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(57) ABSTRACT 
An electrostatic particle precipitator includes a plural 
ity of planar arrays of wire positioned in a stream of 
gas containing particles, the arrays of wire forming 
one electrode of a corona discharge device. A pair of 
endless roller chains supported by a plurality of 
sprocket wheels pass between the wire arrays. A plu 
rality of grounded metallic plates that are generally 
rectangular in shape are detachably mounted on the 
roller chains such that the longer dimension is parallel 
to the gas stream and the shorter dimension is parallel 
to the direction of the motion of the chains. The plu 
rality of plates form a moving collecting electrode. 
The moving electrode passes out of the gas stream and 
through a region wherein the individual plates are 
cleaned. The surface of the plates may include a plu 
rality of depressed and raised areas to assist in collect 
ing the particles. 

7 Claims, 17 Drawing Figures 
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MOVING ELECTRODE ELECTROSTATC 
PARTICLE PRECIPITATOR 

BACKGROUND OF THE INVENTION 
The present invention relates to electrostatic particle 

precipitators and more particularly, to a precipitator 
having a moving collecting electrode. 

Electrostatic precipitators have long been used for 
removing particles from a gas. Basically, a corona dis 
charge between a corona and a collecting electrode 
creates ions that adhere to the particles, thereby charg 
ing them. The forces resulting from the presence of 
charged particles in an electric field propel the parti 
cles to the collecting electrode. 
Those skilled in the art of electrostatic particle pre 

cipitators have long struggled with the problem of re 
moving and collecting the solid materials accumulated 
on the collecting electrode without causing the mate 
rial to be re-entrained in the gas. Stationary collecting 
electrodes that are mechanically vibrated have been 
tried, but they have a serious re-entrainment limitation 
because not all the material falls due to gravity into a 
collecting vessel. Since the electrode is in the region of 
the gas, a significant quantity of the material becomes 
entrained in the gas, thereby seriously degrading pre 
cipitator efficiency. 
Concern over re-entrainment has led to efforts to 

have a moving collecting electrode that is cleaned in a 
region outside the gas stream. Particle re-entrainment 
is thus reduced because the materials removed from 
the electrodes may not be swept into the gas stream. 
One conventional moving electrode precipitator in 

cludes an endless metallic band that passes over verti 
cally disposed sprockets to permit the band to have ap 
proximately sinuous motion. The corona electrodes are 
disposed adjacent the band. The band moves through 
a region outside the gas stream that applies a cleaning 
fluid to the band, brushes the band, dries the band and 
finally applies an adhesive to the band. 
While this moving electrode precipitator was gener 

ally successful in reducing the re-entrainment problem, 
several problems arose due to the nature of the moving 
electrode. Because of the presence of moving parts, 
there was greater chance of mechanical breakdown. 
Since the band was a single entity, the entire precipita 
tor had to be shut down if any part of the band required 
maintenance. Furthermore, the flexibility of the band 
can cause the particles to become loose where the band 
passes over the sprockets. The smoothness of the band 
also necessitates the application of an adhesive to assist 
in securing the particle to the electrode. 
Thus, a particle precipitator that would reduce re 

entrainment, while at the same time would eliminate 
the disadvantages of known moving electrode precipi 
tators, would be a valuable contribution to the art of 
precipitators. 

SUMMARY OF THE INVENTION 

There is provided in accordance with the present in 
vention an electrostatic particle precipitator that over 
comes the problems previously mentioned. More par 
ticularly, the precipitator of the type with which the in 
vention is concerned includes a plurality of planar ar 
rays of wire positioned in a stream of a fluid containing 
particles, a plurality of plates positioned adjacent one 
another and adapted to be positioned between the ar 
rays of wire, the plates forming the collecting elec 

O 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

2 
trode, a device for producing a corona discharge and 
a device for moving the electrode around an endless 
path. Preferably, an apparatus is provided for cleaning 
the plates in a region outside the gas stream. The plates 
may then be separately and successionally cleaned. 
There are several advantages to the collecting elec 

trode being formed of a plurality of plates following an 
endless path. The collecting electrode may be cleaned 
more efficiently because each plate is separately and 
successionally cleaned. The plates are preferably sepa 
rated by a small space in the direction of movement to 
avoid contact of the plates with each other. Thus, the 
plates do not cause particles to become loose when the 
belt passes around the sprocket wheels. The plates are 
detachably mounted on a roller chain to allow rapid re 
pair of the collecting electrode. 
The plates may have depressed and raised areas on 

