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This invention relates to a means and a 
method for effecting the separation of mag 
netic sands or other magnetic substances, from 
non-magnetic sands or substances, and it is 
especially applicable to mining, where it is 
required to collect and to discharge a maxi 
mum of such magnetic substances as are com 
mingled with Water or other fluids and are 
found in large quantities in rivers, streams, 

O sluice ways and the like. By my invention I contemplate the extrac 
tion of magnetic materials from non-magnetic 
materials, and in order to effect this extraction I cause a series of charged electro-magnets, 
suspended from an endless carrier, to be im 
mersed and moved in a river, stream or pas 
sage so that the magnetic materials, such as 
black sand, are accumulated from the con glomerate and are automatically elevated and 
discharged from the magnets while the latter 
are de-energized. - One object. of this invention is, therefore, 
to provide suitable means for energizing the 
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magnets while they are submerged in the 
stream or sluice and for de-energizing the 
magnets after the accumulation of the mag 
inetic materials thereon so that the materials 
may be discharged from the stream or sluice 
and may be disposed of for further use. 
Another object of my invention is to pro 

vide a machine adapted to be mounted on a 
sluice box, through which the ore is con 
veyed by a stream of water or by some other 
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means, and including a plurality of electro 
magnets mounted at intervals on a conveyer 
and arranged so as to be submerged, and to 
travel, in a sluice box in the direction of the 
flow of water, but at a slower speed, so that 
the black sand washed down through the box 
by means of the water will be attracted by the 
magnets and that large quantities of the sand 
will be collected on the magnets and will sub 
sequently be elevated to a point above the 
stream of water and will finally be discharged 
for further treatment. . Other objects are to include means for ener 
gizing the magnets during a major portion of 
each cycle of operation, and for de-energizing 
the magnets during certain intervals in order 

to discharge the accumulated sand from the 
magnets. . . . . . . . 
A further object of the invention is to pro 

vide liquid-tight exiclosures for the wirings 
of the electro-magnets and thereby to assure 
a satisfactory operation of the machine. 
tion progresses. 
Other objects may appear as the descrip 
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In the accompanying drawings, I show a 
practical embodiment of my invention for 
carrying 
drawings, Figure 1 is a perspective view of the assem 
bled machine mounted in an operative posi 
tion on a sluice box; Figure 2 is a cross section of one of the elec 
tro-magnets and means for operably support 
ing it in its operative position; 

Figure 3 is a fragmentary enlarged section 
of one of a plurality of resilient contacts, by 
means of which an electric current is trans. 
mitted to the electro-magnets; Figure 4 is a transverse sectional elevation 
on line 4-4 of Figure 1; and ". . . . Figures 5 and 6 are perspective views, par 
tially broken away, of circular and oblong 
forms of electro-magnets. . . . . . . . . . 
The complete machine, as shown in Figure 

1, is mounted on a sluice box or flume F, which 
has a bottom 1 and sides 2. The machine in 
cludes a frame having at each of its corners a 
preferably channeled leg L, and each of the 
legs is provided with a foot 3 adapted to be 
bolted to the respective side 2 of the sluice box 
by means of bolts or screws 4. The legs L at 
each side of the frame are connected by means 

out the above objects, and in these 
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of a channeled rail R at the bottom and a 
similar rail R at the top of the frame. . . . . 
One end of the machine is provided with 

bearings 5, which are secured to the respec 
tive opposite legs L and have a shaft 6 jour 
inaled therein. Each of the legs. L at the 
other end or the front of the machine has 
therein a bearing block 7, slidably mounted in 
a yoke 8, which preferably is integral with 
the respective leg and extends in parallelism 
with the rails R and R'. A shaft. 9 is jour 
naled in the bearing blocks 7, while screws 10 in the end portions of the respective yokes 8 
are adapted to press with their inner-ends 

4)5. 

