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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. Methanol, the preferred alcohol for light olefin production, is
typically synthesized from the catalytic reaction of hydrogen, carbon monoxide
and/or carbon dioxide in a methanol reactor in the presence of a heterogeneous
catalyst.

[0004] The preferred process for converting an oxygenate, such as methanol,
into one or more olefins (MTO), primarily ethylene and/or propylene, involves
contacting the feedstock with a catalyst composition, typically containing a
molecular sieve catalyst. The effluent produced by such a process is a complex
mixture comprising the desired light olefins, unconverted oxygenates, by-product

oxygenates, heavier hydrocarbons and large amounts of water. The treatment,
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[0007] U.S. Patent Nos. 6,403,854 and 6,459,009 to Miller et al. disclose a
process for converting oxygenate to light olefins with improved heat recovery
from reactor effluent streams and improved waste recovery which minimizes
overall utility requirements. The reactor effluent is quenched with an aqueous
stream in a two-stage process to facilitate the separation of hydrocarbon gases
from any entrained catalyst fines, as well as to remove water and any heavy by-
products such as Ce+ hydrocarbons. A portion of the waste water stream

withdrawn from the bottom of the quench tower is recycled to the quench tower at
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n one aspect, t ention resides in a process for
cdooea]t i nalicofithestmve réferendes faraimcovporieddengn by esference in their
contacting a feedstock conprising oxygenate with a
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[0010] In one aspect, the invention resides in a process for converting
oxygenate to olefins which comprises: contacting a feedstock comprising
oxygenate with a catalyst comprising a molecular sieve under conditions effective
to produce a vaporous product comprising the olefins, water and unreacted
oxygenate; condensing the vaporous product to provide a liquid stream rich in the
water and unreacted oxygenate, and an olefins-rich vapor stream; introducing at
least part of the liquid stream to a feed tray in a fractionation tower which provides
an oxygenate-rich overhead product and a water-rich liquid bottoms product;
providing a liquid, oxygenate-rich stream comprising at least 20 wt% oxygenate

above the feed tray; and passing the olefins-rich vapor stream through a recovery
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[0016] In another embodiment, at least a portion of the liquid, oxygenate- rich
stream comprising at least 20 wt% oxygenate is derived from the bottoms product
of a liquid-liquid absorber.

[0017] In still another embodiment, the process further comprises treating the
olefins-rich overhead from the condenser in at least one suction drum to remove
liquid from the olefins-rich overhead, which liquid is directed to the fractionation
tower above the feed tray. Conveniently, the process further comprises
compressing the olefins-rich overhead taken from the suction drum.

Conveniently, the compressed olefins-rich overhead is treated in an additional
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[0023] In still another embodiment, the oxygenate-rich overhead product from
the fractionation tower contains at least about 25 wt% methanol plus other
oxygenates, say, at least about 50 wt% methanol plus other oxygenates, typically,
at least about 75 wt% methanol plus other oxygenates, e.g., at least about 90 wt%
methanol plus other oxygenates. In another embodiment, the oxygenate-rich
overhead product comprises liquid.
[0024] In one embodiment, the fractionation tower comprises a fixed number
of actual stages, typically ranging from a condenser at the top as the first stage, to
a reboiler at the bottom as the last stage. The feed tray is typically located at about

the middle of the actual stages. The liquid, oxygenate-rich stream comprising at
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DETAILED DESCRIPTION

Molecular Sieves and Catalysts Thereof for Use in OTO Conversion

[0027] Molecular sieves suited to use for converting oxygenates to olefins
(OTO) have various chemical and physical, framework, characteristics. Molecular
sieves have been well classified by the Structure Commission of the International
Zeolite Association according to the rules of the [UPAC Commission on Zeolite
Nomenclature. A framework-type describes the connectivity, topology, of the

tetrahedrally coordinated atoms constituting the framework, and making an



aspects of the process and apparatus of the invention.
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[0029] Molecular sieve materials all have 3-dimensional, four-connected
framework structure of corner-sharing TO, tetrahedra, where T is any tetrahedrally
coordinated cation. These molecular sieves are typically described in terms of the
size of the ring that defines a pore, where the size is based on the number of T
atoms in the ring. Other framework-type characteristics include the arrangement of
rings that form a cage, and when present, the dimension of channels, and the
spaces between the cages. See van Bekkum, et al., Introduction to Zeolite Science
and Practice, Second Completely Revised and Expanded Edition, Volume 137,
pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands (2001).
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molecular sieves. In an embodiment, the metal is an alkali metal of Group IA of
the Periodic Table of Elements, an alkaline earth metal of Group IIA of the
Periodic Table of Elements, a rare earth metal of Group IIB, including the
Lanthanides: lanthanum, cerium, praseodymium, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium
and lutetium; and scandium or yttrium of the Periodic Table of Elements, a
transition metal of Groups IVB, VB, VIB, VIIB, VIIB, and IB of the Periodic
Table of Elements, or mixtures of any of these metal species. In one preferred
embodiment, the metal is selected from the group consisting of Co, Cr, Cu, Fe,

Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. In another preferred
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[0036] Non-limiting examples of SAPO and ALPO molecular sieves of the
invention include one or a combination of SAPO-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 (U.S. Patent No. 6,162,415),
SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34,
ALPO-36, ALPO-37, ALPO-46, and metal containing molecular sieves thereof.
The more preferred zeolite-type molecular sieves include one or a combination of
SAPO-18, SAPO-34, SAPQO-35, SAPO-44, SAPO-56, ALPO-18 and ALPO-34,
even more preferably one or a combination of SAPO-18, SAPO-34, ALPO-34 and
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feedstock contains one or more oxygenates, more specifically, one or more organic
compound(s) containing at least one oxygen atom. In the most preferred
embodiment, the oxygenate in the feedstock is one or more alcohol(s), preferably
aliphatic alcohol(s) where the aliphatic moiety of the alcohol(s) has from 1 to 20
carbon atoms, preferably from 1 to 10 carbon atoms, and most preferably from 1
to 4 carbon atoms. The alcohols useful as feedstock in an oxygenate to olefins
process include lower straight and branched chain aliphatic alcohols and their
unsaturated counterparts.

[0040] Non-limiting examples of suitable oxygenates include methanol,

ethanol, n-propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether,
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[0045] The feedstock, in one embodiment, contains one or more diluent(s),
typically used to reduce the concentration of the feedstock, and are generally non-
reactive to the feedstock or molecular sieve catalyst composition. Non-limiting
examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon
dioxide, water, essentially non-reactive paraffins (especially alkanes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water

being particularly preferred.
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[0049] The weight hourly space velocity (WHSV) is defined as the total
weight of the feedstock excluding any diluents to the reaction zone per hour per
weight of molecular sieve in the molecular sieve catalyst composition in the
reaction zone. Typically, the WHSV ranges from about 1 hr ! to about 5000 hr ',
preferably from about 2 hr'! to about 3000 hr', more preferably from about 5 hr'!
to about 1500 hr', and most preferably from about 10 hr”' to about 1000 hr'. In
one preferred embodiment, the WHSV is greater than 20 hr', preferably the
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molar ratio of from 300 to 2500. See, for example, EP-0 642 485 B1, which is
herein fully incorporated by reference.

[0053] Other processes for converting an oxygenate such as methanol to one
or more olefin(s) using a molecular sieve catalyst composition are described in
PCT WO 01/23500 published April 5, 2001, which is herein incorporated by

reference.
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variety o catal ytic reactors such as hybrid reactors
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first reaction zone within one or more riser reactor(s) within at least one
disengaging vessel, preferably comprising one or more cyclones. In one
embodiment, the one or more riser reactor(s) and disengaging vessel is contained
within a single reactor vessel. Fresh feedstock, preferably containing one or more
oxygenates, optionally with one or more diluent(s), is fed to the one or more riser
reactor(s) in which a zeolite or zeolite-type molecular sieve catalyst composition
or coked version thereof is introduced. In one embodiment, the molecular sieve
catalyst composition or coked version thereof is contacted with a liquid or gas, or
combination thereof, prior to being introduced to the riser reactor(s), preferably

the liquid is water or methanol.



Fl ui di zation Engineering, D. Kunii and O Levenspiel,

Robert E. Krieger Publishing Conpany, New York, New
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reference. [0056] The prefasred reactor types are
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cayptesii fri @rother embhdiment, the stripping zone is in a separate vessel from the
disengaging vessel and the gas is passed at a gas hourly superficial velocity
(GHSYV) of from 1 hr'! to about 20,000 hr' based on the volume of gas to volume
of coked molecular sieve catalyst composition, preferably at an elevated
temperature from 250°C to about 750°C, preferably from about 350°C to 650°C,
over the coked molecular sieve catalyst composition.
[0062] The coked molecular sieve catalyst composition is withdrawn from the
disengaging vessel, preferably by one or more cyclones(s), and introduced to the

regeneration system. The regeneration system comprises a regenerator where the

coked catalyst composition is contacted with a regeneration medium, preferably a
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[0066] In one embodiment, regeneration promoters, typically metal containing
compounds such as platinum, palladium and the like, are added to the regenerator
directly, or indirectly, for example with the coked catalyst composition. Also, in
another embodiment, a fresh molecular sieve catalyst composition is added to the
regenerator containing a regeneration medium of oxygen and water as described in
U.S. Patent No. 6,245,703, which is herein fully incorporated by reference.

