WD 03/ 059849 PCT/ US02/ 34114 STABI LI SATI ON OF ACI D CATALYSTS FI ELD OF

| NVENTI ON [0001] This invention relates to a nethod of stabilizing

nmet al | oal woilsopdsesphat e nol ecul ar si eves during storage aad/usamgdiisg, to
stabilized netall oal um nophosphate nol ecul ar sieves and

met al | oal um nophosphate nol ecul ar sieve containing catalysts and to their
use in adsorption and conversion processes, especially the conversion of
oxygenates to ol efins. BACKGROUND OF THE | NVENTI ON [ 0002] A efins are
traditionally produced fSBABRBISATEINMOEAGIDICATALYSTSI ytic or steam
cracki ng processes. These cracki ng processes, especially steam cracking,
produce light olefin(s) such as ethyl ene and/ or propylene froma variety of
hydr ocar bon A0S GENVENTI®ON Peen known for sone time that oxygenates,
especi al | y atcotiots,—are convertible into light olefin(s). Methanol, the
preferred alcohol for light olefin production, is typically synthesized
fromthe cat alﬁﬁi c . reaction of hydrogen, carbon nonoxi de and/or carbon

di oxi de i n alO8@tinEhisinventioprelatesitp amprahqs efstabelizing mgtaeslumingphesphatecat al yst .
The preferre version 0Cess .S nerally referred to as a
met hanol -to-%P%F‘?lg%ggeﬁfiglgg%%ﬁag\%ﬁ%?éaﬂ IP%’atﬂSTagﬁl e‘ionverted to primarily
et hyl ene an%@tﬁll&ﬂﬁlﬂﬂo?ﬁ&phﬂe'h’ﬂﬂecullHr@ﬁ:eé'soa@ldq{let@lldﬁﬂlhﬁfﬁﬁbﬁdspﬁétéve- [ 0003]
Sone of the nost useful nolecular sieves for converting nethanol to

ol efi n(s) armolepdansevel dontaining easgisss pirhtogheis usshin adsarptéoredndrionegskios phat es
(ALPO s) and_the silica ll)ft@l nophos haées\%}ﬁlSAPO s}. SAPO synthesis is
descri bed i rPTOFeESCSHAPEHRINDE CYNVEANOBOL OXYZERASS TP QlefilSei n ful Iy i ncor por at ed
by reference. SAPO is generally synthesized by the hydrothermal
crystallization of a reaction mxture of silicon-, alumnium and
phosphor us- BACKEeBOAMND &F TEHSINGENTIMOND3/ 059849 PCT/ US02/ 34114 2

[0002] Olefins are traditionally produced from petroleum feedstock by catalytic or
steam cracking processes. These cracking processes, especially steam cracking,
produce light olefin(s) such as ethylene and/or propylene from a variety of
hydrocarbon feedstock. It has been known for some time that oxygenates,
especially alcohols, are convertible into light olefin(s). Methanol, the preferred
alcohol for light olefin production, is typically synthesized from the catalytic
reaction of hydrogen, carbon monoxide and/or carbon dioxide in a methanol
reactor in the presence of a heterogeneous catalyst. The preferred methanol
conversion process is generally referred to as a methanol-to-olefin(s) process,
where methanol is converted to primarily ethylene and/or propylene in the

presence of a molecular sieve.

[0003] Some of the most useful molecular sieves for converting methanol to
olefin(s) are the metalloaluminophosphates such as the aluminophosphates
(ALPQ’s) and the silicoaluminophosphates (SAPO’s). SAPO synthesis is
described in U.S. Patent No. 4,440,871, which is herein fully incorporated by
reference. SAPO is generally synthesized by the hydrothermal crystallization of a

reaction mixture of silicon-, aluminium- and phosphorus- sources and at least one



tenpl ati ng agent. Synthesis of a SAPO nol ecul ar sieve, its fornmulation into
a SAPO catalyst, and its use in converting a hydrocarbon feedstock into

ol efi n(s)wo opasasicul arly where the feedstock is nethanol, pcy/sshoswiié n U. S
Patent Nos. 4,499, 327, 4,677,242, 4,677,243, 4,873,390, 5,095, 163,
5,714,662 and 6, 166,282, all of which are herein fully incorporated by
reference. [0004] It has been discovered that netall oal um nophosphate

nol ecul ar sieves such as al um nophosphate (ALPO) and especially

si | i coal um rephlstphagant. $BNRG)s ofl BERD anoledudar sieye dtsdomeatlation/iatoya unst abl e t o

noi sture co I 0in at her.es such as anbi ent ai en in cal ci ned
or partiall &@%‘38?@@8@ %Eﬁg?se 1p ﬁ?’évegtf%’t%hxcgg%el?%ktg‘?é?@é‘?tgroﬂ‘glﬂ‘?go as the
activated stabguiddy Wise HeFRRER i ORSBANAs shiVah il 08, PRLANNYE stability is
in part related to’the nature of the organic tenplating agent used in the
manuf act ur e 449%3%, SAPT2 4246671243, 4,88%,890,Bra9snid3es,7 8,662 ahd)Y66,282Chem
1995, 99, 8270-8276, teaches that SAPO-34 |oses its crystallinity when the
tenpl at e halRf, l?lb?fﬁ\hé@‘r’fﬁ‘gwlﬁqq&’%?té@éyé‘ffﬂfefl% de-tenpl ated, activated

sieve has been exposed to air. Data is presented, however, which suggest
that over at |least the short term crystallinity loss is reversible. Even

over a peri q00®f] IehaHeph &iscmaddsthattMal&ﬂaﬂlﬁnﬁUﬁl&%Fﬁaté Bidlectlay Siedds i nity | oss
is reversible when certain tenplates are used. [0005] U S. Patent No.

4,681, 864 t susliesedaminophesphatg(AERO3 ard especialbesib¢oammipophosphast ecul ar si eve
as a cormerc(' 8goﬁr aqki ga? catal yst.. t.I tl i s qi?lsgl osed that .activated SAPO 37
nol ecul ar si § 48 poct Pttt eirplgtively HRgrahle R Linat £ UE8he i npr oved by
using a par tausbdpRbred §hdhva ab®ie P hid $8R 8 in Ne@QlcticdBr Egti%%cﬂéige@%m; retai ned

organic tenplate present fromthe synthesis of t O 37 is renmoved from
the core stthigstaterie sohetithes rsfeaned t¢ asthe petieted ate.oltthas slsmbeani dbserveded t o be

cracked. The 2{)r ocefs. caJF.ii.s for sub%ecﬁ& i ng the sieve to at er}*per ature of
400-800 C. WIHRGTeEATYe SAPIAEY, it Part FeliRd IyMe Artire shehoaeatis suplpiing Uso2/ 34114
3 agent used in the manufacture of the SAPO molecular sieve. Briend et al., J.Phys.

Chem. 1995, 99, 8270-8276, teaches that SAPO-34 loses its crystallinity when the

template has been removed from the sieve and the de-templated, activated sieve

has been exposed to air. Data is presented, however, which suggest that over at

least the short term, crystallinity loss is reversible. Even over a period of a couple

years, the data suggest that crystallinity loss is reversible when certain templates

are used.

[0005] U.S. Patent No. 4,681,864 to Edwards et al. discusses the use of SAPO-37
molecular sieve as a commercial cracking catalyst. It is disclosed that activated
SAPO-37 molecular sieve has poor stability. However, stability can be improved
by using a particular activation process. According to the process, retained organic
template present from the synthesis of the SAPO-37 is removed from the core
structure of the sieve just prior to contacting with feed to be cracked. The process
calls for subjecting the sieve to a temperature of 400-800° C. within the catalytic

cracking unit.



[00061 U. S. Patent. No. 5,185,310 to Degnan et al. discloses another nethod
of activating silicoal um nophosphate nol ecul ar sieve conpositions. The

met hod cwblos/ofasne contacting a crystalline silicoal um noplrospisat/gsing t h gel
alum na and water, and thereafter heating the m xture to at |east 425 C
The heating process is first carried aqut in the presence of an
oxygen-depl eted gas, and then in the presence of an oxidizing gas. The

obj ective of the heating process is to enhance the acid activity of the
cat al yst. THhe0®edildSak4tenti Ny. 3, k85931|6)andlﬁgnasetaﬂ rdslidses afothdrencthot ofrat e
contact between the alum na and_ the chul ar sieve. [00071 U S. Patent.
No. 6,051, 7281YanggHicgglugyinon P%‘F"Gé’é‘go eeplgg e sempgyitiphie Th %awmds. on of

oxygenat ed Qﬁlgsaﬁkgoﬂ%g{gaa#itﬁlﬁn Llﬁé mnﬁ&%g RSpRatl O deP AuifiR dngPor €

nol ecul ar sieve cat ecul ar si Pt al y 'S rm ied with

pol ynucl ear vaitanaid theleeft@eayy the nﬁﬁﬁmumdEeaStrUfZ\MlCcmh@heahﬁgﬁocéﬂrl@e
|nterconnect ed ri E% structures are present having at |east one nitrogen
atom as a irﬁ(jag Dt {0 fBp presefied ofan pxyegetiiepletrg %&Wﬂﬁgh@tmlthfast five ring

menbers. %%'8& rrs?l)a({]dllﬁ)ﬁglgéllss I?Ee obAQalve [6) i}bqofil’] a H% 8{0&?%;@%0% c dl SCUSSes

t he use of ecu i ever Eite as a

commer ci al  tigd AEKhdAWit§ df Meycatal sf\q%radidrhgtw Ishangeed a8 Atesult bf Megani c
tenplate is retained in the APO- 37 nol ec sieve until a catalyst

conposi t e caontimiteiconjactdgiwaen thealumina anSAIR@nGIf?cmﬂalt fevd ar sieve is activated
during use, and if thereafter the catalyst is maintained under conditions
wherein exposure to noisture is mnimzed, the crystalline structure of

the SAPO- 37 (@l iU).S. BACRO% IS eI Sus kel &15015&99 odTroP R i cation No. WO
00/ 74848 to Janssen et al. déscfibes a nethod o rotecting the catalytic

activity of centarsoablioiygophabpigatie rrmﬂrmtmba)ﬂefmsemag abyodified/enalhport he

catalytic sites with a shj eId pr 0 contacting with an oxygenate
f eedst ock. CAT SeyP ﬁ@fa “&ﬁ?ﬁ“i@é&vﬁﬁatﬁﬁ’ﬁhﬁsmwgﬁﬁde‘ﬁﬂ ate within the

B anhyar oub o BRLER ARk BlGoo e KRR BRGESHRS RS L0z aa1aa S
interconnected ring structures are present having at least one nitrogen atom as a

ring substituent, and with each ring having at least five ring members.

[0008] European Published Application EP-A2-0,203,005 discusses the use of
SAPO-37 molecular sieve in a zeolite catalyst composite as a commercial
cracking catalyst. According to the document, if organic template is retained in the
SAPO-37 molecular sieve until a catalyst composite containing zeolite and the
SAPO-37 molecular sieve is activated during use, and if thereafter the catalyst is
maintained under conditions wherein exposure to moisture is minimized, the

crystalline structure of the SAPO-37 zeolite composite remains stable.

[0009] PCT Publication No. WO 00/74848 to Janssen et al. describes a method of
protecting the catalytic activity of silicoaluminophosphate molecular sieves by
covering the catalytic sites with a shield prior to contacting with an oxygenate
feedstock. The shielding may be achieved by retaining template within the pores
of the molecular sieve, by using carbonaceous materials, or by using an anhydrous

gas or liquid environment.



4 [0010] PCT Publication No. WD 00/ 75072 to Fung et.al. discloses a nethod
for addressing the problens relating to protecting nol ecul ar sieves from
damage duwo oBoswsent act with noi sture and damage due to physirasbh2/sant act .
The method requires the heat treatnent of a nolecular sieve containing a
tenpl ate under conditions effective tgrenove a portion of the tenplate
fromthe mcroporous structure and cooling the heated nol ecul ar sieve to
| eave an amount of tenplate or degradation product thereof effective to
cover catalytic sites within the mcroporous structure. [0011] PCT

Publ i cati on /74846 to et.al. discloses a nethod for
preservi ng t['ﬁgi@ﬁ%é—?g’t"i’lt"aHE‘E E\\?i W@?ﬁgﬁ)ﬂ t@?éﬂnﬁﬁf-ﬁloﬂlﬁ@giﬂ%&tl’%etm ©okul ar

si eves whic i iL.hg: of - i b

2111 coal U nadRIHE IRaRoNERL Mg 1o bR PRI R0 Tom damage due, 4 11 ons
ef fecti ve t aopomuctdetiumoisnire gididanthgeaiualky pliysidal Eehtadni The insthgdeat er t han

t hat obtai ned using a non-oxygen depleted environnment. [0012] U.S. Patent.
No. 6,051, 745q4itss\he kaat Geatmert of gapelesier sigvesoptabrinmiemplathendesr obl em of t he

excessi ve prc%g%ﬁ%g)ln%%’ e%ftivg QOEr%mo\O@ia Qrt%%colt”tl%e \égl%lpaﬁes ﬁfr{rg] '[E%Iﬁl\l/()é?]%(ilg\hs of

si |i coal um nophosp es are used as catalys

oxygenat ed shiefRCAIIRBENE heMe@bd RiblectRg siB0¢ 1 eV R DRASESS dempldiotise of
nitrided silicoalum nophosphates. Nitridation is achieved by the reaction

of the sil idsemdatempnpies theacad efieethvedomovdr satatytiglssesawitinttearper at ur es,
typically in_.excess of 700 C. The nitridation reaction is essentially

i rreversi bl eYSHEPOEESSHBSET i rreversibly the acidic sites of the mol ecul ar
sieve, as the acidic OH groups are converted to NH2 groups during the
nitridation process. [0013] U S. Patent No. 4, 861, 938 to Lewis et.al
descri bes a [p010d&X3T Pablicagamder WithQO/748kdstd dahssen ¢kl . rdiscloved #mietloddsied i n t he
manuf acture of the catalyst for. the process may be conditioned prior to

cat al yst mafifssEaRg Besptablisastiviy efstlicoaligHnephotighatpanelsodansioies Mhad/ 34114

comprises heating of template-containing silicoaluminophosphate in an oxygen
depleted environment under conditions effective to provide an integrated catalyst

life which is greater than that obtained using a non-oxygen depleted environment.

[0012] U.S. Patent. No. 6,051,745 to Wu et.al. is concerned with overcoming the
problem of the excessive production of coke, which occurs when some
silicoaluminophosphates are used as catalysts in the conversion of oxygenated
hydrocarbons to olefins. The solution proposed is the use of nitrided
silicoaluminophosphates. Nitridation is achieved by the reaction of the
silicoaluminophosphate with ammonia at elevated temperatures, typically in
excess of 700 °C. The nitridation reaction is essentially irreversible and destroys
irreversibly the acidic sites of the molecular sieve, as the acidic OH groups are

converted to NH, groups during the nitridation process.

[0013] U.S. Patent No. 4, 861, 938 to Lewis et.al describes a process for
converting feedstocks. Matrix material used in the manufacture of the catalyst for
the process may be conditioned prior to catalyst manufacture by exposure to

ammonia.



5 [0014] U. S. Patent No. 5, 248,647 to Barger describes a process for the
hydr ot hermal treatnent of silicoal um nophosphate nol ecul ar sieves. The
process weoQuisamso the treatnment to be undertaken at tenperatrmses34iM excess
of 700C to destroy a large proportion of the acid sites whilst at the sanme
time retaining a significant proportion of the original crystallinity.

Al 'so disclosed in this docunent is a test nmethod for determ ning the

nol ecul ar sieve acidity. This test nethod requires the adsorption of
amoni a onto the nol ecul ar sieve, followed by desorption within the

t t f 300 6 dtit ' f th bed [
[0015] s ol Hioh PSSy dLtrilioqustbaitter aroressiange
met al [ oal um RARNRSAARE IR EHUIRbaRhiNFhoWible BBLAL! sidvSNORE fldEL cat al ytic

h
life when exposed to a noisture-containing environment. This 1 0Ss of

catal ytic | irkguites the fréhthonEo bBShddHaRen atitéthpatefusdsith xceaef TRACASCUr over a
very short period of tine. In essence, this loss of catalytic life is due

to a | oss i rdestney & langrepropértian ofltheacidl sjtes whilsfiat the saing timtdietairong 8 her e may be

irreversible.l oss of nmolecul.ar sieve crystallinit nd..porosity on ageing
during st or ST RORRTICAST Dhe el Grtlitve Alioahseles if s dpsudents o
therefore t gsdeueh@molBoh@asnlidhg HREnSIE&ALTENE aefdity MRl kQ@lddignophosphat e
nol ecul ar sieves and catal ysts containing these | ecul ar sieves, which
ensur e t hat redqueres gieaddgoiptiop b pramonaonamitie pivisiutalsiqyeofpotvedsy of t hese
materials, such as porosity and crystallinity, are retained after storage
and handl i rigsonywitbngla erperrtusearggef 340 te600SOMuARraten Ffie | NVENTI ON
[ 00171 The Q#gsgq¥ i nvention provides a nethod for the preparation of
stabilized 3r %Brﬁﬂpnophosphate nol ecul ar si eves and
nmet al | oal um nophosphate nol ecul ar sieve containing catalysts, and to their
use in adsorption and conversion

[0015] As seen from the disclosures described herein, many

metalloaluminophosphate molecular sieves will exhibit a shortened catalytic life
when exposed to a moisture-containing environment. This loss of catalytic life is,
in some instances, irreversible, and can occur over a very short period of time. In
essence, this loss of catalytic life is due to a loss in the number of acid catalytic
sites. In addition there may be irreversible loss of molecular sieve crystallinity and

porosity on ageing during storage and handling after manufacture.

[0016] It is desirable therefore to develop methods for the treatment of
metalloaluminophosphate molecular sieves and catalysts containing these
molecular sieves, which ensure that the catalytic properties and physical properties
of these materials, such as porosity and crystallinity, are retained after storage and

handling.



processes, especially the conversion of oxygenates to olefins, particularly
light olefin(s). In the context of the present invention reference wll be
made t hr oMQhensIs4d hi s specification to netall oal um nophospbaiusonsiiecul ar
sieves; this termas used in this specification enconpasses

al um nophosphate (ALPO and silicoal ung nophosphate (SAPO nol ecul ar sieves
and derivatives of these nolecular sieves as hereinbefore and hereinafter
descri bed. [00181 In one enbodiment the invention is directed to a nethod
of providing a stabilized netall oal um nophosphate nol ecul ar sieve, which

met hod COﬂprégﬁi&éégii; ens cating a netall oal um nophosphate

nmol ecul ar si ig- EJ@BQaglhhgﬁia under conditions to chem sorb
anmonia with the netall oal um nophosphate nol ecul ar sieve, and b)

mai nt ai ni ng the ammoni a chem sorbed with the netall oal um nophosphat e

mol ecul ar si[00F7|fTite @megeat invehth mbvilessinetBdd fiauths prepAiSiof Nakdliaidher

enbodi nent the invention is directed to a nmethod of providing an active
met al | oal uni RealeMwmmeehesphale molecudar sigyes andi etaliealyipmopknsphatees the steps

f: t t] l ] i e I I I ith a.source of
Shon o codteaatFt RRa P RS ARLE WIS Mo Sndtihefis
net al | oal uni gregias peptQallyible @6avedion bEYEge ¥R A3 LRFIB AR iRGEl4rlySteit 34114 7 b)

mai nt ai ni ng the anmoni a chem sorbed with the netall oal um nophosphate
mol ecul ar si®@eiEn(ploin the sentexidoidhe presdng iyention fefanense will de madd dwounghionty t he

heni sor bed i.a. [0020] | th di ment_ th t ] t]
o ovi dos . HBERB Aerop e mer AR AR s B i s A es BB IEM 50T whi o
met hod conpriy 18§ sfeRffHafidn Bncoipatses ﬁl_uﬁﬁwhbﬁmgtm#@%a one

met al | oal um nophosphat e nol ecul ar sieve 'w
silicoaluminophosphate (SAPO) molecular sieves and derivatives of these

molecular sieves as hereinbefore and hereinafter described.

[0018] In one embodiment the invention is directed to a method of providing a
stabilized metalloaluminophosphate molecular sieve, which method comprises the
steps of

a) treating a metalloaluminophosphate molecular sieve with a source of ammonia
under conditions to chemisorb ammonia with the metalloaluminophosphate
molecular sieve, and

b) maintaining the ammonia chemisorbed with the metalloaluminophosphaté

molecular sieve for a period of at least 24 hours.

[0019] In another embodiment the invention is directed to a method of providing
an active metalloaluminophosphate molecular sieve, which method comprises the

steps of:

a) treating a metalloaluminophosphate molecular sieve with a source of ammonia
under conditions to chemisorb ammonia with the metalloaluminophosphate

molecular sieve,



| east one binder material and/or at |east another catalytically active
material, and treating the mxture with a source of anmoni a under

condi t i orwoOtos/0sdsesri sorb ammonia with the netall oal um noplraspaisat/gs1indl ecul ar
sieve. [0021] In yet a further enbodi ment the present invention provides a
met hod for the manufacture of a catal ygt conposition, which nethod
conprises, formng a mxture conprising at |east one

met al | oal um nophosphat e nol ecul ar sieve having ammonia chem sorbed thereon
with at | eash) maietabiingithe amenania clenasmibat wiah theaastalloahmoinkphosphatal yti cal |y
active material, to.forma catalyst composition. [0022] In a further

embodi ment  t'RElepplALERtE gﬁ%@ﬁf‘?dﬁﬁyﬁbﬁ% %rﬁr‘pe‘?uéss é"t“gbi I[i zed]

nmet al | oal um nophosphat e nol ecul ar sieve, which conprises at |east one aged
met al | oal um nophosphat e nol ecul ar sieve and chem sorbed amonia. [0023] In
yet a furt het) desdibiignindheidi®ripgdes@ndnianvent i on provi des a nol ecul ar sieve
conposition conprising at | east one netall oal um nophosphate nol ecul ar

sieve in adm xture with at | east one binder and/or at |east another

catal yticall iV [1al hem.sorbed a nia. [0 In an

addi t1 onai. RS e E b Boeithe RS PR B PR Smeditddtl ¢ Seve
conposi ti on [eMiFdtsiedd a dhtalySESImPDRRI oNEWAIch QRdthill ddaipiREPIdRhme! ecul ar WO
03/ 059849 PCT/ US02/ 34114 si eve havi ng anmoni a chem sorbe(% thereon and in

admi xt ur e wi mixtere cpwagsing aeleash pnelmetadinalioringphospbatstmelnotliresievearit att i cal | y
active materj al . 025] The .present, invention also provides for the use of
anmoni a to SlF%(%IOP% g‘@gﬂjm%‘t‘ﬂlaf’&gr ﬁW?ﬁBﬁ’ﬁ%éﬁl’?&? t‘r‘fﬁlllg%‘iﬂvﬁrmaé?r uring
storage and/@faiRgRd hiktire WiQ28lirde R amhtnid @l FORRMIIB Y cdAgsghesent

i nvention provides a nethod for storing netall oalum nopfmsp%at e nol ecul ar
si eves whi chammbinaedvitchpmetpdsaluminoyhasphategnolhenlarstieael oal um nophosphat e

nol ecul ar sieve in contact with ammonia in a chem sorbed state during
storage. [0027] The netal | oal um nophosphat e nol ecul ar si eves and

conposi ti ONS[0021] In yet a further embodiment the present invention provides a method for
the manufacture of a catalyst composition, which method comprises, forming a
mixture comprising at least one metalloaluminophosphate molecular sieve having
ammonia chemisorbed thereon with at least one binder material and/or at least

another catalytically active material, to form a catalyst composition.

[0022] In a further embodiment the present invention provides a stabilized
metalloaluminophosphate molecular sieve, which comprises at least one aged

metalloaluminophosphate molecular sieve and chemisorbed ammonia.

[0023] In yet a further embodiment the present invention provides a molecular
sieve composition comprising at least one metalloaluminophosphate molecular
sieve in admixture with at least one binder and/or at least another catalytically

active material and chemisorbed ammonia.

[0024] In an additional embodiment the present invention provides a molecular

sieve composition comprising at least one metalloaluminophosphate molecular



conprising these nol ecul ar sieves as made by or described in the above
enbodi nents and in the detail ed description of the present invention find
utility iwooabsssupti on processes and in hydrocarbon convePsTasopsacesses.

