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(57) Abrege/Abstract:

The invention relates to a method for treating crude gas, In particular biogas, containing methane and carbon dioxide, in order to
produce methane, and to a plant suitable for carrying out the method. The invention aims at devising a method that overcomes the
disadvantages of the known prior art, iIs characterised by improved profitability, produces high-purity methane of over 99.5% by
volume, and at the same time distinctly lowers energy consumption for regenerating the washing solution. The invention also aims
at providing a plant suitable for carrying out the method. The solution proposed for that purpose consists in (a) subjecting the crude
gas under normal pressure or slight negative pressure to a one-stage or multiple-stage washing process (KO1) with an amine-
containing washing solution having an amine concentration of at least 15% at temperatures of up to 100°C, thereby forming a pure
gas stream of methane and water, from which water Is separated by subsequent cooling and condensation; (b) compressing the
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(57) Abrege(suite)/Abstract(continued):
washing solution containing CO, and sulphur compounds obtained after step (a) to a reaction pressure of at least 4, heating the

washing solution to a temperature of more than 120°C and expanding the washing solution in a first expansion stage (F01), during
a secondary reaction time of 280 to 1200 seconds and at a constant reaction temperature; (¢) cooling the purified washing solution
to temperatures below 50°C and expanding the purified washing solution Iin a second expansion stage (F03) to normal pressure,
whereupon any residual amounts of soluble CO, and sulphur compounds are separated and the completely purified washing

solution Is cooled to normal temperature and returned to the washing stage (K01).
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(54) Title: METHOD AND PLANT FOR TREATING CRUDE GAS, IN PARTICULAR BIOGAS, CONTAINING METHANE
AND CARBON DIOXIDE, IN ORDER TO PRODUCE METHANE

(54) Bezeichnung: VERFAHREN UND ANLAGE ZUR BEHANDLUNG VON METHAN- UND KOHLENDIOXIDHALTIGEN
ROHGASEN, INSBESONDERE BIOGAS, ZUR GEWINNUNG VON METHAN

(57) Abstract: The invention relates to a method for treating crude gas, in particular biogas, containing methane and carbon dioxide,
in order to produce methane, and to a plant suitable for carrying out the method. The invention aims at devising a method that
overcomes the disadvantages of the known prior art, is characterised by improved profitability, produces high-purity methane of
over 99.5% by volume, and at the same time distinctly lowers energy consumption for regenerating the washing solution. The
invention also aims at providing a plant suitable for carrying out the method. The solution proposed for that purpose consists in
(a) subjecting the crude gas under normal pressure or slight negative pressure to a one-stage or multiple-stage washing process
(K0O1) with an amine-containing washing solution having an amine concentration of at least 15% at temperatures of up to 100°C,
thereby forming a pure gas stream of methane and water, from which water is separated by subsequent cooling and condensation;
(b) compressing the washing solution containing CQO, and sulphur compounds obtained after step (a) to a reaction pressure of at
least 4, heating the washing solution to a temperature of more than 120°C and expanding the washing solution in a first expansion
stage (FO1), during a secondary reaction time of 280 to 1200 seconds and at a constant reaction temperature; (¢) cooling the purified
washing solution to temperatures below 50°C and expanding the purified washing solution in a second expansion stage (FO3) to
normal pressure, whereupon any residual amounts of soluble CO, and sulphur compounds are separated and the completely purified
washing solution is cooled to normal temperature and returned to the washing stage (KO1).

v={ (57) Zusammenfassung: Die Erfindung bezieht sich auf ein Verfahren zur Behandlung von methan- und kohlendioxidhaltigen Roh-
< gasen, insbesondere Biogas, zur Gewinnung von Methan und eine zur Durchfiihrung des Verfahrens geeignete Anlage. Ausgehend

