
Process for the Separation of Process Condensate in Steam Reforming [0001]The invention relates to
an apparatus for drying reducing gas. The inven- tion facilitates the drying of reducing gases at various
temperature and pressure levels in a space-saving single column. The apparatus allows for the drying
process, in which  5 the water contained in the reducing gas condenses, to be carried out in stages
and the condensate formed to be collected in a combined receiver without the need for pressure
regulating devices. The invention also relates to a process which enables reducing gases to be dried
in stages at various temperature levels. [0002]Product gases are generated during the production of
reducing gases as a  10 result of the process. These gases contain a relatively large amount of
evaporated water. Examples of reducing gases are synthesis gas, hydrogen, C3 and C4
hydrocarbons. At the end of a steam reforming process synthesis gas contains, for example, even
larger quantities of water vapour, which have not been completely converted and which are present as
steam at the high formation temperature of the synthesis gas,  i5 Consequently fresh synthesis gas
produced in a reforming process can contain more than 25 mass percent of water vapour. In general,
this is not desirable for the following processes and so the water vapour must be precipitated out of the
gas. Other reducing gases also often contain water vapour. Many gases are also treated in a gas
scrubbing process. Following this process water vapour is present as steam in the gas, 20[0003]For
this reason it is common to use processes in which gases can be dried. Drying is usually effected
using a cooling process in which the water contained in the gas condenses. During this process the
temperature of the gas is first lowered to normal temperature so that the majority of the water
contained in the gas condenses out. In a subsequent stage, the gas can be cooled even further using
a refrigerating unit so that undesirable impurities, such as methane or ammonia, can be separated out
with the water. However, this process is very costly as it requires the use of a refrigerating unit and the
liquid gas obtained has to be fractionated so that it can be put to subsequent use. [0004]The
temperature of the gas is often lowered gradually to normal tempera-  30 ture. This causes the
pressure of the gas to fall accordingly. The water contained in the gas condenses gradually so that it
can be dried more effectively. In the gradual cooling process, maintaining the gas flow in the process
flow usually requires a complex arrangement of valves, pumps and pressure-regulating devices. In
addition, it is  often necessary to use several condensers and separators in series, which is costly and
uses a lot of plant space. [0005]WO 2005118466 A2 describes a process for manufacturing hydrogen
which originates from synthesis gas. To this end the water-bearing synthesis gas ob-  5 tained is
cooled in a condenser and then fed into a second cooling system. This causes the water to condense
gradually. The second cooling system is cooled using a cooling agent which is fed through a cooling
reservoir, which can be embedded underground and which exploits the high thermal capacity of the
surrounding subsurface. The water is then removed from the synthesis gas obtained using a water
separator. 10Another drying device is then used to remove the remaining water traces. In this way 



the synthesis gas can be cooled gradually and the water largely removed. [0006]However, the
construction of the apparatus is very expensive as it requires several condensers and separators
which must be connected in series, one of which may be connected to a cooling reservoir embedded
underground. Consequently, the 15 apparatus used for condensing the water requires a lot of space in
itself. When implementing the process, additional cooling agent may be required to allow the gas to be
condensed gradually. This is prone to problems and involves high investment costs. In addition, no
indication is given as to how the gas has to be conducted to prevent it from flowing back into the
separators located upstream in the process flow. 20[0007]For this reason the task at hand is to make
available a space-saving device which enables the temperature of a reducing gas to be gradually
lowered so that the moisture contained within the gas can be gradually condensed. In so doing the
pressure differences occurring must be compensated for without costly regulating devices, if possible.
It should also be possible, if required, to use refrigerating machines to ensure that the water is
condensed out completely. In principle, the apparatus should be able to be used for any reducing gas
where it would be feasible to apply the gradual condensation process to release the water. It should
also be possible to collect the condensed water in a common receiver without costly sluice devices.
[0008]The invention uses a column divided into several chambers to meet the re-  30 quirements of
this task. The chambers are physically connected using pipes so that the liquid can flow back into the
lower chamber from which it is discharged. The chambers can also be described as condensation
chambers, Ideally the pipes should be in the form of a siphon so that the liquid in the pipe can flow
back and uncontrolled gas backflow is prevented during device down-times. The liquid in the pipes can
also seal  3 the chambers against each other if the pressure level between the chambers is balanced.
Then again, if the pressure levels are different the liquid can flow back even during plant operation.
The column represented in the invention contains at least two chambers arranged on top of each
other. 5[0009]The actual cooling mainly occurs outside the column. After this cooling stage the gas is
fed into the chamber which is situated above the previous cooling stage. This allows for refrigerating
machines to be used as well if required. It is recommended that the lowest chamber, in which the
majority of the condensation water is collected, is closed at the bottom by a closing device. This can
be a valve, for exam- 10ple. This allows the condensation water to be removed and collected in a
common re- ceiver. [0010]According to a first aspect of the invention, there is provided a device for
cooling a gas which is formed by means of a column surrounded by a pressure shell which is
characterised in that: 



