0 5 MAY 2006 1 PROCESS FOR MANUFACTURI NG A SI LI COALUM NO- PHOSPHATE
MOLECULAR SIEVE 5 This invention relates to nol ecul ar sieves and 3 MAb¥BEses
for their manufacture. More especially it relates to the preparation of
synthesis m xtures to control product characteristics. The invention
relates 10 especially to the 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 phosphorus-containing nolecular sieves is
described, 15 The patent particularly describes processes for the

manuf acture of numerous crystalline mcroporous silicoalum nophosphates

(A0 S) uns el NG P FOI?@N%F%EQ‘Uﬁ?H&C}?SSQIC%ALEFﬁggO(-e 9., asilica
sol), alumnium (e hosphorus (e.qg.
ort hophosphoric acid), and #HOBPYETE MMOLESIARARt 8IEFBr exanpl e

t et raet Ryl anmoni um hydroxi de (TEACH), isopropylam ne (i PrNH2) or

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

i ncor por at ed by refbiengedndiennyelfitess t- mayelBler ffieantsi emddata for the
SAPO s and de i ' ata S rption.

| nt er nati onal E%EB ?%3% Pﬁéﬁr \7\5%5/%%&%%8&35%H bié)sg% %sta%q:r%%ﬁﬁg 2t

phosphor us- comtairhiAgteroitec piapa i tevaes odf syhbh@ﬁl@amtﬂtoiressrt@e and narrower
SLze O StrL DUELADBY AR Bhb oMy ilus 8Ll T RO0 A RUTY ERYL ED M 4L 015

is concerned w € conversion o met hanol to ol erlns especially
light £62 to €gpecially to the manufacture of 51licoalum1nophosphate

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 (SRP0O’s) including SAPC-34,
employing sources of silicen (e.g., a silica solj,
aluminium (e.g., hydrated aluminium cxide), and

20 phosphorus (e.g., orthophosphoric acid), and an organic
template, for example tetraethylammonium hydroxide
(TEACH), isopropylamine (iPrNH.) ox di-n-propylamine
(DFA) . 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 ecatalysis and absorption.

International Publication WO 00/06483 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 Cy)

olefins, using an aluminophosphate crystalline



ol efins, using an al um nophosphate crystalline 0 5 MAY 2006 2 nol) §auay 006
sieve catalyst. The specification describes the advantages of snall
particle size catalysts in MO processes, and provides a process for
facilitating the manufacture of a small particle size material by 5
stirring the synthesis m xture, producing SAPO 34 of nedian particle

di aneters, expressed as a mass distribution, in the range of about 0.6 to
1.4 m EP-A-185 525 describes a process in which SAPO 37 is manufactured

using a two-phasesynihesivs BLXLYUGS: . 10, Bo2p; exanpl & e gke used an
aqueous phase contal ni ng phosphoric acid, aFum na, and tetraethyl and

tetrapropyl afmsniadremiatiesxPdesmasl qrafdricd ot ehpe atai lysded ianM8Pgani ¢ phase
conprising tegraethyls oarntdhg,%w_@@é & \Ag}ofa%één%r £ SOl MERL nlgMhSCi bl e with
15 water. International Publication 02/36328 describes a” process in

whi ch a SAPO 8#&nwspetwiarispevats Pammelaceurednaeird for m of

i socrystal |1 ng+sphergidal syRahbisl 65 ,0fu-kr OB a4y 3 somsdi aget er using an

20 aqueous synthesis m xtuife conprising a tenplate,” sources of the elenents
essential to PEEigPreRIYCdeofIaTdiee s o\ FEPARASAR BT gaMlaESsol vent misci bl e
with vater,  Lhe.pUpRSS, Ofnt DE. SOLyaNtdeLng: (@ syl 4 gg the source of
the silicon in“the agueous synt?‘ue5| m xture, 25 and a ‘suffactant as

nmor phol ogy nodi fyi Bg-&ddit 52Fhdessiibdegon poacees may W ch SaPpaalkyl
orthosilicate, r.Qi particle SAP ; .saj.d_to have a
textured surfége%?%r:l% %Eghg%ls’?iﬁfitﬁ"’é’s%%ﬁée %I}t}%%(ﬁ%;?négg?gafnensi on) of
which E8 fromiabent efrmgde there are used an agquecus phase

containing phosphoric acid, alumina, and tetraethyl and
tetrapropyl ammenium hydroxides as organic templates,
and an crganic phase comprising tetraethyl
orthosilicate in hexanol, a scolvent immiscible with
15 water.
International Publication WO 01/36328 describes a
process in which a SAPO-34 molecular sieve is
manufactured in the form of isocrystalline sphercoidal
particles of from 0.5 to 30 pm diameter using an
20 agueous 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 sclvent being to solubkilize the
source of the silicon in the agueous synthesis mixzture,
25 and a surfactant as morphclogy 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) c¢f which is from about 0.05
30 to 2.5 pm, as determined by scanning election
micrescopy. Although it is stated that reducing the

