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OLEFI NS FROM OXYGENATES FI ELD OF THE | NVENTI ON [ 0001] The presen ention
rel ates t 8YA2NAEISi on process for making ol efin(s) usPhRYUVEZWBOEELT ar

-si eve catal yst conposition in the presqnce of a hydrocarbon feedstock.
BACKGROUND OF THE | NVENTI ON [ 0002] O efins are traditionally produced from
petrol eum f eedst ock by catalytic or steam cracking processes. These

cracki ng processes, especially steam cracking, produce |ight olefin(s) such
as et hyl ene andioetsdroRysreBLrINer LEF INAT Freivyoxafenhyedr ocar bon f eedst ocks.

Et hyl ene and propyl ene are inportant commodity petrochem cals useful in a
variety of processes for nmaking plastics and other chem cal conpounds.

[ 0003] The petrochem cal industry has known for sone tine that oxygenates,
especi al | y al EIoDOF SIHE INMENTIONe into light olefin(s). There are

pumer ous technol ogi es aval [ abl e for produci ng oxygenates incl uding

ferment ati on [08P1} eact i dhe preseny inveadensrelpies 19 opdersion ReGss: or Makies

I i qui b . Lal s includi. I | ed
brasti cs. mundEina) o R BRERERiVE RN S SRR BeRened BR 5 1) (e

production of haiaiesH Redddckl Nvol ves a conbustion, partial oxidation or
reform ng reaction of natural gas, nostly nethane, and an oxygen source
i nt o hydr ogenBACKGROUNPIOF EHEANVENTKINon di oxi de. Syngas production

L] k d incl.ud ti I th f i ng,

RN R A R E A
anol , e . i . i ca

synt-hesi zed f?ag%?{lﬁélr %%@Ic{/é? Ie@brp gg‘%ﬁe%ﬁjﬁ%?&ﬁgﬁ @&gﬁ?&g%b‘%ﬁec&%ﬁ’oﬁ%@ andI/ or

carbon di oxi deracking, preddranight slefifisPsuch as b ldne aREWOE propllefie Rained agistgous
catal yst. For exanple, in one synthesi z@grocess met hanol is produced using a
copper/ zi nc osd lrecarbandeedsiacks,” Hithylene and prapylanp arcampeaniaesimeditct or . The

petrochemicals useful in a vanety of processes for making plastics and other

chemical compounds.
{0003} The petrochemical industry has known for some time that
oxygenates, especially alcohols, are convertible into light olefin(s). There are
numerous technologies available for producing oxygenates including feﬁnentation
or reaction of synthesis gas derived from natural gas, petroleum liquids,
carbonaceous materials including coal, recycled plastics, municipal waste or any
other organic material. Generally, the production of synthesis gas involves a
) 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-



preferred nmethanol conversion process is generally referred to as a

met hanol -to 2 4 JAN 2007 WO 2004/ 016574 PCT/ US2003/ 018803 214l £ W@TS)
process, W@erw4aethanol is converted to primarily ethyl eR€ETAISANB018808 opyl ene
in the presence of a nolecular sieve. [0005] Methanol conversion processes
into one or nore olefin(s) typically takes place in the presence of a

nol ecul ar sieve. Ml ecul ar sieves are payous solids having pores of
different sizes such as. zeolites or zeolite-type nol ecular sieves, carbons
and oxi des. The npbst commercially useful nolecular sieves for the petrol eum
and pet r oche@iedia(s) prasass whers methangldnponysrtod ) pramarilyfeghyleneangdias

alum nosilicate ul.ar sieves in general have a one-,

[ml ec}tllllgar Si eveqs. I\/f)l &Q
two- or thr EEPYICREHY rPé?seg?eyg e eﬁ'éaf)ff?‘ée'struct ure having unifornmly sized"
pores of rm'[amsi ar di Wﬁm%oﬁ\f@éioﬁﬁ}o%&ts&’ﬁ'td’o@éj&%&er@éfﬁﬁbﬂ @ﬁic&lﬁﬁt can

enter the pores,” and exclude those nolecules that are too large. [(0006]
Ther e are nutakesiplaéeinaht ptospece affa mulkedan sieves iMolesulaediéves amyporbas convert a

f eedst ock, especially an o(éydg nat e .cont ai ni ng, feedstqck, intg one or nore
ol efin(s). F&plidshamppdaores of differentgizegsuchasysolitesor gealte-tpednelpeilgise of a
wel | known z | t S fo ¢ t | IR : . Pat ent
No. 4,062,9 %L’%ff gag}ﬁé%sgén%t%’gé‘?eébﬁ\?‘é?@?s})?\a@?‘%{ré%Wa%?ulgl]r@&%)utl%:sﬁevgg&genat es to

et hyl ene  anghd)ie@BlufiNghdsdtrdghahical RELIAG b KAbWASE kédldsefrRhmpRs, for
exanple Zeolite T, ZK5, ‘erionite and chabazite; U S. Patent No. 4,079, 095

descri bes t helungrosplicafEShblegdlar sicuesn\Meleculat dfieves|in genedngldase aobon tywe-astuct s

such as ethylene and propylene:; U S. Patent No. 4,310,440 describes
producing | gHi e'ﬂ’l’%ﬂ“ﬂ‘?{‘@‘)grﬁ RO S&Wﬁwrenlﬁﬁ‘%vw&raﬁx pired Bpies RE -

a1 um 10PNOSP 8y QhEM G RARASEREGH DI R:loc AT poBaplinti e BBRS, Usef ul )

nmol ecul ar sieves for converting nmethano

si | i coal um napheaiiiitRoseahelethlas that &¢eso lafgid. i coal um nophosphat e ( SAPO)

nol ecul ar sieves contain a three-dinensional mcroporous crystalline :
framework sd9¢él ure oflhpw; ?esgp@n[/A!@ezgntWS[Oﬁemle%ﬁrwegwgﬁiknngéq r ahedr al

uni s and 15 AR rdRoOYRE! dn B YR B PRSI el 2! o 1 ().
more olefin(s). For example, U.S. Patent No. 5,367,100 describes the use of a
well known zeolite, ZSM-35, to convert methanol into olefin(s); U.S. Patent No.
4,062,905 discusses the conversion of methanol and other oxygenates to ethylene
and propylene using crystalline aluminosilicate zeolites, for example Zeolite T,
ZK35, erionite and chabazite; U.S. Patent No. 4,079,095 describes the use of ZSM-
34 to convert methanol to hydrocarbon products such as ethylene and propylene;
U.S. Patent No. 4,310,440 describes producing light olefin(s) from an alcohol )
using a crystalline aluminophosphates, often represented by ALPO,; and one of
the most useful molecular sieves for converting methanol to 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 shanng 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.



feedstock is nethanol. See for exanple, U S. Patent Nos. 2 @%‘1 7
4,499, 327, 4,677,242, 4,677,243, 4,873,390, 5,095, 163, QR

6, 166, 282WQIH/BKST4hi ch are herein fully incor porated MT’E?@P@%&‘F’ 2 4 JAN
-2007 WD 2004/ 016574 PCT/ US2003/015803 3 10007] These nol ecul ar sieves are
sensitive to various contamnants resulting in the lowering of their
selectivity to produce light olefin(s) and reducing the operability of a
conversi on process. These cont am' nants are introduced to a particular

conver si on p@(bej s in var| of vvag : Sorrﬁtiges t he qﬁ ecul ar si eve
itself resul t he ?Fgr‘%? anSI‘ev At AU APPEL IR HRSconver si on
performance ok {ie iiegow %2 selbdivdgdb bk Mice JiPht g edRdgeesses it
IS nore I|keIS§ 1t Eét tehe él?Iige(?:ﬂttﬁol S‘\:/ar %‘@gs E’ont g%lglént sﬁgﬁ)ts@r%lrng :ir%tco
comer ci al  cdrwpembiliy opa capessicn prioeedsi Jhege. cohtiiiBdntS rerietrodueed tta woul d be

highly desirable to control contam nation_so as not to adversely affect the
mol ecul ar si BY&cEaR eAnyeIsioN@sPResDIN 3 WyietH At WA aiqrnﬁﬁlmq%hfpmomcem Slevsy

de5|rable|no tetooe a ons rticularly i.n methanol to

o of | nr eact FCESRIR PehRebnd of o PRR AR BelPhIertiPa Ty prcal 1y sed,
are relati Ve*aé’rf&%&ﬁﬁ&@bf"tﬁe moclilak SRVET REARIIAIS h la?ge%ca@ p?&e%é’é‘s PASthopyer |arge
di st ances, ten over |arge bodies of water, and are highly susceptible to

bei ng cont alikelattled thaffeagofStaripps n@taxﬁlﬂMRﬁtefﬁgWE chiiuierTinlonyes@al Thi s
i nvention provides for fﬁ(iljeprocess for converting a feedstock in the presence
of a nol ecul £¥°°§‘?S€§/%'e one or nore olefin(s), while controlling

contam nat i oy t he T efidsts ;i’é’ K¢ wgﬁlﬁtlﬁrﬂlé}ﬂ% 'd9§1ra%fe tB*ESnFr@lec%ﬁa?xﬁh Jﬁﬂlrkobe

controlled lgy pfoviding a fe€&edstock ha I'ate conductivity

| evel). The aofietue bil vardely éﬁewthmaleamaﬁmakeedawmf C@ﬁ&olﬁﬁgbammaiah@ﬂ I evel S,
particularly nmetals contanination |evels, nore particularly netal salt
cont am nat i off pamifularycdesirahle én ome@@s&ol&ﬁnyemgm pomichlapyan methapel ecul ar

;Ir g\ég s(s:alt glr y% oleﬁrjl' (Peoajégghs \:'.rhgrréegraec{TJO /9 m feeElsqgcklsn\\{r ic Ia(r)entylplscaﬂjlf {lge%t ed to a

are relatively expensive. Such feedstocks also have to be shipped over large
distances, often over large bodies of water, and are highly susceptible to being

contaminated during shipping.

SUMMARY OF THE INVENTION

[0009] This invention provides for a process for converting a feedstock in
the presence of a molecular sieve into one or more olefin(s), while controlling
) contamination of the feedstock. Contamination of the feedstock can be controlled
by providing a feedstock 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 1s 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



converting greater than 1000 Kg per hour of a feedstock in the presence of a
mol ecul ar sieve into one or nore olefin(s), wherein the feedstdcék)Maliiihg a
conduct i vINGQ2WR/O0KSF4 gr eat er t han about 10 uS/cm pref er aBIGI/HEP03@gEMBer t han
about 5 uS/cm nore preferably not greater than about 3 uS/cm and nost
preferably not greater than about 2 uS/cm In another enbodi nent, the

f eedst ock conprises 2 4 JAN 2007 WD 2004/016574 PCT/ US2003/ 018803 4
seawater. In yet another enbodi nent, the ¥ eedst ock conpri ses not greater
-than about 50 ppm preferably not greater than about 30 ppm nore

pref er abl y noseawpteratlayet sratheabmbodip@®npshe fegdsiocoeampnsst spbgrestentangr eat er

h b 10 f G | A | | G 1A | I't.
Prof orably t h8bPBCHRRTRIPTHEBI 8L Ereatss (A R E PR RORPRIFAIEORD and) or
an et her 107 oRuRRh ARL029 Db a0 s AL O oi ORI PR 10 s

enbodi nent , tﬁ’e Invention 1s difrecte a proce convert

f eedst ock i n GeuplL smstdaaldbr & Giodreld Al raétabsalty Préferably e dtddstock kémpHE&Cess
conprising the steps of. (a) introducing to the reactor a feedstock at a
rate of 1, 00@nKyygdnateemighadakalgelrolpadior ap pden fatg amplemedanelaad/oro, 000 Kg
per hour, wh rei@ ft}ﬁ feedst ock has a conductivity of not greater than
about 10 uS/cﬁfm? Y "M%t r oduci ng a nol ecul ar sieve to the reactor; and (c)

wthdr awi ng_aoffl USn! 1pShEERBUAKAR B0 EGRASH Rireklaf ) ploteRlfop! T cam

conprising greater than 1,000 K one or nore ole per hour.
Preferably, tkenfetnshdaddsibek inthe prseguei faanalaculaxsieenataeeswahttes net hanol
and/ or dinethyl ether and the olefin(s) are_ethylene and/or propylene. In a
preferred enmb@Pseeheomprng begispsek (Rdnppduciag todhe sastor aafemisa)ctaagwtm metal

S o si 1 Goal T HESIRERHARo R R, B iR e er BN 06 KEBF ol oo
[00121 In anotifkeif MROREASEGUK hab A @ohdicRity @R nbtSprédteethb® dbdu 18 uSIQEaey f or
converting a feedstock in the presence of a nolecular sieve or catalyst
conposi tion t hetrebicingr moleculat sieveto the wdctor agd dek withdrhwinglanodgfuety per hour
of one stream from the reactor, the effluent stream comprising greater than 1,000 Kg of

one or more olefin(s) per hour. Preferably, the feedstock further comprises an

oxygenate such as methanol and/or dimethyl ether and the olefin(s) are ethylene

and/or propylene. In a preferred embodiment, the feedstock comprises methanol

and a Group IA metal salt, in particular sodium or potassium chloride, and the

molecular sieve is a silicoaluminophosphate or aluminophosphate, or a mixture

thereof.

[0012] In another embodiment, the invention is directed to a process for )

converting a feedstock in the presence of a2 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



or nore olefin(s), the process operating with a feedstock havgnﬁq§N2m7
conductivit& | ess than 2 uS/cm Preferably greater than 2, 00 g) er hour
of et hyl erSO2RMUPS™pr opyl ene, and more preferably great SCHYSIA3A! Kg per
hour of ethylene and propylene. In this enbodinent, the rate of feedstock
entering the reactor per day is greater than 100,000 Kg per day. [00131 In
yet anot her enbodinent, the invention relates to a process for converting a
feedstock, preferably a feedstock conprising an oxygenate, the process

00 e A S b 2

exanpl e great %&&a%@; the/t&dBstocR o ﬁcﬁ%&'@ﬂté}gh:hh?oou? ?@qgﬁﬂ%ﬁf&ag{y dope

feedstock to not gred than about 10 uS/cm prefera eater than

about 5 uS/ cmgreater thanpbehes abicyn; 8ol prpferablgmot hreated it tabdutt BSASYemn, Ndke
preferably not g}reater than about 2 uS/cmto forma treated feedstock; (c)
i ntroduci ng t Reclerpllyinet greates thapabontnd wS/smyta dempa trepigy fepdsiorki(ely a nol ecul ar

sieve catalyst,_conposition i e.reactor to nvert the treated feedstock
nto one o HORERERERI refed Rehoas R Raphih PR nd 1 BeldbSRt i,
conprising theaq t QmpBiitfon iR RS feBdidD tof oRRrt 1@ tfe@ QY dstdcR ifto BhELET I ed
enbodi nent, the feedstock conprises nethanol and seawater. 9 [0014] In

anot her enbodimmeeatlefifi(sy] dndt{(hewihdradingean effloag ctredm domprisiag thetdne crmhareul ar
sieve is synthesjzed froma conhination of at |east two, preferably at
| east three, &g finmpths reasten dnpmelfemederabedimgnt. shs feedstock compEistior ous

source and a ' e, optionally in the presence of a tenplating
agent. In the%nel?g#m pre g‘%?{gg enbodi ment, the nolecular sieve is a

si |i_cbal umi noph@siphat e @ anathernintaRAERBTR the@abodimehe dairbe@above,
silicoal um nophosphate. [0015] In yet another enbodinent, there is provided

a process for themplgenlat sigveos prrthesizediftoms p ¢pinhinajipn ehaidessp iwve @sefprablyl di ng an
of ,not greater ,than 10
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oxygenate an aluminum source, optionally in the presence of a templating agent. In the most
preferred embodiment, the molecular sieve is a silicoaluminophosphate or
aluminophosphate, most preferably a silicoaluminophosphate.
[0015] In yet another embodiment, there is provided a process for
converting oxygenate to olefin, which comprises providing an oxygenate
composition having a positive conductivity of not greater than 10 uS/cm and

containing at least one Group 1A or Group lIA metal salt. The oxygenate

composition is contacted with a molecular sieve to convert oxygenate in the

S

oxygenate composition to olefin. Preferably, 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 IIA metal sait. 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



conposition is contacted with a nol ecul ar sieve to convert oxygen te if' t he
oxygenate conposition to olefin. Preferably, the conductivity £ AN 100

provi ded Wex3pg&mefd conposition is at least 1.5 uS/cm [ BOTAS2003/028%0¢ her
enbodi ment, the process for converting oxygenate to olefin conprises

provi di ng an oxygenate conposition containing at |east one Goup 1 A or
Goup IIA netal salt. Preferably, the prgvi ded oxygenate conposition has a
conductivity of not greater than 750 uS/¢m nore preferably, a conductivity
of not greater than 500 uS/cm and nost preferably a conductivity of not
great er than fegistogkiseantapted withadusolesilansieye to penvsxheganate gotposi tion is
reduced to not greater than 10 cmto forma treated feedstock, and the
treated 2 4 PANE%WW‘}EGM’/'G ¥4 PCT/ US2003/ 018803 6 feedstock is
contacted with a nol ecular sieve to convert oxygenate in the oxygenate
conposition to ol efin. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 1.

| nt r oduct i on DEPATLEDPESCRIPTION OF THEINVENTION d a conversi on process of
a hydrocarbon Teedstock, parfrcularly nethanol, in the presence of

mol ecul ar si dve _dategidpetiosonposition to one or nore olefin(s). In this

I nvention, t edsto I.s low.in.confamnants so.as not tq significantly
have an adveﬂ@g{ﬁf f ect oxedandp le?n%?cttog@:cggp%ﬁeww QIQFSSSchéi red product.
Al Lhough the iBkRREMeR f%ds%k%’pérﬁé\ﬂ%lﬁﬂ%ﬂn@ﬁ&, irfthe PASEALSOIGRAEAITA S 11 the
feedstock can“severely inpact  the I'ife or selectivity of the nolecul ar

si eve cat al ysitalgsheampopitdmt icosneadrinows otefie(shr bsthicimvedtiore theafeedstankris an nant s
in the feedstock at low levels. In fact, according to certain preferred

embodi ment s dPWHRFentpminaRts ras nohto jignibieantly have ap advarse shfachpn safplyst

articularly .. i ym,.et al ,salt eci.all m chl-ar.i.d t lo 3
Poncent 1 at i oide EbLRL 30 aBdtdsbrofRECRIRN) REBIAE Redhb Face el
sel ectivity toFviRely @mtphihit iPHRdUGstotk 6dh @Svered} HpRP thealtd opEaBAFE.

100181 I n one enbodi ment of the invention, desired or tol erable |evels of
of the molecular sieve catalyst, this invention allows the presence of certain

-

contaminants in the feedstock at low levels. In fact, according to certain preferred
embodiments of this invention, the presence of certain metal salts, particularly

sodium metal salts, especially sodium chloride, at low concentrations in the feed

can actually have a positive effect on selectivity to desired olefin product such as

ethylene and propylene.

[0018] In one embodiment of the invention, desired or tolerable levels of
contaminants in the hydroca-rbon feedstock of this invention are determined by the
conductivity of the feedstock. The feedstock preferably exhibits a positive _' )
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



‘contaminants in the hydrocarbon feedstock of this invention are deterp ned
by the conductivity of the feedstock. The feedstock preferabl §4e§m @mts a
positive WbHEHBIHSA ty to a | evel that does not signifi cBETIUG2008H1R863
-selectivity to desired olefin product. In particular, the positive
conductivity of the feedstock is at a level in which the selectivity to

et hyl ene and propyl ene product is not si g)ni ficantly reduced conpared to
that of a feedstock having a substantiall’y neutral conductivity. In making
conductivity determ nations, it is preferable in this invention to use a

Schott Ger at egieastitheniaboutyd Wermuanshwast preferablynygl @reaEgsiran abowt R uBRND0) in the
tenperature range .of fraom about 7C t.o about .50C. [0019] In this, invention,
1T e dest r edArHER IRLLRERIu PRaUEe SBber e artie: Pas DySermmor

greater than ?&Ebl}gthla' ?ée?i%cﬁh&{ a?B@s‘?ﬂiVe c&nsﬁctiﬁ@%tapfeﬁstfb?ﬁu@k? RQ7).! V€

conductivity of not-greater than about 5 uS/cm “nore preferably not 2 4 JAN

2007 WD 2004/ @0abf4 PCTinlaH0e 2bbasiét of thedhaation, thi &rdatook todain®/ cm and
nmost preferably not greater than about 2 uS/cm According to this
i nventi on, posdamaies of ostileedniaingd inethe fcedstoek ay 2 renalhoDthg Spadsiock bawihgr abl v,

t he feedstock has_a, positive conductivity of at.|east abou .5 uS/cm
00207 1m anof it @hBaariEntne e chotshmen? orthnpaie Robs il al no
seavater or nNghahsint®Hodke0&d 1i R shiiRidi esladiOfkin@ he@oh@Ritivity ¥ff thhe feedst ock
having contacted seawater. The presence of such netals does not have to be

directly det éedstneldto dsseae therievdl iof centsmirfation.ehe arnoddtod contamindnés
conductivity of the feedstock to %;sess the | evel, of .contani nation. The

am)uglt of conPiATHamths fegdstackas dirspthycarelagably wdhisiinvegtipn g the degirede| at abl e i n

this)inventio . Lred conductivity limts. [0021] In yet another
enbodi nent of Q?i@cgl%eﬁlﬁlﬁ%n, t he feedstock contains at |east one Goup IA
20

or I1A netal Pr ef &f y&@dn6het@mbalinRhedf theirventichs thedRedstoddkbodtlinss 0di um
and potassiumsalts. Halide salts of Goup |A netals, particularly lithium

sodi um and petlgasonefireupd Aoor HAdugtalsalt. Prefewed Group Ipametatsalisnngjudiesi red are

chloride sal t?ith%ml éotd%nllj,@ndsi)%galsglmn s% (s:i gfigesssalltgg}Group 1A metals,

particularly lithium, sodium, and potassium, are particularly preferred.
Particularly desired are chloride salts of lithium, sodium, and potassium.
Preferred Group I1A metal salts include magnesium and calcium salts. Halide
salts of Group l1A metals, particularly magnesium and calcium, are particularly
preferred. The limited presence of sodium chloride is most preferred. Such salts
can actually contribute to enhancing, or at least not affecting, selectivity to

ethylene and propylene product.

