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METHOD AND APPARATUS FOR 
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11 Claims. (C. 209-8) 

The present invention relates to the classifica 
tion or separation of mixed material of different 
specific gravity and/or of different particle size. 
More particularly, the invention , relates to 
method and apparatus for classifying or sepa 
rating mixed material of different specific grav 
ity and/or different particle size by mixing the 
material to be Separated With Water in Such a 
manner that the material of lesser specific grav 
ity and/or Smaller particle size is washed away 
by the water while the material of greater spe 
cific gravity and/or larger particle size remains 
behind. 

It is now well known that Separation and 
washing of mixed insoluble materials of different 
specific gravities may be effected by introducing 
the mixed materials into a body of foWing liquid 
So that the lighter particles of the mixture are 
carried away from the liquid and the heavier 
particles settle. However, difficulty is encoun 
tered when the particles of greater Specific grav 
ity are relatively fine since they will not settle 
rapidly and hence are frequently carried away 
by the liquid along with the lighter particles. 
If the rate of flow of the liquid be reduced Sufi 
ciently to allow the said fine particles of greater 
specific gravity to settle, then the larger par 
ticles of lesser specific gravity will also settle 
so that the separation effected is very unsatis 
factory. 

Therefore, one of the principal objects of the 
present invention is the provision of a novel and 
improved method and apparatus for classifying 
or separating mixed material of different spe 
cific gravity and/or particle size by Washing the 
material with Water in a manner to cause the 
material of lesser specific gravity and/or Smaller 
particle size to be carried away by the water 
while the material of greater specific gravity 
and/or larger particle size settles. 
More specifically, it is an object of the inven 

tion to provide an improved method and appa 
ratus for classifying or Separating mixed mate 
rial of different specific gravity and/or particle 
size by introducing the mixed material into a 
separating zone containing uprising currents of 
liquid whereby the particles of greater specific 
gravity will settle while the particles of lesser 
specific gravity will be carried away by the liquid, 
the rate of settling being controlled by the With 
drawal of liquid from a point in the separating 
zone intermediate the top and bottom thereof. 
The above mentioned difficulties of Separation 

are particularly prevalent when the material to 
be separated is magnetic ore which is mixed with 
silica and other Substances constituting what are 
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known as gangue and middling materials. In 
Order to free the magnetic ore from the unde 
sired Substances such material is customarily 
ground or pulverized to relatively small particle 
Sizes With the result that the higher grade ore 
particles are frequently of smaller size than the 
particles of the foreign substances and the lower 
grade Ore. Hence, when separation has been 
attempted by prior methods and apparatus emi 
ploying a flowing liquid, the results are unsatis 
factory since, in order to enable the fine particles 
of higher grade ore to Settle, the rate of flow of 
the liquid has had to be reduced to the point 
where larger particles of unwanted Substances of 
lesser Specific gravity also settle. 
Therefore, another object of the invention is 

the provision of a novel and improved method 
and apparatus of the character described for 
Separating ore concentrates from tailings and/or 
middling particles. 
A further object of the invention is to provide 

an improved method and apparatus for separat 
ing magnetic ore concentrates from tailings 
and/or middling particles by applying a prede 
termined magnetizing force to the mixed mate 
rial and then introducing the material into a 
body of flowing liquid, whereby the magnetic 
particles will flocculate or collect into small ag 
gregates and settle while the non-magnetic par 
ticles will be carried away by the flowing liquid. 

It is also an object of the invention to provide 
a novel and improved method and apparatus 
of the character referred to which will be 
capable of Continuous operation, efficient, and 
yet simple and inexpensive to operate. 
The invention further resides in certain steps 

of procedure and constructions, combinations 
and arrangement of apparatus; and further ob 
jects and advantages thereof will be apparent 
to those skilled in the art (to which the invention 
relates) from the following detailed description 
of the preferred embodiments thereof and from 
the appended claims. 

Before entering upon a detailed description of 
the preferred embodiment of the apparatus, it 
is believed the invention can be better under 
stood by first disclosing the improved procedure 
for effecting Separation of insoluble material 
existing as a mixture of particles having different 
Specific gravities and/or particle sizes. 
In accordance With this procedure such a mix 

ture is fed into the top of a separating Zone con 
taining Water or other liquid in a manner to sub 
stantially unifornly distribute the mixed mate 
rial throughout the upper portion of the separat 
ing zone without producing turbulence in the 
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liquid contained therein. At the same time liquid 
is introduced into the separating Zone below the 
point of introduction of the mixture, under Suf 
ficient head and so directed as to produce Sub 
stantially uniform, non-turbulent upward cur 
rents within the separating ZOne. These cur 
rents encounter the particles of the mixture to 
wash and separate them. Simultaneously, liquid 
is Withdrawn from the Zone from a region in 
termediate the top and bottom of the Zone and 
below the point of introduction of the liquid 
therein. This withdrawal of liquid is at a rate 
so correlated with the rate of introduction of the 
liquid and of the mixture as to produce an over 
flow of the liquid at the top of the Zone sufficient 
to carry of therewith the particles of the mix 
ture having specific gravities and/or particle sizes 
less than a predetermined value. The particles 
of greater specific gravity and/or particle size 
therefore settle to the bottom of the separating 
zone from which they are removed. 
When the material to be separated is magnetic 

ore concentrates which are mixed with tailings 
and/or lower grade ore, the procedure further in 
cludes the step of subjecting the mixture to a 
predetermined magnetizing force prior to the 
introduction of the material into the separating 
zone. This magnetizes the particles of high grade 
ore so that they will flocculate or gather into Small 
masses within the separating Zone and hence fa 
cilitate the settling thereof. The lower grade 
or and/or tailings will either not be magnetized, 
or only slightly magnetized, so that this nate 
rial will not flocculate and hence will act as in. 
dividual particles which, being relatively small 
and light, will be carried upwardly by the rising 
currents of liquid and pass out of the separating 
zone in the overflow therefron. 1 
While the steps of this procedure may be car 

