WD 03/ 020673 PCT/ US02/ 17696 1 PROCESS OF REMOVI NG CONTAM NANTS FROM AN
OLEFI N STREAM USI NG EXTRACTI VE DI STI LLATI ON  FI ELD OF THE | NVENTI ON [ 0001]
Thi s i nvewDiodn206e$ at es t o renovi ng oxygenates from an ol efeich/issvz/emos | n
particular, this invention relates to renpoving oxygenates using extractive
distillation. BACKGROUND OF THE | NVENTI ON [0002] O efins, particularly

| ight ol efins such as ethylene and propyl gne, have been traditionally
produced from petrol eum f eedst ocks by either catalytic or steam cracking.
Oxygenat es, however, are beconming an alternative feedstock for making

i ght ol efins. [0003] The process of producing olefins froman oxygenate
source instead of pRU@ISS OWREMOVING CONTAMINANTS FRIOMytic or steam

cracking, can Cr&%@LﬁEFIN@TI&EMVPUSING@XTWDM WISTICEAIAON oxygenat ed
contam nates in the olefin product stream The task of renoving these

oxygenated contam nates froman olefin containing product streamis a

uni que and di; .%H#&TJ i n“gﬁ] U S. Patent No. 6,121,504 discloses a
process for dErEctly RN LTINS gas phase product stream from an
oxygenate t qogd§f i n ALAGASSHtiohREla’l EERnovitipengabmdesTicn e sldmuseanhi gher
boi I i ng conponents, such as water and unreacted oxygenate feedstock, to
condense andnfartieuktar,Hbisvyvestion trdates lod8MPEHE OXHEEREAW S SKBIUE fraction is
separ at ed fﬁpﬁ]bre lighter olefin product fraction, and the olefin product
fraction cafBE3H0Pt her processed. [0005] . Although processes such as

di rect quenching processes can renove a | arge percentage of oxygenated
conponents fromthe Iigﬂt olefin Eroduct of an oxygenate to olefin

process, a dRACKGRAENIMOTJHELINY NHQI_\Ican neverthel ess remain with
recover ed Ogﬁﬁt()]z:] Pr ORiefine blrtliatls LERRAIERH dueh byEehPRRe RPHop} 1Bk, ecover ed
roduc ts, th on

olefins to e derivatfve produ the oxygenate contam nants can be
probl enat i ¢ liave beehiradidatally pratuoekfompetblunefcadyiocks by feither qatalytiesttr ed to
D e & P DOt Hokle . B Shoing Y RO YAROBE R ™

making light olefins.

[0003] The process of producing olefins from an oxygenate source instead
of a higher hydrocarbon source, as in catalytic or steam cracking, can create a
variety of problems concerning certain oxygenated contaminates in the olefin
product stream. The task of removing these oxygenated contaminates from an
olefin containing product stream is a unique and difficult task.

[0004] U.S. Patent No. 6,121,504 discloses a process for directly quenching
a gas phase product stream from an oxygenate to olefin process. The direct
quenching process causes higher boiling components, such as water and unreacted
oxygenate feedstock, to condense and form a heavy product fraction. The heavy
product fraction is separated from the lighter olefin product fraction, and the
olefin product fraction can be further processed.

[0005] _Although processes such as direct quenching processes can remove a
Jarge percentage of oxygenated components from the light olefin product of an
oxygenate to olefin process, a certain amount of oxygenate can nevertheless
remain with recovered olefin product. Ifit is desired to further react the recovered
olefins to produce derivative products, the oxygenate contaminants can be
problematic in such reaction processes. For example, if'it is desired to produce a

polyolefin from the olefin product, certain oxygenates may poison the polyolefin



WD 03/ 020673 PCT/ US02/ 17696 2 catal ysts used to nmake the pol yol efin at

|l evels as low as low as 1 ppm Therefore, it is desirable to renove
oxygenat ewomawarhant s from ol efin containing streans toPC@EEshy1icosver than
conventi onal quenching processes can provide. SUVWARY OF THE | NVENTI ON

[ 0006] This invention provides the ability to renove substantially all
oxygenate contam nants froman ol efin congai ning stream usi ng extractive
distillation. The resulting purified olefin is particularly suitable for
use as feed in the manufacture of polyolefins. [0007] Specifically, the

i nvention provides a nethod of extracting an oxygenate froman olefin
contai ni Ng $hiaRANMusdd® MELNAE pERBRIinSE eveRAE Sk blbw dhepehefThare€sat ai ni ng
streamw th an extractant; and separating the contacted olefin containing
stream and dixis dagitaalettoueaye expizerate Poaningnis|ffom plefin cPRRIENEIIeIMScont ai ni ng
stream nost _suitahle for th kO [y 50 wt. % ol efins
and not gr ed? E Ve@ﬁ%‘ﬁerfg%ﬁq%%%@néga‘getng@qg P Er%:‘??stegtc%% lt%g%:dte' with the
extractant. Preferably, the extractant is a polar liquid conposition at 1
atm, having an average boil ié‘ﬁ ﬁ?i nt of at |east 100F (38C) at 1 atm
Mor e pref er BIMMARYE QIHTHE INVENTYON onposi ti on conprises at |east 75 wt. %
wat er, alco or a-fx ) 1 istillation
process is Bgéqﬁl]cul am&é?%ggﬂb\%&%et%e Még rgtr%ﬂgvi%ﬁo%?g%@éf%g hi gher than
convent i onalox§p@neconypenmte fessasolefdesontaibing stredre vsiogreagedtive di still ation
is carried out _at a pressure of fr bout 69 Paa (.1Q0 Si t.o about
34000 kPaa (BHidetipyi ﬁl)“? reﬁ‘é@é@}?’“rﬁ%f é?ﬁg%iﬁl?%ﬁhc‘-‘?%& %tﬁglﬁ?f%?%éé ?%fdﬁlét hod of

purifying an,olefif tufeo(ﬁ%ll 1dfhsStream  The net hod conprises contacting the
ol efin contallln%nng s%ream vgyth aS wat er containing streamin a first vessel;

recovering dbedin pr Sgdedficdllyothetitreentibi peivides age¢thodatiexdwatiegan ng t he ol efin
product fromthe fifst ve | wth an extractapt .in _a.second vessel at a

t enper at ur e_oéiﬁer’ﬁf%é%‘i‘}rag Oi‘?sfeﬁh‘?é)rma?ﬂ% SPREY- jﬁe{nﬁ odg P?lgfls?/secé)gfegﬁmgr hi s

enbodi ment  ife PRfihicEthRidgYstREMOSHA ¥e PR Rint; had ebwiithgaba taitaitdiolefih I eam
prior to contact with the extractant, conprises at |east 50 wt.% ethyl ene
and propy! erentaining strranesnd-extegiant ysingexpiertive distilatignc dhpokiini on at 101 kPa

(1 atm, containing stream most suitable for the process comprises at least 50 wt.% olefins

and not greater than 20 wt.% oxygenates prior to contact with the extractant.
Preferably, the extractant is a polar liquid composition at 1 atm., having an
average boiling point of at least 100°F (38°C) at 1 atm. More preferably, the polar
liquid composition comprises at least 75 wt.% water, alcohol, or a mixture thereof.
[0008] The extractive distillation process is particularly effective when
operating at pressures higher than conventional quench type processes. Desirably
the extractive distillation is carried out at a pressure of from about 690 kPaa (100
psia) to about 34000 kPaa (5000 psia).

[0009] The invention further provides a method of purifying an olefin
containing stream. The method comprises contacting the olefin containing stream
with a water containing stream in a first vessel; recovering olefin product from the
first vessel; and contacting the olefin product from the first vessel with an
extractant in a second vessel at a temperature and pressure higher than that of the
first vessel. This embodiment is particularly effective when the olefin containing
stream, prior to contact with the extractant, comprises at least 50 wt.% ethylene
and propylene, and the extractant is a polar liquid composition at 101 kPa (1 atm),

having an average boiling point of at least 100°F (38°C) at 101 kPa (1 atm).



havi ng an average boiling point of at |east 100F (38C) at 101 kPa (1 atm).
WO 03/ 020673 PCT/ US02/ 17696 3 [0010] The invention is also directed to a
met hod ofwpuwsiotosihg and pol ynmerizi ng an ol efi n contai ni n@CItUseaNMeIdhi s
enbodi ment conprises contacting the olefin containing streamw th a water
containing streamin a first vessel; recovering olefin product fromthe
first vessel; contacting the olefin produgt from the first vessel with an
extractant in a second vessel at a tenperature and pressure higher than
that of the first vessel; recovering olefin product fromthe second
vessel ; and polynerizing at |east one olefin recovered fromthe second
vessel . It [og16]esi r atheanidndibn iwdscodiedctad 16 anhethod afpatfy@grmdprior to
contact with the extractant, conprises at |east 50 w.% ethyl ene and
propyl ene, dwdymeriziesen aletiagontpining sigpayr This ebedimsnirosnrisencontactiog kpa (1

atm, havin r DO ' f - At at 101 kPa (1
atm . BRI EFqBégég}é%ﬁlﬁ%%l@%%bﬁ&@ [%%ﬂlg%‘%}ee att g{%l(gg%g%egl’ur e depicts a
f 1 ow di agr ameedvesing ohifiagradued fiont the firgwesseh camecting the otefineratiust frbinat i on
process. DETAI LED DESCRI PTI ON OF THE | NVENTI 04%0012 This invention is to
a process fohe §ottivessehwith prexiraciant angaecond vesselat A depsratur @A BIGSHIS on is to
a process_fof ﬁé%ﬁ&%&t”tﬁtﬂé‘ﬂ&??@sﬁﬁ; fé@G&é}{HgQﬁéﬁ rofli @Rt &lelsBegn@nt ai ni ng
streams. The Pnvention 1s particularly effective in renbving oxygenates
whi ch can acweesghzamd dolyghdrizihgedtileaspomdelefin rqsavered tioar thy seeonflyessale Iand

propyl ene, recovered, from oxygenate to ol.efins proc . ver, the
i nvention i slséF?”@i’fq thet t‘ﬁ%P%&}BﬁBg' HOR&SHRGEn RTIAT fodRe Wﬁﬁﬁéﬁ efxlf_‘rgﬁ\,\gmol efin
streams, reqaylrReSatbash v 98 cByRhE BnFhloBiiRhdasd MY etiaednt i AQdRk The
invention is particularly effective for renoving oxygenate contam nants

from ol ef i n liquid eerspastitiarhatd@hkRa 6l atm)l kaving abvisragsdoningopaintef ahleastnopr e

particul arly, at t 8‘ % olefin, and nore particularly at |east
about 70 wt .B}O%O]f gglaﬁf at?]tl?ﬁitkga glafnvltl)(tul arly advant ageous when the total olefin
content of the olefin streamconprises at | east about 60 wt.% et hyl ene and

propyl ene, nore particularly at |east _about 70 wt. % et hyl ene and
propyl ene, aBElEﬁ)BESCRIPTION OF THE DRAWING

[0011] The attached Figure depicts a flow diagram of an integrated water

quench and extractive distillation process.

DETAILED DESCRIPTION OF THE INVENTION

[0012] This invention is to a process for purifying olefin streams. In

particular, the invention is to a process for extracting oXygenate contaminants
from olefin containing streams. The invention is particularly effective in
removing oxygenates which can accompany light olefin product, particularly
ethylene and propylene, recovered from an oxygenate to olefins process.
However, the invention is effective for removing oxygenate contaminants from
olefin streams, regardless of how the olefin stream was obtained.

