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UNITED STATES PATENT OFFICE 

This invention relates to a new process and 
new means for producing ionization parallel with 
the surface of insulating materials. 
This ionization, which is manifested in th 

form of creeping sparks, polar brush discharges 
and the like, is hereinafter termed surface ioniza 
tion. Surface ionization of this kind comes into 
consideration in dust precipitating plants for ex 
ample, in which ionization is produced along the 
surface of a body composed of insulating ma-. 
terial by means of a voltage, the carriers of elec 
tricity formed being withdrawn by another volt 
age from the ionization area and conveyed into 
the current of gas laden with dust or other sub 
stance where the particles held in suspension in 
the gas are then charged and precipitated. 
The invention is also applicable in other 

branches, e.g. for chemical purposes, when it is 
desired to bring about chemical reactions be 
tween the layers on the surface of the body of . 
insulating material and the surrounding gases 
under the action of electrical discharges or chem 
ical decompositions within the gases or a mixture 
of gases. The discharges may also serve to clean 
insulation surfaces such for example as the sur 
faces of insulators. . . 

Ionizing fields have been produced heretofore 
in Systems provided with electrodes separated 
by an insulating layer. For instance, at the 

a Superficial ionization area is produced by sup 
plying an alternating voltage to electrodes sep 
arated by an insulating layer, whereby electric 
fields are produced which partly pass in the di 

35 electric and which partly pass on the surface of 
the insulating layer. By the employment of suit 
able voltages, so-called polar brushes or jump- - 
Over sparks are produced that alternately charge 
and discharge the sides of the insulator, that is, 

40 the insulating layer separating the electrodes. 
In this manner, the surface of the insulating lay 
er is coated with an intense and uniform ioniza 
tion layer. It has been shown that ionizers of 
this kind have an excellent ionization effect. 
This effect, however, is injured if the surface of 
the ionizer becomes coated with a layer of dust, 
moisture or like electrically conducting sub 
stances, since, in such an event, the electricity 

0. that would charge the sides of the insulating 
layer no longer passes as an ionizing current 
upon the insulating layer but as a simple con-/ 
ducted current within the layer of dust or the 
like. Externally, this difference becomes ap 

is parent in that the surface of the ionizer no 

longer shows the presence of a luminous area in 
dicating the presence of the ionizing current. 
Now, when the ionizer becomes coated with 

dust and like conducting material, the situation 
is such that the ionizer, includes two elements 
connected in Series: 

1. A resistance conductive dust layer formed 
upon the layer of insulating material. 

2. A condenser-like system (the insulating 
layer between the conducting elements). 
Thus, the entire voltage between the ionizer 

electrodes is, in accordance with Well known 
formulas, composed of the voltage along the re 
sistance and of the voltage of the condenser. 

Since the voltage of a condenser is proportion 
all to the quantity of electricity present thereon, 
and the quantity of electricity is equal to the 
product of the strength of the current and the 
time, this leads to the conclusion that a great 
strength of field will arise in the aforementioned 
resistance (even if it be of great conductivity) 
where the voltage between the ionizing electrode 
increases very quickly for, in such an event, the 
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quantity of electricity present on the condenser . 
and at the same time the voltage of the condenser 
are so small that practically the entire voltage 
is present On the resistance. 
Of course, this happens for only a short period 

of time, that is, only during the phase where the 
voltage rises steeply. If, therefore, the ionizer 
be fed with a voltage of rectangular shape for 
instance, a high field strength will develop on the 
ionizer surface for a short period of time, not 
withstanding its conductivity. The field SO pro 
duced, however, is sufficient for the production of 
ionization and in the operation of the System, in 
accordance with this invention, the dust cov 
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ered surfaces again become luminous, showing 
the presence of a high ionization current. 
To produce such steep fronts of the voltage 

waves means which are known per se may be 
employed. 

In order to clearly describe the invention, ref 
erence is to be made to the following description 
and accompanying drawing in which: 

Figs. 1, 2, and 3 show three Wave forms of volt 
ages considered in the invention for producing 
ionization. 

Fig. 4 shows in a diagrammatic way a device in 
accordance with this invention. 

