
10824 1 Process and device for the separation of foreign gases from a reducing useful  gas by
steam-driven pressure swing adsorption [0001] The invention relates to a process for purifying a
reducing useful gas by  pressure swing adsorption using a so-called ejector operated by a pressurised
gas and  5 generating a vacuum which serves to improve the desorption efficiency of the pressure
swing adsorption unit, in which the invention uses steam as pressurised gas generated  by the heating
device in the production of the useful gas. The invention also relates to a  device with an ejector
operated by steam, the vacuum of which is used to increase the  desorption efficiency of the pressure
swing adsorption unit. 10 [0002] The production of reducing gases is a process frequently used in
technical  applications. An example for the production of a reducing gas is the steam reforming
process. By heating a hydrocarbonaceous feed mixture with steam, it is, for instance,  possible to
produce synthesis gas consisting of a mixture of hydrogen, carbon monox- ide and carbon dioxide.
Synthesis gas is frequently used as fuel gas or feedstock for 1s chemical syntheses. Another
frequently produced reducing gas is carbon monoxide.  [0003] Most applications require a reducing
gas which is free of accompanying  gases. A frequently occurring accompanying gas is carbon
monoxide which is obtained  from the incineration or reforming processes. If the carbon monoxide from
the synthe- sis gas is converted in the so-called CO conversion in the presence of steam, the result 20
is a mixture of hydrogen and carbon dioxide. The latter can be removed from the syn- thesis gas by
various processes. When the carbon dioxide is removed, pure hydrogen  is obtained which is an
essential feedstock in many syntheses and applications. Other  frequently occurring accompanying or
foreign gases or foreign gas components which  are undesired constituents of reducing gases and
need to be separated are residual  25 gas components such as methane and nitrogen. [0004] Many
applications include gas-scrubbing processes for the separation of  undesired accompanying gases,
which are suited for the mentioned applications. Also  frequently used are the so-called pressure swing
adsorption units in which the gas to  be separated undergoes adsorption processes. Pressure swing
adsorption units are 30 capable of removing foreign gases almost completely, which can be achieved
by gas- scrubbing processes on certain conditions only. 10824 2 



[0005] Pressure swing adsorption units use the adsorptive capacity of adsorbing  materials. Examples
of frequently used adsorbing materials are activated carbon, mo- lecular sieves, silica gel or zeolithes.
For gas purification purposes, the adsorbing ma- terials are packed into suitable vessels and the gas
to be purified is passed through 5 these vessels under pressure. The foreign gas components are thus
adsorbed and the  purified useful gas is obtained. After a certain time, the adsorptive capacity of the
ad- sorbing material will be exhausted. The vessel is depressurised and flushed with useful  gas so
that the adsorbing material releases the adsorbed foreign gas. Subsequently  the foreign gas is
discharged for further processing or removal. The adsorption and de 10 sorption processes are
performed in cyclic alternation so that it is possible to ensure a  continuous purification process of the
supplied useful gas. [0006] In order to further improve the efficiency of the adsorption process, the de-
sorption process can be supported by applying a vacuum after pressure relief. This will  allow almost
complete removal of the adsorbed foreign gas from the adsorbing mate 1s rial. Subsequently it will be
possible to re-use all of the adsorbing material in the next  adsorption process. To avoid that vacuum
has to be generated by an expensive com- pressor or other machine, a so-called ejector is used. This
ejector uses the pressure of  the discharged gas to generate a vacuum by utilizing the Venturi effect.
By controlling  the valves in a suitable way to ensure that the discharged gas flows through the ejec 20
tor, it is possible to achieve adequate evacuation of the pressure swing adsorption ves- sels. [0007]
EP 015413 B1 describes a pressure swing adsorption process which in- cludes an arrangement of
pressure swing adsorption units which, in cyclic alternation,  remove a specific component or several
gas components by selective adsorption from 25 a gas mixture. A vacuum generated by means of an
ejector is used to desorb the ad- sorbed foreign gases step by step. The ejector is operated by the
pressure of the  gases discharged from the pressure swing units, allowing the use of both the dis-
charged useful gas and the discharged desorbed foreign gas if the pressure swing ad- sorption units
and the valves are connected in an appropriate way. 30 [0008] EP 1101731 Al describes a process for
the production of synthesis gas in  connection with a pressure swing adsorption unit by which the
synthesis gas is freed  from the entrained carbon dioxide. The vacuum for the desorption of the
pressure  swing unit is generated by an ejector which uses the high pressure of the fuel gas  



