ'\eotmpsmquﬁpe of
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reaction m xture m§l§6iﬁht Sieve prdvidddby the reagtibmmidute wsed todornhulatel this' eact i on
m Xture, has an initial &§ulASthe roceeds, the pH of

t
reaction m xt ur e tyPRPEAGlESUley Sigygs "b%gf‘“gﬁ%fs? esisRropegure; ﬂéﬁ@éé@”f‘???pH
makes it difficuldn &@ijdd u'?éé’cé 6%@\5 scuUrey nll @ tefpfitidlg dgent brem t he

reaction mxture even int presence of 20 excess quantiti es Of the silica

source, the al unicambined t;eformweashmm\dmsﬂ%ﬁw@ malpcuiae sievads thed  and
Romant an Pat ent 16y Sais8ber & BAS of tifie WhicARy hpefBATY bpleraPhoirasy 70

nol ecul ar si eloe, qmetaldlysa,rfrqmthnrdachum n'g>dB¥EPO 34. In the process

di scl osed in the' 524 patent SQ 0 sphate
with a concentration ez%w"?e& sp?ée%é#r’g '%é?'isdé‘é?atgoﬁéeﬁf%ﬁgr{mrpﬁod from
triethylam ne, etragttidw mbdtule oamboiéai&ncawmtrm emweqapparranonad'hése Hydr at ed

alum na with an A1203 content_of 65% of 40% | S eri.te
suspended in deni SeRsiivities yapgfrem %&VP?IPF %Fﬂtﬂ%n into 30

a zeolitization gidramberef a{é ﬂfntﬁé‘ﬁs ﬁl‘ﬂc\éﬁu&l‘ls%e bet dfaRé FRdclBRRATKILS. At
phosphat e was introduced to the autoclave. Under continuous agitation, a
15 thestartofa SAPO synthesns the reaction mixture, sometimes referred to
in the art as the "final" reaction mixture, has an initial pH. As the
synthesis proceeds, the pH of the reaction mixture increases. It has been
found that' this increase in pH makes it difficult for the SAPO molecular
sieve to crystallize from the reaction mixture even in the presence of
20 excess gquantities of the silica source, the alumina source, the
phosphorous source and the template, and this pH increase eventually
. causes the synthesis reaction to cease.
Romanian Patent No. 114,524 B1 describes a process for forming
a SAPO molecular sieve, particularly for forming SAPO-34. In the process
25 disclosed in the '524 patent, a solution of tetrasthylammonium phosphate
with a concentration of 25% is prepared using a conventional method from
triethylamine, ethyl bromide and 73% concentrated phosphoric acid.
Hydrated alumina with an Al;Os content of 65%, of which 40% is bayerite,
is suspended in demineralized water and introduced, under agitation, into
30 a zeolitization autoclave after the solution of tetraethylammonium

phosphate was introduced to the autoclave. Under continuous agitation, a



WO 01/ _25151 PCT/ US00/ 27011 3 silica sol which is stabilized with ammni a
and which has a content of 2815ASi2 is introduced to the autoclave. The

pH of the S t suspension is then adjusted to 6. 3- ' hosphori ¢’
acid. The %’g)oqwﬁ%]?gation process is conducted in six succgts:g,id\ébeﬁs%tngps. In s

the first step, 15% of the entire charge is introduced into an autocl ave.
The tenperature is then increased to 1984205C and mai ntai ned at that point-
for 20 hours. The autoclave is cooled to 30-40C and an additional quantity
of the suspensisiiica sol whichdd stabilized withcarampoial andwhichthes aaerntemtf of  an

addi ti onal ano L~ he | o] ' t 198 io 205C.
The operation :gg%’ gb%hisé'aﬁ#%fcggﬁb %d?‘%tlgglﬁg%' ggg}?ﬂd&o‘?gi ?é\}g%gur s. The

_ent: rg zeflhl ti zdspensipn &chen adaste tb®.3-BBwitb phesptidricsadid.ne per i od

i ncl udes e steps cool.i.ng. and heat.i n lch. | ast for 2-3 hours each. WO
99/ 19254 descri bes gﬁ}?&?‘?hﬁz 1o RIBRESSdS ﬁ@ﬁ“@@ﬁ?@iﬂ X BYEESSPE ?‘?ssilﬁ'g |
SAPO-44. In & phefipstalds 159 &f A8 epfird difargé ROAGEcH infdamgutobfavBAPO- 44, the
pH of the final reaction m xture (containi ng a _silicon .coagﬁé)‘;gn

phOfEhor ous c?n‘ﬂmmneremreaisdhemmméﬂéﬂ 20R0C and;raaipt ﬁ'&"ahgi nt ai ned
in the range fr t : t bout
8. This reference f@ggﬂ'é‘g‘"t%hé'?‘etaﬂg&%ﬁ@e gaﬁoggogquﬁﬁéﬁ %g‘lg)gp?ggﬁogﬁl m'ox?u?g

may be adj ust edquarttitylefdhe euspensian islintrodeced teithepautnclayer Hfier additienglint of a

base, such as a lee ' roxi.de: | ' , a

appropriate am%aﬁﬁé%q%@gis%kg%ﬁ?% q%ér Bgc{rc%gﬁ FSC'IEEQF%H as? 3? ﬁ- gs

Shos phor i ;:hmi dzos\;lvq ,ler:]mérfatiamisdepedted forcancadditior@bperiod obfiveheurst o
ecrease ep th the afarenentione t d

currently in ggh%%prﬂ?@o!itl'zta%oﬁﬁr?%sfiliﬁ S ECE @gﬁf?ﬁedﬂ@g%ﬁ% E%t'gr}gait i on

m xture hel ps tpcluges atd steps aPEooiing iartiheatinglwhichriastfor 2:3isodrseaehi on of a

SAPO nol ecul ar ' . Th t hods, h da . | ,
t he pH increaseSQﬁY%%%§§§¥”§§q?ﬂ§sgyﬁ¥¥ﬁ§§?grp%g”é’t | %/ﬁﬁq%\(efég-r Rgevent

giofr; :JZ tS ?S', i geg\r/]@oméﬂiﬂiﬁg BHPO144 o8 pitérable VetSioR WP tHeRprioses AN imaking 0
15 SAPO0-44, the pH of the final reaction mixture (containing a silicon
component, a phosphordus component, an aluminum component and a
template) is maintained in the range from about 5.5 to about 8.5,
preferably from about 6 to about 8. This reference teaches that the pH
value of the final reaction mixture may be adjusted, if desired, by either
20 adding an appropriate amount of a base, such as ammonia/ammonia
hydroxide, to increase the pH, or an appropriate amount of a suitable
inorganic or organic acid, such as phoSphoric acid, HCl, acetic acid,
formic acid, CO, and others, to decrease the pH.
With the aforementioned methods and other methods currently in
25 use the art, an initial pH adjustment to the reaction mixture helps to
establish appropriate conditions for the formation of a SAPO molecular
sieve. These methods, however, do not alleviate or prevent the pH
increase which occurs as the synthesis reaction continues. As discussed
above, this pH increase drives the synthesis reaction to completion even

30 in the presence of excess building materials for the sieve, often providing



30 in the presence of excess building materials for the sieve, often

provi di ng WO 01/ 25151 PCT/ US00/ 27011 4 |low yields of the nol ecul ar sieve.
Thus, a nee in the art for inproved nethods for s g SAPO
mol ecul ar s%&ééggg%ummry of the Invention 5 In order to ?\[}Z};‘%gdn%bﬁany of
the problens inherent in the prior art, the present invention provides a
method for the synthesis of silicoalum nop,hosphat e (SAPO nol ecul ar
sieves. As used herein, the term"initial pH'" or "first pH refers to the
pH of the react lawyieldstafitee molelilart siéye. aThus, & necdbaxiste émthecamtéar from t he

