WO 03/ 048042 PCT/ US02/ 26205 1 PROCESS FOR MANUFACTURI NG A Sl LI COALUM NO-
PHOSPHATE MOLECULAR SIEVE 5 This invention relates to nol ecul ar sieves and
pr ocesseswbDag/otgver r manuf acture. More especially it rel ateg/usn2/dres
preparation of synthesis m xtures to _.control product characteristics. The
invention relates 10 especially to theé manufacture of
silicoal um nophosphate nol ecul ar sieves, and nore especially SAPO-34. In
U S. Patent No. 4 440 871, the preparation of a nunber of
phosphor us- cont ai ni ng nol ecul ar sieves is described,. 15 The patent
particularly describes processes for the nanufacture of nunerous

crystal line mcropgpetss Shki G EACTORIGS Phas es1¢GARGBN0+ nel udi ng
SAPO- 34, enploying sources of sificon (€.9., a sifica sol), alumnium

(e.g., hydrated al um ni umEBRISRERT Fa MPIXT WS HdiVills (e.g., orthophosphoric

acid), and an organic tenplate, for exanple tetraethyl anmoni um hydroxi de

(TEAéiD i sopropylam ne (i PrNH2) or di-n-propylamne (DPA). The patent,

t he di scl osure ofhwhiiGivdnt ionneernpeat ed i lrefidnence eheseiand gi ves X-ray

25 diffraction data for the SAPO s and describes their  utilities in

catal ysis m%ﬁ%tﬁ% Ehierite PRAMTGA TRppl MO&E GPRE'G0/ 06493 descri bes

obt ai ni ng phospho :j:so c&[é{ SDII%I Qar{ql %Clélﬁrsy%t%\é%%so?nlx|t%‘&%rs payticle size
st ze distribuot

and narrower ion by 30 agitation, e.g., stirring or tunbling.
control product characteristics. The invention relates

10 especially to the manufacture of silicoaluminophosphate
molecular sieves, and more especially SAPO-34.

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

15 The patent particularly describes processes for
the manufacture of numerous crystalline microporous
silicoaluminophosphates (SAPO’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
methanol to olefins (MTO), especially light (Cz to C4)

olefins, using an aluminophosphate crystalline



EP- A-541 915 is concerned with the conversion of mnethanol to ol efins
(MO, especially light (C2 to C4) olefins, using an al um nophosphate
crystal | iwe 032 048042 PCT/ US02/ 26205 2 nol ecul ar si evecraisat/gens The
speci fication describes the advantages of small particle size catalysts in
MIO processes, and provides a process for facilitating the manufacture of
a small particle size material by 5 stirring the synthesis m xture,

produci ng SAPO 34 of nedian particle dianmeters, expressed as_a nass
distributi@leQP%%%EFéW§eQ§¢aéH§GP 0.Thet §PECALACAEPOR. H85CF3BeFescri bes a

process in Wbl chywARQ3E JeS SRl aehyned Ushing 2atbWaRRase nsyphesi s
m xture. 10 In an exanple there are used an aqueous phase contai ni ng
phosphor i ¢ aciaks sdsyniana, pared idetsr @etchhylcemsd fotretfraploppit iagnihieum

hydr oxi des _as o nic t | at es,, _and.an organi c_phase.c rising
L5t T oot hyl MO Sa B ATHOaRaR L g Leo g2 TP Seio e v th 15 vat er.
| nt ersnat i onadi ARG add @MRRT/s38328 1desCiilesicangPkaeess i Bwhi ch a

SAPO- 34 nol ecul ar sieve is manufactured in the formof isocrystalline
spher oi dal Mgshran @aad-isrlef Gmn@tsnse FFPFRsEcadmater 08iSFg an 20 aqueous

pymifests TLAUS, ST 00,3 LeRLALE poaol Gep 9F, 5 gherents ssvent o
the purpose of te salgsent hejre ti®e20lubidd-east ha weauhcga@b-tshe silicon
in the aqueous synthesis m xture, 25 and a surfactant as norphol ogy
modi fyi ng égemppuﬁa;tured using a two-phase synthesis mixture.
10 In an example there are used an agueous phase
containing phosphoric acid, alumina, and tetraethyl and
tetrapropyl ammonium hydroxides as organic templates,
and an organic phase comprising tetraethyl
orthosilicate in hexanol, a solvent immiscible with
15 water.
International Application WO 01/36328 describes a
process in which a SAPO-34 molecular sieve is
manufactured in the form of isocrystalline spheroidal
particles of from 0.5 to 30 ym diameter using an
20 aqueous synthesis mixture comprising a template,
sources of the elements essential to the structure of
the sieve and an organic solvent miscible with water,
the purpose of the solvent being to solubilize the
source of the silicon in the aqueous synthesis mixture,
25 and a surfactant as morphology modifying agent. The
silicon source may be a tetraalkyl orthosilicate.
The spheroidal particles of SAPO-34 are said to
have a textured surface formed by crystallites the
width (largest dimension) of which is from about 0.05
30 to 2.5 pm, as determined by scanning election
microscopy. Although it is stated that reducing the

concentration of silicon in the synthesis mixture



silicon source may be a tetraal kyl orthosilicate. The spheroidal particles
of SAPO- 34 are said to have a textured surface forned by crystallites the
wi dt h (| awgasi4sdunensi on) of which is fromabout 0.05 30PCa/IBL24205 as
determ ned by scanning election m cro%copy. Al though it is stated that
reduci ng the concentration of silicon in the synthesis m xture WO

03/ 048042 PCT/ US02/ 26205 3 reduced the dianeter of the spheroids, the

product of the SAPO 34 exanples is always spheroidal. There renmains a
need, howeveducédr thensiavetenhef ebye vapyesands, | Hek weR@Uckriistal | ites of

