WD 03/020673 1 PCT/ US02/ 17696 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 emat i ¢ lave berhiradéidatally prapuoed femspetblEumefcadgivaks by feither datalydiesir ed t o
produce a

steam cracking. Oxygenates, however, are becoming an alternative feedstock for
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



polyolefin fromthe ol efin product, certain oxygenates nmay poison the

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

pol yol ef iwoaB/ok@vel s as | ow as |ow as 1 ppm Therefore, IPCTIGES02eBd6able to
remove oxygenate contam nants fromolefin containing streans to |levels

| ower than conventional quenching processes can provide. SUMVARY OF THE

| NVENTI ON [ 0006] Thi s invention provides bhe ability to renove
substantially all oxygenate contam nants froman ol efin containing stream
using extractive distillation. The resulting purified olefinis
particularly suitable for use as feed in the manufacture of polyolefins.
[0007] Specichiafatslubed t1Rakd e PblySlfiRIa0 WvERSis fowret RRdadf peut Taedeforg, an
oxygenate from'an ol efin containing stream The nethod conprises contacting
the ol efi n diondasirablegosemermoxsigerate pomsminaats drpm olehig coBlgHIRg FtFRgMShe

in_don e _ _
G ot 1ot o s 7B Ak R AR E Rk REE0 B MR, 7 o “The or ocess

conprises at least 50 wt. % ol efins and not greater than 20 wt. % oxygenates
prior to contact with the extractant. Preferably, the extractant is a

pol ar 1i qui B LOYMRYIOBAHEINVENFIONhayi ng an  average boiling point of at

| east 100F at . - : i g4I conposition
conpri ses aﬁﬁ‘?@st 7é‘h€swlﬁ%/%n\i\*§fx§rr®1§e{s§% olngéﬁ?%x%?tgh itkﬂlg’lr eof . [0008]
The extract iokggétiasd dontamiinas froncasdefis c@aainingustraath ypsimpfesttdtive when

operating at_ pressures higher than copventional . quench type pr.ocesses.
Desirably tddiliagen aths rraulfng pyyitied ?lgﬁn f@%ﬁ?@'&%tﬁglei?y%eﬁgg?gd?e of from
about 690 k'%ﬂ@ﬁ(ﬂ&&@ctuféscg?ol}to@efﬁﬂpm 34000 kPaa (5000 psia). [0009] The
invention further provides a nethod of purifying an olefin containing
stream The [A@0Tod cGOppeifisadly, theriteantiongravides @lmedthed ebextzgichngan stream with
a water containin ét reamrhi i

a first vessel. regovering ol efjn.product from
the first \SYEERe Gom 80 The foEBEN ShhBrsf Bhial

?fj];{’cctqn#@)m{lﬁétr%ﬁn%f SPPHEIR CREY TS st vessel
with an exth@glfflcohinthSReaMOvESS etiradtand dhe IBRkingtRe sstdadidesieti e hi gher

than that of the first vessel. This enbodinent is particularly effective

when the ol efontainiagstegan angl extractant using extractive distillation. The olefin
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).



stream prior to contact with the extractant, conprises at |east 50 w.%
et hyl ene and propylene, and the extractant is a polar |iquid conposition
at 101 kPao(o/oat6m) , havi ng an average boiling point of atCramer/1780F (38C)
at 101 kPa (1 atm. WD 03/020673 PCT/ US02/ 17696 3 [0010] The invention is
also directed to a nethod of purifying and polynerizing an olefin

contai ning stream This enbodi nent conprisges contacting the olefin
containing streamwith a water containing streamin a first vessel;
recovering olefin product fromthe first vessel; contacting the olefin
product from the first vessel with an extractant in a second vessel at a
t enper at ur e [@OLO|Pr €S Stheenvekigh & aliddifectddab ahethi®of purifyingeadel ; recovering
ol efin product fromthe second A vessel; and pol ynerizing at | east. one

ol efin recovrolyderiziagan plelin copmngsisam. Jhis epbodiment copImEiseHeantacag ol ef i n
cont ai ni ng rises at

| east 50 wtsti}c% %ﬁhlcgﬁfgﬁgr%aﬁero yﬁg%g\% &Qghﬂﬁnﬁ%ét%«%%%@%@rsfﬁé@%@? olar liquid
conposi ti on ratovkdhg bl%ﬁn(plodﬁdﬁfrpnhtamﬁmj vaﬁeh‘eemtaqmglhe blefip ppmluct frofa at | east
100F (38C) at 101 kPa (1 atm . BRI EF DESCRI PTI O\I THE DRAW NG [ 0011] The
attached Fi gi¢ @r%ﬂéﬁﬁs@t‘é’lﬂémﬁ PHFACEATA 5t 2 56C8Rd ¥Feselt adrapailRandPre§iench and
extractive %1gltlér|tllleﬁltth&rbfgﬁé)ﬁfs§§CSSQE1¥:' ‘B@B BI&Q%o@FthE'éEcdnHVENTl ON
[0012] This iHventionis to a process for purl ing olefin streans. In
particul ar, tdsseljamdeolyimeridisg stdeast prodess récovered foacthe seponst ygealatle
contamnants from ol ef | ntalnl streans. The nve i,0n is rticularly
effective iniSIFERBIAY @ttb9<9%giﬁé’f)’é@l %FFaH’aRn%t&ﬁ’?’B ﬁ‘g&?ﬁ Xgﬁ%tg?%n product |
particul arl yeongifR¥d £iN6ast 5o wRDOBKLRAS and SOPYRAE Gnfl i exdAc@xKdigapale t 0

ol efins process. However, the invention Is effective for renoving

oxygenat e cdmmdrcmmsstldrr@dﬂlcﬂ’éﬂ atnot havangsan avsgpgedioding pointipb @t ker® ol ef i n

st ream was oﬁ} @g@de %&Qﬁﬁ# glg vention is particularly effective for
renovi ng oxy é)n % n RehFED rom ol efin streans which contain at | east
about 50 wt.%olefin nore particularly at |east about 60 w. %ol efin, and

nore particul arl east _about 70 wt.%olefin. It is particularly
advant ageous BE@% ESQMBTLQN(QFPTHE 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.



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 enewoan@20805t particularly at | east about 80 w. % @cChusenereand
propyl ene. WD 03/ 020673 PCT/ US02/ 17696 4 [0014] In order to renbve certain
desired oxygenate contam nants froman olefin containing streamdown to
the ppmlevel, the invention incorporateshe use of extractive
distillation. In cases where contam nants are at a relatively high Ilevel,
it is desirable to first use a quench process to renbve a substanti al
quantity of the contam nants, then to follow the quench process using

extractive [dofd]i | | alth 6fer IPRARNe Belitif A6dired R ESHLd ddMBINVIBSNtS BBIaGL | Ng t he
olefin containing stream wth a quench |iquid. The quench liquid is

directly cornlefen euhtaiing stream gpenite thespreleiels hiedsvangor grmordestbedsm to a
tenperal ur e Bl A EORACH SR LAk whS LIPS Bhitfiis e et)t;tgligeﬂﬂ%l? Bigr} aui d.

