WD 21114/ 048300 PCT/ US2110 3 /03 2 4 46 1 TREATMENT OF OXYGENATE CONTAI NI NG
. FEEDSTREAMS FOR THE CONVERSI ON OF OXYGENATES TO OLEFI NS 10001] The

invention GelalgRidsaetreating an oxygenate-containing fefgﬁbgﬁ'ﬁl{}}m re
particularly, this invention is directed to renoving contamnants Trom an

oxygenat e- contai ni ng feedstream for an oxygenate to olefin reaction system
10002] Light olefins, defined herein as ethyl ene, propylene, butylene and
m xtures thereof, SJRBEATMENTGR QOXYSENATE QCGNTAINING REEDSTREAMS | nport ant

chenical s and pol ynerpRr THE CONVERSIONIF OhAGENATES T tesnds by cracki ng
petrol eum feeds. Because of the limted supply of conpetitive petrol eum

feeds, the opportunities to produce |ow cost light olefins from petrol eum
feeds are limted. Efforts to develop light olefin production technol ogies

based on al tg.waﬁti ve femgs RauRionnGeRasedo IRAARL AR 1dXRELdaA ok MRRgOf

alternate feed for the production of light olefins are 0Xygenates, guch as,
tor exanple, dtaistiedms., pMare cphaichlprlyetthisnohyention hasodireatedr iopaembyingnd

i so-propanol, dinethyl ether, nethyl ethyl her, diethyl ether, dinethyl
o bonar o aGORBTII Srriare R o b Hosdealundbedt mapeBe hpliiceq by
fermentation, (@fibhepa&ynt hesi s gas derived fromnatural gas, petrol eum

| i qui ds, carbonaceous materials, including coal, recycled plastics,

muni ci pal wast@e?] or anyLightgaefins, mefired bdreinBsodliden fprofhdens, detyleaeiaatly of
sources, alcohal, alcohol. derivatiyves, .and ot her ox nat es have prom se as
an econoni calXEF- FEe; éﬁﬁﬁes%rfﬁglssf & &iegﬂlff’%lﬂ?téqryg??pﬁ‘%ﬁ&‘? PR YB041
Oxygenat es canubficGRME pBfmQs. Ol &fhibanSidd NafhoOYR Qe Hy cRkRine

catal ysts. This clgnversi gﬁg'of S(’)xygg]?llat eyléJ to ol efli ns (ggéO) ?as gncex%zﬁﬁerm c
process. Ther gtooleumtfheds eBedtapse ofitHedimitehpaplt uf eompetitivgi pradolepmhieglier t han

the reactor inlet t erature.. 100051 Man. ods. and/ or .process schenes
have been proﬂ&@ﬂp‘?"g‘%’ Snig Bradnee R‘é‘ﬁtm&? I‘ébg‘g’{ 10 GRePAtoldR 1e5s: #E

exotherm c progggy | m@ér@se&ot@eveﬁ>§oiiighﬁ%W%&éﬂ&uéyrﬁaﬁl@ggieéﬁ%seap%& A
wel | managed process can also lead t0 a reduction of the rate of catal yst

deacti vat i on, alternakvd feads hdve ipreabadt i on of undesirabl e products, such as
met hane, et harllo%m}car bon A ri]n(%])g&%?ntat?rge of alternate feed for the production of light
olefins are oxygenates, such as, for example, alcohols, particularly methanol,
ethanol, n-propanol, and iso-propanol, dimethyl ether, methyl ethyl ether, diethyl
ether, dimethyl] carbonate, and methy! formate. Many of these oxygenates may be
produced by fermentation, or from synthesis gas derived from natural gas,
petroleum liquids, carbonaceous materials, including coal, recycled plastics,
municipal wastes, or any organic material. Because of the wide variety of
sources, alcohol, alcohol derivatives, and other oxygenates have promise as an
economical, non-petroleum source for light olefin production.

[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



WO 2004/ 048300 PCT/ US2003/ 032446 2 carbonaceous deposits or coke. Such
processes tend to involve heating the feed or cooling the effluent to

appropri atwwolBiR&KAtUr €s and pressures. 10006] U. S. Pat erdeNgs208m05244s 504
(Kuechler et al.) discloses a process fhor catalytically converting a

feedst ock conprising an oxygenate to olefins. The process includes direct
product quenching to increase heat recovery and to inprove heat
integration. In particular, a heavy product fornmed in the reaction process

taedstock, [ bobRaoe SERH Ay Rk Bt AT Bl b B o
2003/ 0088136 cAdlingrhibkifhRatioMpprépriaBdpedised agiqFeduesocess for recovering

heat in an oxygenate to_olefin production process. The process includes
removi ng heat 1000fli | e maithbaP#erigNe Hel? lbrRfettateghler f algfisciases aproggasiost r eam

b the d ' -yent f f
fashing he. effriageih SERERML o bolC sGhbUlL anoBB e bAE W th s B, om e
gas stream i spacess michivdededirect 08108dct Vibienciiig ae thertabd iheat iresdvedy Bedttoi n the

oxygenate to ol efins conversion processes are continuously sought. In
addi tion, wel impgiadeat ingggseiesseln particulapuheavy predust fermngst inothe geactin rat e

of catal yst deactivation aor reduction. in 4 oduct | f desi,r.ail e
products are BRI Ssclts)ﬁrf ?dﬁﬁ@ﬁ%ﬁ?e gtolgzasr%%s_p%ﬂiwgtlé)%a?gseﬁﬁgiﬁ?tﬂg%?egpg%%es wel |
nmanaged procegggg for fIQﬂS?PﬁtbﬂgAﬁppimﬂahﬁyﬁcitQmQ'Pﬁbl . Uhe0p1/0085336S
provide efficient utilization of heat, lead to a reduction in rate of

catal yst deactilvawubbshedaidryaiSe 3093 melisstasesiangracessy fareraspvesiiize beatyin ynt o
e of o pisuhcts g bl gL 0 ARG PGR e MEIGELI T one

aspect, this P oVi a process’ for

oxygenat e feeqhdBdn4ipAERd tHeehiperatity 9€ aate&hisnt bhestanralbiove tht @éwpoiioduct .
I n one enbodi nent the processes conprises heating the oxygenate eed to
form a vapor $mressiiecor Be sifgnhesrestsam: yA skp ot yrpshingdhe ¢ t #06 StTédPgenat e

feed and a || gujdh SELEAAORLANNNG RolRhOLLLY 0k Conb aplnants from the

oxygenat e feed. vapor s am s separafe rom quid stream and

the separat eghoygipor st redmrhsnagedtaitizedomidfhhemetial tieabuydenarehas pidie
nol ecul ar sieve to convert the oxygenates in the _streamto ol efin product.
100111 | n anoFPRYETAPM OIPHRSRS, afth SPBUTUOUSOVPWEY a Ipr addilaen. 1 well cwavagedi ng

oxygenate feed f.0.QL ¢fliNBiPH Ghe UcAbn CFME I 5RSoHERALIBIaAiOXYRERALe feed

reduction in production of undesirable products are also continuously sought.
{0009) This invention provides well managed processes for corverting
oxygenates to olefins. The processes provide efficient utilization of heat, lead to a
reduction 1n rate of catalyst deactivation, and aid in maintaining long term
selectivity to desired olefin products, particularly ethylene and propylene.

[0010] In one aspect, this mvention provides a process for removing
contaminants from an oxygenate feed and converting the oxygenate in the feed to
olefin product. In one embodiment the processes comprises heating the oxygenate
feed to form a vapor stream containing a majority 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 liqmd stream; and the
separated vapor stream is contacted with metalloaluminophosphate molecular
sieve to convert the oxygenates in the stream to olefin product.

[oo11) 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



conprising methanol and contam nants, at atnospheric pressure or above, to
~at WD 2004/ 148300 PCT/ US2003/ 032446 3 |least the boiling point of the

met hanol atwbheofrgswure at which the oxygenate feed is heghgontidd9rm a
vapor streamcontaining a majority of the nethanol fromthe oxygenate feed
and a liquid streamcontaining a majority of contam nants fromthe
oxygenate feed. The vapor streamis separated fromthe liquid stream wth
the liquid streamconprising a nmgjority of the contam nants in the

oxygenat e feedjeqsihfie b%ﬁﬁ%gﬂ;ﬁ%ﬂﬁé)&%ﬂﬁﬁél%@ﬂé eSO AGkR WetJ%gJ enate feed
met al | oal um nophosphat e | ecul ar sieve catal yst to convert %e met hanol in

t he vapor st r esrhdatedo tofeii o vagrardiream coh®QiRd a Tigoritm\odribe owetlfanol frem theovi des
a-process for formn n, ol efin. product, which conprises the steps of
Taki ng. Mot hanoPXEERASEIRVLIYE HHAiA SreARR ERUNBINE AT BPER: ¢ HRGEIEENS Thmoie
enbodi ment , { NexyelaRSee£OMRE MBS GRANPR!deBikaicd RYRHCRLSAIRRaM Wimdpgar bon

oxi de conversi o atalyst to forma feedsttreamthat conprises hethanol. The
f eedstream i s liqudsyeamechmprismg e mbgbngr off thexohxoatantmin geogryaphate dbddy

distinct fromjhat where the feedstream was.for ,,and the  transported
feedstreamis Ho&EeRITR! V%?%Sge%bb?o%ﬁqﬁmtgHE@I%P]“&HP%PWP}&%“O "'_C“{af
Preferably, th YPORAY S EBM SRR RoPir e Qéﬁog&ra{m id?goigﬁhqﬁa&lct.' n the

f eedstream an qui d stream contal ns contam nants. e ‘vapor streamis
separ at ed fromooig | i qui dhstinearonahulthehereedar atpecteya par fatmeanmi aefin

contacted with t al | aa] um nophosphate nol ecuyl ar si.eve to, convert the
et hanol i { hEFONREacrBAAIERET 4 m4gs ool BT EOEETn oh OBy SHEe r e
enbodi ment, 't h&eﬂﬁﬂ@fto%léfﬁﬁﬂiioﬁﬁ&? élgfohE'mebB&méﬁﬁttﬁ’é progtsd %ﬂ@ﬁ@&s&{ﬁﬁa‘ecﬁng

no] ecul ar sieve contains at least 75 wt % of the ©oOxygenates In
oxygenat e feeda spntbées gid with rharhapavids toamioordaydt iton dortihe feedstream that

net al | oal um nophosphat e%!HDI c%r si,eve contains at. | east .85 wt % nor e
preferably at PYHRHSEHD gl R RBRreRoR rReRg el in L oateing” 1 2 BfoPhe
oxygenates In gé@r@m&ﬂ a@li‘%tixf]&ef}om!:’{}%i af1abd Whe tf&‘%lsf?éebﬁge\ﬁ&t ?oﬁﬁ%%g ah@MBE! S€S

met hanol . More preferably, a mgjority of the oxygenate in the oxygenate feed
is nmethanol . tiranspertpdifeddsutamn |y tetidriabfoemt hampethestraagpend st figaad goatmi n at

o2 20l BECE! BB Yuf E3aER, Mmoo BB L

present in thefe.@xyaa)ahn8 h€gfuid stream contains contaminants. The vapor stream is
separated from the liquid stream, and the separated vapor stream 1s contacted with
metalloaluminophosphate molecular sieve to convert the methanol in the
feedstream to olefin product.
[0013] In one preferred embodiment, the vapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 75 wt% of the
oxygenates in the oxygenate feed. Preferably, the vapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 85 wt %, more
preferably at least 95 wt %, and most preferably at least 98 wt% of the
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



[ 00141 In another enbodi ment of the invention, at |east a portion of the
+liquid streamis discarded and the discarded portion contains at |east 75 wt
% of WO 204340643305 PCT/ US211113/ 032446 4 the contam naridaihsioi€ise
oxygenate feed. Preferably, the discardgd portion contains at |east 80 wt
% nore preferably at least 85 w % and nost preferably at least 90 wt %
of the contam nants in the oxygenate feed. The contam nants can be non-

vol atiles or partial volatiles. 100151 Wen the oxygenate feed contains

nmet hanol as a jg@j t %m j: to a
tenperature th{aﬁ? C?étag%rﬁégﬁgi?l ttﬁ ha %r%gg%délﬁl?%rﬁ%gﬁ%?{s?aﬁggg ?ljﬁtg ng&%rr@g hanol
at the pressurs Ristvil eh’d heoreyydenblyeatf leed 85ivst Yie ahd chosPpedferablyl at, lehdie
oxygenate feed is Qea%ed to a tenperature that is _|ower than the boiling
poi nt of 1-oct &h&t&e of the cpriggdnants 1atheprEsnats decsx idierapeninas fap bapanred.
100161 In yet Q&inﬁ%rﬁﬂﬁ’ldsidﬁﬂ%s of the invention, the oxygenate feed is
heated to forma vapor streamat a tenperature that is not greater than
200C.  Preferajbys) the oXylganat exygpdte feed eattaias heethabimaa \nigjor osigepad at a
tenperature that is not greater than 150C. [00171 In a_ preferred enbodi nent
of the inventiepmpeent.dhe pxyeepatetfpehisoteataddo g tegunesatyiertbainsi greajenthanosd from

the vapor stre i |ty | I I i gl w | |
preferably con?ﬁa%%aﬂlse lﬂgg ngﬁ%t%ﬁgﬁjfzﬁ%h%ﬁt f}t %P%r%sglﬁlt%gﬁﬁivﬂ]z%} {she q%blg?%?% ?{i/n t he
contami nants i3 HearddiRreferaidy tixostygenate feddideheated tb @asinperatirediatlis heleect ed
fromthe group consisting of iron, sodiumand potassium |n one enbaodi nent,
the di scarded P8RttheROWAE Pt e drogiensnat the @rasmramd Yaehdsi aryeerain éeedtisat i on
of at |east | based on total weight of the liquid stream Preferably,
~the discarded portion has a total iron, sodium and potassium concentration
of at |east 5 wpmn norelhpyeafandel ymbbdingas bf fH2 iwpaitionbdreasky@endtofadd iswei ght
of the liquid stream 100181 In another enbodi nent aof the inventiqn, the

vapor stream PEHihIQ forg # A@PPrettERaMbAl ArFMBRIADED ket ds mel graatearihan ¢0R°C.
contains not g t . f gr oup
consi sting of ?r%génr,%l odi 3’,}1)( gﬁ%\w%gztig;éé}%?ﬁl R’Egglg}d% g#@%@?ﬁ%iaﬁ%}%ﬂtﬁﬁe
vapor stream cthat safor pepatehéhanil60¥.. Preferably, the vapor stream contacting

t he metal | oal um nophosphate nmul ecul ar . . . .
{0017} P P na pﬂ:?erred emabodlment of the invention, at least a portion of the

liquid stream is separated from the vapor stream is ultimately discarded. The
discarded liquid stream will preferably contain a substantial quantity of
contaminants. Preferably, the contaminants in the discarded portion include at
least one metal selected from the group consisting of iron, sodium and potassium.
In one embodiment, the discarded portion has a total iron, sodium and potassium
concentration of at least 1 wppm, based on total weight of the liquid stream.
Preferably, the discarded portion has a total iron, sodium and potassium
concentration of at least 5 wppm, more preferably at least 10 wppm, based on total
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



sieve contains not greater than 2 wppm nore preferably not greater than |

- wppm- and nost preferably not greater than 0.5 wppm of any one net al

sel ected fr‘pg%(gﬁuyg@(,zoom 048300 PCT/ US2003/ 032446  gr oup pe@nshsiiosd40f
iron, sodium and potassium based on total weight of the vapor stream
contacting the sieve. [00191 The processes of the invention preferably
include a step of discarding at | east a portion of the separated |iquid
stream so that contam nants in the streamdo not conme into contact with the

[ 1 | um h h -mol S| f . i vi
el el U g0 B o SRS AR SR Y

vapor stream caﬁpda@treahrcbﬂﬁcmgthb@je@ae or nore stages. [00201 The invention
also provides a process for shipping nmethanol .and converting the nethanol
to ol efin prodif®9 Accor dib§gprasessge piathsr drvention praterahly Haglyde i s gtemadd into

a hold of a shi | 4 i,00- .
geogr aphi cal | yd Fasr? ﬁ%c%‘ IT‘(ffr‘arS{(;rErn&) \?\ﬁ%?le()ftt %ggﬁeg{}ﬁ%ﬂgci]ﬁ%{égﬁg%ghgﬁ ?Er)]]%t%ﬁphagtssfﬂi p.
At | east a por tHeQsre@in dd18oteeinteained cdrﬁac‘i\/ivttiﬂhdhamtél[&Nﬁih@ﬁ)}hﬁbﬁhte aftflecalar
bl anketing nedium preferably a gas, is added to the hold. The w t hdrawn

met hanol i s hesie¥giand adviessehy affsphsraciviteamiiferpdthe $ays- | Biesstepsrafjhenting thef
met hanol and a_|iqui t h nt aj C i nants. The por_stream
i s separated f PEYRL t(eg %d(’qgcfpg}asﬁﬁ)ggt%%ﬁ%p %rﬁ%fpﬁ%ﬁleggﬁggr%é%egpbnr OPS{E?gée{nrﬁrFs
contacted withs@pdsal | oal um nophosphate nolecul ar sieve to convert the
met hanol to olefrn product. In another enbodinent, there is a Er ocess for
nmaki ng pol yol efd0#8 by pollsenventieg alweprorisdes asprogsss dat sirping apgthaol apd

yol ef?t by poll UH9ePIG e .
Grboa mont s of Rt el RAES ol UPPblnAl, | Mg HASRCE fbcdynd o

10022] Fig. | ifetanbl tWodiedimn:oholand eelipdiit e aletiansl Breaspbrted fvent i on;
and [00231 Fig. 2. illustrates a partial cross-sectional side view of

tanker that hlpsatiegcagsanbacally distingbirom wherhtisonethanal was dpaded indo the ship.
R s e L R
p;’ ovi des for ankidmm,prefardbly & gdasis @dedfo ihe hbkim Tienwithdrawn methanol is heated
to form a vapor stream that comprises a majority of methanol and a liquid stream
that contains contaminants. The vapor stream is separated from the liquid stream,
and the separated vapor stream 1s contacted with metalloaluminophosphate
molecular sieve to convert the methanol to olefin product. In another
embodiment, there is a process for making polyolefins by polymerizing the olefins
produced in any of the processes disclosed in the present invention.
[0021] Examples of the various embodiments of this invention are shown
in the attached Figures, wherein:
[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

1. 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



materials in an oxygenate stream Such a streamis particularly beneficial
-when WD 2004/ 048300 PCT/ US2003/ 032446 6 used as a feedstreamin the

conversion_of the oxygenates in the feedstreamto olefin
particul ar I\\}Oé?‘fﬂ)’!‘%’ﬁ and propyl ene pr o?ucts Such cont ampﬁﬁﬁ‘gg&wﬁ'ﬁa*ﬁde a
variety of non-volatile, as well as partially volatile, conmpounds that act

to reduce catalyst life or selectivity to the desired product, particularly
et hyl ene and propylene content in the product. 100251 The processes of the

the Use of ot S C“'rf?%ﬁﬁ%'g&ﬁc & BTSN OF QSUSHE BollgcerdimEn to
oxygenates in lg% o F8hAO oo LIRS 1RO b Aond BIALES! shih EfamiBURN! | O

is the renoval contam nants om-oxygena nms conprising nethanol
as the major combadeenvanetpoPfban-volaties amwllbsqmrtﬁadlynvblatﬁa,tcomwmmnﬂ:hﬁlatmcte

hi ghly pure forms of tes gvail abl e at, co ial scale.q ities
can contam nat & r'?ﬁjé’f’%lci“éé’ghﬁ?%%rpﬁg%’t‘(ﬂ’ doihe desiresy rgﬁwﬁep%‘ﬁf‘é@ﬂ}%t‘“ ¥l§net he
oxygenat es ar e fiphrg Pf 9@615‘[#1019@]56;91]0[16& during a heat up phase of the
reacti on process. 8 exanple, 1t has now been found that conventional

heating of hi gmoyslpur e f dheprodessestofdiroinvestioreanempartsaddrntyadirgptaide rdacionAA

nmet hanol streans ds.to a | oss of catal ) etine of
met al | oal uni noaﬁs%%ﬁ}aé%r@eeﬁ 4he ujee etaiﬁﬂ?lgnmx%oe%haﬁ pelecar pigvestgr n

reduces the | SRSeRt MeBhAghhich UK 8 REVLCRERANT BF GAMEDE infertdhGnOll | "

product. 10027 ccordln e processes 0 IS Invention, oxygenate
f eeds used i nuiveaticiony dlies ronoil afxgcgﬂmimem‘tstfmml@fygnsatarse'ehmatcempnmng
heat i ng systemto fo vapor streamand a liquid stream That is, at
| east a porti ofed L%‘”gﬁ £PBPOBSY- i s vaporized in the heating system

The heating sygfysp can beg R&en% HE’Bﬁ%ﬁﬁcP%% ever e WRIEE ]1§Jlﬁgg§§re s @ ©

effective the contami nant renoval. Miltiple stages can be carried out in
one vessel or Rygamatest anilaiie \ﬂESSIOhlméfblal’eSchﬂ ajuantltire nEane cdnltremmnetee

vapor stream and a id. streamfor mul ti -

brbodi ment o AMHTRERPPORESPEEE THECHIR, SREF e vt &pe OFLESTRIES iR apot

pr oduct vapor ﬁiﬁeﬁﬁ%ﬁﬂ?&léd@urf g‘eﬁhea@fuﬂ%ée bt ﬂ]‘é'rga&ioh%ﬁﬂaets?a?oﬂ Sxatipigar ded
fromthe system e final product vapor streamis of high quality and will
ul ti mately conittdes nowebeendowid thal eomvetpivel potiag of iidhdy plirgrfomneefomethiarol

di scarded |1 qu' g a%tlsr, G % Iglrade A or AA methanol streams, leads to a loss of catalytic

lifetime of metalloaluminophosphate molecular sieves. This loss of lifetime in
turn reduces the long term selectivity to ethylene and propylene in the olefin
product.

0027} According to the processes of this invention, oxygenate feeds used
in the conversion of oxygenates to olefins are heated 1 a heating system to form a
vapor stream and a liquid stream. That is, at least a portion of the oxygenate feed
is vaporized in the heating system. The heating system can be one or more stages.
The more stages, the more effective the contamimant removal. Multiple stages can
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 (1.e., not allowed to



contain a substantial amount of contam nants originally present in the

. oxygenate feedstock. A least a portion of the liquid streamis discarded
(i.e., not ahl o) g WD 21194/ 1148309 PCT/ US201131032446_ 7 contact the

met al | oal ulf 315‘\{%@ ﬁdﬁate nol ecul ar sieve), so as not to nEGLUS RPN i pact

t he nol ecul ar sieve. 10028] Once the vapor stream formed by the processes of
this invention |eaves the heating system the vapor stream can be further
heated or treated if desired. For exanple, the stream com ng out of the

system can be superheated jf desired. to further adjust the tenperature of
the stream pri¥Ra% t]é‘hf’l?ﬁliﬁ’ﬁl“ﬂ’ﬁ’é@h@éﬁqhﬂc m@l?ﬁf"éf Fﬂeﬁéx SReas not to negatively

net al | oal um nqggﬁggﬁ%ﬁlﬁﬁggvtg{ esi eve. 10029] The liquid stream | eaving

t he system can ated if desired. Aliquid stream | eaving
the systemi s [ooas]t hat i ©noothef vapbhetrednedomdcedoby tier pateded of thic mwention

addi ti onal oxygenate fromthe liquid stream and to. use fhat additional
oxygenate as a]eﬁé‘écngé’@Rm’Fg)PY%?W’ @‘Fh‘@P%éﬁW’é‘F §P’brl?epfr“ﬁﬁ%‘s§‘?at%€htre%¢n}5rsi on

process i ncl ud; h P&%@j’léit Yol Sy, f i any
ot her conver sid%érglggéoggss. or’ gilgrrp e? tﬁfg(ﬁ?gu?% %?tﬁg{a%n: %ag{p%gﬁg%gqustem
can be sent didesirtd yo funthar adjsdtehatearpetatwatofittnt steyst @inres ehteriag@thebeagent to
sone other systemsuch as ﬁf)get al s recovery ‘Es}ﬁstem 100301 The heati ng of

the oxygenate q@@gﬂ%%ﬁa@ Hm%’P{‘ atg MRlFGHILSEVeof t he contam nants in
the feed 1s cqgig)ned i nridqlitditksn SLIVERIhe MSARR alsbbé ARilch FredRF Al d

fromthe |iqui ream and e separated vapor streamils ~contac W th
t he net al | oal uidsiteqhds pipaitl streahdeading thel sxseenc & ahey giat tsonbtofumheoheftédor

product. The vapor, streamis lowin cont ar% nants so.fhat the

met al | oal uni noFFREShIRATEOHD ¥lCHRR! Sresrdaicalrem B¢ aidpiream.c2shier Bietiph t he
reaction syst efq¥dial %&y@éﬁﬁ?é’Q§da 9@6’&5%@1\' Ofor LA oet Rohldrsio pReER, such
bl ens” ™ Thus yst wl|

contam nation pro , the cata be able to intainits
sel ectivity t coavergloameogass inchudonmgy the mrenvarsion aif thexd:angdeate peplefid podduct oe.

100311 I n one enbodinent, all or a part of .the liquid streamis discarded.
T Othe onygondtl Sadony s siestn B0 bttt dhe higftaaE At B Rk o

relatively snghlyd idtiafedly RANVISRWRS FaliBA 0808 Hicas Vedsh (lQR321 I n

anot her enbodi nent, the formation of a vapor stifream and the separation of
that stream f raherssyktienuaudh gs a ewtalaresovay syseinout i n a system havi ng

[0030) The heating of the oxygenate feed is conducted so that a majority
of the contaminants in the feed is contained in the liquid stream. The vapor
stream is separated from the liquid stream, and the separated vapor stream is
contacted with the metalloaluminophosphate molecular sieve catalyst to form
olefin product. The vapor stream is low In contaminants so that the
metalloaluminophosphate molecular sieve catalyst is able to operate in the
reaction system over an extended period of time with little to no contamination
problems. Thus, the catalyst will be able to maintain its selectivity to ethylene and
propylene over an extended period 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,



nore than one stage. A heating systemthat enploys nore than one stage can
-include one or nore vessels. Non limting exanples of vessels or equi pnent
that can n multi-stage systens include one or re distillation
col urms, v\%ﬁ}gﬁ&f’{i 483011 PCT/ US2003/ 032446 8 t her nosi phBHT’érgé‘H'é’H@’é#%
vapor-lqu|d separation druns and kettle-type exchangers used alone or in
any variety of conbinations. Miulti-stage systens that use nore than one

vessel for heating and separ ation of the vapor stream f rom the liquid

stream can form addj ti onal qui d streans, petween sta . The fi naI l'iquid
stage | eaving PP@‘%‘@PBm%&W@EE&H y VaRoAT GRS §Wé”‘l‘n‘i°§h Fe\?E kgttle-type

contam nant s i

cont am nants %ﬂadﬁrﬂ%ﬁ%%@ﬁ% {Hum nﬁ@s%%é’?‘?% ecul ar {74%?%%& In
one type of a uwdlmdre shangmeheatel gy Ispshgand ae;bamtwrdofsthe@apnrtmmfsomftm med
during a first. heating cont aj ns rtion f t he oxygenate that was
originally in t%’é‘? Fté@asf%gw adgitional ﬁwééﬁa%@s FivieRR Staedi Bhstpddiaid of :
significant osltl@égt Coedts [ t am can
be recovered Olhée\){n%ﬂ-f%‘”s?st%ﬂl Seqﬂl@%ﬁ%}ﬂfﬁ@l%ﬁ fae?eé1 Jgfcgh{eagﬂgna§hécgd as
feed. For exarrpl desimblyl idiscarliedt seanms coGtpd S ctgadt th@asint@hﬁaﬁts Swith%thd 5 wt

%or 10 wt %of the major. feed oxygenate conponent, particularly nethanol,

can be fti rthépe%p%%@@aho%’b%tﬁmcﬁgc%@r%ﬁ}’&rt| onal heating, to recover a

si gni ficant P9 n of ty

enbodi nent, at (f t;st a pgfotn o?ifgﬁgdl%%uglp st ea#r;{e ’orl@éaatﬁéﬁﬁ the first
heating step |f9nﬁe:htimmg afmlmdngrste;ﬂdmmjneratpdmam ioﬂghesbgrgenme thmtrwngne or

nore addi tional vapor am; with the additional, va stream conprising
at, | east a majWiERaNYGH ﬂ% e%st%@néP thecyyesanaiedn ths | m&f) $tregtn ¢ of sresiRant or ned

durlngtheflr a Le an
t hen be used @% gﬁi ﬁeg%h?m&eeég{%ereﬁ— y%ﬁ@??iﬁ@%a%&ggﬁll%ﬁ{w e Vr%%}iﬁr:n ng
liquid strearneantmomesubsequbs toarihteahedjatastagey and utddeas feed. For example, a

met al | oal um nophosphat e nol ecul ar. si eve catal yst nt am napts, Preferably,
all or a port| W‘%?‘“ﬁaﬁbcﬁ“ﬁﬂ%ﬁmﬂ Aly! egﬁtﬂgﬁ\%?yt/“o‘?rs%‘ﬂg) nal%%/%ﬁf@ﬁrfb@%nt s

that are consi %}Dﬁg ts in
t he oxygenate ?gg&@gg\%ﬁ%ﬁh@?ﬁ ésrﬁg%&* {:15!31?% W%b%ﬂq@ﬁ] oal ﬁ%mgér?;% ggphat e
mol ecul ar si eves batadit®hal héstnigneo aeceer ex tsigrifigant cportmmyotfethe magr feepyl ene.