concentration of silicon in the synthesis mixture



30 to 2.5 pm as determ ned by scanning el ection mcroscopy. Although it is
stated that reducing the concentration of silicon in the synthesi@®5MAXQ86e
0 5 MAY 2006 3 reduced the dianeter of the spheroids, the product of the
SAPO- 34 exanpl es is always spheroidal. There remains a need, however, for a
met hod whereby very small individual grystallites of SAPO-34 5 can be
manuf act ured, as opposed to the clusters resulting fromthe process
described in WO 01/36328. It has now been found that by omtting the

sur fact ant a:é%ﬁ;%e%tﬁareogy etddt e chor Ml dnd Viduapoglastal I1tes of mch

reduced particle size may be 10 obtained. T Y present” 1 nvention accordingly
provi des a phecdFfPof-gd ehemmmsufigcelyayofsmhe3ARd234 crystalline nol ecul ar

sieve which conpriggs.f oLEli & ebachalilved [ 82.SUMLDERIE M Xt ur e

cont ai ni ng sources o rcon, 15 Qf al um ni'um and of phosphorus, in
proportions apywIERY Aeeyt oralie ihgiratvoh ofyBAROiI38s ehdSAPO-34

structuyye-directi m%gﬁ@gctnﬁm,sggrfﬁﬁ%@éeéiﬂd G9n bejng.A; tetraal kyl

orthosilicate, and subjecting the synthesis mxture to %/drot her mal
treat ment. 20eAhdnnggésns|ihe Phecadf afeyatiteofinsPi ebmM a2 -al uni ni um

expressed as Si 02 7y A12030w il tBRSE Ohax by oHiReengOL ratios higher than
0.5:1 are believed to contribute to the formation of a spheroidal particle

as descri begunfardapd p1PAE32d. PTREUFhVENtEEh TaFF0oHr i idesusAPO 34, the
mean particke sza10t Wb E£nich 2baiPsd X il size may be

10 obtained.

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

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

20 Advantageously, the molar ratio of silicon to
aluminium, expressed as Si0; : Al,03, is at most 0.5:1,
since molar ratios higher than 0.5:1 are believed to
contribute to the formation of a sphexroidal 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



advant ageously at nost 200 nm preferably at nost 100 nm and nost
preferably at nost 50 nm The SAPO 34 is 30 advantageously one ol aMARRie
by, and preferably is obtained by, the process of the invention. Mean
particle siza waysode nmeasured by inspection of scanni ng @chuMi¥sx906 WO
03/ 048042 PCT/ US02/ 26205 4 el ectron 4m' crographs (SEM s), the | argest

di nensi on of each particle being taken. Alternatively, particle size
measurenent may be carried out by XRD peak width analysis as described in

certain of the rampl escbelom, 5 T sommonent s, of, Lg.suihesls mxture

used in the presée i nven Known 1h t art or as
descri bed i n eeld batt—;xaleelrl@m sakerabl éxlftgrnathealm,o@actl@re of SAPO 34, as

are the condlstllz EF%‘# %%QOBQGJJH'wErS’@E con égggtw thhtehe essenti al

use of 10 a teétraa OSI icate as the si our ce, absence of
sur f act ant ar@dnladUStLheaas eféﬁncrre@eriam cegftaph-o203e ESlamle-‘élbteley be noted

that whle US. PatentoNonerd <440 BLLJymanions fhepessibilify of using a

t et raal kyl S|I|cate ag 'sT11con sour ce, Yhone ts many exanpl es does
s0.) Al t houghhehereyamhesienrien uree itypé e bie ttarassf keewn j§nt the within the

scope of thea'r@vggtggndégcfl%%@r PR &L 128 L GANIG %aawgme MFo3Ci bl e with
wat er, other than a surfactant, that assists in solubilizing the tetraal kyl

20 orthosili c,télteepifﬁd‘ﬁ%’él%uﬁo@@@y?ﬂ hési 3T Mureendasiony gdnitbesol vent there

may be mentigned sHLphoxidesald:, Ckdept Cho pxgenated: hydnaeagkons, the
| atter advant ageously being an aC|d al dehyde, ketone or nono- or

pol yhydPi c alcbR&Faapsye 0511 Hkde 2fmyhpesilicon source, the

absence of surfactant and/cr the required ratio of Al-
203 1 5i10s. {It may be noted that while U.S8. Patent No.
4 440 871 mentions the possibility of using a
tetraalkyl silicate as silicon source, none of its many
15 examples does s0.)
Although the synthesis mixture is surfactant-free,
it is within the scope of the inventicn to incorporate
an organic solvent miscible with water, other than a
surfactant, that assists in solubilizing the tetraalkyl
20 orthesilicate in the aquecus synthesis mixture. As
organic sclvent there may be mentioned sulphoxides and
Cy to Cs; oxygenated hydrocarbons, the latter
advantageously being an acid, aldehyde, ketone or mono-
or polyhydric alcohol. BAs examples there may be
25 mentioned ethylene glycol, 1,2- and 1, 3-propanediols,
acetone, methanol, n- and isopropansol, butancl and,
preferably, ethanol.
In general, the treatment 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



