WO 03/ 048043 18 MAY 2006 PCT/ USQ2/ 26208 1 PROCESS FCR MANUFACTURE OF
MOLECULAR SIEVES 5 This invention relates to nol ecul ar sieves ahf Miprltlbesses
for their,ﬁ%gﬁzﬁﬁ%ure. More especially it relates to a vapépik@nede t he
preparatﬁ@ synthesis mxtures to control  product characteristics. The

i nvention relates primarily to the manufacture of 10 phosphorus-contai ni ng
nol ecul ar sieves, especially silicoalum nophosphates. In U S Patent No. 4
440 871, the preparation of a nunber of phosphorus-contai ni ng nol ecul ar
sieves is described. 15 The patent particularly describes processes for

t he manufacture of nunerous crystalline mcroporous silicoal um nophosphates
(SAPO s) including SAPO 34, enploying sources of silicon (e.g., a silica
sol), alumnium(e.g., hydrated al um nium oxide), and 20 phosphorus (e.g.,
ort hophosphori c aci BROCEAE EORoMANHFACTUBRpPAt MOLFGU ISR rdEVES

t et raet hyl ammoni um hydroxi de (TEAOH), isopropylam ne (iPrNH2) or

di -n-propylam ne (DPA). The patent, the disclosure of which is

i ncorpagated by r n LA, -~ Gi a A~ | for the
SAPO & and destr bog Enen T orGE e TP LAERe M pE R PSR R

| nt er nat i onalpAppessasi 6ar WI.0Df 064931 desarebesMoabt @ispengally it
phosphorus-cont ai ni ng nol ecul ar sieves of |ower particle size_and narrower
si ze distribEebntdy BO agrehiibionely. thetPEEPAgEACNURE| iSwgthesis

mixtures to control product characteristics. The

invention relates primarily to the manufacture of

10 phosphorus—-cont 2ining molecular sieves, especially
silicoaluminophosphates.

In U.S. Patent No. 4 440 871, the preparation of a
number of phosrhorus-containing molecular sieves is
described.

15 The patent particularly describes processes for
the manufacture of numerous crystalline microporous
silicoaluminophosphates (SAP0O’s) including SAPO-34,
employing sources of silicon (e.g., a silica sol),
aluminium (e.g., hydrated aluminium oxide), and

20 phosphorus (e.g., orthophosphoric acid), and an organic
template, for example tetraethylammonium hydroxide
(TEAOH), isopropylamine (iPrNH;) or di-n-propylamine
(DPA) . The patent, the disclosure of which is
incorporated by reference herein, gives X-ray

25 diffraction data for the SAPO’s and describes their
utilities in catalysis and absorption.

International Application WO 00/06493 describes
obtaining phosphorus~containing molecular sieves of
lower particle size and narrower size distribution by

30 agitation, e.g., stirring or tumbling.

EP-A-541 915 is concerned with the conversion of
methancl to olefins (MTO), especially light (C; to Cy)

olefins using an aluminophosphate crystalline molecular



EP- A-541 915 is concerned with the conversion of mnmethanol to olefins (MO

, especially light (C to Cy) olefins using an al um nophosphat e gmstgg! i ne
nol ecul ar 18 MAY 2006 2 sieve catalyst. The specification describes the
advant ages of small particle size catalysts in MO processes, and provides
a process for facilitating the manufgcture of a small particle size
material by stirring the synthesis m xture, producing SAPO 34 of nedian
particle dianeters, expressed as a mass distribution, in the range of about
0.6 5to 1.4 pm EP-A-185 525 describes a process in which SAPO- 37 is

manuf actured using a two-phase synthesis mxture. In an exanple there are
used an aqueous phase containing phosphoric acid,_ alumna, and tetraethyl
and t et r apr opieve catalysh i Therspetifieptiondestabes ths adviagfeass of smalhprtigleé¥e and an organic
phase conpri si t et,r, I ol e ﬂp’%’ vent

i mm sci bl e vviﬂaﬁgﬁéinﬁ%#hycgs%%lrgg)gérvgitglé%}lé&g%g%‘*cgfﬂﬁq e srlfa?t‘é‘%gfsour ce, silica
(Hisil), is dispbpsede dize niaresialtbe stirdmy thesyhthesismituenphogebing SARS-34 of nt er nat i onal
Application WO 01/ 36328 descri bes,a proc i.n whjch a

net al | oal uni rfB?ﬁ‘f’B§Hﬁéf g\ﬂﬁfgff{_;g{ﬂiﬁ?edgﬁ “5’(7”53 ‘5@%’9@%%&'&‘}3&8{“&%‘1‘ %8 an aqueous
synthesis g x;yugmconprising a tenplate, sources of the elenents essential

to the 15 structure of the sieve and an prganic solvent miscible with water,
the purpose of thEP-AstRSv&desqgbesagrocess maish SAPOA7 munufutwedasiaga t he netal in

t he aqueous s }ﬁu.@l' . j bl , the source may be
a tetraal kyl %ﬁpﬁ%;k [ ca‘tﬁ#%I%%\Pﬁ%fggﬁﬁ%@%dsdgéq‘%hﬁp%gpor ous crystalline
si | i co- al um neapining phapleric e@drplmha,imﬁtmztbylmd:madtonﬂmmim invention there

is provide a process as_defined | f ing clainms. The
present i nven&d{)‘w S %Mg%ﬁf Le"qg‘ggré?n\%’ | ogof g@é)l @ M’Ie si |i con- provi di ng
conponent lgs clipsitdziednihedxmol a sadvenidminisciblawith pateroin 2 omparsive e@wplpor ati on in t he

synthesis mxtute the result.i. i LI coal um nonhosphat e | ecul ar si eve has
a particle si ﬁ’é ”%@“éﬂﬁ‘f‘r caphﬁﬁ'qiﬁﬁ'f“%ﬁalhf {%W?Q ] a""“b’f’ﬁg’f@f'se i denti cal
synthesis 18 MAY 2f&fational Application WO 01/36328 describes 2 process in which a

metalloaluminophosphate molecular sieve 15 manufactured using an aqueous

synthesis mixture comprising a template, sources of the clements essential to the
15 structure of the sieve and i organic solvent miscible with water, the purpose of the
solvent being to solubilize the source of the metal in the aguecus synthesis mixture.
‘When the metal is silicon, the source may be a tetraalkyl orthosilicate.
WO 98/15496 disgloses a microporous crystallino si!'ico-alumino—phosphate
composition. :
20 According to the invention there is provide a process as defined in any of the
accompanying cleima.
The present invention is based on the observation that if the silicon-providing
component is dissolved in an organic base prior to its incorporation in the synthesis
mixture the resulting silicoaluminophosphate molecular sieve has a particle size

