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(54) Title: METHOD AND DEVICE FOR PURIFYING A GAS STREAM CONTAINING CARBON DIOXIDE

(54) Bezeichnung : VERFAHREN UND VORRICHTUNG ZUR REINIGUNG EINES KOHLENDIOXIDHALTIGEN GASS-
TROMS

@

(57) Abstract: A method and a device for purifying a gas stream con-

taining carbon dioxide are disclosed, wherein, firstly, in a lower region

——

(3) of an absorption column (1) the gas steam is subjected to a pres-
crub to condition the gas stream and subsequently, in an upper region
(8), of the absorption column (1) the carbon dioxide is at least partly
scrubbed out of the gas stream by means of a scrubbing fluid. Accor-
ding to the invention, the construction of the absorption column may
be improved, by withdrawing all the scrubbing fluid charged with the
scrubbed carbon dioxide from the absorption column (1) and introdu-
ced into a reservoir (11) outside the absorption column (1) and then
6 introduced into a scrubbing fluid pump (12) which pumps the scrub-
bing fluid to a scrubbing fluid regeneration stage.

(57) Zusammenfassung: Es wird ein Verfahren und eine Vorrichtung
zur Reinigung eines kohlendioxidhaltigen Gasstroms beschrieben, bei
dem der Gasstrom zunichst in einem unteren Abschnitt (3) einer Ab-
sorptionskolonne (1) einer Vorwasche zur Konditionierung des Gass-
troms unterzogen wird und anschliefiend in einem oberen Abschnitt
(8) der Absorptionskolonne (1) das Kohlendioxid zumindest teilweise
mit einer Waschfliissigkeit aus dem Gasstrom ausgewaschen wird. Zur
Verbesserung der Konstruktion der Absorptionskolonne wird vorge-
schlagen, dass die gesamte, mit dem ausgewaschenen Kohlendioxid
beladene Waschfliissigkeit aus der Absorptionskolonne (1) abgezogen

und einem auBlerhalb der Absorptionskolonne (1) angeordneten Vorla-
gebehilter (11) zugefiihrt und anschliefend einer Waschfliissigkeits-
pumpe (12) aufgegeben wird, die die Waschfliissigkeit zu einer

Figur 1

Waschmittelregenerierungsstufe pumpt.
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Description

Method and device for purifying a gas stream containing carbon dioxide

The invention relates to a method for purifying a carbon-dioxide-containing gas stream,
wherein the gas stream is first subjected in a lower section of an absorption column to
a prescrubbing for conditioning the gas stream and subsequently in an upper section of
the absorption column the carbon dioxide is scrubbed out from the gas stream at least
in part with a scrubbing liquid, and also to a device for carrying out the method.

For securing the energy supply of a national economy, power plants, that is to say
industrial plants for providing, in particular electrical, and in part additional thermal,
power, are essential. In such power stations, primary energy is used which, after
appropriate conversion, is provided as usable energy. In this process, generally gas
streams occur which cannot be released to the environment without further purification
steps. In particular, in thermal power stations in which fossil fuels, e.g. coal, petroleum
or natural gas, are burnt, waste gas streams customarily occur which are termed flue
gases and contain environmentally-damaging components. As an environmentally-
damaging component, increasingly CO; is being considered which is categorized as a
climate-damaging gas.

Very recently, novel power plant designs have been proposed in which CO; is
separated off and fed to further use.

The purpose of these novel designs is to compress the carbon dioxide which is formed
in the combustion of the fossil fuels, after it has separated off, in suitable deposits, in
particular in certain rock layers or brine-bearing layers, and thereby limit the discharge
of carbon dioxide to the atmosphere. The climate-damaging action of greenhouse
gases such as carbon dioxide is intended to be reduced thereby. The current designs
are called in the specialist field carbon, capture and sequestration technology (CCS
technology).

Carbon-dioxide-containing gas streams also occur in other large-scale fired plants
which are operated using fossil fuels. These include, e.g. industrial furnaces, steam

kettles and similar large-scale thermal plants for power or heat generation.
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For scrubbing out the carbon dioxide from unpressurized flue gases, amine-based
scrubbing media, e.g., can be used. In order to be able to make the scrubbing process
as efficient as possible, the flue gas stream, before entry into the actual scrubbing
section, must be appropriately conditioned. For this the flue gas stream must be cooled
down to the suitable temperature. Furthermore, traces of harmful components such as,
e.g., SO,, must be removed from the flue gas stream before the actual CO, scrubbing.
This is generally achieved using a prescrubber with water and optionally basic
additives (depending on the traces and content thereof). The prescrubber can be
erected as a separate apparatus or integrated into the actual scrubbing as an
additional apparatus.