Figs. 5 and 6 show in a diagammatic way modi 
fications of details of the arrangement of Fig. 4. 
The ionizing circuit may be supplied with 

fluctuating voltage, whether it be an alternating 
Current Or a pulsating COntinuous current of rec-. 
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which are produced by Well known means, Say in 
machines of a suitable type of construction or in 
suitably controlled discharge tubes. 

Particularly suitable as ionizing voltages, ac 
cording to this invention, are those proceeding 
along a conductor with a steep front to the waves, 
that is, those waves termed travelling Waves. 
These travelling waves (like that shown in Fig. 
3 for example) may be produced by impulses 
in switching, it being possible, by suitable ar 
rangement and dimensioning of the electrical 
magnitudes of the circuit, the resistances, the 
condensers, the self-induction of the windings or 
by supplementary apparatus, to determine the 
size and shape of the front of the wave, in accord 
ance with the conditions, particularly the Con 
ductivity and kind of coatings or dusts which 
are to be controlled. 
An advantageous arrangement may be ob 

tained if spark gaps be employed to produce in 
pulses or breaks in the voltage and particularly 
such in which the spark is quenched by special 
quenching devices, whether of an electrical, 
magnetic, electromagnetic or mechanical nature. 
A constructional example of the invention is 

illustrated in Fig. 4 of the drawing, which shows 
an ionizer for an electrical gas purifying plant, 
in which the strength of the field necessary for 
ionization is produced in a section of space ly 
ing at the side of the charging area by means 
of a voltage and the charge carriers so formed 
conveyed by another voltage into the space 
charging area, the ionizing area being produced 
in particular Superficially at the boundary of a 
layer of insulating material which separates the 
ionizing electrodes of the different polarities 
from each other. 
The ionizer is denoted by . It consists in the 

example illustrated of a plate or insulating body 
2 of insulating material, on both of the sides 
of which is arranged on the surface thereof Or 
in the vicinity of the surface thereof, a series 
of ionizing electrodes 3, 4, which consist of 
rod or strip shaped conductors of any kind of 
conducting material connected up in parallel 
with each other. In this example the two series 
are connected up in parallel with each other 
and form one Set of electrodes of the ionizer, 
while the opposite electrode is formed by a plate. 
5 of metal embedded in the plate of insulating 

material. An alternating voltage from the 
transformer 8 is Supplied to the ionizer. 
charge carriers produced by the ionizer are 
conveyed by means of a further voltage into the 
space charging area which lies at the side of the 
ionizer, charge the particles of dust held in 
suspension there and are conveyed by means of 
the same voltage to the precipitating electrodes 
20, 2. This voltage which serves to convey the 
charged particles to the precipitating electrodes 
is sent over the conductors 24, 25 to the pre 
cipitating electrodes connected up in parallel 
therewith on the one hand and to the ionizer 

on the other hand, and, in the example shown, 
as a continuous current, which is rectified out 
of the transformer by means of the rectifying 
tube 26. The condenser 30 which is connected 
up in parallel with the electrodes of the con 
tinuous current, serves to smooth out the con 
tinuous current. 
The ionizer is constituted as a condenser 

like system consisting of the insulating body 
y 
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tangular form (see Fig. 1 for example), trapeze 
form or stepped form (see Fig. 2 for example), 

plate 2 any conducting coatings and conductors 
f3, 4, 5. An alternating voltage is supplied 
to the ionizer from the transformer 8 over the 
circuit 8, 36, 25, f4 (3), 5, 32, 37, 8. Sep 
arating plates or depositing electrodes, 20, 2, 
at which the dust or other matter in the gas to 
be purified, collects are fed by a different circuit 