[0013] The invention is particularly effective for removing oxygenate
contaminants from olefin streams which contain at least about 50 wt.% olefin,
more particularly at least about 60 wt.% olefin, and more particularly at least
about 70 wt.% olefin. It is particularly advantageous when the total olefin content
of the olefin stream comprises at least about 60 wt.% ethylene and propylene,
more particularly at least about 70 wt.% ethylene and propylene, and most
particularly at least about 80 wt.% ethylene and propylene.



particularly at |east about 80 wt.% et hyl ene and propyl ene. WO 03/ 020673
PCT/ US02/ 17696 4 [0014] In order to renpbve certain desired oxygenate

cont am nawD3fe@ns an ol efin containing stream down to thecppsot/ewes , the

i nvention incorporates the use of extractive distillation. In cases where
contam nants are at a relatively high level, it is desirable to first use
a quench process to renove a substantial guantity of the contam nants,
then to follow the quench process using extractive distillation. [0015] A
guench process involves contacting the olefin containing stream wth a
guench liquid. The quench liquid is directly contacted with the olefin

stream so agohpjcool 14 Bﬁleﬂdﬁ‘:ﬁ{@vbQeﬁaihﬂﬁﬁi&ﬁ&tkggﬁla&ﬁioﬂvs(rﬁih@@ﬁﬁmati on
tenperature of the quench liquid, preferably below the condensation

t enper at ur e olefin epnjajringtstrearn downite tietppnley el ths|ivYantor ssorokitegths ipeam
[0016] The nch. J i aui e ' ' | Qi .} atm and is
capabl e of %fﬁé@?cﬁldeéﬁgi}gléﬁggeﬁcCé% aﬂéﬁ%@gw%ﬁg’?@% aarg%tlg?lgtrh} d quench
medi um i n t NeweljinikeRbiratle td A8Lde d queatteprotde b reatdveaf subftentiahyenttitpn, a
sufficient quantity of water is  _added to the top of a quench vessel or

col um. An ciidhg sprcanipants; then torfollamthe grangh RTOGESSIRINGSTHEE Cont ani nant i s
added to thedi?cﬁfa%iB@ of the quench colum. As the olefin rises up the
guench columm, 1T Cones in direct contact with quench water noving down

t he quench do018in. Theqadrehiprocpssineslveés @amdcting theariefin canddinimg sireant he gaseous

state as an overhead product, and w.th.a substanti al ntity of oxygenate
cont ani nant With & guenchoirdi él"t??%mfé‘ﬁll@bsrfﬁ%ﬁ‘?ﬁ}ﬁ&?fi‘ta‘?tgd W?‘Eﬁ]b‘?/%lag\’z\,i th the
quench flui dyasmaochotd edpt st é’tl%ﬁ:l’ﬁ'tf)%%ﬂlf)&lﬁtu%’@é?&b theQMRensati®P 18] The

function of the quench process is to cool the olefin steam which contains
t he oxygenattempenatiaerpfithatquernah liduad, préferablyritctow terrogdepsrttierisaperaiee t he
asily separated fromthe

gf)g; ?rrP ng? '; Z rﬂggg%%%g‘i(”#a?&%g&glgg?afoa{%tfll%rg%a\égﬂn% ﬁge%'er ating tenperature of

the quench ppegess bq*hef@@mmhgﬁm c&0fe 43 HRid tHat akOUuiGA0FathR 6RO,

pretferably fcragglg gfg ;JetmOBV?ng oxygenate contaminants. Water is a preferred quench
medium in this invention.
[0017] In one embodiment of the invention, a sufficient quantity of water is
added to the top of a quench vessel or column. An olefin containing stream
containing oxygenate contaminant is added to the bottom of the quench column.
As the olefin rises up the quench column, it comes in direct contact with quench
water moving down the quench column. The olefin passes from the quench
column in the gaseous state as an overhead product, and with a substantial
quantity of oxygenate contaminant being removed. The oxygen contaminant is
removed with the quench fluid as a bottoms stream from the quench tower.
[0018] The function of the quench process is to cool the olefin steam which
contains the oxygenate contaminants so that the contaminants condense. Once the
contaminants condense, they can be relatively easily separated from the olefin
stream.
[0019] It is desirable that the operating temperature of the quench process be
from about 80°F (27°C) to about S500°F (260°C); preferably from about 85°F
(29°C) to about 300°F (149°C); more preferably from about 90°F (32°C) to about
200°F (93°C). Itis also desirable that the operating pressure of the quench process

be from about 15 psia (103 kPa) to less than about 100 psia (690 kPa); preferably



(29C) to about 300F (149C); nore preferably from about 90F (32C) to about
200F (93C). It is also desirable that the operating pressure of the quench
process We oBoarsrabout 15 psia (103 kPa) to | ess than aborCTA®02/pBP@ (690
kPa); preferably WO 03/020673 PCT/ US02/17696 5 from about 15 psia (103
kPa) to about 75 psia (517 kPa); and nore preferably from about 15 psia to
about 50 psia (345 kPa). [0020] Many oxygegnate contam nants are water

soluble, and will, therefore, be renoved with the quench water |eaving the
guench colum. However, sone of these contam nants are not very water
soluble, and will not be renoved in the quench colum or in any non

pressuri zed fh @bowaSipsiaqll bPRPAGo bBEutTIGRENS1T RPUIMNd MR dtfefbrgenat es
whi ch can be considered as contamnants in a olefin stream i ncl ude

al cohol s sudkrragbemttlRanislto abewaRdisia (345 EP&ohol s; ethers such as di met hyl

et her and et hyl : I i i id,
propanoi ¢ a P@ygnd bﬁ\{lﬁ/lg'i[%g?ag‘?gg?%éﬁﬁtgg?és‘gétﬁﬁ%bgﬁbégzapglqﬁght@gg?&g’et ones
such as acdcasgovahwith sHeeqinciughtenicaniigyd stk clumiatdvesveq kbye of

probl emati c oxygenate contam nants are

j met hyl ether (DVE), and
acet al dehydéheseopamipgnierg ppt \éetr}ﬁ@\fat%olﬁgl@s prd, el mgf bﬁF‘ETBP\é‘ﬁ%E‘%& and is

di £ cul €t QueRIPYSam of i) % LSRN dler ShM bHOhoThORugORCENC F at | ons

in the ol efih produce roman ‘oxygenate to olefin process, and is not
very water solutwh.e. This nmeans that even after an ol efin stream has gone

through a q i ng ocess, subst anti al antity .of the ditrethyl ether
can renain Hﬁaﬂie ol ’fylge’ﬁ?rtffd‘a]%'fﬁc @%‘]nsti‘? éﬁ&?’é%mffl 6ftgrmecan be
renoved t0 V@le¥m!iRWud/ABSHIY §RhaBnRthanl, 8fhaRolSCL SIRARIIS RikrfdhcRYE M act i ve
distillation process under the appropriate conditions and with an

appr opri at e dnethat ethert andmaethplethyl ethersritoxatic aciddsucheas gcdticarid, t he quench

process in that olefin | istil.le romt he con L nant, usin n
xtractant uBoer s mluti b AR SRR R A et T L1 11 ati on
is carried Qidbtous; dhd edteUSR hs MlethlyD¥RErs N RNt Glarly PEEbldiadticRagkénage or trays
that creates a tenperature difference fromtop to bottom of the tower. The

upper porti cientmingus e ipethyl ether (@é@)e%ndmﬁ?ﬁa{)d@h},’d“and hi gher
[0022] Dimethy! ether is particularly problematic, and is difficult to remove.

It can be present in relatively high concentrations in the olefin produced from an
oxygenate to olefin process, and is not very water soluble. This means that even
after an olefin stream has gone through a quenching process, a substantial quantity
of the dimethyl ether can remain in the olefin product.

[0023] Oxygenate contaminants can be removed to very low quantities in an
olefin stream using an extractive distillation process under the appropriate
conditions and with an appropriate extractant. Extractive distillation differs from
the quench process in that olefin is distilled from the contaminant using an
extractant to aid the distillation process.

[0024] Extractive distillation is carried out using a vessel or tower having
internal packing or trays that creates a temperature difference from top to bottom
of the tower. The upper portion of the tower is the cooler portion, and higher
volatile components in the olefin exit from the top of the tower.

[0025] An extractant or solvent is added to the extractive distillation vessel
or tower so as to enhance or suppress the volatility of the oxygenate relative to the
olefin. This makes it easier to distill the oxygenate from the olefin, resulting in

removal of the oxygenate to very low levels.



vol atil e conmponents in the olefin exit fromthe top of the tower. [0025] An
extractant or solvent is added to the extractive distillation vessel or
tower so wWe Bm2@mhance or suppress the volatility of the exygsoztmsel ative
to the olefin. This nmakes it easier to distill the oxygenate fromthe
olefin, resulting in renoval of the oxygenate to very low levels. WO

03/ 020673 PCT/ US02/ 17696 6 [0026] The extgactive distillation process can
be applied at any step in the purification and separation process. In one
enbodi ment of the invention, the extractive distillation process occurs

i medi ately after quenching of the product stream |n another enbodi nent,
the product [ghze}am i THALRREHRA damidlatieprodessichh bedpplicdtadaiy §iép e ocar bon
component and a C3+ hydrocar bon conponent. Most o? t he oxygenat ed

hydr ocar bonowificatidneangegepargtion process-+ Imgen gebedimanicdipoieentionThe  extracti ve
distillation_praoces hen be l. | | [0027] In
anot her _emb ARG BYIPHEh PR -oRs it HhE EERARERt oB piee (00T e
cont ami nant giBariomi aedthé embddirfieR b pyeiuer sticamas quarhbd mebthed disiilled

quenched ol efin product is recovered and sent to an extractive distillation
vessel . Thdnea Cnbydipearips compenanband ass drydrecaghnrcompgnest. Mpshpeihst i ng
pressure whi i I . f G} her

Crbodi ot EHEc e Rarbqi Rl B2 paftof e T ok S Enpa L SR % e
quench vessaxtraftd@2B3tilkxion pedcasyt can windie apphied® thisednipontrdtiabonenvent i on are

liquids at 1L atm These extactants al.so desiyably have an aver.age boiling
point of at [P828t 10dR anqtggr@n}bog;@?rglogﬁpeym}ﬁntl!oga@{ Olig’@) Ftr?%?f)n?‘fﬂﬁ mor e
preferably afy g&?a%é cc&é&%naftﬁ@@nta&é’@ﬁvﬁﬁﬁu%hldvﬁgr iRQ Plenctpvessdf Tped herein,
takes into acg unt the boiling point of each conpound in the extractant on
a wei ght avequagehedadifsn product éscznpiesed amgrseaitoraacixanctiveoitidiatipmyessel. wt . % of a
conpound hav, 0i rees al d1l a conpound

i boi | i. : 0 . % .0f .
havi ng a boiTl?ne?F@‘%B‘bti?‘lfﬁél%ﬁl nt T%prgw\év%ea‘g@%% i1ing point

i of. 100 ge

B VEssE T S SECTRiS A RRg/a

of 110 degr afgher 284t offige ?gegbmésaat. 9n 8h&h& Esbodagbrtaik ypaalisg
|

conposi tions. Such conposi ns Eref erably contain conpounds such as
wat er, nonoHyaiperstuat isoiest igherpsnythgiciitee queashsessel or i xt ures t her eof .

