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COMPOSI TI ONS AND MEETHOD FOR RECOVERI NG THE COVPCSI TI ONS FI E3 & 208E

I NVENTI ON 100011 This invention is directed to a nmethod of recoverin
oxygenat es"PrSN8R° ol efin production process and the oxygeR& TESE6HPO'si ti ons
produced. Mdre specifically, this invention is directed to recovering
oxygenate fromthe product stream of an oxygenate to ol efin process.
BACKGROUND OF THE | NVENTI ON [ 0002] O efilns, in particular light olefins such
as et hyl ene, propylene and butylene, are conventionally produced from
petrol eum f eedgiNEKENNTED HYDROENRBONCOMEOSENMONS AN D MEPEIPNat es,
however are becom ng an phRatpebWeERING 993k eabvrisraoNng | i ght ol efins.

Particul arly prom si ng oxygenate feedstocks are alcohols, such as nethanol
and et hanol, dinethyl ether, nmethyl ethyl either, diet hyI ei t her, dinethyl

car bonat e, awmmm&é of these oxygenat es can be produced
froma varie synthesis gas derived from natural gas;
petrol eum | i goiod§ ThEARPANRAGOUSeARE Blaldifod bebdildriRg ok Pednates FRYFAEL

pl astics; rmunicipal wastes; or an%‘happr opriate organic naterial. Because of
the wide vapleémwr@ﬁuoeompmss aad sohotygerite evropositeenis\paeduced, Marel ot her
oxygenat es have 5e,8s,an.econ non- petrol.e urce | i ght

ol efin produ&‘fecghceﬁy’%ﬁdglena% l§/va gefd érée UEI T (B‘JI ?tﬁgrm ot )P"tdnfgpcat alytic
conver si on oftrdiAt HdbxygdhitB e Seh biozeal um nophosphat e (SAPO nol ecul ar
sieve catalyst. For exanple, U S. Patent No. 4,499,327 discloses naking
olefins frommethanol using any of a variety of SAPO nol ecul ar si eve

catal ysts. T (ﬁ@b h G out at a tenperature between 300C
and 500C, a 3 %ﬂ et i re to 100 atnospheres, and a

wei ght hour | w(mpameﬁ/rej mopatrtyctﬂMH@wol@ﬁnimch/aeathglei:e,amdpﬂ%dtz(nd 100041

Reduci ng t he percent conver5|?glg to, ol |n in the §¥§%§(a e actl on process
can result i BUtyleBetare ForNeatanasly REp@Ice BP’o?fEfé’teé’ms € é’ne and

catalytic or steam cracking. Oxygenates, however are becoming an alternative

feedstock for making light olefins. Particularly promising oxygenate feedstocks
are alcohols, such as methanol and ethanol, dimethy! ether, methyl ethyl either,
diethyl either, dimethy! carbonate, and methy! 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 bythe catalytic conversion of methanol
using a silicoaluminophosphate (SAPO) molecular sieve catalyst. For example,
U.S. Patent No. 4,499,327 discloses making olefins from methano! 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 preducts 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



propyl ene, and a decrease in unwanted by-products. For exanple, U.S. Patent
No. 6,137,022 discloses that | ess than conpl ete oxygenate conggrm’quﬁi S
mor e t han w8085 2 3 0 MAY 1006 PCT/ US02/ 24577 of f set p@y¥ukhBr4577
significant decrease in unwanted by-products. This patent further discloses
a process for renoving oxygenated hydrocarbon conpounds fromthe olefin
products. (0005( Although the concentratjon of oxygenated hydrocarbon
conmpounds found in olefin products madée from an oxygenat e reacti on process
are generally quite |ow,_ the total amount of oxygenated hydrocarbon
produced carofbeet bMibka Hepifigant deqgpss ip gmpranted] dytraeduets rihas paentfarber scal e

olefin reacti.o rocesse [t woul d t herefore, be advant ous, to nore
effectively #'%‘28@3 @ %)?f/e gﬁ%{tf%%’ 0%‘3roézgerr‘s%ﬁ%yéj(r)c?%{)bl?ﬁ'cfgmfp(%?fggfr%mtﬁlﬁ% ol efin
product stresiefiRpraducexygenate reaction. The recovered oxygenated

hydr ocar bon conpounds can be recycled or sent to alternative processing,
rather than l&ﬂgghwé@qghf e cencanpReon eipxygoratededresarkan @arpougdgdrRY OF THE

| NVENTI ON (O Thi S..J i i t . recovering
oxygenat ed '&%gé%"c llr0 g%@@%gﬁ%gﬁwﬁgﬁ ﬂé}'tcﬁé'f' gfoé:*: %éﬁargg%%g%l{}ng{ltreeam of an
oxygenate rieactlicadta aoeessof ckigeradidredrianrmedutds cat Be sitistanbhle for

recycling to_the oxygenate reaction process or they can be used for
alternative "H"r‘é(‘:?e%@ilﬁg?flﬂ%@f% ‘?rﬁeé‘?f’ée@lﬁ%@)(ﬂ?%ﬁ‘ﬂ procawesrelt Mstldonpri ses _
contacting aRe QIIANA R aHlallnd to MRECEHAelSiEUF cF B kb hoalcRlghan of efin
conposition, wherein the ofefin conposition conprises olefin, water and
oxygenat ed hydrmacadbfoundihéieadiefin prodoanpesh tof am ok geenoelredttion. fTaem a | i qui d

wat er cont ai ni ng éc{ream and an ol efin containing va&o stream wherein the
wat er cont ai"8FRTet e REdPY frecabon corappinds cagpe mey S’/‘i;%h%ﬁ’é@ hydr ocar bon.

The wat er COdﬁ't_teﬁid?#vﬁ%réée@ﬁ%,mrg%eﬁtﬁg?ﬂﬁéﬁgedf FQexhhSle, W%sé&%ﬁ%ﬁ%eaﬂﬂd the

vapor streamis conpressed. in product streamand an oxygenated

hydr ocarbon contai ning stream are separated fromthe conpressed vapor
stream and\é%ﬁ. { contai ning stream separated from the
conpr essed HVM@*&E@E?@I@X V%ﬂ]wt h the cooled, liquid water containing

U vl

[0006]) This invention provides an effective method for recovering oxygenated
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,

[0007] 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 |
wt % oxygenated hydrocarbon. The water containing stream is separated from the
vapor stream, and the vapor stream 1s 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.



stream An oxygenated hydrocarbon product is then recovered fromthe
conbi ned water containing streamand |iquid oxygenated hydrocarbon
contai ning stream 30 MAY 7006 3 100081 In another enbodinent, tf‘ﬁeﬁMNsiﬂuﬁl
product is nether separated into ethylene and propylene containing streanms,
The ethyl ene containing stream|s desirably polynerized, as well as the
propyl €ne contai ning stream 10009) In yet another enbodi nent, t‘he vapor
streamis conpressed at a pressure of at |least 30 psis (207 kPa).
Desirably, the oxygenated hydrocarbon product contains not greater than 50
w ye water, 100101 The invention further provides a hydrocarbon conposition
conprising not greater than about 50 vt % water, at least 25 wt % (a),
wherein: '(a) is a conpound of Formula | R--OH Formula | wherein Ris C to
Cs al kyl; [00111 and from about 10 ppm by wei ght to about 10 it % of at
| east two conpounds selected fromthe group consisting of (b), (c), (d)
ore conbination tbereof, wherein: (b) is a conmpound of Fornmula Il R-O-R2
Forrmula 11 100121 wherein R is G to Ce alkyl and &is & to C4 al kyl,
wherein Rl may be the same as or differgnt than Rt; (e) is a gonpound of
Formula 1l OIl 14r-G-Ra Formula 111 100131 wherein R, is Gto C al kyl
and Ra is C, to Cs alkyl, wherein it) may be the sanme as or different than
R4; and (d) is i tioemsyhoumsserembddnicit hocltiinProduct is further separated into

cthylene and propylena containing streams, The ethylens containing stream is

desirably polymerized, as welj as the propylene conwining streem.

[c003] In yet another embodiment, the vapor stream is compressed st u pressure

of &t leass 30 psia (207 kPa). Desimbly, the oxygenated hydrocarbon prodm:t

contains pot preater than 50 we % water,

{0010] The invention further provides s hydro:arbon coraposition comprising not

greater thap aboyt 50 wt % water,

atlesst 25 wt % (2), wherein:

(=) is & compound of Formula ¥’
R—OH Formula ]

wherein R is C, 10 C; alky};
[0011] and from about 10 ppm by weight to sbowt 10 we % of at jeast two
compounds selected from the provp consising of (b), (¢), (d), or a combination
thereof, wherein;
(b) is a compeund of Formula II

Ry—0—R, Formula 1

10012} wharein R, 1s C; to C, alkyl and R; is C; to C, alky), wherein R; may be
the same as or different than Ry;
() is 2 compovad of Formula I

I Formuia 111
Ry—C—Ry
[0013] wherein Ry is Ci to C; elky! and Ry is C) to C; atky), wherein Ry may be the
sexne as or different than Ry; and
(d) is B compoumnd of Formula [V

i Formula IV
Ry—C—H



u 3y-~--H Formulary 3 0 MAY 2006 4 wheein 14 is Ca to Cs alkyl. ,10014)
Optionally, the conpositions of this invention father conprise from about
Ppm by, weight to abort 5w % (e), (f), or a conbination theregq‘ M\Igt?qugln
(e) is a conmpound of Fomrula V O Formulav Re-C- ki 100151 wher %

Cato Cy alkyl and Rt is 4 to C alkyl, wherein Re may be the sane an or
different than R ; and (1) is a conpound of Fornmula VI O u Rr-C -0O11 wherein
Re is Gto Cl alkyl. Forman VI BRI EF DESCRI'PTI ON OF THE DRAW NG 10016) One
enbodi nent of invention is shown in the attached Figure, which is a flow’
di agram showi ng one particul ar enbodi nent for separating and recovering

oxygenat ed hydrocar bon fromthe ol efin product

of an oxygenate to olefin

reaction process, DETAI LED DESCRI PTI ON OF THE | NVENTI ON 100111 This

i nvention provides a nothod of recovering oxygenated hydrocarbon from an

ol efin stream produced in an oxygenate to olefin process. In an oxygenate.
to ol efin process, an oxygenate feed stream typically & methanol or a

nmet hanol bend, is converted into an olefin steam The ol efin stream contains

significant anmounts of ethylene and pfopyl ene,
anount of water, which is a normal by-product

of methanol to
wherein R is C; to Cs alkyl.

as well as a significant
in the cat'al ytic conversion

{0014} Optionally, the compositions of this inveation further comprjse from about
5 ppm by weight to abowt 5 wt % (g), (£), or & eombination thereof, wherein: -

(e) 35 u compound of Formula V
0
i

Ry—C—0Rs

" Formula V

[0018} wheyein R is C; tv C; alkyl nndR-nsC.to Cy alkyl, whamnksmay bethe

samc as or different than R;; and
s nmmpound of Formula V]

I
H.

wherzin Rg is Ci to Cy alkyl.

