WD 03/ 048085 PCT/ US02/ 24577 1 OXYGENATED HYDROCARBON COWVPCOSI TI ONS AND
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i nvent i orwD3misoect ed to a nmethod of recovering oxygenat e®Cirrusor/2¢377 ol ef i n
production process and the oxygenate conpositions produced. More
specifically, this invention is directed to recovering oxygenate fromthe
product stream of an oxygenate to ol efjin process. BACKGROUND OF THE

| NVENTI ON [ 0002 A efins, in particul ar I i ght ol efl ns such as ethyl ene,

propyl ene and fm,ﬁﬁn eum
f eedst ocks byoﬁl{%ﬁ [Lgaé)aﬁ&éég‘: R (ﬂ@@d% L‘ ena es,GPowever are
becom ng an alternativ fins. Particularly

prom si ng oxygenate feedstocks are alcohols, such as net hanol and et hanol,

di met hyl ether, nmethyl ethyl either, diet hyI ei t her, dinethyl carbonate,
and net hyl @Mﬂm oxygenates can be produced from a
o Lo T Sl et PG S e R fclscrowgsﬂ%é{;g&?@@%% gas;
petrol eum | | qui carbonaceous materi a s, inclu recycl ed

pl asti cs; rmrufmlpﬁ)@dludﬂﬁﬁbﬁﬁzessmndahiwo@gmemepmmpcmtmngpmducedatl‘dmeal Because of
the w de vari ety of saources, .al.cohol, al cohol derivative d ot her

a
oxygenat es I%Wéﬁcaﬂyoﬁ}ﬁss’év%loal’ﬁ SO ESEPYeTHS XY 8N %té%’ﬁff’a‘é"tf or |ight
ol efin prodygtd9Bf ad &g%%mg)@q) d@din PlocBisoducing olefins is by the catalytic
conversion of mnethanol”™ using a silicoalum nophosphate (SAPO nol ecul ar
sieve catal yst. For exanple, U S. Patent No. 4,499, 327 di scl oses naki ng
[ riety of SAPO nol ecul ar si eve

olefins fro i Y/
catal ysts. %&%WM out at a tenperature between 300C

1L
and 500C, a [¢ue qsmé@nsbﬁi;m@anﬁ a@mmodmen@s tthylbRE) prfyi@sAgr es, and a
wei ght hourly space velocity of between 0.1 and 40 hr | . [00041

Reduci ng t hdupyngesre C@@W@P@ﬂ”&f”@@%‘l’ E’Pinrpe?fﬁlepﬁbfe%@%?@ﬁhi’ &th&act i on
process can .t f r et hyl ene
Bnd o opy! ShHS by Sl BEKLE, ARYEBHA nlyRih BBtk analieRadt *) V1 BTG
Pat ent No. feedstock for making light oleﬁns Particularly promising oxygenate feedstocks

are alcohols, such as methanol and ethanol, dimethyl ether, methyl ethyl either,
diethyl either, dimethyl carbonate, and methyl formate. Many of these oxygenates
can be produced from a variety of sources including synthesis gas derived from
natural gas; petroleum liquids; carbonaceous materials, including coal; recycled
plastics; municipal wastes; or any appropriate organic material. Because of the
wide variety of sources, alcohol, alcohol derivatives, and other oxygenates have
promise as an economical, non-petroleum source for light olefin production.
[0003] One way of producing olefins is by'the catalytic conversion of methanol
using a silicoaluminophosphate (SAPQO) molecular sieve catalyst. For example,
U.S. Patent No. 4,499,327 discloses making olefins from methanol using any of a
variety of SAPO molecular sieve catalysts. The Kaiser process is carried out at a
temperature between 300°C and 500°C, a pressure between 0.1 atmosphere to 100
atmospheres, and a weight hourly space velocity (WHSV) of between 0.1 and

40 hr',

[0004] Reducing the percent conversion to olefin in the oxygenate reaction
process can result in a better yield of olefin products such as ethylene and
propylene, and a decrease in unwanted by-products. For example, U.S. Patent No.

6,137,022 discloses that less than complete oxygenate conversion is more than



6, 137,022 discloses that |ess than conpl ete oxygenate conversion is nore

t han WD 03/048085 PCT/ US02/ 24577 2 offset by the significant decrease in
unwant ed weo-prestset s. This patent further discloses a pr@®caasod/oss77 enovi ng
oxygenat ed hydrocarbon conpounds fromthe olefin products. [00051 Although
the concentration of oxygenated hydrocarbon conpounds found in olefin
products made from an oxygenate reacti on process are generally quite | ow,
the total anmount of oxygenated hydrocarbon produced can be substantial.
This is parti.gcul.ar tr for large scale olefin reagtio ocesses. It
woutd. eSS e Gan B R i A Supradiehy 3Ry PReBhERED Xy gena ed
hydr ocar bon dise@i¥BO# Pz eds FoM@moRinicte y drtfddhyBrRawbeh csthpaaids Gonpthe OXygenat e
reaction. The _recovered oxygenated hydrocarbon conpounds can be recycl ed
or sent to OkftrerrAdedtve processing, rather than discarded, for exanple, in

a wast ewat er, HMMA§¥ : IS i i on

provi des an Q@%?ﬁ&%gﬁet ho ?1(?5 t@dé%fﬁ%%é@%%ﬁ%ﬁ é&g%égﬁrdg\ggl# don
conpounds f awnifinpréduetsohefei fronp podkygiensit rexativioproatss arygpamalle quiteact i on
process. The recovered co unds are suitable for recycli to the
oxygenate r %\‘ﬁt9%8Wtﬂrwgg&xygwdgﬂﬁr%é%gé’émg‘ﬁ?‘[ %ntt?rsﬁgg?‘%‘l'pr ocessi ng.
100071 In 0ﬁ@n§ﬁ?ﬁﬂkﬁﬁﬂpﬂukﬁﬁlggkﬁ&ﬂeGQHHE&éﬁ&aﬁ%@&@&ﬁHB@oﬁm oxygenate with

a nmolecular sieve catalyst to forman olefin conposition, wherein the
ol efin composeliorehe advaatagsens tolmsfre affeanatkyrecnvdr oswggrated xdirpgadromcar bon. The

olefin conpositionds cooled to forma |liquid water containing stream and
an ol et neanear R aTERab e Ret Eaiaduseun i ef e feble SEHPL g st r oam
conpri ses atredov@el okygeMatc¥thguaenah esmpaitiiocal Boreycldifoahlb cont ai ni ng
streamis separated ?romlthe vapor stream and the vapor streamis

conpr essed. afgrmained pracesigaiethes thae discaided, farexamyplfeinor westewaeioégrABon
containing stream are separated fromthe conpressed vapor stream and the
oxygenat ed hydrocarbon containing stream separated from the conpressed
vapor streaSUMMARY OBTHE INVENTHIS| ed, |iquid water containing stream

An oxygenat ed hydrocarbon product is. then recoyered fromthe conbi ned
wat er  cont ailw?ﬂrﬁé Tdis 83eRUQA ProVIERSiAE © ﬁ?‘g"é’ﬁ%%tg%g ﬁveﬁcazé%ﬂwygm%ﬁ ni ng

stream hydrocarbon compounds found in the olefin product stream of an oxygenate

reaction process. The recovered compounds are suitable for recycling to the
oxygenate reaction process or they can be used for alternative processing.

10007] In one embodiment, the method comprises contacting an oxygenate with a
molecular sieve catalyst to form an olefin composition, wherein the olefin
composition comprises olefin, water and oxygenated hydrocarbon. The olefin
composition is cooled to form a liquid water containing stream and an olefin
containing vapor stream, wherein the water containing stream comprises at least 1
wt % oxygenated hydrocarbon. The water containing stream is separated from the
vapor stream, and the vapor stream is compressed. An olefin product stream and
an oxygenated hydrocarbon containing stream are separated from the compressed
vapor stream, and the oxygenated hydrocarbon containing stream separated from
the compressed vapor stream is combined with the cooled, liquid water containing
stream. An oxygenated hydrocarbon product is then recovered from the combined

water containing stream and liquid oxygenated hydrocarbon containing stream.



WO 03/ 048085 PCT/ US02/ 24577 3 100081 In another enbodi ment, the olefin
product is further separated into ethylene and propyl ene contai ning
streans. Wbhae3etdegs ene containing streamis desirably pol yegrisapes7as wel |
as the propyl ene containing stream [00091 In yet another enbodi nent, the
vapor streamis conpressed at a pressure of at |east 30 psia (207 kPa).
Desirably, the oxygenated hydrocarbon groduct contains not greater than 50
w % water. 100101 The inventi on further provides a hydrocar bon conposition

conpri sing b % Sw % (a),
wher ei n: @}Osﬁag@%ﬁ ound 86& ggéerr(glgﬁ%mlé)@ cgtrhr?ﬁ%egall%% ér ein Ris Cl to
G al kyl ; [@%ﬂeheandpfcrps)mnab@uamm@ sppam DY Tvedtly1end @naddabg stténnts % of  at

| east two conpounds selected fromthe group consisting of (b), (c), (d),
or a conbi ndeS'ERlY pHemnenred, gheslbisthe ppylege onymagEHEBf Fornula |11 Rl-O R2

Formula 1| Wﬁ%ﬂ YEESinar &bdcﬁmg’c fh gélor% bkt 1@65%{12;523sb§at%r%é%u1@4 al kyl,

wherein RL the sane as or ferent than I's a conpound of
Formula |11 of @tlefsmﬂﬁmbla(lwkﬂai% DeSRZhbl}{ ﬂ@mygmmdmydrmrbps p&duto C3 al kyl
and R4 is Cl to. C3 al kyl p R3 may be the salve as or different than

R4; and (d) C?@a‘é‘SEBHfﬁfSéﬁﬁthﬁ? g@&’rt AVEeTy 0 Formula IV R5-G H

[0010] The invention further provides a hydrocarbon composition comprising not
greater than about 50 wt % water,
at least 25 wt % (a), wherein:

(a) is a compound of Formula I
R—OH Formula I

wherein R is Cy to Cs alkyl;
[0011] and from about 10 ppm by weight to about 10 wt % of at least two
compounds selected from the group consisting of (b), (c), (d), or a combination
thereof, wherein:

(b) is a compound of Formula I
R;—O0—R; Formula I1

[0012] wherein R, is C; to C4 alkyl and R; is C, to Cs4 alkyl, wherein R; may be
the same as or different than R;;

(c) is a compound of Formula I

0]
) Formula III
R3—C—R4
[0013] wherein R; is C; to C3 alkyl and R4 is C; to C; alkyl, wherein Ry may be the

same as or different than R4; and

(d) is a compound of Formula IV

) Formula IV



WD 03/ 048085 PCT/ US02/ 24577 4 wherein R5 is Cl to C5 alkyl. [00141
Optionally, the conpositions of this invention further conprise from about
5 ppm by weiogl#808H about 5 wt % (e), (f), or a conbinati olCrhsozfs77
wherein: (e) is a conpound of Fornula V 0 Fornula V R6-C-OR7 [00151
wherein R6 is C, to C3 alkyl and R7 is C1 to C3 alkyl, wherein R6 may be
the sane as or different than R7; andy(f) is a conpound of Formula VI 0
Formula VI R8-C-OH wherein RRis ClL to C5 al kyl. BRI EF DESCRI PTI ON OF THE
DRAW NG 161 One e di gent ~qf A N tion is shown in the attached Figure,
which is a fl owwg%%aedrrla%?ss '3OCI Sﬁ(gge particul ar enbodi nent for separating
and recover 0@ 4] Optioaniat, et dythositiaheithisrioventibe fuathef compisedioat amfut an
oxygenate to olefin reaction process. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ Q0P trhivsighh peaborioh Wh o) dBsor sambipatiogfhererfowBseig oxygenat ed
hydrocarbon fro qga%ﬁggﬁhoegf@%gmﬂgr\pduced in an oxygenate to olefin
process. In an o>2ygenat to olefin process, an oxygenate feed stream
typically a nethanol or a nethanol end, is converted into an olefin
stream The ol efin stream contains I gni ficant amounts of, ethyl ene and
propyl ene, as well as a significant dmount of watef"™SH#¢h is a nornal
by-product in the catalytic conveRei&mBR7 et hanol to olefin. The olefin
stream al so contains various anounts of oxygenated hydrocarbon

by- pr oduct s [08#5i] ctheagie Rpisodiie €d abky] and RsiglG tof; dlkglomhkeretineRyymay B¢ 148085

PCT/ US02/ 24?2?;16 as or different than Ry; and

(f) is a compound of Formula VI

0
) Formula VI
Ry—C—OH

wherein Ry 1s C, to Cs alkyl.