25 nmenti oned

et hyl ene glycol, 1,2- and 1, 3-propanediols, aceto

n- and isopropanol, butanol-and, preferably, ethanol. In gener

treat nent of

nol ecul ar sivwgeind@@2usual |y ternmed hydrotherma

advant ageous

autocl ave, for exanple a stainless O

the synthesis mxture to yield the desired crysta

ne, met hanol,

al t
nrqeom 2006

t r eat mentecTivSo02/26205

|y carried out under autogenous pressure, for exanple in an

5 steel autoclave which may, if desired, be ptfe lined. The tr

for exanpl e,
advant ageous

cl%%e ag{lkgglé)\}g w%g.cf?‘ T%)Enggr tb@ EtEQel { %@lge

Y ron1 especi al endlng on

MAY 2006 WO 03/048042 PCT/ US02/ 26205

eat nent may,
of from 50,
the 5

nol ecul ar si e beengmwﬁd@wyThéorﬂeawméﬁtlwawmnmgﬁd extingl @ be carried out

for a period,
hours, agai
may i ncl ude
at a noder at

LERLRCLDE [ARMR Ol ShAm e ! £ 2PQNOULS A PLALELAD
o pen ing on the nolecdlar sieve béing Formed.
&noageonge$mﬂdﬂailye12MemanSWQ:rdepenenmgnaimhe or,

el el evated t eratu before .the h dr ot her nal
nore el ®vat eéfl%gﬁﬁé?:'étsuﬁree"ie (1%”9“? att éar R cﬁtffl&gt &deridd of
stepw se var ieatinpie} nb¢ enpenatiuset fAs sowemfod(m1thhe phospheeus in the
synt hesi s 15 nlx

3 g r|é?%qﬁ%h8§8%at rn@g%éggfqﬁfQ%sEggrlc aCId As sour;e for

alunﬁniunlinaghens9ﬁp¢nﬂgn§ nnxtmﬁemolﬁhel%¥!ﬁmﬁV@ebﬁepg!fwmﬂidalunina hydrate,
al uni na, sodiym 208k BALE: nPERIAQROSIN 1 £ 3l URl Nk umhggphat e, or gani ¢

phosphat es,

10

15

20

25

30

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
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 menticned alumina hydrate, alumina, sodium
aluminate, pseudoboehmite, aluminium phosphate, organic
aluminium sources, e.g., alkoxides, for example,
aluminium isopropoxide.

As source for silicon there may be menticned, as

ly up to 100
he procedure
preferably,
treatnent at

gradual or

organic

indicated above, a tetraalkyl orthosilicate. There may

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
crganic structure-directing agent (template). 1In
general, as indicated above, these compounds are

generally organic bases, especially amines and



al um ni um sources, e.g., alkoxides, for exanple, alum niumisopropoxide. As
source for silicon there may be nentioned, as indicated above, a {&tMgaigy!
orthosilicate. There may 25 be used, for exanple, tetranethyl

ort hosi |l i ca® "3{%d¥¥pet hyl orthosilicate, tetrapropyl orthosbsieecabe, and
tetrabutyl orthosilicate. Tetraethyl ofthosilicate (TECS) is preferred. In
addition, the synthesis mxture will contain an 30 organic
structure-directing agent (tenplate) In general, as indicated above, these

conpounds ar Q%ua&%&%ae%lwngami EoR@Sa%is, CSPES dldnradi Agsy and ;9 5 MAY 2006
WD 03/ 048042 6 PCT/ USD2/ 26205 quaternary anmoni um conpounds, used either
singly or inmiiit¥rGfes. As tenplates there may be nentioned, for exanple,

tetraethyl ammoni u bygsaxicdethdEAGDy aRdnsH {chedS: Por edamfi@Sphate, _
fluoride, chloride, brom de and acetate, %‘{g opyl am ne (DPA), triethylam ne,

d
cycl ohexyl amtfEraethibt IR Bal 6T * 486 pRBtPHhe 2angy PRYF e & Fi-peri di ne, and
di et hyl ¢t hanglydoheté DB uoridbe tEaatinent hr&Yi 26 sgar bbégatut with the vessel
10 static or, preferably, with stirring or with rotating  the vessel about a
hori zontal a@iPrePYHBMi ) DERT - trhé’g?m%'h%' SHARBEFRL#MEur e may be
sti rr:ad o][ tiundel @1 s d ¥ 1@n ﬁn@f;sﬂoaﬂinlaarpyﬂ(fjditniég bepéj:ﬂgiﬁ%t,?ge,l for
exanpl e, fromroaom tenperature to an el evated, e.g., the final treatnent,
tenpngrat ure, %dﬁgtgﬁeﬁh@mﬁﬁ?‘”ﬂ%e BEvrai nder . Agi ta?i on general |y produces

a The treatment may be carried out with the vessel

10 static or, preferably, with stirring oxr with rotating
the vessel about a horizontal axis (tumbling). If
desired, the synthesis mixture may be stirred cr
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 he 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 SAPG-34
according to the invention advantageously has a molar

composition, within the following ranges:

P-0s : Alz0; 0.6 to 1.2 : 1,
25 preferably about 1 : 1
§i0y + Alz0s 0.01 to 0.5 : 1,
preferably 0.1 to 0.5 : 1

H2O Bl1204 10 to 100 : 1

30 together with an organic template, advantageously

tetraethylammonium hydroxide ({TEAOH), dipropylamine



product with a smaller particle size and a narrower particle size
distribution than static hydrothernmal treatnent. 20 A synthesis n‘iUxS(MPYempﬁ)r
produci ng SAPO 34 according to the invention advantageously has a nol ar
conposition, within the follow ng ranges: P205 A1203 0.6 to 1.2 : 1, 25
preferably about 1 : 1 Si02 A1203 0.017to 0.5 : 1, preferably 0.1 to 0.5 :
1 H20 A1203 10 to 100 : 1 30 together with an organic tenpl ate,

advant ageously t et r aet hyl ammoni um hydr oxi de (TEACH), dipropylamne 0 5 NAY
2006 7 (DPA),(G¥opr dF¢PafPHETGMererpASEPRRl gy &XnPxIi¥euB? %k wo or nore

such tenpl at &Syc idy FioREOPQEH |1 QURARREAPT { AL prl@o¥iebf SAPLEPAiatkhe present
invention also provides the use in the 5 manufacture of.SAPO 34 by
hydr ot her mal &% e8¢Sn 289~ &+ synthesi s mi xture conprising sources of

silicon, alumni lt’ﬂea?geQé}Q@thﬂfeH%gioﬁfa%é%ﬂﬁ@ﬁl&)ﬁ'tQétllﬂQéiiﬂthhtee as
silicon source to control the particle size of the product. 10 The
i nvention furtaett 35itevedes SR -Fhollched st iar@alpt bee s8Rt 4ifd 20f t he uses of

the earlier aspaAlesi@f mif€urd MERRELONRg THE: RRdUet si1ifokequired after
cation exchange and/or .calcining, have utility_as_catal yst . precursors,

g
catal ysts, arfd T PO RIRFRIRSYEpt PR MEF IRkl ThERODHEGHT & si eves
prepared by tde dmtiked ofurddacpeesenbl i twepairafchaysbgs usedtHeo seed the

formation
product.
i0 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 absocrption

15 . media.

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 ¢f a phosphorus-containing
molecular sieve. The seeding of a phosphorus-containing
synthesis mixture is described in above-mentioned

25 International Publication WO 00/06493.

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 & molecular sieve,

comprising (i} forming a synthesis mixture from a



20 of nol ecul ar sieves of the sanme structure type or of a different
structure type. They can be used to seed the formation of a zeol OteMB 0 o
phosphorus-contai ning nol ecul ar sieve. The seeding of a
phosphorus-contai ning synthesis mxture is described in above-nentioned 25
I nternational Publication WO 00/06493. gAs 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 rﬁ%‘&%ﬁ%iﬂe%ﬂ%ﬁﬁ%%b% I\ﬁné@ %lilegﬁlﬁkegfeve ceapLisd B9 Hle

form ng a synthesis mxture froma 05 2006 a crysta
si | i coal um néstidephaf ¢ heolisgebtorsi é@@r}@ﬁepafeellwrtlh@ angt hibds bficdre

i nvention, %g;rq%a@&yaéLgmdaﬂo%nghgfspﬁb}w%d oBPE LRRA § Yo SAUr Cce Of

phosphorus and optionally one or several structure- dlrectl agents
(tenpl at es) a@rveady ssrogtherewhiréctanonagessariferplabem t mdl¥ecul ar si eve,

and (ilg) treafifig haeesyiM RESISS ALY HEef5ﬂﬁ hePRbL 0,1 ANd Al A tenperature
appropriate for the manufacture of - the mol ecul ar sieve. 1n the enbodi nent

wher e the silancbdiidmi hopHidsshate syrOb Al ectiPdiTsi 898 dfPetiecd nvention is
used as a segghg ik al @SNl appesgPtatd ﬁd}etﬁwﬁhe@fécmf@ Wee in a

concentration of up to 10000 ppm advantageously at nost 3000 ppm nore
advant ageous|trafroAsstlasEdei¥m and preferably at nost 1000 ppm nore

preferably at 15 mBstn80QuitmeandwAest fHefanabbyl ahi M®sto3ntRpm  based
on the total wei ght of the synthesis mxture. A mninumseeding |evel is

generddy 1 ﬁﬁﬂefﬁléélﬁtﬁﬁﬁ ot 5&@aﬁ?¥§88ﬂ§}f‘hP5F%a§f D. 2= $Pm*tnor e

advantageoush& dlenerally present in the synthesis mixture in a
concentration of up te 10000 ppm, advantageously at
most 3000 ppm, more advantageously at mest 1500 ppm,
and preferably at most 1000 ppm, more preferably at

