
WO 03/048085 1 3 0 MAY 2006 PCT/US02/24577 OXYGENATED HYDROCARBON
COMPOSITIONS AND MEETHOD  FOR RECOVERING THE COMPOSITIONS FIELD OF THE
INVENTION 100011 This invention is directed to a method of recovering
oxygenates from an  olefin production process and the oxygenate compositions
produced. More  specifically, this invention is directed to recovering
oxygenate from the product  stream of an oxygenate to olefin process.
BACKGROUND OF THE INVENTION [0002j Olefins, in particular light olefins such
as ethylene, propylene and  butylene, are conventionally produced from
petroleum feedstocks by either  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, dimethyl ether, methyl ethyl either,  diethyl either, dimethyl
carbonate, and methyl formate. Many of these oxygenates  can be produced
from a variety of sources including synthesis gas derived from  natural gas;
petroleum liquids; carbonaceous materials, including coal; recycled
plastics; municipal wastes; or any appropriate organic material. Because of
the  wide variety of sources, alcohol, alcohol derivatives, and other
oxygenates have  promise as an economical, non-petroleum source for light
olefin production.  (00031 One way of producing olefins is by the catalytic
conversion of methanol  using a silicoaluminophosphate (SAPO) molecular
sieve catalyst. For example,  U.S. Patent No. 4,499,327 discloses making
olefins from methanol using any of a  variety of SAPO molecular sieve
catalysts. The Kaiser process is carried out at a  temperature between 300C
and 500C, a pressure between 0.1 atmosphere to 100  atmospheres, and a
weight hourly space velocity (WHSV) of between 0.1 and 40 h('. 100041
Reducing the percent conversion to olefin in the oxygenate reaction  process
can result in a better yield of olefin products such as ethylene and  



propylene, and a decrease in unwanted by-products. For example, U.S. Patent
No.  6,137,022 discloses that less than complete oxygenate conversion is
more than WO 03/048085 2 3 0 MAY 1006 PCT/US02/24577 offset by the
significant decrease in unwanted by-products. This patent further  discloses
a process for removing oxygenated hydrocarbon compounds from the  olefin
products. (0005( Although the concentration of oxygenated hydrocarbon
compounds found  in olefin products made from an oxygenate reaction process
are generally quite  low, the total amount of oxygenated hydrocarbon
produced can be substantial.  This is particularly true for large scale
olefin reaction processes. It would,  therefore, be advantageous to more
effectively recover oxygenated hydrocarbon  compounds found in the olefin
product stream of an oxygenate reaction. The  recovered oxygenated
hydrocarbon compounds can be recycled or sent to  alternative processing,
rather than discarded, for example, in a wastewater stream. SUMMARY OF THE
INVENTION (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. 100071 In one embodiment, the method comprises
contacting an oxygenate with a  molecular sieve catalyst to form an olefin
composition, wherein the olefin  composition comprises olefin, water and
oxygenated hydrocarbon. The olefin  composition is cooled to form a liquid
water containing stream and an olefin  containing vapor stream, wherein the
water containing stream comprises at least 1  wt % oxygenated hydrocarbon.
The water containing stream is separated from the  vapor stream, and the
vapor stream is compressed. An olefin product stream and  an oxygenated
hydrocarbon containing stream are separated from the compressed  vapor
stream, and the oxygenated hydrocarbon containing stream separated from  the
compressed vapor stream is combined with the cooled, liquid water containing



stream. An oxygenated hydrocarbon product is then recovered from the
combined  water containing stream and liquid oxygenated hydrocarbon
containing stream. 30 MAY 7006 3 100081 In another embodiment, the olefin
product is nether separated into  ethylene and propylene containing streams,
The ethylene containing stream Is  desirably polymerized, as well as the
propylene containing stream. 10009) In yet another embodiment, the vapor
stream is compressed at a pressure  of at least 30 psis (207 kPa).
Desirably, the oxygenated hydrocarbon product  contains not greater than 50
wt ye water, 100101 The invention further provides a hydrocarbon composition
comprising not  greater than about 50 wt % water, at least 25 wt % (a),
wherein:  '(a) is a compound of Formula I R--OH Formula I wherein R is Ct to
Cs alkyl; [00111 and from about 10 ppm by weight to about 10 it % of at
least two  compounds selected from the group consisting of (b), (c), (d),
ore combination  tbereof, wherein: (b) is a compound of Formula II Rt-O--R2
Formula 11 100121 wherein Ri is Ci to Ce alkyl and & is Ct to C4 alkyl,
wherein RI may be  the same as or different than Rt; (e) is a compound of
Formula III O II  l4r-G--Ra Formula III 100131 wherein R, is G to Cr alkyl
and Ra is C, to Cs alkyl, wherein it) may be the  same as or different than
R4; and (d) is it compound of Formula N O 