von den Nachteilen des bekannten Standes der Technik soll ein Verfahren vorgeschlagen werden, das sich durch eine verbesserte
X" Wirtschaftlichkeit auszeichnet und mit dem Methan in einer htheren Reinheit von iiber 99,5 Vol.-% erhalten wird und gleichzeitig
N der Energiebedarf fiir die Regeneration der Waschlosung deutlich gesenkt werden kann. Ferner soll eine zur Durchfiihrung des Ver-
) fahrens geeignete Anlage geschaffen werden. Hierzu wird als Losung vorgeschlagen, dass a) das Rohgas unter Normaldruck oder
&N\ geringem Unterdruck einer ein- oder mehrstufigen Wiasche (KO1) mit einer aminhaltigen Waschlosung mit einer Aminkonzentration
& von mindesten 15% bei Temperaturen bis zu 100 °C unterzogen wird, unter Bildung eines aus Methan und Wasser bestehenden
a Reingasstromes, aus dem durch nachfolgende Kiihlung und Kondensation Wasser abgetrennt wird; b) die nach a) erhaltene CO,
& und Schwefelverbindungen enthaltende Waschldsung bis auf einen Reaktionsdruck von mindestens (4) komprimiert und auf eine
& Temperatur oberhalb von 120 °C erhitzt wird und in einer ersten Entspannungsstufe (FO1) entspannt wird, un ter Einhaltung einer
O\ Nachreaktionsdauer von 280 bis 1200 Sekunden und einer konstanten Reaktionstemperatur; ¢) die gereinigte Waschlosung auf Tem-
peraturen unterhalb von 50 °C abgekiihlt und in einer zweiten Entspannungsstufe (FO3) auf Normaldruck entspannt wird, wobei noch
vorhandene Restmengen an 16sbarem CO, und Schwefelverbindungen abgetrennt wer den und die vollstdndig gereinigte Waschlo-
3 sung bis auf Normaltemperatur abgekiihlt und in die Waschstufe (K01) zurtickgefiihrt wird.
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METHOD AND PLANT FOR TREATING CRUDE GAS, IN PARTICULAR BIOGAS, CONTAINING
METHANE AND CARBON DIOXIDE, IN ORDER TO PRODUCE METHANE

FIELD OF THE INVENTION

The invention relates to a method of treating crude gases, in particular biogas, containing methane and
carbon dioxide in order to produce methane, and to a plant suitable for carrying out the method.

BACKGROUND OF THE INVENTION
Biogas is formed by the anaerobic (oxygen-free) fermentation of organic material and is used as a re-
newable energy source. The gases produced are classified as sewage gas, landfill gas and biogas, de-
pending on the raw materials used, comprising raw materials containing biomass, farmyard manure such
as slurry and dung and renewable raw materials.
Methane-containing gases are also produced industrially by thermochemical processes such as gasifica-
tion.
The refinery gas formed in the distillation of crude oil also contains methane.
The aforementioned gases aiso contain carbon dioxide and hydrogen suiphide as well as small residual
amounts of other chemical substances.
A process is known from DE 10 200 051 952 B3 for producing methane and liquid carbon dioxide from
refinery gas and/or biogas. The crude gas is purified in a preliminary stage (removal of impurities such as
NH5, H,SO,, H,S, SO,and COS ) and subsequently conveyed to an absorption column in which the car-
bon dioxide contained in the crude gas is bound in the scrubbing solution at a pressure preferably of 5 to
30 bar using an amine-containing scrubbing solution. The resulting purified gas contains approximately
98% methane by volume and can be utilised immediately for other purposes. The contaminated scrub-
bing solution is regeneratively processed by a stripping column under pressure and at increased tempera-
tures (180 to 230°C).
The disadvantages of this method are that the crude gas must undergo preliminary purification, the meth-

ane contained is only up to 98% pure and the regeneration of the scrubbing sofution requires a high en-
ergy input. Moreover, the process of carrying out the amine scrubbing of the crude gas under increased

pressure involves a high level of expenditure on apparatus.

SUMMARY OF THE INVENTION

The aim of the invention is to devise a method of treating crude gases, in particular biogas, containing
methane and carbon dioxide that will produce methane more economically and with an increased purity of
over 99.5% by volume, while at the same time significantly reducing the energy expenditure required for
the regeneration of the scrubbing solution. In addition, a plant suitable for carrying out the method is to be
devised.

According to one aspect of the present invention there is provided a method of treating crude gases con-
taining methane and carbon dioxide to produce methane, which comprises a) subjecting the crude gas to

1
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a single or multi-stage scrubbing process with an amine-containing scrubbing solution at an amine con-
centration of at least 15% with the formation of a pure gas stream consisting of methane and water, re-
moving the water from the pure gas stream and, optionally, returning the water to a scrubbing circuit by
downstream cooling and condensation; b) compressing a scrubbing solution containing CO, and sulfur
compounds obtained in step a) to a reaction pressure of at least 4 bar, heating to a temperature above
120°C and expanding, in an initial expansion stage, to a pressure that is 1 to 3 bar below the reaction
pressure, while maintaining a secondary reaction time of 280 to 1200 seconds and a constant reaction
temperature, for removing a major proportion of the CO, and sulfur compounds from the scrubbing solu-
tion and drawing off as a gas stream; ¢) cooling the thus purified scrubbing solution to a temperature be-
low 50°C and expanding in a second expansion stage to standard pressure, to remove residual amounts
of soluble CO, and sulfur compounds still present to form a completely purified scrubbing solution, and
cooling the completely purified scrubbing solution to standard temperature and returning to the scrubbing
stage.