BRIEF DESCRIPTION OF THE DRAWING

[0016] One embodiment of invention is shown in the attached Figure, which is a
flow diagram showing one particular embodiment for separating and recovering
oxygenated hydrocarbon from the olefin product of an oxygenate to olefin

reaction process.

DETAILED DESCRIPTION OF THE INVENTION

[0017] This invention provides a method of recovering oxygenated hydrocarbon
from an olefin stream produced in an oxygenate to olefin process. In an
oxygenate to olefin process, an oxygenate feed stream, typically a methanol or a
methanol blend, is converted into an olefin stream. The olefin stream contains
significant amounts of ethylene and propylene, as well as a significant amount of
water, which is a normal by-product in the catalytic conversion of methanol to
olefin. The olefin stream also contains various amounts of oxygenated

hydrocarbon by-products, which are produced as a result of incomplete



5 conversion or undesirable side reactions. A significant anmount of the
oxygenat ed hydrocarbon by-products is recovered by the nethod of this

i nvent i orwoO[030488Desi rably, an olefin streamis obtained pgTaASNY26577 ng
oxygenate with a nol ecul ar sieve catalyst. The oxygenate conprises at

| east one organi c conpound which contains at |east one oxygen atom such
as aliphatic alcohols, ethers, carbonyl conpounds (al dehydes, ketones,
carboxylic acids, carbonates, esters and the like). Wen the oxygenate is

an al cohol, th | cohol, i. d . al 1 phat i i i 1to 10
carbon at onﬁ?“v%%‘c‘%)fr‘g'flgslrl%i%l e?rg%r%‘f%fggiﬁggﬁ%ggahg{%ﬁgﬁw g %eféléfeégmt ati \?e

al cohol s inﬁ%&@@arﬂ%ﬂbyﬁbﬁ)dﬁ@ﬂé i HREARSAITY tHe Ietfiod@d tHioinverwn. st rai ght and
branched chain al i phatic al cohols and their unsaturated counterparts.

Exanpl es of [0} Blebieabb g ereftnestieampoehiaiacd by Fomecting oryg5atei¥th ¢ i nited to:
met hanol ; et hanol; n-pr Ol . | I ' LAyl ethyl
et her; di nﬂ‘t‘)ﬁwla&s 'ﬁé?fz&%?é(}t hT;PIe OZ?%%‘?‘?%Q?‘-"FE‘%;&?%py r%toﬁ%ﬁ?é ?g}ﬂgll dehyde;
di met hyl  camponaheinsdit i@ktyte dkgteneomameh as algdiate amabblsietheany; es t her eof .
Preferred oxygenate conpounds are net hanol, dinethyl, ether, or a mxture
t her eof . [Oeﬁfgomﬂéowp\@g‘gl(éwe@dgﬁg‘e@%salc?g’f’xﬂéceaﬁl‘fsngﬁrh?l?tﬁsnéféeﬁ? #his an

oxygenat e t fhe (Al iyhefi A Stnadiiaf hidofioldalelaneflonhcianys dmiiphulaar sieve
capabl e of converting an ygenate to an ol efin conpound. Such nol ecul ar

si eves i ncl utgety daving &omas tond] ¢arbarsatoron -mase prefesably disin Afet 64b¢he | ar ge,

medi um or small pore type. | I .por | ecul I - erred in
one enbodi meMsof qpﬁ‘?sﬁl){tgﬁ‘(ﬁeﬁg(?f@hﬁ 1%%8&%9@);Wgn%éegﬁrﬁiﬁﬁﬁgpg? iE’W%gmal | pore
mol ecul ar - si;gyies zf?@‘b@a@h@@ﬁl@aﬁ hifhaft alcesods idioheiantiturbted coangpansons.
General |y, suitable catalysts have a pore sjze rangi ngpfrom about 3.5 to

about 5.0 afystplref sytableraieats samoapéuinclide hupagpellimgedGngst rons, and
P et er A AR oSl Rcpitholoed. AHARLHANEmhINAA ofiRe] | L e

materials, B8t ynt he ave been denbnstfated to have
catal ytic pfdﬁﬁ@thf'li &@berf @ethvhethay di-isypepylethenyfdmadetyds, dimethgt si on processes.
In addition, zeolite materials have been used ag}eadioir)b?nt 3 cat al yst
carriers forcarbpagtelimethybketons; agsfiFrastdapribm ity Bt n P i 8t s ses, and ot her

et vor k0P K e B e B epqon at oms. The

negativity qb0td&he molecular sieve catalyst used in this invention is an oxygenate to
olefin catalyst, which is defined as any molecular sieve capable of converting an
oxygenate to an olefin compound. Such molecular sieves include zeolites as well
as non-zeolites, and are of the large, medium or small pore type. Small pore
molecular sieves are preferred in one embodiment of this invention, however. As
defined herein, small pore molecular sieves have a pore size of less than about 5.0
angstroms. Generally, suitable catalysts have a pore size ranging from about 3.5
to about 5.0 angstroms, preferably from about 4.0 to about 5.0 angstroms, and
most preferably from about 4.3 to about 5.0 angstroms.
[0020] Zeolite materials, both natural and synthetic, have been demonstrated to
have catalytic properties for various types of hydrocarbon conversion processes.
In addition, zeolite materials have been used as adsorbents, catalyst carriers for
various types of hydrocarbon conversion processes, and other applications.
Zeolites are complex crystalline aluminosilicates which form a network of AlOy
and SiO, tetrahedra linked by shared oxygen atoms. The negativity of the

tetrahedra is balanced by the inclusion of cations such as alkali or alkaline earth



tetrahedra is bal anced by the inclusion of cations such as alkali or

al kal i ne earth WO 03/048085 PCT/US02/ 24577 6 nmetal ions. In the

manuf act uwe sfo4®ese zeolites, non-netallic cations, such ®€T/US02/24577

t et ramet hyl anmoni um (TMA) or tetrapropylanmmoni um (TPA), are present during
synthesis. The interstitial spaces or channels forned by the crystalline
network enable zeolites to be used as_nol ecul ar sieves in separation
processes, as catalyst for chem cal rgactions, and as catalyst carriers in
a wde variety of hydrocarbgn copversio rocesses. 00211 Zeolites

i ncl ude mat éket?éhglscifhfhﬁimﬂnﬁéa‘@r? PE%’"%OEiﬁ’Eir@HﬁP?t@ SCENSYAAY  material s

in which the sil] : U(Fﬁli] | iQRRTPA réfRMerdt QuMh®l € or in
part with oftrea'rqqek)h&?aéizrggmﬁor exa%ﬁéﬁdpg@gﬁ*ﬁ%gom de?’p%t i E oxi de, and

m xtures tkgiteafs. CRie ineptidalespades os chanoels feomted dry. th@eyeallioging@ork r on oxi de,
gal l'i um oxi de, indi um oxide, an 1 xtures. thereof can p e al um na.
portion. Unfgadde ZQ?SFF@FQ\E%BS@@(W‘??%‘ TSR Té?%am?e%??etsgee%’ Jgng&b}zsgol ite
material " ag, Usedliddfreabtbns il ds catdBaican@irs B Wid¥a/agletyalf Siydrotdrbomi ng silicon
atons and, optionally, alumnumatons in the crystalline lattice structure

t her eof , butomlestompoeessed. s whi ch contain suitable replacenent atons for

such silico al um num atons, [0 X - Of efin
forning cat E?@gf Zﬁ%%?ﬂi“ﬁ@??‘ﬁ%@%ﬁ?@éﬁ“&% &Q%ﬁ{e&{t@gglg%iﬂﬁﬁﬁ% %rﬁf

si | i coal uni ppphesoRaliack SARMca ARl elawisr peiieschave Bedn replatadni mdipleasphat e

mol ecul ar si eves are general lﬁ/ classified as being. mcr oi)rgjtr ous materials
having 8, 10 past with oherpeidey Fargyaaple g puem OP‘Iﬁ‘g"‘sgn Prilg MR es can

have an average ot & f1cE % NG B4 ABabAMe Jrch JAIABANIM KRideangst r ons,

Preferred aﬂé pore nol ecul ar sieves having an average pore
si ze of | essndifv@xadepaid mixaungsthemoscanpepther thbhlpmina putemglnlsey e si ze
rangi ng from about 3.5 to about ngstr.qns,. nore efer Ir [ﬁnlabout 3.5

w2 ang, " Df, |
to about 40theawissspesHied, Wé@@spé?‘g‘t i sz%ﬂhéew&?flgglasgf%ﬁ]o Bedrar sieves
having 8 nmemenedodl ﬂgﬁeriaﬂso&%%niﬂ%ﬁ%&i ROk An@optieTANgdhluRitum sobst i t ut ed
a

SAPGCs can also be used in oxygenate to olefin reaction processes. These
conpounds  ariethgengstalihey/lakivewnueisre thaserSmy alse myasersdls whish gppfainguitable

silicoalum r}&ﬁﬁ‘&%{%ﬁ? ztttgrsn's f&hs%clqlsaﬁi%n gn%%l@rﬁinﬂln@&ﬁls.
[0022] One preferred type of olefin forming catalyst useful in this invention 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 to about 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 about 5 angstroms, more preferably from about 3.5 to
about 4.2 angstroms. These pore sizes are typical of molecular sieves having 8
membered rings.
[0023] According to one embodiment, substituted SAPOs can also be used in
oxygenate to olefin reaction processes. These compounds are generally known as
MeAPSOs or metal-containing silicoaluminophosphates. The metal can be alkali
metal ions (Group IA), alkaline earth metal ions (Group IIA), rare earth ions
(Group TIB, including the lanthanoid elements: lanthanum, cerium,

praseodymium, neodymium, samarium, europium, gadolinium, terbium,



metal ions (Goup |A), alkaline earth metal ions (Goup IlA), rare earth
ions (Goup H B, including the |anthanoid elenents: |anthanum cerium

pr aseodynwomz/omsdssly m um sanmari um eur opi um gadol i ni um tPETISER4SO

03/ 048085 PCT/ US02/ 24577 7 dysprosium holmum erbium thulium ytterbium
and lutetium and scandiumor yttrium and the additional transition
cations of Goups IVB, VB, VIB, VIIB, _VIIIB, and |B. [00241 Preferably,
the Me represents atons such as Zn, l\/g7IVh Co, N, G, Fe, Ti, Zr, GCe,
Sri, and Cr. These atons can be inserted into the tetrahedral. framework
through a [ NweEpsives helmayn iRy thulvhe yitak ) anddpietinge pAad s@Rditmo s ries  a

net el ectr! Gufidh 45 AERAEHLN4 t&nmhaﬁc%%'rlseﬁer beteBOVB! hes B!

