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To all whom it may concern.:

Be it known that we, CLINTON M. BALL, of
Troy, county of Rensselaer, and State of New
York, and SHELDON NORTON, of Hokendau-
qua, county of Lehigh, and State of Pennsyl-
vania, citizens of the United States, have in-
vented certain new and useful Improvements
in Processes of and Apparatus for Separating
Ores Magnetically; and we do hereby declare
the following to be a full, clear, and exact
description of the invention, such as will en-
able others skilled in the art to which it ap-
pertains to make and use the same.

This invention relates to a novel method or

process and apparatus for separating iron or
itscrushed orefrom the impurities with which
such are generally found associated and for
grading the separated products according to
their character.
i In United States Letters Patent No. 430,058,
issued to us on June 10, 1890, we have shown
and described a process and apparatus for
separating iron or its crushed ore from im-
purities, in which the ore and gangue were
passed through a magnetic field in such
manner as to subject them to tangential in-
ertia, and a deflector was interposed in the
path of the ore, acting to separate the less
magnetic from the more highly magnetic
portions, and during such process the mate-
rial was to be subjected to the action of a
current of air ‘opposite in direetion to that
taken by the material under the centrifugal
impulse. Such process has been found in
practice to operate to great advantage. We
have discovered, however, that by using two
or more sets of apparatus in series relation
and causing the tangential inertia of the sec-
ond set of apparatus to be higher than that
of the first a great refinement of the process
is attained.

] Om: present invention accordingly con-
sists in passing the crushed or granulated
mass through a consecutive series of mag-
netic fields, while impressing on the mass de-
grees of tangential inertia differing in the
successive fields of magnetic force.

_ Ourinvention further consists in subject-
ing the crushed or granulated mass to the
foregoing action simultaneously with submit-
ting it to the action of a current of air adapted

to carry away the dust and fine particles of
gangue from the ore before its emergence
from the magnetic field.

The invention further consists in the spe-
cifie steps of the process and in the apparatus
employed to carry such process into effeect,
all substantially as hereinafter more fully de-
scribed and eclaimed. T

In the drawings which form part of this
specification, Figure 1 is a longitudinal ver-
tical section of a practical form of apparatus
intended to carry our invention into effect.
Figs. 2, 3, and 4 are diagrams illustrating
several modes of producing the variable tan-
gential inertia in the successive fields of mag-
netic force.

The form of apparatus which we prefer to
employ in carrying our process into practical
effect is as follows:

The apparatus is constructed in the form
of a chest having the sides 1, ends 2, top 3,
and the bottom constructed in the form of
several hoppers h #? h%. In the upper por-
tion of this structure we place two revolving
drums D D2 respectively, which are fitted on
the respective shafts 4 and 5, which latter
may conveniently be made hollow, so as to
give access to the interior of the drum, the
shaft being laterally perforated inside the
drums for conveniently introducing the elec-
trical conductors.

The drums D are preferably made of non-
magnetic material—such, for instance, as
brass or copper—or, more preferably still, of
an electrically non-conductive material, such
as indurated fiber, hard rubber, &c. Inside
of each of the drums and upon its shaft is
suspended a cylindrical segment of iron 6,
having thesleeve 7, which forms the point of
suspension for the segment on the shaft.
Radiating from the lower surface of the seg-
ments 6 are a number of magnets 8, which
extend almost into contact with the inner
surface of the drums. These radiating mag-
nets are wound with insulated wire, and by
preference are connected into the execiting-
circuit in such way as to make the succes-
sive poles alternately N and S. The weight
of the structure 6 7 8 is such that the drum
may be rapidly rotated around the same and
out of contact therewith without disturbing
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the normal position of the magnetic struct-
ure.

While we have given preference to the al-
ternating character of the poles of the mag-
netic system, we wish to state that this is not
essential to the carrying out of the process
herein described.