[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 IIA 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



Preferred Group Il A netal salts include magnesi um and cal ciumsalts. Halide
salts of Goup Il A netals, particularly nmagnesium and cal ci um arje, JAN 2007
particularly preferred. The Iimited presence of sodiumchloride is nost
preferred. Such salts <can actually contribute to enhancing, or at |east not
affecting, selectivity to D ethylene and propyl ene product. [0022] According
to this invention, sone reduction in catfalyst life is acceptable as a
result of feedstock cont ai ni ng contam nants, particularly seawater

cont am nant s [ rt| y .t he

cont ani naﬁ?rgémt‘é’ﬁglr“éf "$e§ 6‘? 8‘?ee‘?r?l?a°§lﬂf’ﬂ1§’ttﬁ%Eﬁ%a%f’orf"%?téatlﬁ’@nﬁ}}fuced by an
anount  offeqiedocigisat grreaﬁehﬁaan 280appinabdsv@on @tdl RRighobf te ff@Lstatiocivefeaably)g a
substantially neutral conducti vi t Preferably, catalyst life is reduced by
an anount e seawater eangeftetion fot g@@ér Han 0% repwy @Brffyprﬁ@fab@fwtgaawr HERA 10%
relative f

conducti vi ?y%?OOZ ﬁlio?]t @%@3%& é!ﬂe?@laﬁ‘l%‘ﬁr@ ?l?dgf@]é F%tdﬂmﬂﬂeﬁlﬂhethfeedstock
cont ai ns fexlawmek.er, the seawater shoul d be at concentrations in which the
conductlwiy 2 .4 JAN 207 8 re thlfn desirabl e ranges. In one

enbodi rrentI, ' ; 1 mebi—t he feedstock is not greater than

250 wppm [bemgd on Waﬂuldﬂ@iegéﬁha@é v&;ﬁrﬁlsfca@dﬁamu phi¥iedl efaidwork, t he seawat er
concentration is not glpeater than 200 wp nor e preferably not greater than

150 wppm chfactagsics. gyt @r@rbﬂlveﬁb%vegae@w@rl cltamfﬁﬁdllw ApBHstusLapmiston of al

wei ght of f gerd SBASAG te A‘ésoé‘t"é’tk]cﬁl%k@rfinng't&ih%srul%‘gftﬁ@fll?i))(étéoﬁﬂ&gﬁ%n [ 0024]
Mbl ecul ar 'si eves have various chem ca physi ca r amewor

char act er iZeblieNonMpclowé.aA feinewesk-hae dedvabes Mebdmm:btaeea, fapekbghyoftthee Structure

Commi ssi on 0 ernational olit SOCi n accordi,ng to t rul es
o7 The | Dpiheshlly codmh BB gorfEtigats, EaptnE: ook ety htrd e ot | beos
t he connegpécriid yro?éra@@ﬂopqwse pihtetibg, Fﬁa&tmqrpalzbmlt@m@on&tﬁpe AbROBlar
constltutlngt r anewor k maki ng an abstraction of the specific
proper t i esievey fof whish arﬁﬁ!l@tﬂfedlaé bem%ﬁabﬁéwﬂm pesigned pithree lgter codepnd et ype
ol ecul ar g SIRXER: holudhlERofeThEHE M PAS sMARiHSERRIES DEfkon2ERARS gned 2
three letter code and ar

(2001), which is herein fully incorporated by reference.

[0025] Non-limiting examples of these molecular sieves are the small pore molecular
sieves, AEL, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI,
ER], GOO, KFL, LEV, LOV, LTA, MON, PAU, PHi, RHO, ROG, THO, and substituted
forms thereof; the medium pore molecular sieves, AFO, AEL, EUQO, HEU, FER, MEL, MF],
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.

[6026] Molecular sieve materials all have 3-dimensional framework structure of
corner-sharing TO, tetrahedra, where T is any tetrahedrally coordinated cation. These
molecular sieves are typically described in terms of the size of the ring that defines a pore,

where the size is based on the number of T



described in the Atlas of Zeolite Framework Types, 5th edition, Elsevier,
London, England (2001), which is herein fully incorporated by reference.
[ 00251 Non-limting exanples of these nol ecul ar sieves are the sphiljhN e e
nmol ecul ar sieves, AEl, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA CH,
DAC, DDR, EDI, ERI, GOO KFI, LEV, LOV, LTA, MON, PAU, PH , RHO ROG THO
and substituted forns thereof; the medigum pore nol ecul ar sieves, AFO AEL,
EUO, HEU, KER, MEL, MFI, MIW MIT, TON, and substituted fornms thereof; and
the |l arge pore nolecul ar sieves, EMI, FAU, and suhstituted forns thereof.

O her ol ecul arioslsdythe ring cPherframAROTkEpPs chpmplenspetinclugsdRe arggngemen  \ER  MOR,
MAW and SOD.  NQBzdds ot B 2Q%A R a8PheR brebdhe RS dith SHsfoR @ cH¥RASHS BhdRthe ST eVes,

particularly for converting an oxygenate containing feedstock into :
ol efin(s), i nclsprdes Yam¥een KBlcagearSee vBERekkamaet abdntroduglion tpEpplitGicggneg TA,  LTL,
MER MR, MR MET. . 5 el Bn DG oM QTR SRROMTeNt , the

nol ecul ar  si e\%g%’facﬁzﬁé |Cﬁ'</(é%ﬁ?ﬁg%e[ %wgn jrfA\EiI‘ﬂéé’ftzof;?ol og)? or a le—gil’ t opol ogy, or
a conbi nati on thes @6l Elsavies Beiprcef BV a inysteadami-Fetberfroflg901){ 00261 Mol ecul ar

sieve materi al have, 3- di mensi onal [ f oner -sharing
TO4 tetrahedr ai”@?ﬁer e Te’img SIQFilyTrenfBé}"%a g%ﬁ%@%@“ﬁ%ﬁ% a‘gea %ar‘\fi These
mol ecul ar si evemg & €12y ot gtdater Sasordaribegde.i In apefered ofnbodimed the of the ring

2007 0 at oms. FHREIFHG TOERBE By M SP R B HA PR ARG cs ' nol ude t he
arrangenment  Ofyvérhdd@Sretshain e kaiip@ofRgesboatrdh (MIem)ps £SAN.5 vhhemdigTensi on of
i T oduct i on t GRPBHARE SPGHES: DR ashACTELsT S BOBAITRLEl y Revi sed and
Comt, | el e st i b
, mol ecul zTr si eVes thaaghous ?‘gm' o) P?efefﬁ?]ﬁiﬁg’é range Pf’?ﬁ‘{j“g{klté?? a5y B’ra%‘“% P
f r amewor k- t ype 5l (0.5} 618 prefuabiyiies BABNS nm} boabout @A (0146 nfilaacul ar si eves
e O ekt AU SR (A g 2V pore site I
preferred enmbogpgrent, t heolsmie eieba)paticanmapzeofitid d zeslite Aypeaiulecplel er abl y
sieves, preferably have a molecnlar framework of one, preferably two or more
comer-sharing [TO,] tetrahedral units, more preferably, two or more [SiQy},
[AlQ4] and/or [PO4] tetrahedral units, and most prefesably [Si0a), [A10,] and
TPOy] tetrahedral units. These silicon, aluminum, and phosphorous based
molecular sieves and tmetal 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 (MeAPQ where Me is Mg, Mn, Zn, or
| ) Co), U.S. Patent No. 4,440,871 (SAPO), Euwropean Patent Application EP-A-0 159
624 (ELAPSO where Bl 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 (FeAPSQ), EP-A-0 158 975 and U.S, Patent No, 4,935,216 (ZnAPSQ,
EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO, where EL is Co, Fe, Mg,
Mn, Ti or Zn), U.S. Pétent No. 4,310,440 (AIPQOy), EP-A-0 158 350 (SENAPSO),
U.S, Patent No. 4,973,460 (LIAPSO), U.S. Patent No. 4,789,535 (1iAPO), US.
Patent No. 4,992,250 (GeAPSO), U.S. Patent No. 4,888,167 (GeAPO), U.S.



si |l i coal um nophosphat e nol ecul ar sieves have 8- rings and an average pore
size less than about 5A (0.5 m), preferably in the range of from3A (0.3
nm) to about 5A (0.5 am), nore preferably from 3A (0.3 nm toZdhglt?s. 5A
(0.45 run), and nost preferably from 3.5A (0.35 nm to about 4.2A (0.42
nm . 10028] Mol ecul ar sieves, particularly zeolitic and zeolitic-type

nol ecul ar sieves, preferably have a noggcul ar framework of one, preferably
two or nore corner-sharing [TO4] tetrahedral units, nore preferably, two or
nore (Si04], | R trekr I i I@QO preferably
[Si 4], [A1043 ngr%%of %g%’%se(%}f%ﬁgér(g%'%%g@& 4#%2’3?9 I coh, "al um num and
phosphor ous badetdnts ho$. 869,819, sndk48% , HdCHERQ) USoPateatsni ng silicon, al um num
and phosphorous based nol ecul ar sieves have been described in detail in
numer ous publications including for exanple, U S. Patent No. 4,567,029
(MeAPO where Me is My, M, Zn, or Co), U S Patent No. 4,440,871 (SAPO,
Eur opean Patent Application EP-A-0 159 624 (ELAPSO where El is As, Be, B,
Cr, Co, G, Ge, Fe, Li, Mg, WMn, 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-0158 975 and U.S. Patent No. 4,935,216 (ZuAPSO, EP-A-0161489 (CoAPSO),
EP- A-0158 976 (ELAPO, where EL is Co, Fe, My, M, Ti or Zn), U S. Patent
No. 4,310,440 (AUPO4), 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. Patent No. 4,992, 250
(GeAPSO), U.S. Patent No. 4,888,167 (GAPO), U. S. 2 4 JAN 2007 9A Patent
No. 5,057,295 (BAPSO), U S. Patent No. 4,738,837 (CrAPSO), U.S. Patents
Nos.. 4, 759,919, and 4,851,106 (CrAPO), U S. Patents 2 4 JAN 2007 10 Nos.

4, 7_5},419, 4,882,038, 5,434,326 and 5,478,787 (MJAPSO, U. S. Patent No.
4,554,143 (FeAPO), U. S. Patent No. 4,894,213 (AsAPSO, U.S. Patent No.
4,913,888 (AsAPO, U.S. Patents Nos. 4,686,092, 4,846,956 and 4, 793, 833
(MAPSO), U.S. Patents Nos. 5,345,011 and 6, 156,931 (MAPO, U. S. Patent
No. 4,737,353 (BeAPSO), U.S. '



Pat ent No. 4,940,570 (BeAPO, U.S. Patents Nos. 4,801, 309, 4,684,617 and

4,880,520 (Ti APSO), U.S. Patents Nos. 4,500, 651, 4,551,236 andzz,} B892

(Ti APO), U.S. Patents No. 4,824,554, 4,744,970 (CoAPSO, U.S. Patent No.
4,735,806 (GAPSO EP-A-0 293 937 (QAPSO, where Q is framework oxide unit

[QOz]) as well as U.S. Patents Nos. 4,567,029, 4,686,093, 4,781, 814,

4,793,984, 4,801, 364, 4,853,197, 4,917, §76 4,952, 384 4, 956, 164,

4,956, 165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of which are

herein fu I rence. I i e are descri bed
' R szodoid PRG3R S bR R S ErREMEBRSRELES SR ol o, New
Yor k, New4\5c5:4}<14£ 18220), UvhiPateni No hesgai,zn 3f(léllsAPS®})(U)S nmteal& Biotl4,by3,888 er ence.
[0029] The m)reb%r eferred silicon, alumn ?)f( agPorous cont ai ni ng

mol ecul ar (454R@k U.Sfdtents os 4686 8%%@59@" 53835 $O).&{-$ Ragts
cont ai i ngufTod £ n3) K38 NS, SIS BRARIESPRISE: (L B0 el ecui ar

si eves and sil’i coal um nophosphat e SAPO) ol ecu sieves a substl tuted,
pr ef er abl Patept l8b. £UPsT70t(BeABO), AL PGP aends B@P@SOMD%6%6I§|aadé§80'BE@ nost

preferred I | ar, sieves, ar v bstltuted
2RO ot e P, i, B ek £xtan, s PEtt Bl 0B ®RiFo). 1B Parchth)

G oup A ofo. 324 B’M,IWQNQQI}APS’@) ). s.rreidng Noad) 734, 83 (e Pe@)) tHP- NEL B3 of Gr oup
IIA of the Periodic Tab of Elements, a rare earth nmetal of Goup I11B,

i ncl udi ng @KéQﬁB%@h\amrl&ls framgioradtifs UiiQQeh), apvall avklyhPatets NS dy mi um

samari um 0 Ik ryigum
thul i um 3%%&?%%%80 V\%ﬁgldggl/ gl%g’??ih gg%l?gg%g?%%%g?wﬁy%%gr% um and

| ut et i um 4834, 16¢.ahehamSo4,971,783, 6@4@093 HedBditoadd 6,6Tal05e, abifof VEilféTmcnt s, a
transition and I

per o ¢ TaTe by MeomsetpLey Bemce; Qe mapeck Ry sy eoiedin X stk 1

one pref e{arnayocfklry@w:mmr,szetvaﬁ VIR INUstrirfil BRI, 80w YOk, Ne& m&gmmn& sting
of Co, i, Sn, Ti, Zn and Zr, m Xt ur es

t her eof . Mhidisherein fUBygfcemogeéhnbﬁprm these netal atons di scussed above
are '”Serﬂ asi”tOt ﬁ‘emo i@Bfe&s&EmﬁalmL ﬁ{%{oﬁﬁfﬁ)ﬁﬁl(}r@&s%gﬁuﬁ‘n etrahedral

unit, suc [ Me0O2], carr a nét ependi ng on t al ence state
of the rretnailec&labsmvdsuanﬁalurﬁmum phosphorous and optlonally silicon, containing molecular

sieves include aluminophosphate (ALPQO) 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 1A of the Periodic Table of Elements, an alkaline earth metal of Group lIA of the
Periodic Table of Elements, a rare earth metal of Group 111B, including the Lanthanides:
lanthanum, cerium, praseodymium, neodymium, samarium, europium, gadolinium,

terbium, dysprosium, holmium, erbium, thulium,



exanpl e, in one enbodi nent, when the netal substituent has a valence state
of +2, +3, +4, +5, or +6, the net charge of the tetrahedral u ttJANSIEet ween
-2 and +2.WO20B806874 n one enbodi nent, the nol ecul ar si evECTAS26088¢880bed i n
-tany of the U S. Patents nentioned above, is represented by the enpirical
formula, on an anhydrous basis: nR (MA1,,PJ02 wherein R represents at

| east one tenplating agent, preferably an_organic tenplating agent; mis

t he nunber of noles of R per nole of (Mﬁu,,P)OZ and m has a value fromO
to 1, preferably 0 to 0.5, and nost preferably fromO to 0.3; x, y, and z
represent the yettdurhiapd luteiungfandiscardiam dr Vitdsmtof thePrstndsd Table dbs, where M

| s tal selected f f Group 1A LI 41113 VB, VB,  VIB,
(1B, V1B e dgneel ok drosgs Tl YBrR VIR, MR Thibf or abi y
M i | ect edh 1 g f LSh : G, Ce,
Vo W N Qsr TR TR R AR ol 8 e el Bhecie In b G e

fo 0.2, and x,praferredemBodifrenytiRahenl is Belected firven'dk gioupQofdistinglofOQtdier

enbodi ment, mis greater than 0.1 to about 1, xis greater than O to about
0.25, y is in Gh&erGndee, Meg.MahioSn, TipZp.apd Zramd mixfuses therepb Inangthent from
0.25 to 0.5, nor ef er abl is fr 0.15 to Q. X i.s from0.01

t 00. 2, yi sf romﬁﬁ?fg'fr efﬁ%fﬁ'&“fﬁ%%&%”@%&’ .lsci’.ﬁﬁgf%b%'ﬂ? I"?SﬁFF‘?H’éo teanpl es of
SAPO and ALPO gl Sk 8F a floftERr Seve IMGudy RALMORaIAR! UAR 20 TRIcOL). fnd

conbi nation of SAPOG-5, SAPO-8, SAPO 11,° SAPO 16, SAPO 17, SAPO 18, SAPO- 20,
SAPO- 31, SAPO-@#y aSebPthadle depSiding 36 theSARMIcE tateSHRhe kibtal SAROwEHt. HAPO 42,

SAPO- 44 (U. S. Patent No. 2 4 JAN 2007 WO 2004/ 016574 PCT/ US2003/ 018803 12
6, 162, 415), Samemple, ingmoemippdimgnhwisen the pestal substitysnt hes a yalensestate ofafho. 34,

ALPO/36, ALPO*Q*&,ALSP%{ é&é“%%é’ m%glof é;t%ﬁméd?ﬁ um%ligﬁul aln 33%‘&94-52 t her eof .

The nore preferred zeol i ecu Sieves I nc € one or ‘a

conmbi nation of{gO  18,In SAPENBAdimeAE thédmolechidbsidve, aSARCHB& inAhy-d8 and

ALPO- 34, even nore preferably one or a conbination of SAPO- 18, SAPCG
the U.S. Patents mentioned above, is represented by the empirical formula, on an
anhydrous Basis:

mR:(M,ALP,))O,
wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (M,ALP,)O, and m
has a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to 0.3; x,
y, and z represent the mole fraction of Al, P and M as tetrahedral oxides, where M
is a metal selected from one of Group IA, I1A, IB, lIIB, IVB, VB, VIB, VIIB,
: ﬂ) VIIIB and Lanthanide's of the Periodic Table of Elements, preferably M is '

selected from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni,
Sn, Ti, Zn and Zr. In an embodiment, m s greater than or equai 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 0.15to 0.7, x

: . is from 0.01 10 0.2, y is from 0.4 to 0.5, and z is from 0.3 t0 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, SAPQ-35,
SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No.