1o phosphorous-cont ai nin th I ng
conposition, t he! @?r°vﬁﬁﬂ%éﬁﬂgﬁi H@tﬂgﬁlﬁwgﬁ@gﬁ}@gg&gﬁgg?%ﬁpI ate, prior to
any heating of the reaction mxture and after any pH adjustnents to the
reaction m xture, such as disclosed in the art. One aspect of the present
i nvention is di r Sypenotihenvention or 15 forning a silicoal um nophosphat e

(SAPQ ol ecukar si eVﬁ-x o%ﬁfid@&&@&ne‘?ﬁ‘éﬁi}bﬁﬁé préislers linteieAinthe phior art,

providing a source of a sillcon-containing coOmposition; prOV|d|ng a source
of an al um num che presenyinventassprovisies a pethpddprinesyathesisohf a

phosphor ous- cont gj ?’Em eﬁ}%g%@r‘(sw@ﬁgbggiﬁgsd,ggrpI ate; formng a

reaction m xture su orm a ecul ar 20 sieve fromthe
source of a silicon- cAstusedlhegelnmmpdem Maitial pHE osGirstqeH oefers to the pH of

Composi 1 on, - and tHREERUR LR prrhS el Rl Fhad PP RRORHGS 1 c DL

det er m ni ng aopthaepmees-wmramng com bﬂtlomthélanmmaunhcdrhahurtdm reaction
m Xture has a second gl—J hi gher._than the, fi rStRQ%H an(gma_tl 8' 25 af er the
giemplat

det ermi ni ng the GAMPREignsEe siiiconqantaigingirompostionn %pr%'lj?lst t he
second pH to frognhRafihg Sfﬂ@'}eahﬁtﬁ\ﬁlb@&%%ﬂ@f‘dﬂxp'ﬁl-l ﬂu&tlﬁfbr&s tthe PH

m nus about one pH unit. The present invention is also directed to a
si | i coal um nopho&gagtios W‘E@tﬁ%%ﬁ@%‘oﬁ%@ the ahi s process. This aspect of

the invention may al s@ne"dddfof ti8 proldrt MvamtiSh R directed to'a method for

15 forming a silicoaluminophosphate (SAPO) molecutar sieve. The method

':—r

comprises the following steps: providing a source of a silicon-containing
composition; providing a source of an aluminum-containing composition;
providing.a source of a phosphorous-containing composition; providing a
template; forming a reaction mixture sufficient to form a SAPO molecular

20 sieve fromthe source of a silicon-containing composition, the source of an
aluminum-containing composition, the source of a phosphorous-
containing composition, and the template, the reaction mixture having a
first pH; determining a pH increase in the reaction mixture such that the
reaction mixture has a second pH higher than the first pH; and adding,

25 after the determining the pH increase, an acid to the reaction mixture to
adjust the second pH to from the first pH plus about one pH unit to the first
pH minus about one pH unit.  The present invention is also directed to a
silicoaluminophosphate molecular sieve made by this process.

This aspect of the invention may also include the following steps:

30 dissolving at least a portion of the crystals of the SAPO molecular sieve in

the reaction mixture; adding an acid to the reaction mixture; and re-



30 dissolving at least a portion of the crystals of the SAPO nol ecul ar
sieve in the reaction mxture; adding an acid to the reaction m xture; and

re WO 01/ 2%&1,2@5[/ US00/ 27011 5 crystallizing crystals q;cﬁl\tkﬁ Iﬁﬁﬁo
SPovHe

nol ecul ar sieve ' Tromthe reaction m xture. Another aspect pr esent
invention is directed to a nethod for meking a silicoal um nophosphate
(SAPO) nol ecul ar sieve froma reaction s mxture conprising conponents
present in anmounts sufficient to formthe SAPO, the reaction m xture having
a first pH. Thecry#atizagesysials of the $APOsnelgsuler siexe fonmytherreactiah t o t he
.reaction m xt %ﬁtﬁ&ter the reaction mxture undergoes a change in pH from
the first pH and crystallizing the SAPO fromthe reaction m xture. The
present invention i Armltlser adpeetafeie presantlinventiorcisalinestettpleomptiaiddorol ecul ar

i de by thi Yet her t of the t invention i
i rectod to & HEHOR = S EPaMRRRane (SADLT MPIRHRD Sigha onte roasien 5)
‘ol ecul ar  siseVeamixtute tomprsiG CofpOREHIS Preddit in Aos HLffidiémIs formPiHedi Ny a

source of a silicon- contajning conposition ovi di n'g.g source of an
O

- pr
al umi num cont ai$Rg. the reasissumixiusg hawing\a ﬁﬁsheﬁa Theunetbodcomprises the

hosphor ous-co b i L L @R & i QI a
Iroeaclto ion m xt u[gteébsglu??ighm enq tg&P g‘?mes'%%g‘d"gW?%m t eheg?)%arcgéﬂo? age
si | i con- cont ai rHnsigraeaschangerin pHicom the fitst pH; and catstatiiziogtheoSARDNI ng

composi tion. s S cfily iR PHERRLSHERNBAIG) RbiSOIGRRLgD. and Lhe

tenpl ate, the reaction mxture ha ISt romabout” 5.5 to
about 8.5; et esilicoaluminaphdsphgte molepidansieve enadedeycthisoprogess.ur e such t hat

t he reaction m xtur 0 hi_gher, . the. fi.r H. _.and addi ng,
after determning tﬁ@qgﬁgﬁﬁgsgﬁﬂ?mgrwg%@ m\ie@%?nép‘ﬁg%q}?ﬁEﬁmgﬁaﬁ'e to )
adj ust the secdorfonhing a siticoalaminophosphatd 84 ¢SAPO34)rhbletular sigvebTnis 5.5 to
about 8.5. The present inven iofn Is al so directed 25 a SAPO- 34 nol ecul ar

si eve made by t’ﬁ?@"gr‘:ﬁﬂ'&@?s Pllovang sieps: Repviding & squiee pf 8 $HiFPN nvent i on

imzt glmrjeg; rergr It g ggnfﬁ?ﬁihg%omfp@éitiéﬁfbfewﬂid@% 86ures b8 8A AimihAmAeorthifingn.  The
15 composition; providing a source of a phosphorous-containing composition;

providing a template; forming a reaction mixture sufficient to form SAPO-
34 from the source of a silicon-containing composition, the source of an
aluminum-containing composition, the source of a phosphorous-
containing composition, and the template, the reaction mixture having a

20 first pH of from about 5.5 to about 8.5; determining a change in pH of the
reaction mixture such that the reaction mixture has a second pH higher
than the first pH; and adding, after determining the change in pH, an acid
to the reaction mixture to adjust the second pH of the reaction mixture to a
pH of from about 5.5 to about 8.5. The present invention is also directed

25 a SAPO-34 molecular sieve made by this process.

