
*159159* 1 IMPROVED CARBON MONOXIDE PRODUCTION PROCESS
BACKGROUND OF THE INVENTION 5 The present application
provides for an improved method of enhancing  carbon
monoxide production while minimizing the associated
hydrogen  byproduct. Carbon dioxide is added to a
monolith reactor. producing syngas  by catalytic
partial oxidation of a hydrocarbon feed to reduce the
hydrogen 10 content and increase carbon monoxide
content of the syngas. Membranes are employed to
separate the hydrogen and carbon  dioxide from the
carbon monoxide product and a reverse shift reactor is
further employed to convert the hydrogen and carbon
dioxide byproducts to  15 additional carbon monoxide.
Certain industrial applications require a carbon
monoxide purity of 98  to 99%, for example acetic acid
manufacture. The hydrogen byproduct  associated with
carbon monoxide production has little economic value
or at  20 best fuel value. The conversion of
hydrocarbons to hydrogen and carbon monoxide
containing gases is well known in the art. Examples of
such processes include  catalytic steam reforming,
autothermal catalytic reforming, catalytic partial 25
oxidation and non-catalytic partial oxidation. Each of
these processes has  advantages and disadvantages and
produce various ratios of hydrogen and  carbon
monoxide, also known as synthesis gas. Catalytic
partial oxidation is an exothermic reaction wherein a
3o hydrocarbon gas, such as methane, and an
oxygen-containing gas, such as air,  are contacted
with a catalyst at elevated temperatures to produce a
reaction 



*G00002* 2 product containing high concentrations of
hydrogen and carbon monoxide. The  catalysts used in
these processes are typically noble metals, such as
platinum  or rhodium, and other transition metals,
such as nickel on a suitable support. 5 Partial
oxidation processes convert hydrocarbon containing
gases, such  as natural gas or naphtha to hydrogen
(H2), carbon monoxide (CO) and other  trace components
such as carbon dioxide (CO2), water (H2O) and other
hydrocarbons. The process is typically carried out by
injecting preheated  hydrocarbons and an
oxygen-containing gas into a combustion chamber where
io oxidation of the hydrocarbons occurs with less than
stoichiometric amounts of oxygen for complete
combustion. This reaction is conducted at very high
temperatures, such as in excess of 700C and often in
excess of 1,000C, and  pressures up to 150
atmospheres. In some reactions, steam or CO2 can also
be injected into the combustion chamber to modify the
synthesis gas product  15 and to adjust the ratio of
H2 to CO. More recently, partial oxidation processes
have been disclosed in which  the hydrocarbon gas is
contacted with the oxygen-containing gas at high space
velocities in the presence of a catalyst such as a
metal deposited on a monolith 20 support. The monolith
supports are impregnated with a noble metal such as
platinum, palladium or rhodium, or other transition
metals such as nickel,  cobalt, chromium and the like.
Typically, these monolith supports are prepared  from
solid refractory or ceramic materials such as alumina,
zirconia, magnesia  and the like. 25 SUMMARY OF THE
INVENTION 



The present invention provides for an improved process
for producing  carbon monoxide from a monolith reactor
comprising the steps: 30 a) directing a feed gas
mixture to the monolith reactor; 3 b) directing the
product gas from the monolith reactor comprising
carbon monoxide, hydrogen and carbon dioxide to a
first membrane unit; c) separating the carbon monoxide
from the product gas in the first  membrane unit; 5 d)
directing the carbon monoxide to a second membrane
unit;  e) directing the carbon dioxide and hydrogen
from the first  membrane unit to a reverse shift
reactor; f) directing a second product gas from the
reverse shift reactor  comprising carbon monoxide,
hydrogen and carbon dioxide to a  10 third membrane
unit; g) separating the carbon monoxide from the
second product gas in  the third membrane unit; h)
feeding the carbon monoxide rich stream recovered from
the third  membrane unit to the first membrane unit;
15 i) directing the carbon dioxide and hydrogen from
the third  membrane unit to a reverse shift reactor;
and j) recovering the carbon monoxide from step d. A
monolith reactor produces syngas by catalytic partial
oxidation of a  20 hydrocarbon feed. Since carbon
monoxide is the desired product, carbon dioxide is
added to the reactor in order to reduce the hydrogen
content and  increase the carbon monoxide content in
the syngas. Membranes are used to separate the
hydrogen and carbon dioxide  25 from the carbon
monoxide product stream. The membranes in the first, 



second and third membrane units are conventional in
design, and typically  contain permeable hollow fibers
allowing for separation of a gas from a gas  mixture.
The membrane units function by allowing separation of
gas  components from a gas mixture on the basis of
their relative permeability 30 through the membrane.
The less permeable components of the gas mixture  will
concentrate in the higher pressure side of the
membrane in the retentate 4 stream, whereas the more
permeable components concentrate on the lower
pressure side of the membrane in the permeate stream.
Additionally, a  reverse shift reactor is used to
convert the hydrogen and carbon dioxide  byproducts of
the partial oxidation reaction to form additional
carbon  monoxide. This process will give almost
complete carbon to carbon  monoxide conversion, while
minimizing hydrogen byproduct. Alternatively, the
present invention provides for an improved process for
purifying carbon monoxide comprising the steps: ioa)
15b) c) 20d) e) f) 25g) h) i) directing a gas stream
comprising carbon monoxide, hydrogen  and carbon
dioxide to a first membrane unit; separating the
carbon monoxide from the carbon dioxide and  



