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(57) Abstract: Method for use when beating an electro filter (203) comprising at least one emission electrode (207) and at least one
precipitation electrode (206), past which precipitation electrode (206) a first gas to be cleaned from particles is caused to stream in a
downstream direction (204) in one or several gas passages (208). The invention is characterised in that a stream (210) of a second
gas temporarily is applied in the or those gas passages (208) for the first gas that pass the said precipitation electrode (206) while the
beating of the precipitation electrode (206) is ongoing, and in that the stream (210) of the second gas is applied from a position
downstream of the precipitation electrode (206) and so that it streams in an upstream direction, counter-current to the stream of the
first gas, and thereby counteracts the stream of the first gas past the precipitation electrode (206).
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Method and device for beating an electrofilter

The present invention relates to a method and a device for
reducing the emission of particles from an electro filter.
More particularly, the invention relates to a method for
reducing the redispersion of particles when beating a precip-

itation electrode in an electro filter.

Flue gases from many industrial processes comprise particu-
late pollutants. For example, this is the case for different
types of combustion. In order to separate such pollutants,
conventionally so called electro filters are used, that use
an electric field between an emission electrode and a precip-
itation electrode to make particles travel to and be captured

by the emission electrode.

This precipitation electrode must regularly be cleansed from
collected dust, which can be done by so called beating. Here-
by, the precipitation electrode is caused to vibrate, using a
hammer or the like, whereby the dust is released and by grav-
ity falls down into a dust recipient arranged under the elec-

trode, for further treatment or removal.

One problem 1is that temporary increases of dust emissions
arise during the beating, since dust that is released from
the precipitation electrode is redispersed in the flue gas
streaming past. This is in particular a problem during beat-
ing of the last precipitation electrode in an electro filter
device comprising several precipitation electrodes arranged
in series, since there is then no additional downstream pre-
cipitation electrode that can capture the particles redis-
persed during beating of this last precipitation electrode.

The part of the total dust emission originating from dust
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that is redispersed during beating can amount to as much as

about 15 to 20 % of the total dust emissions.

In order to solve this problem, it has been proposed to iso-
late a precipitation electrode from the flue gas stream while
the beating of the electrode in question is performed, for
instance using doors that quickly can be lowered from the
ceiling on either side of the electrode. Such solutions are
complicated, and increase both the investment costs as well
as the operating costs for electro filter systems. Moreover,
they entail moving parts in the filter part itself, which

results in expensive maintenance work.

The present invention solves the described problems.

Hence, the invention relates to a method for use when beating
an electro filter comprising at least one emission electrode
and at least one precipitation electrode, past which precipi-
tation electrode a first gas to be cleaned from particles is
caused to stream in a downstream direction in one or several
gas passages, and 1is characterised in that a stream of a
second gas temporarily is applied in the or those gas passag-
es for the first gas that pass the said precipitation elec-
trode during the beating of the precipitation electrode, and
in that the stream of the second gas is applied from a posi-

tion downstream of the precipitation electrode and so that it

streams in an upstream direction, counter-directed to the

stream of the first gas, and thereby counteracts the stream

of the first gas past the precipitation electrode.

In the following, the invention will be described in detail,
with reference to exemplifying embodiments of the invention

and to the enclosed drawings, in which:
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Figure 1 is a cross-sectional top view of a conventional
electro filter;

Figure 2 1is a cross-sectional top view of an electro filter
to which a method according to the present invention can be
applied;

Figure 3 is a top view of the electro filter shown in figure
2;

Figure 4 is a detail cross-sectional side view of the electro
filter shown in figure 2;

Figure 5 is a detail cross-sectional front view of the elec-
tro filter shown in figure 2; and

Figure 6 is a detail view corresponding to the one shown in
figure 5, but displaying an alternative embodiment according

to the present invention.

Figure 1 shows a source 101 for polluted flue gases. The
source 101 can be an industrial combustion process for fossil
fuels, a chemical process or the like. The flue gases, com-
prising particulate pollutants, are led via a conduit 102 to
a particle separator in the form of a conventional electro
filter 103. An electrical field is applied between a number
of emission electrodes 107 and a number of precipitation
electrodes 106. Particles that are conveyed in the main flow
direction 104 of the electro filter 103 are charged in this
electrical field, and travel to and are collected at the

precipitation electrodes 106.

