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concern:
Be it known that we, Hexzy M. Surrox,
Warres L. and Eowin G. Stervrr,
residing at
Dallas, in the county of Dallas, State of
Texas, have invented certain new and useful
Im?mvements in Apparatus for Electro-
static-Magnetic Separation, of which the
following is a specification, reference being
had therein to the accompanying drawing.
This invention relates to an apparatus for
separating the particles of 'a mass, or the
components of a mixture and for separately
collecting the separated particles, and the
invention consists in pmvidinﬁ moeans for
delivering the particles from the mass in a
thin ted sheet-like form, and means

- for subjecting the particles to the action of

20

a magnetic fleld into or through which is

plm clectrostatic charge or convective

current, : .,
The invention further consists in provid-

~ ing means for clectrically releasing certain

40

of the particles from their amociation with
others during the operntion or separation.

The invention also consists in providing
menns for vur'\'ing or regulating the action
or eondition of the magnetic field. ,

The invention also cousists in providing
means for varying or regulating the condi-
tion, charactgr
static convectivescurient during the process
of separation,

The invention also consists in providing
means for varying, regulating or changing
either the magnetic ficld or the electro static
charge Lefore the process of sepuration in
order to adapt the apparatus to the treat-
ment of materinls the electrieal and mag-
netic charncteristics of . which are well
known, -

The apparstus herein disclosed is also
ndapted by saitable means to produce varied
conditions of the static chnrge or convective

current in its wave form as illustrated by

diagrams hereinafter to bie described.

Other and furtheér objects and advantages
of the invention will be set forth in the de-
seription, nnd the novel fentures of the in-
vention will be particularly pointed out in
the claima, :

In the drawings:—Figure 1 is a dingram-
matic representation "f the appuratus and
its various connections und controlling de-
vices shown in operative relation to the
prineipal” elements; Fig. 2 is a side eleva-

/

and action of the electro--

tion of an interrupter shown in Fig. 1;
Figs. 8, 4, 5 and 6 are diagrams illustrating
in a conventional manner the different wave
forms of the electro static convective cur-
rent which may be produced by particular
arrangements of certain clements of the ap-
paratus. IFig. 7 is a maodified construction
of the fpnu'ts involved in the electrical re-
lense of the particles during the operation
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of the appuratus; Fig. 8 is an end elevation

of the parts shown in Iig. 7; Fig. 9 is a
front elevation .of the principal clements of
the apparatus shown in Fig. 1 with a modi-
fication of the interrupter therecin shown;
Fig. 10 is an edge view of the interrupler
shown in Fig. 9; Fig. 11 isx an enlarged de-
tail of a portion of the interrupter shown
in Figs. 9 and 10; Fig. 12 is a diagram of
one wave form produced by the interrupter
shown in Fif’ 9; Iig. 13 18 a modified ar-
rangement of the principal elements of the
machine from that -illustrated in Fig. 7.
Fig. 14 is a side clevation of the principal
elements shown in Fig. 13 with a modifi-
cation of the depolarizing shield shown in
the latter figure; Fig. 15 illustrates the sub-
stitution of a round electrode for the point-
ed electrode shown in the other figures of
the drawings; Fig. 16 is the wave-form pro-
duced by the principal elementa illustruted
in Fig. 15; Fig. 17 is a sido elevation of the
El:mcxpnl elements of the machine shown in
*ig. 1 with an inter I rotatable depolar-
izer or clectrical releaser which is substi-
tuted for other forms of such elements illus-
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trated in the other figures of the drawiugs, -

and Fig. 18 is a diagrammatic representa-

tion of the interrupter shown in Fig. 15
Like numerals indicate like

scvernl figures of the drawin

parts in the

In the various figures of tﬁ drawings, 1

represents a pointed electrode which, by ren-
son of its Zorm, in adapted when supplied
with nn electrostatic charge to deliver a con-
tinuonx current, in contradistinction. to a
round electrode under the same condifions
which gives off a disruptive discharge.

2 represents an adjacent clectrode, which:

in this instance is a cylinder mounted for
rotation by means of the Lelt pulley 3 (Fig.

The bearings for snid journals ar¢ pole
picces 5 of a pair of magnets 6 which are

supported in a cross bar 7 upon a fixed por. i

tion or portions 8 of the frumework of the
apparatus,  The means of c¢onnection and
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spport of swid bne T comprives insuluting
sloeves 9 and washers 10 through which we-
curing bolts 11 gre pusssl. AL approxi.

mtely the center of the bar 7 a third mng-.

net 12 ix adjustably mounted by means of
dhe bolt 13 prsing throwgeh the slot 14 into
the bmr 7. The pole piece 15 of the magnet
12 is extended nh-{nll_v and brought to «
pointed edge which is sreanged

above and parallel with the sirface of the
tylinder electrode 2, ux clearly shown,

Above the clectrode 4 in the hopper 16,
supported in any suitable manner and adapt-
ed to confrin the mass of the material to be
sepinrited into its various particles.  Be.
nenth the hopper is a shaker pan 17 which is
oncillated by menns ¢f the connecting rodd 18
and eceentrie 19 which is driven in any suit-
able manner from any movable part of the
appuratus.  This shaker pun performs the

inary well known function of gradually
transferring portions of the mus from the
hopper to the electrode 2.