34, ALPO 34 and ALPO 18, and netal containing nol ecul ar sieves thw{
nost preferably one or a conbination of SAPO- 34 and ALPO- 18, al
cont ai ni nYHWOHRIFZ si eves thereof. [0032] In an enbodi RER(US201301389B ecul ar
sieve is an intergromh material having two or nore distinct phases of
crystalline structures within one nol ecular sieve conposition. In

particul ar, intergrowth nolecular sieves,are described in the U S. Patent
Application Serial No. 09/924,016 filed }lggust 7, 2001 and PCT WO 98/15496

published April 16, 1998, both of which are herein full |ncorporated by
Pef erence.  Fofl6xAHDI SAPOATOSHPO-AEPALEE-RAL FOWA1 A LER, 18 AL RO

enbodi ment . LAEPRof &iEn-36; AFBoSH AL A R nizl Biainihedid awﬁwmse of
AEl and CHA ThERTE VPR mbidSeferfell SE Qi RIN Yo rhbﬁcﬁm} ﬁ%&s@ﬁc]ﬁ&@é’ﬁ‘e&aas a greater

amount of CHA framework-type to AEl framework-type, and nore preferably the,
rati o of  CHAcdmbiddtioni of SR8 SARGR34, SLPO-B5, SA!BOe@l;BM(BSévAL%nIﬂ‘:e& S
[ 0033] The synthe5|s of nol ecul ar _sieves is described in nany of

ref erences di ndALRE-34hvan mexermreigrably opgPlcceambination RfSARQ- 1§yﬁﬁﬂi’9s| zed by
the hyd th ta f
Source of . pribatdoa sy A8 i mARC el FRE Sl e ieleS Suefvor s o et a

contai ni ng %Bﬁ%él@rabﬁy&ic%u&m@nﬁ@%f%%4%d%ﬂlﬁ@-@% Md mbtal con,
al um num and phosphorous, optionally with one or nore terrpl ating agents

and/ or one orcommmngmmledulwmmasmemg)fcorrpounds are placed in a seal ed
pressure vessel ., optionally Jlipned with an inert plastic such as

pol yt et r af | uol®98zhy| eneln anfrmbpdiment, thefaelecular sigyeds an Mmisrgrowih patgdalyr e aneL
t enperature, ered b
orperatune. Wikl of SNGKLRE RLETH ol S 3 bSO 0,
PCT/ US2003/ Olﬁmolaﬁ)os{tﬁﬁﬂﬂ phrticalap ﬁ@teﬁgréﬁﬂa fokoslanEiBles did@esAEbET N thE Sieves
are synthesized by formng a reaction product of a source of silicon, a
source of al udishFatenbAppligagien Serial No. 09/924,016 filed August 7, 2001 and PCT WO

98/15496 published Apnl 16, 1998, both of which are herein fully incorporated by

reference. For example, SAPO-18, ALPO-18 and RUW-18 have an AEI

framework-type, and SAPO-34 has a CHA framework-type. In another

embodiment, the molecular sieve comprises at least one intergrown phase of AEI

and CHA framework-types, preferably the molecular sieve has a greater amount of

CHA framework-type to AEI framework-type, and more preferably the ratio of

CHA to AEI is greater than 1:1.

II1. Molecular Sieve Synthesis . )

[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.



‘of phosphorous, an organic tenplating agent, preferably a nitr?ggﬂéJ
containing organic tenplating agent. This particularly prefer nzg[gdi ment

resul ts i WQHEHIKGHRt hesi s of a silicoal umi nophosphat e crPST/EBINOHGISKEX er i al
-that is then isolated by filtration, centrifugation and/or decanti ng.
100351 Non-limting exanples of silicon sources include a silicates, funed
silica, for exanple, Aerosil-200 avail abll e from Degussa Inc., New York, New
York, and CAB-O-SIL M5, silicon conpounés such as tetraal kyl
orthosilicates, 3 for exanple, tetramethyl orthosilicate (TMXS) and

t et r aet hyl or t[@83]1 i cat dn(EmEeigired e@@pqilmeaglth%mplfr@algr Bievesque sxnhesized blisi ons
thereof, for xa.\r’ragl e Lgdox-%g fol avcai llabl e fromE |. du Pont de Nenours,
W1 mngton, DCOMAWREAEALOPPLyCLef gsource gl £fH{CORL3 Squres o aliminum, o sqyrce

conmbi nation t e forcbdal o kdidhicg Sol .
100361 Non- 1 1P e oA POBAE A S prTtlab Ry iAee,

cont ai ni ng carpast tenpistirgapentaslas partionlanl y prefetredesnbddimereeasuits én thkeuni num

I sopropoxi de, al um num phosphate, al um num _hydroxi de, sodi um al um nate,
pseudo- boehni Yathegis Bha stisoalhaingphasnhain rystalling rrissial bat thercisetated by i ons

t hereof A prgferred sourc f_alumn | S pseudo-boehmte, particularly
when produci n@{raéo%icwtg aﬁﬂ?ﬁ%‘gﬂ%@%ﬁ%ﬁg'ml ecul ar sieve. J 100371

Non-limiting [g§3syp! s OfoRNASRRPEMSIEVARSN shliceinbRMe 8lsHRatel, Tinede
al um num cont ai ni'ng phosphorous  conposi tions, include phosphorous-
cont ai ni ng, isldagforiegamplep Agrnil 200 evarabli fromidegusmHnas NeivobghoNew aci d,

a1 U nophosp hAPBsasL A0 SR, s BHOROES Sust s teralBO ABARI#s t her oof .

Z?ﬁ:% ing a ST PR B A ey DA Rl o R (TBORY o Ty
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El ements, particularly nitrogen, phosphorus, arsenic and_antinony, nore

preferably nigviedgds friom Bﬂocbplgmdag\!ew, Nodmington, Pelavego sl id4/ 016574

PCT/ US2003/ Olfﬁﬁzgémctal silicate, or any combination thereof. The preferred source of silicon
isasilicasol.
[0036] Non-limiting examples of aluminum sources include aluminum-
containing compositions such as aluminum alkoxides, for example aluminum
isopropox'ide, aluminum phosphate, aluminum hydroxide, sodium aluminate,
pseudo-boehmite, gibbsite and aluminum trichloride, or any combinations thereof.
A preferred source of aluminum is pseudo-boehmite, particularly when producing

) a silicoaluminophosphate molecular sieve.

) [0037] Non-limiting examples of phosphorous 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



14 preferably nitrogen. Typical tenplating agents of Goup V gf h
Periodic Table of elenents also contain at | east one al kyl |=J§r 2@ oup
pr ef er ablwoam4ditedzh or aryl group having from1l to 10 cREBUSZ0A/M¥8(03 and
nore preferably from1l to 8 carbon atons. The preferred tenplating agents
are nitrogen-containi ng conpounds such as am nes and quaternary ammoni um
conpounds. 100391 The quaternary anmoni Hn conpounds, in one enbodi nent, are
represented by the general formula RAN ;" where each R is hydrogen or a
hydrocar byl or substituted hydrocarbyl group, preferably an al kyl group or
an aryl  gr quefersbly nigrogemniipical tedplating agends oh@rouprVId oé thernfrigdivePeble t he
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t-butyl- am $@onelohYide8Fh AHBNBE diPttFiOhHiene, and 2- |mdazol I done. [0041]
The preferred tenplating agent or tenplate is a tetraethyl amoni um

conmpound, su®f4ls t et rHen-rhrymtlagnmnmlm oitdmplatidg agé¢MEACH)de tetmaalkydt hy |
anmoni um ph ate, tetraeth mmoni um fl yoride, tetraethyl ammoni um
tetﬁf&a hehithrs s raeetsurhey feypmetty T aminonfurn

brom de,

compounds mcludmg salts thereof, tetraethyl ammonium compounds including
salts thereof, tetrapropyl ammonium including salts thereof, and
tetrabutylammonium including salts thereof, cyclohexylamine, morpholine, di-n-
propylamine (DPA), tripropylamine, triethylamine (TEA), tniethanolamine,
piperidine, cyclohexylamine, 2-methylpyridine, N,N-dimethylbenzylamine, N,N-
diethylethanolamine, dicyclohexylamine, N,N-dimethylethanolamine, choline,
N,N'-dimethylpiperaiine, 1,4-diazabicyclo(2,2,2)octane, N', N',N,N-tetramethyi- )
(1,6)hexanediamine, N-methyldiethanolamine, N-methyl-ethanolamine, N-methyl
piperidine, 3-methyl-piperidine, N-methylcyclohexylamine, 3-methylpyridine, 4-
methyl-pyridine, quinuclidine, N,N'-dimethyl-1,4-diazabicyclo(2,2,2) octane ion;
di-n-butylamine, neopentylamine, di-n-pentylamine, isopropylamine, t-butyl-
amine, ethylenediamine, pyrrolidine, and 2-imidazolidone.

[0041] The preferred templating agent or template is a
tetraecthylammonium compound, such as tetraethyl 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



ammoni um acetate. The nost preferred tenplating agent is tetraﬁépyl ?@mni um
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t her eof , "PRPPHGINE! I y when producing a silicoal uni nophodFTA{S2003(R3¥883 ul ar
-sieve. In one enbodi ment, a conbination of two or nore of any of the above
tenpl ating agents is used in conbination with one or nore of a silicon-,

al um num, and phosphorous- source. 100421 A synthesis m xture containing at
a mnimuma silicon-, alum num, and/or phosphorous-conposition, and a
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pref erably under autogenous pressure, to a tenperature in the range of from
about 80C t mbabotemp&(g agamd isnaseé ipcahkinatibrny with one abmote of i dne, about 180C.
,The time required to formthe crystalline product is typically from

i mredi at el y Aymingms Ansk Rhosphosqs- SQUee- dur at i on of which is usually dependent

on the tenp re; th l.gher the t erature th or.t:er the duration.
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art, for exanple centrifugation or tration. e i sSolated or separated
crystal | i ne apldduthe rangerof frome frivo td, ipeefesablysinvths raads of frpincdatiol 4 andisiosy a i qui d
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preferably qaepingt ek fronl HERVERCAbEEsWCI0SE And BékiphteRbly WeR Loy Vel | known
techni ques, for exanple, heat treatnents such as calcination. Calcination

i nvol ves contsaeCitagbdid 807G}, €The tirhe sdqmiired cofuirmi the aystalinetpeadhicaisi ng  agent
with a gas, preferably containing oxygen, at any desired concentration at an
el evat ed t erfgpicaliyfremsigmadadtely upe saierd aveeknthe durponoe! whishisstsapy deconpose

and dependent on the temperature; the higher the temperature the shorter the duration.

Typically, the crystalline molecular sieve product is formed, usually in a slurry
state, and is recovered by any standard technique well known in the art, for
example centrifugation or filtration. The isolated or separated crystalline product,
in an embodiment, 1s washed, typically, using a liquid such as water, from one to
many times. The washed crystalline product is then optionally dried, preferably in
air.

[0043) In one preferred embodiment, when a templating agent is used in

S

the synthesis of a molecular steve, 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



oxi dize the tenplating agent. 100441 Mol ecul ar sieves have either a high
silicon (Si) to alumnum (Al) ratio or a low silicon to al um adraANali’o,
however, AVOWIBISAN ratio is preferred for SAPO synt hedfiGI/U§24034H8303

enbodi nent, the nolecular sieve has a Si/Al ratio less 2 4 JAN 2007 WO
2004/ 016574 PCT/ US2003/018803 16 than 0.65, preferably less than 0.40, nore
preferably less than 0.32, and nbst pre grably | ess than 0.20. In another
enbodi ment the nol ecul ar sieve has a Si/ ratio in the range of from about
0.65 to about 0.10, preferably fromabout 0.40 to about 0.10, nore
preferably f r them Q1661 preferaily jess dipm .40, rage pmfelrahb'rleSSpih@f @ﬁabmd méstom about
0.32 to about O V. Met hod for ki n | ecyl ar ve Cat.al
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is then fornu ate ar sieve cat al osit .
particul arly ikyut 090 MBreCiréferabie frodgbotP0 .82 W abmﬁloelxoeandsmélp&femﬂ above are
made or fornulated 1nto nolecular sieve catalyst conmpositions by corrbl ni ng

t he synt hesi z&dm aboutdb32 Hratmue()éés) with a binder and optionally, but
preferably, a‘?atr' r|I . , D| € uI eve cat al yst

conposi tion ofra fo¥Mm rSETHERESSY: | on. Thi s
fornul ated nojgpgyf ar si useful shape
and sized par |c es by %ﬁ&%ﬁ@%ﬁlé’gﬁﬁgﬁﬁdﬁﬁ%ﬁ dé&é‘g@gfn&%i ng,

pel l etizing, mguiretBennof thegattivaldrickrverdion pokess) theanaieeulamgiyveds ittear ent
bi nders that are useful in formng the nolecular sieve catalyst

conposi ti on. f%wulaltqﬁlmqmmek&ﬁbr sigve Fatplypirompostign. parculgdefar al one or in

conbi nati on i nclude. dr at,ed_al uni na ca or ot her
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particul arly wmioleenlat fieve(s) with edintentand opomalednit prgferably, amatgnmatﬂmki de sol,

to form a molecular sieve catalyst composition or a formulated molecular sieve

catalyst composition. This formulated molecular sieve catalyst composition is
formed into useful shape and sized particles by well-known techniques such as
spray drying, pelletizing, extrusion, and the like.

[0046] There are many different binders that are useful in forming the
molecular sieve catalyst composition. Non-limiting examples of binders that are

useful alone or in combination include various types of hydrated alumina, silicas,

1
e

and/or other inorganic oxide sol. One preferred alumina containing sol is
aluminum chlorhydrate. The inorganic oxide sol acts like glue binding the
synthesized molecular sieves and other materiéls 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, 0is 510 40, pis 2 to 15,
and x is 0 to 30. In one embodiment, the binder is Al,;0,(OH),,Cl,*12(H,0) as is



preferably having a | ow viscosity, is converted into an i norga?gcAgﬁbpﬁ‘e
mat ri x co:a:)onent. For exanple, an alumna sol will convert to r‘J |7t num
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oxi de 04SP Pwi ng heat treatnent. ]00471 Al unmi num REVVBSHHPIEEE a
hydr oxyl at ed al um num based so] containing a chloride counter ion, has the

general formula of AInO (OH)od p x(H2O wherein mis Ito 20, nis 1to 8, o
Is 5to 40, pis 2to 15 and xis O to 32. I n one enbodi nent, the binder is
Al1bO (OH)24d ; 12(H20O as is 2 4 JAN 20 WO 2004/ 016574 PCT/ US2003/ 018803
17 described in GM Wlterman, et al., Stud. Surf. Sci. and Catal., 76,
pages 105- 14des¢ribaiip, G-ihi Whltersaneetel n Stude Supobait and Gafalr.dfbepages d054 n anot her
mone 1 m i ng CREHRPal Wirigh s e e BB L lerEheen R AroiRr AR oxi .
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and m xtures thereof. [00481 | n_another_ enbodi nent, the binders are al um na
sol's, predonfliaspare.and srapsitional @luminas sughhas gralemingp Biabwaing.yr-alueindddng some
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preferably angﬁ%&iﬂz_,%Qférite,%?c&trﬁﬁ&ite?@&}éh@, aid Bk RP&NherkOf. Pr epare sol s or
al umi numion Solutions. Non- limting exanples of comrercially avail able

col | oi dal al u[fi0d8] sol s imanaibie ehslodunedane bmdarsl aabblanfinosnldal co Cheni cal

Co., Naperville, Illinois, and acol ALZOOD\/V%Xlai_I ab‘ge fromggyacol Nano
Technol ogi es, PIeAeminanyy comgrising alumypury oxdse Openadly ingluding seme gilicon-piy  above,

_ : nlicana! i . above,
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act as ther mahlusiifdBydses Sichig pséudoBbtedhith, MGthneddcid, pesferably abakcrd gist
conposi tion for exanple during regeneration, densifying the catalyst
conposi ti on, Hersmehsonainedhadeges: togrenangsals sudimirpm taxsiplutions. Non-

limiting examples of commercially available colloidal alumina sols include Nalco
8676 available from Nalco Chemical Co., Naperville, [llinois, and Nyacol
AL200DW available from Nyacol Nano Technologies, Inc., Ashland, MA.
[0049) The molecular sieve described above, in a preferred embodiment, is
combined with one or more matrix material(s). Matrix materials are typically
effective in reducing overall catalyst cost, act as thermal sinks assisting in
shielding heat from the catalyst composition for example during regeneration,
) densifying the catalyst composition, increasing catalyst strength such as crush
strength and attrition resistance, and to control the rate of conversion in a
particular process.
[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 conv on in
a particular process. [0050] Non-limting exanpl es of matrix Jfat 5@?5

i ncl ude oveexi/onei7€ of: rare earth nmetals, non-active, REYES20e34118808
including titania, zirconia, magnesia, thoria, beryllia, quartz, silica or
sols, and m xtures thereof, for exanple silica- magnesia, silica-zirconia,
silica-titania, silica-alumna and silica-alumna-thoria. In an enbodi nent,
matrix materials are natural clays such 38 those fromthe fanilies of
nontnorillonite and kaolin. These natural clays include sabbentonites and

t hose kaol i nskdgnawe, dickitd, fhcri¥ afhguxitd. Xh @ne MnbodiBfnt, OMAtri maerikl or i da
clays. Non-limting exanples of other matrix materials include: haloysite, 2
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nacrite, or anauxite..In one, enbodi nent, th tri.x material, preferably
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one preferred di men matrix material 1's a clay or ay-type
conposi tion, gaghaicalsmpositidoncprierably thedlay ypclag-oyieadhiposifion Auviag adowow i ron
or titania content, and nost preferably the matrix material is kaolin.
Kaol i n has biemor Bianis qootenband mastiprebdsatly the matrsonptgrigldpkeelin. apling, it has
a low fresh ur,f ace area,. and it C ogef her easily.due to its platel et
Structure A PRrEs Tulid iR seRhg obipaPiie dhieh SEL OGtert Atk S o I Bt oot
preferably kagldite afcs, MOFpaRWgets Ladlly die I MallcCRRuie.L A efdfifgpar ticl e
size distribution of {ess than agoout I [m 100521 Upon conbi ning the
nol ecul ar si eweragelyarticlasiee pf thednapk nemeridl ymosteprefombly kaohaf wiffomh aboun a
liquid to forma slurry, nixing, preferably rigorous mixing is needed to)
produce a sub8damm tfeabaut ASnn MR B.0Ragticls size disiributigp of kigs hangbeds of -
suitable |iqui I ncl ude one or a conbination of water, alcohol, ketones,
al dehydes, andfor esters. The nost preferred liquid is water. In one
enbodi ment,  {g#82p! Ur r y Upsn&ambiiisl fhelrh@lec i siévePieivdttied antioplosdlfyf thei ent to
produce the desired

matrix material, in a liquid to form a slurry, mixing, preferably rigorous mixing is

*

needed to produce a substantially homogeneous mixture. Non-limiting examples
of suitable liquids include one or a combination of water, alcohol, ketones,
aldehydes, and/or esters. The most preferred liquid is water. In one embodiment,
the slurry is colloid-milled for a period of time sufficient to produce the desired
slurry texture, sub-particle size, and/or sub-particle size distribution.

[0053] The molecular sieve, the binder, and the matrix material, are in the
same or different liquid, and are combined in any order, together, simultaneously, )
sequentially, or a combination thereof. In the preferred embodiment, the same
liquid, preferably water is used. The molecular sieve, matrix material, and 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. Ina



slurry texture, sub-particle size, and/or sub-particle size di zriﬁzﬁion.
[ 00531 The nol ecul ar sieve, the binder, and the matrix materi at? ANdI n ¢ he
same or diWPe6Y4 qui d, and are conbined in any order, PEHFSRPE018803
si mul taneously, sequentially, or a conbination thereof. In the preferred
enbodi nent, the same liquid, preferably water is used. The nol ecul ar sieve,
matrix material, and the binder, are coq‘Bi ned in aliquid 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 ispmfefetembalimentatht faringimids aspray dreonTypichlyd thenforming of
| iquid. 10054] |n one enbodi ment, the urry of the nol | ar .si.eve, the
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PCT/ US2003/ 018803 19 preferred enbodi ment, the formng unit is a spray
dryer. Typi calfhigrosphggef orming unit is maintained at a tenperature
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When a spray dryer is used as the formng unit, typically, the sldrry of

t he nol ecul ar dsyiey eplunteewith adeinggas witeamatarage inket emmratire rangifigfiomo t he
spray drying volune with a drying gas with an average inlet te;gerature
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[0056) Duri ng t6Bb@it 260 Yind)@noré prfehbly fiorm sbdis 8 ggh toubougP0eumOzE Most
preferably from about 20 pm to about 120 pm.
[0056}) Dufing spray drying, the slurry is passed through a nozzle
distributing the slurry into small droplets, resembling an aerosol spray into a
drying chamber. Atomization is achieved by forcing the slurry through a single
nozzle or multiple nozzles with a pressure drop in the range of from 100 psia to
1000 psia (690 kPaa to 6895 kPaa). In another embodiment, the slurry is co-fed
through a single nozzle or multiple nozzles along with an atomization fluid such

) as air, steam, flue gas, or any other suitable gas.

