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(57) Abstract: The invention relates to a method for the treatment of a flue gas stream for reducing the SOx content in said flue gas
by using absorbents based on suspensions that contain calcium compounds, wherein the flue gas initially streams through a first sec-
tion and then through a second section of a flue gas scrubber, wherein the flue gas in the first section and in the following second
section is sprayed with absorbent, wherein the pH of the absorbent sprayed in the first section is lower than the pH of the absorbent
sprayed in the second section, and wherein the absorbent sprayed in the first and second section is collected together. Furthermore,
the invention relates to a device for the treatment of a flue gas stream using absorbents based on suspensions that contain calcium
compounds, wherein the device has a container, first and second spraying devices, located inside said container, for spraying said ab-
sorbents, wherein the second spraying devices are located above the first spraying devices, as well as an absorber sump and a second
absorbent receptacle downstream of said absorber sump for receiving the absorbent, wherein, above the absorber sump and below
the first spraying devices, a gas inlet for the flue gas stream is provided, wherein two absorbent loops are provided, wherein, in the
first absorbent loop a first partial stream of the absorbent is conducted directly from the absorber sump to the first spraying device in
order to be sprayed, and a second partial stream of the absorbent is conducted from the absorber sump to the second absorbent re -
ceptacle downstream of said absorber sump and from there to the second spraying devices, wherein the absorbent streams sprayed in
the first and second spraying devices are conducted back into the absorber sump.
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Method and Device for Flue Gas Desulfurization

The invention relates to methods for the treatment of a flue gas stream for reduc-
ing the SO, content in the flue gas by using absorbents based on suspensions
that contain calcium compounds, as well as to a device for implementing said

method.

Technical Background

Such methods and devices are especially used for the desulfurization of exhaust
gases which are generated in fossil-source fueled power plants for the genera-
tion of electricity or in garbage incineration plants. These exhaust gases or flue
gases, respectively, contain a plurality of noxious substances such as SO,. Con-
sidering environmental protection, it is necessary to reduce the emission of such
substances into the atmosphere, making their separation from the exhaust gas

essential.

Desulfurization of flue gas is carried out according to the following basic princi-
ple: unpurified flue gas is introduced into a flue gas scrubber and, in the scrub-
bing or absorption zone, respectively, sprinkled with a mixture of water and lime-
stone, causing the sulfur dioxide being largely absorbed by chemical reactions.
In the process, the gaseous sulfur dioxide initially is dissolved in the absorption
liquid. By reacting sulfur dioxide with limestone, eventually calcium sulfite and
CO, are produced. In the lower part of the scrubbing tower, in the absorber
sump, the scrubbing or absorbent suspension, respectively, accumulates, loaded
with calcium sulfite. By injecting air, a gypsum suspension is produced which can
be suspended by agitators in order to avoid the formation of deposits in the ab-

sorber sump.

The wet desulfurization of flue gas from coal-fired power plants by using a lime-
stone suspension is a method that can so far be carried out in a single-loop pro-
cess or in a double-loop process.
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In the single-loop process, the flue gas is usually conducted into the center of the
absorber, streams through it in an upward direction and leaves the absorber in
its upper section. The scrubbing suspension is conducted from the absorber
sump to the spray levels by way of circulation pumps, sprayed via the nozzles
inside the absorber, thus scrubbing the flue gas in counter flow. After the SO,
has been absorbed, the drops fall back into the absorber sump, thus closing the

(single) loop of the scrubbing suspension.

In the double-loop process, the absorption zone is divided into two sections that
are normally arranged on top of each other. The flue gas consecutively streams
through these sections in an upward direction. The scrubbing suspension is con-
ducted in counter flow, but diverted in the center of the absorption zone, which
creates two scrubbing suspension loops that are mostly independent of each
other. The limestone suspension is (mainly) added to the upper loop, the gyp-
sum is withdrawn from the lower loop. The absorber is controlled by transferring

the suspension from the upper to the lower loop.

