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To all whom it may concerrn:

~ Be it knownthatI, ELMER GATES, a cllizen
of the United States, residing at Chevy Chase,

in the county of Montgomery, State of Mary-

land, have invented certain new and useful

Improvements in Diamagnetic Separation;
and I do hereby declare the following to be a

tion, such as will enable others skilled in the
art to which it appertains to make and use
the same. —_—

In an application for Letters Patent of the
United States filed September 26, 1899, Se-

‘rial No. 731,762, I have described and claimed
15

a method of separating diamagnetic sub-
stances from the other constituents of granu-
Iar mixtures in which they are to be found,
the characteristic feature of which consisted
in feeding the mixture in regulated amount
into the intense part of a magnetic field and
prolonging the period during which the same
while in a freely-movable condition was sub-
jected to the influence of said field until the
slight initial tendency of the diamagnetic
particles to separate becaine sufficient to ef-
fect their actual and practical separation
from the remaining constituents of the mass.

The present invention has to do with the

same general subject, and besides having for
its object to provide an improved method of
separating diamagnetic substances of vary-
Ing degrees of susceptibility contemplates

- also the separation of the paramagnetic con-
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stituents of the mixture from those constitu-
ents that are diamagnetic or from the remain-

ing constituents without regard to their classi-
fication according to magnetic susceptibility.

Itisbased upon the principle that when freely-

- movable granular materials or mixtures con-
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taining diamagnetic particles of varying de-

grees of susceptibility or diamagnetic parti-

cles of uniform susceptibility combined with
paramagnetic particles are introduced into a
circle or zone of median magnetic intensity
the diamagnetic particles and the paramag-
netic particles of weakest susceptibility tend
to seek the center of the zone, while the para-

magnetic particles and the diamagnetic parti-

y |

cles of least susceptibility tend to move awa
from the center toward the outer edges of the

zone. I avail myself of this known property |

| of these substances for the purpose of secur-

ing a practicable separation thereof, and in

the accompanying drawings I show a con-

venient form of

| [ apparatus for carrying out
this method. . o
In the drawings, Figure 1 is a central ver-
tical section of the complete apparatus; and
Fig. 2 is a plan view of a vibrating plate onto
which the granular mixture is fed and which
constitutes the means for maintaining the

freedom of motion between the constituents

thereof, as well as their detention for the de-

sired period within the borders of the zone of

diamagnetic intensity. | S
- Referring to the views, A denotes a hollow
tubular soft-iron core having the requisite
number of turns of wire a to develop a mag-
netic .force of the desired intensity. The
heads a’ a®of this core are circular, and when
the magnet is energized an annular zone or
field of electromagnetic foree is developed,

which for the practical purposes of magnetic

separation is bounded by theinner and outer
peripheries of the heads. |

Located centrally over the above-described

magnet is a hopper C, from which the mate-
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rial to be treated is allowed to flow continu- |

ously in aregulated amount. Thereisa cone

¢ arranged within this hopper near the bot-
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tom, and the discharge-orifice for the mate-

rial 18 an annular space ¢’ between the outer
periphery of the base.of the cone and thein-

ner periphery of the bottom wall of the hop-

per.- DBelow the magnet two receivers D d
are located, with appropriate spouts for con-
dueting away the separated constituents of
the material received from the hopper C.

The feeding-hopper is located above the

magnet, so that its annular discharge-orifice

!

the magnet and also with the outer edge of

the head ¢/, and. this arrangement is impor-

tant, for the reason that the material to be

treated is thus conveniently introduced into

a zone of median magnetic intensity, or, in
other words, is delivered into the magnetic
field midway between its practical boundary-

lines and allowed to separate according to

the law above stated, the diamagnetic parti-

cles gradually working toward the center of
the field and the paramagnetic particles mak-

Q0

¢ 18 preferably concentric with the base of
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“the lower head a* of the magnet.

% N | S 653,345

ing their way toward the circumference or

-outer edge of the zone.