u 3y-~--H Formulary 3 0 MAY 2006 4 wheein 14 is Ca to Cs alkyl. ,10014)
Optionally, the compositions of this invention father comprise from about  5
Ppm by, weight to abort 5 wt % (e), (f), or a combination thereof, wherein;
(e) is a compound of Fomrula V 0 Formulav  Re-C-Oki 100151 wherein Re is
Cato Cy alkyl and Rt is 4 to Cr alkyl, wherein Re may be the  same an or
different than R,; and (1) is a compound of Formula VI 0 u Rr-C -O11 wherein
Re is G to C1 alkyl. Forman VI BRIEF DESCRIPTION OF THE DRAWING 10016) One
embodiment of invention is shown in the attached Figure, which is a  flow
diagram showing one particular embodiment for separating and recovering
oxygenated hydrocarbon from the olefin product of an oxygenate to olefin
reaction process, DETAILED DESCRIPTION OF THE INVENTION 100111 This
invention provides a mothod of recovering oxygenated hydrocarbon  from an
olefin stream produced in an oxygenate to olefin process. In an  oxygenate
to olefin process, an oxygenate feed stream, typically & methanol or a
methanol bend, is converted into an olefin steam. The olefin stream contains
significant amounts of ethylene and propylene, as well as a significant
amount of  water, which is a normal by-product in the catalytic conversion
of methanol to  



olefin. The olefin stream also contains various amounts of oxygenated
hydrocarbon by-products, which are produced as a result of incomplete 3 0
MAY 1006 5 conversion or undesirable side reactions. A significant amount of
the oxygenated  hydrocarbon by-products is recovered by the method of this
invention. .100151 An olefin steam is obtained by contacting oxygenise with
a melecular  sieve catalyst. The oxygenate comprises at least one organic
compound which  contains at least one oxygen atom, such as aliphatic
alcohols, ethers, carboaryl  compounds (aldehydes, ketones, carboxylic
acids, carbonate., esters and the like).  When the oxygenate is an alcohol,
the alcohol includes an aliphatic moiety baying  from I to 10 carbon atoms,
more preferably from I to 4 carbon stoles.  Representative alcohols include
but me not necessarily limited to lower straight  and branched chain
aliphatic alcohols and their unsaturated counterparts.  Examples of suitable
oxygenate compounds include; but are not limited w;  methanol; ethanol;
n-propanol; isopropanol; C`- C20 alcohols; methyl ethyl ether,  dimethyl
ether; diethyl ether; di-isopropyl ether; formaldehyde; dimethyl  carbonate;
dimethyl ketone; acetic acid; and mixtures thereof. Preferred  oxygenate
compounds we methanol, dimetbyl ether, or a mixture thereof. 100191 Tbe
molecular sieve catalyst used in this invention is an oxygenates to  olefin
catalyst which is defined as any molecular sieve capable of converting an
oxygenate to an clefs compound. Such molecular sieves include zeolites "well
as non-zcolites. and she of the large, medium or smell pore type. Small pore
molecular sieves ate preferred in one embodiment of this invention, however.
As  defined herein small pore molecular sieves have a pore size of less than
about 5,0  angsttotas, Generally, suitable catalysts have a pate size
ranging from shorn 3.5  to about 5.0 angstroms, preferably from about 4.0 to
about 5.0 angstroms, and  most preferably from about 4.3 to about 5.0
angstroms. 100201 Zeolfe materials, both natural and synthetic, have been
demonstrated to  have catalytic properties for various types of hydrocarbon
conversion processes.  In addition, zaolltc materials have been used as
adsorbents, catalyst carriers for  various types of hydrocarbon conversion
processes, and other applications.  



Zeolius are complex crystalline aluminosilicates which font a network of
AlQ2'  and Sidi tetrahedra linked by shared oxygen atoms. The negativity of
the  tetrahedra is balanced by the inclusion of cations such as alkali or
alkaline earth 3 0 MAY 2006 WO 03/048085 6 PCT/US02/24577 metal ions. In the
manufacture of some zeolites, non-metallic cations, such as
tetramethylammonium (TMA) or tetrapropylammonium (TPA), are present during
synthesis. The interstitial spaces or channels formed by the crystalline
network  enable zeolites to be used as molecular sieves in separation
processes, as catalyst  for chemical reactions, and as catalyst carriers in
a wide variety of hydrocarbon  conversion processes. (0021 Zeolites include
materials containing silica and optionally alumina, and  materials in which
the silica and alumina portions have been replaced in whole or  in part with
other oxides. For example, germanium oxide, tin oxide, and mixtures  thereof
can replace the silica portion. Boron oxide, iron oxide, gallium oxide,
indium oxide, and mixtures thereof can replace the alumina portion. Unless
otherwise specified, the terms "zeolite" and "zeolite material" as used
herein, shall  mean not only materials containing silicon atoms and,
optionally, aluminum atoms  in the crystalline lattice structure thereof,
but also materials which contain suitable  replacement atoms for such
silicon and aluminum atoms. 100221 One preferred type of olefin forming
catalyst useful in this invention is one  containing a
silicoaluminophosphate (SA-PO) 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. 