15the column comprises at least two separate chambers, the first, bottom chamber being closed at the
bottom by means of an outlet which can be shut off using a valve, thus allowing a bath with liquid to be
installed in this chamber - said chamber having a side inlet for the gas, and  the first, bottom chamber
being closed at the top by a chamber roof and 20having a gas outlet, and  the second, upper chamber
being closed at the bottom by the chamber roof of the first chamber, with said upper chamber having
another side gas inlet and being closed at the top by an outlet for the gas, and   it being possible to
heat these chambers to different temperature levels and 25to pressurise or create a vacuum in these
chambers such that different pressure levels can be set, and  a hydrostatic liquid column or a
siphon-like physical connection, which can be filled with liquid, being integrated between the
chambers. [0011]For the construction of the column the bottom chamber has a roof which 30serves
simultaneously as the floor of the chamber above. The gas outlet from the lower chamber is situated in
the upper section at the side. Alternatively the roof is fitted  4 with a pipe which is directed into the
upper chamber and which does not allow the gas to flow into the upper chamber, but rather branches
off to the side and conducts the gas out to the side of the column. By contrast, the upper chamber is
fitted with a gas outlet, which preferably lets the gas out at the top and can be closed off using a valve,
5 if required. The gas can be fed in via gas lines which are located in the upper section of the
respective chamber and which preferably enter the column transversely from the side. The chambers
can be heated or cooled. This is discretionary. Heating options include electric heating, or heating by
means of hot gas or steam. Cooling internals can also be used. 10[0012]In a preferred embodiment of
the invention the column has two chambers arranged on top of each other. However, it is also possible
for the column to have three chambers arranged on top of each other. In this case, the roof of a
chamber creates the floor of the chamber above it. The gas is preferably let out by conducting it
through the roof of a respective chamber and then discharging it off to the side without 



is the gas. to be dried entering the chamber above. The individual chambers are physically connected
via a pipe which can be of a simple design. The height of the liquid column is defined by the pressure
difference between the chambers. The installation of this column enables the condensate to flow back
into the chamber below. The pipes can connect chambers which are on top of each other as well as
non-adjacent cham-  20 bers by going through other chambers. For example, there can be a pipe
between the first, bottom chamber and the third chamber, for example. [0013)In principle the column
can have as many chambers as required. The roof of a chamber always functions as the floor of the
chamber above. The gas is preferrably discharged upwards and out to the side via a pipe through the
chamber roof without the gas entering the chamber above. Preferably, only the gas outlet in the upper
chamber is designed to discharge the gas directly above. As, for the most part, relatively large
amounts of condensate occur in the bottom chamber, the chamber can be very large. The physically
connecting pipe can be in the form of a siphon so that a residual volume of liquid remains in the pipe.
This prevents gas exchange between the 30chambers. [0014]Once the gas has been discharged from
a chamber it is fed via pipelines to a cooling device. This can be an air cooler or a water cooler. The
gas is fed through an air cooler, for example, if it is at a higher temperature or there is a larger
quantity. The gas should be fed through a water cooling device if there is a smaller quantity or the
temperature is lower. As the gas is to be dried it is recommended that it be cooled  indirectly using
cooling coils or heat exchangers. Direct cooling via sprinkling, e.g. using liquid fed in from outside, can
also form part of the invention. If the gas is to be dried to a few ppm water or if external temperatures
are frequently high, a refrigerating machine can also be used as the cooling device. 5[0015]A droplet
separator or a demister can be installed in the upper chamber if the gas to be dried still contains a
residual amount of water. In principle, a droplet separator or a demister can be installed in the other
chambers; however, this is usually only necessary in the upper chamber due to the different moisture
content of the gas. [0016]The physical connection between the chambers can be in the form of a  to
simple pipe. However, the pipe can also be in the form of a siphon, in which case gas exchange
between the chambers can largely be prevented. The siphon-type configuration ensures that there is
always residual liquid in the column so that if there is a stoppage, it is not possible for gas exchange to
occur between the chambers. However, the physical connection can take any form, for example even
conical or cylindri- 15cal. [0017]The pipe can be placed in the column to save space. However, it is
also possible to place it outside the column. This can be necessary, for example, if the liquid is always
very hot and is to be cooled by the outside air. In this case, it is wise for it to be located outside the
column. This is also beneficial if the condensate should be viscous or contain larger amounts of solid
matter rendering periodical cleaning of the pipes essential. [0018]The pipe can also be fitted with filling
or draining devices to enable the pipe to be cleaned, filled or emptied. If the pipe(s) is/are located
outside the column, they can be arranged for easy access. The pipes with filling or draining devices
can also be arranged such that they can fill or drain pipes located in the column. The communicating
pipes can also be fitted with devices for heating or cooling. These can, for example, be small cooling
fins or electric heating elements. 



