WO 03/ 040037 PCT/ NO02/ 00407 "Method of synthesising crystalline

m cr oporous netal |l oal um nophosphate froma solid body" 5 The present

i nvent i onrwoaameds a nmet hod of synthesising netall o al um regha®phedoes
(ELAPO), and nore particularly to synthesise crystalline mcroporous silico
al um no- phosphates (SAPO of the nol ecul ar sieve type, froma solid body
and al so use of this product as a catalyst for nethanol to olefin (MO
production. 10 ELAPGs are nol ecul ar sieves which have a three-di nensi onal

m croporous framework structure of A102, P02 and ELO2 tetrahedral units.
General ly the ELAPOCs have a chem cal conposition on an anhydrous basi s
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cobal t, manganese, chrom um and m xtures thereof, "x" is the nole
fraction of EL and has a val ue of at Ieast 0.005, "y" is the nole fraction
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t opol ogy 'ﬂ}o@ﬁt Qs&@ﬁalﬁ%ﬁfrﬁﬁﬁn@ﬂ@ Omglrm% Slo@h&ion, 2° The silico al um nium
phosphat es, SAPO- 34 and SAPO-18, are the catalysts of choice for the
MIG-reaction. SAPO-34 has chabasite (CHA) structure and is usually

synt hesj s om an source,. a silica source s us so
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the gel resulting frommxing the conponents above, is hydrothernally

treated atchamicahpeinpesifien on w@s@m&b@mmessa@bbgmn@ﬁl demueot o
crystallise the SAPO 34. The structure directing agent is usually renoved
by heating in an WO 03/ 040037 PCT/ N0O02/ 00407 2 oxygen-cont ai ni ng

at mospher e(H,BX1 ;) . The calcined material contains acidic protons and
has catal ytic properties. In a traditional wet synthesis of SAPO-34 (as in
US 4446871), the material crystallises

where EL is a metal selected from the group consisting of silicon, magnesium, zinc, iron,

cobalt, nickel, manganese, chromium and mixtures thereof, “x” is the mole fraction of EL.
and has a value of at least 0.005, “y” is the mole fraction of Al and has a value of at least
0.01, “z” is the mole fraction of P and has a value of at least 0.01, w is the mole fraction of

20 H and x+y+z=1.

The silico aluminium phosphates constitute a generic class of non-zeolite molecular sieve
materials being capable of undergoing complete and reversible dehydration while
retaining the same essential framework topology in both the anhydrous and hydrated state.
25
The silico aluminium phosphates, SAPO-34 and SAPO-18, are the catalysts of choice for
the MTO-reaction. SAPO-34 has chabasite (CHA) structure and is usually synthesised
from an alumina source, a silica source, a phosporous source and at least one structure
directing agent. This structure directing agent is usually tetraethyl ammonium hydroxide
30 (TEAOH). A water dispersion of the gel resulting from mixing the components above, is
hydrothermally treated at a temperature from 150-260°C under autogenous pressure to

crystallise the SAPO-34. The structure directing agent is usually removed by heating in an



5wth Si/A ratio of 0.17, corresponding to what can be called high-Si
SAPO-34. By altering the synthesis conditions (Si/A ratio | ower than
0.17) it weoopos®sdbl e to produce a SAPO-34 with |ower Si ECRNOWSHILHOUS
5191141 and US 5912393). By using Si/Al ratios |ower than 0.17 one can
al so obtain structures with AEl structurze (SAPO-18; US 5609843),

i ntergrowt hs of SAPO 34 and SAPO 18 (US“6334994) or AFl-structure 10
(SAPO-5). In a typical wet synthesis of SAPO 18, the structure crystallises
with a Si/Al ratio of 0.06. XRD analysis will reveal information on the
presence oRySAPO®manmg atgapbhergS00-H86 € ) sThaealcined maicsiabiednitaingiadidic Arotars of
Zeolites Strlﬁgturté ‘ll'%(ges WM Mier and D.H d son, Second Revised
Edition 1%9, %‘f/a JfHs BIRST s, 15 US 4861743 teaches a process for the
production of a crystalline non-zeolitic nolecular sieve in a pre-forned
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are either 30 inpregnated on the body or in the liquid m xture. The

preparation nethod that is described is liquid synthesis with excess
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20 crystallisation takes place at elevated pressure and temperature and the preformed body
reacts with the liquid mixture to form non-zeolitic molecular sieves within the body.
Phosphorous can be an active component in the liquid or on the solid alumina or silica-
alumina. Likewise, if the non-zeolitic molecular sieve contains silica, the reactive source
of silica can be included in the body and/or in the liquid reaction mixture. If the non-
25 zeolitic molecular sieve is to contain one or more elements other than aluminium, silicon
and phosphorus, the reactive sources of these elements may be included in the silica or
silica-alumina body and/or in the liquid reaction mixture. The smallest amount of water
used in this procedure is 25 moles of water per mole of aluminium. Thus, only alumina or
silica-alumina is used as the preformed body. All other reactive components are either

30 impregnated on the body or in the liquid mixture. The preparation method that is described

is liquid synthesis with excess liquid that needs to be removed afterwards.



particles before the crystallisation process takes place. The nol ecul ar
sieve crystallites forned are snaller than those generally fornmed in
convent i owelo3psmeesses. European Patent Application No. 1002ZA®D20e8¢ri bes a
met hod for the preparation of small 10 zeolite crystals inside a porous
support material with pores smaller thaq%looo A In this way the size of
the zeolite crystals can be controll ed. "The porous support nmaterial is
preferably renmovable in order to isolate the pure zeolite or it is useful

as conponent._of a desired catalyst. Typical support materials are carbon
or magnesi Ig‘rp DXpigEt Neps L8h? syrfhesinel Sj{]ggé SARChb\SHP@-3omd FARD3Pdrdm
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5 SAPO 20 dto show theTlgen ral agaplri cability of the described synthesis
et hod. recting agent. "The advantages of the method are to prepare small crystallites and the
porous support material is used to control the crystallite size. The porous support material

20 is not an active source of the crystallised zeolite.

US Patent No. 6004527 relates to a “dry” process for the production of a large pore
molecular sieve by impregnating a solid cation oxide-framework-structure with other
reagents suitable for hydrothermal reaction between these reagents and the solid cation
25 oxide-framework-structure to form an impregnated paste-free composition. Then the
impregnated paste-free composition is subjected to conditions of temperature and pressure
to effect a hydrothermal reaction and convert the reagents of the reaction into a crystalline
molecular sieve that possesses the morphologic characteristics of the solid cation oxide-
framework-structure. Production of zeolite particles from silica is exemplified.
30
One object of the present invention is to obtain a cheap, simple and environmentally
friendly production method for catalysts and adsorbants of the metallo alumino phosphate

type (ELAPO). Production of silicoaluminophosphate (SAPO) is of special interest.



These and ot her objects of the invention are obtained with the nethod as
descri bed below. The invention is further defined and characterised by the
encl osed wetoan4008t ai ns. The invention will be further doeamaGoedo4st h
reference to the Figures 1- 14, 10 where : Figure 1 shows the XRD pattern
of the product from Exanple 1. Figure 2,shows XRD patterns of the products
fromExanples 2 and 3. Figure 3 shows XRD patterns of the products from
Exanpl es 4-8. 15 Figure 4 shows the XRD pattern of the product from Exanple

9. Figure 5A shows XRD patterns_of the products from Exanples 10-14.
Fi gure 5B QRS SaErtiade syniesive SARO srysnllitcs WithosiirRlgsiteeand epmmpsitioni fgur e 6
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24-25. Figure ws the XRD patterns of the products from Exanpl es
26-29. Fi @Eﬁ‘?—ﬁ @(ﬁ@ﬁ%t@fﬁé Sovd Gt & Frpveh e SglPtB%ﬁh%?fsS/fx?@rﬁ,% LEand.

Figure 11 d . 31-32. 25
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shows the XRD patterns of the product from Exanples 34-36. Figure 14 shows
t he XRD patThese msd othet bigjeps ofl thetinfention kxeastphiasd 37th3Be thethod iy dsdciribed béluw.
concerns nmet hod . of . synt hesj ﬁ%&ggcry talline mcroporous netallo 30
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partly filled with a liquid reaction mxture, conprising an active source
of thelfL wheral:, an organic structure directing agent and water. The
crystallisation is perforned at el evated tenperature under WO 03/ 040037
PCT/ NOO2/ 00407 5 autogenous pressure to formcrystals of m croporous

ELAPO, wheFigufche EL ¢mbwalthd XRDSSHRET 6Cthé pRifub ol EXaRpLoNsi sting of
silicon, magnesium zinc, iron, cobolt, nickel, manganese, chrom um and
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Figure SA shows XRD patterns of the products from Examples 10-14.
Figure 5B shows XRD patterns of the products from Examples 15-19.
Figure 6 shows XRD patterns of the products from Examples 20-22.
Figure 7A shows the XRD pattern of the product from Example 23.
20 Figure 7B shows SAPO-34 crystallites.
Figure 8 shows the XRD patterns of the products from Examples 24-25.
Figure 9 shows the XRD patterns of the products from Examples 26-29.
Figure 10 shows the XRD pattern of the products from Example 30.
Figure 11 shows the XRD patterns of the products from Examples 31-32.
25 Figure 12 shows the XRD pattern of the product from Example 33.
Figure 13 shows the XRD patterns of the product from Examples 34-36.

