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ELIE'CTRUSTATIC PRECIPITATOR 

BACKGROUND OF THE INVENTION 
_ The present invention relates to electrostatic precipi 

tators, and more particularly to a precipitator adapted 
for removing dusts or particulate matter of high electri 
cal resistivity from a stream of air or other gas. 

In conventional electrostatic'precipitators for ‘indus 
trial use, a plurality of grounded plate electrodes is dis 
posed in parallel, spaced relation forming passages be 
tween them for the dust-laden gas. Corona wires are 
suspended in the passages between the plates and a 
high voltage is applied to the wires to cause corona dis 
charges. The dust particles are electrically charged by 
the corona, and the electric ?eld between the wires and 
the grounded plates drives the charged dust particles 
‘onto the plates where they collect in a layer and are re 
moved. _ ' 

In a typical precipitator of this type, for example, the 
grounded plates may be about 8 inchesvapart, and the 
corona wires are suspended in a plane halfway between 
and parallel to the grounded plates. The wires are typi 
cally spaced about 6 inches apart in this plane and are 
maintained at a negative potential of from 35 to 60 ki 
lovolts. This high potential results in corona discharges 
surrounding the wires, and a flow of negative ions oc 
curs which constitutes a corona current from the wires 
to the grounded plate electrodes. This flow of negative 
ions results in negative charges on the dust particles 
suspended in the gas in the space between the plates, 
and the charged particles are driven to the grounded 
electrodes by the electric ?eld adjacent the plates. 

In many cases, this type of precipitator construction 
operates with entire satisfaction. The corona current, 
however, is of the order of l()_7 amperes per square 
centimeter and must be conducted through the layer of 
dust on the grounded plates. If the resistivity of the dust 
is high, the voltage drop across’ the layer of dust, which 
is equal to the corona current multiplied by the resis 
tance of the dust layer, may exceed the local break 
down voltage so thatlocal breakdowns or punctures 
occur. This results in local high voltage gradients at the 
dust surface, causing glow discharges or so-called back 
corona. A flow of positive ions occurs from these glow 
discharges into the space between the peaks and tends 
to neutralize the negative charge on the dust particles. 
The phenomenon of back-corona is well known and is 
further discussed in a paper entitled “Electrostatic Pre 
cipitationof High Resistivity Dust” by G. W.'Penney, 
AIEE Transactions, Vol. 70, Part II, Page I 192 ( 1951). 
Furthermore, these glow discharges at the dust sur 

face frequently trigger premature spark-over between 
the electrodes. In a precipitator of this type, spark 
overs occur from time to time and an automatic control 
is normally used which reduces the applied voltage if 
the rate of spark-overs becomes too high. With high re 
sistivity dust, the tendency to spark-over may be such 
that the operating voltage is reduced to a very low 
value which may be only slightly above the corona 
starting voltage. Because of dust deposits and other ir 
regularities on the corona wires, the initiation of co~ 
rona is quite non-uniform. At the very low operating 
voltages which may be made necessary by the high dust 
resistivity, therefore, corona may occur only ‘atscat 
tered locations along the wires. Particle charging‘may 
thus occur only at these scattered locations and even 
there the electric ?eld is quite weak and the particle 
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charges are small. The efficiency of dust collection be 
comes very poor under these conditions. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, an electro 
static precipitator is provided which is capable of re 
moving dusts or particulate matter of high electrical re 
sistivity from a gas stream without causing back-corona 
and with high efficiency. 
The invention depends on the fact that the layer of 