[ 0028] Accordingly the present invention also provides for a hydrocarbon
conversion process conprising the stepsgof: a) introducing a feedstock to a
reactor systemin the presence of a netall oal um nophosphate nol ecul ar
sieve as prepared or described in any one of the enbodi nents of the
present i nvesmvedayingpmmarialehamisarbéd tharephend srasinuixtusy/ witkat kastehé | uent
stream and c assing.the effluent . t hrough a recovery system
recovering QPA¢£§§@%5%4“5Fm“ﬁ%?éa@bﬁgai§W6WeB%ﬂﬂﬁ%ts. [0029] In this

enbodi ment, the invention is preferably directed to a process for

produci ng olefin(s) or alkyl amnes in the presence of any of the WO

03/ 059849 PQUNLB0HeItdstrt inYentivhaldoqadbidenfopthespbaf annohacokabilize aves and
catal yst conposjtions of the present_ invention. BRI EF DESCRI PTI ON OF THE
DRAW NGS 100882l legheminpphospbaty mipdeouias sicys Awringstoyage erd/erwadingod by
reference to the Detailed Description of the Invention when taken together
with the attached drawi ngs wherein: - Fig. 1 shows a dynamc

gas- vol unet rino26jdaarfitheRnboidicht Ut Fedeheihéntfodprovidead Membd &r
met al | oal um nophosphate nol ecul ar sieves with anmonia; - Fig. 2 shows the
met hanol adsérpig mefalteabaeinophasphate geouRy sibtsorhiclametiodeempaeser di f f er ent

NH3-treatments _as .a functi.on, of. t he ing,time;. - Fig., 3 shows the

net hanol CO,{{}%‘P%}’BWS %’fg “éettééﬁ’ék‘if%%’ﬂbﬂs@%ﬁ"f g’glegiﬂ&{/ge‘éef 'fllé:gma%ta‘?”iqbus peri ods of
agei ng; - Fifnmdnia iPNehdnllSorb®t faRAurif@R¥RIpei on of an NH3 treated SAPO 34
nol ecul ar

[0027] The metalloaluminophosphate molecular sieves and compositions
comprising these molecular sieves as made by or described in the above
embodiments and in the detailed description of the present invention find utility in

absorption processes and in hydrocarbon conversion processes.

[0028] Accordingly the present invention also provides for a hydrocarbon

conversion process comprising the steps of:

a) introducing a feedstock to a reactor system in the presence of a
metalloaluminophosphate molecular sieve as prepared or described in any one of
the embodiments of the present invention;

b) withdrawing from the reactor system an effluent stream; and

c) passing the effluent gas through a recovery system recovering at least one or

more conversion products.

[0029] In this embodiment, the invention is preferably directed to a process for

producing olefin(s) or alkyl amines in the presence of any of the



sieve after various periods of ageing; - Fig. 5 shows the effect of ageing,
with and without NH3 treatnment, on the XRD pattern of a SAPO 34 nol ecul ar
si eve; amm0-0365849 6 shows DRI FTS Infrared spectra ill ustr@cirnggops4at€cti on
and regeneration of acidity during and after ageing of a SAPO 34 treated
with NH3. WO 03/059849 PCT/ US02/ 34114 40 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON | NTRODUCTI ON [ 00311 The invention is primarily directed toward a
nmet hod of stabilizing netall oal um nophosphate nol ecul ar sieves. It has
been found tthetallodheminophospbate modécutae smiésomiduatahesp baspdsiticms wbthecul ar si eves
wi th ammonia so that the anmmonia is chem sorbed results in stabilized

met al | oal uni HBSALYSAY®s that are resistant to degradation during exposure
to nmoi sture. Through this nethod, treated netall oal um nophosphate

nol ecul ar sieve materials and catal yst conpositions are provided which
retai n nost BRIEBDESCRIFTION OF THEgDRAIWEINGST pti on, catal ytic and/or

physi cal properties on storage even after extensive periods of exposure to
anbi ent atnosphere or steam W thout being bound to any particul ar theory,
it is beliey t-hat ia . i rsiple with the

Br oenst ed acllﬂ gsgiﬁ%sp révl&ﬁ hﬁ%@ﬂ?lﬁg g)%ﬁ%ljaqr}lgrgnmi\og’\é% srf)ft%i%etn gg\?r%tpgcul ar sieve
and in doi ngb&sildr Désefipor drane fnvemtioraharikdyopBth&lwitiethd ukthdidd st or age and
handl i ng. CHEM SORPTI ON OF AMMONI A [ 00321 A key aspect of the present

i nvention i sdrawingswhgtedsr ption of amonia with acid catalytic cites of the
nmet al | oal um nophosphate nol ecul ar sieve. As indicated above it is known in
the art to treat such nol ecular sieves with ammonia under nitridation
conditions. N trJ j 91%“}~ ' I ' ] eaction

bet ween aci d sﬁglé(sil%g{?‘g?%g no lég?ﬁ %l@@ﬁ%@gﬂgﬁéﬁg%%fﬁ&gu ‘tht%l éér ni trogen
sources. The nirtatindat ofanetalbadiniabphdplens anldcalat yieldsiaitesmmbhia;, and destroys

— Fig. 2 shows the methanol adsorption capacity of a SAPO-34 molecular sieve

after different NH,-treatments as a function of the ageing time;

— Fig. 3 shows the methanol conversion of a SAPO-34 molecular sieve after
various periods of ageing;
— Fig. 4 shows the methanol conversion of an NH, treated SAPO-34 molecular

sieve after various periods of ageing;

— Fig. 5 shows the effect of ageing, with and without NH; treatment, on the
XRD pattern of a SAPO-34 molecular sieve; and

- Fig. 6 shows DRIFTS Infrared spectra illustrating protection and regeneration

of acidity during and after ageing of a SAPO-34 treated with NH,



irreversibly the acidic sites of the nol ecul ar sieve, as the acidic OH
groups are converted to NH2 groups during the nitridation process. This is
i n contrasooosds4d he process of chem sorption accordi ng tPaTiUse2/priesent
invention, which is a chem cal adsorption process in which a weak chem cal
bond is formed between nol ecul es WO 03/1959849 PCT/ US02/ 34114 11 in the
gaseous or liquid state and a solid surface. Due to this weak bonding the
process is reversible upon the application of heat. In the context of the
present invention anmmonia is the nolecule, which is in either the gaseous

or liquid sta [ f i h"le tal | oal um nophosphat e
PR ﬁﬂﬂwferably prior to

nmol ecul ar si SHEM SOR)
chem sorption of the ammonia the netall oal um nophosphate nol ecul ar sieve
is activated. The primary function of the activation process is to renove
vol ati |l e conipanrodscasoth t enpl ate utilized in the synthesis of the nolecular
sieve that may still be present in or on the nolecular sieve. It is

envi saged that in the process of the present invention the nolecular sieve

may be parti ct.ivated. B rtially, activated i nt that a
proportion @p#ﬁhﬂgletlg‘@alggés %?m%?/-yﬁ%r %Iﬁcfosyv acr)ﬁj a%ezh({deoiﬂ@ﬁg"?gs not renoved
prior to cheshBedl@hinephosphaté foldcafa@kic@ss. UNRds bebP fduddithakhetrathedihe _
tenpl ate be renmoved. Activation is achieved using conventional calcination

t echni ques arfdnaidingiuniopghogshatelinglegulersietnsivith anypiie ab thattheianahoga

t enper at ur es e in the range, from about . 400C.to about 1,00QC, preferabl
om apout - SoeESTIORE rrUBGE bR Aoaly EREaSR S o st do to

about 700C, QRbeliehaPdwingtxBosid ©f MGLRD TIRBYIH ANTRAhoS Yehe@s @i r, nitrogen,
hel ium flue gas (conbustion product lean in oxygeng, or any conbi nation

t her eof . [ 00B&hliddhenmophosphae mubdcelaubiave miaevielsnmay citelysthempositibadarei t h
ammoni a under a arjety of conditions. These conditions are selected to
ensur e t hat %%ﬂ?ﬁlﬁ{licg TCRIRARRSE r“Séélﬁ)ﬁf their griginahadsoptiengratdfac ag/oici d sites
of the nol ecﬂ'hly@i'&al%r@ﬁ’e?ﬁesm%torage even after extensive periods of exposure to ambient

atmosphere or steam. Without being bound to any particular theory, it is believed
that the ammonia reacts in a reversible way with the Broensted acid sites within
the metalloaluminophosphate molecular sieve and in doing so protects them from

attack by moisture during storage and handling.

CHEMISORPTION OF AMMONIA

[0032] A key aspect of the present invention is the chemisorption of ammonia
with acid catalytic cites of the metalloaluminophosphate molecular sieve. As
indicated above it is known in the art to treat such molecular sieves with ammonia
under nitridation conditions. Nitridation results in an irreversible chemical
reaction between acid sites of the molecular sieve and ammonia or other nitrogen
sources. The nitridation reaction is essentially irreversible and destroys
irreversibly the acidic sites of the molecular sieve, as the acidic OH groups are
converted to NH, groups during the nitridation process. This is in contrast with the
process of chemisorption according to the present invention, which is a chemical

adsorption process in which a weak chemical bond is formed between molecules



ammonia is chem sorbed in the liquid or gaseous state. Preferably it is
chem sorbed in the gaseous state. In one enbodi nent the activated nol ecul ar
sieve i s wotisosigeed i nto a treatnent vessel, which enabl epcrhEsozrsdiecul ar
sieve to be degassed. This is typically achieved by utilizing a vacuum
preferably with the application of heat. Typically the nol ecul ar sieve may
be degassed under vacuum WO 03/059849 PCT/ US02/ 34114 12 at a tenperature
within the range of 10 to 600C, and preferably 20 to 300C. In an

al t er nat i ve ietixoghiseaistor iqeidretdteand asolsli ssufecd. Dug wahisdveak basding tieced Wi t hout

degassing. [0035].The a nia may he jntroduced o the treatnent vessel
cont ai ni ng tHES gdﬁﬂﬁggﬁ’é’?@&ﬂ %’Pﬁgqt’é’ﬁéfgiaatt ﬁé‘_tg"sc%ﬁf"it\‘?gﬁ@d’rﬁﬁmecul ar

si eve. The apumMA aﬂgﬁ/oniepf% thbRAHEEFhivh i inYin ¥ tht'g\%eow& IR Qle2n 1nert
carrier gas such as dry nitrogen or simlar gas. en used 1 n a gaseous
m Xt ur e the gndnhd sllidpueasis ehearhetallvahnhmophosphite nivleduldr&ieve. not critical .
Preferably, the ammpnia is present in excess of that required to react
with at | east the Broensted acid sites within the nol ecul ar sieve. The
anmoni a may i nbi ent tenperatures or at el evated
terrperatures—'f—'%'——n—s—l—éﬁ &E)W%Mﬁt hat the tenperature is selected so that the
ammoni a does not react with the nol ecul ar sieve under nitridation
conditions. It is possible to deternmi ne suitable tenperatures for any

gi ven nol ecUP833]direlgeablypridrde chemigomptien otthe aimeaamia then and desor pti on of
anmoni a usin al ytical techniques such. as.the nfrared techni ques

descri bed hégeétP pal r?mgglgoesﬁﬁaé? g’togercéfair §leﬂ%]§cfcfl¥f’g‘fd'r rjrgary fu ONPFreversibl e
reacti on W tihe heiRaRBNBIOLEss dSto RN PEVAIRIE LhIPEShdY¥nt hESHat RENRAIAHSRe then a
| ower reaction tenperature should be selected. The ammonia nay be reacted
wi t h t he nolsgothess obihewnwletula stegerpet aaysell bé pteses it haon BRGWMedutteal |y | ess

t han 450C, preferably less than 300C ideally within the tenperature range
of 0 1o 500E6r ItipeRysas &}ata}t@wr%sw?z@ Rrgsenppentign e molfculanc, and nost

pref er abl y 100ty A bafiatltacl it OB plAAY abiR ol 0L AhpoRipCt i ve 11

of the template or by-products of the template is not removed prior to
chemisorption. It is preferred that substantially all the template be removed.
Activation is achieved using conventional calcination techniques and conditions as
discussed below. Typical calcination temperatures are in the range from about
400°C to about 1,000°C, preferably from about 500°C to about 800°C, and most
preferably from about 550°C to about 700°C, preferably in a calcination
environment such as air, nitrogen, helium, flue gas (combustion product lean in

oxygen), or any combination thereof.

[0034] The activated molecular sieve may be chemisorbed with ammonia under a
variety of conditions. These conditions are selected to ensure that ammonia is
chemisorbed with at least the Broensted acid sites of the molecular sieve. The
ammonia is chemisorbed in the liquid or gaseous state. Preferably it is
chemisorbed in the gaseous state. In one embodiment the activated molecular
sieve is introduced into a treatment vessel, which enables the molecular sieve to be
degassed. This is typically achieved by utilizing a vacuum, preferably with the

application of heat. Typically the molecular sieve may be degassed under vacuum



chem sorption reaction is undertaken at tenperatures preferably in excess
of 100 C, nore preferably in excess of 150C, and nost preferably in excess
of 200C. wohe/oseseoni a may initially be introduced at a | owcrarspesature e. g.
| ess than 100C and the tenperature nay then be rai sed above this
tenperature during the reaction. The @2act tinme required to conplete the
chem sorption process is dependent on the anount of acidity present in the
nol ecul ar sieve. The anount of acidity may be determ ned by test nethods
known in t hetatempanethreasitimieviange ofd, toRE"G, iand pfederablp@fits 30PC. dn and/ or

t he amount of ammopi a used and/or the WO 03/059849 PCT/ US02/ 34114 13

t enper at ur e ana%f:W@ﬁY%%‘PE‘?(ﬁ@ﬁn &M ecﬂ'é’éalef%lséﬁét?ﬁésf‘?fé‘fategdw}ioé‘it ent ammoni a
is chem sorfagghsinbt is also possible to determ ne the optimum conditions
for any given nolecul ar sieve by undertaking a series of adsorption and

desorption experinments to determ ne under what conditions conplete
chem sorption is _achieved. Once determ ned these conditions may be used in

t he chem sorlf03Thegmyperia may begfradug t_&rtﬁe trerimaRsated cpiningdhe net hod and
Infrared speelioSEoRcullPYed rﬂ?@% actiy g &l llé’cula%%@e.%%%&'ﬁ n?ﬂﬁ%”' a is used
tndert a d TR

and the chem éor ptiron s en on a degassed Sanple 0 ecul ar

si eve, the drdntraduced With ophiesthe Bse CfRRh@t eardlért @6 siéh ¥ diyhgexposure to
amoni a at a_ tenperature in excess of 100C. At tenperatures in excess of
100C it is tsHeil@zgan¥henjusgdiiga ghsceys miphprerhe partalquessurgrof amimapia iwheni sor bed

wi th the ampni a;. at. tenperatyres hel ow 100C. other sites i udi ng
Broenst ed acia &fipiEds g%tg‘]%ﬁ%%ll g?egeé?l@%”etge g@frﬁ)n&?&ésﬂ&)}n Béces%%h?tsor bed with
the ammoni a.red 32384 rdakt With 8iMhst BE8tobAAd dciPsifel SIRRPRhAEL Rl QfeSsS Wi th
amoni a may be wundertaken on a conposition conprising

met al | oal uniThephosphamay ibeligmduesd atsinbient tamtperaturgapt ateldvareda cat al yst

ition. In thi nbodi t th onposi tion conpri Si )
ot 8l T oal Ui BPHEHRat oS NP Lt G STEPUA S AR FOicdR B P amEgia cat al yst

conponents, dogs FOtRORE UithAnAMBRLAIG YOEIndePRHidiBR ofdi@dns. Tt is possible
to determine suitable temperatures for any given molecular sieve by observing the
chemisorption and desorption of ammonia using analytical techniques such as the
Infrared techniques described herein. If a temperature is used that results in an
irreversible reaction with the ammonia as may be determined by these techniques,
then a lower reaction temperature should be selected. The ammonia may be
reacted with the molecular sieve at a temperature of less than 500°C, ideally less
than 450°C, preferably less than 300°C; ideally within the temperature range of 0

to 500°C or 10 to 450°C, preferably 20 to 300°C, or 20 to 450°C, and most
preferably 100 to 250° C. It has been found to be particularly effective if the
chemisorption reaction is undertaken at temperatures preferably in excess of 100°
C, more preferably in excess of 150°C, and most preferably in excess of 200°C.
The ammonia may initially be introduced at a low temperature e.g. less than
100°C and the temperature may then be raised above this temperature during the
reaction. The exact time required to complete the chemisorption process is
dependent on the amount of acidity present in the molecular sieve. The amount of
acidity may be determined by test methods known in the art such as ammonia

TPD. The time for chemisorption and/or the amount of ammonia used and/or the



result in the chem sorption of ammnia with the nol ecular sieve. This
exposure to ammonia may be achi eved by introducing the ammonia into the
end zone wD oBlosos4cal ci nati on unit used in the manufact ureprafi/imoradiad yst
conposition. This zone is typically at tenperatures bel ow the cal cination
tenperature as the catalyst is being agoled before being introduced into
storage druns. In this and other enbodi nents the ammonia nmay be introduced
in the presence of an inert gas such as nitrogen. [0037] The nol ecul ar

si eve conpr itsinperagieof demisdptiommay be usdgo aruee thhenffigemrapinemasr anbi ent

condi tions. ﬁLge. I cil.ar1 Si evebli ) %Jso .st&lgl e.in the .tf)re ence of water
vapour at t €iiERYSRIRfdedt 151sqposbls fRyectersiing B ORFuNUGE CQpditaps torgy, nore
preferably ofivipmbRedQ0GevelW dd@RhENS § sEFRABE addd@btidn Loipties VO

03/ 059849 P 1)/USOZI %4114 VC% reductliléonsl nt g ca :’;1| %ﬁ?egﬁ?ﬂﬂ(\%?ty of the
chemni sor bed axpbdettarto détausncanieanddt donditiohe cornpletzivhsingsorfid isrol ecul ar

si eve when stored under or exposed to the sane caonditions., The nol ecul ar

si eve conpr i&hisyed Henseslstmaned thessicandiignsyeay baapsedan therhemisomsiosheni sor bed
state for a - ' L Te; ' ' ieal l | east 24 hours
and whi ch Jgﬁégﬁﬁggﬁgdﬁ&;?}e%%élﬂgg opye}égé?%értﬁ%da%%ﬁlhﬁgredéP %tgtoﬁcr()p?' han 24
hours. I n ongaebbedd NERbichig wheh@asdoas ath@WR ik Gsddtindtiid ERehitotptidifis

chem sorbed state for at |east 36 hours, preferably at |east 48 hours and
most  pr ef erdeijakgn onaalepasped spsaple of mglegulaysigve, the dhemisorptiontprecess it e as

| ong as possi blpg bgf o8 us%. I n one enbodi. ment t he glol ecul ar sieve is held
in the chemcgg}.%fja RIS CRPqSprS gaﬂ?’i“mlaz%c?tprfrﬁ "rhUrEEXr e of a
catal yst conppsgt '&r}em#&aﬁlrgsqﬁrep ss o TORPEIE Mie Bloch eﬁ]%c!i&jsiltég \R’fl‘%h

chem sorbed state prior to introduction as the catalys or bar]t of

catal yst corgpesitsiaffially)tRerfisédbahWyEake 5rﬁ§qféhia95t-temP¢rhmre°s wikedigvent the
preferred catalyzed reaction is a nethanol-to-olefins process. [00381 It is

al so envi sagekersiteshinplutding Broenstedaicid dites pndsenBrdensteda¢id nitesady bee
chem sorption E}ro eas g;a% be undertaken on used netal | oal um nophosphate
mol ecul ar si BERISFOCGIELD P& ATMANE conposi ti ons conpri si ng

[0036] It is envisaged that the chemisorption process with ammonia may be
undertaken on a composition comprising metalloaluminophosphate molecular
sieve and in particular a catalyst composition. In this embodiment the
composition comprising metalloaluminophosphate molecular sieve and other
materials e.g. catalyst components, is exposed to ammonia under conditions that
result in the chemisorption of ammonia with the molecular sieve. This exposure
to ammonia may be achieved by introducing the ammonia into the end zone of the
calcination unit used in the manufacture of a catalyst composition. This zone is
typically at temperatures below the calcination temperature as the catalyst is being
cooled before being introduced into storage drums. In this and other embodiments

the ammonia may be introduced in the presence of an inert gas such as nitrogen.

[0037] The molecular sieve comprising chemisorbed ammonia is stable when
stored under ambient conditions. The molecular sieve is also stable in the
presence of water vapour at temperatures of up to 300°C, preferably of up to

250°C, more preferably of up to 200°C. By stable is meant that there is less



nmet al | oal um nophosphat e nol ecul ar sieve. During conversion processes, such
as nethanol -to-olefin processes, it nmay be necessary to shut the reactor
down i n WwOtbesIsan energency or in a planned shutdown andpomiusbEnance
cycle. Wien this occurs it is often necessary to renove the used catal yst
fromthe reactor and to place it into ldenporary storage, which is usually
under an inert atnosphere. Sonetines renoval is not necessary or desirable
and the catalyst is maintained wthin the plant itself. In both situations
t he cat al ystreductionde therdatdkytsfactivigy nfjthe chemisaitbad yalecuber sieve tympareld @r ot her

properties dye to ei n ffects. In addition dyring shyt down and
start-up t hetﬂ? 8%’9@&%‘3’%8’9@%&% s’(??ﬂ‘?lﬁ’g?‘f Sﬂ‘éea ‘Wﬁ?rc?{ eéB?F@Hé? g’e S&MEni f i cant
quantities ofynakRam fhe Mol gpf'er&)tnw ido LPsneath which is
particularly Oﬁar nt ul t% met lfjlllt‘l}soa um 5§hd§s%ﬁgrt?e rrgl ecu?‘g?ﬁgasg)\g]e cont ai ni ng
cat al ysts. Thanairedrin sghecdhemisobgatstaaforah krEndéd pdrwdpf @arntvhichivent i on has
been found to be particularly effective in protecting

met al | oal uni HBiSAGsHHeAsE 2 ers pnd which mayThefoponyzpering of storags|asbandlingsi eve

i al i f . : L, .h
ot hanol -t o Fa het 24 BorE ahong b AR AR UL R B b e oy e

treated by cueridrfedGRROTEt RastB6 dSrs) PRIGaHIR Y Rhsti48 HoaMashdst om t he
met hanol -to- ol efins plant; the anmonia bei ng desorbed when the amoni a

cheni sor bed prefgtablyaftleashi2 beurs.ddeallyribigdieksdinttiois state 35! lamg as passible al t er nati ve

Chutdown. | Pl BRRE miRkPSd e rR S hante AR EEherarR ot (s

exposed to afa®hi@ iMstufiliBed RahPhRRbfagthre SIABABNRE UEBBoMARY AntaT@skerat Whi ch
steam significantly degrades the netall oalum nophosphate nol ecul ar sieve.

| n a nmet hanaimhodiréréfii inbeldrio teschemssoghridfstatapriorstd dstrodiatiemges thayatalgstur Wi t hi n
the tenperature range of 100 tp. 350 C. H gher tenperatures shoul d be

avoi ded as A daft ﬂ?ﬁgétéf)yeb%wq%wg ntq at%@lg’z%aé?ﬂcﬂ?n't ﬁ’é%ﬁ%@‘?@%‘l‘téhe
nitridation neRatd eNalyeed Re&HYn-is PRetRRILON IR SLENS

[0038] It is also envisaged within the scope of the present invention that the
chemisorption process may be undertaken on used metalloaluminophosphate
molecular sieve or used catalyst compositions comprising
metalloaluminophosphate molecular sieve. During conversion processes, such as
methanol-to-olefin processes, it may be necessary to shut the reactor down in
either an emergency or in a planned shutdown and maintenance cycle. When this
occurs it is often necessary to remove the used catalyst from the reactor and to
place it into temporary storage, which is usually under an inert atmosphere.
Sometimes removal is not necessary or desirable and the catalyst is maintained
within the plant itself. In both situations the catalyst is under risk of losing its
catalytic activity and/or other properties due to ageing effects. In addition during
shut down and start-up the reactor may be under conditions, which generate
significant quantities of steam at high temperature i.e. superheated steam, which is
particularly harmful to metalloaluminophosphate molecular sieve containing
catalysts. The ammonia chemisorption method of the present invention has been

found to be particularly effective in protecting metalloaluminophosphate



[ 0039] The netal |l oal um nophosphate nol ecul ar sieve in the amoni a

chem sorbed state may be regenerated by desorption of the ammonia. This may
be achi ews0d obysdseat i ng t he anmoni a chem sor bed net al | oal urcmaphosphat e

nol ecul ar sieve at tenperatures in excess of 200 C, and preferably in
excess of 400C, and nost preferably insexcess of 600C. This desorption may
be achieved using a muffle furnace or simlar furnace. It may al so be

achi eved by using the sane equipnment used for cal cination during

manuf act ur e wblethler sieneguaterals sgainst thereffecttofisiesn asovqubd bt pessit aothtact i ng t he
nmol ecul ar sieve. I.n one enbodi nent. .t he nmoni a be renpyed during the
manuf act ur e ‘BFt?’én‘flﬂ?'ﬁl?ﬁ%é’? BEPcesst An g e@h&ﬁmen@ﬂi?&%?% maybgiticaGAs. 1n a
further enbog ' ' [ i qt.roducti on of
t he amoni aoiyh%ﬁg)gl:a%ggﬁneﬁa:oﬁga unc1'ta {rai‘d SE%?%%QY%ﬁrmnglt%%wﬁgﬁh@itéve to a

cat al yti c coslefiissplat; the amasmisbaihg dsosbetiwiieanid arh@onlaehemBorbgdocess. Thi s
may be achi eved by introduction of anmmonia chem sorbed

met al | oal um SHARFS§PhbE B-iRBPdIced ¢ theiplape Inan slermagiye papedimsnt thausedof t he
lant. WO 03 4 1,34 6 AGED MOLECULAR SIEVE [0040] In the
(F:)ont ext of t agé%gésgtéé;gﬁ{\#\ﬁgﬁtﬂ%aﬁ&gﬁi “égéar%féwgsm'@na&’p 6%“536 te ]rml ecul ar

sieve is a ngtRicdamyodinraNdS I&B@i@teﬂ?t & dlpdtedstb AMnSa SMAINNRS piaRChtOr
formul ated as a catal yst, which has been stored for an extended peri od of

tinme after tsippelabnagssabopythese andueh pearh sigoifshntly degradesitheant a peri od of
greater than 24, hours ref erabl reater than 36 hours, nore preferably
gr eat er tharfn_ﬁtgn%agwg’,owé%aﬁatﬁ&({?ecé}agF@P’%{_bIIQaé‘?egl%f‘tnglr'wfﬂSﬁnS?@O%Er s. In
anot her embagé RNt s@ﬂn@gﬁg%el'ﬁﬁ BLd R ithH SR RateSra AR S0 356 eve is a

nmet al | oal um nophosphate nolecul ar sieve that has beenused in a catal ytic

process and d@asHipgenemperanes shbiildbetahaided bOGRRS thRke PN kd thg r et ai ned
under non-optimum process conditions such as in a shutdown phase. The
period of ad&adi¢r thayndssirgiieiaitridaiioneaeactiop sdioctwns or el evated tenperature,
it may be undertaken under an inert

DESORPTION CONDITIONS

[0039] The metalloaluminophosphate molecular sieve in the ammonia
chemisorbed state may be regenerated by desorption of the ammonia. This may
be achieved by heating the ammonia chemisorbed metalloaluminophosphate
molecular sieve at temperatures in excess of 200° C, and preferably in excess of
400°C, and most preferably in excess of 600°C. This desorption may be achieved
using a muffle furnace or similar furnace. It may also be achieved by using the
same equipment used for calcination during manufacture of the molecular sieve or
catalyst compositions contacting the molecular sieve. In one embodiment the
ammonia may be removed during the manufacture of a formulated catalyst under
spray drying conditions. In a further embodiment the ammonia may be removed in
situ on introduction of the ammonia chemisorbed metalloaluminophosphate
molecular sieve to a catalytic conversion process such as a methanol-to-olefins
process. This may be achieved by introduction of ammonia chemisorbed

metalloaluminophosphate molecular sieve to the regeneration unit of the plant.



at nosphere or a vacuum for exanple in a seal ed container such as storage
drum or netall oal um nophosphate nol ecul ar sieve holding facility after
manuf act Wwe oefs9sihe sieve or a catal yst conposition cont aiPairrugot/bi4

met al | oal um nophosphate nol ecular sieve. In the context of the present

i nvention aged netall oal um nophosphatels are typically present in |arge
anpunts i.e. the bulk state. By bulk state is neant in the formof a |arge
batch of material or catalyst conprising the metall oal um nophosphate.

