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To all whom it may concern:

Be it known that we, Hexzy M. Sutrovw,
Warter L. Steere, and Epwin G. STEELE,
citizens of thé United States, residing at
Dallas, county of Dallas, and State of Texas,
have invented certain new and useful Im-
provements in Processes of Electrical Sepa-
ration, of which the following is a specifica-
tion, reference being had therein to the ac-
companying drawings. .

This invention relates to a process of
electrostatic separation, and particularly to
the charging of particles electrically to af-
fect their different capacities of receiving
such charge.

“The invention has for an object to pro-
vide an improved process for separating a
comminuted mass of particles of different
dielectric capacities by exposing them to the
action of a convective current or charge of
electricity delivered directly upon them,
whereby some of the particles become polar-
ized and by which a constant difference of
potential is created and maintained between
these particles and a separating electrode
causing them to adhere to it by reason of
such polarization, and for separately col-
lecting those particles that are unaffected,
or affected in a different degree by the action
of the convectively delivered charge.

Other and further objects and advantages

* of the invention,will be hereinafter set forth
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‘cation Serial Number 225,852, filed

and the novel features defined by the ap-
pended claims. _

In the drawings:—Figure 1 is a diagram
illustrating one form of apparatus for carry-
ing out this process; Fig. 2 is a similar view
of another form of apparatus for the same
purpose; and Fig. 3 is a diagram illus-

trating the electrical action involved in this

process. :

Like letters refer to like parts in the sev-
eral views of the drawing.

The form of apparatus shown in Fig. 1
for carrying out this process is substantially
described and claimed in our pending appli-

§eptem-
ber 24, 1904, and ccmprises a continuation
thereof embodying the form thereof where
a continuous and pulsating convective
charge or current is used, but the process
can be carried out by other apparatus than
that there disclosed, as shown by the accom-
panying drawings. :

In Fig. 1, the letter A designates a hop-

‘the rods.
used for producing such a current at the
-charging point. The charging means is

‘said. terminals.
"prise the disks L and L’ each similarly

per which is mounted in any desired man-
ner, for instance, upon a frame constructed
in accordance with the requirements of the
machine. The material to be separated is
fed from the lower portion of the hopper
through the spout A® to the shaker pan A*
which is adapted to be vibrated by the eccen-
tric strap D? mounted upon the eccentric D’
on the shaft D. The vibratory motion feeds
the material upon the spreader tray F from
which it is delivered to the separating elec-
trode or roller G. This roller may be con-
structed of metal or good conducting ma-
terial, and both it and the spreader tray F
are electrically connected to the ground by
means of the line C so that they are in-
capable of retaining a charge of electricity
which may be imparted to them. This con-
nection may be any desired means, for in-
stance, the wire C’ from the tray to the
wiper C? bearing upon the shaft " of the

roller G. Adjacent to the separating elec-

trode are one or more thin metallic rods H
each provided with a series of metallic
points H’ directed toward the surface of
the separating electrode by which a con-
vective flow of current is maintained from
Any other desired means may be

connected to one pole of the electrostatic
generator C3, or to any other séurce .of
power capable of supplying static electricity,
and the current conducted therefrom either

‘through the line C*° to provide a continuous

or constant charge of one polarity, or
through the line C° having an interrupter
disposed therein. In order that either of
these lines may be used a switch €' is pro-
vided in the line C', and a similar switch
C® in the line C°. This line is provided at
opposite sides of the 'interrupter with
pointed terminals C°® adapted to discharge
through the slots 12 in the interrupter when
these slots are brought inte alinement with
This interrupter may com-