the collecting surface to enhance the collecting of the 
particles. The combined effect of the areas is to create 
in the depressed areas a zone that is protected from the 
forces of the moving gas stream and that has a low elec 
tric field. Charged particles tend to steer into low field 
regions. The plates may be formed with rows and col 
umns of alternately raised and lowered areas, the areas 
being circular, generally rectangular or square. Addi 
tionally, plates may have a plurality of flanges mounted 
thereon. The collecting plate may also have vectored or 
undulating sides or be formed as a solid material or as 
a hollow tube, the solid or hollow configuration being 
formed with holes through the thickness of the plate. 
The cleaning device may include brushes, a heater, 

a vibrator, air jets or liquid jets. 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the Drawings: 
FIG. 1 is a perspective view of an electrostatic parti 

cle precipitator arranged according to the present in 
vention; 
FIG. 2 is a perspective view of a modified form of a 

collecting electrode plate having raised and depressed 
areas of square shape; 
FIG. 3 is a perspective view of another form of a col 

lecting electrode plate having raised and depressed 
areas of circular shape; 
FIG. 4a is an elevational view of another form of a 

collecting electrode plate having raised and depressed 
areas of generally rectangular shape; 
FIG. 4b is an alternative form of the collecting elec 

trode plate shown in FIG. 4a, 
FIG. 5 is a perspective view of another form of a col 

lecting electrode plate having end flanges; 
FIG. 6 is a perspective view of another form of a col 

lecting electrode plate having a plurality of flanges; 
FIG. 7 is a diagram showing the connection of the 

wire electrodes to a voltage source; 
FIG. 8a is a diagram of a brush for cleaning the 

plates; 
FIG. 8b is a diagram of a heating device for cleaning 

the plates; 
FIG. 8c is a diagram of a vibrator for cleaning the 

plates; 
FIG. 8d is a diagram of air jets for cleaning the plates; 
FIG. 8e is a diagram of liquid jets for cleaning the 

plates; 
FIG. 9 is a view of an alternate form of collecting 

plate having vectored sides; 
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FIG. 10 is a view of another alternate form of collect 
ing plate having undulating side portions; 
FIG. 11 is a view of another form of collecting plate 

having holes formed therethrough; 
FIG. 12 is a view of a collecting plate formed into a 

hollow tube with holes formed therein. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

In an exemplary embodiment of an electrostatic par 
ticle precipitator arranged accordingly to the present 
invention, as shown in FIG. 1, a precipitator, repre 
sented generally by the reference numeral 10, is dis 
posed in the path of a stream of gas flowing in the direc 
tion of an arrow 12. The precipitator 10 is suited for re 
moving particles from waste gases from coal and fuel 
power generating stations but it may also be used for 
many other applications where it is necessary to re 
move minute particles from a gas. 
The precipitator 10 comprises generally a pair of 

electrodes 14 and 16 disposed in the stream of the gas, 
the electrodes being connected to a suitable high po 
tential source 39 as shown in FIG. 7. The high potential 
between the electrodes creates a corona discharge that 
places an electrical charge on the particles passing be 
tween the electrodes. Due to the electric field estab 
lished by electrodes, forces are exerted on the particles 
that accelerate them to one of the electrodes, usually 
termed the collecting electrode. Once in contact with 
the collecting electrode, which is usually grounded, the 
particles discharge and remain on the surface of the 
electrode. 
While in FIG. 1 the precipitator 10 is the Cottrell or 

single stage type, the present invention is equally appli 
cable to the two stage precipitator. In the single stage 
precipitator the same electrodes create the corona dis 
charge and the electric field that accelerates the parti 
cles to the electrode. On the otherhand, in a two stage 
precipitator, separate electrodes create the corona dis 
charge and the electric field. 
The precipitator 10 includes a plurality of corona 

electrodes 14 and a plurality of collecting electrodes 
16. The corona electrodes 14 are arranged in groups of 
planar arrays 14a, 14b, 14c, 14d and 14e. Preferably, 
planar arrays 14a, 14c and 14e are disposed horizon 
tally in the stream of the gas, while planar arrays 14b 
and 14d are disposed vertically. Each of the wires 14 is 
connected to a high potential source shown in FIG. 7. 
A conductive strip 15 provides a common electrical 
connection to the wires of the array 14b and like strips 
(not shown) are similarly used for the other arrays. 
Also the arrays are held rigid in their positions by sup 
ports (not shown). The wires 14 are preferably of small 
diameter so that each wire has a relatively small surface 
aC2. 