Typi cal |y a AGER MomgdWARMNEYE bat ch size of greater than 1 kil ogram
preferably greater than 10 kil ogram and nost preferably greater than 50
kil ogram The agei ng nay be undertaken in the presence of an inert gas in
addition to ] = j ' i.f. 1S
possible to [ﬁ@?ﬁz@%?%%% I ngére? ! léjlgéhetfsotﬁ\%ﬂ%ﬁéﬁv\%ﬁago%lpﬁ@r‘{hggbha{ﬁaccept abl e
for mnetal | oamoleacalaptiespbatnetatidaboninaphospleremsicouiagsiceiss syathesit@ror al i a
their noisture content. Such gases may be of |lower purity and quality e.g.
they may conftoamylatsdgsacatalish Widehhkas begw atpeeddor angxiended periediefitime oxygen

ACH DI Ty AND TR B AR Brr it b n el gkt e >

material s sukdur@gpreferablyGoedtethaOPORGRE Hicte PRIFGEBY BicatdreNASITIIIN, b 2
t hr ee- di nensi onal m croporous crxstal framewor k structure and exhibit a

parti cul ar | ymgsigirefeiably grestercthan 3 hewrs.dn@rptercumbosipeentramaged t he | nfrared,

when the tenpl at.e .materjal ,has . been properl enoved.  Broensted acid, OH
groups can b e@hﬂ%}gﬁf@ﬁb?@pha’tg%(}lg%faé,sf)egg %?X@l?‘%]nﬂ@érﬁ’ph%ﬁ‘ﬂ?’é@t ance | nfrared
(DRIFTS)  spegbleediaridve thi¥has SEQUREd 520 8y liOPodes ARG AU, rémbage of 4000
cm - to 3400 cm of the IR spectrum However, silicoal um nophosphate

mol ecul ar si Bomshatiprashssexrherbporari Jastaireld lvaderatoatloptinmnaptocesstegndifioms
appropriate teppl ate .repoval, haye Brqgepsted. acid  OH groups having one or
more bands. i THoh A8 M FSTAN 2R TpERed ?éﬁregmggnayrleﬁﬁmd%r ambient

conditions or elevated temperature, it may be undertaken under an inert

atmosphere or a vacuum, for example in a sealed container such as storage drum
or metalloaluminophosphate molecular sieve holding facility after manufacture of
the sieve or a catalyst composition containing the metalloaluminophosphate
molecular sieve. In the context of the present invention aged
metalloaluminophosphates are typically present in large amounts i.e. the bulk
state. By bulk state is meant in the form of a large batch of material or catalyst
comprising the metalloaluminophosphate. Typically a bulk sample has a batch
size of greater than 1 kilogram, preferably greater than 10 kilogram and most
preferably greater than 50 kilogram. The ageing may be undertaken in the
presence of an inert gas in addition to the chemisorbed ammonia. In the present
invention it is possible to utilize grades of inert ga.ses which were hitherto
unacceptable for metalloaluminophosphate molecular sieve storage due to inter
alia their moisture content. Such gases may be of lower purity and quality e.g.
they may contain higher than normal levels of impurities such as oxygen and/or

moisture.



about 3630 cml to about 3580 cmi, with non-Broensted OH groups |ike Al -OH,
P-CH and/or Si-OH being largely located in the range of about 4000 cm to
about 3680 ocnF9s49The non- Broensted OH groups are al so typipcalusy2/sqacat ed on
the external surface of the nolecular sieve or at regions within the sieve
that exhibit internal defects. [0042] i1Fn order to preserve catalytic
activity, i.e., maintain acid catalyst sites, this 1invention provides a
nmet hod, whi ch conprises chem sorbing amonia with the Broensted acid
sites. The JYIERALIRAPIUMINORHOSHATEEPVIHANIMINRRAREDOr ed t hr ough t he use of
DRI FTS. Wien the amonia is chem sorbed the infrared absorption bands
relating to the Broensted acid sites decrease in intensity and are repl aced
by a new sgp¢ i i I wave nunbers

bet ween 230800431%1?&3%%& lg&%g%b E%pﬂ&mogédgﬁ?%%?gﬁlﬁéé bsl éﬁésherri sor bed. Wen

t he cheni sorsbedalvarimuphiogphase molesdapsiemel yomprisevethrdehdimieadiossor pti on t hese
characteristic infrared _absorptions decrease in intensity and eventually
di sappear WHTICEIPOFQYs chystay framewory sasire andeshibiny putiptlpdndesinabls r e- appear ~ at

hi gher Waver%ldg@s?crdsac% Qrﬁ aégplgf%b%!:ﬁné ilggﬁggﬁarre S\;/Hernetge %Irni(l)pgzlﬂg En%?e & | gﬁl ;y

infrared bands i's co observe

chem sor pt i Ggen proiperly Fdnicvie@d Basinared acid 01 giotips 6@ beddnReMéntii3/ 059849
PCT/ US02/ 34114 18 the Brocess of the present invention and is a good

met hod for dheaeierimdiey PHbsed Reflectance Infrared (RN T83 prestrasdopy i He Br oenst ed

id sites of th I I i h 1 Ot d th
chemi sor pt i GO caftip i Hra S iF s MeE on 3G acooRhi to S5 the ammoni a.
[ 00431 Ext engednfx RRswer, @fncaﬁaﬁlmo@ﬁwﬁh@mmegt&emhﬁﬁl&kﬁsbitsi eves to

ambi ent atnosphere results in a |oss of catalytic activity. One suitable
met hod for ddsrablewatalpge adtivey apon apprgpraateitentpdate cesisoviabhdve Ble¢rstediaoil t he

nd act i vat KO BN eVinR R oRmORARRIC I IR P PHRBCRF S s | 00 of
storage. |deghliysesHenMAEaBARYS580 cm™, with non-Broensted OH groups like Al-OH,

P-OH and/or Si-OH being largely located in the range of about 4000 cm™ to about

3630 cm™. The non-Broensted OH groups are also typically located on the

external surface of the molecular sieve or at regions within the sieve that exhibit

internal defects.

[0042] In order to preserve catalytic activity, i.e., maintain acid catalyst sites, this
invention provides a method, which comprises chemisorbing ammonia with the
Broensted acid sites. The chemisorption may be observed and monitored through
the use of DRIFTS. When the ammonia is chemisorbed the infrared absorption
bands relating to the Broensted acid sites decrease in intensity and are replaced by
a new series of a infrared absorption bands at lower wave numbers between 2300
cm” and 3500 cm™, when ammonia is fully chemisorbed. When the chemisorbed
ammonia is subsequently removed through desorption these characteristic infrared
absorptions decrease in intensity and eventually disappear whilst the original
Broensted acid absorption bands re-appear at higher wave numbers. The intensity
of the restored Broensted acidity infrared bands is comparable to the bands

observed prior to ammonia chemisorption. This infrared behaviour is typical with



remain as high as possible up to the point at which the nolecular sieve is
used in a conversion process such as a nethanol -to-ol efins process. For
nol ecul arweiogwss4cat al ysts which are activated in situ, i PeT/ushesdienpl ate
is removed on introduction of the nolecular sieve to the conversion
process, the tinme between activation ang actual contact with feed is short
enough such that the initial nethanol adsorption capacity is essentially
equi val ent to the methanol adsorption capacity at feed contact. During
convent i onalthg pcesyeof thernttsehbinsensiog. and nvle goahmethed foraletepwptieg that thehi s i s
not nor mal | hi eved as .the cajal yst, i s, pro ssi vely degraded by attack
From ot ot ursit S Pt e Hfeadss e B B rial ot Seh B erory
effective i b : ti : cul ar

o1 eve, i cI e e R e R P Rg P e o i

chemi sor pt i ghe ahhenifaeasur enrent of MAC nay be used in the context of the

present invention to denonstrate the effective stabilization due to the
chem sorption of ammoni a. The use of ammpnia chenm sorption results in

or ot orred R nERRRe SrpEpe S0ReaGAB oA p Rk e BXERES, 11 17

origi nal MAGnibiémathesphre idsans fi 4 108s 6f cabdidctivitpr Ohekakible méthb&ast 40 %
more preferably at |east 60% and nost preferably at |east 80% Techniques
for neasur idstfrmitinghdd ackiiin apd itoleseispa deteymiae thekmethrnol edsomgsion of or di nary

skill in the art.( 3&qg%8%%§aCTGUSQ§#$41 4 .19 N{%ﬁ%ULAR iIEVES AND
CATALYSTS THERESE (B2 HHBOlREY ST PO AR SUBRBEHECE A& 1 sieves whi ch
may be used réhitodehis BAASIBMvith BYRIHfiePR p@ﬁd@oﬂ%@&%géj ga&dliyRed MACdRS ! i n
nunmer ous publications including for exanple, U'S. Patent No. 4,567,029
( MeAPO wher aembinias high asiessiblZmp tothe@ojnt auwBich Pl molecMer sidvedid 0sdizih a( SAPO) ,
Eur opean Pat ent glicatioq}EP— A-0 159 4 (ELAPSQ where El js As, Be, B,
Or, Co, Ga, SGBYCTHRN P[qeessch gyp meshang]iioplglins pragesspdios olegylar slese 4 143
(FeAPO), U. QataRAtantish MR acAvaBaPindTid; i.e. the template is removed on introduction

of the molecular sieve to the conversion process, the time between activation and

actual contact with feed is short enough such that the initial methanol adsorption

capacity is essentially equivalent to the methanol adsorption capacity at feed

contact. During conventional storage conditions e.g. under an inert atmosphere,

this is not normally achieved as the catalyst is progressively degraded by attack

from moisture. In the present invention the chemisorbed ammonia is effective in

retaining the methanol uptake properties of the molecular sieve, which are higher

than those, achieved without ammonia chemisorption. The measurement of MAC

may be used in the context of the present invention to demonstrate the effective

stabilization due to the chemisorption of ammonia. The use of ammonia

chemisorption results in improved MAC values after storage. According to this

invention, it is preferred that the MAC after ammonia desorption is at least 15% of

the original MAC prior to chemisorption of ammonia, preferably at least 40 %,

more preferably at least 60%, and most preferably at least 80%. Techniques for

measuring methanol adsorption capacity are known to those of ordinary skill in

the art.



4,683, 217, 4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No. 4,935, 216
(ZnAPSO, EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO, where EL is Co,
Fe, My, MwoO o03iosmno Zn), U.S. Patent No. 4, 310,440 (A POX4), PERAAND3ADE 350
(SENAPSO, U.S. Patent No. 4,973,460 (Li APSO), U.S. Patent No. 4,789,535
(Li APO), U. S. Patent No. 4,992,250 (GeABSO, U.S. Patent No. 4,888, 167
(GeAPQ), U.S. Patent No. 5,057,295 (BAPSO, U.S. Patent No. 4,738, 837
(CrAPSO), U.S. Patents Nos. 4,759,919, and 4,851,106 (CrAPO, U S. Patents
Nos. 4, 758, AMoLESUBSR SI38s AANDA AAACSTRTNHEREAR 8, 787 ( MJAPSO), U. S. Pat ent
No. 4,554,143 (FeAPO), U. S. Patent No. 4,894,213 (AsAPSO), U.S. Patent No.
4,913,888 (AsAPO, U.S. Patents Nos. 4,686,092, 4,846,956 and 4, 793, 833

No. 4, 757, 3O HICHEd el umognfa gl R high MG dinthg 1 7
Nos. 4, 801, #0&nt thyvbittbndite dB¢h dbs&ed 32 Qethil i¥RRREroudbiblicadint s Nos.
4,500, 651, 4,551,236 and 4,605,492 (Ti APOQ), U S. Patents No. 4, 824,554,

4,744,970 (leglpgis@yfor ayampleat-Sritateus No44,365080EMe ABAPEEre Me-iaMp, M8 937

oo, 4. 567, o PR dbt: GBS o FeltOR7h S APoSTesf PoliBhAndieation 53 167
4,917,876, ' 45 955034, EL APREOWAEAE] f R5Be1B5Cr 603, E85Fo, Bi ML NS,

5,493,066 and 5,675,050, all of which are heérein fully incofporated by
reference. 19045,1US Ratentmido.al,$ daldintedPOpdpRataentoNecB22,4%8,eves i ncl ude

et al | ophosphat b2l &TA6HSE s B90): Ebes 8376008800 bei HimeNoaL 235 21 us,
at ont. Appl 1Ea 507 B2 ) REMISGORPVTI nTLY IR AR GEL - S
(i ntegrated Chyir MpaMm i ooZegplUas. YPateht NBCT,3 WHL(A#B)) Epukioi 1SB8d0 Sept enber

7, 2001 (thorium containing nolecul ar si eve%p and R Szost ak, Handbook of
Nbl cul ar - S EEBAPSGIRUNbdReantiors) R ATMLABSONGY R, PR Neoid8p:6882) , whi ch

(LiAPO), U.S. Patent No. 4,992,250 (GeAPSO), U.S. Patent No. 4,888,167
(GeAPO), U.S. Patent No. 5,057,295 (BAPSO), U.S. Patent No. 4,738,837
(CrAPSO), U.S. Patents Nos. 4,759,919, and 4,851,106 (CrAPO), U.S. Patents
Nos. 4,758,419, 4,882,038, 5,434,326 and 5,478,787 (MgAPSO), U.S. Patent No.
4,554,143 (FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent No.
4,913,888 (AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833
(MnAPSO), U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPO), U.S. Patent
No. 4,737,353 (BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos.
4,801,309, 4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651,
4,551,236 and 4,605,492 (TiAPO), U.S. Patents No. 4,824,554, 4,744,970
(CoAPSO), U.S. Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO,
where Q is framework oxide unit [QO,]), as well as U.S. Patents Nos. 4,567,029,
4,686,093, 4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384,
4,956,164, 4,956,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of

which are herein fully incorporated by reference.

[0045] Other metalloaluminophosphate molecular sieves include those described

in EP-0 888 187 B1 (microporous crystalline metallophosphates, SAPO, (UIO-6)),



are all herein fully incorporated by reference. [00461 The nost preferred
nol ecul ar sieves are SAPO nol ecul ar sieves, and netal substituted SAPO

nol ecul arweicemsems49 | n one enbodi nent, the nmetal is an al kacir/uset/adi1of G oup
| A of the Periodic Table of Elenents, an alkaline earth netal of Goup Il A
of the Periodic Table of Elenents, a rape earth netal of Goup II1IB,

i ncl udi ng the Lanthani des: |anthanum cerium praseodym um neodym um
samari um europi um gadolinium terbium dysprosium holmum erbium

t hul i um vyt tlé&ShPatentaval 6,0046898(moleankir sicematidiem adkaline terithimead), Th® Peri odi ¢

Tabl e of Elenents, .a transitio t ups VB, VB, VIB, VIIB, VIIIB,
and | B of t%te%MBﬁtPn%BPW%%9ﬁé%ﬁg ?dc%‘ic‘)br\ﬁrthﬁr%%oodfm%ﬂﬁ?e@)f t hese

nmet al speci _ r i : LS sel ected fromthe
group consi glt%/idﬂdgcarg? 9%8,09{(%?}),(58’ 1&8}@' @Q@%@%nbl}\%@d ﬁ/ﬁl?t@lh})%ﬁSn, Ti, Zn and Zr,

and m xt ur e200h@h@dfm codfiihd nibleculzmtsidvieahd Ri. Bagks plaatibodkelfecul ar si eve
may be represented by the enmpirical fornula, on an anhydrous basis:

R (M, Al yPAfelsculgnsesisnV ra Nepirand pirhold, Nesa Yorks Atewt %okl (299N gwhighnt |
f bl i I X is th nber of noles of R per
Prgleeeg? (W@%&E%E’n;fh‘g;’%%@gétgglﬁ%ggg?cre?rﬁ 3 toel,nupr ef erably Ost o 0. 5I,o

and nost preferably fromO to 0.3; x, vy, and z represent the nole fraction

of Al, P and Mas tetrahedral oxides, where M is a netal selected from one
of Group | A 00464 Thepnost preferradupplesziar sigves atg| SAP O mgll¢cuBr siesles, amd hani de' s of

t he Peri odi c_Tabl f El ts ref.erab Mis el ected from one of the
group consi &?tﬁdug?‘ﬁﬁgséww“%é{ Sigyps. gLonqembqdimeny; the magial ipn - 7 “ang 7r
In_an enmbodiNeiimetdl 6SGOLE BA F tHelFRBod 8BRS HiGnhtd andili¥e edthNO 03/ 059849
PCT/ US02/ 34114 21 and z are greater than or equal to 0.01. In another
enbodi ment , metalof@irenp A ¢ftthePerihdic TablabbElemeEntsxa rase gartahetnl ¢fiGmoup t o about

SR ANIRT I INECIEREXE M R NERERIEN G
samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium,
thulium, ytterbium and lutetium; and scandium or yttrium of the Periodic Table of
Elements, a transition metal of Groups IVB, VB, VIB, VIIB, VIIIB, and IB of the
Periodic Table of Elements, or mixtures of any of these metal species. In one
preferred embodiment, the metal is selected from the group consisting of Co, Cr,

Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof.

[0047] The metalloaluminophosphate molecular sieve may be represented by the
empirical formula, on an anhydrous basis:

mR:(M,ALP,)O,
wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (M, Al P,)O, and m
has a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to 0.3; x,
y, and z represent the mole fraction of Al, P and M as tetrahedral oxides, where M
is a metal selected from one of Group IA, IIA, 1B, 1IIB, IVB, VB, VIB, VIIB,
VIIIB and Lanthanide's of the Periodic Table of Elements, preferably M is
selected from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni,

Sn, Ti, Zn and Zr. In an embodiment, m is greater than or equal to 0.2, and x, y



is from0.01 to 0.2,yisfromO0.4 to 0.5,and z is from0.3 to 0.5. [0048]
Non-limting exanpl es of SAPO and ALPO nol ecul ar sieves of the invention

i ncl ude owe osmsm4conbi nati on of SAPO- 5, SAPO 8, SAPO 11, SAP@SIAS41165APO- 17,
SAPO- 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37, SAPC 40,
SAPO 41, SAPO 42, SAPO-44 (U.S. Patent oho. 6,162,415), SAPO 47, SAPO 56,
ALPO- 5, ALPO 11, ALPO 18, ALPO 31, ALPO 34, ALPO 36, ALPO 37, ALPO 46, and
nmet al contai ning nol ecul ar sieves thereof. The nore preferred nol ecul ar

si eves i ncl udd zare greatenthanwb eqed kot 00f InSABReAEnbodTABKD; Bvlis gARDtBM, SAPO- 44,
SAPO- 56, ALPO- 18 and ALPO 34, even nore referably one or a conbination of
SAPO- 18, SAPD! tabont bax lgzgr%'m thardojabout %Ea Wt“htheé@)‘?ﬁea?frﬁ%() AP Ocl ar

Sieves ther eply, @AfnTRRlaCRESLET ADL Y, 03CmBFe HerERTPLNSHM. ]34 and
con 6) s used

ALPO- 18, an I'ning nol ecular "si'eves ere

herein, the M[rom@mxtm.g,ysmowm amutzhsﬁ@rm.mto.@.n and i's considered
a corrposi tion of matter having two or nbre conponents in varyi ng

proportions, regardl ess of their physi cal state. In particular,

t j wt h f at t t
cncompasses WA GaL ML bG R ARG S ALEC T dpeuli nyedos heas de\évgrl bed
i n PCT Publ igatdien 11N(Pudevgae O(P%/c@)ﬁfﬂ)%tl@HGf SRPOENG ATD.-Y. §AP§ef1' @rA

09/ 924016 filed August 7, 2001. In an enbodinent, the nol eéu “sieve is
an i nter gr owtt) SECet 7, AR BNYAPQE2 00 BAROK-21, SANPO- Bm,cSA}p(DééeSABO -3g,ystal line

structures w thin_o ecul ar sieve c ition | n anot her enbodlnent
t he mol ecul \Q%A}g@gv gggﬁg‘h é %af‘il%%})s@ 4%:@*?9#@7@} durtens Nes8,162.4N and CHA
f ramewor k- t ypese_470 PAP 1. APS.148 R ave an AEl
f ramewor k- ty%e Oaﬁdgég\éggg gg\a%%f r’anelﬁ\(/\éor% %ﬂgg/log!f\gﬁﬁygdl Us02/ 34114
22 type. |n ALPOrICHALPEORBHNIMENUG] i methleutaiiing hpkeuke seréssBéreaf. M xt ure of
intergrown material and non-intergrown material.

The more preferred molecular sieves include one or a combination of SAPO-18,

SAPO-34, SAPO-35, SAPO-44, SAPO-56, ALPO-18 and ALPO-34, even more

preferably one or a combination of SAPO-18, SAPO-34, ALPO-34 and ALPO-18,

and metal containing molecular sieves thereof, and most preferably one or a

combination of SAPO-34 and ALPO-18, and metal containing molecular sieves

thereof.

[0049] As used herein, the term mixture is synonymous with combination and is
considered a composition of matter having two or more components in varying
proportions, regardless of their physical state. In particular, it encompasses
physical mixtures as well as intergrowths of at least two different molecular sieve
structures; such as for example those described in PCT Publication No. WO
98/15496 and co-pending U.S. Serial No. 09/924016 filed August 7, 2001. In an
embodiment, the molecular sieve is an intergrowth material having two or more
distinct phases of crystalline structures within one molecular sieve composition.
In another embodiment, the molecular sieve comprises at least one intergrown
phase of AEI and CHA framework-types. For example, SAPO-18, ALPO-18 and
RUW-18 have an AEI framework-type, and SAPO-34 has a CHA framework-



[ 0050] The nethod of stabilization of the present invention may be utilized
with netall oal um nophosphate nol ecul ar sieves which are particularly

unst abl e wo 03/0®i83¢ ur e exposure e.g. norpholine tenpl ated 88P@S8A3and may

al so be used to stabilize relatively noisture insensitive nol ecul ar sieves
such as dual tenplated (DPA and TEAOHR2SAPO 34 materials which may be
significantly affected during extended periods of ageing or on exposure to
steam MOLECULAR SI EVE SYNTHESI S [0051] GCenerally, netall oal um nophosphate
mol ecul ar  siEpesIngr farthgnanposliment t&/mobh@lah?d\redlomm a prixtyreaif] i zati on of
one or nore .o{%qa squrce. f 3" um I’tli um a source of phosphorous, a source of
silicon, a t'8iH MY %fbagﬁ{l DO L eI 2 €8At ai ni ng  conmpound. Typically, a
conbi nati on of sources of silicon, alum niumand phosphorous, optionally
with one or nore tenplating agents and/or one or nore netal containing
conpounds ar[@0§0]ddednéthodoSeahhibzhtionef therpreseesinedntionphayobeabtilized Withed wi t h an
inert plastic such as ocl)%hetrafl u?ro.et hyl ene, and, heated, under a

crystalli zat"fl?}ﬁff%hé@’é]ﬁg %fef‘é)rﬁfé‘ BHEY, whigh are P&"&%b&ﬂﬂ*@ faterial is
formed, and mbGah HEEAKELSH Rt IAtdiARd SAPR.84 Liibaky Bl ggﬁééa&odeca“t 'ng.

