USE OF CHEM CAL REACTI ON TO SEPARATE ETHYLENE FROM ETHANE | N

ETHANE- BASED PROCESSES TO PRODUCE ACETI C ACID FI ELD OF THE | NVENTI ON
non This invention relates to the process of oxidizing ethane to
produce acetic acid. In particular, this invention relates to a

nmet hod of oxidizing ethane to acetic acid wherein ethylene is renoved
from an et hane/ethyl ene recycle streamusing a chem cal reaction.
BACKGROUND OF THE | NVENTI ON | oom The oxi dati ve dehydrogenati on of

et hane 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 conprises
et hane and/or ethylene which are fed tolthe reactor as pure gases or
in adm xture with one or nore other gases. Exanples of such
additional, or carrier, gases are nltro en, nethane, carbon oxlglﬁ‘7
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003) 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.

jwoos)  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 (COy). The



gaseous reactor effluent (4) that contains these three prinmary
conponents is fed into a recycle gas scrubber (5), which produces a
top stream contai ning ethylene, ethane, and CO'. The top stream (7)
fromthe recycle gas scrubber is routed to a processing step (8) that
renoves the CO,, fromthe top stream The purified stream (9) is then
recycled to the oxidation reactor (3) for further conversion into
acetic acid. The bottomstream (6) fromthe recycle gas scrubber (5),
whi ch contains acetic acid, water, and heavy ends by-products, may be
purified as known in the art to provide purified acetic acid. For
exanple, the bottom stream nmay be routed to a drying colum to renove
wat er foll owed by a heavy ends colum to renove propionic acid and

ot her heavy conponents. woos! High Ethy?ene content in the
recirculated gas streamw || |ead to poor efficiencies and higher
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a process where there is no ethylene in the recycle stream to the ethane oxidation reactor.

SUMMARY OF THE INVENTION

j0os) 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

ooy FIGURE 1 shows a prior art acetic acid production process.

jo00s) FIGURE 2 shows one embodiment of the acetic acid production process of the present
invention.

ppoos; FIGURE 3 shows a second embodiment of the acetic acid production process of the
present invention,

o109y FIGURE 4 shows a third embodiment of the acetic acid production process of the present

invention.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON nom The present invention
provi des a process for selectively preparing acetic acid fromthe
oxi dati on of ethane. One byproduct of the ethane oxidation reaction
is ethylene. It is an objective of this application to renove as much
produced ethylene fromthe systemso as to inprove the overal
efficiencies of the entire acetic acid production process. |oom The
oxi dation 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 from110 to 200 um or
prepared by spray drying. 100131 The gaseous feedstock, and any
recycle gas conbined with said feedstock gas, contains primarily

et hane, but nmay contain sonme anount of érhylene and is fed to the
reactor as a pure gas or in a mxture with one or nore other gases.
Sui t abl e exanpl es of such additional or carrier gases are nitrogen,
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100171 In a preferred enbodi nent, the oxidation catalyst used for

both the ethane oxidation reaction and the ethyl ene renoval reaction
has the fornula M1VOi 5Nb0. 09Sb0. 01Ca0. 01Pd0. 00075. One of skill in
the art will appreciate that the catalyst is actually a m xed oxide
havi ng the fornula Ml VO. 55Nbo. 09Sb0. 01Cao. Cdo. 00t mOz. The anmount of
oxygen, z, is determned by the oxidation states of M, V, Nb, Sh, Ca
and Pd and cannot be generally specified. nots) The catal yst of the

i nvention can be prepared, for exanple, 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 conpounds that are
the sources of the netals in the catalyst are conbined in at |east
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f00221. Support materials should be chosen based on optim zing both
the surface area and pore size for the specific oxidation of
interest. The catal yst can be enpl oyed after shaping as a regularly
or irregularly shaped support elenment, but also in powder formas a
het er ogeneous oxi dation catalyst. ions) Alternatively, the catalyst
may be encapsulated in a material, Suitable materials for