AU ”D['ﬁﬁﬂ}jdr Ic ﬁ!u%@ﬂﬁis%ﬂl&lc J:alﬁq:)% used in this invention are liquids at 1 atm.
These extactants also desirably have an average boiling point of at least 100°F
(38°C), preferably at least 120°F (49°C), and more preferably at least 150°F
(66°C). Average boiling point, as defined herein, takes into account the boiling
point of each compound in the extractant on a weight average basis. For example,
an extractant containing 90 wt.% of a compound having a boiling point of 100
degrees and 10 wt.% of a compound having a boiling point of 200 degrees would
have an average boiling point of 110 degrees.

[0029] The extractants are also desirably polar compositions. Such
compositions preferably contain compounds such as water, monohydric alcohols,
polyhydric alcohols, or mixtures thereof. Preferred monohydric alcohols include
ethanol and propanol. Preferred polyhydric alcohols include glycols. Preferred
glycols include ethylene glycol and tri-ethylene glycol. It is desirable that the
extractant contain at least about 75 wt.% water, monohydric alcohol, and or
polyhydric alcohol, preferably at least about 85 wt.%, more preferably at least
about 90 wt.%, and most preferably at least aboué 95 wt.%. Water is most

preferred as the extractant.



et hanol and propanol. Preferred pol yhydric al cohols include glycols.
Preferred glycols include ethylene glycol and tri-ethylene glycol. It is
desi r abl ewDlba2dehe extractant contain at | east about 75 WCT6S0217P6
nonohydri c al cohol, and or polyhydric al cohol, preferably at |east about
85 wt.% nore preferably at |east about 90 w.% and nost preferably at

| east about 95 w.% Water is nost preferred as the extractant. WO

03/ 020673 PCT/ US02/ 17696 7 [0030] The extractive distillation vessel or
columm can be of conventional design. Preferably a packed distillation
columm is used. [0031] The extractive distillation process is desirably

operated at [§oFg|eSSUrte RirditRiec diNARLbMN esddiRN CBluaREEA N cBARBEUAS -
Preferably extractive distillation is carried out at an operating pressure

of at |east delsignt Psferably g pbed digtillatiogrelumaisised-he quench, rore preferably

at | east ab 00 psi (6 kPaj) ... I out 150
psi (1,034 E@Q?ljlm gh(sé#h.e(eﬁgg?tgf: é%ﬁtﬁ}gﬂg%é%ééﬁsﬁgagés?ﬂégg 3 a?%dl Aét% %génsmﬂ%r ocess is
carried out Iﬁ%heil titnass Yhénchlopbratiiy plesiire. 1PRfashla ekGARivi Atillboraisout 5000

psia (34,000 kPa). More preferred operating ranges. are from about 150 psia
(1,034 kPa) ctam@zmmat FpoFTHEIZPTeSIeon @t kepshaborinilisi &55 e alg?ir, g@@ kPa) to

about 3000 ,jpsi 0 : ' 5@}] 2500
psia (17, OOOtﬂé ﬁ%a%c ﬁﬁgg% %E%ﬁbl%%g%iﬁéﬁl?igqgg (é%a%peg’o a oﬁ%t%ﬁég%m si a
(14, 000 kPa)art] 1St Atoat 150 pssL084 kPa)t}ﬁlgleﬁf(Plreiﬁa:ralbly;atheliﬁxﬂradtﬂvaﬂisﬁﬁaﬁmssel |
i ncreases, the nore oxygenate, t i et , ol

From the ol dPFFetseaied pbe ot BiEPHAPPYel Uit P AEPBn tstbse | o

particularl y5(ﬁ;0fp§ﬁ[(i_’>¥906 Rb:). TNAGR @ ber @gﬁﬁg&%& Frahl st B0 My genat e

present in an ol n strea i's a very I cient process for renoving
oxygenat e cofit@#ikPanto dhoord 00 psiaci7 08 kPearboutDE psis ¢hB860 kBa)derbgteat er

this {nvent i SRR LDa KPRk bk 24f o200 RER bl 2 EORREANE hoe " °
greater thangmddf) aMd-a¥outsodtps¥4 (211 001cPH) tohbout20o0Peia (94,000kPa)/oAyY genat e,

particularly when the oxygenate is dinmethyl ether. [0033] In one enbodi nent
of the i nverpressnre insthe extagtive distidativagesss] ngeeagaspthemorgaxgganaiget i ve

distillati Onpa%&clzulfar}?y df’j‘rrpe%n;ll %threEqPYe%govgg ﬁ%npfﬂ%to?éﬁl S?Ireg‘(gp(:t from the
[0032] The extractive distillation process is particularly effective for
removing very low concentrations of oxygenate present in an olefin stream. Itisa
very efficient process for removing oxygenate contaminant from an olefin stream
which contains not greater than 20 wt.% oxygenates. Extractive distillation
carried out according to this invention is even effective with olefin streams
containing not greater than 10 wt.%, 5 wt.%, 1 wt.%, 0.5 wt.% or 0.1 wt. %
oxygenate; particularly when the oxygenate is dimethyl ether.
[0033] In one embodiment of the invention, extractant is added to the top of
an extractive distillation column, and is removed as a bottoms product from the
bottom of the extractive distillation column. The extractive distillation column is
desirably operated below the boiling point of the extractant, and above the boiling
point of the product effluent at the operating pressure of the distillation column.
As the extractant travels down the distillation column, oxygenated contaminants,
including DME, are absorbed into the extractant, and removed along with the
extractant as a liquid bottoms product from the extractive distillation column.
[0034] The extractive distillation process of this invention allows for the

recovery of an olefin product having very low oxygenate contaminant levels. The



bottom of the extractive distillation colum. The extractive distillation
colum is desirably operated bel ow the boiling point of the extractant,
and abovewoDle/obw7d i ng point of the product effluent at tReTASE2/BEt6POY
pressure of the distillation colum. As the extractant travels down the
distillation colum, oxygenated contam nants, including DVE, are absorbed
into the extractant, and renoved along with the extractant as a liquid
bottons product fromthe extractive distillation colum. [0034] The
extractive distillation process of this invention allows for the recovery
of an ol efin product having very | ow oxygenate contam nant |evels. The WO

03/ 020673 PGH{UsR@ ki WnteBt dihebrodtiddBoh pHOAIIAN adblefinSr@mPduct stream
particularly an olefin stream containing at |east 50 w. % et hyl ene and

propyl ene, ceontdieingpblgast DO wit% Bshylene @sd propytaserndindg abaut Weweheardessper at i ng
conditions of the extractive distillatj.on c .ang. the. tity of the
oxygenat es i‘i]ep% n%Plé#fenengtrc?aeFﬁ%tngc lgéll[dgrrml Cﬁ{t@%&&%cg??gls{ﬂ%ﬁlé) 332 SShavi ng not
greater thanfGRdqintitpefthe 3RPEEnAes irPhElolcZR0eivh to bR Purifid)00lefir. ppm 500

w. ppm 250 wt. ppm 100 wt. ppm 50 wt. ppm 10 w. m and 5 wt. ppm
oxygenat es, pafeqtsiaving thteféﬁ@ H09ovt: PRB ﬁpoa@%p@vag&@w 0P®5] The

DIVE- cont ai ni t t i t i 0S4 th unm can
be recoveredﬂg)r(l) Ué@ﬁ’g@t‘é}#?’g}ﬂr’ gg%ﬁgiggégég&%&goﬁegéﬁéagﬁdﬁ) of the
extractant caid et ppaosRyigesdier] phayictlarly ®ME carablsoeeadily abliiefablabl y, t he
extractant is regenerated separating the extractant frqgm.absorbed
conpounds i n0035lyi st iﬂed? CUGHLRE SXBFcia %}%,tﬁ%ﬁ"t@?fl?’%a’csﬁ 100hat has a
boi ling poi Sddb AEARH o AR oHeratlR R0 R:E | REGRENS1iBA of B82St
about 10F h%o%g@?@?ﬁgn tﬁger a%sor baegﬁcorrpéuneé% isﬁasgd inge{ﬂhe 1exf)r active
di sti || at i onthe ekantant c@OBShcchhpliblxdtyn®npendidnalt méansmPrdierablyt thact i ve
distillation colum. is fed, j.nto the djstillatian calu for regeneration.
The distill a?’i%@ﬁtaEUISﬁ?ﬁ?nﬁlia@&t}’é'&p%{ﬁtm%%Fﬁ%%\%arg%pgh%?% _ FP@PR‘@;‘%gﬁgepat es
and hydrocar bgngiiithalconthe PRESNISInRXradthe tBathaas bailingipdidihe extractive
distillation colum. The bottons product fromthe distillation colum is

regener at ed Expembiraat leasiabowaxit baoreareferably atdeashaboak10°Xcighes, than sti || ati on
col . f t i { {,: . - i ni t t ant
um V@g% %Irﬁehdj qisqﬁg)o\%ggée {ge(‘]rsg&(m.rtﬁé E)?ﬂaé:tlvé !ﬁgtllh nG OGN g extractan

can be conbi eavin quenc ower  or ot her
[0036] The bottoms product from the extractive distillation column is fed

into the distillation column for regeneration. The distillation column produces an
overhead stream comprising oxygenates and hydrocarbons that were absorbed by
the extractant in the extractive distillation column. The bottoms product from the
distillation column is regenerated extractant that can be returned to the extractive
distillation column. If water is used as the extractant, the DME-containing
extractant can be combined with the water leaving the quench tower or other
various water wash processes for regeneration. The oxygenate containing water
can be distilled together in one or more distillation columns to remove the
oxygenates.