SAPO- 34 5 _can uf act ured,. as e | usters resulting from
t he procesEhﬁeégEngg Fi® %ﬁ/%%ﬁ%p‘&)y%tg%%%r%%\%agéen found that by
onmitting the swptaet ashadnSAPQS4dpriosiustein e & anenioddi ndi vi dual

crystallites of much reduced particle size nay_ be 10 obtained, The present
i nvent i on deeseBYNHPYYpFBel Hesn @l VpddebssrYarat heteaid actti e %of a SAPO 34

crystal i ng,,mpLegul,akastYeq Wi ChoGoopElSes £REMtNgs@esyrfactant - free
synthesis mxture contalning sources of silicon, 15 of alum nium and of

phosphor usrebnlptogofirbonshappropesat @esorihedf onnié® i @b/ 363BAPO- 34, and a
ot hosi | | cat e, ShaaabnBt: PRYTt Re SgnEREE: BY TRXPLHE L8 hydr of her wal
treatment. ;20rAdyantagegusbys4tpeoswtar inathe ebr&i bf comdiwidwdum ni um
expressed giygég%lit2228?1mhghaiegggédopgi%icle size may be

10 obtained.

The present invention accordingly provides a
process for the manufacture of a SAPO-34 crystalline
molecular sieve which comprises forming a surfactant-
free synthesis mixture containing sources of silicon,

15 of aluminium, and of phosphorus, in proportions
appropriate to the formation of SAPO-34, and a
structure-directing agent, the source of silica being a
tetraalkyl orthosilicate, and subjecting the synthesis
mixture to hydrothermal treatment.

20 Advantageously, the molar ratio of silicon to
aluminium, expressed as SiO; : Al03, is at most 0.5:1,
since molar ratios higher than 0.5:1 are believed to
contribute to the formation of a spheroidal particle as
described in

25 . WO 01/36328.

The invention also provides SAPO-34, the mean
particle size of which is at most 400 nm,
advantageously at most 200 nm, preferably at most 100
nm and most preferably at most 50 nm. The SAPO-34 is

30 advantageously one obtainable by, and preferably is
obtained by, the process of the invention. Mean

particle size may be measured by inspection of scanning



since nolar ratios higher than 0.5:1 are believed to contribute to the
formation of a spheroidal particle as described in 25. WD 01/36328. The

i nvent i orwealiso4grpvi des SAPO 34, the nmean particle size @CTWwsorke205 at
nost 400 nm advant ageously at nost 200 nm preferably at nost 100 nm and
nost preferably at nost 50 nm The SAPO 34 is 30 advant ageously one

obt ai nabl e by, and preferably is obtained by, the process of the

invention. Mean particle size naﬁ be measured by inspection of scanning WO
03/ 048042 PLFrUSOR/ PE2E5IraPEEedEEYNS hi cFBEr APRYCESENLEFNSEPRR Phr gest

di mensi on e Rt &l el akepsy ¢ AL.1 er naLh vel pariicle size
neasurenenggﬁgygggtgg%%igg ggtkggeﬁRD'geak m?dth gﬁa%?éis as described in
certain of sihe measpiremebel owy beThercbeponent byoKRDhpesynvhashs m xture

used in the present invention are typjcally_thpse_kno in the art or as
descri bed PREt-HEFi P& §F§l§§dsﬁptﬁ%gta%8r¥ftEgeppﬁaﬁﬁﬁFanb%$o%APC>34, as
are tshe conditi @pg ebrhRentydeet BREMBYNthE3L BERAL xt@XEE€PEefiOint he essenti al
use of 10 a tetraal kyl "orthosilicate as the silicon source, the absence of

sur f act ant thrdpoesehs ragenicéenr atpotppiapllyoshossi gpowp| tnnglyebe not ed
(1t L0 Sorl et 440CBELARRL OB D8 BUSSLELL!Sycof, uoi 0o 2
so.) Al though phedsyntibesios $AROUBE, | assartathantohréeionstofstimet hin the
scope of tﬂ?d&%%%@&%%ﬂ %%;a@%gg 9rg%gept for the essential use of
10 a tetraalkyl orthosilicate as the silicon source, the
absence of surfactant and/or the required ratio of Al-
203 : SiO;. (It may be noted that while U.S. Patent No.
4 440 871 mentions the possibility of using a
tetraalkyl silicate as silicon source, none of its many
15 examples does so.)
Although the synthesis mixture is surfactant-free,
it is within the scope of the invention to incorporate
an organic solvent miscible with water, other than a
surfactant, that assists in solubilizing the tetraalkyl
20 orthosilicate in the aqueous synthesis mixture. As
organic solvent there may be mentioned sulphoxides and
C; to Cs oxygenated hydrocarbons, the latter
advantageously being an acid, aldehyde, ketone or mono-
or polyhydric alcohol. As examples there may be
25 mentioned ethylene glycol, 1,2- and 1,3-propanediols,
acetone, methanol, n- and isopropanol, butanol. and,
preferably, ethanol.
In general, the t;eatment of the synthesis mixture
to yield the desired crystalline molecular sieve,
30 usually termed hydrothermal treatment, is

advantageously carried out under autogenous pressure,

for example in an autoclave, for example a stainless



an organic solvent mscible with water, other than a surfactant, that
assists in solubilizing the tetraal kyl 20 orthosilicate in the aqueous
synt hesi swoiogiusog2 As organi c solvent there nay be nenti eecadssukqhdxi des
and Cl1 to C5 oxygenated hydrocarbons, the latter advantageously being an
aci d, al dehyde, ketone or nono- or po?yhydric al cohol . As exanples there
may be 25 nentioned ethylene glycol, 1,2- and 1, 3-propanediols, acetone,
met hanol, n- and isopropanol, butanol and, preferably, ethanol. In
general , tilee¢l eatnentavé whickymebesi® FRSEIRD R0 Bl iR desired

crystalli mol ecul ar_si eve, u t o ot mpl freatment, is
advantagegﬁ%?ytﬁ%? ?%%tdﬁ?yUn§§¥ %% '%%bﬁ%ggréggﬂée,gﬁﬁor exanple in an
aut ocl ave, + §gbc pxeapt ewbcsiai thessav§e 037 02864 25 PCTA WSORE 2620516 st eel
aut ocl ave which may, if desired, be ptfe-lined. The treatnent may, for