[0019]The gas is fed into the chamber via gas inlet nozzles. in a favourable em- bodiment these feed
the gas sideways into the chamber. The actual gas outlet can  30 take any form. As the gas in the
bottom chamber still contains large amounts of moisture, and as there is usually a larger water
reservoir there, the gas inlet nozzle is preferably designed to allow the gas to be fed directly into the
water reservoir. However, the gas inlet nozzle can also be in the form of a feed head or a hood with
punctiform  openings. Essentially, the feed head can take any form and it is recommended that it is
designed to allow the gas to be fed optimally into the chamber, or into the condensate reservoir
contained within the chamber. Furthermore, additional internals in the respective chamber can result in
beneficial droplet separation and a reduction in the 5chamber height. These internals can, for
example, be baffles or troughs. [0020]The inlet nozzles on the connection pipes between the
chambers which de- termine the height of the liquid reservoir in the respective chambers can take any
form. They can be equipped with a spout or with a funnel. However, they can also be bent or fitted with
a valve. The outlet nozzles on the connection pipes can also take any form.  10 They can have a
simple form, such as a U-bend, or can be fitted with a funnel or with a hood-shaped inlet with
punctiform openings (like a shower head). The crucial thing is that they function as a physical
connection between the chambers and are able to create hydrostatic connectivity. [0021]The chamber
floors can take any form. They can be sump-like tending up-  15 wards. They can also be bell-shaped
tending downwards. The chambers can take any form within the column. Preferably, they are situated
within the column in order to ensure a space-saving construction. They can also be located outside the
columns, particularly when spatial demands make this necessary. The individual chambers can be in
the form of tanks, or can be in the form of a side protrusion which forms a tank. In  20 general though,
the column in its standard embodiment has a conical construction to ensure the easy moulding of a
pressure-retaining shell. If one of the chambers is located outside the column, it can also be
surrounded by a pressure-retaining shell. The chambers themselves can have different profiles. The
user of the invention can decide how high the chamber should be. It is also possible for the physical
connections between the chambers or the pipes to have different profiles. [0022]To ensure a regulated
gas flow in the column, the gas line or the interior of the chambers can be fitted with gas-regulating
devices. These can, for example, be static mixers. They can also be control valves or gas pumps or
can even include vacuum pumps. In general, pressure-changing elements, such as pumps, valves or
ther- mostats can form part of the invention at any point within it. In addition, devices to regulate the
gas flow, liquid precipitation or mass or heat exchange can also be found at any point within the
invention. These can be baffles or troughs, for example.  



