WD 03/ 033438 PCT/ EP02/ 11407 -1 A METHOD FOR PROCESSI NG AN

OLEFI N- CONTAI NI NG PRODUCT STREAM [ 0001] This application clainms benefit of
the filimngodawsas4ed German Patent Application No. 101 50 #80/EPo2/{ished

Cct ober 16, 2001, the contents of which are fully incorporated herein by
reference. Field of the Invention [0002] This invention concerns a nethod
for processing an ol efin-containing ptoduct streamthat contains, besides
et hyl ene and propyl ene, |onger chain olefins and conpounds of hydrocarbons
wi th oxygen (oxygenates where the product streamis dewatered in
successi ve pr ocefgév—lgif ) FOR PROQGCESSEYrpA N I SFINTCONEAENINGt eps and
dried, and then sent to fracti dRODPUCT BAREHKMund of the Invention [0003]
Produci ng ol efins from nmet hanol have been considered an interesting

al ter iive to t i ' trol eum

Met halggqll]i S con?lliglté‘é@%h%%lpﬂgﬁ%spgregggﬁfﬁgg g{l%gétgfﬁg%ngé\%@aéalﬂnt ermedi at e
product f orApplidatipmNoot01 TF 48(1.2,Hded Octobersky 200, iheatontass of Mahish atehe

i ncreasing mands for .olefins gn the world market could al so be served by
using very MHEACHRIAEH Bereiafyy 1effTen®eason,  processes are being devel oped

t hat produce short-chain olefins frommethanol. Such processes operate,
for exanpl eFiefdhbfodhy Theehtiom according to the overall equation 2CH3OH ->
C2H4 + 2H2O. Besides the desired ol efins, ethylene and propyl ene,

| ongdPO®ai n ol eThipinvapiipn eonseap amsphod o pEAceBNSEBIefimeenteininghy dr ocar bons

w t h oxygen : : a ' ids al so
Form For tRearA3E8h 63 coitl, P8uBhr aanlie s rORIS el IR S0 o0
product is aescesgmuyds diydmcpdenatvithtdiggen (©xpeenbies)) ivaeteithe prddectt aken i nt o
account is dinet Hgl et HerﬂéDl\/E?, since it is.one of the Ii.ghtest

oxygenat es SHATHEAZYEE e 4B FHICEISING RTBCe%RSteRs QPUenally SpmBFrsinddE sewsd.

Mor eover, i $tepsSan@iriéd Sint 9hdn nfe! dctiosRiont can be difficult to renove by
absorption. Accordingly, it would be beneficial to find additional nethods
to nore easily renove oxygenates fromolefins, particularly froman olefin
st r eam synt Baekgroy ; enfion . WD 03/ 033438 PCT/ EP02/ 11407 - 2-

[0003] Producing olefins from methanol have been considered an interesting

alternative to the traditional production of olefins from petroleum. Methanol is
considered to be a readily stored and managed intermediate product for utilization
of hitherto unused natural gas. Thus, the increasing demands for olefins on the
world market could also be served by using very cheap methane. For this reason,
processes are being developed that produce short-chain olefins from methanol.
Such processes operate, for example, catalytically according to the overall
equation 2CH3;0H — C;H, + 2H,0. Besides the desired olefins, ethylene and
propylene, longer-chain olefins and, especially, undesired compounds of
hydrocarbons with oxygen (oxygenates) such as alcohols, ketones and organic
acids also form. For this reason a costly secondary purification of the reaction
product is necessary. One oxygenate that is particularly to be taken into account
is dimethyl ether (DME), since it is one of the lightest oxygenates and behaves
similarly to C; in distillation processes. Moreover, it is only slightly polar, so it
can be difficult to remove by absorption. Accordingly, it would be beneficial to
find additional methods to more easily remove oxygenates from olefins,

particularly from an olefin stream synthesized from methanol.



Summary of the Invention [0004] This invention provides a process for
produci ng ol efins from nethanol such that oxygenate contam nants can be
nore easiwposesased fromthe olefin product. In one enbodCrEPy/1H4bE

i nvention conprises a nmethod for processing an olefin stream containing
oxygenates and water. The nethod conptpses providing an olefin stream
cont ai ni ng oxygenates and water. The olefin streamis dewatered, and the
dewat ered ol efin stream conpressed. The conpressed olefin streamis then
washed wi t hSimul}aRQf thdnveriiye at | east a portion of the oxygenate from
the olefin stream FolTow ng nethanol wash, the olefin streamis contacted
with [R884r, and This inygnisen prowidge & peoasbsibr nroduging plefiss frosrmetbastled. [ 0005]
I n anot her i . contacted ol.efin strgam.js ied prior to
fractionat i ﬁ{é}n?@rﬁ %ggém%gﬁ%tg ﬂeg?rﬁrgg%so(?ﬁ%r% nr%?r%teﬁséﬁ'v{g?m’%%ﬁ;%l tb‘fﬁgfgg‘flefi n stream

with the nedaciolln emderhnalimedtethe iisvenedon tespdss aimibtﬁoéfomgfcﬁ:em?mm um.
[ 0006] The i.nvention al so provides an_enbodinment, wherein th ewat er ed

olefin streSHiFLeafpizeg (?Xy%enﬁfﬁsr?’fl%w@@ﬁdghga’te_gloél&ﬁﬁﬁflﬁ?srﬁoi’]‘ﬂé’gol ved
heavy oxyge#nbiefin si@dith SordASiag by irtldsind Wak2Mbbenisfet@s€d Wi th the
met hanol . Desirably, the condensate is sent to a stripping colum in which
an over headdgyyaseradtandthe degrateredolgfio stiednonsmpressed. Ahe compesodudefiof C5+

hydr ocar bon e X ates e obtained, Preferahly, the overhead
oY oducr of Treails AR B AR HelPoahlo TR0k o P pOGiE i abit ot op
Bri ef Descriipiitheolefin bticanD Balidang 8REho[MEshattHe ARG feh MU BomhQUE an
exanpl e of but one type of flow schene of the invention in which nethanol

i s used to VERS@Eeranddhe valst eonssgperbelafie streampinfragtionsted.i n st r eam synt hesi zed
from@aﬁranol. t.al Lt Vi ion_[00Q8] . This invention
pr ovi[des a net ho e@g{rh%g ﬁ%ﬁ%‘ﬁ@f’ bh%%%ﬂ/(}o%gacteﬁ ze'rs}%nrsgﬁ%’ 18 g&l%gﬂ%rttgs from an
ol ef i n st r ef@axtiopatirtg. du lyatr dnptten embediniens theamhingifies blefid sfregmwitiet hanol .
The met hod js achi eyved in an econonj cal, way. [0009] According to the

i nvention, | W&@?@Pﬁ@%éb%wmw oyfn ¢ fESlsEBBGRIUMY ef i n product stream
af t enogye] | east on &EOMIAIROP oAl an GUbIARER! Bhdrb A 8L lopgct i's

dri eg. TI]1e oxygenates are vvagﬁ%d out in a wash corl umm \?\ﬂvﬁerr?gtoﬁgﬁol. WO
03/ 033438 RUFRAEPS2¢mpeerzd to HHrm a condensate containing dissolved heavy oxygenates

and a gaseous olefin stream which is washed with the methanol. Desirably, the

condensate is sent to a stripping column in which an overhead product of light
hydrocarbons and a bottom product of Cs+ hydrocarbons and heavy oxygenates
are obtained. Preferably, the overhead product of light hydrocarbons is sent to at

least one compression step.

Brief Description of the Drawing

[0007] The attachgd Figure shows an example of but one type of flow scheme of
the invention in which methanol is used to remove undesirable ongenates from

an olefin stream synthesized from methanol.

