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cracking petroleum feeds. Because of a limited supply of competitive
petroleum feeds, the opportunities to produce low cost light olefins from
petroleum feeds are limited. Efforis to develop light olefin production
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 methanot and
ethanol, dimethyl ether, methyl ethyl ether, diethyl ether, dimethyl
carbonate, and methyl formate. Many of these oxygenates may be
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, alcoho! derivatives, and other oxygenates
show promise as econohical, non-petroleum sources for light olefin
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

the production of olefins from oxygenates, research has found



2 silicoal um nophosphgte (SAPO) nol ecul ar sieves to be of particular val e
in the catalytic proc Whi | e SAPO nol ecul ar  si e@ are thought 16 MR “ﬁ
nost useful, synthesis of this type of catal yst i xpensi ve because of

t he | ow welwd/zefst 5 nol ecul ar sieve provided by the reacti opcmusooirei1used
to fornmulate this type of nolecular sieve. In a SAPO synthesis procedure, a
silica source, an alum na source, a phosphorous source and a tenplating
agent are conbined to forma reaction mxjure. The SAPO nol ecul ar sieve is
then crystallized over a period of time, typically a period of several

hours to to sesikcadlutiysphdsptrite (SAPSGhbETUEPEiEVEs tdbe of purliesias valueSAPCs
Is sensitive to small variations in the reaction m xture conposition and

reacti on m xt UFéhErC@b%thﬁPb@ﬁeSﬁhese sensitivities vary fromone type of
SAPO t o anot her mater of t nt hes rocedure is the
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reaction nixt unelecutarcsiees provided byltberreattionehiktuxe usedsoiformeatate this pH
makes it difficult for the SAPO nol ecul ar sieve to crystallize fromthe
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Romani an Pat erdoribined’té.ibAA dileRaBAThIANTed THE SRTO blebQlaF diéve & tﬁéﬂo
mol ecul ar sieve, particularly for formng SAPO-34. In the process 2s

di scl osed in tongstaiizechaverm petiod of tina typicatiy & pesicy bhsevsialinophrotphat e

with a concentratl ndof 5% Eea@aredlqg& ng a conventional nethod from
tri et hyl atfne SEERTI A% 0&%% B CONERMR r at ed phosphoric aci d.
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i s suspended in denmineralized water an ntroduced, under agitation, into
30 a zeoliti zaeachommistiirewemgfasiion Bpdgekotioomisture @repmtatuimrfﬁwumm
phosphate was slerr]'ntsEth?tlilé:se ga}yofrct:rrr]teonaeu OC' gfngP%ntdoearangt r(]-:trI r&)noeu(S';ntlf’:lalt ation, a
parameter of the synthesis procedure is the pH of the reaction mixture. At
15 the start of a.SAPO synthesi_s, 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 difficuit for the SAPQ molecular
sieve to crystallize from the reaction mixture even in the presence of
20 excess quantities 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 tetraethylammonium 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,O; 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
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25 MAR 2004 , F WD 01/ 25151 PCT/ US00/ 27011 3 silica which is stabilized
with ammoni a and which hglda content of 28% Si 02 i s{@troduced tp%tar 100
aut ocl ave. The pH of the sultant suspension is then adjusted to 6.3-6.5
wi t h phospheisfsaci d. The zeolitization process is conduct BETU§0HZ7R11
successive steps. In s the first step, 15%of the entire charge is

I ntroduced into an autoclave. The tenperature is then increased to

198- 205C and nmintained at that point fog 20 hours. The autoclave is
cooled to 30-40C and an additional quantity of the suspension is

i ntroduced to difita soitwisichve stafilized widkiamnooniaf andwhichihes @neentgnboht of the

suspension, the process is resuned at 198 io 5C., ,The operation is
repeated for &B%ARICisidrogusedda the aut a‘i‘ﬁ)uﬁ%.e pHﬁg%@%Fﬁ@{ olitization

" Cooling and. narepRbSIn Bibn alded B B8 8 pRSHRRE A2l “hescr i bes a
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version of the process for making 15 SAPO 44, the pH of the final reaction

mi xture (cent aheifirst stepj I 6%oof thengrditecharge shiodisisiceddnteorn ee!aven

al um num conponent and a tenplate) is i [ I N . f about
5.5t o about 811 terpPErER AW EBSEH (& 10 Anos 28t Mah i 2 IRC
teaches that t of | s hd ' ditlbaalt ed,
if desired, b epﬁ?errétgb&grgdi?l%égH{%‘o]%reo%r| atée@gbmggﬁergagaxggg? such as
ammmoni a/ anmoni guarktity 'oPthél euspendios iisodubed iblthe reutoclapgr éyter additiorooht  of

a suitable inorganic or organic acid, such as phosghori c acid F%B acetic
acid, fornic ariedditonal amoust wéthe sespansipRAbe RIREEHHS IRSUMEd gt T98-
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appropriate copditdrting zkelitizdipn proeess eistoforal ARCUrD| Thisl teme peinede. These
nmet hods, however, do not alleviate or prevent the pH
includes the steps of cooling and heating which last for 2-3 hours each.
WO 99/19254 describes a method for making molecular sieves
comprising SAPO-44. In a preferable version of the process for making
15 SAPO-44, the pH of the final reaction mixture {containing a silicon
component, a phosphorous 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, HCI, acetic acid,
formic acid, CO; and others, to decrease the pH.
With the aforementioned methods and other methods currently in
25 use the ar, an initial pH adjustment to the reaction mixture heips 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  inthe presence of excess building materials for the sieve, often providing



I ncrease which occurs ét he synthesis reaction continues. As discussed ‘

above, this pH increas rives the synthesis react ' to conpl et PErMANVIES 30
in the presence of exceSs building naterials for t sieve, often providing
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sieve. Thus, a need exists in the art for inproved nethods for

synt hesi zi ng SAPO nol ecul ar sieves. Summary of the Invention 5 In order to
overcome many of the problens inherent in the prior art, the present

i nvention provides a nethod for the synthesis of silicoal um nophosphat e
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the tenplate, prior to any heating of the reaction m xture and after any

pH adj ust ment %llrﬁmtaﬁl‘?_ofﬂ?élm\}e%‘ioﬁ‘ xture, such as disclosed in the art. One
aspect of the™prese s directed to a nethod for 15 formng a .
si | i coal uns nophospliateedeSAPEYemoas tany of thegrobind HHEPENt FHowRS n%ﬁtﬁsa it he

fol |l ow ng stegh providing a source of a silicon-containing ositi'on;
provi di ng a s&if PEESANtAAVENiRH RipHdenaanathay foo the synihesis ofprow ding a

source of ap t 05|t| roviding a tenplate;
forming a reagﬁlég%mm'ﬂﬁ%pﬁgﬁ?ﬁ?ﬁ @%ﬁ& PlegH ré'%/ﬁ% nol ecul ar 20 sieve
fromthe source of A5 gééd m?euﬁOfHélté?hﬂgnﬁagﬂBPP'otr"ﬁ%t GeRtE64na! H”‘B{
al uni num cont ai ni ng conposition, the source of osphorous- contai n
conmposi tion, MTQMIQI‘emﬂm@;mmbdlate@mﬂmt I'Iasﬁ:wea fbmiedgrdin theérst pH;

det er m ni crease in.t.he reacti.on m xture_such that the reaction
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reaction mixture, such as disclosed in the art.
One aspect of the present invention is directed to a method for
15 forming a silicoaluminophosphate (SAPO) molecular sieve. The method
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
tempiate; 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 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 ihe 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-