Such contam nants incluyde non-vol.atil terials or_ng
component. LfDrefer %py in this embodiment, at least a portlon of the liquid stream

formed during the first heating step is sent to a second or subsequent heating step
o form one or more additional vapor streams, with the additional vapor stream
comprising at least a majority of the oxygenate contained in the liquid stream
formed during the first heating step. The second or subsequent vapor stream can
then be used as additional feed in the conversion reaction. The remaining liquid
stream contains a substantial quantity of the metalloaluminophosphate molecular
sieve catalyst contaminants. Preferably, all or a portion of the remaining stream is
discarded.
[0034] Components that are considered contaminants in this invention are
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



volatiles and partial non-volatiles as further defined herein. Contam nants
-that -have an especially negative inpact on the netall oal um nophosphate

mol ecul ar  gi@ymspadabyst are catalyst lifetime reducing op.£atalysh,ie
selectivity reducing netals. Exanples of such netals include iron, sodium

and potassium Such netals can be WO 2004/ 048300 PCT/ US21013/032446 9 found
in the oxygenate feedstreamas a result of using | ow grade feed or as a
result of having relatively pure grades of feed being contam nated during

transport or t or.age,. [ 0035 n.one _enmbodi ment of fhe invention, an
oxygenate f eedi‘mnga{%%esgxyﬁgﬁiﬁg E%?F?tée&ﬂ ¥ %reéﬁc?ﬁ?%'ilsﬁ%% ltothrDr dg %Séf)f g result
geogr aphi cal | y oflhg¥inBGlativain piie pded 6f fdeaasisid eaiuvamtedr AfHEeanspOe or
trransported oxygenate is then treated according to a process of this

i nventi on to hs&eragehe f eed and renove contam nants, such as netals, added

foedstream i s P3Mlspor t od® PhBUBHIET BalT M BySEeH B MY SBHARD 1
conversi on sysi&Bpofte® iRiPEhiitiifer Y8 USRIGA LebRRbHRIY AlshiAMSBinPRBere UBEVES,
punps, tanks, and process equi pnent that can add contami nants to the

oxygenat e. Thefaedstrespo mee grasiugese nBhetransporteshoxsgenate dothdn trigated aecqudingdss of
this invention to heat .the .oxygenate a r ve .the contam.nants, ,such as
motal s added BTPASe of dRSIBHOR0b Rl the' BRE Bedmons SEDAREAG sheR 4t o
feedstream prgenabtedto thefdkaaating @Bhspbiti Ng feedstream is manufactured at
a siterenmote fromwhere it is to be uSed as feed for a reaction system

and transportel03@ the si® angther kmbpdigeant.oan oxygenatn ftedstecarhés frewspottedam i s
to be used. Preferably.. the oxygenate feedstream is |oaded into a vessel,
and the vessel ﬁFguﬁahr 3%‘86‘?‘1%8” %%%BO £ SEBFICWEIRFTSIR Sg??'orﬁ'&epfp&ﬁf‘?i ty.
The oxygenate gaferh@agandlhde Wr@tﬂﬁﬁﬁ?és?%l%s,';ﬁﬂﬁﬁs, 10Ms, HR0pEest, QUPmdnk | es or
nmore. Once arriving at the storage facility, the oxygenate feedstreamis

del i vered to athet earaegfd ecntamingis e thecoxyrenaig e The tiknspored oxygsanigtie ikgtedist r eam
is ultimtely_sent. n ol efi onver si on. uni or _conyersion to olefin
CCO Ciélﬁé?%%f %rg)agsts Orf t%lS- m CI%IO](I] 10 ?&; ,tiﬁ)? 8% e&a’%n Ilg rafl:n%%featﬂe

product. The %xy Stream’i s prefera I'p, with

the ship abl e tshtaaiabii suchtas heads, ad@eddRidganmspixtef erably at | east 40, 000
tons, and nore preferabli/ at least 80,000 tons. The ship is preferably a
(3]

ship that has W8¥H rodi f edonfc EBIMRMAENLL dhe a0yEERAtE sFedtams prefesatinvent i on,
further descri Rx%ﬂmggf &%{taining feedstream, is manufactured at a site remote from where it is

to be used as feed for a reaction system, and transported to the site of the reaction
system where the feedstream is to be used. Preferably, the oxygenate feedstream -
is loaded into a vessel, and the vessel is transported over a body of water to a
storage facility. The oxygenate can be easily transported at least 100, 500 or 1,000
miles or more. Once arriving at the storage facility, the oxygenate feedstream is
delivered to a storage tank. From the storage tank, the oxygenate feedstream is
uitimately sent to an olefin conversion unit for conversion to an olefin product.
The oxygenate feedstream is preferably, loaded onto a ship, with the ship able to
contain at least 20,000 tons, 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.



[0038) In one enbodi nent of the invention, the oxygenate feed is heated to
“forma vapor streamand a liquid stream The vapor stream contains a
majority enates that were in the oxygenate fe iquid
stream con?gﬁl@ﬁgmlr{r'g'j ority of the netalj oal um nophosphat ?dc%ﬁecﬁ%’@%éi eve
contam nants that were in the oxygenate feed. WO 2004/ 048300

PCT/ US2003/ 032446 10 100391 In a particul ar enbodi nent, the vapor stream
that is separated from the oxygenate feedstream and contacts the

nmet al | oahuni n phat e cul.ar I opt.aj.n Least. 75% of -the
oxygenat es i nq?'%gls origi nlraig'lo"l ﬁ?ﬁ%‘gﬁrﬁ@‘%}{eg StT 2&)5%& %ées'ﬂéldt%%ttnlstsgggar?w%grioé%t of
oxygenates in th@%x?%éxﬁi@féed@tﬂéﬁﬁ@ﬁﬁ &onfaeR A%t el odfuaiRph&iphatet Molevalapr
stream contacting the nol ecul ar sieve contains at |east 8.5‘% nor e
preferably at Sevgseowsis aindeathst>'%pr ef dhamxysanateedst thegosighal taxyeenafgenat es
in the origin n dst e a i ght . pat es
in the origi nZtJFeag')S%%ghgbttagei g)gldg(%tarleg'%]ghgfdzf?g}r{g%rnéﬁ%gtWe“%x%& hn%i eox%égag%t ream
is a nethanol feeRdsimePrefeldivQe Vipoaratiipcosabn RNheletkler sibvitshtsihs eam
that is recovered fromthe heating process, preferably as the final liquid
st ream r ecoverabdeast 82¥o; more emicrably Frleask §8%0. cod raosh preferablyasit lea ABYF of he

net al | oal um nqgphasphat ol gcul ar._si ev ont am_nant L ese in.the
or 1 i nar. oxygdnad st Pt brfind WY Rend T APR, BosBf Shohat' Meikh of
net al | oal um nopkypsat & MY efighal Slyevaite FRRAEAANt PréfBrablye tBE | GivBaiate

oxygenate feedstream Prefera I}/, t he recovered liquid stream contai ns at
| east 80% ndeedspeands aplejhaap! feeddrea®so, even nore preferably at | east 90%

and nost pref ly at { east,. _95%of. th t al.l, 0al unm,nophgsphat lLecul ar
sieve cont arﬁ'ﬁ‘%ﬁfs ori gﬂinnagfﬁh)?r% 1 %Jelﬁltemle’ﬁﬁam}lh S %Q@%agﬁngqag%frg%%g erdgfé%fqt fased on

total weight ehtingepalckeabtuferapRhashbainal MohidGean BteMeed fbialketRatisg i n t he
original oxygenate feedstream In a preferred enbodiment, this recovered

li qui d st reamprecesy wiginfedt leasta/ Wafdhe medinalyninpphesphaptaelecdar sinee
contam nants in i I ] J

i ove 00411 PrEBgt fRtncth o bIBRIELR-0R yIRRRHETRNAL Bn ILEMR
the prinary wfygendicahfisiedpieephaaenioldcnlad heieoxyganahmahteedst thearigitai | e
keeping a nmjority of the netall oal um nophosphate nol ecul ar sjeve

cont ami nant's i9¥Yg#ate feegstrennyt Paelsrablyatheigopycres diqyih pirgam coptaimg,ahdenst

removal pr OCESS?)%,Eﬁ&eeﬁ?Qbe?y at least 85%, even more preferably at least 90%, and most

preferably at least 95% of the metalloaluminophosphate molecular sieve

of

contaminants originally present in the oxygenate feedstream, based on total
weight of metalloaluminophosphate molecular sieve contaminants in the original
oxygenate feedstream. In a preferred embodiment, this recovered liquid stream is
discarded as a waste stream to avoid contact of the contaminants in the stream
with the metalloaluminophosphate molecular sieve.

[0041] The oxygenate feed is heated so as to vaporize a majority of the
primary oxygenate feed component in the oxygenate feedstream, while keeping 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 peint 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,



when the primary oxygenate feed conponent is nethanol, the oxygenate feed is
heated to a tenperature that is greater than or equal to the boiling point
of nmethanoky@bndagsdenessure at which the oxygenate feed is heated. In this
case, the vapor will contain nmethanol, ,conponents that hal€"ESHBM MY poi nt
| ess than that of nethanol, and sone conponents that have a boiling point
greater than that of nethanol. WO 21104/0483011 PCT/ US2003/ 032446 11
(00421 In one enbodi nent, the oxygenate feedstreamis conprised of a

mejority of hgnol (1 .18. oneO& R Sherdch e 'g%atgofgﬁisﬁ‘?{l}ﬂli% ’coﬂ%ﬂsécf]Gf a

oxygenate feedstreamis heated so as to vdporize at least a portion of the
met hanol in t hejofityedt reémnol Rreef geattr thant Hewbky gettamel)f ewdl slier exypenste heat ed
so as to vapor.i ze at j of the met hanol ably at |east

Jeast a majority. prefer
about 75 wi VEeRseAm it BRERAEP S48 VRRSIEE Bt SeBPTRPOOT SR lpeer abl y
at | east abou % i f: |, .
f eedstream (g%c?gq%rl] é’ﬁgﬁ?ﬁa@fﬂéﬁgygﬁ%ﬁgﬁ%@%%gé%ggagggg?g@?géégﬁgg%eiaé[ heat ed
so that predisasnanthajor@®® of ahé nsethambl,hpmeferablyc atjeash dsbonerv@iwt % midre |1 qui d
state, while a substan[i al portion of the remaining feedstreamis

vapori zed. Prgfedeablyat {eag aboub dsivien Andsmesnprefeaahly gt leastaapenti 93 whve.
met hanol (i . ebﬁsegro%gbfaﬁ VJE?I@OPIQIC%D(%)M fRlfaigkim, and the oxygenate

feedstreamis heated so as to vaporize at [east a portion of the nethanol
in the feedstmwam and a Imapothert gminfdiGBntpthefdxygersane fdedstvdaer is heaepoontds i n t he

feedstreamremain in the liguid state. More specifically, th oxygenat e
feed is heat e@Tadgminanghyes QlEiRsANdhEAVIFE CompRINds ﬁ%«ﬂaipﬁgt%ohwﬁ@ta}few fleof 1-

octene at the @uﬁﬁmﬁ i of e ﬂ‘ﬁgx%ﬂ@%@fsﬁe &¢ vagorifeat eﬁ'refe}%f,gi%e-rhe

pressure at wWhic xygenate feed i's heated can vary, but It
preferred to ledstredm as pompasadeof hanajostynof nosthmiolidi.ed grdagh thare S8wids For
exanpl e, the oxygen eed can be heated in.a vaporization systemat a

te
pressure ran§ISRAnPPo AN 5L PXYEERYE JRedSIFEaT e J¢ated P02 BottPosiEs 2hdsast a2413

kPa), prefer agbﬂionfdf%@ fRfdholah TRSRB&etmPI@SSHAR P o PEPBI RO Tn PRdRick 1379
kPa), and nor preferably from about atnospheric pressure to about 100 psia

(690 kPa). Theompapulsiindhe deedsysnememan inrtbe lidgidosteteor Muny spdediallngthet ages.
R YA AT R A N I e
the octene at the pressure at which the oxygenate feed is heated.

10044] The pressure at which the oxygenate feed is heated can vary, but it

is preferred to heat at a pressure that is not considered high pressure. For
example, the oxygenate feed can be heated in a vaporization system at a pressure
ranging from about atmospheric pressure to about 350 psia (2413 kPa), preferably

from about atmospheric pressure to about 200 psia (1379 kPa), and more
preferably from about atmospheric pressure to about 100 psia (690 kPa). The
vaporization system can include one or more heating stages.

[0045) The temperature at which the oxygenate feed is heated 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, thef

higher the temperature needed to vaporize the liquid components of the



systemis operated, and according to the conponents in the feedstreamthat
‘are desired to be vaporized. The tenperature of the heating or vaporization
system can j out in one or nore stages, with each stage being at a
t enper at ur e“ht?ﬁg'?ﬁ'?dgﬁ‘gt least at the boibing point tenper afﬁ}r’élsg‘f"-”t"i’l’e”"
predom nant oxygenate in the feed (e.g., at least at the boiling point of
nmet hanol when the predom nant oxygenate in the feedstock is nethanol).
Clearly, the higher the pressure, the higher the tenperature needed to

vaporize the |jquid conponents aqf the.WD 2001/018300 PCT/ 1j S211113 /0 3 2 11
5712 faedst r deHP A IBAEITE SHBGIRGTE PRECHRD JHas dPeadan B oq

Wi thin the system {OfhRl MvaphaRRLmSh £ hAdrafrd BAPY AbULRaleP@an So0R0!
greater than 200C. Pr eferablljy, t he oxygenate feed is heated to forma vapor

stream at a t dhpferablyrtke oxygenate Seerbis hipatealt torfotrhanvapso Greamdt avempgawter abl y
not greater than 125C. |f esi t he vapor .st.ream can_ be,fur at ed
outside the S)}E?te'ﬁ]nﬁ igB“rat?rotgm?:5ﬁ$‘g‘etalnﬁg‘nf’wgprﬁ'g{%w£°ﬁrﬁr%?fht8§?)ﬂgggf'm?) ecul ar
sieve. For exapk&, tho6yapaPQfreard!{HABE CRRKAC heHBERBAME MO ke hidietsyst em
such as to a tenperature of greater than 200C or greater than Z%OC,

dependi ng upomo:j_msiimgdlggggaﬁ?lhn@mpénﬂdm? mlo&tcuka]f S'ielr:le. d*esiex?dpl@xshgem?bel f
conversi on reaction. n one i ment o e invention, control o
the anount of SUREP4RP O&IS n%h%ﬁﬁglg}ﬁiﬁ?gﬁwsm| sieh 85 IR, B tqperptyEy Ofg%fﬁ"l‘tﬁrm nant s
that are carrigd, rqd-thot heardaman 280%eaRpliiRaassh Hébirteﬁ%p_éﬁ%?ttexﬁfaerét*&f‘e

met al | oal um nophosphat e ™ nol ecul ar si'eve catalyst contam nants in the |iquid
stream | n onefdspdasired bhygenatetcahvassibnmeasophosphat e nol ecul ar si eve cat al yst

contam nants include at | east ne netal. sel.ected fromthe.group consjistin
of .iron, sodi U¥%hd pot ggs?wmﬁﬂﬁmf:pﬁ@ﬂ t?‘ﬁd?&e“gppeﬁﬂ?t&‘?}n?%?fﬁsa‘gowﬁj ity of

one or nore ofpdhmsAuliRbphSsphiteThéRenlaOXkoeRabLE sT 8&HShIRAMN thEl Skelald. the
oxygenate streamis vaporized to forma vapor ‘streamand a liquid streamin

one or nore stwitfethe Duwir sibiuy, is dased he the gmognt of theamefalloatuniiropfhiospatest age
of the heatin r vyaparization process has total jron, . sodium an

pot assi um con%@ﬁf?‘éﬁﬁﬁv%@tﬁ@sﬁ g‘?iﬁ?mf‘ pth %Sa}éc%‘d‘& Bheqn& AP QRS GiREC of " t he
final stage |igsthifbabihBRPhosPhAEahaltMar §iBfe ehlyist coith@aiints @ehiber fdaaal
stage of the heating or vaporization process has a total iron, sodium and

pot assi um corwennetalt Selastedf frein the gerupsconpisine abiren.prodiuen ahd powssivmasnd 10

Y\?gm dag'([j ] ggsr;qtﬂle 1%185(1%&%1%’cc%tailnse%srtna_%%t%?rgne boarsr% re20 Hoké Imeta Is qpotm fe the
oxygenate feedstream. Preferably, the oxygenate stream is vapornized to form a
vapor stream and a liquid stream in one or more stages. Desirably, and the liquid
stream from the final stage of the heating or vaporization process has a total iron,
sodium and potassium concentration of at least 1 wppm, based on total weight of
the final stage liquid stream. Preferably, the liquid stream from the final stage of
the heating or vaporization process has a total iron, sodium and potassium
concentration of at least 5 wppm, more preferably at least 10 wppm, and most
preferably at least 50 wppm, based on total weight of the liquid stream.
(0047) The vaporization of the oxygenate feedstream and the removal of
the resuiting vapor stream 1is 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,



100471 The vaporization of the oxygenate feedstream and the renoval of the
resulting vapor streamis controlled so that only very | ow anbunts of

cont am nant Lried over to the vapor streamthat ultimtely contacts
the metal I@gla{?rﬁﬁ”ﬁ%gﬁlosphate mol ecul ar $j eve. Desirably, t'WeT“é%’B'éf‘H%”éﬂ vapor
stream that contacts the nol ecul ar sieve contains not greater than 5 wppm
of any one netal selected fromthe group consisting of iron, sodium and

pot assi um based on total weight of the vapor stream The vapor stream can

be a conbination of. one, o. nore vapor Strea t hat.,,are i ncorporated in the
overal | procedd .m"l(i{l"rS a&?aﬁ?ﬂ{uég 0 ﬂ?%%&?ﬁﬁﬁ%éﬁﬁ?r&‘g@ﬁ@e Y39

nul ti -stage heabiddfopred 2RAT depahic@Nfr&thagemany NRUR] Wrkdmde PPkmbllaRsene
vapor streamformed and separated fromas nany |iquid streams. Preferably,

t hese separ atsephratag@ovapyr saersnsaraze coominet andd veskdsadeddeda tamtasbnthact t he
met al | oal um noph ate | ecul ar sieve.. It is preferred that the vapor
stream that &F%@%@?@P&P%@ﬁ%{?éﬂ?lﬁ%ﬁma‘ﬁ ogllﬁﬂﬁ%’ﬁﬁ%glﬁﬁéﬁ%v?ﬂﬂréﬁrﬁ? r sieve
contains not gy @ftRktel \@ntabtsWRE MetMBARNRE GRS mBRLuEF §atelontindt Wopm
and nost preferably not greater than 0.5 m of any one netal selected

from the grougreatarnthiast 2regopof, imoon preferiblymnah derpaseradhanu h wias.e dnd most al
wei ght of the separate vapor, styeam 10048] Various nethqds qof detennining
the netal s coﬁf%?ha{’ fn‘%h%re%grr [hﬁﬂsdéegpp@a AFafnH e éﬂleFtﬁQ&Fﬂ‘%%ﬁ%@HPi on.

One preferred pREQpR of PYE\%SHium Snd PRasshilth [@RED Bh %‘tgﬁ{vgig}‘l? Bﬂh@@eﬁéraﬁTM
D-5863. 10049] The INfquid streamthat is ultimtely recovered fromthe

heating or vapporistgamon system preferably contains relatively | ow
concentrations of oxygenates and rel.atjvely high concentrati.ons of

contami nant s. {%lcases %DBSFW Odﬁif’éfﬂ’te{fﬂélf'?JI% cBfta ?‘fg’%‘?i“roél Y% smal |
volunme of the By coaX¥EaREd §n 169 TRRABBE. Wbnd BRIGKDERAA, heRew:! Rafe t he
entire liquid streamcan be discarded. 1In cases where the liquid stream

conprises a sicymertistaadardvension obASTNEDRH68r oxygenat e conponent of the

por {1 on of ¢ RUVERy genat d et SrSL B RiRie SkShereadtm Jtn bRk o
This is preferghlrizafies Ospkd hpebréhBlyI toadshst ieRdEvelpeabwNGofdalgSoRY of
addi ti onal vaporization of the oxggenate. _Thi s oxygenate can be used as a

f eedst r eam f opxygemates poe rdatevelyohigh epngeniatyesi of soBiBtieanis. |In casesiyvdereethent | at

least a liquid stream contains a relatively small volume of the major oxygenate

component of the oxygenate feedstream, the entire liquid stream can be discarded.
In cases where the liquid stream comprises a significant amount of the major
oxygenate component of the oxygenate feedstream, the liquid stream is recovered,
and at least a portion of the oxygenate is separated from the recovered liquid
stream. This is preferably accomplished though additional heating stages by
additional vaporization of the oxygenate. This oxygenate can be used as a
feedstream for the oxygenate to olefin reaction system. In either event, at least a
portion of the liquid stream is discarded to remove the contaminants from the

system to minimize damage to the metalloaluminophosphate molecular sieve

catalyst.

I 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



portion of the liquid streamis discarded to renove the contam nants from
-the systemto mnimze damage to the netall oal um nophosphate nol ecul ar
sieve cat Types of Oxygenate Feed A. Oxygenat ' ner a

[ 00501 &yg&edng‘goégmm%t can be used as the feedstream of t%?g"&ﬁ\'?‘g{%‘??*dﬁ
preferably conprise one or nore aliphatic-containing conpounds that include
al cohol s, am nes, carbonyl conpounds for exanple al dehydes, ketones and
carboxylic acids, ethers, halides, nmercaptans, sulfides, and the |ike, and

m xtures WO 200 10,.R JUSZO 3/ 244 4th reof . The ali c noiety
of the ali phaﬁ‘ie{:eog ?\ﬁg G Al 150??’813%85 F%l}fl you EHP%FHEIROPBﬁ §%c@'[ll Y1 to
about 50 car bgght@h®flom ﬂmﬁertaabautfmmw@mggﬁwmdw SronPRHE 2Bt qapbbon
atons, nore preferably fromabout 1 to about 10 carbon atons, and nost

preferably framuuBOuarkont aiomb,omprezlpr@&rﬁtm frgrmo plpout 1005aHOUNGA -cathentatergs,

exanpl es of ali atlc aLnin oy Iud alcohols such as

net hanol and &t ﬁ'?)tl fe‘%ﬂl’g)fh %Qﬂfgﬁ) iﬁc mercaptan and et hyl
mer capt an, al jggsgysul fi dmnwﬁnmg%ﬁﬁ@mIof%%bﬁatfteeorﬁélhm comPongds fiéhlieas
met hyl am ne, al kyI -ethers such as dinethyl ether, diethyl 'ether and

met hyl et hyl etlhelols asueh| ahaneihesolsand ethanndt I@ikylﬁmﬂr@aptm anch exshynetletl or i de,
al kyl ketones_such, as yl ket one deh var..qus acjds such
as acetic aclg® E@BS?TinﬁUE ?Eﬂgﬁ?eﬁkﬁﬁ%gﬁg ‘ﬁﬂo?g %Hﬂ §§§ @& 1
i nvention, thgnifesedet %hae‘ﬂ@ﬂta%hﬁé ARA-FherfRHch AXYHRARYIEStheTAckhy] ether
speC|f|caIIy, one or nore organic conpounds containing at [east one oxygen

atom In the amismerj'ryétﬂbylr@her alybhslmeatsuci as mﬂmlmhécgs:leoand pidy} dﬂendfr,on t he
oxygenate in th edst oc nor.e r ef.er abl phatic

o bohots vier BRPHESEHR SR ab iy, Riptty Rt anB SEret i Ssh™ ™ o
about 20 carbgnuateis, preferably fromabout 1 to about 10 carbon atons,
and nost preferably fromabout 1 to about 4 carbon atons. The al cohols
useful as feel882%cks inln Iﬂeplpf%@és@nbﬂfdlmhet phylksnprasess at [theiénvestien, thst r ai ght

Ron- 11 m 11 ng BAHRESoRATS, niek agte B Sablefe motRPEIBRMER oF Rl 8Rnoi

i sopr opanol , Bi%bﬂi)t'coﬂtﬂmhdﬁbdﬂﬁémlr@ ﬂﬂéﬁy lonetoR@gien Siogt. NYA tiRt MOkt préferdegopr opy!
ether, embodiment of the process of the invention, the oxygenate in the feedstock is one
or more alcohols, preferably aliphatic alcohols where the aliphatic moiety of the
alcohols has from about 1 to about 20 carbon atoms, preferably from about 1 to
about 10 carbon atoms, and most preferably from about 1 to aboﬁt 4 carbon atoms.
The alcohols useful as feedstocks in the process of the invention include lower
straight and branched chain aliphatic alcohols and their unsaturated counterparts.
Non-limiting examples of oxygenates include methanol, ethanol, n-propanol,
isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-isopropyl ether,
formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid, and mixtures
thereof. In the most preferred embodiment, the feedstock is selected from one or
more of methanol, ethanol, dimethy] 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
feedstreamm. 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 B1 (Janda); 6,486,219 BI



f or mal dehyde, di methyl carbonate, dinmethyl ketone, acetic acid, and m xtures
‘thereof. In the nost preferred enbodi nent, the feedstock is selected from
one or noI et hanol , dinmethyl ether, diethy er _or. a
conblnatlowﬁ?g%?eo% i more preferably gt hanol and dinetth$é@H@?@xﬁﬂh nost
preferably nethanol. B. Methanol Containing Feedstream[00531 In one

enbodi nent of this invention, the feedstreamis a nethanol feedstream The
nmet hanol feedstream can be of a highly pure form such as connercial gr ade

A AA net h | t b
Found i or uabAgpan -1 FRTBERS A5 2 S R BERORER ofPéihe™h Ao hanol
are found in Gh3mdtatedHerdil by rbfefthde./ A Blvaktd@®6fkis vEfGor?k%hB thy\geat

2004/ 048300 PCT) 1) 52003/ 1132446 15 (Janda). 2,592,806 (11 gner):

5,714, 662 (Vmaagl contaminzh remm sl gEpeeidhe benidort allqwforlth@@squﬁraaw@d vnaectm n by

f dvant £ this nt that th d_cont t
amoval st eps OGS Pryeribih 4 RER o e, dDesheg i Rleipiicarg g

grades of net lg@éggbnggstgrﬁgdstock for t he oxygenate to ol efins conversion
reacti on systens 54] When used in this invention, the nethanol feedstock
can be manuf amlsur ed froWhen weed enythis ineenbon, sl msdanol fngrtﬂ@diacmm’oe

f eedst r eans. | es Oij such sourcrgs |bnc ude Dbi orrgg ﬁturta (& Cl-C5
hydr ocar bons, mf}’i%l &d Trom\R VRBEY 0Pl GRTOSR| UGS (o RgdroparRon fgedsfrearh

Preferably, t 'E'%aﬁi[é%o&f SELH %césslﬁldaﬁdﬁxeﬁﬁ.@%ﬁrﬁlegﬁ repqy tlﬁ@?ocﬁ%ﬁﬁ' Ses
met hane in an anount of at |east about 0% by vol une, nore preferably at

| east about 7@ephtha.avyrpetroloem cphSe@lewkbl(ye aval). eaﬁcraMUtlleMwwmeune I n

one enbodlnent 0 his,in tlon t ur al as,.i s .the hydroca

Poedeonrce [ GusbydraHEbHRY Rt AR DR Cryise PP B ArouTo g o 6 B ab N
conposi tion I $04PbY VHRIMES ABLE Eef&ﬂasly%fl@é?,ﬂ aBAH 0% bP vOWM) SdsP pﬂq&a&?yngas) ,
and then convert the s o the net hanol conposition. Any conventional

process can latleag@bout /Z@w.ohm«arln omp ymbodinegit ob thag inyemtrnadwiald gas is
conver st on Calal Keho Gy REBRL Lo converl Lhe syngas Lo the methanol
ni ckel contai ngpgg cat al Yode wWAOTL cSHWHIRS| theJRBHHANREIRES 1634 DRBthERAOXI de
and hydrogen. Optionally, carbon dioxide and nitrogen are included.
Conventi onal Igp@p@gggg 1§ & first convert the carbon source to synthesis gas (syngas), and

then convert the syngas to the methanol composition. Any conventional process

can be used. In particular, any conventional carbon oxide conversion catalyst can

be used to convert the syngas to the methanol composition. In one embodiment,

the carbon oxide conversion catalyst is a nickel containing catalyst.

