15 Decenber 2005 "Method of synthesising crystalline m croporous
net al | oal um nophosphate froma solid body" 5 The present invention

concerns a method of synthesising netallo al um nophosph S L and
~nmore particularly to synthesise crystalline m cropor ous?iﬁfaf%%ggfgﬁsno-
phosphat es (SAPO) of the nol ecul ar sieve type, froma solid body and al so
use of this product as a catalyst for nmethanol to olefin (MO production.
10 ELAPGCs are nol ecul ar sieves which have a three-di nensi onal m croporous
framework structure of A102, P02 and ELO2 tetrahedral units. Generally the
ELAPOCs have a chem cal conposition on an anhydrous basis expressed by the
enpirical formula of: (HWEl xAlyP2)2 15 where EL is a netal selected from
the group consisting of silicon, magnesium zinc, iron, cobalt, nickel,
manganese,“Méthahufuyntiesisiigcistaling her6s5rous mitdlﬁa&tbﬂnmaﬁpﬁ&@ﬁbﬂn%“s&g EL
and has abedj’tie of at |east 0.005, "y" is the nole fractiion of Al and has a
value of at least 0.01, "z" is the nole fraction of P and has a val ue of
at least 0.01, wis the nole fraction of 20 H and x+y+z=1. The silico
al uni ni imTPROApIeat deveation coneaes & methed iof syndesisiof metalla edinihephvepletssl ar

' ' i f ' | et d i bl
Gehyar at| SELAPO]. S et 3RRLE0 o WNRESR ARG, Bictoious S BRRIMY bot
t he anhydipbosphates! (S4PORbE thesholieeular?Sev &, fro G g51idNBodly L RINSSIRE HfSfis '

SAPO- 34 and PO- 18, .are the ca alq%ésts of choice for he MIO-reacti on.
SAPO- 34 hEEUH ésqataéysfgﬂqﬂjetgﬁ@ foralsfen QREO) groduction y synt hesi sed from an

al um na source, a silica source, a_phosporous source and at |east one
structure_ directing agent. This structure directing agent is usually
t et r aetthy ELARRSAire moleaiiasierss JughTnery thrde-diateasionl spierdpiomns dfanidveorgel

resul ting L¢XI t n bove. is _hydrothernal treated at a
t enper at u?@cﬁﬁqﬁ ’26%(2‘z %ﬁ%&%ﬁgﬁ%ﬁguﬂﬁsgﬁ%éﬂﬁo&%%sl haye 2he
SAPO- 34. dlesnisdl compositiondon e irihydrong basis dxpressedaty te ERPRICETRMIAGAL i Ng in an
15 Decenber 2005 2 oxygen-contai ni ng at nosphere (500-700C). The cal ci ned

material contains acidic protons and has catal ytic properties.
(HyELALP,)O;
15
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.

The silico aluminium phosphates, SAPO-34 and SAPQ-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 tetracthyl 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



In a traditional wet synthesis of SAPO-34 (as in US 4440871), the materi al
.crystallises 5 with Si/A ratio of 0.17, corresponding to what can be
call ed high-Si SAPO 34. By altering the synthesis condijiqns i/ atio
| ower than 0.17) it is possible to produce a SAPO 34 V\/lii#ﬁef:%@gé‘lmg
contents (US 5191141 and US 5912393). By dising Si/Al ratios |ower than
0.17 one can also obtain structures with AEl structure (SAPO 18; US
5609843), intergrowths of SAPO 34 and SAPO 18 (US 6334994) or APl structure
10 ( SAPO- 5pxygen-contaifing atmidphe2YBORIB0T)OThO RIS maidifal L
crystallises,with a SITAl rati o(lsof 3 08 TSRS ar?%?;‘ﬂsl S vmiﬁt%é\%gla ¢ protons
i nf or mat i oANdhasaatal Wicpropertiesf SAPO 34 or SAPO 18. These structures are
defined in Atlas of Zeolites Structure Types, WM Mier and D.H d son,
Second Revised Edition 1987, by Butterworths. 15 US 4861743 teaches a
process fon hRdpioadl ¢et eyhtRési@of EAPRBA ideinoR- vl Leye
gy (BE 08, #a08TD, I RisRetl Syl

in a pre-fornmed body or carrier. Contacting a actron m X
spray- driwihpdifAl eatios 0b0. Bk tooggsparsling teaiwhat wan dre salledchightSin$ AROS4. By

o eve. "ThelterfBb sbiiesis RORANGE /2] 1abg ToYersbimp 00 i paatible wrproduce a
phosphor ouSAPER3PWitieowes SRBoESRTUS $191941 Yhe T Bg(fjézd'tgggp@ g@hg sthe d%ﬁ?.se

crystallisation takes place at el evated pressure an e an
pref or med 19wy tham 1% onet ean ilsol pbfaind striiotumes ewith ABI rstrvoture (SWPO-18; US

nol ecul ar & ' e osph S, C b ctive_conponent
in the |i q?ﬁogg%)‘f)’ %{e?ﬁg@gﬁ Pg%%ia aB$ g‘i"ﬁﬁé@ wﬁuﬁ?%&ﬁ i We il strugtpre; he
non-zeab i tSAPOERdul PfypiabWet SRithediNSF SAPOCES, the Stri@ae dry@aBiols Hhth .aoéi/Al
silica can he included in the body and/or in the I1qui eaction m xture.

1f the norfa8% of dhV6.t | XRPpanatysisa will irevesl iinformatiem oni the qrresence b ISARD-Gdesit S

ot her tha Igh# L osphor he reacti SO es_ of
t hese el enrseﬁgmghgﬂggg slﬁrl'ilg‘ug%gad‘e iéaﬁﬂ?‘ﬁd;ms'g{i?scﬁs%?otm?i #Wgurﬁ?l]&??ﬁ;% aYieigid/ or
in the |i qudd.He@onoSestindRevized BagichHI87chy Bagiwaithe! water used in this

procedure is 25 noles of water per nole of alum nium Thus, only alum na or
silica-alumna is used as the preforned body. Al other reactive conponents

are eiger ' k.t i guid m xture., Th

ot epar ot b e T3 BReE d llol o AforiluckiP o cryifline Modugepfte dleculer

| i qui d t hatevadrdsptedfotmed boty ol cafrieer Qatactingl® K o Bifare n?r atent
sis of SAPO 5, SAPO-1 1, SAPO 31 and SAPO 39 fro ense

No. 55143%%6(3ynt h‘ﬁ . )
mi Xt ur es | RAFRGIEE OR FXERdates, of luminager silicaraluming tah hysirethemnad donditiods t o
be renovegdrodutbieind 2 | - orting particl.es and
pe re hapeﬁof it pgirﬁfsif‘aé?lgésmlﬁgfbdﬁ'ﬁc A 10% ! sEEVR, T ﬂqliﬂ%)actlon MixRTe contains
a reactive source of phosphorous pentoxide and an organic structure directing agent. The
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.



preserved after crystallisation. The gel conprises alumna, silica,
structure directing agent 5 and an active source of phosphorous. In all

exanpl es the dense gel is extruded into particles bef Oi§DBQ§|Pb 2005
crystallisation process takes place. The nol ecul ar sieve Crys aﬂ'l?es
formed are smaller than those generally fprned in conventional processes.
Eur opean Patent Application No. 1002764 describes a nethod for the
preparation of small 10 zeolite crystals inside a porous support nmateri al

wi th pores t . b ' the zeolite
crystals cg?lmbyei)%l}\ttﬂr?%ﬁ%gg&rﬁgdﬁ%}s’o&fgﬁﬁ'ﬁo&Pﬁa ﬁ'gk éﬁ‘gﬁf’ O5 a"ﬂr\@*%@éﬂ fyom
renovabl e idenssrixturesof slomirizcand wlicaygediszdebritied, With nb eixéegéq@tlﬂi tobe rEEpaent
of a desié@d cat al )(st. Typi cal, support materials are carbon or magnesium

oxi de repr S08AFRssEe! eaLbe Fasmed dntorselfsupparting partiakes snb pher shapmb ihie pagticdérds
silica al ug '&hcr%’t : LI abl nstituent of the, catalyst. To
obt ai n theﬁ}pd?%gﬁ%vt%t he sﬁlpl)%g?‘tﬁj' @e%?'f%#ﬁ?%ﬁs ?‘ﬁﬂﬁ?%ﬁ?{%swweél@m&wns
gel consi santhgnestivatsontdeyobphasphemius.t B Bl GKdmPREs HEMRASE 'gePTs eSOURI Rh4

