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[0004] Oxygenates can be converted to olefins using various molecular
sieve catalysts. This conversion of oxygenates to olefins (OTO) is an exothermic
process. Therefore, the reactor outlet temperature is typically higher than the
reactor inlet temperature.

[0005] Many methods and/or process schemes have been proposed to
manage the heat of reaction generated from the exothermic process in order to
avoid temperature surges and hot spots. A well managed process can also lead to
a reduction of the rate of catalyst deactivation, as well as the production of

undesirable products, such as methane, ethane, carbon monoxide and
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deposits or coke. Such processes tend to involve
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appropriate tenperatures anzl pressures. [0006] U.S.
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I nedrbglesedlisidepbsiielopduis. Suthebdessstend B dneisehdagiag the feed or
recovery and to inprove heat integration. In
pafealiagithg ciilyenide opprepaaie Sempesathisd apd PISRIPSact i on

pr sisu Vi I '

el cea” oPRsdr R oty 6310 Ra83 BALY B0 d Hcess fo
Apgdtalgatdligncdrivbitingad i feststdelbcontyeisingdSa @3 HRE8 3 6lefisk., The
publ i shed y 8, 2003, discloses a process. for

r eBOGEi ngs%udmeﬁt FFPdugk Faeiking £ 1BFERIen hER otfGRYGH And to
p r S of q Ega (. ! I . .
mal EI% ai§en P%%q? ﬁgﬁﬁgﬁpe@gﬁ ure %f 51an ef P fblji gﬁfﬁogggﬁgtl ?léealrrrewacmn
abproeesshieustdwo privide atfleaspepation ef tife hehteused td e thegfasdstock.

PR sol § d s cbag AR etior 2bHei, RETGuE USr Sniasise
al 39 RusMindadnial, 0908bod ehiscloBrag estottss | fof akt@Rrial MQAtin an

in the oxygenatée to olefins conversion processes are
c onxygenata stoyolstu gireduction sptdeass.onThenptdcessaingljelgs removing heat

processes that result in the reduction of the rate of -
b aris apnieitia B8 aReratine OF ol SRS, Frenh dfokd 15, Ry point
Un%giefai@ﬂe%f RROEMIGES Ebk StradB0 ACa8H bNwasithy tHeafdidnt gas stream
[ 0009] This invention provides well rran;[\q%ed processes

f ofo iEaeve pelicheptalpstypgeiciasdeors regag sirern ispw pPviEedses

provide effi gh@n 114 N 0 -
r eg)m): ion i nweglt énag%éég at{1 glfl%/%{&ndégc%?%/g itgﬁfjoéfggﬁdé? of % %leﬁns
maceivatsiom pro@egst arencommaiueadly vidught. o Hesiddigidnplvedli managed

products, particularly ethylene and praopyl ene. [0010
| nPEXGESSES &@étrssﬁfmrs i RBHE R Oh O e FRIB Ot A BE pgiton or a
I HRMLGh inﬁﬂﬁd@’ﬁbﬂ BPhSdesir Mk ?i;}bgﬁféﬁé RNt EcdtiBdo@Msought.

converting 'the oxygenate In eed to olefin )
pr @dosdt . | n dhis mwbatimernvidesewelt oomegeab pomesses dos converting

heating th xygenate feed to .forma vapor .stream
oty oottt Thepraresi vy sicfenb Riliapign o Bedt, lead to a
OXYQRBEGE ih 986 aNdaRlyst WehelivatibgammEC Al & RhalBtaghing long term
majority of contam nants fromthe oxygenate feed. The

vapdectivity da desired obgfiay pioderts, paviiculadly lethyleng asd peenyienand
th epar at por. _str ' n i )
me gf(ﬁoal uni %g 5% gsapsﬁ%‘fté ﬂﬁ%ﬁéoﬁ@? b @?féi\%g \Mg}(%ce)%sv for, removing

t heouyangtRsn bh okhigenate feadiidcdlvefting the odyiehate[i0@kelfeed to
In anot her enbodi nent, there is provided a process for
coflgdintredyict. bayagesahe diragy theprgressssroppigercheating therpxygenate

CORRNY RFForNEAL LAbr AtreBNY 96 G8Majority of oxygenates from. the

oxygenate feed and a liquid stream containing a majority of contaminants from the
oxygenate feed. The vapor stream is separated from the liquid stream; and the
separated vapor stream is contacted with metalloaluminophosphate molecular
sieve to convert the oxygenates in the stream to olefin product.

[0011] In another embodiment, there is provided a process for converting
oxygenate feed to olefin product, which comprises heating an oxygenate feed

comprising methanol and contaminants, at atmospheric pressure or above, to at
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oxygenates in the oxygenate feed. Preferably, the oxygenate feed comprises
methanol. More preferably, a majority of the oxygenate in the oxygenate feed is
methanol. It is particularly desirable that the vapor stream contain at least
75 wt %, more preferably at least 85 wt %, still more preferably at least 95 wt %,
and most preferably at least 98 wt % of the methanol that is present in the
oxygenate feed.

[0014] In another embodiment of the invention, at least a portion of the

liquid stream is discarded and the discarded portion contains at least 75 wt % of



[0014] In another enbodi nent of the invention, at

| east a portion of the Iliquid streamis discarded and
woOherstuswar ded portion contains at |east 75 wt peami2008032446

2004/ 048300 PCT/ US2003/032446 4 the contam nants in

the oxygenate feed. Preferably, the discarded portion
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weight of the liquid stream.

[0018] In another embodiment of the invention, the vapor stream
contacting the metalloaluminophosphate molecular sieve contains not greater than
5 wppm of any one metal selected from the group consisting of iron, sodium and
potassium, based on total weight of the vapor stream contacting the sieve.
Preferably, the vapor stream contacting the metalloaluminophosphate molecular
sieve contains not greater than 2 wppm, more preferably not greater than 1 wppm,

and most preferably not greater than 0.5 wppm of any one metal selected from the
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met hanol -to-ol efin reaction system DETAI LED

DESSRIPTI ON &xampies jofNEnvarons embreimgnig obthis invention are shown
Coqy 0 Ra03 £ 50 BRack\.on the Process

[0022] Fig. 1 is a flow diagram of one embodiment of the present

invention; and
[0023] Fig. 2 illustrates a partial cross-sectional side view of a tanker that
has been modified to carry methanol destined for a methanol-to-olefin reaction

system.

DETAILED DESCRIPTION OF THE INVENTION

I Removal of Contaminants from Reaction the Process

[0024] This invention provides for a significant reduction of contaminant

materials in an oxygenate stream. Such a stream is particularly beneficial when



[0024] This invention provides for a significant
reduction of contam nant materials in an oxygenate
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st ﬁ?&ﬁl The nore stages, the nore effective the
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be carried out in one vessel or in more than one vessel. There can also be more

than one vapor stream and more than one liquid stream formed in multi-stage
embodiments. A primary focus of this invention, however, is the final product
vapor stream and the final product liquid stream that is discarded from the system.
The final product vapor stream is of high quality and will ultimately contact the
metalloaluminophospohate molecular sieve. The discarded liquid stream will
contain a substantial amount of contaminants originally present in the oxygenate

feedstock. A least a portion of the liquid stream is discarded (i.e., not allowed to
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oxygenate feedstock. A lea%t a portion of the liquid

streamis discarded (i.e., not allowed to WO
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st ?%Cﬁﬁwala% YR AHE s%xg%e"rc'??" R TS Sﬁ}npac"?&%rﬂon Pr%"%ss such
washREi® prot@ intkiding et @y @kiontof o Bgenfb to bIéﬁﬁQﬂ@iuct or
ot her system such as a netals recovery system [.0030]

Th anhefher epvemsianhoessyg Ennexamrledhe dqpidntisemegayag thyatystem
Bd 's%‘}f dn%{;t# lﬂfa%’aﬁ{ %gté}arfgaﬁn% stygtgmf G chi be sent to some

con alne & st eam e ’vapor stream
septheadyatkni ﬁmmashendtalqmodv&yrsyaam and the separ at ed

apor stream cont ed t ) ..
rel080 oal i I«beoh e&lﬁ@rzvé“%q%rgg# sveondystst ya that @ majority

foﬁmheokcﬁ{térﬁmaﬁtgcmct%xe e 1sV@<HR£1n§& '51? e haulldoé%éaﬁl The vapor

contam nants so tha netal | oal um | nophosp
nobtesun g sepasted ﬁ@naltlyashqmé gitske, taod dhe sepagatid vtap@ stream is

react.i on, syst n_extend eriod of .ti th

i f?fft%??% “ﬁﬁi ﬁl’i f?ﬁlﬂglPP‘dWP%ﬁﬁfg’SfepﬂPleC’f‘}?ﬂsm‘{e gatg‘YySt fo form
cabrkiviSprotiubd. bahabkgpdr0 shi@init B Mowt f SRBSlihMits Ysd Qhat the
et hyl ene and propyl ene over an extended period of

ti n@tallpeloauqmnhﬁsma@ amedilareieve gatalyst ia @de ttoopperpe in the
i ® "? %P‘En?e%mokzgr )?tgf\'}v%% e}%/er odfotltklﬁe %%gﬁt@l% t Jo %orllmlt%/migation

f ee cont ai ns of “cont am nan

r epaiblensy. yThus et bathlysiivid] tsd dbdaum meiathibies tfe(l)a’clieﬂy anethglene and
di scarded. [0032] In_ anot her enbodi nent, the formation
of PEOPYieHS PV%rt deipgripg of time.

[0031] In one embodiment, all or a part of the liquid stream is discarded.
If the oxygenate feedstream contains low levels of contaminants, only a relatively
small liquid stream need be formed and/or discarded.

[0032] In another embodiment, the formation of a vapor stream and the
separation of that stream from a liquid stream are carried out in a system having
more than one stage. A heating system that employs more than one stage can
include one or more vessels. Non limiting examples of vessels or equipment that

can be used in multi-stage systems include one or more distillation columns,



separation of that streamfroma liquid streamare
carried out in a systemhaving nore than one stage. A
woeai4ioagposyst em t hat enpl oys nore than one st ageTaamo03/032446
i ncl ude one or nore vessels8 Non [imting exanples of
vessel s or equi pnment that can be used in nulti-stage
systens include one or nore distillation colums, WO
2004/ 048300 PCT/ US2003/ 032446 8 thernosi phon
exthiangapifon VepRingetsqUivapEaRpidt beparadiodnEdrame  and kettle-type
kettl e-type _exchangers used alone or_in an varie -
of exchamgernused plone of it puysYasighy %wwtmat (4stag ﬁ)éstems that
than g tYl évésg fgleﬂ(%dtﬁlxg a%ﬁ éﬁ%ﬂftﬂ v@horldiBam from the
vapor strea rom he I'q eam can for
adHdquid atredm Icam forch sdditbaet liheidvwreanms betgesn sthhes. f Tixafinal liquid

bR R TR Bl s
di 3CafdRmb de]ééxdﬂéat sbO a6 0Rb6AGhH E&?tafto Qﬁ@”&dﬁ@aﬂﬁﬁaﬂ&t Onth the

the netal m nophosphat e nol ecul ar si eve.
| nmetalodlypenaphosphated molestlagaeteeat i ng syst em a I | qU| d

streamthat [s forrre dur i a. first heating ste .
oMb s 5 plerePEDt e frhsl e At tatiaiid Sfeam that is
or fd#imRaldu¥ink . fike héa&ﬁgsgtép% 3ftaink at PsHioX YIIRAbRydeateNBat was
liquid streamis of significant quantity, then the
oxylggmalﬂsemthﬁﬁﬁrqumm nifttheoxygsuate it thedigwid streapeis of significant
recovel ﬂ one or nore. slubsrelzg F 1118rstmnter d| ALe . od i
ot SRS, e the Py A e & fﬁ% ' PGPS ErEahTe ™
COBIK biShdEE ﬁﬂosécﬁ@ﬁtt ordilfihediatet Hagk abd Wﬁecf/aﬁeed,ow efdmple, a
of the major feed oxi;@enat e conponent, articul arl

nelifiwd streams gampeising af Fapt ghoyt é@éédor 6o onl0 py % of the major

ad e [ '

ot e SRAR e Rlyent, BaliRERHG i blcd Nep $EAM B AReg, such
errbs)dxyrmclmuoml Heetaigd, t@ poOtéroa @gmﬁbmtl pogtiord of t the ammjor feed
formed duripg._t first h ng, st p IS sent ..

s eEgRBORSAL. sﬂ%?égﬁwﬁ e 57y ﬂémgﬁ?ﬂé et 7 B AB D i) gream
adgjrhde@¥akiny ﬁ{éoﬁrstsltléaﬁﬁg@tep% bdhi k'8 s@&iﬂﬂtdr %ﬁ@eqﬂéﬁ@ Pkating step
stream conprising east a majority of

ox yy et enecanmaienadilifional ivepdri sfqmanhs,swnhahea atﬁdltlnmi vapor stream

durin rst heati.ng The .seco . -
SubUBEURE o4 kSt o SRR oSl onERTE SR Aeddn e liquid stream
adelirhie@¥aling mdﬁﬂsﬂh&mg GRSV ETI RBoAERCHIbSHuedtapor stream can
remaining lrquid stream contains a substanti al

quihenibeyused as péditiendad feadain the sopressem saetion| Ebe remaining liquid
sieve ¢ fer
po?‘f#am B FERAR RBSky oEUR BalbtnidoySidls pplecutar
Cosiposienilgsticoafamtizmts omefw&ﬂﬁ cillae atpdhiidtesk the rdindihing stream is
i nyention are those conponents in the oxygenate
f edigs¥dehm t hat significantly reduce

;0%4 oaI um %F@Bﬁé}ﬁé{h%t MR Shkikakd %bﬁt\c’lﬁm%{salln%ﬁfs invention are
litfetrme or se ctivity t

those components in the oxygenate feedstream that significantly reduce

metalloaluminophosphate molecular sieve catalyst lifetime or selectivity to
ethylene and propylene. Such contaminants include non-volatile materials or non-
volatiles and partial non-volatiles as further defined herein. Contaminants that
have an especially negative impact on the metalloaluminophosphate molecular
sieve catalyst are catalyst lifetime reducing or catalyst selectivity reducing metals.

Examples of such metals include iron, sodium and potassium. Such metals can be



et hyl ene and propyl ene. Such contam nants i ncl ude
non-vol atile materials or non- volatiles and parti al
woaooagzmdi | es as further defined herein. ContagTmnamios/ 032446
that have an especially negative inpact on the
nmet al | oal um nophosphate nol ecul ar sieve catal yst are
catalyst lifetinme reducing or catal yst selectivity
reduci ng netals. Exanples of such netals include
| I{Bilad H0HE U@@ﬂﬁte FEIdaE &k B3 a 4G offBEiAL $ove ardb EeedOr as a result
2004/ 048300 PCT/ US2003/ 032446 9 found in the .
oxof Jeningeretasizalyt puse gradss £ feesbeing fcop@pigpated dyugig, gansport or
fetgd or as a result of having relatively pure grades
of 7884 bei ng contam nated during transport or
stiggzape. [ 003nel émienEmendbofiihgenvertion be oxpyeaatd feadsteeam is

oxygenate feedstreamis _transported.in a.container to
a traseparicgninge GgRIAMET dauRl peaosy Eenerambicohly Wighe: pioah where the
F GRORESAT NG oRIRETRE trad foribl P PORIT IRMBERA! Rebling to

t hen treated accor Ing to "a proc I'sS I nventlon
t ;a peatsst diethiearventich teeheatehe deddaand asbheve santdmiagnts, such as

netals, added to t feed during transport. [0036] In
arfBetaksy & é‘bl?l}?efﬁ?‘{,]“f"éﬁ‘g&?}‘é%t e feedstreamis

trgggported Q{&H&hﬁﬁmhﬁa@hﬂ, NE SHBLRM tBedfted ig ARAkSorted

conversi on system The pipeline systemcan include =
vathiomgh pipiedine \sxbtemsto puinmpygenaie kespveasidn pysicws s The pipeline

P SEL e T B el B men
Pr|gess @l offatindyeRtthe BxygnhRatTHeangy gl erdiélis treated

renmove the contam nants, such as netals, added during
t ragasyslinrg to pQOGRES oA thindnvantionitadient thenexyggyaie aag semove the

feedstr.ea refera . tai ni ng
f e%oﬁwlggﬁ%, | gh ﬁ%’ﬁlﬁ%ﬂ%? ciijdreé1 gﬁ%{? Q gr%ém%g@r enote from
whogit is Int @nbeembedinat,f @rd okpgenater doalsiredn,s yedferbly a

and transported to the site of the reaction system ..
whiaethanelcopagnng fesdsirqag, ivmpriipeaeed abacstie repply frony where it is

