; @€3eEET] V6TT[ | vWDO 03/101892 1 PCT/ NO0O3/00170 Method for in-s)tu synthesis
of crystalline mcroporous nefalloal um nophosphate in a fornmed body The
present invention concerns a sinplified nethod of preparing formed bodies
cont ai ni ngvooysiaiabd i ne net al | oal um nophosphat es (ELAPO , ang1sd/o0170
particularly crystalline m croporous silicoal um nophosphates (SAPO) of the
nol ecul ar sieve type. First a forned body is prepared from al um ni um
phosphate (Al PO, binder and possibly ag EL source. Thereafter ELAPO is
crystallised fromparts of the forned body in such a manner that the
crystallisation takes place inside the formed body. The presence of the

bi nder in the fornmed body enabl es the preservation of the shape and size of
the formed body. The forned body has the shape the final product needs for
its applications, exenplified by, but not limted to: tubes, cylinders,
spheres, sheets. The invention also concerns use of this product as a
catalyst for nethanol to olefin (MO production. ELAPGs are nol ecul ar
sieves that have a three-di nensi onal m croporous framework structure of
tetrahedral units from Al Oz, POz and ELO2. Cenerally the ELAPGs have a
chem cal conmposition on an anhydrous basis expressed by the enpirical
formula of: HWM EI XAl yPZ) 02 where EL is a netal exenplified but not limted
to silicon, magnesium zinc, iron, cobalt, nickel, manganese, chrom um
titaniumand m xtures thereof, "x" is the nole fraction of EL and has a

val ue f LRIhOdIEA n_of Al d _has a val ue of
at |easjp g f@ﬁned‘?;j:;g S?Rthé/s’ T& Q&P Ion @E%gadr{ ”ﬁd@eéﬂ\?g Ypingrhasphate:
0.01, x+y+z=i is the m)l e fraction of H and has a val ue between 0 and
0.3. The ELAPCs constitute a - \WO03!101892 PCT/NC03/00170 2 generic class
of non- %ﬁgn‘lﬁfte nol.ecul ar sieve materials being capabl e of undergoing
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These structures are defined in Atl'as of Zeolite ur "W M Mei er
and D.H d son, Second Revised Edition 1987, by Butterworths. US4861743

t eachegLa rystalline non-zeoli
 eacheELARDOaRS miREyLR S AACNE] 8o 1RLBLARHALIE SRRl hihear
react i kUGG of éetWhadralmmMomdA[mr POzl @l BLOBX GeneadigSthelEaA Pk e a
silicas ﬁél’ﬁfﬂaﬁ‘@ ﬁl&) g dr ot herrrw tions the crystalline non-zeolitic

mol ecular sieve P8 %‘PB&’G(%H oyg Basia exa%ﬁ?ﬁpérbyﬁhatemmn@aiﬁ@mﬂaoa
reactive source of phosphorous pentoxi de and an organic structure directing
agent . Tﬁé‘ﬁ;}yﬁém | isation takes place at el evated pressure and tenperature
and t he¥ @ body reacts with the liquid m xture to formnon-zeolitic
nol ecul ar sieves within the body. Phosphorous can be an active conponent in
the liquid or on the solid alumna or silicaalumna. Likew se, if the
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m xture. In the preparation nethod that is described, the smallest anount
of water used is 25 noles of water per nole of phosphorous. Thus, excess
liquid is used and needs to be renobved after synthesis. US5514362 teaches
synt hesi s of SAPO 5, SAPO 11, SAPO 31 and SAPO- 39 from dense m xtures of
aI um na and 5| I ica gel Wi th no excess liquid to be renmoved. The dense gel
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WO 03/101892 4 PCT/ NC03/ 00170 form ng a paste and w thout destroying the
structure of the cation-oxide framework. The inpregnation is suitable for a
paste-free hydrot hermal reaction between the other reagents and the solid
mét al oxi WY AMMor k- structure. Then the inpregnated past BEFAO03883Bsi ti on
is subjected to conditions of elevated tenperature and pressure to effect a
hydr ot hermal reaction and convert the reagents of the reaction into a
crystalline nol ecul ar sieve that possesses t he norphol ogi ¢ characteristics
of the solid cation oxideframework-strdcture. The production of zeolite
particles fromsilica is exenplified. One object of the present invention
is to devel op a cheap, sinple and environmentally friendly production