exanpl e, bfrcar$0edesmechelly 12fpetatdd@®Cui tdARENIHET MYENST from 50,
At b IRER S N e LY Pyl ERat o2 i vk SR

di
nol eeul ar B may, for ‘exahple€, be carried out
for a periggambibi nbéhearange oat fooma lpépi@@0whohis, tiveefangbly up to 100
hours, again depending on the nolecular sjeve bein éorned. The procedure
may incIud@faﬁr@@ein@op%PpoH9uéPthEFegﬁr%@lYoBﬂ1F%ng% atorESor, preferably,

at a moder ately sebewdigd LATPEEaRYT Soubsi 0F eotbepbYAg oFbeRa] 1 eat ment

at nore el evate nperature. T atter may include a period of gradual
or stepw seh¥apratednrénmbgnpecatdeean ageing period, either at

10 room temperature or, preferably, at a moderately
elevated temperature, before the hydrothermal treatment
at more elevated temperature. The latter may include a
period of gradual or stepwise variation in temperature.
As source for the phosphorus in the synthesis
15 mixture, there may be mentioned phosphoric acid,
organic phosphates, e.g., triethylphosphate, and
aluminophosphates.
As source for aluminium in the synthesis mixture
there may be mentioned alumina hydrate, alumina, sodium
20 aluminate, pseudoboehmite, aluminium phosphate, organic
aluminium sources, e.g., alkoxides, for example,
aluminium isopropoxide.
As source for silicon there may be mentioned, as
indicated above, a tetraalkyl orthosilicate. There may
25 be used, for example, tetramethyl orthosilicate,
tetraethyl orthosilicate, tetrapropyl orthosilicate,
and tetrabutyl orthosilicate. Tetraethyl orthosilicate
(TEOS) is preferred.
In addition, the synthesis mixture will contain an
30 organic structure-directing agent (template). In
general, as indicated above, these compounds are

generally organic bases, especially amines and



As source for the phosphorus in the synthesis 15 m xture, there may be
ment i oned phosphoric acid, organic phosphates, e.g., triethyl phosphate,
and al unwoople®phat es. As source for alum niumin the sy®CNAS0%2620Xt ure
t here may be nentioned al um na hydratg, al um na, sodium 20 alum nate,
pseudoboehm te, al um ni um phosphate, organic al um ni um sources, e.g.,

al koxi des, for exanple, alum niumisopropoxide. As source for silicon
there may be nentioned, as indicated above, a tetraal kyl orthosilicate.
There may q@ﬁtbenaggdammgnlémaﬁpm@oupéﬁvaﬁé@ﬁyﬁl§h€ﬁ0§ﬂp9é§t@r {8t raet hyl
orth05|llcateLt tetrapropyl orthosilicate, and tetrabutyl orthosilicate.
TetraethyIHBFtH5§|I|cate (TECS) is preferred. In addition, the synthesis
mxture will comsaikBmpnat3de @h@a@ima@tb@chunéidhédctfng agenplét enpl ate) .
In general, as indicated above, these co unds are eneral ly organic
bases, espé@ﬁéﬁﬁ?hﬂ%lﬁ@@oéﬁ&mmby§§P64§G4iT ﬁUSé?ﬂZé? 5S:6SqHat er nary

amoRi um c u er -$jingkye0r AbXLHHes ceatbenpl ates there
may %e nen??ong%g%Fé %gggﬁphg c?é?%égfhyFkgﬁﬁonlun1hygSOX|de (TEACH) and

salts, e. gd;pr@pghamphatdDPﬂDuommdeth@ﬂEmnnde chcémhdaydnaiaeet at e,
0 b amne (PR el s s cysl Shgeylafiney Lo mei by o dazol
treatment ngyy %ﬁe%ﬁ;me%a@l@tlamwé tiozayessel

The treatment may be carried out with the vessel

10 static or, preferably, with stirring or with rotating
the vessel about a horizontal axis (tumbling). If
desired, the synthesis mixture may be stirred or
tumbled during an initial part of the heating stage,
for example, from room temperature to an elevated,

15 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.

20 A synthesis mixture for producing SAPO-34
according to the invention advantageously has a molar

composition, within the following ranges:

P,0s : Aly03 0.6 to 1.2 : 1,
25 preferably about 1 : 1
Si0; : Alz03 0.01 to 0.5 : 1,
preferably 0.1 to 0.5 : 1

H,O : Al,03 10 to 100 : 1

30 together with an organic template, advantageously

tetraethylammonium hydroxide (TEAOH), dipropylamine



10 static or, preferably, with stirring or with rotating the vessel about
a horizontal axis (tunbling). If desired, the synthesis m xture may be
stirred owooomdhrd during an initial part of the heati ngPsrape2/262bor
exanple, fromroomtenperature to an ;I evated, 15 e.g., the final

treatnment, tenperature, and be static for the renmainder. Agitation
generally produces a product with a smaller particle size and a narrower
particle size distribution than static hydrothermal treatment. 20 A

synt hesi s hPRRUF elfepropviRmityg SAPBANO KR dihe tBl ¥ Her® ilent i on

advant ageousl y ha Ltio 4 el f ol b g £iahges: P205
. A1203 o.%w?ooi.éofeﬁd‘&%t Dre 2oLt yfgb%muépél& 1 orgi 05 0. 01 to
0.5 : 1, prefeieblysfrd-349.0.5: 1 H20: A1203 10 to 100 : 1 30 together

wi th an organic tenpl ate, advant ageous t et r aet hyl ammoni um hydr oxi de
(TEACH), di pr opyl&nPhessi- 037108 %npt%%%s%%? Ehe (Bpa) 11 Y8 opyl ani ne
or nprphol 08, rQF+ 8,81 ¥ Us£pOLa4 t APBERe SHEN ¢ LOPEAES, of 'wa proportion
appp%priate Fo yiefd SAPO- 34. Tﬁgypggsent invention al so provides the use
in the 5 sgnthastareiofuSAPSBArbylhydeotheesedft3ehi@@nt of a synthesis

n ¢ chac g i j
et raal kyl SOERBATT) Ga o ae AT TP EEnCEolr KU To- EoRErof CURE bAri 12l @ size of

t he as silicon source to control the particle size of the
product.
10 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
exchange and/or calcining, have utility as catalyst
precursors, catalysts, and separation and absorption

15 media.