15 most 500 ppm, and most preferably at moét 350 ppm,
based on the total welight of the synthesis mixture. A
minimem seeding level is generally 1 ppb (0.001 ppm),
advantageously at least 0.1 ppm, more sdvantageously at
least 1 ppm, and preferably at least 10 ppm, based on

20 the total weight of the synthesis mixture. Advantageocus .
ranges of propoftions 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 advantageocusly incorporated in the

25 synthesis mixture in the form of a suspension,
preferably a colloidal suspension, advantageously in an
agueons medium, preferably water, or another liguid
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,
dispersed in a continucus liquid phaSe.and preferably

refers to a suspension that is stable, in the sense



least 1 ppm and preferably at |east 10 ppm based on 20 the total weight of
t he synthesis m xture. Advantageous ranges of proportions are fQ&iiAl 20m to
2000 ppm preferably from 100 ppmto 1500 ppm and nost preferably from
100 ppmto The seeds are advantageously incor por; in the 25
synt hesi s m%é?&jr?@%%\ the formof a suspension, preferabl ?trﬁg%z@l(’f"é' d
suspensi on, advantageously in an aqueous rredl um preferably water, or

anot her quuid conponent of the synthesis m xture. As used herein, the
term "col |l oi dal”, when suspensi on, ref LS 0_one  cont ai ni ng

di screte fi ngﬁﬁtdpsiﬁ%sdl%é Fgfratlongloscmé}:sseo i oA %ont%%"bds *f'i qui d phase
and preferablaypelrébersuitﬁc&esﬂsp@msnk@nutshaintemdseuabl e, in the sense 0 5 MAY
2006 WO 113/ 04804%39 PCTf U%OZ/ ZEZPESEStt ?@ VI §n| QI e separation occurs or
sedi nent forms i) ficient for tHe Usé intended,

advant ageousIa;dvraotaaeomﬁlastatlweasmri?@ hpore, ;amf&maaggomsllgeaeﬁt | east 20

hour s, Eprefe%glal Pg%sll east Fgféol%)%%%)wa%\]i\% e 5 ?bﬁfﬁ{;&bs!y At | east 500

hour s, ien enpera I coal um nophosphat e
mol ecul ar si ewbsentf tetmeranvent (21 r-e used as seeds, they have a nean

particle size of at _pogt, %9919&1&%%95@9@%4 Yok RSt Q200 nm

preferably at nost 100 nm and nost preferab at nost 50 nm | n another
enbodi ment, PHe tER| irtRIItHFRNdpROSTITRES Sﬁ%ﬂi%c&lh&b’ Bp¥ve2 gfearhe i nvention are

especi al |y ugefihc1lns NETREOHE Ry QBT BAN £ANVRESEOAS1y SAPALARLI ons and
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 lewer 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

a0 produced by the process of the invention is especially

suitable for this conversion.



15 absorptions. They may be used alone, or in adm xture wth oth

nol ecul ar sieves, in particulate form supported or unsupported, UérMAYr?U&Bhe
formof a supported I|ayer, for exanple in the formof a nenbrane, for
exanpl e as degewibed in | nternational Application WO 20 rakdbkios

Hydr ocar bon ' conversions include, for,sexanple, cracking, reformng,

hydrofi ning, aromatization, oligonerisation, isonerization, dewaxing, and
hydrocracking (e.g., naphtha to light olefins, higher to |ower nolecular

wei ght hydr ocar boe%m@§s%Mfaweeng{@mebkxga&ameddbﬁwea{t i onation or

i sonmerization of aromatics). Qther conversions include the reaction of
al cohol s wi t HI6l erivasnahe thd - - cBaYRI S lon 16f thxygemwdfedrt o hydrocar bons,

especi al |y of, J®thangl % Qlgblbsprespecinabhyed ight sekelids:, SAPO 34 30
produced by the proceSs of the invention is especi al Ip swtabl e for this

conver si on. CoRiymyoRgoBoYsd 03108802 PEH 9802¥12623®$1H}B°%ﬁwesn on of

oxygenates may .R8 (6@ hb&F PWhbaWkt feiddie OXKHESPAL ®as@ddon Methanol, in the
liquid or, preferably, the vapour phase, in batch or, preferably,

conti nuous A INWRER caf raE@n BEQ?WFldforth itﬁub%o mbdefesanlye di%t ~ hourly

space vel oci tno WHSV)* Rageshiieni@xyUensd aiseafl. adwantiageess!y 1 to 1000,
preferably 1 to 100, hour-3 é, conveni entlg used. An el evated
t enper at ur e |tse“§’§ﬁé‘F&FFylsr SEOEFRULY o B4R ?:o%&rﬁlé CEGRIBSi on rates,

e.g., one betwegrR 300naps HO0€, 510 Hetrrably fdPE4080b@,500C, and nore
preferably about 450C. The cat aI yst may be in a fixed bed, or a
10 preferably 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 cr moving, bed.