[0052] In a typical 'synth ecul ar si eve, osphor ous-,
al umi ni um |, stabilideatladvdly amistuedndeasitdvagoloaiesievdssuet & diak Rehplqé®f er abl y
while stirring and/or ?ﬁi tation and/ or seedi n% with a crystalline

Cl

material , ofDFdvand TEAPH) SaP QuPk aateriakovhich may by sigaificantly affededas water, and
one or nore &ug-g*glggltgwﬁqi at%gggf%teg}gi&rorrp&g?sspen hesis m xture that is then

heat ed under I'on ¢ I ons Fessire  and tenperature as
described in U S. Patent Nos. 4,440,871, 4,861,743, 5,096,684, and
5,126,308, which are all herein fully incorporated by reference. WO

03/ 059849 PAMOUBODLARSIENE SYNTHBOIS31 The preferred tenpl ating agent or

tenplate is a tetraethyl ammoni um conpound, such as tetraethyl amonium
hydr oxi de (TEACH), tetraethyl ammoni um phosphate, tetraethyl amoni um

fluoride, tqbogtdeheraRFTRBIaYBluminophosphate molecular sieves are synthesized by
the hydrothermal crystallization of one or more of a source of aluminium, a source
of phosphorous, a source of silicon, a templating agent, and a metal containing
compound. Typically, a combination of sources of silicon, aluminium and
phosphorous, optionally with one or more templating agents and/or one or more
metal containing compounds are placed in a sealed pressure vessel, optionally
lined with an inert plastic such as polytetrafluoroethylene, and heated, under a
crystallization pressure and temperature, until a crystalline material is formed, and

then recovered by filtration, centrifugation and/or decanting.

[0052] In a typical synthesis of the molecular sieve, the phosphorous-, aluminium-
, and/or silicon- containing components are mixed, preferably while stirring and/or
agitation and/or seeding with a crystalline material, optionally with an alkali
metal, in a solvent such as water, and one or more templating agents, to form a
synthesis mixture that is then heated under crystallization conditions of pressure
and temperature as described in U.S. Patent Nos. 4,440,871, 4,861,743, 5,096,684,
and 5,126,308, which are all herein fully incorporated by reference.



brom de, tetraethyl ammoni um chloride and tetraethyl ammoni um acetate. The
nost preferred tenplating agent is tetraethyl ammoni um hydroxi de and salts
t her eof , weroBiossshkar |y when produci ng a silicoal um nophosplratrasonsacul ar
sieve. In one enbodinent, a conbination of two or nore of any of the above
tenplating agents is used in conbinati2asn with one or nore of a silicon-,

al um nium, and phosphorous- source. [00541 O her suitable

nmet al | oal um nophosphat e nol ecul ar sieves for use in the present invention
may be prepal0883laEhaiprsieried tainplating @enrerttemplaiois aBetgizthyg®smogioont rol | i ng t he

ratio of the tenplati agent. to phosphqr qus ~zat ent . 6,005, 155
(use of a m‘ﬁ%"?‘?{g(glflgvﬁufnlﬁﬁi@trﬁetggl mo 8@%3'%&)[’%%(‘11@0@: ?F%Ng (acid

ext ract i on) , arhinSniuRASHIBEhaMD -tet@eﬁlg?arﬁﬁ%nﬁfrﬁ AR ferdbth{l atrﬁlgﬂﬁi'ufﬂ on netal),
U.S. Patent Nos. 5,925,586 and 6, 153,552 ( phosphorous nodified), U. S.
Patent No. Erofide, &dethpoanahbbinnseide and)tetrddtifyl alRatoantm hietatd, 98, 512
(fluorine treated), U S. Patent No. 6,046,373 (electronagnetic wave
treated or nBafPrEayed lgmplatipgagent ingstractBylpmmenigmhydraxidecandseltar omat i ¢

modi fi er), (& ' . 01/ 36329
publ i shed NL*?%%&%%&“?EW?S?@H@‘ fn@ﬁ%&!@?@@@%ﬁi@ﬁ%{% Yeubl i shed
April 12, 20@loneehgdithen iattoatbihdtionf twdeMm¥¥e dFhh§ 0T dle ab@v@ieh%lrmﬂ August

23, 2001 (silicon oil), US. Patent Application Serial No. O /925, 949
filed Augustagestsiouwd if eabinpépmvit en¢ ar mefeenf@)siliconsaluminiam-, anppl i cat i on
Serial No. OE]{Og%SdrgZS@ fdrleed July 13, 2000 (netal inpregnation including
copper), U g en i?ppfl'cati on No. 09/672,469 filed Septenber 28, 2000
(conductive mcrofilter), and U S. Patent Application Serial No. 09/ 754,812
filed January 4, 2001(freeze drying the nol ecular sieve), which are all

her ei n ful | yI0054ic@thposuatabld nistalloatwmippplesphy® 0Rlc0Bla8iovREH WSORLIB4114 24

(00551 11 On5. Bt SINGCLIENL, LYhen 2 LoTPL 3 10, a0efy 5sused [0 Lhe

I'S (controlling the ratio of the templating agent to phosphorous), U.S. Patent No.
6,005,155 (use of a modifier without a salt), U.S. Patent No. 5,475,182 (acid
extraction), U.S. Patent No. 5,962,762 (treatment with transition metal), U.S.
Patent Nos. 5,925,586 and 6,153,552 (phosphorous modified), U.S. Patent No.
5,925,800 (monolith supported), U.S. Patent No. 5,932,512 (fluorine treated), U.S.
Patent No. 6,046,373 (electromagnetic wave treated or modified), U.S. Patent No.
6,051,746 (polynuclear aromatic modifier), U.S. Patent No. 6,225,254 (heating
template), PCT WO 01/36329 published May 25, 2001 (surfactant synthesis), PCT
WO 01/25151 published April 12, 2001 (staged acid addition), PCT WO 01/60746
published August 23, 2001 (silicon oil), U.S. Patent Application Serial No.
09/929,949 filed August 15,2001 (cooling molecular sieve), U.S. Patent
Application Serial No. 09/615,526 filed July 13, 2000 (metal impregnation
including copper), U.S. Patent Application No. 09/672,469 filed September 28,
2000 (conductive microfilter), and U.S. Patent Application Serial No. 09/754,812
filed January 4, 2001(freeze drying the molecular sieve), which are all herein fully

incorporated by reference.



substantially, preferably conpletely, renoved after crystallization by
nunmerous well known techni ques, for exanple, heat treatnents such as

cal ci nat iwn.03/08akci nati on i nvol ves contacting the nol ecul cTaisevai114
containing the tenplating agent with a gas, preferably containing oxygen,
at any desired concentration at an eledated tenperature sufficient to
either partially or conpletely deconpose and oxidize the tenplating agent.
[ 0056] In one enbodi nent, the nol ecular sieve has a Si/Al ratio | ess than
0.65, pref el08b5lylnl ars prefhmed emb@limaniy whenr @ fempliting dgentsis ubanin@®he32, and nost

preferably less than 0.20. METHOD. F NG, MOLECULAR S| EVE CATALYST
BOVPOS! TI ONSS55 P BN SRS dboiPEr ce bal 16 WG EWURIEZRGSt he mol ecul ar
sieve may th : ] Flpgsesol : r ed into a
nol ecul ar si %@%‘Q@éﬁlﬁ gﬁé%g%%g?ﬁl%gga% ter ng?rly\%ieaﬁi/za?ﬁgb}t Réderos

met al | oal um welp knspd gckniqodse foutleaamplie cheat asatmseyte sidsdiszakldinatibin or wi t hout

activation y be fornulated into a catalyst conposition prior to amoni a
chermi sor pt i cRAlCIPALQ INelves sritagtiag thajrolesplargievsconimps s spnRladng 0| ecul ar

si eve may be i i i . J: rial to forma

nol ecul ar si ae%gﬁgg?g%ﬁémtp E‘%%%Bg/sci%ﬂ ﬁgnﬁﬁ%&ge ’oa?ﬁlg? g%gé%d rE?rrtlucl glégtfoélra? Peve

cat al yst congesitdd temperhhirs sdfficien tateﬁﬂerrﬁal’tﬁﬂllykﬁl’coﬁlb&‘t’&%' gédodpvsd andconposi ti on
is fornmed into .usequ shape and sized particles by well-known techniques
such as spr a8kidiggthedemplatingagent.ng, extrusion, and the |ike. [0058] There
are many different binders that are useful in form ng the nol ecul ar sieve
catal yst conposition. Non-limting exanples of binders that are useful

al one or in @OSH MAnk LmboBhdhEehd/AbleeMar §i¥RETsAfSiMFEES RE @haiokBa, silicas,
and/or other inorganic oxide sol. One preferred alum na containing sol is
al umi ni um WorefstabhoB4OthRCH/A0Smr et dferhbly2ISsscthhm 0 32 dandl mosT lpeeferaldly dessi ¢ oxi de
sol acts Ii k@ﬁghgs bi ndi ng the synthesized nolecular sieves and ot her
materials su $”the matrix together, particularly after

METHOD FOR MAKING MOLECULAR SIEVE CATALYST COMPOSITIONS

[0057] Once the molecular sieve is synthesized the molecular sieve may then be
treated to chemisorb ammonia and then formulated into a molecular sieve catalyst
composition. Alternatively the metalloaluminophosphate molecular sieve as
synthesized with or without activation may be formulated into a catalyst
composition prior to ammonia chemisorption. In either instance the
metalloaluminophosphate molecular sieve may be combined with a binder and/or
a matrix material to form a molecular sieve catalyst composition or a formulated
molecular sieve catalyst composition. This formulated molecular sieve catalyst
composition is formed into useful shape and sized particles by well-known

techniques such as spray drying, pelletizing, extrusion, and the like.

[0058] There are many different binders that are useful in forming the molecular
sieve catalyst composition. Non-limiting examples of binders that are useful
alone or in combination include various types of hydrated alumina, silicas, and/or

other inorganic oxide sol. One preferred alumina containing sol is aluminium



thermal treatnment. Upon heating, the inorganic oxide sol, preferably having
a low viscosity, is converted into an inorganic oxide matrix conponent.

For exanpwe,03/osss4@l um na sol will convert to an al um ni unmpoxiuse2/smi4 i X
followi ng heat treatnent. [00591 Al um nium chl orhydrol, a hydroxyl ated

al um ni um based sol containing a chlordsde counter ion, has the general
formula of A mOn(OH) od Px(H2O wherein m is 1 to 20, nis 1to 80is 5to
40, pis 2 to 15 and x is 0 to 30. In one enbodi nent, the binder is

Al 1304( OH) 24th<7d12@neﬂzc5)"h®morg;mmwm sobarts hkeIne bmdtﬂgttbc spathesezed al ., St ud.

Surf. Sci. and ta ges 10 99 h is . herein

i ncor por at edeVcalé'f %?‘éeﬁ@Bdo Qﬁ[ﬁ’flﬁ rsuéh‘f?otﬁf‘ H@?‘fﬂx t°8 clppartigilatipafiefer s are
conmbi ned wi t terials
such 2. al Ur e PR R It ok TR b M el

transi ti onal visalsityii i asnverted iris amin@kganicnexide BaixLoshipaneny - ﬁbuman@,le 8 al um na,
F' -alum na, K- aI um na, .and p-alum na, alumniumtrjhydroxi de, such as

gi bbsite, badnealpmina SOth'lH%‘I’Wﬁ‘ﬁB‘? gréalugwgmqu@e mugxfolving deather eof . [ 00601
I n anot her esiyent, the binders are alum na sols, predom nantly

conpri sing alum ni um oxi de, optionally including sone silicon. In yet

anot her enbodi nent, the binders are peptised alum na made by treating

al um na hydrat es such as pseudobohenite, with an acid, preferably an acid

that does nol008Ynd binpiniym ¢lderbyém!, athydwl@éﬁdealgmlmumrba@mﬁi ¢rintaiming a
| ut t f | Loi dal
P un na ot SHore ol R, RERME Serbial (TR o AR DSl el P m ™

Napervill e, ikhlihnolsis 2S Mﬁsww\(ﬁsh@&hﬁaﬁqa%mmmn&ferporatlOn Val | ey
Forge, Pennsylvania. [006 611 The netal | oal Um nophosphat e nol ecul ar si eve

with or wi t hesebodimpmyihs cbllbbdlsaéﬂm@m%)yﬁ’&ylﬂélz@bms dedribed in @M or nore
T eyl (sl 0,03(050848 P (S0 SE1LL B Il il e
herein incorporated by reference. In another embodiment, one or more binders are
combined with one or more other non-limiting examples of alumina materials
such as aluminium oxyhydroxide, y-alumina, boehmite, diaspore, and transitional
aluminas such as a-alumina, B-alumina, y-alumina, 8-alumina, e-alumina, k-
alumina, and p-alumina, aluminium trihydroxide, such as gibbsite, bayerite,

nordstrandite, doyelite, and mixtures thereof.

[0060] In another embodiment, the binders are alumina sols, predominantly
comprising aluminium oxide, optionally including some silicon. In yet another
embodiment, the binders are peptised alumina made by treating alumina hydrates
such as pseudobohemite, with an acid, preferably an acid that does not contain a
halogen, to prepare sols or aluminium ion solutions. Non-limiting examples of
commercially available colloidal alumina sols include Nalco 8676 available from
Nalco Chemical Co., Naperville, Illinois, and Nyacol available from The PQ

Corporation, Valley Forge, Pennsylvania.

[0061] The metalloaluminophosphate molecular sieve with or without

chemisorbed ammonia, may be combined with one or more matrix material(s).



thermal sinks assisting in shielding heat fromthe catal yst conposition for
exanpl e during regeneration, densifying the catalyst conposition,

i ncreasi iyomamsdsyst strength such as crush strength and aCtriso2/ani4

resi stance, and to control the rate of conversion in a particular process.
[00621 Non-limting exanples of matrix 2gaterials include one or nore of.
rare earth netals, netal oxides including titania, zirconia, nagnesia,
thoria, beryllia, quartz, silica or sols, and m xtures thereof, for

exanpl e sil i Matrhemateala arestypicaldy effgotive i mduaing deaall catalystaosts adtiasa- al umi na

and silica-ajumna-thoria. Ln an emodi ment, matrix materials are natural
clays such eI RSIERAN P MEGEoFom i TR PORP T OBl RHBR . These
natural cl ayéurs@%%g%%aﬁ,%ﬂsi@ﬂhgﬁfeﬁ&@yst E&ﬁﬁoslid%?mc&%silﬁgfamy@ﬁ for

exanpl e, Dixie, , Georgia and Florida clays. Non-"IIrmting exanpl es
of ot her natstrengthesuel asdrash siehpdheandhagttioys rdsstanka ahd o E@ntrodltlekehteef nacrite,
or anauxite. In ope .enbodjnent, the matrix material, preferably any of the
clays, are stMVefstoadnepamisrlar RISEHS nodi fi cati on processes such as
calcination and/or acid treatnent and/or chem cal treatnent. [00631 In one
preferred enbodi nent, the matrix material is a clay or a clay-type

conposi ti on, [006Ef Mo@bilnitiddexatdpies dTmatliR)mateyriaR i66GMOG e draforBaririg a | ow iron
or titania content, and nost preferably the matrix material is kaolin.

Kaol i n has beasth metalgriaetalooxidasindudinapiania zirgrnigh magnesda,daoriacheryliaurry; it
has a | ow freush ssulr.gaace 1L ea .§md {ht §§ka$ togfth I easi I%/i dfje toits
platel et st r & GrBICART 508 A BRUTLISERL oppmplesiiamaghesiasiligas
material , nogtcoRfatiféatiatiakaRtd-Mumi®a SHIQMRARMind-thoriNIntyp about 0.6 gm
with a D90 particie size distribution of |ess than about | gm [00641 In
one enbodi nesmbodithenthinatdisrmatehals argl rabwlalaysisesheaswthede fom diet familtes of

chem sorbed ammpni a and the trix material ar onpined.in t presence of
a liquid tomf’BtP}ﬂr@O%ff ggﬂlfagﬂgs Hé?fé? n@&?%hc;t’é'tg ”Pi‘l‘p%osgplf‘i"&ﬂ“e%‘ér'g%%e anmount
of binder ig§hoRARON 2 UB¥pNehall MONAROUESY ¥ MBL@aysPREheT abl Y
from about 5% by WD 03/ 059849 PCT/ US02/ 34114 5012 i ClaysPNG

limiting examples of other matrix materials include: haloysite, kaolinite, dickite,

nacrite, or anauxite. In one embodiment, the matrix material, preferably any of the

clays, are subjected to well known modification processes such as calcination

and/or acid treatment and/or chemical treatment.

[0063] In one preferred embodiment, the matrix material is a clay or a clay-type
composition, preferably the clay or clay-type composition having a low iron or
titania content, and most preferably the matrix material is kaolin. Kaolin has been
found to form a pumpable, high solid content slurry; it has a low fresh surface
area, and it packs together easily due to its platelet structure. A preferred average
particle size of the matrix material, most preferably kaolin, is from about 0.1 pm

to about 0.6 pm with a D90 particle size distribution of less than about 1 um.

[0064] In one embodiment, the binder, the molecular sieve with or without
chemisorbed ammonia and the matrix material are combined in the presence of a
liquid to form a molecular sieve catalyst composition, where the amount of binder

is from about 2% by weight to about 30% by weight, preferably from about 5% by



wei ght to about 20% by weight, and nore preferably from about 7% by wei ght
to about 15% by wei ght, based on the total weight of the binder, the

nol ecul arweioewss4and matri x material, excluding the |iqui @CCafSVEs4114
calcination). [00651 In another enbodi nment, the weight ratio of the binder
to the matrix material used in the forfati on of the nol ecul ar sieve

catal yst conposition is from 0:1 to 1:15, preferably 1:15 to 1:5, nore
preferably 1:10 to 1:4, and nost preferably 1:6 to 1:5. It has been found
t hat a hi gheveightdo ebausR0¥nby Weight andranorg prefezahly &nom abont P%dyexeiglitdo nol ecul ar

sieve catalyst ¢ sition .perforpance, however, . l.ower sieve content,

i ghor a1 PoHRLa PR PSS PRAIE: YRRE G binieh Tt g arpve

conposi ti on.an}QRGEL ntdRRI CRBRLM G EQEd [MHPEMERAtG)EVE Wi th or without
chem sorbed ammonia, and the matrix material, optionally with a binder, in

aliquidto forma slurry, mxing, preferably rigorous mxing is needed to

produce a s antially honpgeneqQus m xture containing the nol ecul ar
si eve. Non- Hsﬁéﬁ]ilﬁg?‘n‘é‘%w}égﬁ@?ma ieaght gatjq Qfdh‘?j@nfi?féf’g}ﬁe’nétﬁ'é or a

conbi nati o n Iﬂétefg@.tu@éd ineﬂlg latiorll( &F fﬁﬁ@‘gié?cu?a!r gﬁbg ?:ﬁ%lystac%q{rpggitigr? Es . The nost

preferred liqurd is water. In one e ment, slur is coltoid-mlled
for a period:bto 1:il fpprefiefdblycl:@hto 1.6, poechieRrdbnel desé [ @dandsthogtr y texture,
sub-particle size, and/or sub-particle size distribution. In the present

i nvent i on t Heetgeblyot:6 4o kst 4t hasdieamiovop Hes phigher sipyecantent, lewenmatrixhi ch
conpri ses ch%nk% nﬁg%% %ﬁggnkﬁ%ciégsggngLchal in.%he cgtal st  formul ati on
process as the ehenisor ved Amshita prot eet sTPRERBPE, O PRYEVHt om t he
detrimental joRbf g&leSoffent, RRsheRIaTrixthhtbHACEfrBvdshBe S@5t0H L@ RIFARESS.

[ 00671 The nol ecul ar sieve with and without chem sorbed anmonia and matri x

mat eri al , argmpesitiopti onal binder, may be in the same or different |iquid,
and may be conbined in any order, together, sinultaneously, sequentially,
or a conbination thereof. In the preferred enbodi nent, the same |iquid,

preferably [9866rUpoh ddaftfhind AR ADLEAMH Bve VG witliut LRenTBdBEd @l . and

optional binder, are WO 03/059849 PCT/ US02/ 34114
ammonia, and the matrix material, optionally with a binder, in a liquid to form a
slurry, mixing, preferably rigorous mixing is needed to produce a substantially
homogeneous mixture containing the molecular sieve. Non-limiting examples of
suitable liquids include one or a combination of water, alcohol, ketones,
aldehydes, and/or esters. The most preferred liquid is water. In one embodiment,
the slurry is colloid-milled for a period of time sufficient to produce the desired
slurry texture, sub-particle size, and/or sub-particle size distribution. In the
present invention the use of a metalloaluminophosphate molecular sieve, which
comprises chemisorbed ammonia, is beneficial in the catalyst formulation process

as the chemisorbed ammonia protects the molecular sieve from the detrimental

effects of the water utilized in the formulation process.

[0067] The molecular sieve with and without chemisorbed ammonia and matrix
material, and the optional binder, may be in the same or different liquid, and may
be combined in any order, together, simultaneously, sequentially, or a
combination thereof. In the preferred embodiment, the same liquid, preferably

water is used. The molecular sieve, matrix material, and optional binder, are



28 conbined in a liquid as solids, substantially dry or in a dried form or
as slurries, together or separately. If solids are added together as dry
or subst amDioaksyg4ddri ed solids, it is preferable to add aPpcirrmsoestiand/ or
controlled anount of liquid. [0068] In one enbodinent, the slurry of the
nol ecul ar sieve with or without chem @8rbed amoni a, binder and matrix
materials is mxed or mlled to achieve a sufficiently uniformslurry of
sub-particles of the nolecular sieve catalyst conposition that is then fed
to a form ngombpinedtinatiqgpidodselids, substantibléc diyaor i p duied faray, af gsdurtiessposi ti on.
In a preferred enbodi nent e.form nit is ra ryer. Typically, the
For mi g un (ORISTRF st Lookoy i gafed Beehade PR PSS host o
the 1iquid fopm §€ pRIEBIY 1o A1 fih 8 &K@oﬁ&%ﬂbﬂé%né%‘t%?%ﬂ&_ sieve catalyst
conposition. The resulting catal yst conposition en for in this way
takes the formof mcrospheres. If chem sorbed ammonia is present prior to

spray drying it may if desired be renpved during the spray_ drying process
by sel ect i ndgfléﬁldp@w Frab%dlméﬁtpgreafmgf the Mokecylag Siekavith|og Wathawhi a i s

desor bed. Nc@ﬁ%ﬁ%hﬂeﬁ%%ﬁ%ﬂ% A ﬂE%foQat%@{l?h%&?f of@ﬁléé&%%%ﬁi gred to

Vv .
ensure that chem sor anmonia 1S su antralTy retaine Wthin the

spray-dri ed avaffgiémly. unifofh SrWERuB-paRicky ofl tHeaholbcularsasle@atatyde f or m ng
unit, typically, the slurry of the nolecular sieve and matrix material,
and opt i onaldoipasibpméhet is then fed 19 @éorming wait Set prpducgs fhergoleenlantievsi th a

dryi ' inl et t ing from 200, C to 550 C
and & conni REHBLETBRLBRpd) ReetERGH R b T00% b Bowtey Yc ' an
enbodi ment, Typafly Sh@ eRmsHeAiRe € mddhtainB abDieMbeHhir duthieleBR ERbA YSt

conposition i's fromabout 40 gmto about 300 gm preferably from about 50
gm to aboutmasof gumligridrfeony thef durghlapd fioontha esuttingngecular sayowataB®0 gm and

nost preferably fro bout, .65 to about. 90 . gm. If desgi.red the average
nl et and/ ofOMBHEIIGE. T ESEYILeEFaalsH composPa R fmerdy v weelabet ed t o
enabl e t he cir@éf&lmtdfmc&gphefég.ema&&ﬁ&qymbﬁamr@&%ﬁ&%kﬁqyt he spray
dryi ng process. WO 03/059849 PCT/ US02/ 34114

drying it may if desired be removed during the spray drying process by selecting
appropriate temperatures to ensure that the ammonia is desorbed. Alternatively
the spray drying conditions may be selected to ensure that the chemisorbed

ammonia is substantially retained within the spray-dried material.

[0069] When a spray drier is used as the forming unit, typically, the slurry of the
molecular sieve and matrix material, and optionally a binder, is co-fed to the spray
drying volume with a drying gas with an average inlet temperature ranging from
200 C to 550 C, and a combined outlet temperature ranging from 100C to about
225C. In an embodiment, the average diameter of the spray dried formed catalyst
composition is from about 40 pm to about 300 pm, preferably from about 50 um
to about 250 um, more preferably from about 50 pm to about 200 um, and most
preferably from about 65 pm to about 90 um. If desired the average inlet and/or
outlet temperature of the spray drier may be selected to enable the desorption of

chemisorbed ammonia to occur during the spray drying process.



