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(57) In a process for supplying gaseous carbon mon-
oxide by cryogenic distillation, a feed gas (1), containing
carbon monoxide as at least one of its principal compo-
nents and at least one other components chosen from
methane, nitrogen and hydrogen, is purified using an ad-
sorption step in one of at least two adsorbent beds (3) to
produce a purified feed gas to be sent to the separation
unit comprising at least one distillation column (7, 19,
27),the separation unit separates the feed gas to produce
gaseous carbon monoxide and the gaseous carbon mon-
oxide is compressed in a product compressor (35) to pro-
duce a final product at a product pressure, refrigeration
is supplied to the process by a carbon monoxide cooling
cycle in which a cycle fluid is compressed in at least the
product compressor, cooled and expanded wherein at
least part of the carbon monoxide is liquefied to form
pressurised liquefied carbon monoxide and part of the
pressurised liquefied carbon monoxide (51 A, 53A, 59A),
is vaporised at the product pressure to form a pressurised
gaseous back-up stream which is then mixed with the
final product, vaporisation of the carbon monoxide taking
place only when there is an increase in demand for pres-
surised carbon monoxide.

Process and installation for supplying gaseous carbon monoxide by cryogenic distillation

Figure 1
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Description

[0001] This invention concerns processes and instal-
lations for providing gaseous carbon monoxide by cryo-
genic distillation. In particular it concerns the supply of
carbon monoxide by vaporisation of liquid carbon mon-
oxide when anindustrial installation, such as a separation
unit, requires a rapidly increasing amount of gaseous car-
bon monoxide product.

[0002] It is known from EP-A-1245533 and
EP-A-1479989 to produce gaseous carbon monoxide by
vaporising liquid carbon monoxide stored at the top of a
column for separating carbon monoxide and methane.
Since the liquid carbon monoxide is expanded upstream
of the column, this means that an additional compression
step is required to bring the vapour produced by vapor-
ising the stored liquid back up to the product pressure.
[0003] Inordertoavoid anadditional compression step
or dedicated high pressure vessel, the CO liquid is re-
moved before expansion and vaporized at the desired
pressure (for example, that of the client’s network).
[0004] This allows the change of production rate of the
plant to be increased drastically. For example, the
amount of gaseous carbon monoxide produced can in-
crease by at least 1 % per minute.

[0005] All percentages mentioned relating to purities
are molar percentages and all pressures are absolute
pressures.

[0006] According to the presentinvention, there is pro-
vided a process for supplying gaseous carbon monoxide
by cryogenic distillation in which:

a) afeed gas, containing carbon monoxide as at least
one of its principal components and at least one other
components chosen from methane, nitrogen and hy-
drogen, is purified using an adsorption step in one
of at least two adsorbent beds to produce a purified
feed gas to be sent to the separation unit comprising
at least one distillation column,

b) the separation unit separates the feed gas to pro-
duce gaseous carbon monoxide and the gaseous
carbon monoxide is compressed in a product com-
pressor to produce a final product at a product pres-
sure

c) refrigeration is supplied to the process by a carbon
monoxide cooling cycle in which a cycle fluid is com-
pressed in at least the product compressor, cooled
and expanded wherein at least part of the carbon
monoxide is liquefied to form pressurised liquefied
carbon monoxide and

d) vaporising part of the pressurised liquefied carbon
monoxide at the product pressure to form a pressu-
rised gaseous back-up stream which is then mixed
with the final product, vaporisation of the carbon
monoxide taking place only when there is an in-
crease in demand for pressurised carbon monoxide.

[0007] According to further optional aspects of the in-
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vention:

- the separation unit comprises a cryogenic CO/CH,
distillation column, having a top condenser and/or
CO liquid storage capacity and wherein the liquefied
carbon monoxide is expanded and sent to the top
condenser in normal operation and, if there is an
increase in demand for pressurised carbon monox-
ide, the liquefied carbon monoxide is vaporised with-
out having been sent to the top condenser.

- the liquefied carbon monoxide is vaporised without
having been expanded.

- the liquefied carbon monoxide is liquefied by reboil-
ing at least one column of the separation unit.

- theliquefied carbon monoxide in the refrigeration cy-
cle is cooled against the gaseous carbon monoxide,
prior to compression of the gaseous carbon monox-
ide.