|

hydr at ed Oxfigﬂﬁ? %f? Si, A and P, netal conpounds and a ze te structure
directing B 5 e 4h% SRS tigh pregesstaked plasee The molepdaresievenktystallites

crystal litgsman r.al is useq to control the
crystallite si ngé%l%gagggo%t%g%ﬂly%%piugrsonv%{f?%ﬂ%qce%&am i ve source
of the crystallised zeolite. US Patent No. 6004527 relates to a "dry"
process f t he production of | arge _pore nol ecul ar sieve by inpregnating
asolidc FBHC%&S%@W“# ‘P‘kﬁgt F‘E@tpiﬁ‘géeﬂﬁi‘lb@ﬁ pmigthod fopthgqmemaraticnt aftsneallf or
hydr ot her nablitee@gbtaRn A S he salid cation )

oxi de- f r amewor k-s_truc?ﬁraée tio ?%%1%&2%&?@%%%?}%@2 °%3§fn@ﬁ?rr g’@"?@hﬁo‘!&ﬁ?‘l%
Then the Wapitheysiae of thazeeliter arystalsrganshet camnrolledsThé Yordst fuppsR Whkhang of
terrperaturqeéﬁaiﬂfress%bf?. to.effect, a hydrothermal reaction and convert the
reagents di Lemgyable infrderfodsqlate An¢ pyrs zeplitedr it isrusefid e compongmo o asses
t he nor phajesigéd cRBBERTyRidab ki i td Ldes .

f r amewor k- st r uct urhg. Pr)?duct i%%rg?afzeggsfét}ée Cgrgﬁf}idgﬁggﬁéﬁ%ﬁ} Qride rpregenting
exenpl i fi die 2a@IpPORk rangwble poronk suppars enteriaiy end lsi)ﬂ&aifﬁmhﬂlanﬂﬁ’dIﬂnﬁg/CﬁL’eap,

si npl e;an ' tall friendl roqucti on method for catal ysis and
dsor bl SeBFetle FOHERPhe Ut ot iRt Eprian hp ottt FurmoBdTterish iof

si licoal ur e hdihea 6yriRials : | | . r 2005 4
Anot her ogjjngﬁg_h_i s to si’/n)tﬁﬁgsiss%aé:%g% C ysstéézﬁh??% ggg?m&?%éilﬁ%@gﬁgg@i’?ﬂg%d
conposi t i GAMPBFINg fidfwpdIoxides oif e¥ii Al and dRicmetah compoirmisodndspesblde sticRkE St
to produce;gRify hftht P AN aa3Ss 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.




SAPO- 34, SAPO- 17 and/or SAPO 18, these materials being suitable for the
nmet hanol to olefins (MO reaction. Athird object is, through the

synt hesi s of SAPO 5, SAPO- 11 and 5 SAPO 20 to show the ﬂﬁnerab 5'
applicability of the described synthesis nethod. These 11 e5em, Pra?)?ects of
the invention are obtained with the nmethgd as descri bed bel ow. The

i nvention is further defined and characterised by the encl osed patent
claims. The invention will be further docunented with reference to the

Fi gures 1- : | t he, XR ttern of the product
f r om Exanp @?.eiggggﬁ{sgtofyé c?glé’gyég,&pg{i?%gs gfmtﬁlfga@\%osd{?c ‘qu’él?ﬁsEJ%m*rﬁﬂ' es
2 and 3. Methanel ® olefinsposRitimy teisof @ﬁecidmnﬂ%fé%ﬂ%}g%o&dc@rﬁlgéﬁﬂg!c%ﬁtaﬁﬁg
Figure 4 s .J?‘g @lﬁatt rn,of the product from Exanple 9. igure a
shows XRD E%?’?Je 3 i ea'ﬁ?%%?@k& giesexatgrials baiog suitablFifonthe rddhaid s
XRD patter t : ; -19. . Fi h XRD
patterns O?E{igi(hg?g’a E%%guﬁr‘g rt%fl 1@ gbﬂp%%%ﬁé a’ﬁy&meéls%f 55%%%3 gf\,’&' OxHband
pat t er nSof SARE-X todshow the geneFxdaipplieabddy of & delsariticd sYRthehie Weyrff O 34

crystallites. 25 Figure 8 shows the XRD patterns of "the products from

Exanpl es 2,@525. Fi.gure 9 shows the XRD patterns of the products from
Exanpl es 262658 2and piher phjeqty of theigventionyaroobtained withothe tnrthed addestSbdd selow.

Exampl e 3 j atterns of the products from Exanpl es
S1oah. - i o I, i Aaieh Ukt 20 oAt v By heiceblopech et lpies. She

Fi gure 13 igventionwill bxaﬁrmmdoeumamewimeﬁmﬁe%u{e@%hgaw es 34-36.

Fi gure %4 slhovx/§ the XRD patterns of the product fro anpl’es 37-38 The

i nvent tdn ¥ *concerns a nethod of synthesising crystalline m croporous
metallo 30 alum no phosphate (ELAPO from a solid body, where the body
consists of particles containing Al and P. The pores of the particles are
whol |y or Figurelly fi Ishews thetXRB patieti of the pr@hétTorTEK j.conprising an

o o s TRT bt St Sn  npom e oS 218
Decenber 24Q%e 3 shows XRD patterns of the products from Examples 4-8.
15 Figure 4 shows the XRD pattern of the product from Example 9.
Figure 5A 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 prodﬁct 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




aut ogenous pressure to formcrystals of m croporous ELAPO, - where the EL
~nmetal is selected fromthe group consisting of silicon, magnesium zinc,

i ron, cobolt, nickel, rmanganese, chrom um and m xtures %gereoh. %’ EL
metal could also be part of the solid body and in this!tREESMRE" %’hi d
reaction m xture could be used with or wgthout an active 5 source of the EL

nmetal. It is preferred to use silicon as'the EL netal and produce
crystalline m croporous SAPO. Al PO particles could be contained in the body
and they could also have an outer silica shell. It is preferred to use

Al PO wher e2YSpgonoys presspregtoy fosials of, micropeneus EIAPQRs PherenthenBL abstahde of
an externa I L | i . CO 14 ' ior_to th ;
reatnent - elgct fom 1he SOt cohaun 6! Sun. FRERAR Ak Sroh pottity gicke

4- 20 hour smaifganess, chtomhiiinsaid mixtetes tHetedf T KL . anémicconld b8 f

150290 oLl A0 The striettre Gl el e S e
sel ected f ed W H act{wePA) ,
di -1 50p50PhueE BE UORR) merd! IPEOBIKARDE WIEANcoRVE! Al1° P §Giek )
tri-ethylamne (TEA) or tetramet Ey - anmoni umhyﬁrom eﬁ%I'T%E\H]ifF l|"‘:§tio
bet ween t ht_a‘ysthldp'_nbdnierﬁpomsa&@P@oAH’@cphﬂiﬁeﬂrﬁm(dma&uﬁtﬁﬂlebyn|ti:éllb|d'>¢§r Ml HERtric,
Sur pr 1 o1 hofPd fsqhRveAn s PRI proEed BuserAlBO whie ke 18a@Siandm o
D oduce SASCAE o g haiesis h 0 aBient B T AGARA il The BaflcB &iud e 4
al so be prasiimsscprior Th heprextment. Ehelhydintharsmbireastiarcitme BEBH 20 hodk, Sraferhbls!
for the.co rsion.Qf methanol to, 2 i ght .ol efins. The particles produced
coul o 39 <P 48 i Re ESpcienon fiid e rrioiimed o eraperaien fram 15086616,
oxygenat e peratabiyi200-2260CIS TRE ktrGORRY uﬁéé;gﬁ%%%n@%éy BECscARY Wach t&?akgﬁ led

fromthe group consisting of nethanol, n-"propanol, 1s0-prop

54_' C20 aldgyhomum hydrogi eelt(mAcHﬂheigppmpybm)dl iyd (ERART di-ttb_ptdpylﬁnlﬂﬁ&lke(DPA),

| -1sopro er. I e | v, ar hopat e, t hy et one,

acetic ac Rﬁﬁrgﬁgi) B &ﬁéﬁ@?@ﬁ‘gﬂ%ﬁﬂ?ﬁﬁ)hEﬂ@ﬂﬂ?@@% oPle otramethyda nt

al | por es amindtiemAiydesiads (TRIAGE). TRE QatiedbstWRen tie ﬁ%ﬁa v%ﬁ%%%dagorg% d by
nown prepar

liquid volumetric N2 adsorption. In contrast to eafrlier ation
met hod®®  Amgasused hayp higdish yohmesne Nbadsarption)sis 90L-7herefetablye 1sbunde mioat

Phosphat o rLetSbRE RRRBAREEF whl Bl RloBR T A aosiTpieao Rrodios SAPALNE® 11 gh
be preci péactibednifiyury avithous siRingostSthe dRREMNL. D i Préfbied 65 pFdidcd SAPRI B €S-
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APO-17 and/or 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

hinet

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.