[0067] In an embodiment, a portion of the coked molecular sieve catalyst

composition from the regenerator is returned directly to the one or more riser
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and water as described in U S. Patent No. 6,245, 703,
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CQAtiafls) PREOEPB! R5nERk gt 8lefifi{sF\%Beh as ethylene, propylene and/or
butene are described in U.S. Patent No. 5,960,643, U.S. Patent Nos. 5,019,143,
5,452,581 and 5,082,481, U.S. Patent 5,672,197, U.S. Patent No. 6,069,288, U.S.
Patent No. 5,904,880, U.S. Patent No. 5,927,063, and U.S. Patent No. 6,121,504,
U.S. Patent No. 6,121,503, and U.S. Patent No. 6,293,998, which are all herein
fully incorporated by reference.
[0071] The reaction products that are withdrawn from the OTO reactor
advantageously can be cooled and separated from water, a by-product of the

conversion, in a quench tower before the olefin products are recovered. In the
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liquid stream rich in water may vary widely dependent upon the specifics of the
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[0074] Regardless of its exact composition, the liquid stream rich in water will
need to undergo further processing to provide components in an appropriate state
for use or further treatment, e.g., provide a water stream low enough in organic
content for typical water waste treatment, or provide an oxygenate stream low

enough in water content for use as fuel or for addition to some point in the
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Or[@am|C Various embodiments of the present invention introduce the liquid,
oxygenate-rich stream to the oxygenate-water fractionation tower on a tray that is
typically no more than 30 trays, or no more than 20 trays, say, no more than 10
trays, e.g., no more than 5 trays or even no more than 2 trays, below a condenser,
the condenser being considered as the first tray at the top of the tower with a
reboiler at the bottom of the tower considered as the last or nth tray. In general, the
closer the liquid, oxygenate-rich stream is introduced to the condenser/reflux
drum, the greater the energy savings, given a composition of the liquid, oxygenate-

rich stream which is similar or higher in oxygenate, e.g., methanol, content than
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abpv he feed tray. The |lagtter enbodi t _provides
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contam nants. [0077], Var.i.ous enhodi nents of the .
BT AL EESh SUE PREAICE CoRBRRPGUabIe GRg/gerlanet. filfates
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DL R bt S o BRS, TBE B LS ieco.
”@erﬁﬂaﬂ@, GEMocd, $18erROProfandfif drO¥Giped bitkéng, such as berl
saddles, Intalox® saddles, raschig rings, Pall® rings, and Nutter Rings™. These
and other types of suitable gas/liquid contacting equipment are described in detail
in Kister, H. Z. Distillation Design, McGraw-Hill, N.Y. (1992), Chapters 6 and 8,
the disclosures of which are incorporated herein by reference. Typically such
materials are packed to a depth ranging from about 2 ft to about 40 ft (from about
0.6 m to about 12 m), say, from about 4 ft to about 20 ft (from about 1.2 m to
about 6 m). The efficacy of the packing material is related to the trays which it

replaces or supplements in terms of height equivalent per theoretical plate
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These and other types of suitable gas/liqu

c onettlzaniol-pentaigingplec andmdostelomier pedionreckayesi dompressed olefins-
containing overheads containing residual oxygenates. The residual oxygenates
and water contained in the compressed olefins-containing overheads are absorbed
by the methanol-containing feed which is removed as bottoms from the methanol
absorber. Conveniently, a liquid methanol feedstock can be introduced to the
process of the present invention by addition to the methanol absorber tower.
Typically, the liquid methanol feedstock comprises at least about 95 wt%

methanol, say, at least about 99 wt% methanol. Any conventional contact



in Kister, H Z D stillation Design, McGawHill,
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about 2 ft to about 40 ft (fromabout 0.6 mto about
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Chem cal Engineering, April, 1989, "D stillation _
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I\/?lr ﬁrcE. Ha%\rssoen ﬁ)(f) Trennessee East man Co., and John J.
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a liquid, nethanol-rich streamwhich is derived from
t lad biot & onethprraddightbadoms steeamandichatssdireséqd tooier liquid-liquid
rre&bhagol absorber tower is typically a colum whose
upBEt E)rOrti on receives a
[0086] Still another embodiment provides a liquid, methanol-rich stream,
which is derived from a unit serving to vaporize feedstock methanol for
introduction to the reactor, e.g., a liquid blowdown from a methanol feedstock
vaporization flash drum.
[0087] Yet another embodiment provides a liquid, methanol-rich stream which
is primary methanol feedstock to the reactor/vaporization system of the OTO
process. Such feedstock can be taken directly from tankage or a methanol

production unit.
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ﬁ% &5 Mﬁ eg to separate |ighter hydrocarbons
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first fractionating tower provides
ol e 1P P RB Sy R AR M aene Dy ¢ her
PIOPATSEATAD bAReRIEHERS NERENET Yrodhél hrante | b)(yg'?:nate water
nethanol-rlch bottons streamwhich is directed to the
| i(opethdndliwaten) fractionation tower can be used for various purposes, including
as a fuel, as feedstock to the OTO reactor along with the primary oxygenate
feedstock. If the oxygenate-rich overhead product is taken as a vapor in a partial
condenser operation, this provides vaporized methanol/oxygenate feed to the
reactor with virtually no incremental heat input beyond that already required in the

reboiler of the methanol-water fractionation tower, with no incremental heat load

in the primary feed vaporization section.
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vapor fromthe reflux drum in what is known as

pather thangogthaneder operation, or as a vapor drawoff

fr ny tray.abov d tra ref er abl rom a

AP0, BBt R gRe SO e Ry S e = sfbaratus
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and a l'iquid oxygenate-rich overhead product may be

t skbgtarftialylighid oxggenase fdediim linienl Ok drawnsbykanpwmnp 28 tori xapbrizer

cqndenser operation,,or vapor..and |iquid.