Both variants, however, exhibit specific disadvantages in the designs implemented to
date.

For instance, separate erection of the prescrubber requires, for example, a large plant
floor space. In addition, owing to the necessary additional piping, an additional
pressure drop occurs. Finally, the gas distribution must be taken into consideration
twice on a large column cross section (prescrubber and scrubbing column).

On the other hand, in the case of a prescrubber erected integrated into the absorption
column, high loads occur within the absorption column owing to the pump receiver of
the actual scrubbing section. Furthermore, owing to the required liquid volume for the
pump feed, additional column height is required. Again this has adverse effects on
foundations, statics and wall thicknesses.

It is an object of the present invention to design a method of the type mentioned at the
outset and also a device for carrying out the method in such a manner that an industrial
construction of the absorption column can be achieved in an economical manner.

This object is achieved according to the invention in terms of the method in that the
entire scrubbing liquid loaded with the carbon dioxide which is scrubbed out is taken off
from the absorption column and fed to a receiver tank arranged outside the absorption
column and subsequently applied to a scrubbing liquid pump which pumps the
scrubbing liquid to a scrubbing medium regeneration stage.
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By integrating the prescrubbing into the absorption column with simultaneous removal
of the necessary liquid volume for the pump feed, the said disadvantages of previous
methods with a separate erection of the prescrubber with respect to space
requirement, pressure drop and faulty distribution are avoided. At the same time, the
problems of previous methods with integrated erection of the apparatus for
prescrubbing with respect to additional loads owing to the liquid volumes for the pump

feed are bypassed.

In a particularly preferred embodiment of the invention, the prescrubbing is carried out
in a section of the absorption column which is designed as the lowest absorber bed.
The absorption column comprises, e.g., in total four absorption beds, wherein the
uppermost absorption bed serves for backwashing, whereas the two central absorption
beds are provided for the actual scrubbing out of the carbon dioxide. The lowest
absorption bed serves for prescrubbing the carbon-dioxide-containing gas stream
entering into the absorption column in the bottom region.

Advantageously, a physically and/or chemically acting scrubbing medium is used for
the scrubbing liquid for separating off carbon dioxide. In particular, a scrubbing medium
which contains at least one amine is suitable therefor.

Particular advantages result when the invention is applied to large-scale fired plants, in
particular coal power plants. In this case, therefore, the gas stream which is to be
purified is formed of a carbon-dioxide-containing exhaust gas stream of a large-scale
fired plant, in particular a power plant, wherein fossil fuels are burnt with air in the

large-scale fired plant.

The carbon dioxide which is scrubbed out can be treated and fed to a use and/or
storage. For this, the carbon dioxide can be transported, for example, via piping to a
use site and there forced into rock layers of the subsurface, or into brine-bearing
layers.

The scrubbing is preferably carried out at about atmospheric pressure, in particular at a
pressure between -100 mbar and +100 mbar.
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Furthermore, the scrubbing proceeds advantageously at a temperature in the range
from 20 to 80°C, particularly preferably in the range from 30 to 45°C. The scrubbing
water cycle of the prescrubbing is expediently cooled by means of cooling water or cold
water from a refrigeration plant.

Advantageously, all liquids can be fed to further receiver vessels from intermediate
withdrawals, in particular side take-offs and intermediate cycles, and bottom
withdrawals of the absorption column.

According to a development of the inventive concept, the receiver vessel is used as
collection reservoir for the scrubbing medium of the entire plant (what is called hold-

up).

The invention further relates to a device for purifying a carbon-dioxide-containing gas
stream having an absorption column which comprises a lower section for prescrubbing
the gas stream and an upper section for the at least partial scrubbing of the carbon
dioxide from the gas stream.

The object in question is achieved in terms of the device in that the absorption column
is connected via at least one liquid take-off to a receiver vessel which is arranged
outside the absorption column and downstream of which is connected a scrubbing
liquid pump.

According to a development of the concept of the invention, all liquid take-offs of the
absorption column can be connected to further receiving vessels.

Preferably, the section for prescrubbing the gas stream is formed from the lowest
absorption bed of the absorption column.

The absorption column expediently has a diameter of at least 3 m, in particular 10 to

25 m, or an equivalent rectangular cross section.

The invention is suitable for all conceivable large-scale fired plants in which carbon-
dioxide-containing gas streams occur. These include, e.g., power plants operated with
fossil fuels, industrial fumaces, steam kettles and similar large-scale thermal plants for
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power and/or heat generation. In particular, the invention is suitable for what is termed
low-CO; coal power plants using the post-combustion capture method.

Hereinafter the invention will be described in more detail with reference to an
exemplary embodiment shown diagrammatically in the figure.