According to a further aspect of the present invention there is provided a plant for carrying out the method
of treating crude gases containing methane and carbon dioxide to produce methane, which comprises a
single or multi-stage scrubbing column (K01) for removing methane from the crude gas to be treated, the
scrubbing column is being connected to a circulation line (05, 12, 14) for the scrubbing solution, in which
are integrated a first circulation pump (P01), at least one heat exchanger (W02 or W03) in the direction of
flow downstream of the circulation pump (P01) for heating the scrubbing solution and further downstream
a first (FO1) and a second expansion device (F03), in which a second circulation pump (P02) and a heat
exchanger (W05) for cooling the scrubbing solution to standard temperature are integrated in the line (14)
for the purified scrubbing solution branching off from the second expansion device (F03).

In accordance with the proposed method, the crude gas, preferably biogas, under standard pressure or
slight negative pressure (up to 50 mbar), preferably -20 (negative pressure) up to 150 mbar, undergoes a
single or multi-stage scrubbing process with an amine-containing scrubbing solution with an amine con
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centration of at least 15% at standard temperature or temperatures up to 100°C, preferably 20 to 60°C.
The water is removed from the pure gas stream of methane and water forming in the scrubbing stage by
subsequent cooling and condensation and is, if necessary, returned to the scrubbing circulation.

The scrubbing solution is circulated in the circuit and undergoes a special regenerative processing which
results in a scrubbing solution with a particularly high degree of purity.

In this process the scrubbing solution removed from the scrubbing stage and contaminated by CO, and
sulphur compounds is compressed to a reaction pressure of at least 4 bar, preferably 8 to 12 bar, and
heated to a temperature above 120°C. Said scrubbing solution is then expanded in an initial expansion
stage to a pressure 1 to 3 bar below the reaction pressure. By maintaining a secondary reaction time of
280 to 1,200 seconds and a constant reaction temperature, most of the proportion of CO, and sulphur
compounds is removed from the scrubbing solution as a gas stream. in this initial expansion stage
chemically bound CO is dissolved in the fluid phase and escapes. The resulting purified scrubbing solu-
tion is cooled to temperatures below 50°C and expanded in a second expansion stage to standard pres-
sure. Residual amounts of soluble CO, and sulphur compounds still present can therefore be removed in
this second expansion stage. In the second expansion stage under the conditions obtaining (temperature
and pressure) there is a resolution of the CO, still physically bound which escapes from the scrubbing
solution. From this point the scrubbing solution is of the maximum possible degree of purity. The com-
pletely purified scrubbing solution is then cooled to standard temperature and returned to the scrubbing
stage for the removal of the methane from the biogas.

Because of the required mode of operation of the circulation of the scrubbing solution, the methane re-
moved in the scrubbing stage can be obtained with a purity of at least 99.5% only if the scrubbing solution
is of a correspondingly high degree of purity.

The proposed method makes it possible for the first time to obtain methane of such high purity from bio-
gas.

With a multi-stage removal of methane using amine scrubbing, more than 50% of the total amount of
scrubbing solution required should be used in the initial stage. It is advisable to combine the scrubbing
solutions from the individual scrubbing stages before the regenerative processing.

It Is advantageous to heat the scrubbing solution to the required reaction temperature in two stages, using
indirectly heated heat exchangers. In this process the hot scrubbing solution removed from the initial ex-
pansion stage can be used as a heat carrier for at ieast one of the heat exchangers. Depending on its
temperature, the scrubbing solution is preferably used as a heat carrier for the first heat exchanger since
this has the advantage that the scrubbing solution can be simultaneously cooled in the process to the re-
quired temperature of at least 50°C. This has great advantages in terms of the economic use of energy
for operating the process. in the initial expansion stage over 95% of the proportions of CO, and sulphur
compounds bound in the scrubbing solution can be removed.

