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MAGNETIC SEPARATOR AND METHOD 

OF SEPARATING MATER ALS 
Francis H. Clute, Rocky Ford, Colo., assignor to The 

Clute Corporation, Rocky Ford, Colo., a corporation 
of Colorado 

Filed Nov. 12, 1957, Ser. No. 695,744 
7 Claims. (CI. 209-214) 

This invention relates to the field of magnetic segrega 
tion, and has for its principal object the presentation of 
an improved system differing essentially from those here 
tofore known by virtue of the fact that it contemplates 
the automatic separation of substances from materials, 
the collection of the removed substances, and the ulti 
mate direction of the collected substances to a point of 
use or packaging, all automatically and for the most part, 
without operator attention. 

It is realized of course, that the field of magnetic seg 
regation, especially in the preparation of ore, is, in its 
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broad sense, highly developed. In the processes here 
tofore known by me, the more valuable minerals are 
separated from the waste material and from each other 
by the use of magnets and in the usual type of segregator, 
it becomes an easy matter to separate the non-magnetic 
from the magnetic, and the weakly magnetic from the 
strongly magnetic by weakening or strengthening the 
magnetic field. 
While such broad principles are employed in part in 

the apparatus forming the subject matter of the instant 
invention and in carrying out the novel method herein 
after described, no satisfactory means has heretofore 
been developed for conveying the materials through the 
magnetic fields, nor has any suitable means been sug 
gested for quickly and easily directing the separated sub 
stances to points of use or packaging. In conventional 
ore separators, a belt conveyor is employed to carry the 
ores below a magnet and the latter in turn raises the mag 
netic ore to another belt at right angles to the first. 

It has been found that when apparatus of the afore 
mentioned nature is employed in the art of magnetic seg 
regation, such belts, revolving wheels or other contriv 
ances, fail to effect proper separation because of inherent 
defects including not only the adverse results emanating 
from the existence of static electricity, but tendency of 
the materials to channel and, therefore, not be adequate 
ly and fully attracted toward the source of magnetic en 
ergy as is desired. 

Accordingly, while magnetic separators have obvi 
ously been widely used in separating iron from matters, 
such as iron filings from those of brass; scraps of nails 
or wire from wheat, etc.; and iron particles from ore in 
powder, there has, to my knowledge, never heretofore 
been developed a satisfactory apparatus or method ca 
pable of segregating substances other than the metallics 
which are clearly capable of being attracted by a mag 
netic body. 
The instant invention finds its basis in the early com 

prehensive classification of all substances into magnetics 
and diamagnetics, coupled with the growth of scientific 
investigations since that time and the present state of 
knowledge regarding magnetism. Therefore, the term 
"magnetic substances' as herein used is intended to in 
clude any and all substances susceptible to the action 
of a magnetic body, e.g. one having the ability to exert 
a force on such substances. 

In this connection, it has long since been recognized 
that nearly all materials have an inherent ionization and 
that all substances may be divided into two general 
classes, namely, conductors and non-conductors. Fur 
thermore, while electromagnets such as those employed 
in the instant invention and hereinafter more fully de 
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scribed, are widely used where it is desired to cause a 
temporary force action, it will become apparent as this 
specification progresses, that I have employed these in 
strumentalities in a novel manner and combined the same 
with structural components, as well as with certain fun 
damental principles in a way to produce new and advan 
tageous results. 

In light of the foregoing, it now becomes apparent 
that it is not intended that the instant invention be limited 
to the removal of metallic substances from materials, but 
contemplates removal of any magnetic substance, for ex 
ample, seeds, wherein it is desired to present an end 
product that is free of all foreign matter including those 
seeds which have for some reason or other, lost all or 
substantially all, of their germinating characteristics. 
The invention is also capable of being logically extended 

into the color spectrums when the latter is studied ob 
jectively from the viewpoint of a wave phenomenon. To 
the physicist, all visible and invisible emanations are re 
garded as electromagnetic waves differing essentially in 
wave length alone. With that in mind, it is manifest that 
substances having characteristics which cause the same 
to produce emanations of differing wave lengths and dis 
tinguishable for the most part only by differences in 
color, may be separated through use of the instant inven 
tion. 