0 Q%n@sh? a% RRASHS :??é&tiér?sg’s%ﬂ eclﬂg itﬁhﬁm@te& 85 8R! site¥PFhd RGction
el 1s y 0

vess ransported over a bo water to a
st oisege whai the faedstfdam sxpdenatd Crafelablyetisidxygenate feedstream

tragls rted at | east 100, 5010.0{r 1,0 Od mlei r gorg :
Ondomed; a3 vaEseh R dho VeSE! 1S ErIsPRYd pHE % RoTeRhpEer to a
fegdsbE %mtk.s Thé By 06RAE Rarh Be BasHlly WaBGRoried AKlcadt100] S00eor 1,000

storage tank, the ‘oxygenate feedstreamis ultimtely .
semiles or mero| Ohimacivmerishe stoprget fagibity, dmensigenan feedstgam is

ol ef.in product. he o enate feedstream |j .
or Sl 4 g i 1O DR forof B, AR iy fosdppom i
cofiitlafel P lsehtedSdn ARFiNROn¥RsIen uitabe cableysi@t td aaslefin product.
40, 000 tons, and nore preferably at |east 80,00

t ohbe oxysensleifpedstegm a¥ Bickasnbly.dloadndoonte atshipayi@e@g ship able to

mg&{tgug %t %‘&\&%’OSHOBQOHS, preferably at least 40,000 tons, and more preferably at
least 80,000 tons. The ship is preferably a ship that has been modified according
to various aspects of this invention, further described below.
[0038] In one embodiment of the invention, the oxygenate feed is heated
to form a vapor stream and a liquid stream. The vapor stream contains a majority
of the oxygenates that were in the oxygenate feed, and the liquid stream contains a
majority of the metalloaluminophosphate molecular sieve contaminants that were

in the oxygenate feed.



to various aspects of this invention, further
descri bed bel ow. [0038] In one enbodi nent of the
wOonveuson, the oxygenate feed is heated to feCWUS2003/032446
vapor streamand a |iquid soream The vapor stream
contains a mpjority of the oxygenates that were in
t he oxygenate feed, and the liquid stream contains a
majority of the netall oal um nophosphat e nol ecul ar
sifgs® cont arthagnatticul dtainbotingent,i the Vayroxyae izt és fepecited from
WO 2004/ 048300 PCT/ USZOOS/ 032446 q(] % SQ&In a lecul
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sieve contam nants pr esent in the original oxygen
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m&@'rﬁe‘%&lidﬁfﬁrﬂlﬁpﬂﬁ&gﬂﬁé enﬁgﬁlcﬁﬁw &EvS| (%\ﬁ?alﬁﬁﬁﬁt? nlnn 3¢ Soriginal

i'nthe origlna ygenate feedstream Preferably, the
I eexygetizel féeldqtmeetdn s tPrefarablyp thearacsvared Illqaslt stre@@ngontaing at least

pref rably ast. 85%_ even nore ra o, eas

908}% ,alﬁarermg era at leastifyd Vo Ve pre p # t%%asfa §0A>, (f most

"E[]Sr@feh‘ uﬁ’f' neRhosPhaLe ﬂE@' ﬁfe‘tﬁl@ﬁh&hﬁ&;ﬁlosﬂ&% abRaMES sieve
gi nal present in the oxygenate feedstream based

oncqrmnantwecp@malbf preserd| ino dicunkyesphiss fiedstcanp| ased an total

B S AR Pl DRI, LR s fy g

| i ShioBnatt FRABdagn. Hi SpRfdrd casbodimaa] BisSiec@aped 1@qm olirehm is
contact of the contamnants in the stream wth t

medigardssl et HestsogsaEr 1 Hiidcomtast off g conpagpaanfs ’Fhﬁle stream
OX%?cﬁﬂ?etI%eéﬁgﬁuﬁﬁl ?ﬁ@%pﬁ?t %;P 1&%@90" lze a mpjority
of e

primary ox conponent in the
oxpganat e f e®hs bkpsenmtevioed & k@mﬂ sigasto majooize taymejoritshef the

e oy Benml feed ompontin i She oyeShait TecdReatt Wi eeping a
majority of the metalloaluminophosphate molecular sieve contaminants in the
liquid stream that exits the overall contaminant removal process. For example,
when the primary oxygenate feed component is methanol, the oxygenate feed is
heated to a temperature that is greater than or equal to the boiling point of
methanol at the pressure at which the oxygenate feed is heated. In this case, the
vapor will contain methanol, components that have a boiling point less than that of

methanol, and some components that have a boiling point greater than that of

methanol.



liquid streamthat exits the overall contam nant

renoval process. For exanple, when the primry
woxygmase feed conponent is nethanol, the oxygemasen03/032446

feed is heated to a tenperiature that is greater than

or equal to the boiling point of nethanol at the

pressure at which the oxygenate feed is heated. In

this case, the vapor will contain nethanol
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ns an eavi er onpounds in the feedstream
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oxygenate feed is d t that is

 Suhe eHan pEeD a1 PRy ot TRAGSHEE. L% e

PrEsur e at Teigibsstileaut ehy@ehsiryfaatt fesd ded. cah Gory put it
The pressure at which the oxygenate feed is, .heated can

vas prefbued e hepts 2peePiepivEr] thay IneMtt cansiderseligh ety For
Io%;gtghl& Sr Lok ﬂbg Qﬁlg HERSMER in K VhporEXBOPksterh ABa pressure

can ated 1n a vaporization system

atra iR ﬁ‘éﬁiﬁb‘but stafogplrgicipressu@iio abowtt 30 pshaePi €3 ]sP@sm@f@ably
to out 350 psia . (2413 kPa

atlrs pRanT GBPEYEt GIFUED G 0B50 200, B 136 IRER A fnore
M CrordBiP HBHA Db o fa&ﬁg%ﬁls@ﬁyflgrésm&s h@lic 100 §8ia U680 tldl?a) The

psia (690 vapori zation system can
i nepudeationasysiemran énchektana @r stoagbeating6B48y. The

tMe[p e{] a: Eree 'ﬁtle ‘x\e@r{pce:pat&rg Gt WY, e%%to%yfggn%ge fe%d I?? ﬁéeﬁgd within the
heating system of this invention varies according to the pressure at which the
system is operated, and according to the components in the feedstream that are
desired to be vaporized. The temperature of the heating or vaporization system
can be carried out in one or more stages, with each stage being at a temperature
that is at least at the boiling point temperature of the predominant oxygenate in the
feed (e.g., at least at the boiling point of methanol when the predominant/

oxygenate in the feedstock is methanol). Clearly, the higher the pressure, the

higher the temperature needed to vaporize the liquid components of the



heating systemof this invention varies according to

the pressure at which the systemis operated, and
waeemrodsing to the conponents in the feedstreanpthas2@B032446

desired to be vaporized. The tenperature of the

heati ng or vaporization system can be carried out in

one or nore stages, with each stage being at a

tenperature that is at |east at the boiling point
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reaction. [0046] |In one enbodi menii of the inyention, h
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by BB RofeL ek GO0 APk Shlatogts e &
MejnaIhe@ll setscredtias phageup rohsstingaof ising wedive aidypatassium, and
contam nants in the | |Igu| d stpeam In ong tﬁsgaectt lst Hgm the
nebelingid sirRRopMNERh 4t BARPELPET 08 AFE LArFYLE?
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the-group consisting of Tron, sodium and potassium o
andpot $teeain apdi alligtid stieare gnowd prsmarensipgssi Hesieblpranddhe liquid

nore of_. thgse tals fr.omthe X 3 t .
PrurER T D FE SRpg ehdba et P b VETDALG, pOESS Haf Aibual iron
a soUARP hind hbieAMmA REncntrhGo 6f tlegamvppngiasal onvtita weight of
stages. Desirably, and_the |iquid stre?lgwhttro tgg

f i thalfingl siegs lofuid Hecane aPrefeyably, the digrid e fﬁﬁnrcﬂ%% alstage of
a total .iron,. _sodj 0 i C et f; @t i ;
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e LTS 028 s SRl EEAEE
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10 wppm  a
the resulting vapor stream is controlled so that only very low amounts of

contaminants are carried over to the vapor stream that ultimately contacts the
metalloaluminophosphate molecular sieve. Desirably, the separated vapor stream
that contacts the molecular sieve contains not greater than 5 wppm of any one
metal selected from the group consisting of iron, sodium and potassium, based on
total weight of the vapor stream. The vapor stream can be a combination of one

or more vapor streams that are incorporated in the overall process. For example,



preferably at |east 50 wpopm based on total weight of

the liquid stream [0047] The vaporization of the
woxygmase feedstream and the renoval of the PeTwiISRI0BY32446
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Thpartion e dh biguidasirasm H;Sgtacaéée%ato remove the contaminants” from the

system to minimize damage to the metalloaluminophosphate molecular sieve

catalyst.

II. Types of Oxygenate Feed

A. Oxygenates in General

[0050] Oxygenates that can be used as the feedstream of this invention

preferably comprise one or more aliphatic-containing compounds that include
alcohols, amines, carbonyl compounds for example aldehydes, ketones and

carboxylic acids, ethers, halides, mercaptans, sulfides, and the like, and mixtures



feedstream for the oxygenate to olefin reaction

system In either event, at least a portion of the
woizoquiods®bream i s di scarded to renove the cont aROTNEmMI03/032446

fromthe systemto mnim zie damage to the

nmet al | oal um nophosphate nol ecul ar sieve catalyst. I1.

Types of Oxygenate Feed A. Oxygenates in Ceneral

[ 0050] Oxygenates that can be used as the feedstream

Orthdrﬁtif.s_ Thy @liph@it midlety of ahé )daliphngiaFdo&miming compoonds typically

al i phati c-contai ni ng conpounds that ipcluyd al.cohal s,

app@ss feoam BoRHHIL te PO 2R AP TR BRLEROLL abottt 1 to

kehones difon gﬁ% ofﬁ()’ké gre?&ﬁlﬂz ffcﬁx& E’S&ﬁ'l RPIHRAE$0 carbon atoms,

nmercaptans, s I des nd t and m xtures WO
204 n8pRO:r AMIY MJB2 1Rt 0 3@ 4@t 4 barbohetwans.. The

Bl o ety o, e oo e LLog et
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carbon atons, nore preferably fromabout 1 to about 10
candroaptat ang, ethgnthermptanp alkyésalfides sndmaaboethyl selfide, alkyl-

about 4 carbon atons. [005 Non-|Jmiting,e

AR PERCRTRSEH, WG EoRBYGHBER Reh dad e R ATR, et eter
asAEhAaFRihydRthee tdNaNAalidd Kith-dIBneBplt éH1sriddiahd 8thyl chloride,
met hyl mercaptan and et hyl nercaptan, alkyl-sulfides

s wadlhyl dstomes lydh asudifriethy] keforgsl formpliehusles, aol vasiopeagigs such as
am nedacaakyl -ethers such as dinethyl ether, diethyl

etHEYC 3%d " net hyl et hyl ether, al kyi-halides such as

ngbéky] chl orindg paeterred Rybodimhent icfethe abdegt df eherimgention, the
such as di nethyl ketone, formal dehydes, ang_v ri ous
acleedstaglic POHRINS N6t Plc REEF OXYRORAUS, AFCaSH5P ?céﬁ -efji® or more

© rgorg%‘llgggﬁlgg i ENBPEAGE S 1636t 5oty PR MdRN In ¥RE most preferred

fee ains one-or nore oxygenates, nore
s pashddimaht! of thop@cess ofthiecinventpanihe aygpotmisthe feedstock is one
cont ai ni ng

| t ) I he. .
o GBPECCOON BEH R DiPPENeASP BlaSLeby B PP AFeRPIcSH of the
;Feg%ﬁﬁsgﬁ&aﬁ&?i%oﬁp? td 8BS OCHarbch ABRs, PefdEHlR from about 1 to

, preferably aliphatic al cohols where the
al atpiat 0 carbwi atomspdnd thest padferahlyl fsorn aboytrlgmahpwis catbanpatoms.
about 20 carb at referably f b 1t
o6 B3 SSEREN 3 BB SHERE] UG ket By over
1 §tRi@h ol tarkBédeihirblplatic aldvdoR! Sdhhéis uiseinledapunterparts.
feedstocks in the process of the invention inc

| oer-lingting eypmples dob parEaiEs dRelPAe dpsthanel sthap‘gg E’GP@PML
Bkl PR LA PRI AR, S i rony i
Nn- fyi@pRIBBYde, dimethyl carbonate, dimethyl ketone, acetic acid, and mixtures
thereof. In the most preferred embodiment, the feedstock is selected from one or
more of methanol, ethanol, dimethyl ether, diethyl ether or a combination thereof,
more preferably methanol and dimethyl ether, and most preferably methanol.
B. Methanol Containing Feedstream
[0053] In one embodiment of this invention, the feedstream is a methanol
feedstream. The methanol feedstream can be of a highly pure form, such as
commercial grade A or AA methanol, or it can contain various contaminants such
as can be found in crude grade methanol. Examples and uses of such grades of

methanol are found in U.S. Patent Nos. 6,444,712 Bl (Janda); 6,486,219 Bl



i sopropanol, nmethyl ethyl ether, dinethyl ether,

di ethyl ether, di-isopropyl ether, formal dehyde,
wdi2omtoagdoo car bonat e, di net hyl ketone, acetic aeCcuusando032446

m xtures thereof. In the msst preferred enbodi nent,

the feedstock is selected fromone or nore of

nmet hanol , ethanol, dinethyl ether, diethyl ether or a

conmbi nation thereof, nore preferably nethanol and

di (pmiday; |4,35020806, (Ilgﬁék) et S, Prdedr otay, thre tchatends.of Bach being fully

Met hanol Cbntalnlng Feedstrean1 0053£ I.n. one

enipertporgied herein t‘i’D’§efeﬁ"°<P§ﬁt gnadvep@ss e Hut iyshtiew isfhat the heat

ne&n'&@ﬂﬁ{amﬁzﬁﬁ g&fu‘i\%‘ E‘?{N@ﬂﬁ% all &8 @(ﬁ'tﬂi@ a4 &195{ 'WQI% variety
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such ,as can be found in crude grade nethanol.
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rrel_S ladydtocabon deafistreani thap comprises sgifeang ie a amepifqiasleast about
Ry o e e R B ey Rt VoA okl pR Gty
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petr ol 0 (1 l b ¢ thanol
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f eadsposiim fshatﬁrstomveﬂ:e:he Krmﬂabnrseuncn tarsystiesisn gao{syagas), and

| east about  50% vo| une nDr ef era
abBR comerh exﬁés?l%ﬁy%é h%gieﬂﬁpglf eyon Aty HupvefiHn process
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natural, gas I's the hydrocarbon feedsource. [0055]
Onbe myl tofconmrt/éxetsyngaSt ﬂoéh@ srefenokenmpositicn. Anrpsetarheidiment,

osi,tion.js to first vert .t ceto
sy frabor ogide cony er{algg tag'ﬁg‘ls 4 %%ﬁpg%nﬁgnel?%%fa ﬁ g%gy ngas
t Opobdeg et hagehtheMTPESI t Eohibrishely c&BON €MidnoRRle NdC e8&lrogen.
can be used. In partrcular, any conventional carbon

oxmaowém@a«b%ﬁwesake@mgi Sitrogsn arpiaciyded @enm%%ltpr?wéses for
tsﬁ PSR rt{)% cgr%oge E: ﬁc%en&oq;?o %Aﬁo %lh&]e ORéanf @ » partlal
€ carbon oxl de version catralyst 1s a nic

Coﬂmammnﬂgn@QMam&ﬁhdr&@ﬁﬁﬁ@ Synt hesi s gas conprlses

car bon nonoxj de and hydr ogen.
[0057] The synthesm gas 1S sent to a methanol synthesis process and

converted to a methanol composition. The methanol synthesis gas process is
accomplished in the presence of a methanol synthesis catalyst.

