WO 03/ 084661 PCT/ US03/ 00335 TREATMENT OF ACI D CATALYSTS W TH NI TROGEN
COVPOUNDS Field O Invention [0001] This invention relates to a nethod of
stabi | i ziwg o3neteal | oal um nophosphat e nol ecul ar si eves dur ipag/s0ao@ge and
handling, to stabilized netall oal um nophosphate nol ecul ar sieves and
met al | oal um nophosphat e nol ecul ar sieve containing catalysts and to their
use in adsorption and conversion processes, especially the conversion of
oxygenates to rokaMeRs orBAEKOICRHIFSEE wiRE NitkeaiN eBubB2] O efins are
traditionally produced from petrol eum feedstock by catalytic or steam
cracki ng processes. These cracking processes, especially steam cracking,
produce light olefin(s) such as ethylene and/ or propylene froma variety
of hydrocarbon feedstock. It has been known for sonme tinme that oxygenates,
especi al | y Fadld Ofidheptiane convertible into light olefin(s). Methanol, the
referred cohol r .light olefin produgtion, is typically synthesized
Pronlthe cé@@pitic %gﬁé'W%QHHH#aﬁ%Uﬁﬂﬁé PSSEﬁB@HZﬁﬁnoxide and/ or carbon
di oxide in I rd res; geneous cat al yst.
The  pr of er Fa RSk BEL Bl 1o ek N o A PR LR " 0 ae &
met hanol - t gtablletd meallopluategthosphatemelesilbhdaaek ahé converted to primarily
et hyl ene and/ or propylene in the presence of a nolecular sieve. [0003] One
of the nosiabplymipephosphate melesylas sipwy canipmias crtaly siranf imthieirtuge inol ef i n( s)
are the netgl | oal um.nophosphates such _as .t si |1 coal um nophosphat es
(5ap0 o "ang rRR RO R et iy e S B RS Rescr | be
in U S PateinsNo. 4,440,871, which is herein fully incorporated by
reference. SAPO is generally synthesized by the hydrothermal
crystallization of a reaction mxture of silicon-, alumnum and

phosphor us-, sour ce d at | east one tenplating agent. Synthesis of a SAPO
mol ecul ar Q—M oty Qf aﬁ-ﬁlﬁﬁf&ﬂ)n into a SAPO catalyst, and its use in

conver t i ng 6@3@& OCBIRR of EELBEAGKy R RO BbiHeBbleuiQeORARAGE L

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] One of the most useful molecular sieves for converting methanol to
olefin(s) are the metalloaluminophosphates such as the silicoaluminophosphates
(SAPO’s) and the aluminophosphates (ALPO’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-, aluminum- and phosphorus- sources and at least one
templating agent. Synthesis of a SAPO molecular sieve, its formulation into a

SAPO catalyst, and its use in converting a hydrocarbon feedstock into olefin(s),



2 particularly where the feedstock is nethanol, is shown in 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, 282WO0 oalo466f whi ch are herein fully incorporated bypPcafesogmses [ 0004]
It has been di scovered that netall oal um nophosphate nol ecul ar sieves,
especi al |y silicoal um nophosphate (SAPO nol ecul ar sieves, and

al um nophosphate (ALPO nol ecul ar sieves are relatively unstable to

noi sture containing at nospheres such as anbient air when in the calcined
or partially

. calciped state; this state.is soneti rred to as the
acti vat ed BirH¢ ‘i‘rlbf ‘f"ﬂ?fﬁéhea eggsto émeﬁgﬁ\lﬁe%m%lépt[{'g'?a}éeﬁg\ﬁs've stability is
In part re a 25, 4148 390! 51895 63 SPladernad sgset2gased in the
manuf actur%’ﬂggg%’{ig’é&%éah%’ldzg’al ar sieve. Briend et al., J.Phys. Chem

1995, 99, BR3OwBRREGre ctdn faldy inhatpofatdddButfdreames its crystallinity when the
tenpl ate has been renoved fromthe sieve and the, de- ten&l(agutled, activated

si eve has K984l expdsbes hesnagliscovangd that @eﬁﬂeggmw,}wm ¥hni ch suggest
over . per PotrorscitfE bmb BbMpEALTs Ao} Bl RviSal V2D 1 2 Foes

ple years ggest that crystallinity |oss

i s rever si hlugindMhgsHHaRr (AIPO)RsBhdiase\as ereuslatively 0085Gle th BoisRatent No.
4,681,864 to Edwards et al. discusses the use of (SAPO 37 mol ecul ar si eve

as a commeraitaihingratroksphgres avell asambient ajrgvhende (hssciringdr paglyyat ed SAPO- 37

ol ecul a1_Sheiey 1S RO0T 260 Lk ks UYL ) ARG I8 gl ved by

_ 0 the process, retained
organi ¢ t eRpl AliReREE BN he ERAVE AEHiEKE NeSirbrepiied hahSARGe:E thes removed from

fn%{'
the core structure o tte sieve just prior to contacting with feed to be
cracked. Thenprienplting agdns ufarin shiopemifacigretdf¢hes AV majeenlarsigyer at ur e of

ARSI MR RANE TN Eu
cont act | ng oL e R e T rc Brimina and
wat er, and éhglaral dcavatbesieiaBastieen Bkpdsed ® dio Data ispasenié@ho@evaine heat i ng
QLSC;& ﬁznl ?ml{ié{ésslfgggs?l”cﬁe:t ggeroal# Eea!str]thé Ql(lao trefrg,ecrll’}(;s(%al?iIlit)zfal Poss0 i(syrgser}éigl%HE%ned gas,

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.

[0006] U.S. Patent. No. 5,185,310 to Degnan et al. discloses another method

of activating silicoaluminophosphate molecular sieve compositions. The method

calls for contacting a crystalline silicoaluminophosphate with gel alumina and

water, and thereafter heating the mixture to at least 425° C. The heating process is

first carried out in the presence of an oxygen-depleted gas, and then in the

presence of an oxidizing gas. The objective of the heating process is to enhance



presence of an oxidizing gas. The objective of the heating process is to
enhance WO 03/084661 PCT/ US03/00335 3 the acid activity of the catal yst.
The aci d wotB®s46¢1 i s enhanced as a result of the intinat@crarshaetsbet ween
the alum na and the nol ecul ar sieve. [0007] U S. Patent. No. 6,051,746 to
Sun et.al. discloses a process for th conversi on of oxygenated organic
materials to olefins using a nodified snmall pore nolecular sieve catalyst.
The nol ecul ar sieve catalyst is nodified with polynuclear aromatic

heterocycl e .6 ggound?sfthav LD TRL a8 aSkENE BhankOt RTGRANEGHRE 1 N

StI’UCtUI’ES eas rogen atomas a ring

subst i tuenlhtmﬁ&dco\matchb&@eéhﬂhbragmmmﬁwma&ndlaaﬁar sfavve ring menbers. [0008]
Eur opean Publ i shed Application EP-A2-0, 203, 005 di scusses the use of

SAPO- 37 noj060T] ar SUSvEBatent. Noz&65 1,746 et afat d(tﬁ@}?é@ﬁsﬂ precess for thommer ci al
cracki ng catal yst. ccord to.the docune ate is

retai ned ifPRVRSION W&ow%magepg@go Bﬁgﬁflf using a g}ﬂ%fet r%%og?t e

contai ni ng @Eﬁ]&&lm@ 66 BtalstSb BRificd vied | vated during
use, and |¥1%Fe}%léffa£e§F?£€at%lgsg 1 yst aISe mai n Zu ned hnder condi tions wherein
exposure tpolyﬁmﬁéamﬁﬂ)rﬂmlcrhiefercmyzbndcomﬂm&mdsnywhmhIat leastglireeict ure of the

SAPO- 37 zeolite conposite remains stabl e, 809%) PCT Publication No. WO
00/ 74848 tmteram@étﬁdémgaﬂruct@negélfed?g%mahwﬁﬁ% s ?neﬁPES‘P%f-‘é’ﬁ‘?{aafﬁe catal ytic

oY O R TR Ep TIPS LAL 5y By BipReseover ng he

catal ytic contacti ng"w t oxygenat e

feedst ock. L )008] Shi eﬁﬁbﬁ&nmhﬂﬁada@ﬁplﬁuw BY-AR0 a()}]O(D&dﬂ‘sampésaheuw thin the
pores of the nolecular si eve, by using carbonaceous naterlals or by using

an anhydr oﬂSA@@sB?amolepdm gdeveriniarzenhite @@taly[snmm]osm peynmesialon No. WO
00/ 75072 to Fung et al S met hod. for. obl ems
relating t6&f aﬁ]FIB sapby ‘A’r‘fﬁ?ra’(f‘@c%gﬁl % 08\1}8’5“% ?foﬁgadqé?m 'ieﬁ% lij‘ser@@me? grﬁ act with
moi stur e ag% léwﬁr LidvPina laC@lal fP BéAgdsite -Ebﬁtaiﬁﬁig%dhtereﬁlﬁ Whe es the heat
treatment o cu ar sieve containing a tenplate under conditions
effective SAROeBrme@upo sitvets aofivattrbdurengpisas andfif thavepfier the G?Ft@lﬁ@trl@us
structure and cooling the heated nol ecul ar, si eve t.0 |.eave daﬁl amount of
t enpl at e ofnaintained under conditions wherein exposure to moisture 1S minimize

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

[0009] PCT Publication No. WO 00/74848 to Janssen et.al. discloses 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.

[0010] PCT Publication No. WO 00/75072 to Fung et.al. discloses a method

for addressing the problems relating to protecting molecular sieves from damage

due to contact with moisture and damage due to physical contact. The method

requires the heat treatment of a molecular sieve containing a template under

conditions effective to remove a portion of the template from the microporous

structure and cooling the heated molecular sieve to leave an amount of template or

degradation product thereof effective to cover catalytic sites within the

microporous structure.



degradati on product thereof effective to cover catalytic sites within the
m croporous structure. WO 03/084661 PCT/US03/00335 4 [0011] PCT

Publ i cat i wo oBlos466¥D 00/ 74846 to Janssen et.al. discl oses aPCraAiSa®03BDHr
preserving the catalytic activity of Ei | i coal um nophosphat e nol ecul ar

si eves which conprises the heating of*tenpl ate-contai ni ng

sili coal um nophosphate in an oxygen depl eted environnent under conditions
effective to provide an integrated catalyst life which is greater than that

obt ai ned ing a rﬁﬁ. en _depl ' 04iddiodds - Patent. No.
6, 051, 745 ftdgiﬂﬂ et.af" Bﬁ%@ﬁﬂ%gghg;adlg\?ﬁﬁgu%@%%%ﬁl %%Q't%gdl%r %bl em of the
excessi ve Br@duedd Rekeffing Me@atalfiicldti GG of slisdakininspiosphate molecular

si | i coal um nophosphates are used as catal ysts in the conversion of

oxygenat edsiéwed wider donwiseothelheqtingsof tghplatotantaiBiig pr oposed is the use of
nitrided silicoal unmi nophosphates. Nitridati.on is. achieved.by the reaction
of the si fflil‘é%él}lﬁWP%H]b@% FROXEEH EI%HJ% PRV nwlé.eéﬁo?(gﬂ'opﬁésr atures,
typically 1&. 6XGeSSRk aZQxQ&%ateﬁQﬁtaWs{ ARt PR drea&t thathasosnedt i al |y
irreversibl'eand stroys i1Treversi'bly the acidic sites of the nol ecul ar

si eve, as {igs aabsloryda d@pltg@enaitenmennverted to NH2 groups during the
nitridation process. [0013] U S. Patent_No. 4, 861, 938.to Lewi s et. al
descri bes HOp2bcessUSoPatealoNpep 0P hd# BeWatdek s CosEFk "Wl eri al used in the
manufacture of the catal yst [ oL RRGEPrior to
catal yst nRYEFERIE M Wt%wp%ffstﬁ? gxctegs%’é;ér@gﬁ?gm ?%8%]&%8% Patent No. 5

248, 647 t 05 B3a¢ GREoAMGSHOPREPhePie uSHEasl datalyshiein thy hmetstomall treat ment of
si |l i coal um nophosphat e nol ecul ar sieves. The process  requires._the

treat ment bxydeeatad tpdioedrbonsto olefimselhe solation propiedds therusy obeitidsd destroy a
| arge proportion of fhe acid si.tes whil.st at the ; } retaining a
signifi can§1115?93w}rt0a>f3?ﬁp8?te§-ﬂ]§“8 ?t&nﬁéﬁcm?‘ff?tbglt{{? ﬁ%?t’ﬁn%tg% di scl osed in
U docu”ﬁﬁ%oalhﬁirﬁ%?%%éﬁ%ﬁpﬁnﬁl@ﬁiaQ?El%{/a{’fbd‘teﬂﬁ)_eféf'&eﬁmhﬂeally&h si eve

acidity. This test requires the adsorption of ammonia onto the
nol ecul ar sk@v¥eof 709 9COVEBIE dityidation 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.

[0014] U.S. Patent No. 5, 248,647 to Barger describes a process for the
hydrothermal treatment of silicoaluminophosphate molecular sieves. The process
requires the treatment to be undertaken at temperatures in excess of 700°C to
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 document
is a test method for determining the molecular sieve acidity. This test method

requires the adsorption of ammonia onto the molecular sieve, followed by

desorption within the temperature range of 300 to 600°C and titration of the

desorbed ammonia
[0015] PCT Publication No. WO 01/80995 to Janssen et.al. discloses a

method for rejuvenating a molecular sieve or a catalyst comprising a molecular



desorption wthin the tenperature range of 300 to 600C and titration of the
desorbed ammoni a [ 0015] PCT Publication No. WO 01/80995 to Janssen et. al

di scl oseswa o3fetehod for rejuvenati ng a nol ecul ar si eve or PETABIADOBSE
conprising a nolecular WO 03/ 084661 PCT/ US03/ 00335 5 sieve that have a

met hanol uptake of less than 1. The nethanol uptake of the fresh nolecul ar
sieve or catalyst is reduced during storage or use due to hydrolytic

attack and this is reversed by the rejuvenati on process. The rejuvenation

process is s@be Alal A3 j phirL b | f ol upt ake
or may be ugedeig conﬁ?ﬁgg%gggﬁygﬁggﬁg a%étﬁ@%?# i68§%?d%§ﬁg§%§ romthe
di scl osur es mibdsnti biede becaalpst igRdyceddiragsorhgeirmep basphaideolymt ecul ar

sieves W ll exhibit a shortened catalytic life when exposed to a
moi st ur e- coAtagksnd ghis issevgaeeel the Teipkenatier prokcessatl b weiyvenatidneprpeess isi n some

casence, i e SRRSO Buo R o B RFGE foo® Elmefhet vhude o tnsbike RihBer of aci d
catalytic sbimBmatiddwaHdhdH @BthbAer e may be irreversible [ oss of nolecul ar

sieve crystallinity and porosity on ageing during storage and handl i ng
af ter manuf Mgl e. [A93%n fram ithe dsdosuads|desartbed dfwi ntamydevel op net hods for

the treatnent of . netall oal um nophosphat e ol ecul ar si eves and catal ysts
cont ai ni ng W@@é’aluﬁﬂ?‘@%’ﬁﬂg@%m@@@gﬁr K P(Vlgll’)?é‘ﬁ’&’ét 3 shartened catalytionlfe i ¢
properties gﬂxg' LhESin: i 3. QOrosity
and crystal ?‘{Pﬁ?ty g‘??%%? %ﬁﬁggbgﬁngges@g@ g%gﬁ@EE{SI Sﬁ"éf?‘ﬁ@hc@zﬁmry O The

| nvent i on [ @DdoBje ifibtenqes cisiendrsibivy end canocpuomied @ ey stbitpetod of tilmben
preparation of stabjlized netalloal um nophosphate nol ecul ar sieves and
met al | oal unfi6piSodhiaseolrstabiin lie isdeste adeswiaithy pnlaaoingid catalysind t o t hei r
use in conyersi.o T esul t.ant bi i zed nol ecul.ar sieve
retains it sgl{g{gt 1z?l 2[3;1{1 %O%qggr??l?ﬁytbf qgrﬁ{c’ier?l# 1se 1§ Syosfisr}écgfic ?rdq’beé’ P tcfyéga‘ﬁé'?}g'ria ter
ext ensi ve peoiositisohgcat ddtingktége alll RBENELafdr MBIuSicui:e. This stabilization
may result in nolecul ar sieves or

[0017] 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.
Summary Of The Invention
[0018] The present invention provides a method for the preparation of

stabilized metalloaluminophosphate molecular sieves and
metalloaluminophosphate molecular sieve containing catalysts, and to their use in
conversion processes. The resultant stabilized molecular sieve retains its catalytic
activity and its physical properties even after extensive periods of aging in the
presence of moisture. This stabilization may result in molecular sieves or
molecular sieve containing catalysts that do not require rejuvenation after
extensive periods of storage. It has been found that if metalloaluminophosphate
molecular sieves are treated after activation with specific types of compounds then
the molecular sieve is stabilized against hydrolytic attack during storage.

Importantly the treatment is reversible so that after periods of storage the



nol ecul ar sieve containing catalysts that do not require rejuvenation after
extensi ve periods of storage. It has been found that if

nmet al | oalwoicaopsesphat e nol ecul ar sieves are treated aft@CTASV3/0EB5 on with
specific types of compounds then the nolecular sieve is stabilized against
hydrol ytic attack during storage. In?)ortantly the treatnent is reversible
so that after periods of storage the WO 03/084661 PCT/ US03/00335 6
conpounds may be easily renoved to re-generate the activated nol ecul ar

[ . Th th toi L il ] Ll it
Cont i ni ngoBERBIUAEE e G AR He "EHEM B s AT Bt RREE e DL 0T (e

activated BELLL BF (18IpRENt ihVERIoh A likas spBEfiB nitfdaee Bo@iAlal Ni Ng conpounds
are not ilrﬂlﬁge)é/ers%bry gen?clal ly react edsrpvvi th thdeggacti vat ed nol ecul ar

si eves so ¢dmountigwhichamaypbe eesibgrbedamsi/aphyyisotbed pnlodhaeetivaigdd by any
theory it is_believed that tg,e con(;pounds as used in,the B{ esent invention
are chemi soplsealansigyco rinpRyantoie SHTOSSA CONARIRE QRRAUNISAIERAL 2ct i vat ed

ol ecul ar evefyy Tgiblily QAR GARTA LiD8ted FRIRAMRIRVENR mileDE used ar e

t hose t hat "f3Ve i ne I aneter greater n the average pore size of

the acti vagag beehgigubmbve. SWithouBbsihg bolrCh @y theay itriabtigeved thaetieer t he
pores of the nol ecular sieve and therefore are exc]uded fraom Eh i nt er nal
cage of theompiuadshamsediiethe psesenidpyension are ghegnsqibssh and/of physisIbet f ound t hat

al though these nitrogep-containin rial r | fromthe cage of

the nol ecﬁ‘iltﬁra"’giis Gadh ﬁﬁé‘#%%f%&%?%@%%‘%e?hgé’? G %;éﬁtcggtgg’flﬁg{ he activat ed

met al | oal U@&H@&ﬁ% %@%K%h%dngh@é BMEBad LkiREY disheer gleatengast or age from
ac

hydrol ytic at K. I'n the context of the present invention reference wll
be made t tircwglhgepotelsizs of fecicfivaed nvtecular misvel Sushimelesidptse phtie nol ecul ar

sieves; this termas used in this.specification en sse
al uni nopho&ptraerdhe peTeEy 'gﬁ&i‘m%ur%ré’c%{ ﬁ?fi &‘8 %Sﬁﬁea?%i:“%gn&%w tﬁﬁl ecul ar sieves
o 0 ik iy (PR Sk sl e s pssgieten aatnter o al e
met hod of akt®ghithge aitrogealcbuaining matptias pirateluded &oul the cageenféhe whi ch met hod
(r:n(; FEE; Iu|S gf ?riolécil?a?tsileggs t?lg irlltgr?lgltBr%re]r?stgdcaEcli gi%eeé%f [cfet a%ltillgtgé um nophosphat e

metalloaluminophosphate molecular sieves are protected during storage from

hydrolytic attack. In the context of the present invention reference will be made

throughout this specification to metalloaluminophosphate molecular sieves; this

term as used in this specification encompasses aluminophosphate (ALPO) and

silicoaluminophosphate (SAPO) molecular sieves and derivatives of these

molecular sieves as hereinbefore and hereinafter described.

[0019] In one embodiment, the present invention relates to a method of

treating a metalloaluminophosphate molecular sieve, which method comprises

a. treating at least one activated metalloaluminophosphate molecular

sieve with one or more nitrogen containing compounds having a kinetic diameter

greater than the average pore size of the activated molecular sieve and selected

from the group consisting of amines, monocyclic heterocyclic compounds,

organonitrile compounds and mixtures thereof under conditions to chemisorb

and/or physisorb the nitrogen-containing compound with the

metalloaluminophosphate molecular sieve.



sieve with one or nore nitrogen containing conpounds having a kinetic

di aneter greater than the average pore size of the activated nol ecul ar

si eve andweaBmsteed fromthe group consisting of am nes, POCAASYHDI3GS

het er ocycl i ¢ conpounds, organonitrile conmpounds and m xtures thereof under
conditions to chem sorb and/or physi dorb the ni t rogen- cont ai ni ng conpound
with the netall oal um nophosphate nol ecul ar sieve. WO 03/ 084661

PCT/ US03/ 00335 7 [0020] In another enbodi nent, the present invention

I h f h . Jytel i
e e ool 05, TR Al Rkl S pRRASA . i

met hod corr[;? S a. a mxture- conpr

net al | oal uik ReRBNSRRALE, BRAI§SWoaipoSitieN,eviiitle alegdRyniphicesTet hod of claim 1,
at least one binder material and/or at |east one additional catalytically

active drrgt eri ak., b.foroing agixusapmipyising@blepsonei on from the nmixture
prepared in step a. 0021] In a further enbodj nent, .the present inventio
rel ates tomﬁtah@ﬁﬁ@épquf’Sp%@#é&&?ﬂﬂarél%vﬁgﬁ?g%y%méﬁofliog ﬁl,aprﬁ}\ﬁi %h net \rgod on
conpri ses l%astfo(ﬂfz mrﬁ]gr ﬁa&ﬁ%ﬂ%ﬁﬁ?ﬁr a?%%braﬂ@iﬂoﬁz{l%@traiﬁfc_ﬂlg}h adiivbeast one

activated netalloal um nop ate nol ecular sieve with at |east one binder

nmaterial amdfeginl, at | east one additional catalytically active material, b.
activating the catal %(st _conposition, and % treating the catal yst
conposi tion with onelosmings eatelystcoppasitien HEE) HE AEXEEREHES A hg a

Kinetic di @Z% r a%:ﬁ%{; ;%%J;egﬁ'l?gdﬂ%er?#gg gge%etﬁ(}ﬁ\?enﬁl)& ?elatgé totmetﬁsa 'T&at ed

nmol ecul ar rom roup consisting of am nes,

nono- cycl i gediRlzaY QAGIE c6mpOsTIoH RiSch BEBad ommptisese conpounds and ni xt ures
t hereof under conditions to chem sorb and/ or physisorb the

ni trogen-cont ai ai ng fuowaueaislysicomppsitioneemprtiagatlseshProtivaieAophosphat e
keI T R R IE T N S
used cat al ysita& 8APARifid:RN catdBflcally active material,
b. activating the catalyst composition, and
c. treating the catalyst composition with one or more nitrogen
containing compounds having a kinetic diameter greater than the average pore size
of the activated molecular sieve and selected from the group consisting of amines,
mono-cyclic heterocyclic compounds, organonitrile compounds and mixtures
thereof under conditions to chemisorb and/or physisorb the nitrogen-containing
compounds with the activated metalloaluminophosphate molecular sieve.
[0022] The present invention also provides a method for protecting a
catalyst composition, which method comprises
a. providing a used catalyst composition, and
b. treating the used catalyst composition with one or more nitrogen
containing compounds having a kinetic diameter greater than the average pore size
of the activated molecular sieve and selected from the group consisting of amines,
mono-cyclic heterocyclic compounds, organonitrile compounds and mixtures
thereof under conditions to chemisorb and/or physisorb the nitrogen-containing
compoﬁnds with the metalloaluminophosphate molecular sieve.
[0023] Preferably in the aforesaid mentioned method for protecting a

catalyst composition, the method further comprises calcining the used catalyst



b. treating the used catal yst conposition with one or nore nitrogen

cont ai ni ng conpounds having a kinetic dianeter greater than the average
pore si zewOmB/084s61 act i vat ed nol ecul ar si eve and sel ect ed PCamSoye03gs oup
consi sting of am nes, nono-cyclic heterocyclic conpounds, organonitrile
conpounds and m xtures thereof under 8conditi ons to chenisorb and/ or

physi sorb the nitrogen-contai ning conpounds wth the

nmet al | oal um nophosphat e nol ecul ar sieve. [0023] Preferably in the aforesaid

mentioned net hod. for. protectin catal yst ¢ [ L] - the nmethod further
conpri ses E%P]&QSH}OHQ”EOE&) {5%%’616 tgf'glf %:tor%B}’ g@f %@%g@ @6%’ %83/ 00335 8
conpositio org&ﬂa‘to treatnent with the one or nore nitrogen containing
conpound. FO 41 As particular enbodi ments of the nethods mentioned above:
- the nitr p@ed} contAs partigulenerploadinients ofthemietheds mensiopediahoyeor tertiary

am ne, - the nitrogen-containing conmpound is of the fol|ow ng general
formul a:  NRtRZRBOEEN-coiieinigoRPOUNdRE NI, SPadaRteEHEBh#Pone or nore
of the follow ng groups: C, -C50 -al kyl, - C50 - oal kyl, aromati c,

al kyl substi tthe @aoa?rbmtfu&ngsfam?oaggéOyf-‘fhf‘c@OYVH}%FPe‘éﬁt%“f%t ed aronmatic,
aromatic substituted aliphatic noieties such as C, -C50-al kyl ene noi eties
substituted with one or nore aromatic groups, C, -C50 - hydroxyal kyl,

am no- and/or hydroxyl -substitut ed NR'RK50 - &l)kyl, al koxyal kyl such as C2

-C50 -al koxyal kyl, dial kyl am noal kyl such as C3 -C50 -dial kyl am noal kyl ,
al kyl am noal kyl such as C2 -C50 -al kyl am noal kyl, heterocyclic, aromatic

het erocyclic, al kyl,substi tut.e cyal i : dubyted aromatic
het erocycl iv@,ereérh b %San%sé 0 n_g%‘q@%%{t@u%%ﬂ& &Jot%elgf ﬁ%? %&%@ ;{ggl} (}ltp and aromatic
het erocycl Le camppends, epdodiRjleiosisat, il sbisstitited @dmatitueh keCpoi et i es
such as C, -C50-al kylene noieties substituted with one or nore aromatic
groups and (R, —alind suliBituted atorép.enoonti¢ subsdtutedalipbatic. meigties swehipgCal kyl  and
Rl and R2 are |ndependentl| r then R3 is - - |. R and R2
may form wkpha ngm%qh&@ é‘#sg{‘g?ﬂo‘%ﬁﬂ APt ?rolﬁ‘@ﬁ-a&%rﬁ?qgcl ‘%cl%:‘s) ﬁ%s’ r;aét'k%i" ocycl e,
aromatic h%&ﬁfo%?é’lﬂ'l?amﬁlok){ﬁd/or hydroxyl-substituted C, -Cs, -alkyl, alkoxyalkyl such

as C, -C,, -alkoxyalkyl, dialkylaminoalkyl such as C; -Cs, -dialkylaminoalkyl,

alkylaminoalkyl such as C, -Cs, -alkylaminoalkyl, heterocyclic, aromatic

heterocyclic, alkyl substituted heterocyclic and alkyl substituted aromatic

heterocyclic, such as C, -Cs, -alkyl substituted heterocyclic and aromatic

heterocyclic compounds, and heterocyclic substituted aliphatic moieties such as C,

