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PROCESS OF ELECTROSTATIC MAGNETIC SEPARATION.

<

To oll whom it may concern: o
Be it known that we, Hexry M. SurroN,

Warrer L. Sterre, and Epwin G. SteELE,
citizens of the United States, residing at

Dallas, in the county of Dallas, State of

-Texas, have invented certain new and use-

* ful Improvements in' Processes of Electro-

" 10

15

static Magnetic Separation, of which the
following 1s a specification, reference being
had. therein to the accompanying drawing.
This invention relates to a process of sepa-
rating the particles of a mass or the com-

ponents of a mixture which is in the nature
- of an improvement upon the process
ented to us on November 25th 1902 in Patent -

pat-

. #714256, and on February 20th, 1906 in

20

25

80

1

-while in a magnetic field.

Patent’ #813,063, and the invention consists
in subjecting the mass of particles to be
separated to the action or influence of mag-
netic and electrostatic -action, the latter be-
ing in a constant charge produced by an

“eleetrode having a pointed or sharpened ter-

mination, or by an electrode having a
rounded termination, the charge supplied to
which being non-continuous or interrupted,
whereby in either: case there is set up and
maintained a dielectric polarity in particles

of the mass being treated.: In other words,
the invention consists in subjecting the ma- .

terial to be treated to an electrostatic charge
regulated to produce and maintain in some
of the particles of the mass a constant dif-
ference of potential to that of one electrode

The invention also consists in the process
above stated followed by depolarizing said

- particles thereby electrically releasing them

40

45

from an electrode. -

The invention consists in further details
of operation hereinafter set forth.and de-
scribed in the claims. ; " o

While we do not confine ourselves to any

garticular form of apparatus for the em-

odiment or use of our process, we have
herein shown an apparatus adapted to that

Referring to the draw’ings'forming 2 part

of this specification :—Figure 1 represents in

* diagrammatic relation the principal. ele-

50

56

ments of an apparatus to be used in prac-.

ticing our process; Fig. 2 is an illustrative
diagram_presented for the purpose of ren-

‘dering the description of the principles of
‘the invention more readily understood; Fig.

3 is a side elevation of an’interrupter shown

in edge view in Fig. 1; Fig: 4 1s an illus-

Speeiﬂcatioﬁ of Letters Patent.
‘Application filed December 27, 1908. - Serial No. 349,688,

' several figures of the drawings. o
- We have ‘heretofore -discovered that by -

tration of the wave form produced by said.
interrupter;. Fig.'5 is a-modified arrange-
ment of the apparatus shown in Fig. 1 and
involves the substitution of a different form

Patented Dec. 6, 1910,

60

of interrupter; Fig. 6 is a detail of a por-

tion ‘of the interrupter shown in Fig. 5;
Fig. 7 is the wave form produced by the

interrupter shown in Fig. 5; and Fig. 8 is

still  another modified. form of the appa-
ratus which is also adapted for the embodi-
ment of our process.,
represent wave-forms,
ike numerals refer to like

employing an electrode having a sharpened
or pointed terminal in connection with an op-
gosmg electrode, a continuous charge passes

rom the pointed electrode to the other and

“produces in siich particles of the mass as

possess dielectric properties a polarity which.

pz.u‘ts_in‘ the . N

85

igs. 9, 10, 11 and 12

75

In connection with: the polarity of the elec- . -

trode with which they, are in contact serves
to cause them to adhere to the same. This

‘principle of our invention may be more

réadily understood by a reference to the dia-

‘gram shown in Fig. 2. Let A represent a

source of high tension electricity which.may
be either dynamic or static, as shown in this

80

85

case, and let B be an electrode terminating =

in a point. Let C be an opposing electrode

and D a hopper or any other suitable device"

for feeding material.to the electrode C.

The electrode 'C and the source of energy A

may. each be connected either directly to the -

ground, as shown at E and F; respectively,
by closing the switch G; or the electrodes B

directly connected by opening the'switches

-and € and the source of energy A may be

G and H and ,c‘l’os%lvl'g. the switch I, as is =

clearly apparent. -
that 1s, di

ith either connection; <. -
irectly through the switch I, or =

through the earth, the resulting effect of the
-passing charge between the two electrodes is
.the same, ~ Assuming the-charge to be pass-

100

ing continuously from. the point and being - -
-+ and assuming a particle J of the material -

being treated as.having passed from the
hopper in contact with the electrode C inter-

105

cepting the path of the charge, the result is® -

that the particle becomes polarized and that'

equally, one half thereof will be 4 and the |

‘adjacent half toward the electrode will be

—. The electrode being connected to the
earth or to a source of energy permits a con-

‘110~

tinuous passage of the current therethrough, - - :
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and therefore has practically no density of
charge thereon but -there is a bound or in-
duced charge, produced inductively by the
— polarity of the particles, at the point 1m
mediately adjacent to the place of its con-
tact with the electrode C and of an opposite
polarity, to wit +, consequently there exists
between the “electrode and particle -at the
place of contact therewith opposite polarities,
and said particle is retained in contact with
the electrode so long as that condition exists.
It will be noticed that this result of retain-
ing the particle in contact with electrode in
the manner described by the use of a con-
tinuous current from a pointed electrode. is

