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conversion process for making olefin(s) using a

nol ecul ar sieve catal yst conposition in the presence

of a hydrocarbon feedstock. BACKGROUND OF THE

I NVENTI ON [0002] Oefins are traditionally produced
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cracking processes esé crac i ng processes,
especially steam cracking, produce light ol efin(s)
such as ethyl ene and/ or propylene forma variety of
hYﬁIIHQBr(WTﬁETNQIWi‘ﬁ)N Et hyl ene and propyl ene are

| mportamt—comrodi ty petrochem cals useful in a
vajilblly of pThepesas ifventioradelatey tplaashversioaprbeedshfer making
chenhcal conmpounds, [0003] The petrochem cal |ndustry
haQleRnEhpsingr molseular sicue gatalyst coRpgeiHar asthe pesengetiy
al @Qﬂ@éa?bonafegds?@cﬂve”' ble into |ight olefin(s). There
ar nuner ous technol ogi es avail abl e for produci ng

OXBACOKGROUND! QFTHE ISVBNTIONON or reaction of
synthesis gas derived fromnatural gas, petrol eum
||l990%|ls caPirdina ersoraditinnelly peadyce vrumeﬁgleumaﬂeedstock by
| ed astics,. munic

or G EE N ER btripl REEIP. TR e Rle BRessrShecially stcam
Sy&ﬁé’lﬁﬁg %r&ﬁﬁ:e i ?H@élh’ﬁlﬂs)%ucﬁ aSlche E‘nd/&%rbby%ne form a variety
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combustion, partial oxidation or reforming reaction of natural gas, mostly

methane, and an oxygen source into hydrogen, carbon monoxide and/or carbon
dioxide. Syngas production processes are well known, and include conventional
steam/methane reforming, autothermal reforming, partial oxidation or a
combination thereof.

[0004] 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. For example, in one synthesis process methanol is produced using a
copper/zinc oxide catalyst in a water-cooled tubular methanol reactor. The

preferred methanol conversion process is generally referred to as a methanol-to-



2 olefin(s) process, where nethanol is converted to
primarily ethylene and/or propylene in the presence
wobkooa/onslecul ar si eve. [0005] Met hanol conver sSPONUS2003/018803

processes into one or nore olefin(s) typically takes

place in the presence of a nol ecul ar sieve. Ml ecul ar

si eves are porous solids haélng pores of different

si zes such as zeolites or zedlite-type nol ecul ar

si eves, carbons and oxides. The nost comercially
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ndust i es ar.e known as zeolites, for
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produci ng |i ol efin(s) Troman al co using a
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cand piopyRnt bsing cﬂjistaiﬁnﬁiamnﬁihomlwwmﬂmss for rexsxhp\lleIZIeﬂlete T,
framework structure of [Si02]1 /HOJ and [ P02
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4,677,242, 4, 677 243, 873, 390, 5,095, 163, 5,714,662

anging A Te6IARR alamincxphosmhtﬁ% h)ftan eepiesented by ALRO,; and one of

L,%:e;)rb%g &g%ﬁgrfg%ﬁ%leel; Sg‘eerg gr conve 1gg Aﬁ{eg)hlaer;lgl?t% olefin(s) is a
silicoaluminophosphate molecular sieves. Silicoaluminophosphate (SAPO)
molecular sieves contain a three-dimensional microporous crystalline framework
structure of [Si0,], [AlO,] and [PO,] corner sharing tetrahedral units and is useful
in converting a hydrocarbon feedstock into olefin(s), particularly where the
feedstock is methanol. See for example, U.S. Patent Nos. 4,440,871, 4,499,327,
4,677,242, 4,677,243, 4,873,390, 5,095,163, 5,714,662 and 6,166,282, all of

which are herein fully incorporated by reference.



3 [0007] These nol ecul ar sieves are sensitive to
various contam nants resulting in the | owering of
w0 bwitniased ectivity to produce |ight ol efin(s) BamUS2003/018803
reducing the operability of a conversion process.
These contam nants are introduced to a particular
conversion process in a vari %ty of ways. Sonetines the
nol ecul ar sieve itself results in the generation of
contam nants affecti-ng the conversion perfornmance of
t HR04TD| ecul dhessiragleculprsignediate SSASILIVIO] VRFigas eqrigmainants
processes at t .
vl 18 gt ahr pE et it R e b A gt and reducing
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be shi pped over |arge distances, often over |arge
bpERcEsseyareigheF.  and are highly susceptible to being
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Thi s “i'nvent’ion rocess
c QEM6EH th ialGersely REELS ‘tlQCﬂ‘loleBulalt fievdaespn ceomolangrebxﬁ@mhﬂﬁon
sieve into one or nore olefin(s), while controlling
c arpatisularly dasiralile imexygenals toelkfin mcm@nﬁ, particelarly in mh&xanol

ock an be cont d| a_feeds
b3 PRE areelfe SBPFAriech AR AP el Siksokfieh e SPRal ik,
C‘afédt‘éfhh'vé’l;ytdpérﬁi“(’%' Sﬁ&ﬂfe@ﬁﬁ%létaféoma(/@fd l?é3§h1pped over large
contam nafion levels, particularly netals
C distanets; aftemqur dargé delﬂS)(DfEWEFIQW, and aredughly sesceptibdato being
contanlnat i ch can have an especially negative

’886 BP'"&i eve catal ysts. [0010] In one

enbodlnent the invention is directed to a process for
converting greater than 1000 Kg per hour of a
féﬁﬂHDDtRYNhFﬂﬁHEMNUEEﬁEE)Nf a nolecular sieve into
one or nore olef n(s), wherejin the feedstock having a
coMEt i vi t Fhisrinyrstion peidss fommprosess fer crpverang mfeedstock in
pl’tﬁ ﬁ'g |:é/ oinao oRE& sfl;g:vet lﬁﬂ)non%kz)? %ﬁorggugﬁé ?rﬁ%}gn[?é&?ilgg ling

pre era greater t abo

p wﬁtamaﬁltm Bﬂihe f@ardet@ble r Coh@mireiot tof thelf&d3tock lchn 88 6éMilled
enbodi ment, the feedstock conprises WO 2004/ 016574

POY pus2diog ,a(jq_eggt@gk having an appropriate conductivity level. The

conductivity level can accurately reflect contamination levels, particularly metals

contamination levels, more particularly metal salt contamination, which can have
an especially negative impact on molecular sieve catalysts.

[0010] In one embodiment, the invention is directed to a process for
converting greater than 1000 Kg per hour of a feedstock in the presence of a
molecular sieve into one or more olefin(s), wherein the feedstock having a
conductivity of not greater than about 10 uS/cm, preferably not greater than about
5 uS/cm, more preferably not greater than about 3 uS/cm, and most preferably not

greater than about 2 uS/cm. In another embodiment, the feedstock comprises



4 seawater. In yet another enbodi nent, the feedstock
conprises not greater than about 50 ppm preferably
wOoei040163at er t han about 30 ppm nore preferabl pCTU52003/018803
greater than about 20 ppm and nost preferably not
greater than about 10 ppmof a Goup IA netal salt or
a Goup I1A netal salt. Preferably the feedstock
conprises an oxygenate such g an al cohol and/or an
et her, for exanple nethanol and/or dinethyl ether.
[ OBdabjatémn Inyeteambtidt emmhddimiche therfeedstdokivoimprises it adter than
a process for converting a feleagst ock in the presence
of agoytp V. Rreferablyanot gregter thangput 30ppm, @Q;e greferably not

[
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pelGrb@pl IA niptafsglf abd Gr@ipddA edetd] Ran. Efbfcﬂ@ﬂy iee RedstbskWomprises
wherein the feedstock has a conductivity of not

g r @atoéygqnnmualb@mn aleohebardtr quugther; for ewerple megthanol and/or
uth ’ ieve to the reactor; and (c) w thdrawi ng an

effif’B% V' ¢8¥ eam from t he reactor the effluent stream

el (1) ?I ng gq&aﬁ BbddiAend tmgvéiamﬁfls diP&t8edAb APR6&ss for

ol efin(s) per hour. Preferably, the feedstock further

co n'pnvm afeedgagkgionbe presamch oﬁs rmﬁchhm elevaimdd @actor, the

di neth et her apd the are et hyl ene nd/ or
pr SFRFEETOMATIFINg t ?%tF%Sr?fo &5 F’ﬁ‘ﬁﬁ? thetrﬁ%ct?reaeﬁg ok at a rate

COlgph '0@95(%@@&@9}'& s S&Ef&i’%l*ée%f ﬂJanSI@ gb%) Adgnber hour,

particul ar sodi um o um chfori de,

no vdeididthese@lseck hasa smddlucmtwﬂ oD preatp ﬂ&hab@ﬁt 10 uS/cm; (b)
al um nophosphate, or a m xture thereof. [0012] In
anértFRducingoBPlreitr, sivRdo fhevenioroand &) dithdramdee prefiluent

pr gﬁ ec lxjﬁfog{ the ?@a'&%? rthé gﬂ;{ tf s?r%gr%tc% rls ggeeate%ﬁﬁeﬁlep ?6‘0 Rg of

i eve ‘or ereo

a bﬁa@f ford &eﬁﬁ(@ﬂp& BogH. q&&ﬁfablmlﬁb fkem&k@nﬂ@rcom&escﬁn
one or nore olefin(s), the process operatleigngv\nth a

f e@axm@ue sualy Ay gethara nodier dwetﬂyyl ethes end Hhgolefin(B/aeggthylene
rea er t an 2 r ,of eth
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4, %@a@oﬁlﬁm bR sat, 1&?%&&&%0@% oP{S&Qééhﬁx‘i‘ Bhlotifle,laBd $he
enmbodi ment, the rate of feedstock entering the reactor

p e maia;ularisi;avg isemsiBeoatunainol@BpId¢ okgjumaroptiesphafe0GBiniNture
et. angt her enbodi nent, the invention relates to a
&‘% for converting a feedstock, preferably a
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havomgring £featstved iyt the prasence of a molecular sieve or catalyst
composition thereof in a reactor to produce greater than 1,000 Kg per hour of one
or more olefin(s), the process operating with a feedstock having a conductivity
less than 2 uS/cm. Preferably greater than 2,000 Kg per hour of ethylene and/or
propylene, and more preferably greater than 4,000 Kg per hour of ethylene and
propylene. In this embodiment, the rate of feedstock entering the reactor per day
is greater than 100,000 Kg per day.
[0013] In yet another embodiment, the invention relates to a process for

converting a feedstock, preferably a feedstock comprising an oxygenate, the

process comprising the steps of (a) providing a feedstock having a relatively high



WO 2004/ 016574 PCT/ US2003/018803 5 conductivity such

as for exanple greater than 10 uS/cm (b) reducing the
weonndoodsiai ty of the feedstock to not greater PAEDNS2003/018803

about 10 uS/cm preferably not greater than about 5

uS/cm still preferably not greater than about 3

uS/cm nore preferably not greater than about 2 uS/cm

to forma treated feedstock; éc) i ntroduci ng the

treated feedstock into a reactor; (d) providing a

nmotaadudtivityssuel es for akahpls graatemthwsi 10 wiicmn(b) beduceadber
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reactor. In a preferred-e I"ment’, st oc

c oprpferabdyp notngrtdtanthhn abruait 3 @Swat trforrh QQdediedIfeeddtvek (€Y
enbodi nent of all the enbodi ments described above )

t HatragicdRg,ths tregied feedstock e p&actosdd) Perviding a msilesalar sigve

of . . [ S hr ge, . of .t he

ar 5Ty SEpotitt e LR oot BRSeAhl BRIt G pe or

S oMb 1eiKls); and &) WiThdtiWisO LK EflueRtRiledRomprisiigith€one or more
presence of a tenplating agent. In the nost preferred

endjeldn(aeiiem theyeeagtor. clawd prefesied embpdiment, the feedstock comprises
sil itgoal umanoagh?sphat e or al um nophosphate, nost

prxg? ?%%Ia? o _VYaI 'toal um nophosphate. [0015] In yet
anebiwyr enbor MBiHer ethB&difehtSofRNIANE BRHoBmRhARSR bk hbove,

converting oxygenate to ol efin, mhlchoconprlses

prtbe nwhlevylan sieys ysopynthesizedcfoorp asiotribinatioa\of agleast pos, préfembly
conduct i vit f not greater than 10 uS/cm and

c oﬁ%?%sw;hﬁ@’ d e groap REstaeRfs S%“:R_néPU’GFo%E}quPIA’r%% sgurce and
Sl alurt inPI S8 8P FonaR) HPRR pkdsBhbel oF 2ORPARKE doct ! Th dhe most
nmol ecul ar sieve to convert oxygenate In the %xygena?e

c qirpfeatd embodiment, elid moleBulef $ewlib ¥ silicbglummapheiphatetor of

t he provided oxygenate conposition is at least 1.5

uSeminophesphate; most psetrablyermliesaluarinophasehase.ocess for
o t it ; >
o TUE) 1 0% RNl hboufont e o Bidpa eyt ) 1

A dhvéXiag Bxydehatrb alcfingihich RombRsaPryviding anRxpyinded
oxygenate conposition has a conductivity of not
greeapepition AAViNE @ pesitizerrondueiavipr effnst grsiager than 10 uS/cm and

conduyet.i vi t f nat greater, th 500 uS/c and nost

e b e onee B Groubrfs el iy The G este
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is reduced to not greater than 10 uS/cmto tTorma

t resygeitd emaxistmi, to atefint Reeferablyt the conductivity of the provided
oxygenate composition is at least 1.5 uS/cm.
[0016] In another embodiment, the process for converting oxygenate to
olefin comprises providing an oxygenate composition containing at least one
Group 1A or Group ITA metal salt. Preferably, the provided oxygenate
composition has a conductivity of not greater than 750 uS/cm, more preferably, a
conductivity of not greater than 500 uS/cm, and most preferably a conductivity of

not greater than 300 uS/cm. The conductivity of the oxygenate composition is

reduced to not greater than 10 uS/cm to form a treated feedstock, and the treated
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contacted with a nol ecul ar sieve to convert oxygenate
w0 moothess7oxygenat e conposition to ol efi n. DETAPQIEDS2003/018803