nmet hod for fornmed bOdI es containing the netalloal um nophosphate type

( ELAPO) . S i i QN I &5%3 NGRS e BiMaL ©

( SAPO) geﬂ%’?h‘ggg% e@% gé&?% it feggggtﬁ;é%%ﬁ%@b%I% Eeﬁ('g; : ]%I;B ff or rre E@dl es

cont ai mompiéi@e angt @\Ae@abwrrdabmraﬁoﬁnawmla yelzir(iig ARE) same assendlal dramewertks or
reparation of catalysts, which contain

absor bent s. eci al interest
SAPO- 34029'9§V§] Pgwge\ﬂwdwstﬁtd 'éy‘EPEeé' A composition for methanol to

ol efin production. These objects of the invention are obtained with the
nmet hod as descri bed below. The invention is further defined and
char act@né sedh5LARO Bnﬂneosm@hanmmmnmcaﬂnlmte TRAPOR3enthich 1ithe aséalyst ether

i 111 adt e P E0aRion” uhed Sibatia (CHAT ARG b e lathuteRen

p ][ ogjctfﬁ?mfafalgrmhssogr@h@ é@csezEE/log‘aefanI’WBp?&um sourse apyl ar!ﬂeaiairmrfdoﬂgamei o
) anpl e i gure 3 shows ictyres o sha
i 111 acHgHuRROoNpg Agse This. e qiiestag aeshE el teraditufatido i

" eowd WEBE; (TEADEE, 2t RifRoly Hishorelc f BT Ref rebuing o 2ficly, egur e
03/ 10 1&9;2nﬁoufgfmc ta@a?g lolﬁ I\Wroﬂmmailyedigestadtag@temﬁer@ﬁwg faome‘tQﬁbaBG 6 under .
For hed BageTouePEss eSS HR AR B ahne b PP ARESAIPsSerk R i

mat er | %n?@)@dab?'ﬁ&ttﬁb mPaﬁr&(yg@hmemQEéimdspherwr(so@voo&r) i'Ehen calmined al
being inert at the conditions prevailing in the g¢grystallisation of ELAPO

and t hanatgrig containseagidiciueion aod hasccasahlic PiaReMRterial is also inert, or
has no adverse effects in the final application of the product. After

adding to the formed body a liquid reaction m xture r|S|n ,active
sour ce lbsmatieanmunig©ohSi asmuwgaun@g the sunthgsds M‘“’eﬁ‘?‘@é‘ éﬁ%@ﬁfmﬁ LEGHNT ¢ he
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sol ution, or EL may aI so be part of the for rred body as a physical mxture,

EL al um ni h hat f I L
metal aHed gﬁi‘a&“ ashgsia praares e epeoglieasipba erdali3s Bir-1a% Fyeofef e,
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intact a ter t crystallisation. The Al PO part of the forned bo
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crystal 1on the is calcined in air in order to renove, the
or gani cPbospimrous canrl:aan rﬁgtlv@mmppﬂeﬁtblﬂdhﬁ liawid of p@the selif,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-
zeolitic molecular sieve is to contain one or more elements other than aluminium, silicon



f WD 03/101892 PCT/ NO03/00170 6 The product could be used as adsorbent or
as catalyst. One exanple to be nentioned is the use of the product as

cat al yst &gé t he conversion of methanol to |ight olefins. The product could
al'so be u 0YL0182% o) ysts for the production of ol efins frdaTaNOEMPHWNat e
cont ai ni ng feedstock conprising at |east one conpound selected fromthe
group consi sting of nethanol, ethanol, n-propanol, iso-propanol, C4-C20