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 AJPO particles might be
precipitated by various methods, depending on the desired properties.



6 For preparation of SAPGs, silica so] or funed silica are preferred active
sources of silicon. Silica gel and silica hydrogel, silicates, silicic
“acid, colloidal silica, silica hydroxides, alkoxides o L L

reactive solid anorphous precipitated silica are al so sle Pg%‘!f'{eiggﬁ%@sg
silica may be prereacted with the solutign of the structure directing
agent, or silica my be present as a physical mxture with the porous

al um ni unphospate, or as a silico alum nium phosphate. An organic
structure directing agent is added to facilitate crystallisation of the

nmol ecul ar 10 sieve. A mxture of two or nore different structure directing
agents co . Sk / i | ' .

ot act hylt G RRBARIOR of SATas, M-It HNE off rEfel e fiddhivel BFiHEGD.

di - i sopr ogylicupeleandOBira hydiggeh milicaesn eilickPagid, cylddidilesilitqreiliva hydebiéides,
tri-ethylam ne (TEA). and tetranethyl-a ni um hydroxi de (TMACH).. 15 For the
pr epar at i @Hkosidesapericon,Angd seackypep amgga%egs Bregipiated siligare alse pitable, Fhant

of water .. L] : ' u .o di ting
agent o Sta By iiloRaea s Wle Sl of 4R AGhA, Bifiod sBLiL 6 4E6 hiEe
smal |t hapréshmst axiaghysicalapjxtare svith the pofuns alunginiungphospate,yor ay atstiesiabiminfumised.
Another termfor this technique is incipient wetness. Alternatively the Si
source cal B%Phﬁﬁeesent as a separate phase of the solid AIPO or as a 20
silico al um nium phosphate m xture. Slightly different m xing procedures
may be used in preparing the reaction m xtures, for instance, by changi ng
t he or der Aof onghmicistrutiard dinecting agant idlaBdeditocfasilited cridtallisation lof thet melecibar ng

f Is i er f db I ned pi hni d wil
Cesul (10 n3ive. & aheRS o i TBerecA lan SR AL DR SRERE AL AR Pipde 1
7, prefer QEJté{blé-l'snﬂcm?é‘@i:l%&ﬁ{g Q%e%ftserilil?ﬁdé ﬂeuaéhelrl-r BfnidAsh! idd YTEASH), S

placed in a seal ed pressure vessel, preferably Iined wtH an inert plastic
mat eri al $optopytamipe | (JRA), diisopropylamyihe RPAY, propylaminn(TRAY cycdoliesylaadhe d
under aut S. ssure a_ .t erature in th ange .of C to 260C,
pr ef er abl gégmé"‘f%@m fang %lfaﬁmogugvéﬁc{;gmg? @M@ﬁ%’f ew hours
to sone days, typically 2-120 hours, preferably about 4-20 hours. The
crystallisation occurs in absence of a continuous |iquid phase. The idea is

t hat 30 oFer the preparatiuProsSAROY, pEARDAIRD mrkdsig@e igapdwith 2 swalhanlount efi
inside the pores.of the carrier.particle. The as nthesi sed product, is
oo i ned SPERGb KO squRfe S L ghadT bonin A st5ioRte LR o BAREAS b
organi ¢ shbes bbtR phirticied. e Wil donten@i® doendIPihastheimikfife APpdaRCaiyP@ius 2RPS 7
term “dry synthesis” is used. Another term for this technique is incipient wetness.

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
teruperature 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



crystalline material. The resulting nol ecul ar sieve conprises a

t hree-di nensional m croporous crystal framework conprising a SAPO

" mcroporous structure. After SAPO synthesis, particles ggéebe L g@ﬂbed from
a mxture of the crystallised 5 material and a suitabl PRETY ? - g.
fluidised bed particles). Mterials suitable for use in fluidised bed
reactors are typically produced by spray-drying a slurry of the active
catal yst. Additional materials are generally added to the slurry in order
to adjust the physical properties and the nmechanical strength of the final
particle. wsmﬁaw paterial; r{ﬁ'esm@ltmg Hyoleeior sjeveh semprisesr amthrepditensiodaPO

' d with L ' tl t t | uti
the.fol | owtgOBlsEF 3l ifiePhk criuifhalf €5 RP O R nelfS" ¢ upoi(s) - >
(HSI)ITKAIPI. i hO4(s)+1/ nH3PO4(1) 15 where n >1. This corresponds to using

1 nmol base/Si and up to 3 noles of base to neutralise the phosphoric acid.
Since it i4figF 4P syRiesineprtisles ymay te prepaeg feom  enikiue iof athe corystallised es

For tn & plelSt Br APl fe.e listd bed D, b vt mg P A OF

approximately 0.8 (1.2-0.6) is nore suitable for synthesis of SAPO-34 with
Si /Al rat i baeribls suitabledgnodeciai fiuidifedSddreaetbBAROicallyt produBed My shadyi-@ryaigound
0.06 it is n&;_l% Srj\;l\ﬁihtpabl'e Wiﬁtagéan ‘%PO ith PFAl of 0.9-1. One advantage 25
of using ahSHFRPheRCEYacatalyst Sdditional aeaterials gee genstally ided;to the glursy nhe
synt hesi s, gy 1 eIl P’ﬁ@ 3 ' ' . needed
for the sy%?ﬁre%%g‘!d%?k?g?ﬁﬁg%?o g %é;th Fl gﬂ%gfseéﬁ@%%? f&f%fﬁﬂﬁ%ﬂéggg @%alg‘t woul d
al so (MAen using AIPOw th P/ Al =1) be unnecessary to use the nore costly

30 t | at TEACH, . t (LSI nt. F i nst , ; | am
(P ey el acparing APORY BEa BEER! o 8 navpe ADKS kPO BUNA siics |
si gni fi candoupd¥oahal stRictidrd RlireSting aek Fwikef S61utiRA .ﬂ?ﬂgftﬂfow-ﬂgf%gﬁt?%iogew{lfmced

by I PA. 15 Decenber 2005 8 The present synthesis netho e followng
advant agesPlaeipared to prior art: A The use of a porous Al PO as precursor

possi ble to uscls SRETRPRTMARRA o Byl o SPRTERIPDR ™

15 wheren >1.

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
SifAl 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.




directing agent, as well as making it possible to use cheaper am nes as
~part of a structure directing agent m xture. B. The use of |ess water
~(conpared to H2O A1=25 in US4861743 and H2Q A1=17.5 - | 6 207

872 and H20/ Al =15 in Lok et al US Patent 4 440 871 (Exg'?r?p'ﬁee“%g?%%ml are
mainly 5-10 in this invention) during theg hydrothernmal synthesis conpared
to prior art, nmakes it unnecessary to filtrate and wash the product and
avoi ds cleanup of contam nated water. 15 C. The intimate m xing of liquid
and solid established in filling the pores of the solid with the synthesis
i quid makes stirring of the synthesis m xture unnecessary, sinpler

aut ocl avesTgeulddeah thesis Weitbd 126 lm‘gﬁ Aah &xg; ' e. D. The
intimate cont gct be Weenssol [ é"anéﬁ%]ﬁ)qui é;{lso g‘g{s/ses aﬁf“géﬁz’%’%ﬁ@r eation
rate and a 20 higher crystallisation rate, resulting in |l ess reaction

ti mes needgd, and giving cryst ites of size 0,.2-1 pm conpared to 0.5-3
pmfor a S%Pglt% u§‘g r?\lf h%g?oé"é'# éfeﬂ)ér as tm%c"ﬁw@a the miggoparous crystallepsilisat 4
440 8715 The s3uminoBhosphhie mAlRs H BGsH fyRdnkgiter Webllodd

durability and exp c(t)s?g hi ghers rgf‘sgﬂ% E’S‘é‘?&%ﬁ%‘%ﬁ @er@?t"g‘é‘?r?g%ﬁ?‘é“
met hod it is distindlagentoayavell aheaRing\it passible to use chelperingith ®RNpart of a
obt ai ni ng SAE&J34 a&i V\%H as SAPO-18. By using Si/Al ratios in the range of
0.03- 0. 06, e, IecHpE AZTHPHEUEAPO. 34, SAPO- 18 and mi xtures thereof in
various proportions can be made. Under certain process conditions, these

may have inproved deactivation properties as well as higher olefin
sel ecti vi tBedhernse pblessr@ater (eompared3io HAD/Bie2mindiS4360%4 Parfd BHQIvpE: ERS The.5

dosori i on 1 ¥ Gl R prd HOUAGS oK orurUS Paicind 1 €11 Eere asin
the present H,0/ANkde@inly B0 BIthisInVeiton) duridd e mg%@g%%m@%@?%ﬁ&@' S

was characterised by liquid N2 adsorption and el
XRF. 1o Tabl & prioCag makesrit unnecessary totfiltraiefdndrwash the Posluctsend avoidshdesmups ent

i nventi on. UE ﬁﬁ gtﬁ@r .se stated in the text, all sanples were cal cined
at 400C for ?8 ouram e%t?ré use.