[0008] According to another aspect of the invention,
there is provided an installation for supplying gaseous
carbon monoxide by cryogenic distillation including:

a) a separation unit including at least one distillation
column

b) a vaporiser

c) a carbon monoxide product compressor and a
product carbon monoxide conduit connected to the
outlet of the carbon monoxide product compressor
d) a carbon monoxide refrigeration cycle for cooling
the installation, the cycle including conduits for send-
ing refrigeration cycle carbon monoxide to the prod-
uct compressor, means for liquefying the refrigera-
tion cycle carbon monoxide

e) a conduit for sending liquefied refrigeration cycle
carbon monoxide to the vaporiser

f) a back-up conduit for removing vaporised refrig-
eration cycle carbon monoxide from the vaporiser,
the back-up conduit being connected to the product
carbon monoxide conduit, there being no compres-
sor between the vaporiser and the point where the
back-up conduit connects to the product carbon
monoxide conduit

g) aconduitfor sending a feed gas containing at least
carbon monoxide as a principal component and pref-
erably at least one of nitrogen, methane and hydro-
gen as other principal components to the separation
unit and a conduit for removing gaseous carbon
monoxide from the separation unit to the carbon
monoxide product compressor and

h) means for controlling the amount of liquefied re-
frigeration cycle carbon monoxide sent to the vapor-
iser as a function of the amount of product carbon
monoxide required.

[0009] Optional features include:

- the separation unit comprises a cryogenic CO/CH,
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distillation column, having a top condenser and/or
CO liquid storage capacity , means for expanding
liquefied carbon monoxide and means for sending
the expanded liquefied carbon monoxide to the top
condenser and/or CO liquid capacity.

- the separation unit comprises a nitrogen wash col-
umn

- the separation unit comprises a methane wash col-
umn

- there are no means for expanding the liquefied car-
bon monoxide to be sent to the vaporiser.

- the refrigeration cycle includes means for sending
the refrigeration cycle carbon monoxide to a reboiler
of at least one column of the separation unit, for ex-
ample the CO/CH,4 column, and means for sending
the refrigeration cycle carbon monoxide liquefied in
the reboiler at least to the vaporiser.

- theinstallation comprises a heat exchanger for cool-
ing the liquefied carbon monoxide by heat exchange
with gaseous carbon monoxide and a conduit for
sending the warmed carbon monoxide to the product
compressor.

[0010] The invention will now be described in greater
detail with respect to the figure which is highly simplified
but contains the main elements of one installation ac-
cording to the invention.

[0011] Figure 1 shows an apparatus for separating a
mixture containing principally methane, carbon monox-
ide and hydrogen. The mixture may also contain small
amounts of nitrogen, carbon dioxide, humidity, higher hy-
drocarbons, methanol, etc. This mixture is generally syn-
thesis gas produced by a partial oxidation unit, a steam
methane reformer, an auto thermal reformer, gasifier or
any combination of these process schemes.

[0012] The mixture 1 is purified in a front end purifica-
tion unit to remove impurities. Then the mixture is cooled
to a cryogenic temperature in heat exchangers 3, 5 and
sent to the bottom of a methane wash column 7 operating
at a pressure between 10 and 60 bars. A methane wash
stream 9 is fed to the top of column 7 and a hydrogen
enriched stream 11 is removed from the top of the col-
umn. From the bottom of the column is removed a liquid
stream 13 enriched in carbon monoxide.

[0013] Stream 13 is further treated before being sent
to the stripping column 19 which operates at between 4
and 17 bars, atleast one feed stream formed from stream
13 being sent to the top of stripping column 19. Alterna-
tively if a methane stream is fed to the top of stripping
column 19, the feed stream is fed thereto at a lower point.
The gas 21 from the top of the stripping columnis warmed
in the exchangers 5,3 and is used as fuel or burnt. The
liquid stream 23 from the bottom of the stripping column
19 is divided in two and may be further treated before
being sent to the column 27. In particular, several feeds
(liquid, dual phase, gaseous, in this case two liquid
streams) atdifferent levels may be provided to the column
27. Column 27 operates at between 1 and 10 bars, often
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around 2.5 bars. There itis separated to form a methane
rich liquid 29 at the bottom of the column and a carbon
monoxide rich gas 31 at the top of the column. Part of
the methane rich liquid is pumped by pump 33 and sent
to the top of the methane wash column 7 and the rest is
removed as apurge stream. The two portions of the meth-
ane rich liquid may be removed separately from the col-
umn. In this example, the methane rich liquid is pumped
by pump 33 and sent in part to the top of the methane
wash column 7 and the remaining purge stream is
warmed in heat exchangers 5, 3.