substituent” rreta onent has a val ence state +4,
+5, or +6, NIHBneﬂidIBel ectric charge is between -2 and +2. Incor porat| on of

the netal co nt ically acconplished, aqdi t he al corrponent
during synt I{% ?fer{aE]é( thr?g\([‘“eﬁqﬂ pnts pto %%@&/bﬁg’&gg’t@%ﬁeﬁ di% i on
exchange Camai,se;ebﬁl USEEr. THesPafims ) BEMASHS MiShandRnedhe Metal component
wi Il introduce cations into ion-exchange positions at an open surface of

t he nol ecul dransiveviethrough a e mrahuhaiexmtr Khe {MleDp] tetratpd s wnisgarrighl e s

ilico alumln hos at e ol ular O PO 8,
SAPO- 11, SABES e"%ﬁ\ r%%dep§ P8 thes 5 a{%ﬁg% '?%ﬁf) %‘Rg 1934, sAPO 35,
SAPO 36, SAR(Ghéh/the #RRPcéfporehiPRistkilyal P Qateaf +3APD-44+5, ARBOHE het SAPO- 56,
the metal containing forns thereof, and m xtures thereof. Preferred are

SAPO 18, SARBCSI, chepeds BEWesnE@d4™2. dpprisumeanof the mataf FQ}HP%WS SAPO- 18 and
SAPO 3, DGy Af}hec%%ﬁ%lﬁgﬁgdcfxﬂg HRIAG o B A dhfid Shes Il 1B Xt Ul &S

t her eof . mm xture ' 1's synon combi nati on
and is COnSindﬂé@ﬂhraleﬁenﬁ@&le%rppbs@ﬁyrﬁh&sﬂsabnIamhan@ tanalsorbemsed Ing@iponents in

varyi ng proportions, regardless of their sical state. [00261 An alumi no
phosphat e (AKWS'WCE%‘EHanh%‘PPéQ)éOE]é’H”%té"’dﬁl‘iﬁroidﬁﬁq crGians infe h‘? exchangs) vt

conposi ti o oSl m%gérpélﬁ%a%e BRI Ghd18dul s RVE Shofio fe)Ednfdvldri @selfMl CT opor ous
oxi des whi ch can have framewor k. They can have additi onal

el enents wi t]0025| tSugalile aivieowd i inophespbatie Inyoléranes signes wekdp SALO0-5,
SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-
34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, 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 1s synonymous
with combination and is considered a composition of matter having two or more
components in varying proportions, regardless of their physical state.
[0026] An aluminophosphate (ALPO) molecular sieve can also be included in the
catalyst composition. Aluminophosphate molecular sieves are crystalline
microporous oxides which can have an AIPO4 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



di rensi ons ranging fromabout 3 angstrons to about 10 angstrons, and are
capabl e of nmaking size selective separations of nol ecul ar species. Mre

t han two wooammsoss r uct ure types have been reported, incluecmgsapoisite

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 incorporated WO 03/048085 PCT/ US02/ 24577 8 herein by reference inits
entirety. Preferred ALPO structures aré€ ALPO-5, ALPO |l 1, ALPO 18, ALPO 3
1, ALPO 34, ALPO 36, ALPO 37, and ALPO 46. 00271 The F& can al so

i ncl ude a mbemin Bfssarencganits pHiTetys PrefameddRe Stfp?‘afeéraéﬁdﬁt, the netal is

sel ected 11 amadie) GLOMA. (GOREPRLL A IM0 SRUESO R ALPBIGARRSRLPOLAE, cobalt,
sth [

and m xture ereof . These materials preeferably exhibit adsorption,
i on- exchanggo@Tql/The AdRCH oahiatsopndpdyr 4 el sibstituent it ¢s flameivodsi | i cate, al um

i nophosphate and, silica al.um nophosphate nol ecul.ar sieve conpositions.
Verbor o of - PHE B abe Tl it HUF SR aR it PR C PG A6 SE PR RGN U S, Pat. No.
4,567, 029, !dﬁgsr&@é,aarﬁéc&bﬂaqt,earm Bk tief BERBE ETHeRe hiaferRRtjréREaply kBAAB1 The
metal containing ALPGs have a three-di mensi onal m croporous crystal

framewor k stdswptiong icfedvitgeAndr aatalyPo propeticahigdleato alwninpsilitiese as
manuf act ur ed, st.ruct ur.e i.ch contain t late. pri ination) can
be repr eseﬁl“é‘&l‘“f}@‘oémﬁ%? ‘ql(r\éggﬁlhccahag Hea Q%BEggm%tlecugr S%%e gér%ng(%k{%ng'

ca nposition, ydrous basi s,

as: NR (M AryfharBr inhesiak And Reiregfaesentase ddsclitedsh UofiePaogani ¢ tenpl ati ng
agent present in the intracrystalline pore system "ni represents the
nol es of " R%.3¥&88nnceapratag|heTedn by (algransepn Y9 entisty. has a val ue of from zero

to 0.3, the i I Bntalhi BAE P EE REve AARRIAMABRLILAP TilFodpl ecul ar
di mensi ons A%?ﬁ?énrrep lgﬁleﬁg : a%en? angvet e ava{n] gﬁﬁ% v5|£ B(\)/o ume of the
por e syst emcofstdl fiampantl stnicare ofVid),, AKDumdiPhhasghhdmkbunitsy dhesechs " x", "y",
and "z" represent t htﬁ nol e f(r“gqct ions.of t rl1e et al ]" M H é)i . €. _magnesi um
manganese, ZAATasHIetHBEMTSS (YRRt EMPIAHREPAGHGLIAIPRLAREE vel v,
present as tr?ﬂrl%&lﬂ%grbglenﬂ?fﬂi&?%henﬂi@g%%ﬁlpgﬂﬁoﬁf%aah aafPdrahdbRG, A-PCs are
sonetinmes referred to by the acronymas MAPO Also in those cases where
the metal "Me" in the conpositi onmRs (M:AlP,)0,
wherein “R” represents at least one organic templating agent present in the

intracrystalline pore system; “m” represents the moles of “R” present per mole of

(MAlyP,)O; and has a value of from zero to 0.3, the maximum value in each case

depending 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.

[0029] 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.



magnesi um the acronym MAPO is applied to the conmposition. Simlarly ZAPO,
MhAPO and CoAPO are applied to the conpositions which contain zinc,
manganesewand/o¢obil t respectively. To identify the vari ou®CItusoze4sral
species which nmake 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, CoAPO 34 and so forth.,, WO 03/ 048085 PCT/ US02/ 24577 9

[ 00301 The silicoal um nophosphat e nol ecul ar sieve is typi cally adm xed

(i.e., blended) wth other terials. Wien. bl ended, | ting
conposi t i on [§&01 6|SE‘&P?lymfwng?ﬁpéﬂtet%Olﬁ@l%{ SiENBES WAiCal X/% m“‘&ﬁ?f 15t he cat al yst

conpr i $i ng 4164 SARG BkERHLAS SHAR o1chA0E e MRlIgHd aifpothioals can be bl ended

with the nol sieve can be various 1nert or catalytically active
materi al s, oypivalyirefesreth tnaber S ARD entabist withitbe eatalpstepingrisingtiec$ Alde
conposi tions S‘B‘)&‘? as kaolin and other clays, various forns of rare earth
metal s, net JO'GAEL ot her non-zeolite catal yst conponents, zeolite

catal yst  cqoopA)dterialdHEhRan BE bRhEeH WAk ttRGholedulirafive ca bé ¢AHug, Magnesi a,
thoria, beryllia, quartz, silica or silica or silica s% and m xtures

t her eof . Thesset @m@éﬁ@nﬂx actve maggresds, of Fataus bindenmaterals| ese.mqt@rrlalw i a,
overal | cataly c%ﬁnfpté)Pltlgﬁé L 28R @it SR rcﬁagpkvan{)& B} 8t ka2

shi el di ng tillré regeneratl on ensi Tyl ng e cata yst and
i ncreasi ng G@ettzak Mﬁétal&ixﬁ@@gdther oh- zleshtpaatralwuém;iqnentesaeohﬂeloatatyhat the inert

materials that are usedlnthe catgg361 to act as t?,l}f( Er%llﬁnk have a
heat capaci €YM@PNeNiHAUMBBER alem g sph i, Eirqonia, magnesia, g‘% ¥rably from
about 0.1t , ! Ledds dret O about
0.5 cal/g-C u%%ggfgxg%f?% {J)%elal So[na Fgfﬁie?élsegé&fnazrg%@fmga% E’beel ncl uded as

a part of thiocERRYcdatrelugslg, mtarpbs,iavewt oatal)tshegst @atingdhe ajtbe@n?ésln;kepar ate
nol ecul ar si eve. i adm xstégjre with t ! f desired.

| )
Structural fpsst g’faﬁeg Stlaml‘p’(.ji?eecwy Uras re&‘é‘?f%téont ﬂ%{{Sﬁglrné% %‘fsait%%ﬁte for use

inthis i nv%ﬂ@lﬁ&?eabﬁ%'cﬁﬁ@stoﬂengtﬁpﬁ is pA¥ticulafly NesiAbTe, thA NG intMiMatéiidls CAS,
CHA, CH, DAC GO0, KFI, LEV, LOV, LTA, MON, PAU PHI , RHO,

ROG THO anlkht asussd in he sefakystrtawct aserthesmal sk havass beat £3n3esy of fromdi um por e

mol ecul ar Slago&%.6§1 t0 about 1 cal/g-°C, more preferably from about 0.1 to about 0.8 cal/g-
°C, most preferably from about 0.1 to about 0.5 cal/g-°C.
[0032] 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 AEI, AFT,
APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDIL 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.



are suitable for use in this invention include MFI, MEL, MIW EUQ MIT,
HEU, FER, AFO AEL, TON, and substituted forns thereof. These small and
medi um pwoe3mpdoeEul ar sieves are described in greater detrairiusom4she Atl as
of Zeolite Structural Types, WM Meier and D.H O sen, Butterworth