DESCRI PTI ON OF THE I NVENTION 1. Introduction [0017]

The invention is directed toward a conversi on process

of a hydrocarbon feedstock, garti cularly nethanol, in

the presence of nolecular sieVYe catalyst conposition

to one or nore olefin(s). In this invention, the

f efeddstankkis contadtedwiith aonoleaurtamrsivedo sonvast axygerate in the

significantly have a tadver se effect on catalyst life

or OECRALE FUPPYSIRRR Yﬁl’éﬂ‘? %=d product. Although the

presence of only trace amounts of various

contami nants in the feedstock can severely inpact the

| i DETAILED PESCRIPTION OFTEHEANYENTION eve cat al yst,

this invention alTows the presence of certain

co ' ignt he feedstock at low levels. In fact,

ac i ng t ertain preferred dinpents of this
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Pakydrédatson féedshdtl pARicEAd methhsl, inthe prdséhde)of AN sieve

chloride, at |ow concentrations in the feed can

actatdydt gomposition posrietdrngore biefin(s).oln thid ipueritipng the feedstock is

desi red ol efin product such_.as t hyl ene and

or B3 SARATTRE0 o HESEROGIRHYS 81 41w o{iFahen Galyst

degi.l, N Fol W= S ' i
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byoft vasiouc comtminants ity theffeddaock emdstvereky. indpaet the didisdroelectivity

preferably exhibits a positive conductivity to a | evel

t heftheBolecHIBE sigve ﬁfi‘tﬁlb’%ta&’ﬁ pventign @lows thegiresenes of srtain

desi . ti . C

conuRiEinete i 0P FGRLE Lo AP InTebiiceoldif BB Reterred

t hembaligeiits vt this infetidny iR peesaiud diicendih emtaldaks] patticuRrly

not significantly reduced conpared to that of a

f ewndiing g1etal saltsn gspgcigllp sedivmichlorigle, 78 dew gpncentrations in the feed

conductivity. In paki onduct.i vi det erm.nat i pn

" censEiyally i g Bostve P RIRHR 1 45 R € PR Bro @i such as
Gegtaylendaidiepylvnd. y Measurenent Cel | (Type CGB57;

Cel | LF100) in the tenperature range of from about 7C

t o[08b8jut 500n qre@ngjodiment bf theiimmestion,alesiréd oritglethbis lewels of
that the feedstock haye osi.tiyve. .conducti vj of
nOROTRRRTS T s 19S55 bon el Bis PRGN gre defimined by the
f e&ﬁﬁﬁh&ﬁ}ftgr@%@fee@s@&kt IThHe f&é?if@t%l@ E{e‘fér&Mﬁ&hf%ﬁE apbsaver

than about 5 uS/cm nore preferably no
conductivity to a level that does not significantly reduce selectivity to desired

olefin product. In particular, the positive conductivity of the feedstock is at a level
in which the selectivity to ethylene and propylene product is not significantly
reduced compared to that of a feedstock having a substantially neutral
conductivity. In making conductivity determinations, it is preferable in this
invention to use a Schott Gerite Conductivity Measurement Cell (Type CG857;
Cell LF100) in the temperature range of from about 7°C to about 50°C.

[0019] In this invention, it is desired that the feedstock have a positive
conductivity of not greater than about 10 uS/cm. Preferably, the feedstock has a

positive conductivity of not greater than about 5 uS/cm, more preferably not
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3 uS/cm and nost preferably not greater than about 2
wa@ Sloanies7According to this invention, positiVvePCT/US2003/018803
conductivity means greater than 0 uS/cm Preferably,
the feedstock has a positive conductivity of at | east
about 1.5 uS/cm [0020] In another enbodi nent of the
i nvention, the feedstock contdins seawater or netals
contained in the feedstock as a result of the
f e gtkated chanhsboutrijuS/canamtinest sefawbiyarot gidater phiansaboae2 0$/cm.
such netals does not have to be directly determ ned
hofegeiing to this Insigniion Parive EongUFaYity Mearstgeater than 0 uS/cm.
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invention to the desired conductivity Timts. [ 0021]

I'n sc;aetateam@m&ls ecrm@mdmﬁhe tredstpek asazesult ofthe feedstock having
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metals, particularly [ithium sodium and potassium

ar éeepistpck tw:tssask thdcm‘l of cadamin@tion.i Thd zandn;nt o€ somtadimants

chlori de [ ts, of hi um sodi nd. pot assi

Pr 8¥eé?rfté%| fsqsiatqcm  diecily conpitablerin Mg R  lesined
cagﬂ %%.ﬁéutsl—iallde salts of Group Il A netals,

part| y magnesi um and cal cium are particul arI y

pr gmen] ed. Theydtianbthedembeimenteofalie Bo¢litlonm tielfesdstbek icdntains
nost preferred. Such salts can actually contribute to

enAElast 9ge GepupaiA prdkd metalsalis PE‘-‘&YF%’QGTOS‘E LARGta) &aiﬁs tQ‘ﬂUde
et Pﬁlu?rgeso uqn parn agﬂﬁm afE%j uﬁshde[sgﬂg %1} SV d' Qt%l

th|S|nVen|dn mere ion'1n Cca

ac paficalate lidsum, $cisuth tandfpotesidamt %l@aﬁmtaalyrﬁra@ned
cont am nant s, pal‘tl cul ar | Yy seawat er - contam nants,

rm Perqgakarhy desirediape etleridy wlip of Jithayra/ sedivar, cog pplassinest al

r eferr hat ¢
¢ PTGt R B setintihee TabhoR aREea iRl Hlse
el FGrblEp rm%e@rs arliBnse) %Fnéam S IS b kbl
neutral conductivity. Preferab cat al yst fe'is
r edmfenbdbyTImrhnatﬂdmtseoée ofctodiugy ehiblede is Izt pﬁ%rremln rSaich salts
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[0022] According to this invention, some reduction in catalyst life is

acceptable as a result of feedstock containing contaminants, particularly seawater
contaminants, more particularly the Group IA and/or Group ITA metal
contaminants. Generally, it is preferred that catalyst life be reduced by an amount
of not greater than 20% relative to that of a feedstock having a substantially
neutral conductivity. Preferably, catalyst life is reduced by an amount of not
greater than 15%, more preferably not greater than 10% relative to that of a
feedstock having a substantially neutral conductivity.

[0023] In embodiments of the invention in which the feedstock contains

seawater, the seawater should be at concentrations in which the conductivity



seawat er, the seawater should be at concentrations in
whi ch the conductivity WO 2004/ 016574
wEROAOER003/ 018803 8 remmi ns within desirabl e EIg®83/018803
In one enbodi nent, the seawater concentration of the
feedstock is not greater than 250 wppm based on total
wei ght of the feedstock. Preferably, the seawater
concentration is not greater than 200 wppm  nore
preferably not greater than 150 wppm and nost
pr eémaiabbvj&hhodesgalﬂata&lges hlarone efbodimpant, thasmawvaten comdeatration
g t of th feedst ock Mol ecul ar Si eves alv
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orepek “BERIMT, B8 soay A UEHRb o U PEEEE B 200 wppm,

St mksié preferallo iiot grehtenthan 150 evpbhi, aﬁmﬁfosmaﬂeramomtgeeater than
Associ ation according to the rules of the |UPAC
CorHif) 39pah based padetal weigbhelthe faedsteck-A f r amewor k-t ype
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z echaragensints Z2doleruler sigyes hawd b@ulvmil dassified bfyahe Biricthrea
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i SPPUARS EoriiSiin ot Zeofth NbMBnelithRE A fimelBHICRRe describes the
r eﬁ:em&nneuy [tExidR Sy, bbthe It¢tmhbdmgy ee«aﬂnﬂa&ﬁ acfmg ¢omsttuting the
nol ecul ar, sieves._ are the smal | pore  _nol ecul ar, si eves,

AE(framepprk, gpdmaking angpstraciiy of A\mpecaﬁkprm@eswhose

Ot . R Lo E Bt R oSl o1 Gy S1eTA fol B o

t hefre@hite Hab Bedibdtablished! &rc ABdigted| athrec 3¢tRY €6de aeiacare Aé&deribed in
EUO, HEU, FER MEL, MFI, MW MIT, TON, and
sulthgr d4astaf deplife dpampeorkdivpesa Ath editeor), Flsguiepdyandon, England

I .Sy : . FAU bst i d f
t nordr itk Brran Bbiinftrafadn B Ana, Bea o1
CLE@025PON,  Gnan- lirfﬂﬂang %glm thtA&M8REuIE @R ves are the small pore

Non-1limting exanples of referred nol ecul ar
SI M@ulqmarelvefc mFaIrA‘g?TfAPCcAEWeAtTTn@Tah AoWW@eBm €AS, CHA,

sl B0 R TR Otk el PO i HiBN pu. o

HYRocMPBo, MId' sumed-rfb‘%?ﬁgreg%e gt Bpore énolecular

pre erred enbodi ment, the nol ecular’ sieve
i ngemtd, afaElg rE[KEIHEUpEERgMEL, MFI, MTW, MTT, TON, and

substituted forms thereof; and the large pore molecular sieves, EMT, FAU, and
substituted forms thereof. Other molecular sieves include ANA, BEA, CFI, CLO,
DON, GIS, LTL, MER, MOR, MWW and SOD. Non-limiting examples of the
preferred molecular sieves, particularly for converting an oxygenate containing
feedstock into olefin(s), include AEI, AEL, AFY, BEA, CHA, EDI, FAU, FER,
GIS, LTA, LTL, MER, MFI, MOR, MTT, MWW, TAM and TON. In one
preferred embodiment, the molecular sieve of the invention has an AEI topology

or a CHA topology, or a combination thereof, most preferably a CHA topology.



or a CHA topol ogy, or a conbination thereof, nost
preferably a CHA topol ogy. WO 2004/ 016574

wEFOAOER003/ 018803 9 [0026] Mol ecul ar si eve NECEBUSBLF018803
all have 3-di nensional framework structure of
corner-sharing TO4 tetrahedra, where T is any
tetrahedrally coordinated cation. These nol ecul ar
sieves are typically described in terns of the size
of the ring that defines a pore, where the size is
ba[§826]on t heMolewbiar sieve Mateatisrall hame 8 fdemensignal Gainework
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cages van um et a 1 on

Scdiggsfahe fingl tHak defines @, pofze dhiafk tho pipt & iRlsyd biethesmehbanst T
Expanded Edition, Volunme 137, pages 1-67, Elsevier
s&t@me & thgrgg, fwmﬁrkﬂmfélmaamgﬂqszo@we the @uzrrgement

small ., .medi um and. | | ecul ar .si eves
{ FO R et fTRE s PR RN B BRL S B P o ENeBIRE R
| NspacdlbRiviiehqRe &1528 d8EBRn BdkREm, é'teeml Atk sdubBdrEfoUtedlite Science
si eves have 8-, 10- or 12- ring structures or |arger

anehdaliracticee Sagmd legelyélemed ) Em@dechdzftmonV elomet137,

ohe8u 47 EiseOetSemeee Vb eRer B N BT

si [gbf’ﬁal um npRhesah %eﬁuﬂﬁ’hﬂ?& o§é ﬁl\é?e%uﬁf"gl@vc% habé B8 a 4-
an a e

average poré size SS t an about b5A,
préigetoabl ¢ring ot greateafrgaewbdrkitypen [/ profeaded ambsm,mem) ithee
pr ef er abl Y from3Ato about 4. 5A, and nost prefer abI y
f raspiitic malecylag pigyies have K-, 10; pobkringrtraeiyresior frgeread an

pae[vte} glpgfe Zﬁ%ﬁ?‘:lé xtahg gpﬁjofx bﬁtt'}"z&:t ]%ISOR P h%(iﬁlé)s?f)referred

Si eve preferab ecul ar framework

prehissdaabnt, ﬂl‘émdlécdmrs&:veﬁl@ﬁtﬂe im@h@er, peeféricy]
tetrahedrai uni ts, nore preferabl g two or nore
ha

[ ai@QD]alummmmPhaémw&ﬁcu lapeigyesthayve Bheagseand gniaveragapere size

Ot RESARLESAY pie Rl in btk B0 2R Rt SAORBE o
W%@féwbw fréﬂneﬂe&) Aokt MBRAANCRABrEeRB1ySirdth BWA to about 4.2A.

al um num and phosphorous based nol ecul ar sieves have
bel@f28lescr i Peglecnlag st:astSI pa,rhadmﬂnez@dmc pud z¢adiicitppesmolecular

i ncl udin R exa Pat ent. No. 4, 567,029

(EsSt RIFEr S & RJCLHft i of b prifpablvsgoapnore

NOcorfor Atk L3, PREDhedrHUMAR SAGre pREfERbI bAbteRi0

e ?(QELA%%O o8 ke D18 AS}ARpBée aoteBiod,

GHA1Gg,anBlr [RO,] téttphedda] unlits, and mingt,prefetably [Béd4ntAIOK].and

4,554, 143 (FeAPQ), U.S. Patents. No. 4, 822,478,
4 |B83] tsrahedral units.” These silicon, aluminum, and phosphorous based
molecular sieves and metal containing silicon, aluminum and phosphorous based
molecular sieves have been described in detail in numerous publications including
for example, U.S. Patent No. 4,567,029 (MeAPO where Me is Mg, Mn, Zn, or
Co), U.S. Patent No. 4,440,871 (SAPO), European Patent Application EP-A-0 159
624 (ELAPSO where El is As, Be, B, Cr, Co, Ga, Ge, Fe, Li, Mg, Mn, Ti 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,

EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO, where EL is Co, Fe, Mg,



4,744,885 (FeAPSO, EP-A-0 158 975 and U. S. Patent No.