10056] Synthesis gas comprises carbon monoxide and hvdrogen.
Optionally, carbon dioxide and nitrogen are included. Conventional processes for
converting carbon components to syngas include steam reforming, partial
oxidation, and autothermal reforming.

[6057] The synthesis gas is 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
methanol 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 + CO,) in the range of from about (.5:1 to about 20:1, preferably in the range



converting carbon conponents to syngas include steamreform ng, partial

"oxi dation, and autothernmal reform ng. 100571 The synthesis gas is sent to a
met hanol s ocess and converted to a methanol osi tion. e
net hanol sifﬂ%’%@?f'g‘“g’;{s process is accopplished in the pr epémeOTﬁﬁ%z"?J’rmé““

met hanol synthesis catalyst 100581 In one enbodi nent, the synthesis gas is
sent directly to the nethanol synthesis process vm'thout adj ustnent. In
anot her enbodi nent, the hydrogen, carbon nonoxi de, and/or carbon di oxi de

SR T Th  SEN A AT e  R S
mol ar ratio ofy, 0, IS5 )1 4.he e of
from about O0.5: @&?gaﬁgg%fu}éﬁ%gé] (}E? ?ggrggﬁ I nh%dﬁg&i%)ngg%vﬁhgm i1]4/6933%8104)

PCT/ 11S2003/ 113244615 dﬁtmfallﬁrrmmeabmwan meunboﬁluougrea&r lthad G0%Nby Iveight,

enbodi nent, the synt hesi él a. molar ratio of hydrogen (H2) to carbon
monoxi de (CO) PafedAn o é"fel tff VBB‘RSISG?%M de is optionally present in an

amount of not \gegat er | MokiARs i WeichidheuiAdEH oifo IOLicieRlP Mgl 4he

synt hesi s gas. Desirably stoichionetric nolar rat
sufficiently majixamoadsigh maeldt@ﬁ methahnoly fouy inet dodhghmsh'@ncddncbuhe wolungo hi gh

Gas Ted to t n@RBERLEIof Byients; Sribsbly. dhc ERRBHEL§% deoRalie EFTEnE] 295'3
mol ar ratio ofs %H%E)é@ﬁ?&%ast%fé%ﬂemeﬁnoﬁem%ﬁ@%m a thofd fat Oofﬁll?ogcc?&cb

preferably fro out 1.1 to abou ) re prefera ichio |c
nmol ar rati o ofof frommabduait.0:1.13 :abotto2 atiomor&p&:fdrablylﬁicﬁ)ﬁ(hboﬁhé 1Ge2bomtn. e,nt ,

relative to that of CO .in the. synthesis gas ouI be hi gh, en so as to
mai ntai n an aﬁbqrﬁﬁqu%ﬁaélyya ﬂf’lﬁﬁ‘ é&%‘f F’S}?’Fai‘?p‘gs 1A AROY P ]tt ah‘?‘ﬁ?rﬁge t he
anount of U”d?(ﬁis@O e byrHregYehigettUtdhitRe tcpﬂ{a%f(:@smﬁ{e ?xﬁ@;eﬁé‘@% sHoufie, the
relative C02 to content should not be too so as fo reduce nethanol

yi el d. Desi r albeyhigh hlm@rﬁtomssnosngamm@mappmpnw laghl réoiian tanpeiaﬂum afd from

about 0.5 to about, 1. refera bout 0.6 to abou 00611 In
e hogi mandd Syt thelApsu L des e PYrgtduis b A ROEITS: At fhcgie

i ncludes an oxjgle pe rafanb@@ﬁz fm@cﬁlcsﬂ@ﬂt srﬁﬁlee%@ﬁe ftr)@mlg}h%oeers%pmduce
consi st ng of copper si | ver, Zi nc, bor on, magne3| um al um num vanadi um

chrom um nmangeetess] y@cﬂl |Rn$1ralpia,l thaciyothesipgas containd COr aahCghet Prasfoeofabl Y,
from about 0.5 to about 1.2, preferably from about 0.6 to about 1.0.
[0061] In one embodiment, the catalyst used in the methanol synthesis
process includes an oxide of at least one element selected from the group
consisting of copper, silver, zinc, boron, magnesium, aluminum, vanadium,
chromium, manganese, gallium, palladium, osmium and zirconium. Preferably,
the catalyst is a copper based catalyst, more preferably in the form of copper
oxide.
10062) In another embodiment, the catalyst used in the methanol synthesis
process is a copper based catalyst, which includes an oxide of at least one element
selected from the group consisting of silver, zine, 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.
[6063) In yet another embodiment, the methanol synthesis caialyst
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,



the catalyst is a copper based catalyst, nore preferably in the form of
~copper oxide. 100621 In another enbodi nent, the catalyst used in the

net hanol sy HRghessofr ocess is a copper based catal yst, whi-£h J"nglj'ﬂ? S an
oxi de of at |east one element selected-fromthe group consi s§| ng of silver,

zi nc, boron, magnesium alum num vanadi um chrom unz, nmanganese, gallium
pal l adium osm um and zirconium Preferably, the catal yst contains copper
oxi de and an oxide of at |east one elenent selected fromthe group

consi sting of 4zinge J . al um 1 AN i - \Nbre
referably, ¢ OB BAREValBLA SN e EALATHIR, Aiindl LSRR HRIPTS
anot her enbodoxidathafitinm oedd) andybdeyminhexsdes nmatted yside, admangaasseoapieer oxi de,
zi nc oxide, and at Ieastl_ one ot h(ler oi;i de. Preferably, the at_|east qgne
other oxide i Q0| ect ed IFF asthanel gyhesit BIRSESStis seefive Py chbidn BrEeel WO

20041 048300, PEIRAAR3/ OB U8 ertBodihichl! P Qilas HANATLHLAKS ey, RGeS um

oxi de, alum numo titani um oxi I um oxT de,” no denum oXi de,
t ungst en oxi deethandl symiiganearhcek ate temdMtklin The rangt dfadm aboithiSHPG t@r ocess

is effective qver a wide range.of tenperatures. |.n one enbodi nent, the
synt hesi s gasahoyt ééﬂ%&cﬁré@r X P gHéngset FaRbrbay dyA¥site abautap3fst, morg

tenperature i 3 t 450C, preferably in a
range of fro gg%%liriﬁ}g%nggo&%@ﬁi{?@)@ﬁ@é‘“ﬁ&?gﬁ&gr_g erably in a range of from

about 200C t ojpedsput 300The pRIRESEs ABe operable el s widesangpef bisarasy &4 oae W de
range of pressures. |In _one _enbodipent, the synthesjs ?as is.contacted with

t he met hanol &)bRABENS thesyathesis gas 15 conficied yjbthe kol aynjkesst caalythahbout 15
at mospher es té)pfeggg i&a&l.ggg@sph%gﬁ%out%%ﬁs%ms 4y ag%lftameat&fosgﬂe%@ about

20, at nospheres out at nospheres, noreée prefer y 1n a range’of from
about 25 at nompleestdg it @ abge bf Tionatabmstplie atrsphdré0 6 hbdea sl O catmloyplspac e

vel ocities vary depending upon t type o conti nuous. progcess that is used.
Desi rabl y, ga@omﬁfewq%abaera&g? altjfrpsn f@vpuﬁ%wphe@%&w@ma OrAtDREPheSal yst
bed is in theggnge of Fho rﬂoﬁgﬁuépa@g VlockidsOvapo eﬁ&nggg?o;{;'{tfleb éyﬁfeef)far ably,

gas hourly space velocity of ow of gas through the c I's in the
range of frommibiaubus2HOcdss tHattis usdsh ubDedfabl) @ahhoyriyrepaee prekicey aifl flov bHmM

about 500 i’ Lo, about, 10,900 e . 40081 The, et henal Syt esi 3, Brpoess

hr!. Preferably, gas hourly space velocity of flow of gas through the catalyst bed
is in the range of from about 250 hr”' to about 25,000 hr”', more preferably from
about 500 hr' to about 10,000 hr.

[0067] The methanol synthesis process produces a variety of hydrocarbons
as by-products. In addition, there can be some carry over of any one or more of
the metals used in the synthesis process into the methanol product compeosition.
By-product formation or metals carry over can negatively impact
metalloaluminophosphate molecular sieve catalyst used in converting the
methanol product into olefin product. In addition, 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 contaminanis prior to contacting
oxygenates such as methanol with the metalloaluminophosphate molecular sieve

catalyst.



as by-products. In addition, there can be sone carry over of any one or nore
‘'of the netals used in the synthesis process into the nethanol product
conpositio v uct formation or nmetals carry over c ivel

i npact nepgpﬁgﬁwﬁﬁfﬂophosphate ol ecul gr sieve catal yst 3£g@ﬁ%ﬁb(329érting
the nmethanol product into olefin product. In addition, other contam nants
can be picked up in the nethanol product as it is transported to market.
Such contam nants include non-volatile or lowvolatile contam nants as

descri bed herﬁi n. In ong.enbo irreent . e@g o] nt am nants include various

metal s such adllj r on, s@l—%’ ‘%&é&&é&e@%—% ich can al so negatively inpact
met al | oal uni ngg@gsphat e THE G6MnEbn Sis€¥Bo CditdttaB o thAUSanshbe O @%essat Of
this invention optionally call for the renmoval of such contam nants prior

to contacti ng feasgipglenwith specifit esamples hhfrahspart of misthanel fzkddedkundlbpiabsphat e
nol ecul ar sieve catalyst. W) 2094/0483011 PCT/ U S21103/ 032446 .18 ] 1I|.
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met hanol feedstock. Although many of the exanples provided herein are
directed to tigeneralinepplytio diie mastsherhof oxygenales thay ape comustisnadlydisedan thehe

probl ens associated with transport. of nmethanol generally apply to the
transport of 89§&éﬂ8’98§°¥wa‘8§§“°&%ﬁ?fenu onally used in the conversion of

oxygenates to;@kgfi ns. RS vedtSisi pRYEAAPN wiel Rtel ifslcddiveMelemositgt ed for
sel ectively renoving non-volatile and |lowvolatile (e.g., partially
vol atile) connanivelatids andomvaniolabley fopatparicdht alokitle) temamineats fiem wen

transported by tankers. Low |evels of .various volatile contam nants such as
S0 Ponr boni PUETHE-Sinree FiiEe T ohdt LRSSy ikt TaM HRRlat Ty

af fect cat al yhhgo@ChdltiileYeoRtantiRgtP XHORRG,, CArDERIS hAD, ardl ef‘q%mmcaﬂ%n@;ay be

al lowed to enter the oxygenate conversion reactor. 10070] In one enbodi nent
of this i nvenhpwryeraderwphsiguificintbyoaffest katalytie aptgvitshen thefoxkgelategenmiversion such a
gr ade not msetincg G a i i§ used in the
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"% met hanol

resul ting frongedgicoat ed Jhamkembdeintnt afiehioinfenthaa mdiiRRkETdeAgodetdiatimy Wi | |
not significantly inpact the oxygenate conversion
not “of high quality, such a grade not meeting Grade A or AA methanol

specifications, is used in the oxygenate conversion process. In particular,
contaminants in methanol resulting from uncoated tanker holds and/or from a
blanketing medium will not significantly impact the oxygenate conversion
process. Therefore, when using ships with tank holds greater than 3,000 m’ in
volume, a non-nitrogen blanketing system 1s sufficient to satisfy the SOLAS
’ resolution and deliver an acceptable oxygenate conversion feedstock. Crude and
naphtha-carrying tankers are plentiful and generally much less expensive to build
or modify than conventional large methanol-carrying 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.
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a di esel engi sdected fam the growpragnsistingofk extowstrgasenigome, diesehenging, aggaenii ne and
a met hanol engi ne. decrii tei ogal .Ié/ or @I ternati \éﬁl% thel bl anke‘%éedn%mrgﬁdi um
generator is SeiPeddicTOSGAE SREIpS. qRasgung eheins and agthagol eugng, Addi er

havi ng a conbushit@faghaTine ,blaﬁﬂ\'eﬂﬁ%/ n¥deh geh@htor RYRNdiBG] eBl ¢TB IRFoseHéE Ner .
Both the engine and the burner style blanketing nediumgenerators provide a
sati sfactory Biethrel Phgasmdieubymeth heHng st Fonbustipn ¢hagibatey at ethes deelr at ed

carbon di oxi d%ﬁmﬁ‘lgcgﬂél% LorSHahem i@otﬁlﬁlg erg(?r}éi gl%’ 'the burner style blanketing

medium generators provide a satisfactory blanketing medium, which optionally
includes water-saturated carbon dioxide. A conduit system is also provided,
which is in communication with the blanketing medium generator and one or
more holds. The blanketing medium generator directs the blanketing medium
through the conduit system to the one or more holds, the holds being at least
partially filled with a fluid cargo comprising methanol.

[0074) Additionally, a process is provided for unloading methanol from a
tanker. The process includes withdrawing at least a portion of the methanol from
a hold, and replacing the volume of the withdrawn methanol with a blanketing
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, SO, particulate contaminants or a

combination thereof.



which is in comunication with the bl anketing nedi um generator and one or
nmore hol ds. The bl anketing nedi um generator directs the bl anketing nmedi um

t hrough th i ystemto the one or nore holds, the hal ds being at

| east par ﬁ%?@ﬂw'#éﬁ"ﬁed with a fluid capgo conprising met ﬁgﬁﬂlsz‘"‘f@ég'ﬂ
Additionally, a process is provided for unloading nethanol froma tanker.
The process includes withdrawi ng at |east a portion of the nethanol from a
hol d, and replacing the vol une of the wi t hdrawn met hanol with a bl anketi ng

medi um The bl apnketi ng di um LS se ed fromthe.qgrou c SI stin
exhaust from §%fBesel , g§§n8|efn OQ‘@? Epr?ﬁg%g‘%'?tmqb i Rt B F??e

Addi tional ly g rﬁbdlﬁﬁﬁab'té&ﬂdei/fortcaﬁfyi?ﬂgfiﬂ&ﬁﬁﬂd]'ﬂeﬁﬁﬂﬂlﬁi? bt a@ra%ba’s%m

diesel, gas oil, kerosene, nethanol —or gasoline burner. The bl anketlng
medi um nmay i ngjcygmatecmmlqn mattte syserhonlropuxesteinchdes:, (13CB;anar thecul at e

cont am nant s r a nbi nat i on, t her eof . 20041(148300 .RPCT/ US2003/ 032446
20 10075] In e‘ﬁéglﬂﬁ ﬁé’ﬁ’{:/ naphthasGRINIng M‘ﬁ\?feg‘h TSROV r&?‘ﬁ% OP’(SS’a rocess .
for modi fying l%vicﬁﬁgeé 1" sigRkd¥ioN sy sRinhafne| ddretihgesh fa‘RfohHPFes %edstock
in an oxygenate conversion reaction system The process inclu

cl eaning the sippressionfageht and (Aptepkpingheetanyi mgolt:mnkeﬂ:alst md/emgaekeusam dual
deposits; (2) Vldl a fir uppr i on m for,delivering a

al cohol - r esi st ‘F“Olfqrr‘@ §§ bﬁgﬁ % glﬁ?)&l &g etsreé‘lhgar?@ss”ggw y

i nt ol erant Semc&ﬁa%&r]aﬁa%%ﬁkétmg @%ﬁ- aies, dulitdis AR ARRhe Gﬁe’iinﬁ;h%t seal s

and/ or gaskets. The process optionall'y i ncludes providing a et ng
system whi chtheehdlder sinaarwitlzn Imqugnmdnthﬁmtvonmmhes dokcled tbra anetdsefor

enbodi ment, the |nvent|eﬂﬁl ii di reg e fto }oroce s for %o nverting nethanol
to;light ol ef PFRYeTE dvihaned Weighh Alefise #HsHRR ;BEs metipuel 1dogs 7 BnPISr G ade

A or AA ret hagalifichfloR £t a8 RS AR Ricthanbl €ln &H@rrktrﬁlﬁﬂlménts dhé BREMSLIR a
tanker nodified by the above process, a nmethanol blanketing system a

process for udllrexacﬂwgpmkWanodlﬁﬁd byntlze abavk @rocesnd ractharsd bbskéang gusten.di ng
met hanol to an ox version reacti on yste 100761 The conversion
of oxygenate ?d’r‘(?)%/eg?l A5 Y f’%’\?gﬂn\ge@eﬁl ¢! ﬁ?ﬁnnﬁ rﬂbef %H:Qma %Of?fsafoﬁﬁﬂr%végllnﬁr si eve
cat al yst undemeffandi dol ddbxypédaRCednversich re@iM@rsdysidln. | east a portion of the
nmet hanol to light olefins, e.g., ethylene and proprlene. It has been

[~

di scovered th#76 net hadbe- evversion ef oxyeemaiecdnt alefingginyobyes t eaniadtiogel  of

methanol with a molecular sieve catalyst under conditions effective to convert at

least a portion of the methanol to light olefins, e.g., ethylene and propylene. It has
been discovered that a methanol-containing stream containing a certain Jevel of
contaminants may be, depending on the type and amount of contaminant,
provided directly to an oxygenate convesrsion reaction system without
significantly affecting the oxygenate conversion reaction process. More
specifically, it has been discovered that the catalysts implemented in the
oxygenate conversion reaction process will not be significantly deactivated by
select volatile contaminants such as SO,. carbonic acid, and Cs-hydrocarbons.
Vaporization of the methanol-contanung feedstock prior to its introduction into an
oxXygenate 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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enbodi nent of the invention is

directed to ewrpés@cess for converting| geadienol that pgesdédta nmeet grpde A or
AA Specificat' As—t-o—+aht—erefins—Tabl-e-—| nrn\u desithe regitirepents for
G ades A and |ANREAHEHVethew]2004/ 4119583 0t.AEMDS? 113985 M- % Ming 4 5 21
Tabl e 1 Test TTVI or M| 99. 85
W. % Mn. A%@éweﬁﬁoo ppu dé(ﬁ@é}w i D ?Odﬁbpp\%ﬁ“ RIEHSTM D1209
Col or 5 ny pt{/ ASTRIDVROO Chlory pt/lites ni\ngmermxm Dloi&gtptﬂiteﬂMail on| 149 F
0.9 149 F O0.9—ASHMBI363—KWhO4+—tes 30—rutes Tutes—68—ASTM
D1722 Hydr ocarhdh! PAYE Distitlapenss 1 efs H4NF S BP Appear e FG84r & Col prl ess
Cl ear & Col or b c Gavity 0.791-0.792 0.791-0.7 @ 68F
ASTM D 1613 Ac‘%%%f%u?@ér <}égé_k§§p%ﬂ %CI—B(gmimmaSOB my KOQHQmim@ M E346 Car bonyl
nunber < 0. 02 KOH/ g < 0.02 ng KOH/g ASTM D3961 SQulfur 0.5 ppnw 0} 5 ppnw
100771 Accor di AFTMODOTED Hymeﬁrboﬁs t hii Bask nz\sent i on, a nm:;smnvent i onal
net hanol tankE‘F‘““‘WrrrL,ll m-ght—cause—contamnat+on—of he—rrethanol—st ed
therein, may YEUUSMPERNES ansport metkan®I Cdedsssned Elar & rp%?s}éfénat e
conversion re Dg@ysg}%g]f—oo Lyigul arly 11 the tanker I's nodified
according to %%g‘slggvenu Al ﬁl{odé}j 0.791-0.792 0.791-0.792

ASTM D1613 Acid Number <0.03 mg KOH/g <0.03 mg KOH/g

ASTM E346 Carbonyl number | <0.02 mg KOH/g <0.02 mg KOH/g

ASTM D3961 Sulfur 0.5 ppmw 0.5 ppmw

[0077]

According to one aspect of this 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 modifymg 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



t he net hanol unl oaded fromthese nodified tankers may contain one or nore
-vol atile, non-volatile and/or |owvolatile contam nants, the nethanol may
still be r an oxygenate conversion reaction s The t anker
nmay or nayaﬁ%%ﬁghgvgppreV|ously carrlegza non- met hanol %gfpﬁhmyghdﬂ‘as
naphtha or crude oil. 100781 One enbodinent of the invention is to a
process for nodifying a tanker to carry nethanol. The process i ncludes
provi di ng a tanker having one or nore holds that previously stored and/or

was designed to a _non than e Afir sion stemis
bt ovi ded 1 or SEIRGRATRETPraRED ABRCF 07 15 3ot ipebfipd PR SeRRiiet o t he
hol ds. The flgqapsuppresm on systempreferably includes a conduit systemfor

del i vering the al cohol resistant fire suppression agent to the holds. The
time requiredoeo] accorrpCloatmntlheald’umsepmﬁssmrmysamse”mt tinkery thaDaR0de4/gaé8 300

PCT/ 4$2003/ 032446 22 standard Aframax pr.oduct rri.er i.s. 2t t hs
dependi ng on ¥ tﬁ?na’e%f’%"&ﬁ’atnﬂgcmg‘hi%g Tgﬁi’fgﬁ H@Bﬁ’flr B’rPé‘taHVHPé g%gg-{}%ssi on
systens for ts%@é?e“s&oﬁ*‘s%teﬁ{ aofia%altsﬁteda g‘bf?: pCAHd YortuORad¥e ke n@?e&%ﬁ@h e.g.,

naphtha or cru oil, typically incl'udé a'fire suppressi stem st or age
tank, a punp taamxsferdhdtiret sdpprasspnagglt to pufletsnozales.chg., tursets fdiicht byticnaliy

suppressi on agent o o) nozzl es, turrets, which op | | are
used to di recftfet‘-}'? éﬁeoﬁﬂlpﬁtféﬁfmé‘ﬁg%f 33 &1 A0 oRe Ot‘irm‘?lrﬁr%g @‘F%‘h‘is hol ds.
Typi cal Iy, 21;,'4%& %@H’fr %?143#‘955?(9{3@ erftOfor & MORw E’&Ezf]ﬂ'%xrgﬁa@r bét;l? etsagker I'S

a protein b * AFFF ext1 nglishing materi a
i neffective oproteimbatedsiraAlf i foaayex tivgiuishingembnial, thtemaﬁﬂneanéﬁf&raihxb or

al cohols may bre down these c nve |on f|r si on S causing
t h mto r educ‘@’sf‘hé‘??torye%ql?ﬁjtﬁ E"i’? gtpé If‘ 3&33 goﬁ’ﬂ% e bé‘??geé‘ti‘i‘”ét at es
requirenefLs fc%verﬁ%harmt Eﬁﬂ;ﬁes%ﬂﬁpr éx?tlsOEads'ﬁﬁv' Ltﬂtrﬂgtct h& dhddP§h&nd

am)unt of foamrequired. I'n one e di ment the invention, the fire
suppr essi on se;mmgmshmgsuhqrb@mmed Tl}eeblBﬁcedda)rdm:tmtdsfthedretmlrahérﬂw fohe

oS SRR e e Bt STE o o

uppr essi on “ﬂﬂ“é’f@ é‘H“ﬁ’ﬂB‘(S i st ant
f oam mar ket Zi‘h?i‘eﬁﬁ‘?‘%ﬂé’%‘hi“éi’fwm"?’%pﬁ‘tﬁ?e R R
f oam or ot herreplaced snppedified tm allownthe Gupbresdiom lsestemt tecadaqeadelyi dediven an he
present | nvene&l'co ol Ire(:js(:f‘s ant%irg ?Epp?gss{orﬁcargent tOCéhe tanker holds.
{0080] A preferred alcohol-resistant fire suppression agent 1s a foam
material, such as UNITOL fire suppression foam marketed by Unitor ASA (Oslo,
Norway). The UNITOL fire suppression foam or other fire suppression feam to
be implemented according to the present invention ideally has an increased
surface tension so the foam preferably will not break apart when it contacts
methanol. Specifically, the foam fire suppression agent preferably includes a
surfactant, which prevents the foam from breaking up upon its release onto a
methanol fire. Because foam materials are less dense than conventional fire
suppression agents used in non-methanol carrying tankers, the tanker’s fire
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



surface tension so the foampreferably will not break apart when it contacts
-met hanol . Specifically, the foamfire suppression agent preferably includes

a surfact sy 2008igdmopr event s the foam from breaki ng up up@»pmis%{,%yﬁﬁhﬁgse
onto a nethanol fire. Because foam natgrials are | ess dense than

conventional fire suppression agents used in non-nethanol carrying tankers,
the tanker's fire suppression systemshould be nodified in order to be able
to adequately deliver the foamfire suppression agent to the tanker hol ds.

