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. 100041 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

i st L 0i t her. h i ent ai i | ci ned
o part i al |y AD ErHaa’ SRLTEURS if fplveging ohy EouB FHELR SRE R0 as ¢ he
activated stab@ddy Wite HeIROER iORSBANAGs shO\ i 8. PRLALNYE 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 qO0®f] Ih4®beph Siscoreddhatiricalli@ilemisugigRphaté hdlectlay Siedds i nity | oss
is reversible when certain tenplates are used. 100051 U. S. Patent No.

4,681, 864 t sughiesaluminephesphatgi(EHO3 ard especiahesibieoaBamaoptosphast ecul ar si eve
as a cormerc('gggoﬁr aqki ga? cat al st.t.l tl IS qi?lsgl osed that .activated SAPO 37
mol ecul ar si' 48 poct Pttt eirplgtively HRgrahle R Linat EQPUENEhe | nproved by
using a par taitfbdpAtred Shdhved tahBienP hi? ¥R in MNecRlctHed Br Ea}ti&ﬁ%cé}éige@&ﬁte; retained
organic tenplate present fromthe synthesis of the SAPO- 37 is renoved from

the core stthigstaterie sohetithes rsfeaned t¢ asthe petieted ate.oltthas slsmbeani dbserveded t o be
cracked. The, proce r sub%lec(ii ng the sieve to .a tenperature of
ek inge

200-800° ¢ e g SEAMy {%?i‘ part g AfivEe ofies erapeys dpsarfating

PCT/ US02/ 34]a§ént uded 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. 5,185,3 10 to Degnan et al. discloses another

met hod of activating silicoal um nophosphate nol ecul ar sieve conpositions.
The met howo osmbdssy f or contacting a crystalline silicoal unmpcopisosphat e with
gel alumna and water, and thereafter heating the m xture to at |east 425
C. The heating process is first carried out 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, k85e31l6)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. [00111 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 giddanthgeaiualky pliysidal Eehtadni The insthgdeat er t han

t hat obtai ned using a non-oxygen depleted environnment. [00121 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. [00131 U S. Patent No. 4, 861, 938 to Lewi s 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 [00141 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 7000 Cto destroy a |large proportion of the acid sites whilst at the
same time retaining a significant proportion of the original
crystallinity. Also disclosed in this docunent is a test nmethod for
determ ning the nol ecul ar sieve acidity. This test nethod requires the
adsorption of ammonia onto the nol ecul ar sieve, followd by desorption

it hi the t f to 600' C dtitrat] f th d bed
e oS BIPAD S B or 005, Rhs PP R e SaBaL s il bPfhesl Lhe desorbe
met al | oal um ARRRSRRRLEARhEG IR REEYShoWhale BHRERLL sidves NPhL ﬁ{a@é’sscat 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 rdestiey dlangreproportign iofitheacid sjtes whilstiat the.sang tamivietaimong 8 her e may be

irreversible.l oss of nmolecul.ar sieve crystallinit nd..porosity on ageing
during st or U RORRTICAS" Dhe el qGrtDitve Alioghsedares if s dpsuents o
therefore t gsdeueh@molBo@aanlifhg 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
of a) treati .2l | ] l a Lev hth a source of
armoni & andine QU Al BRhERRIPRE 4 o HRIRELLPlasSiofdf att bk

net al | oal uni gregias peptQallyible @6avedion bEYEge ¥R A3 /LRFI8 AR iRGEl4rlySteit 34114 7 b)
mai nt ai ni ng the amoni a chem sorbed with the netal |l oal um nophosphat e

mol ecul ar si®ed@n(loin the gentewicbidhe presdng iyention istonense wal e eadd dgougliony t he

heni sor bed ia. [00201 | th di ment_ th t ] t]
o ovi dos . HBERBG Aerop ke merl R AR s B e 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. [00211 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. [00221 In a further

embodi ment  t'RElepplALERtE flfph%?ﬂ‘?dﬁ‘?fyabﬁ% %rﬁr‘pe‘?uéss §’t“gbi I[i zed

met al | oal ur ni nophosphat e nol ecul ar si eve, which conprises at | east one aged
nmet al | oal um nophosphat e nol ecul ar sieve and chem sorbed anmonia. [00231 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. 10 1.ln an

addi t onal B P Boeithe RS PR B PR S meliddt e Seve
conposi ti on [eMiFdtsiedd a dhtalySESImPDRRI oNEWAIch QRdthill ddaipiREPIdRhme! ecul ar WO
03/ 059849 PCT/ US02/ 34114 si eve having ammoni a chem sorbe(% thereon and in
admi xt ur e wi mixtere cppagsing aleash pnelmetadlnaliorinaphosphatstmelaatliresieve arit att i cal | y

ti terial . 0251 Th toi ' | vi d f t.h f
Aot a o SEasprt DB gt RERT Bt AL aeD R ERT e At or i ng

storage and/@daifg R thiXeure \A[Clit@%?s@ﬁrcle bf @mfrrﬂfnﬁ'cpﬁ{de{emlfaﬁidﬁ@ 1 %ﬁéﬁﬁ?}d}ﬁ esent

i nvention provides a netho or storing netalloal um nophosphate 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. [00271 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.

[ 00281 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. [00291 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. | 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 that thetalloaamnmephospbéte meleriulap sleved andpatdyshedrepositions of the si eves with
amoni a so that the ammonia is chem sorbed results in stabilized

met al | oal uni HBSADYSAM®s that are resistant to degradation during exposure
to nmoi sture. Through this nethod, treated netall oal um nophosphat e nol ecul ar
sieve materials and catal yst conmpositions are provided which retain nost

if not all dBRIEEDESCRIITION OFDHE DRAWINGS! ytic and/or physi cal
properties on storage even after extensive periods of exposure to anbient
at nosphere or steam Wthout being bound to any particular theory, it is
believed t j [ versi bl Wit he Broensted
acid sites C&ﬁ@%@]gﬁneﬁﬁé@ ﬁ%@é‘%ﬁ%gﬁﬁ%b%g%ﬁ%@ﬁﬁgé {é)%ﬁdroeiﬁy\gg%feg?:e gol ts@%e and in doing
so protects béigimed Dewripadt @ake hﬁoeﬂmrswmﬂaﬁwtb?gh@tmm@ aglcheBandl i ng.

CHEM SORPTI ON OF AMMONI A [ 00321 A key aspect of the present invention is

t he chemi sordsewings viheminionia 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 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 st : e solid surface | he net al | oal um nophosphat e

nol ecﬂl ar siﬁb_@Aleﬁg ENERI A INYENTIQN of or ab| y pri gr tg

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 fromabout 400 C tq about 1,0Q0' C
preferably f? %qg@@g?@%ﬁp@%&g&pe@%@a@plg ORRKLeS ﬂ:ﬂf’rté?eerF%E}PV rom about
550°C to ab%ﬁraﬁ@@é&urﬁfgee&ﬁéﬁpé%rh&_st%ré?ahﬁbﬁghtﬂh%r}netﬁ(%’,'tlre%aent such as air,
nitrogen, helium flue gas (conbustion produtt |lean I1n oxygen), or any
conbi nat i on mételleddminppidddiatd heleaolar viatecharmibbaut astalysteooepusiyioheare

chem sorbed wt, ia under a variety of. conditions. These conditions
are sel ect ecPr?Y)‘H%‘ﬂg’H't% retainmMost Hlot éﬁpgt e REginebadsaEPtiRn: GRtalytiq adéar t he

Broenst ed acjdqsit Of sl JAEt e ' . e i a i . sorbed in
the liquid or (}alas é’g‘ﬁg’ stat e.({%ee%glrl gﬁf‘;éx?étﬁgrlvg -EQ ods YFERPdrd ifbich
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



chem sorbed in the gaseous state. In one enbodi nent the activated nol ecul ar
sieve is introduced into a treatnent vessel, which enables the nol ecul ar
sieve to weosdegassed. This is typically achieved by util iPziTrggoassaacuum
preferably with the application of heat. Typically the nol ecul ar sieve may
be degassed under vacuum WO 03/ 059849 RCT/ US02/ 34114 12 at a tenperature
within the range of 10 to 600'C, and preferably 20 to 3001C. In an
alternative enbodi ment the nol ecular sieve is treated as activated w thout
degassi ng. 100B5dasTius oahiqoidi stateranyd deplidrsurfachidak tochisiveeak beadingtite vessel

cont ai ning the ?gqasse nmol ecul ar ..si eve .or tt}‘% S acti vgt ed nol ecul ar

si eve. The dSH ﬁ’éF;fSlngé‘pPHf}Fecﬁ?BB‘éad‘OWOif gy IR thheantext REthSPEESERt an i nert

carrier gas iﬁm_oﬂlﬁnﬁlﬁéﬁimsttﬁé)ﬂl RcQie, whicHid iﬁregtﬁglstrl}le d Bud'athuldstite 92S€0US

m xture the partial pressure of ammbnia in ure I's hot critical.

Pref erabl y, dnldehasutidrsuefadesis pieaaerallodlummeplssphate nidiédularsizgell red to react
with at | east the Broensted acid sites within the nol ecul ar sieve. The
anmoni a may be introduced at anbient tenperatures or at el evated

t enper at ur esCHé,\t,qSiOanrmﬁgﬁsgthat the tenperature is selected so that the
ammoni a do he nol ecul ar sieve under nitridation

conditions. It is possible to determ ne suitable tenperatures for any
given nol ecul ar sieve by observing the chem sorption and desorption of
anmoni a usi 18033 dirgficrablyl priesdh sherniserpsor bl s amneonia thier ar ed t echni ques

described herein. .1f.a tenperature is. used fthat results in an irreversible
reaction wi jtrﬂet?lﬂ%hé{ﬂ’t%%ozfgg%e H)é’)ll;ecﬂl?r ﬁgY%PrﬁCH‘éa&ecbyﬁ%%a?gﬁrfﬁqPﬂﬁgs, then a
|'ower react ifROadtRAREH BlodEss iSHQEmbvdRISHk %sﬁlﬁslundmﬁd AR QNP iRehe T €act ed
with the nolecular sieve at a tenperature of less than 500" C, | eaei ly | ess
t han 450' C, spniétes ablhy madesildarisene 800Ma@Y siildbabtegentiit bi on theendlenper at ur e
range of 0 to 50Q'C ar 10 to0.450'C, preferably 20 to 300(err)C, or 20 to
450' C, and rRYE s 8?%}?%88 Witjbti'é BYOES%%' 0‘%@3 PESSRAEVERED the MikectBT be
par ti cul ar | Y &theatiierh iy REvaGl1eBy AR RRIVhRAG! idfar UndgIctaen at
t enper at ur es' prefer al y e{ A exg%sselgiﬁ%gl'y : at 4o

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



C, nore preferably in excess of 150'C, and nost preferably in excess of
200'C. The ammonia may initially be introduced at a | ow tenperature e.g.

| ess t harwD@G/oDsand t he tenperature may then be rai sed abeea/ushy/s4114
tenperature during the reaction. The exact tinme required to conplete the
chem sorption process is dependent onl2he anmount of acidity present in the
nol ecul ar sieve. The anmpbunt of acidity may be determ ned by test nethods
known in the art such as ammonia TPD. The tinme for chem sorption and/ or

t he amount @t agempsmitareusiglin sheorange ofhld) t600%), 069 prederpidy 2050 30F L1 14 13
tenperature of chem sorptj.on be used to. ensure that Sufficient amoni a
is cheni soraBé’&.emlaF]V‘? %mg‘?(g@e’btcn}’ggmfe ufap sigys istreaicd 28 ACHEHRG WA ondi t i ons

for any gi \g@gaggy,%_ecul 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 nmay be used in
the chem sorgti Qn_. process. In this regard the ammonia TPD test nethod and

Infrared spd ?:f%s%ﬁ?’m?fﬁ?n@é bg dptepdugsdodth froatmgpieressgh seswiaingitheni a i s used
and the cher gés%cpﬁfofé@ufﬁsiew&qﬁé AKRHVABA T foﬂﬁ???ge.s@ggb?n&{ia Rl ecul ar
e after m nut e

si eve, the ch&rnisorption process I's conple e §“exposure to

ammoni a at  aetigtagiicad With or Withyaahs ustf of kaQheat Earfier &sﬁ@f@%&tr%hiﬂfo@én bh excess
of 100(err)C it is the Broensted acid sites, whic are substantially,
cheni sor bed sitnt# gapeWVasmpiedan a gescoppertanehepariel pgssere@dammanichior  si t es

i ncludi ng Brpensted .acid site nd ,naon- Broenst.ed acid sites be
cheni .sorbed_t(%i Pcteds 3%%3315 ﬁfeg%%gl’ tF? Ao 1S PEGE 1P 5SS #;{EAQ o
cher ni sor pt irgquiRH S RSt With Bt [RASRHRI BroBRedORid HRAViTAKER n¥lelLUROSI tion
conprising netall oal um nophosphate nol ecular sieve and in particular a
cat al yst conffesittmema miapy be hitgodapdsioatiambnnt tdmeperatanep osattelayatedonpr i si ng

met al | oal um noghosgega e nol ecul ar sieve and ot hgr ({mt ritgl S e.g. catalyst
conmponent s, FEPERYESed! P SNBHHATH NGt (R SEPPLEMER £ PoRded sathat the ammonia,  he

cher ni sor pt iR Rt BT RithahdMnblechiBesioR Gkt Afri®HiBY Sondlfibrk. FHRPSLISe
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



to amoni a may be achieved by introducing the ammonia into the end zone of
the <calcination unit used in the manufacture of a catal yst conposition.
Thi s zonewD3/0598p cal | y at tenperatures bel ow the cal ci natPcerusoesqies at ur e
as the catalyst is being cooled before being introduced into storage
drunms. In this and other enbodi ments tiBe amoni a may be introduced in the
presence of an inert gas such as nitrogen. [00371 The nol ecul ar sieve
conprising chem sorbed ammonia is stable when stored under anbient

condi ti ons. tfrlhneem@dnlamismeﬁﬂm gy b¢ sdgo eruee that gufiiciegrapseerceisof wat er
vapour at tenperature 0,.300'C, preferahly of 250' C, nore
preferably JHemEofRsds b*SéISOWS%Wsm getF‘?PH‘é%t"pP @t@qséorlaé%s WO

03/ 059849 PGH 45813 dldevelsy rREHA Qsérfkstobgds%?ﬁt%ny&n'd(ae fih ty of the
chem sor bed hol ecul ar si eve “conpare he non-chem sorbed nol ecul ar

si eve when wpemdemmdedetermlme(nmked/hancombmosamﬁnplemrmhbhmmqmonme nmol ecul ar
si eve conprising chem sorbed ammonia may be nmaintained in the chem sorbed
state for arfcBieVehdeucesistsrancdithese ﬁ@ndlwwax ke u%"?rbil thg ghpmigorptieast 24 hours

and whi ch o&:@ Olgxrthi%r}%(ga%ﬁme%grpﬂ(ﬁm BhAgS n?erthm% Ihf gred%aec?ro (Ercwtéhan 24

hours. In o ECU ar siteve 1s nal ntal ne

cheni sor bed Iﬁﬁ}abfeusfedl’ Tapichi®g Sthen Gakeous smmphriie 1ddl dndake ¢RAGIorpoAQUr s and
nost preferably at least 72 hours. ldeally it is held in this state as

| ong as poss}lfﬁpléakeb@ﬂ@r@g%%éd Samp1©ﬂ6m@}¢§b‘ét Ve thdfélemoamﬂna?rm@s&ame is held
in the chem sor is utilized in th manuf act re of a