dust deposited on the grounded electrode has electrical 
capacitance since it can store energy by retaining a 
charge on its surface. The dust layer, therefore, be 
haves like a capacitor in parallel with a resistance and 
has an electrical time constant due to the exponential 
rate of decay of the stored charge. Thus, for example, 
if the dust has a resistivity of 1012 ohm-centimeters and 
a relative dielectric constant of 3, the dust layer will 
have a time constant of 24-0 milliseconds. If short co 
rona current pulses are applied to such a dust layer, the 
current through the dust layer can be kept relatively 
constant. For example, if short current pulses are ap 
plied to the dust layer with an interval of 80 millisec~ 
onds between pulses, then the voltage across the dust 
layer will drop only to 72 percent of its intitial value in 
the 80~millisecond interval. The corona current 
through the dust layer, therefore, remains relatively 
constant even though the voltage is applied in short 
pulses, and can be kept below the value at which back 
corona would start. Under these conditions, the elec 
tric field between the corona wire and the grounded 
plate electrode is very non-uniform and is quite low at 
the grounded electrode. In such a relatively long inter 
val as 80 milliseconds with no corona current in the gas 
stream itself, the ?eld at the grounded electrode would 
be so low that little precipitation of dust would occur. 
In order to maintain a strong dust precipitating ?eld in 
the intervals between current pulses, auxiliary elec 
trodes are provided and a high voltage is applied to the 
auxiliary electrodes during the intervals. The auxiliary 
electrodes are relatively large electrodes placed be 
tween the corona wires and of such con?guration that 
no discharges occur on the auxiliary electrodes when a 
high voltage is applied to them. 
The precipitator of the present invention, therefore, 

comprises a structure generally similar to that of con 
ventional precipitators, including parallel grounded 
plates with corona wires disposed between them. 
Means are provided for applying a high corona 
producing voltage to the corona wires in short pulses, 
with intervals of much longer duration between the 
pulses during which a low voltage is applied to the co 
rona wires. Auxiliary electrodes of such configuration 
that no discharges occur on them are disposed adjacent 
to and preferably between the corona wires. A low volt 
‘age is applied to the auxiliary electrodes during the 

' high voltage corona pulses, and during the intervals be 

60 

tween pulses a sufficiently high voltage is applied to the 
auxiliary electrodes to maintain the dust precipitating 
?eld during these intervals. In this way, a relatively low 
corona current can be maintained through the dust 
layer to prevent back-corona, but with high voltage 
pulses for effectively charging the dust particles. By 
“separately controlling the precipitating ?eld, the neces 
‘sary ?eld can be maintained during the periods be 
tween such pulses so that the efficiency of precipitation 
is kept high. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood from the 
following detailed description, taken in connection 
with the accompanying drawings, in which: 
FIG. 1 is a side elevation of an electrostatic precipita 

tor embodying the invention, partly broken away on 
the line I—I of FIG. 2; 
FIG. 2 is a transverse sectional view substantially on 

the line ll—ll of FIG. 1; 
FIG. 3 is a horizontal sectional view substantially on 

the line III-III of FIG. 1; 
FIG. 4 is a schematic diagram showing a preferred 

electrical circuit for the precipitator of FIG. 1; 
FIG. 5 is a circuit diagram illustrating a ?ring circuit 

suitable for use in the circuit of FIG. 4; and 
FIG. 6 is a diagrammatic view of a control switch 

adapted for controlling the circuit of FIG. 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

There is shown in the drawings for the purpose of il 
lustration, an electrostatic precipitator for removing 
dust from a stream of gas. The word “dust” is used 
herein to include any particulate or ?nely-divided ma 
terial which can be suspended or carried in a gas 
stream. As previously indicated, this precipitator is par 
ticularly adapted for removing dusts of high electrical 
resistivity, although its usefulness is obviously not lim 
ited to this particular purpose. 
Referring ?rst to FIGS. 1, 2 and 3, the precipitator is 

shown enclosed in a generally rectangular housing 10 
preferably of sheet metal. A grounded metal plate elec 
trode 12 is disposed centrallyin the housing 10 and is 
grounded by its connection to the sheet metal housing 
at the ends of the plate. The plate 12 preferably has 
rounded or rolled edges as indicated at 13 to prevent 
any possibility of corona discharges from sharp edges 
of the grounded plate. As shown, the plate 12 is dis 
posed centrally of the housing 10 and parallel to the 
side walls 14 of the housing which thus constitute addi 
tional grounded plate electrodes. It will be seen that 
this arrangement provides a structure consisting of 
three parallel, grounded plate electrodes forming two 
passageways between them, although it will be under 
stood that any desired number of parallel, grounded 
plates. might be utilized. The dust~laden air or other gas 
enters through an inlet duct 16 at one end of the hous 
ing 10 and is discharged through an outlet duct 18 at 
the other end, as indicated by the arrows, the gas pass 
ing through the passageways between the parallel 
grounded electrodes. The bottom of the housing 10 
may be formed as a hopper 20 with a discharge passage 
22 for removal of dust collected on the plates 12 and 
14. 
A plurality of corona-emitting electrodes or wires 24 