Appr oxi mat el y JligkisRalfre dpPresabs P&t st@sleShant Jlijeﬁﬁaﬁ%axp{h%%'%&saﬂ RN than
conventional fire suppression agent may be required. ccordlng%y n

accor dance wi rémevesl pnégeplacédwatht & dargerastbiage tankidisttes suited &gestorisg anage

tank havi ng inﬁrﬁ(g]ﬁed. i/oﬁme shoul.d be provided that is capable of storing
an al cohol - r e81°8EARESHIR 1§%WF@§%‘P’6ﬂge§gent. The existing tank may be

enl arged t hroyghywel | knowRaHeciRi Gasit 1Hes SHPRIaBSRARAMM il ag: sion
2004/ 048300 PCT/ US2003/ 032446 23 additional fire suppression gent st or age

tank. Alter natgangity the biee exinotd mygletsashkulidshe medifreddsuppmesfedavitda wedonda
| arger storage tank better suitedq for storing aauital cohol -resi.stanf fire
I

suppr essi on af uit FEEe OiTERIfesf | With 3, SecOBH FaPHuif | SYSEmy i PRQVA f _’F?-llng t he
fire suppressiguPgaiin Eeﬁ;abf&%f‘&@ﬁvéﬁng@é ﬁc@lﬂﬁllr%iﬁaxﬁf}glé|sﬁ’;%pﬁ€ssf69(§gfeﬁt§9’ .
ed W condui t

suppl emented wth a“secon conduit system or replac a secon
system t o pr othedmitlets andaultingaelstotthshadteon eakableek of a sitisfacery figwtrhe to

al cohol -resi sta f.ire suppressi.on ent .to _the t]ets d, ultimately, to
the hol ds plr F%F%i%?ﬂeaeé‘é‘%gﬁkgf“é’%gﬁi“é%“v-fI?TS%‘?biﬁ ¢ BVf’fé‘ﬂafﬁﬁgseﬁhgnéH ’
extingui shing,Qf o tRefRAQIndhit @?stelﬁlr\alﬁfl g)(gqggyp thhh theOpiRE:AktinClRaSIt $RGH onal

area of the final conduit systemw I'arger than the preexisting conduit
system in or teordeo taklleww aaninineased £hord cdpaoily oagrasary fonddpseng w foan fire

delivering a foamfire s ression a t.to.the outlets. Additi.onally or

2l ter nat | vel y STRRESSISE RGP 155 g1elsp ARBLIOPGHY 38 ARMECY e be fjigE e

suppl ement ed WigdteRibrectidhit iR rrﬁa?tbepsfupggﬂfémea with Be 2ddifosAN 20! 6 &Rldhaf actory
delivery of the nethanol-resistanf fire suppression agent to the outlets.

100821 The t aklikexr talenablwisatisfartont gehivere o the gusthandingsipiemtpiized syppesssioo

deliver a liquid fipe sgtllgpressi on agent to the conduit system Punping an

al cohol - resi 88RO 115 Eppr essi on agent with the preexisting punp may not

provide suffigmignt flowWhehanregtasd stiilaskelphatdhre peeahily p@nbddapedfibre
Stppresston agee]?\;[e'r a liquid fire suppression agent to the conduit system. Pumping an alcohol-
resistant fire suppression agent with the preexisting pump may not provide
sufficient flow characteristics for the alcohol-resistant fire suppression agent.
Accordingly, in one embodiment of the invention, the preexisting pump is
replaced with a second pump adapted to pump the alcohol-resistant fire
suppression agent at a sufficient volumetric flow rate. The second pump is
adapted to pump the alcohol-resistant fire suppression agent from the storage tank
~ to the conduit system and, ultimately, to the outlets and holds. In another
embodiment, the preexisting pump is supplemented by a second pump, and the
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



Accordi ngly, in one enbodi nent of the invention, the preexisting punp is
‘replaced with a second punp adapted to punp the al cohol-resistant fire

suppr essi ogvégmzmggm,a sufficient volunetric flow rate. Tgﬁﬁﬁ%ﬁ)‘ﬁﬂ?ﬁuw is
0

adapted to punp the al cohol -resistant fjre suppression ag

storage tank to the conduit systemand, ultimately, to the outlets and

hol ds. I n another enbodi nment, the preexisting punp is supplenented by a
second punp, and the two or nore punps will operate simultaneously or
intermttently in order.to.. provide desirable punpin haracteristics for
the al cohol - r ¥t ﬁ?ﬁp?ﬂ ﬁo_e dggﬁp?”élsg?lbvﬁr ﬂ%teggi’ff’h&_rrggﬁﬁgtt ﬁé‘f’ SERIEH P8 t he
preexi sting pugiat® tHOEhé lofdnoR- Bolds RY thé N&MRAIBE thNQd&l &F eRiindiih el | er,
in order to provide desirable punping characteristics for the " .
al cohol - r esi stasthafélrfre pugsenie sEadbriuargepreferatdp 831 teheorftiolled dypaar imdbiidimal syst em
optionally inclyudes,one, .t thre four or nore_fire. suppressipon agent
out | ot s. Each WP AP IR i yrecal A five s o e 96l pldson the deck oF
PCT/ US2003/ 03244 Ganked tAlfch@iivedaRtiefhoteloptirktif S}?ﬂﬁn gebtotkded! R€operate the

al cohol -resistant fire suppression agent” toward the one or nore holds or
the tanker dectken &ndee dnboslimentgthes hreaxgtingrmpizeso href adaptqdr tes deliver Bhe h

turret preferaé}liléi.i ﬂa%;hsge ontrol | ed bé anFindi vi dual who. 'b.s able to aimthe
turret at a fit€iON GRS HBIRPGFIOPHE Mol §5 SRR PRETGECKS 074 FeMtanker .
Al ternatively, heaehRBY, SefRESRS MOITHENAM ARG Upsiad o}(; BeIPREHBRe hidBholl UTT €t .

I n one enbodi nent, the preexisting nozzles are adapted to deliver the
al cohol - r esi stiasistafi e ssppesees agant dytbatholdser thexankdreleck.hEagr veset shiduhd)

nozzl es may ere d, repl.aced or nodified with zz|l es capabl e of
delivering t he®@al® -forlggli%g? &n‘fozlz[er %re_gtﬁﬂgp? éggcéwtgg’éﬁt’at?d%’f ﬁée AlGPR- or the
tanker deck. EQgbtahtfik@lusiiessich a%ﬁn.rmfﬂhé iffe duPpleBGbNA9s@mNAkE! Sptiohsdy i Ng a
sufficient flowrate for the alcohol- resistant fire suppression agent. The

fire suppressiinpludgsensntat, shreopiounnninoye fiterrippr¢esiom agent tumsts withanodifiedir or
nore fire suppres%i on agent turrets with nodified nozzles. 100841 In
addition to prlb({?? F'ng a fire suppression system capable of delivering an

al cohol -resi stgpdq) fire SHPRAEESHOD B@RMing thErdrAfMeSidiP syl ExiaBR Bf
tanker to carry nethanol preferably includes providing a gas bl anketing
system or an deligetingan slgeharresidaplaliresiuvapiestiom azeny.sthe pracsssafos yradalyinmoa

g:lsi g?;inﬂgt iangt%gker clt %Qril(}? Heﬂ%ngfa }()jrie%lerrgﬂgl}g ir?cﬁli?degrpror@crii%g%f gats r113'13'21ntk‘?algxlfge Eys?ecr)xll ((j)ls' . The
an inerting system. A gas blanketing system is a system for delivering a gas
blanketing medium to one or more of the tanker holds. The gas blanketing
medium optionally comprises exhaust from a gasoline, kerosene, gas oil, methanol
or diesel burning engine. Additionally or alternatively, the blanketing medium 1s
provided by a diesel, gas oil, kerosene, gas oil, methanol or gasoline burner. A
blanketing medium from a burner is referred to as flue gas. For tankers carrying
methanol, a gas blanketing system is particularly desirable in order to reduce the
amount of oxygen that contacts the methanol thereby decreasing the risk of a
methanol fire. During the unloading of the methanol cargo, the blanketing
medium is fed into the hold to replace the volume of methanol that is removed
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



medi um optionally conprises exhaust from a gasoline, kerosene, gas oil,
-met hanol or diesel burning engine. Additionally or alternatively, the

bl anket i ngwMi,H[nlg_}ﬁ“ provi ded by a diesel, gas oil, kerqﬁﬁ?ﬁ%‘&?@zg&; Lt ed

met hanol or gasoline burner. A blanketing nediumfroma

to as flue gas. For tankers carrying nethanol, a gas blanketing systemis
particularly desirable in order to reduce the anount of oxygen that
contacts the nmethanol thereby decreasing the risk of a nethanol fire.

During the un di;n he net hanol ., cargo,, the nketing, nmediumis fed
into the hol dgoﬁge ?i%pTagg:ee%of ﬁaer_g?/g?eg}ﬁ%l%fa _ shbaeﬁ%'fseﬁ iﬁ%%“‘%“sgarse%’c?&éla* 1r¥1pad—ﬁ1 t he
tanker hold. dQRfhihaf tbfies hbtendly Shiifliasing thiipRolaé seaerthank obd fif sy st em
wherein an inert gas, referred to general as an inerting medium such as

ni trogen, act®sotareqbifed byl hal&RLAG meditien tedlankgiamsthenol withna iblanketing

system a nitrogen generato be provided .to l,y..nitrogen to the one
or nore hol ds‘}’e%i“{‘%%agﬁe‘i‘cﬁéi"t‘}%ﬁé‘w%@’St“%s?f%éﬁg‘f‘ﬁ‘&&éh%%#%“% g i ve than
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25 to be desirable for |arge nethanol tankers because the inert gas does not

i npart cont astieannmay te effiseti vedy Aaeried toSki pay2easie wgnYeasikn hesiction syRidmer t han
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bl anketing sysd efpdif@D&SLad$ rhéthiins dee@meddfscay ekpebnhlRatorvetfir Sadtleh A or AA
met hanol stream may be effectively directed to an oxygenate conversion

reaction systsisienaby tpapnidingtangas Ylandieting sysjernanelpdisie gr garekined detogersd ged carry
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met hanol - cont ai ni ng, hal ds.. Al th hy.th | apket . ' r an engi ne or
bur ner, depen%??"n'g‘angerll1 %eorfb&gfefr’ %%?’I]dl}é ﬁflg}il enﬂllégrr‘%lg%gﬁ%grl gﬁ%%gnéeg{ps ) 4202, and

SO, and soot ¢tpaCOoul drdd SONRIFobadhet WiEcdiirhinae! the efiedol fofebén heldsds, t he
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formed in th
are caught in an on-site tank system or in the liquid stream formed in the

vaporization process, discussed above. Unburned Cs- hydrocarbons and sulfur are
in small enough quantities as not to be considered an issue. Secondary
contaminants, which are formed from one or more of these contaminants, also
may contaminate the methanol stored in the holds, although the methanol may still
be suitable for use in an oxygenate conversion reaction system. For example, CO,
in methanol may form a secondary contaminant such as carbonic acid, which
vaporizes with the oxygenate feed in the vaporization process. However, the
presence of carbonic acid with the vaporized oxygenate feed does not render the
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



vapori zation process, discussed above. Unburned C5- hydrocarbons and sul fur
‘are in small enough quantities as not to be considered an issue. Secondary
cont am nanR,ﬁ 'Ym.i" ,pm@re formed fromone or nore of these caontam nants, also
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exanple, CO2 in nethanol may form a secondary contam nant such as carbonic
acid, which vaporizes with the oxygenate feed in the vaporization process.
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transported to the reactor wthout signiticant detrinental effects
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nmet hanol is stor transportation under ~a bl anketi ng “medi dm wh n the
bl anket i ng nedistating screbdieas b réduoentlenaremyit wé soot, filoisturgaparticolatea abd STy
rather than nitrogen from i trogen generator. The bl anketing medi um
generat or opt EbHSERS tq e 81"55}%%1’1 et‘ingé?e;f‘f‘i"ng scrubbers to reduce the

anmount of S00{ggf[Di St Ur ¢ aRBiHel CrdiRdBRedNtheSEnkerl R Hd0iddASWHR MCindafd as the
bl anketi ng medium 100871 I n another enbodi nment, the tanker is provided with

an inerting systremwhenendhe blanketmgniediummis anedieringasssugh as métregegasinstbish as

nitrogen. Tn Lhbs s SPAdl RN, SehnSHG Y SRS RN SindRib SLA. N9
medi um gener afTPORMGHD, g Y P S & g
e.g., a nitrogen generator, which provides the inerting medium. The inerting
system optionally is connected to a preexisting gas piping system thereby
reducing installation costs.
[0088] Optionally, the tanker is provided with a methanol engine or
( burner, which forms exhaust or flue gas that serves as the blanketing medium. A
| blanketing medium from a methanol engine or burner is particularly clean and will
not significantly contaminate the methanol cargo. In this embodiment, a small
portion of the methanol cargo may be provided as fuel for the methanol engine or
bumer. One or more pumps, control devices and conduit lines may be provided to
transport methanol from the one 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



e.g., a nitrogen generator, which provides the inerting nedium The inerting
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t he bl anketing nedium A blanketing nediumfrom a nethanol engine or burner
is particularly clean and will not significantly contam nate the nethanol
cargo. In this enbodinent, a small portion of the nethanol cargo may be
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bl anket i ng nedilanketias giadamesenditested throyeh thyslnesiand exitgyie conduit hegs it tisket i ng
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one or nore hg, dor mhdreffoeedchnkpectivichdigles a plurality of laterally oriented
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t he bl anketin diumite the .;halds. Eagh conduit |ine includes at,l|east one
outlet for ea%ﬁgt‘?@sﬁre'%]ﬁ%{}% %o?léf.%‘e%ﬁé nﬁ?ﬁlﬁrkegelnﬁbag%aﬁi‘%m% sd’%ﬁe eg?sé’gn?’hrough
the lines andgthirol! B 60NEH kbrosérteengihed of Mme@Uid 8t tenkePbi %‘éﬁérhﬁmg tahe
conduit line or lines include a plurality of outlets, e.g., 2, 3, 4 or

nore, for eaclblankspoeg niedamnolke bladoniop nisiem 1osrdecisdhisern tikmgroup copmstingvent i on

is a nethanol bkl apketi.n st.em i ncl udi a_ bl anketing .medi um er at or,
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selected fromthe group consisting of exhaust froma diesel engine, exhaust
froma ker oseﬁ@g@ﬁgiw,m@@ﬁﬁ@mﬁ“?mémeéy, the bleakeoimeangding is sedpetad drom the a gas
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of flue gas f @ @sdirqsel mathanelr burhél €lug ass fir@maagdselins bintek) Whdeflue gds ue gas
froma methanol burner, flue gas froma gasoline burner, and flue gas from
a gas oi |l bur dEm ageg$il lzqﬁ%erm%e@i?rb@%m&m@w e Inghde carmwrdiefidsi de,

carbon monoxide, soot, SOy, particulate contaminants and combinations thereof.
[0091] Another embodiment of the invention is a process for unloading
methanol from a tanker. The process includes withdrawing methanol form a hold
and replacing the volume of withdrawn methanol with a blanketing medium
selected from the group consisting of exhaust from a diesel engine, exhaust from a
kerosene engine, exhaust from a gas oil engine, exhaust from a gasoline engine,
and exhaust from a methanol engine. Additionally or altematively, the blanketing
medium is selected from the group consisting of flue gas from f:l diesel bumer, flue
gas from a kerosene bumner, flue gas from a methanol burner, flue gas from a
gasoline burner, and flue gas from a gas oil burner. Thus, the blanketing medium
may include carbon dioxide, carbon monoxide, soot, SO, 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
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conbi nati ons thereaof.. 1009 VA nayn-.net.hanol terjal.s, such crude and
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cl eaning the %gﬁ'n% e?b@iﬁ%e%shé/& &wﬁh%&érﬁaﬁ@fﬁgﬂ tﬁ?%ﬁlsi]ﬁkrrif A e iglual
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sol vency base enulsifier and cleaner with oil-sea water enul sification
abilities. Aftveshdbamonfsthedchontitallyhdemwed! dikeibettontshd thertanks friagralsosber i nsed

fromthe holds wth a.water. rinse, The first and second cl eani nts and
the water ri _rls@”\{%ifpe?g\rgﬁbﬁeﬁldﬁ?leﬁ%‘yf’ﬁf Psd Yl SRSt ShveEdted, gpee Rk%'t ﬁ‘g@

cl eani ng devi %Feaﬁh')%zm%%eﬁ abdRU L, EHIWOLdeR " toSYS &b vdd afe ERPORD of HRGetiPL er nal
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The bottons ofAppheximateks 364G jorslof sldpe witlhedesdatadf fonklstandsidddthmby stesselar bons.
AL slops generatod cduckag. t1S, Bk s GLEARbADbRARSET 3rePRY SotR e BagT 1o be

washed by the above-described process. The downtime for cleaning the holds is 1

to 3 weeks although no downtime would be incurred for cleaning if the tanker is
cleaned during repositioning. Limited residual hydrocarbon contamination of the
methanol will not significantly effect conversion or catalyst activity in an
oxygenate conversion reaction system. Naphtha includes volatile light (Cs-)
hydrocarbons and heavy (Cg+) hydrocarbons, which typically are low volatiles.
Limited amounts of the light hydrocarbons may vaporize with the methanol and
be transported to the reactor without significantly detrimental effects on
conversion or catalyst activity. The methanol should vaporize away from the low-
volatile 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
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is directed to the one or nore uncoated tanker holds, zinc clad or, |ess
desirably, egtsglorswneerusesl @3, thase Kentghinants isnedatedssuprfer ague¥ygenatef t he

ker. . ¥ i dj | i
cont am nant s St P M BliefBR0Hs b BRbwedR 8ty 4L Birblehanon

it has been disgdawealy ubllte csRVARDA Shahed]l-inpkieanhe broedshan ssdteak hol ds
may still be accegt able for use as a feedstock in an oxggenate conver si on

reaction syst & BEend dommddeiedasynihesss.onetheng) Jerhpisheas and vapRizatipp Milat i on,
di scussed in ggﬁcﬁge aheol %&' i@l {0t eé}%ﬁ%leg' 560! flatupl Gausedsfy these

cont am nants an 1ssue for "an oxyg conversion reacti on system
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away from soot.paf {ﬂe%gtﬁancﬂ%%goa&gsaﬂgfgaﬁr)n@?'u\églailtai fe€&stock in an oXygenate
conversion reaction system. Optionally, any existing epoxy coating layer is
blasted off of the cargo holds thereby providing holds having uncoated inner
surfaces.
{0094) Conventional crude and naphtha carrying tankers include cargo
pumping systems comprising cargo pumps, which, when desired, pump the cargo
out of the holds and off the tanker into on-shore storage tanks. The cargo pumps
preferably include bronze or Ni-Al-Bronze casings, which are acceptable for use
with a methanol cargo. However, carbon steel or stainless steel (SCS 14) internals
and ductile cast iron casings are preferred. If fitted, mechanical seals are to be
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 controlied 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



contained in the feedstock. Simlarly, although an epoxy coating | ayer may
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an oxygenate conversion reaction systgpn Optionally, any existing epoxy
coating layer is blasted off of the cargo holds thereby providing holds
havi ng uncoated inner surfaces. [0094] Conventional crude and napht ha
carrying tankers include cargo punping systens conprising cargo punps,
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result frominpl enenti ng, a.hydraulic.control .val ve systemw a et hanol
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di scussed above regarding residual crude and napht ha hydrocarbon
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ladders or ladders coated with epoxy, although subjecting the methanol cargo to

contamination, will not render the methanol cargo unfit for use as a feedstock in
an MTO reaction system. Optionally, the ladders are blasted to remove any
coating thereon, or the ladders are retrofitted with SUS 316 stainless steel
( (minimum 22 mm square bar).
[0096] The process for modifying a crude or naphtha carrying tanker to
carry methanol may be implemented in tankers of all sizes having varying ratings
for dead weight tonnage (DWT). Preferably, the present invention is implemented
in an Aframax size tanker rated at 75,000 to 125,000 DWT, although the invention
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 uitra
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



materials suitable for nethanol service. Preferably, the al cohol resistant
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t he net hanol cargo unfit for use as a feedstock in an MIO reaction system
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at 20,000 to %agggg% g@?%ge gjr“ fﬁﬁﬂ%@eﬁa‘i’% tcg‘%?g@g "%ﬁ%“&’ﬁ?%é%é@fl%%& T35, 000
DWI. However , GiddetA1es Gradeah Aanetha © Nore apd¥iXi 2061 AlsD 453 QAuRGhe blethandl 10 310

32446 31 gas blanketing systemis uﬂnnecessaré%]. The total deadwei ght
t onnage of t hie fagmeforanorepfikigrts ASINM D hio3) dadiM 19l G0 ASID A6 and the0: or

at | east 125, that tored in an unlined tank
su¢h as a con‘\%g'getl?ﬁﬂ%ﬁa&?g%iér%ﬁgﬂ\%rﬁ&ﬁeﬁﬁ‘gﬁr ecei ve contam nants from
the nmetal surfesses theratso, Her gaxashleting UStstémnr anapXicogyibaie tibe thener

surfaces of the tank _or hold may break away fromthe inner surface thereby
cont ani nat i ngcananipadomabmethapel qaysing thpamethaneldo fai speeification fag Gradeds may
cause the net t j i fl j faQr . hanol .
Mor e speci fi cal %?ef%s%%&n%ayﬁggﬁfgféé %:F%%iffr%gltl%%r?a ﬁ%l?g[g? Q}aﬁk%tnflg‘rgdlﬁn@r[gg%f tests
ASTM D1363, Afalbé FHS histhahST b Bad6omendr thae ofi susblASfeBbil 20@ ertthstvidual G ade

A or AA nethanol. 100981 Al so, .the gas bl anketjng, system may _contripute to
the contam nRPEHANGH t‘??étﬁ%’érﬁ@‘lad%aausq% H&%??@PLan%a%len;[h’PléQb ™ itB%t i on
for Grade A blanketing medium may cause the methanol to fail test ASTM D1363 for Grade A

or AA methanol. The CO; may form carbonic acid in methanol, which can cause
the methanol to fail test ASTM DI1363 for Grade A or AA methanol.
Additionally, SOy from the blanketing medium may cause the methanol to fail test
ASTM D3961 for Grade A or AA methanol.

, {0099] As indicated above, hydrocarbons from liydraulic oil or from
deposits on the inner surface of the one or more of the holds may also contribute
to the contamination of methano! causing the methanol to fail specification for
Grade A or Grade AA methanol. More specifically, the hydrocarbons from the
hydraulic oil or deposits from a previous non-methanol cargo may cause the
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



or Grade AA nethanol. Mre specifically, soot fromthe blanketing nmedi um may
‘cause ‘the nethanol to fail one or nore of test ASTM D1209 or the visual
appear ance ade A or AA nethanol. Additionally, fromthe

bl anketi ng “;(??iludjr%%r?gg cause the nethangl, to fail test ASTR/E@%@%%”@'&“@ ade A
or AA net hanol The COZ may form carbonic acid in nethanol, which can cause
the nethanol to fail test ASTM D1363 for Grade A or AA net hanol.
Additionally, SO fromthe bl anketing medi um may cause the nethanol to fail
test ASTM D3 61 G ad AA. et hanol 00991 As . indi.cated above,

hydr ocar bons fﬁdh{‘}’d? Jﬁ?‘f@O&'.CPn‘BPH?% Btrtﬁa“&lé%éﬁss %h w%a%]egl 141t of
the one or moL&,dRfied BEHRALESe- H@S\érlg&ﬁﬁo@%gil bute to the contam nation of

met hanol causi ng t he net hanol specification for G ade A or G ade AA .
met hanol . Mor ¢018Heci fi cdblone dnhisodimento diae bomstidn ey tirecesholr fring bight or

d ts f ~ et I t thanol .to fail
one_or  or ¢ oP EBE STTRSFRFT FDIIGkAANT REDY EUA] PEBRURS ArfEeBR OB ado A
or AA met hanohjquiOdRthhnby Wﬁ%on{&&ﬂhidt%‘éléa’edt hemaBRVEoEs %Gﬁélﬁﬁg bf1geNL i on

may cause the cont am nati1on of nethanol stored therein causi t he et hanol
to not pass s;mbomfm Etad,l amd o h@dmgairoﬁs oﬁ’o)N&pmatﬂngrml le_adﬂcn/\@vﬂron ohéhepr esent

i nvention of n met hanol nmet hano contai ning feedstock to
light ol efinsf e\(‘?3?1 f‘ﬂéi V@@&@F%gﬁe%dgé%o‘tv SELS p‘@@Pg?‘?fﬁ?‘?earﬁ_nfeﬁm G ade
A or AA met ha'@@zlnf)nhe% briY¥d AeBANOASRCH IE’Q ) 6}36@?11%%ﬁtmﬁﬁadt'tﬁatt@£; to a
met hanol - contai n eam t hat has been unl caded froma tanker nodified by

t he above- desprasbtﬁdnph@ﬁ@éﬂ@d{ apd (<) xontanting) theempodiaventthand evitina eatalysin is a
process for formn f| ns Theagrocess incl udes thf steps.of,. (a)

|
Py ng | Centar B contiteh SitecE 48 HONRE St AP AL LRI RNEoAde) o ed
from the gr ougchonsi & el oSEhs. OBRBRIS IR easPhoflon I AsALtRRS: (D)

vapori zing at |east a portion of the feédstock to forma vaporized feed
stream wher ecomptisesvatpleasitz@B0T ewiiglgt percamt, vonp pidfesblyagiolcastedOhevdigtol and

at least a portion of .the co nan resent.i.n the fe stock
2nd (o) cont aBIcHE: ARA TG GPTER U feasbP S Eiehh PEER Y FaponseE D
under conditigps;gffective to convert at |east a portion of the vapori zed

met hanol to the light olefins. Optionally, the at |east a portion of the
cont am nant  [0102] In another embodiment, the process of the invention includes the

steps of: (a) providing a feedstock comprising liquid methanol and a contaminant
selected from the group consisting of soot and rust; (b) vaporizing at least a
portion of the feedstock to form a vaporized feed stream and a liquid stream,
wherein the vaporized feed stream comprises vaporized methanol, and wherein
the liquid stream comprises at least a portion of the contaminant that was present
in the feedstock; and (c) contacting the vaporized methanol with a catalyst in a
reactor under conditions effective to convert at least a portion of the vaporized
methanol to the light olefins.