Detailed Description of the Invention

[0008] This invention provides a method for efficiently removing undesirable
oxygenates from an olefin stream, particularly an olefin stream synthesized from
methanol. The method is achieved in an economical way.

[0009] According to the invention, oxygenates are washed out of the gaseous
olefin product stream after at least one compression step, and before the olefin

product is dried. The oxygenates are washed out in a wash column with methanol.



[ 0010] The invention is based on the fact that the drying steps that are
called for in conventional ethylene plants are not capable of handling
nore t harwoasy3asal | anobunts of oxygenates |ike al dehyde®Carmpoketdones.

Mor eover, such oxygenates can polynerize under certain conditions, and the
pol yneri zation reactions can reduce-8he active surfaces of conventional
drying schenes very rapidly. At present, there are no known dryers that
are suitable for handling such conmponents. For this reason, the oxygenates

have be reno . | d t
v W29‘Hr e rem ggg gf\{ggftm f\%ﬁa&rd%%ﬁé fl {raf{he d:?ﬁ?ggt%p% ﬂrnﬁe/ar@ eggeg thhg col d par

of t , Ich consists of olefin yl ng
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oxygenates woul d he to use. all .of the .fresh t hanol that is provided for
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before thec g £l MeBYSEARE tataid BMANRIns, anUhhﬂﬂl?kh%ﬂza&ﬁiﬁ%éctibﬂs édwe ol efin
synthesis being | oaded with reaction products from the olefin synthesis.
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I pl e conpression e used, is desirable

conpression step. |If | t teps,. it

that the oR§EEN %em@ﬁg{é&ow@f‘eﬁft PIOSFSF IS Rt ‘@lﬂ‘%éﬁlpslsﬁse"ft%?ﬁlh and fourth
conpr essi o ﬁﬁg&dfrgaioﬁa&géo desired that the oxygenate renoval step be
per f or med a¥te conpression and before drying. [0013] According to the

i nvefilbh, a wa$€neaohcesivablspgssibilityl &t rewoving tnorygendies wonlg je i

cont am nant si tabl t he .oxygenat es. are .washed.out o he gaseous
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amount of ER{AARRK cuboMNAE SREN hRFduth@reamytatnatie: slefi®valthesfsoHexaoR! e, about

1% to about 10% preferably about 3% of the total anmount of nethanol used
f

in the ol #liis wouldmematinsthe plofip senthesis hairglogded Witk resstjepepraduds figmgn
acceptabl e ] i m 4 ] r ] . lagyention, overhead
gas accurmlﬂzlae[ %\%ﬂ iS%nQB%%J' frrﬂést %ggéiﬁ%gﬂ&?g%%ﬁg?u{}\%gﬁ%@gw th water. This
renmoves netcbmpohedidiat may beconme entrained in the olefin streamas a
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is quenched (dewatered), compressed and dried before fractionation. The
oxygenate removal step is desirably performed after at least one compression step.
If multiple compression steps are used, it is desirable that the oxygenate removal
step be performed between the third and fourth compression step. It is also
desired that the oxygenate removal step be performed after compression and
before drying.

[0013] According to the invention, a wash column is provided for removing the
oxygenate contaminant. Desirably, the oxygenates are washed out of the gaseous
product stream with methanol in the wash column. Only a relatively small
amount of methanol is needed for the oxygenate removal. For example, about 1%
to about 10%, preferably about 3% of the total amount of methanol used in the
olefin synthesis, is used to wash out the oxygenates to an acceptable limit.

[0014] In another embodiment of the invention, overhead gas accumulating in the
methanol wash is further washed with water. This removes methanol that may
become entrained in the olefin stream as a result of evaporation in the preceding

methanol wash. The gaseous product stream that is recovered from this water



-4 wash contains, besides the olefins, only traces of oxygenates and

nmet hanol . The water washed ol efin product streamis then sent to drying
and fractwomawsass |[0015] In yet another enbodi nent of tReTIEPOENM4IDN, the
water wash is carried out in an additional section of the wash col um

provi ded for the methanol wash. Desrftably, a single wash colum is
provided for this, with the nethanol wash being carried out in the |ower
part of the wash colum, and the water wash in the upper part. [0016]
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[ 0017] Theglgfﬁ%g%}lggﬁﬂgm%g s g%%ggg{r%gvn%gga nf% d{h#&at@err%\[}?rggéoxygenat es
from an ol epperpaetnt ai ni ng product stream and enables effective oxygen
separatl on at ver%/ | ow i nvest megt cost. The, |n en ion is al so advant ageous
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that is used inthe olefin synthesis reaction. [0018] I.n one enbodi nent of
the i nvent betiompaedust ef Csi hidsenathons endheayy wapeanptes ivohtaited- nghsret hanol  wi t h

| ef f t al yst
mol ocul ar S SNeRs8hd of ik BaRch AR Rlacniithy SIER dtedlime B81 2 V5L S
t he ol ef i ncainpeBsion Stepr Thebotesin prodiubicst hexyobytad @rloomspod exygenatanicoe used as

a feed. Such oxygenates conprise at |east one organi c conpound which
cont ai ns abepelde T PIGFEEHEat om such as

[0017] The invention provides an economical method for removing oxygenates

from an olefin-containing product stream, and enables effective oxygen separation
at very low investment cost. The invention is also advantageous in that only a
very small amount of methanol is needed to remove the oxygenates from the
olefin stream and that the wash stream can be used as feed to the olefin synthesis
reactor. The olefin synthesis reaction will not be adversely affected by the
methanol wash containing absorbed oxygenate. Nearly the same amount of fresh
methanol is available for olefin synthesis. Desirably, the amount of methanol
used in the methanol wash will be about 1% to about-10% of the total amount of
the methanol that is used in the olefin synthesis reaction.

[0018] In one embodiment of the invention, the olefin product is obtained by
contacting methanol with an olefin forming catalyst in a reactor. Preferably, the
catalyst is a molecular sieve catalyst.

[0019] Although the use of methanol to produce the olefin stream is preferred,
other oxygenate components can be used as a feed. Such oxygenates comprise at

least one organic compound which contains at least one oxygen atom, such as



WO 03/ 033438 PCT/ EPO2/ 11407 -5 aliphatic alcohols, ethers, carbonyl
conpounds (al dehydes, ketones, carboxylic acids, carbonates, esters and

t he |i ke)wowhess4she oxygenate is an al cohol, the al cohol PCcagPozie”oan

al i phatic noiety having from1l to 10 carbon atons, nore preferably froml
to 4 carbon atons. Representative al colol s i nclude but are not necessarily
limted to | ower straight and branched chain aliphatic alcohols and their
unsat urated counterparts. Exanples of suitable oxygenate conmpounds

i nclude, byfipieh alhols! &hérgLattonyEInhiualis (a?déh?&lé%! ketBndd! &R6B8ic _

i sopropanol ;- C4 - C20 al cohol s; methyl ethyl ether; dinethyl "ether; diethyl
et her; di - asidpraaphonates,resters anddherbke)e thelpxygenste icar dootwtd.dhe di net hyl

ket one; acetigc acid:. and.mxtures, thereof. Dinethyl ether, or a m xture of
di et hy| et Repo R et eaBhat Ry e b G ben8looust ol coul ar

si eves capakiferably feeinVab Uicadon Aty FedprésentaticdalasholEinbiate but fe nan ol ef i n
conpound i nclude_zeolites as well as non-zeolites, and are of the |arge,

medi um or @fegssarihp fianited felowsksiraighicing brasiched ehein dlinhglzalsplolpand erred in one
enbodi ment ;of LS } h : j i |1 pore

mol ecul ar tl%ﬁre%ﬂégt%ﬁ%\eaéggﬁ%eg&g % %% {es |0£§951{%%Léaﬁ®g%%ﬁ‘% g %O a%st rons.