is disposed between the grounded plates 12 and 14. 
The corona wires 24 are arranged in planes parallel to 
the plates and midway between each pair of plates, so 
that the wires 24 extend parallel to the plates, and the 
wires are spaced apart in the planes in which they are 
disposed. The wires 24 are suspended from conducting 
bars 26 and are preferably provided with weights 28 at 
their lower ends to hold the wires in position. The bars 
26 may be mounted on insulators 30 from the top of the 
housing 10 and are electrically connected to a suitable 
voltage source as described hereinafter. The wires 24 
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4 
are adapted to emit coronadischarges when a suf? 
ciently high voltage is applied to them and for this pur 
pose they must be suitably spaced apart. In a typical 
construction, the plates 12 and 14 would be spaced 
apart approximately 8 inches with the row of corona 
wires 24 halfway between them. With this arrange 
ment, the corona wires should be spaced apart approxi 
mately 6 inches. The wires themselves should be of 
small diameter so as to have a very small radius of cur 
vature to insure local breakdown of the gas to produce 
the corona discharge. The corona-emitting electrodes 
24 may, of course, be of types other than wires pro 
vided they have a suf?cient number of sharp edges or 
points where corona may occur. 
As previously indicated, the corona voltage is applied 

to the electrodes 24 in short pulses and in order to pro 
vide a dust precipitating electric ?eld in the intervals 
between pulses, a plurality of auxiliary electrodes 32 is 
provided. The electrodes 32 are disposed between the 
corona wires 24 in the same planes, as shown, and are 
made of such con?guration that no corona discharges 
occur on these electrodes. The electrodes 32, there 
fore, are preferably rod members as shown in the draw 
ings and are suspended from a conductive bar 34 by in 
dividual conducting supports 36. The bar 34 may be 
supported from the top of the housing 10 on insulators ' 
38 and is electrically connected to the electrical system 
described below. 

In the operation of this precipitator, the dust-laden 
gas enters through the inlet duct 16, passes through the 
passages between the pairs of grounded electrodes 12 
and 14 and is discharged through the outlet duct 18. 
Corona is produced on the wires or electrodes 24 by 
applying short pulses of high voltage to the wires to 
produce the corona discharges. Between pulses, a rela 
tively low voltage is maintained on the wires 24 and 
during these intervals, which are much longer than the 
pulses, a high voltage is applied to the auxiliary elec 
trodes 32 to maintain an electric ?eld in the space be 
tween the electrodes 24 and 32 and the adjacent 
grounded electrodes. During the high voltage corona 
producing pulses, a low voltage is applied to the auxil 
iary electrodes 32. I, I 

As previously explained, the layer of dust which col 
lects on the grounded plate electrodes is capable of 
storing a charge on its surface and thus has electrical 
capacitance. The dust layer, therefore, acts like a ca 
pacitor in parallel with a resistor and has a time con 
stant determined by the electrical resistance and capac 
itance. When the high corona-producing voltage is ap 
plied to the wires 24, a discharge occurs surrounding 
the wires and a ?ow of negative ions occurs through the 
gas to the grounded plate. This ?ow of ions constitutes 
a corona current which must ?ow through the dust 
layer on the plate. Because of the electrical characteris 
tics of this layer referred to above, charge is stored on 
its surface and only a relatively small current flows 
through the high resistance of the dust layer itself. 
When the high voltage pulse terminates and the ?ow of 
negative ions ceases, the charge on the dust layer de 
cays and a small current continues to ?ow through the 
dust layer. The corona current through the dust layer 
itself therefore can be kept below the value which 
would cause the occurrence of backcorona, as dis 
cussed above, yet'the corona-producing voltage can be 
made high enough to effectively charge the dust parti 
cles in the gas. 
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The charged dust particles are driven to the 
grounded plate electrodes by the electric ?eld in the 
gas and collect there in a layer. The negative charge ac 
quired by the dust particles is approximately propor 
tional to this ?eld. The force driving the particles 
toward the grounded electrode is proportional to the 
particle charge multiplied by the ?eld, so that the ve 
locity of the particles is proportional to the square of 
the ?eld strength. For this reason, the strength of the 
?eld is very important to successful operation of the 
precipitator, and particularly the ?eld strength in the 
region near the grounded electrodes. Since the ?eld 
strength is determined by the corona electrode poten 
tial, the critical importance of a high voltage on the co 
rona electrodes is apparent. It is also necessary to pro 
vide for maintaining a high precipitating ?eld during 
the intervals between the pulses of corona current, and 
the auxiliary electrodes 32 are provided for this pur— 
pose but are designed so that the necessary high voltage 
can be applied to them without causing discharges and 
with as little disturbance to the distribution of corona 
current as possible. 
To further illustrate the operation of the precipitator 