- directly the opposite of the result produced

20

. the attractive forte generated in-the

25

biy a‘current or charge supglied to a rounded
elect

rode, as in that case there is no binding

charge produced, and consequently the par-

ticle and the electrode C being of the game

olarity the ;l)')articlp is repelled therefrom
y_reason of the similarity of polarigyl

. In our present précess we have added to

by convectively delivered chargw t
or additional feature of providi

netic .attractive force acting in unison with
the static force whereby certain particles of

- certain materials which may be compara-

30

36

" 40

‘plished.- It seems

tively .feebly influenced by either a static or

. magnetic force, both forces are utilized and

therefore the attractive attachment of such
particles is enhanced and -their separation
from their fellows more completely accom-

roper to. state at this
point that we have (fisc.overed that the same
advantageous results may_be produced by
our process with a round electrode in place

of a pointed electrode by providing means

for interrupting the convectively delivered
charges passing therefrom to the opposite
electrode, and we therefore include as a fea-
ture’ of our process the interruption of the

- convectively delivered charges whenever

45

- 50

56

rounded electrodes are employed, and fur-
thermore, we apprehend as indluded within
our invention such other, various modifica-
tions-and changes as may be suggested to
persons skilled in -the art and in_the elec-
trical sciences involved so long as the pro-

_duction of polarization in dielectric parti-

cles is secured.either by a continuous or an
interrupted convectively delivered charge in

the manner hereinbefore and hereinafter-

described, - .. . -
- The principal object of this ‘process of
electrostatic magnetic separation is by means

. “of the joint application of static electricity

60

' tive mfluerice of the magnetic field or force

and the magnetic field of force, to increase
the susceptibilities -of certain particles hav-
ing feeble magnetic properties to the attrac-

7. go that they can be separated from others

85

that hgve Jess or none.. It has heretofore
been discovered in the art of magnetic sepa-

P

Earticl&
e step.
ing a mag--

977,570

ration .that the shape or form of magnetic
pole pieces has great influence in rendering
certain particles susceptible to magnetic at-
traction that would not otherwise be affect-

ed, and in this manner it has been possible

to separate out from a mass of particles sub-

.stances that would not respond to such a

magnetic field of force as is produced by

ﬁa%?etic poles  of ordinary construction.
t

e pole piece is rounded in form having:

70

75

approximately the same cross section. as the -

opposite pole the neutral line would then be

.about midway between the two poles. That -

is, if a particle of matter susceﬁotible to mag- -

netic attraction be placed exactly on thisline
the attractive force of each magnet upon the
particle will be exactly balanced or neutral-
1zed. ‘A particle placed either side of said
‘line is attracted toward the pole to which it
is nearest and thus particles may be attract-
ed to either pole. In the case of a pole
“brought relatively to a point or having but
small cross section av its tip, then under

80

85

these 'conditions the magnetic lines of force .

are greatly concentrate ,
becomes supersaturated and the neutral line
under these conditions, the other pole being
of greater area, is vety much nearer the
larger pole.
effect of static electricity acting in the man-
ner as we have described has not yet been
taken into account, and we will now consider
“in what way the discharge of electricity in
the current form from an adja
terminal affects the result. en the min-
eral is fed to an electrode which is also the
opposite magnetic pole, the effect of the
convective discharge acting directly, not in-
ductively, on the particles is to polarize

them on the pole to which they are fed. It.

is evident that if the attractive force of the
magnetic pole on to which the material is
fed is acting to attract such particles as pos-

on the tip which

90

In the above illustration, the

95

acent pointed -

100

\

105

sess magnetic properties that said particles -

will adhere much more strongly to such pole
than would be the case with either force act-
ing alone. This magnetic pole upon which
the material is fed is also the grounded elec-
trode that receives the electrical discharge
from the point. It is understood. that our
invention may involve scientific. principles
.other than those just specified and we do not
limit the same in this regard. ST

In the drawing one form of apparatus is
illustrated which is adapted to the practice
of our.process, and reference is made to Fig.

1 in which 1'is an electrode having a sharp-.
ened of pointer terminal and 2 is an oppos-.

 ing electrode which in this instance is in the
form of a roller or cylinder which by any

110

115

120

125

suitable means is adapted to be rotated. :3 -

is a hopper in which the comminuted mate-
 rial to be separated into its constituent ele-
ments is. placed and from which it is fed to

the cylinder in any suitable inanner which in

‘180

t
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this instance is a shaker pan 4 which is vi-
‘brated by means of an eccentric 5 connected
thereto by the rod 6.. The wiper 7 may be

.?rovided for removing adhering particles |
5

rom the cylinder and at a point upon its
_rear surface. ,

By reference to Fig. 5 the manner of sup-

* porting said cylinder and adjacent magnets -

will be clearly understood where 8, 8 and 9
10 are magnets, the poles of tlie magnets 8, 8
-extending .downward, as shown at 10 to
form bearings for the journals.of the roller

" 2 on one of which is a belt pulley 11 serving -
for imparting rotative power to the. roller.-
15 'The magnet 9 has the pole 12 extended in:
the form of a thin edge and adjustably ar- -
ranged in relation to the cylinder 2.  .In.

this instance the adjustment 1s accomplishied
by .the bolt 18 and slot 14 securing said mag-
20 net to a cross beam 15 which also supports

the magnets 8 in any suitable manner, and

which is insulated from the framework 16 of
the apparatus by means of the bolts 17 pass-
ing through insulated sleeves 18 in a manner
25 well known in electrical construections.  The
magnets are energized by a dynamo 19, the
connections of which will be hereinafter de-
‘seribed. . The electrodes 1 and 2 are served

from a source of energy 20, which as before-
" 80 stated may be of any character and which in -

this instance is an electrostatic generator,
and the connections employed will also be
“hereinafter described.. An interrupter 21 is
'~ shown together with a cone speed regulating
. 35 mechanism 22 from which the belt 23 goes
to any suitable source of power for giving
motion to the interrupter.