BRIEF DESCRIPTION OF THE DRAWING

Formula VI

[0016} One embodiment of inveation Is shown in the stisched Figure, which s a
! flow dingyam showing one particulsr embodiment for separaing and recovering
oxygenated hydrocarbon from the olefin product of an exygenate 10 olefin

Teaction process,

DETAJILED DESCRIFTION OF THE INVENTION

[0017} Thie juvention provides a method of resovering oxygenated hydrocarbon
from an olefin stream producad in ap oxygenate 10 olefin process. In an
oxXygenste W olefin process, an oxygenate feed stream, typically 4 methano] ora
methanol blend, js converted into an olefin stresmn, The olefin stream contains
significant amouats of ethylenr and propylese, as well gs a significant umovnt of
water, which is 2 normal by-product in the eatalytic conversion of methano] w
olefin. The olefin stream also contains various amounts of oxypenated
hydrocerbon by-products, which are produced &s a result of incomplete



olefin. The olefin stream al so contains various anmounts of oxygenated

hydr ocar bon by-products, which are produced as a result of inconplete 3 0
MAY 1006 5 conversion or undesirable side reactions. A significaR) MAYQoMt of
t he oxygenated hydrocarbon by-products is recovered by the nmethod of this

I nvention. .100151 An olefin steamis obtained by contacting oxygenise with
a nmel ecular sieve catalyst. The oxygenate conprises at |east one organic
conmpound which contains at |east one oxygen atom such as aliphatic

al cohol s, ethers, carboaryl conpounds (al dehydes, ketones, carboxylic
acids, carbonate., esters and the like). Wen the oxygenate.is an al cohol,
the al cohol includes an aliphatic noiety baying froml to 10 carbon atons,
nore preferably froml to 4 carbon stoles. Representative al cohols include
but me not necessarily limted to |ower straight .and branched chain

al i phatic alcohols and their unsaturated counterparts. Exanples of suitable
oxygenat e conpounds include; but are not limted w, ~nethanol; ethanol;

n- propanol ; isopropanol; C - C20 al cohols; nmethyl ethyl ether, dinethyl

et her; dlethyl et her; d|-|sopropyl ether; fornal dehyde; dinethyl carbonate;
dinethyl ket one; acetic acid; and nixtures t hereof. Preferred oxygenate

conpounds we ngfha %19 ugde?ﬁ%)g% A Bfniftadlhnihidd Ruk BeE&REs 100191 Tbe

nol ecul ar sieve cata nvent | on 1's an oxygenates to olefin

catal yst whi chW@%ﬂW@%@‘&W“ﬁﬁ@&ﬁ’?ﬂh LpisieinvEPr8h| e of converting an
oxygenate to ar[numeﬂiﬁolﬁeﬁaﬁﬂﬁbctbuﬁuwy comictrgwkyyenamivadie molecdr ude zeol ites "wel |

as non- zcolltes h th g@h{, 4igne type. Small pore
nol ecul ar si eves ar%y%'re BEdin éﬁ% %&é&iﬁ%ﬂ[ 1S | nve%!tol on, hovveeer.
Asi defined hemmqnsmonpwemmwmﬂ'%@@gm abepb &i ze of |ess than
about 5,0 angiﬁﬁﬁ;ﬂ&(dmwnﬁ,cﬂdhhﬂhﬂ@,cﬁrﬁﬁnﬂﬂey%ahﬁtHSMJ pate size

rangi ng from SWeﬁga%agﬁg}anMhn %“9@3“1 mﬁg&@gh%myom about 4.0 to

about 5.0 angstro nost pr era rom a out to about 5.0
angst r ons. 1002@@1256?F@W§-W§“f%b‘fﬁ%b cabon PSSy nt heti c, have been

dermonstrat ed t Reprsigtive alcadiolé incldgliutiparot deessafip limitalte Iuer staighe S of hydr ocar bon
conversion pro ' | ave been used as
y&%h o a‘ir"[r?’u’ ?ﬂh% LiOfels 6@&&&%&?&&%@@%

adsorbents, cata vari ous rocar bon conversi on
processes, and %P‘HE!F”&WF‘I %“&15%‘°Wﬂsinwd¢. W2 ara not limited

methanol; ethancl; n-propansl; isopropanel; C,~ Cyp alcohols; methyl ethyl ether;
dimcthy] ether; diethy} ether: di-isopropyl ether; formaldehyde; dimethyl
carbonatc; dimethyl ketone; acetic acid; and mixtures thereof. Preferred
oxygenste comﬁnﬁnds are methanol, divnethy] ether, or a mixture thereof.

[0019] The molecular sieve catalyst used in thie invention is an oxygensate 1o
olefin catalyst, which is defined as any moleculer sieve capable of converting an
oxygpenate 1o an clefin compound, Such moelecular sieves inclede zeolites as'well
s non-zeolites, and are of the loge, wedium or small pore type. Small pore
maolscular sieves pre preferred in one smbodimem of this invention, however, As
defined herein, small pore molecular sieves have a pore size of less thag ebow 5.0
apgsuorms, Generally, suitable catelysts have r pore size tanging from shout 3.5
ta about 5,0 angstroms, prefersbly from about 4.0 10 sbout 5.0 angstroms, and
most preferably from ebout 4.3 to about 5.0 angstroms.

[0020] Zeolitc materials, both naturel and synthetic, have been demonstrated 10
have catlytic propénies for various types of hydrocarbon conversion prnnassei.
In addition, zeolitc materials have baen used as adsorbents, cetalyst carriors for
various types of hydrocarbon conversion processes, and other applications.
Zeolites are cotaplex crystalline aluminosilicates which form 8 petwerk of A1O;
and 510, tetrahedrm linked by shared oxygen atoms. The negativity of the
tetrzhedrs is belanced by the inclusion of cations such as alkeli or alkaline earth



Zeolius are conplex crystalline alumnosilicates which font a networ5 ugf
AlQ@'" and Sidi tetrahedra |linked by shared oxygen atons. The nk@&‘dw ¥ y of

the tetrahedssusoss bal anced by the inclusion of cations suc@,cqﬁlsﬂbﬁa\lﬁ or

al kaline earth 3 0 MAY 2006 WD 03/048085 6 PCT/ US02/ 24577 metal 1ons. In the
manuf acture of some zeolites, non-netallic cations, such as

t et ranet hyl ammoni um (TMA) or tetrapropyl anmoni um (TPA), are present during
synthesis. The interstitial spaces or clannels forned by the crystalline
network enable zeolites to be used as nol ecul ar sieves in separation
processes, asetahioak.ybtthe hanufaeame oBdonteaalitanson-mreth!&scati@ha|sysi acarriers in
a wide variety of hydrocarbo conversi on processes. (0021 Zeolites include
material s cdﬁ%f@Tﬁ#ménwnlk&*a (QP(&%%%%P&PWM&WH%,TP areRIEEAT Q414G n whi ch

the silica UM ROLEANS, Rawe 6016 [ q)’é’fh‘?' ih part with
ot her oxi degs?’qgg%lygyalrrﬁrﬁe,&éer an?émc%ﬁll lé, ﬁ%c%hhg ani emL?%r?tNallrkes t her eof
can repl ace dnhielegiebliteatqior tsedas mddeaninrgiaveein separatiox pdeessgslak catahyoxi de,

i ndi um oxi de a]nd .m xtures thereof can replace the alum na portion. Unless
ot herwi se spBEFISTIG TEHREORE AR 25 SAAIYFY QITTIEE i @ YadR Yarghnef Ietdropatbogs used
her ei n, Shalclonvé@l%ﬂrﬁﬂ%es&@.l y materials containing silicon atons and,
optionally, alumnumatons in the crystalline lattice structure thereof,
but al so nat|802 Bl Zeolisahclodanmaienabuiontirieg siliephmtepremallptmsingd, andsuch

e e L
silicoal um 09ﬁ%ﬁﬁ%ﬂhﬁ&tﬁer(o%aéé’loroﬁlemwaagenﬁiuﬁu@-qxi&; kih R BleUmhARheRPhat e

nol ecul ar sieves are generally classifi'ed as being mcroporous naterials
havi ng 8, 1G0hereof e raplatecthedilick pgrtsnr Boren egde, Twageidd, gglliugt oudt, ur es can

have an aver.age por.e size.rangi fyrom about . 3.5 t.o about angstrons.
Preferred ar“éaf’ﬁ'eo’g |ap555),stgr%,&€>%e?{fﬁaggfﬁ 34° bt 8@’8%“%%?/?1%' éﬁ‘lesﬁveyage por e
size of | esgthdiaiscabedified tR@mhs ObliteP A eicaite/maerial Qk ag&] ReEifA, sHane

rangi ng fromabout 3.5 to _about 5 angstrons, nore preferably fromabout 3.5

to about 4.meaEdgseplypateridesentpping slicaasatemeand gptienallys alggiiarupmwmsi eves

having 8 nﬁmrcqgstgli]iﬂgfattice structure thereof, but also materials which contain suitable
replacement atoms for such silicon and aluminum atoms.
{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 1A), alkaline earth metal tons (Group IA), rare earth ions
(Group HIB, including the lanthanoid elements: lanthanum, cerium,

