25 April 2006 1 Method for in-situ synthesis of crystalline mcroporous
met ‘al | oal um nophosphate in a fornmed body The present invention concerns a
st'npl.i fi ed method of preparing“forned bodies containing crystalline )
net al;|-oal um nophosphat es (ELAPO), and nore particularly crystalline
m cr oporous silicoal uni nophosphat es (SAPOQ) of the nolecular sieve type.
First a formed body is prepared from al um ni um phosphate (Al POApribR0der and
possibly an EL source. Thereafter ELAPO is crystallised fromparts of the
formed body in such a manner that thelcrystallisation takes place inside
the fornmed body. The presence of the binder in the forned body enables the
preservation of the shape and size of the fornmed body. The formed body has
the shape the final product needs for its applications, exenplified by,
but not limted to: tubes, cylinders, spheres, sheets. The invention al so
concerns use of this product as a catalyst for nethanol to olefin (MO
production. ELAPGCs are nol ecul ar sieves that have a three-di nensional
m croporous framework structure of tetrahedral units from Al102, PQ2 and
ELO2. Ceperally the ELAPCs have a chem cal conposition on an. anhydr ous.
basi s expressed by the enpirical fornmula of: HWEl XAl yP=) 2 where EL is a
nmetal exenplified but not limted to silicon, magnesium zinc, iron,
cobalt, nickel, manganese, chrom um titaniumand m xtures thereof, "X" is
~ the nol ?M«;f;?afiltfl on 0_1;“51 EL and has a value from0.001 to 0.3, "y" is the nole
fractio of|forindsMasyrthesisuss ofstalline IpRvd efal action
of P andnBdermed dodg of at Ieast'flo 01, x+y+g&fQ’ ﬁr{get\%ﬂo%a@n%:ﬁgpﬂﬁ’%ﬁu{: action
of H and has a value between 0 and 0.3. The ‘ELAPGs constitute a 25 April
2006 2 %bnerlc cl ass of non-zeolite nol ecul ar sieve naterials being capabl e
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binder in the formed body enables the preservation of the shape and size of the formed
body. The formed body has the shape the final product needs for its applications,
exemplified by, but not limited to: tubes, cylinders, spheres, sheets. The invention also
concerns use of this product as a catalyst for methanol to olefin (MTO) production.

ELAPOs are molecular sieves that have a three-dimensional microporous framework
structure of tetrahedral units from AlQs, PO, and ELO,, Generally the ELAPOs have a
chemical composition on an anhydrous basis expressed by the empirical formula of:

Hw(El xA]yP 2)02 :

where EL is a metal exemplified but not limited to silicon, magnesium, zine, iron, cobalt,
nickel, manganese, chromium, titanium and mixtures thereof, “x” is the mole fraction of
EL and has a value from 0,001 to 0.3, “y" is the mole fraction of Al and has a value of at
least 0.01, “2" Is the mole fraction of P and has a value of at least 0.01, x-+y+z=1 and w
Is the mole fraction of H and has a valus between 0 and 0.3. The ELAPOSs constitute a




aut ogenous pressure to crystallise the SAPO 34. The structure directing
~agent. is usually renoved by heating in an oxygen-containi ng at nosphere
- (500-.700C). The calcined material contains acidic protons and has
catalyti.c properties. If small anmounts of Si are used during the synthesis
with TEAOH as a structure directing agent, one can obtain structures with
the AEl structure. SAPO-5 (AFI-structure) can also crystall2sdpiildg6&uch
gels. These structures are defined in Atlas of Zeolite Structure Types,
W M Mei er and D.H. O son, Second Revised Edition 1987, by Butterworths.
US4861743 teaches a process for the production of a crystalline
non-zeolitic nolecular sieve in a pre-forned body or carrier. By
contacting a liquid reaction m xture with spray- dried particles or
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US4861743 teaches a process for the production of a crystalline non-zeolitic molecular
sieve in a pre-formed body or carrier. By contacting a liquid reaction mixture with spray-
dried pariicles or extrudates of alumina or silica-alumina at hydrothermal conditions the
crystaliine non-zeolitic molecular sieve is produced. The liquid reaction mixture contains
a reactive source of phosphorous pentoxide and an organic structure directing agent.
The crystaliisation takes place at elevated pressure and temperature and the preformed
body reacts with the fiquid 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 o
of silica can be Included in the body and/or in the liquid reaction mixture. If the non- :
zeolitic molecular sieve is to contain one or more elements other than aluminium, silicon




zeolite crystal s inside a porous support material with pores smaller than

1000 A. In this way the size of the zeolite crystals can be controll ed.
The porous support naterial is preferably removable in order to isolate
the pure zeolite or it is useful as a conponent of a desired catalyst.

pi cal support materials are carbon or nmagnesi um oxide representing the
group of renovabl e porous support materials and silica al um ZaApwh2e¥ may
be a.desirable constituent of the catalyst. To obtain the product, the
support material is inpregnated with a synthesis gel consisting
essentially of a zeolite precursor conposition conprising hydrated oxides

‘of Si, Al and P, netal conmpounds and a zeolite structure directing agent.