encapsul ation include 3i02, P205, MO, C 203, Ti02, Zr02, and Al 203.
Met hods of encapsulating materials in oxides are known in the art. A
sui tabl e 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 enbodi nent of the présent invention. In this
enbodi ment, the gaseous ethane feedstock (11) and any recycl e gas
(19) are fed to the ethane oxidation reactor (13) as a pure gas or in
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nmom The oxi dation reaction produces a m xture of gases (34) that

i ncludes ethyl ene, acetic acid, water, CON, unreacted ethane, and
assorted heavy by-products. The product gas effl uent fromthe
reactor is preferably filtered to renove catal yst 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) fromthe recycle gas scrubber, which contains acetic
acid, water, . and heavy ends by-products, may be purified as known
inthe art to provide purified acetic acid. 100291 The top stream
(37) fromthe recycle gas scrubber (35) is then passed through a
second oxi dation reactor (40) where at | east sone ethylene is
oxidized into acetic acid. The ethylene60xidation reaction
tenperature is generally carried out at about 150 to about 250C,
preferably about 200 to about 250C, depending on the catal yst used,
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250C, depénjingpore gaber oot alixteie wiseche dr heork egmbegasg; descriped 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 600°C, preferably about 450
to about 550°C, depending on the catalyst used, the key being that the temperature be high
enough te oxidize ethane. The appropriwate temperature will depend upon the catalyst used in the
ethane oxidation reactor, however in one embodiment the catalyst has a formula
Mo, V.5sNbg.09Sbo.01Cag.01Pdo.0007s.
po2s; The oxidation reaction produces a mixture of gases (14) that includes ethylene, acetic

acid, water, COy, unreacted cthane, and assorted heavy by-products. The ethane oxidation



that the tenperature be high enough to oxidize at |east sone

et hyl ene, but | ow enough that substantially no ethane is oxidized.
The gaseous product stream (61) of the second oxidation reactor (61)

i ncludes acetic acid, CO and unreacted ethane. It is conbined with

t he product gas effluent (54) fromthe reactor (53) and is then
routed to a recycle gas scrubber (55) as described hereinabove. 'lim
The preceding description is set forth for purposes of illustration
only and is not to be taken in a limted sense. Various nodifications
and alterations will be readily apparent to persons skilled in the
art. It is intended, therefore, that the foregoing be considered as
exenplary only and that the scope of the invention be ascertained
fromthe following clains. -10- CLAIM3S.- 1. A process for the

production of acetic acid, conprising: oxi di zing ethane in a
first reactor to produce a first effluent stream conprising acetic
acid and et hyl ene; and oxidizing the first effluent stre in a

second r easiuargat(149ondhen passedstirquiet esseondoxidatign Feactor (R pers hygast some
ethyl ene.., gene -irshﬁuﬁﬁé?icﬁ&sacgfm 6di@ Mhd ethfeBE BkidatiddGresibal ketipeeinet lagpaerally

occurs at C to about 600 C

carried out at about 150 to about 250°C, preferably about 200 to about 250°C, 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 Mo, Vo.55Nbo.09Sbo.01 Cao.01Pdo-0007s.

jo0z6) 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 COy. The top stream from the recycle gas scrubber is routed to a fixed bed CO
converter followed by a processing step that removes the COx 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.

oz7; 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 (33) as a
pure gas or in a mixture with one or more carriér gases described above. An oxygen containing
gas (32), preferably pure oxygen, is also fed to the reactor (33). The ethane oxidation reaction
temperature is generally carried out at about 400 to about 600°C, preferably about 450 to about
550°C, 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 cmbodiment the catalyst has a formula
Mo, V.5sNbo.0sSbo.01Cao.01Pdo-o007s-

wo2s; The oxidation reaction produces a mixture of gases (34) that includes ethylene, acetic

acid, water, COy, unreacted ethane, and assorted heavy by-products. The product gas effluent