oG ERERorPPERS 5y Bie BB B ayh s dise 15, dudza vaporous
drapedrfatel e QMo PhadtioRz0RE 48 WY RENVE chfdfsf 64 ol Z6A¥ 50 which
preferably froma tray or trays above the hi ghest

paakes irmcatalistoim lineghfl ahd aptipgahateesivésoxysgdnateafnom dina d6 dok. pre-
SRR R LR A M
TR0 SEI8 TR SO AL i SSRAATO! Rl
aboutainiig elefips, oth,eahycﬂreewbons, water, unreacted oxygenate and oxygenate
by-products which is directed to a condenser, viz, quench tower 80 wherein the
hot, vaporous product is condensed by contacting with liquid water introduced to
the quench tower via lines 90 and 100, heat being removed from the water via heat
exchangers 110 and 120. The quench tower 80 provides a bottoms liquid stream
rich in water and unreacted oxygenate, a portion of which is recycled to the tower
80 by pump 130 via line 140 and another portion of which is directed via line 135
to feed tray 160 of a fractionation tower 150.
[0096] The fractionation tower 150, which can be operated with a condenser
pressure ranging from about 7 to about 1723 kPag (about 1 to about 250 psig), or

from about 69 to about 1033 kPag (about 10 to about 150 psig), or from about 345



about 20 wt % of the oxygenate-rich overhead product
fromthe oxygenate-water fractionation tower conprises
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introduced to the tower 150 at a point above the feed tray 160 via lines 260 and
270. In one aspect, the liquid, oxygenate-rich stream can be added to condenser
170 at actual stage 1 via line 280. Various sources for the liquid, oxygenate-rich
stream are found within the process as will be described below.

[0099] Olefins-rich vapor stream is taken as overhead from quench tower 80
to suction drum 290 which provides a liquid, oxygenate-rich stream as bottoms in
line 405, which is further directed via pump 300 and line 260 to the fractionation
tower 150. The vaporous overhead from suction drum 290 is passed via

compressor 310 and heat exchanger 320 to suction drum 330 whose liquid
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fractionation.

[0102] The bottoms of the first cut fractionating tower 440 are directed
from reboiler 560 via line 580. Reboiler 560 can be bypassed via line 445. First
cut tower bottoms are directed via line 580 to heat exchanger 600 and further to |
the lower portion of liquid-liquid absorber 610 whose upper portion is fed by wash
water via line 620. Liquid-liquid absorber 610 provides a liquid washed olefin in

line 640 as an overhead and a liquid, oxygenate-rich stream in line 630 as bottoms.



can be renoved via line 230 and/or recycled via |line
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The vaporous overhead from suction drum 290 is passed

vil@1@npr esskhe TABLEN beloratsetsx ohtangeditigmso apd ommosigans for

artipsoares i pQyGER CORR EoGsE ok FelFhed dn HCE, wit
34Grea kohfRitieXS BRBESN wihtht tpercdht FhasDexAMpIeNdeRPib¥NasR. In

liquid bottons are directed to suction drum 330 while
t Hbisdixamhkes the rdrea forostemams &8, HOS dind 630 ex¢ assumed tebggggo. The

tq.the | . [ f h bsar.b 370.
S P Y 5 AR S G/t
380atk O ddBBnARAREWRIOT60! ArAf 25 T (ORI BASIPIraBDFOVHRE 0Rydenate-

to extract oxygenates fromthe ol efi nscontai ni ng
owithnearhened paiduetds aaken Heon oafbrx dromt 179r(thek setvengnalomgwath the
absorber through lipe 365. The. nmethanol .absor ber .
D epeTSeia ) 5, eyl it pge NG PERACE Fah A RS PRRfuct is
WEy RV E ARE 310k 390 G Rk MietifafbISbsbie! BE0 BrovitiEPa liquid,
as necessary) to suction drum 290 via lines 390 and

408 yaertearichy steea thet i Hirectied ee tHeyfractiohatioa t@6€r, 150heh tray 8 via

e T S5 0L o] LR G APHR o AR
L0 P OSARA rS RRETEET 1AL R 29
SOl 3% gighesatigsdi (188dMBtahalahy coedénsehdstyrie i¥.22e gigatalories/h
5&&8%@95},) gl\flpeqrhlpﬁzg\?vs farrl ?rglnprtolglgmgrﬁtoagrn 2(1) lcon%gasfrgtgv%ez{rra%ggm(ienst. The
comparative arrangement differs by adding the liquid oxygenate-rich stream
directly to the feed tray at actual stage 25 along with the liquid stream rich in
water (instead of providing the liquid oxygenate-rich stream to tray 8), which has
reboiler duty of 74.34 gigacalories/h (295 MBtwh) and condenser duty of 29.48
gigacalories/h (117 MBtu/h).
[0105] The TABLE below sets out conditions and compositions for the

various streams of the process of the invention.