[0057] In yet another embodiment, the slurry described above is directed
to the perimeter of a spinning wheel that distnibutes 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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and its spheri char a r Vi lurry
feed pr opertl Wdﬂ d congh%lhgﬁrs& o'?' &[@renﬁtg f%l]&%aggg%]e@%egrl %E"gydi for
formng a nol %@iﬂp@émﬁh@Mﬁaﬁx@&'ﬁv'rﬁ/ﬁﬁmﬁ@%l@%bbh@?%l;&eﬁeﬂﬂi flogrlatont L) & toPat ent
Application Serial No. 09/617,714 filed July 17, 2000 (spray drying using a

recycl ed nol e@bblar90§’p,en@equalta§0§t fremrapouli Q‘V@)h:) abont86%, pyen teregireferably o

i ncor por at ed refer 100 the for ted .
nol ecul ar sie “&5‘?‘5‘1@ to(f"(!? ‘qu%‘ﬁ ‘Hﬁ ’E‘i‘fﬁ g@?ﬁ?ﬁ‘gﬁﬁ‘ﬂhﬁfﬁ% Elbé’“ng t 99%
preferably fr Qﬁr‘\@é?glﬂtoﬂﬂe rﬁbie@ula@?i%%‘é b#8don 'E'E%rt%ta%\%f@{t%?h)é hoRAIZOGe 10% Lo
about 80% eve e preferabl from about 20% to about 70% and nost
preferably fremabsocdmpasitidm about 60% by weight of the nolecul ar sieve
based on the total weight of the nolecul ar sieve

10061] Once the molecular sieve catalyst composition is formed in a

substantially dry or dried state, to further harden and/or activate the formed

catalyst composition, a heat treatment such as calcination, at an elevated

temperature is usually performed. A conventional calcination environment is air

that typically includes a small amount of water vapor. Typical calcination

temperatures are in the range from about 400°C to about 1,000°C, preferably from

about 500°C to about 800°C, and most preferably from about 550°C to about

700°C, preferably in a calcination environment such as-air, nitrogen, helium, flue _)

gas (combustion product lean in oxygen), or any combination thereof. 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



catal yst conposition. 10061] Once the nol ecul ar sieve catal y%jon‘gﬂosi tion
is formed in a substantially dry or dried state, to further Medlands or
activate WR2UPHMEEd catal yst conposition, a heat treat RGRUSQHI18E03
-calcination, at an elevated tenperature is usually perfornmed. A
conventional calcination environnent is air that typically includes a small
anount of water vapor. Typical calcinatign tenperatures are in the range
from about 400C to about 1, 000C, prefera@lly from about 500C to about 800C,
and nost preferably from about 550C to about 700C, preferably in a

cal ci nati on erhoursypreferablyg dioim &howai to,abnitt Folgems, ninerk prederably feom abgad
,conmbustion product | ean i n oxy, any. conpi nat.i on thereof, In one

enbodi ment, cdl¥f KaAYho Bw_ts,r?@dggg%r%réhlym%e w2 hours g abautd haws.
composi ti on i 9e6eAT ed aflonk BrBBYinMAFRAL 1 iSlliskRVEE LARYICERS: Lol uding
rotary calciners, 'fluid "bed calciners, Dbatch ovens, an e i ke.

Cal ci nation tidxlystcémposiedd i n%ﬁ_ﬁ@dﬁﬂh% af Atiritdndesd BleR {ARBY, dRBdual of the
nol ecul ar sieve catal yst conposition and the tenperature ranges from about

15 nminutes to ialeight perchutwatlyspeahpositidryattrittbper hoor. ABdixmeasumdrty. 1n a
Pt ogen at o 2B 08 O @yt PRSI SRbEP I it PORBCIOREd: i ng |5 |
carried out far: [ ' l.cal m JAN
2007 VD 2004/ %M%&# [ﬂg%%%%l%%%&ﬁ{fm %gfrgﬁgﬁ‘r Q%%‘g‘g’?%%%%m%l&hour to
about 10 hour sge/miref nitigfes padisybubblettiabogh a Watdr@vhntairingibebblerdo hamidify and

nost preferablﬁé from about 2 hours to about 4 hours. [0062] |In one
enbodi nent, t Hie gittogpn. She velgnypgandrasys thiopgh Betizition cep.and exitythgst
conposition is neasured usin n Attrition .Rate dgx . (AR measured in
velght per cencetinpa el i’ Brbk BhP g e, RO R toaiERbiRey by
addi ng 6. Qg ofthe &h&l pesiicl&O WRThd lafier PAMICRS bRinRatlaimel @9 el c6B. TABGbRRMsf rom 53
mcrons to 125 mcrons to a hardened steel attrition cup. proxi mately
23,700 cc/ m nfiled thimbieospparatya thei fsncnabiby st gadticles digim thewdtregendbatteaitni ng bubbl er

Eﬁp,hu;nngl Iaii t tstg{eqlllgi] ttlgeo ?xr?ﬁle.ﬂ?ﬁe }L}gé panrltiE: egge%]ai i%%slg ettplrmotldg peptret]s%ntat ter 'tion
catalyst composition that has broken apart through attrition. The nitrogen flow
passing through the attrition cup is maintained for 1 hour. The fines collected in
the thimble are removed from the unit. A new thimble is then installed. The
catalyst left in the attrition unit is attrited for an additional 3 hours, under the same
gas flow and moisture levels. The fines collected in the thimble are recovered.

The collection of fine catalyst particles separated by the thimble after the first hour

are weighed. The amount in grams of fine particles divided by the original

)
RN

amount of catalyst charged to the attrition cup expressed on per hour basis is the
ARI, in weight percent per hour (wt. %/hr). ARI is represented by the formula:
ARI = C/(B+C)/D multiplied 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



attrition apparatus through a porous fiber thinble. The flow ng nitrogen
renoves the finer particles, with the |arger particles bei n%[;%&%@pd I n
the cup. wWoeopooesrs fiber thinble separates the fine caretyy 0| es
fromthe nitrogen that exits through the thinble. The fine particles .
remaining in the thinble represent the catalyst conposition that has broken
apart through attrition. The nitrogen flow passing through the attrition
cup is maintained for 1 hour. The fines @l lected in the thinble are
renoved fromthe unit. A newthinble is then installed. The catalyst left
in the attritipeiRepPet hbsr, ahd fiokeptefcpiblResadidhtli welght perét@t pér howRdR ofhe same
gas flow and noisture levels. The fines collected in the thinble are
recovered. Thmbodinientithemoddcular sieve astalygtstompamsitionl o fommyated medednjart he

thinmble after the first hour.,  are wei ghed. The a nt in grans of fine
particles di viSE¥&cHIYEHONROsHiondas {in ghe REESP femé%bwg&%t peFeen er

attrition cup 0, LS | ' nt per'’
oL 1N CUP LRSS RS DOME R S ol et gy WD LA
nul tiplied by ptRefperiBicioneds thin Yeiht patert Pephdif! andRORGFefctably freft i n the
cup after the attrition test, Cis the weight of collected fine catalyst
particl es aft @boutife wWeight péroent pof heurttp lash thant2 weighepereenaper I®urs t he durati on
of treatnent ‘j,n hours atter the firs our.attrition treatpnent. [0063] In

-t he TARESALY 3 areisi M90S mul at ed
fe OQiE&E%
0

one enbodi ment, 5
e@l@ab%é Q.Igt per cent
wei ght "perceht per

f
= ] - o

nol ecul ar sie falvst it o
‘{ﬁ](ﬁg / H@Qﬂ&g&l{%ﬂs‘?&e i3 ur, nore preferably

per hour, preferably less tha
| ess than 5 waisgfolinpevaient ofyabcdisesincladicg earacking rof forr edfamipddoh Maphelssfebthan 2.
wei ght WD 2004/ 016574 PCT/ U52003/ 6118 003 22 percent per hour, and nost )
preferably | edalightolefin(l(Lyht Pasent M 6,308:53Aber highet raplecularweight@d¥) the -

Comosi 11 on hSaRReelo SRAERRY i BFbcRloobd BB AHARR of 1 Blameld fRFy .01 M1 V!
less than 5 “@eﬁ&%mﬂ%ﬁ%%}\;ﬂ%feé&%ok; R hRBARING bR ¥xAhPI¥ AGAbGcsGueh Vei ght

percent per hour to less than 3 weight percent per hour, and nost preferably
from about 0.a2xykengpolymsrczation,pdifohexampl ooteawanorie aefih(s)ep pnedygeacent per

hour.. V. Pr OC%%PymFe? E)ro ulctr] geftopxgin'\g/? l]yegrglgt%ratiglil;e%%yg%tggrll 15021; evg;.)xqggi,toif for
example hydrocarbons to remove straight chain paraffins; absorption, of for
example alkyl aromatic compounds for separating out isomers thereof; alkylation,
of for example aromatic hydrocarbons such as benzene and alky! benzene,
optionally with propylene to produce cumeme or with long chain olefins;
transalkylation, of for example a combination of aromatic and polyalkylaromatic
hydrocarbons; dealkylation; hydrodecylization; disproportionation, of for example - )
toluene to make benzene and paraxylene; oligomerization, of for example straight
and branched chain olefin(s); and dehydrocyclization.
{0065] 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).



[ 00641 The nol ecul ar sieve catal yst conpositions described abo;el' Upfseful
in a variety of processes including: cracking, of for exa n % a feed
to light ‘Hﬁle%’f’ﬂ?léi’”( U.S. Patent No. 6,300,537) or hi gherPGiVEYUB3%ei ght
-(MN  hydrocarbons to | ower MN hydrocarbons; hydrocracki ng, of for exanple
heavy petrol eum and/or cyclic feedstock; isonerization, of for exanple
aromati cs such as xylene, polyneri zatioa of for exanple one or nore
olefin(s) to produce a polynmer product; ?eform’ ng; hydrogenati on;

dehydr ogenati on, dewaxing, of for exanple hydrocarbons to renpve straight
chai n par af fi 18066hbsor ptlihemolesuldr sieve eatalyst eorapasitions desrambed abwemseinds f or
Separating out isomers thereof: alkylation, fQr anpl e ar | C

hydr ocar bons S&¢FY ytﬁ’é?g‘g}?em&ﬂﬂs‘&f’mceﬁsé:ﬁfgﬂ'gfemrg&q%gwgl I;YW@@E}FCOWI ene
to produce CUREIRLk cWithifls bANG: HORIN HJ,tfcf-édaﬁaimntgrc%E@ahmtﬁéﬂiﬂaud@f for
exanpl e a conbi nation of aromatic ang pol yal kyl aromati ¢ hydrocar bons;

deal kyl at i on; alkptolegdaninks, zabbnyl;cotipppndyfor examgle akiehydss, Keténeexadpl e t ol uene

to make benzene and_paraxyl ene; oligonerizatiqn, of for exanple straight
and branched &aEORYLs aidsnpibsrs, katides ansrepndanpesylidas, apd thedbesndmiztues ed

processes are conversio rocesses .ncl,udi ng: ht ha to _highly.,aromatic
it uroa 11 oM et AUphiS TS o W e o B eyt SRichLf

oxygenat es t o cohtainsTom 1 té AHE 50848 hfdgns] &e@érﬁ’él?r FonR 194 20 cAbSHRbLES; and
unsaturated hydrocarbons (ethylene and/or acetylene) to al dehydes for
conver si on i niwre gteferhblydronad itel $0 eartior stoerss andrimestrpsferabhyefrenrietd 4or ocess of
the invention is a process directed to the conversion of a feedstock

conpri sing on&agon - oxygenates to one or nore olefin(s). 2 4 JAN 2007
VD 2004/ 0165740 RGT/ US20Q40FAA03 2o kA0P Bt HTE cBRL:ARHY Bim T GUEIRAIGL V!
conpositions described above ar particularly usefu n conver sl on
processes of didohelsanth asanethimt knd dhphalpdlkyl-mekeptaheadhtapaletlgdnt ai ns one or
nore aliphatic-containing conmpounds that include alcohols, amnes, carbonyl
conpounds f or mesteapiAreans el yrrsenptane elkibsulfides sugh ppawihyl sulfide.@dkylet her s,

halides, mer Ca}a%{iggssshcﬁ gsl %E%?Fm%@,dalf(ﬁ?etﬂérg guchaag%inr?cﬁﬁtyi’létﬁesr, diethyl ether

and methylethyl ether, alkyl-halides such as methyl chloride and ethyl chloride,

alkyl ketones such as dimethyl ketone, formaldehydes, and various acids such as
acetic acid.
{0068]) In a preferred embodiment of the process of the invention, the
feedstock contains one or more oxygenates, more specifically, one or more
organic compound(s) containing at least one oxygen atom. In the most preferred
) embodiment of the process of invention, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
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, methy! ethyl ether, dimethyl ether, diethyl 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 methano!, ethanol, dimethyl ether, diethyl ether or a



t hereof. The aliphatic noiety of the aliphatic-containing corrpo?ngg , )
typically contains froml to about 50 carbon atons, preferably 1" Nﬂqﬂ?to 20
car bon atwopsooyemsAa preferably froml to 10 carbon at onmspcand2008818803
preferably froml to 4 carbon atons. 100671 Non-limting exanpl es of

al i phati c-contai ni ng conpounds include: alcohols such as nethanol and

et hanol , al kyl -nercaptans such as nethyl nercaptan and ethyl nercaptan,

al kyl -sul fi des such as nethyl sulfide, al4«yl am nes such as nethyl am ne,

al kyl -ethers such as dinethyl ether, diethyl ether and nethylethyl ether,

al kyl - hal i descopdifipation th&LHE inordbRFéralsly dhBloNiAd Githedyl Leher, Alakidstket ones

such as dinethyl ketone, fornaldehydes, and various acids such as acetic
acid. [0068] prafesabby methaneld enbodi nent of the process of the invention, the *
f eedst ock contains one or nore gxygenat nore specifically, one or nore

S

or g?ni c gorrpd@%‘_{]s) con—fléﬁ Yaripys dgedstogls ‘Sgﬁi’é Pgus ReftisaryA feﬁéswﬂ%t i ‘
Pecdst ook | o WHARE an BeybelficD e BRCllaA Y SO0k cBBRASIRIT "o o

the aliphati Ccdﬁvéx@éwprﬁﬁam'jﬁmoain@@ﬂﬂ{o&@blehge‘s).f TREbIefin@) 8Pokefnbon at ons,

preferably fromIl to 10 carbon atons, and nost preferably froml to 4
car bon at ons. m¥memed ) phalused frefuthe deedstocki typicallyihave frhm Drootkesmbat t he

i nvention include |o strajght and branched_chagin aliphatic alcghols and
t hei r unsat ur2iPBg HB%%E’Q?%&?%S?A’%GW’ NSﬁquiefﬁrik“?qﬁgt%Q opatms.Glgenat es
I ncl ude neth , - s ard yl ether,

di met hyl et hg‘??ﬂ%".f%‘%ﬁ’?ﬁp%t‘%gF?"Bé?%?‘?%’par“gﬁfﬁ tg’?‘ﬁg@@”f@%‘gﬁ?’é&rﬁ%e, di met hyl

carbonat e, digrepylyhe. KesPlighitise &tantplériftblefimandigi(siiaduldethelhbe, | n t he nost
preferred enbodi nent, the feedstock is selected fromone or nore of b

met hanol , et HerapYlenad briengnll pentener 1, Ainethiyl-pentengel, hexene-b, ortenaN @asb7 WO
20041016574 PLUUPOOS(OLSERR, £¢ n SOTATRLLAD, Rersel s, PLELSLEb
1, hexene-1, octene-1 and isomers thereof. Other olefin monomer(s) include
unsaturated monomers, diolefins having 4 to 18 carbon atoms, conjugated or
nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
[0071] In the most preferred embodiment, the feedstock, preferably of one
or more oxygenates, is converted in the presence of a molecular sieve catalyst
composition of the invention into olefin(s) having 2 to 6 carbons atoms, preferably
2 to 4 carbon atoms. Most preferably, the olefin(s), alone or combination, are
converted from a feedstock containing an oxygenate, preferably an alcohol, most
preferably methanol, to the preferred olefin(s) ethylene and/or propylene. _ .)
[0072] The are many processes used to convert feedstock into olefin(s)
including vanous 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).



[0070] The various feedstocks discussed above, particularly afgegpbpgk
contai ni ng_an oxygenate, nore particularly a feedstock cont ai nyng an

al cohol , YO 2004NG& ed prinarily into one or nore ol efi NRGSYYUSZRHIIEES i n( s)
-or ol efin nononer(s) produced fromthe feedstock typically have from2 to 30
carbon atons, preferably 2 to 8 carbon atons, nore preferably 2 to 6 carbon
atons, still nore preferably 2 to 4 carzins atons, and nost preferably

et hyl ene an/or propylene. Non-limting anpl es of ol efin nononer(s)

i ncl ude et hylene, propylene, butene-1, pentene-1, 4-nethyl-pentene-1,
hexene-1, octB@3) and Irdensesmebadimpniarfdhepriogess dorydoamersiopradpyitaststockbut ene- 1,
pentene-1, 4-ne oct en of O her

hyl. - t -1, h -1, -1 [
olefin mnom?rfgﬁrghlﬁgﬁgﬁﬁlg%%{ﬁ ﬁg'gltf’ﬁ‘(t‘er)g ‘2‘% ?Fdﬂ?fﬁi??‘géaenmeg’lntgF hﬁ%ﬁﬁé@ Oﬁk‘gﬁiﬁs to 18

car bon at ons, ' ' | ' nononer s
ndoyc oo RPAREABREL e AN GRR B e o R R MRS Coor ook
preferably of weight p@tenpprefematily givatee thani 60 vedightaretcedt, intort prefpablyaneterof a

nol ecul ar sieve catalyst conposition of the invention into olefin(s) having
2 to 6 car bonthan{7@meeiglspercentaBng most prefezabby gisater Hea e washttregreat. dpabl y, t he

olefin(s), alone or conbinati.qn, are .convert.ed froma feedstock containing
an”oxygehat o, TEaertRyna ok fanfieSs EEPIEER of ARy MeRTRBRREf he
preferred ol ebhnfShoRiIMMRNHEHRMM ANt Bf ARYEANSd/didRdRlIerd Srodh@dBRRA i Ocesses
used to convert feedstock i'nto olefin(s)” including various cracking
processes suctheastabtverght af lpckocarhort fredunt pradegahis gatatereharcé aekighy, fl ui di zed

bed cracking, fluid catalytic crackjng, deep catal ytic cyacking,., and
vi sby eaki ng. Wéef%%fﬁ?e& grepied ﬂ;ﬁﬂ?@é@@gh@e&éﬁbﬁ%ﬂw preterpely eeptedhans/ Jas- t o-

ol efins (GTO j : - ' In a MIO process,
typically an g)%%]ghégt%erg’ gergé%fgéﬁﬁaﬁg E%%@P%{rg%})@%(%gﬁghol cont ai ni ng
feedstock, isjomayertedid mdiha epibddrnge ofthedprodesefonlcanveasion of 6@l @l yst
conposition thereof into one or nore olefin(s), preferably and

pr edoni nant | ymozg px)asnatesiodingror mure plefiafs, the amenntregiydeneprodered n weight

olefin(s). 2 ?)er%éll\tl b%ge%70n 1\4\9 to%glo\ﬂe/:igﬂ'@oﬁ'zx%dr%gﬂbgr? %%)d%/cp &r%ggged, 1255greater than
30 weight percent, more preferably greater than 35 weight percent, and most
preferably greater than 40 weight percent. In yet another embodiment of the
process for conversion of one or more oxygenates to one or more olefin(s), the
amount of propylene produced in weight percent based on the total weight of
hydrocarbon product produced is greater than 20 weight percent, preferably
greater than 25 weight percent, more preferably greater than 30 weight percent,

) and most preferably greater than 35 weight percent.
[0075] The feedstock, in one embodiment, contains one or more diluent(s),
typically used to reduce 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.

10076] The diluent, water, is used either in a liquid or a vapor form, ora-

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



[0073] In one enbodi ment of the process for conversion of a f%emfk
preferably a feedstock contai ning one or nore oxygenates, the®a U%f

ol ef i n( s)WORMBHUEEH based on the total weight of hydrocaPEBUSHOydIseeH i s
greater than 50 weight percent, preferably greater than 60 wei ght percent,
nore preferably greater than 70 wei ght percent, and nost preferably greater
than 75 wei ght percent. In another enbodi nent of the process for conversion
of one or nore oxygenates to one or norébol efin(s), the anount of ethylene
and/ or propyl ene produced based on the total weight of hydrocarbon product
produced is gif@heéactdradn aBed iy intbQresfidr, oPidde@ ity ¥ mdlRalekietdan 70

wei ght percent, nore preferably greater than 75 wei ght percent, and npst
preferably gr eatalyst compesii®nwdi ght epbediment, the@iagnt jof dilnert e thededsisttickent  of

th for ' f tes t
ol f I n(s), thE BIRFHEEOHFPRAbORT bR P Hmi BFTEED Bised o BB SSUBhPer ne
total weight BFm'EB*’e%?gfe' fROI AU 'luQﬁtogfé?&%lK'fﬁmgﬁﬁﬁﬁqrtotaS;qgﬂor%% ggrc}é‘ﬁt',ght

percent, nore preferably greater than 35 wei ght percent,

preferably grartepretdratly Fbmvabaiits toaberrso, addmysttprefepibhefropdbadi Swnt of the
process for conversion of one or nore oxygenates to one or nore olefin(s),
the ampunt ofb@®dpyl ene produced in weight percent based on the tota

ight of h b duct .od [ th ' t,
breforably oUFE °Chalh S8 CRpliment sther by thRbShs arF andetp TeelHack™! han 30
wei ght per CenEﬁher%ﬂ@ctf@éﬁinﬁfrﬁ%%%% %cﬁfdﬁ%ﬁe@fnﬁ@f‘g&f’}aﬁ‘g}( ,%rigmaﬁe@{ (S;s)@@}"or [0073]

The feedstock, 1n one “enbo , contains o 'uen
typi cal | y usedxdmple &0S.cRatéheN« da7g(H42 padditioroéf drivdafies) 98 higtaresalidedt] e .
generally non- reactive to the feedstock or nol ecul ar sjeve catal yst )

conposi ti on. REsEblxipropidence Rutivianespeatylenc ardhother hvdroepsbons hayimg 4rgon,

nitrogen, car oxjide. ca n | oxlede, water, essentially non-reactive
par af fins (esglgog? %P%ﬁ(%tpwgh%rsﬁlgxggﬁs g.’gré’%bt hane, ethane, and propane),

essential |y nemp7gpact i vahapastetd for cOMRAMPS feedftbck, Rhpecitl §a feb@tRRf . The nost
preferred diluents are water and nitrogen, with water being particularly

preferred. [00@Bhiniigeoneidruesrt oxygenates, inghe preskensk oh e mdlecwlar|seaygicatalyst a vapor
form Or 8 Comblnatlon {091 R0fen LN, J Al Elodiod dipeet v 1o
where the process is a fixed bed process, a fluidized bed process (includes a
turbulent bed process), preferably a continuous fluidized bed process, and most
preferably a continuous high velocity fluidized bed process.
[0079] The reaction processes can take place in a variety of catalytic
reactors such as hybrid reactors that have a dense bed or fixed bed reaction zones
and/or fast fluidized bed reaction zones coupled together, circulating fluidized bed _ b
reactors, riser reactors, and the like. Suitable conventional reactor types are |
described in for example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522
(dual riser), and Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E.
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.