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 pm, compared to 0.5-3 pm 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



NanmePr epar ati onP/ Al N2- N2- Por e BETvol unedi aneter (n2/)(cc/) (A
Al PO-| i ght Commerci al , 1. 114 Ri edel - de- Hahn; EG no. : 232-056-9; Lot 914110

" cal ci ned 600C K00-053. 001Powder froml.0111000. 66220 G Deé{%ﬂ‘ggrz@r many,
LOT SP2 7980-01 KOO-058. 001Powder produced', 0.82300.4160 aceton washed,
vacuum dri ed, cal ci ned KOO-077. 001Powder of ronml. 01060. 71220 G ace, Wrns,
Ger many, LOT SP2 7980-02 1(00-077.0081(00-077.001 spray0.91400. 64180 dri ed
K0O- 102. 003Powder produced", 0.951770. 4790 spray dried 1(00-092. 004Powder

produced ,1.01600. 44100 spray dried 1(00-218. 002Powder
produced) 1.01920. 60100 15 1) specification fromsupplier 2) synthesised
accordi ng €%et hod given in US 4364855 15 Decenber 2005 10 Preparation

of the al um ni um Phosphates used The al um ni um phosphat e powders produced

and gi ven Ty hdhtfonlwilEbeSrubthel iMGstk#6dby the examples to follow.

5
A description with characteristics of the different AIPO materials used in the present

invention is given in Table 1. The porosity of the materials was characterised by liquid N,

adsorption and elemental composition by XRF.

10 Table 1. Characteristics of the different AIPOs used in the present invention. Unless
otherwise stated in the text, all samples were calcined at 400°C for 16 hours

before use.

Name Preparation P/Al N,- Na- Pore
BET |volume |diameter
(/) | (celg) {(A)
AlPO-light |Commercial, 1.1 14
Riedel-de-Hahn;
EG-n0.:232-056-9;
Lot 914110
calcined 600°C
K00-053.001 | Powder from 1.0" 100 0.66 220
Grace, Worms,
Germany, LOT
SP2 7980-01
K00-058.001 | Powder produced”, | 0.8 230 041 60
aceton washed, -
vacuum dried,
calcined
K00-077.001 | Powder from 1.0” 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 1047 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




according to the nmethod given in US 4364855. The resulting gels were washed
and 5 filtrated repeatedly to renove N 4NO3, followed by drying at 100C

“and calcination in an oven at 400C for 16 h. The spray fyb&ge % nere
produced froma water slurry in a conventional spray drier:. e material
denot ed KOD-092. 004 was spray dried fromg slurry with added Ludox LS30 so
as to have 20 weight %SiQ2 in the final particle. 10 If not otherw se
stated in the text, a stainless steel autoclave with a Teflon |iner of
volume 40 m was used and a synthesis tenperature of 210C. A detail ed
overview of all synthesis presented in this invention are listed in Table

2. |If not pidhsrNticifothe idiif hRAdp BRI Usbfagent s are used: 15 Silica
- 0

source: Ludox water (pH = 8.2), Du Pont

(p_r oduct 'I‘I\'lm(I _Hu(nimuna'; k@hbgpélampoyrﬂ;t{m producedi st giedr iinc'lr?b13_5ln \geér lfﬁyﬁgﬁesigéé%

i sopropyl ani ne; a; .5 vei i -1 sopropyl ani ne; uka;

ve ahi)" FERRAs %%%ﬁhaﬁgv&aﬁ’@sbﬁ st 7 g rpavers vashad and
ripro ; oxi de-

bent anyr armeief cegattafy (SR GINGE R mshity Az 1 0 TR ERGHE A o

are det ai |oyen iah400K! foril6 XRheaspaty diisd Sfmplaewpreostodtcedviesn waley slRgkyUsiang

an X-ray powder. diffracto r, Sienmens D500 whi ch produces

monoch omeBREeHSRRLSPF G ety Hhi st dencised R03-007. 00 v shigydied deom & slurry

1. 54056 AwiltbaddeaiLuidbe 1¥BD 08 iehive 0 RAER'BSiOinl B Finhl Wil ar e

di spl ayed along with the XRD pattern of " a rerefence obtained by a
conventional wet synthesis procedure essentially like that in US 4 440 871

(B.M ok HtherwiseiRbEi texkh a;}@?- ' ' f. this latter
reference H:gﬁplt%e S den%)(flergéklt?a&/\'lgftn t Sgb{% Eﬁg%dé%l%g%%grhr%ghévqﬂmﬁ | N
NV 4 N N KOO was\used mipd b sknthiesiitexhperatute ofl 2801C. M. Hethiléd dvexviswids 0 syhtHesisO O

NNN V' H %il'ce,r}w,l?teét 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 (Tetramethy! 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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A synthesis mixture was prepared by first adding 2.0 g Ludox 1830 to 8.0 g of a porous
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 HC] 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
(EWHB8-16), and confirms the formation of an almost pure SAPO-34. The reflection at
about 20 = 26 degrees is assumed to represent a dense AIPO, 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
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 %
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

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.
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p u x 15 Decenber 2005 13 Exanple 1 Synt? sis of SAPO 34 from
Al PO-particles (EWHB-16) A synthesis m xture was prepared by first adding
2.0 g Ludox LS30 to 8.0 g ,of a porous 5 AIPO material (KOO-102.003, Table
1) and then adding 14.0 g 35 % TEACH and 5.0 g water under thorough
m xing. 0.35 g of HCl was added to the water before m xing. The mxture

was react | Teflon |ined stainless steel autoclave at 210C for 72 h.
The XRD M’iﬂ%&—'éhe resul ting silicoal um nophosphate product is shown
in Figure ' i f I re
SAPO 34. - AR SPO-Shfrogbtekh ANDS AT 124 13- LTI

repr esent Hivel different) AIPOp hiaseted BX00¥053:001. FK00058.001, Ke0w72l008] KUaLAR2.GU3 O
In this _preparation, 5.0 Al PO |1 ght

to hydrpth t - 10

(Tabl e ) RHROOOREROT oo BB 35 rrmateetes 28cromwasho Hics piecgdingoasaiiestno
8.8 g TEA 11 ' | XJ 0 Lined i anmpl e
> "The m rsples 11,2, DN LR MO ad 3 o B blse oS Ao ™ ©
reduced friéwelyolume arothe. @vailableotgasspinmie n of t the aTdflmsliet WA RSIREd Ooff
8.8g of water, .or PR S i te% 2,0 % 20 of the total water content w thin
the ori gi ﬁBPmﬁf%tﬁlg'e. ‘Hﬁé" i \é?l YoiReerrer of & compagt, veindsical Teflainseriintbess
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t hat SAPO 34 was forned.
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 LS30 (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 178 g,
15 2.48g,3.2g, 2.6 grespectively), 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).



25 Fractional renoval of water prior to hydrothermal treatnent (EWHS-11)
This preparation is identical to the one in Exanple 2 except that the

~anpbunt of water being evaporated was sonewhat |ess, ap Xi 0
wei ght % of the total water content wthin the origi nafggﬁ?‘%ﬁ%&]%og’ XRD

pattern in Figure 2 confirnms that SAPO 34_was fornmed. 30 15 Decenber 2005
14 Exanpl es 4-8 Synthesis of SAPO 34 frohddifferent Al POs

(EWHI I -6, 12-4,15-8,16-7,17-8) Five different Al POs denoted KO0O-053. 001.