Figure 14 shows the XRD patterns of the product from Examples 37-38

The invention thus concerns a method of synthesising crystalline microporous metallo
30 alumino phosphate (ELAPO) from a solid body, where the body consists of particles
containing Al and P. The pores of the particles are wholly or partly filled with a liquid
reaction mixture, comprising an active source of the EL metal, an organic structure

directing agent and water. The crystallisation is performed at elevated temperature under



could al so have an outer silica shell. It is preferred to use ALPO where
P/Al= 1.2 - 0.6 and to carry out the synthesis in the absence of an

ext ernal wWpD@aiogho3The particles could be calcined prior t@cCrhNoioearment.
The hydrothermal reaction tine is 2-120 hours, preferably 10 4-20 hours.
The crystallisation should be performed:at tenperatures from 150-260C,
preferably 200-220C. The structure directing agent nmay be selected from
tetraethyl anmoni um hydroxide (TEAQH), isopropylam ne (1PA),

di -i sopropyl am ne (DPA), tripropylamne (TPA), cycl ohexyl am ne (CHA),
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di -i sopropyl formal dehyde, dinethyl car bonat e, dimethyl ketone,
aceti c acicelcind pmox tauthe srentneme oThe RBIrvthetmal ieactinp Klémsls énl20dwues prefferablyant
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bot h al um ni um and phosphor ous when prepari ng ELAPGs. The al um ni um

phosphat e amsnapded  hyidroRilef m%zi\@ﬁ)pdmn;i@psﬁmmec (BA), mesmrmlwm €PRA).ni ght

be preci e es.
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Al um ni UM, oSNy s SAPO-18. SAPO-5, SAPO-11 and SAPO-20 could also be produced.

The product could be used as adsorbant or as catalyst for the conversion of methanol to
20 light olefins. The particles produced could also be used as catalysts for the production of
olefins from an oxygenate containing feedstock comprising at least one compound
selected from the group consisting of methanol, ethanol, n-propanol, iso-propanol, C4-
C20 alcohols, methyl ethyl ether, dimethyl ether, diethyl ether, di-isopropyl ether,
formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid and mixtures thereof.
25
With the expression “pores” is meant all pores in the product, while “pore volume” is the

volume as measured by liquid volumetric N; adsorption.

In contrast to earlier known preparation methods, aluminium phosphate could be used as
30 the active source for both aluminium and phosphorous when preparing ELAPOs. The
aluminium phosphate is used in the form of porous particles. The AIPO particles might be

precipitated by various methods, depending on the desired properties.



An organic structure directing agent is added to facilitate crystallisation
of the nolecular 10 sieve. A mxture of two or nore different structure

di recti ngwagens®3toul d al so be used. Suitable structure acreqnogoagents

i nclude tetraet hyl amoni um hydroxi de (TEAOH), isopropylam ne (IPA),

di -1 sopropyl am ne (DPA), tripropylam ne, (TPA), cycl ohexylam ne (CHA),
tri-ethylamne (TEA) and tetranethyl-a ni um hydr oxi de (TMAOH). 15 For the
preparation of SAPGCs, porous AlPO particles are mxed with a snmall anount
of water, a silicon source and a solution containing a structure directing
agent to saturate the pores of the particles. The water content is so

smal |l that. the m xtur ear,s dr hus t.h t "dry.. "1 used.
anot her " EPtwEBTate &S AR e b Lor R SURE ape ik fBnet b EES b by 12 o
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silico al um ni um phosphate m xture. Slightly different m xi ng procedures
may be usalkoxides pf shiean. aad rasetivesspdid amnPrphovs precipitafest sili¢aarg Alsa suitable A gi ng
the order of whigh t flyj P . | Y i1 hxi ng
of r oadt antie Fey S erOFat bR Rl B SRS ire i At of SR ook
resul t i npgskit@yiahyatdigixiuge pithehe/poronealuiiniomprospanor @Eyikod aamaliym0. 1 -
7, preferably 1 - 4, and nost preferably 1 - 3. The reaction mxture 25 is
pl aced i nPRoPBaEed pressure vessel, preferably lined with an inert plastic
material such as polytetrafluorethylene. The reaction m xture i s heated
under autogenous pressure at a tenperature in the range of 150C to 260C,
pr ef er abl Ynatrganit strpenet direeting a260-2 2@dedf torfacikitapecrystdllisitidn ofithe nidecuarur s

t days, I |1 2-120 houy s, f bl bout 4-20 . Th
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conprises a three-dinensional mcroporous crystal framework conprising a
SAPO m cr%gorous structure. After SAPO synthesis, particles mag be prefpar ed
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Alternatively the Si source can be present as a separate phase of the solid AIPO or as a
20 silico aluminium phosphate mixture. Slightly different mixing procedures may be used in
preparing the reaction mixtures, for instance, by changing the order of which the fluids
and AIPO are added. Preferably, the mixing of reactants is performed by an incipient
wetness technique and will result in a liquid volume-to-pore volume ratio between
approximately 0.1 — 7, preferably 1 — 4, and most preferably 1 — 3. The reaction mixture
25 is placed in a sealed pressure vessel, preferably lined with an inert plastic material such as
polytetrafluorethylene. The reaction mixture is heated under autogenous pressure at a
temperature in the range of 150°C to 260°C, preferably at a temperature of 200-220°C for
a period of from a few hours to some days, typically 2-120 hours, preferably about 4-20
hours. The crystallisation occurs in absence of a continuous liquid phase. The idea is that
30 one or more SAPOs (e.g. SAPO-34/ SAPO-18/ SAPO-5) are nucleated inside the pores of
the carrier particle. The as synthesised product is calcined at 500-600°C for a few hours in

dry air in order to remove the organic structure directing agent from the pores of the



VWhen preparing SAPO 34 by "dry-synthesis” froma porous ALPO mixed with a
silica source and structure directing agent /water solution the foll ow ng
substi t utwore3midoB7 t ake place: 1/n Si (OH) 4(s01) + Al PO4(sPCTANqRIBIHIINAI P1
11nA(s) +1/ nH3PA4(1) 15 wheren>1. This corresponds to using 1 nol base/Si
and up to 3 noles of base to neutralise-the phosphoric acid. Since it is
probably not necessary with a conplete rzeutral isation (3 noles of base) of
t he phosphoric acid, only 1 - 2 noles of base may be adequate for this 20
neutralisation. This suggests that an ALPO having P/ A of approximtely 0.8
(1.2-0. 6) crystalibnee maietiabl| Bhe gesulgymthelsrdanfsigapoemprisgst i Giepdinensiopald. 17.

For synthesis of SAPO- 34/ SAPO-.18 with L/, o) 0 06 it is nore
sui tabl e WEFPPRIPUALEE 'WGWPRT C%Iflplﬁf%g- %.SAngﬁ]gcé{)/pé)ﬁ asgsgﬁgglg%f usi ng an ALPO
with P/Al ratio adjusted to the anount of Si used in the synthesis, is to

m ni m se the anpbunt of structure directing agent needed for the synthesis,
or for maldfigy SAROr synthests. padficlgsomay rife epaseyirom: a pigfure Afsthe (amdallised ng
AJPO with PLA.= s costly 30 tenplate,
TEAGH 5o BARL bha AR HIERISAC, B AR elBaRID, S20L Y amine (| PA) Ty be
used. Hence, to nake the synthesis nore cost-effective a significant anount
of the stMutetiais suithbie firiusg imfjeidised Badkbactoys be typipalicprddbged RAspray@irying

03/ 040037 PCT/ NOQ2/ 00407 8 The ,pr.esent synthesis nethod the follow ng
advant ages® %ﬁiﬁ&? éée 1Yy ?36?1_3'% éﬁ%ongflh’é‘a Qéﬂoﬁ‘re 5%%?&@%%%@ tgg S_[W@'cﬂlr sor
for the mGaGROLOUS: tRE PRIAal pRPetiich b @ theIndthificNAREASRBAIR fiRkpatitle.

possi bl e to use considerably smaller anmounts of structure directing agent,

as wel l0as making it possible to use cheaper amines as part of a structure

directing ent_ m xt Ur&. he. jise l.ess. _wat er o) r t,0 =25 in
Usioerras WG ppdrihe SRRG34 S0 S SythetiCeRiaiSh S S ARY By lif el (MEED,
et al US Rateetand shdBru@y dirbEoanateat Abdter sdtiidntheafolowtighdubstitufiOn iwilltthkes

i nvention) during the hydrothernmal synthesis conpared to prior art, nakes

it unneces¥agey to filtrate and wash the product and avoids cleanup of

corabl| shed i n Y5 PICARER EPORE PRSP DR HHEP RN Raci € 11 qui o

makes s§i rwhetgnofl. t he synthesi s m xture unnecessary, sinpler

This corresponds to using 1 mol base/Si and up to 3 moles of base to neutralise the
phosphoric acid. Since it is probably not necessary with a complete neutralisation (3 moles
of base) of the phosphoric acid, only 1 - 2 moles of base may be adequate for this

20 neutralisation.

This suggests that an AIPO having P/Al of approximately 0.8 (1.2-0.6) is more suitable for
synthesis of SAPO-34 with Si/Al ratio 0.17. For synthesis of SAPO-34/SAPO-18 with
Si/Al ratio around 0.06 it is more suitable with an AIPO with P/Al of 0.9-1. One advantage
25 of using an AIPO with P/Al ratio adjusted to the amount of Si used in the synthesis, is to
minimise the amount of structure directing agent needed for the synthesis, or for making

extra base addition unnecessary.