In the practice of the procesé'we’ have dis--

covered that the same is facilitated to a ma-
40 ferial degree by producing a segregation of
the particles. at the instant they .leave the
hopper or shaker pan and during their. pas-
sage to the cylinder electrode. - This result

we attain by placing a dielectric shield in-

~ 45 advance of the discharge point of the hopper

and in close proximity to the surface of the"
cylinder, whereby the convectively delivered’

charge from the pointed electrode is inter-
cepted by said shield. such being the -shield

50 24 adjustably mounted as shown. It is to be |

~understood in this instance that the magnet
12 and shield 25 are in an elevated or ad-
justed position which gives the convectively

delivered charge from electrode 1 free access .

55 to the shield 24 at. the hopper.. The effect
Jof this shield 24 is that said charge imparts

& --.charge to the shield by the pointed elec-

" trode and induces a =~ charge upon the op-
posite side of the shield thus producing in

_°° the particles back of the shield an inductive

' charge of like polarity on each particle
which has a tendency to separate them one
from the other and.in which condition they
fall upon the cylinder electrode, and the ma-

65 terial is(;thus presented ' to said electrode in.

. 5 : : o

-or that the whole tip of the shield may be
‘charged with the same sign as that of the

or cylinder electrode. - Tn this;case the con-

tions of the charge from the pointed elec-
trode. 1 are neutralized or prevented from

-to affect material below the same.

‘edge of the shield 29 of dielectric material is

' mthin.sheef-'lik'é form which facilitates the

subsequent separating dction of the convec-
tively delivered charges thereon. - . -
:25 is a dielectric shield adjustably mount- .
ed by ‘means of the arms 26 and 27 and the
bracket 28 extending to any fixed part of
the apparatus whereby the proximity of the
shield to the cylinder electrode 2 and its -
relative. inclination may be determined to

suit the conditions or character of material ¥5

to be treated. . The action taking place
caused by the presence of this shield is some-
what similar to that heretofore -described.
Tt is-understood though not in-a restrictive
sense, that a portion of the convectively de- 80
verted into a static charge of sufficient den-
sity on' the tip of the shield to induce
through the shield a charge of opposite sign,

electrode 1. In either event, the polarity of

‘the shield, where it affects the particles,

would- be oppesite to that of the opposing

90
vectively delivered chargesifrom the point-
ed electrode act to impress upon the shield
o charge of opposite polarity upon the op-

posite side of the shield; and as theelectrode . ~

revolves the more weakly adhering particles
are released by the charge on the front of
the shield and they fall upon the shield 29.
This shield 29 is adjustably supported in

practically the same }anner as the shield 25

95

and is constructed, like the refaining shield,
of hard rubber or other dielectric material. -
Buat there is placed upon the upper surface
of the shield 29 a plate 30 of metal or other
suitable conducting material whereby por-

acting through the body of the shield so as
It will
be noticed, however, that the extreme front -

not covered by said plate sothat the same .
electrical action .takes place as that of the.
shields previously described,-and here the 4
charge from the pointed electrode produces
an induced — charge upon the opposite or
under surface of the shield which by reason
of the similar- polarity of the particles on
the cylinder electrode has a tendency to re-
lease those particles from the cylinder which -
were not released in the previcus action
above described. It will be noted that the
plate 30 is connected to the ground, ‘as
shown at ‘81 which removes from it any

‘chiarge received from the pointed -eleetrode. . . -~
“The shields 382 and 33 although represented 125

as being made of dielectric material prac-
tically serve as division. plates, .-it being
understood that all of the shields described -
extend longitudinally for practically the en-

L. . B

70

' a

livered charges from electrode 1 are con- =~

85

100
1_05_'
11-;; -
115

120°

‘tire length of the- cylinder electrode. It is:.lso ‘



‘a

possible, however, that the induced chargés'

upon the lower surface of these shields may
have more or less effect in releasing from.
the” cylinder those particles having such
strong attraction thereto as to carry them
past the influence of the shields 25 and 29.
Separate compartments 34 are provided to

“ receive the various colleetions of separated

10

15

20

25

30

35

particles. o :

Referring to Fig. 1 the various electrical
connections shown therein will be described.
From.the 4 pole of the generator there

extends a circuit wire 35 to the interrupter

_ 21 where the wire is cut for the passage of

the disks, and beyond the disks said wire is
extended to a point where it merges into the
wire 36 leading to the pointed electrode 1.
From the — side of the
387 leads to the switch 38 by which it is con-
nected to the wire 39 which is also severed
for the passage of the interrupter disks
therethrough and is afterward merged into
the wire 36 leading to the pointed electrode.
For the purpose of cutting out the inter-
rupter the branch 40 is provided having the
switch. 41 and merging into the wire 36,
and a second branch 42 having the switch
43 likewise merging into the wire 36 is pro-
vided so that b{; closing the switches 41 and