With the above basic understanding of the field to 
which the instant invention relates and the intended 
scope thereof, it is now clear that the most important 
object of the present invention is to provide for better 
handling of the materials containing the magnetic sub 
stances to be removed therefrom, and for improved means 
of handling the substances themselves after removal and 
when it is desired to direct the same to a point remote 
from the magnetic field and the materials initially 
handled. 
Another important object of the present invention is 

to provide an improved magnetic separator that makes 
use of an air stream for moving the materials through a 
magnetic field to thereby not only eliminate the inherent 
difficulties above referred to with respect to static charges, 
but to constantly agitate or disperse the materials through 
the magnetic field many times during the conveying op 
eration to the end that all, or virtually all, of the sub 
stances which are to be recovered are, in fact, separated 
and not permitted to leave the magnetic field with the 
bulk of the materials being handled. 
Another important object of the present invention is 

to provide apparatus capable of carrying out the method 
of the instant invention which contemplates the tempo 
rary creation of a magnetic field so as to attract the 
desired substances from the materials, collect the same 
and ultimately discharge the substances all automati 
cally as the field is alternately created and dissipated or 
eliminated. 
A further object of the present invention is to combine 

the electromagnetic principles above set forth and the air 
stream means of material conveyance with a gravity dis 
charge of the removed substances in a direction opposite 
to, as well as laterally from, the direction of ascetin of 
the material in the air stream itself. 
A still further important object of the present inven 

tion is to employ all of the principles above set forth in 
a manner to permit grading, i.e., separate removal of sub 
stances from the material differing magnetically, all 
though employment of spaced, magnetic fields extending 
into the air stream and having differing intensities, or 
extent of attraction. - - - -. 

. Many additional objects relating not only to the appa 

of will be made clear or become apparent as the following 
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specification progresses, reference being had to the accom 
panying drawings, wherein: 

FIG. 1 is a fragmentary, vertical, cross-sectional view 
showing a magnetic separator made according to one form 
of the instant invention and capable of separating mate 
rials pursuant to the method contemplated thereby. 

FIG. 2 is a fragmentary, cross-sectional view taken o 
line I-II of Fig. 1. 

FIG. 3 is a schematic wiring diagram showing the elec 
trical components of the separator. 

FIG. 4 is an elevational view of a modified form of mag 
netic separator capable of carrying out the aforementioned 
method. 

FIG. 5 is a fragmentary, cross-sectional view taken at 
right angles to FIG. 4; and 

FIG. 6 is a fragmentary, elevational view partially bro 
ken away and in section showing another embodiment of 
the instant invention, 

In FIGS. 1-3 of the drawings there is shown a mag 
netic separator that includes tubular structure consisting 
essentially of an air flow tube 10, vertically disposed and 
provided with an air inlet opening 12 in direct communi 
cation with the atmosphere and conveniently disposed at, 
or forming the lowermost open end of tube 10. 
As depicted in FIG. 1, the opposite end of tube 10 is 

coupled with any suitable source of suction not shown, 
and, therefore, when material to be separated is intro 
duced into the tube 10, it will obviously flow vertically 
toward the source of suction with the air stream and under 
influence thereof. To this end there is shown in FIG. 1, 
an inlet hopper 14 communicating with the tube 10 above 
the open end 12 thereof, for receiving the material 16 
that is directed into hopper 14 by a conduit or the like 18. 

