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Description

Field of the Invention

[0001] This invention relates to producing and recov-
ering olefins from an oxygenate feed stream and more
particularly to heat recovery in the process of producing
and recovering olefins from an oxygenate feed stream.

Background of the Invention

[0002] Prime olefins, defined as ethylene and propyl-
ene and are materials that are used to make polyolefins.
Specifically, ethylene and propylene are used to make
polyethylene polypropylene respectively--two of the most
commonly used plastics. These prime olefins are pro-
duced by taking larger hydrocarbons (e.g., C6 to C8 hy-
drocarbons) found in petroleum feed stream and subject-
ing it to steam cracking or catalytic cracking. Cracking
processes break apart these larger hydrocarbons into
smaller olefms including ethylene and propylene. How-
ever, the cracking process produces nitrogen and sulfur
impurities that require expensive purification steps.
[0003] Another process for producing higher olefins is
the process known as an oxygenate to olefin process
("OTO") process. The OTO process takes an oxygenate
feed stream and converts it to ethylene and propylene.
The OTO process generally includes no sulfur and nitro-
gen impurities and permits the use of a methanol feed
stream produced from natural gas. Consequently, alco-
hol, alcohol derivatives, and other oxygenates have
promise as an economic non-petroleum source for prime
olefin production. Nonetheless, effluent from the OTO
process comprises olefms with hydrocarbon oxygenates
and high levels of water vapor. Accordingly, the recovery
of olefins from an OTO process involves unique technical
challenges.
[0004] U.S. Patent No. 4,499,327 discloses making
olefins from methanol using any of a variety of SAPO
molecular sieve catalysts. The type of reactor disclosed
is a fluid bed reactor where upward flow of vapors through
the catalyst causes catalyst to be fluidized and to be car-
ried by the flow of vapor. Consequently, catalyst often
becomes entrained in an olefin effluent stream leaving
the reactor.
[0005] U.S. Patent No. 4,338,475 discloses a process
for converting methanol to olefins where the catalyst is
separated from the effluent stream by cyclone separators
(or "cyclones") in the reactor. Then, the catalyst is re-
turned, directly or indirectly to the reactor. However, the
flow of the catalyst through the reactor, cyclone separa-
tors, and other equipment in contact with circulating cat-
alyst, subjects the catalyst to great mechanical stresses.
The stressed catalyst tends to disintegrate during the
process to produce dust-like particles, commonly re-
ferred to as catalyst fines. As defined herein, catalyst
fines are catalyst particles whose greatest dimension is
less than 30m. Due to their small size and weight, catalyst

fines are not efficiently removed by the cyclone separa-
tors (or cyclones) within the reactor. Consequently they
become entrained (or suspended) in the effluent stream
from the reactor. The smaller the catalyst fines, the more
difficult they are to remove by conventional processes.
[0006] Removing catalyst particles in the effluent
stream is taught in U.S. Patent No. 4,935,568 (the 568
patent). The 568 patent discloses a process for preparing
hydrocarbons from an oxygenate feed stream in which
catalyst fines are recovered from an effluent stream by
use of cyclone separators and/or sintered metal filter sys-
tems. Catalyst particles, particularly fines that are en-
trained with the gaseous effluent stream, make filter sys-
tems, including sintered metal filter systems, impractical.
Filter elements may quickly become blocked with catalyst
particles and need to be cleaned or replaced. Expensive
and sophisticated filter systems, which provide for some
measure of on-line cleaning, or low efficiency filters that
allow a substantial portion of solids through, are typically
required to provide improvements to this problem.
[0007] One OTO system is illustrated in U.S. Patent
No 6,121,504 (the 504 patent). In the 504 patent, an ox-
ygenate to olefin reactor produces an effluent stream.
The effluent stream passes through heat exchangers for
the efficient recovery of heat. Then the effluent stream
passes through a quench tower. The 504 patent provides
no guidance on how to manage the catalyst particles that
exit the reactor entrained with the gaseous effluent
stream.
[0008] Catalyst particles and other solids that leave the
reactor suspended in the effluent stream from an OTO
reactor pose a particular problem in the overall OTO proc-
ess. These catalyst particles sometimes fall out of the
gaseous effluent stream and deposit on downstream
equipment in a phenomenon known to those skilled in
the art as fouling. Fouling is the accumulation of solid
deposits on surfaces of the recovery train of a reactor
such as an OTO reactor. In conduits, fouling is believed
to significantly decrease the cross sectional area for fluid
flow, increasing pressure drop through the conduit and
decreasing process efficiency. On heat exchangers, foul-
ing is believed to occur on heat transfer surfaces such
as tubes or fins, which increases the thermal resistance
of those surfaces and causes the heat exchanger to be-
come less efficient. Typically, this loss of efficiency neg-
atively impacts the operability of the OTO reactor and
other downstream equipment in the recovery train. To
avoid this loss of efficiency or restore operability, various
equipment items typically need to be shut down and
cleaned, perhaps necessitating the shutdown of the en-
tire OTO system.
[0009] Therefore, a need exists for an effective process
for operating an OTO process to reduce the accumulation
of catalyst particles in the OTO recovery train, and there-
by reduces fouling. The present invention satisfies these
and other needs.
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Summary of the Invention

[0010] The present invention is a process for control-
ling accumulation of catalyst solids in the recovery train
of the oxygenate to olefin process. The process compris-
es providing an effluent stream from an oxygenate to
olefin reaction. The effluent stream comprises solid par-
ticles and a gas phase. The gas phase contains prime
olefins and has a dew point. The process also comprises
removing heat from the effluent stream while maintaining
a temperature of the gas phase above the dew point dur-
ing the step of removing heat. Additionally, the process
also includes washing the effluent stream in a solids wash
to remove solid particles from effluent stream into a wash
medium.
[0011] In one embodiment, the process is as stated
above. Additionally, the effluent stream comprises water
and hydrocarbons and has an aqueous dew point and a
non-aqueous dew point, the aqueous dew point being
higher than the non-aqueous dew point. In another em-
bodiment, the step of removing heat comprises removing
heat with one or more heat exchanger. In yet another
embodiment, the oxygenate to olefins reaction occurs in
a reactor. The reactor is in fluid communication with the
one or more heat exchangers and the solids wash by a
conduit. Thus, the effluent stream flows from the reactor
through the conduit to the heat exchangers and then via
the conduit to the quench.
In another embodiment the process additionally compris-
es providing a feed stream to the oxygenate to olefin
reactor. The feed stream is used as a cooling fluid in the
heat exchanger. In another embodiment, the cooling fluid
is boiled within the heat exchanger. In yet another em-
bodiment, the wash medium is water. In still another em-
bodiment, the solids wash is a quench tower.
[0012] In another embodiment, there is a process for
producing olefins. The process comprises providing an
oxygenate feed stream. The oxygenate feed stream is
reacted in the presence of a catalyst to produce an efflu-
ent stream. The effluent stream has a dew point and com-
prises an olefin containing gas phase and catalyst solids.
Heat is removed from the effluent stream while maintain-
ing the temperature of the effluent stream 10°C above
the dew point. The effluent stream is then contacted with
a liquid to separate the catalyst solids from the olefin
containing gas phase.
[0013] According to one embodiment, the catalyst is a
molecular sieve catalyst. In another embodiment the step
of contacting occurs in a quench tower. The step of re-
moving heat is accomplished using a heat exchanger.
The oxygenate feed stream is used as a cooling fluid in
the heat exchanger. In another embodiment, the oxygen-
ate feed is boiled in the step of removing heat.
[0014] In yet another embodiment of the present in-
vention, there is a process for producing olefins. The
process comprises providing an oxygenate feed stream.
The oxygenate feed stream is reacted in the presence
of a catalyst to produce an effluent stream. The catalyst

is separated from the effluent stream in a cyclone sepa-
rator to produce an effluent stream having a temperature
and comprising an olefin containing gas phase and cat-
alyst fines. Heat is then removed from the reactor effluent,
while maintaining the temperature 10°C above the dew
point of the effluent stream during the step of removing
heat to provide a cooled effluent stream. Finally, the cat-
alyst fines are washed from the effluent stream in a solids
wash to remove solids
[0015] This invention will be better understood with ref-
erence to the Detailed Description of the Invention to-
gether with the drawings and examples, which are in-
tended to illustrate specific embodiments within the over-
all scope of the invention as claimed and are not provided
by way of limitation of the claimed invention.