[0058] In one embodiment, the synthesis gas is sent directly to the
methano] synthesis process without adjustment. In another embodiment, the
hydrogen, carbon monoxide, and/or carbon dioxide content of the synthesis gas is
adjusted for efficiency of conversion. Desirably, the synthesis gas input to the
methanol synthesis reactor has a molar ratio of hydrogen (H,) to carbon oxides

(CO + COy) in the range of from about 0.5:1 to about 20:1, preferably in the range



Optionally, carbon dioxide and nitrogen are included.
Conventi onal processes for converting carbon

woaopmagnbs to syngas include steam reform ng, POBMUSR@B/032446
oxi dati on, and autothermal m6eform ng. [0057] The
synthesis gas is sent to a nethanol synthesis process
and converted to a nethanol conposition. The nethanol
synthesis gas process is acconplished in the presence
ofofdrometbamnat] syitonesdd. dataabihst empOdib@ht, ltie gymehesis gas has a
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ashel igh efdish dohe teahaif®in i aphtopliatelyyhigh rewetibm remhperature and
Preferably, the synthesis qa fed to tgl%e met h@nol
sytRthaENiZe Heenousf of epdesigile by DRsHug® s popgrpiiips. Afthe same
ti . : a4
ot P 0% 08, (260 SpREHE g Ll LMY 1) R rcuc
abmethamb] §jield mDesirpblef theadyhthesis gho cotthinsdl@i and©aat a ratio of

ratio of fromagbout  1.2:.1 to_.aboyt 1. 0] The
C&O@@g?@ﬁ}f tor a0yt i@eprtegrqhigfrog* éi@@flo'?ﬁo ?}iﬁ(@‘{tg%t hesi s
9agosif1oul d  Reokt Svbemaal 88 catilyist usd i @dnRthanol synthesis
appropriately high reaction tenpérature and to

mi prioessz eintlndesaap uonido fofuatdiesstr e eldmendrssipgiads front hea group
paraffijns. At the sanme _ii t he Lve :
c ot PRt HEu PPPTbt STHEt (7515101??)850% omggljlggl 3 a|}le§uc&léﬁ)’ Vhhadiom,
MedtheRim,Vinehnedoe shlliabl, Ypalladiems yorhes iagd gisoiomt aPrserably,
C®2 and CO at a ratio of fromabout 0.5 to about 1.2,
pribe cvatabysy is potpPRpobesed. wtalyst.ameta Prefeably goethy fopn Hiecopper
errboﬁ‘_j: ment, the catalyst used in the nethanol

O ot . .
syn’f €sis process includes an oxide of at |east one
el po@nt sel ent adtier embbtienet, dbipcatalgstaised imdpe ahethapp synthesis

> llor\(l)gés’s isZ z:t Qgﬁpe? gerls% ‘cata ygs’E %ﬁh&l@no llldgsmann(l)J)EPde of Qtelgés%l Ohe element
selected from the group consisting of silver, zinc, boron, magnesium, aluminum,
vanadium, chromium, manganese, gallium, palladium, osmium and zirconium.
Preferably, the catalyst contains copper oxide and an oxide of at least one element
selected from the group consisting of zinc, magnesium, aluminum, chromium, and
zirconium. More preferably, the catalyst contains oxides of copper and zinc.
[0063] In yet another embodiment, the methanol synthesis catalyst
comprises copper oxide, zinc oxide, and at least one other oxide. Preferably, the

at least one other oxide is selected from the group consisting of zirconium oxide,



chrom um nmanganese, gallium palladium osm um and

zirconium Preferably, the catalyst is a copper based
woatmlosnp nore preferably in the form of coppeCT/US2003/032446

oxi de. [0062] In another emjodi ment, the catal yst used

in the nethanol synthesis process is a copper based

catal yst, which includes an oxide of at |east one

el enent selected fromthe group consisting of silver,

Zicheomiar oxide,negadisinioxide) magmsinum oyaleadiumipur foxeds, ditanium

manganese, gallium | 1 adi y osm um a rconi um
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from ahout 500 hfli%o ab 1I
methanol product into olefin pro uct n' a d1t10n other contaminants can be
picked up in the methanol product as it is transported to market. Such
contaminants include non-volatile or low-volatile contaminants as described
herein. In one embodiment, the contaminants include various metals such as iron,
sodium and  potassium, which can also  negatively  impact
metalloaluminophosphate molecular sieve catalyst. Thus, the processes of this
invention optionally call for the removal of such contaminants prior to contacting

oxygenates such as methanol with the metalloaluminophosphate molecular sieve

catalyst.



[0067] The net hanol synthesis process produces a

vari ety of hydrocarbons as by-products. In addition,
woOherm4gmm be sone carry over of any one or noDPET®S2003/032446

the netals used in the syntil8esis process into the

met hanol product conposition. By-product formation or

nmetals carry over can negatively inpact

net al | oal um nophosphat e nol ecul ar sieve catal yst used
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feedstock that is not of high quality, such a grade

notesotuiéen aryl dylivee amagsepmAloRTHEAHEF conysaHpn feedstp sCrlilds:: and
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uneo iyt adidse cofv@ndsnAntitgyr digthanodcarrying tankers because they
typically do not have coated holds or expensive inerting systems.
[0071] As used herein, “naphtha” means a refined petroleum material
containing Cs+ hydrocarbons. A non-limiting list of exemplary naphthas includes
refined gasoline, raw gasoline, natural gasoline, and field condensates. The costs
associated with shipping methanol destined for an oxygenate conversion reactor
system may be greatly reduced from conventional methanol shipping costs by
modifying a conventional crude or naphtha-carrying tanker to carry various grades

of methanol.



bl anketing nmediumw || not significantly inpact the

oxygenat e conversion process. Therefore, when using
wehoq@4sdob h t ank hol ds greater than 3,000 nB i RCT/US2003/032446

vol une, a non-nitrogen bl anketing systemis sufficient

to satisfy the SOLAS resolution and deliver an
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medium. The blanketing medium is selected from the group consisting of:

exhaust from a diesel, gas oil, kerosene, methanol, or gasoline engine.
Additionally or alternatively, the blanketing medium is provided by a diesel, gas
oil, kerosene, methanol or gasoline burner. The blanketing medium may include
carbon dioxide, carbon monoxide, soot, SOy particulate contaminants or a

combination thereof.
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filled with a fluid cargo conprising nethanol. [0074]

Adebizs)i onal | Yin ome Ritbodieritstherpssede thvemtioruis! disdiedgo a process

met hangl froma tanker, The proqcess | cl udes

wifeaedifying adenkes fatcary g methancd destined i ygifs 2 fepdstackdn an
h and

hSlgs Y RIS, B S ALUTOIR! PR ot o
m@idsnof ghs drmiﬁ/@hﬁammhg tpmbrenp t@ 0eBIoSE | megidodl: deposits; (2)

exhauyst from a diesel, as oi [ osene t hapol , . o
gaPé‘B)Yl W8 BnHien SUPPTRIFI | lﬁﬁ%ﬂll %P Eeelﬁ’ieflﬂg néft %%ﬂretsﬁgan{ fire
§§1&9 gi A‘Hﬂ‘ (39 1 lQéih? ecbtoR iiflbRERt sefl@End/Bt baskets in

ene, ano or ‘gasoline burner. The bl anketing

rmhle tamkemyvith rmblhaiml rcmtbmnsealsmuddn gaglgatsh o heramesesel eptionally

St e o A PR e SGER ARG v

| nhoMeIRMbRM] bﬂ&ﬁ&n elhB@dlﬁfeﬁﬁ ané ihveneoh ii9 QhﬂeStedltbe&fpﬁd:ess for
to a process for nodify g a tanker for carr
B

maohwerthg d@sthran@ld tg digba;s@le s avheseigs thsc eathang doges not pass
t . ..
AP SRR ARTRLMR OGP BRiRLRS 88 imention

crdiftefedap Ettzi’tﬁceﬁ ﬁfoﬂ}ﬂeﬂg)yt 88 bdvel Rocesnumecthasol tilaiketing system,
deposits; (2) providing a fire suppr es‘il on system for
ded Prasessniprarnlegding methans] Sfomme Epke, aad FpPRSEIsolpr providing

B8 P ER BELIIEL BB oy h?, 2 O Ger st

e tanker wth nmet hanol resistant
sqgad7s] and/ orTlgasnloatrasmﬁh of poxygesse ofot |odﬁfaisl ynvolves| oelgscting

E{rg%tlﬂggtlf bl&? ql:(ﬁe @ s %é:%‘}?& undg Ir?gz%g H% Ftrfectlve to convert at
enfag 'a{ﬁ%ﬂfon Jﬂﬁe 2 ‘Iﬁﬁ&l‘ t@ 'hghﬁol@ﬁﬁse el Gtliydert dﬂlﬁ%&%ﬁel‘feo Mt has
convertin met hano g fInS wherei n the

nebdaanbdcoai@‘eé thedta maé@nols@@tﬁlmng atream copleintng @eceptaipy level of

AA han | h di h
A TERTRRL S5 R SUREHTR) Sy g DU chgna.

metaied airadiet fonthns Yty Bhate ac@mms feattiom| gatinhgwithout
met hanol froma tanker, and a process for providing

mesigrifieAntlyo afieciing Jhnapey SEBHE o FARVEHSIONR: alcRFtinn gy%qeé&in More
(1:807 calgy ?oﬂ%/ﬁ(:r‘t)§éxfnd1§)<{ov9fé}ig pLf t&taﬁyeve 1&{1 Iﬁé@v%ﬁ the

ecu ar s ata

UNEi8igehne d:th@ﬁSn ebdctioni precdse vaitinweriie sipnificanthyt daactlvated by
portion of the nethanol ht ol efins,

o |
et olact elatitsy cgqt@tay}a@ﬁesuciit asy3@x, carbonic acid, Gnd” Cs-hydrocarbons.
Vaporization of the methanol-containing feedstock prior to its introduction into an

oxygenate conversion reactor also limits particulate and salt contamination or
contamination by other non-volatile components, as described above. Thus, one
embodiment of the invention is directed to a process for converting methanol that
does not meet grade A or AA specifications to light olefins. Table 1 provides the

requirements for Grades A and AA methanol.
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ASTM D3961 Sulfur0.5 ppm0. 5 ppnw [0077] According to
one aspect of this invention, n- conventi onal
[0077] According to one aspect of 1S Invention, a non-conventional

methanol tanker, which might cause contamination of the methanol stored therein,
may be used to transport methanol destined for an oxygenate conversion reaction
system, particularly if the tanker is modified according to the invention. Although
the methanol unloaded from these modified tankers may contain one or more
volatile, non-volatile and/or low-volatile contaminants, the methanol may still be
suitable for an oxygenate conversion reaction system. The tanker may or may not
have previously carried a non-methanol material, such as naphtha or crude oil.

[0078] One embodiment of the invention is to a process for modifying a
tanker to carry methanol. The process includes providing a tanker having one or
more holds that previously stored and/or was designed to hold a non-methanol
material. A fire suppression system is provided for delivering an alcohol resistant
fire suppression agent to the holds. The fire suppression system preferably
includes a conduit system for delivering the alcohol resistant fire suppression

agent to the holds. The time required to accomplish the conversion on an existing
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suppression system should be modified in order to be able to adequately deliver

the foam fire suppression agent to the tanker holds. Approximately twice as much
alcohol resistant fire suppression agent than conventional fire suppression agent
may be required. Accordingly, in accordance with the present invention, a fire
suppression agent storage tank having increased volume should be provided that is
capable of storing an alcohol-resistant fire suppression agent. The existing tank

may be enlarged through well known techniques, or supplemented with an



material, such as UNITCL fire suppression foam
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preexi sting pu adapted to )
two or more pumps will operate simultaneously or intermittently in order to
provide desirable pumping characteristics for the alcohol-resistant fire suppression
agent. In another embodiment, the preexisting pump is modified, e.g., by
increasing the size of the impeller, in order to provide desirable pumping
characteristics for the alcohol-resistant fire suppression agent.

[0083] The fire suppression system optionally includes one, two, three,

four or more fire suppression agent outlets. Each outlet preferably is an aimable
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from the tanker hold.
[0085] An inerting system is a type of gas blanketing system wherein an

inert gas, referred to generally as an inerting medium, such as nitrogen, acts as the
blanketing medium. For example, in an inerting system, a nitrogen generator may
be provided to supply nitrogen to the one or more holds. Nitrogen inerting

systems, although more expensive than other blanketing systems, are well-known
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methanol cargo unsuitable for use in an oxygenate conversion reaction system.

Unlike conventional methanol-implementing processes such as MTBE and
formaldehyde syntheses, the methanol feed preheat and vaporization process
steps, discussed in detail above, will vaporize methanol away from soot particles
and other non-volatiles contained in the feedstock. Limited amounts of volatiles
such as SOy, CO, carbonic acid and Cs- hydrocarbons may vaporize with the

methanol and be transported to the reactor without significant detrimental effects
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process, discussed above. Unburned C5- hydrocarbons

and sul fur are in small enough quantities as not to

benceasisien ed canlysisatieity. Sacandiaply, ifaonmaridifex tankenfnobides a

are fornmed from one or, Hgé of fhese contam nan

) ts,
al8® blapkgting sysiem paeeip glire MSFBRL AV Y ﬁlés% or flue gas
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for use®In an Oxygenat e conversion reaction SySt em
Faongxiaepplecin@@Rthanol meshé anobr maze Hoddaral Hewmting the methanol

contam nant such as carbopic acid,.which vaporizes .
Wi T TS DRy GF e 20 Y freities 5 BFIOSSEE B B o gl engine
He Yiner. t Nehe PROSRIGE B GRNRRBI Sel@FivelyWiréMolie non-volatile
vapori zed oxygenate feed does not render the nethano

c arogminanis, tea) sodtamndumst, iftona theosxygenate deadh g edisaugied above.

r tion syste Unl i ke conventional .
DRV G e DB p ek B R ops pthao) is sored fo
f ot siansd ensn th BRaRetide) etiRinh aitekeih el Hadheaas Medlum is
vapori zati on process steps, discussed in detai]

abrxheyst iidoh angngitiezer fue (2as (ftona\ﬁalwm?foliﬁ@édhalbaﬂﬁgém dom a
and, ot her non-v taql i ' .
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Canianing safiibberand réhice el aoaitadnsotymyvistay piutieulates land SO

the methanol and be transported to the reactor

wi infibrigasdp §aussdcasibe Blepkstipginediums f ect s WO 2004/ 048300

P 2003/ 032 : ver si : merti
ait . Acofter nBALR BE LaRePLs PRARSNith an inertng
i nisiedeshareirgthe Hhakeking inmglivy 3¢ emindnegasi such kg nitrogen. In this
bl anke ihg di um was exhaust . or fLue.gas froma .. .
0 oBPIHRETY BeDEE YaEMLFAmPrifes gp UG fpfdiyt getieration unit,
bug per,, nitldger B¥RGhLWhitRTRbViAES R aekiE FRUNANOI THeNinerting
the-one or nore holds and bl anketing the methanol

Wi $ylstenhe@ptirhallys is confidotesl dase foresisting grss piring system  thereby
kergsene %@S'Oil ?r di esel engine or burner. The

i rAPEREPS st 810 RS

Udes sel ectively renoving

nogoegsp! at i | eOpGeRIgMtiNARAtker ds Grovidedtwidnd mesianof reagine or
t he oxygenate feed, as di scussed above. . Unlike

cobiraei Whirk forras gehansi arhs! 928 dhat peivgs anhedtanketing medium. A

me | r ' . .
o1 LIRS Ring TRl 65 p Beth b RARRA G MR 1RGNy clcan and wil
exheusgnificaaitlyasonemginae the nidthemobasgdr dm thisbambretiment, a small
rather than nitrogen froma nifroge nerator. The .

bl BefkeR ohhefaghnal Gaisemobe Brﬁﬂdsﬁgﬁ Eeﬁgg%f ﬁ&%&?@apwm or
I n | t s fodks AR BERMALTIRS nf%Pe provided t
nn?%?é#é?gﬁgﬁﬁyggﬁgﬁggggﬁgﬂsox in the gaé t0 Be used e
astrafspolt Inagthkaiol fignmthei ane or more holds to the methanol engine or burner

fuel tank or directly to the methanol engine or burner.

[0089] Regardless of the type of blanketing medium (engine exhaust, flue
gas, inert gas or other blanketing medium), the blanketing system preferably
includes one or more conduit lines, pumps and control devices for directing the
blanketing medium to the one or more holds. If the tanker includes a plurality of
laterally oriented holds, the blanketing system preferably includes at least two



[0087] In another enbodi nent, the tanker is provided

wWth an inerting system wherein the blanketing nedi um
wO0@4830ert gas such as nitrogen. In this enbodiusenB/32446

the inerting systemconpri s an inerting nmedi um

generation unit, e.g., a nitrogen generator, which

provides the inerting nedium The inerting system

optionally is connected to a preexisting gas piping

S YA afidinaly @Riending @uaduigliness tvlidhaditeonthe dddrketib®Bftdjum to the

Cptionallg, the tanker is srovided wi {h a_nmet hano
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mexdfi exiust filoen bidzseletnging, sylswsinirpmes keragsng engime) @3@3“ from a

one or re.conduit l.ines, punps.an devj c :

F onefmlcgins. ereosh et aigRg heafln, B8 HiBs Yl Sasoline
Mos@idd0| Agditiddally R altambgvely,thé UhaBetthghediahi is teletted from the
laterally oriented holds, the blanketing syste

|
prga*f)@p edisisting of fue gaéfrom@a@@sei Rernepibio gas @aalsfogérosene burner,
PCT/ US2003/.0 it udi : :

T BRRRo07 00 Py SE bR Y, GRERC R B

Fch direc g fumto
hofrét.a gacdil Brnetui Thusj the Hlmketing mediunh ears inchnle carkionedioxide,

for each respective hold, The blanketing medi umi
di GERANEHORYLR: §PPt: P IPRFisYlal cprdaminants aad E%Hg‘&F?Of}SiS‘h%SOf-

vi @041‘1.6 out hghBer SRbdRRRK ¥f tHehBvERMAUsta b#dREssOfor unloading
lines include a pﬁura Ity of outlets, e.g., 2, 3, 4
ormathasgl ffom adakier.r Ebpprressandlodes. willgheving Thetbanodferm a hold

enbodi nent of, the inventi. IS a nethanol, blgnket.n .

o R HPTE, dhen domS) St RACY SR GGy ¢ BRPHEhg Snedium
a diQeRl frof AKOLLHE consiSEinD d khaudBFoial diese! elgdfie) Seiist from a
engine or burnér, in a tanker for generating a

bl karksene wyzimedeanst T (9] 2o lodk sneipareshanst fremsa gatoligg engine,

fromthe gr.oup_consisti 0 t f ' .
e 5 RN, SRR e, A IR 0l S bamin
mMefnBaingl is86lget8e frofxtha dedupfdoasistinggelluai das €iropi adieserbdiner, flue
exhaust from a gasoline engine. Additionall

al gasr fiem  Kpxpsenenburpers g tgas Jrore & matherrolsracs zﬁlef%aérﬁfom a

t hgasoline burner, and flue gas from a gas oil burner. Thus, the blanketing medium

may include carbon dioxide, carbon monoxide, soot, SOy, particulate
contaminants and combinations thereof.

