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A process (100, 200) Is proposed for separating a feed mixture predominantly or exclusively containing carbon monoxide and
hydrogen, in which the feed mixture is subjected to a cryogenic separation process (10) In which a carbon monoxide-rich liquid and
at least one residual gas mixture which Is depleted in carbon monoxide and enriched In hydrogen, in comparison with the feed
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which at least one hydrogen-rich permeate and at least one carbon ir

of the carbon monoxide-rich retentates Is recirculated to the cryoger
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IXture Is subjected to a membrane separation process (20) In
onoxide-rich retentate are formed, wherein the or at least one
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Abstract

Process and plant for separating a gas mixture

A process (100, 200) 1s proposed for separating a feed

mixture predominantly or exclusively contalining carbon

monoxide and hydrogen, 1n which the feed mixture 1is
subjected to a cryogenlc separation process (10) 1n
which a carbon monoxide-rich 1liquid and at least one
residual gas mixture which 1s depleted 1n carbon

monoxide and enriched 1n hydrogen, 1n comparison with

the feed mixture, are formed. It 1s 1ntended that the

at least one residual gas mixture 1s subjected to a
membrane separation process (20) 1n which at least one

hydrogen-rich  permeate and at least one carbon

monoxide-rich retentate are formed, wherein the or at

least one of the carbon monoxide-rich retentates 1S

recirculated to the cryogenic separation process (10).

A corresponding plant 1is likewlse subject matter of the

present i1nvention.

(figure 1)
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Description

Process and plant for separating a gas mixture

The invention relates to a process and a plant for
separating a feed mixture predominantly or exclusively
containing carbon monoxide and hydrogen according to

the preambles of the respective independent claims.

Prior art

High-purity carbon monoxide 1s usually obtained Dby

ﬁ

means of cryogenic separation processes from synthesis

gas that 1s customarily prepared via a catalytic

conversion, partial oxidation, autothermal reforming

pr—

and/or steam reforming of coal or coke, natural gas

and/or hydrocarbonaceous feeds.

In EP O 130 284 AZ, a process 1s described for

obtaining pure carbon monoxide from a feed mixture that

still principally contains hydrogen and carbon monoxide

after other components such as methane and niltrogen are

separated off. The feed mixture 1s compressed, freed by

pr—

adsorption from carbon dioxide and water that are still

present, and cooled until the predominant part of the

carbon monoxide has condensed. The remaining gaseous

fraction 1is warmed and given off, and the condensed
carbon monoxide 1s expanded for outgassing hydrogen
that is dissolved therein. One part of the remalining
carbon monoxide is vaporized, and one part 1s dellvered

as product.

A process of the type described therefore comprises a

cryogenic separation process having a first separation
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step and a second separation step. In the first

separation step, the predominant part of the carbon
monoxide 1s condensed out, with non-condensed residue
remaining (customarily designated “crude hydrogen”, 1in

F

the context of the present application, also as “first”

residual gas mixture). In the second separation step,
the condensed carbon monoxide 1s expanded 1n such a

manner that the dissolved hydrogen outgasses and a

further gas mixture is formed thereby (usually denoted

“flash gas”, in the context of the present application,

also as “second” residual gas mixture) .

b

The first residual gas mixture formed 1n the first

separation step still contains considerable amounts ot

carbon monoxide. In conventional processes, this first

residual gas mixture 1s passed out of the process. The

carbon monoxide present 1in the first residual gas

mixture 1s therefore lost. Also, in the second

ﬁ

separation step, certain amounts of carbon monoxide are

transferred to the gas phase. In the second residual

gas mixture also, therefore, not inconsiderable amounts

-

of carbon monoxide are present. The content of carbon

monoxide in the second residual gas mixture corresponds

to the equilibrium at the top of a stripping column

used 1in this case. Such carbon monoxide is also to be
considered as a loss 1in conventional processes. The

said losses 1n carbon monoxide decrease overall the

carbon monoxide yield of a corresponding process or of

a corresponding plant.