Brief Description of the Drawings

[0016] Figure 1 is a graphic representation of Water
Condensation vs. Temperature of the Effluent Stream of
a Methanol to Olefin Reaction at 40 psia.

Detailed Description of the Invention

[0017] It has been found that solid phase particles en-
trained in the gaseous effluent stream from an OTO re-
actor, such as catalyst or other particles, will not accu-
mulate in the recovery train located downstream from the
OTO reactor, or will accumulate at very low rates that do
not necessitate frequent shutdown of equipment, if the
gaseous effluent stream leaving the OTO reactor is kept
10°C above its dew point temperature until it reaches a
solids wash, such as a quench device. Thus, none of the
components in the gaseous reactor effluent is condensed
to form a liquid in any elements in the recovery train prior
to the gaseous effluent stream reaching a solids wash.
The recovery train is herein defined as all equipment and
conduits, including any heat exchangers and solids wash
devices, through which at least a portion of the gaseous
effluent stream from an OTO flows. The boundary of the
OTO reactor is herein defined as the gas phase exit of
the last solids separation device through which the gas-
eous effluent stream flows, typically a cyclone separator,
or in other embodiments, a filter. The OTO process is
herein defined as the OTO reactor and regenerator, ox-
ygenate feed system, recovery train, and all other ele-
ments required to make olefins from oxygenates, and
recover, separate and purify various olefin streams
present in the OTO reactor effluent stream.
[0018] A solids wash (or solids wash device) is defined,
for purposes herein, as a device in an effluent stream
that is configured to contact solid phase particles sus-
pended in the gas phase of an effluent stream with a
sufficient quantity of liquid to remove solid phase particles
from the gas phase into the liquid. The washing of the
solids from the effluent stream prevents accumulation of
catalyst particles and other solids in the recovery train
downstream from the solids wash by transferring the sol-
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ids to a dilute liquid phase that flows freely through con-
duits and equipment.
[0019] Without being constrained to a particular theory
or mechanism of action, accumulation of solid phase par-
ticles (or solids) is believed to be caused when the solids
in the effluent stream contact small quantities of liquid
components, including condensed components from the
gaseous effluent stream, forming mud on the surfaces
of equipment downstream of the OTO reactor. These
small quantities of liquid components tend to pull the sol-
ids into the liquid phase due to surface tension effects,
thus forming mud. When small quantities of liquid com-
ponents, e.g., condensed components from the gaseous
effluent stream, are present in such equipment as a con-
duit or heat exchanger, at or below the dew point tem-
perature of the gaseous effluent stream, heat is incre-
mentally removed along the length of their surfaces.
Thus, the present invention permits the reaction effluent
to be cooled without forming mud in the recovery train.
OTO process equipment downtime and inefficient oper-
ation of such equipment are avoided.
[0020] The following is a description of the process of
the present invention including the selection of the cata-
lyst, operation of the OTO reactor, and catalyst fines re-
covery.

The Catalyst

[0021] According to one embodiment of the invention,
the process is for recovery of catalyst fines from the OTO
process. Catalysts known for converting oxygenate to
olefins are known in the art. According to an embodiment,
a preferred catalyst for converting oxygenate to olefins
is one that incorporates a silicoaluminophosphate (SA-
PO) molecular sieve. Silicoaluminophosphate molecular
sieves include but are not limited to the group comprising
SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SA-
PO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SA-
PO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SA-
PO-44, SAPO-47, SAPO-56, the metal containing forms
thereof, and mixtures thereof. Preferred catalysts, ac-
cording to this embodiment, 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 consid-
ered a composition of matter having two or more com-
ponents in varying proportions, regardless of their phys-
ical state.
[0022] The silicoaluminophosphate molecular sieves
typically produced are very small and are therefore typ-
ically admixed (i.e., blended) with other materials to pro-
duce catalyst particles of the desired size. These other
materials that are blended with the molecular sieve typ-
ically include various inert or catalytically inactive mate-
rials and various binder materials, including composi-
tions such as kaolin and other clays, various forms of
rare earth metals, metal oxides, other zeolite catalyst

components, zeolite catalyst components, alumina or
alumina sol, titania, zirconia, magnesia, throia, beryllia,
quartz, silica or silica sol, aluminum chorhydril, and mix-
tures thereof. The blended composition is typically mixed
with a substantial quantity of a liquid such as water, with
the resulting slurry subjected to a process known to those
skilled in the art as spray drying. In spray drying, small
catalyst particles are formed in an atomizing nozzle, and
partially dried so they maintain a substantially spherical
shape.
[0023] When blended, the resulting composition is re-
ferred to as a SAPO catalyst, a catalyst comprising the
SAPO molecular sieve. The catalyst particles should be
of sufficient size to allow removal by conventional cy-
clones, but not so large that they are not easily fluidized.
The catalyst composition, according to one embodiment,
comprises about 1% 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. A wide
range of catalyst particle sizes are useful according to
one embodiment of the present invention. According to
an embodiment, the catalyst composition provided to an
oxygenate to olefin reactor has a particle size, typically
expressed as the largest dimension of the particle, or
range of sizes, of from about 30 mm to about 3,000 mm,
more preferably from about 30 mm to about 200 mm most
preferably from about 40 mm to about 150 mm.
[0024] The molecular sieve or catalyst, according to
another embodiment, is subjected to a variety of treat-
ments to achieve the desired physical and chemical char-
acteristics. Such treatments include, but are not neces-
sarily limited to hydrothermal treatment, calcination, acid
treatment, base treatment, milling, ball milling, grinding,
spray drying, and combinations thereof. While such treat-
ment can increase the hardness of a catalyst, it does not
eliminate the production of catalyst fines in the effluent
stream.

The OTO Reaction

[0025] The invention according to one embodiment is
management of solid phase particles in the recovery train
of an OTO reaction according to the principles set forth
herein. Accordingly, the OTO reaction is explained as
follows. In the OTO reaction, the feed stream containing
an oxygenate, and optionally a diluent or a hydrocarbon
added separately or mixed with the oxygenate, is con-
tacted with the catalyst, in the OTO reactor.
[0026] Suitable reactor types include conventional re-
actors such as fixed bed reactors, fluid bed reactors, and
riser reactors. These and other types of conventional re-
actors are described in Fluidization Engineering, D. Kunii
and O. Levenspiel, Robert E. Krieger Publishing Co. NY,
1977. According to one embodiment, preferred reactors
are riser reactors. Conventional riser reactor designs are
further described in "Riser Reactor," Fluidization and Flu-
id-Particle Systems, pages 48-59, F.A. Zenz and D. F.
Othmer, Reinhold Publishing Corp., NY 1960, the de-
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scription of which is incorporated herein by reference.
[0027] The oxygenate feed stream of this invention
comprises at least one organic compound that contains
at least one oxygen atom, such as aliphatic alcohols,
ethers, carbonyl compounds (aldehydes, ketones, car-
boxylic acids, carbonates, esters and the like). In embod-
iments where the oxygenate is an alcohol, the alcohol
optionally includes an aliphatic moiety having from 1 to
10 carbon atoms, more preferably from 1 to 4 carbon
atoms. Representative alcohols include but are not nec-
essarily limited to lower straight and branched chain
aliphatic alcohols and their unsaturated counterparts. Ex-
amples of suitable oxygenate compounds include, but
are not limited to: alcohols such as methanol, ethanol, n-
propanol, isopropanol, and C4 - C20 alcohols; ethers such
as methyl ethyl ether, dimethyl ether, diethyl ether, di-
isopropyl ether; and other oxygenates such as formalde-
hyde, dimethyl carbonate, dimethyl ketone, and acetic
acid. According to another embodiment, the composition
comprises mixtures of all the foregoing oxygenates in
various proportions. According to another embodiment,
preferred oxygenate compounds are methanol, dimethyl
ether, or a mixture thereof.
[0028] According to one aspect of the invention, one
or more inert diluents are present in the feed stream.
According to another aspect, the amount of diluent is
from 1 to 99 molar percent, based on the total number
of moles of all feed and diluent components fed to the
reactor (or catalyst). As defined herein, diluents are com-
positions that are essentially non-reactive across a mo-
lecular sieve catalyst, and primarily function to make the
oxygenates in the feed stream less concentrated. Typical
diluents include, but are not necessarily limited to helium,
argon, nitrogen, carbon monoxide, carbon dioxide, wa-
ter, essentially non-reactive paraffins (especially the al-
kanes such as methane, ethane, and propane), alk-
ylenes, aromatic compounds, and mixtures thereof. The
preferred diluents, according to one embodiment, are wa-
ter and nitrogen. According to one process for using a
diluent, water is injected in either liquid or vapor form.
[0029] According to one embodiment, the reactor is
supplied with a feed stream comprising oxygenate com-
pounds. The oxygenate feed stream is contacted with a
molecular sieve catalyst at a weight hourly space velocity
(WHSV) of about 1 hr-1 or more. According to another
embodiment, the weight hourly space velocity is prefer-
ably in the range of from about 1 hr-1 to about 1000 hr-1,
more preferably in the range of from about 20 hr-1 to
about 1000 hr-1, and most preferably in the range of from
about 20 hr-1 to about 500 hr-1. WHSV is defined herein
as the weight of oxygenates in the feed stream per hour
per weight of the molecular sieve content of the catalyst.
Optionally, WHSV is defined as the weight of oxygenate
plus hydrocarbons in the feed stream per hour per weight
of the molecular sieve content of the catalyst when so
specified. Because the catalyst or the feed stream op-
tionally contains other materials that act as inerts or dilu-
ents, the WHSV is calculated on the weight basis of the