It would also (when using AIPO with P/Al=1) be unnecessary to use the more costly
30 template, TEAOH, as a neutralising agent. For instance, isopropyl amine (IPA) may be
used. Hence, to make the synthesis more cost-effective a significant amount of the

structure directing agent TEAOH may be replaced by IPA.



aut ocl aves could thus be used for the hydrothermal synthesis stage. D. The
intimate contact between solid and liquid also gives a higher nucleation

rat e and WO 0204d87gher crystallisation rate, resulting in [PEINORACLTON
times needed, and giving crystallites of size 0.2-1 m conpared to 0.5-3 m
for a SAPO 34 synthesised after the nethod of Lok et.al in US Patent 4 440
871. The smaller particle size gives a O catalyst with higher durability
and expected higher rate of absorption. 25 E. By using this nethod it is
possible to vary the Si/A ratio to a wide extent and obtaining SAPO 34 as
wel | as SAPO 18. By using Si/Al ratios in the range of 0.03- 0. 06,

terial t ai ni APO- 34 ~ SAP d m xt th i [
e por o ontRORABL AR RARe LA PGB bR ntlo felE oy have
i nproved deactivation properties as well as higher olefin selectivities in

the MIO process. 30 WO 03/040037 PCT/ NO02/ 00407 9 Exanples The invention
wi |l be fuhtHée el abtar aoeys bidRhaserigaysess farotheo mieraporogs Aryéalling psilicon

with characteristics of .the,different ALPO materials used in the. present
Mvent i n 1 s AgoaBosBan A 1CaRaSHs B aee ORIRHID SptlcH apdnlie§ HERRE
charact eri sedilkptilg agkngl, M2 weHd&O0fmaking it Poskiklk ABEEE AdhegfINAGinEd Q8 ofRr. 10
Tabl e 1. Characterg: g%ﬁqs of the diffgre%itEb Al PGCs used in the presﬁ

i nvention. UsiTe&yre difeqBpgpgeat BHBHEd in the text, all sanples were cal ci ned
at 400C for 16 hours before use. Nane Preparation P/Al N2- N2- Pore BET
vol une dianeter (nR/) (cc/) (A ALPOIlight Comrercial, 1.1 14

Ri edel - de-Blallhe us&6F less w282 ¢ddhipatd to HHO/Al=LE i) US4B6118dina MO/ KBA7F5-2209 1

Powder f : 0, 0.66 220 c rms,
owder from 4 0s'2%0% €% 218555 in oot al US Patent 4 440 871 (Example 25),
H,0/Al are mainly 5-10 in this invention) during the hydrothermal synthesis compared
to prior art, makes it unnecessary to filtrate and wash the product and avoids cleanup

of contaminated water.

15 C. The intimate mixing of liquid and solid established in filling the pores of the solid with
the synthesis liquid makes stirring of the synthesis mixture unnecessary, simpler

autoclaves could thus be used for the hydrothermal synthesis stage.

D. The intimate contact between solid and liquid also gives a higher nucleation rate and a
20 higher crystallisation rate, resulting in less reaction times needed, and giving
crystallites of size 0.2-1 um, compared to 0.5-3 um for a SAPO-34 synthesised after
the method of Lok et.al in US Patent 4 440 871. The smaller particle size gives a
MTO catalyst with higher durability and expected higher rate of absorption.

25 E. By using this method it is possible to vary the Si/Al ratio to a wide extent and
obtaining SAPO-34 as well as SAPO-18. By using Si/Al ratios in the range of 0.03-
0.06, materials containing SAPO-34, SAPO-18 and mixtures thereof in various
proportions can be made. Under certain process conditions, these may have improved
deactivation properties as well as higher olefin selectivities in the MTO process.

30



Germany, LOT SP2 7980-01 KOO-058.001 Powder produced', 0.8 230 0.41 60
aceton washed, vacuumdried, calcined KO00-077.001 Powder from 1.0 106

0. 71 220 wGream#03Wr ns, Cernmany, LOT SP2 7980-02 KO0O0- 077 PCSNGWQO8H77. 001
spray 0.9 140 0.64 180 dried KOO-102.003 Powder produced), 0.95 177 0.47
90 spray dried KOO-092.004 Powder prodyced , 1.0 160 0.44 100 spray dried
KOO-218. 002 Powder produced 1.0 192 0.60 100 15 1) specification from
supplier 2) synthesised according to the nethod given in US 4364855 WO

03/ 040037 PCT/ NO0O2/ 00407 10 Preparation of the al um ni um phosphates used
The al um ni um phosphat e powders produced and given in Table 1 were

synt hesi s&Xamplesr ding to the nmethod given in US 4364855. The resulting
gels were washed and 5 filtrated repeatedly to renove NHANG3, foll owed by
drying at T‘]’lg?&'e%ggn %@1'1 ﬁé ﬂﬁ%ﬂe?ﬂl\f[s&at@@Pg\{lfé%x%pfégqgfchﬂh.1.6 h. The spr ay. dri ed
sanpl es were produce roma watér slhurry rn*a conventional spray drier.
The mat%rial denoted KOO0-092.004 was spray dried froma slurry wth added
Ludox LS3Q\ dlescaiptibn widy eh@Bctesstightof9thSidifferent ARBRO fatatialparstd dh éhe peseiit not

otherw se stated. in the fext stai nl ess, steel. autoclave with a.Teflon
e ot - doteation isgven mab L bheiiod e} e bbfreRakpaatgeliu b uged

detai |l ed %g{ryﬁmﬂfd&h&tﬁy&hﬁﬁﬁi@n ppr@gented in this invention are |isted
in Table 2. IT not otherw se stated, "the follow ng reagents are used: 15

Silica source: Ludox LS30; 30 weight % suspension in water (pH = 8.2), Du

Pont p{OOd%:zile ;- %ﬁar&étgrtisrtz%setoywze %%‘gﬁtuﬂﬂbfvdﬁs%élig %he '%Irgs're}zlc zhﬂ'veicz)’tl‘;’onv.vell]lglgsts %
otherwise stated in the text, all samples were calcined at 400°C for 16 hours
before use.

Name Preparation P/Al No- N,- Pore
BET volume d%ameter
m’/g) |(cclg) |(A)
AlPO-light Commercial, 1.1 14
Riedel-de-Hahn;
EG-no.:232-056-9;
Lot 914110
calcined 600°C
K00-053.001 | Powder from 1.07 100 |0.66 220
Grace, Worms,
Germany, LOT
SP2 7980-01
K00-058.001 |Powder produced”, | 0.8 230 |0.41 60
aceton washed,
vacuum dried,
calcined
K00-077.001 | Powder from 1.0Y 106 |0.71 220
Grace, Worms,
Germany, LOT
SP2 7980-02
K00-077.008 | K00-077.001 spray | 0.9 140 |0.64 180
dried
K00-102.003 | Powder produced”, | 0.95 177 (047 90
spray dried
K00-092.004 | Powder produced, | 1.0 160 [0.44  [100
spray dried
K00-218.002 | Powder produced” |1.0 192 10.60 100

15 1) specification from supplier 2) synthesised according to the method given in US 4364855



| PA (isopropyl am ne; Fluka; 99.5 weight% DPA (di-isopropylam ne; Fluka;
99 Weight9% TEA (Tri-ethylam ne, Janssen 99% 15. 791. 77) 20 TPA

(Tri propywearneo3Fl uka, 98 wei ght% TMACH (Tetranet hyl anromiNOmi0y®roxi de-
pent ahydrate; Fluka, 9 weight %9 The A1PO materials used in this invention
are detailed in Table 1. XRD anal ysis 2? The products were anal ysed using
an X-ray powder diffractoneter, Sienens 5000 whi ch produces
nonochromati c radiation (froma CuKal source) of wavel ength equal to
1.54056 A. Most of the XRD patterns presented in this invention are

di spl ayed along with the XRD pattern of a reference SAPO 34 obtained by a
conventio Ie . proc dur esse tially like that in US 4 440 871

(B.M Lok +=tPH lorrol the ALl OSPRAERNNAL action pattern of this latter

reference ’Fl@d'@hﬁuhﬁmﬂ%ﬂ@i;ﬂh@te erk rb&li%e&'eﬁhﬁ Cgﬁen VD 31D40Q3t6 synthesised
PCT/ NOC02/ 00407 11 N O0OO0OO0OO0O0OO0OOO0OOOOOO0DO0ODO0ODO0OO0

0 H .~ t-according ltlmnmth@ngNem mu NS MIGARON Thenregplting el were washﬁcNand kn

N o1 s ey 1 e MHINGS, Fdolige ghyinB AR B el Fleifgoniimad |

00 N N N -oven@t QoM & 16 h.OCheMpray ditd3ampldd Mefd g¥bduded -from a-waterdhurry ira N
@, hdO~t ct ~t.d~t 00 ..H 00000000 0 ONl n0OO vi Invi Invi Ovi 0000000

o X W N cgonKerfiong] spray gijer; The matexjal, fenqtedd<00-092.00¢ wps spray yirigdhfrom a gumy M N

ONNaa *vvﬂh 5%9%‘“&‘0@%%3“ oS e ey 4 izl Aigh "R

t~t- tN | InrOVONNNNNNNNNNOOOOONNNNNN 0dd~t

ddd qod ﬂl ngt SlthEItmge Qcal.‘édqn ﬁ'le t&xt as Ntaﬁjnl&s (é?eefjau\{oﬂave with a Teflon liner of volume

40 ml was used and a synthesis temperature of 210°C. A detailed overview of all synthesis

presented in this invention are listed in Table 2.

If not otherwise stated, the following reagents are used: ‘
15  Silica source: Ludox LS30; 30 weight % suspension in water (pH = 8.2), Du Pont product
TEAOH (tetraethyl ammonium hydroxide; Aldrich; 35 weight %)
IPA (isopropylamine; Fluka; 99.5 weight%)
DPA (di-isopropylamine; Fluka; 99 Weight%)
TEA (Tri-ethylamine, Janssen 99% 15.791.77)
20 TPA (Tripropylamine, Fluka, 98 weight%)
TMAOH (Tetramethyl ammonium hydroxide- pentahydrate; Fluka, 9 weight %)

The AIPO materials used in this invention are detailed in Table 1.