disclosed above, the following illustrative example may 
be given for a precipitator having the con?guration and 
spacings described above. The corona electrodes or 
wires 24 have a high negative voltage, high enough to 
produce corona discharges, applied to them in short 
pulses of duration of the order of 1 to 10 milliseconds. 
The intervals between pulses should be relatively large 
compared to the duration of the pulses but must be less 
than the time constant of the dust layer. This time inter 
val, for example, may be of the order of 80 milliseconds 
and should not be less than approximately three times 
the duration of a pulse although it is preferably much 
longer, within the limit indicated above. With this pul 
sing of the corona-emitting electrodes, the effect dis 
cussed above is obtained of relatively low corona cur 
rent to prevent the occurrence of back-corona even 
though the corona voltage itself is high enough to effec 
tively charge the dust particles. With usual spacing be 
tween the wires 24, the corona current density in the 
dust layer cannot be uniform, and it has been found 
that the current density in the dust layer halfway be 
tween the wires is about one half of the current density 
directly opposite the wires. It is desirable for this cur 
rent distribution to be maintained and the auxiliary 
electrodes 32 should be designed to cause as little dis 
turbance in the corona current distribution as possible. 
For the arrangement described above it has been found 
that the electrodes 32 may be rods of elliptical cross 
section having a major axis of about 1-1/2 inches extend 
ing parallel to the grounded plates 12 and 14, and a 
minor axis of approximately 7/a inch. Other con?gura 
tions are, of course, also suitable and rod electrodes of 
circular cross-section having a diameter of from 1 to 
1-1/2 inches may also be utilized. With this arrangement, 
if the auxiliary electrodes 32 are maintained at a rela 
tively low voltage during the corona pulse, the distribu 
tion of current density is not substantially affected. The 
presence of the auxiliary electrodes causes little distur 
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electrodes 32 can be high enough between pulses to 
maintain a sufficiently high electric ?eld at the 
grounded electrodes 12 and 14 for ef?cient dust collec 
tion. 

6 
The electrodes 24 and 32 of the precipitator may be 

energized by any desired electrical supply circuit which 
will operate in the manner described. That is, it must 
apply a high voltage to the corona-emitting electrodes 
24 in a series of short pulses separated by longer inter 
vals at lower voltage, and apply a high voltage to the 
electrodes 32 during the intervals between pulses with 
a lower voltage during the pulses. A suitable circuit for 
this purpose is shown by way of example in FIG. 4. As 
shown in this ?gure, two pulse-forming circuits 40 and 
42 are provided and connected to the electrode bars 26 
and 34, respectively. Referring, ?rst, to the circuit 40 
which applies the high voltage pulses to the corona 
emitting electrodes 24, this circuit includes two capaci~ 
tors 44 and 46 arranged in series relation between the 
bar 26 and ground 48. The capacitor 44 is connected 
directly to the bar 26 with negative polarity to provide 
a negative voltage to ‘the wires 24. Capacitor 44 is made 
large enough to maintain relatively constant voltage; 
that is, the drop in voltage during a corona pulse should 
not exceed some permissible value such as 15 percent. 
The voltage and polarity of the capacitor 44 are main< 
tained by a voltage source 50, indicated as a battery, 
which charges the capacitor between corona pulses 
through the diode 52. 
The capacitor 46 is controlled to reverse its polarity 