Against this background, the present 1i1invention sets

H

itself the object of specifying a process and a plant

Jr—

for the separation of a feed mixture predominantly or

exclusively containing carbon monoxide and hydrogen, Dby
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P

means of which process or plant the carbon monoxide

losses explained may be decreased and thus higher

carbon monoxide vyields altogether may be achieved.

Disclosure of the i1nvention

This object is achieved by a process and a plant for
separating a feed mixture predominantly or exclusively

containing carbon monoxide and hydrogen having the

features of the respective independent claims.

Embodiments are 1in each case subject matter of the

dependent claims and also of the description

hereinafter.

P

Before the explanation of the features and advantages

of the present invention, the fundamentals thereof and

the expressions used will be explained.

With reference to processes and devices for producling

synthesis gas, 1in particular with respect to partial

oxldation, autothermal reforming (ATR) and steam

methane reforming (SMR), reference may be made to

relevant textbook articles such as the article Y“Gas

mp

ITndustrial

production” in Ullmann’s Encyclopedia o:
Chemistry, online edition 15th December 2006, DOI
10.1002/14356007.al1l2 169.pub?2.

The present application uses the expressions “pressure
level” and “temperature 1level” for characterizing
pressures and temperatures, whereby 1t needs to be

stated that corresponding pressures and temperatures 1in

a corresponding plant need not be used 1n the form of
exact pressure and temperature values 1n order to

1mplement the inventive concept. However, such



10

15

2.0

22

30

CA 02940331 2016-08-26

pressures and temperatures typically wvary 1in certaln

ranges which lie, for example, * 1%, 5, 10%, 20% or
even 50% about a mean value. Correspondlng pressure

levels and temperature levels can lie 1n disjoint

ranges or 1n ranges which overlap one another. In

particular, for example pressure levels include

unavoidable or expected pressure drops, for example

—
—

OWl1lng to cooling effects. The same applies

correspondingly to temperature levels. The pressure

levels stated here 1n bar are absolute pressures.

Ligquid and gaseous mixtures, 1n the language used here,

can be rich or lean in one or more components, wherein

“rich” can represent a content of at least 50%, 75%,

90%, 95%, 99%, 99.5%, 99.9% or 99.99% and "“lean” can

fr—

represent a content of at most 50% 25%, 10%, S, S

0.1% or 0.01% on a molar, weight or volume basis. The

expression  “predominantly” can correspond to  the

-

definition of Y“rich”. Ligulid and gaseous mixtures can,

in the language used here, 1in addition be enriched or
depleted in one or more components, wherein these

expressions relate to a corresponding content 1n a

ke

starting mixture, from which the ligquid or gaseous
mixture was obtained. The liquid or gaseous mixture 1s
“enriched” when it contains at least 1.1 times, 1.5
times, 2 times, 5 times, 10 times, 100 times or 1000
times the content, and “depleted” when it contains at
most 0.9 times, 0.5 times, 0.1 times, 0,01 times or

0.001 times the content, of a corresponding component,

based on the starting mixture.

A “crvogenlic separation process”, 1n the language used

here, 1s a single-stage or multistage thermal process

for separating fluids which 1s carried out at a
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temperature level of below -100°C, in particular from

-150 to -200°C, for example approximately -185°C. A
cryogenic separation process can comprilise the use of
heat exchangers, condensation containers, stripping
columns and/or valves, which are arranged 1n a cold box

or cold chamber.

A “stripping column” 1in the language used here 1s a

separation column which 1s used for expelling a more

highly volatile component (here hydrogen) from a liquid

mixture having a less highly volatile component (here

carbon monoxide). Typically, the mixture for this

purpose 1s expanded into the stripping column. With

reference to the development of stripping columns

(strippers) and other appliances for thermal separation

methods, reference may be made to relevant text Dbooks

(see, for example, Sattler, K.: Thermische
Trennverfahren: Grundlagen, Auslegung, Apparate
[Thermal separation methods: fundamentals, design,

equipment], 3rd edition, 2001, Welnhelm, Wiley-VCH).

pr——

If, here, a mixture 1s said to be formed

W\

from” or

“with the use” of another mixture, thilis 1s taken to

mean not only that, to form the mixture, all of the

other mixture is used, but 1t 1s also possible to use

only a part of the other mixture, for example after

separating offt other components, for example

condensates, and/or additional fluid in addition to the

other mixture.