Gener al | y, imlideabliteare oattlahiyesitts: mathenal; pihamolsn-peopasoipisogroparety Gisout 3.5 to

about 5.0 angstrons, referably fro ut . 4,0 to ahout 5.0 strons, and

most pr ef egb%ohﬁgrﬂlﬁﬁ@éhyﬁ ﬁ&‘%‘x tdbm%{cg]%ﬁ‘i%%’ @eg‘%?g?roﬁﬁsofr@%]ﬁ%ﬂ eolite

material s, fhatdlddhgti sl Bhe@Pleapboraie HinfethylXéorBeRRiS RN AkARed O have

catalytic properties for various types ofmhggrocar bon conversi on processes.
g

| n addi t i ohereafoiRimethyhetber, af & mipgvee efalime hering arsshapehtase alsat al yst
carriers forefer\f%!e%o#s types of hydrocarbon conversion processes, and ot her
applicati oRE Y es are conplex crystalline alum no silicates which

f or nfe020pt wor k- OflolediflZr sicvaslcdpabié dfebiviieal #n bitypkede Bychskandbhndkigen at ons.
The negativity of the tetrahedra is balanced by the inclusion of cations

such as al RBotefEreogmesnnd imsludgzeetitenis well popap-zeoktesrnd pghof hetasge of some
zeol i tes, @g&d}ﬁb@kﬁlm%w&n%ﬁ ecufly SRVE! {2 hATIRL #Bn TMA) OF

t et rapropyl ammoni um are pr e%t uring synthesis. The interstitial
spaces or elrbodmient bbthieidvéyionhleovesvgst Ab Hefiredrbeteng rsknall roadinelezealat i t es t o be
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catalysts have a pore size ranging from about 3.5 to about 5.0 angstroms,
preferably from about 4.0 to about 5.0 angstroms, and most preferably from about
4.3 to about 5.0 angstroms.

[0021] Zeolite materials, both natural and synthetic, have been demonstrated to
have catalytic properties for various types of hydrocarbon conversion processes.
In addition, zeolite materials have been used as adsorbents, catalyst carriers for
various types of hydrocarbon conversion processes, and other applications.
Zeolites are complex crystalline aluminosilicates which form a network of AlOy”
and SiO; tetrahedra linked by shared oxygen atoms. The negativity of the
tetrahedra is balanced by the inclusion of cations such as alkali or alkaline earth
metal ions. In the manufacture of some zeolites, non-metallic cations, such as
tetramethylammonium (TMA) or tetrapropylammonium (TPA), ate present during
synthesis. The interstitial spaces or channels formed by the crystalline network
enable zeolites to be used as molecular sieves in separation processes, as catalyst
for chemical reactions, and as catalyst carriers in a wide variety of hydrocarbon

conversion Processes.



conversion processes. WO 03/033438 PCT/ EP02/ 11407 -6 [0022] Zeolites
include materials containing silica and optionally alumna, and materials
i n whi ch whe3ssid4dga and al um na portions have been repl ac@dTiRroxh@be or in
part with other oxides. For exanple, germanium oxide, tin oxide, and
m xtures thereof can replace the sii®ca portion. Boron oxide, iron oxide,
gal I i um oxi de, indium oxide, and m xtures thereof can repI ace the alum na
portion. Unless otherw se specified, the ternms "zeolite" and "zeolite

as us r: . BEah, n ning silicon
at oﬁsbﬁtld op tlg%lﬁfs lﬁ&lﬂ?eurﬁngl%tlé%sgt omslﬂgog111 dﬁsﬁg}ﬂlﬁgﬁﬁﬁlﬁ ce structure
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si | coal uni,BRBRESPRAE. heoAME) pBRICAC Wodén &%i8Y Gron oXide, ga&hmmxmuphos phate

mol ecul ar sieves are generally classified as bei ng mcroporous materials
havi ng 8, inGjunpexide, wnémme‘rrueq;t ¢rngf canreplecerthe alumieasporiphgUnless uct ures can
have an ave e _pore. | 0 t strons.
Preferred %ti’g%ﬁéas@ ﬁ@fl Ztﬁ% l{r?olggzci: ?%ﬁ%ﬁ%@gé g@l&lrﬁighegegn a?/%r age pore

size of |emsad H@trbnil?f,bﬁlldienéls @Gﬂahﬁﬁy@hcd@raém atd wpﬁdsnaaiy;aailagmmm@m| ze

rangi ng fromabout 3.5 to about strglns élle era‘itgr{ﬁ/ m about 3.5
to about ithe ﬁlﬁ’@‘@ilr@dﬁmcqﬁ%@rﬁw i b gls améat?l}agw GPm Z:tﬁ]i’ &r sieves
having 8 g«gﬁ 1%1‘31‘1 artbrggﬁ)r st 02 on AR QLithingmtfomfie enbodi ment, substi tuted

SAPGs can e use oxygenate to olefin reaction processes. These
conpo02sls are gemeiylel of olefio\iormsisg cktblézmabile offptagiuciog targe Awangities

| | Th b al k t al | A
R N e T e el
i ncl udi ng gfiRokBREAGHRBEfhaR! RoTBEI S SIAve@magm&augeramma agtedgeodym um

neodym um samari um edropi um gadolinium_ terbium dyspr05| um hol m um
er bi um t hwi¢rapgroys metepialypwing 81 L@,er |la@eme¢@%ﬁmﬁﬁr6? TRes¢ Fipgny) and t he

0 onal L S, SR P o oy gV 15 and 15
Fe, Ti, Zﬁngsﬁ@mssm&efédﬂdl 476 thelsnesieport SAPOcablebalar sices ﬁledng mho the

tetrahedral
average pore size of less than about 5 angstroms, preferably an average pore size

ranging from about 3.5 to about 5 angstroms, more preferably from about 3.5 to
about 4.2 angstroms. These pore sizes are typical of molecular sieves having 8
membered rings.

[0024] According to one embodiment, substituted SAPOs can also be used in
oxygenate to olefin reaction processes. These compounds are generally known as
MeAPSOs or metal-containing silicoaluminophosphates. The metal can be alkali
metal ions (Group IA), alkaline earth metal ions (Group ITA), rare earth ions
(Group TIIB, including the lanthanoid elements: lanthanum, cerium,
praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium, and scandium or
yttrium) and the additional transition cations of Groups IVB, VB, VIB, VIIB,
VIIIB, and IB.

[0025] Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,
Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral
framework through a [MeO;] tetrahedral unit. The [MeO,] tetrahedral unit carries

a net electric charge depending on the valence state of the metal substituent.



framework through a [ Me02] tetrahedral unit. The [ M02] tetrahedral unit
carries a net electric charge depending on the val ence state of the netal
subst i t uewD.03M3488/ 033438 PCT/ EP02/ 11407 -7 When the net CTarmponrent has a
val ence state of +2, +3, +4, +5, or +6, the net electric charge is between
-2 and +2. Incorporation of the netal'Zénponent is typically acconplished
addi ng the netal conponent during synthesis of the nolecular sieve.
However, post-synthesis ion exchange can al so be used. In post synthesis

exchange, tWaemtieahetabropgoasit hek bvaleftd agtdeE-+2at3, 04S+5 61 BB1EXChange
positions ?é an gﬁen surface of the nolecul ar sieve, not into the framework
i tsel f. [0R2¥sEhargpisdetyencdand iz nbsnemsstionet thy metal compsngntds i ncl ude

SAPO-5, S : ? SAPO- 31,
SAPO 34, SAED 05 AR s 3R e ot Soutops it Rl s eipEhe " Sapo> 44,
SAPO- 47, SARGIeBEar sitne. iivedver postasynthesis iar exchidpercenfilso dadsed. Xaypogs t her eof .