so as to supply a high voltage when the two capacitors 
44 and 46 are in additive relation, and to reduce the 
voltage on the wires 24 to a low value when the polari 
ties of the capacitors are opposite, the voltage of capac 
itor 44 always being higher so as to maintain the nega 
tive polarity of the wires 24. The capacitor 46 is con 
nected in a circuit consisting of the capacitor itself and 
an inductance 53 of the proper value to produce an os 
cillatory circuit in combination with capacitor 46. The 
circuit is not allowed to oscillate freely, however, as it 
is controlled by a pair of electric valves, shown as thy 
ratrons 54 and 56, which are oppositely connected in 
parallel to control the direction of current flow in the 
oscillatory circuit; A capacitor 58 is connected in‘ the 
anode circuit of the thyratron 56, and a voltage source 
60 is connected across the capacitor 58 through an ad 
justable resistance 62 to keep the capacitor 58 charged. 
The thyratron 56 is controlled by a ?ring circuit 64 ac 
tuated by a switch 66, and the thyratron 54 is con 
trolled by a ?ring circuit 68 actuated by a switch 70. 
The ?ring circuits 64 and 68 may be any suitable type 
of circuit, and each ?ring circuit is connected between 
the cathode and grid of the corresponding thyratron to 
make it conductive when the ?ring circuit is actuated 
by closing its switch 66 or 70. 

In the operation of the circuit 40, a high voltage pulse 
on the corona-emitting wires 24 occurs when the ca 
pacitors 44 and 46 have the same polarity so that their 
voltages add. This occurs when thyratron 54 is made 
conductive, and since it is a unidirectionally conductive 
or valve device, the oscillatory circuit of the capacitor 
46 and inductance 53 cannot reverse and the high volt 
age pulse is maintained although the thyratron 54 
ceases to be conductive. To terminate the voltage 
pulse, the thyratron 56 is made conductive. This per 
mits the oscillatory circuit to reverse and the polarity 
of capacitor 46 is thus reversed so that its voltage sub 
tracts from that of capacitor 44. A relatively low volt 
age is thus applied to the wires 24 which is too low to 
produce corona discharges. During this period when 
current flows through thyratron 56, energy is supplied 
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to the oscillatory circuit by the capacitor 58 and stored‘ ' 
in the oscillatory circuit. The capacitance of capacitor I 
58 is made relatively large compared to that of capaci- ' 
tor 46 so that the change vin'potential of capacitor 58 
is small. The voltage source 60 in turn supplies energy 
to capacitor 58 as determined by‘ its potential and the 
resistance 62. The power supplied in this way by source 
60 through capacitor 58 controls the magnitude of the 
reversing voltage of capacitor 46 and may be regulated 
by adjusting the resistance 62 or the potential of source 
60. The low voltage interval continues until the thyra 
tron 54 is ?red which again reverses the polarity of the _ 
capacitor 46 and applies another high voltage pulse to 
the corona wires. The operation continues in this way 
under the control of the ?ring circuits 64 and 68 as ac 
tuated by their respective switches 66 and 70. 
The pulse-forming circuit 42 which supplies the volt 

age to the auxiliary electrodes 32 may be the same as 
the circuit 40 and corresponding elements of circuit 42 
are designated by primed reference numerals in FIG. 4._ 
In the circuit 42, the thyratron 54' is controlled by a ?r 
ing' circuit 72 actuated by a switch 74, and the thyra— 
tron 56' is controlled by a ?ring circuit 76 actuated by 
a switch 78. It will be seen that the operation of the cir 
cuit‘ 42 is similar to that of the circuit 40; that is, a high 
vvoltage'is applied to the electrodes 32 for a period of 