oxygenate feed (alternatively oxygenate and hydrocar-
bons) that are present, and the molecular sieve contained
in the catalyst.
[0030] According to one embodiment, the oxygenate
feed is contacted with the catalyst when the oxygenate
is in a vapor phase. In another embodiment, the process
is carried out in a liquid or a mixed vapor/liquid phase.
When the process is carried out in a liquid phase or a
mixed vapor/liquid phase, different conversion and se-
lectivity of feed-to-product results therefrom, depending
upon the catalyst and reaction conditions.
[0031] According to an embodiment, the OTO process
is carried out using a wide range of temperatures. A typ-
ical temperature range is from about 200°C to about
700°C. According to one embodiment, the temperature
of the reactor ranges from about 300°C to about 600°C,
preferably from about 350°C to about 550°C. The pres-
sure varies over a wide range, including autogenous
pressures. According to one embodiment, oxygenate
partial pressures is about 1 psia (6.9 kPa) or greater,
preferably about 5 psia (34 kPa) or greater. The process
is particularly effective at higher oxygenate partial pres-
sures. Accordingly an oxygenate partial pressure of
about 20 psia (140 kPa) or greater is preferred in one
embodiment. In another embodiment, the oxygenate par-
tial pressure is preferably about 25 psia (170 kPa) or
greater, more preferably about 30 psia (200 kPa) or great-
er. For practical design purposes, the oxygenate partial
pressure is about 500 psia (3400 kPa) or less in one
embodiment. Preferably, the partial pressure of the oxy-
genate is about 400 psia (2800 kPa) or less in this em-
bodiment and most preferably about 300 psia (2000 kPa)
or less.
[0032] During operation of at least one embodiment of
the invention, hydrocarbons accumulate on the catalyst,
which renders the catalyst substantially ineffective. This
buildup of hydrocarbons on the catalyst is called "catalyst
coking." According to one process of this invention, coked
catalyst is regenerated by contacting it with a regenera-
tion medium to remove all or part of the coke deposits
on the catalyst. In some cases, this regeneration occurs
periodically within the reactor by ceasing the flow of feed
stream to the reactor, introducing a regeneration medi-
um, ceasing flow of the regeneration medium, and then
reintroducing the feed stream to the fully or partially re-
generated catalyst. Regeneration occurs either periodi-
cally or continuously. Typically, regeneration occurs out-
side the OTO reactor by removing a portion of the deac-
tivated catalyst to a separate regenerator, regenerating
the coked catalyst in the regenerator, and subsequently
reintroducing the regenerated catalyst to the reactor. Re-
generation occurs at times and conditions appropriate to
maintain a desired level of coke on the entire catalyst
within the reactor.
[0033] To make up for any catalyst loss during the re-
generation or reaction process, fresh catalyst is added
according to one embodiment. Particularly, the fresh cat-
alyst is added to the regenerator, where it proceeds along
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with the regenerated catalyst to the reactor. According
to another embodiment, fresh catalyst is added to the
reactor independent of the regenerated catalyst.

Catalyst Fines Recovery

[0034] The present invention produces an effluent
stream that contains prime olefins and other byproducts.
The effluent stream leaves the reactor in a gaseous state
that is absent any liquid phase. According to one embod-
iment, the amount of prime olefins is about 40wt% or
more of the effluent stream excluding water and solid
particles (e.g., catalyst particles). According to another
embodiment, the amount of prime olefins in the effluent
stream is about 45wt% or more. In yet another embodi-
ment, the amount of prime olefins in the effluent stream
is about 50wt% or more, and in still another embodiment,
about 60wt% or more excluding water and solid particles
(e.g., catalyst particles).
[0035] According to one embodiment, the amount of
ethylene in the effluent stream is about 20wt% or more
excluding water and solid particles (e.g., catalyst parti-
cles). According to another embodiment, the amount of
ethylene in the effluent stream is from about 20wt% to
about 70wt% excluding water and solid particles (e.g.,
catalyst particles).
[0036] According to one embodiment, the amount of
propylene in the effluent stream is about 20wt% or more
excluding water and solid particles (e.g., catalyst parti-
cles). According to another embodiment, the amount of
propylene in the effluent stream is from about 20wt% to
about 50wt% excluding water and solid particles (e.g.,
catalyst particles).
[0037] According to one embodiment, the amount of
byproducts (defined as chemicals produced from the
OTO process other than prime olefins, water, or solid
particles (e.g., catalyst particles) in the effluent stream is
about 25wt% or less excluding water and solid particles
(e.g., catalyst particles). According to another embodi-
ment, the amount of byproducts in the effluent stream is
from about 4wt% to about 25wt%, in yet another embod-
iment, from about 5wt% to about 20wt%, excluding water
and solid particles (e.g., catalyst particles).
[0038] The effluent stream of one embodiment con-
tains a large quantity of water vapor along with olefin
products. According to one embodiment, the effluent
stream from the OTO reactor contains about 25wt% or
more water. In another embodiment, it contains from
about 40wt% to about 80wt% water, and in yet another
embodiment, it contains from about 50wt% to about
65wt% water.
[0039] The effluent of the OTO reactor stream of one
embodiment contains some oxygenated hydrocarbons,
including any non-reacted oxygenated feed. Further-
more, oxygenated hydrocarbons that are byproducts of
the OTO reaction remains in the effluent stream. Accord-
ing to one embodiment, the amount of oxygenated hy-
drocarbons in the effluent stream range from about