Still another aspect of the present invention is directed to a method
for converting an oxygenate to an olefin. The method comprises
contacting an oxygenate with a silicoaluminophosphate (SAPO) molecular
sieve catalyst under conditions effective to convert the oxygenate to an

30 olefin. In this process, the SAPO molecular sieve is made by the process
comprising the following steps: providing a source of a sificon-containing



contacting an _oxygenate with a silicoalum. nophosphate (SAPO nol ecul ar

si eve catal yst under conditions effective to convert the oxygenate to an 30
olefin. In tRpompfseeess, the SAPO nol ecul ar sieve is nmade peridsgopnoocess
conprising the follow ng steps: providing a source of a silicon-containing
WO 01/ 25151 PCT/ US00/ 27011 6 conposition; providing a source of an

al um num cont ai ni ng conposition; providing a source of a

phosphor ous- cont ai ni ng conposi tion; providing a tenplate; fornmng a
reaction m xt ur e CompPSiPRIProviding spurceAbenAluminumEeontaining:compasifions sour ce
of a silicon-con =G

al um num cont ai n}pg%ﬁé(’:'g o%@#%%ﬁéﬁﬁ é Hﬁ?oﬁg%rﬁgmm%@&np%&ltl p(li-?)\(]l?g.‘lgnal ng
conposi tion, andtérhplateelﬁ:ﬂhﬂlllgaa reactionaaidurersufficidnt tefdnaa SgP@ m‘qlecmlarpH
determ ning a pH 1ncreas in th eﬂéea tion xt.ure such.t ctlon

m xture has a se&lY§ fFAM MegiRires AL stliganysep “'B$+°°'5‘H85'&8'avﬁ§?3 souaqq aq he

determ ning tRke RmiRGMeSTItaining cMpbsition, i sRr6é bPA pRbphorouso 10 adj ust
the second pHto fromthe first pH plus about one pHunit to the first pH

ni nus about one [SPMANIAG C@H@"‘%\R{W‘tt&&égmah? d@%ﬁeﬂmﬂﬁ%‘xﬁﬂréﬁmf‘gﬁvent i on
wi Il becore appﬁféi déf&ﬁrﬁrh r*%h bedRitad Pé”é?:tnﬁﬁﬁﬁi&b% ba¢h fat yrPpended
clains. 15 Detai scrip e Invention I'n the present invention,
t he applicants ham@hmm deEMFOIMOH lmgmrtthentlnﬁf:ahpacaudgddme to a
SAPO reaction m ar
sieve fromthe r)égtgfﬁlgnﬁ#ﬁrﬂﬂméhﬁegﬁraééﬁ essgi H%%’)'\B/g%lme a?ﬁ@?ﬁl%kﬁ% _

nol ecul ar si eves aﬁjustrtl'temecpadpﬂ torfror thenfiost pHmluél'almv.mmeqﬂ-t uoit td:theﬁmbsent
i nventi on may be ed tobfoo ﬁ oal um nophosphat e nol ecul ar si eves

sel ect ed fromth@%’.“%‘ﬁa H?u%lP ¢J™¥APO 5, SAPO-8, SAPO- 11, SAPO- 16,

SAPO- 17, SAPO- 18, SAPOthdtladvéhidgas anSAB@thhe%Bﬁéraﬁnvéiﬂm\ﬁm bebéhfe 37,
SAPO- 2s 40, SAPO-41, SAPO 42, SAPO 44, SAPO 47, SAPO 56, ang he net al
substituted for m@PPRigNEEPM the follgwing Qefaa'ﬁe desenrtionsnd apPended SaiMsnyent i on

15 Detailed Description of the Invention

In the present invention, the applicants have discovered that the
addition of an acid source to a SAPO reaction mixture, during the
ci'ystamzation of a SAPO molecular sieve from the reaction mixture,:
produces improved yields of SAPO molecular sieves from the reaction

© 20 mixture.

The process of the bresent invention may be used to form
silicoaluminophosphate molecular sieves selected from the group
including SAPO-5, SAPO-8, SAPO-11, SAP0O-16, SAPO-17, SAPO-18,
SAPO-20, SAPO-31, SAP0O-34, SAP0-35, SAPO-36, SAPO-37, SAPO-

25 40, SAPO-41, SAPO-42, SAPO-44, SAP0-47, SAP0O-56, and the metal
substituted forms thereof. Preferably, the method of the present invention.
is used to form SAPOs selected from the group including SAPO-5, SAPO-
11, SAPO-20, SAPO-31, SAPO-34, and SAP0-42. Most particularly, the
process of the present invention is used to produce SAPO-34.

30 Silicoaluminophosphate molecular sieves are generally classified
as microporous materials having 8, 10, or 12 membered ring structures.



s used to form SAPGCs sel ected fromthe group including SAPO 5, SAPO 11,
SAPO 20, - SAPO 31, SAPO 34, and SAPO-42. Most particularly, the process

of the pre inyention is used to produce SAPO 34. 30
Silicoal umﬁﬁgé}ﬁggzhat e nol ecul ar sieves are generally cl aPSCgI Sfmencfouas

m croporous materials having 8, 10, or 12 nenbered ring structures. WO

01/ 25151 PCT/ US00/ 27011 7 These ring structures can have an average pore
size rangi ng fromabout 3.5-15 angstronms. \Wen used to convert oxygenates
to ol efins, th&hess ang structusstan have amaverage peressirorangieg frosy aboutve havi ng

an average pokg 54 ?d}gé' n t re
preferably frofr?ﬁ%ﬁ%é@g{to .'O%H;]%‘g{gre gﬁgféb?ﬁ%rggh&ez\a% I%@;séﬁigl)zes are

t ypi cal of nol poafiéraed SAPEYisa sraall pgreSSABOmoledular sigve hakingaiaveragecul ar
sieves forned by the nethod of this.invention conprise t hr ee- dj pensi onal
ni croporous cr Qéfeaﬁ'z? F%ﬁﬁmﬁmﬂigéﬁgﬁ?"gﬁr% ,°TRF?@F"E¥1E°’["P{)§?
coner-shari pg tce$.0adm@iroms! Mhese pléfered Ybre Sized Ard fypEANSS drolegulff ective in
converting various oxy_asnat es into olefin products. The [PQ2) tetrahedral

units within tREVes hav ralé'_“@mpﬁfﬁdnﬁ@sof ‘the nolecul ar sieve produced by
this invention can Pgre BAPO H@%&kr%i%&'f@ﬁﬂéﬂ%ﬁr% D4 dr B invenfigm! es of

t hese phosphorus-contai ning conpositions 1s | e phosphoric acid,
or gani ¢ phosphgemprisa 8 three-dimeasinnal mistponeuscerystabfrazework stountinei of m

Bre i xed w1t niS Qs IR ERAPESF SomaRehari SR ARG UG TS TP N Lnder

t he appr opno at framewdrk iseffective irf camvetting vaoibes okygerstes/into dlefiihe [ Al 02] .

tetrahedral u%%?wst hin the framework structure can be provided by a

variety of co ons. Exanpl es of these al um num containing

conposi tions i ncl udthe[ROJ) tetratddealiutits withirhtha framhewark struciuse pf tigoxi de,

psedoboehm ¢ SMOISOHAL SRR ATHEHFACERY LB st A5LpE PEided by a Varlety o
compositions. Examples of these phosphorus-containing compositions

15 include phosphoric acid, organic phosphates such as triethyl phosphate,
tetraethyl-ammonium phosphate, and aluminophosphates. The
phosphorous-containing compositions are mixed with reactive silicon and
aluminum-containing compositions under the appropriate conditions to
from the molecular sieve.

20 The [AIO;] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these aluminum-
containing compositions include aluminumalkoxides such as aluminum
isopropoxide, aluminum phosphétés.' aluminum hydroxide, sodium
aluminate, and pseudoboehmite. . The aluminum-containing compositions

25 are mixed with reactive silicon and phosphorus-containing compositions
under the appropriate conditions to from the molecular sieve.

