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This invention generally relates to means and
methods for separating particles of certain physi-
cal characteristics from a mass of aggregated
particles having similar physical characteristics
but to different degrees, and more particularly
relates to electrical apparatus and methods for
electrostatically beneficiating a finely divided or
pulverized low-grade or lean metal-bearing ore.

It is an object of our invention to provide a
device for electrostatically treating a low-grade
or lean ore for the purpose of separating the
metal-bearing constituent from the gangue to
the end that an ore of commercially-usable
higher quality can be obtained. :

It is among the objects of our invention to
provide a practical, low-cost, electrical ore-treat-
ing device having small space requirements but
having high ore-treating capacity together with
an exceptional operating-efficiency for separat-
ing metal-bearing ore particles from the inter-
mixed gangue.

Generally and briefly stated, the preferred
forms of our invention. as herein described, in-
clude a means for continuously feeding a thin
layer of ore particles upon an endless conveyor
in the form of a cylindrical treating drum having
a grounded electricity-conducting surface rotat-
ing about a horizontal axis. In accordance with
the purpose of our invention to provide an ore-
treating device of high operating eapacity, the
drum rotates at a relatively high speed and the
drum surface moves at a high linear speed, much
higher than prior electrostatic ore-concentrating
devices using this expedient. All of the particlées
are then given an electric charge by bombard-
ment with ions, the bombardment being main-
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tained for a time sufficient to charge substan-

tially all of the particles, so that these particles
will remain in close contact with the grounded
drum as & result of this bombardment and the
resulting charge on the particles.
After passing through this first -ionizing or
charging zone, which is preferably near the top
- of the drum so that gravity also acts to retain the
particles on the drum, the particles pass into
an extended length of a substantially non-
ionized electrostatic field of a polarity and di-
. rection tending to repel against the drum those
particles which have such characteristics that
they retain all or- some fraction of their original
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charges, and tending to pull from the drum those
particles which have such characteristics that
they lose most of their original charge, and per-
haps even take on an opposite charge by con-
duction from the drum. In this zone particles
of relatively low resistivity, that is, high con-
ductivity, lose their charges to the conducting
surface of the drum so that the electrical forces
tending to retain them in contact with the drum
decrease and may disappear entirely. The high
rotational speed of the drum imparts sufficient
momentum to the discharged or discharging
particles to cause them to fly off by the action of
centrifugal forces so that these particles separate
in this zone from the particles retained on the
drum. Particles of a very high conductivity
on the drum may have their charges reversed
by conduction from the drum, these reversed
charges reacting with the field of this second
zone to establish electrostatic forces tending to
pull the particles away from the drum.

The separation of the particles is further aided.
in -our invention, by locating this non-ionized
or separating zone along the vertical portion of
the drum so that gravity also acts to pull from
the drum surface those particles which have
little or no forces tending to make them adhere
to the drum. By proper correlation of the ex-
tent and strength of the electrostatic field, and
the angular velocity of the drum, the electro- "
static forces on charged particles can be made
sufficient to hold them on the drum against tha
separating action of gravitational and centrifu-

_gal forces, . while the particles which have: lost

most or all of their original charges cannot re-
act with this electrostatic field to produce 2
counteracting force, and leave the drum.

After passing through the particle-repelling
electrostatic field, the relatively high resistivity
particles are separated from the -drum because
of continued charge leakage which lessens the .
retaining electrostatic forces to below. the sep-
arating action of the centrifugal and gravita-
tional forces. This final separation can be im-

proved by providing a third zone having an elec- - '

trostatic field which will electrically react witin .

“the charged particles, tending to pull them from

the drum, or neutralizing their charges so that
they will fly or fall off, : .

By providing a device operating in :the gen'era,l
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manner above stated, we have been able to con-
fine the equipment to an exceptionally small size
in comparison to the large volume of ore it can
handle, one reason for this being that we can
utilize a good-sized drum rotating at a relatively
high speed, Additionally, with a proper location
of sultable electrodes, relatively low voltages in
the order of 12,000 volis are sufficient for estab-
lishing the various electrostatic fields. '

An important feature of our invention resides
in the fact that the separation of the particles
is accomplished while they rest on the drum, and
not as they fall through the air. Consequently,
alr resistance has little, if any, effect on the sep-
aration, and interaction between mixed charged
and uncharged particles is considerably reduced.

It is also an object of our invention to remove
fine high-resistivity particles from a moving con-
veyor to which they tend to stick by virtue of
electric forces.

. Further objects, advantages, features and in-
novations of our invention in addition to those
described above will be apparent from the fol-
lowing description thereof, to be taken in con-
junction with the accompanying drawings which
are deliverately simplified so that our invention
can be better understood. . .

In these drawings in which similar numerals
refer to similar parts:

Figure 1 is a schematic vertical cross-sectional
view of an electrostatic ore-concentrator em-
bodving our invention;

Fig. 2 1s a similar view of a second form of an
electrostatic ore-concentrator embodying our in-
vention; and

