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This invention relates to selective separation means 
and, more particularly, to means for selectively separat 
ing particulate materials having different electrical char 
acteristics. 

It is known that when an insulator is brought into con 
tact with a conductor and a potential difference is pro 
vided between the two, a force results which attracts the 
two together. This effect, which is known as the Johnsen 
Rahbek effect, is discussed by Zwikker in "Physical Prop 
erties of Solid Materials,'. Pergamon Press, 1955, page 
258. 

It is also known that various materials have different 
electrical characteristics such as resistivities and absolute 
dielectric constants. Resistivity is defined as the electri 
cal resistance of one cubic centimeter of the material; 
the absolute dielectric e of a medium is defined by the 
equation 

6 e Fr2 
where F is the force of attraction between two charges 
Q and Q separated by a distance r in a uniform medium. 
Values of resistivities and absolute dielectric constants 
for various materials are easily obtainable from standard 
handbooks such as “Handbook of Chemistry and Physics,” 
published by Chemical Rubber Publishing Company, 

. Cleveland, Ohio. 
The product of the resistivity and the absolute dielec 

tric constant of any given material is a characteristic 
known as the time constant of the material. If it is de 
sired to apply the aforementioned Johnsen-Rahbek effect 
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to the separation of various materials, the time constants . 
of the materials may be utilized to provide selective sepa 
ration. Accordingly, it is an object of the invention to 
provide means for separating particulate materials accord 
ing to the electrical time constants of the materials. 

It is another object to provide apparatus for efficiently 
separating conductive and nonconductive particulate ma 
terials. 

It is another object to provide apparatus for separating 
various nonconductive or poorly conductive particulate 
materials from each other. 

It is a further object of the invention to provide appa 
ratus which utilizes a natural force, such as gravitation, 
buoyancy, or centrifugal force, as a feature in the separa 
tion of particulate materials. 

It is a still further object of the invention to provide 
apparatus in which the Johnsen-Rahbek effect is utilized to 
overcome a natural force to separate various particulate 
materials according to their electrical time constants. 

In its broader aspects, the invention provides means for 
separating particulate materials having different electrical 
characteristics comprising means for depositing the par 
ticulate materials on a surface from which they tend to 
be removed by a natural force. Ionizing means is located 
adjacent the surface and the materials for establishing a 
charge on the materials and with it an electric field be 
tween the materials and the surface. Means is provided 
for repetitively energizing the ionizing means for a time 
interval which is less than the time constant of material 
to be removed from the surface and longer than the time 
constant of material to be retained on the surface. 
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Further objects and advantages and a better understand 

ing of the invention will be obtained from the following 
description, taken in conjunction with the accompanying 
drawings, in which: 
FIG. 1 is a diagrammatic elevational view with parts 

broken away, of means for separating from each other 
nonconductive or poorly conductive particulate materials 
having various time constants, or for separating noncon 
ductive or poorly conductive particulate material from 
conductive particulate material; 

FIG. 2 is a fragmentary diagrammatic view similar to 
FIG. 1 showing a modification of the apparatus of FIG.1; 
FIG. 3 is a diagrammatic view of modified means for 

energizing the apparatus shown in FIGS. 1 and 2; and 
FIG. 4 is a diagrammatic perspective view, with parts 

broken away, of another embodiment of the invention 
for separating particulate materials according to their 
time constants. 
The embodiment of the invention shown in FIG. 1 is 

particularly adapted for the selective separation of insu 
lating or poorly conducting particulate materials having 
different electrical time constants. As a natural conse 
quence of its method of operation, it is also useful in 
separating conducting from nonconducting particulate 
material, but its principal advantage over other means 
known in the art lies in the former application. It is pri 
marily adapted for the separation of nonconducting, or 
insulating, particulate materials because the medium on 
which separation occurs comprises an inclined conveyor 
belt 10 made of a conductive material. 
The conveyor belt 10 is mounted between two pulleys 

11 and 12 at such an angle that particulate material 13 
to be separated, which is discharged from a hopper or 
bin 14 onto its upper surface, tends to roll or slide down 
wardly under force of gravity and be discharged into a 
receptacle 15 placed under the lower end of the conveyor. 
One of the pulleys, for example the pulley 12, may be ro 
tated by a motor 16, to cause the surface of the conveyor 
belt 10 on which the particulate matter i3 is deposited 
to move upwardly. The motor 16 may be energized by 
conventional means (not shown) and preferably is ca 
pable of driving the conveyor belt 10 at various speeds. 
When the selective separating means is unenergized, 