al cohol s, nethyl ethyl ether, dinethyl 3ther, diethyl ether, di-isopropyl
et her, formal dehyde, dinethyl carbonate, dinethyl ketone, acetic acid and
m xtures thereof. In contrast to prior art preparation nethods,
crystallisation of ELAPO or SAPO is perfornmed in-situ in formed bodies
contai ning a binder. The body has al um ni um phosphate as the active source
for bot IRl i s S t. ' i PO
the f or o KopoNT, 16 SRR KU of oSS Sl ) B3 iftiladiin B8 dfloa or*
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facilitate crystallisation of the desired nol ecul ar sieve. Suitable organic
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one or nore SAPGs (e.g. SAPO 34/ SAPO 181 SAPO-5) are crystallised in-situ
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thereafter formng the solid rior art procedure,
f ol | owendlegireddeatadaiesTynicalr supSotrenletiads | areé osarbdar iongntdgaesiashi mgde

roced ro &l | i ion ELAPO can be irreversihle damaged durin
Phe pr LertaBitiio BidbRl orAtncfBite aoroba sRT el G0 i AamiT uteh e ot
f or m ngayhbebadiesirabld copstisient o he heaalysIETd whtaheiee prdtfuce! et alippsrt i on
t akes B_I&iﬁ\ce after the fé)%ng of the body, has the follow ng advantages
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ELAPO, and does not undergo irreversi anmages durin rocedure
maki ngstrueiuredinectingoagent. The adugntagep ehifiemetitoebarectoymephie small onystallités. APO)

is per ep_with high yield of f - gr ade erials can
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be no buosporbmakdriiP@® noyai ablivd ssurcd® oP ARt criyseficBBYeofifecPs. The formed body
before crystallisation is relatively inexpensive and can be stored onsite

and crystallisation can be performed as required.
US6004527 relates to a “dry” process for the production of a large pore molecular sieve

by impregnating a solid metal oxide-framework-structure with other reagents without



There is no washing step needed after the ELAPO synthesis and no costly
treatnent of excess fluids fromthe reaction. WO 031 101892 8 Exanpl es
‘PCT/ NO03/ 00170 The invention will be further illustrated by the exanples to
follow |WHBIOMBerwi se stated in the text, a Teflon Ii ne§0§mr’ e TPocl ave
of volume 40 m, a synthesis tenperature of 210C and a synthesis tine of 20
hours were used. The follow ng reagents were used for the ELAPO synthesis:
Silica source: Ludox LS-30; 30 weight % suspension in Water (pH = 8.2),
fromDu Pont. Organic structure directing agent: TEAOH (tetraethyl ammonium
hydr oxi de; Al drich; 35 weight % aqueous sol ution Al PG synt hesi sed
according . to the nmet hod gi ven in US4364855, P/ 8. nol /goé and c ned

2t 20061 HIG 2 FA5UE D Wik AOBAYIEG e FEURYERIOf FiecAlaRnoNge drsrmaiiy T
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Si enens X-ray powd f'f
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r adi at reagents andahesic metal m}deo{rammrb-rsgumt&qui endhe igpregnated paste-t he
XRD patterns ent.ed tion RD
at tor fogr ComPRAeL € sukeist: o R Gtiobd oy, BEvERO L Rralire i ehhehd o

pr ocedefigctes spdiotiadrmal lre4etionhaid Cdin\ﬁé%ﬂaé%ﬁge(lﬁ tbﬂthécrbaeliorﬁinto aErysTalhaeSS)
The di ffract lon pattern of this latter reference sanp gﬁgenot ed ABA- 132
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spray drying fromm xtures of ALPO, Ca-phosphate (Ca~o(PQCa)s(OH)2) (inert

bi nd | di h30936 d.Si Oz tL HS-
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Tabl e friendiY\BYdtRiclign REthddHer 1O BR4iee dotithipink %eme:auommhbsmtef

the fornmed bodies (spraydried materials) prepared from ALPO phosphat e
and Si GperbLARODL SH\srePEl {nfereptarckediay semipining wnw@!unﬁnophosphate (SA 0O).
(W% KO1-178.00115832K01-179. 0012g701K01- 180. 00125~5421K01-181. 001 ~- 24
~62 _14