KOO- 058. 001, KO00-077.008, KO00-102.003 5 and KO00-092.004 (see Table 1) were
tested. In contrast to the preceding synthesis (Exanples 1 - 3), only 2.0

g of AIPO yag ggi - h of the present exanples. Also, the "free"
vol une or gas-vol une" of the Teflon-liner was reduced from
appr oxi mat Mixtd@ of two Srganfc Biruejurendireétif) agbn® WithiA@he fedction’ nbature

Teflon i nsgdBAI98-9-5/131-¢f | on-1iner. The reason for reducing this "free"
volunme was to limt the anmobunt of to water in the vapour phase. Also, a

descri bed 11 SRCEouTa e RS S AfteHAR sSRBLE IpABRARTRALE Gobled, ' B3
1.52 g, O. d¢égentangddet TEADE/Si-mobesrativ »efe kg ebistant vhd thetIPA/SicGo1R BHS Vatied ur e
directing agent A TEACH gl. 86

respect i vefd b) HgcPirqotent and g‘?"’nén ‘gfgl'g%qlﬁl)?ﬁtédgg@%ﬁﬁgﬁgf@%m%@?égﬂ/\ﬂ'@A(HWSl-
et ot ai Hpaeng, WHph TOAR FanBs W scplflaploh) i ot sl Erfile R od6 7

cryst alloi nthegy aginthésis (WasgKi08-238.082e(Table dpnki shezatExiniples Eadbo) it bfghnﬁf 20
SAPO- 34. The nunerous, addi &on :%éétense,di ffraction lines seen in the XRD
pattern of SUUSHip dueetipgagent F@‘? Were Fisgd iegstherand water subsequently added

ammoni umrhy 'Pqiégat&%mg Hﬁélﬁ?%ci nt hesis of SAPO-34 in the absence

of Ludox (GE{/\%:i-4 25 Tﬁgﬁdselljrﬁ?%gce 0 o% of the ALPO materials

(KO0-092.004; Table 1) contained a silica shell, which was formed by

spray-drying. Ihe sjlica,conten S, appr oxi mat el ight% 2.7 TEACH

was added {\gllgﬁﬁalgpiﬁ fnd Eﬁﬁlﬁ?_&’\t‘\grﬁ# ‘ffﬁ“’?’ﬁ_ &%Fgf?ﬂﬁ\éﬁ?fgs@aﬁmé’&edt&%mough
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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 26 = 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



h. The XRD pattern of the resulting crystalline powders reveal ed formation
of pure 30 SAPO-34 (Figure 4). 15 Decenber 2005 15 Exanples 10 - 1

9
M xture of two organic structure directing agents wthi hen
m xture (ABA13S-1-5/136-1-S) 5 In the follow ng exarrpl@st?&t%v\"ﬁ)&giappgr ent

synt hesi s approaches were applied; a) thg Si- content and the TEACH Si -nol e
rati o were kept constant and the IPA/Si-nole ratio varied and b) the
Si-content and the IPA/Si-nole ratio were kept constant and the TEAOH Si -
mol e ratio varied. Table 2. shows the actual anount of reactants used. The

ALPO used in 1o these synthesis was KO00-218.002 (Table 1). In these

Exanpl es I_Emmpltﬁﬁgr_@éni c structure directing agent (s) and ALPO were
m xed t og er ang water bsequent |y adde by incipient wetness under
hor ough_ rMEHEE ShetFtrits diFERERE Sgentin b absenteiog kudox (UG 144 Saada t ho
Tef | on-1| | nginyesel @RS sk Brock Ay @RRSPE 404 34105 s DY
I nserting a]gorrpgct ,%I isndr coal e%Fgﬁﬁ#%gg@%x?nﬁg%é’@gﬁpéﬁ}q %(?.Wl e

mi xt ur e§ WKO@092604 €babler 1T ¢liteomedction dnixtienivessprepaet iR whosbrwes ofLudgl0C

for 20h. i ndi cated hQy.the XRD patterns of the crystalline products
(Fi gures SACFAIRSSItCE g3 he sgackion suxtyres jsepummarised iprkabler 2¢ Tommixtuxeseweres or

ABA-136- 1 reddted il TlofTnkd ARACARILPANBRayvds' B 0G0 5§ aS an OrganiC

additive. Two of the synthesised products, ahd ABA-136-2 seemto
consist of nostly pure SAPO 34. Both of these sanples had - prior to

thesi s 4 t I t f 2.0 25 Db | PA d TEACH. S I
Ao 135- 5 THREDR BHerh, e e ryatalinG povdses cteplod fameatian A6 SARGN4 os
conpar gsl i(BigaRN®). SloRherl %ﬁreﬁ-in&’%%é@g%faag% Qtholft @A Q[uiel% ?getp?}\i/g ﬂ'ﬂl/éctfo%éy

reveal sonme mnor formation of : sugges
t he appearEvgat of orgpri¢ additiven(TEAQH2GdIPA) constam (Fable 2\soamradditicidl small

concl uded data, i Fiagure.5 A .the.relative anount of
SAPCO- 34/ S&Hﬁg%époggeﬁéwgﬂﬁﬂc '1“% “"fs&""aﬁ“r‘ ffgmfgncent ration of reactants (Table
2) within the synthesis m xture. 35 15 Decenber 2005

Example 23
15 Upscaling (ABA127)

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 smalier 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 TEAGQH. 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 pattem 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 um

as seen in Figure 7B.



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

" Exanples 10 - 19 and replacing the AIPOw th 5 KO00-092 4 (Tabl t hree
reaction m xtures were prepared in the absence of Ludox'!"’oaﬁ%érg%%@sq%%ion of

the reaction mxtures is summarised in Tiuple 2. The m xtures were reacted
in Teflon lined stainless steel autoclaves at 210C for 20 h. The XRD
pattern of the resulting crystalline powders reveal ed formati on of SAPO 34
10 (Figure 6). However, when increasing the relative anount of |IPA while
keepi ng the total amount of organic additives (TEACH and | PA) const ant
(Tabl e 2), gsQfladdi4 L | small anmobunt of other crystalline specie(s)
wer e formed. 5 Upscaling (ABA127) An attenpt to upscale the

synt hesi s DonStiPfing 41 wesctanistprivrad HyrotherMabireinidir, UBAIYY-hind a? |

reactants a factor of 30 in conparison to Exanple 10. The snaller Teflon
aut ocl ave 8¥)Zﬂ)°trn*l“) Aﬁ’é% magstiah KOQ-23.002) (sgegEabley h:was mixsdrwith e LudooL$30

Five identj : e UG e A1PO mat eri al
denot ed KATETE! 85", 6 phtafiR2dcittive BENOH) Wty o ubti ol 3 py
TEACH. Theincipient avdtsessamdemibosmhgh smidésg (ABAU39-3). ERganessndtand flentiéd
l'iquid volune was approximately twi ce the avail able pore vol ume of t
porous Al P& jas, [a dﬁ@%mmm amoupteof Huid reapigntsy yathout anp stitiager s
reveal ed e : RrthEd : > I nt .

Al PO 18/ SA O%gsf%jé}%§?§ae§?% as fgﬂe%#étlﬁ' ve %%s% r?a%g@r#’ ?’h’g&[ﬂf’s]é‘ﬁfled
di f fract i ostainlesested] affoctaids aPIGP@ 6. 20Rhe XRD of only one of the replicas

is sho in Figure 7A, sinply due to the excellent reproducibility observed
for the'five batches. 30 The size of the regularly shaped SAPO crystallites

are typic | ﬁ@agﬁé 2RPPp ket | ' A o er
2005 {9 Exazg%rg?ﬂesﬂe ggﬁﬁ 25 %—esti rrPng osf &?%gg@’ndthg ‘g?%ﬁﬁg‘ﬁﬁyg&%‘?ﬁﬁ%
t r eat ment .id¢mizal. dorgoeancithd jnignsitiey (afeagiof MheRDrraparding dikfDactidh3ined 3f the @®o

Table 1 s mxed wth,.0.55 Ludox, LS30 |, . .
) V‘s’%mp@s were 1dentical, suggestmg that stgnng or non-stirring of reactants prior fo
hydrothermal treatment is of little relevance regarding the subsequent product distribution
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 % TEACH, 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 “extemal” 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).