4. 
and collects at the bottom of the tank. The low 
er end of the member 3 may be connected to a 
pipe or other suitable means for carrying off the 
material discharged therethrough, the rate of 

5 discharge being regulated by a valve 3a, pump 
or other suitable means. The tank. A may be sup 
ported in any Suitable manner. As shown, the 
botton O is slightly recessed with respect to the 
lower edge of the sidewalls and the lower cir 

10 cumference of the tank has an angle iron 4 

5 

Welded Or bolted thereto which forms a base or 
means through the medium of which the tank 
is adapted to be supported upon a suitable founda 
tion or structure, not shown. 
The top of the tank proper is surrounded by a 

discharge chamber 5 into which liquid and ma 
terial of lesser specific gravity or of smaller par 
ticle size suspended therein may overflow from 
the tank proper. An annular member 6 sur 

20 rounding the upper edge of the tank proper and 
extending above and below the top thereof forms 
the Outer wall of the discharge chamber 5, the 
bottom being formed by a helically arranged 
member 7 interposed between the tank proper 

25 and the member 6. The construction is such 
that material. in the discharge chamber 5 is 
caused to flow toward an outlet 8 at one side of 
the apparatus. The upper edge of the tank proper 
is formed by an annular member or ring 9 con 

80 nected to theside walls and adjustable vertical 
ly with respect thereto so that the top of the 
tank can be leveled thereby assuring a uniform 
flow of liquid and material from the tank to the 
discharge chamber 5 around the entire periphery 

as of the tank. As shown, the member or ring 9 
is bolted to the side walls by bolts 20 which 
project through elongated slots 2 in the ring 9. 
The tank, including the discharge chamber 5, 

is provided with a cover 22 supported by-and 
ried out by a variety of different devices, the in secured to the tipper edge of the annular member vention also includes an apparatus which is op 
erable to perform the method; the present pre 
ferred embodiment of the apparatus being de 
scribed with reference to the accompanying draw 
ings forming a part of this specification in which 
similar reference characters designate corre 
sponding parts, and in which: 

Fig. 1 is a side elevational view of an apparatus 
embodying the present invention with the outlet 
valve at the bottom omitted; 

Fig. 2 is a sectional view, with portions in eleva 
tion, approximately one the line 2-2 of FigS. 1 
and 4 and showing the outlet valve at the bot 
tom of the apparatus; 

Fig. 3 is a fragmentary sectional view of the 
upper part of the apparatus, approximately on 
the line 2-2 of Fig. I but showing the parts in a 
different operating position; 

Fig. 4 is a sectional view, with portions in plan, 
approximately on the line 4-4 of Fig. 2; 

Fig. 5 is a fragmentary Sectional view, ap 
proximately on the line 5-5 of Fig. 2 with cer 
tain elements partially broken away; and 

Fig. 6 is a fragmentary sectional view of the 
central portion of the apparatus taken approxi 
mately at right angles to the line 2-2 of Fig. 4. 
Referring to the drawings, the reference chair 

acter A. designates generally a vessel or tank hav 
ing a funnel-shaped bottom 0 and vertical, cy 
indrical, side walls . The bottom 0 is provided 
with a central opening 2 communicating with 
the upper end of a funnel-shaped member 3, 
the lower end of which constitutes the discharge 
outlet or opening for the material of greater spe 
cific gravity or larger particle size which settles 

45 

50 

f6. The cover 22 may be of any desired construc 
tion. In the embodiment shown, certain appara 
tus, hereinafter referred to, is mounted on or 
supported by the cover which is provided with a 
wood flooring 23 to facilitate walking there 
on, etc. . . 

Material to be treated or separated, mixed with 
water or other Suitable liquid, is supplied to the 
tank A by a suitable conduit or launder which is 
here represented by a pipe-24supported upon the 
wooden flooring 23 by blocks or brackets 25. The 
left-hand end of the conduit or pipe 24 (as viewed 
in Fig. 2) terminates in overhanging relationship 
to a central, annular opening through the cover 

55 22 and flooring 23 through which a vertically 
positioned, cylindrical member 28 extends with 
its upper end in contact with, or closely adjacent 
to, the lower side of the pipe 24. This cylindrical 
member 28 is Welded or otherwise Secured to 

60 the cover 22 and constitutes the outer wall of an 
annular chamber 2 into which the material sup 
plied by the pipe 24 is discharged. Equal dis 
tribution of the material within the chamber 2 
may be effected by any conventional means; for 

65 example, by the use of a plurality . of spaced 
feeding conduits 24 or by means of a mechanical 
distributor, not shown. However, since the mate 
rial generally contains considerable liquid, its 
angle of repose will be substantially Zero and 