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



100231 According to one enbodi ment, substituted SAPGCs can al so be used in
oxygenate to olefin reaction processes. These conpounds are gener?m Myy yf[gpwn
as I\/EAPSCB‘X N @E@%I-COM ai ni ng silicoal um nophosphates. The netal can be
alkali metaP PR G oup 1A), alkaline earth metal ions (GRHUPRRETT are
earth ions (Goup IInB, including the |anthanoid el enments: |anthanum
cerium praseodym um neodym um samarium europium gadolinium terbium
WD 03/048085 7 3 0 MAY 1006 PCT/ US02/ 245%7 dysprosium hol m um erbium
thulium ytterbiumand lutetium and scandiumor yttriun) and the

addi tional transitd: I Ons_ O : . M B..: V.| Hl | and 113.
100241 Pref erggofﬂ;?{’g"?‘ﬁeﬁ@é"@Q’perrg‘ﬁs’éﬁhg’%gﬁ“ok‘gggﬁyﬁa%%@ﬁ'ﬁ%ﬁd ﬁ)ﬁ%dl‘fo”?bf\n . Ga,
Fe, Ti, Zr, @rivdhandudd a@litiondesasitbooRionanf Geoups$eB; 88, MIBO ViIiRe

tetrahedral framework through a [Me02] tetrahedral unit. The [ Me021
tetrahedral uMitBe#d#es a net electric charge depending on the val ence

state of the @ZQLH%‘%&EIE’%{?’]@%(% repﬁ%gﬂs hidfhs LS P g,p\gﬂ} chag; BaVRL ence

state of +2, net electric’c e 1S bétween -2 and
+2. I ncor por ari,@m, Gé Snhend@€i dlhesoaponeai be Mmsettgdoincadhleyetenhedrzpl | shed addi ng
the nmetal conponent during synthesis of the _nolecular sieve. However,
post - synt hesi a‘i"SWOQS(‘gF%SSé[ 2§13§6h°6’é31&‘§5qih? [Mﬁ élte“wqfaf*é‘é‘l@a'éb@éhange,
the metal conpRmlentl tarkdWdBRHACOR Hd tRCE Nl drifl AXGNAMEwROST LI ons at
an open surface of the nolfecular 3Sieve, not into the Famework 1tself.
100251 Sui t abWhesitihé metal comhproghoisp hataennoiteewf a2, €3,eves S| orctd)de 8APO- 5,
SAPO- 8, SAPO- 11 _.SA%?lG, SAPO%}?, §,§\PE§18, SAPO@), SAPO- 31, SAPO- 34,
SA- PO 35, SAPCE4HCC SPEIWRERPE, AP T2 SHISPIRP{a1I08 QE B Clabg@spPoIEnt 1SSAPO. 47,

SAPO- 56, the jyBially GadY .]@Bélgacfdﬂ{ﬁﬁehﬂ?é]@%po%@dmi%éWnﬂ?esfshtﬁrﬂ?é)f Preferred
are SAPO 18, SAPO 34, SAPO 35, SAPO 44, and SAPO- 47, "particularly SAPO 18

and SAPO- 34, matsculdi sigve Hdowesteal postoningiesis ngn exphange qanausodie, usaddlmpost ur es
t her eof As used, herej conbi nati on and

i s consi der ed A ESISEE ﬁn%gﬁh%ﬁre%%%{;g{?ﬁ%‘:”ﬂb% %’@g&‘%@% ﬁé?seﬁég’ﬁf%ﬁ HEE in

varying propgqidsituns at fregpundleace 6fthd Meldculahyigie abt st@ihe framework itself.
]0025] Suitable silicoalummophosphate molecular sieves include SAPO-5,
SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-
34, SAPQO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAP(O-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 is 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 AIPO,4 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



[00261 An al um nophosphate (ALPO) nol ecul ar sieve can also be included in
the catalyst conposition. Al um nophosphate nol ecul ar sieves ar eg gMaBgEb! i ne
M cropor owso axi4ess whi ch can have an Al P04 franework. They geg kgye iz
additional elenents within the framework, typically have uniform pore

di mensi ons ranging fromabout 3 angstroms to about 10 angstrons, and are
capabl e of making size selective separations of nolecular species. Mre than
two dozen structure types have been reported, including zeolite topol ogical
anal ogues. A nore detailed description of the background and synthesis of
al um nophosphates)i sfdrawadn ithetisty. Fférbferrltsld)AIzPCBSIﬁ;chtres arnghilcPOiSs | ncor por at ed

ent i rety.  ProFEEY Dl 18 LR EALEA A seFEIE atd Fi o BERORI0 W o 31,

ALPO-34, AL §5[ Tﬁém’caﬁ@goﬁ‘ha%él@metﬁg%zltligﬂﬁlrﬁmn&@&ﬁl so include a

metal substi Inits framework Preferably, the netal Is selected from
t he group cohrsf‘&rab!mgthememaslgmmm]m fromhggmepnmtmg,ofmbsmmnd m xt ures

t hereof These naterials exhi bit sorptio n- exch e and/ or
catal yti . prOBeRIToes R aoal T mbuen Bt 106 R is podrath B and
silica al um mermwh@h%xeﬁl@@%%r%m@rpﬁc%%ma?éstsmmto amgglﬁcé?é this class
and their preparation are déscribed in

i ncor por at edalh!emImnhowat@némdm@lvmlrlOlpbO@htﬂlemlycular@w@xzomswenal

cont ai ni ng P a hr ee; di mensi o r pu crystal framework
structure of %emﬁ{fg}fsﬁiﬁ %thqrgﬁlé l’oglarﬁﬁ?sfgge(%ﬂﬁgé g‘g &aﬂanuf act ur ed
structures ()BT 028 dcRpdtate8 MRtcht By PéfeiRhcd 1@ ig@hGiep@t i on) can be represented
by enpirical ‘cheni cal conposi tion, on an anhydrous basis, as: nR

(M Al yP,) 02 ifi28EThe mptal ﬁ@ﬁalem&PQs haw@thr%@nwgamldntcmmrwa ng agent
present in the [acrys nt.p t he nol es of
"R' present %é“?tafnﬁ négwo ks r@/f FJ&)@(%QA ']302 tetra eall 85"?% }?ﬁs%sr oto 0.3,
t he maxi mum Maﬂumctmdeae&umas(ezhmﬂmmm ’(Eg]plﬂ@pnbht@ darhegishpeandberensi ons of
the tenpl ati ng agent and the avail able void volunme of the pore systemof the
particul ar reprgpented by empincal chemical composition, on an anhydrous basis, as:
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

(M:Al,P,)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

te 37 LS 43 13

aluminophosphate involved, 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 MAPOQ is applied to the composition. Similarly ZAPO,
MnAPQ and CoAPOQ 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 MAPQO, ZAPO, CoAPQO and
MnAPQ, each species 1s assigned a number and is identified, for example, as

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



al um nophosphat e invoI ved, "x", "y", and "z" represent the nole fractions of
the netal "M, (i.e. magnesi um nmanganese, zinc and cobalt), alum Qggvﬂffh[lﬁ

phosphor usy, g(%g(%l vely, present. as tetrahedral oxides. 1098%@@@’6
L

cont ai ni ng are sonetines referred to by the acronym as Also in
t hose cases where the netal "Me" in the conposition is nmagnesium the
acronym MA-PO is applied to the conposition. Simlarly ZAPO, MAPO and
CoAPO are applied to the conpositions whch contain zinc, manganese and
cobalt respectively. To identify the various structural species which nake

up each of theoxboansidoaivedis SpHYR0 | eEAR S eXediBiepiad)i adMifdQi eeach speci es
is assigned a nunber and is identified, for exanple, as ZAPO-5, MAPO 1 1,

CoAPO- 34 and béended) with oxhﬁon@ts:zaﬁbm’émlgnd;dothwunme@omemp%@m 24577 [00301
The silicoal te nm | ar_.si.ev aI |
ol ended) vi t 1D BLHB TRt &l Lo ARRL A b B E & RTINS f Fom 1 5

typically refnef]é@maﬁsmev@s a SAPO catalyst, with the catalyst conprising the
SAPO nol ecul ar sieve. 100311 Materials which can be blended with the
ol ecul ar si d0&31ddviatgraly aihi churan be hlspdedvitagbamptecelar sigveenibeeamaeerial s, or

bi nd I h
various bin ?%erp&tq%gélglcil]%;%}ﬁ%%wﬂg ¢ v%nou.'lsrbcik&q a?ec}[r?gf Ztl{se',sg Hn%%ezlllﬁ% as

kaolin and ot oxi des,

ot her non-zeoldlfide cmﬁ;mlsmhs mm@medﬂtrsandzabénd@scedr@hysamsmweem s, alumna
or alumnna sol, titanja, zirconia, magnesia, thoria, beryllia, quartz,
silica or simesas.gpetalaxides. Qbgr noarr&ohswwh%wrﬁewms Zeﬂ%‘é%‘é“@hﬁfponent s are

a1 50 ef1 oot | YebBndr YR of Binadb] Srar Slrabiia SR GOSberTEL N9 as o

t hermal sink assl’st eat sh e cata ur| ng regénerati on,
densi fyi ng t hearcatdicy st siliencr s:Imrseaandlg]ismtaltysbofstTmeﬁgctdmpolnbnusare

articularly desirable that. the rt ma i t hat. are 1 the
cat al yst toyé'éf’ el eip e ineoiraE A el etV sptkittipe 81 @ et Sbut 0. 05

to about | cal{@isEin H&fﬁl&ﬂﬁﬁ%@@ﬂté{ Jtrdeﬁhgb@éherﬁnan H@nﬁ Itth&ag@l/ C
nost pref er al;!wg from about to a%out 0.5 cal / g- C. 1 Addi t'i onal

mol ecul ar si mmaemi:aat@lyémrebethl Acils @ded:uaslyaieﬁiaabﬂe t@ﬁttﬂih@en materials

that are used in the catalyst to act as a thermal sink have a heat capacity of from
about 0.05 to 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 siteve
catatysts in admixture with the SAPO catalyst if desired. Structural types of small
pore molecular sieves that are suitable for use in this invention include AEL AFT,
APC, ATN, ATT, ATV, AWW BIK, CAS, CHA, CHI, DAC, DDR, EDI, ER],
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
Strucrural 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.



