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To all whom it may concern:

Be it known that I, FRIEDRICH ARTHUR
MAXIMILIAN SCHIECHEL, mining engineer,re-
siding at Frankfort-on-the-Main, Germany,
haveinvented newand useful Improvements
in Magnetic Separators, of which the follow-
ing is a specification.

Myinvention relatestoimprovementsin the
separation of magnetic materials from non-
magnetic ones, and is especially adapted for
theseparation of theso-called ¢ weakly ” mag-
netie materials from quite non-magnetic ones
or such of lower magnetic susceptibility. The
improvements are more particularly adapted
to be applied to the apparatus shown in the
United States Patents Nos. 555,792, 555,793,
and 555,794, of March 3, 1896, granted to John
Price Wetherill, and in my United States ap-
plieation, Serial No. 679,030, of April26,1898.

Heretofore the strongest magnetic concen-
tration of the linesof force has been produced
by arranging a south pole close to and oppo-
site each sharpened north pole. This hasbeen
effected either by means of the two poles of
one and the same electromagnet or by means
of alternating poles of a group of single elec-
tromagnets, which of course had to be ar-
ranged in such a manuner that the path of the

" magnetic lines of force takes its course as in
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a so-called ¢ closed” or ““ annular” magnet—
that is to say, with the exception of the inter-
ruptions where north and south poles face
each other (¢. e., the fields of operation of
the magnetic separator) there must be at all
points of the path of the lines of force suffi-
cient iron masses to allow the lines of force
which are produced in the magnet-coils to re-
turn back into themselves without any con-
siderableloss by dispersion into the surround-
ing mediunm. Thefields which arethusformed
at the places of interruption had their great-
est density at the polar edges and there was
therefore nothing to prevent the magnetic
materials which were supplied to one pole
edgefrom jumping over to the other pole edge
and becoming attached thereto, so that it was
necessary to provide stripping-bands run-
ning around both pole edges for the purpose
of removing the adhering particles in order
to keep the edges always clean for the con-
tinuance of the operation. An essential im-

provement in this respect is embodied in the
new magnetic separator of this invention, in
which there are arranged opposite to the mag-
netic edge cver which the material to be sep-
arated is supplied two separate wedge-shaped
magnets having polarities opposed thereto.
Thus when the material is supplied, for in-
stance, to one north pole twosouth poles are
arranged opposite to the said north pole. The
two south poles are preferably mounted so
that one south pole is higher than the north
pole, while the other south pole is situated
almost vertically below the north pole, so that
the said north pole will serve in a well-known
manner at the same time asa partition, onone
side of whichthe magnetic materialfalls,while
the non-magnetic material falls on the other
side. The result of such an arrangement of
poles is that the sum of the lines of force
which issue from the north pole divides or
spreads itself into the two south poles, so that
the magnetic field thus produced is most con-
centrated at the supply-pole and is consider-
ably weaker at the two other poles, the result
being that no material can adhere to thelat-
ter and the stripping-belts can be dispensed
with entirely.

A further great advantage consists also in
the influence which can be exerted upon the
form and position of the magnetic field. The
amount of the forece of magnetic attraction
depends not only on the number of the lines
of force, (intensity of the field), but also on
the position and direction of the lines of force
relatively to one another. A paramagnetic
body is moved from a place of lower inten-
sity to a place of higher intensity, and the
motive forceis greater underconditions other-
wise equal the greater the difference of in-
tensities of the two places is. Consequently
there would be the greatest force of attrac-
tion in the magnetie field in which, other cir-
cumstances being equal,thelinesof force have
the greatest difference in direction one to the
other. In the separating-machine of thisin-

vention this object is effectually attained by
the lines of force issuing from the point of
one magnet being torn apart, so to speak, by
the points of the two other magnets, wherecby
the magnetic field receives an advantageous
bunch-like shape.
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Experiments made with a three-magnet ma-
chine and with atwo-magnet machine which
operated under otherwise completely-identi-
cal conditions have proved that the three-

5 magnet machine consumed only forty per
cent, of the electrical energy which was re-
quired by the two-magnet machine to effect
the separation of one and the same mixture
of ore.

10 A third advantage may be obtained with
mixtures of minerals which are to be sepa-
rated and which are of that kind that are
free from strong magnetic constitutents—
iron, magneticiron, magnetic pyrites, roasted

15 spathose ironstone, &c.—namely, that also
the last stripping-band over the supplp-pole
may be dispensed with.