The gas stream removed in the initial expansion stage and containing CO, and sulphur compounds is

conducted through two heat exchangers connected in series and cooled to standard temperature. The

2
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water used in the first heat exchanger as a heat carrier is heated to a significantly higher temperature in
the process and the hot water produced thereby can be used for other purposes. In this way approxi-

mately 60% of the thermal energy supplied immediately before the initial expansion stage can be recov-

ered.
After the gas stream has been cooled, water is removed from it in a downstream separator and the water

is returned to the circulation of the scrubbing solution by being conveyed into the separator of the second
expansion stage. The water-free gas stream (CO, and sulphur compounds) is discharged under con-
trolled pressure to the surroundings for example. If the sulphur content of the gas stream is too high, it is
desulphurised in a downstream desulphurisation plant.

The reaction times in the initial expansion stage can be further reduced by subjecting the scrubbing solu-
tion to ultrasonic treatment. The dwell time in this stage can be reduced by up to approximately 30% with
the same removal performance.

A plant suitable for carrying out the method consists of a single or multi-stage scrubbing column for sepa-
rating methane from the crude gas to be treated. Said column is connected to a circulation line for the
scrubbing solution. An initial circulation pump, at least one heat exchanger downstream for heating the
scrubbing solution, followed by an initial and a second expansion device are integrated into this circula-
tion line in the direction of flow of the scrubbing solution. The second expansion device downstream
serves to remove residual amounts of CO, and sulphur compounds still present in the scrubbing solution.
A second circulation pump and a heat exchanger for cooling the scrubbing solution to standard tempera-
ture are integrated into the line for the purified scrubbing solution branching off from this expansion de-
vice. After exiting this heat exchanger, the highly pure scrubbing solution is returned to the scrubbing col-
umn.

It has proved advantageous to heat the scrubbing solution to the required temperature by two heat ex-
changers connected in series before it is introduced into the initial expansion stage. The two expansion
devices are connected to gas flow lines for removing the CO, and sulphur compounds. The gas flow line
of the initial expansion device is connected to a separator, with two heat exchangers for cooling the gas
flow connected in series interposed between said expansion device and the separator. The separator Is
connected to a line for removing the gas flow and to a line for conveying the removed condensed water
Into the second expansion device.

At least one of the upstream heat exchangers is integrated into the line for the scrubbing solution branch-
ing off from the initial expansion device, with the scrubbing solution flowing through said heat exchanger
as a heat carrier and cooled simultaneously in the process. If necessary, the gas flow lines carrying off
gases containing sulphur can be connected to a desulphurisation plant.

A heat exchanger for condensing the water contained in the methane and a water separator downstream
of said heat exchanger for dehumidifying the methane gas should preferably be integrated into the meth-

ane gas line connected to the head of the scrubbing column. The water separator is connected via a line

to the second expansion device for recirculating the removed water.

3
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The proposed plant can be used for a wide range of outputs and has a high degree of energy efficiency.

The invention is now to be explained by an execution example.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts the flow chart for a piant for treating biogas.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The plant shown consists of a single or multi-stage scrubbing column KO1. The scrubbing column K01
shown In the drawing is a single stage scrubbing column.
The scrubbing column K01 is connected to a line 01 for feeding in the biogas. A line 02 is provided In the
upper part of the scrubbing column K01 for carrying off the methane which contains the water removed in
the scrubbing column KO1. The water contained in the methane condenses in a downstream heat ex-
changer W01. The methane from which the water has been removed is drawn off via a line 03. A water
separator F03B for dehumidifying the methane is integrated into the line 03. The water removed is con-
ducted via a line 15 into the second expansion device FO03.
The heat exchanger W01 is fed via a circulation line 04 with cold water, which is cooled in a cooling de-
vice which is not shown in greater detail.
On the base of the scrubbing column K01, a scrubbing solution in which CO, and sulphur compounds are
bound is pumped by a circulation pump P01 via a line 05 to an initial heat exchanger W02, from where it
is pumped to a second heat exchanger W03 and from that to an initial expansion device F01 in which the
major proportions of the CO, and sulphur compounds are removed from the scrubbing solution by a flash
expansion. A heat exchanger W04 is integrated into the flash expansion device FO1 to maintain the re-
quired reaction temperature.
CQO, and sulphur compounds are drawn off at the head of the flash expansion device FO1 via the line 06
and conducted for further cooling through a third and fourth heat exchanger W06 and WO7. The con-
densed water is led off in a downstream separator F02 via the line 07 and the CO, and sulphur com-
pounds are discharged under controlled pressure to the surroundings via the line 08. The heat exchanger
W06 is fed with hot water via a circulation line 09 and the heat exchanger 07 is fed with cold water via a
circulation line 10. Thermal oil is fed to and removed from the heat exchanger W03 via a circulation line
11. The heat of condensation released during the flash expansion is used to heat the heat exchanger
WO06. Approximately 60% of the thermal energy supplied in the heat exchanger W03 can therefore be
recovered as hot water which can be used for other purposes.
The hot purified scrubbing solution is conducted via a line 12 from the flash expansion device FO1 as a
heat carrier to the heat exchanger W02 from where it is conveyed under controlled pressure to a second
expansion device, the separator F03. The condensation water accumulating in the separator F02 is fed
under controlled pressure to the separator FO3 via the line 07. The CO; and sulphur compounds still con-
tained in the scrubbing solution and/or condensation water are removed in said separator and discharged