preferably oY € condensation tenpératuré of o enate’c am nant in
t he ol ef i n gewi gt kidegirstls eafitst 1RALPlendheroaess Be fentdve i substartiab quaniyy f | ui d
that is aliquid at 1 atm _and |s capable of renoyving oxygenate

cont ani nant <°I thegentamigantsfhey orfplavdhedench progessising P Cnvent i on. [0017]
In one enbodcii%mﬁtd f the invention, a sufficient quantity of water is
added to the top of a quench vessel or colum. An olefin containing stream
cont ai ni ng de9tnat e A quénehipaaess insolackaitdcting the diefitt omtahing kzeauench

colum. As the olefin, ri up the.quench cqglumm, it cones .in direct

cont act Wthw%%HBWChRHPEfWWBQH]&&HSHF& ﬁ%ﬁ%‘ﬂa@?ﬁi‘d .theﬁﬁl@ﬁ'%l efin passes
fromthe quepehy, s5Qk WHodl hd HRaAs aqktSpshRtEbAsw W QnaERAAGH product , and
with a substantial quantity of oxygenate contam nant being renoved. The

oxygen- cont arinperaturé of the grronasdiquid, prafereblyshhthelcondenastion thoperstnge st r eam
Lrom he Sl U Al TR ATERU AR Bl uoneh process, 1ot
the contam n@oie cond@rRsRendllifiid b bRt daniss kpndanisgam. kel can be
relatively easily separated fromthe olefin__stream

capable of removing 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



[0019] It is desirable that the operating tenperature of the quench process
be fromabout 80F (27C) to about 500F (260C); preferably from about 85F
(290) to wbma2@eOF (149C); nore preferably from about 90PCTABE/11606 about
200F (93C). It is also desirable that the operating pressure of the quench
process be from about 15 psia (103 kPa) to | ess than about 100 psia (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 oxygenate contam nants are water
soluble, and will, therefore, be renoved with the quench water |eaving the
quench col unflom HBVRVSIsiaSQUBLPE) to abege 5GRM (BNT RPA) Sndimerdiefoydly wat er
soluble, and will not be renoved in the uench colum or in any non
pressuri zed fvmlébOMdsﬂpsfadplabwtrﬁ@HSWe(%@léﬁgh col uim. [0021] Oxygenat es

whi ch can b si den AS | e
al cohol s sugﬁﬁég netﬁgﬁl yg%%hnghﬂﬁggé%S%gﬂggéfgggﬂgiéhgﬁg“hgghﬂginethyl
et her and mgehyhmoetdyith ﬁid\@renclcazatwle;wing theiuthick uelmas Hwedves sk ¢f
propanoi ¢ acid and butyric acid; al dehydes such,_as acetal dehyde; ketones

such as ac éb%ﬁéonfaﬁmw FP QoYY Water Rluhle andswill rot begempved1a the,

probl emati c I I %@1 nd

acet al dehydecﬂféﬁ%gg gi &°ﬁeﬂ?ﬁ§| %ﬁﬁééuﬁé&p@éﬁ%&?ﬁéﬁ%@% g {:}?c and is
difficult toolemmve. It can be present in relativel y hi gh concentrati ons
in the ol efi oduc from an nat e, oolefln ess d is not
very wat er s[@p %ﬁf}’gelﬁﬁé%‘g ‘Pﬁﬁ%g E‘?/%‘Hls“%feld@rs copagy srfn§‘tql%n8}n has gone
through a qts%ﬁﬂauﬁ&u&g AESIs s&h%b‘ﬁﬁﬂﬁlﬁ&] eihaﬂéiaeg alwhowfetﬁeb@s@ha?t hyl ether
can remain in the olefin product. ﬁgenate contam nants can be

removed to vcbmycthybwhqmmdtm@thwth}d eﬁwr Qarhm/ c stidesushas aerjicamidext r act i ve
distillation process riate , cond Wit h.an
appropriate égl?arn:%‘taé:h (%erécc?m Cge%gfkfﬁ ﬁuﬁlﬁ ?%%cetﬁtl%?’ga%%ﬁ‘ef Sl‘fcﬁélsquench
process in tdaione) DflieBtetsSsudh 8¢ et UedteronMPhdicuiafl pasblétadiic dighétttan
extractant to ai d the distillation & ocess. [0024 Extractl ve distillation

is carried contagapays arevinetayl eher(BWE) %’éﬂ\ﬂcﬁ'@ dehyde
[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.



internal packing or trays that creates a tenperature difference fromtop to
bottom of the tower. The upper portion of the tower is the cooler portion,
and hi ghewo mob@U3 | e conponents in the olefin exit from tRETIUSP2/0f69¢ he
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

t he oxygenate fromthe olefin, resulting in renoval of the oxygenate to
very low |l evels. WD 03/020673 PCT/ US02/ 17696 6 [ 0026] The extractive
distillation process can be applied at any step in the purification and

separation QoeERss- MheRREaNRAHMBAGN Ploctdah BY epBlicdmnt afigep BXtheact i ve
distillation process occurs inmedi ately after quenching of the product

stream | n awoifisationsanssgbaretion prokessp Ibercembedivgnt afshepnsertinadthgnd t hen

Vost of -t he ug MRy B s dY fad dulo bR £ 0T e

conponent .. T¥@ameX histhérwentbidahért] tht pydupt BeeassSs qatchéeadbengistilled! to this
conponent al one. [0027] In another enbodijtent of the invention, an olefin

stream (r:]ont dnioiafge hydipgerhar eompereahfifbht s | iy deRssrbancompapes- dlrshehthtat er in
a quenc Vef.ﬂ?‘???ffa]?{ﬁ%‘ﬁ&%g@@g?ﬁﬂ lb%_%hﬂ 0?&%%'36&13%1%851%88}5%?&1&9%&@nt to an

extractive e extracti I St Ion vessel is
oper at ed at exfractperdistiltagionpassssreanwidndie dppliedioghisrconipanertialineof the quench

vessel . In anot her enbodi nent, the operating .te rature is al.sp higher
than that ofl00%d quertAOtBESER .OdEIB?)‘ﬁéﬁ the,inyeitionn &ﬁﬁ?éqﬁea@éﬁo%%‘n%ed in

this invent icg&g@l{a?e ¢diftthBenak céillt%téﬁ Wiltgggéﬁc(hgxﬁt@icih%r&u%nﬁi wQsdegheabl y have

an average borfing point of at |east 8C), preferably at |east 120F
(490, and npeachedeldiapbgucts teeastred BOiFen( 06@)extrastieagwillation vesgelpoi nt, as

defined herej,n, takes i.nto .account. the ilin oi nt _of each, conpound in
the extractant® e(}&.ra tl‘(ﬁeélgiﬂfaug{}é(ieﬁﬁlés 8_8??@.8 af:?)? g%"?{gtrlﬁﬁ RS P fact ant

cont ai ni ng 9QoMdr t¥4nGhatt MERORIABE vERYI N afothéd dohttdimeitthe Oberd@e degrees and
10 wt. % of a conpound having a boiling point of 200 degrees would have an

average boi | temgergbirais abfo igioer dleagy thatsof theo@enth yeselext ract ant s are al so
desirably poﬂﬂ@fS]Conp%S}Jt}alct%Ht% whtdE8n be 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.



conpositions preferably contain conpounds such as water, nonohydric

al cohol s, polyhydric alcohols, or m xtures thereof. Preferred nonohydric
al cohol s woaBuee73 et hanol and propanol. Preferred pol yhydrpce/ishroleeé s

i nclude glycols. Preferred glycols include ethylene glycol and
tri-ethylene glycol. It is desirable that the extractant contain at |east
about 75 wt.% water, nonohydric al cohol, and or polyhydric alcohol,
preferably at |east about 85 wt.% nore preferably at |east about 90 w.%
and nost preferably at | east about 95 w.% Witer is nost preferred as the
extractant. WD 03/ 020673 PCT/ US02/ 17696 7 [0030] The extractive

distillationoygsgsel OmheGRirkdiveGRdtiRBoR{ess8NY @Bkin\@n bedFsbaventibiaf erably a
packed distillation colum is used. [0031] The extractive distillation

process is dissignaBrsferapbrapasiieddisallgioasolimen isHisgher t han t he quench

e ) bp ot Tv o .  stillati ; .
on oper aci ndoBts cur dSeRRg ARG B il Bl peBREGSERL 1 e
quench, nor ehigh&figmahe Yudichlopasting bssurd. OPrefighbly 68QadtRa Mistillagormigst

preferably at |east about 150 psi (1,034 kPa) higher. Preferably, the
extractive dagied Quiet shopssriedyessis ot lpgdbeil Shst H4sided biggedhat r om about