slotted, and the adjustment of these slots
relative to each other will vary their area’
and the consequent duration of the charge.
The material to be separated is fed upon
the roller electrode and in passing the charg-
ing points receives therefrom a charge by
convection from the opposing  electrode,
and a dielectric hysteretic impedance or lag
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-of charge is set up in certain particles of the
mass, while others remain unaffected. These
latter particles drop upon the division plate
I by centrifugal force due to the motion of
the roller as it revolves in the direction of
said plate from which they are discharged
into the chute I’. The particles -which have
small dielectric hysteretic impedance are
drawn closer to the face of the roller and
they pass above the division plate and drop
into the chute I, while those which have
the greatest impedance remain adhering to
the roller and are carried past the adjust-
able plate I* and discharged into the chufe
Iz, This disposition of the remaining ma-
terial adhering to the roller may be facili-
tated by electrical means, preferably, a
charged rod H? disposed at the back of the
roller and connected by the line C* with the
opposite side of the generator C® to that
which supplies the charging means. To ef-
fect a continuous or constant charge on the
rod -H? and to regulate the charge, a regu-
lator O is inserted in the line C* and pro-
vided with a pointed discharge terminal O’

. adjustable in its post O? relative to a round-

ed terminal O3 opposite thereto. This regu-
lator determines the amount of charge sup-
plied to the particles and the amount ‘of
current flowing therethrough proportion-
ately determines the degree of supply at the
point because circuit is established from the
points through the separating electrode and
releasing rod to the regulator. The neces-
sary amount of current may thus be gov-
erned relative to the material to be sepa-
rated. In order that the division plate I
shall not retain the electrical charge it is

preferably formed of proper conducting ma--

terial and grounded by means of the line C®.
This plate forms a shield for determining
the extent of the surface of the roller elec-
trode to be exposed to the charge, while the
grounded feed tray F performs a similar
function at the top of the roller.
been found desirable to heat the tray for
the purpose of supplying heated material to

- the charging electrode which causes any re-
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sidual charge thereon to be dissipated -and:
to render such material more susceptible to
‘a charge which, is imparted thereto while
heated and by conduction heats the sepa-
rating electrode facilitating the dissipation
of the charge therefrom. One means of ac-
complishing this “heating comprises the
heater N connected by lines N” and N* with
any source of power, as at N* for that pur-
ose. -
P In the form of apparatus illustrated in
Fig. 2, B designates the roller or separating
electrode and B’ the charging electrode
which is inclosed in a suitable dielectric en-
velop B2 The electrode B’ is connected to
any suitable source of high tension elec-
tricity, preferably an electrostatic generator

It has |-
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as indicated at B® by means of line Bt . A
hopper B® is provided to feed the commi-
nuted material to the electrode B. When
the static charge is delivered to B from B’
the density of the charge on B’ becomes
relatively very great on account of its close
proximity to the electrode B resulting in a
transfer of electrical action through the di-
electric B? by induction and causing an ac-
cumulation of the charge of relatively very
great density on the outer surface of the
envelop at the point Bé thereby producing
a corresponding condition on the electrode
B’ at B?. The excessive difference of po-
tential raised at this point rapidly under-
goes equalization as the surplus charge is
continuously passing by convection between
the electrodes at the points described. When
the particles of the comminuted material

pass through this charge they become polar--

1zed and stick or adhere to the separating
electrode.. The opposite side of the genera-
tor to that connected to the charging elec-
trode is connected by the line B® with a re-
leasing rod B? similar to that hereinbefore
described. In carrying out this process the
use of the usual pointed electrode is prefer-
able except ‘for ores and combinations de-
manding special treatment for the follow-
ing reasons: The amount of charge conveyed

line wires B* and B® that passes by convec-
tion is relatively but a small amount of the
total charge retained by them, the density
of the charge being only lowered at the point
where convection takes place. The electrode
B will therefore act repellantly on those par-
ticles that are classed as good conductors
while the poorer conductors that do not re-
ceive their repelling charge by the time they
reach the convection stream passing between
the electrodes are polarized as hereinbefore
described and adhere to the separating.elec-
trode.