" silicoal um nophosphate nol ecul ar sieve nmade by this ocess. Ta:ﬁmn@pt of
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rrixture;wégqy %ﬁ,an acid to the reaction mixture; and re i PEE/UGAREYED4 WO
01/ 25151 /2 SO0/ 27011 5 <crystallizing crystals of the SAPO nol ecul ar
sieve fromthe reaction mxture. Another aspect of the present invention
is directed to a method for naking a sibkicoal um nophosphate (SAPO

mol ecul ar sieve froma reaction S5 mxture conprising conponents present in
amount s suf f iy statiizing torstals e rBABAPQ Meleeulet s@verdramihe rRacIey a first
pH. The nethod conprises the steps of: adding an acid to the reaction

m xture aftermbdre: eacti on mi xture undergoes a change in pH fromthe first
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reaction m xtdU suf to form SAPO- 34 fromthe squrce Of%ﬁ‘
si |i con- cont ajndeoee@oRang®in pHiimns the festarH aand arvsialhpredbRtEMRPng
conposition, the source of a phosphorous contai.nin Ik and the
tenpl at e, thefroanig Tcﬂﬁ%‘PQt‘"ﬂi?‘&rﬁa i%ar%§er§dnyql?t§qn %@gg%ﬁ%&iﬁ%@oﬁt 5.5 to
about 8.5; deternipj EIM ' kidvemadeas) i pracdser e such t hat

t he react foon ﬁhﬁ%?ﬁ(ﬂé'“ﬁ@?hg secgrqhd&;%%hﬁféhir tahagﬁ{ he Fi rst {)H; and addi ng,
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adjust the Sefco(i'r}grrgmlu}lmgog stilihc%a{uerﬁi%toipﬁgsépéte%f (éRP6-34) molecular sieve. This
method comprises the following steps: providing a source of a silicon-
containing composition; providing a source of an aluminum-containing
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
1o 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 toc 2 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 {o an
30 olefin. In this process, the SAPO molecular sieve is made by the process

comprising the following steps: providing a source of a siticon-containing



pH of from about 5.5 t bout 8.5. The present invention is alsq dietlfied
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y rE')thear advantages and uses of the present invention will become

apparent from the following detailed description and appended claims.

15 Detziled Description of the Invention

In the present invention, the applicants have discovered that the
addition of an acid source to 2 SAPO reaction mixture, during the
cfystallization 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 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,
SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-

25 40, SAPO-41, SAP0-42, SAPO-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 SAPO-5, SAPO-
11, SAPO-20, SAP0O-31, SAPO-34, and SAP0-42. Most particularly, the
process of the present invention is used to produce SAP0O-34.

30 Silicoaluminophosphate molecular sieves are generally classified

as microporous materials having 8, 10, or 12 membered ring structures.



silicoal um nophosphate nolLecul ar sieves selected fro he group including
SAPO- 5, SAPO 8, SAPO 11, O 16, SAPO- 17, SAPO 18, ‘020, A«Zg)m,mm
SAPO 34, SAPO- 35, SAPO 36,7 SAPO 37, SAPO 25 40, SAPO 41, SAPO 47, SAPO 44,
SAPO- 47, viAg2&6 and the nmetal substituted forns thereof PCPUSHEMY| y  the
met hod of the present invention is used to form SAPGs selected fromthe
group including SAPO 5, SAPO 11, SAPO 20, SAPO 31, SAPO 34, and SAPO 42.
Most particularly, the process of the pflesent invention is used to produce
SAPC- 34. 30 Silicoal um nophosphate nol ecul ar sieves are generall
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framework is effecthyes APOGRBNEUIHN R fopmedby tenmetsod of thislimfertion
products. The [PQ2] tetrahedral units within the framework structure of the

mol ecul ar  si es@mprise acibdedyirnensonalmitrPperQHECysta) flemewarkstractyes Pbty of

el ude. phos pSGRR: VA SngrB DR eSpReapRana cRabRom Piko T T B nar e,

Fotsor L TRV E1e SBREAS PO AL DBRCESORTRERACE IO o,

al um num cont produags.conposi ti ons under the appropriate conditions to

The [PO;) tetrahedral units within the framework structure of the
molecular sieve produced by this invention can be provided by a variety of
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 angd
aluminurﬁ-containing compositions under the appropriate conditions to
from the molecular sieve.

20 The [AlO,] 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 phosphates, 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 [SiO;] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these silicon-
containing compositioris 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
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neodym um samarjq4 huﬁﬁ;ﬂ%h@@b% &?@be@?lmmﬂﬁ@ W =AKsREaS um .

hol m umg er bi um ytterbiumand lutetium and scandiumor yttrium
and a transiti oneleatanmlarﬂma]mﬂmwerlom maoapdsyrm!w, N&@BIYMWB, Samqu-’m,VMlB and

Ilzg, P:E,Ef 7 ablé% éﬁ%pg{ﬁ%r USIﬁese rgipgw?é?sgea e i nsﬁ‘n? ‘%/gllunlﬂtvl(;hL{l e 15 ’ Ga
tetrahedral franmpuablunt bnougstien:[dvied2pndietratyédea) anmptiranshien[ckBOR)
tetrahedral unit carrles &qigt b A% iE, S8 ifidsRefyti ng on the valence
Preferably, the Me represents an atom such as Zn, Mg, Mn, Co, Ni, -
Ga, Fe, Ti, Zr, Ge, Sn, and Cr. These aloms can be inseded into the
15 tetrahedral framework through a [MeQs] telrahedral unit. The {iMeO;)
ietrehedral unil carries a nel electric charge depending on the vealence
slate of the metal substituent. When the melal component has a valence .
slalé of +2, 43, +4, 45, or +8, lhe net eleclric charge is -2, -4, 0, +1, angd
42, respectively. Incorporation of the metal component is 1ypicat|y
@ 20 accomphs(h_gg,agdmg 1he meial componant during synthzsis of lne i
] / mq lecular. r—HfS'wever posl Synlhesms ion exchange can glso be used.
See, for example, U.S. Serial No. 08/571,508, in which the description of
the post-synihesis ion exchange method is described. This application is
fully mcorporaied herein by reference
25 The reaction mixture a\so contains one or more {s mpla\es
Templates are structure directing agents, and lypically contain nitrogen,
phosphorus, oxygen, carbon, hydrogen or 2 combinalien thereof, and can
also contain at least one alky| ar aryl group, wilh 1 10 8 carbons being
present in the alkyl or aryl group. Mixtures of two orf more templates cen