-C,,—alkylene moieties substituted with one or more aromatic groups and R'and

R? may independently be hydrogen. When R? is alkyl and R' and R? are

independently hydrogen then R? is C,-C, —alkyl. R' and R* may form, with the

nitrogen atom, a nitrogen-containing heterocycle, aromatic heterocycle, alkyl
~ substituted heterocycle or alkyl substituted aromatic heterocycle;
— the nitrogen-containing compound is chemisorbed and/or physisorbed at a
temperature within the range of 0 to 200°C;
— the molecular sieve is treated with at least one nitrogen-containing compound
in the bulk state;
— the nitrogen-containing compound is chemisorbed and/or physisorbed with the

molecular sieve for an extended period of at least two hours;



substituted heterocycle or alkyl substituted aromatic heterocycle; - the

ni trogen-contai ni ng conpound i s chem sorbed and/ or physisorbed at a

t enper at Lwe oaiog4s6n t he range of 0 to 200C, - the nol ecul aPCIEW®0G335 t r eat ed
with at | east one nitrogen-containing gorrpound in the bulk state; - the

ni t rogen-cont ai ni ng conpound i s chem sorbed and/ or physisorbed with the

nol ecul ar sieve for an extended period of at |east tw hours; WO 03/084661
PCT/ US03/ 00335 9 - the nethod further conprises the step of renoving the

chem sorbed_a r i sqQrbed nitrogens-containing co unds;, - renoval of
the nitrogen- g%{n thr???%rﬁ%egr%r%lg%%esitgeﬁ d%“t_;rteg}?élﬂlggb? ?lhe _I%ﬁ‘g?rﬁfé?rure of a
cat al yst conmpghiéikéBed nitro SEMRYGHtaifnglcBMpBlAdsogen- cont ai ni ng conmpound i s

achi eved by introduction of treated nolecular sieve in a catalytic

conver si on pr aemssdl of tHehitregehadoyitaiting ooipeRidds updedaR&sdiuringa
met hanol -to-ol efins process; - the nolecular sieve is selected fromthe
group consi st iMpRRuECctuzp Py gatalystsappositign; SAPO- 34, SAPO- 35, SAPO- 37, SAPO 44,

SAPC- 47, MCM 2 i nt rowth forps .of SAPO- 34 and SAPO-.18, netal _contai ning
forms of each ré’Bf"'ag ﬁg{l’%&%@%ﬁnﬁ@}l@?’[ﬂg AYRP Sf“i’r'}%‘“r"ééib?’ ntroquetiggy PEcul ar

si eve has beengxRosfttuifH s&@e%ggﬁﬂgﬁgc@ﬁ%ﬁioﬁ okdlg. chemi sorption and/or

physi sorption of one or nore nitrogén contalning conpounds selected from

t he group con&h@&dtﬂgti@éonazeiisf&q)mémQ—M@ﬂhhﬂol-tb%le@rnggy&késg conpounds,

organonitrile conmpounds and m xtures thereof. [0025] In a further

enbodi nent , —t like mokselat sievevisstlecad froovthe gsoup cohsgiltidg ASAPO-11, SAPO-

net al | oal um noghggghat e nol ecul ar_si eve, which conPri ses at | east one
b

activated neth Pt §3‘6’I%§?)I‘Saﬁpeo“r§84 RO SAEPAAMCNE2) east one
hem bed . . L .
cheni sorbed anfleflowRiithSof DeoNLAYAPS] 8L Akl DS ARARUAE JayL9 @

ki netic di aneter greater he aver age pore siz e acttvated

ol ecul ar  si e tienfdrepelngciRbmixtaes tHegeogr oup  consi sting of am nes,
nonocycl i c heterocyclic conpounds, organonitrile
— the molecular sieve has been exposed to an oxygenate prior to the

chemisorption and/or physisorption of one or more nitrogen containing

compounds selected from the group consisting of amines, mono-cyclic

heterocyclic compounds, organonitrile compounds and mixtures thereof.
[0025] In a further embodiment, the present invéntion provides a stabilized
metalloaluminophosphate molecular sieve, which comprises at least one activated
metalloaluminophosphate molecular sieve and at least one chemisorbed and/or
physisorbed nitrogen containing compound having a kinetic diameter greater than
the average pore size of the activated molecular sieve and selected from the group
consisting of amines, monocyclic heterocyclic compounds, organonitrile
compounds and mixtures thereof.
[0026] In yet another embodiment, the present invention provides the use of
one or more nitrogen containing compounds having a kinetic diameter greater than
the average pore size of the activated molecular sieve and selected from the group
consisting of amines, mono-cyclic heterocyclic compounds, organonitrile
compounds and mixtures thereof to stabilize an activated molecular sieve during

storage and/or handling.



conpounds and m xtures thereof. [0026] In yet another enbodi nent, the
present invention provides the use of one or nore nitrogen containing
conmpoundswbamiosggen ki netic di aneter greater than the averaegaSp®nB3si ze of
the activated nol ecul ar sieve and selected fromthe group consisting of
am nes, nono-cyclic heterocyclic co nds, organonitrile conpounds and

m xtures thereof to stabilize an activated nol ecul ar sieve during storage
and/ or handling. WO 03/084661 PCT/US03/00335 10 [0027] The invention al so

provi des hod f.gr .storing,mlecuyl ar si i hagkyeonpri ses
mai nt ai ni ?\@H?he rml@l?df“éﬁm’é’flg%f@ Hr%\%écf%s‘n %%?18%?(%“% o(r)lgg&r%or e \%Ig)t rogen
cont ai ni NGy LRARQURIS.RAMDHRInRIdiRRE ke AbRIBLESe @ Rajaiact RalMofidier aver age
pore size of the activated nol ecul ar sieve and sel ected fromthe group

consi st i ngmofe mtrbgascontaimog cympounds deving eykinetic diamgiengrerier thaydtonitril e
conpounds and m xtures fhereof in chem.sor bed and/ ar si sorbed state
during st %Y%@Q.POE%EEQB‘]’%‘[W é“i“ﬁ@)'@ﬁf‘%wqﬁﬁl?‘i‘?élpg SPiseed grg nﬁtﬁ% g% Py st

composi t i of, SAARE bP hitfhe8motPARYic ABRrRGLIY AlnisbuliBl hkBhisgnophosphat &

nol ecul ar Siéve adm xture east one bi'nder and/or at |east one
addi ti onal ceapcindt bsdmlistuis theveflima ehdmisordad aad/or pleasbrbed stathdmingor bed
and/ or physi sorbed nitrogen containing conpounds having a kinetic dianeter
great er thsiaraghe average pore size of the activated nol ecular sieve and

selected f he oup cqonsistin . ) -G I : cyclic
conpounds, h@% non?ﬁ‘? 'F‘ge@boﬁp%ﬁiﬁ%{gﬁg\tﬁ%&ﬁ ‘%ﬂ?fs’é‘s@ {%ﬁgrﬁég h&[‘gﬁg ﬁThe
invention fly§QnRLENYARBMetaf8slanRiph6pRRRShéleaNarcidverih admixtat witheast one
met al | oal um nophosphat e nol ecul ar si eve havi ng chem sor bed and/ or

physi sor betkastheedomieoaed/or atreastons addisipanl easly agatly mgtivonpetidadibvi ng a
P Y. B R T R S P
her eof 1 B et e e o
addi ti onal sieat ahd/seleadd fyomdhd groupredmsistiag of amines, mono-cyclic heterocyclic

compounds, organonitrile compounds and mixtures thereof.

[0029] The invention also provides a catalyst composition comprising at

least one metalloaluminophosphate molecular sieve having chemisorbed and/or

physisorbed thereon one or more nitrogen containing compounds having a kinetic

diameter greater than the average pore size of the activated molecular sieve and

selected from the group consisting of amines, mono-cyclic heterocyclic

compounds, organonitrile compounds and mixtures thereof, in admixture with at

least one binder and/or at least one additional catalytically active material.

[0030] The metalloaluminophosphate molecular sieves and catalyst

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.

[0031] Accordingly, the present invention also provides a process for the

conversion of a feedstock into at least one conversion product comprising the

steps of:



[ 0030] The netall oal um nophosphate nol ecul ar sieves and catal yst
conpositions conprising these nol ecul ar sieves as nade by or described in
the abovwoaniosgsnents and in the detail ed description of PCRaSps/eseht
invention find wutility in absorption_processes and in hydrocarbon
conversi on processes. [0031] AccordinéEy, the present invention also
provi des a process for the conversion of a feedstock into at |east one
conversi on product conprising the steps of: WD 03/084661 PCT/ US03/ 00335

11 a. providing_a catalyst coO ! i ared according
to the above enffodi n@??‘éalélﬁ% ﬁgﬁd?f%gé&ﬁéﬁsgtﬁ@ggﬁégﬁt?gﬁ’gﬁﬂﬁge@ the invention;
b. removi ngctdiging e Hes®oheembodihRAtsRAY $i therdbriled déscrigion obthe ai ni ng

conpound to provide an active catalyst conposition; c. contacting the
f eedst ock unvtdmtibige active catal yst conposition; d. recovering at |east one

conversion prodyct. [0032] In this epbodiment, .the {nvention.provides
processes for tﬁb coﬁ?@P§$§ﬂ“ﬂﬂwnﬂﬁgﬂ%$“W6Fé%%§§a %%Wégg%ﬁg%ﬁﬁﬂggor nor e
ol efins, Ofcoﬁfeﬂ)%ur?c[WE@dQéﬂQ&w&%lﬁ@@omﬁém;a to al kyl am nes, of one or
nore oxygenates and ‘one or nore aronatic conpound into one or nore

al kyl at ed ar omatd. ¢ camptdtinsthedsedsmick vath the agossafalyst canpaesitiong or dewaxi ng

hydr ocar bon feedstocks that take place in. the Eresence of one or several

met al | oal umi nopHbsphde@veERgaticast 0as eersit RIGEHtyst s according to the
present iny, an...Brief . ri ption: | esent
Pivent i on P38 aiSerEpa iR hPi AT prde BB B} B Sl B

Descri pti onpefor nfte bRyRAkic® htabaslof abRvldhgedihee otnidie bhggeatteasdied
draw ngs wherein: Féi. 1 shows the nmethanol conversion of a SAPO 34
nol ecul ar sinemeniate elkylasrinesusf ongerinanse oxygeagichgad EePr MOREREAUChe met hanol

conversion (%?rllpr(])%ng in c'?\ Igr% (?;r4 m‘(’)\{ret aqk}ﬁgtgd \allvrlotrrpa%lcj:tco%rﬁ]ogr?ds, as well as process for

cracking or dewaxing hydrocarbon feedstocks that take place in the presence of
one or several metalloaluminophosphate molecular sieves or catalysts according to

the present invention.

Brief Description Of The Drawings

[0033] The present invention will be better understood by reference to the
Detailed Description of the Invention when taken together with the attached
drawings wherein:

Fig. 1 shows the methanol conversion of a SAPO-34 molecular sieve after various
periods of aging;

Fig. 2 shows the methanol conversion using a SAPO-34 with and without amine
treatment after various periods of hydrolytic aging; and

Fig. 3 shows the methanol adsorption capacity of a SAPO-34 molecular sieve after

various periods of hydrolytic ageing, with and without treatment with amines.

Detailed Description Of The Invention

Introduction
[0034] The invention is primarily directed toward a method of stabilizing

metalloaluminophosphate molecular sieves and catalyst compositions containing



treatnment after various periods of hydrolytic aging; and Fig. 3 shows the
nmet hanol adsorption capacity of a SAPO 34 nol ecul ar sieve after various
peri ods oWolwdswbyti c ageing, with and w thout treatnent WwCrhsamoes.

Detail ed Description O The Invention _Lntroduction [0034] The invention is
primarily directed toward a nethod of “Stabilizing netall oalum nophosphate
nol ecul ar sieves and catal yst conpositions containing WO 03/ 084661

PCT/ US03/ 00335 12 net al | oal um nophosphat e nol ecul ar sieves. It has been

found that the)t hn&AIBRsphRE nfBRtRldr QRNVEST RARNOSRIRGIR (R (REHEAei €Ves Wi th

one or nmore nitrogen " contalning conpounds as herein defined so that the
ni trogen caftnadtalicadumsiaopieispithte imdlehnsisoedreith amddranoemitsogeor bed with t he
nol ecul ar sieve results in stabjilized, netalloalum nophosphates which are
resi stant t@ntEyneeampemds as hergindeiised pethabihe pErogen cRUAMHIESGH AL s et hod

Lreated metal ) ool OB AN B IR AR Inch RIAF sielBHSH A pfifhefal al VSt

conposi ti orf&® retarn nost It not a eir original

adsor pti on, mg@figdl¥hirepRaphies PhichiedtesRAPRY debRBatth Girigag@otirer after
extensive periods of exposure to anbi ent atnosphere or steam W thout being

bound t o anyoistare.i Tubagh thirapethod ireated nisgalloalugtinerthasphatramolepdar sieve

ni trogen-contai.nin C ound has a kinetic, di.anmeter that. i reater than
that of themﬁfSPg‘Saﬁ%ﬁaé@g&“’H’fpos 1885?FS|Pé%Vd?%?rV%§‘é6€éalen‘?sglf6‘8fi‘lgegd that the
ni t r ogen- contai.pi byt SR p@(yﬁé I ' nly with
t hose aci dotg%l?gg,gﬁ\%%ﬁ@g?g’%%&t’%e ZBJ fgggaqi . €. r%%togﬁg%%ﬁ?&{eﬁgﬁﬁlgl ecul ar
si eve cage.ext@msivelperivdorfleagosaunefocamtRhytsitinosphert diisteamgeWitont kdimg ng
Conpounds [0035] A key aspect of .the present invention is the

cheni sor pt i RAYnEReI AR P W@té‘a?%tlitbﬁbeglﬁv‘?ﬁ%%@]&?t SRIEBRR RO RGHSounds wit h
active sites es [ Ty ' | .

nmet al | oal un%oﬁlgpp gglp})l a% P(émm)(% glg&%ge% ﬁg#gg\é?aﬁtgib@éﬁ:%@ge B?re déﬁlé%erss c()) rf ption

accor di ng t@ehitBedilR SRR itiH¥etved that theaigbenioatairtas csmppduaid ipr ocess i n
whi ch a weak chem cal bond is formed between nolecules in the gaseous or
i quid st atehearisprbedsandi/er phystsarbed oplyewitly those acighaisas, whishiaon W€ process i s

reversible . . .
surface i.e. outside of the molecular sieve cage.

The Chemisorbed and/or Physisorbed Nitrogen Containing Compounds

[0035] A key aspect of the present invention is the chemisorption and/or
physisorption of nitrogen containing compounds with active sites especially acid
catalytic sites of the metalloaluminophosphate molecular sieve. The process of
chemisorption according to the present invention is a chemical adsorption process
in which a weak chemical bond is formed between molecules 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 nitrogen
containing compounds are the molecules, which may be in the gaseous or liquid
state, and the solid surface is the metalloaluminophosphate molecular sieve. In the
case of physisorption the nitrogen containing compounds may be adsorbed onto
the surface of the metalloaluminophosphate molecular sieve by relatively weak
forces such as van der Waals forces. In both chemisorption and physisorption the
nitrogen-containing compound may be recovered intact from the

metalloaluminophosphate molecular sieve if the appropriate desorption conditions



upon the application of heat. In the context of the present invention
nitrogen containing conpounds are the nol ecules, which may be in the
gaseous owolosmsdedl state, and the solid surface is the PCT/US03/00335

met al | oal um nophosphat e nol ecul ar sievg. In the case of physisorption the
ni trogen contai ni ng conpounds may be 5 sorbed onto the surface of the

net al | oal um nophosphat e nol ecul ar sieve by relatively weak forces such as
van der Waals forces. In both chem sorption and physi sorption the

ni trogen- copb aifkdad HERMRe s TRY pB&iBIE EPIQbAMHE RitAkEn E&RRMidze _

met al | oal um nophosphate nol ecul air sieve if the appropriate desorption
condi ti ons AMOBAOBuUkGIEY] cdAQTIONSOBIDNB8Bt inkBe tuta owpattinkdedtrudtonenfene it is

al so possible to desorb the nitrogen caontai ning conpounds using conditions
whi ch r esul Bitrpgen; qoataing comgpoynd e §- Anderdugh feaneius xidgaon senditiaysn

cont ai ni ng @g?@ound Seuitgble%ﬂ%?en—%%%inﬁ%%ogﬁuﬁg}éﬁggo?)ﬁisgﬂltthgi}{e%&ﬂdi tions.

[ 0036] Suit ni trogen-contai nirng ¢ use 1'n e present

i nvention nayerongedyess ®ibclfetd @rom fe @owpigonsaas S ey mandecyd@i, nonocyclic
het erocycl i c conpounds, organonitrile conpounds and m xtures thereof. The
ni trogen cditapelicg cenppedRdygmondrile ¢ampounds endamitaes tharoghlhs | arger than
the average, pore size of the al | oal um nophosphat.e. nol ecul ar, sieve. It
o prof or r GO RGO g ComBGERE BBV SFRF No AR R ARG di arret er
whi ch is ataeBshok slze i theme@lISALRIndpRBHERAN SNET AT VRO T6is fierier of the
met al | oal um nophosphate nol ecul ar siéve, nore preferably at least 1.2

ti mes gr eatthat theugrogamcentpinafgeroaipoynd hts 4 kiastic dia@eter, vdaclyisaateast,1.Even nore
preferably at least 1.4 times greater and st referably at least 1.5
times great@Pes #aHcY 'ﬂi‘é“ fheaveigec B%‘Fé“%?%‘ﬁ‘b?géﬁe Wtaﬁﬁ%‘ummophosp%ate

met al | oal U%BEBBQFQQ@& fho® r%fe&’ébfl‘/xj §1'e%‘%:2 65 HehE096N, rﬁBfégﬁéf@faﬂgr organi ¢
conpounds nmay be am nés, no- c CFIC et erocytl 1 c conpounds, an

or ganoni t r i dt@easD P Ginied ravfdr cdven didraiprefathblymt takiel 4 timang@ateMNandamdstH such as
for exanple 0; they nmay therefore contain functional groups such as

al cohol , acpraferabé%@tépastitSHeneScareaétPrdbﬁy@é ayerggppore dipmeirtiofiten t he conpounds
ey e S gR Sl hopblilE Y a PRE. PHEMBed BhafRTBln! O 0

brom de an or i
compounds may be amines, mono-cyclic heterocyclic compounds, and

organonitrile compounds which contain atoms other than C, N, and H such as for
example O; they may therefore contain functional groups such as alcohol, acid,
ester, ether or aldehyde groups. In addition the compounds may be used as salts
with counter-ions such as for example fluoride, bromide and chloride being
present.

[0037] The amines may be aliphatic amines, cycloaliphatic amines, aralkyl
amines and alkylaryl amines. These may be primary, secondary and tertiary
amines. They may also be quaternary ammonium salts with a counter ion. It is
preferred that the nitrogen-containing compound is a primary, secondary or
tertiary amine, preferably an aliphatic amine.

[0038] In one embodiment, the nitrogen-containing compound used

according to the present invention has the following general formula:

NR'RR® (D)



[ 0037] The ami nes may be aliphatic am nes, cycloaliphatic am nes, aralkyl
am nes and al kylaryl am nes. These may be primary, secondary and tertiary
am nes. TWey3fs466Bl SO be quaternary amoni um salts w th aPCaurso®oossdn. |t
is preferred that the nitrogen- contqlning conpound is a primry, secondary
or tertiary amne, preferably an ali‘phatic am ne. [0038] In one

enbodi nent, the nitrogen-containing conpound used according to the present
i nvention has the foll owi ng general fornmula: NR RZR3 (I) WO 03/084661

PCT/ US03/ 09332, gt %ﬁ@@ ﬂld&glde%%@%n@r fn%gee(ﬂecﬂg ﬁ{lfolvs){nggl%uﬁéq@ or nore of

the fol | ow" g groups - cycl oal ky arormatic, alkyl

substi t ut edcatQrpL Cchig ushelcaskyC, aromﬁﬁi;) atkgl mbksumtddsarommmce duchrasi@ti c,
aromatic substituted phati c noieties such_ as -C50 -al kyl ene noi eties
subst i t ut eQswialkkiyl mtltutedrﬁym@afa%@mat@ sybityed a@hﬂlwﬁ)letl%ﬁmﬁl kyl,

am no- and/ ubstitu - C50 I Y, such as
-C50 -al ko aTﬂhléfqened%@Fﬁ?ﬁ tﬁ%&ﬁ@% W5H r%srg@ﬁ%n%% &gﬁ ?ky *ani noal kyl ,

al kyl am nogJ fyf aﬁlgﬁf%ﬁﬁ %&&5@&&& kylnamiuaat Ky, -ah§t enesysikyicuciar onat i ¢
heterocyclﬁyﬁ 5’ subgtltu he?eroc clic an da?ﬁg su stltuted aromatic
heterocycla$czsy@kHMWwﬁmyLdﬁﬂqAamkwﬂkﬂUMShasﬁiéﬁohh@-Yb@W%PWUIand aromatic
het erocycl i ¢ conpounds, .and h&ter cI | C s Sti tut d al | 1ati c noieties

such as C, aky]@H@nQa&W&W‘%’r?é% eéfaow ﬁ%ﬂ’é‘ i¢ more aromatic
groups. | n,age #h%nalk%ﬁubgtﬂgteﬁ%e bﬁ@&iﬁ%ﬂﬁ%ﬂ»éﬁ&@d husitggen. The

ni t rogen-con amoni & Wen s alkyl and R and
R2 are i ndg@gﬂ@dymicl yuclmaél(pgega alhglrsubRBuﬂeé he#rdCyelic aidlaybmat&arrpl es of am nes
that are not suitable are nethylamne, ethylamne, propylamne and

i sopr opy! ahetarecydlis camporags, é%g%tPWéYﬁhC SF@S’H&lﬁad Pézphaﬁﬁym?ﬂwu% it he
nitrogen at

L 09 Sy SRR DI RS R, ool ooveL e,
[00391 ExamplgfROMmaf hrl‘débergfeﬁﬂ? $e hip@bpde Thgﬁithn)gbn-csﬁthihﬂng donfpoapd is,
i sopropyl, n-butyl’ isobutyl, sec-butyl, tert-but entyl, isopentyl,
sec- penty I notmpeniny When R® 1s alkyl and R' and R* are 1ndepen<zently hyg rogen then

R} is C,-C,, —alkyl. Examples of amines that are not suitable are methylamine,

ethylamine, propylamine and isopropylamine. In another embodiment, R'and R?

may form, with the nitrogen atom, a nitrogen-containing heterocycle, aromatic

heterocycle, alkyl substituted heterocycle or alkyl substituted aromatic

heterocycle.

[0039] Examples of alkyl groups include; methyl, ethyl, n-propyl, isopropyl,

n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl,

1,2-dimethylpropyl, n-hexyl, isohexyl, sec-hexyl, n-heptyl, isoheptyl, n-octyl,

isooctyl, 2-ethylhexyl, n-decyl, 2-n-propyl-n-heptyl, n-tridecyl, 2-n-butyl-n-nonyl

and 3-n-butyl-n-nonyl, particularly preferably ethyl, isopropyl, 2-ethylhexyl, n-

decyl, 2-n-propyl-n-heptyl, n-tridecyl, 2-n-butyl-n-nony! and 3-n-butyl-n-nonyl,

and C,, —Caq, -alkyl such as polybutyl, polyisobutyl, polypropyl, polyisopropyl

and polyethyl. The aliphatic amines have a kinetic diameter which is greater than

the avetage pore size of the molecular sieve. The most preferred aliphatic amines

are aliphatic amines having one or more alkyl groups having 1 to 20 carbon atoms,

more preferably 2 to 14 carbon atoms, and most preferably 4 to 14 carbon atoms.



1, 2-di net hyl propyl, n-hexyl, isohexyl, sec-hexyl, n-heptyl, isoheptyl,
n-octyl, 1isooctyl, 2-ethyl hexyl, n-decyl, 2-n-propyl-n-heptyl, n-tridecyl,
2- n- but ylwp-oaos4eb1 and 3- n- butyl -n- nonyl particul arly preCarsos/go3es hyl ,

i sopropyl, 2-ethyl hexyl, n- decyl, propyl n- heptyl, n-tridecyl,
2-n-butyl -n-nonyl and 3-n-butyl -n- noﬂgl and C40 -C200 -al kyl such as

pol ybutyl, polyisobutyl, polypropyl, polyisopropyl and pol yethyl. The

al i phati c am nes have a kinetic di anet er which is greater than the average

pore i 26 gl hi8 JBLESH BfpialeXBuncl BB heRISKRIS BEL Mhplaal 1 € am nes are

al i phatic e or roups having | to 20 carbon

atons,  NOki@n ek O@?ﬁﬁ@hﬁ&u&ﬂhﬂmﬁémcarbon atons, and nost preferably 4 to 14
carbon atons. 03/ 084661 PCT/ US03/00335 15 Exanpl es ﬁwéspecific

al i phatic @8#dles i rfixaples of eprloalln gf@upsdé%lyﬁeaCnTCF]e‘CYdtoﬁ t hyl ani ne and

1 ot 0 9040 SoaTBL G o XEL RS B REE A0hAER,, 2

cyclobutyl L. ap ﬁdﬂ 1 SyEERIoew, cycl oheptyl and cyclooctyl [ 0041]
Exanpl es o C%%%n@fﬁ@ gﬁ gbs H@Iudél phenyl, 1-naphthyl, 2- naphthyl,

1-ant hryl, [OB4BJ1t hr \ExaatpiesDf ardnaticl groupsphdnémmhcwl I-Ealﬁﬁb&‘lah hryl, 3-
phenant hryl phenant an henant 4 of al kyl
substltute@%@ﬂ@%ﬂtﬂﬁmg}6%%§mWﬂ@FU§ mgﬁﬂ EB%”QP q g%ﬁ niBxlegroups

preferably nonyl phenyl, 3- nonlyphen&l,

4- nonylphelﬁelrlan ec§#§%hmgﬁ%¥§9 ?ﬁﬁ%ﬁ 4- decylphenyl 2, 3-

di nonyl phepouz] 2, 4-Egﬁﬂﬁwﬁﬂﬂﬂmmyimmﬁu&daﬂnmﬂmyﬁo@mnyﬂudSCA{gaMKWnyIphenyl
3,5- dinonyl phenyl, 2,3-didecyl phenyl, 2,4- didecyl ph

yl
di decyl phempimatia eroupgli pefyainEny o a#Ey Bheyd Ferbay| &’Len}%f e preferably C7

églgi et %%}&Bﬁaﬁl}ﬂsﬂﬁ%ﬂ%ﬁ?f}p@ﬁ %h]@ny?%éiegylgﬁé#g{ ﬁb%g ?ﬁ s8¢ hyl phenyl

g, g g | {“r?t hMitnﬁHleMényl 3.4h dﬂﬁ&gﬁ{mhﬂh% Ey ltimongzlpﬁer@i t3£1 4'§ﬁ‘?wlmfﬂy|8 5[1 .
2. et hyl p'hggmonymhmym qadeinyylphgﬁygtezrﬁﬂ dbgﬂ-?mkp%enﬂ,zﬁ-pqhéwrl}%;%gﬁ §Lnen
3-n-propy! Pipdeeg}yl})henyfjand ? 5 %Iicﬁe%ylpﬁeny?ymore preferably C,— C,, alkylphenyl such
as 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2,4-dimethylphenyl, 2,5-
dimethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5 -dimethylphenyl,
2,3,4-trimethylphenyl, 2,3,5-trimethylphenyl, 2,3,6-trimethylphenyl, 2,4,6-
trimethylphenyl, 2-ethylphenyl, 3-ethylphenyl, 4-ethylphenyl, 2-n-propylphenyl,
3-n-propylphenyl and 4-n-propylphenyl.
[0043] Examples of aromatic substituted aliphatic moieties include C; -Cs,
alkylene moieties substituted with one or more aromatic substituents, preferably
C, -C,, -phenylalkyl such as benzyl, 1-phenethyl, 2-phenethyl, 1-phenylpropyl, 2-
phenylpropyl, 3-phenylpropyl, 1-phenylbutyl, 2-phenylbutyl, 3-phenylbutyl and 4-
phenylbutyl, particularly preferably benzyl, 1-phenethyl and 2-phenethyl.
[0044] Examples of hydroxyalkyl groups include C, -Cs, -hydroxyalkyl,
preferably C, -C, -hydroxyalkyl, particularly preferably C, -C, -hydroxyalky! such
as hydroxymethyl, 1-hydroxyethyl, 2-hydroxyethyl, 1-hydroxy-n-propyl, 2-
hydroxy-n-propyl, 3-hydroxy-n-propyl and 1-hydroxy-methyl-ethyl.
[0045] Examples of amino- and hydroxy alkyl groups include C, -Cs;, -
alkyl, preferably amino- and/or hydroxyl-substituted C, -Cy -alkyl, particularly



[ 0043] Exanpl es of aromatic substituted aliphatic noieties include C7 -C50
al kyl ene noieties substituted with one or nore aromati c substituents,

pr ef er ablwo 0@08466€1L.2 - phenyl al kyl such as benzyl, 1-phenet IrgiT/USB3/pisehet hyl ,
1- phenyl propyl, 2- phenyl propyl, 3-phenyl propyl, 1-phenyl butyl,

2- phenyl butyl , 3-phenyl butyl and 4- pﬁ%nylbutyl, particularly preferably
benzyl, 1-phenethyl and 2-phenethyl. [0044] Exanples of hydroxyal kyl groups
i nclude C, -C50 -hydroxyal kyl, preferably C, -C8 -hydroxyal kyl,

articul arl f bl . -h I d t hyl,
Dy oxy AL i s TS S Cor e e Y0 ey e o opy!
3- hydroxy-@-y@{o%pAfthy@minlaeeﬂypdrﬁw.m;nawhggaramoet 045] Exanpl es of am no-
and hydroxy al ky I C50 -

| gfoups i1 nclude C, - al kyl, preferablé am no- and/ or
hydr oxyl - si@0d6] t ut efkafpleseH allaixkalkyl granps include Cy -GD-adigrxy8kss 1

PCT/ US03/ 00335 16 pr.ef er abl m no and/ or _hydroxyl -substityteq C, -C4

-al kyl sucprefesably C@h@}dr%‘%@@@ﬁ‘)’ﬁ)@ﬁﬁ‘%@é y@pfe%gy&(éﬁ@#g@fmq)sg noet hyl .