4,935,216 (ZnAPSO, EP-A-0 161 489 (CoAPSO, EP-A-0
wdaa®401674{ ELAPO, where EL is Co, Fe, My, WO 200d1/0308574¢18803

PCT/ US2003/ 018803 10 Mh, Ti or Zn), U S. Patent No.

4,310, 440 (A1PO4), EP-A-0 158 350 (SENAPSO, U.S.

Patent No. 4,973,460 (Li APSO, U.S. Patent No.

4,789,535 (Li APO), U S. Pat et No. 4,992, 250

(GeAPSO), U.S. Patent No. 4,888,167 (GAPO), U.S.

PavienTi ¢4dZn) 506 Pa9EN ¢ BRPEC}40 (A1BO,)PEPex0 188.350 (SENAPSO),
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4, Bfteht 23 5053 APSB APBIOSR. U BaPsteiit NNa .4, 7B8%BBY, (QB&PSO) U.S.

(AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and
4, Prsentggs. dniiRrsa0) and 48], 1 ¢eiGEAPOING S PgteBWS\IQMi Taha19,

(Begg’s‘%fgl SR RIS W B o Sab e No g 54143

PaFeAPS)NOS. P4edOlo. 30804214, (@@AP@@? @sdpéte&&% 9126)1 3,888
(Ti APSO), U.S. Patents Nos. 4,500,651, 4,551,236 and

4,(@6BPHY2U STPARDS Nas, $686:892 846856 aad 37103563, (MNAPSO),

(AR bR 5551 b 4o ke o/ Bob et i g 53

Mg@% S@l TUlsQPRikhe N&4 9] $70aB WPD), AL PQ{eﬁts'}Qﬁs 4,801,309,
577053 X686, 093, 4,781, 814, "4, 793,

4, B6RA, G and 4, ERBS 0TI ABSO), 1].8 Taterds N62 43ﬁm 654 . 9561.286and
4,956, 165, 4 973,785 5 241 093, 5, 493,
5. %96, BBLTIAPO). 3¢ Suhitemss Noet Ref.aph 4 ?%9739 (pﬁéé’ﬁﬁﬁflétsed

b
DA SLEA98s AR IGAAPROTERL R0 DOV OASSARYE G50 1
Nofedriewstk BeidehmitQOYPyasoelkas SWPat¥ats Nds1998),029/14i,686,093,

is herein fuII i ncorporated by reference. goozgl The
ot 88 lp$ ek éﬂ%é? 4i4 $%§64 A18éi3nlﬂirﬂ A8 s 498838t Bifs164,

oo b o5 785 S 201, B 90, 0BF Bad i 675 05 ial of jeh ave herein
NXLRE WRBFpoFAtEY B réf&@hééd @ﬁéﬁﬂbl@&ﬂ&%@l&%& deBér%d in R.

nol ecul ar sieves and silicoal um nophosphat e ( SAPO)
mﬂzeetak ahlargibevkeof MntécelabStevesuVen NogtrasfdeReibhold, New &lork, New

PO ol ec eves. The nost
pr (P%I(ﬁ géﬁ’r?{’fbﬁ%ﬁﬁqéel’elgi e@c%fpgraf?%ﬁ@ ﬁfﬂ‘%‘l?& ar sieves,
angopptal s uﬁ&%&ﬂétp%te%f’éawdm hﬁlﬁuhaﬁ aﬁa/%}'gﬁcbph&oa@
embodi ment, the metal is an alkali netal oup 1A
ofcontaimn@moile{ad]ac si¢ady, endodlumaireme phespharoua) dadl aptienahyr dilicon,
met al . of Grtlnu 1A of thg
containing molecular sieves include aluminophosphate (ALPO) molecular sieves
and silicoaluminophosphate (SAPO) molecular sieves and substituted, preferably
metal substituted, ALPO and SAPO molecular sieves. The most preferred
molecular sieves are SAPO molecular sieves, and metal substituted SAPO
molecular sieves. In an embodiment, the metal is an alkali metal of Group IA of
the Periodic Table of Elements, an alkaline earth metal of Group IIA of the
Periodic Table of Elements, a rare earth metal of Group IIIB, including the
Lanthanides: lanthanum, cerium, praseodymium, neodymium, samarium,

europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium,



Periodic Table of Elenments, a rare earth netal of
Goup I11B, including the Lanthanides: |anthanum

W@ e0ongs7pr aseodym um neodym um samari um  eRPCDP52003/018803
gadol i nium terbium dysprosium holmum erbium
thulium WO 2004/016574 PCT/ US2003/018803 11
ytterbiumand lutetium and scandiumor yttrium of the
Periodic Table of Elenments, Adltransition netal of
Goups I1VB, VB, VIB, VIIB, VIIIB, and IB of the
Pe rytterbiim aad lueetvin; Ene nemidmm or yttiiwh wf ¢& RefiodicyTable of
these netal species. referred enbodi nent,

metEagmenss, dolraisition m@telrﬁftchr@uafi X ¥Bn¥IB:i VI8, \Slrllfwnd@ ‘of the
i g’teg rg‘é‘%%t% lgsgggé}@?nﬁg\ﬂér g{\%mre??)’fag* of &Q%s: %%lzsg)ec@g] dIn one

t hesdferi®t @hbalimem, dlleslwaseﬁbla&tayﬁomrtﬁe bidgp ebmbtinlgtdf Co, Cr,
the framework of a nol ecul ar sieve through

t etGualiedvalGauMg My MhSasTif Keend Zr,and mlétarqsyh%ecvfetln another

h dy th I t t f th
S B RO et BePaBRS Gt S afiveiatt inSehlinta b
et RS bi 4 MeRkuliASied eﬁ%lgmcaﬁeﬁmaﬁal @hit sach asfBMedd; and

+5, or +6, the net charge o e tetrahedral unit is
betcamgn nchhargft deendifd)OB0 vialenonsgaterlf teti metal substiteent. For
nnlecular si eve

o CSADBIS o6 GBS RIsBY v hendhe Eisies SuH ngyAs Aralence state of +2,
eangr Lr@ a*lS E’%L%;h@nm %1?9 O]t.g ARNYAHRHS BRBIsSsetween -2 and +2.

represents at east one

t er[ﬁﬂﬂl]l ng a@eohe erpb@iimenththe moleailgasivve, astmitﬁ:tlilfﬂgqany of
agent mis the nunber of noles of R per nole of
Mk U157 P esents seenfiongebaboxe.ia rapseseptghby theoemplrlﬁérléﬁ@mdwy an

t nost preferably fromO to 0.3; x, v,
z)odrrg%sr%ggnt the nole fraction of Al, P and M as

tet rahedral oxi des, V\,her @ﬂ}w A]p ortal selected from
one of Goup IA IIA 1118 B, VB, VIB, VIIB,
VI |wlBrea1m & repascmgsrat d@s@or@ftemnbltme agfmﬂ,u preferblycargrganic

or SR e Reef: 7, B b o I A ped RoTe? gL RS, and m
N' thas §Qalug Tronﬂ)"toaln ‘i&re@"érablg/r[) ?0.5, '599 %dﬁ‘ﬁt‘éferiﬁly o € ?H &5; x,

than or equal to 0 z are greater than
or yeandaz represéntGlie mble fmubm ef Aerﬂmmll Mexstictratredrsl onidest where M

o 352 mpial seipci S Rem oz gE Gandhr 6 45 1B B 8@ I, vis,

' paﬁr%hg di@'l%‘ﬁth%h?@%%ﬂh@ P’e?ﬁ gfrén lgabgelof‘"@léﬁ S SQ‘E&BEB’M%' S

O 4tlefred frandone i tengrouBt@Bisting 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.
[0031] 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-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.



[0031] Non-limting exanples of SAPO and ALPO

nmol ecul ar sieves of the invention include one or a
we@eobionatrd on of SAPO-5, SAPO 8, SAPO 11, SAPCQPABS2003/018803

SAPO- 17, SAPO 18, SAPO- 20, SAPO-3 1, SAPO 34, SAPO 35,

SAPO- 36, SAPO 37, SAPO- 40, SAPO 41, SAPO 42, SAPCO 44

(U.S. Patent No. WO 2004/ 016574 PCT/ US2003/018803 12

6,162, 415), SAPO 47, SAPO 56, 1AL PO 5, ALPO- 11,

ALPO- 18, ALPO- 31, ALPO 34, ALPO 36, ALPO 37, ALPO 46,

and,162885), SAPO4 ) ISAPOB6ALPOLS, ALR(BS 1, ADROE®, ALP(R31,

nore preferred zeolite-type nol ecul ar sieves include

onALEO-3, AdRR3hatLBR-Th AdAERA6. and neptgloniginingymolesglar sieves
SARO- 44, PO- 56, - ALP ] :
o7 it T ke el RE oty RO HITE ey AR IRE g

ALEEBiftati@itofNATD 18, SARO-NESAIPCE95ISA D39, SRPEC3H, ALPO-18
sieves thereof, and nost preferably one or a
coatyd ARPOeH, everSnpE Baferably dnerdarembinaiomef §APO-18, SAPO-

copt aj ni nol r.Sieves thereaof. 100321 In

e T S AL 8 e DBl oI RBGF i g, fereot, and
Maf Rk Eferd%‘l’}y bR MNSYindRh®f $AP0-58 inPARPES1 Ofand metal
crystalline structures wthin one nolecular sieve

c ooquahinganoledularp@ves theteaf., | nt er growt h nol ecul ar
sieves are described.in the U S,  Patent Application

Sel02¢] No. OBy W‘M%mf?tk g mQlgfIar sieve samintesgropympjgrial
ok ATHE P 5, B S

SARESvdémpisition] 8n particiebMAt8roh@vit nidleMHr sieves are described in the
framewor k-type, and SAPO 34 has a CHA franmework-type.
| nUahdlateat Appligstian freriel Nae.08/926104 6 diled Augusy & 2 enH £ WO

at one Jd nterar se of AEl nd. .

fr S SPste ARURLTR BO R iimLare P ity dnspgmorgted by
gr RFérBhiced PR BkanRle, SAFOF182AEPOL 18 AndIRU N 1 §\khve an AEI
framewor k-type, and nore preferably the ratio of CHA

t ofraBewpEk-ype,cind SAREA4 hasla CHA framvbwerketype. i ampther

Synt hesi s 0331 The synthesis of nol ecul ar sieves i

do PRI, A fatlgofr S8 OB rocH LGS e deifLaYt RhvseT AL
Gepgd @HWfraxﬂakf@rﬁl{%ﬁ’ers Bref¥ 5ty MeSmS¥ANNESEeHs Q¥retaré? amount of
hydrot hermal crystaliization of one or nore of a
so0Hrefradhewbkntypeitoy ARl Bamewerketfype, phd aphho petfisablg tisoatic ef

of silicon,. a tenplating agent, and a netal containing

CQ%W&Engf@équt%n klconbi nation of sources of
ST ONM T $IBY EShthesis

[0033] The synthesis of molecular sieves is described in many of the

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

then recovered by filtration, centrifugation and/or decanting.



phosphorous, optionally with one or nore tenplating
agents and/or one or nore netal containing conpounds
wae®4placed in a seal ed pressure vessel, opti opel/iig2003/018803
lined with an inert plastic such as
pol yt etrafl uoroet hyl ene, and heated, under a
crystallization pressure and tenperature, until a
crystalline material is formdd, and then recovered by
filtration, centrifugation and/or decanting. WO
20[0084)]16574 RGprefsped 8imbadid@dt, tHSmpBOGM] sitvesare synthesized by

d enbodi th | |
ﬁmééeazregctwgl PP BT SR, Braatice! A ugpA sece
O@hﬁ% ousaar? ?glg ﬁ%pl?ﬂ%%ﬂ%é&g%gfyacﬁtrog% conBaImm%

nl érg@Ee lﬂen@plmﬂixag apeny THis paticylatle ﬁmféﬁddl’lsgnlﬂ@ﬁﬁént rdsultSin the
particularly preferred enbodi nent results in the

sysynhesis of éﬁlll&O@,lnmmpapmhﬁme%méte@ﬂy@ms thendsolated by
ﬁ]? .al thagﬁgzl the&0 ‘ic a?ed by filtration,
ﬁal?%gcg{)‘ﬁr R8ABY CHEETEAN rf%ﬁg [0035] Non-limting
_Emé Ies of NbhligfHing OGRS df@qicuﬂ@o@césl llnuﬁa& & Silichted Femed

ica, for exanple, Aerosil-200 available from
Deglics a)rlemampleNAWOYdeQQ aNglablevipotk D@nelsad:ms Re@| YorkiNgw

7 ootk AE R AB-USHE Mek SR FERBEI st (TRt fhowictes
t Sfok SRtiE AEfrdAShY 1 &ﬂﬁ%h@{?@ms )Gl & a@ﬁiglog{hbbfﬁ@&te ngOS),

aqueous suspensi ons er eo for exanp ox- HS
S O:tolloaiahmlladml @ aljneous udpendonsRhereof] forNsamiples], udox-HS-40 sol
ton, Delaware, silicic acid, alkali-neta