A plurality of collecting plates 16 pass through the 
midplane between adjacent arrays of wire. The plates 
16 are mounted at their ends to a pair of roller chains 
18 and 19. The roller chains in turn mesh with teeth 20 
of a plurality of sprocket wheels. Roller chain 18 is sup 
ported by upper sprocket wheels 22a, 24a and 26a, 
middle sprocket wheels 28a and 30a and lower 
sprocket wheels 32a and 34a. In similar manner, roller 
chain 19 is supported by upper sprocket wheels 22b, 
24b and 26b, a pair of middle sprocket wheels (not 
shown in FIG. 1) and a pair of lower sprocket wheels 
(not shown in FIG. 1). The sprocket wheels are in turn 
mounted on a support rod, such as a rod 36. A drive 
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4. 
mechanism, such as a motor 37, imparts motion to the 
plates 16 around and between the arrays of wire 14 by 
imparting rotary motion to the sprocket wheels. 
The plates 16 are preferably rectangular in shape. 

The longest dimension 38 extends parallel to the direc 
tion of gas flow and the shorter dimension 40 is parallel 
to the direction of movement of the plates 16. The sur 
face area of the plates 16 is preferably substantially 
larger than the surface area of the wires 14. The plates 
16 are metallic and preferably grounded as shown func 
tionally at 42. Each of the plates 16 is separated from 
adjacent plates by a spacing 44. Additionally, the plates 
16 are preferably rigid, and therefore, when the plates 
pass around the sprocket wheels, as at 46, the plates 
maintain their flat surface unlike the known unitary 
metallic sheet electrodes. Both sides of the collecting 
plates 16 collect the particles. 

Preferably, the plates 16 are fastened to the roller 
chains 18 and 19 at a point approximately midway be 
tween the dimension 40 of the plates 16 to permit the 
ends of the plates 16 to spread out a distance from the 
roller chain during rotation about the sprockets as at 
46. One suitable fastener is the assembly shown in FIG. 
3 at 47. The fastener should permit the plates to be 
readily assembled and removed. 
The optimum size of the plates 16 and the spacing 

therebetween is a function of several factors. First, it is 
desirable to make the overall surface area on one hand 
as close as possible to that of a continuous metallic belt 
to provide maximum surface area for collecting parti 
cles. Thus, the dimension 38 is relatively large to ac 
commodate this feature. The spacing 44 need be no 
larger than is necessary to prevent the plates 16 from 
contacting each other, especially as the sprockets pass 
over the sprocket wheels. The size of the dimension 40 
is related somewhat to the diameter of the sprocket 
wheels; the dimension should not be so small as to devi 
ate too far from the feature of maximizing surface area 
and yet should not be so large as to cause the plate to 
undergo extreme, erratic motion as the plate passes 
around the sprocket wheel. Preferably, the dimension 
is approximately the size of the radius of the sprocket 
wheel. 

In keeping with one of the desirable features of a 
moving collecting electrode, the electrode passes out of 
the gas stream and into a region, represented generally 
by a housing 48, where the electrode is cleaned. Thus, 
this arrangement permits the particles that are removed 
from the electrode from becoming re-entrained in the 
gas. In the present invention, each plate 16 is individu 
ally cleaned by any of several cleaning arrangements, 
shown in FIGS. 8a to 8e. The plates 16 enter the hous 
ing 48 through a slot (not shown in FIG. 1) and leave 
through a slotted opening 50 for a belt movement 
shown by an arrow 52. 
Several cleaning arrangements may be used either 

alone or in combination. Referring now to FIG. 8a, the 
plates 16 may be individually cleaned by a pair of rotat 
ing brushes 53a and 53b that come into contact with 
the plates as they pass through the housing 48. In FIG. 
8b a heating device 55 heats the plates 16 to assist in 
removing the particles from the plates. In FIG. 8c ame 
chanical vibrator 57 imparts vibratory motion to the 
plates. Referring to FIG. 8d, a plurality of jets 59 direct 
air under pressure to the surface of the plates. Prefera 
bly, the jets 59 are in combination with the brushes 53a 
and 53b. Lastly, FIG. 8e shows a plurality of devices 61 
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that direct liquid in turbulent, active or sonic motion 
against the plate surfaces. 
Another feature of the present invention resides in 

the ease of repair or replacement of the plates 16. A 
maintenance section, represented in FIG. 1 by a hous- 5 
ing 54, permits access to any of the plates 16. The hous 
ing 54 has a removable cover (not shown) whereby ac 
cess may be permitted to the plates within the housing. 
Thus, the precipitator need be shut down only while the 
defective plate is removed and replaced by another. 10 
With precipitators having a unitary belt, the precipita 
tor must be shut down until the belt is repaired. 