415 to conpressor 420 and heat exchanger 430 to the
m ddl e of first cut fractionating tower 440 to create

wa@2dosnsdsocut tower ol efins-rich overhead streaPCH652004/631620

reflux drum 460 and condenger 450. The first cut tower
ol efins-rich overhead stream 465 can be further
processed to create high pmABIMEoOl efins, such as

pol ymer grade et hyl ene and pol yner grade propyl ene,
via nethods well known to those skilled in the art

i ncl udi ng bustread (Wi M)t ed to caustic washing for acid
g@menoval | 389i ng %65 nol¥eullar Weve ad2brgti d¥2 415
Hz, Cie@OVED, &f acet yl enes1dhd di0Mds via %l ect ie 1.72
CoHo, g nati on,_ and ad8rfi ﬂnA)I-O:BFIInTlI natl- ico 4sion-an 37.83
CaHa, Gl Cotbnat i on. [ 0102P99Re b4 dps o001 H out 38.24
C4 HygosaPomnat i ha t ower 4339 ar o Ofbrlact o @ Briom O3hdiler 56 9.20
[ Co+ Hydrgcarbage 500° pebdit e3840 230 lhe 0024500224 i na 4.30
HZO 445 =i rc: ::.1- b\n% ,B:r* ‘2-8 a 492 ...lql"'bD I Q_Q,_an 01
CHOH ~1 . o ok 9985 1 JUB3 17,2620 ]" ™, 613 COeBieE | MO 442
OtherLQ’f(y e\h%f.es €xXt Iall. II UUU5%I1IL L \ et lq 2.1I [S] I1Q\W§1 POI loldél 4.28
?‘1—CIU| t=tHrquird—absorbenr—610 whose upger —portiom 15
Rate $5¥hr)w Was T Ve h [VIg2, 78R 1TC180d-| 80030 || \ Ailiicd |2PB85.30RT| 716,761
TempQEP PTOVIUES @ Igoqul d Meshed gal[el i n 297 [T Nese40 as 38 90
Pres @¥i§] Nead ang a lgoqui d, 66Xygereat[e-ri ctooStreamsiln [ i nes 60

630 as bottons.[0103] The bottons Iin [ine 630 are al so

provided to fractionation tower 150 via |ine 260,

di scussed above. The liquid washed olefin streamin

as

| i[0806340 carWhide ther progent pnveoters bab beenatesaibed langhllustrated by

purity oleflns,

cdﬁ@ﬁ%ﬁ%ro B%QFHHEtﬁE@Q

tqﬁ aCI

gas renova

such a

butsyktﬁnes {):5’“5]

ut en

NYde

- L )
SgﬂiW|HE_FH'W“l
{h'ap Hé%o&t{%t lgﬁgg itsdlfMot ©ialiBnE AdtShdcEssWARMIRStrated

rying via nol ecul ar sieve

adegipt | Bor, thiseeasoal theh, mfa’exydeaheslddmdmddeesrﬂdyvtb dhe appended

selectlve hydr o

etmst foF AR

g

ion,

eﬁ%’f’ﬂ%‘ﬁ&

vm

conpr essi on and fractlonatlon.
sets out conditions and conpositions for various

streans and equi pnent of the process as described in
with stream conpositions given in weight

the Figure,
percent,
exanpl e,

assuned to be zero.
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[0104] The TABLE bel ow

for an exanpl e descri bed next.
the rates for streans 35, 405 and 630 are
The liquid streamrich in water

In thi

S

135 from quench tower 80 is provided to nethanol wat er
fractionation tower 160 on tray 25 of a total

trays.

A vapor oxygenaterich

of 50

| ene vi
Hé p’ffﬁ?ﬁsl W&entlon




over head product is taken fromreflux drum 170 (thus

serving along with the condenser 180 as tray 1), and
Wmooosiossnzl oxygenate-ri ch overhead product i s PCT/US2004/031620

wi t hdrawn. The bottons 39036rom t he net hanol absorber

610 provide a liquid, oxygenate-rich streamthat is

di to the fractionation tower 150 on tray 8 via
Ii—dn'l‘g‘&viﬁgo and 260 (and punp 300). The reboiler duty of

the fractionation tower with a quuid oxygenate-rich

stream provided to tray 8 (above tg ggg‘ tray, 25) is
73.58 o} BREESIPY vé%lrﬁrtlpaseyaeeﬁtﬁ/tmle cF@H’é’é‘lsesdut y