The precipitation electrodes 106 are arranged in the form of
parallel, flat pieces of sheet metal forming between them
parallel, elongate gas passages 108 through the electro fil-
ter 103. The emission electrodes 107 are arranged in these
gas passages 108, between the precipitation electrodes 107.
In figure 1, five parallel gas passages 108 are shown, but it

is realized that the number may vary between only one gas
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passage to a very large number, depending on the embodiment
details. Furthermore, there can be several floors of gas

passages above one another, perpendicularly to the plane

shown in figure 1.

The precipitation electrodes 106 are cleaned from collected
dust using beating, whereby a hammer or the 1like during a
certain time period causes the electrode in question to os-
cillate so that the dust thereby is released from the elec-
trode and falls down into a collecting tray or the 1like,

arranged under the electrode.

The gas flow through a typical electro filter 103 maintains a
velocity of about between 0.5 and 2 m/s. Therefore, a certain
share of the released dust has time to be redispersed in the
flue gas flow before the dust reaches the collecting tray.
This 1is especially problematic during beating of the most
downstream arranged precipitation electrodes, that is the
rightmost arranged precipitation electrodes in figure 1,
since the dust redispersed there cannot be separated using an
additional downstream arranged electrical field and associat-
ed precipitation electrodes, but follows the purified flue

gases out through the exit 105.

Using common reference numbers, in figures 2 and 3, respec-
tively, 1is shown, in cross-sectional top views, an electro
filter 203 comprising a device according to the present in-
vention for limiting the redispersion of particles during
beating of the electro filter 203. In a way corresponding to
that shown in figure 1, a source 201 of polluted gases emits
particle-containing flue gases that are led through a conduit
202 to the electro filter 203. The electro filter 203 fur-
thermore comprises a number of emission electrodes 207 and a

number of precipitation electrodes 206, between which paral-
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lel gas passages 208 for flue gases are formed. The flue
gases are led through the electro filter 203 in the main flow
direction 204 of the electro filter 203, and finally out
through an exit 205.

According to the invention, the device comprises a control
device 216 and a number of blowing means 221 for application
of a counter-directed gas stream at the precipitation elec-
trodes 206. These blowing means comprise nozzles 209 for a
gas and supply conduits 219 for supply of gas to the nozzles

209, which is most clearly illustrated in figures 4 and 5.

The nozzles 209 are arranged downstream of the most down-
stream arranged precipitation electrode in the electro filter
203, and so that a stream 210 of a gas streaming out from the
nozzles streams from this position downstream of the precipi-
tation electrodes 206 and in an upstream direction, which
direction is counter-directed to the direction 204 in which
the flue gases stream through the electro filter 203 through
the gas passages 208. Thereby, the stream of the flue gases

past the precipitation electrode is counteracted.

According to the invention, the control device 216 is ar-
ranged to temporarily direct gas to each of the blowing means
221 only during the time when beating is performed of the
precipitation electrode downstream of which the respective
blowing means is arranged, so that the counter-directed gas
stream from the blowing means in question is applied in that
or those gas passages that run past the precipitation elec-

trode which for the moment is being beaten.

In figure 2, the nozzles 209 are illustrated arranged essen-
tially centrally in each parallel gas passage 208 which is

formed between the respective precipitation electrodes 206,
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and the counter-directed stream 210 of gas is applied across
essentially the whole width of the gas passage 208. However,
it 1is realized that the nozzles 209 can be positioned in
other ways, and that several nozzles can be arranged abreast
of each other in each gas passage, as long as the temporary
counter-directed flow according to the invention can be
achieved during the beating of the precipitation electrodes
206. Moreover, the blowing means 221 can be designed in other
ways than using nozzles 209, in order to apply a stream of
gas to the gas passages 208, such as with elongate slits or
the like, as long as such a counter-directed gas stream is

achieved. See below for a more detailed discussion on this.

As 1s clear from figure 3, and according to a preferred em-
bodiment, the blowing means 221 are fed with a share of the
gas that has already past, and thereby has been purified in,
the electro filter 203. In this case, the gas is led through
a supply conduit 217 from the exit 205, possibly after addi-
tional purification- or other processing steps of the flue
gas, via the control device 216, to the blowing means 221.
The system of conduits and the connection between the control
device 216 and the blowing means 221 can of course be ar-
ranged in other ways, as long as the control device 216 can
achieve a control of the gas flow from each of the blowing

means 221 to the respective gas passages 208.