30 produce mixlures of different sieves or predominantly cne sieve where
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state .,of the netal substituent. Wen the netal conpoggnt has a v
state of +2, +3, +4, +5, +6, the net electric gﬁa‘ is -2, ﬁ'ﬁgﬁ{m
and +2, respectively. IncOrporation of the netal conponent is typically 20
acconpl i sh@digsiisng t he netal conponent during synthesis of PERYS00/0);

nol ecul ar. However, post-synthesis ion exchange can al so be used. See, for
exanple, U S Serial No. 081571,506, in which the description of the
post-synthesis ion exchange nethod is desgribed. This applicationis fully
incorporated herein by reference. 25 The reaction m xture also contains one
or nore tenpl anestemplatepisanete sirengy directing thien 8cethey sijent ¥Whethva ypical | y

her cof , and_ GamPaPSaredRes) eehiia Sareried Jf 263 R FegPRIR i th 1o

"8 carbons being pr.g%ﬁ%trseh{h;fvee}em urt'gg‘?zé?ééﬂt?ﬁé@tﬁ?l aMﬁfémuﬁﬁhﬁro&m or

nore tenplates can oduce m x erent sieves or predom nantly

. one si eve whefPEAQWENBEBeBEFMBBIM /photphateIVRARY c2Tdpentylamires,t enpl at e
is nore strongly directing than another sieve. \Wen two tenplates are
used, the §engminemathylyslehaxang, aipesidinptrietinamEne, crelghexdaming. g

o, um phos SHA0AVErEA! Y yaNE BRI BB aBR PR BYAfiSRE cine.
pi peri di ne, tﬁg&gﬁbpmm, (2%%%398%)&1%'&%5 ﬂfeireof.et%e'fer!ﬁddll@mgﬁtbyhﬂéﬁ ne,

nor phol i ne, di propyfam ne pyridine, isopropylamne (IPA) and
conbi nat i ons thethytdmirter, elyelohedylaaiipe apiperiding, pyridinen jsapfopglamine,

and mixtur s ABHE BABARE AR AE itiet BRPROE" TEREDTpy sty s O T
Pl Mok BPSARTI0RoRRig rkaOTah ind s B iner
mat eri al . The TEABdsUskedy thd plosprayusigontgining' chrapositienping e terplatene
purposes of t gereq{wgssea%e imna\{g%li. Qﬂ’me grésde%?lin\}eenq%nar%g; eir'gploy a "duatl
template.” For the purposes of the present 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 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, unti! 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 1ake anywhere from around 2 hours to as long as 2
weeks. In some cases, stirring or seeding with crystaliine material will

30 facilitate the formation of the product.



a conbination of two t | ates sel ected fromthe previous |ist Qfﬁmﬁ' IS
tenpl ates. A desired tenpl ate for the formatiﬁhof SAPO- 34 ses
TEAOH and DPA or | PA. SAPO nol ecul ar sieves are sy esi zed by hydrot her nal
cryst al | ivYawiasishet hods generally known in the art. See, forCHWEMMT8I1 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 mxture is fornmed by
m xi ng together reactive silicon, alum nud@and phosphorus conponents,

along with at | east one tenplate. Generally the mxture is seal ed and

heat ed, pr ef er abl y Tiedgevanasges secoyrred dinme the ceactiampéxtaraby sténdard | east
100C, preferablél from 100-250C stalli uct is FS f or med.
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conventi onal Kk%%’hieﬂggé@dmgé 2 &5 nseddd E@i drifgeam or oil heaters, or
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by m crowave energy froma m ¢rowave Source. rmation of the crystalline

product can take aMhehepplidanshaveutidc@vdreditsat, aviven thngHasf the regelion | n
sonme cases, stirring or seeding with crystalline material will 30

facilitatesth&igyeds Peivsted by dhgasidiiian oban g tothe eaaioromidyre, the
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di scovered that, en the pH of the reaction 5 mixture is adjus by the
addi tion of a®f#is presentfievendian,itbe pi of iegreaction robduneds|ddjastedrafterocess

the ol ecut ar 128 Bractidt il BRaSadi® T ahenae In Bbecdm 3F el gy tedal?
i nventionyg t heypleaMly, BRRoh§RFok a@fc@wér‘i!y?tﬁ@P%@@o%&@raﬂéﬁ%r eaction

m xture undergOes a“change in p rom ah I ni Irst pH 10 Typically,
al t hough not meadtyamixtyre hhs desin bemtede Turonangé irepH indicateathatdhen xt ure

begi nni ng ¢ he THIGSOET SIS P YRBINgIber T loBIoPaRS from the réaciion ' ©
mixture or has begun to 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 reéction 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. Typicaily, because a reaction
mixture is heated to facilitate the crystallization proCess, the reaction

30 mixture must be cooled prior to either 2 pH measurement or the addition

of the acid. However, it is not necessary to interrupt the crystallization



the acid is added to the action m xture during he g of the reaction 15
m xture. The pH of the redction mxture is adjusted to appraoxjhat h t he pH
of the omvgobnzdisr eacti on mi xture plus or m nus one pH unit?Cffé’qu@ ﬂyly, t he
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
the 20 reaction mxture is adjusted to approximtely the initial pH of the
reaction mxture. For the purposes of this invention, "a %roxi tely the
initial pH preaass esdhe pH phiheyeastion ixtuie fg8 ke @%ﬁ%ﬁg oY %/Bgf

pri of "The r cABEPBW NG RHGEo I BRI FRERTE o S Y 8 e REFdiorPbiar O T

mxture, it npgybe mBSEGHRRINe bR dfthETEEStion hftxioFy flappropattetimerforess so
the pH of the reaction mXxture can be neasured to determ ne how nuch acid