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

15 argon, nitrogen, carbon dioxide, hydrogen, or steam.
The concentration of methanol in the feedstream may
vary widely, e.qg., from 5 to 90 mole per cent of the
feedstock.. The pressure may vary within a wide range,
e.qg., 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 H3;PO, (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 TEACH (35% in water) were added and mixed



dynam c, e.g., fluidized or noving, bed. The oxygenate feedstock ﬂ%yMB(e
mxed with a diluent, inert under the reaction conditions, e.g., "Y1 azfn@fon,
nitrogen, carbon dioxide, hydrogen, or steam The concentration of nethanol

in the feedst'PddiiMy vary widely, e.g., from5 to 90 noP@/PER2@eEnt of the
feedstock. The pressure may vary withiyy a wide range, e.g., from

at nospheric to 500 kPa. 20 The foll ow ng Exanples, in which parts are by

wei ght unl ess otherwi se indicated, illustrate the invention. The source and

purity of stanhingriBiery alsse g st besethifisl givens pHd@ses ndi cat ed
otherwi se. 25 Exanple 1 This exanple illustrates the manufacture of SAPO 34
using the proCB88 BETEHENS &Rt it6h YIRS yat ELiRe S x P& tRastpr epar ed as
follows: 9. 75npastScofipdi3R4n(85% , 9.70 parts of deionized 30 water, and
5.84 parts of alum na hydrate (Catapal, Vista, 74% Al1203, 26% H20) were

m xed together. Then 35.6 parts of TEACOH (35%in water) were added and

m xed 055 MAY 2006z Y¥3,03/ 48042 . PCI{ &SO2L262081 1:1 siony,dri:nal |y 15.6 parts of
et hanol and 3.5 %%rts of TEOCS were nmixed in, to yield a synthesis m xture
of nolar conﬁﬂ%”l ion: 5 A1203 : P205 : 0.4 5i02 : 2 TEACH : 50 H20 : 8
C2H50H The synthesis m xture was placed in a ptfe-lined stainless steel

aut ool ave, whi ch o TR ed: 033808 (o Q118 1A1 S RN (KDg Shel T being

stainless steel autoclave, which was mounted on a shelf

10 in an air coven, 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 SAP0-34 with some minor SAPO-18
intergrowth. The relatively broad diffraction peaks
indicated a small crystal size.
Elemental analysis : Si, 3.72% : Al, 17.67%; D,
16.85%, representing a product stoichiometry of Sig.1gc
20 Blg.492 Po.sos-
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 Aly03 : P20s : 0.3 Si0, : 2 TEAOH : 40 HO : 8

C2HsOH



aut ocl ave, and maintai ned at 200C for 24 hours. After cooling, the product
was recovered by centrifuging, washed with water, and dried in af SalAY @lken.
The powder X-ray diffraction (XRD) pattern showed the 15 product to be
SAPO- 34 wi t RQHEEME nor SAPO- 18 intergrowth. The rel ati Pel/ystpreas
diffraction peaks indicated a small gpystal size. Elenental analysis : Si,
3.72% : A, 17.67% P, 16.850, representing a product stoichionetry of

Si 0. 100 20 Al10.492 PO.409 Analysis of the peak widths of the XRD pattern

and application afhe BenSehars gl xeguati=aNpleetd ent angrforiiddhe peak
br oadeni ng caused by the instrunent and the intergrowhs, gave a nean

crystal size Of2EUGH EBRT FWBECERUhpI"E P tRA QR ot SR84EI ¥ STiddr to that of

Exanple 1, a oayt hegi shdi Xtddh 8gWase Hepanad 0f i /MRliakqa COMQTLi on: 30 A1203
. P205 : 0.3 502 : 2 TEACH: 40 H20 : 8 G H50H 0 5 MAY 2006 WD 03/ 048042
12 PCT/ US02/ 256205 4 -Ph8osYfit hESFIVeR K tWfte caasipd srddap nim BEwlEi ned

stainlegs steel aw0pka¥eot RRYNELEL.ON &i3ReLind MidBratkipoayen, the shel f
being rotated, and maintai ned at. 200C for 24.5 hours. Recovery was carried

out as in Exarpled 95 o¥th TheS Y sautys WwashSRPe: saysiiathssaet dribfor  SAPO- 18
intergrowth. 9EM anahysis showed £iysiaAls skzend kdepatess thar 0.1 pm and
anal ysis of the XRD pattern peak w dth and use of the Scherrer equation
gave a nean width and use of the Scherrer eguation gave a mean

crystal size of zbout 36 nm.