XRD analysis
25 The products were analysed using an X-ray powder diffractometer, Siemens D-5000,

which produces monochromatic radiation (from a CuKy; source) of wavelength equal to
1.54056 A. Most of the XRD patterns presented in this invention are displayed along with
the XRD pattern of a reference SAPO-34 obtained by a conventional wet synthesis
procedure essentially like that in US 4 440 871 (B.M. Lok et al., Example 35). The

30 diffraction pattern of this latter reference sample is denoted “RUW?” in the Figures.
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xample

Synthesis of SAPO-34 from AIPO-particles (EWHS8-16)

A synthesis mixture was prepared by first adding 2.0 g Ludox LS30 to 8.0 g of a porous
5 AIPO material (K00-102.003, Table 1) and then adding 14.0 g 35 % TEAOH and 5.0 g

water under thorough mixing. 0.35 g of HCI was added to the water before mixing. The

mixture was reacted in a Teflon lined stainless steel autoclave at 210°C for 72 h. The

XRD pattern of the resulting silicoaluminophosphate product is shown in Figure 1

(EWHS8-16), and confirms the formation of an almost pure SAPO-34. The reflection at
10 about 2@ = 26 degrees is assumed to represent a dense AJPO4 phase.

Example 2

Fractional removal of water prior to hydrothermal treatment (EWHS$-10)

In this preparation, 5.0 g AIPO-light (Table 1) was used as an-AIPO source and mixed
15 with 3.1 g Ludox LS30, 8.8 g TEAOH and 3.1 g water using the mixing procedure

outlined in Example 2.

The mixture was heated in an oven at 97°C until the liquid mass was reduced from 15.0 g
to 6.2 g, corresponding to a loss by evaporation of 8.8g of water, or approximately 80 %

20 of the total water content within the original mixture. The mixture was reacted in a Teflon
lined stainless steel autoclave at 210°C for 42h, and the XRD pattern in Figure 2 confirms
that SAPO-34 was formed.

Example 3
25 Fractional removal of water prior to hydrothermal treatment (EWHS-11)

This preparation is identical to the one in Example 2 except that the amount of water being
evaporated was somewhat less, approximately 40 weight % of the total water content
within the original sample. The XRD pattern in Figure 2 confirms that SAPO-34 was
formed.

30
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40 >, 000O0OOOCO0D00000O0OO0OO0D0ODO0QHOO0OR
W~, MMMMMi o0 'j, S x OO M~t cn m to ~Or-- 00 Oin
N NMWtnv') ~4 V. c¢) NO W 03/040037 PCT/ N0O0O2/ 00407 13 Exanple 1
Synt hesis of SAPO 34 from ALPO particles (EWH8-16) A synthesis m xture was
prepared by first adding 2.0 g Ludox LS30 to 8.0 g,of a porous 5 A1PO

mat eri al 00-102. 003, Table 1) and then adding 14.0 g 35 % TEAOH and 5.0 ¢
wat er und%%&&‘éag&x m xing. 0.35 g of HClL was added to the water before

mxing. T leX L LT r t | j i I
Pt ool ave SPBtAPESAEaE diftel R AIPOS (EIVHINGIRL AH, 3557, 5745
si | i coal urRiveodiffesaitaAPQy dehotdd KOOIHEWA011 KOOSO 1] KQOEYHIORG K 0HL.003
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2 (Examples 1 - 3), only 2.0 g of AIPO was used in each of the present examples. Also, the
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“free” volume or the available “gas-volume” of the Teflon-liner was reduced from
approximately 40 ml to 3 — 5 ml by insertion of a compact, cylindrical Teflon insert into
the Teflon-liner. The reason for reducing this “free” volume was to limit the amount of

10  water in the vapour phase.

Also, a slightly different mixing procedure was applied as compared to the one described
in Examples 2 — 3, in that Ludox 1.S30 (0.26 g, 0.85 g, 1.18 g, 1.52 g, 0.12g respectively),
was mixed together with the organic structure directing agent TEAOH (1.86 g, 1.78 g,
15 248 g, 3.2 g, 2.6 g respectively), and the resulting solution added to the AIPO powder by

incipient wetness by thorough mixing.

The mixtures were reacted in Teflon lined stainless steel autoclaves at 210°C for 20 h. The
XRD patterns of the crystalline products (Figure 3) are all consistent with the formation of
20 SAPO-34. The numerous, additional intense diffraction lines seen in the XRD pattern of

sample EWH11-6 originate from aluminium ammoniumhydroxidephosphate.

Example 9
Synthesis of SAPO-34 in the absence of Ludox (EWH17-4)

25 The surface of one of the AIPO materials (K00-092.004; Table 1) contained a silica shell,
which was formed by spray-drying. The silica content was approximately 20 weight%. 2.7
g TEAOH was added to 2.0 g of the AIPO material by incipient wetness under thorough
mixing. The mixture was reacted in a Teflon lined stainless steel autoclave at 210°C for 20
h. The XRD pattern of the resulting crystalline powders revealed formation of pure

30 SAPO-34 (Figure 4).



Fractional renoval of water prior to hydrothermal treatnent (EW8-10) In
this preparation, 5.0 g AIPO-light (Table 1) was used as an. AlPO source
and m xedwoOl3/0wiosh 3.1 g Ludox LS30, 8.8 g TEACH and 3.1 @CmanGse/ou®ing the
m xi ng procedure outlined in Exanple 2. The m xture was heated in an oven
at 97C until the liquid mass was reduceg from15.0 g to 6.2 g,
corresponding to a | oss by evaporation ? 8.8g of water, or approximtely
80 % 20 of the total water content within the original m xture. The

m xture was reacted in a Teflon lined stainless steel autoclave at 210C for
42h, and the XRD pattern in Figure 2 confirns that SAPO 34 was forned.
Exarrple 3 Bearhbféd nonaigrenoval of water prior to hydrothernal treatnent
(EWHB-11) This preparatiton is identical to the one in Exanple 2 except that
t he anount Mittuvetofr tvibeiorganie viipuetare direating cagentsa tvithits sonea peactinn menixtiwe 40
wei ght % ofABABSStBSAB6MRSer content w thin the original sanple. The XRD
patternsin Figure 2 confirnms that SAPO 34 was fornmed. 30 WO 03/040037

PCT/ NCO2/ ORARE foltGwin ?@mﬂ w8 dREEMCSnthedls a%@f’d@cﬁé& WeRMpHitd; e@eﬂnte Sl PCs
(EWH11-6, 12-4, 15-8, 1 71 Five différent Gs denot ed K00-'053.001.
KO0O- 058. ooqpntem@@ncbfm er&enqlezataosaereikeatn@nmot@@zh@ﬁ%lA/(Sw@lenalbbe'am?d wer e

o of - ALPO R RE e D E TR SRS TG ks kol AR ef e VAt O

vol ume or #bR raNeivhaéd. era‘bwz sr«@byﬂﬁ ‘acffal hidBuriedf! reattartd 8sedVdBe MGPOGRE fif OM
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i ant 1y aiipPuirt Birberlge B ind i el Blog Se AE ot BRAN: SRS Soned e
descri bed bymciﬁmmea&ss?undeﬁthdrasughhﬁMﬂngox LS30 (0.26 g, 0.85 g, 1.18 g,
1.52 g, 0.12g respectively), was m xed together with the organic structure
directing agent TEACH (1.86 g, 1.78 g, 15 2.48 g, 3.2 g, 2.6 ¢
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i nci pi ent wetness by thorough mxing. The m xtures were reacted i n Te
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the Teflon-liner. The mixtures were reacted in Teflon lined stainless steel autoclaves at
210°C for 20h.

As indicated by the XRD patterns of the crystalline products (Figures 5A and B), SAPO-
20 34 are formed in all preparations, except for ABA-136-1, in which only isopropylamine

(IPA) was used as an organic additive.

Two of the synthesised products, ABA-135-5 and ABA-136-2 seem to consist of mostly
pure SAPO-34. Both of these samples had - prior to synthesis - the same molar ratio of 2.0
25 between IPA and TEAOH. Sample ABA-135-5 contained, however, twice as much

structure directing agent as compared to sample ABA-136-2.

The XRD patterns of most of the products reveal some minor formation of SAPO-18, as
suggested — tentatively - by the appearance of diffraction line 20 = 17.0 degrees. As can be
30 concluded from the data in Figure 5 A, the relative amount of SAPO-34/SAPO-18

depends on the relative concentration of reactants (Table 2) within the synthesis mixture.