Preferred are,SAPO-18, SAPO- 34, SAPO 35,. SAPO. 44, and . SAPO 47,
particul ar ¥ DR SF a&%‘a%Aﬁ%&%%mﬁ%é{%ﬂl#fatw%ceﬁé?%s IQHPHERTNIGES or s
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e’ het uded b0 SARDL £k O R B ol S R SR Ao b8 ar s eves

are (r:]r yst al34 SAPO?B?:,rsmul MG,SS@R@@?SMHEGM%,M(PCMY,?@OAQF%' PI t)r.zﬁgﬁvxor K. fThey
can have itiaon nts wthin the frapework, typically have uniform
pore di ne?gg%(h's‘ﬁr gﬁgﬁﬁgjﬁh@dﬁ?t\é\i)ma“@n&%gﬁﬁbﬁﬁoﬁ endamiterey thegandst r ons, and
are  CcapabligeRireiRld 9APOIIRCS APLESL IMBASHA A0 ASuff s AUl ar speci es,

More than two dozen structure types have been repor I'hcluding zeolite
t opol ogi calpasiralaslyu®APO-18 amd SAR(EB 4, ineldding $loe inptial eomtaifiing Hernisackgr ound and

synt hesi s um nophosphates ,is found in U. S Pat. . No. 4,310,440, which
is incor po&féefrggtl’ aﬂ%?‘é’ﬁﬁreﬁ % 'eﬁér‘i‘é%fpﬁeﬁelf‘t @‘eg‘?ff’i PE{YFe ISYAPRYRRY ALPO
struct ur es wittecothblfhtion anfliP€dnbidbredAEfpiitiofldPBrated havild o3t méY¥e PO- 36,
ALPO- 37, and ALPO 46. [0028] The ALPGs can al so include a netal substituent

in its frafeWEPRENts prerEngproportiaies, egardless of their physiad! statsm t he group
%ﬁg:iﬁr%g?gr iO;I 2@%?@?%}19@%?(%{3%%) Fd188n1ar SPR R chn 418D Be Mkl §5 aher eof
catalyst composition. Aluminophosphate molecular sieves are crystalline
microporous oxides which can have an AIPQ, framework. They can have
additional elements within the framework, typically have uniform pore
dimensions ranging from about 3 angstroms to about 10 angstroms, and are
capable of making size selective separations of molecular species. More than two
dozen structure types have been reported, including zeolite topological analogues.
A more detailed description of the background and synthesis of
aluminophosphates is found in U.S. Pat. No. 4,310,440, which is incorporated
herein by reference in its entirety. Preferred ALPO structures are ALPO-5,
ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37, and ALPO-46.
[0028] The ALPOs can also include a metal substituent in its framework.
Preferably, the metal is selected from the group consisting of magnesium,
manganese, zinc, cobalt, and mixtures thereof. These materials preferably exhibit
adsorption, ion-exchange and/or catalytic properties similar to aluminosilicate,
aluminophosphate and silica aluminophosphate molecular sieve compositions.

Members of this class and their preparation are described in U.S. Pat. No.



adsorption, ion-exchange and/or catalytic properties simlar to

alum nosilicate, alum nophosphate and silica al um nophosphate nol ecul ar
si eve comwoIBnsass. Menbers of this class and their prep@CatEPon1&ne
described in U S. Pat. No. WO 03/033438 PCT/EP02/11407 -8 4,567,029,

i ncorporated herein by reference in i#s entirety. [0029] The netal

contai ni ng ALPGCs have a three-di nensi onal mcroporous crystal framework
structure of M3, A102 and P02 tetrahedral units. These as nanufactured

Str Ut Ur ey (N 603 hGTH 3! REEIn o eRbgi nat fon) can be

represent ed em cdl conposition, on an anhydrous basis, as:
MR [0029) yPZ) 02Tiheetal contdting SdrRchwtve aghreb-elamensomel miggepdrous enpl at i ng

agent present jn the  intracrystalljne st e "ny represents the

mol es of "WYStﬁfr%%‘B?\Worﬁérm%{ee‘yfg\fﬁ%(wzﬂﬁgB%%éfahﬁ%hﬂggsa ’@ETeuaés of from zero
10 0.3, theamEreaie satiifes '(ﬂhﬁﬁ‘ébntﬁﬁlﬁt@m%)ﬁ@é)ﬁﬂﬁ!t@gal&ﬁ@tﬁbﬂ)rt@n gel ecul ar

di mensi ons of the tenplating agent and the avail able void volune of the

por e syst ereprsisenthd by ampirisall chemieal apmpedition, 98 9h 68kRIdEeUs hagbAsved, "x", "y",
and "z" represent the nole fraction %I‘F@ metal "M, (i.e. magnesium
manganese, zinc and cobalt), al um nunfahd’ phosphorus, respectively,

present aswhelelntFeticplesand stdsast HAOFGhnid bdnpiatimg) agentjrasent inghdLPCs ar e
sonetimes referred to by the acronym as I\/EAFO. AL so in those cc%ses wher e
the metal IKBerySRIIRPOROIHISE: t Ponenreseniidhnmoleff RhBreser iy Moo is

appl i ed t oqrhe ﬁgggaﬁ]ﬁdsa%h@dpﬁ!ﬂ bato 4669, the MARRIARAIGAABER ¢S appl i ed to
t he compositi ons Ich contain zinc, nanganese and cobalt respectively. To
i dentify téfependingaompen stermaeenia dimpesionssof thehieoiplating egens asdéhe of t he
subgeneric cl. es. MARPO,  ZAPO, CoAPO an MhAPQ each species is assigned a
number anda‘faélgﬁlgé'r?t‘ Yolwge of e Pt vsten oége pﬂﬁg TCRAPO | 1, CoAPO- 34 and so

forth. [008hhidd}hosptateciaddivet, IERIS Rdate” repk@eitlthe mdlevaetioss bipecal |y
adm xed (i.e., "blended) with other materials. \Wen bl ended, the resulting
conposi t i ometas “My fiec alagResiugt, ananganase, ziac andsebaitle AlbEIYwR andy t h t he cat al yst

comDr 1106y SAES O A, B RORTELl o o = 0 can be o ence
mat ejooad]s, or Vahé aittal bomiaingRLPOS adeSomEtimserafatedrtd dlyghe acronym as

MeAPO. Also in those cases where the metal “Me” in the composition is

magnesium, the acronym MAPO is applied to the composition. Similarly ZAPO,

MnAPO and CoAPO are applied to the compositions which contain zinc,

manganese and cobalt respectively. To identify the various structural species

which make up each of the subgeneric classes MAPO, ZAPO, CoAPO and

MnAPO, each species is assigned a number and is identified, for example, as

ZAPO-5, MAPO-11, CoAPO-34 and so forth.

[0031] The silicoaluminophosphate molecular sieve is typically admixed (i.e.,
blended) with other materials. When blended, the resulting composition is
typically referred to as a SAPO catalyst, with the catalyst comprising the SAPO
molecular sieve.

