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1

This invention relates to a magnetic separator,
and an object of the invention is to provide im-
proved apparatus of this type.

A more specific object of the invention is to
provide a magnetic separator in which the mag-
Tnetic or ferrous components of iron ore are re-
moved from the gangue or tailings by moving
along a rotating non-magnetic drum over a feed
plate which is close to but spaced from ‘the pe-
riphery of the drum and in which in the pre-
ferred arrangement there are substantially flat
faced magnetic poles within the drum opposite
-said feed plate; the gangue or tailings being free
to discharge over the lower end of said feed plate
into a tailings tank or chamber; there also being
a wash plate adjacent the drum near the dis-
charged or clean material side thereof adjacent
which the ore is washed.. There preferably are
magnetic poles opposite said wash plate which
have faces which are segments of small radius
cylinders; there also preferably being an upward
current classifier chute or compartment within
the tailings tank which receives the released ma-
terial which falls off the lower edge of the wash
plate. The wupward current after ‘fowing
through the wash plate classifier preferably
flows into the tailings tank.

Another object of the invention is to provide a
magnetic drum with a plurality of magnets, the
pole faces of which are adjacent the inner pe-
ripheral cylindrical surface of the drum, some of
the faces being preferably flat, the others formed
as segments of a small radius eylinder.

Other objects of the invention will appear
hereinafter, the novel features and combinations
being set forth in the appended claims.

In the accompanying drawings,

Flig. 1 is a sectional elevational view of a mag-
netic  separator -comprising my invention, and
taken on ‘the line I—il of Fig. 2 looking in the
direction of the arrows;

Fig. 2 is a transverse sectional view taken on
the line 2—2 of Flg 1, with certain parts omit-
ted; and

Fig. 3 is a schematic illustration of a drum
and associated pole faces, illustrating particu-
larly the general pattern of the magnetm ma~
terial carried by the drum.

The magnetic separator includes a main frame
{0 upon which a tank or box 1 is mounted.
The tank or box Il has spaced vertical side
walls 12, a front feed wall #3 and back discharge
wall {4, the bottoms of which walls ‘13 and (4
converge downwardly, leading to tailings -or
gangue discharge spouts #5, One side wall 12
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has a door 16 through which water, which nor-
mally fills said tank to the level indicated in Fig.
1, may flow over a controllable height weir 17
and discharged by way of pipe 18. The height
of the water in the tank or box ‘It may be ad-
Jjusted by adjusting the weir 7.

Mounted in bearings 19 earried by the main-
frame 0 is a drum assembly 20 which is pref-
erably driven by a drive means, including a
sprocket 21, in the direction of the arrow, as
suggested in Fig. 1 of the drawings.

The drum assembly 29 includes a stationary
shaft 22 to which a plurality of radially extend-
ing magnets 28 and 24 are attached by a remov-
able bracket 25. The magnets 23 and 24 are
preferably of the electro-magnetic type, though
they may be of a permanent type if desired.
Their lateral dimension or width is preferably
substantially coextensive with the width or axial
dimension of an enclosing non-magnetic cylin-
drical drum 26 which is preferably fluid tight,
having disc like ends rigidly attached to the cy-
lindrical interposed portion.

The drum assembly 20 is obviously mounted
on a transverse horizontal axis and the bottom
portion -thereof as so mounted extends down-
wardly into the tank or box fI, preferably ap-
preciably below the normal water level therein.
The magnets 23 and 24 may be rotatably ad-
justed relative to the drum 20 in a well known
manner and locked in any fixed position. Said
magnets preferably are attached approximately
in the positions illustrated in Fig. 1 of the draw-
ings in which their pole faces extend substan-
tially entirely across the drum 26 and so that the
magnets 23 which have flat pole faces are
grouped at one side of a plane extending axially
through the drum 26 and the magnets 24, which
have cylindrical pole faces, are grouped at the
other side of the plane.

Adjacent the right hand side, as viewed in Fig.
1 of the drawings, is an ore feed box 271 which
may be supplied with water from a water pipe 28.
The ore to be treated is, of course, previously
crushed or ground so that the magnetic ferrous
or iron constituents may be readily separated
by the magnetic separator from the gangue tail-
ings or non-magnetic constituents. In other
words, as is customary with magnetic separators,
the primary function is to effect a separation of
magnetic and non-magnetic materials which are
commingled, such as in raw ore which has mere-
1y been reduced in size. ‘Other instances of com-
mingled magnetic and non-magnetic materials
which can readily be separated by a ‘'magnetic
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separator are well known to those skilled in the
art.