3. The process of claiml, wherein the oxidizing the first effluent
streamin a second reactor occurs at about 150 C to about 250 C. 4.
The process of claim1, wherein the oxidizing ethane and oxidi zing
the first effluent

stream sperfornedw t hacat al yst havi ngt hechem cal fornmula M ,

Vo. ssNbousf | ba. al Cao. 0o i Pdo. oans. 5. The process of claim1, wherein
the oxidizing ethane is perfornmed using a fixed bed reactor or a
fluidized bed reactor. 6. The process of claim1l, wherein the
oxidizing the first effluent streamis perforned using a fixed bed or
a fluidized bed reactor. 7. The process of claim1, wherein the
conditions of the oxidizing the first effluent stream are not
sufficient to substantially oxidize eth@ne. 8. The process of claim
1, further conprising using a carrier gas for oxidizing ethane or
oxidizing ethylene and the carrier gas is selected fromthe group

consi sting of nitrogen, nmethane, carbon nopnoxide, carbo i i
g {1yst ﬁnes (not ahown9 adcj ig )é-lxc(rjl ?'(’)uted to a

m e regstAsinefehly #liferddg romove cata

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.
(o29; 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 250°C, preferably
about 200 to about 250°C, 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).

o030; 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, COy, 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 bottomn 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.

00311  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 COy 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 250°C, preferably about 200 to about 250°C, depending on the catalyst used, the key being



9. The process of claim1l, wherein a solvent is used for oxidizing

et hane or oxidizing ethylene and the solvent is selected fromthe
group consisting of nethanol, ethanol, propanol, diols, water,
distilled water, and deioni zed water, and conbi nati ons thereof. 10, A
process for the production of acetic acid, conprising:

oxidizing ethane in a first reactor to produce a first effluent
stream conprising acetic acid and et hyl ene; oxi di zi ng the

first eff

| uent streamin a second reactor at conditions sufficient to

oxi dize at | east sone ethylene to produce a second effluent stream

and
scr ubber

flow ng the second effluent streamthrough a recycl e gas
to produce an acetic acid streamand a recycle stream 11

. The process of claim 10, further conmpf¥$sing a flowi ng 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.

that the temperature be high enough to oxidize at least some ethylene, but low encugh that
substantially no ethane is oxidized. The gaseous product stream (61) of the second oxidation
reactor (61) includes acetic acid, COy, 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.

j0032j 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.



13. The process of claim10, wherein the second reactor is a fixed
bed or a fluidized bed reactor. 14%he process of claim 10, wherein
the first reactor is at a tenperature of about 400 C to about 600 C
and the second reactor is at a tenperature of about 150 C to about
250 C. 15. A process for the production of acetic acid, conprising:
oxidizing ethane in a first reactor to produce a first effluent
stream conprising acetic acid and ethylene; flowing the first

ef fl uent streamthrough a recycle gas scrubber to produce an acetic
acid streamand a recycle stream and - 12 -

-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 1, 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

stream is  performed  with a  catalyst having the  chemical formula

Mo, Vy.55Nbo.0sSbo.o1Cag.01Pdo.ooo7s.

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.



oxidizing the first effluent streamin a second reactor at conditions
sufficient to oxidize at |east sonme ethylene to produce a second
effluent stream 1G The process of claim 15, further conprising
flowng the first effluent streamthrough a filter before the first
effluent streamflows into the recycle gas scrubber. 11. The process
of claim 15, further conprising a CO scrubber in the recycle stream
18. The process of claim 15, wherein the first reactor is at a
tenperature of about 400 C to about 600 C and the second reactor is
at a tenperature of about 150C to about 250 C.. 19. A process for the

production of acetic acid, conprising: oxi dizing ethane in a
first reactor to produce a first effluent stream conprising acetic
acid and et hyl ene; flowng the first effluent streamthrough a

recycl e gas scrubber to produce an acetic acid stream and a recycle

stream flowing a portion of the recycle streamto the first reactor;
and
9. The process of claim 1, wherein a solvent is used for oxidizing ethane or oxidizing

cthylene 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.

1. 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



oxi di zing a second portion of the recycle streamin a second reactor
at conditions sufficient to oxidize at |east sone ethylene to produce
a second effluentstream wherein the second effluent stream and
first effluent stream are conbined before the first effluent stream
fl ows through the recycle gas scrubber.

-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.

16. 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.
17.  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 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,;

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 effluent'stream,

wherein the second effluent stream and first effluent stream are combined before the first

effluent stream flows through the recycle gas scrubber.