According to another preferred embodiment, filtered atmos-
pheric air is instead used as the gas supplied through the
blowing means 221. In case this is possible, it is preferred
to use purified flue gas, since it is then often possible to
avoid an increase of the gas flow and cooling of the gas. The
latter can also result in precipitation of water or acid, and
corrosion. Moreover, expensive filter devices for atmospheric

air can be avoided.
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It is preferred that the control device 216 is arranged to
control the blowing means 221 to achieve the counter-directed
gas stream in the gas passages surrounding a certain precipi-
tation electrode during the whole time of beating of the
electrode in question. Hence, there is a synchronization
between the beating mechanism and the achievement of the
counter-directed gas stream, preferably arranged as a connec-—
tion (not shown) between the beating mechanism (not shown

either) and the control device 216.

Using the counter-directed gas stream around a precipitation
electrode which is beaten, it is achieved that particles that
are released from the precipitation electrode will not be
able to be redispersed in the flue gas stream and to continue
downstream. Instead, the gas cushion formed by the counter-
directed gas stream temporarily limits the velocity of the
flue gas stream past the precipitation electrode which is
being beaten, and a larger share of the dust leaving the
electrode in question can fall down for collection under the

electrode.

It is preferred that the gas cushion is designed so that the
velocity of the flue gas stream is limited in the whole of
the or those channels that is or are adjacent to the beaten

precipitation electrode.

According to a preferred embodiment, the counter-directed gas
stream is maintained during a shorter time period, preferably
between 2 and 10 seconds, after the beating of the respective
precipitation electrode has ceased. Thereby, also smaller
particles will have the time to fall down sufficiently far in
order not to be redispersed when the counter-directed gas

stream ceases.
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As 1s illustrated in figure 2, and according to a preferred
embodiment, the or those precipitation electrodes at which
the counter-directed gas stream or streams are achieved are
part of an electro filter step 218, denoted in figure 2 using
a broken-line bubble, which in turn constitutes the most
downstream arranged of several series-connected electro fil-
ter steps. The term “electro filter step” herein refers to a
series of parallel-connected precipitation electrodes in an
electro filter, between which flue gases are arranged to
stream in a parallel flow. Hence, an electro filter step can
comprise only one precipitation electrode or several such
precipitation electrodes, in the latter case arranged abreast

of and/or above one another.

In case several precipitation electrodes are arranged in
parallel in an electro filter step 218 which is to be beaten,
and which 1is to be provided with a counter-directed gas
stream according to the invention during the beating, it 1is
preferred that the precipitation electrodes in the said elec-
tro filter step 218 are beaten in turns, preferably one at a
time, and that respective counter-directed gas streams are
temporarily applied only to that or those gas passages 208
that surround each respective precipitation electrode 206 in
the electro filter step which is beaten at the moment. This
results in that the total flow of flue gases through the
electro filter 203 is not affected more than to a limited
extent, because of the counter-directed gas streams at only
one or a few of the precipitation electrodes past which the
gas streams. Hence, the operation of the electro filter 203
is only disturbed to a limited extend as a consequence of the

beating.
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According to a preferred embodiment, the counter-directed gas
stream from the blowing means 221 is sufficiently powerful to
achieve that essentially no particles that during beating
have been released from the precipitation electrode at which
the counter-directed gas stream is applied can be transported
downstream, as a result of the gas stream in combination with
pressure waves from the beating of the precipitation elec-
trode, against the counter-directed gas stream, while the

beating is ongoing.

The smallest gas pressure which is required to achieve this

~varies with the specific embodiment, but it is possible to

determine this using empirical tests. The source of the gas
which is applied by the blowing means 221 is hence preferably
pressurized, for instance using a conventional fan or com-
pressor (not shown). An advantage with the present invention
is that the gas source can be pressurized by conventional,
robust and cost-efficient fans, since the pressure required
to achieve the herein described gas cushions as a rule is

relatively low.

Figure 4 schematically shows a side view of a precipitation
electrode 206, arranged between the ceiling 211 and the floor
212 of the electro filter 203.