In DE 29 44 536 and DE 30 11 592 a method is described in which at least a
part of the consumed absorbent of the second upper loop is collected and con-
ducted back to an absorbent supply container via a collecting and recirculation

device.

From DE 43 45 364 it is known that in such a double-loop scrubber the con-
sumed absorbent of the second (upper) loop is conducted back into the absor-
bent container, where the reaction between sulfur oxide compounds and calcium

compounds continues.

DE-A-196 01 193 relates to a method in which the absorbent is stored inside the
scrubber within a container that is open at the top and inside of which the absor-
bent is at least partially collected after the scrubbing, wherein the liquid level in

the container is higher than the liquid level in the sump of the scrubber.
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In DE 10 2010 002 768 A1 different methods are described. Figure 2 relates to a
device for a single-loop process. Figure 1 relates to a device for a double-loop
process, wherein the absorbent sprayed in the upper section is collected by a
collector unit that is integrated above the lower spraying device and then con-
ducted back to the upper spraying device and, thus, remains (almost) completely
separated from the lower loop. Figure 3 relates to a device for a double-loop
process, wherein the absorbent sprayed in the upper section is collected togeth-
er with the absorbent that is sprayed by the lower spraying device. The absor-
bent enters the absorber sump and is subsequently divided into two partial

streams in order to supply the lower and the upper spraying devices directly.

The task of the present invention was to carry out the wet desulfurization of flue
gases in a more efficient way and to achieve a better fine cleaning of the flue

gas.

Description of the Invention

The technical task is solved by a method for the treatment of a flue gas stream in
order to reduce the SO content in the flue gas by using absorbents based on
suspensions that contain calcium compounds, wherein the flue gas initially
streams through a first section and then through a second section of a flue gas
scrubber, wherein the flue gas in the first section and in the following second
section is sprayed with absorbent, wherein, according to the invention, the pH of
the absorbent sprayed in the first section is lower than the pH of the absorbent
sprayed in the second section, and wherein the absorbent sprayed in the first
and second section is collected together.

In a preferred embodiment the pH of the absorbent sprayed in the first section is
from 4.5 to 5.9 and the pH of the absorbent sprayed in the second section is
from 5.0 to 6.8.

Furthermore, a method is preferred in which in a first loop the flue gas in the flue
gas scrubber is sprayed with an absorbent in a first section of the flue gas
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stream, the absorbent then reaches an absorber sump, and a first partial stream
of the absorbent is conducted directly from the absorber sump to the first section
of the flue gas scrubber for being sprayed again, wherein the method contains a
second absorbent loop wherein a second partial stream of the absorbent is con-
ducted from the absorber sump into a second absorbent receptacle downstream
of said absorber sump, and is subsequently sprayed in the second section of the
flue gas stream, and wherein the absorbent returns to the absorber sump to-
gether with the absorbent that was sprayed in the first section.

In another preferred method the flue gas scrubber has spraying devices for
spraying the absorbents as well as an absorber sump for receiving the absor-
bent, wherein the flue gas streams through the flue gas scrubber from bottom to
top and is being sprayed with absorbent that is sprayed by first spraying devices
and by second spraying devices, the absorbent then reaches the absorber
sump, and a first partial stream of the absorbent is conducted directly from the
absorber sump to the flue gas scrubber in order to be sprayed,

wherein a second partial stream of the absorbent is conducted from the absorber
sump into a second absorbent receptacle downstream of said absorber sump,
then sprayed inside the flue gas scrubber via the second spraying devices and
subsequently returns to the absorber sump,

wherein the second spraying devices are located above the first spraying devic-
es and, with regard to the flue gas stream, downstream of the first spraying de-

vices.

Furthermore, the pH of the absorbent sprayed in the first spraying devices is
lower than the pH of the absorbent sprayed in the second spraying devices.
Thus, the pH of the absorbent sprayed in the first spraying devices is from 4.5 to
5.9 and the pH of the absorbent sprayed in the second spraying devices is from
5.0 t0 6.8.