The process herein disclosed may be read-
ily understood by reference to the diagram
in Fig. 3, wherein E represents the separat-
ing electrode and E’ the charging electrode
having the points opposing the electrode E.
When a charge of electricity of sufficiently
high density is conveyed to the charging
electrode E’ through the line E? such charge
passes by convection to E. K2 designates a
particle possessing dielectric capacity, while
E* is one without such capacity, such, for in-
stance, as a metal. The particle E? being a
dielectric intercepts the charge which is con-
vectively delivered from E’. Sucha charge
as is well known, consists of a stream o
electrified molecules of air which on account
of the accumulation of the charge at the
point of electrode E’ is at a very great
density and drives off these electrified mole-
cules by repulsion, each molecule carrying a
portion of the charge with it. Therefore it
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will be seen that the particle E® intercepts
this stream- of electrified molecules of air
which impact upon its face directly oppo-
site- to electrode E’. The electrified mole-
cules of air therefore deliver all their
charges or portions of them to particle E3
whenever they impact with it and conse-
quently charge that portion of the surface
of E2 with electricity of the same sign as
they themselves possess. E® being an in-
sulator, and consequently a dielectric there-
fore becomes polarized, that is, one side of
its surface opposite the pointed electrode

carries, for instance, a plus charge, while.

that in contact with the separating electrode
carries a minus charge, the latter charge
being produced by the conversion of the plus
charge acting through the mass of the par-
ticle by electrostatic induction, and the
effect of this is to hold a small plus charge
bound at the point of contact of the particle
E# with the electrode E at E®. In the case
of particle E4, which is a metal or good con-
ductor, it remains inert as it parts with as
much electricity to the earth where it con-
tacts with the separating electrode, as it re-
ceives on its opposite face from the pointed
electrode and therefore such particles re-
mains inert and falls by gravity. It is, of
course, understood that the electrode as a
whole is without an appreciable charge, it
being connected to the earth, or to the other
side of the source of electrical energy to that
of the pointed electrode .E’. This causes a
dissipation of the charge from E by con-
ducting it to the earth or to the opposite side
of the generating means thus completing
an electric circuit. In other words, there
being a constant discharge across the elec-
trodes by convection, they are depleted of
their charge as fast as they are supplied, as
such charges are either conveyed to the
ground or back to the opposite side of the
generator, and therefore the electrodes are
without appreciable fixed density of charge
as the charges are constantly in motion both
across the intervening space and through the
conducting lines and the electrodes where
they then become current electricity in the
true sense of the term. It is the generally
accepted theory that moving charges are the
exact equivalent of an electrical current.

The convective discharge consists in rapidl
. s
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moving molecules of air carrying minute
electrified particles which constantly act to
transfer the charge from one electrode to
the other where one cr both of the electrodes
are pointed. With the electrodes as de-

~ scribed the intervening air dees not act as
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a dielectric because the electrified molecules
of air act to form a path for the electric
current to pass between the electrodes, and
such an air gap is simply a resistance in the
electrical circuit across which the charge or
current passes by conduction and nct in-

duction. Therefore the action of the con-
vectively delivered charges upon particles of
matter is radically different from that of
submitting the particles to a statically

charged surface of constant potential, as in . .

the latter case, the particles become charged

not only with electricity of the same sign

as that of the electrode with which they are
in contact, but the entire surface of each
particle is charged at an equal potential in
regard to itself as well as to that of the elec-
trode, and under these conditions there is no
double polarity maintained upon those par-
ticles susceptible to being polarized.as such
a polarity is destroyed by the action of a
static charge of a fixed density acting upon
them which simply charges them with elec-
tricity of the same sign as. the electrode with
which they are in contact and repels them
therefrom.