Lo el vst corRates s it Ernshre @ aple e PR tpE RS
chem sor bed 1~°obaé e A)[rtblﬂ exﬁfﬁrés% ré I)f Aheest 1E I?l?e ﬁf&e@%tﬁcﬂmd QltesPRh chO]c a

catal yst conposition i to a cata yzed reaction. eRbodl nent t he

preferred cakrabigRdtislBachdmiBoibed &itBRAOANRMONOatAEBhé AR QIHRERS $00°00381 It is
al so envisaged within the scope of the present invention that the

chemi sor pt i mthgsdessissluding Breena;mdemdaﬁk@ﬂamnmsBcbenﬁe@Mldaitwmmlpmosphat e
nol ecul ar si

se St conpOS|t|0ns conpr|S|ng
met al | oal umﬁS‘ﬁ‘t‘?BEbﬁHé‘f@ @E’ihn&’r si eve. During conversion processes, such
as

[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 hanol -to-ol efin processes, it may be necessary to shut the reactor down
in either an energency or in a planned shutdown and mai nt enance cycle.
When t hi swoocosnss9 it is often necessary to renove the use#crasat/3gi4 from
the reactor and to place it into tenporary storage, which is usually under
an inert atnosphere. Sonetinmes renovali4is not necessary or desirable and
the catalyst is maintained wthin the plant itself. In both situations the
catalyst is under risk of losing its catalytic activity and/or other
properties dgdudtionaydiermgtadyticeastigity bfithadbérisorbed malerylar sieue cotopuanedited
start-up the,reactor may be under conditions, i ch gener at si gni fi cant
quantities off€ E?’E&ﬁ?‘%’?o%’?gﬂl#@r‘f&?’ﬁﬁw e §t8¥ed§’tvﬁ\‘g%rr?{§ pegdde g‘éﬁ?mﬁ,hi chis
particul arl y.oaanphy! ThOmERLAlal gammgmlg@s%{ | 8GH AL nﬁ'{y%\ée cont ai ni ng

catal ysts. The ammoni a chem sorption ne e present rnvention has
been found maintsnedan thecaheavidoybeelf st farae ekengedypeeivdiofigime, which is

met al | oal um nophosphate WO 03/ 059849 PCT/ US02/ 34114 15 nol ecul ar si eve
mat eri al s ad¥Pisaly atleast?4 bewrs apd whicBanayes ipp amapstodad stosage ar handling

et hanol -t 0- gl &1, i B R6GS 5 oh? b BbSin DAY LRI R USEH GRS 2y e

treated by ammonia chem Sorption as ySt “I's renove % he

net hanol - t 0-chemmgdoirtitsl sedté@ fdriat tdagt 3BABAR] prehehtly adReAU8duMhBl idde anmoni a
chem sorbed catalyst can be re-introduced to the plant. In an alternative

enbodi ment tmeferabbdat least 47 heurs.Ideallydhisdigldintthis stateras lphgas pagsibieng or af t er
shut down. | articul arl referred enbodi nen he . used catalyst is
exposed to al iuge'vxfntorﬁer?"i{)ﬁgg]ﬂ) néﬁle e ec”g%r?beéflﬁéi fﬁ‘?léén %85‘3“15?%% at whi ch
st eam si gni fgfanhdivit Regiliages thdmaniBtald ol Uy @ ehasoiade alGshdar sieve.
In a nethanol -to-ol efins process significant steam damage may occur within
t he tenper atamtwdimengat ioheldGo theoch@fisorbed statk phiertotignpiicadnastbe shalystd be

avoi ded as underfoltfhese conditions.in the ctqr the undesi({iabl e

rea
ni tridation ¥&48 8RRt %ERW%tIOBEWFWe%@@‘W' : thipemeqdimept the
met al | oal um RoRKES PRALZed RGO i85 nRtBNEI-HobIEMAS FITRNI a

[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



chem sorbed state may be regenerated by desorption of the ammonia. This may
be achi eved by heating the anmoni a chem sorbed netal | oal um nophosphat e

nol ecul arweioewssad tenperatures in excess of 200" C, and pcefisoabiiysin
excess of 400'C, and nost preferably in excess of 600" C. This desorption
may be achieved wusing a nmuffle furnacgsor simlar furnace. It may al so be
achi eved by using the sanme equipnent used for cal cination during

manuf acture of the nol ecul ar sieve or catalyst compositions contacting the
mol ecul ar si mekculansieneemaetialsiageanst theheffecwmmivieam ayeyoubdbe presane th tar i ng t he

manuf acture of ~a formul ated catal yst upder spray drying conditions. In a
further e%d&?%ﬁl't?%gef’g‘ﬁﬁfﬂﬂ%?f' ‘B%mg%‘ﬁﬁ\?éﬁt%FH eds‘ia%l%ysgﬁlaiy t5atet i on of
the ammoni a GheRiLS R REE ¥BLRLL QalHd I i.eve to a
catal ytic coriversi olral1 pr oceltspg su%L ag&%&ﬁ%ﬁrﬁ%ﬁ%ﬁ%r%@é%ﬁ%ﬁén(ﬁﬁ?ocess_ Thi s
may be achi esefindyylantnthe ashueiniobeing dasorbedivehea hisnarsmobhiadhemisorbed

nmet al | oal um nophosphat e nol ecul ar sieve to the regeneration unit of the

pl ant. WO 037atEyB4an beorrippdyead to the plagt. Ingnslvmative embodipeyithg 08601 1 n t he

context of t I 1O | qal um nophosphate nol ecul ar
sieve is a rr%?%lﬁ} géa[?ét}t}eﬁil %ggﬁtéﬂseﬁﬂ%@e% U?r}gg gf:g%ar%hgﬁggv\ygwgsa sa;gtrlﬁ %) zed or
formul at ed gseferredtmbydineniit bed@salPR & expbaydad afdorwakin@RdknRr i od of
time after synthesis. By extended periods of tinme is neant a period of

great er t harfemperahiesabovetheseataphich sfeamsignificantly d@radeatls nore preferably
greater than 48,.hours, and, nos ef er abl reater thap 72 hours. In

anot her enbprBFtﬁ’g?ﬁ ?mgwpg(ﬁ‘ghate m%%[%éﬁeﬁ% r%ﬁ%l? 8('@'&5&%%@P$555i eve is a
met al | oal uni aRhesRbREA dafBbERHY BEcS WA ﬁ@%mﬁ@&u%%&@ﬁ@mt@3§0 catal ytic

process and has been renmoved fromthat process or tenporarily retained
under non- opd. nHighpr tem@satuessibliidbeaivoisled hs @sdel thege Sdnditiiowin pbase. The

peri od of ageing may be under anbient conditions or el evated tenperature,
it may be urf@esterdkeHndpsuee airidatioptreacipnuyiosew. or a vacuum for exanple in
a seal ed container such as storage drum

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.



or netall oal um nophosphate nol ecul ar sieve holding facility after

manuf acture of the sieve or a catal yst conposition containing the

nmet al | oalwoiosopsesphat e nol ecul ar sieve. In the context @CTiUse2priesent

i nvention aged netall oal um nophosphates are typically present in |arge
anounts i.e. the bulk state. By bulk stgate is neant in the formof a |large
batch of material or catalyst conprising the netall oal um nophosphate.
Typically a bulk sanple has a batch size of greater than 1 kil ogram
preferably gAeBEDMOLECILARBIRVE ogram and nost preferably greater than 50
kil ogram The ageing may be undertaken in the presence of an inert gas in
addition to the chem sorbed ammonia. In the present invention it is
possible to uhi j i e accept abl e
For ot al | ool e o R FO AR DR o0 MR Sep gD

t hei r noi st umelecolat dexe is Suadtalipahesinophospieatomolcowiar sipuy astsynthieslzeled ity e. g.

they may contain higher than nornmal levels of inpurities such as oxygen
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t hr ee- di menshaRg |prefefably GREQUBarCE &/ Béatb, nidra PRMEAKly Srdaus itk SAirE xR bi t a
particularly desirable Broensted acid OH group spectrumin the Infrared,

when the tenmppsitpeefptablyrgreatetthan 7hbeyrs.dnepethénembmdivend, arBigednst ed aci d, OH
groups can be cgnveni ent | characterized b \.ffused Refl ectance Infrared
(DR FTs) speBerdRuumybhsbhal SRS EicYEe 4 BoRUeaRGURROWIEE r ange of 4000
cm’ - to 34QQ1eer sidfe thithab BeerSiRe8 i 4 BtalyQVEBEss afll hhCQahydhoghosphat e
nmol ecul ar sieves which exhibit desirable catalytic activity upon

appropri at e fremphapeocesnavethpérasily Braoed simdet maiaptin@irh prooegssohditiomy one or
nore bands in the, IR wth ve nbers. ranging from about 3 63 0 cm' to
about 3 5 SoS‘t?hn@i}n TP oA IS Peto rNgIeaY pecendsr ampient

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.



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 |ocated on
t he extewoabiosusud ace of the nol ecul ar sieve or at regi on®Cmush/suithe si eve
that exhibit internal defects. [0042] In order to preserve catalytic
activity, i.e., maintain acid catalyst1gites, this invention provides a
nmet hod, which conprises chem sorbing ammonia with the Broensted acid
sites. The cheni sorption nay be observed and nonitored through the use of
DRI FTS. WherMERALIOABMINOPEOSHIANTESACIDEY ANRINFRAREPed absor ption bands
relating to the Broensted acid sites decrease in intensity and are repl aced
by a new series of a infrared absorption bands at | ower wave nunbers

bet ween 230G0o 1] NiealiohidAMpidtohate UL BIEROE fhalhial skl e hem sorbed. hen

t he chem sorbe anmoni a 1 s subsequently renoved t rougﬁ desorption these
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aci d sites chamapieripes bckliffused Refestange nfireedh(DRIFJSe spastioscoppuliie
chem sorption of a ia.and restored thr h desorption of he ammoni a.
[ 00431 Egtiang&%‘ﬂjsézﬁggggoruéld rOH%}iogi?Baé’IgﬁﬁF ﬁ@(gﬂ%gphtggé%rﬁine therIRsi eves to

anbi ent at MapaRRME HERILE, SilicBaldmiRploghat b AkalidGicded Which¥xhiite sui table
method for determning this activity and its loss is to determne the

met hanol adsiesipthlocatalyapantivity updmiprogfriathempidte cmeaal bive\Broafstedrackly nt hesi s
and activati and to. nonitor this capacjty.wth ti after a_period of
storage. |deal EPHPR aﬁ\m&_o’%%‘i}flﬂrerlﬁaéﬁsaﬁnﬁﬁ%g{ WF'SAWV%(@ nﬁgggqsggrgglqﬁofr@rg t he poi nt
at whi ch t he,gRl #8HIAI 15a6%R 3580 Y Wit néh-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



conversi on process such as a nethanol -to-ol efins process. For nol ecul ar
sieve catalysts which are activated in situ, i.e. the tenplate is renoved
on i ntrodwotooms4of the nol ecul ar sieve to the conversi onprpramsess4ii4 he tinme
bet ween activation and actual contact with feed is short enough such that
the initial nethanol adsorption capacilBy is essentially equivalent to the
nmet hanol adsorption capacity at feed contact. During conventional storage
conditions e.g. under an inert atnosphere, this is not normally achieved
as the cat althgprocesspr thprmesniisvsntipegind dealgénd methad kor deteomimug tiatthe. | n t he
present inventjon the chem sorhed anmpnia.is gffective in etai ning the
met hanol  upt®KeSsy Bﬁ‘g?wggﬁyo&eﬁ{ge%w@ﬂﬁaﬁes gf%ér}otl%‘ffaéﬁ‘eé(? a Br  than
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ef fective ghabmionsmti on due to the chenisorption of ammonia. The use of

ammonia chem sorption results in inproved MAC val ues after storage.
According to this invention, it is preferred that the MAC after amoni a

It
desorption i 9 i1 gl I i sorption of
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preferably ambieaatm&phere Teahnircnipss 0datalyiastnitNnJORE EliRBR mets@¥dit i on

capacity are known to those of ordinary skill in the art. WO 03/059849
PCT/ US02/ 34 Metprmimng thisotiviAram] gsjess isNDdetamainy Sesnathpriatsorgoms 1 The

met al | oal um nopho e | ecul ar sieves which.may be used in the present

i nventi on hzf@@g%té@ﬁ/ﬂg@s%ﬂﬁ%glﬁ%fﬁlaﬂ%@éﬁ ?%elr ﬁyl?‘fﬁ??ésr%’ﬁ§‘cBY?gﬂopc?ﬂfi i®ns i ncl udi ng
for exanpl e,méhifer tIRAEHALINRith finRGifieP 8 PelidEHRRMBE 1AV the MAEC shuld Zn, or
Co), U S. Patent No. 4,440,871 (SAPO, European Patent Application EP- A-0O
159 624 (ELAPS@nwhdigh 45|possblasp t@the pBjnt@ which thGapleGaar fieve ikusedg,a Mh, Ti
or Zn), U S. Patent No. 4, 54,143héﬁgAR§%§ U S. Patents No, 4,822,478,
4,683, 217, FOPYASIGRETQCRISABNYS 2 pethane)-tomdctipsprogess. (fosmaequlassieng, ' 4, 935, 216

catalysts which are activated in situ, 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.



(ZNnAPSO, EP-A-0 161489 (CoAPSO), EP-A-0 158 976 (ELAPO, where EL is Co,
Fe, My, M1, Ti or zn), US. Patent No. 4,310,440 (A P04), EP-A-0 158 350

( SENAPSOWOW38598Rat ent No. 4,973,460 (Li APSO), U.S. Pat entcRaiso#3il88, 535
(Li APO), U.S. Patent No. 4,992, 250 (GeAPSO), U.S. Patent No. 4,888, 167
(GeAPO), U.S. Patent No. 5,057,295 (BARSO), 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 (MyAPSO), U S. Patent
No. 4,554, IM®LEEEOROBIEVESANDRRABALYSNOTHERBOK, 213 (AsAPSO), U S. Patent No.
4,913,888 (AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4, 793, 833
(MIAPSO), U.S. Patents Nos. 5,345,011 and 6, 156, 931 (MAPO), U.S. Patent

No. 4,737,3 . 210 . t ent
Nos. & 601, BB IR B Dl e el B B il s °
4,500, 65 1, présehbihvedfondte bedldeséPbed(d HARDIn ndin&rouPpiitgiRthGorl¥0. 4, 824, 554,
4,744,970 (CoAPSO), U. S. Patent No. 4,735,806 (GaAPSO EP-A-0 293 937

(QAPSO,  wheneludingdor gxammits S Beatane Nan# .66 .02 (N eABO widr¢ Mesis MgSMiRat ent s

Nos. 4, 567, 9, , 093 78 4 .4 984, 801,364, .4 3,197,
b7 sve, " abies oS Batguads Aokl ks hedR bufohn bkt ARy B
5,493,066 ang.59624QBLAPRI0 whére EMY AJ) BRI B, OER), Gaf Gk) ve, LN M afied by

reference. 100451 Cther metal | oal um nophosphat e’ mol ecul ar 'si @ves i ncl ude
t hose descridedh), UiS. Batett 1888, 3871 4BYF¢APQ),dhBrRatents Nps4,822,4 7%

pat ont No. - EhOb Hod IS LIRS BUA-AIats 4k b FeRANO L35, LS,
(i ntogr at oo R0 EPEA 10U Ch PR BR M TR0 SBER sept ener
7, 200 1 (t hos,iRenMpoMmiThondn)ybl.®dateat Noi €9 8),44@(xIPB,), BPos0als8 3lsandbook of

Mol ecul ar Si eves, Van Nostrand Rei nhol d, New York, New York 81992), whi ch
are al | her dSENARSQ): Urt drfsot Np et O BiAGOLaARBEY U.S: Patent No. 4,789,535