The molecular sieves of the present invention can
be used as seeds in the manufacture of molecular
sieves. The molecular sieves prepared by the method of
the present invention may be used to seed the formation

20 of molecular sieves of the same structure type or of a
different structure type. They can be used to seed the
formation of a zeolite or of a phosphorus-containing
molecular sieve. The seeding of a phosphorus-containing
synthesis mixture is described in above-mentioned

25 International application WO 00/06493, the disclosure
of which is incorporated herein by reference.

As used in this specification, the term "structure
type" is used in the sense described in the Structure
Type Atlas, Zeolites 17, 1996.

30 Accordingly, the present invention also relates to
a process for manufacturing a molecular sieve,

comprising (i) forming a synthesis mixture from a



product. 10 The invention further provides the products of the processes
and of the uses of the earlier aspects of the invention. The products, if
requi r ed wbtoas4gvaz i on exchange and/ or cal ci ni ng, have uti [PChyUsay2@es al yst
precursors, catalysts, and separati org and absorption 15 nedia. The

nol ecul ar sieves of the present invention can be used as seeds in the
manuf acture of nol ecul ar sieves. The nol ecul ar sieves prepared by the

met hod of the present invention may be used to seed the formation 20 of
nol ecul ar ot pveslbine hel siapam BinariesRiae drolfcH ai F48t%e Rt struct ure
type. They_.can. be used to j R r of a
phosphor usttontaY #i lgon’rmﬁozgjﬁgeaér Q)g? eg\/%g ie‘&geaecﬁ ralogizgs%lal&rp'

phosphor usssONé@A DL 102 SYEdESHS phodpii@ris atesaptherhd Il abowe-orent i oned 25
I nternational application WD 00/06493, the disclosure of ichis

i ncor por at ¥RV aeR bi At BYC BT ERRE T IR REPTH fqﬁr‘gasl?p%ec?)flaéb i¥h the term

"stryict ;ree?tﬁé/Per'ﬁjcérPéf%é'ébé%ﬁ%ef%%ﬂ@%liébﬁl@r Jfaedure Type

At as, ol ites 1996. 30 Accordingly, the present invention also
rel ates toana pibpessedioingrarig aeynithegla mokiactd afosjareriednprising (i)
(orm 0 8 S0t DESL o LM O A U O P SRR FEUIRRRLARE0C o8,
sources oft+@bupbntgm andsoévsjlicon, optionally a source of phosphorus and
OPtIonal Ly one of el LN MG S LR NG, 98Nt (SR gl sd and any
10 molecular sieve of the invention is used as a seed, it
is generally present in the synthesis mixture in a
concentration of up to 10000 ppm, advantageously at
most 3000 ppm, more advantageously at most 1500 ppm,
and preferably at most 1000 ppm, more preferably at
15 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),
advantageously at least 0.1 ppm, more advantageously at
least 1 ppm, and preferably at least 10 ppm, based on
20 the total weight of the synthesis mixture. Advantageous .
ranges of propdrtions are from 1 ppm to 2000 ppm,
preferably from 100 ppm to 1500 ppm, and most
preferably from 100 ppm to 250 ppm.
The seeds are advantageously incorporated in the
25 synthesis mixture in the form of a suspension,
preferably a colloidal suspension, advantageously in an
aqueous medium, preferably water, or another liquid
component of the synthesis mixture. As used herein,
the term "colloidal", when used of a suspension, refers
30 to one containing discrete finely divided particles,

disperséd in a continuous liquid phase and preferably

refers to a suspension that is stable, in the sense



5 other material necessary to formthe nol ecular sieve, and (ii) treating
the synthesis mxture for a period and at a tenperature appropriate for

t he manufwotoaesoaf the nol ecul ar sieve. In the enbodi menPCEsSoz2d2h%e

si | i coal um nophosphate 10 nol ecul ar gieve of the invention is used as a
seed, it is generally present in the synthesis mxture in a concentration
of up to 10000 ppm advantageously at nost 3000 ppm nore advantageously

at nost 1500 pp an ref erably. at 0 ] e erably at 15
nost 500 ptbtﬁf?ga% %%J(tjbg‘? esfeé‘?aalﬁ?%l%% %@%r%S%Pp%%ﬂm%ﬁ;%e%&%ﬁgﬁh%pt ot al

vei ght of 4 heesyplhest sidieditiror Ahai néauimseedkdg | evel is generally 1

ppb (0.001 ppm, advantageously at least 0.1 ppm nore advantageously at
| east 1 ppreivansegeeretabisr At kATt 180 P rPaseFon 20 the total wei ght

of the syn j ] : gEPUSS rapges. i pyoporidons are froml
ppmto 200 g‘g%}r}?a%éﬁe?]ﬁa 1?31’%‘%% 100 %%ﬂ?'t 215]150% ppjfony and nost preferably
frons 100 ppo0t ho@bd, ppmil rdree speafeaalel adyantageousl§ heeos portated in the

25 synthesis mxture in the formeof a suspension, preferably a coll oidal
suspensi or2™34¢3ht AGBBEET TR éﬂg’ (fé)queous medi um preferably water, or

anot her |iquid wyeeAPeRenti Pf cdheusyMbPeSsshat ¥tkbBecBatiselehesein, the
term"col |l oidal", when used of a suspension, refers 30 to one containing

di screte fohethedivveptiipararel esed @sspepded Fhcw kdVEi AUBRRD | i qui d phase

d ferably. refer j ' ' WO
and preferablyi gl g%gag& on S URBEL'SA 68 Lhat Jhsastabl&usip Lhensepse

10 . 200 nm, preferably at most 100 nm, and most preferably
at most 50 nm.