The [Si0O,) tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these silicon-
containing compositiorié include silica sols, colloidal silicas, such as Cab-

30 O-Sil®, pyrogenic silicas, and silicium alkoxides, such as tetra ethyl

orthosilicate. High surface area silicas such as Aerosil®-type silicas may



25 are mxed with. reactive silicon and phosphorus-contai ni ng conpositions
under the appropriate conditions to fromthe nolecular sieve. The [ S102]

t et r ahedr al Wiy thin the framework structure can be preyideskibyn a

vari ety of conpositions. Exanples of these silicon- containing conpositions
I nclude silica sols, colloidal silicas, such as Cab 30 O-Silo, pyrogenic
silicas, and siliciumal koxides, such as tgtra ethyl orthosilicate. Hi gh
surface area silicas such as Aerosil(r)-type silicas my WO 01/25151

PCT/ US00/ 27011 8lsalbeided. (hedcsilictinecantainingreampnsitionsraredaixed withireaetiver e
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transition cation %'gt r#)%flr% %g&&gh&é&*@&@?f%k&vﬁﬂm Vfﬁ?% and
113. Preferably, (Gimspl\m\)rapamrtmoamGMupﬂllﬂ,um‘:lwd;nﬁme lpthamejd Co, Ni, Ga,
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‘and +2, respect msﬁi ane bf‘GFHdb@WB'VB viB, MiB, \BRB. ariPimonent is typically 20
acconpl i shed addi ng the net al ﬁonent duri ng synt hesis of the nolecul ar.

F wever, post-synt hesFéefE@b%mm prasants arpaiers suetes Zrddg, Mey Coxblip) e,
Us. Serial No. &Y 2elTPR, Gé,“sﬂ‘,’”érﬁ)*blt. heh &S abRlddi béiserted into the

15 tetrahedral framework through a [MeQ,] 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 -2, -1, 0, +1, and
+2, respéectively. Incorporation of the metal component is typically

20 accomplished adding the metal component during synthesis of the
molecular. Hbwever, post-synthesis ion exchange can also be used.
See, for example, U.S. Serial No. 08/571,506, in which the description of
the post-synthesis ion exchange method is described. This application is
fully incorporated herein by reference.

25 The reaction mixture also contains.one or more templates.
Templates are structure directing agents, and typically contain nitrogen,
phosphorus, oxygen, carbon, hydrogen or a combination thereof, and can
also contain at least one alkyl or ary! group, with 1 to 8 carbons being
present in the alkyl or aryl group. Mixtures of two or more templates can

30 produce mixtures of different sieves or predominantly one sieve where

This Sheet Has Been Replaced




the post-synthesis ion exchange nethod is described. This application is
fully incorporated herein by reference. 25 The reaction m xture al so

cont ai ns re tenplates. Tenplates are structurepéi/fisdRidy agents,
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combi nation thereof, and can also contain at |east one alkyl or aryl
group, with 1 to 8 carbons being preseny in the alkyl or aryl group.
M xtures of two or nore tenplates can 30 produce m xtures of different
si eves or pr edonemempllage isrmaorei sppglyrdiresting thansnathen sieveseWhendwea c ed
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The present in n-nay € l'ate For the purposes of
t he presentoi nv;eatuemfa;ﬂwdbbhaiust—amﬁmma t:omposaloo(amblmtmplaﬂe t¥9eBenpl at es

Terpl ate for t HEADRHERohesRsRRs s 3R nihe BB EhEAna e RRhAE 1LY sano
nol ecul ar si evepe ﬁiéesaﬁuélh'lmia?! eu‘hbpréwht mvbaﬁmfnaycammo)abl"dualt i on met hods
generally known in the art. See U. S
template."” For the purposes of t?ne prllgsent invention, a "dual template” is
a combination of two templates selected from the previous list of useful
15 templates. A desired dual template for the formation of SAPO-34
comprises TEAOH and DPA or IPA.
SAPO molecular sieves are synthesized by hydrothermal
crystallization methods generally known in the art. See, for example, U.S.
Pat. Nos. 4,440,871; 4,861,743; 5,096,684; and 5,126,308; all of which
20 are fully incorporated herein by reference. A reaction mixture is formed by
mixing together reactive silicon, aluminum and phosphorus components,
along with at Ieast. one template. Generally the mixture is sealed and
heated, preferably under autogenous pressure, to a temperature of at
least 100°C, preferably from 100-250°C, until a crystalline product is
25 formed. In the present invention, the reaction mixture-may be heated by .
conventional heating methods such as electrical, steam or oil heaters, or
by microwave energy from a microwave source. Formation of the
crystalline product can take anywhere from around 2 hours to as long as 2
weeks. In some cases, stirring or seeding with crystalline material will

30 facilitate the formation of the product.



Pat. Nos. 4,440,871; 4,861,743; 5,096,684; and 5,126,308; all of which 20
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The pH of the reaction mixture is adjusted to approximately the pH
of the original reaction mixture plus or minus one pH unit. Desirably, the
pH of the reaction mixture is adjusted to approximately the initial pH of the
reaction mixture plus.or minus 0.5 pH unit. More desirably, the pH of the

20 reaction mixture is adjusted to approximately the initial pH of the reaction
mixture. For the purposes of this invention, "approximately the initial pH"
means the initial pH plus or minus-0.2 pH unit. Most desirably, the pH of
the reaction mixture is adjusted back to the original pH of the reaction
mixture. _

25 In order to adjust the pH of the reaction mixture, it may be
necessary to interrupt the crystallization process so the pH of the reaction
mixture can be measured to determine how much acid should be added to
the reaction mixture to adjust the pH. Typically, because a reaction
mixture is heated to facilitate the crystallization process, the reaction

30 mixture must be cooled prior to either a pH measurement or the addition
of the acid. However, it is not necessary to interrupt the crystallization



pH of the reaction mxture is adjusted to approximately the initial pH of
the reaction mxture plus. or mnus 0.5 pHunit. Mre desirably, the pH of

t he 20 reaq,{,é',?ﬁs;glxture is adjusted to approxinmately the giiddgihrotH of the
reaction mxture. For the purposes of this invention, "approximtely the

initial pH' nmeans the initial pH plus or mnus 0.2 pH unit.. Most :
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15 particularly useful in large-scale syntheses. In such a process, the pH of
the reaction mixture is measured by a continuous feed loop of reaction
mixture to a pH measuring device. The pH measuring device then
controls the addition of the acid to the reaction mixture. The continuous
addition of acid to the reaction mixture also serves to moderate any pH

20 fluctuations which may occur in the reaction mixture.

Organic and inorganic acids are both useful for adjusting the pH of
the reaction mixture to approximately the initial pH of the reaction mixture.
These acids are selected from group consisting of phosphoric acid,
hydrochloric acid, sulfuric acid, nitric acid, carbonic acid, acetic acid and

25 formic acid. Desirably, phosphoric acid is used because this acid can aiso
serve as a phosphorous source for the formation of the SAPO. It has also
been discovered that if the phosphorous containing compound used to
form the sieve is a phosphoric acid, it is desirable that the acid added to
the reaction mixture to adjust the pH of the reaction mixture be a

30 phosphoric acid.



the reaction mxture i s neasured by a conti, nuous feed | oop of reaction
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8.5 and, desirabinjre §88FALFY, 1% BH is adjusted to from about 6.2 to about 7.8.

15 In another embodiment of the present invention, the applicants
have discovered that SAPO crystals can be re-crystallized from the
reaction mixture after having at least partially dissolved in the reaction
mixture. For example, once a crystallization reaction has been completed,
the reaction mixture, which contains the crystals formed in the

20  crystallization reaction, may remain unattended and, as a result, at least a
portion of the crystals return to solution in the reaction mixture. In order to
cause the dissolved materials to recrystallize from the reaction mixture,

- acid is added to the reaction mixture to adjust the pH of the reaction
mixture to a pH substantially equal to the initial pH of the reaction mixture.