0.2wt% to about 30wt% of the effluent stream excluding
water and solid particles (e.g., catalyst particles).
[0040] The oxygenate hydrocarbons of this invention
comprises at least one organic compound that contains
at least one oxygen atom, such as aliphatic alcohols,
ethers, carbonyl compounds (aldehydes, ketones, car-
boxylic acids, carbonates, esters and the like). In embod-
iments where the oxygenate hydrocarbon is an alcohol,
the alcohol optionally includes an aliphatic moiety having
from 1 to 10 carbon atoms, more preferably from 1 to 4
carbon atoms. Representative alcohols include but are
not necessarily limited to lower straight and branched
chain aliphatic alcohols and their unsaturated counter-
parts. Examples of suitable oxygenated hydrocarbons
include, but are not limited to: alcohols such as methanol,
ethanol, n-propanol, isopropanol, and C4 - C20 alcohols;
ethers such as methyl ethyl ether, dimethyl ether, diethyl
ether, di-isopropyl ether; and other oxygenates such as
formaldehyde, dimethyl carbonate, dimethyl ketone, and
acetic acid. According to another embodiment, the com-
position comprises mixtures of all the foregoing oxygen-
ates in various proportions.
[0041] The present invention will function with a wide
range of solid particles (e.g., catalyst particles, present
in the reactor effluent. In one embodiment, the reactor
effluent contains about 0.15wt% or less of solid particles
(e.g., catalyst particles). In other embodiments, the gas-
eous reactor effluent contains about 0.10wt% or less sol-
id particles, or about 0.050wt% or less solid particles, or
about 0.025wt% or less solid particles, or about
0.010wt% or less of solid particles (e.g., catalyst parti-
cles). In an alternative embodiment, the gaseous reactor
effluent contains about 0.001wt% or more solid particles
(e.g., catalyst particles), and in other alternative embod-
iments, the gaseous reactor effluent contains from about
0.001wt% to about 0.15wt% solid particles, or from about
0.003wt% to about 0.10wt%, or from about 0.005wt% to
about 0.05wt% solid particles, or from about 0.005wt%
to about 0.025wt% of solid particles (e.g., catalyst parti-
cles).
[0042] In another embodiment, the solid particles in
the reactor effluent comprise about 50wt% or more cat-
alyst fines. In yet another embodiment, the solid particles
in the reactor effluent comprises 75wt% or more catalyst
fines. In still another embodiment, the solid particles in
the reactor effluent comprises 90wt% or more catalyst
fines.
[0043] According to one embodiment, the overall con-
tent and particle size distribution of solid particles sus-
pended in the gaseous reactor effluent is effected by de-
sign and operation of cyclones and other catalyst recov-
ery devices in the oxygenate conversion reactor of the
present invention. Such design and operation techniques
are well known to those skilled in the art. Other solid
particles, in some cases, include but are not limited to
metals or refractory components (e.g., fired bricks of sil-
ica or clay). These components comprise the materials
from which the reactor is constructed. They are created
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by erosion of the reactor. Particularly but without limita-
tion, the erosion occurs when the flowing catalyst parti-
cles contact the equipment.
[0044] In one embodiment of the present invention,
heat is removed from the effluent stream after it leaves
the OTO reactor prior to the entrance of a solids wash.
The removal of heat from the effluent stream will cause
its temperature to decrease. Heat removal occurs without
limitation in conduits, heat exchangers, or other equip-
ment in the OTO recovery train.
[0045] The problem of catalyst fouling is somewhat
unique to the OTO process versus other methods of pro-
ducing olefins because of the relatively large amount of
water vapor in the effluent stream combined with the use
of a fluidized catalyst. Water has a higher condensation
temperature than most hydrocarbons made in an OTO
reaction (including non-aromatic hydrocarbons contain-
ing up to 7 carbon atoms). Particularly, the majority of
those made using small pore SAPO catalysts, which
when combined with the partial pressures of water in an
effluent stream, typically makes water the first compound
to condense from the effluent stream as temperature is
gradually reduced. Further, water has a higher heat of
vaporization than most hydrocarbons.
[0046] In the OTO process, water is likely to be the first
gas phase component in the effluent stream to condense.
It typically condenses at the highest temperature relative
to the other components. Water initially condenses from
the reactor effluent when its dew point temperature is
reached. In one example, the initial liquid droplets form
on the surface of a heat exchanger contains most of the
solids that were formerly entrained in the reactor effluent.
If the quantity of liquid at a given point is low, and hence
the concentration of solids in that liquid high, mud forms
on the surfaces. Additionally, initial condensation is
sometimes nucleated in the vapor phase by the solid par-
ticles. Liquid droplets forming in the vapor phase of the
effluent stream will subsequently fall on or otherwise at-
tach themselves to the surfaces of equipment. Mud for-
mation is likely when liquid droplets absorb or contain a
high concentration of solids.
[0047] The formation of the mud is prevented, accord-
ing to one embodiment of the invention, if the temperature
of the effluent stream is maintained 10°C above its dew
point temperature prior to entering a solids wash. For the
purposes of this application, the dew point temperature
is defined as the temperature at which condensation of
any of the components in the gaseous reactor effluent
stream first begins. The dew point temperature is pres-
sure dependent. As the pressure of the reactor effluent
stream is increased the dew point temperature will in-
crease.
[0048] The dew point temperature is also composition
dependent. Because water and hydrocarbon typically
form two phases, an effluent stream containing water and
hydrocarbon will sometimes have two dew points--an
aqueous dew point and a non-aqueous dew point. The
aqueous dew point is the temperature at which aqueous

phase first condenses. The non-aqueous dew point tem-
perature is the temperature at which non-aqueous (hy-
drocarbon) phase first condenses. Dew point tempera-
tures are a function of the partial pressure of the water
and the hydrocarbons in the gas phase of the effluent
stream.
[0049] The aqueous dew point temperature increases
when water concentration increases, and similarly, the
non-aqueous dew point temperature increases as the
hydrocarbon partial pressure increases. The determina-
tion of the dew point temperature or temperatures of a
particular composition is determined readily, by calcula-
tion or measurement or both, through employing tech-
niques well known to those skilled in the art. Herein, the
terms "dew point" and "dew point temperature" are syn-
onymous. When a particular composition has both an
aqueous and a non-aqueous dew point, it is understood
that the term "dew point" or "dew point temperature" un-
less specified otherwise refers to the highest of the aque-
ous and non-aqueous dew point temperatures.
[0050] Depending on the catalyst, feedstock, and op-
erating conditions utilized in the present invention, quan-
tities of hydrocarbons having a normal boiling point great-
er than water is present in the gaseous reactor effluent
according to one embodiment. In another embodiment,
the reactor effluent (excluding water and catalyst parti-
cles) contains no more than about 10wt% of components
with a normal boiling point greater than water excluding
water and catalyst particles. In another embodiment, the
reactor effluent (excluding water and catalyst particles)
contains about 5wt% of components or more with a nor-
mal boiling point greater than water, and in still another
embodiment, the reactor effluent (excluding water and
catalyst particles) contains about 2wt% or less of com-
ponents with a normal boiling point greater than water.
The condensation of small quantities of hydrocarbon is
believed to cause the accumulation of solids and the for-
mation of mud, in ways similar to the way described
above for water. In one embodiment, the prevention of
accumulation of solids is similarly prevented by the meth-
od of the present invention.
[0051] Accordingly, the gaseous effluent stream from
the OTO reactor is at a temperature above its dew point.
According to an embodiment, the temperature of the gas-
eous effluent stream is greater than or equal to about
200°C. According to one embodiment of the invention,
the gaseous effluent stream has a temperature ranging
from about 200°C to about 700°C. In another embodi-
ment, the temperature of the gaseous effluent stream
ranges from about 300°C to about 600°C. In yet another
embodiment, the temperature of the gaseous effluent
stream ranges from about 350°C to about 550°C.
[0052] Conduits are used to convey the effluent stream
to a solids wash. Conduits sometimes provide significant
heat removal from the effluent stream due to exposure
to the ambient environment (typically termed "heat loss"),
causing the temperature of the effluent stream to de-
crease. Such conduits further include other elements,
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including but not limited to measurement devices, such
as orifice plates to measure flow, or flow control devices,
such as automated valves, or other elements and equip-
ment items as may be found in an OTO recovery train.
Control of the temperature decrease in a conduit is a
function of appropriate design of conduit geometry and
insulation, among other things, and is well known to those
skilled in the art.
[0053] Heat exchangers are used downstream from
the OTO reactor in one embodiment of this invention to
remove heat from the effluent stream while conveying
the effluent stream to a solids wash, and thus recover
the heat energy produced in the exothermic OTO reac-
tion. The effluent stream is cooled, reducing its temper-
ature, by transferring heat to another fluid, whose tem-
perature is increased. However, if the temperature of the
effluent stream is allowed to drop below its dew point
within the heat exchanger, mud is likely to form. Accord-
ing to another embodiment of the invention, the amount
of heat removed from the heat exchanger is controlled
such that the temperature of the effluent in the heat ex-
changer, the conduit or any other component of the OTO
recovery train prior to the solids wash does not fall below
10°C above the dew point temperature.
[0054] Control of the temperature decrease in a heat
exchanger is a function of appropriate design of heat ex-
changer geometry and metallurgy, and fluid input and
output thermal properties such as heat capacity, among
other things, and is well known to those skilled in the art.
According to one embodiment, the gaseous effluent
stream is cooled by exchange with the feed stream of
the OTO reactor or another fluid in a heat exchanger in
the effluent stream. In a typical heat exchanger, heat is
transferred from a hot fluid to a cold fluid through a solid
surface or "wall" that separates the two fluids (typically
referred to as "indirect heat transfer"). If the wall temper-
ature on the hot or gaseous effluent side of the heat ex-
changer falls below the dew point temperature of the ef-
fluent stream, condensation occurs and mud accumu-
lates in the heat exchanger. The wall temperature will be
equal to or warmer than the temperature of the cooling
fluid. Accordingly, by controlling the temperature of the
cooling fluid, the wall temperature and temperature of
the gas effluent stream can be controlled.
[0055] According to one embodiment of the present
invention, the effluent stream is kept 10°C above its dew
point in a heat exchanger, conduit or other equipment
prior to entering a solids wash.
[0056] The present invention functions with the effluent
stream from an OTO reactor being conveyed by a conduit
to one or more heat exchangers. In one embodiment, the
temperature decrease through this conduit from the OTO
reactor to a heat exchanger does not exceed 50°F (28°C)
while still being maintained above the dew point of the
effluent stream. In another embodiment, the temperature
decrease through this conduit from the OTO reactor to a
heat exchanger does not exceed 20°F (11°C) while still
being maintained above the dew point of the effluent

