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invention, for which we pray that a patent
may be granted to us, and the method by

. which it is to be performed, to be particu-

larly described in and by the following state-
ment:— . : '

This invention relates to a method and
an apparatus for separating dry granular
ore constituents of differing magnetic sus-
ceptibility. Specifically, the invention con-
cerns a magnetic separator and the separa-
tion process performed thereby wherein an

. inductively ‘magnetized rotor.is employed

20

for separating material of relatively higher
magnetic susceptibility from a mixture of
materials of relatively. higher and lower mag-

" netic susceptibility.

. Magnetic - separators for separating dry

_granular "ore constituents long have been

30

- 35,

. roll-type magnetic separators

known which employ rotating rotors, moving
belts,. rotating rings and the like, as evi-
denced by Cook’s United States Patent No.
6,121. - Frequently such devices utilize a
rotor having means disposed internally there-
of for generating a magnetic field about the

rotor, as exemplified by the apparatus. dis-

closed in the aforementioned Cook patent.

. Also, roll-type magnetic - separators are

known in. which the rotor- is inductively
magnetized by an externally generated field,
such-as that shown in Palasvirta et als United
States Patent No. 3,024,910. Generally, in
employing
either an internally or inductively magnet-
ized rotor, the materials to be separated are
fed along a vertically inclined path past and
in close proximity to the rotor. The rotat-

.ing magnetic field generated about the rotor

[Price 55.0d.]

Duval County, .Florid:
HO, io Mhevd MHellaY | (R

O G
&yp¥ %??nﬁé@ ic %ar t Is theapparatus
shown in Conkling’s United States Patent
No. 401,414, Generally, in devices of this
nature, a magnetic field is generated at the
juncture of one or more transversely dis-
posed conveyor belts. The materials to be
separated are carried by a first belt into the

field where the magnetically susceptible ma-

terial is attracted to and carried away by a
%e:lond belt moving transversely of the first

t.

Other types of magnetic separators are
known comprising various combinations of
moving belts, rotating rings and rotors.

All of such prior magnetic separators,
however, represent a compromise between

‘high recovery rates and operating economy.

For example, the prior induced roll magnetic
separators generally are reasonably econo-
mical to operate but do not yield high re-
covery rates. Conversely, many of the mov-
ing belt and rotating ring separators yield
high recovery rates but only at a substantial
sacrifice of operating economy. :

- Thus, the ore benefication art long has
needed a magnetic separator for separating
dry granulir ore constituents of differing
magnetic susceptibility which is economical
to operate and which yields high recovery
rates. This need has been rendered parti-
cularly acute due to increasing industrial de-
mands for large quantities of mineral ores
which previously have been uneconomical
to separate, such as monazite. Monazite is
a phosphate of the cerium metals and thor-
ium which is slightly magnetically suscept-
ible and which in its naturally occurring

state frequently is admixed with zircon, a
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into proximity with the lower portion of a
substantially horjzontally disposed, induc-
tively magnetized, rotating rotor the said
feeding operation including imparting to the
materials a vibratory motion having a ver-
tical as well as a horizontal velocity com-
ponent so that the materials will not be-
come stratified during the feeding operation
whereby the material of relatively higher
magnetic susceptibility is attracted upwardly
toward said rofor and is propelled outwardly
therefrom along a path vertically inclined

from the horizontal path while the material

of relatively lower magnetic susceptibility
continues to move along the horizontal path;
and sevarately collecting the materials of
relatively higher and lower magnetlc sus-
ceptibility.

By imparting a vibratory motion to the
materials to be separated as they are fed

fied tray which may be employed in the
feeding means of the separator shown in

"Figs. 1—5; and

Fig. 7 is an elevational view of another
embodiment of the magnetlc separator of
the . invention. '

A first embodiment of the lift-type in-
duced roll magnetic separator of the inven-
tion is designated in Fig. 1 by reference
numeral 10. Separator 10 basically com-
prises a substantially C-shaped magnet 12, a
separating rotor 14 disposed in"a gap 16
formed in the magnet, driving means 18 for
rotating the rotor, feeding means 20 for
feeding the materials to be separated into
proximity with the rotor, and collecting
means 22 for separately collecting the separ-
ated materials.