25 Prior to adding the acid, any crystals in the reaction mixture may -
separated from the reaction mixture by the method described above.
Desirably, the crystals are recovered from the reaction mixture at or above
room temperature. _

The pH adjustment causes the crystals to re-crystallize from the

30 reaction mixture. Desirably, the pH of the reaction mixture is adjusted to

approximately the pH of the original reaction mixture plus or minus one pH



More desirably, the pHis adjusted to fromabout 6.2 to about- 7.8. is In
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structure that remal ns Is typically referred to, as an

15 mtracrystallme pore system. in such a case, the template is removed by a
heat treatment process. For example, the template can be calcined, or
essentially combusted, in the presence of an oxygen-containing gas, by
contacting the template-containing sieve in the presence of the oxygen-
containing gas and heating at temperatures from 200°C to 800°C. Thus,

20 the processes of the present invention may also' inciude the optional step
of removing the template from the molecular sieve.

The silicoaluminophosphé;te molecular sieves may be admixed
(blended) with other materials. When blended, the resulting composition
is typically referred to as a éilicoalUminophosphate (SAPO) catalyst, with

35 -the catalyst comprising the SAPO molecular sieve.

Materials which can be blénded with.the molecular sieve are
various inert or binder materials. These materials include compositions
such as kaolin and other clays, various forms of alumina or alumina sol,
titania, zirconia, quartz, silica or silica or silica sol, and mixtures thereof.

30 These components are also effective in reducing overall catalyst cost,
acting as a thermal sink to assist in heat shielding the catalyst during



intracrystalliine pore system In nany .cases, depending upon the nature of
the final product formed, the tenplate nmay be too large to nove freely
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condi tions the catalyst when the oxygenate is in a vapor phase. Alternately, the
15 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 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
20 aiso pilot sized reactor units and lab bench scale reactor units.
Olefins can generally be produced at a wide range of temperatures.
An 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 b_écome markedly siow. At the upper end of
25  the temperature range, the process may not form an optimum amount of
product. An operating temperature of at least 300°C, and up to 500°C is
preferred. .
Because of the nature of the process, the process of the present
invention may desirably be carried out by use of the molecular sieve
30 catalysts in a dynamic bed system or any system of a variety of transport



o effective to produce light olefins, i.e., an effective tenperature,
pressure, WHSV (wei ght hour space velocity) and, optionally, an effective

anount of vgdeé#gﬁtl correlated to produce.light ol efins. Pgiﬁﬁoﬁﬁdi tions
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1s process may be carried out in a |liquidgor a m xed vapor/liquid phase.
When. the process is carried out in a liquid phase.or a m xed vapor/liquid
phase, differ envedsoather hamin afixedskbedsystemn: iTae aiticaldedture opthedeactonay

result dependin . X ' iLtions. As used

herein, the ter%{s@ﬁ‘@a '%i’f’%%%iﬁ{yﬁgg%gﬁﬁg%ibmﬁ%%gglvte?%&e@reactors but 20
al so pil ot | Isi zgd reagteocroéwa'rsﬁm ef%kylgebaﬂesmc]prmbeigheoleﬂns mayiues].c f A efins
can generally be produced at. a w de nge tenperatures.. An effective
operating teme@é@“&'&rﬂg@’ﬁﬁ%@@%ﬁ?ﬁﬁ&f?- Pasi) %g%@%m'ﬁd t_Phe | ower
end of the t£npRi@bbd Peddtréand donchRbAEride? fettors s deiRfibed th Freé iFanpr oduct s
may beconme markedly slow, At the upper end of 25 the tenperature range, the

0 t
process nay notReagtas dRuidizationbnginearinaoP. Kyriband O. LavensrielaRohert E.
tenperature of gk : [+SH se of the
nature of the p@g%deéggﬁbthﬁgﬂgrc £&qu ?ﬁné@%&%ﬁ%@ﬁ{?é@ﬁeﬁ%ﬁ@mé desirably
be carried out feferanes.ofdditienally, countarcupiest egtalireactorsmayibe usedyinani ¢ bed

system.or any syst . | et . t « 5[] USCO 27011
15 beds rat her I%‘n%g%ﬂ?ééégﬂé’réééﬁ%sﬁésﬁn@ g‘?ﬁ*@ﬁé"%ﬁ%ﬁ%@a@%‘é of the
react or syst enReadtor ZeldidizativheandfilidtRartide 8yatenhe paged 4gE6S; Folk eZenz -
vel ocities. The_cppversgj,on . OX .es -t r ogduc i ght .ol efins may be
carried out i n-?@Qrfe@@%n%&ﬁgﬁghe’&%%ﬁ&?%g ﬁ#n'@é?cﬁq‘ﬁ@,'soout not |inited
to, s fluid bedntepotéd irfihdiramtiaty hersin by s€ferareac Ik welluritizsstoodby in
"Free Fall Reactor,” Fluidization Engi neerin D.. Kunii and O Leyenspiel,

Robert E. Kr i chepe Hlied ihac@ribat aach tygs o resvlosilhave adyantages & i r oty
herein by r ef eaigém@ma@ygiiﬁ lhgp.g,ghwwg%pﬁ@twf rent free fall reactors may
be used in 15 Any standard reactor system can be used, including fixed bed or
moving bed systems, with a weight hourly space velocity (WHSV) of from
1 hr* to 1000 hr™!, with WHSYV being defined as the weight of oxygenate in
the feed per hour per weight of the molecular sieve content of the catalyst.
Preferred reactors are co-current riser reactors and short contact time
20 countercurrent free-fall reactors in which an oxygenate feedstock can be
contacted with 2 molecular sieve catalyst at a WHSV. of at {east about 20
hr*, preferably in the range of from about 20 hr'* to 1000 hr*, and most
preferably in the range of from about 20 hr to 500 hr'. Because the
catalyst or the feedstock may contain other materials which act as inerts
25 ordiluents, the WHSV is calculated on the weight basis of the oxygenate
feed and the molecular sieve used.
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
30 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.



t he conversion process as described in US-A-4,068,136 and "Riser io
Reactor", Fluidization and Fluid-Particle Systens, pages 48-59, F. A Zenz
and D. F. Op@Wisdrsi nhol d Publishing Corp., NY 1960 are al sernisoegnpor at ed
in their entirety herein by reference. It is well understood by those
skilled in the art that each type of reactor will have advantages and

di sadvantages in any particular applicatiore 15 Any standard reactor system

can be used, including fixed bed vi.ng bed systens, with a weight
hourly space vel oci t)/gsl V@gﬁ‘er@f"- T%\_'Mggs HP'?“? aié%ﬁ)hﬁfm,a“ﬁd(w\'ew bei ng
defined as the wsh@bivigf (NISPR ﬁ\e'targbe@uF§§QeQ§gméﬁ%0°é?rTw@NM§ isof the

mol ecul ar sieve content of cat al . Preferred reactors are co-current
ri ser reactors agefingdas theanethene produchyielhdivideddws therathylese preduct r eact or s

i n which an oxy o ] I ro,Si €VE
catal yst at a mﬁ@%‘?"%’?ﬁ%@fﬁs@%@@”@% édﬁgf’gb‘zé&?e;" fgﬁ"“ﬁ'ﬁ"gb a{?ge of

f [) om abou';] 20s hrbasis.owmml'brt'empel‘aﬂ.lh rEIIGHDOTH: ef gr@élé% thé];lTC(ﬂ;NS %Qdﬁlr@‘d from
about 20 hr' to 50 ‘. Because the  catalyst or the feedstock nma

cont ai n' ot her na'?’éﬂ]e’:fpgw&ﬂ”%?"-d@ W‘F@T?ég/;? %Yefas?-M%catqrﬁév'W%mq s
cal cul ated on t hgasRirgRbcbasi s of the oxygenate feed and the nol ecul ar
sieve used. It is highly desirable to operate at a tenperature of at |east