The large receiver D is for the purpose of

catching the ‘‘tailings,” as those constituents

of the mixture which are paramagnetic or of

least diamagnetic susceptibility are herein

termed. It 1s therefore arranged with its up-
per edgeoutside and preferablyslightly above
The small
inner receiver dislocated immediately below
the tubular central opening of the magnet
and catches those constituents of the mixture
as are herein classified as ‘‘heads.”

Around the periphery of the upper head ¢
there is located an apron or deflector d, whose
purpose is to deflect the material falling over
theouter edge of the head slightly away from

the body of the magnet and todirectits course

into the large receiver at the bottom.

- For the purpose of obtaining the requisite
freedom of motion of the particles while in
the magnetic field, as well as to detain them
within said field and allow them to arrange
themselves in accordance with the law of
their relative diamagnetic susceptibility and
the natural slight initial tendengcy to separate
out has been reinforced by gradual incre-
ments of magnetic repulsion, I provide a plate

- B, between the upper surface of the head o'
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and the discharge -orifice of the hopper C.

This plate preferably conforms in shape to

the outline of the head of the magnet and 1s

pivoted at b, so as to be rapidly reciprocated

in the direction of the axis of the magnet.
The material is received upon its upper sur-
face directly from the hopper, and corre-

- sponding in location to the inner and outer
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boundaries of the magnetic field or zone it is
provided with holes ¢ 7, the former being co-
incident with the hollow bore of the magnet
and the latter in proximity to and concentric
with the outer edge of the head. The plate
may be vibrated mechanically or by being
connected up in the circuit of the magnet-
windings.. Its outer end vibrates between
the points 2 2, and when electrically operated

is normally held against the upper point by

a spring 3, and when the magnet 18 energized
will vibrate rapidly in a manner well under-
stood. As aconvenient means for operating
it mechanically I show in dotted lines a star-
wheel s, located under it and down upon
which it will preferably be found best to hold
it lightly by a spring acting in the opposite
direction to the one shown in full lines.
The plate B may be made out of material
that is in itself diamagnetic or paramagnetic,
as circumstances may require or make desir-
able, and instead of vibrating the plate I may
fixit in position and obtain wholly or partially

| the effect of sueh vibration on the mixture by

vibrating the magnet.

With the apparatub organized as above de-
scribed the operation of separating out the
diamagnetic substances of varying degrees of

susceptibility or the paramagnetic substances

from those of opposite susceptibility proceeds
as alreadyexplained, the former moving grad-
ually while on the plate B toward the center,
where on reaching the hole e they fall through
the hollow magnet and are received as heads

by the receiver d and conducted away, and
the paramagnetic substances or those of dia-

magnetic susceptibility in the least degree
oradually working their way under the con-
stant agitation of the plate toward the outer
openings 7, through which they fall and are
received as tailings in the receptacle D.

For the purpose of further facilitating the
separation of the described constituents of the
mixture a small ridge or elevation might be
arranged concentrically around the opening
e, with its apex arranged with respect to the
discharge-orifice of the hopper, g0 as to give
the whole mass a tendency toward the open-
ings findependently of any diamagnetic ac-
tion. The material would then tend to move
outward rather than inward and the diamag-
netic substances of least susceptibility would
follow the tendency of the mass outward and
only those of greatest diamagnetic suscepti-
bility would find their way to the center.

Having thus described my invention, what
I claim as new, and desire to secure by Letters
Patent, is—

1. The method of diamagnetic separation
which consists inintroducing the mixtureinto

a zone of median magnetic intensity, agitat-

ing the mixture while detained in sald zone
until the particles of varying susceptibility
move in opposite.directions, and collecting
the separated particles and conduetmﬂ' them
away separately.

2. The method of diamagnetic separation
which consists in feeding the mixture onto a
support midway between the boundaries of
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a belt or zone of magnetic intensity, agitat-

ing the support until the substances of dif-
ferent susceptibility move laterally in oppo-
site directions across said belt or zone, and
collecting the separated substances at differ-
ent pomtg and conducting them away sepa-
rately.

I10

In testimony whereof I affix my signature

in presence of two witnesses.
~ ELMER GATES.

Witnesses: .
THEODORE J. MAYER,
"HUuGcH M. STERLING.
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