
USE OF CHEMICAL REACTION TO SEPARATE ETHYLENE FROM ETHANE IN
ETHANE-BASED PROCESSES TO PRODUCE ACETIC ACID FIELD OF THE INVENTION
non This invention relates to the process of oxidizing ethane to
produce acetic acid. In particular, this invention relates to a
method of oxidizing ethane to acetic acid wherein ethylene is removed
from an ethane/ethylene recycle stream using a chemical reaction.
BACKGROUND OF THE INVENTION loom The oxidative dehydrogenation of
ethane to acetic acid in the gas phase is well known in the art.
Generally, this process involves reacting a gaseous feed in a
fluidized bed or in a fixed-bed reactor. The gaseous feed comprises
ethane and/or ethylene which are fed to the reactor as pure gases or
in admixture with one or more other gases. Examples of such
additional, or carrier, gases are nitrogen, methane, carbon monoxide,
carbon dioxide, air and/or water vapor. The gas comprising molecular
oxygen can be air or a gas comprising more or less molecular oxygen
than air, e.g. oxygen. Relatively high oxygen contents are preferred
since the achievable ethane conversion, and thus the yield of acetic
acid, is higher. Oxygen or the gas comprising molecular oxygen is
preferably added in a concentration range outside the explosive
limits under the reaction conditions since this makes the process
easier to carry out. However, it is also possible to employ an
ethane/ethylene to oxygen ratio within the explosive limits. The
reaction is carried out at temperatures of from 400 to 600 C., while
the pressure can be atmospheric or superatmospheric, e.g. in the
range from 1 to 50 bar. (00031 Ethane is usually first mixed with the
inert gases such as nitrogen or water vapor before oxygen or the gas
comprising molecular oxygen is fed in. The mixed gases are preferably
preheated to the reaction temperature in a preheating zone before the
gas mixture is brought into contact with the catalyst. Acetic acid is
separated from the gas leaving the reactor by condensation. The
remaining gases are recirculated to the reactor inlet where oxygen or
the gas comprising molecular oxygen and also ethane and/or ethylene
are metered in. The recirculated gases will always comprise both
ethylene and ethane. !mu Figure 1 shows a common prior art acetic
acid production process. In this basic system, an ethane containing
stream (1) is fed along with an oxygen containing gas (2) into an
ethane oxidation reactor (3). This reactor can be either a fluidized
bed or a fixed-bed reactor. Inside the reactor (3), ethane is
oxidized into acetic acid, ethylene, and various carbon oxides (C0x).
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gaseous reactor effluent (4) that contains these three primary
components is fed into a recycle gas scrubber (5), which produces a
top stream containing ethylene, ethane, and CO". The top stream (7)
from the recycle gas scrubber is routed to a processing step (8) that
removes the CO,, from the top stream. The purified stream (9) is then
recycled to the oxidation reactor (3) for further conversion into
acetic acid. The bottom stream (6) from the recycle gas scrubber (5),
which contains acetic acid, water, and heavy ends by-products, may be
purified as known in the art to provide purified acetic acid. For
example, the bottom stream may be routed to a drying column to remove
water followed by a heavy ends column to remove propionic acid and
other heavy components. woos! High Ethylene content in the
recirculated gas stream will lead to poor efficiencies and higher
losses to the COx byproduct in the acetic acid reactor. In fact,
ethylene in the recycle feed competes with the ethane for the limited
amount of oxygen feed, resulting in higher inefficiencies to carbon
oxides than straight ethane oxidation. It is therefore desirable to
develop a process where there is no ethylene in the recycle stream to
the ethane oxidation reactor. SUMMARY OF THE INVENTION 100061 It is
an object of this invention to provide a process in which acetic acid
is produced by ethane oxidation. One byproduct of the ethane
oxidation, ethylene, is removed by further a further reaction at a
temperature low enough such that ethane is not reactive, but the
ethylene is converted to acetic acid. Either the ethane oxidation
reactor effluent or the recycle stream to the ethane oxidation
reactor, or both, can be processed in this manner to reduce the
ethylene content of those streams. BRIEF DESCRIPTION OF THE DRAWINGS
pool FIGURE 1 shows a prior art acetic acid production process.
apootu FIGURE 2 shows one embodiment of the acetic acid production
process of the present invention. aloo91 FIGURE 3 shows a second
embodiment of the acetic acid production process of the present
invention. loom FIGURE 4 shows a third embodiment of the acetic acid
production process of the present invention. 