A “compression process” 1in the language used here 1s

carried out by means of a single-stage or multistage

compressor which is equipped for compressing at least

one gaseous stream from at least one starting pressure
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at which said stream 1s fed to the compressor, to at

least one final pressure at which said stream 1s

withdrawn from the compressor. A compressor Lforms a

P
r—

structural unit which, however, can have a plurality of

“compressor stages”, 1in the form of piston, screw
and/or paddle wheel and/or turbine arrangements (that
1s to say axlal or radial compressor stages). In

particular, corresponding compressor stages are driven

by means of a shared drive, for example, a shared

shaft.

Advantages of the invention

To solve the problem described at the outset, the

present 1nvention proposes a process for separating a

feed mixture predominantly or exclusively containing
carbon monoxide and hydrogen, 1n which the feed mixture
1s subjected to a cryogenic separation process in which
a carbon monoxide-rich ligquid and at least one residual

gas mixture which 1s depleted 1n carbon monoxide and

enriched 1n hydrogen, 1in comparison with the feed

mixture, are formed. In principle, this process, <from
which the present 1nvention proceeds, corresponds to

the prior art process explained at the outset such as

is known, for example, from EP 0O 130 284 AZ and 1in

which the problems explained at the outset occur. In

g~

particular, 1n the context of the process according to

pr—

the invention, first a condensation of the predominant

part of the carbon monoxide from the starting milixture

can also be carried out with a first residual gas

mixture (“crude hydrogen”) remaining. The condensate

formed (here, as 1s also explained extensively below,

g

denoted "“intermediate fraction”) can be expanded for

outgassing the dissolved hydrogen and fed 1nto a
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stripping column. As explained, 1in this case, a second

hydrogen-rich residual gas fraction (“flash gas”) that

sti1ll contains carbon monoxide and the actual 1liquid

#

carbon monoxide-rich product of the process, which here

1s also denoted “carbon monoxide-rich ligquid”, are

formed.

The present 1nvention provides for subjecting the at
least one residual gas mixture to a membrane separation
process 1n which at least one hydrogen-rich permeate

and at least one carbon monoxide-rich retentate are

formed. The carbon monoxide-rich retentate or at least

one o0f the carbon monoxide-rich retentates, in the

context of the present 1nvention, 1s recirculated to

the cryogenic separation process. In this manner, the

carbon monoxide present 1n the at least one residual

gas fraction (for example the first residual gas

L

fraction, that 1s to say the crude hydrogen, and the

second residual gas fraction, that i1s to say the flash

gas) can be recovered and recirculated to @ the

separation process. In this manner, the losses in the

context of a corresponding process are reduced, and the

carbon monoxide vyield 1s correspondingly increased 1in

this manner.

Membrane separation processes that are usable 1in the

context of the present invention comprise, in

ﬁ

particular, a plurality of membrane separation stages,

as explained herein after. In particular pressure-

driven membrane processes having polymer membranes are

suitable for 1mplementing the membrane separation

stages.
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Advantageously, the membrane separation process used in

the context of the present invention comprises a first

membrane separation step and a second membrane

separation step, as addressed above. In the first

membrane separation step, 1n this case, a first

hydrogen-rich permeate and a first carbon monoxide-rich

retentate are formed. In the second membrane separation

step a second hydrogen-rich permeate and a second

carbon monoxide-rich retentate are formed. In the

context of the present application the expression

“permeate” 1S taken to mean the components

preferentially penetrating a membrane used in a
corresponding membrane separation process or a membrane
separation step of such a membrane separation process.
A “retentate”, 1n contrast, 1S retained by a

corresponding membrane. In the present case, hydrogen,

on account of 1ts smaller molecular slze,

preferentially passes through a membrane used, but

carbon monoxide 1s predominantly retained.