The advantages of the nethod are to prepare small crystallites and that
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met hanol to olef in production. These objecis of the invention are obtained

with the nethod as described below. The invention is further defined and
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preferably removable in order to isolate the pure zeolite or it is useful as a component of

a desired catalyst. Typical support materials are carbon or magnesium oxide
representing the group of removable porous support materials and silica alumina, which
may be a desirable constituent of the catalyst. To obtain the product, the support
material is impregnated with a synthesis gel consisting essentially of a zeolite precursor
composition comprising hydrated oxides of Si, Al and P, metal compounds and a zeolite
structure directing agent. The advantages of the method are to prepare small crystallites
and that the porous support material is used to control the crystallite size. The porous
support material is not an active source of the crystallised zeolite,

US6004527 relates to a “dry” process for the production of a large pore molecuiar sieve
by impregnating a solid metal oxide-framework-structure with other reagents without




Ei gure 2 shows m croscopy of formed bodies of Exanple 1. Figure 3 shows
EM pi ctures of Exanple 17. Figure 4 shows XRD diffractograns of Exanples
0-21. Figure 5 shows XRD diffractograns of Exanples 22-25. Figure 6
shows XRD diffractograns of Exanples 26-28. Figure 7 shows XRD

di ffractograns of reference SAPO 34 and Exanple 29. 25 April 2006 5 The
i,?n\'/enti on thus concerns a nethod for preparation of crystall2hapniléd®por ous
met al | o- al um nophosphate (ELAPO) in a florned body. The fornmed body is nade
froman inert ,binder and a solid material containing Al, P and optionally
EL. An inert binder is a naterial being inert at the conditions prevailing
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al um ni um phosphate. It is preferred to use silicon as the EL netal and
produce crystalline m croporous SAPO, The use,of the inert binder in the
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be perforned at tenperatures from 100-260C, preferably 200-220C. The
organic structure directing agent may be selected fromtetraethyl anmmonium
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These objects of the invention are obtained with the method as described below.
The invention is further defined and characterised by the enclosed patent claims.
The invention will be further documented with reference to Figures 1 — 7, where:

Figure 1 shows XRD diffractograms of reference SAPO-34 mixed with calcium
phosphate and of the products of Examples 1 and 10.

Figure 2 shows microscopy of formed bodies of Example 1.

Figure 3 shows SEM pictures of Example 17,

Figure 4 shows XRD diffractograms of Examples 20-21.

Figure 5 shows XRD diffractograms of Examples 22-25.

Figure 6 shows XRD diffractograms of Examples 26-28.

Figure 7 shows XRD diffractograms of reference SAP0-34 and Example 29.




The product coul d be used as adsorbent or as catal yst. One exanple to be
Pentloned is the use of the product as catal yst for the conversion of

imet hanol to light olefins. The product could al so be used as catal ysts for
the productlon of olefins froman oxygenate kcontaining feedstock
_conpr|5|ng at | east one conmpound sel ected fromthe group consisting of

met hanol , et hanol, n-propanol, iso-propanol, C4-C20 al cohol s25 Aprihj#06et hyl
et her, dinethyl ether, diethyl et her, q-isopropyl et her, fornmal dehyde,

di ret hyl carbonate, dinethyl ketone, dcetic acid and nixtures thereof. In
contrast to prior art preparation nethods, crystallisation of ELAPO or SAPO
is perfornmed in-situ in fornmed bodies containing a binder. The body has

al um nium phosphate as the active source for both al um ni um and
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An or ganj ture directing agent |s added to facilit yst I'sation
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t hereof. For the preparatl on of SAPGs in a forned body, the fornmed body is
m xed w gﬂt necessaréh a silicon source, and a liquid phase
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fromone hour to so days ypi ca
hours. Under these condltlons one or nore SAPGs (e g. SAPO 34/ SAPO-i 8/

SAPGC- 5) 165 pré&byed & ﬁéesﬁﬁhdnrﬁssﬁlelélj Aetal'Snd Slodise gr?/s?éll}’ﬁjetnqi%%[porous SAPO.
The use of the inert binder in the formed body enables the shape and the size of the
formed body to be intact after the crystallisation. The AIPO part of the formed body is
converted to SAPO and located inside the formed body. The hydrothermal reaction time
is typically 1-120 hours, preferably 2-20 hours. The crystallisation should be performed
at temperatures from 100-260°C, preferably 200-220°C.

The organic structure directing agent may be selected from tetraethyl ammonium
hydroxide (TEAOH), triethylamine (TEA), isopropylamine (IPA), di-isopropylamine
(DPA), tripropylamine (TPA), cyclohexylamine or tetramethyl-ammonium-hydroxide
(TMAORH). After crystallisation the formed body is calcined in air in order to remove the
organic siructure directing agent to obtain the final product.