DETAILED DESCRIPTION OF THE INVENTION mom The present invention
provides a process for selectively preparing acetic acid from the
oxidation of ethane. One byproduct of the ethane oxidation reaction
is ethylene. It is an objective of this application to remove as much
produced ethylene from the system so as to improve the overall
efficiencies of the entire acetic acid production process. loom The
oxidation of ethane can be carried out in a fluidized bed or in a
fixed bed reactor. For use in a fluidized bed, the catalyst is
normally ground to a particle size in the range from 10 to 200 um or
prepared by spray drying. 100131 The gaseous feedstock, and any
recycle gas combined with said feedstock gas, contains primarily
ethane, but may contain some amount of ethylene, and is fed to the
reactor as a pure gas or in a mixture with one or more other gases.
Suitable examples of such additional or carrier gases are nitrogen,
methane, carbon monoxide, carbon dioxide, air and/or steam. The gas
containing molecular oxygen may be air or a gas which has a higher or
lower molecular oxygen concentration than air, for example pure
oxygen. The ethane oxidation reaction is generally carried out at
about 400 to about 600C, preferably about 450 to about 550C, the key
being that the temperature be high enough to oxidize ethane. The
appropriate temperature will depend upon the catalyst used in the
ethane oxidation reactor. There are a wide range of catalysts for use
in this reaction, and one of ordinary skill in the art will know how
to optimize catalyst performance by finding the appropriate reaction
temperature. The pressure can be atmospheric or superatmospheric, for
example about I to about 50 bar, preferably about 1 to about 30 bar.
100141 The oxidation reaction produces a mixture of gases including
ethylene, acetic acid, water, CO (CO and CO2), unreacted ethane, and
assorted heavy by-products. The product gas effluent from the reactor
is preferably filtered to remove catalyst fines and is then routed to
a recycle gas scrubber, which produces a top stream containing
ethylene, ethane, and CON. The top stream from the recycle gas
scrubber is routed to a fixed bed CO converter followed by a
processing step that removes the CO, from the top stream. The bottom
stream from the recycle gas scrubber, which contains acetic acid,
water, and heavy ends by-products, may be purified as known in the
art to provide purified acetic acid. For example, the bottom stream
may be routed to a drying column to remove water followed by a heavy
ends column to remove propionic acid and other heavy components.
loins' In accordance with certain teachings of the present invention,
ethylene is removed from the oxidation reaction product by means of a
chemical reaction. This reaction can take place at any point in the
process, for example immediately after the ethane oxidation reactor
or in the recycle gas line. To accomplish this reaction, the stream
is passed over an oxidation catalyst at a temperature low enough to
convert ethylene to acetic acid, but not convert ethane in the stream
to acetic acid. In one embodiment, this step is carried out by
passing the stream through a fixed-bed or fluidized bed reactor
containing the same catalyst used in the ethane oxidation step,
however in another embodiment the catalysts can be different. Most
catalysts that are capable of oxidizing ethane to acetic acid at
higher temperatures are capable of oxidizing ethylene to acetic acid
at lower temperatures. As high ethylene content in the recycle gas
stream will lead to poor efficiencies and higher losses to the COx
byproduct in the acetic acid reactor, the removal of ethylene from