70 hence a single pipe or conduit 24 will ordinarily 
be satisfactory. 
The inner wall of the chamber 2 is formed 

by the outer cylindrical member 30 forming a part 
of a double-walled tubular member, the inner 

75 wall of which is formed by a cylindrical member 
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f. The cylindrical members 30, 3 are coaxially 
arranged with respect to each other and to the 
cylindrical member 28 and are fixedly supported 
therein, as will be hereinafter apparent. The 
lower end of the cylindrical member 28 extends 
below the top of the tank proper and the bottom 
of the chamber 27 is formed by a perforated an 
nular plate 32 interposed between and welded to 
the cylindrical members 28 and 30. 
A cylindrical member 29, having a diameter 

larger than the diameter of member 28, is posi 
tioned within tank A. coaxially with the members 
28, 30 and 3, and so disposed that the lower 
end of the member 28 extends a short distance 
below the upper edge of the member 29. Perfo 
rated annular plates or members 35 extend be 
tween the tubular members 29 and 39 and are 
Welded or otherwise Secured thereto. As will be 
seen in Fig. 2, the perforated members 35 are 
spaced vertically below and parallel with the 
perforated plate 32 so that a chamber 33 is formed 
by the members 29, 3) and 35 and this latter 
chamber is bclow the aforementioned cham 
ber 2. 
Depending from and welded to the lower sur 

face of the cover 22 is a cylindrical member 34 
which has a diameter greater than the diameter 
of the cylindrical member 29. The members 29 
and 34 are coaxially disposed and the length 
of the latter is sufficient to extend below and Sur 
round the upper portion of the former. There 
is thus provided a tortuous path for the material 
to be separated. As indicated by the arrows in 
Fig. 2, the material discharged from the conduit 
24 enters chamber 2, flows through the holes 
in plate 32 into chamber 33 where water or other 
liquid flowing upwardly through the holes in 
plates 35 (as hereinafter described) carries the 
material to and through the spaces between the 
cylindrical members 28, 29 and 34 and into the 
main body of the Wessel or tank A. 

In addition to the liquid or water supplied 
to the tank A, along with the material to be 
separated through the feed pipe 26, additional 
liquid or water, hereinafter referred to as wash 
water, is supplied under preSSure to the tank 
by a conduit or pipe 38, the right-hand end of 
which (as viewed in Fig. 2) projects through an 
aperture in the cylindrical member 3 and com 
municates with the upper end of a chamber or 
well 4 intermediate the tubular members 3G, 3. 
The upper end of the well 6 is closed by a plate 
like member 42 and the lower end thereof by a 
plate-like member 43. The plate-like member 
63 is interposed between the inner and outer 
cylindrical members 3), 3 and is welded thereto. 
The plate 42 is welded to the upper ends of the 
cylindrical members 30, 3; and extends out 
wardly, therebeyond to provide a support for a 
gear housing subsequently to be described. Suit 
able angle members 6 may be welded between 
the lower side of plate 42 and the outer Surface 
of cylindrical member 30 to reinforce the over 
hanging portion of the plate 82. 
The lower portion of the cylindrical member 

3G is provided with a plurality of apertures 44 
which establish communication between the in 
terior of member 36 and a chamber 45, formed 
by the lower ends of cylindrical members 29, 3 
and the perforated plates 35. The lower end of 
the cylindrical member 29 or, more Specifically 
the chamber 55 communicates with the interior 
of a relatively flat, cone-like, hollow member or 
washpan, designated generally by the reference 
character B. The upper side of the Washpan B 
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6 
is formed by a plurality of perforated plates 46 
which have their adjacent edges secured together 
and their inner ends welded to the lower edge of 
the cylindrical member 29. The lower side of 
the washpan B is formed by a plurality of plates 
47 which have their adjacent edges Secured to 
gether and their inner ends welded to the lower 
end of the cylindrical member 30. The outer 
ends of the plates 46, 4 are connected by plates 
Gr members 48 Welded thereto which close the 
outer ends of the space 49 between the vertically 
spaced plates 46, 47. 
Wash water entering through pipe 38 flows 

downwardly through the well 4 and enters 
chamber 45 through the apertures 44 in the lower 
end of cylindrical member 30. Part of this wash 
water, entering the chamber 45, flows through 
the perforations in the plates 35 into the chamber 
or feed well 33 where it mixes with the water 
and material entering through the perforations 
in the plate 32. The rest of the wash water 
entering the chamber 45, flows into the space 
49 in the Washpan B and enters the tank proper 
through the perforations in the members 46. 
The material of greater specific gravity or the 
particles of larger size entering the tank A 
through the tortuous path previously described, 
fall towards the top of the inverted, cone-like 
member or washpan B where they are Washed 
by the water entering the tank A through the 
perforations in the plates 46 as the said particles 
move toward the lower Outer edge of the wash 
pan. The lighter or Smaller particles are car 
ried upwardly within the upper portion of the 
main body of the vessel or tank A by the uprising 
currents of water flowing through the perfora 
tions in the plates 46. The number and spacing 
of these perforations are such that these uprising 
currents are substantially uniformly distributed 
throughout the cross sectional area of tank A 
above the Washpan B. 
The material to be separated is, therefore, 