[0037] Preferably, the extractant is cooled before being returned to the top
of the extractive distillation column. Cooling the extractant below the temperature
of the extractive distillation column’s overhead product stream aids the efficiency
of the column. In an extractive distillation column using water as the extractant,
preferably the temperature of the extractant is cooled to below about 95°F (35°C),
and more preferably the extractant is cooled to below about 90°F (32°C), before



various water wash processes for regeneration. The oxygenate contai ni ng
water can be distilled together in one or nore distillation colums to
renove thwo oonygehat es. [ 0037] Preferably, the extractant PCI/wsovi®ds bef ore
being returned to the top of the extractive distillation colum. Cooling
the extractant below the tenperature of the extractive distillation
colum’s overhead product streamaids thegfficiency of the colum. In an
extractive distillation colum using water as the extractant, preferably
the tenperature of the extractant is cooled to bel ow about 95F (35C), and
nore preferably the extractant is cooled to bel ow about 90F (32C), before

WO 03/ 02067 J,ehifeTie kB th #89Extra2t P IRA14tRIWo . t Phd H&ra8ih @alde\c@oled

distillation colum. The extractant can be cooled by conventional neans.
[ 0038] | n arlptdvavensippolinganst, water or other extractant that can be used as

o O09enat QSR o B Gt R S R GBS

ext ractant i di§gehatd RRd obeiliedbt &1 Odigehatt fOdMelin Bro2¥dsiiaasddus adi stillation
colum can be used as a co-feed to an oxygenate to olefin reactor wthout

the use of #Xegapdnaks @ﬁraémqmﬁtﬂle[tm@g]mmhelf aisuitable egrmctanhisigeduibeh i s
purified acqop %}n%%réalcrt H‘Bm%é"éﬁ?&u% d{sLﬁbtfod &Yenatég{‘? filﬁga%%éﬂr ed from

an oxygenat e q efI'n process, a
feed cont ai nong o&pg@m;egemfm reacndr wphcmmﬁ hs¢ oﬁa reliener@tibn oslumnhydr ocar bon

added separ at el m xed wth the oxygenate ntacted with an olefin
form ng cat a®) %ﬁl to ﬂ?bé"dﬂﬁfgl Qﬂné?}‘llillﬁg ispHEHed Fﬁf@F‘g’% pETocEEA0] A

preferred type ipfe %ﬁfolﬂ? 1‘%9 o %lé ¥fgehste ?@Sleﬁﬁﬁ RofsNIndhe

silicoal um nophosp ate nmol ecul ar "si eve I coal um nophosphat e
nmol ecul ar si @wgsnae co;lefﬁnepla)lcbgs, zfed spitaimihgm dyigapteriand optiomally amat er i al s

havi ng 8, 10,. or. 12 nenbered r structures. .These rin ructures can
have an aver‘HB’@nt?fc?rI@'d\i?cféboF’aﬁq&?% ’Fag gﬁﬁlb’fedémgh X% %o?ﬁs Preferred

are the smaldonpRicd wi\bIeRh 6l ca&agyﬁg phANLOBleBiRs AYEsBae pore size of
| ess than about 5 angstrons, preferably an average pore size ranging from

about 3.5 t ohyslrepamsons,

[0040] A preferred type of olefin forming catalyst is one containing a
silicoaluminophosphate (SAPO) molecular sieve. Silicoaluminophosphate
molecular sieves are generally classified as being microporous materials having 8,
10, or 12 membered ring structures. These ring structures can have an average
pore size ranging from about 3.5-15 angstroms. Preferred are the small pore
SAPO molecular sieves having an average pore size of less than about 5
angstroms, preferably an average pore size ranging from about 3.5 to 5 angstroms,
more preferably from 3.5 to 4.2 angstroms. These pore sizes are typical of
molecular sieves having 8 membered rings.

[0041] 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 IIA), rare earth ions (Group IIIB, 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.



nore preferably from3.5 to 4.2 angstrons. These pore sizes are typical of
nol ecul ar sieves having 8 nenbered rings. [0041] Substituted SAPGCs can al so
be used iwowmsyyenate to ol efin reaction processes. ThesePcansounmss ar e
general ly known as MeAPSGs or netal - containing silicoal um nophosphat es.
The netal can be alkali netal ions (Goup I|A), alkaline earth netal ions
(Goup IIA), rare earth ions (Goup IIIB, ;hncluding the |anthanoid

el enents: | anthanum cerium praseodym um neodym um samarium europium
gadol i nium terbium dysprosium holmum erbium thulium ytterbium and
lutetium and scandiumor yttrium and the additional transition cations

of G oups | Vige4(B, V'I@efe}élbllﬁ,the\/ﬂdlelr%re%@& dt&ns Mi&éhoa%/z(?@ MP@U N‘@%é 17696
10 [0042] Preferably, the resents atons such as Ny, , Ni,

Ga, Fe, Ti Fezdi, Z2eGeSm, aadn@rngeSEWé@es @ambrsm@%:tﬁdb@toﬂh@@tmb@iralnt o0 the

et rahodr al Ve pioutt s RO et b TSIV M A0S crce

state of the Iﬁ&teﬁalctrﬁikbﬁfgetdé aidindBe thetvakniebtate FoR@BRN UL AR, Val ence
state of +2, +3, +4, +5, +6, the net electric charge is between -2 and

+2. | ncor por‘é{bp@thednet@}@m@mam@éﬁw@mm stpig of thdpidalid yosrcnpicinghed addi ng
the netal COJIQc?H@Qﬁargé‘{]'Béﬂue%%”&'aﬁ '+§ Eﬁcoﬁb@%ﬁﬁ%ﬁﬁé’lﬂ?{ﬂ édn% enmwever

post - synt hesi’ § i on exchange can syn eS|s exchange,

t he net al couypmanylaccotﬂﬂllsheattarddﬁgcthe mtaloammmmdumiggmim@éthepoy tions at
an open surface of the nolecular sieve, not into the framework itself.
[0043] Sui t aBPlEcwpr sigvsal HowsHSHIROshTAthesivdrexAhaneessan wse bedtsed o PSAPO. 5,

SAPO- 8, SAP .

SAPO- 35, SAgg‘é’gmg’ég@&%g% RO 4o ﬁ%ﬁ&o@ﬂm s lo%ﬁgor’-é ke X‘%@gpo 47,
SAPO- 56, t hepasitoak atmnmmnmurfgca‘ cﬁﬁ‘thsntoltwnmnﬁl,evanm mitoc the fenavivek @sdlf.
Preferred ar PO 18, . 0..34,. SAPO, 35, SAPQ 44, and SAP

particul arly A RO AT vwm%mﬁ?gﬁﬁww%mgﬁ% % or s
thereof, andsApestaicaPd-Nereobo-185SHPEM HSAGIGL] 8 EPOLINE APBLII, § ATD-
synonymous with combination and is considered a conposition of matter

havi ng two o4, SPE-32.0vplasht SAPR- &hﬁﬁ%4@;%‘b5®t4loﬁéPQ*%§ﬁdﬂ%éé of their
physi cal st aéEPO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof.

Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,
particularly SAPO-18 and SAPO-34, including the metal containing forms
thereof, and mixtures thereof. As used herein, the term mixture is synonymous
with combination and is considered a composition of matter having two or more
components in varying proportions, regardless of their physical state.

[0044] An aluminophosphate (ALPO) molecular sieve can also be included
in the catalyst composition. Aluminophosphate molecular sieves are crystalline
microporous oxides which can have an AIPOy4 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.



[ 0044] An al um nophosphate (ALPO nol ecul ar sieve can also be included in
the catal yst conposition. Al um nophosphate nol ecul ar sieves are crystalline
m cr opor 0O 0x2@es whi ch can have an Al PO4 franewor k. ThepCrarsohanses
additional elenents within the franmework, typically have uniform pore

di nensi ons ranging fromabout 3 angstrons to about 10 angstrons, and are
capabl e of nmaking size selective separati gns of nol ecul ar species. Mre
than two dozen structure types have been reported, including zeolite

t opol ogi cal anal ogues. A nore detail ed description of the background and
synt hesi s of alum nophosphates is found in U S. Pat. No. 4,310,440, which

I's incorporgpggs) her e AYPoSEST SRC@clube hnfetARhibdRisht i fShhERSAL PO
structures are ALPO- 5, ALPO 11, ALPO 18, ALPO 31, ALPO 34, ALPO 36,

ALPO- 37, andPraferidlylghe inetad 3y ©RoBAIraRCie¢S0R doneBEng ofimpg@esBim, The ALPOGs can

also include a netal .substituent .in its fr work. . Prefera t,he net al
i s sel ected [fl_?%?fl?sr‘?ezﬁf’o(i?&?a]i’c?ﬁgi%ﬁlﬁegs tﬁ?re?ﬁ £8¢ H’r?{[ena[?é)ﬁ%%ﬁgbg%ﬂ%lﬁc,
cobal t, and gisgipHbeSiohRRERAEe addiGStAIP EpropérBiePsiafiRf abll¥mwkilibatt,
adsorption, ion-exchange and/or catalytic properties simlar to

al um nosi | i caitminophosphiieapH 68ish atuminerhosphatemolecula sisyheesesttionsol ecul ar

si eve conpo i ons. . . is rRation are
descri bed i?l/%fn%.erslggtﬂ!l\{gE%.SJéﬁﬁ&%‘??%@@%@%%&?%g%%{égéﬁHFé)ér'gi%ﬁ y reference in
its entirety4 560028 incbisoraed dtretiit wieremvg iAitPestilegve a t hree- di mensi onal

m cr opor ous crg/stal framewor k structure of MX, Al102 and P02 tetrahedral
units. Thesel0846] manufhedneirkeniaining ALFQS hayma diree-dHRSISIPNRERISIOROEOYT | or t o

ce chrato0) 8 Bl GRLGIEL ALy, SO it shepaal ypemassidon, on o
| east one orgamifacttuedptratturey (whehtcopmmstemplate pridriie calninaan)ycsh hel i ne pore
and hat a veleOESGIed POSTDEEE STt omPRtD. PRIRPOGI IO HSSech case
dependi ng upon the nol ecul ar di neRgR x@;PZ§@ﬁ tenplating agent and the
avai l abl e void volune of the pore systemof the particular netal

al umi nophospl84d i nvorhasein “RY'represents agfedst'ane arggmietsemlatingagerdipeestntact i ons
of the in the intracrystalline pore system; “m” represents the moles of “R” present per
mole of (MxAlP;)O, and has a value of from zero to 0.3, the maximum value in
each case dependiﬁg upon the molecular dimensions of the templating agent and
the available void volume of the pore system of the particular metal
aluminophosphate involved, “x”, “y”, and “z” represent the mole fractions of the
metal “M”, (i.e. magnesium, manganese, zinc and cobalt), aluminum and
phosphorus, respectively, present as tetrahedral oxides.

[0048] The metal containing ALPOs are sometimes referred to by the
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.

[0049] The silicoaluminophosphate molecular sieve is typically admixed

(i.e., blended) with other materials. When blended, the resulting composition is



metal "M', (i.e. magnesium manganese, zinc and cobalt), alum num and
phosphorus, respectively, present as tetrahedral oxides. [0048] The netal
cont ai ni yoABPMs7Ar e sonetines referred to by the acronymCagiSMesBe® Al so
in those cases where the netal "Me" in the conposition is magnesium the
acronym MAPO is applied to the conmposition. Simlarly ZAPO MAPO and
CoAPO are applied to the conpositions whigh contain zinc, manganese and
cobalt respectively. To identify the various structural species which nake
up each of the subgeneric classes MAPO ZAPO, CoAPO and MAPO, each
species is assigned a nunber and is identified, for exanple, as ZAPO 5,

MAPO- 11, CoARGreadly Alfistr&Profa@iatdnpd @A4RE:, Wind tBd ¢4t819al cefiphispBasdhape nol ecul ar
sieve is typically adm xed (i.e., bl'ended) with other materials. Wen
bl ended, t hemplgsuht sieg- conposition is WO 03/ 020673 PCT/ US02/ 17696 12