V. Vaporization and Contaminant Removal

[0103] * In another embodiment, the inventive process includes the step of
providing a methanol-containing stream comprising liquid methano} 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



conprises at |least 0.001 weight percent, nore preferably at |east 0.01

-wei ght percent, and nost preferably at |east 0.5 weight percent of the
vapori zed m [0102] I n another enbodi nment, the ess of the

i nventi on it‘ﬁg%'é@;shrz't%ﬁe steps of. (a) providing a feedsto'c’&‘@g%?’f’%zi‘ﬁ’g

| i quid nethanol and a contam nant seléecCted fromthe group consisting of
soot and rust; (b) vaporizing at least a portion of the feedstock to forma
vapori zed feed streamand a |liquid stream wherein the vaporized feed
stream conprises vaparized t hanol , and wherein. the liquid stream

compr | ses at MBS CORTBISIE CEROBY: PrFMGh LT A ROTIPAP thssy BPBLEHICIRRPL: he

f eedst ock; ang, g pemtacti ng the vaporized methanol with a catalyst in a

react or under conditions effective to convert at |east a portion of the
vapori zed nethadiol to tTre invghiongprefides forlivkredtep afficiendyom thadeSovaliarfi nant

Renoval [01031 | n.anot her enbodi neng, t i nventive progcess jncludes the
rep of " pr ovFEPHEGH CABTATENS bl Y TS UHIED R P G VP EREP 4% hanol
and solid Cowearg&ﬂaa&ta%%ani ﬁfcfha&éﬁepé?f%hﬂiﬁk%'iﬁ?ﬁ?ﬁtﬁilﬂ%‘@fﬁ%f&?&ﬂp@%&emt

pass specification for ade AA net'’hanol. The nethanol -containing streamis
heat ed under asdpdissirens thef dxggenate feed. fAonmm-Emuapplistad dxémplinstoreesihatilad a

liquid stream wherein he vapari zed feed stream conpri.ses, vapor,i zed
met hanol , AnamefRA HisTules P eghe S GHs TS A8 PabAiRaniERamI Tphe
vaporized met Q@&P@&%&ﬁﬁééa@d GRY 'é{%&%%%%%ﬁ?@%,P&H]#»&%t?fﬁgé/ Ostefi46 33

under conditions effective to corivert at |east a portion O vapori zed
met hanol t o hogHvdlatil e friateiald 0410 4iclideecriganie noimpoupdo tat eshibar a inagligibls ed

efficiency in the renoval of i rities/contam nants intﬂi:gt.fo mcg_ﬁ
nop-vol at i | es VaRRY/ BRESFBG: Folist f@twomswweéa REPUE A deehdPr 18 G eased
performance i g, fRIHLR] ]IE&:oB&s?f FECINgIEs LENREI-ASIHER aAdE:r PHRSWwlAe Obrghhig

oxygenate feed. A non-Timting [ist of exenplary non-volatile materials
i ncl udes i nor ganpeundstiatisde ssphtalienesc palgmarsd tdrg swsl, vekixes,, heavails.sahchner ust ,

soot, and m xtures,and all s of .inorgani c nater.i al .e.g., .catal,yst fines.
Such’ non- vol 8HF Fad Silicer pafimers, ML phile tengisite cutliriale die ot SURi%i ¢ a
negligible VaResuPHGHAYLE atlbiddRoh@l6hd | BNS NAEESIRE ¥hitOnPARRAmeI0hEeed for

the OTO conversion process. Exanples of non-volatile and/or |owvolatile
organic ~ foregoing technique for removal of non-volatiles and/or low-volatiles from a feed

stream, a person of ordinary skill in the art could remove non-volatiles and/or low-
volatiles from the methanol feed by filtration techniques or the like. Furthermore,
a person of ordinary skill in the art may consider removing ionic or polar
contaminants by using feed guard beds or the like.
16105} In addition to materials that exhibit negligible vapor pressure at the
( conditions necessary to prepare feed for the OTO conversion process, deleterious
| components that boil at temperatures significantly greater than the dominant
oxygenate in the oxygenate feed may also be present in the oxygenate-containing
feed. These 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



conpounds include asphal tenes, polyners, tars, coal, waxes, heavy oils,
'silicone oils and silicon polyners. Mst of the non-volatile materials are
ei t her sol | ’ Lscous |iquids at anbient conditions. %% IS.C ei vabl e
that in addi %‘8’#1/"f§gh‘t§he f oregoi ng techpi que for renoval T/lr\%ﬁ'l"gjé%dt'?les
and/or lowvolatiles froma feed stream a person of ordinary skill in the
art could renove non-vol atiles and/or |low volatiles fromthe nethanol feed
by filtration techniques or the like. Furthernore, a person of ordinary

skill in the art my consi.der. remvi ng._ioni ¢ or polar confam nants by using
Foed guard bed€Pott BTl raR 8 09 FIIGLEVRBIFT GoraY & Ma) & CRARTSGST bi t
negl i gi bl e vapQfaed GswHEReaR! of MR cGRRAIL] ARSIREESSIRY r&d‘ﬁcP{{cBg%r? d&gd for

t he OTO conversion process, deleterious conponeflfs that bol
t enper at ur es dlagryi ¢fi thesst loy-griatit er nbhamlatike covaminants in @sy gemst-contantrive

oxygenate fee y al so .be present..in the oxygenate-containing feed. These
| ow-vol atile 2@%&%?‘\’?@‘1% {rﬂ@l rﬁﬁ@“@r’ﬂﬁf&“%ﬁ ngesﬁgta\}&loﬂ%i;ﬁﬁﬁ RYRCMS §C 3y | at es
and ot her pet Uihik i : S; (. S‘Cffe@

petrol eum pr ogﬁ?tg’s, c%ga?jnacﬁgﬁéugéo ﬁ%dflﬁgﬁgg%?@%ﬁ \éﬁ‘?n“p}“‘?%’d’%?gﬁ u ??ecati ng

oils, hydraul feedei | s, oil additives, as well as non-carbon based chem cal s
and inorganic chem cal di ng,

s, i ncl but not limted to, those containing
hal ogens. MaM1%%df the &él‘@?@%?@ ‘%ﬁ%bmenﬁa%em@%mtwﬂs ﬁ’ﬁ?f\ﬁ“\‘ﬂ&por
pressures at [,bAi.iGRRED ﬂsﬁ?&%uféﬁﬁ%l?é@*m dofv _sﬁﬁ%ﬁp%r‘ﬁfﬁge.f hesk HatCH St RleOCESS

and hence are efther essentially non-volatile or ' lowvolatile materials.

Such non- vol antitler sublimable net adilabke €YD reacsomodndiidng. r educe or el im nate
cat al yst performance but, can WD 2004/ 048304) PCI/ US2003/ 032446 34 deposit
on(internal sifflces of tFPﬁepr@F@} FORBFS| gﬁ"‘)r‘\é%{ﬁtflﬁ = \R{Egpedasasa terigbuses

situated do""”ﬁ&wﬁﬁ%%‘ &Bnhhﬁ‘oiﬁﬁ?@}ﬂi@iﬁ (&Ronk GRRbPhereSprdssurd) BE 1RAEOHUPE (BEIYVerY

train. Many of these | owvola e or non-volatile contamnants in
oxygenat e- conthgghar thgn theerstmab beilingtpood wd ¢hit deroimantesiygemdte vamernailt sn flireesent

in |ogistics te such, as i ps, tanks, an i pelines empl gQyed i.n the
st or age and t?%/f"ﬁs po[{f‘flﬁtﬁie%ntfdeﬁﬁggZ‘ereF%éﬁlg?atqb%)gﬁ‘g%% amaﬂgpﬁfﬁﬁ,w% term
"non-vol ati | egess TRANI 00 @8°@R%iéﬁb@tth£}ﬂ\ﬂ€‘e nBﬁﬁélilﬂiiﬁﬁf \éﬁiﬁ}ﬁcﬁf Peedsikinanat the

OTO conversion tenperature. These materials are nei subl i mabl e nor
boi | abl e at OPgygepalet joprpopentidint the feed. 1Ba0Panfde, udesswthas i porsead boiling

"l ow volatil e%:)in?ro? a C?Jtiﬁ?dF ?fl égﬁt)‘?%iné‘ lbgnzene has a normal boiling point of about
176°F (80°C). For the purposes of this invention, if methanol, which has a normal
boiling point of about 148°F (64°C), is the dominant oxygenate, then dodecane is
a low-volatile whereas benzene is a volatile. It will be recognized by those skilled
in the art that detailed calculations or experiments are possible to estimate the
approximate separation of all materials in the oxygenate feed that have
measurable vapor pressures. These calculations can be used to estimate the
efficiency of the invention.

[0108] According to one embodiment of the invention, a liquid-vapor
disengaging drum receives an oxygenate-containing feed from at least one feed
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, extermal 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.



having a normal boiling point (at one atnosphere pressure) at |east 100F
-(38C) - higher than the normal boiling point of the dom nant oxygenate
conmponent | d. "Volatiles" are defined herein as materials having a
nor malboi Hl%é‘"g’éif’{fﬁﬁ | ess than 100F (ﬁsc) hi gher than t hBCHYPHEBIBS i ngg
poi nt of the dom nant oxygenate conpo ent in the feed. For exanpl e,
dodecane has a normal boiling point of about 421F (216C ), and benzene has
a normal boiling point of about 176F (80C). For the purposes of this
invention, if nethanol, which has a normal boiling point of about 148F
(640), is thelld8Hi nant oXfgPrae hegtrashangse smmploved cag beapy\hspherdhangmher eas
benzene is a i : AW rs i.Z Ll . art
that deta | od S ;i puhee i eliealioh” SR B ORI SHE Rk b bt
approxi mat e sepafaapéran definel ds aa¢ams ifad tsarisfertibe heat fgemaheatfseade! Judk abave
measur abl e va pressurfgg%tTheseggal cul ations can be used to estimate the

or . >
efficiency of E‘Fﬂéxﬂﬁ%’@ﬁt 0 3 heaed mederl.ginihist@se e liand gffiusat from thpe

invention, a |iguil- i qgﬁlg‘i r r [ ] te- t ai ni ng
feed from at :v%elgdgt] “\%@p‘?ge%’ﬁgé‘gg e- eél{1 grr&gﬁga p&%@itiﬁgfegﬂgnéﬁﬁ@ﬁt ﬁ/\)ésffﬂrggam to
one or nore Chédweenchoheaat sbmst ahd deb hdaredamaReiyk IsacH aomefadr Hdaetrahsiniks a
heat exchange neans conprising at |east one heat exchanger, external to the
vapor - | i qui d meWga@WhéWﬁ\W“lhﬁmoHEYSI‘@WO&PWWS theehepd soursgcwhgbe neans
conprises a phégt@djnta)ﬁr%;. heat exchangers. The heat exchangers may be
installed in séries and/or in parallel relative to one another. In a
particul ar enmpetijnent, &uithidadteat waclmgerseforhasegaegimicen i bisseledtedl fiom
parallel to each other in the recycle | oop. WO 20114/0483011 )

PCT/ US2003/ 03bomepntals of o YergigatT el paed f fubeh sxehangeriartgehicwnp| edattith be any
heat exchangel , hiiah! f b crhbiMBROESRal bk & hANER bbfRiseS AlciiilARZ oS Of
the invention, 7a heat exchanger 1s defined as a neans r transterrrng heat
from a heat spattiabvaperictr wisera thengmtilation od tigeefflhentdigual B cithatiaduordtbgratal , in
this case the liquid effluent fromthe vapgr-1iquid, djsengaging drum
through a healeaghoss 'egl}’inﬁ apisaly, AP mBiog: el ient esehibe FuRAMS67dd) nd t he
heated materi i ‘AC i d

w thout physi BaTTo B R B e o O LA of e P R R B

[ 01101 Sui t abthe weight exsthinyesdsof the hese ehdmpged emh phiale lvepereatd fafBuwent

returning to the drum, thus inducing circulation through the exchanger. The

circulating partial vaporizer can be situated externally to the vapor-liquid
disengaging drum. Partial vaporizers utilizing mechanical pumps for circulation
are preferred where the source of heat for the exchanger is either remote or in a
location that does not permit the use of a thermosyphon.

( [0111] Partial vaporizers can be configured to vaporize from about 5 to
about 95 vol% of the circulating fluid, say, from about 20 to about 40 vol%, e.g.,
from about 30 to about 40 vol% of the circulating fluid. This level of vaporization
generally prevents the deposition of non-volatiles and low-volatiles in the heat
exchanger.

[0112) In one embodiment of the invention, heat is supplied to the heat
exchanging means, e.g., a partial vaponzer, 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.



hori zontal or vertical shell and tube exchangers configured for parti al
-vaporization. In one enbodi nent, at |east one exchanger conprises a

circulatin i vapori zer where the circulation of t | yent liquid
is either ﬁ’r? u@ie%h%}f/ﬂ at least one of. ,(i) mechanically pﬁﬁyiﬁ%’"?’f’r{?‘gf fl uent
t hrough the exchanger; or (ii) a thernosyphon where the weight or static
head of the effluent liquid is greater than the weight or static head of

t he heat exchanged and partially vaporized effluent returning to the drum

t hus i nduci ng.gircul ation through the exchanger. The citcu] atin arti al
vapor i zer can?f?é‘bé B UL {I@ruﬂeﬂ Ie_§5aia(9g? r'iféay\%i‘&!}?f. F‘? Hﬁﬁvdée‘%%’%é‘ﬁﬁgdﬁw& drum
Parti al vapor%ﬁroﬁwu!%pé oZiHRgt SReQADN AR hdatBRchahr mEaRUL AL | QBvidfigehef erred
where the source of heat for the exchanger is efther rendte or Iin a i
| ocat i on t hat herseschangerpeithva différentitype of heat sdweearpsyphon. 10111] Parti al

vapori zers can.be configured to vaporize from about 5 to, about. 95 yol % of
the circul ati B ui g, gﬁ? gﬁtoﬁ?‘%g?r 28545 3555?“48%}1% VEPZes ¥eom

about 30 to abeplendd-balaiaing fddatn@l defivbRtthdg: fthy iggﬂial-ﬁpiv%plwﬁﬂeﬂl fe&d 1o the
vaporization denerally prevents the deposition of noh-volatiles an

| ow vol at i | esvaporiligeiddmengagighdmge for £Pakfion lintoon sapmriatetamethbt efitst the

i nvention, heat is s ied to.the heat . exch in ans,..e.g., .a rtial
vapori zer, fo %Bﬁ%{ﬁggar"g 3:&%“1 i%ﬁ?“ﬂ%f@@ﬁ%ﬁ&- S&%‘ﬁF‘E‘FHi"HB‘ g‘?rpé%h’??@aom t he
vapor - 1'i qui d gi-aRngRItateEsB fieURuANETHY coff¥ifediquidih et BLMAlilH34RR! | ed
steam water froma quench operation, e.g., water used to quench an O

conver si on ef fheuwat exthapging (méank aad tie atkast pausailyhegoprotiagdis. iThe viaper-wat er ) ,

and/ or the OTQ cqnyersian %ffl uent itself. raii.n ;}Igu?r.al heat exghangers
| ocated in paPaiif&isepgaging dOpERRIOXPRYGS adeodicn SRete| figpatiqny staggo
2004/ 1) 48300 BEdiflR0pci0R 2 Hhe éh-Tbiguledi dnlit Mwi1ols@Bs h@hbinng: hRalig@ychange

may further be provided by using nore than one type of heat sourcé to the
heat exchangestreaganaith en.rgérreqb rconcetitrations bhing hasathat desvaibgd rabaive. h As dlsbf er ent
type of heat sour.ce, 101131 The heat hanger  neans at | east rtially
vapor i zes. t hel U SELIEE: Ldrashr ROREy Sob° BHGHaureh &F eeeombie yamn 1 a1
vapori zed f eegirdagh hitBrechddied -tht Biquid Sieaf@agdisngpathleMbetly SR} reRirent 0 a
vapor streamthat exits the drumoverhead and a liquid streamt hat

optional |y i stecestsisnbguidi plewdewnpr dfheapeerall cpeyeratreeby serigkinvértheifrashe drum
The conbi ned lca}i;}%%in%e-ic%n{aglnqng i) eixF: H!nagtr%gyélg streams) vaporized in the drum is
100 wt% minus the percentage by weight of blowdown. In one embodiment, the
total feed withdrawn from the drum as blowdown can range from about 1 to about
30 wi%, from about 1 to about 20 wi%, from about 1 to about 10 wt%, or from -
about 1 to about 5 wt%, based on total amount of feed sent to the drum. The
amount of non-volatiles and low-volatiles in the vapor leaving the drum is related
to the amount of unseparated liquid mist carried overhead with the vapor from the
drum. The amount of non-volatiles and low-volatiles in the mist is inversely
proportional to the weight percentage of blowdown. Thus, a measure of control is
exercisable over the amount of non-volatiles and Jow-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-



t he heat exchanging neans and is at |east partially vaporized again. The
'vapor- |iquid di sengagi ng drum approximates a theoretical single

fracti onat }@2@5/@%(", A significant portion of the non‘VO%@M;gﬁ.ﬁ_y?ﬁQ o
| ow-vol atiles remain in the liquid stpeam wth preferred concentrations

bei ng as that described above. As also described above, at |east a portion
of the liquid streamis separated fromthe vapor stream and recovered, the
liquid streamthat is separated being generally referred to as as liquid

bl owdown. The_overal | percenta by weight ..of..the fresh .
oxygenat e- conf’g%aﬁ[eﬁgca? @’&?X{’%“sﬁ%‘?ﬁ’d‘(% arglglflré Pauid ralysis)can be aised Bye519P e dr um
is 100 wt % mipusicviiRvaewefiht 3af-chtag¥el Ahparfhl BhAYEOWR . nohRobiBese BROBeENt
tthe total feed w thdrawn %ho%ﬁt k?e grum alg bl owdown carllnorange from about 1
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rate or wei ghforpgr cent ageis prefefabRsto iharessesihe best OfitdiRiand/at BRAeRperiture
sufficient |level to avoid accunulations of a solid phase in the drum

| nasmuch as t hethsrgpdstecketiraighnizomariedeiabeyt tiep intsmpdiaogagess 8ad1each
PCT/ US2003/ 032446 il d . i aui.d
Ztgge ha‘(?}%g Vaoéu%gggﬁglsyﬁﬁiﬁ?%}%f g&%ltggt. M%.ng f]}{l%fereﬁ‘t &%‘éiﬂs fnqtﬁ'e

anal ysi s can pecused S &S wn Wel percentage:. parti al
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wherein ion concentration in an oxygenate liquid phase is related to
conduct i vi ty. heat teriacrsatsobsaterptentshe Thesdsieaamypi ingluge dhese desiviedsfrem| g onl i ne
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conver si on pr fragimatdr hephragns tapekchh agedivm Heorhedheadcomponents. It should be
pointed out that a stream may have a higher heat content after a heat exchange

even though it has a lower temperature, primarily resulting from pressure changes

and/or phase changes, such as vaporization of a liquid as may occur in an OTQO
conversion process. In one embodiment of the invention, the reactor feed
temperature is further increased in a fourth stage of heat exchange on the vapor

feed to the reactor. Steam can be used as a source of heat in this stage of heat
exchange.

[0116] In accordance with one embodiment of the present invention, the
preheated feedstream is then fed into at least one disengaging drum capable of
maintaining 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



prior to contacting the oxygenate conversion catal yst. However, by varying
the heat content of the feedstock, the tenperature at Wnich the OTO

conver si onwd SaGhesoh S operated can be varied. 101151 It to
i ncrease the ﬁeat content and/or the tegperature of the 5[5?6’2{'('?{] ‘?ou h

fromone to about three internedi ate stages, with each stage havi ng a
successi vely higher heat content. Many different streans in the oxygenate
conver si on process nay be suitable sources for providing the necessary heat

to i ncrease heat can nts Thes tre ncl.u t hose deri,ved fromthe
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poi nted out that a stream nmay have a higher heat content after a heat
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Preferably only a single diséngaging"drumis enployed i nasmuch as a si ngl e

f eed vapor - | i goingletily @ﬁr‘i’gyﬂﬁmﬂtﬂ wrxtmnmf@ngpéhm@ap m@hanger | nputs is
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be at |east pakygeahieyconsevion sercinn produdicefBdentncempasing ai¢fan @R@ﬁb@tﬁawe

conversion reacto h seI [ cat al process
cond t1ons. f fgvEred digcly BatCutEiBe LRHREY Seafh MR Lbend bRl
conversion | eqgk dnipbudlesiif ale cefl@g | stiehinh. thaD kile/ badddas Ghde€ e gyisiching
susceptible to poisons in the oxygenate- containing feed. At certain |evels

t hese poi sons cprdiliQ@feateyspparatagofrompibie gusnclpiqwgr as a light product fraction for

olefin product recovery and purification. The light product fraction comprises
light olefins, dimethy! ether, methane, CO, CO», ethane, propane, and other minor
components such as water and unreacted oxygenate feedstock. The compounds in
the effluent stream that are liquid under quenching conditions, are separated from
the quench tower as a heavy product fraction for heat recovery, and possible
( division into several fractions and separation of the quench medium. The heavy
product fraction comprises byproduct water, a portion of the unreacted oxygenate
feedstock (except those oxygenates that are gases under quenching conditions), a
small portion of the oxygenate conversion byproducts, particularly heavy
hydrocarbons (Ce+), and usvally 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 1is 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 1s optional. The oXygenate



oxi des, salts and heavy hydrocarbons. These poi sons can incapacitate a
‘catalyst, either tenporarily or permanently, and therefore it is desirable

to renove etely fromthe oxygenate-containing feed to the OTO
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101191 I n one enbodgﬂent of the_jinvention, where _npre than one vapor/liquid
di sengagi ng ditifahPdramls %‘E@,asistllwéluﬁ}lﬁq@ro%aégst(ﬁé? O% primary or

control | 1ng digighl s useddoal ssn HhulHiFh aRS ARbspRBHS Basl mBtBAM <i8e
preferably a secondary druns IS nai ntal ned under "at [east e sane pressure
as the prinmaayd dneta-centainitpe detivstiwantlieredf hkavee beard ategcribbedmin sdevqit iianal .

e oI e o 20t 18200 DTLAREE 35140 R SR
ol Coul ar si ovas Pt e Ve Lo TR e e st e ar e Pop BRondhrey
used in the cdateat Applicatibn®@Brgehdi®s24 ElohBSO vehermEl 1si &s, iBey 8nlrodo,abe
Ge, Fe, Li, Mg, Mn, Ti or Zn), U.S. Patent No. 4,554,143 (FeAPO), U.S. Patents
No. 4,822,478, 4,683,217, 4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent
No. 4,935,216 (ZnAPSO, EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO,
where EL is Co, Fe, Mg, Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO4), EP-
A-0 158 350 (SENAPSO), U.S. Patent No. 4,973,460 (LiAPSO), U.S. Patent No.
4,789,535 (LiAPO), U.S. Patent No. 4,992250 (GeAPSO), U.S. Patent No.
4,888,167 (GeAPQO), U.S. Patent No. 5,057,295 (BAPSO), U.S. Patent No.
4,738,837 (CrAPSQ), U.S. Patents Nos. 4,759,919, and 4,851,106 (CxAPQ), U.S.
Patents Nos. 4,758,419, 4,882,038, 5,434,326 and 5,478,787 (MgAPS0), U.S.
Patent No. 4,554,143 (FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent
No. 4,913,888 (AsAPQO), 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 (BeAPQ), 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 {QO2]), as well as U.S. Patents Nos. 4,567,029,




preferably metall oal um nophosphate nol ecul ar sieves that have a nol ecul ar
framework that include [A104] and [PO4] tetrahedral units, such as netal

cont ai ni n osphat es (AIPO. In one enbodi nent, the

met al | oal %%ﬁgtpk@%gﬂat e nol ecul ar si ev«fi i ncl ude [A104], YEOUMF4HP2H4 04]
tetrahedral units, such as silicoal um nophosphates (SAPO . 10121] Vari ous
silicon, alum num and phosphorus based nol ecul ar sieves and

nmet al - cont ai ni ng derivatives thereof have been described in detail in
nuner ous publications inclu nt. No. 4,567,029

(MeAPO  wher ¢tRB6-023.04; 73M$14:zﬂg79ér9860)4 80U 364, ﬁaﬁ%érﬂ@?’b\lo“ 917 8k, 52, %%APO)
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(FEAPO), U. S.whzheint serehbﬁ;nsv lﬂaﬁpélra&,d W, ﬁﬂe&exﬂ:? Other/hble38hr (ieedRGtude EP- A- 0
158 975 and U.S. Patent No. 4,935,216 (ZnAPSO_ EP-A-0 161 489 ]{{DCOAPSO)
EP-A-0 158 91@0§ﬂaémebedvm&esast% gndbeek ofgMolggularriSigyies.z¥pn Npsgangat ent
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(GeAPSO)," U. Sefdpatent No. 4,588,167 (GeAPO), U.S. Patent No. 5,057,295
(BAPSO), U S. Patent No, 4,738,837 (CrAPSO), U S. Patents Nos. 4,759,919,
and 4, 851, 1060128 APO), Uhsmorpgrelawed mdecular sEgey ap, SAPEgmolyzplar sieney 326

504 215" ALRHHRErShtigy S Fhbichfy, Seidy” SUIAETATY sobsiflenS ke,

4,686,092, 4, 8K4l dbaland GlroﬁﬁiiASSBthe(NiﬁBﬁD)“ ablb).oB. ElcaiefR] an Ni&lin® e3dk, 011
and 6, 156,931 (MAPO, U.S. Patent 737,353 (BeAPSO, U. S. Patent No.

4,940, 570 ( Benpals olUCmourpHite pf §1e|\B§rwdlel T@b  gfoblemgntg 4, B1e7 ety metagOf 520

fJTISAng ent SS%E’%Z?Q% ‘5@}&“% g;,geo g‘a“}dg%A%‘B%%ﬁagge‘ "?O%Féﬁéd’g%h%5 806
(GAPSO EP- Aae(bd?ﬂﬁnﬁﬁiarﬁ@i\ﬁ‘ﬁckumphﬁi egaQolisiuf, aemimnk dospro@umnhdlofiRR 1) , as

well as U.S. Patents Nos. 4,567,029, V\02004/048304) PCT/ US2003/ 032446 40
4. 686, 093, 4,erBmngthulivmgterogm and litetiugy and scapgnim gy yttgumof thy Beriodigs 2 384

4, 996,164, 4,956 4picrterdd FrahBon Inidl P o 1485 PROVIRCYRES KAL@OGugal | of

whi ch are herein y |ndorpora y reterence c¢ular’sieves
i ncl ude thosi dederRebiedid TatR oBElshalts artdumithoek odanof deist aretdispadss, Van
Nostrand In one embodiment, the metal is selected from the group consisting of Co, Cr, Cu,
Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. The metal
atoms may be inserted into the framework of a molecular sieve through a
tetrahedral unit, such as [MeO2], and carry a net charge depending on the valence
state of the metal substituent. For example, in one embodiment, when the metal
( substituent has a valence state of +2, +3, +4, +5, or +6, the net charge of the
tetrahedral unit is between -2 and +2.
[0123] In one embodiment, the metallocaluminophosphate molecular sieve
is represented, on an anhydrous basis, by the formula:
mR:(M;AlLP,)O»
wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (M Al,P;)O; and m
has a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to 0.3; x,
y, and z represent the mole fraction of Al, P and M as tetrahedral oxides, where M
is a metal selected from the group consisting of Group 1A, IIA, IB, 1IIB, 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,



Rei nhol d, New York, New York (1992), which is herein fully incorporated by
‘reference. 101221 The nore preferred nol ecul ar sieves are SAPO nol ecul ar
sieves, and netal-substituted SAPO nol ecul ar sieves. Suitable netal

subst i t uent¥OZPUHEIWA | | netals of Group | A of the Peri odiPETRERM3NSHG

El ements, an alkaline earth netals of oup I1A of the Periodic Table of
Elenents, a rare earth nmetals of Goup I11B, including the Lanthani des:

| ant hanum cerium praseodym um neodym um samarium europium gadolinium
terbium dysprosium holmum erbium thulium ytterbiumand lutetium and
scandi um or yGa |G¢ml\6£, MineNRen, ddi n anhBr-e Iipfin EInbadimest, m A grsater dmnrﬂ‘ﬂ al s of

G | VB, VB, | B, VI|IB, d |IB. of ,the P bl |
anguﬁlsxt ures &RG IS? 81\‘/2 ¥ el agaﬁ%cﬁr%ageor th%ﬂe%ngéu:?ﬁggg? 1% ?{gfgrt iss

sel ect ed f r omehitRdFh &M PMGS Bfelafet tHad 00F tolou, x S reatdr @han@io @%nt Mil‘i My N,
Sn, Ti, zn and Zr, and mixtures thereof. The netal atons may be i isert ed

into the frammtirckrange of fsine O tor 0.8) avbz tihinothsirange pEfioah8aFab Amimoresuch as

[ MQ2], and carr net. har ependi 0 val ence t he met al
substit uent. 85’3’ '%1@[ ‘g%gogﬁm’blfl pot]\l}mg VH ﬂ@t@%%gébg‘i t¥ent has
a val ence Stafﬁ%leﬁ_3‘|t80.5‘|j3 +4, +5, or +6, the net charge of the tetrahedral
unit is between -2 and +2. 10123] In one enbodi nent, the

met al | oal um néPRdsphat e Inwine coibadinggng wé the @Vﬁémﬂeﬁ“@nnefdﬁoaiwnamphmdﬁmus
basis, by the f | a:. nﬂﬁgl\/g .AI%PZiﬂ%z ‘Q regr sent sﬁaSt one

t enpl ati ng agg?ﬂecrﬂgq’reﬁl%veﬁ g SikRovy PEOSP B gt o 1P’él'&t E%Runber
of moles of RapghluEihEmOTIn (gvhéthl E’cz\ar@?slﬁmo}aﬁa;s l&é’&tcﬁlo%lr u@aénwmxoraft& ahd
preferably 0 to 0.5, and nost preferably fromO to 0. 3; y, and z

represent the hlgiice AFGIA&’JI‘ aigiesh sat of pordidong. aHOWéquahmhﬁlaSl/ék rams cawd?@r e M

is a netal sel ec mthe r.ou n5|s [.I'l B,
Ve e o v B e f hbP G AR (R dRRR, B IihePlnu Riifer i st
El ements. Prekiggeabt Yontbbtl Witk W& DB&mbIELHE metdlRbingdop mghétben@éaﬂm
consisting of Si, Co, Cr, Cu, Fe, WD 2004/048300 PCT/US2003/ 032446 41 Ga,

Ge, My, Mh, Nisievenof this mzantm;lalzmllmﬁluann@h@@maﬁ@molecmqr siqyeedabconthiain or

ool 0,02, Sa b ISR SLAEHLTh DR 0 SRRl e

0.25, vy i s about 0.3, more preferably not greater than about 0.2, still more preferably not
greater than about 0.15, and most preferably not greater than about 0.1. In another
embodiment, the Si/Al ratio is sufficiently high to allow for increased catalytic
activity of the molecular sieve. Preferably, the metalloaluminophosphate
molecular sieves are silicoaluminophosphate molecular sieves that contain Si and
Al at a ratio of at least about 0.005, more preferably at least about 0.01, and most

( preferably at least about 0.02.