S| 4\1%1@& & from Eérﬂn Rontge Nemoyrs, Wilinisgton, Pilawsre silicicagid,
ilgzﬁ{(:?l?m%gal §f11c5t% O(pr aﬂng %Oﬁlpﬁ‘f&*lb& ﬁ'xe?e%k‘ TLQ 8 @rred slourge of silicon

um num'sourtes In

al i@msnwa}sopont al ning conpositions such as al um num

al koxi des, for exanple alum num isopropoxide,

aI 19936lum pholggh-&nétm&ﬁmnlﬁﬁmfﬁymmmcﬁ@uros@mcw aluminum-

nat e, m,te nd_al um num

B ERE smBESHSR AT i B SR S BB Aoy,

sol%ﬁsp&&délaumuﬂuxmphss;ﬂﬁ%ugmnﬂmﬂ Ky 8@ xidRaddinih |aH1'thYate
when producing a silicoal um nophosphat e nol ecul ar

si peeado-padBnije, Kibhsike mdtalmglngxmnphlesdczforphmsghbmews thereof.

sour ces, i ch also. inclu al ym num cont
oS SHH e oG GO PRHED DRETBIG CaHH O hen producing
COPLifL SHRino Kk%bﬂé’c@'r&lébhla?%&%” c, conpositions such as
phosphoric a organi c phosphates such as triethyl
ph@éphiat e, aNon-timishgéxtampdesart paogphptoms Sources, which may also
include aluminum-containing phosphorous compositions, include phosphorous-
containing, inorganic or organic, compositions such as phosphoric acid, organic
phosphates such as triethyl phosphate, and crystalline or amorphous
aluminophosphates such as ALPO,, phosphorous salts, or combinations thereof.
The preferred source of phosphorous is phosphoric acid, particularly when
producing a silicoaluminophosphate.
[0038] Templating agents are generally compounds that contain elements

of Group VB of the Periodic Table of Elements, particularly nitrogen, phosphorus,

arsenic and antimony, more preferably nitrogen or phosphorous, and most



al um nophosphat es such as ALPO4, phosphorous salts, or

conbi nations thereof. The preferred source of
w@bmgphsrous i s phosphoric acid, particul arly »EOS2003/018803

produci ng a silicoal um nophosphate. [0038] Tenpl ati ng

agents are generally conpounds that contain el enents

of Group VB of the Periodic l bl e of El enents,

particularly nitrogen, phosphorus, arsenic and

anti nony, nore preferably nitrogen or phosphorous, and
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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.

[0041] The preferred templating agent or template is a
tetracthylammonium compound, such as tetracthyl ammonium hydroxide
(TEAOH), tetraethyl ammonium phosphate, tetraethyl ammonium fluoride,
tetraethyl ammonium bromide, tetraethyl ammonium chloride and tetraethyl

ammonium acetate. The most preferred templating agent is tetraethyl ammonium
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the synthesis of a molecular sieve, it is preferred that the templating agent is
substantially, preferably completely, removed after crystallization by numerous
well known techniques, for example, heat treatments such as calcination.
Calcination involves contacting the molecular sieve containing the templating
agent with a gas, preferably containing oxygen, at any desired concentration at an
elevated temperature sufficient to either partially or completely decompose and
oxidize the templating agent.

[0044] Molecular sieves have either a high silicon (Si) to aluminum (Al)
ratio or a low silicon to aluminum ratio, however, a low Si/Al ratio is preferred for

SAPO synthesis. In one embodiment, the molecular sieve has a Si/Al ratio less



wel | known techni ques, for exanple, heat treatnents
such as calcination. Calcination involves contacting
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li Mﬁm@iuhtﬁc}bd)ﬂhgldtrage T2 inorganic oxide sol acts like glue binding the

synthesized molecular sieves and other materials such as the matrix together,
particularly after thermal treatment. Upon heating, the inorganic oxide sol,
preferably having a low viscosity, is converted into an inorganic oxide matrix
component. For example, an alumina sol will convert to an aluminum oxide
matrix following heat treatment.

[0047] Aluminum chlorhydrate, a hydroxylated aluminum based sol
containing a chloride counter ion, has the general formula of

Al,O,(OH),Cl »x(H,0) whereinm is 1 to 20, nis 1 to 8, 0 is 5t0 40, pis 2 to 15,
and x is 0 to 30. In one embodiment, the binder is Al,;O0,(OH),,Cl,*12(H,0) as is



synt hesi zed nol ecul ar sieves and other materials such
as the matrix together, particularly after thernal
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[0050] Non-limiting examples of matrix materials include one or more of:
rare earth metals, non-active, metal oxides including titania, zirconia, magnesia,
thoria, beryllia, quartz, silica or sols, and mixtures thereof, for example silica-
magnesia, silica-zirconia, silica-titania, silica-alumina and silica-alumina-thoria.
In an embodiment, matrix materials are natural clays such as those from the
families of montmorillonite and kaolin. These natural clays include sabbentonites
and those kaolins known as, for example, Dixie, McNamee, Georgia and Florida

clays. Non-limiting examples of other matrix materials include: haloysite,



strength and attrition resistance, and to control the

rate of conversion in a particular process. [0050]
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material, are in the _ ' '
liquid, preferably water is used. The molecular sieve, matrix material, and the

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.

[0054] In one embodiment, the slurry of the molecular sieve, the binder
and the matrix materials is mixed or milled to achieve a sufficiently uniform slurry
of sub-particles of the molecular sieve catalyst composition that is then fed to a

forming unit that produces the molecular sieve catalyst composition. In a



same or different liquid, and are conbined in any
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[0057] In yet another embodiment, the slurry described above is directed
to the perimeter of a spinning wheel that distributes the slurry into small droplets,
the size of which is controlled by many factors including slurry viscosity, surface
tension, flow rate, pressure, and temperature of the slurry, the shape and
dimension of the nozzle(s), or the spinning rate of the wheel. These droplets are
then dried in a co-current or counter-current flow of air passing through a spray
drier to form a substantially dried or dried molecular sieve catalyst composition,
more specifically a molecular sieve catalyst composition in powder form.

[0058] Generally, the size of the powder is controlled to some extent by

the solids content of the slurry. However, control of the size of the catalyst
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cal gisR@rh®i3tion product lean in oxygen), or any combination thereof. In one
embodiment, calcination of the formulated molecular sieve catalyst composition is
carried out in any number of well known devices including rotary calciners, fluid
bed calciners, batch ovens, and the like. Calcination time is typically dependent
on the degree of hardening of the molecular sieve catalyst composition and the
temperature ranges from about 15 minutes to about 20 hours, preferably 1 hour to

about 2 hours. In a preferred embodiment, the molecular sieve catalyst

composition is heated in nitrogen at a temperature of from about 600°C to about

700°C. Heating is carried out for a period of time typically from 30 minutes to 15



tenperatures are in the range from about 400C to about

1,000C, preferably from about 500C to about 800C, and
wonai/opisef er abl y from about 550C to about 7008 T/US2003/018803

preferably in a calcination environnment such as air,

nitrogen, helium flue gas (conbustion product |ean

i n oxygen), or any conbination thereof. In one

enbodi nent, cal cinati on of the2¥ornul ated nol ecul ar

sieve catal yst conposition is carried out in any
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t he AR} iniwdight pereent fes hart(mitt "éthr) ozﬁRIars ra}utdselntedda'l the formula:

hour T{I u@/gﬁ }/Berm?ltaigﬁed by 100%, wherein B is weight of catalyst
composition left in the cup after the attrition test, C is the weight of collected fine
catalyst particles after the first hour of attrition treatment, and D is the duration of
treatment in hours after the first hour attrition treatment.
[0063] In one embodiment, the molecular sieve catalyst composition or
formulated molecular sieve catalyst composition has an ARI less than 15 weight

percent per hour, preferably less than 10 weight percent per hour, more preferably

less than 5 weight percent per hour, and even more preferably less than 2 weight



gas flow and noisture levels. The fines collected in
the thinble are recovered. The collection of fine

W@ ad0aloysst4 parti cl es separated by the thinbl e ab¢PUSI002018803
first hour are weighed. The anmount in granms of fine
particles divided by the original anmount of catalyst
charged to the attrition cup expressed on per hour
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co n@&mpﬂe lqnhodxelxms |th stin@ecteight chairLsaifiins; absa'puam [ oétfgr

of processes i ncl udi ng: cracking, of for exang
napFHaRPls Ak arematiG eEPayngs {05 (ssaara(twggut isqmer thagsot, alkylation,

6, 3

hyd(?égfmsé%a)nﬁgé @hﬁ@g@ﬁ%ﬁ%ﬁg@? onser(e‘rl\wétl%lralk rlgg ene
of $mionekypwith@rdisdeny to pﬁidwé Qihenad6Y With ﬁmgldh@m oleﬁns
feedstock; isonerization, of for exanple aromatics

s OB soeoRlont aramt a8 bropat
ot BN e b o R B oo D et Bt bebiga of fgr example

of foflfene BRY}AARY BenBytl £1A3): ?fcn& Q>1rgeméﬁ§atﬁ;tnr 8f b bx4RBlk Btraight
par af fi ns; absorpti on, exanpl e al Ryl aromatic

co nqmiLhi_ds:hﬁd) chae pkﬁa(s) ,rvgld@lghydrsmtbmilomh er eof ;

al k%ﬂgg]l on. Preferred processes are conversion processes including: naphtha to

highly aromatic mixtures; light olefin(s) to gasoline, distillates and lubricants;
oxygenates to olefin(s); light paraffins to olefins and/or aromatics; and unsaturated
hydrocarbons (ethylene and/or acetylene) to aldehydes for conversion into
alcohols, acids and esters. The most preferred process of the invention is a
process directed to the conversion of a feedstock comprising one or more

oxygenates to one or more olefin(s).



of for exanple aromatic hydrocarbons such as benzene

and al kyl benzene, optionally with propylene to
w@eadoos7cumene or with |ong chain ol efins; PCT/US2003/018803

transal kyl ati on, of for exanple a conbination of

aromati ¢ and pol yal kyl aromatic hydrocarbons;

deal kyl ati on; hydrodecylization; disproportionation,

of for exanple toluene to makd benzene and

par axyl ene; oligomerization, of for exanple straight

andobseinched Thwhbleohlf didVeSchtal i dorelpbitibmésdribeaab®r. are

[00651 Preferred processes are conversion processes
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particularly useful in conversion processes of
di feaehaatomdedst ock. Typi cal I y, the feedstock

OIS, O Rl IR o8 00 L O BN pctuce:

ex PRI udl BY fiethand @he eﬁﬁn@lnﬁilk CakRaytihé SucAGh fethyl
et hers, halides, nmercaptans, sulfides, and the |iKke,
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conpounds i ncl ude: al cohols such as nethanol and
et I5RMF acidy Kyl - mer capt ans such as nethyl  mercapt an
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I alk am nes suc as net 9
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acetig aci
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,
and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in
the process of the invention include lower straight and branched chain aliphatic
alcohols and their unsaturated counterparts.

[0069] Non-limiting examples of oxygenates include methanol, ethanol, n-
propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethy! ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,
and mixtures thereof. In the most preferred embodiment, the feedstock is selected

from one or more of methanol, ethanol, dimethyl ether, diethyl ether or a



[0068] In a preferred enbodi ment of the process of the
i nvention, the feedstock contains one or nore
wozpgensies, nore specifically, one or nore OPQUBOSI03/018803
conmpound(s) containing at |east one oxygen atom In
the nost preferred enbodiment of the process of
i nvention, the oxygenate in the feedstock is one or
more al cohol (s), preferably a4 phatic al cohol (s) where
the aliphatic noiety of the alcohol(s) has from1 to
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nORRARAF3) oSBT BRRT ol

enfggiepent , The afee@adStR6dessdd meécﬁtbabhyerafee@srﬂ@ck into olefin(s)
including various cracking processes such as steam cracking, thermal regenerative
cracking, fluidized bed cracking, fluid catalytic cracking, deep catalytic cracking,
and visbreaking. 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
thereof into one or more olefin(s), preferably and predominantly, ethylene and/or

propylene, often referred to as light olefin(s).



or nore oxygenates, is converted in the presence of a
nol ecul ar sieve catal yst conposition of the invention
w0 ndoa/oodsef i n(s) having 2 to 6 carbons atons, ppef/esmbd/g18803
2 to 4 carbon atons. Mst preferably, the olefin(s),
al one or conbination, are converted froma feedstock
contai ni ng an oxygenate, preferably an al cohol, nost
preferably nethanol, to the p&ferred ol efin(s)
et hyl ene and/ or propylene. [0072] The are nany
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alternatively, methanol-to-olefins
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bageshapn t he 1§ ghctherWRit@Rim&H: oPHATREREPRR cBRRSHELEF btk or
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70 wei ght rcent, and nos r ef er abl reater than 75

we PEreTts Lo eital rgR s BieG PR BHACuEl PIPHGCsgr B gt than
f OR0GREMR HeicRRY, ﬁfoﬁé’ﬁ%feﬁ’ébl?g{)egtepméﬂl‘é@%&%-gga/@rceﬁ{,‘ @n@Mmost

nore olefin(s), the anmoun et hyl ene or
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hydr ocar bon product_ produced is greater than 65 wei ();ht
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or g0 t han 138 favakablk, iRBhe &RbodimBAL, BBRLIND Bﬁé 67 @BleMdiluent(s),

greater than 40 wei ght percent. In yet another
emtypdéatiynisedfo redhace the concentration of the feedstock, and are generally non-

reactive to the feedstock or molecular sieve catalyst composition. Non-limiting
examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon
dioxide, water, essentially non-reactive paraffins (especially alkanes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water
being particularly preferred.

