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| nvention 5 The present vention relates to a process for the synthesis
of sili cg\?éﬁlglsr}gxghosphat e nol ecul ar sieves. Background of p&eguUsoveoii on

Li ght ol X fined herein as ethylene, propylene, and m xtures 10
thereof, serve as feeds for the production of nunerous inportant chem cals

and p ot ol efins traditionally are produced by cracking
petroﬂmwm"mwmmﬁmmause of alimted supply of conpetitive petrol eum
feeds, 1 Ql,glﬁgortuni“ es t opp{EHes FOR TR SYNIHESISeOFns from petrol eum
feeds are ITmted. Effqr t In @Ay | bl @&y ¢ 5

t echnol ogi es, based o%ﬂﬂhbeémwggmggﬁggwkgpg%@E'\gEisrlrportant type
of alternate feed for the production of light olefins are oxygenates, such
as, for exanpl particularly nethanol and ethanol, dinethyl

et her, nethyl A Hﬂ'éqm?n%ﬁ_’iet hyl ether, dinethyl carbonate, and nethyl

~ formate. Many of tITEse peayranatartianeldies20 gpratesefoihersinteesiacfon, or
fromsynthesis gas derived fromnatural gas, petroleumliquids,

car bonaceous riitiegalaminophrsphd@tagalesar $I8¥6E1 ed pl astics) nuni ci pal
wastes, or any organic material. Because of the wide variety of sources,

al cohol , al cohol derivatives, and other oxygenates show prom se as
econoni cal , nopagieirbohdwntse Wivadiohor |i ght ol efin 25 producti on.

Typi cal |y, "oxygenates are converted to .an olefin product fh

catal ytic process. ight&Efins gpgﬁegheéexpeeesde@ulﬁr},ﬁ?,rﬁrq,g,ﬁg;zégé'ﬁﬂiﬂﬂé@{%s

usual | y copduc i S nshenRisG riest. Al t hough
ZSM t ype ecmeeg?bgf’%\%esggﬁéd otﬁ’é?ﬁ?rg[@ucﬁ?ﬂ sineves ngyﬁ{l?g used for 30 the
producti on of gh&hidass Bhapayygenatigst oleéinsaraditiorallyfararproduced byaR 2004 WO

01/ 25151 PCT/ US00/ 27011 2 silicoal um no hosphgt e &%APO? npl ecul @r. $i eves to
be of parti cul afackingperaleueieagtsal BRGaYSE J it RUPRYSAFY RBPE N ar
sieves are tho fule, \ bstlilHr diemes Pbm
catalyst is exég{r}éleﬁn E%%%%ggg%?bfﬂgﬁ{l%\%vtgﬁl glbg?\oév erIte”(‘}Jul ar sieve

provi ded by t hgefreﬁﬁlrh feeds stalimitad e Effootsftordaveier lighti alefin peodectian ecul ar
sieve. In a SAPO synthesis procedyre, a s\j | i ca}ésourcz @bal um na source, a
phosphor ouss sotR@¥Ickeies, Pasel 9P iaNG IRING fe5AR. REYD IR Y form a reacti on

m xture. The SAPO ml£ihbdiatito¥e of Sitbhtite 6646 teH the 2redwstiun ef ghti adelfing
time, typically a period of several hours to 10 several days, fromthe
reacti on ni xt umee oXpeessteshescts asf foparRaRpie aje@Rels D%"“FB'%K‘B’PP‘W' ghfons

0 the Teaction M X e SRIP et R8I LT R Bidihyilethér, iRy o These

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 econdmical, non-petroleum sources for fight 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

T
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sensitivities vary fr one type of SAPO to another, One critical: ggs\,ﬁgemugr
of the synthesis proc%re is the pH of the react igen‘i xture. At 1
start of a SAPO synthesis, the reaction mxture, s times referred to in
the art 30 0MS13Final" reaction nmixture, has an initial pHPEEUEHE7011

syrit hesi s proceeds, the pH of the reaction m xture increases. It has been
found that this increase in pH makes it difficult for the SAPO nol ecul ar
sieve to crystallize fromthe reaction m»xure even in the presence of 20
excess quantities of the silica source, the alumna source, the phosphorous
source and t heilicespinainephasphate SARO) meeleastar sievauta bg of pasieulanyalue
synthesis reactjon to cease. Romani an Patent No. 114,524 Bl describes a
process for f8} HHGRBIHATEF_cul ar sieve, particularly for forning
SAPO-34. In the praogpas SRPAImelRessr siBvES@re WIuPRB o tHe ARIstUsBRIOf

t et raet hyl ammoni um phosphate with a concentration of 25%is prepared using
a convent i onalsyntiesisiof trostype et bgtialystne expehyivetvanauge oftbedgwyield of
concentrat ed phosphoric¢ acid. . ated alum na with an Al 203 content of
G505 of | ch OBRE sige picided b BB RasioT mitluie waratp Toimae thisq

i ntroduced, u ' [ - At i ' c he
sol ution of tg?‘r?%gfﬁ{yc{%&n&rjr@ﬂFﬁ%gbﬂggﬁa%@%\ggiqeﬁ% Egﬁ%%&h?bbﬁgcﬁﬁéggééve.
Under conti nueissalagiihatsounce,a pho@phdisRsXiidcy¥\@rd & 2&rhplating agent are

PCT/ US00/ 270113si l.ica sol which is stabilized with amoni a and which has a
content of 28%comipined tp ipipaueastion miraut Ueg sAE O Thleguasrsieyr s then

resul tant susp 1,0R0:_] J: =0 e i id. The
zeolitization™ P éotgg'szseai %ﬂg%nﬁg"c'éﬁf??%é;,tg@aﬁ@gﬁ%ﬁ“ g?g%‘é) Ir@t\'ﬁg&‘?i rst
step, 15%0f tdawepsitdays, ¢loat thee feadtioy miklasd i nto an aut ocl ave. The

tenperature is then_increased to 198-205C and nmi ntai ned. at thatpoint for
20 hours. The aut ocT%%éYFg‘eé%@feﬁAP@%tﬁ%@'B‘fﬁjt%ﬁ"‘éadﬁriaiﬁsdﬂéﬁ?i ty of

t he suspension_LS;:l : : b dA
addi 1 onal - amsgacte miRERE EEridb<iln 8HHIEENEn riidfe ERRRR, °18858 020sc
The oper at i on dehsitifiited ednffoomasnetigie 0OBAP by andther. fOve chitivak. The entire

zeolitization process lasts for 100 hours. This ti géﬁ)eri oc{i ncl ydes the

steps of cool iRRFaERiehebtenty ipesis Rrasedyrs isahg pid RERFCURD TOtUED oAt
descri bes ki I j RS '

pr ef er abl elgvgﬁ é?%a{t’%& tﬁ}ssgg@bsg %I' %@%%Fﬁg&%}ﬁs@?‘%ﬁﬁ%géﬁrﬁbﬁ nal
reacti on m xt inehéarhasime Minal" sddtiommotpom dras, amiptialgptiorAsitheconponent ,
an al um num conponent and a errgl aﬁg 'ts mai nt ai ne(il in the rang& f rqm about
5.5 to about & ,“b?%?é?’%%??/‘gsf-rt ePhhBlinesrqastiopdiptyre Infieases off BREPFehches
that the pHva'JHGnefthéhﬁuié IRk 24 £ BEHHOM aRE Y itUdificiiviob tna diard afolecliigtesi T ed,
by either2oaddi ng an appropri ate anount of a base, such as

ammoni a/ ammoni saéveltoxnodallize fione theyseadtinn piktuee even iphopresances@bunt of a
sui t abl ei norgani ¢ or organic _.acid,.such as phosphari c id,,.HCl , acetic