As 1n any separation process, corresponding membrane

separation processes or the membrane separation steps

fr—
—

thereo;

are also not achievable with any desired

selectivity of separation, and so a part of the
components predominantly passing over into the permeate
(here hydrogen) always also passes over 1nto the
retentate. The same also applies correspondingly to the
components predominantly passing over 1nto the

retentate which are also to a certain extent recovered

1n the permeate. For this reason, the use of two

membrane separation steps 1s found to be particularly
advantageous, which membrane separation steps are
serles—-connected to one another in the manner described

hereinafter.
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— 9 —
It 1s particularly advantageous when  the first
hydrogen-rich permeate from the first membrane

separation step 1s transferred from the first membrane
separation step to the second membrane separation step.

Advantageously, in this case, the two  membrane

separation steps are carried out at different pressure
levels, 1n particular, the first membrane separation

step 1s carried out at a first ©pressure level,

preferably the pressure level of the feed mixture, and
the second membrane separation step is carried out at a
second pressure level below the first pressure level.

i
—

t, as explalned hereinafter, a stripping column 1is

used 1n the cryogenic separation process, the second

pressure level can be at the pressure level of the

stripping column or below. In each of the membrane

separation steps, a certaln pressure drop results, but

g—

on account of the pressure difference between the first

memprane separation step and the second membrane

separation step 1t 1s possible to ensure that the

permeate from the first membrane separation step can be

transferred to the second membrane separation step

without further compression and additional expenditure

1n terms of apparatus or energy.

As already explained, 1in the cryogenic separation

process, advantageously, a first residual gas mixture

and a second residual gas mixture can be formed,

wherein the first residual gas mixture 1is fed to the

first membrane separation step and the second residual

gas mixture 1s fed to the second membrane separation

step. The membrane separation steps in this manner can

1 g
—

be charged with residual gas mixtures of different

carpon monoxide and hydrogen concentrations. Thus, in
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_10_

particular, the first residual gas mixture can have a

higher carbon monoxide content than the second residual
gas mixture, and the first hydrogen-rich permeate can
have a higher carbon monoxide content than the second

hydrogen-rich permeate. The membrane separation steps

can be specifically adapted to the carbon monoxide

contents of the residual gas mixtures used, for example
with respect to the membranes used and other process

parameters. The first membrane separation step in this

manner performs a preliminary separation and the second

membrane separation step performs a fine separation.

It 1s particularly advantageous, if, as also 1n known

processes, 1n the cryogenic separation process, first

by partial condensation of the feed mixture to the

first pressure 1level, i.e. at the pressure level at

which the first membrane separation step 1s also

carried out, 1in a separation container, with a first

residual gas mixture remaining, a liguid intermediate

fraction 1s formed. The first residual gas mixture
thereby corresponds, as mentioned frequently, to what
1s termed the crude hydrogen of the known process

explained at the outset.

Then, advantageously, the liguid intermediate fraction

1n the cryogenic separation process 1is expanded to an

intermediate pressure level and fed into a stripping

column from which the second residual gas mixture, that

1s to say the gas mixture that is customarily referred

to as flash gas, and the carbon monoxide-rich 1ligquid,

P

that 1s to say the actual product of the process, are

withdrawn. The intermediate pressure level and thereby
the pressure of the stripping column are advantageously

selected to correspond to the process conditions. In an
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_11...

advantageous standard process, for example the second

pressure level can be adapted to the condensation

course of the feed gas, since a reboiler of the

stripper used 1s usually heated against the condensing

feed mixture. The 1ntermediate pressure 1level can be

above the second pressure level or correspond thereto.

The carbon monoxide-rich liquid can then be further

worked up 1n any desired manner.