Fig. 3 is a schematic view, on g decreased scale,
of a driving means for the rotating parts of an
ore-concentrator.
~ Referring more particularly to the drawings
in which we describe by way of illustration and
not as limitations, certain specific embodiments
of our invention, in Fig. 1 the divided or pul-
verized ore to be beneficiated is dumped or con-
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tinually fed into a storage hopper 2 having slant- -

ing bottom sides &4 and 6, slanting toward each
other to provide an elongated rectangular dis-
charge opening having lengthwise sides which are
bounded by lower edgeés 8 and 10 of the bottom
sides 4 and 6, respectively, these edges terminat-
ing close to a rotatable cylindrical feeding drum
12 of about 4’/ in diameter, for moving ore parti-
cles away from the discharge opening of the
hopper. A rotating spiral agitator 14, within the
- hopper, and rotatably mounted in the ends of
the hopper, agitates the ore particles to insure
a steady and continuous flow to the feeding drum.
The feeding drum (2 is somewhat longer than
the discharge opening and its direction of rota-
tion, as indicated by the arrow A, is such that
the lower edge 10 of the bottom side 6 defines
the trailing edge of the discharge opening.
The quantity of ore particles fed by the feeding
drum 12 is determined by the speed of the feed-
ing drum, which is adjustable, and the distance
of the edge 10 from the feeding drum; the bot-
tom side 6 being constructed so that this dis-
tance is also adjustable. 'To this end the bottom
side comprises an ‘upper fixed member 6 ter-
minating a relatively long distance from the feed-
ing drum, and a lower slidable gate-plate 18,
which includes the lower edge 10, extending
across the length of the member 16 and ad-
Justably positionable so that the lower edge 10
can be spaced any desired distance from the
feeding drum. .
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The layer of mixed ore particles which is con-
tinuously fed by the feeding drum (2, falls
through a guiding trough 22, which confines the
spread of the layer onto the surface of a grounded
rotatable cylindrical treating drum 24 of about
12% in diameter, and which rotates, in this
case, in the same direction as the feeding drum,
as indicated by the arrow B. The feeding drum
12, the agitator 14, and the treating drum 24
are preferably driven from a single power drive,
such as a motor 25, through any common ad-
justable gearing 26 which permits their rota-

‘tional velocities to be individually adjusted and

relatively controlled. The thickness of the ore-
particle layer on the drum 24.can be further
controlled by the relative speeds of the feeding
and treating drums.

The treating drum 24 has a highly conducting
outer surface which is obtained by making .the
treating drum in the form of a hollow metal tube,
although a cloth surface treated with a liquid
containing colloidal graphite to render the sur-
face highly conducting has been successfully
used for the outside surface of the drum. The
other parts of the device thus far shown and de-
scribed are also preferably made of metal and
electrically grounded. - )

The guiding trough 22 has a spout shorter than
the treating drum 24, located at the top of the
drum, spanning only a few degrees of its periph-
ery, and immediately following the trailing side
27 of the guiding trough is an ionizing zone C
for charging.the ore particles on the drum 24.

In the embodiment shown in Fig. 1, this ioniz-
ing zone C starts at about 9° counter-clockwise
from the vertical which is assumed to be the
reference line, and inchides a plurality, in this
case six, of relatively small ionizing wires 28
spaced 41%5° apart along an arc concentrié with,
and about one inch from the surface of the drum
24. 'We have found 4% mil tungsten wires to be
suitable although other size wire can be used.
The wires are conductively connected together’
and insulated from ground in any suitable way,
and connected to the  positive terminal of a
source of unidirectional potential whose other
terminal is grounded, so that an ionized electro-

- static field is established in conjunction with the
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t’zone C dense and uniform on the surface of the
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grounded part of the drum within the angle sub-
tended by the ionizing wires which constitute
ionizing electrodes.

In order to get the ionizing zone C close to
the depositing point of the ore particles on the
drum- 24, the trailing side 27T of the guiding
trough 22 is curved concave toward the zone
50 that the leading end of the arc of the wires
28 can be disposed over the lower trailing edge
30 of the side 27 and still be sufficiently well
insulated from the side 21 to prevent flashover
and undue current leakage. :

It is desirable to have the ionization in the

drum 24 and to this end the ionizing wires 28
are backed by a concentric grounded sheet-metal
electrode 32 of approximately the same angular
extent and size, or even overlapping the wires,
and disposed one inch radial outwardly from the
wires: The electrode 32 is a field-modifying
means which causes a more uniform ion current
distribution on the surface of the drum and an
increased ion current density.

The ionizing zone is followed by a particle
separating zone D, the two zones merging into
one another and together occupying about the
entire half-circle, more or less, through which
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the treating drum surface has a downward com-
ponent of motion. In the actual embodiment
" being described the zone D extends from 36° to
180°, and includes a plurality of 63 mil copper

wires 34 spaced 3° apart circumferentially. The -

wires 34 form an insulated series of electrodes,
each having a relatively large diameter so that a

high gradient can be produced without the gen--

eration of any significant amount of ions, This
means that the electrodes are of the non-dis-
charging type, and produce-a non-ionized field.

10

The wires 34 are spaced in an arc concentric -

with the surface of the drum and about 3;'’ from
it, the wires being conductively connected to-
gether and insulated from ground in any suit-
able manner, and connected to a positive ter-
minal of a unidirectional voltage supply having
its other terminal grounded. The polarity of
the non-discharging electrodes is the same as
that of the ionizing electrodes or wires 28, and
in conjunction with the drum 24 creates a sub-
stantially non-ionized electrostatic field in the
particle separating zone D.

In the operation of the apparatus thus far
described, ore particles of appropriate size are
fed through the discharge opening of the storage
hopper 2 onto the feeding drum {2 which feeds
the particles to the drum 24. The speed of the
treating drum 24 is primarily determined by the
size and electrical characteristics of the par-.
ticles, and is preferably adjusted to as high a
value as is consistent with the desired quality
of ore-beneficiation. The rate of feed of ore
particles to the drum 24 can be controlled by
the position of the edge 10 and the speed of the
feeding drum 12.

