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(57) Abstract: The present invention relates to a method for scrubbing gas in a cascade-type wet scrubber. In the method gas to be
cleaned and containing dust and tfine impurities is led into a gas distribution chamber (13) of the cascade scrubber (10) through an
inlet channel (11). From the gas distribution chamber (13) the gas is led downward through vertical cascade tubes (16) to a water
tank (14) from which the purified gas is led to a droplet separator. According to the invention pressurized washing liquid is sprayed
through spray nozzles (20, 21, 22) to the gas to be cleaned before and/or after said gas is discharged from the cascade tubes (16).
The present invention relates also to a cascade scrubber (10).
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Method for scrubbing gas in a cascade-type wet scrub-

ber and a cascade scrubber

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a method for scrub-

bing gas in a cascade-type wet scrubber.

Further, the invention relates to a cascade scrubber

utilizing the method.

BACKGROUND ART

The operating principle of a cascade scrubber is known
in prior art. Gas containing dust and fine impurities
shall be cleaned and scrubbed and it is led into a gas
distribution chamber in the upper section of the cas-
cade scrubber. A tank or reservoir containing gas
scrubbing water is arranged below the gas distribution
chamber in the lower section of the cascade scrubber.
The gas scrubbing water is discharged from the bottom
or lower part of the tank. Vertical cascade tubes are
arranged in the cascade scrubber, and each of said
cascade tubes comprises an inner tube opening to the
gas distribution chamber from below and extending
downwards approximately onto the surface level of the
water in the tank below the gas distribution chamber.
An outer tube is arranged around the lower portion of
the inner tube, and said outer tube is immersed in the
water so that the upper end of the outer tube extends

a short distance above the water level. The outer tube
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is open in both directions, i.e. upwards and down-
wards, and the upper end of the outer tube is bent in-
wards at a short distance. The outer tube is fixed to
the inner tube and at a short distance above the outer

tube there is a cover fixed on the inner tube.

From the gas distribution chamber the gas can flow on-
ly into vertical cascade tubes connected to said gas
distribution chamber. The gas 1is discharged at a high
velocity from the inner tube into the water in the
tank and the gas pushes the water surface downwards in
the outer tube in a pit. When the gas impacts onto the
water surface at a high velocity, heavier particles
contained by the gas will be mixed with water and they
will drop to the bottom of the tank. The gas which is
supplied by high pressure will take along water from
the inside of the outer tube, whereby water follows
the gas flow upwards, impacts on the cover and when it
flows off from below the cover edge an annular water
curtain 1is formed through which the gas is made to
flow, so that water will further take along smaller
particles from the gas. The gas which has gone under
the cover and through the water curtain is scrubbed
gas. Gas will be collected into a space for purified
gas and from there it 1is supplied to a duct and

through a droplet separator to a fan.

Relating to prior art cascade scrubbers reference 1is
made to publications WO 01/23071 Al and WO 2009/153404
Al.
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Cascade scrubbers are used e.g. to clean gases from a
sintering furnace, a sintering plant or a pelletizing
plant. Plant dust is collected from areas where dry
materials, mainly sintered pellets are handled. On
some occasions it has been noted that the dust content
in the plant gas is high and the particle size of the
dust is very fine resulting in weaker separation effi-
ciency of the cascade scrubber. Moving dust causes
wear when coming into contact with structures and one
considerable problem has specifically related to the
removal of general dusts. The particle size of general
dusts is very fine and these dusts are not actual pro-
cess dusts. These dusts are formed e.g. when pellets
are ground on a conveyor. This fine dust must be re-
moved so that it does not get to the environment. En-
vironmental requirements are all the time becoming
tighter and tighter and the dust contents of gases

must be kept within the set environmental limits.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
method for improving the cleaning efficiency of a cas-
cade scrubber. Further, an object of the invention is
to provide an efficient cascade scrubber using the
method. The objects of the invention are achieved by
the method and cascade scrubber characterized in the

appended claims.

In the new method gas to be cleaned and containing
dust and fine impurities is led into a gas distribu-

tion chamber of a cascade scrubber through an inlet
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channel and from the gas distribution chamber downward
through vertical cascade tubes to a water tank from
which the purified gas is led through an outlet chan-
nel to a droplet separator. In the cascade scrubber
pressurized washing liquid 1is sprayed through spray
nozzles to the gas to be cleaned before and/or after

said gas is discharged from the cascade tubes.

The new cascade scrubber comprises a gas distribution
chamber into which gas containing dust and fine impu-
rities is led through an inlet channel, a water tank
arranged below the gas distribution chamber, vertical
cascade tubes extending from the bottom of the gas
distribution chamber and through which cascade tubes
the gas is led from the gas distribution chamber to
the water tank, and an outlet channel through which
the gas 1is led to a droplet separator. The cascade
scrubber is equipped with spray nozzles through which
pressurized washing liquid is sprayed to the gas to be
cleaned before and/or after said gas 1s discharged

from the cascade tubes.

