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This application relates to magnetic separation appara 
tus and treating methods involving magnetic separation. 
Broadly the invention relates to the separation of ma 
terials having different magnetic susceptibilities entrained 
in a ?uid ?owing in a moving magnetic ?eld. Speci?cally 
the invention has utility in ?otation separation, convey 
ing and like processes and apparatus in which magnetic 
material, generally ?nely divided, is employed to increase 
the buoyancy or apparent speci?c gravity of a liquid 
medium which is used for the treatment or conveying of 
bulk material. 

In the speci?cation and drawing the invention is illus 
trated in connection with cleaning of coal by the ?otation 
process, but it will be understood that the invention has 
other possible and equally important applications. 

Coal, as mined, has mixed with it slate and other 
foreign matters which are referred to generally as gangue 
which is separated from the coal before marketing. In 
the ?otation process of cleaning coal, the coal, as mined, 
is discharged into a suitable receptacle containing the 
?otation treating liquid upon which the coal ?oats, the 
heavier materials comprising the gangue sinking to the 
bottom. The coal, free of gangue, is then removed 
from the surface of the ?otation liquid. 
The ?otation liquid, for the intended purpose, has a 

speci?c gravity greater than that of the coal and a less 
speci?c gravity than those portions of the material to be 
separated from the coal, whereby the coal will ?oat on 
the liquid and the materials to be separated will sink in 
the liquid. The ?otation liquid is water having en 
trained therein ?nely divided solid materials which are 
insoluble in water and whose speci?c gravity is high 
enough so that the resultant mixture has the desired 
speci?c gravity for the purpose. Heretofore the pro 
cedure was to introduce into the water ?nely divided 
magnetic material such as magnetite or ferrosilicon and 
after use to magnetically separate the magnetic material 
from the water and return it for re-use. It has been 
found, however, that during such magnetic separation the 
material ?occulated, thereby rendering it un?t for further 
re-use, until the material had been de?occulated. 

In the present invention, one of the advantages is that 
the magnetic material is not ?occulated during separation 
and, therefore, may be immediately returned for re-use 
without further treatment. In the present method of 
recovering the substantially magnetic material from the 
liquid comprises ?owing the liquid in a stream or through 
a conduit and impelling toward one side of the stream or 
conduit the magnetic material by a moving magnetic 
?eld and then separately collecting the magnetic material 
and the substantially magnetic material free liquid. I 
found it desirable that the magnetic ?eld move parallel 
to the direction of ?ow of the liquid and that the speed 
of movement of the magnetic ?eld approximate the speed 
of ?ow of at least that portion of the liquid containing 
the magnetic material. Preferably, a polyphase alternat 
ing magnet located alongside the conduit provides the 
magnetic ?eld. Such a magnet has the characteristic 
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that the ‘magnetic ?eld moves along the conduit. . The 
magnet is designed and wound so that the magnetic ?eld 
advances along the conduit in the same direction as the 
?ow of the liquid within the conduit and at the desired 
speed. The magnetic material is thus impelled by the 
magnet, preferably being attracted toward it, which 
promotes the desired separation. 

With such a magnet the magnetic material not becom 
ing permanently magnetized the parties have no attrac 
tion one to the other and thus preventing ?occulation. 
For the purposes of illustration the magnetic material 

containing liquid is ?owed generally horizontal so that 
the magnetic material within the liquid is drawn down 
wardly within the liquid by a magnetic ?eld which is 
moving in the direction of ?ow. Thus substantially mag 
netic material free liquid is delivered from above the 
downwardly drawn magnetic material. 

It has been found that all of the material within the 
conduit, when so treated, will not move at the same 
velocity. One cause of this is that the magnetic material 
being drawn toward one side of the direction of ?ow 
tends by reason of the increased viscosity of that portion 
of the liquid to be slower than at the opposite side. The 
maximum velocity of the stream ?owing within the con 
duit is therefore near the geometric center thereof with 
the minimum velocity adjacent the side of the conduit 
nearest the magnet. It is desirable, therefore, that the 
magnetic ?eld of the magnet moving along the side of 
the conduit at a speed approximately equal to the speed 
of ?ow of the contents of the conduit which contains the 
magnetic material. Optimum e?iciency is obtained by 
this method. ‘ 
The intensity of the magnetic ?eld created by any mag 

net decreases rapidly as the air gap distance ‘from the 
face of the pole of the magnet increases, There is an 
economic limit to the magnetic ?eld intensity at the base 
of the. pole due to the change in the magnetic properties 
of the iron ore under high magnetic ?ux densities, to the 
problem of cooling the magnet and to leakage of ?ux 
which does not pass through the face of the poles. 
These factors make it desirable to restrict the distance 
from the magnet to the fartherest removed magnetic 