Hei neman, 3rd ed., 1997, the detailed description of which is explicitly
i ncorporated herein by reference. Pre grred nol ecul ar sieves which can be
conmbined with a silicoal um nophosphate”catal yst include ZSM 5, - ZSM 34,
erionite, and chabazite. WO 03/048085 PCT/ US02/ 24577 10 F1500331 The

catal yst corP¥Bitihssatalystenmpasionoacsardingigdn eaod menb mEstaiPl  conpri ses

from about %g@}ggﬁgpﬁ aSlt 105 BOBRURIRISHBR ookl BI) AR Ubow S¥rligaghRut - 90 %

and nost pre om about 10% to about® 80% “by wei ght of nol ecul ar
sieve. |t i 90ahsmdpnest prefeably fimm dhvet tGHad yistut 8Prspasveigbrofimclecdaparti cl e

size of from about 20 angstr to, gbout 3,000 angstr .nor referably
f r om about §€?Veaﬁd§f‘lﬁ%ﬁr§?€?@déﬁ%e %ysgﬁa@p{)sdﬂ%q ﬁqyggtpaﬁﬁe; %?ea%fff{/ynf’ rom about
50 angst rongph@ 208ReMtordd@ BBASE 0@ EhgstrdRS 4dord Bﬁf&ﬁilﬂk‘ﬁbﬁi atkan3de subj ect ed
to a variety of treatnents to achieve the desired physical and chem cal

char act eri stanggronBuohbout@ap regstonisnepsidectetbty feme aboists Onegdpsmsrtol y i mited
to hydrot her Froal:!ﬁl][sﬁaat q%rr}'{s, calcination, acid treatnent, base treatnent,

mlling, bal? e’ grindi ng, spray drying, and conbi nations thereof

100351 A pr g0e34) athecataBhy&in befsubjettad ko entdtpof traitraetatoadcliebe Wei ch cont ai ns
a conbination of SAPO 34, and SA- PO 18 or ALPO- 18 nol eCL]J‘|§?I’ sieve. In a
parti cul ar | ylepresirhwpiedl aadishemirahgharaciaistist eugh Heataiets dngludebetaset a) | i ne

i ntergrowh non‘%c??sﬁﬁ)[}sﬂnit@d"@_ l@ﬁgﬁiéﬁlaf){reaﬁhg& defbeindtRA341d E'EQatﬁlgﬁ'ﬁ,/ Bide

oxygenate to o , “conventi reactor systens can be used, i ncluding
fi xed bed, ftteainteninenlillorg, ballinnldinpentindingt snrey difingf end edhbiegionetheresf. one
enbodi nent o-current rjser.reactors and ort .contact tine,

count ercurrzﬁ&’sﬁﬁ Risf Icaﬁab'éﬁ?f()tﬁ‘ss.‘nﬁé‘gf)?ésbe\iﬁ,%an}’slll@vht‘c ac&ngzljnslas one in which

an oxygenat g hBaAsbReksApemDenconpactest Aird-18 niit@uilsakesieye catal yst at
a wei ght hourly space velocity (WHSV) of at |east about 1 hr', preferably

i n the rangeadfeutarkyrprefboest embaeimentothe nodecuparsievensracrpitaliiae 1ergrawiht he range

of from about- 20154 58 sAR s §PRPRBIIs
[0036] To convert oxygenate to olefin, conventional reactor systems can be used,
including fixed bed, fluid bed or moving bed systems. Preferred reactors of one
embodiment 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
(WHSYV) of at least about 1 hr', preferably in the range of from about 1 hr'! to
1000 hr'', more preferably in the range of from about 20 hr'! to about 1000 hr”,
and most preferably in the range of from about 50 hr'! to about 500 hr'!. WHSV is
defined herein as the weight of oxygenate, and reactive hydrocarbon which may
optionally be in the feed, per hour per weight of the molecular sieve in the reactor.
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 reactive hydrocarbon which may be present with the oxygenate
feed, and the molecular sieve contained in the reactor.
[0037] Preferably, the oxygenate feed is contacted with the catalyst when the

oxygenate is in a vapor phase. Alternately, the process may be carried out in a



and nost preferably in the range of fromabout 50 hr"' to about 500 hr'
VWHSV is defined herein as the wei ght of oxygenate, and reactive

hydr ocar bwo oafoisoBs may optionally be in the feed, per hourCparsomgisght of
the nol ecular sieve in the reactor. Because the catalyst or the feedstock
may contain other materials which act as inerts or diluents, the WHSV is
cal cul ated on the wei ght basis of the f ygenate feed, and any reactive
hydrocarbon which may be present with e oxygenate feed, and the

nol ecul ar si eve contalned in the reactor. [00371 Preferably, t he oxygenate
feed i s contigoides amiid vprorfiguil ghase. Yhen the@rocgseyigenraied opisiniardiggid apor

Do SNy hIE ESRARGR B RS Fhih sl Bl faooes

PCT/ US02/ 248 xed vapor en I he process

is carried @edd-forpradidt elalydesufthiirpendng L&pomtb(@chtallﬁmtahd Ydagqriordcqpldaimas. di fferent
conver si ons and selectivities of feed-to-product may result dependi ng upon
the catal yst0®d ﬁ’éa’é‘?qeésnca@(ﬂ’?ﬂ?rﬁ]ilbh%Cami(b%@iaT‘H@e rﬁP%)"c%fstng%{ﬁmé%“'ner ally be

carried out g et €6p prafife fpeftaa&@ahgé % o Mab&t286%¢ MeabBRer ati ng
tenperature range can om about 0OCto a out 700C, preferably from

about 300C UOO%(bmnefeﬁnBQ(f,rorrnabmltﬁﬂ@T(étoadbloyt 60066 mbmmefe%wrmm abfpgut 550C.

At the | f th t t d d
ol cf i n pr0adSTL HegPBECURE. TehReiPy” €0 U s RuFRed s SrHon cont ent. of

oxygenat ed Q,Ifﬂ{e deshvd @l@ﬁﬁiHFJd%ct@ﬂia@%eé&h‘@ﬁlafH%dty%\@kx@ﬂlllarkeﬁflﬁéiylﬁlgh However,
the selectivity to ethylene and propyl ene at reduced tenperatures may be

i ncr eased. Apnltehfeofmeenaéwdﬂ@ﬁn bherodesipbeiag fpvadrimgeolefimpogicbcess may not

conver i on TBH Ry anl Sby B fTFn S RSB Rl Rba B A oy csur o

al so may varmy iredsed Wt the uppargad of fieltetlpdratupditoge dalgocass maguoes. Effective
pressures include, but are not necessarily limted to,  oxygenate partial

pressures offors an epanum amougt ofethybene and pegnylensipjoduict, PuiABe COINSEHOs  psia ( 34
kPa). The prg ﬁ?%nht%f@&f\tvll %nglrah% behighctive at higher oxygenate parti al
Suc

pressures, an oxygenhate partial pressure of greater than 20 psia
(138 kPa). [%y]éfdmtpirgssumh@oou%g\amo@rpamde angpriedsding autegerous east about 25

Bf :’;12'[ |( i' ;2 lé g)g%SéW‘ei) uﬁgg(gnré(gfp?{sglglgy ma]ude T gre%%?g écegs(z)irlpyshmnédz Q7 kpa) . For

oxygenate partial pressures of at least 1 psia (7 kPa), preferably at least about 5
psia (34 kPa). The process is particularly effective at higher oxygenate partial
pressures, such as an oxygenate partial pressure of greater than 20 psia (138 kPa).
Preferably, the oxygenate partial pressure is at least about 25 psia (172 kPa), more
preferably at least about 30 psia (207 kPa). For practical design purposes it is
desirable to operate using methanol feed at a partial pressure of not greater than
about 500 psia (3445 kPa), preferably not greater than about 400 psia (2756 kPa),
most preferably not greater than about 300 psia (2067 kPa).

[0040] One important canversion process condition according to one embodiment
of the invention is gas superficial velocity. As the gas superficial velocity
increases the conversion decreases avoiding undesirable by-products. As used
herein, the term, "gas superficial velocity" is defined as the combined volumetric
flow rate of vaporized feedstock, which includes diluent when present in the
feedstock, as well as conversion products, divided by the cross-sectional area of
the reaction zone. Because the oxygenate is converted to a product having

significant quantities of ethylene and propylene while flowing through the



desirable to operate using nethanol feed at a partial pressure of not
greater than about 500 psia (3445 kPa), preferably not greater than about
400 psi a WD030440BR), nost preferably not greater than abear/30D24331 a (2067
kPa). [00401 One inportant conversion process condition according to one
enbodi mrent of the invention is gas superficial velocity. As the gas
superficial velocity 1increases the conyersion decreases avoiding

undesi rabl e by-products. As used hereilh, the term "gas superficial
velocity" is defined as the conbi ned volunetric flow rate of vaporized

f eedst ock, weactianizoed, thtegns dupaniesial webasity praysent atidifferet lodasiedswikia, as wel |
as conver si roduct s Lvi,ded hy the cross;sectional area .of . the
reaction zo @?P ggguggétﬁéeg%§gg§g?gavgl%@ﬁvgfwgheﬁgﬁ quSriﬁFmﬁ%ving

si gni fi cant duanpretdneandihetddy k&mion ang patiopit Lo kig: feddiohrend hr ough t he
WO 03/ 048085 PCT/ US02/ 24577 12 reaction zone, the gas superficial velocity
may vary at emp§rauEs Prospraapdalengelenany reackan paametesn zone. The degree of

variation dg@@éﬁq%n Qe téllﬁﬁo&iﬁlteﬁ{, fﬂétgaétp?ﬁope%cimeﬁ)%ité% mPARiRdGEE M BPd the

cross section of a particular nin the reaction zone, tenperature,
pressur e angreitdreharr Ehnetcaptr seeaclt (nds) ap astroee ot i O 4dattidmzamee lenmbodi nent

the gas superfjcial, velocity is. maintained at rate of .greater than 1
meter per SEeBMA tHpRdmEpt. téudsirghle B iMeens RineiciGSltitg S HERE. M anot her
embodi ment, ghbud SmAesida8dR gohittin theQea8n §&¥é‘.3rl\flbl%!d@§ira‘bﬁj,%%\a% is greater
than about 2 m's at |east one point in the reaction zone. re desirably,

the gas supspdrficiahveloatyosigtopter thagabeutdrS mfreat leabioane pRI imfhs regctipeast one

point in the reaction zone. Even nore desirably,. the s, super.fici al

Dol oci ty | 7gPEarur s fofionr U bar suberfL it in bR BEE Eact i on
zone. Most de&dastadle)poirlt ethgagactompedrel Oiest dusitabyi the gaé supgrfeadieelothan about 8
ms at |east one point in the reaction zone, [0042 According to yet another
embodi ment  dF SkeRET thap aheytSrin/sahisayage REWEIFNE Fe3Ftion&N6ci ty i s mai nt ai ned

relatively C[@@A?Zﬂ%co.fdgn%{&eyeli %?ﬁér%&b%@i%n%ﬁgtﬁe ﬁlﬁlﬁﬁgéd;?ne%%? superipgAif 1 ci al

vel ocity is 'nmalntaine t @ rate greater t olnts in the
reacti on zoneloclty i mamtgeddektivedh censtdnain thhecagasn sunpanéh thatthe ged ocity be
greater than aho| nms at . all points in the rea?t' zone.

u . 1 O re
desirably, tHe® ﬁ’él} ‘éé%‘é?yflﬁ glagtaingtgdpiegreaterdhant s attﬁgﬁo%ﬁtt .5 ms at
all points ip,&iBR 26620 [sAcZREEabI EMENHERESsuperficial velocity be greater than

about 2 m/s at all points in the reaction zone. More desirably, the gas superficial
velocity is greater than about 2.5 m/s at all points in the reaction zone. Even more
desirably, the gas superficial velocity is greater than about 4 m/s at all points in
the reaction zone. Most desirably, the gas Superﬁcial Veloci.ty is greater than
about 8 m/s at all points in the reaction zone.

[0043] The amount of ethylene and propylene produced in the oxygenate to olefin
process can be increased by reducing the conversion of the oxygenates in the
oxygenate to olefins reaction. This is because a high conversion of feed
oxygenates tends to form additional undesirable non-olefin by-products.
However, reducing the conversion of feed oxygenates in the oxygenate conversion
reaction tends to increase the amount of oxygenated hydrocarbons that are present
in the olefin product. Thus, control of the conversion of feed to the oxygenate
reaction process can be important.

[0044] According to one embodiment, the conversion of the primary oxygenate,

e.g., methanol, is from 90 wt % to 98 wt %. According to another embodiment



desirably, the gas superficial velocity is greater than about 4 mis at al
points in the reaction zone. Mdst desirably, the gas superficial velocity
i s great ewotohassosmbout 8 ms at all points in the reacti omCTarse224500431 The
anount of ethylene and propyl ene produced in the oxygenate to olefin
process can be increased by reducing the conversion of the oxygenates in
the oxygenate to olefins reaction. This is because a high conversion of
feed oxygenates tends to form addi ti ohdl undesirabl e non-ol efin

by- products. However, reducing the conversion of feed oxygenates in the
oxygenat e cohvermyewsipn afgugthanohistienai82 wo % toctBeus’é. preterahip fram Wwigdky genat ed
hydrocarbong bggkggre present in the olefin product.. Thus, control of the
conversi on of to the oxygenate reaction process can be inportant.