when being supplied. The gas leaving the ejector may then be re-used as fuel gas. By 10824 3 a
system of feed vessels, both the fuel gas and the vacuum can be adapted to the ca- pacity required.
[0009] The vacuum generated by the ejectors, however, is frequently inadequate.  For this reason it is
necessary to install devices used to further increase the vacuum.  5 This is expensive and in most
cases associated with a demand for additional equip ment. Apart from this, the pressure of the
discharged gas is not always high enough to  operate the ejector in such a way that an adequate
vacuum is generated. The use of  compressed gas is inappropriate for reasons of cost. It is therefore
necessary to find a  low-cost solution for operating the ejectors at higher efficiency. It is therefore the
aim of 10 the present invention to make a gas available which is under high pressure, reasonably
priced and, as far as possible, generated in the useful-gas production process and  which allows to
operate the ejectors in a cost-effective manner. [0010] The invention achieves the aim by generating
hot steam which is obtained  in the useful-gas production process or the heating process and is thus
under high  15 pressure. It can be used advantageously for driving the ejectors. In an advantageous
embodiment of the invention the steam in the desorbed foreign gas is condensed after  having passed
the ejectors. The condensed water can be recycled to the process.  [0011] The invention also includes
a solution according to which the vacuum is ad- justed to the respective requirements in the desorption
process so that the capacity of 20 the pressure swing unit can be optimized. It also includes a system
of feed tanks which  are used as buffer tanks for vacuum and desorbed gases. In this way, it is
possible to  configure a continuous process flow without weakening the purifying capacity of the
pressure swing adsorption unit. The system for the operation of a pressure swing ad- sorption unit
according to the present invention is very well-suited for the operation of 25 steam reforming
processes. However, the system according to the present invention is  generally suitable for any
process producing a reducing gas, purifying by pressure  swing adsorption and making available hot
flue or fuel gases which can be used to  generate steam for driving an ejector. [0012] The invention
especially claims a process for the separation of foreign  30 gases from a reducing useful gas by
pressure swing adsorption, in which s a reducing useful gas is produced in a suitable process, which
contains  



a foreign component to be absorbed or a foreign gas in addition to the  reducing component, and
10824 4  this gas is supplied to a pressure swing adsorption unit at elevated  pressure to separate
adsorbable gases, which retains the gas to be ab- sorbed in an adsorptive process and thus produces
a purified useful  gas, and 5  the adsorbed gases are released again in a mixture with useful gas by
depressurizing the pressure swing adsorption unit and can be further  processed or removed, and
which is characterised in that  after pressure relief a vacuum is applied to the pressure swing adsorp-
10 tion unit for desorption by means of an ejector, by which the remaining  adsorbed gases can be
withdrawn from the pressure swing adsorption  unit, and  the ejector is operated by steam generated
by heating with the hot use- ful gas or with the flue gases from the heating process for the production
15 of useful gas. [0013] The steam for the operation of the ejector can be generated in both the out- let
devices for the flue gas and in the outlet device for the useful gas. The steam gen- eration can also be
carried out in both positions in the process flow whereas the result- ing steam flows may then be
mixed up in any order and be transported to the ejector in 20 suitable pipes. If in one of the named
positions no steam is generated, a regular cool- ing device may be installed as such such as an air
cooler. [0014] The invention also claims a process by which the steam used to operate  the ejector can
be condensed and thus recycled to the steam production process. It is  also possible to supply the
condensed steam to the useful-gas production process. It is  25 theoretically possible to use the
condensed steam for any purpose desired. [0015] The process preferred for producing the useful gas
is a reforming process  which uses a hydrocarbonaceous feed gas in order to produce synthesis gas in
a re- forming process with steam at elevated temperature. The preferred hydrocarbona- ceous feed
gas is natural gas. It is also possible, however, to use LPG or a liquid gas. 30 It is also possible to use
naphtha or light benzines and all other fluids that can be used  