“shoul d be addeddition df tee Beabhambeen deterenined dutjraprior ExpgAMeniplieRPr y,
because a reaction mxture js heated to cilitate .th r i,zation
process, the SXRRISNSS- BB?GTPSEH!Péyrﬂﬁé"PaBbBO{:g‘B ﬁ@@ﬂ%cﬁ PP f%%g?(’ﬁ?ﬂ{"a&‘%H
measur enent o’reé%)g jﬂﬁ&%on of the acid. However, it is not necessary to
interrupt the f 75tion 25 MAR 2004 WD 01/ 25151 PCT/ US00/ 27011 11

process as the pH Jhetgieof BactdzpNonintixture is adjustedwoni ¢itherda disconyipuous
measuring device. It is also possible to add acig. to the Bﬁgct' lnq'ﬂbxture

m xture or has begun to c!‘stal lize fromthe reactio I xture. CesMAREIY,

wi t hout neasubesig§ arleenbRUBES bRsis: By {PisRoRINYQHS: (S B f or

addition of the aci S det | I : | ' 1 gRgOr 5
experience. T %@Fﬂﬂﬁ?ﬁ 53@9%{]%@8%&%;@%8{#%%%&? Qgggir??%ﬁéto tehe

reaction g xt His@onfiRGoiéa8BitiohefitBadcidb iNextedctionsmixtjrestexlre @t édaster a
di sconti nuous basis or continuous basis. By "discontinuous," it is neant

. t
t he additi on ohfe tinheaadiniay ocelieas B@Yi tb’ﬂeﬁiaﬁtﬂﬁcéséé%ﬁosp'fcﬁ’r‘d%bﬁ screte

period of ti mraéac-[tft]:% mixture with the target pH. By "continuous,” it is meant that the

addition of the acid to the reaction mixture takes place uninterrupted in
time. The continuous addition of the 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

3  phosphoric acid.



1o di scontisnuous addi tjg@n of the acid to the reaction m xture occur ﬁ@

| east one tinme and n’*)ccur as nmany tines as ne ary to pro&pﬁj@ﬁ{ 4
reaction mxture with the target pH By "continuouSy" it is nmeant that the
addi ti onwofpreh@iacid to the reaction mxture takes place uphRossHaied 1 n
time. The continuous addition of the acid to the reaction mxture is 15
particularly useful in |arge-scale syntheses. In such a process, the pH of
the reaction mxture is neasured by a copﬁi nuous feed | oop of reaction

m xture to a pH neasuring device. The pH freasuring device then controls
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phosphorous source for the formation of the SAPO It has a een
di scovered t#@$Y 19 Separaiadpoyals fcom therreagtion mpisture itedraactiohor m t he

Feaction i WTRERE I EoEbibridrutogRe AN pEuid Bl sd Separaion” | °
phosphori ¢ agietho@s hokGddABr 2280 &T%a idndndiftfliipff11 12 As an

optional step in this process, any nol eculTar sieve crystals which have
formed fromthe réscstated abave iberprpcbes séfte ptegbrit iioveritivh isr @aitdbip

I Xt ' t diti f acid to th ti 1 Xt o
Cont | nuole. nsped 8 ol Sheldgrplesadacsicyng” Vuhen SAR Ospéisdarmedt ol s 5
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easy to separate the crystals from reattion m i on
mxture i s chomeabput 55 toatidut &8diDurng te thetani4liorbrRiddsss trRapRtis on

methods Tnel iGPsidflo B5Ham Sboul 5.5 io SBout 85 and. desitably, from 6 o 8
More desirably, the pH 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 1o 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



As stated above, the process of the present inventi ogal S desi rablg/mé? thed
to formul ate SAPO 34 nol | ar sieves. Wien SAPO 34 f or med b'&/ 00
process of the present i ntion, the reaction m xture has a pH of from
about 5. Syg@uslieut 8.5. During the crystallization processPCUVHEGFPY1g
adjusted to be fromabout 5.5 to about 8.5 and, desirably, from6 to 8.
More desirably, the pHis adjusted to fromabout 6.2 to about 7.8. 15 In
anot her enbodi nent of the present inventiign, the applicants have

di scovered that SAPO crystals can be re-crystallized fromthe reaction

m xture after uhiviMoreadediedy, thapt af the iasonvaiaturg issliveigditdon ni xture.
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a portion of e'crysta retur 0 solution in the reaction mxture. In

_ order to CaU%ﬁitiérﬁ-lgih%@f MasLgTBZepHalrt. t Dhe eoysialisadriei thenfnegovered fremct i on
“mxture, acidis added to the reaction mxture to adjust the pH of the
reaction &i xthe eeaddion phiteigbas deseriradabevil to the initial pH of the

reaction m xture. 25 Prior, to, addi ng,the aci # i ction
mxture may separ %ﬁr??%}ﬁ)ﬁl{'@ 9%3%”2@%0&R{sﬁ?gm%{)@%@ﬁggla&g&d;| ed
above. = Desi! 4l Yocd el skl Biclly coRRAME vAthir 8IPoras ot seadtidporiionlafr e at
or above roomtenperature. The pH adjustnment causes the crystals to
re-crystal |l i zehé tempidie usad in esking thenintfalreactes mixtirg, Thecystaliing he

reaction mxture is adjusted to approximtely the pH of t ari ginal
reaction mi xt Stacprgsessentialy susrrndsinesoRIEE; Bhd %@Tﬁ%@fi%ﬁb% unit.

Mor e desi rabl ; ' ' ' |atetieGehidved, the

appr oxi matlgl yx?ﬂt&%ﬂqgfogtt#eﬂ%rtéIgﬁgtgicmrhy;cgng%qpnéi?u (Iaé%l Igg or mnus 0.5 pH
unit. Most desdryatblline sthectprd it térmainsduas whahisdypicallysefeifedteds@s t he
initial pH plus or mnus 0.2 pHunit. The crystals are then recovered from
5 the react i orintrasdy§talling PRESEYSIBE above.

in many cases, depending upon the nature of the finai product
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 iemplale-containing sieve in the presence of the oxygen-
conlaining 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 composition
is typically referred to as a silicoaluminophosphate (SAPO) catalyst, with
25 the catalyst comprising the SAPO molecular sieve.
Materials which can be blended 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