Qe al l .
he



5 together wwth 2.3 g of an organic additive (TEAOH). Water was
subsequent|ly added by incipient wetness under thorough m xi ng (ABA139-3).
To a second and identical AIPO material was added the t vpe %ﬁg anmount
of fluid reactants, without any stirring (ABA139-4). éé%&ﬂﬁ’gerf r
further details. Both mi xtures were reagged in Teflon lined stainless
steel autoclaves at 210C for 20h. 10 As can be confirned by the XRD
patterns (Figure 8), the two crystalline products were identical.
Moreover, the intensities (areas) of the corresponding diffraction |ines of
the two sanples were identical, suggesting that stirring or non-stirring
of reactafxanf)jleo80to hydrothermal treatnent is of little relevance
regardi ng the subsequent product distribution 15 after hydrothernal

t r eat nent Praparation of SAROSi(ABAIMBRHt stirring is not a critical factor, so

t hat no special, pre ti, Lo be taken in production, which is cost
savi ng. g’n%lcgsgrkéﬁ?bwﬁ@éﬂggﬁgég posider samplei (Lablee 1) ewas: mixedniwithu0.38 g

(ABA14@- 17135 , ] I S 2. 0 .

( K0O- 218. %‘ggf()p?laagjge’% 55 & Tadbx 1330 g%gg‘%@ée@&“rgﬁgﬁg ik Svgtallisation | sa0
and wat er procedbhweli weretthe sdme sadescribed in Expmplee2iir e as  outlined in Exanpl e
24. The difference between the reaction m xtures used in the present

Exanpl es and the corresponding reaction m xture in Exanple 25 was the
proporti ophdtefe IXRIS - tigr .con . vari.ed W 0,
0.5, 1.0 and SI\gﬁl&éna theﬁ%éﬁgggﬁﬂg m turIZEF&Th%%EQ%%glwwd%@t ed

i n Tef | orpowdesgaterns forersolites’s dhirduevisetl adition A4 M DSadyy 1. Bl gidSaniers, von

confir e atterns in Fiqure 9, the resulting products were
i dent ilggl : %‘?’e&ég@, BIPP{%S fﬂ%féﬁé%’?f‘%é‘t gmeunis9f SAPORY ifarmed dram dhe abavet i on
lines of dyiithebiowsactanTiiewewe) e SAPCIS Mrhfedlis nyfPESt i Ng the addition of

"external™ water to have no significant effect 'on the product

distribution. This result is probably not too surprising, since nost of the
react ant sExgifiplexd 815082 "1 nherent” water, i.e., water contained within the
actual chemcal reactants wused in the present synthesis (for instance 35 %
TEACH andPreparationdf A PO @R, ABHI438) Exanpl e 30 Preparation of

SAPO- Al43-4) 2. an .,ALPO " KQo-058. 001" powder sample (Table 1
was m%feﬁﬁm staﬂqeot?yfg 08 fgng powder as used in Example 31 (91{00-058.00?’12 Tabge 1} was )
mixed with 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, MLM.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 SAPQO-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



5 Tripropylam ne, 0.55 g Ludox LS30 and 3.0 g water. The m xi ng and
crystallisation procedures were the sane as described in Exanple 24. The

"reference XRD pattern of SAPO5 (Figure 11; see "coll ecijsith of  si ted
XRD powder patterns for zeolites", third revised editi bhDeRemPer 4442, cy

J.B.H ggins and R von 10 Bal | nbos, 1996) proves that a significant anount

of SAPO-5 is forned fromthe above synt H8sis reaction. However, the SAPO- 5

formed is not pure. Exanples 31 - 32 Preparation of SAPO 20 (ABAl 4S-4,

ABA- 145-2) 15 The sane type of ALPO powder as used in Exanple 31

(" KOO-058.001"; Table 1) was mxed with

Lo the. samdtmiSRRHERDRAeH FEEAPOLY B Sous Holbss “oaliscHom of srmvlaea kA
24. Two Syowdespaterafor héﬁlﬁeéﬂemi}dir@&i&é@écﬁﬁon,mm?ﬁ?é%kpgﬁzlﬁgﬁ% gﬁcﬁ R yasd

is shown in Tabl'e 2. 20 The refterence XRD patiern o

see "col | edallBwoss 1% 6heonfions HROPurEoSARO- Hambe besfomed fom theesbove tshhthsis
96)

revi sed edit.j J. Treac J. B. H ggi ns, and R n Ballnpoos, 1

shows thflt E%dﬁggn g%ﬁ’%“ﬁ@ﬂ”&%r@i‘%&%@H@%ng’eﬁﬁmwgﬂaméact i on by
choosi ng an appropriate concentration region of chem cal reactants. 25
Exanpl e 33 ratd f SAPO 11 (ABAl44-2) The sane type of Al PO powder
(2.0 9 ale e 31 ("KOO-058.001"; Table 1) was mxed with

Di i sopr opy ' ) hPRe wat er.(3.2 g) according
to the sarre%ﬁi??rfh Qgi%e (grhyys(,itr gﬁgli‘?at | o?\&%?l@gé%@@g%@i bed i n Exanpl e
24. 30 15 TDawerpeducz0dsrel frepired mebadingae tNBymhisie tetigtf oBMRS hlEkdnfib der

e
12 "col ' f sinul X wd tt f olites™, third
12 {350, S 5 P P AR VA, 85 5. B ko S oo
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reaction by choosing an appropriate condé
react ant s. Podugtp straged iznFiguregl3 hed shove thok SWPD-04 e fortledtafeA b4 short

(ABA146-1, . Thr roduct s re prepared according to the synthesis
reci pe out?‘fg‘ﬁg’g%’ﬁ‘)"ﬂfﬁgf oty 6% o & 15¥§ ﬂﬁi’efgﬁw- PBes§resuls prpslicate that
(1{ 00- 218. t9tallidadnainta car(be kdactd shyhhifNySvithdlF 108 product quality, which will

15 save production costs.

Example 37-38

Synthesis of SAPO-34 with low amount of structure directing agent (ABA147-
ABA151-3) B seent { >
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



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 t hat SAPO- 34
is formed after rather short time of hydrothermal tre to or

| ess than 4 hours. These results indicate that crystaﬁh@%ﬁ"&'ﬁ&% can be
reduced substantially w thout |osing progdjct quality, which will 15 save
production costs. Exanple 37-38 SynthesiS of SAPO- 34 with | ow anount of
structure directing agent (ABA147-2, ABA151-3) 20 This preparation is
performed according to the m xing procedure described in Exanples 1- 3 and
usi ng t he BRFELINGguan eeagior anddepted tp 498 inal, dod keptoasdhisrtempenapire Sori3(.

et or_undehieratone et iR 6 100 C i e i s methaop aust ,

—

wat er
The XRD pat0®mitsogrh wimepadbed henughlit sten WHENI&I 5 g MBSOV skt %@grddﬁcﬁt?étéh?
14. Fromthese XRD patterns we see that in spite of the | ow amount o

struct ure WP} aRalyssd by emt chrepatogsphy. The icatalyst difetime was alefihed 89 thaTtime on
ti | ' ' t esti Catal yti t est
P s et ougtcinftol bR GGk, Bther s MM desingd bt It i Miealp Wipa ™™ ©

cal ci ned n@arbon sdledtivityaodirmétagiethies (DMIR) i dredflidht was abigghs, which were then
carefully crushed. A 35 - 70 nesh fraction was recovered by sieving. 1.0 g

of the powder was 15 Decenber 2005 20 placed in a quartz reactor and heated
to 406 *C The rpdustoselestivityton: aCsbasimp® thet tested fsampBS is senforthefnoTable I3 The

t t | " C an 1 Xt f.. 40% net | d 60%
it ogen viseitB3ubdal fRF B 5/2d 33 maBilefrotia fiplid aaron Al Hanpeods ey
st r eamio wethe ainplsymbeishyiethos ey somi ORERHE or TRE coMedi¥ bf |ﬁ:{t§ﬁ}oﬁé§mﬁ%

defined as the tinme on 5 stream for breakt hrough of dinethy

defined aP®fS- ti ne on stream when the Carbon sel ecti vi ty to di nethyl ether
(DVE) in the effluent was =1 %) The product selectivity on a C basis of
the tested sanples is set forth in Table 3. The results suggest that the
SAPO- 34 rra’liab}qngpgntymé Gatabgiciresits obtaired gron timkted) selectien of thalsamples shown in

Table 2. The catalytic 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 Jor
selected samples. Reaction conditions 420°C, WHSV = Ig/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 42.5 427 394 420 |[435 45.7
Propene | 36.3 34.2 36.1 36.4 393 |37.7 37.8

Butenes j 11.1 11.6 11.7 13.5 120 132 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 0.9
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




10 the dry syntheis nethod are good catal ysts for the conversion of
met hanol into light olefins. Table 3 contains catalytic results obtained