(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)),



[ 00461 The nost preferred nol ecul ar sieves are SAPO nol ecul ar sieves, and
metal substituted SAPO nol ecul ar sieves. In one enbodi nent, the netal is an
al kal i mewelo3ofs@ oup | A of the Periodic Tabl e of El enment ecTarsozabdad i ne
earth metal of Goup Il A of the Periodic Table of Elenents, a rare earth
metal of Group 11113, including the Laothanides: |anthanum cerium
praseodym um neodym um samarium europium gadolinium terbium
dysprosium holmum erbium thulium ytterbiumand lutetium and scandi um
or yttrium df.St Ratea¥o.@ci0d4,8P8l{holeghlar Ebefnmdtmallealmeamsh tietah), bE$.al of G oups

d Tabl| f El
it ur o5 of Laigh applifauion Sralno (ReE s Fied Efputiny 24 SR0Gimenes ront . the
retal s selifatdedtoh lfsH PP WOIEinguat: P@FS&‘?EG . Fe. Ca, Ge, M,

Mh, Ni Zn an m Xt ur es t reo e

met al | oal um200phiepimatentaimingaublacul s stave), raa&RszcsseaH espabesdkt dpy t he
enpirical formula, on an _anhydrous basis: Pz) 02 wherein R
vérma%

represents dyoleedar S’éﬂ?é’ sirand Rearhod Neﬁ‘f XPE}? %W¥Qﬁk @PYanwhicht enpl at i ng

agent; mis nol e of (MKAlyPz) 2 and m has a
val ue from (53&‘?81? pre C%BJO?% cf%ygf%gﬁand nost preferably fromO to 0. 3;
X, 'y, and z represent the m)le fraction of Al, P and M as tetrahedral

oxi des, where M is a nmetal selected from one of Goup IA I1A 113, 11113,
| VB, VB, VI 3004ﬁ|]|TBxe moAt preéermddmlamlareﬂlﬁvaea@ SAPQ hwl¢eetar oidives, Tabl e of

El enent s, ref M cted .fromone of, t r nsi sting of Co,
Cr, Cu, Fe tﬁwdlsmds Fec‘llgrns‘evﬁsthﬂnea‘?ﬁ’Eib mel% 8’5 ﬁﬂ%ﬁ‘? rren'? rnis
greater t har!ill&ih REHRST Gr‘éug 18 of ﬂféq)el(lodﬁé MOLYHIREM? RGlatirded(t114 21 and

z are greater than or equal .01. I'n anot her enbodi nent, mis greater
than 0. 1 t onethloftGroyp A <sf tge: Ea’aceinc T#kbiﬂOf)Elemeatsoaltar@eaﬁﬁxmytalﬁ Gmouphe range
of fromO.4

0.5,. a S in range of from0.25 to 5, nore
preferably r{hgslq’cﬁ@ﬁ’?g)t% ‘h’ﬁn‘éCW anghanpi, ¢erym, @rqygoc{yémgmzneg;iyfrgumr omO0.4 to

0.5, and z ignhrom Q.Jrgplhﬁ’i, Qac@hmum, 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



[ 00481 Non-limting exanples of SAPO and ALPO nol ecul ar sieves of the

i nvention include one or a conbination of SAPO 5, SAPO 8, SAPO 11, SAPO
16, SAPO-W®,03888® 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, pEARG0BS4114 SAPO- 3
7, SAPO 40, SAPO-4 1, SAPOG- 42, SAPO-44 (U.S. Patent No. 6,162, 415),

SAPO 47, SAPO 56, ALPO-5, ALPO I 1, ALB® 18, ALPO 31, ALPO 34, ALPO 36,
ALPO- 37, ALPO 46, and netal containing nolecular sieves thereof. The nore
preferred nol ecul ar sieves include one or a conbination of SAPO | 8,

SAPO- 34, SAPMd dve gisafexhiad or BARDIS6.01 AhRabthdBeralutiAbROM3i4 greave fhafior e
preferably one or a conbination of SAPO- 18, SAPO 34, ALPO 34 and ALPO- 18,
and metal ~cohl & showh Liptseseaterrthay Qipeaboph@ 2ot is imAy rargetoffrast 844p00, one or a

conbi nation of zsiﬁgl%gf‘%{l%%%fﬂoﬁl%g%go 9%?%}0%8& erd lrh% ?r' Hpo.igloe&y!fa si eves

t hereof. 100 used erein, x?tlure 1S syﬁony us W

conbi nati on jgifi@dni 6.01 €PN FRIfEsh 848N LA z ¥fréth 0Rots. having two or nore
conponents in varying proportions, regardless of their physical state. In

particular, it enconpasses physical mxtures as well as intergrowths of at
| east two di t Lecul ar sie ru s; ,such as for exanple those
descri bed i nlfobg]e@ffbﬂf%étﬁg %‘r‘i‘mﬁge.s %A@?%éggsﬁﬂe A EAE? ﬂéth& S. Serial

No. 09/ 92401GyddtoR A USHe of a cdRBinatibh 0RSAPOINGHITRRL SAPOEI lr;"gl&?’@fil ar sieve

is an intergrowth material having two or nore distinct phases o
crystal li ne K, SAPOIt EBSARQR-HBSAHRO-20BAPG- 3k, S R84, CHAPOISt BARO-34,n anot her

enbodi nent, th I lar sieve caonprises af |east one intergrown phase of
AEl and CHA ééﬁﬁ%&&ogﬁpy‘ﬁég!&%f‘iég?@“ >,S[§h@d4 (458 %E%N%QRQMURUW 18
have an AD f r A h 03/ 059849
VT §ab9HRss, Y- 41 NAT P- BN B! ) 03/

PCT/ US02/ 341%5‘#@\%’ tgypg%’nigq% S?‘EE eré eﬁ%‘oéjl‘t\)rrerit 12%@@%‘?1%?9}’%{ si eve
conpri ses a ALROWe ALPO-3TtAIRD-dénandahetl cntaiiifg ARieculil Sicgésansresmt eri al .
[ 00501 The nmethod of stabilijzation of the present invention may be utilized
With 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-



met al | oal um nophosphat e nol ecul ar sieves which are particularly unstable to
noi sture exposure e.g. norpholine tenplated SAPO 34 and may al so be used to
st abi | i zewpeBasisvel y noi sture insensitive nol ecul ar si eveecIwsh2/agidual
tenpl ated (DPA and TEAOH) SAPO 34 materials which may be significantly
affected during extended periods of ag@eing or on exposure to steam
MOLECULAR SI EVE SYNTHESI S [ 00511 General ly, netall oal um nophosphat e

mol ecul ar sieves are synthesized by the hydrothernal crystallization of
one or nore tpe angoiyrtber eptbagimentthamplegulgosieeecompfrisphosmttoreads, a source of
silicon, a tenplating. agent, and a netal containing conpound. Typically, a
conbi nati on lng%Bﬁpgg@er%?agﬁi p?rggﬁc?rggwﬁtle{]?ln and phosphorous, optionally
with one or nore tenplating agents and/or one or nore netal containing
conpounds are placed in a seal ed pressure vessel, optionally Ilined with an
i nert pl asti[0030]cFheasethbod pf siabikitdtioood tetprésentinveanttbnhest edytilizadievitha
crystallization c%rlessure agd terlge ature, until a crystalline material is

formed, and MERLGAIVBEOGPROSERAE MAleqUIFr SV evhich Atern rlYoms&al®er decanting.
[00521 In a typi I : A ®H_%4 rous-,

al um ni um ,Ihglﬁ%l orngly']ﬂlEE%?\hﬁégkglg?%"wg&gﬁ%gge% %Y(glpgbg %gg)(géd]%eg? gf erably
whi | e stirrisubilésedélativelpaidiatiednseandiomokealdi sigvasisuth & diay shpldtede

mat eri al, optional I?( with an alkali ~nmetal, in a solvent such as water, and

one or nore OFdsh TERAORY SAPO-3¢ matesiaky whick sy e sigaifigaptly pectetat i s t hen

heat ed under, cr i j itions. of pressure and tenperature as
descri bed i ndu&né%&%g{léedﬁﬁyﬂggOP%%g{deré)?fxg%ug% S?ef? 5,096, 684, and
5,126,308, which are all herein fully incorporated by reference. WO

03/ 059849 PCT/ US02/ 34114 23 [00531 The preferred tenplating agent or
tenpl ate i s MOLEEVIAR BIEVEMDATHEMS conpound, such as tetraethyl ammoni um
hydr oxi de (TEACH), tetraethyl ammoni um phosphate, tetraethyl ammoni um
fluoride, tetraethyl amonium brom de, tetraethyl anmonium chloride and

tetraethyl gop®iiceReafSt Abilodllfinophosphate 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.



nost preferred tenplating agent is tetraethyl amoni um hydroxi de and salts
t hereof, particularly when producing a silicoal um nophosphate nol ecul ar

si eve. Iwomsessabodi ment, a conbi nation of two or nore ofcarysops4iidhe above
tenplating agents is used in conbination with one or nore of a silicon-,
alum nium, and phosphorous- source. [0541 Ot her suitable

net al | oal um nophosphat e nol ecul ar sieves for use in the present invention
may be prepared as described in U S. Patent No. 5,879,655 (controlling the
rati o of thel008HpITa prafgrradtamplatngasspdraempkie is bt@racyiammmoniom 6, 005, 155
(use of a nodifier wthout a salt U. S.. Pat ent . 475, 182 (acid

ext racti on) , SATREUNGER, §S tﬁﬂ?‘etéﬁ@@%‘%ﬁm(htyfi&ﬁ‘f I?Xﬁtett‘faﬁ%’éft ion netal),

U S. Patenty;NeSnium HPRD bEied), U S
Patent No.  Eigomum e ?pn‘%ﬁ@éf?{*ﬁth?b%‘gﬁ’r"? gﬁ')’,ﬁgu. S %%2&%@%’%32,512
(fluorine trizamedt) tetidetByl anRabeinm didoride, HdGetBiéthy( ememniomacgat.i Thevave

treated or nodified), U'S Patent No. 6,051,746 (pol ynuclear aronmatic
modi fier), UNest pesleized tenplatigg agent s ietraethuk ammonipmhydixide andspltsao 01/ 36329

publ i shed f - Synt [ S): / ubl i shed
hori 112, 2087 o0 PAReqe A e AR SRl inor O et gt

23, 2001 (silnichernmbolinent)aSonBidatioh oApRd bEMbiesT alig bf tHe abbve teRPlAAAR, 949
filed August 15, 2001 (cooling nolecular sieve), U 'S. Patent plication
Serial No. CAEestEss Bd if porabingtgn,with onooomorermstaslliconp abyriatumonand ncl udi ng
copper), U. S, Patent | ication No. 09/672,469 filed Septenber 28, 2000
(conductive pnhloésw?lllsfgégﬁ?e'and U. S. Patent Application Serial No. 09/754, 812
filed January 4, 2001 (freeze drying the nol ecul ar sieve), which are all
herein fully incorporated by reference. WO 03/059849 PCT/ US02/ 34114 24

[ 00551 | n onl@0p4lePder suatablatmactalinahimineplmsplate mofscalar sigveasdentseiis thesed i n t he

Synes L ol LA Ve Ly SRl S Ut (bRl g agent

numer ous (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.



wel | known techni ques, for exanple, heat treatnents such as cal cination.

Cal ci nation invol ves contacting the nol ecul ar sieve containing the

tenpl ati o 0ageysto Wit h a gas, preferably containi ng oxygemcraisoasmidesi red
concentration at an elevated tenperature sufficient to either partially or
conpl etely deconpose and oxidize the t@npl ati ng agent. [00561 In one
enbodi nent, the nolecular sieve has a SUMratio |less than 0.65, preferably
| ess than 0.40, nore preferably |l ess than 0.32, and nost preferably |ess
than 0.20. MOVERIOnROR prkirsdE MBdEBERIARNS) EXEnIGAITHY A6EMt ICORE0BItI ONS [ 00571

Once the nol ecyl ar sieve is synthesiz t | ecul.ar si eve may then be
treated to cﬁgmeélér"%aérﬂ‘fﬁf)‘ﬁ‘? Si‘/fﬁ‘a’ it ﬁ@ﬁgg%?%ﬁg%8§mmﬁ%“%a%§%cul ar sieve
catal yst co, it i 1 nmol ecul ar
A L R e e AT A WA
catal yst cowglbkndwmotechigods, fop eramplnj leactneatmsts piichass.calcinagibsi.her | nst ance

the netal |l oa Lin”_i nophosphat e nol ecul ar si eve may be conmbi ned with a binder
and/ or a metdlFeation Bvples entactingithe meleadan sigvesoptpnipgithg igmaplairthposi ti on or
a formul at ed I ' o 0L,k Q. ' nul at ed

mol ecul ar si ¢ egp%gﬁglggétp%fg%‘gl chlhféli%l?é ?é%gg’rfrtré%& Iﬁ%ﬁugl{c}é@ E‘ﬁgﬂs 14p&-and si zed
particles byelwitdd tempiaratire SIcRHES efhepatsall§ v @ym@leyd]y Becopflob@drdi Ng,
extrusion, and the Ii1ke. [00581 There are many different binders that are
useful in forudiagthcHemplotibgagent. si eve catal yst conposition. Non-liniting
exanpl es of binders that are useful alone or in conbination include
various types of hydrated alum na, silicas, and/or other inorganic oxide
sol . One pr efo@s6)e8 chk UHbRAInTR IR MoRGulaPieveshadlaWiIAlirktn MQ @34 689849

PCT/ US02/ 34114 25 chl orhydrol. The inorganic oxide sol acts |ike glue

bi ndi ng t he myferdbbslesethan AdllemategreSiablyelessathen 0 8Acandaest preddrablglesh as t he
matri x together articularly after thermal treatnent. Upon heating, the

i nor gani ¢ oxi ﬁ‘éo'g§1 , preferably having a | ow

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



viscosity, is converted into an inorganic oxide matrix conponent. For
exanple, an alumna sol will convert to an alum nium oxide matri x

f ol | owi ngvb@ans9sty eat ment. [ 00591 Al um ni um chl or hydrol , achys$oosyiat ed

al um niurn based sol containing a chloride counter ion, has the general
formula of AlnOn(OH)od P x(H20) whereirsm is | to 20, nis | to 8, ois 5
to 40, pis 2 to 15 and x is 0 to 30. In one enbodinent, the binder is

Al 134(0OH)24C "7 12(H20O) as is described in GM Wlterman, et al., Stud.
Surf Sci. anchl@ydiol. Thsinorgagsoxidesol aus (ikO@BY bindfrigahe sythdseredi n

i ncor porated by ref erence., I.n anot.h[ar ﬁinboﬁi ment , ontg or nore binders are
combi ned w t‘ﬂo%ﬁ‘élab?‘e#ﬁlaa gihgemaisgalsspeh §5 thy MelLhioeeben PACHAI K alteRat er i al s

such as. al Ui @RHRAHr OXbifearihglthd irf?)kéé?{%c“&ki ORI RATR R AN
transitional alumnas such as a-alumna;, (er rg-al mna, “(err)>-alum na,
(err)-al unm mascosay.rij eadvertedmto & indkganicnexideamaltrikaompoatnsmFosexaglplgyi ni um

tri hydroxi de, such as gibbsite, bayerite, nordstrandite, doyelite, and

m xtures t hetepPmitgcebwill sonysd it alumiyumpaide matkg tolloydag bedir e al umi na
sol's, predoninantly conprising alum nium oxide, optionally including some
silicon. In yet another enbodinent, the binders are peptised al um na nmade
by treating alum na hydrates such as pseudobohemte, with an acid,
preferably an acid that does not contain a halogen, to prepare sols or

al um ni um i o0& Atunyamm elderhydned, i hygroxy latgst emiium basedespl¢amtdiningaai | abl e

colloidal alym na sols inclu Nal cq .867 i la 0 |.co .Chem cal
o | Naper vi et finfe |8 hdiiRe AR Sim0s SR RIS ChRE LB S B3 ot | on,
Val | ey For geis 1Rgn0sY|svialigao i PROICL phhe d1es . ahliqab Bié BePhasRhat e nol ecul ar
sieve with or without chemni sorbed ammonia, nmay be combined with one or

nmore matrix emebashiment( dp binder 33X1Q09E1Y), LGTIA0B0Q) 84is ddscriBéd in G.M.
Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-144 (1993), which is
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).