As shown in Fig. 1, magnet 12 may be of
a substantially toroidal configuration with
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Magnet 12 may be a permanent magnet
but preferably is an electromagnet compris-

-ing a core made of a highly magnetically

permeable material, such as an alloy of iron,
and one or more energizing coils 34 posi-

_tioned adjacent gap 16 and connected to a
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suitable source of electricity. Conversely,
base 28 and supports 30 and 32 preferably
are made of a magnetically impermeable ma-
terial, such as an alloy of aluminum or stain-
less steel, so that the magnetic flux gener-
ated by the mafgnet will not escape through
the supporting framework.

Rotor 14 is mounted in gap 16 to rotate
about a substantially horizontal axis. The
rotor is affixed to a horizontally disposed
shaft 36 which is journalled in support arms
38 and 40. Arms 38 and 40 are attached
to the sides of magnet 12 and preferably are
made of a magnetically impermeable ma-
terial to minimize flux losses therethrough.

Rotor 14 is made of a highly magnetically
permeable material, suoch as an alloy of
iron, and preferably is formed with a plu-

rality of ridges 41 on the surface thereof

which serve as convergence points for mag-
netic flux.

" Driving means 18 for rotating rotor 14
includes shaft 36, a driven pulley 42 affixed
to the shaft, a driving pulley 44, a drive belt
46 trained about pulleys 42 and 44, and a
motor 48 drivingly connected to pulley 44.
As shown in Figs. 2 and 3, shaft 36 extends

laterally of arm 38 and is rotatably sup-.

ported by a pair of bearing blocks 50 and
52, with driven pulley 42 being secured to
the shaft intermediate the bearing blocks.
While pulleys 42 and 44, and belt 46 are
shown to comprise a V-belt driving trans-
mission system, it is apparent that a chain
and sprocket or gear transmission system
could just as easily be employed for trans-

means -is energized, a vibratory motion is
imparted to tray 56 which causes the par-
ticulate materials delivered to the tray to
move along the bottom thereof in a sub-
stantially horizontal path from the receiving
end of the tray toward gap 16. The tray
preferably is made of a magnetically imper-
meable material so that it will not affect the
separation process which occurs as the ma-
terials pass through the gap.

Referring particularly to Fig. 4, it will be
seen that as the materials to be separated
move into gap 16, they pass in close proxi-
mity to the lower portion of rotor 14. The
rotor is inductively magnetized by the mag-
netic field" generated between pole faces 24
and 26 by magnet 12, and is rotated in the
direction_indicated by arrow 60 by driving
means 18. Thus, a rotating induced mag-
netic field is generated about rotor 14.

As the materials pass under the rotor, the
material -or materials of relatively higher
magnetic susceptibility are attracted up-
wardly from tray 56 toward the rotor by the
rotating induced field generated thereabout.
These materials are then propelled out-
wardly away from the rotor along paths ver-
tically inclined from the substantially hori-
zontal path defined by tray 56, for example
along the paths indicated l);y arrows 62 and
64. The magnetically susceptible particles
need not, and preferably do not, actually
contact the surface of rotor 14 but rather
are propelled outwardly therefrom by the
rotating induced field before they reach the
rotor surface. This result is obtained by
appropriately adjusting the speed of rotor
14 in relation to the strength of the field
generated by magnet 12, so that the centri-
fugal force acting on the particles over-
comes the magnetic attraction force acting

\r{qqglgo nfa¢ep 4 cand f o C\éibiatimer merns 58 comprises a suitable 65 by t he
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w1ll be propelled away from the rotor along
a path such as that indicated by arrow 64.
And, the nonmagnetically susceptible ma-
terial will be unaffected by the induced field
and will fall through slot 66 in the bottom
of the tray. -