[0092] Many non-methanol materials, such as crude and naphtha, leave
hydrocarbon deposits on the inner surface of tanker holds after the material has
been unloaded therefrom. Although a certain level of contaminants is acceptable
for methanol destined for an oxygenate conversion reactor, ideally the level of

hydrocarbon contaminants is minimized. Accordingly, the process for modifying



group consisting of flue gas froma di esel burner,
flue gas froma kerosene burner, flue gas froma
worbdimagdoo bur ner, flue gas from a gasol i ne bur ReT/US2003/032446
flue gas froma gas oil bwsner. Thus, the bl anketing
medi um can i ncl ude carbon di oxi de, carbon nonoxi de,
soot, SOX, particulate contam nants and conbi nati ons
thereof. [0091] Another enbodi ment of the invention
| S tAniR @S €58y methatsll Dadhrefrabipidtanel cleaminy shd @m@rmore holds
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be\@&hhh‘dﬁ h@@afeﬂuﬁﬂaﬁa@a‘nﬁl@my Abaﬂa:au dhhedbobibfils i fhd BMEd maf also be
cont am nants i s acce or net hanol destined for

an ‘nayejg&h af ellcasidepk gmfop@h@ms@r All glops| gengrgted) dyang e hold
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pre erabl I ncl udes cI eanl Ee on re hgl @
wi e ecql SERYIRG Aged lyrlg-‘g Oalg}gql %rptgg plds have been
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are dro asted at about 5,
psio SOWeekmdihanglt ab Idywwamh eublﬂdl be lwawyred For pﬂsamngwft the danker is

first cleaning agent he.first eani ng agent . .
ordred e SehoRitERiie,dugited rro biERsiof FEhminarigg of the
W {BthanolS K410 bt CiB ARG @ﬁ@ét COMREdiSH N éeﬂalyst activity in an
emul sifier, such .as GYRO Voyage C ean, a

hi
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e O I

hot shgtad EIIﬁbLﬁltsV\af ﬂ’ié 1idhi &?dro&hrboﬁs may vapétigewiihdhe methanol and
cl eaning agents and the water rinse. preferably
debq vieansppried 1t ethea gastor hitheutistgnificantly o Asthgeatl | %fgeCtS on

(.glrvﬁé O%Solfr Efé esg Eég?r'itﬁrh eThg ¥'Fed}?a5§bl é}/}foggfﬁagﬁg% Yway f6m the low-

volatlle heavy hydrocarbon contaminants in the vaporization system thereby

separating the heavy hydrocarbons from the methanol feedstock destined for the
oxygenate conversion reactor.

[0093] Unlike conventional methanol-carrying tanker holds, which are
coated with a protective layer comprising zinc, holds in tankers designed to carry
crude or naphtha are typically formed of uncoated carbon steel or coated with

epoxy, which may break down in the presence of methanol thereby contaminating



washed and/or further chem cally cleaned. The bottons

of the tanks may al so be "nucked" of all residual
woydismagaobons. Al l sl ops generated during the RoOrAS2003/032446

cl eani ng process above would need to be renoved and

di sposed of properly. Approximtely 800 tons of slops

W Il be generated for a standard Aframax vessel in

crude oil service. Awall test is preferably perforned

afthe metih@ohedrgls Ihaiceoldanse witktHegdedeyt inkention, a methanol cargo is
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at | he.,; h hyd .
PSRRI USAE o PO LG BB son
I EROBE and £23lckitld fatieady artiaobiccdpidlaaindcaapbyizatpn will

tanker holds, which are coated with a prot ect,[hl ve )
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br éakn G presérnve (irmsthacd, oktharolhamdminheéoere therefrom does not
contam natin V\? 2004/ 048300 PCT/ US2003/ 0%5446. 29 the
meERdsoie sattol ivea BBRE YPE HSG e? fregsignk in an oxygenate
I NYERELRE réchibil régzgt% Ci'(’f&gl%nhlﬁl, eﬁil'ylr sahat & >¥Sy2 oMM Rker is

nmore uncoat ed tanker ho zinc Clad or, le )
deblastadloff of dlpoxgrgo datlds theothys proafding hghist heevingnueeoated inner
i nner. surface of the one or nore tanker holds forned

of S‘Eiﬂ"%n steel may inpart discol oring contaninants

SURBoRS I USTohidn@bnalXédl@d 208 dapBtlechrig@hmkes inbkide cargo
met hanol, it has been discovered that _nethanol stored

| NPUNDIBASEECmA CHBATIENG SRIEAFIUAPSEIcht When desitgd cipip Hieesargo
for .u a L ersi.0

r et TSR B2y ahfiahe B oS A ARk e A Bl rgo pumps
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Specifically, the _discoloration caused by t .
c oMithrsitaethaio! cargn o Hoxe Ve 7hon sieel oy S@k‘gﬁ%ﬁ&?@g ?SSCeS 14) internals

co c?'&ﬁc%}ﬁ@ CE%%tni &@in%é’%{'eeﬁeféﬁgdgz et dahRenatidal sgfs are to be

uncoat ed carbon steel” pi pt ng.
retrofitted with stainless steel components and buna N or EPDM elastomers.
Control valves are submerged within each hold and are remotely operable to allow
the cargo to be pumped out of the holds and through conduit lines to the on-shore
storage tanks. These control valves are typically controlled hydraulically. The
hydraulic system, which causes these valves to open, uses a hydraulic oil
comprising hydrocarbons, which may leak into the holds causing hydrocarbon

contamination of the methanol. In contrast, conventional methanol carrying



Addi tional ly, unlike conventi onal

nmet hanol -i npl enenti ng processes such as MIBE and
woaommustehyde synt heses, nethanol feed preheat panas2003/032446

vaporization will vaporizeonet hanol away from soot

particles, rust and other non-volatiles contained in

the feedstock. Simlarly, although an epoxy coating

| ayer may break down in the presence of nethanol,

mehdlefoinchieet A AbAdyda0lit eschiniosh sloesntaintd hyéndie nidehanical
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uses a conpri si ng roons,
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rd@@ﬂﬂ@ﬁngﬁim@ﬁﬂW@¢bmﬁe reasons di scussed above

ng resi dual cr r
Iﬂ{%ﬂ‘u nati g?heo %ceﬁ%hfég S?MK%\?E IrEH%ﬁI %ng{pﬂp‘%e&g@nr%gr %alnker to
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intolerant, seals or sketéar whi ch may break down i
t hior geadsweight tonnaget(R the.prgagnh ghveBten implemented

vVa e Aﬁ:«hjly){ ﬁz@{%ﬁké' 188l b ¢80 J:W ﬁz’s%b@@WT although the invention
cont am nat1 on
may be implemented in a Suezmax tanker rated at 125,000 to 180,000 DWT, a
very large crude carrier (VLCC) rated at 200,000 to 300,000 DWT or an ulira

large crude carrier (ULCC) rated at 300,000 to 500,000 DWT. The invention also

can be implemented in smaller tankers such as Panamax tankers rated at 45,000 to
65,000 DWT, Handy Size tankers rated at 20,000 to 30,000 DWT, or Handymax
tankers rated at approximately 35,000 DWT. However, in these smaller tankers, a



one enbodi nent of the invention includes replacing

t hese al cohol intolerant seals and gaskets with
waloemvagzon esi st ant seal s and gaskets. |deally, parius2003/032446
fl ange gaskets, slip type3oupling joints, manhol e

and access hatch gaskets should be refit with

materials suitable for nmethanol service. Preferably,

the al cohol resistant seals and gaskets are forned of
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L 508 DRRLS RIS A 25! hometon

Sitg gsil RAY P Shot@ oy é¥es ABTMIEA 365 OASTRAD16E), NS TVORSHUENd the
(DWIr Preferably, the present invention is
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RSB TR Pl g et b efpct B Rt ST AS TPT36Ffor Grade A
20044 R3304 oP CThEE) 4340 R4M Brbodic 438 iPh@iagsll Mlich can cause

system i s unnecessary. The total deadwei ght tonnage of
t hbe methahdledo t Bk tast nAFTNE RI3G3edet Godo0d; 085A40anethanol.
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t ankeR1 D996t Mok Gradd Aok KA @eiatidl. cont ani nants from the
metal surfaces thereof. For exa rust (iragn
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methanol to fail one or more of tests ASTM D1722 and the visual appearance test
for Grade A or AA methanol.

[0100] A tanker modified by the above-described invention may cause the
contamination of methanol stored therein causing the methanol to not pass
specification for Grades A or AA methanol. However, the present invention of
converting methanol in a methanol-containing feedstock to light olefins, wherein

the feedstock does not pass specification for Grade A or AA methanol, is not



vi sual appearance test for G ade A or AA nethanol.

[0098] Also, the gas bl anketing system nmay contri bute
woOaod4veszoecont anmi nat i on of met hanol causi ng t heraeisa06/032446

to fail specification for Qade A or G ade AA

nmet hanol . More specifically, soot fromthe bl anketing

medi um may cause the nethanol to fail one or nore of

test ASTM D1209 or the visual appearance test for

GriagedAtP b héhimilivanaininddaedn ahal hag, beeinl saaeal tfhen a tanker
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Yanol - cont ai ni ng feedstock to |ight ol efins,
vvnpm; t heldf ﬂﬁﬂlﬁdr(ﬁiﬂﬂ)ddlnﬁ&ltnﬁte rasss o elsd friveafioromchudies the
G ade A or AA ne

th t. WO 2004/ 04830 .
PCHPRISED 02 Poaiding aafged%tqc{lﬁsqoggﬂtseﬁg&l%fﬂ H%?ﬁ?ﬁ‘l“ ]g%ﬂﬁ]t %Py mant
StLd 'E@dt E‘gf\}le h%e% 'st‘i’i?éj ef SB&LOQI%C? rﬁs‘?‘nt‘{ﬁrvapﬁﬁgﬂn@ fdeast a

by t processes
enpmdommftthe tfbﬁelstonk etntfprm a sapriged d@@ls sttezam fmd m Jigpid stream,

or BT (e PR el CaRraoume Rl RS Rl g fherein

a HeMqaN §fan &ShReksd fch@M pdigol bOtHe déﬁféﬁhﬁéﬂt filgat Ofas present
SO,, carbonic acid, and C5- hydrocarbons;

vamoﬂlﬁ perigtank; pehéD) cenissting die wipotired nreg@agk weth a eptalyst in a
| BBy, P o on et AP g
a fethaheno dhe ligle oledidbanm nant that was

Iv. Vaporization and Contaminant Removal

[0103] " In another embodiment, the inventive process includes the step of
providing a methanol-containing stream comprising liquid methanol and solid
contaminants, wherein the methanol-containing stream does not pass specification
for Grade AA methanol. The methanol-containing stream is heated under
conditions effective to form a vaporized feed stream and a liquid stream, wherein
the vaporized feed stream comprises vaporized methanol, and the liquid stream

comprises the solid contaminants. The vaporized methanol contacts a catalyst



present in the feedstock; and (c) contacting the

vapori zed nmethanol with a catalyst in a reactor under
woaoniisons ef fective to convert at | east a poPCTMS2B/032446

t he vaporized nethanol to td3e |ight ol efins.

Optionally, the at |east a portion of the contam nant

conprises at |east 0.001 weight percent, nore

preferably at |east 0.01 weight percent, and nost

prafder edtlditicils dfRatte . Sonweit ghleagied patibn of thdeaporized methanol

vapori zed feed stream [0102] In another enbodi nent,

t He lighbelefiss.of the invention includes the steps of:
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ol efins. 1IV. Vaporization and Contam nant Renoval
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d f
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Limit f t
Gt e, bl A RIS KRt Bl (R Bl Biinant

di ptygefdtayn tiRanGgenals feed n830dlso B Presenttin tigsoapenaecoptaining

of inorganic materjials, e.g., catal YSt fines, Such
feed. ese low-volatile components may include crude oil, heavy naphthas,

distillates and other petroleum fractions or blend stocks, as well as processed
petroleum products, chemicals produced from petroleum products, lubricating
oils, hydraulic oils, oil additives, as well as non-carbon based chemicals and
inorganic chemicals including, but not limited to, those containing halogens.
Many of the deleterious boilable components exhibit low vapor pressures at the
conditions necessary to prepare feed for the OTO process and hence are either
essentially non-volatile or low-volatile materials. Such non-volatile or low-

volatile materials not only reduce or eliminate catalyst performance but can



non-vol atile materials can include organi c conpounds
that exhibit a negligible vapor pressure at the
woaQosons necessary to prepare a feed for thecOUS2003/032446
conversi on process. Exanpl ed of non-volatile and/or
| ow-vol atile organic conpounds include asphaltenes,
pol yners, tars, coal, waxes, heavy oils, silicone
oils and silicon polyners. Mst of the non-volatile
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situated downstream of the conversion reactor, e.g
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pre-heater and provides an effluent stream to one or more OTO reactors. Installed

in a recycle loop for the drum is a heat exchange means comprising at least one
heat exchanger, external to the vapor-liquid disengaging drum. In one
embodiment, the heat exchanger means comprises a plurality of heat exchangers.
The heat exchangers may be installed in series and/or in parallel relative to one
another. In a particular embodiment, at least two heat exchangers are installed in

parallel to each other in the recycle loop.



negli gi bl e vapor pressure at the OTO conversion

tenperature. These materials are neither sublinmable
woaaoo4magdoabl e at OTO reaction conditions. [O0LlOPCTRSR003/032446

present purposes, "low vol a@asiles" are defined as

materials having a normal boiling point (at one

at nosphere pressure) at |east 100F (38C) higher than

the normal boiling point of the dom nant oxygenate
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as materials having a normal boiling point |ess than
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[0112] In one embodiment of the invention, heat is supplied to the heat
exchanging means, e.g., a partial vaporizer, for exchange to the liquid oxygenate-
containing stream from the vapor-liquid disengaging drum from one or more of:
an externally supplied steam, water from a quench operation, e.g., water used to
quench an OTO conversion effluent stream (with attendant quenched products in
the water), and/or the OTO conversion effluent itself. Operating plural heat

exchangers located in parallel to one another provides desired flexibility.



t hereby acconplished without physically contacting the

heat source with the heated material. [0110] Suitable
woeais/oesohangers for use herein can be sel ect eBCTUSM03/032446

hori zontal or vertical shel3¢ and tube exchangers

configured for partial vaporization. In one

enbodi nent, at | east one exchanger conprises a

circulating partial vaporizer where the circul ation
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eve vapori

gesteaml, IWith bR¥erdds céltentganmsi Boim a@&haﬁqﬁsmﬂeat aHo@s. angl also
lowvolatiles in the heat _exchanger. [0112] In one

n‘if‘é@ﬁﬂ?ﬁélrﬁ ope: ot rastawestion ehtherisa $t§ea§u,§ @ma&;eql Eropythe vapor
I e B T P

oxygenate- containin
f rtomad lae M@p@rblbwdpmd dTkengagilngerdentagd by nweight @f the fresh

nore of: an exte i ed steam_ water
qUBRERIEPHRIEN fesg ?ycl%ﬁﬁé Feayglect ne@nShmaﬁeiﬂl rum is
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products Iin the water), and/or the OTO conversion
ef total éeed witlgledim frOJmeuhatdrtmg apblovalovinean rangedhamgbow 1 to about
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FI goubill totaboti5 GRS, MHakdd BE theREmEweheM@ed s thuhé AAIM. The
be provided by using nore than one type of heat
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exercisable over the amount of non-volatiles and low-volatiles carried overhead
with the vapor by increasing or decreasing the percentage of the total feed to the
blowdown. The approximate concentration of non-volatiles or low-volatiles in the
oxygenate liquid in the drum is subject to calculation. At some elevated
concentration level in the liquid, the non-volatiles and/or low-volatiles begin to
separate as a solid phase in the drum. The blowdown rate or weight percentage of

fresh feed should be maintained at a sufficient level to avoid accumulations of a

solid phase in the drum. Inasmuch as the properties of non-volatiles and low-



vapor-1iquid disengaging drum for separation into a

vapor streamthat exits the drum overhead and a
woOizoqndiods®br eam t hat optionally is conbi ned w t RCTHS2003/032446

preheated oxygenate feed exitering the drum The

conmbined liquid in the drumcirculates to the heat

exchangi ng neans and is at |east partially vaporized

agai n. The vapor- liquid disengagi nhg drum approxi nat es
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Pr Pnglentalnmg proper pressure and temperature for separating impurities out of the
oxygenate feed. Preferably only a single disengaging drum is employed inasmuch
as a single feed vapor-liquid disengaging drum with multiple heat exchanger
inputs is the least complex means to approach a single theoretical stage of
fractionation sufficient to reject substantially all non-heavy hydrocarbon non-

volatiles and many of the heavy hydrocarbon low-volatiles as well. The



is installed online and may be used to control the

bl owdown rate. [0114] Because the oxygenate feedstock
woaormkgwpoi s stored at anbi ent tenperatures beComns2003032446

in the conversion process, 3he feedstock has to be

heated prior to contacting the oxygenate conversion

catal yst. However, by varying the heat content of the

feedstock, the tenperature at which the OTO conversion
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eVERAIAEN R orh thd & eBndt L 88 tainRIFPREAIIHE O teBiok.! ¥

resulting frompressure changes and/or phase changes,
suphishs vapok awmtanthodaherd of thpuinderdnnaijersoviactingthg 9xygenate

O R S SR B g, e

| NGfyeasRd dofvérsibaUichétiont paRuel cfReht e¥RBAsEe dl8fid Roducts 'is
vapor feed to the reactor. Steam can be used as a

so@uenehest dirredly by cenipefing: & guitable quench medivangea qugnchsjower.

