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To all whom it may concerm.:

Be it known that I, CLARENCE QUINTARD
PAYNE, a citizen of the United States, resid-
ing at Stamford, in the county of Fairfield
and State of Connecticut, have invented an
Improved Form of Machine for the Separa-
tion or Concentration of Magnetic Iron Ores,
as explained hereinafter in the specification
and shown in the accompanying drawings.

The object of my invention is to obtain a
more perfect concentration of lean or low-
grade iron ores. This is accomplished by a
construction of the electro-magnets and pole-
pieces which secures a better arrangement of
the lines of force in the magnetic field in
which the separation takes place by using
the attracting force of a single pole-piece
charged uniformly with either positive or
negative polarity. In this way no bunches
or clots of magnetic particles are formed upon
the attracting-surface, and the non-magnetic
particles can therefore be more readily re-
moved by centrifugal force acting on them.

My present invention is therefore a modi-
fication of and improvement on my inven-
tion which forms the subject of my United
States Letters Patent No. 348,771.

In the drawings illustrating my invention,
Figure 1 is a view of the complete machine,
one side of the frame only being removed in
order to show all the parts. Figs.2and 3are
perspective views showing different arrange-
ments of the electro-magnets and pole-pieces.
-'In Fig. 1, F B F is the frame which sup-
ports the machine and also the hopper A at
the top. The ore to beconcentrated is placed
in the hopper A, and is then discharged
through the feed-pipe B by means of a valve
and hand-lever O upon the revolving conical
apron or cover C. The conical apron C is of
thin brass or any non-magnetic material and
conforms to the surface of the pole-pieces of
the magnet just below it, so as to revolve with
the least possible clearance over the pole-
piece. For this purpose it is supported upon
the hub Hand is mounted on a shaft N, which
is concentric with the pole-pieces P and P’.

" The shaft N may be caused to revolve -by
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means of a belt or gear-wheels directly con-

nected with an outside source of power.
Preferably an intermediate pair of cones

is used in order to vary at will the speed of

the revolving apron C,and thus toincreaseor
decrease the centrifugal force which removes
the non-magnetic particles. Such a pair of
coues is shown in end view at W, Fig. 1; but
the particular method of driving or varying
the speed of the machine is not material to
thisinvention. ,

Thesidesof theseparator-framcare inclosed
to a height above the conical apron C, as
shown in Fig. 1. As thenon-magnetic parti-
cles are discharged from the revolving apron
they strike against the inclosed sides of the
frame and are collected below by the inclined
sides of the chute D. Themagnetic parti-
cles, on the other hand, are carried around by

the apron C andleave the magnetic fleld af-

ter about three-fourths of a revolution. They
thenstrike against the surfaceof the deflector
S and are guided into the chute E (shown in
dotted lines) and thus collected. The de-
flector S consists of two piecesof wood or other
material, which hold between them a piece of
felt, which rests lightly on the surface of the
apron C.

In Fig. 2 are shown four horseshoe electro-
magnets M M M M, which are arranged about
two segmental ring-shaped pole-pieces P P’.
These pole-pieces are of soft iron. Kach is
preferably of a single piece and of uniform
thickness. They are placed coaxially and a
short distance apart.  The end Lof the lower
pole-piece P’ projects a few inches beyond
the edge of the upper one P,in order that the
magnetic particles may be readily held to the
cover as they are discharged from the feed-
pipe B. The opposite ends of the two pole-
pieces are curved up and down, respectively,
in the manner shown in the drawings,in order
to reduce the strength of the magnetic field
at these ends, and thus facilitate the removal
of the magnetic particles from the field. The
pole-pieces P P’ extend through an arc of
about two hundred and seventy degrees and
are provided with broad faces, so as to afford
ample attracting-surface to the magnetic par-
ticles. The faces of the pole-pieces may be
either horizontal or may form any convenient
angle with a horizontal plane. In order to

facilitate the removal of the non-magnetic
particles from the apron C, I prefer to give
the faces of the pole-pieces a slight angle, so
that they form surfaces of frustums of two
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concentrie cones. T have shown four eleetro-
maguets attached to the pole-pieces. The |
number does not affect the principle of sepa- |
ration, but depends upon the relative dimen- |
sions of the pole-pieces and magnets. ;

The spools of the electro-magnets are pref-
erably connected together in series—that is, -
those on the upper pole-piece form one series
and those on the lower pole-picee a second—
the copper wire of the spools being wound in
sueh a manner that when a current from a
galvaniebattery ora dynamo-electric machine
is passed through it a uniform polarity at each
pole-piece is formed. In this way the upper
pole-picce forms a single positive pole and
the lower pole-piece asingle negative pole, or
vice versa.