aci d, for m% ac‘?’ffesé@aéﬁ@eﬁtorﬁ & Sllicg SR¢FEa ?IH@'BFI.S\R?]&SITWS

af or enent i onedh Rt IRASLSRBLRISRd Thé ROHADIZH! ARA LM PH FRiie8sé ventidallyan

initial pH adjustrent to the reaction mxture hel ps toestablish appropriate
condi ti ons f orcausesfthenpintiesisfeactBnP® nedseul ar si eve. These mnet hods,

however, do not allgviate o revent  th Lncrease which occurs.as.the
synt hesi s reaction §8H’E§%%’é?a‘?%t Psliggg(%;%g ,scpﬁpg ap?—ﬁqcﬁéfg SIOTRING s
the synthesis gge:ﬁ IRIMiEYIBRFAbPidring 'SEFNC®y Ofin B BRsC

bui | di ng mat er%a S ?gﬁd{eﬁgra‘g%‘g' %‘}%‘gnl gl ovi {jirngnﬁ 25 I\/ARZ.OOIZ V\0901/e%151
PCT/ US00/ 2301 1didclosedyindhel 52 patent nasetuticar okletnasthyfamsnoniunepbogpihates in

the art for inproved nethods for nt hesi zi ng SAPO nol ecyl ar si eyes.
Summary of t heWith @saneantertion er%é% 1§ Prepar H%'n%ﬁo‘a‘feqt{fﬂ‘%m 9from

i nherent int i .art : b AY i i’Fglﬁ,% t for the
synt hesi s of sr}l?l ﬁ%c%gf”dﬁ]é'n%ﬁ‘%'g@p?ﬁé{te % f@?@fﬁ%’:‘%ﬁ atrgl.j |evg§'.d?%s£3§'ed
herein, the teAydrdted tHlamire-iitaran Al,CatcamtEnt sff&5%, bbwhith #B%ois hayerite,
reaction mxture immedi ately after it has been forned fromthe 10

phosphor ous- cdstsuspengedd ineealizedhwataranchintiodyicedi HNAgr agitpbem.tinih,

t he silicaon-containj.ng.conposition. and the t.enpl ' to.any heating
of the reatti oﬂzﬁpﬁ{' ’h%ﬁto v attly @H}'B&ﬁ%&éeﬁﬂﬁﬁ‘ﬁ‘é@ﬂu on

m xture, such i i t ct LAY qit ion
T ent og t Ploshiieesdinied %P?%bntae?‘@? iggél%ﬂ%%ﬁégghat A %'ts%’%?b
nmol ecul ar sieve. The nethod conprises the follow ng steps: providing a
source of a silicon-containing 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 conposition; providing a tenplate; formng a
reaction m xture sufficient to forma SAPO nol ecul ar



V‘ -20.sieve fromthe source of a silicon-containing cor’si tion, thﬁ@ﬁ{]ﬁﬁ" of
an al um num cont ai ni ng c‘osi tion, the source of a osphor ousc ng
conposition) and the tenplate, the reaction m xture havi ng@rfi§dophoRt;

det er m nWOPIASPH i ncrease in the reaction m xture such that the reaction

m Xture has a second pH higher than the first pH, and adding, 25 after the
determ ning the pH increase, an acid to the reaction mxture to adjust the
second pHto fromthe first pH plus about3 one pH unit to the first pH m nus

about one pH unit. The present..inventi i S.:al ' t '

'silicoalum no[éthl@é;ﬂ%t"g"ﬁ%lsegé& ':zegivﬂb‘égﬁ‘g@‘%yéﬁggrﬁﬁﬁggs@r@?\?tsefaspect of

the invention sQ il vdveg FThemH offthalresudtamt ng at | east

a portion of ?ﬁ?@f@%%a'bgsgpgtglqlté@gﬁ%h%l ecul ar I[svz?‘leve iin the reaction

" mixture; addi Bgspengiehds Ut bejustattd G3-Gbxwitih @hogRECHE 215 MAR 2004 WO

01/ 25151 PCT/ US00/ 27011 5 crystallizing crystals.of.t uhar
relipe Prasth BroonieRed 4T S RsPEsae BT

si eve from the readtheoredht resent rnvention is
directed to a neth s Akl iré | i3 ingRocel ate drbabfdclama.ecul ar
si eve fronra r“@%bﬁqgsﬁég' ﬁ?{%ﬁpge%ﬁ%é Fg?ﬂa;u'co'rrponents present in amunts
sufficient to iy @ribherz8A80s théve ineaasédto MB&:20% hand mpiatainedat gt The

t hod i ses the st f: add i .£agl i an M xhyeg af t

The Teacti on moinuios 20nuarsocheauRaiRyE 7 opiPd FORRTIR G ipd Ryl &t e!

crystallizing { he R ePuld SIIdIRICERONBALELA 1Y MRe alhsuiaie:s Afer adgiitn o | S
| a

al so direct ed QMUY um nophosphate nol ecul ar sieve nmade by this
process. Yet agoLBaionaPasioupk of tie pusseion, themrooess is rsusactat 1882

nmet hod for formng a silicoal um nophosphate 34 PO: 34). | I i eve.
Thi's met horh co2@fiGeSherrperationid irpestehor @agﬁﬁéﬁgl 8%8%&2'%@@'

si |l i concontai Ning CcENPOSI ki QR: i di SOLBE BoQfs. aThial ik pemoiont ai ni ng
15 conposi ti Oﬁh%p&?}%gﬁaﬁ%ﬁg@ﬁé@%g a%pt)ﬁ)sphoroas- cont ai ni ng conposi tion;
providing a t eplaled thHeoitepaof sookes ahdmeatingurkichuast for 8nd howrs BRRN-SAPCB4

f th f il - t ai ni i ti . :
Al Ui num cont ai ni ngVWOrGRIERESReScriRES BT EBg: o e AT BELEE IS |

conposition, and the. te t bRy Bt sibn b tHapiotess fa0nfaking pH of
from about 5. 5C?'SPQ§8]_9( ggk?;_aé'etlﬂ%né%ﬁrga a \(l:hange in p_ﬁ. of the reaction
m xture sugh tBaPGhLe, teapH oftheifitalreadion mbdetoRPTIRINNGASIGHan t he

first pH, and adding, after determning the c i tdng t he
reaction m xtuﬁém@n&@}-ﬁph??@‘%@%ﬁgﬁgpwtt @%ﬂggmngn%%@tn%ﬁggpo a pH of

from about 5.5 Tha iRhes Bifqd fleaNabent 5.5 tolamudiBct ed 25 a
SAPCG- 34 nol ecuf%’ﬁp&%ﬁes rﬁrg@éa@)a/etlhi S pr ogcess_. Still another aspect of the
present invent pesferablgiframabout 6 to abeh8d T retaieaee 19RFNGS Mgﬁwﬁ e to an
olefin. The nethod conprjses contactin ' Rfed by either
silicoal um nopNéEH?naf @e(@mié?a%%m‘&?e &%é’%é(%g’ﬂgﬁq?dsw E%%'Zer 'coynda_ti ons
Shigctive b CUuRid oh r;;g&yﬂsﬂéaérﬂohﬁt@ﬁbﬁasej eficn aslammbnia/pmovis, t he
SAPO nol ecul ar ‘st e I'S de by the process conpri siazn_g t he fol Igv@i‘ng st eps:
providing a sourydeoxitieatesincraans bhembdi o a1y 2PPISPTRR FDRNNR DIHDEST