"on a linmted selection of the sanples shown in Table 2 he cat j c test
15085 iBhE2ds

conditions are presented in the text. A SAPO 34 sanple roma
"traditional " wet synthesis approach (U$.,4 440 871, B.M Lok et al., Union
Car bi de 1984) was used as a reference s | e. Table 3. The catal yst
lifetime given by t-DME and product selectivities at t-DMVE for sel ected
sanpl es. Reaction conditions 420C, WHSV = .1g/g,h and MeOH partial 20

pressure OE)(hlﬁ?le Bppduct\ EWH EWH EWH EWH ABA ABA Reference
Sanpl e12- 418-Z21b- 715- 8147-2151- 3 Et hyl ened4. 442.542. 739. 442. 043. 545. 7

Propene36. 334. 236. 136. 439. 337. 737. 8 Butenesl1l.111.611.713.512.013.29.9
Met hane2. CATE) propegtiesin & flujdizedbedrpastyre0. 50. 70. 40. 70. 9
Propane0. 90. 91. 30001. 6 But anes0. 10. 20. 20. 30. 10. 30. 1

C5+4. 78. 05A Blurgs vee. mades of timvmatesiab Sroms Fixanpls 03,3014 0duknivmephokphdbe 30t er

2005 21 Exfl%% (‘l‘gble 1) and SiO; (Ludox HS40). The slurry was spray dried in a conventional
5 §pray drier with the outlet temperature set at approximately 100°C. The material was then
calcined in an oven at 550°C for 8-16 h, and the final material is denoted Prototype

catalyst. Elemental analysis of the material indicated 35 weight% SAPO-34.

The material was tested in a bench scale fluidised-bed reactor with on-line GC analysis.

10  The results were compared with 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 catalysi. Reaction
conditions 460°C, WHSV= 1 g/g cat,h and MeOH partial pressure 0.9 bar

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

20

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

methanol.




MIO properties in a fluidized bed reactor A slurry was nade of the materi al
from Exanpl e 23, the al um ni um phosphate KO00O- 218.002 (Table 1) and Si 02

(Ludox HS40). The slurry was spray dried in a conventig 5 spr rier

with the outlet tenperature set at approxi mately 100C. e?l%ﬁ'@?ria%qd%was
then calcined in an oven at 550C for 8536 h, and the final material is
denoted Prototype catalyst. Elenental analysis of the material indicated
35 wei ght % SAPO- 34. The material was tested in a bench scale fluidised-bed
reactor with on-line OC analysis. 10 The results were conpared with a
generic SAPO 34 based catalyst fromUOP (id 07045 16) at identical WHSV

based on E&Eﬁ}@@s gmtgq_qat alyst lifetine defined as the tine on streamfor
br eakt hr ough 0 I met hyl et her and the product selectivity are set forth in
Tabl e 4. Sgnthesisef SARDOHSAPOHE withSYAN ratio 0.1 uship ditfraitQdysthllisation

sel ecti vi temaperatues DVE in the MIO reaction over the Prototype catalyst and
the UOR catal yst. Reaction conditions 460C, WHSV=1 gig cat,h and McOH

partial pPLESHULE3 ' ' = = | M @)
cat al yst 2].:%85 Pr o@‘é’?@%@*"c%% ‘g?é‘{ ghhg? %@%Q@%?ﬁ%‘ﬁhg g@kﬁ’ﬁf‘ ﬁ?& aé%%\ ﬂgﬁ‘? i on
of the cabllQpowidar (Ke0-2y81002)s The aftixhirg1tver Rhited if 1071 TEHRMA st2Rlekd |
Decenber %O 5 é}% 5 10 Ex&rrgl es 41- 44 Synthesis of SAPO 34/ SAPO- 18 wth

Si /A ratfigel aufpclayes apoopding te theprocedue degcribed in Bxampleshd: Temperaturesiond L S30
was n xedg \ %{\gﬂ resulting solution was added to the
Al PO pomgﬁlg%ﬁ%gﬁngbggg% Thelﬁmlﬂg%e:?es were reacted in 40 nil Teflon lined

st ai nliBss
The as-synthesised catalysts were characterised by XRD 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 (K0O-
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



steel autoclaves according to the procedure described in Exanples 4-8.
Tenperatures and synthesis conditions are given in Table 2. The

as-synt hesi sed catal ysts were characterised by XRD to c&g irméor | on of
SAPO- 34 and SAPO 18. The crystallinity as well as the 2ePaeh t of
SAPO- 34 and SAPO- 18 was estinated by cogparing the XRD diffractograns of
the sanples with XRD diffractograns of pure SAPO 34 and pure SAPO 18, and
with theoretically calculated 15 XRD patterns for a product with varying
conposition of SAPO 34/18. The micro pore volune (MPV) was neasured and
the catal ysts were tested for the MIO reaction according to the procedure
descri bed amoflieesphe 236°C | g sy jven. i e 5
The results confirmthat g%%@tg};: ?%wfo%%%%??éﬁs&g%@%f%%p{%Q"gaﬁ!‘e

Si / A1=0. 06SYnisiscongitions amigivensn/Table®.17 (Exanpl e 41). SEM pictures of the
sanples confirmformation of small 0.1-0.6 pmparticles. The exanples show
that by varying the synthesis conditions the relative contents of SAPO 34
and SARO TRe camplee &endHafich XRERREES AlSRsshow. that Si .sanpl es
are very good, O cat al yst S@H@%E@FOW NIt aIﬁgr%%tgﬁe%§e$§cWchﬁan¥he
hi gh cat al Jeseribads it | esDES4. The mhamseteaisation asiflt@re aivn HTaBlehy! Sae

sel ectivit LS 2R} anpl es 45-49 Synt hesis of SAPO-34/18 with
Si / AL=0. oe‘?lonil}%‘?'tﬁfé% iﬁ%ﬁ{@ﬁ S%P@éf”d’?‘esl&ﬂr%@@ﬁ Ats obtaieed. 30 Ludox LS30
was m xed together with TEACH as well as the organic structure directing

agent TEA (Exanple 50) and the resulting solution was added to the AlPO
powder ( KOB® SXpguigs23howrhet by sipgrihisciynthesis wascekierta good MIBO SafaYst chyibet he

(
t 19f ' | S, i ed. The m xt
oot ed?i S0 PG 10 e b2 HADTALERE of s scn WARO S symihests.
aut oc| avedian (22D CEADHANyi ase0 kobdcarhi9sPARP &Y U Ak 6 S AV XA o6 4 &

The synthesis conditions are given in Table 2. The sanpl es ar
char act er PSEHesWilREhe Wiptimg nr Wit thedselestvith dJSii0 13 AAEAOK/AL + OJEBTEHAIRD | N

cont v m ¢ e B SRR MEBHENETL €0 WTTh 5/ A *="0. 06 are obtained. The
exanpl es show that by using this synthesis procedure a good MIO cat al yst
can be;s  Erxample 50-51

Synthesis of SAP0O-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 reactién as
described in Examples 41-44. The characterisation results are given in Table 5.

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 5I) further confirm that SAPQ-34/SAPO-18 is obtained. Less
30 TEAOH and less Si tend to increase the SAPO-18 content at these crystallisation

conditions.



10 obtained with as |ow as 0.33 TEAOH A] w thout producing any SAPO-5 in
- the synthesis. Even 0.25 TEAOH Al gives a good catal yst and the snall
content of SAPO- 5 does not interfere with the lifeti me?/%é vvitg tg@lfb
selectivity. Using 0.17 TEAOH Al + 0.17 TEAIAl also gi ve¥®5e088Y
catal yst. 15 Exanple 50-51 Synthesis mf SAPO 34/18 with varying silicon
content Ludox LS30 was m xed together with TEAOH and the resulting solution
was added to the Al PO powder (KO00-218.002). The anpbunt of structure
directing agent was kept constant, but the anount of Si was varied. The
m xtures were reacted in 40 ml Teflon |lined stainless 20 steel autoclaves
at 210dablg 3. haragteciseidomtesels of etelress én Bsawpleddd-5In Exanpl es 4-8. The
synthesis conditions are given in Table 2. The sanples are characterised by
XRD, NPVEasupld est e@yior t Ceyshlliity eaSAPDB4 6fS  tOME! | B6phne N EXGED! €S fpva s
The characterisationo.resul t s%& e gi AR08+ Tabinin)5. selddivilie @Kamny es maRgyy
that by using this synthesis proced§ABO848ood MIO cEOSaiy st ati DMBDbt ai ned
with as low as 0.03 Si/A . Exanple 47 (%hows that 0.08inSi/Al @ves a good