100171 In a preferred embodiment, the oxidation catalyst used for
both the ethane oxidation reaction and the ethylene removal reaction
has the formula Mo1V0i5Nb0.09Sb0.01Ca0.01Pd0.00075. One of skill in
the art will appreciate that the catalyst is actually a mixed oxide
having the formula MolV0.55Nbo.09Sb0.01Cao.Odo.00tmOz. The amount of
oxygen, z, is determined by the oxidation states of Mo, V, Nb, Sb, Ca
and Pd and cannot be generally specified. mots) The catalyst of the
invention can be prepared, for example, as described in U.S. Patent
No. 6,399,816, by Borchert, et al., the entire contents of which are
incorporated herein by reference. Briefly, metal compounds that are
the sources of the metals in the catalyst are combined in at least
one solvent in appropriate amounts to form a solution. These start
from a slurry, in particular an aqueous solution, comprising the
individual starting components of the elements in the appropriate
proportions. The starting materials of the individual components for
preparing the catalyst of the invention are, apart from the oxides,
preferably water-soluble  substances such as ammonium salts,
nitrates, sulfates, halides, hydroxides and salts of organic acids
which can be converted into the corresponding oxides by heating. To
mix the components, aqueous solutions or suspensions of the metal
salts are prepared and mixed. In the case of molybdenum, it is
advisable to use the corresponding molybdates, e.g. ammonium
molybdate, as starting compounds because of their commercial
availability. Suitable palladium compounds are, for example,
palladium(Il) chloride, palladium(II) sulfate,
tetramminepalladium(II) nitrate, palladium(II) nitrate and
palladium(II) acetylacetonate. Suitable compounds for each element
are known in the art. loom Suitable solvents include water, alcohols
(including but not limited to methanol, ethanol, propanol, and diols
etc.) as well as other polar solvents known in the art. Generally,
water is preferred. The water is any water suitable for use in
chemical synthesis including, without limitation, distilled water and
deionized water. The amount of water present is that amount
sufficient to keep the elements substantially in solution long enough
to avoid or minimize compositional and/or phase segregation during
the preparation steps. Once the aqueous solution is formed, the water
is removed by a combination of any suitable methods known in the art
to form a catalyst precursor. Such methods include, without
limitation, vacuum drying, freeze drying, spray drying, rotary
evaporation, and air drying. Rotary evaporation or air drying are
generally preferred. woo) Once obtained, the catalyst precursor can
be calcined under an inert atmosphere. The inert atmosphere may be
any material which is substantially inert to, i.e., does not react or
interact with, the catalyst precursor. Suitable examples include,
without limitation, nitrogen, argon, xenon, helium or mixtures
thereof. Preferably, the inert atmosphere is argon or nitrogen, more
preferably argon. The inert atmosphere may or may not flow over the
surface of the catalyst .precursor. Typically, if nitrogen is used,
flowing is used. If the inert atmosphere is argon, then typically
flowing is not used. When the inert atmosphere does flow over the
surface of the catalyst precursor, the flow rate can vary over a wide
range, for example, at a space velocity from I to 500 hfl. The
calcination is typically done at a temperature of from 350C to 850C,
preferably from 400C to 700C, more preferably from 500C to 640C. The
calcination is performed for long enough to form the catalyst. In one



f00221. Support materials should be chosen based on optimizing both
the surface area and pore size for the specific oxidation of
interest. The catalyst can be employed after shaping as a regularly
or irregularly shaped support element, but also in powder form as a
heterogeneous oxidation catalyst. ions) Alternatively, the catalyst
may be encapsulated in a material, Suitable materials for
encapsulation include 3i02, P205, MgO, Cr203, Ti02, Zr02, and Al203.
Methods of encapsulating materials in oxides are known in the art. A
suitable method of encapsulating materials in oxides is described in
U.S. Patent No. 4,677,084 and references cited therein, the entire
contents of which are incorporated herein by references. 100241
Figure 2 shows one embodiment of the present invention. In this
embodiment, the gaseous ethane feedstock (11) and any recycle gas
(19) are fed to the ethane oxidation reactor (13) as a pure gas or in
a mixture with one or more carrier gases described above. An oxygen
containing gas (12), preferably pure oxygen, is also fed to the
reactor (13). The ethane oxidation reaction temperature is generally
carried out at about 400 to about 600C, preferably about 450 to about
550C, depending on the catalyst used, the key being that the
temperature be high enough to oxidize ethane. The appropriate
temperature will depend upon the catalyst used in the ethane
oxidation reactor, however in one embodiment the catalyst has a
formula Mo Vo.ssNbo.o9Sbo.o iCa0.01Pdo.00ms. 100251 The oxidation
reaction produces a mixture of gases (14) that includes ethylene,
acetic acid, water, CON, unreacted ethane, and assorted heavy
by-products. The ethane oxidation  product gas (14) is then passed
through a second oxidation reactor (20) where at least some ethylene
is oxidized into acetic acid. The ethylene oxidation reaction
temperature is generally carried out at about 150 to about 250C,
preferably about 200 to about 250C, depending on the catalyst used,
the key being that the temperature be high enough to oxidize
ethylene, but low enough that substantially no further ethane is
oxidized. This allows for the removal of ethylene from the stream,
and also increases acetic acid production. The appropriate
temperature will depend upon the catalyst used in the ethane
oxidation reactor, however in one embodiment the catalyst for the
ethylene oxidation is the same used for the ethane oxidation. In a
further embodiment, the formula of that catalyst is
M0114.55Nb0.098b0.01Ca0.011'do.00075. 100261 The gaseous product
stream (21) of the second oxidation reactor (20) still includes
water, CO, unreacted ethane, and assorted heavy by-products, but also
contains substantially less ethylene and more acetic acid than the
ethane oxidation reactor product stream (14). The product gas
effluent from the reactor is preferably filtered to remove catalyst
fines (not shown) and is then routed to a recycle gas scrubber (15),
which produces a top stream (17) containing ethylene, ethane, and
CON. The top stream from the recycle gas scrubber is routed to a
fixed bed CO converter followed by a processing step that removes the
CO x from the top stream (18), and is then recycled as stream (19)
back to the ethylene oxidation reactor (13). The bottom stream (16)
from the recycle gas scrubber, which contains acetic acid, water, and
heavy ends by-products, may be purified as known in the art to
provide purified acetic acid. 100271 A further embodiment is shown
below in Figure 3. In this embodiment, the gaseous ethane feedstock
(31) and any recycle gas (39) are fed to the ethane oxidation reactor