.material at the zone of entry into the magnetic ?eld. 
Once the magnetic material is in sufficiently intense mag 
netic ?eld to prevent it leaving‘the proximity of the 
magnet, the dimension of the conduit parallel to the 
direction of the magnetic attraction may be increased 
without appreciably affecting the operation of the unit. 

It is desirable, therefore, to con?ne the dimension of 
the stream parallel to the direction of magnetic attraction 
to a minimum in the zone of entry of the stream into the 
magnetic ?eld and increase that dimension in a zone 
advanced in the direction of ?ow relatively to the ?rst 
mentioned zone. Preferably the cross-sectional area of 
the stream is designed so that the velocity of ?ow of the 
portion of the stream containing the magnetic material 
is substantially equal to the speed ofmovement of the 
magnetic ?eld along the conduit. To this end I may 
pre-determinedly increase in the direction of ?ow the 
dimensionof. the stream which is parallel to thedirec 

, tion of magnetic attraction and decrease in the direction 
of ?ow the dimension of the stream normal to the dimen 
sion which is parallel to the direction of magnetic attrac 
tion. To reduce energy losses at the point where the 
stream divides near the end of the magnetic ?eld, it is 
desirable to employ ‘a relatively large dimension of the 
stream parallel to the direction of magnetic attraction at 
that point. Afurther advantage of increasing the dimen 
sion of the stream parallel to the direction of magnetic 
attraction at thedivision point is that a better separation 
of magnetic material and magnetic materialfree‘ liquid 
is effected. ' 



. . _ 3 , 

For most effective separation the concentration of mag 
netic material in the liquid may be controlled by re 
circulating a portion of either the component containing 
the magnetic material or the magnetic material free com 
ponent of the liquid. It is desirable that the' magnetic 
material along the side of the conduit adjacent the mag 
net form a low resistant circuit for the magnetic flux 
and the concentration of magnetic material in the liquid 
‘is controlled with this end in view. The less magnetic 
material in the liquid before the greater is the resistance 
in the magnetic circuit due to the small dimension of 
the portion of the stream occupied by the magnetic ma 
terial. vThe more magnetic material in the liquid the 
greater is the tendency for the conduit to clog and the 
more of the magnetic material is admixed with the de 
sirably magnetic material free liquid. 

I provide an improvement in the treatment of bulk 
material in which the bulk material is admixed with 
liquid and ?nely divided magnetic material and subse 
quently separated therefrom, which comprises the steps 
of magnetically separating a portion of‘ the liquid from 
the ?nely divided magnetic material contained therein 
while maintaining ?nely divided magnetic material in 
de?occulated state and returning the de?occulated ?nely 
divided magnetic material for re-use. An alternating 
current magnetic ?eld effects the desired separation with 
out causing ?occulation of the magnetic material. The 
separated liquid may be returned for re-use and may be 
?ltered en route. The separated liquid may be employed 
for washing the bulk material. In a preferred treatment 
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Fig. 6 is a fragmentary cross-section view to enlarged 
scale taken in the plane VI—VI of Fig. 5. 

Referring now more particularly to Figure 1, there is 
shown a fragment of a reservoir designated generally 

- by reference numeral 2 and which has a sloping bottom 
as shown. In the portion of the reservoir which ap 
pears in Fig. 1 is a ?otation liquid 3 on which ?oats 

. coal 4. The reservoir 2 may be the tank of coal washer 
or it may be the delivery terminus of a pipe line through 
which coal has been delivered in the ?otation liquid as 
a carrier. in either event the ?otation liquid 3 consists 
of water and ?nely divided magnetic material; I prefer 

» to employ magnetite as the ?nely divided magnetic ma 

15 
terial. The purpose of the magnetite is to increase the 
buoyancy or apparent speci?c gravity of the water to 
the point that the coal will ?oat upon it while the gangue 
or other material to be separated from the coal will sink 
to the bottom. If the reservoir 2 is a coal washer tank 
the gangue will have sunk to the bottom at the portion 
of the tank to the left of the portion shown in Fig. 1 
for removal in any desired or conventional manner. 
There is provided an endless ?ight conveyor 5 which 