43 a constant charge either 4 or — may be |
conducted to the electrode. The connection

of the cylinder electrode with the source of
supply 'mag be accomplished directly b
means of the branch 44 having the swite
45 therein switch 110 being open, extending
from the wire 35 to the journals of the cyl-

_inder or to — side of the generator by open-

40

" extends from the shaker

45

50

55

60

ing switch 45 and closing switch 110. "An-

other branch 46 having the switch 47 ex-

tends .to. earth so that by opening the
switches 45 and 110 .and closing the switch
47 the .circuit. may be grounded.. A line 48

an to the ground
line of ‘the cylinder in'orser\ to prevent any
charge being conducted to the elements.of
the material in the hopper. The line 85
from the -+ side of the generator is also

-extended to:the ground. by the branch 49
-provided "with the switch 50, while the —

side_of the generator is provided with a

similar branch 51 for the purpose of ground- -

ing that side of the machine. A~ switch
52 is placed in.this latter branch to prevent

‘grounding -the ‘apparatus when “the direct
“connection of the cylinder electrode with
“the generator is employed... The lines 49
. and 51 beyond the switches 50 ‘and 52 are-

_connected with the resistance. 53, the switch
50 or 52 of the ground lines is adapted to |

connect either the line 49 or the-line 51

- with the: resistance so that the grounding

= “effect upon either line may be modified to-

- more or less neutralize the - or — charge,
stip .
T

K1

lied to the pointed electrode. - :
e circuits for the purpose of energizing

enerator the wire

‘that s

977,570

the magnets 8, 8 and 9 comprise a line 55
from one of the brushes to the terminals 56

and 57 of the double throw’switch, while .
the opposite brush is connected by:wire 58 : -

to the remaining terminals 59 and 60 of
said switch, the operating handle being

70

shown at 61. From the terminal 62 of the

magnets, and the return line 64 extends
therefromr back to the switch, as clearly
shown, A resistance 65 is connected into
the fields of .the dynamo magnets for the

‘usual purpose of regulating the strength of

the current geperated and of the magnetic
fields of the magnets employed. .

. It now remains to describe the construc-
tion of the interrupter 21. It consists of a
pair of disks 66 each of which are slotted as

at 67, Fig. 3, and by moving one disk upon

the other the length of the opening extend-
ing through both disks may }E)e

be the entire length of the slot or confined toa
fractional part thereof. For example, at 68
the dotted lines represent the.open portions
of the slot of the rear disk which is covered
b};l the solid portion of the other disk,
whereby the slot thus formed through both
disks is represented by practically one half

adjusted to.

“switch, a line 63 extends to the spools of the "

78

80

85

90

of the length of the slot in each single disk. -

These disks being constructed of dielectric
material serve in their solid portion to pre-
vent the passage of a charge and serve to
permit the passage of a charge wherever an
opening is formed by a proper adjustment
of the slots of the two disks. This adjust-
ment which determines the length of the
opening through both disks determines the
length of time during which a charge may

' pass from the generator to the pointed elec-

trode, while the solid portions of the disks
regulate the inactive intervals between the
charges. The terminals of the circuit adja-
cent to the interrupter disks and at each

‘side ‘of the interrupter-are in this instance

represented as being round. If the terminals

95

100

105

110

were - Eointed the wave produced would be . .

own in Fig. 4 by reason of the brush

like nature of the charge from g pointed

electrode, but in the use of the rounided ter-'

minals upon both sides of the interrupter
the wave lirie shown in‘Fig. 7 is produced as

115

these terminals serve a disruptive discharge .

‘instead of a brush discharge, and conse-

quently produces the difference in the wave

“as represented in the two figures referred to.

120

With either the. pointed or rounded elec-, -

trode at. the interrupter the rise and fall of
the potential is sudden as represented by the -

vertical - lines intersecting the  horizontal

‘line ¢, Figs. 4 and 7 which represents zero

potential. -This sudden abrupt rise and fall
in potential, in the wave employed in our
process, the 4 charge alone, or a —charge

125

alone or both, is essential to the most sue-

.cessful separation of certain materials, and

~

130
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furthermore, it is essential to maintain for

a given time the apoten’tial whether - or—
when once secured so that, as shown in Fig.
4, the form of wave given by the pointed

terminal at the interrupter the corners a—b:

are slightly rounded by reason of the brush
form of the discharge in such terminal, but
the potential is maintained from ¢ to &.
Now by reference to Iig. 7, and by the use
of round terminals as shown in Fig. 1, the
rounded corners o—J» are avoided and to
that "extent the potential is maintained

. longer' at a certain value without rising or

15

20

25

30

falling. This is a diagrammatic representa-
tion of what is understocd-to occur in the
use of terminals of different forms in con-
nection with the interrupter in circuit. The
disks in this particular instance are each
provided with -three slots, while the’ ter-
minals of the lines 35 and 39 are arranged
diametrically opposite each other, and the
slots are so positioned that by a proper
adjustment both terminals are opposite slots
at one and the same instant which serves to
short circuit the current back to the gener-
ator for a brief instant of time which is one:
manner of using the process which possesses
material advantages under some conditions
and character of material being operated
on. The number of opénings.or their equiv-
alent in the disks is a matter of preference.