2 4 JAN 2007 WO 2004/016574 PCT/ US2003/018803 26 into a reactor or added
directly into a reactor, or added with a nol ecul ar sieve catal§d&N 2007
conposi t i O 20H06d enbodi ment, the anpunt of diluent i PGHBSHEBYSEGEcKk s
-in the range of fromabout | to about 99 nole percent based on the total
nunber of noles of the feedstock and diluent, preferably fromabout 1 to 80
nol e percent, nore preferably from abogﬁ_},S to about 50, and nost preferably
fromabout 5 to about 25. 10077] In one“enbodi ment, other hydrocarbons are
added to a feedstock either directly or indirectly, and include olefin(s),
paraffin(s), #08&ati c(shn thepeeféroad enshogirpent, 2)figidizedtted tprodess dr, l6gly, 242,

dditi f ti ) ] Xt h f, f bl I , butyl :
Sent yl ene, . antFRR AT BELPTBERS HAERG ToEcHRT Y G e CoAPBURUBY SRS or |
m Xt ures ther:ﬁ](af re%&%?ﬂysﬂﬁ? process for converting a feedstock, especially

a feedstock contarningone or nore oxygenates, in the presence of a

mol ecul ar si ej0@SEpt al YSThe RABOSistendPreférabligs & MMRItddaBactdrsyS@in havthgouit in a
reaction process in a reactor, where the process is a fixed bed process, a
f1ui di zed bedfiyst roetion Zana otithdieeneor moresiscereactiord) amdocsesend regetidnezamsl y a
conti nuous fl ui jze%@ﬁgd pyocess, and erablg a continuous high

f
vel ocity fl ui Y28 . é%ggggl?%ﬁ%?l’ng% er?@r&gf’f"BHS‘B G085 an take pl ace
in a variety QfidbalyddeemboRRiLR! e SHE Br Ard r'rgacgoﬁﬁﬁgllﬂfzgi(ﬁ&%ggingave a

dense bed or fixed bed reaction zones and/or fast eaction
zones coupl edvdsegas b@ttainad withinai simgle fdaotodivesel. ardsh feedstéoky preferalsigr react ors,
and the |ike. Suitable conventional reactor types are described-in for
exanpl e U.S. iaining Qe onmoreoxpgenates, aptignallyyitingne o mpere dibront(9)gigd¢d r i ser) ,

and Fl ui di zat Engj neer.i D, Nni i ) spi. el [ . Krieger
PubiT shi ng_ Colaan e RETETARE: egar g el Pk Saply PR oniopy 1y

i ncor porat ed &ycoked &RRETherdds HtRIaEIE dn lond eh®odinydd€, tAE MoldcERE sie@@ct or s
generally described in Riser Reactor, Fluidization and Fluid-Particle

Systems, pagedalyg compsgiioForcokzd verstnndheyepf isCohtaeted with mhgid oPgas, bs hi ng
Corporation, combination thereof, prior to being introduced to the riser reactor(s), preferably
the liquid is water or methanol, and the gas is an inert gas such as nitrogen.

[0082] in an embddiment, the amount of fresh liquid fed separately or
jointly with a vapor feedstock, to a reactor system is in the range of from 0.1
weight percent to about 85 weight percent, preferably from about 1 weight percent
to about 75 weight percent, more preferably from about 5 weight percent to about
65 weight percent based on the total weight of the feedstock including any diluent

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

L

composition, or contain varying proportions of the same or different feedstock
with the same or different diluent.

[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



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 I\/a)/ 46; 20D

(mul ti pl eVP28163dact or), which are all herein fully i nRGFESMSBESHY
reference. 2 4 JAN 2007 WD 2004/016574 PCT/ US2003/018803 27 100801 In the
preferred enbodi nent, a fluidized bed process or high velocity fluidized
bed process includes a reactor system a%é)egeneration system and a recovery
system [0081) The reactor systempreferdbly is a fluid bed reactor system
having a first reaction zone within one or nore riser reactor(s) and a
second r eact ifoom tergaseanistelfiflverdt Otleersnetbods fdi sepatptins thy cataget|compositiensibl y
conprising one or, nore cyclones. | ne e di ment, the one or nore riser
react or (s) artPmihRe3sERNSH “%é’%‘é‘i‘g‘?‘gel',‘%en%q?fgﬂ c\ﬂP%ﬁh‘?“@ %‘F%‘g‘lﬁ’é‘ Feact or
vessel . Fres dst oc I falni r ates,
optionally vmn?{)ﬁgne or klr?ooglg% | °3§%‘¥?‘§?%i‘§§@§§g“?§§?ﬁé’ @%éﬂ%éﬁé&'f%&% riser ,
reactor(s) i nsy¥einGRcladesd @isehgaping W] aapiohlys |3RFPORIdn ¢fithe Bserfgdifiy ver si on
thereof is introduced. In one enbodi nent, the nol ecul ar sieve catalyst
conposi ti on ovessedlisoabtripping @ane. hiarthe firippingone thecapked moleculargisve catalyghis, or
conmbi nation thereof, prior to, being int(&ﬁdt&:'ed to the riser reactor(s),
preferably tYPEROSIHON i Fantagted Wity 2 BasTSlREADLY oRpoTdeompinatian of st5afbr ¢ gas

such as Nl t Gg@fand, 0385k aldkidt) EBBRMAIBANe, Ko MAPU in BerdadSitpidsaul d T ed

separately or jointly wth a’vapor a react systemis in the
range of frorargonl preferablytstqaet, aemécolver mlsorbed BHdroearhbis hemabatokedr ef er abl y
fromabout 1 weight percent to about 75 weight percent, nore preferably
from about 5 WelegHer siecatalytt gompasition §8t ifdhehintiodpead e thereaanasatiate t ot al.

wei ght of the_feedstock,includi.n i.l uent contained therein. The |iquid
and vapor 1 ooBSEn: 8 e FbENERn B diastfRbond R gt VELEL B 7
varying pr OPOJigén?a\gin%%eismﬁs g isPatdel aEN bad IRALB RPkrfichl VBlokitg sane or
different diluent. [00831 The fe€edstock entéering the reactor systemis
preferably cof@HSV e fromarhri & ajouw 20{000 hy' based phéehe valeme o ges orvohome into a
gaseous effl uetnt tcpat enters the -
of coked molecular sieve catalyst composition, preferably at an elevated
temperature from 250°C to about 750°C, preferably from about 350°C to 650°C,
over the coked molecular sieve catalyst composition.
[0085] The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 200°C to about
1000°C, preferably from about 250°C to about 800°C, more preferably from about
250°C to about 750 °C, yet more preferably from about 300°C to about 650°C, yet
even more preferably from about 350°C to about 600°C most preferably from

about 350°C to about 550°C.

\
(N,

[0086] The conversion pressure émployed in the conversion process,
specifically within the reactor system, varies over a wide range including
autogenous pressure. The conversion pressure is based on the partial pressure of
the feedstock exclusive of any diluent therein. Typically the conversion pressure
employed in the process is in the range of from about 0.1 kPaa to about 5 MPaa,
preferably from about 5 kPaa to about 1 MPaa , and most preferably from about
20 kPaa to about 500 kPaa.

{0087] The weight hourly space velocity (WHSV), particularly in a

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



di sengagi ng vessel along with a coked nolecul ar sieve catal ygt pamggsition.
In the preferred enbodi ment, cyclone(s) within the disenga m&; vessel are
desi gned WPF¢H¥YEF At e t he nol ecul ar si eve catal yst conpd’é?gft"i?ﬁ%,md?’@f"erabl y a
-coked nol ecul ar sieve catal yst conposition, fromthe gaseous effl uent
containing one or nore olefin(s) within the di sengagi ng zone. Cyclones are
preferred, however, gravity effects within the disengaging vessel wll also
separate the catal yst conpositions 2 4 2007 WO 2004/ 016574 PCT/ US2
03/018803 28 fromthe gaseous effluent. QO her nethods for separating the
cat al yst conpsientooka mpfespiar bieveealdpsicoBPPSitiamWithit f rietietheongsis of pl at es,

.,caps, elbows,,and,the like. .[0084] .In one e di ment. of the di sengagi ng
system the di€ ‘é‘ﬁ%ﬁb&‘ﬁé"‘agvs'ﬁhmﬁh% fﬁaggaﬁe’ﬁﬁr@gﬁg% {eptsde S‘Fe, rei‘é‘;? cally a
| ower portion,Qf Ehﬁoug' SERE {&gmorée&&eéiede%n%éhbieemapﬁe@%] qn the
Stripping zone tﬁe co «lgd nolecul ar sieve catal yst corrpomtio% I's contacted
W th a gas, pogipsiidhyn dieareadtion 2AGDTIRAWHSY of mainerined atEévu pafficizar toon

di oxi de, carbon nonoxi de, hydrogen, or an _inert_gas such as argon,
preferably stkesmtbe eatalyst gompositien i uidized stote wahia areaiot he coked nol ecul ar

[ t al it t [ I nt to .t ty
system 1 arOFE erbo e henFHS Rt AT SREN 1 T AGoREEEREHE", ol o
fromthe di %@%ﬁﬁo(ﬂ%ﬁ%\ﬁ/’; 2 g?tkfotalasutgmo h$!, RSt gfbfaxrabg 18548 aDaWM 5| e !

superficial velocity roml hr"' 'to about 20,000 hr"' based on
t he vol une oftoghsutt 500 dirlymed nufst prekerablyrfiioecatioat 1€ he\te abautl 0p§thrtohmposi ti on,

f bl t t 1 f 250C ! t. 750C f bl
P e e ekt S boab T Sho ML f e b a7 e regb e o 20!
composi tion. M&%} rEBﬁv&?EM%fﬁE&'asttoaw&ﬁQHﬁr %é%m}lo%ﬁ&’dlt S uRPRE! ST on

I C ? Int yg g

process, Speci all’y w e reactor syStem 1s In the Tange of from

about 200C t othalbaigk of 10aD4boup2@hettaabyutf300mrabout 250C t o about 800C, nore
preferably fromabout 250C to about 750 C, yet npre preferably from about
300C to about{088%C, yet Thesupariicin! @aprededySGV afdhe fsdsiecksmoluding about 600C

most prefer ab&i}/ue];l{ and regcq%lrjxtprgg’u%gs \%Hhi%%?eu}eaggro sCy'stem is preferably sufficient to

fluidize the molecular sieve catalyst composition within a reaction zone in the
reactor. The SGV in the process, particularly within the reactor system, more
particularly within the riser reactor(s), is at least 0.1 meter per second {m/sec),
preferably greater than 0.5 m/sec, mofe preferably greater than 1 m/sec, even more
preferably greater than 2 m/sec, yet even more preferably greater than 3 m/sec,
and most preferably greater than 4 m/sec. See for example U.S. Patent

) Application Serial No. 09/708,753 filed November 8, 2000, which is herein
incorporated by reference.
[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 WHSYV is from

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



[ 0086] The conversion pressure enployed in the conversion process,
specifically within the reactor system varies over a w de radde/iNniiludi ng
aut ogenouwoRoeseIRE. The conversi on pressure i s based onPCHRESPHANILENI
pressure of the feedstock exclusive of any diluent therein. Typically the
conversion pressure enployed in the process is in the range of from about
0.1 kPaa to about 5 MPaa, preferably fromabout 5 kPaa to about | MPaa, and
nost preferably fromabout 20 kPaa to dBout 500 kPaa. [ 0087] The wei ght
hourly space velocity (WHSV), particularly in a process for converting a

f eedst ock cosiliaa tvi Mg, r{Meis arfomosp dHpoerndlilegeinantt fivem 2hedPeriandiQDable WO

composi t1 on HATHT) PABIENS G2 oS0 c Ber i SXEPRAI-DIc4E Boiyh of ¢ e
feedstock exghidiDgeRRVrfll itERbcrated HyIBRISRE! DRfbr pFRRER Fr (BAVEtiRE e Ot
of nol ecular sieve In t%‘e rrgfogéufjar béli eve cat al ystp composi t1on i gaflhe

reaction zongxygkthgte\Withvad hetifandlttiofedr MorcoleAn@) usitg b ntdl€llariskevekeep t he
catal yst conposition in a fluidized state within a reactor. 100881

Typi cal |y, t baalppiempenigies are dascrbuslin PChWO'01{23 586 published éipml 5; 2001
preferably fromabout 2 hr"' to about 3000 .hr"' nore efer f rom about
5 hr-' to alRgpangd CHPn?t%fhﬂ’eﬁ?gftcaH%‘gg e&ﬁﬁ"ﬁ“?ﬁﬂﬂ“ﬁt}g@f{eﬁt b:- to about
1000 hr-1. | Qi @Ne hPlefd e RN etEbice. the WHSV is greater than 20 hr"',
preferably thel \/\%Eveﬁ)‘r ctg)n{?er si'on o cae f eedst ock contai ni ng net hanol and
di met hyl et h¢p091p in The cokeigaoletular siaveaduralyst20miposition s withdiewdFebrir "' .

[ 00891 The superficial gas velaocity (SGVY) of the feedstock including

di luent and Hedisengpgipg yensek prefgrably pyrone or arere sycleges{mndingpdiced 4o y 3
sufficient t fluidize the ecul ar _sieve. catal yst conmposition within a .
eact | on zondiREdIOR sk ThefebeBaTort SR Fattes SHRORROIIE W hin
the reactor asioREY c4iRIySt coﬂ?:’o&i'ti%ﬁ'i@&érﬁad’béd With alrbfenktatiBh meRehor (s), is at

| east 0.1 meter per second (nfsec), preferably greater than 0.5 nfsec, nore
pref erabl y gpedtreblytahgen containgeroxyeenunder genepal eégemaatipn gomditiens athan 2 m sec,

et even nore preferabl reajer. than,3 n}se Y :
Y temperature, pregsuge anc} residence time. onﬁlmmng examples of the

regeneration medium include one or more of oxygen, O, SO,, N,O, NO, NO,,
N,O,, air, air diluted with nitrogen or carbon dioxide, oxygen and water (U.S.
Patent No. 6,245,703), carbon monoxide and/or hydrogen. The regeneration
conditions are those capable of burning coke from the coked catalyst composition,
preferably to a level less than 0.5 weight percent based on the total weight of the
coked molecular sieve catalyst composition entering the regeneration system. The
coked molecular sieve catalyst composition withdrawn from the regenerator forms )
a regenerated molecular sieve 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 10 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



and nost preferably greater than 4 msec. See for exanple U.S. Patent
Application Serial No. 09/708, 753 filed Novenber 8, 2000, whi ch4i gNHgi7ei n

i ncorporated by reference. 100901 In one preferred enbodi ment of the process
for converting an oxygenate to olefin(s) using a silicoal um nophosphate

nol ecul ar sieve catal yst conposition, the process is operated at a WHSV of
at least 20 hr"' and a Tenperature Cgpaected Normalized Met hane Sel ectivity
(TCNMS) of less than 0.016, preferably |ess than or equal to 0.01. See for
exanple U S. Patent No. 5,952,538, which is herein fully incorporated by

r ef er ence severrl dnwishepst peerfb@uiymbnrut cof mimee pr Hifesipetesfand teopretsred ng an

oxygenate s ch noI re ol usin cul ar

si eve cat aP Oq%ﬁfge ast%ln?@ﬁ%{bg %Bgigﬁgleperfergé%%liﬂ{ 00 hr-1

at a terrpenicﬂé reermbasceﬂfbmtl@&l@tbﬂ v&ﬁ&@oﬂ’fhe@ﬁ@C and 2 4 JAN 2007 WD 2004/ 016574
PCT/U82003/018803 ﬁ'b sili ca to Me203 (Me is a Gaup II11Aor VIII elenment
fromthe REIPbdi c THDIRS GHOOIMAIIRRIFIaHER RIOMOLRTF, dYIHFall‘Yr‘B?F?ISG’Otat"Bn&SOO See
for exanplcsnéﬁﬁm{as%% a%%!ﬁatﬁhm MUl bt RETIRL 'areféahlacytdtnspere rbed by
reference er processes fo converting an oxygenate such as nethanol to
one or norde“ectlyebr m@séctlysfqngxanmmdnuhfawksd eat@lystc;:ambsison cAlspoisiandtber ar e

described in 01 /2 ane, reduction at
on aver agEMPRVTILE e BEIHIT SpneTEt siitsijonis B g MRRRBRRIG et of 1

i ncor por atceftatijhg £kpfRAERN nfdIQBA bf Ttigert aidewlataidsefesdribed i BVE Pa@b@Ny St
conpositi on |s wi t hdrawn from the di sengagi ng vessel ref erabl y by one or
nore cycl &8s (783, Whisksihersin Hilydacarpprateg BY rf‘gaéw@r ap D’%tr?f‘g{;@f @ﬁ?o gnt, a

Compost t1 GaRIcRbT R DR BB iR G R Bl oo OR o e S PR B0 2 Ve

cont ai ni ngetgmy:gdnectlyrtdﬁre_ @ene nalre Ti@rgge:aguoa(s), onmdlumilyt ?p{:ﬁ: @intactiegipéh ?t ure,
pressure and.r ence tinme. -limti exa S 0 e .regeneration

nedi um i né ?frcoﬁﬁFté“%‘V{}‘gﬁffﬁ’e'ﬂ?leﬂg?’%f tﬂé’ﬁt CORBOSINGR O N2 OB, air, air
diluted wcbﬁtaamgr\ﬂqﬁ@re@éne@ﬁé@ﬁﬂledh@xéi@l@,ca&xysg&fmmdimarco&kaS

regenerated molecular sieve catalyst composition described below.