In the top of the structure we arrange a
hopper 10 bhetween the drum D and the ad-
jacent end of the chest for the introduction
of theoreand gangue. Belowthisweplacean
apron 11, inclined toward the suiface of the
drum D, and we prefer to suspend this apron
on a suitable pivotal point and provide it

with the spring 12, whose tendency is to press.

the apron toward the drum, actual contact
being prevented by thestop 13. The purpose
of such spring suspension is that when the
lump of ore or other matter happens to be
too large to pass throngh the opening which
we desive to maintain between the apron and
the surface of the drum the apron yields suf-
ficiently to permit the lump to pass through
without injury to the drum and at once re-
sumes its normal position. The direction of
rotation of the drum D is, as indicated by
the arrow, in a direction away from the apron
11 on the under side of the drum. The hop-
per  rises up to a point near the drum D on
the side opposite that ocenpied by the apron
11 to a point not quite reaching the farthest
of the series of magnets inside the drum.
The dram D?is arranged in the same posi-
tion with reference to hopper h* that the
drum D oceupies with reference to hopper 7.
A combined deflector and apron 14 is ar-
ranged in a position under drum D? similar
to that occupied by apron 11 with reference
to drum D, but slightly farther advanced in
the direction of rotation. The deflecting-
edge of the apron 14 is about on a radial line
with the upper edge of the last magnet-core
in the drum D. HHopper 2?has its breast ris-
ing to a point slightly beyond the last mag-
net in the drum D% We prefer to place the
apron 14 slightly closer to drum D? than apron
11 isto drum D, and the space between the
upper end of the breast of hopper 2* and the
drum D? is wider than the similar space be-
tween hopper i and drum D. These drums
are both driven in the same direction and
both the hoppers ~ and J* are provided with
the automatic weighted traps ¢ and #, whieh
are constructed and operated on the same
principlesassetforth inoursaid Letters Patent
No. 450,058, Thechest structure is provided
with a suitable air-inlet 15, and the outlet 16
for the concentrated ore also serves as an in-
let for air, the proportions of the opening 15
being preferably made so as also to compel
an inward movement of air through the open-
ing 16. At the opposite end of the chest we

place the pipe 17, which is connected to an
exhaust-fan or similar device for the purpose
of enforcing a movement of air from the dis-
tant end of the structure through the spaces
existing Letween the two hoppers and their

respective drums, all intermediate points of
the structure being practically closed to fur-
ther this object. .

The gearing may consist of a variety of de-
vices, a simple form of which isillustrated in
the diagram Fig. 2, in which 18 is the driv-
ing-pulley, 19 the belt, 20 and 21 the pulleys
applied to the respective shafts 4 and 5, and
99 an idler suitably journaled. Tulley 21'is
smaller than pulley 20, and the arrangement
is obviously such that a given speed of the
driving-pulley 18 will impart the desired
speed to pulley 20, and therefore to drum D,
while a greater speed is imparted to the pul-
ley 21, and therefore to drum D>

The operation will be as follows: Assum-
ing, for example, that the drum D is given a
speed of two hundred revolutions per minute,
the drum D? might to advantage be given a
speed of three hundred per minute. Under
these cireumstances it is obvious that if the
magnetic field be of substantially the same
strength in the two drums the tangential
inertia whieh will be impressed upon the
mass of material elinging to the drums by
the magnetic attraction will be considerably
greater on drum D? compared with that of
drum D. Theore and gangue to be separated
are passed into the hopper 10 and dropped
from that ontoapronl1l. Theoreand gangue
passing down the apron 11 are brought into
close proximity to the surface of the drum,
and when the first magnetic pole is reached
a powerful magnetic attraction is set up for
the particles of ore,causing the sametoclingto
the surface of thedrum. Asthemass moves