As a result of the cry | 1'i zati on process of SAPO_pol ecul ar si eves M}ﬁ
recovered sieve typic contains withinits por&t | east a porzsm y
the tenplate used in naking the initial reaction mXture. The crystalline
struct ur @821 al |y surrounds the tenplate, and the tenpP&TASHEIIbe o
renoved to obtain catalytic activity. Once the tenplate is renoved, the
crystalline structure that remains has what is typically referred to as an
intracrystalline pore system |In nany casks, dependi ng upon the nature of
the final product fornmed, the tenplate may be too large to nove freely

t hrough the 18gengr F‘Bo%r%?sémri‘&@%ﬁa@'wﬁr@n'ﬂclﬁ‘ﬁsé%ﬁakﬁibﬁs“éfeﬂgiﬁ- tenpl ate
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presence of the oxygen- containing gas_and heating at tenperatures from
200C t o 800C. wEight pezoent) prefecelysitstaf O meightr pareant.i ihennventioragan Istit
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(bl ended) wi thQidredi ' When bl ended, the resulting conposition is
typically ref e?r’gg t'%&%sﬁz%ieghﬁls'coal um nophosphate (SAPO catalyst, with 25

t he catal yst conpr irs sl ahbthesARtbovinesnt| githisiinventidmtefded sonthiingemmn be
bl ended with the nol ecul ar sieve are various inert or binder materials.
These mat eri aP¥Ygeeatade C@B‘fﬁ&‘é%‘i’ i 8i§actoe FoRe o RNSaATIRPRATBIYS ‘M’taﬁ,

various forns | um h ' | | W | silica
or silica or §| hcg'ab@g{&?egr?ﬂ rl#% gﬁﬁecgda{jﬁset%rEHOe%oaQ%%\rerﬁéethg%%pSﬁﬁﬁ{t% Zre al so
effectiveid n efdoned prriiele! lightolfisd, i20Sin effaclive terapematife prassuienk to
assist in heat shielding the catalyst during 25 MAR 2004 WO 01125151
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from 10 to 90described in detail below. Usually, the oxygenate feed is contacted with
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 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. Atthe 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 a8 dynamic bed system or any system of a variety of transport



wei ght, percent, preferably 30 to 70 wei ght percent. e inventh3ﬂgﬁ§@mstill
s be acconplished while nol ecul ar sieve is incl in a bl I nert

and/ or binder materials. still another enbodi nent of this invention, a
feed conk@h pigzgsian oxygenate is contacted in a reaction RSV eact or
apparatus with a SAPQO, produced by the nmethod descri bed above, at process
conditions 10 effective to produce light olefins, i.e., an effective
tenperature, pressure, WHSV (weight hoursspace velocity) and, optionally,
an effective anmount of diluent, correlated to produce |ight olefins. These
condi tions ar pedgesthier teah imadiaedibedsystem. Thaattijcalifaatusg widnareaqtaed i s

contacted with the catalyst en the oxygenate is in a,v phase.
‘Alternately, shetemsUbizscbissthResp! tEzﬁ’rpl":'i"%tg 5831‘9}? ﬁPQCFiV&&‘?%H%- a mxed

- vapor/liquid phase t P ' (e \ nsirAgy Bephase or a
m xed vapor/|iqui dThﬁxgoj&ergﬁpf%r e éeé%vsgrasérgﬁgcgﬁghtsg]egictsi Vi ¥i es of

. feed-to- produgh By ouf insa Mariegpenshtagtio peactohs;, ineluding tbutmadt fisutediton
“conditions. As used herein, the termreactor includes nggt onl corlpé@rci al
scal e reacsor Sublibe@eeattoos phiisoncLent Feeictegctarfiassdesrineghinyknes Faly) o

{emperat ur cs. Regrien Buidaton srinser, B HUGha 0 A NeTpleh REbBIE,
200C to  700Ckdflad: NG CRUNN, 177, irtithGorshed i s eptiretylierbior byt | on of

the desired o n products may becone mar edlésl ow. At the upper, end of
25 the tenper atigrencangeditidrally; ccestereurrentdted limeastastmayREHREGID of

Droduct. A OB oLl g LTS AL 2 L AR s RIS s M R o
LQYSIH;IS? 2 1:E{ﬁy ﬁ%@d&éﬁb#@&gaﬁ% rdrRfF IQ:#H-P?H.'I??%ggnfeorhﬁgpéﬁél%fgt&a% fﬁﬁfgggﬁgrt ,
5 MAR 2004 WO And BSESOLRGY, BM@d@ublissingEasp.; NiYheP60 ms@ alsP a fi xed bed
system The Criri'téér%%lrat]:aceiaikuﬂrwSiroéntitrgt?f }{eerglcr;[ 8)5 reference. It is well understood by
those skilled in the art that eéch 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 hr* 10 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 2 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 ineris
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 tess than about 0.016.



systemutilized is th ility to operate at high ace velocities, H% A
conversion of oxygenat to produce |ight olefins ‘y be carriedl (5|HA ' H“ a
vari ety ytic reactors, including, but not ['rm ted id bed
react or swﬁ@ﬁ?é current riser reactors as described in égT&@P{"L"%
Reactor,” Fluidization Engineering, D. Kunii and O Levenspl el, Robert E
Kri eger Publishing Co. NY, 1977, incorporated in its entirety here| n by
reference. Additionally, countercurrent fifee fall reactors may be used in

Roactor o Bl i o 7% Bnedhe e NS F dprgstacie Nottlitag MgRaptn zen,
and D. F. O g@eciaiy Q@h@g'@#@d ﬁ}@'tggwﬁfaﬁsre lwe%{%rﬁﬁﬁo% g’hg'ﬂﬁﬁlﬁorat ed

in their entirety her y refere under st oo ose

skilled in thiefmed ahithe methane prodiict veesid idivided| By mm/ahgtbr@pmm and
di sadvant ages |3 particul ar application. 15 Any standard reactor system
can be used, Y¢l “5&%’}?@” £ach Yigldds Freasved oy, 96 ds §9§V@'ﬁ%d tavi @ weidghle¥og ht

nr Y 8 R Eouted NSRS A 18 el pL8P 08 i Tontle BRADE T8,

mol ecul ar  si eahedBlSWingEqlifors, ah Aieh T isRhelf/drade temb Pottrd h%?r‘fél”e“t

ri ser reactors and short” contact tine 20 countercu rent ree reactors
in which an oegdgonan &Ct eedst ock can be contacted with a nDIecuIar si eve
catalyst at a WHSV of at |east about 20 W preferably in the range of from
about 20 hr' to 1000 hr', and nost preferably in the range of from about
20 hr' to 500 W Because the catalyst or the fee k may contain other
materials which act as inerts ? f dLluents t he is calculated on the

wei ght basis of the oxygenate and t ed. It is
highly desirable to operate at a terrperat[]f (I@EQ# @@82?‘%@6@5 and a
Tenperature Corrected Normalized Methane Sensitivity (TCNMS) of |ess than
about 0.G46. |t i STIG\presirardlsn Biegiyery Blet babidd arigeagidiaging?_condi t i ons
for making olefin from oxygenate conprise a VWHSV | east = about 20 hr'
produci ng ol é&uUtegeneus aressunes.obffeskive pmweamapbeiﬁ, b@tsarekwt2004 WO

01725151 PCT) "é%%g/sg;lf%;mlted to, pressures of from about 0.1 kPa te 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 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 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 inenl 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),