any change in the shape or the size of the forrred body The product S
al'cined at 500- 600C for a few hours in dry air in order to renove the
rgani ¢ structure directing agent fromthe pores of the crystalline
mol ecul ar sieve part of the product. The calcined product can be directly
used Yor its applications, Prior art preparation of bodies containin
crystalline ELAPO concerns first crystallisation of ELAPO a?ﬁjApﬁe%‘gﬁter

fform.ng the solid body. Using this pri orl art procedure, the follow ng

di sadvant ages occur: Sone ELAPO is |ost during the washing procedure after
crystallisation. ELAPO can be irreversible damaged during the procedure of
formng the bod| es. Loss of ELAPO during the procedure of formng the
bodi es. h.ﬁ ent %gBt hesi s met hod, where the crystallisation takes place
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and cryst rP?’?&@rlq}Weﬁ’dWQi@lq)@cemmdaadrrmdqtesrtedeof There is no washing step
needed after the ELAPO synthesis and no costly treatnent of excess fluids

fromthe reaction. 25 April 2006 8 Exanples B The invention will be further
il lustr at'@dc%’yraﬁhéo el)(@rnﬂre@re;mratmm oethdds, mvystmﬁéaﬂbw aeEgA;a@egr SAPG he
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nmet hod gi ven in US4364855, P/ Al =0.8 nol/nol and cal cined at 400C.

[For in-situ crystallisation of SAPOs in the formed body, silica sol or fumed silica are
preferred active sources of silicon, Silica gel and silica hydrogel, silicates, silicic acid,
colloidal silica, silica hydroxides, alkoxides of silicon, and reactive solid amorphous
precipitated silica are also suitable. The silica may be prereacted with the organic
structure directing agent solution, or silica may be a part of the formed body as a
physical mixture, or as a silico aluminium phosphate,

An organic structure directing agent is added to facilitate crystallisation of the desired
molecular sieve. Suitable organic structure directing agents include tetraethyl
ammonium hydroxide (TEAOH), triethylamine (TEA), isopropylamine (IPA), di-
isopropylamine  (DPA), tripropylamine (T PA), cyclohexylamine and tetramethyl-
ammonium-hydroxide (TMAOH) or mixtures thereof.

For the preparation of SAPOs ina formed body, the formed body is mixed with water, if
necessary a silicon source, and a liquid phase containing an organic structure directing
agent. The reaction mixture Is placed in a sealed pressure vessel, preferably lined with




Two types of formed bodies were used, prepared by spray drying or prepared
by = extrusion. ARP Analysis The products were anal ysed using a Sienens

D- 5000 X-ray powder diffractoneter, which produces nonochromatic radiation
(f?ro.r\n a.CuKai source) of wavelength equal to 1.54 A Mst of the XRD
patterns presented in this invention are displayed along with the XRD
pattern of a reference SAPO 34 obtai ned by a conventional wedS April RS s
procedure essentially like that In US4440871 (B.M Lok at al., Exanple 35).
The diffraction pattern of this latter reference sanple is denoted ABA-132
in the Figures. XRF analysis Chem cal conposition was anal yzed using a
Philips PW2400 instrunment. Exanples 1-16 - In-situ synthesis of SAPO 34
from f or 88 IpSdiPEsticoateritl Btier aatpobytetrrdisptstiotesico The ceastibnbaikhes isvaegted
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m xture pr.ep addi nq,.Ludox LS-3Q to the f )

fornmed bo %J"?ﬁ@%ﬂ?ﬁ%‘* 9@@@%?8& xSIG¥s PRt Of 18 cRrodeie 1 heEgatgineghd

wat er’  wagodastesn b@hi&ect@eweﬁifmtsrﬁpéﬂiumﬁ;nw,as sreacted in the autoclave at
210C for 20h. Al syntheses according to this reci pe are conpiled In Table

2. Al the sanples were _
Prior art preparation of bodies containing crystalline ELAPO concerns first crystallisation

of ELAPO and thereafter forming the solid body. Using this prior art procedure, the
following disadvantages occur:

* Some ELAPO is lost during the washing procedure after crystallisation.
e ELAPO canbe irrever_gible damaged during the procedure of forming the bodies.
* Loss of ELAPO during the procedure of forming the bodies.

The present synthesis method, where the crystaliisation takes place after the forming of
the body, has the following advantages compared to prior art:

» The formulation of the catalyst/adsorbent body is simpler because the porous AlPO
is less sensitive compared to crystalline ELAPO, and does not undergo irreversible
damages during the procedure for miaking the formed body.

* The most expensive step (crystallisation of ELAPQ) is performed as the last sfep with
high yield. Any off-grade materials can be removed in steps prior to the crystallisation
procedure and there will be no loss of ELAPO crystallites in post-treatment steps.

+ The formed body before crystallisation is relatively inexpensive and can be stored
onsite and crystallisation can be performed as required.

» There is no washing step needed after the ELAPO synthesis and no costly treatment
of excess fluids from the reaction.
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10C for 20 h in the autoclave. Scan ctron

m xture ﬂlﬁt% t )
m croscogﬁﬁfgé vvasgsﬂ'gﬁ?%?'ned on the formed bodi es before (KO01-179.001)

and after the SAPO 34 synthesis (ABA-194). The SEM pictures in Figure 3
of the forned bodies are preserved during the

show t hat éitﬁ%ﬁ@?«%ﬁ}g@&&é«iﬁgﬁgwe@ ab sespsneiosAp@ar (pHys B8.2), frane DuaPent.

synt hesi s. . ,
formed i ngdigenichrubiarsaedin la%%nt: AEASH (fetr2 QAR drimoRivth Midtoddd Al o
TUa~T GCrAcL'. <L NNNNIt NNNN -, ‘ ! ’
weight %) dqueous solution. -7
AIPO: synthesised according to the method given in US4364855, P/Ai=0.8 mol/mol and
calcined at 400°C.,
Two types of formed bodies were used, prepared by spray drying or prepared by

extrusion,

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

which produces monochromatic radiation (from a CuKy: source) of wavelength equal to
1.54 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 US4440871 (B.M. Lok et al., Example 35). The
diffraction pattern of this latter reference sample is denoted ABA-132 in the Figures.