agitated and washed in the feed well 33 by the 
Water entering the Sangle through the perfora 
tions in the plates 35 and again in the tank by 
the water entering the tank proper through the 
perforations in the plates 46. This separates 
the material of greater specific gravity or of 
larger particle size from that of lesser specific 
gravity or smaller particle size and causes the 
material of lesser specific gravity or of smaller 
particle size to be floated or washed out of the 
tank proper by the portion of the water which 
flows over the edge of plate 9 and into the dis 
charge chamber 5. The material of greater 
Specific gravity or of larger particle size enters 
the lower part of the tank through the space or 
slot between the periphery of the washpan B 
and the side walls . As the material of greater 
Specific gravity or of larger particle size collects 
in the bottom of the tank, it is withdrawn there 
from through the discharge opening 2 in the 
botton of the tank. 

In the embodiment shown, the material which 
collects at the bottom of the tank is scraped 
toward the opening 2 by a spiral rake comprising 
a pair of blades 50, 5 connected to radially ex 
tending arms 52, 53 operatively connected to a 
vertically extending shaft, 5A located centrally of 
the tank A. The inner ends of the arms 52, 53 
are connected to a collar member 55 fixed to the 
shaft 53. This rake structure is strengthened 
by braces 56, 57 connected between the arms 
52, 53 and a member 58 fixed to the shaft 56 
above the collar 55. The shaft, 5.3 is adapted to 
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be rotated and/or raised and lowered in a man 
ner here ter specifically described. 
To further assist the discharge of material 

through the opening 12, a plurality of arms 59 
are connected to the lower sides of the arms 
52, 53. These arms 59 extend below the blades 
50, 5 and are shaped to fit within the opening 
2 and the inner surface of funnel member 

in spaced relationship thereto. The arms 59 are 
strengthened and held from deflection by bands 
or rings 59a. The rate of discharge may be con 
trolled by the amount of opening of valve 3a. 
The shaft 54 extends upwardly through the 

center of the member B and through a housing 
60 resting upon and fixed to the plate 42 which 
is secured to and closes the top of the cylinder 
members 30 and 3. The bottom member 62 
of the housing 60 includes an upwardly project 
ing, cylindrical boss 63 through which the shaft 
54 projects and which boss forms a guide means 
for the upper part of the shaft. A part of the 
shaft 54 adjacent to the boss 63 is splined and 
the shaft above the splined section is of reduced 
diameter and threaded. The splined section of 
the shaft 54 has a worm wheel 64 splined thereto, 
which worm wheel is continuously in mesh with 
a worm 65 rotatably supported in the housing 
60 and connected to an electric motor 66 through 
a variable speed change transmission 6, and 
a sprocket chain drive 68, all of which are of 
commercial design. The construction is such 
that the shaft 54 can be driven at any desired 
speed. 
The reduced threaded part of the shaft 54 

above the splined section just referred to is 
provided with a nut 70, including a hand wheel 
7, for facilitating adjustment thereof. The 
shaft 54 is supported by an anti-friction thrust 
bearing 72 interposed between the lower surface 
of the nut 70 and an upwardly extending boss 
73 on the dome-shaped cover 4 of the housing 
60. The cover 74 has a downwardly extending 
boss 75 formed integral therewith, which boss 
together with the boss 63, previously referred 
to, limits the vertical movement of the Worm 
wheel 64 and forms a guide for the upper end 
of the shaft 54. A jam nut 70a is provided on 
the threaded portion of the shaft 54 to lock nut 
70 in any adjusted position. The construction 
is such that manipulation of hand wheel T raises 
or lowers the blades 50 and 5 thus enabling them 
to be adjusted relative to the bottom O of the 
tank or vessel A to regulate their action upon the 
material which settles to the bottom of the tank. 
Fig. 2 shows the blades in their lowermost posi 
tion, while Fig. 3 illustrates the position of the 
handwheel 7 and shaft 54 corresponding to the 
uppermost position of the blades. 
Thus far the apparatus has been described as 

though the upper part of the tank proper and 
the chambers 33, 45 and 49 were annular in shape 
and permitted free circulation of the liquid in a 
horizontal plane, but preferably the upper part of 
the tank proper and the chambers 33, 45 and 49 
are divided into comparatively small compart 
ments C, D, E and F by vertically positioned, 
radial partitions or webs 76, 77, 78 and 79, re 
spectively. In the present embodiment, which is 
constructed of welded-up steel plates, the webs 
76, 77, 78 and 79 in any one vertical plane are 
formed by a single plate which extends from the 
bottom of the washpan B to the cover 22 and . 
from the outside walls to the cylindrical mem 
ber 30, excepting the chamber 27 within member 
28, and that Small part of the feed well 33 lo 
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cated above the lower end of the cylindrical mem 
ber 28. 
As shown, (see Figs. 2, 4 and 5) the lower end 

of the cylindrical member 29 is slotted to allow 
the web plates to pass therethrough; the top of 
the washpan B is made up of a plurality of plates 
46 welded to and separated by the web plates; and 
the bottom of the feed chamber 33 is made up of 
a plurality of plates 35 with the web plates ex 
tending therebetween. Alternatively, the top of 
the washpan and/or the bottom of the feed well 
33 could each be formed of a single plate and the 
various compartments in the respective chambers 
formed by separate web members. The web con 
struction not only permits a better Controlled 
flow of liquid and material through the apparatus 
(by preventing swirling) but also provides a 
strong rigid construction. The lower end of each 
compartment D is provided with one or more 
holes 80 through which material that may collect 
therein can eScape. 
To provide a more thorough Washing of thema 