16 As used herein, TCNMS is defined as the Normaliz Met hane Sel ectivity
(NVB) when the tenperat u”i s less than 400C. The N s defined as @Qipm

nmet hane product yield di ed by the ethyl ene product vyield wher el A

yield is\ | on, or is converted to, a weight %5 baspern¥b®iveiihe
tenperature 1's OC or greater, the TCNV5 is defined by the follow ng
equation, in which T is the average tenperature within the reactor in C
TCNMS = NMS 1 +(((T-400)/400) x 14.84) 1q7The pressure also may vary over a
wi de range, including autogenous pressures. Effective pressures may be in,

but are not  BRASTA blymbilifcbthduhdsPERE THikEFeOthéredm JhrubréledeliPa to
about 100 MPa. “Preferred pressures are in the range of about 6.9 kPa to

about 34 MrPa, diluents areevates andméfrogend Wategeandiainjestetiriomitiies diquiBokPa t o
-*about 0.34 15 MPa._  The foregoing pressures are exclusive of any inert
di luent, and VPREEIOTMefer to the partial pressure of the oxygenate

, conmpounds and/or Rt WaS L RGLPRE c‘gntiél% Eﬁﬁf}?%‘ﬁ%ﬁh,?efﬁit@oﬂt%usa&d upper

end of the foregoing pPressure ranges, e rate el ectivity, conversion

and/ or  reqct continBdudRishish. OFhierpidtegdcdh der estidietedint arsingleyreaatignf r om
seconds to a nunber of hours, determned |argely by the reaction

tenperature, EZRBEMIESBUMBEr OhESaGisinezaneas arspRged heaNiss oF ik Paraital, of e

VWHSV, the phase i qui d or vapor). nd_the.proces i r i stics.
Qe or more 1 batenaHEled Bl epBLEr EORIRIAET I 6S M RosRE ehEr
exanpl e, in aRcABRYH nGfnbef @Msdict 2oR8s "WVREN PRIIGER! redétisAtapest e t ot al
nunber of noles of all feed and diluent conponents fed to the reaction

zone (or cat aleysplpyed,ipmey beleHuantageions taeeplonongrd more peldsari | y
o8, bl AR LB Y R e RO 5
propane), 2 5 MAR 2fQheyel of conversion of the oxygenates — particularly during a
steady state of the reaction — can be maintained to reduce the levei of
unwanted by-products. Conversion can also be maintained sufficiently
high to avoid the need for commercially unacceptable levels of recycling
15 of unreacted feeds. A reduction in unwanted by-products is seen when
conversion moves from 100 mol % to about 98 mol % or less. Recycling
up to as much as about 50 moAl % 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 88
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



MO 01/ 25151 PCT/ US00/ 27011 17 al kyl enes, aromati c conpounds, ang r}jgmtzﬁmes
thereof. The preferred diluents dre water. and nitrogen. Water c r? e
injected in either liquid.or vapor form The process nmay be carried out in
a batch, sem -continuous or 5 continuous fashion. The process can be
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 el ongated tubular zone or a nunber of such zones. Wgen
mul tiple reaction zones are enployed,. il18 nay be advantageous to enpl oy one
or nore of the to nplecular sieves in series to provide for a desired
product ni xt ur &y cFlgelip@esn BfyIEorirErAN 68 BHPO%WV%XVQ%Wﬁf%EQd- particularly
during a steady,s ctl i i uce the

| evel of unwa ebé’td@@% 63‘38&%%5%?%0%% répﬁ%ﬁiﬁr%@g@%ﬁfﬁéﬁg&g{ﬁfgd
sufficiently hbglunaee@waaposiestrellfled deongdreciavessiam@ecepisabl e | evel s

of recycling 15 of unreacted feeds. reduction in unwanted by- ducts is
seen when conversi 6h® ﬁﬁ)(/%?é‘afer%ﬁgilﬁﬁﬁﬁﬁ‘%oetsoﬁé%%s&fm@é”%'c %%‘?a{n@ss.

Recycling up tg@scdmiGhs asleaboste SQgaPkIdh Quchhe aﬂiﬁz_eéhd gcarmnrer ci al |y
acceptable. Therefore, conversions |evels which achi eve both goals are

from about 50 atdrsdarboritheempog dede!dhudrE, KaWoEs LA YOV BRfEbout 85 nol %
to about 98 20 9% o bt : :ent | nver si on
crg&gon:%egfgxg@\r’rﬁ h}%%) L The & ﬁé?lc%&.@m?dceiat{l)ﬁc&%ﬁh@w%ﬂ??

between 98 nol % an in-order to si e recycling process.
Oxygenat e convepsioaa:myatbes remdmarerpeefestblt torgaihedrem Ukl hgerdonunber  of

met hods familiar to persons of ordina .slﬁi I, | bl n_the lart. (%%cjarrpl es include,
but are not nec@89ar Nep gseRialde Cr RS IRE Y THha PO REFES S ™ he fol | owi ng:
25 the reactj onidiemer RiwF Siraiphesai@nciddomairasiphatic elcohMESYth¢ievel and

degree of catal yst regeneration; anount of catalyst re-circulatiqn; the
speci fic react oPnsebHieiegrcapieaRaris Hexamp @&Hﬁﬁ@?t‘:?gﬁ?u% '”BIPHETbLBar anet er s

whi ch affect thg GRAYEAHSE Y hd follbRBRNGRMNEN etranbEaWbesholt he catal yst can

be contiguously 3Q i ntrod_uced as a moving bed to a regener at | %nlzone wher e

it can be isopropanol; Cq- Cao glcohols; methyl ethyl elher; dimethyl ether; diethy
ether; di-isopropyl ether; formaidehyde; dimethyl ca_rbonaue; dimethyl

15 kelone;'_ acelic acid; and mixtures thereof. _

Efeferred oxygenale féedsidcks are methanol, dimethyl ether and
mixtures thereof. The method of making the preferred olefin product in
this invention can include ihe additional step of making these
compositions from hydrocarbons such as oil, coal, lar-sand, shale,

20 biomass and nalural gas. Méthods for making the compositions are
known in the arl. These metheds include fermentation to a;icohoi or ether-
end making synthesis gas, then converling the synthesis gas o alcohol or
ether. Synthesis gas can be produced by known processes such es
steam reforming, autothermal reforming and partial oxidizalion. —

25 ~ One skilizd in the art will appreciate that the olefins produced by
the oéygenale-lo‘o{efin conversion reaction of the presenl invenljon can
be polymerized \o_fzc\;;;polyolefins. Processes for forming polycleiins
from olefins are known in the art, Calalylic processes are prgferred.