25 smaller than that obtained from an otherwise identical synthesis




WO 03/ 048043 PCT/ US02/ 26208 3 procedure in which the silicon-qrovgp'mﬁ
conponent is added directly or is nerely dispersed in anotmy'ﬂ@ n@ ent of

t he synthgéhémﬂaﬁgure. The present invention accordingly prEvVisie26R85
process for the manufacture of a silicoal um nophosphate crystalline

nol ecul ar sieve which conpri ses providigg sources of alum nium of
phosphorus and of silicon, the source 0Of silicon being a solution of the
silicon conponent in a water-m scible liquid organic base or in 10 an
aqueous solution of a solid organic base, formng a synthesis mxture from
sai d sour cepaittkdnye oimerhicmtigre mihécessaryvngm@r GPIRENEBLeddl ar sieve,

and treating the synthesis m xture fgr g,gﬁriod and at gh t enper at ure
appropri at e Fasted H&L PR BcPTirksS JReEReY 181 iBRECHFarIsPBPE ®Eryst al | i ne

mol ecul ar si eves_ obt.ai nabl.e_ b suPk the invention include those
of the LEV STWRAATUS ?@p%&eegﬁﬁgﬁéﬁﬁéfég, And those of the CHA structure

type, e.g., SAPO34 apfeddnt Alnespeconl tyc@ddpngligr pedvides a

si li coal um nophosphate is SAPO 34. The invention,als? pr.ovi des rystalline
silic® al urpropes phat et el ranl fac s B e f edpeil aFPF 1 3RPACP PSpﬁﬁgenean
particle size of the. nolecul ar. sieve being. . L nt ageousl y
at nost 200Qﬁﬁsﬁﬁig%ﬁ%dm9iéﬁp%ﬁrn%%?viogﬂﬁ§§ Sﬁﬁﬁkégggp?gggﬁggpg at nost 50
nm The molegulal seve heiAdYANt #9eeHsE¥herasolhai babke lhyon, ante
preferably is obtained by, the process of the invention. The nean particle
size i s neasmestdyof i aspeconore g seannlngieneetr sheniSelé§Plphs (SEM s),

component in a water-miscible liquid organic base or in
10 an aqueous solution of a solid organic base, forming a
synthesis mixture from said sources and any other
material necessary to form the molecular sieve, and
treating the synthesis mixture for a period and at a
temperature appropriate for the manufacture of the
15 molecular sieve.

Crystalline molecular sieves obtainable by the
process of the invention include those of the LEV
structure type, e.g., SAPO-35, and those of the CHA
structure type, e.g., SAPO-34 and 47. An especially

20 preferred silicoaluminophosphate is SAPO-34.

The invention also provides a crystalline silico
aluminophosphate molecular sieve, especially SAPO-34,
+he mean particle size of the molecular sieve being at
most 400 nm, advantageously at most 200 nm, preferably

at most 100 nm, and most preferably at most 50 nm. The

D
o

molecular sieve is advantageously one obtainable by,
and preferably is obtained by, the process of the
invention. The mean particle size is measured by
inspection of scanning electron micrographs (SEM’'s),

30 the largest dimension of each particle being taken.

The invention especially provides SAPO-34 the

particle size of which is such that at least 50%, and



30 the | argest dinension of each particle being taken. The inygrMAfd00b
especially provides SAPO- 34 the particle size of which is such that at

| east 50%w0ﬁ?ﬂ4ﬁQ3NAY 2006 WD 03/048043 PCT/ US02/ 26208 4 mrpienabbog at

| east 90% of the crystals by nunber are smaller than 100 nm Preferably at
| east 50% of the crystals are smaller than 50 nm The conponents of the
synthesis mxture used in 5 the present invention are typically those known
in the art or as described in the literature as suitable for the
production of the nolecular sieve, as are the conditions of the

hydr ot her nal preéatabity, adxdams® o90%t hef dikeofuysbal 6f byhavsibeic@¥source in

the organic 10 _base. The |liguid in.which the silicon,squrce i di ssol ved
is convenien?W?lgeFi&@ﬁ@ &#5hﬁpﬁ'bagﬁe%%ﬁ?%ﬂy ﬁtyhﬁaanggﬁnﬁgtiﬁgemﬁth

wat er) or ancégggggg St 1 f enhQr o/l hy. solid organic base that is
bei ng used as a tenplate 1n the synthesis of the crystalline nolecular
sieve. Ot her orgamhe kasgormaytdeofisede synoheded mhatutrkeysdd dot interfere

with the structure directing properties of the organic base hei ng used as
tenpl abe. CohbenpaEREERt dfyaldmfiat L€ hbYPT &2 20Y dFRPFEUKPPY sSPubi™® i n wat er

T o e A o I P YRR CLL 20! e hasis g ¢
Advant ageoustye ghbdule i¥r icPntIsOUicEetsla25sdesepl yedare tthe sol vent.
conditions of the hydrothermal treatment, except for
the dissolution of the silicon source in the organic
10 base.

The liquid in which the silicon source is
dissolved is conveniently a liquid organic base (which
may be in admixture with water) or an agqueous solution
of a normally solid organic base that is being used as

15 a template in the synthesis of the crystalline
molecular sieve. Other organic bases may be used,
provided that they do not interfere with the structure
directing properties of the organic base being used as
template. Conveniently, any template that is

20 difficultly soluble in water may be mixed with (if
liquid) or dissolved in (if solid} the basic organic
solvent. Heating may be necessary to effect solution
of the silicon source.

Advantageously, all the silicon source is

25 dissolved in the solvent.