stream.
[0057] Optionally, the effluent stream exits a heat ex-
changer and is conveyed to a solids wash via a conduit.
In one aspect of the present invention, the temperature
decrease in such a conduit from the exit of a heat ex-
changer to a solids wash is no greater than about 50°F
(28°C) while still being maintained above the dew point
of the effluent stream prior to entering the solids wash.
In another aspect of the present invention, the tempera-
ture decrease in such a conduit from the exit of a heat
exchanger to another heat exchanger or a solids wash
is no greater than about 20°F (11°C) while still being
maintained above the dew point of the effluent stream.
[0058] In one embodiment, the temperature of the cool-
ing fluid is maintained such that it does not fall below the
dew point temperature of the effluent stream. Thus, the
wall temperature on the effluent side of the exchanger
will also be maintained above the dew point temperature
of the effluent stream. Optionally, the cooling fluid is se-
lected under conditions such that it is maintained at its
boiling temperature in the heat exchanger. In another
alternative, this boiling temperature of the cooling fluid in
the heat exchanger is at or above the dew point temper-
ature of the effluent stream in the heat exchanger.
[0059] In the method of present invention, the effluent
stream is conveyed, while undergoing heat removal and
maintaining a temperature 10°C above its dew point tem-
perature until it reaches the solids wash. Thus, the efflu-
ent stream enters the solids wash at a temperature 10°C
above its dew point temperature.
[0060] In a solids wash, a sufficient quantity of a liquid
phase is quickly established that is in contact with the
effluent stream such that solid particles, particularly cat-
alyst particles, in the effluent stream are removed from
the gas phase of the effluent stream into the liquid phase
in the wash device. The "washing" likewise removes the
catalyst particles from the solids wash to prevent accu-
mulation of catalyst particles and fouling of the solids
wash. This is accomplished when the concentration of
solids in a liquid phase (a dilute liquid stream) at any point
in the solids wash is dilute enough to prevent mud for-
mation, or dilute enough so that fouling due to mud does
not necessitate the shutdown of the solids wash.
[0061] In one embodiment of the present invention, the
amount of solids removed from the gas phase of the ef-
fluent stream into a dilute liquid stream in a solids wash
device should be sufficient such that mud does not form
in the equipment of the OTO recovery train downstream
from the solids wash device. In another embodiment, the
amount of solids removed from the gas phase of the ef-
fluent stream into a dilute liquid stream in a solids wash
device should be sufficient so that it does not necessitate
frequent shutdown of equipment in the OTO recovery
train downstream of the solids wash device into which
prime olefins in the gaseous state is introduced. In one
embodiment, about 50wt% or more of the solids en-
trained in the effluent stream entering a solids wash de-
vice are present in a dilute liquid stream leaving the solids
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wash device. In other embodiments, about 75wt% or
more, preferably about 95wt% or more, most preferably
99wt% or more, of the solids entrained in the effluent
stream entering a solids wash device are present in a
dilute liquid stream leaving the solids wash device.
[0062] A solids wash device of one embodiment es-
tablishes a sufficient quantity of a liquid phase in contact
with the effluent stream through the introduction of a wash
medium. In one embodiment, a wash medium is intro-
duced to a solids wash device at a rate and condition
such that a portion of wash medium is vaporized while
still forming a sufficient quantity of a liquid phase in con-
tact with effluent stream, and no material in the effluent
stream is condensed. In other embodiments, a liquid is
introduced into the solids wash device at its bubble point
temperature, preferably at temperature of about 1°F
(0.5°C) below its bubble point temperature or more, more
preferably at a temperature of about 5°F (3°C) below its
bubble point temperature or more, most preferably at
about 10°F (5.5°C) below its bubble point temperature
or more. The bubble point temperature of a liquid is de-
fined as the temperature at which vaporization of any of
the components in a liquid first begins, essentially, the
converse of the dew point temperature discussed above,
with similar attributes regarding its dependencies.
[0063] In another embodiment the wash medium intro-
duced in the solids wash device is introduced at a rate
and under conditions such that a portion of wash medium
is vaporized while still forming a sufficient quantity of a
liquid phase in contact with effluent stream.
[0064] According to one embodiment, suitable wash
media include water, hydrocarbons, (particularly hydro-
carbons containing 5 or greater carbon atoms), oxygen-
ated hydrocarbons, and combinations thereof. Water is
a particularly effective wash medium.
[0065] In still another embodiment of the present in-
vention, a solids wash device establishes a sufficient
quantity of a liquid phase in contact with the effluent
stream through the introduction of a wash medium which
condenses at least a portion of the material in the effluent
stream. Such an operation is typically called "quenching,"
and takes place in a "quench device," and the wash me-
dium is called a "quench medium."
[0066] In a quench device, at least a portion of the gas-
eous effluent stream is rapidly condensed through con-
tact with a quench medium in the liquid state (a form of
what is typically called "direct contact heat transfer"). The
rapid condensing or "quenching" of some or all of the
components in the effluent stream does not cause the
formation of mud on surfaces, as a substantial quantity
of liquid components are present from both those con-
densed from the effluent stream and the quench medium
itself such that entrained solids, particularly catalyst par-
ticles, are separated into a dilute liquid stream in the
quench device. The quench device then serves two pur-
poses in a single unit operation, that of washing to sep-
arate entrained solids in a dilute liquid stream, and con-
densing components of the effluent stream, for example