oper ot | ng. r agoaakppR e p e L 20 B3t e MURORERIEHEE0 poi

(§7, Oog kPa)at lal(@mﬁouQDSD Psti(B034kBOHMigien) Pleferaliipiihe eS0&divpdistill§tddn 000 kPa) ;
about 250 psia (1,700 kPa) to about 00 psia (17,0 RPa); ,and about 300
psia (2, 100 BEPgEss iScPa%RUtﬂb@)Breﬁﬁr%logfgﬂm G PSlaﬁ(gg? 2) i?raé’é’érhr e in the

extractive diii j Ird ' i cul arl
G ety ot 1000 Hlats 4 800 XEBP Mole}REEABE bperkilit ARES A HORAS 1R i ve

di stillati on(lgBédPa¥ta abopeA00qsiaa@l PoekPex abuus 200 psiar BABY kPa) to ebgut| ow

effictent. pronegsine $90REE: ReFERThena E ol kERNP Al PP RPAK Ry 1 n Y s cam
whi ch cont ai %) Neld B6eE0RN i@ 03& Py to4bBuyID0AIsRS(14,680 kBS). iAkhei sti | | ation

carried out according to this invention is even effective with olefin
streans conprassuiaiy thoexttpctvg distillation vessehincgpsss, the mgre PXygenate, 0. 5 wt . % or

0.1 wt. % oxyOGHAPainkly1efil, 3L lenoVaE Brohl e QYUGARLG, | S di methyl ether.
[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



[ 0033] In one enbodi nent of the invention, extractant is added to the top
of an extractive distillation colum, and is renoved as a bottons product
from t he wbaswewrdf the extractive distillation colum. TiRreTESIL/EWHE Ve
distillation colum is desirably operated bel ow the boiling point of the
extractant, and above the boiling point of the product effluent at the
operating 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

| iquid bottons product fromthe extractive distillation colum. [0034] The

extractive difll bkygdhhieRopleBCESHe Prodhbti strehflVRiMid R 1PAl §16En k@ank he recovery
of an ol efin product having very | ow oxygenate contam nant |evels. The WD

03/ 020673 PCIhIbORg a7iees S8 widh gthydseg gad arwyleaat wntbegbogthd wi'edudessst r eam
particularly,an olefin stream nt ai ni.n I t .90 W00 % et ne and

pr opyl ene, c%ﬁl?e% n%B%t © ef@gtv&pe@%?%g(: %cgﬂsl?l%o é%%%’gfaﬁtglé%%lvs\@ 1%3021 g%‘{e %per ating
condi tions ofnditheq@ititypet the @xgienitick irithe Olefprshe@ado bapdrifid Opednatity of the
oxygenates in the olefin streamto_be purified. Aefin (E)(r)oducts havi ng not

great er t harPrsdwds bavingpeheranachan 50005 Proodl0Rwt. Bk 20000Wo P, ppm 500
W, ppm 250, A . .
oxyggﬁat es, lpdgrot‘?’tggﬁ%a]? f(&)%pmg?g@ ﬁ%&%éggf&f{]ﬁ%’ghﬁ%gﬁﬁ 1(?%£§PWTheppm

DIVE- cont ai ni di@ ewt. ppat édyigehatesy pagictilady ©ME part blse retidiy iabhiatdbden  col urm can
be recovered and used after a regeneration_ process. Regeneration of the
extract ant cf3Pe acWW%@%@%&WW%&HW%@%@?“ Y%ﬁ]é%}% t he

extractant i f AP hB% feBencpationdrbaRE. REQM-ARSRLPET
conpounds in&hglﬁgi%%t???—egtgyégﬁd co ur?ﬁ%ﬁpr e%egr ably,nqgn extra%ﬁgnt ?Egt has a
boi | i ng poi nthe exipanpert atnubeaabnipiskd tyboverBiopaloeansp Pedferablyl theat | east
about 10F higher, than th bsor bed conmpounds ,i.s used.in the exfractive
G st 11 at i orEBr RS 08B TR eoBUe o BoSR Y SOPL AT HE SRPPagdsE
distillation, gelion sl Plefirsbly he tiradthht tRitihada e6ilBpofRr regeneration.
The distillation colunn produces an overhead stream conpri sing oxygenates

and hydr ocar lsowsratura et leestabawSSF baareipyelerably asleasbahoahl 0 rhighes, s ract i ve
distillati ony %%{R%)%eéin%)lﬁ?%oglgaé 1%rﬁg%cplrnqg%8§tch§9%iE{fﬁaﬁoﬁ'c%i ation colum is

regener at ed ext can be returne e extractive
[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



distillation colum. If water is used as the extractant, the DME-contai ning
extractant can be conbined with the water |eaving the quench tower or other
vari ous VvDas/0a3h processes for regeneration. The oxygen®Ca&/USONIBmIOI Ng
water can be distilled together in one or nore distillation colums to
remove the oxygenates. [0037] Preferably, the extractant is cool ed before
being returned to the top of the extractigve distillation colum. Cooling
the extractant below the tenperature of the extractive distillation
colum's overhead product streamaids the efficiency of the colum. In an
extractive distillation colum using water as the extractant, preferably

the tenper atydi®y Rfurhdirodid &:ardAR disBlARA @k PR SMt-ehatiéanbelooRdC) . and

nore preferably the extractant is cooled to bel ow about 90F (32C), before
WO 03/ 02067 DyROnvasdRalmeds. 9 being returned to the extractive

[0038] 1n anSORLr "erdbarii B Py e fBE Faet FAE BB, hecn as

an oxygenat exf §§deite fhell Ueailudnb irddh S¥)peEAtLolEAN BlREISTs PEcdicRss 1S used as
an extractant in the extractive distillation colum. |If a suitable

ext ract ant '@m®§éﬂﬂnﬂh%adﬁﬁﬁY%ﬁﬁﬂ%ﬁﬁmﬁﬁhmﬂ¥dﬁﬁﬁﬁ@d@&?mﬁﬁﬁm%ﬁlﬂﬁ%ﬂhqIation
col um can hg, tﬂzﬂﬁ%&) &ﬁ} Frbi tL gﬂm&lﬁsﬁ%ﬁéﬁl E&h Bl §leliRs LeRGEQr W thout
génera

the use of are on co I'n" contai ning ich is
purified accoradiorggdnate to@lgfimesssr wfthmit Iﬁnems::m)\famégenaraaam cblampr ocured from
an oxygenate to oleflns

é{iefocess I n t‘ﬁhi nate to olefin pr ocess a
feed cont ai N0APlan oxig %fbcon%’&‘néﬂ‘(hl PPy a‘iﬁor%%&fo"é}?pﬁ’cﬁ%ﬁd} ocar bon
added separ P h an ol efi

par ahg ifvdifiolllokfle Blokfke g.@ﬁm%s/gﬁggt@&ae td leff RO RELd verfé efin

form ng catalyst to produc efins an 0040] A
preferred t ycpgzgetiat@toecfleﬁn poceisigfeed cantgsing & @crygemmtaad nphglaély a

silicoalumn 0s e ecul ar_ si eve. coal um hosphat e

nol ecul ar ‘g&?’é <§' &é‘ﬁf‘@ﬁéﬂrﬂ)ﬁgﬁ %?efa?*?l%af ’éléxaﬁl 05?'%%? Eq‘s materi al s
havi ng 8, 100on9.fcte112mm%51b@1regﬁ férifife Sdthly&tiy Eﬁﬂucér bl%ﬁﬁs EAQ@h&t ruct ures can
have an average pore size ranging fromabout 3.5-15 angstrons. Preferred

are the smallydgepatbons.

[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.