Another object of the present invention is to produce formed bodies containing the

metalloaluminophosphate type (ELAPO) for use as catalysts or absorbents. Of special
interest is preparation of catalysts, which contain SAPO-34 crystallites with suitable size
and composition for methanol to olefin production.

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 SAPO-34 and Example 29,



The formed bodies were cal cined at various tenperatures. Thereafter SAPO 34
synthesis was perforned on the forned bodies as follows: A synthesis

m xture was prepared by adding Ludox LS-30 to the forned bodies. For the
formed bodY@83/tasf2ai ni ng >10% Si 02, Ludox was not added. Tirem/NGHAGH7and

wat er was added. The resulting m xture was reacted in the autoclave at 210C
for 20h. Al syntheses according to this recipe are conpiled in Table 2.

Al'l the sanples were characterised as-gynthesised with XRD. The XRD

anal yses confirnmed in-situ synthesis of SAPO-34 in the forned bodies. This
Is exenplified in Figure 1 showi ng diffractograns of reference SAPO 34
(ABA-132) m xed with cal ci um phosphate and of the synthesis products
obtained in Exanple 1 (ABA-179-2) and Exanple 10 (ABA-181). In Table 2 it

I s stated whether K SAPO 34 was ohserved b RD after, synthesis or not.

M cr 0 ST YSRGS GogeG d BECHRE (G erehiatin B cuselNEMETaraLs BRtilire
that t hgusiepaocsiithts| (BEAFO) iRea ot bbodiBis i@ﬁﬁ'@dﬂﬁcﬁ?ersvmddé $rori Gint Aert
synthesis (Figure 2). These exanpl es show that SAPO 34 was successfully
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nt heg) s .wa er I e n e 1or \ - . sSpraydri .
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added to the cal Cine or med bodi . Then TEAOH solution (0.8

and watagent 2ang whtara the doystiallisationsignperdemedrinside ehevdermedhdody altelevaeds or

the 1 onRBepaHeOd B Fup R o8 8619 b apRIf S KT A0 ol

(ABA-194). The SEM pictures in Figure 3 show that the shape and size of the
fornmed _bodj es are preserv during the synthesis. The figures al so show
that - coHIe EBAPSIal 8 Solanted 1ors 416 B0yl RRtIsiE PLSTIERG MAueaebdAgs oy
I~ v N RyphirGickkl, manganese, chromium, titanium and mixtures thereof. The EL metal may

be pre-reacted with the organic structure directing agent solution, or EL may also be part
of the formed body as a physical mixture, or as an EL aluminium phosphate.

It is preferred to use silicon as the EL metal and produce crystalline microporous 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 tetrasthyl ammonium
hydroxide (TEAOH), triethyiamine (TEA), isopropylamine (IPA), di-isopropylamine
(DPA), tripropylamine (TPA), cyclohexylamine or tetramethyl-ammonium-hydroxide
(TMACH). After crystallisation the fofmed body is calcined in air in order to remove the
organic structure directing agent to obtain the final product.
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00 m otthemse qf the]productoas (oatabystdpr the conversmn of methanol to light oleflns The
product 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.

In contrast to prior art preparation methods, crystallisation of ELAPQ or SAPO is
performed in-situ in formed bodies containing a binder. The body has aluminium
phosphate as the active source for both aluminium and phosphorous. After in-situ
crystallisation of ELAPQ the formed body maintains its size and shape and can be used

for its applications after calcination.