100 



10 

5 

20 

25 

80 

85 

40 

50 

55 

against the bearing blocks 7 so as to lock the 
latter within the yokes and thus to hold the 
shaft 9 in parallelism with, and at a desired 
distance from, the shaft, 6. 
The shaft 6 has fixed thereon by suitable 

means a pair of large sprocket wheels S with 
in the frame of the machine, and the shaft 9 
has fixed thereon a pair of similar sprocket 
wheels S' so that the latter sprocket wheels 
respectively are in alinement with the former. 
The wheels S and S at each side of the ma 
chine are connected by endless belts or 
sprocket chains 11, which together constitute 
a conveyer and are adjusted to their proper 
tension over the wheels in accordance with 
the adjustment of the shaft 9 relative to the 
shaft 6 by the screws 10. - . 
A transverse plate P, connecting the upper 

rails R' with each other, has mounted on its 
top a motor M provided with a shaft m, which 
extends from the motor outside of one of the 
legs L and has on this extension fixed a pinion 
D, and a countershaft 12 is rotatably mount 
ed on the respective leg L and has on it fixed 
a geard so that the latter meshes with the 
pinion D and is adapted to be driven thereby. 
The countershaft 12 has also a pinion G. 

fixed thereon outside of the gear d, and the 
shaft 6 has fixed thereon a gear g which 
meshes with the pinion G. Thus, when the 
motor Mis in operation, the shaft 6 is caused 
to rotate at a reduced rate of speed in order 
to effect a proper traveling speed of the 
chains 11 of the conveyer over the sprocket 
wheels S and S', and thereby to assure a suc 
cessful operation of the machine. 

Preferably the chains 11 of the conveyer 
are supported on tracks 13, attached to the 
rails R by brackets 14. As shown in Fig. 1, these tracks may also be provided with anti 
friction rollers 15, over which the chains run, 
the tracks and the rollers being suitably ar 
ranged so as to carry the chains with a mini 
mum amount of friction and wear. 
At regularly spaced portions the chains 11 

are provided with a plurality of bearing links 
16, the links on one of the chains being direct 
ly opposite to the respective links on the other 
chain, and in each pair of opposite links is 
a tube 17 loosely journaled. Each of the 
tubes 17 supports an electro-magnet E, 
which is enclosed in a metallic body 18 of 
suitable cross section and is provided with 
an annular or oblong recess 19, in which is 
mounted a coil of insulated wire W. These 
coils of wire are taped, as shown at 20, so as 
to insulate them completely from the bodies 
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18, and the coils are removably held in the 
respective bodies 18 by non-magnetic plates 
21, which are removably attached to the 
bodies 18 by means of a plurality of screws 22. 
The means by which each tube 17 supports 

the respective body 18 includes a pair of 
tubes 23, each of which is at one end secured 
to the respective body 18 and is at its other 
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end secured to the stem of a T 24, the heads 
of the T's encompassing, and being suitably 
fixed to, the respective tubes 17, so that, on 
account of the pivotal connection of the tubes 
17 with the bearing links 16, the bodies 18 al- - 
ways are pendent from the links. One ter 
minal 25 of each wire coil W extends through 
the respective body 18 and through one of the 
tubes 23 therefor into the respective support 
ing tube 17 and toward the near end of the 
latter, while the terminal 26 of the coil ex 
tends through the body and through the other 
tube 23 therefor into the supporting tube and 
toward the other end thereof, as shown in de 
tail in Fig. 2, and the terminals are respec 
tively attached to contact devices C, shown in 
detail in Fig. 3. By this construction the 
bodies 18, together with the plates 21 and 
the tubes 23 and 17, constitute liquid-tight 
enclosures for the wirings of the respective s electro-magnets E. 
Each of these contact devices includes a 

ferrule 27, which is adapted to be screwed 
upon either end of any of the tubes 17, and 
has reciprocatively mounted therein a stem 
28, and a contact tip 29 preferably has a screw 
connection with the outer end of the stem 28, 
and is connected by soldering or some other 
suitable means with the respective wire termi 
nal 25 or 26. Within each ferrule 27 the stem 
28 is provided with a head 30, and between 
this head and the end of the respective tube 17 
a coiled spring 31 is held in compression. 
Thus each spring 31 serves to hold the respec 
tive head 30 outwardly against the inwardly 
turned end 32 of the respective ferrule 27, the 
stem 28 extending through an opening 33 in 
the end 32 of the ferrule. - 
The contact tips 29 are adapted to fric 