PCT/ USCQO' 27011 6 conposition:. providi ; iBNHel ugddtnagiant ai ni ng
conposi ti on; pr'GQﬁQﬁ%oéoégﬁn'E@Clﬁ}’/ sgcﬁ%&%@%#%ﬁ{%%ﬁ?hﬁg 'ng conposi tion;

provi ding a tqukrﬁfceéCiEoc2%@091»@@@(5%@@&@(@ pffficient to forma SAPO
nmol ecul ar sieve fromthe source of a silicon-contai ni n&}eio ositi og, .t he
source of an 5 al um With tenfaremagticnee ntneds andHRngbedROds CUTBRBY Yhor ous

t ai ni iti , d.the t | at h i ) i
First pH aot orsaninead, mier R eeenbty i PR RTpPie AERR®s 70 F
eacti on m Xt ur & 5o o5BRANHBRLERRG foRate Kendiores! PEARDNGIdGLI

after the deter rng I ncrease, an acid to the reactio&‘m'étureto
10 adj ust the sggpad THademétrmust hewkivestdprphaleviateoer PEYENbIRURT to the
first pH m nus about one pH unit

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



O her advant ages and s of the present inventiongu ||l becone ‘r‘\m@%
fromthe foll ow ng det ed description and appen clains. 15 all'e
Description of the Invention In the present invention, the applicants have
di'scover ¥® Y74151t he addition of an acid source to a SAPO r@gg'f‘i‘%?ﬂlzmlktur e,
during the crystallization of a SAPO nol ecul ar sieve fromthe reaction

m xture, produces inproved yields of SAPO nol ecul ar sieves fromthe
reaction 20 m xture. The process of the pdesent invention nmay be used to

form silicoal um nophosphate nol ecul ar sieves selected fromthe group
i ncl udi ng SAFJ@V‘SY‘eM@,e @Rﬂf@‘ﬁ%{ S'SAPOﬁB{S-QAW ﬁrisgarﬁdhfeﬁﬂéa'bo 20,

SaPG 44, sapd VRIS IR S e PR O R N Cher eor

Preferably, the nmethod of the present invention is used to form SAPGCs
selected fromthe gr oufp i ncludi ng SAPO-5, SAPQOLl1l, SAPO 20, SAPO- 31,
SAPO 34, and Sammary ofyhetinygptiorul arly, the process of the present

i ti ' d SAPQ-34. 30 Qi li | .umi h h I I
Cieves ard genor al 17 RGN RaTEONe hany S dbe sLORHE PERERTNTE ARrt! o
12 menber ed r{Hedpisere iVetftion provRid Rt M6 He dpdihésRG US00/ 27011 7

These ring structures can have an average pore size ranging from about
3. 5- 15 angst r siisoaliinopbedphated§ARD) molggaerasEmyveso ol efins, the preferred

SAPO is a small pore SAPQ nol.ecul ar si.gv. Vi,ng.,.an,aygrage pore size
rangi ng from about %.@%Cﬁ‘grﬂﬂgéﬁ%ﬁ%‘, "ﬁ‘ﬁ?tp _ré’?e " BP%F{?%WE‘?&'_E pll-ﬁofs_ 0
angstroms. Thgaerddclibh mhBALROMIMEHARSIyHfRertiVRES BeeflfofRE8 $ldnins | eves

havi ng 8 nenbered rings. The SAPO nol ecul ar sieves formed by the method of

this i nvelt i ophespiperiosis-conthirdeg domaesitiomitheiatumpumwontaigggal f r anewor k
truct f [Si02],.[A,.Or] . ..and [ PQz] . trahedral _units.
Thi s type of SOMPPSHISTHRE SURBR TR PRGN g W I SBRE S B o
into ol efin pgagkebsing1dTRhEREBELLIGE MiRPE =Md M snybHNBdudthferits ageMer k

structure of the nolecul ar sieve produced by this ‘invention can be provided
by a variety tHadiompodituiermichBadisclasedfintthesst.phosphor us- cont ai ni ng

riethyl  phosphat 6 OTeEPHERHI RHGRFUTSABERNAT STeaR G BEH 8anat s,
The phospiyr ofsimfifg l2é iNEGSILERIABPROSpIELE (8P O) MRiedMlbNsie@ac tinentthog on and
al um num cont ai ni hg conpositions under the appropriate conditions to from .
t he nol ecul ar cemgyisesibe TakoyVinDoStEPsepiayiding A sewiceshd silicencestainifiGewor k
structure Cancgﬁ\position; 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 from the source of a silicon-containing composition, the source of an
{ aluminum-containing compaosition, 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 directedto a
silicoaluminophosphate molecular sieve made by this process.
This aspect of fhe 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-



provi ded by a variety of conpositions. Exanples of se al um pEHMAR 2004
cont ai ni ng conpositions %cl ude al um numal koxi des s as al um num

i sopropoxi de, al um num priosphat es, al um num hydr oxi de, so%i. fMpHnate,
and pseygphesisyi te. The al um num containing conpositions 25 are mxed wth
reactive silicon and phosphorus-contai ni ng conpositions under the
appropriate conditions to fromthe nol ecul ar sieve. The [SI Oz] tetrahedral
units within the framework structure car® be provided by a variety of
conpositions. Exanples of these silicon containin bt A i ncl ude
silica sols, cmlldalb'zidglcrg$talscfétfsthes3,&'?166{'§°@§b]§ﬁ sc'fgglf&%gyf%géeén(?@si licas, and
silicium al koxi des, such as tetra ethyl orthosilicate. H gh surface area
silicas suchMiXtUr@rosil|-type silicas may 25 MAR 2004 8 al so be used. The
* silicon-containi ngy £ORBESLAAQRS RS pravert thverttion isaditeated 40 GrnALIAGKIA

phosphor us-cont ai ni ng conpositions under the appropriate Lt o form
t he nol ecul apasiiny @ siic@lbsinephaspherPe AR rﬁ&?&“&é sf'%‘ﬁrﬁ%“?% r{E %Ptzo'l'

i nvention. These conpounds are gen ABfSertitoTetralthe
cont ai ni ng sinDlP@b'él%WW&’H%%H??’@?%%@%@?W@ e sel ect eg fromthe

group consi std {\g~0 | i e avied a(f@sopH. | Pe mathad kemprisasdnen net al
ion (Goup | }éﬁoair}%?%ﬁé#gﬁw I onq"(ad%gl I IFS, i ncl_udi n% t he. | ant 8peoi d
el ements: | ankbgeem addirigum apicdedbeyebelign ravayRailer th r%%\%fﬂ’l

eur opi um gadol 1 nium terbium rosi u Ny i ARO)
ytterbi um andindargeeaf C'%ﬁfwes@aﬂ%%’m € ﬁ%ﬁt%ﬂu%ﬁﬂﬁlf?{lggggf‘ﬂ%n cation

fromone of Goups | - ; ec¥nt iy eanidn 8. also directdsd 10 at he Me
represents a r%mgﬁ]egggﬁtx%@n%!.i%ﬁéﬁesg‘, Ni , Ga,I Fe, Ti, Zr, Ge, Sn, and