-~ In fact, as illustrated in Fig. 8, a disk 69 is

35

40

shown having a metallic plug 70 inserted in
and passing therethrough, of which plug
there may be a.greater or less number, as de-

_sired, so that in the rotation of this disk con-
tact 1s made with metallic terminals of. the -
_circuit of the electrostatic generator 20, as
-shown, by wires 71 and: 72..” Assuming that’

there is but one plug in the disk 69 and that

. the terminals 72 and 71 of the circuit of an

45

50

1.3

electrostatic generator - are -placed in the
path of that plug during the rotation of the

. disk, it will be seen that the wave produced

by this interrupter is that illustrated in Fig.
9, wherein a sudden rise and fall of poten-
tial occurs and is maintained along the line
a—>b, and an exceedingly limited period of
time exists between each rise and fall.. By
extending the -surface. of the plug to’

‘lengthen the time of .contact with the: ter-
‘minals 71 and 72, thus lengthening the time:

during #which the current is short circuited
back to the generator the intervals of time-
represented by the:spaces between the. ver-

_tical "liné is increased during which' the

" 0.

one of the disks and haying a tapered face

65

charge is inactive. e
The means for adjusting. the - disks ¢ 66,

shown in: Fig. 1, for the purpose of regulat-

ing the length of the slot passing through
both disks consists of a sleeve 73 fixed to

and a codperating movable sleeve 74 having

‘& similar face, the latter sleeve being adapt- -
‘ed for longitudinsal adjustment.by means of

‘an arm 75 through..which‘ the threaded ad-

justing bolt 76 passes seated in the nut 77
supported by any suitable fixed part of the
apparatus. : )

- In Fig. 5 there is illustrated prqcticaﬂy

the same 'means for energizing the magnets
8, 8 and 9 as before described, and in addi-

tion thereto a modified arrangement of the

‘elements for chargi'ng- the pointed electrode. -
together with a modifie

d form of interrupter.
Upon one_of the journals of the cylinder:
electrode 2 bears a brush contact 80 connect-
ed to a conducting wire 81 covered with in-
sulation 82, dnd carrying by means of a
pivot 83 of électrical conducting material
extending frontthe bar 81 an adjustable con-
tact plate 84." A similar bar 85 and contact
plate 86 on its pivot 87 with similar:insula-
tion 88 is conmected by wire 89 with the
pointed electrode 1. A disk 90 is mounted
upon the shaft-91 which may be rotated by
any suitable means, and upon one side of the
disk is ‘an annuldr electrical conducting
strip 92 from which project in this instance

‘three wiping contact arms 93. Upon an op-
‘posite side of said disk is a similar annular

strip,. as stated, provided with three wiping
contact -arms 94. = The adjustable contact
plates 84 and 86 are curved, as shown, to
conform to the path of the ends of the con-
tact arms 93 and 94 and each is capable of
retaining an adjustment upon its pivot 87
whereby the time of contact of any of the
arms 93 or 94 may be predetermined and
varied from a contact covering the entire
length of said plate or to practically any de-:
sived distance diagonally across said plate
determined by its inclination from-a verti-
cal position when, the disk rotates in a ver-

tical plane, as shown in Fig. 6. The dotted
lines 95in Fig. 10 clearly indicate the length

of contact of the arms 93, or 94 on either

76

80 -

85

90

95

100

105

side of the disk. A brush 96 bears:con- >'

tinually upon one of the electiical conduct-.

ing ‘strips 92 and is connected by wire 97

‘to one pole of an’electrostatic generator,

and -another brush 98 contacts the opposite

conducting strip: through: the wire 99 with-

the “opposite pole of the ‘generator. - The
function of this form of interrupter is to
supply a charge to the Ii(’inted electrode and
to reduce the: potential of both electrodes

to zero, and to ‘accomplish this with ex- .
ceeding rapidity and accuracy and without. -

any perceptible intervals of lapsed time be-

110

116

120

tween the alternations. - These objects are -

secured in the following manner.  Assum-

ing a current from the 4~ pole of the genera- ..
tor -passing through the wire 99 and the

brush 98 to the annular plate on the under-
side of the disk, the. current ‘would follow
the plate until it reached the lower arm 94
at the left, Assuming the next adjacent arm
93 to be in contact with the plate 84, and

that therefore both arms 98 and 94 ‘are in

125

180



contact with said plate, then in consequence

" of this contact of both arms with the plate,

10

the current would follow the plate 84, upper
arm- 93, contact plate 92, brush 96 and the
wire 97 back to.the generator at its — pole.
In other words, the entire charge of the
generator is short circuited back to it from
the cylinder electrode 2 for an exceedingly
brief instant of time which would be occu-
pied in the passage of arm 94 from plate 83
after arm 93 had contacted therewith. The
same operation takes place at the other side

- of the interrupter with relation to the point-
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ed electrode and consequently there is a sud-
den rise and fall of potential in this instance
involving both polarities above and below
the zero%ine e. ‘ s :
The construction of interrupter shown in
Fl,i; 8 is, as hereinbefore described, but it
only remains to say-that by the use of such
an interrupter the same results with a round
electrode 100 substituted for the pointed elec-

trode 1 can be produced in so far as bringing -

both electrodes to .zero potential certainly

and suddenly 1s concerned and that by short

circuiting the current back to the generator,
and this result is produced without any ap-
preciable interval of time between the suc-
cessive charges as illustrated by the diagram
in Fig. 7. : o

In the application of our process to the
separation of the particles of a mass the
motive forces generally employed, to wit.
convectively delivered charges and a mag-
netic field, act under conditions to be fur-
ther described, to effect the purpose in view

either by the production, existence or polar- |

ization by different wave forms in the con-
vectively delivered charges, and different
conditions of strength in the magnetic field.