35



XRD patterns of the crystalline products (Figure 3) are all consistent with
the formation of 20 SAPO 34. The numerous, additional intense diffraction
| i nes seewoion/o4dee7 XRD pattern of sanple EWHL 1-6 ori gi natreTiNvGmioadoan ni um
ammoni urrhydr oxi dephosphate. Exanple 9 Synthesis of SAPO 34 in the absence
of Ludox (EWH17-4) 25 The surface of on 6of the A1PO materials
(KO0-092.004; Table 1) contained a silica shell, which was formed by
spray-drying. The silica content was approxi mately 20 weight% 2.7 g TEAOH
was added to 2.0 g of the ALPO material by incipient wetness under thorough
m xi ng. The m xture was reacted in a Teflon lined stainless steel autoclave
at 210C f oExaplés 20ne2XRD pattern of the resulting crystalline powders
reveal ed formation of pure 30 SAPO 34 (Figure 4). WO 03/040037
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di t t ' A /1365 1- th
fol | ow ng CRasreltilyBe 3Fr BRERNE I e ey I SAtnBL KRl AR ) 1 no
Si - contenko@d2.0be (TEAO) Bhre8RER DA RINES ReteeRbpHod St &1t aaBsbet dTeLudox.

| PA/Si-nole ratio varied and b) the Si-content and the IPA/Si-nole ratio

were kept Eheeraprsitigngol the reactiopy Igixturppisesummarised an Tabile 2rafeemixteiepweere he

act ual t 0 hese synt hesis was
KOO- 218. OOI%Q%ter@{?ITQ%%I&I%%%ﬁ sggg%g@ég%%gggo brirﬁgerg(())bganl c structure
directing agent (s) and ALPO were m xed together and wat er subsequently
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patterns of th stal line prod res 5A and B), SAPO 20 34 are
forned in %P?““EP@B%F%‘W% @meéﬁ’&%‘gf fg 9(%5& d936-1, in which only
i sopropylamne (1PA) was used as an organic additive. Two of the

synt hesi sed products, ABA-135-5 and ABA-136-2 seemto consist of nostly
pure SAPO-Bxample B3of these sanples had - prior to synthesis - the sane

mol ar rati g of kas Y4BAI27)

An attempt to upscale the synthesis of SAPO-34 was initiated by increasing the amount of

all reactants by a factor of 30 in comparison to Example 10. The smaller Teflon autoclave
(40 ml) was replaced by a larger one of approximately 200 ml. Five identical batches were
prepared, using 60 g of the AIPO material denoted K00-218.002 in each (Table 1), 16.4 g
20 Ludox LS30 and 69.1 g TEAOH. The reactants were mixed as described in Examples 4 —
8. The overall liquid volume was approximately twice the available pore volume of the

porous AIPO material.

The XRD pattern of the resulting crystalline powders revealed essentially SAPO-34
25 (Figure 7A). Some small amount of AIPO-18/SAPO-18 seems to form, as tentatively
concluded from the observed diffraction line at 26 = 17.0degrees. The XRD of only one of
the replicas is shown in Figure 7A, simply due to the excellent reproducibility observed

for the five batches.

30 The size of the regularly shaped SAPO crystallites are typically in the range 0.25 to 1 pm

as seen in Figure 7B.



25 between | PA and TEAOH. Sanpl e ABA-135-5 contai ned, however, tw ce as
much structure directing agent as conpared to sanple ABA-136-2. The XRD
patterns Wb oo$103Df t he products reveal sone mnor fornatPOA/NG2B8MIO- 18, as
suggested - tentatively - by the appearance of diffraction line 20 = 17.0
degrees. As can be 30 concluded fromt ,(;z data in Figure 5 A the relative
anount of SAPO 34/ SAPO- 18 depends on the’rel ative concentration of
reactants (Table 2) within the synthesis m xture. 35 WD 03/040037

PCT/ NO0O2/ 00407 16 Exanples 20 - 22 Mxture of structure directing agents
in the absence of Ludox (EWH18-1, 2 and 4) Using essentially the sanme

procedure ﬁs in Exggglgi 10 - 19 and replacing the ALPOwi th 5 KO00-092.004
(Table 1) = m xtures were prepared in the absence of Ludox.

The conpPosN§A-SftrPlg 61“1%51&6&@4 tgﬂ&rﬁi K dtofferhsi ﬁ‘éﬁfiﬁéﬁﬁ@@BAf@T@l&hB 43- The
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appr oxi matsgdiyledMeelhutobiaves atcteo‘taﬂmIZObatches were prepared, using 60 g of
the ALPO material denoted KOO-218.002 in each (Table 1), 16.4 g 20 Ludox
LS30 aA® 69.1 g TEACH. The reactants were mixed as described in Exanples 4
- 8. The o Mo 1IN HREX B v re
vol une of %ﬁEéH iE)%%é())us Afi\l:/’% mat er | an?tg%c{ﬂ%gé ga%ﬂ{léewggﬁsﬁi%&rgﬂghﬁﬁ% ﬁlgepé)
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reproduci bi'lity observed for the five batches.
15 after hydrothermal treatment. The results indicate that stirring is not a critical factor, so

that no special precautions need to be taken in production, which is cost saving.

Examples 26 - 29
Effect of water within the reaction mixture (ABA140-1, 2, 3 and 4)
20 Four AIPO powder samples, each 2.0 g, (K00-218.002; Table 1) were mixed with 2.3 g

35 % TEAOH, 0.55 g Ludox LS30 and water according to the same mixing procedure as
outlined in Example 24. The difference between the reaction mixtures used in the present
Examples and the corresponding reaction mixture in Example 25 was the proportion of
water used (Table 2). The water content was varied with 0, 0.5, 1.0 and 3.0 in the
25 respective mixtures. The mixtures were reacted in Teflon lined stainless steel autoclaves at

210°C for 20h.

As was confirmed by the XRD patterns in Figure 9, the resulting products were identical.
Moreover, the intensities (areas) of the different diffraction lines of the four samples were
30 identical, suggesting the addition of “external” water to have no significant effect on the
product distribution. This result is probably not too surprising, since most of the reactants
contain some “inherent” water, i.e., water contained within the actual chemical reactants

used in the present synthesis (for instance 35 % TEAOH and Ludox LS-30).



30 The size of the regularly shaped SAPO crystallites are typically in the
range 0.25 to 1 m as seen in Figure 7B. WO 03/040037 PCT/ NO02/ 00407 17
Exanpl es W0 03/02B3Non-stirring of reactants prior to hydroProgmabk/ooseat nent .
(ABA139-3 and 4) 2.0 g of an AJPO material KO00-218.002 (see Table 1) was

m xed with 0.55 g Ludox LS30 5 together, with 2.3 g of an organic additive
(TEAOH). Water was subsequently added i nci pi ent wet ness under thorough
m xi ng (ABA139-3). To a second and identical ALPO material was added the
same type and amount of fluid reactants, wi thout any stirring (ABA139-4).
See Table 2 for further details. Both m xtures were reacted in Teflon |ined
st ai nl ess _st eel ocl aves at 210C for 20h. 10 As can be confirned by the
XRD patteﬁ%@nvﬁﬁgﬁie 8), the two crystalline products were identical.

Mor eover , prligrhiibs 08 SAIPER5(ABAI}-4pf the corresponding diffraction lines of
the two sanples were i1dentical, suggesting that stirring or non-stirring

of reactaBtlsgprfi ax AIBO HKOP-O6BEPKalpowdemsaraple (Tablsf 1) iwas| mixed | Wil g
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savi ng. anples 26 - 29 Effect of water within the reaction m xture

(ABA140-1, 2, 3 and 4) 20 Four A1PO powder sanples, each 2.0 g,
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and wat er ccordi e sane mxin oceaure as

24. The dipbkesgntermidbreiitdshehiré astisedreditiont M.BE). Tseadly, JB. Higgipyr agldtvon
Exanpl es and the corresponding reaction m xture ihgxa |l e 25 was the
pr opor 14 oRaimoogk996) preygs that i demificantymanat 8 SAEH-e it E%agedvfaqm ke apevs o,

0.5, 1.0 thdufhehfidiBio3R 6 BRRGIMYS kadiae pge M xt Ures vere react ed

in Teflon stal nl ess steel autoclaves at 10C for 20h. As was
confirmed by the XRD patterns in Figure 9, the resulting products were

i denti cal , xalyeevey « Jie intensities (areas) of the different diffraction
| i nes of tq'reHP%Ur—sa'n‘é'es were 30 identical, suggesting the addition of

" ext er nal Prygiratioh of SARO-20 (4 Baui#S-4cABA-BIF-2Ct on the product distribution.
This result is probably not too surprising, sjnce npst of the reactants
contai 10 Sdie SaRHUPGRT ARG Raer 28 uhect BRaBlet S DR THI t REY o
chem cal nGact apik Tetramethylammoniumhydroxide-pentahydrate, Ludox LS30 and water

according to the same mixing and crystallisation procedure as described in Example 24.

Two synthesis reactions were initiated. The amount of reactants used is shown in Table 2.

20 The reference XRD pattern of SAPO-20 (Figure 11; see “collection of simulated XRD
powder patterns for zeolites”, third revised edition, M.M.J.Treacy, J.B.Higgins and R. von
Ballmoos, 1996) shows that pure SAPO-20 may be formed from the above synthesis

reaction by choosing an appropriate concentration region of chemical reactants.

25 Example 33
Preparation of SAPO-11 (ABA144-2)

The same type of AIPO powder (2.0 g) as used in Example 31 (“*K00-058.001”; Table 1)
was mixed with Diisopropylamine (0.37 g), Ludox LS30 (0.55 g) and water (3.2 g)
according to the same mixing and crystallisation procedure as described in Example 24.