Pat ent No. 6, 245,703), carbon nonoxi de and/ or hydrogen. The regeneration
conditions are those capable of burning coke fromthe coked cat al ygaN 2007
conposition, preferably to a level |ess than 0.5 wei ght percent based on
the total weight of the coked nolecular sieve catal yst conposition entering
t he regeneration system The coked nol ecul ar sieve catal yst conposition

w thdrawn fromthe regenerator fornms a3regenerated nol ecul ar sieve catal yst
conposi.tion: [0092] The regeneration tenperature is in the range of from

about 200C to t 15 r ef Ly, .f about .. {.Q.about 1000C, nore
preferably frc@?gﬁout %Mﬁgﬁggﬁi?’%&&?ﬂ%@%’%%g&%%e glrlabl y from about
550C to 700C. chbedimeganeiembérairewitiiishe ecgeiferdtion bvemrinogeackdd fyr om about 15
psia (103 kPaa) .to apout 500 psi %.34 8dikPaa% 1edpref ragsl% from about 20
psi a (138 kPaa)'2Hys i %}135?5%‘3%3’?‘ uRg PAUREA 50! %sr%%ﬁrr FABy from about
25 psia (172kPaagell sperabld @ifker #bOpalS| Sonfidéhad, ok Radontiishs sk, gpaef erably from
about 30 psia (207 kPaa) to ab?ut 60 psia (414 kPaa).. iLFhe preferred

resi dence ti me SHRPIRHON HisTeaE A Brefeged {retnigue nyalues § 1F sfecnaRatedie

regener at or iSnidibcﬁlﬁlesiév@Bﬂﬂﬁé@f:orﬁﬁdaﬁibﬁlﬁ@tﬁtth@ﬁgen@aﬁ&iﬁst&ﬂal?dﬁasslﬁ\#h%C’O? 30A
several hours, nost preferably about one mnute to 100 m nutes, and the

preferred vol HeenssEedgngleriar sigve selyghrompesition tupuch agalplystyooler dah about 0. 01
mol e percent t boled B lofBthr RS 6Hal0R cdriiRsitioh. of the gas.
[ 00931 In one g%@gg.?&ntr?@ég(gnglroation pr ono e?s, flygcacl\egda tal containing
conpounds such cenderpingn enbediment 1t abisatechanton thas iy Ipdated cules itttddr t o t he
regenerator di I Qhpehddg T exﬁl&f’é%ﬁ’& b ed 05 d catal yst
conpqQsi tion. Alegt%?;]]t%t_hgno e@oggﬁb%%ilﬁgﬁ%, a regﬁwﬁg gcu a%géé'?eve cat al yst
co%si tion isnmitdeldr geye caielyat eerernsitign srretumethtodheriegrgertor @gpentetinubiton medi um of
oxygen and wat HEscH } ) e q)%ﬁﬁ jch is herein
fully incorporgfcéﬁg%%y rg?%?geggeg#ﬁﬁy%@gﬁ%?ﬁg?dgﬁbo in’gégﬁhgm&rtion of

t he coked nol e&uA0aP) anosticn of teabgled regempsted imolesnlaf sieyacatilpst rggeositioat or i s

returned direct by (i Rfelor VBEA f 4 SffinddBPORRY kool phltth GPCL | V. Y

pre-contacting wt the feedstock, or contacting wt ecul ar sieve
cat al yst conpo#ietcholpd mokecular gigyensgsnapgtodimdiecalar Beye nualyt eonprsitienid ar si eve

catal yst compoginihQito Me rRexs3ORIEE), directly or inditectly, or a portion of the
regenerated molecular sieve catalyst composition or cooled regenerated molecular

sievs catalyst composition is contacted with by-products within the gaseous
efftuent (PCT WO 00/45106 pubhished August 24, 2000), which are all herein
fully incorporated by reference. In another embodinent, a regenerated molecular
sicve catalyst composition contacted with an alcohol, preferably ethanol, 1+
propanol, 1-butanol or mixture thereof, is introcuced to the reactor system, as

) described in U.S. Patent Application Serfal No. 08/785,122 filed February 16,

7 2001, which is herein fully incorporated by reference. Other methods for

operating 2 regenerstion system are in disclosed U.S. Patent No. 6,290,916
(controlling moisture), which is herein fully incorporated by reference.
[0095] The regenerated molecular sieve catalyst composition withdrawn
from the regeneration system, preferably from the catalyst cooler, is combined
with a fresh molecular sieve catalyst composition and/or re-circulated molecular
sieve catalyst composition and/or feedstock and/or fresh gas or liquids, and
Tetumed to the tiser reactor(s). [n another embodiment, the regenerated



regenerated nol ecul ar sieve catal yst conposition described bel OWRC]E lﬂ\l iﬂ@N
1007 31 100941 The burning of coke is an exotherm c reaction, a i /
enbodi ment, the tenperature within the regeneration systemis controlled by
various techniques in the art including feeding a cooled gas to the
regenerator vessel, operated either in a batch, continuous, or

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

i nvol ves withdrawi ng the regenerated nolecul ar sieve catal yst conposition
fromthe regeneration system and passing the regenerated nol ecul ar sieve
catal yst CBIEGUTEIGNR CHALAgPR- Lok SLEVR By e Fsperaton Rl & sapigd

regener at ag (HEisBErhebr(S) dNBLE PrcFbrdBlly afRNPRShE HRSugh BNQARL 3bol&t 6ROl er, in
an enbodinent, is a heat exchanger that is |ocated either internal or

ext ernal tenboHimang genariest sush asgisinergas, feedsieckeyapet isieamtor thenikecssglier

regenerated .. I Al J £ ] I he

regener at qon ARG Bhnc ISy, RS neTRIRARA Hint el RE RO Rt

Appl i cat i aievBestaBkt dNmpobitibb &vthé Gacfor kyatbnd pieferably t@ @Mnear pokd fien of t he

cool ed regenerated nol ecul ar sieve catal yst conposition is returned to the
regener at dFai¥del in a continuous cycle, and another portion of the cooled
mol ecul ar [gogy{e I egIRIArEHinE T BF the te¥ferdd AloYehilaf QEROGH Ay QN 1S
returned to the riser reactor(s), directly or indirectly, or a portion of

t he regeneompesitionpengiediregaineiatedgneledwarsieye apalysticomposition Fomehe r egener at ed

The: gaseodsBirEifpl il Bt BIPAE A oA R b ot MG s B0 D,
al I her ei n sidvalchtylystnowarpositiah ecteliyg the rekcwn damaihnind oThek asnhad wetiques

regenerated nol ecul ar _sieye catalyst conposition, confacted, w n al cohol ,
pr ef er abl foé‘f‘}‘i‘éfﬁﬁl“,gﬂi‘?ﬂ‘b‘?’agé %CUE!B&Y%%HY%POW%W eﬁ%&e@mlﬁ/ﬁ%g\i nt r oduced

to the regchgr ééb%tiﬁ%mﬁﬁecﬂmgﬁécCﬁr@@lﬁtiﬁ@ﬂd:‘q@ed%ﬁiﬁ@ra&?ﬂ'vid&ﬁtah@n Serial No.
09/ 785,122 filed February 16, 2001, which is herein fully incorporated by

r ef er ence. KiavHion, edst, Bdatkief 997 GpeBaT) nhich is kageinéncarpassied by taderergee i n

di scl osed A, S.. . Pat 230,916 (controlling noisture), which is herein
fully i nco&&grlgﬂegsao%%e %}16&9@5%‘%’6 [ 0095] The regenerated nol ecul ar sieve
catal yst conposition w thdrawn



fromthe regeneration system preferably fromthe catalyst cooler, is
conbined with a fresh nol ecul ar sieve catal yst conposition and/4ofAN 7007
re-circul ARAHOIECUl ar sieve catal yst conposition and/ BETRERWSPEER3 and/ or
fresh gas or liquids, and returned to the riser reactor(s). In another
enbodi ment, the regenerated 2 4 JAN 2007 32 nol ecul ar sieve catal yst
conposition withdrawn fromthe regeneratig] systemis returned to the riser
reactor(s) directly, preferably after passing through a catalyst cooler. In
one enbodinent, a carrier, such as an inert gas, feedstock vapor, steam or
the |ike, seni catapsttcomposisiby isaneasoredibyuwitlsdrywingdoim theatonsersive provesothact i on
of the regenerated nol.ecul ar sieve catal yst, c,orrBosi tion to the reactor

system pref er RBlegulabSIFYRCAHES SPMpEHEOR AiibPoInt Wb BroCEss. anfl geggpingyg its
controlling t h@ar%rfgelﬁél? nt! I?ﬁ%i:éﬁqgvge?{rgffc%‘ﬂe SRR Heu ggf‘i/ ga?ﬁl tYSt

gonposition or €00 rege ate ecul’ar "sieve ca onposition from

the regener at ¢gipdsitiong Bftéraeddneration i wrthe pmbe 6T frohe 0 QR tWeiphnperéal toof coke on
the nol ecul ar sieve catalyst conposition entering the reactor is

mai nt ai ned. Theahout 45 aveight percenshprietenaldy fivor abouh 01 ovdighigperdeat folabaniof0 a

nol ecul ar sieve catal yst conposition.described in,Mchael ouge, .

Exper i mont al  THERA! BRI 1O RER 510 R PO Ld WSbEh Pergs e DGR Ssieling
Knowl t on, eds. ' ' ' b aH ted by
reference. Ooﬂeerg%lg’\clﬁdgn%% %{%Eeergﬁg ﬁ%"z‘ﬁ %%lorm \gﬁe\\%@glzns%é}g%ﬁkd;%ﬂo ?g\%&%@M 016574

PCT/ US2003/ 018p¢i8ent Basedamitht ywsd] vedghmeSitie moletslansiesdardchob thewotahodegit 6 from
the conversion process the nolecular sieve catalyst conposition at a point
in the processthgmaclegatasigveicaiglyst COmpositidn content. Typical |evel s of coke

o ot ot om B8R o Bl EROBbICHR 1 b TSRS b 0,
[ om aboUt 0. 2 ey A e B et g ey e 71
preferably frocecd@xbrege®rdedwiolgetilapeicveenatalyst cabnpositionwentgins in the range of

from about 1 to 50 weight percent, preferably from about 2 to 30 weight percent,

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

from about 2 to about 10 coke or carbonaceous deposit based on the total weight

of the mixture of molecular sieve catalyst compositions. See for example U.S.

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

[0098] The gaseous effluent is withdrawn from the disengaging system

and is passed through a recovery system. There are many well known recovery
| ) systems, techniques and sequences that are useful in separating olefin(s) and

purifying olefin(s) from the gaseous effluent. Recovery systems generally

comprise one or more or a combination of a various separation, fractionation

and/or distillation towers, columns, splitters, or trains, reaction systems such as

ethylbenzene manufacture (U.S. Patent No. 5,476,978) and other derivative

processes such as aldehydes, ketones and ester manufacture (U.S. Patent No.

5,675,041), and other associated equipment for example various condensers, heat

exchangers, refrigeration systems or chill trains, compressors, knock-out drums or

pots, pumps, and the hke. 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 nol ecul ar si eVGZ@W‘ﬂPQH{f] t he total
wei ght of the nolecular sieve catalyst conposition. [0099r n one ﬁ‘preferred
enbodi menWO ¥&0HSkt ure of fresh nol ecul ar sieve catal ySCTEGAYELI$3%8n and
regenerated nol ecul ar sieve catal yst conposition and/or cool ed regenerated
nol ecul ar sieve catal yst conposition contains in the range of from about |
to 50 weight percent, preferably fromabggt 2 to 30 wei ght percent, nore
preferably fromabout 2 to about 20 wei ght percent, and nost preferably

fromabout 2 to about 10 €9 or car bonaceous_ d Qosit ased on the total
wei ght  of t he HIPRAM . PoY e‘?‘?@ﬁ’e%ﬂ’f:ﬁ ep§?%§?éze_5’a?t“§fs§sfw8ro %‘srie?"irbeﬁ@ 3&Re for
exanpl e U S. cRafieWastNowePaisr chwérhaﬂsﬁrbﬁgsg Sdiébri@é%&,'rﬁeﬁﬁﬂﬁﬁésoorat ed by

reference. [0098] The gaseous effluent is wthdrawn fromthe di sengagi ng
system and i ahplesséi?)tspliergpropyleae (U8) splistys betene (G4) splister andthe M. |  known
recovery systens, techniques and sequences that are useful in separating .
ol efin(s) andl0038ki fyi nY2BPesTerpery sYstems nefiy derrsaavesme niedaminpiglover y

systens gener g COIIise an : ¢ o e} valhi ous

suparati on. 1 PsEHs AP mfF of g eie) ek A ShURLE WoRlfed P i  or s,
or trains, repgbhditedYHBEDiPUH) Patent Rohy0BEBILRRcHRAR ACH Hh§lehd). S. Pat ent
No. 5,476,978) and other derivative processes such as al dehydes, ketones

and est er manstfeaot)yUS. Phte® NEatseht9, N3, 5,452,585 aodt 3 082481 (mehdbranessoci at ed
equi pnment for exanpl e various condensers, heat xchangers, refrigeration
systems or ch?qlﬁarappﬁﬁ)ng;%-@éﬁﬁlfé@ggﬁg?&ﬁW-%ﬁ@ tAgsoghentylol - Pﬁ%ﬁbs, and
the Iike. Nongd. Ahkd | ptters or
trains used a ghgecbgér’@i&n&ggﬁeﬁz?rﬁé%&lﬁﬁgsu%ée?&%@'(‘)j(f%r‘%blgrggs(ﬁ:ogge enet hani zer-

preferably a hieglanblaohedrieh endleabbm idixidrin ofie step)) NS ZBftent NG 5927432007 v
2004/ 016574 PCT/ US2003/ 018803 34 depropanizer, preferably a wet

depr opani zer , (racavged meshanol & gasrurbinepower plantla gnd U.S datent NoakdR1:58¢er and/ or
guench tower, absorbers, adsorber r S t hyl ene splitter,

pr opyl ene (CBSOE}%QH I?TP&‘@? fluﬂlf'?'grl‘i‘g( ?ﬁtf@b‘i(ﬁ@r%ma(ﬁﬁwwr}r PL‘“‘S‘.Z"PS “fﬂ%@ﬁ 1 Vari ous
recovery syst giferfifbittiony ant @S QVRAL AN 'EEHBYBAbRIYure swing adsorption),

which are all herein fully incorporated by reference.

[0100} Generally accompanying most recovery systems is the production,
generation or accumulation of additional products, by-products and/or
contaminants along with the preferred prime products. The preferred prime
products, the light olefins, such as ethylene and propylene, are typically purified
for use in derivative manufacturing processes such as polymerization processes.
Therefore, in the most preferred embodiment of the recovery system, the recovery X )
system also includes a purification system. For example, the light olefin(s)
produced particularly in a MTO process are passed through a purification system
that removes Jow 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, carbony! 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.



olefin(s), preferably prine or light olefin(s) such as ethylene, propylene
and/ or butene are described in U S. Patent No. 5,960, 643 (se@dntdr3dirich

et hyl ene WQW4H6574. S. Patent Nos. 5,019, 143, 5, 452, 581PERESEN0HEI880B1
(menbrane separations), U S. Patent 5,672,197 (pressure dependent
adsorbents), U S. Patent No. 6,069,288 (hydrogen renoval), U S. Patent No.
5,904,880 (recovered Il nethanol to hydrgen and carbon di oxide in one
step), U S. Patent No. 5,927,063 J (recggered nmet hanol to gas turbine power
plant), and U.S. Patent No. 6,121,504 (direct product quench), U S. Patent
No. 6,121,503 [0Hgh puri@thereedienssysiennothat inglude parificationspstenn)fpr and U. S.

Pat ent No. 6,293, 998 ressure. swi.n orptjon), ..whjich_are all herein

fully incorporeé’t"@Hl%@l( &'@fp@P fédion t{f@?@%&%@ﬁéﬁegﬁwdﬁ%ﬁﬂﬁmeﬁg most recovery
" Sl i on . o J |

ol oducts. by SrEHIHEs B cherRERTT e dbel P EAHE PhLR Q1oBEEL ST

products. The Songf1996eshgps D4%L27 PaUIREL-899, WikcH isdlfei®iebipdtatedbieh as et hyl ene
and propylene, are typically purified for use in derivative nmanufacturing
processes suchefgengel gmﬁqaﬂan Sptiems ¢ adspalescribpdan éromamplen Uk Sidatemt No.

"ol udes . purri e Ghrilsion it s Eoa KR bon Srdaf D O PBEFINE) | pr oduced
parti cul ar| ¥, (g IHQsRnRRR ek ARY A drogiholah: B Pl ApfHGROAKRE em that

renoves | ow | evel § “of am riants. Non-| I ng exanpl es of

cont am nant s #9¢H89Y33rfilediOc®benl, 080 (amgy stidayn peinghydravigeocacagst s whictas
wat er, al cohol s, carboxylic acids, ethers, carbon oxides, sulfur conpounds
such. as hydrd@bﬁewpf’?rﬂ%ﬁate@&)’ﬂéﬁwméul fi des and nercaptans, ammonia and

ot heﬁ nitr Ogeggliglgnpoundlf?{pét?aﬁlsrl fﬁ%aager}ﬁég erlrp St %ge docs{}iggrrla{tgset 'olt%sn?s lr}lgﬁings

cont am nant s - produ hcl rogen an rocarbo

acetyl ene, metdutl3 @EBSVAIEMS, an RcHREET BRBocdibdRdpaticularnd oRahis) Lspetidliyd AN 2007
WO 2004/ 016574 PCT/ US2003/018803 35 [01011 O her recovery systens that

i ncl ude puri ficdefri(erhayingtdeomsmoresarbogatoms, and other hy-ppesdictsiarafarmad of

olefin(s), ar _eprg 1?0%&] Pn%?utfeg i1'1< {hrel%éc%lvgrr)r/e srystems of the invention are reaction systems
for converting the products contained within the effluent gas withdrawn from the
reactor or converting those products produced as a result of the recovery system
utilized.
[0103]) In one embodiment, the effluent gas withdrawn from the reactor is
passed through a recovery system producing one or more hydrocarbon containing
stream(s), in particular, a three or more carbon atom (C,") hydrocarbon containing

) stream. In this embodiment, the C," hydrocarbon containing stream is passed
through a first fractionation zone producing a crude C, hydrocarbon and a C,”
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-] 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



Encycl opedi a of Chem cal Technol ogy, 4th Edition, Volune 9, Joh A}AY‘E fL
Sons, 1996(]:-8)&1?%'249-271 and 894-899, which is herein incor or ém

ref er enceW 1684k i on systens are al so described in foPC& 3@139@38
Patent No. 6,271,428 (purification of a diolefin hydrocarbon stream, U S
Patent No. 6,293,999 (separating propylene from propane), and U. S. Patent
Application No. 09/689,363 filed COctober, 20, 2000 (purge stream using
hydrating catalyst), which 1is hereinin porated by reference. 10102]
Typically, in converting one or nore oxygenates to olefin(s) having 2 or 3
carbon at ons, percenymone pmferhlgldﬂmahamﬁweigbap@rb@ul%ndllyowmetﬁembi,)) lese&:pnci ally

o) o e e e s 15 °€%&E R AluenveRViH AR ToBkR f on
systens for %ﬁ{[‘ﬁ)ﬁj’r&ée@&’ e&?ﬁdﬂ%‘lﬂé{gﬁ Slnﬁs %aﬁ‘%ﬁth"\& EJH Qrsﬁ&he d«;Js‘d?”t gas

wi t hdrawn from redct or conver ose ucts uced as

result of the ok@EeHAISNnSYWIERIMR) mﬂllzingzaeﬂoie[cﬁlhf)&évé E‘at&lzﬁ o%ﬁmditimmﬁe the
effluent gas withdrawn fromthe reactor is passed through a recovery system

produci ng one resulting efflngntrzes tipinally compaises anpajosity ebethylene and/pepropgkshar, a
three or nore ca rbon at om ocar, containing stream Jn this
ebodi ment . ¢ RS EBaRS RO o ohr TR A Ehet Pt P Ber st PO r i ¢ st
fractionation d yude C3 hydrocarbon and a C,' hydrocarbon
containing str (:};}8 lmé)g%ah&ﬂ%gmgécar bon containing streamis passed through

a second fractj0posgti on Zuieblervesilicioven reactionlysefshy panodtiporcandy a CS
hydrocarbon containing stream The four or nore carbon hydrocarbons include

but enes such éystsmtwdyéaka %W@rew@qpmﬁmtaam%meﬂébﬁmIttahr@berbm Bhes, and-,

I sobut anes. 1010 1 ef fl rerm rsion pr J
particularly &° o&%%rgp e’?{lfﬁ flﬂ?cﬁr bHI%r?S a&ﬁorlﬂﬁ ?“ﬁ%&?% ar bons
having 4 or mgpgke a@@hbgma%gmo 1@&@;&{%8&3 Qindfbibr @ laﬂn&ehﬁydwg 4 or nore
carbon atons is typically in an anount |ess than 20 wei'ght percent,

preferably | essotuhdencli® upesi tgmakz a@aﬂ@lﬂh@@ﬂﬂlﬁmﬁﬁfﬂ{bﬁs&ﬁhe@mﬂaﬂﬁﬁaﬁﬁl 018803

a selective hydrogenation unit is converted into butene-1 and butene-2, and butane

T

is useful as a fuel. Non-limiting examples of reaction systems include U.S. Patent
No. 5,955,640 (converting a four carbon product into butene-1), U.S. Patent No.
4,774,375 (isobutane and butene-2 oligomerized to an alkylate gasoline), U.S.
Patent No. 6,049,017 (dimerization of n-butylene), U.S. Patent Nos. 4,287,369 and
5,763,678 (carbonylation or hydroformulation of higher olefins with carbon
dioxide and hydrogen making carbonyl compounds), U.S. Patent No. 4,542,252
(multistage adiabatic process), U.S. Patent No. 5,634,354 (olefin-hydrogen )
recovery), and Cosyns, J. et al., Process for Upgrading C3, C4 and C5 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.