terial and further prevent swirling of the material 
and liquid, each compartment C has a plurality 
of inclined perforated baffle plates 8 extending 
thereaCross and Secured to the adjacent vertical 
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baffle plates 76. Preferably the top edges of the 
baffles 8 are located a substantial distance below 
the top of the overflow plate 9 and the bottom 
edges of the baffles 8 are spaced from the plates 
46 forming the top of the washpan B. The in 
clination of the baffles 8 is towards the central 
portion of the tank A thus tending to direct the 
water rising from the washpan towards the ma 
terial entering from chamber 33. 
As previously mentioned, the material of 

greater specific gravity, or the particles of larger 
size, settle downwardly in the tank or vessel A 
passing through the slot or space between the 
outer walls f of the tank and the outer edge of 
the washpan B. The rate of this settling must 
be accurately controlled for if the rate is too fast 
the material of lesser specific gravity and smaller 
párticles size, which should pass out the overflow, 
will also settle. Conversely, if the rate of settling 
is too slow, Some of the heavier and large particles 
Will be carried into the overflow. The rate of 
Settling may be controlled by regulating the rate 
of feeding of material through pipe 24, by regu 
lating the rate of supply of water to the washpan 
B, by the amount of opening of valve 3a, and by 
the width of the space or slot between the outer 
edge of the washpan B and the walls of the 
vessel A. However, for a given installation, the 
last of these factors (i. e., the width of the slot) 
is fixed. Moreover, the rate of supply of wash 
water must be kept within a certain range to pro 
vide adequate Washing. Likewise, for efficient 
operation the rate of supply of material to the 
apparatus cannot be too slow. Finally, if the 
valve 3a be opened too wide, an undue amount 
of water will be discharged with the settled ma 
terial which is undesirable. Conversely, if valve 
3a be closed too far, the removal of separated 

65 
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75 

materialis impeded. 
In Order to overcome these limitations and to 

Secure a better regulation of the rate of settling, 
the tank or vessel A is provided with an addi 
tional means to withdraw liquid therefrom at a 
controlled rate. In the present preferred form, 
this means comprises a pipe or conduit 82 (see 
Figs. 4 and 6) Supported by brackets or hangers 
83 from the lower side of the washpan B. The 
inner end 84 of the pipe or conduit 82 is open 
and terminates adjacent the lower surface of the 
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plate 43 which is disposed within the central por 
tion of the washpan as previously described. The 
pipe 82 slopes downwardly to a point adjacent the 
side wall of the tank A where a coupling 85 
unites it to a pipe 86 extending through the Wall 

. The coupling 85 may be flexible, if desired, to 
enable the pipe 82 to be easily installed and its 
angle of inclination adjusted. A valve 8 is pro 
vided on the end of pipe 86 exteriorly of the Side 
wall to provide a means for controlling the 
rate of withdrawal of liquid from the tank. Ob 
viously, a pump or other means to control the flow 
of liquid from the tank could be substituted for 
the valve 87, if desired. 
The liquid within the tank A will rise up under 

washpan B and into the interior of cylindrical 
member 3 to the same level as the liquid Over 
flowing ring 9 since the interior of the tubular 
member 3 is vented to the atmosphere by a 
means of pipe 88 passing through the cylindrical 
members 30 and 3?. This liquid under the wash 
pan and within the cylindrical member 3 will 
be substantially clear and free from solids So that 
it may be removed without loss of the material 
which has settled to the bottom of the tank. The 
rate of withdrawal of this clear liquid is regulated 
by the amount of opening of the valve 87. Since 
the liquid so removed can only be replaced by the 
liquid which is supplied to the portion of the tank 
above the washpan and passes downwardly 
through the annular space between the edge of 
the washpan and the side wall of the tank, the 

0. 
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amount of opening of valve 8 provides an accu 
rate means to control the rate of settling of ma 
terial without disturbing the optimum rate of 
supply of material, wash water, and the desired 
Opening of the discharge valve 3a. 
The apparatus described thus far will operate 

satisfactorily to separate many types of material; 
as for example, sand from clay and other sub 
stances. However, when the material to be sepa 
rated contains magnetic iron ore in the form of 
relatively small particles, it has been found that 
separation is facilitated if the material be sub 
jected to a predetermined magnetizing force prior 
to introduction into the vessel or tank A. For 
example, Eastern Mesabi magnetic taconite, after 
a preliminary treatment including grinding, Con 
tains fine particles which are Ordinarily of higher 
grade ore, the coarser particles generally being 
lower grade because of comparatively large at 
tached particles of silica or silicate. It has been 
found that if Such material be magnetized after 
grinding and then demagnetized, the magnetic 
particles attached to particles of silica are more 
easily demagnetized than the fine unattached 
particles. Hence, under proper magnetizing 
and/or demagnetizing prior to introduction into 
the vessel A, the fine particles (high grade ore) 
will have sufficient magnetism to collect into con 
paratively large masses in the vessel and settle 
to the lower discharge opening while the less 
strongly magnetized, coarse middling particles 
Will not so collect and hence Will be carried into 
the overflow. 
The desired magnetization of the material 