Matrix materials are typically effective in reducing overall catalyst cost,
act as thermal sinks assisting in shielding heat fromthe catal yst

conposi t iwo oBosIsexanpl e during regeneration, densifying the/usat/adiyst
conposition, increasing catalyst strength such as crush strength and
attrition resistance, and to control th rate of conversion in a

particul ar process. [00621 Non-limting exanples of matrix materials

i nclude one or nore of. rare earth netals, netal oxides including titania,
zirconi a, nailagsi matetiplo aietypiselly ¢fif¢ctive inpgdnding owdrhll catalyst ost, 86t aand i xt ur es
thereof, for_exanple silica- sig, silica- zirconia, .siljca-titania,

i 11 ca- al uni HEa gk pssisting i g medises om i cafalysfSomphiien Topgxamle
material s ar t : : e:

ront mor 1 11 ontd e et e ihal B CuR P eI o ARE SN oni ¢ es and

t hose kaol i steengthoswh asscrustostreagthrgnldettribox resistatéyans &y cdteol ¢icaaend Fl ori da
clays. Non- limtjing exanples of other matrix materials include: haloysite,
kaol i nite, JPURFISIONINARAFICHRI PECeSnauxite. | n one enbodi ment, the matri x
material, preferably any of the <clays, are subjected to well known

nodi fication processes such as calcination and/or acid treatnent and/or

chem cal tr e@06EMWon-|idRadledampdiseoPiiii€ akdiaRThcddd® R or thére offBhfel X materi al
is aclay or a clay-type conposition, preferably the clay or clay-type

conmposi ti on ¢Ethimefals, meral xidas in¢luding titaniaa Zisenniae magnemia thaysa, beyBfaer abl y t he
mat ri x materidatl is.kaoolilrg. Iéaol itn h&ls bﬁ%n found.to forma ﬁj abl e, high
sol i d cont ent PP OTisplsnand mixures Wicreol, far expmple silicazmagnesig. ”g%acks

toget her eas}itddnRUSIiELtilahi, 8ligd-ShffinaSdnduidlfumbaRh&iL£hed average

particle size of the matrix material, nost preferably kaolin, is from about
0.1 gm to abobadi®ed, gatrixi miteral DBR naturalictdys sedtvas thostfranp tiei familes of ess t han

about | gm 00641 In ong enbodjnent, the binder, the nplecular sieve with
or Wit hout @h&%%@?ﬁ%ﬂ@%ﬂgaqu nefal plays ?H‘F%tséf’li’e&ltonéﬁeéa@{)ﬁﬁ?%ed in the
presence of jgolihi Qtveh 40 fdr RkihpieBLEE WidNartdeBRop i Maib:; SNbhON., where
the anmount of binder 1% from gilgout 2%%5/61 wgfgh(t)&to gbohrtl&%g%bybl\}\ei ght,
pref erably flimitingleearhpleehythtiin sk abad&4ds HCTALIFARYIAL, kdolinite, 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



27 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,

t he nmol ecwbas/osisewve and matrix material, excluding the |ipqguiusot/afiier
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 prefegahly éom 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
conprises chem sorbed a ni is beneficial in .the catalyst.fornulation
process as(Pn%ncH%ﬁ$§%¥§§8“§%W%ﬁng%gggégfgnpﬂggﬂgpgg 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 ABDLEAH Bve V& withiut LRenTBdBEd @l . and

optional binder, are
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



WO 03/ 059849 PCT/ US02/ 34114 28 conbined in a liquid as solids,
substantially dry or in a dried form or as Slurries, together or

separ at elwo oBhssed i ds are added together as dry or substamciraishysdu4 ed
solids, it is preferable to add a limted and/or controlled amount of
liquid. [0068] In one enbodi nent, the QBurry of the nolecular sieve with or
W t hout chem sorbed ammoni a, binder and matrix materials is m xed or
mlled to achieve a sufficiently uniformslurry of sub-particles of the
nol ecul ar sicowdingdtinbyigrid as soipdss bubistantialyadryi o in hdried &dmy, or as fharies,ng uni t
t hat produces the nol ecul.ar. sieye c st.conposition. Ln a preferred
rbod, mont . (S oF Rirgei 1 soBdSe SP0GH YRins SR tiaoBRantal BBRn ng. uni
i s mai ntai neg)iay, ifds pRARASIE A St & LRDor durbAPHfouniBE i @f, the liquid
fromthe slurry, and fromthe resulting nolecul ar sieve c%tal yst
conposition. The resulting catal yst conposition when forned in this way

takes the formaf mcrospheres. |f chem sorbed ammonia is _present prior to
spray dryi A§068] Ipgpe pnbeinients thesdurpppithe srolgsular sley & with 9F Mjthauyi ng process
by selectin rl . .t ] - ia is
desorbod. - APRSRRH i BIREE A B ERaticniEb RGBT 5 o
ensure that adefigariy edohadlurgrofeob-paitizles v feandle@lldrsigvelcaiaigdl Wit hin the
spray-dried material. 100691 When a spray drier is used as the formng

uni t, typi caompositipe thaf igithsn fgd tq i éorming eitithat proflesgs thenmolgenlar sieveat er i al |

and optional | y,a binder, is co-fed to the spr dr.yi ng., volunme, with a

dryi ng gas P hroaktioge Tr fPETSTed ublfuPl P it PR PHEGEn o 5 s0 o
and a conbi nEgi@UY] Bt fIrRMMAEAL 1 hthikiained Bt fehDRah B0 tEfiieht fode@bBodit 225C. In
an enbodi nent, the average dianeter of the spray dried forned catal yst
conposi t i on mast bf bmligbidifrond the-slurryt, and oot thg eulingymleaf@rsalyk gathlysm about 50

m to about 250 ~tm re preferably from about 50 gi.n to about 200 Rm
and most  preTEPBPY ThoHuBRe FaRE St FRmPs SRR ICR YT 1 fIWEY FEES { he
average i nl ghe ARG fFimicOYHRL. ﬁﬁéﬂéﬁ{iﬁﬂgféo?rﬂ%oﬁig?s ﬁr@&%i/;éx%x’t‘égar??y be sel ected

to enabl e the desorption of chem sor anmoni a to occur ng the spray
dryi ng procelsging 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.



WO 03/ 059849 PCT/ US02/ 34114 29 [0070] During spray drying, the slurry is
passed through a nozzle distributing the slurry into small droplets,
resenbl i yoan/osmiwsol spray into a drying chanmber. At om Ppatiusn2/sdiachi eved
by forcing the slurry through a single nozzle or nultiple nozzles with a
pressure drop in the range of from 1002psia to 1000 psia (690 kPaa to 6895
kPaa). In another enbodinent, the slurry is co-fed through a single nozzle
or nmultiple nozzles along with an atom sation fluid such as air, steam
flue gas, dPOHHyDwirtgesprasudryiagl deghury if paspad theoughet nanlotdiribwinigable nent, t he
slurry descri bed. abov |recte to the perineter of a spl nni ng wheel
Chat | di stri SHTBSITHETA] GPPts FUTEHE 11t ot e e RpE eRBIeRAl oh | <
controlled b nsi on,
XrofRARYioh RE4d 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

[ 00721 Cene 0 er 1s-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. 100731

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  ('spraypedfttdd9f 4 $hiRfin w&ew&b@stﬂpu@%legru@ ﬁibesnﬂ;ﬁlt(ﬁ'h%%fs genposi ti on),
which is herein incorporated by reference I n anot her enbodi nent,

t he fornul atsext qfwﬂedubaontmlbdévymral fystors mdmpng slulmymscosit)alsmsfacbr om about | %
to about 99% r ef erabl m about % 8 about (90% and nost

pref or abl y. AFEHTgEH A LMY BE B A5 T gy he shape dnd

dimension 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

!



t WD 03/059849 PCT/US02/ 34114 30 of the nol ecul ar sieve based on the total
wei ght of the nol ecular sieve catalyst conposition. [00751 In another
enbodi nenwo oshsoswei ght percent of binder in or on the spragT/un/edi4

nol ecul ar sieve catal yst conposition based on the total weight of the

bi nder, nolecular sieve, and matrix mgperial is from about 2% by weight to
about 30% by weight, 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 . [ 0078 thdOmokculnesiend kssed e theitetaleweightdfitbe moteeplas sicvaeatdlgstf ormed in a
substanti al | dry. or dried state, to further harden and/or activate the
formed cat al E’tposac(‘SPrpositi on, a heat treatment such as calcination, at an
el evated tenperature is wusually performed. A conventional calcination
environment is air that typically includes a small anobunt of water vapour.
Typi cal cal d0oZd]ilarnsthepentddimens, the eveight peleentrafivgrelef imonoalibeisprd0' C t o
about 1,000'C, preferably fromabout 500 C to about 800" C,_ and nbst
preferably fiEMRYIeMarsiye catelystaonipositign basednndhe foial| weighy of thecdndernat i on

Foan 11 oxygaar N, and RS Rerd R ap bty BRS P IURM A

process chenigghitbpdfeadBpfom dbouPs® I Weigityto BBout20vVBowbighdesdmptd on from
the netall oal um nygrghos hate. [00771 In one enbodi nent, cal cination of the

formul at ed ras¢lerablyaliromiabgwt Tabympight tcadhepbbi%eibanveightcarri ed out in any
nunber of well known devices including rotary calciners, fluid bed
cal ciners, batch ovens, and the like. Calcination time is typically

dependent onobts GRGEREmfectiar den d&@h;j%ft cERBodTRo R YbtedSh 8\4GbsEakially St
conposition and the tenperature. [00781 In a preferred enbodi nent; the

mol ecul ar sidey er dugdaitststto danthpo bardewand/gr adtieate ¢l fonmed tatdgsen at a

temperature c%IanEi%Q?l,% Oelejl% trga%%ler% SE]C 2st% gine?t%%,cét alr_1|ee c;[viatrg:g temperature is
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,



is carried out for a period of time typically from30 mnutes to 15 hours,
WO 03/ 059849 PCT/ US02/ 34114 31 preferably from |l hour to about 10 hours,
nor e prefwoabbysis om about | hour to about 5 hours, and wosiusprefier ably
from about 2 hours to about 4 hours. 100791 O her nethods for activating a
nol ecul ar sieve catal yst conposition arl@ described in, for exanple, U S
Patent No. 5,185,3 10 (heating nol ecul ar sieve of gel alumna and water to
450 Q PCT WO 00/ 75072 published Decenber 14, 2000 (heating to |eave an
amount of t eprpfezabdy fromnighayr 8 abmxpﬂi)bamﬂsano@qzrefatabbbfrom(abélﬁashon?ao filed

ril 26, 20Q0 uvenati on of r speve), ich.,are all herein
FOlly [ ncor diput LB ParaPEREE-T0s6om MrRaGors snates figus.
met al | oal um nophosphat e nol ecul ar sieve, the catalyst conpositions of the
present invention may conprise one or several other <catalytically active
material s. TA87Yr@denmeihodefvr activating anmpdsats steve ahtalyst svinigositiamagni a
cat al yst con%\(;m ti.Qns. conpri si ng one or several netall oal um nophosphate
1

mol ecul ar eribeddnARbeREINIG -8 Batert AYa. 9,186 5i1Q éheafipg mrolegnlar sigvepfe
enbodi nment v o] i eves are
conmbi ned w t%n glﬁlg{llgr%%léﬁ‘g%%%%%? C})l g%?%ag@%wgﬁbﬁlﬁ% %%E'e 3
catal yti cal Izooeqmamgrt@leemraam@n@%e&anm@y hfeO S, D\ﬁph@atfdﬂ'ﬂeﬁw NQ Beta .
(U.S. Patent . 3,308, 06%% ZSM5 (U.S. Patent Nos. 3,702,886, 4,797,267
and 5, 783, 32@/558 FdNiled Apyi 6520%(@mvemon3>fm@eogm)wev®smhm afeplb, Pat ent
No. 3,832, 44 %k% %gy 12 an SM 8 (U.S. Patent No. 3,048, 758), ZSM 22
Pat ent 355P97 ®(U.S. Patent No. 4,076,842), ZSM 34
Patent No. 4,086, 186), ZSM35 (U.S. Patent No. 4,016,245, ZSM 48
Patent No. 4,397,827), ZSM58 (U.S. Patent No. 4,698,217), MM 1
Pat ent[0080] In41d6i3i9n &581)3 mdmamn(litﬂoﬁosﬂmtemmldﬁolar die 6] Bhexatilyst MCM 3
Pat ent No. %é (U.S. Patent No. 4,664, 897), MOM5
Pat entcorﬁwosman% h%B entmepgor( 2K copRLigneNgs seergeies11), MOM 1 0

Pat entcatiytically active materials. The present invention encompasses treating with

cCcccccce

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.



4,623,527)MCM 14 (U. S. Patent No. 4,619,818), MCM 22 (U. S. Patent No.
4,954,325), MCM41 (U. S. Patent No. 5,098,684), M41 S (U. S. Patent No.
5,102, 643yo obMadds4B8 (U.S. Patent No. 5,198,203), MM 49 (UpBr/tRat/#ni4 No. WO
03/ 059849 PCT/ US02/ 34114 32 5,236,575), MCM 56 (U. S. Patent No.
5,362,697), ALPO | | (U.S. Patent No. 324,310, 440), titanium

al um nosilicates (TASO, TASO 45 (EP-A- 0 229,- 295), boron silicates

(U . S. Patent No. 4,254,297), titanium al um nophosphates (TAPO (U. S
Patent No. 45.BH05%35, MﬁMﬁﬁ%ULﬁ Fatent NgSM&2,600, XERO11 1 (8L BaterPoent No.