In another embodiment, the silicoaluminophosphate
molecular sieve of the invention are especially useful
in numerous hydrocarbon conversions, separations and

15 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
layer, for example in the form of a membrane, for
example as described in International Application WO

20 94/25151. Hydrocarbon conversions include, for
example, cracking, reforming, hydrofining,
aromatization, oligomerisation, isomerization,
dewaxing, and hydrocracking (e.g., naphtha to light
olefins, higher to lower molecular weight hydrocarbons,

25 alkylation, transalkylation, disproportionation or
isomerization of aromatics). Other conversions include
the reaction of alcohols with olefins and the
conversion of oxygenates to hydrocarbons, especially of
methanol to olefins, especially light olefins. SAPO-34

30 produced by the process of the invention is especially

suitable for this conversion.



that no visible separation occurs or sedinent forns, in a period
sufficient for the use intended, advantageously for at |east 10 hours,
nore advaptiagessus|y at | east 20 hours, preferably at | ea®CTASEO2hdUr S,
and nore preferably at |east 500 hour at anbient tenperature (23C). Wen
t he silicoal um nophosphate nol ecul ar ‘'sieves of the invention are used as
seeds, they have a nean particle size of at nost 400 nm advantageously at
nmost 10 200 nm preferably at nost 100 nm and nost, preferab] at nost 50
nm In anot her EABBEFAEAR, O HeX¥IPRRBAF UMRYOPROSPREEEY of e®ttlr sieve of

the invention argaespecially useluhanbd, nuReEguS: liygigcaebon conversi ons,

separations an Sof pti hey may be used alone, or in adm xture
wi t h ot herpnefeeubay, steyesapour pphéseul anebdbem or suppoferaoby,

unsupported, or in the formof a supported ayer, for_exanple.in the form
of a menbr&ARTiFEPUSeRAARL e a@hﬁﬁsgggﬁéagiﬂu#n¥%r%%?F%%%?uiﬁB f&ation WO 20

94/ 25151. kygrogaEbaBueRpVEpSEENSeipel ude (whov) , exasplieoncr acki ng,
reform ng, hydrofining, “aromatization, oligonerisation, isonerization,
dewaxi ng, endohydiecr afkpayapeageouniphi-hbiiot 60PPghpredeEprbhy, Lhigher to

| ower nol e ar. wei ght _hydr , al kylatio F lky! at i on,
disproportighatPSHror%ng%ﬁ§&%%§%$§%y§ eéf%%ﬁ?ics ? %&%@%ﬁggnversions
include thempeaatiies ok gbnehalsywrthubkefii he ahtaiheeconamécsi on of
oxygenates to hydrocarbons, especially of nethanol to ol efins, especially
li ght ol ef tasve8ARON34a86Spr BeficedoBy PREVEEBCAESS 8Rdt ABOThwention is
eSpﬁglallypreferably from 400 to 500°C, and more preferably about

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

The oxygenate feedstock may be mixed with a
diluent, inert under the reaction conditiocns, e.g.,

15 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
feedstock.. The pressure may vary within a wide range,
e.g., from atmospheric to 500 kPa.

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

are those first given, unless indicated otherwise.

25 Example 1

This example illustrates the manufacture of SAPO-
34 using the process of the invention.
A synthesis mixture was prepared as follows:
9.75 parts of H3PO; (85%), 9.70 parts of deionized
30 water, and 5.84 parts of alumina hydrate (Catapal,
Vista, 74% Al,03;, 26% H,0) were mixed together. Then
35.6 parts of TEAOH (35% in water) were added and mixed



suitable for this conversion. WO 03/048042 PCT/ US02/26205 10 Conversion of
oxygenates may be carried out wwth the oxygenate, e.g., nethanol, in the

| i qui d orwoO opioefoez abl y, t he vapour phase, in batch or, preCansb?/96205

conti nuous node. When carried out in _continuous node, 5 a weight hourly
space velocity (WHSV), based on oxydénate, of advantageously 1 to 1000,
preferably 1 to 100, hour-, may conveniently be used. An el evated
tenperature is generally required to obtain econom c conversion rates,
e.g., one betweennaQ0yaid.60p& ts00pretbrablyandom 40parbs500C, and nore

preferably about 450C. The catal yst be in a.fixed , or a dynamc,
e.g., fIui@F?édWSFenﬁ&?ﬁg,lBedéoTﬁée%gséeﬁgPéBFgéas?ééEgﬁgyoge mxed wWith a
di luent, ipghikruRdebokheibgaction conditions, e.g., 15 argon, nitrogen,

carbon di oxi de, hydrogen, or steam The concentration of nmethanol in the
feedstreammay vary widely, e.g., from5 to 90 nole per cent of the

f eedgt ock.. The prgssure may Yo W L hi ifle Faoe.o 8., from

at noSpheric to @@GSRPaF%Qé Tﬁgﬂ{é?ﬁ%ﬁfng é%g%p es, i n which parts are by
wei ght unl esgsai herwi se indicated, illustrate the invention. The source
and purity of starting materials are those first given, unless indicated

otherwi se. 25 Exanple 1 This exanple illustrates the manufacture of SAPO

§4| lusi ng the pragrssofiHelResi AYRRLeNwaA $YALREsis B yt@eelwasdprepared as
Ol | OWS:
stainless steel autoclave, which was mounted on a shelf

10 in an air oven, the shelf being rotated, tumbling the

autoclave, and maintained at 200°C for 24 hours. After
cooling, the product was recovered by centrifuging,
washed with water, and dried in an air oven. The
powder X-ray diffraction (XRD) pattern showed the
15 product to be SAPO-34 with some minor SAPO-18
intergrowth. The relatively broad diffraction peaks
indicated a small crystal size.
Elemental analysis : Si, 3.72% : Al, 17.67%; P,
16.85%, representing a product stoichiometry of Sig.1o0
20 Alg.492 Po.a09-
Analysis of the peak widths of the XRD pattern and
application of the Scherrer equation, correcting for
the peak broadening caused by the instrument and the

intergrowths, gave a mean crystal size of about 50nm.