Collecting means 22 for separately collect-
ing the separated materials may comprise an
internally partitioned receptacle such as re-
ceptacle 68.. Receptacle 68 includes internal
partitions 70 and 72 which divide the recep-
tacle into a plurality of compartments 74,
76-and 78, and which may function as split-
ter plates as well. Receptacle 68 also pre-
ferably includes an adjustable splitter plate
80 positioned above partition 70 between
compartments 74 and 76. As shown in Fig.
4, the partitions and external walls of re-
oeptacle 68 are of appropriate heights to
permit the receptacle to be positioned at
the discharge end of tray 56 adjacent rotor
14,

When separator 10 is employed to per-
form a three-fraction separation, the material
of higher magnetic susceptibility is received
by the compartment most distant from rotor
14, such as compartment 74; whereas the
material of slight magnetic susceptibility is
received by a compartment less distant from
the rotor, such as compartment 76; and the
nonmagnetically susceptible material is re-
oelved by the compartment closest to the
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brator tio; parted to the matenals
includes a vertical as well as a horizontal
velocity component Thus the materials
actually “bounce” or “jump’” along the sub-
stantially honzontal path defined by the tray.
This action ‘prevents the materials of greater
density from becoming stratified and en-
trapped on the-tray below the materials of
lesser density, and thus insures that all of
the materials will be subjected substantially
equally to the influence of the rotating in-
duced field generated about rotor 14.

Another embodiment of the magnetic se-
parator of the invention is designated in Fig.
7 by reference numeral 86. Separator 86 is
generally similar to separator 10 except that
in the previously described embodiment the
materials to be separated were fed from in-
side the magnet along a substantially hori-
zontal feed path toward the outside thereof,
while in the presently described embodiment
the direction of feeding is reversed. Thus,
similarly to separator 10, separator 86 in-
cludes a substantially toroidal-shaped mag-
net 12 having a gap 16 formed therein, a
rotor 14 mounted in the gap, and a smtab]e
framework for supporting the magnet, such
as base 28 and supports 30 and 32. These
and the other elements of separator 86
which are identical to the corresponding
elements of separator 10 are identified by
like reference numerals.

Ags distinguished from separator 10, how-
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94, respectively, for receiving the separated
materials after they have passed through the
framework. The material of higher mag-
netic susceptibility falls into and through
compartment 94 and is received by belt
compartment 102, while the slightly mag-
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through compartment 92 and is received by
belt compartment 100, and the nonmagnetic-
ally susceptible material falls into and
through compartment 90 and is received by
belt compartment 98. Conveyor belt 96
continuously transports the separated ma-
terials from within magnet 12 to storage
bins, shipping drums, or other suitable con-
tainers.

As will be evident, the separation pre-
formed by separator 86 is identical in all
material respects to the highly efficient se-
paration preformed by separator 10, em-
bodying all of the operationa]l advantages
thereof.

While two specific embodiments of the
apparatus of the invention have been des-
cribed with particularity, it is recognized
that various modifications thereof will occur
to those skilled in the art. Therefore,. the
scope of the invention is to be limited solely
by the scope of the claims appended hereto.
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dal-shaped.
3. The apparatus as recited in claim 1,
wherein said magret is an electromagnet
. having a metallic core and at least one ener-
gising coil disposed about said core adja-
cent the gap defined by the pole faces.
4. The apparatus as recited in claim 3,
wherein said core is made of an iron alloy
5. The apparatus as recited in claim 1,
wherein said feeding means comprises; a
substantially horizontally disposed tray ex-
tending between said lower pole face and
said rotor, and means for vibrating said tray.
6. The apparatus as recited in claim 35,
wherein said tray is made of a nonmagnetic-
ally permeable material.
7. The apparatus as recited in claim 5,
wherein said tray extends beyond said lower
pole face and said rotor in the direction of
feeding materials therebetween and has an
opening in the bottom thereof through which
the material of relatively lower magnetic sus-
ceptibility falls for separate collection after
passing from between the lower pole face
and the rotor.
8. The apparatus as recited in claim 1,
wherein said rotor has a plurality of ndges
formed on the surface thereof.