[0125) Non-limiting examples of SAPO and AIPO molecular sieves useful
herein include one or a combination of SAPO-5, SAPO-§, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPQO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56,
AIPO-5, AIPG-11, AIPO-18, AIPO-31, AIPO-34, AIPO-36, AIPO-37, AIPO-46,
and metal contaimng 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-1§, and

metal containing derivatives thereof, and especially one or a combination of

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



in the range of fromO0.4 to 0.5, and z is in the range of fromO0.25 to 0.5,
‘nore preferably mis from0.15 to 0.7, xis from0.01to 0.2, yis fromO0.4
to 0.5, a zoi"?{%s{"omo 3 to 0.5. 101241 In one enbodi nent of the

i nventi on, "EHEMHERAN oal uni nophosphat e . nol ecul ar si eves ByBUS2003/03246

si li coal um nophosphat e nol ecul ar si eve containing silicon and al um num
In general, lower Si/A ratios lead to Iovver deactivation rates and higher
ACls for a given set of conditions. However, higher Si/A ratios can be
used under the appropriate conditions of tenperature, water partial pressure
and tine of i@ﬁﬁf act wi bhamembed lmges.th%\mk %él%ﬂmamdmefgfpwﬁpms%w

mol ecul ar t Y n | ar

si eves t hat c]%)anfliﬁ no Q’l ﬁmgg ?Qﬁﬁc{? cr?égl/.hi{ %§§ wé%gog%cglrlﬁ?kgﬁgabout

0.5, prefer abioynmiu@r ehi pértichlan m&bgwtnﬂo ni:‘olecrmﬂremwesfeeé ailabmba@tmgn sater
than about 0.2, still nore preferably not 1greater t han about 0. 15, and
nost pref er adtajeobpRjication £ Ubh%ﬁﬁloaﬂﬂfért 200210 QSHgﬁr?@ti HaternaiwpalaPehlication he
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of the nol ecul'ar sieve Pera oa um nophosp ecul ar

sieves are siiht&patated Wﬁﬁf@@ﬂ&wtﬁarf’@daﬁ@llﬂ FABDGYeaIPOAR @dREW] Shagad A
at a ratio of at |east about 005, nore preferably at |east about 0.01, and
most  pr ef er &1 é%tfrmrkémﬁmand) 9@@0?611%13 KEHA |framayaik-teneanphiess the  SAPO

SAPo 5, sapo 81 BHBERYE Bec 3l mA i ™ LiSEoRE B QR BITRIB AT ©
SAPO 34, SAPGrASCHSAPGh@Bork-tHNRCeciabARBeaDthe SAROoA CHASARG #ark-SAP@ 44,

SAPO 47, SAPO-56, AIPQO 5, ALPO 11, Al PO 18, ALPO 31, Al PO 34, Al PO 36,
ALRPO- 37, ALP@GMEB framepprking a¢ sisteaminedgbyrihe BIFEX spethed disslosedfin GF. t hese,

par sy ol arl g oy BN A B NGRS B BB, AP0 18,
derivatives tipemeof, sValiogsmehedo forasyanindiziey naledlar SAREs b8 m&EHRGhS4,

Al PO 34, AIPOIS, and netal caontaini &g derivatives thereof, and especially
one or a conthpkeplansigyes appdescohed 1 BS: Patens Ne- Fe¥/21056 dpeiolinggthaartivat i ves

ol ecul ar i et aaung ekl e U e R, RSP e
crystalline phagdiéier withbutna sad®), U, @atdnaiNos iSeA7E,182 (ac1d extraction), U.S. Patent
No. 5,962,762 (treatment with transition metal), U.S. Patent Nos. 5,925,586 and
6,153,552 (phosphorus modified), U.S. Patent No. 5,925,800 (monolith
supported), U.S. Patent No. 5,932,512 (fluorine treated), U.S. Patent No.

6,046,373 (electromagnetic wave treated or modified), U.S. Patent No. 6,051,746

(polynuclear aromatic modifier), U.S. Patent No. 6,225,254 (heating template),
( PCT WO 01/36329 published May 25, 2001 (surfactant synthesis), PCT WO
01/25151 published April 12, 2001 (staged acid addition), PCT WO 01/60746
published August 23, 2001 (silicon oil), U.S. Patent Application Publication No.
20020055433 published May 9, 2002 (cooling molecular sieve), U.S. Patent No.
6,448,197 (metal impregnation including copper), U.S. Patent 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



conposition. In particular, intergrowh nol ecul ar sieves are described in
"U.S. -Patent Application Publication No. 2002-0165089 and I nternati onal
Publicatio . 08/ 15496, published April 16, 1998, b ' are
herei n ful P\g/omﬁhh‘g%gpor ated by referenceg; For exanpl e, SAP%&TJ@SB'R%?B and
RUW 18 have an AEl franmework-type, and SAPO 34 has a CHA framework-type.
Thus, the nolecular sieve used herein may conprise at | east one intergrowth
phase of AEl and CHA franework-types, especially where the ratio of CHA

f ramewor k-t ype Jar r.katype. as ' . .he DI FFaX.net hod
di sclosed in ﬁag.%{ r@ﬁ%%énlt& (\)glotfné%tri gonf%?ggﬂ'%l%&%féﬁg@fi’s

greater than figdid ik @dddledYawithois comblads rédmdvisy tHenesipkitd oRDhe eiblcthiasi eves
or nodifying nolecular_ sieves are described in U S. Patent No. 5,879, 655

(controlling sigee.r gincg thigfdried anelequhr figve gatabpshincluslep taaplater 11 dps ey gen pat ent

(aci 0’ ext ract PR BRIgase ¥ bbb, Melierely B o o ™
netal), U'S. Pahgst nhiks -be5ac335te§_%@ﬁﬁ8dlse,GaricB@liE)Sﬂve(nlﬁbﬁgﬂbﬁﬂ% ,"{g@d%ﬁé@d) :
U.S. Patent No. 5,925,800 (nmonolith supported), U S. Patent . 5,932,512

(fluorine trezethdds topRteqshesstivaied catglystufieorg zenifeqant deashuagiont i c wave treat ed

or nodified), . Pate . 46 pel ynucl.ear. . gronpti c difier),
U.S. Patent N@ngi, 225, 2?4{’3?10 Paf‘."s(r%gjf? g"r% ‘5‘%8&,&9 %&P%gﬁ‘%%ego%‘?ﬁ% hed May
25, 2001 (surfa@tiarforraMRtiie sicigculdPElev¥ataitis2 Nl lipitd shathlANfiiidide 2001
(staged acid addi tl_on?, PCT WD 01/ 60746 published August 23, 2001 (silicon
oi 1), U S. Paliawds Apgludeawntsh wgehdlc ketoaps. Ngdehyrgnoodes4338 pisembiaton May 9,
2002 (cooling c Si .S..,Patent No. 6,448,197 (netal

i mpregnati on fhrr‘i]‘:gfiog'dW\%%%ﬁ%%{reﬂ@?ld%t ent No. 6,521,562 (conductive

mcrofilter), jpasg U S. RaiteiRimaAaRlls s@tdptionAbincRded ontHNGum20Rd0d kh&87
publ i shed August 22, 2002 (freeze drying the nolecular sieve), which are

all herein futheyfm@éﬂt%ﬂﬁl@‘dﬂaaysm@f extalieteof td Imyentiangefushamatenalsewal ar
si eve catal ysélp'ic%pg'éf?c'ﬁ% &6 RGP s G T e%xielﬁi?xl gffe‘él onShRVGigh al yst.
ca Iyset y i matri x { Iral s.

The formul ate optiona contal ns®bi'nder a rx ma S

Convent i onal | yompesition, sfoedxanpla) $wing fegemaatidiy They ogn faget her 1o dasiFeul ar
sieve crystals (which includes tenplate) and a liquid, optionally with WO
2004/ 048300 PHF/ €3tpl8f2mposHiPn, AnCTraserGaialYttienglP S5/ 2 cth duFneth gnform a

slurry. The sLigEs, ridtdRP. Hd &% dntrof the rate of conversion in a particular process.

Non-limiting examples of matrix materials include one or more of: rare earth

metals, metal oxides including titania, zirconia, magnesia, thoria, beryllia, quartz,
silica or sols, and mixtures thereof, for example, silica-magnesia, silica-zirconia,
stlica-titania, silica-alumina and silica-alumina-thoria.

[0131} In one embodiment, matrix materials are natural clays, such as
those from the families of montmeorillonite and kaolin. These natural clays
include kaolins known as, for example, Dixie, McNamee, Georgia and Florida
clays. Non-limiting examples of other matrix maternials include: halloysite |
kaolinite, dickite, nacrite, or anauxite. Optionally, the matrix material, preferably
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



liquid is renoved), w thout conpletely renoving the tenplate fromthe

‘nol ecul ar sieve. Since this dried nol ecul ar sieve catal yst includes

tenpl ate, | o3ho been activated, and is considered a %

catal yst. h%%geg}?gthe prefornmed catalyst nust be activafgg% g@%ﬁg“ﬂ%e, and
this invention provides appropriate nethods to protect the activated

catal yst fromsignificant deactivation. 101291 The liquid used to formthe
slurry can be any liquid conventionally wused in fornulating nol ecul ar sieve

catal ysts. Nop-li,m td ng exanphes ,of ttable . liqui L ncl ud te
al cohol , keto flmglflaléﬁfd%lgn?@g’é?@ g‘g]%& RS U E %ﬁm tahlgl‘,vegr]e é.lﬁaw&éf is a
preferred |i gafef. andQidsRks MatiheX cdbRY @k 8 fs platclaptruemal. |y included in the

slurry used to make the fornul ated npl ecul ar sieve catal yst of this
i nvention. Suldh33at er i aBindgrseare alsoi qpaiongilieinchisded ji thesshanme pped tosnaliesthe

assisting in shieldi eal fromt at alyst. ¢ osétion,, f.or ex | e,
during rege nefomubgffdn%ﬁgvut% S il r'"taﬂaz}'sgsa(? ? tl}r/'tcb lﬁ‘éer?@fqu Sélfchemétﬁf lgllsﬁf Tike
conposi tion, pelkiadgtescthetShe flol@NbH Ried Gy s ahd Sthed iR t8F6km a
attrition resistance, and to control the rate of conversion in a particular
process. Nonforinwated gatelyshsbawositionat Non-lmitmgi axampleejafdeinders mchwor e of .
rare earth netals, metal. oxides including titani zi rconi a,. Nagnegsi a,
Chori o ber yl TS qulie & indiaREcehflf sof 0en o i90HRe, PLEWHR, Fuisfs 4pgr
exanpl e, sil '§1ﬁ¢ffﬁﬁf%ﬁie?oxi§é 5d1§.21% bhé€ embadiment bf B fnbdidnatheShihd&ds ahum na
and silica-alumna-thoria. 101311 In one enbodinment, matrix materials are
nat ural cl aysalumirghconsainingseb preferabhynalumantiin ddorehydratat fipan ¢abmming, thad

kaol i n. These. natural)ﬁ:l ay’s, incl uge tkaol.i n knovm.das f.or_exa Ite D xi e,
McKarmee, Geor PRI IG5 CORYTERGE IRERIPITRATF §5 TARPR 8T BB n¥PIHat 1 i x
materi al s i ncjsuggitichRklyO¥sfet®ve inkdSinhifpt @, heideliéd emolkaglhl t SeveOrcaddlpdixi t e,
Optionally, the matrix material, preferably any of the clays, are cal cined,
aci d treat ed, canpsiione hBer exdmple.can alyried splewBbronyertivea akiminigm prige
conponent. Under .t ti,0 l.cination treatnent, the matrix nmaterial
wll still bemg%ﬁsﬁ%gg‘r%gn&hﬁgﬁgr?a%%e Yerial as |l ong as the material has not
been previ ousjgyssysed i NThRe GablRtylat sievenlystaisonre 1i%k32Iwith dquidy tah€ Uthar
enbodi ment, the matrix nmaterjial is a clay or a clay- type conposition,
preferably a eptigpabmagixainateyish apd/ap Sy1der. oningasamygnizonabigchpsmedp o form gni a

content. and gpst RYELELABLYL NS KPLEI iMBhF ok, 4% diERlkfre KARLLDGS Deen

stirred to form the slurry. The more thorough the stirring, the better the

consistency of the slurry.
[0135) Liquid is removed from the slurry containing the molecular sieve
crystals to form a preformed molecular sieve catalyst. Preferably, the shury is fed
( to a forming unit that produces the preformed molecular sieve catalyst
\ composition. The forming unit may be any conventional unit, such as a spray
dryer, pelletizer, extruder, etc. In a preferred embodiment, the forming unit is
spray dryer, which removes water from the slurry by a heating or drying process.
Preferably, the forming unit is maintained at a temperature sufficient to remove a
majority of the liquid from the slurry.
10136) 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 exafnple 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



found to forma punpable, high solid content slurry; it has a | ow fresh
'surface area, and it packs together easily due to its platelet structure.
101331 Bin so optionally included in the slurry e the
fornulatedqﬁgﬁgghﬁgﬁhsieve catal ysts of,sthis invention. sﬁgﬁﬁgﬁﬁgﬁﬁghg act
li ke glue, binding together the nolecular sieve crystals and other
materials, to forma fornulated catalyst conposition. Non-limting exanpl es
of binders include various types of inorganic oxide sols such as hydrated
alum nas, silica ng/ ot.her_inporganic_oxi sols. .n _one enbodjment of
the invention, pr[eﬁéér % t%agﬁjeilgdg%maraﬁ]él}rﬁg %ﬁ- 8%‘%(1&‘3 ilﬁtg’ %BTef"fBF’ fcéfam?’?}hen
al um ni um chl os@RYEHabe . caldp@iig Catled Fomghlatbd rodRer @abially ObdRles @he mdSt
converted into an inorganic oxide matrix conponent, which is particularly
ef fective in feffentivg particle demand hepinssufos commeydalosgelglegytpmeabnposi ti on.  For

' PaI j.nium oxide matrix follow ng

exanpl e, an aIan na soj InlV conwer
heat treatnent.”101341 T als are mxed with |iquid,

and the optioggy matri X THE!i@tdntion aeldfedto bh THRD redtSion Gy & em @ ProRBa! The
techniques to forma_ slur ré. The conponents can be m xed in _any order, and
tAr

the mixture i smostoprefegied OTQpreceestistgsnerolnrelsaed teps ¢ gaFheolebne(GHG) ough t he
stirring, the tter the sistency of the sludrry. 101351 Liqujid is
renoved from tﬁ%r%‘r‘ﬁmg_iyya%m{eﬁf %P P %)fgesr?blhéguliﬂbsﬁégc\}}em p@?‘ifgf’a{?%h?n@ll fbrm a
preforned nol eghlediandi-enRaiaRigdtotiock Pé edreabd h theReshed 60Va indldkaMr sikbee a
formng unit that produces the prefornmed nol ecul ar sieve catal yst

conposi tion. Twalysr eaTARPSIHIN iNi@PNBeoTamPre GiRfms: ips¥farablynped psedominantly, spray

dryer, pelletizegr, extruder. etc..ln errned. enbadi nent, the form ng
unift is spr ayég?ﬂ)%? ?llc\[/(ﬁli %rﬁpylg%gggn@?ﬁéﬂorag&g?lhgfégpﬁr_ry by a heating or
dryi ng processyyasPr ef er albhy prdfbiged MTO F@odess and FedtlibAtedhdigenatvild nb@MRer at ure
sufficient to renbve a mmjority of the liquid fromthe slurry. 101361 The

nol ecul ar si evdespubesd ingnotegesadk | Rrafeeablp ihe eonslitions infke Meipreaster ifchusling he
reformed nol egcul ar._si.ev | yst ANo) 3 the ctive
(F:)at alytic si tetglgt%mtS %Jég’egewlr%tcr)%urréeéht‘y&gﬁg%? {értr%gbl taggc‘gezocgtg enoved tcii’ é%y

conventional tegsldaiigeeto comlethignthd afetaaimbeliblyt olefins0as rtduedd bEloWwy
heati ng such as cal cining, The nol ecul ar sieve crystals thensel ves can be
activated for Tynisally mleqularsycyeicatalists Fe usest 1 EIPERPXYRCRALFREIPRANARE pri or

to use. Howeveg,pi fiehiis VoAb AP R0PhaECIE P9 QA6 R34 Gieve catalysts are

particularly desirable in such conversion processes, because they are highly

ete

ot

selective in the formation of ethylene and propylene.

{0139] The various feedstocks discussed above, particularly a feedstock
containing an oxygenate, more particularly a feedstock containing an alcohol, are
converted primanly into one or more olefins. The olefins or olefin monomer(s)
produced from the feedstock typically have from about 2 to about 30 carbon
atoms, preferably from about 2 to about 8 carbon atoms, more preferably from
about 2 to about 6 carbon atoms, still more preferably from 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, hexenc-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.



4S preferred that the nol ecul ar sieves be fornulated into a preforned
-catal yst, then activated by calcining. The fornul ated product generally

provi des tb@r%%@.msﬁcffem ive particle size and hardness fperaReNBLSIs@4 Scal e
equi pnent . : nverting Oxygenates tqgProducts 101371 This invention

relates to an OTO reaction systemor process. The nost preferred OTO
process is generally referred to as a gas-to-olefins (GIO or alternatively
an MIO reaction process. In an MIO reaction process, nmethanol in a

met hanol - cont apﬁkﬁg f eedst QeKmbst (TORMEH bEBokihenh ShPERIRDOE éﬁ’éfg biPLESH ar
sieve catalyst conposition into one or nore olefins, preféerably  and

predom nant | y, or etdiy loaxyeermiad, ds copmvertpd emehe pfesencer eff @madecuiar sigvd caghlyst

ol efins. 101381 The .preferred MIO progess , and reacti,on conditio i 11 now
be described PHTROTROR L] gne ‘?’r@l“gq’ 8%? §h@}glgg£ i*lbIoBhg n? r&i/f"l*a\g“?‘?act or

including the,pnes Z:%f@pabgﬁ%ﬁ{ Rk ©, 1oAY Hedtid xtoﬁgacmo;éﬁpfé%amg,g WESV)

etc., are conducive to converting the nethanol to I'ight olefins,
di scussed bel owlefingygdonalok yu conibawtibay arsi eweertat fboys ¢ Sealstock senitdining amver t

oxygenate conmpounds to ] ol efins., Silicoal um nophosphat e ( SAP

nol ecul ar si evexwaﬁeyﬂ%fle%% aBa‘?IP‘ir’]'@IJI Hosy, p ‘%"iagié'bFEﬁlaﬁgQJ@ht owg"@don

processes, becﬁlzégi%ng@l?Yen@raﬁd)&gmgﬁ}enﬁe' ective in the formation of ethyl ene
u

and propyl ene. 91" The vari eedst ocks di scussed above, particularly a
f eedst ock conjm#ni ng an Thefgadsaick, immmreecmplodiment], aohtyina ohe edshare ldiloemts,ai ni ng

an al cohol, are _cqnverted primarily into one or re olefins. .The ol efins
or olefin rmno%’i’t("gy “Sﬁfjotau’(%éﬂcef ths ‘i"r‘?ﬁmﬁeﬂ?&s?fgg}g?ef%teﬁ?w ;ﬂ’ﬁa toRcabout
2 to about 30 g??l{eﬁ’él{}fl ﬁ-%ﬁv@ e HR RRiXodly SMhRRRUTar 2idve AR chtngﬁiﬁgr@r .

atgns, nore préferably from about 2 to about 6 carbon atons,
preferably frohoadouoting txamlesitof4 dileentbansludt dredilumanargnm.s hitprgehe rcatiion

et hyl ene and/ or propylene. 1014Q1 Non-limt]i exanpl es of efj n nononers
i ncl ude et hyl eﬁﬁ’?‘ox‘g¥05§r 8 10X YRR, © "erﬁ’tagge@oﬂ'rrég@%t H%flaﬁl niegRfE1aly
hexene-1, oct eRgadesaidh 2966805z ethRh&RH3RbpanSS, f&%&gﬁm RbQRYCERE ardpitiiene- 1,

pentene-1, 4-nethyl-pentene- 1, hexene-1,” octene- | somers thereof.
O her ol efi n nomopeursisj and misturemtwtanfat e mwso peaferredl iddbefts nse matirapd4 t o

LRI R T T T R TR T
feedstock does not contain any diluent.
[0143] The diluent may be used either in a liquid or a vapor form, or a
combination thereof. The diluent is either added directly to the feedstock entering
into the reactor or added directly into the reactor, or added with the molecular
sieve catalyst composition. In one embodiment, the amount of diluent in the
feedstock is in the range of from about 1 to about 99 mole percent based on the
total number of moles of the feedstock and diluent, preferably from about 1 to
about 80 mole percent, more preferably from about 5 to about 50, most preferably
from about 5 to about 25. In one embodiment, other hydrocarbons are added to
the feedstock either 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 1s a fixed bed process, a fluidized bed process (optionally a



46 [0141] In the nost preferred enbodi ment, the feedstock, preferably of one
-or nore oxygenates, is converted in the presence of a nolecul ar sieve

cat al yst ! into one or nore ol efins having froprabeih:b:L9, about
6 carbons i'a'q oE'Sr?ré,,"B%ggf erably from abouty,;2 to about 4 carbon atoms.  Nbst

preferably, the olefins, alone or in conbination, are converted froma
feedst ock containing an oxygenate, preferably an al cohol, nost preferably
nmet hanol, to the preferred olefins ethylene and/or propylene. 101421 The

feedst ook hn RBuREPSE) BRksc) CORIAINS LG RE0 Y Gaflh WA [Rocesl WRHGALLY  Used

to reduce the concentration o edst oc uents are enerally
non-reactive t gréftrablyeecsitinokugiighotiociyl fuidiveeved patkcedsyst conposition.
Non-limting exarrgl es of diluents include helium argon, nitrogen, carbon
monoxi de, car b84%i oxi de, ThRatcaslionaBROSRISEMEY 1967 -Rlasschy 9 &vapsivapt cafalytic
(especially a C . r Lally
non-reactive a%%gg}?l (S:’ﬁéhc%r@?ﬂlﬁgé%b%z}gg] aﬁ‘l&l%?g%&? %g?é’g?& Q@%g}d %ﬂgﬁ%r&@%r red

di luents are wahd/or fisdfluidiZed bgé feaciibii bonsa cetiplbdidpgthpa circalating Nyidifedftedr ed.
In other enbodi nents, the feedstock does not contain any diluent. 101431
The dil uent naijeaROTssHEIFT detgiars. pRd 4he ilkgi aSBitable vapumtippilfeagier dypes are

conbi nation th Ty I ng o I a LT I h st ock
entering int o%ﬁ%glfbre %’a@? Sgé&éﬂgh%'dﬁe? ga{reggﬂoyg{aﬁ?gg{shg%i é’ége%lglr\lfo. §’r2f82' eéd with
the nol ecul ar (&iabyieeadndl Hlaidinaiop Eigiricaring, DL Komei andOdLewnkpicl, Robafint  of
diluent in the _ feedstock,is in the ra\tYr;S(e of fromﬁlbogt | to about 99 nole
percent based BaeggePublshing Gompay. Mewdiods New tYrekildddsvbick apalldareient

preferably fro e I m
abqut 5 to aboaqlgg%?%ﬁ%og%tg%r@?g#%rgﬁ% n}]?lgarln aegﬁtgﬁ %01?8 ra%@éffr%.?o?l%esgﬁxg
enbodi nent, ot bptiornwigrincaddoplirdite ofiftdé dnttcaluctidrendzekdst ock either directly

or indirectly, and may ing¢lude olefin(s), paraffin(s), aromatjc(s) .(see for
exanpl e U.S. PHi#ft No. %,%mf;fzz rwg%ww@sn%qaéé%qr, gengrally cleapstipd in

propyl ene, but glen ?eaBQPthﬂ%rim?Bgd ﬁﬂg.cv%ﬁ:ygé QLRERO @ﬁ%&%@i BSAFY zdpr e

carbon atons, or m xturés thereof 101 e process r converting a
f eedst ock, espand &.FyOdufiaeReinhold PeldishaignCogomienpoNewo¥ erkoX e naide¥,S.i n t he

presence of 2 BRLecHels oS GRLIIAL q SOIReRILion L AN LAVRnt) ol S

fixed bed procggsal Rof darseh g9 fed Mutysesso QREIiBRAdeY réactor), which are all
herein fully incorporated by reference.
{0147} In one embodiment, the amount of fresh feedstock fed separately or
jointly with a vapor feedstock to a reactor system is in the range of from about 0.1
weight percent to about 95 weight percent, preferably from about 10 weight
percent to about 90 weight percent, more preferably from about 50 weight percent
to about 85 weight percent, based on the total weight of the feedstock including
oxygenate recycle and any diluent contained therein. The liquid and vapor
feedstocks are preferably the same composition, or contain varying proportions of
the same or different feedstock with the same or different diluent.
[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).



