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This invention relates to improvements in methods of 
and apparatus for concentrating ores and the like by cen 
trifugally separating particles of various densities and 
more particularly to so-called cyclone separators and 
separation methods. 

In conventional cyclone separators used in the concen 
tration of an ore pulp or in dust collection techniques, 
the air or liquid entrained particles to be separated are 
fed into the cyclone tangentially and in any case, the ?uid, 
either gaseous or liquid, entraining such particles, serves 
as the medium for forming a vortex within the cyclone 
structure. 

According to the present invention, a vortex is set up 
within a cyclone separator by means of a suitable ?uid 
and the particles of various densities to be separated are 
injected into the separator in such manner that each in 
dividual particle must penetrate through the ?uid surface 
or wall of the ?uid vortex therein, it being manifest that 
the “skin effect” of the ?uid vortex wall is penetrated 
to a varying depth according to the kinetic energy of a 
particle striking such surface and the area-density rela~ 
tionship of such particle. 
persons that the method and apparatus for separating 
materials according to the present invention will give 
more closely consistent results Where the particle size dis 
tribution of a given sample to be separated is small; that 
is, the particles are all of substantially the same size. 
The invention will be appreciated in more detail by 

reference to the following speci?cation taken in conjunc 
tion with the accompanying drawings. 

In the drawings: 
Figure l is a sectional view of one form of a cyclone 

class of separator according to the invention, illustrating 
means for injecting the particles of various densities to 
be separated into the surface of a vortex formed therein 
by a vortex forming ?uid; and 

Figure 2 is a sectional view of a modi?ed form of par 
ticle injector feeder. 

In the drawings, 10 shows a preferred form of cyclone 
separator according to the invention, comprised of a bowl 
part 11 having an axially located concentrate opening 12 
communicating with a nozzle 13 and a tailings discharge 
opening 14 of larger diameter, preferably arranged within 
a relatively large launder 15 of cylindrical construction, 
rising to a substantial height but having a tailings dis 
charge spout 16 located therein. As indicated, this con 
struction may be formed in an integral casting. 
An inlet nozzle 17 extends tangentially into the bowl 

at the point of its maximum inner diameter as at 18 
whereby a suitable ?uid such as water or air may be in 
jected as a vortex forming medium into the bowl at su?i~ 
cient pressure to create a fast circulating body of ?uid 19 
of annular shape between the walls 20 of the bowl and 
the upwardly diverging surface of the vortex 22. 

It will be apparent to skilled . 

t2. 
"Elbe-observed that in :the type of ‘vortex ‘formed, 

‘that’ tli‘eree‘is' a ‘circulation within the 'annular'ibody vof 
‘?uid- l‘19*o'f' toroidal ‘form, the ?uid section'of the vortex 
rising-‘fromthe-‘centroid opening 12 to and beyond the 

'lt‘ailings opening 154; with some -'reeirculationiwithin'the 
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aaccordiingly;tasfiparticles ‘of ‘various densities areipro 
“:je’cted: fromt'va. suitable injector .~23,::su'ch. :as» the laxially 
located pipe 24 having an end ?tting 25 de?ning in con 
junction with the pipe, a circumferential slot 26, the par 
ticles proceed from such slot at a velocity determined by 
the injection pressure and rotation of the injector, if de 
sired, to strike the skin 21 of the vortex 22 and penetrate 
such skin to enter the body of ?uid 19. 
The depth of penetration of the vortex skin 21 by a 

particle will be determined by the velocity of the in 
dividual particle and its mass. A new factor also arises 
in that the penetration of the particle will also be con 
trolled by the area-density relationship of the particle. 

Very light small particles will effect a negligible pene 
tration of the skin 21 and will be carried by the upward 
motion of the latter through the tailings outlet to the tail 
ings discharge spout 16. Particles of smaller effective 
area per unit mass will eifect a deeper penetration as will 
those of greater kinetic energy. 

In operation, the ?uid vortex forming media is adjusted 
in its pressure of injection into the bowl until the heavier 
particles of ore pulp teed just penetrate the wall of the 
vortex; the particles having the greater speci?c gravity 
are smaller than other mineral particles and penetrate 
more rapidly, being carried to the wall of the concentrate 
bowl and down to the concentrate discharge opening. 
Larger particles of lesser speci?c gravity will not pene 
trate so effectively and are carried to tailings discharge. 

If it is desired to feed dry ore, the bottom plate 25 of 
the feed injector pipe 23 is replaced by a ?at disc rotated 
about the axis of the concentrator, this form being desig 
nated in Figure 2 wherein the ?at disc 25 is supported by 
the rod 26 carried by open spider guides 27 in the tube 
28. The rod 26 may be rotated by any suitable drive 
means such as the motor illustrated. The disc 25 along 
with the drive and rod 26, is raised or lowered until a 
desired rate of feed is arrived at, in conjunction with the 
best speed of rotation of the disc. 
As will be apparent from an examination of Figure 1, 

the launder 15 is in the form of a vertical open-ended 
surge pipe which may be of very great height to effect a 
more uniform vortex in the separator bowl 11. The 
arrows illustrated on the drawing, indicate the direction 
of flow of the ?uid vortex medium within the bowl. 
From the foregoing, it will be apparent that my injec 

tion system for cyclone type of separators enables a greater 
control through a large number of factors effecting sepa 
ration and permits an independent control over feed rate 
of the material being introduced for. separation as com 
pared with the rate of injection of the fluid medium 
forming the vortex. Moreover, the feed injection device 
being located axially of the vortex may be raised or 
lowered therewithin to obtain maximum ei?ciency of 
injection and separation, along with the control of feed 
rate and the control of the vortex itself, by independent 
means. _ 

It is intended that the present disclosure should not be 
construed in any limiting sense other than that indicated 
by the scope of the following claims. 
What I claim as my invention is: 
1. In acyclone separator having a separating bowl with 

an axially located concentrate opening of relatively small 
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orilice' diameter and a co-axial opposed tailings opening 
‘of relatively large diameter but of a lesser diameter than 

- said bowl, the combination therewith of: a surge pipe 
co-axially formed on said bowl and projecting beyond 
the tailings opening thereof; a tailings outlet on said surge 
pipe; a vortex forming medium inlet located tangentially 
on said bowl; and a feed injector device disposed co 
axially in said bowl, including means for distributing feed 
therefrom outwardly toward the surface of a vortex 
formed within said bowl by the vortex forming medium. 

2. In a cyclone separator, the combination claimed in 
. claim 1 wherein the feed injector device is in the form _ 
of a tube disposed co-axially within said separator and 
projecting through the tailings opening thereof; and where 
in the feed distributing means is in the form of a ?tting 
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de?ning in conjunction with said tube substantially, a 
circumferential slot. 
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