4
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to the surroundings via the line 13. The scrubbing solution accumulating in the separator F03 is pumped
by the circulation pump P02 via the line 14 to the heat exchanger W05 and returned after cooling to the
scrubbing column KO1. The heat exchanger W05 is integrated into the circulation line 10 via the lines 10a
for cooling the said heat exchanger. The plant described makes it possible to treat biogas in an extremely

4a
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economic and energy-saving manner.
The method of operation of the plant is explained below.
In the course of biogas production, the biogas formed undergoes preliminary desulphurisation, with other

components that can interfere with the process being removed without feeding in oxygen or air. A typical

example of the composition of conventional biogas is as follows:

Methane 52% by volume
Carbon dioxide 44% by volume
Water 3% by volume
Hydrogen 0.1% by volume

Sulphur compounds 0.2 % by volume as H,S and COS (organic sulphur compounds) or traces of
sulphur compounds, ammonia in the region of under 2 ppm.

The biogas to be treated (500 Nm’/h; N=standard condition) is fed in directly to the scrubbing column K01
(without additional preliminary purification) under the given conditions at a temperature of 20 to 60°C. The
scrubbing process for removing CO,, H, S and COS from the biogas is carried out in said column under
standard pressure or a slight vacuum (-10 to 150 mbar). Scrubbing is carried using a scrubbing solution
containing at least one amine component, preferably diethanolamine at a concentration of 15 to 50%. The
amount of scrubbing solution used depends on the amine concentration, with the proportion of water be-
ing at least 20%. Where a scrubbing solution with an amine concentration of 20% is used for purifying
500 Nm>/h of biogas, approximately 15 m°/h of scrubbing solution is required. Where a scrubbing solution
with an amine content of 30% is used, the amount required is 9 m>/h. The sulphur compounds and CO,
contained in the biogas are completely bound with the scrubbing solution on being brought into contact
with said scrubbing solution. The purified biogas exiting the scrubbing column K01 via the line 02 consists
of methane and water with a very smaill residual proportion (0.2% or less) of CO,. The water contained In
the methane condenses in a downstream cooling stage (heat exchanger W01). The condensed water Is
returned to the scrubbing circulation and therefore the proportion of water in the scrubbing circuiation is
maintained at the same level. The methane, which is still wet, is dehumidified in a water separator F03B
and the water removed is returned via the line 15 to the second expansion device F03.
The methane removed has a purity of over 99.5% by volume. This can be increased to almost 100% pu-
rity by additional drying.
The scrubbing solution accumulating on the base of the scrubbing column K01 (approximately 15m°/h,
amine concentration 20%), compressed to a pressure of approximately 8.5 bar, is conducted by the circu-
lation pump P01 to an initial heat exchanger W02 and heated in said heat exchanger by indirect heat ex-
change to a temperature of approximately 145°C. The purified scrubbing solution formed after the flash
expansion F0O1 is used as a heat exchanger medium. The scrubbing solution removed from the heat ex-
changer W02 is then heated in a second heat exchanger W03 to a temperature of approximately 165°C.
An external heat carrier, e.g. thermal oll, flows through the heat exchanger W03.