[0032] Materials which can be blended with the molecular sieve can be various
inert or catalytically active materials, or various binder materials. These materials
include compositions such as kaolin and other clays, various forms of rare earth
metals, metal oxides, other non-zeolite catalyst components, zeolite catalyst
components, alumina or alumina sol, titania, zirconia, magnesia, thoria, beryllia,

quartz, silica or silica or silica sol, and mixtures thereof. These components are



i ncl ude conpositions such as kaolin and other clays, various fornms of rare
earth netals, netal oxides, other non-zeolite catal yst conponents, zeolite
cat al yst woonjpsxshnts, alum na or alumna sol, titania, ziPCOMPa/1@eYNesi a,
thoria, beryllia, quartz, silica or silica or silica sol, and m xtures

t hereof . These conponents are WO 03/ 033438 PCT/ EP02/ 11407 -9 al so
effective in reducing, inter alia, overall catalyst cost, acting as a
thermal sink to assist in heat shielding the catal yst during regeneration,

densi fyi ngﬁlf;!@ gffgamliﬂ %éduﬁﬁg,qn{e'? GREITLAY aBlyRt iu&s%, ﬁgm& therrhdl sink

particul ar esirable that" the inert materials t are used in the
cat al yst t to zssist msheat shieddingthesiatakysh dvengreigenarativmpdarisifyingfthé eaalystabout 0. 05

most pr ef oPAORS TR RBTE T, & ABuiErs et e BB £ 2 ©

mol ecul ar  gia€¥@ u¥ed Brthétfalgano Be dsncherdedsiak havealidat dpacite of £6HO cat al yst
conposition or they can be used as seggrate nol ecul ar sjieve catalysts in

adm xt ure @paus 00feo shpd sal/ ed°Gsmorg prgtesabli frombpuicd. &t pbauy BSscalg- smal | por e
nol ecul ar gieves that,are sujtable for i.n this invention include AEl,
AFT, APC, Qfﬁosﬁ ?fa@\fo%@@ﬂ“@r Jo %ﬁ%‘%%ﬁﬁyg(il . DAC, DDR, EDI, ERI,

GO0, [0653], LEV, A@itiokhdiAnolbédthr stAY mdtktials B be ittKaledTddQ panef theubst i t ut ed

forms thereof. Structural types of nedium pore nolecular sieves that are
sui tabl e f SAP@seatalystchingosithoredit thesncanmbs usgé anseparafganolegmioy sieY9o, MIT, HEU,

FER, AFO, AEL. T n ti LG - f | d medi um
pore nol ecﬁilf:%lp St§ %:%%@Xglrr é%ﬁls‘[f&ér ?"&ngg %aﬁal%ﬁ? éfta({%gl?&gestt% Pﬁ?ﬁyﬁﬁ?f&ﬁgs of
Zeol ite Spbreaholeallarkygvesthabilsuibdble foranelindhis.intdngien incBudet ARWAFIL Hei neman,

3rd ed., 1997, the detailed description of which is_explici

i ncor por at @ Ghé¥idribly AT ¥ AWN cBIK.Hr 2P cFHA CRE) 1R Q%Igl@/]lenghl ch can be
conbi ned wddp ir bt 1 t REGS RGO e,7ASM 5, ZSM 34,
erionite, and ’?ﬁ%@%ﬁ"?g@‘f?gﬁ?@ﬁg%?a y5t céﬁn{é’gﬂlzfgh@amordi ng to an
enmbodi ment sulptivfted finhy thecofip Birsesral types aboediunhporomatesulkar gevegthator e

preferably fromabout 5.%ta about . 90 9% r r m about
10% t o abodt® %‘6@@6&’;%@%@?{5 18?“2’8%’&‘8\‘%@%%‘91 E{@r gﬁ%r@f’ rred that
the cat al y$ERC AN AHI, TON1aNE sabsfiitbd fris $hef€0fOThédedMal i@ hed@mangst r ons
to about 3,000 angstroms, nore preferably fromabout 30 angstrons to about

200 angst r oot melsetlannieveeargisiescribed in atseter defeil imige virlgmes Leplitgbout 150
angstronms. Structural Types, W.M. Meier and D H. Olsen, Butterworth Heineman, 3rd ed.,

1997, the detailed description of which is explicitly incorporated herein by
reference. Preferred molecular sieves which can be combined with a
silicoaluminophosphate catalyst include ZSM-5, ZSM-34, erionite, and chabazite.

[0034] The catalyst composition, according to an embodiment, preferably
comprises from about 1% to about 99 %, more preferably from about 5 % to about
90 %, and most preferably from about 10% to about 80%, by weight of molecular
sieve. Itis also preferred that the catalyst composition have a particle size of from
about 20 angstroms to about 3,000 angstroms, more preferably from about 30
angstroms to about 200 angstroms, most preferably from about 50 angstroms to
about 150 angstroms.

[0035] The catalyst can be subjected to a variety of treatments to achieve the
desired physical and chemical characteristics. Such treatments include, but are not
necessarily limited to hydrothermal treatment, calcination, acid treatment, base -
treatment, milling, ball milling, grinding, spray drying, and combinations thereof.

[0036] A molecular sieve catalyst particularly useful in making ethylene and



[ 0035] The catalyst can be subjected to a variety of treatnents to achieve
the desired physical and chem cal characteristics. Such treatnents

i ncl ude, Woto3msxa3hot necessarily limted to hydrothermal PCTEROIERDT
calcination, acid treatnment, base treatnment, mlling, ball mlling,
grinding, spray drying, and conbi nat i"dfs t her eof . [ 0036] A nol ecul ar sieve
catal yst particularly useful in making ethylene and WO 03/ 033438

PCT/ EPO2/ 11407 -10 propylene is a catalyst which contains a conbination of
SAPO- 34, arpioﬁﬁaelaa cat@lyst\iich £8ntaTts e hdinafibR ¥ESAPO-34, RAY SIAPY- 88

enbodi nment nmol ecul ar sieve is a crystalline intergrow h of SAPO- 34,

and SAPO 1s>roﬁrLl?Q1i§)n1czlecu!a@@Wp ima patiowar embadimen) thermelendar sisvpdemat e to
Lo e Rl BE Bherk BARh 8F 5 ABYSA£ TRy SAROAF USREROLACL UG N0 T xed bed.

fluid bed novi n erred s of one enbodi ment are

co- c003sit riserTs mémrxfetmdl ahwhér oxggmaee:ro dleﬂﬁecomﬁbﬁlewcf@nt free-fall
reactors. Desi ra%@\iﬁ"h reactor i's.one.in an oxygenate f eedst ock

can be contY&eRd ﬂ’BP]e‘éH’Igé'rxeglb@@’emEﬁtbécl 9“3@0‘&98 bgd R¥steAE: hourly space
velocity (Wﬂgf’&regfrea%foré @ﬁﬁfe e%%ﬂfméntm‘e rFeil?ﬁ%glré/ac{d}s E&f ordnge of from

about 1 hfl1 to 1000 hr- 1, nore pref era Int range o rom about 20
hr-1 to abo@ntatO@de, rn’omntemucrenb%dze-faﬂeémt(a’sl !DeslmbtshehermaQQr iefonirom about 50

hf 1 to abqut hf 1. defi ned h he, we oxygenat e,

o react oK eBeput eantork Shys Sy S Belothiar HeVr st “hour *per
wei ght of  dweighthwelylspiceSieRyety (WHIN) sfRR tdadt aboBEL RS Prdfdiablgah aleyst or the
feedstock may contain other materigls which act as inerts or diluents, the

WHSV i s calléigeidepmsabout Adirg Hi0 hyasmeregreferablyoieybe rrage of e abarud any
o Reell o "V IR03 AR HOOGA- T B, BEERSTV inthd DS BINABAR S oo, and L 0e

nol ecul ar sieve con ai ne reac Pera he oxygenate
feed is cortbabrblﬁdomhrh WHES ¢ &t dlfiyisd h%mmstthewe@hy@eﬁ@gmat@ an a vapor

phase. AIterna.teI ss may, be carri na liquid qr a m xed
vapor / | i qui'§§H gﬁ‘PWﬁeiﬂ?QYc@%tbonﬁ@’g gegeeamer iNQUEPST; ERight o %phase or a
m xed vaporghé hﬁ%‘cmapgl@%n tHe f’é(a%?nﬁe@d%ﬁ’ﬁﬂe%hﬁ@%t @rr’cﬁe febgoll Wl es of

feed-to-product may result dependi ng upon the catalyst and reaction
condi ti ons. Copwsg@efﬂh@elpalsm ashas glenemadhlwmﬂsethc&VHSHds ouiculatedmnwi de range

about  200c b Waisdt SRR S aR TR, MR TERGLE Bl BT B8t o, “ror

pref er abl y Herppeseab@ith the oxygenate feed, and the molecular sieve contained in the

reactor.