29 [0070] During spray drying, the slurry is passed through a nozzle
distributing the slurry into small droplets, resenbling an aerosol spray
into a drwong/osdsasrber. Atom zation is achieved by forci ngcrhEsossains y
through a single nozzle or multiple nozzles with a pressure drop in the
range of from 100 psia to 1000 psia (620 kPaa to 6895 kPaa). In another
enbodi nent, the slurry is co-fed through a single nozzle or nultiple
nozzles along with an atom sation fluid such as air, steam flue gas, or
any ot her sdﬂﬂmjlléurgmpra[yorﬁyill}g, the slpety iapassbdthrergbadiozelatdisttigingl the r y
descri bed above js di ria(g to thg. £eri met «fzr of . a SBI nni eel that
di stribut es THE BfQR3) {19Pl5tss FsPPoieo) aresol saray ind 3 Arydpe Lis
controlled b nsi on,
NtoRD¥ioh 34 gfe%ea B kot ghé%m&ﬁ]gug@%osﬁhglt no iaﬁrﬁﬁu ipl®

flowrate, pressure, tenperature o rry, ape and di nensi on
of the nozzlmgslps with atpln:e:ssm'pldmp ingh¢ einge of froinel Odhpeialto 100®ssa (F00KPaLS ar e
then dried in a co-current or counter-current flow of air passing through a

spray dri ert°t6§9§ kPap) alrsw&fteaﬁmbaqhmﬁna thesurgy lsd%orfé@ ﬂﬁﬁ!‘@bwlaglem eve
cat al yst CO’H%'Q o¥ ﬁﬂltlplé@(gﬁle?%f(ﬁl‘ f\blﬁ? é’to&ﬁﬁ&? fl aﬁqlcl? 5? alF eamp (ﬁmer form
ra iz el

[0072] Cene 0 er s contr SOHE” ext ent by
the solids gagrﬁrgﬁyo@krgth@bﬁzlgagry Hovvever control of the size of the
catal yst conposition and its spheri cal characteristics are controllable by
varying the slurry feed properties and conditions of atom sation. [0073]

O her net ho r form .ecu i ev st co i,tign is

descri bed i ﬂﬁ[’)‘;@ Inp;gttaé}qﬂ%ﬁ\ﬁlago%g{e%ﬂ-l@z esﬁﬁ% adlo%’f)éel‘f ({;%ﬁ%fi t‘]’ﬁl&’ July 17,
2000  (spraypefiittd?9f HhiAdin w&ew&b@stﬂpu@%legru@ 1ﬁibesn§%ﬁlt(ﬁ'b%§fs genposi ti on),
which is herein incorporated by reference I n anot her enbodi nent,

t he fornul atsea qfwﬂedubaontmlbdévymral fystors mdmpng slulmymscosit)alsmsfacbr om about 1%

to about 99% referabl m about % about 90% and nost
preferably f‘F‘Eﬂ‘ﬁ"a 8 ra‘fo%’-fsé} BB Ee“}m%turw SLH'D’ WS Bepoasis

PCT/ US02/ 341##ension of the nozzle(s), or the spinning rate of the wheel. These droplets are
then dried in a co-current or counter-current flow of air passing through a spray
drier to form a substantially dried or dried molecular sieve catalyst composition,

more specifically a molecular sieve in powder form.

[0072] Generally, the size of the powder is controlled to some extent by the solids
content of the slurry. However, control of the size of the catalyst composition and
its spherical characteristics are controllable by varying the slurry feed properties

and conditions of atomisation.

[0073] Other methods for forming a molecular sieve catalyst composition is
described in U.S. Patent Application Serial No. 09/617,714 filed July 17, 2000
(spray drying using a recycled molecular sieve catalyst composition), which is

herein incorporated by reference.

[0074] In another embodiment, the formulated molecular sieve catalyst
composition contains from about 1% to about 99%, more preferably from about

5% to about 90%, and most preferably from about 10% to about 80%, by weight

!



30 of the nol ecul ar sieve based on the total weight of the nolecul ar sieve
catal yst conposition. [00751 I n another enbodi nent, the wei ght percent of
bi nder i rworo3ossthe spray dried nol ecul ar sieve catal yst pcorgsoss4iion based
on the total weight of the binder, nolecular sieve, and matrix material is
from about 2% by wei ght to about 30% bg0 wei ght, preferably from about 5%
by wei ght to about 20% by wei ght, and nore preferably from about 7% by

wei ght to about 15% by wei ght. [00761 Once the nol ecul ar sieve catal yst
conposi ti on dfshd moleedlar siee agsboratheitethl weight of the motdceldr sicwt eatalyss f urt her
harden and/or activate the formed catal yst conposition, a heat treatnent
such as cal FPHRCPHAY at an el evated tenperature is usually perforned. A
conventional calcination environnent is air that typically includes a
smal | amount of water vapour. Typical calcination tenperatures are in the
range from gbo1f] I4@a8Gheoemiialimerit, (he &Eighp pedceritaiflbynder drorainahi¢ sfp@dC t o about
800C, and nost preferably from about 550C to about preferably in a

700C,
cal ci nati on déi_r‘?@im‘ﬂmtswé’ﬁéﬁalé@t ‘Z’Qi“?RO_Sirﬁiiofl_rbéif‘é‘rﬂn thefatalyyeight eé thgetingegonbust i on
product 1 eary)0e AXYERA) andthaR AR R ABo 1% B0 tweidittd Mibut % 1
cal cination pProcess Chem Sorbed anmoni a it present ay be renoved by

desorption fwaght preferdidy fohodbuninaeghasghab aboltQ0%/dy Weighi)en®rirdi ment ,

cal cination of the fornul ated nol ecul ar sieve catal yst conposition is

carri ed out Arefeeply fiemtabeutol’s e meight svabogeld’edy waightudi ng rotary

calciners, fluid bed calciners, batch ovens, and the like. Calcination tinme
is typically dependent on the degree of hardening of the nol ecul ar sieve

catal yst  cquwm]i GicRIh@melcbMar JiSVIRAA ¢ EmpbIRIBL fbhmed iRA8IRRRIly
enbodi ment, the nol ecul ar sieve catalyst conposition is heated in nitrogen

at a tenper arypedodd ftatorto diwther hadeCandiordstivate ZROOrmedkedtalng i s carried out
for a period of ogiitiE)TrIla at lyegi t?galtrln ntfs{m mas%%lc%a%‘cl)tnegt atn%le]i/gt ?ﬁltjr; Se’rat\lﬁ\ip 93/ 059849
PCT/ US02/ 34FPHP > ’ € p c1s

usually performed. A conventional calcination environment is air that typically

includes a small amount of water vapour. Typical calcination temperatures are in

the range from about 400°C to about 1,000°C, preferably from about 500°C to

about 800°C, and most preferably from about 550°C to about 700°C, preferably in

a calcination environment such as air, nitrogen, helium, flue gas (combustion

product lean in oxygen), or any combination thereof. During this calcination

process chemisorbed ammonia if present may be removed by desorption from the

metalloaluminophosphate.

[0077] In one embodiment, calcination of the formulated molecular sieve catalyst
composition is carried out in any number of well known devices including rotary
calciners, fluid bed calciners, batch ovens, and the like. Calcination time is
typically dependent on the degree of hardening of the molecular sieve catalyst

composition and the temperature.

[0078] In a preferred embodiment, the molecular sieve catalyst composition is
heated in nitrogen at a temperature of from about 600°C to about 700C. Heating

is carried out for a period of time typically from 30 minutes to 15 hours,



31 preferably from1 hour to about 10 hours, nore preferably from about 1
hour to about 5 hours, and nost preferably from about 2 hours to about 4
hours. [O0G93/08Bler net hods for activating a nol ecul ar si ece/usat/ad1yst
conposition are described in, for exanple, U S. Patent No. 5, 185, 310
(heating nol ecul ar sieve of gel aluma and water to 450 C), PCT WO

00/ 75072 published Decenber 14, 2000 (heating to |eave an anount of
tenplate), and U S. Application Serial No. 09/558,774 filed April 26, 2000
(rej uvenat i aprefsfabipiremul }acvurgﬁ ahoaiy 10 Wbins fmareeprefetablyhfzereiahotdtul Hopr kncor por at ed

by reference 100801 In t he tal l oal um no hat e nol ecul ar
sieve, the cHPHl €8‘?urs’6“6‘ %S Pﬁeg‘?ﬁgﬁ%&mfrhg%ﬁféi‘@ms o ﬁ%‘gg%@ﬁ Smay conpri se one
or several other <catalytically active materials. The present invention
enconpasses treating with ammonia catal yst conpositions conprising one or

several net[807YaDthet mothods{ohattévating acndledulaiseve canlystedvaigeeitionatal ytical |y
active matgq[l al.. IL.n one enbodiment, one or several netalloal um nophosphate

nol ecul ar esgrabeddn.dor eramnle &)W Raers No- #8839 (heating Brolesulangieront | i ni t i ng

Fol ot ng. - it IRiaRE B, BELARE Brstro WRurET B AR ulh  Ros.
3, 702, 886, @ODQZhééﬁﬁg@dlﬂea% dBamet bf tempiitk)] dnd U.S5.AppaE&TYn Neial Ko.709, 979) .
ZSM 12 (U.S. Patent No. 3,832,449), ZSM 12 and ZSM 38 (U.S. Patent No.

3,948, 758), @é‘m827274(fwe¢>Appb%@DOMeJuvsnas% of r®)ecufpshiced), pbicB.areall ent  No.
4,076, 842), ZSM 4,086, 186), ZSM 35 (U.S. Patent No.
4,016, 245, ﬁﬁ‘ﬂgﬁy(uné‘)rpﬁéfgfﬁyrﬁg%m’i 397, 827), ZSM58 (U.S. Patent No.
4,698,217), MM 1 (u S. Patent No. 4,639,358), MCM2 (U.S. Patent No.

4,673,559), MCM3 (U.S. Patent No. 4,632,811), MCM4 (U S. Patent No.

4,664, 897), [Mi%#]15n(@ddiSon Rathe metNwalundin6@® s moMCMabsie s, the daatiygsnt  No.

4,880, 611), NCM 10 U'éh Patent No.. 4,623,527)MCM 14 (U.S. Patent No.

4. 619, 818), EMosisiops piche presert invggtion ylaygampssg onegrgeveial othes, pat ent No.
5,098, 684), Ma‘fﬁic%llff bl tRre AL E0E. THR- ‘present invention encompasses treating with

ammonia catalyst compositions comprising one or several
metalloaluminophosphate molecular sieve and another catalytically active
material. In one embodiment, one or several metalloaluminophosphate molecular
sieves are combined with one more of the following non-limiting examples of
catalytically active molecular sieves described in the following: Beta (U.S. Patent
No. 3,308,069), ZSM-5 (U.S. Patent Nos. 3,702,886, 4,797,267 and 5,783,321),
ZSM-11 (U.S. Patent No. 3,709,979), ZSM-12 (U.S. Patent No. 3,832,449), ZSM-
12 and ZSM-38 (U.S. Patent No. 3,948,758), ZSM-22 (U.S. Patent No.
5,336,478), ZSM-23 (U.S. Patent No. 4,076,842), ZSM-34 (U.S. Patent No.
4,086,186), ZSM-35 (U.S. Patent No. 4,016,245, ZSM-48 (U.S. Patent No.
4,397,827), ZSM-58 (U.S. Patent No. 4,698,217), MCM-1 (U.S. Patent No.
4,639,358), MCM-2 (U.S. Patent No. 4,673,559), MCM-3 (U.S. Patent No.
4,632,811), MCM-4 (U.S. Patent No. 4,664,897), MCM-5 (U.S. Patent No.
4,639,357), MCM-9 (U.S. Patent No. 4,880,611), MCM-10 (U.S. Patent No.
4,623,527)MCM-14 (U.S. Patent No. 4,619,818), MCM-22 (U.S. Patent No.
4,954,325), MCM-41 (U.S. Patent No. 5,098,684), M-41S (U.S. Patent No.
5,102,643), MCM-48 (U.S. Patent No. 5,198,203), MCM-49 (U.S. Patent No.



5,102,643), MCM48 (U. S. Patent No. 5,198,203), MCM49 (U. S. Patent No. WO
03/ 059849 PCT/ US02/ 34114 32 5,236,575), MCM56 (U.S. Patent No.

5,362, 69Ayvp 091 (U. S. Patent No. 4,310, 440), titaniumcalusni/swass |icates
(TASO, TASO 45 (EP-A- 0 229,- 295), boron silicates (U S. Patent No.
4,254,297), titanium al um nophosphates3@TAPO (U.S. Patent No. 4,500, 651),
m xtures of ZSM5 and ZSM 11 (U. S. Patent No. 4,229,424), ECR-18 (U S

Pat ent No. 5, 278, 345)@/&008%] I n anot her enbodi nent, the

met al | oal um NdEhoEpHdCM3ayUbe Petsuntot 5362600 haLPOe] le@ LS dPatgit dloe, as

i le i. foll.ow ng: P U. S. Patent
o 50072, 2083 TIBEH Gesidm sttty SasP) badlisertha: 0255 08bi ccul ar
sieve and Fi &ﬁ&%irizfartm@)pmltﬁtﬁo. E’,@ts@,_,fzw)'}let%&% éﬂggt nf’éﬁ}fﬁ%‘g@%{?gg, 696,

zeolites), and nesoporous nol ecul ar sieves
5, 098, 684, FHU1®ZXabehsd Nand,580,808), i2&)ires whZ.ENM-anad Z8M-he (€iSnPhtahti No.

i ncor por at ed e ce. Binder may_no | onger be necessary in such

syst ens. [@%’544&%%}&@%-rl)é‘??é‘bhlion%ﬁzgﬁfsﬁe met al | oal umi nophosphat e

nol ecul ar sieve may be conbined with a netal catalyst, for exanple as a

Fi scher-Tropsch catal yst. PROCESS FOR USING THE MOLECULAR SI EVE CATALYST

COVPCSI TI ONJ00®1083 Jandther dfﬂﬁﬂxﬁﬁmkm[ thgh&\tzﬂlo@ﬁhﬁh&ﬁto}?pli’d?&gﬁ?ﬂ@%@ﬂdl t@nfS of the

present inventjion wWth chem sqrbe ni a,or es n o

Chem sor bed “Mpligh e b B SRR s E R nty iy B Fe oab e S BB g

cracking, hyuod AATK-HGU.S. Petent Ne a9 Bx203) AT WO 98477 éhpublishar mi ng,

hydr ogenat i i Lae: Lh or ption,
%‘ecegl%g%/%' qg??gﬁél@ﬂ_g% é%@h@%sch&ﬁ%?%ﬁ%? ﬂat?rﬁ%

al kyl ation, transa Ng‘% eal kyl at1 on, Ti zati on, _
di sproporti dhid-oR, (M lrkpyad zeolHes) oid rershpereuselecular sieyes4bieS. Patenbi nat i ons

thereof. [00% 6,082,696,55,699,684, B1102653 &% 9108, M85)PhRRAREe AINNSSRFAN | ncl ude a
process directed e conveé5|on of a feedstock conpriging orie or nore

tQ.th
oxygenat es t18°odﬂ(éra§8 by {efPEnEYT- P indeis iy e ph FeSessay R sy sYFeme e

conversi on of amoni a and one or
[0082] In a further embodiment, the metalloaluminophosphate molecular sieve

may be combined with a metal catalyst, for example as a Fischer-Tropsch catalyst.

PROCESS FOR USING THE MOLECULAR SIEVE CATALYST COMPOSITIONS

[0083] The molecular sieve catalysts and compositions of the present invention
with chemisorbed ammonia or after desorption of chemisorbed ammonia are
useful in a variety of processes including: cracking, hydrocracking, isomerization,
polymerisation, reforming, hydrogenation, dehydrogenation, dewaxing,
hydrodewaxing, absorption, alkylation, transalkylation, dealkylation,
hydrodecylization, disproportionation, oligomerization, dehydrocyclization and

combinations thereof,

[0084] The preferred processes of the present invention include a process directed
to the conversion of a feedstock comprising one or more oxygenates to one or
more olefin(s) and a process directed to the conversion of ammonia and one or

more oxygenates to alkyl amines and in particular methylamines.



nore oxygenates to al kyl amnes and in particular nmethylam nes. WO

03/ 059849 PCT/ US02/ 34114 33 [0085] In a preferred enbodi nent of the
process oWotobesdsmsenti on, the feedstock contains one or PrOTASOXyQenates,
nore specifically, one or nore organic conpound(s) containing at |east one
oxygen atom In the nost preferred en3addi nent of the process of invention,
t he oxygenate in the feedstock is one or nore al cohol (s), preferably

al i phatic al cohol (s) where the aliphatic noiety of the alcohol(s) has from
| to 20 car HOA8YHtloraeprefsrred embpdipenit @fithd progest®f tlaribwentian otire feedstnck nost
preferably from1l to 4 carbon atons. The afllcgaﬁhol s useful as, feedstock in

the process CSP‘%“P‘F@WW@}WFBWSGH@F%&EW&%} YGIY MRE OB iched chain
al i phatic %omgh%smtéiﬁ'ﬁg%t HQ&%BUBQ)?é%qa gﬁegg&@m{ve%ﬁfﬂ Non-1imi ting

n
exanpl es of oxygenates incltde nethanol ethanol, pr opanol , isopropanol,
met hyl et hylengtddémentahif et prptesedhi@ventmingthh piky gdniaterin tith feedssariopnd oret her ,

f or mal dehyde, dineth car.bonat g, ket one, acetic acid, and

| di net hyl . )
mi xt ur es therP%fa!COEﬂe%@?Pref%attlhéliﬁh%llf glgpéglé?w@ﬁrt‘ethﬁéwmﬁmm@ﬁ@f theedst ock is
lected f i.nethyl et her. diethyl
cther or o R (€030 BROSAGS, SRR roll I BBk Mibs et hy1

et her, and rgtmdgst pfedsrabll Yromel ke edrbon hORBSIThE Alcbhéls BT Rrfeddeiock th
enbodi ment, the feedstock, preferably of one or nore oxygenates, is

converted i rthe pecpssed dheciavesttion ingdpdedawar stesighy end braathedtchaipahiplasict i on i nt o
ol efin(s) hayi 2 to 6 carbons. ato referably 2 to 4 carbon atons.

Most preferaag‘f(g’,glstat?g?%?l{awsﬁ?’?)q?d QUBH%B%{%‘ conbi nation, are converted froma
f eedst ock containi ng an oxygenate, preferably an al cohol, nost preferably

met hanol, to the preferred ol efin(s) ethylene and/or propylene. [0089] The
nmost pr ef er rl@08¢ Mdorebimiting eyamptesiof gyxygehates indludo nashagak ethandl #f i ns (GTO)  or

alternatively, nethanol-to-olefins (MO, | MIO process, typically an
oxygenat ed f%%'ﬁ?é?tad???“??@g?l’ wﬁﬂ.wﬁg ‘J;}\ﬂ_%(’ Wﬂﬁ'ﬁﬁhebgﬁf}é}ﬁﬁﬁﬁb dicedstock, is
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,

and mixtures thereof.

[0087] In the most preferred embodiment, the feedstock is selected from one or
more of methanol, ethanol, dimethyl ether, diethyl ether or a combination thereof,

more preferably methanol and dimethyl ether, and most preferably methanol.

[0088] In the most preferred embodiment, the feedstock, preferably of one or
more oxygenates, is converted in the presence of a molecular sieve catalyst
composition into olefin(s) having 2 to 6 carbons atoms, preferably 2 to 4 carbon
atoms. Most preferably, the olefin(s), alone or combination, are converted from a
feedstock containing an oxygenate, preferably an alcohol, most preferably

methanol, to the preferred olefin(s) ethylene and/or propylene.

[0089] The most preferred process is generally referred to as gas-to-olefins (GTO)
or alternatively, methanol-to-olefins (MTO). In a MTO process, typically an
oxygenated feedstock, most preferably a methanol containing feedstock, is

converted in the presence of a molecular sieve catalyst composition into one or



converted in the presence of a nol ecular sieve catalyst conposition into
one or WD 03/059849 PCT/ US02/ 34114 34 nore olefin(s), preferably and

pr edom namolog/osasihyl ene and/ or propyl ene, often referredpco/usssdight

ol efin(s). [00901 In one enbodi ment of the process for conversion of a
feedstock, preferably a feedstock cont3 ning one or nore oxygenates, the
anmount of olefin(s) produced based on the total weight of hydrocarbon
produced is greater than 50 wei ght percent, preferably greater than 60

wei ght per cempre qigfinés)pprefesatdp lagd gredemimantihathylene andiogipropybanearften [ 00911 The

f eedst ock, in.one. enbodi ,.contains one or nore diluent(s), typically
SRR D

used to redut on of the feedstock, and are generally non-
reactive to the feedstock or nol ecul ar sieve catal yst conposition.
Non-limting exanples of diluents include helium argon, nitrogen, carbon
nmonoxi de, cal0B%¥] Indinoximdbedimeat ef the pswesst foatdnyersom of@detdswek paretetdbins
(especi al | ye‘?gfé nes such .as nethane, ethane, and propane), essentially

non-reactiv  ONAYHRS APRIY MATE XY Bnatesy the ampuRtealolelinkd Prdicedr of er r ed

di luents ar i L 1 i i referred.
[ 0092] The g?ﬁ\et%}eﬁrgt,h%\?\g?f;%l%l S u g CéLfBP ﬁ@?&l{uﬁe&;ﬁlg? %ﬁ#?@r%@gﬂ%u? form or

a conbi nat i mcenh pefahblydeateli thare6l weighepdrba, racid@ekfetiabEGirtaterttRara7(f eedst ock
entering into a reactor or added directly into a reactor, or added with a
nol ecul ar si ¥¢ight Re&deRl-yst conposition. In one enbodi nent, the amount of
diluent in the feedstock is in the range of fromabout 1 to about 99 nole
percent based on the total nunber of noles of the feedstock and dil uent,

preferably foogmjaheieedstdeR, BOnERhBORIRKEE RbntaindRHE oPMBEELiRRhYs)f r om about 5
to about 50, nost preferably fromabout 5 to about 25. In one enbodi nent,

ot her hydr octapisaliysusad éo reduleithe gorcehiatitat afdhe Bddtesk, antl aregeheralrnimdi rect | y,
SR RORE (DR (IR IRONE NE 7 R
examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon
dioxide, water, essentially non-reactive paraffins (especially alkanes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof.‘ The most preferred diluents are water and nitrogen, with water

being particularly preferred.

[0092] The diluent, water, is used either in a liquid or a vapour form, or a
combination thereof. The diluent is either added directly to a feedstock entering
into a reactor or added directly into a reactor, or added with a molecular sieve
catalyst composition. In one embodiment, the amount of diluent in the feedstock
is in the range of from about 1 to about 99 mole percent based on the total number
of moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,
more preferably from about 5 to about 50, most preferably from about 5 to about
25. In one embodiment, other hydrocarbons are added to a feedstock either
directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for
example U.S. Patent No. 4,677,242, addition of aromatics) or mixtures thereof,
preferably propylene, butylene, pentylene, and other hydrocarbons having 4 or

more carbon atoms, or mixtures thereof.



preferably propyl ene, butyl ene, pentylene, and ot her hydrocarbons having 4
or nore carbon atons, or mxtures thereof. WO 03/059849 PCT/US02/ 34114 35
[ 0093] Thwopsoswss for converting a feedstock, especiallypraTrfusendstiock
containing one or nore oxygenates, in the presence of a nolecul ar sieve
catal yst conposition of the invention3sis carried out in a reaction
process in a reactor, where the process is a fixed bed process, a

fluidi sed bed process (includes a turbulent bed process), preferably a
continuous fluidised bed process, and nost preferably a continuous high

brace 1 a viIPPECEheoton BrsoteriBng fbH oG Erreciel? pyBrFirck GORHORE ¢ hat have
a dense bed [ reaction
Zones coupl et bR TR h M bR NP e Caldt Sl fifoonth o
reactors, and thhimventken, isSurrialdue ircoreaetivin proadss ireastactor, tvy}me@tgagg);é%; (2:r |( 36d|
in for exanpl Pat ent No, . 4,076, 79 U. S. Patent . ua
riser), and 3 PIfW@EE%PH'OGFPSEhQPWéSé?|b%Pr°E?SS@ﬁ‘“ﬂe%ﬁﬂlf@lelﬂé’@élﬁgmﬁp Rober t

E. Krieger Y which are al
herein full yﬁgﬁkdggh%g(%glﬁggp%ﬁmmsw;re &ng%‘é’ oosqrﬁree eﬁ?bel 3rCPIétan YEAct or type

are riser rekdgh o¢lscigeneidikd yedip®eessbed in Riser Reactor, Fluidization and
Fluid-Particle Systens, pages 48 to 59, F.A Zenz and D. F. Q hno, Rei nhol d
Publ i shi ng Corporation, New York, 1960, and U S. Patent No. 6, 166 282

(fast-fl uidi ctor and U, atent  Ap gn Seria
09/ 564, 613 f@ﬁgﬂbﬁ?ff pegct 056’6 NQilRs %plf‘f%‘é’r ‘faé‘SEVt %fcc)a aIIW‘ﬁ TEHfgp é“% | herein
fully i ncord@,nyBﬁ@@eambrg BhenF8aRlendedHRAR) fik8d biEreRERISLhe MR g ment , a
fluidised bed process or high velocity fluidised bed process |ncludes a
react or systfiuifised baslyeasioatzones @ypled togather,zirculetny Bniflissyt bedreactp097] The
first

reactor SyStr?srpr erac(:atfo?sr éar?(l ‘Xle llieasrnlta Ile co%%gnt{o%glc }egétor t%qs)gsez{pe gs\élrl gd 1% fo;

example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and

Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger

Publishing Company, New York, New York 1977, which are all herein fully

incorporated by reference.

[0095] The preferred reactor type are riser reactors generally described in Riser
Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F.A. Zenz and
D.F. Othmo, Reinhold Publishing Corporation, New York, 1960, and U.S. Patent
No. 6,166,282 (fast-fluidised bed reactor), and U.S. Patent Application Serial No.
09/564,613 filed May 4, 2000 (multiple riser reactor), which are all herein fully

incorporated by reference.