, passes about a sprocket 6 which turns in the clockwise 

25 

30 
I lift the bulk material out the admixed liquid and , 
?nely divided magnetic material withdraw a portion of 
the admixed liquid and ?nely divided magnetic material, 
magnetically separate the withdrawn liquid from the 
?nely divided magnetic material contained therein while 
maintaining the ?nely divided magnetic material in de 
?occulated state, return the de?ocoulated ?nely divided 
magnetic material for re-use, employ the thus separated 
liquid for washing the bulk material which has been lifted 
out of the admixed liquid and finely divided magnetic 
material and conduct the washing liquid back into the ad 
mixed liquid and ?nely divided magnetic material. 

{I also provide, in a ?otation or like process in which 
?nely divided magnetic material is employed to increase 
the buoyancy of a liquid treating medium, the steps of 
separating a portion of the liquid from a ?nely divided 
magnetic material contained therein by an alternating 
current magnetic ?eld and returning the thus separated 
?nely divided magnetic material for re-use. This sep 
aration is preferably effected magnetically while main 
taining the ?nely divided magnetic material in de?oc 
culated state as above described. 

I further provide apparatus for carrying out in improved 
manner the novel methods above referred to and which 
will be more fully described below. 

In the accompanying drawings I have shown certain 
present preferred embodiments of the invention and 

40 

have illustrated certain present preferred methods of ‘ 
practicing the same, in which: 

Fig. 1 is a diagram generally in the form of a vertical 
cross-section illustrating a coal ?otation process and ap 
paratus; _ 

Fig. 2 is a plan view to enlarged scale of the separat 
ing conduit of the apparatus illustrated in Fig. 1 with 
the coil assembly shown in connection therewith; 

Fig. 3 is a vertical cross-sectional elevation through 
the conduit shown in Fig. 2 with the coil assembly shown 
in section adjacent to the coil supporting core. 

Fig. 3a is a view of the circuit diagram illustrating 
current ?ow through the magnets of Figs. 2 and 3; 

Fig. 4 is a more or less diagrammatic fragmentary 
view of another form of separator; 

Fig. 5 is a similar view of still another form of sep 
arator; and ' 

70 

direction viewing Fig. 1 when the apparatus is in use. 
As the conveyor operates it lifts the coal out of the liquid 
and delivers it to a transverse belt conveyor shown in 
cross-section at 7. If the reservoir 2 is a coal washer tank 
the opposite portions of the tank (i.e., that portion not 
shown in Fig. 1) has an inclined bottom like the por 
tion shown but inclined in the opposite direction and the 
endless conveyor 5 extends from the bottom of the tank 
to a portion above the tank wall at each end. The 
flights of the ?ight conveyor may be employed to push 
the gangue and other matter to be separated from the 
coal upwardly along the opposite inclined bottom por 
tion of the tank to discharge the same from the tank, 
one conveyor thus serving to deliver the coal at one 
side of the tank and the gangue at the opposite side. 
Such an arrangement is conventional and does not con 
stit-ute my invention. 

1 provide a conduit or separator for separating water 
from magnetite. The conduit is designated 8 and is 
shown to large scale in Figs. 2 and 3. Beneath the con 
duit 8 is a polyphase alternating current magnet 9 (Fig. 
l) which is disposed close to the under surface of the 
conduit 8 and which operates in known manner to pro 
duce by alternating current a magnetic ?eld tending to 
draw downwardly the particles of magnetite, the mag 
netic ?eld at the same time moving toward the right, 
viewing Fig. ‘1. Those skilled in the electrical art know 
that by proper Winding and proportioning of the magnet 
coils provision can be made for creating a magnetic ?eld 
of desired strength and for movement of that ?eld in 
the desired direction at a predetermined speed. Accord 
ingly, one representative circuit arrangement is shown in 
the diagram illustrated in Fig. 3a. Therein, lines x, y 
and z are connected to a source of three-phase alternat 
ing current, not shown. Proper connections for ?fteen 
similar coils a through 0 are illustrated and are such that 
a traveling magnetic ?eld is produced. The core p con~ 
sisting of laminated transformer iron has eighteen slots 
which are ?lled with coils q except for the top halfv of 
the ?rst three slots and the bottom half of the last three 
slots. This feature is simply one of convenience in order 
to standardize on one coil design. 
The windings, best illustrated in Fig. 3a, are so dis— 