SAPO cat al yst conposition or they can be used as separate nol ecul ar sieve
catalysts in adm xture with the SA-PO catal yst if desired. Strucggnsf 2006pes
of small wipdHoamsecul ar sieves that are suitable for use |pd~ms§2/§4qy-/ent| on
i nclude AElI, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA, CH, DAC, DDR,
EDI, ERI, GOO KFl, LEV, LOV, LTA, MON, PAU, PH , RHO ROG THO and
substitut ed forns thereof Structural types of rredi um pore nol ecul ar si eves
that are suitable for use in this invedfion include MFI, MEL, MIW EUQ
MIT, HEU, FER, AFO, AEL, TON, and substituted fornms thereof. These small
and nedi um |9682] Tbé emﬂlyarcosipmia'@naa@odﬁ@rd dnenbodigeraapreferatdyai | in the
Atlas of Zeolile. Shnnc/ural Types, W Mei er _a . H O sen, Bytterworth
Hei neman, 3r&PraRyises irpgyzpout h ‘Bé‘ga'i’tl %gdﬂyd@%erﬁ"ﬁfeirgﬁqb’ ng“"vﬁhOEhg'Vg‘%i;)ﬁlut citly

i ncor por at echney &f, ef RS6; atRLER &%, 386U L akyesh 1B \GE $h can be
conmbi ned w Sgh a " @Fk}gt H umﬁjﬂlgphoszbr?atﬁe catt(?g @Us%t @?h(k:)? fé ZSM SO\MEf 34,
erionite, andeehdbaziliceprefdBed3HD48085a¢0 cBmPodvin Bﬁ)\&ﬁa RS2 /24577 100331

The cat al yst sition, accor to an enbodi ef e abI conpri ses
from about a%ogig?(ggraﬁﬁtrog@ t%ab%(g’ %raé‘ﬁé‘f%{ﬂ? W?r%’m? BRlragn 3é)bo 90 %

and nost prefiekabhy ?% Q@@Hﬁ stiBffst ﬂo?tt}tf?é'ﬁera%ﬂ/ﬁoﬁyab@@t' fﬂf‘ﬁrlﬁg{roﬁ? ltgcul ar

sieve. It is &l'so pre erredtht t he catal yst “conposition ve particle
si ze of fromboabbid arﬂﬁtramgstrons to about 3,000 angstrons, nore preferably

from about tro t ro nost ref er ab from about
50 angst_rorrg[gpag]n.gﬁ Eﬁg%(?aﬁ§§§$t?'8ﬁ§ 8@' gﬁ‘éeaéﬂf’%llg {achieye thé subj ect ed
to a variet yyeQfred gﬁﬁé@ﬂﬁcfcﬂé?m%ﬂmhﬁ%%tehb@cs drieh kefnRR%SheRbe da afehem cal

characteristics. Such treatments include, but are not necessarily linited

to hydr ot hernsdineesssariiprdinuteddahyiiesharonl treatinentt eadeinatiom acidarcatmant.dussrent
mlling, Dbal leartrl]*nen nﬁl’lmg,ys d' Jpﬁ meﬁ ‘ge{#?%%w gné:gnbtr glton%q rﬁofer eof

[ 00351 A pre erred’ cata contains a

conbi nati on [obaﬁAR@r&Y&necaMal%Rﬁhﬂ@ uﬁ)fenﬁblPQalc&th}Dﬂt@ﬂiﬂi}ﬁdSorﬁaIﬁy@ In a
particularly pref erred enbodi nent, the nolecular sieve is a crystalline

i Nt er gr owt h COFFbImRmO. o A HAPO4 PG ABODKS o HBQd 8 molecular sieve. Ina

particularly preferred embodiment, the molecular sieve is a crystalline intergrowth
of SAPO-34, and SAPO-18 or ALPO-18.

|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
(WHSV) 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. Altemately, the process may be camried out in a



100361 To convert oxygenate to olefin, conventional reactor systens can be
used, including fixed bed, fluid bed or noving bed systens. Prgf %{Mg’ﬂ
reactors of one enbodiment are co-current riser reactors and sAdr Y %tact
time, countPeyP8KY free-fall reactors. Desirably, the red§TWSORE4Ghe in
whi ch an oxygenate feedstock can be coptacted with a nol ecul ar sieve

catal yst at a weight hourly space velocity (WHSV) of at |east about | hr ',
preferably in the range of from about 1 T " 'to 1000 hr', nore preferably in
t he range of from about 20 hr' to about 00 hr', and nost preferably in

t he range of from about 50 hr" tg about 500 hr-1. WHSV js defined herein as
the wei ght of {'M%éﬁa’tlé?ds e ligad o h‘yg%@amﬂzﬁsmc&lﬁleﬁwt Ingdiqwdhal |y be
in the feed, : e - hg: - S i - r gact or.
Because t he c@%ﬁ?f;?%}?&{%ﬂ?%yg@d‘g? BE(I:%?’ g%aﬂ;gp%]ggé“a\i%ﬁ&?ﬂsﬁa\eﬁrg Sl?rlggi‘??%sl(gav\hi ch act
as inerts orfedidftarpnidect hheradBdependoml upoh ab echtdnstizhé raseiightonkatkzing. of t he

oxygenate fe any reactive drocarpon which may be present with the
oxygenat e fe@g?sgﬂge pirSesssrR &eesd! %l?ee?i’g‘ PHtat H2ads W"!é"n‘éﬁl‘*'é‘ﬁﬁrlawf.’s- 100371

Preferably, tRg eFey R ehiing #hpSaGRYaRES &6 b fidin bBGSBbA ¥3fpouhen the

oxygenate is in a vapor phaSe. Alternately, the process nmay be carried out
in a WO 03/ 04BB8E, prefgalgy Kiay: 63 RCT t0s0202A87C, mbopyirefeciblyafron ebaut

vapor/|iquid ase. e rocess is carried out in a liquid .phase or a
i xed vapor /1 10k do ghage D+ R el dheRrainins Brdeyhd apasbs)

f eed- t o0- pr odugtEBYsife8 DWfin FERRAIH I beRAE hAReFBIHW Shthand afifaG hidn
conditions. 100381 The process can generally bé carried out at a w de range

of tenper at ureptent phowfdearted olefioparpaedutds besrpbouad ur theodaigepredust.be from about

200C to about,, 700C, . preferabl rom about 300C 1o .abgut 600C nore

orefer ably 1 ansuEESGeaAT sl e 28 dord Rl iR R A res TR

t enper at ure rgngereaddie AaidWipepend 6ifthé hengleaileath@ aleipfoREPslEghst may becone
markedly slow with a relatively high content of oxygenated ol efin

by- product s Hermgnptimyn #meu obraylene padaiggylene Glebut thyeonyersedt i vity to

cLhy|ene ond AR el el el v es y be Incressed. A he

amount of et HPDENET laengteumiiceney p:;{rgdiwet a Widst ratipee 1iocdindieg sutegenous
pressures. Effective pressures include, but are not necessarily limited to,
oxygenate partial pressures of at least | 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 cdnversion 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



of oxygenate feed will generally be high. 100391 The pressure al so may vary
over a Wi de range, including autogenous pressures. Effective pf&dlZle

include, bypodhgoppt necessarily limted to, oxygenate parpicghspiesstres of
at least | psia (7 kPa), preferably at |east 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 pressuZe is at |east about 25 psia (172
kPa), nmore preferably at |east about 30 psia (207 kPa). For practical

desi gn pur posestibh zbise, titesds saperaciaPy QD& RH Sy u%%dnﬁmﬁm@aﬁ;wﬁﬁh a parti al
pressure of not greater than about 500 ‘psi‘a (3445 kPa), preferably not

gr eat er t han tabgastiononpsithe degresokralation desindp petlertatsll pumber ffmedeer t han
about 300 psi g,&20r67 kpﬁ% 100401 One irrportﬁantl conver si on process condition
accor di ng t 0 °bRY BEETHFRLIE I8P SeGHni SRt T %"aﬁa%”é ErFHeN &P "% el oci ty.
As the gas sugepdraticdbreé@ireahd Ythet RIGARSREtIONSD LARMESI on decreases avoi di ng
undesirabl e by-products. As used herein, the term "gas superficial

vel oci ty" i sl Aeanagmbpdimeshihiauad supdrtipmet vélecity is ovaintaingd of a ragpoflr i zed

f eedst ock, whi i.ncl di | uent n.present _i.n .th f eedst ock, as well as
conver si on pgf)eélt]eétt}éa,% fé‘i%\%}feaé’af sggor{dn(é\'fﬂ@r%g%g_s LI PURLP t%f' EaCtEn ZOtnFreI"r eaction
zone. Becauseandther emtrgienaitiisSdanave i thd @saupéradiabielbay R Greabdramdnf i cant
guantities of ethylene and propylene while flow ng through the 3 0 MAY 2006

WO 03/ 048085 almeut 232t feastomeppit am hejresrtipp mene.t Mergdesirgbiyetheiges al vel ocity
may vary at . i 1.t hi 4 I . eqree of
vari ation degﬁel%g‘g&gwe&cg&? %tgg%a?éﬁur?%teyrbggtf"%/gegﬁg%# Bg%é&gr?@stgﬁfeagtﬁ the cross
section of az@ay tEveulmdreldesiadbiyithd gnstshperfieatvélotityRgeaterttRaigiioat 4 hes
pressure and ot her rel ,evan& reacti on paranet e_rai). 100411 I n _one enbodi nent,
the gas supeftFetape peINbY) the reaction refeaiey datiraply. dheeasisupgist velosihan 1

meter per seqondytith) aiutls&AR RA% o%igmmiimthfef}eac&i%ﬁ%h on zone. In another
enbodi ment, 1t71s desirable that the gas superficial velocity is greater

than about P042$ Aztorideaste yehengpodrembiodinidng of dmonvenionothe gadvbperfaedi r abl y,
the gas supgrlf i ici asl a\ali(rail ocCi tr¥| I.S gr eastéar -t rll]an ab.%Ht 2é ) té @t@r I esa.st one
poi nt in the F840t [SORANAGRY e gkl i db I ABISion ARe Yl aaI ke 43¢ al
velocity is grRat&E Jeltyabaibinténbd & a rate greater than | m/s at all points in the

reaction zone. It 1s also desirable that the gas superficial 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 ;t;uperﬁcial veloci'ty 1§ 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



at least one point in the reaction zone. Mst desirably, the gas superficial
velocity is greater than about 8 nmis at |east one point in thezgemytmn
zone. 1004%d oAesseksi ng to yet anot her enbodi ment of the invepiiesyutfe gas
superficial velocity is nmaintained relatively constant in the reaction zone
such that the gas superficial velocity is maintained at a rate greater than
| ms at all points in the reaction zone. It is also desirable that the gas
superficial velocity be greater than abdéut 2 m's at all points in the
reaction zone. Modre desirably, the gas superficial velocity is greater than
about 2.5 ni shatoraktsigoifmiahano] isheom dacttiom 20 e %, puderabiyrfeom desiteabl y, the
gas superficial velocity is greater than about 4 m's at all points in the
reaction zond® k&t desi r abl y, the gas superficial velocity is greater than

about 8 ni's ﬁbﬁﬁgiﬁ&wﬂ tol dhot ?BnB?rﬁHeﬂf?tléeo&%vcr%gg%%ljme;[mom‘ﬂg\;e§g

et hyl ene and "pr opyl ene produced I e oxygenate to olefin process can be
i ncreased by wtéduclengthahé0C onder Atandiaf td freotier\egbodinesnt,i the tdreversivtygenat e t o
ol efins reaction.