is 27. %8mQ§ %@k&ﬁétgﬁ &&é?s?n\%@g% etate WRCD cé@%@@coﬁbnsmg a

i mprovenen er a conpar angenent

C anfléduddri vievarumieg eorditions fdffettdvedyto aplddng: taheapdirous ghroduct
oxygenate-rich streamdirectl tothefeedtray at
acPmansiag syd opefing g Wdrumreagted oxyRRNdtest ream rich in

s AR B P AT U P A i

givgiddiah@ uheaéted oXeAfeniB! andiah o@éfdlsthdapsﬁrtredmt y of
29.48 gigacalories/h (117 MBtu/h). [0105] The TABLE
bel ow ¥wFadugisg alodest ipaHsohmadc Hapds sEsashdor arfepheray in a

ok BbiRSh SR wict! Dy RIS E°GefbendsBFish (45Hi5ag Fud na o
Cwer%hla@dbdﬂtohqs&ﬁo&o@l tr. tr. 1.72 C2H2, C2H4,

C2He 38.59 0.03 tr, 0.10 37.83 C3H4, C3H6, C3HB 39.03
0. 47 Opovigingna élamzuowg WrieRba SRR Fomprising gatpleass 20 wi%

0. 25 4.30 H20
%%g‘%‘ éq"%af§¥€%§£ ?‘%ﬁg’bg‘g& %’7‘%8‘?” 99. 85 0. 63
26- 29 Ppasstnbshid8lefindticH vAgorGieam thioyigk natas/eby #din38 ré&dver

1.21 19.13 0.02 4.28 Rate (klb/hr) 32,000 702, 782

18t lyast some @b sodolefins. 760 1, 086, 300 716, 761 Tenp (F) 80
110 96 217 256 328 90 Pres (psig) 80 65 61 100 75 85
60

2. The process of claim 1 wherein said oxygenate is selected from the group

consisting of methanol and ethanol.
3. The process of claim 1 wherein said oxygenate comprises methanol.

4, The process of any preceding claim wherein said liquid, oxygenate-rich
stream comprising at least 20 wt% oxygenate is introduced at more than one level

above said feed tray.

5. The process of any preceding claim wherein at least two liquid, oxygenate-
rich streams comprising at least 20 wt% oxygenate, are introduced above said feed

tray.



[0106] While the present invention has been descri bed

and illustrated by reference to particular

wepdsdsasent s, those of ordinary skill in the ap¢T/vB1004/031620
appreciate that the inventidon lends itself to
vari ations not necessarily illustrated herein. For

this reason, then, reference.s. . .
t B> ap B doeeh SF oY PR RECcIRlE WtrlE ATHS: B bf said
U §H&idS ‘b@t?g’erﬁfe-ﬁ‘!}ﬁ sREMS dpridignhad (astCRAl W% loxyBenate is said
process for converting oxygenate to ol efins which
cteedstoeles: contacting a feedstock conprising oxygenate

with a catal yst conprising a nol ecul ar sieve under
conditions effective to produce a vaporous product

coNpPri §hoGrs@ise 0Plafl ipisoeditt @hinANEhekti @@QéRHa portion of said
oxygenat e; condensi hg sai d vaporous product to provide

alifuigy odygenatesiohr §techmi epnsprisingnat teastat{y Witir exeeeale is derived

" BeRtRReP kRt Spnethin) SR Rhul 0°C cam 10 a

feed tray in a fractionation tower which provides an
oxygenat e-rich overhead product and a water-rich
| Bqui d Theiptasess qfrcdaimct wheneoviiqhid gneshanphfeedstock is introduced to

oxygenat e-ri .Stream conpri.sing at |least 20 wm %
o%&ﬂ%ﬁ%bi’ B&EB?IH{OﬁaQCthﬁ%({] iab??g?%\}i%‘iyerabove said feed
tray; and passing said olefins-rich vapor stream

through a recovery train to recover at |east sone of _
s&i d olThkimeces? of Bhg precsdimgsclaiim ovherem 2t Ugast @i porden @f said

oxygenate is selected from.the group,consi sting_of. .
B SR BERee i AFam sompriaing B Jasb 2y Srygetatd s derived
WRRLEIHE boRtbls BroddanFagiqeRMRquid @6soikd-hanol . 4. The
process of any preceding claimwherein said |iquid,
oxygenate-rich stream conprising at | east 20 w %

oAVa°T a8 rrpeepe o Hatficly, Moelel SchrelAyt BreicBine, BT wpicn
WRh& i dlefits-ric®aGVerHed® dblited HomOX RBNRALEIsEIbeS IvRRArovides i)

conprising at |east 20 wt % oxygenate, are int rod’uced_ )
alo\odefsmirtthf cerethend atyeadn afidhél) prioetbanpl-aicheitoms stream rghich is

claimwherejn at least a portion of said |iquid,
oFGeH Fb$?4ﬁhWé%WB§ﬁ$83 rising at |east 20 wt%
oxygenate is said

11.  The process of claim 9 or claim 10 wherein wash water is added to said

liquid-liquid absorber.