[0014] The carbon monoxide rich product stream 31
removed from the top of column 27 is warmed in a heat
exchanger 52 and then in heat exchanger 3, compressed
in a compressor 35 and is removed as a compressed
product gas 37.

[0015] Refrigeration for the system is provided by a
carbon monoxide cycle of which the compressor 35 forms
part. The carbon monoxide is compressed in compressor
35 to a pressure of between 10 and 60 bars. Part of the
compressed carbon monoxide 39 is further compressed
in compressor 35A, then cooled in exchanger 3 to an
intermediate temperature of the exchanger and then ex-
panded in turbine 41. The expanded carbon monoxide
gas is warmed in the exchanger 3 and recycled to the
compressor 35 at the entry thereof or an intermediate
pressure thereof. The unexpanded carbon monoxide 43
is divided into three parts, two of which, namely parts 51,
53, serve to reboil columns 9 and 11. Part 51 is sent to
reboiler 55 of column 19 and part 53 is sent to the reboiler
57 of column 27. The cooled parts are then both further
cooled in heat exchanger 52 from which they are re-
moved as liquid streams. Stream 53 is entirely sent to
top condenser and/or CO liquid storage capacity 47 of
column 27 via open expansion valve V3. During normal
operation, all of stream 51 is also sent to top condenser
and/or CO liquid storage capacity 47 via open expansion
valve V2, valve V1 being closed.

[0016] The top condenser and/or CO storage liquid ca-
pacity 47 forms an integral part of the column 27 and
additionally serves to provide reflux to the top of column
27 and to supply liquid carbon monoxide to cool an in-
termediate reboiler 49 of the methane wash column 7.
[0017] A further part 59 of the unexpanded carbon
monoxide 43 is cooled in exchangers 3, 5 and sent to
the top condenser or storage 47 via expansion valve V5.
In the case where it is required to increase the amount
of carbon monoxide produced very quickly, part 59A of
the carbon monoxide is sent via open valve V6, which is
not an expansion valve, to vaporiser 54, replacing at least
one of streams 51, 53 or in addition to at least one of
these streams.

[0018] In addition or alternatively, when the amount of
product gaseous carbon monoxide required increases
rapidly, as a short term measure, part 51A or all of the
liquid 51 may be vaporised in a vaporiser 54 upstream
of the top condenser and/or CO liquid capacity 47 by
opening valve V1 and at least partially closing valve V2.
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Since valve is not an expansion valve, the carbon mon-
oxide stream sent to vaporiser 54 is produced substan-
tially at the outlet pressure of compressor 35A, less the
pressure drop in the conduits. The vaporiser 54 may ei-
ther allow heat exchange with ambient air, water or steam
if it is outside the cold box or may be within the cold box
and may be constituted by the exchanger 5 or another
heat exchanger.

[0019] The vaporised carbon monoxide produced 55
is sent to a point downstream of the compressor 35 to
form part of the product gas 37.

[0020] Alternatively or additionally, it is possible to va-
porise all or part of stream 53 by opening valve V4, which
is not an expansion valve and by at least partially closing
valve V3 to allow stream 53A to flow to the vaporiser 54.
[0021] Since the liquid to be vaporised 51, 53 is avail-
able at high pressure, ie a pressure higher than that of
condenser (or storage) 47, the gas produced, by vapor-
isation in vaporiser 54, can be directly mixed with the
product gas 37.

[0022] Gaseous and liquid carbon monoxide are de-
fined to be respectively a gas and a liquid containing at
least 85% carbon monoxide, preferably atleast 95% car-
bon monoxide.

[0023] It will be appreciated that the invention applies
to other cryogenic separation processes for mixtures
containing carbon monoxide and at least one of hydro-
gen, nitrogen and methane as principal components, for
example processes to separate mixtures of hydrogen,
carbon monoxide and methane such as the partial con-
densation process or processes for separating mixtures
containing carbon monoxide and nitrogen only as princi-
pal components or processes including a nitrogen wash
unit.