SAPO nol ecul ar si eves having an average pore size of |ess than about 5
angstrons, preferably an average pore size ranging fromabout 3.5 to 5
angst r omswoO ogoe@7pref erably from 3.5 to 4.2 angstrons. Thesa/ysor/e636¢ zes are
typi cal of nolecular sieves having 8 nmenbered rings. [0041] Substituted
SAPGCs can al so be used in oxygenate to olefin reaction processes. These

conpounds are generally known as MeAPSCs nmet al - -cont ai ni ng
si li coal um nophosphates. The nmetal can be alkali nmetal ions (Goup |A)),
al kaline earth netal ions (Goup IlA), rare earth ions (Goup Il11B,

including the |anthanoid el enents: |anthanum cerium praseodym um

neodym um B4ET | UMPEaFLMp), W8 MIaeibientsHidbmb Sidhl A4Mn, Ny MR LN, Gl m um
erbium thulium ytterbiumand lutetiunm and scandi Umor yttfium and the

addi tional Ke dnsint GenSwang 6ins Toese@tarnpean eBnseyRd ivtorhe tgtrp:drall | | B, and | B.
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can be inserigd cisdtri dtatel Rpémiigdbthe valeabEvatdofiihy pu@hsibstie2l
tetrahedral unit. The [ Me021 tetrahedral unit carries a net electric

charge depentierthsrnetrkcopanonanrichas a velenes stals@l s 53, Gubiterrifethicnethen t he
et al Cor’rponqgcttrlp %%g? %’é\zggﬁ\gefégl -g %& (-_T_F%O &qco%porat’lgon tihe m% al ?élnépghep ﬁe net

el ectric chatge | orpora i"OHTSE me conponent

is typical ltypiratpaqonpliskkdadidingght hretaredabowamrponeniynchesisngtigy nt hesi s of
the nolecul ar, sieve. However, post-synthesis_ ion exchange can_ al so be
used. In pos®o e§‘§1ﬁ’t HeS: ﬁ%wwamét-sw#@sm%rxmmso\mqsef?nltnrmahce

cations intog ﬁéﬁ%lﬁﬁgé thepﬁl%{aﬁ b&f]}?orféh %84%]@1%Bu<§%aﬁ?ﬁsemﬁi iohR&cigcul ar

si eve, not i Sul tab
silicoal um r;mshmm badreopunl secfadeanf the momulansﬂeudelofsm}ﬁ fran®Afek 8selSAPO- 11,

SAPO- 16, SAP SAP AP APO- .34, .SAP PO- 36,
SAPO- 37, SAP@O% p%lta%e S@m@ ua%m@ﬁzﬁg %JHOIS%%WFS‘ Aw%@%l’o e met al
contai ning fokp®.-g, fsmh SO NEXE NPEST 1 R 8, SAPELRr R80T 1€ A 18,
SAPO- 34, SAPO- 35, "SAPO- 44 and SAPO- 47,  parti cul arly SAPO- 18 and SAPO- 3

4, includi ng®4% BARR:B54 SADRE BARG- 3%5@@%%@5@ 41aﬁﬂP@i-4(2 PAPO-ther eof . As
used herein, S/IXPS i?e E% §é Y& metsal gé’nr%aln%nqurms 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.



wi th conbination and is considered a conposition of matter having two or
nore conponents in varying proportions, regardless of their physical
state. [O®04B/02w7HlI um nophosphate (ALPO) nol ecul ar sieve een/tshyoiche
included 1in the catalyst conposition. Al um nophosphate nol ecul ar sieves
are crystalline mcroporous oxides which can have an Al P04 franmework. They
can have additional elenments within the Eanemnrk, typically have uniform
pore dinmensions ranging fromabout 3 angStrons to about 10 angstrons, and
are capable of making size selective separations of nol ecul ar speci es.
More than two dozen structure types have been reported, including zeolite
topol ogi cal 9p44109ueSrhe AL POE SarifidAint e Q%ﬁa@zﬂ'sﬁbd’tﬁuﬁbn@fn fi@ai@pd@r ound and
synt hesi s of alunlnophosphates Is found U.S. Pat. No. 4,310,440, which
i s incor por dtreferatiigrtbé metay 1srsefeeteérfw1 the grm@ eonsisting 9f mpgresiamr,ed ALPO

Zhr:)uocggr eanél%ﬁ%I&Psgﬁzath 551? §é%g%ﬂ§%/’@’fg‘g}gl%ﬁla S(%%%a%@hééktg can

al so i ncl udey@opeba) ios-eReHanEd 8itf/or datdlytsc ProperEePsiknilar BY fl@mabilivate! he et al
is selected fromthepgr oup consi sting of nmagnesium _ nmanganese, zinc,

cobalt, and ajhmam@pb@s WerbdsilicrRastnemoera molseulppsiars Gonenositions.
adsorpt i on, HibErs o Bl Clai aq{doc oif Bled Lréh pld debéiy t}edqﬁUS%rpa Ao 10

al umi nosi | i cate um nop osp um hophosphat e nol ecul ar

si eve conpos4 56120@9 1ndvmdi@cé&ha%1riﬁy ﬁf@élﬁﬁ:&in&@dnﬁﬂa@l r preparation are
described in U S Pat. . . 4,567,029, incorporated herein by reference in
its entiretyl00#6046] Tﬁ?énﬁféltcé’lm%@ﬁg é%@axﬁp@eﬁéu@ergmﬁm@r%wg onal

T OT 9POr OUS cibltiheddRTEIONE HIHEIANCE ol P AR AR A2 &t ahodra

units. These manuf actured structures i ch contain tenplate prior to
cal cinati on)mmﬁadjeredm&pcteme@hmhbyntenuemptaad pmdretmcwlainanmman b¢i on, on an
anhydr ous basi s PZ 0047] where represents at

| east one orrﬁﬁ’i???f‘t‘?‘b%?lgﬂ(”ﬁﬁl é\ﬁ‘ia& B?@é%ﬁﬁtﬂo - PR aPﬁEEX%??SJE?FVSQ Sal | i ne pore
system "nf represents the rml es qﬁRj'{m AlEsent per nmol e of (MXAIyPZ) Q2
and has a value of fromzero to 0.3, the hexi mumvalue in each case
dependi ng upl®®47lhe noverein&R” dépresenisci deasif onecrpaganierisimplating agerd presanid

“ 2

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



the avail able void volune of the pore system of the particul ar netal

al um nophosphate involved, "x", "y", and "z" represent the nole fractions

of the nwoaB/020¢73 (i.e. nmagnesi um nanganese, zinc and calcalusp/1wbam num
and phosphorus, respectively, present as tetrahedral oxides. [0048] The
metal containing ALPCs are sonetines referred to by the acronymas MAPO
Al'so in those cases where the netal "M" ijp the conposition is magnesium
the acronym MAPO is applied to the conposition. Simlarly ZAPO MAPO and
CoAPO are applied to the conpositions which contain zinc, nmanganese and
cobalt respectively. To identify the various structural species which nake

up each of tHBiCAHPEFASE 16 o8laZITRS MY, WG cat ﬁ%@r@ﬁginMPeaCh
species is assigned a number and is identified, exanpl e, as ZAPO 5,

MAPO- 11, CoARQlegdlangieveso forth. [0049] The sili coal umi nophosphat e nol ecul ar