‘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 agénts include tetraethyl
ammonium hydroxide (TEAOH), triethylamine (TEA), isopropylamine (IPA), di-
isopropylamine (DPA), tripropylamine (TPA), cyclohexylamine and tetramethyl-
ammonium-hydroxide (TMAOH) or mixtures thereof.

For the preparation of SAPOs in a 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
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an inert plastic material such as polytetrafluorethylene. The reaction mixture is heated
under autogenous pressure at a temperature in the range of 100°C to 260°C, preferably
at a temperature of 200-220°C for a period of from one hour to some days, typically 2—
120 hours, preferably about 4-20 hours. Under these conditions, one or more SAPOs
{(e.g. SAPO-34/ SAPO-18/ SAPQ-5) are crystallised in-situ in the formed body without
any change in the shape or the size of the formed body. The product is calcined at 500-
B00°C for a few hours in dry air in order to remove the organic structure directing agent
from the pores of the crystalline molecular sieve part of the product. The caicined
product can be directly used for its applications,

Prior art preparation of bodies containing crystalline ELAPQO 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,
» ELAPO can be irreversible damaged during the procedure of forming the bodies.

» Loss of ELAPO during the procedure of forming the bodies.

The present synthesis method, where the crystallisation 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 AIPO
is less sensitive compared to crystalline ELAPO, and does not undergo irreversible
damages during the procedure for riaking the formed body.

e The most expensive step (crystallisation of ELAPO) 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-treatiment 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.




WO 03/101892 PCT/ NO03/00170 12 Exanples 18-19 - Catalytic testing of forned
bodi es after SAPO 34 synthesis The catalytic properties in the

Met hanol - To-O efins (MIO) reaction of selected products described in

Exanpl es YOB/1§9%2 neasured. The sel ected products were caPETHE®3ION78ir for
5 hours at 550C before testing. The products were tested at the foll ow ng
conditions: One gramwas placed in a reactor of quartz. The reactor was
heated to 400C in N2 and kept at this tgnperature for 30 mn before the
tenperature was increased to 420C. Then a gaseous m xture of 40 vol %

met hanol and 60 vol % ni trogen was passed through the reactor at a WHSV = 1
g MeCOH /g cat, h. The reference catal yst (ABA-132, 0.3 g) was mxed with
quartz '(0.7 g) and tested at identical conditions. The reactor effluent
was anﬁg sed bg/ gas chromat ography. The catalyst lifetinmes were defined as
the ti MRS cam for breakt hrough of dinethyl-ether (t-DVE), defined as
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conpared with those neasured on the washed sanples in Table 4. The results
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Examples 1-16 - In-situ synthesis of SAPO-34 from formed bodies

Four different compositions of formed bodies were prepared by spray drying from
mixtures of AIPO, Ca-phosphate (Caso(PQ4)s(OH)2) (inert binder) (Aldrich 23,093-8) and
SiO: (DuPont Ludox HS-40). The chemical composition of the formed bodies calculated
from XRF analysis are given in Table 1.



Table 4 In situ synthesis of SAPO 34 in forned body containing Si
(K01181.001) with and w thout washing after synthesis and the catalytic
properties of the sanples in the MIO reaction. Reaction conditions as in
Exanpl es ¥ 1Y% %2npl evashi ng after synthesi sCal ci nati on TERFNQUPHA0+ 3
Sel at t-DVE (C% Ex 18es40079. 1Ex 19es80078. OEx 20n040076. 4Ex 21n080076. 7 -
Exanpl es 22-25 - In-situ synthesis of SAPO 34 from forned bodi es addi ng

| ess organic structure directing agent 9SAPO- 34 synt hesis was performed on
the formed body KO1-180.001 (spraydried, Table 1). The syntheses were
performed wi thout extra addition of Si (Ludox), otherw se according to the
procedure described in Exanples 1-16. However, a TEAOH/ Si ratio | ower than
1 was used. The synthesis mxtures are shown in Table 5 and the XRD of the
sanpl esTafiledr Ghriveal campositiom afntie glarmesl bodies o (spraydurdwmatatialilen
Si is a part opretnﬂeddrmdﬁlmﬁa-shpaabatﬁ andBiQbned even with ratios as
smal | as TEACH Si =0. 09 and TEACH Al =0. 146. Tabl e 5 Synt heses of SAPO-34 in
formed body with dif - 3i S NoSynt hesi s
mi xture (g) TEAOH Al =A | nol ) (ol / nol ) Ex
22ABA- 192- 22. 50. 322. L . 3—4060. 25Ex