This is because a high conversion of feed _oxygenates
tends to for M ol Is_of{a'i” %n]dé’%%’rt%?sé ”’r‘?ghl-ogl‘_iétfﬁ’hpflﬁ -rﬁﬁbé’tﬁ’&g&-z WF-I)cffgWé’v_er,
reducing the 9@%“%%5A9£br9fngftﬁ%%tﬁé?%ﬁﬂi&%}ixﬁ%a;,‘ tHe LR INIENALBFANREZ] ON

reaction tends to increase™the anount o ygenat ed hydrocarbons that are
present in tBe wi %ftdhesptiad #tS Wity sreferary foim 88 .2 vhéo coP¥et %i.on of feed to

t he oxygenat cti.on process.can be inportant. 100441 According to one
enbod et APRE SR VT BBHRS SERET B PRy Gl e g S W ol . 1 o
from90 w %phas B8ledd otherwieGpediing migﬂ?meﬁt RAPGSionAta WHROPA8Q8~ 13 3 0
MM 2005 PCT/ US02/24n77 the conversion of nethanol is from92 wt %to 98 w

% preferabl ys ¢al@matediasit] 00k (veigh8oveenste fabarca WAt eelbergs + weighdt her
enbodi nent, the, ' et hanol | v W 0% than 100 wt
% Accordi ngof‘ eé%%?%ég}og%géi'rpn@ﬁtp?g Ctebri%ﬁl\%feérrgriegﬁa%y Trégtkﬁaéér{gféi s from98.1

W % t o | ess badiasf dhBGeidte % capruiiftar Bbsubtbhetdin &8 .t WitePpdrtion 86t W %
Accordi ng to anot her, enbodi nent, the conversion of_ mnethanol is from 98.2 w
%to |ess thanyoaws iptheteedang ppdpttyandesehudmevater fosmed wghgprogypct.

For example, the weight flow rate of methanol on an oxygenate free basis is
calculated by multiplying the weight flow rate of methanol by 14/32 to remove the
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 is 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.

10048] Desirably, the amount of oxygenated hydrocarbon present in the olefin
stream from the oxygenate to olefin reaction, on a water free basis, is at Jeast
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,



100461 In this invention, weight percent conversion is calcul ated 33125@
free basis unless otherw se specified. Wight percent conversion

free basi g Rﬁo.ﬁ:ﬁé{:u' ated as: 100 x (weight oxygenate fed opc@c,d%%@fﬂ-free
basis - weight oxygenated hydrocarbon in the product on a water free

basis). The water free basis of oxygenate is cal culated by subtracting out
the water portion of the oxygenate in the feed and product, and excl udi ng
water fornmed in the product, For exanplld, the weight flow rate of nethanol
on an oxygenate free basis is calculated by multiplying the weight flow

rate of met hpaRbvdpytolddridBcdmlyr #Teamenion® of YRl &y geRITB@REdtbcAtbok RemBE hanol . As
anot her exanple, the rate flow rate of dinethylether on an oxygenate free

basis is cal ¢eslirabkecolpyn prstduch| Rrefetabivheheiastnt of oxymanated Bydtocaibensn hyl et her

mxture of oty gud: bbb FERRRAREDs BisthpheriPhBE-B Folilhete o o

i ncl uded. Wgrafepthandousn di of, r@hraptdwhﬁpmef %riesteﬂﬁﬂﬂ aBsutll hit % fap@d, only
met hanol and di net hyl et her are used to cal cul ate conversion on a water free

basi s. 10047']30$1rpfﬁfﬁf§?l}’ﬁ?b&'@'@hthaﬁéb%plw§' is also calculated on a water

f b d > 100
ut 5% conponel i TR REpaR e SGperle SR bl eb i Ry Tt ner)
when net hanodongdifld @warietyrofthiyytoetder amcsnmsﬁﬁura&rlbdnecdrﬁMenﬂsO%&Hu[gesi rably,

the anpunt of oxygenated hydrocarbon present in the olefin streamfromthe
oxygenat e t oV#Eef ﬁP‘F%Ié)btﬂi‘%ﬁe‘Bﬁ”%“@v&’ﬂlb?orﬁ?‘é@ fpagti40 wi % vaater et l“:Elé‘bout 100

ppm by wei ght, WP"ﬁﬂf&r@EArﬁ ﬁé%te?ggrﬂ%\gﬁg%a?ﬂ,r WY 45 Q@amf 84da

preferably at eas out 10 e anount oxyqg nat ed
hydr ocar bon has iesahal 25 wn 96 brpgenuted hydmcarboes pfefeeablydaissharsbouk th and be so
high, 3 0 MAY 2006 03/048085 PCT/ 2/ 24577 14 however, to SI n| ficantly
af f ect remdﬁ?‘ed?refq\’gg%x‘iféébf’é‘tlg?d‘”‘h dFB‘%Eﬁaé]dno? F&ﬁt?rr?S“taHEEgﬁ’ oI efin

product. Pratgsablw oidten@sRARtr&im %&%@@Eﬁ?le‘%%%%&}%e‘ r*rhemﬁ) & efin
stream fromthe oxygenate to olefin reaction process should be not greater

t han about Zthyledg tonwopyisnetar bdddpustest asgiesinedelhy chragingoatal ydt and réctoand  nost

‘0,
preferably nc%%dg{o%zsi.t chérhn%ﬂ-&%%g%atgd l?yd%car@ons in the product stream can

include C, to C; paraffins, C4 to C; 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, C;
alcohols, dimethyl! ether, methyl ether, C4 ethers, acetic acid, propanoic acid,
butyric acid, C, to Cg aldehydes, and C; to Ce 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



100491 The olefin streamfromthe oxygenate conversion reaction generally
contains a variety of hydrocarbon and non-hydrocarbon conponents, including
water. Typically, the olefin streamwi |l contain at |east 40 wt %X&MAY 208d
at least 30 wt % hydrocarbons. On a water containing basis, the olefin
streamdesirably has less than 25 w % oxygenat ed hydrocarbons, preferably
|l ess than 20 wt % and nore preferably less than 10 wt % Preferably, on a
wat er containing basis, at least 20 W % of the olefin stream conprises

et hyl ene and propylene. The ratio of ethylene to propylene can be adjusted
as desired by changing catalyst and reactor conditions. O her

non- oxygenat ed hydrocarbons in the product streamcan include Cl to C7
paraffins, C4 to C7 olefins, and a variety of other saturated and

unsat urat ed hydrocarbons. 100501 The olefin streamw ||l also contain a
variety of oxygenated hydrocarbon conponents. These conponents include, for
exanpl e, nethanol, ethanol, C3 alcohols, dinethyl ether, nethyl ether, C4
ethers, acetic acid, propanoic acid, butyric acid, C2 to C6 al dehydes, and
C3 to C6 ketones. 11 The ampbunt of oxygenated hydrocarbons in the olefin
streamw || vary wth the degree of oxygenate feed conversion. At |ower
oxygenate conversion levels, there is an increase in the anpount of
oxygenat ed hy dnenyatmbes the profivestegn i cnpbd toottrmparreAglowtidi ng t o one enbodi nent

at | east about 0y Wior erbrbulGr @ h§hdnile fld GA@LPABdMERGE s CONt aini ng basi s,
conpri ses oxygenated hydrocarbons. Ana%per enbodinentégpnprises, on a water

_cont ai ni ng basi%sitsble oy <a0i e profust sireqm helovghe copfnsgtion WMBRBWEPL o 110 di nent, on a
wat er contai ni noetea®i s, conprises at |east about 2.5 wt % 100521 A .

S:Q][l!fiCantf%]ﬂhﬂ@b@hﬂtﬁ%ﬁ?kﬁ%ﬁrﬁ% ; : ?raemﬁ;&wgtenate t?
olefin reaction proces r enove cool.in e streamto a tenperature
bel ow the con(?é%ﬁit“l “8%’4’ i‘%’&%&’f’h&é%ﬁ"ﬁ ’ “Va?{%g"ﬁm’n“‘t he stream
Preferably, theO® Kpedphis exomignsed; wateneprigining rreamythich jsempsises @ ef Wt eam i s cool ed
to a tenperat urgud el \tieloltfn steRh ANSRAIBAR: foP@ iRyl t he oxygenate feed.

e TS IE G b b Ak 8528l Byl o1 e bel v (e
which comprises a majority of the olefins, ».g., cthylene and propylene. .
[0054} The olefin stream from the oxygenate to olefin reaction process is cooled
5o that the cooled, condrmaed waser containitg sgeam contains ot [east 1 wt 7%
oxygenated hydrocarbon, preferably st least about 2 we % oxygenated
hydrocarbon, more prefernbly st least about 3 wt % oxyﬁenmd hydrocarbon. Lt is
preferred that the cooled, condepsed water coptaining stresm contzin Jess than
1000 ppm by weight olefin components, preferably less than about 500 ppm olefin
cotponents, more preferably less than about 250 ppm olefin.
{0055] Ju another embodizent, the olefin stresm from the oxygenate to olefin
reactiop process is cooled so that & vapor stream, Tich in olefins, is separaied from
the condemsed water containing stream. Itis preferred that the vapor strsam
contain pot greater thap 20 wi % water, prefaably pot gvester than abowt 15 wt %
“water, more prefersbly not proster than sbout 12 w1 % water.
[0056)] In one embodiment, the vapor stream contajns not greater than sbhout 15wt
% oxygensted bydrocarbon, preferably not prester thag shout 12 w % oxypeneted
hydrocarbon, ore prefersbly not greater than sbout 10 wt % oxygenated
hydrocarbon. In one smbodiment, the vapor stream contains not greater than
gbott 15 wi % methenol and dimethylether, preferably not greater than about 12
wit % methanel and dimethylether, and more preferably got greater than about 10
Wi % metbano] and dimethylether.