7 [0023]A claim is made for a process in which the gas can be dried using the ap- paratus according to
the invention. According to a second aspect of the invention, there is provided a process for drying a
gas characterised in that:  the gas is first fed into the side of a column which is surrounded by a pres-
s sure-retaining vessel and which comprises several chambers, with the gas first entering the bottom
chamber where it is already cooled on arrival, or is cooled down, releasing part of its moisture content
through condensation, and  the bottom chamber being filled with a liquid bath into which the gas can
be  10 fed, the liquid level of this liquid bath being regulated by the position of the valve for the lower
liquid outlet, so that the dried gas can then be discharged via a gas outlet, and  the gas from this outlet
entering a further device in which it is cooled even further before entering the second chamber which
is above the first cham-  15 ber, where it releases further moisture through condensation before being
fed to a further application via a gas outlet nozzle in the chamber roof of the second chamber, with
the liquid in the second or higher chamber being able to run into a lower chamber via a hydrostatic
liquid column or a siphon-like, physical connec- Mtion which can be filled with liquid. [0024]The
process is designed such that the gas is preferably discharged side- ways out of the bottom chamber
without the gas entering the chamber above. Once it has been conducted out of the column, it is
cooled further in a cooling device. Once it has been cooled, it enters the next chamber where it
releases moisture, as dictated by  25 the prevailing conditions. This makes it possible to feed the gas
through two chambers situated on top of each other so that it can be cooled in two sequential steps,
enabling it to release its moisture through condensation. It is also possible to feed the gas through
three chambers situated on top of each other so that the gas is cooled in three sequential stages,
enabling it to release its moisture through condensation. 30[0025]In principle, it is possible to send the
gas through any amount of chambers if the apparatus has been arranged to allow this. The gas is
discharged out of the side 



of the lower chambers. It is beneficial if the gas outlet nozzle in the upper chamber is in the roof of the
pressure-retaining column. A pipe is then situated between the cham  8 bers and this pipe physically
connects the chambers and regulates the liquid level in the chamber above through the height of the
inlet nozzle. The height of the liquid level can, however, also be regulated using other devices, such as
valves or pumps. The pipe can traverse one or several unconnected chambers so that, for example, in
a construction with three chambers the liquid is fed from the top chamber into the bottom chamber.
[0026]Synthesis gas and hydrogen which has been produced from synthesis gas are both suitable as
reducing gases for drying. Carbon monoxide, coke oven gases and hydrocarbon fractions from
refineries are all suitable as reducing gases for drying. 10 Examples are 03 or 04 fractions from crude
oil rectification. In principle, every gas that can be dried by cooling is suitable for use in the process
according to the invention. For example, even corrosive gases can be dried in the apparatus abcording
to the invention if the process equipment is designed accordingly, using a resistant construction
material, for example. 15[0027]The condensate which accumulates during the drying process can be
col- lected in a common receiver and / or fed into a common tank. The condensate can then be
disposed of or used as desired. This means that in a beneficial embodiment the condensate can be
fed back into the process to produce gas for industrial use. However, it can also be used in
subsequent processes or for steam generation once it 20has been scrubbed. [0028]in order for the
liquid in the gas to be condensed out, the gas must be cooled between the individual chambers. Any
number of devices are suitable for this purpose. Although, in principle, it is possible to cool the gas
directly upstream of or in the pressure-retaining column, it is beneficial for the gas to be fed via
pipelines to the cooling device. In principle, it is also possible to heat the gas if the outside temperature
requires it. In this case a heating device is located at the appropriate point. It is also possible to
condense non-aqueous liquids if suitable cooling devices are located at the appropriate point. The
process is preferably used to remove water from oases. A typical embodiment is the removal of
moisture from synthesis gas. 30[0029]Standard air coolers with cooling fins or water coolers can be
used to cool the synthesis gas between the individual chambers. The hot synthesis gas can, however,
also be used to heat the boiler feed water or feed gas. Heat exchangers can be placed in the synthesis
gas pipeline between the chambers for this purpose.  9 