These, @t affcsADMIBophespHate mateculahesievetmafgdalnis PRARSrk 15 through a

[NEOz] tetrahedral unit. The [MeQOz] tetr hiic GiFeEicPtcPa Medthedect ri c
charge dependi ng oXet ﬁ@omr@ﬁ%’s%‘?@‘& péngﬁgfn%nghs'ﬁgsti tuent. Wen the

net al cormone@% fgaﬁin; é{@l{ﬁﬂ%ﬁmﬁaﬁ:ﬁoﬁiha@ 34HEBARD-34pmotacule sieNe. dis
I's -2, -1, y ,

el ectric char and +2, respectivel g Inct;)r %ﬂ{c%hi_on of
the netal conpEIRGd comprigeisahe folleavios myerPs hBHPUAMIR SPHESEY AP Conponent

during synthesis of the nol ecul ar si eve lajuRESIMSoEHtARSME | on
exchange can &PBiRIMHEOFAFPOSIURN,; RrBYld@ga?mﬁ%e,rt%%éﬁ Lerial No. 08/ 571, 506,

in which the iRt fi REGEceSyNE: besisphomusesahiainiag FemRrRE N,
descri bedabThggﬁﬁgmdcrgﬁrgwdng?u[ |y incolrpgorgt ed hel;fei.n %5 é%ﬂ%@@@@- The
reaction m xt prévidirgpa temptetesfoomingod re@eon BIHEE 841 'C'I%HB JpER S
structure directing agent sheg gast'l %%%At¥i&RB%W£iﬁéﬂgﬁg,sm%phahus,

oxygen, - 25 casBROM&E YL fnatlon~t hereof, and can al so contain
at least one @kytnum-containing composition, the source of a phosphorous-

containing composition, and the template, the reaction mixture having a

20 first pH of from about 5.510 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

»s  a SAPO-34 molecular sieve made by this process.
| Still another aspect of the present invention is directed to a method

! for co
contacting an oxygenate with a silicoaluminophosphate (SAPO) molecular

nverting an oxygenate to an olefin. The method comprises

sieve catalyst under conditions effective to convert the oxygenate to an

In this process, the SAPO molecular sieve is made by the process
-containing

30 olefin.
comprising the following steps: providing a source of a silicon



or .aryl group, with 1 8 carbons being present igathe al kyl 025%@“"'
group. Mxtures of t r- nore tenplates can prod m xtures of different

sieves 0 e j nantly one sieve where 30 25 MAR 2004 ﬁ:}é
PCT/ USOO;‘&@BH%QSI one tenplate is nore strongly directing Y\ﬁga %@ﬁér’
sieve. Wien two tenplates are used) the tenplate is referred to as a dual

tenpl ate. Representative tenplates include tetraethyl amoni um hydroxi de
(TEACH), tetraethyl anmoni um phosphat e (TEQ\P) , cyclopentylamne, 5

' t hyl | oh i. i di triethyl am | ohexyl anm_ne,
Lriethyl hydr SVRERVRRPR G S REHT SRS’ 4 AUSHREARtETRRg Compesiohe,
M el o e L e e
TEACH) DPA, TEARplate) formingr 2 seadieremiixtuieEsE fiont $@ foren asSABChnmléfulaour ce

of a phosphorus- caont ai ni ng conpositjion and as a tenplate. Wien TEAP is
used, the phoSiENEATRMEBREIHMSE 2 SHISSE AN CPRWPOSEIRN. dhe spusce 9 agane
material . Jhe i i : I . t | " JFor the

pur poses 051‘ tﬁgﬁﬁgiﬁ?ﬁ%méh%g@%@%dg s?)grrrg#gt 3'&:%‘)?028%7 nati on of
two tenpl at esceorfatrtihgtohipositidy gerceiHeotesnplatd, tioé rescetion miktiuremavirigga. A
desired dual tenplate for the formation of SAPO 34 conprises TEAOH and DPA
or | PA. SAPO fiit&kiidatespipinga phbingragse §) theoraactinpdnisturer sgh that the

el Nos. 4, 400 R0T Pyayaies 8 cekob BB pigher 6l the G he SHEMR T 0
are fully incaftpottas deteh@iréng they pHefrr e anfa¢idas the re stHon ntixiefter med by
m Xi ng together reactive silicon, alum num and phosphorus conponents) al ong

with at | Hast adivst thepeeand pidadiamithe firet phi piug abpudt ereipdtuardotbafisst,
preferably undgr 0, e, to a tenperature of at |east 100C,
preferably frgﬁTWSZ%S@%{)ﬁﬁ%‘EH{trystal line product is 25 formed. In the
present invention, Gther a@amitagss Bndt LEes GBIl ebent klehlioponvaddaome!

heati ng met hods such as electrical, steamor oil heaters, or by mcrowave

energy from a2RPeistdirin wifallowing desziieshdescrimtioncand erPendedyadst can
take anywhere fromaround 2 hours to as long as 2 weeks. |In sone cases,
stirring or seeding with crystalline material will 30 facilitate the

for mati ontof DletaifgdDestriptior?b6f fMdRnReddoMO 01/ 25151 PCT/ US00/ 27011 10 The

si eve can be recovgﬁg fromthe reaction m xture by standard nmeans, such as
by centrifugation & Prasent Siventing. froaneicats havesisrPvRiesdaat & over ed

by the sane : L ad. | 1 % t.pat, when the
Pl of t he T oagPRmonst & pE saliEs B AT e b AL e i 4 to the
reacti on m xt arystaltibatiar gia SARQahdlecufaraiessfrom theceketiahadixdume, in t he
case of sone nol ecul ar sieves, the é'g@,éjs cﬁf t he pol ecul ar, si eve,.can be

i ncreased. | nPYIRYSSESIRPEQVRd Yialds pf maigerer sievesierrpHngreertioR eact i on
m xture ig adjpat,pgl after the reaction m xture undergoes a change in pH
froman initial or first pH 10 Typically, although not necessarily, this
pH change occurs aflherprobess of the present invention may be used to form

silicoaluminophosphate molecular sieves selected from the group
including SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18,
SAPQO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-
25 40, SAPO-41, SAP0O-42, SAP0-44, SAP0O-47, SAPO-56, and the metal
- substituted forms thereof. Preferably, the method of the present invention
is used to form SAPOs selected from the group including SAPQO-5, SAPO-
11, SAPO-20, SAP0-31, SAP0-34, 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.



" reaction mxture has beegaheated. The change in pH_ig cates that the
nol-ecul ar sieve is begi g the crystallization pr ss from theMRati on

m xture or has begun to crystallize fromthe reaction mxtﬂgﬁ,}.{sd@@%ﬂably,

. the aci dwiomadséd to the reaction m xture during heating of the reaction 15

m Xture. The pH of the reaction mxture is adjusted to approxi mately the pH

of the original reaction mxture plus or_mnus one pH unit. Desirably, the

pH of the reaction mixture is adjusted ) approximately the initial pH of

the reaction_m xture plus or mn : Lt : pﬁ? doyitpH of
the 20 reactFbﬁsﬁirmgtéuagreédfﬂﬁéﬁgtai’ %ﬁ?géfp%%%ﬁ{/‘et l!:"ﬁitftclyrgl pH of the
reaction m XUk 65 PWHEIS 8Se@to EBhGert Bxggehates toaplefing) tnet el y t he
initial pH' %ﬁg ét:ﬁSt%drﬁi al pH plus or m nusgg. 2 pH unit. Mst desirably,