‘ time determined by actuation of the ?ring circuits, and 
a low voltage is maintained on the electrodes in the in 
tervening times between periods of high voltage. The 
auxiliary electrodes 32 may be operated in either of 
two somewhat different modes. In one case, the voltage 
applied to the auxiliary electrodes during the corona 
pulse on the wires 24 is so low that the electrodes 32 
may drawa corona current which is greater than any 
leakage current through the insulators. In this case, an 

'"adjustable resistor 80 is connected from the electrodes 
32 to ground, as shown, to allow excess corona current 
"to-?ow» to ground, the resistance 80 being adjusted to 
"maintain the desired average potential. The electrodes 
" 32 ‘might also be operated at a somewhat higher voltage 
so that any corona current to these electrodes is held 

'fto a value less than any leakage current that can occur. 
~In~this case, the resistor 80 could be replaced by a volt 
age source and diode similar to the voltage source 50 

I and diode 52 in the circuit 40. 
' It will be‘ understood that while the pulse-forming cir 
cuits of FIG. 4 are highly satisfactory and give excellent 

_performance, other types of pulse-forming circuits, 
such as those using solid-state circuitry, for example, 
could be utilized. 
The ?ring circuits 64, 68, 72 and 76 may be identical 

and any suitable or known type of ?ring circuit may be 
used. A suitable circuit is shown by way of example in 
FIG. 5. The ?ring circuit 82 there shown is connected 

' to the thyratron to be controlled by means of leads 84 
and 86 connected to the grid and cathode, respectively, 
of the thyratron. The grid is normally biased negative 
with respect to the cathode by means of a capacitor 88 
connected as shown across a battery 90 through a suit 
able resistor 92, the time constant of the circuit being 
made long compared to the time required to ?re the 

' thyratron. The ?ring circuit is controlled by a switch 94 
which connects a capacitor 96 to a primary_winding 98 
on the transformer core 100. The capacitor 96 is 
charged by a battery 102 or other suitable voltage 
source through a resistor 104. It will be seen that when 
the switch 94 is closed, a currentpulse ?ows through 
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8 
the winding 98 which induces a pulse in a secondary 
winding 106 on the core 100, and thus applies a pulse 
to the leads 84 and 86 to make the grid of the thyratron 
positive and thus render the thyratron conductive. To 
prevent saturation of the transformer core 100 by tl'r 
vunidirectional currents, an opposing magnetomotivtv 
force may be provided in a winding 108 by means of a 
battery 110 through a suitable inductance 112 and re 
sistor 113. Since the cathode and grid of thyratrons 56 
and 56' are at high potential, the transformer 100 is es 
sential in the ?ring circuits for these two thyratrons to 
isolate the high voltage circuits so that the control 
switch can be at ground potential as shown. The trans 
former is also desirable for the other two thyratrons to 
isolate the control circuit from possible voltage surges. 
The pulse-forming circuits 40 and 42 of FIG. 4 apply 

the desired voltages to the respective sets of electrodes 
24 and 32 in a sequence determined by actuation of the 
control switches of the several ?ring circuits. These 
switches may be actuated and controlled in any desired 
manner to ?re the thyratrons in the‘ necessary se 
quence. An illustrative control device or switch which 
may be used for this purpose is shown in FIG. 6. The 
device 116 there shown is a rotating switch adapted to 
actuate the respective ?ring circuits in sequence. It will 
be noted from FIGS. 4 and 5 that each of the ?ring cir 
cuit switches connects a transformer winding to 
ground. The rotating switch 116, therefore, may be 
simply a conductive rotating element 118 mounted on 
a shaft 120 and connected to ground by a spring 
contact 122 resting on the shaft 120. The rotating ele 
ment 118 has a contact member 124 extending radially 
therefrom in position to engage successive switch 
contacts. Since it is only necessary to connect the suc 
cessive firing circuit leads to ground, each switch may 
consist only of a spring contact member disposed in the 
path of the rotating contact 124. With the element 118 
rotating in the clockwise direction as indicated in FIG. 
6 the contact 124 will ?rst engage the switch contact 
78 to actuate the ?ring circuit 76. This ?res the thyra 
tron 56'v to apply a low voltage to the auxiliary elec 
trodes 32. Immediately thereafter, the contact 124 en— 
gages the switch contact 70 to actuate ?ring circuit 68 
to ?re thyratron 54 and apply the high corona 
producing voltage to the wires 24. After a short time 
interval corresponding to the desired duration of the 
high voltage pulse, the contact 124 engages switch 
contact 66 to actuate ?ring circuit 64. This ?res thyra 
tron 56 to terminate the high voltage pulse, as previ 
ously explained, and apply a low voltage to the corona 
,wires 24. Immediately thereafter, contact 124 engages 
contact 74 to actuate ?ring circuit 72 and ?res thyra 
tron 54'. This applies a high voltage to the auxiliary 
electrodes 32 which is maintained until the contact 124 
completes its revolution and again engages contact 78 
and the cycle repeats. . , 