24ABA- 192- 42.51. 721. O%OW?%O%B 25ABR 18118362, 180/L. 6251] ' WO 03/101892
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wer e used; y-Al 203 (Condea NV~ 160), AI 203-sol (AIQOH) sol, 20 nmparticle
size, 0.5 nol/I, made by controlled hydrolysis of Al butoxide) and kaolin
(Merck 24.926. 295). The formed bodies were calcined to 800C. Thereafter the

formed bodi es were exposed to SAPO 34 synthesis conditions according to the
pr ocedurie deswczd becHies Eepndadsindd 16 vBeLas | engieratueesy Theesafter nBAPD-84

conposi tion are i en Lo Ta f the formed bodies after synthesis
are gi VERAYISTSHY grrgﬁ%\gpﬁlae{q{g{eﬁ%cgeq ﬁsg‘?) esis of SAPO-34 in the
formed bodi es has been obtai ned. Table 6 Preparation of the fornmed bodies
(extrudat es?3 wi th alternative binders Sanpl eSynt hesi s noBi nder Synt hesi s
m xt ur é\ thesigwaixbbe wasoRrEpA®RY by pddingrior,S-30 to the formed bodies. For the
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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 before and after SAPQ-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 obtair.ing SAPQO-34.




Fi'rst, a reference sanple was prepared where SAPO 34 was synt hesised from
Al PO, follow ng the procedure given in Exanples 1-16. This sanple was

physi cal | )fmgipgﬁgsﬂi th Ca3(P04)2 and is identified as ABA-148-2. Details are
given in Ta ““Secondly, a physical mixture of Al PO and PXTHYQP&IOIT50 wt %
of each) was nmade to which was added Ludox LS-30. Then TEAOH and water was
added under thorough m xing. The m xture was reacted in the autocl ave at
210C for 20 h. Details of the synthesesltare listed in Table 7. Figure 7
(top) shows the XRD pattern of Exanple 29 (ABA-149) which is a crystalline
material obtained in a SAPO 34 synthesis fromAI PO in the presence of
Ca3(P04) 2. For conparison, the XRD pattern of the reference ABA-148-2; the
physi calL m xture of SAPO 34 and Ca3(P04)2, is displayed on the sanme Figure
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reference sanple ABA-148-2 (Table 7) which is a physical mxture of SAPO 34
and Ca3(P04)2, as well as the materials where SAPO 34 was synt hesi sed from
AlPO in the presence



of Ca3(PQCa)z, Zr02 or Al 20a, as described in Exanples 29-31. One gram of
each m xture was tested at the conditions described in Exanples 18-19. The
results are summarised in Table 8, listing t-DVE and ol efin selectivity at
t>DVE, resPREPIUVE!Y . The results confirmthat Ca3(P04)z, ZPEINPOMWPW3 do
not significantly influence the SAPO 34 synthesis and has no significant
effect on the MO reaction. Table 8 Catalytic properties in the MIO
reacti on of SAPO-34 nixed with bindek (Exanples 29-31 and reference in
Table 7). 1 g sanple. Reaction conditions as in Exanples 18-19
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the fornmed body is prepared froma mxture of an inert binder and a solid
material containing Al and P, said formed body is added a |iquid reaction