[0076] The diluent, water, is used either in a liquid or a vapor form, or a

combination thereof. The diluent is either added directly to a feedstock entering



process for conversion of one or nore oxygenates to

one or nore olefin(s), the anount of propyl ene
w@eadoosds i n wei ght percent based on the total peEUSN3/018803

of hydrocarbon product produced is greater than 20

wei ght percent, preferably greater than 25 wei ght

percent, nore preferably greater than 30 wei ght

percent, and nost preferably2greater than 35 weight

percent. [0075] The feedstock, in one enbodi nent,
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I €364 Q6rs, 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.
Krieger Publishing Company, New York, New York 1977, which are all herein
fully incorporated by reference. The preferred reactor type are riser reactors
generally described in Riser Reactor, Fluidization and Fluid-Particle Systems,
pages 48 to 59, F.A. Zenz and D.F. Othmer, Reinhold Publishing Corporation,
New York, 1960, and U.S. Patent No. 6,166,282 (fast-fluidized bed reactor), and
U.S. Patent Application Serial No. 09/564,613 filed May 4, 2000 (multiple riser

reactor), which are all herein fully incorporated by reference.



where the process is a fixed bed process, a fluidized

bed process (includes a turbulent bed process),
w@e@ieiad y a continuous fluidized bed processpCEIS2003/018803

nost preferably a continuous high velocity fluidized

bed process. [0079] The reaction processes can take

place in a variety of catalytic reactors such as

hybrid reactors that have a déhse bed or fixed bed

reaction zones and/or fast fluidized bed reaction
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reactors, riser reactors, and the |ike. Suitable
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enbodi ment, a fluidized bed process or hlgh vel ocity
f I Qatdlyzte@nhmsnmm@c G@Sﬁdl w:dwdélsreaf rsecotagted syitht @hquid or gas, or

t t 811 Th
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more riser reactor(s) and a second reaction zone
wi {0082] at | edistn embodimesn geginnyint effedh, liquidefedrsefrytely or
conpri sing one o cycl ones. In qne enbodi hent
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[0083] The feedstock entering the reactor system is preferably converted,

partially or fully, in the first reactor zone into a gaseous effluent that enters the
disengaging vessel along with a coked molecular sieve catalyst composition. In
the preferred embodiment, cyclone(s) within the disengaging vessel are designed
to separate the molecular sieve catalyst composition, preferably a coked molecular
sieve catalyst composition, from the gaseous effluent containing one or more
olefin(s) within the disengaging zone. Cyclones are preferred, however, gravity

effects within the disengaging vessel will also separate the catalyst compositions



the liquid is water or nethanol, and the gas is an
i nert gas such as nitrogen. [00821 In an enbodi nent,

wo b@4sansont of fresh liquid fed separately or PEDUSL0Y018803
with a vapor feedstock, to a reactor systemis in the
range of fromO0.1 weight percent to about 85 wei ght
percent, preferably fromabout 1 weight percent to
about 75 wei ght percent, nore2$referably from about 5
wei ght percent to about 65 weight percent based on
t h@rohPihalgaswelgbiflueiit. trer maHsd Ok sépasdtingitiOcatdlyst compositions
di luent contained therein. The |liquid and vapor
f e &ugst e lgaseapeeffluentanelbils the wee gbplates.capp sHiomspand the like.
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t he Seo effluent inpclude the use,.of .pl ates, caps,
o1 BERRRES Jilecptas SV Gatab B EROS o E b ek v« he
di sengadiRdrony 3560 totdgsumﬁ)leegﬁgfe%ly BYR Ui 5‘E§U°@dzﬁ§56"c,

di sengagi ng vessel, typically a |owetr portion of t

di seerghgcokgd modasidr sieve zatalysi gmpogitivane. 1 n t he
stripping zope the coked nol ecul ar_ si eye cat al yst

collf¥3l t i on 18e cAREEILEMEETALIE CHRIOY R ibthe CaBYS)SIBH BrOGESS,

a S@é&ﬁid&ﬁ% Wﬁ&gﬁhe %agﬁﬂnsgstgfﬁf ilg‘fi'ﬁ]ﬁle. 14 eb&rfroqlil Ql))(d $00°C to about
carbon nohoxi de, hydrogen, of an inett gas such as

ar goon°Qp peefeabiblfyonsalemeP50°C toebowe800adsabkgdeferably from about
hydr ocarbons fromthe coked nol ecul ar sieve catal yst

coRpd$: oiabaut 198G, yetmers nreferablyliser abeut398°C to about 650°C, yet
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di §86183901WoUBEEI500d the gas is passed at a gas
hourly superficial velocity (GHSV) of from1 hr"' to

ab{86P0, 000The tonvisessesuipressurchemployashin tied cayarsrsiom pro¢essye
specifically within the reactor system, varies over a wide range including
autogenous pressure. The conversion pressure is based on the partial pressure of
the feedstock exclusive of any diluent therein. Typically the conversion pressure
employed in the process is in the range of from about 0.1 kPaa to about 5 MPaa,
preferably from about 5 kPaa to about 1 MPaa , and most preferably from about
20 kPaa to about 500 kPaa.
[0087] The weight hourly space velocity (WHSV), particularly in a

process for converting a feedstock containing one or more oxygenates in the



of coked nol ecul ar sieve catal yst conposition,

preferably at an elevated tenperature from 250C to
w@baun16830C, preferably from about 350C to 6508 T/US2083/018803

the coked nol ecul ar sieve catal yst conposition. [0085]

The conversion tenperature enployed in the conversion

process, specifically within the reactor system is

in the range of from about 200Z to about 1000C,

preferably from about 250C to about 800C, nore

pr efaemiel of afisletaRidve cabl %@t Ecmpdeition Within @ reat8ibn PO is
preferably from about 300C to about 650C, yet even
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sufficient to Kkeep the Catalyst conposition in a

f | wadtar.e@he SGVeinvth¢ hiocess, paaatiaty witbindB¢ rehytor sydtdny, more

the WHSV ranges from about 1 hr_ -' to about 5000 hr '
pr @pdicalarly V\ﬂ?%mhgws{ regCtr(s), st Jgsift- I 356Rs PeF secondyfgp/gec),

o AL AP0 B ot p S el B, 80 mor
| N predereblproedaterithah PG| yeeBYen hbe Mﬁébl}sgr@ateﬁmaﬁ 3tniYsde,
20 hr"', preferably the WHSV for conversion of
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incorporated by reference.

[0090] In one preferred embodiment of the process for converting an
oxygenate to olefin(s) using a silicoaluminophosphate molecular sieve catalyst
composition, the process is operated at a WHSV of at least 20 hr' and a
Temperature Corrected Normalized Methane Selectivity (TCNMS) of less than
0.016, preferably less than or equal to 0.01. See for example U.S. Patent No.
5,952,538, which is herein fully incorporated by reference. In another
embodiment of the processes for converting an oxygenate such as methanol to one
or more olefin(s) using a molecular sieve catalyst composition, the WHSV is from

0.01 hr' to about 100 hr’, at a temperature of from about 350°C to 550°C, and



[0089] The superficial gas velocity (SGV) of the

feedstock including diluent and reaction products
wowdoniomsthe reactor systemis preferably suffieCEO82005018803

fluidize the nol ecul ar sieve catal yst conposition

within a reaction zone in the reactor. The SGV in the

process, particularly within tohe reactor system nore

particularly within the riser reactor(s), is at |east

0.1 meter per second (nfsec), preferably greater than
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regeneration system” The regeneration system conprises
a aregpanetaitoleai@rseeve catalyst composition.

[0092] The regeneration temperature is in the range of from about 200°C
to about 1500°C, preferably from about 300°C to about 1000°C, more preferably
from about 450°C to about 750°C, and most preferably from about 550°C to
700°C. The regeneration pressure is in the range of from about 15 psia (103
kPaa) to about 500 psia (3448 kPaa), preferably from about 20 psia (138 kPaa) to
about 250 psia (1724 kPaa), more preferably from about 25 psia (172kPaa) to
about 150 psia (1034 kPaa), and most preferably from about 30 psia (207 kPaa) to
about 60 psia (414 kPaa). The preferred residence time of the molecular sieve

catalyst composition in the regenerator is in the range of from about one minute to



the coked catal yst conposition is contacted with a

regeneration nedium preferably a gas containing
wozogems7ander general regeneration conditi onspOf/US2003/018803

tenperature, pressure and residence tinme. Non-limting

exanpl es of the regeneration nmediuminclude one or

nore of oxygen, 03, SO3, N20, NO N2, N205, air, air

diluted with nitrogen or car bbn di oxi de, oxygen and

water (U.S. Patent No. 6,245, 703), carbon nonoxi de
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6, 245,703, which is herein fully
regenerated molecular sieve catalyst composition through a catalyst cooler that
forms a cooled regenerated molecular sieve catalyst composition. The catalyst
cooler, in an embodiment, is a heat exchanger that is located either internal or
external to the regeneration system. In one embodiment, the cooler regenerated
molecular sieve catalyst composition is returned to the regenerator in a continuous
cycle, alternatively, (see U.S. Patent Application Serial No. 09/587,766 filed June
6, 2000) a portion of the cooled regenerated molecular sieve catalyst composition

is returned to the regenerator vessel in a continuous cycle, and another portion of

the cooled molecular sieve regenerated molecular sieve catalyst composition is



i ncorporated by reference. In yet another enbodi nent,
a portion of the coked nolecular sieve catalyst
W@ ooposistéi on fromthe regenerator is returned BPET/E81003018803
to the one or nore riser reactor(s), or indirectly,
by pre-contacting with the feedstock, or contacting
with fresh nol ecul ar sieve cgéalyst conposition, or
contacting wwth a regenerat nol ecul ar si eve
catal yst conposition or a cool ed regenerat ed
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s?&’_tngfﬁmﬁreaﬂ% ibed in U S Patent Application
STM%‘ No. @?// c%ﬁéoﬂ'lﬁg td AGH of R rre@:'hgraileg 'molecular sieve catalyst

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

which is herein incorporated by reference. Coke levels on the molecular sieve



2001, which is herein fully incorporated by reference.
O her nethods for operating a regeneration system are

w0 noodiosesiosed U. S. Patent No. 6,290,916 ( contprol/Us1093/018803
noi sture), which is herein fully incorporated by
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MEIght percent to about 2 wei ght
comprise one or more or a combination of a various separation, fractionation
and/or distillation towers, columns, splitters, or trains, reaction systems such as
ethylbenzene manufacture (U.S. Patent No. 5,476,978) and other derivative
processes such as aldehydes, ketones and ester manufacture (U.S. Patent No.
5,675,041), and other associated equipment for example various condensers, heat
exchangers, refrigeration systems or chill trains, compressors, knock-out drums or
pots, pumps, and the like. Non-limiting examples of these towers, columns,

splitters or trains used alone or in combination include one or more of a

demethanizer, preferably a high temperature demethanizer, a dethanizer, a



percent based on the total weight of the nolecul ar
sieve and not the total weight of the nolecular sieve

W@ at0aloyast4 conposition. [0097] I n one preferredPCT/US2003/018803

enbodi nent, the mi xture of fresh nol ecul ar sieve

catal yst conposition and regenerated nol ecul ar sieve
catal yst conposition and/or %gol ed regenerated

nol ecul ar sieve catal yst conpoSition contains in the
range of . fromabout 1 to 50 wei ght percent,
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m xture of | ecul ar” si eve cat aeéét conpositions. See
fo[00Q9hrrp| e Vaspus r@@m@m systemsgyseizB fay @ecovehng predeminately
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aEBS) dretgbRiITeEe o YAt PRI P S e g g andor
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are many wel known recovery sy dte ) ni que

sestrran) £y, St BanbntaNes GEDLI43] 514SE§)&lratdl 53@82;4891f me(rﬁl)raxaend
puri fyi ng ol ef m t he gaseous effl ue

Reae@e@pynsgy@tseﬁgte éﬁé?zaa?z,@r%%@pg@dsweadmrbﬁm 5. Bytent

L9504 AlaRel AR RE Ao LOREHODE g
t I ethanolrte &gdrofén Sdsdaghoh ditgide asoncaitdpy] DS PeRAt No. 5,927,063

manufacture (U. S. Patent No. 5,476,978) and ot her
defrprred@etmbﬁs@ééurbwmoa@r plagBhanddd.S. Retenide. Gl ,504

o - BRSSPl B e nou
Coﬁﬁﬁﬁ'ﬁe@f@natﬂaﬁﬁtand eXS.aRGR N, 6263 08 BIradshRIswWINS h@iTBpton),

chill trains, conpressors, knock-out druns or - pots,
puwpih aggall lndnenlﬁlllbemcmrdwdﬁ))t fefigereeanpl es of these

to colu litters or trains used aloeor in
ﬁﬁ?@ati on gnﬁ‘tqr?} HeAGARPARY IR QS JRCayery Ry siemsdf fgdiro duction,

h
el AT SO s,

d eq:mmq)mmhme along mathahe piefereedvprimcippdopanT hepreferedasime
tower, often.referred to as.a caustic wash tower

anEFPSFCtﬁydléﬁwléghtP ,, Sugh gy pthlene andyrgpyene argfupisaly pyrified

h?@%&&g%\%%%@trfﬂum%r @‘ﬁé@s?&esuéhcg’s%qu%%ﬁ 1on ragesses.

r ethnteibye fiytht enost pre@dried entbodirean e theRecove eﬁﬁ‘tlﬁl r¥écovery
olefin(s), preferably prine or light olefin(s) such as
et Hpicanaso iselydes @n@né‘rw Bisysteynt Epeexanwle dheclighy ol fings)

U &od&c%t e%lcm)arly ina %8 proée‘g’se e ?)gs?sg hrr<|)1(1:g a pur}/fllcagon system

that removes low levels of by-products or contaminants. Non-limiting examples

of contaminants and by-products include generally polar compounds such as
water, alcohols, carboxylic acids, ethers, carbon oxides, sulfur compounds such as
hydrogen sulfide, carbonyl sulfides and mercaptans, ammonia and other nitrogen
compounds, arsine, phosphine and chlorides. Other contaminants or by-products
include hydrogen and hydrocarbons such as acetylene, methyl acetylene,

propadiene, butadiene and butyne.