10
Elemental analysis : Si, 3.40%; Al, 17.4%; P,
16.4%

Stoichicmetry Sig.os3 Alo.ass Po.aos

15 Example 3

Following the procedure cof Example 1, there was

prepared a synthesis mixture of molar compositon:

Alz03 @ P05 : 0.3 810, : 1.52 TEAQOH : 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

um.

ap Elemental analysis : si, 3.51%; 31, 17.4%; P
16.5%

Stoichiometry : Sip.oo6 Alo.ass Po.4ise



crystal size of about 36 nm 10' Elenental analysis Si, 3.40% 17. 40/ P,
16. 4% St oi chi onetry Sl 0.093 AI0.498 PO. 409 15 Exanple 3 Fol | ow n@) tM\oé

procedur e o Aﬁé@gﬁ} 1, there was prepared a synthesis m xture of nolar
conmposi t on: P205 : 0.3 Si02 : 1.52 TEACH : 30 H2&TU3B268%H coHsOH
Hydr ot hermal treatnent (200C, 24.5 hodBs) and recovery were carried out as
described in Exanple 2. The product was SAPO- 34 with sonme m nor SAPO 18 25
intergromh. The relatively large width of the XRD pattern peaks indicated
smal |l crystal size, SEM analysis indicated a nean particle size of about

0.1 pm 30 @h%ﬁgqtealé analysis Si, 3.51% A, 17.4% P 16.5% Stoichionetry
Si 0. 096 Al O. 416 0 5 MAY 2006 WO 113/048042 PCT/ US02/ 26205 13 Exanpl e
4 148.9 parts A12038(E&opees Pderdd (SBrdgRrRungilxE8) wiich 188649 parts of water,

and 252. 4 parJlschOfSEBH?’B)qgalscg 8272 ASF Osa)ndt Qggtbeﬁaf‘@st IafGIQgE% parts of TEGCS
were then added. 460.5 parts of TEACH (35% i n water, Eastérn Cheni cal)

t oget hef wit h(8B37. Bopapt stegethPA (Hituled) Swepets tHe FEQAdERe Wilte® cont i nuous
stirring to vigld.a 48yNéNesits BEXtpch QRSB0 AN AAOBhEL O

Chemical) together with 177.3 parts of DPA (Fluka) were
then added, with continuous stirring te yield a
synthesis mixture of molar composition:

10
Al,05 : P05 : 0.3 Si0; : TEARQH : 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 0.8% 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 28C nm; 10% were of particle
20 size greater than 400 nm. In comparison, using as
silica source Ludox AS40, a 40% cclleidal silica
sclution, instead of TEOS, in a synthesis mixture of
the same molar composition and the same reaction
conditions gave a pure SAP0O-34 product of particle size

25 about 1 wum.

Example 5.
19.8 parts of H3POy (85%), 30 parts water, 5.4

parts TECS, 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:



10 A1203 : P205 : 0.3 Si02 : TEACH : 1.6 DPA : 52H20 The synt heai S m'2x
was placed in a stainless steel autoclave, heated over the cou M 20
hours to 15 175C and nmai ntained at that tenperature with stirring at 170
rpm (tip sp&adn3@psodz 89 ms) for 48 hours. After recoverycuvshzanad ysis, the
product was found to be pure SAPO 344450% by nunber of the crystals were of
particle size less than 280 nm 10% were of particle 20 size greater than
400 nm In conparison, using as silica source Ludox AS40, a 40% col | oi dal
silica solution, instead of TEGCS, in a synthesis mxture of the sane nol ar
conposition and the sanme_reaction conditions gave a 8ure SAPO- 34 product of
particle size 252a5uf H2%ni BampPe 5 213EBCRar t' HOH3P04 (85%: 30 parts
water, 5.4 parts TECS, 11.9 parts alumina hydrate (Catapal), 72.3 30 parts
TEAOH (35%, and 20.7 parts water were mxed in the order stated to give a
synthesi s m xt ur e*bfeX HEMOPEPE BT I ABI Bt s opbRt $UHESSAS5 MAY 2006 WO
03/ 048042 14 A%k2Q3e w2 acel. 8n S @2 feo- i dd&AQainT0s 52 LET/ US02/ 26205 After
honogeni zation_i n_a bl ender esis, 5 mxture s placed in a

der, the %ng
ptfe-lined sPHCAFLRES WM 5t bel dVEP ABlNMed™ 6/SFfunbtd ng in an oven, and

mai nt ai ned at;200% 44 A4 Joevt SorAbl e @0l | RgLet N oRhQYUEke Was T ecover ed

by centrifuging, washed wwth water, and dried at 115C. The XRD pattern
showed t he DProduct was recovered by centrifuging, washed with

ture
b

water, and dried at 115°C. The XRD pattern showed the
10 product to be pure SAFO-34, SEM showing cubic and thick
platelet crystals of size ranging between 530 and 200

.