Cooperating with and fed by the feed box 21
is o fead plate 28 which is positioned in the tank
{1 so as to receive the ore as it is first fed into
said box, it extending roughly in an arc near 0
but slightly spaced from ‘the periphery of the

Tt

drum 28 and preferably extending both above

and below the water level and through an arc
which is less than a quadrant, the lower end of
said feed plate 28 terminating near the lower-
most position of the drum 20 or, in other words,
near a vertical plane through the axis of the
drum 28.

The feed plate 29 extends laterally substan-
tially the entire width of the tank ). It is pref-
erably covered with rubber 38 on the material
supporting surface, the rubber extending heyond
the lateral edges thereof so as to have a close

wiping contact with the side walls 2 of said box 2

. . Adjacent its upper portion it is also pref-
eraply corrugated -or riffed, the corrugation be-
ing effected by transversely exiending rods or
wires 31 hetween the plate 28 and said rubber
. .cover 36, k

The feed plate 29 is preferably mounted s0
that it can be effectively adjusted toward and
from the drum 208 and to this end its upper end
is pivoted at 32 to the tank 11, it béing adjustable
up to $he limits of stops 38 away from said drum
20 by means of adjusting crank 34, one end of
which may project through one of the wails 42
of the tank and be provided with an operating
lever or merely 4 hex-head, not shown. Experi-
ence ‘indicates that friction between the rubber
cover 30 and the side walls 12 is adequate to hold
the plate 29 in any positien to which it is ad-
justed. i

Material which is delivered t0 the upper end
of the feed plate 29 is subjected to action of
the magnetic field developed by the pole faces
opposite said feed plate 29 which includes the
first three of the four magnetic poles 23. ‘This,
of course, is & primary separation of magnetic
material adhering fo the non-magnetic drum 28
as it rotates across the pole faces of said poles
© 23. The non-magnetic maferial comprising the
gangue or tailings will spill over the bottom edge

of the feed plate 28 into the bottom of the tank .

1 where it can be slushed out.

The four poles 23 have what is designated in
the claims as generally flat shaped pole faces.
Actually they are not exactly plane faces hut
they are segments of a cylinder which has sub-
stantially the same radius as the drum 28. This
might be defined as a large radius cylinder. This
is desirable because it produces a pattern of
magnetic material on the non-magnetic drum 20
which is eonducive to a rough separation; that
is, very little of the magnetic material will be
lost and as a conseguence the tailings or gangue
discharged over the bottom of the feed plate 28
will be substantially free of magnetic components
of the feed. )

The pattern produced on said drum opposite
each pole will be that there is a high concentra-
ticn of magnetic material around the periphery
of the pole. ' 1
have very little material, in fact, it will be almost
devoid of material. In other words, this pole
will produce a pattern of magnetic material on
the surface of the drum 20 opposite it which
resembles or suggests the traditional haircut of
a monk. This pattern is illustrated in Fig. 3 of
the drawings. Between adjacent poles 23 on the

The center part of the pole will
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drum 20 the material will lie quite flat and be
rather heavy. This is also suggested in Fig. 3
of the drawings.

In the left hand portion of the tank fl, as seen
in Fig. 1, there is a wash plate 8% which is gen-
erally quite similar in construction and position
to the feed plate 29, except that it is located in
the -adjoining quadrant, and rubber gaskets are
provided only adjacent the lateral edges thereot

‘and do not cover it, said gaskets cooperating with

the side walls 12 of the tank {i. The wash plate
35 which, extends both above and below the
water line, is adjustable by means similar to that
described in connection with feed plate 29. Iis
upper .end terminates in a material discharge
ledge which is adapted to receive the cleaned
magnetic material which may be removed from
the-drum 28 in any desired manner, such as being
washed off or allowed to fall off by gravily as
it passes out of the path of the last magnetic
pole 24. )