[ 00531 In one enbodinent, the olefin streamfromthe oxygenate to olefin
reaction process is cooled, then the cooled olefin wean is separated into
two fractions. oat fractionis a condensed, wsta containing stream whi ¢
conprises nost of the. water fromthe olefin streamand a signifi cehMAY ?ﬂﬁﬁ
portion_of the oxygenated ' hydrocarbons fromthe ol efin stream Another
fracti'on is an ol efin vapor stream which conprises a majority of the
aleftnt, e.g., ethylene and propyl ene. LOOM The olefin steamfromthe
oxygenate to olefin reaction process is cooled so that the cool ed,
condensed water containing sewn contains at lean | w oxygenated

hydr ocarbon, preferably at |east about 2 w V. oxygenated . hydrocarbon, nore
preferably at |east about 3 w V. oxygenated hydrocarbon. It is preferred
that the cool ed, condensed water containi-ng steamcontain | ess than 1000
ppm by wci ght olefln conponent., preferably | ess than about 500 ppm ol efin
conponents. Marc preferably | ess than about 250 ppmol efin. 100551 In

anot her enbodi nent, the olefin streamfromthe oxygenate to olefin reaction
process is cooled so that a vapor stgam rich in olefins, is separated from
the condensed water containing stream It is preferred that the vapor stream
contain not greater than 20 wt e/ 0 water, preferably net greater than about
15 M % wat er , [0a55 & que eblediizhiof fioinvaytiaatbesiefinfemmdooae okfintat V. water. (00561

I n ohe errtd)oﬁl r m&k@g}éﬁﬁ@&;ﬁ&{oﬂms ﬂ@,ﬂg{ug{gg@iﬁmhag abO(l)Jt 15 w
oxygenat ed hydroca n sater .t nPaEgg 12 wt %
oxygenat ed '&F‘&&'ﬁggﬁﬁ‘ ’ﬁﬁ ‘e{) %%' wg?“f ar"écéj{lg"r ﬁhbout 10 wt 'Ys
oxygenat ed bydlpa!@@!rmm15mlﬁm@mafmmﬁmWWBBP-’-‘%?"rseam cont ai ns not
greater than .:gw[,b] /ﬂoqwm,baﬁthﬁ,mhﬁ)et her, preferably not

4
greater than agkﬁgé N n and dﬁ'{’% ther r&d more preferably
not greater th lfb‘ﬂ'f“?ﬁ“%” 'ﬁ@'fﬁ o SEpPmEE PRI ™5 0 Ay 2006 16
100591 I n one elefostesvefiom ¢ clefircio bypee iwestion frives olnafpasckerolumam from the ol efin

to oxygenate Eﬁ@& mrm%aﬁzéﬁnmhﬁ&mwmmmes&ﬁmw that is not
greater than Ehf E# ‘.’;‘@ E the ggnﬁg&g P'n 1885 |on process is
erera cool 64 a

carried out Pr n Scream | essure of not
greater than aB’Giﬁ‘“%‘“ﬁﬁP‘?“FSﬁ'&‘rhi’Hﬂt'ffwﬁ‘ﬁl"é’?é‘?"&ﬁ??’%tﬁgreater t han
about 40 psis EREGpdtdRM)of the clefin product sweamn remains & vapor, and exits the quench

cohamnn as rp overhend vepoy stremm., The overhead vapor stream is rich in olefin
product, and cag alo contain some oxygepated hydrocarbon by-products.
[0059] 1n one embodiment, the quenching fuid is » recycle streama of the
condenscd water containing, heavy botioms stream of the quench column, This .
water eontaining streawm is desitably cooled, £.g., by 3 heat exchanger, end
injectnd back into the guench column. It js preferred in this arnbodiment to pot
injeet cooling medium from an outside source ints the quench column, although it
mgy be desirable to do o in other separation cquipmesnt down stream of the
quench column. -
{0060] In one embodiment, the oxygessted kydrozarbon §s further separated from
the coojed, condensed water containing sream. Conventional separation
processes can be used, distillation being one example of & scperation process. The
separstid oxygensted hydrocarbon can then be used a3 additiona) feed for the
0Xygenate yeaction or it tan be used as fuel or for other processing,
[0061] The oxygenated hydrocarbon stream separated from ibe cooled, condensed
water stream should be jow in water. In ane embodiment the sepamted
uxygenated hydrocarbon stream contains not greatey thes sbout 50wt % water.
Lower concentrations of water in the separated sweam with concentrmions nfnot
- greater than about 40 wt %, sbout30 wt %, and about 25 wt % bemg mmmngly
preferred.



10058) A quench columm is one type of equipnent that is effective in cooling
the olefin streamfromthe olefin to oxygenate reaction process. In a
guench colum, a quenching fluid Is directly contacted with the OBQfMM‘ 7006
streamto coal the streamto the desired condensation tenperature.
Condensati on produces the condensed water containing stream which is also
refired to as a heavy bottons stream The olefin portion of the olefin
product steamrenains a-vapor, and exits the quench colum as an overhead
vapor stream The overhead vapor steamis rich in olefin product, and can
al so contain sone oxygenated hydrocarbon by-products. 100591 In one

enbodi nent, the quenching told is a recycle screamof the condensed water
cont.ai ni ng, heavy bottons stream of the quench columm. This wares
containing streamis desirably cooled, e.g., by a beat exchanger. and

i njected back into the quench colum. It ‘'is preferred in this enbodiment to
not inject cooling nmediumfroman outside source into the quench col um,
although it nmay be desirable to do so in other separation equi pnent down
stream of the quench colum. 10060] IPn one enbodi nent, the oxygenated
hydrocarbon is feather separated from the cool ed, condensed water

containing stream  Conventional separati on esses ¢an be used,
distillation b3 TS ﬂ‘é"yé?é‘ﬁ’b’f’g"’b‘#“g ’i’U‘E"‘B separ at ed

oxygenat ed hydcmmﬂowammmnmmﬂudédpomddlwwm feed for the

oxygenate reac ér of by gEiRa BRrddS6s qﬁﬂelmqupm;@gﬂgm%mggocesm ng. 100611
The oxygenat ed rocar bon st eam se ar at eg fromft §°§&?‘| ed, condensed

water streams YErSHROnE RS f8enar at ed -
oxygenat ed hydhm&ﬂwgﬁeedﬁmmﬁmmwndﬁﬂm@&mbﬁwwﬂ;@ut 50 wt % water.
Lower concent r gl d:QadoR “ﬁp,'s,g,g YpbdtefoOncent rations of

not greater t han about .40 wt 0/ a d b ut 25 wt, /a being
i ncreasingly MF?WS’”E’W&P%U()}T;“’[‘ 1I"}l“’%xym“é‘nat ed hydrocar bon
steamthat is shphﬂ%éfdoigmmmbm=wﬂm@ém@§=mﬁ%ont ai ni ng steam
shoul d al so COWM&%M@h&&WgE of oxygenat ed

L AL kA T R oy 1 200t 0
by compressing the vapor stream foymed fom cooling the olefin stream from 11::
oxygenate to olefin reartion process. Compressing the vapor stream condenses
' water and various oxygensted bydrocerben componnds which were net condansed
by merely cooling the olefin sweam, These additiopally condensed compounds
are combired with the condensed water containing stream and the ox?geﬁmd
hrydrocarbon is seporated and yecovered Optionally, the compressed condensste
seamn can be methanol and/or water washed and oxygenated hydrocarbon
separated.
[0064} In cne embodiment of the invention, the vapor stream jis compressedtoa
pressure thet is grester than thet at which the oxygenate to olefin reaction process
is camied o, Preferably, the vapor stream is compressed to & pressure of o least
about 30 psia (207 kPa), more preferably at least sbout 50 psia (345 kPn), most
preferably at Jeast sbou 100 pria (589 kPa). High pressure ranges are particularly
preferred, with the upper limit being  practical ane based on cost of design and
ease of operation, Practical high pressure limits are geoerally considered to be up
to about 5,000 psiz (34,450 kPa), with lower limits of sbout 1,000 psia (6,895
KPs), about 750 psir (5171 kPa), and about 500 psia (3447 KPe) being
incrersing)y prefened.
[0065] Yet another embodiment’of this javention provides for additional
oxygenated hydrosarbon recovery. This ddditional recovery results by methanol
and/or water washing the vapor stream formed from coaling the olefin soream



fromthe oxygenate to olefin reaction process. H gher proportions of
oxygenat ed hydrocarbons extracted fromthe O efin product ,reanﬁélr'_@«‘f 2006
preferred., I d streans containing at |east about 60 < Jbeast
about 70 V\\k E&gﬁéﬁﬁ?as | east about $0 we % of the oxygenate ﬂ/f/udgrﬁ(z)@}é’r? ons
present in the olefin steamfrom the oxygenate reaction process are
increasingly preferred. 100631 This invention provides for additional
oxygenat ed hydrocarbon recovery 'by comgressing the vapor steam funned from
cooling the cleft streamfromthe oxygenate to olefin reaction process.

Conpr essi ng R, t\h@BQggéxtaf‘eat@&Qﬂ{jr‘%H&% progdsr TRO fheMRAhb MR/ QXYABNARE] _
hydr ocar bon conpounds™whi ch were net condensed by nerely cooling the olefin

green.' Theseraidiftieamak thenocondemskditc drepondersed swater contbimegistwiath abdhe
condensed water contai pjng steam and the oxygepated hydrocarbon is

separ at ed an@?%&%@‘ﬂf‘&??%%ﬂ ‘Isﬁ?patrﬁtggé%ﬁ%g’éggi%c’é@ndensate stream can be
met hanol  andj&yec\eSiredRaTpRAGRFa 16K $6AERERIIUHARE VRS asHiaR WA Hedr [ 0064J

I n one enbodi nent of the invention, the vapor streamis conpressed to e

pressure t hastréan gredatneaboutai§l (EEC) tt abamt 200°F 1§83°6Nyryetepbdy fromaibept n reacti on

process is Aut . . Prefer t he vapor, styeam i essed to it
pressure af agﬁﬁa@gt& tSBB?Htelég 'ﬁ@%":l’ﬂﬁe R f?b'Shﬂr?"é“ 6?%‘?3?@4%; @tol east about
50 psis (345akf)i20M0@beCpretenirblfibvatatd aRtthaiuhd/bPVaRdkLatofB okRa) . Hi gh
pressure ranges are particularly referred, with the upper limt being a

practical onebdus8d tonescibs flovf ratbeaficiefimayapor atmenm, ofhielpeandrs @her Pefacst i cal hi gh

pressure limts,are. .generally consider t.0y he U t 0, abhout psi s
(34,450 kpa) O B4 PRGN COMP, (B8 DA S r%“%e%l’“(“&‘,“gé’go“%%?? BPout 750
psis (5171 Hasgut) @O Ena okt NS V1B SF alefid44por) shahmb e dig 0i03ab @B&ItIY0 Mmig ef er r ed.