I nraccor c i ' r .
" REETISOES 1 4B SOSN8 i
at cdrdtiins Gl selaseed dinh ghed quenchapabl as af lightgirodwtt ffactjon for
proper pressure and tenperature for separ '

i

. tin ) .

nlgHR toreduich gigcoyeryt #id PEkiGsERRt el eelight oY rfga&tlg)n Simprises
a i S [ S :
2 TR ARG S COTRR Bl BAAER ot minr
muédrhpirentssath axehtangel unreavped sxyigsndth éectstaskt. Tomgringpounds in
nmeans .t o roach a single theoretical stage of
el feat DS e e MR e SRR s LeRES R penprated from
NofhehQiRKYh RAFEOSR R BRAVY PRoduee Hiaklibie ForaRht %&M\?\g dnfi€possible
heavy hydrocarbon IowVvolatiles as well. The

20din1stBBoDseverl feeiosy av2engatigs obibegrisacle niedaun.t Abe heavy
needs tq. be at | east .partially vaporj.ze

eSS bob R P L R SE APy BB tens
sefeadteck MRtakvhate oxiygmatedahdlays bases NB@dr queadess conditions), a

conditions effective to produce the desired ol efins at

anstaelt epnrtion eof the oxygenate conversion byproducts, particularly heavy
hydrocarbons (Cet+), and usually the bulk of the quench medium. Further details
of such reactions may be found in U.S. Patent No. 6,121,504, the entirety of which
in incorporated herein by reference.
[0119] In one embodiment of the invention, where more than one
vapor/liquid disengaging drum is utilized, it is preferable that a primary or
controlling drum is used that has an independent source of steam. More

preferably a secondary drums is maintained under at least the same pressure as the

primary drum, and use of steam in the secondary drum is optional. The oxygenate



conversion level wth desired selectivity. [0117] The
OTO catal yst is susceptible to poisons in the

woxygmasgie- containing feed. At certain | evel sPCES2003/032446
poi sons include rust, soot,3%netals, netal oxides,
salts and heavy hydrocarbons. These poi sons can
i ncapacitate a catalyst, either tenporarily or
permanently, and therefore it is desirable to renove

t hebr ce&mh gi@h Ythé Mapol/Rui® digapaties dembaiinipagset e@dthe OTO
the OTO reactor. [0118] In one enbadi nent of the

i feeqiionsistems preferallyithyopghie PHmaEY Jg@hat e  f eedst ock

wit-h the ox @to?l\/fo‘?&\ﬁ%%%scat al yst present in the

or reactor?/fﬁ%e—exygeﬁat-e—co version reaction

progiopt ef f I Tigninotwentar iskivay thak afd mcb]ded untte ‘catalyst or catalyst
guenched directly by conta ting a suit

uench .
neBPdEes gsed HuBiKcrevsiRn o ﬂﬁ}égeé%%égl 1r}snl%t§1és mvention are
ST By ShORRMILARopAS SHOS ARNSuIR Alves Mhafl YRIE U Molecular

ns are separ om the quench tower as a
I |fg;hnemrhdthat ihclade i [aﬁdOE;b rando[RQm] ntefralogivalt uniés; osushy as metal

ur.ification. duct fraction ris
AIRPES | mllaqn#eﬁﬁvf ¢ AP et haltc. i " eEpORme
etﬁ%ﬁ@al%ﬁ%ﬁ@sph%dnﬁq&ﬁfar iRk 1n61@16'90[_@ﬁ0§1]5 P a8 [8104]

wat er and unreacted oxygenate feedstock. The conpounds
| ntetraltredrad fuhltyyench at silbeoalunhiaophosphates($APDnder

ching copdi.tions, are _separat.e h
Do, 09 Pt Reoncb S P RRE Bl it Rs SR8 BURRGHr sieves
anﬁadpmalmoﬁtalﬁhgl Sdrpativey ahgeyehate ftreaﬁt dmﬁbaﬂ cin detail in
separation of the quench nmedium The & pr.ad

f raniTOws I@Msaﬁl@wn@y@ng derexapptee H;S- é’a&’éht ootk 567 02?1 MeAPO
ung as tl\?g 1S ]F%gﬁl?tfn or% SU%C li’a(e?ﬁ( SRPY 4t46%27q3 Og,nlélljlropean

oxygenat es gases’ under quenchi ng’ con
a Pﬁ&wAplﬂl@ﬁﬂi(bIDEPQif—OtlHQ @ﬂXEEA@S@ WMI‘EEEiSSAB Be B Cr, Co, Ga,

ool s el M. 16 Pk 261, W Reb Hha it ool G\Pol'S. Patents
gbeﬁe' A 8% @gs SR 71628 7BR8S '@Pé’AI‘BQ))f E!PD& 0 158b 7B afdaly %nPatent

the éntirety o in incorporated

heNei @9@2}@(@@@ ER-00.95! e aa@axg%@);dﬁmrﬁ 18 9T6ELAPO,

o B e M e T 0 FBRBH b st 40 papog). B

Pr ADRI YR 950 (SERPAPSD), IS, Fﬁt@ﬂﬁ 8. 41978314661@11@3@)&0 S. Patent No.
i ndependent "source of steam Mbre preferabl

S8 IRAARY (HIARE).| U.SrePaieat Ned 4HHae0a(CeARsR).  H- sasnt No.

L B R

20045948300 AASH &@Q&lt&ﬁméﬁ 4,79 viapand 8865¢A06 f(Cnanﬁ'O) U.S.
t he vapor/li di senga % drums is passed to
OTEoRtbagas. Ay 354000 th S Eibo ST PE g 757 (RISARP), U

dr ¥nt No. 4,554,143 (FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent
No. 4,913,888 (AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833
(MnAPSO), U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPO), U.S. Patent
No. 4,737,353 (BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos.
4,801,309, 4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651,
4,551,236 and 4,605,492 (TiAPO), U.S. Patents No. 4,824,554, 4,744,970
(CoAPSO), U.S. Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO,
where Q is framework oxide unit [Q02]), as well as U.S. Patents Nos. 4,567,029,



V. Types of Ml ecular Sieves [0120] The nol ecul ar

sieves that are included in the catal yst or catalyst
wonad4mem®o used in the conversi on of oxygenat esPC®D/US2003/032446

olefins in this invention awe preferably

nmet al | oal um nophosphat e nol ecul ar sieves that have a

nmol ecul ar framework that include [AL04] and [ P04]

tetrahedral units, such as nmetal containing

almmmmhasmams 4 PIF6Y4, 4@01@31@1 eqRs3]i 9B N4, 917 e% 4,952,384,
met al | oal um no os¥hate mol ecul ar si eves inc

[ AA8,164 PHA6, 87785, 8¢ Habd?.4P3.060 taéld §1§8§p0§% all of
2:\“11819%& r&ﬁ%@%ﬂ{&@#‘g)ﬁt gg Qfereglg (j:}/"ﬁ]ic}l sieves include

I con a um n or us ase ecul ar

sithy@sdesatibedTit &. -Sostak) Hiandbodér ofv Mdlecedart SievespfVanaNestrand
been descri bed in_detajl uner publicati ons

i iRk AN Y eskahisve York o9 Bhichng Hojet il sagorporated by
(I\@ég& where Me is Mg, M, Zn, or Co), U S. Patent
.4, Xﬁo 871 (SAPO), European Patent Application

ERelx2p 159 6P hbBteARSErxdemeleBiilar sieves, arBSAM) n@leculu, sieves,

& iy meisb Sty SApARioR Sy, SuiBaishER subRitents are
4, G4 %ik?als éf b%éufﬁ& dBARSEh dic ERbfs Bf ER8nGfS AandkMin®: earth
Pat ent 216 (ZnAPSO, EP-A-0 161 489

‘ (Gn@t@fé@)f GERpALA q%@emlo@am of vB‘;lementELa |r@recqarthF1@eta1s of

t 4,310, 440 ( ALP0O4
o b Mo B i o
( LiedBpRium, Usamarftad, edtiropiam éﬁd&lﬁﬁurﬁ3ferf)lhtrAR@bprobiuﬁl holmium,
Pat ent No. 4, 992, 250 (GeAP U. S. Patent

4, @R dhuljugs Afttgybium, agd F*&tlélﬁt angpscagdigaryorgiynpaptie) Periodic

2, P4EBh Bl rafud ol pnds SRSV VR, YT, IR, DR, anc

4 B8t tht Periddid Sab038f Elen®dt, add tnixndeHo Raty, BRese metal species.
AP P 4 4,14
ot ibod unmAthgtf%?%A&'\%@@ 53@% S v o of Co, Cr, Ca,

;U
o L T

5, @dfs Ohdy dmdlrfsseﬁﬁﬁ nﬁlﬁlth(el\/frme))vprkaS a Patflemwilar $ove tﬁrough a

4,737, 35 BEAPO tent No, 4,940,57 ®)

U sl b G % TP, A o oS i ogylence
( TiABPhthe Heﬁl sﬁ%‘iﬁfé‘hﬁ NOS exatpé) Gn @5& embobdiieht, 23ferath metal
4, 605, 492 (Ti APQ U. S. Patents No. 824, 554,

4, S;ubAtnge’m hasGo A € st@jes)f 4t thtT oS, 4)r71§5 t@get charge of the

EP: A 293 PSO, where Qis franmework
C?thsfi%?l %tj%‘“é %as U S. Patents Nos.

4, fp2sy 029, V‘lﬁ &Mﬁ&ﬁﬁ&@@t BEThSRONMHBDPAdPhatdGnolecular sieve
4, 686, 093, 4,781,814, 4, 793,984, 4,801,364, 4,853,197,
4.3 qurgs;egtedgfmgg@a@g@rous 'basis, by the formula:

mR:(MxALP,)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 (MxAl,P,)O; and m
has a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to 0.3; x,
y, and z represent the mole fraction of Al, P and M as tetrahedral oxides, where M
is a metal selected from the group consisting of Group IA, IIA, IB, IIIB, IVB, VB,
VIB, VIIB, VIIIB and Lanthanide's of the Periodic Table of Elements. Preferably

M is one or more metals selected from the group consisting of Si, Co, Cr, Cu, Fe,



4,956, 164, 4,956, 165, 4,973,785, 5,241,093, 5, 493, 066

and 5,675,050, all of which are herein fully
wonemropgaoat ed by reference. Ot her nol ecul ar si BZEAIS2003/032446

i nclude those described i iR Szostak, Handbook of

Mol ecul ar Si eves, Van Nostrand Rei nhol d, New York

New York (1992), which is herein fully incorporated by

reference. [01221 The nore preferred nol ecul ar sieves

arceh, SAPNISTVIRCNI, &n, 95,6XE8ad ZANTh SEtaboditiest, ini i gdalSAREN or
nol écul ar_si eves. Suitable metal substit uent s are

aleﬁmﬂl tOerIZaIano?F: Gesdpz 1ere greatgiethpa rqrogAugl tf)-@l.ofIn another

r | oé’i%g %g%?{ £gﬁ$m§alrttorﬁb?{ﬁ?1t 38 §f§ate9t R 4! d%oﬁf O%?, yis

['enen re ear met a
Cﬁ@_lﬂ]ib tenkB.of iffveh 0dii 1000.5hend 218 hathiedesge bﬁﬁ‘bhaﬁl A@mto 0.5, more

cerium praseodym um _neod ri.u
gé%ﬁexr;}@lmls FoRA L0 ot ctar 40145 00 svis oy G S nd s
L8B4 erbiumand lutetium and scand| um or

yt riumof the Periodic Table of Elenents, transition
mgoehs of Glawms emBdinvddit o‘f/lt}B; invénti®n, tHel maallmldtmrlobh@fphate

the Periodic Tabl, of El e and m xt ur. f . of ...
t Felecylas sieves ﬁ'é?:? oalurpinog %sp ﬁtﬁdaﬁ)lﬁ‘élﬂ@rusrls\fs?éowﬁ%ﬁmcg)ssﬂlcon
Seinﬁca'hﬁﬁimtlﬁp rf‘nté%ﬁel‘if %’\93103171@' tibBa@to feWer GeactiVHtion Faes and

, Zn and Zr, and m xtures
t HnglmfACIEffer a@@n seat)ﬁ nQndernSb eHowsweart bighen YAl patios can be

h
P UBA L B BS5 LB hENE BB, A Ry o
ORih& S Bh@BCRith SkAée Desitdbey, nE %et&lltﬁ%ih@ﬁﬁﬁsphzﬁ@ fmolecular
exanpl e, in one enbodinent, when the neta

s ufiestes ofi s investion evel sligaalumiaephasphato mOlﬂzwlaweV% thag eontain

281 gﬁg%} a%ta[ %@31%8? ;3]% 3‘:)1 eat ﬁ{l}gﬂ‘gﬁﬁft dls gf&lférabﬁl &@%Y&F‘e? than

medbalit 03| wivre ppdfesplyaha ngdltaCtHaﬁrabsu‘EOQ stils more preferably not
represented, on an anhydr ous@gfsn S,

f
FREIEAE thpy plguh §. 1 M@Pﬁm‘@ £ e%‘éﬁf%a 5 or%’,ﬁeln another
agégﬁl{)(ﬁﬁﬁlgﬁ agesy A1 PR @rs%@ﬁéf?rﬁg Hi%ﬁ 6’t@'a‘ﬂowt ﬁ)ﬂiﬁéﬁ:&s@g catalytic

mi3& the nunber of nmol e of
( I\@éAIv;tPZMZharnﬂo}mulhasswev al Deeféraldpn Gh¢ ornttallpalemcmbbwhate
and r.ef era from 0. 3; .
ArOlECH BhFEKS e EHESHIGPEppaspbg neipeuft s it gpifin i and
t eAl' ahegdfislor %1&&%0&%@0@5 Mhork ?re’fer‘iﬁ at l@a@’t S59u€ 0.0 &8 most
consi sting G oup 1B, IVB

eregr%liwat\lm%abantplqg and Lant hani de’ s of the Periodic

T3Pl %, 2 SRR S AR OBy R fct

FeherMP i3004¢ 048300 BEbindG3h 03/AFIAS6SAPD-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56,
AIPO-5, AIPO-11, AIPO-18, AIPO-31, AIPO-34, AIPO-36, AIPO-37, AIPO-46,
and metal containing molecular sieves thereof. Of these, particularly useful
molecular sieves are one or a combination of SAPO-18, SAPO-34, SAPO-35,
SAPO-44, SAPO-56, AIPO-18, AIPO-34 and metal containing derivatives thereof,
such as one or a combination of SAPO-18, SAPO-34, AIPO-34, AIPO-18, and
metal containing derivatives thereof, and especially one or a combination of

SAPO-34, AIPO-18, and metal containing derivatives thereof.