In this manner, i.e. by the at first partial

P

condensation of the feed mixture with the first

residual gas mixture remaining, and the subsequent

P
p—

expansion 1into the stripping column with formation of

the second residual gas mixture, the first and second

residual gas mixtures can be provided having the

F P
—

explained different contents of carbon monoxide, and at

I

different pressure levels, 1in such a manner that they

then can Dbe fed directly, or optionally after an
expansion, to the first and second membrane separation

steps.

Because the second residual gas mixture 1s produced 1n

the stripping column at the i1intermediate pressure

level, 1t 1s advantageously, before being fed to the
second membrane separation step, expanded to the second
pressure level, at which said membrane separation step

1s carried out when the latter i1s lower.

For heat recovery, 1t has proven to be particularly
advantageous when the first residual gas mixture and

the second residual gas mixture are warmed 1in

counterflow to the feed mixture. In a corresponding

cryogenic separation process, however, further
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_12_

refrigerants and/or cold streams can be used. For the

heat exchange, 1n particular a plate heat exchanger

which, for example, can be arranged together with the
separation container and the stripping column in a cold

box, can be used.

For treating the retentates, 1n the context of the
invention, a plurality of different expedient

possibilities are suitable, which are explained

hereinafter.

In particular, the first and second carbon monoxide-

rich retentates can be brought to the intermediate

pressure level, combined, and fed 1into the stripping
column. This proves to be particularly expedient,

because 1n this case only the second carbon monoxide-

rich retentate needs to be compressed slightly from the

second pressure level to the 1intermediate pressure

level. The first carbon monoxide-rich retentate can, in
contrast, be expanded to the 1ntermediate pressure
level and/or the pressure level of the second residual

gas mixture that is to be added.

A further advantageous possibility 1is to expand the

first carbon monoxide—-rich retentate to the

intermediate pressure level and feed it into the
stripping column, but to bring the second carbon

monoxide-rich retentate to the first pressure level and

combine 1t with the feed mixture. This permits a

——
—

targeted conslderation of the present process

parameters. Depending on the carbon monoxide content of

the feed mixture, an 1increase of its carbon monoxide

content, for example, by feeding back the second carbon

monoxide-rich retentate into the feed gas can be
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- 13 -

advantageous, because thereby a more favourable

condensation behaviour can result. Feeding back into

the feed gas can also be advantageous when the return

amount for the stripping column 1s limited and thereby
both retentates cannot be conducted into the stripping

column.

Finally, the first and second carbon monoxide-rich

retentates can also be Dbrought to the first pressure

level and then both can be combined with the feed

mixture. Corresponding advantages have already been

explained with reference to feeding Dback only the

second retentate. In addition, this 1s the simplest
interconnection which additionally requires the lowest

control complexity.

In the case explained, 1n which the first and second

carbon monoxide-rich retentates are increased in

pressure to the first pressure level and combined with

the feed mixture, with particular advantage, a shared

ke

compression process can be used, to which the first and

second carbon monoxide-rich retentates are fed at

different pressure levels. In particular, in this case,

a multistage compressor can be used, to which the first

carbon monoxide retentate 1s fed at an 1ntermediate

stage and the second carbon monoxide-rich retentate 1s

Jr—

fed upstream of the filrst compression stage.

The present 1nvention also extends to a plant for

separatlng a carbon monoxide- and hydrogen-contailning

P

feed mixture which has means which are eqgquipped for

subjecting the feed mixture to a cryogenic separation
process 1n which a carbon monoxide-rich liquid and at

least one residual gas mixture which 1s depleted in
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_14_

carbon-monoxide and enriched 1n hydrogen, 1n comparison

wlith the feed mixture, 1s formed.

A corresponding plant 1s distingulshed according to the

invention by means which are eguipped for subjecting
the at least one residual gas mixture to a membrane
separatlon process 1n which at least one hydrogen-rich

permeate and at least one carbon monoxide-rich

retentate are formed. In this case, means are provided

which are equipped for recirculating the or at least
one of the carbon monoxide-rich retentates to the

cryogenic separation process.