as a feedstock in a reforming process. After all, the ejector-operated process according  to the
invention can theoretically be used in all other processes for the production of  reducing gases. Thus it
is also possible, for example, to use a pressure swing adsorp 10824 - 5 tion unit according to the
present invention in a process for the gasification of coal. Fi- nally it is also possible, for example, to
include the process in the production of coke- oven gas. [0016] Depending on the process parameters
the synthesis gas obtained from the  5 production of synthesis gas may contain major amounts of
carbon monoxide. Depend- ing on the application this content in the obtained synthesis gas may be
unwanted, In  many cases the carbon monoxide is therefore removed from the process gas in a so-
called CO conversion. In the CO conversion the carbon monoxide contained in the syn- thesis gas is
converted by the addition of water steam into carbon dioxide by adequate Jo processes, which can
subsequently be removed from the synthesis gas by treatment in  an acid-gas scrubber, for example.
By the conversion hydrogen is obtained. Another  suitable process for converting carbon monoxide
into carbon dioxide is described in  EP 1878782 Al. In an embodiment of the invention the conversion
process is preceded  by a synthesis gas cooling process, whereby this cooling can also be utilized as
a heat 15 exchange process or for the generation of steam. After the process step of the heat
generating CO-conversion, steam may be produced and this resulting steam flow can  be fed into the
steam flow for the operation of the ejector. If no steam generator is ear- marked behind the process
step of the conversion, a regular cooling device may be  employed. After these steps, a cooled and
carbon monoxide free synthesis gas is ob- 20 tained. [0017] To remove the carbon dioxide completely
from the synthesis gas, it is  common practice to use a pressure swing adsorption unit. It is possible to
install this  unit alone or in connection with an acid gas scrubber of any type desired. If the portion  of
gases to be adsorbed is low, it is normally sufficient to provide a pressure swing ad 25 sorption unit
without an upstream acid gas scrubber. The pressure swing adsorption  unit used to remove the acid
gas may be of simple design and charged at normal pres- sure so that a vacuum must only be
generated for desorbing the loaded adsorbent. In  an exemplary embodiment, the pressure swing
adsorption unit may be operated con- tinuously so that the adsorption of the gas to be adsorbed is
achieved by nothing but 



30 the adsorption force of the adsorbent. In an advantageous and preferred embodiment,  however,
the pressure swing adsorption unit is operated under excess pressure to util- ize the adsorption force
of the adsorbent more efficiently. [0018] Typical pressures for operating the pressure swing adsorption
unit are  pressures between 5 and 50 bar, To carry out the desorption, the unit is depressurised.  35
To allow continuous operation of the process in spite of that, adsorption and desorption 10824 6 must
take cyclic turns. For this purpose, batteries of 5 to 50 pressure swing adsorption  units are usually
operated side by side. The gas to be purified passes through some of  the units at elevated pressure,
the foreign gas being retained by the adsorbent. The pu- rified useful gas is thus obtained. Some other
units are depressurised, releasing the 5 adsorbed gas in a mixture with the useful gas. When the
vessel is subsequently evacu- ated, major part of the desorbed foreign gas is recovered. The
pressure-relief and de- sorption can also be carried out by stages or steps in order to further intensify
the  separating efficiency of the pressure swing adsorption units. [0019] The largest portion of the
desorbed gas normally consists of the adsorbed  10 foreign gas. Depending on the process
parameters, however, it still includes major por- tions of unconsumed useful gas. Since this is still of a
calorific value - even though re- duced because of the admixed but usually incombustible foreign gas -
it can be used in  the incineration process for the production of the useful gas. To keep the calorific
value  at an adequately high level for the heating process, it is mixed with fresh fuel gas in an 15
advantageous embodiment of the invention. To decouple the process of useful-gas  production from
the pressure swing adsorption process, a buffer tank for intermediate  storage of the desorbed foreign
gas is provided between the pressure swing adsorption  vessels and the feed into the fuel gas. It is
also possible, however, to discharge the de- sorbed gas via a flare line, for example. This may be
done on a temporary or perma- 20 nent basis. [0020] In order to keep the pressure conditions in the
flue gas supply line un- changed, the ejector and the pressure in the associated buffer tank are
preferably con- trolled in such a way that the desorbed foreign gas to be fed is provided at the same or
a similar pressure as the fuel gas to the heating process for the production of useful 25 gas. If the
useful gas is produced in a reforming process, the fuel gas selected is pref- erably natural gas. Typical
fuel gas supply pressures for the incineration process are  