[ 00441 Accor[d045) Aot ranotheremnbodinbst, theryavession obiethagol g Abvae Y]

oxygenat e, anol, is from90 w %to 98 wt % According_.to

. g., th , )
anot her epbd%i Ol/gié?\{egs\@a@ép@%&/BSA?f@W‘[‘S@ﬁ‘?%’??mb‘l‘%}mteﬁb thegiepusraiPb At of
met hanol i s f&GRMoP% Hhm™os PwdS t@ges%haiml@g)ﬁha)?;l ;}feffefa%f? @ém%.fy%‘%% 98 wt %

[ 0045] According to another enbodi men , e conversion of nethanol is above
98 Wt % t 0 ebst YhAncdrOdgws aféthekeotodinmagt,ttie eomotisem o misolkinobistfiont he
conversion qf, , nef hanol is fr 98. 1. .wt, %.to s_than, 100 wt % preferably
from98.2 vvtcbgf’/%%ﬁ’ %e.sé_t%" %%g‘gté’of’ﬁf%b‘?(%mg‘%ﬁ%? /Qﬁ‘r’&? Vhgnt, the

conver si on qbo4@ IR A9 Inviestid, WX gh BerdenMeoerfon BalchRedd 3% watdk r8d
preferably from98.2 wt %to 99 wt % [00461 In this invention, weight

percent conbapisiuplesy etherayisegpaeifigd ol eighhagreentcppeersipmen 8 Watar &igs batiher wi se
speci fi ed. ' v ' e.hasis . is cal cul ated
26100 % (praRaBEbEa0n IRBLE ShAn R M el FEPRA Feght 8 013t e
hydr ocar bon dxfgéaedgiydehitatboalin thewaddrict bt ewateafeshasishh@hsaiaees fitg¢ ee  basi s of

oxygenate is cal culated by subtracting out the water portion of the
oxygenat e ir?af‘ﬁég?’éé:’&nﬁﬁéﬁ ﬁi@&ﬁ@fbyﬁwga@%%ﬁ?wwwl?‘w @ in the

product . FQnygéégFGgthe feB& aMPh B ctf zln‘&!’e‘!xélﬁ&iﬁg%atéf%ﬂﬁ?é?ﬂh ¥ prBfudpXxygenat e

free basis is ulated by multiplying t wel ght flow rate of nethanol
by 14/ 32 t o Fogexangpletbe wargheflowaatp ofimethand] anhe axpgtratoiree basisanot her
exanple, t h%a cﬁfa?edfblyor\lllvulrti%Fy(lengotfhe weight flow rate of methanol by 14/32 to remove the
water component of the methanol. As another example, the rate flow rate of
dimethylether on an oxygenate free basis is calculated by multiplying the weight
flow rate of diemethylether by 40/46 to remove the water component of the
dimethylether. If there is a mixture of oxygenates in the feed or product, trace
oxygenates are not included. When methanol and/or dimethylether 1s used as the
feed, only methanol and dimethylether are used to calculate conversion on a water
free basis.
[0047] In this invention, selectivity is also calculated on a water free basis unless
otherwise specified. Selectivity is calculated as: 100 x wt % component/ (100 —
wt % water — wt % methanol — wt % dimethylether) when methanol and/or
dimethylether is used as the feed.
[0048] Desirably, the amount of oxygenated hydrocarbon present in the olefin
stream from the oxygenate to olefin reaction, on a water free basis, is at least
about 100 ppm by weight, preferably at least about 500 ppm by weight, and more
preferably at least about 1000 ppm by weight. The amount of oxygenated

hydrocarbon in the olefin stream, on an water free basis, should not be so high,



di met hyl et her on an oxygenate free basis is calculated by nmultiplying the
weight flow rate of dienethylether by 40/46 to renove the water conponent
of the dwowmBlydosther. If there is a m xture of oxygenat e®Cirrusohasssieed or
product, trace oxygenates are not included. When nethanol and/or

di rethylether is used as the feed, only nethanol and dinethylether are
used to cal cul ate conversion on a water, free basis. [0047 In this
invention, selectivity is also cal cul at®d on a water free basis unless

ot herwi se specified. Selectivity is calculated as: 100 x Wt % conmponent /

(100 - wt 9%haaemer, to signifigansly et removigl ofghgi orsgenarediitydrocathiee Aropethhanol
d/ or di | ' d ' f
orvtonat en HOUFSIEShEh UEE 1S, bSO B BRI Ry oo 0

oxygenat ed hydrocarbon eam f € oxygenate to
ol ef i n r eactth®olefinBtréanBrbarthé begehas tsolefis rattibepdtess ahaild bd A& ppm by

wei ght, preferably at |east about 500 ppm by wei ght, and nore preferably
at | east ab(&‘j?at%é%@ FH%Wvéinb‘ﬁ?Pre%ﬁ@’l&ﬁﬁiﬁﬁat%ﬁ‘t%@fk%@ﬁétwﬁa?H’;?idrocar bon in

the ol efin Thf<@ Bl 301 WRLEF thhh 8883 wrosshoul d not be so high, WO
03/ 048085 PCT/ US02/ 24%77 14 however, to significantly affect renoval of

t he oxygenat[@eHH ykheotemxoreamrfoom theexy gesia @bbesohetichopgedudly. Pref er abl y,

t he anobunt of oxygenat ed rocarbon,in ,the glefin streamfromthe
oxygenat e t §°BR i%nvaflgté'cqtji% mﬁ?%%g%d %%W%o%g)%octompgpgg?,épclgcﬁ% about 2 wt
% nore prefigrablypially ghealefifi strétanwabesHiaid aWead®0 aRds wars ind4tg64E abl y not
greater than about 0.5 w % [00491 The olefin streamfromthe oxygenate

conver si on Pearit’odiydipspdend. | Yn a poHr spHainmebapishg olsfinkirerra dayigbly and
non- hydr ocar, to i i r i gé E Q) efi;n stream
o, o e IR  MELA e, RGBS 0L ST o
a wat er contnargiprgerablyilsss thdnel lohvedol RPrefemablgioe siateabbntainh@dabiess t han 25 wt
% oxygenated hydrocarbons, preferably lLess than 20 wt % and nor
preferably Tesst 2 Hadk qfﬁﬂwegm SIBPaR é?%ﬁql%‘;_,s i eae ait miopEishe o B MEoBhsi s, at
least 20 wt e%‘}@énettl??rdﬂ Rk Rasbé &ﬁ{@t&f)&m{ek{%&ﬁbﬁéﬂa}{éi‘ﬁg Rafald: MaoRyhsine. The
ratio of ethylene to B),r opyl ene can be adjust'ed as desired by changing
cat al yst andondéonorOtheomzhi-oxymesatedd yeocartons oxthgenatuetstiegaracar bons i n t he
product strea gan :
include C, to Cy paraffins, C4 to Cy olefins, and a variety of other saturated and
unsaturated hydrocarbons.
[0050] The olefin stream will also contain a variety of oxygenated hydrocarbon
components. These components include, for example, methanol, ethanol, C3
alcohols, dimethyl ether, methyl ether, C4 ethers, acetic acid, propanoic acid,
butyric acid, C; to Cs aldehydes, and C; to C¢ ketones.
[0051] The amount of oxygenated hydrocarbons in the olefin stream will vary
with the degree of oxygenate feed conversion. At lower oxygenate conversion
levels, there is an increase in the amount of oxygenated hydrocarbons in the
product stream. According to one embodiment, at least about 0.5 wt % of the
olefin stream, on a water containing basis, comprises oxygenated hydrocarbons.
Another embodiment comprises, on a water containing basis, at least about
1 wt %, and yet another embodiment, on a water containing'basis, comprises at
least about 2.5 wt %.
[0052] A significant amount of water in the olefin stream from the oxygenate to

olefin reaction process is removed by cooling the stream to a temperature below

the condensation temperature of the water vapor in the stream. Preferably, the



include Cl1 to C7 paraffins, C4 to C7 olefins, and a variety of other
saturated and wunsaturated hydrocarbons. [00501 The olefin streamw || also
cont ai n awoQasiogtogs of oxygenat ed hydrocarbon conponents. TPhedsSorpispbnent s

i nclude, for exanple, nethanol, ethanol, C3 alcohols, dinethyl ether,

met hyl ether, C4 ethers, acetic acid, propanoic acid, butyric acid, C2to
C6 al dehydes, and C3 to C6 ketones. [00511 The ampunt of oxygenated
hydrocarbons in the olefin streamw || ]éary with the degree of oxygenate
feed conversion. At |ower oxygenate conversion |evels, there is an

i ncrease i n temperaivsueftthe progust§ipem edcanladrio easmparatuiepelerethepr oduct st ream

Accor di 19 Q. Qe ATNAGRIEA e Bk 8204n8IOU G Betlhy 8 B8a A 0l of )0 St eam

on a water contalning basis, S oxygena rocarbons. Anot her
enbodi ment  cleripdbil s ®o0bihe protiatEstrea@tickivithegohdsbftionaemp&asite gfbout 1 wt %
and yet anot her enbodi ment, on a water containing basis, conprises at

| east about ™etBanRd- o4 [ 00521 A significant anmount of water in the ol efin

st ream f r ombhss) QX KGRARIE: fbRooPhEbleRnRE%GH M ME BEERRatedo bRFRVE by cooling

the streamto a tenperature Bel ow the condensation tenperature of the
wat er vapor reactibh@retsseten séraedfte thelvoyled ohdin\WDe 08/1114 808 HraB{ohs USHR2/ 24577 15

t t f .th t,st IS . led t t t | th
condonsat 1 o el BeEear g S RpRuRaT St Ber et SEBE B Sroai mont s i 1

is desirablgatéarsifale dléfh Nrearhlad SidiRBENbEbAYH bt GRPERAREL | On tenperature
of nmethanol. [00531 It is desirable to cool the olefin streamfromthe

oxygenat e t dwgraspibans fremdhe olafip pioeass sAnetherfrastipm isanelefHevanepstesanol ef i n

streaminto i - r jQn. is ter containing
stream whi crﬁ%}@}r{ﬂé'ﬁ@esgggrgnsaﬂoqo}? O{ﬁlg%?%/\d/ant?’eeré‘f g@%&?{}%ﬁ% gﬁl?&gt ream and a
signi ficant [pes4]iThe obdfirt dh@amXitge trtogsgedayco addinbesnsioh pesvetdie ol efin stream
Anot her fraction is an olefin vapor stream which cqonprises a majority of

h
the ol ef i ns,degiraply ceal¢dsodhet thnePQed FYNdshEEd WHETFRNtaHRS S FP&ReHm f r om

the Oxyge”ag&s¥PM"’&&lg{%eﬁ&@&h&cﬁﬂcé?ﬁ&??%?erhﬁy PR3 B0l ol ed so that the

cool ed, condensed wat cont al ni ng stream contal ns at
oxygenated hydrocarbon, more preferably at least about 3 wt % oxygenated

hydrocarbon. It is also desirable that the cooled, condensed water containing
stream contain less than about 1000 ppm by weight olefin components, preferably
less than about 500 ppm olefin components, more preferably less than about 250
ppm olefin.

|0055] 1t is also desirable to cool the olefin stream from the oxygenate to olefin
reaction process so that a vapor stream, rich in olefins, can be separated from the
condensed water containing stream. It is desirable that the vapor stream contain
not greater than about 20 wt % water, preferably not greater than about 15 wt %
water, more preferably not greater than about 12 wt % water.