At the front of the hopper there i ad-
justably mounted a shicld 20 which is made
of dielectric materinl, such as hard rubboes.
The loWer edgre of this shicld is pointed amd
extends parallel with and slightly above
grm'(i('ully the entive length of the electrnde

. 21 is another similar shiold pivotally
mounted in a pivoted arm 22 which is also
pivotally connected with another arm 23
pivotally supported in the bracket 24 at-
tached to any fixed portion of the frune-
work of the apparatus. Thix pivotal sup-
port of the shield 21 is for the purpose of
rencering it adjustable with relation to the
mugnet - 12 and the electrade 2. Any-other
well known menns of adjustable support mny
be ussl, The shieolds 25, 26 and 27 are of
similur materinl and similarly mounted for
the purpose of adjustment xnd have as one
of their functions the couducting of purticles
to sopurate compurtinents 28, 20, 4 and 31,
a8 hereinnfter to e deseribed.  The shicekl
25 differs from the remmining shields in this
respoct that itz entive upper surface with
the exception of the rear edge near the point-
ed ond of the same, is covered by a metnllic
of other clectrieal conducting plate 32 which
in conhieeted to ground by the wire 33, With
thowe principal elemcits of the appuratas in

- view the wource of cnergy amd the various

b

1)

connections between the same will now be
dencribed. , '
‘The soutce of encrgy for the magnets com-
prises & dynumo 34 provided with a double
throw switch 35 for the purpose of reversing
the current from the dynamo to the mag-
nets. The resistance 36 s connected with
the dynumo for the purpose of regulating
the strength of current supplicd (o the mag-
nels. The switch and vesistance may be con-
nected in any suitable manner as they per-
form their well known functionn.  In this

slightly
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instagee, lines 37 and 898 extend from ono
brush'of the dynnmo to the terminals 39 and
40 of the double switeh, while another line
41 extends to terminals 42 and 3 of the
switeh, . The: resistanee is conneeted  with
the field mugnets by lines 44 and 5. As
thus far deseribed it will be seen that a cur-
rent of any desired strength may be impart-
ed to the poles of the magnets, wnd thus es.
tublish a mngenetio fokd extending feom the
pole 15 to the electrode 2, and that said cur-
rent mny be reversxd by opernting the doyble
switch,  This reveral u} the magnetic fleld
or direction of the magnetic flux throngh a
specifid cluss of particles relative to the
clectro static flux therethrongh is impartant.
When o paticle which is susceptible to mag-
netic action is polarized in definite diree-
tions, such particle has o plus and @ minos
pole.  ‘The cleetro static ehavge  fronm the
points impinging upon the particles gives n
plus aud n minus polarity, bt this Inteer
consisty of satie charges upon the surfaces
of the particles,  In the trentment of some
clsses of mnterinl it is preferable that these
plus andd minus mngnetic poles shonld co-
theide with the plus amd minns statie chnrges
on, the surfaces of the purticles s in this
mgnner the attenetive foree of the pnrticlos
for the eleetrade would e inereased over
what it would be if cither foree were acting

70

30

86

]

Hi

alone, I vy also be desivable to reverse

this condition and have the magacetie foree
working in opposition to the statie diseharge
so that the magnetie poles in the particles
wonld be reverse to those of the statie poles,
AL of this depends upon the class of trent.
ment certnin kinds of orex or compounds may
require when there are other particles in the
mass from which it is not neessary or de.
sirable to muke a separation.  Tn the freat-
ment of some complex ores to concentente
them for profitable smelting it is not always,
necessury (o sepninte each constituent of the
mass but merely those that are detrimental
to smelting.  ‘The reversing of the magnetic
poles wonld not apprecinbly lessen the at-
trnetion of that class of particles that are
highly susceptible to magnetic action ninl
have no appreciable diclectrie enpacity, while
it would affect particles that would  be
equally saseeptible to both forees, :
46 represents an electro statie gencrator

Afor the purpose of supplying energy to the

pointed electride 1. 15 to e understond,
of course, that any usual souree of energy
may be employed. b : ‘
47 ix an interrapter or pole changer which
is armnged to biseet the conneetion or con-
ductor wires extending from the souree of
cnergy to the electrode 1. Any suitable
pole changer or interrupter may be em-
ploved in lien of that herein shown and de-
seribed.  The interrnpter 47, shown in Fig.
1 connints of (wo disks 48 and 49 mounted
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upon a shaft 50 arranged in suitable hear-
ings in. the framework of the machine, and
in thix instance driven by mesns of cone

ulleys 51 und 62 and » mnnecﬁgf drivil;ﬁ
lnlt% pmkh;s over the belt shift 54 adapt
to be adjusted to und fro by menns of the

threaded shaft 55 for the purpose of vary-

_ ing the speed. of rotution of the disks 48 and

10

18

' :bfxd portion of the dis

40
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49, the puwer of rotation being nuprlied by
belt 56 and pulley 57 on the shaft 58 to
which cone pulley 52 is secured. )
Edch of the disks 48 und 49 has a series
of curxgd slots 59 formed therein, and by
means of the adjusting devices 130, shown

in Fig. 1, one of the disks is adjustable cir--

cumferentially upon its shaft for the pur-
of determining the lenﬁ‘t,ln of the open-

or slot passing through both disks, The

49 will serve to
cover a portion of the slot in disk 48, By
this means there is provided a series of three