[0038] Preferably, the oxygenate feed is contacted with the catalyst when the
oxygenate is in a vapor phase. Alternately, the process may be carried out in a
liquid or a mixed vapor/liquid phase. When the process is carried out in a liquid
phase or a mixed vapor/liquid phase, different conversions and selectivities of
feed-to-product may result depending upon the catalyst and reaction conditions.

[0039] The process can generally be carried out at a wide range of temperatures.
An effective operating temperature range can be from about 200°C to about
700°C, preferably from about 300°C to about 600°C, more preferably from about
350°C to about 550°C. At the lower end of the temperature range, the formation
of the desired olefin products may become markedly slow with a relatively high
content of oxygenated olefin by-products being found in the olefin product.
However, the selectivity to ethylene and propylene at reduced temperatures may
be increased. At the upper end of the temperature range, the process may not form

an optimum amount of ethylene and propylene product, but the conversion of



350C to about 550C. At the |ower end of the tenperature range, the
formation of the desired olefin products may becone nmarkedly slow with a
rel ati velwolisgss43gont ent of oxygenated ol efin by-product s PogiErg2/imond i n
the olefin product. However, the selectivity to ethylene and propyl ene at
reduced tenperatures may be increasebl- At the upper end of the tenperature
range, the process may not form an optimum anount of ethylene and

propyl ene product, but the conversion of W) 03/033438 PCT/EP02/11407 -11-
oxygenat e I gh. [0040] Operating pressure also may
vary over éf%%aﬂeféed%ﬂgeﬁ&% P%@é‘ut ogenous pressures. Effective
prege04¢js i ncl ud)@erahng pasmraaso ney easeover ¢ widenange) indydiag tatogénoupr essur e of

at least 1 psia Pa), preferahl t | eas about. (34 kPa). The
process i sP é?”t“r‘sc tqucp ¢ DICPIUESS; it i"t Ht YREP ?Q?F%?Frﬂﬁﬁﬂgéﬁf@ 219%ic| udi ng a
total pressik@ire 8f ataxéasjc £8s5ih (’ﬁﬁpé}t pl%@rﬂﬁgﬁt ké@%bdﬁi?%)psm%ﬂﬁ&bﬁbf% the total

pressure is at | east about nore preferably at | east
about 30 ppicgeysi®parkiPalprly %Cthathlgb@totaHE@BWSpmﬁb@Q@sa total pECSIESi r abl e t o

use net hano ng te the
reactor at® atg?"‘éi g‘fﬂ"‘gagp Slﬁg%m%i%it e%?rﬁﬁﬁdthgg&mﬁ%%és gﬂg?sggﬁéﬁk Pa) ,

pref erabl y2n@kiaqr m&@@r@f@@ut A Qhspstont Mﬁﬁ@(zoﬁadpa) nBatprpteber abl y  not
greater than about 300 psia (2067 kPa [0041 Undesi r abl efgé} products can
be avoi deddeysbpEPasesifgs é@suahleéwﬁf‘olﬁﬁ angl ag dhe prinasx oKy esnale 98 ocity. As the
gas superf A V, di ng
ndesi © abl SOBRonsHE 88 bhets it RAGER oL e S B Pt B R O

vel ocity" (3#48dPiahquefaablymet gmzrtﬂrtimi aboﬁhﬂ@@tmlac(ﬂﬁd)lv?er)amest@frefvubb’rl zed

f eedst ock, which incl des @(ﬁj r2 m present in the feedstock, as well as
conver si onnBtr%fS%fEE@an opf JUPHY G0d KEAYss- secti onal area of the reaction
Zone{004ﬁec ause Wﬁﬁe%&%ﬁr@dﬁc&s ERIBEEIVORIEd 1Y opedtifgHCin dpvopteggni fi cant
guantiti'es of ethylene and propyl ene while flow ng through the reaction
zone, the geperfigialpesldaityi As thepascupgiigial velaeiy mereases the @RVeIsi®Bat i ons wit hin

the react | go. 2006y The 531808 VUL LALARREIS uRhhaGhotal nurber of

nol es of ¢ sseC|ono articu ocation in the
reaction zgﬁ;%rﬁélemwoacsrumieﬁﬁé@%m @om&ﬁﬂd@bm{etlﬁceﬂ@waﬂ'e of egmirized
parameters. [0042] I n one enbodi ment superficial velocity is

mai nt ai nedf %ﬁds@cka‘w@c}bmcluﬁ%@!@mWhﬁthpffs%ﬂfé% ‘?tds@é%&%d’v dpss) at 1 east one

point in the,[La6h b%u@tgr@vldécpby the cross-sectional area of the reaction zone.

Because the oxygenate is converted to a product having significant quantities of
ethylene and propylene while flowing through the reaction zone, the gas
superficial velocity may vary at different locations within the reaction zone. The
degree of variation depends on the total number of moles of gas present and the
cross section of a particular location in the reaction zone, temperature, pressure
and other relevant reaction parameters.

[0042] In one embodiment, the gas superficial velocity is maintained at a rate of
greater than 1 meter per second (m/s) at least one point in the reaction zone. In
another embodiment, it is desirable that the gas superficial velocity is greater than
about 2 m/s at least one point in the reaction zone. More desirably, the gas
superficial velocity is greater than about 2.5 m/s at least one point in the reaction
zone. Even more desirably, the gas superficial velocity is greater than about 4 m/s
at least one point in the reaction zone. Most desirably, the gas superficial velocity
is greater than about 8 m/s at least one point in the reaction zone.

[0043] According to yet another embodiment of the invention, the gas superficial



anot her enmbodi ment, it is desirable that the gas superficial velocity is
greater than about 2 nis at |east one point in the reaction zone. Mire
desi rabl ywotob®3xgas superficial velocity is greater than 2bompPo2iBoni s at

| east one point in the reaction zone. _Even nore desirably, the gas
superficial velocity is greater than alﬁout 4 ms at |least one point in the
reaction zone. Most desirably, the gas superficial velocity is greater
than about 8 ms at |east one point in the reaction zone. [0043] Accordi ng
to yet anot\riicii§dadim@Endd @fa’uf/él? coRst@ittih G redHRn 388 SR et it