SAPO ol ol BPOL] v ERgs Sl RNl Nl Yok RGP kR S Che” |

nol ecul ar  si @xRus &Rril® cateBfticOllif adthrhatials; @k &hidustahdey ngdriake THREEri al s, or
vari ous binder materials. These materials include conpositions such as

kaol i n and onprialsingiade cpanosiiions siahes dpolin gndeotberalaysperions ormsdl  oxi des,
other non-ze0kd LenSRLAY AL SHRA GP o S Eutal GBI BACROIRARE N S
a sol, Itanl a a,

alum na or alumn , _Zlrconl a, magne1 I oria, eryllia,
quartz, siliecaalgst cempbaantqalumiiha onalamlina s ditanix tzicesia tthagresib, thdtigse
conponents are also effective in redqucing, jnter alia, overall catalyst
cost, acti ngberidiagauania, sHsa &jsilicatos s ’§§?‘glt aricinmﬁgbgps E}}‘?Feé’lf-dﬂ"ﬁ%set he catal yst

during regen i Ldeykng s : L i yst
St engt h o1 T ar RS0 A AL AP IR IR ERS QSR S e
used in the asattheysdtl sink tae@ssisisn beat Meiekialg the ndtalysidurag régeatratiapaci ty of from

about 0.05 to ahout 1 cal./g-C,.nore. preferahl r about. 0.1 tq.about 0.8
ol g- G mosTerSRePE R g iGeioB oot Sirget o' RRR ol ety )
Addi tional nphegs it SheMals Rk 6fd 1B3k8 irt@B chtlysieladtad @srmal Bikthaodé at he  SAPO
catal yst conposition or they can be used as separate nol ecul ar sieve

cat al ysts i nheatlpdpacity ef fipmraboicd). GG bout hFalsr G imate praferdblyStanuebaital t ypes

of small 0.1 to about 0.8 cal/g-°C, most preferably from about 0.1 to about 0.5 cal/g-°C.
[0051] Additional molecular sieve materials can be included as a part of the
SAPO catalyst composition or they can be used as separate molecular sieve
catalysts in admixture with the SAPO catalyst if desired. Structural types of small
pore molecular sieves that are suitable for use in this invention include AEIL, AFT,
APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ERI,
GOO, KFI, LEV,LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and
substituted forms thereof. Structural types of medium pore molecular sieves that
are suitable for use in this invention include MFI, MEL, MTW, EUO, MTT, HEU,
FER, AFO, AEL, TON, and substituted forms thereof. These small and medium
pore molecular sieves are described in greater detail in the Atlas of Zeolite
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.
[0052] The catalyst composition preferably comprises about 1% to about 99

%, more preferably about 5 % to about 90 %, and most preferably about 10% to



pore nol ecul ar sieves that are suitable for use in this invention include
AEl, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA, CH, DAC, DDR, ED, ERI,
GO0, KFI ,wbhHw/0206@/, LTA, MO, PAU, PH, RHO ROG THO ana@CTdaishziisbat ed
forms thereof. Structural types of nmedium pore nol ecul ar sieves that are
suitable for use in this invention include M-I, MEL, MIW EUO MIT, HEU,
FER, AFO AEL, TON, and substituted forns f{shereof. These small and nedi um
pore nol ecul ar sieves are described in greater detail in the Atlas of
Zeolite Structural Types, WM Mier and D.H d sen, Butterworth Hei neman,
3rd ed., 1997, the detailed description of which is explicitly

i ncor por at edabaft 80%, By weigt Of aitt@uldrsRYEr Itedals®pREHAth&itRY 8galphti Ch can be
conbined with a silicoal um nophosphate cat aIOys i ncl ude ZSM 5] ZSM 34,
B

erionite, an8o@pesion have a nagiBopizaAblrertalpyisi0 misserssp 89 micronsrmbiey

conprises ab %t a%qg P, . e I %10 about 90 %
amrjrp nost pre?ié%f%r%?@ aggout 8?}?%56({%%%@%%%{g%#f@%%ﬂ‘i"?%&émcﬁsg%out 80%
by wei ght of 1f@hgaohar sieve. It is also preferred that the catal yst

conposition have a particle size of fromabout 20 mcrons to 3,000 m crons,

more pref er HI] abouthsertalyscande sebicdier toi cyasiesy, offsptmente fetchisvg thibout 50
mcrons to A3Q.g ﬁgﬁ@aﬁ and Mg afréh%ragﬁtri%iié/s,s tSlﬁ%ﬂ'&e%t%e%%Qhaﬁfi@,%u{ Qe variety
of treatnents to achieve the 'desired physical and chem ca

char act er i st hotsnec&seatilytlimeiaidnte itydratimrmabiecatinert, edl@nativol, acié cesteht, basd | M t ed
to hydrothermal treatment al.cinatjon, acid treatnent, base 1reatnent,

ml iyng, bal fregfment. gyl rPﬂﬁW@?gﬁ%@w%w%W%aﬂ S‘Pfﬁplﬁéftl?fﬁﬁgeff%r eof .
[0054] The oypsanat e TRESkyoenseMAGE Bshtiitddwith eliBSG catAlAhyst 1n a
reacti on zone or volune. The volume in which such contact” takes place is
herein ter nmdctidrezonesaopbme:. Tiei vwlumain Which spdrdontict takés gactishemppar at us"

or "reaction__S em." Anqther. part of the rgaciion system., .be a
"regenerator?em\%i?{:ehrea%%r%&%y\%lam el & r@BPaﬂ%tﬁép%roﬁga%HB’bpsi ts (or
coke) on thesgadnalyAhothégs dfithdreh &R JyBenOhey bdla ERBYRIELAN WhRRCt i on are
removed by contacting the catalyst with regeneration nedium [0055] The

oxygenat e f eSMPHIES avaHmpRawheteh qapbanpecoys (efasis eorcoke)|anfthe catalyst

resulting from the olefin conversion reaction are removed by contacting the
catalyst with regeneration medium.

[0055] The oxygenate feed that can be used in the oxygenate to olefin
process comprises at least one organic compound which contains at least one
oxygen atom, such as aliphatic alcohols, ethers, carbonyl compounds (aldehydes,
ketones, carboxylic acids, carbonates, esters and the like). When the oxygenate is
an alcohol, the alcohol can include an aliphatic moiety having from 1 to 10 carbon
atoms, more preferably from 1 to 4 carbon atoms. Representative alcohols include
but are not necessarily limited to lower straight and branched chain aliphatic
alcohols and their unsaturated counterparts. Examples of suitable oxygenate
compounds include, but are not limited to: methanol; ethanol; n-propanol;
isopropanol; C4 - Cy9 alcohols; methyl ethyl ether; dimefhyl ether; diethyl ether;
di-isopropyl ether; formaldehyde; dimethyl carbonate; dimethyl ketone; acetic
acid; and mixtures thereof. Preferred oxygenate compounds are methanol,
dimethyl ether, or a mixture thereof.

[0056] One or more inert diluents may be present in the feedstock, for
example, in an amount of from 1 to 99 molar percent, based on the total number of

moles of all feed and diluent components fed to the reaction zone (or catalyst). As



process conprises at |east one organi c conpound which contains at |east one
oxygen atom such as aliphatic alcohols, ethers, carbonyl conpounds

(al dehydewp o3kzisohes, carboxylic acids, carbonates, ester®Canbor/hmos i ke).
When the oxygenate is an al cohol, the alcohol can include an aliphatic

noi ety having from1l to 10 carbon atons, nore preferably from1l to 4
carbon atons. Representative al cohols incljyde but are not necessarily
limted to | ower straight and branched chain aliphatic alcohols and their
unsat urated counterparts. Exanples of suitable oxygenate conpounds

i nclude, but are not limted to: nethanol; ethanol; n-propanol;

i sopropanol ; d&pfhed herdh, HileeMe hfe cofioitions iviith 284 BéntiatlyRhh¥Actiot B&bss di et hyl

ether; di-isopropyl ether; formaldehyde, dinmethyl carbonate; dimethyl
ket one; acet # olesglag sicse gatalyst apdprimpalydynctionrte fake 8ae esvggediesia tionmpounds

are met hanol {esed%!ééig te@éon@érﬁ?a{tédi. gf%pﬁcearf]flg{;é%r% mEIEl% eo% are[n%(i’gg%esscgf'ﬁ or nore

inert diluen € presen OCK, ’for — “example, ih an anount

of from 1 tolif%ed®d Belivp€ el nithoase tatbontnishokidleparbotidiokidef wats®l es of al |
feed and diluent conponents fed to the reaction zone (or catalyst). As WO
03/ 020673 PCYSely npggeactiva paafiindgsnssially the alkangs spch agmactbaepdbang, ons

whi ch are es j : I i st, and
pri mar 1y 1 oR o) AAAEAPEb AR ARTlend, FRLARy Hondbip SRR
concent r at edconipqindsland inhineméssthereof. Uble, prbfetred ddudmd areevadasad nityogehi m ted to

hel i um argow nitrggen, car ban noéi de, carbon dioxide, water,
essential |y Mo casbf iwectebingiheniayd op¥aogfion -t he al kanes such as met hane,

ethane, and|gys9pane)ry&eesBbhAlan o ihQasdd Aap! HYALRESoRSSEM al |y
non-reactive aromati c - conpounds, and m xtures thereof. The preferred

di l uents ar ecavétedr Asnidfined hargmnhydrogarbonsdaciudesl with tetfeciisiackeie her 1iquid or
vapor form J[0057 drocarbons .can al so be.incl uded, as. part of the

{ebdst ook, i MetScdY SRl RSt ks I Froti gk §EisP Dbt BrRER Uded vi ¢
the feedst ociyhah Sontéel WRRMWECULRRRAE CAthRSS THRESHy 6B A irRihde0 anot her

chemi cal arrangenent when contacted with nol ecular sieve catal yst. These

hydr ocar bonsoleins, irepstitielparaginsf feagtiveradigdiropatipn reaetivharomatiopen mitures

o Y12 O e RSN AT Bl UM e AL SA51
Cst hydrocarbon mixtures, Cs" hydrocarbon mixtures, and mixtures thereof. More
preferred as co-feeds are a C4" hydrocarbon mixtures, with the most preferred
being C;" hydrocarbon mixtures which are obtained from separation and recycle
of reactor product.
[0058] Any standard reactor system can be used in the oxygenate to olefin
process, including fixed bed, fluid bed or moving bed systems. Preferred reactors
are co-current riser reactors and short contact time, countercurrent free-fall
reactors. Desirably, the reactor is one in which an oxygenate feedstock can be
contacted with a molecular sieve catalyst at a weight hourly space velocity
(WHSV) of at least about 1 hr”', preferably from about 1 hr”’ to about 1000 hr,
more preferably from about 20 hr”! to about 1000 hr™', and most preferably from
about 20 hr! to about 500 hr'!. WHSV is defined herein as the weight of
oxygenate, and hydrocarbon which may optionally be in the feed, per hour per
weight of the molecular sieve content of the catalyst. Because the catalyst or the
feedstock may contain other materials which act as inerts or diluents, the WHSV

- is calculated on the weight basis of the oxygenate feed, and any hydrocarbon

which may be present, and the molecular sieve contained in the catalyst.