XRF analysis
Chemical composition was analyzed using a Philips PW 2400 instrument.

Examples 1-16 - In-situ synthesis of SAPO-34 from formed bodijes

Four different compositions of formed bodies were prepared by spray drying from
mixtures of AIPO, Ca-phosphate (Ca1o(PO4)s(CH)e) (inert binder) (Aldrich 23,093-6) and
SiO; (DuPont Ludox HS-40). The chemical composition of the formed bodies calcuiated
from XRF analysis are given in Table 1.
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Table 1 Chemical composition of the formed bodies (spraydried materials)
prepared from AIPO, Ca-phosphate and SiO»

_‘ Formed body | AIPO .| Cas(PO4)s(OH); | SiO:

Yy {(wt%) {wi%) {wt%)
K01-178.001 15 23 2
K01-179.001 28 70 1
K01-180.001 25 54 21
K01-181.001 24 62 14

The formed bodies were calcined at various temperatures. Thereafter SAPO-34
synthesis was performed on the formed bodies as follows:

A synthesis mixture was prepared by adding Ludox 1.8-30 to the formed bodies. For the
formed bodies containing >10% SiO;, Ludox was not added. Then TEAOH and water
was added. The resulting mixture was reacted in the autoclave at 210°C for 20h. All
syntheses according to this recipe are compiled in Table 2. All the samples were
characterised as-synthesised with XRD. The XRD analyses confirmed in-sity synthesis
of SAPO-34 in the formed bodies. This is exemplified in Figure 1 showing diffractograms
of reference SAPO-34 (ABA-132) mixed with calcium phosphate and of the synthesis
products obtained in Example 1 (ABA-179-2) and Example 10 (ABA-181). In Table 2 it is
stated whether SAPO-34 was observed by XRD after synthesis or not.

Microscopy of the formed bodies hefore and after SAPO-34 synthesis showed that the
shape and size of the formed bodies were preserved during the synthesis (Figure 2).

These examples show that SAPO-34 was successfully prepared in-situ in the formed
bodies. In addition, the Examples 10-16 show that when Si is part of the formed body,

addition of Ludox is not necessary for obtaining SAPO-34.
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Example 17 - In-situ synthesis of SAPO-34 from fractionated formed bodies
SAPO-34 synthesis was performed on the formed body K01-179.001 (spraydried
material, Table 1). A sieved fraction of 0.2-0.3 mm was used. The formed bodies were

calcined to 800°C before synthesis. Ludox LS-30 (0.19 g) was added to' the caleined

formed bodies (2.5 g). Then TEAOH solution (0.8 g) and water (2.8 g) was added. The
synthesis mixture was reacted at 210°C for 20 h in the autoclave. Scanning electron
microscopy (SEM) was performed on the formed bodies before (K01-179.001) and after
the SAPO-34 synthesis (ABA-194). The SEM pictures in Figure 3 show that the shape
and size of the formed bodies are preserved duririg the synthesis. The figures also show
that cubic SAPO-34 crystallites are formed inside the formed boéties.
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Examples 18-19 - Catalytic testing of formed bodies after SAPO-34 synthesis

The catalytic properties in the Methanol-To-Olefins (MTO) reaction of selected
products described in Examples 1-16 were measured. The selected products were

calcined in air for 5 hours at 550°C before testing. The products were tested at the

following conditions:

One gram was placed in a reactor of quartz. The reactor was heated to 400°C in Nz
and kept at this temperature for 30 min before the temperature was increased to
420°C. Then a gaseous mixture of 40 vol% methanol and 60 vol% nitrogen was
passed through the reactor ata WHSV =1 ¢ MeOH“/g cat,'h. The reference catalyst
(ABA-132, 0.3 g) was mixed with quariz (0.7 g) and tested at identical conditions.
The reactor effluent was analysed by gas chromatography. The catalyst lifetimes
were defined as the time on stream for breakthrough of dimethyl-ether (t-DME),
defined as the time on stream when the Carbon selectivity to dimethyl-ether (DME) in
the effluent equalled 1%. The +-DME and the olefin selectivities from normalised gas

phase composition at t-DME are presented in Table 3.

The fraction of SAPO in the calcined product used as catalyst was determined by
adsorption of water. A sample of the calcined product was exposed to air at ambient
temperature and 30-50% relative humidity for 24 hours, followed by drying to 110°C
for 2 h. The weight loss was used to determine the micropore volume. The liquid
density of water of 1 g/ml was used in the calculation. The SAPO fraction was taken
as the ratio between the weight loss of the product and the weight loss of the same
amount of the reference catalyst (ABA-132). Thig. is In our experience a good
measure of the micropore volume connected with the microporous SAPO content.