.

openi ing completely through both
urthg Jisks, and these openings may be
merely apertures, or extended to the length
of the entire slot in one of the disks so that
in performing the function of an interrupter
the length and duration of the successive
charges given to the electrode 1 may be ac-
curately regulated, and in proportion to the
shortness of the charge B:rmitted to pass
through the interrupter, tho length of tine
during which no charge is is length-
ened by reason of the existence of the solid
rtiong of the disks bisecting the conduct-
wires. It is, of course, understond that

the material of which these disks are mnde
is dielectric or nonconductive,. In Fig. _ the
terminals of the conducting wites are shown
as of much larger size than illustrated in
Fig. 1. This isx mentioned because of the
fact that the churacter of the charge or con-
yective cyrrent
formation of the tefminals, the rounded
formation giving off or partui:iug of the na-
ture of a veries of disruptive dincharges
while tlfs move pointed the terminal is the
niore constant is the current delivered, :
1t now rémuins to deseribe the connections
hetween the electro static gencrator and the
pringipal elements of the mnchine,  Start-
g nt the 4 side of the generator  line 60
merges in the line 61 with the terminal at
the disk 48 and is continued by the line 62
from the opposite side of the disk which

‘merges with the line 63 extending o {he

electrade 1. The line 61 from the point at
which the line 60 merges therewith is ex-
tended to ground at 64 when 5 switch 65
therein completes the connection,

FFrom the — pole of the generator there is
a gromnd line 66 which when the switch 67
id thrown in extends to the ground at 68,

1 will be observed that at this point of the

L 1]

apparatus there is inserted a resistance 69
eomneeted ul its lower end by wires 70 to

weitig is modified by the'

each of the gronnd lines, while ai its npper
end a single pole or terminal 71 is loented
botween the switches 65 and 67 so Ut the
gmundim; of ‘either the 4+ or — side of the
source of energy mny be wcenmplished
through the resistance 69 thereby ground-

‘ing less than the complete charge or con-

vective current of either line for the pur-
pose hereinaftér to be deseribed.

Referring to the connection which passws
from the interrupter it will be nntml that
the — side of the generator has the connec-
tion 72 with the switch 73 therein, and that
the terminal 74 is disposed in relation-to the
interrupter to be in the path of the slots
therein. From the intefrupter the line 72
pnsses to and, merges with the line 63 and
from thence fo the electrode 1. In this con-
nection it will be noticed that a continuous
convective current will be delivered from the
pointed ‘electrode to the cylinder eloctrade
through the magnetic field, but that said
current will be of successive polarities as an
opening in the disk passes the lines 81 and
82 or the line 72 extending from the source
of energy, and that either the 4 or —
charge may be reduced in intensity or
2trength by throwing switch 65 or 67, as the
dave may be, into connection with the re-
sistance and moving- its switch 75 to deter-
mine the portion of either the charge or cur-
rent to be grounded.

As a means for throwing out all portions
of the interrupter, shunting: line 76 on the
+ and 77 on the — side of the generutor
together with their ‘respective switches 78
and 70 are provided. It will be secn that
by closing switch 78 on the — side a contin-

70

78

80

86

29

95

100

uous -— charge or supply will be given to the .

electrade 1 provided the switch 79 be closed
and the switch 78 open.  So also by clos-
ing the switch 78 aud opening 73 a contin-
uais 4 charge from the gencrator will be
supplied to the clectrode 1 nnd  pamsing
through the intervening space to the elee-
trode 2 and from thenee by line 80 having

105
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the switch 81, which if closed, grounds at