The particles fed on the -drum 24 have dif-
ferent resistivities, but all of the particles will be
positively charged in the ionizing or charging
zone C, since they are continuously bombarded
with ions, or the equivalent, from the positively
charged ionizing wires 28, during the time when
the particles are passing through the charging
zone. The particles being charged with respect
to ground tehd to adhere to the grounded drum.
However, after the particles leave the charging
zone C, so that they are no longer being bom-
barded with ions, and even during the bombard-
ment, the charge on the particles is gradually
leaking off by being conducted to the drum 24,
the rate of leakage being a function of the re-
sistivity of the individual particles and the volt-
age gradient of the electrostatic field through
which they pass. The electrostatic forces caus-
ing each particle to adhere to the drum decrease
with leakage of charge from the particle, these.
forces being primarily the attractive force be-
tween a charged particle and the drum, and the
repellent force between a charged particle and
the non-ionizing electrodes 34, which have a
‘polarity of the same sign as the original charge
on the particle. A point is soon reached when
the particles of low resistivity or relatively bet-
ter conductivity will have lost their charges to
a sufficient extent so that they will leave the
drum 24 through the action of centrifugal or
gravitational forces, or both; and the best-con-
ducting particles on the drum may even become
charged with a polarity opposite to that of their
original charge, so that these particles will be
acted upon by electrostatic forces which encour-
age the separation of these particles from the
drum. The separated particles can be collected
in any suitable receptacles or other collecting
means, any desired number of insulating parti-
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3.
tions or baffles, such as 35, 36, 37 and 38 ter-
minating near the drum or the electrodes, serv-
ing to confine the particles within the spaces
defined by them, and acting as dividing parti-
tions for segregating the parucles falling in the
bins M, N, O, P and Q.

However, the high-resistivity particles do not
lose their charge as rapidly as particles of rela-
tively lower resistivity, and the charges they re-
tain create continuously operating electrostatic
forces causing them to constantly adhere, more
or less, to the drum as they rotate therewith,
throughout the circumferential extent D of the
non-discharging - electrodes. 34. . 'The relatively
most conducting particles discharge most rapid-
ly by conduction to the drum, and leave the
drum first, while the particles having relatively
higher resistivity will not be ‘sufficiently dis-
charged until farther points along the arc of
rotation are reached. As the particles separate
from the drum, they can be collected in the sepa-

rate bins M, N, O, P and Q, it being understood

that as many bins ¢éan be provided as desired,
and that the partitlons may be spaced apart
differently. .

For the highest degree of separation, the in-
sulating particles or gangue should be carried
around on the drum beyond the separating zone
D, and in order to remove such particles a third
particle-pull-off zone E is provided, which in-
cludes insulated non-discharging electrodes 40 of
the same construction and arrangement as those
in zone D, but connected to a voltage supply so as
to be at a polarity opposite to that of the elec-
trodes 34, and opposite to the charge retained by
the high-resistivity particles. In the specific em-
bodiment being described, the zone E extends
from about 195° to 261°, although this zone may
be extended farther to as much as almost 360°,
in such case being the last treating zone of the
device. The zone E, accordingly, has s non-
ionized electrostatic field which tends to counter-
act the effect of the charge on the particles on the
drum and to establish on the particles remaining
on the drum an attracting force toward the elec- -
trodes 40 so that they will be. pulled off of the
drum.

In the treatment of some oves, very fine par-
ticles of very high resistivity have been found still
to-stick to the drum after passing through the
zone E. so that it has been found desirable to pro-
vide, in addition to the zone E, a neutralizing or
charge-counteracting zone F. extending from
about 270° to 330°, including discharging ionizing
electrodes 42 in the form of relatively fine wires
similar in construction and arrangement to those.
of the ionizing zone C, connected to an alternat-
ing-current voltage supply and backed by ground-
ed non-discharging electrodes 44, so thai the
charge on any particles reaching. zone F is con-
siderably decreased, and even neutralized in this
zone, removing the electrostatic force tending to
keep them on the drum so that these particles
will fly off, or may be easily brushed off.

Itisa prima.ry purpose of our invention to pro-
vide a device of the character described which
will be capable of economically treating large
quantities of ore with reasonably small equip-
ment. To this end it is desirable to operate the
treating drum at sufficiently high linear speeds to
treat the required quantities of ore, since the

" amount of ‘ore feed is a function of this speed.

16

At the same time, however, the rotational speed
and diameter of the drum, which are components
of the centrifugal force on the particles, affect
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the quality of separation, and this force must not
be made so high in comparison with the electro-
static forces that the particles, particularly the
larger ones, fly off prematurely. The larger the
equipment, of course, the greater its cost, and a
practical drum diameter should be used which
provides a circumference not much longer than
the necessary extents of the electrostatic fields,
bearing in mind that the particles should be sub-
Jected to these fields for sufficient intervals of

10

time to provide good separation. The capacity -

of the drum can be made greater by increasing
its axial length.

Utilizing a drum of 12%’’ diameter in the bene-
fication of Minnesota iron ore of different par-
ticle sizes, some of the results of which are given
later, we have utilized with satisfactory results
 linear speeds, in round figures, from about 200

feet per minute to 1500 feet per minute, and even
. more, which represents angular velocities of about
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61 to 457 revolutions per minute, and sbove, for .

the drum 24. However, too low & speed should
not be used for then the high-resistivity particles
have an opportunity to lose their charge and fly
off before they have moved very far from the
points where the relatively conductive particles
fly off, while too high a speed results in an in-
creased centrifugal force which causes the par-
ticles to fly off quickly without an opportumty
for selective separation.