The figure shows an absorption column having an integrated prescrubber.

The carbon-dioxide-containing flue gas from a coal power plant is introduced via line 2
into the lower section 3 of the absorption column 1. In this section 3 an absorption bed
4 is arranged which is one of in total four absorption beds 4, 5, 6, 7 of the absorption
column 1. In section 3, prescrubbing of the gas stream takes place in which the gas
stream is cooled to the temperature of approximately 30 to 35°C which is desired for
the actual CO; scrubbing and substantially freed from traces of harmful components, in
particular SO,. For this, water, possibly containing basic additives, e.g. ammonium
compounds, is trickled over the absorption bed 3. The gas stream which is thus
prepurified and cooled is subjected to the actual CO, scrubbing in the absorption
column 1 section 8 situated thereabove. Here, a majority, in particular more than 90%
by volume, of the carbon dioxide is scrubbed out of the gas stream. For this, an amine-
based scrubbing liquid is trickled over the absorption beds 5§ and 6. Above the section 8
is connected further an uppermost section 9 of the absorption column 1 having an
absorption bed 7. This section 9 serves for backwashing. The gas stream which is very
largely purified from carbon dioxide is finally taken off as clean gas via line 10 and can
be released to the environment. The scrubbing liquid which is loaded with the carbon
dioxide is taken off from the absorption column 1 via line 14 and fed to the receiver
vessel 11. The receiver vessel 11 is erected at a suitable height above the scrubbing
liquid pump 12, in order to serve as feed for the scrubbing liquid pump. The scrubbing
liquid pump 12 pumps the loaded scrubbing liquid to a scrubbing medium regeneration
stage which is not shown in the figure. From there the regenerated scrubbing liquid can
again be recirculated to the uppermost section 9 of the absorption column 1.
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Claims

1. Method for purifying a carbon-dioxide-containing gas stream, wherein the gas
stream is first subjected in a lower section of an absorption column to a
prescrubbing for conditioning the gas stream and subsequently in an upper section
of the absorption column the carbon dioxide is scrubbed out from the gas stream
at least in part with a scrubbing liquid, characterized in that the entire scrubbing
liquid loaded with the carbon dioxide which is scrubbed out is taken off from the
absorption column (1) and fed to a receiver tank (11) arranged outside the
absorption column (1) and subsequently applied to a scrubbing liquid pump (12)
which pumps the loaded scrubbing liquid to a scrubbing medium regeneration
stage.

2. Method according to Claim 1, characterized in that the prescrubbing is carried out
in a section (3) of the absorption column (1) which is designed as the lowest
absorber bed (4).

3. Method according to Claim 1 or 2, characterized in that the gas stream is formed of
a carbon-dioxide-containing exhaust gas stream of a large-scale fired plant, in
particular a power plant.

4. Method according to any one of Claims 1 to 3, characterized in that the carbon
dioxide which is scrubbed out is fed to a use or storage.

5. Method according to any one of Claims 1 to 4, characterized in that a physically

and/or chemically acting scrubbing medium is used for the scrubbing liquid.

6. Method according to any one of Claims 1 to 5, characterized in that a scrubbing

medium is used which contains at least one amine as a component.

7. Method according to any one of Claims 1 to 6, characterized in that the scrubbing
is carried out at a pressure between -100 mbar and +100 mbar.

8. Method according to any one of Claims 1 to 7, characterized in that further liquids
are fed from intermediate withdrawals, in particular side take-offs and intermediate
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10.

1.

12.

13.

cycles, and bottom withdrawals of the absorption column (1) in each case to a
further receiver vessel (11).

Method according to any one of Claims 1 to 8, characterized in that the receiver
vessel (11) is used as a collection reservoir for the column hold-up (liquid contents
of all column internals).

Method according to any one of Claims 1 to 8, characterized in that the receiver
vessel (11) is used as collection reservoir for the scrubbing medium of the entire
plant (what is called hold-up).

Device for purifying a carbon-dioxide-containing gas stream having an absorption
column which comprises a lower section for prescrubbing the gas stream and an
upper section for the at least partial scrubbing of the carbon dioxide from the gas
stream, characterized in that the absorption column (1) is connected via at least
one liquid take-off to a receiver vessel (11) which is arranged outside the
absorption column (1) and downstream of which is connected a scrubbing liquid
pump (12).

Device according to Claim 10, characterized in that the section (3) for prescrubbing
the gas stream is formed from the lowest absorption bed (4) of the absorption
column (1).

Device according to Claim 10 or 11, characterized in that the absorption column
(1) has a diameter of at least 3 m, in particular 10 to 25 m, or an equivalent

rectangular cross section.
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Figure 1