[ 0046] Exanpl r gL j . = - yal kyl ,

pr ef er abl yég)dﬁig%ﬁg’t@%}&g%g*@%@gbg}??pcdtfp glre P{;@r}% %@gﬂ? ég%OB - al koxyal kyl
such as npibeRyhEobutekNaUE tdrybutotynxthylowyrRittysmetiydobr opoxynet hyl , n-
but oxynet hyl , 1 sobut oxynet hyl, sec-butoxynethyl, tert-but oxyrr%tdfhyl , 1-

met hoxy et hisethangethylraadRoxgdpryathyl pparticuailapteferahls Ce raprikoryalk

-al k | Kyl th t hyl th | . n- hyl ,

o Kol L S 5, TSR Bl SLIBRLTN R

tert-but OXBﬁ%kﬁMéthyﬂisoBﬁﬁoQ%&tﬁSfﬂgéc-ﬁﬁ@xﬁnéfﬂ*lb@fﬁ‘l@ltbwmeﬂﬁﬁpﬂﬂ Exanpl es of
y

di al kyl am no groups i ncl ude C3 -C50 -dial kyl am noal kyl, preferably C3 -C20
- di al kyl animetmikksthyl gyer2-inetoaydtlyylpr ef erably C3 -C10 - di al kyl ani noal kyl

- o oy BT oot hres o kb SRRoBehvh c. CosbbmipRabTt
2 g, el SAmal et sl et bl
such as nethysarhinoaikyhyich as@inteyhydammoatethyll, dimethylaminoethyl,
diethylaminoethyl, di-n-propylaminoethyl and diisopropylaminoethyl.
[0048] Examples of alkylaminoalkyl groups include C, -Cs, -
alkylaminoalkyl, preferably C,—C,, -alkylaminoalkyl, particularly preferably C, -
C;, -alkylaminoalkyl such as methylaminomethyl, methylaminoethyl,
ethylaminomethyl, ethylaminoethyl and iso-propylaminoethyl.
[0049] Examples of aromatic heterocycles include 2-pyridinyl, 3-pyridinyl,
4-pyridinyl, pyrazinyl, 3-pyrrolyl, 2-imidazolyl, 2-furanyl and 3-furanyl.
Examples of alkyl substituted aromatic heterocycles include C, -Cs, —mono-
hetarylalkyl, such as 2-pyridylmethyl, 2-furanyl-methyl, 3-pyrrolylmethyl and 2-
imidazolylmethyl, and C, -Cs, -alkylhetaryl such as 2-methyl-3-pyridinyl, 4,5-
dimethyl-2-imidazolyl, 3-methyl-2-furanyl and 5-methyl-2-pyrazinyl.
[0050] Examples of alkylaminoalky! groups include C, -Cs, -
alkylaminoalkyl, preferably C, -C,q -alkylaminoalkyl such as methylaminomethyl,
methylaminoethyl, ethylaminomethyl, ethylaminoethyl and isopropylaminoethyl.
[0051] Examples of dialkylaminoalkyl groups include C; -Cs, -
dialkylaminoalkyl, preferably C, -C,, -dialkylaminoalkyl such as



et hyl am nonet hyl , et hyl am noet hyl and i so-propyl am noet hyl. [0049] Exanpl es
of aromatic heterocycles include 2-pyridinyl, 3-pyridinyl, 4-pyridinyl,
pyrazi nylwo3dsfpgsoonl yl , 2-im dazolyl, 2-furanyl and 3-furamrgr/usoEasapl es of
al kyl substituted aromatic heterocycles include C4 -C50 -nono-

hetaryl al kyl, such as 2-pyridyl methyl17 2-furanyl -met hyl, 3-pyrrolyl nethyl
and 2- imdazolylnethyl, and C4 -C50 -al kyl hetaryl such as

2-met hyl - 3-pyridinyl, 4,5- dinethyl-2-imdazolyl, 3-nmethyl-2-furanyl and

5- et hyl - 2-pyrazi nyl . [005 | e f .alkyl am | kyl groups include C2
-C50 - al kQW%Wﬁﬁ‘Bﬁﬁeghygr‘g}“@%ﬁ@néhﬁd‘g%hy énklwegﬁﬁn‘gléﬁbkyl such as

nmet hyl am n : ] ] hyl am nonet hyl, et hyl am noet hyl and
i sopropyl aﬁlﬁﬁgfeaﬁ%ej[m%%%g??%@?&%lﬂﬂggetggl di al kyl am noal kyl groups i ncl ude
C3 -C50 djeisRy! ani Bomhiyd of lptebdercibcymdund§lieckude pyidihemyrokl kyl such as
WD 03/ 084661 PCT/ US03/ 00335 . 17 di et hyl am nonet Pé] , di met hyl anj noet hyl ,

di et hyl ani Hoidazsle, oxarale, thiszelsy yarACHo SUIFIONBGPYEONAWS BEYINEARENTE: hyl . [ 00521

Exanpl es of .h rocyclic iihe i dine, pyrrole, imdazole,
oxazol e, tﬁlilbgﬁgﬁ?ee,e)%g/nrp ezsﬁ%g},qgggﬁg@?drcﬁllﬁnég, p)l/lgé%l i di ne, pyrimdine, and

subst i t ut egye3pnpl epxdhiplehesergh@inariecosipotndoimpide deryldnidtik3dlkix arpl es of
organonitrile conpounds i ncl uge acrylonitrile, alkyl nitriles such as for
exanpl e nentixiles midhrasifer exantplemethyl nittilej and ethyd@igide. The ni tr ogen- cont ai ni ng

conmpound one_or nore conmpounds used as.tenplatin n durin
sym)hesi s"E@/OS?ﬁe rmrgecﬁlltré?ge%’f; l.nmlgrfogﬂi’(?angg]% bletoplp%g’tor %?\?}[g’ 5&% net i cg
di ameter whl éarhsitémgl'égmﬁ% Féen&%iﬁé@nﬂ@ﬁ?of%@&ﬁbl@dt@df%ie@é. of sucheasepl ecul ar

si eve and therefor be chem Sorbed and/or physisorbed outside of the
nmol ecul ar siBVkaveagdandicrdimgetehehihabgleatzathan thegrose south daweterdicht sor bed

oo Py Sorped L 0genConL L 0 ComAUToR I DS euet e
0 e TRl AAALIR LB AP B e,
mol ecul ar  shé¥epytortay mtdgenhentaining compounds may be removed substantially

intact from the treated molecular sieve. This is in contrast to the template-

containing molecular sieves in which the nitrogen-containing compound is

effectively trapped within the cage of the molecular sieve and may only be

removed from the cage through destruction of the nitrogen-containing compound.

Chemisorption / Physisorption Process

[0055] Preferably prior to chemisorption and/ or physisorption of the
nitrogen-containing compound the metalloaluminophosphate molecular sieve or
catalyst comprising the metalloaluminophosphate molecular sieve is activated.
The primary function of the activation process is to remove volatile compounds
and template utilized in the synthesis of the molecular sieve that may still be
present in or on the molecular sieve. Activation also removes carbonaceous
deposits (coke) that form when the molecular sieve or catalyst composition
comprising the metalloaluminophosphate molecular sieve is used in a catalytic
conversion process. It is envisaged that in the process of the present invention the
molecular sieve may be partially activated. By partially activated is meant that a

proportion of the template or byproducts of the template is not removed prior to



renoved fromthe cage through destruction of the nitrogen-containing
conpound. Chem sorption / Physisorption Process [00551 Preferably prior to
chem sor pvoon/osesdl or physi sorption of the nitrogen-cont &Caiusgs/esapound

t he met al | oal um nophosphat e nol ecul ar sjeve or catal yst conprising the

met al | oal um nophosphat e nol ecul ar si ev 8is activated. The primary function
of the activation process is to renpove volatile conpounds and tenplate
utilized in the synthesis of the nol ecular sieve that may still be present

00, 0 eGSRk L% SRR SBLBPYS 0L

deposits (co at form \ eculrar si'eve _ €t conposi tion
conpri si ng hivdeciki slek©ahd/dre ROPRESIIBA hecHFRi REYPndfdr PhPsibSrbbiBittobsh a

catal ytic conversion process. It is envisaged that 'in the process of the
present i nvéprtpigmedemporndscaaswised insthe preserdynisetipar kiisprefer@dtthatat ed. By

artially act.iyat. S ant that. a raoporti.on. of the tenplate or

Bypr oduc%/s B‘Fbs%/af?é‘%?}éwﬁlegﬁ@%@?ﬁget 1Srr§rPr8‘<Fcé)ldmpﬂ°flﬁ?“% %"8@9‘6 418]@3‘. gved

PCT! US03/ 008iRg cdiefiiGiHl SRR teclH il TR R forllh Aidofiledq Beibly, " eMTal 1
within the cage of the nvolecular siéve and are not regarded as chem sorbed

and/ or physiTypichlex]amation gemperatords araninnbe mappiumdboastQS€do kbodthe present
i nventi on. IS pr subst anti al the entire tenplate is

l t eferred that I
removed on &dP b%tﬁrﬁjﬁ’{ai’kcfg‘?r@ &g?‘ﬁrﬁopgc i hosty %Qf}écu andgostanelsrablyoltem
cal ci nati on i opnd] t i SS bel ow., Typi cal
cal ci nat i ona%(gﬁrrgg?%?aggﬁgz@ ?#I%Eeg%? %g%gdfl(ﬁg% A eglﬁ/frg%% Sflgygsoaé’ht 1, 000C,
preferably hitgesbelimbA0 dsqcabutiof Pesductiash Msdyepr)ebesmbl y from about
550C to about 700C, preferably in a calcination environnent such as air,
ni trogen,, renbigagior ofas (combustion product |ean in oxygen), or any

conbi nati on eof . [ 0056 he . acti vat ed l.ecul ar sj.eve or .catal yst
conposit | on[(i:d(%ﬁ{)ri si e?f?lv%t@%[gfql%cé'ﬁaﬁmeﬁ?)ﬁﬁgagi}?ﬁ%t%%“f’lg%F‘é‘Ppréﬂl“ég/% may be
cheni sor bed nfdloAfumifdproi SRRV SN AISIHATAbA HQ/goMPounds under a
variety of conditions. The nitrogen containing conpounds nmay be

cheni sor bedphystodredphigtsnisiogdrechnitaining lkempoapds dinder agasietust cwhditiens. Pr ef er abl y
it i's chem %ﬁé gl r%ggr? gén(%gin&g%%}n?ng{lgc?sdméynbé g}l%misorbed and/or physisorbed in

the liquid or gaseous state. Preferably it is chemisorbed and/or physisorbed in the
liquid 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 at a temperature
within the range of 10 to 600°C, and preferably 20 to 300°C. In an alternative
embodiment the molecular sieve is treated as activated without degassing.

[0057] The nitrogen containing compounds may be introduced to the
treatment vessel containing the degassed molecular sieve or the as activated
molecular sieve. The nitrogen containing compounds may be introduced with or
without the use of an inert carrier gas such as dry nitrogen or similar gas or with or
without a suitable liquid solvent. Ideally the molecular sieve is treated with an
amount of nitrogen containing compound, which is sufficient to chemisorb, and/or
physisorb with the accessible acid sites of the molecular sieve. The acid sites may
be determined by ammonia TPD. This method will determine the total acidity and

will provide a guide as to the amount of nitrogen containing compound required.



liquid state. In one enbodi nent the activated nol ecular sieve is introduced
into a treatnent vessel, which enables the nol ecular sieve to be degassed.
This is womBosdeby achi eved by utilizing a vacuum pref er 0oiTyUSHS/0033% he
application of heat. Typically the nolecular sieve may be degassed under
vacuum at a tenperature within the rldnge of 10 to 600C, and preferably 20
to 300C. In an alternative enbodinment the nolecular sieve is treated as
activated w thout degassing. [0057] The nitrogen cont ai ni ng conmpounds nay

be introd dtot reat nent vesse the de nmol ecul ar
sieve or t e‘ééhealﬁtl‘?t\?af{l@aeterr}ﬁ %‘Eﬂt ?’n&'teé’?fﬂ P?’i?ﬁé%? g %g.l ni ng
conpounds Iﬁﬁ'é Q‘pcdn%ﬁlﬁ H&ﬁ oudt ! I0\119'56: cﬂéﬁﬁefﬂedﬁﬁ@oyﬁﬁsﬁﬁrﬁﬂ withedcid carrier
gas such as %y nitrog simlar gas or with or "without a suitable

| i quid sol si&@lincltidiﬁ@BfOﬁnitHbaamhmtlbeatedsa)lﬁmde pfthe cegt ad the itteraal  anount  of

ni trogen contai ni ng conpound, which s sufficient ?LO chem sorb and/ or
physi sorb Ggekiteshel otk be sifented. Ja thisdpstance de amUNG BF RIEGREH CUNAYPE The aci d

SLLos T8 cReadinh Rk B ANk ATRE o IRYD JRRARN: Wolhe iRl o M e the

t ot al rovi as to ni trogen

cont ai ni NgciEATRAY @Hd/bﬁ‘ﬂWsi’s@ﬂ) wital) ﬁ{eﬁﬁﬁﬁﬁﬂes RETé LI BEDPB Bl exérﬁpl\é\h en the
kinetic diameter is larger than the nol ecul ar sieve pore size then the

ni trogen c®Rbai ni ng conpounds will be chem sorbed and/ or phy5| sorbed with
acid siteg,.l Iud| Broensted.acid s the cage and
the inter nﬁwsgﬁage TaioggY Gon brtm%gorﬁ?‘? %edﬁit{ d{lgel st ngbﬁ%e t he anount

of nit roge&nga%%@egw clev IR PHEratSRE. Tis tlhﬁortdheﬁtametterﬁpéfatbe ikess than the
r

equi val ent urred to chem sorb and/or physisorb with all the acid sites
as determ ﬁt&ettdswsdthat theaimgoken coiPining @0BPpuiTdseloniot raagewitl thet ai ni ng corrpounds
may be introduced at anpient tenperatur or aé el vat ed tenperatures.

i s i mport afPlacHk sieeURdsHpEHdAtigRconditions | I iy Ragsibls to QTFH’E‘WBS n%%?eogen

cont ai ni ngt HI%Q%O 4By gﬁrte %la}?‘s e %2%85@?111‘?1 Weheh 1d-1'1rtﬁlﬁr

n|tr|dat|on IthﬂS OSSIbet eter ne swta l e tenperatures

for any gi H@@rﬁ’tﬁn&ﬁlﬂlﬁtﬁfgeﬁ Ic@ftt@mtng @hﬁﬁuudmlmg‘lﬁla@hﬁ:ﬁh tschmpques suchred

desorption of nitrogen containi n% npounds usi ng. anal yti cal tlechnl ques
such as  the Infrared techniques described herein. If a temperature is used which results in

| an irreversible reaction with the nitrogen containing compounds as may be
determined by these techniques, then a lower reaction temperature should be
selected. The nitrogen containing compounds may be reacted with the molecular
sieve at a temperature of less than 200°C, ideally less than 180°C, preferably less
than 160°C; ideally within the temperature range of 0 to 200°C or 10 to 180°C,
preferably 20 to 160°C, or 20 to 140°C, and most preferably 0 to 100°C. The

nitrogen containing compounds may initially be introduced at a low temperature
and the temperature may then be raised above this temperature during the reaction.
The exact time required to complete the chemisorption and/or physisorption
process is dependent on the amount of acidity present in the molecular sieve. The
time for chemisorption/ physisorption and/or the amount of nitrogen containing
compounds used and/or the temperature of chemisorption/physisorption may be
used to ensure that sufficient nitrogen containing compounds is chemisorbed
and/or physisorbed. It is also possible to determine the optimum conditions for
any given molecular sieve by undertaking a series of adsorption and desorption

experiments to determine under what conditions complete



the Infrared techni ques described herein. If a tenperature is used which
results in an irreversible reaction with the nitrogen containi ng conpounds
as nmay bewoaBwmssbned by these techni ques, then a | ower re&ctiusa3/osaperat ure
shoul d be selected. The nitrogen containing conpounds nmay be reacted with
the nol ecul ar sieve at a tenperature?bf |ess than 200C, ideally |ess than
180C, preferably less than 160C, ideally within the tenperature range of O
to 200C or 10 to 180C, preferably 20 to 160C, or 20 to 140C, and nost

preferably 0 to 100C. . The nit.rogen containing caonpounds initially be
intr oducedcgec‘nléorlpgﬁﬁi’%mtﬂ%rléa %Vc?%t et gﬁ%gpgte@éeg?rﬁ%dﬁ&éﬁ ngd@; rai sed
above thi SR& G4RE h ML HRNAMrhish $B6esE CRGRIbAL:, theldhemibagiont frf&ess Rqui red to
conpl ete the chem sorption and/ or physisorption process is dependent on
t he anmount cehpletd aftet $0 priastestxgosurt e theoliteegenaontirgug compands.i me f or

chem sorption/ _ physisorption_and/or the anount of nitﬁh}% en contai ni ng

conpounds (58] and/ Brs edsagediet the Ghemispritine I &§FHY Li sorption may be

used to ensur.e. t hCl i | O g&g@ s is chem sorbed
and/ or phyg?%tolrr% .On?pt%hlhgsqgggée gll(l)(isy E‘%{e]mtgggéfg?(ggrlﬁrr?lne t %ﬂ%gti mum condi ti ons
for any gneenloangsspispldteieldilatisiews iralkinpartRue nicetlysf congssitiphi on and

desorption experinents to determ ne under what conditions conplete WO
03/ 084661 BChitsobsdnesGthe comperitinnsennprissy PripdealumgopBesphaeachi eved. Once

determ ned these conditiops may . be us in the ' { QN process.
Typi cal |y, I‘%‘ﬁ%““g%{é}ﬁ@&?‘é?%ﬁmﬁ%i}%léfsg' Fagtglyétoco N g&gﬁ% E’}%@%&?ﬁ nut es exposur e
to the nitrQoeR,combRitY QinSRRROUMRE condi®aIhat résuliSin @ivvdhea@peptiopat t he
chemi sorption process with nitrogen containing conpounds nmay be undertaken

on a conpoeif hittgen conaingigpmprendd widathemolopHasyvet dhirdxpesirafo si eve and in
particular a catalyst . conposition. In this enbodinent the conposition
conpri si ng PHEASSR CORRINRhePRRBiNpay b?rB‘F}B%‘(ﬂ%aPry ! V%{i}{é’l he Bﬁﬁ‘?gfm materi al s

e. 0. cat al St GAIPORERLs rfo FURAA S6hd & hOLIEAASSH GANARIA pg_compounds

under conditions Int chem sorption of nitrogen containing
conpounds whirufdchge 3P4 estlyat cosipevigion Ths zexp ypieallyat temperatyess cont ai ni ng
compounds nl;% ovx? gle%glrc]:iinea}/igg te?r)l/peiraq{u%%(sj ltjl(l:el cna al;[/sQ (ias Qellrtlé gc?o?end before being

introduced into storage drums. In this and other embodiments the nitrogen

containing compounds may be introduced in the presence of an inert gas such as

nitrogen.

[0060] The molecular sieve or molecular sieve-containing catalyst

composition comprising chemisorbed and/or physisorbed nitrogen containing

compounds is stable when stored under ambient conditions. By stable is meant

that there is less reduction in the catalytic activity of the chemisorbed and/or

physisorbed molecular sieve compared to the non-chemisorbed and/or physisorbed

molecular sieve when stored under the same conditions. The molecular sieve

comprising chemisorbed and/or physisorbed nitrogen containing compounds may

be maintained in the chemisorbed and/or physisorbed state for an extended period

of time, which is typically at least 24 hours and which may be for any period of

storage or handling greater than 24 hours. In one embodiment the molecular sieve

is maintained in the chemisorbed and/or physisorbed state for at least 36 hours,

preferably at least 48 hours and most preferably at least 72 hours. Ideally it is held

in this state as long as possible before use. In one embodiment the molecular



cont ai ni ng conpounds into the end zone of the calcination unit used in the
manuf acture of a catal yst conposition. This zone is typically at

t enper at LWev3/0bwsbow t he cal ci nati on tenperature as the catraltys3/H@3hei ng
cool ed before being introduced into storage drunms. In this and ot her
enbodi nents the nitrogen containing ébmpounds may be introduced in the
presence of an inert gas such as nitrogen. [0060] The nvol ecul ar sieve or
nol ecul ar si eve-contai ning catal yst conposition conprising chem sorbed

and/ or physj sorhed. nitrogen. containin co i.s.stapl.e when stored
under aﬁb?é‘r‘ﬁ"e tsgwgq{n,t ?\gge’ﬁﬁo’g‘f:éﬂ’b IO‘i yﬁ‘égrg’ggg{;ﬂe:ﬁr{tﬁ F\@F gg{léedllg 3 feducti on
in the cat %%gfa?%ﬁ%hf ¥ b&téﬂy&%o&rﬂ%sﬁi@ﬁﬁ[ﬁ@f%@r ansdamenti YHedPinRe ol ecul ar

si eve conpare e non-chem'sorbed and/ or physisorbed nolecul ar sieve
when st or edhenderbet bed/sapiey stsorshdtstade prior th éntrmlueten @rths catakyst weapr i si ng

chem sor bed and/ or physi sorbed nitrogen cantai_ning cgr’rg.oundfil may be

mai nt ai ned of A cetAl steraRosHiasdRtomentalyYZe Fsastienr Jrius prbadimsnt s et ended
period of {ti whi.ch i ypi.cal Je rs; B y be for
any period péefflgr‘re%c% %ail%%%edorga Héﬁd??%e&ggéla{()er é@%ﬁﬁo%gyhgﬁ%go %ﬁr}}l% %dn;nbodi ment

t he mol ecul@fhistR\Weopd &F tHBpRE&ItHention thaethe RBemBeriied pasudénmapbysi sor bed
state for at |east 36 hours, preferably at |east 48 hours and nost

pr ef er abl y uatlertakas bn Bgechmatal oaliméiphgsphateinsolpeuilar sigvg of Wped @iyt as | ong as

possi bl e before .use. In one en%) dilrrent flhe mol equl ar WO O 0%4661

PCT/ US03/ 068880sIBnsssompi s e los HTRghoRbAk a8 Kl P o EiG 1 sor bed

state untl lcoh&eﬁ%i %PIchééggu&l{'a.@ REthafiR ARG YSr6ccRbesait ﬁﬂiy@eﬁ&&esﬁﬁﬁ)@@g tion.
r enbodi ment It I h p

In a furthe I's held in the chem sorbed and/ or ysi sor bed

st at e pri orshtiathé rdacd dotvh dmeidisertaheneegeat et inerplpenet sheflownead al yst
conposition into a catalyzed reaction., I& this enbodi nent .the  preferred
catal yzed rezpengreicycls Nigmdhisioceys 4iigpRersnaspiarste reppvs be died, envi saged

wi thin the %fa?;%ﬁfrﬁgﬁl thg?eagg)?%@gﬂ #1%%?%&&%?%%%%@?%&% 9§ﬂaﬂ§' process

may be unde en on use um nophiosphat e 1ol ecul ar sieve or used
catal yst a@apOS ink®atnéphpe Songtimes ainaval ismonngiessaphat desivatileand ar  si eve.
During conversion processes, such as nethanol -to-ol efin processes, it may
be necessarthe eagalyst 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 aging

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. Such conditions are particularly harmful to

metalloaluminophosphate molecular sieve containing catalysts. The nitrogen

containing compounds chemisorption method of the present invention has been

found to be particularly effective in protecting metalloaluminophosphate

molecular sieve materials against the effects of steam as would be present in the

methanol-to-olefins process. In this embodiment the used catalyst may be treated

to chemisorb and/or physisorb with nitrogen containing compounds as it is

removed from the methanol-to-olefins plant; the nitrogen containing compounds

can then be desorbed when the chemisorbed and/or physisorbed catalyst is re-

introduced to the plant. In an alternative embodiment the used catalyst is treated

within the plant during or after shutdown. In a particularly preferred embodiment

the used catalyst is exposed to nitrogen containing compounds within the plant at

temperatures above those at which steam significantly degrades the



shut the reactor down in either an energency or in a planned shutdown and
mai nt enance cycle. Wen this occurs it is often necessary to renove the
used catwbysiwsfspm the reactor and to place it into tenp®@Cargsoyo@sage,
which is usually wunder an inert atnogphere. Sonetinmes renoval is not
necessary or desirable and the catal égt is maintained within the plant
itself. In both situations the catalyst is wunder risk of losing its
catalytic activity and/or other properties due to aging effects. In

addi tion duri hut down an - the reactor may be under conditions
whi ch genell’é‘?@gof%ﬂlin?ﬂﬁogﬁlilaqa%é)z%cﬂaitrgiég%f steam at hi gh tenperature i.e.

super heated steam Such conditions are particularly harnful to
met al | oal um nophosphat e nol ecul ar si eve containing catal ysts. The nitrogen
cont ai ni ng Resoyptiond®ndtiens sor pti on net hod of the present invention has been

found to be rticularl ffectiye | rotectin .1 O L,nophosphat e
mol ecul ar s[PE mat éig?ﬁ’éﬂﬁé‘fs?l%‘%/y ?tt]tge B’fefa@(?glgm ‘?Opglg épglr?#ea@u\i%?@ be present
in the  methAReh QB Rl RS Bhsisdibed e RO eI AR by esdipiash cat al yst
may be treate to chem sorb and/or physisorb with nitrogen containing
conpounds asf théd nitrdgerf @maigide compotinds. Mhisramobe achiayed by heatpigdhe ; t he

ni trogen cont ai ni n%@gorrpounds can tﬂeq be desor bed vi,hen t he chem sor bed
and/ or phy sthemissekedaadior physisasbedkmeiatoal wainoaRoSPHAE ROIFTUMSISVE AL an

al ternative _enbodi nent LS bt N | ant
during or afP&Fe Lﬁ?f‘tlac?\)/\(%eggPﬁﬁg(gpgi%%lak%ﬁ?%rﬁ@ 1%%%%‘2?&6%002%“&5%%% P t he used

catal yst i spBrPAHEH dx@eRRiof60GEN TiER Hedonitivn momEaachidyediatihg a niffle pl ant  at
t emper at ures above those at which steam signifi ca.ntll%/ degrades the WO

03/ 084661 PiflddS084io0ias8umae. fanay ploabeashidish by prRedin RN oy e.