The pH of the absorbent in the absorber sump is lower than the pH of the absor-
bent in the second absorbent receptacle that is located downstream. Thus, the
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pH of the absorbent in the absorber sump is from 4.5 to 5.9 and the pH of the

absorbent in the second absorbent receptacle is from 5.0 to 6.8.

In another preferred embodiment, for the purpose of oxidation, air or oxygen is
fed into the absorber sump and into the second absorbent receptacle down-

stream of said absorber sump.

Furthermore, it is preferred that fresh absorbent based on suspensions that con-
tain calcium compounds is fed to the absorber sump continuously or discontinu-
ously. It is particularly preferred when fresh absorbent based on suspensions
that contain calcium compounds is fed continuously or discontinuously into the
absorber sump and into the second absorbent receptacle downstream of said
absorber sump.

In a very particularly preferred embodiment, fresh absorbent based on suspen-
sions that contain calcium compounds is fed continuously or discontinuously into
the absorber sump and into the second absorbent receptacle downstream of
said absorber sump, as well as air or oxygen for the purpose of oxidation.

As already mentioned, according to the invention, the flue gas is sprayed with
absorbent in the first section and in the following second section of the flue gas
stream, wherein the pH of the absorbent sprayed in the first section is lower than
the pH of the absorbent sprayed in the second section. The absorbent sprayed
in the first and second section is received or collected together and enters the
absorber sump together. This means that essentially the entire absorbent
sprayed in the second section, i.e. at least 90 %, preferably at least 95 %, further
preferred at least 98 %, even more preferred at least 99 %, of the absorbent
sprayed and recycled in the second section is collected together with the absor-
bent sprayed in the first section and directly goes into the absorber sump.

The present invention also provides a device for the treatment of a flue gas

stream using absorbents based on suspensions that contain calcium com-
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pounds, wherein the device has a container, first and second spraying devices
located inside the container for spraying the absorbents, wherein the second
spraying devices are located above the first spraying devices, as well as an ab-
sorber sump and a second absorbent receptacle downstream of said absorber
sump for receiving the absorbent, wherein above the absorber sump and below
the first spraying devices a gas inlet for the flue gas stream is provided, wherein
two absorbent loops are provided, wherein in the first absorbent loop a first par-
tial stream of the absorbent is conducted directly from the absorber sump to the
first spraying devices for being sprayed, and a second partial stream of the ab-
sorbent is conducted from the absorber sump to the second absorbent recepta-
cle downstream of said absorber sump and from there to the second spraying
devices, wherein the absorbent streams sprayed in the first and second spraying
devices are conducted back into the absorber sump.

According to the present invention, the second absorbent receptacle, which is
located downstream of the absorber sump, is a container that is separated from
the absorber sump and which is in fluid connection with said absorber sump. In
the simplest embodiment, the connection between the absorber sump and the
downstream second absorbent receptacle is represented by a pipeline. The con-
nection between the absorber sump and the downstream second absorbent re-
ceptacle may, in addition, be equipped with a pump, which conducts the absor-
bent to the downstream second absorbent receptacle.

In a preferred device, the absorber sump and the second absorbent receptacle
downstream of said absorber sump have one or more supply lines for supplying
air or oxygen for the purpose of oxidation.

In another preferred device, the absorber sump has one or more supply lines for
supplying fresh absorbent based on suspensions that contain calcium com-
pounds. Particularly preferred is a device in which the absorber sump and the

second absorbent receptacle located downstream of said absorber sump each
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have one or more supply lines for supplying fresh absorbent based on suspen-

sions that contain calcium compounds.

In a preferred device, it is provided that the absorber sump and the second con-
tainer are each equipped with a supply for oxidation air and a supply for fresh

absorbent.

In another preferred device, a mist eliminator is provided above the second

spraying device.

Preferably, in the device according to the present invention, there is particularly
no separation between the first and the second spraying device, i.e. the first and
second spraying device are located within the same area of the container, so
that the absorbent sprayed in the first and second spraying device is collected
together and enters the absorber sump together.