100231 According to one embodiment, substituted SAPOs can also be used in
oxygenate to olefin reaction processes. These compounds are generally known
as  MeAPSOs or metal-containing silicoaluminophosphates. The metal can be
alkali  metal ions (Group IA), alkaline earth metal ions (Group IIA), rare
earth ions  (Group IImB, including the lanthanoid elements: lanthanum,
cerium,  praseodymium, neodymium, samarium, europium, gadolinium, terbium,
WO 03/048085 7 3 0 MAY 1006 PCT/US02/24577 dysprosium, holmium, erbium,
thulium, ytterbium and lutetium; and scandium or  yttrium) and the
additional transition cations of Groups IVB, VB, VIB, VIIB,  VHIIB, and 113.
100241 Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga,
Fe,  Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the
tetrahedral  framework through a [Me02] tetrahedral unit. The [Me021
tetrahedral unit carries  a net electric charge depending on the valence
state of the metal substituent.  When the metal component has a valence
state of +2, +3, +4, +5, or +6, the net  electric charge is between -2 and
+2. Incorporation of the metal component is  typically accomplished adding
the metal component during synthesis of the  molecular sieve. However,
post-synthesis ion exchange can also be used. In post  synthesis exchange,
the metal component will introduce cations into ion-exchange  positions at
an open surface of the molecular sieve, not into the framework itself.
100251 Suitable silicoaluminophosphate molecular sieves include SAPO-5,
SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO- 34,
SA-PO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,  SAPO-47,
SAPO-56, the metal containing forms thereof, and mixtures thereof  Preferred
are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,  particularly SAPO-I8
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. 



[00261 An aluminophosphate (ALPO) molecular sieve can also be included in
the  catalyst composition. Aluminophosphate molecular sieves are crystalline
microporous oxides which can have an AIP04 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
WO 03/048085 8 3 0 MAY 2006 PCT/US02/24577 herein by reference in its
entirety. Preferred ALPO structures are ALPO-5,  ALPO-11, ALPO-18, ALPO-31,
ALPO-34, ALPO-36, ALPO-37, and ALPO-46.  10027 The ALPOs can also include a
metal substituent in its framework.  Preferably, the metal is selected from
the group consisting of magnesium,  manganese, zinc, cobalt, and mixtures
thereof These materials preferably exhibit  adsorption, ion-exchange and/or
catalytic properties similar to aluminosilicate,  aluminophosphate and
silica aluminophosphate molecular sieve compositions.  Members of this class
and their preparation are described in U.S. Pat. No.  4,567,029,
incorporated herein by reference in its entirety. 100281 The metal
containing ALPOs have a three-dimensional microporous  crystal framework
structure of M02, A102 and P02 tetrahedral units. These as  manufactured
structures (which contain template prior to calcination) can be  represented
by empirical chemical composition, on an anhydrous basis, as: mR:
(M,AlyP,)02 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,A IyP,)02 and has a value of from zero to 0.3,
the maximum value in each case  depending upon the molecular dimensions of
the templating agent and the available void volume of the pore system of the
particular metal  



aluminophosphate involved, "x", "y", and "z" represent the mole fractions of
the  metal "M", (i.e. magnesium, manganese, zinc and cobalt), aluminum and
phosphorus, respectively, present as tetrahedral oxides. 100291 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 MA-PO is applied to the composition. Similarly ZAPO,  MnAPO and
CoAPO are applied to the compositions which contain zinc,  manganese and
cobalt respectively. To identify the various structural species  which make
up each of the subgeneric classes MAPO, ZAPO, CoAPO and  MnAPO, each species
is assigned a number and is identified, for example, as  ZAPO-5, MAPO-1 1,
CoAPO-34 and so forth. \vO (13/04808-5 9 3 0 MAY 2006  PCT/US02/24577 [00301
The silicoaluminophosphate molecular sieve is typically admixed (i.e.,
blended) with other materials. When blended, the resulting composition is
typically referred to as a SAPO catalyst, with the catalyst comprising the
SAPO  molecular sieve. 100311 Materials which can be blended with the
molecular sieve can be various  inert or catalytically active materials, or
various binder materials. These materials  include compositions such as
kaolin and other clays, various forms of rare earth  metals, metal oxides,
other non-zeolite catalyst components, zeolite catalyst  components, alumina
or alumina sol, titania, zirconia, magnesia, thoria, beryllia,  quartz,
silica or silica or silica so], and mixtures thereof. These components are
also effective in reducing, inter alia, overall catalyst cost, acting as a
thermal sink  to assist in heat shielding the catalyst during regeneration,
densifying the catalyst  and increasing catalyst strength. It is
particularly desirable that the inert materials  that are used in the
catalyst to act as a thermal sink have a heat capacity of from  about 0.05
to about I cal/g-C, more preferably from about 0.1 to about 0.8 cal/  C,
most preferably from about 0.1 to about 0.5 cal/g-C. 100321 Additional
molecular sieve materials can be included as a part of the  