Extending transversely substantially its full
width the wash plate 358 carries a wash chamber
36 which is connected by flexible means, not
shown, to a source of water, the plate 35 opposite
the chamber 36 being perforated so that wash
water may wash the surface of the drum 28
opposite said plate 35, it, of course, running
downward over the Jower edge of said wash
plate 35. :

The faces of the poles 24 which are generally
opposite the wash plate 35 have a coniiguration
which is the segment of a relatively small radius
cylinder. The expression “small radius” as used
in the claims is to be understood as a radius
which js appreciably less than the radius of the
drum 28; for example, at most, not more than
one-half of this radius and one which is prefer-
ably not more than twice as long as the arcuate
dimension .of said face of pole 24 measured in
a plane at right angles to the axis of the drum 23.

The purpose of such a large radius cylinder
pole face is to provide a pattern of magnetic
material opposite the wash plate 35, in which
there is a more even distribution of the material
which projects generally radially and is opposite
each of the pole faces on the drum 2J,-there
being a graduated concentration of the material
cpposite the center of the pole face as suggested
in Fig. 3 of the drawings. There will also be
some material lying flat between the poles but
there will not be as much of this flat material
between said poles 24 as there is between the
previously described poles 23. This is also sug-
gested in Fig. 3 of the drawings. ,

The pattern of the magnetic- material oppo-
site the small radius cylinder pole faces of poles
28 may be described as suggesting a crew haircut.
This particular pattern of magnetic material
tends to release any trapped gangue or refuse
which is free to be washed off by the wash water
from wash chamber 36. Any material which is
washed from the wash plate 35 will fall off the
lower edge thereof and instead of allowing it fo
fall into the tailings compartment or main tank
{{ where it will be lost, it is preferably directed
into the upper open end-of a wash column 37
which may be considered as an upward current
classifier, since it is supplied with water, by way
of pipe 88, at such a rate that at least part of
the water flows upwardly through the column
37 and over the right hand edge thereof; as
viewed in Fig. 1, traveling over a substantially
horizontal -though slightly sloping flat plate 39
which is near but spaced from the drum 29.



2,607,478

5

The upper end of the wash column 37 is flared
out both laterally and transversely, the lateral
flaring being clearly illustrated in Fig. 2 of the
drawings, the transverse flaring being illustrated
in Fig. 1.  Baffles 40 which are inclined down-
wardly are also provided at the upper portion
of the wash column 37.

"Thus any material whichi drops off the lower
edge of the wash plate 35 is not delivered directly
to the tailings compartment and lost but is sub-
jected to the action of an upward current clas-
sifier which carries the relatively fine portion
of the material back up against the drum 20
where it may again be attracted to the drum,
this material being subjected to this magnetic
action of the poles 23 and the last pole 24 while
the fluid flows from the classifier to the right,
as viewed in Fig. 1, over the plate 39 and into
the tank (1. In other words, there is a counter-
flow action on any material which flows with a
stream of water downwardly over the plate 35
or downwardly over the plate 38. Furthermore
the material which flows over the bottom edge
of the plate 35 is subjected to a classifying treat-
ment in which any large patrticles may move
downwardly against the upwardly flowing stream
and discharge out of the noymally open bottom
of said column 37. This prevents a building up
of particles on plate 39.

There is, of course, no counterflow of fluid
over the feed plate 29, since the liquid through
this area is substantially static, except insofar
as a head is built up by the ore and water and
to that extent the flow of the liquid will be with
the direction of rotation of the drum 26.

In the operation of the separator the inter-
mingled particles of magnetic and non-magnetic
material to be separated, such as crushed or
ground iron ore, will be delivered to the feed box
27 together with a desired amount of water by
way of the pipe 28. This slurry will flow over the
upper edge of the feed plate 29 and between it
and the adjacent peripheral surface of the drum
20. Riffles 31 will agitate the feed thereby tend-
ing to present all of the particles to the influence
of the magnetic field developed particularly by
the first three magnetic poles 23. Magnetic con-
stituents together with some non-magnetic fines
will adhere to the drum 20 under the influence
of the magnetic field developed by the group of
poles 23, it being noted that all of these poles
23 are grouped together as are the subsequent
washing poles 24.

