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BACKGROUND OF THE INVENTION The present invention provides for a monolith
reactor process for producing syngas from hydrocarbon and oxygen feeds. 10
The syngas is cooled and purified to produce pure carbon monoxide and pure
hydrogen streams. The purification equipment is designed and operated in a
manner to enable the recycle of waste gas streams back to the production
process thereby ensuring almost complete carbon to carbon 15 monoxide
conversion and very high carbon monoxide and hydrogen gas recoveries. The
conversion of hydrocarbons to hydrogen and carbon monoxide containing gases
is well known in the art. Examples of such processes include 20 catalytic
steam reforming, autothermal catalytic reforming, catalytic partial
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. 25 Catalytic partial
oxidation is an exothermic reaction wherein a 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 product containing
high concentrations of hydrogen and carbon monoxide. The catalysts used in
these processes are typically noble metals, such as platinum 30 or rhodium,
and other transition metals) such as nickel on a suitable support.
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 (C02), water (H20} and other
hydrocarbons. The process is typically carried out by injecting preheated 5
hydrocarbons and an oxygen-containing gas into a combustion chamber where
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 C02 can also
be injected into the combustion chamber to modify the synthesis gas product
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 15 velocities in the presence
of a catalyst such as a metal deposited on a monolith 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 20 and
the like. Typically there are two main process cycles for cryogenic carbon
monoxide recovery: methane wash cycle and partial condensation cycle. The
first generally achieves higher carbon monoxide recovery and better
hydrogen 25 purities but can be more power and capital intensive. The
second is less power and capital intensive but achieves lower hydrogen
purities and carbon monoxide recoveries. The present invention recognizes
this problem and is able to achieve both higher carbon monoxide recovery
and hydrogen purity without a commensurate increase in power consumption or
capital 30 expenditures. 



SUMMARY OF THE INVENTION The present invention provides for an improved
process for producing carbon monoxide from a monolith reactor. The process
comprises the steps of 5 feeding the synthesis gas from the monolith
reactor consisting of carbon monoxide, carbon dioxide, methane and hydrogen
to a carbon dioxide separation system. The carbon dioxide separation system
contains a compressor to raise the pressure of the synthesis gas into the
carbon dioxide separation system, thereby separating carbon dioxide from
the feed gas stream. The syngas stream is then fed to a pre-purification
unit (PPU) ( to remove trace C02 and water) before being fed to a carbon
monoxide removal system, in this case a cold box, to separate the remaining
components of carbon monoxide, methane and hydrogen. 15 The typical syngas
produced by the monolith reactor has a methane content of approximately 1
%. As a result, a partial condensation cycle is employed to minimize the
costs in terms of power and capital of the carbon monoxide cold box. 20 The
cold box consist of a number of steps: a raw H2 stream is removed by
partially condensing the feed stream, the residual H2 is then removed from
the condensed feed to a fuel gas stream, and finally the remaining carbon
monoxide and methane are separated to provide a pure carbon monoxide
product stream and a methane stream. 25 The raw hydrogen from the cold box
is purified in a pressure swing adsorption (PSA) unit to provide a pure
hydrogen product stream and a tail gas stream. 3o However, one limitation
of the partial condensation cycle is that it achieves lower carbon monoxide
recoveries and hydrogen purities than a   methane wash cold box cycle. The
typical approach to improving the carbon monoxide recoveries and hydrogen
purities from a partial condensation cycle is to increase the complexity of
the cold box cycle, leading to additional capital and power consumption.
The present invention overcomes this limitation by 5 recycling streams
where carbon monoxide is lost, namely the tail gas from the pressure swing
adsorption cycle and the fuel gas stream overhead from the carbon monoxide
cold box back to the feed stream prior to the carbon dioxide separation
process and prior to the compressor used to compress the syngas for
introduction into the carbon dioxide separation process. This is naturally
at 10 a low pressure so the two streams can be recycled without any
additional equipment and allows for a low cost cold box cycle to be
employed. Although this gives a relatively low carbon monoxide recovery
from the cold box, the overall process achieves a very high carbon monoxide
recovery as well as increasing the overall hydrogen recovery to a high
level. 15 The improvement comprises recycling the tail gas comprising H2
and CO 