stream), U. S. Patent Nos. 5,019, 143, 5,452,581 and
5,082,481 (nenbrane separations), U S. Patent

WO 284816597 (pressure dependent adsorbents), U BCT/B810631018803
No. 6,069,288 (hydrogen renoval), U S. Patent No.
5,904,880 (recovered nethanol to hydrogen and carbon
di oxide in one step), U S. Patent No. 5,927,063
(recovered nmethanol to gas tuPBine power plant), and
U S. Patent No. 6,121,504 (direct product quench),
U. 01039t ent mheﬁe&&ibrﬁ@&te(rﬁﬁ thhe ipelndé purdtie@tivn Systérhd) gott
superfractionation), and U S. Patent No. 6,293, 998
(preés@nleefosmerpgnﬁqamnmf ioksAdn(s), 4R deseribed imKirkHdthusen

e e e L R T

ge%atme Plgeae/I0T] Ad §93-999, AAEHH is BBRIN BE&?H&E&Lby
by- products and/or contaminants along with the

pr gtferaneel Puiiifacatipn sykternsare ahse desaibed nmﬁbrpxample U.S. Patent No.
pro the_light olefi uc as et e_and
Wl (PUR AR o€ arif%lefguﬁﬁ PO eI BPRER No.

der t ot
ol B S AR FhAE RIGRRDIES, M‘Pr??ﬁwmn%%ehcamn No.
pr afoe689¢3h 3efited Octobart 200 2000 gur gcstreamyusingsiydrating leatalyst), which
recovery system al so includes a purification system
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| ar | h
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by -20érBekebsh A6mS,HMtaABuREHH 1:drdéarbdnis r@a&mﬂargxaem(eﬁ espetially
contam nants and by- products include generally polar

corpifinglshayingtt eranongsarbon atoinaso ad etherby-prordyets ereafonuezd or

py drogert s lRFRad s B 55Ny YiiePS L amrien drreston systems

am}Pﬁécﬁw@Hﬁk QﬁJ‘ﬁlﬁdﬁUt!} ERSRed WARRAHE Bflue S5k RBthdrawn from the
phosphi ne and chl ori des. O her contam nants or

by rpactatue tcenveriig thdse fryductgprodaced dsadeadarfblacowerh sygsem
acet%ilae e, nethyl acetyl ene, pr opadi ene, but adi ene
andt ‘E"ﬂne WO 2004/ 016574 PCT/ US2003/018803 35

[ OJ[ @3{! Q her 1fe60 ¥§15¥d1§13éﬁ{ ﬂf@efhﬂ?xﬁ g%glwityﬁrgwn from the reactor is

puri ation systens,

purpakded aliroagh o fecolel isystan ,prc&hjeln@eﬁle forr iwsle hydrocarbon containing
Kirk-Q hnmer Enc cI o edi a of Chem cal Technol og 4t h
EdiStRYA(s):\va parisulp! B owqoaéfycagborsaﬁ@l (C19 ddrogarhen containing

249tx%a7ﬂ]i %‘ ﬂ:ﬂ,szggm Sd%% ntV\{ﬂl %fdrggarrg&{wc n?a(fx?l g{rganggs Cfggsed

rererence uri |ca ion SyS ens are

f orthixaRR |ﬁ@st fidcfonatioh esie Poducify gzllldé@ h @I@Ezhrf)bxil aid #a,"
of a drolefin hydrocarbon stream, U S. Patent No.
hydrocarbon containing stream, the C,* hydrocarbon containing stream is passed

through a second fractionation zone producing a crude C, hydrocarbon and a C;"
hydrocarbon containing stream. The four or more carbon hydrocarbons include
butenes such as butene-1 and butene-2, butadienes, saturated butanes, and
isobutanes.

[0104] The effluent gas removed from a conversion process, particularly a
MTO process, typically has a minor amount of hydrocarbons having 4 or more
carbon atoms. The amount of hydrocarbons having 4 or more carbon atoms is

typically in an amount less than 20 weight percent, preferably less than 10 weight



6, 293,999 (separating propylene from propane), and

U.S. Patent Application No. 09/689,363 filed Cctober
wWQ@00048063% (purge stream using hydrating catal yBe¥/1S2003/018803

which 1is herein incorporated by reference. [0102]

Typically, in converting one or nore oxygenates to

ol efin(s) having 2 or 3 carbon atons, an anount of

hydr ocarbons, particularly ol é6in(s), especially

ol efin(s) having 4 or nore carbon atons, and ot her

by - Rt Ghdre @f@erﬁﬂ?ﬂ@ﬂ titn 5 WeiRHLEAEent, Idﬁalm&egrdfé‘rameess than

recovery systens of the invention are reaction systens

for2w émri:emg haprpsl cpﬂbd teiekweightt ofitheeffluentigan withdrawn from a
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Ul Orotie S biactite 48 Par P ag b oE o B agyEry
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t hrresidtingefflaet\gas typsoatly enmpnsﬂ:tln:maygntm&f ety lerer and/or propylene

hydr gcar pbon cont ai_ni r in particular,

t hraod adeﬁbi’“éo%‘HPBg?W& @@g(ygiﬁwmwr@mmpﬁ@ther
str du&s LS Jent, the C3+ hydrocarbon

con streanTi's passed t hrough a first

fr 8[0105]nat | orsuitable vaslbidiseimn@ad@ionrsystemeds Pt oD réRRery
and a C4+ hydrocarbon containing stream the C4+

hy oﬁfv@f@@rmunardm takgilewergyatuer radudtsanseonsert thepy f@dgghea value
secon tl onat.. o ucl

ny i e hane s € ATBRARE Refs T i Buhe ansed

Th EnAl@H]cdhols TR Big Bao Bt afboAl86iAS, RAA StheP Spedfaty chéthRARS
such as but ene- and but ene- 2, but adi enes, saturated

butisehewylenend usedsto m&l@msol[t@:@@ditwwmetéﬂ t-ulgmtet}qaénutadlene in
rean d.fr a copver si roc SS, rticu

o Goetive GlrieRioradt & oRkstedanio Mitnsn sy Hhidier, ghd butane
ha § r f;

gl oot B (TP NorCRpRAD e%%?‘g‘%égr Dac Y Rinf include US. Patent
t yila.&l,955,640 (eonvartgrit fohesabirhprod 24 inveibgtene {1316 SnPatent No.
preferably . | gss than 10 wei ght WO 2004/ 016574

PCH- U053 9 P118n%an ‘G“‘if?r%% omerzed to,analkylats gasplingg, U.S.

t h%t N?)' @W@ B &ﬁﬁl&:riz S‘Jut}% c{)eﬁ@bﬁtehﬁﬁgi %%ﬁ 369 and
2 Wel g percent, “based on tota

ef f4 m78qasrbm)tlhtdﬁmmhyﬂfdmﬂnmlatmfpﬁgme 8kfing mdhwdfbw
vvat er. In articular with a conversi onhg{ ocess

?’ﬁé‘t h)fdmgealmﬁlqlw@fbw FemRpPeids) é’@mnaNoSﬂéG&ﬂ
fi‘Bﬁ‘ca St R bl B R NS 68k Bl ffgrogen

Pr aB¥dveRs, and Cosyns, J. et al., Process for Upgrading C3, C4 and Cs Olefinic

Streams, Pet. & Coal, Vol. 37, No. 4 (1995) (dimerizing or oligomerizing
propylene, butylene and pentylene), which are all herein fully incorporated by
reference.

[0106] The preferred light olefin(s) produced by any one of the processes
described above, preferably conversion processes, are high purity prime olefin(s)
products that contains a single carbon number olefin in an amount greater than 80
percent, preferably greater than 90 weight percent, more preferably greater than 95
weight percent, and most preferably no less than about 99 weight percent, based

on the total weight of the olefin.



and a m nor anmount of four carbon and hi gher carbon

nunber products and ot her by-products, excluding
wowi0en16sfH105] Suitable well known reacti on sSyB¢EDS2085018803

part of the recovery systemprimarily take |ower

val ue products and convert themto higher value

products. For exanple, the C4 hydrocarbons, butene-1

and butene-2 are used to maké7al cohols having 8 to 13

carbon atons, and other specialty chem cals,
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Pr (H@g i.pg C3, &4 and C5 Aefinic Streans,

Pe?ﬁ&?’g@t@ 1[)&%?2 No. 4 (1995) (dinerizing or

ol i[gro8}ri zi ndn apstheydnetiRlimEnt] tit Esedstanid isedty/a RAEr in an

which are all herein fullg i ncorporated by reference.
o

[ 0 RoBLntRfegrpater than &¢I Kiginghhows) preferqbly gpated thaad2dye peryhour,
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in an anmount greater than 80 " percent, preferab
gr 4610 t han I8Onewngbdimsat, derfegdstaskepnefeadtdy alfi¢edstock

greater. than 95 weight percent, .and st _preferabl .
o CORPESE 21 OXResiteo BOGPIERabbs fdptockh Samprisipg,meatol s fed

t otal iRl QN refetating rak ek b(‘ihtalmr%%{?&é&g%g\% catalyst, as the
PCT/ US2003/°018803 37 [010/7/1 In one enbodi nent’, hig

purcohducprityrievel Bimoniejedarkhe pondlictieiy lavet senonitoesias e ofithin
the invention at rate of greater_ than 5 kg t3er day .

pr dhedestied copdugtivty kimithso anqt & adversgly imnggt the molecular sieve
pr I r : r e ..

o SHELRE! N RS ok AR B ACOR M AR vt o
engesdistel tonverdbn PLthylyneaind Yr&yder@d/have no significant effect on

the selectivity. In addition, the conductivity level should not be so high as to

significantly affect catalyst life.

[0110] In this invention, the feedstock can also be monitored for
concentration of Group IA or [IA metals. The concentration levels of these metals
correlate well with the desired conductivity levels, and more accurately reflect
contamination levels in general. In one embodiment, the feedstock comprises
methanol and/or dimethyl ether, and further comprises less than 50 wppm,
preferably less than 40 wppm, more preferably less than 30 wppm, even more
preferably less than 20 wppm, yet even more preferably less than 10 wppm, and



hi gh purity propylene is produced by the process of

the invention at a rate greater than 4,500 kg per
walagg/opssef er abl y greater than 100, 000 kg per degT/URDNE018803

preferably greater than 500,000 kg per day, even nore

preferably greater than 1,000,000 kg per day, yet

even nore preferably greater t han 1, 500, 000 kg per

day, still even nore preferaB8y greater than

2,000, 000 kg per day, and nost preferably greater

t hafiod pe&irabUedsGhAET wih. ofa0308p 1A meaniahiand/or a Group [1A
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dst ock ‘conver sron ene
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w t'h the ‘desired conducti vi | evel s,
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I'n one enpodi nent dst ock_. cqonpri ses hanol
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chl amdlﬂle of 13 %:Rdal @Alt isabRbvUeirghithOfeedficck M @ Ekated
feedstock. The treated feedstock is provided to a reactor and contacted with
molecular sieve to form an olefin product. In a particular embodiment, the
amount of a Group IA and/or Group ITA metal salt in the feedstock is less than
10,000 wppm of a Group IA and/or Group IIA metal salt such as sodium chloride
and/or potassium chloride, more preferably less than 5,000 wppm, even more
preferably less than 1000 wppm, yet even more preferably less than 500 wppm,
still even more preferably less than 250 wppm, and most preferably less than

100 wppm, based on total weight of the feedstock. This feedstock is then treated

to reduce conductivity and contacted with molecular sieve to form olefin product.



[0111] In another enbodi ment, the feedstock conprises
at least 25 wopb of a Goup A netal salt and/or a
w@mupldstA netal salt. More preferably the ferpdeUusmk3/018803

conpri sese at | east 50 wppb, even nore preferably at

| east 100 wppb, yet even nore preferably at |east 150
wppb, still even nore preferably at |east 250 wppb,

and nost preferably at |east 580 wppb of a Goup | A
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o 1w VSt ————

conaf rBeknﬁm,oEIMfFlﬂugam 0. DahsseideditorSy; Blspviet, ASOERR59.

sal [E)IP76]IS 2 Other conversion processes, in particular, a conversion process of
an oxygenate to one or more olefin(s) in the presence of a molecular sieve catalyst
composition, especially where the molecular sieve is synthesized from a silicon-,
phosphorous-, and alumina- source, include those described in for example: U.S.
Patent No. 6,121,503 ( making plastic with an olefin product having a paraffin to
olefin weight ratio less than or equal to 0.05), U.S. Patent No. 6,187,983
(electromagnetic energy to reaction system), PCT WO 99/18055 publishes April
15, 1999 (heavy hydrocarbon in effluent gas fed to another reactor) PCT WO

01/60770 published August 23, 2001 and U.S. Patent Application Serial No.



conductivity of not greater than about 750 uS/cm
Preferably, the feedstock which contains a
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| | passiag ahe gaaedys femistocky meferabbt in coodinationctithor weer streekm, to a
pot assi um ch| ori de or ions thereof. (,[0116J

CotrPgnt PTOARTIOREAONS KhFRAUCHENNSHS SR(SyR3a8) TE@Rhi H78ss

S . ' of Pt I ,

s RSion s 9B fnbRALRl | APl RER I ARGARrcs M n gD

f efecidtabolt 7000C 1te dbmit il 200°Cundehgdseréssuren a® iame range of from
Practice, H van Bekku E.M Flanigan, J.C Janssen