In the production of an alternating charge
"in the magnetic field switches 41, 43, 50 and

H2 are open, while the switch 47 is clozed to
connect the cylinder electrode to the ground.
The interrupter 21 is rotated at a desired
speed regulated by the cone pulley connec-
tion to the source of power, when the open-

-ing 67 is opposite the terminals of the line

35 a - charge is given to the pointed elec-
trode 1, the potential of which then rises
and is maintained as represented in the
diagram in Fig. 4 along the line «— with
the corners slightly rounded. When in the
rotation of the interrupter disks the open-
ing 67 is in alinement with the wire 39 and
its extension there is an immediate sudden
drop of potential to below the 0 line when

_ a — polarity is maintained as at ¢ b in said

60

diagram so that we have produced and
maintained an alternation of + and — po-

larity. 1In the diagram in Fig. 4 the corners |

are slightly rounded and it would only re-
quire an enlargement of the terminals of
the wires 89 and 35 to produce corners more

) . /
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rfeai'ly approaching the square at the points

mentioned. When the terminals are inter-
cepted by. the solid portions of the disks of
the interrupter, the density of the charge in-

creases upon the terminals, and portions of -

the charge creep toward the advancing
alined slots. and taking this longer path
from one terminal at one side to the other
terminal at the other side of the interrupter,
there is a passage through tlie slots for an
instant of a charge of low density, but when

the slots and terminals are opposite each
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other, the full charge passes instantly and

the potential falls practically to zero.

To apply in- the magnetic field convec-

tively delivered charges to the cylinder elec-
‘trode which shall be grounded, said current
being: delivered from the pointed electrode
1, switches 43, 52 and 47 are closed, and 45
and 110 open. " In this instance weé will de-
liver plus charges' from the electrostatic
generator 20-through the lines 35, 42, switch
43 and line 36 to the electrode 1 and through
the magnetic field to the electrode 2 and
from thence by the line 44 to the ground.
In this instance 1t will be noted that the in-
terrupter is cut out of circuit, the switch 41
being open no current can pass-in that divec-
tion. 'The current produced in this instance
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would be represented by, a straight line, it -

being of -+ polarity. A similar arrange-
ment closing the switch 41 on the — .line
and leaving the switch 43 open on the - side
of the machine woyld give us a constant
— current. - In each of these instances, -when
delivering a -4 charge to the pointed electrode
the — side of the machine should be ground-
ed by closing the switch 52, and in deliver-
ing a — charge to the pointed electrode the
-+ side should be grounded by closing the
switch 50. It is understood that the distinc-

tion between a convectively delivered charge

and . a current is that the former passes
through' a gaseous gap between adjacent
terminals while the latter being the same
charge, when upon or directed by a suitable
solid conductor, is-or bécomes electricity in
the current form, if said conductor has the
function of returning that electricity either
to the earth or back to the generator thercof.

Jdn  producing. an - interrupted current
switches 41 and 43 are open and the inter.
riupter rotated, switchés 47 and 52 are closed
47 to ground the cylinder electrode and 52
to ground ‘the — pole of the generator.
This gives us an interrupted current of
polarity, the wave of which is illustrated. in
Fig. 10. ’ . o

To give an interrupted current of — po-
Iarity switch 47 is closed and either switch
45 or switch 50 is closed to ground.the +
pole of the generator and the switch 38 is
closed on the — side of the generator and
the switch 52, the ground line of the — pole
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of thé generator, is left open. In this con-

dition the wave is represented in full lines.

in Fig. 11. .
The charges supplied to the pointed elec-
trode may be varied by employing the re-

_sistance 53. For example, if it be desired

10

to have a full strength -+ charge in an al-
ternating current, and a weaker —, then
switch 52 is thrown into contact with one of
the posts of the resistance 53 to effect a
greater or less diminution of the — whereby

- there will be discharged from the pointed

15

electrode "into and through the magnetic
field an' alternating current whose -+ is
of greater strength than its — as indicated
by dotted lines £, Fig. 11 representing the
wave produced on the —line. .