Claims

1. A process for supplying gaseous carbon monoxide
by cryogenic distillation in which:

a) a feed gas (1), containing carbon monoxide
as at least one of its principal components and
at least one other components chosen from
methane, nitrogen and hydrogen, is purified us-
ing an adsorption step in one of at least two ad-
sorbent beds (3) to produce a purified feed gas
to be sent to the separation unit comprising at
least one distillation column (7, 19, 27),

b) the separation unit separates the feed gas to
produce gaseous carbon monoxide and the gas-
eous carbon monoxide is compressed in a prod-
uct compressor (35) to produce a final product
at a product pressure

c) refrigeration is supplied to the process by a
carbon monoxide cooling cycle in which a cycle
fluid is compressed in at least the product com-
pressor, cooled and expanded wherein at least
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part of the carbon monoxide is liquefied to form
pressurised liquefied carbon monoxide and

d) part of the pressurised liquefied carbon mon-
oxide (51A, 53A, 59A), is vaporised at the prod-
uct pressure to form a pressurised gaseous
back-up stream which is then mixed with the final
product, vaporisation of the carbon monoxide
taking place only when there is an increase in
demand for pressurised carbon monoxide.

A process according to Claim 1 wherein the separa-
tion unit comprises a cryogenic CO/CH, distillation
column (27), having a top condenser and/or CO lig-
uid storage capacity (47) and wherein the liquefied
carbon monoxide is expanded and sent to the top
condenser in normal operation and, if there is an
increase in demand for pressurised carbon monox-
ide, the liquefied carbon monoxide is vaporised with-
out having been sent to the top condenser.

A process according to Claim 2 wherein the liquefied
carbon monoxide is vaporised without having been
expanded.

A process according to any preceding claim wherein
the liquefied carbon monoxide is liquefied by reboil-
ing atleastone column (19, 27) of the separation unit.

A process according to any preceding claims where-
in the liquefied carbon monoxide in the refrigeration
cycle is cooled against the gaseous carbon monox-
ide, prior to compression of the gaseous carbon
monoxide.

An installation for supplying gaseous carbon mon-
oxide by cryogenic distillation including:

a) a separation unit including at least one distil-
lation column (7, 19, 27)

b) a vaporiser (54)

c) a carbon monoxide product compressor (35)
and a product carbon monoxide conduit (37)
connected to the outlet of the carbon monoxide
product compressor

d) a carbon monoxide refrigeration cycle (3, 5,
41, 55, 57) for cooling the installation, the cycle
including conduits for sending refrigeration cycle
carbon monoxide to the product compressor
and means (55, 57) for liquefying the refrigera-
tion cycle carbon monoxide

e) a conduit for sending liquefied refrigeration
cycle carbon monoxide to the vaporiser

f) a back-up conduit for removing vaporised re-
frigeration cycle carbon monoxide from the va-
poriser, the back-up conduit being connected to
the product carbon monoxide conduit, there be-
ing no compressor between the vaporiser and
the point where the back-up conduit connects
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to the product carbon monoxide conduit

g) a conduit for sending a feed gas containing
at least carbon monoxide as a principal compo-
nent and preferably at least one of nitrogen,
methane and hydrogen as other principal com-
ponents to the separation unit and a conduit for
sending gaseous carbon monoxide from the
separation unit to the carbon monoxide product
compressor and

h) means (V1,V2,V3,V4,V5, V6) for controlling
the amount of liquefied refrigeration cycle car-
bon monoxide sent to the vaporiser as a function
of the amount of product carbon monoxide re-
quired.

An installation according to Claim 6 wherein the sep-
aration unit comprises a cryogenic CO/CH, distilla-
tion column (27), having a top condenser and/or CO
liquid storage capacity (47), means for expanding
liquefied carbon monoxide and means for sending
the expanded liquefied carbon monoxide to the top
condenser and/or CO liquid capacity.

An installation according to Claim 6 or 7 wherein
there are no means for expanding the liquefied car-
bon monoxide to be sent to the vaporiser (54).

An installation according to Claim 6, 7 or 8 wherein
the refrigeration cycle includes means for sending
the refrigeration cycle carbon monoxide to a reboiler
(55, 57) of at least one column (19, 27) of the sepa-
ration unit and means for sending the refrigeration
cycle carbon monoxide liquefied in the reboiler at
least to the vaporiser (54).

An installation according to any of Claim 6 to 9 com-
prising a heat exchanger (52) for cooling the liquefied
carbon monoxide by heat exchange with gaseous
carbon monoxide and a conduit (73) for sending the
warmed carbon monoxide to the product compres-
sor.
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