even though the conveyor belt 10 is being advanced, the 
conveyor belt is at such an angle that the particulate 
matter 3 falls or rolls down the belt under force of 
gravity. However, when the selective separating means 
is energized, that particulate material which it is desired 
to separate out from the remainder is caused to adhere 
to the surface of the moving conveyor belt 10 until it 
passes over the pulley 12, where it is discharged into a 
receptacle 17. In accordance with the invention, the 
means for separating the desired particulate material and 
causing it to adhere to the moving conveyor belt 10 com 
prises ionizing means located adjacent the upper Surface 
of the belt 10 and the particulate material 13 being de 
posited thereon. 
The ionizing means comprises a plurality of corona dis 

charge points 18 located in two groups 8a, 18b, above 
and below the area where the particulate matter 13 falls 
onto the upper surface of the belt 0. It is preferable 
that the corona discharge points 18 be arranged as close 
as possible to the material 13 falling from the hopper 14. 
The corona discharge points 18 are all electrically con 

nected in parallel and to one side of a source of electrical 
potential 19 through a current-limiting resistor 20 and a 
switch 21. The electrical circuit is completed by ground 
ing the other side of the potential source 19 and the con 
ductive conveyor beit 10. 
The switch 21 may be actuated by a cam 22 so that 

it may be periodically closed for predetermined intervals 
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of time. The cam 22 may be rotated by a motor 23, 
energized by conventional electrical means (not shown). 

In operation, the ionizing means comprising the corona 
discharge points 18, when energized, ionizes the air or 
other protective noble gas surrounding the apparatus and 
Sprays charges on the particulate matter being discharged 
onto the conveyor belt 10. Depending upon the length 
of time that the ionizing means is energized, certain of 
the particulate materials acquire an electrical charge and 
a high electric field is thereby created between those ma 
terials and the conveyor belt 10. This high electric field 
causes a force to be exerted between the particulate ma-. 
terial and the conveyor belt 10, whereby the particulate 
material adheres to the conveyor belt and is advanced 
upwardly with the belt. 
AS was previously mentioned, various materials, and 

particularly those which may be classified as insulators, 
poor conductors, or dielectrics, have associated therewith 
various time constants. The significance of the time con 
stant of a material is that it represents the time required 
for the material to acquire a substantial surface charge 
adjacent to the belt when it is sprayed with electric 
charges. Therefore, if a material is intermittently sprayed 
with electric charges, it may or may not acquire a sub 
stantial surface charge, depending on the length of the 
intervals during which it is being sprayed. Thus, if a 
particulate composition is composed of two materials 
having distinguishably different time constants, it is pos 
sible to spray electric charges on the composition for 
repetitive time intervals of such durations that the mate 
rial having the longer time constant will not acquire a 
space charge, but the material having the shorter time 
constant will. The materials with the shorter time con 
stants, having acquired a surface charge, will be subject 
to the high electric field existing between that material 
and a conductor and, hence, will be attracted to the con 
ductor by a substantial force. 

In the embodiment of the invention shown in FIG. 1, 
the means for repetitively energizing the ionizing means 
for a desired time interval comprises the switch 2, the 
cam 22 and the motor 23. By making the switch-closing 
projection on the cam 22 of the proper length and by 
rotating the cam 22 at the proper speed, the corona dis 
charge points 18 may be energized for any desired length 
of time. Thus, they may be repetitively energized for 
a time interval which is longer than the time constant of 
materials to be advanced upwardly on the conveyor belt 
10 and which is shorter than the time constant of mate 
rials to be removed at the lower end of the conveyor belt 
and deposited in the receptacle 15. 

It is pointed out that the time constant of a material 
relates not only to the length of time required for the 
material to acquire a surface charge when it is sprayed 
with electric charges, but also relates to the length of 
time for which the material will hold the surface charge, 
once acquired, before the charge leaks off the material. 
Therefore, the speed of movement of the conveyor belt 
10 must be so chosen that a point on the belt progresses 
from the upper end of the corona points 18 in the upper 
group 8a to approximately a vertical position over the 
pulley 12 in a time less than the time constant of the 
material being advanced by the conveyor belt. Of course, 
the corona points in the upper group 18a may be extended 
farther upwardly along the path of the conveyor belt 10 
so that less distance must be traversed by the particulate 
material before its surface charge leaks off and the force 
producing electric field collapses. 
By adjusting the time interval of energization of the 

corona discharge points 18 so that the interval is longer 
than the time constants of any insulating particulate ma 
terial in the material 13, any conductive material mixed 
therewith will be readily separated from the remainder. 
This occurs because any electric charges sprayed on the 
conductive material are immediately transferred to the 
conductive conveyor belt 10 and no charge or electric 
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4 
field is built up between the conductive material and the 
conveyor belt. Therefore, the conductive material will 
fall down the inclined belt under the force of gravity and 
be deposited in the receptacle 15. 