Par\iculérly preferred are melallocene, Ziegler/Natla and acid calalytic

30 syslems. Prior lo being subjecled lo a polymerizalion process, the olefin
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regenerated, . such as for exanple by renoving carbonacgous materials or 2
MAR 2004 4 1B by oxi dati in an oxygen-contai ni ng sphere. 7hMAR 2004
preferred enbodinent, the catalyst is subject to a regeneration step by

‘bur ni ng oMo oArFIonaceous deposits accurul ated during the cREWESHYIGHNI

A

reactions. The oxygenate feedstock conprises at | east one organi c conpound
.5 which contains. at |east one oxygen atom such as aliphatic al cohols,

et hers, carbonyl conpounds (al dehydes, kej®mnes, carboxylic acids,
carbonates, and the like). The aliphatic noiety preferably contains from1
to 10 carbon grodsectaraie Tecevereedffesralhg protitcts od the omydenate4oeciefion at ons.
Representative ox genates i nclude, but are not necessarily 10 limted to,

| ower strai gthDHHé HPRFRESPEhai n al i phatic al cohols and their unsaturated

. neoE thai n”al | cohol s~ aturat e
o the Tol Lo ng: netRaRG SraPRnFA AR willreeofuzRthat My ey 5y °

n-pr opanol ; opropano Ca- C20

.,al cohol s; et hyddifitaloneiagrbe diate foythegirbeent idiventign witkiole depditingsopr opy!|

et her; formal dehyde; dinethyl carbonate; dinmethyl 15_ketone; acetic acid;
and ni xtur &s fiesh tae spivit @neh seapeotiiherriesentdayeniiens TRECMBeRFHHM  di net hy!

roduct 1n |t RESCTRGRTERER isane Rl e MR liR o A sBoll o e Bk
conposi tions fysqhitingltheantemtors Uatichss Befined Blthe fallowin@dlaipiml e, 20
bi omass and natural gas. Methods for meking the conpositions are known in

the art. These net Holatinclaimedfigr nent ati on to al cohol or ether,- and
maki ng synt hesi s gas, then converting the synthesis gas to al cohol or

et her: Synthesis gas can be produced by known processes such as steam
reform ng, aulothermal reform ng 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 ymeri zed to j m pol yol efins. Processes for form ng polyolefins from
olefins are known in the art. Catalytic processes are preferred.



Particularly preferred are mtatl#cene, ZiegleriNatta and acid Caﬁ@i 0
systens. Prior to being subjected|to a polynerization process, th 'W{

AVENDED SHEET 0 25 MAR 2004 WD 01/25151 PCT/US00/ 27011 19 products are
recovered fromthe products of the oxygenate-to-olefin conversion
reaction. Persons of ordinary skill in the art will recognize that many
nodi fi cations may be nade to the present invention w thout departing 5
fromthe spiriit and scope of the present invention. The enbodi nent

described herein is neant to be illustrative only and shoul d not be taken

as limting the invention, which is defi idd by the follow ng clains.. Wat

is clained is: 25 MEE.2004 20 Cainms 1. A nethod for formng a .
si | i coal umi nophosphat€2fSAPO) 2 nol ecul ar si eve conprising the consecutive

steps of: f 3 (a) providing a silicon-containing conposition, an alum pum
.4 cont ai ni ng, conposi1t i onA methboEpliemnons @ cdispaiumingphospie ($ABR)and a
tenplate; 6 (b) preparing a reactiﬁ{%‘tmxture cq ablfe of -vita SAPO 7

mol ecul ar si eve MPEAYISUFIEYE CERP SRS (1R LTEECLYPF S $'con- cont ai ning 8

conposi t§ on, said al um num contai ni ng conposition said phosphorous 9 ‘
contai ning coppositi 3@ anfh\§dh§l s tseiph-abetaitiag dompagitidrornmlivminue-havi ng a
10 first pH, 11 (c) e{ern‘i ning a pH increase in said reaction,m xture such

that 12 sai dé r ecartlziomarioRtAPsEORa® PROSSEORH oA AP GREPTPRIHCR BPE % i rst pH,
and .

5 template; ) ) _
6 (b}  preparing a reaction mixture capzbie of fermla SAPO
PR 7 .rmolecular sieve from sufficient amounls of said silicon-containing

8 composilion, said alurninum-conlaining composilion said phosphorous-

9 conlaining compaosition, and said templaie, said reaction mixture having &

10 first pH,
1} ' (¢)  delefmining @ pH increase in said reaction mixiure such thz! |
12 said feaction mixture has a second pH higher than said {irsl pH; srid !
2 13 _ (d) =sdding an géid l_c; said reaclion mixture to lower sa'@ segond
14 pH
1 2. A method according \o claim 1, characterized in thst, il
g 2 furtﬁer'cqmpris-es lhe slep of heating said reaction mixiuse prior to step -
3 {c).
1 | 3. A melhod according ‘o claims 1 or 2, chare‘:lerized in thal, i

2 {urther comprises the step of forming crystais of said SAPO molacular

3 sieve after siep (d).

] | 4. A method according to claims 1 to 3, charecterized in thal, in
2 é%ep (d), said secand pH is lowered to said firsl pH plus or minus one pH .

3 unil, preferably to said first pH plus or minus 0.5 pH unit mast preferably

4 o said first pH plus or minus O.2_pH unit,

AMENDED SHEET



|
.(d) adding an acid to said reactlon m xture to | ower said second 14

pH 1 2. A nethod according to claimi, characterized in that, it 2 5MAR 200
further, conprises the step of hedting said reaction m xture prior to step
- 3(c). 1 3. Anethod according to clains 1 or 2, charaterized in that, it
2 further conprises the step of formng crystals of said SAPO nol ecul ar 3
sieve after step (d), 4t 4. A nethod according to clains 1 to 3,
characterized in that, in 2 step (d), said second pHis lowered to said
first pH plus or minus one pH{ 3 unit, preferably to said first pH plus
or mnus 0.5 pH unit nost preferably 4 to saird first pH plus or mnus 0.2
pH unit. AVMENDED SHEET 2 5 MAR 2004 21 1 5. A nethod according to clains |

to 4, characterigzed in that, A ReSaiddctomstg tpheldimsfiriom, abangctedizd irothahout
8.5, preferably from about