SAPO catalyst composition or they can be used as separate molecular sieve
catalysts in admixture with the SA-PO catalyst if desired. Structural types
of small  pore molecular sieves that are suitable for use in this invention
include AEI, AFT,  APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR,
EDI, ERI,  GOO, KFI, LEV, LOV, LTA, MON, PAU; PHI, RHO, ROG, THO, and
substituted forms thereof Structural types of medium pore molecular sieves
that  are suitable for use in this invention include MFI, MEL, MTW, EUO,
MTT, HEU,  FER, AFO, AEL, TON, and substituted forms thereof. These small
and medium  pore molecular sieves are described in greater detail in the
Atlas of Zeolile  Sbnnc/ural 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. WO 03/048085 10 3 0 MAY 2006 PCT/US02/24577 100331
The catalyst composition, according to an embodiment, preferably  comprises
from about I% to about 99 %, more preferably from about 5 % to about  90 %,
and most preferably from about 10% to about 80%, by weight of molecular
sieve. It is also preferred that the catalyst composition have a particle
size of from  about 20 angstroms to about 3,000 angstroms, more preferably
from about 30  angstroms to about 200 angstroms, most preferably from about
50 angstroms to  about 150 angstroms. 100341 The catalyst can be subjected
to a variety of treatments to achieve the  desired physical and chemical
characteristics. Such treatments include, but are  not necessarily limited
to hydrothermal treatment, calcination, acid treatment, base  treatment,
milling, ball milling, grinding, spray drying, and combinations thereof
[00351 A preferred catalyst of this invention is a catalyst which contains a
combination of SAPO-34, and SAPO-18 or ALPO-18 molecular sieve. In a
particularly preferred embodiment, the molecular sieve is a crystalline
intergrowth  of SAPO-34, and SAPO-18 or ALPO-18. 



100361 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 I 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-1. 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. 100371
Preferably, the oxygenate feed is contacted with the catalyst when the
oxygenate is in a vapor phase. Alternately, the process may be carried out
in a WO 03/048085 11 3 0 MAY 2006 PCT/US02/24577 liquid or a mixed
vapor/liquid phase. When the process is carried out in a liquid  phase or a
mixed vapor/liquid phase, different conversions and selectivities of
feed-to-product may result depending upon the catalyst and reaction
conditions.  100381 The process can generally be carried out at a wide range
of temperatures.  An effective operating temperature range can be from about
200C to about  700C, preferably from about 300C to about 600C, more
preferably from about  350C to about 550C. At the lower end of the
temperature range, the formation  of the desired olefin products may become
markedly slow with a relatively high  content of oxygenated olefin
by-products being found in the olefin product.  However, the selectivity to
ethylene and propylene at reduced temperatures may  be increased. At the
upper end of the temperature range, the process may not  form an optimum
amount of ethylene and propylene product, but the conversion  



of oxygenate feed will generally be high. 100391 The pressure also may vary
over a wide range, including autogenous  pressures. Effective pressures
include, but are not necessarily limited to,  oxygenate partial pressures of
at least I 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). 100401 One important conversion 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 3 0 MAY 2006
WO 03/048085 PCT/US02/24577 12 reaction zone, the gas superficial velocity
may vary at different locations within  the reaction zone. The degree of
variation depends on the total number of moles  of gas present and the cross
section of a particular location in the reaction zone,  temperature,
pressure and other relevant reaction parameters. 100411 In one embodiment,
the gas superficial velocity is maintained at a rate of  greater than 1
meter per second (m/s) at least one point in the reaction zone. In  another
embodiment, it is desirable that the gas superficial velocity is greater
than  about 2 m/s at least one point in the reaction zone. More desirably,
the gas  superficial velocity is greater than about 2.5 m/s at least one
point in the reaction  zone. Even more desirably, the gas superficial
velocity is greater than about 4 m/s  