82 und theneo throngh the gronund to the
ground .68 of the = pele of the generator,
When desived the electrade 2 ean be directly
conneeted to the — side of the electro statie
generator by opening switches 81 nnd 84
and elosing switeh 110, or, in ease electrode
1 is being elargald from the — side of the
cleetro statie generntor the eleetvade 2 can
be ditvetly conneeted to the - side of the
cloctro static generntor by closing switches
81 and 110 and opening switeh RE
It isx advisable to state at this point that
the lines 85 and 86 serve to conduct the cur-
rent from the dynamo to the magnets, us
shown in Fig. 1. "
"By the conneetion thus deseribed Letween
the electro static generator to the electvodes
of the apparatus, means nee provided for
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giving either a direct or interruapted charge
or convective current and for modifying the
polarities of suid enrrent so ais to subject
materinl of n clmrncter requiring such treat-
ment to n enrront hnving polusitios of un
eqiml intensity, and that by the wse of the
inferrupter the durntion of the active and
imetive periods of the eurvent may  be
varivd, aned that by o change in the furm of
the terminals of the lines ot the interrupter
nocontinnons or w sevies of disruptive dis-
eharge or charge may be applicd to the ter-
minal. ‘These modifieations in the charac-
ter of the charge or conveetive current em-
ployed to act upon the material are con-
ventionally illustrated in Figs. 3 and 6.
The alternating elmrge, the wave of which
is illusteated in Fig, 3 is produced by using
the disks adjusted to provide an opening
or n series of openings for the paxsage of
the charge at the instant an opening is op-
powi® the tegminals of vither the 4+ or —
conducting wire, wherehy taking the iine «
(Fig. 3) to be 2ero potential, there is a sud-
den vise to full potential, the corners o« b
of the wave being slightly vounded, the high
potentinl being amintained along said line
a by mud 5o upon the — side the same mnin-
temanee is assured, and there is a sudden,
positive and diveet vise and fall of potential
to zevo between ench line of mnintenanee of
potentinl. The suddenness of the rise sl
Tall of potentind is essentin to (e sieeessful
aperntion of the apparatus. ‘The curvature
of the wave ot o & is o mntter which enn e
in o mensare controlled by determining the
formution: of the terminnds of the wires at
the disks of the interrupter. When the tep-
minal is pointed us at 87 on the 4 line 61
a contimous brush like convective current
is deliverad and by reason of the advancing
end of the slot in the interrupter renching
into the outer pontion of this brush like
disehavge the corner o is more rounded than
when receiving the cuerent at the disks from
a routd terminal like that shown in g, 2.
aned the mnintenance of the polarity utmg
the line «—4 is followed by a practical drop
for a short distanee and then a gradual np-
proneh (o zero, ax shown by the dotted line
fin Fig, 3 so that but a fraction of the wave
is utilized, The sume action tukes place

“upon the — side of the zero e,

60

A charge having the wave line shown in
Fig. 4, that is an interrapted + charge
which is produced Ly opening the switeh
T thereby preventing the passage of the —
to the eleetrode 1 but conducting to ground
nt G5, the 4 will pass through the opening

in the disk by line 62, 63 to the electrode 1,

from thence to the electrode 2 and to the
gromd,  In this instance, as in the others
the rise of potentinl i sudden and the main-
tenance of potentinl fromy «.to b is seenred.

1
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Taking a — char , by closing switch 78, ¢8

switeh 7 being left open conducts & —
charge to the interrupter und thence by line
63 to the clectrode 1 und from thence to
tlectride 8 to the ground, the 4 side of the
generator being grounded by closing switch
65, “This produces the wave illustrated in
Fig. 5, and by thmwing in the resistance 69
the intensity or strength of the charge wave

may be varied as indicated by dotted lines

g in sid Fig, 5,

The form of compound wave shown in
Fig. 6 may be produced by the following
connections,
shunting the 4- charge around the inter-
rupter.  The switch 79 is left open and the
switch 73 closed thus taking the — through
the interrapter to the line 63 and thence to
the electrode 1 producing what muy be
termed n pulsating charge or convective cur-
rent at and through the electrode 1 the in-
terrnpted carrent impulsing at d Jd and in-
netive at ¢ . The clectrode € may cither be
grounded or connected back to the generator
as hereinbefore describea. .

It now remnins to describe the functions
and operation of the dielectric shields Jmo-
ent in the appartaus. Tt is extremely desir-
able to facilitate the arrangement of the par-

70
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The switch 78 is closed thus -

ticles as they fall from the shaker pan to the

clectrode 2 n a segregated or individualized
condition nnd this may be nccomplished by
simply influencing them with a charge of
single polarity which is accomplished by the
netion of the clectro stutic charge from the
cleetrode 1 impinging the shicld 20 which
implants a positive charge upon the front of
the shield and along its pointed edge, which
charge induces, that is, produces by indue-
tion a_charge of opposite polarity upon the
oppusite side of saild pointed edge of the
shield, which charge in this cuse is of — po-
larity which induces in the particles a simi-
lar polarity to each other and which has a
tendeney to segregate or seprrate the parti-
cles one from the other and cnuse them to fall
upon the electrode in a thin sheet like seg-
regated form, The function of the dielec-
tric shield 21 is in o measure the same as that
of the shicld 20, and by rveason of ity relative
position to the eloctrode 2 the o and the in-
duced — poles produced at its pointed edge

serve to release the most feebly attracted par-

ticles upon the electrode and to cause t

to travel npwardly along the shield 21 and
then to fall upon the shield 25, as clearly
shown in Fig. 1. Those particles in the mag-
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netic field and under the influence of the