prior to introduction into vessel A may be effected 
by associating Suitable demagnetizing and mag 
netizing means with the material supply conduit 
24 to act upon the material as it passes there 
through. For example, a magnetizing coil or 
solenoid 89 and a demagnetizing coil or Solenoid 
9 are schematically represented in Fig. 2 as 
disposed about the conduit 24 and supplied with 
D. C. and A. C. current, respectively, which may 
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be varied by conventional means not shown. 
These solenoids may be of any desired construc 
tion and the order in which they are arranged is 
immaterial since the strength of the field pro 
duced by the respective coils or solenoids can be 
varied to give the best results on any given ore. 
Whether one, both or none of the coils 89 and 

90 be used, and the strength of the field produced 
thereby, is dependent upon the nature of the ma 
terial to be separated and its prior treatment. 
Thus, if the prior treatment of the material has 
included a preliminary separation by means of a 
conventional magnetic separator (such as that 
known as a "Dings' separator), the material 
may be sufficiently magnetized so that neither 
coil need be employed. If the material be mag 
netized, but the extent of magnetization be not 
known, it is frequently desirable to demagnetize 
it by means of coil 90 and remagnetize it by means 
of coil 89 So as to produce the desired amount 
of magnetization. Finally, if the material Was 
not previously magnetized, or magnetized to a 
lesser extent than desired, only coil 89 need be 
employed. In all cases, however, the resulting 
magnetization of the material should be sufficient 
to enable the fine particles of higher grade ore to 
flocculate, or collect together into Small masses, 
but not so great as to interfere with the separa 
tion (as by enabling the higher grade ore par 
ticles to cling to the gangue or middling ma 
terial, or to mechanically hold such undesired 
substances in masses of the flocculated higher 
grade particles). 

It is believed that the steps of the method and 
the operation of the device will be apparent from 
the foregoing description thereof. Suffice it to 
say that material to be separated is introduced 
through the feed pipe 24 and, if the material in 
cludes magnetic ore, may be subjected therein 
to a controlled magnetic force (by solenoids 39 
and/or 90). From the discharge end of pipe 24 
the material enters the feed chamber 2 and 
passes therefrom through the perforated plate 32 
into the chamber 33, the plate 32 assisting in uni 
formly distributing the material within the cham 
ber 33. The material is further distributed. With 
in chamber 33 and is washed by water admitted 
under pressure through the pipe 38 and perfor 
ated plates 35. The extent to which the material 
is washed at this point can be controlled by vary 
ing the amount and/or pressure of the wash wa 
ter admitted through the pipe 38 in relation to 
the amount of material introduced through the 
feed pipe 24. 

he material and washing water then flow over 
the upper edge of the cylindrical member 29, and 
through the space between the latter and cylin 
drical member 33, into the upper portion of main 
body of the tank A. Here the material is further 
washed and separated by the currents of water 
rising through the opening in the top of the Wash 
pan B. The particles of greater specific gravity 
and/or particle size settle to the bottom of the 
tank through the slot between the Washpan and 
the side walls of tank A. When the material be 
ing separated is finely ground magnetic iron ore, 
the settling of the iron ore concentrates is facili 
tated by the flocculation thereof due to the prior 
magnetization of the particles. The tailings or 
material of lesser specific gravity, or of Small par 
ticle size, rise and overflow the sides of the tank 
proper and are carried away by the discharge 
chamber 5. The settled material in the lower 
portion of tank A is raked to the center of the 
tank and discharged through the opening 2, the 
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amount of opening of the valve a controlling 
the dilution of the material leaving the tank. In 
addition to washing the material being concen 
trated, the water added through the washpan as 
sists in controlling the velocity or flow through 
the tank, a further and finer control being ex 
ercised by the rate of withdrawal of water 
through pipe 82. The small arrows in Fig. 2 sug 
gest the direction of flow through the apparatus. 
From the foregoing, it will be apparent that 

the objects of the invention heretofore enum 
merated have been accomplished and that a novel 
and improved method and apparatus have been 
provided for separating or classifying material 
of different specific gravity and/or different par 
ticle size. While the preferred embodiment of the 
apparatus of the invention has been described in 
considerable detail, the invention is not limited 
to the particular construction shown, which may 
be varied. Also, while the method of this inven 
tion may be performed by the apparatus described 
above, it is not limited thereto since the proce 
dural steps may be effected by other and differ 
ent devices and certain of the steps may be varied 
or omitted. Therefore, I do not regard my in 
vention as confined to the exact procedural steps 
and structural details disclosed, but it is my in 
tention to cover hereby all adaptations, modifi 
cations and uses thereof which come within the 
practice of those skilled in the art to which the 
invention relates, and within the scope of the 
appended claims. 