m xture cQ r|3|n an active source of an EL metal, an organic structure

di recting 38%%@1 water, and in-situ crystallisation is PeFFOO¥EHn said
formed body at elevated tenperature under autogenous pressure to form
crystals of m croporous ELAPO i nside squ body. 2. Method for production of
formed bodi es containing crystalline m€roporous netalioal um nophosphat e
(ELAPO), characterised in that the forned body is prepared from~ m xture
of an inert binder and a solid material containing EL netal, Al and P, said
formed body is added a |iquid reaction m xture conprising an organic

st r uct uExathplest 18d.% g Catalgnd teetimy of omthedrbodiés aftey SARIOD-B4 ayhthesis
performed in said formed body at el evated tenperature under autogenous

pressurerhreoggg%mccr,aféb@h@son e’ %1%-6? ds“i S bt Selebeighod

according t alm 2, characterised in that e liqui reaction m xture
al so cormmﬂiumis adesaubedenﬁxammesﬂ-atsrmeml rrElasuned VEhd selemted piodidets overleai m

consi ot AT U Al doh P PelyAcgnec, Paiore TRuso. c BroteRe S ikl AL &

chrom U%IIGWIF\%'&meﬁ%ﬂg m xtures thereof. i WO 03/101892 20 5. Method
according to €Claim1l, 2 or 3, characterised in that PCT/N003/00170 the EL
metal is silicon and crystalline m croporous SAPO i s synt hesised inside

sai d foiped Pagﬂmattsﬁpla%mﬂda %&P{:ﬁﬁl‘:ér‘i’zﬁ* a’ché?rr wés;ﬁéﬁiﬁ% gbb@@% ‘N

that the so erral is an ni um ate accordi'ng
t o cl ai mnd, keptoat this dempacatera ieﬂSDnn'lﬁmbefdrbether teshpdraiirat was insrgasetictoned

ol ai m 128"y ThencA s GURUIe Of s VoRe g MABoh e O PUFPAaBiaRe

1-120 h?iéé§ed BRUGHARE YedetdP A AUVHSY = 1 g MeOH /g cat, h. The reference catalyst
(ABA-132, 0.3 g) was mixed with quartz (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 +-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). This is in our experience a good
measure of the micropore volume connecied with thé microporous SAPO content.

The catalyst lifetime and C;~ + 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
SAPO-34.




9. Method according to claiml1, 2 or 3, characterised in that the forned
body is calcined prior to the addition of the liquid reaction m xture. 10.
Met hod according to claim1, 2 or 3, characterised in that the organic
struct ur e ) PEWI$Mg agent is sel ected fromtetraethyl amoRCTUMOREIORI de
(TEAOH), triethylanmne (TPA), isopropylamne (IPA),diisopropylanne (DPA),
tripropylam ne (TPA), cycl ohexyl am ne, tetranethyl amoni um hydroxi de
(TMACH) or m xtures thereof. WO 03/ 108892 21 PCT/N003/ 00170 11. Use of
formed bodi es containing crystalline m croporous netall oal um nophosphat e
(ELAPO) produced according to the nethod in clainms 1-10 as catal ysts. 12.
Use of fornmed bodies containing crystalline m croporous
net al | odlabfeSoplatalyticepidpeities i tide MTOaresutibn o ft SAPIR3 ¢ iyetalliged! id M5
1-10 as adsor bef&ﬁneéﬁao&l&@ rh?ﬂﬁ%@ RifbAaIS)OBbARIPHrBE @ithsthRé | ieférence
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cat aI yst uction o

met hod in clai he pro Ins fTTom an
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al ca HZO. The synthesis procedure is as descrlbed 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 properties.
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Examples 22-25 - In-situ synthesis of SAPO-34 from formed 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 exira 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 part of the formed body, SAPO-34 is obtained even with ratios as
small as TEAOH/Si=0.09 and TEAOH/AI=0.146.