electro_static charge which are the more
fecbly adherent to the cylinder electrode 2
are immediately at the beginning of the
process of separation electrically relensed
and permitted to fall upon the shield 25, as
before stated. By reason of the brush like
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formation of the constant convective charge
from the pointed clectrode 1, the same
larities are produced and maintained aldng
its edge as hercinbhefore described so that the
— polarity induced at what is shown to be
the lower side of the shield 25 acts to amist
in clectrically releasing the particles which
are the most feebly attached to the cylinder
clectrode at a point succecding that of the
primary release just described. To prevent
the cxistence of this electrical release from
the greater portion of the upper surface of
the shield 25 a metallic or other conductin
plate 32 is put upon the u );i;.r surface o
said shield and is conn y wire 33 to
the md, counteracting and qualifying
the clectro static uction of the electrode 1
upon the particles as soon as they come upon
suid plate &2 from which theﬂ are delivered
into compartment 28 simply by gravity. It
will be readily seen that by adjustably
mounting the shiclds the area of the elec-
trode 2 which shall be under the influence
of the action, direct and indirect, of the con-
vective current maintained from the elec-
trode 1 may be detennined. ,

90 represents a felt covered roller which
contacts with the clectrode 2 and moves in
opposition to the movement of the electrode
at the point of contact for the purpose of
brushing off the finely adherent matter.
This matter muy be of a powdered nuture or
a constituent of value which enntinues to ad-
here. .

Various forms of electrically shielding
and releasing elements of the apparatus may
be substituted for those thus far described,

It mow remains to describe certain modifi-
eations in the form of the clectro static re-
lewsing means employed in connection with
the clectro static and magnetic field. We
have discoverced that an clectrical releasing
device which is not adjustable, but relatively
fixed in position with regard to the com-
bined electro static and magnetic field may
be employed.. We have further discovered
that in some instances the clectrical releas
ing device mny be forined of a rotating

shield, and furthermore that in some in-

stunces it may be of other material than di-
electric. For example, by referring to Fig.
7 it will be noted that the electrode 2, maﬁ-
net 15 and pointed clectrade 1 are 1n the
snno relation with each other aa in Fig. 1,
Lut that the electrode 1 iy in the form of a
ints projecting therefrom
and mounteq in bearings 91 and .carrying
the helt puliey 92 with the power conveyin

halt 92, wherehy said electrode is rotated.
By rvinting the electrode there oceurs » pas-
snge of the convective current from its points
to the electrode 2 when they are pointed to-
waril the same, while in the opposite powi-
tion no current passes and the electrode and

a
magnet are shielded by the rear ion 94
of the shaft constituting the body of the

electrode. This construction produces a suc-
cession of applications of current to the ma-
terinl intermittont with a shutting off of the
current and depolarization of the particles
adhering to the electrode 2 with feeble at-
tachs.ont thus ‘S‘erforming the same func-
tion as do the shields 31, 22, etc. shown in
Fig. 1. By regulating the rusidity of the
rotation of the clectrode 1 ditferent effects
are produced and the apparatus is thus
adapted .for the treatment of particles hav-
ing different characteristics.

in Fig. 13, 95 shows a pulley driving
mechanism for regulating the speed of rots-
tion of the rotating shield 96 which iu this
instance may be of other material than di-
electric, as its presence between the
electrode 1 and cylinder clectrode 2 and
magnet 15 displaces and ncutralizes_ the
charge or convective current delivered by
the pointed clectrode and thus sto the
sticking or attuching of the particles by the
current from the electrode 1 intermittently
and facilitates the separation from the elec-
trode of the more weakly attached particles.
The interposition of the electric conductin
shii-ldl% presents to thle weakly lattwh

articles an o ite polarity to that

-l:emed by thcn‘:p:‘hd tl?:refori serves top::
tract them from the cylinder electrode £ and
this by an opposite method, grooem and zg-
eration to that of a direct charge from the
points producing in such elements a similar
polarity to thut of the electrode to which
they are attached. .

In Fig. 14 the equivalent shield 97 is ro-
tativeiy mounted, but is intended to be
moved by hand into different degroes of
interposifion between the clectrode 1 and
the electrode 2, the particular advantage of
this form of mounting the shield being that
it can be employed to interpose and cut off
more or less of the brush like convective
current passing froin_one electrode to the
other and this either in the upper portion,
central or lower Yortin_n of the mame, or it
may be temporarily thrown out.of operation
as shown by full lines in Fig. 14.

In the treatment of sowne particles of mat-
ter it has heen found that centrifugal foree
nmy be utilized with the electro static and
magnetic forces employed in this apparatus.
In Fig. 17 98 represents a cylindrical rotat-
ing diclectric shield which is interposed be-
tween the electrade 2 and the sdjustably
supported shield 25 having a ground plate
32 upon its surfuce. llere the particles
which become detached from the cylinder
olectrode by renson of their fecble attach-
ment therefo under the action of the brush
like convective current from the clectrude 1
full upon the rotating diclestric shield 08
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anl are thrown by centrifugnl force outward
atel upon the shiehd 25, It is advisable to
stata that to prevent any preliminary charge
of the mass of iagterind in the hopper or
npon the shuiker pun these are gronmded by
the wites 99 gerging or connected with the
grounding wire 8 of the eylinder electrode,