4,229, 424), U..S. Patent. .No. 1 In_another

embodi ment | ‘F@#éﬁaf@‘b‘&?&ﬁh“ﬁﬁ‘ﬁ%&ﬂﬁ%&éa@%g@%%g‘gﬁ\) 2[.}(13 gﬁé)p nol ecul ar
sieve, as d'b%%ﬁ) fhté SRl N, Eiztsli'99’? Lila@WinD Gy LPG- 5
(U.S. Patent he aoaes U g NG, 125 G Th Yiaial aniffiodha 3 FHAFO 3, 1988
(ol ecul ar d@&d’aamlleét é,éﬂ@,ﬁSIl)n opstaiey prSBI 5 kad Z8M-INb (U.S6Paeht, N&BS
(MFI - bound ze orous ol ecul ar sieves (U. S. Patent Nos.
6, 284, 696, g&f‘%@ﬁcﬁqugje :?teé‘ﬁBJOSS 1083995) . which are all herein fully
i ncor por at ed by reference. Binder may no | onger be necessary in such
systens. [0082] In a further enbodi nent, the netall oal um nophosphate

mol ecul ar si[6081] Iﬁ&yloﬂher aobdlinet, thetxﬁhtzﬂldmtnﬁho phatSinay beboggappl e as a

Fi sch T t E CATALYST
ot A s AR iy SRSl S 91?5% ?@’ﬁ)aw%m Yons of the
present i nveémundALRG-6 I(Uh ErientNb.edo B2 RCDWQDBET 74k paklishédon of

cher sor bed BEHRRLAI988 Hi &Ebﬂlaﬂ@ev@a}{&"‘ﬁs%ﬁ%{'ﬂjopﬂiqgﬁ?§ﬁ}ez§eﬁt , udi ng:

cracki ng, hydrocra g I soneri zation or m ng

hydr ogenat i dh A ﬂ%crilte%e%vé@%gporowwp&ae\msmﬁg (Ush®atept i on,

al kyl ati on, Ncssaeszah ls% aﬂ@mmdsabt(,)shﬁhwsuos ygr eeRA Ykd APkdrOR fully
dlsproportlonatl rrerlz tion, dehydrocyciizatiaqn and conbl nati ons

t her eof . 10d§9ffp(¥ﬁ@d§ Stengy Binderano inneeie fscessapins $WS i ncl ude a

process directed
[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.



to the conversion of a feedstock conprising one or nore oxygenates to one
or nore olefin(s) and a process directed to the conversion of amoni a and
one or mwoaspsgenates to al kyl ami nes and in particul ar paetusyt/autishes. WO
03/ 059849 PCT/ US02/ 34114 33 [00851 In a preferred enbodi ment of the
process of the invention, the feedstock3 contains one or nore oxygenates,
nore specifically, one or nore organic conpound(s) containing at |east one
oxygen atom In the nost preferred enbodinent of the process of invention,
t he oxygenatl@083] Inrepréfeudd embidimsnefghe progessef diecooitips) the fredsteciabl y

al i phatic al cohol gqs% where the aliphatic gmi gty of the alcohol(s) has from
| to 20 car BORBRSEHE OF FIUF SXH5PYCS: MF EPSCHICROY AR IP6 FNOLE BF#ENIC and nost

preferably faaBolind@®) émﬁﬁﬁihg@; RAQERe og%%ﬁk&ﬂhﬁmﬁtﬂﬁgweg@édf eedstock in

t he process of the invention inc e r straig ranched chain
al i phati c alntlehiahentan thet grecess ofina¢ntioat thd ogpgemherip alict feedskdR8SIndNen- 1 i m ti ng
exanpl es of oxygenates inc¢clude nethanol, ethanol, n- propanol, isopropanol,

met hyl et hylmeéergoholip) piefsrablyphighatic gleahel(s) Wherrethe aliphatic suyiety 9§ theet her |
f | dehyde,; . di | ' i i d
it or et naeHolTS} iR s BOARLShorfu Bl Dbl BhP R 1880 Gredfiafims, 205 ook i s

sel ected fr cumdansst preferaBlly €rodf 1 1R4 babonh atofishamealcoRblsadRl asGéddsiock SH et hyl
ether or a conbination thereof, nore preferabLX met hanol and di et hyl

et her, and riBeprogessfodthhinyentenhreghede lowpoggdht ppd btaschedshaipradipkaticed

enbodi nent, th eedst ock referably of one or nore oxygenates, is
converted i natl?qi’(gfspalngzé {:'éﬂ%&raieq‘?&qugh%ﬁ’aé{s' sieve catalyst conposition into

olefin(s) having 2 to 6 carbons atons, preferably 2 to 4 carbon atons.
Most preferably, the olefin(s), alone or conbination, are converted froma
f eedst ock cdA036] Y erylinmitingexgmpies of opygehateaivicludameslhanohethanolpst  pr ef er abl y

met hanol, to the preferred ol efin(s) ethyl ene.and/ or propylene. [00891 The
most prefer rpéapa&pgd@ggoqagglggﬁ&ygyt&yl) Gtheredi g“yll 6thss d&é@’-lte epidsf i ns (GTO)
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



or alternatively, nethanol-to-olefins (MIQ. In a MO process, typically an
oxygenat ed feedstock, nost preferably a nethanol containing feedstock, is
convert edvon3pis4pr esence of a nol ecul ar sieve catal yst ceopasbi/sam i nto
one or WD 03/059849 PCT/US02/ 34114 34 nore olefin(s), preferably and
predom nantly, ethylene and/or propylersd, often referred to as |ight
olefin(s). [00901 I n one enbodi nent of the process for conversion of a
feedstock, preferably a feedstock contai ning one or nore oxygenates, the
anount of ol Bprerlefin(pr prelreedy abdpredommantiy etlytlerie andiogpropylenbyaftencar bon

produced is eater th i ght percent, preferably greater than 60

wei ght perce‘%ﬁ?ﬂeﬂg?gs%a}gfogﬁ%é‘zgy greater than 70 weight percent. [00911 The
feedst ock, in one enbodi nent, contains one or nore diluent(s), typically
used to reduce the concentration of the feedstock, and are generally non-
reactive to [0A20]f leedsembkdiorentof the pltaesssorvenvesial of st feedstpphsprefeatbly
Non-limting .exanples of diluents include helium argon, nitrogen, carbon
nonoxi de, ca? %S%tg@i CORIAYUNE ARG YrMOTE QXYL ‘ge ABRuRtf Aletings) perdueed ns

(especi al |y glskpneshe Iawaight (gfgfyﬁgd%grboﬁiﬁamgedﬁ ea@r?l?ﬁl »geigrl’[?)tsenti all'y

non-reacti ve aromati c conpoun xtures ereo st preferred

di | uent s ar epenedngprefadblyi drezngrethan 60 Wwhighepetent,hRd R PrafarablyCutbadt ttarPT®f er r ed.

[ 00921 The diluent, water, is used either in a liquid or a vapour form or

a conbi nat | WIShHEF®EBE. The diluent is either added directly to a feedstock
entering into a reactor or added directly into a reactor, or added with a
nol ecul ar sieve catalyst conposition. In one enbodi nent, the anount of

di luent in tjogofjeEmstaitock] i dnd ehib8din®ng @ofhinkbAELAROH dilueh@s)about 99 nol e
percent based on the total nunber of noles of the feedstock ‘and dil uent,

preferably ftypealbesgd te radocesihe wonasnpatiancafithe fendsteckpamt @e gbhayaliyr mwm-about 5
(0,200 50, RSk PSRN of O FREH Sk BRbosi . 0 RS0 ™0
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.



directly or indirectly, and include olefin(s), paraffin(s), aromatic(s)
(see for exanple U S. Patent No. 4,677,242, addition of aromatics) or

m xt ur es woesesis4s preferably propyl ene, butyl ene, pentyl eogusansihiot her
hydr ocarbons having 4 or nore carbon atons, or mxtures thereof. WO

03/ 059849 PCT/ US02/ 34114 35 [00931 Thegsprocess for converting a feedstock,
especially a feedstock containing one or nore oxygenates, in the presence
of a nol ecul ar sieve catal yst conposition of the invention, is carried out
in a reaction process in a reactor, where the process is a fixed bed

process, a flujdised bed process .(inclydes a turhul ent, be rocess),
pref erabl y afoﬂgﬂt ﬁ?ﬁﬂ'ﬂ%esf; E‘Ui C&P%%S%%ﬁeeg%%@%&%?“'éﬂa a “sqStoﬁg ég%t?‘&lﬂgy a
cont i nuous ' ' b i : et [ on
processes céﬁkggﬁgﬁ%?g%%%?%kghggﬁ?%?g&%?ggggg y?ﬁ%9%§§%¥%¥§méﬁ%ﬁ&hﬁs hybri d
react ors t hatf thaingestiahe issertieelbudin 4 reaetibriygdcase aca teattor, oriese tho@taess ast

fluidised bed reacti on zones coupl ed together, circulating fluidised bed
reactors, r%f §é¥xeﬁ§ Lé@?’iﬂcgﬁs’ 3 flnidisd bpd precessinclideea ibilenitbed peacessdact or

types are d I I d 4076, 796, U S, Patent
No. 6,287, 53%%%%@?2' lr“uq’st{é’(ra)(’us gﬁr(l‘ggp‘ﬁ%‘ﬁ?ﬁ %easgf%‘ﬁ"’@ﬁ@'?fﬁé%?‘?xg,w%}m@&%ii and O
Levenspi el , HRglheslbeity flidise@®ed pldudssi shi ng Conpany, New York, New York 1977,

which are all herein fully incorporated by reference. [00951 The preferred
reactor type are riser reactors generally described in R ser Reactor,

Fl ui di zat i | ui d-Particle Syst \ 4 8 9, F.A Z d
b F. " hro. BT SR Sl pE B SR Vet RS g 5.
Patent No. £ hl6Ad 2&etord Mot hdvk widdhseastdde dxEE B Rhdtion3dHedhrd/or Fak €Nt
Application Serial No. 09/564,613 filed May 4, 2000 (nultiple riser

react or), whilwdised eedakcictivnrzenes doupley togethen cponlatingl flbidised bed macters, [ 00961 | n

the preferred enbodi nen flyidised bed. process or high velocjt
f1 ui di sed beréfef)’feﬁﬁt&ssa‘?‘i]@iei'&gs gﬁ‘tarb ea‘fﬂnéf?m%f BATIOLYPEYEhH ?%Ef’L‘Efjrﬂ“sf%t em and
a

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



recovery system [00971 The reactor systempreferably is a fluid bed
reactor systemhaving a first reaction zone within one or nore riser

react or ( syoasds®4second reacti on zone within WO 03/ 059849 rPTIisuz®A1484114
36 at | east one disengagi ng vessel, preferably conprising one or nore
cyclones. In one enbodinent, the one &6 nore riser reactor(s) and

di sengagi ng vessel is contained within a single reactor vessel. Fresh
feedstock, preferably containing one or nore oxygenates, optionally with
one or nore @iileaﬁbme(%yqngas'ng gebseloprefrsatdy eomprising pee o1 mere ayelwoenrlfs) in

whi ch a nol ecul ar. si ev atal yst composition or, coked. version thereof is

i ntroduced. e&%"@&%ﬁ&ﬁﬁﬁﬂ?&?ﬂ@f f%eé‘ﬁtf’é(?)aé’id engaging Vesoel 18 onposi ti on or

coked ver si OfhniifddB0fthih 8 sGRM ﬁﬁét@ﬂvé%él.h Fesh G50 réeBiblyRontabfifpi nati on

thereof, prior to being introduced to the riser reactor(s), preferably the
i quid is watreroromoraekygenates, optidnallyewilasné ar raoreidil@ert(s)as fexltohheasneni t r ogen.

[ 00981 In an enbodj nent, the anpunt ok fresh feedstock fed separately or
jointly witff BORGASERTFAGiREtIdR BAICh & oiecylantiesreatayst epmpastlion itekedinge of

oo Ot peckdilibn (RRIGE Ry BBOH oertlatin ARE ifMa P LELEEARLY Tr O 2bout

| weight percent to wel ght” percent,’” nore prefera rom about 5

wei ght per cesdmpositdh@utoled veysorgthtrepLiseontactoase sdiyuider gat & wei ght of the
feedstock including any diluent contained therein. The liquid and vapour
f eedst ocks afamippasioathgiesf, prier tg hewmg intsndysed toj tharisasreastnitsyi meforablyi ng

proportions of .the.sa r different.feedstock wth the.sane or different
di | uent . [00@51lq é§¥vél§8§ %gﬁ]aré%t%nrdi REEFHR 2P et &5 SUSIASHTO& N of er abl y
converted, partially or fully, in the first reactor zone into a gaseous

effluent that enters the disengaging vessel along with a coked nol ecul ar
si eve cat al yi¥09%]dinposithodment.rth¢ frmowntef &esteféedsodkddd sepatately pe joomey( s) wi t hin

t he di sengaqi vessel. gre designed to separate the | ecul ar . si eve
catal yst conSBUPY BN SSAUPE-46 P JFiatos SIALE o dbeieaes of Eva OChyaiyS: -
composit | 0N, perEAMct dBBuSFELARt [t PGB M PGt ANGeifht pHRcR: @ ef I n(s)
within e
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.



di sengagi ng zone. Cyclones are preferred, however, gravity effects within
the disengaging vessel will also separate the catal yst conpositions from
t he gaseowe o3@fdskhauent. Ot her nethods for separating the cacaluss/34114
conpositions fromthe gaseous effluent include the use of plates, caps,

el bows, and the Iike. WO 03/059849 PCT/33S02/ 34114 37 [001001 In one

enbodi nent of the disengagi ng system the disengaging systemincludes a

di sengagi ng vessel ; typically a |l ower portion of the disengaging vessel is
a stripping B8K0] | n tiheonstembogdinmnt 2bihe dissrgagiiessysienl, drudisangsgioge cat al yst

conposition is contacted . wmMith a gas,, preferahly one .or combi nati on of

steam net hARE™ lgﬁlﬁ‘g%%a disgigagoe Séﬁﬁb&Pl?@a{&ﬂP%& POTaR 8h e dISPE3ENG nert gas
such as  ar gRfisel Y £§BpRAL Yoid SAthe LAppiRE Qy@thééél&rdbﬁaemgks@a%rcg&gét fromthe
coked nol ecul ar sieve catalyst conposition that is then introduced to the

regener at i oncongpesitiomis ¢omtatast Weth a @at) pdiferablly ont oea sdmbippitiogofaewn,i s in a

Pour |y super FR: CHEPRAIOKHe, (RGN0 He GHTIOEH-oT af SARERIPUEOR000 P
based on the jeve catal yst
conpositi on,arg%:‘b g% g%f)l;}/&g%n{égo gﬁ%ét%t%g%?%%@ﬁ}ég%%% g%@%‘*%@%‘?d@ t o about

750' C, pr ef emalebylaf diewa catadyst c@hPosBidnth®GO tHen intedekiced tvethe edgeeramdecul ar
si eve catal yst conposition. 1001011 The conversion tenperature enployed in

t he conver si ¥itepy daasather empadimpntatheptrigping zone freinesgparate vegsst Bom the i n t he

range of fro 200' abou 1000(err)C .preferaply, fromabout 250'C
to about 800%%%%%’%‘1%331%3%@%7 %anI% B?ﬁs%(g%q)f?tgas %%6“‘%‘9’8%%%0%‘%6 (err)C, yet
nore prefer al@dySVy FiaR o’ #804bokt 2006IRY ha®dQnGhe ¥8imeR s IVofukt ef er ably
from about 3500C to about 600' C nost preferably from about 350" C to about

550' C. [ 0010xfkokebmelsavier siercatal yss sompositiqa, pyeferably at amelevatedr si on pr ocess,
specifically within the tor, s vari es .over, a W ra i ncludin
aEt ogenous éf@g?ﬁtué? h‘ﬁ’i‘é@%ﬁ\?‘é?‘%‘i"%ﬁgﬁ@egﬁ?@ y drog, abayt gnﬁgot%}fé? é&ﬁ?@’i al )

pressure of over the coked molecular 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.



t he feedstock exclusive of any diluent therein. Typically the conversion
pressure enployed in the process is in the range of fromabout 0. 1 kPaa
t o about wWoMBasys49 preferably from about 5 kPaa to about 1pkPamp2/auds nost
preferably fromabout 20 kPaa to about 500 kPaa. WO 03/059849

PCT/ US02/ 34114 38 [ 001031 The wei ght IBgurly space velocity (VWHSV),
particularly in a process for converting a feedstock containing one or
nore oxygenates in the presence of a nol ecul ar sieve catal yst conposition
within a rea®1@} zonelhe weightdfoungdpacs vehwity §WAIS Wepaitulefly iha f eedst ock

| udi di | ts to th ti . h i ght of
ol ecul ar i WOEESH JPCRBYVSTBNR tedogk eieine ans Bt mogcyekits A o t he

reacti on Z0NGescHieo M RYick o AR BpRiliGy SlnBU khiofont 8y keep the

catal yst conmposition in a fluidised stat In a reactor. 041

Typi cal |y, tdefinddstheastgleseifhtorhitixbfeadstdckhexchiditgang iduents @Othe heaction
preferably fromabout 2 hr'_ to about 3000 hr', nore preferably from about 5
hr' to abou#ongHO0hY Per WeightRigpolpruarsicys|iy theppoleaiaievesaabyst o about