Advantageously, a corresponding plant comprises all of

the means equipped for carrying out a process described

above and 1s constructed for carrying out a
corresponding process. Therefore, reference 1s
explicitly made to corresponding features and

advantages which have already been described above.

The 1nvention will be explained 1in more detail

hereinafter with reference to the accompanying drawlng

which 1l]lustrates preferred embodiments of the

invention.

Brief description of the drawings

Figure 1 1llustrates a process according to an

embodiment of the invention in the form of a simplified

schematic flow plan.

Figure 2 1llustrates a process according to a further

ﬁ

embodiment of the 1nvention in the form of a simplified

schematic flow plan.
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Detailed description of the drawings

-

In the

figures, elements having comparable function

correspondlng to one another are cited with identical

reference signs and, for the sake of clarity, are not

eXxplained repeatedly. In the figures, steps and/or

pr—
p—

elements of a process are shown. The explanations,

however, relate to a corresponding plant in a similar

a r—

manner, and so, 1f, hereinafter, process steps are

mentioned, the corresponding explanations also apply to

plant components and vice versa.

In figure 1 a process according to an embodiment of the

F

invention 1in the form of a schematic flow plan 1is

1llustrated and designated 100 overall. The process 100

comprises a cryogenic separation process which 1is
deslgnated 10 overall, a membrane separation process
which 1s designated 20 overall, and a compression
process which 1s designated 30 overall.

P

A feed mixture in the form of a stream a 1s fed to the

cryogenic separation process 10 and is optionally

combined wilith a further stream, as explained below. In
the cryogenic separation process 10, the stream a 1is

conducted through one or more heat exchangers 11,

cooled thereby to a temperature level corresponding to

the other process parameters and fed at a pressure

corresponding to the pressure of the feed mixture a

W\

(here designated first pressure level”) into a

separation container 12. In the separation container

12, at the pressure employed, a liguid fraction

enriched i1n carbon monoxide separates out which is here

termed Yi1ntermediate fraction”.
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The 1ntermediate fraction can be withdrawn from the
separation container 12 in the form of a stream Db,

expanded via a valve which is not shown and fed into a

stripping column 13. In addition, a residual gas, which

1s here termed “first” residual gas and customarily

Cermed crude hydrogen, 1s taken off from the separation

container 12 in the form of the stream c.

In the stripping column 13 a carbon monoxide-rich

liguid and a residual gas fraction are obtained from

the liquild intermediate fraction which 1s fed into the

stripping column 13 in the form of the stream b. The

residual gas fraction from the stripping column 13 is

here termed “second” residual gas fraction and 1is

conventionally also termed flash gas. The carbon

monoxide-rich 1liquid from the stripping column can be

withdrawn therefrom in the form of the stream d and,

for example, expanded and fed to further purification

steps. The second residual gas fraction can be taken

ey

offt from the stripping column in the form of the stream
g

Fl

e and likewlise be expanded.

The first residual gas fraction 1in the form of the

stream ¢ and the second residual gas fraction 1in the

F

form of the stream e are warmed in the heat exchanger

or heat exchangers 11 through which, 1in addition,

optionally further cold streams, such as illustrated

here by the stream f, are conducted. The first residual

gas fraction i1in the form of the stream c¢ and the second

residual gas fraction in the form of the stream e are

fed to the membrane separation process 20 or a first
membrane sSeparation step 21 and a second membrane

separation step 22 1in the membrane separation process
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- 17 -

20. The first residual gas fraction ¢ in this case 1is

fed to the first membrane separation step 21, and the

second residual gas fraction e 1is fed to the second

membrane separation step 22.

In the first membrane separation step 21 a retentate is

F

formed that can be conducted out of the first membrane

separation step 21 in the form of the stream g. 1In

addition, 1in the first membrane separation step 21 a

F

permeate 1s formed that is conducted out of the first

P

membrane separation step 21 in the form of the stream

h, expanded via a wvalve which is not shown separately

and fed to the second membrane separation step 22, to

which the second residual gas fraction is also fed in

the form of the stream e.