CA+ hydrocarbon m xtures, C5+ hydrocarbon m xtures, and m xtures thereof.
More preferred as co-feeds are a C4+ hydrocarbon m xtures, with the nost
pr ef er r edwoOlaiony7CA+ hydr ocar bon m xtures which are obt ai REA/TSODNT696
separation and recycle of reactor product. [0058] Any standard reactor
system can be used in the oxygenate to olefin process, including fixed
bed, fluid bed or noving bed systems. Prefgyred reactors are co-current

ri ser reactors and short contact tine, countercurrent free-fall reactors.
Desirably, the reactor is one in which an oxygenate feedstock can be
contacted with a nol ecul ar sieve catalyst at a weight hourly space velocity

() VVHSV) of ag0d9past pRastbly, e o%y%@a@ffe&@iglcﬁnﬁaeﬁmima& cakalstwhdn©O about
1000 hr-1, nore preferably fromabout 20 hr-1 to about 1000 hr-1, and nost

preferably fihsmxygbenie is20 atviepdr nhasabdlierngely, the-pracesygy b samied oneid aher ei n
as the wei ght1

. of d ban whi ch. . i Jy . be i h
feed, per houllqglf)leolI Lt gﬁ%gﬁ%ﬁa dgglanhdepwr?g%'g@?}%%ﬁ%sﬁrgée%s gg:aﬁﬁéeﬁ)guﬁrp?h%%éas a: Sst . ©

Because the ¢biseloyatmiged vigor/ligaRIdHa8S Kiffeynt@ontabibnoidiakloraiiges f S whi ch
act as inerts or diluents, the WHSV_ is cal cul ated on the weldght basi s of
1

the oxygenat &eddeprodisd mayyeswidiepensinovponihe exalystandacastion eprditiensd t he
nmol ecul ar si i(g&oj/:ont airfig rchSStC?IZg @etégwﬁetca /an%(ﬁraF%JépSOZI 17696 15

[ 0059] Prefe , the oXygena IS confacted w e catal yst when

t he oxygenat éemyseratores. Vaydfectiviaggeratigt temhpatgiry cart beefrgin abesiL008y tde carri ed
out ina liquid_or a mxed vapor/liqguid phase. Wien the process is carried
out in ali q&g‘ﬂﬂ 7@9;&@@%‘?”&%&@@"9‘&&99? ¢ it‘?]%?(ﬂlt BHASe mae prefsrably fodhver si ons
and sel ecti vi B&ﬁ%s@*cﬁ%gfs BY OUGL 1Y ch@SFnk tdRReRdH YN the

cat al yst andar eaction con it?ogns. ?0060 eTfe process can g%bgg{r%ally be
carried out dormamtinh o€ thealegieeddlefin prodectamaydsconie nefifediit slow. dpdheat i ng
tenperature can be.frgm about 200C t about 700C, .preferably from about
3000 to aboufPEIGES OfHIUCTPEREITIGS hoROCes G TShAEm B BN SBOIC AC 1 he
| ower end of ofpRdh@perature range, the formation of the desired olefin
products nmay becone markedly slow. At the u%gr end of the tenperature
range, the pl¥d$s nayhepressuse in the osysenatgie aledumrocess alpy may ety over a

wide range, including autogenous pressures. Effective pressures may be in, but
are not necessarily limited to, oxygenate partial pressures at least about 1 psia (7
kPa), preferably at least about 5 psia (35 kPa). The process is particularly
effective at higher oxygenate partial pressures, such as an oxygenate partial
pressure of greater than about 20 psia (130 kPa). Preferably, the oxygenate partial
pressure is at least about 25 psia (170 kPa), more preferably at least about 30 psia
(210 kPa). For practical design purposes it is desirable to operate at a methanol
partial pressure of not greater than about 500 psia (3,450 kPa), preferably not
greater than about 400 psia (2,700 kPa), most preferably not greater than about
300 psia (2,100 kPa).

[0062] One skilled in the art will also appreciate that the olefins purified
according to the present invention can be polymerized to form polyolefins,
particularly polyethylene and polypropylene. In one embodiment, the olefin
containing stream is purified according to the invention, and at least one of the
olefins in the purified stream is polymerized. It is desirable that following the
purification process, the purified olefin is further separated into olefin components
and at least one of the olefin components is purified. The invention is particularly

desirable for polymerizing polypropylene.



[ 0061] The pressure in the oxygenate to olefin process also may vary over a
w de range, including autogenous pressures. Effective pressures may be in,
but are wotodewessarily limted to, oxygenate partial pr@®@€Iursey1mbe6 | east
about 1 psia (7 kPa), preferably at |east about 5 psia (35 kPa). The
process is particularly effective at higher oxygenate partial pressures,
such as an oxygenate partial pressure of ;greater than about 20 psia (130
kPa). Preferably, the oxygenate partial pressure is at |east about 25 psia
(170 kPa), nore preferably at |east about 30 psia (210 kPa). For practical
design purposes it is desirable to operate at a nethanol partial pressure
of not greatgpheiinan QARG RBithg(pdlybd&isFdm oREAE BfeabWniRthe 4. €at er

t han about 400 psia (2,700 kPa), nost ‘preferably not greater than about

300 psia (2,Qddykieajoce§seDarpradomed kKPartiadatly\prefraredrare wietalloggneo appr eci at e

that the olefins purified. according to he.present J.Rventi can be

pol yneri zed 18&"3&&{‘?)8?@% 1%??%%1 He's gf’ﬁ' c%ﬁeaﬁogﬁx%ﬁﬁ?v%y?%tﬁ}éﬁg%sd . .

pol ypr opyl engrsd 1552380853803 301 90;15t892076f it 659,6851149076,698; Slone 902 s purified
according to thé invention, and at [east one of the, olefins in the
purified strb3i3.5e5; pod 424869 bhe ratalys! and Procgps deserptions of PerRibSEP he
purification_process, t ri k| 1.N 1l t ipnto olefin
conmponents. eﬁ‘%&g’ Scl_?' el chgtgﬁé e}oefﬂ @ﬂlée?%glééfei %hggﬁélhﬂlﬁgesﬁ?@ggﬁlﬁﬁvgd. The

i nvention i scop@dctihg tHealdfin prdeadtrtt £pdloslefinifymming zatakysim hypssoyy laade. WO
03/ 020673 PCT/ US02/ 17696, 16 [0063] Processes for form ng polyolefins from
ol ef i ns ar e RAPFRIUre ctiprivgite formahe pplyplebinproicses are preferred.

Particul arly, ferre 2 RS mindd r; idt catal ytic
systens. Seel,oa{sgr exanﬁferef%@@ Aﬁgl?rgnt Il\l%ggéa%gﬁéégjﬁ%%{%o @3%%“%%8

3,364, 190; STiEOeRf94 ténfadnfidangelofbperiof is Betedén &dt 50°¢ 8U2b665; and
4,243,691, the catal yst and process descriptions of each being, expressly

i ncor por at edR48Caing thyrepetionrcan be carrigd gehaday, mediggeoriighpgssura Peinge
contacting the gl efin ct. W | vol ef i n-f 1.: at a
pressure and™ ﬁf)eefllr%rpﬁpgagf eac?]lat\%)%tﬂg%f )o@r%)r I%gssgg%%?%? ?ﬁhgér)%%%t. [ 0064]
A preferred gohgeldahémchobound, aal it pafferral dperiinglprasards framalbyst 10 The

preferred tenperature range of operation is between about 50C and about
to about 150 bars, with a preferred temperature of from about 120°C to about

230°C. For gas phase processes, it is preferred that the temperature generally be
from about 60°C to about 160°C, and that the operating pressure be from about 5
to about 50 bars.

[0065] In addition to polyolefins, numerous other olefin derivatives may be
formed from the olefins recovered therefrom. These include, but are not limited
to, aldehydes, alcohols, acetic acid, linear alpha olefins, vinyl acetate, ethylene
dicholoride and vinyl chloride, ethylbenzene, ethylene oxide, cumene, isopropyl
alcohol, acrolein, allyl chloride, propylene oxide, acrylic acid, ethylene-propylene
rubbers, and acrylonitrile, and trimers and dimers of ethylene, propylene or
butylenes. The methods of manufacturing these derivatives are well known in the
art, and therefore, are not discussed herein.

[0066] A flow diagram of one embodiment of the invention, which
combines the water quench and extractive distillation processes, is shown in the
Figure. A methanol containing feed stream 10 is fed into oxygenate to olefin
reactor 12. The oxygenate to olefin reactor 12 contains a SAPO-34 catalyst that

converts the methanol feed stream 12 into an effluent 14 containing a variety of



240C and the reaction can be carried out at | ow, nediumor high pressure,
being anywhere fromabout 1 to about 200 bars. For processes carried out
i n sol utiwn,03/020873 nert diluent can be used, and the prefePCaFdSOpersas i ng
pressure is fromabout 10 to about 150 bars, with a preferred tenperature
of from about 120C to about 230C. For gas phase processes, it is preferred
that the tenperature generally be fromahgut 60C to about 160C, and that
the operating pressure be fromabout 5 to about 50 bars. [0065] In
addition to pol yol efins, nunerous other olefin derivatives may be forned
fromthe ol efins recovered therefrom These include, but are not limted
to, al dehydegon-gkyshatké hy%@érb&n@&lﬁ%xygéﬂ&?@rcoﬁ{ﬁyﬂﬁdéﬂ Biid fiSeoudicflenfCet at e,
et hyl ene dichol oride and vinyl chloride, ethyl'benzene, ethyl ene oxi de,
curmene, i sopstogayl 14 isifedintd a baitemipeition adlalqrendhd¢advindd 8. pYapylGeisdedxi de,

acrylic acid,  ethyleng-pr | ene, rubbe nd acrvlaonitril and trinmers
oot dl mers olntEs A RECPRORY oRlin RIS o1 ARoBRhiE A It ineRito

manuf act ur i ngorldepsee dedifival iquasitpowiel hndageictéd ekl vhidlr dan bafgesthier ef or e,
are not discussed herein. [0066] A flow diagram of one enbodi ment of the

i nvention, wiiefHuent shpimdd. Qvenchegodemedd peafcrably ontainsqiarkiag das aids| at i on
processes, | inthe. Fi [, Al eam 10 is
fed into oxygeeaﬁlg%?}é\g} ?Ijoa{hgllg IF df?}eil% %sgéxﬁﬁﬂ%ﬁgir%%gg%g@gﬂé% gggﬁgﬁa{ﬁ;reamor
12 contai ns #6.S3P€an320,08¢ Bbtyshs frbuatthe gaenvk cdlantinhis, oedthianelarthe®d stream 12
into an effluent_ 14 containing a variety of WO 03/020673 PCT/ US02/ 17696 17
non- oxygenat B¥FIRHAE FraieTIon songsscd WA altserPed Oy eenites and kendsaskbous ef f | uent

stream 14 isuﬁl%gctwﬁ@than&%tlﬁ@fﬁfehf §tﬁ@1cnof4.88tmh9%lvwﬁeadl§rea}%&h 16 is

fed into a top portion of e quenc um 18 at a tenperature and rate
sufficient tthe qnomdherudemma 18 icqmiiink okfitn agd dytiocgrboh pratuets adomg witlr eact ed f eed

whi ch can be present . in effluent, stream.1 e 1 f bl
oo e o R DiE RS fhak VS mok Sl SRBIEed s TS RiG Tope e Bhge ©
effluent strgam éfyfgﬂ@leg Reluae alniBy Wl hind &&tal HHyRBM5E6am b & RatifeE from

the quench col um contai ns warnmed quenching water 16, condensed water,
absor bed oxy sgieanésompigssoo Ade Foppressorrseres 2pnetratdy 6pmpregsps sireanydAt st r eam

14. Stream 2?0 ggr%ss%\r/e? 5 perg%rasbtl}; gl%lq}lé 5 P38 xpaa (300 psia) forming compressed

stream 26.