G, G, My, Mh, Ni, Sn, Ti, Zn and Zr. In an
enbodi nent, mis greater than or equal to 0.2, and X,

W@ 2003h4g30ar e greater than or equal to 0.01. | nranaSh®s/o32446
enbodi ment, in is greater tdhan 0.1 to about 1, X is
greater than 0 to about 0.25, y is in the range of
from0.4 to 0.5, and z is in the range of fromO0.25 to
0.5, nore preferably mis from0.15 to 0.7, x is from

0.8kt 0 0. 2,InYani mBdd@fie; thetr@oReilar sibvk # drSintdrp@WR nlaterial
to 0. 5 [0124] In one enbodi nent _of the jnvention, the

méasing ot rﬁrnmpm)g}@ﬁ@p’@ crysiglling |phpsesi Btk gpg molecular sieve
g:c:olfn%gﬁ 181‘211n ngo nosRfAL ?nt?l%koqz%ﬁl b eﬁﬁlﬁ%gﬁves‘: 91% An?és@ﬁl%@l in U.S.

umnum en era rati os

| %@ent QXﬂp@M&Eorﬂ Eﬁlﬁlidaﬂaﬂ IND) ZO&]Z-@S 65089 ard ghemaﬁ’@iai; Plublication
iven set of condjtions.. However

0-05Q. 28/ 15496 BaSbHOdErH - J5g 0B e B biein fully
§ SRR Y Brerdftle " o‘P%&Lﬂ ?ie BAPBRL, eAPEA18 bhdRTAW-18 have

SI rab
rT&inaAEDﬁlaumwwk}tyq&pbm S APg)- %l]nlaala CHireframewbrlt-typs. Thus, the
i nvention are silicoal um nophosp h%ae nmol ecul ar .sieves

t Haeleewa sipv usefl harrn may comPLseay lepst one; igieggropfy phase of AEL
9 raiat(ﬁgAgﬁ?ﬂbvﬁﬂﬁ% & & ecﬂél?}f Ghakltie Rt & mAQTarﬁéWtﬂk-type to

about nore pr ef er bI y ‘'not greater than about 0.2
StAF] fraoeeopk-tfper abldgteroined dryetiteeP Ik vah neelendg dxgclgpged in U.S.

A A T ST

higfy,f o al | oyaddiss m%B@saﬁﬁ‘beﬁﬁfeﬁhﬁHgl Boledtlat wietds 6f niddefying
nol ecul ar sieve. Preferably

menalebdai ﬂﬂ%@%d@pﬁb@@n H{ﬂ Be@nh%é 8Y285% fgentrolling the ratio

I d I
%: o ﬁlaat umlagltn greg{' %hgé:bh?ﬁ#gg{sjtss ;Iﬁa\f%:t ]gg aé,g@?%f“(ﬂse of a.
prabeéirispiwthait 4 @a@tuao PatenDNO15,42548Padid epiraftionptil.§. Patent

at_| east about 0125] Non-|imt] | es, of
SAPO. 6P PSR o TSPUVR TGRS U1 5, FP, WO a6 and

SR AR RO o B N S P2 800 et
SARGPGEed) SARS: Watent SNBO-BI32, m:qmmnesmedl L@\p@a@t No.

SAP&%&% é{{?@gog’;gn SAPO%g“e 9‘31%@ %lpaté}]:\tﬁ\g bs1,746

¢p@ nﬁ@l@&ahﬁhﬁiﬁc rfﬁ(l)d?lﬁéltl) ayu.Si e Nbes 208 254j(héahﬁ§ @emplate),
iI"cularly useful nol ecul ar sieves are one or

coB@"IFnWlO @m/%ﬁz%mdlsl@d Mapr@53 2005 Apatmtant ss;mb@ﬂa)él PCT WO

P l.
PS8, AUBHEP T i Rl SBAGREIET g oyooras
ﬁ%%lﬂsﬁed ARt 34, 2(Nlp@ilﬁ:6n oA}, PO:S| Patedd d ppliedtish Pubhcatlon No.
cont ai ni n% derivatives thereof, and especiall

20053 arbshed D 93 2007 peling moleplansicyE), U.S. Patent No.
gg@,};ﬁ%@%‘g%ﬁ% iﬁr@%éﬁ%ﬁoﬁ hehgdhe Bpaf0H 848300 No. 6,521,562

(conductive microfilter), and U.S. Patent Application Publication No.

20020115897 published August 22, 2002 (freeze drying the molecular sieve),

which are all herein fully incorporated by reference.

[0128] In general, molecular sieve catalyst is also referred to as formulated
molecular sieve catalyst. The formulated catalyst optionally contains binder and
matrix materials. Conventionally, formulated catalyst is made by mixing together

molecular sieve crystals (which includes template) and a liquid, optionally with



42 [0126] In an enbodi nent, the nolecul ar sieve is an

intergromh material having two or nore distinct
wonysitoagdod ne phases within one nol ecul ar si evePCT/US2003/032446

conposition. In particul ar,43i ntergrowt h nol ecul ar

sieves are described in U S. Patent Application

Publ i cati on No. 2002-0165089 and I nternati onal

Publication No. WD 98/15496, published April 16,

1998rix bR4Brislf anthirChindére th €6réi & Jwtry.y THengloripas alieﬁaddﬂim G.e.,

reference. For exanple, SAPO 18, A1PO 18 and RUW 1

hdigaid srrempyed)r wibowIcRIP|RSly remmeving e tsmplae framciha olecular

f rs%m%llfce thR%rie ﬁ c&l!& 16@4&@&3#’41: ?ﬁcillt? eg\fénﬂlﬁfe? k&% GbfMeen

y comprise a eastoone 1 nter phase o

aradn(&ﬂé‘d f sraimisvepksifetpe s pafpeadda Ichtyly\sherIéOde&r r tei pre6frmed

CHAfrarrevvorktypeto AEI fra rk-t

deptalyst agst i %qﬁ@a@ﬂﬁwé%erf&ehaa s iy ’d’n PFOUJ‘dSS appropriate

P [ is

e M et e S

syit2psi zi nglheoliqidibsed toifeme thecstumpdir bd ey liqrad eensieationally

d U S Pa
{ RS iR an g G0 Sice S e PATT b8 SRl of suitable
phﬁﬁ\?&o itbhlde WaRr, BROBOL Mne@ Q@%hﬂ&'é Ches, er é‘ combmatlon

fier without a salt S.” Pat ent No. 54
(athmﬁoéanamms a)pl)eferltﬂquuwat ent No. 5,962, 762

515581 S50 anideftal AT HTERRIR nelbdi 4R Al B to mate
Pahe thriilated el B0 sici® Ratalylsh of Ihip Fiﬁ{félﬁﬁ)h S'uéh materlals are

Patent No. 5,932,512 (fluorine treated Uus
Noypicallps8eang sethernal simkgrassising iy shielding: hept cfrom e catalyst

nmodi f i e 4
ar S oy g1 Bh® poabiainl T BRI TRL o depit
t efiplcatadyst coMpdsitibh, Oﬂab&ﬁ&Z@atBlybﬂ btsdngch Mich %pﬂﬁEOsirength and

(surfactant synthesis) 1/ 25151 publi she
Ap%ttrmoa_lzres@@w @gq? & éantéfé.tae a%}a. (CORYCISIPRET B 219UeH A gCesS.
i}

X4 B b A SO e oSt o

9, m2AB2 netd okidey inphidbagititenias zireia, nyhgdesipahena, hﬂoyllla quartz,

6, 448, 197 (net.al regna i n i ncl.udi er

P ORGP o8 235" TR GE eEP It O PREREY iy Zrconia

U. Sticdatafial siheRhlufdhd 41 ﬁh’&'—dlﬁlﬁlﬂaqnoﬂi@ 20020115897

publ i shed August 22, 2002 (freeze drying the nol ecul ar

si B1A) %hom @n@pdmw@t emntrmmasﬁrnabc@r@p@ﬁimb @layg, such as

re erence. er I e a t
S A, SSPR Fl] SYPec

Caﬁ‘l@hﬁdé tkaollie kh@wirds, afoe éxamplel Yikie OMdNuﬁ&Jel. Vieoyid ahd Florida
bi nder and matrix materials. Conventionally
f oplph- athken-beitig sxamplesed othsy WAt oty m@.lude halloysite ,

ell%glglt%rdﬁh Vﬁa&{ %(,%tr%!n?tﬁ&i}é’h GiRtionAfY, 4HE fhab BIRLAE), pAdterably

optTona
any of the clays, are calcined, acid treated, and/or chemical treated before being

used as a slurry component. Under the optional calcination treatment, the matrix
material will still be considered virgin material as long as the material has not
been previously used in a catalyst formulation.

[0132] In a particular embodiment, the matrix material is a clay or a clay-
type composition, preferably a clay or clay-type composition having a low iron or

titania content, and most preferably the matrix material is kaolin. Kaolin has been



WD 2004/ 048300 PCT/ US2003/ 032446 43 matrix materi al

and/ or binder, to forma slurry. The slurry is then
wdnom4giooe., liquid is renpved), w thout conpteskon3/n32446

renovi ng the tenpl ate from4he nol ecul ar sieve. Since

this dried nol ecul ar sieve catal yst includes tenplate,

it has not been activated, and is considered a

preformed catal yst. However, the prefornmed catalyst

Mfgind® Kkl ¥ phgablef Bich OEE confs blairy; itrhesrd lo9n fresh surface
provi des appropriate nmethods to protect the activated

c areg gt ltma@w@ge@hﬁrfeﬁt@muede aféﬂoulat%l@ti PHRCIH129] The
6]1% d used 18d£r9 ! dﬁl.tl? 0 df{afl cﬁ'ﬁ‘delaeln Y sl}d—r? Ws€l to make the
cd éhtlonal use ornu |ng nol ecu Sl eve

Cgbihylated. md)\ledfulim sittd ogalextangdl this mibetiont aBheh nlategialsdact like
i ncl ude wat er, al cohol et gqnes, al dehydes, esters

o Besribinging gether dieagplecya SFve %W%rabraé\fiéﬁbeédn@%%}?’&o form a
t | {

syt Sty L ER RGPt NABHIRAR: KpbBEp O Eikds! BRlude

C atasibys type$ of arganiv @nideosrmls ﬁwhmsrdmdeatedilahnmn@, silicas, and/or

typically effectiv th ssistin
YELEah oS G AR, TR SRRt ST BhR dhfinder s an
EXA1 rn acoﬂﬁfﬂlﬁ@ SO1EPRALER laRniniURE ¥hieAhyfitatd. h@f)o@@ilmhﬁhg, the

densi he catal yst conposition, incfease catalyst
stmenggmh oxmrwbss mrwsﬂeckmtcemgmrmd: omdq matrixoggemponent, which

resi st to cont t he rat conve

ot PRy Bieede HofiPiina 1 i SuSp ARGl  Srt Loty
Medo@dpoditidon] NEdr USEmMPRE aflaliding of will doav&atd bn aleh@dlsn oxide
net al” oxi des |nclud|ng titania, zirconia, nagnesia,

th@ﬁﬁrla Jfolyeswipp hieat tregtiaentz,  silica or sols, and
*3%!36‘3 thef(:“e()fmolz:c ar° & Ic % taclklérg ammn@ﬁfhahguid C?nd the
Ca- zi rconi a, lca-tit srlTca-alum nd ah
Si dﬁtfbﬁalaﬂnuﬂﬂixnmﬁehalr ar&1/01{ i3] ui;1ﬁg @oavaioogli teetntiques to form a
matri x materials are natural , clays,

. those
f rOWY-h&he eompanestsgan b wrived in IBrTHer gwgﬂwi&we Tihaiouehly
nasttﬂlreal Mk@')ﬁ‘? thd We FRO! a—h&é ﬁ@ﬂwghaﬁle §tﬁ§m§x@ﬂ@|b€tter the

orgla and Fl orida
I\Iocmnlsnstmtya@thethyl es of other matrix materl al s

i ncl ude: ha sjte n| t | cki t ac or .
R e, "R FemO P bt e il bt ehi Bgtediiay sieve
anaiyﬁﬁlsw forfl AYSforfted ntlbGildGibve d6ial)st.  BRFRsbly, ahesRfry is fed
chem cal treated before bein used as a slurry

cofn'p@n émmnanul@t thie mpducsﬁ athe c predonmed; éwlwlé%tt iyENe | catalyst
?0&11?03 tlogS 'F%eh gorggng Y#%iltl i)e aPyP %oﬁ&e‘ﬁﬁ?gﬁ rlﬁﬁ{t \é{l&g hg]a spray

Pr @y pelitizes esktiude eeat ﬁsﬂrefeﬁémdn&ioldﬁﬂent,[ ﬂﬂ:%}min@ Wit is
particul ar enbodi ment, the matrix material .is a_clay

or SpaRY frgr, Whigleresmvgoiatar Siem Hrechernby ¢ heatinggr ding process.
cl ﬁ)éfetréfb[ﬁ e %%ﬁhé 'uﬁ? 1411‘?1\ﬁn%n§i étQaV\fehl'i)QfétlHE sufficient to remove a

majority of the liquid from the slurry.

[0136] The molecular sieve material is activated by removing the template
from the preformed molecular sieve catalyst composition so as to expose the
active catalytic sites to the environment. The template can be removed by any
conventional technique, including for exaﬁple by elution methods or by heating
such as calcining. The molecular sieve crystals themselves can be activated for

immediate catalytic use or for storing or transporting prior to use. However, it is



titania content, and nost preferably the matrix

material is kaolin. Kaolin has been WO 2004/ 048300
WOCH49$2003/ 032446 44 found to form a punpabl ecThisgie3/032446

solid content slurry; it ha$ a |ow fresh surface

area, and it packs together easily due to its platelet

structure. [0133] Binders are also optionally included

in the slurry used to nake the fornulated nol ecul ar

Si evefereal thiay tHesmolkcilly sevasvbenforolatedliaty aptefoingddScatdlist, then

like, glue, binding together the | ecul ar si eve,

cr %tf‘@?%d B FASHBE- nhhe Apzaated prodyct, generally ppoxideg the most

Catfttile ABIOS S bl harbiRis ' BollfldciG @R &ighienp! Nder s

i ncl ude I%g(rious typég&%%s¥ﬁorganlg oxg%éﬁég%%mguch as

hydilat ed al uionzsiting Oxygastesdn®batuctsot her i nor ganic

oxi de sol s. . one enbodj nent of e invention, the

bi HHH i's an Thi3 GpHRRGS e&itﬂiaﬁgot&f?a%'roef%%t%ﬁr process. The

al weshpiérerfddl OTOMFEERS & oddRRMlyGBfetleRtdds aldd8-to-olefins (GTO) or

i norgani c oxide sol, is convefted into an 1norganic

ox elernatavely an d6HD aeastion prdecessh Injan MAO jeacticarprycess, methanol in

effectjve.in form ar dened | ecul ar sieyve .
caf dTo/RAS e (e ok s caEsH o T préveni e wpfecular sieve
W chtalgon¢ehipodifordintd| 6HE b Wibre Xdlelens, Préfeiaklyl @hd Preddhinantly,
heat treatnent. [0134] The nol ecul ar sieve crystals

ar &thir{one angyor propylgne.iteameferrpd to asdighd akefingrat r i x

ma j,al and ' ; [ i onal hni ques
TG 208 SR O RSN s AR o v
or degcribedih fbee dstail. UPreferably e eoglitiyns iatthé MERD k@rcioditbluding

the slurry. The nore thorough the stirring, the better
t h&he PEseirss dsrpReraiure, hweight, 31%'%1.‘/[ §Ppgs| Velodly gWHESY), etc., are

I eEEyRiver R)chH@erﬁﬁ% rtﬁ%’ ﬁ&ﬂ%rﬁjl n1'0n ﬂéﬂ‘ 1Rk eGY! ﬁgcﬁ%e%v Below.
crystals to forma prefornmed nolectlar sieve catalyst.
Pr dfpicalby,ymolehidarsdiemer qatdlgsts et ustd tacdmoerti oxygernité cathpdunds to

praduce he pr.ef or ned | ecul jeve catalyst
CoEHe oIt THEORBRTRMIOINIAC g b BAGOUa vie: ealysts are
UNiphrticBMAR @BirAble PihaYuchd gé(rﬁfersi&?Lﬂrr]?ef’s%ﬁ,r be&tbd lﬂt‘i’e%{ are highly

etc. In a preferred enbodi nent, orm ng uni
s ppelgetiveye the fapmationrdethpdenewati grorylenn t he sl urry by a

heatifjg or drylng.process. . Preferapl the formn
S T e BT S arks G el fafafly " fcdstock
r eoBeingig diBg:0igehate, ahoreRrtidulittiyda fdestoéiheoribingYan alcohol, are
[0136] The nolecul ar sieve material is activated b

y
r e RINCHE PREabAEIR 0BS Of mmae Oldings fhsrolelinsen elefin anonomer(s)
Si c S g Welc t X t he [SNY
o BARYFEL HoHPU BRI A Aol RSE L oA o
be atoersp pederbblyaliigm abouy2nb iaboad 8 tcebbniayares, heel prefergdly from
f oﬁbfu’% azn%l a%o?ﬁ/ 6ec|:arul§c:noe?£orr£§,t ?‘u ?no% prtza ergt?l?ft tlrc?rg about 2 to about 4

carbons atoms, and most preferably ethylene and/or propylene.