FIG. 2 illustrates a modification of the apparatus of 
FIG. 1, which is particularly useful in the separation of 
a small amount of conductive particulate material from 
a larger amount of nonconductive particulate material. 
In the description of the embodiment shown in FIG. 1, 
it was pointed out that conductive particulate material 
would not be advanced by the conveyor belt 10 because 
the belt was made of a conductive material. Thus, an 
electric field could not be established between the con 
ductive particulate material and the conductive conveyor 
belt. In the embodiment illustrated in the fragmentary 
view of FIG. 2, a nonconductive or insulating conveyor 
belt 10' is utilized, along with a conductive plate or strip 
25 which underlies the conveyor belt 0'. The remainder 
of the apparatus is as shown in FIG. 1, except that the 
plate 25 is grounded to complete the electrical circuit. 

In the operation of the embodiment shown in FIG. 2, 
electric charges are sprayed by the corona discharge points 
18 on the particulate matter 13 and on the insulating con 
veyor belt 10'. Because the particulate matter to be ad 
vanced by the conveyor belt 10' is a conductor, the 
charges are immediately distributed over the entire Sur 
face of each particle of the matter, but are not so dis 
tributed over the surface of the insulating conveyor belt 
10'. Therefore, an electric field is established between 
the conducting particulate matter and the nonconducting 
conveyor belt that is of sufficient strength to cause the 
particulate matter to adhere to the conveyor belt and be 
advanced upwardly. The switch 21 need not be repeti 
tively opened and closed in this mode of operation be 
cause nonconducting particulate matter on the noncon 
ducting conveyor belt will be unaffected by the electric 
charges sprayed thereon. If, however, it is desired to 
separate two particulate materials, one of which is a good 
conductor, and the other of which is a poor conductor, 
the switch 21 may be repetitively closed by the cam 22 
to separate the material having the shorter time constant 
from that having the longer time constant. That portion 
of the operation of the embodiment of FIG. 2 is substan 
tially the same as that described with reference to FIG. 
1; that is, the corona discharge points 18 are energized 
for a period of time that is longer than the time con 
stants of the material to be advanced up the conveyor 
belt, but shorter than the time constant of the material 
which is to be deposited by force of gravity into the re 
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ceptacle 15 at the lower end of the conveyor. 
It is apparent that many variations and modifications 

may be made in the embodiments shown in FIGS. 1 and 
2. For example, the number of corona discharge points 
18 in each of the groups 18a and 18b may be varied, as 
dictated by a particular application. In addition, the lo 
cations of the groups 18a and 18b, with respect to the 
material 18 being discharged onto the conveyor belt may 
be varied. It has been found in practice that the poten 
tial source 19 may comprise a source of either positive 
or negative voltage of the order of several thousand volts, 
delivered to the corona points through the current limit 
ing resistor 20, having a value of approximately 108 
ohms. Of course, these parameters may be varied as de 
sired, but in any event only a few microamperes of cur 
rent flow in the circuit. Each point may in certain cases 
be equipped with a current-limiting resistor of its own. 

It is also apparent that the cam-operated switch 21 
might be replaced with well-known electronic Switching 
means. Such means, such as electronically operated re 
lays, switching tubes and the like are well known in the 
art. 

It has been found that the source of direct potential 
19 and the cam-operated switch 2E may be replaced by 
a source of variable frequency alternating voltage. Such 
an arrangement is shown in FIG. 3, where a variable fre 
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quency A.C. source 26 is connected between the corona 
discharge points 18 and the conductive belt i0 or con 
ductive plate 25, through the current-limiting resistor 20. 
The variable frequency A.C. source 26 may be of con 
ventional well-known design having a frequency range to 
be determined in accordance with the range of the time 
constants of the materials to be separated. 

If it is desired to advance up the conveyor belt a ma 
terial having a given time constant, it is necessary that 
the frequency of the A.C. source be such that the time 
duration of one-half cycle of the alternating voltage is 
longer than the time constant of the material. This may 
be expressed in another way by saying that two times the 
frequency of the alternating voltage should be less than 
the reciprocal of the time constant of the material to be 
advanced. It follows that if two materials having dis 
tinguishably different time constants are to be separated, 
the time duration of one-half cycle of the alternating volt 
age should be longer than the time constant of one of 
the materials, and shorter than the time constant of the 
other, to effect such separation. 
The operation of the apparatus of the invention using 

an A.C. source is identical with that using a D.C. source 
in that positive and negative charges are alternately 
sprayed on the particulate material to be separated. The 
resultant electric fields between the material and the con 
veyor belt cause that material which bears a surface charge 
to adhere to the conveyor belt and be advanced thereby. 