[0030]The temperature of the synthesis gas during the first condensation stage in the first chamber
should preferably be 100 to 200C at a pressure of 10 to 50 bar. Partial condensation already begins
here depending on the pressure level and saturation. After the cooling process, which can be effected
using air, the gas is fed into the second chamber. Here, the gas then has a temperature of 50 to 70C.
Further cooling and condensation can take place using a water cooler, for example. Synthesis gas with
a temperature of 30 to 70C at standard pressure is then obtained. Under these conditions the water
usually condenses to a residual content of 0.1 mass percent. Further drying is then possible using
refrigerating machines, for example, but any condi- otions can prevail as long as optimal drying can be
achieved. [0031]The gradual cooling means that the by-products from the synthesis gas production
are effectively expelled. Therefore, in an ideal case the synthesis gas does not need to be purified by
means of steam stripping. As there is no back-mixing of the condensates, the by-products of the
synthesis gas production can be discharged in the 15 process condensate. As these by-products are
usually ammonia, carbon dioxide and methanol, which occur as gases at the prevailing temperatures,
back-mixing with the synthesis gas produced is not possible. [0032]The invention offers the advantage
of an apparatus which dries a process gas gradually at different pressures and temperatures without
undesirable gas flow oc- 20 curring through the gas and condensate pipes. The construction according
to the invention allows a column, which is suitable for gradual condensing out of process condensate,
to be built as one component to save space. The design of the pipe connec,, tion between the
chambers dispenses with the need for gas flow-regulating devices, such as pumps and regulating
valves. This results in low overall investment costs. The invention also offers the advantage of being
able to discharge process condensates at a high temperature if a suitable process condensate
channel is present. [0033]The invention's embodiment of an apparatus for the gasification of fuels is
described in more detail using seven diagrams, although the process according to the invention is not
restricted to these embodiments. FIG. 1. shows an apparatus according 30 to the invention with three
chambers and internal hydrostatic connecting pipes between the chambers. The synthesis gas is fed
into the bottom chamber. FIG. 2 shows an apparatus according to the invention with three chambers
and external hydrostatic connecting pipes between the chambers. FIG. 3 shows. an apparatus
according to the invention with three chambers and external hydrostatic connecting pipes between the
35upper chambers and the bottom chamber. FIG. 4 shows an apparatus according to the  10 



invention with two chambers and a simple hydrostatic connecting pipe between the two chambers.
FIG. 5 shows an apparatus with three chambers whereby the middle chamber is positioned outside the
pressure-retaining device. FIG. 6 shows an apparatus according to the invention with three chambers
whereby the bottom chamber is de-  5 signed with a side protrusion which acts as a tank to collect a
large quantity of condensate. FIG. 7 shows an apparatus in accordance with the invention with three
chambers whereby the length of the bottom chamber is used to improve droplet separation. [0034]FIG.
1 outlines, by way of example, a column (1) with a pressure-retaining shell and three condensation
chambers (2,3,4). The bottom chamber (2) is used to in- 10troduce the hot synthesis gas (5). The
chamber houses a reservoir with condensate (2a), into which the hot synthesis gas is introduced via a
gas inlet nozzle (6). After flowing through the condensate reservoir the gas enters the condensation
chamber (2b). Once the liquid has been condensed out, the gas is fed out of the first chamber (7) via
the gas outlet nozzle (7a). Once the gas has left the first chamber, it is cooled  15 and fed (8a) into the
second chamber (3) via the gas inlet nozzle (3). Here the gas releases more condensate so that
additional condensate (3a) collects on the floor of the second chamber. A pipe (9) is located between
the first and the second chamber and this pipe forms a hydrostatic liquid column. This allows liquid to
flow back into the first chamber without gas overflowing from the first chamber into the second. The
pipe has  20 an opening for filling, cleaning and draining (9a). The height of the liquid level in the
second chamber (9b) can be determined by the height of the inlet nozzle of the pipe (9). Once more
liquid has been condensed in the second chamber, the gas is fed out sideways though the chamber
roof (10). It is then fed through another cooiing device (not shown). Then (11a) the gas flows though
another gas inlet nozzle (11) into the  75 third chamber (4). A reservoir of condensate (4a) is formed
here, too, due to the condensation. The condensation of the water causes the gas to release its
residual water (4a) as dictated by the condensation conditions in this chamber, There is also a pipe
(12) between the second and third chambers which forms a hydrostatic liquid column. This allows
liquid to flow back into the first chamber without gas overflowing from the  30 second into the third
chamber. The pipe also has an opening for filling, cleaning and draining (12a). The height of the liquid
level (12b) in the third chamber can be determined by the height of the inlet nozzle of the pipe (12).
Once the remaining liquid has been condensed, the dried gas is fed out (13) via a nozzle (13a) and
flows first through a droplet separator (14). Dried synthesis gas is obtained (15). The condensate can
be 35fed out (16) at the bottom nozzle, for example through a valve spout (16a).  1 [0035]FIG. 2
outlines, by way of example, a column with a pressure-retaining shell (1) and three condensation
chambers (2,3,4). The bottom chamber (2) is used for the initial drying of the hot synthesis gas. In this
case, the pipes (9,12) which serve as hydrostatic liquid columns are attached outside between the
chambers of the column so that they are more easily accessible. This also enables the liquid columns
to be heated or cooled, as required. Raw gas is fed into the bottom chamber (2) via the inlet nozzle
(5). The dried synthesis gas (15) is removed via the top gas outlet (13). The condensate can be fed
out (16) at the bottom nozzle, for example through a valve spout (16a). 10[0036]FIG. 3 outlines, by
way of example, a column with a pressure-retaining shell (1) and three condensation chambers
(2,3,4). The bottom chamber (2) is used for the initial drying of the hot synthesis gas. In this case, the
pipes (9,12) which serve as hydrostatic liquid columns are attached outside between the chambers of
the column so that they are more easily accessible. The top condensation chamber (4) has a floor 15
which is designed as a sump. This means that a liquid reservoir does not form in this chamber. The
condensate flows through the pipe (12) directly into the bottom chamber (2). Raw gas is fed into the
bottom chamber (2) via the inlet nozzle (5). The dried synthesis gas (15) is removed via the top gas
outlet (13). The condensate can be fed out (16) at the bottom nozzle, for example through a valve
Spout (16a). 