30



used in the present synthesis (for instance 35 % TEACH and Ludox LS-30). WO
03/ 040037 PCT/ NO02/ 00407 18 Exanple 30 Preparation of SAPO 5 (ABA143-4)
2.0 g of wp 0a0ROE37 KOO- 058. 001" powder sanple (Table 1) wagcrinosd/oniorh 0. 78
g 5 Tripropylamne, 0.55 g Ludox LS30 and 3.0 g water. The m xing and
crystallisation procedures were the sape as described in Exanple 24. The
reference XRD pattern of SAPO-5 (Figure 11l; see "collection of simulated
XRD powder patterns for zeolites", third revised edition, MMJ. Treacy,
J.B.H ggins and R von 10 Ball noos, 1996) proves that a significant anount
of SAPO-5 is fornmed fromthe above synthesis reaction. However, the SAPO 5

fornmed is t )gﬁﬁ 2 .Pr rati,on of. PO- 20, (ABAl45-
ABA- 145- 2)ﬂ%5re$ﬁée&§ane {@a;lt)tgﬁio _ %1&91\Rgfg§urgsfzu &4 FONeon o simy tXRD
(" KOO- 058. favider pdtedphefol yeditss”, thicdadvivéd diition, M.M.J. Treacy, J .B.Higgins and R. von

Tet r anet h;r:éaafmoni n%dr oxi de- pent ahydrate, Ludox LS30 and water according
to the sa ]"Pil%sn39 Fopfipmas Hhat purer $HROpklomey heosmed&ony theeahove sethesid e

24. T nesi j L L ek of ; reactants used
s shovn 1 epahy SBOOSEE e el batcbl Bl £ R o B Bl BRRRHET, ¢ 11
see "collection of sinulated XRD powder patterns for zeolites", third
revised edhidfiBle ldg Treacy, J.B.H ggins and R von Ballnoos, 1996)
shows t hat may be formed fromthe above synthesis reaction by
choosi ng Varybhgy thertiré of hyphoerial beatmew QBAT4-NSamEs) reactants. 25
Exanpl e 33_Pr egrar ation of SAPO-11 (ABAl44-2) The sane type of A1PO powder
(2.0 g) as HiesBradHctEgre PEePated acromlingstp. e Synthesiprecing outlined in Kaemplet 19

Di i sopg®p i ) u ). ._accordi ng
o & ho Sormarisit 8 e Borar kb (RIG21 8082 Bty O he bk oulhp o
24. 30 WO e8d4He8 20RCTNORAGO 74 hdilks,Theble 2Y. dhe IRD ¥altrpabf iefebctBAPO- 11
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synt hesi s o
crystallisation time can be reduced substantially without losing product quality, which will

15  save production costs.

Example 37-38

Synthesis of SAPO-34 with low amount of structure directing agent (ABA147-2,
ABA151-3)

20
This preparation is performed according to the mixing procedure described in Examples 1-

3 and using the autoclave type with Teflon insert as described in examples 4-8. Ludox LS-
30 was added to AIPO (K00-058.001) and then adding TEAOH and water under thorough
mixing. The synthesis temperature was 210°C for 20 h. The XRD patterns of the

25 respective products are illustrated in Figure 14. From these XRD patterns we see that in

spite of the low amount of structure directing agent used, SAPO-34 is obtained.

Example 39

MTO properties in a fixed bed reactor

30
Catalytic testing

Catalytic tests were carried out to convert methanol into light olefins. The sample of the
calcined material to be tested was compressed into tablets, which were then carefully

crushed. A 35 — 70 mesh fraction was recovered by sieving. 1.0 g of the powder was



5 reaction by choosing an appropriate concentration region of the chem cal
reactants. Exanples 34-36 Varying the tinme of hydrothermal treatnent
(ABA146- IWO2d3am®3B) Three products were prepared accordi n@CroNaeo®ynt hesi s
reci pe outlined in Exanple 10 10 and using the sanme porous AlPO
(KOO-218.002, Table 1). Only the synthesis tinme was varied (from 20 hours
to 8 hours to 4 hours, Table 2). The XRD patterns of the respective
products are illustrated in Figure 13 and show that SAPO 34 is fornmed after
rather short tine of hydrothermal treatpent, equal to or less than 4
hours. Thadaedas al quartz medatert andtheated tordP8tCainl Ns and dmptt atrthis dempérature frcid

bstantially,wthout |osi duct | ich.will
o oduct 1 oM btore B armPe AT B° st fu 44 c il Bintlue o 405 h R G0t ans
structure ghos BRidoBS wald pdsed MBAIh it 4t a WABAYSL 1 3)MEOHTH &/ TR @fclﬁtu'bp:ﬂre,iaﬁl

performed according to the mxing procedure described in Exanples 1- 3 and
usi ng t he vaast snelysoe byygse oamataeeplyh Theseatalysidifeiéme nmasedefingd ex diplies op- 8.

Ludox LS- 30 d t o, ALRO (KOQ-: 058. d .t hen addi nq, TEACH and
water chasrorRgroRgRanEh o SRR TV et BRERE dudo s B, 1,
The XRD patdrbsmselétivitheo dimetigsapat(DVME Pnaleeffment was+ l@st rated in Figure
14. Fromthese XRD patterns we see that in spite of the | ow anount of

structure directing agent used, SAPO-34 is obtained. Exanple 39 MIO
proper t i eslhienpradidtselechvity paacCdrasis3y thattested samplesisi sef) fash an iable 3.cEhes

were carried. out t It nol.into |light olefins. T anpl e. of the
ol o ned. ARt bedP SALAE ST R Sutet oS5 BT e ARG PRy ¢ e
caref uliyy th€dep Bpetheié méhod 78engmid datf9dts Oor WRSconPERINAr SimBthagbleMitd dightl. O ¢
of the powder was WO 03/040037 PCT/ NO02/ 00407 20 placed in a quartz

react or arfdefHSat ed to 4000C in N2 and kept at this tenperature for 30 mn,
before the tenperature was increased to 4200C and a m xture of 40% net hanol
and 60% nitrogen was passed through it at_a WHSV = 1 MeOH g cat/h. The
product st¥abl? coprfaing satalpis Jewts R lltqdr%lla@tﬁaﬁﬁly@twm% taaﬁ%mglﬁ shawei ne

was defi neghyas ot %etéa%yt%‘ test conditions are presented in the text. A SAPO-34 sample
15 obtained from a “traditional” wet synthesis approach (US 4 440 871, B.M. Lok et al,,

Union Carbide 1984) was used as a reference sample.

Table 3. The catalyst lifetime given by t-DME and product selectivities at t-DME for
selected samples. Reaction conditions 420°C, WHSV = lg/g,h and MeOH partial
20 pressure 0.4 bar

Product\ | EWH EWH EWH EWH ABA | ABA Reference
Sample 12-4 18-2 16-7 15-8 147-2 | 151-3
Ethylene |44.4 42.5 42.7 394 42.0 43.5 45.7
Propene | 36.3 34.2 36.1 36.4 39.3 37.7 37.8
Butenes 11.1 11.6 11.7 13.5 12.0 13.2 9.9
Methane 2.0 2.0 1.8 1.8 2.6 1.5 1.2
Ethane 0.5 0.6 0.5 0.7 0.4 0.7 09
Propane 0.9 0.9 1.3 0 0 0 1.6
Butanes 0.1 0.2 0.2 0.3 0.1 0.3 0.1
C5+ 4.7 8.0 5.7 7.9 3.6 3.1 2.8
t-DME; 645 575 550 445 560 330 400
Minutes




5 stream for breakthrough of dinmethylether (t-DVE defined as the tine on
stream when the Carbon selectivity to dinethylether (DVE) in the effluent
was = 1%woTDhe4pspduct selectivity on a C basis of the tesrteadNmanopiogs is
set forth in Table 3. The results suggest that the SAPO 34 naterials
prepared fromsolid, porous ALPO materials by 10 the dry syntheis nethod
are good catalysts for the conversion of nethanol into Iight olefins.
Table 3 contains catalytic results obtained on a limted selection of the
sanples shown in Table 2. The catalytic test conditions are presented in
the text. E&a%@d sanple 15 obtained froma "traditional" wet synthesis
approach 871, B.M Lok et al. Uni on Carbide 1984) was used as a
ref erence sa Tabl e 3. The catal yst lifetime gi ven by t-DVE and product
sel ecti vi tM@Ep op@rtmenraéiluldy@d@@déea@ahp| es. Reaction conditions 420C,
VHSV = I g/g,h and MeOH parti al ressure 0.4 bar Product\ EWH EVH EWH
EVH ABA ASAsnﬁneW@h@@dcséhﬁménmgmd-EBEQEzgnPEI%Lshq@humn45q4@0ﬁmﬁvrgﬁg-44.4

Bt ance. 17213907 (Eetle ot S0 G obRTRIRN By ok Sy W i hpdpideond
1.2 Ethanrgrad deie® whthGhd oﬁ’tl& t&nﬂelﬁl;u?e &t Qt aﬁ)’r@nﬁm&lﬁ 180C. The ndatélid) whs thén
Butanes 0.1 0.2 0.2 0.3 0, 8,057 7.936 3128

t - DVE; 64538¥5d590wu95656b5§%6336081@N%u@%%ﬂvmﬁméﬂnﬂ©0§7wP@WPK@O%W@ﬁW@W 21
Exanpl e 4 ,{X‘L% i ryy was nade of
t he mat erl(&a ro &E@t&l zﬁxﬁlyﬁ% O@tﬂeleﬂig g%%ﬂglggnéggggﬁgﬁ%ﬁég%@ 35118 002 (Table
1) and Si 02 (Ludox HS40) The slurry was spray dried in a conventional 5
spray dri with the outl t a I‘OXI tel) C. The
ot o al e TOHERFICSCIEHES 17 A BRAC o Duibsde GRSt with ondifg B doplya
materi gy iThedelk Q& COMPA%RSYith a generic SAPO-34 based catalyst from UOP (id 07045-
16) at identical WHSV based on SAPO-34. The catalyst lifetime defined as the time on
stream for breakthrough of dimethylether and the product selectivity are set forth in Table

4.