The. ihitial charging zone C is placed as close
as possible to the point of ore feed, considering
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the required insulation, so as to prevent particles -

from prematurely flying off, and is long enough
in comparison to the linear speed of the surface
of the drum so that the particles receive substan-
tially their maximum obtainable charge by the
time they travel through the zone. In the initial
 charging zone C a dense, distributed and circum-
ferentially uniform ionizing current from the
wires 28 to the drum without danger of spark-
over is desirable. . While greater spacing between
the wires and the drum would give more uniform
ionization, a higher voltage would be required, in-
creasing the voltage supply and insulation prob-
lems. Consequently the radial spacing of the
wires is a compromise to permit a relative low
voltage to be used while still obtaining a satis-
factory ionized field. Positive ionization is pre-
ferred. The grounded backing electrode 32 im-

proves the distribution and uniformity of the field’
In actual

"between the wires 28 and drum 24.
practice, some particles fed to the drum 24 fly
out of the trough 22 below the edge 30, and are
charged while still in the air,'being attracted to
the drum electrically.

The electrodes of both the 1onizing zone C and
the separating zone D are arranged so that the
electrostatic fleld at the drum is continuous,

- which is obtained by having the field established
by the electrodes 34 merge into the fleld. estab-
lished by the electrodes 28. Consequently, an
electrostatic field acts on the particles as soon as
they charge, and continues to act on the par-
ticles retaining & sufficient charge during their
subsequent travel on the drum surface. The in-
tensity of the field at the surface of the drum
where the zones C and D merge preferably should
be uniform so that in effect the two zones C and
D comprise a single electrostatic field, the initial

" portion of which is ionized, and the final portion

non-ionized. Considerably improved separation‘

“is obtained by this arrangement.
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lengths somewhat longer than the guiding trough
22, and are made in the form of grids, so that
the thrown-off particles easily pass.through them.
There is very little tendency for the thrown-off
particles to stick to the electrodes 28 and 34 be-
cause whatever charge is on a particle is of the
same sign, or assumes the charge of the same
sign, as .the polarity of the electrodes 28 or 34.
Particles which may adhere to the electrodes 40
may be dislodged by occasional rapping of the
electrodes if vibration of the electrodes and other
effects do not maintain them clean. It is desirable
to establish strong non-ionized electrostatic
flelds in the zones D and E, limited only by the
breakdown gradient of the sir.  We have found
that potentials of from 9 to 15 kilovolts, and some-
what more, on the electrodes positioned as de-
scribed produce intense electrostatic fields which.
do not break down too readily when the thrown-
off particles fly through the stressed fields.

' In operating a device of the type described,-it
is’ desirable that the ore to be treated be fairly
dry, since a relatively high humidity tends to
obscure the resistivity distinctions between the
-particles by rendering them all relatively conduct-
ing to degrees depending to a large extent on
the humidity which is the same for all particles.
Generally, for efficient and rapid separation, the
humidity should be less than 30%, although with
some ores satisfactory results were obtained with
humidities up to 40%, and somewhat more. Heat-
ing or drying the ore heing treated produces large
improvements in the quality and speed of ore
concentration.

“The particle size is also a factor in the speed
of separation because the charge on a particle
depends on-its surfage area while the. rotational
and gravitational forces depend on the mass of
the particle. We have successfully concentrated
ores passing through a No. 8 mesh sieve, but a
smaller and more uniform size of the particles of
ore permits more rapid utilizable concentrations.

Actually, ore particles vary in size, shape and
the manner in which they contact the separating
drum surface. Since the separation or concen-
tration depends on the charge imparted to the

" particle, the rate at which the charge can leak
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The charged electrodes for establishing the-
different electric flelds are elongated, having 78

off, and the masses of the particles, which is deter-
mined by their densities and sizes, the quality and
speed of treatment will depend on these physical
factors and characteristics, in addition to the rel-
ative resistivities of the different particles. By
providing extended treating zones, éach of which
performs an individual function, we have been
able to harmonize tne effects of the aforesaid
physical characteristics to the end that high qual-
ity separation is obtainable with high capacity.
By utilizing an extended charging zone, which
i3 fairly dense, distributed and uniform, a charg-
ing of all of the particles substantially to their
maximum obtainable charge, which is a factor of
their surface area, is assured. Consequently, out-

-side the jonized fleld a larger particle which has

a higher centrifugal force acting upon it directed
away from the treating drum, has a relatively
higher electric charge and a correspondingly
larger electrostatic force tending to keep the par-
ticle on the drum in opposition to the action of
the centrifugal force, the electrostatic force. how-
ever, diminishing as the charge on the particle
leaks off, this leakage being dependent on par-
ticle-resistivity, the factor which we utilize mostly
to accomplish separation. For separating par-
ticles having a large ratio of resistivities, the range
of particle size can be rather wide with good
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quality and speed of concentration. For separat-
ing particles with & relatively small ratio of re-
sistivities, the range of particle size should prefer-
ably be decreased, or muiltiple treatments resorted
to, each treatment improving the size grading of
the particles. and the ore concentration. By ex-

tending the separating zone D, which is in reality -

a zone in which the particles of relatively higher
resistivity are made to adhere or hold-on to the
drum although they are slowly losing their charge,
the degree and permissible speed of separation are
further improved. : stk :

" The embodiment shown in Fig. 2 is essentially

10

the same as that shown in Fig. 1, but has slightly

different zone extents, and & different form of
neutralizing zone. The ionizing zone C’ of Fig. 2,
extends from 18° to 40%%° and is backed by a plu-

15

‘rality of grounded spaced 63 mil copper wires one o
. inch away, the wires beginning at the guiding .

trough 22. The separating zone D’ and particle-
" pull-off zone:E’ are essentially the same as their
counterparts in Fig. 1, but extend from 45° to 171°
and from 192° to 252°, respectively.. ‘The: neu-
tralizing zone F’ of Fig. 2, however, differs.con-

siderably from that shown in Fig.-1, in that its’

ionizing field is better distributed for bringing

the charge on the particles reaching this zone to .