The catalyst lifetime and Cp™ + Cs” selectivities of Example 18 (ABA-190) and
Example 19 (ABA-189-2) in Table 3 correspond well with the reference SAPO-34
(ABA-132), verifying that the main part of the AIPO has been converted to active

SAPQO-34.
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testing of formed bodies after SAPO 34 synthesis The catalytic properties
in the Methanol -To-O efins (MO reaction of selected products described
in Exanples 1-16 were neasured. The sel ected products were calcined in air
for 5 hours at 550C before testing. The products were testedhprihd006
following conditions: One gramwas placéd in a reactor of quartz. The
reactor was heated to 400C in N2 and kept at this tenperature for 30 mn
before the tenperature was increased to 420C. Then a gaseous m xture of 40
vol % net hanol and 60 vol % nitrogen was passed through the reactor at a
WHSV = 1 gTalerd / Gatdytjc iproperticsf ier thec MITAradotidn of AP0, clistalbeddn
m xed W th quart zfdr@d? boHiesn (sfragdded ahaictiaig) compapsdliviitiple refélenceact or
effluent was anal SAPQ-B¥ (ABA-132).0Tgtsamipletty ustlic Reataby ebnblitiovls given iWer e
defined as the tiihetert.stream for breakthrough of dinethyl-ether (t-DVE),
defined as the tinme on stream when the Carbon selectivity to di nmethyl-ether
(DME) In, the effluent equalled 1% The t-DVE and the olefin selectivities:

from nor mal i [S8dmAIes  dakk AT OV ] ed=T TR apl e 3.
The fraction of %ADO i ng‘?ﬁe cggﬁgend%%m usq‘é%’@s Egﬁmy?fﬂz- +%3
; t%) [ o @) sé
determ ned Ry body at t-DME
O (C%)
Ex 18 |Example 11§ 32 400 MTO-870| 160 79.1
in Table 2 .
Ex 19 |Example 16 29 800" ' |MTO-869| 175 78.0
in Table 2 R E
Reference 30° MTO-867) 165 81.1
ABA-132 '

' Amount of SAPO estimated by water adsorption
? Physical mixture of reference catalyst (ABA-132) with quartz

Examples 20-21 - Catalytic testing of formed bodies after SAPO-34 synthesis
without washing

SAPO-34 synthesis was performed on the formed body K01-181.001 (spraydried,
Table 1). Before SAPO synthesis the formed bodies were calcined at 400 and 800°C,
respectively. 2.5 g of the formed bodies were used together with 2.45 g TEAOH-
solution and 1.40 g Hz0. The synthesis procedure is as described in Examples 1-16.
The samples were characterised with XRD after the synthesis (Figure 4). The
samples were not washed after synthesis, but only dried at 100°C and calcined at
550°C for 5 h before catalytic testing. The samples were tested for the MTO reaction
according to the procedure described in Examples 18-19. The olefin selectivities are
compared with those measured on the washed samples in Table 4. The results show
that there is no need of washing of the product and there is no need of adding Ludox
when Si is a part of the formed body. In addition there is no effect of calcination
temperature of the spray-dried materials before synthesis on the catalytic propetrties.
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Examples 22-25 - In-situ synthesis of SAPO-34 from forimed bodies adding less
organic structure directing agent

SAPO-34 synthesis was performed on the formed body K01-180.001 (spraydried,
Table 1). The syntheses were performed without extra addition of Si (Ludox),
otherwise according to the procedure described in Examples 1-16. However, a
TEAOH/Si ratio lower than 1 was used. The synthesis mixtures are shown in Table 5
and the XRD of the samples after synthesis are shown in Figure 5. The results show
that when Si is a pan of the formed body, SAPO-34 is obtained even with ratios as
small as TEAOH/Si=0.02 and TEAOH/AI=0.146.

Table 5 Syniheses of SAPO-34 in formed body with different amounts of

TEAOH
Example | Synthesis No Synthesis mixture (g) | TEAOH/Al | TEAOH/Si
Formed | TEACH | HyO | (molmol) { (mol/mol)
body | solution
Ex 22 ABA-192.2 2.5 0.32 2.5 0.146 0.090
Ex 23 ABA-192-3 2.5 0.88 | 20 0.406 025
Ex 24 ABA-192-4 2.5 1.72 1.0 0.797 0.49
Ex 25 ABA 181 1.56 2.18 0 1.625 1
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are given in Table 6. XRD of the formed bodies after synthesis are given in Figure 6
showing that in-situ synthesis of SAPO-34 in the formed bodies has been obtained,

Table 6 Preparation of the formed bodies (extrudates) with alternative binders

Sample | Synthesis no | Binder Synthesis mixture (g)
Formed Ludox { TEAOH | H,0
body solution .
Ex 26 ABA-178 Kaolin 1.7 0.095 0.4 1.5
Ex 27 ABA-183 | y-ALO; 1.6 0.09 0.376 1.5
Ex 28 ABA-184 AlOs3- 1.0 0.056 0.235 0.88
' 50]

Examples 29-31 - Binders which are inert under SAP0-34 synthesis conditions

The objective of these examples is to show that selected materials are suitable as
inert binders in the formed body and do not influence the SAPQO-34 synthesis.