The scrubbing solution is then expanded to a pressure of approximately 6.5 bar in an initial expansion

o
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stage, the flash expansion device FO1. In this process, the proportion of chemicaily bound carbon dioxide
and sulphur compounds in the scrubbing water is reduced to 1/10 during a secondary reaction time of

480 seconds and a reaction temperature of approximately 165°C. The proportion of chemically bound

CO, and sulphur is reduced under these conditions from 45 g/l to 5 g/i.
Under other process conditions the secondary reaction time can also amount to 280 seconds to 1200

seconds, with short secondary reaction times being advantageous in terms of the economic operation of
the process. The reaction temperature is maintained by a heat exchanger W04 integrated into the flash
expansion device F0O1. The flash expansion should preferably take place at a flash temperature 1 to 10°C
below the evaporating temperature of water, at an expansion of approximately 8.5 bar to approximately
6.5 bar and a temperature of approximately 165°C.

The purified scrubbing solution, now containing only small amounts of CO, and sulphur compounds and
at a temperature of approximately 165°C, is fed via the line 12 to the heat exchanger W02 as a heat car-
rier, being cooled in the process to a temperature of 34°C. The scrubbing solution is then expanded In a
second expansion stage (separator F03) to standard pressure. The residual amounts of CO, and suiphur
compounds still contained in the scrubbing solution escape in the process at the head of the separator
and can be discharged to the surroundings. The completely purified scrubbing solution is conveyed to the
heat exchanger W05 by the circulation pump P02 and cooled to standard temperature in said heat ex-
changer and then returned to the scrubbing column KO1.

In the second expansion stage a resolution occurs of the CO, still physically bound which escapes via line
13. The second expansion stage F03 produces the maximum possible degree of purity of the scrubbing
solution. Since the scrubbing solution is circulated in the circuit and is returned after purification to the
scrubbing stage K01, its degree of purity also affects the degree of purity of the methane removed in the
scrubbing stage. Methane with a purity of at least 99.5% cannot be obtained from biogas unless the recir-
culated scrubbing solution is of a high degree of purity.

Approximately 10% of CO, is still chemically bound in the highly pure scrubbing solution and can be sepa-
rated only with difficulty and at a level of expenditure that is not economically justifiable.

The gas mixture of carbon dioxide, water and sulphur compounds exiting from the head of the flash ex-
pansion device FO1 is cooled to a temperature of 60°C in the heat exchanger W06 and to standard tem-
perature (approximately 25°C) in the downstream heat exchanger W07. The condensed water is then
removed in the separator FO2. This is conducted in a dosed amount via the line 07 to the separator FO3
where it mixes with the completely purified scrubbing solution. The gas mixture (CO, and sulphur com-
pounds) streaming off at the head of the separator F02 is discharged under controlled pressure to the
surroundings.

If there are impermissibly high concentrations of sulphur compounds in the gas mixture removed, an addi-
tional downstream desulphurisation is carried out, e.g. by biofilter, adsorption or as physical/chemical or
biological scrubbing. The reaction time of the chemical decomposition of the scrubbing solution taking

place in the separator FO1 can be significantly shortened, by 70% for example, by additional ultrasonic
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treatment under the same temperature and pressure conditions.

As previously explained, the scrubbing stage K01 for removing the methane can be muiti-staged, pref-
erably two staged. The scrubbing columns required for this are connected in series. The amount of
scrubbing solution used in the initial scrubbing stage should be more than 50% of the overall amount re-
quired. The scrubbing solutions accumulating in both scrubbing stages are combined and regeneratively
processed as previously described.

Based on an amount of biogas used of 500 Nm>/h and an amount of scrubbing solution used of 15 m°/h
(amine concentration 20%), 260m*/h of methane with a purity of at least 99.5% is obtained under the
aforementioned conditions. By using the proposed regenerative processing, the amount of scrubbing so-
lution used can be recovered with a maximum possible degree of purity of almost 100% and recirculated
In the circutt.

The scope of the claims should not be limited by the preferred embaodiments set forth in the examples, but

should be given the broadest interpretation consistent with the description as a whole.
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WHAT IS CLAIMED IS:

1. A method of treating crude gases containing methane and carbon dioxide to produce methane,
which comprises:

a) subjecting the crude gas to a single or multi-stage scrubbing process with an amine-
containing scrubbing solution at an amine concentration of at least 15% with the formation of a pure gas
stream consisting of methane and water, removing the water from the pure gas stream and, optionally,
returning the water to a scrubbing circuit by downstream cooling and condensation;

b) compressing a scrubbing solution containing CO, and sulfur compounds obtained in step
a) to a reaction pressure of at least 4 bar, heating to a temperature above 120°C and expanding, in an
Initial expansion stage, to a pressure that is 1 to 3 bar below the reaction pressure, while maintaining a
secondary reaction time of 280 to 1200 seconds and a constant reaction temperature, for removing a ma-
jor proportion of the CO, and sulifur compounds from the scrubbing solution and drawing off as a gas
stream;