Although the invention is not to be regarded as
limited by any theory, it is believed that the
reduction in product particle size achieved by the
process of the invention may be attributable to the

30 predissclution of the silicon socurce providing an

increased number of nucleation sites from commencement



Al t hough the invention is not to be regarded as limted by an [
. : gp t
Is believed that the reduction in product particle size aghiezéﬁgﬁﬁﬁﬁ @

process qbo%QBJQdention may be attributable to the 30 pregk bign of the
silicon source providing an increased nunber of nucleatigﬁwgﬁgt%ﬁ??onl

comencenent WO 03/048043 5 18 MAY 2006 . PCT/ US02/ 26208 of nol ecul ar sieve
crystal formation in the synthesis mxture. In general, the treatnent of
the synthesis mxture to yield the desired crystalline nolecular sieve, 5
usually termed hydrothermal treatment, is advantageously carried out uhder
aut ogenous psessulteculbar sexarpkbeyshaan fautedtiane Anf gheexamiine s st ai nl ess
steel autoclave which may, if desired, be ptfe-lined. The treatnment my
for exanpl e, Mmb¥tEEPri ed out at a 10 tenperature within the range of fron{SO,

advant ageousl y fgﬁgégﬁgggipeghglk¥eé%ﬁengoOTZQQECByg%m@ngn%ﬂytdﬁ@

nol ecul ar sieve b ‘The treatnent” may, for ~“exanple, be carried out

for a periodtui {hindt haer aege reaf ckyemal line200 lleoulsr priefverably up to 100
hours, 15 agai n"depending on the nolecular sieve being formed. The
procedbr e maysi:adlydecanedgbiyAgopeersa]l &reREMeRt, ASom tenperature or,

[reatmont oROHaPEoGrEyAtey FERBEPabe e PACCAT R TGS "o peri od
of gradual of,stgRULEEeVAN @kl QltbBlbeRNEF}MUKample a stainless

steel autoclave which may, if desired, be ptfe-lined.

The treatment may, for example, be carried out at a

1GC temperature within the range of from 50, advantageously
from 90, especially 120, to 250°C, depending on the
molecular sieve being made. The treatment may, for
example, be carried out for a period within the range
of from 1 to 200 hours, preferably up to 100 hours,

15 again depending on the molecular sieve being formed.
The procedure may include an ageing period, either at
room temperature or, preferably, at a moderately
elevated temperature, before the hydrothermal treatment
at more elevated temperature. "The latter may include a

20 period of gradual or stepwise variation in temperature.

As source for the phosphorus in the synthesis
mixture, there may be mentioned phosphoric acid,
organic phosphates, e.g., triethylphosphate, and
aluminophosphates.

25 As source for aluminium in the synthesis mixture
there may be mentioned alumina hydrate, alumina, sodium
aluminate, pseudoboehmite, organic aluminium sources,
e.g., alkoxides, for example, aluminium isopropoxide,
aluminium phosphate.

30 As source for silicon there may be mentioned fumed
silica, e.g., that sold under the trade name Rerosil;

an aqueous colloidal suspension of silica, e.g., that




As source for the phosphorus in the synthesis mxture, there may be

menti oned phosphoric acid, organic phosphates, e.g., triethylpﬁdhﬁﬁbaﬂﬁ and
aIuninopQQQQQ@gﬁﬁs 25 As source for alum niumin the synt hegiraduxtia e

there may be nentioned al um na hydrate, alum na, sodium alumnate,
pseudoboehm te, organic alum niumsources, e.g., alkoxides, for exanple,

al um ni um i sopropoxi de, al um ni um phosphate. 30 As source for silicon there
may be nentioned fumed silica, e.g., that sold under the trade nane
Aerosil; - an aqueous colloidal suspension of silica, e.g., that 18 MAY 2006
WD 03/ 048043:HCT/ Wn8e2/ 26208 réceolrimmderdarh 34der fandox ud840AS40ror Ludox

HS40; or organic silicon sources, e.g., a tetr alﬁ¥l rthosilicate,
especi al | y texganihyFidirREsiSIAEEHES - %ﬂQ4nnﬁﬂFqﬁﬁ? %&%ﬁtion is nore

especi al 1y of Lupottance 5 waen o spurae sl o ans baeegan ¢

source, it solution i the basic organic solvent
may effect physhgahhokhehemvealt idhiangesmdre tdepecioirbe @f arddedtahae
addition, the synthesis mxture will contain an 10 organic

st ructiur e- diwleeti hheageutr cet exfplsdtle)carn ifge?ﬁé_rleﬂqr%f?ichdi"’%‘d?%%f aES_Bv_e, t hese
bases. mor o BeHOE] AP LF THOREG W dUGh SPA Ao i > Lo Sosaae s ed
either singl o?@eh@ %Eﬁ;%&%%ctl s tenPl @t eshdief£1 nelyahge sebhi ehed, for
exanple, tetraethyl a ni um conpounds, cycl opentyl am ne,
source as added.
In addition, the synthesis mixture will contain an

10 organic structure-directing agent {template). In
general, as indicated above, these compounds are
generally organic bases, especially nitrogen-containing
bases, more especially amines and quaternary ammonium
compounds, used either singly or in mixtures.

15 As templates there may be mentioned, for example,
tetraethyl ammonium compounds, cyclopentylamine,
aminomethyl cyclohexane, piperidine, triethylamine,
cyclohexylamine, trimethyl hydroxyethylamine,
morpholine, dipropylamine (DFA), pyridine,

20 isopropylamine and mixtures thereof. Preferred
templates are triethylamine, cyclohexylamine,
piperidine, pyridine, isopropylamine, tetraethyl
ammonium compounds, dipropylamine, and mixtures
thereof. The tetraethylammonium compounds include

25 tetraethyl ammonium hydroxide (TEROH), and tetraethyl
ammonium phosphate, fluoride, bromide, chloride, and
acetate. Preferred tetraethyl ammonium compounds are
the hydroxide and the phosphate. The molecular sieve
structure may be effectively controlled using