Cag(POyu)2 (Merck p.a.), ZrO; (Fluka pract.) and Al.Os (Merck, aktiv neutral) have
been evaluated as possible binders. |




TEAO-l Exarrpl eSynthesi s NoSynt hesis mixture (g) TEAC]-V AI TEAC]-V S| Forrred TEAO—l
HzO(m)I/m)I ) (nol /ol ) bodysol uti on Ex 22ABA-192-22. 50. 322. 50. 1460. 090 Ex
23ABA- 192- 32. 50. 882. 00. 4060. 25 Ex 24ABA- 192-42.51.721.00. 7970. 49 Ex 25ABA

1811. .562.1801. 6251 15 25 April 2006 Exanples 26-28 - In-situ synthesis of
SAPO34 from formed bodies with alternative binders Cylindrical forned
bodi es (contai ni ng about 20-40% Al PO) vmtéw a diameter of 1 nif Apeid006
prepared by extrusion froma paste m xture of binder and Al PO The water
content of the paste was adjusted to obtain a suitable paste for extrusion.
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SAPO- 34 synthesis conditions according to the procedure described i
Exanpl es 1-16. Details of the synthesis m xture conposition are given in

Tabl e 6. XBBC@’ﬁde? he phosismdmbasieast APLRANS ¥iRgs GSOa\va% g:lf\é%eh Wa @t@
show ng ¥ ii' in-situy nthesis of _SAPQ-34 in the formed bodi es een
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CUdox TEAGH TB S bR e P s RN R PLBIP BN CEREBO T 6 £ 59 np. 183
y-Al12031. 60. 090. 3761.5 Ex 23 ABA-184 A1203- 1.00.0560.2350. 88
Details of the syntheses are listed in Table 7. Figure 7 (top) shows the XRD pattemn
of Example 29 (ABA-149) which is a crystalline material obtained in a SAPO-34
synthesis from AIPO in the presence of Céa(PO4)2. For comparison, the XRD pattemn
of the reference ABA-148-2; the physical mixture of SAPO-34 and Cag(POy)s, is |
displayed on the same Figure 7 (middle). The difference between the two
diffractograms is also displayed in Figure 7. The results show that the presence of
Cag(POy)2 in the hydrothermal synthesis does not influence the SAPQ-34 formation.
‘Similar results were obtained for ZrO, and AlQs. No change in the XRD
diffractrogram was observed when the binders alone were exposed to the synthesis

condifions.

The examples confirm that all these materials are suitable as inert binders in the
Co formed bodies containing AIPO in which SAPO-34 can be synthesised.

Table 7 SAPQ-34 synthesis from a physial mixture of AIPO and binder (50:50

by welght)
Example | Synthesis Synthesis mixture (g) TEAO | Si/Al Binder
no H/Si
AlPO | H,0 | TEAOH | Ludox | mol/mol | mol/mol
solution
Ex 29 ABA-149 1 0.7 1.15 0.28 2 0.17 Cay(POy)s
Ex 30 ABA-156 1 0.7 1.15 0.28 2 0.17 AlLQO,
Ex 31 ABA-153 1 0.7 1.15 0.28 2 0.17 ZrO,
Reference | ABA-148-2 2 2.3 0.55 2 0.17 Caz(POy)2,
mixed after
SAPO-34
syathesis




isol Exanples 29-31 - Binders which are inert under SAPO 34 synthesis

}con‘ditions The objective of these exanples is to show that sel ected
!materials are suitable as inert binders in the forned body and do not
influyence the SAPO 34 synthesis. Ca3(PO4)2 (Merck p.a.), Zr@2 (Fluka
'Ipract ) and A1203 (Merck, aktiv neutral) have been evaluated as possible
bi nders. 16 25 April 2006 First, a ref ei ence sanpl e was prep35 agril28be
'SAPO- 34 was synt hesi sed from Al PO f ol 1owi ng the procedure given in
Exanpl es 1-16. This sanple was physically mxed wth Ca3(POX)2 and is
identified as ABA-148-2. Details are given in Table 7. Secondly, a physical
m xture of AIPO and a binder (50 wt % of each) was nade to which was added
Ludox LS-30. Then TEACH and water was added under thorough mixing. The

m xt ure wdsanydes &-35 -t h@atalyticcpapertids R OTT of SEPGH34 Dat el sresbnédof
syntheses are listed in Tabttehidded=i gure 7 (top) shows the XRD pattern of
Exanpl e 29 (ABA-149) which is a crystalline material obtained in a SAPO 34
synt hesi s Theoobjactve oh thése prampleseisofo CasflyPh4) 2he Riinderompteriatsohave heo XRD