To give a constant charge of one polarity

V intermittently modified by a charge of the

20

opposite polarity we close the switch 45 on’

the 4 side of the generator thereby directly
connecting the cylinder electrode 2 with the

- generator, the grounding switch 47 being

25

_ switches 50, 110/and 52 opened. Now, a
-+ charge will be delivered both-to the elec-
trode 1 and to the electrode 2. and inter--
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teft open, then switch 43 1s closed and switch
41 is opened and 'switch 38 closed and

mittently as the opening 67 of the inter-
rapter alines with the wire 89 a — charge
will be delivered to the pointed electrode.
Under this condition we have a constant

_charge of one polarity () on one electrode

represented by the straight line in the dia-
gram of the wave shown in-Fig, 12, and we

-also have a suceéssion of charges of the op-

posite polarity (minus) which impinge and
are active as illustrated in said Fig. 12 at

*.the.points d d and are inactive at the points -

e e. ‘
all of these varied wave éffects by the ap-
plication of ‘our process, still further modi-
fications in said ‘waves and their effect upon

.the material being treated is provided for

. in the regulation of the strength of and of

50

the polarity of the magnetic field used in
conjunction therewith. -

In this invention it is to' be understond
that an electrostatic convectively delivered
charge. from an electrode haying a sharp-

. ened termination produces an even flow of

55

60

- through said air, or ‘gaseous gap momeun--

current to an opposing ¢lectrode as uninter-

‘ruptedly as that produced by a galvanic cur-
‘rent passing over a conductor, while a

rounded electrode can be made to deliver to
an opposite electrode intermittent charges of
potential, the intermissions being eaused by
the accumulation of a charge of such pres-
sure as becomes greater than the intervening

‘air can withstand.. The air, which is simply

a dielectric, is.broken down and a spark
passes from one electrode to the other,

N

“from ‘the pointed electrode.

It is to be understood that in producing.

tarily lowering the potential, so that when
a slot opening in the disk is opposite one or
both of the rounded term'inaYs a series of
discharges takes place in rapid succession,
while if pointed terminals are used the
transfer of potential takes place with an
event flow of .convectively delivered charges.

While a discharge of static electricity from
a sharp point acts upon a dielectric particle- .

in a manner similar to an interrupted charge

_from the rounded electrode whose potentials

are characterized by either a rapid rise or a
rapid - fall, or-both, in the potential sup-

plied them, we disclose’ means for causing

>
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violent fluctuations in the charge delivered .

To illustrate
the facts cleatly, the electrostatic convec-
tively delivered charge flowing from a sharp

pointed electrode to one to which the mate-

rial is fed for separation polarizes the dielec-
tric particles strongly in the manner hereto-
fore described. that is, without interruption.
There is a difference. in the time in which
these particles can be polarized, or in which
this constant difference of potential can be
set up. and maintained between - them.
Therefore by reculating the time as well as
the character of the convectively delivered
charges given from the pointed electrode one
et of particles can be. differentiated from

“the rest by the fact that in the time in which

the charge is given one set is polarized while
the other-is not. The rounded terminals do
the same” with intermittent charges with,
however, this difference; the longer the time
of the ¢harge delivered, the léss will be the

| polarization owing to the fact that the par-

ticles acquire the same potential as the elee-
trode and would be repelled. Therefore
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with rounded electrodes the charge must be =

accurately timed so that the particles will’
never become fully charged thus maintain-
ing them at a constant difference of poten-’

tial from that of the conveyer electrode to
prevent repulsion. On the other hand, the
longer the duration of application of the con-
vectively delivered charges from the pointed
electrode the greater will he the polarization
of the particles up to‘the maximum of their
capacity, but never reaching % repelling po-
tential. . o :
. The material to be séparated is in granu-
lar or pulverized form and is placed in the
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hopper 3 and is fed therefrom by the vibrat-

‘ing shaker pan 4 on to the electrode 2. The
hopper 3 and shaker pan 4 bein({; grounded

by line 48, and the shields 24 and 25 further
act to protect the material in the hopper
and pan from the action of the pointed elec-
trode so that the material falls upon the elec-

trode 2 and is carried by it into the fields
' of the magnet 12 and. pointed’ electrode 1.

120

125

When in these fields those particles hiving

feeble magnetic properties that are also di-

8
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electric adhere to magnetic electrode 2, while
those that have no, or very feeble, dielectric

- capacity but being also feebly magnetic are

10
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carried by the rotative movement of the elec-

trode 2 across the.neatral line into the field

of magnet 12 by reason of the concentrated
lines of force thereof. Now comes into ac-

tion the shield 25 which, is polarized at its:

tip by the action of ‘the convective current
from the points of the electrode 1, acts more
strongly upon these particles having no or
feeble dielectric capacity and attracts them
to prevent their contacting with pole 12 and
directs them onto shield 80. These particles
are eventually delivered from the shield 30
into the first receptacle 84. Some of the

particles that still adhere to electrode 2 are:

carried by it into proximity with shield 29
where some particles are thrown by the ro-
tation of the electrode 12 upon said shield
29 and into the second receptacle 34, while
others of such particles are polarized by the
tip of said shield so as to release them from
electrode 2 when they fall into'the third re-
ceptacle 34, The particles that still adhere
to electrode 2 are removed by the wiper roll
7, the shield 33 acting simply mechaniecally
to_divide said particles into two bodies de-
pending ror division only upon the shorter
or. longer duration of adherence to elec-
trode 2. : :

In some cases the magnetic action pre-
dominates and in others the static action pre-
dominates depending upon the responsive-
ness of the particles to one or the other
force or effort. In the present invention

" the feebly magnetic particles are rendered,
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. by the convective static charge or effort,

more responsive to the magnetic force or ef-
fort. Tt is also not essential for successful

operation that these forces act in opposing -

direction. -

Having described our invention and sev-
eral forms. of apparatus in which it may be
embodied for practical use, what we claim
and desire to secure by Letters Patent is:—