at least one point in the reaction zone. Most desirably, the gas superficial
velocity  is greater than about 8 m/s at least one point in the reaction
zone. 100421 According to yet another embodiment of the invention, the gas
superficial  velocity is maintained relatively constant in the reaction zone
such that the gas  superficial velocity is maintained at a rate greater than
I m/s at all points in the  reaction zone. It is 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 superficial velocity is greater than
about 8 m/s at all points in the reaction zone. 100431 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. 100441 According to one
embodiment, the conversion of the primary oxygenate,  e.g., methanol, is
from 90 wt % to 98 wt %. According to another embodiment WO 03/04808~ 13 3 0
MM 2005  PCT/US02/24n77 the conversion of methanol is from 92 wt % to 98 wi
%, preferably from 94 wt %  to 98 wt %. [00451 According to another
embodiment, the conversion of methanol is above 98  wt % to less than 100 wt
%. According to another embodiment, the conversion of  methanol is from 98.1
wt % to less than 100 wt %; preferably from 98.2 VA % to  99.8 wt %.
According to another embodiment, the conversion of methanol is from  98.2 wt
% to less than 99.5 wt %; preferably from 98.2 wt % to 99 wt %. 



100461 In this invention, weight percent conversion is calculated on a water
free  basis unless otherwise specified. Weight percent conversion on a water
free basis  is calculated as: 100 x (weight oxygenate fed on a water free
basis - weight  oxygenated hydrocarbon in the product on a water free
basis). The water free  basis of oxygenate is calculated by subtracting out
the water portion of the  oxygenate in the feed and product, and excluding
water formed in the product,  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 tile  feed, only
methanol and dimethylether are used to calculate conversion on a water  free
basis. 100471 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 - \Aq % dimethylether)
when methanol and/or  dimethylether is used as the feed. 100481 Desirably,
the amount of oxygenated hydrocarbon present in the olefin  stream from the
oxygenate to olefin reaction, on a water free basis, is at least  about 100
ppm by weight, preferably at least about 500 ppm by weight, and more
preferably at J east about 1000 ppm by weight. The amount of oxygenated
hydrocarbon in the olefin stream, on an water free basis, should not be so
high, 3 0 MAY 2006 WO 03/048085 PCT/US02/24577 14 however, to significantly
affect removal of the oxygenated hydrocarbon from the  desirable olefin
product. Preferably, the amount of oxygenated hydrocarbon in  the olefin
stream from the oxygenate to olefin reaction process should be not  greater
than about 2 wt %, more preferably not greater than about I wt %, and  most
preferably not greater than about 0.5 wt %. 



100491 The olefin stream from the oxygenate conversion reaction generally
contains a variety of hydrocarbon and non-hydrocarbon components, including
water. Typically, the olefin stream will contain at least 40 wt % water and
at least  30 wt % hydrocarbons. On a water containing basis, the olefin
stream desirably  has less than 25 wt % oxygenated hydrocarbons, preferably
less than 20 wt %, and  more preferably less than 10 wt %. Preferably, on a
water containing basis, at  least 20 wt % of the olefin stream comprises
ethylene and propylene. The ratio of  ethylene to propylene can be adjusted
as desired by changing catalyst and reactor  conditions. Other
non-oxygenated hydrocarbons in the product stream can  include C1 to C7
paraffins, C4 to C7 olefins, and a variety of other saturated and
unsaturated hydrocarbons. 100501 The olefin stream will also contain a
variety of oxygenated hydrocarbon  components. These components include, for
example, methanol, ethanol, C3  alcohols, dimethyl ether, methyl ether, C4
ethers, acetic acid, propanoic acid,  butyric acid, C2 to C6 aldehydes, and
C3 to C6 ketones. 11 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 %. 100521 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 3 0 MAY 2006 is temperature of the product steam is cooled
to a temperature below the  condensation temperature of the oxygenate feed.
In certain embodiments it is  desirable to cool the product stream below the
condensation temperature of  methanol. 



[00531 In one embodiment, the olefin stream from the oxygenate to olefin
reaction  process is cooled, then the cooled olefin wean is separated into
two fractions.  oat fraction is a condensed, wsta containing stream which
comprises most of the  water from the olefin stream and a significant
portion of the oxygenated  hydrocarbons from the olefin stream. Another
fraction is an olefin vapor stream  which comprises a majority of the
aleftnt, e.g., ethylene and propylene. LOOM) The olefin steam from the
oxygenate to olefin reaction process is cooled  so that the cooled,
condensed water containing sewn contains at lean I wt  oxygenated
hydrocarbon, preferably at least about 2 wt V. oxygenated  hydrocarbon, more
preferably at least about 3 wt V. oxygenated hydrocarbon. It is  preferred
that the cooled, condensed water containing steam contain less than  1000
ppm by wcight olefin component., preferably less than about 500 ppm olefin
components. Marc preferably less than about 250 ppm olefin. 100551 In
another embodiment, the olefin stream from the oxygenate to olefin  reaction
process is cooled so that a vapor steam, 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 %  water, more preferably not greater than about 12 wt V. water. (00561
In one embodiment, the vapor stream contains not greater than about 15 wt
oxygenated hydrocarborn, preferably not greater than about 12 wt %
oxygenated  hydrocarbon, maze preferably not greater than about 10 wt 'Ys
oxygenated  bydracarbon. In one embodiment, the vapor stream contains not
greater than  about 35 wt % methanol and dimethylether, preferably not
greater than about 12  VA % metbanel and dimethylether, and more preferably
not greater than about 10  wt /methanol and dimethylether. 3 0 MAY 2006 16
100591 In one embodiment of tha invention, the olefin stream from the olefin
to  oxygenate reaction process is cooled at a pressure range that is not
greater than  that at which the oxygenate to olefin reaction process is
carried out Preferably,  the olefin scream is cooled at a pressure of not
greater than about 50 psis (345  kit), mare preferably not greater than
about 40 psis (276 kPa), 