15

Table 4. Catalyst lifetime given by t-DME and product selectivities at t-DME in the
MTO reaction over the Prototype catalyst and the UOP catalyst. Reaction
conditions 460°C, WHSV= 1 g/g cat,h and MeOH partial pressure 0.9 bar

MTO lifetime (h) C2=+C3= selectivity
(C%)
UQP catalyst 23 85
Prototype catalyst 24 86

20

The examples show the application of the catalyst in the synthesis of light olefins from

methanol.

25



catal yst. Elenental analysis of the material indicated 35 wei ght % SAPO 34.
The material was tested in a bench scale fluidised-bed reactor with on-1ine
GC anal yswe.03/04®3The results were conpared with a generi c PEAROI3AIDASed
catalyst fromUOP (id 07045- 16) at identical WHSV based on SAPO 34. The
catalyst lifetine defined as the tine stream for breakthrough of

di net hyl et her and the product selectivi are set forth in Table 4. 15
Table 4. Catalyst lifetine given by t-DVE and product selectivities at
t-DME in the MIO reaction over the Prototype catal yst and the UCP

catal yst. Reaction conditions 460C, WHSV=1 g/g cat,h and MeOH parti al

pressure Q.9 bar D Jhfetime (h) C2=+C3= selectivity (C% UOP catalyst
2.3 85 P&@B@B@%yst 2.4 86 20 The exanpl es show the application of
the catal S}ﬁtﬂeﬁs%hSAMhMl&)-qg \}VlltH 85/A9 rfid 290.17 Ghg ﬂm'éﬁﬁﬂérgs&ﬂls’é@on

03/ 040037 00407 22 Exanples 41- 44 Synthesis of SAPO 34/ SAPO 18
wth SI t|o <0.11 u3|ng di fferent crystalllsatlon tenperatures 5
Ludox LSS ed to her ul ti.n

added to Fonaen PRodte SEAPHARE ebe I FRL e PRLILER 485,
Teflon i mﬂoggaodef €&60- 2$$ 062). aut esikar@swaeGeididh 4®ndl efloh dimed dtatnless
described in |l es 4-8. Tenperatures and synthesis conditions are glven

in Table gteellqytqq&@/eggcg(yﬁmgég theeproeeduss gescrbigoinebxamplescd-8r Tempepiresrand; o
o SRRl AT, 8 The cystal Lty 3 vl a5 e
di fframt ograns of the sanples with XRD diffractograns of pure SAPO 34 and
pure SAPOT]ﬁg as- %g}r(ljthg\glé[erc]l c;[a?a??srtse\tﬂlerceaéharac%e%]sgél L t}a(ljD to confirm formation of SAPO-

34 and SAPO-18. The crystallinity as well as the relative amount of SAPO-34 and SAPO-

18 was estimated by comparing the XRD diffractograms of the samples with XRD

diffractograms of pure SAPO-34 and pure SAPO-18, and with theoretically calculated

15 XRD patterns for a product with varying composition of SAPO-34/18. The micro pore
volume (MPV) was measured and the catalysts were tested for the MTO reaction

according to the procedure described in Example 39.

The characterisation results are given in Table 5. The results confirm that SAPO-34/18
20 materials are formed with Si/Al=0.06, and compared with Si/Al=0.17 (Example 41). SEM

pictures of the samples confirm formation of small 0.1-0.6 pm particles. The examples

show that by varying the synthesis conditions the relative contents of SAPO-34 and

SAPO-18 can be controlled. The examples also show that low Si samples are very good

MTO catalysts. The low initial propane selectivity and the high catalyst lifetime (t-DME)
25 prove a low coking rate. The ethylene selectivity at t-DME is high.

Examples 45-49

Synthesis of SAPO-34/18 with Si/Al=0.06, using low amounts of structure directing
agent

30
Ludox LS30 was mixed together with TEAOH as well as the organic structure directing

agent TEA (Example 50) and the resulting solution was added to the AIPO powder (K00-
218.002). The silicon content was kept at 0.06 Si/Al, but the amount of TEAOH added in

the synthesis was varied. The mixtures were reacted in 40 ml Teflon lined stainless steel



15 XRD patterns for a product with varying conposition of SAPO 34/18. The
mcro pore volume (MPV) was neasured and the catal ysts were tested for the
MIO r eactwon3/oamepr di ng to the procedure described i n Examrpran@?/ooibhe
characterisation results are given in Table 5. The results confirmthat
SAPO- 34/18 20 materials are forned w tg Si / A1=0. 06, and conpared with
Si/A1=0.17 (Exanple 41). SEM pictures % the sanples confirmformation of
small 0.1-0.6 mparticles. The exanples show that by varying the synthesis
conditions the relative contents of SAPO 34 and SAPO 18 can be controll ed.
The exanpl es al so show that |ow Si sanples are very good MI'O catal ysts.
The low inj r t i.ah cat (

25 prove aﬁ%%c&?évggka?;:ﬂ%regf@k% L C}Pﬁdlﬂqgg% Ils;le ela v?%cg} 113 plt]es qﬁ? the
Exanpl es @nﬂl@s@ymdjesnmogw%ﬁoraﬂéw W th S| /Al 0.06, using | ow arrounts
of structure directing agent 30 Ludox LS30 was m xed together w th TEAOH
as well as the organic structure directing agent TEA (Exanpl e 50) and the

ol 1150 281 Wk, S AL HIRUPROUARH (4001018, SBRD T0Gpeld oo

synt hesi s deagibedr ineixarfiples MIx44ir Blse harectegsadibe desults4fre ngivdefih Orbld Bednd
stainl ess steel / NOO2/ 00407 23 aut ocl aves, at 210C for 20h
accor di ng %0883?3\1%35%?5%3%%({@ sapples W 1S¢ AL =0.06re obtainadnesi s conditi ons
are given in Table 2. 5 The sanples are characterised by XRD, I\/PV‘and

tested for the MO reaction as described in Exanples 41-44. The
char act er i Bt §xgmplessiowsthat by gsingrihis syfthbsie pfocadute acgrm‘dl MTQ bathlyst can be

SAPO- 34/ S bt ai ne es show
Chat. by ol PR PRNE i b ds FralomT oyl bip et el SRR Sd fepmiey

obt ai ned viivieh (835 TBAGIHA). g36esTaE§6M Ckalyhit HHaUhe REAHUShRGt %P$A§o°9cféeé Rot e
synthesis.. Even 0.25 TEAOH Al gives a good catal yst and the small content

of SAPO 5 iplgEerenwith thenlifsiimeres with Fhet W@CthlﬁétUm BA7WEAOHAS! &L SCTEAAY .
Using 0.17; %A\gg al so gives a good MIO catal yst. 15
Exanpl e 50- S;aE Synt db%é)gll\gréf %&) 34/18 with varying silicon content Ludox
LS30 was m xed together with TEACH and the resulting solution was added to
t he

15 Example 50-51

Synthesis of SAPO-34/18 with varying silicon content

Ludox LS30 was mixed together with TEAOH and the resulting solution was added to the
AIPO powder (K00-218.002). The amount of structure directing agent was kept constant,
but the amount of Si was varied. The mixtures were reacted in 40 ml Teflon lined stainless
20  steel autoclaves at 210°C for 20 h according to procedure described in Examples 4-8. The

synthesis conditions are given in Table 2.

The samples are characterised by XRD, MPV and tested for the MTO reaction as
described in Examples 41-44. The characterisation results are given in Table 5.
25
The examples show that by using this synthesis procedure a good MTO catalyst is
obtained with as low as 0.03 Si/Al. Example 47 shows that 0.06 Si/Al gives a good MTO
catalyst with the same amount of structure directing agent as in Examples 50 and 51. The
examples (46, 49 and 51) further confirm that SAPO-34/SAPO-18 is obtained. Less
30 TEAOH and less Si tend to increase the SAPO-18 content at these crystallisation

conditions.



A1PO powder (KOO-218.002). The anpunt of structure directing agent was kept
constant, but the amount of Si was varied. The m xtures were reacted in 40
m Tef | orwbion@ehost ai nl ess 20 steel autoclaves at 210C for PRO/NOGwew®rdi ng to
procedure described in Exanples 4-8. The synthesis conditions are given in
Tabl e 2. The sanples are characterisgd by XRD, MPV and tested for the MIO
reaction as described in Exanples 41-44. The characterisation results are
given in Table 5. 25 The exanpl es show that by using this synthesis
procedure a good MIO catalyst is obtained with as low as 0.03 Si/Al.