In order to produce a perfectly squnee
wave-form in which is nmintained along the
line # by a polarvity of cither 4 or - and
that with odwr than the pointed clectrde 1,
n slight modifieation of the interrupter is
required.  As hervinbefore  statesd a less
roundul corner of the wave is produced by
employing a round electrode or terminal as
shown in Fig. 2, in connection with the in-
terrupter thevein illustented, that is, that re-
sulting in the differeat form of discharge of
energy supplied to said terminal, the one
being brush like and the other a series of
diseuptive or more sudden discharges,

In l"i‘.:. 15, 101 represents a round elee-
trodde whie
electrode 1, and sustaing the same relative
position (o the magnet 15 and electrode §
and is connected direetly to the — pole of
the electro statie generator 46, while the -

e is connected direetly with the eylinder
clectrade 2, while branch lines 102 and 103
from the — and 4 lines rewpectively ter-
minate ut ench side of the single rotary in-
terrupter disk 104 having instend of the
openings therethrough. o metallie plag 100.
The teraials 10 ad 107 are of metal and
have eoatest with snid plag on both sides of
the disk wnee during ench rotation thervof,
In thiv mstanee, by rensan of the metnllie
contnet whenever the plug is in contaet with

the terminals 106 and 107 there is a positive’

short cireaiting of the charge back to the
generator thux depriving  both electrodes

from any charge opee during ench rotation

- of the intervupter and consegquently the cor-

48

neis o O of the wave are for all practionl
mrpomees perfectly square and the potentind
i mnintained along the line o & of the
witve,

“hy dotted tines e Fige, 1S a0 108, the length

or time of the contacts can b predetermin-
edly inevenssl. With the plug as shown in
Fige. 15, the bt civeniting i for extranely
limited tnstant o compared with the eir-
cammferentind -path of the termals 106
07 on the noneonduetive or diclectrie por-
Gion of the disk <o that the active period of
thee elinrge upon the eleetrmdes is necom-
punied by intermittent innetive perinds of
extremely slight duration ax eompnred with
the active peripds or the perisd  during
which potentinl is nmintained apon the par-
ticles boing treated,.

The resualting wave just referred to is
conventionally illustrated in Fig., 16 where

¢ is 2ero potentinl and a & are the lines of

diagenmnmtiondly in Fig, 12,

h is substituted for the pointed .

By lengthening the plug as shown

mintained potentinl, while ¢ 4 is the period o8-
of imetivity or the periad of short cireuit-
ing by mennx of the interrapter provided
with the metallie plug,

The snme wave form <hown in Fig. 16
mny be produced bipolnrin its anture imdi- 70
eating the subjection of the mntevial to
waven of suceessive polarity, as illustruted
The means
employed for praducing this clectrical ac-
tion upon the material in the magnetic field 78
of the app.mtus ia( illustrated in Figs. 9
and 10, {n this dingrammatic representa-
tim of the principal’ clements of the ma-
chine, the form described in copnection with
Fig. 1 ix adhered to and for purposes of 8o
clearness a direet comnection of the inter-
rupter or pole changer is employed. From
the electrade | there extends n line to s rod
110 coveredl with an insnintion 111, From
saitl ronl thers projects = vin 112 upon which 88
is pivotally inonnted a curved contact plate
113, A similar line 114 is connected with
the brush 115 bearing upon the journal 4
of the electrode 2, umrnt its free end termi-
mting in another rod 110 insulatel and o¢
having a pin carrying a curved, metallic, . -
pivotally, mounted contact plate 113. Upe
the ~haft 116 is mounted n disk 117 (see Fig.
10) upons ench side of which is an annular
conducting strip 118 and 119, respectively. 98
From the mimular strip 118 project
the dixk 117 three wiper arms 120, and .
the annular strip 119 project three annular-
wiper armx 121, Upon.the same annular

strip 118 bears brush 122 connected to 104

the — pole of the electro static generator 48

by & wire 123, while from brush 124 bearing

upon the annular strip 119 a wire 125 ex-
tends to the 4 pole of the generator. The
cnrved contact plates 113 are of such a 1MW
length that when in a vertical plane, as is
the odisk 117, they will be contacted with an
arm from one of the annular strips at the
instant that an nrm from the other of said
annular a.triru parses off from mid plate. 114
Tuken in this condition the wave form.
shown in Fig. 12 is produced and an electric
charge is supplied to the pointed electrode
and both electrodes are reduced to zero with
exeecding rapidity and aecurncy and with- 114
ont any perceptible intervals or lapees of
time between the alternations. The opera-
tion is ax follown” Assuming the charge
from the 4 pole of the generator 'throurh
the wire 123 to the brish 124 of tlis'aghuisr 13(
plate 119 on the rear side of thikdisk 117,
the chargre would follow the platé'until it
reached .the lower arm 121 on the left, and
amuming .that the next adjacent arm 190
on the left be in contact with the plate 113, 13!
then a 4 would go to electrode 2
and both arms 121 and 120 would be for an
irtant in.contac. with plate 113 so thfAt any
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charge would follow the plate 118 on the
front side of the disk 117 cavried thereto by
the upper arm 120 and from the piate
through the' brush 122 and line 193 back to.
the generator at itd*— pole. In other words,
the.entire charge of the generator ia short
circuited back to it from the cylinder elec-
trode 2 for an exceodingly brief instant of
time which would be occupied in the pax-
sage of the arm 121 from the contact plate
118. Tt will be seen that by tilting the plate
118 on its pivot out of the vertical plane
of the disk, shorter lines of contact of the
wiper arms, represented by dotted lines of
contact 190 in Fig. 11, would result.