hydrogen in the first membrane unit; directing the
carbon monoxide to a second membrane unit,  wherein
impurities are removed from the carbon monoxide;
directing the carbon dioxide and hydrogen from the
first  membrane unit to a reverse shift reactor;
directing a second product gas from the reverse shift
reactor  comprising carbon monoxide, hydrogen and
carbon dioxide to a  third membrane unit; separating
the carbon monoxide from the second product gas in
the third membrane unit; feeding the carbon monoxide
rich stream recovered from the third  membrane unit to
the first membrane unit for further purification;
directing the carbon dioxide and hydrogen from the
third membrane unit to a reverse shift reactor; and
recovering the carbon monoxide from step c. 30 5 BRIEF
DESCRIPTION OF THE DRAWINGS The drawing is a schematic
diagram of a monolith reactor based carbon  monoxide
production plant. 5 DETAILED DESCRIPTION OF THE
INVENTION Reference will now be made to the figure
where there is shown an  embodiment which describes
the basic operation of the present invention. io
Natural gas is fed through line 1; oxygen is fed
through line 2 and carbon  dioxide is fed through line
3 receptively to the monolith reactor A. The monolith
reactor comprises a metal catalyst consisting
essentially of a metal supported  



by a ceria coating disposed on a ceramic monolith. The
metal is selected from  the group consisting of
nickel, cobalt, iron, platinum, palladium, iridium, 15
rhenium, ruthenium, rhodium and osmium. The ceramic
material is selected  from the group consisting of
zirconia, alumina, yttria, titania, magnesia, ceria
and cordierite. Ceria coating has a weight percentage
between about 1 % and  about 30% with respect to the
ceramic monolith. In one embodiment, the  ceramic is
selected from the group consisting of zirconia,
yttria, titania, 20 magnesia, ceria and cordierite. A
further description of this metal catalyst  monolith
ceramic may be found in co-pending application Serial
No. 10/143,705  published on January 9, 2003, as US
2003/0007926A1 to Jiang et al. The product gas which
comprises carbon monoxide, hydrogen and  25 carbon
dioxide with small amounts of methane, water, nitrogen
and argon present therein is directed to a quench unit
C1 along line 4. The hydrogen to  carbon dioxide ratio
of this product gas is in the range of about 0.1 to
about 10  but is typically about 1. The hot product
gas is initially quenched with water in  C1 from a
temperature of about 1000C to about 400 - 800C. The
syngas 30 product gas can be further cooled in either
a heat exchanger to produce steam  or to provide heat
to other process streams. The result of the quenching
6 process is that the syngas product gas will be about
ambient temperature. Any  water that is condensed from
the quench is separated from the product gas  stream
by conventional means. 5 The syngas product stream
enters compressor C2 where it is  compressed to 10 to
about 50 bar. This range will be determinative upon
the  final carbon monoxide product pressure required.
As a result of the  compression and associated
cooling, additional water is condensed and  separated
by conventional means. In some instances, a deoxo
reactor, not 



io shown, is included either upstream or downstream of
the compressor to  remove any trace unreacted oxygen.
The compressed syngas is directed to a first membrane
unit B along line  5. There hydrogen, carbon dioxide
and water preferentially permeate to the low is
pressure side of the membrane as the carbon monoxide
lean permeate stream.  The bulk of the carbon monoxide
remains on the high pressure side of the  membrane in
the carbon monoxide rich retentate stream. This high
pressure  stream passes to a second membrane unit C
through line 6 where the first  carbon monoxide stream
is further purified to the product carbon monoxide 20
stream and is recovered as product carbon monoxide
through line 8. This  product carbon monoxide may be
sent to external storage or utilized in other
processes depending upon the facility where it is
produced. The permeate  from this second membrane unit
C which is relatively rich in carbon monoxide is
recycled via line 7 to the inlet of the syngas
compressor C2. 25 The permeate stream from the first
membrane, rich in hydrogen and  carbon monoxide is
sent to the shift compressor D via line 9. This
permeate  stream is compressed to a pressure close to
that of the syngas compressor C2  of 10 to 50 bar.
Water is condensed and separated by conventional means
as 3o a result of the compressions and associated
cooling. The stream is then  heated through a
combination of heat exchange from other process
streams 7 and external heating (e.g. in a fired
heater) and is passed through line 10 to the  reverse
shift reactor E. The concentrations of hydrogen and
carbon dioxide are high and those 5 of carbon monoxide
and water are low so a reverse shift reaction ensues,
and a  portion of the hydrogen and carbon dioxide are
converted to carbon monoxide  