According to one aspect of the invention, spray noz-
zles are arranged 1in the cascade tubes for spraying

washing liquid downward in said cascade tubes.

According to another aspect of the invention, spray
nozzles are arranged on the walls of the gas distribu-
tion chamber for spraying washing liquid into said gas

distribution chamber.



WO 2014/102454 PCT/FI12013/051188

10

15

20

25

30

5

Additional spray nozzles can be arranged in the inlet
channel for spraying washing ligquid into the gas be-

fore said gas enters the gas distribution chamber.

Spray nozzles can also be arranged in the gas space of
the water tank and/or in the outlet channel for spray-
ing washing ligquid into the gas before said gas 1is

discharged from the scrubber.

Several advantages over prior art are attainable by
the present invention. In the invention the dust sepa-
ration efficiency has been improved by installing
spray nozzles in the cascade scrubber, said spray noz-
zles spraying a pressurized washing ligquid to the gas
to be cleaned. By this arrangement at least the fol-
lowing advantages are attainable. Additional scrubbing
stage is performed by means of nozzles. Thereby, the
performance of the gscrubber is ensured. The nozzles
are easy to replace if wearing or clogging of nozzles
is occurred and thus there is no need to open the
scrubber for maintenance. This will reduce downtime
for maintenance. Due to the enlarged gas distribution
chamber a more wuniform gas flow profile will be
achieved, reducing wearing inside the scrubber itself.
Advantages include a simple design, no moving parts

and a wide range of spray coverage.

Further advantages, characteristic features and embod-
iments of the invention will come out in more detail
in the following description of the invention, in
which the invention is described by way of examples

with reference to the accompanying drawing figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of the first embodiment of

the inventive method and cascade scrubber.

Fig. 2 1is a schematic view of another embodiment of

the inventive method and cascade scrubber.

Fig. 3 shows a detail from Fig. 1 in a greater scale.

DESCRIPTION OF THE EMBODIMENT OF THE INVENTION

In Fig. 1 the inventive cascade scrubber is generally
denoted with reference numeral 10 and in the corre-
sponding way in Fig. 2 with reference numeral 10a. The
cascade scrubber 10, 10a comprises a gas distribution
chamber 13 in the upper section of the cascade scrub-
ber. Gas containing dust and fine impurities is led
into said gas distribution chamber 13 through an inlet
channel 11. A water tank 14 is arranged below the gas
distribution chamber 13 in the lower section of the
cascade scrubber 10, 10a. Vertical cascade tubes 16
are arranged in the cascade scrubber 10, 10a, said
cascade tubes 16 extending from the bottom of the gas
distribution chamber 13 into the tank 14. The struc-
ture of the cascade tubes 16 is shown in a more de-

tailed manner in Fig. 3.

Each of said cascade tubes 16 comprises an inner tube
17 opening to the gas distribution chamber 13 from be-

low and extending downwards approximately onto the wa-
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ter level 15 in the tank 14 below the gas distribution
chamber 13. An outer tube 18 is arranged around the
lower portion of the inner tube 17, and said outer
tube 18 is immersed in the water, so that the upper
end of the outer tube 18 extends a short distance
above the water level 15. The outer tube 18 is open in
both directions, i.e. upwards and downwards, and the
upper end of the outer tube 18 is bent inwards at a
short distance. The outer tube 18 is fixed to the in-
ner tube 17 and at a short distance above the outer

tube 18 a cover 19 is fixed on the inner tube 17.

So gas flows from the gas distribution chamber 13
downwards into the vertical cascade tubes 16 and the
gas 1s discharged at a high wvelocity from the inner
tube 17 into the water in the tank 14. The gas pushes
the water surface downwards in the outer tube 18 in a
pit. When the gas impacts onto the water surface at a
high wvelocity, heavier particles contained by the gas
will be mixed with water and they will drop to the
bottom of the tank 14. The gas which is supplied by
high pressure will take along water from the inside of
the outer tube 18, whereby water follows the gas flow
upwards, impacts on the cover 19 and when it flows off
from below the edge of the cover 19 an annular water
curtain is formed through which the gas is made to
flow. Thereby the water will further take along small-
er particles from the gas. The gas which has gone un-
der the cover 19 and through the water curtain is
scrubbed gas. Gas will be collected into a space 25
for purified gas and from there it is supplied through

an outlet channel 12 to a droplet separator.
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In the present invention, in order to improve the dust
separation efficiency spray nozzles 20, 21, 22, 23, 24
have been installed in the cascade scrubber 10, 10a.
Said spray nozzles 20, 21, 22, 23, 24 are used to
spray a pressurized washing liquid to the gas to be
cleaned. Nozzle pressure should preferably be in the
area of 3 to 30 bars. Naturally, the nozzle pressure
should be selected according to the circumstances. In
the embodiment according to Fig. 2, spray nozzles 23
are installed inside the cascade tubes 16. A pressur-
ized washing liquid is sprayed vertically downward in
the cascade tubes 16. Further spray nozzles 24 are in-
stalled in the gas space 25 of the water tank 14 and
in the outlet channel 12. In order to enhance the dust
separation efficiency, further spray nozzles can be
arranged also in the inlet channel 11 and at least on

one wall of the gas distribution chamber 13.