[0037]FIG. 4 outlines, by way of example, a simple column with a pressure- retaining shell (1) and two
condensation chambers (2,3). The bottom chamber (2) is used for the initial drying of the hot synthesis
gas. There is a simple connection (9) between the two chambers. The height of the reservoir (9b) in
the top chamber (3) can be determined by the height of the inlet nozzle of the pipe (9). Because the
pipe (9) is not in the form of a siphon, it must be sufficiently immersed in the liquid reservoir of the
bottom chamber (2) to prevent gas from overflowing from the bottom chamber (2) into the top chamber
(3). Raw gas is fed into the bottom chamber (2) via the inlet nozzle (5). The dried synthesis gas (15) is
removed via the top gas outlet (13). The condensate can be fed out (16) at the bottom nozzle, for
example through a valve spout (16a). 30[0038]FIG. 5 outlines, by way of example, a column without a
pressure-retaining shell (1) and with three condensation chambers (2,3,4). The bottom chamber (2) is
used for the initial drying of the hot synthesis gas. The chambers are not located in a column but rather
are separate to each other. Raw gas is fed into the bottom chamber (2) via the inlet nozzle (5). The
dried synthesis gas (15) is removed via the top gas out  12 let (13). The condensate can be fed out
(16) at the bottom nozzle, for example through a valve spout (16a). [0039]FIG. 6 outlines, by way of
example, a column with a pressure-retaining shell (1) and three condensation chambers (2,3,4). The
bottom chamber (2) is used for 5 the initial drying of the hot synthesis gas. In this case, the pipes
(9,12), which serve as hydrostatic liquid columns, are attached outside between the chambers of the
column so that they are more easily accessible. The bottom chamber has a side protrusion (2c) which
acts as a tank so that larger quantities of condensate can be collected. The condensate can also be
discharged via a discharge outlet on the side (16b). Discharge 10 from the bottom pipe (9) takes place
via a hood-like manifold (9c) to create intensive contact with the gas in the lower chamber. Raw gas is
fed into the bottom chamber (2) via the inlet nozzle (5). The dried synthesis gas (15) is removed via
the top gas outlet (13). The condensate can be fed out (16) at the bottom nozzle, for example through
a valve spout (16a). 15[0040]FIG 7 outlines, by way of example, a column with a pressure-retaining
shell (1) and three condensation chambers (2,3,4). The bottom chamber (2) is used for the initial
drying of the hot synthesis gas. In this case, the pipes (9,12), which serve as hydrostatic liquid
columns, are attached outside between the chambers of the column so that they are more easily
accessible. The bottom chamber has a side protrusion 20 (2c) to improve the droplet separation and to
enable the overall height of the column to be reduced. Discharge from the bottom pipe (9) takes place
via a hood-like manifold (9c) to create intensive contact with the gas in the lower chamber. The raw
gas is fed into the bottom chamber (2) via the inlet nozzle (5) at the side in the lower section of the
protrusion. This provides more space for condensation to take place. The dried 25synthesis gas (15) is
removed via the top gas outlet (13). The condensate can be fed out (16) at the bottom nozzle, for
example through a valve spout (16a). [0041]List of reference numbers and designations 1Column with
pressure-retaining shell 