( ezhoup? fPa tojabeyy KI0 MPgodynthesipgs strpgns ap peydveed from natural
conversion pr.ocesses, hn particul ar,. a.conversio .
pr e gt SRR 08 cardn RO N My P BRRE Reedfted plasic

t hRuRichREWaste of ady FBERFPAE mateBME pfdérablyShnthesis gas stream is
conposition, especially where the nol ecular sieve is

syprofessidaealstear mefarming jof oatural gash dsgriemllyus heterpgeneous catalyst,
al um na- sourc i,nc] ude .t hose described in for

o RSP = SPRPCT St ARG IS SRESEIOHE ¢ SRR rae

Wi &/Bicafty @arBbh BioRIARANE arldB hidRoRidP %@fl%dregérpto éﬁ’&ﬁfcb An
weight Tatio less than or equal to 0.05); U S. Patent
Noalcéhol GtcfeBbly methanal pofirie comberdoy yithovateradh ione
system),, PC&@V\D 9/.18055 publishes April 15, 1999
( hEBRRAIRGRy B SYBORSIP Raseeplidhe S@‘ggesllset&mﬂ’srag%f% range of

r eAGHA oM a0bkt 450 ! i fe i f f
aﬁ%&b g?)utglgtlieé\?) ipor]JL{ [ c(gtzi0 %‘ﬂ%ze rs?gﬁﬁgﬁ{ﬁﬁ&%}% 62%%27 ga%gé% rom
PGHoUEE OO 018801310 MPa @OpLe5d, thiddigh alcathod wkide 28nver§10 zone to
(high pressure), U S. Patent Application Serial No.
produce an oxygenate containing stream.
[0119] This oxygenate containing stream, or crude methanol, typically
contains the alcohol product and various other components such as ethers,
particularly dimethy] ether, ketones, aldehydes, dissolved gases such as hydrogen
methane, carbon oxide and nitrogen, and fusel oil. The oxygenate containing
stream, crude methanol, in the preferred embodiment is passed through a well
known purification processes, distillation, separation and fractionation, resulting

in a purified oxygenate containing stream, for example, commercial Grade A and

AA methanol. The oxygenate containing stream or purified oxygenate containing



09/ 507,838 filed February 22, 2000 (staged feedstock
injection), and U S. Patent Application Serial No.
WONIBH:5409 filed February 16, 2001 (acet one cpeT/E@s0)3/018803
which are all herein fully incorporated by reference.
[0118] In an enbodi ment, an integrated process is
directed to producing |ight Zl efin(s) froma
hydr ocar bon f eedst ock, prefer bly a hydrocarbon gas
feedst ock, nore referably met hane and/ or ethane. The
iStrsllm,stwnhlrhy Wﬁg Op¢ OrmOEe dlblenpa§90nt30kﬂ avithaseau snore

o e i R SeffrinstisnEatbeaheve s By Jupcbing processes
smgé}ﬁo@asaba%t S g Cava§ffe ﬁggarm%y Bdcts @aﬂf&ifa& bt S

wel known, s tenperat’dres ar

r axhq'm(s)t ethﬂemmaiz&mproﬁ)ﬂél(é tbd)omhmnlingl@ﬁﬁ@lﬁmﬂtlﬁy n@@ated
pressures, a in the range of from about 2 MPa t
a@é‘e&esw&emﬁ@ed g BP 01933 §43, whicla isrherein @lbr@e@ee@tqdrhym
NGLidfAke. ﬂlazﬁm HREMOR ﬁ?ﬁ@lhfeg}éiﬁqgjéo&g %{3}5&?}'}%‘?}9&% integrated

materi als SUC as coa muni €

wasbesws dagtyibed Hwive wlmpprﬁaﬁ@ﬂlaaé dirgdtetl 18] idkn¥ embodiment,
synthesis gas streamis produced via steamreforn ng

ofonA &t Most peJrweriatinga Pradegses éorlmv@wv@ew@ousmlaolaﬁym (See for

sReRBE Y SoRE PR YR St POts e B 3B, ) hien

cqgm&nrmmpmcgﬁmmw@fé}g@g)to produce an al cohol,
preferably nethanol, often in conbination with vvater

| 10120 enbd’@iynmtzatmmprosgssea”mshude gdstlmt igesiphage, shury phase
t t th from b ut 50C.

g R ST e R Rt e T

Ofgad PIRIEE ofl Qhﬂ'rygwo olin&@PAtbn ol & rh e%?e?ﬁlgg ot VU of

a carbon oxi de nv rsion zone to

oxyjeniatethydenetoapripytenst ifhasmm[}@ﬂék&]ana’mpmc@symﬂ&be
con{ ainjng stream_ or crude nethanol, typicall

c PRtymenzaioncaiglysh ghat CHt wglvde apy ang/Qna mblmtﬁ@ro% the molecular
Comensahss m%{ass@zf %&h}agﬁ veP3hd r%wn%a'gx 1yPIEEAN catalysts

ones I ’SS ved S suc

hyel thgesZieglet-Nang Phﬂﬁpb%e%bt@ﬂo@ﬁé mtrﬁﬂ@&ﬁéltyp%ﬁﬂd
fusel oil. The oxygenate contai ni ng stream crude

n@ﬂm@ql polymem?éwp catabistseendomiidaresthereof.s Theipelpthers produced

nown cat.ion sse
By ol fimbeaion SRR e sibEF el B ETRE oatspeinng
i @o@eﬂﬁ[dn@' Qa5 NS PRk En&OHigh BéMdty %ny@ﬁﬁlent: 0le den51ty
exanpl e, comercial G ade A and AA nethanol
opy@eﬂwl@ecmlmowlﬂg: fmtlrp@brprmylepmrqopol@memx yE}rermbpylene based
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polymers produced by the polymerization processes include atactic polypropylene,
isotactic polypropylene, syndiotactic polypropylene, and propylene random, block
or impact copolymers.
[0121] In preferred embodiment, the integrated process comprises a
polymerizing process of one or more olefin(s) in the presence of a polymerization
catalyst system in a polymerization reactor to produce one or more polymer
products, wherein the one or more olefin(s) having been made by converting an

alcohol, particularly methanol, using a molecular sieve catalyst composition. The

preferred polymerization process is a gas phase polymerization process and at



stream optionally with one or nore diluents, is
contacted with one or nore nolecular sieve catalyst
W@ o0posistd on descri bed above in any one of thePCT/US2003/018803
processes described above to produce a variety of
prime products, particularly light olefin(s),
et hyl ene and/ or propyl ene. Non-limting exanpl es of
this integrated process is dé€3cribed in EP-B-0 933
345, which is herein fully incorporated by reference.
| N | ARVHR T thes1efids(s) iy eithith 8@y Rhe dr PropIRES, andHréfesly the
with the integrate processes descri bed above,
ol eolwm(esu)zatpmdmnim sm’c@n@h a supperded wetallacaneeatatptsostistoant In this

v PrBbaaF b wpPRaed felalonde SRERE S rlsm srThig a fboort, a
Ap H{e'tﬂl%t:érf%rbr%%télﬁice%)-typg %()ﬁiaéurﬁllﬁldfa'nl a%gva]t , Preferabg R0
I'S herein fulTy incorporated by re ence.

[ Oiétﬁiatd?@d ¥ nen- catmlmanng) agor ssasmoRraiell dEC(BIﬂbltﬂltl(ﬂl’theI@aS and
phase, slurry phase and a high pressure processes, or
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PoTUR3 S, ot Lt to IR AEhTROLE BhELGe il a8 Groducts

pr atéyfbﬁﬁk&l frdeBeolefh@hrscoveréd &Y dcVTeESHBcbbéd degerited above,

pol ymeri zation catal yst that can include any one or a
cobrtinalasly thegfonversionmirecesica,rmorg |pév@utaalmth‘y © process or MTO

di scussed.,abov weyer riz tlon
caPlyr a e e SAT SRings BPRBlE aehffool i pidle 20,
Meliftdr QAR Qe B! dhy0ReRR;, Etlﬁ?l%n@&i@hol@ﬂ&@&&@dmyl chloride,

pol yneri zation catal ysts, and m xtures thereof. The

pokthyibeszepe otd e 0>bsie tCIJmem) lispprepiyk alcold, graeips siid chloride,

descri ove incl i near I de Sity

popwﬁw QH@ i regw BF REARYTRIE ULy fn aplanjiile, and

po pol ypr opyl ene
PR i s oL PR plopy “"E"%%Ei | ene based

poNﬂneri)kaﬁNhEﬂj by t he polynerlzatlon processes

i ncl ude atactic pol ypropyl ene, isot
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In“pre the Integrate
COFRA 1a polyner|2|ng process of one or nore
oleflnis; in the presence of a polynerization

ca{(bﬂ 29kt sysBymhysical %lr?jgrﬁ@diumhl@rmer@k@%‘bpr petassiwn ghleride
o B ER B £ 5B PO foleR RSN mliR G 1 A PSR i L ©

pakﬁé&#%ﬁkéduré@(ﬁ&ﬁ‘}%fthé&'p?&eéur@@bx%‘dﬂic@ﬁseﬁ'lﬁ‘ﬂﬁs atent
catal ys conp05|t|on The  preferred pol ynerization

pr spegatien andyars hptears Bully ohgpmpnratediby oeferenom) dbsS ARO- Hit

V\szo e%ﬁ(a? %gge? IAfavmg é g&ﬁ Zlggg’ljng %? ?9 %vt% was obtained. After mixing the

salts and the molecular sieve, the combination was calcined for 5 hrs in N,
followed by three hours in air at 650°C. An examination of the structural integrity
of these mixtures was measured using well known X-ray diffraction techniques.

In examining the XRD patterns of the untreated SAPO-34 molecular sieve versus
the salt treated sieves, a clear reduction in XRD crystallinity was seen with the salt

treated molecular sieves. In addition, the!XRD pattern of the salt treated sieves



42 | east one of the olefins(s) is either ethylene or

propyl ene, and preferably the polynerization catalyst
weyBiensrs a supported netal |l ocene catal yst syB¢EDS20031018803

this enbodi ment, the supported netall ocene catal yst

system conprises a support, a netall ocene or

nmet al | ocene-type conpound and an activator, preferably

the activator is a non-coordﬂ%ating ani on or

al unoxane, or conbination thereof, and nost

pr sieveald new peakawhichat odidati vabiithe fameatioh 012 A¢w) tnknown

addition to polyol efins, nunmerous other olefin derived

prB¥€ts are fornmed fromthe ol efin(s) recovered any

onExQIn 19 d-ogasses described above, particularly
e—eaﬁ%ersroﬁigiﬁcesses nore particularly the GIro

pr foiesp or MiQQhesy B@gsles Jthoagh Dbk wilfie SARD-3 giotilar sieve
limted to, aldehydes, alcohols, acetic acid, |inear

aI péed ip |Eeﬁﬁmnb 1 wawymxa@@pmr@telyemt}al saligolgtiotson anethianch nfithe
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rubbers and acrylonitrile, § triners and di mers of
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Si @M€ashiddiin rias Hbtanls@ddhetithnof convertyd ferasmobt aiolatlar
After mxing the salts and the nol ecul ar sieve, the

cosibVelal horeswitsare sunemaazediio Tablenl below. N2 f ol | owed by
three hours in air at 650C. An exam nation of the
structural integrity of these m xtures was neasured
using well known X-ray diffraction techniques. In
exam ning the XRD patterns of the untreated SAPO 34
nol ecul ar sieve versus the salt treated sieves, a
clear reduction in XRD crystallinity was seen with the
salt treated nolecular sieves. In addition, the~XRD
pattern of the salt treated sieves WO 2004/ 016574

PCT/ US2003/ 018803



43 showed a new peak, which is indicative of the
formati on of a new, unknown phase. Exanples 2 through

w®20000264 | n t hese Exanpl es 2 though 9, the saP@r/US2003/018803

SAPC- 34 nol ecul ar sieve used in Exanple 1 were m xed,
separately, with salt solutions in nmethanol of the
followng salts: NaCll, Mg 2 or KNO3. The salt

| oadi ngs on the mol ecul ar si A ranged from about 80
to about 10,000 wei ght ppm After m xing, the nethanol
was evaporated at tenperatures between about 90C and
about 120C, and the fornmed dry solid was subsequently
calcined for 5 hrs in N2 fo by 3 hours in air
at 650C. The performance of these nol ecul ar sieve/salt
m xtures were evaluated in a fixed bed reactor at

0C, 25 WHSVY and 25 psifg ( 172 kP&g) ., hﬁifereactl on
oduct was anal yzed by |on-d¢deenCC. V\ggh aver agfectivity
ght olefin | selectivity (ethylene Fzs MeOmy!ene)

re determned as well jas tratiahyst| |ife (neasur gedt¥n

5-9 s

t er mExample ans  SpltEP®anol converted penvegtedns| of
mol ecul ar  sileve). The rlesOYREM&Be |sunmari zed | nethylspe +
1 |bel ow. WD 2004/ 016574 PCT/SH%fOB/ 01B&08™ %4 Tal?Jof,yl]ene)
Cat. Life Corcen- Selectjivity {gm|MeOdidveption
Exanpl e Salt [type converted (wppm on et hylene + per
g of ) |Pr opyLENE) | Si EVR) Stlandarg,Nonel U 1
74 6 S A N el 6 “58haa 900 5587 1 fra. 3740
2 NaCl 84.0 16.7 75.0
3 NaCl 400.0 17.1 74.3
4 NaC(l 4000.0 159 73.5
5 NaCl 10000.0 11.9 72.0
6 NaNO;, 84.0 17.4 74.6
7 NaNO, 8400.0 16.1 72.4
8 MgCl, 84.0 18.1 74.1
9 MgCl, 8400.0 16.3 74.0

From Table 1 the negative effect of salt on catalyst life and light olefin selectivity
is clearly demonstrated.