10058) A quench column is one type of equipment that is effective in cooling
the  olefin stream from the olefin to oxygenate reaction process. In a
quench column,  a quenching fluid Is directly contacted with the olefin
stream to coal the stream to  the desired condensation temperature.
Condensation produces the condensed  water containing stream, which is also
refired to as a heavy bottoms stream, The  olefin portion of the olefin
product steam remains a vapor, and exits the quench  column as an overhead
vapor stream. The overhead vapor steam is rich in olefin  product, and can
also contain some oxygenated hydrocarbon by-products. 100591 In one
embodiment, the quenching told is a recycle scream of the  condensed water
containing, heavy bottoms stream of the quench column. This  wares
containing stream is desirably cooled, e.g., by a beat exchanger. and
injected back into the quench column. It is preferred in this embodiment to
not  inject cooling medium from an outside source into the quench column,
although it  may be desirable to do so in other separation equipment down
stream of the  quench column. 10060] In one embodiment, the oxygenated
hydrocarbon is feather separated from  the cooled, condensed water
containing stream. Conventional separation-  processes can be used,
distillation being one example of a separation proms. The  separated
oxygenated hydrocarbon can then be used, as additional feed for the
oxygenate reaction or it can be used as fuel or far other processing. 100611
The oxygenated hydrocarbon stream separated from the cooled, condensed
water stream should be low in water. In one embodiment the separated
oxygenated hydrocarbon stream contains not greater than about 50 wt % water.
Lower concentrations of water in the separated steam with concentrations of
not  greater than about 40 wt %, about-30 wt %, and about 25 wt, /a being
increasingly  preferred. 3 0 MAY 1006 17 [0062) The oxygenated hydrocarbon
steam that is separated Sour the cooled,  condensed wafer containing steam
should also contain a relatively high  percentage of oxygenated
hydrocarbons. Desirably, the separated stream contains  at least about 50 wt
% of the oxygenated hydrocarbons present in the olefin stream  



from the oxygenate to olefin reaction process. Higher proportions of
oxygenated  hydrocarbons extracted from the Olefin product ,ream are
preferred. Separated  streams containing at least about 60 wt /., at least
about 70 wt Ye and as least  about $0 we % of the oxygenated hydrocarbons
present in the olefin steam from  the oxygenate reaction process are
increasingly preferred. 100631 This invention provides for additional
oxygenated hydrocarbon recovery  'by compressing the vapor steam funned from
cooling the cleft stream from the  oxygenate to olefin reaction process.
Compressing the vapor steam condenses  water and various oxygenated
hydrocarbon compounds which were net condensed  by merely cooling the olefin
green.' These additionally condensed compounds  are combined with the
condensed water containing steam and the oxygenated  hydrocarbon is
separated and recovered Optionally, the compressed condensate  stream can be
methanol and/or water washed and oxygenated hydrocarbon  separated. [0064J
In one embodiment of the invention, the vapor stream is compressed to e
pressure that is greater than that at which the oxygenate to olefin reaction
process  is canted out. Preferably, the vapor stream is compressed to it
pressure afar least  about 30 psis (207 kPs), more preferably at least about
50 psis (345 kpa), most  preferably at leant about 100 pale (689 kPa). High
pressure ranges are particularly  preferred, with the upper limit being a
practical one based on cost of design and  ease of operation. Practical high
pressure limits are generally considered to be up  to about 5,000 psis
(34,450 kpa), with lower limits of about 1.000 psia (6,995  Vs), about 750
psis (5171 H's), and about $00 psia (3447 )Pa) being increasingly preferred.
100651 Yet another embodiment of this invention provides for additional
Oxygenated hydrocarbon recovery. This additional recovery results by
methanol  and/or water washing the vapor stream formed from cooling the
olefin stream 3 0 MAY 2006 WO 03/048085 PCT/US02/24577 ]8 from the oxygenate
to olefin reaction process. The methanol and/or water washed  product stream
is then combined with the condensed water containing stream, and  