as near zero as possible so that centrifugal force
and gravity will throw the particles off, or so that
they can be brushed or scraped. off, leaving the
drum surface about to go beneath the guiding
trough clean. . ) .
" The zone F' includes six tungsten wires of 4%
mil size providing ionizing . electrodes 51 to §56,

inclusive. spaced 41%° apart and about one inch.

from the treating drum. A plurality of spaced
63 mil copper wire non-discharging electrodes
51-64, ‘inclusive, is arranged in back of these
jonizing electrodes, being in an arc spaced. one
inch from them. Following the ionizing elec-
trodes in the same circle is a plurality of spaced
‘non-discharging electrodes 65 of 63 mil copper
wire. The ionizing electrodes of the zone ¥’ are
connected to be at gradually lower alternating
current potentials in the direction of rotation
of the drum, while the back-up electrodes are
" connected to further decrease the intensity of the
“jonized field in that direction so that the particles
‘still on the drum in passing through this zone
pass through an alternating ionized field of grad-
ually decreasing strength for gradually neu-
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. tralizing the charge on the particles to the point .

where they fly off the treating drum. For ob-

taining the desired potentials on the electrodes of . .

the zone F’, a potentiometer 66, connected across
an alternating curreni voltage supply 61, and
having nine taps separated by resistances of 5
megohms each, can be utilized. The tap 68.is

preferably grounded and is connected to the non-
.discharging electrode §7 while the successive taps’

69 through 15 are connected to the non-discharg-
ing electrodes 57-64, respectively, the tap 75 also
being connected to the non-discharging - elec-

trodes 65 which are, therefore, at the same.po-.

tential.. C o
_'The lonizing electrodes 61 and 52 are at the
highest potential with respect to ground. and
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connect to the tap 16, the ionizing-electrodes 53

and 54 being connected to.the tap 14, and the jon-
izing electrodes 65 and 56 to the tap 13. .
In the operation of the neutralizing system

- tials applied to the corresponding: electrodes for.

shown in Fig. 2, the ionizing electrode 51 is at the -

relatively - highest potential and the assoclated
* non-discharging electrodes in back of it at the
" Telatively lowest potential so that the alterna_tlng

76

.weaker ionized field in the zone F; ‘
tion of rotation of the drum. Ore ~eoncentra-
“tions with neutralizing zones .are disclosed and

field toward the grounded. treating drumls rela-
tively strongest. However, in the direction of the
rotation of the drum the potentials of the ioniz-

“ing elegtrodes gradually decrease, ‘while the.Dpo-

tentials of the associated back-up.electrodes ap-

‘proach those of the ionizing:electrodes so that

uleir aiding effect on the field is gradually

. changed to g shielding effect weakening the in-

tensity of the field. This produces; 8 gradually
~the:direc-

claimed in copending application of G. W. Hewitt,
Serial No. 303,444, filed concurrently herewith,
and assigned to Westinghouse Electric & Manu-
tacturing Company. o R ‘

In the neutralizing zones of both embodiments,
the frequency of the alternating-current voltage
source should be high enough to cause, in effect,

_several reversals of the charge on .the particle

during the time the particle is.in the neutrahz-
ing zone, but should be low enough to prevent
neutralization of tiie ion-and electronic streams
before they reach the parsicies. A frequency of
about 500 cycles has produced satistactory neu-
tralization of such paruicles as have reacned this
zone with drum speeds such as later indicated.
Tnis neutralizing zone can be omitted, the zone
E being made lunger; if necessary. iowever, in
general, better results have been obiained with

“the neutralizing zone included.

An indication of the effectiveness of our. in-

vention tor separating metal-bearing particies

trom gangue is illustrated, by way of example,
by the resulis we obtained in the beneficiation ot
Minnesota iron ore.” The.tabulations to follow
are for different:sample. ores containing F2Os,
silica, and very.smali amounts:of clay, which to-
gether constituted about 98% of the ore. In ob-
taining the results.the separated.ore was col-
lected in different groups of bins to provide con-
centrates -and tailings, .'and -in. some- tests,
middlings; the bins M, N, O. P and Q being de-
fined in Fig. 1 between partitions 35, 36,:31 and

.38 placed at 51°, 90°, 157° and 180° respectiveiy,

with the partitions 35 and 38 about one-sixteentn
of an incn from the drum, and the partitions 36
and 31 close to the electrodes 34, and the bins
R, S, T and U in Fig. 2 being defined by similar.
partitions 35’, 36’ and 31/ located at 103°, 175°

and 185°, respectively. . The particle size of the.
- original ore is indicated by a minus (—) sign be-

tore the mesh size of ‘the sieve which the.par-
ticles pass through and:a:plus: () sign:-before
the mesh size which caught the particles. .-

In the following :tables, Table No. 1 indicates.

results obtained with an ore-treating device con-
structed in accordance with Fig. 1, while Table
No. 2 indicates results obtained with an ore-treat-
ing device constructed in accordance with Fig. 2.

The ore feed was from 5-to-7:pounds per:minute.

per axial foot of length of the drum. L
For Table No. 1,.the electrodes 28, 34 .and 40

were energized from .unidirectional voltage sup-:

plies, and were maintained at a positive potential

of 135 to 14 kilovolts, a positive potential of 10
-to. 10.5_kilovolts, and & negative: poténtial of 15

kilovolts, respectively, the values: of the poten-

Table No. 2 being respectively 4-12.5, +9.5, and

—10.3 kilovolts. The voltage source for-energiz- -
ing the neutralizing Zone electrodes in ‘all’ runs
.produced a 500 cycle alternating current:having
-a 10 kilovolt root  mean square ‘value, and the’

current in the ionizing electrodes of zone C was
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about 100 microamperes per foot of wire, For
the results in Table No, 2, the ore was heated,

In the following tables, the columns indicated

by the different lower case
following:
a==mesh size .

b=per cent relative humidity of sﬂrro’unding"j

atmosphere N ) .
c=linear speed of the drum 24 in feet per
minute .
=richness of the ore in
treatment .
=Dbins used to collect concentrate
f=Dbins used to collect middlings
g=Dbins used to collect tailings -

per cent Fe, before

letters represent the .