WO 2004/ 048300 PCT/ US2003/ 032446 47 turbul ent bed process), preferably a
-continuous fluidized bed process, and nost preferably a continuous high

vel ocity fisy Bhge@dsfied process. [0145) The reaction procepspgsiRYniake pl ace
in a variety of catalytic reactors sugfp as hybrid reactors tﬁat have a

dense bed or fixed bed reaction zones and/or fast fluidized bed reaction
zones coupl ed together, circulating fluidized bed reactors, riser reactors,
and the |ike. Suitable conventional reactor types are described, for

examle, |0 UiduPatent g, ol 9ot nfARR iMne SaBleRRZprlnl

riser), and Fl'uidization Engineering, uni‘t "and O. Levenspi el
Kri eger Publ i shedificdlbnpeithin flewredotiok, syblews, Yearles 16vet, awhideh rage aldludirg ei n
fully incorporated by referen Dual .riser reactors or_ other reactor

e. .
desi gns  opt i GHEISEYORSRIFSIES- a%’@? GPTRIETSiQn Bresswsedp paser SBbe PemiahBesswse of 101461

The preferred I i i L Ri ser
Reactor, Fl ui cﬂl §g‘{é¥d§[ﬁc}%§g&ﬁlﬁ? gfélgf ?ilﬁ%ﬁ%g %@%‘eﬁg’i} chg (I%e 4 tgél(gggrelli—g.hﬂ? Zenz
and D. F. O hnemplieidninothd grodass $himtheGango i tfionn abdeavd. Ydibaa (0989 psiando U. S.
Patent No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent
Application 98ptap NBaa (843G pua)s 1pyeterably drogmyabput Zpkitra 4978 ppiRb tei ahent

reactor), whi -her ej I i VP8 BTANESH- 1ol 1l1n
one enbodi nenﬁ,rM?h% (g*n%ﬁsﬁ%’ gﬁa ??{];eggﬁlr%/fg}eaggférgﬁ{ ?‘Seogﬂs"eparagtglfﬁgaﬁ toj %ljoﬁ |y
with a vapor f®edPueck.f psia).reactor systemis in the range of from about 0.1

wei ght percent to about 95 weight percent, preferahly from about 10 wei ght
percent to abd®5%90 wei ghte ﬁ@‘@'@nb‘?urbbrs@aiﬁ' éF@F%lWi{IFSM}I A9pinulasly weight

percent to a j . o an. .t t ' .
fegdstock i nc&S%geﬁés%o%\gglggﬁéﬁgr%gé%?ég@gﬁﬂalgﬁlf % &gn@rgﬁ}%gﬁaetg; flﬁ}?eei n.
The |iquid angrasaper of faemokicolzk sieveecataipstecorinpogitidne withire aceaqai onen is or

ame or 11 erBAben Pertbrl v6iehs of Tcleedry Sxonine soe diucs BROPGE | n the
conyer o Ay THER bR SIS LSl Rlosile | onoe
250C (392F) t cambstto®postiof 1d i jeacticr eonzr et be AVHE VI isommimkzondd 50 EvEUB2F)
L0 o0 190 QUSERE) el LR Rl AR LS 2PRYe HOC,CEI2E) 0 about
(1112F), and nRsj; Typically, the WHSV ranges from about 1 hr”! to about 5000 hr ™,

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

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

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

WHSYV for conversion of a feedstock containing methanol, dimethyl ether, or

both, is in the range of from about 20 hr” to about 300 hr’'.

[0152] The superficial gas velocity (SGV) of the feedstock including

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

fluidize the molecular sieve catalyst composition within a reaction zone in the

reactor. The SGV in the process, particularly within the reactor system, more

particularly within the 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 nvsec, 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.



preferably from about 350C (662F) to about 550C (1022F). WD 2004/1483011

- PCT/ US2003/ 032446 48 101491 The conversi on pressure enployed in the
conver si on_pr.oces specifically within the reactor syste aries over a
wi de rangéwlﬁwpﬁﬁ%ﬁﬂ’ aut ogenous pressyre. The conversioﬁ”ﬁ&% MYE ¢ pased
on the partial pressure of the feedstock exclusive of any diluent therein.
Typically the conversion pressure enployed in the process is in the range
of fromabout 0.1 kPaa (0.015 psia) to about 5 MPaa (730 psia), preferably
from about 5 a (0.73 B$i ) ' d
preferably from'about 20=kF ERCHER N LELR £ : g RBad (22510

101501 The wei [gm:;% hour | YR§i%ﬁ‘ﬁ9gt Wetipiet I on¥ESPELt oPRE likventiah ladd ahuthbePbpCESS
f.or converting a feedstock containing one or nore oxygenates in the
presence of a thelpecfaired embedicnents art )‘Eg@wno hp peiticitlen Kigurhi Inshwwsemtwa stage one,

is defined as the total weight.of the feedstock, exgcl.uding an I ] uents,
that ‘15 Ted | QWPPHERTERATIGH OHe e TFSLPoRe. SEEGNIcitE HOrSERpds X e i n
the nol ecul ar ginfiRatiditdfHedSdxcHMFRESES, 150052 Bnd Mot SRGId ASerzaBife dFaR 1YWHSV i's
mai ntained at a level sufficient  to Keep the catalyst conposSition in a

fluidized statandvi sdviond stage beiag trepresentedilfyld caippinetivn ¢f hedtexvleasyer Zhamss f rom

about | hr-' to gbou 000 hr ' referabl ram.about .2 hr-3_t out 3000
noo o pr GRBRSEAR SR dho GbeBiie el B Neatsa T BRE B apRuars 4D, 3280
preferably frogabovipod Srddin ahdPa A stk THe vapol Biread® RP&HAI B the
enbodi ment, the WHSV'is greater than 20 hr', préferably the WHSV for

conversi on of lauideldeanoukvapondigiidi disgngagingdoim 14liandtihsdnt dirhegh abne 36t h, is
in the range of from 20 hi' to about 300 hr-'. 101521 The supeyfici al

gas vel oot Uy (esesAet BieRRahpReRogeiels RRRILIRGva I SUNER AN TR aR I oduct s
Wi thin the reaghf toyefif Prdduch EisideRbn 1B dpoeiRild diSenghpinb dinsif i§ it to

nol ecul ar sieve catal yst conposition within a reaction zone in the reactor.

The SGV i n t hethprcondensate siinpet (B amibychyistfatthen kratadebic ther heay sxehangernt& to

particularly withi.n the.one or npre riser .reactors, . s _at | east.ab 0.1
et er Cper  SectAgs OIS pf i BREEr D ap SR iR A duiheE B e o
preferably greghpf strédmdForaktdUin thedonensaRVEApHRI B R Rhetibhyh @riart 8 4 han
about 2 msec, yet even nore preferably greater than about 3 nfsec, and

nost pref er abl sprghisawith theyeapor apthgtfirat hyatiag stage. and the combined vapor streams

are sent through the line 30 to contact the metalloaluminophosphate molecular

sieve to convert the oxygenate in the vapor to olefin product. A final liquid
stream exits the condensate stripper 74 and is sent through a line 81 to be
discarded, for example, by sending to a waste collection or treatment system. The
combined vapor stream is very low in contaminant level, with a substantial
quantity of contaminants, particularly metals, being found in the final liquid
stream that is discarded.

[0154] Referring to Figure 1 in greater detail, an oxygenate-containing
feed 2 which contains impurities, which if not at least partially removed, can
deleteriously deposit on catalyst and/or on the intemal 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



WO 2004/ 048300 PCT/US200 3/03 2 4 46 49 VII. Detailed Descriptions of
- Various Enbodi nents of the Invention. [01531 Referring to Figure 1, one

aspect of W§gemugsiki on and a nunber of the preferred engogi§Rpsaie
shown. In particular, Figure 1 shows asiwo stage vaporization process with

the first heating stage being represented by a conbination of heat
exchangers 48, 50, 52 and vapor-liquid disengaging drum 14, and a second
stage being represented by a conbi nation of heat exchanger 78 and

condensat e st rjpPR&larAdd A3t 96RALS, £ 88 Tndisrid1e MR ArdYisHAM e BREAARIR RIS, 50,

52 to forma vapor streamand a 11 quid stream The vapor streamis
separ at ed fr omnidhe thd icquditioss meeinto rprefape roTOgfteds. dT ke dymggagng rdmem 144 and

is sent through a.lin tq .contact t al | oal umi nophosphat e ,mql ecul ar

si eve to convgrof‘taf’??ea gQ@%ﬂﬁgP@CWﬁamsu Bt ?W&?P%Ficﬂ“}?%’@f%&h@ﬂsc}w% from
the vapor-1|iqui ' ' ' ithe (ORI deb 74,
which is furt lﬁlig(rja E’E?ﬁggﬁ%;nﬁ?g{)ﬁgﬁa% %e@gégg%é;rm% ttgé) vapoﬁ@%%%eg?%qfé%al
oxygenat e renairannglhen drima s qpeviiedA ssi gnithi ommtaipothe omygdnatehdeeds apoa

streamforned in,the .condensate stripper 74.is sent through a Ijne 89 to
Combine. wi 1 FRETRURC o AEE TS tie The FerRe e B o el A por

streams are Sefhaiddaoneicitdiqo gimclé& hOleS R PaREllIyt V¥ oHEé@éf‘ﬂQ%#t%%RﬂPthat e

nol ecul ar sieve to convert the oxygenate in thevapor to olefin product. A

final liquid phasamleriat kasthpertadydepsbiteast (or ppase).74 and is sent through a
line 81 to be discarded,, for, exanpl by sendi to a waste collecti.on or
treatment syst®fl The ¢ F%](Sa“\;%‘bﬁlysi’%’é’éﬁ?éjgfg@“& SPEAR thPRSAT AFPREht
level, with a S i ' o} pant [Weyn]l l's,
bei ng’ found | 1 ehe O ieayt oy (BPRHLL hidhel i UROR Sl el A Rer s v ng
to Figure 1 irogipemingy patkingiand demisisyspecears &2caadt 24 andnipvirfgeadupentmlet26
contains inpurjties, which if not at least partially. yenoved, n

del et eri ousl y fBepo¥fth Solupuy dempsier QWH}‘ﬁP*HFpn? el ef’?r%ﬁ’l’na)sel‘j?l?tﬁég’s f“idhf%ughout
the apparat US/aPBr L0 IREOTE R0 SNOTD fEREST, PRITPShowis 3hdRE Gis&Sed BRI ai N

or facilitate Tlow of the feed. The oxygenate-containing feed 2 is heated
by one or norcenflgsdr p? éhentippe iglet 39 ofwdandhsehdrum Ahaveg arbadtogsdwtlet i al |y

Ta vi a vapor . 31 dachehi eBihaang B SSadet B medhed RS R Grd 1
di sengagi ng dritpsission thRenddnsedriml RERdIé Bllet 40, to wash column demister 20 as a
demister wash column wash via reflux 28, and/or to an OTO reactor via line 42.
Thus, in one embodiment of the invention, a liquid feed is fed into the OTO
reactor. This liquid feed should be free of non-volatiles and, preferably, low-
volatiles and kept close to its vapor point. The liguid feed is used to control the
temperature in the OTO reactor and the proportion of vapor to liquid feed used is
dependent on the OTO reactor conditions as described above. The wash column
demister 20 will further remove any entrained non-volatiles.

[0157) An at least partially liquid stream (or phase) from the vapor-liquid
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



where non-vol atiles and/or |ow volatiles present in the oxygenate-containing
‘feed WD 2004/ 1148300 PCT/ US2003/ 032446 50 are separated fromvol ati |l es,

e.g., mtegi are distillable and/or sublimble u di tions
W@Etﬁu%ﬁ}@ pé%ﬁﬁ‘@%f'flg o

used to prepare '?eeds. The di sengagyng drum 14 contains a

fluid nmedium such as an oxygenate conmpound which is used as a heat sink to
control the tenperature within the vapor-liquid disengaging drum The drum
is operated so as to maintain the oxygenate feed at a predeterm ned

tenperature ang ofesgura. s '?quyﬁ{g)%ﬁf HP&cﬁﬂ% @ﬁ‘i’f%ﬁcgorllg%‘%%ﬁ% ?dg’efuﬁ]ﬁent

mai nt ai ned sufrrcient 'to provide Tan at least “partia

stream (or phgsaxhawateanHait inpatsto thaheat akthanbegus dostrolledmo(asrtoghaddg a
101561 The at |east partially vaporized effluent streamis _passed tplrough
drum out | et 18Pe%p?¥‘§ﬁﬁ¥? VERPTo BYRSCa AXYESPISICAN AR %P@nﬁfo%ﬁﬁ%‘%r i)

comprising Packifign@ildfaietelq 75 URERButid 13110: B PR IfABmiPPer | i et

26 for a wash mster liqu oxygenate reflux 28 "and eventually fed
as vapor via [oass 30 i nilooaeaspeet ofethe ientiongtthes hapun phaseds eemovedethiongh

t hrough condenser 32 to_an upper inlet 34 of condenser drum 36 having a
bott ons out | et drugy q'ﬁ%g&hvaemPn PRyss ¢ Sﬁ&éﬁ@w@w%ﬁa@@rpér%s@aﬂt 0

punp 38 for t eSS : : : J W&kt col um
dem ster 20 as(“?llg’a g%?lé%lgrfBﬁg@ﬂ@%@?%ﬁnﬁmg\géS{ﬁE@?\gﬁfﬁl\’ﬁ&%l}éﬁﬁlg})@g to én oro
reactor via |ing 4he mdjorigy; of theoa-wwidhidel andnibwefolatiles heonantlaterin tiee liqujdi d

feed is fed into the OTO, reactoy, This liquid feed should ee of

non-vol atil es BRR$E W%PSHFVPV?C{)W“V@F ;Qﬁe{l%l%&]g"%ﬁ{a Qtlst 281 gIhFﬁes"QPapor

poi nt. The | i qujids; I Byl . r i

redctor and t hgblgtrliz)egg‘{r;ltdi %nwug gt\lllg%g?@?gé ??S&’Eﬁ ?Feg{drgﬁvse H{ gf " %ﬁﬁf;ﬁq en(?son t he
OTO react or coRalwn dm theamt. dBscne drabbdiinemtevoldties agkeddo ltherhquidene stmerved0 wi | |

further renove any entrajned non-vol atjiles 015 n at |least partially
liquid stream PHEOPYALE the figid He RyEPof= 19 laai[tfep 0 l@@ﬁw ﬂgpa?ru% Yig psssed

through a vapohs| ipﬂwn%tweg@_@g% b1 o BEcbh e to $he ERHIAM Sipfé Midighi ne 46

to a heat exchanger neans. eat exchangér means can conprise a
plurality of hestmeditangetessa@stripperantet 36, paresyfady in/thoye iristasced Whae ann

parell el et RS e 5 B 8 SRR S s bl ARG "
tSL [ gﬁgﬂhr lelrfg\é eggist&ggggd ‘ggl?ﬁgﬁhe RERAARAL sRippeA74 i R&1&D by G2onaehG stipgace
bottoms heat exchanger 78 wherein heat i1s added to at least a portion of the
bottoms taken from condensate stripper outlet 80 via line 82. The heated bottoms
are returned to the condensate s;tripper via line 84. The bottoms, which contain
water, heavy hydrocarbons, non-volatiles and low-volatiles, may be removed via
line 81 to a disposal or recycle system, not shown, which may include a water
treatment plant. In one embodiment, the solids and heavy hydrocarbons in the
liquid stream can be directed to heavy oil removal and separation systems
included with the aforementioned quench systems used to treat oxygenate to
olefins reactor effluent.

{0159} Condensate containing oxygenates, e.g., methanol and water, such

as that provided by quenchjng 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



inlet 68 to the vapor-liquid disengaging drum 14. Heat is supplied to the
. parti-al vaporizers 48, 50 and 52, via hot OTO reactor effluent 49, steam
51, and/ onry Bk Midssfel14/ 048300 PCT/ US2 0113 /03 2 446 Slp@gsmbshiqi6 d 53
resul ting ‘?/r om quenchi ng OTO reactor e&fluent, e.g., using quench water.
Heat input to the heat exchangers is controlled so as to provide a heat
exchanged vapor phase oxygenate-contai ning stream of sufficient heat
content as vaporized feed via drumoutlet 18 for OTO reactor requirenents.
10158] I n one @swaekdateOlstrippr igVeMRhd Odbndbhier VBRAT 9PN AARCH SepRARY &fht thYRUIh
drumoutl et 18. The vapor phase is free of non-volatiles and, preferably,
| ow- vol at i | escamdersables ofromn; goidénpitde diquidst cBlis | eandansate tstreppenpoiertpadse

th h tlet 8. T jorit h -vol atiles and | | atil .
accumil ate | n SRR OTER dnicibante Ba DB Vi Babne Foftterit®h e K arum
via outlet 70.yapaesentRing MRladt is! @R B the\WoNRInddtk Is@HpeRYvEfesl shIsREL0f 1N
a variety of uséful manners known in the art. In one enbodi nent vol atiles

trapped in theddug®h threwgh iren®Rend aggquidnontgining stheem isdakicn wia dinpdAP and t o
the top of condepsate.stri 74.via li 75, ;A ternatiyel he |iquid
can bepco_nveylee:.eB&ﬁ%és é%?fggﬁé%\féh?‘t P‘i‘rﬁlﬂ)g_ﬁztt‘?\?)oﬂi’ﬁﬁc’p © F%‘?%@ﬁ%ﬁts&‘p@%zgnsat e
stripper inletyifGine A8 il &) :aﬁ CleOtrQQﬁ& RS LGRS MBemA 2N RulAlHRaLEe

source of reflux is nade available to the top of the condensate stripper as
di scussed bel oflpw Tighessnlipndaortaming pipeams7yia ndsetSezhdiyr 42 camdernused ¢o

stripper botto at _exchanger erein at J.s.added.to at | east a
portion of thecor;‘gr(?i] ?‘Hﬂ%er? eﬁﬁeoﬁ%%ﬁaé’ at Eﬁgﬁer#‘%‘ﬂgﬁmﬁtﬂﬂ"& Stéffm}sl a"aﬁ_ti ne
82. The heat ed.dif @iRemalyoteleWDE at RabiRuLHAERS@BhBNAALItORRY thib dvelil Ne 84.
The bottonms, which contain water, heavy hydrocarbons, non-vol atiles and

| ow-vol at i | es, suitgq abdeaderioverireactar. Thaevagar-cantzindigsyisaml caprber sbyeuendy st em
not shown, whigh i..ncl ude.a ter reat ment .plant. In.one enbodi pent,

the solids andﬁ:ﬁgg% W@}é?%&%f‘be&\r@ni@ ?lf%neﬁf: ieﬂ{hogpng?n?’_e%trﬁe % B%‘%aPr"ch _%d to
heavy oil remyideatt SAPRravetitad ¥sHREGed VACHMISS toWhfbribe offlwhe i fihé oned
guench systens used to treat oxygenate to olefins reactor effluent. 101591

Condensat e conithiu ingrodnsageinte s, OBOqeactoret indt partiguiady suiteds whpre raffux hat
provi ded by qute n,[ hlcr&gg%g tgrsg) é&%ﬁff‘) E)spérﬁoﬂz%ﬁrgy gﬁﬂa?fersn%yes 3)? C%Qt%ycgg&?ng?ée

separately add€@d™t o 3nsa'ii vi‘a ernedl at® condens
stripper inl edtredf subhasBRIAbUnStdrh MRevapoy-ifhidalisangagiagrared 14r om t he

condensate stri pper ) . ) i

[c160] In a particular embodiment of the present invention, an OTO
reactor effluent, e.g., reactor effluent 49 is taken via line 106 to a reactor effluent
quench unit 108 whose bottoms can be directed to condensate stripper 74 via line
110 and intermediate condensate stripper inlet 86. Quench unit overhead
containing olefins i1s taken via line 112 to initial olefin recovery unit 114 and
thence via line 116 to a product recovery wash system 118, e.g., a column, to
which water or oxygenate-containing wash is fed via line 120 to remove water
and/or oxygenates. Typically, an oxygenate-containing wash can be derived from
oxygenate feed, condensate, boiler feed water, process water or product
oxygenates, as well as other suitable sources. The oxygenates in the wash extract
may be recovered and purified as feed for the OTO reactor. Wash extract is
removed via line 124 and directed to quench tower 108 or condensate stripper 74.
Washed overhead 1s 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



by line 88 and recycled to the vapor-liquid di sengagi ng drum 14 through
"vapor- |iquid disengaging druminlet 90. In one enbodinent, at |east a
portion ofyhhgesymxsiohead fromline 88 is directed throughrdriuszeBastfs ough
condenser 94 and to a WO 2004/ 048300 £CT/ US2003/ 032446 52 condensate
stripper overhead condenser drum 96, which separates out non- condensabl es
from condensable |iquids. This condensate stripper overhead condenser drum
96 is separate fromthe vapor-liquid disengaging drum 14. A

vapor - cont ai niwgosted dmids 312 flresmorifef methend orttehdati@ istudeppide onfacée2it

condenser drum 96 through.ljne 98,_ apd a |l.iquid-containipg stream.is taken
via |line 100 ning @Féi%gll‘?“? 13@?@?5[1 ERAFINE éfIWUﬁgﬁ’E‘rPﬁ’ Weﬂfoh‘ﬁ‘)‘- Eaeh t op of
condensat e stry 7 La., Yy A®Ntihiho ' ia
[Tnes 105 and 0 Heahrlibfe teREm AR E20 uehishe e PROAARA Therkd® STh e
via |ines 105 adeléiafacd234and e brawah $iaface GR0 ard prefergidy ddnmed dffan theoat3dO

reactor. These |iquj d-ﬁont aining streans that contain extrenely |low |evels
of at |east |dneigBpkLIchas coipRseHants are thus well- suited as feeds to the
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as fuel. In an[ ernat e enbodi nent, af Teast a portion o ensate
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and introduced intq.the Oreactor. This_.is particularly suited where
reflux to theAgnddhse gﬁsﬁrﬁiﬁrpéﬁckm ﬂz.e BrOVHRIIESSIRN A¥StEnt Belvges a fire
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di sengagi ng dr In"a partic odl nmen esent
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lihe 106 to a reactor efflyuent quench unjt 8 whose bottaqonms can be
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oxygenat e-containin sh is f via line to remove water ., and/ or
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oxygenates, as well as other Ssuitable sources. The oxygenates in The wash
extract may bdusteteydrediinsippassibh edentsofistd20% reach ef Gl sawt asimablgash
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one or more of the aimable turrets towards the fire in order to extinguish it.

10163) Figure 2 also illustrates a cargo pumping mechanism adapted to
pump the methanol cargo off of the ship or to circulate the methanol through the
holds 212. The cargo pumping mechanism includes a methanol intake line 222,
which extends longitudinally through the tanker holds 212. Although the intake
line 222 is illustrated interally with respect to the holds 212, the intake line could
be oriented externally to the holds 212. The intake line 222 includes a plurality of
methanol inlets 224, each inlet being adapted to receive methano! from a
respective hold. Figure 2 illustrates one methanol inlet 224 per hold 212 although
a plurality of inlets 224 may be oriented with respect to a singie hold 212. Pump
motor 214 operates on motor shaft 218 to power cargo pump 216. Cargo pump
216 creates a pressure drop on methanol intake line 222 thereby causing methanol
to be supplied thereto through methanol inlet 224. The methano! received in

methanol inlet 224 flows through methanol intake line 222, through pump 216 and

into methanol discharge line 232. Methanol discharge line 232 is also



Washed overhead is taken via |line 126 to additional olefins recovery unit

+ 128 to formone or nore final product streans, not shown. 10161] Figure 2
illustrat eg,@z{ﬁ,@ghﬁ{m general | y designated 200, that has poees:mmdsfised by
t he above-described process. Tanker 20@;i ncludes a plurality of WO

2004/ 048300 53 PCT/ US2003/ 032446 uncoated holds 212 for storing nethanol.
Each hol d includes side surfaces 234 defining the side limts thereof and
separating a hold froman adjacent hold. Each hold also includes a bottom
surface 220 defongitadintline obiedittd mithi mesgect toetanbdr. 200hmd cxtatds swef theao@ 3ftland t he
bottom surface 220 are preferably. .formed of an uncoate terial such as
carbon steel . hoiggRi2T rﬁ’en%a@ﬁ@d]“i%fﬂ%imgmsiarﬂl‘ﬁg%o methagok plite sV on
system adapte RVl NnAGP ShESH ShRM sefil i to
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ai mabl e turre{(élja%lﬁ]%f gﬁl{e%ggﬁ{%?g?‘e%gl @i‘}?g}% é&fggr%“%%@@gﬁ?g?glg%ﬁg%hdgﬁﬁé%agg an

i ndi vi dual di r sitiogen ogeReratornorheofas bianketimdh Ieediunr fom gasvdraket heediame i n
order to extinguish ig.

101631 Fi 2 al il _af. .
mechani sm adapE&Erer *éﬁﬁ%%ffﬁ@eﬁlfrég‘l%ég'&lgag %gebf:g‘? rta{“I?FZZ ﬁa’ciaY_rhgﬁ% %o)ggr})&sn-g
circulate the [@%lgﬁﬁi@hlb‘ BUQUAEH bffhe Qﬁ\i,%é% Fz]‘il;l% 2-[5?3]‘1?(%%&?&%%2??%%%”' sm

i ncl udes a net ntake |1 ne 222, egtend ongltu y through
t he tanker hol te @EZladiictihgugdditiheoianphkaity |of ridard@P oidets PR B8s eacht edwhich
internally wt

h respect. to the holds 212, e intake line could e oriented
externally to prendsomgide ff.?S.Pe‘ﬁ%e ?ﬁ%ﬁé%ﬂﬁlizg ﬁ%@ﬁ% the gpq Planketipg of
met hanol i nl et §,.dRgh iLairdk é_dlrklbeetac}%fﬂﬂ AEPE . TR0 HREREYSutlER BN hb

1 a
respective hold. Figure 2 illustrates one nethanol inlet 224 per holgm212
al t hough a pl urEigitey2 &fr each beld 2124lthaygtbeachhioshined haie & simglepdanket outdetsi ngl e
2(;I6d é;rzgopggpnﬁ”%%eot ag%ﬁogﬁgi&to%aetg‘n not or shaft 218 to power cargo punp

[0165] Having now fully described the invention, it will be appreciated by
those skilled in the art that the invention may be performed within a wide range of
parameters within what 1s claimed, without departing from the spirit and scope of

the invention.

L



216 creates a pressure drop on nethanol intake Iine 222 thereby causing

nmet hanol to be supplied thereto through nethanol inlet 224. The net hanol
received in nethanol inlet 224 flows through nethanol intake |ine 222,

t hrough punp 216 and into nethanol discharge |ine 232. Methanol discharge
line 232 is also WO 20041045300 PCT/ US20113/032446 54 |ongitudinally
oriented with respect to tanker 200 a cxtends over the top of the holds
212. The discharge line 232 includes a plurality of methanol outlets 230,
which optionally are in fluid connection with a series of external conduit
l'i nes for CLidMiidi ng the nmet hanol from tanker 200. Alternatively, the
outlets 230 may extend inside each enclosed hold 212 and di scharge the

met hanol back into the holds 212 thereby providing for cargo circulation
bet ween the hohdsrocesd i4kmOvBaSméthitsakehihHhospatEMoletuldt SiveS Bitdmihags udi ng a
gas bl anket nedium generator 236. The gas bl anket nedi um generator 236 may
be a gasofiPmean oxpgepalenised @pd [anvarting thegpgeanate in ﬁhméeeéﬁgi(ﬁéﬁlbprcalﬁcﬁ nert gas

gener at or s -ogen generator. The gas bl anketing nedi um from gas
bl anket n%@#@%?ﬁgﬁﬁé? %%ﬁ 236 is directed through gas bl anket conduit |ine

226, whi ch ext @ndbeatihgnigi dxygemate lfaeddv dormeachpafstielre coniniised magdridg 012, The
conduit line 226 directs .t?e as ngggg%%nﬁ n&diunlto a .IuraLit% ?f

bl anket outlets 298/8°R3RSINSRC RhiggpRte & HAHE lgeam, CoEuniag &AL of osed
hold 212. In thi spyRBNBSumitbphesphate! Mbkellhh ievdaRhtdMidafitsdin’ @t &6y gepat@ach of
the holds 212. Two bl anket outlets 228 are shown in Figure 2 for each hold

212 al though eachf#8i d may have a single blanket outlet or nore than two

bl anket outl et ' f rd .the invention, it will be
appreci at ed byﬁ)t%%%%éﬁﬁﬁﬁﬁgggrﬁg@hgﬂgﬁ?w?ﬁg S;ltuﬁéqinvention may be perforned
wi thin a w de cangentadting pédrearsepaatsd wvdpor nstrdaat  wish cinatalfedymisioplsphatelepar t i ng
fromthe spirit and, scope of the i&vention..SS CLAI M5 #. A<ﬁ{0qeﬁf for
removi ng netal | oapﬁ}ﬁcﬂlﬂgﬂf)‘éfptﬂe?f’@’% B OXYESPatE] 1\fhe FEARARIFIHPLOUEE 83T an

oxygenat e feeddangdiscAMyueat ldagt 4 POrtidx YFaRAtGatdied Hguid 8@ehnt, OvliLe bbitaing oduct ,
conprising the steps of: a) heating the oxygenate feed to forma vapor

st ream cont ai ni ngm&taiiagleminophegphate molecular sieve catalyst contaminants,

wherein the metalloaluminophosphate molecular sieve catalyst contaminants in the
discarded portion comprise at least one metal selected from the group consisting of iron,

sodium, and potassium,

2, The process of claim 1, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 75 wt % of the oxygenates in

the oxygenate feed.