300C and a Tenperature Corrected Normalized Met hane Sensitivity (TCNVS)
of | ess than about 0.016. It is particularly pref _er.mg.% that the reaction 30

conditions for making olefin fro epate_conprise a WHSV of at | east
ng

about 20 hr' producing olefins a a TCNMS qfy D04 baaly 0. 016. VO
01/ 25151 PCTI US00/ 27011 16 As used herein, Tgll(\lf/%1 ig g@f’?neg %\S t he

Normal i zed Methane Selectivity (NMS) when the tenperature is |ess than
400C. The NM¥® is def ThbBressuterisomey X498y BYercRiwideangs, imcludingl by t he

o, & wei ght % s foafacUypiRetRs "Rl mebiredTgpe i it e nof 70" T
i s defined by thecessatiiyimiteddq pressures iofi fram atboul 0.t kPado abeut=A® MPa.
tenperature withpelhgy pressures are in the range of about 6.9 kPa to about 34 MPa,

with the most preferred range being of from about 48 kPa to about 0.34

15 MPa. The foregoing pressures are exclusive of any inert diluent, and
thus, refer to the partial pressure of the oxygenate compounds and/or
mixtures thereof with feedstock. At the lower and upper end of the
foregoing pressure ranges, the rate of selectivity, conversion and/or
reaction may not be optimum:

20 The residence time may vary from seconds to a number of hours,
determined largely by the reaction temperature, the pressure, the
molecular sieve catalyst slected, the WHSV, the phase (liquid or vapor),
and the process design characteristics.

One or more inert diluents may be present in the feedstock, for

25 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). 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),



reactor in C NVMS TCNVS = 1+(((T-400)1400) x 14.84) 10 The :pressure al so
may vary over zg wi de [)ange, I ncl udi ng autogenous pressures. Effective
pressures may be in, but are not necessarily limted to s of from
about 0.1 WPMEYShpbout 100 MPa. Preferred p?lessur es ar erlcnk??:“?}élgnge of
about 6.9 kPa to about 34 MPa, wth the nost preferred range being of from
about 48 kPa to about 0.34 1s MPa. The fgyegoing pressures are exclusive of*
any inert diluent, and thus, refer to tﬁie partial pressure of the
oxygenat e conpeikyisnesarontaticidoipounds,t drel midures theréef dheptleferted t he | ower

and upper end of the foregoi pressure ranges,.th ate . of .selectivit
conver si on and/qﬂPe"tF@é%t”ﬁﬁ% aﬁ'ga“ R9he ﬁ?ﬁ%?ﬁéw '"r%'me&é'ﬂ&lf fi me mgy
vary from seconRggof@rf, Nunber of hours, determned largely by the reaction
tenperature, the pressure, the nolecular sieve catalyst selected, the

\c/;nHSV, the phase (Ii ghe@retessanyhe camigd qutin Patdls SeMESPRINUAYEUct eri st cs.
e or nore.,n ol - - W i

exanple, in Sanedgh%ﬁl‘r'é_dég?g@?@%*lfgﬁ 6%%%%3%%%8{??%?a%gge({%g?ﬁoer?ts ot al
nunber of nol ezoné onlalnutbest ofi reactioh zenes eorapged int serfesdrtio parallel,@dt i on

(i ted to, nivphe S Reifdy dseifomiintiethiBaioaadl; ¢
~ hydrogen, wat eloneriaaiumbes of sldteperses, dAbenimuitiple readtiomezonestaree, and
propane), WO 01/ 2%151 PCT/ US00/,27Q11 17 al kél enes &}r?ggﬁ%w conpounds, and

m xtures t her edMPIgYRS: Haabe advanipgeris 1o emprioy ghg e <

o : : Lo ogen. Water can
be: i nj ect edig n RélbBGEr Sibves ik s¥Fies Y@ prividefona desfred prodkact mixturéne carried out

onauor e e o Mineriasl of gpnversion of e oxygonates - partisutiry Siing 8" °°

steady state of the reaction — can be maintained to reduce the level of
unwanted by-products; Conversion can also be maintained sufficiently
high to avoid the need for commercially unacceptable levels of recycling

15 of uﬁreacted feeds. A reduction in u_nwantéd by?p'roduc':ts' is seen when
conversion moves from 100 mol % to about 98 mol % or iess. Recycling
up to as much as about 50 mdl % of the feed is commercially acceptable.
Therefore, conversions levels which achieve both goals are from about 50
mol % to about 98 mol % and, desirébly, from about 85 mol % to about 98

20 mol %. However, it is also acceptable to achieve conversion between 98 .
mol % and 100 mol % in order to simplify thé'ret:ycling process.
Oxygenate conversion may be maintained at this level using a number of
methods familiar to persons of ordinary skill in the art. Examples include,
but are not necessarily limited to, adjusting one or more of the following:

25 the reaction temperature; pressure; flow rate (i.e., WHSV); level and
degree of catalyst regeneration; amount of catalyst re-circulation; the
specific reactor configuration; the féed composition; and other parameters
which affect the conversion. '

If regeneration is required, the catalyst can be continuously

30 introduced as a moving bed toa regeneration zone where it can be

regenerated, such as for example by removing carbonaceous materials or



zone or a nunber of reaction zones arranged in series or in parallel, or it
may be conducted intermttently or continuously in an elongated tubul ar

zone or a nunber of such zones. Wen nmultiple reaction zones_are enployed,
it may be ad¥9¥¥3¥8bus to enpl oy one or nore of the io mol ECHEAPYE ™ ves in
series to provide for a desired product m xture. The | evel of conversion of
the oxygenates - particularly during a stgady state of the reaction - can
be maintained to reduce the |evel of unwahted by-products. Conversion. can

al so be maintai nﬁfoiiuﬁﬁérilirﬁéﬁ biygeh-&dhtainirdy dtibsbRerel et prferpedmer ci al |y
unacceptabl e I evel s of recycling 15 of unreacted feeds. A reduction_in
A

unwant ed by- pr odg@pediment t it srRIefidP @regsueration &eR By buaningetfo about
98 mol %or | esscatgﬁﬁ?(gédd%%]egrég}tﬁ QcAimiiatdd @i X IBtcoﬁQe r??ct/%a‘égoﬁé‘.e feed is

comercially accepta ore, conversio evel s chieve both
goal s are from about Tiie oxygen@e feedstack comprises & least one orgarii¢ gompewnd about