water, which in certain applications is beneficial to further
processing in the recovery train.
[0067] In one embodiment, about 10wt% or more of
the effluent stream is condensed during quenching. In
another embodiment about 25wt% or more of effluent
stream is condensed during quenching. In yet another
embodiment about 50% or more, and in still another em-
bodiment about 55% or more of the effluent stream is
condensed during quenching. According to another em-
bodiment, at least 10% of the water in the effluent stream
is condensed during quenching. In another embodiment
about 50% or more of the water in the effluent stream is
condensed during quenching. In yet another embodi-
ment about 75% or more, and in still another embodiment
about 95% or more of the water in the effluent stream is
condensed during quenching. When quenching in a
quench device, at least a portion of the prime olefins in
a gaseous state are separated from the condensed com-
ponents of the gaseous effluent stream and entrained
solids that are then present in a dilute liquid stream.
[0068] In one aspect of the present invention, the pres-
sure within a solids wash device, including a quench de-
vice, is less than 50 psi (345 kPa) below the pressure at
which the effluent stream leaves the OTO reactor and no
less than atmospheric pressure. In another aspect, the
pressure within the solids wash device, including the
quench device, is less than 50 psi (345 kPa) below the
pressure at which the effluent stream leaves the OTO
reactor and above atmospheric pressure, in yet another
aspect it is less than 25 psi (172 kPa) below the pressure
at which the effluent stream leaves the OTO reactor and
above atmospheric pressure, and in still another aspect
it is less than 10 psi (69 kPa) below the pressure at which
the effluent stream leaves the OTO reactor and above
atmospheric pressure.
[0069] According to one embodiment of the present
invention, a quench tower is employed as a quench de-
vice. In a quench tower, the effluent stream is intimately
contacted (i.e., directly exposed in a common volume,
and not separated by walls as described above for a heat
exchanger) with a quench medium in the liquid state. The
quench medium is introduced to the quench tower at a
temperature that is both below the quench medium bub-
ble point temperature and the gaseous effluent stream
dew point temperature at the lowest pressure within the
quench tower. The quench medium is introduced in suf-
ficient volume to cause the effluent stream to move rap-
idly below its dew point temperature such that a substan-
tial portion of the effluent stream rapidly condenses.
[0070] In one embodiment, the temperature of the
quench medium is below the quench medium dew point
temperature and the aqueous dew point temperature of
the effluent stream at the lowest pressure in the quench
tower, and causes a substantial portion of the water
present in the effluent stream to condense. The quench
medium, according to one method of use, is introduced
into the quench tower at a location or locations above
where the effluent stream is introduced, such that it will
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fall within the tower and be contacted with the effluent
stream as it, or portions of it including the prime olefins
in a gaseous state, rise through the tower. The quench
tower typically includes internal elements to facilitate the
intimate contacting of the quench medium with the reac-
tor effluent or portions thereof, including liquid distributors
and contacting devices such as baffles or trays. Intimate
contacting with a liquid quench medium facilitates draw-
ing catalyst fines out of the reactor effluent, into a free-
flowing, dilute liquid phase and away from at least a por-
tion of the prime olefins in a gaseous state. The quench
tower usually also include other elements, such as heat
exchangers used to cool the quench medium that is re-
circulated into the quench tower.
[0071] In a particular embodiment, the quench medium
is water. In another embodiment, the quench medium is
a portion of the water that has been recovered from the
quench tower and cooled (thus reintroduced to the
quench tower), and which contains at least a portion of
the solids separated from the gaseous effluent stream.
In one embodiment, the quench medium is a portion of
the water that has been recovered from the bottom of the
quench tower.
[0072] In one embodiment, the temperature of the
quench medium introduced to a quench device is at or
below its bubble point at the lowest pressure in the
quench device. In an alternative embodiment, the tem-
perature of the quench medium introduced to a quench
device is 1°F (0.5°C) or more below its bubble point at
the lowest pressure in the quench device. In further al-
ternatives, the temperature of the quench medium intro-
duced to a quench device is 5°F (3°C) or more below its
bubble point, preferably 10°F (5.5°C) or more below its
bubble point, more preferably 50°F (28°C) or more below
its bubble point, even more preferably 100°F (55°C) or
more below its bubble point, and yet even more prefer-
ably 130°F (72°C) or more below its bubble point, and
most preferably 150°F (83°C) or more below its bubble
point, at the lowest pressure in the quench device.
[0073] The method and apparatus of the present in-
vention is further understood by reading the following
specific examples, which are not intended to limit the
scope of the invention is utilized.

Example 1 (comparative)

[0074] A feed stream containing 99wt% methanol and
1wt% water is fed into an OTO reactor containing a SA-
PO-34 catalyst. The reactor is operated at a temperature
of 923°F (495°C), a pressure of 40 psia (280 kPa), and
a 95% methanol conversion. Components in the effluent
stream exiting the OTO reactor, and their flow rates, are
shown in Table 1.

[0075] The effluent stream is in the vapor phase, with
catalyst fines entrained in the vapor comprising 0.01wt%
of the entire effluent stream. The particle density of the
catalyst fines is 75lb/ft3 (1.2 g/cc).
[0076] Figure 1 shows the percent of condensed water
in the effluent stream versus temperature at 40 psia (280
kPa).
[0077] In heat exchangers and other equipment down-
stream from the reactor prior to a quench device, the
pressure is maintained at about 40 psia (280 kPa), but
the temperature of the effluent stream falls below its dew
point temperature of about 250°F (120°C), as shown in
Figure 1. Small quantities of water in the effluent stream
will condense incrementally along the surfaces of the
downstream equipment below the dew point tempera-
ture, wetting the surfaces of process equipment. The cat-
alyst fmes in the effluent stream adhere to the wet sur-
faces forming appreciable quantities of mud. The forma-
tion of mud in heat exchangers and other equipment de-
creases their effectiveness and reliability.

Example 2 (illustrative)

[0078] The gaseous effluent stream described in Table
1 is conveyed to a quench device at about 40 psia (280
kPa). Figure 1 shows that with an OTO effluent stream
given in Table 1, the condensation of water is prevented
by keeping the temperature of the effluent stream above
about 250°F (120°C) while it is being conveyed to a
quench device. Therefore, the temperature of the effluent
stream is dropped down to a temperature of 250°F
(120°C) without mud forming in equipment prior to enter-
ing the quench device. The effluent stream then enters

Table 1
Gaseous Effluent Stream

Vapor, wt%
Hydrocarbon &
Oxygenates, 42.5
Water, 57.5
Total Vapor, 100.0

Fines, (PPM) 100
Fines Particle Size Distribution (PSD)
Cumulative wt% Less than Particle Size Microns

0.01 0.1
1.0 0.2
5.0 0.4
10.0 0.5
30.0 0.9

50.0 1.4
70.0 2.9
90.0 16.8
95.0 20.5
99.0 27.1
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the quench device operating at a pressure of about 40
psia and is quenched to rapidly cool the effluent stream
to 200°F (93°C) causing more than about 80% of the
water in the effluent stream to condense. The catalyst
fines leave the remaining gas phase of the effluent stream
and enter the dilute liquid phase of the condensed water.
Since there is a large amount of condensed water relative
to the amount of catalyst fines, mud is not formed in the
quench device. Prime olefms from the gaseous effluent
stream remain in a gaseous state and are separated from
the dilute liquid phase comprising primarily condensed
water and catalyst fines.
[0079] While the invention has been illustrated an de-
scribed herein in terms of the advantages, features, and
applications disclosed, it will be apparent to a person of
ordinary skill in the art that the invention can be used in
other instances. Other modifications and improvements
can be made without departing from the scope of the
invention.

Claims

1. A process for recovering prime olefins from an oxy-
genate to olefin process comprising:

providing an effluent stream from an oxygenate
to olefin reaction, wherein the effluent stream
comprises solid particles and a gas phase con-
taining prime olefins and having a dew point;
removing heat from the effluent stream while
maintaining a temperature of the gas phase
above the dew point during the step of removing
heat; and
washing the effluent stream in a solids wash to
remove solid particles from effluent stream into
a wash medium;
wherein the step of removing heat comprises
removing heat with one or more heat exchanger
and wherein the temperature of the effluent
stream is maintained at a temperature of 10°C
above the dew point prior to the step of washing.

2. The process of claim 1, wherein the effluent stream
comprises prime olefins in an amount of 40wt% or
more, preferably 60wt% or more of the effluent
stream excluding water and solid particles.

3. The process of claim 1, wherein the effluent stream
comprises ethylene in an amount of 20wt% or more,
preferably ranging from 20wt% to 70wt% of the ef-
fluent stream excluding water and solid particles.

4. The process of claim 1, wherein the effluent stream
comprises propylene in an amount of 20wt% or
more, preferably ranging from 20wt% to 70wt% of
the effluent stream excluding water and solid parti-
cles.

5. The process of claim 1, wherein the effluent stream
comprises water in an amount of 25wt% or more,
preferably ranging from 40wt% to 80wt%, more pref-
erably ranging from 50wt% to 65wt% of the effluent
stream.

6. The process of claim 1, wherein the effluent stream
comprises oxygenated hydrocarbons in an amount
ranging from 0.2wt% to 30wt% of the effluent stream
excluding water and solid particles.

7. The process of claim 1, wherein the effluent stream
comprises solid particles in an amount of 0.15wt%
or less, preferably of 0.010wt% or less of the effluent
stream.

8. The process of claim 1, wherein the effluent stream
comprises catalyst particles in an amount ranging
from 0.001wt% to 0.15wt%, preferably from
0.003wt% to 0.10wt%, more preferably from
0.005wt% to 0.05wt% of the effluent stream.