Desorption Conditions [0061] The gatal vtic LML L

net al | oal un?‘%‘?gg‘?fdéa ‘%n(r%ﬂ{l mag}lfacéj’lr%%h? ﬁn%?%gya%%%%gé%éaggﬁstand/ or

physi sor bed. & a8 RE¥oiREctn@ShOnBkchlar Si8fTRdneRmbolinidae thl diregan cont ai ni ng
conpounds. I's may be achieved by heating the chem sorbed and/or

physi sor bedcomiaing campoimtsphaysrhatmevedbileing the mensipetusg of 3 Gwpalatadur es in
excess of Zgzgabgs’t u%ggr s%ga%fc?r;glglc%miﬁ%ogs)f ?1? a %urafer élnqgc%imaeplg thg%%tgogen

containing compounds may be removed in situ on introduction of the chemisorbed

and/or physisorbed metalloaluminophosphate molecular sieve to a catalytic

conversion process such as a methanol-to-olefins process. This may be achieved

by introduction of chemisorbed and/or physisorbed metalloaluminophosphate

molecular sieve to the regeneration unit of the plant.

Aged Molecular Sieve

[0062] In the context of the present invention an aged
metalloaluminophosphate molecular sieve is a metalloaluminophosphate
molecular sieve as synthesized or formulated as a catalyst, which has been stored
for an extended period of time after synthesis, or it is a metalloaluminophosphate
molecular sieve material, which has been used in a catalytic process and has been
removed from that process or temporarily retained under non-optimum process
conditions such as in a shutdown phase. Similarly, in the context of the invention,
an aged catalyst composition is a catalyst composition as formed, which has been

stored for an extended period of time after synthesis, or it is a catalyst



preferably in excess of 600C. This desorption nmay be achi eved using a
muffle furnace or simlar furnace. It nay al so be achieved by using the
sanme equiwoemaws4eesed for cal ci nation during manufacture ofeCrhesosraizezul ar
sieve or catalyst conpositions contacting the nolecul ar sieve. In one
enbodi ment the nitrogen containing ¢@npounds may be renopved during the
manuf acture of a formulated catalyst under spray drying conditions. In a
further enbodi ment the nitrogen containing conpounds nay be renoved in
situ on introduction of the chem sorb .and/ or  physi.sor bed

met al | oal uFATARRSHESL RAHC %g%?@d}sﬁ ¢ @ﬁgﬁlgpycwt&ﬁ?\é?ﬁ REenIFROHSi on process
such as a -1 Q= I : . j i i ditiovs
introductigﬁﬁgﬁaﬁtgﬁ¥%§g%%®&gﬁgﬁgr p jﬁ%@%ﬁ%e gg?%?ﬁ%ﬁ%ﬁ%ﬁhophosphate

nol ecul ar gich\we it @ stiéowiegener By ieatended perinkls bfigmplisameant Agedodbf ecul ar  Si eve
[0062] In the context of the present invention an age

met al | oal ugieaspHes phdobrsypreteeihla gregtes ham; 39 hourse 9rg Hﬁgeﬂ‘?’hlﬁ Siﬁ?ﬁﬁé phat e

nol ecul ar si eve.as synt hesi z f a : Lch has been
st or ed foﬁjaaﬁl%&fl@n%‘éédnﬁselpf%%aggy %rlgaﬁegﬂg@ fojh@?f%t Egﬁégl&ﬂgcif afg%mFs a

net al | oal ugapeRRRAgANAISent IBAEEO ST eldvared terap&atudl, it iidyi inhurdestalemen used in a
catal ytic process and has been renoved fromtha’gﬁﬂfpr ocess or tenporarily

ret ai ned unudar anamerogitiosphergracessumcion gkampladn & sratedponiaines saiasdown phase.
Simlarly, in the contex f the.inyentio an aged..cat.al onposition
is a catal yorage QFPpgho%§n¥%¥%@ﬂ¥mgﬁp8%bﬂ5%$%@gﬁﬂh%%z?gg§%%%.an ext ended
period of tj | SeatfstichmhSsifiof 8R4k th¥O 03/ 084661

PCT/ US03/ 0 gﬁﬁééﬁgéﬁﬁ%ﬁéﬁf?gﬁ?‘ ?ghm?ag %een dse in a catalytic process

and has beeftdlRahvidoptossiatd halecydrosiess loithd empat of the prasestanyestionnder
non- opti mum process condifions such as in a shutdown ﬁhaseW:B¥8ﬁ§tended

peri ods of agedvacialoglammorhosphaienare SyPicybRressnt iHaige SMoHBi§ S rably
greater thapn,3 ef V£ Qr : and nost

ot ef er abl y et R S Hall R BRerd iR Shion bR SRttt e

ambi ent  corginpiigiRg 1Y mehkosimopkssphatat Uypically a buly shepleridenbaickn  under an

inert atnosphere or a vacuum for exanple in a seal ed container such as
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 and/or physisorbed
nitrogen containing compounds. In the present invention it is possible to utilize
grades of inert gases 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.

Metalloaluminophosphate Acidity and Infrared

[0063] Metalloaluminophosphate molecular sieve materials such as
silicoaluminophosphate molecular sieves comprise a three-dimensional
microporous crystal framework structure and exhibit a particularly desirable
Broensted acid OH group spectrum in the Infrared, when the template material has
been properly removed. Broensted acid OH groups can be conveniently
characterized by Diffused Reflectance Infrared (DRIFTS) spectroscopy. The
groups can be found throughout a range of 4000 cm™ to 3400 cm™ of the IR



storage drum or netal |l oal um nophosphate nol ecul ar sieve holding facility
after manufacture of the sieve or a catalyst conposition containing the
nmet al | oalwpicaopdsesphat e nol ecul ar sieve. In the context offCrhsopomsent

i nvention aged netall oal um nophosphates are typically present in |arge
anounts i.e. the bulk state. By bul kdstate is nmeant in the formof a | ar ge
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 great t han 10 kil ogram and nost ref er abl reater than 50
ki | ogram SF%&tr‘HBgﬁﬂ‘d%eﬁySI %Oahjlﬁﬂlgf’@’a%glﬁaq‘f Hlo%%la?f)’l%%se‘ﬁﬁlgyg%@g inert gas in
addi tion t gdheeChamiRochely AR Hbriphel tsapReentvhl 086 Bré@baibidng
conmpounds. I n the present i'nvention'it is possible to utilize grades of

i nert gase®Hybups havimg drictdrendre bamiade 8ptIRoWith faave numbers kangingrfrarophosphat e

nol ecul ar sieve storage due to inter. alia_their jsture. con t. Such
gases may ﬂé’“@)ﬁ@%\‘fﬁ@?g‘b%hquf95%11'&6%{?}11%%%?06?“’?%@ %@W%@?ﬁ&ﬁ > hi ghgr t han

normal | evgl i i | @, i N

Met al | oal u?ﬁ(z%% %@gﬁ%@? %gﬁ%%ﬂaﬁgat%&g%ré 6)8836@@?2:6@0;? %br%u}lophosphat e
mol ecul ar  sgRVEaEnElRMHoal Broshkidd @H groigsiacoabeltyipivajip dsqatedton theol ecul ar si eves
conprise a three-dinensional mcroporous crystal framework structure and
exhi bit a peemaksiriace of e solegylas siepe eppFesignawithindbe gevtpatadiit um in t he

I nfrared, when ltégﬁ enpl ate material has been properly renoved. Broensted
acid OH ng’ﬁ?fEa °Be conveniently characterized by Diffused Reflectance

Infrared (gehyS) SHF&H&&%?%&%-EB@I tigrawﬂgy,@.@.ontaﬂn&ialaeﬁ dafafy@tighout a range
of 4000 cmil to 3400 cmi of the IR WO 03/ 084661 PCT/US03/00335 24

spectrum  kasethér inveitianguayides awnpthod,phisicle compasasichemispdirgsangdiiircch exhi bi t
Br oenat ed BEINPOTCRE GRS CHABI SABOBRATHAS SARULH o of HE TAETHEn wave
e, B8 L G S FNSEFER gor o oot
of about 4QKRIFTH] When dizmitrog@6@atadiihg cAhpounds iBrhesnsred tHigkoeps are al so
typl pal 'y Lc(ijs%?lgt(iao% l:?arrlldg pe?ating 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 the nitrogen containing compound is fully

chemisorbed. When the chemisorbed nitrogen containing compounds 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

chemisorption. This infrared behavior is typical with the process of the present

invention and is a good method for determining that the acid sites and especially

the Broensted acid sites of the molecular sieve have been protected through

chemisorption of the nitrogen containing compounds and restored through

desorption of the nitrogen containing compounds.

[0065] Extended exposure of metalloaluminophosphate molecular sieves to

ambient atmosphere results in a loss of catalytic activity. One suitable method for

determining this activity and its loss is to determine the methanol adsorption

capacity (MAC) of the molecular sieve after synthesis and activation and to



external surface of the nolecular sieve or at regions within the sieve that
exhibit internal defects. [0064] In order to preserve catalytic activity,
i.e., maiwDaBms#ei d catal yst sites, this invention provi @€3/s0srai3bod,

whi ch conpri ses chem sorbi ng and/ or hysi sor bi ng ni trogen cont ai ni ng
conmpounds with the acid sites of the E%I ecul ar sieve. The chem sorption
may be observed and nonitored through the use of DRIFTS. Wien the nitrogen
cont ai ni ng conpounds is cheni sorbed the infrared adsorption bands rel ating

to the B ted idsjt in j ' db
now sor i eo TBPIG IR Eral S BRBT o BERIL s IRV EE RAGEPAIEEC, o

2300 cm a % thelpoRfl 8NwRRA R MbREulePHPRLBdsddsinfaul | y
chem sorbeganaﬁgghgwgsgﬁ%%lgo bed rlljsbtrogen cont ai ni ng conpounds is

subsequent kynvessimy pdctss sockgis dasthapdlitonldfine peocesra e merleadarsiavaf r ar ed

absorptions decrease in intensity and eventually dis ear Ll st the
ori gi nal Blcé‘@h@’tseﬂhlﬁbiaffac&ﬁ%‘é@ﬂﬁ?%h"ﬁéhﬂ?m e Kyegev ‘fgﬁpﬁ’f‘?&%e number s.

The int [ f th 3 b i ; '
compar abl o o et agE AL B R ATRER RS R U i BEMEBE BRI D, o

behavi or i gcfuPédafict With eddhie sisroa®ugh efictt the the Rétd tmethanobadsorptioand is a
good nethod for determining that the acid sites and especi al I% t he
Broenst ed aepatityiit essengially kauivaleatctalthe methanel apsprptigeeapasitottdesded t hr ough
chem sorption of the nitrogen containing. compoun t hr ough
desor pt i on Bttt ‘H’rnﬁrCBB‘é?{g‘é’Bﬁlts ?rﬁg%‘bonggl%gg%dgr}ﬁf 6‘33%1‘{ @%%\h%%d exposur e
of metal | Ofﬁf;iwi@ RRRBRSARALER;TRE 8¢ theRhtaBisEX Podrssivalidepiidedbyaaadier e resul ts
in aloss of catalytic activity. One suitable nmethod for determning this
activity arfebrh h®idtwss In thetpoesdet iaveritioa thdehemasoraaiandit pbygisirtbel capacity

(MAC) of the nolecul ar sieve after nt hesi s and actiyatipon and to WO
03/ 084661 P@W&@S@Sﬁ%@%w@@%ﬁP&e&?%?‘?ﬁesmé%{ﬁa&gt‘se w%’lwnf)f’% ter a period

of stor agmréﬁeﬁi‘%@f tﬁe{}glgil?ﬁ\aﬁa%]%, %mgh%h%hasthgi #HRsAscHRaRe vRiutp to the

poi nt at e no r sreve 1s used in a conversion process such as
a net hanol -dhem@logftionSinfod phsssorpiion with #ewlitargeniconminicpeahysinds. lifis ch are
activated in situ, i.e, the tenplate is renpved on introduction

particularly surprising that the chemisorption and/or physisorption using nitrogen

containing compounds with kinetic diameters larger than the molecular sieve

average pore size protects the internal Broensted acid sites which remain exposed

after treatment. The measurement of MAC may be used in the context of the

present invention to demonstrate the effective stabilization due to the

chemisorption and/or physisorption of nitrogen containing compounds. The use

of chemisorbed and/or physisorbed nitrogen containing compounds results in

improved MAC values after storage. According to this invention, it is preferred

that the MAC after nitrogen containing compounds desorption is at least 15% of

the original MAC prior to chemisorption of nitrogen containing compounds,

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.

Molecular Sieves and Catalysts Thereof
[0066] The metalloaluminophosphate molecular sieves which may be used

in the present invention have been described in detail in numerous publications



of the nol ecular sieve to the conversion process, the tine between
activation and actual contact with feed is short enough such that the

i nitial rnephasiéondsorption capacity is essentially equiwardarsn3/os3s he

met hanol adsorption capacity at feed contact. During conventional storage
conditions e.g. under an inert at rmsp%are, this is not normally achieved
as the catalyst is progressively degraded by attack fromnoisture. In the
present invention the chem sorbed and/ or physisorbed nitrogen containing

ol boul ar EFGYTE EPAPTAFO Ay GReER Nehdrr oy W c aon U BE s wblpne, | oo o he

chem sor pt ZHrbrfmg/ O's. PO N&r4p44008171 stAiPd)hEm@péa&ﬁ%m\%haatwnr@ conmpounds.
It is parti cularly surprising he chem sorption and/ or physisorption

usi ng nitragens9 &bh(tﬁlkﬂﬂﬂgwhmeﬂﬁumds B¢, B o GetGx G, HedtieMg, Mar,dér than t he
nol ecul ar si eve aver e pore z rote t he internal Broensted acid

sites whi ch fontih Falepbbledh> f‘i—?r&tel%é) n@gpa'??ﬁ@ﬁ%ési{}aeﬁgnt of MAC may be
used 10 NG seont e,%z)&;%}te‘jr@eApﬁéz ALOYS0bT 0 0 SIPIBASIE A g3sthg ef fecti ve

stabilizati chem on and/ or physisorption of ni trogen

cont ai ni Ng(ZMWBVLIEBA-J hel WC&IPS@)@EPS@OH% HF6EDAPOH wheediibixd n| trogen
cont ai ni ng conpounds results 1n inproved MAC val ues after storag

Accor di ng €0, FhiMg.iMochtardn), §-B. Paepe. ds O 40HERO.0HeP- P@!ﬁ@:léﬁgé@ n| trogen

cont ai ni ng 0 15% | MAC prior
to chem so?ﬁwgﬁg@? ihgféagﬁrgw cgfr?l 72#%56%1@[% oﬁn%gjatenpggfg’?ka F%/@at | east 40
% more prefapedl Y RlpaleRBNS. @%25@(@%0)9U@ Parbl Mo 88&ast  80%

Techni ques for neasuring mnet hanol adsorption capacity are known to those

of ordi nar yGe&PO), U.8. Rdtent Aot 5,080,286 (BAPSS).dV.8sPateet Neatdal 3Bt Ther eof [ 0066]
pr esent i nUGHR: Ry dasainareddsboag TH Heratte CAA R SuERBI i cat i ons vo
(o c0ises KRB TN A8 {15 1 10 Lo SR BB
( SAPO) , Eumm@ﬂm E’Eé@}?@) Amllﬂamﬂt Non4 [BP4,2A3 QASIASIQS(B)ZZU {.HatdaEQowher e El i s As,
se, B 4C9%3 888 (AsAPO) U S. Patela/sgNos 4, 68-% 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.

[0067] Other metalloaluminophosphate molecular sieves include those

described in EP-0 888 187 B1 (microporous cfystalline metallophosphates, SAPO,

(UI0-6)), U.S. Patent No. 6,004,898 (molecular sieve and an alkaline earth metal),

U.S. Patent Application Serial No. 09/511,943 filed February 24, 2000 (integrated

hydrocarbon co-catalyst), PCT WO 01/64340 published September 7,

2001 (thorium containing molecular sieve), and R. Szostak, Handbook of



or Zn), U S. Patent No. 4,554,143 (FeAPO), U S. Patents No. 4,822,478,
4,683,217, 4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No. 4,935,216
(ZnAPSO, WB-03vwgu6e61 489 ( CoAPSO), EP-A-0 158 976 (ELAPO \wagresokwsss Co,
Fe, Mgy, Mh, Ti or Zn), U S. Patent No. 4,310,440 (AIPO), EP-A-0 158 350
(SENAPSO), U.S. Patent No. 4,973,460 ZLi APSO), U.S. Patent No. 4,789, 535

(Li APO, U.S. Patent No. 4,992,250 (CGeAPSO), U.S. Patent No. 4,888, 167
(GAPO, U.S. Patent No. 5,057,295 (BAPSO, U. S. Patent No. 4,738,837

(CrAPSO), U S. Patents . 4,759,919, and 1 O ..U S Patents
Nos. 4, 758@44;9’,‘ aﬂﬁ%@%ﬁ@%ﬁ“@?@@‘ig@?&d&n eg@;@%@w%&?@é)\mﬁs Pat ent
No. 4,554 - t 4,894,213 (AsAPSO), U.S. Patent No.
4,913, 888 %ﬁﬁ%ﬁ“{E{.i%.mg’éﬁ%rﬁ%%?bﬁgéf.e@?%se,092, 4,846, 956 and 4, 793, 833
(MIAPSO), [4088] Pat eTismbiprefbraimoltilansidves, at68ADBMEIMIARG)gvet).aBd Pat ent

No. 4,737,353 (BeAPSO), U.S. Patent No._ 4,940,570 (BeAPO, U S. Patents
Nos. 4, 80meRbsubstitussliS SRO mglacuargmyes 2y queienpbodyment the nsial yAls Nos.

4,500, 651, 551,22 and 4 5,492,.( Ti AP . 4,824, 554,
4. 744. 970 all‘ébﬁ?ﬁ%@)ffgﬁ?@ﬁ%&gﬁ? it fa@ﬁg gb%’%&%@é%?hﬁ%o 293 937
(QAPSO,  WHRHE oftdup It A ME R PerddicdRbW b E1bReRE ) a radSear@l rhetalsof Girbup Pat ent s
Nos. 4,567,029, 4,686,093, 4,781,814, 4,793,984, 4,801, 364, 4,853,197,
4,917, 876, 1IB,968n8iag the Uargkgiides 4lantha@ss, cosivm, ra3galyrasm, scopymivns,
5,493,066 and 5, 675, 050, all . .of i.ch are herein . fully L.ncor por at ed by
ref er ence. SYTRRIB, BRI EAAQliym, FARIHEL ASSPALE: RUPEERI SPUS eves i ncl ude

t hose desgri:hed. = 184 el OPRE 4ik T8ble of
nmet al | ophogguﬁgﬁégﬁ&g%nﬁl?%t%ﬁ%)a , LcLaJl.ﬁg?.u(MPat enr?HﬁNgfﬁ%%gg,%% (er?ol ecul ar

sieve and &fknahnkahitaasiten ietaref Gkjups ITVBSVBRAIBNVIIRp MIIBatiddB &Gahé al  No.

09/511,943 filed February 24, 2000 (integra tgd h% rocar bcin co-catal yst),
PCT WO 01/ 8ardertic pableiof Fisanenky oepirerrey Pf@@O@L‘? FSNEIM PEHERI HiONG nol ecul ar

P00 g ORI PO T
are all heggi Pe,fGH, IGQe, Mg MR Niasd'i ¥n skt Ef, and enixtures thereof.
[0069] 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, IB, IIIB, IVB, VB, VIB, VIIB,
VIIIB and Lanthanide's of the Periodic Table of Elements, preferably M is
éelected 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
and z are greater than or equal to 0.01. In another embodiment, m is greater than
0.1 to about 1, x is greater than 0 to about 0.25, y is in the range of from 0.4 to 0.5,
and z is in the range of from 0.25 to 0.5, more preferably m is from 0.15 to 0.7, x
is from 0.01 to 0.2, y is from 0.4 to 0.5, and z is from 0.3 to 0.5.
[0070] Non-limiting examples of SAPO and ALPO molecular sieves of the
invention include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPO-



[ 0068] 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 nmewelo3o846&x oup | A of the Periodic Tabl e of El enent #CTASHDIBES | ne
earth metal of Goup Il A of the Periodic Table of Elenents, a rare earth
metal of Group I11B, including the L#nthanides: |anthanum cerium
praseodym um neodym' um samarium europium gadolinium terbium
dysprosium holmum erbium thulium ytterbiumand lutetium and scandi um

or yttrium of e e of G oups
| VB, VB, %Sf‘\ﬁcﬁég SAPPES. SAT el samo T EAPo 2, KABLRS Sg‘fq)cgsé’rrents or

m xtures o f lg1S r [@Qﬂl nt, the
metal is s%r%?ﬁe@ SRS, kOl SBRO0ED, uPCuAR (B i ?Q@W e Ga Ge, M,
M, N, SnSAPOAZISARGSErALPOD, MDRQH e,sALP@rIQQALPpGB)BQQLPKhM

met al | oal um nophosphat e nol ecul ar sieve may, be represented by the

enpi ri cal A&PRBG AlIO-AA éﬁﬁ@d‘t@a@%‘i pgial §0ntﬁ%1ng(WAF‘\}WWF fn R

represent S | east atin i tenpl ati ng
cgent: m ; 0t et RRl s S0 AR opBbE! SRR A0 U% 1 has &
val ue f romsﬁpbml SAYERBSr ShP®-42, SAP@—% Aarrd)nsahdmmsa,mvynfrrm 0 to 0.3;
X, 'y, and z represent the nol e fraction of , P and M as tetrahedral

oxi des, whpregerblyiose ar are@rablnemre‘aﬁfe%lP@rI(SnSAB@ fb"f P(ErP(Qré‘*IaﬁdAMPQ 188, 111B,
VB, VB, VIB VP‘L M Blan Lant h?}'ﬁﬁ# S ,of elFl odéc Tabl e of

El ement s, phemerabsiaipngdnoleelar Seyvgs ey c?r?gnﬁﬂ rgerﬁ dGB° &hsi sting of Co,
Cr, U, Fepo, @ o PdY'BA MNa-AL 418Ténd %&aﬁé&tﬁm hibl@nlpERoed ment, mis

greater t han or equal to 0.2, an y Z are greater t han or equaI to
0.01. In at@kdodr errbodl ment, mis great er than 0.1 to about 1, xis greater
than 0 to about 0. 25, |S|nthe range of fromO0.4 t andzrsrn

the range H07d}om OAQBSqddleBm& thedrm PG ISPRYOFHIPUS ‘T’lﬁb?ﬁrbblﬁ%tl% 0.7, x 1is
from0.01 tQa & c%ns1 ere& afcgégb%u é&&%ﬁ% Q{ﬁg o§nIofré)98r9p eh@if- S [0070]

Non-lim ting exanp eso Par "sieves of the invention
i ncl ude oneagtngapr@pﬁ%ﬁ@tctgafulas‘s oBARD fhysiSARG!&, In ARGk, it SAPO WO 03/ 084661

PCT/ US03/ 00335 28 .
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
Jeast 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-type. In a further embodiment the molecular sieve
comprises a mixture of intergrown material and non-intergrown material.

[0072] The method of stabilization of the present invention may be utilized
with metalloaluminophosphate molecular sieves which are particularly unstable to
moisture exposure e.g. morpholine templated SAPO-34 and may also be used to
stabilize relatively moisture insensitive molecular sieves such as dual templated

(DPA and TEAOH) SAPO-34 materials which may be significantly affected

during extended periods of ageing or on exposure to steam.



16, SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36,

SAPO 37, SAPO- 40, SAPO 41, SAPO 42, SAPO 44 (U.S. Patent No. 6,162, 415),
SAPC 47, 8OR®086Bs1 ALPO- 5, ALPO 11, ALPO 18, ALPO 31, ALPOP8%/USOHBGS 36,
ALPO 37, ALPO 46, and netal containing nolecular sieves thereof. The nore
preferred nol ecul ar sieves include o or a conbi nation of SAPO 18,

SAPO- 34, SAPO- 35, SAPO 44, SAPO 56, ALPO 18 and ALPO 34, even nore
preferably one or a conbi nati on of SAPO 18, SAPO 34, ALPO 34 and ALPO 18,
and netal containing nolecular sieves thereof, and nost preferably one or a
conmbi nati on of SAPO 34 and ALPO- 18, and netal containing nol ecul ar sieves

t hereof. | : tgin, the termmxture is synonynous W th
Wéduf@%l %ﬁéﬁh%e

conbi nati on an1 is co red a conmposition of matter having two or nore
conmponent s[0073] var yGegerpltgpastdllcahspinoggaplditemsleotlat sievas aphysi cal state. In
particular, it enconpasses physical mxtures as well as intergrowths of at
| east two ayithesizedby thphedrothgrmal iceistalligapior of presor raore Rt a soyiss 0{'exarrpl e those
described in RPCT Publicati n [ Seri al
No. 09/ 924818 Pe4>Y %egﬁﬁﬁh%%hlgg%\{g)sqqﬁééﬁﬁg%g |tr$eﬁﬁ)t1£&g%§&%b edgdhl ar sieve
i's an int eqgh\bika@EEdipound AT pidallyva combifaien Of sdurdesiof piiesgs of
crystalline structures within one nolecular sieve conposition. |n another
enbodi ment aluntisumnsind phbsphomiusvaptionar Witk enaier mpedempleHag perés H1dG%Wn phase of

AEl and CHA framewor k- s.. For exanpl e SARPO- 18 LPO-18 and RUW 18 have
o A ¢ oRen B mor el A EbaRo R aRe et T R e RN, Y U e

embodi ment | | IBME plaSRdRich 86 PolFteaR lidtoBthPlené, Hng hedtean materi al
and non-i n{)g{r}%}%ﬁgmﬁlﬁg{v\gﬁﬁl.ﬁy[g&ﬂ 'Iqhe r%%?thod of stggirll i zation of the

present i nuadéracoryseizi®nyredsuzedd tamnpdratoet antiloadrystalliopetephbise nol ecul ar

sieves which are particularly unstable to.. nojstur Xposure e.g.
nor phol i ne feraigd at%@elsmﬁ@fgag Qﬁg‘ft}“?éﬁ?na?eé‘glfb%atiﬁ%‘é’ﬁ} Bge‘s%flﬂﬁg'l ize relatively

Toi Sture LRGN {1 VF ARG AL AUEbuRS R BRRRGE. (DPA and

TEAOH) SAP mat eri a may be signiticant ected’ during
ext ended pehimidemofand@eisiigos cothiing ostpencht as¢ mdvrad, MEfO1 D 8AH6 1

PCT/ US03/ 00335 . . . .
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.
[0075] Non-limiting examples of templating agents include,
cyclohexylamine, morpholine, di-n-propylamine (DPA), tripropylamine,
triethylamine (TEA), triethanolamine, piperidine, cyclohexylamine, 2-
methylpyridine, N,N-dimethylbenzylamine, N,N-diethylethanolamine,
dicyclohexylamine, N,N-dimethylethanolamine, choline, N,N'-
dimethylpiperazine, 1,4-diazabicyclo(2,2,2)octane, N', N',N,N-tetramethyl-
(1,6)hexanediamine, N-methyldiethanolamine, N-methyl-ethanolamine, N-methyl
piperidine, 3-methyl-piperidine, N-methylcyclohexylamine, 3-methylpyridine, 4-
methyl-pyridine, quinuclidine, N,N'-dimethyl-1,4-diazabicyclo(2,2,2) octane ion;
di-n-butylamine, neopentylamine, di-n-pentylamine, isopropylamine, t-butyl-
amine, ethylenediamine, pyrrolidine, and 2-imidazolidone. The preferred

templating agent or template is a tetraethylammonium compound, such as



29 Mol ecular Sieve Synthesis [0073] Cenerally, netall oal um nophosphate
nol ecul ar sieves are synthesized by the hydrothermal crystallization of
one or nowe osfswesour ce of alum num a source of phosphorPerg]Sox0EeLr ce of
silicon, a tenplating agent, and a netal containing conmpound. Typically, a.
conbi nati on of sources of silicon, am num 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 Iined with an
inert plastic such as polytetrafl uoroethyl ene, and heat under a

e by {i) ddtragitpt

d,
crystal | i zitRgRY HreeRipe 1&/@60%1%9&%@_ : @E‘OEF‘V_%PEWPP?T% material is
for med, an%t%gtgylcdg?rﬁ%iﬁfnheﬁ'u&?%egffe{r%{% I'a) oxﬁﬁr&?ﬂrb&f&@?@etﬁﬂhﬁnd/ or decanting.

