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UNITED STATES PATENT OFFICE 
2,377,391 

CHARGING SUSPENDED PARTICLES 
Harry J. White, Cambridge, Mass, assignor, by 

direct and mesne assignments, of one-half to 
Research Corporation, New York, N. Y., a cor 
poration of New York, and one-half to Western 
Precipitation Corporation, Los Angeles, Calif., 
a corporation of California 
Application April 24, 1943, Serial No. 484,502 

(C. 183-7) Claims. 
This invention relates to a method and appa 

ratus for the charging of suspended particles 
contained in a gas for the purpose of facilitat 
ing the removal of the particles from the gas by 
the effect of an electric field. 
The method and apparatus of the invention 

are particularly suitable for charging suspended 
particles for Subsequent removal in a separate 
precipitating field, as practiced in so-called "two 
stage' or "separated field' precipitators. Typi 
cally in such precipitators, the gas containing 
Suspended particles is subjected to the action of 
two Successive fields, the first of which is main 
tained between two electrodes One of which is a 
discharge electrode and the other of which is a 
non-discharge electrode, while the second field is 
maintained between two or more substantially 
non-discharging electrodes. 

In the following description and appended 
claims, the term "discharge electrode' will be 
understood to designate an electrode that facili 
tates corona discharge therefrom, because it has 
a configuration that establishes a sufficiently 
high potential gradient at or near its surface 
to create corona discharge before there is a dis 
ruptive discharge or Sparkover. For this purpose, 
the discharge electrode usually takes the form 
of a member of Small Surface area, such as a 
small diameter wire or a rod provided with sharp 
edges or points, whereby there may be created 
in the immediate vicinity thereof a sufficiently 
high electric field intensity to cause ionization 
and corona, discharge. The term "non-discharge 
electrode' will be understood to designate an 
electrode that minimizes or prevents corona dis 
charge therefrom because it has a configuration 
that establishes a sufficiently low field concen 
tration at or near the Surface to SuppreSS COrona 
discharge at elevated potentials lower than the 
voltage required for disruptive discharge or 
sparkover. For this purpose, a non-discharge 
electrode usually is one of extended Surface area, 
substantially free from sharp Corners or other 
parts of sharp surface curvature at all portions 
which are located within the electric field, SO as 
to substantially avoid ionization or corona dis 
charge at that electrode. 

In the charging of suspended particles by the 
effect of corona discharge in an electric field, 
if an adequate Supply of unipolar ions is pres 
ent, both the rate of charge and the maximum 
charge of any given particle are directly pro 
portional to the field strength. However, the 
average strength of the electric field between a 
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is limited by the occurrence of arcing above a 
limited value which for negative corona discharge 
in air is not, in general, substantially above 6 
kv. per centimeter, although the breakdown feld 
strength between large spheres or suitably shaped 
plates for spacings of the order of a few inches 
in air is around 25 kV. per centimeter. 
A principal purpose of the invention is the 

provision of an improved method and apparatus 
for the charging of suspended particles. 
A further purpose of the present invention is 

to provide a method and apparatus whereby the 
field strength of a particle charging field may 
be substantially increased to bring about a great 
er rate and effectiveness of charging. 

Broadly speaking, the invention Comprises in 
creasing the strength of the electric field between 
a discharge and a non-discharge electrode in the 
portion of the field adjacent the non-discharge 
electrode. This may advantageously be effected 
by providing a pervious, non-discharging aux 
iliary or grid electrode member between the dis 
charge electrode and non-discharge electrode, and 
maintaining a substantially greater potential dif 
ference per unit of spacing between the auxiliary 
electrode and non-discharge electrode than be 
tween the discharge electrode and the auxiliary 
electrode. The auxiliary electrode is maintained 
at a potential between that of the discharge 
electrode and that of the non-discharge elec 
trode, so that the polarity of the field between 
the discharge electrode and the auxiliary elec 
trode is the same as that of the field between 
the auxiliary electrode and the non-discharge 
electrode. In general, it is advantageous to 
ground the auxiliary electrode and to maintain 
the discharge electrode at a negative potential 
and the non-discharge electrode at a positive 
potential with respect to the auxiliary electrode, 
although the non-discharge electrode may be 
grounded and the auxiliary and discharge elec 
trodes maintained at high (preferably negative) 
potentials with respect to the non-discharge elec 
trode. It is also advantageous to provide an 
auxiliary electrode structure of such form that 
it shields the space between the discharge and 
the auxiliary electrodes from the direct flow of 
the gas being treated and causes the gas to pass 
through the electric field portion of enhanced 
strength between the auxiliary electrode and the 
non-discharge electrode. 
The invention will be more particularly de 

Scribed with reference to the accompanying draw 
ings showing illustrative embodiments of the in 

discharge electrode and a non-discharge electrode 55 vention. In the drawings: 
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will be determined by such factors as the electric 
field strength, the character of the suspended ma 
terial and the rate of gas flow. One of the prin 
cipal advantages of the invention is the possibility 
of maintaining a high efficiency of particle charg 
ing at high gas velocities. 