[0140] Non-limiting examples of olefin monomers include ethylene,
propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1 and
decene-1, preferably ethylene, propylene, butene-1, pentene-1, 4-methyl-pentene-
1, hexene-1, octene-1 and isomers thereof. Other olefin monomers include
unsaturated monomers, diolefins having 4 to 18 carbon atoms, conjugated or

nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.



such as cal cining. The nol ecul ar sieve crystals

t hensel ves can be activated for imrediate catalytic
wagen4omsor storing or transporting prior to uBET/US2003/032446

However, it is WD 2004/ 048360 PCT/ US2003/ 032446 45

preferred that the nol ecul ar sieves be fornulated into

a prefornmed catalyst, then activated by cal cining.

The formul ated product generally provides the nost

ef flesat]i ve parlhithd most prefeand ehdodiness, the feedstotie ipeéfatably of one

scal e equi pnent. VI. Converting Oxygenates to Products

[ 0L AOTPH*Y SPRAIES GPFI‘feétF‘gtl%éﬂ? Breéﬁn%T@I ? @aRlequlgy sieve catalyst

SY 2bRPoSitioR iRGESE of More BRSNS Ma§ing glgi %@2 %fl_t%;:ﬁ%?lt l6Scarbons

generally referred to as a gas-to-o0
al tatomg tpredetaply fronT @baut 2ctoi awupdocaaben atomsanMdiOpreferably, the

reactd on Process, m%th nol in a %f] anol -tco taining. .
£ o SURIBio R1SNE OF JRASMRUIOR PeCoph Soh ey Sedrinek Ggptpining an
Si %§gerafd, FPrifetattP HAOSICSRRN middt PrdBRLR nBMRoB! 8f iRSpreferred

preferably and predonminantly, ethylene and/ of
pr opstinsedylesfetand/or gtanylend. to as |ight ol efins. [0138]

Th ef er r ed M, rocess and reaction conditions wl.l
noj}) ]gé] desc?lf eege(?s' Ocifbpleorbee?%% imgpt, Faptains pne of pore diluents,
congpitalBnasddnid Reludd Ghe eaientiationC b theN Geedétbek. PrERSHRts are
tenmperature, wei ght hourly space velocity (WHSY)

et @eneraly noBwRRAFE e therfeedsiods o mglecklar weavh salyst gomposition.

li ' [ ypjcal ly, .
B L T I ——
oxyganaide, carbpaudidside,owater,gétsernlatlly/i id-reactive paraffins (especially
Si | i.coal um nophosphat (SAPg) nol ecul ar sj eve . .

ca@gﬂ?gﬁt %ur%?raé mﬁgi’“ﬁa ethess| apdaapangh| cesgnaldy, apn-reactive aromatic

CORYRMSLA, RhQGRSRESs tﬂ%?&ﬁusfhé '&E&é} gfe%eﬁlécg Al¥ents are water and
selective in the formation of ethylene and propylene.
[ 0 1®®ejgemh avitha miatew sbefiege gattiouledy dirsteusd e dImabthee ,embodiments, the

particul arly a feedstock. containing an oxygenate,
rmlf%ed%g’rc?flg%{ﬁ G egnigin Y {WEY  cont ai ni ng an al cohol

ar goragjonver t ethePdild¥Bf hlay teised @tBeOin AWGRIdObES Vasor HRE, or a
olefins or ol efin nononer(s) produced fromthe

f ecanpiakion fhsirecd] Mpe Wilventfis eitheapdad diracty sbthetfe@Btock entering
car , ferably fr out 2 to out
C 28 o LRI oL BLE BLY T2 Rello et Rl e gt

carsken catabyss ,cogipokitionDria @fecé@bédimgnt, ribenagfoant of dil@ent in the
about 4 carbgns atons, and nost preferably ethylene

andpesistopk dhin Bsdangoalatipmpdaut T e abews % |Rezocgt based on the
0! S8 niRBATEH Moldd Frtfle ﬁ%{dﬁ%kﬁ afd dilREAP YISy frqm about 1 to

but ene-1, pentene-1, - pent ene- 1,
" octabow-8D ol pectent meprd prefereble rfadoh ybait ytoabeut 50, most preferably

B S0 LA 5 B BRSPS gt

MO AR R8st LML directly or indirectly, and may include olefin(s), paraffin(s),
aromatic(s) (see for example U.S. Patent No. 4,677,242) or mixtures thereof,
preferably propylene, butylene, pentylene, and other hydrocarbons having 4 or
more carbon atoms, or mixtures thereof.
[0144] The process for converting a feedstock, especially a feedstock
containing one or more oxygenates, in the presence of a molecular sieve catalyst
composition of the invention, is carried out in a reaction process in a reactor,

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



unsat urated nononers, diolefins having 4 to 18 carbon

atons, conjugated or nonconjugated di enes, pol yenes,
woiimo4gomoner s and cyclic ol efins. W 2004/ 04880MS2003/032446

PCT/ US2003/ 032446 46 [014MY In the nost preferred

enbodi nent, the feedstock, preferably of one or nore

oxygenates, is converted in the presence of a

nol ecul ar sieve catal yst conposition into one or nore

ol gtubnknhbed pepcksYnprafioaiily 2 ¢oamtiaboust flGidizad hed procdsQramd most

refera from about. 2 to ahout carbon atons. Most

Br @F%f?%gl% cqnbipuoys hugh yelocity ﬁwglzaébp PEAB: nati on, are

co ted fr a 0%V, :
Y85 OfReareh@RHS bRIKssEO M fbﬂ{%%})}%{r&e ﬂ?gn‘%ﬁ%@: gf catalytic

preferably an al cohol, "nost prefera
t haegstas evcheat hybridfreargore thay heviea deabedred pr dixgtl daé reaction zones

[014 he . feedstock, i.n one enbadinent, contai.ns_one

or SHPE A B D2 f47stin P GOREIY I e Life Ut king Bandized bed
CORERAdIE, ik Nreétotsh @nd GREHKRC K Suitdifte Foh@itoRal@fdacior types are
generallg non-reactive to the feedstock or nol ecul ar

si dlggcribad.afoy skargplepinsUS. datent Non H07Ai706nY.S Patept 8. 6§287,522

di | Knclugde. hel i u ar gan itragen, ~carbon .

oS o i e Pl Bk LERERL O Fo¥pict, Robert 2
norkrieget Publéshiey @binpasy, (esP el Nyw Porkarvgs, GUh @8 all herein
nmet hane, ethane, and propane), essentially

norull: dpgorpasatgd diva teterened mddial didser aaRrtors x@tupthier reactor designs
th T - d] 3 ter and
ni Cpahally P2 bRy BF REH iRl Regat T 207 |

ot hemelenbodi rithetmefetrbé redctoedgpeoika o Ieaddr gempiatlly esdiibed in
be used either in a

di | he di l

i &Lﬁgt%ﬂgfg’%ﬁs@;mfef% fipd Huid Pt SheeH RageetSdar?, Fife Zenz

di lHgm ri @tﬁhé@ﬁeitﬁ@ﬁﬁﬁuﬂisﬁﬁ% tglaﬁ)%tlgﬁ,el\]fe%e?&tl@q§60 and U.S.
h or adde [ he

entering into the reactor rectly I Ato t
r edetent Noor6, b (fastHhvidicedrbbd cedcaor), sideleS.cBatehty Application

conposi 4.l 0 €..e di he .. unt of diluen
o SR NpolysbBe Rttt RE, 2 Mo b SR ey afsidD 1V ERh are an
abouteiPfilFOhérpetea by rRERde.O0n the total nunber of ,
nol es of the feedstock and dil uent,ﬁgreferabl y from

abdWe711 to 3Apene ebodipiest, heramemmt ofibesh foedstenkbd yeparately or

fr J , referabl fro bou
s Janap S DBy BRI ARAR: BSRUTRIR ol b fR dbout 01
ar eveigligsbrécnt tb hdolicosisieight pirbha pebifé@blyl fo®r about 10 weight

indirectly, and mgy include olefin(s), paraffin(s),
ar BRSENtP @poyilaweight @k%q%wrgp@femhfm@m rbout 50 weight percent

£ 0 oA e AR e o EShER  PORUL i

or oxygmmetec erchdn atdomsy dilnenti adniainsd theeeiaof The Oligtdd ahbievapor

p;g% S%gl%oa[re c[:>roe grg{)ltyl tﬂg ngé cec?lgsgs?t?ol%, ore g n(:"cacl:ilnavlalry%ng_:;Jl proportions of
the same or different feedstock with the same or different diluent.
[0148] The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 200°C (392°F)
to about 1000°C (1832°F), preferably from about 250°C (392°F) to about 800°C
(1472°F), more preferably from about 250°C (482°F) to about 750 °C (1382°F),
yet more preferably from about 300°C (572°F) to about 650°C (1202°F), yet even
more preferably from about 350°C (662°F) to about 600°C (1112°F), and most

preferably from about 350°C (662°F) to about 550°C (1022°F).



cont ai ni ng one or nore oxygenates, in the presence of
a nol ecul ar sieve catal yst conposition of the

wOnvEusn, is carried out in a reaction proceBETIUS2@3/032446
reactor, where the processi8is a fixed bed process, a
fluidized bed process (optionally a WO 2004/ 048300
PCT/ US2003/ 032446 47 turbul ent bed process),
preferably a continuous fluidized bed process, and
Mo $d149]pr ef er dibycanvesivn prssmge hergployed dai thy Ednvedione ghrocess,
bed roc Lq145 The reaction processes na% t ake
pl spasifially it nefiRe geactos; AYSJRMc VaHeh OVek @ #idh, raage including

hy t
i R85, R8PS o SO o
z ottesfeedniqpikeckchsetdfeny diluemiithereim gTyplazalkyl the doipeeglsion pressure

react er reactars, and t ik i,tabl e .
o R AITT Bty s ihs s olouuHgubt 1y Ghaa (0.015 psia) to
exappites lehaU(fa‘o 738 eBIfefé\Bbl ﬁ%ﬁﬁ B 5‘14P§a (Bt eRta) NB- about
6,287,522 (dual riSer), | 'ui di zation Engl neering,

D 1RIR24 (A dsa), mmmstppﬁlferamtfeqm aout B0 kBage(2.9 psia) to about
i n ny, New York, New York 1977, which are

al Bbhgpﬁar‘?(zcﬁrﬁpzﬁy i ncorporated by reference. Dual

ri $@koj eact ormhe OfveRhN&Houklfas e #ESdGNTWHEV), Optibvlarly in a

include a plurality of feed introduction nozzl es.
[ 0puBessTHy pmetdingedl feeslgtock rconiping ong o1 BFe peygangtes in the

gen ] E i.Z
APl BE BRI s Suafls, SERBY ST S Tl fonc,
andefihdd asGhbmanl wlghnbothe fEdetock hexiathdigy m@rcaluem tHiew fed to

York, 1960, and U.S. Patent No. 6, 166, 28
(f &g repptipryrone P AUF BefcWEiEht ohmeleguigr sisxe émthe molecular sieve

AlerlfaB%f g rPosﬁ?Jﬂ f th%?&%%ﬂﬁ6lﬁle g’ﬁw 1%%\1&%&11};1@(? 902 tevel

ser reactor whi ch are here
i ncoffieemateekbep yhe @ftdy e nomposifidd i a fluidoed sebbedhinmdin reactor

t he anount of . fre ck fed. separately or .
| ofHETly wi ¢ h TPEBrthE SURS P deRe it PBalohe" 4§ abeh 5000 br .

in &éf@raf)@n@&n%oﬁt@m lafoipbul3do0 mei ﬁxBFe ﬁefe@@&y ﬁto@n about 5 hr'!
about 95 "wei gn{ percent, preferabl }t/) rom qbout
al

weitg Rbout J6P8 ént, and mbref@@bbaeﬁ@ht p@trlﬁblm tombb@t 1000 hr™'. In

f b f b 0
netuf kel il T PSULPRRET et Op Ry oo

f e aMERYC forl Mlvéx@idﬂgof @Xﬂ@ﬁ[&ﬂceccﬁﬁ{iﬁ{ﬁb emédishandintithyledther, or
contained therein, The |iquid, and vapor feedstocks

ar &Py &¥iartharapse pkfremmmboy Site @beHt 380 bEont ai n

var g prop [ e n : .

s P ARy DR 0% TR ey g

Th ehluan\md&éemmh eniicat witkinehp rayed sysierh e prederdly suffiicient to

progce spe ifically within the reactor system is

i nft f?F ﬂq ‘r?l"‘ét%ﬁ‘iYSEGB’@P?%Q?F)W“ i agpaton g an the

(8%) g%a%’t:()r ’Pﬁ@fS@Wﬂm Yhef pO@RRDPAicRRAF Wil Fle tcRPYtem, more
particularly within the one or more riser reactors, is at least about 0.1 meter per
second (m/sec), preferably greater than about 0.5 m/sec, more preferably greater
than about 1 m/sec, even more preferably greater than about 2 m/sec, yet even

more preferably greater than about 3 m/sec, and most preferably greater than

about 4 m/sec.



(1472F), nore preferably from about 250C (482F) to

about 750 C (1382F), yet nore preferably from about
w0OQ0E/¢&s02F) to about 650C (1202F), yet even ROTAIS2003/032446

preferably from about 350C49662F) to about 600C

(1112F), and nost preferably from about 350C (662F)

to about 550C (1022F). WD 2004/ 048300

PCT/ US2003/ 032446 48 [0149] The conversi on pressure

enmplibyed in tRaitdYacdptiohspf 0&einas EmbpéticntCet thy Invention.

within the reactor system _varies over a w de range

i nd9§3i ng  adisiyEns i Fpgues Lupns aspad 0% /@y entign and a number of

pr ' t i@l u 1
f eggiy%giﬂegxc usi vgﬁ%%&z%y%' IIE!l na?ﬁt&ﬁag? glfgﬁlpé Tf%?‘?sélaltyo stage
t hevapanizativs i procgrse sthr éhe efigst dyeeting rstagdee bpingc egesentadn by a

t he range of .from about 0.1_kPaa (.0.015,.psi to .
b Cabgaes af he ek depsrs 48, o cP st yapoiolifit Aseh Eheinssdrum 14,

(0.aA3 aRSbénd i8R replesMiigd by LAR nibthddion Maﬁ@&:‘hanggr 78 and
preferably from about "20 kPaa™ (2.9 psia) to about 00

k Peanderais spippea) 74. [ Ot fg¥hatEfecdmsibgited hp heatyexchrmgers 48, 50, 52 to

v 5 Rl 2 SR S o

OXYRRMEtRAm i vaP&-lidii€ dRBEEgtg ErufDl4cahd Rlsefil tB¥Righ a line 30 to
cat al yst conposi t'l on within a reaqtl on zone, 1S .
defconiegt mstatlprluminophospbipighmolgeuleinBie veclebonrik the oxygenate in the
ex | eRnts,.. | . C .

zorab P B o b do W wivab bl ol 0Bl BT Bt cont o

o B ubitensdt€ ¥Rippeia V4| whitch ¢ fieer theaad iby thb desteachamer 78 to
zone. The WHSV js maintained at a level sufficient to
k e 3PP 2dditianpkexyeepale ERaiBRg ik ths liguid. o sigaifigant ortion of the

W thi r: ' .

Fr oapS, it fekip g EoRIhsFEBlgRel Tt 1 S HNELHRS 59 1o
abaombinenwith theovaptroint th8 GG heatinglstagepaed theebarbatdyvapoostreams
2L kg o 500, 428 B i
pr ef&er 8RB dhdTBRY genbltein Ve Wdpor 96 BRI piddast. 2A final liquid
hr-1, preferably the WHSV for conversion of a

f estrsaocixitsotlie adomdengateestvgner 74 dindeishsant dhiosgh aofine 81 to be

both, is.in the range of. from about ..20.hr-1 to about
oot B Bl ENEseRliner ST Sl ol ffrem. The
of dohbidede dgioR CdreClsUdérgglovdiid Wehtaniiisht redd} math a substantial
products within the reactor systemis_ preferapl

sufqupetitsnel contamingnig; partichlarlypmetalp, dieing Epadchy Zheyﬁtlal liquid
co %@%ﬁ?ﬁifséa@é& a reaction zone in the reactor.
In

The e process, particularly within the
regetsey syst dafeminpeto Pigntel tuhagrbytenidéthil nan logygeratestontaining

nore risey, reactors, is at |east about 0.1 neter per ,
secfsw{ﬂ(w%gécopmamsmme& \jﬁl@ﬁﬂéﬁw{ b el Btiolly gemoved, can
M SRfoteriRER Hobie oRPLaYal Pt 8RR on the internal surfaces throughout the

apparatus of the process. One or more pumps 6 can be used to maintain or

facilitate flow of the feed. The oxygenate-containing feed 2 is heated by one or
more feed preheaters 8, 10 and 12 which may be arranged serially and/or in
parallel, prior to being fed into a vapor-liquid disengaging drum 14 via vapor-
liquid disengaging drum inlet 16.