12.  The process of any preceding claim which further comprises treating said
olefins-rich vapor stream from said condensing in at least one suction drum to
remove liquid therefrom and directing said liquid to said fractionation tower above

said feed tray.



feedstock. 7. The process of any preceding claim
wherein at |east a portion of said |iquid,
WO200geKEE- i ch stream conprising at | east 20 PtPAIS2004/031620
oxygenate is derived from ke bottons product of a
nmet hanol absorber tower. 8. The process of claim?7

Aaod . e .
br3oes Pt SR whRh TRlRELclprt S OARHESRE i difine
9 richh@apdr OfRem ke NyorAr i dit Nigast | @lensudtiion edmmyt tréatiagt said

a portion of said |iquid, oxygenate- rich stream
c sappresbesgolafing-gal (vapw sifepsroiy e pddisiond yetion, dpm (g Fpmove

the bptto roduct.. of a. .1 quid-1 ] quj rb 10.
iR beRERnER A S iR B ool R lon
fractionating tower, which treats ol efns-rich overhead
derived froma nethanol absorber tower, provides i) an.
ol1df i n<Thei whcesy of kaxdrenedmgnslainy whieteim s#e tligab | axyReiate-rich
bott ons st r.eam whi i Sedirected.to said |iguid-liaqui
ABuBBEpTPHSRE thge PO AR O HREAE e Bid e ik e WidTeed
whgkei n wash water is added to said liquid-liquid
absorber. 12. The process of any precedi ng clai mwhich

further conprises treating said olefins-rich vapor
st,ream.from sai d.condensi.ng i,n_at .|l east .one suction .
dr'dm t d REHBTE Pf Gy Proaper T Aharel pud il xpgfhatc-rich
| iseredd ch@pfsihg af 1k OGS bRfEehAVRY probid¥eE alstvcGaidefeel tray to a
tray. 13. ]I)'he process of claim 12 which further _
confni dup assoqated vithgashirartionatigmiowier fromaplich seffuxadrm said

taken from.ssaid at | east. e suction drum treating
s a8 Céé%vgg‘%?&gfq%ﬁgt-lls? “vapor streamin an
addi tional suction drumto renove liquid therefrom and

directing said liquid to an upstream suction drum 14.
TH&. pr ddesproedss anfyanyr prseerling) céimi wheveiayr edidh feedstpck comprises

liquid,, oxygenate-rich stream rising at |east 20
wtq%a/%%{%eé%é? Qvertieas pr '“8te‘ta°’8§a‘|“§ﬁr°rﬁ%‘a§88vew Lai d feed
tray. 15. The process of any precedi ng clai mwherein

said |liquid, oxygenate-rich stream conprising at |east
207wt % Idweygeqsss @f dny ppecsding edpimbphesein aid Watesdiahrlzguid botgpms

;S)gw“%gr Qpﬁﬁ%ﬁ%@r%ﬂ%gtg- said fractionation tower

18.  The process of any preceding claim wherein said oxygenate-rich overhead
product contains no more than 50 wt%, preferably no more than 25 wt%, most

preferably no more than 10 wt%, water.

19.  The process of any preceding claim wherein said oxygenate-rich overhead
product contains at least 25 wt%, preferably at least 50 wt%, most preferably at

least 90 wt%, methanol plus other oxygenates.

20.  The process of any preceding claim wherein said fractionation tower
comprises a fixed number of actual stages ranging from a condenser at the top as

the first stage to a reboiler at the bottom as the last stage.



oxygenate-rich overhead product is taken. 16. The
process of any precedi ng claimwherein said feedstock

W@ o0vpnsases oxygenate-rich overhead product fropreBEsI04/031620
fractionation tower. 17. T3 process of any preceding
clai mwherein said water-rich liquid bottons product
contains at least 99 wt% water. 18. The process of any
precedi ng cl ai mwherein said oxygenate-rich overhead
PraductTheOproaéss SofMAaiffD e WHERdn 2RidMe¥d tRiyeik Sloadibd anabout the
nore than 25 W% nost preferably no nore than 10 w %
waniddle of gaidpeapstagesss of any precedi ng cl ai m wherei n
sai d oxygenate-rich overhead product contains at |east
25 wt% preferably at | east 50 wt% nost preferably at
| gast GhenbfoceiBbhaMim R UWhereMeEai@XN@RAAbRFgendR-richh stream
process of any precedi ng cl ai mwherein said
f rcamprisingtat deest Qevt’corygenaeds mioiyesd at prtsbpvethezstughstage

st ages rangin m a condenser at .the,t s th
r1PeEbopde' B OPoulripaPRa o FrehgEol AR En g cpreferably
Stcdf8spéAdingt6 JUUR)CelEdeiffthe Ifindt @Iag@ cohedmhds &1 00%e@d the last
tray is located at about the m ddl e of said actual