. 25, f4 (3), 2 (20), 24, 26 and is not influenced 
by the ionizer's operation. If dusts which Con 
duct electricity or even those which conduct it 
only slightly are present in the separating area, 
that is, the area between the ionizer and the 
separating plates, say soot for example, metal 
dust or even moist gases or gases which would 
otherwise affect the Surfaces and make them 
conductors, the surface of the plate 2 becomes 
coated with a layer thereof which conducts elec 
tricity more or less well. The voltage of the 
ionizer is then composed of the voltage along 
the resistance formed by the conducting layer of . 
the dust and the like and the voltage of the con 
denser-like system. Now the voltage of a con 
denser is proportional to the quantity of elec 
tricity which is present thereon, and this is equal 
to the product of the strength of the current and 
the time. If the voltage supplied to the ionizer 
say by the Spark gap 32 interpolated in the cir 
cuit for example, be Selected in such a way that 
it rises rapidly with a steep front to the wave, 
there will be produced in view of the short time, 
a low voltage at the condenser, so that practically 
the total voltage falls on the resistance formed 
by the coating. 

If therefore the alternating voltage, alternat 
ing current or pulsating continuous current Sup 
plied to the ionizer shows a steep front, there 
will beformed during the rapid variation in the 
voltage on the surface of the dust or other con 
ducting layer, notwithstanding its comparatively 
high conductivity, for a short time, a very strong 
electric field which will suffice to ionize the vi 
cinity of the ionizer. Under the influence of the 
continuous voltage which prevails between the 
ionizer and the precipitating electrodes, charge 
carriers are withdrawn from the ionizing area, 
the particles of dust or other particles held in 
suspension are charged and conveyed to the 
precipitating electrodes 20 and 2. 
An ionizing voltage with as steep a rise and fall 

of the voltage as possible will therefore be em 
ployed, which can be produced in any desired 
manner. If suitably built generators or tube rec 
tifiers or even mechanical transformers like pen 
dulum transformers for example, be used for the 
generation of the voltage with a steep front to the 
Wave, the circumstance must be taken into ac 
count that a flattening of the front of the wave is 
produced by the self induction of the trans 
former, by means of which the voltage is Sup 
plied as a rule to the ionizing circuit, 
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This flattening is avoided if the steep voltage 
front be produced directly in the ionizing circuit, 
which is possible by means of spark gaps for ex 
ample. By means of the spark gaps those trav 
elling waves will be generated and utilized which 
in general it is endeavoured to avoid in electric 
circuits. The sensitive parts such as transform 
ers and the like can be protected against the ac 
tion of the travelling waves in the usual way by 
protecting resistances 36, 37, 38. As the spark 
gap when suitably constructed only responds. 
when the voltage at it has risen to a certain value, 
it acts in a manner of Speaking as an automatic 
Switch. AS SOOn as the Spark paSSes the resist 
ance of the spark channel falls in a very short 
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time, about 10 seconds, to a low value. In ac 
cordance herewith the voltage in the ionizer Wa 
ries in jerks, the jump in the voltage being more 
or less steep according to the conditions. By 
suitably equalizing the capacity of the ionizer, the 
wave resistance, the length of the conductor from 
the spark gap to the ionizer, the size of the pro 
tecting resistances, the leakage from the trans 
former and the like and by inserting appropriate 
apparatus, such for example as connecting the 
condenser (40) in parallel with the transformer 
8, it is possible to control the steepness of the 

rise in the voltage, particularly when the capacity 
of the condenser 40 is large as compared with the 
capacity of the ionizer. 
The spark gap will therefore be so constructed 

that its capacity is small. If, however, the ca 
pacity of the ionizer is exceptionally small, it will 
be of advantage to even connect, in addition and 
parallel to the spark gap, a small capacity, as the 
final resistance of the spark is, as is well known, 
inversely proportional to the quantity of the elec 
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tricity which passes through it. 
In order to obtain a rapid collapse of the re 