As the drum 260 rotates, the attracted particles
will shift their pattern on the surface thereof
so that there is generally a mat or flat bed of
polarized particles between each of the poles 23
on the drum 20, there being a monk’s haircut
pattern of polarized particles on said drum 20
around the periphery of each of the pole faces 23.
These polarized particles of the monk’s haircut
pattern will be projecting generally radially from
the surface of the drum 20.

The rotating drum will, of course, carry the
particles of magnetic material with it, though
it is understood that these particles will actually
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shift across the surface of the drum as they move -

out from under the influence of one of the poles
23 into the area of influence of an adjacent pole.
The same, of course, applies to the movement of
the particles between the last pole 23 and the
first pole 24 as well as between successive poles 24.

The pattern of polarized magnetic material is
such that a very low percentage of magnetic ma-
terial is discharged with the gangue over the

70

lower edge of the feed plate 29. As the material
continues to be carried by the drum 20 past the
last of the poles 23 it is subjected to a re-washing’
action which will be described subsequently. -

As the material is carried under the poles 24
it assumes a different pattern from that under
the poles 23, in that opposite each pole 24 the
material on the surface of drum 20 resembles
or suggests a crew haircut, there being some flat
material on said drum between the poles 24 and
between the last pole 23 and the first pole 24.
This mat, however, will not be as heavy as that
which exists between the poles 23. As a con-
sequence of this pattern the reverse or return
flow. of water delivered by the wash chamber 35§
through the wash plate 35 will tend to form a
flowing stream which flows downwardly over the
wash plate 35, thus carrying with it any released
material which flows counter or opposite to the
direction of rotation of the drum 20. In other
words, this is a counterflow stream. Any ma-
terial thus washed from the drum 20 will be de-
livered to the open top of the classifier column
37 through which water moves upwardly adjacent
the top, there being some water also moving
downwardly to wash out the gangue or middlings
received by it, said water being delivered by the
pipe 38. The large pieces of gangue or middlings
will, of course, settle out against the upwardly
flowing water in the classifier column 37. This
stream of water will flow over the plate 39 ad-
jacent the drum 20, thus also effecting g counter-
flow and carrying with it any material which
does not flow down through the classifier column
37 which is not attracted to the drum 20. Since
there is a monk’s haircut type or flat face pole
23 above this plate 39 there will be a further op-
portunity for any magnetic material to be again
attached to the drum 20 for recovery.

Gangue or middlings which ultimately flow:
over the right hand edge of plate 39 will, of
course, be discharged into the tailings tank 1.
along with the tailings discharged from the bot-
tom edge of the feed plate 29.

It is to be understood that while in the draw-
ings a single cell drum or separator is shown the
parts illustrated may be essentially duplicated
in one or more additional compartments.

Obviously those skilled in the art may make
various changes in the details and arrangement
of parts without departing from the spirit and
scope of the invention as defined by the claims
hereto appended, and I therefore wish not to be
restricted to the precise constructlon herein dis-
closed.

Having thus described and shown an embodi-
ment of my invention, what I desire to secure by
Letters Patent of the United States is:

1. A magnetic separator including a rotatable
drum of non-magnetic material mounted on a
horizontal axis, magnets in said drum having pole
faces near the lower portion of said drum, a tank
adapted to hold water into which the lower por-
tion of said drum extends, a feed plate in said
tank on the feed end thereof and near and below
said drum and extending between opposite side
walls of said tank, said feed plate extending along
an arcuate distance less than a quadrant and
terminating near the lowermost portion of said
drum, a. wash plate in said tank near and on the
discharge end thereof and near and below said
drum and extending between opposite side walls
of said tank, said wash plate extending along an
arcuate distance less than a quadrant and also
terminating near the lowermost portion of said
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drum and spaced from-said -feed plate, the mag-
net pole faces opposife sdid feed plate being of
generally flat'shape whereby to provide a pattern
of magnetic aterial on the surface of said drum
opposite said flat faced.poles which suggests a
monk’s haircut, the magnetic pole faces opposite
said wash plate being convex and shaped gen-
erally as a segment ‘of @ short radius cylinder
whereby to provide -a pattern of magnetic -ma-
terial on the surface of -said drum opposite said
cylindrical faced peles which suggests a crew
haircut, and means for-spraying water on said
drum adjacent said wash. plate.