Bdebiing &fe miBCI {

alo elistantiad] d80
S EE

orgiriatheshilecthe matenal of trélativalyh
E ay
REmEMP foir Idpa titel‘ﬁecol-s ai d

m-  lectirg(the @ntpmlsoffrdmmhagh#rmnﬁag net

edPgeﬁ,I“,'?f I?Jflﬁ!ceg?igclted in cl?xm R

tofdi-

138 -

105

110

115

120

125
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ever, is substantially dissimilar from collect-
ing means 22 of separator 10. Collecting
means 22! comx;:rises an internally parti-
tioned framework 88 defining a plurality of
compartments 90, 92 and 94.. As shown in
Fig. 7, framework 88 is open at the top and
bottom. -

The ore constituents separated by the ro-
tating magnetic field generated about rotor
14, fall into framework 88 and pass directly
therethrough to be deposited on a conveyor
belt 96. Belt 96 has a plurality of longitu-
dinal ribs on the surface thereof which divide
the belt into a plurality of longitudinal com-
partments 98, 100 and 102, Belt compart-
ments 98, 100 and 102 are disposed below
open framework compartments 90, 92 and
94, respectively, for receiving the separated
materials after they have passed through the
framework. The material of higher mag-
netic susceptibility falls into and through
compartment 94 and is received by belt
compartment 102, while the slightly mag-
netically susceptible material falls into and
through compartment 92 and is received by
belt compartment 100, and the nonmagnetic-
ally susceptible material falls into and
through compartment 90 and is received by
belt compartment 98. Conveyor belt 96
continuously transports the separated ma-
terials from within magnet 12 to storage
bins, shipping drums, or other suitable con-
tainers. .

As will be evident, the separation pre-
formed by separator 86 is identical in all
material respects to the highly efficient se-
paration preformed by separator 10, em-
bodying all of the operational advantages
thereof. o

While two specific embodiments of the
apparatus of the invention have been des-
cribed with particularity, it is recognized
that various modifications thereof will occur
to those skilled in the art. Therefore, the
scope of the invention is to be limited solely
by the scope of the claims appended hereto.

patign ofpthe rotor, the feeding means be-

mg operablé to impart to the materials a
vibratory motion baving a vertical as well 85
as a horizontal velocity component so that
the materials will not become stratified on

the feeding. means, whereby the material of
relatively : higher magnetic susceptibility is
attracted upwardly toward the said rotor 90
and is propelled outwardly therefrom along

a path vertically inclined from the said hori-
zontal path while the material of relatively
lower magnetic susceptibility continues to
move along the said horizontal path after 95
passing from between the lower pole face
and the rotor, and means for separately col-
lecting the materials of relatively higher and
lower magnetic susceptibility.

2. The apparatus as recited in claim 1, 100 \
wherein said magnet is substantially toroi-
dal-shaped.

3. The apparatus as recited in claim 1,
wherein said magpet is an electromagnet
having a metallic core and at least one ener- 105
gising coil disposed about said core adja-
cent the gap defined by the pole faces.

4. The apparatus as recited in claim 3,
wherein said core is made of an iron alloy.

5. The apparatus as recited in claim 1, 110
wherein said feeding means comprises; a
substantially horizontally disposed tray ex-
tending between said lower pole face and
said rotor, and- means for vibrating said tray,

6. The apparatus as recited in claim 5, 115
wherein said tray is made of a nonmagnetic-
ally permeable material.

7. The apparatus as recited in claim 5,
wherein said tray extends beyond said lower
pole face and said rotor in the direction of 120
feeding materials therebetween and has an
opening in the bottom thereof through which
the material of relatively lower magnetic sus-
ceptibility falls for separate collection after
passing from between the lower pole face 125
and the rotor.

8. The apparatus as recited in claim 1,
wherein said rotor has a plurality of ridges
formed on the surface thereof.

9. The apparatus as recited in claim 1, 130
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