36 percent, nore preferably I ess than 5 wei ght percent, and nost preferably
less than 2 weight percent, based on the total weight of the ef Zl4udiit 200fas
wi t hdr awn W 3¢H@165KO process, excluding water. |In parti CGTAIS2HBIHOMS83
conversi on process of oxygenates into olefin(s) utilizing a nolecular sieve
catal yst conposition the resulting effluent gas typically conprises a

maj ority of ethylene and/or propyl ene arg% a mnor anount of four carbon and
hi gher carbon nunber products and ot her y-products, excluding water.
[0105] Suitable well known reaction systens as part of the recovery system
primarily takd01@ijer vallnengcododingnsmdglceunits printchelnfins) ire phetucehinthe
products. For exanpl t he ene-1 and _butene-2 are used

C4 hydrocarbons, b
to} rmake al FEPRSFSOFHG iRSIHOR 80 Tote of G t%%fb#%,g PeHdpYe PYeEkrakly grgatgr than

chem cal s, | [ ' ey’
eyl -t - but yi S Oy ARl By R R0 er Bl bhd ot preferably |
converted i nt grédtérahgn 30 R gettlidye nﬁaaothamﬁzwraag, high guﬁqf dthylage ahdiarel .

Non-limting exanples of reaction systems include U. Patent No. 5,955, 640
(converting a hghpuritsimbepyleneds pradutesk by thepraressiof thejinsention alrarali@reater, 774, 375
(1 sobutane and, bu -2 ol igonerized to, an al kyl asaline), U.S. Patent
No. 6,049,017 b 3 $D8 ke i oP’eﬁ‘?féﬁeré‘FFé;&} o, Aok %Rkﬁvé‘.‘gfﬁ,l’fé%aé@g and
5,763,678 (car | r d ' \ ' car bon
i oxi de. and hyies Bl 300 000 Ky Bl e e e S S | R 00 R s
(mul tistage adiealday,iyet erepanas prefeiably grediarthaiNd,500,000 &g perdddyoktilf évenhydr ogen 9

recovery), and Cosyns, J. et al., Process for Upgrading C3, C4 and C5
A efini ¢ St rednere poierably grsater thew 2,008,900 kg penday, god mostpreterably angalsr

ol i ggneri zi ng , pr but yl ene and pentyl ene), which are all herein
fully i ncorpor%?rég’ggéfﬁagggg?rea’nagé. [ 01061 The preferred light ol efin(s)

produced by amgiegje of tiReinBiREEHBEEimeRE tel febREbR IR toRIBicRsraRkhy conver sion
processes, are high purity prinme olefin(s) products that contains a single

carbon nunber ashamt of greatenthand Grike par bauw praferablygyeatprether Al Kemeeheurabl y

greater Uhan o0 el o e el pallDE BTl SLabLY. O Saler, LU, 95, uehont
14,400 Kg per hour, and most preferably greater than 8,000,000 Kg per hour.
[0109] In one embodiment, the feedstock, preferably a feedstock
comprising an oxygenate, more preferably a feedstock comprising methanol is fed
to a reactor, preferably a reactor containing molecular sieve catalyst, as the
conductivity level is monitored. The conductivity level is monitored to be within
the desired conductivity limits 50 as not to adversely impact the molecular sieve

) catalyst. In particular, the conductivity level should either enhance selectivity of

feedstock conversion to ethylene and propylene or 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 IIA 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



on the total weight of the olefin. 2 4 JAN 2007 WD 2004/ 016574

PCT/ US2003/ 018803 37 [0107] In one enbodi ment, high purity prinedASI0(s)
are produseRopsionssm process of the invention at rate of pgrastmsoidsan 5 kg
per day, preferably greater than 10 kg per day, nore preferably greater
than 20 kg per day, and nost preferably greater than 50 kg per day. In
anot her enbodi nent, high purity ethylene and/or high purity propylene is
produced by the process of the invention38 a rate greater than 4,500 kg
per day, preferably greater than 100,000 kg per day, nore preferably

greater than b HREridy RRE tiehayl, wﬁ%ﬁrbfm&upllﬁfr@étﬂmau a8dRah Trobp @A 1, 000, 000
kg per day, yet even nore preferably greater than 1,500,000 kg per day,

still even noetal salsfpselatably geeupelA nistal salt o8h as60ding gdenidisand/and nost
preferably greater. than. 2,500,000 kg pe i 10 I n anot her enbodi nent,
t he feedstockPP@S?‘%‘B°Sg’“£]%rléaéeqBPt‘?tﬁp‘ﬁE‘gL'a%ﬁﬁﬁfJeg?m eater than 16 Kg per
hour, f t : - than '
our, pre eraml?“grea eﬁn%ﬂe%%&lﬁ‘éﬁt ﬁﬁ%edsgﬁgﬁgmﬁl,ﬁ%g%%hﬂ% er than

160 Kg per ho ven nore prefer y gf eater per-hour, and.

nmost pref er abbya Gréds BX nicbi RalBaff6r H BRIl Aatiethicialt, Mdr8 bocférably Bse
enbodi ment, the feedstock, preferably a feedstock conprisin? an oxygenate,
nor e pr ef er abfsgdstotk eerspassie s0apst iS9ivpbarevanamnere preferably attleash [ 9@ appbyr |

preferably a reactor containjn | ecyl ar .si eye cat al yst t he

onduct vty PEIERMSTR BB R TERE EoRERIE el g PR A Eefed (o be
within the desp n\@,gb,%a%@t oydftdably AT1da3t S60 RBpB6f a GRowdAMERREI ¥alt ARAGE t he
nol ecul ar si eve talyst. I'n particular, the conductivity level should

ei t her enhance Gele A meta) saif, badededstotat keighh vEtheifesdstooket hyl ene and
propyl ene or have no significant effect on _the selectiyi t)'/ I n addition',_,,)

the conducti viM2l evel dngill another ssabadimeptgthefecdstock sprgieratily adeadstogk  ect
cacal yot 11 esobBAidhabPablleis, BYSORs 0 5L AR LR ERR e, o0
; Egﬁ rea{rgf 3' fe ]flf(ﬂe}rgl: 8inddtiey1\Wetlek, fokthér donpridesinthe ra@p 8 &ohi0 WpbB Y&Aout 30d nore

wppm, preferably in the range of from about 10 wppb to about 40 wppm, more

preferably in the range of from 15 wppb to about 30 wppm, even more preferably

in the range of from 15 wppb to about 20 wppm, yet even more preferably in the

range of from 10 wppb to about 10 wppm of a Group 1A metal salt and/or a Group .

ITA metal salt, preferably a Group 1A metal salt such as sodium chloride and/or

potassium chloride, based on total weight of the feedstock.

[0113) In another embodiment, a feedstock is provided which has a

substantially high concentration of a Group 1A and/or Group IIA metal salt. An )

amount of the metal salt is removed from the feedstock to form a treated '

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 1A and/or Group I1A 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 1s then treated

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



contam nation levels in general. In one enbodi nent, the feedstock conprises
net hanol and/or dinethyl ether, and further conprises |ess t hanl 594 n&?n
pref er abl YO 2840K6HHn 40 wppm nore preferably | ess than BOVUBIRIOBEEN nore
‘preferably |l ess than 20 wopm yet even nore preferably | ess than 10 wppm
and 2 4 JAN 2007 WD 2004/016574 PCT/ US2003/018803 38 nost preferably |ess
than I wppmof a Goup IA netal salt and/Qr a Goup IlA netal salt,
preferably a Goup I A netal salt such as>2odi um chl ori de and/ or pot assi um
chloride, based on total weight of the feedstock. [0111] In another

enmbodi ment, t @ Idgedst obkanwhgrremshediment] g deedsoc h aghtainsG oup | A net al

salt and/or a oup. | | tal sal.t. re preferably th f eeqdst.ock

conpri sese at s&%ﬁa%ﬁwﬁ%ycmﬂo%%%q%ggﬁv %‘t"“?ilaé{m 6316\3??& yet
even nore pre Vs ' e | Whi | east
250 wppb, andtﬁﬁocglghglr e %écg%%at%rﬁﬂ east ' %%%h%%bﬁgegggggpﬁ%%&%&\ﬁ?@% al t
and/ or a G oupnthindanebsedntially highhaseehtanoh of alGrowp handbr Gheupl e dsdtalck.

[0112] In still another enbodi nent, the feedstock, _preferab!sgl a feedstock
conpri si ng ansdkhasaconductipyeol mot greaighthan abpw S8 igm.daegsmireferaglniathanol

b
and/or dimethyl ether, . furiher.co | ses ,in.the.r,ange, of .fr 10 bto
about. 50 wppBTeer drARBH A oS RETT eSSk il e IR Rasoen b B EraBl: 2o
wopm  nore  pgef fbabhtYallyhifih Sordc@RGRIA offal G¥ug PA WRER: GRo Aima&8 SRR even
nore preferably in the'range of from 15 wppb to about 20 wppm yet even

nor e pr ef er abltheniradideé to mangée afort desirable coppictivity doels pridr toppmaciwich G oup | A
nmetal salt and/(gr a Goup JIA netal salt, preferably a Goup | A netal salt
such?as sodi umRdsfuarisieEe salvst  pot assi um chl ori de, based on total weight of

he d K. 13] | ' | |, ded which
has o subst alVTEH1y i SRR AT BP ool IIRARK Ao BIES, X ot a

salt. An anuidre Efeférbl&lyﬂﬁétﬁéno!iﬁﬂld/oi dinfettiyioiRél i$ HiRiantiglly geelsf HGrodpdAf or m a
treated feedstock. The treated feedstock is provided to a reactor and

contact ed wi t Metahsribend/ar a SireupellAgndtal saltaprefsrably a Goeunllis metal salh apdrti cul ar

enbodi ment, rrlr(laost preferably sodium chloride and/or potassium chloride. For the purposes of

this patent specification and appended claims the term "substantially free" means
that the feedstock comprises less than 30 ppm, preferably less than 29.4 ppm of a
Group 1A metal salt and/or a Group 1IA metal salt, most preferably sodium
chloride and potassium chloride or ions thereof.
[0116] Conventional well known chemical analysis techniques, such as
Atomic Adsorption Spectroscopy (AAS), can be used to measure the amount of
) ) salts in the methanol feedstock. Introduction to Zeolite Science and Practice, H.
van Bekkum, E.M. Flanigan, J.C. Janssen (editors), Elsevier, 1991, p. 259.
[0117] 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-,
phosj)horous-, 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.



anount of a Goup IA and/or Goup IlAnmetal salt in the feedstock is |ess
than 10,000 wppm of a Group | A and/or Group I1A netal salt suchéadNd8di um
chl ori de WaR#4M 6336t assi um chl ori de, nore preferably | esBCHUBIRA0BIIBYS wppm
even nore preferably |less than 1000 wopm yet even nore preferably |ess
than 500 wopm still even nore preferably | ess than 250 wppm and nost
preferably | ess than 100 wpopm based on hot al weight of the feedstock. This
feedstock is then treated to reduce coff uctivity and contacted with

nol ecul ar sieve to formolefin product. 2 4 JAN 2007 WD 2004/ 016574

PCT/ US2003/ 002%803,634 fil§dondy?8,12908 fhigh eressursb di . FePatenttAppliceters Baik Nehi ch

weral sal i nauoR Aabiesery 26 ARENpRek R tonGinieatoth sn b Sghiest T

Preferably, mﬁ%gﬁ%ﬁ%&ﬁgﬁﬁmﬁaﬁ% §%‘|ﬁghr};§b a;gp&tmt] iggéek%emoqu oncentration

of a Goup IA salt d conductivity of not greater,

t han about 5Q®idhSre Bl hmimﬁﬂ@&ﬁ@frp&m&dﬂg&efeﬁéxﬁaﬁt er than about 300 uS/cm The
conductivity of the feedstock which contains the substantiall é hi gh
concentrati offldB] a G olpan smhndiment,@nantegiated precess isditecteiddo proshiingeduced t o

nore the nor esi | g conductivity.|evels ar, t ontact with nol ecul ar
si eve cat al ygggt {lﬁé’%g) g?’ﬂ gf?pgfbog%ggsfqﬁlgnp%qr%@ypggagqc D& eferably an
oxygenat e, 2 ' sl tially
free of a G?&SQP%’%W(%% gﬂ%rgpﬁtrgﬁ@%er a é%g%%brﬁgﬁétﬁg slglt]?eﬁﬂg?e;s%ggr]abl y a
G oup | A net phssitil the gasedus feedstoqk; pfeferably)in sombimitioh ath Hiwaten stteamm, pehassi um

chl oride. For the purposes of this patent specification and appended cl ai ns
the term " suB¥teaRPrauryon zans 1o prodyse a sypihesingast(snpesbdreadonpiga®es | ess t han

30 ppm preferably |ess.than 29. f a  Qoup | A net salt and/or a_ .
& oup |1 A mepitston B3Rt paf oA Sindte iRyl afinthe BBt el L *

chloride or iRASaBenePiC t,o[a%nl@l)m@@@\éﬁ@?%bré&@&rks KeqNheCaREE SRkoranal ysi s
t echni ques, such as Atom c Adsorption Spectroscopy (AAS), can be used to
measur e the abouRtMBh to abaml 08 MRa. tSymthestsigas otrednassats porduced Fomowtoal on t o

Zeolite Science and Practice, H . .
gas, petro eumeifqulcfs, anc{_| carbonaceous materials such as coal, recycled plastic,

municipal waste or any other organic material, preferably synthesis gas stream is
produced via steam reforming of natural gas. Generally, a heterogeneous catalyst,
typically a copper based catalyst, is contacted with a synthesis gas stream,
typically carbon dioxide and carbon monoxide and hydrogen to produce an
alcohol, preferably methanol, often in combination with water. In one
embodiment, the synthesis gas stream at a synthesis temperature in the range of
from about 150°C to about 450°C and at a synthesis pressure in the range of from _ )
about 5 MPa to about 10 MPa is passed through a carbon oxide conversion zone to
produce an oxygenate containing stream.

[0119] This oxygenate containing stream, or crude methanol, typically
contains the alcohol pfoduct and various other components such as ethers,
particularly dimethyl 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



van Bekkum E. M Flanigan, J.C Janssen (editors), Elsevier, 1991, p. 259.
[0117] O her conversion processes, in particular, a conversion progcess of

an oxygenate to one or nore olefin(s) in the presence of a nnlegé Wleve
catal yst conposition, especially where the nol ecular sieve is synthesized
froma silicon-, phosphorous-, and alunlna- source, include those described
in for exanple: U S Patent No. 6,121] 43 ( making plastic with an olefin
product having a paraffin to olefin weight ratio |less than or equal to

0.05), U S, Pt 187, 983 t
oyor e - porei Bkl alin SR8 P Bibed AhESLy S WA Gt PRL bR 80D |

ef fl uent gaSvef @thl§s0 c@ﬁpdsﬁtﬁj’n des@ited ﬁbox@ﬁﬂ’a%ne&ﬂf/tﬁ@ﬁﬁ@eswbiehc&fbed abogust 23,
2001 and U.S. Patent Application Serial No 4 JAN 2007 WO 2004/ 016574
PCT/ US2003/0F88158 2 Vatiety 96 et pecsiucts; maéfépumlyy gpolebinGy cthyiegh aﬁ‘? /B5sure), U.S.

Pat ent  Applicp@h® NGkl hﬁ’t'in gﬁﬁamp@glopﬁﬁs ﬁééraiédl pRokeEER rdk'@i%e@ g‘l ER@0Po{st aged
f eedst ock 1 njection), S. Patent Application Serial . 09/ 785, 409

filed Febr &4 whid is 20@111 f(lblx:etc'emeracteﬂﬁmferencwhlmamomeemrd fUIHEﬂlEﬁgTatEdll |y

i ncor por at n 011 ted [ocess is
v ected-t BoproR AU Wiy e Rl P P o sl T BB
pref er abl ydigediyddo 06 @hbembgc&menﬁ‘ e@a@{rﬂ@de poryﬁfeazmcﬁ.fpw@béey fdfrqirbmrztmgand/ or
et hane. The first step in the process_is gassl&g asequs feedst ock,
Gl éﬁ?ll O%Seréqa

pr ef er abl yV3tipue salyPisHps difenfarsxamplaihs- et MPa898i vk ti on zone
to produceﬁﬁemgn@e@m %&M@M&&ﬁ?ﬁll?&&?‘?ﬁ?ﬂe@b Y8RrenPE pduction is vel |l

known, and typi syngas tenperatures e I1n the range of from about 700C
to about 1p0@Q and slgnigasrqatlessmce@esanelwmsqlmgmr gasgpbasgsf slirrgphasglode 2 MPa to

about 100 esi s gas, str S

et ol eum MERATr gt Ser Bon SaSiudhar P aHER B HRAY ot p ey
plastic, &slDiriphase poBeiceizationadone bR Aoread] gaflh)Cat ﬂ’@tt&j’nb@lfwhwhﬁﬁ ethalehy/or
synthe5|s gas streamis  prqduced via steamreformng of natural gas.

General | y, Pfé?PhIé't‘férU&éﬁE‘HM@eE@%W&CESS@% YiHize gipolymerizalinnesatabyd it eal al yst, i s
contacted W.fle an&{bt(ﬂfa?oglrbg%ﬁom)f 8 Molecu)aP e &aYal?ﬁt{ ot sciqabée and carbon

nonoxi de and hydriogen uce an
however, the preferred polymerization catalysts are those Ziegler-Natta, Phillips-type,

metallocene, metallocene-type and advanced polymerization catalysts, and mixtures
thereof. The polymers produced by the polymerization processes described above
include linear low density polyethylene, elastomers, plastomers, high density
polyethylene, low density polyethylene, polypropylene and polypropylene copolymers.
The propylene based polymers produced by the polymerization processes include atactic
polypropylene, isotactic polypropylene, syndiotactic polypropylene, and propylene

random, block or impact copolymers.



al cohol, preferably nmethanol, often in conbination with water. In one
enbodi nent, the synthesis gas streamat a synthesis tenperature in E\he range
of from about 150C to about 450C and at a synthesis pressure in he N&%e of
from) about 5 MPa to about 10 MPa is passed through a carbon oxide
conversion zone to produce an oxygenate containing stream [0119] This
oxygenate containing stream or crude @ethanol, typically contains the
al cohol product and various other conponents such as ethers, particularly
di met Hyl et herjqet onesy, Al defkeesmbddined| ivSeh-Lasprosdde omRistyedr ogen
met hane, carbon oxide and nitrogen, and fusel oil. The oxygenate contai ni ng
stream crude poismieaiping process eirme gy mpEealefin( ibeiprasepe of 8 PoEF#IORr ough a wel |
known purification L StanlrbRldr FRPA - B8R gractionation,
resulting in °§!t ﬁﬁ?%@é?éﬁ%eﬁg?}e gont aiwrhnr)lg st reeam fpgg%exarrpl e,
comer ci al G agtedvtsawitkreithe ot dramvat olefli(e) hoxipg beva madeytoaveriizgpnst r eam or
purified oxygenate coptaining 2.4 JA L. 40A tiorally with one
éne), e otae) yed oG aRe JabahaRRls 18;

or nore diluen “‘one or nbre no Si eve catal yst
corr;d)osi tion dgﬁf{ﬁ&?ﬁtﬁhﬁwmohpamw?iﬂ@sp{gsthtﬁmp?ﬂmqva?csﬂtas?:gﬁl(ba? ab;)\r/]eI to
roduce a varie r.i ne.pr.odu articul ar [ olefin(s), e ene
gnd/or propy|@ﬁé&ﬂ&%ﬁﬁi‘%‘ﬁ&‘B@&?Z%B%%m@ﬁ"“ﬁrﬁ“%%?#f@&%? ed process isy
defscri bed iln E@j}%léﬁ,z&ﬁﬁ cat&ﬂ*?,sys‘ﬂml 'i;slatsh@ohe\hgbmlldcedelcymiyﬂeﬁt@mrh}t}?id b_yt .
reference. In another nore fu integra rocess, option Wi e

i ntegrated pr o%%“ﬂ@?é?ﬁpﬂ@ﬂi‘éﬂaﬁ}’? oﬁ%ﬁ?‘rfﬁﬁmﬁ?’@me%“ﬁ?%ead?r ected to,
in one enbodi NBBbHoceHr AsiallBdeRe-HPE YoiErouddindan afivans sRegablyphe pr oduci ng
varius polyolefins. (See for exanple U S. Patent Qﬁ)l i cat i ?n ?eri al No.

09/ 615, 376  f i FEURORF §RAPo0BHERE YHRICN Eugiongees SORRIPARP B3  at ed by
reference.) [ O4dQbrRRiuymE htivdtbapalpmoga@eses i ncl ude sol ution, gas phase,
slurry phase and._a high pressure cesses, or. a C n%&a i on t hereof
Particul arly pl&%&rred WQ“@%@%H@Q’%“%P“‘“W‘&WW%% P i zati on of
one or mre 0|ﬂ-@i‘dﬂﬁ&dﬁ@ﬁtﬂe‘%&iﬁmspft%w@fﬁd\bh&&bdfﬂa_e@fdﬂbdsﬁmlescﬁbedEﬁ,b@é?w ene. Tlheze
ol yneri zation processes utilize a polynerizatio al yst t can include
gnyyone or a cﬁﬁ%ﬁuﬁgﬁ'fd{?ﬁmﬂ)‘fml%é’r%ﬁsgscﬂ%&@%ﬁ%@@'@‘&?&bﬁ%@“&f sed above,
however, the pgeéess, rRdsdindlvdspii: HRtnbOlimitatta ajdehmied sleoiokpsetiZhag! er - Nat t a,

Phillips- : ; i ;
illips-type, linear alpha olefins, vinyl acetate, ethylene dicholoride and vinyl chioride,

cthylbenzene, ethylene oxide, cumene, 1sopropyl aleohol, acrolein, alty! chloride,
propylene oxide, acrylic acid, ethylene-propylene rubbers, and acrylondtrile, and
trimers and dimers of ethylene, propylene or butylenes.