[0074] In a esl's nol ecu sl eve, the phosphorous-,

al um num , aRRMhRim shibiidOid te@mtayIRhigotaapoaer! Prefe@bly, #editrgueaf er abl y
while stirring and/or agitation and/or seeding with a crystalline
mat eri al , opttiinimglcoypeindis ngha apmppundmsevipusly Hsed as 8|tgBplatiagegenhs wat er, and

one or m)rg}lrtlen%}llgfftg}si{sli%£ ?Igé}%%lg%gﬁi?‘%‘eorm a synthesis mxture that is then

heat ed und ons of pressure and tenperature as

described igy7l S. Pﬁﬁéa[?}%fema-t lﬂﬁ% it ordteBplhte’d A tetra2tid B 8diunand
5, 126,308,{vm?]ch are all here?lﬁpful %in%orpgrat ed by reference. [0075]

Non- | i mi ti ngmpxmdpsieh astettaetiyl ahimogivageytrexide CTEAIRH), teyadtiglexy! ani ne,

nor phol i ne, di-n-propylam ne (DPA), tripropylan ne triethylam ne (TEA),
tri et hanol AWIREIUN, PRSP %rpﬁ@‘era%w@mwwgrﬂo%é,deé@traﬁﬁtymwnﬂ%ﬁl ne,

N, N-di net h i i : ] G- e am ne,

N N di ot TSR RG e ablfh S PR A oSN 0k

1, 4- di azabipgyeprefezred teyslatignggeniNs tethlethy] Antehivadydrykide @id Elisexanedi am ne,

N- et hyl di et hanol am ne, N-net hyl - et hanol am ne, N-net hyl i peridine,
3- et hy| - pithsesaldrariéculaglynwhen predudinghe sjireatlimmopbosphats yqloqularisicae. 4-

t hyl - pyri di i.nucl i di ne. N N «dj -1, 4-di ' 2 t
Ton” oY RS smaeR A EhBRnofind b (o TEME st ek o BEARRYGR GG, 2) DOt AN
t-butyl - aia?érfﬂﬁs w8l BRI Ash RAth dieror hdrébNesiliosd, Auindazedd done. The

preferred enpl ating agent or tenplate is a tetraethyl anmoni um conpound,

such as phosphorous- source.
[0077] Other suitable metalloaluminophosphate molecular sieves for use in
the present invention may be prepared as described in U.S. Patent No. 5,879,655
(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



WO 03/ 084661 PCT/ US03/ 00335 30 tetraethyl ammoni um hydroxi de (TEACH),
tetraet hyl ammoni um phosphate, tetraethyl anmonium fluoride, tetraethyl
anmoni um wWooiosiess1 t et raet hyl  ammoni um chl ori de and t et r a@CayiSozm3BHi UM
acetate. Preferably, the nitrogen- containing conpound is not a conpound
previously used as a tenpl ating agent31duri ng synthesis of the nol ecul ar
sieve. [0076] The preferred tenplating agent or tenplate is a

t et raet hyl ammoni um conpound, such as tetraethyl anmoni um hydroxi de

Lot ot hyl Tt BRORRree <Pt Benoke U el PSPPI B B ot ny

amoni um aggl A fated BE refBRfle. Pref erred tenpl ating agent is tetraethyl
ammoni um hydroxi de and salts thereof, particularly when producing a
si |'i coal umi[0@i8hosphat enepbfeoad ambsdieneat, when aderepletibg dgant st ysedircthabi nat i on

of two or nore of any of the above t latin agents is used in
combi nat i ofYHREHS Bf?ﬂer%ﬁk_c%? e 1145 B ?r%ﬁlﬁ_il?t tg‘? E?H%%ﬁa&%,agﬁ‘i‘fgs phlosphor ous-
sour ce. [nggétan%ahyfpréféfaﬁogpéon ﬂn%ﬁﬂbk%déﬁ‘aﬁgpé}giﬂg%ﬁm’@e@&hﬁl s 31 eves for

use in the préesent’’inventi o e prepared escri S. Patent

No. 5, 879, Gidll kdow@rtkdmidiesifot HanipM, heatateatthents archlagthlo@atgent to
phosphorous), U S. Patent No. 6,005,155 (use of a nodifier w thout a
salt), U.S.Cakrination ingelves congetimpthe sreleculansiqvg contaming the mmpaingnt  No.

5,962,762 (treatnent with transition netal U s . en : 925, 586
and 6, 153, %ﬁ(vﬂﬁg%%%\cl)mprg&a%ﬁﬁt?fggﬁ O’ﬁgg?’)af? ye‘? su%?&ncg%%@?%gn( nmonol i th
suppor t ed) ,elddaRd 8@ Rurd\RfTiceR 33 eftflet paftlall9 ok BEMpleRH} @bbmposeand Pat ent  No.
6, 046, 373 (el ectronagnetic wave treated or nodified), U S. Patent No.

6,051, 746 (opodigmthe temaplatangagedi.c modifier), U S. Patent No. 6,225,254
(hest o (emplate), PCT 0 01 45528, B | e o 28, g00L Laugf ot
2 o0 B0 RGOSR GROBIHIB o0t it ibuggo m ), v
nol ecul ar sieve), U S. Patent Application Serial No. 09/615,526 filed July
13,2000 ( nl\?ltet?ltd ifoqphl;laelggga i[\/}o?gcular Sieve Catalyst Compositions

[0079] Once the molecular sieve is synthesized the molecular sieve may

then be treated to chemisorb and/or physisorb nitrogen containing compounds 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 chemisorption

and/or physisorption with nitrogen containing compounds. 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.

[0080] 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 va;ious types of hydrated alumina, silicas,

and/or other inorganic oxide sol. One preferred alumina containing sol is

aluminum chlorhydrol. The inorganic oxide sol acts like glue binding the



i ncluding copper), U S. Patent Application No. 09/672,469 fil ed Septenber
28, 2000 (conductive mcrofilter), and U S. Patent Application Serial No.
09/ 754, 81 0WR0886084661 PCT/ US03/ 00335 31 filed January 2CTAGOI0(3BF eeze
drying the nol ecul ar sieve), which are all herein fully incorporated by
reference. [0078] In one preferred erodi ment, when a tenplating agent is
used in the synthesis of a nolecular sieve, it is preferred that the
tenplating agent is substantially, preferably conpletely, renoved after

{1 Lat ment <ERizA RS divevind bt et b oreree TR g e
mol ecul ar LAYRaG0RAS Bb tBRkAIRY Al MAinAARNImotEAR Gigdkl, prefer ably

cont ai ni ng- oxygen;, at any ion at” an elevated tenperature
suf fi ci ent pleferahly Mevinparlbwaidcysityt iswonpéreddehto abdoorgonis @xalednatoxi di ze t he

tenpl ati ng agent. I n one enbodi nent, the nolecul ar mve has, a Si/Al ratio
| ess than eomBBonest efarrexpmple, pralgmingsel wilkeonverta ap AbpERI9Kideess t han 0. 32,

and nost preferably.less than 0.20. Method for Mking Ml ecular Sieve
Catal yst CBi Bgf‘qﬁoé'ﬁ%ge?%%%m&%e the nol ecul ar sieve is synthesized the
ol ecul ar fO(B\IFA’Iﬁﬁinuhh@rﬂoﬂhﬁdxb[,Qﬂiyﬁ%x@&té‘chﬂﬁ%&ﬁﬁrbb@s@dj/s@rconm&ﬁhg@r b nitrogen
cont ai ni ng conpounds and then fornulated into a nol ecul ar sieve catal yst

conposi t i onhlorifl¢ epundgriiow|hps theegenerel farmulalof il HOEAEDSHARE LA Meiam si eve as
synt hesi zed wth or. W thout _ activatjo be riulated into a catal yst
conposi ti off lpmg)r’nﬂ%wé?\gn‘? SorBiioh s iawgllgggxcbﬁ%é gooﬁtlﬁlé)ﬁevw th nitrogen
cont ai ni ng £ BABALR N6k Rerol 2/ 4388 Mdardurigapphosphat e

nol ecul ar S{hg)ve mag’St eeﬂn?ggnli)l% %qee’ao‘ﬁ/(\n@?lagggbi Sldzer) and/ or a matrix material to
form a nol aelteimas, «tvk, $tataSus Scic andGsiat.j 1) pegesal 06eldrh(ll 223 awhinblisecul ar

si eve catal yst conposition. This formul ate | ecul ar _si eve. gat al yst
conposi t i ofeies Mepmpertedsorelriecs I%ﬁ%@réﬂ‘g’og?% Part mr%gmavs | - known

t echni ques . ' et 7] t j - {he i ke.
10080] " Thes S Bt R ookt By REL G Ay (TURp Bl nBRBSLTS o the
mol ecul ar  gi@ve SahusdxytoaRakic! 7-aumilNg bobhmité,idiaspercaarnl temsiiondli nder s t hat

are aluminas such as o-alumina, B-alumina, y-alumina, 3-alumina, e-alumina, -
alumina, and p-alumina, aluminum trihydroxide, such as gibbsite, bayerite,
nordstrandite, doyelite, and mixtures thereof.
[0082] In another embodiment, the binders are alumina sols, predominantly
comprising aluminum oxide, optionally including some silicon. In yet another
embodiment, the binders are peptized 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 aluminum 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.
[0083] The metalloaluminophosphate molecular sieve with or without
chemisorbed and/or physisorbed nitrogen containing compounds, 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 from the catalyst composition for example during regeneration,

densifying the catalyst composition, increasing catalyst strength such as crush



useful alone or in conbination include various types of hydrated al um na,
silicas, and/or other inorganic oxide sol. One preferred al um na

cont ai ni Nyo0al0846s1 al um num chl or hydrol . The i norgani ¢ oxi ®#eTam03/0385 | i ke
gl ue binding the WO 03/084661 PCT/ USO3/ 00335 32 synthesized nol ecul ar
sieves and other materials such as th& matrix together, particularly after
thermal treatnent. Upon heating, the inorganic oxide sol, preferably
having a | ow viscosity, is converted into an inorganic oxide matrix

COmOnen . SRRl e 3 . P3SNl g U om o e

Umonum chl orn
hydr oxyl at ﬁ%l%%@%based sol cont aining a chloride counter |on has the
gener al nmul a Al,,,On(OH) od px(H20) wherein m is 1to 20, nis 1to
8, o0is 5 {0084p, p Nen-Zintiting Exanaples of magriomager3ds mphld@ﬁee oempwsdifirent , t he
bi nder is AL11304( 4C17. 12(H2r2 u‘%‘“s described in Wl t erman, et
al ., Stud. ragesrth mefals, mipl o3 cl gtﬁ%‘&@smfﬁglaiﬁ‘ﬁg?ef@@ Pl hich is

herein i ncgglgg]ﬁ{ h%&ﬂt?éﬁhfz%h%o%‘%ﬁd rﬂlﬂu?e@%é?&{f ﬁwm%?é}hﬁ'[% RilicaQR$pnedia,MOr €

bi nders ar or nore other non-limting exanples of

al um na nakgich@lrSonis illvaaardh, Witidaaiumning hyd sidixa-dymiya-gharm daan boehm te,
di aspore, and transitional alum nas such as_a-alum na, (3-alu
y- al uni na, eswedimenhanatex magariaeare gatugdl gleyhsichas dhgse élloﬁhfhﬁefam‘aheﬁu num

tri hydroxide,  suc I t te, and

m xtures t H@HQB‘?HITC[IB%@%P?(f‘ﬁhréegl?%gﬁtg} ,«?t[%gliﬁ’s fe ﬁﬁts%@d’ég gsr %@gﬁééeal um na
sol s, predegdianhbn a8 OPExaphp1E, PixiEVNR{RS] G@orggmnummdl@/clayscmm ng some
silicon. In yet another enbodiment, the bi nders are peptized al um na nade

by treati ndinatingrexsaniigsofaties majs maé@slabsled@@%chﬁmlﬁ‘é kaglinite, diskiddi d,
oot oY bl 1955 PRbo AR Al MO IR A2 0
Co. . “Naper SiPTrC R ‘?%%ﬁ%ﬁ@a‘%gd‘%%%“aﬁ‘%?éﬁ%ﬁ éﬁﬁ?l%%m"%‘ér por at | on,
Val I ey For gad/oPesit siphtweent and/g:0d8Biical treatmett@l | oal um nophosphat e nol ecul ar
steve with [(%85\1\'1 t hoIn 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 pum with a D90 particle size distribution of less than about

1 pm.

[0086] In one embodiment, the binder, the molecular sieve with or without

chemisorbed and/or physisorbed nitrogen containing compounds 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 weight to about 20% by

weight, and more preferably from about 7% by weight to about 15% by weight,

based on the total weight of the binder, the molecular sieve and matrix material,

excluding the liquid (after calcination).



chem sorbed and/ or physi sorbed nitrogen containi ng conpounds, may be
conbined with one or nore matrix material (s). Matrix materials are

t ypi cal | ywoaBfoewti ve i n reduci ng overall catal yst cost, a®CTaAS03/ss5ral
sinks assisting in shielding 'heat fromthe catal yst conposition for

exanpl e during regeneration, densify¥hg the catalyst conposition,

i ncreasing catal yst strength such as crush WO 03/084661 PCT/ US03/ 00335 33
strength and attrition resistance, and to control the rate of conversion in

a particular process. [0084] Non-|imting exanples. of rix mterials

i ncl ude ont087 or glngpot _e’i?ﬁléo @PP%?‘%‘Y%‘E@,M%{’TE'}Mgﬂdﬂﬁwﬁmaﬁm ng titania,
Zlrconia, fﬁ%&?ﬁfﬁs@ﬁ il R @natioRIrihd ﬁa@lecﬁﬁ\agié\?e’ caﬁﬂ}lls‘t EGmPsitt | 8:frdpd m xtures
t hereof, for exanple silica-nmagnesia, silica-zirconia, silica-titania,

si | i ca-al upilna 1815y peeifdratsia alswei1ng rhidie hireferably 1ar0 toeheadneost, natri x
materials are natural clays such as those fromthe famlies of

mont nor i | | prefereblsidep tedot-i ¥ hasbrendownd traba highersieve senigae lavspsmeattivni t es and

t hose kaolins known as, for exanple i xi e, McName 20 | d Florida
clays. Nonf° q?% Wrrqasegi'her{ﬁ{))lggﬁg% sqg‘fehd@ﬁ&%tc ?@Qosﬁtall\&e?e?gﬁ S |<£neglll %%?erhal oysite,
kaol i ni t e, |qllzkiev€ contORCKiEh&G mAFix ARAHH] lighproves EeeteidAdesiBitce of R Mat ri X
material, preferably any of the <clays, are subjected to well known

nmodi fi cat i composit@sses such as cal cination and/or acid treatnent and/or
chemi cal treatpent. [0085]..In ope preferred enpodi nent, .the trix material.
is aclay 5}0%§] cl ayUL?ry lZ:‘B’r‘Pﬁ&E‘? B ?%F@Y%Wgﬁﬂlwﬁgmcqhﬁ?“sé’%& ay-type
conpositio ng: ] Linkd L AuRONLE M he idifx IRsdriapr ef erably the
mat ri x mat grr“pa bﬁglsgrgg?ﬁr#.orgglgg?lﬁnmk S egn f’oundet 0 f}ér m e{lap’unpabl e, high
sol i d cont eptiorsillyrwith a bihddrain eliduisvtd foesia slauy, hagmgapeferatdpdgotoupacks
together easily due to its platelet structure. A preferred, average

particl e siixingfis pesdedrigtnrpducsarsupstantialhomogersgons Rxtyracoptaining the from about

0,2 o R B ST i, PR AR Pl RLAUOEf Lose e,
or Wit hout copbp@tisshese adbRG1, Rétysdss Aldbigdies)iahd/0g eslers OThahidsng conmpounds
and the r’rmpll:elfc)i(rred 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 chemisorbe& and/or

physisorbed nitrogen containing compounds, is beneficial in the catalyst

formulation process as the chemisorbed and/or physisorbed nitrogen éontaining

compounds protects the molecular sieve from the detrimental effects of the water

utilized in the formulation process.

[0089] The molecular sieve with and without chemisorbed and/or

physisorbed nitrogen containing compounds 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 combined in a liquid as solids,

substantially dry or in a dried form, or as slurries, together or separately. If solids

are added together as dry or substantially dried solids, it is preferable to add a

limited and/or controlled amount of liquid.



material are conbined in the presence of a liquid to forma nol ecul ar sieve
catal yst conposition, where the anount of binder is from about 2% by wei ght
to aboutwB®3wkisewei ght, preferably from about 5% by wei giRCTius03B8: 20% by
wei ght, and nore preferably from about 7% by wei ght to about 15% by wei ght,
based on the total weight of the bind®, the nolecular sieve and matrix
material, excluding the liquid (after calcination). WO 03/084661

PCT/ US03/ 00335 34 [0087] In another enbodi nent, the weight ratio of the

catal yst clBOCT 1 o or& oimegt AR ol 8 e PR L PRAGE ™ 2, 81

pref er abl yﬁlﬁr&i@(ﬂ%@d dndfor ﬁ%is&}%& nitReeh 86@Rinihgloofgolinds, Bindétandas been found

that a hig sieve content, |ower matrix content, increases the nolecul ar
si eve cat amasix matepakiis mixedpe niiledrencbievh eweffeigntlylvoiferm slugy ©f sdnt ent |
hi gher matrix material, inproves the attritjon, resistance

. of the
conposi t i oRarticls gBiheupeacw@tiivacAgLEheompaston that 18 fhey ec\/ﬁoﬁ‘rfgﬁ?m&i t hout

chem sor bed_. Lor YAy i LALNg ' s, and the
a1t P QREbRiGuPORARL RRIARGE Rbbd RARBRPBLILAILGATERRNS, BOC TP
m xi ng, prem@bdilent, thORIAUE uniix b Bpray dryeelepicklly, piotameaniibst anti al |y

homogeneous m xture containing the nolecular sieve. Non-limting exanples
of suit abl enanitajnediat 4 teaiparaire feffisientgto remaie masi rihokquidfiem tha| cohol |

ket ones, al dehyde and/ or esters. The nost referred liquid s water. In
one. enbod ALY A oBies R FEE FiokienPaSisrt Fuah RProsiin b sfulifa,

suf fi ci ent  4@91vRf QeMSRitHORSVIHATHMAL 18 M kay taRes WeSford WP nidébéghetes. $f ze,

and/ or sub-particle size distribution. In the present invention the use of

a net al | oahemisobpt esphapleysisotbed nitenges icenteininggontpavindypare presendipeiot sor bed
and/ or physi sorhed njtrogen conjaining.conpoynds, is .beneficial in the
catal yst TOFRFRY Gyt B?aﬁdggeélr g{’? F@%"%QWE‘ cfpgﬁdfr%lflg BFRPETSST bed

02, SOBLAD BRgPABMCAL £ B LF R CouhSimaite | om (e,

[ 0089] The combpeandsake désexted wWAltbrratidelwitlicdupudy drigeng condibiens maylber
selected to ensure that the chemisorbed and/or physisorbed nitrogen containing
compounds are substantially retained within the spray-dried material.
[0091] 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 100°C to
about 225°C. 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 pm to about 250 um, more preferably from about 50 pm to about 200 pm, and
most preferably from about 65 pm to about 90 pm. If desired the average inlet
and/or outlet temperature of the spray drier may be selected to enable the
desorption of chemisorbed and/or physisorbed nitrogen containing compounds to
occur during the spray drying process.
[0092] During spray drying, the slurry is passed through a nozzle
distributing the slurry into small droplets, resembling an aerosol spray in:co a
drying chamber. Atomization is achieved by forcing the slurry through a single

nozzle or multiple nozzles with a pressure drop in the range of from 100 psia to



physi sorbed nitrogen containing conpounds and matrix material, and the
optional binder, may be in the sane or different |liquid, and may be

conbi ned wo oafg466r der, together, sinultaneously, sequent iPETIGSP3/M338

conbi nation thereof. In the preferred enbodi nent, the same |iquid,
preferably water is used. The mol ecul 3 sieve, matrix material, and
optional binder, are conbined in a liquid as solids, substantially dry or
in adried form or as slurries, together or separately. If solids are

add a 1m0 B bl g ER L At ot b e BB 7 1
PCT/ US03/ 0%3% a?ﬁnél@ R99ic bmARB1EARRE AL with ¥ aSdhizaNowfluidRgctol ecul ar

sieve with or out chem sorbed and/ or physi sorbed nitrogen containing
conpounds, abaindeamafide gagbor any othtreuitabls gas i xed or milled to achieve a

sufficiently uniformslurry of sub- particles of.the nol.ecul ar, si eve

catal yst cH898ki ti ol dehagot @WP@H’W% slgrry (SﬁlF?ﬁ”rl?ﬁga%‘fetls ﬁﬁ%ﬁtedptf’oduces t he
nol ecul ar gjev . R : oth hien t he
form ng unlﬁie Reglm%?e;r%rk ééb 15@ g‘gr l%‘?{g‘gf't’f@“@? ee%ilgir:}rmﬁﬁogs uér}?fﬁ% Ig%’ {r?gi nt ai ned

at a tenpekgt uf @hiUfif tditRNbd by nia@rdxgorsugludiig slhey visqosity, furfaeet he sl urry,
and fromthe resulting nol ecul ar sieve catalyst conposition. The resulting
cat al yst cienpioni Howmatosmsesstusy arshitemperapire ol Stuse thetshaps &dm of

m crospheres. |f em sor bed d/ or_.physi s [ e t.al ni ng

conpounds gF’éenﬁpé‘sogEl_fe %%Z%ES%’ ‘?%H% W%‘i}g%lya;%/el fr’\gth?t%% ﬁéytlfhggedgg ?@{egaﬁ%e r emoved
during the ggpraid e Xb&-@uﬂéﬁ%@%éurﬁé’r—c@ﬁéh@ﬁéw@ﬂai@@%sﬁ%fthﬂi@hfa%ﬁﬁ ratures to
ensure that the nitrogen containing conpounds are desorbed. Alternatively

the spray driyi todomondubstamisliydyieder drsd moeadartsicvervsiatyst e¢rapositing, cheni sor bed
and/ or physi sor bed. nj troge[n ont ai ni n(%g‘ c?r’%gunds are substantially
ret ai ned wint9¢ sPacHisally Azgolequla sy iRPevder 1916h91] When a spray drier is used

as the for rerzl}(f%ﬂ tm;] geﬁé?gflﬁ%e% %ﬁze Sﬂ‘gf E%&é&j&ds %ntrohf@@ ad@n@ézéﬂté}ft b§igye and

matri x mat optionally a , 1s co-fed to the spray drying
vol ume wi t RolddstboyitengoRths shuryh However cagel iofithetsizeanfpler attalye rangi ng  from
200 Cto 550 C, and a combined outlet tenperature ranging fyrom 100C to
about 225Ccompogion bl Rbgtical Fh@a%i?fré?tlé@érecﬁ’aﬁ%@ag’lle By ’irpiggsf%‘? ?TS}"Hr i ed
formed feed properties and conditions of atomization. ‘

[0095] 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.

[0096] 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

of the molecular sieve based on the total weight of the molecular sieve catalyst
composition.