[0056] The vapor stream also desirably contains not greater than about 15 wt %
oxygenated hydrocarbon, preferably not greater than about 12 wt % oxygenated
hydrocarbon, more preferably not greater than about 10 wt % oxygenated
hydrocarbon. In one embodiment, the vapor stream contains not greater than
about 15 wt % methanol and dimethylether, preferably not greater than about 12
wt % methanol and dimethylether, and more preferably not greater than about 10

wt % methanol and dimethylether.



| east I wt % oxygenated hydrocarbon, preferably at |east about 2 wt %
oxygenat ed hydrocarbon, nore preferably at | east about 3 w % oxygenated
hydr ocar bwo.o3lou808s al so desirabl e that the cool ed, conden®ed/usar/ess77
containing streamcontain |ess than about 1000 ppm by weight olefin
conponents, preferably 1|ess than about 500 ppm ol efin conponents, nore
preferably | ess than about 250 ppmolefin. 100551 It is also desirable to
cool the olefin streamfromthe oxygené@e to olefin reaction process so
that a vapor stream rich in olefins, can be separated fromthe condensed
wat er cont ai[#057§ Is pneembodimentofdessinversion, thhatefinisresm fiom teodedimteont ain not
greater than a(t,)ou{ 20 Wt 9% wat .er l%retferabl érnot rtelgtn s rte;g%q bout 15 wt %
wat er, mor e OBV PRI O BIOG I CRRICY AP SBYIR 1Y Tet 54 Mg & 561 The
vapor streanmhalhs@hdeshd dlo¥nfOn deMsreactionPreakels daltivd clp OPefetdbint %
oxygenat ed hydrocarbon, preferably not greater than about 12 wt %

oxygenat ed thselefe sFesghis capled apt Bieauap PO Steater BanaboutrdPsiddt? 10 wt %

oxygenat ed %ggg%% B%Eerﬁw%g%Fﬁgptg%; gagr;],g; ,é? hﬂgﬁmg@a).m ream cont ai ns not

greater than bou ano yl ether, preferably not

great er thano@sput qieachedludtnnie bhatypk ofierphinene thmy isetffeetiye mrmbolmng thepr ef er abl y
not greater n abogi 1% wt .. % et hanol and di net hyl et her ., . ]V\D 03/ 048085
PCT/ US02/ 249N STEaPG sy 16 lefihio NBIWIHFE ORISR i IRFMEROC AL of ef i n

stream f r omutfug, @i NMdiOdir@XyIERALEd WeBGhd SBARERGASH dod] hRlieMal a
pressure range that"is not gréater than that at which the oxygenate to

ol efi n r eacthodespedeesieniasion sempesdursutConpenspiggrapoguces thecopemsed streami s

or ot or abl AR gpearure i MERS a0 A Sk o al SephiSient o Thec cot um

i s one type opfinrgiHieBMithe biddih preduef fteamirv@aind acaSdr] NGl dxite theoquehtin st ream
fromthe olefin to oxygenate reaction_process. In a quench col unn,

quenchi ng f Icglughn & agi eeerd vershsteatedTii QHsThepe VARESIRAR IS Aeh O ool "t he
stream {0 LDGudPshd eth AONESRARLLABLAIRELA b BcarbBIERRRALEN Produces the

condensed er ‘contal ni ng stream Is”also refe to as a heavy
bottoms st r aes9] Thene ehbbdimeporitel uendiing fieid & fecyclpsoemcof ther eam remai ns a
vapor, and Eé)(()lndtesnset:(J1 \i'\/at%;J gonn(t:zﬂning, heavy bottoms stream of the quench column. This

water containing stream is desirably cooled, e.g., by a heat exchanger, and

injected back into the quench column. It is preferred in this embodiment to not

inject cooling medium from an outside source into the quench column, although it

may be desirable to do so in other separation equipment down stream of the

quench column.

[0060] Tt is also desirable to further separafe oxygenated hydrocarbon from the

cooled, condensed water containing stream. Conventional separation processes

can be used, distillation being one example of a separation process. The separated

oxygenated hydrocarbon can then be used as additional feed for the oxygenate

reaction or it can be used as fuel or for other processing.

[0061] The oxygenated hydrocarbon stream separated from the cooled, condensed

water stream should be low in water. In one embodiment the separated

oxygenated hydrocarbon stream contains not greater than about 50 wt % water.

Lower concentrations of water in the separated stream with concentrations of not

greater than about 40 wt %, about 30 wt %, and about 25 wt % being increasingly

preferred.



colum as an overhead vapor stream The overhead vapor streamis rich in
olefin product, and can al so contain sone oxygenated hydrocarbon

by- pr oducwe.03j0@9891 | n one enbodi nent, the quenching fl ui ecrasazeescycl e
stream of the condensed water containing, heavy bottons stream of the
guench colum. This water containing streamis desirably cooled, e.g., by
a heat exchanger, and injected back into the quench colum. It is
preferred in this enbodi ment to not iH]ect cool i ng nmedi um from an out si de
source into the quench colum, although it may be desirable to do so in
ot her separ 40063h Toqokygesated dydiocarbpe streaot thatis sepgiasettiomdheisarled, 00601 1t s

0oL Sy e Ay RSBk BENOEDTS S gegidiphdrom e oooled

ning Sstream separ atl off processes can

be used, di gtickhtagd Soxygemgedmneireasstnk eDefirablys epaepdiraed speans esgaind he
separated oxygenated hydrocarbon can then be used as.a diii onal feed for
the oxygenatbleastaheytisnvior of thecoxyeenateddygrosarbopypreggnt fpthe 9fgliyStispcessi ng.
[00611 The Str S e d,
ondensed . Ha K R R e e
separated dyygemabdetexnadied Canbthe obfmemoducbstteaimnae pefergpde ateparatetHan about 50

w % water. Lower concentratipns of ter in.the sepgrated, streamwth
concentrat i éﬂglﬁcw&‘?‘“éﬁéﬁﬁsélag?ﬁfﬁ ‘%\%xﬁ% le t‘"{BPu%OS‘é(g%’lﬂ“dé‘gle\%Et % and about
25 W % bei pgottenGasioh eloxyRERERIHyREbcal¥on preSihd UBfhe Blelindae2h 24y 7 17
100621 The oxygenated hydrocarbon streamthat is separated fromthe cool ed,

condensed wdleoxygortaiaattion proeesaaieshesaistndy Befasdt ain a rel ativel y high

d. hyd . [ s
Contai e af T AR BRoBHHACE B hreo FERDARRY oy REPERTREER A L2 1

the ol efin siAaRRAbOA FROVENSYREIPEREINE theo/apbedticamrfomedd foom poolaesthe Hi gher
proportions of oxygenated hydrocarbons extracted fromthe, ol efin product
stream are preifeyiiean froge figoxy genateioobel P erinn RTQfeHy RMPrEssstS tgﬁout 60 Wt %

at least aboyt, 70, c:g?l’l]@étﬁgeesa% tlereﬁl%itvari@l?so&yfggrgaté’g hydr&arfdntompbaraat ed

0
hydr ocar bons presen efin streamtrom the oxygenate reaction
process ar e villigh eaginogtondenetidyrmeetely cooling the olefin stream. These

additionally condensed compounds are combined with the condensed water
containing stream and the oxygenated hydrocarbon is separated and recovered.
Optionally, the compressed condensate stream can be methanol and/or water
washed and oxygenated hydrocarbon separated.

[0064] In one embodiment of the invention, the vapor stream is compressed to a
pressure that is greater than that at which the oxygenate to olefin reaction process
is carried out. Preferably, the vapor stream is compressed to a pressure of at least
about 30 psia (207 kPa), more preferably at least about 50 psia (345 kPa), most
preferably at least about 100 psia (689 kPa). High pressure ranges are particularly
preferred, with the upper limit being a practical one based on cost of design and
ease of operation. Practical high pressure limits are generally considered to be up
to about 5,000 psia (34,450 kPa), with lower limits of about 1,000 psia (6,895
kPa), about 750 psia (5171 kPa), and about 500 psia (3447 kPa) being
increasingly preferred.

[0065] Yet another embodiment of this invention provides for additional
oxygenated hydrocarbon recovery. This additional recovery results by methanol

and/or water washing the vapor stream formed from cooling the olefin stream



[ 00631 Anot her enbodi nent of this invention provides for additional
oxygenat ed hydrocarbon recovery by conpressing the vapor stream forned
from cool wogshs®ss ol efin stream fromthe oxygenate to ol efeicm/useze4sron
process. Conpressing the vapor stream condenses water and vari ous
oxygenat ed hydrocarbon conpounds which were not condensed by nerely
cooling the olefin stream These additjonally condensed conpounds are
combined with the condensed water cont&i ni ng stream and the oxygenated
hydrocarbon is separated and recovered. Optionally, the conpressed
condensat e $tonedimoxsgenste tawlefrmerction arasessadihermetharohaul/ amvatendyydaht ed

hydr ocar bon separ at ed.. [,006 in..Q i : Lo t he vapor
streamis c8ﬁ%@8é§fee8mt’8[‘}ben Cé%‘é’énseg r@ﬁ}tﬁg?gnl%se H%péhéﬁéerréog ﬁ‘édr%ﬁ%/ Etge%a hatgl m\1/vhi ch the
oxygenat e t ghb:glckitéERalro@bdi ioegmtated B desdritieddbowet . Preferably, the vapor

streamis conpressed to a pressure Qf at |east, about 30 psja (207 kPa),
nor e preferdgé)ﬁﬁlzﬂeslf@hgefnpé%‘&f?r%eb ranethansl sy watgigyas ‘;Sllgé’f’%Yag’ny at | east

about 100 psj i 0 paLBil Gohddovit preferred,
with the up%lerganlc ?%gftr 2?’%%@@;@2%&%%2{)&02?2%%%&? grr? cos%] of deositgn and

ease of operath di6°CRoabbutcidl0hi{cghCp messpreferdbilnfrom ahpet BRETAC) tp consi der ed

to b to. ab ia. (34 450 kPR ith | limits.of about
1000 poi a (BoBoRVTRURC) Tl S gied tstratol e e LBt 0296% pei
(3447 kPa) Lebn®0.0 fMaEEs i Mtdrreldinnagor RABOWh¢RIcarBotias befobkodi ment  of

this invention provides for additional @ oxygenated hydrocarbon recovery.
Thi s addi t i enafteraptionalropmpeessions Olier detitgd low raagrs/ipeludgabout Q43 ng t he
vapor streamfaor fr 0ol i.n ol efi r 3

PCT/ US02/ 24%9““@%?%% ﬁ%%%ﬁ%égﬁ‘%ﬁ%v{ﬂ%’fs %%I”na%rg{e}?ac |g’n4b§rﬂ§%§§§n.es The

met hanol andf&nowaite bf WieShedporrestiCindsbowans » abbet?. @ dntes thedlont t h t he
condensed water containing stream and _the oxygenated h}\]/drocar bon is

separ at ed agaigeselefipeapesdgan. lopeaksa bexslicialtp maintet theayash Faipgebat or

nmet hanol an - i 40F (4C) to
Tbout 2007 (55lig 8 pRIGUEIE dpi\orlPRl: wrdor SR AL 10 G0 AT 660y

mor e pr ef er ahteyin tionwadhautit. SOk if2FSingtdesirabbototmA R thd 9a@sh rate shetbatr ed f 1l ow

rate of met Q}?enl(l)clluig ?)Id()/d(l)lrct mﬁee \r)vasihsco(;‘rtc)a.(l)ﬁJ ﬁotog'r%:tl'ertt}?an about 1.0 wt %, preferably
not greater than about 0.5 wt %, more preferably not greater than about 0.1 wt %,
and most preferably not greater than about 0.01 wt % of the olefin entering the
wash unit.
[0067] Conventional contacting units can be used to water and/or methanol wash
the vapor stream. Columns with trays and/or packing are preferred wash units.
[0068] The oxygenated hydrocarbon product that is separated and recovered
according to this invention comprises a mixture of oxygenates, including at least
part of the unreacted oxygenate feedstock. One mixture of oxygenated
hydrocarbons in the oxygenated hydrocarbon product of this invention is a
composition which comprises not greater than about 50 wt %, preferably not
greater than about 40 wt %, more preferably not greater than about 30 wt % water,
at least 25 wt %, preferably at least about 30 wt %, more preferably at least about
40 wt % of (a), wherein: ' '