1.2 to 5 bar. To reach this pressure, controlling devices may be installed between the  buffer tank and
the feed point into the fuel gas line. These may be either compressors  or pressure-reducing devices.
The desorbed foreign gas may be introduced either di 30 rectly upstream of the incinerator by means
of suitable mixing devices or into the sup- ply line for fuel gas. The vacuum in the fuel gas supply tank
can further be increased by  the use of suitable devices. [0021] In a further embodiment of the
invention the generated vacuum is advanta- geously stored intermediately in a buffer tank. This tank is
also referred to as vacuum  35 feed tank. Thus the vacuum can be applied to the various pressure
swing adsorption 10824 7 units according to the respective requirements. In the same way, it is also
possible to  reduce the vacuum step by step in order to intensify the separating efficiency of the
pressure swing adsorption units. [0022] The propellant gas for the ejector, which is steam from the
heating process  s for the useful-gas production in the process according to the invention, can also be
supplied with other gases to generate the pressure required for driving the ejector.  Thus it is also
possible to use pressurised foreign gases or live steam for driving the  ejector. It is furthermore
possible to use the useful gas or the feed gas for driving the  ejector as suggested in EP 015413 1 B1.
In the case of the process according to the 10 invention, these foreign gases are mixed with steam.
Furthermore, it is possible to op- erate the ejector or ejectors temporarily with the steam generated in
the process ac- cording to the invention. The steam, however, can also be mixed with foreign gas or
with foreign steam or with the synthesis gas and used as a propellant for the ejector as  required by
the invention. This may also be done on a temporary basis. 15 [0023] It is also possible to support the
operation of the ejector by devices gener- ating vacuum. The foreign vacuum can be generated in any
way desired, for example,  by piston or diaphragm pumps generating vacuum. It is also possible to
support the  process in any place desired with compressors or pressure-generating pumps. [0024] The
invention also claims a device used to run the process according to the  20 invention. The invention
particularly claims a device for the separation of foreign gases  from a reducing useful gas by pressure
swing adsorption, which  includes a section with a heating device for the production of the useful  gas,
providing that 



this section for the production of the useful gas is followed by a section  25 with a pressure swing
adsorption for the separation of foreign gases,  and  the section for pressure swing adsorption can be
supplied with the vac- uum required for a complete desorption via an ejector suitable for gen- erating
vacuum, 30 and which is characterised in that  a steam generator is installed downstream of the
heating device or the  section for producing the useful gas, which uses the hot flue gas from 10824 8
the heating process and/or hot useful gas for the generation of hot  steam, and the steam from the
steam generator is used to operate the ejector.  [0025] The ejector to be used may be of any type
desired. It may, for example,  5 work according to the Venturi principle. However, it may also be a
vacuum-generating device which uses turbines for generating a vacuum with compressed gas. [0026]
To implement the invention and for further use, a device for the condensa- tion of the steam is installed
downstream of the ejector at the outlet end. This may be a  standard condenser or it may also be a
heat exchanger. It is also possible to use re 10 frigeration machines to support the condensation
process. In such case, pipelines are  preferably connected to the condensing device, by which the
condensate can be recy- cled to the steam of the feed gas. It is also possible to install evaporators
downstream  of such a device by which the condensate can be evaporated and recycled to the use-
ful-gas production process. 15 [0027] The product obtained from the condensation process is a dried
and cooled  desorption gas. The desorption gas obtained may contain any suitable acid gas that  can
be removed from the useful gas by pressure swing adsorption. Examples of acid  gases that can be
removed from gases by pressure swing adsorption are carbon diox- ide, hydrogen sulphide, ammonia
or halogenated hydrocarbons. If the desorption gas is 20 removed, the process flow is equipped with
devices which are suited to perform such  task. It is also possible, for example, to install flare facilities
downstream of the con- densing device on the desorption gas side. [0028] It is also possible to install a
device for acid gas scrubbing upstream of the  