and water. The reverse shift reaction is endothermic
and raising the inlet  temperature of the gas stream
will increase the conversion. Typically this inlet
temperature is about 500 to about 1000 C. The hydrogen
to carbon dioxide io ratio in the gas stream entering
the reverse shift reactor will be in the range of
about 0.1 to about 10, but is typically about 1. The
ratio can be adjusted by the  addition of
supplementary carbon dioxide prior to the reverse
shift reactor if so  desired. 15 The reverse shift
reactor could be a catalyst bed, a monolith reactor or
even integrated within an existing reformer. The
catalyst for the reverse shift  reaction would
preferably be a conventional steam reforming catalyst
or a noble  metal catalyst. 20 The product gas stream
from the reverse shift reactor E is cooled, first
against the feed stream to the reverse shift reactor,
and secondly against a flow  of cooling water or air.
Any condensed water is removed from the stream by
conventional means. The product gas stream from the
reverse shift reactor E  is directed along line 11 to
a third membrane unit F. Hydrogen, carbon dioxide 25
and any remaining water preferentially permeate to the
low pressure side of the  membrane. The carbon
monoxide rich high pressure retentate stream from this
third membrane unit F is fed to the first membrane
unit through line 13 and line  5 to provide additional
carbon monoxide product. The low pressure permeate
stream is recycled via line 12 to the inlet of the
shift compressor through line 9. 30 8 s While this
invention has been described with respect to
particular  embodiments thereof, it is apparent that
numerous other forms and  modifications of the
invention will be obvious to those skilled in the art.
The  



appending claims in this invention generally should be
construed to cover all  .such obvious forms and
modifications which are within the true spirit and
scope  of the present invention. 9 Having thus
described the invention, what I claim is: 1. An
improved process for producing carbon monoxide from a
monolith  reactor comprising the steps: a) directing a
feed gas mixture to said monolith reactor; b)
directing a first product gas from said monolith
reactor comprising  carbon monoxide, hydrogen and
carbon dioxide to a first  membrane unit; c)
separating said carbon monoxide from said first
product gas in  said first membrane unit; d) directing
said carbon monoxide to a second membrane unit;  e)
directing the carbon dioxide and hydrogen from said
first  membrane unit to a reverse shift reactor; f)
directing a second product gas from said reverse shift
reactor  comprising carbon monoxide, hydrogen and
carbon dioxide to a  third membrane unit; g)
separating the carbon monoxide from the carbon dioxide
and  hydrogen in said third membrane unit; h) feeding
the carbon monoxide rich stream recovered from said
third membrane unit to said first membrane unit for
further  purification; i) directing the carbon dioxide
and hydrogen from said third  membrane unit to said
reverse shift reactor; and j) recovering the carbon
monoxide from step c. 



2. The process as claimed in claim 1 wherein said feed
gas comprises a  hydrocarbon gas, oxygen and carbon
dioxide. 3. The process as claimed in claim 2 wherein
said hydrocarbon gas is  natural gas. 10 4. The
process as claimed in claim 1 wherein said first
membrane unit  contains permeable hollow fibers. 5.
The process as claimed in claim 4 wherein said second
membrane unit  and said third membrane unit are the
same as said first membrane unit. 6. The process as
claimed in claim I wherein said monolith reactor
comprises a metal catalyst consisting essentially of a
metal supported by a  ceria coating disposed on a
ceramic monolith wherein said metal is selected  from
the group consisting of nickel, cobalt, iron,
platinum, palladium, iridium, 5 rhenium, ruthenium,
rhodium and osmium said ceramic is selected from the
group consisting of zirconia, alumina, yttria,
titania, magnesia, ceria and  cordierite and said
ceria coating has a weight % between about 5% and
about  30% with respect to said monolith. 7. The
process as claimed in claim I wherein said product gas
is  io compressed before entering said first membrane
unit. 8. The process as claimed in claim 6 wherein
said product gas is quenched  prior to being
compressed. 9. An improved process for purifying
carbon monoxide comprising the  steps: a) directing a
gas stream comprising carbon monoxide, hydrogen  and
carbon dioxide to a first membrane unit; 5 b)
separating said carbon monoxide from said carbon
dioxide and  hydrogen in said first membrane unit; 



c) directing said carbon monoxide to a second membrane
unit,  wherein impurities are removed from said carbon
monoxide;  d) directing said carbon dioxide and
hydrogen from said first 10 membrane unit to a reverse
shift reactor; 11 5e) f) 10g) h) i) directing a
product gas from the reverse shift reactor comprising
carbon monoxide, hydrogen and carbon dioxide to a
third  membrane unit; separating the carbon monoxide
from said product gas in said  third membrane unit;
feeding the carbon monoxide rich stream recovered from
said  third membrane unit to said first membrane unit
for further  purification; directing the carbon
dioxide and hydrogen from said third  membrane unit to
said reverse shift reactor; and  recovering said
carbon monoxide from step c. 10. The process as
claimed in claim 9 wherein said hydrocarbon gas is
natural gas. 11. The process as claimed in claim 9
wherein said first membrane unit  contains permeable
hollow fibers. 12. The process as claimed in claim 9
wherein said second membrane unit  and said third
membrane unit are the same as said first membrane
unit. 