1. The process of treating the particles of

a mass for separation which consists in sub-

- jecting the same to the action of an electro-

50

static charge convectively delivered upon

- said particles and regulated to produce snd

55

maintain a polarity upon dielectric particles
opposite to that qf one electrode while in a
magnetic field, and separately collecting the
separated particles. '

2. The process of treating particles of a
mass for separation which consists in pro-

ducing and maintaining by a convectively

- delivered electrostatic' charge a difference

60
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of potential between the particles of mate-
rial and an electrode while in a_magnetic

field, and separately collecting the separated
‘particles. _ : : '

8. The process of separating the particles

of a mass which consists in producing and

—_
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maintaining a difference of potential be-
tween the particles of the material and an
electrode ‘while in a magnetic field, subse-
quently depolarizing said particles to re-
lease them from said electrode, and -sepa-
rately collecting the seéparated particles.

4. The process of separating particles of a
mass which consists in subjecting the same
to an interrupted static charge of one po-
larity while in a magnetic field, and sepa-
rately collecting the separated particles.

5. The process of separating particles of a
mass which consists in subjecting the par-
ticles to an- interrupted charge of one po-
larity and in modifying the strength of said
charge while the particles are in a magnetic
field, and separately collecting the separated
particles. . o :

6. The process of separating particles of a
mass which consists in subjecting the par-
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ticles to the action of a2 magnetic field and

to a convectively delivered static charge of
one polarity which polarity is continuous

and to a convectively delivered static charge -

of alternating polarity, and separately col-
lecting the separated particles. '

7. The process of separating comminuted
materials consisting in separating such ma-
terials by the action of combined static.and
magnetic fields, in reversing the polarities of
the magnetic poles to adapt the polarities to
the particular material being separated, and

separately collecting the separated particles.
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8. In a process of separating comminuted - -

materials consisting in separating such ma-

terials by the action of combined static and
‘magnetic fields, in reversing the polarities

of the magnetic poles relative to the polarity
of the static field, and separately collecting
the separated particles. ' -

9. The process of separating comminuted
materials consisting in separating such ma-
terials by the action of combined static and
magnetic fields, in reversing the polarities of
said static field to adapt the polarities to the
particular material being separated, and
separately collecting the separated particles.

10. In a process of separating comminuted
material consisting in submitting it to a
combined static and magnetic field, elec-
trically shielding the material from a por-
tion of said static field, and separately col-

Jecting the separated particles.

11. In a processof separating comminuted

-material consisting in subjecting the ma-

terial to a-convectively delivered charge,
shielding a portion of said material from
sald charge while in a magnetic ficld, and
separately collecting the separated particles.

12. The process of separating particles of
a mass which consists in subjecting them to

the action of a varied electrostatic charge

while in a magnetic field, and separately col-
lecting the separated particles. .
13. The method of separating the ingre-
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dients of mixed comminuted material which
consists in subjecting the material simul-

taneously to magnetic attraction exerted in.
one direction and a convectively delivered

static charge exerted in another" direction,
the magnetic attraction dominating the

- electrostatic convective effort in respect to
* matetial inherently responsive to both forces,
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and separately collecting the separated par-
ticles.. - . .

14. The method of separating the ingre-
dients of mixed comminuted material, which

consists in subjecting the material simulta--

neously to magnetic attraction exerted. in
one direction and to a convectively delivered
static charge acting in another direction in
respect to material inherently responsive to
both forces, and separately collecting ‘the
separated particles. o

"15. The method of separating ingredients
of mixed comminuted material which con-

- gists in subjecting the material simultane-

25
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ously to magnetic attraction and a static
charge delivered convectively to the mate-
rial, said material being inherently respon-

sive to both forces, and separately ‘collecting

the separated particles. ,

_ 16. The method of separating ingredients
of mixed comminuted material which con-
sists in subjecting the material simultane-
ously to magnetic attraction and to a static
charge delivered convectively to the mate-
rial, regulating the effective potential of said
charge relative to the intensity of the mag-

| netic attraction, and separ:

‘sists in subjecting ‘the material sim
“ously to magnetic attraction and to a c

the period of duration of time of applica-

arately collecting the separated

separated particles, '
17. The method of separating
of mixed comminuted material w

vectively delivered static charge, regulatin

tion of said charge to act selectively on the
susceptible particles of the material and sep-
particles.
18. The process of treating particles of a
mass for separation, consisting in subjecting
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the same to an electrostatic charge regulated
-to produce and maintain upon the noncon-

ducting particles of the mass a polarity op-
posite to that of a separating electrode, pass-
ing said mass through a magnetic field, and
separately collecting the separated particles.
19. The process of treating particles of a
mass for separation consisting in passing
said mass through a magnetic field and pro-
ducing and maintaining upon particles of
the mass in the magnetic field a potential
differing from that of an electrode, and sep-
arately collecting the separated particles.
" In testimony whereof we affix our signa-
tures in presence of two witnesses. =
o HENRY M. SUTTON.
WALTER L. STEELE.
EDWIN G. STEELE.
Witnesses: S

" 'J. 8. Moap, o/

J. “P. HueprriL. /’/
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