In this invention it is to be understood
that an electro static convective current frof™
an electrode having a sharpened termination
produces an even flow of current to an op-
powing electrode as uninterruptedly as that
produced by a galvanic current passing over
a condictor, while a rounded electrode de-
livers to an oppowite electrade intermittent
charges of potential, the interminsions bein
eauned by the accumulation of a charge o
such pressure as hecomes ter than the
intervening air can ‘withétand. - The air,
which is simply a dielectric, is broken down
and a spark pusses fromiofe glectrode to the
other, momentarily lowering the potential
so that when a slot opening in the disk is
opposite one or both of the rounded termii-
nnis a series of dincharges takes place in
repid suceession, while if pointed terminals
nre usd the traasfer of potential takes place
with an even flow of conveetive current,
While a dischurge of static electricity from
n sharp point acts upon -« dielectric particle
in n manner similar to an interrupted charge
from the rounded electrade whose potentinls
nie charneterizved by either & rapid rise or
a rapid fall, or both, in the potentinl sup-
pliml them. we diselose mennn for ennsing
violent fluctuations in the charge deliversd
{0 the pointed electrode,  To illustiate the
facts elearly. the clectro statie conveetive
current Howing from a sharp pointed elee

_ trade to one to which the materin] i fod for

separntion polarvizes the dielectrie particles
strongly in the manner heretofore deseribaed,
that is, without interruption. There ix o
difference in the time in which thess par-
ticles ean be polarized, or in whicl: this con-
stant difference of potentinl ean be set up
dnd nmmintained.  Therefore by regulating
the time ax well as the charmeter of the
ehnrge given from the pointed electrode one
set of purticles enn e differentinted from the
rest by the fact that in the time in whicl the
chivrge ix given one set is polarisd while the
other is not. - The roundad terminals do the
same with intermittent chavges, with, how-

. over, this difference: the fonger the time of

the charge deliversd, the less will he the

4

" 4

polarization owing to the fact that the par-
ticles acquire the saine potential as the elec-
trode and would bhe repelied.

acctirately timed so that the pnrticles will
never become fully charged thus maintain-
ing them at a constant digr:‘renee of potential
from that of the convv{eer electrode to pre-
vent repulsion. On the cther hand, the
longer the duration of charge fromn the
rninted electrade the greater will be the
arization of the particles to the maxi-
mum of their capacity, but never reaching a
rq;llmg potential. .

* Some of the fentures of construction
herein described are shown and described in
our application Serinl No. 235,852, filed Sep-
tember 24, 1004 and claimed therein,

- "Having described our invention and set
forth itx merits, what we claim and denire
to socure by Letters Patent is:—

1. In an electro static magnetic separator,
means for producing a magnetic fleld, means
for subjecting the particles of a mams to the
action of a static cha wlated to pro-
duce and mnintain dielectnic polarity on
some of the particles opposite to that of
one electrode while in said magnetic field
and means for aeparately collecting the
sepnrated purticles,

2. In an clectro static magnetic se
meanx for producing & magnetic field, mean:
for feeding materind thereto, imeans for pro-
ducing and mmintnining difference of po-
tentinl between xome particles of materiani
sud one electvade while said particles are in
snid mngnetic ficld and ideans for separately
collecting the separated particles. .

3. In an electro static magnetic separator,
means for producing n magnetic field, means
for feeding material thereto, menns for pro-
ducing and mintaining differenee of poten-
tinl between some particles of material and
one oleetrade while in said mnaguetic feld,
menns located adjneent to-said clectrade for
stilwequiently depolarizing said particles and
means for separately mlk-vling the separated
pnrticles, :

4. In an electro statio magnetic separator,
means  for feeding comminnted material,
means for delivering to the particles of a
inss an interrupted static charge of one po-
Iarity while in a_magnetic field and means
f_m; sepaiately collecting the separated per-
{1eles, . - .

5. In an elecley static magnetic separator,
menns for feelding

rator,

Therefore,
with rounded electrades the charge must be.

7

po-- 78

89

2]

106

110

116

188

commintted material,

menns for delivering to the particles of a -

minss while in 8 'magnetic field an interrupt-

ed charge of one polarity, means for modi- -

fvinge the strength of said charge and means

for separutely collecting the separated par-

ticles,
6. Tn an electrostatic, magmetic saparatoy,

123



: means for feeding comnminuted material,
means for subjecting the particles of the
material to a magnetic ficld, electro static
means for polarizing the particles, means for

8 interrupting the direct action of the electro
static means for electrically releasing some
of the particles and means for separately
collecting” the separated particles.