30 combinations of templates. |

In the manufacture of SAPO-34, it has proved

advantageous to use a mixture of templates. For




am nonet hyl cycl ohexane, piperidine, triethylamne, cyclohexyl angmaf 2006
trimethyl hydroxyethylam ne, norpholine, dipropylanmne (DPA), pyridine, 20

i sopropyl gwpﬁgﬁng m xtures thereof. Preferred tenplates ﬁéﬁ“gﬂbﬁ&mylanine,
: y

cycl ohexy pi peridi ne, pyridine, isopropylamne, tetraet anmoni um
conpounds, di propyl am ne, and m xtures hereof . The tetraethyl amoni um
conpounds include 25 tetraethyl amoni um hydroxi de (TEAOH) , and tetraethyl
anmoni um phosphate, fluoride, brom de, chloride, and acetate. Preferred
tetraet hyl ammoni um conpounds are the hydroxide and the phosphate. The

nol ecul ar si gxampstd, UGt Wiel eyl e @fif kot ¢ viel yt wont 1| TEAOHS| Wish is

conbi nations of tenplates. In the manufacture of SAPC§§4, ii has,ﬁroved
advant ageousreadisey saluklle elrofwaieml 2%, DRYyr Wl Gy D998 V®° 03048043
PCT/ US02/ 26208 .| 7 exa IeEg a E%B%gqgg%éfnplate m xture i s TEAOH, which is
readi |y sol uBP&Sth Oth A CWhT€th dissolves in water with some

difficulty. The tiept MY, tThDanLArSe ega Priiedd diltt thetlvesisel vessetlatic or,
preferably, with stirring or with rotating the vessel about a horizontal

axi s (sunblisgprtild omepreflraiey synt tesseint kaarer naltber eERELBE or
tunbl ed during an initial part of the heating.stage,, ,for,exapple, fromroom
t enper at ur e ilglear’feec-lsézlajt ul &%%??%%ﬁi%’g}stf%g%mg)terrpirgrature, and
be static ToEihad erHdIdsyn: Al 1 A0 GPOA) | Ve PEoLiees 8x product with a
smal l er partirclé”si Ze and a narrower _
tumbled during an initial part of the heating stage,
for example, from room temperature to an elevated,
10 e.g., the final treatment, temperature, and be static
for the remainder. Agitation generally produces a
product with a smaller particle size and a narrower
particle size distribution than static hydrothermal
treatment.
15 A synthesis mixture for producing SAPO-34

according to the invention advantageously has a molar

composition within the following ranges:

P>0g : Als0s 0.6 to 1.2 : 1,
20 preferably 0.65 to 0.91 : 1
SiO: H A1203 0.01 to 0.5 : 1,

preferably 0.1 to 0.5 : 1

HC : Al:0s3 10 to 100 : 1

25 together with an organic template, advantageously
tetraethylammonium hydroxide (TEACH), dipropylamine
(DPA), isopropylamine or morpholine, or a mixture of
two or more such templates, in a proportion appropriate
to yield SAPO-34. A preferred template mixture

30 comprises TEAOH and DPA.




particle size distribution than static hydrothermal treatnent @ fﬁ%ﬁ
synthesis m xture for produci ng SAPO- 34 according to the |nveﬂﬂ3 A

advant ag ﬁb&nﬁﬁ? a nolar conposition within the foll ow pgrhangess P205
A12030.6 to 1.2 :1, 20preferab|y0 65 to 0.91: 1 Si02 : A12030.01 to 0.51,
preferably0.1 to 0.5 :1 H20 : A120310 toglO0O 1 25 together with an organic
tenpl ate, advantageously t et raet hyl anmoni um hydr oxi de ( TEACH),

di propyl am ne (DPA), isopropylam ne or norpholine, or a mxture of two or
more such tenplates, in a proportion appropriate to yield SAPO-34. A
preferred tenplat@hﬁ)@QN%&B@O@oﬁﬁﬁpsesoTEﬂEE ARG DRA QﬁB@#ﬁihﬁﬁﬁl VO

03/ 048043 PCT/ US02/ 2620 8 he i nye .SQ_pr. use of a silicon
source in th&FHSH of” t %?f%oﬂ¥ ghﬁoﬁe t PR §%ﬁ§§ neﬁjvantageously a
basi ¢ organi QoSlQJt‘{[derad:H}‘anE@@eBMd!l?tBeb%hcsbrﬂg@@ﬁ'cs s@flﬁﬁwste{ line 5

si | i coal uni nophosphat’e nol ecul ar sieve to control the partlcle size of the

product. The tihevéntdotermadrspnohkedes theapcogediad lahe he processes and
of the uses of the earljer i nvention. The tlliqcﬂtucts

requir éd aftéﬂL%QQQﬂP@%P%&%ﬂgﬂﬁﬁt3nﬂ?i?CE$PE|ﬁﬁﬁge & & VIS catalyst
precursors, eataliysis.spnd §ePaRatppPqapd. absorption nedia.

The invention further provides the products of the
processes and of the uses of the earlier aspects of the
invention. The products, if required after cation

10 exchange and/or calcining, have utility as catalyst
precursors, catalysts, and separation and absorptiocn
media.

The molecular sieves of the present invention can
be used as seeds in the manufacture of mclecular

15 sieves. The molecular sieves prepared by the method of
the present invention may be used to seed the formation
of molecular sieves of the same structure type or of a
different structure type. They can be used to seed the
formation of a zeclite or of a phosphorus-containing

20 molecular sieve. The seeding of a phosphorus-containing
synthesis mixture is described in above-mentioned
Internaticnal application WO 00/06493, the disclosure
of which is incorporated herein by reference.

As used in this specification, the term "structure

25 type" is used in the sense described in the Structure
Type Atlas, Zeolites 17, 199%e.

Accordingly, the present invention also relates to
a process for manufacturing a molecular sieve,
comprising (i) forming a synthesis mixture from a

30 crystalline silicoaluminophosphate molecular sieve of
the invention, sources of aluminium and of silicon,

optionally a source of phosphorus and optionally one or



The nol ecul ar sieves of the present invention can be used as seeds in the
manuf acture of nol ecul ar 15 sieves. The nol ecul ar si eves preparbﬁhﬁvzmﬁe
met hod ofy, ot AGBgsent invention may be used to seed the ferwasipm200f

nol ecul ar 'sieves of the sanme structure type or of a different structure
type. They can be used to seed the formgtion of a zeolite or of a
phosphorus-contai ni ng 20 nol ecul ar sieve. The seeding of a
phosphorus-contai ning synthesis mxture is described in above-nentioned