In the case of the dielectric particle E3,
this particle intercepts a portion of the con-
vective current flowing from E’ and conse-
quently shields as much of the area of the
electrode E as is covered by its diameter.
It hence follows that the potential of the
particle E? is raised at its face away from
electrode E and consequently produces an
opposite charge on its %ace in proximity or
contact with the electrode E. This illustra-
tion is for positive electricity emanating
from the points, but it must be understood
that the direction of the charge does not
alter the conditions except in the direction
of the plus or minus polarity of the par-
ticles. This explanation is given with a
view of differentiating this process over the
prior art, but it is not our intention to con-
fine ourselves to the explanation given. Par-
ticular stress is laid upon fhe production
and maintaining of a constant difference of -
potential between some of the particles and.
the electrode which is produced by the ac-
tion of a convectively delivered charge upon
the comminuted mass of particles that dif-
fer in their dielectric capacities. The action
explained in our prior process Patent
#818,063 dated February 20, 1906, of creat-
ing and maintaining a difference of poten-.
tial between the electrode and some of the
particles by dielectric hysteretic impedance
1s intended to.cover any action upon the
dielectric particles by varying the density
of the charge upon the electrode at a faster
ratio than some of the particles could keep
pace with the variation thus causing some of
them to lag behind in the potential of the
charges upon their surface from that of the
electrode with the result of the polarization
thereby effected on the particles. The pres-
ent process effects the same polarization but
by convective currents of electricity that are
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upon one side of the dielectric particles while
at the same time it is reducing 1t on the other
side which causes the particles to lag behind
in potential to that o¥ the convectively ap-
pliec charges and consequently differ in
potential from that of the electrode. A par-
ticle that has no dielectric capacity, such as
a metallic particle agrees perfectly with
the rate of the passing charge as it disposes
of as much current to the grounded elec-
trode as it receives from the pointed elec-
trode, consequently dielectric hysteretic im-
pedance is produced in the dielectric par-
ticles by a continuous convective current of
electricity from a pointed or suitable elec-
trode when the dielectric particles intercept
the flow of this convection current. The use
of an interrupter in this connection does not
produce hysteretic lag, but acts to regulate
its development to any desired stage ana
thus allows the convection current to act
selectively upon particles of matter having
diverse electrical susceptibilities.

The electrostatic field produced when a
series of sharp points or an edge or edges is
connected to a source of static or high ten-
sion electricity and escapes across an inter-
vening space to a surface of conducting ma-
terial grounded to the earth or connected to
the opposite pole of the electrical source of
energy to that connected to the points or
edge 1s that of a very highly concentrated
electrostatic field, and when the comminuted
mass of particles is fed into such a field, the
conducting surface over which they are fed
has no power of repulsion and the points or
sharp edge no power of attraction. This is
the condition where one of the electrodes
consists of a row of points or sharp edge and
the other cylindrical or smooth. ~There are
conditions where the convection of the
charge is only gartial'and this exists with

) which is very large and the
other very small, the smaller one being sur-
rounded by a dielectric envelop and brought
within quite close proximity to the larger
one, at a distance from it somewhat ap-
proximating the thickness of the dielectric
envelop. When such eléctrodes are con-
nected to a source of electricityof high ten-
sion or density, the pressure of the charge
becomes relatively very great on the smaller
electrode and acts through the dielectric en-
velop developing on the outside thereof a
static charge of considerable density on its
face immediately opposite the larger elec-
trode. - The density of this charge is so great
that it cannot all be retained and a portion
of it passes to the opposite electrode by con-
vection. This would not take place with the
electrodes at this distance apart were it not
for the dielectric envelop which on account
of being a nonconductor prevents the sparks
from passing in the form of a series of dis-
ruptive discharges as would be the case were

1,116,951

it omitted, as the charge would break
through the air gap separating the electrodes
and take the form of a series of sparks
known as a disruptive discharge in contra-
distinction to a convective, silent or brush
discharge as it is sometimes called. A dis-
ruptive discharge would defeat our above de-
scribed process. '

In the operation of the apparatus shown
in Fig. 1 the comminuted material to be
separated is delivered from a hopper over
the distributing tray and thence to the sepa-
rating electrode which may be either con-
nected to the earth or to the opposite side
of the electrical source of energy to that of
which the charging electrode is connected.
The separating electrode is rotated by suit-
able means, and when the charging electrode
is connected to a source of electricity of suf-
ficiently high density, the charge passes there-
from to.the separating electrode in the form
of a convective discharge, and the rotation
of the separating electrode causes the mate-
rial to pass through the path of this dis-
charge, the effect of which is to create and
maintain between some of the particles and
the separating electrode a constant difference
of potential which is accomplished by affect-

ing the polarization of the dielectric parti- -

cles to a greater or less extent depending
upon the strength of the charge delivered
from the charging electrode and also the
duration of time of its application.