In the embodiment shown in FIGS. 1-3 there is pro 
vided a pair of opposed chambers 20 and 22 alongside 
the tube 10 and communicating therewith by virtue of 
openings 24 and 26 respectively, formed in tube 10. 
The chambers 20 and 22 are elongated in this embodi 
ment of the invention and disposed in parallelism with 
the tube 10. They are presented by use of arcuate pipe 
like attachments or extensions 28 and 30 respectively, 
rigidly secured to the outerface of tube 10 as by welding. 
The upper ends of the extensions 28 are provided with 
closures 32 joining with tube 10, but each extension 28 
and 30 is provided with a laterally and downwardly ex 
tending outlet spout 34 at its lowermost end. It is to 
be preferred that the bottom wall 36 of each spout 34, 
extend inwardly into the tube 10 presenting baffles 38 
tending to deflect the upwardly flowing material 16 in 
wardly toward the axis of the tube 10, thereby preventing 
the material 16 from entering the chambers 20 and 22 
by the force of the air stream itself. 

Each spout 34 is provided with a vertically swingable 
gate 40 that is normally held closed by force of gravity 
or other yieldable means operably connected therewith. 

Opposed magnetic fields within chambers 20 and 22 and 
extending into the air stream within tube 10, are created 
preferably through use of devices 42 and 44 capable of 
transforming electric energy into magnetic energy. Elec 
tromagnetic devices 42 and 44 include cores 46 of soft 
iron or the like in the usual manner, in engagement at 
the ends thereof with elongated bars 48 suitably attached 
to corresponding extensions 28 and 30 therewithin-of any 
desired configuration such as illustrated in FIG. 2. 

Manifestly, the bars 48 are made from magnetic mate 
rial capable of attracting magnetic substances 50 thereto 
when the separator is placed in tise. Electromagnets 42 
and 44 include additionally, conventional windings 52 
operably coupled in the comparatively low voltage cir 
cuit shown by FIG. 3 with primary lines 54 and 56 that 
are in turn coupled with a source of electric energy not 
shown. Obviously, conventional magnetic wire, provided 
with a relatively thin insulating cover, may be employed 
in producing the coils 52 and the power or “pul” of the 
electromagnets 42 and 44 will depend upon the current 
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4. 
in amperes, as well as the number of turns (ampere turns) 
which produce the magnetic lines of force. It is recog 
nized in the instant invention that a reduction of current 
requires a greater number of turns and that with a "fixed' 
conductor size, the aforementioned insulation of the con 
ductors has much to do with the winding space required 
for each electromagnet. The winding space will vary in 
accordance with the type and amount of insulation neces 
sary to provide adequate protection in the over-all assem 
bly of the separator. Manifestly, by increasing the 
strength of the current and the number of turns of wire 
forming a part of the coils 52, the strength of the mag 
netic field may be increased and with such knowledge the 
strength may be readily computed. 

There is also illustrated in FIG. 3 of the drawings, one 
type of arrangement that may be employed to alternately 
energize and de-energize the magnets 42 and 44. It in 
cludes switch means 58 and 60 within the circuits for 
magnets 42 and 44 respectively, and having a rotatable 
can of the like 62 located therebetween and driven by a 
prime mover 64 that is likewise operably coupled with 
the lines 54 and 56. Upon closing the master switch 
means 66 to energize the electric motor 64 and close the 
circuits for the magnets 42 and 44, the cam means 62 will 
be placed into continuous operation and as node 68 of 
cam means 62 alternately engages the switches 58 and 60, 
the circuits for the magnets 42 and 44 will be alternately 
de-energized. Although, as shown in FIG. 3, both mag 
nets 42 and 44 are normally energized and the circuits 
therefor are only momentarily de-energized during con 
tinuous rotation of the cam means 62, nodal means 68 
may be formed in such manner as to at all times maintain 
one of the magnets de-energized during the alternate ener 
gization and de-energization of the two circuits. This 
fact is mentioned because it is contemplated that either 
of the magnetic fields shall be of sufficient intensity to 
remove all of the magnetic substances 50 from the ma 
terial 16 that are capable of being attracted from the air 
stream when a field of predetermined intensity is created. 