"the pH of therefeacid SAPO istaismallspare] SAPOdMblRAKIaMsiENe heviRg ARI2YSIESE t he

reaction mxture. 25 In order to j ust the pH of r ' Lxt e, it
_may be necesPOFG StZ® aRANG gﬁfn ?q’i‘é&‘g#§39§ ?PQ%(?'%‘FI' b—&g%gzgﬁrggphﬁb@ﬁ.gf t he
reaction i xtur b REy 20N [tareif fnsleeulad be added
to the re ctﬁ‘gﬁ%%@ﬁﬁg"{ggagﬁ%g?&?%ﬂg%ﬁ%% cal Iéygbecause a reaction
mxture is hegrsd tﬁ@viﬁ?ca' ietrateeetimmgst yst al 1 i zati on process, the reaction
30 m xture nust be cooled prior to either a BH asur&\me(ﬂtf@]ti wfﬁ ?ﬂ) ition
of the acid. HowevEne SAPQ &nqlesulae sivesormedity: tBE BN 8" TS 512 at i on
25 MAR 2004 WO 01/251 PC : ateveit stkudthee bpacti on
m xture can SRS Biéﬁe%{ a pql-i %g@hé%ﬂﬁﬁgﬁﬂ i's also possible to
add acid to t[Bi?o{]?ptqtjzpénﬂ"{FXDWcmmét-lsbatingematnedrgalIUI'MSpFI' his typRof eact i on
m xture if appropriate time for addition of the acid thas geg%\gﬂeterm ned
from pri o expamewenk ig eectiye 15 CONYEFRGKETIOHHAXKBF'PIrEY "t O1RY not be
heated prior to ggsition to the reaction mxture. The pH of the reaction
mxture is acﬁrﬁ "on either a discontinuous basis or continuous basis. By
"di sconti nuous, " ithbgpm]arettrahledraiddiitsi withiofthetfeamewark struptureddbe on

m xture occurs for a discrete perjod of tinme. The 10 discopi] ition
of the acid tmo!ewla@ai@tle@ﬁow%ﬁéﬂaédﬂ\f%ﬂﬁn FA P pdﬁg'scfeld:r%y%ng ma{g%gccur
as nmany tinmes_as n ar [ ! hiding eomigdsitidrs t ar get
pH. By "contiﬁ%ﬁ’gsﬁ%ﬁ?' iéslxahg)e{ﬁ%'%”l'g%ét gogﬂg?}'{.jigf)ﬁr?dg?mtmge gciﬁddstlo t he

reaction [ xticRuderlsREspharieacidj atgamic phedphatesi sush ahtrietbit PResRIAMEddI ti on
of the acid to the reaction m xtur% LPZ 15d gﬁr t.i Cuhsgélﬁat@EffHei n
| ar ge- scal e sigitartBds2mmeniyBIPNeSpIGEe &N ‘BEP e reaction mxture is

measured by a I S ilPeBmPbsitiRAstdremixestwitie ré activepsilioeasadi ng
devi ce. The ppﬁgrgélﬂé%?%gc Jg\s;lﬁzr{ed)t he% controls the addition of fhe acid to

the reaction alurhisuen-cohtiniogtcompreitiensiunienthes aprioprighe CREIRONSPon

m xture al so serves to noderate any pH 20 fluctuations which may occur in
the reaction mﬁ}eem%?ﬁ-ﬂ | Ye%Rd i norgani c acids are both useful for

adj usting,t he pH ofTﬁéﬂguogﬁ@triaa@dralwsewmnapprfmm“bm gtrubkire cianiké pH of
the reaction mxture. These acids are selected from (’;r oup consi sting of
phosphori ¢ acipiovidgdincaieriety efaampesitiens.i Examries AT these a/RNUEYy boni ¢

id, ti id and 25 for.pm id. ' [ bt d
becaiise thi s Fenipiomo wsnoubpys mude ARBbRERRBRERIEH S ol 2T,

of the SAPQ 'i%?ﬁ}?g;oﬁio%gaﬁﬁﬁrr\uﬁi SRe¥sHAes! BRimihiint IdroRiziepeadiurs cont ai ni ng
rmt

conmpound used e sieve Is a phosphoric acid, it .is desiraple that
the acid addediltmiridte, srd@stodobdstmite. {IdealuRinUIHECHAIYNIGRNRPRYULPIHN
mxture be25a 3a2epnr11ig<seghv8irtri\ ?e&?iivg'silicon and phosphorus-containing compositions
under the appropriate conditions to from the molecular sieve.
4 The [Si0,] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these silicon-
) containing compositiohs 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 MAR 2004 WO 01/ 25151 PCT/US00/ 27011 12 As an optional step in this
process, any nol ecul ar sieve crystals which have forned fromthe reaction

m xture may be separated fromthe reaction mixture prior to addiptyi Mg mf, t he
acid to the reaction mixture. In a continuous nolecular sieve formn

process, the nol ecular sieve crystals 5 may be continuously separated from
the reaction mxture. It is particularly easy to separate the crystals from
the reaction mxture if the reaction mxture is cooled prior to the
addition of the acid. Useful separation 8vet hods incl ude, for exanpl e,
centrifugation and filtration. As stated above, the process of the present

i nvention i gisdasl ds%é'vhelghébﬁ%ianmmﬁ&ESHer@ét?on%P%é’edfm{h%Hét% ahirfilGs:  Vhen

SAPO- 34 is forned by t process of present 1 nvention, the reaction

m xture has2gd ﬁPP%nhOftho%%@ng CBmBOQ'@ﬁ%W?" WempppFiateonHitions tesfor | i zat i on
process, thewdolesuidfsiggd ed to be from about 5.5 to about 8.5 and,

desi rably from6 to 8. Mdre desirably, the pHis adjusted to from about

6.2 to about 7.8. 15 In another enbodi nent of the present invention, the
appl i cants have &uééuiv@ﬂ&ﬁﬁ%@amﬂ@@fcympdursth@anvmoneﬂmsywmppum from

the reacti oBrdiereraify @BwaswAm@Br M@t%?&or%ﬁhb%hnké’alﬁ'rhﬁr%%c‘! ha@ the

reaction m xture. For exanp once a crysta | zatl on reacti as been
conpl et ed, t'he MetdlGande %ﬁ%@tqs#rféommﬁ @RUR 6Pisting of H@a&(@UmeéNsOf’f&rﬁ‘é@ |n t he

20 cryst al | |£akh AkalRAEAPRetaRN (GRITY IM)UQ?érE%BFlﬁ%r?(@ou@ﬁlBawfcﬁﬁﬂ'l
| east a portion of the crystals return to solution in the reactlor? mxture
I n order tothelaabanejd elgnaands:Jaihanm celUns, Praseedymit angady@iun.om t he

reactiongm XhmbRumasirtpiufh, @th‘nﬂﬂuﬁﬁ) térBﬁm{ %@Qﬁrbgﬂm”héﬂﬁ\‘rﬁrﬁ érBluﬁfjltMﬁlhmt he pH of
the reaction mxture to a pH substantially equal to the initial pH of the

reacti on ni Xtefpiim aed W?t'@'f“ 2pd gerndign phﬂtra@)@ndaawtyar@rtwﬁtcaﬂ@n fremiane afeact i on
m xture my@@mwm@evgf yEMNMIBe\VIIARStd @ m xture by the nmethod described
above. Desirably) the crystal s are recovered fromthe reaction m xture at

or above roomtenperature. The pH adjustnment causes the crystals to
re-crystal | ize fFopPEaRY. 81e Mesgrresantnan aiopesuchasi 4nabloy My k8, Nii G Fene

reaction m xf grecé SSrﬁanH%reTlhééé RS @éh BBirkited Mo fhE tetra Héaealwawww
reaction mxture plus_or m nus Tp 25 MAR 2004 WO 01/ 25 _
PCT/ Usod? 278 reughza [MeO,] tetrahedral unlt he [MeO:] tetrahedral unit carries a net electrlc

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, respectively. Incorporation of the metal component is typically
accomplished adding the metal component during synthesis of the molecular sieve.
20  However, post-synthesis ion exchange can also be used. See, for example, U. S.
Serial No. 08/571,508, in which the description of the post-synthesis ion exchange
method is described. This application is fully incorporated herein by reference.