2First chamber or condensation chamber 2aReservoir for condensate in the first condensation
chamber 2bGas compartment in the first condensation chamber 2cTank-like protrusion in the first
condensation chamber 3Second condensation chamber 3aReservoir for condensate in the second
condensation chamber  13 3bGas compartment in the second condensation chamber 4Third
condensation chamber 4aReservoir for condensate in the third condensation chamber 4bGas
compartment in the third condensation chamber 5Gas inlet in the first condensation chamber 5aGas
inlet flow in the first condensation chamber 6Gas inlet nozzle for the raw gas 7Gas outlet from the first
condensation chamber 7aGas flow from the first condensation chamber 8Gas inlet in the second
condensation chamber 



8aGas inlet flow in the second condensation chamber 9Hydrostatic liquid column between the first and
second condensation chambers 9aOpening for filling, cleaning and draining the hydrostatic liquid
column between the first and second condensation chambers 9bHeight of the liquid column in the
second condensation chamber 9cGas inlet in the hydrostatic liquid column as a hood with punctiform
openings 10Gas outlet from the second condensation chamber 10a Gas flow from the second
condensation chamber 11Gas inlet in the third condensation chamber 11a Gas inlet flow in the third
condensation chamber 12Hydrostatic liquid column between the second and third condensation
chambers 12a Opening for filling, cleaning and draining the hydrostatic liquid column between the
second and third condensation chambers 12b Height of the liquid column in the third condensation
chamber 13Gas outlet for the dried gas 13a Valve 14Demister or droplet separator 15Effluent dried
gas 



16Outlet for the condensate 16a Valve 16b Discharge of the condensate or feed for other media  14
Patent Claims 1.Device for cooling a gas which is formed by a column surrounded by a pres- sure
shell, characterised in that 5the column comprises at least two different chambers, the first, bottom
cham-  ber being closed at the bottom by an outlet which can be shut off by a valve, thus allowing a
bath with liquid to be installed in this chamber - said chamber having a side inlet for the gas, and
the first, bottom chamber being closed at the top by a chamber roof and hay- 10ing a gas outlet, and
the second, upper chamber being closed at the bottom by the chamber roof of the first chamber, with
said upper chamber having another side gas inlet and being closed at the top by an outlet for the gas,
and   it being possible to heat these chambers to different temperature levels and to 15pressurise or
create a vacuum in these chambers such that different pressure levels can be set, and  a hydrostatic
liquid column or a siphon-like physical connection, which can be filled with liquid, being integrated
between the chambers. 



2. Apparatus in accordance with claim 1, characterised in that the second cham-  20 ber of the column
is closed at the top by another chamber roof and a third chamber is adjoined via this chamber roof, the
second chamber having a gas outlet for the gas to discharge said gas from the second chamber, the
third chamber being closed at the top by an outlet for the gas and a hydrostatic liquid column or a
siphon-like physical connection, which can be filled with liquid, 25being integrated between the second
and third chambers. 3. Apparatus in accordance with claim 2, characterised in that a hydrostatic liquid
column or a physical connection, which can be filled with liquid, is integrated between the first and third
chambers.  15 4. Apparatus in accordance with claims 1 to 3, characterised in that the third chamber
of the column is closed at the top by another chamber roof, and another chamber or any number of
chambers are adjoined via this chamber roof, the other chamber having a gas outlet for the gas, which
discharges said gas 5 from the chamber, and the top chamber being closed at the top by an outlet for
the gas, a hydrostatic liquid column or a siphon-like physical connection, which can be filled with liquid,
being integrated between the third and the other chamber or chambers. 5. Apparatus in accordance
with claims 1 to 4, characterised in that a cooling de- l()vice is located in one or more pipelines
between at least two of the chambers. 6. Apparatus in accordance with claim 5, characterised in that
the cooling device used is an indirect air or water cooler. 7. Apparatus in accordance with claims 1 to
6, characterised in that a cooling de- vice is located in one or more chambers. 158.Apparatus in
accordance with claims 6 or 7, characterised in that the cooling device used is a refrigerating machine
or a refrigerating machine aids the gas cooling process. 