VI, EXAMPLES

[0123] In order to provide a better understanding of the present invention
) inctuding representative advantages thereof, the following examples are offered.

Example 1

[0124] By physical mixing sodium chloride (NaCl) or potassium chloride

(KC1) with 2 SAPO-34 molecular sieve synthesized in accordance with well
known procedures, {many of these procedures are discussed in this patent
specification and are herein fully incorporated by reference) the SAPQ-34
molecular sieve having a salt loading of 7.5 wi% was obtained. Afier mixing the

salts and the molecular sieve, the combination was caleined for 5 hrs in N3

followed by three hours in air at 650°C. An examination of the structural



net al | ocene, netall ocene-type and advanced pol yneri zation catal ysts, and

m xtures thereof. The polyners produced by the polynerization 2&9@&%@@5
descri bed above include l|inear |ow density polyethyl ene, el ast

pl astoners, high density polyethylene, |ow density polyethyl ene,

pol ypropyl ene and pol ypropyl ene copol yners. The propyl ene based pol yners
produced by the polynerization processé§ i nclude atactic pol ypropyl ene,

i sotactic pol ypropyl ene, syndiotactic polypropylene and propylene randon1

bl ock or i. ac olyners. 2 4 JAN 2007 erre

onhodi ment Ry ftBSe s s hdeediitds wiliad hirok B EhIbES o one
or nore 0|Elfdxﬁlﬁlﬁ1)mg the XRD parestysrehOlintaRe ISUPE- Malble@ﬂlar Siafeabeysik tiRysakkem in a
pol ymeri zation reactor to produce_one or nore products, wherein the

one or nor EeARASSVES: é‘)C'%&(ﬁdH@“%'éﬁ(Rﬂ%G@SE!}l%Wéﬁ?qnﬁ@’ﬂhﬂi‘e salf beied |

par i cul ar byl BRANGRRL., n4hiRBaBnEHras i §ftﬁ¥§alﬁ‘?‘éa@éd3’s§éve§0”p05|t' on. The
preferred polynerization process is gas phase pol ynerization process and
at least one of the olefins(s) is either ethylene or propylene, and
preferably the polynerization catalyst systemis a supported netall ocene
catal yst system In this enbodinent, the supported netall ocene catal yst
system conpri ses a support, a netallocene or netal |l ocene-type conpound and
an activator, preferably the activator is a non-coordinating anion or

al unoxane, or conbi nation thereof, and nost preferably the activator is

al unoxane. 101221 In addition to polyolefins, nunmerous other olefin derived
products are fornmed fromthe ol efin(s) recovered any one of the processes
descri bed above, particularly the conversion processes, nore particularly
the GTO process or MO process. These include, but are not limted to,

al dehydes, al cohols, acetic acid, linear alpha olefins, vinyl acetate,

et hyl ene dichol oride and vinyl chloride, ethylbenzene, ethylene oxide,
currene, isopropyl alcohol, acrolein, allyl chloride, propylene oxide,
acrylic acid, ethylene-propylene rubbers, and acrylonnrile, and trimera
and dinmers of ethylene, propylene or butylenes. VI. EXAMPLES



[0123] In order to provide a better understanding of the pr esth i nvention
1 including representative advantages thereof, the follow ng e NeBl7ar e

of fered. VWORREM$E41 [ 0124] By physical m xing sodium CH’IC(TI‘USd@B(W) or
potassium chloride (KCU with a WO 34 nol ecul ar sieve synthesized in
accordance wth well known procedures, (many of these procedures are

di scussed in this patent specification gd are herein fully incorporated by
ref erence) the SAPO 34 nol ecul ar sieve having a salt |loading of 7.5 we/*
was obtained. After mxing the salts and the nol ecul ar sieve, the

conbi nat i on wabowed & hewspredlo whichhis andieatine of fls foowmetiproef a raveankoews i n air at
650C. An exam nation of the structural 2 4 JAN 2007 42 integrity of these
m Xt ures was &€ured using well known X-ray diffraction techni ques. In
exam ni ng the@@@@@ﬁg{ﬁﬁggg the untreated SAPO- 34 nol ecul ar sieve versus
the salt tre | ear reduction in XRD crystallinity was seen
with the salt [0125)t ed  rinltlese Easmples 2akoughrD, altkoiahriec8APO+13d niblecylait sieven of t he
salt treated sieves 2 4 JAN 2007 WO 2004/016574 PCT/ US2003/ 018803 43

showed a new p‘é%ﬁ( n Eyampe {1 averqyapixeds saparaggly + wish salt sebetions immethanalef thek nown

phase. Exanpl thro 125] es 2 t he sane
RARG 34 ol Do PG RS ﬁ?@&ﬁﬁ&%gﬁ%eﬁh%@?ﬁ‘%&“ 0?%&“2#;% th salt
sol utions in @Eﬁé%afiﬂim%o&h@to atsﬂdt@woog“%@éﬁt%pmNaﬁ%rnm{;ﬂglﬂﬁrm&hml The salt
| oadi ngs on the nol ecular sieve ranged from about 80 to about 10, 000 wei ght
ppm After mi wasgyvapdratedot fempetaturenbetercapabat 86°Gand shopei 20°G;, esd thet ween

about 90C and about 120C, and the forned y soli.d s, subsequent |y
cal cined for Zommed dry sphd pas Fm@eaglygalﬁw&aém f’ﬁhrsaal N, Sillogndcby Srhars 1o

per 9 Tace Ol HeSCLREH BB SR AL o1 BialggEed [0 @
evaluated in a fixed bed reactor at 450°C, 25 WHSV and 25 psig ( 172 kPag). The
reaction product was analyzed by on-line GC. Weight average light olefin
selectivity (ethylene and propylene) were determined as wel! as catalyst life
(measured in terms of grams of methanol converted per grams of molecular

sieve). The results are summarized in Table 1 below.

N



reaction product was anal yzed by on-line GC. Wight average light olefin
selectivity (ethylene and propylene) were determ ned as well as ?qt%INymy
life (nmeasured in terns of grans of nethanol converted per grans o

nol ecul ar sieve). The results are summarized in Table 1 below. 2 4 JAN 2007
44 Table 1 Cat. Life Concen- (gm MeOH Selectivity tration ( Exanple Salt
type converted (wppm on ethylene + per of sieve) propylene) sieve)
Standard None 0 18.8 74.6 2 NaC 84.0 16.7 75.0 3 Nad 400.0 17.1 74.3 4
NaCl 4000.0 15.9 73.5 5 NaCl 10000.0 1,2472.0 6 NaNGB 84.0 17.4 74.6 7

NaNO3 8400.0 16.1 72.4 8 MyCl 2 84.0 186 4.1 9 MgC 2 8400.0 16.3 74.0
From Table 1 the negative effect of salt on catalyst life and light olefin
Sel ect | Vi |V I S C! ear y de”uncf rat nrl Exar‘ | e—10 101261 Thl S—ax np' e
illustrates the conversion of al Group I A lﬂdC@t IllfeA ;Fret al salt |based on
total nol ¢cular sieve content tio L£WEp I|A an%% ﬁ@f‘ﬂ\"%a t in the
oxygenate| feedstock] for exanp|e {asbipe e Hee “AdLe 2| shows
exanpl es of Biedshpleontersaledypons converted
(wppm on ethylene +
per gm of
sieve) propylene)
sieve)
Standard None 0 18.8 74.6

2 NaCl 34.0 16.7 75.0

3 NacCl 400.,0 17.1 74.3

4 NaCl 4000.0 15.9 73.5

5 NaCl 10000.0 11.9 72.0

6 NaNO; 84.0 17.4 74.6

7 NaNOQ; 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 1A and/or IIA metal salt
based on total molecular sieve content to a Group 1A and/or ITA 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 in a large scale MTO plant is six (6) months, and that a methanol feed pre-



in a nethanol feed. These concentrations correspond to the respective Nad
concentrations on nolecular sieve as shown above in Table 1. For the

pur poses of this exanple, the expected catalyst lifetinme in a Rdrg® Bwal e
MIO plant is six (6) nonths, and that a nethanol feed pre 2 4 JAN 2007 45
treatnment step, for exanple, the vapor4szation systemof the MFO plant, is
capable of renmoving 99.9 W% of the NaCl in the nmethanol feed before the

vaporized neth acts .the m)le si e st. co S|t|on. The
wei ght hourl y&%ﬂgééh’?/ PEEPRRIe: fﬁ}e TRE % Ihsgﬁ%?‘ #ﬁ)@é\ﬁ@p&t P is also
under st ood thaﬁfeﬁoh@g\wgwﬂ@bﬁt&ﬂNa(gEnﬂ&nmﬂﬂnoﬂfeaﬂ)efdﬂamwﬂmﬁzd&t%WOU| d result
in | ower anobunt of a Gou nd/or | LA netal salt. present in the feed or

in contact wi P¥§thenedciacH pigverapbstcompretion. ( Lie PsiebNierlYs ohcent r at i on

in (weight p%@%ﬂﬁ%hﬁﬂ@he&aﬁﬁfwmlzswqhsmsexﬁacr&mm hidrp) 0.0 0.0
84.0 O b 400 2.9 4000 29.4 10000 73 Exanpl e 11 [012/1 Seawater from

of f the coastpmen%amﬁﬂé%thaa%?M%q@wtwlwmwtq@@ﬁrem poi nt of the

i sland of Tho Nekihek LaRdsn HeeSa R Cl 1 meters. A sanple
of the seawat ![e‘f%ﬁ‘égsrlﬂ% xed \%I%h pu?e met hanhﬂ%%ﬁg"%m g and
conductivity was measured using a Schott Gertte Conductl Vi ty meter (Type

C3&857), equipped wth a LF100 conducﬂ%py probe. Sanples of the m xed
met hanol and seawater were further d with methanol at various
concentrations, and the conductivity nmeasured. The results are shown in
Table 3. 2 4 JAN 200 -
NaCl Concentration NaCl coucentration in
(weight ppm on rapthanol feed
molecnlar sieve) {weight ppm)
0.0 0.0
84.0 0.6
. 400 29
4000 294
10000 73.1
Example 11 ‘
0127} Seawater from off the coast of Stavientsss, 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 ixed with pure methanol (Merck,
p.a.), and conductivity was teasured using a Schott Gerdte Conductivity meter
(Type CG357), equipped with a LF100 conductivity probe. Samples of the mixed
mothanol and scawater were further diluted with methanol at various
concentrations, and the cbnducﬁvity measured. The resulis are shown in Table 3.




46 Table 3 Ave. MAi Seawater Sanple 1 Sanple 3 Cone. Sanple It Cond.
(gin) (gm) (gm) (gnu .) (wPPnm) (US/cm 1 34.6164 004146 1196 é6.4 2
23.27021 8.0215 307 12.8 3 .88,85 9.8400 119 7.8 4 22.027 5.61 g @b 5
28. 6091 2.5944 11 3.4 Exanple 12 10128] Additional seawater sanples from
the seawater described in Exanple 11 re diluted with nethanol and the
conductivity of the mxtures were nmneasured. The results are shown in Table
4. 2 4 JAN 2007 WD 2004/016574 PCT/ US2003/018803 47 Table 4 Cond. Cond.
Ave. MOH Seawater Conc. Sanple # (Igbled) cond. (gm) (gm) (W ppm
(uSfecm (uS/cm) (uS/cm 1 15.000 0.000 0 0.7 0.7 0.7 1 14.99 00 1.5 1.2
1.35 2 16.74942 0.00647 386 18.5 18.5 18.5 3_15,04122 0.02028 1346 54.8

54.5 54.65 41464419 0.02196 1497 56.8 56.7 56. 15 5 15 23§38 0. 02866 1877
66.3 66 66.1% MeOH | Seawater | Sample 1 | Sampled | Cone,
Sample # : Cond.
{zm.) {(gm.} (gm.) (gm) | (wppm) ‘
. | (uS/cm)
1 34.6164 | 0.04146 | 1196 46.4
2 2327021 8.0215 307 12.8
3 88,85 9.8400 119 7.8
:) "4 22,027 56109 | 30 39
t .
5 | 286091 25944 11 3.4
Example 12
{0128] Addtionsl seawater samples from the seawater described in

Example 11 were dituted with methanol and the conductivity of the mixtres were
measured. The results are shown in Table 4.




6 15.45856 0.04632 2987 102.9 102.7 102.8 2 13.330 0.063 4700 14£ 2
147.7 3 15.511 0.121 7800 235 238 236.5 4 15.535 0.190 12, 200 B AR 440/
341.5 5 VP MINMSIE0 16, 200 439 443 441 6 15.103 0. 317PST/USHI3MIBR0%34 538
101291 While the present invention has been described and illustrated by
reference to particul ar enbodi nents, those of ordinary skill in the art wll
appreci ate that the invention | ends itselz to variations not necessarily
illustrated herein. For exanple, it is 3 ntenpl ated that there are many
ways of removing a salt froma feedstock conprising an oxygenate such as by
boiling (i.e., distillation), methanoMablbr/water absorbant absorber, and
even ion exchange via a resin bed reactor using a sulfonated polystyrene
resin. For this reason, then, reference should be nmade solely to the
appended cl afmsfor—purposes jof —det nining @ true ﬁ@gﬁ thie pregsent
es co t|

i.nvention. 2 4 JAN 2007, (Jﬁﬁlaj.}@ erl 13 1g ‘Mﬁrgenate to
ol efin, conplgginnte & he ste [grovidin xygenagﬁ gl On

havi ng a pos t|v condugi. yl ty )nqt(‘g pﬁi) r t n 1D cm 1n cont ai ni ng
at | east one|Goup IA or p net al ~ sal t (u$fogh)b (nslthe)ci i (n§/dnk)e
oxygenat e copposition W|th a nol ecul ar sieve to convert oxygenate in|the
oxygenate cofrpositiom tlgogbefl Ng.ogp The Qyocess gk cl pi mply whergin the
conductivityjof the provi oxygendt e corrposition i at leagt 1.5 up/cm

3. The proce$ Z, 'erei n e condugli v ed
oxygenat e copposition i 2 gre er [than 5 nS/c?‘ln% The]gowssi)é? liaim 1,
2 or 3, wher etn the Ppt-OvH dedex 3CIIQL e—COfRPOst H-oRr—ephtatrns—@t I—east one
Gro.u—p) |A or Groug Il ﬁ@ﬁé?ﬁzcapto o tihe 38 18.5 18.5 18.5
B 3 1504122 | 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 102.9 102.7 102.8

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
J |
’ 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 suifonated 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.
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range of from 10 wppb to 50 wppm preferably from 15 wppb to 30 wpopm based
on total weight of the oxygenate conposition. 5. The process of zq'y A(Rlnfﬂ{]f)f

t he preceding clains, wherein the oxygenate conposition contain a‘{ | east
one lithium Sodium or potassium salt4sg 6. The process of claimb5, wherein

t he oxygenate conposition contains at |east one halide salt of |ithium
sodium or potassium 7. The process of claim®6, wherein the oxygenate
conposition contains at |east one chloride salt of lithium sodium or
potassi um 8. hammsocess of any one of clains | to 4, wherein the oxygenate
conposition contains at |east one magnesiumor calciumsalt.. 2 4 JAN 2007

49 9. The process of claim8, wherein the oxygenate conposition contains at

| east one halide sal jrosdss FREARSIIMTOOZRM Biokiin, dobhpriting tprrpesss of any one of
claims 1 to 4, wherein the oxygenate conpositijon contains sodium chloride.

11. A process for @dnvePtoViREsRPEETRIE Cqmpositian My mEARASHIVE sgRatidY st eps of
a) providing an oxyge t&ﬁﬁﬂ@§b§kﬁ%@mm?£%%e%R% Goup I|Aor
reduc

Goup IIA netal salt; i ng conductivity o e oxygenat e conposition
to forma treated GewdBioskelbdivbily a conductivity of not greater than 10

uS/em and «c¢) contg cti &‘&Bﬁﬁgﬁgﬁﬁéﬁgﬁhﬂ%m“ﬂ%ﬁﬁ%5‘%’5"@ sieve to

convert oxygenate T'n the oxy Itron to olefin. The process

of claim 11, wher eicntdnexpganetcdetic oxsgomateatompodtipotioldfion has a conductivity
of not greater than 750 uS/cm preferably not greater than 500 u& cm and

nore preferably not greater than 300 uS/cm 13. The process of claim1l or

12, wherein the. tr cHicpihcbaadskinck whasiahposidtdtivity ofthagmetded/i ty. 14. The

g{ Zzto‘; g' 3!5?1“1”36}(%%{&%5&1)&& Bn$onductividy of the created feedstock is

3. The process of claim 1 or 2, wherein the conductivity of the provided
oxygenate composition is not greater than 5 uS/cm.

4, The process of claim 1, 2 or 3, wherein the provided oxygenate
composition contains at least one Group IA or Group ITA metal salt in the
range of from 10 wppb to 50 wppm, preferably from 15 wpph to 30 wppm,
hased on total weight of the oxXygenate compuosition.

5. The process of any one of the preceding claims, wherein the oxygenate
composition contains at least one Hthivm, sodium, or potassium salt,

6. The process of ¢laim 5, wherein the oxygenate composition contaius 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, sodiuta, or potassium.

8. The process of any one of claims 1 to 4, wherein the oxygenate

composition contains at least one magnesium or calcium salt.



15. The process of any one of clains 11 to 14, \Werein the conductivity of
the treated feedstock is not greater than 5 uS/cm 16. The pr&clgﬁmg@ any
one of clains 11 to 15, wherein the treated feedstock contain ét one
lithium sodium potassium magnesium4d calcium salt. 2 4 JAN 2007 50 17.
The process of claim16, wherein the treated feedstock contains at |east 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 clainms 11 to 18, wherein the treated feedstock contains at |east
one G oup A or Goup ILA netal salt in the ran%e of .from 10 wppb to 50
wppm  pref er abfy f (TEAPESESRBHYARG, BT OXye@al CHAPTHOR FOHRA it of t he

~oxygenat e conposi t 0@ onRalidbRAt HREeSfnOér ARmPne of clainms 1 1 to 18,
wherein step (b) conprises boiling the oxygenate conposition. 21. The

process of any one of clainms 11 to 18, wherein step (b) conprises wutilizing

2 methanol vapgs /ety s 0f Sfihe SAIARDS o SBmeHlie SRS Of any one of

claims 11 to 1 I'n step conprises 1on exchange via a resin bed
reactor using a sulchopasite cpathipssodiuenehioridsi n, oxygenate conposition. 23.
The process of any one of the preceding clainms, further conprising the step
of converting the olefin to polyolefin. '

11. A process for converting oxygenate to olefin, comprising the steps of:
a) providing an oXygenate composition containing at least one Group
IA or Group IIA metal salt;
3 ' b)  reducing conductivity of the oxygenate composition to forn a
treated feedstock having a conductivity of not greater than 10 uS/cm; and
c) contacting the reated feedstock wath a molecular sieve to convert
oxygena:c‘ 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/crmn, 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.

D 14.  The process of claim 13, wherein the condustivity of the treated feedstock
is at least 1.5 uS/om.

15. The process of any one of claims 11 to 14, whereln the conductivity of the
treated feedstock 18 not greater than 5 uS/cm.

16.  The process of any ong of claims 11 to 15, wherein the treated feedstock
contains at least one lithium, sodium, potassium, magnesivm or calcium

salt,



17.

18.
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20.

2],

22.

23.
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The process of claim 16, wherein the treated feedstock contains at least one

chloride salt of hihium, sodinm, or potassinm,

The process of ¢laim 17, wherein the treated feedstock contains sodium

chloride.

- The process of any one of claims 11 to 18, wherein the treated feedstock

contains at least one Group IA or Group ITA 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.

~ The procegs of any one of claims 11 to 18, wherein step (b) comprises

boiling the oxygenate composition.

The process of any one of claims 11 to 18, wherein step (b) comprises
utilizing a methanol vapor/weter absorbent absorber.

The process of any one of claims 11 {o 18, wherein step (b) comprises ion
exchange via a resin bed reactor using a sulfonated polystyrene resin.
oxygenate composition.

The process of any one of the preceding claims, forther comprising the step
of converting the olefin to polyolefin,