the oxygenated hydrocarbon is separated as described above. 100661 Desired
temperature ranges for methanol and/or water washing the vapor  stream are
from about 40F (4C) to about 200F (93C), preferably from about  60F (16C) to
about 150F (66C), more preferably from about 80F (27C) to  about 120F (49C).
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 compression. Other desired flow ranges include about 0.05 to
about 10.0 times the flow rate of olefin vapor stream; about 0.05 to about
5.0 times  the flow rate 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
maintain the wash rate so that  the liquid 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 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 0.01 wt % of the olefin entering the
wash unit. 100671 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.  100681 The oxygenated hydrocarbon product that is
separated and recovered  according to this invention comprises a mixture of
oxygenates, including at least  part of the unreacted oxygenate feedstock.
One mixture of oxygenated  hydrocarbons in the oxygenated hydrocarbon
product of this invention is a  composition which comprises not greater than
about 50 wt %, preferably not  greater than about 40 wt %, more preferably
not greater than about 30 wt % water,  at least 25 wt %, preferably at least
about 30 wt %, more preferably at least about  40 wt % of (a), wherein: (a)
is a compound of Formula 1 R-OH Formula 1 wherein R is C, to C5 alkyl; 3 0
MAY 2006 19 100691 and from about l0 ppm by weight preferably from abom 500
ppm by  



weight, more preferably from about 1,000 ppm by weight to about 10 wt %,
preferably about 8 wt "/., mom preferably about 6 wt %, of at least two
compounds selected from the group consisting of (b), (c), (d), at a
combination  thereof, wherein: (b) is a compound of Formula 11 Rt-0-4ta
Formula 11 10070) wherein Rt is Cl to C4 alkyi mad Ra is C, to C. alkyl,
wherein Rt may be  the same as or different than R2; (c) is a compound of
Formula 111 O  u Formula III Ra--C--R  100711 wherein Fa 18 C, to C3 alkyl
and R. is L, To Cy alkyl, wbersin Rr may be the  same as or different-than
&; and (d) is a compound of Formula IV O  8 Rr----H Formula N wherein Rc is
C1 to Cs alkyl. 100721-The mixture of oxygenated hydrocarbons in the
ouygenavd hydrocarbon  product of this invention optionally comprises from
about 5 ppm by weight,  preferably from about 250 ppm by weight, most
preferably from about 500 ppm  by weight to about 5 wt e/., preferably about
3 wt %, more preferably about 2 wt  %, of (e), (1),, or a combination
thereof, wherein: (e) is a compound of Formula V O.  I, Re---C-Oft~ Formula
V 3 0 MAY 2006 20 



ID073) wherein R6 is C, to C3 alkyl and Ro is Cl to C3 alkyl, wherein R6 may
be the  same as or different than R,; and (f) is a compound of Formula VI  0
N Formula VI Rs.-C-OH wherein Rt is Ci to C, ellryl. )00741 Representative
compounds of Formula I include methanol, ethanol, l- propanol, 2 propenol.
C4 and C5 alcohols. Representative compounds of Formula  11 include dimethyl
other, methyl sibyl ether, rod Ca ether. Representative  compounds of
Formula $ include acetone, C. ketones, C, ketones and Cs  ketones.
Representative compounds of Formula IV include acetaldehyde, C3  aldehyde C.
aldehydes, and Cs aldehydes: Representative compounds of  Formula V include
Cs esters, C6 ester, and Cs esters. Representative compounds  of Formula VI
include C3 acids, q acids, and C4 acids, 10075) The compounds of Formula I
are present relative to the total amount of the  at least two compounds of
Formulas II, Ill and IV, in the separated oxygenated  hydrocarbon,
preferably at a weight ratio of at least about Zx1, preferably at least
about 3:1. more preferably at least about 5:1. When compound of Formulas V
and VI are included in the separated hydrocarbon, the compounds of Formula I
will be present at a weight ratio of at least about 5:1, prefembly at least
about ?:I,- Mere preferably at least about 10:1, relative to the combination
of the compounds  of Formulas v and vi. 10076) Preferably the separated
oxygenated hydrocarbon is a composition that bas  at least about 15 wt %
methanol, at least 10 ppm by weight dimethylether, at least  about 2 o ppm
by weight acetone, butanone, acetaldehyde, propenal, butanal or a
combination thereof and not greater than about 50 wt % water More
preferably,  the separated oxygenated hydrocarbon is a composition that has
at least 20 wt %  methanol, from about 10 ppm by weight to about 10 wt %
dirnethylether, from  about 10 ppm by weight to about 10 wt I/* propanal,
from about 10 ppm by weight  to about 10 wt% butanone, and not greater than
about 50 wt % water. WO 03/048085 