[0067] Compressed stream 26 is fed into extractive distillation column 30.
Extractant water stream 28 is fed into a top portion of extractive distillation
column 30 at about 6 times by weight of the compressed stream 26. Extractive
distillation column 28 contains a packing that allows for good contact between
gasses and liquids within the column. The extractant water 28 is fed into the
distillation column at about 32°C (90°F). The extractive distillation column
preferably operates at about 2100 kPaa (300 psia) and produces an overhead
stream 32 which contains olefin and hydrocarbon products with dimethyl ether
and acetaldehyde removed. The overhead stream exits the extractive distillation
column 30 at a temperature of about 32°C (90°F) and goes to further processing
which can include separation process for separating the overhead stream into
separate product streams and the further removal of various contaminants.
[0068] Bottoms stream 34 from extractive distillation column 30 comprises
water extractant along with absorbed oxygenates including dimethy] ether and
acetaldehyde and some absorbed olefins and hydrocarbon components. Bottoms

stream 34 is fed into oxygenate stripping column 36. Oxygenate stripping column



t he quench columm 18 contains ol efin and hydrocarbon products along with
oxygenates that were not conpletely absorbed by the water in the quench
colum, wbas®wsygenates include dinethyl ether and acet CadarspdercIst r eam
22 is fed into a series of conpressor 24. Conpressor series 24 preferably
conpresses stream 22 to a pressure of preferably around 2100 kPaa (300
psia) form ng conpressed stream 26. [0067)g Conpressed stream 26 is fed
into extractive distillation colum 30. tractant water stream 28 is fed
into a top portion of extractive distillation colum 30 at about 6 timnes
by wei ght of the conpressed stream 26. Extractive distillation colum 28

contains a pagkpmd thdWhtePhlONE gbRte BARSINERNREH B8htoRIbIodRTISRcRNE | 1 qui ds
within the colum. The extractant water 28 is fed into the "distillation

col um at abeompgsiag (e pnd Tiewedivad sfeqainvES elimaprisingeiyganaies andn  preferably
operates at about 2100 300 I a roduces verhead stream 32
N S R I R S

whi ch cont ai rocar bon pro dirme and

acet al dehyde ekgamumg direabn 28 tecHiedel Bitd B@RkEXdthve didtilatod EdlGinhBe, di stillation
colum 30 at a tenperature of about 32C (90F) and goes to further

processing Whivesnaiaand dreraebaneyigan 383p seit b)é@'sf@ th%faxsg@p@rm plfnt he

over head str i e further renoval of
vari ous cont g%déﬁ?g‘? pfogigg%?ltogeo@%gﬁéﬁi?f%g%ﬁ%@Jragun%tgxt ractive distillation
colum 30 conf@a9$es Thisdnvenivn acfuaher desaritgedvin the fallswingactamplegewhick s

i ncluding dinmethyl ether and. acet a%I dehyde and sone absorbed ol efins and

hydr ocar bon &HpEREYAIOUS ppdimentslthepiesall nyertion. i nt o oxygenate stri ppi ng
colum 36. Oxygenate stripping colum WO 03/020673 PCT/ US02/ 17696 18 36
splits the water and oxygenate containing stream 34 into a bottons product
40 conpri si Myamateeh and a overhead stream 38 conprisi ng oxygenates and
hydr ocar bons

. er stream.40 is cooled by heat exch t o, produce
extract ant st[?(ﬁ@ﬁn 28 Ma@%}f}@n# %tﬁeaflh%r%aﬁém&ffr}a?ctpi(\;%ﬁgﬁ@gﬁ%Ir?ftcf(gn col um
36. Oxygenatgni@ithd SAPOB QRIS ERMIAS, EcndeRRE abAtniePatiR®fB8YTeENat e to
olefin reactor 12 to produce nore ol efin and hydrocarbon products. [0069]

Thi s i nvent i dA0{Fsarfd pragsuredeisl6i ibad (4thpsiddn £ oettlow taek. eklamydpes fromhe h
settling tank is removed from the settling tank at a flow rate of 1.20lb-mol/hr. The

vapor from the settling tank contains various hydrocarbon products including
ethylene and propylene along with various contaminants. The contaminants
include 1.28wt% water and 1.85wt% oxygenated hydrocarbons. The oxygenated
hydrocarbon DME is present in the vapor stream at 0.995wt%. The oxygenated
hydrocarbon acetaldehyde is present in the vapor stream at 0.32wt%.

[0071] The vapor stream from the settling tank was fed to a wash column at
275 kPaa (40 psia) and 38°C (100°F). The wash column has 10 trays. The vapor
feed stream is fed into the column below the 10 tray. A liquid water stream is fed
into the wash column above the first tray at a rate of 8.8811b-mol/hr, a temperature
of 4°C (40°F) and a pressure of 276 kPaa (40psia). A vapor phase product stream
is removed from the wash column as an overhead product. The overhead from the
wash column contains the hydrocarbon products and is removed at a rate of
1.1831b-mol/hr, a temperature of 32.4°C (90.3 °F) and a pressure of 276 kPaa (40
psia). The overhead from the wash column contains 0.95wt% water and 0.81wt%
oxygenated hydrocarbons. The oxygenated hydrocarbon DME is present in the
vapor stream at 0.71wt%. The oxygenated hydrocarbon acetaldehyde is present in
the vapor stream at 0.10wt%.



represent various enbodi mrents of the overall invention. Exanple 1 [0070] A
gas effluent stream from an oxygenate to olefins (OIQ reactor containing
a SAPO 34woawsmbosss is partially condensed at a tenperat ur @CafusB8C69d00F and
a pressure of 276 kPaa (40 psia) in a settling tank. The vapor fromthe
settling tank is renoved fromthe settling tank at a flow rate of

1.20l b-mol /hr. The vapor fromthe settli tank contains various

hydr ocar bon products including ethylene and propyl ene along with various
contam nants. The contam nants include 1.28w % water and 1. 85wt %

oxygenat ed hydrocarbons. The oxygenated hydrocarbon DVE is present in the
vapor str ea"}[](ﬁtn])- 9951 Y% apbb BvaKYAERRhAG o MY &R RIMAKERoApHRSd S
present in the vapor streamat 0.32wt % [0071] The vapor streamfromthe
settling tankediat f prdstunized ewirltivodigitation coRims wrRaating40 284 kfaa(A00 38C

(100F). The was I Qu{rays. .The v . feed stre is.fed into
t he col um bgf%ﬂﬂ%ﬁe’%?gcﬂ?ﬁ/% Ej‘l%‘?X&r%‘feecﬁg{ghlgg&Oﬁlgmf}éa(ﬁ%g}ufﬁ%pﬁlﬁe wash
col um aboveatRilkt. I'Biie $4pdY stedandfrbltBe VostBedtuin Is fel ikt0 dextrastideenper at ur e
of 4C (40F) and a pressure of 276 kPaa (40psia). A vapor phase product

stream is r distllatiprfqodume helowdbe 32 platemWatst Hrised ay treerdrastastiang is fethe

Femved at - 2 4R sl G RIETARF bR 4% AP Y CESERRIARRAEHC ° D) L
pressure of Zeffpdsdtar of40.2°0D60F). The vapeeohehdad steaint fiem Wesékt@olivam cont ai ns

0. 95wt % wat er and 0. 81w % oxygenat ed h){)dr ocar bons. .The oxygenated
hydr ocar bon Bivitllatéongodan containg the hydracafboairedigisand és remgved atiloyxy genat ed

hydr ocar bon i [ i t2h o r : % WO

031020673 PCHICEDY! THaR ry g Rl 32526 (YPBTE) Bl Gl ok 2108 the wash

colum is cokPae@degpsiandThd edrhaat] strearp fieasihe exeattior distilatiorecadinani | | at i on

col um opera:t?nae.@a qbslo kPaar 00 aaq; a an§X135 C 271.6.F . .IThe |

extractive d thi °c . vapor
cafhor DIASR b hAnces (o by S e b GibB ndiad

stream from phgrWaAgRc3Qltyaei s fed into the extractive distillation colum
bel ow the 39 plate. Water "is used as an extractant and is fed into the
col um above the first plate at a flow rate of 6.661b-nol/hr and a

Example 2
[0073] The same process is followed as in Example 1, except that the

overhead stream from the wash column is compressed to a pressure of 1700 kPaa
(250 psia) and a temperature of 125.2°C (257.4°F). Water is again used as the
extractant in the extractive distillation column and is fed into the column above
the first plate at a flow rate of 6.661b-mol/hr and a temperature of 32.2°C (90°F).
The vapor overhead stream from the extractive distillation column contains the
hydrocarbon products and is removed at a flow rate of 1.16lb-mol/hr, a
temperature of 32.3 °C (90.1°F) and a pressure of 1700 kPa (250 psia). The
overhead stream from the extractive distillation column contains 0.17wt% water,
1ppm DME and less than 1ppm other oxygenated hydrocarbons including
acetaldehyde.

Example 3
[0074] The same process is followed as in Example 1, except that the

overhead stream from the wash column is compressed to a pressure of 1400 kPaa
(200psia) and a temperature of 113.2°C (235.7°F). Water is again used as the

extractant in the extractive distillation column and is fed into the column above



tenperature of 32.2C (90F). The vapor overhead streamfromthe extractive
distillation colum contains the hydrocarbon products and is renoved at a
flow ratwooB/oie61b1lb-nol/hr, a tenperature of 32.3C (90. 2 PEX/E021BmIPr essur e
of 2100 kPaa (300 psia). The overhead streamfromthe extractive
distillation colum contains 0.14wt % water and | ess than lppm oxygenated
hydr ocar bons including DMVE and acetaldehygg. Exanple 2 [0073] The sane
process is followed as in Exanple 1, excepf that the overhead stream from
the wash colum is conpressed to a pressure of 1700 kPaa (250 psia) and a
tenperature of 125.2C (257.4F). Water is again used as the extractant in
the extractivge ﬁ'fs%f)la{e' Al iR £ Wmaqnmnfaﬁd a'télﬁﬁhr&tﬂ?e &G @D t he
first plate at a fTow rate of 6.661b-nol/hr and a tenperature of 2 2C
(90F). The \ﬂ‘ekpcylap@\mreﬂmd smam&mrf the nxtrmvexltsﬁlaemwwwlm cofthimsithen col umm

cont ai ns the carbo ucts and | s,renove w rate of

1. 161b- m)I/h 8%&?‘@? 6%re§§wﬁg?:£"(96wfatﬁ)°?éﬂ§l |/ &ure of 1700 kPa
(250 psia). ger@tﬁ@é@mm@e jmra @%uﬁ%(éﬂlaﬂ()ll&ﬁa@(ﬁ)tpsial)aq"h@n col um
contains O. 17m¢/6mater and | ess_than | ppm ot her oxygenated

hydr ocar bons ovedRadstrRgm ﬁ@@ttb@ extragtise dssillatisnecobmpomging AA0wHravaetocess i s
fol | owed / g )
col um 1 s corg? BRBUME shd 1SKIER ebhbims}5 e BT SPErBHRE AR " =

t enper at ur e aketdllidhyfe. (235. 7F). Water is again used as the extractant in
the extractive distillation colum and is fed into the col um above WO

03/ 020673 PCT/ US02/ 17696 20 the first plate at a flow rate of

6. 66l b- mol / hrp,apg &y t enperature of 32.2C (90F). The vapor overhead stream
fromthe extrac’ distillation colum contains the hydrocarbon products
and is renovd@E] a f [Thesaat prooéssis ﬂcﬁtbb»zedmbirhExampleﬂeem:eptahamhe of 32.3C

(90.2F) and a pressure of 1400 kPaa 00 i a) over he ream from
Uhe oxt ract i DuCHEST HISHt o ROPATCALUAR S TeMBesedion HETRre of WIBHER DVE and
lless than | ppu3@hean®% YASR24ER JTYeroaca R Nokidl RS gain used as the

extractant in the extractive distillation column and is fed into the column above

the first plate at a flow rate of 6.6611b-mol/hr and a temperature of 32.2°C (90°F).