The new method for wet desulfurization of flue gas or the new device for carrying
out said method, respectively, combines the advantages of the single-loop and
the double-loop scrubber. By separating the absorber sump, the absorbent can
be controlled at two different pH values. This means that in the first absorbent
loop the pH is below and in the second loop the pH is above the usual pH of a
single-loop scrubber, which allows for the primary tasks of the absorber to be

accomplished considerably more efficient.

At a lower pH, dissolving of the limestone is considerably faster in the first ab-
sorber sump, so that in the first absorber sump an increased dissolution occurs.
As a result, the carbonate content of the gypsum decreases and a considerably
smaller reaction volume (sump volume) has to be provided for dissolving the
limestone. In the second absorbent receptacle, which is located downstream of
the (first) absorber sump, the pH is higher than in the (first) absorber sump. The
higher pH in the downstream absorbent receptacle is already achieved by the
subsequent dissolution of the substances (limestone) in the absorbent that is
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coming from the absorber sump. Preferably, in the downstream absorbent recep-
tacle, the pH can additionally actively be adjusted to a higher value as compared
to the pH inside the first loop or the absorber sump, respectively. The higher pH
in the downstream absorbent receptacle or in the second loop, respectively,
causes the SO, absorption to be carried out considerably more efficient. The
positive influence of the increased pH of the absorbent in the second loop is es-
pecially noticeable in the fine-cleaning section of the flue gas, for which reason
the upper spray levels are supplied from the second absorbent receptacle.

A further advantage of the present invention is that it is not necessary to install a
collection device for the scrubbing suspension or the absorbent in the absorber,
respectively, so that the flue gas can stream through the absorber without hin-
drance. Thereby, pressure loss is decreased and a more even distribution of the
flue gas across the cross section is possible. This also leads to an enhanced

overall cleaning.

In the method according to the invention the flue gas is sprayed with absorbent
in the first section and in the following second section. According to the inven-
tion, the pH of the absorbent sprayed in the first section is lower than the pH of
the absorbent sprayed in the second section. The absorbent sprayed in the first
and second sections is collected together and enters the absorber sump togeth-
er. In contrast to the double-loop process described in the prior art, the absor-
bent which is sprayed in the second loop or sprayed by the second spraying de-
vices, respectively, is, according to the invention, not collected and discharged
separated from the absorbent which is sprayed in the first loop or sprayed by the
first spraying devices, respectively. This means that, according to the present in-
vention, the absorbent sprayed in the first and second section enters the ab-
sorber sump together and is mixed therein.

Advantageously and preferably, the two absorbent receptacles, the absorber

sump and the downstream absorbent receptacle are provided with agitators.
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By separating the absorber sump into two stirrer tanks that are connected in se-
ries, the total volume can be reduced considerably, maintaining the efficiency of
the sump, so that the added volume of the two sumps is lower than the volume
of a conventional single-loop scrubber. Despite this reduction of the sump vol-
ume, the effective dwell time of the substances that are important in terms of
process engineering (limestone, gypsum) can be maintained and even systemat-
ically be controlled independently of each other.

By over-dimensioning the second absorbent receptacle, it is possible to omit the
storage tank for an emergency draining of the power plant, which leads to further
cost advantages. The storage tank for an emergency draining is seldom used
and in case of an inspection it receives the content of the absorber to allow for
re-using the absorbent when the facility will be started afterward. When employ-
ing the method of the present invention, in which two receptacles for the absor-
bent, i.e. the absorber sump and the downstream absorbent receptacle, are
used, the storage tank for an emergency draining is not needed, since the sec-
ond sump could remain filled by using a valve between the two sumps. Excess
liquid might, if necessary, be disposed of.

Additionally, the above-described technology of a flue gas desulfurization plant
(FDG plant) having two absorbent receptacles may be retrofitted in existing
plants. If the absorber sump of an existing plant is dimensioned too small and an
additional spray level is to be retrofitted, the total separation efficiency of the
plant can additionally be increased by installing a second absorbent receptacle.