(a) is a compound of Formula I -
R—OH Formula I

wherein R is C, to Cs alkyl;



about 20.0 tinmes the flow rate of olefin vapor stream which can be either
before or after optional conpression. O her desired flow ranges include
about 0. OWotos/o4saBduUt 10.0 tinmes the flow rate of ol efi n vaoaruseressam about
0.05 to about 5.0 times the flowrate of olefin vapor stream and about
0.05 to about 2.0 tines the flow rate of olefin vapor stream It is also
beneficial to maintain the wash rate s? that the liquid product of the
wash contain not greater than about 10 W %of olefin enteri ng the wash

unit. It is increasing desirable to maintain the wash rate $o that the
liquid proddieQ69band fremabent toprraby weisht.grefarbly tromadbAslP PRMPYw 94

preferably not greater . 9 £t tBa658aklye,not greater
t han about &'° o%%%epr%‘fﬁ%g%g@?%?% tgrogg}%mr?&‘%g] eat gr than about 0.01 wt %
of the ol ef iprefeabigrabog & Wevo, wasépiefiribly pi6 3 WtGorofenteagmab contacting units

can be used to water and/qr t hanol wash t P strea Colums with
trays and/ ocopaewidsgelsried B’P@f Fﬁ%‘p\ﬁﬁgﬂs"mgﬂfzbs’ &?{@gﬁafﬂ'@gj@%}%nat ed

hydr ocar bon yprogucttfiat is separated and recovered according to this

i nvention conprises a m xture of oxygenates, including at |east part of

t he unreact ed oxygematempeedsefdokmuldle ni xture of oxygenated hydrocarbons
in the oxygenated hydrocarbon product of this invention is a conposition
whi ch conprises not greater than_about 50 wt % pre eralglﬁﬁll not greater

than about 40 wt % nore preferabl'y fiot\2greater thah®3d 30 wt % wat er,
at least 25 wt % preferably at | east about 30 wt % nore preferably at

| east about %i0R, {80 toWEB)IRnd Rs €30 &, ARIPAMRELIFR, FRKMEl a | R OH
Formul a | M@A%“eﬁ&??g@&%’ o R i e AR Be o D50 54577 10
100691 and ftheosanemuwr differgprihdmRaei ght, preferably from about 500 ppm by

wei ght, nore preferably fro atﬁput 000 ppm by weight to about 10 wt %
preferably about ( 1\?\/9‘55/5“1’9‘6‘}[3(30 roé‘inéé |y about 6 wt % of at |east two

conmpounds sel ected fromthe group cor(l)sisti ng of (b), (c), (d), or a

conbi nation thereof, wherein:
) Formula III

R3—C—R4
[0071] wherein Rs is C; to C3 alkyl and Ry is C; to Cj alkyl, wherein R3 may be the
same as or different than Ry; and
(d) is a compound of Formula IV
0O

) Formula IV
Rs—C—H

wherein R is C; to Cs alkyl.
[0072] The mixture of oxygenated hydrocarbons in the oxygenated hydrocarbon
product of this invention optionally comprises from about 5 ppm by weight,
preferably from about 250 ppm by weight, more preferably from about 500 ppm
by weight to about 5 wt %, preferably about 3 wt %, more preferably about 2 wt
%, of (€), (f), or a combination thereof, wherein:

(e) is a compound of Formula V

O

) Formula V
R—C—OR,



(b) is a compound of Formula Il R1-O-R2 Forrmula Il 100701 wherein R is Cl
to G4 alkyl and R2 is Cl to &4 al kyl, wherein R may be the sane as or

di fferentwOlat44883 (c) is a conpound of Forrmula Il O Fecwusa2/24sr7 R3- C- R4
100711 wherein R3is Cl to C3 alkyl and R4 is Cl to C3 al kyl, wherein R3
may be the sane as or different than R4; and (d) is a conpound of Fornul a
IV 0 Formula IV R5-CH wherein RS is. Cl to C5 alkyl. 100721 The m xture
of oxygenated hydlr?)car bons in the oxygg(?"lat ed hydrocarbon product of this

i nvention optionally conprises fromabout 5 m i ght referably from
agout 250 phPE7BY whsteimRs lsn%rtecplaﬁ‘ﬁ’e'%%ylsﬁléﬂ%aﬂg%lt %@%‘ngg}e%@i gh%/ to
about 5 wt % prefer. t. 3w % nore preferably about 2 wt 9% of
(e), (f), or '398501?7%“%2‘1[%%%%? e’raglgf, wherein: (e) is ayconpound of Formula V
0 Formula V R6- (H)GRY cofiplidd@48688ulPRT/ US02/ 24577 20 [00731 wherein R6 is
Cl to C3 alkyl and R7 is C1 to C3 alkyl, wherein R6 may be the sane as or
different than R7; and (f) is a conpgund of Fornmula VI 0 Fornula VI

) Formula VI
Ry—C—OH

wherein Rg is C, to Cs alkyl.
[0074] Representative compounds of Formula I include methanol, ethanol, 1-
propanol, 2-propanol, C4and Cs alcohols. Representative cempounds of Formula
IT include dimethyl ether, methyl ethyl ether, and C, ethers. Representative
compounds of Formula I include acetone, C4 ketones, Cs ketones and Cs
ketones. Representative compounds of Formula IV include acetaldehyde, C;
aldehydes, C4 aldehydes, and Cs aldehydes. Representative compounds of
Formula V include Cj; esters, C4 esters, and Cs esters. Representative compounds
of Formula VI include C; acids, C; acids, and C,4 acids.
[0075] It is desirable that the compounds of Formula I be present relative to the
total amount of the at least two compounds of Formulas I, IIT and IV, in the
separated oxygenated hydrocarbon, at a weight ratio of at least about 2:1,
preferably at least about 3:1, more preferably at least about 5:1. When
compounds of Formulas V and VI are included in the separated hydrocarbon, the
compounds of Formula I will be present at a weight ratio of at least about 5:1,
preferably at least about 7:1, more preferably at least about 10: 1, relative to the
combination of the compounds of Formulas V and VL
[0076] Preferably the separated oxygenated hydrocarbon is a composition that has
at least about 15 wt % methanol, at least 10 ppm by weight dimethylether, at least
about 10 ppm by weight acetoﬁe, butanone, acetaldehyde, propanal, butanal or a
combination thereof, and not greater than about 50 wt % water. More preferably,
the separated oxygenated hydrocarbon is a composition that has at least 20 wt %
methanol, from about 10 ppm by weight to about 10 wt % dimethylether, from
about 10 ppm by weight to about 10 wt % propanal, from about 10 ppm by weight
to about 10 wt % butanone, and not greater than about 50 wt % water.



R8-C-OH wherein Rs is Cl to C5 al kyl. 100741 Representative conpounds of
Formula | include nethanol, ethanol, 1- propanol, 2-propanol, 4 and C5

al cohol s.wBapnewent ati ve conpounds of Formula |1 include pdirmsotgds7et her,
met hyl ethyl ether, and C4 ethers. Representative conpounds of Forrmula I1I1
i ncl ude acetone, 4 ketones, C5 ketones and C6 ketones. Representative
conpounds of Fornula IV include acet alj?glehyde, C3 al dehydes, 4 al dehydes,
and C5 al dehydes. Representative conpounds of Fornmula V include C3 esters,

C4 esters, and C5 esters. Representative corrpoémds of Formula VI include
C2 acids, CH03d1 dbe separtadioxyerepted hysooasmbonprowddesead; PyBeNte HREUS he conpounds

of Formila | be freosiile sl AL o G biPuenk@h ALaRERHS sbcd BPtianel east Lo

conmpounds of TESH T & epar at ed oxygenat ed
hydr ocar bonch@hical coavehion babsd ofuef. @be deastle abooftth@separatgsh @fygerdddy at | east

about 3:1, nore preferably at |east about 5: 1. Wien ..conpounds of Fornul as
V and VI ar 8Y§redrbemels 853 Prieediay ?%’fyéan%?/@r(gﬁéi [58RoT ¢ Flae S%B%rﬁ%gunds of

Formul a | V\’io%(ilg';emgteﬁ’ %g@%@&m@ﬁ céh WEfed mred't?yttb ehekadbr, begeferadp utixbd 1,

preferably at”Teast out 7:1, nore preferably at |east about 10:1,
rel ative t owithenothenbxymbatedhpdrocaneons olisonettiznabfandshen fied &0 thesepgtors . [ 00761

Preferably the separ d ox nat ed rqcar Ny L t hat has
at | east ab&i’l"thffﬁ%t‘%g}g%%etpﬁéﬂe O,Xyg?nalt%}gg Pofﬁf%(égr‘% Syaaf\}\l/g?%%ssgédﬁe&?%yl et her,
at |east abQuiendRdRRBIRNbYRLANEe @piiuere, andieanmessy can bt adcdedrgdend pr opanal
but anal or a “conbination thereof, and not greater than about 50 wt %

wat er. Mor e upedsfsertet sourcetip sheseygenatel@ AstiyaResear Aar eSS ESn is a
composi t1 on (b PR 18R ohB3% s v gBERRRbwn if SRFRRLL 1l PP by
wei ght to algé) t tl fﬂg?ﬁteraa/oe ??r@lﬁrﬁép%%lesr ,Vemr?{))m about 10 ppm by wei ght to
about 10 Wt Fyaue edaiiaproddat Granadmonty gdhtgrorléfinswedctibt is seot thbaugh aliewt %
but anone, and not reater than about ng % tgr. t03/ 04808
PCT/ US02/ 248910 a390lingainty e gh QU4 ¥ted o %‘ﬁ @F B PIRPEFIE AFBEHRbPovi des an
oxygenat e pr.adyugt, va?&r sec%gl‘nt Eﬂl&mg@dbu‘ﬂg uHiad utbt &f4 lide 86 280 aayGenat ed
hydrocarbon 'source tor further ~chemcal conversion or as a fuel. One
desi rabl e usentahiigwreamparan@ctdfropyervdingdnit 12 through a line 14. The cooling

unit is kept cool by recycling a portion of the water containing stream through a

line 18. The line 18 preferably includes a heat exchange device (not shown) to

cool the recycled stream.

[0079] The water containing stream is sent to a separator 20, preferably a

distillation column. Separator 20 is used to separate oxygenated hydrocarbon

from the water containing stream. The oxygenated hydrocarbon is removed

through a line 22, with the remaining water being removed through a line 24.

[0080] The olefin vapor stream is sent through the line 16 and, optionally, through

a compressor 26. Compressed olefin is sent through a line 28 and to a separator

30 where a liquid oxygenated hydrocarbon containing stream, is removed through

a line 34. Olefin vapor product is removed from the separator through a line 32.

[0081] If desired, methanol and/or water washes can be used to increase the

amount of oxygenated hydrocarbon that is removed through the line 34.

Desirably such washes are carried out in different separator vessels, and operated

either in parallel or in series.