pressure swing adsorption device according to the present invention. Such scrubbing is  25 preferably
carried out with physical solvents, which can easily be regenerated by de sorption and can thus be
combined suitably with a pressure swing adsorption unit. An  example of suitable acid gas scrubbing
devices which may be installed upstream of the  pressure swing adsorption system according to the
present invention is mentioned in  EP 968748 A2. 30 [0029] If the process for the production of useful
gas is a steam reforming process,  this may be a process according to the state of the art. An example
of a steam reform- ing process which can be used for the production of synthesis gas is described in
10824 9 WO 2006/119812 1 Al. If the process for the production of useful gas is a coke-oven  process,
this may be provided with devices according to the state of the art. An exam- ple of a device for the
production of coke-oven gas is described in EP 1230321 Al.  [0030] According to the invention the
process for the production of useful gas is 5 used to generate steam. For this purpose, the device
producing useful gas may be  equipped with a heat exchanger which serves as a steam generator. If
the useful gas is  a coke-oven gas, the steam generator may be installed in the discharge line of the
coke-oven gas according to an exemplary embodiment. If the useful gas is a synthesis  gas from a
steam reforming process, the steam generator may be installed in the dis 10 charge line of the flue gas
which is obtained from the heating for the production of syn- thesis gas. [0031] The synthesis gas
obtained from the steam reforming process is submitted  to subsequent cooling in a preferred
embodiment. For this purpose, a suitable cooling  device is installed. This may be an air cooler in an
exemplary embodiment. It is possi 15 ble to use a heat exchanger for cooling the synthesis gas for its
application as useful  gas, by which steam is generated. This steam, too, may be used to operate the
ejector  according to the present invention. It is also possible to employ a heat exchanger for  the
useful gas without the steam generator in the flue gas discharge line and only use  the steam which is
obtained when cooling the useful gas for driving the ejector. 20 [0032] In a preferred embodiment, a
process for the conversion of the carbon mo- noxide into carbon dioxide is provided downstream of the
process for the production of  useful gas or the device for cooling the useful gas. In such case, the
major portion of  the acid gas to be absorbed is carbon dioxide. The CO conversion process is de- 



scribed in a suitable embodiment in EP 1878782 Al. 25 [0033] In direction of the process flow, the
pressure swing adsorption unit accord- ing to the invention is arranged downstream of the CO
conversion. An example of a  suitable pressure swing adsorption unit with an adequate number of
various pressure  swing adsorption vessels is described in EP 015413 B1. This teaching describes the
example of an ejector suited for the generation of a vacuum for the process according  30 to the
present invention. [0034] According to the invention, it is also possible, to arrange a cooling device  for
the useful gas after the process step for the conversion of carbon monoxide. This  device is
constructed in an exemplary fashion as a heat exchanger or a steam genera 10824 10 tor. By this
way, steam for the ejector can be produced, too. According to the invention,  a steam generator can
also be arranged in the outlet for the heating gas or in the outlet  for the produced useful gas, which is
in the process flow before the conversion unit for  the carbon monoxide or in another embodiment of
the invention a steam generator be 5 hind the outlet of device for the carbon monoxide conversion of
the useful gas. The ar- rangement of the steam generators in the named positions in the process flow
can also  be multiple and in all possible combinations. [0035] To run the process according to the
present invention, the pressure swing  adsorption units are connected to an adequate number of
valves and pipelines. These  10 are linked to the vessels of the pressure swing adsorption unit in such
a way that it is possible to ensure cyclic operation of adsorption and desorption of the foreign gases.
In an advantageous embodiment, a tank for buffering the vacuum can be provided  downstream of the
pressure swing adsorption unit allowing connection to the pressure  swing adsorption unit whenever
required. 15 [0036] A condenser may be connected to the outlet of the ejector which serves to
condense the steam contained in the outlet gas. The condensate can be recycled to  the process for
the production of the useful gas. The desorption gas which has been  freed from the steam is
preferably fed to a fuel gas feed tank. From here, the desorbed  foreign gas can be recycled to the
process by mixing it with the fuel gas. Downstream 20 of the ejector, there may be a device which
serves to increase the vacuum of the ejec- tor. [0037] The device according to the invention also
includes pipelines and valves  