25
Example 2
In a procedure similar to that of Example 1, a
synthesis mixture was prepared of molar composition:
30 Al,05 : Py0s : 0.3 Si0, : 2 TEAOH : 40 HO : 8

CoHsOH



9.75 parts of H3PO4 (85%, 9.70 parts of deionized 30 water, and 5.84
parts of alum na hydrate (Catapal, Vista, 74% A1203, 26% H20) were m xed
t oget her .wOla048035. 6 parts of TEACH (35%in water) were addadsarnes2ns xed WO
03/ 048042 PCT/US02/26205 11 in. Finally 15.6 parts of ethanol and 3.5
parts of TECS were mxed in, to yield a synthesis m xture of nolar
conposition: 5 A1203 : P205 : 0. 4 Si02 : 2 TEAOH : 50 HRO: 8 C2H5CH The
synthesis mxture was placed in a ptfe-lined stainless steel autoclave,
whi ch was mount 8o yatdiesis migtugeaijagi Pla¢en, ithe BRéEPTLBBPAY r ot at ed,
tumbling the auhacl ave.e AN FRIILGEN ol 2A0G O S7d1R0URS an Ll er
cool i ng, -t Ae“product was recovered By centrifugi ng, washed with water, and
dried in ap\aiy Q¥RN.sHENE HRAwWdekoXakay, diahir astineai 6XRDhtpabvecn showed
the 15 product to be SAPO-34 with sonme mnor SAPO-18 intergrowh. The

rel ativel y floro2d -di ffovast-i oRepesksyY Wagi caraded swil PscipsEdRMBlee,

El emental agnalysis : S, .3.72%. A 2,17.67%_ P, 6. 859 epkresenting a
product st i‘ch@%tpﬁp%!&c%iwﬁ.slﬁaﬁ284Alz’6.§%4§f§l§0.mi85§ArS%ng?g of the peak
wi dt hs of tihe R pait.er sRNdnadppliisc ahiomrdofcryize a$cberreet oepeat i on,

correcting for the peak broadeni ng_caysed béﬁehe instrunment and the
i nt er gr owt A€ssgdfema Grdaier PECapTSitYE16F °db BHRPa S5 B RRBIe 2

width and use of the Scherrer equation gave a mean

crystal size of about 36 nm.

10
Elemental analysis : Si, 3.40%; Al, 17.4%; P,
16.4%
Stoichiometry Sig.093 Alo.s98 Po.409
15 Example 3
Following the procedure of Example 1, there was
prepared a synthesis mixture of molar compositon:
A1203 : P05 0.3 SiOz : 1.52 TEACH : 30 H,O : 16
20 C,HsOH
Hydrothermal treatment (200°C, 24.5 hours) and
recovery were carried out as described in Example 2.
The product was SAPO-34 with some minor SAPO-18
25 intergrowth. The relatively large width of the XRD
pattern peaks indicated small crystal size, SEM
analysis indicated a mean particle size of about 0.1
pm.
30 Elemental analysis : si, 3.51%; Al, 17.4%; P
16.5%

Stoichiometry : Sig.0o6 Blg.a95 Po.4ais



In a procedure simlar to that of Exanple 1, a synthesis m xture was
prepared of nolar conposition: 30 A1203 : P205 : 0.3 Si02 : 2 TEACH : 40
H20 : 8 wWDHBOWID 03/ 048042 PCT/ US02/ 26205 12 The synt h@€Taiso?/x4205 e was
placed in a ptfe-lined stainless stei% aut ocl ave, nounted on a shelf in an
air oven, the shelf being rotated, and nmai ntained at 200C for 24.5 hours.
Recovery was carried out as in Exanple 5 1. The product was SAPO- 34 with
some mnor SAPO- 18 intergrowth. SEM anal ysis showed crystal size to be

|l ess than 0.1 pm and analysis of the XRD pattern peak w dth and use of

t he Scherr%rxa li%ti n gave a nean crystal size of about 36 nm 10
El enent al &ﬁ-&-&%&hﬁéi, 3.40% A, 17.4% P, 16.4% Stoichionetry Si0.093

Al10. 498 PO 409 113 .Examits 31R0} | (wmipd HnprlbctRiuresof el e 1, there

was prepared_a synthesis m xture of nolar _conpositon: 1203 : P205 : 0.3
Si02 : 1.571FEAGT0- BPIPS :Ofle’a%%'cfﬁs@‘oﬁf’éyér&aﬁ&sn&lf @Pég‘t ment (200G,

24. 5 dhours)gard A 8CAVErYHJMRIHR 1Cafi ke @ 9Qt g%ﬁ:t@e%ﬁfr itred werExamehe 2. The
product was SAPO-34 with some mnor SAPO 1 25 intergrowh. The relatively
| ar ge wi dt dafedt.he &G 5 printtey wIpEEROH ddidGatied vargn, Erpsean size, SEM

analysis i %?‘je?n%tc%% )a trgegaer{:kpe%r twii(f:lhe 1%i7z_% ?Dfaracgo%tf Q‘JP% (Fluka) were
then added, with continuous stirring to yield a
synthesis mixture of molar composition:
10
Al,03 : P,Os : 0.3 S1i0, : TEAOH : 1.6 DPA : 52H;0

The synthesis mixture was placed in a stainless

steel autoclave, heated over the course of 8 hours to

15 175°C and maintained at that temperature with stirring
at 170 rpm (tip speed of 0.89 m/s) for 48 hours.
After recovery and analysis, the product was found to
be pure SAPO-34. 50% by number of the crystals were of
particle size less than 280 nm; 10% were of particle

20 size greater than 400 nm. In comparison, using as
silica source Ludox AS40, a 40% colloidal silica
solution, instead of TEOS, in a synthesis mixture of
the same molar composition and the same reaction
conditions gave a pure SAPO-34 product of particle size

25 about 1 um.