from the PSA hydrogen separation system and the fuel gas also comprising H2
and CO from the carbon monoxide removal system to the compressor of the
carbon dioxide removal system. 20 The other waste stream from the cold box
is the methane from the carbon monoxide-methane separation column. This
methane stream can be recycled back to the feed to the reactor thereby
raising the overall conversion of the hydrocarbon in the feed from
approximately 97% in the reactor to almost 25 100% for the system as a
whole. When carbon dioxide is recycled back to the reactor, there is
virtually no carbon loss from the system and the overall carbon in the
hydrocarbon feed to carbon monoxide conversion approaches 100%. Additional
benefits include no C02 emissions from the process and no other waste gas
streams which need to either be disposed of and/or purified prior to 30
their disposal.   5 Alternatively, the process of the present invention can
be practiced by either recycling the tail gas from the hydrogen separation
system to the compressor in the carbon dioxide separation system or the
fuel gas from the carbon monoxide separation system to the compressor in
the carbon dioxide 5 separation system. BRIEF DESCRIPTION OF THE DRAWINGS
The drawing is a schematic diagram of a monolith reactor based carbon 1o
monoxide production plant. 15 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. 20 Oxygen is
fed through line 1 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,
rhenium, ruthenium, rhodium and osmium. The ceramic material is selected
from the 25 group consisting of zirconia, alumina, yttria, titanic,
magnesia, ceria and cordierite.  Ceria coating has a weight % between about
5% and about 30% with respect to the ceramic monolith. In one embodiment,
the ceramic is selected from the group consisting of zirconia, yttria,
titanic, magnesia, ceria and cordierite. A further description of this
metal catalyst monolith ceramic may 



so be found in co-pending application Serial No. 10I143,705 published on
January 9, 2003, as US 2003/0007926A1 to Jiang et al.   Natural gas is also
fed to reactor A through line 1A after passing through de-sulfurization
unit B1. The feed pressures for the oxygen and natural gas are typically
low pressures of about 1 bar(g). Line 23 also feeds into reactor A and 5
provides a supply of carbon dioxide. The feed product gas which comprises
carbon monoxide, carbon dioxide, methane and hydrogen, as well as nitrogen,
argon and water, leaves the reactor A through line 2 to a quench B supplied
with quench water through line 3. After being quenched from about 1025C to
about 800C, this feed gas travels through line 4 to a steam super heater
C1, a 10 waste heat boiler C2 and a boiler feed water exchanger C3 to
container D. Boiler feed water is supplied through line 5 and is condensed
in a condensing steam turbine C4 whereby condensate exits the condensing
steam turbine through line 6. Line 7 provides the cold water recycle to the
condensing unit 6A. 15 Condensate will also leave container D through line
11 where the condensate can be recovered. The feed gas stream travels
through line 9 through an air cooler 8 to the water cooler E which utilizes
cold water recycle through line 10. Temperatures of the feed gas stream are
now about ambient. 2o The feed gas travels through line 9 to container F
whereby further condensate is discharged through line 12 to line 11 and the
overhead feed gas exits through line 13 to the syngas compressor G where
the syngas is compressed to about 10 to about 50 bar(g).The compressed
syngas feed stream travels through line 14 to container H where further
condensate is discharged through 25 line 15 to line 11. The overhead feed
gas stream having been compressed travels through line 16 to the carbon
dioxide removal column I which operates at 10 to about 30 bar(g) The
bottoms of the column I exit through line 17 to be fed to the 30 overhead
of column J and the reboiler bottoms of column J exit through line 18 to
pump 19 where they are fed through line 20 to the tops of C02 removal
column I. Line 21 runs from line 18 to the reboiler unit K and back to the
bottoms of the column J. Line 22 provides low pressure steam to the
reboiler K. Carbon dioxide which is approximately 2 to 3% of the content of
the feed gas stream is vented and exits through line 23 to a compressor
unit 24 on 5 through a dryer unit L where it will ultimately return to the
feed of the monolith reactor A. Line 25 feeds carbon monoxide, methane and
hydrogen to the pre purification unit M which will remove water, trace
carbon dioxide, and other extraneous gases from the carbon monoxide,
methane and hydrogen mixture. These will exit through 29 to feed the carbon
monoxide cold box assembly P. 