which are used to interconnect and control the devices for the process according to the  invention. The
device according to the invention may also be provided with devices for 25 cooling or devices for
heating the gas in any place desired. The device according to the  invention also includes
compressors or vacuum pumps to support the process in any  place of the process flow. The process
according to the invention also includes ther- mometers, pressure gauges or other analysers and the
associated control devices  which serve to control the process. 30 [0038] The process according to the
invention provides an efficient process at rea- sonable cost for the purification of reducing gases. In
addition, it advantageously util- ises the heat of the heating process in the production of useful gas. It
also provides an  efficient means to utilise the calorific value of the partly adsorbed gas which is
polluted  by foreign gas. 10824 11 [0039] The process flow of the process according to the invention is
illustrated in  more detail by means of two sketches, the process according to the present invention
not being limited to these embodiments. FIG. 1 and FIG. 2 show the process flow of the  process
according to the invention with and without vacuum feed tanks, respectively. 5 [0040] FIG. 1 shows the
example of a reforming furnace (1) which is supplied with  a hydrocarbonaceous feed gas (2) and
steam (3). It is heated by means of a hydrocar- bonaceous fuel gas (4) and air (5). The product
obtained is synthesis gas which is rep- resented as a mixture of hydrogen and carbon monoxide in this
example. In the incin- eration of the fuel gas, waste gases (4a) are produced which are passed
through a 10 steam generator (6) to generate steam (6a). The waste gases are subsequently cooled
and discharged as flue gases (6b). The steam may either be recycled directly to the  feed gas (6c) or
blown off via a valve (6d). The crude synthesis gas obtained (3a) is  routed to a cooling device (7)
where it is cooled and then (7a) supplied to the carbon  monoxide conversion device (8). If the cooling
device is a heat exchanger, it is possible 15 to produce steam (7b) from the hot useful gas. In the CO
conversion (8) the carbon  monoxide (CO) contained in the crude synthesis gas is converted into
carbon dioxide  (CO2). Synthesis gas (8a) with an excess of carbon dioxide is obtained. It is passed to
the pressure swing adsorption unit (9). In this example, the carbon dioxide is removed  in this unit so
that a purified synthesis gas (9a) is obtained which consists of predomi 20 nantly hydrogen. When the
adsorption vessels are depressurised, mainly desorbed  



foreign gas (9b) is obtained which still contains traces of co-adsorbed synthesis gas.  This gas is
supplied to the feed tank for fuel gas (10). From there, it may be fed option- ally to the fuel gas for the
production of synthesis gas (10a). It may also be remixed  (10b) with the desorption gas. For the
purpose of further desorption (9c), a vacuum 25 from a vacuum feed tank (11) is applied via a vacuum
line (9c) to the pressure swing  adsorption unit. The vacuum in the feed tank (11) is generated by an
ejector (12) via a  vacuum line (11 a), which is driven by the pressurised steam (6a) from the steam
gen- erator (6). The ejector (12) generates at least major part of the vacuum in the feed tank  (11). At
the outlet end, the vacuum-desorbed gas (12a) is obtained which is passed 30 into a condenser (13).
Thus a condensate is obtained which may be discharged (13a),  recycled to the process for the
generation of steam or recycled (13b) to the steam as  feed gas (2). The obtained desorption gas may
be incinerated via a flare line (13c),  passed (13d) to the feed tank for fuel gas (10) or directly fed to
the fuel gas (13e). If the  condensate is fed to the feed gas (2), it is advantageously re-evaporated by
an inter- 35 mediate heater (13f). 10824 12 [0041] FIG. 2 shows the process according to the present
invention without a vac- uum feed tank. The synthesis gas is produced in a reforming furnace (1)
which is sup- plied with a hydrocarbonaceous feed gas (2) and steam (3). It is heated with a hydro-
carbonaceous fuel gas (4) and air (5). The product obtained is synthesis gas which is 5 represented as
a mixture of hydrogen and carbon monoxide in this example. In the in- cineration of the fuel gas, waste
gases (4a) are produced which are passed through a  steam generator (6) to generate steam (6a).
The waste gases are subsequently cooled  and discharged as flue gases (6b). The steam may either
be recycled directly to the  feed gas (6c) or blown off via a valve (6d). The crude synthesis gas
obtained (3a) is 10 routed to a cooling device (7) where it is cooled and then (7a) supplied to the
carbon  monoxide conversion device (8). If the cooling device is a heat exchanger, it is possible  to
produce steam (7b) from the hot useful gas. In the CO conversion (8) the carbon  monoxide (CO)
contained in the crude synthesis gas is converted into carbon dioxide  (CO2). Synthesis gas (8a) with
an excess of carbon dioxide is obtained. It is passed to 15 the pressure swing adsorption unit (9). In
this example, the carbon dioxide is removed  in this unit so that a purified synthesis gas (9a) is
obtained which consists of predomi- nantly hydrogen. When the adsorption vessels are depressurised,
mainly desorbed  