In operation, therefore, material 16 is continuously fed 
into the tube 10 and is carried upwardly in the air stream 
to traverse the magnetic field or fields as the case may be. 
Magnetic Substances will move into the chambers 20 and 
22 when both magnets 42 and 44 are energized by virtue 
of the attractive power of the magnetized bars 48 and 
Such substances 50 will collect on the inner faces of the 
bodies 48 as the remainder of the material continues to 
rise and flow toward the source of suction. 

Air is normally prevented from entering the tube 10 
via spouts. 34 since the gates 40 are normally closed. 
However, when the magnets 42 and 44 are de-energized to 
demagnetize the bodies 48 and thereby eliminate the 
fields, the substances 50 will fall by gravity into the cor 
responding spouts 34 and ultimately discharge therefrom 
as the weight of the substances 50 swing gates 40 to the 
open position. 

Manifestly, the time factor, i.e., the time necessary for 
bodies 48 to become demagnetized, thereby releasing the 
substances 50, and the time that is required for the sub 
stances 50 to gravitate through spouts 34, will govern the 
nature of the node 68 and, therefore, the length of time 
that either of the switches 58 or 60 is held open thereby. 
It is for this reason that it is hereinabove pointed out 
that it may be more desirable to only energize one of the 
magnets at a time and to provide a field intensity such as 
to not require energization of both magnets in order to 
remove all of the substances 50 from the material 16. 
On the other hand, there is an advantage in using opposed 
fields operating in opposite directions in order to assure 
complete removal of such substances 50 as may be desired. 

In connection with all of the above, it is to be noted 
that there is virtually a complete absence of static elec 
tricity, since the movement of the material is directly 
away from the earth and does not therefore sever as 
many lines of magnetic force with as much velocity, but 
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such that may exist will have no adverse effect upon the 
attractive power of the two magnets which are rendered 
temporarily magnetic by the passage of a current of elec 
tricity through the coils of wire 52 surrounding cores 46. 
Furthermore, when an air stream is created within a circu 
lar tube such as hereinabove described, there is an in 
herent tendency to whirl or continuously disperse all of 
the substances 50 through the materials 16 during the 
ascent in tube 10. Such action of separating the sub 
stances 50 within the air stream enhances the action of 
the fields and permits the same to prevent loss of the Sub 
stances 50 by passage from the fields to the source of 
suction. 

In FIGS. 4 and 5 of the drawings, there is illustrated 
one way in which the principles of the instant invention 
may be incorporated in a material separator in the nature 
of that disclosed and claimed in my U.S. Letters Patent 
No. 2,808,151, dated October 1, 1957, such disclosure 
being incorporated herein by reference for a better under 
standing of the way in which the magnetic separating 
means of the instant invention cooperates with the air 
separating principles of said patent. 

In FIG. 4 of the drawings the numeral 100 designates 
broadly the separator of said patent having three pas 
sages therein for flow of air upwardly from inlet 102 as 
described in said patent. Conduit 104 is employed to 
direct materials into hopper 106 and, therefore, into the 
vertically moving air stream precisely as contemplated in 
FIG. 1. Spouts 108 and associated gates 110, may be 
identical in form and purpose to spouts 34 and gates 40 
illustrated in FIG. 1. The cyclonic action developed in 
the suction leg causes each particle to separate from every 
other particle and therefore prepares the material for 
magnetic separation, overcoming the disadvantages found 
in belts, revolving wheels, etc., wherein the material to be 
Separated tends to channel. 
At the lowermost end of the separator 100, there is 

provided a pair of magnetizable bars or bodies 112 dis 
posed one on each side of the air stream within chambers 
114 and 116. Manifestly, electromagnetic means (not 
shown) is employed for each bar 112 respectively in 
engagement therewith in a manner similar to FIG. I. 
The operation of the embodiment shown in FIGS. 4 

and 5 is, therefore, essentially the same as above de 
scribed with respect to the embodiment illustrated in 
FIGS. 1 to 3. In other words, during ascent of the ma 
terial, substances will be removed therefrom by the mag 
netic attraction of bars 112 and when the latter are de 
magnetized, such magnetic substances collected on the 
bars 112 will gravitate to the spouts 108. 