I nternational application WD 00/06493, the disclggure of mhicg i s
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"structure 25.type"_Jjis_ U ' epse crihegd.i R I ure Type
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a process forg@nyf act yréangi dg Mohecslathss evemixtampr fsicng pexibdrm ng a
synthesis mxture froma 30 crystalline silicoalum nophosphate nol ecul ar
sieve of thendiantd otempoXdtexe o2PRF ARt haifh 4A8 ShesmppedRctugst Pdnal 1y a
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other material necgssghy dfpodQifeiheypBlecthar ssle¥ealuaidophiosphaeating the
synthesis mxture for a period and at a tenperature appropriate for the
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concentration of up to 10000 ppm, advantageously at

10 most 3000 ppm, more advantageously at most 1500 ppm,
and preferably at most 1000 ppm, more preferably at
most 500 ppm, and most preferably at most 350 ppm,
based on the total weight of the synthesis mixture. A
minimum seeding level is generally 1 ppb (0.001 ppm},

15 advantageously at least 0.1 ppm, more advantageously at
least 1 ppm, and preferably at least 10 ppm, based on
the total weight of the synthesis mixture. Advantageous
ranges of proportions are from 1 ppm to 2000 ppm,
preferably from 100 ppm to 1500 ppm, and most

20 preferably from 100 ppm to 250 ppm.

The seeds are advantageously incorporated in the
synthesis mixture in the form of a suspension,
advantageously a colloidal suspension, advantageously
in an aqgueous medium, preferably water, or another

25 liquid component of the synthesis mixture. As used
herein, the term "colloidal", when used of a
suspension, refers to one containing discrete finely
divided particles, dispersed in a continuous liquid
phase and preferably refers to a suspension that is

30 stable, in the sense that no visible separation occurs
or sediment forms, in a period sufficient for the use

intended, advantageously for at least 10 hours, more




concentration of up to 10000 ppm advantageously at 10 nost 3000 ppm nore
advant ageously at nost 1500 ppm and preferably at nost 1000 pppng MAO 2886

pr ef er ablyoajz/osgmst 500 ppm and nost preferably at nost 35T ppm22eased on
the total weight of the synthesis mxture. A mninumseeding level is
generally 1 ppb (0.001 ppn), 15 advantageously at least 0.1 ppm nore
advant ageously at least 1 ppm and preferably at |east 10 ppm based on
the total weight of the synthesis m xture. Advantageous ranges of
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suspensi on, ageéous pensi on, advantageously in an

aqueous nedluﬁmlgmﬁf@@ﬁﬁe&atﬁﬁé (p3°@not her 25 |iquid component of the
synthesis mxture. As used herein, the term”colloidal”, when used of a
suspensi on, refenﬂh&m(ﬁhﬁ(ﬁﬂﬁ%@@ﬁl@ﬂ%ﬂ@@b@@@hﬁtﬁemylG&U@@Géé%ﬁﬁQﬁcles

di spersed in nti.nuous i quid hase_ and fe y fers

suspension tR t 36 VStHb ! ??ﬁtﬁé@@e%%es?ggg gﬁ@& aﬁé SES%%H}IOH occurs
or sedi nent F%ﬁ@ﬁcﬂé1éii&”dﬁmh§qﬁ$¢@'$@® Rl theaHs@geonsanded most

advant ageously for at |east 10 hours, nore WD 03/ 04 3 10 18 MAY 2006

PCT/ US02/ 26228 Cadwantpagsousdlyl ntat eastt 200 fooms, apflefmesdbpyredtedadasgt 100
?ggféﬁ and ngrengg%f rabﬂX aﬁrefaStbﬁg aguieés%tsognb%%%tn{egperature
preferably at least 90%, of the crystals by number are

10 smaller than 100 nm. Most preferably at least 50% of
the crystals are smaller than 50 nm.

In one embodiment, the silicoaluminophosphate
seeds are SAPO-34.
In another embodiment, the silicoaluminophosphate

15 molecular sieve of the invention are especially useful
in numerous hydrocarbon conversions, separations and
absorptions. They may be used alone, or in admixture
with other molecular sieves, in particulate form,
supported or unsupported, or in the form of a supported

20 layer, for example in the form of a membrane, for
example as described in International Application WO
94,/25151. Hydrocarbon conversions include, for
example, cracking, reforming, hydrofining,
aromatization, oligomerisation, isomerization,

25 dewaxing, and hydrocracking (e.g., naphtha to light
olefins, higher to lower molecular weight hydrocarbons,
alkylation, transalkylation, disproportionation or
isomerization of aromatics). Other conversions include
the reaction of alcohols with olefins and the

30 conversion of oxygenates to hydrocarbons, especially of

methanol to olefins, especially light clefins. SAPO-34




When the silicoal um nophosphate nol ecul ar sieves 5 of the i nvegé mﬁ[ﬁﬁe
used as seeds, they have a nean particle size of at nobst 400 nh

advant ag 8%2%u%53”“5t 200 nm preferably at nost 100 nm p@ntisi@ibos
preferable@ nmost 50 nm Preferably, at |east 50% and nore preferably at

| east 90% of the crystals by nunber arg[llo smal l er than 100 nm Mbst
preferably at |east 50% of the crystals are snmaller than 50 nm In one
enbodi ment, the silicoal um nophosphate seeds are SAPO 34. |In another

embodi ment, the silicoal um nophosphate 15 nolecular sieve of the invention
are especi al pyodsekd by rtheuneraess hyof ode biow vt st ®nesPsepatari ons and
absorptions. They may be used alone, or in adm xture wth other nol ecul ar
si eves, in panitedlst 90rtH1S SPBTEIRCBr unsupported, or in the formof a

supported 20 | aye?@ﬁv%%ﬁg%%pfi%x;ﬁ&%{@é% Be NegbF 888, ofier wiexanpl e as

described in Inte on WO 94/25151. Hydrocarbon conversi ons

include, forynheXamRig@dnadeackd ng,, rmedasamae, hydrlod ihigqgid aremati zati on,
ol i gonerisation, iSsdnerization, n5 dewaxing, and dr ocracki_n &g.g.,
napht ha to | pgktferebefi,nheniGRguE cPhaser Hol R ArChei aﬁ?fﬁga ¢ar bons,

al kyl ation, transal kyl ation, disproporti [ of +SRPBLLEALI ABgEf
aromatics). GPRELPUGHRME s in Eﬂgeéé%ﬁggéeac i%% o? al'cohols Wi th ol efins
and the 30 canyehgi@n Hfy 0Ky aaiaEE sy Dobyey ogedions, baspécoal |y of  met hanol
to ol efins, %s&%é?§||y |1 ght ol efins. SAPO 34 18 MAY 2006 WD_03/048043
PCT/ US02/ 26208 ybEnate, of advantageously 1 to 1000, preferably 1 to

100, hour™* may conveniently be used. An elevated
10 temperature is generally required to obtain economic

conversion rates, e.g., one between 300 and 600°C,
preferably from 400 to 500°C, and more preferably about

450°C. The catalyst may be in a fixed bed, or a
dynamic, e€.9g., fluidized or moving, bed.