MO ¢ mount of structure dire@®ing agent as in
Exanpl es 5§ and 3PBA-3H exafpl es (46, 9549 andS@.L) fulfher cof¥irm that ‘
SAPO- 341SAPO- 18 |‘°§3At5%ﬂl$ ned. % ess 30 TBACH and®l ess $3 tend 430 incr8a&e the

SAPO- 18 coftt ent ?f@‘sze cry§? allisati® conff%ions.5 15 Dectnber 2085 24
Table S. ract éﬁﬁs | %on reshits of al yst 880 n Exdnpl es 44651 022
Exanpl eSyn ﬁfﬁ dity S’R@O 34 oft2 Pro ?QneCZ NPV 2 nof0) SAPCSB
+(min)sel e i vit @%O%Tzectl Y %y( m N g) % SAPCP24 3) T@s=15at 40 DVE 020
0 0 0

(AMN. (D% apa. 7 s

49 ABA-210-2 75 30" 720 3 38

50 ABA-208-6 98 50

51 ABA-208-5 81 15 645 2 41 023

5 " 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
sumiarly and ABA-208-1 is set to 100%
» 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



41ABA- 201- 193955601743 42ABA- 201- 2629056013430. 20 43ABA- 202- 286406705440. 23
44ABA- 204- 291906608460. 22 45ABA 208-1100201) 6703400. 18

46ABA- 207- 292206252400. 20 47ABA- 208- 28040 48ABA- 207- 17%% 0

49ABA- 210- 27530’ 720338 50ABA- 208- 69850 51ABA- 208- 58115645 28F8MPS" 20%P Spy |
anounts of SAPO-5 is fornmed The crystaphinity 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) The relative anmount of SAPO 34 and SAPO 18 was
determ ned by conparing the XRD diffractograns of the sanples with XRD

di ffractograns of pure SAPO 34 and [e APO- 18 10 15 Decenber 2005 25
Patent clains 5 1. Method of synt hng‘i}M@—@&' ystal line m croporous

met al | oal um nophosphate (ELAPO froma solid body, where the body consists
of particles containing mainly alumniunphosphates and where the pores of

the Partl-cl esMathedwf | syndresistngt | grystallinee dmidroporous i metadloplanbophosphiatd ur e,
i Si . f .the EL tal, an opganic structure .
di roct i ng agelt ey TroiRdsolid Dady. Whare e todyicgnsists of Baticles Sanainingymainky, at ed
tenperature uicaini@HpREPRALS afd Mk fhel fork®loMRE YakRIS a6 Whall BPp)Qfslﬁ/l con
I’ i ,

ELAPO, where the EL netal is selected fromthe group consisting o
magnesi um zifilied it g liguishreagtiommixtare, cpmpysing #a acive smiremobithe BE rtetales

thereof. 2. Nethad -of hesi i tal | ' :
ot ol 1 ol um robpaane et feclchebon B el ] SRR o mertomaed oy
condDsts of pAevated tempeniniraiundes andpétons PresiBiealo fRAE alstalk FURRIGDROAL €S

where the pores of the particles are whol Ig_/ or partly filled with a liquid
reaction m xtElaPQomberesthegERnmegtal dniselected from the group consisting of silicon,

magnesium, zinc, iron, cobolt, nickel, manganese, chromium and mixtures thereof.

2. Method of synthesising crystalline microporous metalloaluminophosphate

15 (ELAPQ) from a solid body, wherein the body consists of particles containing
mainly EL. metal and aluminiumphosphates 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

20 where the EL metal is selected from the group consisting of silicon, magnesium,

zing, iron, cobolt, nickel, manganese, 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. A method according to claim 1 or 2, wherein the AIPO, used has P/A]lz 1.2-0.6.
5. A method according to claim 2, wherein the liquid reaction mixture also contains
an active source of a metal EL.
30

6. A method according to claim 5, where the metal is silicon.



structure directing agent and water, and crystallisation is performed at

el evated tenperature under autogenous pressure to formcrystals of

m croporous ELAPO 20 where the EL netal is selected frqg he 0

consisting of silicon, magnesium zinc, iron, cobolt, ﬁ%ﬁ‘é?r%?%é’gnese
chrom um and m xtures thereof. 3. Methggl according to claim1l or 2, wherein
the EL netal is silicon and where <crystalline m croporous SAPO is
produced. 25 4. A nethod according to claiml1l or 2, wherein the AlPO4 used
has P/AI met o .accor wher int uid
ha P AR B PE RSP RE S, ek KB M EgoE SR ',

met hod accor djhep ateouseai m 5, where the nmetal is silicon. 15 Decenber 2005
26 7. A nmethod according to claim1 or 2, wherein AIPO4 particles with an
outer silica shell are used 8. A nethod accordi ng to claim1l or 2, wherein

e SeS! S e B STPY gl g or NRERG o8 e LCE B P e e
at tsenper at Lubg@cérogm]&@n&@ﬁ@udpreferably 200-220C. 10 10. Method

according to claim1 or 2, wherein the hydrothermal reaction tinme is 2-120
hours, preferably 4-20 hours 11. NEt hod according to claim1 or 2, wherein

the pariq ol eSyghfaRL o Pl | Y aCunbefR iRl Ruld: {SLhghaC 5O o no

to cl ai 1 or rern e ra ‘ween pore

volune is 0. Jtcﬁpemnméﬁr@hll}ﬁo:eﬁwarpieMymﬂm%bly 1-3. 13. Method.
according to claim1l1, 2 or 3, wherein the nolecular sieve is SAPO 34, 20
SAPO 17, SAPO 18 or m xtures thereof. 14. Method according to claiml, 2 or
3, er t i 11Sor2" R ﬂ%‘f

Met \#gd ?ggor |%ﬂé8{1§8écqr§?'ﬁ?§[?l\é§nl @%ﬁ?@l n t'he s %%?%:%%?P’gétél %Oagent
IS one or hours, preferably 4-20 hours.

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

treatment.
15
12.  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.
13. Method according to claim 1, 2 or 3, wherein the molecular sieve is SAPO-34,
20 SAPO-17, SAPO-18 or mixtures thereof,

14. Method according to claim 1, 2 or 3, wherein the molecular sieve is SAPO-5,
SAPO-11 or SAPO-20.

25 15.  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
tetracthyl ammonium hydroxide (TEAOH), isopropylamine (IPA), di-
isopropylamine (DPA), tripropylamine (TPA), cyclohexylamine (CHA), tri-
ethylamine (TEA) or tetramethyl-ammonium-hydroxide (TMAOH).

30

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

preferably 0.03-0.17.



nore selected fromthe group of organic structure directing agents
~conprising tetraethyl amoni um hydroxi de (TEAOH), isopropylam ne (IPA),

di - isopropylanm ne (DPA), tripropylam ne (TPA), cycl ohe am ng %%_@e tri-
ethyl am ne (TEA) or tetranethyl-amoni um hydroxi de ( TMADHPeC8BRE6<"et hod
according to claim1, wherein the El/Apyratio is in the range 0.01-0.5,
nore preferably 0.03-0.17. 15 Decenber 2005 27 17. Method according to
claim1l1, wherein the Si/A ratiois in the range 0.01-0.5, nore preferably

0. 03-0. 14, 18. rdi ng t ny .of . t receding clai erein
i apo § 5T ol ipa e RS &' il £ Bibkeif ind SRR e it okt e
reactants. 19prefdzsblp0.03cq.$7al | i ne m croporous netal | oal um nophosphat e

produced according to any of the preceding clains as adsorbants. 10 20.
Use of crystalline mcroporous netall oal um nophosphate produced according

i i [ v 21, , talli
iy cr opar s reieHoBCEPHRhE IE Wl of Ind Btk iaifi IR EBARG ¥ groddies
precedi ng cl ofrom alrdadtidhahixirs withbut stieriig 6FtHe réaein®f ol efins froman 15

oxygenat e contai ning feedstock conprising at |east one conpound sel ected
from the group consisting of nethanol, ethanol, n-propanol, iso-propanol,

- rsopropyl Cingt efing linp e ol iFletbop it hflcdifordBiecie

acetic acid eoang ofithe preeeling ¢leineods. ad8érbants.

10 20.  Use of crystalline microporous metalloaluminophosphate produced according to
any of the preceding claims as catalysts.

21.  Use of crystalline microporous metalloaluminophosphate produced according to
any of the preceding claims in catalysts for the production of olefins from an
15 oxygenate containing feedstock comprising at least one compound selected from
the group consisting of methanol, ethanol, n-propancl, 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.
20