85 nmol % to apou 9 ver. it . 0 b achi eve
conver si on be?meen%g‘é%%%ﬁg%/%ﬁgp %Sﬂgen{%t#ﬁ\, g#@%?gggﬁgtﬁp#??@&f'he
recycling Pﬂr) ocesfsther@cg?r@]! eom;l)d_SNM§(-awehydps,bet?mésnt:_ai'bw@li@agijdlbj s | e\r/]el
usi ng a nunber of _ nethods mliar_to persons of ordin ski in the
ort eami os. | nERtHBaSS,gRd dHa ket Tha ABESHE p'aty RieeEhcoRaS g one
or nore of the fg {@vhibdn at6mb RAdIREepreferdiRyREARINY PomPAlr R4 Badonf | ow rate
(i.e., WHSV); level and degree of catalyst regeneration; anmount of

catal yst re-cir cBlomS. oRepresgntatiyr exygenatesinciude cpliargmotnpeessariie f eed
Fegenor at 1 on <. NOHATAo, Gke Bl st nahcRd S eliP AR RgAna thelr | e
as a nmovi ng bed vosaturatepeunterpantsz dempies of suitablecamepounsisdndudedett such
L L i R s o e
preferred enbodismprﬂpanbh@&ﬂza@au:shoissmem;jl ethyl etheg dimegthyd etherpdietttybp by
Pg;g't ingngl.c o ocar g%réﬁccﬁggosprggy % tlietr;S fo?‘r%caw-:wygte;e&m%Myll ggrbtorr]lgtec; (Hi]r\ﬁgtrh§l on
' 15 ketone; acetic acid; and mixtures thereof.
Preferred oxygenate feedstocks are methanol, dimethyl ether and

mixtures thereof. 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,

20 biomass and natural gas. Methods for making the compositions are

known in the art. These methods include fermentation to alcohol or ether,

and making synthesis gas, then converting the synthesis gas to alcohol or

ether. Synthesis gas can be produced by known processes such as

steam reforming, autothermal reforming and partial oxidization.

25 One skilled in the art will appreciate that the olefins produced by

the oxygenate-to-olefin conversion reaction of the present invention can

be polymerized to from polyolefins. Processes for forming polyolefins

from olefins are known in the art. Catalytic processes are preferred.

Particularly preferred are metallocene, Ziegler/Natta and acid catalytic

30 systems. Prior to being subjected to a polymerization process, the olefin

—_——
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The oxygenate feedstock conprises at |east one organic conpound 5 which
contains. at |east one oxygen atom such as aliphatic al cohols, ethers,
car bonyl cogpfy (al dehydes, ketones, carboxylic acids, es, and
the like). The g |1ohati c noiety preferably contains from fc?ﬂg@%r;@gr bon
atons and nore preferably contains froml to 4 carbon atons.

Represent ati ve oxygenates include, but arg not necessarily to limted to, v
| ower straight and branched chain aliphatic alcohols and their unsaturated
counterparts. Bpradpttsarefecoveteiram dmnprododss of e oxigeniatd-to-alefinnot |inited
to, the follow ng. nethanal.; ethanol; n-propanol; isopropanol; C4 - C20

al cohol s; net hy?"qHFFﬁ‘ﬁ" 'éetaﬁh?n di met hyl ether; diethyl = ether; di-isopropyl
ether; fornal dehyde;Peﬁsmﬂﬁ%rdﬁﬁfﬁﬂﬂﬁhﬂhe@ﬂﬂlhﬁbo{ﬁz&ﬂ‘h@ﬁ%h acetic acid,
and m xtures ther&g}‘:@t, Preferred oxygenate f eedst ocks are net Kanol, di et hyl

ether and ni xtPBECRURESLRRY bemadedp Harpesentioyepbiamwithad EPRRWGo ef i n
product in 5hlffommeeaﬁiﬁpaa&@ébﬁmlmdsrés,@ﬁt mVEhtidr "Phe SinBBdiRleriTB K| ngot hese

conmposi tions from hzdrocar_bpns such as oil, coal, tar sand, shale,

bi omass and natdgsgribedberaimisragantite berliustiative naly@ndswiuld aeidestakenknown i n
the art. These | HigH s el _ er, and

maki ng synt hesiéé@lgrg@ﬁafmé]eﬁk’gﬂﬁ?/%?{ |'ng tq%gﬂg?/n?ﬁlzésf@ggg?o@%' aslh'cohol or

et her. Synthesis gaWbatisietipeddticed by known processes such as steam
reformng, autothermal reformng and partial oxidization. 25 One skilled in
the art will appreciate that the olefins produced by the

oxygenat e-to-ol efin conversion reaction of the present invention can be
pol ynmeri zed to from pol yol efins. Processes for form ng polyolefins from
olefins are known in the art. Catalytic processes are preferred.
Particularly preferred are netall ocene, ZieglerlNatta and acid catal ytic 30
systens. Prior to being subjected to a polynerization process, the olefin
This ShiiiTf/7E7ed R1111111111111111 11 WO 01/ 25151 PCTI USCO 27011 19



products are recovered fromthe products of the oxygenate-to-olefin

conversion reaction. Persons of ordinary skill in the art will recognize
t hat nmany 'nflljzﬁ@i]i ons may be made to the present i nvent ipgrnysob/out
departing s fromthe spirit and scope of the present +nAvention. The

enbodi nent described herein is nmeant to be illustrative and shoul d not
be-taken as linmting the invention, whicleois defined bﬁm l'!m]llm”m
clains. What is clained is: WO 01/25151 PCT/ USQQ 27011 11
Claims CL Ms 1 1. a8 hod for form ng a silicoal um nophosphate (5APO) 2
nmol ecul ar sieve conprising the consecutive steps of. 3 (a) providing-a
silicon-contaj ni ng conposiA inethodbfar frmifgal §HicdalthiihdpHuspBate(SARDY | on, a
phosphor ous-cont ai hing conposition and a 5 tenplate; 6 (b) preparing a
reaction m xtlr eMelgsHlar sieye qagRRsINAPGONFeGHIVESIPRS O%i eve from suffi ci ent
anmounts of said silicon-containing s conposition, said al um num contai ni ng

conposition said phosg Eorcwswam@%mdhwtsm@&ﬁa Sditiorddh Aamihdnep! at e,
said reaction mxture having a 1o first pH; det er m ni ng a pH

i ncrease in shi dcqréauamﬁpm@wmamphmuswgtamm corpesition and@ ure has a
second pH hi ghe tebwesal d first pH, and 13 (d) adding an acid to said
reaction m xture olver said second 14 pH 1 2. A nethod according to
claim1l1, characterized in that, it 2 further conprises the step of heating
.said reacti oﬁ1 mi xt ur@®) pr iRSEPariNG;a Egction muixture capable gkiame 848 di ng t o

claims | or o f A4, ESHB he step of
form ng crystal smg &gﬁghéﬁggrﬂsf@gfﬁ t o uétlsed\fes%tg%'gr st éﬁé?@}é

8 composition, said alummum-contamlng compaosition said phosphorous-

9 containing composition, and said template, said reaction mixture having a

10 first pH;

1 (c) determining a pH increase in said reaction mixture such that
12 said reaction mixture has a second pH higher than said first pH; and

13 (d) adding an' acid to said reaction mixture to lower said second
14 pH.
1 2, A method according to claim 1, characterized in that, it

2 further comprises the step of heating said reaction mixture prior to step

3 (c).

1 ~ 3. Amethad according to claims 1 or 2, characterized in that, it
2 further comprises the step of forming crystals of said SAPO molecular
3 sieve after step (d).