Example 10

[0126] This example illustrates the conversion of a Group IA and/or ITA
metal salt based on total molecular sieve content to a Group IA and/or IIA metal
salt in the oxygenate feedstock, for example in the methanol feed. Table 2 shows
examples of NaCl concentrations in a methanol feed. These concentrations
correspond to the respective NaCl concentrations on molecular sieve as shown

above in Table 1. For the purposes of this example, the expected catalyst lifetime



4 NaCl 4000.0 15.9 73.5 5 NaCl 10000.0 11.9 72.0 6
NaNO3 84.0 17.4 74.6 7 NaNO3 8400.0 16.1 72.4 8
woRoa1844 0 18.1 74.1 9 MyCl2 8400.0 16.3 74.PCT/ESDN3/018803

Table 1 the negative effect of salt on catalyst life

and light olefin selectivity is clearly denonstrat ed.
Exanpl e 10 [0126] This exanple illustrates the

conversion of a Goup IA and/® 1A netal salt based

on total nol ecular sieve content to a Goup | A and/or

|| #h avtgd scaleMTOi plarithiesio Xg)ganehs ahé e b atkhanbDfeed pre-

exanple in the nethanol feed. Table 2 shows exanple
of RGTETLH9R, dPR APl S1e, VDA ZAiOR AHBPMIOE éld: NiFkhalant, is capable

conf:ent L ﬁ}% mw‘f‘% r@ ihnd &gthﬁﬁg’lqe ed oregﬁe vaporized

conc et ons on ecu ar ‘sieve - as

Tahlethahol doRkactshBe ﬁid)'lééﬁfé@ Siepd cdtdly St © kiBn. Th&weight hourly

expected catalyst lifetinme WO 2004/ 016574

PCiPags2elosity 0 8$e metthI feedis ihilge $ida labo NI rptoad that & lower
nont hs noI

Si X

:r Bt rgmoxal B n %tn%% d\r,%w[s Tt g BrouyQfafroup
of 14 Qﬁd/MT fPARhaat sanlp%es@mﬁ%@fee@tn IR it Theatdl Y% Of

t he In the nethanol feed before the vaporize

nmet hanol contacts the nol ecul ar sieve catal yst

conposi tion. The wei ght hourIE space velocity of the
met hanol feed is 25 hr"'. |I£2 | so understood that a

| ower percentage renoval |ess than 99.9 wt % woul d
result in |ower amount of a G oup |A and/or IIA netal

salt prese I .
cat al yst. Tabllﬁ‘gcgbﬁg%ﬁﬁ%gﬁéent r gtqzlg%ﬁ&hagl&gnu]ﬁ]
concent r atfi on |(We1ghwppghtn ppmion nahéhansl feakd
nol ecul ar [|sieve) (weig pm (0.0 0,0 84.0 0.6 400
2.9 molecular s1eve§) (weight ppm)
0.0 0.0
84.0 0.6
400 2.9
4000 294
10000 73.1
Example 11
[0127] Seawater from off the coast of Stavienisse, a village located on the

western point of the island of Tholen, the Netherlands, was collected at

-21 meters. A sample of the seawater was mixed with pure methanol (Merck,
p-a.), and conductivity was measured using a Schott Gerite Conductivity meter
(Type CG857), equipped with a LF100 conductivity probe. Samples of the mixed
methanol and seawater were further diluted with methanol at various

concentrations, and the conductivity measured. The results are shown in Table 3.

Table 3
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of f the

wowedie1ds7poi nt of the island of Thol en,
Net her | ands,
the seawater was m xed wth pure nethanol

and conductivity was nmeasured using a Schott

equi pped with

p.a.),

Gerate Conductivity neter

4 10000 73.1
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was col |l ected at A sanpl e

( Mer ck,
(T$Pe CE8B57),
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t he
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of

a LF100 conductivity probe. Sanples of the m xed
met hanol and seawater were further diluted wth
met hanol at variouys__concentrations_ _and the
conductlwty measured. Thg results are shown in Tapl eAve.
é;;glé e%; 3 WM3QH04/Seae8ts Fﬁamnjgzoc&mmaos CobcAve. Cond
amle 1 Sa 3.Cgnc, Sanp| e # ngd. Lond.
’(v$m) (gm}) @ (g%"’jS %m)(uS/ ? 32“."32%‘3 (uS/em)
0/04146 1196 46. 4 2 23.27021 8.0215 307 12.8 3 88.g§/
984001197, 8 4722027 561093039 5128-609%
2] 5944 11 35%81%(51né1ogf‘£62 [0128] Additional dd8hatkr 464
sanples—fHomt-he—geavwatertdescribadi-n—Edanple 11
e @il utf&d-202h |net hanol| &@R16hg conduct|i viiG7 of | t hi2.8
mixt ures re nmegsured. The resullts are shown in
Tabl e34. WO K8/ 016574 PCT/9.830003/ 018803 | 4711Babl e 478
Cond. Cond. Ave.
4 22.027 5.6109 30 3.9
5 28.6091 2.5944 11 3.4
Example 12
[0128] Additional seawater samples from the seawater described in

Example 11 were diluted with methanol and the conductivity of the mixtures were

measured. The results are shown in Table 4.




MeOH Seawat er Cone. le # (1) (2) Cond. (gm)
(gm) (wppm (uS/cm (uS cm (uS/cm 1 15.000 0.000 O
wW®2004016670. 7 1 14.99 0 0 1.5 1.2 1.35 2 16. 7ACHES2003/018803

0. 00647 386 18.5 18.5 18.5 3 15.04122 0.02028 1346
54.8 54.5 54.65 4 14.64419 0.02196 1497 56.8 56.7
56.75 5 15.23638 0.02866 1877 66.3 66 66.15 6

15. 45856 0. 04632 2987 102.9 192.7 102.8 2 13.330
0.063 4700 147.9 147.5 147.7 3 15.511 0.121 7800 235
238 236.5 4 15.535 0.190 1TaBIR0$ 342 341 341.5 5

15. 452 0.250 16,200 439 443 441 6 15.103 0.317 21, 000
542 534 538 [01291 While the present i nvention has

been—desert+bed—ang—Hustiratet—by refc.c ee—to
articul a m'*&ggghéros 0'?‘{1 ar diendy |skEpnd.i n t Hwe.
wi | | a vent i Iends tsel f
T hei n FSpa-
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et hanol apo’ervat er ‘absorlbant absorbér, dnd €ven fion™

ctrapge eSTIT_bed reagtor [usi sut-fgnmated
DI ysiyre1eﬁr4e°§9| Fof thils r asorn, fngn rei‘ rence 135

ol d he or\l ol \I to Hhao annorrlorl r\l nl fa'a ] fnr
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vention| WD 2004/ 016574 |PCT/ US2003/ 018803 48
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okygepate([s sbyog [ilng (1 .e., (gbstlllaébon), 0.7
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LAIMB 1. | A5pd022$s0.02028convie3d4d ng o¥¢@endt e sud 54.65
efin, conprising the steps of: a) providing an

G
(0]
okygepat e qarmw I@ozmsvl Ng14y7P0gi tisyg candugts vi t%/56.75
of
0]

not greater th uS/icm and gontainirng at |egs

1€ 0uPl 4573858 | 0.02866 | 1877 66.3 66 66.15
6 15.45856 | 0.04632 2987 102.9 102.7 102.8
2 13.330 0.063 4700 147.9 147.5 147.7
3 15.511 0.121 7800 235 238 236.5
4 15.535 0.190 12,200 342 341 341.5

5 15.452 0.250 16,200 439 443 441

6 15.103 0.317 21,000 542 534 538
[0129] While the present invention has been described and illustrated by

reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For example, it is contemplated that there are many ways of removing a
salt from a feedstock comprising an oxygenate such as by boiling (i.e.,
distillation), methanol vapor/water absorbant absorber, and even ion exchange via
a resin bed reactor using a sulfonated polystyrene resin. For this reason, then,
reference should be made solely to the appended claims for purposes of

determining the true scope of the present invention.



Goup IlA netal salt; and b) contacting the oxygenate

conposition with a nol ecul ar sieve to convert
woygendte i n the oxygenate conposition to ol ePdTUSR03/018803

The process of claim1, wherein the conductivity of

the provided oxygenate conposition is at least 1.5

uS/cm 3. The process of claiml or 2, wherein the

conductivity of the provided 4oxygenate conposition is

not greater than 5 uS/cm 4. The process of claim1, 2

or CBAIM®rein the provided oxygenate conposition

contains at least one Goup 1 A or Goup |IIA netal

salt in the range of from 10 wppb to 50 wppm
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any oneapf tpRvidiQCartbigehdtd cofposii@y IRiving Mfosareadnd@ivity

conmposition contains at | east one lithium sodium or

pot assi ofmas graater ghanTiifeuSiern @od somhinirigzit heast ongH{énoap i Atdre

oxygenaje C ositian cqgntains at |east one halide
sal t ofbf‘?‘ipﬂﬁgmet@(?%lit’lﬂ?\ or potassium 7. The process

of claig) 6, YHRIEhE tHdWkyBXYHEEFhSosHRIFPORA b Tt PRERVE R
at |least one chlofide salt of Iithium sodium or

pot assi econveMOx2Eddie(a Bte/okyReatt SAOPR A8 08find9 8. The
process of any one of clains | to 4, wherein the
oxygenate conposition contains at |east one nagnesium

nat osi ti on a _
12 oy SEnPRts ot Sairl FPuRERATRS ookl T dne HARARA"

hal i de &algenst comporitionidadleastal. Lusvon. 10. The process
of any one of clains 1 to 4, wherein the oxygenate
conposition contains sodiumchloride. 11. A process

for conyerting o enate,to,olefin, c r.isi t he.
steps. of 1 BPUEs SIS 54> BRYsHbe EolBiBhLY of e prbvided
cont ai Npygeddte LEAPsitRRAEIs HoPERater thAn GruS@neup |1 A net al

salt; b) reducing conductivity of the oxygenate
conposition to forma treated feedstock having a

conductivity of t.greater than 10 uS/ i and c)
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si eve t g fifiiufinlcontains at least one Group 1A or Group IIA metal salt in the
range of from 10 wppb to 50 wppm, preferably from 15 wppb to 30 wppm,

based on total weight of the oxygenate composition.

5. The process of any one of the preceding claims, wherein the oxygenate

composition contains at least one lithium, sodium, or potassium salt.

6. The process of claim 5, wherein the oxygenate composition contains at

least one halide salt of lithium, sodium, or potassium.

7. The process of claim 6, wherein the oxygenate composition contains at

least one chloride salt of lithium, sodium, or potassium.



oxygenate in the oxygenate conposition to olefin. 12.
The process of claim 11, wherein the provided
wo@20gendte conposition has a conductivity of POL/US2003/018803
greater than 750 uS/cm preferably not greater than
500 uS/cm and nore preferably not greater than 300
uS/cm 13. The process of claim 1l or 12, wherein the
treated feedstock has a posit4%e conductivity. 14.
The process of claim13, wherein the conductivity of
t he. t r e@heproceddang kne bfcldiinslatasl whetzinithe oxygebate The
process of any one of clainms 11 to 14, wherein the
conduct FUMPSSItEM qoRtaing 3t dessenefraagnssigakori caloiun sgf-eat er
than 5 uS/cm WO 2004/ 016574 PCT/ US2003/ 018803 50 16.
The process of any one of clains 11 to 15, wherein the
tr gat edThepRSERGF claeA B, dhBRirfthe b aR@npoifiol Gdntains at
sodi um potassium nmagnesiumor calcium salt. 17. The
pr ocesslea$t ank hahdel @t olimeagoesiumioe calciwat.ed f eedst ock
contains at |least one chloride salt of lithium
sodi um or potassium 18. The process of claim 17,
Wheg ei nrhd roEEs%QF%Hy BS@S‘F&IQ&J& 1683 @hBR; mlg o ffkenate
chloride. 19. The process of any oOne o 11 to
18, whec@hpositivn doneansebdfurecldoddk cont ai ns at | east
one Goup 1 Aor Goup IlAnetal salt in the range of
from10 wppb to 50 wopm preferably from 15 wppb to 30

\éVgEE]OSI ?‘Spqgcesg gortci?y_{gI rtil\(%&gggne% t()ta(gr}gﬁlq @69@?@{[% the steps of:

precedi gg cl ﬁtd%‘dmé i b)f}%l’enaﬁé oRhpGHitich ¢oh€ainidt @pleddt one Group

convertlng t olefin to polyol efin.
1A or Group IIA metal salt;

b) reducing conductivity of the oxygenate composition to form a
treated feedstock having a conductivity of not greater than 10 uS/cm; and
c) contacting the treated feedstock with a molecular sieve to convert

oxygenate in the oxygenate composition to olefin.

12.  The process of claim 11, wherein the provided oxygenate composition has
a conductivity of not greater than 750 uS/cm, preferably not greater than

500 uS/cm, and more preferably not greater than 300 uS/cm.

13.  The process of claim 11 or 12, wherein the treated feedstock has a positive

conductivity.

14.  The process of claim 13, wherein the conductivity of the treated feedstock

is at least 1.5 uS/cm.

15.  The process of any one of claims 11 to 14, wherein the conductivity of the

treated feedstock is not greater than 5 uS/cm.
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16. The process of any one of claims 11 to 15, wherein the treated feedstock
contains at least one lithium, sodium, potassium, magnesium or calcium

salt.

17.  The process of claim 16, wherein the treated feedstock contains at least one

chloride salt of lithium, sodium, or potassium.

18.  The process of claim 17, wherein the treated feedstock contains sodium

chloride.

19.  The process of any one of claims 11 to 18, wherein the treated feedstock
contains at least one Group 1A or Group IIA metal salt in the range of
from 10 wppb to 50 wppm, preferably from 15 wppb to 30 wppm, based

on total weight of the oxygenate composition.

20.  The process of any one of the preceding claims, further comprising the

step of converting the olefin to polyolefin.