In the embodiment according to Fig. 1, spray nozzles
20, 22 are installed on the walls of the gas distribu-
tion chamber 13. An advantage of this embodiment is
that the enlarged gas distribution chamber 13 provides
more retention time for drops to collide with dust
particles and gas distribution is also more uniform in
the chamber 13, thereby reducing wearing inside the
scrubber 10. In this embodiment the spray nozzles 20,
22 are easy to replace if wearing or clogging of noz-
zles is occurred, whereby there is no need to open the
scrubber 10 for maintenance. Also in this embodiment
the inlet channel 11, the gas space 25 and the outlet
channel 12 can be equipped with spray nozzles 21, 24.



WO 2014/102454 PCT/FI12013/051188

10

Above, the invention has been described by way of ex-
amples with reference to the exemplifying embodiment
illustrated in the accompanying drawing. The invention
is, however, not confined to the exemplifying embodi-
ment shown in the drawing alone, but the invention may
vary within the scope of the inventive idea defined in

the accompanying claims.
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CLAIMS

1. Method for scrubbing gas in a cascade-type wet
scrubber, in which method gas to be cleaned and con-
taining dust and fine impurities is led into a gas
distribution chamber (13) of the cascade scrubber (10,
10a) through an inlet channel (11) and from the gas
distribution chamber (13) downward through wvertical
cascade tubes (16) to a water tank (14) from which the
purified gas is led through an outlet channel (12) to
a droplet separator, characterized in that in the
cascade scrubber (10, 10a) pressurized washing liquid
is sprayed through spray nozzles (20, 21, 22, 23, 24)
to the gas to be cleaned before and/or after said gas

is discharged from the cascade tubes (16).

2. Method as claimed in claim 1, characterized in
that washing liguid is sprayed vertically downward in

the cascade tubes (16).

3. Method as claimed in claim 1, characterized in
that washing liguid is sprayed to the gas inside the

gas distribution chamber (13).

4. Method as claimed in any of the preceding claims,
characterized in that washing liquid is addition-
ally sprayed to the gas in the inlet channel (11) be-

fore the gas enters the gas distribution chamber (13).

5. Method as claimed in any of the preceding claims,

characterized in that washing liguid is sprayed to
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the gas in the gas space (25) of the water tank (14)
and/or in the outlet channel (11).

6. Method as claimed in any of the preceding claims,
characterized in that washing liguid is sprayed to

the gas with a nozzle pressure of 3 to 30 bars.

7. Cascade scrubber for scrubbing gas, said cascade
scrubber (10, 10a) comprising a gas distribution cham-
ber (13) into which gas containing dust and fine impu-
rities is led through an inlet channel (11), a water
tank (14) arranged below the gas distribution chamber
(13), vertical cascade tubes (16) extending from the
bottom of the gas distribution chamber (13) and
through which cascade tubes (16) the gas is led from
the gas distribution chamber (13) to the water tank
(14), and an outlet channel (12) through which the
gas 1s led to a droplet separator, characterized
in that the cascade scrubber (10, 10a) is equipped
with spray nozzles (20, 21, 22, 23, 24) through which
pressurized washing liquid is sprayed to the gas to be
cleaned before and/or after said gas 1s discharged

from the cascade tubes (lo).

8. Cascade scrubber as claimed in claim 7, charac-
terized in that spray nozzles (23) are arranged in
the cascade tubes (16) for spraying washing ligquid

downward in said cascade tubes (1lo6).

9. Cascade scrubber as claimed in claim 7, charac-
terized in that spray nozzles (20, 22) are arranged

on the walls of the gas distribution chamber (13) for
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spraying washing liquid into said gas distribution

chamber (13).

10. Cascade scrubber as claimed in any of claims 7-9,
characterized 1in that additional spray nozzles
(21) are arranged in the inlet channel (11) for spray-
ing washing liquid into the gas before said gas enters

the gas distribution chamber (13).

11. Cascade scrubber as claimed in any of claims 7-10,
characterized in that spray nozzles (24) are ar-
ranged in the in the gas space (25) of the water tank
(14) and/or in the outlet channel (12) for spraying
washing ligquid into the gas before said gas is dis-

charged from the scrubber (10a).

12. Cascade scrubber as claimed in any of claims 7-11,
characterized in that the nozzle pressure of the
spray nozzles (20, 21, 22, 23, 24) is set to 3 to 30

bars.
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