The vapor overhead stream from the extractive distillation column contains the
hydrocarbon products and is removed at a flow rate of 1.161b-mol/hr, a
temperature of 32.3°C (90.2°F) and a pressure of 1400 kPaa (200 psia). The
overhead stream from the extractive distillation column contains 0.27wt% water,
2,286ppm DME and less than 1ppm other oxygenated hydrocarbons including
acetaldehyde. 4

[0076] Example 1 shows that if the extractive distillation column is operated
at a pressure of 2100 kPaa (300 psia) essentially all measurable amounts of
oxygenated hydrocarbons, including DME, can be removed. As the pressure is
decreased, the effectiveness of the extractive distillation column in removing
DME decreases as shown in Examples 2-4. However, Example 4 further shows
that the extractive distillation column is still effective in removing essentially all

measurable amounts of oxygenates, except for DME, at lower pressures.



acet al dehyde. Exanple 4 [0075] The sane process is followed as in Exanple
1, except that the overhead streamfromthe wash colum is conpressed to a
pressure oo G@2®7EPaa (150psia) and a tenperature of 97. PT/EDORB7IF) .
Water is again used as the extractant in the extractive distillation
colum and is fed into the colum above,,the first plate at a flow rate of
6. 6611b-nol /hr and a tenperature of 32. 3(1: (90F). The vapor overhead stream
fromthe extractive distillation colum contains the hydrocarbon products
and is renoved at a flowrate of 1.161b-nol/hr, a tenperature of 32.3C
(90. 2F) and @Lpéhﬁzgzure of 1400 kPaa (200 psia). The overhead streamfrom
the extracti illation colum contains 0.27wmt % water, 2,286ppm DMVE
and |l ess than | ppm ot her oxygenated hydrocarbons includi ng acetal dehyde.

[ 0076] Exarrplvghl .sgows that if the extractive distillation colum is
operated at Angidgeimedist 2100 kPaa (300 psia) essentially all measurable

amounts of  qxygenahRehoaieReAR8 AR oxh BN Vit MRtRGing SAOYEd. As the

pressure is decreased, the effectiveness of the extractive di sti’llation
colum in rerompngngDVE decr eases as shown in Exanples 2-4. However,

Exanpl e 4 further sho hat 1 he extractive distil]atign colum is still
effective in reno\?f)ﬂté\é\{sé%gs%ﬁtoseﬁrﬁ?nﬁmmg ﬁtg‘ggmzvgtb@g eéhﬁ(ﬁ?ﬂ s2f oxygenat es,
except for DMVE, atsep@udg thE 8SRHEES ol MO ORI ARaREHIERA 401y 21

CLAIMS: What is clainmed 1s: 1. A nethod of extracting an oxygenate from an
ol efi n cont aiektragiivedisidlation.conpri si ng: contacting the ol efin containing

ith ant: : . . ng
Sy com i 2 SXRE R POERLSLLRN s RSN aLed pleljtyeent o

cont ai ni ng stahéao geapr thae S0 &it.% eRfdenbids piiooAbafatNwith dkkxfattag] &at er t han
20 wt. % oxygenates prior to contfact with the extractant, and .
the extractant is a polar liquid composition at 101 kPa, having an average boiling

point of at least 38°C at 101 kPa.

2. The method of claim 1, wherein the polar liquid composition comprises at

least 75 wt.% water, alcohol, or a mixture thereof.

3. The method of claim 1, wherein the polar liquid composition comprises at

least 75 wt.% water.

4. The method of claim 1, wherein the polar liquid composition comprises at
least 75 wt.% alcohol.
5. The method of claim 4, wherein the alcohol is ethanol, propanol, a glycol,

or a mixture thereof,

6. The method of claim 1, wherein the oxygenates comprise dimethyl ether.
7. The method of claim 1, wherein the oxygenates comprise acetaldehyde.
8. The method of claim 1, wherein the extractive distillation is carried out at

a pressure of from 690 kPaa to 34000 kPaa.



the extractant is a polar liquid conposition at 101 kPa, having an average
boiling point of at |east 38C at 101 kPa. 2. The nethod of claim1,

wherei n tWe® @aked73| i qui d conposition conprises at | east PETWIS0%ivé@ser,

al cohol, or a mxture thereof. 3. The nmethod of claim1l1l, wherein the polar
i quid conposition conprises at | east é? w.%water. 4. The nethod of
claim1, wherein the polar liquid conposition conprises at least 75 w.%
al cohol. 5. The nmethod of claim4, wherein the al cohol is ethanol,
propanol, a glycol, or a mxture thereof. 6. The method of claiml,
wherein the oxygenates conprise dinmethyl ether. 7. The method of claiml,
wherei n the oxygenates conpri se acetal dehyde. 8. The nethod of claim1,
wher ei n t he éxt r adihevaetbodof dlbiat 8,ovhersin dhar exitrdtivwdistdiation ipcaeseliow abf from
690 kPaa to 34000 kPaa. 10206 PCI/ US02/ 17696 22 9. The net hod of
clai m 8, mheraé?r?ﬁsilli’?é)%«%mvg@g%@fgaﬁﬂZﬁ%ololgyﬁi onis carried out at a pressure
of from1,034 kPa to 27000 kPa. 10. The method of claim9, wherein the
extractive distillation is carried out at a pressure of from1,300 kPa to

21000 kPa. 110. Thdhewoeibet of clahm?,wikdein wieeexdsantivehdistdlation s ¢avmediowtat | | at i on
is carried out_at a I es f f 00 kPa to 17000 kPa. 12. The nmet hod
of claim 11, AREPECY &Wén Z;’W&@?F{éﬁﬁo Mlation is carried out at a

pressure of from 2100 kPa to 13,000 kPa. 13. The nethod of claim1, wherein

the olefin containing stream prior to, contact with the extractant,
contai ns at Ildast The m¢thod ef dgimeHb Wherripthepyiractive distillatipn ipeqarrerd o at

purifying an a rnghﬂé.o‘%%%ﬁ*}ng%a%ﬁ%ﬁa klggrrpri sing: contacting the olefin

containing streamw th a wa contarning streamin a first vessel;

recovering olefin product fromthe first vessel; and contacting the olefin
roduct fromthe first vessel with an extractant ip a

P 12.  The method of claim 11, where?n the extract%ve distillation is carried out at

a pressure of from 2100 kPa to 13,000 kPa.

13. The method of claim 1, wherein the olefin containing stream, prior to

contact with the extractant, contains at least 50 wt.% ethylene and propylene.

14. A method of purifying an olefin containing stream, comprising:

contacting the olefin containing stream with a water containing stream in a
first vessel;

recovering olefin product from the first vessel; and

contacting the olefin product from the first vessel with an extractant in a
second vessel at a temperature and pressure higher than that of the first vessel,

wherein the olefin containing stream, prior to contact with the extractant,
comprises at least 50 wt.% ethylene and propylene, and the extractant is a polar
liquid composition at 101 kPa, having an average boiling point of at least 38°C at
101 kPa.

15.  The method of claim 14, wherein the polar liquid composition comprises

at least 75 wt.% water, alcohol, or a mixture thereof.



second vessel at a tenperature and pressure higher than that of the first

vessel, wherein the olefin containing stream prior to contact wth the
extract anwO @onmi7s ses at | east 50 wt. % et hyl ene and pr opylrETS0antkos he
extractant is a polar |liquid conposition at 101 kPa, having an average

boi ling point of at |east 38C at 101 kPa. 15. The nmethod of claim 14,
wherein the polar liquid conposition conprises at |east 75 wt. % water,

al cohol, or a mxture thereof. WO 03/020673 PCT/ US02/ 17696 23 16. The

nmet hod of claim 14, wherein the polar |iquid conposition conprises at

| east 75 wt . ¥6wat &he nikthodldfeldimt 4o dhefeircthaipoiat Aquidtvempositibh eopptisess | 1 qui d
conposition conprises at |east 75 wt.%alcohol. 18. The nmethod of claim 15
or 17, wher ePhlegfid> tcoRGETi s et hanol, propanol, a glycol, or a mixture
thereof. 19. The nethod of claim 14, wherein the oxygenates conprise

di ret hyl ether. 20. The nethod of claim 14, wherein the oxygenates

conpri se acefidl deAhdemethadlof cllua lde phadinothe pbhar hndid,comipesibm cothprisext r act i ve

distillation js carri ut at a pressure of from690 kPa to 34000 kPa.

22. The nethéﬁéﬁﬁgéﬁﬁﬁgﬁgggdmherein the extractive distillation is carried
out at a pressure of from1,034 kPa to 27000 kPa. 23. The nethod of claim
16, wherein the extractive distillation is carried out at a pressure of
from 13, 000 kPa t dbhergt®ddialaimds orid, wheteindhe flcohaliisrethanolywrepaioh a he
extractive di ti#latioqﬁishcar ied out at a pressure of from 11700 kPa to
117000 kPa. 35COTRE MRHEI B0k ai m 18, wherein the extractive distillation
is carried out at a pressure of from 2100 kPa to 13000 kPa. 26. A nethod
of purifying and polymerizing an ol efin containing streaq¥ conprising: WO
03/ 020673 PCI?PUSO %hg reted gfglaim 14, wherein the oxygenates comprise dimethyl ether.

20.  The method of claim 14, wherein the oxygenates comprise acetaldehyde.

21. The method of claim 14, wherein the extractive distillation is carried out at

a pressure of from 690 kPa to 34000 kPa.

22. The method of claim 15, wherein the extractive distillation is carried out at

a pressure of from 1,034 kPa to 27000 kPa.

23. The method of claim 16, wherein the extractive distillation is carried out at
a pressure of from 13,000 kPa to 21000 kPa.

24. The method of claim 17, wherein the extractive distillation is carried out at

a pressure of from 11700 kPa to 117000 kPa.

25. The method of claim 18, wherein the extractive distillation is carried out at
a pressure of from 2100 kPa to 13000 kPa.

26. A method of purifying and polymerizing an olefin containing stream,

comprising:



contacting the olefin containing streamwth a water containing streamin a
first vessel; recovering olefin product fromthe first vessel; contacting
the ol efiwgmaduos fromthe first vessel with an extract amcnwsoa17éecond
vessel at a tenperature and pressure higher than that of the first vessel,
wherein the ol efin containing stream pri'épr to contact with the extractant,
conprises at least 50 wt. % et hyl ene and ‘propyl ene, and the extractant is a
polar |iquid conposition at 101 kPa, having an average boiling point of at
| east 38C at 101 kPa; recovering olefin product fromthe second vessel;

and  pol ymeri zi ng @htde8As theWIEiPeddiRing SEOUR N 4 WA LRiRRE NI G5 5E! -

first vessel;

recovering olefin product from the first vessel;

contacting the olefin product from the first vessel with an extractant in a
second vessel at a temperature and pressure higher than that of the first vessel,
wherein the olefin containing stream, prior to contact with the extractant,
comprises at least 50 wt.% ethylene and propylene, and the extractant is a polar
liquid composition at 101 kPa, having an average boiling point of at least 38°C at
101 kPa;

recovering olefin product from the second vessel; and

polymerizing at least one olefin recovered from the second vessel.