Those particles that are conductors, or
have but small dielectri¢ capacity which are
not affected by the charge delivered upon
them fall inertly from the separating elec-
trode. This electrode being grounded serves
to draw the charge frour-the pointed charg-

_ing electrode in the form of a silent or con-

vective charge. Therefore those particles in
the mass that are good conductors remain
inert by reason of the fact that they part
with as much electricity to the earth through
the grounded separating electrode as they re-
ceive from the pointed electrode. The con-
nection of the separating electrode to the
opposite side of the generator from that of
the charging electrode has the same effect,
as by this means as much electricity is taken
out of one end of the circuit as is supplied
at the other, and this prevents a charge of
any appreciable density from being built up
on the separating electrode. The effective
time of polarizing these particles varies
largely by virtue of the nature of the parti-
cles as some have a certain time limit in
which they can be polarized, and this proc-
ess contemplates regulating and supplying
to the particles upon the electrode charges
at predetermined intervals, such predetermi-
nation being in succession as well as in du-
ration.

The particles that are polarized to the
greatest extent stick tightly to the separat-
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ing electrode until they are removed by an
extraneous means, such as a wiper or the de-
polarizing rod shown. This rod is connected

to the opposite side of the generator to that

of the charging electrode and serves to com-

. plete the electric circuit as on account of its
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close proximity to the separating electrode
small disruptive discharges pass continu-
ously from the rod to said electrode. The

rod being round and free from points acts |

to neutralize the polarity of particles and
exerts an attractive influence thereon, while
the disruptive discharges passing from the
rod to the separating electrode cause con-
cussions in the air in the vicinity of the par-
ticles and assists in loosening them from the
electrode. As before described the amount
of current or charge supplied from the gen-
erator to the charging and separating elec-
trodes may be controlled by means of the
regulator 1n circuit with- this rod and one
side of the generator.. :

If the convective discharge delivered to
the particles is uninterrupted, the process
acts to separate particles that have the
greatest dielectric capacity from those hav-
ing practically none, while on the other
hand, as there is a time limit in which some
particles can be polarized, a regulation of
the time of the application of the charge
conveyed by convection to them enables the
process to be used to separate particles that
differ but slightlv in their dielectric capacity
by acting selectively upon the particles of
greatest capacity. The interruption of the
charge may be effected by any desired means,

- the disks herein shown being one form capa-

ble of accomplishing the object. In this
process the production of the lag of charge
or dielectric hysteretic impedance by which
separation is accomplished is by convective
discharges and the interrupter acts merely
as a means to govern the development of
this lag and not its production.

The feeding of the particles to the sepa-
rating electrode while heated causes a rapid
dissipation of the residual charge upon both
the particles and the electrode as the latter
1s grounded, and this rapid dissipation ren-
ders the particles highly susceptible to the
convectively delivered charge and at the
point. of contact of the particles with the
electrode produces a more intense electro-
static stress between some of the particles
and the electrode than can otherwise be se-
cured, and therefore causes a greater differ-
ence of potential between the particles and
the electrode. The metallic or conducting
particles when heated are rendered more in-
ert to the convective charge than ordinarily
and therefore less liable to be affected by
such a charge as it is essential that they re-
main practically inert during the charging
of the dielectrics. The feeding of the heated
particles heats the separating electrode and

the electrodes.

therefore facilitates the more rapid dis-
charge thereof so that it may be quickly re-