It will be clear that the particular embodiments 
of the invention shown and described herein are 
merely illustrative of the principles of the inven 
tion and are subject to variation in form and ar 
rangement without departing from the scope of 
the invention as defined in the appended claims. 

claim: 
1. A method of charging particles which com 

prises generating an ionizing discharge in an 
electric field, directing said discharge into an 
electric field of substantially greater average 
strength than the average strength of the field 
from which said ionizing discharge emanates to 
establish therein a charging Zone, and passing a 
gas containing suspended particles substantially 
wholly through said charging Zone whereby sub 
stantially all of the particles are subjected to said 
ionizing discharge in said charging zone. 

2. A method of charging Suspended particles 
which comprises generating an ionizing dis 
charge between a discharging electrode and a 
non-discharging electrode, establishing an elec 
tric field in that portion of the space between 
the electrodes adjacent the non-discharging elec 
trode and spaced from the discharge electrode 
of an average strength substantially greater than 
the average field strength adjacent the discharg 
ing electrode, and passing a gas containing Sus 
pended particles substantially wholly through 
said ionizing discharge in the electric field of 
enhanced strength whereby substantially all of 
the particles are subjected to Said ionizing dis 
charge in said field of enhanced strength, 

3. A method of charging Suspended particles 
which comprises generating an ionizing discharge 
between a discharging electrode and a non-dis 
charging electrode, establishing an electric field 
of at least about 20 kV, per inch average strength 
in that portion of the space between the elec 
trodes adjacent the non-discharging electrode 
while maintaining the field strength adjacent the 
discharging electrode at less than the breakdown 
strength, and passing a gas containing Suspended 
particles substantially wholly through said ion 
izing discharge in the electric field of enhanced 
strength whereby substantially all of said par 
ticles are subjected to said ionizing discharge in 
said field of enhanced strength. 

4. Apparatus for charging suspended particles 
comprising a discharge electrode, a non-dis 
charge electrode spaced therefron, a gas-pervi 
ous, non-discharge, auxiliary electrode positioned 
between the discharge electrode and the first 
non-discharge electrode, means for establishing 
an electric field between said discharge electrode 
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and Said auxiliary electrode effective to cause 
an ionizing discharge from Said discharge elec 
trode, means for establishing a substantially 
stronger electric field of the same polarity be 
tween said auxiliary electrode and said first non 
discharging electrode, and means for directing 
a stream of gas substantially wholly through the 
Space between said auxiliary electrode and said 
first non-discharge electrode. 

5. Apparatus for charging Suspended particles 
comprising a discharge electrode, a non-dis 
charge electrode spaced therefrom, a gas-pervi 
ous, non-discharge, auxiliary electrode positioned 
between the discharge electrode and the first 
non-discharge electrode, means for establishing 
an electric field between said discharge electrode 
and Said auxiliary electrode effective to cause an 
ionizing discharge from said discharge electrode, 
imeans for establishing a substantially stronger 
electric field of the same polarity between said 
auxiliary electrode and said first non-discharge 
electrode, means for directing a stream of gas 
through the Space between said auxiliary elec 
trode and said first non-discharge electrode, and 
means for Shielding the space between said dis 
charge electrode and said auxiliary electrode 
from direct flow of gas. 

6. Apparatus for charging Suspended particles 
Comprising a discharge electrode, a non-dis 
charge electrode spaced therefrom, a gas-pervi 
ous, non-discharge, auxiliary electrode positioned 
between the discharge electrode and the first 
non-discharge electrode, means for establishing 
an electric field between said discharge electrode 
and Said auxiliary electrode effective to cause 
an ionizing discharge from said discharge elec 
trode, means for establishing an electric field of 
about 20 kV. per inch and of the same polarity 
as the first field between said auxiliary electrode 
and Said non-discharge electrode, and means for 
shielding the Space between the said first dis 
charge electrode and said auxiliary electrode 
from direct flow of gas. 

7. Apparatus for charging suspended particles 
comprising a discharge electrode, a non-dis 
charge electrode spaced therefrom, an auxiliary 
non-discharge electrode surrounding said dis 
charge electrode including a gas-pervious por 
tion between the discharge electrode and the first 
non-discharge electrode and a non-gas-pervious 
portion positioned to shield the space between 
said discharge electrode and Said auxiliary elec 
trode from direct flow of gas, means for estab 
lishing an electric field between Said discharge 
electrode and said auxiliary electrode effective 
to cause an ionizing discharge from said dis 
charge electrode, and means for establishing a 
substantially stronger electric field of the same 
polarity between said auxiliary electrode and 
Said first non-discharge electrode, 

HARRY J. WE. 