15 The oxygenate feedstock may be mixed with a
diluent, inert under the reaction conditions, e.g.,
argon, nitrogen, carbon dioxide, hydrogen, or steam.
The concentration of methanol in the feedstream may
vary widely, e.g., from 5 to 90 mole per cent of the

20 feedstock. The pressure may vary within a wide range,
e.g., from atmospheric to 500 kPa.

The following Examples, in which parts are by
weight unless otherwise indicated, illustrate the
invention. The source and purity of starting materizls

25 are those first given, unless indicated otherwise.

Example 1

This example illustrates the manufacture of SAPO-
34 using the process of the invention.
30 A synthesis mixture was prepared from the

following components in the proportions shown.



produced by the process of the invention is especially SU|tabIe for
conver si on. Conversion of oxygenates may be carried out with th ﬂ nate

e.g., metan8lsdyd the liquid or, 5 preferably, the vapour;mhagamnmmsbatch
or, preferably, continuous node. Wen carried out in continuous node, a

meight hourly space velocity (WHSV), basgg on oxygenate, of advantageously
1 to 1000, preferably 1 to 100, hour-1 may conveniently be used. An

el evated 10 tenperature is generally required to obtain econom c conversion
rates, e.g., one between 300 and 600C, preferably from 400 to 500C, and
more pref er alfamp@ReRt 450C. The catal yst may be in a fixedPHRPTBFoR
dynamc, e.qg., fluidized or noving, bed. 15 The oxygenate feedstock may be
mxed with aadiluent, £pelbidadesitihear gasidoon ASIWi tions, e.g., argon,

ni trogen, carbon dioxidggshydrQgear or steam The concentratdongof nethanol
in theéfeedstrean1nay vary mndely, e.g., from5 to 90 nDIe per cent of the
20 feedstock. The press W t e range, from

at nospheric to 500 kPa. ¥§ﬁ8g? ¥ﬁ§ EgﬁﬁSPé? i n which paﬁ&? e

wei ght unl ess ot herw se ?ﬁdﬂﬁaﬁéaerlllustrate the inventio fﬁé source and
purity of starting materials 25 are those first given, unless indicated

ot herwi se. Bxmnpl e 1 Thh}@exafpinedd IRistalate’) t he manuf act urdl of0 SAPO- 34
usi ng jtohe process of theatayention. 30 A synthesis m xture W& poepared from
the follow ng conponents in the proportions shown. W) 03/048043

C H3PO, (Bcros), 85% in water 53.33

D DPA (Fluka) 37.50
15

To the colloidal silica was added the TEAOH
dropwise while stirring in a stainless steel autoclave.
The mixture was heated over 2 hours to 100°C, and

20 maintained at that temperature for 12 hours, the
resulting solution forming Component A.

B1,0; was placed in the bowl of a Kenwood mixer,
and water added with stirring to form a slurry of
Component B. Component C was then added, followed by

25 Component A, and then Component D. The molar

composition of the mixture was:
Al-0Oy : Po05 0.3 SiOz : TEAOH : 1.59 ppA :@ 52 H-0O

30 The synthesis mixture was heated in a stainless
steel autoclave over 2 hours to 175°C and maintained at
that temperature without stirring for 96 hours. The
solid product was recovered by centrifugation, washed
four times with water to a conductivity of about 38

35 uS/cm and dried overnight at 120°C. XRD and SEM showed
a pure SAPO-34 product with platelet crystals of

uniform particle size; 50% by number of the crystals



18 MAY 2006 PCT/ US02/26208 12 5 10 15 Conponent Proporti on ACol | cyagg mﬂ' l'ica
(Ludox AS40) 40% in water 10.49 TEAOH, (Eastern Chem cal) 97.8§ ol N water
BA1203 ( Gpgdeayshyy al SB) 31. 60 water119. 20 CH3P04 (Acros), BSpusmemger 53. 33
DDPA (Fl uka) 37.50 To the colloidal silica was added the TEACH dropw se
while stirring in a stainless steel autgglave. The m xture was heated over
2 hours to 100C, and 20 naintained at that tenperature for 12 hours, the
resulting solution form ng Conponent A A1203 was placed in the bow of a

Kenwood mi xer, and water added with stirring ta forma slurry of Conponent
B. Conmponent wErgasrardeladded 4] I%&Oﬁy‘@% %%ﬁ?tll\?na o=t H8n

Conmponent D. ,Th l.ar, QNPosi ti of . 1. ' : 3 : P205 : 0.3
Si 02 : TEAC]—IY.le;dEEBDIQE %%Cﬁié)@ g%]el'ﬁeetl nﬁhﬁ%%myg?t @Jr%vgs heated in a
stai nl ess sieghpautiachavwa @er 2 hours to 175C and maintained at that
tenperature without stirring for 96 hours. The solid, product _was recovered
by centrifugati onPywashedf comparison, a synthesis mixture of the

5 same molar composition was prepared, but the silica and
the TEAOH were added separately to the mixture.
Hydrothermal treatment produced a pure SAPO-34 with
cube-like crystals of varied dimensions between 0.5 um
and 20 pm; 50% by number of the crystals were smaller

10 than 1.6 pm, 10% were greater than 3.8 pm.