In the second membrane separation step 22, a retentate

and a permeate are also formed, wherein the retentate

can pe conducted out of the second membrane separation

F

step 1n the form of the stream i1 and the permeate in

g
e

the form of the stream k. The permeate of the second

membrane separation step 2, in the form of the stream

kK, 1s substantially hydrogen.

In the process 100 1llustrated in figure 1, the first

retentate of the first membrane separation step 21 in

pr—
—

the form of the stream g 1s cooled in the heat

exchanger 11 of the cryogenic separation process 10 and

fed into the stripping column 13. For further use of

pr—

the second retentate of the second cryogenic separation

step 22 1n the form of the stream 1, there are two

different possibilities. In both cases, the stream i

and therefore the second retentate 1is fed to the

compression process 30 and herein compressed in a
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compressor 31, which can be designed to be single- or

multistage. Heat of compression is removed via a heat

exchanger 32. Depending on the compression performed in
the compression process 30, the stream i can then be
combined with the stream a, or with the stream g and

thereby the first retentate.

In the process 100 illustrated in figure 1, but also in

the process 200 illustrated in figure 2 the separation

container 12 1s operated at a pressure level which 1is

termed here “first” pressure level, the stripping

column 13 1s operated at a pressure level termed here

“intermediate pressure level”, the first membrane

separation step 21 1is operated at the first pressure
level, and the second membrane separation step 22 is
operated at a pressure 1level here termed “second”
pressure level. The first pressure level in this case

1s above the second pressure level and the intermediate

pressure level 1s between the first and second pressure
levels. Alternatively, the intermediate pressure level
can also correspond to the second pressure level, and

p—.

an expansion of the second residual gas mixture in this

case 1s dispensed with.

In figure 2, a process according to a further

embodiment of the invention i1s illustrated and termed

200 overall. The process 200 illustrated in figure 2

differs from the process 100 illustrated in figure 1

substantially by the different treatment of the streams

g and 1, and thereby the first and second retentates,

respectively. In the process 200 illustrated in figure

2, the first retentate in the form of the stream g and

F

the second retentate in the form of the stream 1 are

compbined. They are combined in this case within the
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compression process 30, in which here two compression

stages 31 and 33 are provided each having downstream

aftercoolers 32 and 34. The stream g is fed to an
intermediate stage 1in the compression process 30.

Overall, the streams 1 and g are compressed at the

first pressure level, that is to say the pressure level

at which the separation container 12 is operated, and

comblned at this pressure level with the feed stream a.

[

1f, hereinbefore, the first membrane separation step 21

was sald to be operated at the first pressure level, a

person skillled 1in the art wunderstands that, 1in a

corresponding membrane separation step, an unavoidable

pressure loss occurs, and therefore the stream g is no

longer present at the first pressure level, and must

therefore be recompressed.
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Claims

1. Process (100, 200) for separating a feed mixture

predominantly or exclusively containing carbon monoxide

and hydrogen, in which the feed mixture 1s subjected to
a cryogenic separation process (10) 1n which a carbon
monoxide-rich ligquid and at least one residual gas

mixture which 1s depleted 1n carbon monoxide and

enriched 1in hydrogen, 1in comparison with the feed

mixture, are formed, characterized in that the at least
one residual gas mixture 1s subjected to a membrane
separation process (20) 1in which at least one hydrogen-

rich permeate and at 1least one carbon monoxide-rich

retentate are formed, wherein the or at least one of
the carbon monoxide-rich retentates 1s recirculated to

the cryogenic separation process (10).

2 . Process (100, 200) according to Claim 1, in which

the membrane separation process (20) comprises a first

memprane separation step (21) and a second membrane

separation step (22), wherein, 1in the first membrane

separation step (21), a first hydrogen-rich permeate

and a first carbon monoxide-rich retentate are formed,

and 1in the second membrane separation step (22), a

second hydrogen-rich permeate and a second carbon

monoxide—-rich retentate are formed.