foreign gas (9b) is obtained which still contains traces of co-adsorbed synthesis gas. It  is desorbed
and supplied to the feed tank for fuel gas (10). From there, it may be fed 20 optionally to the fuel gas
for the production of synthesis gas (10a). Upon completion of  the desorption process, a vacuum is
applied by means of the ejector (12) and the de- sorption gas is desorbed by vacuum (9c). If required,
it may also be remixed with the  desorption gas (10b). At the outlet end of the ejector (12), the
vacuum-desorbed gas  (12a) is obtained which is passed into a condenser (13). Thus a condensate
(13a) is 25 obtained. The obtained desorption gas may be incinerated via a flare line (13c), passed
(13d) to the feed tank for fuel gas (10) or directly fed to the fuel gas (13e). 10824 13 [00421 List of
references used  1 Reforming furnace 2 Hydrocarbonaceous feed gas  3 Steam 3a Crude synthesis
gas  4 Fuel gas 4a Waste gases  5 Air 6 Heat exchanger or steam generator  6a Steam 6b Flue gas
6c Steam recycle 6d Steam blow-off valve 7 Cooling device for synthesis gas  7a Cooled synthesis
gas 7b Steam 8 CO conversion 8a Synthesis gas with excess carbon dioxide  9 Pressure swing
adsorption unit 9a Purified synthesis gas  9b Desorbed foreign gas  9c Vacuum line 10 Feed tank for
fuel gas  



10a Fuel gas supply line  10b Fuel gas return line  11 Vacuum feed tank  11a Vacuum line 12 Ejector
12a Vacuum-desorbed gas  13 Condenser 13a Condensed water or condensate  13b Condensate
recycle 13c Flare line 13d Return line for dried desorption gas to feed tank  13e Return line for dried
desorption gas to feed gas  13f Intermediate heater 10824 14  Patent claims 1. Process for the
separation of foreign gases from a reducing useful gas by pres- sure swing adsorption (9), in which (r)
a reducing useful gas (3a) is produced in a suitable process, which con- 5 tains a foreign component
to be absorbed or a foreign gas in addition to  the reducing component, and (r) this gas is supplied to a
pressure swing adsorption unit (9) at elevated  pressure to separate adsorbable gases, which retains
the gas to be ab- sorbed (8a) in an adsorptive process and thus produces a purified useful  10 gas
(9a), and the adsorbed gases are released again in a mixture with useful gas (9a)  by depressurizing
the pressure swing adsorption unit (9) and can be fur- ther processed or removed, which is
characterised in that 15 (r) after pressure relief a vacuum (9c) is applied to the pressure swing ad-
sorption unit (9) for desorption by means of an ejector (12), by which the  remaining adsorbed gases
can be withdrawn from the pressure swing  adsorption unit (9), and (r) the ejector (12) is operated by
steam (6a) generated by heating with the  



20 hot useful gas (3a) or with the flue gases (4a) from the heating process  for the production of useful
gas (3a). 2. Process according to claim 1, characterised in that the steam is condensed by a  suitable
device (13) downstream of the ejector (12), the condensed water (13b)  being recycled to the process
for the production of useful gas (3a) or to the  25 steam generator (6) for the operation of the ejector
(12). 3. Process according to claim 1 or 2, characterised in that the useful gas (3a) is  synthesis gas
and the process used to produce the useful gas (3a) is a steam  reforming process. 10824 15 4.
Process according to any of the claims 1 to 3, characterised in that the process  gas (2) used in the
production of synthesis gas (3a) is a mixture of natural gas  or light hydrocarbons and steam. 5.
Process according to any of the claims 1 to 4, characterised in that downstream  5 of the process (1)
for the production of useful gas and upstream of the pressure  swing adsorption (9) the carbon
monoxide is converted (8) by means of steam  to give carbon dioxide and hydrogen. 6. Process
according to any of the claims 1 to 5, characterised in that the gas de- sorbed in the pressure swing
adsorption unit (9) is used as fuel gas (4) in the  10 production of useful gas (3a) or mixed with fresh
fuel gas and then used as fuel  gas (4) in the production of useful gas (3a). 7. Process according to
claim 6, characterised in that, by adjusting the ejector (12)  appropriately or providing suitable devices,
the gas desorbed and withdrawn by  the ejector (12) is made available at the same pressure at which
the fuel gas (4)  15 is fed to the incineration process for the production of useful gas (3a). 8. Process
according to any of the claims 1 to 7, characterised in that, before be- ing recycled (13e) to the heating
process for the production of useful gas (3a),  the desorbed gas is passed to a feed tank (10) which
can be used to store the  desorbed gas or the desorbed gas in a mixture with a fuel gas (4). 20 9.
Process according to any of the claims 1 to 8, characterised in that the desorp- tion in the pressure
swing unit (9) is performed in two stages, namely depres- surizing the pressure swing adsorption unit
(9) first and then applying a vac- uum. 