Having thus described my invention, I claim: 
1. A method of separating magnetic particles 

from a mixture containing magnetic particles 
non-magnetic particles, and particles of magnetic 
material united with non-magnetic material, 
comprising applying a demagnetizing force to the 
mixture, applying a magnetizing force to the de 
magnetized mixture to produce a predetermined 
magnetization of the magnetic particles and a 
lesser magnetization of the particles of magnetic 
material united with non-magnetic material, in 
troducing the magnetized mixture into the up 
per portion of a separating zone containing flow 
ing liquid, controlling the flow of the liquid in 
the separating ZOne so that the rate thereof is 
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Sufficient to prevent flocculation of the particles 
which contain magnetic material united with 
non-magnetic material while permitting the mag 
netic particles to Collect together and settle to 
the bottom of the ZOne under the influence of 
gravity, the rate of flow of the liquid being suf 
ficient to cause Some of the liquid to flow out of 
the top of the zone and carry therewith the non 
magnetic particles and the particles of magnetic 
material united with non-magnetic material, and 
removing the magnetic particles from the lower 
end of the said zone. 

2. A method of Separating magnetic particles 
from a mixture containing magnetic particles 
non-magnetic particles, and particles of mag 
netic material united with non-magnetic mate 
rial, comprising applying a demagnetizing force 
to the magnetized mixture to partially demag 
netize the mixture whereby a predetermined mag 
netization of the magnetic particles and a lesser 
magnetization of the particles of magnetic mas 
terial united with non-magnetic material is pro 
duced, introducing the mixture into the upper 
portion of a separating zone containing flowing 
liquid, controlling the flow of the liquid in the 
separating Zone so that the rate thereof is suf 
ficient to prevent flocculation of the less strongly 
magnetized particles while permitting the pnore 

50 

55 

60 

65 

70 

5 

12 
strongly magnetized particles to collect into 
masses and settle to the bottom of the zone 
under the influence of gravity, the rate of flow 
of the liquid being sufficient to cause some of 
the liquid to flow out of the top of the zone and 
carry therewith the non-magnetic particles and 
the less strongly magnetized particles and remov 
ing the magnetic particles from the bottom of 
said Zone. - 

3. A method of separating a mixture of insolu 
ble material into two components having specific 
gravities, respectively, greater than and less than 
a predetermined value, which comprises provid 
ing a separating Zone containing liquid, introduc 
ing the mixture into the liquid in the upper por 
tion of the Zone without turbulence, introduc 
ing liquid into said zone from a region below 
the point of introduction of the mixture in a 
manner to produce a substantially uniform, non 
turbulent upward current within the said zone, 
withdrawing liquid which is substantially free of 
said insoluble material from a point substantially 
centrally of Said zone intermediate the top and 
bottom of the ZOne beneath the upward current 
of liquid in said zone, the rate of withdrawal of 
the liquid being so related to the rate of intro 
duction of liquid as to result in an overflow of 
liquid at the top of the Zone sufficient to carry 
therewith the material of the mixture having spe 
cific gravities less than said predetermined value 
while permitting the material having specific 
gravities greater than said predetermined value 
to settle to the lower portion of the zone, and 
withdrawing the settled material from the lower 
portion of the Zone. 

4. In apparatus of the character referred to, 
a vessel having an overflow opening adjacent to 
the top and an outlet adjacent to the bottom, 
means for controlling flow through said outlet, 
a hollow member, within said vessel extending 
adjacent to but spaced from the side walls of the 
said vessel, the said member having an inclined 
upper surface provided with a plurality of open 
ings communicating with the interior of the 
member, means for conducting liquid under pres 
sure into the interior of Said member, means for 
supplying material to be separated to said vessel 
above Said inclined upper Surface, means adja 
cent to the bottom of said vessel for stirring the 
portion of the material which descends thereto 
for directing the said material to the outlet, and 
means having an inlet positioned Substantially 
centrally of said vessel below Said hollow member 
and above the Outlet of the vessel for withdraw 
ing liquid from the vessel at a controlled rate to 
thereby regulate the rate of descent of the mate 
rial in said vessel. 

5. In apparatus of the character referred to, a 
generally cylindrical vessel having an overflow 
opening adjacent to the top and an outlet in the 
center of the bottom, means for controlling flow 
through said outlet, a generally cone-shaped hol 
low member within Said vessel extending adja 
cent to but spaced from the vessel walls, the 
upper Surface of Said hollow member having a 
plurality of openings communicating with the 
interior of the member, means for conducting 
liquid into the interior of Said member, means 
for supplying material to be separated to Said 
vessel above said surface and adjacent to the 
central portion thereof, and means having an 
inlet positioned substantially centrally of said 
vessel above the Outlet of the vessel and adjacent 
the lower side of said hollow member in a posi 
tion where the inlet to the last-mentioned means 
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is shielded by said hollow member from material 
settling in said vessel so that the said last-men 
tioned means is effective for withdrawing liquid 
which is substantially free of material particles 
from the vessel at a controlled rate to thereby 
regulate the rate of descent of the material in 
Said vessel. 

6. In apparatus of the character referred to, 
a generally cylindrical vessel having an overflow 
opening adjacent to the top and an outlet in the 
center of the bottom, valve means for said outlet, 
a generally cone-shaped hollow member within 
said vessel extending adjacent to but spaced from 
the side walls of the vessel, the upper surface of 
said member having a plurality of openings com 
municating with the interior of said member, 
means for conducting liquid into the interior of 
said member, means for supplying material to be 
separated to said vessel above said upper Sur 
face and adjacent to the central portion thereof, 
a conduit for withdrawing liquid from said ves 
sel, the said conduit having its inner end open 
and located substantially centrally of Said vessel 
above the outlet of the vessel and adjacent the 
lower side of said hollow member in a position 
where the said inner end of the conduit is shielded 
by said hollow member from material Settling in 
said vessel so that the said conduit is effective 
for withdrawing liquid which is Substantially free 
of material particles, and means for controlling 
the withdrawal of liquid through the conduit to 
thereby regulate the rate of descent of the ma 
terial in said vessel. 