forward with the drum, as soon as the lower

edge of apron 11 has been passed, the tangen-
tial inertia, together with the force of gravity,
come into play,and the nnattracted particles
of gangue are violently thrown off the drum
down into the hopper /i, while the remaining
particles adhere to the drum as it movestothe
Jeft. Thisoperation eontinues npon the mass
of ore and gangue as rapidly as it falls from
the hopper 10, and when the hopper /v has a
sufficient quantity in it to cause the weighted
trap to operate the latter will yield, permit-
ting the gangue to pass away through trap ¢
in proportion as it is received in the hopper
7i.  As the drum D moves onwardly the ad-
hering magnetic ore, finally passing the last
magnetof the seriesinsidethe drum D,reaches
a position where the tangential inertia which
has been impressed upon it overcomes the at-
tractive force of the magnet, and the entire
mass is thereupon thrown off. This obvi-
ously will oceur at a point where the tangen-
tial movement thus imparted will throw the
entire body of ore which has reached this
point over against the surface of the other
drum D? and within the inductive influence
of the series of magnets inside such drum,
the two magnetic systems being so shaped
and located relatively as to accomplish this
purpose. Some of the ore thus projected
against the drum D*isimmediately held there
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by the magnetic attraction, and such ore as
is not directly held by the internal magnetic
fleld falls upon the apron 14 and is by it
guided into closer proximity to the drum, so
that the material will be well spread out
and every particle brought within the active
range of the magnetic system inside drum D2
As the drum D? revolves the layer of ore
passes away from thelower edge of apron 14.
The portions which are not rich enough in
iron to eling to the external surface of the
drum in spite of the increased tangential in-
ertia which has now been impressed upon
them fall into the hopper /2% and this hopper
may be considered as delivering at the trap
#* a good grade of separated ore, but not the
best. The latter, on account of its high rela-
tive percentage of iron, still clings to the sur-
face of drum D? so long as it is within the in-
ductive influence of the magnets inside, and
upon passing out of their influence to a de-
gree sufficient to overcome the attraction the
tangential inertia becomes active, and the
entire mass, which is then adhering to the
surface of the drum, is projected overthe wall
of hopper A* into hopper %3, where it falls and
emerges at the opening 16 at the bottom.
During thisoperation the current of air which
has been introduced through the system by
means of the exhaust-fan produces a power-
ful currentof air at the opening between hop-
per h*and thedrum D? andalso a powerful cur-
rent of air between the upper front edge of
hopper % and the dram D, as indicated by
the curved arrows, and at the same time a
substantially horizontal currentisestablished
across the hoppers, as indicated by the
straight arrows. The effect.of these currents
of air is to thoroughly cleanse the material
operated upon of all the fine non-magnetic
dust, which can be carried away along with
the air discharged by the fan to any desired
point. The result is that the immediate vi-
cinity of the apparatus is clean and free from
dust.

In operating the machine it is sometimes
desirable to change the relative speeds of the
two drums, so as to correspond with the grade
of ore which is under treatment, so thatin
case the drum D? should be found to be run-
ning either too fast or too slow relatively to
drum D the speed may be adjusted to the
proper requirements. We have shown one
means of doing this in the diagram at Fig. 3,
where 4 and 5 illustrate the shafts of the re-
spective drums. Drum D isdriven at a defi-
nite speed from the driving-pulley 18 by the
belt 19. The two shafts are fitted with the

reversed cone-pulleys 23 and 24, respectively,
which are connected together by means of
the belt 25. By shifting the position of the
belt 25 axially the relative speeds of the two
shafts 4 and 5 may be changed to any desired

degree.

Another method of gearing for the

same purpose is illustrated in the plan view,
Fig. 4, where the shafts4and 5 are fitted with
the reversed cones 26 and 27, respectively,
and a friction-wheel 28 is interposed between
the two, the faces of the respective cones be-
ing parallel with each other. In" this ar-
rangement the motion of the cone 26 is com-
municated to the cone 27 by the frietion of
the wheel 28. Obviously, by moving the
wheel in the direction of its axis the speed of
the drum D? may be changed within wide
limits with reference to the speed of the
drum D.

‘We claim as our invention—

1. The process of separating iron.or its
crushed ore from impurities and concentrat-
ingit, consisting in passing the oreand gangue
through consecutive magnetic fields and at
the same time impressing upon it differing
degrees of tangential inertia in the consecu-
tive magnetic fields.

2. The process of separating iron or its
crushed ore from impurities and concentrat-
ingit,consisting in passing the oreand gangue
through consecutive magnetic fields and at
the same time impressing upon it tangential
inertia increasing in force in the successive
flelds.
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3. The process of separating iron or its .

crushed ore from impurities and coneentrat-
ingit,consisting in passing the oreand gangue
through consecutive magnetic fields, each
composed of a number of alternate poles, and
at the same time impressing upon it tangen-

95

tial inertia of differing degrees in the con-

secutive magnetic fields.

4. The process of separating iron or its
crushed ore from impurities and assorting
the separated products, eonsisting in passing
the granulated mass of ore and gangue
through consecutive magnetic fields, impress-
ing upon it tangential inertia differing in de-
gree in the successive fields, and separately
collecting the portions which fail to pass:
through the respective fields.

5. An ore-separator comprising two or more
magnetic fields, two or more non-magnetic
screens moving in said fields, means for im-
parting different rates of speed to the screens,
and guideways for feeding the ore to the
screens successively, whereby different de-
grees of trajectorial momentum are imparted -
to the ore, for the purpose set forth.

In testimony whereof we affix our signa-
tures in presence of two witnesses.

- CLINTON M. BALL.
SHELDON NORTON.

Witnesses as to Clinton M. Ball:
A. G. GOLDTHWALIT,
M. L. DavVIs,

Witnesses as to Sheldon Norton:
A. M. GLICK,
D. W. McFETRIDGE.
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