10 Carbon monoxide as part of the separated gas from the PPU travels
through line 29, is cooled as part of the cold box process and goes to
separator vessel P1: The overhead from separator vessel P1, a raw H2 stream
of approximately 90% H2 and 10% CO exits through line 30 to a regeneration
15 heater unit O which is supplied by a low pressure steam line 31 and this
raw hydrogen will re-enter the PPU assembly M, to provide a regeneration
flow to the adsorbent. Line 26 exits the pre-purification unit M, carries
the predominantly 20 hydrogen containing regeneration gas (about 90%) to a
hydrogen pressure swing adsorption (PSA) unit N. Line 27 which comprises
the PSA tail gas, which is approximately 2:1 ratio of hydrogen to carbon
monoxide returns to line 13 to provide the separated carbon monoxide back
into the compressor G. The hydrogen product will exit the hydrogen PSA unit
N through line 28 where it 25 may be supplied to end users. The PSA unit
may be a one-state process of purification which will remove impurity gases
such as carbon monoxide, nitrogen, hydrocarbons) carbon dioxide and water
vapor from a gas mixture. Higher purities can be 30 obtained using a two
stage PSA process whereby any carbon dioxide, water vapor and hydrocarbons
can be removed by adsorption using activated carbon   and then using a
zeolite layer to remove any carbon monoxide, nitrogen and residual
hydrocarbons. Conventional zeolite adsorbents that can be employed include
type A zeolites and faujasite zeolites having the formula Si02/AI203 in a
molar ratio of about 2.5 to 1. 5 The bottoms from column P1 exits through
line 32 to column P2 and the tops from column P2 exits through line 34.
These tops comprise a fuel gas which is approximately 2:1 ratio of hydrogen
to carbon monoxide which is directed to line 27 which will ultimately bring
it to line 13 for entry into the 10 compressor assembly G. The bottoms from
column P2 are directed through line 33 to column P3 where carbon monoxide
will exit through the tops through line 36 to a carbon monoxide compressor
unit Q from which carbon monoxide product is directed through line 37 to
its end user. Line 38 recycles some of the carbon monoxide gas back into
the cold box to provide heat pumping duties. 15 The tops of column P1 may
also exit by line 33A and enter line 35. Methane from the bottoms of column
P3 exits through line 35 where it is recycled to the monolith reactor A
thereby assisting in achieving a greater conversion of the hydrocarbon in
the feed. 20 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 25 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) feeding a feed
gas comprising carbon monoxide, carbon dioxide, methane and hydrogen to a
carbon dioxide separation system having at least one compressor; b) feeding
said feed gas from said carbon dioxide system to a carbon monoxide
separation system; c) feeding a hydrogen stream from said carbon monoxide
separation system to a hydrogen separation system; d) the improvement
comprising recycling the tail gas from said hydrogen separation system to
said compressor in said carbon dioxide separation system. 2. The process as
claimed in claim 1 wherein said improvement further comprises recycling the
fuel gas from said carbon monoxide separation system to said compressor in
said carbon dioxide separation system. 3. The process as claimed in claim 1
further comprising recycling the methane from said carbon monoxide
separation system to said monolith reactor. 4. The process as claimed in
claim 1 wherein said carbon dioxide separation system comprises a
compressor, a C02 adsorption column and a C02 stripper column.   10 5. The
process as claimed in claim 1 wherein said hydrogen separation system is a
pressure swing adsorption system. 6. The process as claimed in claim 1
wherein said carbon monoxide separation system comprises a cold box
containing a separator vessel, stripper column and carbon monoxide /
methane splitter column. 7. The process as claimed in claim 1 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, rhenium, ruthenium, rhodium and osmium said
ceramic is selected from the group consisting of zirconia, alumina, yttria,
titanic, magnesia, ceria and cordierite and said ceria coating has a weight
% between about 5% and about 30% with respect to said monolith. 



8. The process as claimed in claim 1 further comprising the production of
high purity hydrogen. 9. The process as claimed in claim 1 wherein said
tail gas comprises about 2:1 by volume of hydrogen to carbon monoxide and
said fuel gas comprises about 2:1 by volume of hydrogen to carbon monoxide.
10. The process as claimed in claim 1 wherein carbon dioxide is removed
from said feed gas in step (a) and carbon monoxide is removed from said
feed gas in step (b). 11. The process as claimed in claim 1 wherein
hydrogen is removed from said feed gas stream as a raw HZ stream in step
(b) and further purified in step (c). .A`.A&hF Y.AL y.ALU
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