[0155] The vapor-liquid disengaging drum 14 is the primary location

where non-volatiles and/or low volatiles present in the oxygenate-containing feed



than about 1 m sec, even nore preferably greater than

about 2 msec, yet even nore preferably greater than
wahout04&0m sec, and nost preferably greater thaar/uabmans2446

4 m sec. WO 2004/ 048300 PCBOUS2003/ 032446 49 VII.

Det ai | ed Descriptions of Various Enbodi nents of the

I nvention. [0153] Referring to Figure 1, one aspect

of the invention and a nunber of the preferred

emanel separdisd Hom edlatios, d.g, patdriatsuthat areFdigillablelarsliavesibAmable

two stage vaporization proces | t he first heating

st g gomﬁﬁs?@sa?%ie@ ByePare @ﬁ%.f?ﬁ{sy Eheo@lsmgmg drum 14

eX COARIRT SbdiBibleoAuidIRe AR RRAE :ah'&y%&la% SERASAMIWhich is used
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disengaging drum is passed through a vapor-liquid disengaging drum liquid

stream outlet 44 via line 46 to a heat exchanger means. The heat exchanger means
can comprise a plurality of heat exchangers 48, 50 and 52, respectively, installed
in parallel inlet lines 54, 56 and 58, respectively. Heat is thus added to the at least
partially liquid stream and a heated at least partially vapor stream removed from
the heat exchangers via lines 60, 62 and 64, thence through line 66 to a second
inlet 68 to the vapor-liquid disengaging drum 14. Heat is supplied to the partial
vaporizers 48, 50 and 52, via hot OTO reactor effluent 49, steam 51, and/or hot
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di sengagi ng drum 14 via vapor- |iquid disengagi ng drum
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[0159] Condensate containing oxygenates, e.g., methanol and water, such
as that provided by quenching an OTO reactor effluent as discussed above can be
separately added to condensate stripper 74 via intermediate condensate stripper
inlet 86. Condensate stripper overhead is removed from the condensate stripper
by line 88 and recycled to the vapor-liquid disengaging drum 14 through vapor-
liquid disengaging drum inlet 90. In one embodiment, at least a portion of the

overhead from line 88 is directed through line 92 through condenser 94 and to a



in parallel inlet lines 54, 56 and 58, respectively.
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renmoved from the heat exchangers via |lines 60, 62 and
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removed via line 124 and directed to quench tower 108 or condensate stripper 74.

Washed overhead is taken via line 126 to additional olefins recovery unit 128 to
form one or more final product streams, not shown.

[0161] Figure 2 illustrates a tanker, generally designated 200, that has
been modified by the above-described process. Tanker 200 includes a plurality of



separately added to condensate stripper 74 via
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may be recovered and purified as feed for the OTrO
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respective hold. Figure 2 illustrates one nethano

inlet 224 per hold 212 although a plurality of inlets
w@2do4magzobe oriented with respect to a single Roras2M2/032446

Punp notor 214 operates omsnotor shaft 218 to power

cargo punp 216. Cargo punp 216 creates a pressure

drop on nethanol intake |ine 222 thereby causing

nmet hanol to be supplied thereto through methano

inlet 224. The nmethanol received in nmethanol inlet

224 fl ows through nethanol intake |ine 222, through

p $ﬁ@ﬂ§ and into nethanol discharge |ine 232.

Met hanol di scharge Iine 232 is al so WO 2004/ 048300
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respect to tanker 200 and extends over the top of the
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at least 80 wt %, still more preferably at least 85 wt %, and most preferably at

least 90 wt %, of the contaminants from the oxygenate feed.

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

comprises methanol.

5. The process of claim 4, wherein a majority of the oxygenate in the oxygenate

feed is methanol.



What is clainmed is: 1. A process for renoving

contam nants from an oxygenate feed and converting
woOheosoMgzgenate in the feed to ol efin product, PCT/US2003/032446
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di scarded and the di scarded portion contains at |east

78 W Yhe PRESSRESALOADDihe Pleck GRS Llaffls, Whebin tid bilycBRAE feed i

prefer abEI3 g%at SI eas}fe 85 w e.?}oecandérrgsts’pr eef el?a%l y ygtgpa& feed is
| east lodatagt too tepipetahwe dhmttialovweathan the doilingepodntyafdnadtene at the

feed. 4. The pr.ocess of an ne. qf e precedi ng
cl ai rrsr,’remeraé’[ivﬁ}llclhé‘eé)%%eé}%tée‘?ggﬁa{eaonpri ses
nmet hanol . 5. The process of claim4, wherein a

mpjority of the oxygenate in the oxygenate feed is 4
n&t hanbhe PRAce 300 A10W8B 00 8pEieneBp e 3/xygeuris feed ds beatathty form a

process, af .sﬁ‘%}g WG Qhpbfrd El‘?agt?élj P&g bl an %q'(‘)eé,eliargferably not

the contam nants are “hon-vo es-or pa

vol at i grester than Th&(pr ocess of claim4, 5 or 6, wherein
the oxygenate feed is heated to a tenperature that is
greater than or equal to the boiling point of nethanol

afo t heThPhReaN o7 sl oWbiof ?het a}%}@/c 2 egggl?ﬁ&ﬁf wWheffn 'tl’%I contaminants in

heated. 8. The protess o e prece g

cl ai nsthe Wiqeidesitigamiinclods adoast end methl iselectbd fibaditht @raup consisting
tenperat.ure that ig | ower than the boiling point of

1- oct eMe Hr 5¢ ‘é’naﬂaé’ggﬁ?’émat whi ch the oxygenate feed

is heated. 9. The process of claim7 or 8, wherein the

oxlygenat e feed is heated to forma
1 The process of claim 10, wherein the liquid stream has a total iron, sodium

and potassium concentration of at least 1 wppm, preferably at least 5 wppm,

more preferably at least 10 wppm, based on total weight of the liquid stream.

12. The process of any one of the preceding claims, wherein the vapor stream
contacting the metalloaluminophosphate molecular sieve contains not greater
than 5 wppm, preferably not greater than 2 wppm, more preferably not greater
than 1 wppm, and most preferably not greater than 0.5 wppm of any one metal
selected from the group consisting of iron, sodium and potassium, based on

total weight of the vapor stream contacting the sieve.



vapor streamat a tenperature that is not greater than
200C, preferably not greater than 150C. 10. The
wonooagsoof any one of the preceding clainms, WReTAISR03/032446
the contamnants in the Ifguid streamincl ude at

| east one netal selected fromthe group consisting of
iron, sodium and potassium 11. The process of claim

10, wherein the liquid streamhas a total iron, sodium
and potassium concentration of at |east 1 wppm

preferably at |east 5 wopm nore preferably at | east

10 \N|O|Om based on total weight of the |iquid stream

\:/Lv% 0 ei ﬁh? L r%%gss 6[0 Jng?qné a%&ﬁ% BWF%CE?'?’ ﬁ ?rfnﬁg ﬁ]egem tﬁle steps of heating

net al | gal é@ﬁﬁﬁﬁﬁpfb@bﬁuﬂ? HIRCVHPRE séY BreC@ftid] St iAUne stage or
greater than 5 wopm preferably not greater than 2

wppm PFethan enestagl-y not greater than 1 wppm and

nost preferably not greater than 0.5 wppm of any one

netal selected fromthe group consisting of iron,

stdli umAgmdeepofarSoiminy abaksfih Roduct, oalpriskizghé stops dthe

vapor stream contacting the sieve. WD 2004/ 048300

PCT/ US2D03/ 52eiing assynihesisTaqs vigitoa éé@OBfOXWW@TSW catalyst to

the precedi gl AL RGeaMBL Sl AG SLARRIOT heat i ng

the oxygenate and separating e vapor stream are ;
carri eb) out tramsportingsthe feedstreannin & céhanerioen otafm gebdraphically

A process for .formn an ol e r oduct i si ng
the steps og istingt frogy, EWPW@ t{% %ﬁ&-“("ﬁé@ @a%égnn%’t h a
car bongpxi dReapY ieS LidfsppRbd! %adstietm Ecprfﬁhﬁ §ephdl re&Rihn that

that conprises nethanol; b) transporting the

f eedst r eam tompriscont mRjTeity of methowhtndra bewdrsuehincthiat yontains
di stinct fromthat where the feedstreamwas forned; c)
heating the ({r}t%glsgtlst ed feedstreamto forma vapor

st reami} hat sepa@MfiBg tisSFapor SBdas frbx th 11@iﬁal§&éu?h adad a
liquid streamthat contains_ contam nants;

separ a®l ng tMuaciiagshe sepagaing vaRh Stigam| Wiy Mﬂt?%‘iqaéamnophosphate
and e) cont ﬁ’ﬂée S%{%@% 5 E?@r[v%he[ﬂ oﬁnﬁ?l ﬁ&t gretam to olefin

nmet al | oal um nop ol ecut ar - 81 eve

t he net hanoprodnctt he vapor streamto olefin product.
15. The process of claim 14, wherein the vapor stream
contacting the netall oal um nophosphate nol ecul ar

sigve ¢RI GoBssabr! 888 T8 Whe¥in "BE® vapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 75 wt %, more
preferably at least 85 wt %, still more preferably at least 95 wt %, and most
preferably at least 98 wt % of methanol.

16.  The process of claim 14 or 15, wherein at least a portion of the liquid stream
is discarded and the discarded portion contains at least 75 wt %, more
preferably at least 80 wt %, still more preferably at least 85 wt %, and most
preferably at least 90 wt %, of the contaminants from the oxygenate feed.



preferably at least 85 w % still nore preferably at

|l east 95 wt % and nost preferably at least 98 wt %
wohommussanol . 16. The process of claim 14 or 1BCT/US2003/032446

wherein at |least a portions®f the liquid stream is

di scarded and the discarded portion contains at | east

75 W % nore preferably at least 80 wt % still nore

preferably at least 85 wt % and nost preferably at

|l east 90 wt % of the contam nants fromthe oxygenate

feed. WD 2004/ 048300 PCT/ US2003/ 032446 58 17. The

pnoces Thefpraveys aihwmyaineaif @laims 14 té 06, M6hervinehe tonthimants are non-

cont am naniﬁs§ are non- volatiles or partial volatiles.

18. Thaoiss &gl ¥elgtilghe of claims 14 to 17, wherein

the feedstreamis heated to a tenperature that is

greater than or equal to the boiling point of nethanol

atl8. t h&hppexssy & aay onbiof blaithe14 wells whessin tle fhedstreain is heated to

19. The process gf any one_.of cl ai 4 tq, 18, wherei

the 1 oadBRPEaTs Db Breticr Ban 4% eQtA dy S plivs aeil of methanol a
| ower ttﬂk%}e&'ﬂ?e aﬁ%ﬂiéﬁ‘&eﬁ’é’éd@ﬁe&ﬁ is]he_ﬁféH?ne at the

pressure ‘at which the feedstreamis heated. 20. The

process of any one of clains 14 to 19, wherein the

feedstreamis heated to,. for vapor, streamat . a .

¢ 38er APGPIOERAT g onp ot gl L tq) b st iR T &detsPa iy beated to
not gr @aémperhiiddthdbil fowerkthanthe HRTIBGEESINQS 1268ter 8 8 pressure at
clains 14 to 20, wherein the contamnants in the

|'i qui d véuehethmiGedairepaeisdreatedast one netal sel ected from

the group consisting of iron, sodiumand potassium

22. The process of claim?21, wherein the liquid stream

has. a tTht kodesL0sT, ang @ik Wiiclafiisl1 et BB Sihdersis dircfeedstrdimdfheated to
of at least 1 vvpgm preferably at | east

5 Wpt%rénp nor e
pref er gma ¥RPqr SHSIM £ba {GyEeratpedadl 1H ROt Featrt 899 Copreferably
t he ”q‘%%e%%%‘aﬂ%%- The process of any one of

cl ai ns erein the vapor stream contacting
t he netal | oal um nophosphate nol ecul ar sieve contains

n greater thap 5 pr ef b not greater than .

S pom hgrecest af eabhy Ohobig: Ehird. Phcm i sbaagts in te
nost  pnRLRr #ith iReud8 hEREA Tonk hdalGeRcERTOR thPdup RBnsisting of
nmetal selected fromthe group consisting of iron,

sodi umizpngdsodaia esd petessised on total wei ght of the
vapor stream contacting the sieve. WO 2004/ 048300
PCT/ US2003/ 032446 59

22.  The process of claim 21, wherein the liquid stream has a total iron, sodium
and potassium concentration of at least 1 wppm, preferably at least 5 wppm,

more preferably at least 10 wppm, based on total weight of the liquid stream.

23.  The process of any one of claims 14 to 22, wherein the vapor stream
contacting the metalloaluminophosphate molecular sieve contains not greater
than 5 wppm, preferably not greater than 2 wppm, more preferably not greater
than 1 wppm, and most preferably not greater than 0.5 wppm of any one metal
selected from the group consisting of iron, sodium and potassium, based on

total weight of the vapor stream contacting the sieve.



24. The process of any one of clains 14 to 23, wherein

the steps of heating the oxygenate and separating the
woapwo4gioneam are carried out in one stage or PODAUS2003/032446

than one stage. 25. A procwss for producing a

pol yol efin conprising polynerizing the olefin product

of any one of clains 1 to 23 to polyolefins. 26. A

process for shipping nmethanol and converting the

met hanol to olefin product, conprising the steps of:

a) | oading nethanol into a hold of a ship; b)

transporting the nethanol to a Iocation geographically

| stingt from ere th th sIo n
(5141 mé]je DIOLHRS o4 B, d)ngt % gag 6}'3, A t’l erelg?lg%éteﬁs oit Heeatmg the
met han&i yobfidahél @ephtitig t}@) Vef}ﬁ)ﬂlsﬁgarﬁ 4ok aakRidi Og inedicustage or
to the hold e) heatlngthe W t hdrawn net hanol to form

a vapdnomth@aﬁiietﬂﬁ&e conprises a mgjority of nethanol

and a liquid streamthat contains contam nants; f)
separating the vapor streamfromthe liquid stream

argd g)ACﬁﬂﬂb@@tﬂoﬂ erédirirge pasaly eefiv aparprisingepotymictiing the olefin
nmet al | oal um nophosphate nol ecul ar_ sj eve to convert

the mePREWS IO aRY oReeh Gaigsddacs to polyoishigsyr ocess of

claim 26, wherein the contam nants include at | east

one netal selected fromthe group consisting of iron,

séli unAapogst A sshipping netlidre! pandc estsveding: itk mefiganol to olefin
27, wherein at |east_ a portjon of the separated

| i qui dProfPeasAmRIISHEhS S B%Iognd the di scarded portion

has a got al 15hh08 meRMoliRto ARG AR, UM concent ration

of at l'east 1 wppm preferably at l'edst 5 wpp nor e

pref erbbl y menspedise the mghanol ke seldcatipn QQCMraPMaQNt digffnct from
the separate qui d strea 300

PCT/ US2003/ ‘(Yg%& a3¢] Wi g2 d%té’g@é q?11§any one of

cl ai msc26 t @ithdra Jt%eﬁtﬁb&tl‘bﬂwiiheihétﬁaml feanthedild)g

t he net aI | oal um nophosphat e nol ecul ar _si eve cont ai ns

at |eadt 7&dipg 9 Wt@gpn@héméelﬂyﬂ holdy east 85 wt %

; tr|e If Ier re ff%a%ﬁlg tﬁﬁb&,é]é&w%?&%am??%%%v gp %ﬁ{ that comprises

process Of amajaitg odmetaabmd26iduid 28canwibet @intaithentaminants;

bl anketi ng nmedi um gas., 31. The goc ss of any one
of cl abns 28ePREting th%mpéﬁtrﬁ%gowég Qg SHEAR; WY t he
2) contacting the separated vapor stream with metalloaluminophosphate

molecular sieve to convert the methanol to olefin product.

27.  The process of claim 26, wherein the contaminants include at least one metal

selected from the group consisting of iron, sodium and potassium.

28.  The process of claim 26 or 27, wherein at least a portion of the separated
liquid stream is discarded and the discarded portion has a total iron, sodium
and potassium concentration of at least 1 wppm, preferably at least 5 wppm,
more preferably at least 10 wppm, based on total weight of the separated

liquid stream.



transported nethanol and separating the vapor stream
are carried out in one stage or nore than one stage.
WO 2004/048300 PCT/US2003/032446

29.

30.

31.

60

The process of any one of claims 26 to 28, wherein the vapor stream
contacting the metalloaluminophosphate molecular sieve contains at least
75 wt %, more preferably at least 85 wt %, still more preferably at least
95 wt %, and most preferably at least 98 wt % of methanol.

The process of any one of claims 26 to 29, wherein the blanketing medium is

gas.

The process of any one of claims 26 to 30, wherein the steps of heating the
transported methanol and separating the vapor stream are carried out in one

stage or more than one stage.