Preferable, the surfaces of the collecting plates are 
provided with raised and depressed areas as shown in 
FIGS. 2 to 6 and FIGS. 9 to 12. These areas assist the 15 
particle collection process in several ways. The de 
pressed areas form shields or shadow zones where the 
particles may collect without being re-entrained by the 
scouring action of the gas stream. In addition, the 
raised and depressed areas produce a region in the de- 20 
pressed areas where the electric field for particle col 
lection is low. Charged particles tend to steer into low 
field regions. 

In FIG. 2, rows and columns of alternate, square 
raised and depressed areas 60 and 62, respectively, are 25 
formed on the surface of the plate 16. The corners of 
the areas are preferably rounded, as at 64, to facilitate 
cleaning the plates. 

Similarly, in FIG. 3 the surface of the plate 16 has cir 
cular depressed areas 66 and circular raised areas 68. 30 

In FIG. 4a raised and depressed areas 70 and 72, re 
spectively, are rectangular shaped with rounded cor 
ners. The longer dimension is parallel to the longer side 
38 of the plate 16. The rectangular shaped areas may 
however be formed with the longer dimension parallel 
to the shorter side 40 of the plate 16 as shown in FIG. 
4b. 

Referring now to FIG. 5, the plate 16 comprises a 
web 74 with a pair of end flanges 76 and 78 formed 
generally perpendicular to the web 74. Preferably, the 
plate 16 is affixed to the roller chains 18 and 19 at the 
midpoint of the web 74 by a suitable fastener. 

Similarly, FIG. 6 has a web 80 with flanges 82, 84, 86 
and 88 disposed at a right angle to the web 80. 
The collecting plate in FIG. 9 includes a plate 90 and 

a series of side members 92 and 94. The side members 
92 and 94 extend from the plate 90 at an acute angle 
to form a region 96 and a region 98 that is protected 
form the moving gas stream represented by an arrow 
100. These regions 96 and 98 also have a low electric 
field, and thus, the charged particles are attracted to 
them. 

In FIG. 10 the collecting plate includes a flange 102, 
a flange 104 and an undulated web 106. The undulated 
web 106 increases the anode area for collecting parti 
cles in addition to creating collecting regions removed 
from high gas flow and from high collecting electric 
fields. 
In FIG. 11 a collecting plate 108 is formed with a se- 6O 

ries of holes 110 extending through the thickness of the 
plate. Preferably, the diameter of the holes ranges from 
1 to 3 times the plate thickness shown at 112. 
Lastly, the collecting plate of FIG. 12 is formed as a 

hollow tube 114 with a plurality of holes 116. The holes 
116 pass through the thickness of the sides of the tube 
114. As shown in FIG. 12 the holes 110 are present on 
each active side of the tube. The total hole area ranges 

35 

40 

45 

50 

55 

65 

6 
from 25% to 75% of the plate area on that side and 
preferably is 50% of the plate area on that side. Also, 
in FIG. 12, the holes on opposite sides of the tube 114 
do not line up. 
The advantages of the present invention are realized 

in all of the embodiments herein described. The pri 
mary advantage resides in the reduction of re 
entrainment of the particles in the gas flow once they 
are accumulated on the collecting electrode. One fea 
ture which permits this advantage is that the collecting 
electrode moves to a separate electrode cleaning area 
and is formed as a series of separate plates that are indi 
vidually cleaned. Furthermore, the collecting plates 
have surface geometries that have areas that are re 
moved from the gas flow, thereby further reducing re 
entrainment. In addition, these areas have generally 
weak electrostatic fields which cause the particles to 
migrate toward them. 
The embodiments of the present invention are in 

tended to be merely exemplary and those skilled in the 
art shall be able to make numerous variations and mod 
ifications to them without departing from the spirit of 
the invention. All such variations and modifications are 
intended to be within the scope of the invention as de 
fined by the claims. 
We claim: 
1. An electrostatic precipitator including a housing 