posed that each phase produces the resultant magnetic 
?eld which occupies a position 120 electrical degrees 
apart from each of the other phases, and since these 
windings are connected to a three-phase circuit, the cur 
rents in each of them differ by 120 degrees in phase rela 
tion from the current in each of the others. These two 
conditions result in the production of a magnetic ?eld 
of uniform strength which moves at a uniform speed. 
A duct 10 leads from the reservoir 2 at 11 to the en~ 
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trance. end 12 of the conduit 8. A pump 13 is positioned 
in the duct 10 for pumping ?otation liquid from the 
reservoir 2 into the conduit 8. The cross-sectional area 
of the conduit 8 is preferably designed so that liquid 
moves through the conduit in such manner that the por 
tion of the liquid containing the magnetic material ad 
vances at approximately the speed of advance of the 
magnetic ?eld. 
The dimension of the conduit 8 parallel to the direc 

tion of magnetic attraction, i.e., the vertical dimension 
of the conduit in the embodiment shown in Fig. l, is 
con?ned to a minimum in the zone of entry of the 
stream into the magnetic ?eld. This zone is the zone 
adjacent the entrance end of the conduit. At the en 
trance end the conduit is relatively wide in the horizon 
tal direction as shown at 14 in Fig. 2. The purpose 
of con?ning the vertical dimension to a minimum in the 
zone of entry of the stream of liquid into the magnetic 
?eld is to cause all of the liquid to pass as near as pos 
sible to the magnet 9 for the reason explained above. 
The vertical dimension of the conduit 8 gradually in 
creases from left to right and the horizontal dimension 
decreases as shown in Figs. 2 and 3, the cross-sectional 
area of the conduit being designed so that the portion 
of the liquid containing the magnetic material advances 
at approximately the speed of advance of the magnetic 
?eld. The magnet 9 creates a magnetic ?eld which ad 
vances from left to right at a velocity determined by 
the design of the magnet. The magnetic ?eld attracts 
the particles of magnetite, causing them to move to the 
side of the conduit 8 which is against the magnet, i.e., 
the lower side, viewing Fig. 1. As the liquid advances 
through the conduit the magnetite is thus caused to hug 
the bottom of the conduit while substantially magnetite 
free liquid or water moves along the upper part of the 
conduit. Most effective results are obtained when the 
velocity of advance of the magnetic ?eld is substantially 
equal to the velocity of flow of that portion of the 
contents of the conduit 8 containing the magnetite, i.e., 
the lower portion thereof, viewing Figs. 1 and 3. The 
upper portion of the contents of the conduit which is 
substantially magnetite-free water moves somewhat 
faster than the relatively viscous lower part. 
The magnetite is not permanently magnetized or ?oc 

culated by the operation just described. The alternat 
ing current ?eld does not permanently magnetize the 
particles and in addition their orientation is continually 
being interrupted as they tumble over one another and 
turn within the liquid as they pass through the conduit 
8. There is no ?occulation of the magnetite, which 
is delivered from the conduit 8 in the same un?occu 
lated condition as upon entry into the conduit 8. 
The conduit 8 has at its delivery end two delivery 

branches, an upper delivery branch 16 for the substan 
tially magnetite free water and a lower delivery branch 
17 for the magnetite and enough water to make it ?ow 
able (for example, the magnetite and water in the de 
livery branch 17 may be in approximately equal propor 
tions by weight). The upper delivery branch 16 ex 
tends upwardly at an angle of about 45° to the axis 
of the main portion of the conduit 8 and the lower de 
livery branch 17 extends downwardly at a like angle. 
At the junction of the main portion of the conduit 8 
with the delivery portions 16 and 17 is a divider 18 
which projects into the main portion of the conduit 8 
to separate the contents of that conduit, causing part of 
the contents to pass upwardly through the delivery por 
tion 16 and part of the contents to pass downwardly 
through the delivery portion 17. The divider 18 is posi 
tioned to roughly divide the magnetite which is disposed 
at the bottom of the conduit from the magnetite-free 
liquid or water which is disposed at the top of the con 
duit. Of course there cannot be a perfect separation 
between the magnetite and the water but the separation 
is remarkably e?icient and very little magnetite will pass 
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6 
upwardly through the delivery portion 16. Some water 
will pass downwardly through the delivery portion 17 
along with the magnetite but the amount of such water 
will not be great. 
The water passing through the delivery portion 16 