Example 5.
19.8 parts of H3POs (85%), 30 parts water, 5.4
| parts TEOS, 11.9 parts alumina hydrate (Catapal), 72.3
30 parts TEAOH (35%), and 20.7 parts water were mixed in
the order stated to give a synthesis mixture of the

following molecular proportions:



Pm 30 Elenmental analysis Si, 3.51% A, 17.4% P 16.5% Stoichionetry

Si 0. 096 Al10.495 Po. 416 WO 03/ 048042 PCT/ US02/ 26205 13 Exanple 4 148.9
parts AL288 o@wedea Pural SB) were mxed wth 590.9 part #cefusez@n; and
252.4 parts of H3PO4 5 (85% Acros) tOﬁget her with 69.8 parts of TECS were
then added. 460.5 parts of TEACH (3§°oi n water, Eastern Chem cal)
together with 177.3 parts of DPA (Fluka) were then added, with continuous
stirring to yield a synthesis m xture of nolar conposition: 10 A1203 :
P205 : 0.3 Si02 : TEACH : 1. 6 DPA : 52H20 The synthesis m xture was

pl aced in a staiRl&gss, eel ve, avery t course of 8 hours
to 15 175C and %g (% ai nES > at ?ﬁﬁaﬁ%nﬁerzg?%p&?%'t ﬁirost}lgg?ri ng at 170 rpm
(tip speed of 0.89 ms) for 48 hours. After recovery and analysis, the
product was found to _be pure SAPO 34. 50% by .nunb of t crystals were
of particle si égtleésgof“ﬁgﬁniéﬁ nif 180/3\/\8(#8}4818]:%%?0?@%%?‘ e greater
thans400 npy <kQreowRar ipigﬁedui%hng psfesilihea seHia@ckydexed540, a 40%
colloidal silica solution, instead of TECS, in a synthesis mxture of the
sane nol ar agbrpdsivei omocandethéosahBnbéabgi 8F aBoAUFRY oABdgave a pure

SAPO- 34 pr %gl{%ttagfne%a%gci 5|O%°Ei%§r gé? I?cg)gyé. 1 Zgg%egxgggileng?f the
product was recovered by centrifuging, washed with
water, and dried at 115°C. The XRD pattern showed the

10 product to be pure SAPO-34, SEM showing cubic and thick
platelet crystals of size ranging between 50 and 200

nm.



19.8 parts of H3PO4 (85%, 30 parts water, 5.4 parts TECS, 11.9 parts

al um na hydrate (Catapal), 72.3 30 parts TEACH (35%, and 20.7 parts water

were m xewoio/ogdee2 or der stated to give a synthesis m xtur @Cafusoies205

foll owi ng nol ecul ar proportions: WO 048042 PCT/ US02/ 26205 14 A1203 :

P205 : 0.3 Si02 : 2 TEACH : 70 H20 After honogeni zation in a blender, the

synthesis 5 mxture was placed in a ptfe-lined stainless steel autoclave,

nmounted for tunbling in an oven, and maintained at 200C for 24 hours.

After cool €h§IMBhe product was recovered by centrifuging, washed wth

water, and dried at 115C. The XRD pattern showed the 10 product to be pure

SAPO- 34, SEM showi ng cubic and thick platelet crystals of size ranging

bet ween 501and 200roamss\WHR34£048043uPETLUBE20Z6205AP0O534CLAIMS: 1. A

process for the manufacture of a iAPO 34 crystalline nolecular sieve, the

process 5 conpr iC&VRE2 ddPomitRgUa® ursflﬁgtea#- r B&°SYfithesis mixture

cont g ni ng sour %3 Sind.CqR,) rofmiabull BukFacahd ok rpBosphenesisi n

proportions appropriateto the formation of SAPO 34, and a

st ruct ur e- di r ectiipg uarpersontisheisgusesreessili 6dA1€9nbePlig a tetraal kyl

?ﬁggﬁighicate’ %&%ﬂ&%hunﬁu%b%p%%n%hggﬁh%xﬂgheﬁbsqu§E§E§oBQ hydr ot her ma
appropriate to the formation of SAPO-34, and a

structure-directing agent, the source of silicon
10 being a tetraalkyl orthosilicate, and (b)

subjecting the synthesis mixture to hydrothermal

treatment.
2. A process as claimed in claim 1 wherein the molar
15 ratio of silicon to aluminium, expressed as SiO;

Al,03, is at most 0.5:1.

3. A process as claimed in claim 1 or claim 2,
wherein the tetraalkyl orthosilicate is tetraethyl

20 orthosilicate.

4. A process as claimed in claim 1 or claim 2,
wherein the tetraalkyl orthosilicate is
tetramethyl orthosilicate, tetrapropyl

25 orthosilicate, tetrabutyl orthosilicate, or a

mixture thereof.

5. A process as claimed in any one of claims 1 to 4,
wherein the structure-directing agent is TEAOH or

30 a mixture of TEAOH and DPA.