5 sistance of the spark and to prevent a current 
from flowing between the spark gap electrodes 
before the Spark proper passes, the arrangement. 
will be so devised that the Spark passes directly . 
from the so-called initial Voltage and that no 
glow, brush discharge or the like takes place be 
fore the spark. Only a comparatively slight cur 
wature is therefore given to the electrodes of 
the spark gap. Care is also taken that the sparks 
which follow each other in accordance with the 
change in the voltage of the ionizer shall not meet 
many ions in the spark gap from the sparks 
which precede in each case and consequently pass 
even at slight amplitudes of the voltage or under 
Some circumstances persist even as arcs Or arc 
discharges or the like. For this purpose the elec 
trodes of the Spark gap may be specially con 
structed for example with cooling ribs or may be 
made of a special material of high thermal con 
ductivity for example. The electrodes may also 
be cooled or the spark allowed to pass in a special 
medium (such as gas under high pressure, oil or 
other dielectric liquid or the like). For this 
purpose suitable quenching devices of an electric, 
magnetic or electromagnetic nature may be pro 
vided at the spark gap, such as are used for ex 
ample for preventing arcs from being struck when 
switches are operated. For this purpose also the 
Spark gaps or parts thereof may be made to move 
or the electrodes may be subjected to a blast. A 
favourable effect is produced if the axis of the 
spark gap be horizontal as by this means the up 
ward thrust of the heated air produced at the 
spark gap acts of itself to regenerate the spark 
gap. It is particularly favourable for this purpose 
to give the electrodes a considerable amount of 
curvature, but such curvature must not be so 
great that glowing or discharges are formed be 
fore the spark passes. 

' A valuable constructional form of the idea on 
which this invention is based results if one or 
both of the electrodes of the spark gap be made 
hollow and the surface provided with One or more 
openings at the place where the Spark is pro 
duced, see 45, Fig. 5. By means of a suitable ap 
paratus such as a motor 46 for example a pump 
41, pipes 48 a fluid medium either liquid or gase 
ous under a head of pressure is then supplied 
to the spark gap or compressed air for example or 
an inert gas under pressure, such as nitrogen for 
example, is supplied or the medium may be with 

drawn by the creation of a vacuum away from 
the spark gap through the opening 45, the pipes 48 
or pumping apparatus 46, 47. 

Instead of one spark gap a number of Spark 
gaps may be connected up in series in a suitable 
form in order to obtain great steepness in the . 
jump in the voltage. In like manner and for the 
same purpose the conductors of the ionizer may 
be composed of pieces of conductors with differ 
ent travelling wave resistances. The voltage may 
also be intensified by the reflection of the travel 
ling waves at the ionizer and particularly when a 
long conductor or a number of Sections of con 
ductors of definitely graduated Wave resistances 
are interposed between spark gaps. 
As the condenser 40 means a high capacitative 
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load on the transformer 8 and the plant it is 
possible in order to reduce the loading current 
and to equalize the capacitative lead of the plant 
to use a self-induction coil 50 (see Fig. 6) which 
may be interposed at a suitable point for ex 
ample in parallel with the secondary winding of 
the transformer 8. The magnitude of the self 
induction may conveniently be such that to 
gether with the total capacity of the loading cir 
cuit resonance for the primary or basic wave 
of the primary alternating current is produced. 
In the present invention the spark gap does. 

not serve to produce high frequency damped 
OScillations as is well known per se, but on the 
contrary the spark gaps are intended to serve 
like the other arrangements described to pro 
duce the special form of voltage and steep alter 
nation in the voltage. Whether in addition 
thereto high frequency waves are produced by 
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the spark gaps is of no consequence as far as 
this invention is concerned as the important 
point is the action of the special form of voltage. 
Since furthermore the self-induction of the ioniz 
ing circuit is kept as small as possible so as not. 
to flatten the rise in the voltage, the high fre 

... quency oscillation which will be produced in any 
case will be of a magnitude which may be neg lected. 

It will be understood that the invention is not 

trated by way of example and that various struc 
tural changes and modifications may be made 
without departing from the spirit of my inven 
tion, and I desire therefore that the appended 
claims should be construed in the light of prior knowledge. 