According to a preferred embodiment, which is most clearly
illustrated in figqgures 3 and 4, the control device 216 pro-
vides the blowing means 221 with gas via a supply conduit 215
and a distribution conduit 214. The distribution conduit 214
distributes the gas to the various distribution conduits 219,
each of which provides gas to the nozzles 209 in a respective
parallel gas passage 208. In order to control the gas to
different blowing means 221, as described above, control

means (not shown) controlled by the control device 216 can be
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installed in the distribution conduit 214, the supply con-
duits 219 or at the nozzles 209, alternatively several dis-
tribution conduits 214 can be connected to the control device
216 with an individual control. Alternatively, each supply
conduit 219 can also be individually connected to the control

device 216.

The nozzles 209 are arranged along the whole or essentially
the whole of the part, perpendicularly to the flow direction
204 of the flue gases, of the precipitation electrode 206
past which the flue gas stream passes in the gas passage 208
to which the precipitation electrode 206 constitutes a wall.
In other words, the nozzles 209 are distributed along the
supply conduit 219 so that the gas stream applied by the
nozzles covers essentially the whole vertical downstream
arranged side edge of the precipitation electrode 206, so
that the resulting air cushion limits the flow velocity of
the flue gases along the whole downstream arranged terminat-
ing section of the precipitation electrode 206. It is pre-
ferred that the counter-directed gas stream is applied along
the whole height of the or those gas passages 208 that sur-
round the precipitation electrode. Moreover, it is preferred
that the nozzles 209 are arranged equidistantly and so close
together so that a connected or essentially connected air
cushion 1is formed along the whole downstream terminating

section of the precipitation electrode 206.

The corresponding is true if the blowing means 221 are de-
signed in another way than with a series of nozzles 209,
Hence, for instance an elongate slit can be used in the sup-
ply conduit 219, which then gives rise to a corresponding,

connected vertical air cushion.
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Such a design makes it possible for released particles to
efficiently be prevented from being redispersed in the flue
gas stream along the whole length of the precipitation elec-

trode 206.

According to an especially preferred embodiment, illustrated
in figures 4 and 5, at least one of the blowing means 221,
preferably all blowing means 221, is or are connected to the
distribution conduit 214 using a flexible connection 220. The
connection between the blowing means 221 and the distribu-
tions conduit 214 in this case runs through a lead-through
213 in the cover of the electro filter 203, preferably
through its ceiling 211. Thereby, the advantages of the de-
vice according to the present invention arranged inside the
electro filter 203, that is the supply conduit 219 and the
nozzles 209 in the embodiment illustrated in figure 4, move
independently of the parts of the device according to the
present invention that are arranged outside of the cover of
the electro filter 203, hence in figure 4 the conduit system

214, 215, 216, the control device 216, etc.

In other words, several blowing means 221 are connected,
using such flexible connections 220, to a main distribution
device, comprising the distribution conduit 214, which is
arranged outside of the cover of the electro filter 203. The
main distribution device is in turn, via the control device
216, connected to a central source for the gas to be supplied
through the blowing means 221. This achieves a cheap and
robust construction which is not negatively affected by rela-
tive motions arising as a result of varying operation temper-

atures inside the electro filter 203.

Moreover, in this case at least all active or moving parts of

the control system for supplying the counter-directed gas



10

15

20

25

30

WO 2014/007741 PCT/SE2013/050842

12

stream to the correct gas passages 208, in figure 4 that is
the control device 216 as well as at least the parts of the
remaining conduits 215, 217 that comprise control drives,
controllable valves or the like, as well as preferably also
active components such as compressors, fans and the like for
achieving compressed gas, etc., are arranged outside of the
cover of the electro filer 203, preferably on top of the roof
211 of the electro filter 203. It is especially preferred
that the parts of the supply system for the counter-directed
gas flow which are arranged inside the electro filter 203 are
completely constituted by passive components with no moving
parts. Such an arrangement admits simple and cheap mainte-
nance of the system, since the parts normally requiring
maintenance are arranged so that the cover of the electro

filter 203 needs not be opened or demounted for access.