1 4. A method according to claims 1 to 3, characterized in that, in
2 'step (d), said second pH is lowered to said first pH plus or minus one pH
3 unit, preferably to said first pH plus or minus 0.5 pH unit, most preferably
4 to said first pH plus or minus 0.2 pH unit.
-—
This Sheet Has Been R
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1 4. A nethod according to clarmst—to 3, characterized in that, in 2 step
(d), said second pHis |owered ' ' : plus or m nus one pH 3
et o AETREBIN 2 2o i,

0 S 3.2 it. I'S

preferably said first pH plus ot nsn pH un Sheet Has
Been Replaced 1LILILELEL PR ELEELED 11T WO 01/25151 1 111101111111 VI I
VI 11 e PCT/USOO 27011 CL Ms 21 44 5. A nethod according to clainms | ~

to 4, characterized in that, 2 said first pHis fromabout 5.5 to about
8.5, preferably fromabout 6 to 8 1 6. A nmethod according to claims 1 to
5, charactedized i nSt hatA methash#crosdiog tel clsims 4 to dveharactesized pr-that, from

about 6.2 18 7 gk ffstbn & RTRERRE Y10 BBIAYS. brelbrn@y o BROME B €070 e

in that, 2 said acid used in step (d) is selected fromthe group
consi sting of 3 pho6phorA methidiacaording tpkizimsdito &, chardctenized oxthiabr i ¢ aci d,

15 A mothba SECYRAB B8 dveraltq iaFoftfor apBiCe po BUCS8 o T I 2 step
(d), said asi dpreferathiciiorh abbiis teeB,ahostipreferdbly froth abowb&i2neczg) y. 1 9. A
met hod according to claim@8, characterized in that, said 2 acid is added

to th [ ' { ' . 0 had [ t

clai e 1 toL7. char ket or e Rechiiing 1B Rimd 1 S, hePElGfed el "2deq (o

tlge rﬁacti?m _rrisagtafoiﬁ?shwtihwctﬂ)ys ?éie&tliadtﬂ%mrmd‘grdugco?&idgﬁg;oﬁo cl ai rrsdl Ito
, Characteri z N [ Nna e te al, rovideg at,Ste IS a dua

Lol e 151 0 PaSHHBFk Gaich 0o EREPAS A RO A035h FUFE AT 1t hat

said 2 duak t esgipopiciacid BRflfeacitcddetietdeyd andTutinitadid dr oxi de (TEACH) and 3

di propyl am ne (DPA) or isopropylamne (IPA).

1 8. A method according to claims 1 to 7, characterized in that, in
2 step (d), said acid is added to the reaction mixture discontinuously.

1 9. A method according to claim 8, characterized in that, said
2 acid is added to the reaction mixture at least two times.

1 10. A method according to claims 1to 7, chafacterized in that, in
2 step (d), said acid is added to the reaction mixture continuously.

1 11. A method according to claims 1 to 10, characterized in that,
2 the template provided at step (a) is a dual template.

1 12. A method according to claims 11, characterized_ in that, said
2 dual template comprises tetraethylammonium hydroxide (TEAOH) and
3  dipropylamine (DPA) or isopropylamine (IPA).

1 13. A method according to claims 1 to 12, characterized in that,
2 said phosphorus-containing composition and saic_l template provided at
3 step (a) are both tetraethylammonium phosphate (TEAOH).
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1 13. A nmethod according to clains 1 to 12, characterized in that, 2 said

thsEh?Luts ;:ont a,IQnLng CONposi LI jﬂlﬂl‘jllﬂm te g:}ovi{ dﬁi%&itﬁas Siiepl (a)d
are bo e ykanmoni um pho i-s -Shee @mofiep! ace
oL rr~rrn Iivlﬁl%? ITI11 1111111 W0 01f25151" 11313 L M's PCT/US00/ 27011 22 1

14. A method according to clains 1 to 13, characterized in that, 2 it
further conprises the steps of cooling sapgl reaction mxture prior to step
3 (d), and of heating said reaction mxture after step (d). 1 15. A nethod
according to clainms 1 to 14, characterized in that 2 sai d SAPO nol ecul ar
sieve is SAP@} 34 1 1@ pA mathed aseerding taglaims i 19i 13 charastanizedindbatet eri zed
in that, 2 ﬁm | ast a
portion of sai d cr sta S0 ebstﬁés@&%gﬂc@@iﬁ'}%%aeiéu%%%hogl@@cglr}é %éif%s{e action
mxture; 5 (Bi) (@)dandgfhaatmg skid oeaction misture afier stept(dy.e; and 6 (iii)
re-crystallizing crystal s of said SAPO nol ecul ar sieve from 7 said
reaction mxgyure. % rﬁﬂ’étiiB&'aé&&BP%‘tB% daiu?:s“l' @' 14 HRarddaiAL ifth4cd | N
that, said re-crysfallizing 1s ove roomterrperature
.1 18. A net hodsatdoSAEIOngoiewlai'alene il8ABO-34., char act erized inthat, 2 it
further conprises the step of heating said reaction m xture to facilitate 3
said re-crys aII|Z|n of S|
accordi ng totlcl ai s Rgﬁ&hﬁér ac elrn:aggtej(?i,é’l tf%eis %E;Padﬁlm'm'qat
si licon-cont ai nntrfgrtlmenmmprtsesrlheste@ss:ifl ica sol, colloidal silica, 3
pyrogenic silica or a silicium al koxi de; said aI um numcontaining 4
conposition Ls pseud r éémﬁ
phosphori c- cgnt ai ni ng) con%(%‘isltsingnat?és Sp ﬁ#@ﬁé@?g@@sﬁﬂg’d éAPO

molecular sieve in said reaction mixture;

5 (ii) adding an acid to said reaction mixture; and

6 (ili) re-crystallizing crystals of said SAPO molecular sieve from
7 said reaction mixture.

1 17. A method according to claim 16, characterized in that, said

2 re-crystallizing is performed at or above room temperature.

1 18. A method according to cla_ims 16 or 17, characterized in that,
2 it further comprises the step of heating said reaction mixture to facilitate
3  said re-crystallizing of said SAPO molecular sieve.

19. A method according to claims 1 to 18, characterized in that,
said silicon-containing composition is a silica sol, colloidal silica,
pyrogenic silica or a silicium alkoxide; said aluminum-containing
composition is pseudo-boehmite or aluminum atkoxide and said

WM W N

phosphoric-containing co_mposition is phosphoric acid.

-

20. Asilicoaluminophosphate (SAPO) molecular sieve
2 obtainable, preferably obtained by, a method according to claims 1 to 19.
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1 20. A silicoal um nophosphate (SAPO) nol ecul ar sieve 2 obtainable,
preferably obtained by, a nethod according to clains | to 19. This Sheet
Has Been Rﬁpl“?%%gl 1111111111 | | 11111 WO 01/ 25151 PCT/ Upp@/udoodddht 23 |
ERRRRR R ) e 212122 10 11 * MS 1 21, A SA i

according to claim20, 2 characterized in that, it is SAP ' O
nmol ecul ar sieve according to clains 20 @ 21, 2 characte Elﬂ t A | )
is a nmetal -containing SAPO. 1 23. A catalyst conprising ats L

mol ecul ar sieve 2 accordiRg to clains 20 to 22. 1 24. A nethod for
converting &n oxygedht e A SARP mpleruiar sieyp @ccording ¥9odaigb®@r i si ng cont acti ng

an oxygenat ] b |J le Ly 0 1gaphat e (SAPO nol ecul ar sieve
cat al yst acgo\rl\%ig%ag‘teﬁz%kMtgllg%'tgg)s&m?abondi tions effective to convert said

oxygenate to an olefin. 1 25. An ol-efin obtained by the process according
to claim24 This ZheetA SAPOBpelecHiapsisyedcronding to ¢laims2apn 21, | | |

2 characterized in that it is a metal-containing SAPO.

1 23. Acatalyst compfi'sing at least one SAPO molecular sieve

2 according to claims 20 to 22.

1 24. A method for converting an dxygenate to an olefin, said

2 -method comprising contacting an oxygenate with a

3 silicoaluminophosphate (SAPO) molecular sieve catalyst according to

4 claim 23 under conditions effective to convert said oxygenate to an olefin.
1 25. An olefin obtained by the process according to claim 24.
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