S|eve|styp I n it h ot h nat er s. \Wen

bl ended. t pelt9RU Y EBils st ren RO LS Ry TRISHSs 1
typically reff@fdil@dlei't(br&ﬁta@ftﬁém&%ahafaﬁals W rhridiRebigdrtk alaysiialsc OMHeES SI ng the
SAPO nol ecul ar sieve. [0050], Materials which can be blended with the

nol ecul ar si ‘Bgleriglgangdede Goapmositions pichtas dpolapang gthercchaysy vagious fems@teri al s, or
various bi ”dﬁ] B GhdiasSmethDES8e B&%Fﬁ&f&éoh'té‘&téig ﬁ&gg@té 'zémﬁ? such as
(6] rare e

kaol i n and er clays,’ V&Fi ous YOrIms 0 oxi des,
ot her non- zeeltdlys compahgd, ahmpmﬂeﬂhmnamhltitMa zuabmh,yﬁagrresmnhmemt S,

al um na or alumina sol, t| t ani, a, irconia, gnesi beryl | | a,
quartz, silikayia Qertzcsilicn orsi F‘iaé’ésg’&P sol aﬁH{Tﬁ?ﬁW? @@retog Fb‘?ﬁe These
conponents aggy n%Hts %fé & éf‘f&:u'vQ il Fe@iH&h%Qntef AL ovéakil %atagr‘é@éo%{ Loy al yst
cost, acting s a thermal sink to assi I'n héat shielding the catal yst

during r egenmaat&lmmma,l snﬂtetnsssigtumgeat bheldm@ﬂhysatalaamﬂurmgmmemgomat al yst
strength. It is. articul esi t the ipert materi hat are
used in the ¢ ]ﬁl t%het (E?t ‘g"%‘fr‘?aﬁléllgr‘fﬁﬁa ys?fiﬂ{?nﬁg\/ép]é paﬁ@&ia%é'é%%? § of from
about 0.05 tfhaﬁlh@&ﬁerﬂmgtehé@tﬁt aflised B @BE ehalkdtofacO4s AlRewal sﬁaquawaabout 0.8
cal/g-C, nost preferably fromabout 0.1 to about 0.5 cal/g-C.  [0051]

Addi ti onal nidaécapaaity of Bom abvautd}.0atosabounl bﬁé/g-%blmmé@rd@fahly;fmm aldutt he
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



SAPO cat al yst conposition or they can be used as separate nol ecul ar sieve
catalysts in adm xture with the SAPO catal yst if desired. Structural types
of smal | wpmsm2end ecul ar sieves that are suitable for usePCa/uSaz/s76bevent i on
i nclude AElI, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA, CH, DAC, DDR,
EDI, ERI, GOO KFI, LEV, LOV, LTA, MON, PAU, PH , RHO, ROG THO, and
substituted fornms thereof. Structural typeg of nedi um pore nol ecul ar sieves
that are suitable for use in this invention include MFI, MEL, MIW EUQ,
MIT, HEU, FER AFQO, AEL, TON, and substituted formnms thereof. These small
and nmedi um pore nol ecul ar sieves are described in greater detail in the

Atl as of Zeokbd 80%%, byGicigialof oh@alar Wieht. IVed fEo pReerfddihat@hs &dtalyut t erwor t h
Hei neman, 3rd ed., 1997, the detailed description of which is explicitly
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conpri ses abodd miChy about 99 9% nore preferably about 5 %to about 90 %
and nost preferably about 10%to WO 03/ 020673 PCT/ US02/ 17696 13 about 80%
by wei ght of [#9Bbcul afhesatalzst cap be subjecied ipracyasieryeef trashment o achieye ylg
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[ 0054] The oxepgéemmranefosdlung. cldwetvadureelinmvhich i cntstiakesaplateyis heiein a
reacti on zong or .volune. The .vol u i n i.ch.such contact t.ake | ace is
her ei n t_erngecljmf?‘lﬁm' P r Ve agﬁ)e (94 23155 _ aB?ar%{[uSr%raé?a(?ﬁogppar at us"
or "reacti onsysnst eAmothARIitEthdRhttic syblem heRBE b ORgSNTABAT WRkhbe a
"regenerator,” which conprises a volunme wherein carbonaceous deposits (or
coke) on t hecempgey divolumeswherehgrarhasaeqone denasits (preeke)emshepatalasict i on ar e

removed by C%ﬁﬁ’lﬁh ifﬂ)% {hla%leﬁn 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



catalyst with regenerati on nmedium [0055] The oxygenate feed that can be
used in the oxygenate to olefin process conprises at | east one organic
conpound wbiosl2@ont ai ns at | east one oxygen atom such agcalisptratehe

al cohol s, ethers, carbonyl conpounds (al dehydes, ketones, carboxylic
acids, carbonates, esters and the |like). \Wen the oxygenate is an al cohol,
the al cohol can include an aliphatic noietyy having from1 to 10 carbon
atons, nore preferably from1 to 4 carbon atons. Representative al cohols
include but are not necessarily limted to | ower straight and branched
chain aliphatic alcohols and their unsaturated counterparts. Exanples of

sui tabl e oxygemat herdds) HARLRG Srd ddepddRiondWhichlage BREntlallfinoRdedcfive BBLEANO! ;
et hanol ; n-propanol; isopropanol; C4 - C20 al cohol s; nethyl et hﬁll et her;

di met hyl et hemolesubar Bigve eathlyst, andiprimawlyrfopstionde heake theooxygeariesidahe di met hyl
car bonate; dj e : t+.C. Mo ] res thereof.. Preferred
oxygenat e CO%@@%&%%&%%%@%%@%&f%l@?ﬁgﬁ%ﬁaﬂg@ﬁ%ﬁu&’%& né)EH‘l % Suarntl:'y t her eof .

[ 0056] One olimited € hélii, aélidny BittogemRyirdda nsrRRIR] cdrbort fiexideedsttock, for
exanple, in an appunt of from1l to 99 nplar percent, based on the total
nunber of n@iserfiably nepireqciivg pajadiing (esnegially dhardkanes sugheas meshangecthangst i on

zone (or cat glysblanc ARG G20043: BEHLRRZ! IO holshagd shsiale™
diluents are ¢ s1tions ch are essentiafl'y non<reactive across a
mol ecul ar si esapamiis|apd tmixameb theieofir Theypréfened didnerttoanyedagertdnd nitxopganat es i n

t he feedsto% | ess conce&irat, d. .Typical diluents include, but are not
necessarily alsFPBEe fgeded | © lrl%)‘é or YRt §¥8h, car bon rmonoxi de, car bon

di oxi de, wat fjps7) €SS ey ARtirsoR AN RIU NQuB RAlhlNT HERPEGIR! .Y, 4he al kanes
such as net hane,” ethane, and propane), essentially non-reactive al kyl enes,

essenti al |y ewmifeededctdelinedhani hydrocasbpolindadedamith thexfeedseskateer eof . The
preferred dib\g nts, are vvatgr an .(gjictro en., x\ater cag be 1’n' ected in either
liquid or vaPEFoFBPeH cqrarpsHonsRidAle SNSTEd £ Aoyt saemisa g8 hart of
the feedst oClheh céhtact@Bwith dndl€Rthr sRve dathiyee ATRss ByddocdivsiisRaaiRang i ncl uded
with the feedstock are hydrocarbon conpositions which are converted to

anot her chenplefins, aeactivigpareHins, iwpetivecdinlaremeticuraktivorenatior orshigwes at al yst .
These hydr Ocﬁlrepe%@SPfé%}rédr}ﬁJdp&%rbon co-feeds include, propylene, butylene, pentylene,

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.



ol efins, reactive paraffins, reactive al kyl aromatics, reactive aromatics or
m xtures thereof. Preferred hydrocarbon co-feeds include, propylene,

but yl ene, wpaaigicehe, CA4+ hydrocarbon m xtures, C5+ hydr o®amrhmn2/niecss ur es,
and m xtures thereof. Mdre preferred as co-feeds are a C4+ hydrocarbon

m xtures, wth the nost preferred being C4+ hydrocarbon m xtures which are
obt ai ned from separation and recycle of rgactor product. [0058] Any
standard reactor system can be used in the oxygenate to olefin process,

i ncluding fixed bed, fluid bed or noving bed systens. Preferred reactors
are co-current riser reactors and short contact tinme, countercurrent

free-fall reggys0ys. Deﬁdféﬁellyyshebka?gdna@%w isicOn@BRd Wihhe 64talRst vgpoenat e
feedstock can be contacted with a nol ecul ar sieve catal yst "at a wei ght

hourly s pace theeomgﬁwe is(ipw Wi phase. adlt¢raatsly, tisquecess may be caried entinlay from

about 1 hr- ahout re re erabl fromabout 20 hr-1 to
Sbout 1000 ni ‘dg 1%8389%0@‘18%%1 WA oS i ARG n Btz 0
1. WHSV is dehideed aheiked Rags/lighil pMabe Iaiffe@ént c@ii\y’éiﬁﬂﬁé ﬁld seledtitiyigg ecar bon
whi ch may optionally be in the feed, per hour per i ght of the nol ecul ar

si eve cont enteedftotrpduchmayyesult deee}ﬂy@unqméhe a&talwwndéeacpﬁe cogdiéenst ock nay
contain ot heg (@Le“ @‘rﬁ%lég}c‘é&caﬁ% @eﬁaﬂf&f éagrrllac{olﬂfaeggﬁaesr §Q8f WSV 15

cal cul at ed o wei g asis o € "oX any hydrocar bon
whi ch may be tgngsaotes. Amceffeotdvampeeatingaempéeratoee canieafiroradbout 2008C eat al yst. WO