It is important for the separation of weak
magnetic materials that they should be sup-

20 plied in direet proximity to the pole edges
and with the least possible velocity to the gap
between the pole edges. This has heretofore
been effected chiefly by means of bands which
passed around the pole edges, but which were

25 liable to very rapid wear and which neces-
sarily kept the material distantfrom the mag-
netic edge to the extent of the thickness of
the band. The econveyer bands can now be
dispensed with, as the mixture is supplied di-

30 rectly onto the surface of the magnet toward
its edge and is left free at the edge without
being conveyed by artificial means around
theedge. For this purpose either the surface
must have a suitable inclination, in order to

35 allow the material to move by its own weight
and overcome its own friction on the said sur-
face, or artificial means of movement must be
employed which remain above and do not
move around the edge of the magnet. The

40 material is preferably supplied close behind

the magnet edge onto the surface of the mag-

net in regulated quantity and in such man-
ner as to meet the said surface with the least
possible velocity and then move along on the
45 said surface. For this purpose a feed-hop-
per is preferably employed the delivery-ap-
erture of which is direetly behind the mag-
net edge, and whence the comminuted mate-
rial falls ont in such manner that it strikes
5o at a small distance above the surface of the
magnet first upon a transverse lip and then
passes from the latter on the magnet. This
admits of the magnet edge being made as
sharp as possible,so asboth to concentrate the
55 lines of force as much as possible and pre-
ventthe magnetic particles from permanently
adhering, since the adhesion is greater to a
broad than to a very narrow edge. The op-
eration of separation then takes place, as fol-
6o lows: The non-magnetic particles flowat once
over the pole edge and fall off, while the mag-
netic particles have at first a tendency to ad-
here to the magnet edge, but are pushed on-
“ward by the material following and carried
65 around the edge, whence they drop off.
In machines for the separation of weak
magnetic mixtures of ore in which minerals

of comparatively great susceptibility——for ex-
ample, garnet, raw spathose ironstone, &e.—
are to be extracted the cost of manufacture 7o
of the apparatus may be reduced, as in this
case only the magnet onto whose poles the
material is supplied need be provided with an
eleetric coil, the two other cores then forming
merely the iron masses necessary for the re- 73
turn of the lines of force produced in the
magnet. These iron masses must be present
in order that the lines of force shall not be-
come dispersed into the air from the whole
surface of the exciting-magnet, but shall be 8o
concentrated at and pass over thereto from
the point of the magnet. By thus determin-
ing the direction of passing over they fulfil
the function of imparting the bunch - like
shape to the magnetic field before referred to. 85

It is obvious that the shape of the magnetic
field may be varied at will and that by shift-
ing the two magnets opposite to the supply-
pole both the divergence of the bunch of lines
of force and the position of the apex orerown go
of the bunch on the supply-pole can be al-
tered. It is to be noted that, instead of two,
three or more magnets might be arranged op-
posite to the supply-pole.

The aceompanying drawings illustrate a gr
mode of carrying out the invention which
combines ali the improvements.

Figure 1 is a front elevation of the appara-
tus. Fig. 21is a section on the line 2 2 of Fig. -
1. Fig. 3 is a separate view of the poles on 100
a larger scale.

The upper stirrup - shaped magnet B is
mounted inaninclined position in the wooden
framing A. It is provided with the charging
hoppers or trunks C C and is energized by roj
means of the coil D. The mixture charged
into either hopper C impinges upon and is ar-
rested by a horizontal lip ¢, whence it falls
between the front edge c of this lip and the
gage-bar X onto the magnet B, down which 110
it slides toward the edge b, which I call the
‘““supply-pole,” the gage K being adjustable’
by means of serews ¢ to regulate the amount
of thematerialsupplied. Itisimportantthat
this pole edge b be as sharp as possible in or- 115
der to prevent a long beard of magnetic par-
ticles from adhering thereto. 'This pole edge
isbrightly polished orcovered with a brightly-
polished steel plate in order that the particles
slipping over it shall be hindered as little as 120
possible by friction. In many cases this cov-
ering may be made of non-magnetic material
4, as shown in Fig. 8, in order to prevent the
undermost particles in the stream of material
being permanently retained by the magnet. 125
Vertically below the pole edges b b are the
pole edges f f of the magnet F, which are
covered by caps of non-magnetic material
adjustable by means of set-serews 7 to suit
the various materials. Inconsequenceofthis 130
arrangement the non-magnetic particles fall
over the cap H, while the magnetic particles
are drawn through the gap or interval. Op-
posite to, but slightly higher than the pole
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edges b b, are the pole edges ¢ ¢ of the mag-
net . The coils M N of magnets F and
G may be dispensed with in the case of ma-
terials of magnetic properties, siich as those
of garnet and spathose ironstone.