C) cooling the thus purified scrubbing solution to a temperature below 50°C and expanding
in a second expansion stage to standard pressure, to remove residual amounts of soluble CO, and sulfur
compounds still present to form a completely purified scrubbing solution, and cooling the completely puri-
fied scrubbing solution to standard temperature and returning to the scrubbing stage.

2. The method according to claim 1, which comprises scrubbing the crude gas at standard pressure
or at a slight vacuum up to 50 mbar, and with an amine-containing scrubbing solution at an amine con-
centration of at least 15% at standard temperature or temperatures up to 100°C.

3. The method according to claim 1, wherein step b) comprises compressing the scrubbing solution

to a reaction pressure of between 8 and 12 bar.

4. The method according to claim 1, wherein the multi-stage scrubbing process includes an initial
scrubbing stage in which more than 50% of a total amount of scrubbing solution required is used and
wherein the scrubbing solutions of the individual scrubbing stages are combined and regeneratively proc-

essed.

d. The method according to claim 1, which comprises heating the scrubbing solution obtained after

washing to a required reaction temperature in two stages by way of indirectly heated heat exchangers.

6. The method according to claim 1, which comprises conducting the gas stream containing CO;

and sulfur compounds separated in an initial expansion stage through two heat exchangers connected In

series and cooling to standard temperature and conveying to a downstream.
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7. The method according to claim 1, which comprises using hot scrubbing solution removed from an
inttial expansion stage as a heat carrier for at least one of the heat exchangers for cooling and thereby
cooling the scrubbing solution to a temperature of no more than 50°C.

8. The method according to claim 1, which comprises heating the crude gas to a temperature of 20
to 60°C in process step a) and adjusting to a pressure ranging from -20 to 150 mbar.

S. The method according to claim 1, which comprises removing more than 95% of the proportions of
CO, and sulfur compounds bound in the scrubbing solution during the initial expansion stage.

10. The method according to claim 1, which comprises desulfurizing at least the gas stream removed

from the initial expansion stage in a downstream desulphurization plant.

11. The method according to claim 1, which comprises subjecting the scrubbing solution to an ultra-
sonic treatment during the nitial expansion phase.

12. A plant for carrying out a method of treating crude gases containing methane and carbon dioxide
to produce methane, which comprises:

a single or multi-stage scrubbing column (K01) for removing methane from the crude gas to be
treated, said scrubbing column is being connected to a circulation line (05, 12, 14) for the scrubbing solu-
tion, in which are integrated a first circulation pump (P01), at least one heat exchanger (W02 or W(3) in
the direction of flow downstream of the circulation pump (P01) for heating the scrubbing solution and fur-
ther downstream a first (FO1) and a second expansion device (F03), in which a second circulation pump
(P02) and a heat exchanger (WO05) for cooling the scrubbing solution to standard temperature are inte-
grated in the line (14) for the purified scrubbing solution branching off from said second expansion device
(FO3).

13. The plant according to claim 12, which comprises two heat exchangers (W02, W03) connected in
series are arranged upstream of the first expansion device (F01) for the gradual heating of the scrubbing

solution.

14. The plant according to claim 12, which comprises the expansion devices (F01, FO3) are con-
nected to lines (06, 13) for removing a gas stream.

15. The plant according to claim 14, which comprises the gas flow line (06) of the first expansion de-
vice (FO1) is connected to a separator (F02), with two heat exchangers (W06, W07) connected in series

9
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for cooling the gas stream integrated between the expansion device (F01), and with the separator (F02),
and the separator (F02) connected to a line (08) for removing the gas stream and to a line (07) for con-
veying the separated condensation water into the second expansion device (F03).

16. The plant according to claim 12, which comprises at least one of the upstream heat exchangers
(WO02) is integrated into the line (12) for the scrubbing solution branching off from the first expansion de-

vice (FO1), with the scrubbing solution flowing through said heat exchanger as a heat carrier.

17. The plant according to claim 12, which comprises at least the gas flow line (08) branching off from
the downstream separator (F02) is connected to a desulphurisation plant.
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