ststage sorrgspondiHe O3 ot g actypl staggipesifionwher ei n sai d
l'iquid, oxygenate-rich stream conprising at |east 20
wt % oxygenate is introduced at or above the actual

sty3ge OhkRsReNEf Mty bkt SONainRr 28l ©r2oWNereR Jabh RANBIYT actual
to 80% nost preferably corresponding to 90% wherein

t Istages rapgessiierg@0dol PA ppeferablytftom 4048 ehd t he | ast st age
corresponds to 0% of the actual stage position. 23.
The process of any one of clains 20 to 22 wherein said

nugber A appatatd fob tABRRINgIRYEMates W1bIZAnS WhikBQomprises:
preferably from40 to 60. 24. An apparatus for

conver taimacterxfng enntaeiing o fesdatbél sompriising evygenateaxith a catalyst
reactor. for cgnt fa\cti n? a.feed tt%%k @rifi n%

oXyYBRATE WP A2 ygﬂercco%%ﬂ &p ﬁEf%% YolCeiAge & VaRgous
Une@fucEomibrisin i Cbleand, waterafid RArRSUEE R p¢RdIey; OUS

product conprising said olefins, water and unreacted
oxygenat eardenser dat eprdansing rsatdo Meroaeusnproduétdtov prsyidsus liquid

Product, 40, “’lgixget 2 'ée%‘ﬂ}ed %@ro%a"é kS it S%iegl VLR vapor
Al S "R e 518 & APG MMEEAEHEY, DX SBEPICh an; ah OlPRpEFich vap
stream;

a fractionation tower comprising a feed tray for receiving at least part of
said liquid stream, and an inlet for receiving a liquid, oxygenate-rich stream
comprising at least 20 wt% oxygenate above said feed tray, said fractionation
tower providing an oxygenate-rich overhead product and a water-rich liquid
bottoms product; and

a recovery train for recovering olefins from said olefins-rich vapor stream.

25.  The apparatus of claim 24 wherein said fractionation tower comprises
inlets at more than one level above said feed tray for introducing said liquid,

oxygenate-rich stream comprising at least 20 wt% oxygenate.



stream a fractionation tower conprising a feed tray

for receiving at |east part of said liquid stream and
w@poosnkev2 f or receiving a |iquid, oxygenate-riedI/BE52008031620

conprising at |east 20 wt %B3éxygenate above said feed

tray, said fractionation tower providing an

o&y.g_enchg 'a%:%:ﬁgtug\é?r RERDPLOEMGH BNdneretPil Habthation tower

[ Tqui d bottons proéuct; and a recovery train tor

r esxapiedes g ledseftivosinfetsoabmai ghid lfeddi trsy forc mtrodpang said liquid,

stream 25. The apparatus of claim 24 wherein said

f PEXRENHRIIh SHEUBHRINRIIHE 3t deast 2hWECOXYEERHS e t han one

| evel above said feed tray for introducing said

l'iquid, oxygenate-rich stream conprising at |east 20

W90 oxYgenph&aié .of BAg odp drchdims 2af toc2Giwhickd fupthec t@hphises a

25 wherein said fractionation tower conprises at | east

t wsthanplktbsodiss yeve Afrem fdage bpgms grodust cay be idggvedhatdeast a

sty 5o 5t et legyadoast
b a0, G ARE TR "SRR RO RARD chALAGE' g FBR 28w

24xygena6. Which further conprises a nethanol absorber
tower from whose bottons product can be derived at
| east a portion of said |iquid, oxygenate-rich stream

aPior ot 16 SBPorahS 8 sn Spiof ARG, Sigh Bliner cqppres o

cligwailk@sd absdrbeti floti WHbsEd BdrERiD BrodutD BanVbe Sderived ta0Meast a
product can be derived at |east a portion of said

| peftiicn, obepigle diguisl, roxygenate-detim LKA COMAESIAE atelpast 20 wi%
v\ﬁ)% %%%t enate. 29. The apparatus of any one of clains

2 Y& YE wherein said condenser is a guench tower. 30.
The apparatus of any one of clains 24 to 29 wherein

said fractionation tower conprises a fixed nunber of
aéfual The appayatugiebpey ancsef elamsed tq 3§ Wherqip sad sandensesyis a
ag&éﬁtchtt&g&m ddl e of said actual stages and said inlet
fori'ntroduci ng |iquid, oxygenate-rich stream
conprising at |east 20 wt % oxygenate is at or above

the actual stage corresponding to about 60% wherein

t B@ fi Abe appagws ofraprope rdclaims 2oty 3havherrin sadtfragtigpasion
¢ Jv&e‘?%%%?est aoﬁ)Q(%) rﬂlfmbterr1 6t Acthil %tag%g, IHerd? %51& 'erQl tray is located
at or about the middle of said actual stages and said inlet for introducing liquid,
oxygenate-rich stream comprising at least 20 wt% oxygenate is at or above the
aétual stage corresponding to about 60% wherein the first stage corresponds to

100% and the last stage corresponds to 0% of the actual stage position.