FIG. 4 illustrates another embodiment of the invention 
which operates on the same principle of selective separa 
tion according to electrical characteristics as those em 
bodiments previously described, but which utilizes cen 
trifugal force rather than gravitational force to remove 
a particulate material from the apparatus. The separa 
tion medium in that embodiment comprises a horizontal 
disc 30 mounted for rotation on a shaft 3 normal there 
to, which may be driven by a motor 32. The disc 36) is 
made of a conductive material and may be electrically 
grounded through the shaft 3i. The particulate material 
33 to be separated (in this case, insulating or poorly con 
ducting material) is contained in the hopper 34 mounted 
above the surface of the rotating disc 30 with the material 
being discharged from the lower end of the hopper onto 
the upper surface of the disc. 
Mounted above and closely spaced from the rotating 

disc 30 is a segmental disc 35 which extends from just 
in front of the lower end of the hopper 34 and covers the 
major portion of the disc 30. A plurality of downwardly 
extending corona discharge points 36 are carried by the 
upper disc 35. The disc 35 may be conveniently mounted 
by means of a bracket 37 secured to an immovable por 
tion of the apparatus. 
As illustrated, the upper disc 35 is constructed of a 

conducting material and is electrically connected to the 
plurality of corona discharge points 36 so that all of the 
corona discharge points may be electrically energized by 
means of an electrical connection to the disc 35. Of 
course, alternative arrangements are possible, and in ac 
tual practice, it might be desirable to insulate the upper 
surface of the disc 35 for safety reasons. 
The corona discharge points 36 are electrically ener 

gized from a potential source 38 to which one side of 
the disc 35 is connected through a current-limiting resistor 
40. The electrical circuit is completed from the other 
side of the potential source 38 through a switch 41 to 
ground. As in the embodiment shown in FIG. 1, the 
switch 41 may be periodically opened and closed by means 
of a cam 42 rotated by a motor 43. 
The embodiment of the invention shown in FIG. 4 

operates in a manner very similar to that previously de 
scribed with reference to the apparatus shown in FIG. 1. 
If the disc 30 is rotating, but the corona discharge points 
36 are unenergized, particulate material discharged from 
the hopper 34 onto the upper surface of the disc 30 is 
discharged from the surface of the disc by centrifugal 
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force which throws it outwardly as the disc rotates. If, 
however, the ionizing means comprising the corona dis 
charge points 36 is energized for an interval of time long 
er than the time constant of the material 33, the electric 
charges sprayed on the material 33 cause it to become 
electrically charged. The surface charge on the material 
causes a high electric field to be established between the 
particulate material and the disc 30, and the material 
adheres to the disc as it rotates. As in the embodiments 
previously discussed, the ionizing means may be repeti 
tively energized for a time interval which is longer than 
the time constant of materials to be retained on the sur 
face of the disc and shorter than the time constant of 
materials to be removed from the surface by centrifugal 
force. The intervals for which the ionizing means is 
energized may be varied by changing the cam 42 or by 
changing its speed of rotation. 
The embodiment of the invention shown in FIG. 4 also 

includes means for positively discharging that material 
which remains on the surface of the disc 30 after it has 
passed out from under the corona discharge points 36. 
Normally, the surface charge on the particulate material 
Would leak off in a time equal to the time constant of 
the material, the electric field between the material and 
the disc would collapse, and centrifugal force would tend 
to discharge the material from the disc. However, in 
order to insure its positive discharge and to permit higher 
Speeds of rotation of the disc 30, means in the form of 
a plurality of corona discharge points 44 is provided, to 
neutralize any surface charge remaining on the particu 
late material. As illustrated, the corona discharge points 
44 extend along a radius of the disc 30 at a position just 
beyond the end of the segment of the upper disc 35. The 
corona points 44 extend downwardly from a supporting 
bar 45, to which they are electrically connected, and it, 
in turn, is connected through a current-limiting resistor 
46 to one side of a source 47 of electric potential. The 
electric circuit is completed by connecting the other side 
of the potential source 47 to ground through a switch 48. 
It is pointed out that if the corona discharge points 36 
are energized by a positive voltage, the corona points 44 
must be energized by a negative voltage to be effective, 
and vice versa. 