?ows through a conduit 19 to a T 20 where it may flow 
to the right, viewing Fig. 1, past a valve 21 through a 
?lter 22 and by way of pipe 23 back into the reservoir 2. 
The water may pass from the T past a valve 24 and 
through a pipe 25 to a spray head 26 where it may be 
employed for spraying the coal which has been lifted 
out of the liquid in the reservoir 2 to remove any ad 
hering magnetite. As the coal rises above the surface 
of the liquid in the reservoir it is covered with mag 
netite containing liquid which it is desirable to wash off. 
The liquid sprayed onto the coal through the spray head 
26 is substantially clean water virtually free of mag 
netite and effectively washes the coal, rendering it very 
clean as it is delivered to the cross conveyor 7. 
When the spray head 26 is to be used the valve 21 is 

closed and the valve 24 is opened so that the water returns 
'to the reservoir 2 through the spray head. When it is de 
sired to ?lter the water instead of spray it onto the coal 
the valve 21 is opened and the valve 24 is closed and 
the water passes through the ?lter 22 and the pipe 23 
back to the reservoir 2. 
The magnetite delivered through the delivery portion 

17 passes through a pipe '27 and past ‘a valve 28 back to 
the reservoir 2. It is maintained throughout the process 
in de?occulated condition. 

For re-circulating a portion of the separated compo 
nent containing magnetic material for the purpose of 
increasing the concentration of magnetic material in the 
liquid entering the conduit 8 I provide a by-pass 29 ex 
tending from the pipe 27 to the duct 10 at the intake 
side of the pump 13. The by-pass 29 contains a valve 
36 which may be opened to a desired extent to control 
the amount of the component containing magnetic ma 
terial, which is re-circulated. The greater the amount 
or" that component which is re-circulated the greater will 
be the concentration of magnetic material in the liquid 
entering the conduit 8. 

For re-circulating a portion of the separated compo 
nent consisting of substantially magnetic material free 
liquid for the purpose of decreasing the concentration 
of magnetic material in the liquid entering the conduit 8 
I provide a by-pass 31 extending from the delivery por 
tion 16 to the duct 10 at the intake side of the pump 13. 
The by-pass 31 contains a valve 32 which may be opened 
to a desired extent to control the amount of substan 
tially magnetic material free liquid which is re-circulated. 
The greater the amount of that component which is re 
circulated the less will be the concentration of magnetic 
material in the liquid entering the conduit 8. 

Thus by proper setting of the valves 30 and 32 one or 
the other of the separated components may be re-circu 
lated and through that re-circulation the concentration of 
magnetic material in the liquid entering the conduit 8 may 
be controlled for most efficient separation as explained 
above. 
The structure of Figs. 1, 2 and 3 involves a linear ar 

rangement of the magnet and separating conduit. How 
ever the separation can be effected otherwise. For ex 
ample, I may employ a circular magnet similar to the 
rotor used in a conventional polyphase wound rotor in 
duction motor and a separating conduit extending about 
a portion of the periphery of the magnet. Such a con 
struction has the advantage of freedom from the undesir 
able end e?ects of a linear magnet and has the further 
advantage that centrifugal force acts on any particles of 
relatively nonmagnetic material in the arcuate separation 
conduit causing the relatively nonmagnetic material to 
follow the outside of the conduit while the magnetic mate 
rial follows the inside of the conduit. The relatively non 
magnetic material will pass oif with the substantially 
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magnetic material free ?uid. Such a device would be 
highly useful in the bene?ciation of iron ore. 

In Fig. 4 there is shown diagrammatically an apparatus 
which may be employed for the bene?ciation of iron ore 
or in general for the separation of magnetic and non 
magnetic particles contained in a ?uid. There is shown 
at 33 a circular magnet similar tothe rotor used in a con 
ventional polyphase wound rotor induction motor which, 
as is known to those skilled in the art, creates a magnetic 
?eld which advances peripherally about the magnet, the 
magnet being considered as being stationarily mounted. 
The magnet is designed and constructed so that the mag 
netic ?eld advances in a clockwise direction peripherally 
of the ‘magnet viewing Fig. 4. The speed of advance of 
the magnetic ?eld is determined by the design of the mag 
net. 