[0096] In the preferred embodiment, a fluidised bed process or high velocity
fluidised bed process includes a reactor system, a regeneration system and a

recovery system.,

[0097] The reactor system preferably is a fluid bed reactor system having a first

reaction zone within one or more riser reactor(s) and a second reaction zone within



reaction zone within one or nore riser reactor(s) and a second reaction
zone within WO 03/059849 PCT/US02/ 34114 36 at | east one di sengagi ng
vessel , pwvefiensdsky conprising one or nore cyclones. In omeTasbnsliinent, the
one or nore riser reactor(s) and disengagi ng vessel is contained within a
single reactor vessel. Fresh feedstock,36preferably containing one or nore
oxygenates, optionally with one or nore diluent(s), is fed to the one or
nore riser reactor(s) in which a nol ecul ar sieve catal yst conposition or
coked ver si®reash isengagingivesseluprseratily comprising ouk eremote dyhlenesollacul ar

si eve cat al yst onposition or coked version thereof i.s contacted with a
Lo dC o - oedle esfSodRgis hePrhr B sy edo ) Al ERkreis Frtatced to tha

riser react ofdntlinedWhifhdo¥e rehfi8r VdsGU! Brdsh fURALEBEK, efEﬁBﬁa&)‘ﬁ{ 'niﬁ%d the gas
is an inert gas such as nitrogen. [00981 In an enbodi nent, tahe nount of

fresh feedstackorineue seygnates|optionaljyowitt bye onmore ddueraus fddeedisd @ek, to a

reactor systemis jn the range of fromO0.1 weight percent to about 85
wei ght per ceMftMOTsFsFigEafiPr(s)in WWPQEUI%?@W%E&S&é?fpp‘fs(btlo%ﬁcft?ke‘#S wei ght

N b : i ght
ber cont basoi o UREor sy ol OGREr Hne NDaen BRE AP Reul Rl 7oy

cont ai ned t hesmgpoRitionloe chkieduietsi@ntieieapBbniaced ieKsquad 6r giseber abl y the same
conposition, or contain varying proportions of the sane or different
f eedst ock  vfanrbipaiondhgieofopriertp bewmanntrefiucediorthe [igrygerctor(sy rreferadbbiock

entering the,react.or em | referably. converted artially or fully,
inthe fi rstthfzz1 gltd of w%%?}ér linﬁ{homg’ néigté%g%%(gf?lnlf&ﬁaslsﬁc as {r(égeél' t he

di sengagi ng vessel along with a coked nol ecul ar sieve catal yst

conposition. In the preferred enbodiment, cyclone(s) within the

di sengagi ng 9888]eln aarembadignanptahic amowspé frastefeedstockrfod ecpatasely or imtlycat al yst
conposition, 1EH';ef erabl% a oked no| ecul ar .si eve cat aé%/st corr,pﬁsi tion, from
the gaseous WHFFYBRRYT EEARATHIIHE "BOT SFSsBi e ndPerna] 8h raidhl Heighe

di sengagi Ng gl o HBLOSPReiBhEhdPLerl Prerebly YR YESut 100aYRprhT @CTS Wi Lhi n
the disengaging vessel will also separaté the catalys onpositions from
t he gaseous about 75 weight percent, more preferably from about 5 weight percent to about 65

weight percent based on the total weight of the feedstock including any diluent

contained therein. The liquid and vapour feedstocks are preferably the same

composition, or contain varying proportions of the same or different feedstock

with the same or different diluent.

[0099] The feedstock entering the reactor system is preferably converted, partially
or fully, in the first reactor zone into a gaseous effluent that enters the disengaging
vessel along with a coked molecular sieve catalyst composition. In the preferred
embodiment, cyclone(s) within the disengaging vessel are designed to separate the
molecular sieve catalyst composition, preferably a coked molecular sieve catalyst
composition, from the gaseous effluent containing one or more olefin(s) within the
disengaging zone. Cyclones are preferred, however, gravity effects within the
disengaging vessel will also separate the catalyst compositions from the gaseous
effluent. Other methods for separating the catalyst compositions from the gaseous

effluent include the use of plates, caps, elbows, and the like.



effluent. Qther nethods for separating the catal yst conpositions fromthe
gaseous effluent include the use of plates, caps, elbows, and the |Iike. WO
03/ 059849wB@3H0&8@2/ 34114 37 [00100] I n one enbodi nent of pclrassd/samgagi ng
system the disengaging systemincludes a disengaging vessel; typically a
| ower portion of the disengaging vesse7is a stripping zone. In the
stripping zone the coked nol ecul ar sieve catalyst conposition is contacted
with a gas, preferably one or a conbination of steam nethane, carbon

di oxi de, car ﬁ@ﬂﬂ(ﬁnnoxi lneone jggbodigesnt obthe lisengaging systens tiehdisengagingon,
preferably steam. to recover adsorbed hydrocarbons f.ro he,. coked

ol ecutar si BoBTLEE BT S GieaB SR ReoR . YT S PHERSorHPR BhUE TG e
regenerati Onves§é{$§§§f}i{)¢1igg%&%. hartheshpshpehte tht E&Q['ﬁhﬁblgall&gsig\@rlgtal gl na

separate vessel from di sengagi ng vessel and e gas I s pass at a gas
hour |y superddmpoaitiona$ cotacyed WiBHS s, ptefémblmohe br a combinationdf 200 hr'

based on the v Iume%fgf as,d(tgo vol ume of coked nol ecul ar sieve catal yst
conposi ti on, MBate FarBey digxidg,carber,meRexids, dxgrogen. oF an inegigas sekh aso  about

G Ll i, UGS S IR

catal yst conpos enperature enployed in the
conver si on pmoleesiar sieviacilyst cahpysitidr thatis tHea ifiteafiiced toSHe k&g@heratford N t he
range of from about 200C to about 1000C, preferably from about 250C to
about 800C, fsiea dpapethargbadimantathe strippamrone is iasceparasyesel frem thor e

hout 350t tOAIY kbl Higefe BR et oS heo B She Mg Bl dbant  ssoc
[00102] The @MWy & fRfin PhesBEBRBUEIROCYRT bagkdldA&hE ORI RRs RIVIRGRS

specifically within the reactor system varies over a w de range including
aut ogenous pMesked moleThlar sevevaatalysh woppesitan, prefegrablysiean elevatee parti al

ressure of ,_ the feedst oaxclusi of a iluent th in. Typically the
(I?onver si on ptF’élggrﬁ{uée g8wé’%§y§a° pput ﬁgo SiB@g%@ﬁVérqnhal?%%gdﬁg@ 6&?5%* om Zlbout
0.1 kPaa to QRPHk cakdP@Biecular sieve catalyst composition.

[00101] The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 200°C to about
1000°C, preferably from about 250°C to about 800°C, more preferably from about
250°C to about 750 °C, yet more preferably from about 300°C to about 650°C, yet
even more preferably from about 350°C to about 600°C most preferably from

about 350°C to about 550°C.

[00102] The conversion pressure employed in the conversion process,
specifically within the reactor system, varies over a wide range including
autogenous pressure. The conversion pressure is based on the partial pressure of
the feedstock exclusive of any diluent therein. Typically the conversion pressure
employed in the process is in the range of from about 0.1 kPaa to about 5 MPaa,
preferably from about 5 kPaa to about 1 MPaa, and most preferably from about 20
kPaa to about 500 kPaa.



preferably from about 5 kPaa to about | MPaa, and nost preferably from
about 20 kPaa to about 500 kPaa. WD 03/059849 PCT/ US02/34114 38 [001031
The wei ghwolwusdsyy space vel ocity (WHSV), particularly in acrmsoresss f or
converting a feedstock containing one or nore oxygenates in the presence
of a nol ecul ar sieve catal yst conpositidgn within a reaction zone, is
defined as the total weight of the feedstock excluding any diluents to the
reaction zone per hour per weight of nolecular sieve in the nol ecul ar

si eve cat al y¥0104onposThe weightrhouhly spazotelasity £ WS V)Thartigatly irsa mai nt ai ned at

a level suffici entf to kee hg o tal'¥st. conposition in a fluidised state
Bithin a realiPBe OREIIaYHOsPTy ONHB AR BHECYEFHFHBA 1 hr - to
about 5000 ' Bf £HnBTeRBbLY sibV B AR YhmPodifion HRMARMEBAWnL s . MOre
preferably Pérgsrﬁng out B hr to abo%jét? 1%%% ﬁ?r'l, and most prre“?’elsr ably from
about 10 hr -defined abthetiotdO0E ghtrof thd feedstouk guichidargrang dibas ionhatreactioe WHSV i s
greater than 20 hr'; preferab(lﬁy the WHSV faor conversion of a feedstock

yr

cont ai ni ng AR RRONOULRET WRigRY Olé‘f‘H@rSquS i'i‘ fhe ’P‘Piécurl%rrﬁéfé/_e&ﬁtamsbm about 20
hr' to abOUtc smoln'in gl}%%’eﬁ:%gm; e.SH%GWfHS(V i%lnaaqgt?m\églaf%iebglts& icl ntgf the
ng  di uc I'n e

f eedst ock inc I uent and reaction pro S W f eact or

systemis prigkgtirhdayalfsdtdmpositidn in@ fldilivedétae witken fedaeeul ar sieve catal yst
conposition within a reaction zone in the reactor. The SGV in the process,

particularly within the reactor system nore particularly within the riser

reactor(s), | | east. Q. t r second (,m , r ef | y, greater
than 0.5 m s@@lﬁﬂor e ﬁy&@#§%%§§tr@gﬁsﬁlgﬁq %boﬁ’?gg%,‘ Q tSré(?(gh‘YIpr ef erably
greater thamréfefdbhefrom¥BbuteVE tdBbSut BV BF 'aRloYe SERAWY fibRPdbodt Shsec,  and
nost preferably greater than 4 nfsec. See for exanple U.S. Patent

Appl i cation tSabpiatl 1 540 hr Q8nd 0@ stisefefablefionNabentldrhrd to ammpwm@hlm s herein
Ippgg;ggr ? E)(rad(&%l)%;r F{r?cilgrglgﬁiim%r?t?gh%%}-ljsw i(g ré(raea err%];a%r2r0 d_,;eprpé) e(rje{brlr)?trl]l% of the

WHSYV for conversion of a feedstock containing methanol and dimethy! ether is in

the range of from about 20 hr"' to about 300 hr™'.

[00105] The superficial gas velocity (SGV) of the feedstock including
diluent and reaction products within the reactor system is preferably sufficient to
fluidise the molecular sieve catalyst composition within a reaction zone in the
reactor. The SGV in the process, particularly within the reactor system, more
particularly within the riser reactor(s), is at least 0.1 meter per second (m/sec),
preferably greater than 0.5 m/sec, more preferably greater than 1 m/sec, even more
preferably greater than 2 m/sec, yet even more preferably greater than 3 m/sec,
and most preferably greater than 4 m/sec. See for example U.S. Patent
Application Serial No. 09/708,753 filed November 8, 2000, which is herein

incorporated by reference.

[00106] In one preferred embodiment of the process for converting an
oxygenate to olefin(s) using a silicoaluminophosphate molecular sieve catalyst
composition, the process is operated at a WHSV of at least 20 hr' and a
Temperature Corrected Normalized Methane Selectivity (TCNMS) of less than



oxygenate to olefin(s) using a silicoal um nophosphate nol ecul ar si eve

catal yst conposition, the process is operated at a WHSV of at |east 20 hr'
and a Tewpesasasne Corrected Nornmalized Methane Sel ecti vi gT(USGMBAI)4 of | ess
t han WD 03/ 059849 PCT/ US02/ 34114 39 0.016, preferably |less than or equa
to 0.01. See for exanple U S Patent N39 5,952,538, which is herein fully
i ncorporated by reference. [00107] In another enbodi nent of the processes

for converti ng an oxygenate such as nmethanol to one or nore ol efin(s)
usi ng a nol llamreferably lessdhan grequeldaPdyi tSeedor exhmplaiSS. Patefitt™en 0. 01 hr' to

about 100 hr, tenperatu of from about. 350C to 550C, and silica to
Me203 (Me iss’gség%%lﬁ\'h“ﬁﬁnigﬁer&n @ﬁ?’lmcé’lr%%tﬁ?%”?}cﬁﬁef‘% Peri odi ¢ Tabl e of

El ements) nolar ratio of from300 to 2500. See for exanple EP-0 642 485 B
1, which is herein fully incorporated by reference. [001081 O her
processes fol00t@Hver t i Inginatheosybahmert cfubhprasessest foaomivettmg aane or nore

ol efin(s) using a nol ecul ar, si eve catal yst conposition_ are described in
PCT WD 01/ Zﬁ@%e?ﬁﬁ)wg‘ﬁéﬁleﬁtﬁ@ topne 9HPTR ﬂFﬁB&E%S‘F%EIU&I‘?CBWI 8€Van aver age

catal yst fee SR, - i } er.ei n i ncorporated
by refer enc@l%ggﬁggﬁﬂ%%o é%tvrrlgl eculoglqpsri é%ogg%%qﬁ}};t&%onposi tionis
wi t hdrawn f rtempetahge df femngdgutBF0v€ ss 850°Cpaef dlhiebloyMEY, (R 194 GIBUE
cyclones(s), and introduced to the regeneration system The regeneration

syst em conprilk®er ¥l glgmget faem thaPrsiodic Tabde eldfidementst mplas ratiogfifiost 30bn i s
tacted w ti j f er.abl . t ai nj )
onder goner P 200 SR LA ERREL 4l PR Iche i By SRELRY Al g 0"

resi dence timkredqc@01101 Non-limting exanples of the regeneration nedi um
include one or nore of oxygen, 03, SO3, N20, NO, NO2, N205, air, air
diluted with nitrogen or carbon dioxide, oxygen and water (U.S. Patent No.
6,245, 703), fbﬁi(?ﬁ : non(s)gl(llerd ;()arocesses for converting an oxygenate such as methanol to
one or more olefin(s) using a molecular sieve catalyst composition are described
in PCT WO 01/23500 published April 5, 2001 (propane reduction at an average
catalyst feedstock exposure of at least 1.0), which is herein incorporated by

reference.

[00109] The coked molecular sieve catalyst composition is withdrawn from
the disengaging vessel, preferably by one or more cyclones(s), and introduced to
the regeneration system. The regeneration system comprises a regenerator where
the coked catalyst composition is contacted with a regeneration medium,
preferably a gas containing oxygen, under general regeneration conditions of

temperature, pressure and residence time.

[00110] Non-limiting examples of the regeneration medium include one or
more of oxygen, O;, SO;, N,0, NO, NO,, N,O;, air, air diluted with nitrogen or
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
and/or hydrogen. The regeneration conditions are those capable of burning coke
from the coked catalyst composition, preferably to a level less than 0.5 weight

percent based on the total weight of the coked molecular sieve catalyst



and/ or hydrogen. The regeneration conditions are those capable of burning
coke fromthe coked catal yst conposition, preferably to a | evel |ess than
0.5 wei ghwo opessent based on the total weight of the cokeacmuaisensdias sieve
catal yst WD 03/059849 PCT/ US02/ 34114 40 conposition entering the
regeneration system The coked nol ecul @y sieve catal yst conposition

w thdrawn fromthe regenerator fornms a regenerated nol ecul ar sieve

catal yst conmposition. 1001111 The regeneration tenperature is in the range
of from abouon6iGon eoteaby the regmOBLiopsedtan.abhy céhedmaelbaldr s Catatysabout
1000C, nore preferably . fromabout 450C to.about 750C, an st . preferably
f r om about 5@(’?‘6‘0“7‘(}3@&?3‘ O‘Pé]bee’i‘?g?%ﬁt%foﬁ’f‘%%§‘iﬁeger?gedimfﬂ?‘}$g“ S¥NGe of from
about 15 psic‘gta?gsggo(ﬁg on.t 0 about 500 psia (3448 kPaa), preferably from
about 20 psia (1 aa) to about 250 psia (1724 kPaa), nore preferably
from about 25 psia (l172kPaa) to about 150 psia (1034 kPaa), and nost
preferably from about 30 psi a@&ZO? kPaa) to about 60 psia (414 kPaa).
1001121 The [BPEHEr r ed Thesperagradion tempesgtuiers imibe aange af romeabeuc03Cy st

Soumesl ! o b Bubifla sheSe BRLBERE i bk Ao BB | 00T AR e @RBIT N P

sever al hours, no era abo one m nu Yand t he

preferred vdtdmabo@450Xy @eiboun730R€E, SRSMbS préfetabl ffRdBo@hs507OM about 0. 01
nol e percent to about 5 nole percent based on the total volune of the gas.

[ 001131 | n o¥8°enibbelragenaratigrepressareas irothe pargemf drom atoppi T psih 1 0GekPah)

cont ai ni ng gonpo Su | atinu | | adi and i ke, are added to
t he regeneﬁggg?ugggﬁQé?ﬁeﬁwa?ﬁaﬁr}%rg@w%@ B Ougggﬂ?ﬂ?éi%e]fﬂﬁa{ Rebebked .
catal yst  conpQsial(i 224 kPa§nork @re@a%w?fon?@ml@ws%umbaﬁﬁb abRligsy! ar sieve
catal yst conposition is added to thé regenerator containing a regeneration
medi um of  @eiagéf3hkihayand mass petfesaly Boch dbout B BpsiP@0gkPadNato abow 4, 703,

which is herp%ian“uju)g/a)- i ncor porated by reference.

[00112] The preferred residence time of the molecular sieve catalyst
composition in the regenerator is in the range of from about one minute to several
hours, most preferably about one minute to 100 minutes, and the preferred volume
of oxygen in the gas is in the range of from about 0.01 mole percent to about 5

mole percent based on the total volume of the gas.

[00113] In one embodiment, regeneration promoters, typically metal
containing compounds such as platinum, palladium and the like, are added to the
regenerator directly, or indirectly, for example with the coked catalyst
composition. Also, in another embodiment, a fresh molecular sieve catalyst
composition is added to the regenerator containing a regeneration medium of
oxygen and water as described in U.S. Patent No. 6,245,703, which is herein fully

incorporated by reference.

[00114] In an embodiment, a portion of the coked molecular sieve catalyst
composition from the regenerator is returned directly to the one or more riser

reactor(s), or indirectly, by pre-contacting with the feedstock, or contacting with



1001141 I n an enbodi nent, a portion of the coked nol ecul ar sieve catal yst
conposition fromthe regenerator is returned directly to the one or nore
ri ser rewotoongmsyy or indirectly, by pre-contacting wth the/dsessilatock, or
contacting with WO 03/059849 PCT/ US02/ 34114 41 fresh nol ecul ar si eve
catal yst conmposition, or contacting w t4h a regenerated nolecul ar sieve
catal yst conposition or a cool ed regenerated nol ecul ar sieve catalyst
conposition described bel ow [00115] The burning of coke is an exothermc
reacti on, anfteshmelacularsiodicatahyts| canpositmnper aintacengmthiaregdnerateglgener at i on

systemis controlled b arious techniques in the art including feeding a
cool ed gas t‘6‘°{eﬁ‘éla¥ %S\é%‘é’f%¥56fc°m9‘é%%‘§1 or 30‘}5’8&:9?8%?“8@%"#"?\“@ $2tech,

conti nuous, Qfa] ﬁ%f\?ﬁg}%&ﬁw&eﬁbé@&%w'or a conbination thereof. A preferred
t echni que invoéT es wthdraw ng the regenerated nolecul ar sieve catal yst

conposition fromthe regenerati on system and passing the regenerated
nol ecul ar sieve catal yst conposition through 1 catal yst cooler that forns

a c?)ol ed r eglOREHt ed r’rBlllf‘e'?}_HPIé.‘g of pekeds amexat l%ﬁﬁﬁﬁwaﬁf%maﬁrhe _ca':]al yst
cooler, 1n a&n@c{ggxggﬁtnﬁkgger?%eza@éeg\gﬁﬁin?l?ecxjggé}%gt{oé r’?’?gtflbgii%]%%ﬁlgéj Bﬁ Iet er

internal or “external eneration sys

embodi nent, {didus eehRiquéss emeirdinehid | fe€dih@s c5d18Y Lasqa tidd égdneratGrTpOSi tion is
returned to the regenerator in a continuous cycle, alternatively, (see

U.S. Patent Ygspili apgratesheitber inad batgh, coginmgus, p6eerhi-¢amtindensengle, 000) a porti on
of the cool ed r.egenerate | ecul.ar ,si eve catal yst, canpgsition is, returned
to the regendV % ‘_3@?8?9#%%??%83?%‘8&35 l%‘ﬂfi‘feézvxiﬁﬁavﬂﬁgf éFgeﬁ‘Squop of the
cool ed ol eplledfilasSiSH alAEe 06 AL RO R Y REertkANA s?ﬁEﬁla}ﬂﬁga&ﬁ&ptﬁé' tionis
returned to the riser reactor(s), directly or indiréectly, or a portion of

t he regener atgeheratdmoleanlar seemtaiyst abmpositanthosighiamatatyst canddrablatr egener at ed

nmol ecul ar sigve catal yst conposition is contacted wi.th by-products within
t he gaseous 'g)frf’f fEpRIeE eSSy W)%Q%@G‘ebﬂfﬂtﬂ¥ﬁ§8mﬂﬂﬂﬂg¥~ 12%’; cays) . whi ch

are all her e&d&lécr,uilnla}ﬂ em%gfnﬁ)é?ﬁ,qg § ﬂefméxchanger that is located either internal or

external to the regeneration system.

[00116] In one embodiment, the cooler regenerated molecular sieve catalyst
composition is returned to the regenerator in a continuous cycle, alternatively, (see
U.S. Patent Application Serial No. 09/587,766 filed June 6, 2000) a portion of the
cooled regenerated molecular sieve catalyst composition is returned to the
regenerator vessel in a continuous cycle, and another portion of the cooled
molecular sieve regenerated molecular sieve catalyst composition is returned to
the riser reactor(s), directly or indirectly, or a portion of the regenerated molecular
sieve catalyst composition or cooled regenerated molecular sieve catalyst
composition is contacted with by-products within the gaseous effluent (PCT WO
00/49106 published August 24, 2000), which are all herein fully incorporated by
reference. In another embodiment, a regenerated molecular sieve catalyst
composition contacted with an alcohol, preferably ethanol, 1-propnaol, 1-butanol
or mixture thereof, is introduced to the reactor system, as described in U.S. Patent
Application Serial No. 09/785,122 filed February 16, 2001, which is herein fully

incorporated by reference.



reference. In another enbodi nent, a regenerated nol ecul ar sieve catal yst
conposition contacted with an al cohol, preferably ethanol, 1-propnaol,

1- but anolwowB/osasxd ure thereof, is introduced to the react ®CTAR8Y/BIM4 as
described in U S. Patent Application Serial No. 09/785, 122 filed February
16, 2001, which is herein fully incorporated by reference. W 03/059849
PCT/ US02/ 34114 42 [00117] Ocher nethods for operating a regeneration
systemare in disclosed U S. Patent No. 6,290,916 (controlling noisture),
which is herein fully incorporated by reference. [00118] The regenerated

nol ecul ar si ataly conposi tion withdrawn fromthe regeneration
system pr ef@‘ggﬁy fr F%‘é‘%ﬁﬁ%{f‘?ﬂ’er&%‘&ﬂ Begenegatihystsapre i disclasedr esh

mol ecul ar s exepaehAly YoRITBIS M ANGEO! Frhichhghadupo! ecul ar  sieve

cat al yst conposition an toc resh gas or 1iquids, and
returned to ihbeporaedbyrefecsnoe.(s). | n anot her enbodi nent, the regenerated
nol ecul ar sieve catal yst conposition withdrawn fromthe regeneration
systemis returned to the riser reactor(s) directly, preferably after

passing thr cat S ler. 1n. one e dinment,.a carrjer, such as
(s)[,ngngdst O?L%vré arted Qigeylar Siqus gg}ist%?m%%s "-%?R‘i%‘&%

. C
an inert ga our’, "steam € sly or

cont i nuousl Yfrorh 8@ repdrdtion tsher NpreReubty froM RE cdh9st oBRENSEGhEidedr0! ecul ar
si eve catal yst conposition to the reactor system preferably to the one or

more riser rwiglce Geghsinolepwansiole @yalysd aompositionpndtve ré-cooulated muéeculagener at ed
nmol ecul ar si eve cat al yst onposi ti.on or, cool ed yegener at ed | ecul ar sieve
catal yst conpos§ ic?'iab'ﬁl %/Wﬂs(%‘rﬁ’g%n é’ééﬁ‘fg?taflﬁ W@&Eﬁ?é 1Y f%éf?sr @gﬁt or system
the opti mumtRuRY 19theaéerafotBe IRhSRE HibodiBUR, &@&gggﬁ&ﬁteﬁmw&' on

entering the reactor is maintained. There are many I ques tTor
control | i ng sidve chtabyst afmmsitmheditidaaws fremehe segaheystion syswepois irdtinaned eescr i bed

in Mchael Louge, Experinental Techniques, Circulating Fluidised Beds,
Grace, Avi déﬁe g??di r?@ﬁgﬁﬁ H?CthE?e?erﬁﬁ Qﬁg,pag_%@th(cgg@_ag@%lyst cooler. In

one embodiment, a carrier, such as an inert gas, feedstock vapour, steam or the

like, semi-continuously or continuously, facilitates the introduction of the

regenerated molecular sieve catalyst composition to the reactor system, preferably

to the one or more riser reactor(s).