It will be seen that the rotational speed of the element 
118 determines the frequency of the corona voltage 
pulses and the circumferential positions or spacing of 
the stationary contacts determines the duration of the 
pulses. In general, the pulse-forming circuits should be 
controlled so that ‘there is only a moderate drop in volt 
age through the dust layer in the interval between 
pulses. For a resistivity of 1012 ohm-centimeters, for ex 
ample, a pulse frequency of ten pulses per secondv is 
reasonable and the voltage and duration of the corona 
pulse are made as high as possible without causing 
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back~corona,, ‘typical 'valiues‘being' gi‘ite‘n above; ‘it is as. 
sirable to‘ increase the'frequ‘encyt-of the pulses‘a's‘the re~v 
sistivity of the dust decreasesand this iseasily donev by 
controlling the speedof the member ,1 38.,The positions 
of the stationary" contacts are preferably madeadjust 
able so that they can be adjusted when the 'spéed'ofro; 
tation is changed to maintain the duration of the'co 
rona pulses approximately constant. It will be under 
stood, of course, that while the device 1 16 is a very sim 
ple and satisfactory means of controlling the operation 
of the circuit of F116. 4, any desired device or control 
means could be utilized. 

It will be noted that the operation of the circuit de 
scribed above for applying voltage pulses to the corona 
wires is quite different from that of known pulse cir-'‘ 
cuits which are non-reversible. If a voltage pulse is ap 
plied to the corona wires by such a circuit, the stored 
charge on the wires at the end of the pulse can be dissi 
pated only by the corona discharge. The voltage of the 
wires thus decays slowly, resulting in a period of weak 
?eld strength. High voltage could not be applied to the 
auxiliary electrodes during this period while corona is 
still being emitted because the resulting distortion of 
the electric ?eld would tend to concentrate the corona 
current in a narrow region immediately opposite the 
wire and thus tend to produce back corona in this re 
gion. in the new circuit disclosed herein, the voltage of 
capacitor 46 is reversed which has the effect of reduc 
ing the potential of the corona wires. That is, at the be 
ginning of a voltage pulse, charge flows to the wires and 
at the termination of the pulse, charge remaining on the 
wires flows baclt to the capacitor because its voltage 
has reversed. The potential of the wires is thus rapidly 
reduced, permitting immediate application of high volt 
age to the auxiliary electrodes. 

It should now be apparent that an electrostatic pre 
cipitator has been provided which will effectively re~ 
move dusts of high electrical resistivity from a gas 
stream without causing back-corona and with high ef? 
ciency. A particular embodiment has been shown and 
described for the purpose of illustration but it will be 
understood that the invention is not limited to the spe 
ci?c arrangement shown. 

I claim as my invention: 
1. A method for electrically charging gas-borne dust 

particles and effecting deposition thereof on a 
grounded surface, said method comprising producing 
short pulses of corona discharges in the gas to cause a 
corona current to flow in the gas and the deposited dust 
to said grounded surface, the intervals between pulses 
being not less than three times the duration of a pulse 
and not greater than the electrical time constant of said 
deposited dust, and independently producing a unidi~ 
rectional electric field with no discharges in the space 
adjacent the grounded surface during said intervals be 
tween pulses, said electric ?eld being of the same polar 
ity as said discharges and of high enough voltage to 
drive the charged dust particles to the grounded sur 
face. ,_ 