10

15

=per cent of the weight of the original ore col-

lected as concentrate .
i=per cent of the weight of the original ore col-
lected as middlings = ' :
j=richness of the concentrate in per cent of Fe

20

k=per cent of {otal Fe available in original ore

which was collected in concentrate

Table No. 1 -

e b1 e d e g k 2 k
~16, +40| 16| 31l 525 M | NorqQ|7e.8 58 | a1
~100,+2000 211 1000 14.2] M.N | OPQ" | 23°9| 51" | 85
—80,+150( 20 00| 24 | M,N,0{ PQ | 30.1) 56.5| 92,
—40, +80) 20 700/ 4 [MN0| PQ [712 85 | 8.

Table No. 2

a celd] e fl e [ k]d | s k
60, +100f s0l35 | 2 | 87 | U lisa| 144 0 | s23

~100| 7861448/ RS | T | U lo4 5| 26'8| s6.8| 817

—100nd0ls6.3] ‘R | 8 | TU [49.4] 31| 617 eds

~100(1500/46.31 R | ST | U |43.6| b0.4| 595 58

—40/ 327laal RS | T | U |so.6| 122 &7 | 825

From these tables it is evident that the original

T bk i 4D OO

286

30

36

2,814,930

sample were not sufficiently different to yield

utilizable separation.
In general, for good separation the gangue or

high resistivity component of the ore particles, - .

as measured in bulk, should have a resistivity of

104, or greater for particles passing through a

100 mesh sieve. These resistivity values which
include the resistances of very mnany small area
contacts between particles must not be confused -
With resistivity values of single large particles of
a substance which are much lower, as indicated
by measurements for silicon carbide; a single large -
particle of which may show a resistivity of 1
as compared to a resistivity of 10° for particles
of —40, 4-60 mesh, measured in bulk.

From the foregoing, it is apparent that we have
produced an ore-concentrator which will treat
ore- heretofore discarded, and yield ore satis-
factory for commercial demands which require
for economical smelting an ore of & richness of
at least 40% under most favorable conditions -
for the specific iron mentioned hereinbefore.
We have also treated ores of metals other than
iron with satisfactory results, but have confined
our specific examples to iron ore for illustrating
‘the operational results of the equipment we.
have devised. I

While we have described our invention in forms -
which we believe to represent preferred embodi-
ments thereof, it is obvious that the nature of -

- the invention is such that many alternative ar- = -

rangements are possible, and equivalent struc-
tures utilized. i
We claim as our invention: S :
1. The method of séléctively separating a mix-
ture of particles of different electrical properties, .
which comprises feeding a thin layer of the mix-
ture of particles on the upper part of a conduct-

' - ing endless surface moving in an extended, sub-

‘40

stantially curved, path about a substantially :

" horizontal axis; substantially immediately there-

ore was considerably beneficiated by the treat-

ment, resulting in concentrates having a frac-

tion of the weight of the original ore, but con- .

waining most of the iron available in the original

-45
ore. The last three runs of Table 2, which were |

on ores containing about 3% moisture, produced

concentrates of about one-half the weight of the

original ore but with richness of iron in the -

neighborhood of 60% which is equivalent to about

50

after subjecting the particles moving on and with
said surface to a generally unidirectional ionized
electrostatic ‘field, which has a considerable cir-
cumferential extent along said upper part of said
‘surface, and which is substantially uniformly
stressed and substantially uniformly ionized
throughout its ecircumferential extent, said .
lonized electrostatic fleld terminating on said
upper part of said surface a considerable dis-

" tance before said curved path becomes vertical,

86% Fe203. By repeated treatments, any com-

centrate or middlings can be further improved as -

to iron content, and if desired selected bins may

discharge into storage hoppers of similar devices .
! -65

for continuous treatment. . . .
In order to obtain an idea of the relative re-

sistivities (in ohms per centimeter cube) of the
particles a fiber tube having an area three square -

inches and a length of one-half inch, protected

by & guarding ring to render the effect of leakage
on the tube negligible, was filled with collected
particles compressed by their own weight, and an -

electrode of 600 grams.  An original ore (size
—150, -200)' produced ‘a concentrate having

62-65% Fe, which concentrate showed a re-

sistivity ‘at 21% relative humidity of 1.2 to 2.3

65

and substantially immediately thereafter sub-

Jecting the particles moving on and with said
surface to a generally unidirectional, -substan-
tially non-ionized, electrostatic field, which also )

“has a considerable circumferential extent along

sald upper part of said surface, and which is sub- -
stantially uniformly stressed throughout its cir-
cumferential extent, said substantially non-
lonized electrostatic field continuing on the under -

’side of the curved path to a point materially -

beyond the point where said curved path becomes
substantially vertical, whereby gravity may act
on said particles for causing the particles hav-
ing charges which leak off rapidly by conduction

- to said surface to fall away from said surface,

times 10" and a tailings having 5-10% Fe which

showed a resistivity of 4700x10%, At 41% rela- -
tive humidity the values were, respectively, .8 to

2.8 times 10, and 384 to 468 times 101,

'A second sample of ore, (size =100, 4-200) pro-
duced & concentrate (55% Fe) with a resistivity
of 21 X 10, and a tailings (2-5% Fe) of
79 X 10, at a humidity of 21%. At high
humidities {he relative resistivity values of this