Disposed about a portion of the magnet 33 is a sep 
arating conduit 34 through which ?uid containing mag 
netic material and also possibly containing relatively non 
magnetic material is adapted to flow in the clockwise di 
rection as indicated by the arrows in Fig. 4. The con 
duit is of minimum dimension radially of the magnet at 
the entering end and the radial dimension gradually in 
creases from the entering end toward the discharge end. 
The transverse dimension of the conduit at right angles 
to the radial dimension is designed so that the cross 
section of the conduit will be such that the magnetic ma 
terial will tend to ?ow through the conduit at about the 
same speed as the speed of advance of the magnetic ?eld 
thcrealong. The conduit 34 is at the discharge end di 
vided into two discharge branches 35 and 36. 
To illustrate the use of the apparatus of Fig. 4 for the 

separation of magnetic and nonmagnetic material carried 
by a ?uid, the ?uid containing the admixed magnetic 
and nonmagnetic material ?ows through the entering end 
of the‘conduit at 37 until the magnetic ?eld created by 
the magnet 33 causes the magnetic particles to move ra 
dially‘ inwardly to lie against the inside of the conduit 
as indicatedat 38. The nonmagnetic particles are not 
attracted by the magnet but tend to move toward the out 
side ’of the conduit due to centrifugal force ‘as they pass 
along the curved conduit“ The nonmagnetic particles 
are designated 39. Thus through a combination of the 
magnetic effect upon the magnetic particles and the effect 
of centrifugal force on the nonmagnetic particles those 
particles are caused respectively to hug the inner and 
outer walls of the separating conduit 34. Thus the mag 
netic particles pass through the discharge branch 36 while 
the nonmagnetic particles pass through the discharge 
branch 35. Both the magnetic particles and the non 
magnetic particles are accompanied by a portion of the 
?uid. If it is desired that less ?uid pass through one or 
the other of the discharge branches 35 and 36 the cross 
sectional areas of those branches may be proportioned ac 
cordingly or valves may be provided for adjustably re 
ducing the cross-sectional areas of the discharge branches. 

In Figs. 5 and 6 there is shown diagrammatically an 
apparatus for recovering substantially magnetic material 
free liquid from liquid containing magnetic material and 
which comprises a hollow cylindrical polyphase alternat 
ing current magnet 40 similar to the stator of a conven 
tional induction motor creating a magnetic ?eld which 
advances in a circular path. A separating conduit 41 is 
disposed within the magnet 40, the liquid containing mag-a 
netic material being introduced through a‘ duct 42 ex 
tending parallel to the axis of the core whence it passes 
through the body of the separating conduit 41, and the 
separated magnetic material and substantially magnetic 
material and substantially magnetic material free liquid 
are delivered through delivery conduits 43 and 44, re 
spectively, which conduits extend parallel to the axis of 
the magnet. The proportioning of the separating conduit 
41 may be the same as the proportioning of the separat 
ing conduits 8 and 34. The magnetic material and the 
substantially magnetic material free liquid are separated 
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by a divider'45. The magnetic material 46 is drawn out 
wardly against the outer wall of the separating conduit 
41. The centrifugal action as the liquid passes through 
the curved conduit 41 cooperates with the magnetic ac 
tion in causing the magnetic particles to move downward 
ly against the outer wall of the conduit. 
The tendency of the portion of the liquid containing 

magnetic material as the liquid passes through the sep 
arating conduit (and this is true Whether the separating 
conduit be straight or curved) is to move with decreasing 
velocity'due to its gradually increasing concentration as 
the separating is effected. To cause the portion of the 
liquid containing the magnetic material in the separating 
conduit to move at substantially constant velocity so 
that'that portion of the contents of the separating con 
duit may move at a velocity which is substantially equal 
to the velocity of movement of the magnetic ?eld the 
cross-section of the separating conduit will normally be 
reduced from a relatively great cross-section at the. en 
trance end of the separating conduit to a relatively small 
cross-section at the discharge end of the separating con 
duit. For example, in one construction the cross-sec 
tional area of the separating conduit at the entrance end 
is almost double the cross-sectional area of the separating 
conduit at the discharge end. The result of this is, of 
course, to cause increase in the speed of ?ow through the 
separating conduit of the liquid as a whole but the effect 
of the decrease in cross-section simply counteracts the 
tendency of the portion of the liquid containing the mag 
netic material to slow up due to its increased concentra~ 
tion, the net result being that the portion of the liquid 
containing the magnetic material moves at approximately 
uniform velocity. The exact design of the separating 
conduit depends upon the particular conditions of opera 
tion including the material being treated. Generally 
speaking, however, when the magnetic ?eld advances at 
uniform velocity as would normally be the case the sep 
arating conduit will have its cross-section gradually de 
creasing from the entrance end of the discharge end 
thereof. ’ ~ 