Now what I claim as my invention, and de-
sire to secure by Letters Patent, is the fol-
lowing:

1. Inamagnetic separator, the combination
of a supply-magnet having a tapered pole-
piece, a plurality of magnets the pole-pieces
of which are of like polarity with respect to
each other, but of unlike polarity with re-
spect to the supply-magnet, the pole-pieces of
similar polarity facing the pole-piece of the
supply-magnet with an intervening space be-

‘tween, and mechanism for feeding the mate-

rial to be treated over the edge of the supply-
magnet and between it and the other two
magnets. '

2. Inamagnetic separator, the combination
of a supply-magnet having a tapered pole-
piece, and arranged inahorizontally-inelined
position so that the material to be treated
will gravitate over its edge, and a plurality
of magnets the pole-pieces of which are of
like polarity with respect to each other, but
of unlike polarity with respect to the supply-
magnet, the pole-pieces of similar polarity
facing the pole-piece of the supply-magnet
with an intervening space between through
which the material passes from the supply-
magnet. ‘

3. Inamagneticseparator, the combination
of a supply-magnet having a tapered pole-
piece over the edge of which the material to
be treated passes, and a plurality of magnets
the pole-pieces of which are of opposite po-
larity to that of the supply-magnet, one of
said last-named magnets having ifts pole-
piece arranged in substantially the vertical
plane of the pole-piece of thesupply-magnet,
and below the same, and the pole-piece of an-
other of the last-named magnets being ar-
ranged in substantially the horizontal plane
of the supply-magnet with intervening spaces
between the respective pole-pieces.

4. Ina magnetic separator, the combination
of a supply-magnet having a tapered pole-
plece and arranged in a horizontally-inclined
position so that the material to be treated
will gravitate over its edge, and a plurality
of magnets whose pole-pieces are of opposite
polarity to that of the supply-magnet, one of
said last-named magnetshavingits pole-piece

-arranged below and in substantially the ver-

tical plane of that of the supply-magnet, and
another of said last-named magnets being
arranged in a horizontally-inclined position
with its pole-piece in substantially the hori-
zontal plane of that of the supply-magnet
with intervening spaces between the respec-
tive pole-pieces. :

5. Inamagueticseparator, the combination

3

of three magnets having tapered pole-pieces
pointing toward one another with interven-
ing spaces between the respective pieces, and
over the edge of one of which pieces the ma-
terial to be treated isadapted to passinto and
through the space between the other pieces.

6. Inamagneticseparator, the combination
of three magnets having tapered pole-pieces
pointing toward one another with intervening
spaces between the respective pieces, over the
edge of one of which pieces the material to be
treated is adapted to pass into and through
the space between the other pieces, and an en-
ergizing-coil on that magnet only from which
the material passes to the intermediate space.

7. Inamagneticseparator, the combination
of three magnets having tapered pole-pieces
pointing toward one another in a substan-
tially radial arrangement, and a central space
intermediate the respective pole-pieces, and
means for passing the material to be treated
from the edge of one of the pole-pieces into
the intermediate space. :

8. Inamagneticseparator, the combination
of three magnets having tapered pole-pieces
pointing foward one another in a substan-
tially radial arrangement, some of said mag-
nets having energizing-coils, and others con-
sisting of cores only. .

9. Inamagneticseparator,the combination
of a magnet having a tapered pole-piece ar-
ranged in a horizontally-inclined position, a
feed-hopper located above said magnet and
having its outflow near the edge of the pole-
piece, and a horizontal lip or flange project-
ing within the hopper to deflect the material
slightly just before its passage out of the
hopper.

10. In a magnetic separator, the combina-
tion of a magnet having a tapered pole-piece
and arranged in a horizontally-inclined posi-
tion, a feed-hopper located above said mag-
net and having its bottom inclined and its
outflow near the edge of the pole-piece, a
horizontal lip or flange on one side of said
outflow to deflect the material slightly just
prior to its passage out of the hopper, and an
adjustable gage at the opposite side. ,

11. In a magnetic separator, the combina-
tion of a vertically-disposed magnet having
a tapered pole-piece, and arranged in the path
of delivery of the material to be treated, said
magnet being adapted to receive the sepa-
rated constituents of the material on opposite
sides thereof, and an adjustable cap of non-
magnetic material secured to the edge of the
pole-piece.

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses.

FRIEDRICH ARTHUR MAXIMILIAN SCHIECHEL.

Witnesses:

OT1T0 FELLNER,
JEAN GRUND.
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