[0097] In another embodiment, the weight percent of binder in or on the

spray dried molecular sieve catalyst composition based on the total weight of the

binder, molecular sieve, and matrix material is from about 2% by weight to about

30% by weight, preferably from about 5% by weight to about 20% by weight, and
more preferably from about 7% by weight to about 15% by weight.



catal yst conposition is fromabout 40 gmto about 300 gm preferably from
about 50 gmto about 250 gm nore preferably from about 50 gmto about 200
gm and woIB/opteef er ably from about 65 gmto about 90 gm PCT/useyde3sd t he
average inlet and/or outlet tenperature of the spray drier nay be sel ected
to enabl e the desorption of chenisorfled and/ or physisorbed nitrogen
cont ai ni ng conpounds to occur during the spray drying process. [0092]
During spray drying, the slurry is passed through a nozzle distributing

Eﬂin}i'e‘r’f U2t Ciree SheiBrRe bty P Ao Pt Ry Mbugh & cingld |
j ' It f f 100
pera o wousrbRER? BRI O TURR A IANR SR BEet keI [A188, O s ko).

| n anot hercaeipndompodition, Adesd ttgatriyentSudoasf @itindibncugh eevaiedgl e nozzl e or
mul tiple nozzles along with an atom zation fl %Ji,d such  as air, steam flue
gas, or arigmpergse sustalbl eerfpamed | dowayentipnglaalcinabion SRVENHBUI AEHE , t he

slurry descrjbed above .is_direct t ri . a:Spi nni ng wheel
Chat | di ot rip s ecaRnBeEitss PriEERBE R v SaPEl dTBleRLoRbindine, "L N, e
contr ol | edielhefiii¥s 48t B Fargqtdidl bbehit SDOTC 6 AboECRBOIL, peaferbblg€rorh ensi on,
flowrate, pressure, and tenperature of the slurry, the shape and

di mensi on atfout He0°Goir 2betSP0°Grant weoss prefribly fioa ebowt SIWE ptebent These
droplets are then dried in .a co-current or counter-current flow of air
passi ng th?%&hpﬁ?%r%?l%ipa Baﬂ?l@?u‘fnoenfvbﬁoﬂ’inﬁmssﬂﬁg St ingfcfgfndgeirhél&l’ “Cari ed

mol ecul ar - s i | $xiy@Bn), o By ofibiifekibh GRkéor. DuRkARW! ar sieve
i n powder gég'ﬁ}r%&n%%lgg¥%&1%§r€§?ﬁy6 yghe)’(s)i zgecgf the1 powder is cgntlrol led to
sonme ext ental@iyatidieprosss tlibsniswrhedmid/af phykisorbdinitpgerHowsaising control of the

size of the catalyst conposjtion ang its spherical characteristics are
cont r ol | abs@mpRpng Hyresgni iA@Y &3 teppayed PEAEsSBPHPFINEE and conditi ons of

atom zat i op, thods for form ng a nol ecul ar sieve catal yst
conposi ti orﬁlefailggl?i‘gé%oﬁigg&a{% U S. Patent Application Serial No. 09/617, 714

filed Jul yjgb99] 2000in dns Rimbydishieti, vglcusitiog odthedomnllsdd mulenidraevsi eve

catal yst conposition), which is .. .
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 temperaiture.
[00100] In a preferred embodiment, the molecular sieve catalyst composition
is heated in nitrogen at a temperaturé of from about 600°C to about 700°C.
Heating is carried out for a period of time typically from 30 minutes to 15 hours,
preferably from 1 hour to about 10 hours, more preferably from about 1 hour to
about 5 hours, and most preferably from about 2 hours to about 4 hours.
[00101] Other methods for activating a molecular sieve catalyst composition,
are described in, for example, U.S. Patent No. 5,185,310 (heating molecular sieve
of gel alumina and water to 450°C), PCT WO 00/75072 published December 14,
2000 (heating to leave an amount of template), and U.S. Application Serial No.
09/558,774 filed April 26, 2000 and published as PCT Publication No. WO

01/80995 to Janssen et.al (rejuvenation of molecular sieve), which are all herein

fully incorporated by reference.



herein incorporated by reference. [00961 | n another enbodinent, the

formul at ed nol ecul ar sieve catal yst conposition contains fromabout 1%to
about 99%vormfeLepr ef erably from about 5% to about 90% amdTnses/oEseferably
from about 10%to about 80% by weight of the nolecular sieve based on the
total weight of the nolecul ar sieve c3t al yst conposition. [00971 In

anot her enbodi nent, the wei ght percent of binder in or on the spray dried
nol ecul ar sieve catal yst conposition based on the total weight of the

bi nder, no ar sjieve,.and.matri terial is from by weight to
about 300/@;8% gh ,adgirt‘é’f’é? 3’&Wetﬁﬁ%aﬁl?%%ﬁosg@ﬁ%?ﬁ%ﬁugﬂ?&%“%%g%out 20% by
wei ght, - angh, rc%rr%b@ﬂi%ﬁ@@ﬂ the preQdht dBRuMtiorf #eal )éol/i'%!{r]igé]énet& sab@alt 15% by

wei ght. WD 037084661 PCT/ US037 00335 37 [0098] ce the nol ecul ar sieve

cat al yst cadjidsia catalytisalfycctiecimiaterials. $hopreserntiimventiioniencogipasicl ed state, to
further harden and/or activate the formed catalyst co ition, a heat

0
treat ment HERMZINh ANEIORLR RSt SCYMBOSIAIS FRPRESINE R 8F %th’g is usually
per f or med. i i i i i Llactitdat typically
i ncl udes a@%@%ﬁgﬁ%ﬁ%%}?&%@g?ﬁ%%&e. ya%l?gg%%l}’tz?a%gﬁcéﬁ t enper at ures
are in thenfaanae Ih baseabedlned)0he boseabalimetliofi@ingphedphntehhyletulam about
500C to about 800C, and nost preferably from about 550C to _about 700C,

pr ef er abl y sieviessare gorabingd with oapware ahthsoldeeng aen-diniting, exaeRlesof hel i um f1 ue

gas (conbust.i oduct | ean, in ox n Q i i t of . Durin
this cal cF?‘fﬁ@gffﬁ{yp?%é’%g‘so?eccﬁlgﬁflg?ﬁ%%gc%bne&/l{éF&%yg‘?{s}%ﬁ %g% @ﬁ'rﬂgg‘%ﬁ )
cont ai ni NgNC9DYABYS zisM-[B(rS@%?mhteﬁﬁmo@.ew@mégd,7w,2dmm prsne ) om t he

nmet al | oal um nophosphat e. 099] In one enbodi nent, calcination of the
f or mul at ed ZSdi-¢t (UA. Peicetiso. TE%BITN1 Z3Mrb@1.Bi Batent Nz 3882dd9b4SMn  any

Cal'ciners, T6aneRobpandd Shhsenle R Fax s GRS TR L ypi cally

Gepentert b lisioangasgD ks f s, SkesHaS mgueigatal o
4,086,186), ZSM-35 (U.S. Patent No. 4,016,245, ZSM-48 (U.S. Patent No.
4,397,827), ZSM-58 (U.S. Patent No. 4,698,217), MCM-1 (U.S. Patent No.
4,639,358), MCM-2 (U.S. Patent No. 4,673,559), MCM-3 (U.S. Patent No.
4,632,811), MCM-4 (U.S. Patent No. 4,664,897), MCM-5 (U.S. Patent No.
4,639,357), MCM-9 (U.S. Patent No. 4,880,611), MCM-10 (U.S. Patent No.
4,623,527)MCM-14 (U.S. Patent No. 4,619,818), MCM-22 (U.S. Patent No.
4,954,325), MCM-41 (U.S. Patent No. 5,098,684), M-41S (U.S. Patent No.
5,102,643), MCM-48 (U.S. Patent No. 5,198,203), MCM-49 (U.S. Patent No.
5,236,575), MCM-56 (U.S. Patent No. 5,362,697), ALPO-11 (U.S. Patent No.
4,310,440), titanium aluminosilicates (TASO), TASO-45 (EP-A- 0 229,- 295),
boron silicates (U.S. Patent No. 4,254,297), titanium aluminophosphates (TAPO)
(U.S. Patent No. 4,500,651), mixtures of ZSM-5 and ZSM-11 (U.S. Patent No.
4,229,424), ECR-18 (U.S. Patent No. 5,278,345).
[00103] In another embodiment, the metalloaluminophosphate may be bound
to another molecular sieve, as disclosed for example in the following: SAPO-34
bound ALPO-5 (U.S. Patent No. 5,972,203), PCT WO 98/57743 published
December 23, 1988 (molecular sieve and Fischer-Tropsch), U.S. Patent No.

6,300,535 (MFI-bound zeolites), and mesoporous molecular sieves (U.S. Patent



[ 001001 In a preferred enbodi nent, the nol ecul ar sieve catal yst conposition
is heated in nitrogen at a tenperature of from about 600C to about 700C
Heati ng iwoamasmsdieed out for a period of time typically fromC3Wsed/onBes to 15
hours, preferably from1 hour to abo 10 hours, nore preferably from
about 1 hour to about 5 hours, and t preferably fromabout 2 hours to
about 4 hours. [00101] Other nethods for activating a nol ecul ar sieve

catal yst conposition, are described in, for exanple, U S. Patent No.

5, 185, 310 gﬁg%?zﬂﬁ 9‘80% %'6‘%4 5“1@2’@43 %’6‘0’8&% A %ﬂ%{l%ﬂﬁ 11"1%8“&1& 4500)0 PCT

WO 00/ 7507 cénb’er ea in eave an unt

tenpl ate), iRBehokht&l b Ritrefd, I BifdSahdyado Nager &916558831@314 shdhl sgster i I 26, 2000
and published as PCT Publication No. WO 01/80995 to Janssen et. al

(r ej uvenat loafisthenpinbedimgnt, @metplloaxmm@pb@@hauelmﬁw@armew mab’3b6| ncor por at ed

by reference. WO 03/ 0846 /. US03/ 0 ition to the
met al | oal uﬁ?rﬁBﬁﬁ@)%{h% ﬁar‘é?aéfgr?t I & eaiﬁ 130&%(% éc[h B’ﬁﬁgsi tions of the
present | nl«ﬁmmgn TRYe GRASH BRpBREioY ofSRY Bedént lmhsﬁ aRglcomphidd il cal |y
active materi al The preSent | nventl on enconpasses tréating wth anmoni a
cat al yst corposd heatisalomipphssphgteandeadarsives, aifhlchmtaa Ibe cambtimied eyithos phat e

nol ecul ar sieve and anot her catal ytically active rial I n one

enbodi ment OngAEMEFe rapvaptg|l Oﬂ’élﬁ’&}oﬂ’g‘éﬁpﬂ?ﬁf Ffb‘é?ﬁéﬁ"és gedites %fi eves are
conbi ned Wi h: 4

catal yti C\Q%{:ghtgﬂg ¥ %l&uﬁa éﬁpgsréeg#géﬁ\%\gsag ‘éés]gl?l# gf He&t a?)ﬁfe t WI ng Bet a
(U.S. Pategbm fiEbs nSetdALERDDphabPhédtés dslthSsolPatobatiuldNeRve SomiPeheBB6, 4, 797, 267
and 5, 783, 321 ZSM11 (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 at ent 4,076, 842), ZSM 34
Eu. S pat ohroskss for B 311&%/@%%0‘1%?%% C%g“’lléf‘t CoRERRHoRs 4,016, 245) ZSM 48
(U.S. Patengomy] 4T§%o¥e%mar SERRBy kol T ERloros 1 9812LT) MO 1
(U . S. Patent No. 4,639, 358), U. S. Patent No. 4,673,559), MCM 3
(U. S. Pat emvehbon Wﬂth&h%nﬁfbﬂbed aMiZkrt phs(slsoﬁbedl?atr%m CNOtalml;@@Zm@@l?lﬁs oiMCM 5
(U.S.

Pat en%terl\g)esorptlon of chemisorbed and/or physisorbed nitrogen containing
compounds are useful in a variety of processes including: cracking,
hydrocracking, isomerization, polymerization, reforming;
hydrogenation,dehydrogenation, dewaxing, hydrodewaxing,absorption,
,alkylation, transalkylation, dealkylation,hydrodecylization,disproportionation,
oligomerization, dehydrocyclization and combinations thereof.

[00106] 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 nitrogen
containing compounds and one or more oxygenates to alkyl amines and in
particular methylamine, dewaxing, alkylation of aromatics and cracking.

[00107] In a preferred embodiment of the process of the invention, the
feedstock contains one or more oxygenates, more specifically, one or more
organic compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of invention, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the

alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,



4,639,357), MCM9 (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, 325w o864l (U. S. Patent No. 5,098,684), M 41S (U. BCTRs0®M33NO.
5,102,643), MCM 48 (U. S. Patent No. 5, 198,203), MCM 49 (U.S. Patent No.
5,236,575), MCM56 (U.S. Patent No. 3t0362,697), ALPO- 11 (U.S. Patent No.
4,310, 440), titaniumalumnosilicates (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 .. 4,500,651), mxtures, o SM 5. an M1l (U S.

Pat ent No. and&p?ﬂé@,r%?&w ff—f@?? 1‘846@.369? a@&?seﬁhelﬁ&oagl,%ﬁ%{%ﬁ% 6?55?%163] In
anot her e [ P ] ;£ 0 anot her
nmol ecul ar n@fgg)\%/(geggga%ﬁ |§g§%£%&h€g§y%§p egliqr?ﬁ? ﬁé@%ﬁjﬁﬁk}%{%%%\%o 34 bound
ALPO 5 (U. §cotRas afitthiioundandiad 2803 xerpBGT WO 98/ 57743 publ i shed Decenber 23,

1988 (nol ecul ar sieve and Fischer-Tropsch), U S Patent No. 6, 300,535
( MFI - bound[09a68]i t eSyon-hmdfingexemptes 98 oxygcaaigs Hiclugde ayathanoly edhanph piant - Wo

03/ 084661 PCT/ US03/ 00335, 3 16,28 9 , }02, 643 and
5, 108, 725) PIORAIUHSHFEPaRP}: “P‘ne_zl?ygli%ﬁlyil ﬁ‘ihfgiﬁi[?%@%reg%e?’a(ﬁ%@?ﬁ%}h%é erence. Bi nder
may no |0”Q§ﬁroBﬁl ARG SH SR Mehylle SHER 15N S41888ate, diMetyT kitéhiehcetihod] ment, the
net al | oal um hophosphat e nol ecul ar sieve may be conbined with a netal

cat al yst, #&wlmestawptherea a Fi scher-Tropsch catal yst [00104] The cat al yst
conpositions of the present invention .nay conprjse,one r re

met al | oal u[ﬂ‘ﬂﬁ%‘hos plﬁé{’%mﬁﬁtl @%@Fﬁ&e@gﬁq}@f, t, @}ﬁ%‘ﬁkﬁqﬂ; 1%%"’%"8%&%8&’% th one
or more nog: | RRdtRy IR GlbRY] Sh@\bEE cobihafisn Zeol i tes of
zeolite-li %%n%ﬁadefléﬁ%ﬂéérhms’{%ggggﬁgescﬁ bed ’abov{é. It iscpref earrréd that the
catal yst gL Bes pretablyaattbaiod aph dspdiat ethensind heoss pleferatdy ecul ar si eve
conmponent. Process for Using the Ml ecul ar Sieve Catal yst Conpositions
[00105] Thewethspekeul ar sieve catal ysts and conpositions of the present

rents o Y6t e AP P P st sty compounc
conpounds  g{Re 45@khited, I cdnvaitddtih thoprepinoe ebs edldculat sidiaigitalgstacki ng,
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.
[00111] 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
more olefin(s), preferably and predominantly, ethylene and/or propylene, often
referred to as light olefin(s).
[00112] In one embodiment of the process for conversion of a feedstock,
preferably a feedstock containing one or more oxygenates, the amount of olefin(s)
produced based on the total weight of hydrocarbon produced is greater than 50
weight percent, preferably greater than 60 weight percent, more preferably greater
than 70 weight percent,.
[00113] The feedstock, in one embodiment, contains one or more diluent(s),

typically used to reduce the concentration of the feedstock, and are generally non-



hydr ocr acki ng, isonerization, polynerization, reformng;

hydr ogenat i on, dehydr ogenati on, dewaxi ng, hydrodewaxi ng, absor pti on,

, al kyl at iwp,03t8@nsal kyl ati on, PCT/US03/00335

deal kyl ati on, hydr odecyl i zati on, di sproportionation, oligonerization,
dehydrocyclizati on and conbi nations tHereof. [00106] The preferred
processes of the present invention include a process directed to the
conversion of a feedstock conprising one or nore oxygenates to one or nore

ol efin(s) and. a process djrected to the conversion. .of fitr n_ containing
conpounds r&ﬁﬁlvﬁﬁgﬂl?rf%ﬁ%Foél‘(%Wi?‘Fﬁia&lef’ %Caatgl@tl cog}ﬁoﬁlggn'aﬁlgnﬂﬁ&%ﬁl%rti cul ar

met hyl am n WWEDF bR Ofr oG, QRS JeBScash HbREdd)darboh 00107] In a
preferred %r?gg)gl ner??g%r}télitnliélgidproces’s r%f 't he %envcenti on, the ?regdst ock

cont ai ns odiexide, WBEE essentipdiyatonseadtive pasyfiftas (sealally alkenes suchapre  organi c

conpound(s) containing at |east one, oxygen atom In the nost preferred
enbodi rrentm@ﬁlatl%éﬂ'@ﬂﬁc?éé@TQPIan‘?)nQSéﬁQtiaglbf,nopﬁéa%BY?@@%lé CPORPORRSE %%{jst ock is

one or nore alcghol (.S refer i i I h
ol phat i o oGS gRed e BoflbRRe Ry By SERBrdsh, e LA 1©
pr ef er abl ybéiﬁ?ﬁalﬁcﬁlgﬂ;gre@@fdaon atons, WD 03/084661 PCT/ US03/ 00335 40 and

nost preferably from1l to 4 carbon atons. The al cohols useful as feedstock
in the pri®dtd] of Theediluawtemiatenris nprsl aidrer ingvliquid ox Ay oL frd obranched chain

aliphatic al cohol s and.their., unsatyr at unt.er part s.. [00

Non- i miti FRyRiRatien teregk ﬂl?v{)]é‘ﬁ’éttlé_5%‘?5@%%’2&%%1%5{2_%?‘?6%%9 %11%1%%%%1%1-_ pr opanol ,
| SOpr opanoy Er?éa%'r ofhdWek dBLOEY intdh PRERY, lor aldar witltlh fldculetiaes , di - _

i sopropyl et%er, or mal dehyde,” di met hyl ‘carbonate, dinmethyl ketone, acetic
acid, andcatalystwoaspositien.ebf oneedfibddhertythe hmonnisif dinesitan thedfeedsbasdli ment, t he
feedstock is selected from one

et her, di ety thesiapgs ofgrora 2k th ;ngro?rger{lﬁg rpg’??tier,rlltaqrﬁl‘gﬁl"dé("gﬁﬁ“g?%gl Ierrrrre?: Eglnol
B R,
i's convert gfbré prefdisblp fivgeitoat Hio #otb@andsapresérable fimat abous S 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.

[00115] The process for converting a feedstock, especially a feedstock

containing one or more oxygenates, in the presence of a molecular sieve catalyst

composition of the invention, is carried out in a reaction process in a reactor,

where the process is a fixed bed process, a fluidized bed process (includes a

turbulent bed process), preferably a continuous fluidized bed process, and most

preferably a continuous high velocity fluidized bed process.

[00116] The reaction processes can take place in a variety of catalytic reactors

such as hybrid reactors that have a dense bed or fixed bed reaction zones and/or

fast fluidized bed reaction zones coupled together, circulating fluidized bed

reactors, riser reactors, and the like. Suitable conventional reactor types are

described in for 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.



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
convert edwDross#61 f eedst ock cont ai ni ng an oxygenat e, pref @cahisgs/ens3al cohol ,
nost preferably mnmethanol, to the preferred ol efin(s) ethylene and/or

propyl ene. [00111] The nost preferredt?rocess is generally referred to as
gas-to-olefins (GIO or alternatively, nethanol-to-olefins (MIO. In a MO
process, typically an oxygenated feedstock, nost preferably a nethanol

cont ai ni ng_f eedst ogk,. i converted in_th [ I I i
Cararyot " Simaea i oo S Yoo e AT gk of SRR e
predom nan%‘{%&ﬁ%&%@@%ﬁee propyl ene, often referred to as |ight

ol efin(s). odi ment of the process for conversion of a

f eedst ock, [oop1Bf er abhe/prefeiree dedcas kypeant fdtirtagtan gemallyndescribeddenat es, the
amount of ol efin(s) ll;%gio_cluc;ed based on the total weight of Q%Idrocarbon
produced i 8isgr Beaaser, Fhddizaton qus Inid-Pavicknlysteps crogead? (P s Edr-eenghan 60

wei ght percent, e ef er .gr.eat.er han, .70 i per t,. [00113
The feedst B%Cﬂbﬁrrﬂ'}%@‘??i%plgﬂﬂﬁ%@?é‘m‘ ‘%ﬁ?‘&f’ﬁaélo&ql\ele‘?ﬂ%g@%& *}“f}gﬁ' (s), !
typically pseg o d fioe q&%ﬂﬁm&a%a@édcm),%dm P88 Abphdatioand are
general |y non WO 03/ 084661 PCT/ US03/ 00335 41 reactive to the feedstock or
mol ecul ar SedaldN« 80A6Y S 3 dderoiday ¢ 2000 (Nortiple nis¢riragptorgxwehigh @s ablf di | uent s

i ncl ude helium ﬁr gon, ni trggenf, car bon nonoxi de, carbon dioxide, water,
essenti al | YergBrutE Rcorrasatsd PRIFIPIRECY especi al | y al kanes such as net hane,

ethane, angygy an%ghﬁggﬁ?%% A Bod ! ;fﬁﬁitcﬁiéﬁ bed Bf&%&s‘br%ﬁ%ﬂ%ﬁ%, and

m xt ures thereor. erre uents are water gen, with
wat er  bei figiddasdtbea yravebyinpludésed fe@ctor §y8thil 4]redeneratioh wgsdm amdiber, is used

either in aliquid or a vapor form or a conbination thereof. The dil uent
is either fQEery@vste®t|ly to a feedstock entering into a reactor or added

directly i re or, or added w i : t
conpositi 0@@121 ongfé%egﬁﬁor em Pﬁgré%%n@g@%gh?%%?ﬁr%yﬁer{lﬁlg{“ﬁ géfist ock is
in the ranggsifactib® B ROOMKInbnt 6r ABIMisD Peadk®) HRT £eRbndRSGbNONE he t ot al

number within at least one disengaging vessel, preferably comprising one or more
cyclones. In one embodiment, the one or more riser reactor(s) and disengaging
vessel is contained within a single reactor vessel. Fresh feedstock, preferably
containing one or more oxygenates, optionally with one or more diluent(s), is fed
to the one or more riser reactor(s) in which a molecular sieve catalyst composition
or coked version thereof is introduced. In one embodiment, the molecular sieve
catalyst composition or coked version thereof is contacted with a liquid or gas, or
combination thereof, prior to being introduced to the riser reactor(s), preferably
the liquid is water or methanol, and the gas is an inert gas such as nitrogen.
[00120] In an embodiment, the amount of fresh feedstock fed separately or
jointly with a vapor feedstock, to a reactor system is in the range of from 0.1
weight percent to about 85 weight percent, preferably from about 1 weight percent
to 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 vapor feedstocks are preferably the same

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

with the same or different diluent.



of noles of the feedstock and diluent, preferably fromabout 1 to 80 nole
percent, nore preferably fromabout 5 to about 50, nost preferably from
about 5 twoabwos4661 25. | n one enbodi ment, other hydrocarbomsTarses/added to a
feedstock either directly or indirectly, and include olefin(s),
paraffin(s), aromatic(s) (see for exmple U S. Patent No. 4,677,242,
addition of aromatics) or m xtures thereof, preferably propylene,

butyl ene, pentyl ene, and ot her hydrocarbons having 4 or nore carbon atons,
or mxtures thereof. [00115] The process for converting a feedstock,

especi al | y[0812HedstThelfeedstnek antering tesisadior sysie s pyefenblyeenverted ne presence
of a nol ecul ar.. si catal ys conmpasi.tian L i is carried out
in a react? alb’r %f?égg’ lpﬁlhea%}sé%%ft(???onel té’ raegag%oeuts %?%%e@ﬁ%ﬁ% élﬁgi's 1ﬂ|{ex ed bed

process, agikbidhging dssBRAoRs BT okbdioldaar Sevd sHtdlydtebpbadorBCess),
preferably a continuous fluidized bed process, and nost preferably a

cont i nuoustheipyfeved anbadimenttytilareds)bathipthecksssgading vdsssl arhdesigngdt i on
processes can take place jn a variety of catalytic. reactors .such as hybrid
reactors tipateriapdhemgisgy rﬁ%ﬁaﬁﬁdVﬁiﬁﬁmB%Hm%é%g%V@ ﬁﬁﬂﬁgngﬂﬁW%¥ f ast
fluidized [ kd; i i di zed bed
reactors, ggga%ﬁﬁgﬁéggPégﬂgﬁ ?ﬁgkﬁgﬁﬁgggﬁﬁgg%?gﬁ%%%%g%%?g%%#yreactor types
are descr bleéfl(s) withiarthe daemdaging HnePayelohesNoe pref@id, HOGeveld giaviffat ent No.

6, 287, 522 dual riser), and Fluidization Engineeri ng,, D. Kunji and O.
Levenspi el effmspwithinghe digenpaging 466! peialemserpartas calalyskeqrappstions bl i shi ng
Conpany, w_York, New .yor (7, i . r el .k NGor por at ed
by refer erl:lgrgn tﬁf)gisfc?l]‘s eF er%'r € }éerrrnel%ﬁéde:sggf%ﬁa?blﬁ%n%rcgia?xsé ééﬁlk%sé%({hgr S

general |y degthé g@s@oﬁsnefﬂ&rﬁeﬁclﬁiﬂa@mbqge offflatkdlicay, emowahdRthellike. Par ti cl e
Systens, pages 48 to 59, F.A. Zenz and D. F. hno, Rei nhol d Publ i shi ng

Cor por at i off}0182w Yolmlone 2gd0dinaard ofithe disepgaging syseem, gheldiseneagingf ast - f | ui di zed
bed reactor), and, U S. Patent li.cati erial No. .09/ 564,613 filed M
4, 2000 (nﬁ% ey et e%%fllsF’é@@EI@rA‘%gS%tin]ﬁg& %%é’ﬁr poﬁ@flequh‘? PP € or por at eé
by refer en@@ssel%igg%t:l-i%l)idgrkoh@elrpﬂh@fsﬁfﬂpﬁ% R ad JRBA motechilavkidvgdalpgd process

or high vel oci o
composition is contacted with a gas, preferably one or a combination of steam,

methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam, to recover adsorbed hydrocarbons from the coked
molecular sieve catalyst composition that is then introduced to the regeneration
system. In another embodiment, the stripping zone is in a separate vessel from the
disengaging vessel and the gas is passed at a gas hourly superficial velocity
(GHSV) of from 1 hr to about 20,000 hr' based on the volume of gas to volume
of coked molecular sieve catalyst composition, preferably at an elevated
temperature from 250°C to about 750°C, preferably from about 350°C to 650°C,
over the coked molecular sieve catalyst composition.

[00123] 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.



fluidized bed process includes a reactor system a regeneration system and
a recovery system [00119] The reactor systempreferably is a fluid bed
react or swetoamsdsarvi ng a first reaction zone within one oPCEIrSe3/0033%r
reactor(s) and a second reaction zone wthin at |east one di sengagi ng
vessel , preferably conprising one or 44ore cyclones. In one enbodi nent, the
one or nore riser reactor(s) and disengaging vessel is contained within a
single reactor vessel. Fresh feedstock preferably cont ai ni ng one or nore
oxygenates |onaIIy wi th one or d|Iu , 1s fed to the one or
nore riserl0 bgﬂt or (e CPHV%P%ﬁreéS%P@@ Yﬁiimsﬁ \9 %§I%9We¥0m05|tlon or

coked versj Onlﬁ g%ﬁf‘nm tfe Ileaétép%ﬁﬁg vah erle? a%m?é)fyng@ﬁ{clu&l nol ecul ar si eve

cat al yst i rrp05| I on—or rsi’on ereof I's contactedwith a liquid or

gas, or candicnstd Messufter@ricondrkioh ptadsieiisighseddn ddyactihl peesture of i ser
reactor(s), preferably the |I8@Id is water or nethanol, and the gas is an
i nert gas tbgcfwdatgclnﬁquug@rpfany m@fﬁ]thqrﬁlnarTYéWB]éﬁdth‘?emwerﬁlﬁé PE#BUAt of fresh

feedstock fe i nt fe Q a reactor
systemis §HP Cif)ﬁgio ﬁ%%mg?ssfsr’(’i‘]ﬁﬁ%rafg \%ﬁ*ﬁﬁ’ta Bgtra(?g%Fa%% %8 {C%(NQI “nei ght
percent, fe%‘tﬁ? #:' 6 e[b%ﬁ@ SO o hbYE lglbltPaQ%ﬁ%st plle€erabl9 Yont Bootebght
percent, erably from about wei ght percent to about 65 weight
per cent balslexdtoabmhéOOkPaad wei ght of the f eedst ock includi ng any dil uent
cont ai ned ther ein. The liquid and vap ZWKS are ref erably the sane
conposi t i 01231 conthsi weighiheury SB%CG;YG it?S Raticylad (’ﬁaHTOF?Sér ent

feedst ock b gRG: PABRR ShLAERERhe OLhURNy MBAI ARAGEL BT 1503/ 00335

43 [00121] er| n e reactor ystem S

convert ed, moRRulat gikVe/cabdlydt Ubﬂn}bosﬂldﬁh tiinf 4 reattionemat,qs deﬁixm ds mlh&)toaa.l gaseous
effluent that enters the disengaging vessel along with a coked nol ecul ar
si eve cat awgight elthp &sidstpednexclyding #y Glusniste &g re3rbioniZABHPST W&P‘?ﬁne( s) within

N e R B A
conposi ti OfgchdiPBrNeheaaeoVss Rhfridifsd atGaBYA ook e tHBDcfa&tlysN ef in(s)
within the di sengagi ng zone. Cyclones are preferred, however, gravity

composition in a fluidized state within a reactor.

[00126] Typically, the WHSV ranges from about 1 hr' to about 5000 hr”,

preferably from about 2 hr'! to about 3000 hr”', more preferably from about 5 hr"

to about 1500 hr', and most preferably from about 10 hr' to about 1000 hr'. In

one preferred embodiment, the WHSV is greater than 20 hr'; preferably the

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

the range of from about 20 hr” to about 300 hr™.