-2. A drum assembly for o magnetic separator
including a eylindrical ‘drum -of non-magnetic
material adapted to berotated on its axis, and a
plurality of magnetsinside said-drum having pole
faces adjacent the inner drum surfaces, some of
said magnets-having generally flat-pole faces and
others shaped convexly and as-segments of short
radius cylinders, the flat faced poles being grouped
at one side of aplaneextending axially through
said drum and -adja¢ent a group of cylindrically
faced poles, the flat faced poles on the opposite
side-of said plane producing =& pattern of mag-
netic material'on the drurm surface opposite them
which suggests-a monk’s haircut, and the cylindri-
cal faced poles providing -a ‘pattern of magnetic
material on the drum-surface opposite them which
suggests & crew -hairciit.

3. A magnetic ‘separator -including a rotatable
drum of non-magnetic material mounted on a
horizontal axis, magnets in'said drum having pole
faces near the lower portion of said drum, a tank
adapted to hold water into which the lower portion
of said drum -extends, a feed plate in said tank
on the feed end thereof @and near and below said
drum and extending between roposite side walls
of said tank, said feed plate extending along an
arcuate distance less than a gquadrant-and termi-
nating near the lowermost portion of said drum,
a wash plate in said tank near and on the dis-
chargeend thereof and near and below said drum
and extending between opposite side walls of said
tank, said wash plate extending along an arcuate
distance less than = quadrant and alsc terminat-
ing near the lowermost portion of said drum and
spaced from said feed plate, the lower edge of
said feed plate discharging gangue into said tank,
" ‘means for spraying water on said drum adjacent
said wash plate, an ‘upWward current -classifier
through which water flows upwardly toward said
drum, said classifier comprising a separate wash-
ing cell extending upwardly through said tank
and positioned with its open top adjacent the
‘bottorn of said wash plate and adapted to re-
ceive material washed from said drum adjacent
said wash plate, and a flat plate adjacent the
upper end of said upward current classifier and
near but spaced from said drum and between
said classifier and said feed plate, over which
flat plate material carried upwardly by water flow-
ing through said classifier will flow counter to
the rotation of said drum and into said tank. :

4. A magnetic separator including a movable ¢

nenmagnetic carrier, magnets having pole faces
near and gbove said carrier, o, tank adapted to
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hold water into which said carrier submerges on
one side of said tank and emerges on the other
side, & feed plate in said tank oh one side thereof
and below and near said carrier, means for feed-
ing material to be separated to one end -of said
feed plate, means for moving said carrier in ‘a
direction away from said one end, said feed plate
having another end submerged in said tank below
the normal water level therein, gangue being free
to discharge over said other end of said feed plate,
a, wash plate in said tank on the other side thereof
from said feed plate and below and near said
carrier, said wash plate having a. discharge edge
above said normal water level and another edge
below said water level, a. substantially horizontal
plate interposed between said feed plate and said
wash plate and having opposite edges spaced
from each other, means for feeding wash water to
material on said carrier adjacent said wash plate
which wash water flows downwardly thereover,
and an upward current classifier having an open
top adjacent the lower edge of said wash plate
and one edge of said horizontal plate and oper-
able t0 receive and classify material washed over
said lower edge of said wash plate and into said
classifier.

5. A magnetic separator including a movable
non-magnetic carrier, magnéts having pole faces
near and above said carrier, a tank adapted to
hold water into which said carrier submerges
on one side of said fank and emerges on the
other side, a feed plate in said tank on one side
thereof and below and near said carrier, means
for feeding material to be separated to one end
of said féed plate on that side of said fank where
the carrier is submerged, means for moving said
carrier in a direction away from said one end and
in the direction of movement of material over said
feed plate, said feed plate having another end
submerged in said tank below the normal water
level therein, gangue being free to discharge over
said other end of said feed plate, a wash plate
in said tank on the other side thereof from said
feed plate and below and near said carrier, said

' wash plate having g discharge edge above said

norma]l water level and anocther edge below said
water level, means for feeding wash water to
material on said carrier adjacent said wash plate
which wash water flows downwardly thereover,

- and an upward current classifier having an.open

top adjacent the lower edge of said wash plate
and operable to receive and classify material
washed over said lower edge of said wash plate
and into said classifier.

WILLIAM H. NEWTON.
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