3. The process of claim 2, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 85 wt % of the oxygenates in

the oxygenate feed.

4. The process of claim 3, wherein the wvapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 95 wt % of the oxygenates in

the oxygenate feed.

5. The process of claim 4, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 98 wt % of the oxygenates in

the oxygenate feed.



oxygenates in the oxygenate feed and a liquid streamcontaining a nmajority
of netall oal um nophosphat e nol ecul ar sieve contam nants in the oxygenate
feed; b) separating the vapor streamfromthe liquid stream c¢) contacting
t he separated vapor stream w th netall oal um nophosphate nolecular sieve to
convert the oxygenates in the streamtgQ olefin product; and d) discarding
at least a portion of the separated Ii%ui d stream which contains

nmet al | oal um nophosphat e nol ecul ar sieve catal yst contam nants, wherein the
nmet al | oal um nophosphat e nol ecul ar sieve catal yst contam nants in the

di scar ded6por t Tinprocespof sleinal, wigash thermxypeiatd feabtomyirasds fethemdlhe gr oup
consisting of iron, sodium and potassium 2. The process of claiml,
wherein the VPRl LA BILIEANY Achdid a}]ngsta h?dn'&%@mmﬁmﬁpﬂ%ﬁs%aﬁpd ecul ar
sieve contains at least 75 wt % of the oxygenates In the oxygenate feed. 3.
The process tfe discirded? potior rentairsha eagd ot wit % eefnthe ametaliedlurginbpieosphate

nmet al | oal un}eﬁgphosphat Si ev ntains at least 85 w % of the

I I
oxygenat el la{ ﬂ%"eo%?ﬁg"‘é‘ﬁg%n g#‘é@%?xygfan%&g%r ocess of claim 3, wherein the

vapor stream contacting the nmetalloal um nophosphate nol ecul ar sieve
cont ai ns &t | efbg prodesaof ehaimi 71 Whereir phyedisdasidiportionivening gelrast 80fvadblof 5. The

process of,_ cl ai Wherei,n the vapor stream contagting the

et al | oal oL SRR g COARERE DBl 8ot o of ¢ he
oxygenates in the oxygenate feed. 56 6. The process of claim1l, wherein

t he oxygefat e Theprocesspf tlows 8nwhdrein the difcard @oproncesinsfat shsti8mwt % eher ei n at
| east a p retié%gh %I t~Q§ hloi %%ed sl'%&ﬁ%ngi ivs ditgr(r:]ﬁlrded ar})g{ terﬁ% 'Zfsarded portion
cont ai ns PR R R 8 PRE T AT F S8 T ﬁ’%%%%ha?’% F€cul ar sieve
contam nants in the oxygenate feed. 8. The process of claim7, wherein the
di scar ded1§or t Theprooess af elginaP, whersin tigodipwardd pprtionfventams at leasti%mtiYophosphat e
nmol ecul ar ,si e cont.am,nants in the oxygenate feed, 9. The ocess of claim
5. wher of IR IR PR Bl I8 PSR EP b I as oy iGuclr e T

nmet al | oal um nophosphat e nol ecul ar sieve contam nants in the oxygenate feed.
10. The pilbcesshobroskssi oh daimphewbengin the ra¢talbaptuteidopiwsphatm molasular sisvaat | east

)
90 wt % O]::ontaminants are non-volatiles or partial volatiles.

12.  The process of claim 1, wherein 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.

13.  The process of claim 1, wherein the oxygenate feed is heated to a temperature that
is lower than the boiling point of 1-octene at the pressure at which the oxygenate feed is

heated.

14.  The process of claim 1, wherein the oxygenate feed is heated to form a vapor

stream at a temperature that is not greater than 200°C.

15.  The process of claim 14, wherein the oxygenate feed is heated to form a vapor

stream at a temperature that is not greater than 150°C.

16.  The process of claim 1, wherein the discarded portion has a total iron, sodium and

potassium concentration of at least 1 wppm, based on total weight of the liquid stream.



t he netal | oal um nophosphat e nol ecul ar sieve contam nants in the oxygenate
feed. 11. The process of claim1l, wherein the netall oal um nophosphate

nol ecul ar sieve contam nants are non-volatiles or partial volatiles. 12.
The process of claim1l, wherein the oxygenate feed is heated to a
tenperature that is greater than or ual to the boiling point of nethano
at the pressure at which the oxygenate feed is heated. 13. The process of
claim1l1, wherein the oxygenate feed is heated to a tenperature that is

| ower than the boiling point of 1-octene at the pressure at which the
oxygenat e 17.eedThe probesatod ¢lairh4l6, Wherepr thealisanifd pbetiom Has avotal éion, dodmnoxygenat e
feed is heated to form a, vapor reamat a,tenperatyre that.i s not, greater
than 200cnd Eotaxsum SORBRERRY of o8 ISR ima e h P ey JERaPE EdEHd o heat ed
to formasiappr Streamat a tenperature that is not greater than 150C. 16.
The process of claim1, wherein the discarded portion has a total iron,

sodi um an pot.assi um cencentration.of at | t 1. m_based on .total
vetght of e, TRottoe oF G &y Wik b HhscpRE porigh s WA Eon ShabBl ¢ ne

di scar dedagd pbtagiunh @6nddnirgticdl of AtORast SlOdi'qif@bE’ﬂ, Bl BOtREISHeIEhe eNaRMidual i on of
at least 5 wopm based on total weight of the liquid stream 18. The
process oft'&Mhim 17, wherein the discarded portion has a total iron, sodium
and potassium concentration of at |east 10 wpopm based on total weight of

the |iquid9, stTeaMproté&s e dMIMCERS viHerdih Aith® lvapohekRédin t BEnty@@@r thd r eam
contacting the netall Oﬁﬂ um nophosphat e npl ecul ar si eve contains not greater
than 5 wppKiadpalyminoghesphaiaimglecilar stave gontpigrnpherediehthan SowrpE (of 38y 8% i r on,

sodi um an%e&%aércﬁwﬁbmbmé %%L@rbom&ﬁdg of'RdrIRbdifh dndSHoYRRRM, DhicBHM 6@Nt acting

the sieve. 20. e process of claim™9, wherein the vapor stream contacting
the met aeight ofithervapioo sipdeat eontasting theaievei eve contains not greater than 2
wppm of any one netal selected fromthe group consisting of iron, sodium

and potassgpum Tf?@sﬁx‘écé%g topt laim Waigghlyn&Eint NRe VR ShEGRMGRALER tigg the
sieve. 21. The process of claim 20, wherein the vapor stream contacting the

met al | oal oeialophméphosphate Inealedudar sgive wentainpnal greatanthag 2ewppm of ey ode wppm of

any one R SaRShPRDEE oAt DR e RS0 ShAL Mo York R, b3RY AN

weight of the vapor stream contacting the sieve.

21.  The process of claim 20, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains not greater than 1 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.

22.  The process of claim 21, wherein the wvapor stream contacting the
metalloaluminophosphate molecular sieve contains 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.

23.  The process of claim 1, wherein a majority of the oxygenate in the oxygenate feed

is methanol.

24.  The process of claim 1, wherein the steps of heating the oxygenate and separating

the vapor stream are carried out in one stage.



wei ght of the vapor stream contacting the sieve. 22. The process of claim
21, wherein the vapor stream contacting the netall oalum nophosphate

nol ecul ar sieve contains not greater than 0.5 wppm of any one netal
selected fromthe group consisting of iron, sodium and potassium based on
total weight of the vapor stream contgcting the sieve. 23. The process of
claim1l, wherein a ngjority of the oxf&enate in the oxygenate feed 1is

nmet hanol . 24. The process of claim1l, wherein the steps of heating the
oxygenate and separating the vapor streamare carried out in one stage. 58
25. The pekfcesThofprocdsaioficlhim Wehatin thdgestodheatofg theatygegate bed sepygemat e and
separatin the vapor streamare caryied out in nore than one stage. 26. A
process f B¥ @BMEF ﬁ&%ﬁé&’r‘éﬂrbmf’@ééar’c%‘e&a@ﬁ n product, conprising the
steps of: a) heating an oxygenate feed conprising nmethanol and netal

| oal um nop&os pAgirecesn farcwhedrtisg exygeaatt dbedstb adefit produantsypraing tht seppheri c
pressure 0{_ above, to at least the boiling point of the nethanol at the
pressure 8t which the oxygenate feed is heated, to forma vapor stream
contai ning a gy OhédidigOf hhe nBbyBan@d 1 Meddre supeiviage f ARthaANd aahd qui d
stream containing a majority of netalloal um nophosphate nol ecul ar sieve
contani nants in t Metadealyainepbospbalg, mpleswdarn tiens neatalyytoAonmestios ghat e

ol ecul ar si eve catAlyRicGALATLRARNS ik I8 hi Biifl SLEEATHE AMRLAsG at | cast

one netal selecte e group consisting o odium and potassium
b) separating thethegpessustat ednici themxypenatel fyed @ statedam fontnex eapor staean | qui d

stream conprises a jority.of the netallal um nophosphat | ecul. ar sieve
catal yst contani n&?ﬂ“rgr%"ﬁ % O&XIQENE’[ @eﬁ’é%@;matﬂ% & g%_ﬁt §S‘fiaﬂn§ atlﬁﬂ'“cgepar ated
vapor stream w t hgrRhAatbRahing 2 aRNGRP DEtRetallTAlRSHbFHosSHaRY ottt ¥Rle t O
convert the nmethanol in the vapor streaminto olefin ﬁroduct. 27. The

process of clai m g@tamiartsiin texyeeoateJeeds wherednt theomptelledymimophasphatg
pr ocess of ol ai m BB CuREHEl Byl BRLBEARCh e bt dhelh LAk Il
separati ng t he vapormstal edatedrfeone tergragp musisting afiiwnsicad(m, and potassium;

b) separating the vapor stream from the liquid stream, wherein the liquid stream
comprises a majority of the metalloaluminophosphate molecular sieve
catalyst contaminants in the oxygenate feed; and

c) contacting the separated vapor stream with metalloaluminophosphate

molecular sieve catalyst to convert the methanol in the vapor stream into

olefin product.

27.  The process of claim 26, wherein the process further comprises a step of

discarding at least a portion of the separated liquid stream.

28.  The process of claim 26, wherein the steps of heating the oxygenate feed and

separating the vapor stream are carried out in one stage.

29.  The process of claim 28, wherein the steps of heating the oxygenate feed and

separating the vapor stream are carried out in more than one stage.

30. The process of claim 26, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 75 wt % of the methanol in

the oxygenate feed.



29. The process of claim 28, wherein the steps of heating the oxygenate feed
and separating the vapor streamare carried out in nore than one stage. 30.
The process of claim26, wherein the vapor stream contacting the

met al | oal um nophosphat e nol ecul ar sieve contains at |least 75 wt % of the

met hanol in the oxygenate feed. 59 Sq’b The process of claim 30, wherein

t he vapor streamcontacting the netall’oal um nophosphate nol ecul ar si eve
contains at |least 85 w % of the methanol in the oxygenate feed. 32. The
process of claim 31, wherein the vapor stream contacting the

met al | oal G noPlosplatss bl ekithar3lsi eheremonthei nspat streast cBiasting%thd t he

met hanol in, the oxygenate feed. 33. The process clai m 32, erein the
vapor str EQWIB?UHM@W?F&%?%“&M%H ﬁ‘%’&ﬁ?ﬁliaﬁtﬁ;ﬂ@%aﬁhg% At r@f’glﬂl‘fl ’H?twq Oevie

cont ai ns &iedx?@élhtegfged/.\/t % of the methanol in the oxygenate feed. 34. The
process of clalm 26, wherein at |least a portion of the liquid streamis

di scarded,and @e di scarded Eaf}Fnti qn cgnt ai nt?‘ at Ieas% 75 w % of the

met al | oal G not osPIfare ol && ar si BVE Tont&m Mt SFH™ ¢ ﬁgmﬁ%pé_er’f fe feed.
35. The phre&EssluMinophédpihddmoletigireiidvet ddtattist déadeds ROPA bPtheCiBthaiolsn at | east
80 wt % of the netal] oal um nophosphate nol ecul ar sieve contam nants in the

oxygenat ete@xygengs feeche process of claim 35, wherein the discarded portion
contains at least 85 w % of the netall oal um nophosphate nol ecul ar sieve

cont am naps.s iThd hproveygarmatchithead, Jfherelthethpr Q6RES satari| 2bfdhg Wherein the
di scarded portion contains at |least 90 wt % of the netall oal um nophosphate
nol ecul ar mstalodumiophpsphatgtaolpslarevs apgeista lease 88 wilo offfie methanoddn of ¢l ai m
26, wher ej nktald oal um nophosphate nol ecul ar sieve contam nants are
non- vol at H&Jx?@ern par tdl'al vol atiles. 39. The process of claim 26, wherein the
oxygenate feed is heated to a tenperature that is |ower than the hoiling

poi nt of #%oct Eife PERceshaf ﬁr%érgs%ﬁ,ewla&relmtclﬁass We%‘i‘%e?fggé Liquid girpan Hat ed.

40. The puReRss Ohnd! hdn %%caed@@r?oﬂio&]hecmwnafeléaaedvmb@ato@d tho forma
vapor streamat a tenperature that 1s not greater than 200C. 60 41. The

process ofmnetillaalmmir®@phodpbateinmledudar sieye eomtangininse th the okieggnatd feed. f or m a vapor
35.  The process of claim 34, wherein the discarded portion contains at least 80 wt %

of the metalloaluminophosphate molecular sieve contaminants in the oxygenate feed.

36.  The process of claim 35, wherein the discarded portion contains at least 85 wt %

of the metalloaluminophosphate molecular sieve contaminants in the oxygenate feed.

37.  The process of claim 36, wherein the discarded portion contains at least 90 wt %

of the metalloaluminophosphate molecular sieve contaminants in the oxygenate feed.

38.  The process of claim 26, wherein the metalloaluminophosphate molecular sieve

contaminants are non-volatiles or partial volatiles.

39.  The process of claim 26, wherein the oxygenate feed is heated to a temperature
that is lower than the boiling point of 1-octene at the pressure at which the oxygenate

feed is heated.

40.  The process of claim 26, wherein the oxygenate feed is heated to form a vapor

stream at a temperature that is not greater than 200°C.



stream at a tenperature that is not greater than 150C. 42. The process of
claim 26, wherein the discarded portion has a total iron, sodium and

pot assi um concentration of at |east 1 wppm based on total weight of the
liquid stream 43. The process of claim42, wherein the discarded portion
has a total iron, sodium and potassi wp concentration of at |east 5 wppm
based on total weight of the liquid stream 44. The process of claim43,
wherein the discarded portion has a total iron, sodium and potassium
concentration of at |east 10 wpopm based on total weight of the liquid
stream 483l. Thé‘hptpn:messofocﬂaimmrwl%ein\nhemwgmaméeedapbeated teeformcondp@et i ng t he
nmet al | oal u hosphat e ecul ar ptai ns not greater than 5 wppm of
any one ﬁg%aé’i' ts"’etleg’gfré‘ r?&’&?’r‘?flﬂ%graart %anclg‘iﬁl{ZS“ ng of iron, sodium and

pot assi um based on total weight of the vapor stream contacting the sieve.
46. The pr4@ces Fhepracksi ofi Adim %hew@'rain theediscapded }:E)truicaalnascaowmmdnngadﬁlhm
nmet al | oal u hos hat e ecul.ar . si eye contai grea er .thap 2 wppm of
oy one. Y AOSERBCCatrRT Chat dst) HEBRe et g St PERhC 6 Radhd
potassiunhuaaﬁed on total weight of the vapor stream contacting the sieve.
47. The process of claim 46, wherein the vapor stream contacting the

tall I h t I t t th 1 f
any one. ot al TLEPEREEPTU Lo Tt b cOnar G MRy By Mo st SRR

pot assi uman@q»mds.@ﬂ ddﬂb@itratlwﬁloﬁm 1@kt 5hepapasedséd e weiphaet tgliglie sieve.
48. The process of claim47, wherein the vapor stream contacting the

met al | oal §H#FA®Bphosphat e nol ecul ar sieve contains not greater than 0.5 wppm
of any one netal selected fromthe group consisting of iron, sodium and

pot assi uma4basdtle procest 6fl claived Y hihetdin tivedivapdd }ﬁ)ﬁ'ﬂi(ﬁﬁlﬁﬁs@t@taﬁmidnﬂg)dﬁm si eve.
61 49. The process of claiim 2? wherein the process further conFrl,ses a
step of dPdPAmEY epequirgien gt poleartol) wrpmnkasee pRraipb Y eIRh Of drestwam 50. A
process fQfef@rm ng an ol efin product, conprising the steps of a) contacting
a synthesis gas vvlth a carbon oxide converS| on catalyst to forma

feedstreamtha ri ses e hanol tran port| ng the feedstreamin a
cont ai ner %o a BCQ qcgss gcgo ad’fﬂhl erein e 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.

46. The process of claim 45, wherein the wvapor stream contacting the
metalloaluminophosphate molecular sieve contains not greater than 2 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.

47. The process of claim 46, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains not greater than 1 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.

48.  The process of claim 47, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains 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.



di stinct fromthat where the feedstreamwas fornmed; c) heating the
transported feedstreamto forma vapor streamthat conprises a mmjority of
met hanol in the feedstreamand a |iquid streamthat contains

nmet al | oal um nophosphat e nol ecul ar sieve contam nants, wherein the

met al | oal um nophosphat e nol ecul ar sieve catal yst contam nants conprise at

| east one netal selected fromthe grodﬁ consisting of iron, sodium and

pot assium d) separating the vapor streamfromthe liquid stream and e)
contacting the separated vapor streamw th netall oal um nophosphat e

nmol ecul ar 4%i evEhd praessy of tcldilne 26 tvhareol then ptdvessf Aethst rcemprites ol sedpi nf pr oduct .
51. The proceéiﬁglof claim or streamcontacting the

50, i .
met al | oal B4 8%15?%?é’oﬁﬁ“é’ém%%g%%géggwéggﬁﬁ"hs at least 75 wt % of the

met hanol in the feedstream 52. The process of claimb51l, wherein the vapor
st ream coff.act Anpgodebefor frmalg aadlefim progin,spharisingohestedsaf: si eve contai ns at

| east 85 wt % of the methanol i.n th feeﬁstre m_ 53. .The process of claim
52, wherein th® vETHICIEE ASARTENNECHIA G CRRAN OXSE SPRVELTIOM FAEINFAR PR

ol ecul ar si eve cpRidieds thit co@PHtesIetidnofo of the methanol in the
feedstream 54. The process of claim53, wherein the vapor stream contacting

the metall oal i Hesheripaathe fepdstieamain 8 eoptaingsnioap nlgcajton| sepgrapbgallt % of
t he met hanol in ] s of claimb54, wherein at
?@ﬁn}% ﬁ?gﬁ%?%e Fﬁl% feégrreamﬁa?fo%&f’

| east a portion o quid stream 1s discarded and the
di scarded por t ¢jonheating dhangamwporttabitdsiteamtto Yfomi atvapor stehml thatadomprisephosphat e

nmol ecul ar sieve contamnants in the transported feedstream , 56. The process
of claim 55, V\herg’iajr’?“%é’?d?ezl@é'%érh o fl%'r%m@oﬂ%a? ﬁl@ubﬁ Stregts fhaB SORIFING, * of ¢ he
net al | oal um nophogehfbauiilopEslphite S inflgule® NisRWE N@BitEminAnisNewhérdins pR¢ t ed
feedstream 57. The process of claimb56, wherein the discarded portion

contains at | east mgtligglumgnoghosphate malequias sicypicAalyHopHRIBAYHFERRIISE AL Si eve
contam nants int tran it t S58onsi RJ¢O; ] {m 57,
. . 1
wher el n the. i scar i RoPRA Efctel AR 6P Whur oy RF G Soffunf ol
potassium;
d) separating the vapor stream from the liquid stream; and
e) contacting the separated vapor stream with metalloaluminophosphate

molecular sieve to convert the methanol in the feedstream to olefin product.

51. The process of claim 50, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 75 wt % of the methanol in

the feedstream.

52. The process of claim 51, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 85 wt % of the methanol in

the feedstream.

53. The process of claim 52, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 95 wt % of the methanol in

the feedstream.

54, The process of claim 53, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains at least 98 wt % of the methanol in

the feedstream.



of the netall oal um nophosphate nol ecul ar sieve contam nants in the
transported feedstream 59. The process of claim50, wherein the

met al | oal um nophosphat e nol ecul ar sieve contam nants are non-volatiles or
partial volatiles. 60. The process of claim50, wherein the transported
feedstreamis heated to a tenperaturqnthat is greater than or equal to the
boiling point of nethanol at the pressure at which the oxygenate feed is
heated. 61. The process of claim50, wherein the transported feedstreamis
heated to a tenperature that is |ower than the boiling point of 1-octene at
the press@b.e afthepiioetssofelaimddgwhercio at deast 4 portiemobidie sqruatdhlqud stews of

cl ai m 50, . wh LN .t transported, feedstream.is heated to form apor
stream at “a lécs'r”pdgeflap%fie tﬁ a? Pslc%r %dot p%rﬁgrét &P tfan aﬁo&&% 6‘& th'ﬁ’e {gr ocess of

cl ai m 62, mstetibslumiriopRodphate sdédubd siceeclaitangianats i theahmgoited feedsieam. vapor
stream at a tenperature that is not greater than 150C. 63 64. The process
of claim 59, | t el teca i j-Qui eam | Lscarded
and the. diSear dPSoreesane e g BF aBkertbperB by hE Fl 355

concent r abf ahe raétalddaldrrmephckplipg nnolkeasad sizne t @intdmingitghih efe thagspditecar ded
portion. %?. The process of claim64, wherein the discarded portion has a
total iro ,editf?a’i“um and potassium concentration of at [east 5 wppm based on
total weight of the discarded portion. 66. The process of claim®65, wherein
t he di scas?ed pPhe priooess lodislaimt5e] ahereinthe dscatdedpordod cqniias at least dmeehnt r at i on

of at |eas 0 p based on t ot al i ght of the discarded ortiop. 67.
The pr ocadh GF EHaL A WBnOpkRSP AL, mﬂ@gﬁgpaw‘lgt?ﬁ@mlem bt f gt&gﬂwmp

met al | oal wxhapaRosphate nol ecul ar sieve contains not greater than 5 wppm of
any one netal selected fromthe group consisting of iron, sodium and

pot assi um__bas on total .weight of the vapor stream contacti t he sieve.
68. The pP%-pes’iﬂeonoe?SaiOﬁP@%& e oA disit] .P%T‘?‘é&‘?ﬁt%‘%i"géﬁt 48 v e
met al | oal Y HEPREERAALRINGPhRENAE mOleBME GRIE aldharMRint@T RAYRT tlaR@Rrtéd WPpm of
any one netal selected fromthe group consisting of iron, sodium and
pot assi umfeedsizpent. on total wei ght of the vapor stream contacting the sieve.
69. The process of claim68, wherein the vapor stream contacting the

59.  The process of claim 50, wherein the metalloaluminophosphate molecular sieve

contaminants are non-volatiles or partial volatiles.

60.  The process of claim 50, wherein the transported feedstream 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.

61.  The process of claim 50, wherein the transported feedstream is heated to a
temperature that is lower than the boiling point of 1-octene at the pressure at which the

oxygenate feed is heated.

62.  The process of claim 50, wherein the transported feedstream is heated to form a

vapor stream at a temperature that is not greater than 200°C.

63.  The process of claim 62, wherein the transported feedstream is heated to form a

vapor stream at a temperature that is not greater than 150°C.



met al | oal um nophosphat e nol ecul ar sieve contains not greater than 1 wppm of
any one netal selected fromthe group consisting of iron, sodium and

pot assi um based on total weight of the vapor stream contacting the sieve.
70. The process of claim69, wherein the vapor stream contacting the

met al | oal um nophosphat e nol ecul ar sie% contains not greater than 0.5 wppm
of any one netal selected fromthe group consisting of iron, sodium and

pot assi um based on total weight of the vapor stream contacting the sieve.
71. The process of claim50, wherein the process further conprises a step of
di scar di ngt.at Theaptocesspoff tiaom B whvecis epdeat @dpirtiquiod the imaid stbebm 72. The
process of. claim erein the steps of heat.ing the transported.feedstream
and separ P4, dt%g%/ea%"g ar‘getdrpé’mna]? aggtiaf'ir%'h Sg{jpmyapd pigtasypm concepgratiop, o
process obf 4 ekt Whpm ) bieéomtotd vesdheptholiisbradd mgtise transported feedstream
and separating the vapor streamare carried out in nore than one stage. 74.

The proce ofclaiml, further conprijsipng the step.of polynerizing the
olefin p?%duc?het %roﬁ%?ﬁé’fé:‘él%@f W enﬁ"l @ﬁé’r‘s%rf%‘gﬁwl.og'}g? afllﬂt@YBP%csé’g%’gbf claim
26, furtheid posseiunstdigeitheiod tofat st ppre bagedon tdigl weight ¢F thepdRdagdd t o nake
an ol efin pal ynmer product. 76. The process of claimb50, further conprising
the step BATUPS| ynerizing the olefin product to make an ol efin pol ymer
product .

66. The process of claim 65, wherein the discarded portion has a total iron, sodium
and potassium concentration of at least 10 wppm, based on total weight of the discarded

portion,

67. The process of claim 50, wherein 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.

68. The process of claim 67, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains not greater than 2 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.

69. The process of claim 68, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains not greater than 1 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.

70.  The process of claim 69, wherein the vapor stream contacting the
metalloaluminophosphate molecular sieve contains 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.

71.  The process of claim 50, wherein the process further comprises a step of

discarding at least a portion of the separated liquid stream.
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72.  The process of claim 50, wherein the steps of heating the transported feedstream

and separating the vapor stream are carried out in one stage.

73.  The process of claim 50, wherein the steps of heating the transported feedstream

and separating the vapor stream are carried out in more than one stage.

74.  The process of claim [, further comprising the step of polymerizing the olefin

product to make an olefin polymer product.

75.  The process of claim 26, further comprising the step of polymerizing the olefin

product to make an olefin polymer product.

76.  The process of claim 50, further comprising the step of polymerizing the olefin

product to make an olefin polymer product.