70 .
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and then removing particles still remaining on
said surface before they return to the feeding
point, . o
2. The method of selectively separating a mix- -
ture of particles of different electrical properties,
which comprises feeding a thin layer of the mix-

" ture of particles on the upper part of & conduct- -

ing endless surface moving in an extended, sub-.
stantially ,c“urved‘.‘ path _about ‘a ' substantially :



2,314,939

horizontal axis, substantially immediately there-
after subjecting the particles moving on and with
said surface to a generally unidirectional ionized
electrostatic field, which has a considerable cir-
cumferential extent along said upper part of said
surface, and which is substantially uniformly
stressed and substantially uniformly ionized
throughout its circumferential ~xtent, said
ionized electrostatic field terminating on said
upper part-of said surface a considerable distance
before said curved path becomes vertical, and
substantially immediately thereafter subjecting
the particles moving on and with said surface to
a generally unidirectional, substantially non-
ionized, electrostatic field, which also has a con-
siderable circumferential extent along said upper
part of said surface, and which is substantiaily
uniformly stressed throughout its circumferential
extent, said substantially non-ionized electro-
static field continuing on the under side of the
curved path to a point materially beyond the
point where said curved path becomes substan-
tially vertical, whereby gravity may act on said
particles for causing some of the particles hav-
ing charges which leak off rapidly by conduc-
tion to said surface to fall away from said sur-
face, meanwhile rotating said surface at a speed
sufficient to impose a material centrifugal force
on the particles on said surface, and then remov-
ing particles still remaining on said surface
before they return to the feeding point.

3. The method of treating a mixture of par-

30

ticles including -particles of relatively low -re- -

sistivity and particles of relatively high resistivity,

which comprises continually feeding a thin layer

of the mixture on the upper part of a conduct-
ing surface of an endless conveyor rotatable
about a substantially horizontal axis, rotating
said conveyor, subjecting the particles fed to
said conveyor to an extended icnized unidirec-
tional electrostatic field for charging the par-
ticles, and then subjecting the particles to an
extended non-ionized unidirecticnal electrostatic
field tending to repel to said surface those par-
ticles which retain an appreciable portion of
their charge, the said conveyor being rotated at

such speed that relatively low resistivity particles

which do not retain charges are caused to fly

40

45

off of said drum while relatively high resistivity

particles adhere to said surface because of the
action of the non-ionized field, and then subject-

ing particles which remain on said surface to

electric reactions for reducing the electrical
forces on the last said particles tending to cause
them to adhere to said surface,

4. The method of treating a mixture of par-
ticles including particles of relatively low re-

50
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sistivity and particles of relatively high resistiv- .

ity, which comprises continually feeding a thin
layer of the mixture on the upper part of a

conducting surface of an endless conveyor ro- -

tatable about a substantially horizontal axis,
rotating said. conveyor with the particles on its
surface, subjecting the particles fed to said.con-
veyor to an extended ionized electrostatic field
for charging the particles, and then subjecting
the particles to an extended non-ionized field
tending to repel to said surface those particles
which retain an appreciable portion . of their
charge, the said conveyor being rotated at such
speed that relatively low resistivity particles
which do not retain charges are caused to leave
sajd drum while relatively high resistivity par-
ticles adhere to said surface because of the action
of the non-jonized fleld, and then subjecting

Lill]
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particles which remain on said surface to a non-
ionized electrostatic field tending to pull away
from said surface the particles remaining on
said surface. - C

-5_. A device of the class described for sepa-
rating particles of relatively low resistivity from
particles of relatively high resistivity, comprising
a cylindrical drym having a conducting surface,

“means for rotating said drum, means for depos-

iting a thin 'ayer of particles on the upper part
of said drum, means associated with said drum
for establishing a unidirectional ionized elec-
trostatic field toward said drum, said field being .

‘of substantially uniform density circumferen-

tially for an appreciable angular extent, means
associated with said drum for establishing a
non-ionized wunidirectional electrostatic field
merging into said ionized field and of the same
general polarity, and means associated with said

-drum for establishing a unidirectional electro-

static field following said non-ionized field, the
last said field having a polarity generally oppo-
site to said non-ionized field. o

6. A device for separating particles of rela-
ti_v'ely low. resistivity from part.cles of relatively
high - resistivity, comprising 3 cylindrical drum

‘having a conducting surface; means for rotating

said drum; means for depositing a thin layer
of particles on said 'drum; and a plurality of
means disposed substantially concentricaliy
gbout said drum following the last said means
in the following order: means including a plu-
rality of spaced ionizing electrodes for charging
said particles, means including a plurality of
non-discharging electrodes in grid-form for pro-
ducing an electrostatic field reacting with charged
particles to tend to repel them toward the drum,
and electric field means for reacting with the
charges on particles still on the drum for in-
creasing their tendency to separate from the
drum. - . -

7. A device for separating particles of rela-
tively low resistivity from particles of relatively
high resistivity, comprising an endless conveyor
rotatable in a closed path about a substantially

.horizontal axis, means for rotating said con-

veyor, means for depositing a thin layer of par-
ticles on the upper part of said conveyor, means
comprising ionizing electrodes arranged in grid
form in the general direction of the movement
of said particles, for charging the particles de-
po_sij;ed in said conveyor, subsequent means com-
prising electrodes arranged in extended grid-
form for preoducing a subsequent electrostatic
field, following said ionized field, for reacting
with charged particles to produce a force tend-
ing to repel them to said conveyor, means sub-
sequent to the last said means and comprising
electrodes arranged in extended grid form for
producing an electrostatic field, following - the
last said subsequent electrostatic field, for re-
acting with charged particles to produce a force
tending to separate them from said conveyor,
particles leaving said conveyor being capable of

- passing through the spaces of said grid-forms,

and distributed bin means for collecting segre-
gated portions of the particles leaving said con-
veyor.