9. Apparatus in accordance with claims 1 to 8, characterised in that the top chamber has a demister or
droplet separator in front of the upward-facing gas outlet. 10. Apparatus in accordance with claims 1 to
9, characterised in that the hydrostatic liquid column or the siphon-like physical connection within the
column connects the individual consecutive or next but one chambers. 11. Apparatus in accordance
with claims 1 to 9, characterised in that the hydro- 25static liquid column or the siphon-like physical
connection outside the column connects the individual consecutive or next but one chambers.  16 12.
Apparatus in accordance with claims 10 and 11, characterised in that at least one of the siphon-like
devices has an opening for filling and draining.  13. Apparatus in accordance with claims 10 to 12,
characterised in that the gas inlet nozzle on the siphon-like device is designed as a hood with
punctiform 5openings. 14. Apparatus in accordance with claims 1 to 13, characterised in that at least
one of the chamber roofs protrudes upwards to form a bell shape. 15. Apparatus in accordance with
claims 1 to 14, characterised in that at least one of the bell floors protrudes downwards to form a
sump. 1016.Apparatus in accordance with claim 1, characterised in that at least one of the chambers
is located outside the pressure shell surrounding the column. 17.Apparatus in accordance with claims
1 to 16, characterised in that at least one gas inlet pipe is bent downwards so that it can serve as an
immersion pipe un- der a liquid level, and feeds the gas flow under the liquid level. 1518.Apparatus in
accordance with claims 1 to 17, characterised in that another de- mister or droplet separator is located
between the gas inlet of a chamber and the gas outlet. 



19.Apparatus in accordance with claims 1 to 18, characterised in that the bottom chamber of the
column is in the form of a side-protruding tank. 2020.Apparatus in accordance with claims 1 to 19,
characterised in that it has a static mixer inside.  17 22. Apparatus in accordance with claims 1 to 21,
characterised in that the construction of the chambers allows the height of the individual chambers to
be selected to advantageous effect. 23. Process for drying a gas, 5characterised in that  the gas is first
fed into the side of a column which is surrounded by a pressure-retaining vessel and which comprises
several chambers, with the gas first entering the bottom chamber where it is already cooled on arrival,
or is cooled down, releasing part of its moisture content through condensation, and 10the bottom
chamber being filled with a liquid bath into which the gas can be fed, the liquid level of this liquid bath
being regulated by the position of the valve for the lower liquid outlet so that the dried gas can then be
discharged via a gas outlet, and  the gas from this outlet entering a further device in which it is cooled
even fur-  15 ther before entering the second chamber which is above the first chamber, where it
releases further moisture through condensation before being fed to a further application via a gas
outlet nozzle in the chamber roof of the second chamber, with   the liquid in the second or higher
chamber being able to run into a lower 20chamber via a hydrostatic liquid column or a siphon-like,
physical connection which can be filled with liquid. 24. Process in accordance with claim 23,
characterised in that once the gas has been dried in the second chamber it is discharged via gas outlet
nozzles before being cooled and fed into a third chamber in which it releases more moisture 



25 through condensation before being fed out through a gas outlet nozzle in the third chamber - with a
hydrostatic liquid column or a siphon-like physical connection, which can be filled with liquid, being
integrated between an optional number of the chambers. 25. Process in accordance with claim 24,
characterised in that once the gas has 30been dried in the third chamber it is discharged via a gas
outlet nozzle be  18 fore being cooled and fed into another or any number of other chambers, in which
it releases more moisture through condensation before being fed out through a gas outlet nozzle in the
third chamber or other chambers - with the third chamber or other chambers also being connected via
a hydrostatic liquid column or a siphon-like physi- 5cal connection. 26. Process in accordance with
claims 23 to 25, characterised in that the gas is a synthesis gas which is produced by means of a
steam reforming process.   27. Process in accordance with claims 23 to 26, characterised in that the
con- densed water formed during the process is fed back into the synthesis gas 10production process.
28. Process in accordance with claims 23 to 27, characterised in that the gas be- tween the individual
chambers is cooled. 29. Process in accordance with claims 23 to 28, characterised in that the pressure
and temperature in the individual chambers of the drying device vary. 1530.Process in accordance
with claims 23 to 29, characterised in that the raw gas is fed into the apparatus for drying at a
temperature of 100 to 200C. 31. Process in accordance with claims 23 to 30, characterised in that the
dried gas 



is removed from the apparatus for drying at a temperature of 30 to 70C. 32. Process in accordance
with claims 23 to 31, characterised in that the raw gas 20is fed into the apparatus for drying at a
pressure of 10 to 50 bar. 