However, it is to be noted that further separation is 
made within the separator 100 in accordance with differ 
ences in specific gravities as taught by my aforementioned 
patent. Therefore, with a given amount of material flow 
ing into the combined magnetic and air separator shown 
in FIGS. 4 and 5, a rather large number of substances 
differing magnetically, as well as by weight, may be 
separated and graded, presenting products having various 
uses all depending upon the field to which the invention 
is to be adapted. 

In FIG. 6 of the drawings I have shown how either the 
separator 10 or 100 might be still further modified to 
extend the uses and efficiencies thereof so far as grading 
is concerned. 

Air flow tube 200 is vertically disposed as in the case 
of FIG. 1, air emanating from the atmosphere entering 
via inlet 202 and traveling toward a source of suction now 
shown. Here again, the material to be separated may be 
fed into hopper 204 in any suitable manner. 
Two or more magnetic separating assemblies broadly 

designated by the numerals 206 and 208, may be pro 
vided for the tube 200 and spaced vertically therealong. 
Since the assemblies 206 and 208 are identical, only one 
will be described. A plurality of vertically disposed, 
elongated, magnetizable bars or bodies 210 are arranged 
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6 
in surrounding relationship to the tube 200, preferably 
equally spaced, and, therefore, since four of such bars 210 
are provided for each assembly 206 and 208 respectively, 
air spacing may be 90. 

Each bar 210 is magnetized through employment of 
one or more electromagnets 212 for each bar 210 re 
spectively, substantially as shown in FIG. 1. Each bar 
210 is disposed within a corresponding chamber 214 for 
creating a magnetic field therewithin which extends into 
the air stream of tube 200. Similarly, each bar 210 has 
an associated outlet spout 216 having a normally closed 
gate 218 precisely as previously described. 
One or more electric circuits similar in nature to that 

shown in FIG. 3, may be provided to energize the elec 
tromagnets 212 and means provided therein for alternate 
magnetization of associated bars 210 and periodic elim 
ination of their magnetic fields. 
In this connection it may be desirable in each unit 206 

and 208 respectively, to first magnetize one pair of op 
posed bars 210 and thereupon demagnetize the same 
while the other diametrically opposed pair of bars 210 
are magnetized. 

In any event, the purpose of providing a series of the 
assemblies 206 and 208 is to permit the creation of mag 
netic fields of differing strengths or intensities which may, 
if desired, become progressively stronger as the upper 
most of the series of assemblies is approached. 
Thus, electromagnets 212 for the assembly 208 may be 

chosen so as to produce a relatively low intensity mag 
netic field so as to remove one class of magnetic sub 
stances. The next succeeding unit 206 thereabove will 
be capable of producing a magnetic field of higher in 
tensity so that the substances removed therefrom differ 
from those removed by each of the fields in the unit 208. 
In all other respects the separator shown in FIG. 6 may 
operate essentially the same as the embodiments previ 
ously described. 
Another important feature of the instant invention 

has to do with the way in which the process of separation 
above described tends to dry the materials because of 
the movement thereof within air at a reduced pressure. 
Manifestly, this aids in the preparation of the material 
for proper and satisfactory separation. 
Again with respect to node 68 shown in FIG. 3 of the 

drawing, many forms and types thereof may be selected 
to suit the desires of the operator, for example, both cir 
cuits may be energized for 185 of the cycle of rotation 
of element 62 and deemergized for 175 of rotation 
thereof. It may be desirable in many applications to 
energize both circuits for a predetermined period of time 
and thereupon during the remainder of the cycle to ener 
gize the two circuits alternately. These suggested modi 
fications of the invention and others come within the spirit 
thereof and it is therefore desired to be limited only by 
the scope of the appended claims. 