03/ 020673 PCT, [17696 1 059] Preferably, the oxygenate feed IS
contacted wi O%t?é datPipls IXAﬁg%tﬁ a]"PWéo(Qx@/&e?%uéG% G, moge 9@{%@176

Alternately, of 3@06@&55’00%556@ G thé RAlvePWhd bk @telhlséilathfwﬁ Ad xe
ase. 3 % phase or a

vapor/liquid p When the process 1s carrie In a
m xed vapor/ tfommtldnpﬁﬂmeiesmd’ flefie ptoducts werydiccorae amd<e$1byl :dcwl ththees of

f eed-t o- product ma |t de end| n n the catalyst a reaction
condi ¢ ons. ipesgay of B pGalE Euld shb BPers g il I e TRAY de
range of tegpgfaAlLt €s. An effective operating tenperature can be from

about 200C to about 700C, preferably from about 300C to about 600C, nore
preferably fIM6ll abouThgpEssurointbe oxysaaieto alefinipsodesslso may vaty avera

temperatur e (3306l horudigh Wb aibu breb eI siictle BISLbis REPRUG! Bufmy become

mar kedly sl o
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.



upper end of the tenperature range, the process may not form an optinmum
anount of product. [0061] The pressure in the oxygenate to ol efin process
al so nmay werog/oonses a W de range, including autogenous pr®@€3ursex17¢k4 f ecti ve
pressures may be in, but are not necessarily limted to, oxygenate parti al
pressures at |east about 1 psia (7 kPa), preferably at |east about 5 psia
(35 kPa). The process is particularly effgctive 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 prgggdjcal desidsBey Pesss golydlhirdeRin aRkias bR ABGhah thedit. @
nmet hanol partial pressure of not greater than about 500 psia (3,450 kPa),

pref erabl y ndtalytie paicesses iramprefooed. Rootcysilnpieferrdor Pgjallogasst pref erabl y

not greater j.han ut . 30 [ 2,100 kPa). [0062] I;led in the art
will also ap%‘?éé{@?‘ga ?rf?a?m‘?ﬁ%glgﬁ%%sﬁesfnsp S ?Oéggmg@gb g)gaéﬁtoﬁ%ﬁe present
invention canie49Rby30B!538336019®5I8RW790L 659,685 4,075,698 8)6a5 092; o

pol yet hyl ene “and pol yprop iene. In one enbodlﬁenth the alefin, containing
streamis pu%@légﬁ;a@gér?& 6§ 11the eatelystppd prosps desadptiansofgach bsig of t he

ol efins in the egg&:ifc:ogd%ra%ea%{aﬁ By RAUR! Eﬁ% erbi eSe EROAERYGIVE AL

foIIovvingth%(plr I'on process, Pfied orefin s further

separ at ed i ndoatetigg the deipproandtsvitteapblaslefiedsimiog eatalyst dia ppdsefirerand onponent s
is purified. The inveption is particularly Cg‘esi rabl e for polynerizing
pol ypr opy! erfémpyiuwsehegiyedo fony thepolyeledogradict0063] Processes for forming

pol yol ef i ns fongs ol A Brraten SRt forkitf Bidlvst iCRLRLN b GRERERESes are

preferred. Icul ar pre are netallotene, Ziegler/Ndtta and acid
catal yti c syFBhepmienSdesmpaatuexangd & operafion RabaweerNdut 5B C2hM, 2b6bt

3, 305, 538; 3,364, 190; 5,892,079; 4,659,685; 4,076, 698; 3,645, 992;
4,302,565, ad @ apd thesgactionran b caripd Cub#doVs Bediys fddgh PisssubdeBe each

bei ng expressly incorpprat.e [.ej r .1 hese
met hods i nvoW@XleEeg%f%%B?%gl tt%r?ie}g%tleig ibgyspr@éﬁg%%@%% ﬁirgieggﬁt%ﬁélﬂnﬁﬁf orm ng
catal yst at @ peRdSuse canbte utcd@er tht preferedd @rtiting prassfreriafrbomenbpal ol ef i n

product . 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



[0064] A preferred polyolefin-formng catalyst is a nmetall ocene catal yst.
The preferred tenperature range of operation is between about 50C and about
240C and wbe3fozmeci i on can be carried out at | ow, nedi um oPChitgh2/preGSUr €,
bei ng anywhere from about 1 to about 200 bars. For processes carried out
in solution, an inert diluent can be used, and the preferred operating
pressure is fromabout 10 to about 150 bgks, with a preferred tenperature
of from about 120C to about 230C. For gas phase processes, it is preferred
that the tenperature generally be from about 60C to about 160C, and that
the operating pressure be fromabout 5 to about 50 bars. [0065] In

addi tion to pol yesehiild hymeﬁb@ﬂ@nat&?ge&kﬁfdoﬁ@@w atievBSedB¥riRnt f or med
fromthe ol efins Tecovered therefrom "These include, but are not limted

to, al dehydestreanl bbisdbdintaie boitem poitdn dfjiapencha¢qdandBeWaier 16/isdsd acet at e,
ethyl ene dicholoride.and.yinyl chlorid et.hyl benzene, et hvl.ene .oxi de,
cunene, i sopig fop HFughg| t BsngPdoRimit  or EihegPREE M i MRS, e,
acrylic aci deorffehisd edigniAEARMLANARY of Walkehisd udBstteC eyl Ohidh dahe paddent i Ner s
and dinmers of ethylene, propylene or butylenes. The nethods of

manuf act ur i ni effBey siedm 4t hegodumpe 1B preferablyi qentains pagking thatgidsher ef or e,
t di in..F00 f i f i f th
Mventi on. - w8t the QuesbBUALAR AR BAE R RIE R 01, 1

processes, i $6.s8@ym R0, thdBottdrhgliod. thdqusach aslanncis) cantaing gvatreed stream 10 is

fed into oxygenate to olefin reactor 12. The oxygenate to olefin reactor
12 cont ai ns  QUesaling vater it pqndensed gyatere ahsoehed Oxy Benatasang fendengxly st r eam 12

nto an ef | yaalcidfhncaRnal AURYRAKALIERYLATSUONDH GRUTARITILERIATO0S 17

non- oxygenat rocarbons and oxygenated conpounds. The gaseous effl uent
stream 14 i stHeegiencht aplami 68 tomrins picfinrand hydrogarbog prafocismong8yith\at er 16 i s
ortion of the at a.tenperature and rate

fed into ato ench .col.u

sufficient t%&?ﬁﬁ&%ﬂ’é&‘”ﬁ%}%ﬁ?‘%ﬁ@?ﬁf al?fﬁﬁﬁgi%t" ﬁ%?va%fne ORGP ed feed
whi ch can begptesgRbnatbdinefufib UBNMthAtiRAAhd doetdMGHAB. SBE4HM? ISfeRNAbQr abl y
contai ns packing that aids heat transfer and m Xi ng of the gaseous

ef fl uent st r sxies 0f cempresdoe 2.0 6ompeesortseries AppreBratds fompresse strepse £3ns from

the quench CPol g Ir)rr%ss]ﬁérgé of 1%@ e?eilb ys aroand's ﬂ)O kPaa (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