100651 Yet another enbodi nent of this invention provides for additional
Oxygenat ed hifgrflvaraienf ¢lednyaras strepmsangddput @Aaro shavpgdrtimesdtiafloy py

et ol S CIRRECRRILRN AR SRR SIS e
to ol efin redetliquid prodeass thelveshnainkeamobt greaiéothamalben 10astedf olefiaduct stream
's then COnbie*:ptggngﬂl}ehw;sn%nﬁp?g?ri]nsc?gas\llr\%td%girgb(ig anringfnrt]zgn ?ﬁerwez?srl]}]raﬂasgg that

the liquid product of the wash contain not greater than 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 0.07 wt % of the olefin entering the
wash unit,
j0067] 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.
[0668] The oxygenated hydrocarbon product that 1s 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 1s 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) 1s a compound of Formulal -
R—OH Formulal

wherein R is C, to Cs alkyl;



t he oxygenated hydrocarbon is separated as descri bed above. 100661 Desired
tenperature ranges for nethanol and/or water washing the vapor streamare
from about 40F (4C) to about 200F (93C), preferably from about 60F ( @é [ﬁ
about 150F (66C), nore preferably from about 80F (27C) to about 120@11? QE
A desired flow rate of methanol and/or water is about 0.01 to about 20.0
times the flow rate of olefin vapor stream which can be either'before or,
after optional conpression. Qher desired fl ow ranges include about 0.05 to
about 10.0 tinmes the flow rate of olefin vapor stream about 0.05 to about
5.0 times the flowrate of olefin vapor stream and about 0.05 to about 2.0
times the flow rate of olefin vapor stream It is also beneficial to
mai ntain the wash rate so that the |iquid product of the wash contain not -
greater than about 10 wt % of olefin entering the wash unit. It is
increasing desirable to maintain the wash rate so that the |iquid product
of the wash contain not greater than about 1.0 w % preferably not greater
than about 0.5 w % nore preferably not greater than about .0.1 w % and
nost preferably not greater than about.,;0.01 wt % of the olefin entering the
wash unit. 100671 Conventional contacting units can be used to water and/or
nmet hanol wash the vapor stream Colums with trays and/ or packing are
preferred wash wpEdjSand fdd a8l 0 Pk bPuile pRiAHY Byd taedots e Wr oduct that is
separated and recovered ceprdi n [ Sy nvent i,o Tprises a mxture of
oxygenat es, incr’tgfﬁ}\{%mgﬁFm?uéathﬁgmﬁ%#&c??%?Qu?ﬁ{ekgé Dgtdsg'g?'genate f eedst ock.
One ni xture of em%mg“h%mmﬂb%‘ﬁh'@-ﬁkywm ed hydrocar bon
product of thi s céripbaidsislidtel Sroi the @RADPOESIsiROIE UMIEOH), GARRLEBIMGESy NOt  gr-eat er than
about” 50 wt % W&EPR@% not greater than about 40.w % nore preferably
not greater than aboutl w % water, at least 25 w 9% preferably at |east
about 30 wt % nore GHerempendobfiompidsdkt apout 40 wt % of (a), wherein: (a)
is a conpound of Formula 1 R-CH Fornmula 1 wherein Ris C, to C5 alkyl; 3 0
MAY 2006 19 100691 and from about Ri-8-pRin by wei ghtermpdtad er abl y fr om abom 500
ppm by . '

[0070) wherein R; is C 1o Cy alkyl and Rz is C; 10 C, alkyl, wherein R; may be

ﬂ?e same a5 ar differsnt than Ra;
(¢) is a compound of Fommula TTY
0 -
ks i Formula ITI
Ry—C—Rs '
[0071] wherein R; iz €y o C; alkyl and Ry is G 1o Cj alkyl, wherein Ry may be the
same ey or different than Fy; and
(d) is 2 compound of Fornmila IV
QO .

i Formula IV
Ry—C—H

wherein Ry is C 5o Cy alkyl,
[0072) The mixture of oxygenated hydrocarbons in the oxygensted hydrocarbon
product of this invention optienally comprises from about 5 ppm by weight,
preferably from about 250 ppm by weight, more px'-eferhbly from about 500 ppm
by weight 1o about 5 wt %, preferably sbowt 3 wt %, more preferably sbout 2 w1
%, of (&), (), or & combination thereof, wherein:

(¢) is a compoupd of Formula V

o.

i Formua V
Re—C—DORq



wei ght, nore preferably from about 1,000 ppm by weight to about 10 Wt %
preferably about 8 wt "/., nom preferably about 6 wt % of at |east ﬁmmﬁ
conpounds sel ected fromthe group consisting of (b), (c), (d), at :;‘

conbi nation thereof, wherein: (b) is a compound of Fornmula 11 Rt-0-4ta
Formul a 11 10070) wherein Rt is d to C4 alkyi mad Rais C, to C alkyl,
wherein Rt may be the sane as or different than R2; (c) is a conpound of

Formula 111 O u Formula Il Ra--C--R 100711 wherein Fa 18 C, to C3 al kyl
and R is L, To Cy alkyl, wbersin Rr may be the same as or different-than
& and (d) is a conpound of Formula IV O 8 Rr----H Fornmula N wherein Rc is

Cl to Cs al kyl. 100721-The m xture of oxygenated hydrocarbons in the
ouygenavd hydrocarbon product of this invention optionally conprises from
about 5 ppm by weight, preferably from about 250 ppm by wei ght, nost .
preferably from about 500 ppm by weight to about 5 w e/., preferably abou
3wm % nore preferably about 2 wt % of (e), (1),, or a conbination

t hereof, wherein: (e) is a conmpound ofpFormula VO |, Re---C Ot~ Formula
V 3 0 MAY 2006 20 -

[0073] wherein Re is C 1o C3 alkyl and Ry is C) 10 C; alicyl, wherein Rg may be the
same a8 of different than Ry; and '
{f) is & compound of Formula VI
' 0

i Formaula VI

wherein R is C 10 C; alkyl.
[0074) Representative compounds of Foxmula ] include methano], ethencl, 1-
propanol, 2-propanc], C,and Cs alcohols. Represenmstive compounds of Formula
I include dimethyl ether, methy! eihy] ether, and C, ethers. Representative
compounds of Formula ITI inchude scetone, Cq ketones, Cs ketones and Cs
ketones, Repraceptative compounds of Formula IV include acetaldehyde, C;

" eldetydes, Cy aldebydes, snd Cs aldchydes. Representative compounds of
Formula V inelude C, esters, Cq esters, and Cs emers. Represestative compounds
of Formula VI include C;.acids, C; acids, and Cy acids,

[0875] The compounds of Fonmule | are present rejative to the total amount of the
at Jeast two compounds of Formules 11, 11l and IV, in the saparated oxygenated
hydrocarbon, preferably at a weight ratio of at Jeast abowt 2;1, prefersbly at least

i sbout 3:1, more preferably at least about 5:1. When compounds of Formulas V
and V1 are included in the separated hydrocarbon, the compounds of Formula]
will be present at a weipht faﬁo of st least ebout 5:1, preferably ot least abowt 7:1,-
more preferably at least about 10:1, relative to the combinerion of the compounds
of Fonpules V and VI, .
[0076] Prefembly the separated oxygeneted hydrocarbon §8 e.nmposi'ﬁon That has
at least about 15 w1 % mel.hu_;ol, 25 Jenst 10 yrm by weipht dimethyjether, at least
about 10 ppm by weight azetone, butancne, acetaldelyde, propenal, bitana) or 8
combination thereof, and not greater thap about 50'wt % water. More preferably,
the scparated oxygenated hydrocarbon is 2 compesition thet has at Jeast 20 W1 %
methanol, from sbout 10 ppm by weight to about 10 wt % dimsthylather, fom
about 10 ppm by weight 1o about 10 wt % propanal, from abow 10 ppm by weight
1o sbout 10 +t % butanone, and not greater than about 50 wt % water,



| DO73) wherein R6 is C, to C3 alkyl and Rois O to C3 alkyl, wherein R6 may
be the sane as or different than R ; and (f) is a conpound of ForrnJ i Y
N Formul a Wo Rgos08:0H wherein Rt is G to C, ellryl. )00741 ﬁe,%@%& Atve
conpounds of Formula | include nethanol, ethanol, |- propanol, 2 propenol.

C4 and C5 al cohols. Representative conpounds of For mula 11 |ncI ude di et hyl
ot her, nmethyl sibyl ether, rod Ca ether. Representati.ve conpounds of
Fornmula $ include acetone, C. ketones, G! ketones and Cs ket ones.
Representative conpounds of Formula IV include acetal dehyde, C3 al dehyde C.
al dehydes, ar{€0Ts Hiadehyced: ongma@émdmdamnwmmmw{genmtha V incl ude
Cs esters, C6 este Cs esters epr esent ounds Formul a Vi

i ncl ude C3 aditigamt 5"‘”’6‘3@? gﬁ [TEEHY aﬁﬁfaexygfeéi?§§‘y ﬁ&ﬂrga ?ngor hg{)r nul a |
are present rc‘FlleﬁwtuéaY%oﬁv(érstl&ﬁort é%taaf*uelames%blé W& ofthe géfﬁ%ﬁeé eRfppunds of

Formul as |1 V, In the separated oxygenated “hydr ocar bon
preferably athya!rmrtgalntls pnt tofold tathe @agenasbowutlefixtactpr.ef ey wphmptedt | east

about 3:1. nore pre | east ou 1. Wien co u of. Formul as V
and VI are ir?&‘lyagréaﬂeqe c&?\%‘ téoélpczfpg)te&gﬁ%f‘ﬁl@ig%%‘r?dﬁa&frh%r @%%ﬁ’gﬁ}‘rd@xﬁ Fornul a |
wi 'l be presgph ﬁt&otﬁer\wyg%tédawdeoc@fboas iR 25dth A0 Whd Pheh felieihenbiciorat | east
about ?:1,- Mere prefera | east about 10:1, relative to the conbination

of the corrpou‘\mheroise Fﬁﬁmb%at\?d axygepated b@dﬂssarbm e‘f@radbbly Tihi¢esepapiad at ed

oxygenat ed hydr ocar bon. s t| t about 15 W %
net hanol , at qxgag'}atﬁ pdﬁ%%a@ii) H’?atfﬁ g?ﬁ% ”erﬁ Cf“é %fccoé‘g%?”dz o ppm
by wei ght aceisemes a bt 3p9E€in @@@&ﬁgdﬁe&xa@leﬁﬂrﬁ&%@bnothert;#&aésse@.r a

conbi nati on thereof and not greater than about 50 wt % water More

preferably, [008Ishgancielambndymeniaf dus inyentinnas Beawn & theFigwsosinthon that has
at |east 20 %bﬁ/f;e,r&@ﬁ'bg%%hg %ﬁ%%?g%&aﬁe% {%?‘PP)’e ,?Qt 63@'{1&{?@35 jhe Wt %

dirnethyleth wei g propanal ,
from about 1Q0ppmdoglingughte g tqueadiowived,Q ZWC%thtoammﬁodﬁmds Sephragydeat er t han
about 50 wt (;A)n\l\oﬁéﬁenr vap\épst?gglﬁnoigg%? cooling unit 12 through a line 16, and a water

containing stream 1s removed from cooling unit 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.