According to a preferred embodiment, the precipitation elec-
trodes 206 are in the form of vertical pieces of sheet metal,
and the supply conduits 219 extend vertically along the pre-
cipitation electrodes 206. Such an arrangement admits an
uncomplicated but efficient construction. Figure 5 illus-
trates a first preferred embodiment, in which the blowing
means 221 in order to apply the counter-directed gas stream
are arranged 1in parallel with the precipitation electrodes
206 and centrally arranged in each respective gas passage 208
between the precipitation electrodes 206. Hence, each blowing
means 221 achieves a counter-directed gas stream creating a
gas cushion along the two respective sides of the precipita-
tion electrodes 206 surrounding each respective gas passage
208. During beating of a certain precipitation electrode, the
two blowing means that are arranged on each side of the pre-
cipitatiocn electrode in question are hence caused to be acti-

vated during the beating.
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An alternative or supplementary embodiment is illustrated in
figure 6, which is similar to the embodiment illustrated in
figure 5. 304 illustrates the main flow direction of the flue
gas stream. In contrast to in fiqure 5, in figure 6 the blow-
ing means 321 for application of the counter-directed gas
streams are arranged in the extension of a respective precip-
itation electrode 306 each in the direction 304. Hence, the
counter-directed gas stream achieved by each blowing means
321 will be present on both sides of the respective precipi-
tation electrode 306, whereby only one blowing means 321
needs to be activated during the beating of a certain precip-

itation electrode.

Hence, the present invention achieves, using simple and cheap
means, a robust system for decreasing the emissions of par-
ticulate pollutants from electro filters. Moreover, an exist-
ing electro filter can easily be supplemented with a redis-
persion decreasing device according to the present invention,
and thereby achieve the said emission decrease without having
to replace or to large parts rebuild the existing electro
filter, which often requires large investments in additional

electrical systems.

Above, preferred embodiments have been described. However, it
is apparent to the skilled person that many modifications can
be made to the described embodiments without departing from

the basic idea of the invention.

For instance, the counter-directed gas stream can be achieved
in other ways than using nozzles or slits, as long as a coun-
ter-directed gas stream is achieved around an precipitation
electrode which is being beaten, so that the redispersion of

released particles decreases or is prevented.
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Moreover, the blowing means can be designed with nozzles,
slits or the corresponding, arranged to apply a counter-
directed gas stream with different force at different heights
along the downstream arranged terminating section of the
beaten precipitation electrode. For instance, a more powerful
gas cushion can be achieved further down along the precipita-
tion electrode, which results in that a better protection to
redispersion can be achieved near the bottom of the precipi-
tation electrode, where the density of released particles is

higher than close to the upper parts of the precipitation

electrode.

In a corresponding way, the counter-directed gas stream can
be maintained during a more extended time period at positions
further down along the beaten precipitation electrode as
compared to positions further up, so that smaller particles
are prevented from redispersing at the same time as the flue
gas stream 1s again allowed to pass at an earlier time fur-
ther up along the precipitation electrode, where the density

of released particles is lower.

Moredver, other precipitation electrodes, except the most
downstream arranged ones, can also be subjected to a counter-
directed gas stream while the beating of such precipitation

electrodes is ongoing.

Hence, the invention is not to be limited by the described
embodiments, but can be varied within the scope of the en-

closed claims.
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C L A I M S

1. Method for use when beating an electro filter (203) com~
prising at least one emission electrode (207) and at least
one precipitation electrode (206), past which precipitation
electrode a first gas to be cleaned from particles is caused
to stream in a downstream direction (204) in one or several
gas passages (208), where a stream (210) of a second gas is
caused to be temporarily applied in the or those gas passages
(208) for the first gas that pass the said precipitation
electrode (206) while the beating of the precipitation elec-
trode (206) 1is ongoing, and where the stream (210) of the
second gas is caused to be applied from a position downstream
of the precipitation electrode (206) and so that it streams
in an upstream direction, counter-directed to the stream of
the first gas and thereby counteracting the stream of the
first gas past the precipitation electrode (206), char -
acterised i n that the stream of the second gas is
caused to be applied using at least one blowing means (221)
centrally arranged in a respective gas passage (208) between

the precipitation electrodes (206).

2. Method according to c¢laim 1, characterised
i n that the second gas is constituted by a share of the

first gas which has already passed the electro filter (203).

3. Method according to any one of the preceding claims,
characterised in that the precipitation elec-
trode (206) is a part of an electro filter step (218) which
in turn constitutes the most downstream arranged of several

series-connected electro filter steps.