9. The process of claim 1, wherein the effluent stream
has an effluent temperature of 200°C or more, pref-
erably ranging from 200°C to 700°C, more preferably
ranging from 300°C to 600°C, and even more pref-
erably ranging from 350°C to 550°C.

10. The process of claim 1 wherein the effluent stream
comprises water and hydrocarbons and has an
aqueous dew point and a non-aqueous dew point,
the aqueous dew point being higher than the non-
aqueous dew point.

11. The process of claim 1, wherein the oxygenate to
olefins reaction occurs in a reactor, the reactor being
in fluid communication with the one or more heat
exchangers and the solids wash by a conduit.

12. The process of claim 1, wherein the wash medium
is water.

13. The process of claim 1, wherein the solids wash is
a quench tower.

14. A process for producing olefins, the process com-
prising the steps of:

providing an oxygenate feed stream;
reacting the oxygenate feed stream in the pres-
ence of a catalyst to produce an effluent stream,
wherein the effluent stream has a dew point and
comprises an olefin containing gas phase and
catalyst solids;
removing heat from the effluent stream while
maintaining the temperature of the effluent
stream above the dew point; and contacting the
effluent stream with a liquid to separate the cat-
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alyst solids from the olefin containing gas phase;
wherein the step of removing heat comprises
removing heat with one or more heat exchanger
and wherein the temperature of the effluent
stream is maintained at a temperature of 10°C
above the dew point prior to the step of washing.

15. The process of claim 14, wherein the oxygenate feed
stream contains methanol.

16. The process of claim 15, wherein the catalyst is a
molecular sieve catalyst.

17. The process of claim 16, wherein the molecular sieve
catalyst comprises a silicoaluminophosphate molec-
ular sieve selected from SAPO-5, SAPO-8, SAPO-
11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SA-
PO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37,
SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-
47, SAPO-56, the metal containing forms thereof, or
mixtures thereof.

18. The process of claim 14, wherein the step of con-
tacting occurs in a quench tower.

19. The process of claim 14, wherein the oxygenate feed
stream is used as a cooling fluid in the heat exchang-
er.

20. The process of claim 14, wherein the oxygenate feed
is boiled in the step of removing heat.

21. The process of claim 14, wherein the step of reacting
occurs at a temperature ranging from 200°C to
700°C, preferably from 350°C to 550°C and an ox-
ygenate partial pressure of 6.9 kPa or more.

22. The process for claim 14, wherein the step of reacting
occurs at a temperature ranging from 200°C to
700°C, preferably ranging from 300°C to 600°C,
more preferably ranging from 350°C to 550°C and
an oxygenate partial pressure of greater than or
equal to 140 kPa.

Patentansprüche

1. Verfahren zur Gewinnung von Primärolefinen (prime
olefines) aus einem Oxygenat-zu-Olefin-Verfahren,
bei dem ein Ausflussstrom aus einer Oxygenat-zu-
Olefin-Reaktion bereitgestellt wird, wobei der Aus-
flussstrom feste Partikel und eine Gasphase um-
fasst, die Primärolefine enthält und einen Taupunkt
aufweist;
Wärme aus dem Ausflussstrom abgeleitet wird, wäh-
rend die Temperatur der Gasphase während der
Wärmeableitungsstufe oberhalb des Taupunkts ge-
halten wird, und

der Ausflussstrom in einer Feststoffwäsche gewa-
schen wird, um feste Partikel aus dem Ausflussstrom
in ein Waschmedium zu entfernen,
wobei in der Wärmeableitungsstufe Wärme mit ei-
nem oder mehreren Wärmetauschern abgeleitet
wird und die Temperatur des Ausflussstroms vor der
Waschstufe bei einer Temperatur von 10°C oberhalb
des Taupunkts gehalten wird.

2. Verfahren nach Anspruch 1, bei dem der Aus-
flussstrom, unter Ausschluss von Wasser und festen
Partikeln, Primärolefine in einer Menge von 40 Gew.
% oder mehr, vorzugsweise 60 Gew.% oder mehr
des Ausflussstroms umfasst.

3. Verfahren nach Anspruch 1, bei dem der Aus-
flussstrom, unter Ausschluss von Wasser und festen
Partikeln, Ethylen in einer Menge von 20 Ges.% oder
mehr, vorzugsweise im Bereich von 20 Gew.% bis
70 Gew.% des Ausflussstroms umfasst.

4. Verfahren nach Anspruch 1, bei dem der Aus-
flussstrom, unter Ausschluss von Wasser und festen
Partikeln, Propylen in einer Menge von 20 Ges.%
oder mehr, vorzugsweise im Bereich von 20 Gew.%
bis 70 Gew.% des Ausflussstroms umfasst.

5. Verfahren nach Anspruch 1, bei dem der Aus-
flussstrom Wasser in einer Menge von 25 Gew.%
oder mehr, vorzugsweise im Bereich von 40 Gew.%
bis 80 Gew.%, insbesondere im Bereich von 50 Gew.
% bis 65 Gew.% des Ausflussstroms umfasst.

6. Verfahren nach Anspruch 1, bei dem der Aus-
flussstrom oxygenierte Kohlenwasserstoffe in einer
Menge von 0,2 Ges.% bis 30 Ges.% des Aus-
flussstroms, unter Ausschluss von Wasser und fe-
sten Partikeln umfasst.

7. Verfahren nach Anspruch 1, bei dem der Aus-
flussstrom feste Partikel in einer Menge von 0,15
Gew.% oder weniger, vorzugsweise 0,010 Gew.%
oder weniger des Ausflussstroms umfasst.

8. Verfahren nach Anspruch 1, bei dem der Aus-
flussstrom Katalysatorpartikel in einer Menge im Be-
reich von 0,001 Gew.% bis 0,15 Gew.%, vorzugs-
weise 0,003 Gew.% bis 0,10 Gew.%, insbesondere
0,005 Gew.% bis 0,05 Gew.% des Ausflussstroms
umfasst.

9. Verfahren nach Anspruch 1, bei dem der Aus-
flussstrom eine Ausflusstemperatur von 200°C oder
mehr, vorzugsweise im Bereich von 200°C bis
700°C, insbesondere im Bereich von 300°C bis
600°C und bevorzugter im Bereich von 350°C bis
550°C aufweist.
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10. Verfahren nach Anspruch 1, bei dem der Aus-
flussstrom Wasser und Kohlenwasserstoffe umfasst
und einen wässrigen Taupunkt und einen nicht-
wässrigen Taupunkt aufweist, wobei der wässrige
Taupunkt über dem nicht-wässrigen Taupunkt liegt.

11. Verfahren nach Anspruch 1, bei dem die Oxygenat-
zu-Olefine-Reaktion in einem Reaktor stattfindet,
wobei sich der Reaktor durch eine Rohrleitung in
Fluidverbindung mit dem einen oder mehreren Wär-
metauschern und der Feststoffwäsche befindet.

12. Verfahren nach Anspruch 1, bei dem das Waschme-
dium Wasser ist.

13. Verfahren nach Anspruch 1, bei dem die Feststoff-
wäsche ein Quench-Turm ist.

14. Verfahren zur Herstellung von Olefinen, bei dem in
Stufen ein Oxygenat-Einsatzmaterialstrom bereitge-
stellt wird; der Oxygenat-Einsatzmaterialstrom in
Gegenwart eines Katalysators umgesetzt wird, um
einen Ausflussstrom zu produzieren, wobei der Aus-
flussstrom einen Taupunkt aufweist und eine Olefin
enthaltende Gasphase und Katalysatorfeststoffe
umfasst;
Wärme aus dem Ausflussstrom abgeleitet wird, wäh-
rend die Temperatur des Ausflussstroms oberhalb
des Taupunkts gehalten wird, und der Ausflussstrom
mit einer Flüssigkeit kontaktiert wird, um die Kataly-
satorfeststoffe von der Olefin enthaltenden Gaspha-
se abzutrennen,
wobei in der Wärmeableitungsstufe Wärme mit ei-
nem oder mehreren Wärmetauschern abgeleitet
wird und die Temperatur des Ausflussstroms vor der
Waschstufe bei einer Temperatur von 10°C oberhalb
des Taupunkts gehalten wird.