J0079] The water containing stream 15 sent to a separator 20, preferably a

distillation column. Separator 20 1s 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



21 3 0 MAY 2006 PCT/US02/24577 100771 The separated oxygenated hydrocarbon
provi des an oxygenate product streamthat can be used directly as an
oxygenat ed hydrocarbon source for further chem cal conversion or ﬁﬁyﬂzgﬁel.
One- desi rabl e yse of the separated oxygenated hydrocarbon is as é - freed
to the oxygenate to olefin reactor. The separated oxygenated hydrocarbon
can be fed directly to the reactor, or preferably, mxed wth another
oxygenat ed hydrocarbons, .Ii ke nethanol, and then fed to the reactor.

Anot her use of the separated oxygenated hydrocarbon is as a fuel. The
separated oxygenated hydrocarbon can be conbusted, and heat energy can be
recovered and wused as a heat source in the oxygenate to ol efin process or
ot her processes. [00781 A general enbodiment of this invention is shown in
the Figure. In the Figure, olefin product from an oxygenate to ol efins
reaction is sent through a line 10 to a cooling unit, e.g., quench tower,
12." Cool ed ol efin product is separated as an olefin vapor stream exiting
cooling unit 12 through a line 16, and a water containing streamis renoved
fromcooling unit 12 through a line 4. The cooling wunit is kept cool by
‘recycling a portion of the water containing streamthrough a 1line 18. The
line 18 preferably includes a heat exchange device (not shown) to cool the
recycl ed st r eairodsiddOmdvadthovagtalie linoIw can Yiidivgigtombiaed withdeent t o a separ at or

20, preferably. A Sl @kﬁﬂ? L. §qg? ggkai d to separate
" oxygenat ed hyd?ggg?ggﬁh%%ron1 ﬁ%ﬁ&ggg€4con %?%?%a Str gﬁ?FThe oxygenat ed
hydr ocai bon_ i STPREATEORErouglAline oty The Fyusis bepen axyeanqted hydrqeatham nji ng ‘wat er bei ng
renmoved: t hr ouggrodacticante riddverad 6B epariner 20 ket wduwapownatcsdam | s 'sent t hrough
the line 16 angy.Qkk1 ' nmpressed olefin is
sent through QQFﬁﬁét%%@Sﬁ%¥?%hﬁﬁgggg?g?ggﬁﬁggﬁﬁigﬁgﬁgs??guid oxygenat ed
hydr ocar bon cofttai ning stream is renoved through a line 34. defin vapor
product is renmoved fromthe separator through a line 32. 10081 If desired,
met hanol "and/or water washes'can be used to increase the anount of
oxygenat ed hydrocarbon that is renoved through the Iine 34. Desirably such
washes are carried out in different separator vessels, and operated either
in parallel or 'in series.



100821 Oxygenat ed hydrocarbons renoved through the line 34 are sent to
separator 20 to further concentrate the oxygenated hydrocarbon. TEMAY 2006
oxygenat ed“ﬁ%&j 42006 22 hydrocarbons renoved through the e 34 oar be
directly conbined vvith the condensed water containing str&al{ W21 14 or
they can be seat directly to the separator 20 through a line 36. The result
is that to oxygenated hydrocarbon product can be recovered fromthe
separator 20 that ii reduced in water coment and tan be used as co-feed
for the oxygenate reaction process or used as fuel. 3 0 MAY 2006 WO

03/ 048085 23 ELAliMx Wat is clained is: PCT/US02/24-,77 A process for

separ ati ng oxygemated hydrocarbon froman olefin conposition conprising:
contacting an oxygenate with a nol ecul ar sieve catalyst to forman olefin
conposi ti on, wher gictuitnbéisol efin conposition 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

vater containjng RSN LOUHIHARS ALl RS nlardlatlndioAgRgle hydr ocar bon,

. T .
separating the water contail ning jstz're rom’the vapor strean] conpressing
t he vapor stream segasatonrmgmgpmisowigefin product stream and an oxygenat ed

hydr ocarbon containing streamfromthe c essed vapor stream. conbining -
the water cont ai ni SR5AHPEARPRMEFERAHELS GRIEADIE Sy EFHRRTHBAO RN S Ri ng

stream and _re_COVe&drﬁ}ﬂmﬁ?&)ﬁ%ﬂ%ﬁﬂh@ﬁQﬁﬂ%h‘?}%ﬁti@ﬁ%QM%Pistro@éﬂrE has i ned
water containing streamand |iquid oxygenated hydrocarbon containing stream

The process of cl amygtnatédintdresarbnpri si ng separating the ol efin product
cooling the olefin composition 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;
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 compnsing polymerizing the ethylene

containing stream.

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

containing stream.



into an ethylene containing streamand a propyl ene containing stream The
process of claim2, further conprising polynerizing the ethyl ene 0d¢ft286ni ng

stream Th@(pvmsﬂss of claim2, further conprising polyneriginosdgsry

propyl ene containing stream WO 03/048085 24 3 0 MAY 2006 PCT/ US02/ 24577
The process of claim1, wherein the water containing streamand the

oxygenat ed hydrocarbon containing streamare first conbined and then
separated in a separator. 6. The procesd*of claim1, wherein the water
contai ning stream and the oxygenated hydrocarbon containing streamare both
conbi ned and. sep'ﬁhapr@dewquiammd sdprirathe matéFvenfarooe stseanf and tiem 1, wherein
the vapor streamis corrE ressure of | east Pa. The

process of cl ai mQ*YERRE: %ﬁﬁgﬁoﬁ%f 6&9@{5@5%&%%&&&% EWS%GEW €Bont ai ns not
greater than 50 Wen¥pY&f i@lz sepi¥@iopr ocess of claim 8, wherein the oxygenated

hydr ocar bon productp contains not greater than 40 wt %water. 10. The process
of claim9, wherein the oxygenat ed hydrocarbon product contains not greater

than 30 wt % wat ss.of . claim 10, wherein the enat ed
hydr ocar bon é)|or odﬁt}t’e prgg?&sagfﬁ ¢ WOFTELY BF WRHRL FOBBINRE S5 SR %‘?‘P“%g

hydr ocar bon COrfpoé;&)%'eﬁ’ﬁe@ﬂ%béb&gcom&ﬁﬁnggfr@%%e (S&ﬁ%oﬁa%ﬂi&i a§9 wt %Wat er,
at least 25 wt % (a); wherein: (a) Is a conpound of Fornula R- CH Forrrula

| wherein R is Cisepara@d witkiyla; separ@obAY 2006

7. The process of claim 1, wherein the vapor stream i1s 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) is a compound of Formula I
R—OH Formula I

wherein R is C, to Cs alkyl,



25 and from about 500 ppm by weight to about 10 Wt % of at |east two
conpounds el ected fromthe group consisting of (b), (c), (d), or a

conbi nati on thereof; wherein: (b) is a conpound of Fornula 11 R---4 EIUtMAY 2006
Formula 1l wherein Rr is Cl to C. alkyl and RZis C, to G alkyl, wherein Rl
spay be the Sane as or different than (c) is a conpound of Formula IIl O O
Foanula Ill ,Rr--C wherein Rais C, to O alkyl and R4 is C, to Ca al kyl,
wherein Its may be the 'sane as or different than Rr; and (d) is a conpound
of Formula IV OFormula IV R --C-Hwherein Rois G to C5 olkyL 13. Tho
eotipoeitioa of claim1l, fyrthea conprising fromabout 5 ppmby weight to
about 5w % (a), (f), or a conbination thereof, wherein: (e) is a conpound
of Foomtila VO MRe-C -CRr Fonula V wherein Re is G to O alkyl and Rr is
Cr to CS alkyl, wherein Ifs maybe the sane as or different than Rt; and (>;
) is a compowid of Fornmula VI 3 0 MAY 1006 26 O

25

and from aboxtiISOD Fpm by weight to 2bout 10 wt % of at leasy two .
compounds sslected from the group consisting of (b}, (¢), (d), ora
combination thereof, wherein:

(b) iz B compound of Fermulz 11

Ri—O0—R; : Formula 11

wherein R, is C; w G, alkyl and R; is C, 10 C; alkyl, wherein R msy be
the same BS or different then Ry;
(c) is n compoand of Formyla I

0

i Formula III

Ry—C—PRy

wherein Ry is C) 10 Cy alky) and R is C; to Cs alkyl, wherein Ry may be the
same b3 or different than Ry; and
(d) is & compound of Fommula IV

I Formula IV
R—C-—-H ]

wherein Rq is C) to C5 alkyl.

13, The cofitposition of claim 11, further comprising from abowt 5 ppm by
weight to about 5 wi % (¢), (), or 3 combination thereof, wherein:
(e) is 2 compound of Formuls V

0o

Il Eormuh V
Re—C—~0R,

wherein Ry is C; 10 Cs alkyl and Ry is C) 10 Cy nlkyl, wherein Rg may be the
sumpe as or different than R and ’

(f) is a compound of Formula VI



R1-G OR wherein Re is C, to Cs elUgl. Fornula vi 14. A conposition conprising
at least 15 w % nethanol; at |east 10 ppni by weight dinethylethcr; at
about 1Qppm by wei ght acetone, butanone, acetal dehyde, ptnpanal, %&Mﬁ&ﬂﬂﬁor
a conbination thereof and not greater than 50 wt % wow. 15. A conposition
conprising al least 20 wt % net hanol, from 10 ppmby weight to 10 wt %

di met hyl ether,!turn 10 ppm by wcightto 10 wt % papaael, from| O ppm by

wei ght to 10 wt % but anone, and not greater *Uw50 Mmat er.

. 26

.0
I Formula VI
R—C—OH

wherein Ry is € to Cs alkyl,

14. A composition comprising st least 5wt % methanol; et Jeast 10 ppm by
weight dimethylether; at about 10 ppm by weight acetone, butancne,
acetaldehyde, propenal, butanal or B combination thereof; and not preater

" then 50 wt % water. '

15. A composition comprising At Jeast 20 wt % methanol, from 10 ppm by
weight to 10 wt % dimetbylether, from 10 ppm by weight to 10 wi %
propanal, from 10 pprm by weight to 10 Wi % butanone, and not greater
than 50 wt % water,