4. Method according to any one of the preceding claims,

characterised in that the precipitation elec-
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trode (206) is a part of an electro filter step (218) com-
prising several arranged precipitation electrodes arranged in
parallel and that are beaten in turns, and in that a respec-
tive stream or several respective streams (210) of the second
gas 1s or are caused to temporarily be applied to the or
those gas passages (208) that surround each respective pre-

cipitation electrode which is being beaten at the moment.

5. Method according to any one of the preceding claims,
characterised in that the stream (210) of the
second gas 1is sufficiently powerful so that essentially no
particles that have been beaten off from the precipitation
electrode (206) as a result of the stream of the first gas in
combination with pressure waves from the beating of the pre-
cipitation electrode (206) while the beating is ongoing will
be able to be transported downstream, against the stream

(210) of the second gas.

6. Method according to any one of the preceding claims,
characterised i n that the electro filter (203)
is an existing electro filter which is supplemented with a
control device (216) and blowing means (221) in order to

achieve the said stream (210) of the second gas.

7. Device for limiting the redispersal of particles when
beating an electro filter (203), which electro filter (206)
comprises at least one emission electrode (207) and at least
one precipitation electrode (206), past which precipitation
electrode (206) one or several gas passages (208) are ar-
ranged to lead a first gas to be cleaned from particles,
where the device comprises a control device (216) and at
least cne blowing device (221) for applying a stream (210) of
a second gas, from a position downstream of the precipitation

electrode (206) in the or those gas passages (208) for the



WO 2014/007741 PCT/SE2013/050842

17

first gas that pass the said precipitation electrode (206),
where the blowing means (221) is arranged to apply the stream
(210) of the second gas so that it streams in an upwards
direction, counter-directed to the stream of the first gas,
and where the control device (216) is arranged to control the
said blowing means (221) to temporarily apply the said stream
(210) of the second gas while the beating of the precipita-
tion electrode (206) 1is ongoing, characterised
i n that the blowing means (221) is centrally arranged in a
respective gas passage (208) between the precipitation elec-

trodes (206).

8. Device according to claim 7, echaracterised
i n that the precipitation electrode (206) is a part of an
electro filter step (218) which in turn constitutes the most

downstream arranged of several series connected electro fil-

ter steps.

9. Device according to claim 7 or 8 echaracter -
ised in that the precipitation electrode (206) is a
part of an electro filter step (218) comprising several pre-
cipitation electrodes, arranged in parallel, that are beaten
in turns, and in that the control device (16) is arranged to
control one or several respective of said blowing means (221)
to temporarily apply a respective stream or respective
streams to the or those gas passages (208) that surround each
respective precipitation electrode (206) which is being beat-

en at the moment.

10. Device according to any one of claims 7-9, eharac-
terised i n that at least one of said blowing means
(221) is arranged to apply the stream (210) of the second gas
along substantially the whole part, perpendicularly to the
flow direction (204) of the first gas, of the precipitation
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electrode (206) past which part the first gas passes in the
gas passage (208).

11. Device according to any one of claims 7-10, charac-
terised in that at least one of said blowing means
(221) 1is connected, using a flexible connection (220), to a
main distribution device (214) arranged outside of the elec-
tro filter (203), and in that the main distribution device

{214) is connected to a central source of the second gas.

12. Device according to claim 10 or 11, character-
ised i n that the precipitation electrodes (206) are in
the form of vertical pieces of sheet metal, and in that at
least one of the blowing means (221) extends vertically, in

parallel to and between the precipitation electrodes (206).

13. Device according to any one of claims 7-12, charac-
terised in that at least one of the blowing means
(221) comprises a plurality of nozzles (209), arranged one
next to the other, for distributing the stream (210) of the

second gas.

14. Device according to any one of claims 7-12, charac-
terised in that at least one of the blowing means
(221) comprises an elongated slit for distributing the stream

(210) of the second gas.

15. Filtering device for separating particulate pollutants
from a gas, characterised in that the filtering
device comprises an electro filter (203) as well as a device
according to any one of claims 7-14 for limiting the redis-
persal of the particulate pollutants that are captured by the
said electro filter (203) during beating of at 1least one

precipitation electrode (206) in the electro filter (203).
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