10 product to be pure SAPO 34, SEM showi ng cubic and thick platelet
crystals of size ranging between 50 and 200 nm 0 5 MAY 1006 15 JAIMAS:2006. A
process for the manufacture of a SAPO 34 crystalline nolecular sieve, the
process 5 conprising: (a)formng a surfactant-free synthesis m xture

contai ning sources of silicon, of alumnium and of phosphorus, in
proportions appropriate to the formation of SAPO 34, and a
structure-directing agent, the sourge of silicon 10 being a tetraal kyl
orthosilicate, and (b) subjecting the synthesis m xture to hydrothernal
treatment. 2. A process as clainmed in claim1 wherein the nolar 15 ratio of
silicon to atimiMfi:um expressed as Si 02 A1203, is at nost 0-5:1 20 3. A
process as claimed in claim1 or claim 2, vvherei n the tetraal kyl
orthosilicate is tetraethyl orthosilicate. rocess as clained in claim
1 or claim?2?: vwfeIPéPﬁe%shé"Fe‘thleaaFWIacbﬂ%GglEP |Sé§ge3ﬁ s tetranethyl

orthosilicate, tqgrrggggpmﬁle relRhl hosibicatge Isle;cclégputyl orthosilicate, or a
mxture t her eof process as clainmed in one of clainms 1 to 4,

any
wher ei n°t he st ru@APEL NGB @ aYEhE FYF 'FEEH—T'&F"’E SYHRETSe of TEACH and

DPA. mixture containing sources of silicon, of
aluminium, and of phosphorus, in proportions
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 tv aluminium, expressed as $i0; :

Al;0., is at most 0.5:1.

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

20 orthosilicate.

4. A process as claimed in c¢laim 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 DEA,



0 5 MAY 2006 16 6. 57. 10 9. 15 9. 20 10. 2511. 30 A process as C
any one of clains 1 to 5, wherein at |east a part of the hydroth
treatment step is carried out with agitation. A process as claine
one of clainms 1 to 6, wherein the synthesis m xture has a nol ar

wi thin the ranges of P205A12030.6:1 to 1.2:1 Si02 A12030.01:1 to 0.5:1
H20A120310: 1 to 100: 1 together with a structure-directing agent.
crystal line nolecul ar sieve the nmeaRg particle size of which is at nost 200
nm A SAPO- 34 crystalline nol ecul ar sieve according to Caim?9,
particle size of which is at nost 100 nm A SAPO 34 crystalline
si eve accordifng td® prekedma6, cldicedekm aparanecPé &2iBsof Yrhfch is at  nost 50

nm A process forydi@if0WeLsiOn Phr@aROXYOEPat&nkemap! ef i ns which conprises
manuf acturi ng a SAPO 34

10

15

20

25

30

10.

11.

treatment step s carried out with agitation.

A process as claimed in any cne of claims 1 to 6,
wherein the synthesis mixture has a molar

composition within the ranges of

PaOy ! Al;0;5 0.6:1 to 1.2:1
510, H Al;04 0.01:1 £o 0.5:1
H20 ! Al,04 10:1 to 100:1

together with & structure-directing agent,

A SAPO-34 crystalline molecular sieve the mean

particle size of which is at most Z00 nm.

A SAPO-34 crystalline molecular sieve according to
Claim B, the mean particle size of which is at

most 100 nm.

A SAPO-34 crystalline molecular sieve according to
Claim 8, the mean particle size of which is at

most 50 nm,

A process for the conversion ¢of an oxygenate to
olefins which comprises manufacturing a SAPO-34
crystalline molecular sieve by the process
according to any of Claims 1 to 7 and contacting
such SAPO-34 crystalline molecular sieve with the

oxygenate under catalytic conversioen.

L8t

d in any
conposition

A SAPO 34

t he nean
nol ecul ar



crystalline nol ecular sieve by the process according to any of Clains 1 to
7 and contacting such SAPO 34 crystalline nolecular sieve with gHMAY 7006
oxygenat e under catalytic conversion. 0 5 MAY 2006 17 12. A process for
manuf acturing a nol ecul ar sieve, conprising (1) manufacturing a $APO 34
crystalline nolecular sieve by the nethod of any of clains 1 to 7, (2)
formng a synthesis mxture fromthe 5 SAPO 34 crystalline nol ecul ar sieve
prepared in step (1), sources of aliam nium and of silicon, optionally a
source of phosphorus and optionally one or several structure-directing
agents (tenplates) and any ot her. nateri al ngcessarﬁito 10 formthe

mol ecul ar si éve, ARFOF3}e tho8aFF My 2t HE P8y IeEF Y aF Xt for a period and at
a tenperature appsmgpisate flormidréaammihqcd BAROOT4 chpstaldliecul ar si eve.

molecular sieve by the method of any of claims 1
te 7, (2) forming a synthesis mixture from the

5 SAPO-34 crystalline molecular sieve prépared in
step (1), sources of aluminium and of silicon,
opticnally a source of phosphorus and opticnally
one or several structure-directing agents
(templates).and any other material necessary to

10 form the molecular sieve, and {3) treating the

synthesis mixture for a pericd and at a
temperature appropriate for the manufacture of the

molecular sieve.