Figure 1 shows a device for the treatment of a flue gas stream. The flue gas
scrubber depicted in the figure has a container 1, in the base of which an ab-
sorber sump 4 is formed. Above the absorber sump 4, said container 1 is provid-
ed with an inlet 6 for a gas to be treated. In order to establish a first scrubbing
stage, a first spraying device 2, schematically depicted in the figure, is provided
spaced apart from the surface of the absorber sump 4. The absorbent from the

absorber sump 4 is circulated using one or more pumps 9.



WO 2017/037076 PCT/EP2016/070439

-10 -

Above the first spraying device 2 a second spraying device 3 is located. The
spraying devices 2, 3 may have one or more spray levels, wherein in the figure
two spray levels for the first spraying device 2 and two spray levels for the sec-
ond spraying device 3 are depicted. The second spraying device 3 is supplied
with an absorbent which is circulated by way of the second absorbent receptacle
5, one or more pumps 10, the second spraying device 3, the absorber sump 4
and a connection line 18 to the second absorbent receptacle 5. Above the sec-
ond spraying device 3, a mist eliminator 19 is located which separates the liquid
that was carried away by the gas and reintroduces it to the process, i.e. the sep-
arated liquid enters the absorber sump 4. Accordingly, the gas is demisted.

In the embodiment shown in the figure, the absorber sump 4 and the second ab-
sorbent receptacle 5 are fed with fresh alkali-containing absorbent suspension
via the supply lines 11, 12 when the desulfurization is carried out. The absorber
sump 4, as well as the second absorbent receptacle 5, are provided with one or
more agitators 7, 8.

For the generation of gypsum, the absorber sump 4 and the second absorbent
receptacle 5 are additionally fed with oxidation air via the supply lines 15, 16.
The gypsum-containing suspension is withdrawn from the absorber sump 4 and
from the second absorbent receptacle 5 at position 13 and 14, respectively. The

treated gas is withdrawn at the top of container 2 via a gas outlet connector 17.
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List of Reference Signs

container

first spraying device

second spraying device

absorber sump

absorbent receptacle

inlet for flue gas

agitator (of the absorber sump)
agitator (of the absorbent receptacle)
pump (1% loop)

pump (2™ loop)

- == ©O© 0o N O o A W0 DD =

- O

supply line for calcium-containing absorbent (to absorber sump)

—_
N

supply line for calcium-containing absorbent (to absorbent receptacle)

—_
w

withdrawal outlet for gypsum (from the absorber sump)

—
o

withdrawal outlet for gypsum (from the absorbent receptacle)

—_
(6}

supply line for oxidation air (to absorber sump)

—_
»

supply line for oxidation air (to absorbent receptacle)

—
~J

gas outlet connector

—_
oo

connection line between absorber sump and absorbent receptacle

—_
©

mist eliminator
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Claims

1. A method for the treatment of a flue gas stream for reducing the SOy con-
tent in said flue gas by using absorbents based on suspensions that con-
tain calcium compounds, wherein the flue gas initially streams through a
first section and then through a second section of a flue gas scrubber,
wherein the flue gas is sprayed with absorbent in the first section and in the
following second section, characterized in that the pH of the absorbent
sprayed in the first section is lower than the pH of the absorbent sprayed in
the second section, and that the absorbent sprayed in the first and second
section is collected together.

2. The method according to claim 1, characterized in that the pH of the ab-
sorbent sprayed in the first section is from 4.5 to 5.9, and the pH of the ab-
sorbent sprayed in the second section is from 5.0 to 6.8.

3.  The method according to claim 1 or 2, wherein, in a first loop, the flue gas
in the flue gas scrubber is sprayed with absorbent in a first section of the
flue gas stream, the absorbent then enters an absorber sump and a first
partial stream of the absorbent is conducted directly from the absorber
sump to the first section of the flue gas scrubber in order to be sprayed
again, characterized in that said method contains a second absorbent
loop, wherein a second partial stream of the absorbent is conducted from
the absorber sump into a second absorbent receptacle downstream of said
absorber sump, and subsequently sprayed in the second section of the flue
gas stream, and the absorbent reenters the absorber sump together with

the absorbent that was sprayed in the first section.