Exanpl e 47 shows that 0.06 Si/Al gives a good MO catalyst with the sane

amount 7ghle St ChakdéteisdlioR gésults opQiilystasn ERampligiesd 50 and 51. The exanples
(46, 49 and 51) further confirmthat SAPO 34/ SAPO-18 is obtained. Less 30

TEACH mﬁpﬁ'ﬁ' SRR T OO T Seswewut.morlm%he ar THESe  wmpv
crystal ITsation cqpditionsg W0 0353608087 PCHRiNCORLANAPE scRéivkRb! Guiliy/e)
Characterisation results of catal ysisoizm?Exanpl es dds=h3 Exampie Synt h.
Crystallinity SAPO 34 of t-DME Propana)C2= MPV no.mh 2) SARP 18 + (min)
selectivity at selectivity (mN2/g) SAPO-34 3) TOSfAb at t DME (%9 min.
(% (9% 40 ABA-2BA-201-93 95 9860 17 43942 ABAS801-2 62 90 5683 13 43 0.20 43
ABA- 202-2 86 40 B8BA-281-24 0. 23 44 ABAYR04-2 9%090 660 8 46 @322 492ABA
208-1 100 4301) 6ZBA02D 0. 186 46 ABA-2D7-2 9%7Q0 62552 40 0420 470ABA-
208-2 80 48 48 ABRAZ0%21 77 B0 49 ABA2R10-2 180301) 20 3 346 50 ARA2208-6
98 50 51 ABA- 208ABAgE8-15 6450202 41 0. 29" 5 1) ral | agmunts gbg SAPO?38 s

f or med 46 ABA-207-2 9 20 625 0.20
47 ABA-208-2 80 40
48 ABA-207-1 77 50
49 ABA-210-2 75 30" 720 3 38
50 ABA-208-6 98 50
51 ABA-208-5 81 15 645 2 41 0.23

5 D Small amounts of SAPO-5 is formed
?  The crystallinity is obtained from the integral of the 26 = 9.6, assuming SAPO-34 and SAPO-18 behaves
similarly and ABA-208-1 is set to 100% '
3 The relative amount of SAPO-34 and SAPO-18 was determined by comparing the XRD diffractograms
of the samples with XRD diffractograms of pure SAPO-34 and pure SAPO-18

10



2) The crystallinity is obtained fromthe integral of the 20 = 9.6,
assum ng SAPO 34 and SAPO 18 behaves simlarly and ABA-208-1 is set to
100% 3) Twe osekm@ms? ve anount of SAPO 34 and SAPO 18 was detPemmoveaoioy
conparing the XRD di ffractograns of the sanples with XRD diffractograns of
pure SAPO 34 and pure SAPO 18 10 WD 03/,040037 PCT/ NOO2/ 00407 25 Patent
clains 1. Method of synthesising cryst Yine m Cr opor ous

net al | oal um nophosphate 5 (ELAPO) froma solid body, where the body
consists of particles containing AIL. and P and where the pores of the
particles are wholly or partly filled with a liquid reaction m xture,
conprising an active source of the F%‘tgﬁlfki’élms"’m organi c structure
directing agent and water, and cry is perforned at el evated
tenperature under autogenous pressure to formcrystals of mcroporous
ELAPO, whar et Rierfiba L8e &lithediding CLflAihe Aol CHRiFORGhS G e
silicon, magnesSium zinc,”’iron, ©co ni'c manganese,

m xt ures ther egELARO) Nidrh ads il syt bﬁhﬁteSﬂth)ody)(S)habﬂsldf@amclésomlltfﬁmag Al
met al | oal um nophosphate (ELAPO) froma solid bodﬁ wher ei n_ the bog‘SPjé]s
4 of

consi sts of parhi & s ‘ﬁ]@-’ﬁ? gienli’cﬁﬁs o] the particias are Whplly o pastiyeied wigea

the particles algualiirdofBhiting b bbiRAolidelbrand bthdlal mga@e stththiy ©
conprising an organic Structu recting agent and wat er n
crystallisati onirestipeadent amtiwater,ednd\cayseallitatiop és pérforeed ratl elevatad txyepeoatsre

ressure to for stals of m croporous O.where t tal i
g el ected from t“ﬁg‘;r ad# OUHRIESIFS {Pfonp CEXSFEE%B TUGTERGTAY ﬁﬁ‘ﬁgb %ere- tPBif‘L

cobol t 1 ni ckel AANGARESFed fréth AR gﬂw ecasidting >61f Wileon! AeeRefium3zinkeiBRd
according to claim1l or 2, wherein EL metal is silicon and where

crystalline m cobgtmicksl, mmamemm@nw@dandmmrewmem according to claim1
or 2, wherein ALPO particles are contained in the body. 5. A nethod

according to claim1l1, 2 or 4, wherein the ALPO used has P/Al = 1.2- 0.6. 30
6. A method aco@dtHbdd of O sghtBbdRRidg wﬂ@tﬁm t crbpatond fRAtlohRmimBphbsptateal so

contains an active source of a netal
(ELAPO) from a solid body, whereln the body consists of particles containing EL

nd

15 metal, Al and P where the pores of the particles are wholly or partly filled with a
liquid reaction mixture comprising an organic structure directing agent and water,
and crystallisation is performed at elevated temperature under autogenous pressure
to form crystals of microporous ELAPO where the EL metal is selected from the
group consisting of silicon, magnesium, zinc, iron, cobolt, nickel, manganese,

20 chromium and mixtures thereof.

3. Method according to claim 1 or 2, wherein the EL metal is silicon and where

crystalline microporous SAPO is produced.

25 4. Method according to claim 1 or 2, wherein AIPO particles are contained in the
body.
5. A method according to claim 1, 2 or 4, wherein the AIPO used has P/Al = 1.2-
0.6.
30
6. A method according to claim 2, wherein the liquid reaction mixture also contains

an active source of a metal EL.



WO 03/ 040037 PCT/ NO02/ 00407 26 7. A method according to claim®6, where the
nmetal is silicon. 8 A nmethod according to claim4, wherein A1PO particles
wi th an owDes/0%i087 ca shell are used. 5 9. A nmethod accor @#cmgvaoe/oedoai m 1 or
2, wherein the synthesis is carried out in the absence of an external
liquid. 10. Method according to claim1_or 2, wherein the crystallisation
is performed at 10 tenperatures from X50-260C, preferably 200-220C 11.
Met hod according to claiml1l or 2, wherein the hydrothernmal reaction tine is
2 - 120 hours, preferably 4-20 hours. 15 12. Method according to claim1l1 or
2, wher ei fi. t he Apaethpd hewrding taelhimh heuhgye thermetal isisdiconr eat ment. 13. Met hod
according to claiml1l or 2, wherein the ratio between the liquid volune and
pore volune is 0.1-7, preferably 1-4 and nost preferably 1-3. 20 14. Met hod
accordi nggt 0 claahBhdd adcobding to YRR &, WhERen AIH@ phitiles Wid\Va dufer SARRsBAI

SAPO- 17, SAPO- 18 or m xtures thereof. 15. Method according to claim1, 2 or
3, wherein thearwpisedul ar sieve is SAPO-5, 25 SAPO- 11 or SAPO-20. 16.

Met hod 5accordi ng to claim1, 2 or 3, wherein the structure directing agent
is oneor nore selected fromthe group of organic structure directing
agents coppri siAngetiodt dcasidig toastaminil ush 2)ywihieuindde (SYRALIS is tat@d opyinathene
(IPA), di 30 isopropylam ne (DPA), tripropylamne (TPA), cycl ohexyl am ne
(CHA), tri- et Rbdcaes Qfean(eﬁmald’fqu%‘ist ranmet hyl - anmoni um hydr oxi de (TMACH). WO
03/ 040037 PCT/ NO02/ 00407 27 17. Method according to claim1, wherein the
El/Al ratio is in the range 0.01-0.5, nore preferably 0.03-0.17. 5 18.

Met hod acdOr di Methal atairding ,tovdigineil nort BewBerel theatiystallsation ishpenfamgd at

0.01-0. 5, f | 03-0Q.17.
o ™ eterr%eef‘atgrreg?ro%/n ?50-%6(9’& preferably 200-220°C.

11.  Method according to claim 1 or 2, wherein the hydrothermal reaction time is 2 -

120 hours, preferably 4-20 hours.

15 12.  Method according to claim 1 or 2, wherein the particles are calcined prior to the

treatment.

13. Method according to claim 1 or 2, wherein the ratio between the liquid volume and
pore volume is 0.1-7, preferably 1-4 and most preferably 1-3.
20

14. Method according to claim 1, 2 or 3, wherein the molecular sieve is SAPO-34,

SAPO-17, SAPO-18 or mixtures thereof.

15. Method according to claim 1, 2 or 3, wherein the molecular sieve is SAPO-5,

25 SAPO-11 or SAPO-20.

16.  Method according to claim 1, 2 or 3, wherein the structure directing agent is one or

more selected from the group of organic structure directing agents comprising

tetraethyl ammonium hydroxide (TEAOH), isopropylamine (IPA), di-

30 isopropylamine (DPA), tripropylamine (TPA), cyclohexylamine (CHA), tri-
ethylamine (TEA) or tetramethyl-ammonium-hydroxide (TMAOH).



19. Method according to any of the preceding clainms, wherein ELAPO is
produced 10 froma reaction m xture without stirring of the reactants. 20.
Use of pawoioslhe®3produced according to any of the precedi RgTNGROB40AS
adsorbants. 21. Use of particles produced according to any of the
preceding clains as catalysts. 15 22. e of particles produced according
to any of the preceding clains in catal4'sts for the production of ol efins
from an oxygenate containing feedstock conprising at |east one conpound
selected fromthe group consisting of nethanol, ethanol, n- propanol,

i so- propanol, C4-C20 al cohols, nethyl ethyl ether, dinmethyl ether, 20

di ethyl ether, di-isopropyl ether, fornmal dehyde, dinethyl carbonate,

di rethyl ketone, acetic acid and m xtures thereof. 25 30

17. Method according to claim 1, wheréin the EI/Al ratio is in the range 0.01-0.5, more
preferably 0.03-0.17.

18. Method according to claim 1, wherein the Si/Al ratio is in the range 0.01-0.5, more

preferably 0.03-0.17.

19.  Method according to any of the preceding claims, wherein ELAPO is produced

10 from a reaction mixture without stirring of the reactants.
20.  Use of particles produced according to any of the preceding claims as adsorbants.

21.  Use of particles produced according to any of the preceding claims as catalysts.
15
22.  Use of particles produced according to any of the preceding claims in catalysts for
the production of olefins from an oxygenate containing feedstock comprising at
least one compound selected from the group consisting of methanol, ethanol, n-
propanol, iso-propanol, C4-C20 alcohols, methyl ethyl ether, dimethyl ether,
20 diethyl ether, di-isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl

ketone, acetic acid and mixtures thereof.

25

30