It is possible to employ a separating conduit of constant 
cross-section and a specially wound magnet providing 
for advance of the magnetic ?eld at a non-uniform ve 
locity, i.e., at a velocity which gradually decreases from 
the entrance end to the discharge end of the separating 
conduit consonant with the natural tendency of the por 
tion of the ?uid in the separating conduit which contains 
the magnetic material to slow up as it advances through 
the separating conduit due to increase in concentration 
of magnetic material. 

While I prefer for most uses to employ a peripherally 
closed separating conduit the separating conduit may 
in certain applications be open to the atmosphere. 

In any of such cases the'construction is preferably such 
‘that the portion of the ?uid containing magnetic material 
is caused to advance as a stream at a speed which at all 
points along its course is substantially equal to the speed 
of advance of the magnetic ?eld at those respective points. 

- I do not mean to say that the speed of the magnetic parti 
cles must be exactly the same as the speed of advance of 

.the magnetic ?eld at every point along the separating 
conduit but the nearer this condition is approached the 
more efficient will be the separating action. Separation 
can ‘be effected though at lower efficiency when the speed 
of advance of the magnetic particles is diiferent from 
{the speed of advance of the magnetic ?eld. 

Where I refer to substantially magnetic material free 
liquid I mean liquid from which the bulk of the magnetic 
material has been removed, not necessarily liquid ap 
"proaching complete freedom from magnetic material. 
For example, I would consider liquid containing as little 
as 10 to 15 percent of magnetic material by weight to be 
substantially magnetic material free for certain purposes 
although generally I would expect that the percentage by 
weight of magnetic material in my substantially magnetic 
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material free liquid would be substantially less than 10 
percent, ordinarily of the order of 1 percent or less. 
The loss of magnetite and water is very small. By 

use of the re-circulating system shown in Fig. l the 
buoyancy of the liquid in the reservoir 2 is maintained 
substantially constant at the desired point as the quantity 
of water returned to the reservoir is substantially the same 
as the quantity of water withdrawn and the quantity of 
magnetite returned is substantially the same as the quan 
tity of the magnetite withdrawn. 

1 thus accomplish in a very simple and efficient way a 
process which heretofore has been complicated by the 
?occulation and consequent necessity of de?occulation of 
the magnetic material. Advantages also accrue by reason 
of the pumping of the liquid through the separating con 
duit at a speed such that the contents of the conduit or 
the portion thereof containing the magnetite moves along 
the conduit at a speed substantially equal to the speed of 
movement in the same direction of the magnetic ?eld. 
The character of the alternating current magnetic ?eld 
and the agitation of the particles of magnetite as they ad 
vance through the separating conduit cooperate to prevent 
any appreciable permanent magnetization of the particles 
of magnetite and hence to prevent ?occulation of the 
magnetite. 

While I have shown and described certain present 
preferred embodiments of the invention and certain pres 
ent preferred methods of practicing the same it is to be 
distinctly understood that the invention is not limited 
thereto but may be otherwise variously embodied and 
practiced within the scope of the following claims. . 

I claim: 
1. A method of recovering substantially magnetic mate 

rial vfree liquid from liquid containing magnetic material 
comprising ?owing in a stream liquid containing magnetic 
material, impelling toward one side of the stream magnetic 
material in the liquid by a magnetic ?eld, con?ning the 
dimension of the stream parallel to the direction of mag 
netic impulsion to a minimum in the zone of entry of the 
stream into the magnetic ?eld, increasing said dimension 
in a zone advanced in the direction of ?ow relatively to 
said ?rst mentioned zone, delivering the magnetic material 
at said side of the stream and delivering substantially 
magnetic material free liquid at the opposite side of the 
stream. 