[00119] By controlling the flow of the regenerated molecular sieve catalyst
composition or cooled regenerated molecular sieve catalyst composition from the
regeneration system to the reactor system, the optimum level of coke on the
molecular sieve catalyst composition entering the reactor is maintained. There are
many techniques for controlling the flow of a molecular sieve catalyst
composition described in Michael Louge, Experimental Techniques, Circulating
Fluidised Beds, Grace, Avidan and Knowlton, eds. Blackie, 1997 (336-337),

which is herein incorporated by reference.

[00120] Coke levels on the molecular sieve catalyst composition are
measured by withdrawing from the conversion process the molecular sieve
catalyst composition at a point in the process and determining its carbon content.

Typical levels of coke on the molecular sieve catalyst composition, after



which is herein incorporated by reference. [00120] Coke |levels on the

nol ecul ar sieve catal yst conposition are neasured by withdrawing fromthe
conver si onopsossss t he nol ecul ar sieve catal yst conpositipom/usb2/aipoi nt in
the process and determning its carbon content. Typical |evels of coke on
t he nol ecul ar sieve catal yst conpositiagn, after WO 03/059849 PCT/ US02/ 34114
43 regeneration is in the range of fromO0.01 weight percent to about 15

wei ght percent, preferably fromabout 0.1 weight percent to about 10

wei ght per canggneration és iprthé eangb bf/frémdx laleight Er&nwva apout Peweght t o about 5

wei ght percent, and st preferably from about 0.3 weight percent to about
2 wei ght perﬁ?é‘i’?fltﬂ?é?é‘érgg'@rf“g? ﬁ%‘“{t@tla eighli Rertenbio abqut Hbwelght prcedb.eve and not

t he total Lot - S b Res SR I S it 1001211 In
one pref er\rAEe}g e?{)odtlatr%gﬁftr, taﬁglur%%(?alggﬁ%?ceﬁ?{eﬁ%%? g%@gﬁérgélg&end cat al yst
conposi ti on racyl preferable rfaine dboun DScwdiglit feie@uetocdbal ¥ ¢ tighopRasit based oand/ or
cool ed regenerated nol ecul ar sieve catalyst conposition contains in the

range of f riBgriok ovpight of H‘eBDOIﬁ@IWCVS@FIé)éﬁWC prtelrgiglylof themeleadaut 2 to 30

wei ght perc [ ef bly fromabout 2 to about 20 wei ght percent,
and nost pré%&?ﬁ%WSF?d%jo‘?ﬂsgg)%m 2 to about 10 coke or carbonaceous deposit

based on the total weight of the m xture of nolecul ar sieve catalyst
conpositions. See for exanple U S. Patent No. 6,023,005, which is herein
fully incord80Rld¢d by Inehepreirreed entpdinmnt, the mydvrecafSresh ialeentar sigver t hdr awn

fromthe disepgagi ng system, and is passed through a recovery system There
are many ml?pa%ﬁgwp%ﬁw re@%@%‘?ﬁ?&f@gﬂrﬁ‘ﬂﬁé’gtag/ﬁﬂccg‘é‘?ﬂﬁgw\ééléﬁtﬁoﬁat are
useful in sepglatidbeicdimAtslardnde cREfysT WnflbsRioRicbiam if kP& rgaseous
ef fl uent. Recovery systens generally <conprise one or nore or a conbi nation
of a vari oudreepboutlito) Weight peroerts preferatdy thborabdus? td 3(aweight fiepowat, s,

columms, splitters reactign systens such as ethyl benzene

, Or traips,
manuf act ur e e Q?efﬁék’]é(r#f‘)%go”ﬁ 249 8y 39 werght percent. apd mostprsferably

from about 2 to about 10 coke or carbonaceous deposit based on the total weight
of the mixture of molecular sieve catalyst compositions. See for example U.S.

Patent No. 6,023,005, which is herein fully incorporated by reference.

[00122] The gaseous effluent is withdrawn from the disengaging system
and is passed through a recovery system. There are many well-known recovery
systems, techniques and sequences that are useful in separating olefin(s) and
purifying olefin(s) from the gaseous effluent. Recovery systems generally
comprise one or more or a combination of a various separation, fractionation
and/or distillation towers, columns, splitters, or trains, reaction systems such as
ethylbenzene manufacture (U.S. Patent No. 5,476,978) and other derivative
processes such as aldehydes, ketones and ester manufacture (U.S. Patent No.
5,675,041), and other associated equipment for example various condensers, heat
exchangers, refrigeration systems or chill trains, compressors, knock-out drums or

pots, pumps, and the like.

[00123] The metalloaluminophosphate molecular sieve materials and

catalyst compositions of the present invention may be used in the manufacture of



processes such as al dehydes, ketones and ester manufacture (U.S. Patent No.
5,675,041), and ot her associ ated equi pnent for exanple various condensers,
heat excwengess49 refrigeration systenms or chill trains, eowFusessals,
knock-out druns or pots, punps, and the like. [001231 The

met al | oal um nophosphat e nol ecul ar sieva4materials and catal yst
conpositions of the present invention may be used in the manufacture of WO
03/ 059849 PCT/ US02/ 34114 44 al kyl am nes, using ammoni a. Exanpl es of
suitable pr Cﬁdle)sl&eimeam@inasarrde@tiai lﬁe:drn'ples of siitabkherdcdSsas apeandeRatbedtin
Application E 798 to Hi daka

et.al, whict g‘%&f‘%&%&‘ ?Ifiie?t ‘f\HElEﬁaBB‘P g{) Qogagé)ﬁ%&eﬁ‘l\gtagﬁgbU]SS 8619 | n or der
to provide & hej R @ﬂ@afk%teﬁﬁldkvﬂgzhoafr%ﬁé}go%%ﬁlﬁérp‘g%‘é&ﬂ}%%%mﬁc@cl udi ng

representative a ant ages thereo are offered.
EXAMPLES - METHODS DYNAM C GAS- VOLUMETRI C ADSCRPTI ON APPARATUS [ 001251 The
apparatus used for treatnent with amonia was a dynam c gas-volunetric
adsor ption dPBE4dt us d8 order teproxided heﬁeflﬂiltjlﬁfs@nﬂ!mg[@(!)}l%%%ﬁ IIEPIM}OH t he

appar at us CC}H&bEﬁai &ﬁstg}l;\%tégéglic%/\}%fn %,gsdlher%ofJ :fbg§wﬁlg|sg<§%§leg\égelt red( i)n d the

“sanpl e contai ner consrs a
fixed-step gas burette (B), a circulation punp (C) and a cold trap (D). The

dead volune is separated fromthe sanple container (E) by two valves and by
shutting theEXA@IGE&nM:HvaaI ve it is possible to enforce a
unidirectional flow through the sanple container. Both volunes are
connected to a high vacuum system (rotation punp + diffusion punp), which

al l ows a pr gyeidniicd EAUESLMEFEC ADSBRPTIDR-APPRRAARPAr at us is constructed to
mai ntai n thi's vacuum for several days. cal cimed SAPO 34 sanpl es were

degassed in sanple container (E) overnight in vacuumat 300C and then NH3

was cont act situ th the SAPO 34 at different tenperatures. The
cheni sorpti ﬁﬁoiﬁgi n@%@@ﬁarﬁméﬁsth fopfgeatppepiayith agonia was a dynamic

gas-volumetric adsorption apparatus as illustrated in Figure 1.

[00126] Briefly, the apparatus consists of two calibrated volumes, the ‘dead
volume’ and the ‘sample container’. The dead volume consists of a Hg-manometer
(A), a fixed-step gas burette (B), a circulation pump (C) and a cold trap (D). The
dead volume is separated from the sample container (E) by two valves and by
shutting the interconnecting valve it is possible to enforce a unidirectional flow
through the sample container. Both volumes are connected to a high vacuum
system (rotation pump + diffusion pump), which allows a pressure reduction to
<<0.1 Pa. The apparatus is constructed to maintain this vacuum for several days.
Calcined SAPO-34 samples were degassed in sample container (E) overnight in
vacuum at 300°C and then NH, was contacted in situ with the SAPO-34 at
different temperatures. The chemisorption was completed when it was determined
through observation of the pressure drop on the Hg-manometer that the pressure
has reached a steady value. This occurred after approximately 30 mins using
elevated temperatures. When the sample was treated at 20°C it was necessary due
to the volume limitations on the adsorption apparatus to undertake multiple

injections and exposures to the ammonia gas; under these conditions



t hrough observation of the pressure drop on the Hg-manoneter that the
pressure has reached a steady value. This occurred after approximtely 30
m ns usi YO oslosvsad ed t enperatures. VWen the sanple was trearaboas4120C it
was necessary due to the volunme limtations on the adsorption apparatus to
undertake nmultiple 1injections and expasures to the ammoni a gas; under

t hese conditions WO 03/059849 PCT/ US02/ 34114 45 chem sorption was

conpl eted when a pressure increase was observed indicating that no further
ammoni a coul chebgsocpremi \sasrdmmblnad wheﬂne psase ecrehRAWR Gbsefv@a Litli¢atih@A

measur enents_were. recorded on | er éG 50/ TA 3000 t her nobal ance,
control | ed piatnoripst W’BP’E)‘BFB §’§6 emipproed @AOFhG AR were recorded under
a nitrogen flow (200 niL/mn) at a heating rate of 5C/ mn. XRD [00128]
X-ray Diffractograns were recorded on a Philips PW 1840 powder

di ffract ometBGA-DITIGg Ni -filtered Cu Ka radiation (X=0.154nm.

N2- ADSORPTI ON AND DESORPTI ON [ 00129] Porosity and surface area studies were
perfornmed on a Qjant achrome Autosorb- 1 -MP automated gas adsorption

system All out dasse d for sorption.
Gas adsor ptl@ﬁ oécurr\gﬁt’ urgeaﬁ'tj ﬂle{l eéereﬁgr%Fﬂg d\i%fﬁﬁ f(é 5§ T‘*?(&@dd ni trogen
t enper at ur e thérflobalalvbe CORMRIIRA by TORM WedrSprdeés86MTRE ¥ ASHiagrailSvelre PI Ot

met hod of De Boer, in which the anount of N2 adsorbed is feplotted agai nst
t. This par aweerded sndenditfagen flow (20Qimli/ini) et a hedtingnats of 5%/mime adsor pti on
of N2 on a non-porous reference solid. METHANOL ADSORPTI ON CAPACI TY

[ 00130] The net hanol adsorption capacity is neasured in a gravinetric

adsor ption appgy atus, which conprised a quartz spring. After degassing the
SAPC- 34 in vacuum at 200C, the sanple was cooled to roomtenperature and

[00128] X-ray Diffractograms were recorded on a Philips PW 1840 powder
diffractometer, using Ni-filtered Cu Ka radiation (X=0.154nm).

IEZ-ADSORPTION AND DESORPTION

[00129] Porosity and surface area studies were performed on a
Quantachrome Autosorb- 1 -MP automated gas adsorption system. All samples
were out gassed for 16 h at 200°C prior to adsorption. Gas adsorption occurred
using nitrogen as the adsorbate at liquid nitrogen temperature (77°K). Micropore
volumes were determined using the t-plot method of De Boer, in which the
amount of N, adsorbed is replotted against ¢. This parameter stands for the

multilayer thickness for the adsorption of N, on a non-porous reference solid.

METHANOL ADSORPTION CAPACITY

[00130] The methanol adsorption capacity is measured in a gravimetric
adsorption apparatus, which comprised a quartz spring. After degassing the
SAPO-34 in vacuum at 200°C, the sample was cooled to room temperature and

methanol vapour was allowed into the system at room temperature. By measuring



met hanol vapour was allowed into the systemat roomtenperature. By

measuri ng WO 03/059849 PCT/ US02/ 34114 46 the wei ght changes at regul ar
time intewoabms9smot only the adsorption capacity but al secrthsozsigos ption

ki netics was neasured. The nethanol adsorption capacity (MAC) is the
amount of mnethanol adsorbed when the systemis in equilibriumand 1is given
as the increase in weight (in % of a dehydrated SAPO 34 after nethanol

upt ake. METHANOL CONVERSI ON DURI NG MIrO [ 00131] The MIO reacti on

( Met hanol - t ¢h©weighhshangessatgeguil arrtimeglintarvals, not anlpltiesaisetptioh cafacie bubed

conti nuous reactor. 100%.nethanol is ad as feed. The, reaction is
carried out aifo tﬁ?%ﬁ@f)“@‘%ﬁ’&?“ﬁ? M %@W%‘ggﬁei‘%ﬁ}ﬂ?ﬁoga‘%?ﬁ?t’&nml%f 26

g/ g. hr. Reachij I i AP “BYF}-”P I

conver si on Q%Rgéfgéﬁéljﬁlﬁ%%u\a&gﬁl%%ﬂ ?{Aﬁéﬂ%%mg%% Sggk\%ﬁ}n.lgoﬁ/g% e ?'%lon t he
product. | NERAREDaSREGIREBEDPYe[pholE2)) dDRldehdralad fSIAPCR 3Raftbraattansg | nfrared
Fourier Transfaormed Spectroscopy) spectra were recorded on a N col et Nexus
FTI R spect r JtRiaksr equi pped with an in situ DRIFTS cell -(Spectra Tech) and
an MCT detector. The SAPO 34 was mixed with KBr (95% KBr; 5% SAPO- 34), the
measurenents were performed in vacuum at 200C or 4000C after degassing the

SAPO- 34 i n sMEwHAROL cORVHRIION DURINGMBPEect ral resolution was 4 cnl''. Pure
KBr was run as a reference. EXAMPLE 1 - Preparation of SAPO 34 [00133]

SAPO 34 was crystallized in the presence of norpholine (R) as tenplating

702 1 a 2005 1heatiogs B Bty bR et 4 o

stainless steel, fixed bed continuous reactor. 100% methanol is added as feed. The

reaction is carried out at 450°C, a reactor pressure of 15 psig and a WHSV of 26
g/g.hr. Reaction products were analyzed with an on-line GC. Methanol conversion

is calculated as 100-(wt.% methanol + wt. % DME) left in the product.

INFRARED SPECTROSCOPY

[00132] DRIFTS (Diffuse Reflectance Infrared Fourier Transformed
Spectroscopy) spectra were recorded on a Nicolet Nexus FTIR spectrometer
equipped with an in situ DRIFTS cell (Spectra Tech) and an MCT detector. The
SAPO-34 was mixed with KBr (95% KBr; 5% SAPO-34), the measurements were

performed in vacuum at 200°C or 4000C after degassing the SAPO-34 in situ for

15 minutes. The spectral resolution was 4 cm™. Pure KBr was run as a reference.

EXAMPLE 1 - Preparation of SAPO-34

[00133] SAPO-34 was crystallized in the presence of morpholine (R) as
templating agent. A mixture of the following mole ratio composition was

prepared:

0.6 Si0,/ A1,0,/P,0,/ 3R / 50 H,0



[00134] 80.1 g of Condea Pural SB was m xed with 422.0 g of deionised
water, to forma slurry. To this slurry was added 135.6 g of phosphoric
acid (85%P.o3/0kus3e additions were nade with stirring to fecm@sobsmngeneous
m xture. To this honbgeneous m xture 53.2 g of Ludox AS40 was added,
followed by the addition of 157.2 g ofgmorpholine (R) with mxing to form
a honogeneous m xture. To this honbgeneous m xture was added 1.97g of a
seeding slurry containing 8.68 wt% zeolite chabasite crystals. [00135]

Thi s honogeneous m xture was crystallized without agitation inal liter

stai nl ess steel _autocl ave. The m xture was heated to 175 in 6 hours and
kept at t hi s(00&er at ﬁbl g@}cﬂedwﬁwgl.S&magw%kw@é&?aggwgﬂﬁlyn@?d
crystalline r. Si : 1ﬁ-!;“{ir I LV er 2 one
liter bottlevsvgligirig&Faﬁglaszl!rl s?gltgﬂ\%/ler sé%%%?elgy?%o%p?h?h%tgﬁgy | i quor by

centri fugi ng85W)eTls3t additions veae hadbatith #ir © b b hemoparddasdmixttiienes wi th
850 m of deionised water. The conductivity of the |ast wash water was -40
pS/cm The sbe thishemegenenusapixtusg 83 Aiggtludox g0 vas adderl, dgllowedtbaite by wei ght

of the initiga],synt IS, M Xt ure. re .obt ai.ned.. EXAMPLE 2 - Treatnent and
agei ng of SAGRIEE 2 e Ry b RRER e 4 P hPateon 6) e

suppl i ed as @plthidUeS tEShERSzenbdsRMiRhAE Yiat addRat1ZFB JfMsBédih@bIBiry P- 8. Was
supplied from Acros organics. [00137] The SAPO 34 was activated (cal ci ned)

prior to thecomtadnihg 8£8ivabe zeolitd chabasitecrysteds perfornmed nuffle furnace at
625C for 4 hours under anmbient air (heating rate: 5C mn). The cal ci ned
SAPO- 34 was transferred into a dynam c gas-volunetric adsorption apparat us

and degassedggy)ni 9ht T YAGLUATDR mBRYE R d SoRCI A oA f U W th
t he SAPO 34 [f or 30 mns 1at dlg%fher ent t errf))vea?glﬁ;ér es WO 03?0 841f9 :
PCT/ US02/ 3411itér stdiflesestek] agtotiaveliThHeaniantre svasrberitad todddi’@ds 6 hohs adégr ee of
nodi fi cation was neasured volunetrically. . .

kept at this temperature for 48 hours. This provided a slurry of crystalline

molecular sieve. The slurry was evenly divided over 2 one liter bottles and the

crystals were separated from the mother liquor by centrifuging. The solids in each

bottle were further washed 4 times with 850 ml of deionised water. The

conductivity of the last wash water was ~40 pS/cm. The solids were dried

overnight at 120 °C. 15.2 % crystals by weight of the initial synthesis mixture

were obtained.

EXAMPLE 2 - Treatment and ageing of SAPO-34 with NH;

[00136] Anhydrous ammonia (grade 3.6) was supplied as a liquefied gas

from Praxair, Potassium nitrate, p.a. was supplied from Acros organics.

[00137] The SAPO-34 was activated (calcined) prior to the modification.
Calcination was performed muffle furnace at 625°C for 4 hours under ambient air
(heating rate: 5°C/min). The calcined SAPO-34 was transferred into a dynamic
gas-volumetric adsorption apparatus and degassed overnight in vacuum at 300°C.

NH; was contacted in situ with the SAPO-34 for 30 mins at different temperatures



Agei ng of the SAPO 34 1001381 The SAPO-34 wth and w thout ammoni a
chem sorption was. hydrated (aged) in a noisture-containing atnosphere
(90% r el awowa/obagae dity) for periods of tinme fromless thaaTiusdayiup to 100
days. 90%relative humdity was established by a saturated KNO3 sol ution
in an exciccator. Dehydrati on and Amogga desorption of aged SAPO 34
[ 001391 After the ageing, the SAPO 34 sanples were dehydrated in a nuffle
furnace at 625C for 4 hours under anbient air (heating rate: 5C/ mn) and
at the sane leading @ndiffedesnamsmooiie doadmysnllze degrqercefswntificwion chvas ardaaded t he
sanples were_then c1 aracterized and tested. Test Results METHANOL
ADSORPTI ON CRBjgtitea Fy001401 Figure 2 shows the methanol adsorption capacity
of SAPO- 34 after different NH3-treatnments as a function of the ageing tine
( parent SAPO 34; SAPO- 34 treated with NH3 at 20C prior to the ageing
treatment; AdeiRChOthe SARE34d Wi th NH3 at 150C prior to the ageing
treatnent; and » SAPO- 34 treated wth NH3 at 210C prior to the ageing
treatment). [001411 The net hanol adsorption capacity is given as weight
percent; thignd t he 4n i.n.wei.gh rcent.of the cal ci ned SAPO 34
after net har@l’i%})t ake.]Lhe'clsr'{lﬂi(§ 'ggt‘%thcarnggylﬁhﬁg?fgﬁ}so n{ahce??ml'ﬁ‘i’gﬁiﬁ’rqt‘yaéat ed SAPO 34
| ooses its nEHIlag@tSR b RidiQhre-CoARRAS MnioB3Phdlé Y908h tlatAGRuREdity)Ts: anmoni a
chem sorption treatnent at 20C WO 03/ 059849 PCT/ US02/ 34114 49y shows a
si gni fi cant peripdosigima fromessghamhday wwolOftdaps SO%p=bititvg homidiyevasy. The
150C and 210C tr.eated sampl e ow a .nmarked i nprovenent with mai ntenance
of the SAPoe§t&%[§§‘§g?’Viatsﬁ{%t?‘zﬁ"g&ﬁgﬁ%‘a“b%“r“f"c? A9 time. EFFECT OF AGElI NG
ON METHANOL CONVERSI ON [ 00142] Figure 3 shows the nethanol conversion of
SAPO- 34 wi t hout

Dehydration and Ammonia desorption of aged SAPO-34

[00139] After the ageing, the SAPO-34 samples were dehydrated in a
muffle furnace at 625°C for 4 hours under ambient air (heating rate: 5°C/min) and
at the same time any chemisorbed ammonia if present was desorbed, the samples

were then characterized and tested.

Test Results

METHANOL ADSORPTION CAPACITY

[00140] Figure 2 shows the methanol adsorption capacity of SAPO-34 after
different NH,-treatments as a function of the ageing time (® parent SAPO-34; @
SAPO-34 treated with NH, at 20°C prior to the ageing treatment; A SAPO-34
treated with NH, at 150°C prior to the ageing treatment; and @ SAPO-34 treated

with NH; at 210°C prior to the ageing treatment).

[00141] The methanol adsorption capacity is given as weight percent; this is
the increase in weight percent of the calcined SAPO-34 after methanol uptake.
This data clearly shows that the untreated SAPO-34 looses its methanol adsorption

capacity rapidly with ageing. The ammonia chemisorption treatment at 20°C



ammoni a chem sorption after various periods of ageing (U parent SAPO 34,

not aged; A SAPO 34, aged for 3 days; SAPO 34, aged for 7 days). Figure 4
shows t hewomslsased conversion for ammoni a chem sor bed SAP®C3AIS(r/8aat ed at
210C) after various periods of extended ageing (~ parent SAPG34, not aged;
A SAPO 34, treated with NH3, aged for 48 days; SAPO 34, treated wi th NH3,
aged for 6 days; SAPO 34, treated with NI-13, aged for 7 days; X SAPO 34,
treated with NH3, aged for 100 days). [00143] Figure 3 clearly shows how
agei ng has ahdet risigaificaht ieffrecmennint thethardl @d pepti or capadty of againgAPK2 34

catal yst, whj | opses all activity after only seven days ageing. [00144]
Thi s iys in cléﬁ{;]q é'é‘f SW%FHWPW sgrgplgs “}aﬁkqdilﬁﬂi’ﬁévemenml%ﬁmi‘q%?%% at es

t hat even af Ny : i NH3, treated sanple
r et ai ns cat(g%% %pg% S&?‘i‘@&%%@*&f%@%@?ﬁ%wmo FROM NZ- ADSORPTI ON
| SOTHERM [ ®¥¥eET oFfscascoNMEvnENOBCanverpiosvi ded in the fol l owi ng table.

Sanmpl e mi cropore volunme (nl/g) Parent SAPO 34, not aged 0.249 Parent
SAPO- 34, aged for 7 days 0.006 SAPO 34, treated with NH3 at 210C, aged

0.257 for 7 SAP®-.34, treated wih NH3 at .20 0..111 for 7 days
w0 031 05034 BB us_oz_/%ég‘ﬂz? shs ﬁ’@d%éi@ﬁmﬁ}lﬁ‘i’%veﬁ%‘%na‘%§’f’3§'§?‘a“{‘é‘§ui hat the NH3
treat ment hasnrom@Shdrhi¥@pabh 8fdr vaRouLiiriddy 61 age@iQM parer® 8 APELBNGor The
treatment at 210C being particularly effective in maintaining porosity.

XRD PATTERNSgSE £APG344380f@ES days; € SAPO-34, aged for 7 days). Figure 4

shows the methanol conversion for ammonia chemisorbed SAPO-34 (treated at

210°C) after various periods of extended ageing (M parent SAPO34, not aged; A
SAPO-34, treated with NH,, aged for 3 days; ®#SAPO-34, treated with NH,, aged
for 6 days; @ SAPO-34, treated with NI-1;, aged for 7 days; X SAPO-34, treated
with NH,, aged for 100 days).

[00143] Figure 3 clearly shows how ageing has a detrimental effect on the
MTO performance of a SAPO-34 catalyst, which looses all activity after only

seven days ageing.

[00144] This is in contrast with the data shown in figure 4, which illustrates
that even after extensive ageing (>100days) the NH;, treated sample retains
catalytic activity.