[00127] The superficial gas velocity (SGV) of the feedstock including diluent

and reaction products within the reactor system is preferably sufficient to fluidize

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/ eec. See for example U.S. Patent Application Serial

No. 09/708,753 filed November 8, 2000, which is herein incorporated by

reference. |



effects within the disengaging vessel will also separate the catal yst
conpositions fromthe gaseous effluent. OQther nethods for separating the
cat al yst wormposicbi ons fromthe gaseous effluent include tha/ussz0wss pl at es,
caps, elbows, and the like. [00122] |n one enbodi nent of the di sengagi ng
system the di sengagi ng systen1|ncluﬁ%s a di sengagi ng vessel; typically a
| ower portion of the disengaging vessel is a stripping zone. In the
stripping zone the coked nol ecul ar sieve catalyst conposition is contacted

with a gas fera or.,a at am ne, carbon
di oxi de, L"r"ﬁz fd)&(%/n& gfﬁ?ﬁq’%ﬁg lmgr aflﬁﬁ?g tfgs sﬁ% ggﬁl argon,
pref er abl yOp?}g%ﬁﬁ'% té BlefiaGusihg §§§i‘é6£lﬁﬂuﬂb\pﬂ6gﬁﬁfel}ﬁ@1§c1ﬂéﬁﬁ@v%fwtats@ked

nol ecul ar si‘eve catal yst "conposition that is then int roduced to the

regener at i ommpcwlsmemeprncammtdperat@lrmWHéMsz’ttlh@sts%rhlp@hdlg zone is in a
separate vessel fro t he .and assed at a gas
hour |y supiFmPE‘ia%re ?rSEtF‘ﬂ OH{‘W%? SSS‘}'%CTVHY d‘gﬁ%&iﬁgkﬁs %?000 hf"
pased on 1 0918 RrdftFaif 1e9§&mﬁer YRl 0T SEOfP e AliE eI T RYe Cat al yst
conposi tion, pre era at an efevated tenperature from 250C to about
750C, pref spaDJSSwamﬂhm&méln&ﬁ@Gnt@rpGﬁ&@bynafeeasncbhe coked nol ecul ar sieve
catal yst conposition. 0012{()1? The conversion tenperature enployed in the

conver si on[{¥d8kss, In angther £ gthryang\pf{the RTQCRECS @569%@%%%%3’8?%&? n the

range of fro abo C.t o _about out 250C to
about 800C>'% al’séne f?%rpg?a%rfeyorfr?cggn 589191%818? %1@5&% ekl g%b%? yet nore

pref er abl y cdmpmifsn whe RAKL lsCfr&ﬂOlﬂl 155%bd1181100 Bv'est arfempenaneé ef ably from
about 350C to about 600C nost preferably from about 350C to about 550C. WO

03/ 084661 ﬁ@m UBOBAHIE3® 5502C, [and stigh tavee,Qoddeisst Givupddasurdllenpl oyed in
over - wi d8lPEABEombe Reriate 1otk BpEiRt Al SERENAORIEPARh prescur e
e
t he range @¢00130bm akithdr pfbcfd:SSIePﬁH conveatiagian &xygenzte suqhrasmagthdmoy tof orem about 5
kPaa to ab%y Eno%e M@%ﬁ(s) %ngg gtr)r'lso ecu a? fsSe{/g ga!ttgly];trc%nrrqlp%ts)glg}l arzeodescnbed 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.

[00131] 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.

[00132]©  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

composition entering the regeneration system. The coked molecular sieve catalyst



kPaa to about 500 kPaa. [00125] The wei ght hourly space velocity (WHSV),
particularly in a process for converting a feedstock containing one or
nore oxygwpasmesiehn the presence of a nol ecul ar sieve cat CYAISOyeIpHSi ti on
within a reaction zone, is defined as the total weight of the feedstock
excluding any diluents to the reacti of6 zone per hour per weight of

nol ecul ar sieve in the nol ecul ar sieve catal yst conposition in the
reaction zone. The WHSV is maintained at a | evel sufficient to keep the
catal yst conposition in a fluidized state within a rgac or. L00126]

Typi cal | y, CRRBOSHFEMWEHGwS frang eapasieratorApms § ieaisded BOGSURF 51€Ve pr ef er abl y
from about ' t 3000 hf', nore preferably fromabout 5 hr"' to
about 1500° Qggfmhﬁﬁéﬁggt preferably fromabout 10 hr-' to about 1000 hr-'.

In one prefodB3Ed eThObobRthtior toRpdiaYe is9n Sicaahgd oft fadh aBUtRDO°C topr ef er abl y
the VWHSV tor conversion of a feedstock containing nmethanol and di net hyl
et her is i aboutAé00°%h gecforblyrfeam abuuB00 terabout Wb umorgeethrably [ 00127] The

ficial | oci S t he feedstock . ncludi ng.4i | uent d
oot on ofigRilEURE % bR 0 g B RS Sl W PPt T e ent o
fluidize Wb@’@nfl%cﬂég%raﬁio%\iﬁes%ﬁre% Withe FRTROS h%iirpe[blo\’i’i 53"%%“1‘ @08 &pes) on zone

in the reactor. The in the process, particularly h the reactor

system notealpat S0CpdiafI4s kbash prefdariidy fioseabouea@ psia ()8 kHas) tatabbetast 0. 1
met er per second (msec), preferably greater _tha n sec, e
preferablyzéQEﬁ?éfnyﬁﬁﬁahnﬁF%B@ﬁ”@ﬂéﬁnﬁbﬂ¥mbgépﬁﬁzﬁﬁ@%aﬁﬂ%QV%Fq?@an 2

n sec, yet TR P , preferab
greater thgﬁxiﬂ%isec?fggég%%fﬁ%ggﬁgfg&%F§Bﬂg§fgﬁ%éﬁgpP?%ggggﬁhggriaI No.
09/ 708, 753 pkinl(4dt Nwa;nber 8, 2000, which is herein incorporated by

reference. WD 03/084661 PCT/ US03/00335 45 [00128] In one preferred

enbodi ment [@13¢he plbe prpderfagiresidenge fiternd thhmolerylgbsigtecatadyHl ef i n(s) using a
si li coal um nophosphat.e nol ecul ar .si.eve cat t Q [ process
s oper at el RPOSIGHa e feRseRly R Y RpS O R Lo SR ARRNE REseb2F o Of o

Nor mal i zed hiyishaB& pasteRbly Moy okl toaD0 Insifittet, AR 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.

[00135] 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.

[00136] 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
fresh molecular sieve catalyst composition, or contacting with a regenerated
molecular sieve catalyst composition or a cooled regenerated molecular sieve
catalyst composition described below.

[00137] The burning of coke is an exothermic reaction, and in an

embodiment, the temperature within the regeneration system is controlled by



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 reference. [00129] In
anot her ewbodiosssnt of the processes for converting an oxy®ematse3/ossth as
met hanol to one or nore olefin(s) using a nol ecul ar sieve catal yst
conposition, the WHSV is from0.01 hr4d7 to about 100 hf', at a tenperature
of from about 350C to 550C, and silica to Me203 (Meis a Goup IIl A or
VITI element fromthe Periodic Table of Elenments) nolar ratio of from 300
to 2500. See_ for exanple EP-0 642 48%51 which is herein fully

i ncor por at é@ilowtqc@ﬁlél‘“é%‘@é e arf fngiustiy. B¢ 2 speled gadle the Fegﬁ’b?ﬁ?ztBFtl ng an
oxygenat e r a,mol ecul ar

: %] gpsereﬂgigi £8at81[11€conﬁ’15 OB S%E%fﬁ%z)%%%g% 36 .

si eve cata 03| Are-deseribed dn publlshed
April 5, ZQ&ﬂblﬁﬁ[dhﬁﬁél@of lepféfb@éd tathridquediresl agewitiahiwingshe fegentsitedk exposure
of at |east 1. OP, which is herein mcorgor ated by reference. [00131] The
coked nol etwiesn asslev,eecaédmlcympos,ibmﬁgmt oFFgEReIOlAThYYSRhatid RAssing the

di sengagi ng ves pre erab ne e cycl ones a d |ntroduced
to the r e%’ ﬁ‘éetr%{’?‘ilig’r? &fpve g‘ﬁ%‘ cﬁg’rﬁ@?lg??gﬁ %(\éalir?eigs(grrp lec e

regener at g, WQrBolell ?@geﬁ%‘t’eﬁ Iﬁ(ﬂEﬁiléisslevg QEBBSI ddnBdsitRnC %E@Qtfa@gt W' th a
regeneration nedium preferably a gas contai ni ng oxygen, undér gener al

regener at i osplepindinténdrelinént, sertper etchaneer thatis denatedantior ipsirgdoce time.
[ 00132] Non-1Ii m ti ng exanples of the regeneration medi uminclude one or
more of ox§¥emal lodhe wegnerapan sYROM- NO2, N20B, air, air diluted with nitrogen

or _car bon g deqoaﬁx%mo@ﬁgew,@aocﬁéﬂ rShorBRlENhoRBulaRi@ARaAAR) . car bon

nonoxi de hydrogen e regeneration conditions are those capabl e of
bur ni ng COK@mpcfsﬁtiUﬂ 1'&; h’@uﬁ@&ﬁdﬂﬁ&é@n#&tor@t@ﬂp@ﬁlmbﬂmcycﬂn‘ aftematite)y,(®ea | evel

|l ess than 0.5 weig percent based on the_ total ht of .the coked

nol ecul ar &k %\P@t@éﬁmwlon@@ﬁﬁd‘é@ tq9§$7€ﬁ§éﬂ¢4@1@ﬁ929%@é@ﬁ&q dihesyst em The

coked ol eEu o TSR ARG FORERBSERy, %, oo 1 on

cat al yst cespeAsthol O&sel 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.
[00139] Other methods for operating a regeneration system are in disclosed
U.S. Patent No. 6,290,916 (controlling moisture), which is herein fully
incorporated by reference.
[00140] The regenerated molecular sieve catalyst composition withdrawn
from the regeneration system, preferably from the catalyst cooler, is combined
with a fresh molecular sieve catalyst composition and/or re-circulated molecular

sieve catalyst composition and/or feedstock and/or fresh gas or liquids, and



[ 00133] The regeneration tenperature is in the range of from about 200C to
about 1500C, preferably from about 300C to about 1000C, nore preferably
from abouwo04308660 about 750C, and nost preferably from alPewtussye33s o

700C. The regeneration pressure is in the range of from about 15 psia (103
kPaa) to about 500 psia (3448 kPaa) ,48pr eferably from about 20 psia (138
kPaa) to about 250 psia (1724 kPaa), nore preferably from about 25 psia

(I 72kPaa) to about 150 psia (1034 kPaa), and nost preferably from about 30

psia (207 kFﬁggdoﬁo??%gsoeﬁ%ﬁag%msganaan%ﬁljé?' CIll(’IFgﬁﬂ%/ﬁse{l{, g"geg)’%%'éne}- & B%Fefcﬁ{a%gd

resi dence © r sieve ca ositronin

regener at OfjeyeScatdlyst BEnp&MH Rithdrb @RI He rofBefitioy bistéd iSRUSAE to hour s,
nost preferably about one mnute to 100 m nutes, and the preferred vol une

of oxygen tha ristreregrier(d) direetlyt, peeferablyeafisf pissivgtlrovgh a Oatolyshesiokerpdt cent to
about 5 nole percent based on.the total vplunme. of the gas. JO00135] In one
enbodi ment 9% “é‘g@rﬁi&‘%ﬁti DR DS SN ”ﬁfggaéaféﬁ‘;st?f%(t‘ﬁ‘lpon é@%’fna fﬂi{“‘hg%% onpounds
such as pl abdinim; i heclifdtes th@irRtARs $Qnt RBendii@gNeEr at or
directly, %&ﬁl{gr?g}lrrl@?tgl:y%? C%@gggbﬁgi V\né(tt ther coked cat ali:l:%grtl ' conposi tion.
Al so, in amoldaglar sedradialisttompoditie@sto thekeactok aystan, grefecdtatothe on€onposi ti on

is added to the regenerator containing a regeneration medi umof oxygen and
wat er as delSBPeHEEr ieActel(8: Patent No. 6, 245, 703, which is herein fully

| ncor por at i By T ey eGSR BBk i MnALLEBAG FRTlowP (RO L9001 L he coked

nmol ecul ar osi'tion regenera returned

directly t@mhRitRnorebolo®idrehéra®E mdleatiraidys batalyst dontiidsaivn ffom e
pre-contacting with the feedstock, or contacti nge with fresh nol ecul ar

si eve cat ategsteratimpystemito the wactensisteny, ithgomtinum Zevebefesvke andlee ol ecul ar
sieve catal yst conposition or a.cooled.regenerated nplecu si eve
catal yst C’S‘H%Ggfé_f %TIEW‘ WFB@BOﬁé?IbW@T%%ﬁaC%ﬁéS B %d g#heﬁ%?gfé: is an
exot her i ?m%ﬁ?%chﬁﬁ%lcs%pcdrﬁroﬁfhg B8 Pedi dMnthelebi) S&RRELAsUre Within the
regeneration systemis controll'ed by WO 03/084661 PCT/ US03/ 00335 47

composition described in Michael Louge, Experimental Techniques, Circulating
Fluidized Beds, Grace, Avidan and Knowlton, eds. Blackie, 1997 (336-337),
which is herein incorporated by reference.

[00142] 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
regeneration is in the range of from 0.01 weight percent to about 15 weight
percent, preferably from about 0.1 weight percent to about 10 weight percent,
more preferably from about 0.2 weight percent to about 5 weight percent, and
most preferably from about 0.3 weight percent to about 2 weight percent based on
the total weight of the molecular sieve and not the total weight of the molecular
sieve catalyst composition.

[00143] In one preferred embodiment, the mixture of fresh molecular sieve
catalyst composition and regenerated molecular sieve catalyst composition and/or
cooled regenerated molecular sieve catalyst composition contains in the range of
from about 1 to 50 weight percent, preferably from about 2 to 30 weight percent,

more preferably from about 2 to about 20 weight percent, and most preferably



various techniques in the art including feeding a cooled gas to the
regenerator vessel, operated either in a batch, continuous, or

sem - contwowossenode, or a conbination thereof. A preferped/useynisgue

i nvol ves withdrawi ng the regenerated nolecul ar sieve catal yst conposition
fromthe regeneration system and passitflg the regenerated nol ecul ar sieve
catal yst conposition through a catalyst cooler that forns a cool ed
regener at ed nol ecul ar si eve catal yst conposition. The catalyst cooler, in

nbodi t, | heat that is | deit i nt I
extornal t dmhebdidanaron T OG0 ariorperst aroieg bord EHBEMHRIRER he cool er
regener at edy Rl Q6MkR L RlofXElaf kel é’a?t&lﬁtg‘régg)t%ﬁ'tih?s@ SdeSof Sla{piet § 0 the

regenerator in a continuous cycle, a Ively, (see U’S. Patent

Appl i cat i oRatsat Nal 6,823,000 Mbiich, i G6rein fudly ideorporGted DY@Oferemc@orti on of the

cool ed regeperated nol ecul ar sieve catal yst_conposition is returned to the
regenerator[OQ/]é’éiel iLRe gasepw sTHUSNIds withWidfiem Hiatiscagaging 674Mm 8rd t he cool ed

nol ecul ar sj I i t 0 ition is

Mot urnea o Piied BREBRLALEQLADLSEH ndl IS \FNRIaPIRERL 00 2 1 o o

t he regenerpdiedls, TedtReteaind seMmites BlabhitSiseRDIRRFAth i olefinGpMdd regener ated
nol ecul ar si eve cataI%st conposition is contacted wth by-products within

t he gaseou®uafiipgelkfin(sparmite gagoupaiisenu R cetesr systamesgenzlly2000) , whi ch
are all herein jullg’incorgorﬁ%gd Eg tefenence. |.n aFother.enbodinent, a
r egener at eFORBFET RSN RYEOE2 CFPRMAPT OB KL SRS A G M t h an

al cohol, prgiRF altiMattint8Rels; coluRhORPAMrs, ok thkHsRAionQystintsHEtead her eof , is
introduced to the reactor system ‘as described in U S’ Patent Application
Serial No. e0gitedzerARarfuifdotde FEIY. Ratent W6, 5,200978)whd other dervatieen ful |y

i ncorporated by referen 00139] O her nethods for erating a
regener ati &F° Vﬁ%zﬂs fq%hy%qss ‘Ptﬁ%eédmgﬁs@r. m@'&‘fféﬁf‘rer@g-so’ ateat N9 6

(controlli %%7@93.4512,%18))’[ eYVE'%sgaa{eﬁ eaﬁiﬁ)ﬁjeﬂt foi le!(:%n 1%: Q%g%%ﬁ?‘?%ﬁg{\?ﬁ{aﬁf erence.

[ 00140] The regenerated nolecular "'sireve cata 0S| dr awn
from t he regenmeaparl) efriggysioarystpmnebeckdlids comprigosak@dcksdutdaghesr, 1S
conbined wth a fresh nolecul ar sieve catal yst conposition and/or

re- ci r cul aPe- RBNBL @hdthe Iieeve catal yst conposition and/ or feedstock and/ or

fresh gas %OMS(FUi d%he %{égalloaluminophosphate molecular sieve materials and catalyst
compositions of the present invention may be used in the manufacture of
alkylamines, using nitrogen-containing compounds. Examples of suitable
processes are as described in published European Patent Application EP 0 993 867
Al, and in U.S. Patent No. 6, 153, 798 to Hidaka et.al , which are herein fully
incorporated by reference.
[00146] In order to provide a better understanding of the present invention

including representative advantages thereof, the following examples are offered.

Examples - Methods

TGA-DTG

[00147] TGA measurements were recorded on a Mettler TG 50/TA 3000
thermobalance, controlled by a TCIOA microprocessor. The TGA diagrams were

recorded under a nitrogen flow (200 mL/min) at a heating rate of 5°C/min.

Methanol Adsorption Capacity



WO 03/084661 PCT/US03/00335 48 returned to the riser reactor(s). In

anot her enbodi nent, the regenerated nol ecular sieve catalyst conposition
wi t hdr awrwoOrosts4che r egenerati on systemis returned to thecTicses/oesnct or(s)
directly, preferably after passing through a catalyst cooler. In one
enbodi nent, a carrier, such as an i nett gas, feedstock vapor, steamor the
| i ke, sem-continuously or continuously, facilitates the introduction of
the regenerated nolecul ar sieve catal yst conposition to the reactor
system preferably o the one, or.nore rjser reactor(s).. 411 By

control | i n@oiﬂ@ fi ot@edfle el AR LGARACT NG SGFEFY B e%%wcae?rg yst

conposi ti Oﬁﬁsgfptfbﬁ(ﬁggzﬂaﬁ&%ﬁaﬁ 84 18ri R SRR EpiSh e Whief abgakyid theonposi tion from
the regeneration stemto the reactor sys}t)em the opti nmum | evel of coke
on the noSAROL insvaewen ab2MI°Csthecemplesias cooledriv evdnntgnmpeatureaodor i s

mai nt ai ned. There are nmany techni ques for controlli he fl ow of a

|
mol ecul ar BeBgeoloapar yat alleweihintg thesustest F‘?%Ef“m‘?ra;wr}g LepBtge,
Exper i ment al._Teghn; | i dl - Micdan and
o ton BTG ABES a GhUEAK ) ryals Hodind Ple BT AbR1 MK Eon BNE

r ef er ence. ak@@ikAdtorpakekinel®l WwastedshedMhemethanolsidenrptieataphyist composi tion
are neasured by withdrawi ng fromthe conversion process the nol ecul ar

si eve cat QY§D iz teposiunt efimethanpl pdsonked; whermle pysicse issin gAMIGEIEARIN ng its

carbon content. Typical |evel. f k th i tal yst
conposi t i off, 815 aértﬁg HEa ey Y’ ‘?lgl?{(zf%&"? RF? ﬁfré}%déaﬁ%dgg%f&ﬁ%rﬁ eg H%Xﬁa\f\lg?g ht

per cent touthEé!t 15 weight percent, preferably fromabout 0.1 weight
percent to about 10 wei ght percent, nore preferably fromabout 0.2 wei ght
percent to about 5 weight percent, and nost preferably from about 0.3

wei ght percent to about 2_wei g&}i Bercent based on the total weight of the
mol ecul ar Methanohanyiasion RupgMiOyei ght of the nol ecul ar  si eve catal yst

conposi ti OibIOIhgplggig% DT Realli G (?\{Iétﬁglo?-@-@i&ﬁlﬁﬁ‘%s QeorHletidhe of fresh

nol ecul ar eve yst conposition and regenerated nol ecul ar sieve
cat al yst cephdsssicel) fixadlbat contiaahedetmtge hed% nedham] Baddal asdeesdheat al yst
conposition contains_in the range of )
w reaction is carried out at 450°C,g 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.

Example 1 - Preparation Of SAPO-34
[00150] 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,05/ 3R /50 H,0

[00151] 80.1 g of Condea Pural SB was mixed with 422.0 g of deionised
water, to form a slurry. To this slurry was added 135.6 g of phosphoric acid
(85%). These additions were made with stirring to form a homogeneous mixture.
To this homogeneous mixture 53.2 g of Ludox AS40 was added, folloWed by the

addition of 157.2 g of a morpholine (R) with mixing to form a homogeneous



fromabout 1 to 50 weight percent, preferably fromabout 2 to 30 wei ght
percent, nore preferably fromabout 2 to about 20 wei ght percent, and nost
pr ef er ablwoWw®9@®6084661 PCT/ US03/ 00335 49 from about 2 t®@Cahmsot/omses coke or
car bonaceous deposit based on the total weight of the m xture of nol ecul ar
si eve catal yst conpositions. See for ®kanple U S. Patent No. 6,023,005,
which is herein fully incorporated by reference. [00144] The gaseous
effluent is withdrawn fromthe di sengaging systemand is passed through a

recovery system _There are nan | 1 -kno ve ystens, techniques
and sequen gugg, 7o tﬁfgoﬂgﬁ‘?rﬁf’uﬁy W\{@étﬁé’?(aﬁtal\gﬁﬁc{ ﬁ%& Pﬁ%%e)eaé‘ﬁc?f}urﬁfuri fying

ol efin(s) E&xﬁﬁﬁ‘nld@%.%@%'iéolﬁ@ﬁ aGte crRqgQVery systenms generally conprise
one or nore or a conbination of a various separation, fractionation and/or
di still ati po152er sThie hbmopaeospmiztttervegs coystdllizddnsithaue agitation isgdt ens such

as ethyl benzene manufacture (U S. Patent No. 5,6476,978)_ and ot her
deri vat i velitgssiggdesssteekayierlave. Aheyaintawsvashieptsd e 1%%5&% apur facture

(U.S. Pat eg%?et'g?this ?ehf?égaitlgg'}gr’%%gﬂsq t[‘ﬂ%gperé’\?ilﬁg&:%} glﬁ.llﬁg r??s .s [Tt for exanple

vari ous co nsSers, exchangers, e stens or chill

trains, CORYI&wERkRve KNRGkrBUastvelE divide®@OV&.2 dHeNG, boahd ahliehd | ke. [ 00145]
The netal | oal um nophosphat e nol ecul ar sieve materials and catal yst

conposi t i oneystafs were sppasaehfrointhe mothen ligagr byecensifuging Thesoigninfeaeh ur e of

al kyl am nes, _usi ng.ni.t rogen-caont ai nin 0 nds. s of suitable
processes EP@leé’éer_ é"éj@ref Wgﬁlefl tﬁﬁ%gl‘l’”élhg%d: EEB@@%&WS?S‘EXF%%? plication EP 0
993 867 AbondiRflvityofdhSlasPRhE Wattowab- 401 cm! 98e sAidshibakai&t - al ., which are
herein fully 1 ncorporated by reference. [00146] In order to provide a

bett er undevemiphtaniPOSC. i h.é % costbt by weight oftthe iditiad Ispthesys mepuresent at i ve
advant ages thereof, .the follow ng exanples are offered. Exanples - Methods

TGA- DTG [ 01a9htainesh neasurenments were recorded on a Mettler TG 50/ TA 3000
t her nobal ance, controlled by a TCl OA m croprocessor. The TGA di agrans were

Example 2 - Treatment and ageing of SAPO-34 with Amines

[00153] The SAPO-34 was activated (calcined) prior to the modification.
Calcination was performed in a muffle furnace at 625°C for 4 hours under ambient
air (heating rate: 5°C/min). The calcined SAPO-34 was transferred into a vessel
and mixed with heptylamine, triethylamine or decylamine and then stored in
contact with the amine for a period of 30 minutes to 60 minutes under an inert
atmosphere of nitrogen. The treated SAPO-34 was then recovered from the amine
and allowed to dry under nitrogen at room temperature before testing. All of these
amines have kinetic diameters, which are greater than the diameter of the pores of

the SAPO-34 molecular sieve.

Aging of the SAPO-34

[00154] The SAPO-34 with and without nitrogen containing compound was
hydrated (aged) in a moisture-containing atmosphere (90% relative humidity) for
periods of time from less than 1 day up to 3 days. 90% relative humidity was

established by a saturated KNO, solution in an exciccator.



recorded under a nitrogen flow (200 nL/mn) at a heating rate of 5C/ m n.
Met hanol Adsorption Capacity WO 03/084661 PCT/ US03/ 00335 50 [00148] The
nmet hanol WwWOY0PpLON capacity is measured in a gravi metri c PCIASO3/P3BHN
apparatus, which conprised a quartz sg)rl ng. After degassing the SAPO-34 in
vacuum at 200C, the sanple was cool ed {0 room tenperature and nethanol
vapor was allowed into the systemat roomtenperature. By neasuring the
wei ght changes at regular tine intervals, not only the adsorption capacity

but al so dsor n etics S The net hanol adsorption
capacity ﬁ\]‘?&@ 1%“5‘]’14—:‘25’1’?&1%5 ﬂﬁm??\%eﬁ&f%ggégr bed when the systemis in
equi i bri ugp %@n% ' SA%Y@{% agﬁng RBe sn@tﬁ%%mﬁeme&mehgwe%n ftdngehydr at ed
SAPO- 34 after t hanol uptake. Methanol Conyersion ring MIO [ 00149] The

MIO react i dinrnbddedti6ARUT fctrd—lﬂusfundsﬁ ambisnipr (heatieriralen S2C/nshpandl atdls st eel
fi xed bed conti.nuous reactor

0% met hanal .i s added. as feed reactl on
i s carriedSyue tigie %B@hembfoﬁbé‘ééwoﬁr b‘%@?@ﬂ?ﬂé nfrogen Cﬁgtlaﬁ‘l%%fmépc\mg#eof

g/g.hr. Re r Met hanol
conver si on%&itsé&(r}g 3 ﬁg‘ ?%%ngg%@g%yﬁﬂ 1){\% agahco 12‘8@\?\*81 {% %E) left in the
product. Exanple 1 - Preparation Of SAPO- 34 [00150] SAPO- 34 was

crystallized in the presence of norpholine (R) as tenplating agent. A
m xt ure of TehdRésvlts owi ng nol e ratio conmposition was prepared: 0.6 SiQ2/

Al2Q3 / P1 H, 1]. 80.1 g of Condea Pural SB was mixed with
422.0 g of %gé“g%i‘é%‘&g%&&éﬁamfg 4% ¥’ slurry. To this slurry was added
135.6 g of @dsmu)hor!F?gle&l%ov&s&ﬁeféneﬂmsﬁ&n@%iow&@\mwaﬂ&@lﬁeworh stirring

to forma hom)geneous m xture. To th honogeneous mi xture 53.2 g of Ludox
AS40 was addeidg (i@bienm&APByMt het agaddAtSbeOdﬂ agedl. for Ydayfs; & $dPEHGE, i ne (R

with m xi n%gcteé) for%rc{n y% E%g?ege ggr yS sh\é\l\?vs%olwogg%?nfsg aE%T egﬁgg’r{tg %f%ct on
the MTO performance of a SAPO-34 catalyst, which looses all activity after only
seven days ageing.
[00157] Figure 2 shows the effect of amine treatment on methanol
conversion. The amine treated examples all demonstrate an improved methanol
conversion activity after three days ageing when compared to the untreated SAPO-
34. Their activity is comparable to the fresh sample of SAPO-34 indicating that
despite using amines with a kinetic diameter greater than the pore of the molecular
sieve the important Broensted acid sites have been protected from hydrolytic

attack during ageing.