The reaction mixture also contains one or more templates. Templates are
structure directing agents, and typically contain nitrogen, phosphorus, oxygen,

25 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 alkyl or aryl group. Mixtures of
two or more templates can produce mixtures of different sieves or predominantly
one sieve where

30



uni.t., More desirably, the pH of the reaction m xturegmas ad] uste(inc{}gn 7
approxi mately the pH of original reaction m xtur | us or m %E‘, pH
unit. Most desirably, the"pH of the reaction mxture is adjusted to the
initial WHopkysior nminus 0.2 pHunit. The crystals are thdifeW(P&MPéd from
5 the reaction m xture as descri bed above. As a result of the
crystallization process of SAPO nol ecul ar sieves, the recovered sieve
typically contains within its pores at | &ast a portion of the tenplate used
in making the initial reaction m xture. The crystalline stb&%ture

essential |y sure tamplete iremoserstrangly Girertingetnesaciber #EYE. P ed Yonoved to

obtain catal ytic activity. ce.th ; WS A, ystalline
structure t hdBMRARESR eh'i%e 2\ t?@sk%%i@g{eﬁqkﬁepg?ea% p%gj%tg i)tetéﬂﬁlggé.
“intracrystalline p lempRs prikk talertmndi agmopiumttyelroxidar e of
the final product I?%?Frée%ﬁ'htgﬁqéeten@?ate may be too |large to nove freely
~through the IFHAOHICIetathylammqrium plysspiate (REARIhCYFleReRlYIamE enpi at e

is renoved by a heat treatnent progess.. For. l.e, th 3 n be
cal ci ned, sor amywipetayl 9)’%’8"?’66%@%&'9?%‘1‘f‘ﬁe{rﬁééggﬁ@@eb%ycgﬂﬁg)%éﬁf%§ﬁt ai ni ng
gas, by contacti %}rp hBOd i nhd (ePA) esridiaeof the
oxygencont ai n ‘ﬁi‘apﬁﬁégbg‘ﬁ{%ﬁwgéaﬁrﬁeg at '?'Igm:}g'r% t%ga'}"mmhgoo e?)g 808C. Thus,

20 the procesgepr&fylafitn®(IP¥gnind combiriationsdhertcdo Aratariribtameladpd Athal
step of renoving the tenplate fromthe npl.ecul ar . .siey

silicoal um no@iﬁi@ﬂﬁﬁ’ti@eﬂ%ﬁmgﬂa@lrﬁxﬁpmnﬁepgﬁ{‘ge' %PB‘PT@‘QGE‘&’)‘GW th ot her
I ou TRANARORS e ipbAsngaresn e Yonanky otk 1o
gonpri si ngy t heoGARQ M@ Ipeospaors-eardainifty eomgiositism amd eard t%nﬂlaif‘ndww_t h
ol Ude. compoBEAT s SR SRRENPH HAAMGIHER oM 5P g IR SRS,
11 ca sol , afte N Eme mEldC e e i b ey ity BBt facti ve in
reduci ng over gdrhpraédl Fet treoptirpoaesiaighasrasertdnventiarn, ik 'dupl semplatel i heat
shielding t heacc%n?tla%zttioﬂuorfihrr]v% 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. 4,44(5,871; 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
n mixing together reactive silicon, aluminum and phosphorus components,
along with at least 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.



25.MAR 2004 WO 01/ 251 PCT/ US00/ 27011 14 regener gl 0n, densi fy4 g,mkrm“-
catal yst and i ncreasi catal yst strength. Wen b@ded wth in?eSt or

bi nder materials, the amobunt of nolecular sieve which is contained in the
final caW®¢Ers51pr oduct ranges from 10 to 90 wei ght percent PGVES¥RAMy 30

to 70 wei ght percent. The invention can still 5 be acconplished while the
nol ecul ar sieve is included in a blend of inert and/or binder materials. In
still another enbodi ment of this inventioff a feed containing an oxygenate

is contacted in a reaction zone of a reactor apparatus with a SAPQ
produced by the mefhediaesernhairegayeeed Homihscaact oohaixtvumby stardarset i ve

to produce |ight ol efj ' an ect kve,: ' VHSV
(ver gnt hour Bece: urbEsiy CapiaRiaglarE oL ieHba e bRt Bt e

di luent, corrghahed fe2oRefstieg theEimehrfdnisand fed. conditions are
described in detail below Usually, the oxygenate feed is contacted with

t he cat al ystbvxlnen ﬂ'hedap@fg:@m ba:VS discavevep thatpwinen tha paidbelrgactior 15
rocess ma . ' . | i_qui.d ' /L.iquid, ph . W
Phe process 1 Gigirs sacidted Ay e i rifi g 361t VBRI T3 phase,

di fferent Conws%lﬁfaigfgr&%s%gg'éec%\eﬁgtéa aﬁéqﬂrth@-ﬁwepgorgaymbmhér

dependi ng upon "t he cat st and reaction conditions. As used herein, the
termreactor bievesgé®e yietdsoof hecowimntarasiese abe beavreaseduin #e process | ot

i zed t i t d | ab bench tor. its. Oefj
Gencral |y bo B BR2wFeRt avanlieh. fange of Medsperab grtireih A PaeEiier
operating tengil %é&t%nrﬁﬂﬂﬁr%féﬁgr"gfd‘efs%ﬁgﬁg% ]@r??ﬁgréﬁ’\ Eﬁ’gﬁtigr%r fifg prpver

end of the tenperature range ormation o desir fin products
may beconpo neypitaylysbiimodgh nbenepessardpdthof pPchdrge ecpunsaafterdheange, t he

DO Y i P b AIRUL o1 Bl GGl A PRSI 19, Lper ot U e
 oee ot ne PSRy Sl SRR BOLIPLIAR B 88s Rl e eduied oL,
system of a vamikiery oofhasrlzegpotd crystallize from the reaction mixture. Desirably,
the acid is added to the reaction mixture during heating of the reaction
15  mixture.
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 procéss, 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



system The critical fe e of the reactor system 4 ' i

t_o. operate at high space velocities. The convgrsi on of oxsd |s§(t%;ze6§b| ey
produce woghtStitefins may be carried out in a variety of cag ai ytlg
reactors, including, but not limted to, 5 fluid bed reactors and
concurrent riser reactors as described in "Free Fall Reactor,” Fluidization
Engi neering, D. Kunii and O. Levenspiel)llRobert E. Krieger Publ i shi ng Co.

NY, 1977, incorporated in its entirety h inb 1 iiti

gce)gnt e[)cgr r e@&%ﬁ&iéza?r e p‘r‘é&éh%rrgawméﬁbgiga?%’e[ ﬁéﬂ@ﬁ%‘gﬁgﬁk‘u ggg!slsyés
cribed in US A-4, 068,136 -

Fl ui d- Parti c|”%ea§9‘£k”e9n€?8"‘%§'gé@g%é§§§,6%%@ td;gﬁgtaggddto[)ﬁiégehg m@%ﬁhm d

Publ i shi ng Cqfifhout Wedfhgathe siH o9 the cerqiimramedutenif eppropaate Wideyoher ei n by
|1 understood by those skilled.in the .ar %@ﬁ_ﬁgfach type
I