B. 1 a. t ac to,cl 1-to
5, characterized?i nS#RAfS! P*‘b‘séré’i”?jag%gr%é’pﬁr}t’equég eﬁ%r& { e lfaé#gsao |
about 5.5 tort 8.5, 3 preferably fromabout 6 to 8, nopst preferably from

about 6.2 to 7.8, .1 7. & nethediRecatdidiy foxlshaing 5| cherdbterzdiatizer i zed
inthat, 2 sald aC|d used in step (d) is. selected fram tkle~droup

consi sting of 3 phogpfldcﬁelc@ﬂtheﬁds |W¢fb10p%8'§ﬁ?ﬁﬂpﬂba%i‘é ngfﬁ oric acid,
nitric acid, 4carbo [ fUri M Cc aci d.
f 38" Amethod acgf)e rab@cf'{o C?Hul é"foé:r@&_}grefﬁf%ﬁy‘ff-‘orﬁ%bﬁlul@gtﬁ?ﬁ

in ainms 1°'t acterized in that, in:+ 2
step (d), said acid is added to the reaction m xture di scontlnuousl . 9 A

met hod accordingito cl ai 'm 6, /thwﬂm:tmﬂoz@m]m)lamﬁ?aﬂo %aﬁhéfacﬁ"-"'&"@ﬁdﬂir@‘-added
Lo the eaction 1 XuE 2 LSFR ol  [BBcied b B Bshigrd na to
/ 1 phosphoric acid, orlho- -phosphoric acid, hydrochleric acid, nitric acid,

4 carbonic acid, sulfuric acid, acelic acid and formic acid.

! ' B A melhod accdrﬁing to claims 1 1o 7, characlerized in that, in

2 'slep (d), said acid is added {o the reaclion mixture discontinuously.

1 S. A method according \o claim 8, characterized in that, szid

2 acid is added 1o the reaction mixlure at ieast two limes.

1 10. A meilhod aclcording {o claims 1 lo 7, characterized in that, in
2 step (d), said acid is added to the reaclion mixlure continuously.

' . . ot
1. 11. A method according to claims 1 1o 10, characlerized in lh:a.,

2 the templale provided at step (a) is 3 gual template,

! 12. A method according to ciaims 11, characterized in the!, saic
2 dual lemplate comprises telraethylemmonium hydroxide (TEADH) end

3 dipropyiamine {DPA} or isopropyiamine {IPA}.

1 13. A method according to claims 1 fo 12, characiarized in thai,
1 said phosphorus-conlaining composition and said templale provided at
3 step (a) are both felraethylammonium phosphate AL

f
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"2 step. (d), said acid is added to |t he reaction m xture continuously. 25]MAR'°IBUI
nmet hod according to clains 1 to 1 characterized in that, 2 the tenplate
provi ded at step (a) is a dual ﬂpl ate. 12. A nethod accor di ng to clains
11, characterized in-Ihal, sai d 2 dual tenplate conprises tetraethyl
ammoni um hydr oxi de (TEACH) and 3 di propyl am ne ((c)PA) or isopropyl am ne
(IPA). 1 13. A nethod according to clainms 1 to 12, characterized in that.

2 sai d phosphorus-containing conposition and said tenplate provided at 3
step (a) are both tetraethyl ammoni um phosphate . i AVENDED SHEET 2 5 MAR
2004 22 14: A nethod according to claim® 1 to 13, characterized in that, 2

if further conprises the steps of cooling said reaction mxture prior to
step 3 (d), and of heatln

id re actig 115 A
met hod accondi ng to'%l alph%‘ 88%04 A% F %cr{;geir(lézj{e% C;ﬂ% at%L rﬁ%@i}bﬁw‘é d SAPO
mol ecul ar si evgfbﬁhéég’ﬁ@p?eées the 6psAf oBbinad aateectdinTgixtuoe prl@nlmﬁl%? to 15,

characterlzed in that, it further conprises th% steps of 3 (i) -

di ssol ving at I(&agad & fpﬁﬁ“ﬂﬁéﬁ'ddﬁa%%’i“dmé‘ru ?llar$1eridiai 9 SAPO 4 nol ecul ar
sieve in said reaction mxture; 3 (ii) adding an acid to said reaction

m xt ure; 6 (iiij)s, re-@ﬁﬁﬁ{o@dcbéﬂdn@ telciesrhal so 04, dharattSrROImtilaéeul ar si eve

from 7 sal reacti on m xture, # é 1? A net hod according to-claim 16,
characterized isaid$AF0 ”E{é?‘iﬂ”a'?'er"@ R34 Oat4i zi ng is performed at or above

roomtenmperature. 1 .18. A nethod according to clains 16 or 17,

characterized in thag R riethdaudcbesingtengis 8o t ectetaperdfediriialng sai d
reacti on m xture to facil itate

2 il funther comprises the steps of
3 (i) dissolving at least a portion of said crystals of said SAPO
4 rﬁo\ecuiar sieve in said reaclion mixture; - P
5 (i-i) adding an atid lo said reaction mixture; and
t ¢ iif) re-crystallizing Crystalé of said SAPO molecular sieve from
7 ~ said reaction mixiure.
1 17. A method according to-claim 18, characterized in thal, said

2 re-crystallizing is performed at or sbove room temperalure.

1 48, A method according to claims 16 or 17, characterized in thal, i
2 itfuriher comprises the step 6f healing said reaction mixture to facilitate

3 said re-crystallizing of said SAPO molecular sieve.

1 19 A method according lo claims 1 1o 18, characterized in {hal,

»  said silicon-containing composition is & silica sol, colloidal silica, -, | '
3 pyrogenic silica or & siticium alkoxide: said aluminum-containing

4 composition is pseudo-boehmité or aluminum a'koxide and said

} 5 phosphoric-conlaining composition is phosphoric acid.

1 HMWW@QW

[T gl _
2 f‘h‘w'ﬂeh‘c p'nrc“"hl —obloined-Ry-a-meihd o-Beeora ngu.r ctatms—4tots -

AMENDED SHEET



3 said re-crystallizing of said SﬁPO nol ecul ar sieve. 2 .4 t5 19. A nﬁtﬂﬁd
according to clains 1 to 1B, characterized in that, said 75MAR 2
silicon-containing composition is a silica sol, colloidal silica,
_pyrogenic silica or a silicium al koxi g#&; said al um num cont ai ni ng
conposition is pseudo-boehnile or alum num al koxi de and said : '
phosphori c-contai ni ng conposition is phosphoric acid. AMENDED SHEET 25 MAR
2004 23 20, A nethod for converting an, oxygenate to an olefin, said nethod
conprising contacting an oxygenate with a silicoal um nophosphat e (SAPO
mmerpmmmmWWMMWMWWWWMWWW%WWWWW%{Ammw
according to clai

olefin to for m@g%@%’eﬁ (ﬁ(gé_e'%g{e ﬁ%ﬁkﬁ%@%nﬁﬁ%%Sﬂﬁomblyﬁri si ng the

prepared by the methed of any of claims 1t 19. _

>1. A method according to claim 20, further comprising the step of polymerising the

olefin to form polyolefins.
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