mom The oxidation reaction produces a mixture of gases (34) that
includes ethylene, acetic acid, water, CON, unreacted ethane, and
assorted heavy by-products. The product gas effluent   from the
reactor is preferably filtered to remove catalyst fines (not shown)
and is then routed to a recycle gas scrubber (35), which produces a
top stream (37) containing ethylene, ethane, and CO". The bottom
stream (36) from the recycle gas scrubber, which contains acetic
acid, water, . and heavy ends by-products, may be purified as known
in the art to provide purified acetic acid. 100291 The top stream
(37) from the recycle gas scrubber (35) is then passed through a
second oxidation reactor (40) where at least some ethylene is
oxidized into acetic acid. The ethylene oxidation reaction
temperature is generally carried out at about 150 to about 250C,
preferably about 200 to about 250C, depending on the catalyst used,
the key being that the temperature be high enough to oxidize
ethylene, but low enough that substantially no further recycle ethane
is oxidized. The gaseous product stream (41) of the second oxidation
reactor (40) still includes CO", and unreacted ethane. Finally, the
ethylene oxidation reactor product (41) is routed to a fixed bed CO
converter followed by a processing step that removes the CO from the
top stream (38), and is then recycled as stream (39) back to the
ethylene oxidation reactor (33). 100301 A further embodiment is shown
below in Figure 4. In this embodiment, the gaseous ethane feedstock
(51) and any recycle gas (62) are fed to the ethane oxidation reactor
(53) as a pure gas or in a mixture with one or more carrier gases
described above. An oxygen containing gas (52) preferably pure
oxygen, is also fed to the reactor (53). The oxidation reaction
produces a mixture of gases (54) that includes ethylene, acetic acid,
water, CO., unreacted ethane, and assorted heavy by-products. The
product gas effluent (54) from the reactor (53) is combined with the
reactor effluent (61) from the ethylene oxidation reactor (60),
filtered to remove catalyst fines (not shown) and is then routed to a
recycle gas scrubber (55), which produces a top stream (57)
containing ethylene, ethane, and CO". The bottom stream (56) from the
recycle gas scrubber, which contains acetic acid, water, and heavy
ends by-products, may be purified as known in the art to provide
purified acetic acid. 100311 The top stream (57) from the recycle gas
scrubber (55) is routed to a fixed bed CO converter followed by a
processing step that removes the COx from the top stream (58). The
resultant gas (59) is then split into two streams, a first stream
(62) that is recycled back to the ethylene oxidation reactor (53),
and a second stream (63) that is sent to ethylene oxidation reactor
(60). The ethylene oxidation reaction temperature is generally
carried out at about 150 to about 250C, preferably about 200 to about
250C, depending on the catalyst used, the key being  - 9 - 