1000 hr- . In(ﬁ)nﬂ{%bﬁ fle"r &AL DS, MR w eigﬁ%’tgb%d af f?ek&rsu%‘c"’}é‘ 0 hrts

t
preferably the or ‘conversion of a cont ai ning et hanol  and

di met hyl et higkepitife dafalyst bémpevigsh iafa fluioedfodtwidtn Aractop. about 300 hr' .
1001051 The superficial gas velocity (SGY) of the feedstock including
di luent and reaction products within the reactor systemis preferably

fficient t i di th | i talyst ik W thi
Feact i on 2Bl he - FaicHay e FHS Lt Rt Aol Bt 2 S BRRT sDOFE 1y wi i
the reactor sygtMR frioRBoutBht'its Yt BB00E Nhidrd BeferdbtefrofeARhOS 8) . 1S at

| east 0.1 nmeter per second (msec), preferably greater than 0.5 m sec,
nor e pref er ablapogfrié80 &r', apdimost prefeebly frommbpot i hrp tednab0§o iyr'edn er t han 2

n sec, yet even re. preferabl r than 3 eg, n st preferably
greater than®™ HW%‘@‘E@ g‘%‘é‘éﬁ‘f‘%’t‘t’ é&?a&ﬁgy‘@.gﬁatqﬁélﬂaé‘%OS}“Wﬁ%@gﬂn%ﬁ Serial No.
09/708, 753 Twhad RR\EIRA ofof £R88stodMUonthififg RIS and dimethyl 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



i ncorporated by reference. 1001061 In one preferred enbodi nent of the
process for converting an oxygenate to olefin(s) using a

si | i coal wwDropkmssphat e nol ecul ar si eve catal yst conposit iPem/USKIIg41pF OCess
is operated at a WHSV of at least 20 hr' and a Tenperature Corrected
Normal i zed Met hane Sel ectivity (TCNVS) 39f | ess than WO 03/ 059849

PCT/ US02/ 34114 39 0.016, preferably less than or equal to 0.01. See for
exanple U S. Patent No. 5,952,538, which is herein fully incorporated by
ref erence. 1001®Preferablydesstiban erreiqueli trdrtl . See forexpmptedd SeBattwrNeonverti ng an

oxygenate su thanol to one.or nore olefin(s) using a nolecul ar sieve
ca%/gl yst corf%ggﬁs%%ﬁkfm&'rfé Wﬁg\ﬁ'@glﬁ‘)&ﬂrﬁ?dgyieflﬁﬁﬁgc%o about 100 hr- 1, at a
tenperature of fromabout 350'Cto 550'C, and silica to Me203 (Me is a
Goup IlIIAor VIII elenent fromthe Periodic Table of Elenents) nolar
rati o of fro®03@7 to PR50O0theSeebddmenixaftind proEf3s@ AR MBHAING ah, which is

herein fully incorporated b ef erence. [0Q1081 O her processes for
converting a‘?f‘y(gﬁ'}aégﬂé?ﬁé‘sé‘lfé%“agtor%?ﬁéﬁ&re plstin(spusing 2 moleculr eV (s) using a

ol ecul ar °si g, Gebaliso EHPRRSY R B 15514 RSt 100k Gh 10 01/ 23500

publ i shed Apri 1 (Ppropane reduction at an average’ catal yst
f eedst ock expmpearebdf fidbmlabastt350°0)e 55GTC; bnd silibetoVie, O, MRIIPAGRéGH by
reference. [001091 The coked npl ecul ar sieve catal yst conposition is

wi t hdr awn f ridkh o MBI elemenigfiqun iles Resiodiq Table eff Ilempnty) m9laprasiont frapr 300
| , i { . Th ti
cyclanes(s) ool SHAPUSHThL Pr.d 86 IEORTSUAL BN ERT nd bR L

cont act ed wifeheréhceegenerati on nmedium preferably a gas containing oxygen,
under general regeneration conditions of tenperature, pressure and
residence tinme. [001101 Non-limting exanples of the regeneration nmedi um

| ncl ude one [(66108] Other processes 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



nore of oxygen, G31SC3, N20, NO, NOD N20, air, air diluted with nitrogen or
carbon di oxi de, oxygen and water (U.S. Patent No. 6,245, 703), carbon

nonoxi de wandbsss4hydr ogen. The regeneration conditions arecrhusse3«aapabl e of
burni ng coke fromthe coked catal yst conposition, preferably to a | evel

| ess than 0.5 weight percent based on4phe total weight of the coked

nol ecul ar sieve catal yst WD 03/059849 PCT/ US02/ 34114 40 conposition
entering the regenerati on system The coked nol ecul ar sieve catal yst
conposi ti on osittpositiamenteriogthelregamegtine syston. Tbe neked maganarsivedatatyisecul ar
sieve catalyst conposition._ 1001111 The rgegeneration tenperature is in the
range of frmwm@d@“ﬂt%maﬁwga%O@%ﬁ? éf"eﬁea‘fﬁ‘&‘r’dfnﬁr@?ﬁu §i¥¢300' C to
about 1000' : bly from about 450'C to about 750'C, and nopst
preferably %gﬂ%g mﬂ{ﬁ%@%@c to 700'C. The regeneration pressure is in the
range of from about 15 psia (103 kPaa) to about 5 00 psia (3448 kPaa),
preferably from about 20 psia (13 8 kPaa) to about 250 psia (1724 kPaa),
nore pref er dBPIAM r om aBsueeesrayen semperatoieps iy the sangs @ fromspoup20SC( 1034

kPaa), and r I ' 207 kPaa) t o _abo 60 psia
(414 kPaa). @%Bﬁﬁbﬁﬁgtﬁﬁgﬁﬁﬁﬁ??@té@%ﬁbﬁb&g 1o tﬁ’er}]%lpée ﬁrlagty si eve

catal yst  cargRebditasotMtd dweut BULCEAr @bstipSeftrablyTeorh aB@R 586°d fcom about one
m nute to several hours, nost preferably about one mnute to 100 nmi nutes,

and the pr ef/®FedThorlagarerain prrspyeeris imthe ianggad fiom ahout hepsialgd kPha¥ r om
about 0.01 I rcent ut 5 I ercent bas the total vol une
of the gas. r{?ﬁg‘ﬁggﬁ |pﬁla6%£483ﬁ%8hPﬁﬂg@yﬁgp&ﬂ@}"éépBHagmaé? té’,a‘tbpk}t.pi cally
metal  cont aispiRE (FPIPREHAS S GRE8bIR Rl 0T 2Bk RETUPLANE abiIR 15h ke, are
added to the regenerator directly, or indirectly, for exanple wth the

coked cat al ypsta (18&hkolesi).tand mosppseratily framottioet 3 @pdia (N0TkiPaa) ta abowdd nol ecul ar
si eve catal yst EP%? tion is added to the regenerator containing a

regener at i orPS’r?E(é%

[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



oxygen and water as described in U S. Patent No. 6,245,703, which is herein
fully incorporated by reference. 1001141 In an enbodi nent, a portion of

t he cokedwomBeswskar sieve catal yst conposition fromthe pegarser/atios is
returned directly to the one or nore riser reactor(s), or indirectly, by
pre-contacting wth the feedstock, or entacting with W 03/ 059849

PCT/ US02/ 34114 41 fresh nol ecul ar sieve catal yst conposition, or
contacting with a regenerated nol ecul ar sieve catal yst conposition or a
cool ed r egenkeshtrecleemiretereantatisbeanpasiioa) grstontetipg viithiaongahestad bed bel ow.

[ 001151 The buyning .of coke is an.exot hernkr% reaction, agﬂﬁi n an

enmbodi nent, ‘?‘ﬂ(?c’t‘l BYSHA B PPRPFIIHY 3998 ép%etnie@,tpglyglp ¥e¥ontrol | ed by
various technjfgig3omBodifién @&gri{, dii,ng feeding a cooled gas to the

regener at or vesse?, operated elther in a batch, continuous, or

sem -conti nuous node, or a conbination thereof. A preferred technique

i nvol ves withdrawi ng the regenerated nolecul ar sieve catal yst conposition
fromthe regldf&kti on EReshuninged cokeds amgxqthermie egetieas aRd afol ecul ar si eve

cat al yst Co@ngﬁdéﬁa?& {h'éft%gé}%@{eg\?{;@p{@e; re é)n%lr qlrontsr})ﬁ%.lﬁl elg %n[qlgo'llg% gol ed

regener at ed ar siev osition: ca Y cooler, in

an embodi MeMarious tezhfigads i @nmeludingdtedisy b 6661t LEhsAb thGegdmtRsMal or
external to the regeneration sg/stem [001161 In one enbodinment, the cooler
regener at ed Yastebcaperatedsgithgeincabaighy sentingiony s samispntigueustnuedseor 2 o t he

regenerator in.a contjinuous, cycle, alternatively,. (see . S. Pat ent

hop | cat 1 on SRRIRRGNAEE) 2 bk oS o e B ine ises HRGR ¢ ne

cool ed regengbREQH: BV LI cShBYRiiPféth YiRd re M%tsyﬁgm'aﬁdg%sﬁ{ Qﬁﬂ to the
regenerator vessel in a continuous cycle, and anothef portion ofgt e cool ed

mol ecul ar siegencragbmoleatledsiavd @talysh compesitiorctht@igh stcatabysposildrithat i s
returned to .the riser reactor(s), directly or indirectly, or a portion of

t he regener aﬁoéras ﬁﬁ?@é‘if%@ergﬁégy}%agﬁwgﬁ C%@W&QWPBHO%A%@F%XPW egener at ed
mol ecul ar si g\fer Catadle¥iodiment, is a heat exchanger 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.



conposition is contacted with by-products within the gaseous effluent (PCT
WO 00/49106 published August 24, 2000), which are all herein fully

i ncor por aved3jbys4s ef erence. | n anot her enbodi ment, a regereratsend34md ecul ar
si eve catalyst conposition contacted with an al cohol, preferably ethanol,
1- propnaol, 1-butanol or mxture theraof, 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.
WO 03/ 059849 PCT/ US02/ 34114 42 [00117] Ot her nethods for operating a

regeneratio emare in disclpsed U S Patent No. 6,290,916 ,
(control | i n&OMt ur e)(SthWEﬁ}ilO&%P%QP%Wﬁ“&%Telgﬁne”i‘t%’oﬁyﬁ‘iﬁfna‘%rééﬁ $sclpsdler ence.
[00118] The I i I > Sid hon w t hdrawn
From the reqeneraraw oyaRsmotL et oS hg, Wacn ORRERAIP ol or 1o
conmbi ned wihtorporhteddly refetencell ar si eve catal yst conposition and/ or

re-circul ated nol ecul ar sieve catal yst conposition and/ or feedstock and/ or
fresh gas or liquids, and returned to the riser reactor(s). In another

enbodi nent egeneyat l ecular . sieve catal yst conposifion w thdrawn
fromthe r eq[gﬁglrsit i on ];h%sr gerrﬁrerﬁéedrclg?%?lhl%r TS ca@ﬁ'ﬁ?‘?’%’%@?"é’a‘@@ﬁf’?‘?}_ directly,
preferably atd®theRdgdieRdioh Ry Qe@prafeea Alry&lth€ 08419t coblRr, i9BSmBIRRPdi ment, a

carrier, such as an inert gas, feedstock vapour, steamor the |ike,
sem - cont i nuBitls? fregy melsaulansiexssdajalyst aempositianemdidrae-cirtulatdd otoleznlaof  t he

regenerated nol ecul af sieve. cat t .conposjition to the reactor system
preferably Seeaetcﬂtélyé{]%c"%?osﬁl?f‘éna%%z?dﬁt8§€%f61(‘(rsf5e?h Pﬁb‘irlg]u_‘%ya%nt rolling the
flow of the RERASK AictheMRLOGHLA InShGNE ERRINSE, (E RERASTC HbI k100! e
regenerated nol ecul ar sieve catalyst conposition fromthe regeneration

system t o t heeveeaidtyst caymisaion willelrom fromrthé egeteratoncsykienois réttmdedad ecul ar

si eve catal yst .conpositiqQn entering . the reactor is_maintained. There are
many techni qtﬁ%gsqfé ac%&& 815?qt\r;'n5refq§%ﬂyp & nepsing thapueha eatalyst eodderc dnal yst

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



conposition described in Mchael Louge, Experinental Techniques,
Circulating Fluidised Beds, G ace, Avidan and Know ton, eds. Bl ackie, 1997
(336-337)wo osksasiw i s herein incorporated by reference. [0@t2Qjs0tplaes | evel s
on the nol ecul ar sieve catal yst conposition are nmeasured by w thdraw ng
fromthe conversion process the nol ecul4ar sieve catalyst conmposition at a
point in the process and determning its carbon content. Typical |evels of
coke on the nol ecul ar sieve catal yst conposition, after WO 03/ 059849

PCT/ US02/ 34 Ir¢generkBion egiartbe engonf fremiO 1t Weightpregeenofo dboani Dweighwei ght per cent

to about 15 wei ght efcent, preferahly fromabout 0. 1 weight percent to
about 10 vveiFGFﬁengFfifgrﬁ{’l,y fp%?@%%ﬂé?lg RFI4enbin abgBut0 weightRsrest: per cent to

about 5 wei g (T @ ol =Ya) gE-Talo I8 B ﬁtﬁ?eﬁ-@éﬂw i i;ght percent
to about 2 vve(lgrSE)t per%’eﬁt ba%e 'ovr\ll %t e totaol %%%?%%p%ﬁ%tyﬁ%decul ar sieve
and not t he e ptefovablgHtonvhbdun 6.3nMutigletigesdent ®iabvet Tatighypdree@b@egiohi on.
1001211 I n one preferred enbodi nent, the m xture of fresh nol ecul ar sieve

catal yst corfpoiitalivighy ed theapelaanansiqye and aetiha fotal weightodthe melecdamposi ti on

and/ or cool r .ol ecul ar sieve catal yst conposition contains in
t he range ofS?eq/Frcgt%Egﬁéoﬁpeq%ﬂ[Bg}' 50 wei ght percent, preferably fromabout 2 to

30 wei ght percent, nore preferably fromabout 2 to about 20 wei ght
percent, and nost preferably from about 2 to about 10 coke or carbonaceous
deposit basdB0B]t he tlotoae predértgdtembotlinéns, the miixtuee dffrash nededubar sisveve

catal yst conpositions..See f.or example U S. .Patent No. 6,023,005, which is
herein full f%@g?%ﬁ’%ﬂtéodlWr?%eflgﬁag%aé’é‘?le?gﬁfﬁf %bsbmgw@@%{ant i's

wi t hdrawn f rggleli ReocHbRRAGAGIEATarS Yt @aly 3N Db sRBATEMald i PHR Rarbe SFCOVEr Y
system There are many wel | -known recovery 'systens, techniques and
sequences t Hetm abait geH0Iweight pepentapriefegabdy &HmEbent 2ted30 weight percent,ol ef i n(s)

fromthe gaseous eff]uent. Recqvery systens generall conpri se one or nore
or a conbi ndEPEA" ?ragly\fnéﬁ‘? 6§§"t§éi’)§‘¥%¥§ﬁ‘,’elgf}t%ﬁcF’E}n%}% Bast preferably

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



and/or distillation towers, colums, splitters, or trains, reaction systens
such as ethyl benzene manufacture (U S. Patent No. 5,476,978) and ot her
derivati weo opossesses such as al dehydes, ketones and estercmarsuf/aaidr e
(U S. Patent No. 5,675,04 1 ), and other associ ated equi pnent for exanple
vari ous condensers, heat exchangers, uefrigeration systens or chil

trains, conpressors, knock-out drums or pots, punps, and the |ike. [001231
The netal | oal um nophosphat e nol ecul ar sieve materials and catal yst

conposi t i onsaligflamives, psmgantmoms.e kixampleswy siieblegedcdssestaneasdeserftedtinr e of WO

03/ 059849 PCT/ US02/ 34114 44 al kyl ami nes, [ ammoni a,  Exanpl es of
Sul Lobl o pr Gublhed Elfepean Pasathpdisanm D0 i LT R00 boUa CPARENo.