7. In apparatus of the character referred to, 
a generally cylindrical vessel having an overflow 
opening adjacent to the top and an outlet in 
the center of the bottom, valve means for Said 
outlet, a generally cone-shaped hollow member 
within said vessel extending adjacent to but 
spaced from the side walls of the vessel, the upper 
surface of said member having a plurality of 
openings communicating with the interior of said 
member, vertically positioned radial baffles in said 
vessel above said member, means for conducting 
liquid into the interior of said member, means 
for supplying material to be separated to Said 
vessel above said upper Surface and adjacent to 
the central portion thereof, and means having 
an inlet positioned substantially centrally of said 
vessel above the outlet of the vessel and adjacent 
the lower side of said hollow member in a posi 
tion where the inlet to the last-mentioned means 
is shielded by said hollow member from material 
settling in said vessel so that the said last-men 
tioned means is effective for withdrawing liquid 
which is substantially free of material particles 
from the vessel at a controlled rate to thereby 
regulate the rate of descent of the material in 
said vessel. r 

8. In apparatus of the character referred to, a 
generally cylindrical vessel having an overflow 
opening adjacent to the top and a funnel-shaped 
bottom having an outlet in the center, valve 
means for said outlet, a hollow member within 
said vessel having a substantially circular side 
wall concentric with but spaced from the side 
wall of the vessel, said member having an upper 
surface including a portion sloping substantially 
uniformly downwardly toward the side wall of 
the vessel and provided with a plurality of Open 
ings communicating with the interior of said 
member, means for conducting pressure liquid 
into the interior of said member, means for sup 
plying material to be separated to said vessel 
above said surface and adjacent to the central 
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4. 
part thereof, a plurality of vertically extending 
radial baffles in said vessel above said hollow 
member, a plurality of spaced inclined baffles ex 
tending between adjacent ones of said radial 
baffles, and means below said hollow member and 
above the outlet of the vessel for withdrawing 
liquid from the vessel at a controlled rate. 

9. In an apparatus of the character referred to 
for separating material containing magnetic par 
ticles non-magnetic particles and particles of 
magnetic material united with non-magnetic ma 
terial, a vessel having an overflow opening adja 
cent to the top and a restricted outlet adjacent 
to the bottom, a hollow member within said ves 
sel, said hollow member having an upper sur 
face extending generally transverse of said ves 
Sel and adjacent to but spaced from the side 
walls of the vessel, the said upper surface of 
said hollow member being provided with a plu 
rality of openings communicating with the in 
terior of the member, means for supplying liquid 
to the interior of said hollow member under Suf 
ficient head to flow through the said openings 
and produce uprising currents in the portion of 
the vessel above the said hollow member, means 
for Supplying a material to be separated to said 
vessel above the upper surface of said hollow 
member, means for regulating the magnetization 
of the material as it is introduced into said ves 
sel in a manner Such that the magnetic particles 
in said material have sufficient magnetism to 
flocculate and settle through the liquid in said 
vessel to the bottom thereof and the particles 
having magnetic material united with non-mag 
netic material have insufficient magnetism to 
flocculate and are carried with the non-magnetic 
particles to and through the overflow opening by 
the rising currents of liquid, means having an 
inlet positioned Substantially centrally of Said 
vessel above the Said outlet and adjacent the 
lower side of the said hollow member in a posi 
tion where the inlet to the last-mentioned means 
is shielded by Said hollow member from material 
settling in said vessel. So that the last-mentioned 

5 means is effective for withdrawing liquid which 
is substantially free of material particles from 
the vessel, and means cooperating with the last 
mentioned means to regulate the withdrawal of 
liquid and thereby control the rate of settling of 
the magnetic particles. 

10. The combination as defined in claim 9 and 
further including a plurality of baffle plates with 
in said vessel above the upper surface of the hol 
low member to prevent turbulence. 

11. In the method of separating magnetic par 
ticles from mixed material containing such parti 
cles, non-magnetic particles and particles of non 
magnetic material united with magnetic mate 
rial, the steps of regulating the magnetization of 
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the mixed material so that the magnetic particles 
are more strongly magnetized than the particles 
containing non-magnetic material united with 
magnetic material and then introducing the 
mixed material into the upper portion of a Sep 
arating Zone containing an upwardly flowing liq 
uid while removing liquid which is substantially 
free of material particles from Said ZOne in a 
region intermediate the top and bottom of the 
Zone beneath the point of introduction of the 
material and liquid into the Zone and above the 
Outlet of material from the Zone, the magnetiza 
tion of the material and the rate of flow of Said 
liquid being so regulated that the magnetic par 
ticles flocculate and descend to the bottom of the 
zone while the particles containing non-magnetic 
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material united with magnetic material do not 
flocculate and are carried together with the non 
magnetic particles to the upper portion of the 
zone by the liquid. 

HENRY K. MARTIN. 5 
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