21 3 0 MAY 2006  PCT/US02/24577 100771 The separated oxygenated hydrocarbon
provides an oxygenate product  stream that can be used directly as an
oxygenated hydrocarbon source for further  chemical conversion or as a fuel.
One desirable use of the separated oxygenated  hydrocarbon is as a co-feed
to the oxygenate to olefin reactor. The separated  oxygenated hydrocarbon
can be fed directly to the reactor, or preferably, mixed  with another
oxygenated hydrocarbons, like methanol, and then fed to the reactor.
Another use of the separated oxygenated hydrocarbon is as a fuel. The
separated  oxygenated hydrocarbon can be combusted, and heat energy can be
recovered and  used as a heat source in the oxygenate to olefin process or
other processes. [00781 A general embodiment of this invention is shown in
the Figure. In the  Figure, olefin product from an oxygenate to olefins
reaction is sent through a line  10 to a cooling unit, e.g., quench tower,
12. Cooled olefin product is separated as  an olefin vapor stream, exiting
cooling unit 12 through a line 16, and a water  containing stream is 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. 100791 The water containing stream is sent to a separator
20, preferably a  distillation column. Separator 20 is used to separate
oxygenated hydrocarbon  from the water containing stream. The oxygenated
hydrocarbon is removed  through a line 22, with the remaining water being
removed through a line 24.  1OOSO1 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.  10081 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. 



100821 Oxygenated hydrocarbons removed through the line 34 are sent to
separator 20 to further concentrate the oxygenated hydrocarbon. The
oxygenated 3 0 MAY 2006 22 hydrocarbons removed through the Use 34 oar be
directly combined vvith the  condensed water containing stream in lint 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 from the
separator 20 that ii reduced in water content  and tan be used as co-feed
for the oxygenate reaction process or used as fuel. 3 0 MAY 2006 WO
03/048085 23 CLAIMS What is claimed is: PCT/US02/24-,77 A process for
separating oxygenated hydrocarbon from an olefin  composition comprising:
contacting an oxygenate with a molecular sieve catalyst to form an olefin
composition, wherein the olefin composition comprises olefin, water and
oxygenated hydrocarbon; 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 I 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
The process of claim 1, further comprising separating the olefin product  



into an ethylene containing stream and a propylene containing stream. The
process of claim 2, further comprising polymerizing the ethylene  containing
stream. The process of claim 2, further comprising polymerizing the
propylene  containing stream. WO 03/048085 24 3 0 MAY 2006 PCT/US02/24577
The process of claim 1, wherein the water containing stream and the
oxygenated hydrocarbon containing stream are first combined and then
separated in a separator. 6. The process of claim 1, wherein the water
containing stream and the  oxygenated hydrocarbon containing stream are both
combined and  separated within a separator. The process of claim 1, wherein
the vapor stream is compressed at a  pressure of at least 207 kPa. The
process of claim 1, wherein the oxygenated hydrocarbon product  contains not
greater than 50 wt % water. 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. H. 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 Ci to C5 alkyl; 3 0 MAY 2006 



25 and from about 500 ppm by weight to about 10 wt % of at least two
compounds elected from the group consisting of (b), (c), (d), or a
combination thereof; wherein: (b) is a compound of Formula 11 R~--4 -Its
Formula II wherein Rr is C1 to C. alkyl and RZ is C, to Ci alkyl, wherein R1
spay be  the Same as or different than (c) is a compound of Formula III 0  0
Foanula III  Rr--C  wherein Ra is C, to Cr alkyl and R4 is C, to Ca alkyl,
wherein Its may be the  same as or different than Rr; and (d) is a compound
of Formula IV O Formula IV  R,--C--H wherein Ro is Ci to C5 olkyL I3. Tho
eotipoeitioa of claim 11, fyrthea comprising from about 5 ppm by  weight to
about 5 wt % (a), (f), or a combination thereof, wherein: (e) is a compound
of Fomntila V 0 M Re-C -ORr Fomula V wherein Re is Ci to Cr alkyl and Rr is
Cr to CS alkyl, wherein Ifs maybe the  same as or different than Rt; and (>;
) is a compowid of Formula VI 3 0 MAY 1006 26 0  



R1-G-OR wherein Re is C, to Cs eUgl. Formula vi 14. A composition comprising
at least 15 wt % methanol; at least 10 ppni by  weight dimethylethcr; at
about 1Oppm by weight acetone, butanone,  acetaldehyde, ptnpanal, butanal or
a combination thereof and not greater  than 50 wt % wow. 15. A composition
comprising al least 20 wt % methanol, from 10 ppm by  weight to 10 wt %
dimethylether,!turn 10 ppm by wcightto 10 wt %  papaael, from lO ppm by
weight to 10 wt % butanone, and not greater  *Uw5O M%water. 