8. A device for separating particles of rela-
tively low resistivity from particles of relatively
high resistivity, comprising an endless conveyor
having a conducting surface rotatable in a closed
path about a substantially horizontal axis, means
for rotating said conveyor, means for depositing
& thin layer of particles on the upper part of
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said conveyor, means comprising ionizing elec-
trodes arranged in grid-form in the general di-
rection of the movement of said particles for
charging the particles deposited in said conveyor,
subsequent means comprising electrodes arranged
in extended grid form for producing & subsequent
electrostatic field, following said ionized field, for
reacting with charged particles to produce a force

tending to repel them to said conveyor, means -

subsequent to the last said means and comprising
electrodes arranged in extended grid-form for
producing an electric field for increasing the
tendency of chargead particles to leave said drum.

9. A device of the class described for sepa-
rating particles of relatively low resistivity from
particles of relatively high resistivity, comprising
a substantially horizontal cylindrical drum,
means for rotating said drum, means for deposit-
ing a thin layer of particles on the upper part
of said drum, meangs for establishing a unidirec-
tional ionized electrostatic field to said drum,
said field being of substantially uniform density
circumferentially for an appreciable angular ex-
tent, subsequent means for establishing a non-
ionized unidirectional electrostatic field to said
drum, merging into said ionized field and of the
same  general polarity, said non-ionized field

10
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being of substantially uniform density circume-

ferentially for an appreciable angular extent,
. and means for establishing a non-ionized uni-
-directional electrostatic field to said drum, fol-
lowing the first said non-ionized field, the last
said field being substantially uniform and having
& polarity generally opposite to the first said
non-ionized field.

10. A device for selectively separating a mix-
ture of particles of different electrical prop-
“erties, comprising a rotating drum of large di-
ameter, having an electrically conducting sur-
face, means for continuously supplying a thin
layer of the particles to an upper portion of the
drum, means for continuously rotating the drum
at a speed sufficient to impose a material cen-
trifugal force on the particles carried by said
drum, means for continuously subjecting the
particles, for a considerable portion of a revolu-
- tion, soon after they are deposited on the drum,
to a unidirectional ionized field with respect to
the electrically conducting surface of the drum,
means for immediately thereafter subjecting the
same particles to a substantially non-ionized
fleld of the same polarity with respect to the
electrically conducting surface of the drum, said
substantially non-ionized field merging with the
jonized fleld and having a considerable circum-
ferential extent along the upper portion of the
drum, and also extending down around under-
neath the drum, for a material distance past
the point where gravity first tends to cause the
particles to fall off of the drum, whereby the
particles which retain their ionization are con-
tinuously subjected to a repellant force, from
the substantially non-ionized field, in g direction
tending to hold them to the drum against cen-
‘trifugal action, from the ionizing zone at least
as far as the point where gravity tends to cause
the particles to fall off of the drum, and means
for segregatingly collecting the particles which
come away from the drum at different points
around its circumference.

11. A device for selectively separating a mix-
ture of particles of different electrical prop-
erties, comprising means for providing a con-
ducting endless surface moving in an extended,
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substantially curved, path about a substantially
horizontal axis, means for feeding a thin layer
of the mixture of particles on the upper part
of said endless surface, means for substantially
immediately thereafter subjecting the particies
moving on and with said surface to a generally
unidirectional ionized electrostatic field, which
has a considerable circumferential extent along
said upper part of said surface, and which is
substantially uniformly stressed and substan-
tially uniformly ionized throughout its circum-
ferential extent, said ionized electrostatic field
terminating on said upper part of said surface
a considerable distance before said curved path
becomes vertical, means for substantially imme-
diately thereafter subjecting the particles mov-
ing on and with said surface to a generally uni-~
directional, substantially non-ionized, electro-
static field, which also has a considerable cir-
cumferential extent along said upper part . of
said surface, and which is substantially uniformly
stressed throughout its circumferential extent,
said substantially non-ionized electrostatic field

continuing on the under side of the curved path

to a point materially beyond the point where said
curved path becomes substantially vertical,
whereby gravity may act on said particles for

causing the particles having charges which leak:

off rapidly by conduction to said surface to fall
away from said surface, and means for subse-
quently removing particles still remaining on said
surface before they return to the feeding point.

12. A device for selectively separating a mix-
ture of particles of different electrical properties,
comprising means for providing a conducting
endless surface moving in an extended, substan-
tially curved, path about a substantially hori-
zontal axis, means for feeding a thin layer of
the mixture of particles on the upper part of
said endless surface, means for substantially
immediately thereafter subjecting the particles
moving on and with said surface to a gen-
erally unidirectional ionized electrostatic field,
which has a considerable circumferential extent
along said upper part of said surface, and which
is substantially uniformly stressed and substan-
tially uniformly ionized throughout its circum-
ferential extent, said ionized electrostatic field
terminating on said upper part of said surface
a considerable distance before said curved path
becomes vertical, means for substantially imme-
diately thereafter subjecting the particles mov-
ing on and with said surface to a generally uni-
directional, substantially non-ionized, electro-
static field, which also has a considerable cir-
cumferential extent along said upper part of said
surface, and which is substantially uniformly
stressed throughout its circumferential extent,
said substantially non-ionized electrostatic field
continuing on the under side of the curved path
to a point materially beyond the point where
said curved path becomes substantially vertical,
whereby gravity may act -on said particles for
causing some of the particles having charges
which leak off rapidly by conduction to said sur-
face to fall away from said surface, means for
rotating said surface at a speed sufficient to
impose a material centrifugal force on the par-

ticles on said surface, and means for subsequently -

removing particles still remaining on said surface
before they return to the feeding point.
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