‘pattern re ABA-.148- t he si cal m.xture of, SAPO 34 and
B2 poa 5 HiiubBey o eCHT®, AR CAIANR 1BUS i aBiraodtag 1o fietaranes
between t bamplaoABA+4BF 2 (Tabis aﬁWhlcﬁ :@lalqmﬁicsphi@&@f@ df BAR@BYand. cdfirO Rpsul ts
‘show t hat the lpre ence ofI ﬁéﬁﬁpm 2 in the hydrothermal synthesis oes not

i nf | uence@f K&l S&pte Mptedn SA Os,ﬁﬂnwa@rsymf@mseg frqen &l F%f%ﬂrhth@deresmcea 02'
and Al 2CBof Bas BN Op drhﬁlgdﬂas dbdchibaqtin gk aﬁgﬁrg%?%s%seéq{gré{me& ‘]%

bi nders al one were exposed he synthesis ti1ons exanpl e
conf i rm t AEEUE yvag Fﬁﬁé%d ahther ¢%d§i%ed6$0rlb@bim53@mpl@er18 -19.ndbegesulis hm

f db I Jgble 7
LopIeY  Posiinehens 3 1588 &) P ol B PR A oga o YAl
wei ght) E‘%@&rﬁ%&ymdmgn stWhgz(E[h)mZx@uoe Alg): ARG sighiBeardr inflodtics the

’255\32.2 ﬂg@%ﬁb@%@é 5@%@%{‘9&8 9@6&3&%&%&@ Q{eapligno820. 1741203

Table 8 Catalytic properties in the MTO reaction of SAPO-34 mixed with
binder (Examples 29-31 and reference in Table 7). 1 g sample.
Reaction conditions as in Examples 18-19

Example. Catalyst Synthesis no Test t-DME | C°+ Gy Sel
at t-DME
(C%)
Ex 32 Reference in Table 7 | ABA-148-2 | MTQ-843 390 79.5
Ex 33 Ex 29 in Table 7 ABA-149 MTO-839 370 78.4
Ex 34 Ex 30 in Table 7 ABA-156 MTO-851 310 814
Ex 35 Ex 31 in Tabie 7 ABA-153 MTO-852 310 83.9

Example 36 - Synthesis of CoAPO-5 in the presence of a binder

To 2.5 g of AIPO (synthesised according to the method given in US4364855, P/Al=1),
0.465 g Co(NQO3)2*6H:0 (Janssen Chimical 21.921.96) in 3.4 g H20 was added, and
the water was removed at 110°C overnight. Thereafter 46 mg HaPOy (Merck p.a.
85%) in 8.4 g H,O was added and the material was dried overnight at 110°C. The




Ex 31ABA— 15310. 71 150. 2820. 17Zr 2 Refer enceABA— 148 222. 30 5520 17Ca3( PO4)2
m xed after SAPO 34 synthesis 17 Exanples 32-35 - Catalytic properties in
MIO of SAPO-34 in the presence of inert binder The objective of these
exanples is to verify that the binder naterials have no influence on the
MO reaction. Catalytic testing was performed on the reference

'ABA-148-2 (Table 7) which is a physi cal m xture of SAPO- 34 ﬁﬁAmB%

‘as well as the materials where SAPO 34 Bas synt hesi sed from AIPO in the
‘presence of Ca3(POX)2, ZrQ2 or Al 203, as described in Exanples 29-31. One
‘gram of each mxture was tested at the conditi ons descri bed in Exarrpl es
18- 19. Theresults are summrised in Tab , listing olefin

‘sel ect i viTigierat was fign wadegarith 12909 Ha%@ %wl @g,aleewmrght @h&i @5{1%4) 2,
ZrQ2 or A BRBCHIPO, (Me%u 'aqaemd y 4Rty M@ﬂﬁ/ﬁmﬁ.hs Ja$1‘§891 % ANNEN§S 3 gnd has

no significant effect on O react’i on. | e Catal ytic properties in
the MIO rlda€2 Wasradsied datids :mﬂfﬁfl&léd a effpn lmeﬂomﬁoqlmm placed izanayen at

-referenceyq

16 10° Cop g8 Atertobiag P WA ALl SRl IATRUSS
32Ref er er2® ¢ wakalsnd driaBAvedBgiaMI 010 SIQ@WBla!SpE)duBBIEad 28luacolabl e

- 7TABA- 149MrO- 83937078. 4 Ex 34Ex 30 in Table 7ABA- 156MIO- 85131081. 4 Ex 35Ex
.31 in Table 7ABA-153MIO- 85231083. 9 Exanple 36 -Synthesis of CoAPO-5 In the
pr esence XRDaofbhRdeaterial 2hbwed ahe AIrBEbraBient bestaiRatians P CHARDBOmaiaret hod
given in g§4364855 P/ Al =1), 0.465 g Co(N®B)2*6H20 (Janssen Chi m cal
21.921. 9dfFl ftugturel oo was added, and the water was renoved at 110C
overni ght. Thereafter 46 ng H3PO4 (Merck p.a. 85% in 3.4 g H20 was added

and the Merd@mpesHBsCthap Ve8! Silsish 13 1Bepald nibpdrodd haterkdldbwith
structures different from CHA and which contains other EL than Si, in the presence of
calcium phosphate as a binder.