In IFig. 1 1 have shown the top pole-piece I’
covered on the under side with a segmental
ring of wood or other non-magnetic material
of thesame width as that of the top pole-piece
itself and couforming to its surface. The
thickuness of this ring Is just sufficient to oc-
cupy half the space between the two pole-
pieces. Its lower surface therefore coincides
with the neutral surface between the two
poles, along which the positive and negative
polarities of the two poles are exactly bal-
anced.  Ifrom this construction it is evident
that the cover C revolves through what is
technically knownas a “unipolar” field—that
is, one in which the lines of foree are all in the
same direction and donot reverse atany point.
It will also bie scen that the top pole I per-
forms an entirely different function from the
bottom pole I/, for,while the latter holds the
magnetic particles to the eover C as it re-
volves through the magnetic field, the pole Pis
prevented from holding any of the magnetic
particles to its under surface by the wooden
ring whicl extends from the latter to the neu-
tral surface Detween the two pole-picces.
The object of the top pole-piece is thus to
close the magnetic cirenitof the lines of force
between the twopole-pieces, so that the former
shall notonly he normal to the adjacent sur-
faces of the two pole-pieces, but shall main-
tain a magnetic field of approximately uni-
form distribution between them, and in which
these lines of forece are practically parallel
throughout. I therefore call the pole-piece
P the “circuit-closer” in order to distingnish
it from the lower pole-piece P, which holds
and separates the magnetie particles.

By this invention I am able to avoid the
formation of clots, loops, or bunches of mag-
netie partieles in any part of the magnetic
field, which are formed when both the posi-
tive and negative poles of one or more mag-
nets are placedon the same side of the apron
or plate or eylinder which forms the attract-
ing-surface on whicl the separating action
takes place. These clots or bunnches are
formed when the magnetic particles arc en-
abled to bridge the space between two oppo-
site poles by induective action in the direc-
tion of the lines of force extending from one
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pole to the other. These bunclies of mag-
netice particles hold mechanically a certain
percentage of non-magnetic particles, which
is very difficult to separate.

Fig. 3 shows adifferent construction of the
¢lectro-magnets to accomplish the same re-
sult as shown in I'ig. 2—viz., by magnetizing
the pole-picces 1>and P’ by positive and nega-
tive polarity, respectively. The iron back
pieces wlhich connect the cores of each pair
of spools may also beomitted without affect-
ing the principleinvolved in the construction.

The construction and details of themachine
being thus explained, the operation of con-
centrating the iron ore is as follows: The
valve at the Dbottom of the feed-pipe B is
opened by means of the hand-lever O, and a
regulated stream of orc is allowed to fall
upon the revolving conical apron C. The
eleetro-magnets are energized by the current
from adynamo-electric machine, and as soon
as the magnetic particles in the ore strike the
surface of the apron C they are held to it by
the projecting end L of the pole I’ and are
carried between the pole-pieces about three-
fourths of a revolution, and are then dis-
charged on leaving the magnetic field against
a deflector S and guided into the inclined
chute E, where they are collected. The non-
maguetic particles, on the other hand, strik-
ing the surface of the apron C, are not held,
but slide down and are collected by the chute
D. That portion which may be mechanically
Leld or entangled by the magnetic particles
is removed by centrifugal force, the position
in'which the latter are held on the apron C
facilitating the release of the non-magnetic
particles.

What I claim as my invention, and wish to
secure by Letters Patent, is—

1. In a magnetic separator, two scgmental
ring-shaped pole-pieces- magnetized, respect-
ively, by positive and negative polarity and
placed concentrically, so as to constrain the
lines of force to oceupy positions normal to
their adjacent surfaces.

2. In a magnetic separator, two segmental
ring-shaped pole-pieces placed concentrically,
said pole-picces being magnetized, respect-
ively, by positive and negative polarity by
means of one or more clectro-magnets, so as
to constrain the lines of foree to oceupy posi-
tions approximately parallel throughout the
magnetie field.

3. In a magnetic separator, two segmental
ring-shaped pole-pieces placed concentrieally,
said pole-pieces being magnetized, respect-
ively, by positive and negative polarity by
means of one or more electro-magnets and
having an approximately uniform distribu-
tion of magnetism at their surfaces.

4. Ina magnetic separator, the combination
of twopole-pieces magnetized, respectively, by
positive and negative polarity with an apron
placed between and close to one of them,
whereby the magnetic particles fed upon said
apron are held to it by said latter pole-piece.
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5. Ina magneticseparator,the combination
of two segmental ring - shaped pole - pieces
placed concentrically and magnetized, respect-
ively, by positive and negative polarity by
means of one or more electro-magnets with a
revolving apron placed between and close to
one of them, whereby the magnetic particles
fed on said apron are held to it by said latter
pole-piece.

6. In a magnetic separator, two pole-pieces
magnetized,respectively, by positiveand nega-
tive polarity, one of which holds and sepa-
rates the magnetic particles, while the other
closes the magnetic circuitand maintains the
lines of force normalto the adjacent surfaces
of said pole-pieces.

7. In a magnetic separator, two pole-pieces
forming segments of conical surfaces placed
coaxially and magnetized, respectively, by pos-
itive and negative polarity by means of one or
more electro-magnets, the magnetic particles

being held to the surfaceof arevolving apron
placed between them and close to one of said
pole-pieces, while the other closes the mag-
netie cireuit and maintains the lines of force
normal to the adjacent surfaces of said pole-
pieces, substantially as desecribed.

8. The method of magnetically separating
a mixture composed of magnetic and non-
magnetic particles, which consists in passing
the mixture through a magnetic field of the
so-called “ unipolar” type, which acts on the
magnetic particles and in which thenon-mag-
netic particles are removed by centrifugal
force.

In testimony whereof I have hereunto sub-
seribed my name.

CLARENCE QUINTARD PAYNE.

Witnesses:
THOS. S, WILLIAMS,
C. H. JoUET.
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