03/ 033438 PCT/ EPO2/ 11407 -12 velocity is maintained relative y constant in
t he reacti cHPo@istal yelepity i§amaintpined aka rasmgr@aﬁerthaall wekbal pqmissntim nt ai ned at

arate gre 1 s in t n zone. is also
desirabl e tar E‘%{uoﬁi%ﬂe aIstngs%‘fooerefs‘i’%%ﬂ’lgrﬁs‘)a}C eo%aistgweﬁgm@lr‘éeg?c ty tetgé?‘?teré%%ht 2 ms at
al | points about hen/s satitgohs imahereablidiezdies Mee|dgsirablie tigags supefidinci al

vel ocity is gﬁlater than about 2,5 ms_at al] gm nts in the reaction zone.
Even nore Yapespatet ghaut 2 omysrat @ll prinfinghe fepetion znga E8en Mesh about 4
ms at all ReirsHl$, thd gad fAferficRE4108HZQ atéYQﬁaEn %?)ﬁ“f ﬂ'x% 1t mtd e
superfici al veI00|ty is greater than out olnts in the
reaction zdh@feaF@@nﬂqneTMOSadeablyofhegahyuwlfmasln@lqmtpm/greaternhamduced in the
oxygenate t [ an be i ncreased by reducing the conversion of
t he oxygenaat%8§ i?%‘/{]*ﬁ 'y Qg@lélﬁ § EPLLIUEI hs reaction. However, reducing the
conv¢aGsidpn of f eF antoing eNahydend e[hdtﬂigpyﬂéﬂ&ﬁﬂé&&d@@ﬂﬂé%&?%&ﬁter@%%ﬂlp” t ends
to increase the anmount of oxygenated hydrocarbons, particularly including
di met hyl etfhRgess £3phe laﬁr@aq@flégémucm the penversiart of the exgenatesimibe control of

t he conver e i on_pr.oce an be inportant.
[ 0045] Acc?r 8?&8& 4 (g%éﬁsgrew%ngl rrentg'%{)%hgedg%lﬁgﬁesﬁog &8110 f Oﬁe‘%n mary

oxygenat e, oxggqlaxesrmtﬁmqgenawcd‘nﬁzemoa&eatﬂtloﬂfotéﬂs 98inetcalé thdaaoLAE 6T t O
anot her enbodi ment,, t he cbpnverslo t hanol ils from92 wt %to 98 wt %

pref er abl y FY8sHaA Rydregarhons artmn ](302 pding dypethygthes tanfo%fﬁé’fes%fﬁ%dl ment ,
t he conver $4081efh F&ﬁﬂﬁnﬁ{us'&nﬁfgpyﬁhggono%sw{? &ﬁfe&?ﬁst%%?ﬁ%?ﬁ% o f rom 08, 1

According to anot her enbodi ment, the conversion o
w % to Iegsa(ﬁlﬁaquqﬁsswb%lmp@re&mably from98.2 wt %to 99.8 wt %
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e.g., methanol, is from 90 wt % to 98 wt %. According to another embodlment

the conversion of methanol is from 92 wt % to 98 wt %, preferably from 94 wt %
to 98 wt %.

[0046] According to another embodiment, the conversion of methanol is above 98
wt % to less than 100 wt %. According to another embodiment, the conversion of
methanol is from 98.1 wt % to less than 100 wt %,; preferably from 98.2 wt % to
99.8 wt %. According to another embodiment, the conversion of methanol is from
98.2 wt % to less than 99.5 wt ; preferably from 98.2 wt % to 99 wt %.

[0047] In this invention, weight percent conversion is calculated on a water free
basis unless otherwise specified. Weight percent conversion on a water free basis
is calculated as: 100 x (weight oxygenate fed on a water free basis — weight
oxygenated hydrocarbon in the product on a water free basis). The water free
basis of oxygenate is calculated by subtracting out the water portion of the
oxygenate in the feed and product, and excluding water formed in the product.
For example, the weight flow rate of methanol on an oxygenate free basis is

calculated by multiplying the weight flow rate of methanol by 14/32 to remove the



[0047] In this invention, weight percent conversion is calculated on a

wat er free basis unless otherw se specified. Wight percent conversion on
a water fweesbasds s calculated as: 100 x (wei ght oxygemawr@&pbhrdi4on a

wat er free basis - wei ght oxygenated q§drocarbon in the product on a water
free basis). The water free basis of 'OXygenate is cal cul ated by
subtracting out the water portion of the oxygenate in the feed and
product, and excluding water formed in the product. For exanple, the

wei ght 1 owdtat &ngfoneRt dfalohet@incin ARXMEEBRERNpI& ehdatd fov sate 621 cul at ed by
mul tiplyi ng_th@p\/\el ght flow rate_ of_ nethanol by 14/32 to renove the WO

03/ 033438 Pimethphetherioman oxygenajefres bastip saleweted bytmatiphyingtheweight anot her
exanple, t : i e te free basis
i s calcul a?goa\; %@%{hﬁ@ E) }?}%tﬁeé%&ﬁgﬂiﬁ ;r%?{!)veftlthg\?\‘/ra;ceg{l 8%§?ggé'¥rgfgﬁﬁyl et her by

28/ 46 to rehmethyt ethendf trerecio apairiend oDdxyighrateginitkd feyd oeprodict, fricet here is a

m xture of oxygenates in the f or product, trace_ oxygenates are not
i ncl uded. \)W’Fé‘é FHEn B laﬂ'&‘feélr Wﬁ%‘?ﬁ pnétaﬁg/,or duneihyd gthek sused as g, onl y

ot hanol - amek 1A hare 1G4 gRIcISad: L Gl RMASEOINRERIRR g 2 val o

free basis. [00 In this invention, selectivity Is also calculated on a

wat er free Vel fseahisisss ot herwi se specified. Selectivity is calculated as:
100 % conp Y 00 -, wt .%.water - % et hanol .- w % di et hyl

et he gw\ﬂ]en met ﬁgg%% ug'ﬁgﬁ%l}* Sﬁ?%ﬁ%}%@? ﬁ%lf’ul\é\%dﬁgé"d’vaggrq%ﬁé’afsléél 5% 0049] ~ An

exanpl e of dilewise\spedified) $adectitipyvy daltuldied &3: 0O & wiAe eompbirat L @obhe Figure,

an ol efin product stream containi ng, .in addition to ethyl ene and propyl ene,
| onger chai'f “6IVeteTs Whidmetgnnd m (dimethglgther) phen methepeltasd/oror product i on

of ol efi ngg; @ &ﬁ&ﬂ?ﬂgﬁlda@rﬂﬂéfﬁ%o"m inthe figure) via a pipe 1to a

gas-liquid separation device Condensate, which accunmulates in the
gas- [0l d separkm examplelefrihe énv2ntiamnd showh i the Fgmt.| Aacmding 3o tfe
hydr ocar bo i hase separator 4. Gas and

wat er t hat ri;zsi%‘br Iﬁ’ﬁﬁs‘g?’i“ g‘?ﬁl‘%@%ﬁﬁ 8§@%ﬁ§§e in Q‘bgtgilgttoé’?hyéqn@ 28d Ropyla®: t 0 gas

CONMpr essor Jonded chdiR BfeBis @ﬁkﬁogygefatbé'isgs%nﬂﬂéﬂta! et for Midgporgenates is
di ssol ved in the renmai ni ng hydrocarbon-containing condensate. This

condensat e olefinsdram methangk (nppibiowy iv theuigurs). vij 00ER] ] Owegakdigdidgas t hat forns
KNI T g SE N e R el
device 2, and contains small amounts of hydrocarbons, is sent via a pipe 3 to a
three-phase separator 4. Gas and water that accumulate in the three-phase
separator are sent back to gas compressors via pipes 6 and 7. A large quantity of
heavy oxygenates is dissolved in the remaining hydrocarbon-containing
condensate. This condensate is sent to a stripping column 5.
[0050] Overhead gas that forms in the stripping column 5 is sent to gas
compressors via a pipe 8. Heavy Cs+ hydrocarboris in which heavy oxygenates
are dissolved are removed as bottom product via a pipe 9. This bottom by-product
stream can be sent to further processing.
[0051] The olefin product stream in the gas-liquid separation device 2 is sent via a
pipe 10 to the bottom portion of a wash column 12, after slight heating by means
of heat exchanger 11. The oxygenates are washed out of the olefin product stream
in a lower part 13 of the wash column 12 using fresh methanol. The fresh
methanol is sent to the wash column 12 via a pipe 15.