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

Example | Synthesis No Synthesis mixture (g) TEAOH/Al | TEAOH/Si

Formed | TEAOH | H,O | (mol/mol) {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 2.0 0.406 0.25
Ex 24 ABA-1924 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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were prepared by extrusion from a paste mixture of binder and AIPO. The water
content of the paste was adjusted to obtain a suitable paste for extrusion. Three
different binders were used; y-Al;Os (Condea NWa-160), Al:0s-sol (AIO(OH) sol, 20
nm particle size, 0.5 mol/l, made by controlled hydrolysis of Al butoxide) and kaolin
(Merck 24.926.295). The formed bodies were calcined to 800°C. Thereafter the
formed bodies were exposed to SAPO-34 synthesis conditions according to the
procedure described in Examples 1-16. Details of the synthesis mixiure composition
are given in Table 8. 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.

109 () -1 WS109%& () -

10f/ &10?%?%%5%5%?%%

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

Sample | Synthesis no | Binder Synthesis mixture (g)
Formed Ludox | TEAOH | H,0O
body solution _
Ex 26 ABA-178 Kaolin 1.7 0.095 04 L.5
Ex 27 ABA-183 ¥-Alz05 1.6 0.09 0.376 1.5
Ex 28 ABA-184 ALOs- 1.0 0.056 0.235 0.88
sol

Examples 29-31 - Binders which are inert under SAPO-34 syntheslis 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 SAPO-34 synthesis.
Cas(POy): (Merck p.a.), ZrOz (Fiuka pract) and Al.Q, (Merck, aktiv neutral) have
been evaiuated as possible binders.
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of the reference ABA—1 48-2; the physical mixture of SAPO-34 and Cag(PO.,)2, 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
Caa(POs)2 in the hydrothermal synthesis does not influence the SAPQO-34 formation.
Similar results were obtained for ZrQ, and Al:0s. No change in the XRD
diffractrogram was observed when the binders alone were exposed to the synthesis

conditions.

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

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

by weight)
Example | Synthesis Synthesis mixture (g) TEAO | Si/Al Binder
no H/Si
APO | H,O | TEAOH | Ludox | mol/mol | mol/mol
solution
Ex 29 ABA-149 i 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 Al
Ex31 ABA-153 1 0.7 1.15 0.28 2 0.17 Zr0,
Reference | ABA-148-2 2 23 0.55 2 0.17 Ca;(POy)2,
mixed after
SAPO-34
synthesis
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Ex 34 Ex 30 in Table 7 ABA-156 MTO-851 310 8i.4
Ex 35 Ex 31 in Table 7 ABA-153 MTO-852 310 83.9

Example 36 ~ Synthesis of CoOAPQ-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(NQ3)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 HsPO, (Merck p.a.
85%) in 3.4 g H,O was added and the material was dried overnight at 110°C. The
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$CL0%' ¥o0)wds &E464@0 hic)méterial in a Teflon lined autoclave and placed in an oven at
210°C for 20 h. After cooling to room temperature the material was washed twice with
200 g water and dried overnight at 110°C. The final product had a blue colour.

XRD of this material showed the predominant crystallisation of CoAPO-5 material
(AF1 structure).

This example shows that it is possible to prepare microporous materials with
structures different from CHA and which contains other EL than Si, in the presence of
calcium phosphate as a binder.
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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,
zinc, iron, cobait, nickel, manganese, chromium, titanium and mixtures thereof.
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5. Method according to claim 1, 2 or 3,
characterised in that
the EL metal is silicon and crystalline microporous SAPQ is synthesised inside

said formed body.

6. 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 hydrothermal reaction time is 1-120 hours, preferably 2-20 hours.

o. 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 (TMAOH) or mixtures thereof.
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phosphate (ELAPO) produced according to the method in claims 1-10 as
catalyst for the production of olefins from an oxygenate containing feedstock
comprising at least one compound selected from the group consisting of
methanol, ethanol, n-propanoi, iso-propanol, C4-C20 alcohols, methyi ethyl

ether, dimethyl ether, diethy! ether, di-isopropy! ether, formaldehyde, dimethyl
carbonate, dimethyl ketone, acetic acid and mixtures thereof.