tionally engage bus-bars B, which are at 
tached to the rails R and R by brackets 35, 
and have lower horizontal portions 36, curved 
end portions 37, and upper horizontal por 
tions 38 so arranged that the horizontal por 
tions 36 and 38 of the bus-bars respectively 
are in the plane of movement of the contact 
devices C and that therefore, when the chains 
11 are moving horizontally at the top and 
the bottom of the machine, the tips 29 respec tively engage these portions of the bars, while : 
the curved portions 37 at the ends are respec 
tively concentric with the axes of the shafts 
6 and 9, so that, when the contacts C are 
moved over the sprocket wheels S and S, the 
tips 29 remain in contact with the bars B. 
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It should be noted, however, that at the top 
of the machine the horizontal portions 38 of the bars are substantially spaced apart, so 
that, during a considerable period of the 
travel of the electro-magnets E, the magnets 
are de-energized, while, during the remain 
ing period of the travel throughout the length 
of the bus-bars B, the magnets are energized, 
as hereinafter described. Of course, the bars 
B, as shown in Fig. 4, are insulated from the left 
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frame of the machine by means of insulating 
blocks 39 of a suitable size and character. . 
At the front end of the machine, as shown 

in Fig. 1, two wires 41 and 42 of an electric 
Supply system are connected, respectively, 
with terminals 43 and 44, which are at oppo 
site sides of the machine, and are mounted on 
brackets 45 and 46, respectively, and the 
brackets are secured at their lower ends to 
the bars B and are insulated from a trans 
verse frame member 47 by means of insulat 
ing blocks 48 and 49. The wire 42 is extended 
through an insulating tube 50, suitably 
mounted on the transverse member 47, as 
shown. Thus an electric current is conducted to the 
bus-bars B, so that, when the machine is in 
operation and the electro-magnets are thereby 
moved, and when the contacts C at the ends 
of the tubes 17 frictionally engage the bars, 
the respective coils W are energized by being 
connected with the two poles of the circuit, 
and the magnets E, in which the coils are 
respectively mounted, are thereby connected 
in multiple with the circuit. 

It will be noted, by reference to Figs. 1 and 
4, that the electro-magnets E. while of the 
same character and general size, are arranged 
so that each magnetis at an angle to the adja 
cent magnets; that is, the magnets are pref. 
erably grouped so as to be alternately in a 
horizontal position and alternately in a verti 
cal position, and the length of each body.18 
and the spacing of the body from the sides 2 
of the sluice of flume F are such that the body, 
during its travel with the conveyer chains 11, 
has a sufficient clearance between the sprocket 
wheels S or S7. w 
The upper portion of the machine between 

'' the pairs of sprocket wheels S and S is pro 
vided with a hopper H, which is open at its 
top and ends so as to permit, the movement of 
the conveyer chains 11, the electro-magnets 
E and their conveyer connections longitudi 
nally through the hopper, and the hopper is 
provided with a discharge spout, h, which 
extends transversely downwardly on an in 
clined plane through an opening in the side 
of the machine, as shown in Fig. 4, for the 
purpose hereinafter described. 
In operation, with the machine mounted 

on a sluice box or fiume and arranged in a 
proper position so that the electro-magnets 
E, during their travel through the sluice box, 
are slightly above the bottom 1 thereof, the 
sand and gravel which is washed down 
through the inclined flume is collected by 
magnetic attraction upon the bodies 18 of 

O the magnets E and is drawn through the wa 
ter in the box for the length of the machine, 
and is thence elevated over the sprocket 
wheels S and carried to a point centrally be 
tween the ends of the machine, it being as 
sumed that the magnets travel in the direc 

is indicated by the dotted-line arrows in 
Fig. 1, . . . . . 
As each of the electro-magnets E moves 

into position over the hopper H, the contacts 
C of the magnet disengage the portions 38 of 
the bus-bars B, thereby de-energizing the coils 
W and thereby causing the accumulated 
black sand carried by the magnets E to 
be dropped into the hopper H, from which 
it will be discharged by gravity through the 
spout h to 
ment. . . - 
The electro-magnets. E. in the group of 

horizontally disposed magnets serve mainly 
to collect the sand at or near to the bottom of 
the sluice box or flume, while the magnets in 
the group of vertically disposed magnets 

desired points for further treat 
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serve mainly to collect the sand which is in 
Suspension in the water, so that such particles 
of sand as are not in a position for collection 
by a magnet in one group will be collected 
by a magnet in the other group. In this 
connection, it may be noted that the direc 