PORE VOLUME DATA CALCULATED FROM N,-ADSORPTION ISOTHERM

[00145] The pore volume data is provided in the following table.
Sample micropore volume (mL/g)

Parent SAPO-34, not aged 0.249

Parent SAPO-34, aged for 7 days 0.006
SAPO-34, treated with NH; at 210°C, aged 0.257

for 7 days

SAPO-34, treated with NH, at 20°C, aged 0.111

for 7 days




[00147] Figure 5 illustrates the effect of ageing on the crystallinity of
treated and untreated SAPO 34 catal ysts (a= Parent SAPO 34, not aged, b =
Par ent SAPOH3459822 days aged, ¢ = SAPO 34, treated w th NPBTASOROCI4 22 days
aged, and d = SAPO- 34, treated with NH3 at 210C, 22 days aged). This figure
shows that wthout the NH3 treatnent tiére is a conplete |oss of
crystalline structure after only 22 days agei ng. However, w th NH3
treatment the crystalline structure is retained on ageing. | R SPECTRA
[00148] Figure 6 illustrates the effect of anmmonia chem sorption and

d [ [ . SAPO- 3 | [ .. The fI. h h
ai tor " amorDAFBer schlit fh s DehGE Sl P otaies Aposfh UIRchel ol y 3650
cm is  repl agdi Byrodity 64 h?eﬁxtl%f Tﬁl@&éakrﬁ%rgﬁﬁgﬁmé%%n%@&ﬁ%ﬁecﬁwmz300 cm .

The figure also shows tha ese bands are retal during agel ng of the
amoni a chemisaithegpoobigcul ar si eve and that after desorption of ammoni a
fromthe aged nolecular sieve the original Broensted acid band returns

i ndi cating regeneration of the Broensted acid sites in the nol ecul ar

Si eve. EXAMRERDS o ERAVL A Iﬁ{%j‘g R#gl;s SAPG- 34 nol ecul ar sieves were

prepared usi rovided in Exanple 1. In addition
sanpl es were al so prepared using a WO 03/059849 PCT/ US02/ 34114 51 conbi ned
tenpl ati ng agent of diPp'ropyI.am' ne (DPA) and tetraethyl ammoni um hydroxide
(TEACH) . ThdUPEWII t antFigaPO iBustragasdhg effest olegasingcan the eedtalinity®dl ci nation to

remove substanti.all | | r.gani enplate e chenmisorbed wth
ammoni a at 210 dlfgfl)r@ag?%%& %F ﬁé:gp(@éag%sﬁﬁ (g%dﬁ aéeﬁ%sg&o\?ﬁ%%%ﬁ#egfal s are
referred to Isasexﬁsa@o%§4,@wda§/@a%édb@=mm9h; ti@itddSRih AL g JREEII @lysand
SAPO-34 (D) for the dual tenplated material. [00150] "Anmoni a chiem sor bed
sanpl es and agad,randdetlS 4 BRIP4 sreatbd mhthEH, at 210°C, 22 days aged). This figure

shows that without the NH; treatment there is a complete loss of crystalline

structure after only 22 days ageing. However, with NH, treatment the crystalline

structure is retained on ageing.
IR SPECTRA

[00148] Figure 6 illustrates the effect of ammonia chemisorption and
desorption on an activated SAPO-34 molecular sieve. The figure shows that after
ammonia chemisorption the Broensted acid band at approximately 3650 cm™ is
replaced by a series of new IR bands between 3500 cm™ and 2300 cm™. The
figure also shows that these bands are retained during ageing of the ammonia
chemisorbed molecular sieve and that after desorption of ammonia from the aged
molecular sieve the original Broensted acid band returns indicating regeneration of

the Broensted acid sites in the molecular sieve.

EXAMPLE 3 —STEAM AGEING

[00149] SAPO-34 molecular sieves were prepared using the general

procedure provided in Example 1. In addition samples were also prepared using a



SAPO 34 materials were exposed to steamin an SS Teflon |ined autocl ave,
which was held at 110C under aut ogeneous pressure for up to 30 hours.

[ 00151] TWwe osasgskes before and after steam ng were charactemriusens3dissi ng

DRI FTS, XRD, nethanol uptake and nethanol conversion. The effectiveness of
each sanpl e in nmethanol conversion was s5al so eval uated where appropri ate
after desorption of the chem sorbed ammoni a, using the general procedure
provi ded above. SAPO 34 (M [00152] On steami ng the untreated SAPO 34
showed al nostontongal tetmelatiog ageno bf dipeopBianeins {([2PA paiddeiradtiiydammohand after only
25 hours. However he SAPQ- 34 whi ch had been treated with

I
anmoni a r et aERKidG E@‘%hs?@de%fl\%t §4§ﬁgr3§‘r Batepals werg aivated biour s of

teamng: this. : : ' f i bed
armont & [ 00TEATARA PGl ARRRLAL S R bfhnic SERTIR SO Bl R o
parent  SAPGvigd aiMoniiden 0 engeed @tk mesiodcdsgitt abbas STHebe fhaksihRlakd ni ty

within 25 hours. This was contrasted with the SAPO 34_8!\/9 sanpl es treated
wi t h amoni aefefish énas 3APEr34dMidar thedeerphlinedemplrtedimaterépl and 8ARO-34 no

significant $5; tg]é ca{l){esr%ql !ei ni tt%r lV\D 03/ 059849 PCT/ US02/ 34114 52 [00154]
After steam o 5‘5 houré fiﬁléa iftr eat ed parent SAPO-34 (M exhibited a
nmet hanol uptake index at 25 hours of only 0.11 whereas the anmmoni a
chem sorbed SAPO 34 (M sanple exhibited a nethanol uptake index of 0.89.
[ 00155] Thed@01¥Hul t s Almmonstahamesortieadtsamiples SAPOrtBhtgd\Mpmplasif gesev t h

chem sor bed ia are . remarkably resistant drolytic attack by steam
SAPO. 34 (D) HORSU e BBl hSERBiiBA? SSETPBIESIae: BRicbanpl es 1 s
provi ded in ghendPhd Q0P EnderBlBgediPhRsshrefollp i85 f&LrSAPO 34 (D) wi t hout

st eam agei ng

[00151] The samples before and after steaming were characterized using
DRIFTS, XRD, methanol uptake and methanol conversion. The effectiveness of
each sample in methanol conversion was also evaluated where appropriate after
desorption of the chemisorbed ammonia, using the general procedure provided

above.

SAPO-34 (M)

[00152] On steaming the untreated SAPO-34 showed almost complete loss
of the Broensted acid infrared band after only 25 hours. However, the SAPO-34
(M) sample which had been treated with ammonia retained the Broensted acid
infrared band after 25 hours of steaming; this band being regenerated after

desorption of the chemisorbed ammonia.

[00153] The XRD demonstrated that under steaming the untreated parent
SAPO-34 (M) experienced almost complete loss of crystallinity within 25 hours.
This was contrasted with the SAPO-34 (M) samples treated with ammonia, which

after ammonia desorption exhibited virtually no significant loss of crystallinity.



Untreated SAPO-34 (D) with steam ageing for 25 hours at 110C.
Ammoni a chem sorbed SAPO 34 (D) with steam ageing for 25 hours
at 110C amd oahsasno desor pti on of chem sorbed ammoni a. | nt egratuso2/34114
Selectivities Sanple CH4 Et hyl ene Et hane Propyl ene Propane Total Total C4+
Oefins 1 0.84 32.12 0.81 41.43 2.58 32.22 73.56 2 1.25 28.85 0.80 38.89
6.13 24.08 67.75 3 1.10 31.84 0.93 40.40 4.37 21.36 72.22 [00157] This
data illustrates that the steam ageing has a detrinental effect on the

ol efins yiell@0iFdn an Afterstcamang ©AROhBYrs (D) untsated gdreas SMPO-2A(EM) yst; in
addition steam.ng.also results in an jncreased ucti on of propane which
is undesi ra%?@‘tg%%}E@ﬁFWﬁﬁkedﬁa%?tazs ém%f&nbg@?g&%@egﬂﬂmnm% not have
the sane p i : 4 it does

por form 51 T s o R R B e o g o hese
SAPO- 34 (D) sanples showed virtually no loss of crystallinity on exposure

to steam which is in W 03/059849 PCT/ US02/ 34114 53 contrast to the

effect of stl@8Hdn t helhsss fsaats demongtigie thab ey RP-341(M) sprplegaithi on

al t hough th i.ndi SN L.gnifi,cant | oss of
crystal lini teC ;}lléggro g%#prﬁ(gelhgg{eﬁgm%r%? %Iztrrlgﬁ%rt%lct)rtf?/}é @P%’lﬁlggg?%(cbcyl Sé%ainf'y
denonstrates that this sanple has |ost a significant anount of catalytic
activity on steam agei ng. 1001581 Wil e the present invention has been
descri bed arﬁiﬂ@ﬁﬁ&)at ed by reference to particular enbodi nents, those of

Sampl e 2
Sampl e 3

ordinary skill in the art will appreciate that the invention lends itself
to variations not necessarily illustrated herein. For exanple, it is also
cont enpl at eqfoh15s] 0! e CedictBArRY BShVIRRS dREbr RAPE-84 (1B) é%n’#ﬁé‘sfik‘! as
absorbents, adsorbents, gas separators, detergents, water purifiers, and
ot her vari ouysovidekinghe follawirgytableul t ure and horticul ture.
Sample 1 = Untreated SAPO-34 (D) without steam ageing
Sample 2 = Untreated SAPO-34 (D) with steam ageing for 25 hours at 110°C.
Sample 3 = Ammonia chemisorbed SAPO-34 (D) with steam ageing for 25 hours
at 110°C and after desorption of chemisorbed ammonia.
Integrated Selectivities
Sample CH, Ethylene Ethane Propylene Propane Total Total
C4+ Olefins
1 0.84 32.12 0.81 4143 2.58 22.22 73.56
2 1.25 28.85 0.80 38.89 6.13 24.08 67.75
3 1.10 31.84 0.93 40.40 4.37 21.36 72.22
[00157] This data illustrates that the steam ageing has a detrimental effect

on the olefins yield when an untreated SAPO-34 (D) is used as MTO catalyst; in

addition steaming also results in an increased production of propane which is

undesirable. Although the ammonia chemisorbed SAPO-34 (D) does not have the

same performance as the untreated fresh parent SAPO-34 (D) it does perform

significantly better than the untreated aged sample. All of these SAPO-34 (D)

samples showed virtually no loss of crystallinity on exposure to steam, which is in



WO 03/ 059849 PCT/ US02/ 34114 54 CLAIMS 1. A nethod of providing a
stabilized netall oal um nophosphate nol ecul ar sieve, which nethod conprises
t he st epswofo3msIsuy eati ng a netal | oal um nophosphat e nol eculpam/tsoeygin th a
source of ammonia under conditions to chem sorb amonia with the

met al | oal um nophosphat e nol ecul ar sievg3 and b. naintaining the ammoni a
chem sorbed with the netall oalum nophosphate nol ecul ar sieve for a period
of at least 24 hours. 2. A nethod of providing an active

met al | oal umiceopis spthatetfectoifetamanm the meveholnh itahplated natkratsrdn addisioh he st eps
of a. treati a t @] 1.0al um pophosphat e nol ecul ar sieve with a source of
ammoni a u ndé‘?tg%ﬂkr}ﬁf: 3{543%@% l%cﬂ%ar??sstgﬁﬁﬁ%{mﬁ)‘%ﬁ sepficantdess of crystallinity for

nmet al | oal um'gag&ﬂp ﬁ{é% . S} ' i : i a

chem sorbed wt : ? e %1}3]15%1?gyegﬁﬁgﬁﬁggﬁﬁégémﬁg%gg:t%?ﬂé?%\l/@%% a period
of at |east lost4 sigmificint anodurtt.of deslptibadtiyitylod ghemigaided amonia. 3. A

nmet hod for the manufacture of a catal yst conposition, which nethod
conprises the steps of a. formng a m xture conprising at |east one

met al | oal um sphat cular. .sieve with at |east o bi nd mat eri al
and/ or at | e[gs inot he\&hg{halpﬁsf%té Yey\{lg%\tﬁfls\/geeﬁ‘é]teﬁqﬁ)ﬁi& fm(gﬁldl_sﬁae‘ﬁ%ati ng the
m xture W t hefRrén@éltCar@Eul @BRHIdANSHR BiosE 8N Bidin2y 8kill n tHeheh$ior b ammoni a
wi th the netall oal um nophosphate nol ecul ar sieve.

appreciate that the invention lends itself to variations not necessarily illustrated

herein. For example, it is also contemplated the molecular sieves described herein

are useful as absorbents, adsorbents, gas separators, detergents, water purifiers,

and other various uses such as agriculture and horticulture.



4. A nmethod for the manufacture of a catal yst conposition, which nethod
conpri ses the steps of WD 03/059849 PCT/US02/ 34114 55 a. formng a mxture
conpri si yoas/okmsast one netal |l oal um nophosphat e nol ecul aPcIiwseE3fiavi ng
amoni a chem sorbed thereon with at | east one binder material and/or at

| east another catalytically active matgyial, to forma catal yst

conposition. 5. A nethod as clained in any one of the preceding clains
wherein tenplate used in the synthesis of the netall oal um nophosphate

nol ecul ar si€LAIMS renoved fromthe m croporous structure of the nol ecul ar
sieve prior to chem sorption of ammonia with the nol ecular sieve. 6. A
nmethod as clainmed in claim5 wherein the entire tenplate used in the
synthesis is renp i Qf . i i goell t hod as
claimed in any?bn%%%%%(rgll ogip %@qﬁ?g%@@kg@'@% ﬁal%tﬁ%lrlo” 1%Ogj}fa%éem&§g@?rce of
anmoni a. 8. A netsied, whick hadteicontprizeythe’epobf t he precedi ng cl ai ms wherein
the ammonia is chem sorbed at a tenperature within the range of 0 to 500C
9. A nethod as cl ai fedrdatingp gletalbalymsnephesphatonalecdar sigee wishpbeuree i s
performed at a tenperature wi.thin the.range of 20.to 400C 10. A nethod as
claimed in any one of oélagﬂn%g“almfdg?rﬁowté‘?rggﬂcﬁms%rm%m??‘t%éheem' sorbed at

a tenperature greater fh&tamoalfifizopHosphdie FRIAHr &vElaglimed in claim 8 wherein
the tenperature is greater than 2080. 12. A method as clained in any one
of the preceding cl ki meainfasrieg the ahenomattemitabedswith ¢heor cat al yst
conposition is treated in the | k sfate. 13 mef hod ac¢ording to any one
of m(::)l a: mls 3 Ior 4 furt H’é%tgl&%ﬂﬁ?‘?‘gpbf&p ‘ﬁ%“@g"é’ﬂlaréeve %Orapeg"‘%fat leadt Y

24 hours.

2. A method of providing an active metalloaluminophosphate molecular
sieve, which method comprises the steps of

a. treating a metalloaluminophosphate molecular sieve with a source
of ammonia under condifions to chemisorb ammonia with the
metalloaluminophosphate molecular sieve,

b. maintaining the ammonia chemisorbed with the
metalloaluminophosphate molecular sieve for a period of at least
24 hours, and

c. desorbing the chemisorbed ammonia.

3. A method for the manufacture of a catalyst composition, which method
comprises the steps of
a. forming a mixture comprising at least one
metalloaluminophosphate molecular sieve with at least one binder
material and/or at least another catalytically active material, and
b. treating the mixture with a source of ammonia under conditions to
chemisorb ammonia with the metalloaluminophosphate molecular

sieve.

4. A method for the manufacture of a catalyst composition, which method

comprises the steps of



of desorbing the ammoni a after the catal yst conposition has been formed. WO
03/ 059849 PCT/ US02/ 34114 56 14. A nethod as clainmed in claim3 or claim4
wherein tweoaosmsm a i s maintained chem sorbed with the nelceashas4isi eve for
an extended period of at |least two hours. 15. A nethod according to claim
14 wherein the chem sorbed ammonia is 358esorbed after the extended peri od.
16. A nethod according to any one of claim2 or claim 13 wherein anmoni a
desorption is undertaken during manufacture of a catalyst conposition. 17.
A et hod accordi ng 8o @rrymgraemmurclcammlangmt ledstione 13 wherei n ammoni a
desorption is achieve trodu Bn of th ia chem sorbed

nol ecul ar si eve or catla?%g?aqg@fﬁ% ?)tﬁ“f%‘:t’cbl S@Kﬁ@%Y‘EgB’i’imkﬂn@cess 18. A

met hod as clainmed in diaifRoldedhatst GuthQ@leﬁﬁ%@'bﬁid@PmB{eHﬁFéﬁ/dr%t
met hanol -to-ol efins process. 19. A stabilized netall oal um nophosphate

nol ecul ar si eve, whi cheasoapotheraatalgicallpagiveomseriagedorm a catalyst

net al | oal um nophosphat e nol ecul ar sieve and chem sorbed amoni a. 20. The
use of armmonia to stafioPiPP&tRN et al | oal uni nophosphat e ol ecul ar  si eve
during storage and/or handling. 21. A nethod for storing

met al | oal um noghog gl e{gfblleﬁﬁ'x‘éhﬁrg r%’(ﬁl\é%?tMrg&dl 1408 vﬁ%@“ Nate

mai nt ai ni ng the netal |l oal um nop hat e nol'ecul a sieve 1In act wth
ammoni a i n a chendssdirbhe sgithésis efithe n@tastlbﬂnmgﬁ)phaﬂnhafEhﬁolH&ﬂarassev@|1s’all med in
claim?20 or the nmethod as clained in claim?21 wherein the storage is for a
period of at | eadtmoverhiiem thamicrpRorouestagtugg eff thesalesular aieks PUOTGP t he met hod

o A oo RSl SRR HARG L G per od of 2t T st 30

6. A method as claimed in claim 5 wherein the entire template used in the

synthesis is removed prior to chemisorption of ammonia.

7. A method as claimed in any one of claims 1 to 3 wherein ammonia is the

source of ammonia.

8. A method as claimed in any one of the preceding claims wherein the

ammonia is chemisorbed at a temperature within the range of 0 to 500°C.

9. A method as claimed in claim 5 wherein removal of the template is

performed at a temperature within the range of 20 to 400°C

10. A method as claimed in any one of claims 1 to 4 wherein the ammonia is

chemisorbed at a temperature greater than 100°C.

11. A method as claimed in claim 8 wherein the temperature is greater than

200°C.

12. A method as claimed in any one of the preceding claims wherein the

molecular sieve or catalyst composition is treated in the bulk state.

13. A method according to any one of claims 3 or 4 further comprising the step

of desorbing the ammonia after the catalyst composition has been formed.



57 24. A method for protecting a netall oal um nophosphate nol ecul ar si eve
from exposure to steam which nmethod conprises maintaining the

nmet al | oalwoiosopisesphat e nol ecul ar sieve in contact w th arownise/sania

chem sorbed state while the netall oal um nophosphate nol ecul ar sieve is
exposed to steam 25. A nolecul ar sieveeéconposition conprising at | east one
net al | oal um nophosphat e nol ecul ar sieve in adm xture with at | east one

bi nder and/or at |east one other catalytically active material and

chem sorbed ammoni a. . 26. A nolecul ar sieve conposition conprising at

| east one netdH 6am§mmmlmwﬁm elainp B ot glaim 4svhepein Hmﬁirmrgommm a
chem sorbed thereon eas r and/ or at
| east one ot her ‘E‘%‘P&ﬁ“gﬁg bgmfsﬁme@twlv}bthmo ?‘Ciuiﬁf swﬁ%r& eﬂgﬁfp‘?co bilized

met al | oal um nophosmhadag telHaGks ar si eve, nol ecul ar sieve conposition or
use as clainmed in any one of the preceding clains, wherein the nolecular
sieve is selected fromthe group consisting of SAPO 18, SAPO 34, SAPO- 35,
SAPO 44, SAPO- 4%, AMEihad acpendig to stamalidnvimegeih dhencheniisoslbasanohonihés f or egoi ng,
and m xtures ther ilized netall oal um nophosphate

nol ecul ar si eve, ?%’E%P%?fph%%v@%é&ﬁ%‘g. tion or use as clainmed in any one

of the preceding clainms wherein the nmol ecular sieve has been exposed to an

oxygenate pri 0r16tzQrﬁé’t‘l‘i‘odeﬁ:h&ﬂlr%qbﬁhygﬂechlﬁam@ﬁfélam?% wheldht 4Rflongt abi | zed
net al | oal um nophosphat e nol ecul ar si eve, nolecular sieve conposi t| on or

use as cl ai ned i ndesbrpiiom B&ndb@al@nrdutlhgmny@emm of a gitalys chiapaditi@nd/ or

di met hyl ether. 30. A method, stabilized netall oal um nophosphate nol ecul ar

ts Ihgvg;(pggtfgu![ gr7 A Vo% a%(c)o %sgl tE) Iag)r/] oger OP cﬁzei\imaf orC (lzlgilmnﬁj wlhgre?nl ae}rllrrrrl]or%ig wherein
desorption is achieved by introduction of the ammonia chemisorbed

molecular sieve or catalyst composition into a conversion process.

18. A method as claimed in claim 17 wherein the conversion process is a

methanol-to-olefins process.

19. A stabilized metalloaluminophosphate molecular sieve, which comprises
at least one, aged metalloaluminophosphate molecular sieve and

chemisorbed ammonia.

20. The use of ammonia to stabilize a metalloaluminophosphate molecular

sieve during storage and/or handling.

21. A method for storing metalloaluminophosphate molecular sieves which
method comprises maintaining the metalloaluminophosphate molecular

sieve in contact with ammonia in a chemisorbed state during storage.

22. The use as claimed in claim 20 or the method as claimed in claim 21

wherein the storage is for a period of at least 7 days.

23. The use as claimed in claim 20 or the method as claimed in claim 21

wherein the storage is for a period of at least 30 days.



WO 03/ 059849 PCT/ US02/ 34114 58 net hanol and/or dinethyl ether has occurred
during a nmethanol -to-ol efins process. 31. A hydrocarbon conversion process
conpri si nyotobeswsieps of . (a) introducing a feedstock to aprceamsvims4isystemin
the presence of a nolecular sieve as provided or prepared according to the
met hod of any one of clains 1 to 18 arfd 27 to 30 or in the formas clai ned
in clainms 19, 25 and 26; (b) withdrawing fromthe reactor system an
effluent stream and (c) passing the effluent gas through a recovery system
recovering at 2feAsncthoreioppeotentinggmeetalinalumispphosphaielmolesculaggieveNfrpmocess as

clained in claim31 wherei.n the .feedstqock canpri ses.one_or nore
oxygenat es. 33. f@%‘if&%“g@m’c‘ﬁg?ﬁg’&ﬁ\o C8F’éi’f‘%%)33’ialmﬁ‘é‘}”é$ﬂ‘et he one or nore

oxygenat es  ConprinsRfodlBhlARRbsphat mdledMRGRSS iREGHRAA WG O?mn&ny ipe of
claims 31 to 33 wherein the one or nore conversion products conprises one

or nore ol efins. @&misarpedstas svhils thel rmétalbohliminophosph@d mdbeoubir sicvdies one or
nore ol efins conprises ethylene, propylene and m xtures thereof. 36. A
process accordin XPBSe@ItaiSWPéli wherein the feedstock conprises one or nore
oxygenat es and anmonia. 37. A process as clained in claim36 wherein the

one or nore COQS?A%&&ulQTsfé@H%%GW& isﬁ{r%eat@éasm}l{ee al kyl am nes. 38. A
process as clainmed in claim 37 erein the one or nore al kyl am nes
conpri ses one or merBoatemmpphodphats moOuliB 5258 AR NI ISRR /aBKAkbdne 59

binder and/or at least one other catalytically active material and

chemisorbed ammonia.

26. A molecular sieve composition comprising at least one
metalloaluminophosphate molecular sieve having ammonia chemisorbed
thereon and in admixture with at least one binder and/or at least one other

catalytically active material.

27. A method, stabilized metalloaluminophosphate molecular sieve, molecular
sieve composition or use as claimed in any one of the preceding claims,
wherein the molecular sieve is selected from the group consisting of
SAPO-18, SAPO-34, SAPO-35, SAPO 44, SAPO-47, MCM-2, metal

containing forms of each of the foregoing, and mixtures thereof.

28. A method, stabilized metalloaluminophosphate molecular sieve, molecular
sieve composition or use as claimed in any one of the preceding claims
wherein the molecular sieve has been exposed to an oxygenate prior to the

chemisorption of ammonia.

29. A method, stabilized metalloaluminophosphate molecular sieve, molecular
sieve composition or use as claimed in claim 28 wherein the oxygenate is

methanol and/or dimethyl ether.

30. A method, stabilized metalloaluminophosphate molecular sieve, molecular

sieve composition or use as claimed in claim 29 wherein the exposure to



39. A process according to claim 36 wherein the one or nore oxygenates
conpri ses net hanol .
WO 03/059849 PCT/US02/34114
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methanol and/or dimethy] ether has occurred during a methanol-to-olefins

process.

31. A hydrocarbon conversion process comprising the steps of:

(a) introducing a feedstock to a reactor system in the presence of a
molecular sieve as provided or prepared according to the method of
any one of claims 1 to 18 and 27 to 30 or in the form as claimed in
claims 19, 25 and 26;

(b) withdrawing from the reactor system an effluent stream; and

(c) passing the effluent gas through a recovery system recovering at

least the one or more conversion products.

32. A process as claimed in claim 31 wherein the feedstock comprises one or

more oxygenates.

33. A process as claimed in claim 32 wherein the one or more oxygenates

comprises methanol.

34. A process according to any one of claims 31 to 33 wherein the one or more

conversion products comprises one or more olefins.

35. A process as claimed in claim 34 wherein the one or more olefins

comprises ethylene, propylene and mixtures thereof.

36. A process according to claim 31 wherein the feedstock comprises one or

more oxygenates and ammonia.

37. A process as claimed in claim 36 wherein the one or more conversion

products comprises one or more alkylamines.

38. A process as claimed in claim 37 wherein the one or more alkylamines

comprises one or more methylamines.
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39. A process according to claim 36 wherein the one or more oxygenates

comprises methanol.