7. Tn an electro static magnetic separator,

10 means for feeding comminuted innterinl,

menns for subjecting the particles to the

action of a mnrnetic field, means for sub-
jecting them while in said field to either a
. static charge of one.polarity which is con-
18 tinuous, or to & static charge of alternating
polarity and means for separately collecting
the separated particles.
8. In an electro static magnetic seperator,
means for producing an electro static mag-
10 netic field, means for retrining a mass of
particles and feeding the same to said field,
and interposed means between the retaining
meuns and field for shielding the mass from
- the influence of the electro static magnetic
38 field of the apparatus, ‘
9. In an’electro static magnetic separator,
means for producing an clectro static mag-
netic field, a hopper, a shaker pan, and
means for electrically shiclding the hopper
30 and pan from said field. ,
10. In an electro static magnetic sepa-
rator, clectro static electrodes, an interposed
magnet, a hopper, and an electro static
shield between the magnet and the hopper.
11. In an . electro static magnetic sepa-
rator, electro static electrodes, an interposed
magnet, and an electro static shield intep-
powed between the magnet and the electrodes.
12, In an electro static mmgnetic sepa-
40 rator. electru static electrades, an interposed
mugmet, und electro static shields interposed
between the electrodes and the nmgnet above
and below the plane of the charging elec-
trode. . ' -
13. In an electro static magneti¢ separs-
tor. u charging electrisle, n separating elec-
trode, 8 magnet. coimperatively arranged, and

44

Jvenns. for electricnlly shielding a portion of-
one clectrode from the action thereon of the

80 other electrinde ta electrically release the par-
ticles from the fimt mentioned electrade. -

14. Iy nn electro static magmetic separa-
lor, & charging -electrode, a separating clec-
trode, o magnot  coiperativély: arranged

88 menns for vlectrim‘rllr shiclding-a port ion .of
one clectrade from the action therson of the
other elictrmde to electricnlly release the par.
ticles from the firt: mentioned cleetrode, ainld

. means for subsequently electrieally.shiclding

60 the relensedd particles from the remainder
thereof,

15. In an electrostatic magnetic separa-

netic field in the region of aaic

948,002

tridde, a magnet coiperatively arenngred,

menns for electrieally shielding a portion of
one electrode from the action thereon of the
other electrode to electrically release the par-
ticles from the ftirst mentioned electrade.
means for subsequently electrically shielding
the releused particles from the remminder
thereof, and means for subsequently redne-
ing said relensed particles to zero potential.

16, In an electro static magnetic separator,
a charging electrode, a separatin Jwtrmle,
and means for electrically shielding bodies
of separated particles from each other and
from said electrodes. ]

17. In an electro static magnetic separa-
tor, a charging electrode, a se mrating elec:
trode, an electrical shield of dielectric ina-
terial, and menns for restricting polarity to
n portion of said shield.

18. In an electro static magnetic separa-
tor, means for feeding comminuted mate-
1ial, means for subjecting the particles to
the action of a regulated varied static
charge, means for simultaneously producing
a magnetic field in which said particles are
statically acted upon and means for sepa-
rately collecting .the separated particles, -

19. In ah electro static magnetic scpara-
tor, means for feeding comminuted mate-
rinl, means for subjecting the particles to
the action of a convective discharge while
in a magnetic field, means for producing
the magmetic field, means for varying the

strength ‘of said magnetic field and means:

for separately collecting the separnted par-
ticles,

. 20, In a separntor of the class described,
memns for feeding comminuted materinl,
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means for producing x« magnetic field, means -

for producing un electrostatic field, means
for varying the strength of the magnetic
field, means for varying the strength of one
polarity of the static charges operating in
said field and menns for separately collecting

‘the seynmted particles,

21. In n separator of the class described,
means for feeding comminuted material,
menns for subjecting the purticles to the ac-
tion of a convectively - delivered charge,
means for simultancously producing & mag-
charge,
mea‘in for reversing the polarity of the mag-
netic field and means for separately collect-

-ing the separated particles.

22. In a separator of the class described,
menns for feeding comminuted material,
menns for subjecting particles to the action
of a convectively delivered charge, means
for simultancously producing a magnetic
field in the region of said charge, means for
changing the polarity of the convective
charge and menns for separately collecting

tor, a charging clectrode, a separating elec- § the sepurated particles.
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28, In nmstorotdndi-dmr'bed
h.r ing eouméz:t:g u::\‘u:rid:

means for
' to the gen-
erator thereof and means for separately col-
lecting the separated particles.

action-

In testimony wheroof we aflix our signa-
turcs in prescnce of two wit swesnes,

' ’ UENRY M. SUTTON.

WALTER L. STEELE,
" EDWIN G. STEELE.
Witnesses: ~
~J. 8. Moav,

J. P. Husperr.