2. A method of recovering substantially magnetic 
material free liquid vfrom liquid containing magnetic 
material comprising ?owing in a stream liquid contain 
ing magnetic material, drawing toward one side of the 
stream magnetic material in the liquid by a magnetic ?eld, 
advancing in the direction of ?ow at approximately equal 
speeds the magnetic ?eld and that portion of the stream 
containing the magnetic material, con?ning the dimen 
sion of the stream parallel to the direction of magnetic 
attraction to a minimum in the zone of entry of the stream 
into the magnetic ?eld, increasing said dimension in a 
zone advanced in the direction of ?ow relatively to said 
?rst mentioned zone, delivering the magnetic material at 
said side of the stream and delivering substantially mag 
netic material free liquid at the opposite side of the 
stream. 

3. A method of recovering substantially magnetic mate 
rial free liquid from liquid containing magnetic material 
comprising ?owing in a stream liquid containing magnetic 
material, irnpelling toward one side of the stream mag 
netic material in the liquid by a magnetic ?eld, con 
?ning the dimension of the stream parallel to the direction 
of magnetic impulsion to a minimum in the zone of entry 
of the stream into the magnetic ?eld, increasing said 
dimension in a zone advanced in the direction of flow rela 
tively to said ?rst mentioned zone, decreasing in the di 
rection of ?ow the dimension of the stream normal to 
said ?rst mentioned dimension, delivering the magnetic 
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material at said side of the stream and delivering sub. 
stantially magnetic material free liquid at the opposite 
side of the stream. 

4. A method of recovering substantially magnetic mate 
rial free liquid from liquid containing magnetic material 
comprising ?owing in a generally horizontal stream liquid 
containing magnetic material, drawing downwardly mag 
netic material in the liquid by a magnetic ?eld, moving 
the magnetic ?eld in the direction of ?ow of the liquid, 
con?ning the depth of the stream to- a minimum in the 
zone of entry of the stream into the magnetic ?eld, in 
creasing the depth of the stream in a zone advanced in the 
direction of ?ow relatively to said ?rst mentioned zone 
and delivering substantially magnetic material free liquid 
from above the downwardly drawn magnetic material. 

5. Apparatus for recovering substantially magnetic 
material free liquid from liquid containing magnetic 
material comprising means for ?owing in a stream liquid 
containing magnetic material, means creating a magnetic 
?eld moving along the stream in the direction of ?ow 
drawing toward one side of the stream magnetic material 
in the liquid, stream de?ning means con?ning the dimen 
sion of the stream parallel to the direction of magnetic 
attraction to a minimum in the zone of entry of the 
stream into the magnetic ?eld and increasing said dimen 
sion in a zone advanced in the direction of ?ow relatively 
to said ?rst mentioned zone so that the magnetic ?eld and 
that portion of the stream containing the magnetic mate 
rial advance in the direction of flow at approximately 
equal speeds, means for delivering the magnetic mate 
rial at said side of the stream and means for delivering 
substantially magnetic material free liquid at the opposite . 
side of the stream. 

6. Apparatus for recovering substantially magnetic ma 
terial free liquid from liquid containing magnetic ma 
terial comprising means for ?owing in a stream liquid 
containing magnetic material, means creating a mag 
netic ?eld drawing toward one side of the stream mag 
netic material in the liquid, stream de?ning means con 
?ning the dimension of the stream parallel to the direc 
tion of magnetic attraction to a minimum in the zone 
of entry of the stream into the magnetic ?eld andv in 
creasing said dimension in a zone advanced in the di 
rection of ?ow relatively to said ?rst mentioned zone 
while decreasing in the direction of ?ow the dimension 
of the stream normal to said ?rst mentioned dimension, 
means for delivering the magnetic material at said side 
of the stream and means for delivering substantially 
magnetic material free liquid at the opposite side of 
the stream. > 

7. Apparatus for recovering substantially magnetic 
material free liquid from liquid containing magnetic ma 
terial comprising means for ?owing in a generally hori 

‘ zontal stream liquid containing magnetic material, means 
creating a magnetic ?eld drawing downwardly magnetic 
material in the liquid and moving the magnetic ?eld in 
the direction of ?ow of the liquid, stream de?ning means 
con?ning the depth of the stream to a minimum in the 
zone of entry of the stream into the magnetic ?eld and 
increasing the depth of the stream in a zone advanced in 
the direction of ?ow relatively to said ?rst mentioned 
zone and means for delivering substantially magnetic 
material free liquid from above the downwardly drawn 
magnetic material. 
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