guenchi ng water 16, condensed water, absorbed oxygenates and condensed
unreacted nethanol fromeffluent stream 14. Stream 22 the overhead stream
from thewguanets7ol unm 18 contains ol efin and hydr ocar borCprusdarctess al ong
Wi th oxygenates that were not conpletely absorbed by the water in the
guench colum, these oxygenates include dinethyl ether and acetal dehyde.
Stream 22 is fed into a series of conpresgpr 24. Conpressor series 24
preferably conpresses stream?22 to a pressure of preferably around 2100
kPaa (300 psia) form ng conpressed stream 26. [0067] Conpressed stream 26
is fed into extractive distillation colum 30. Extractant water stream 28

is fed into 3etsPRs MR WhiePaRf 0:86EARE EdbitAnRHoStichh 3UIiN0 a Klor¥hrefhicali) about 6
times by weight of the conpressed stream Z26. Extractive distillation

col umm 28 coremprising Waies lahé g ovpreadistresns3 § eympyosonk eoigeaales ¥t ween gasses

and liquids w thin,the m... The.ext nt. water 28,is fed into the
st | Pat i on ORGHROEY Walsh Renmt M6 A B R0l B2 T ublifee, ' on' ot umn
preferably opgfiaitas seéanaD® whichl Fekintdthe 3RRadive djstiflatoneésidima8s. an over head
stream 32 whi ch contains ol efin and hydrocarbaon products w th di nethyl

ether and aéBvarménynfehydsorsvian strea vis ot dacksiortbapmesent!s e plfiaxt ract i ve
disti L1 at! on ool Bbafte Aot EOBAA Bhd'hfiBlailiPitbadal (90F) and goes to

further processing can 1nc e separa process for separating the
over head str ¢@069] nt o ThBpaveation iy fethet destritedris tlendlloWwimgfaxainples, wkichval of
vari ous contam nants. [006%% ,Botto(gs streéﬂ 34 fromextractive distillation
col umn 30 coRfPssakvarigys embadiments of the gyeg E}W?twnabsorbed oxygenat es

i ncl udi ng di nethyl ether and acetal dehyde and sone absorbed ol efins and
hydr ocar bon conponents. Bottons stream 34 is fed into oxygenate stripping
colum 36. Obxgmpktle stripping coluim WO 03/020673 PCT/ US02/ 17696 18 36

splits the and qQxygenat e, contajni ng stream 34 int ott ons product
20 compr i si MMt er SAEENBE e CopanmaE AR Od ) fetiies and
hydr ocar bons cox\ﬁﬁinﬁfzg $EAPOM ALhtd1$stGORArAM P8R QX s RanRedtud 2 BRo@r oduce
extractant stream 28 which is fed into the extractive distillation colum

36. Oxygenatl@0Fhandrpressues ¢ciyodihee 40 BB)iis aselingdanlk Tl vaper Bryghpat e to

ol efin 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%.



reactor 12 to produce nore ol efin and hydrocarbon products. [0069] This
invention is further described in the follow ng exanples, which represent
vari ous ewbodiopwnt s of the overall invention. Exanple 1 [ @QTOJS0Z1T596

ef fl uent stream from an oxygenate to olefins (OTO reactor containing a
SAPO- 34 catalyst is partially condensed at a tenperature of 38C 100F and a
pressure of 276 kPaa (40 psia) in a settl il@g tank. The vapor fromthe
settling tank is renoved fromthe settling'tank at a flow rate of

1. 20l b-nol /hr. The vapor fromthe settling tank contains various

hydr ocar bon products including ethylene and propyl ene along with various

cont am nant sjoofg CONTRENHRRbIerhbdiCitiaS flord B WashRb RImPREohpBRWM 4nd

oxygenat ed hydrocarbons. The oxygenated hydrocarbon DVE is present in the
vapor st r eanfeakin®, D@6sautizedréndraokygydintliaion chlrdroererdimg ahe0Qkidha(jo@ i s

present in the yvapor e t,-0. 32w % [ 007 .he vapor. s am fromthe
settling taan%asrﬁfO]e’iéﬂ“é? @%sﬁgcﬁ%ﬁﬁa 1{1ve %%kla&é%go% }&Sbggragﬁafu%c

(100F). The wagddileR! THEWApas stiddnt fraShe Wash sbHagh is fo@ @eto St @aftiive fed into
the columm below the 10 tray. Aliquid water streamis fed into the wash

col um  above distiBatigrrepfurap hglogtthe 39 alate. oWVar & wed a3 #n egractnt and is detber at ur e
of 4C (40F) and.a O?u%%? Wel eﬁ%s@ féréaﬁa(fﬁ)gxpxsa'teag%.é@%?%u%g@ﬁe pr oduct
stream is renmdved rTonthe wash BoIums as an overhead product. The

over head fr omniftgatuisadgi32QoCUATPR) 0 Thakfsor bherhbydkteanr fon tihy aductiee and i s
renmoved at a rate of 1.1831b-pol/hr, a tenperature of 32.4C (90.3 F) and a
pressure of dpgligimpcolumn cortpiay thefydrosaroneseiuctssnd ihemeysh atdilovm cont ai ns

0. 95wt % wat egﬁﬂﬁ%ﬁlﬁ%f}ﬁr, £ al%q)ffzzsébef(%.@@ﬁ)sandTa{;qre%ymbsd

hydr ocar bon IS present In the vapor streamat 0. 71w % The oxygenated
hydr ocar bon &Bed @06 @binyl eThesoyeriemdstream fronhihe ezfpantive distiflatiat cdduhn Om % WO

03/ 020673 PCT/ US02/ 17696 19 [0Q72] The vapor overhead streamframthe wash
colum is coﬁ%‘?té%%g(])m&'ﬁ W?t@{)wﬁ%rlr?% t]éanplrpé’élggff}?gf’é‘ﬁe‘gﬁ}fcga‘@ﬁ% ”Eﬁ'lg‘ﬁpgl ation
col utm oper abMEaﬁ&aM@eﬁ&@@ﬁ (300 psia) and 135.3C (275.6 F). The

extractive distillation colum has 39 trays plus a reboiler. The vapor
streamfromthe wash columm is fed into the extractive

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



distillation colum below the 39 plate. Water is used as an extractant and
is fed into the colum above the first plate at a flow rate of

6. 661b- noWOhB/o28d3 a tenperature of 32.2C (90F). The vapoPCousohemds st ream
fromthe extractive distillation colum contains the hydrocarbon products
and is renoved at a flow rate of 1.151b-nol/hr, a tenperature of 32.3C
(90.2 F) and a pressure of 2100 kPaa (3Q0,psia). The overhead stream from
the extractive distillation colum contains 0.14wm % water and | ess than

| ppm oxygenat ed hydrocarbons including DME and acetal dehyde. Exanple 2
[0073] The sane process is followed as in Exanple 1, except that the
overhead str qrdWifst ptd 419 AP RC O 61881bLrolARIRA 8% rEtﬁr@ofWZe?@’(@@W%f 1700
kPaa (250 psia) and a tenperature of 125.2C (257.4F). Water is adai n used
as the extr ddeaapoi averlived giteanadiom/be dxtesathIVB dtstlﬂatlcmmqluwnnamtam theed into

the colum a he fi ate at rml/hr and a
omporature a9 disaB pinditts R fplivefald BB SL B RRTBR I 1o et ract ve
di stlIIatlont@rﬁbaamr@@ﬁqu@(%@eF)m@@mﬂmma 08 1d%STh@m)V€d at a
flowrate of 1.161b-nol/hr, a tenmperature of 32.3 C (90.1 and a

pressure of Dredesdbsrqapsiomshayxirarive disibatinaeluen eeniging Bl%ﬂwf?é veslars act i ve
distillat i 7\W % wat ss_than | ppm
o111t on- b 0108 e VUL A S B PR e oo

same process acstaldehydewed as in Exanple 1, except that the overhead stream
fromthe wash colum is conpressed to a pressure of 1400 kPaa (200psi a)
and a tenperature of 113.2C (235.7F). Water is again used as the

extractant i Extractive distillation colum and is fed into the colum
above WO 03/ CT/ US02/ 17696 20 the first plate at a flow rate of