2. An electrostatic precipitator comprising a plurality 
of parallel, grounded plate electrodes, a plurality of 
corona-emitting electrodes and a plurality of non 
discharging auxiliary electrodes, said emitting and aux 
iliary electrodes being disposed in a plane between said 
plate electrodes and substantially parallel thereto, 
means for applying high voltage pulses of one polarity 
to said corona~emitting electrodes at predetermined 
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intervals of time to’ produce corona discharges and for 
maintaining a: lower voltage-on the emitting electrodes 
during the intervals between pulses, said intervals being 
of much'longer duration than the pulses, and-means for 
applying a high unidirectional voltage of said polarity 
to said auxiliary electrodes'during said intervals be 
tween corona-producing pulses and for maintaining 
low voltage on the auxiliary ‘electrodes during said 
pulses. 

3. An electrostatic precipitator as de?ned in claim 2 
having a plurality of parallel, grounded plate elec 
trodes, said corona~emitting electrodes being disposed 
between parallel plate electrodes in a plane substan 
tially parallel thereto, and said auxiliary electrodes 
being disposed in said plane between the corona 
emitting electrodes. 

4. An electrostatic precipitator as de?ned in claim 3 
in which the duration of the intervals between high 
voltage pulses is not less than three times the duration 
of a pulse. 

5. An electrostatic precipitator as de?ned in claim 2 
in which at least portions of said emitting electrodes are 
adapted to produce corona at the voltage applied in 
said high voltage pulses, and the auxiliary electrodes 
are of such con?guration that no discharges occur at 
the high voltage applied to the auxiliary electrodes. 

6. An electrostatic precipitator as de?ned in claim 5 
in which the corona-emitting electrodes comprise 
lengths of wire, and the auxiliary electrodes are rod 
members. 

7. An electrostatic precipitator including a plurality 
of parallel, grounded plate electrodes, at least one 
corona-emitting electrode and at least one auxiliary 
electrode, said emitting and auxiliary electrodes being 
disposed between the plate electrodes in a plane sub 
stantially parallel thereto, a ?rst circuit for applying a 
unidirectional voltage to said corona-emitting elec 
trode, a second circuit for applying a unidirectional 
voltage of the same polarity to said auxiliary electrode, 
and means for controlling said circuits to cause the ?rst 
circuit to apply short pulses of a suf?ciently high volt 
age to cause emission of corona and to maintain a 
lower voltage for predetermined intervals of longer du 
ration between pulses, said controlling means causing 
said second circuit to apply a high voltage to the auxil 
iary electrode during the intervals between said pulses 
and to maintain a low voltage during the pulses. 

8. An electrostatic precipitator as de?ned in claim 7 
in which the con?guration of said auxiliary electrodes 
is such that no corona discharges occur on them and 
the high voltage applied to the auxiliary electrodes is of 
sufficient magnitude to maintain a substantial electric 
?eld adjacent the plate electrodes. 

9. An electrostatic precipitator as defined in claim '7 
in which each of said circuits includes a ?rst capacitor 
connected to the respective electrode to maintain a 
substantially constant bias voltage thereon, a second 
capacitor in series relation with the ?rst capacitor, 
means for controlling the polarity of said second capac~ 
itor to place it in additive relation with the first capaci~ 
tor to supply the high voltage and to reverse the polar 
ity of the second capacitor for applying a low voltage 
to the electrode. 

10. An electrostatic precipitator as de?ned in claim 
9 in which said second capacitor is connected in an os 
cillatory circuit, said oscillatory circuit including elec 
tric valve means of opposite polarities, and in which 
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said controlling means includes means for ?ring said 
electric valve means at predetermined times to control 
the reversals of polarity of the second capacitor. . 

11. An electrostatic precipitator as de?ned in claim 
10 and including means for supplying energy to said os 
cillatory circuit during the periods of low voltage. 

I 12. An electrostatic precipitator as defined in claim 
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12 
11 in which saidyvimeans for supplying energy comprises 
althird capacitor-in series relation with one of said elec 
tric valve means, said thirdcapacitor being of large ca 
pacitance as’ compared to they second capacitor, and 
means for charging the third capacitor. 
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