.duced to an inactive potential when the

charge is interrupted. This charge is local-
ized.upon some of the particles, that is, the
opposite surfaces thereof are inductively
charged with opposite potential, and one
side of such a particle is of a different poten-
tial and polarity from the bound charge
upon said electrode in order to cause a
temporary adherence of some of the particles
thereto. The charges are thus delivered to
the grounded electrode without inductively
charging the latter. It is advantageous to
use a phase or portion of the full charge
from the generator when said charge is ap-
plied to separating particles that differ but
slightly in their lag of charge or dielectric
capacity, as if the charge continues for the
full phase or period the particles that differ
but slightly in such capacity would adhere
to the electrode with the other particles of
the mass, and therefore but a portion of such
charge is used and not the full duration
thereof. The term phase is herein used as
relating to the duration of charge and not
in a specific sense as in some of the electrical
arts. .
The terms “convection” or “convective
charge ” as herein used,- refer to a flowing
charge passing through an air gap between
The passage of such .a
charge produces what is now recognized as
ionization of the air and is visibly mani-
fested by a stream of violet light. '

Having described our invention and set
forth its merits, what we claim and desire to
secure by Letters Patent is:—

1. A process of separating comminuted
material consisting in subjecting the mate-
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rial to a convectively delivered electrical -

charge in the path of convection, varying
said charge while being delivered in po-
larity and duration according to the relative
characteristics, susceptibilities of different
particles of the material, and separately col-
lecting the separated particles.

2. The process of separating comminuted
material consisting in subjecting the mate-
rial to a convectively delivered electrical
charge in its path, successively interrupting
said charge while subjecting the material
thereto, and separately collecting the sepa-
rated narticles.

3. A process of separating comminuted
material consisting in subjecting the mate-
rial to a convectively delivered electrical
charge in its path, varying said charge in
its phase while being applied, and sepa-
rately collecting the separated particles.
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4. A process of separating comminuted

material consisting in subjecting the mate-
rial to a convectively delivered electrieal
charge to cause adherence of some of the
particles thereof to an opposing electrode,
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. subsequently subjecting said adhering mate-
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rial to an electrical charge of different po-
larity for releasing the same, and separately
collecting the separated particles.

5. A process of separating comminuted
material consisting in subjecting the mate-
rial to a convectively delivered electrical
charge to cause its adherence to an electrode,
subsequently subjecting the finally adhering
material to an electrical charge of opposite
polarity for releasing the same, and sepa-
rately collecting the separated particles.

6. A process of separating ~comminuted
material consisting in delivering to the ma-
terial a convectively delivered electrical
charge in the path of convection to produce
in the particles of said material a lag of
charge in accordance with their susceptibili-
ties to receive said charge, and separately
collecting the thus separated particles.

7. The process of separating comminuted
material consisting in directly deliverin
charges convectively to the material an
contacting said material with a source of
opposite potential to reverse the charge

- upon a part of the particles, and separately
. collecting the particles separated thereby.
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8. A process of separating comminuted
material consisting in directly delivering
electrostatic charges convectively upon the

material and subjecting the particles thereof |

to maintained contact with a source of op-
gosite potential to that of the convectively
elivered charges, and separately collecting
the thus separated particles.
9. A process of separating comminuted
material consisting in delivering directly to

:1,116,951

the material a convectively delivered elec- .

trical charge for predetermined intervals
separated by substantially inactive. inter-
vals, and separately collecting the thus sep-
arated particles.

10. A process of separating comminuted
material consisting in subjecting particles
thereof directly to an electrical charge con-
vectively delivered for predetermined inter-
vals regulated in duration, and separately
collecting the thus separated particles.

11. A process of separating comminuted
material consisting in heating the material
to a degree to cause it to be more susceptible
to electrical treatment, subjecting said ma-
terial while heated directly to a convectively
delivered electrical charge, and separately
collecting the thus separated particles.

12. A process of separating the particles
of a mass consisting of conductors and die-
lectrics which consists in submitting them to

‘a directly and convectively delivered elec-

trical charge and contacting said material
with a source of opposite potential to at-
tract the particles and to retain the dielec-
tric particles while not retaining the con-

| ducting particles, and separately "collecting

the thus separated particles. :
In testimony whereof we affix our signa-
tures in presence of two witnesses.

HENRY M. SUTTON.

WALTER L. STEELE.

EDWIN G. STEELE.

Witnesses :
E. H. Lnwy,
Jxo. E. THATCHER. »
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