that the temperature be high enough to oxidize at least some
ethylene, but low enough that substantially no ethane is oxidized.
The gaseous product stream (61) of the second oxidation reactor (61)
includes acetic acid, CO, and unreacted ethane. It is combined with
the product gas effluent (54) from the reactor (53) and is then
routed to a recycle gas scrubber (55) as described hereinabove. 'limn
The preceding description is set forth for purposes of illustration
only and is not to be taken in a limited sense. Various modifications
and alterations will be readily apparent to persons skilled in the
art. It is intended, therefore, that the foregoing be considered as
exemplary only and that the scope of the invention be ascertained
from the following claims.  -10- CLAIMS:   1. A process for the
production of acetic acid, comprising:       oxidizing ethane in a
first reactor to produce a first effluent stream comprising acetic
acid and ethylene; and       oxidizing the first effluent stream in a
second reactor at conditions sufficient to oxidize at least some
ethylene.  2. The process of claim 1, wherein the oxidizing ethane
occurs at about 400 C to about 600 C. 



3. The process of claim I, wherein the oxidizing the first effluent
stream in a second reactor occurs at about 150 C to about 250 C.  4.
The process of claim 1, wherein the oxidizing ethane and oxidizing
the first effluent
streamisperformedwithacatalysthavingthechemicalformula Mo ,
Vo.ssNbousflba.alCao.o iPdo.oams.  5. The process of claim 1, wherein
the oxidizing ethane is performed using a fixed bed reactor or a
fluidized bed reactor.  6. The process of claim 1, wherein the
oxidizing the first effluent stream is performed using a fixed bed or
a fluidized bed reactor.  7. The process of claim 1, wherein the
conditions of the oxidizing the first effluent stream are not
sufficient to substantially oxidize ethane.  8. The process of claim
1, further comprising using a carrier gas for oxidizing ethane or
oxidizing ethylene and the carrier gas is selected from the group
consisting of nitrogen, methane, carbon monoxide, carbon dioxide,
air, steam, or combinations thereof.  



9.The process of claim 1, wherein a solvent is used for oxidizing
ethane or oxidizing ethylene and the solvent is selected from the
group consisting of methanol, ethanol, propanol, diols, water,
distilled water, and deionized water, and combinations thereof. 10,A
process for the production of acetic acid, comprising:
oxidizing ethane in a first reactor to produce a first effluent
stream comprising acetic acid and ethylene;        oxidizing the
first effluent stream in a second reactor at conditions sufficient to
oxidize at least some ethylene to produce a second effluent stream;
and        flowing the second effluent stream through a recycle gas
scrubber to produce an acetic acid stream and a recycle stream. 11
.The process of claim 10, further comprising a flowing the recycle
stream through a COx scrubber.  12. The process of claim 10, wherein
the first reactor is a fixed bed or fluidized bed reactor. 



13. The process of claim 10, wherein the second reactor is a fixed
bed or a fluidized bed reactor. 14%The process of claim 10, wherein
the first reactor is at a temperature of about 400 C to about 600 C
and the second reactor is at a temperature of about 150 C to about
250 C. 15.A process for the production of acetic acid, comprising:
oxidizing ethane in a first reactor to produce a first effluent
stream comprising acetic acid and ethylene; flowing the first
effluent stream through a recycle gas scrubber to produce an acetic
acid stream and a recycle stream; and  - 12 - 



oxidizing the first effluent stream in a second reactor at conditions
sufficient to oxidize at least some ethylene to produce a second
effluent stream. 1G.The process of claim 15, further comprising
flowing the first effluent stream through a filter before the first
effluent stream flows into the recycle gas scrubber. 11.The process
of claim 15, further comprising a CO scrubber in the recycle stream.
18. The process of claim 15, wherein the first reactor is at a
temperature of about 400 C to about 600 C and the second reactor is
at a temperature of about 150C to about 250 C.  19. A process for the
production of acetic acid, comprising:       oxidizing ethane in a
first reactor to produce a first effluent stream comprising acetic
acid and ethylene;       flowing the first effluent stream through a
recycle gas scrubber to produce an acetic acid stream and a recycle
stream; flowing a portion of the recycle stream to the first reactor;
and 



oxidizing a second portion of the recycle stream in a second reactor
at conditions sufficient to oxidize at least some ethylene to produce
a second effluentstream,       wherein the second effluent stream and
first effluent stream are combined before the first effluent stream
flows through the recycle gas scrubber. 