Appl i cation £Rs§ B33, hd. a:ef.al?ﬂﬂicihr}lr%éein?ﬁ%{e/fhtrco%rateo{sbey Pe%%arbc%gi 1t ?nHio?gg(ra

et.al, which are herein tully incorporate eference.
to provide a better understanding of the present invention including

representative advantages thereof, the fol|low ng exanples are offered.
EXAMPLES - NESHdDs DyNaprder tnerovideanisttsd wdarstormg aftheympmmAnyenti@n 1251 The

aor pt 1 on' apuut ek TR, tebBa B RALE (B RERRT Bes AR T ©

apparatus consists of two calibrated volunes, the 'dead volune' and the
"sanpl e contai ner'. The dead vol unme consists of a Hg-manoneter (A), a

fixed-step JaXANRIES eMIHODS circul ati on punp (C) and a cold trap (D). The

dead volune is separated fromthe sanple container (E) by two val ves and by
shutting the interconnecting valve it is possible to enforce a

uni di rect i onBYn MRV A PO QAUMIBTIBADSBRPHONGPPARLA® - Both volumes are
connected to a high vacuoum system (totation punmp + diffusion punp), which

allows a pressure reduction to <<O | Pa. The apparatus is constructed to
mai ntai n thi g vacuum for several days. Calcined SAPO 34 sanples were
degassed in [gg]r?%ﬁe coﬂﬁ’ﬁiaﬁg?rat(uﬁ)“sﬁf Heaymeng ‘ﬁ‘r&‘ ammonia 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



vacuum at 300' C and then NH3 was contacted in situ wth the SAPO 34 at
different tenperatures. The chem sorption was conpl eted when it was

det er m newo oslossugh observati on of the pressure drop on tireTHFOIBMNIONEL €T
that the pressure has reached a steady value. This occurred after
approximately 30 mns using elevated tygnperatures. Wen the sanple was
treated at 20(err)C it was necessary due to the volune |[imtations on the
adsorption apparatus to undertake nultiple injections and exposures to the
anmoni a gas; chenderptidnesss aonpdéted when ¥\Ored81rd 5849 WaTohdst2A 3ddidading45

cher ni sor ptiti_)ln waﬁ} ﬁorrpl et ed n a %_es ure increase was observed

i ndi cating ¥AbI0 lgheranumania sowd be shemispied antorbesd¥iBed onto the sanpl e.
TGA-DTG [001271 TGA neasurenents were recorded on a Mettler TG 50/ TA 3000
t her nobal ance, controlled by a TG OA m croprocessor. The TGA di agrans were
recorded undBGAaD®IG rogen flow (200 nL/mn) at a heating rate of 50C mn.
XRD [001281 X-ray Diffractograns were recorded on a Philips PW 1840 powder
diffractometer, using Ni-filtered Cu K(err) radiation (X=0.154nn).

N2- ADSORPTI DES I ON 1001291 Porosity and  surf e udi es were
per f or med onqﬂg%ant ac ronﬁ%asﬂfﬁpggt%r%e-re fec9ﬁgﬁxgﬂ?gkﬂ%tﬂgﬁf§§9ﬁé%§%¢6pti on
system Al mhafbaRincdRbRrsld WaASFEDA Rlicrdfrobesdébr. QQQQ@Apailagﬁanfst@@sor ption.
Gas adsorption occurred wusing nitrogen as the adsorbate at |iquid nitrogen
t enper at ur e 1€Fardeq undet & nspger flowdR00red./méy) et dbeatingiratedf G%i/mgn.t he t - pl ot

met hod of De Boer, in which the anount of N2 adsorbed is replotted agai nst
t. This paraneter stands for the multilayer thickness for the adsorption
of N2 on a ngppporous reference solid. METHANOL ADSORPTI ON CAPACI TY

[ 00130] The methanol adsorption capacity is neasured in a gravinetric

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

N,-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



adsor ption apparatus, which conprised a quartz spring. After degassing the
SAPO- 34 in vacuum at 2000C, the sanple was cooled to roomtenperature and
met hanol wepeusswas al l owed into the system at room t enperarmse/38y4
measuri ng WO 03/059849 PCT/ US02/ 34114 46 the wei ght changes at regul ar
time intervals, not only the adsorptiomécapacity but also the adsorption
ki neti cs was neasured. The nethanol adsorption capacity (MAC) is the
anount of nethanol adsorbed when the systemis in equilibriumand is given
as the incrdheweight olesinges at(régulargtineg ingervahynot amlgdhﬁad@())nﬁénaapae'rty et hanol
upt ake. IVETH,?\ CFC:%\IO}/ERSI ON DURI NG NrI'O(il 1311% MO reaction

(Met hanol - t ¢1X9 BF ATROPPIRRSIRRICE SRarFarHe SOIRYON Cap4KEd bed

conti nuous r

carri od out GF B she AHSTRE bl IBHR @ﬁtﬁe"si?‘smﬁﬁﬁ* e e

g/ g. hr. Reads gd®nps tatintrsasain eemhaliy 26 fai dehydratedi$ARGY84 &ffer vethian ol
conversion is calculated as 100-(wt.% nethanol + wt. % DME) left in the
product. | NIPRARED SPECTROSCOPY [ 001321 DRI FTS (Diffuse Reflectance
Infrared Fourier Transformed Spectroscopy) spectra were recorded on a

Ni col et Nexus FTIR spectroneter equipped with an in situ DRIFTS cell
(Spectra TeaMkraASopooMERsIoN®URMNG MT® SAPO 34 was m xed with KBr (95%
KBr; 5% SAPCG 34), the neasurenents were performed in vacuum at 200' C or
4000C after degassi ng the SAPO-34 in situ for 15 mnutes. The spectral

resol ution KBr wa rence. MPLE 1 -

Pr epar at i onvﬁﬁlé Ao 34 }F&gigﬁa@/@%ﬂlaﬁg@o%&g?%W?S?ézﬁfofrﬁ%lﬁ@ presence of
mor phol i ne (dRiniess stéeﬂ?f}mea%bdl‘%rﬁﬂﬁﬂﬁs refetBd, XDO%SnQhardo & ddakd 9@%9@ TRl e ratio
conposition was prepared 0.6 S 02/ A 203 /P205/ 3R 50 H20

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



WO 03/ 059849 PCT/ US02/ 34114 47 [001341 80.1 g of Condea Pural SB was m xed
wth 422.0 g of deionised water, to forma slurry. To this slurry was
added 135w6 og/ossfs4phosphoric acid (85% . These additions werasoEsiaim th
stirring to forma honbgeneous m xture. To this honbgeneous m xture 53.2 g
of Ludox AS40 was added, followed by thg addition of 157.2 g of norpholine
(RN with mxing to forma honbgeneous m xture. To this honbgeneous m xture
was added 1.97g of a seeding slurry containing 8.68 wt% zeolite chabasite
crystals. [001351 This honbgeneous m xture was crystallized w thout
agitation in a |l liter stainl e;s ]§te]$e§ aut ocl ave. The m xture was heated
g2 fplsSR

to 175 ' C i n0813Hur s ol geéfen 23D By it f%?r-oﬂ@){\ﬁ%‘@?@?d Thi s
i ded I | b . A |
G vi dedoverSEhln ML aEEE g B8 sl GRtaRkaTaEX S of REHHERNGIES FYOM Ve

mot her | i quof8siy). Tlesst additighsngere Made SGih digringtoefash a hbmlopéonemexthingr t her
washed 4 times with 850 nml of deionised water. The conductivity of the

| ast wash walethiskemogeoequsimixtyre i3 2 praf Ia@pk dd4fieras addede follaywedbyithht at 120

"C. 15.2 %crystal weight of .t inptial s hesis m xture were

obt ai ned. EAABE I 2RO R Ul R AT SOl [ 001361
Anhydrous angppitiR. T8iasdeorohe MBMikHRO WaS8dRY 197 sTuabédre dagy from
Praxair, Potassiumnitrate, p.a. was supplied from Acros organics. [001371

The SAPO 34 wertaimiog 8vodtvallo zavditecihababjteprystals.t o t he nodi fi cati on.
Cal ci nation was perfornmed nuffle furnace at 625" C for 4 hours under anbi ent
air (heating rate: 50C/ mn). The cal cined SAPO 34 was transferred into a

Vhcaum at 308 e R SS AR O AR S R R R T s a
di f f erent t elipestainlesested@utdBa0& ABIiRATFE WIHRéadetlltd4 7548 in 6 hours and

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



| eading to different anmoni a | oadi ngs. The degree of nodification was
nmeasured volunetrically. Ageing o the SAPO 34 1001381 The SAPO- 34 with and
wi t hout aworiosesehem sorption was. hydrated (aged) in a PCT/US02/34114

noi st ur e-contai ni ng at nosphere (90% rel ative humdity) for periods of tine
fromless than | day up to 100 days. 9Q%rel ative humdity was established
by a saturated KNO3 solution in an exciccator. Dehydration and Ammoni a
desorption of aged SAPO 34 [001391 After the ageing, the SAPO 34 sanpl es
wer e dehydr deasling to differenf frhmotiadosdoms athe6REE dfomodifidation svas nebasuradrbi ent  ai r
(heating rate; 50C/nmn) and at the sane tinme any chem sorbed ammonia if

pr esent mas‘@@gﬁﬁﬁggk“the sanples were then characterized and tested. Test
Resul ts METHANCL ADSORPTI ON CAPACI TY [ 001401 Figure 2 shows the nethano
adsorption capacity of SAPO 34 after different NH3-treatnents as a
function of AdeinpePiheBAROI4((err)parent SAPO-34; 0 SAPO-34 treated with
NH3 at 20'C prior to the ageing treatnment; A SAPO- 34 treated wth NH3 at
150" C prior to the ageing treatnent; and M SAPO 34 treated with NH3 at 2
10(err) C pri t he i rneatnent)... 1001411. The met hanol adsorption
capacity is 'gélv-"téi as \A@g%{ﬁ%éﬁ (yéﬁ]t%nﬁt‘%llihsou?%mmtoﬂéa SIRRISOIRON MAS o gt
percent of thhdrstad @baHan SARBEE-RhiaflingdBhW3PRre LRRAKSative Hohidiflgtter cl early
shows t hat gﬁe un#?ggﬁed SAPC- 34 Iooséga}tsﬁﬁitﬁgﬁol adgoPg??gﬁfa%apacity
rapi dly wit tpergds ofgime fremdnsssharal ddyeun wol0ptdapn HVemtatiwnhumidig00G WO

03/ 059849 PCT, 2/,34114 49 ws a.significant inprovenment in methanol
adsor pti on é§%§E$F9%Xﬁ‘ﬂﬁﬁgﬂbﬁﬂgﬁéOﬁfgﬁgt?hﬂﬁ“ffﬁferr)C treated sanpl es
show a marked i nprovenent with mai ntenance of the SAPO 34 stability after

ext ended periods of tine.
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



EFFECT OF AGEI NG ON METHANOL CONVERSI ON [ 00142] Figure 3 shows the nethanol
conversion of SAPO 34 wi thout ammonia chem sorption after various periods
of agei ngwO(msns9s4par ent SAPO 34, not aged; A SAPO 34, agedtfuso2/3udays; *
SAPO- 34, aged for 7 days). Figure 4 shows the nethanol conversion for
ammoni a chem sorbed SAPO- 34 (treated a9 2 1 OOC) after various periods of
ext ended agei ng (E parent SAP(34, not aged; A SAPO 34, treated with NHS3,
aged for 3 days; *SAPO 34, treated with NH3, aged for 6 days; 40 SAPO 34,
treat ed wi t ishdivs 3ignifepadt fprovenctay sy m&hSAP@ R4ptidir @pbaty onvdgeingNFRe aged f or
100 days). [ 431 Fjqure 3 clearly shows how ageing has a detrinental

ef fect on tH28}W g@&dﬁﬁ?ﬁé@ngks \éhQSVAﬁfﬂa@iFddH’tpéQ‘?g’cePt With 8Rtensees al |
activity after : : i 1 This is in contrast with
the data shoo%hf%&?‘?g%?s‘é@dj{l’n?\%ﬁ rc%&ﬁd{ag&%g%éo‘sﬁ&?ehat even after extensive
agei ng (>10Em@¥er drieciING oNVeali gRlos @DplverseiNai NS catal ytic activity. PORE

VOLUVE DATA CALCULATED FROM N - ADSORPTI HERM [001451 The pore vol une
data is provided in the followi ng table. Sanple m cropore volunme (nL/Q)

Par ent SAPO ot a 249 Paren APO-34. .a days, 0. 006

SAPO- 34, tr J8haziol | ey e%?éﬂéfg‘“é’gc‘&vf%*?“g‘?e‘gsifh%'&é% RPo. 34,
treated w t hinhhigah cROMSorpaaR i@ vadidus fefiodd ofide Wl Ré SAPER3 LGH US02/ 34114
50 [001461 This data illustrates that the NI-13 treatnment has a positive
effect on cgedil&SARKIBIsiged ford dayei APAPIS41aged forchdayar Bigoedrr) C bei ng

particul arl yshg\fv]; ﬁl%tr}léltﬁar{o? 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




mai nt ai ni ng porosity. XRD PATTERNS OF SAPO 34 SAMPLES [ 001471 Figure 5
illustrates the effect of ageing on the crystallinity of treated and
unt r eat edwBAR®BH cat al ysts (a= Parent SAPO 34, not aged, poTasoPanent
SAPO- 34, 22 days aged, ¢ = SAPO- 34, treated with NH3 at 200C, 22 days
aged, and d = SAPO-34, treated with NH30at 210(err)C, 22 days aged). This
figure shows that without the NH3 treatnent there is a conplete | oss of
crystalline structure after only 22 days agei ng. However, with N -13
treatnment the crystalline structure is retained on ageing. |IR SPECTRA

100148] Fi gur il lusgrates.the effec ammoni a . chem sorptjon and
desorption ﬁlqﬁhfﬂacti v %éatg}iﬁ_-;grgtgs mg}@gﬁ%treg]{@%_hasl-ﬁgoqxp&%flgecg%m t hat
after ammory ] i ¢ i: ely 3650
AL i i R R G S e A e S e
cm'. The fmgutagied parosipows t hat these bands are retained during ageing of
the anmmonia cherni sorbed nol ecul ar sieve and that after desorption of
anmonia fromthe aged nolecular sieve the original Broensted acid band
returns indi€gapip) 2JEBEKAPRA4 & Broensted acid sites in the

nol ecul ar sieve: V£ G [ 001491 SAPO 34 nol ecul ar si eves
were prepared using the general procedure provided in Exanple 1. In

addi ti on sanples were also prepared using a WD 03/059849 PCT/ US02/ 34114 51
conbi ned teﬁgplﬁ"ﬂng addaireofillustpgtasshe effdchef gomm) ondthel crystalindtylof| armoni um

hydr oxi de (TEAOH) . .The re SAPO. 34 _npat er | re, activated by

cal ci nati on tfegga)eaﬁ'g\l/l gg‘ﬁ%@%ﬁ@?ﬁaﬁ ?"Xt/al%ﬁtﬁ (at_;%re&t 53&?@6%%?@& and wer e
chem sor bed patéd I3 APOIBAI 22 dilys 2L EETIAPOLSH NGeatdiew IR NRRE, BtRECII A above.
These materials are referred to as SAPO-34 (M for the norpholine

t enpl at ed neaged,iaatl danBABAFE, 84ated with NH, 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