Example 2

Following the procedure of Example 1, a synthesis
mixture was prepared having the following molar

15 composition:
B1,03 : P2Os : 0.3 Si0. : 2.00 TEAOH : 52 H0

i.e., the colloidal silica, Ludox AS40, was dissolved
20 over the course of 12 hours in the 35% TEAOH aqueous
solution at 100°C, but the synthesis mixture contained
only TEAOH, no DPA, as template.
The synthesis mixture was heated in a stainless
steel autoclave over 2 hours to 175°C, and maintained
25 at that temperature for 96 hours without stirring. The
crystalline solid product was recovered by
centrifugation, washed four times to a conductivity of
about 32 pS/cm and dried overnight at 120°C. The
crystals were pure SAPO-34; 50% of the crystals by
30 number were smaller than 50 nm, 10% were larger than

100 nm.




four times with water to a conductivity of about 38 35 pS/cm and dried
over ni ght at 120C XRD and SEM showed ~a pure SAPO 34 product wit 6 M3l et

crystals \8§0 )grg prmparticle size; 50% by nunber of the cipyegi@ysdRs MAY
2006 W0 03048043 PCT/ US02/ 26208 13 were smaller than 700 nm  10% were

larger than 1.2 pm Yield 13.9% based opythe wei ght of the original
synthesis m xture. By way of conparison, a synthesis mxture of the 5 sane
nol ar conposition was prepared, but the silica and the TEAOH were added
separately to the m xture. Hydr ot hermal treatnent produced a pure SAPO 34
with cube-like cAysiiaislan spnilesipnBiztons MasweSErRIBdmasthd 20 pm 50%

by nunber of the cr S S \were smalle 0 t han m, .10% wer e greater than
3.8 pm Exanm C%a%? ‘15%%%?618@ 5881tm in%gt 138 ittt s eh m xture

was prepar ed s@‘i’ﬂg)gfgheaﬁ Oiwvhsyg n?bgraléeﬂesaosjft 40N AN 2D 351205 © 3
Si2 : 2.00 TEACH t he col'l oi dal sil i ca, Ludox AS40, was

di ssol ved Zﬂ‘rm/e:rrys’ftaalcsnﬁﬁteelofwaﬁhhngr andndn:b'an@S%sTEMd’#eaq&mrmsoEol ution
at 100C, but the synthesis m xture contai n gn TEAOH, no DPA, as
t enpl abe. Th@aditHes i S 3R QUL RS Pﬁ@éﬁeﬁ Jt &Ml ess steel autocl ave

over 2 hours to 1zl$he @&S% rzfu ggg?rc;ﬁeﬁrt tﬂ@ret emenatyrg, ore 16, hour s

W t hout stirring. I ne s pro uct was recovere
using a synthesis mixture of the same molar composz.tlon

but adding the silica and the TEACH separately to the
mixture, one carrying out the hydrothermal treatment on
10 a static mixture, the other with stirring at 170 rpm.
The static mixture was heated over 2 hours to
175°C, and maintained at that temperature for 396 hours;

the stirred mixture was alsoc heated over 2 hours to

175°C but maintained at that temperature for only 24
i5 hours. 1In each case, the product was pure SAPO-34, of

particle size about 1 um.

Example 3

In this example, a synthesis mixture like that
20 used in Example 1 was prepared, but cnly part of the
silicon source was pre-dissolved. The HiP0O, was first
added to the Al1;03/H.0 solution, followed by the
addition of 96% of the silica, Ludox AS40, alone. Then
the remainder of the Ludox AS40 was added, predissclved
25 in the TEAOH (0.98 parts of Ludox AS140 in 223.43 parts
TEAOH), followed by the DPA to give a synthesis mixture

of molar composition:

Al,03 : P05 ¢ 0.3 Si0; : TEROH : 1.6 DPA : 52 H;0
30

The synthesis mixture was heated in a stainless

steel autoclave over 8 hours to 175°C and maintained at




centrifugation, washed four tinmes to a conductivity of about B8 MM/l and
dried overnight at 120C. The «crystals were pure SAPO 34; 50% of the
crystals er were smaller than 50 nm 10% were | a 100 nm
Lo Ay DTS, Dab0as PeY Lso2) 28308 14 A simm 1 or synfﬁg@?@&nﬂiﬁure Vas
prepared, and subjected to hydrothernalfireatnent but this tinme with
stirring, at 170 rpm for a period of 4&' ours only. The crystals after
washi ng and dryi ng as above were of 5 particle size somewhat |ess than 0.1
pm Two conpari son experinents were carried out, each wusing a synthesis

m xture of thehsaneempéaatopapesthoon sbitraoddi Agrt Bé &ichirca affthet he TEACH
separately to the mxture, one carrying out the hydrothermal treatnent on
10 a static mStif RreHecht Has ﬁﬁ?ﬁv§¥?8rPﬁgdﬁﬁci?ée?pﬁp EXRa@Pdati-c i xture

was heated over t j Lne that. . te k.at, for 96
hours; the s ?%%e%gﬁ§§?u§5y%ggfglQ%P%gg%ggg%geg ghﬁogrgnTo%H%958%§%t

mai ntai ned at)dhadrten®er ab uhe, f Oreopl yh@4pibdhetr Basl Bm@adkrcase, the
product was pure SAPO-34, of particle size about 1 pm Exanple 3 In this
exanpl & a symieb¢ke ndizarehankeftadl the ssbédcpniexarpeé 1 was prepared,
but only part_ of the _silicon, source_was e-di ssolyed. The H3PO4 was first
added to the %ﬁ%@%s&%‘fi%ﬁ?g%ﬁ%%d‘%%tth ggéi g?on of 96% of the
silica, LudoxA#ss@lehg. Then the remainder of the Ludox AS40 was added,

pr edi ssol ved _ o
In further comparative experiments premixing of

silica (Ludex AS40) with TEACOH, at room temperature

10 with and without aging, but without dissolution of the
silica in the basic aqueous-organic solvent, gave slocw
crystallization, resulting in poor yields, together
with amorphous material, and broad crystal si:ze

distribution.