[0052] Overhead gas from the methanol wash is sent to an additional wash, for

which an upper part 14 of the wash column is provided. There, the overhead gas,



are dissolved are renoved as bottom product via a pipe 9. This bottom
by-product stream can be sent to further processing. [0051] The olefin
product swO®awn33488 t he gas-1iquid separation device 2 is sect/BPOA1E07 pi pe 10
to the bottom portion of a wash col un;ulT12, after slight heating by neans

of heat exchanger 11. The oxygenates are washed out of the ol efin product
stream in a lower part 13 of the wash columm 12 using fresh nethanol. The
fresh methanol is sent to the wash colum 12 via a pipe 15. [0052]

Over head gawhicheah th@aiRi ARk WRSHANOISHSA Fhe Mbthafbl 3Fdh id &Jﬁ?dctémlfh for

whi ch an upper part 14 of the wash colum is provided. There, the overhead
gas, WO 03/besavserwhiqhrs sont 1o1te wash golgmincl? A pinsritai Themvapeadgasd net hanol
fromthe ne Ler ch is sent to the
wash col um i he ﬁ&ﬂaﬁ 1%66} E%]C%E%vcerlﬁng&ééﬁ ﬁgrggm tole}’\’%L tra(fﬁf)g part 14
of the wasmwgbnamszﬂrﬂmethamlns onI y tol erable traces of oxygenates and

nmet h [ 0053],.The overhead exiting the upper part 14 is sent via a

pi pea[%%s]Thl s gabe ‘é?ﬁheﬁgg'é‘%‘??"t‘ @F@R%frﬁi’ﬁap lﬁée%ﬂlaaqklaﬁnwgéﬁgéﬁd toa

drying stepsanbe&Bnt fdr%%ﬁﬁlﬁl@aﬂo'aﬁ%ll&fh W8 a8l €6 hﬁr}ﬁﬁg)&e%ah?ﬁf?ﬁ in the Figure) is
[

carried out. [0054] The bottom product of the water S sent partly
t hr ough theffﬂrc@matlcpmﬁthe olfinfnat iseowwmatihe Higme) i 2arriedidutpartly to a flash

dr umgk S by-p The S a i flash drum 20
cont ell ns- pr edomafllzenl%/c}t%ng{”ﬁgﬁgr?ia’ﬁr?@aterp‘iy%%ﬁ e?ép%ﬁ%gf’ﬁ gléé’r‘?tl‘)}?ﬁrcl?@”t o the
process Vi al3 éfehe vaphi esi6inAN 2 s4rdartly e fldsdrein 280G B Lasi viRd pige fd, ash drum
20 is a nethanol-water solutjion that contains the oxygenatés in a high

concent r at | bif. s2pRreimylaiinginflash divsy 29 cmt@}n&pwdgelr@aﬂy & le@gnnd be sent to
i i ti t b
ey nevat | loieil RAA ¥ B ik 14 2 drodeld ik B daflrkisich i chs can be

sent to a wat er Ion separati e o y enat es
remain in aChwmd]asng il Bash. dnTxhéOsm ntetlmnok;wmteakcﬂmldiethatﬁdoufaﬁ&dhéo t he process

together with t met.hanol . Thr.oug her separation steps, if is also
possi bl e toxgﬁ?%ﬁ??f ip2dugh CngeTHLation- Ehﬁﬁmlddlsé %thweaaw n#Adean n t he

case of a |jeght 16aREIRerEAS of &ha%yse%hzé@amtaa&ﬁk}ew Fhi§ BOBEEn LdIpPT ESSUre in
pipe 1 after the conpression steps so that no drocar bon condensat e

accunul at essent tg ametharclyeatertdissiliatioespptation, wlmatlma)ﬂygﬂlaaasdemaimenst ri ppi ng
colum 5 Cafe Qﬁtlﬁﬁ'e gﬁg 501{1&% 5§ale1 all_i% blenrgturn Vc\{ to %e rogeesg %ogeﬁleeg v&;[itlﬂltﬁe I nvention,

it will be apprecriat
methanol. Through other separation steps, it is also possible to obtain clean

methanol and to discard the oxygenate. In the case of a light waste gas, it may be
meaningful to choose the pressure in pipe 1 after the compression steps so that no
hydrocarbon condensate accumulates. In this case, the three-phase separator 4 and
the stripping column 5 can be omitted.

[0055] Having now fully described this invention, it will be appreciated by those
skilled in the art that the invention can be performed within a wide range of
parameters within what is claimed, without departing from the spirit and scope of

the invention.



skilled in the art that the invention can be perforned within a w de range
of paraneters within what is clained, wthout departing fromthe spirit
and scopewof03/083188 i nventi on. WO 03/ 033438 PCT/ EP02/ 11407 PCTEPOINEDT i S
claimed is: 1. A nethod for processin n olefin stream contai ni ng
oxygenates and water, conprising: providing an ol efin stream contai ni ng
oxygenates and water; dewatering the olefin stream conpressing the ‘
dewat ered ol efin stream washing the olefin streamw th nethanol to renove

at | east a Winiioélainied e oxygenate fromthe olefin stream contacting the
met hanol washed olefin streamw th water; and fractionating the water
cont act ed ol ef i nl'st r eArethod tpr gracassipgcrngtletin strepn containing exyzaneissi si ng

drying the tefter CORbAGHLSd ol efin streamprior to fractionating. 3. The
met hod of cé(@i m%r,’ \Aﬂhrge\llhﬁ the washing the olefin streamwith methanol to

renove at | east propulitg arolefin streampoontniag oxfgennmes hed @akfi n stream and the
contacting the nethanol nas d olefin streamwith water is carried out in a
si ngl e wash col valofng e olHR SEEAf claim 1, wherein the dewatered ol efin

streamis conpr@sgfessiny tho oW e RUgASAEmCONt ai ni ng di ssol ved heavy
oxygenates and a gaseous olefin streamwhith is washed with the methanol .

5. The nethod ofwWeashiigithg olefigstream withnpethsiol go seonwlieragleabter moticteohee to a
stripping c i J er head product of |ight hydrocarbons and a
bott om pr oﬁ!ﬁ%é%gwjg/glr%gg&%%nﬁs and heavy oxygenates are obtained. 6.

The met hod of cla@inmching Weanehdnol hasledesdtangdrdaiOsitl watdh; dddght  hydr ocar bons

is sent to at Iegst. one conpressi on step,
actionating the water contacted olefin stream.

2. The method of claim 1, further comprising drying the water

contacted olefin stream prior to fractionating.

3. The method of claim 1, wherein the washing the olefin stream with
methanol to remove at least a portion of the oxygenate from the olefin stream; and
the contacting the methanol washed olefin stream with water is carried out in a

single wash column.

4, The method of claim 1, wherein the dewatered olefin stream is
compressed to form a condensate containing dissolved heavy oxygenates and a

gaseous olefin stream which is washed with the methanol.

5. The method of claim 4, further comprising sending the condensate
to a stripping column in which an overhead product of light hydrocarbons and a

bottom product of Cs+ hydrocarbons and heavy oxygenates are obtained.

6. The method of claim 5, wherein the overhead product of light

hydrocarbons is sent to at least one compression step.