3. Process (100, 200) according to Claim 2, in which

the first hydrogen-rich permeate 1s transferred from

the first membrane separation step (21) to the second

membrane separation step (22), wherein the first

membrane separation step (21) 1s carried out at a first

—

pressure level at the height of the pressure level ot

the feed mixture and the second membrane separation
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step (22) 1s carried out at a second pressure level

below the first pressure level.

4 . Process (100, 200) according to Claim 3, 1in which,

1n the c¢ryogenic separation process (10), a first

residual gas mixture and a second residual gas mixture

are formed, wherein the first residual gas mixture 1is

fed to the first membrane separation step (21) and the

second resldual gas mixture 1s fed to the second

membrane separation step (22).

5. Process (100, 200) according to Claim 4, in which

the first residual gas mixture has a higher carbon

monoxide content than the second residual gas mixture,

and the first hydrogen-rich permeate has a higher
carbon monoxide content than the second hydrogen-rich

permeate.

6. Process (100, 200) according to either of Claims 4

and 5, 1n which, 1n the cryogenic separation process

(10), first by partial condensation of the feed mixture

to the first pressure level in a separation container

(12), with the first residual gas mixture remaining, a

liquid intermediate fraction is formed.

7. Process (100, 200) according to Claim 6, 1n which

the liguid 1ntermediate fraction in the c¢ryogenic

separation process (10) 1s expanded to an intermediate

pressure level and 1s fed 1nto a stripping column (13)

from which the second residual gas mixture and the

carbon monoxide-rich liguid are withdrawn, wherein the

intermediate pressure level 1is between the first and

second pressure levels, or corresponds to the second

pressure level.
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3 . Process (100, 200) according to Claim 7, 1in which

the second residual gas mixture after the withdrawal

from the stripping column (13) 1is expanded to the
second pressure level when the 1ntermediate pressure

level 1s above the second pressure level.

9. Process (100, 200) according to any one of Claims

4 to 8, 1n which the first residual gas mixture and the

second residual gas mixtures are warmed in counterflow

to the feed mixture.

10. Process (100, 200) according to Claim 7, in which

the flrst and second carbon monoxide-rich retentates

are pbrought to the 1intermediate pressure level,

combined and fed into the stripping column (13).

11. Process (100, 200) according to Claim 7, in which

the first carbon monoxide-rich retentate is expanded to

the 1ntermediate pressure level and fed 1nto the

stripping column (13) and the second carbon monoxide-

rich retentate 1s elevated in pressure to the first

pressure level and combined with the fed mixture.

12. Process (100, 200) according to any one of Claims

4 to 7, 1n which the first and second carbon monoxide-

rich retentates are 1increased in pressure to the first

pressure level and combined with the feed mixture.

13. Process according to Claim 12, in which a shared

compression process (30) 1s wused for the pressure

elevation of the first and second carbon monoxide-rich

retentates to the first pressure level.
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14. Plant for separating a feed mixture predominantly

or exclusively containing carbon monoxide and hydrogen

which has means which are equipped for subjecting the

feed mixture to a cryogenic separation process (10) in
which a carbon monoxide-rich liquid and at least one
residual gas mixture which 1is depleted in carbon

monoxide and enriched in hydrogen, in comparison with

the feed mixture, 1s formed, characterized by means

F

which are equipped for subjecting the at least one

residual gas mixture to a membrane separation process
(20) 1n which at least one hydrogen-rich permeate and

at least one carbon monoxide-rich retentate are formed,

whereln means are provided which are equipped for

recirculating the or at least one of the carbon

monoxide-rich retentates to the cryogenic separation

process (10).

15. Plant according to Claim 14, which has all of the

means equipped for carrying out a process according to

P F

any one of Claims 1 to 13, and 1is constructed for

carrylng out a corresponding process.
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