10. Process according to any of the claims 1 to 9, characterised in that the vacuum  25 for the
desorption in the pressure swing adsorption unit (9) and the desorbed  gas are stored in a feed tank
(11). 11. Process according to any of the claims 1 to 10, characterised in that the vac- uum produced
by the ejector (12) can be increased by an additional vacuum 10824 16 generating device in any place
of the process flow or that the vacuum in the feed  tank (11) can be increased. 12. Process according
to any of the claims 1 to 11, characterised in that the ejector  (12) is operated temporarily or partly or
temporarily and partly with a foreign gas  5 or the synthesis gas (3a) or a mixture of both gases. 13.
Process according to claim 12, characterised in that the foreign gas consists  completely or partly of
steam from an external source. 14. Device for the separation of foreign gases from a reducing useful
gas by pres- sure swing adsorption, which 10 (r) includes a section with a heating device for the
production of the useful  gas (3a), providing that (r) this section for the production of the useful gas is
followed by a section  with a pressure swing adsorption (9) for the separation of foreign gases,  and 15
(r) the section for pressure swing adsorption (9) can be supplied with the  vacuum required for a
complete desorption via an ejector (12) suitable  for generating vacuum, characterised in that  a steam
generator is installed downstream of the heating device or the  20 section for producing the useful gas
(3a), which uses the hot flue gas  (4a) and/or hot useful gas (3a) from the heating process for the
genera- tion of hot steam, and (r) the steam from the steam generator is used to operate the ejector
(12).  25 15. Device according to claim 14, characterised in that a device (13) for the  condensation of
the steam used to operate the ejector (12) is installed in the driv- ing-end discharge line of the ejector
(12). 16. Device according to claim 15, characterised in that pipelines are con- 



30 nected to the condensing device (13), which serve to recycle the condensate as  feed component
(13b) to the useful-gas production process. 10824 17 17. Device according to any of the claims 14 to
16, characterised in that a device  (8) for the conversion of carbon monoxide is installed downstream
of the useful- gas production device (1), which converts the carbon monoxide contained in the
reducing useful gas to give a mixture (8a) of carbon dioxide and hydrogen. 5 18. Device according to
any of the claims 14 to 17, characterised in that a useful  gas cooling device (7) is provided between
the useful-gas production section (1)  and the device (8) for the conversion of carbon monoxide. 19.
Device according to claim 18 characterized in that the cooling device (7) be- tween the useful-gas
production section (1) and the device (8) for the conver- 10 sion of carbon monoxide is a steam
generator. 20. Device according to any of the claims 14 to 19, characterised in that a useful  gas
cooling device (7) is provided between the useful-gas production section (1)  and the device (8) for the
conversion of carbon monoxide. 21. Device according to any of the claims 14 to 19, characterised in
that the useful  15 gas cooling device (7) between the useful-gas production section (1) and the
device (8) for the conversion of carbon monoxide is a steam generator. 22. Device according to any of
the claims 14 to 18, characterised in that a feed tank  (11) for the generated vacuum is installed
downstream of the pressure swing  adsorption unit (9) on the suction side of the ejector (12). 20 23.
Device according to any of the claims 14 to 19, characterised in that a feed tank  (10) for fuel gas is
installed downstream of the pressure swing adsorption unit  (9), which can also be supplied with the
desorbed foreign gas via the outlet end  of the ejector (12) or via pipelines (13d) from a condenser (13)
downstream of  the ejector (12). 25 24. Device according to any of the claims 14 to 20, characterised
in that a device is  installed downstream of the ejector (12) on the suction side, which produces
vacuum so that the vacuum produced by the ejector (12) can be intensified. 