3. s 

tion of the movement of the electro-magnets 
E through the flume corresponds to the dis 
rection of the movement of the water or ma-. 
terial through the flume, but the speed of the 
electro-magnets is so much less than the speed 
of the water or the material that a sufficient 
agitation results and that thereby the 'sand 
is maintained in suspension while it is pass 
ing the machine. if have found in practice that it is not al 
ways necessary to move the sand through 
the fiume by means of a stream of water, for 00. 

the reason that under certain conditions the 
material may be moved by gravity down 
through the inclined sluice, flume, or trough, 
on which the machine is mounted, and the 
electro-magnets E will in this instance also 
serve to attract the iron sand and to collect 
it from the moving material very satisfac 
torily. . . . . . . . . . . . . . . . . . . 

Thus, it will be observed that in order to 
carry out my improved method of collecting 
black sand from ores, I provide a means in 
the form of a thoroughly efficient device 
which operates continuously without man 

O 

ual attention, for collecting and removing the 
valuable minerals from the ores and for dis- it 
charging the minerals without appreciable 

5 

loss in volume. I am, therefore, enabled to . 
commercially collect at a profit such val 
luable minerals as are present in the black 
sand and, consequently, my method has a 
decided advantage over the methods here 
tofore known in the art. - - - - 

It should be understood that the form of 
the electro-magnets E is immaterial to my in 
vention, since the magnets may be made to 
conform to the flume or other passage in 
which they are used, and I conceive it to be 
possible to further modify or change my in 
vention within the scope of the appended 130 
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claims without departing from the spirit 
thereof. 
What I claim is: 
1. A method of separating magnetic mate 

rials from non-magnetic materials, the meth 
od consisting in arranging a series of elec 
tro-magnets so that the magnets are alter 
nately in a substantially horizontal position 
and alternately in a substantially vertical po 
sition; moving a mixed volume of the mate 
rials in a passage; callsing the magnets to 
be energized and, while energized, to move 
through the mixed volume of materials so 
that some portions of the magnetic materials 
will be collected by the horizontally disposed 
magnets, while other portions of the magnetic 
materials will be collected by the vertically 
disposed magnets; continuing the movement 
of the electro-magnets out of the passage; 
and causing the magnets to be de-energized 
during a period of their travel out of the 
passage, thereby effecting the discharge of 
the collected magnetic materials from the magnets. 

2. A method of separating magnetic ma 
terials from non-magnetic materials, the 
method consisting in arranging a series of 
electro-magnets so that the magnets are alter 
nately in a substantially horizontal position 
and alternately in a substantially vertical po 
sition; moving a mixed volume of the mate 
rials and a volume of liquid in a passage 
so that, while some portions of the materials 
are at or near to the bottom of the passage, 
other portions of the materials are held in 
suspension in the liquid; causing the mag 
nets to be energized and, while energized, to 
move through the mixed volumes of the ma 
terials and the liquid so that such portions of 
the magnetic materials as are at or near to 
the bottom of the passage will be collected mainly by the horizontally disposed magnets, 
while such portions of the magnetic materials 
as are held in suspension in the liquid will 
be collected mainly by the vertically disposed 
magnets; continuing the movement of the 
electro-magnets out of the passage; and caus 
ing the magnets to be de-energized during a 
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period of their travel out of the passage, 
thereby effecting the discharge of the col 
lected materials from the magnets. 

3. A machine of the character described, comprising a conveyor adapted to be mount 
ed so as to move longitudinally of a passage 
through which a mixed volume of magnetic 
materials and non-magnetic materials is 
caused to travel; means for moving the con 
veyor; a series of electro-magnets mounted 
on the conveyor so as to be pendent 
therefrom and, during a period of the move 
ment of the conveyor, to travel through the 
passage; and means connecting the magnets 
in circuit with a source of electric energy so as 
to close the circuit in order to energize the 
magnets during the period of their travel 

1,804,998 

through the passage and thereby to cause 
the magnetic materials to be collected by the 
magnets, and to open the circuit during ape 
riod when the magnets are out of the passage 
in order to de-energize the magnets and there 
by to cause the collected materials to be dis 
charged from the magnets, which are ar 
ranged alternately in a substantially holi 
Zontal position and alternately in a Substan 
tially vertical position, so that some portions 
of the magnetic materials will be collected by 
the horizontally disposed magnets, while 
other portions of the magnetic materials will 
be collected by the vertically disposed mag 
nets. 