(D) for the dual tenplated material. [00150] Ammoni a chem sorbed sanpl es
and untreated sanples of these SAPO 34 materials were exposed to steamin
an SS Tefwonsksysed aut ocl ave, which was held at 110(err) €curuser/34114

aut ogeneous pressure for up to 3 0 hours. [001511 The sanpl es before and
after steam ng were characterized using) DRI FTS, XRD, nethanol uptake and
nmet hanol conversion. The effectiveness of each sanple in nethanol
conversion was al so eval uated where appropriate after desorption of the
chem sor bed @mtomidatgmpkhiting agdne ofjduperpylanpine oAy endaeadtiddammahioe. SAPO- 34

(M 1001521 On steamn he _untreated SAPO 34 showed al nost conplete | oss
of the Br oe@idé‘ﬁ‘l‘gfbﬂ?@}a?@deﬂﬁﬁﬂt g‘?‘?@ﬂ‘b‘?‘i%‘?r@@ WesRipcdivatgd Bsver , the

SAPO-34 (M i i I et ain the
Broenst ed aci |ﬂr(1) rtéé\,ggen?d& Sgﬁ%t%&%gfagﬁﬁg?@%%@%ﬁ? %ﬁ{e {h%%nés gl?aerclid bei ng
regener at ed with @mmof&sa POICowsing the hetitddalestriedhbeva M matetid@hB31 The XRD
denonstrated that under steam ng the untreated parent SAPO-34 (M

exper i enced afergd o appdPErd or e negrpBeliteltemplatedunaterial apg SAB-34  Thi s
was contrast wi th ot SAPO- 34 sanples treated with amoni a, which
after arrrmni@qé%rs%?Sng%m&%ﬁfigi“}téergﬁ'vi rtually no significant |oss of
crystallinity. WO 03/059849 PCT/US02/ 34114 52 [001541 After steam ng for
25 hours the untreated parent SAPO 34 (M exhibited a nethanol uptake

i ndex at 25 @818 of ohkipodia chemdechedzemples andrinéated saimplasoftizeel SAPO- 34

(M sanple exhihited a.nmethanol uptake index_qf_ Q.89. 001551 These
results dermﬁg]% 8&4@?%& S VHE %R?%Béﬁ?tf’ﬂﬁl 14 é’i‘rﬁgér§%ﬁh‘ ?‘Hed %?Jh“éeo anmoni a
are remar kably P at ubds BNSEGIoR froBhut dRKLRY, ‘?o R, SAPO- 34 (D)
[ 001561 The nethanol conversion data for SAPO-34 (D) sanples is

[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.



provided in the following table: Sanmple I = Untreated SAPO 34 (D) w thout
steam agei ng Sanple 2 = Untreated SAPO 34 (D) with steam ageing for 25
hours at wolo308849 Sanple 3 = Ammoni a chem sor bed SAPO 34pCDjusaz/s4116t eam
ageing for 25 hours at 1 10'C and after desorption of chem sorbed ammoni a.
Integrated Selectivities Sanple CH, Ethsgl ene Et hane Propyl ene Propane Tot al
Total C4+ Aefins 1 0.84 32.12 0.81 41.43 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 72.2

[ 001571 Thi J[00K4d i | | ustiersteamingibar 26 heursttiecaumtegteidipgrena SAROIRE (Nrent al
effect on the.olefins yield when an treated, SAPO-34 (D), is used as MIO
catal yst; i rFX%ﬁ’&‘agf‘i"Eﬁﬁh%‘PE‘é‘?f? na%%} Zgg%‘fst%foinh’ @ﬁ%‘%@?"ééé@d‘"ﬁ?%ﬁcti on of
propane whi i i5.ahl . BB ] Mesh SAPO-34 (D)
does not ha\iéeple*tnﬁsgr%gg?ep%g?f(gp rﬁéﬁ%lg%ggmtnhée]guntregitlg)é&]{éﬁgg%&?oar' ent SAPO 34
(D) it does perform significantly better than the untreated aged sanple.

Al'l of these SAPO-34 (D) sanples showed virtually no loss of crystallinity
on exposure P81 eam Wissecrssil 46WW@SF}@S§€A§9\%{MKB@?#@R‘P&W“%S cont r ast

to the effe . [ mateni.al s, In addition
al t hough the % Og%'fta g‘%ﬁﬂ?%ga&t%éga{"ﬁ(g@ktrgszsrt&eﬁ?gs)hﬁ%gg'inﬁralllh ‘fkcb nst%ealnb'ss of
Sanpl e 2 the nethanol conversion data clearly

crystallinity for
denonstrates that this sanple has 1ost a significant amount of catalytic
i nvention has been

activity on ing. 1001581 Wil e the present
described and illustrated by reference to particul ar enbodi nents, those of
ordinary skill in the art will appreciate that the invention lends itself

to variationgo necemghdthahol bdietsicH @h foRShPId134 gpiegLe, it is also
cont enpl at eg tlr;sem] nol ecul ar si eves described herein 69Tsa
provided in the following table:

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



are useful as absorbents, adsorbents, gas separators, detergents, water
purifiers, and other various uses such as agriculture and horticulture. WO
03/ 059849wB@3H&B@2/ 34114 54 CLAIMS 1. A method of provi eécmgisaz/sdiabi | i zed
met al | oal um nophosphate nol ecul ar sieve, which nethod conprises the steps
of a. treating a netall oal um nophosphate nol ecul ar sieve with a source of
ammoni a under conditions to chem sorb amonia with the

nmet al | oal um nophosphat e nol ecul ar sieve, and b. nmintaining the amoni a
cher ni sor bedonirat ta the effectaiflseamumhe ophgehine tanpiatee mataialsilewddition a peri od
of at | east 4 hour .. A nethod of providing _an active L

net al | oal umﬁﬁﬁ%ﬁz@ﬁﬁ?éﬁ?aﬁs th%‘iﬂé‘s'é,‘s Mhdiep it hesg of siystallingy fome st eps
of a. treati ] [ Wi ource of
o & undey s SR AR TRARIAE RIRL Rl L EGM Bhic Y it b Endd

met al | oal uniloophaspficineamnohe of catalyté asditylon s@inni@iny. ng t he anmmoni a

cherni sorbed with the netall oal um nophosphate nol ecul ar sieve for a period
of at least 24 hours, and c. desorbing the chem sorbed amonia. 3. A

met hod for t nuf agi une,of a catal yst,coaposi tion i.ch net hod
conpri ses tﬂ@ﬁsﬁps o:‘:\’v gl.]e %hg FoRY Héverﬂ)(lf() hieOEs ?‘irgﬁeﬂﬁl\{\@{lﬁ‘rﬂéae“g‘i B}Sne

net al | oal unirpRphHes culE ededldahentd, BdRe W by LIGRSE (e Wiinder  materi al
and/ or at |east another catalytically active material, and b. treating the
m xture w t lparesiatertbat thé inventoon landsrtbelf te warthitione net rtegessarily 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.



chem sorb anmmonia with the netal |l oal um nophosphate nol ecular sieve. 4. A
nmet hod for the manufacture of a catal yst conposition, which nethod

conpr i seswbhe/osiseps of WO 03/ 059849 PCT/ US02/ 34114 55 a. prLorusoms#iad m xture
conprising at |east one netall oal um nophosphate nol ecul ar sieve havi ng
ammoni a chem sorbed thereon with at | ggst one binder material and/or at

| east anot her catalytically active material, to forma catal yst

conposition. 5. A nmethod as clained in any one of the preceding clains
wherein tenpChAEMSused in the synthesis of the netall oal um nophosphat e

nol ecul ar sieve is renoved fromthe m croporous structure of the nol ecul ar
sieve prior to chernisorption of amonia with the nol ecular sieve. 6. A
met hod as cl ai ped, i ' . reLn. e t.e u in the
synthesis is ré'rmé/g%t}ggfdgﬁaéa@gg%as%gi%gPgeﬁéllgfiﬁlg]r?%ogﬁh%% I%g\g%lf”hod as
claimed in any onsevefwhichimtghdd dodnprisedesieps afmoni a is the source of
ammoni a. 8. A nethod as clained in any one of the preceding clains wherein
the ammonia i s cheRnitsghingametallpatuaripenhasphate mplenwlar siene widingeowsée 0 t o
500T. 9. A nethod as %Iained in C|%%F15 wheyei.n renoval. of. tﬁe tenplate is
performed at a tenper &t PRSI HRdST eonditians e chemiserbammenia Withghe' A net hod as
claimed in any one of gdtaild@urhinbphdsphhie hdiidtulalSieddmmAi @ is  cherni sorbed at
a tenperature greater than 100(err)8. 11. A method as claimed in claim8
wher ei n t he tenper abumeain®ingngett emmdmnchepGOOtrd with thk net hod as clai ned in

any one of the preceding clains wherein the . .
y P mga]?oa uminophosphate mo?ecular sieve for a period of at least

p—

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



nol ecul ar sieve or catalyst conposition is treated in the bulk state. 13. A
nmet hod according to any one of clains 3 or 4 further conprising the step

of desor bwogsbkms4anmoni a after the catal yst conposition hasthsen3fios red. WO
03/ 059849 PCT/ US02/ 34114 56 14. A nethod as clained in claim3 or claim4
wherein the ammonia is maintai ned cherssi sorbed with the nol ecul ar sieve
for an extended period of at |least two hours. 15. A nethod according to
claim 14 wherein the chem sorbed ammoni a is desorbed after the extended
period. 16. A nethod. dovoingiargixture apmpusing afleastanen 2 or cl ai m 13 wherein
amoni a desorption is_undertaken duLi nwn%actu e .of a catalyst
conposition. 17. A meTABAOURTERANRENHE MAISFUGRSISE heYing Amsogia ci ai m 13

wherei n amoni a desor QheRiksorBeddfttes R5th Y 1ehfion Uitk ARteRhl daforapmoni a
chem sorbed nolecular sieve or catal yst conposition into a conversion

process. 18. A net hodeas andthermathlytivalty adtive hrateviedy toifornt heatalystver si on
process is a nethanol-to-o] efins process. 19. A stabilized

met al | oal uni nophosphat®"HRMSEEM ar si eve, which conprises at |east one,
aged net al | oal um nophosphate nol ecul ar sieve and chem sorbed ammoni a. 20.

The use of anmmgni heat AR i L %8 iR Rldr 1 g&hg r sieve
during storage an‘lgl or hang'Hlng. IZ?LMA mgﬁéﬁ&‘;égr St%ﬁ{%ﬁ%&r&ﬂeﬂ%’f&@

met al | oal um nophaspdhat the spithesid @ffths ineatisaluhiidphosphiateatoleamprsicess

mai nt ai ni ng the netal |l oal um nophosphate nol ecular sieve in contact with

anmoni a in a cherfPREYEbioRthe Bidapqray Smeusyel tho molepylar gisye pordpai med i n
claim20 or the r@%@?s%a@@n%ﬁh%iéQ/itﬁlt}%'r%ll%gulay\éqgvre?' n the storage is for a

period of at |east e use as claimed 1h claim20 or the nethod
as claimed in claim21
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.



wherein the storage is for a period of at |east 30 days. WO 03/059849

PCT/ US02/ 34114 57 24. A nethod for protecting a netall oal um nophosphate
nol ecul arweiogw®siy om exposure to steam which nethod conprciramss2/smint ai ni ng
the netall oal um nophosphate nol ecular sieve in contact wwth amonia in a
chem sorbed state while the netall oal urisnophosphat e nol ecul ar sieve is
exposed to steam 25. A nol ecul ar sieve conposition conprising at |east one
nmet al | oal um nophosphate nol ecul ar sieve in adm xture with at |east one

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

cheni sor bed amidnfancthodas claamgg ineelaing g os iclaime 4cwhepeis thei asmemiapy i si ng at

| east one netall oal .um. ngphosphat | ecul ar si eve having, a ni a

chem sorbed t her'@%lﬁ{gé'?'?g °ﬂqﬁmff8ﬁ%e§t‘ﬂ t%ﬁﬂ‘ﬁecé‘farls@é{% or &He@g}?f‘%ﬂ@ﬂd/ or at

| east one other ga dlavttivedolys. active material. 27. A nethod, stabilized
met al | oal um nophosphat e nol ecul ar sieve, nol ecular sieve conposition or
use as clainmed in any one of the preceding clainms, wherein the nolecular
si eve is sel ectlédAfmashad deeorgdinguip ctadmslidswiharein dlie chemOriesl angARGa 34, SAPO- 35,

SAPO 44, SAPO 47, mefal = cpntai.ning forns of each of the foregoing,
3osg e oA SRR

and m xtures ther i zed met al | oal um nophosphat e
nol ecul ar sieve, nolecular sieve conposition or use as clained in any one

of the precedi rl@.&'n%tlﬂ@iac%@ﬁ@tﬂah?%n@@fﬁ%ﬂ Bbr ShigY §3 NasrelSAmEKAOSEd to an
oxygenate prior to the chernisorption of amonia. 29. A nethod, stabilized

met al | oal umi nophodpbrptien rsoindendkan derieg eannfakwouidfzar catdy s vempasippasi t i on or
use as clainmed in claim28 wherein the oxygenate is nethanol and/or

dimethyl et her 17. A method according to any one of claim 2 or claim 13 wherein ammonia

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.



30. A nethod, stabilized netal |oal um nophosphate nol ecul ar sieve,

nol ecul ar sieve conposition or use as clainmed in claim?29 wherein the
exposur e wWo 09834 059849 PCT/ US02/ 34114 58 net hanol and/ ectdisomsd1yd et her
has occurred during a nethanol-to-olefins process. 3 1. A hydrocarbon
conversion process conprising the stepss7of (a) introducing a feedstock to a
reactor systemin the presence of a nolecular sieve as provided or
prepared accordin 2 to the method of any one of clainms | to 18 and 27 to 30
or in the form4sAdnethefpr protectingiameetalalimsingplrpspliate (riojeculat bidveafsbmg f r om

t he reactor system an effl uent and assin he effluent gas
through a recover$PEYUE EMtFEdy F}ilﬁ’ﬁmgficofn@ §% ?thab‘H’ggg’F nore conversi on

products. 32. A pheeASSuRhopheipRBE mdlelAsByva in W&mht hﬁa&ﬁﬁﬁﬁ ock
conprises one or nore oxygenates. 33. A process as clainmed in c aim 32

wherein the one othennsogbeasixsyaje maiile she roetalbral semopkddphate mol@ilar Aiepe Bcess
according to any one of claims 31 to 33 wherein the one or nobre conversion
products conpri sePSHE1B85%ABr e ol efins. 35. A process as claimed in claim
34 wherein the one or nore olefins conprises ethylene, propylene and

m xtures ther egg,A%ledﬁld;rs%gggmgm,pg&g%kglaﬁt%'73@1 wherein the feedstock
conpri ses one or nore oxygenateS and amroni a. 37. process as clained in
cl aim 36 wherein mbtallonimnbmphmphateMNmukireieve pr athuigtuse oithRAL leagdnene or nore
al kyl am nes. 38. A @s @s clainmed in_claim37 wherein the one or nore
al kyl anmi nes  congiP §n ReaidpashBReothel Gaial Wi 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



WO 03/ 059849 PCT/ US02/ 34114 59 39. A process according to claim36 wherein
the one or nore oxygenates conprises nethanol.
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.