having fluid inlet and outlet means, electrode inlet and 
outlet means, a plurality of planar arrays of wire posi 
tioned in the stream of fluid containing particles within 
said housing, a plurality of metallic plates of generally 
rectangular shape, the shorter dimension of which 
being disposed parallel to the direction of movement of 
the plates, the longer dimension of which being dis 
posed perpendicular to the direction of movement of 
the plates, positioned adjacent to one another and 
adapted to be positioned between the arrays of wire, 
the plates forming a collecting electrode having multi 
ple raised and depressed portions on the surface of the 
plates forming alternately open topped, open bottom 
enclosed areas for creating regions of dimension 
smaller than those of the plate which have reduced 
electric fields to enhance particle collection therein 
and which are shielded from the fluid stream to reduce 
re-entrainment of the collected particles, means for 
producing a corona discharge between the arrays of the 
wire and the collecting electrode, and means con 
nected successively to the shorter dimension of each of 
the plates of the collecting electrode for moving the 
plates around an endless path formed by said electrode 
between successive arrays of wire and extending out 
side said housing through said electrode inlet and said 
electrode outlet means provided therein. 

2. The precipitator according to claim 1 wherein the 
plates are separated from adjacent plates so that they 
do not touch. 

3. The precipitator according to claim 1 including 
means associated directly with said plates and said 
means for moving said plates connecting said plates to 
said moving means such that said plates may be re 
placed individually. 

4. In an electrostatic particle precipitator of the type 
having a housing containing a fluid inlet and a fluid out 
let, a plurality of metallic planar electrodes of relatively 
large surface area at ground potential positioned paral 
lel to each other and parallel to the fluid flow within 
said housing, a plurality of planar arrays of wire of rela 
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tively small surface area positioned in the respective 
midplanes between adjacent planar electrodes, and 
means connected to the arrays for subjecting the same 
to high corona-producing potentials, whereby particles 
entrained in the gasses flowing between the arrays of 
the electrodes are electro-mechanically deposited upon 
said planar electrodes, an improvement wherein the 
planar electrodes are formed into an articulated end 
less belt, the belt including a plurality of separates 
metal strips of extended length in the direction of gas 
flow and of short width in the direction of belt travel, 
each strip having multiple raised and depressed por 
tions of dimension smaller than those of the surface of 
the strip on the surface of the strip forming alternately 
open topped, open bottom enclosed areas for creating 
regions which have reduced electric field to enhance 
particle collection therein and which are shielded from 
the gas flow, each strip being mechanically connected 
at each short end thereof to an endless, linked roller 
chain to form an almost closed surface, said chains 
being engaged by an arrangement of supported lower 
sprockets, means for moving the strips successively be 
tween at least three planar wire arrays at high potential 
and thence to a region separated from said corona and 
said flowing gasses, and means in said region for remov 
ing successively from each strip the particles adherent 
to its surface, whereby re-entrainment in the gas flow 
of particle accumulations from the grounded elec 
trodes is reduced. 

5. The precipitator according to claim 1 wherein 
each strip has a fixed alignment with respect to the por 
tion of the chain to which it is attached. 

5 

O 

15 

25 

30 

35 

40 

45 

55 

60 

65 

8 
6. An electrostatic particle precipitator including a 

housing having fluid inlet and outlet means, electrode 
inlet and outlet means, a plurality of planar arrays of 
wire positioned in the stream of fluid containing parti 
cles within said housing, a plurality of metallic plates of 
generally rectangular shape, the shorter dimension of 
which being disposed parallel to the direction of move 
ment of the plates, the longer dimension of which being 
disposed perpendicular to the direction of movement 
of the plates, positioned adjacent to one another and 
adapted to be positioned between the arrays of wire, 
the plates forming a collecting electrode and having 
multiple raised and depressed areas of alternately open 
top, open bottom rectangular box shape on the surface 
of the plates for creating regions of dimensions smaller 
than those of the plates which have reduced electric 
fields to enhance particle collection therein and which 
are shielded from the fluid stream to reduce re 
entrainment of the collected particles, means for pro 
ducing a corona discharge between the arrays of wire 
and the collecting electrode, and means connected suc 
cessively to the shorter dimension each of the plates of 
the collecting electrode for moving the plates around 
an endless path formed by said electrode between suc 
cessive arrays of wire and extending outside said hous 
ing through said electrode inlet and electrode outlet 
means provided therein. 

7. The precipitator according to claim 6 wherein said 
multiple raised and depressed areas are of alternately 
open top, open bottom cylindrical shape. 
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