15. Verfahren nach Anspruch 14, bei dem der Oxygenat-
Einsatzmaterialstrom Methanol enthält.

16. Verfahren nach Anspruch 15, bei dem der Katalysa-
tor ein Molekularsiebkatalysator ist.

17. Verfahren nach Anspruch 16, bei dem der Moleku-
larsiebkatalysator ein Siliciumaluminiumphosphat-
Molekularsieb ausgewählt aus 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, SAPO-47, SAPO-56, deren metallhaltigen For-
men oder Mischungen derselben umfasst.

18. Verfahren nach Anspruch 14, bei dem die Kontakt-
stufe in einem Quench-Turm erfolgt.

19. Verfahren nach Anspruch 14, bei dem der Oxygenat-
Einsatzmaterial in dem Wärmetauscher als Kühlfluid

verwendet wird.

20. Verfahren nach Anspruch 14, bei dem das Oxy-
genat-Einsatzmaterial in der Wärmeableitungsstufe
zum Sieden kommt.

21. Verfahren nach Anspruch 14, bei dem die Reakti-
onsstufe bei einer Temperatur im Bereich von 200°C
bis 700°C, vorzugsweise 350°C bis 550°C, und ei-
nem Oxygenat-Partialdruck von 6,9 kPa oder mehr
stattfindet.

22. Verfahren nach Anspruch 14, bei dem die Reakti-
onsstufe bei einer Temperatur im Bereich von 200°C
bis 700°C, vorzugsweise 300°C bis 600°C, insbe-
sondere im Bereich von 350°C bis 550°C, und einem
Oxygenat-Partialdruck von 140 kPa oder mehr er-
folgt.

Revendications

1. Procédé de récupération de premières oléfines dans
un procédé de transformation d’un oxygénat en olé-
fine, comprenant les étapes consistant à :

- obtenir un courant d’effluent à partir d’une réac-
tion de transformation d’un oxygénat en oléfine,
lequel courant d’effluent comprend des particu-
les solides et une phase gazeuse contenant les
premières oléfines et présentant un point de
rosée ;
- dissiper de la chaleur du courant d’effluent tout
en maintenant une température de la phase ga-
zeuse supérieure au point de rosée pendant
l’étape de dissipation de la chaleur ; et
- laver le courant d’effluent dans un moyen de
lavage de matières solides pour éliminer les par-
ticules solides du courant d’effluent en les fai-
sant passer dans un milieu de lavage ;

dans lequel l’étape de dissipation de la chaleur com-
prend le fait de dissiper la chaleur au moyen d’un ou
plusieurs échangeurs de chaleur, et la température
du courant d’effluent est maintenue à une valeur su-
périeure de 10°C au point de rosée avant l’étape de
lavage.

2. Procédé selon la revendication 1, dans lequel le cou-
rant d’effluent comprend les premières oléfines en
quantité d’au moins 40% en poids, de préférence
d’au moins 60% en poids, du courant d’effluent, à
l’exclusion de l’eau et des particules solides.

3. Procédé selon la revendication 1, dans lequel le cou-
rant d’effluent comprend de l’éthylène en quantité
d’au moins 20% en poids, de préférence de 20% en
poids à 70% en poids, du courant d’effluent, à l’ex-
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clusion de l’eau et des particules solides.

4. Procédé selon la revendication 1, dans lequel le cou-
rant d’effluent comprend du propylène en quantité
d’au moins 20% en poids, de préférence de 20% en
poids à 70% en poids, du courant d’effluent, à l’ex-
clusion de l’eau et des particules solides.

5. Procédé selon la revendication 1, dans lequel le cou-
rant d’effluent comprend de l’eau en quantité d’au
moins 25% en poids, de préférence de 40% en poids
à 80% en poids, mieux encore de 50% en poids à
65% en poids, du courant d’effluent.

6. Procédé selon la revendication 1, dans lequel le cou-
rant d’effluent comprend des hydrocarbures oxygé-
nés en quantité allant de 0,2% en poids à 30% en
poids, du courant d’effluent, à l’exclusion de l’eau et
des particules solides.

7. Procédé selon la revendication 1, dans lequel le cou-
rant d’effluent comprend des particules solides en
quantité d’au plus 0,15% en poids, de préférence
d’au plus 0,010% en poids, du courant d’effluent.

8. Procédé selon la revendication 1, dans lequel le cou-
rant d’effluent comprend des particules de cataly-
seur en quantité allant de 0,001% en poids à 0,15%
en poids, de préférence de 0,003% en poids à 0,10%
en poids, mieux encore de 0,005% en poids à 0,05%
en poids, du courant d’effluent.

9. Procédé selon la revendication 1, dans lequel le cou-
rant d’effluent présente une température de l’effluent
d’au moins 200°C, de préférence allant de 200°C à
700°C, mieux encore allant de 300°C à 600°C et tout
particulièrement allant de 350°C à 550°C.

10. Procédé selon la revendication 1, dans lequel le cou-
rant d’effluent comprend de l’eau et des hydrocar-
bures et présente un point de rosée aqueuse et un
point de rosée non aqueuse, le point de rosée aqueu-
se étant supérieur au point de rosée non aqueuse.

11. Procédé selon la revendication 1, dans lequel la
réaction de transformation d’un oxygénat en oléfine
se fait dans un réacteur, lequel réacteur est en com-
munication fluide, par une conduite, avec le ou les
échangeurs de chaleur et le moyen de lavage des
matières solides.

12. Procédé selon la revendication 1, dans lequel le mi-
lieu de lavage est de l’eau.

13. Procédé selon la revendication 1, dans lequel le
moyen de lavage des matières solides est une tour
de trempe.

14. Procédé de production d’oléfines, lequel procédé
comprend les étapes consistant à :

- obtenir un courant d’alimentation d’oxygénat ;
- faire réagir le courant d’alimentation d’oxygé-
nat en présence d’un catalyseur pour produire
un courant d’effluent, lequel courant d’effluent
présente un point de rosée et comprend une
phase gazeuse contenant des oléfines et des
matières solides de catalyseur ;
- dissiper de la chaleur du courant d’effluent tout
en maintenant la température du courant d’ef-
fluent au-dessus du point de rosée ; et mettre
en contact le courant d’effluent avec un liquide
pour séparer les matières solides de catalyseur
de la phase gazeuse contenant des oléfines ;

dans lequel l’étape de dissipation de la chaleur com-
prend le fait de dissiper la chaleur au moyen d’un ou
plusieurs échangeurs de chaleur, et la température
du courant d’effluent est maintenue à une valeur su-
périeure de 10°C au point de rosée avant l’étape de
lavage.

15. Procédé selon la revendication 14, dans lequel le
courant d’alimentation d’oxygénat contient du mé-
thanol.

16. Procédé selon la revendication 15, dans lequel le
catalyseur est un catalyseur à tamis moléculaire.

17. Procédé selon la revendication 16, dans lequel le
catalyseur à tamis moléculaire comprend un tamis
moléculaire de type silicoaluminophosphate choisi
parmi SAPO-5, SAPO-8, SAPO-11, SAPO-16, SA-
PO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34,
SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-
41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, leurs
formes contenant un métal, ou des mélanges de
ceux-ci.

18. Procédé selon la revendication 14, dans lequel l’éta-
pe de mise en contact se fait dans une tour de trem-
pe.

19. Procédé selon la revendication 14, dans lequel le
courant d’alimentation d’oxygénat est utilisé comme
fluide caloporteur dans l’échangeur de chaleur.

20. Procédé selon la revendication 14, dans lequel l’ali-
mentation d’oxygénat est portée à ébullition dans
l’étape de dissipation de la chaleur.

21. Procédé selon la revendication 14, dans lequel l’éta-
pe de réaction se fait à une température allant de
200°C à 700°C, de préférence de 350°C à 550°C,
et sous une pression partielle d’oxygénat d’au moins
6,9 kPa.
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22. Procédé selon la revendication 14, dans lequel l’éta-
pe de réaction se fait à une température allant de
200°C à 700°C, de préférence de 300°C à 600°C,
mieux encore de 350°C à 550°C, et sous une pres-
sion partielle d’oxygénat supérieure ou égale à 140
kPa.
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