e




mat erial was then washed with 1000 g H20 and dried again overnight at 110C
LI'hen 2.0 g Ca3(P04)2 (Merck p.a.) and 1.417 g triethylam ne (Janssen

i15 791.77) in 2.5 g H20 was added to this nmaterial in a Teflon |lined

1aut ocl ave and placed in an oven at 210C for 20 h. After cooling to room
terrpeTature the material was washed twice wwth 200 g water and dried
overnight at 110C. The final product haﬁl a blue colour. XRD @f April2006
mat eri al showed the predom nant crystal ?sati on of CoAPO-5 nmaterial (AFI
structure). This exanple shows that it is possible to prepare m crpporous
materials with structures different from CHA and which contains other EL
than Si, in the presence of calciumphosphate as a binder. 19 Cains 25
April 2006 Method for production of f bodi es containing crystalline
m croporous netall oal um ri ophosphate (ELAPO), characterised in that the
formed body is prepared froma m xture of an inert binder and a solid

mat eri al cont aiMrthed Apr @rerustios safdforgeddwpdirsd gontsiningd eystallinequiictopeausi on

m xture COHDFI%h&gﬁﬁag?ﬁbbﬁgﬂﬂﬁﬂéa§#ﬁ$ En EL nepal _an prganlc strucpure

directing agent an rystallisation is performed in said
formed body at chheaﬁzteededmrﬂmtature under autogenous pressure to form

tals of EL APO d . 2. Method. f d i
formed bodi es SnraTRO GRS PR it RuBBiiasst abiiat! BineheREch oot o
(ELAPQ), char aetaedis esbritinigail Bhe F,os41@dolmsty bo8y 1§ epries d fligeim ﬁaamueﬂﬁ ure

of an inert blnder and a solid terlal cotalnl[}%lgtrretal Al and P,
sai d formed bofyXIHEE SaTRHSIRY ?'E]lﬂca"e (SOHERS 8h aR; &k Upatab b ordanicy sEHCWFani ¢

structure di re@rréétmgaagaﬁt and Wakek' and aﬁiiururbr%thmséﬁaﬁ@!gbﬁém&ﬁn's%ud
perforned in said formed body at el evated tenperature under autogenous

pressure to fofafmedyBedy ot sHovated dpopewureEundeD augpeRoUsap@spagyfo Sormvet hod
according to CE {gfszofm d}g&@é g@ 'hgd%@ﬁ@ 5&? liquid reaction m xture
o net a :

al so contains a actlve urce

2. Method for production of formed bodies containing crystalline microporous
metalloaluminophosphate (ELAPO),
characterised in that '
the formed body is prepared from & mixture of an inert binder and a solid
material containing EL metal, Al and P, said formed body is added a liquid
reaction mixture comprising an organic structure directing agent and water,
and in-situ crystallisation is performed in said formed body at elevated
temperature under autogenous pressure to form crystals of microporous
ELAPO inside said body:.

3. Method according to claim 2,
characterised in that
the liquid reaction mixture also contains an active source of a metal EL.

4. Method according to claim 1, 2 or 3,
characterised in that
the EL metal is selected from the group consisting of silicon, magnesium,
zine, iron, cobalt, nickel, manganese, chromium, titanium and mixtures thereof,




4. Method according to claim1, 2 or 3, characterised in that the EL netal
jis 'selected fromthe group consisting of silicon, magnesium zinc, iron,
‘cobal.t, nickel, manganese, chromi um titaniumand m xtures thereof. 20 25
prriL 2006 5. Method according to claiml1, 2 or 3, <characterised in that
'the EL netal is silicon and crystalline nicroporous SAPO is synthesised
'inside said formed body. 6. Method ac%?rding to claim2 or 25 April 2006
.characterised in that the solid materi is an EL al um ni um phosphate. 7.
Met hod according to claiml1l, 2 or 3, characterised in that the
crystallisation is perfornmed at tenperatures from 100 - 260C, preferably

. 200-220C. 8 Method according to claim1, 2 or 3, characterised in that the
"hydrothermal reaction time is 1-120 hours, preferably 2-20 hours. 9. Method

~accordi ng. t o slalhdl decotdiff tdclaiiRapagieri sed in that the forned body is
~calcined prior to the addition of the [iquid reaction mxture. 10. Method

~according to Eharaefarised Bythat characterised in that the organic structure
~directing agefe S : ‘l>i1| ARRY i i %%B(a :
“triethyliam ne (_TP'A : %@%%&%%@PQ@%@@A chri? [ s%%%o@&{ga%ﬁ?eés A ﬁ@gﬂ)
- tripropyl ani neaid Tmajed leydy. ohexyl anmi ne, tetranethyl - anmoni um hydr oxi de
- (TMAOH) or m xtures thereof, -
8. Method according to claim 2 or 3,
characterised in that

the solid material is an EL aluminium phosphate.

7. Method according to claim 1, 2 or 3,
characterised in that
the crystallisation is performed at temperatures from 100 - 260°C, preferably
200-220°C.

8 Method according to claim 1, 2 or 3,
characterised in that
the hydiothermal reaction time is 1-120 hours, preferably 2-20 hours.

9. Method according to claim 1, 2 or 3,
characterised in that
the formed body is calcined prior to the addition of the liquid reaction mixture.

10.  Method according to claim 1, 2 or 3,
characterised in that ,
the organic structure directing agent is selected from tetrasthyl ammonium
hydroxide (TEAOH), triethylamine  (TPA), isopropylamine (IPA),di-
isopropylamine (DPA), tripropylamine (TPA), cyclohexylamine, tetramethyl-
ammonium-hydroxide (TMAQOH) or mixtures thereof.