It will be understood that the term “alternat 
ing voltage with a steep rise and fall of the 
voltage' includes alternating voltages having 
steep fronts to the wave as for instance the rec 
tangular, stepped and trapeze forms illustrated 
in Figs. 1, 2 and 3 rather than the usual sinuous 
form of alternating current wave. . 
Having thus described my invention, what I 

claim as new and desire to secure by Letters 
Patent, is:- 

1. An ionizing device comprising spaced ioniz 
ing electrode members, a body of insulating ma 
terial separating said members, a source of high 
voltage current, and means connecting said 
source with said ionizing electrode members to 
produce a high potential therebetween, said con 
necting means including means for Supplying 
said voltage in short impulses of steep Wave, 
front. 
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limited to the embodiments described and illus 
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2. An ionizing device comprising a body of 
insulating material, an ionizing electrode mem 
ber positioned at the surface of said body and a 75 



4. 
further ionizing electrode member spaced from 
said first ionizing electrode member and Sepa 
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rated therefron by Said body, a Source of high 
Voltage current, and means connecting said 
source with said ionizing electrode members to 
produce a high potential therebetween, said con 
necting means including means for supplying 
said voltage in short impulses of steep wave 
front. 

3. An ionizing device comprising a body of 
insulating material, an ionizing electrode nem 
ber positioned at the surface of said body and a 
further ionizing electrode member in contact 
with said body and separated thereby, from the 
first ionizing electrode member, a source of high 
voltage current, and means connecting said 
source with said ionizing electrode members to 
produce a high potential therebetween, said 
connecting means including means for Supply 
ing said voltage in short impulses of steep wave 
front. 

4. An ionizing device comprising a body of 
insulating material, an ionizing electrode men 
ber positioned at the surface of Said body and a 
further ionizing electrode member embedded in 
said body and separated thereby from the first 
ionizing electrode member, a source of high volt 
age current, and means connecting Said Source 
with said ionizing electrode members to produce 
a high potential therebetween, said connecting 
means including means for supplying said voltage 
in short impulses of steep wavefront. 

5. An ionizing device comprising spaced ion 
izing electrode members, a body of insulating ma 
terial separating said members, a source of high 
Voltage Current, and "means connecting said 
Source with said ionizing electrode members to 
produce a high potential therebetween, said con 
necting means including a spark gap for Supply 
ing said voltage in short impulses of steep wave 
front. 

6. In an electrical precipitator, an ionizing de 
-vice comprising spaced ionizing electrode mein 
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bers, a body of insulating material separating 
Said members, a source of high voltage current, 
means connecting said Source With said ionizing 
electrode members to produce a high potential 
therebetween, said connecting means including 
means for Supplying said voltage in short im- . 
pulses of steep wave front, a collecting electrode 

2,085,758 
member spaced from said ionizing device, means 
for producing a high potential between said ion 
izing device and the collecting electrode member, 
and means for passing a fluid between at least 
One of Said ionizing electrode members and the 
collecting electrode member. 

7. In an electrical precipitator, an ionizing de 
vice comprising a body of insulating material, an 
ionizing electrode member positioned at the sur 
face of Said body and a further ionizing elec 
trode member spaced from said first ionizing elec 
trode member and separated therefrom by said 
body, a source of high voltage current, means 
connecting Said source with said ionizing elec 
trode members to produce a high potential there 
between, said connecting means including means 
for supplying said voltage in short impulses of 
Steep Wave front, a collecting electrode member 
spaced from said ionizing device, means for pro 
ducing a high potential between said ionizing 
device and the collecting electrode member, and 
means for passing a fluid between at least one of 
said ionizing electrode members and the collect 
ing electrode member. 

8. Method of producing ionization at the sur 
face of a body of insulating material in contact 
with Spaced electrode members which comprises 
providing a high potential electric field between 
Said Spaced electrode members and maintaining 
a relatively high drop in voltage along the sur 
face of Said body by impressing short impulses. 
of steep wave front across said spaced electrode 
members. 

9. Method of electrically precipitating sus 
pended material from fluids which comprises 
passing a stream of fluid between a collecting 
electrode and a body of insulating material in 
contact with Spaced electrode members, produc 
ing ionization at the Surface of the body of in 
sulating material by providing a high potential 
electrical field between said spaced electrodemem 
bers, maintaining a relatively high drop in volt 
age along the surface of said body by impressing 
short impulses of steep wave front across said 
spaced electrode members, and providing a high 
voltage electrical field between at least one of 
said spaced electrode members and said Collecting 
electrode. 

ARTHUR JOHANNES KRUTZSCH. 
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