25 in the TEAOH (0.98 parts of Ludox AS140 in 223.43 parts TEACH),§ MAY 106wed
P205 :

by the DPA to give a synthesis m xture of nolar conposition: Al1203 :

0.3 Si02 : 1.6 DPA : 52 H20 30 The synthesis m xture was heated in a

st ai nl es

96 hours.

separate

conparati ve expeMgents prem xi ng of
roomtenperafire 10 with and wi t hout agi ng,
silica in the basic aqueous-organi c sol vent,

resulting injpooryyifldsss t aget hafe Wuh hfaq'gmy_.phcgfs gat

crystal

manuf act ure of a t¥yiscalynimephesnhatsal uth‘EHi-@@hatséeﬁm ecubhickj eve,
c%n@ff.géyg ?9}” peSviding! WOREMN off 21RROSAMOT Ust and of
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silicon,

10
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25

30

s steel

ly, but

TEACH :

aut ocl ave over 8 hours to 175C and nmintained at 1 8 MAY
200b WD 03/048043 PCT/ US02/ 26208 15 that tenperature without stirring for

The solid product was recovered as described in Exanple 1.
of the crystals were between 1 and 2 with some |arger than 10 pm
the product has snmaller 5 particle size than if al

Mbst
i.e.

the silica is added

| arger than that if all is predissolved. In further
silica (Ludox AS40) with TEAOH, at
but” wi t hout dissolution of the
gave slow crystallization,

jsthi1 A broad

&F
size distribution. 1 8 MAY 2006 16 CLAI M5 A’process for the

ses: (a)

the source o

phosphorus and of silicon, the 'source of silicon
having been dissolved by heating 1n an organic base:;
b) forming a synthesis mixture from said sources and
any other material necessary to form the molecular
sieve; and (c) treating the synthesis mixture for a
period and at a temperature appropriate for the

manufacture of the molecular sieve.

A process as claimed in c¢laim 1, wherein the source
of silicon is a =ilicon component in solution in a
water-miscible liquid organic base or a silicon
component in an aguecus scolution of a solid organic

base.

A process as clazimed in any of claims 1 or 2, wherein
the said solution comprises s liquid organic base in
admixture with water.

A process as claimed in any one of claims 1 to 3,
wherein the organic base in the said solution serves
also as a structure-directing agent (template} in the

synthesis of the molecular sieve.

A process as claimed in claim {, wherein the template

is tetrzethylammonium hydroxide {TEACH)}.

whi ch



havi ng been di ssolved by heating in an organic base; b) formng aAﬁKﬂ@ﬂFSIS
m xture from said sources and any other material necessary to fod |

nol ecul ar 10 sieve; and (c) treating the synthesis mxture for a period and
at a tenperature appropriate for the nmanufacture of the nolecul ar sieve. 2.
A process as clained in claim1, wherein the source 15 of silicon is a
silicon conponent in solution in a water-m scible liquid organic base or a
silicon conponent in an aqueous sol utjson of a solid organic base. 20 3. A
process as clainmed in any of clainms 1 or 2, wherein the said solution
conprises a liquid organic base in adnmxture with water. 4. A process as
claimed in any. ong ptocds¥ e Llbimed in2%lubereidr tdlaimr gankeRase in the

said solution serves also as a st-ructure-directin | ate) in the
synthesi s of the KBFectA™Rl3tfevid. B, MXIPEReRf aéegi:%ﬁg‘rlf‘é’gl &Hﬁf@ga. m 4,

wherein he i ompl eredel réRth 26k WL AIBNIAHLOYGEAK| do (TEACH) . 16 MAY
m

2006 17 6. A process as clained in clal claim wherein the tenplate
is a mxture of tetraethylammonium hydroxide (TEACH) and di propyl am ne

(DPA). 5 7. Ay progessodsls chal Sdnlll 8RYaANCofd & Alffind 40§, ¢, Wherein at

| east part of the process is carried out agltatlon of the synt hesi s
m xture. 8. A prowbsseigs ad] diepet partamf dhe pfoadsai ds tarpied oul(Q wherein

the silicoal um nog@gﬁpibqttgt%ry%tfa{illé r}?ntﬁ@gﬁcm;‘rﬂ%i.eve i's SAPO 39.

8. A process as claimed 1in any one of claims 1 to 7,
10 wherein the silicoaluminophosphate crystalline

molecular sieve is SAPD-34,

9. A process as claimed in any one of claims 1 to 86,
wherein the source of silicon comprises an inorganic

15 silicon compound.

10. A process as claimed in claim %, wherein the

inorganic silicon compound is colloidal silica.

20 11. A process according to any one of claims 1 to 10,
wherein the silicon source has been dissolved by

heating at 100°C in a water-soluble organic base.

12. A process for manufacturing a molecular sieve,

25 comprising {l) manufacturing a crystalline
silicoaluminophosphate molecular sieve by the process
according to any of claims 1 to 11, (2) forming a
synthesis mixture from the crystalline
silicoaluminophosphate molecular sieve prepared in

30 step (1), sources of aluminium and of silicon,
optionally a 'source of phosphorus and optionally one

or several structure-directing agents (templates) and




9. A process as clainmed in any one of clains 1 to 8,  wherein the source of
silicon conprises an inorganic 15 silicon conpound. 10. A proce‘p? MY 7006
claimed in claim9, wherein the inorganic silicon conpound is coll oidal
silica. 20 11. A process according to any one of clainms 1 to 10, wherein
the silicon source has been dissolved by heating at 100C in a water-soluble
organi c base. 12. A process for manufacturing a nol ecul ar sieve, 25
conprising (1) manufacturing a crystal{gne silicoal um nophosphate nol ecul ar
sieve by the process according to any of clains 1 to 11, (2) formng a
synthesis mxture fromthe crystalline silicoalum nophosphate nol ecul ar
sieve prepared in a39 stidr hieriSAUneEsssRtyadirfiorinrheamd lodulsirl i con,
optionally a, source of phosphorus and opti onalh:%\.one, or st:q\%e/ral

struct ure-directirige¥gert™s ((Ebntieatiry tgﬁdsﬁ"g' ¥ THoG I8 2ot her materi al

necessary to for mdhe a0l RCUkal tetp8YRurdNshrPpri seatdorgekdie synt hesis
m xture for a period and at a tenperature appropriate for the mnufacture

of the nol ecul ar dtaspgacmre3of Ahy gebearlpsrsia¥eé-conversi on of an oxygenate
to ol ef4dns which conprises nanufacturing a crystalline

si |l i coal um nophosphat e nol ecul ar sieve by the process according to any of
Clains 1 to 113and® csncesa ifeg e sesveripst of |annex¥genac8atuni nophosphat e

mol ecul ar  si eve Wil AOGHVERIEERE sMP v EA RIrY g Ca CRPYEE BIIQR-
silicoaluminophosphate molecular sieve by the process
according to any of Claims 1 to 11 and contacting
10 such crystalline silicoaluminophosphate meolecular

sieve with the oxygenate under catalytic conversion.