4. A machine of the character described, 
comprising a conveyor adapted to be mounted 
so as to move longitudinally of a passage, 
through which a mixed volume of magnetic 
materials and non-magnetic materials and a 
volume of liquid are caused to travel, so that, 
while some portions of the materials are at 
or near to the bottom of the passage, other 
portions of the materials are held in suspen 
sion in the liquid; means for moving the con 
veyor; electro-magnets mounted on the con 
veyor so as to be pendent therefrom and, 
during a period of the movement of the con 
veyor, to travel through the passage; and 
means connecting the magnets in circuit with 
a source of electric energy so as to close the 
circuit in order to energize the magnets dur 
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ing the period of their travel through the pas 
Sage and thereby to cause the magnetic ma 
terials to be collected by the magnets, and 
to open the circuit during a period when the 
magnets are out of the passage in order to 
de-energize the magnets and thereby to cause 

00 

the collected materials to be discharged from . 
the magnets, which are arranged in groups, 
So that the magnets in each group are at an 
angle to the other group magnets and that 
Such portions of the magnetic materials as 
are at or near to the bottom of the passage 
will be collected mainly by the magnetsin one 
group, while such portions of the magnetic 
materials as are held in suspension in the 
liquid will be collected mainly by the other group magnets. 

5. A machine of the character described, comprising a conveyor adapted to be mount 
ed SO as to move longitudinally of a passage, 
through which a mixed volume of magnetic 
materials and non-magnetic materials and a 
volume of liquid are caused to travel, so 
that, while some portions of the materials 
are at or near to the bottom of the passage, 
other portions of the materials are held in 
suspension in the liquid; means for moving 
the conveyor; electro-magnets mounted on 
the conveyor so as to be pendent, therefrom 
and, during a period of the movement of the 
conveyor, to travel through the passage; and 
means connecting the magnets in circuit with 
a source of electric energy so as to close the 
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circuit in order to energize the magnets dur 
ing the period of their travel through the pas 
sage and thereby to cause the magnetic ma 
terials to be collected by the magnets, and to 
open the circuit during a period when the 
magnets are out of the passage in order to 
de-energize the magnets and thereby to cause 
the collected materials to be discharged from 
the magnets, which are arranged so that 
each magnet is at an angle to the adjacent 
magnets and that such portions of the mag 
netic materials as are at or near to the bot 
tom of the passage will be collected mainly 
by magnets arranged at one angle, while Such 
portions of the magnetic materials as are 
held in suspension in the liquid will be col 
lected mainly by magnets arranged at anoth 
er angle. W 

6. A machine of the character described, 
comprising a conveyor adapted to be mount 
ed so as to move longitudinally of a passage, 
through which a mixed volume of magnetic 
materials and non-magnetic materials and a 
volume of liquid are caused to travel, so that, 
while some portions of the materials are at 
or near to the bottom of the passage, other 
portions of the materials are held in suspen 
sion in the liquid; means for moving the con 
veyor; electro-magnets mounted on the con 
veyor so as to be pendent therefrom and, 
during a period of the movement of the con 
veyor, to travel through the passage; and 
means connecting the magnets in circuit with 
a source of electric energy so as to close the 
circuit in order to energize the magnets dur 
ing the period of their travel through the 
passage and thereby to cause the magnetic 
materials to be collected by the magnets, and 
to open the circuit during a period when the 
magnets are out of the passage in order to de 
energize the magnets and thereby to cause the 
collected materials to be discharged from the 
magnets, which are arranged alternately in 
a substantially horizontal position and al 
ternately in a substantially vertical position, 
So that such portions of the magnetic ma 
erials as are at or near to the bottom of the 
passage will be collected mainly by the hori 
Zontally disposed magnets, while such por 
tions of the magnetic materials as are held in 
suspension in the liquid will be collected 
mainly by the vertically disposed magnets. 

JAMESN. MCCRACKEN. 