Having thus described the invention what is claimed as 
new and desired to be secured by Letters Patent is: 

1. The method of separating from granular materials, 
substances contained therein and possessing the property 
of being attracted by a magnet, said method comprising 
the steps of magnetizing a plurality of spaced magnetic 
cores, the intensities of the magnetic forces in the mag 
netic fields produced by the magnetic cores being dif 
ferent; feeding said materials into an air stream; directing 
said materials through said fields in successive order and 
along a path of travel remote from the cores to pull the 
substances out of said path of travel; demagnetizing said 
cores to eliminate the fields; and directing the substances 
attracted by the cores to separate points remote from the 
fields and remote from said path of travel. 

2. The method of separating from granular materials, 
substances contained therein and possessing the property 
of being attracted by a magnet, said method comprising 
the steps of producing a vertically rising air stream; feed 

75 ing said materials into the air stream for movement 
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thereby; magnetically attracting said ascending substaaces 
out of the air stream and collecting the same on opposed, 
upright surfaces remote from said air stream; and alter 
nately releasing said substances first from one surface and 
then from the other surface for gravitational flow from 
said surfaces to points remote from the air stream. 

3. The method of separating from granular materials, 
substances contained therein and possessing the property 
of being attracted by a magnet, said method comprising 
the steps of producing a vertically rising air stream; feed 
ing said materials into the air stream for movement there 
by; magnetically attracting certain of said ascending sub 
stances out of the air stream and collecting the same on 
a first pair of opposed, upright surfaces remote from said 
air stream; magnetically attracting additional ascending 
substances of differing magnetic characterisites out of the 
air stream and collecting the same on a second pair of 
opposed upright Surfaces disposed above said first pair of 
surfaces and remote from said air stream; and releasing 
said substances for gravitational flow from said surfaces 2 
to separate points remote from the surfaces and the air 
Stream. . 

4. Apparatus for separating from granular materials, 
Substances contained therein and possessing the property 
of being attracted by a magnet, said apparatus comprising 
a magnetic core; means for producing an air stream, 
means for feeding said materials into said air stream; 
means for directing said materials through the magnetic 
field produced by said core and along a path of travel 
remote from said core whereby said substances are at 
tracted by said core and move out of said air stream into 
engagement with said core; means for demagnetizing said 
core to eliminate the field; and means for directing the 
substances attracted by the core along a course remote 
from the path of travel to a point remote from the field. 

5. Apparatus for separating from granular materials, 
substances contained therein and possessing the property 
of being attracted by a magnet, said apparatus comprising 
a plurality of spaced magnetic cores, the intensities of the 
magnetic forces in the magnetic fields produced by the 
cores being different; means for producing an air stream; 
means for feeding said materials into said air stream; 
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Ileans for directing said materials through said fields in 
Successive praer and along a path of travel remote from 
the cores; means for demagnetizing said cores to eliminate 
the fields; and means for directing the substances attract 
ed by the cores to separate points remote from the fields. 

6. Apparatus for separating from granular materials, 
Substances contained thereia and possessing the property 
of being attracted by a magnet, said apparatus comprising 
tubular structure adapted to receive a vertically rising air 
Stream; means for feeding said materials into said struc 
ture for movement by said air stream; an upright surface 
adjacent said structure exteriorly thereof and remote from 
said air stream; electromagnetic means disposed to mag 
netically attract said ascending substances out of the air 
Strean) and collect the same on said upright surface as 
said air stream continues to use; and means for deener 
gizing said electromagnetic means to release said sub 
stances for gravitational flow along a course remote from 
the air stream to a point remote from said surface. 

7. Apparatus for separating from granular materials, 
substances contained therein and possessing the property 
of being attracted by a magnet, said apparatus comprising 
an upright tube adapted to receive an air stream; means 
for directing said materials into the tube for ascent there 
through under the influence of the force of said air 
stream; structure presenting a chamber laterally remote 
from said air stream communicating with the tube; an up 

netic means for magnetizing said member to create a 
magnetic field extending into the air stream; and means 
for deflecting said ascending substances to a point remote 
from the air stream upon deenergization of said electro 
magnetic means and consequent release of substances col 
lected on said member for gravitational flow therefrom. 
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