4. The method according to any one of claims 1 to 3, characterized in that
the flue gas scrubber has spraying devices for spraying the absorbents, as
well as an absorber sump for receiving the absorbent, wherein the flue gas
streams through the flue gas scrubber from bottom to top and is sprayed
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with absorbent that is sprayed by first spraying devices and by second
spraying devices, the absorbent then enters the absorber sump and a first
partial stream of the absorbent is conducted directly from the absorber
sump into the flue gas scrubber in order to be sprayed,

wherein a second partial stream of the absorbent is conducted from the
absorber sump into a second absorbent receptacle downstream of said ab-
sorber sump, then sprayed inside the flue gas scrubber using the second
spraying devices and then reenters the absorber sump,

wherein the second spraying devices are located above the first spraying
devices and, with regard to the flue gas stream, downstream of said first

spraying devices.

5.  The method according to claim 4, characterized in that the pH of the ab-
sorbent sprayed in the first spraying devices is lower than the pH of the ab-
sorbent that is sprayed in the second spraying devices.

6. The method according to claim 4 or 5, characterized in that the pH of the
absorbent sprayed in the first spraying devices is from 4.5 to 5.9, and the
pH of the absorbent sprayed in the second spraying devices is from 5.0 to
6.8.

7. The method according to any one of claims 3 to 6, characterized in that
the pH of the absorbent in the absorber sump is lower than the pH of the
absorbent in the downstream second absorbent receptacle.

8. The method according to any one of claims 3 to 7, characterized in that
the pH of the absorbent in the absorber sump is from 4.5 to 5.9, and the pH
of the absorbent in the second absorbent receptacle is from 5.0 to 6.8.

9. The method according to any one of claims 3 to 8, characterized in that
air or oxygen is fed into the absorber sump and into the second absorbent
receptacle downstream of said absorber sump for the purpose of oxidation.
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The method according to any one of claims 3 to 9, characterized in that
fresh absorbent based on suspensions that contain calcium compounds is
fed continuously or discontinuously into the absorber sump.

The method according to any one of claims 3 to 9, characterized in that
fresh absorbent based on suspensions that contain calcium compounds is
fed continuously or discontinuously into the absorber sump and into the
second absorbent receptacle downstream of said absorber sump.

The method according to any one of claims 3 to 8, characterized in that
fresh absorbent based on suspensions that contain calcium compounds is
fed continuously or discontinuously into the absorber sump and into the
second absorbent receptacle downstream of said absorber sump, as well
as air or oxygen for the purpose of oxidation.

A device for the treatment of a flue gas stream using absorbents based on
suspensions that contain calcium compounds, wherein the device has a
container, first and second spraying devices, located inside said container,
for spraying said absorbents, wherein the second spraying devices are lo-
cated above the first spraying devices, as well as an absorber sump and a
second absorbent receptacle downstream of said absorber sump for re-
ceiving said absorbent, wherein a gas inlet for the flue gas stream is pro-
vided above the absorber sump and below the first spraying devices,
characterized in that two absorbent loops are provided, wherein, in the
first absorbent loop, a first partial stream of the absorbent is conducted di-
rectly from the absorber sump to the first spraying devices in order to be
sprayed, and a second partial stream of the absorbent is conducted from
the absorber sump to the second absorbent receptacle downstream of said
absorber sump and from there to the second spraying devices, wherein the
absorbent streams sprayed in the first and second spraying devices are
conducted back into the absorber sump.
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The device according to claim 13, characterized in that the second absor-
bent receptacle, located downstream of the absorber sump, for receiving
the absorbent is a container that is separated from the absorber sump and
which is in fluid connection therewith, and wherein, preferably, the absorber
sump and the second container are each provided with a supply for oxida-
tion air and with a supply for fresh absorbent.

The device according to claim 13 or 14, characterized in that a mist elimi-

nator is provided above the second spraying device.
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