In operation, when the switch 48 is closed, electric 
charges of opposite polarity to those already carried by 
the particulate material are sprayed on the material from 
the discharge points 44 and centrifugal force causes the 
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material to move from the surface of the disc 30 into a 
receiving receptacle 49. Any material still remaining on 
the surface of the disc 30 will again pass under the hopper 
34 and be mixed with new material 33 being added to 
the disc from the hopper. 
Many variations may be made in the arrangement 

shown in FIG. 4. For example, the number and loca 
tion of the various corona discharge points may be altered 
and the configuration of the segmental disc may be modi 
fied to suit the particular application. As in the case of 
the embodiments previously described, a positive or nega 
tive potential source 38 of the order of several thousand 
volts may be utilized, and the current-limiting resistors 40 
and 46 may have values of the order of 108 ohms to limit 
the current flowing in the circuits to a few microamperes. 
The potential of the source 47 may be approximately that 
of the source 38, but of opposite polarity. 

It is pointed out the positive discharge means compris 
ing the corona points 44 and their energizing circuitry 
may also be used with the other embodiments of the in 
vention. For example, in the apparatus shown in FIG. 1, 
they could advantageously be located vertically over the 
pulley 12. 

It is apparent that many changes may be made in the 
embodiments of the invention illustrated and described 
without departing from the true scope and spirit of the 
invention. 
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What is claimed is: 
1. Selective separation means for separating particulate 

materials having different electrical characteristics com 
prising means for depositing said materials on a surface 
from which said materials tend to be removed by a nat 
ural force, ionizing means located adjacent said surface 
and said materials for providing electric charges on said 
materials and thereby establishing an electric field be 
tween said materials and said surface, means for repeti 
tively energizing and deemergizing Said ionizing means So 
that said ionizing means is periodically energized for a 
time interval which is less than a first time constant of 
materials to be removed by said natural force from said 
surface and longer than a second time constant of mate 
rials to be retained on said surface and means for re 
moving said materials retained on said surface prior to 
the termination of a period of time shorter than said sec 
ond time constant. 

2. The apparatus defined by claim wherein said ion 
izing means comprises corona discharge means. 

3. The apparatus defined by claim 2 wherein said re 
petitive energizing means comprises a potential source 
connected to said corona discharge means through an 
automatically operated Switch. 

4. The apparatus defined by claim 3 wherein said Sur 
face is part of an inclined conveyor from which said 
material tends to fall due to gravitational force. 

5. The apparatus defined by claim 3 wherein said sur 
face is rotatable about an axis substantially normal there 
to and said material tends to be removed by centrifugal 
force. 

6. The apparatus defined by claim a wherein said Sur 
face is part of an inclined conveyor from which said ma 
terial tends to fall due to gravitational force. 

7. The apparatus defined by claim 1 wherein said sur 
face is horizontal and rotatable about an axis normal 
thereto, and said material tends to be removed by cen 
trifugal force. 

8. Selective separations means for separating insulating 
particulate materials having different electrical charac 
teristics comprising means for depositing said insulating 
materials on a conductive surface from which said ma 
terials tend to be removed by a natural force, ionizing 
means located adjacent said materials for electrically 
charging said materials and establishing an electric field 
between said materials and said surface, means for re 
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8 
petitively energizing and deemergizing said ionizing means 
So that said ionizing means is periodically energized for 
a time interval which is less than a first time constant of 
materials to be removed by said natural force from said 
surface and longer than a second time constant of ma 
terials to be retained on said surface and means for re 
moving said materials retained on said surface prior to 
the termination of a period of time shorter than said sec 
ond time constant. 

9. The apparatus defined by claim 8 wherein said ion 
izing means comprises corona discharge means. 

10. The apparatus defined by claim 9 wherein means 
displaced from Said corona discharge means are provided 
for electrically neutralizing the electrically charged ma 
terials. 

11. The apparatus defined by claim 8 wherein means 
displaced from said ionizing means are provided for elec 
trically neutralizing the electrically charged materials. 

12. Apparatus for selectively separating a first mate 
rial having a first time constant from a second material 
having a second time constant, which comprises, a car 
rier for moving material retained thereon from a first 
location to a second location; said carrier being effective 
to discharge material not retained thereon at a third loca 
tion apart from said second locations; means for deposit 
ing a mixture of said first and second materials on said 
carrier at said first location; ionizing means for charging 
materials to retain said materials on said carrier; means 
for operating said ionizing means for a first period of time 
longer than said first time constant and shorter than said 
Second time constant so that only said first material is 
retained on said carrier; means for operating said carrier 
So that said first material is moved to said second location 
within a period of time less than said first time constant; 
and means for discharging said first material from said 
Second location to separate said first and second materials. 
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