[0082] Oxygenated hydrocarbons removed through the line 34 are sent to

separator 20 to further concentrate the oxygenated hydrocarbon. The oxygenated



hydrocarbon is as a co-feed to the oxygenate to olefin reactor. The
separated oxygenated hydrocarbon can be fed directly to the reactor, or

pr ef er ablwp ogioxseds wi t h anot her oxygenat ed hydrocar bons, IPckasope4sanol , and
then fed to the reactor. Another use of the separated oxygenated
hydrocarbon is as a fuel. The separated oxygenated hydrocarbon can be
conbusted, and heat energy can be recovered and used as a heat source in
the oxygenate to ol efin process or ot processes. [00781 A general

enbodi nent of this invention is shown in the Figure. In the Figure, olefin
pr oduct frohy(émcajhweﬁmpéed@r%lgéﬁhﬂ@er%aféﬂlbéﬁ@%ﬂys@m ingghwitRythea 1ine 10 to
a cooling unit [ separ at ed
as an ol ef F%nc(?gi)egqx/at?r?cé)gﬁaﬁ?mnégtyéﬂam mgiﬁlglllgﬁ)?lt ﬁcghﬁg'sé}h?ggg Btlilelsne 16, and
a water Ccopdrtdbr hitdughmling 3Eeffhveedulftnsahamaimyg@amdlhydﬂ@altbhnough aline

14. The cooling wunit is kept cool rec tion of the water
cont ai ni ng gfadesRanResergrerd flon, ef ar eilqtrh gieid E‘?% UG YAt udes a

heat exchange, dewi £6e§ BOLo-3aEM tht BxysERaL réalaﬁor{%%}éé‘sls%gu%raﬁﬁﬁﬁl [00791 The
wat er containing streamis sent to d separator 20, preferably a

distillati or[nusol BImvlngSE)pafllﬂydlech(bed shmm&chttom, se\plébataeprwgrtgéhm@e

hydr ocar bon ter containin eam, The o ed hydrocarbon
is removed SIE‘HP‘EH’Q e&rtvf dhejpvention gay ﬁ% ré(’rlfﬁ]leﬂl‘vr‘\%ll% eéng r enoved
through a |ipGndfers witQQ&&QﬂatTma@{e@fwnhmaeﬁarﬁﬁgﬁaﬁrthésﬁ@mndtsbas@xgh the line
16 and, optionally, through a conpressor 26. Conpressed olefin is sent

t hrough a | theeing@tend to a separator 30 where a |iquid oxygenated

hydr ocarbon containing stream is renmoved through a line 34. defin vapor
product is renoved fromthe separator through a line 32. [00811 If
desired, nethanol and/or water washes can be used to increase the anount
of oxygenat ed hydrocarbon that is renoved through the line 34. Desirably
such washes are carried out in different separator vessels, and operated
either in parallel or in series. [00821 Oxygenated hydrocarbons renoved
through the line 34 are sent to separator 20 to further concentrate the
oxygenat ed hydrocarbon. The oxygenated WO 03/ 048085 PCT/ US02/ 24577 22

hydr ocar bons renoved through the line 34 can be directly conbined with the



condensed water containing streamin line 14 or they can be sent directly
to the separator 20 through a line 36. The result is that an oxygenated
hydr ocar bwo o3pssosiict can be recovered fromthe separator 2QTiusar/24537 r educed
in water content and can be used as co-feed for the oxygenate reaction
process or used as fuel. [00831 Having now fully described this invention,
it wll be appreciated by those skillzg inthe art that the invention can
be perforned within a wide range of péaraneters within what is clained,
wi t hout departing fromthe spirit and scope of the invention. W 03/048085
PCT/ US02/ 2457|7AU%§ CLAIMS What is clainmed is: 1. A process for separating
oxygenat ed hydrocarbon froman olefin conposition conprising: contacting
an oxygenat ew%t.h @ nol.ecul ar sieve catalyst to forman olefin
conposition, ét Eia‘r‘i“etdﬁé' ol efin composition conprises olefin, water and
oxygenat ed hydrocarbon; cooling the olefin conposition to forma |iquid
wat er containing stream_and an ol efin containing vapor stream wherein the
wat er cont ailni ng AQtotcé%irff%%?ﬁﬁfraf@%Qx%ﬁenﬁté‘éEYdrPCWOm/g{'@gfﬁé’ieﬁ{ned hydr ocar bon:;
separating the water o?iﬂ@ﬁ@&rﬂbﬂﬁn%‘t ream fromthe vapor stream conpressing
t he vapor stream sé’par ating an ol efin product stream and an oxygenat ed
hydr ocar bon contcahtactigz &t s:gammdte onthtaheolearprsésys eatalyapiorforn pealtefinconbi ni ng
t he water containing streamand th xygenat ed hydrocar,bon ont ai ni ng
stream and reCO\PQF‘ipﬁ&tIB%%'é"ﬁ%Ef‘él&e‘ﬁ%ﬁ‘ gfﬂ%?%&}?npﬂﬂﬁwaﬁ?s ?l?@?nvf eeraggrrbi ned
wat er  cont ai ni ng, gé&%@@@%da}%gg d oxygenat ed hydrocarbon cont ai ni ng
stream 2. The process of claim1, further conprising separating the
ol efin product i rolisgthetohafinegeen postiaitnione adiquihyateheOiaIpMgEERe
ggln;?r:ap : Q?nzt { ﬁ:r%gﬁg}io&?@ecopl{a%ﬁrelgs \S/ap%fr st ',r&h%reiﬁ Wt SRRfihg! N9

stream comprises at least 1 wt % oxygenated hydrocarbon;,

separating the water containing stream from the vapor stream;
compressing the vapor stream;

separating an olefin product stream and an oxygenated hydrocarbon
containing stream from the compressed vapor stream;

combining the water containing stream and the oxygenated hydrocarbon
containing stream; and

recovering oxygenated hydrocarbon product from the combined water

containing stream and liquid oxygenated hydrocarbon containing stream.

2. The process of claim 1, further comprising separating the olefin product

into an ethylene containing stream and a propylene containing stream.

3. The process of claim 2, further comprising polymerizing the ethylene

containing stream.

4, The process of claim 2, further comprising polymerizing the propylene

containing stream.



containing stream 4. The process of claim2, further conprising

pol yneri zing the propylene containing stream W) 03/048085 PCT/ US02/ 24577
24 5. Thewproeoewss of claim 1, wherein the water containi n@cstusezmsand t he
oxygenat ed hydrocarbon containing streamare first conbi ned and t hen
separated in a separator. 6. The process of claim1, wherein the water
contai ning stream and the oxygenated hydrocarbon containing stream are
bot h conbi ned and separated within a %%parator. 7. The process of claim1,
wherein the vapor streamis conpressed at a pressure of at |east 207 kPa.
8. The procéss oflhelpadasssiof aipiay eivrhereipthewaiks sapiaming dreaanddhe pr oduct

contains not great erer}agﬁgxﬁgpoc\g%o%cmgi%{ 14 s%’ealyl?et R{gsf(gog_l[?@?&{ %@lﬁﬂ'j‘ﬁ'@ \?\It wher ei n

t he oxygenat ed hﬂﬁ' ca product cont/al ns no %

wat er. 10. The presessd af a edparadr9, wherein the oxygenated hydrocarbon
product contains not greater than 30 wt % water. 11. The process of claim
10, wherein the oxygenated hydrocarbon product contains not greater than

25 wt % water. 1% AL RON VARt 28 SRIARASItADm arfdQhe Or €at er than
about 50 wt%% watzrehre',%r(l;alt‘%égﬁr east1 25 wt %?]Ig), wﬁ:er el r1]:g3 am%ns ae conmpound of

Formul a | R OH Foxyednated hydioeaion cBhthining, stteam @b bdth gombined 664 048085

PCT/ US02/ 24577 25 and from about 10 ppm by weight to about 10 Wt % of at
| east two conpodFRLAEL MARILYSIPRBIAt he group consisting of (b), (c), (d),
or a

7. The process of claim 1, wherein the vapor stream is compressed at a

pressure of at least 207 kPa.

8. The process of claim 1, wherein the oxygenated hydrocarbon product

contains not greater than 50 wt % water.

9. The process of claim 8, wherein the oxygenated hydrocarbon product

contains not greater than 40 wt % water.

10. The process of claim 9, wherein the oxygenated hydrocarbon product

contains not greater than 30 wt % water.

11 The process of claim 10, wherein the oxygenated hydrocarbon product

contains not greater than 25 wt % water.

12. A hydrocarbon composition comprising:
not greater than about 50 wt % water,
at least 25 wt % (a), wherein:

(a) i1s a compound of Formula [
R—OH Formula I

wherein R is C; to Cs alkyl;



conbi nati on thereof, wherein: (b) is a conpound of Fornula Il R1-OR2

Formula Il wherein R is Cl to &4 alkyl and R is Cl1 to C4 al kyl, wherein
R1 may bewothe4sdre as or different than R2i (c) is a compomruontssFor mul a
[l 0 Formula Ill R3-CR4 wherein R3is ClL to C3 alkyl and R4.is Cl to

C3 alkyl, wherein R3 may be the same as or different than R4; and (d) is a
conpound of Formula IV 0 Forrmula IV RS-CH wherein RS is Cl to C5 al kyl.
13. The conposition of clai m 11 furthé conprising fromabout 5 ppm by

wei ght to about 5 w %(b , Oor a conbination thereof, wherein: (e) is
a conmpound of Forndfrgmabogt F%pmlbawlglﬂ@@o@ﬁ?@%e’?@ﬁqﬁl%tﬁ“@ Cl to C3 al kyl

and R7 is Cl1 to C3 al k er different than
R7: and (f) is a°861|’%po%r§&ew{3teﬁ§rr°rr%‘u ag{ﬁf% 88%%%%8%‘2@b%‘fo802/ 24577 26
Formul a VI  R8c- cbmbiavibe tigirédfRBhdréinCl to C5 al kyl .

(b) is a compound of Formula II
Ri—0—R; Formula II

wherein R; is C; to C4 alkyl and R, is C; to C4 alkyl, wherein R; may be
the same as or different than Ry;
(c) is a compound of Formula III

0

) Formula IIT

R;—C—R4

wherein R3 is C; to C3 alkyl and R4 is C, to C; alkyl, wherein R; may be the
same as or different than Ry4; and

(d) is a compound of Formula IV

0]
) Formula IV
Rs—C—H
wherein Rs is C, to Cs alkyl.
13. The composition of claim 11, further comprising from about 5 ppm by

weight to about 5 wt % (e), (f), or a combination thereof, wherein:
(e) is a compound of Formula V
0
) Formula V
R—~—C—OR4
wherein Rg is C, to C; alkyl and R5 is C; to C3 alkyl, wherein Rg may be the
same as or different than R7; and

(f) is a compound of Formula VI

0



14. A conposition conprising at |least 15 w % net hanol ; at |east 10 ppm by
wei ght di methyl ether; at about 10 ppm by wei ght acetone, butanone,

acet al dehyoe3/ogmoepanal , butanal or a conbination thereof, pamasnp4sgr eat er
than 50 wt % water. 15. A conposition conprising at |east 20 wt % net hanol ,
from10 ppmby weight to 10 wt % di met hyl ether, from 10 ppm by weight to
10 wt % propanal, from 10 ppm by wei g% to 10 wt % but anone, and not
greater than 50 wt % water.

) Formula VI
R¢—C—OH

wherein Ry is C; to Cs alkyl.

14. A composition comprising at least 15 wt % methanol; at least 10 ppm by
weight dimethylether; at about 10 ppm by weight acetone, butanone,
acetaldehyde, propanal, butanal or a combination thereof; and not greater

than 50 wt % water.

15. A composition comprising at least 20 wt % methanol, from 10 ppm by
weight to 10 wt % dimethylether, from 10 ppm by weight to 10 wt %
propanal, from 10 ppm by weight to 10 wt % butanone, and not greater
than 50 wt % water.