WO 01/25151.15 25 MAR 2oag PCT/ USQD/ 27011 beds rat hmt han in aZf5¥WdlBed

reference. It 1s well t

_of Irgaactor widdditiarvef thevasiddwssbesitidatesEiRes i'Rge BT iPh eXRG RGN

application. 15 Any standard reactor ' ' [

bed or ) EBeaebgE 6 ok opE ORR PP SFeHBFth pOatiNiRe) ot
rom1 hr tc}eé@ﬁ@n Riixturé t h WHSV Dbei ng defined as the weight of oxygenate

in the feed per hour per weight of the nolecular sieve content
catal yst. Pref err ethe ehcofothe reastiennuyiureds apjusted Pé‘a%mfrrga anﬁ&i‘ﬁa{’?&

contact time 20.countercurrent free-§ ﬁﬁFotl%r's' k ' dOYHE
feedst ock carP3us PBHPQ{E'P%%“%\/B?ﬁ'SaﬁBIcg%?@r sl e\’/elt(':é;{ﬁgla;g?hg? a V\HS?/ﬁE)fe at

| east about (P : . : e
hr') and nostth‘S:He % ﬁ% Erlﬁiife?é&@rﬁ’mmuﬁel’@cdmﬁg@r ofdidarete pbaad afdinte.’ The 1000

In the range of f bout Y t
Sgc?zzret ting;dilsedaryt;irnum.rs adiﬂait@e&déh%gzidf@ythrégg@gﬁggd‘i‘ﬁgﬂrga%qcé’&gé?ggﬁir ch act
S or diluents, the WHSV is | [
oxygenat e fec¥@HIG ﬁ'éé mﬂyeeﬁ?ﬁrassfn&‘gqﬁ‘géé%.Egh%qﬁeggﬁ{%ﬁjl c}%géi}rﬁllslast gf the
operate at a Bhahitiie ittﬂhé%ﬁ# ﬁ}s RO @\arebrainTeuset ibiumeadbthatdhed

Normal i zed Met hane Sensitivity ( of |ess than about ,0.016. ..

]E)?(r)t i cul arly pdditienraddhe lagid thhe wactipamixtireakes P PRINtERPRg 'Blt e:‘ ;Sn
o .
oxygenate conpri s & 8iRa8kitidh driA§ acid to the reaction mixture is

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 also
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.



about 20 h«'

produci ngmol efins and a TCNMS of | esgat han about OzgéﬁR 100425

MAR 2004 WO 01/ 25151 / US00/ 27011 16 As used he n, TCNMS is ned as

the Normalized Methane Sel ectivity (NVS) when the tenperature is | ess than
400C. TwoO MNB131s defined as the nmethane product yield di viREHUSRH/ 276
et hyl ene product yield wherein each yield is neasured on, or is converted

to, a weight 5 basis. Wien theé tenperature is 400C or greater, the TCNMS is
defined by the followi ng equation, in wi2ch T is the average tenperat
within the reactor in C. TCNMS NWMS 1+(((T-400)1400) x 14.84) 10 The
pressure al so mayAvamppiianal step dethiapgesessanydnateculrosienesygtatssur es.

ot ecour e pMTENHEYRORMES fHdpAREeBRRes Mgk TRty Bruenaralr S atthes
i n the rangeegttighmiktfe Pricrdo lRidiRM bf Bk MER to%bhe%@ﬁ%ﬂgﬁ?dﬁb.eflﬁré ed

range being of from about 48 kPa to about 0.34 15 MPa

or egol ng

pressur es arentincliusimelectiarsieveéormidplprecess,ahd molesularedieve coydths
parti al pressurE@of t he oxygenate c gpou ds and| or m xtures thereof with

ure

ar e

20 The

feedst ockR. AP2Y RE FAUNENCKSY SppRiated & oo theEeagiianymiryrerr Hd8 pagticwagEs, the
e i vt . . g
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necessarily limted to, helium argon, nitrogen, carbon nonoxide, car
di oxi de, hydWol¥npragess of thapiesenisnvaniiandberesstien midurediama®H oef hane,

and propane)om apout 5.5 to about 8.5. During the crystallization process, the pH is
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20
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30

adjusted to be from about 5.5 to about 8.5 and, desirably, from 6 to 8.
More desirably, the pH is adjusted to from about 6.2 to about 7.8.

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
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,
aéid 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.
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
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

e
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conducted in a single reaction zone or a nunber of reaction zones arranged
In series or in parallel, or it may be conducted intermttently or
continuously in an eIongated tubul ar zon&or a number of such zones. Wien
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llevel of unwaiiedmest aé@mmysthecpmmnsemeactmmtgoe Beadidstedinde
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y recyclNlhng 15 ipitial pHeatise misegd.2 ?'I‘HEPUC cryﬁ ﬁﬁ?@%ﬁﬁg%\?&géaé &ﬁ?lss °
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about 50 nol % to about 98 nol % and, desirably) from about 8 0
about 98 20 nthe %coMevweleve|typ|t3§")ap§6taa%%é’ﬂf‘§b!t%PPée%l@hr ac%?r}@eP/Oto

bet ween 98 nol % and 100 % in order 1oy
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methods fani | kalch e RASSAANOIURSUHARME BHiglbte, rrichtheatemplEteampistbei ncl ude,
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5 the reacti oembeepdée abtaie capaleic acdvity | ORCE dpe 1¢MP 9\#@%0"3 and
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specific reac conmposi and ot her
par anet ers
whi ch af f ect q,{}%&ggm[ﬁé Bire dyfstégeneration is required, the catalyst can

be continuously 307 introduced as a npving bed to a r rati on
it can be regener atiodnaryicasess dependinghiPen bye PéHﬁﬁﬁgﬁEif%ﬁé‘&% ne wher e

materials or
formed, the template may be too large to move freely through the

15 intracrystalline '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 include the optional step

. of removing the template from the molecular sieve.
The silicoaluminophosphate molecular sieves may be admixed
(blended) with other materials. When blended, the resulting c'ompositidn
is typically referredto as a silicoaluminophosphate (SAPO) catalyst, with
25 -the catalyst comprising the SAPO molecular sieve.
Materials which can be blended with the molecular sieve are
A 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
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al cohol s, ethers, carbonyl conpounds (al dehydes, ketones, carboxylic acids,
carbonates, and the like). The aliphaticlfiviety preferably contains from1
to 10 carbon atoms and nore referablgwcontalns froml t§p4§ ar bon at ons.
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product in thgybPERider fhateAB|d ncl ude the additional step of ITB.kI ng these
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pol yol ef i ns ¥§§@§Qﬁt6}owo§rﬂﬂ°ﬁg 938?'3/58 %‘:{ lPP@ @Fﬁ%g g‘% ?W‘(?‘n%%di n
the art. a&g BSRERRSP RO gF&‘dJHéflﬁ trcﬂéflnfaﬂ‘hbﬁébﬂnbmd@fseél@red are
nmet al | ocene, Zieg er Natta and acid catal ytic systens. Prior to being

subj ect ed t 0 deswibatein deteil elpwodisisallyt the oxygénatgdeed ipsomarted witha\D
O oL T 0L 018 PhCSHEBeTS  FOS UREPAAEET OB o e
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 also 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 bécome markedly slow. 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 ,car.ried out by use of the molecular sieve

30 catalysts in a dynamic bed system or any system of a variety of transport
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mposi tion said pigs RRAUBHSOR @ 07 géles aopesdide lightniefinainiay bepl ate,
pH,

said reaction mxture having a firs (c) determinin ' [
: : : - C ] a pr
S5 d reacti oncatietions i ectarnétytolsatalyboteAdior. TG Pe! ARLTEEEdond pH

hi gher than said first pH, d i : , . (
(oG " sdnretors S st B P BT RS LENERY T,

that, it further i : : L .
SL GOV RfSatdI ERbRePhaN AKUMI S O. Levenhbpiel Rabent &.
to step (c). 3. ﬂgﬁ % 0 claims 1 or 2, charagteri,zdinp”]g{,.

it further 20kge PeBEsh b g - ' ti
sieve after stepgl(giip. 4_s ingy SOeNYOfI ST 0y imcagpareyed Ul ¥s 61 IEaty feEAPG Yol ecul ar

i A hod i : _
|0 that, | gHSfﬁP;%mge,- irionely e e et e e BB hs plape TRREAAC 7 764
I . . 1 u .
H‘f 9%”‘2%{?&% ?Pc&c%éstsﬁ?s;?é&rfﬂerdsnh WL Alause®n 36iands Risér pH uni t,

nost preferab rs us or mnus 0.2 pH unit,
( 10 Reactor’, Fluidization and Fluid-Particle Systems, pages 48-59, F.A. Zenz

and D. F. Othmo, Reinhold Publishing Corp., NY 1960 are also

incorporated 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
disadvantages in any particular application.