Methanol Adsorption Capacity

[00158] The methanol adsorption capacity is shown in Figure 3. The
methanol adsorption capacity is given as weight percent. This percentage is the
increase in weight of the calcined SAPO-34 after methanol uptake, relative to the
weight of the calcined SAPO-34 before methanol uptake. This data clearly shows
that the untreated SAPO-34 loses its methanol adsorption capacity rapidly with
ageing. However the treatment with amines shows a significant improvement in

methanol adsorption capacity on ageing.



51 m xture. To this honogeneous m xture was added 1.97g of a seeding slurry
containing 8.68 w% zeolite chabasite crystals. [00152] This honpbgeneous

m xture \Wa© odgstal | i zed without agitation in a 1 liter PCauszes3st eel

aut ocl ave. The m xture was heated to 1Yy5 Cin 6 hours and kept at this
tenperature for 48 hours. This provided a slurry of crystalline nolecular
sieve. The slurry was evenly divided over 2 one liter bottles and the
crystals were separated fromthe nother |iquor by centrifuging. The solids
in each bgigilse] ver e ThedbiaQlealg@Sh&Fs that hBR tMatilerd Pl lﬁfe Sgﬁj(?-ghsed wat er.
The conductivity of the last wash water was -40 Sfcm The soli1ds were
dried ovefmngthe efects 20h@irolytic 2gdimgr ystal s by wei ght of the initia

synt hesis mxture . bt ai ned. Exanple 2 - Treatnment and agei ng of

SAPO- 34 Wi Wﬂm nes%@fﬁ%l’reﬁ‘i’@%ﬂﬂ@% aﬁ&@ descrived al illpgirated®a) prior to
the nodifi i [ QR I LN wffle furnace at 625C
for 4 hour gé%ﬂr? %toggﬁé@%ét}%}ﬂg??l%zsépﬁ rﬁé%g@&a&%@%%n%e V(séilillcal ci ned SAPO 34

was transf eppreciaienihar the in@esiin leraizdtsaifxe daridtions hemicytsaaripeilusiiicat hyl am ne or
decyl am ne_and then stored in contact with the amne for a period of 30

ni nut es t oleEin Fpsesamplsdié is alse ¢oneaneplatgd thssphlseelansieves dessgibad haieim t r eat ed
SAPO- 34 wag .t recovered fromthe amine  and allowed to dry under
nitrogen a rer%gf%l fefipera %r %cfsBrngB{;egatsesqurﬁt&rs, g\Ftler%fltst W@Q@pur}ﬁ/ﬁr%es have
Kinetic di aeb@Esvariftk Gbesaush & RalcBRukhal hbARufi@met er of the pores of the
SAPC- 34 nol ecul ar sieve. Aging of the SAPO 34 [00154] The SAPO-34 with and
W t hout nitrogen containing conpound was hydrated (aged) in a

noi st ur e-contai ni ng at nosphere (90% rel ative humdity) for periods of tine
fromless than 1 day up to 3 days. 90%relative humdity was established
by a saturated KNO3 solution in an exciccator. W 03/084661 PCT/ US03/ 00335
52 Dehydration and Am ne desorption of aged SAPO 34



[ 00155] After the ageing, the SAPO 34 sanples were dehydrated in a nmuffle
furnace at 625C for 4 hours under anbient air (heating rate: 5C mn) and at
the sanmewoi©s@mny chem sorbed and/ or physi sorbed nitroge®CEASHRAVIBY
conmpound if present was renpoved. The sanples were then characterized and
tested. Test Results Effect of Aging 8ft Met hanol Conver si on [ 00156] Figure
1 shows the nethanol conversion of SAPO 34 and effect of ageing (R parent
SAPC- 34, not aged; A SAPO 34, aged for 3 days; SAPO 34, aged for 7 days).
Figure 1 clceﬁéhglsshoms how agei ng has a detrinental effect on the MIO
performance 0 SAPO- 34 catal yst, which | ooses all activity after only
seven days ageing. [00157] Figure 2 shows the effect of am ne treatnent on
nmet hanol conversion. The am ne treated exanples all denobnstrate an

i mproved t hano onversion actjvyity after three days agei ng. when

conpar ed tmé “the %H{eﬁé)gtogéregt% mﬁ{zilnoailﬁg’il?of’i‘c?fﬁ}'\#et?ogg on §r‘§(g1° to the
frests sanpl e of RARSY dnpritdicating that despite using amines with a
kinetic dianeter greater than the pore of the nolecular sieve the

i nportant Broenst ed dwiatingittleast haevactiveted nptdicabneidophosphdtydioldeyiai ¢ at t ack
during agei ng. Methangl Adsorption Capacity [00158]  The. nethanol adsorption
capacity is shoﬁf’vieﬁ"’lg’i Yigr@ mpre ?ﬁ@ge%g?%}ﬁﬁag OTNOMBLs swingadaBeticy i s gi ven
as wei ght per cenf,mdi SeRef GED i -] RASG v i f the

cal ci ned SAPO 34 aft erggrreret anofh%%g%ﬂg ee{,)&‘rées#g{b?\%e tgvétﬁ%%\ﬁ/\egpfgaﬁ%}leg% t he

cal ci ned SAPO 34nbetlected freimhhagiouprbasistingldfiamidal moabsatit Yetsfeyslic t hat t he
untreated SAPO 34 | oses its nethanol adsorption capacity rapidly with

agei HYy. However conwonpdsapreanenitiile porapauRds anhmpgures dhegenfundeint i npr ovenent

in  methanol adsar pii on. capaci Lng. MO 03/ 084661 PCT/ USO3/ 00335 53
[00159] The dat %%%8?% BRArot alflor AL A i %‘E“‘%‘?‘g%‘é’ﬁs the SAPO 34

fromthe effectsofipoliydivithid SedB&ilA@inophosphate molecular sieve.

2. A method for treating a catalyst composition, which method comprises
15 a. forming a catalyst composition comprising at least one activated
metalloaluminophosphate molecular sieve with at least one binder material

and/or at least one additional catalytically active material,

b. activating the catalyst composition, and
C. treating the catalyst composition with one or more nitrogen
20 containing compounds having a kinetic diameter greater than the average

pore size of the activated molecular sieve and selected from the group
consisting of amines, mono-cyclic heterocyclic compounds, organonitrile
compounds and mixtures thereof under conditions to chemisorb and/or

physisorb the nitrogen-containing compounds with the activated

25 metalloaluminophosphate molecular sieve.
3. A method for protecting a catalyst composition, which method comprises
a. providing a used catalyst composition, and
b. treating the used catalyst composition with one or more nitrogen
30 containing compounds having a kinetic diameter greater than the average

pore size of the activated molecular sieve and selected from the group



[ 00160] While the present invention has been described and illustrated by

reference to particular enbodi nents, those of ordinary skill in the art
will appweosasset hat the invention lends itself to vari aPCRASIIOL33S
necessarily illustrated herein. For exarrpl e, it is also contenplated the

nol ecul ar si eves described herein ar@3duseful as absorbents, adsorbents,
gas separators, detergents, water purifiers, and other various uses such
as agriculture and horticul ture WO 03/ 084661 PCT/ US03/ 00335 54 CLAIMS 1.

A method of treati ngt[l (g,[[eta oal umn %ulhzg nol eculcflr si eve 1Whlch 5
method conprises &>t et NG atireget 8855‘1 19 SO BROIRSaPIEBRMH S 0 phos phat e
mol ecul ar si eVQ:oYﬂﬁoﬂn%d%le@éseth&'eI)f QIR cERIMiGHsb CRerkRAMAMARS having a
kinetic dianmeter greater than the average pore size of the activated

nol ecul ar si eve plazwdo@ehenﬂmgeﬁ-cmmmhg gmopuindonsthghé ng of am nes,
monocyclic heter ocycfl iic 10 conpound rganoni trile conpounds and m xtures
t her eof under ¢latlealynwopposp @ ﬁ""b‘aéﬁ’&ﬁ’%r physi sorb the

ni trogen-containing conpound with the netall oal um nophosphate nol ecul ar
sieve. 2. A nethod for treating a catal yst conposition, which nmethod
conprises 45 a.THeahethodofcleiai a,lfuﬁherc‘e@ﬁmﬁsmglc@muﬁ@gmfeu@edl@atﬁystI east one
activated netal] oal um nophosphate nol ecul ar sieve with at |east one binder
material  SQEIPOFitign Priekto trestracnd adihc the aeg orcmprsl njtrpgenl doptaiing ve material, b.
activating the catal yst conposition, and c. treating the catalyst

conposi ti on WH"Gne” or nore ni trogen 20 containi ng conpounds having a

ki netic diameter greater than the average pore size of the activated

nol ecul ar sieve and selected fromthe group consisting of am nes,

monol@ycl i . het eftwoyethod oLaypdichiins 3 or §awbereinrthé esedoagbytinatapa@sitibnni xt ur es

t her eof under coeﬂ i ons t chem sorb and/or physisorb the

ni tr ogen- cdﬁ?’fﬂv dir%?rﬁﬁt& &S PURSER- t he acti vated 25 metal | oal umi nophosphat e
nol ecul ar si eve.

6. The method of any of claims 3 to 5, wherein the used catalyst composition
is provided during reactor shut down.
15
7. A stabilized metalloaluminophosphate molecular sieve, which comprises
at least one activated metalloaluminophosphate molecular sieve and at least one
chemisorbed and/or physisorbed nitrogen containing compound having a kinetic
diameter greater than the average pore size of the activated molecular sieve and
20 selected from the group consisting of amines, monocyclic heterocyclic

compounds, organonitrile compounds and mixtures thereof.

8. The use of one or more nitrogen containing compounds having a kinetic

diameter greater than the average pore size of the activated molecular sieve and
25 selected from the group consisting of amines, mono-cyclic heterocyclic

compounds, organonitrile compounds and mixtures thereof to stabilize an

activated molecular sieve during storage and/or handling.

9. A method for storing molecular sieves which method comprises

30 maintaining the molecular sieve in contact with one or more nitrogen containing



3. A nmethod for protecting a catal yst conposition, which nethod conprises
a. providing a used catal yst conposition, and b. treating the used catal yst
conposi t iwp odios4s6one or nore nitrogen 30 containi ng conp@omdsohensshg a

ki netic dianmeter greater than the avergge pore size of the activated

nol ecul ar sieve and selected fromthe é?oup WO 03/ 084661 PCT/ US03/00335 55
consi sting of am nes, nono-cyclic heterocyclic conpounds, organonitrile
conmpounds and mi xtures thereof under conditions to chem sorb and/ or

physi sorb t B&nHdddae 88nns Qmt,RkiPl i h the .

met al | oal um no%?ms pgat g{i rrgf%cluF%%egﬁg%?&gﬁ%%ﬁ‘é&ﬁ%ﬁ?%ﬁ Si6f Oghﬁi m 3,
further comptivatiedgnaladuiarsiavg ahdleelesedifromttat ¥lup c6RIRDDI dflaBiinddl MmBho-t O
treatnent with the one or nore nitrogen containing conpound. 10 5. The

met hod of af¥Fligthetareaypkic gomppounds.pganenitrileirempsvetispat ahixsrestberpofintai on i s
provi ded fr c | vi,ic.praocess. 6.. The t hod of any of clains 3 to 5,
wher ei n the8%%§8n§%?§¥%%ﬁp%%¥%3§g?ﬁﬁgﬁunpgS F4%i ded during reactor shut
down. 515 7. A stabilized netall oal um nophosphate nol ecul ar sieve, which
conprises at |east one activated netall oal um nophosphate nol ecul ar sieve
and at | east0.oneA tadyst sompesiticnuhimrispizys lsst dedctivitedgen cont ai ni ng
conpound hayvi kinetic. dianeter greater than the average pore size of
the activat @apaﬂBglwoé‘&’og?h@Vén‘glgﬁﬁarﬁ@é{l adnpdue ih atdeashensupndesnsi sti ng of
ani nes, MONALYS dt GealES R QAN hiy i 2M0L b 8 goopounds and

m xtures thereof. ‘eél. T eal use o?ca%wgggwgr%%vgq%ig%%g?\a%:ﬂgnsttg’lmr“\i ng conpounds

havi ng a ki cieniisorbetl anﬁdr@hygsﬁaé&ﬁitmgaﬂcddﬂﬁni@gQb@%@u@pﬁaﬁ/irﬁé ZRingfic t he
acti vgt ed npl ecul ar sieve and 25 selected fromthe group consisting of
anmi ndf, rmondamgier geeas thandhs everage porppBraefdhe astiyatedmole¢ula sicympodnds and

m xtures thejeely ﬁ&n%ﬁeaépohﬁ (Z,gns?sﬂng of amines, mono-cyclic heterocyclic

compounds, organonitrile compounds and mixtures thereof.

11. A catalyst composition comprising at least one activated

15 metalloaluminophosphate molecular sieve having chemisorbed and/or physisorbed
thereon one or more nitrogen containing compounds having a kinetic diameter
greater than the average pore size of the activated molecular sieve and selected
from the group consisting of amines, mono-cyclic heterocyclic compounds,
organonitrile compounds and mixtures thereof, in admixture with at least one

20 binder and/or at least one additional catalytically active material.

12. The method of any of claims 1 to 6 or 9, wherein the molecular sieve has
been exposed to an oxygenate prior to treatment with the one or more nitrogen

containing compounds.

25
13. The method of claim 12 wherein the oxygenate is methanol and/or
dimethyl ether.
14.  The method of claim 13 wherein the exposure to methanol and/or dimethyl

30 ether has occurred during a methanol-to-olefins process.



activated nol ecul ar sieve during storage and/or handling. 9. A nethod for
storing nol ecul ar sieves which nethod conprises 30 maintaining the

nol ecul arweiog®gissn contact with one or nore nitrogen cont RCATUSY3/MNBBS

03/ 084661 PCT/ US03/00335 56 compounds_having a kinetic dianmeter greater
than the average pore size of the activated nol ecul ar si eve and sel ect ed
fromthe group consisting of am nes, nono- cyclic heterocyclic conpounds,
organonitrile conpounds and m xtures thereof in a chem sorbed and/or
physi sorbed state during storage. 5 10. A catal yst conposition conprising
at | east one activated netall oal um nophosphate nol ecul ar sieve in

adm xture wis.h aTht ersiodpmeldRilRegeve, anddiatdyst beast ofane padeiihd onal
catalytically active nmaterial and at |east one chem sorbed and/or

physi sor bedclpins wherpindbe nidtogemgomainipgwathpoand g Erifkinresdcondaby di anet er
greater tha{‘n t he average pore size of the activated nol ecul ar sieve and
sel ected erFH%&%‘?%up consi sting of am nes, nono-cyclic heterocyclic
conpoynds, organonitrile conpounds and m xtures thereof. 11. A catal yst
conposition conprising at |east one activated 15 netal | oal um nophosphate
mol ecul ar sl@ve by methodhewiesolabsieveanst @rcapiyss barsbefdhe pleesdton one or nore
nitrogen containi Qg coppounds having a kinetic dianeter greater than the
aver age por @adpsWhepintie NIUOEeR SenIng | camprrnd isiad ke oHawing gesewll  from t he
group consi{%hhggl: of am nes, nono-cyclic heterocyclic conpounds,
organonitrile conpounds and m xtures thereof, in adm xture with at | east
one 20 binder and/or at |east one additional catalytically active material.
12. The method of any of clains 1 to 6 or. 9, wherein the nol ecul ar sieve
has l8Been exposed to an oxygenate pNFoRRo tréBtment with the one or nore
ni trogen containing conpounds. 25 13. The nethod of claim 12 wherein the
oxygenate is nethanol and/or dinethyl ether.

wherein R' , R* and R* may independently one or more of the following groups: C,
—Csp -alkyl, C; —Cy, -cycloalkyl, aromatic, alkyl substituted aromatic, such as C, —
Cso —alkyl substituted aromatic, aromatic substituted aliphatic moieties such as C,
15 -Csp—alkylene moieties substituted with one or more aromatic groups, C, -C, -
hydroxyalkyl, amino- and/or hydroxyl-substituted C, -Cs, -alkyl, alkoxyalkyl such
as C, -Cs, -alkoxyalkyl, dialkylaminoalkyl such as C, -C,, -dialkylaminoalkyl,
alkylaminoalkyl such as C, -C,, -alkylaminoalkyl, heterocyclic, aromatic
heterocyclic, alkyl substituted heterocyclic and alkyl substituted aromatic
20 heterocyclic, such as C, -Cs, -alkyl substituted heterocyclic and aromatic
heterocyclic compounds, and heterocyclic substituted aliphatic moieties such as C,
-Csp—alkylene moieties substituted with one or more aromatic groups and R' and
R? may independently be hydrogen and R" and R? may form, with the nitrogen
atom, a nitrogen-containing heterocycle, aromatic heterocycle, alkyl substituted

25 heterocycle or alkyl substituted aromatic heterocycle, with the proviso that when

R’ is alkyl and R' and R” are independently hydrogen then R? is C, ~C,, —alkyl.

17.  The method of any of claims 1 to 6, 9, 12 or 13 wherein the nitrogen-
containing compound is chemisorbed and/or physisorbed at a temperature within

30 the range of 0 to 200°C.



14. The method of claim 13 wherein the exposure to nethanol and/or dinethyl
30 ether has occurred during a nethanol-to-olefins process. WO 03/ 084661
PCT/ USO3/W0338846617 15. The net hod, nol ecul ar sieve, use oPCTAiSal/§Bs85 of any
of the preceding clains wherein the ngéar ogen-cont ai ni ng conpound is a
primary, secondary or tertiary am ne. 16. The nmet hod, nol ecul ar sieve,
use or catalyst of any of the preceding clains wherein the

ni t rogen-contai ning conpound is of the follow ng general fonnula: 10

NR R2R3 (I) wherein R , RZ and R3 nmay independently one or nore of the
follow ng groups: C1 -C50 -alkyl, C3 -C50 -cycloal kyl, aromatic, alkyl
substi t ut edl&r onlhé mettRdolf aag ofdlainfsS0to-6a 0K Y2, ISURITiviieES tiRy meREls, aromatic
substituted aliphatic noieties such as Cl 15 - C50-al kyl ene noi eti es

subst i t ut edSIGre 1 tisaed sritha deaskonsratrogencpostaieing camp in the/birlloxtptel Kyl |,

am no- and/or hydroxyl-substituted Cl1 -C50 -al kyl, al koxyal kyl such as C2
-C50 -al koxyal kyl, dial kyl am noal kyl such as C3 -C50 -dial kyl am noal kyl ,

al kyl am noalky! FhEhet®d62 antafclai Hnpal jc, aromatic
heterocyclic, alkyl substi tu%d hgitsg%ggi ?2(;} lgﬁg" g{%ﬁgﬁﬁﬁll&t uted aromatic
20 het er ocy®ifrogen-geniiniang cOmpo@adis-chbikisbriwd atior physikobisidewiaicshel i ¢ and
aromati ¢ heterocyclic.conpounds, an eterocyclic substituted aliphatic
noi eti es su@ﬂﬁﬁﬁa&evq%ﬁﬁgSFtﬁngeélﬁ??rlﬁgpg?tilé%St§‘M‘b§?‘i‘r§ut ed with one or nore
aromatic groups and R and R2 may independently be hydrogen and R and R2
may form with the nitrogen atom a nitrogen-containing heterocycle,
aromat i ¢ heller ocYind methatl by hnsobdiiisuted, 851aBe1na8er @9tk Kyl substit ut ed
aromihic heterocycle, with the proviso that when R3 is alkyl and R and R2
ar e i'HdepertPERISNENIE 5158 Of rerRAngApe chermgorbed @nd/gr Ripysisorterd niffégenaet hod of
any of cl ai : 2 or 13 wherein the nitrogen- containing conpound
is chem sor eda}lghgfg?lpp%l/d;si sorbed at a tenperature within 30 the range of
0 to 200C :

21. The method of claim 20 wherein removal of the nitrogen-containing

compound is undertaken during manufacture of a catalyst composition.

15
22. The method of claim 20 wherein removal of the nitrogen-containing
compound is achieved by introduction of treated molecular sieve in a catalytic
conversion process.

20 23.  The method of claim 22 wherein the catalytic conversion process is a

methanol-to-olefins process.

24. The method, molecular sieve, use or catalyst of any of the preceding
claims, wherein the molecular sieve is selected from the group consisting of

25 SAPO-11, SAPO-18, SAPO-34, SAPO-35, SAPO-37, SAPO 44, SAPO-47,
MCM-2, intergrowth forms of SAPO-34 and SAPO-18, metal containing forms of

each of the foregoing, and mixtures thereof.

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

30 comprises



WO 03/ 084661 PCT/US03/00335 58 18. The nethod of any of clains 1 to 6, 9,
12, 13 or 17 wherein the nolecular sieve is treated with at |east one

ni t rogen-wonBas4ssng conpound in the bulk state. 5 19. ThecwaiShyw3ss any of
claims 1 to 6, 9, 12, 13, 17 or 18 wherein the nitrogen-containing conpound
i s chem sorbed and/ or physi sorbed with°Yhe nolecul ar sieve for an extended
period of at |east two hours. 20. The nethod of any of clains 1 to 6, 8,
12, 13, 17, 18 or 19 further 10 conprising the step of renoving the

chem sorbed and/ gr physi j - [ ni ng conpounds. 21. The

met hod of claim %0 mgﬁﬁﬁé?%{\yﬁ E%gﬁ%rg:ﬁ?%ar%%g%en_ containing conpound is
under t aken dstalfogluminoplasphitenolecalat sited redte MR ThthANof 25 o2 dlaintyle€ et hod
of claim 20 wherein renoval of the nitrogen-containing conpound is

achi eved by li%itl2deidéat deasoenethindar aenterisl sed/pmat ledsbows additioneht al yti c

conver si on 20. 23. The method of claim?22 wherein the catalytic
conver si on ‘S?@@@é@%%&%@%ﬁ% nol -to-ol efins process. 24. The nethod,

nol ecwd ar sieve, puse @omaas aloy ¥ r ' ' wher ei n
the nol ecul ar sieve is selﬁéect egr}}sf%m t hlgagrf{)dt}gﬂ%orﬁ%ﬁg% ?ﬁ%’a‘%b% %Ep &aPo- 11,
SAPO- 18, SAPO 34, SAPO 35, SAPO 37, SAPO 44, SAPO-47, MM 2, intergrowth
forms of SA%) 34 and SARPO- éS, netal containing fornms of each of the
foregoi ng, 4Rd nitXPROFES Q1B sxversien ofm feedsiosl 1nigrat {eqst ongroneessione of a

cat al yst cogm' i : W d 30 conprises WO 03/084661

PCT/ US03/ 00335 b%éﬁrlsp%lrtﬁngﬁgﬁgagfr)ﬁ xture conprising at |east one

met al | oal um nophesphapeovidihg a chiatyssimsitdonatasddy tb hey sESad 10f 1any of
clainmg, 1 or 12 to 24, at |east one binder material and/or at |east one
addi ti%nal 15, 16 or 24;

b. removing the chemisorbed and/or physisorbed nitrogen-containing

compound to provide an active catalyst composition;

c. contacting the feedstock with the active catalyst composition;
d. recovering at least one conversion product.
15
27.  The process of claim 26 wherein the feedstock comprises one or more
oxygenates.
28.  The process of claim 27 wherein the one or more oxygenates comprises
20 methanol.
29.  The process of claim 28 wherein the one or more conversion products
comprises one or more olefins.
25 30.  The process of claim 29 wherein the one or more olefins comprises

ethylene, propylene and mixtures thereof.

31.  The process of claim 26 wherein the feedstock comprises one or more

oxygenates and ammonia.

30



catalytically active material, 5 b. formng a catal yst conposition fromthe
m xture prepared in step a. 26. A process for the conversion of a

f eedst ockwODBO84b1 | east one conversion product conprisi n@Crhsozosps of . a.
provi ding a catal yst conposition according to any of clainms 10, 11, 10 15,
16 or 24; b. renoving the chem sorbed d/ or physi sor bed

ni trogen-containing conpound to provide an active catalyst conposition; c.
contacting the feedstock with the active catal yst conposition; ?. ai m 26
recoverin |l e i : cl. . - pr ss of claim
wherein t%e 'eed??% §E§%§%E¥§g§18ﬁ59%§9#3%§(&g%éég%ggggglgésu e process of
clai m 27 whesmepriset bee on@oralkgsmimexygenat es conprises 20 nethanol. 29. The
process of claim 28 wherein the one or nore conversion products conprises
one or nore olefins. 25 30. The process of claim29 wherein the one or nore

| efi [ t hyl . I ' res .thereof. 31. The
grgcggz g? C-Q?ﬁ?5%5%ﬁ§¥§?ﬁhﬁﬁéggﬁgﬁﬁf8§ﬁg%§h§%ﬁggwﬂgﬁémsprﬁgy% oxygenat es
and agnDNi agxy@nME} & ARAR SorBGlntdEe368P8dx1. 60 32. The process of claim 31

wherein the one or nore conversion products conprises one or nore
al kyl am nes. 33. The process of claim 26 wherein the feedstock conprises

5 t d gne or .mpre aromati c conpound. 34. The
process of ¥l-ai m ESPRAESF RISTRE- GHETER LGS O GINE P GIGN BOMEES  conpri ses
one or 1mor ecghK¥de@bioAh 8k Aatt® TRABE compound.

10 35.  The process of claim 26 wherein the conversion process is cracking.

36. The process of claim 26 wherein the conversion process is dewaxing.

37. A method, process, use, stabilized molecular sieve, or catalyst composition
15 as claimed in any one of the preceding claims wherein the one or more nitrogen

containing compounds have a kinetic diameter of at least 1.1 times the average

pore size of the activated molecular sieve.

38. A method, process, use, stabilized molecular sieve, or catalyst composition
20 as claimed in any of the preceding claims wherein the one or more nitrogen
containing compounds have a kinetic diameter of at least 1.2 times the average

pore size of the activated molecular sieve.

39. A method, process, use, stabilized molecular sieve, or catalyst composition
25 as claimed in any of the preceding claims wherein the one or more nitrogen
containing compounds have a kinetic diameter of at least 1.3 times the average

pore size of the activated molecular sieve.

40. A method, process, use, stabilized molecular sieve, or catalyst composition

30 as claimed in any of the preceding claims wherein the one or more nitrogen



10 35. The process of claim 26 wherein the conversion process is cracking.
36. The process of claim26 wherein the conversion process is dewaxing. 37.
A met hod, wproapessl, use, stabilized nol ecul ar sieve, or caraTyEs3/eEaposition
15 as clainmed in any one of the precedipg cl aims wherein the one or nore
nitrogen containing conpounds have a Rinetic diameter of at least 1.1
tinmes the average pore size of the activated nol ecul ar sieve. 38. A

nmet hod, process, use, stabilized nolecul ar sieve, or catalyst conposition
20 as cl ai L i : i ref n.th ne or nore

ni t rogen g%ﬁ?%?ﬁ?%%”@%ﬁ%gﬁ%gé%ﬂgggﬂghﬁﬁﬁgf?%%gﬁgﬁ%?g%K%FB%?mﬁgﬁst 1.2
times the awyeresye offthe ectbiawd nadledular sigti vat ed nol ecul ar sieve. 39. A

nmet hod, process, use, stabilized nolecul ar sieve, or catalyst conposition
25 as clainmed in any of the preceding clains wherein the one or nore

nitrogen cqntainj nds have. inetic dianmeter of at |least 1.3
t : rresgt he a\?'Z'r algg nggl(rz)g’ rgge(asg’o Se’ts#gbl%b: @?éﬁarr‘ﬁlfﬁvgc?ﬂ GRfalyst goraposiigon a

nmet hods pr Ogﬁsl_iiméﬂsiﬁ,an?to@ﬂlé pré@AidFl 8&Y Mercth 8)6%ne ¥ nfid ﬁit%%&n conposi tion
30 as clained in any of the preceding clainms wherein the on€ or nore

ni t r ogen W\OCOBADSREBIIRCTAL IS08/200835 difictenoftaniaasngs dompcthinderdgave a
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