2. Aprocess as clainmed in claim1l wherein the molar 15 ratio of silicon
to alum nium expressed as Si02 A1203, is at nost 0.5:1. 3. A process as
cl ai mred iwoaBaismad or claim?2, wherein the tetraal kyl ortPeagisoz/eade is
tetraethyl 20 orthosilicate. 4. A process as clained in claiml or claim
2, wherein the tetraal kyl orthosilicddte is tetranmethyl orthosilicate,
tetrapropyl 25 orthosilicate, tetrabutyl orthosilicate, or a mxture
thereof. 5. A process as claimed in any one of clains 1 to 4, wherein the
struct ur e- di r echi pgoagest asscTEN@RH oEn 30y aonexvlrelaimTEAGH apd DPA. WO
03/ 048042 PCT/ USQ2/ 26205, 15 6t A Ero esg gﬁ cbaineg in ny one of claims 1
to 5, wherein YPeF&a&t 2% éﬁ?? of PRE“hYar ot fie ¥F oL PP EET frent step is
carried out with agik@hi0Brep Is Anproe@ssudswetni agdthviany one of claims
1 to 6, wherein the synthesis mxture has a nolar conposition within the
ranges of P205 A1203 0.6:1 to 1.2:1 Si02 A1203 0.01:1 to 0.5:1 10 H20O
A1203 10:1.to 1Q0:1 to ether with a §£r§ﬁ%u5 édbge%iéggsagegg.6§. A SAPO- 34
crys al | i né* nol EcBFRFCSCedd enever 1 roduce y a process as clained

in any one of ghaireEnlthe Byn9nheAiSARODxBdrer atahl mndanmol ecul ar sieve the
nmean
composition within the ranges of

P>0sg : Al,03 0.6:1 to 1.2:1
Si0; : Al1,03 0.01:1 to 0.5:1
10 HQO . A1203 10:1 to 100:1

together with a structure-directing agent.

8. A SAPO-34 crystalline molecular sieve whenever
15 produced by a process as claimed in any one of

claims 1 to 7.

9. A SAPO-34 crystalline molecular sieve the mean

particle of which is at most 400 nm.

20
10. A SAPO-34 crystalline molecular sieve the mean
particle of which is at most 200 nm.
11. A SAPO-34 crystalline molecular sieve the mean
25 particle of which is at most 100 nm.
12. A SAPO-34 crystalline molecular sieve the mean
particle of which is at most 50 nm.
30 13. The use, in the manufacture of a SAPO-34 by

hydrothermal treatment of a synthesis mixture

comprising sources of silicon, aluminum, and



particle of which is at nost 400 nm 20 10. A SAPO 34 crystalline nol ecul ar
sieve the nean particle of which is at nost 200 nm 11. A SAPO 34

crystal | iwe oaohssaul ar sieve the nean 25 particle of whiclecrasat/26z05t 100
nm 12. A SAPO 34 crystalline nolecul sieve the nmean particle of which
is at nost 50 nm 30 13. The use, in the manufacture of a SAPO 34 by

hydrot hernmal treatnent of a synthesis m xture conprising sour ces of
silicon, alum num and WO 03/048042 P /U 02/ 2 17 phosphorus of a -
tetraal kyl ort h®SPSPEREE Sas Ofspl FebRagd¥deOFs 6&998@ €héSparticle size of

the product. s&ﬁchQES%%%céﬁtglébﬂggoﬂntﬁbab@k%gcl@h%E%bnofh%hesynthes'5
m xtfure is surfactant-free. 15. The use as clainmed in claim13 or claim 14

wherein the nolpaoduatti.o Si 02 : A1203 is at nost 0.5:1. 10 16. A process
for the conversion of an oxygenate to olefins which conprises contacting
t he oxygenate under catalytic conversion conditions with a nolecul ar

sieve as chal mednien vy s@nelefimelai AB c8aikb189 WBerkin the use of the
nol ecul ar sieve as clainmed.in any one of clains 8 to 12, if desired after

washi ng, cati oRY&tdiesige MaCUEsl denshgLarch amEdtse8rbon 20 conver si on,
adsorption, or separation.

15. The use as claimed in claim 13 or claim 14 wherein
the molar ratio Si0O, : Al,0; is at most 0.5:1.
10
16. A process for the conversion of an oxygenate to
olefins which comprises contacting the oxygenate
under catalytic conversion conditions with a
molecular sieve as claimed in any one of claims 8

15 to 12.

17. The use of the molecular sieve as claimed in any
one of claims 8 to 12, if desired after washing,
cation exchange, or calcining, in hydrocarbon

20 conversion, adsorption, or separation.

18. The use of the molecular sieve as claimed in any
one of claims 8 to 12, if desired after washing,
cation exchange, or calcining, in converting an

25 oxygenate to olefins.

19. A process for manufacturing a molecular sieve,
comprising (i) forming a synthesis mixture from a
SAPO-34 crystalline molecular sieve as claimed in
30 one of claims 8 to 12, sources of aluminium and of
silicon, optionally a source of phosphorus and

optionally one or several structure-directing



18. The use of the nolecular sieve as clained in any one of clains 8 to
12, if desired after washing, cation exchange, or calcining, in converting
an 25 oxwywoenass4ro ol efins. 19. A process for manufact uripag/usozed2etul ar
sieve, conprising (i) formng a synthgsis mxture froma SAPO 34
crystalline nolecular sieve as clainmed in 30 one of clains 8 to 12, sources
of alum niumand of silicon, optionally a source of phosphorus and
optionally one or several structure-djrecti ntq_lV\D 03/ 048042 PCT/ US02/ 26205
18 agents (terrpl%fi%rgﬁsaﬁbe %?Werar}fgtaé?ﬁl’aq Hed®'SFPt o formthe

mol ecul ar si eve,naidk 4ty tdresth Nthd o ByalNesi $1 &bt Wi farija period and
at a tenperature appropriate for the manufacture of 5 the nolecul ar sieve.

20. The use, in treawan@ftdes usenidicesl Tryisttalne neor nplretided agice\at by
hydr ot hermal treat [1}5 f snEg{gh si.s. i xt ure .cont ai ni ng sources of
silicon 10 and of g‘%“ﬁ%?%%ea %ogﬁloan% i%/oro?db%oréap uofratlfgc,uroeT Ofgr oviding a
SAPO- 84 crystal line nwlecular siewe as clained in any one of claims 8 to
12 as seed to help formng the crystalline nolecul ar sieve.
20. The use, in the manufacture of a crystalline
molecular sieve by hydrothermal treatment of a
synthesis mixture containing sources of silicon
10 and of aluminium, and optionally of phosphorus, of
providing a SAPO-34 crystalline molecular sieve as

claimed in any one of claims 8 to 12 as seed to

help forming the crystalline molecular sieve.