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 h'' to 1000 hr', with WHSV 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 a molecular sieve catalyst at a WHSV of at least 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 or diluents, 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.



25 25 MAR 2004 21 5 met hod according to clai 1 to 4, chara,fng@knzlm
in that, said first p s fromabout 5.5 to about 5, preferably

about 6 to 8. __5 6. A nethod according to clains 1 to 5, ch | in

t hat , sar'® Y4écbitd pHis lowered to a pH of fromabout 5.5 ?{3@%@‘&%@95
preferably fromabout 6 to 8, nost preferably fromabout 6.2 to 7.8. 7. A
nmet hod according to clains 1 to 6, charaféeri zed in that, said acid used in
step (d) is selected fromthe group consfsting of phosphoric acid, ortho 10

phosphor £ 1 DLSEINHAR, SENMS L et e SRl 1

acid, acetic acid ccordi 0 alns 1 to 7,

characteri Ze@e‘léth’W(NMS?}%ﬁ thetempirdiagiisl e s MAFEJ00T t TRer MG iON
m xture di scontinuoltsly. 9. A method according to claim8, characterized in
that, said adefined asstheduethane prosiuce pietld divided thyr theagthy beanst proguct i mes.  10.
A met hod according to.claims.1 to 7, characterized in that, in.st (d),
Sl acid | s VRNhargin RECH Yisld 1S meAsErEl 2N Ghs FABYTSY e Weigki o
accordi ngsto ' t:era ' t i ded
atstep (%) P Chufert Beriicial el SUORE oglreRt, thamCINE Bldemicy
char act er i zethyithetfbhdwirspequaticr, ih evhithafleisthepvesage ttetnpaeatayé avitinim thien

hydr oxi de (TEACH) and _di propyl am ne (DPA) or isopropylamne (I1PA). 13. A
net hod accor deAGOfN&Cains 1 to 12, characterized in that, said

phosphor us-cont ai ni ng conposition and said tenplate provided at step (a)
are both 25 tetraethyl anmoni um phosphat e. 2 5 MAR 2004 22 14. A method
according to clains 1 to 13, characterized in thatNM8 further conprises
the steps of cooling said reactfioNMgl < ure—pri-of—to—step—d~—and of

hpati ng 5 said reaction mxture after step1{@)T-409)/480yRt4md4pccording to
clains 1 to 14, characterized in that, said SAPO nol ecul ar sieve is

SAPO-34. 16. A nethod according to clains 3 to 15, characterized in that,
it furthdP conpri sE3e PRRSSHre@semayovary)over &wida fpas. iIndddings portion of

said crystals, o8 s3bds prfQures. Effective pressures may be in, but are not

necessarily limited to, pressures of from about 0.1 kPa to about 100 MPa.
Preferred 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 plressure.s a.re 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 opiimum;

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 selected, 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),



nmol ecul ar si.eve in said riaction m xture; (ii) addi an acid to said

reaction mxture; and (i re-crystallizing crystal f said SAP 7004
nol ecul ar sieve fromsaidreaction mxture. 15 17. A nethod accor(?;ﬁgw{o

. claim 16wehaspat erized in that, said re crystallizing is REFVUSIMENIat or
above roomtenperature. 18. A nethod according to clains 16 or 17,

characterized in that, it further conprises the step of heating said
reaction mxture to facilitate said recrygtallizing of said SAPO nol ecul ar
sieve. 20 19. A nethod according to clainms 1 to 18, characterized in that,
sai d sili con- slaplemesj agmatiposimpicamdissand shikiucas swreotolhei prafesed ca,

pyrogenic silica or ilici | koxi de; id al um, I ni.Ng.
Composi i on | SIgEEd6e BESRARPTE ¥ ORF by HaleT SPRAE BUPG 16 Fier eid or

phosphori c-co L [ g nd conposi tion is phosphoric acid. 23 20. A nethod
for converti ng_ ngyge_nat e to an olefin, said nmethod conprising contacting
.. an oxygenate w th Fhgigrbeess nidyoplhesidnbet hSABS)chyseattdantinuossadred by t he
met hod of any of claims 1 to 19. 21 A nmethod accor di to.claimZ0, further
ZSSPJ : s: ngsr t hii/@;f\lr&ppswsfspblqnm?hgimgceﬁcm éﬁiwwcﬁ; tgﬂ ﬁ&f%?éﬁ?ﬁg@g MAR
2. A91 Y0, AL FiL 20078 OR@ T AG RS ACtBTT e anges IESSS &7 MPETa! 95
. Al f R AUY. AhRmMAYBE candudtt iRtermittently or continuously in an elongated tubular
zone or a number of such zones. When multiple reaction zones are
employed, it may be advantageous to employ one or more of the
{ 10 molecular sieves in series to provide for a desired product mixture.
The level of conversion of the oxygenates — particularly during a
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 uhreacted 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 about 50 mo.l % of the feed is commercially acceptable.
Therefore, conversions levels which achieve both goals are from about 50
mol % to about 98 mol % and, desirably, from about 85 mol % to about 98
20 mol %. However, it is also acceptable to achieve conversion between 98
mo! % and 100 mol % in order to simplify the recycling 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 feed composition; and other parameters
which affect the conversion.
If regeneration is required, the catalyst can be continuously
30 introduced as a moving bed to a regeneration zone where it can be

regenerated, such as for example by removing carbonaceous materials or
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1109 () -! @erediOtie (r)eiho%e(k)ng théjppe@'réa 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
compositions are known in the art. These methods include fermentation to alcohol or
20  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.

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

30
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(a) providing a silicon-containing composition, an aluminum-containing
composition, a phosphorous-containing composition and a template;

10 (b) preparing a reaction mixture capable of forming a SAPO molecular sieve
from sufficient amounts of said silicon-containing composition, said aluminum-
containing composition said phosphorous-containing composition, and said
template, said reaction mixture having a first pH;

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

(d) adding an acid to said reaction mixture to lower said second pH.

2. A method according to claim 1, characterized in that, it further
comprises the step of heating said reaction mixture prior to step (c).

3. A method according to claims 1 or 2, characterized in that, it further

20  comprises the step of forming crystals of said SAPO molecular sieve after step (d).

4. A method according to claims 1 to 3, characterized in that, in step (d),
said second pH is lowered to said first pH plus or minus one pH unit, preferably to
said first pH plus or minus 0.5 pH unit, most preferably to said first pH plus or minus
0.2 pH unit.
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10 phosphoric acid, hydrochioric acid, nitric acid, carbonic acid, sulfuric acid, acetic

acid and formic acid.

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

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

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

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

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

13. A method according to claims 1 to 12, characterized in that, said
phosphorus-containing composition and said template provided at step (a) are both
25  tetraethylammonium phosphate.
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further comprises the step of heating said reaction mixture to facilitate said re-
crystallizing of said SAPO molecular sieve.

20 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 alkoxide and said phosphoric-containing composition is phosphoric acid.
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