6. 661 b- ol / hr[0@Fd a t dipeaat proeessfis BloR€d @9 dFExamflbé, eoa:pptrthat\/the head stream

fromthe extractiv istillation. colum.contains,the ocar roducts
End 15 ermoy SRR PIREAS BStECoRETR IS GFSied o prserias of D30rbeh, 5
(90.2F) and q150R%S HAEa MimPtABrckd?@8. 94202 63F).. WhRr 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 6.6611b-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.



overhead streamfromthe extractive distillation colum contains 0.20wt %
wat er, 325ppm DME and | ess than | ppm ot her oxygenat ed hydrocar bons

i ncl udi ngwoasaked7dehyde. Exanpl e 4 [0075] The same procesedrguoohtaeed as
in Exanple 1, except that the overhead streamfromthe wash columm is
conpressed to a pressure of 1030 kPaa (2ﬁ50psi a) and a tenperature of
97.94C (208.3F). Water is again used as“the extractant in the extractive
distillation colum and is fed into the colum above the first plate at a
flowrate of 6.6611b-nol/hr and a tenperature of 32.2C (90F). The vapor
over head st rﬁggggm the extractive distillation colum contains the

hydr ocar bon and is renoved at a flowrate of 1.161b-nol/hr, a
tenperature of 32.3C (90.2F) and a pressure of 1400 kPaa (200 psia). The
overhead str f.ram the extractive distillation colum contains 0.27Wm %
water, 2,28 IR dS] ess than | ppm ot her oxygenat ed hydrocar bons

i ncluding aqet al dehydRd A nEsATRY SonhtcSRONSn Idin ddntdifiRg Sddnact i ve
distillation colum is operated "at a pressure of 2100 kPaa (300 'psi a)
essenti al | y abmpnsiagur abl e anounts of oxygenated hydrocarbons, including

DME, can be renoved. the pressure.is . decreased, the effectiveness of
the extractive di é’f’ﬁaﬁsﬂg%ﬁ o@eﬁ%{afrﬁng gﬁm}wﬁ tr?fg?:t}te es as shown in
Exanpl es 2-4. Howg¥giratifexdsRbaded dlefil@bntahayBstrehiPdndiRGaS¥htdiel Ve

distillation colum is still effective in renoving essentially all
nmeasur abl e aBtipttyedistidiaigbnat es, except for DVE, at |ower pressures. WO

03/ 020673 PCT/ USD2)11696 20 (AL M WAt o SLALIED 5 sy 4 JIB1100 of

extracting an oxygena rom an ol e contarning ‘stream " conprisi ng:

contacti ng t hadabedgremecthan 0 Wt osideaatas piidtoanxt wak tierdxiragagt, asgepar at i ng

the contacted ol efin containing, stream and extractant using extractive
distillati On,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.



wherein the ol efin containing streamconprises at |east 50 wt.% ol efins
and not greater than 20 w. % oxygenates prior to contact wth the

extract anwo @rndos78he extractant is a polar |iquid conposithcanusae/1108 kPa,
havi ng an average boiling point of at |east 38C at 101 kPa. 2. The net hod
of claim1, wherein the polar liquid copgosition conprises at |east 75
wt. % water, alcohol, or a mxture there6f. 3. The nethod of claim1,
wherein the polar liquid conposition conprises at least 75 w. % water. 4.
The nethod of claim1, wherein the polar |iquid conposition conprises at

| east 75 wt. % al cohol. 5. The nethod of claim4, wherein the al cohol is

et hanol, propanol, a glycol, or a mxture thereof. 6. The nethod of claim
1, wherein t®¥e oxylhemattbed cihlpm &evidiree theydxtmttinar distilatiod iecame¢dhad anf cl ai m

1, wherein the oxygenates i se | dehyde. 8. The method of claiml,
wherein the é’)&r?siﬁlgi(\ggmﬂ? %bsm?f%%?q%gﬁﬁrri ed out at a pressure of from
690 kPaa to 34000 kPaa. WO 03/020673 PCT/ US02/ 17696 22 9. The net hod of

claim8, wherein the extractive distillation is carried out at a pressure
of from 1, 0340kPa The mthabofdbeim 9.0vheTein theetxitradtivsf distilbdtion & camhiet @itrat t he

extractive distillati.Qn i i ed t a pressure of from1,300 kPa to
21000 kPa. 1f.prﬁ%rer?£&??ga?éﬁ8ﬁﬁf%%b k%ﬁErei n the extractive distillation
is carried out at a pressure of from 1700 kPa to 17000 kPa. 12. The net hod

of claim 11, wherein the extractive distillation is carried out at a
pressure of fllem Xhemethed efrlaim Yhovheran thepxtraptiverdistitigtionfs wrrigdmut at wher ei n

the olefin c%}ggs%ggﬁoﬁge kﬁrljoq%éé)kpgont act with the extractant,

cont ai ns at yl'ene "and propyl ene. 14. A nmethod of purifying
an olefin containing stream conprising: contacting the olefin containing
streamwith g water confajning streamin a first vessel;

12.  The method of clz%m 11, wherein the extractive 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.



recovering olefin product fromthe first vessel; and contacting the olefin
product fromthe first vessel with an extractant in a second vessel at a

t enper at un® @ndoqisessur e hi gher than that of the first vessalysozahmsei n t he
olefin containing stream prior to contact with the extractant, conprises
at least 50 wt.% ethyl ene and propyl enepzand the extractant is a polar

|l iquid conposition at 101 kPa, having an average boiling point of at |east
38C at 101 kPa. 15. The nethod of claim 14, wherein the polar |iquid
conposition conprises at least 75 w.% water, alcohol, or a mxture

t hereof . WO 08/ 0206 theB{SH/ dISGRM1IAS Bhieith the polhh#qidtcoagositios canpriged, wherei n
the polar liquid composition conprises at least 75 wt.%water. 17. The

met hod of cl &i15st4> WitveM8#S5 t he pol ar |iquid conposition conprises at

| east 75 wt. % al cohol. 18. The nethod of claim 15 or 17, wherein the

al cohol is ethanol, propanol, a glycol, or a mxture thereof. 19. The

met hod of cl &Vm 1Zhe wiethodi of cldva 1dx yhewat ths polanfiquiseodipostiby comphises.  20.
The net hod of  cl ai g: 14 1\%2 rein the oxygenates conprise acetal dehyde. 21.
The nethod oft¥psti/mWigoa E@%in the extractive distillation is carried out
at a pressure of from690 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 t 0127000h& Peetho@lf i IpenrH dawbéreinl the alcolbol isvkibamd]lpropanodyet r act i ve
distillation js arrie%iou at. a pressure of from 13,000 kPa to 21000 kPa.
24. The nethghmB OF BHRUEAeGRE  oi n the extractive distillation is carried
out at a pressure of from 11700 kPa to 117000 kPa. 25. The nethod of claim
18, wherein the extractive distillation is carried out at a pressure of
from 2100 kPa% o TBeowthedf clegm 14, whengsrthe Pxyganpiey cograseipsibyhethpzi ng an

ol efin containing stream conprising:

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:



WO 03/ 020673 24 PCT/ US02/ 17696 contacting the olefin containing streamwth
a water containing streamin a first vessel; recovering ol efin product
fromthe ha®toze@ssel ; contacting the ol efin product fromrdrusoensevessel
with an extractant in a second vessel at a tenperature and pressure higher

than that of the first vessel, wherein i4he ol efin containing stream prior
to contact with the extractant, conpriseés at |east 50 w. % et hyl ene and
propyl ene, and the extractant is a polar I|iquid conposition at 101 kPa,

havi ng an average boiling point of at |east 38C at 101 kPa; recovering
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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.



