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To all whom, it may concern: 
Be it known that I, JEAN McCALLUM, a 

citizen of the United States, residing at 
Hurley, in the county of Grant, State of 
New Mexico, have invented new and useful Improvements in Centrifugal Separators, 
of which the following is a specification. 
This invention relates to a centrifugal 

separator for the separation of matter of 
different specific gravities or of particles of 
different sizes, or of particles of both dif 
ferent sizes and different gravities; and the 
invention relates more particularly to cen 
trifugal separators of the class used for 
separating pulps, slimes and the like to re 
move the valuable particles therefrom; and 
the invention consists in the provision of 
certain apparatus novel in itself and novel 
in its mode of action to produce the desired 
results in simple and efficient manner. 
My invention may be put to a variety of 

uses. It may be used as a separator, con 
centrator, filter or decanter or as a de 
waterer; and in the following specification 
and claims I broadly describe a device ca 
pable of all of these uses; while I particul 
larly describe a device adapted to be specifi 
cally used as a separator or concentrator. 
The fundamental operation of my machine 
includes the formation of an annular mass 
of more or less consolidated matter (the 
cake herein spoken of) by accretion at its 
inner periphery in or near an annular sep 
aration zone, and the discharge of this con 
solidated matter (concentrate) from the 
outer portions of its annular mass. In the 
annular separation zone there is maintained 
a body of mixed material (slime, pulp or 
the like) 
force, the action of the stream of material 
being fed in, and, in the case of a separator, 
under the action of a scrubber which works 
on the inner portions of the annular mass 
of material consolidated in the cake. The 
function of the scrubber is to scrub off and 
agitate the inner layer of the annular mass 
(in the separation Zone) so that the parti 
cles of this inner layer are free to arrange 
themselves under the action of the various 
forces. The heavier particles are thrown 
outwardly by centrifugal force into the 
cake; the lighter particles are rejected. 

I provide an annular chamber rotating 
in its own plane, (that is, rotating about its 
own axis of generation), which chamber is 

lar chamber. 
centrate discharge is somewhat removed 

under the action of centrifugal. 

the separation and cake chamber herein re 
ferred to. The separation zone is at or near 
the inner periphery of this chamber; the 
cake is accumulated in the chamber outside 
the separation zone. Means are provided 
for feeding material to the separation zone 
and discharge outlets are arranged at the 
Outer parts of the chamber. Water, or 
other fluid, is fed into the chamber for two 
purposes, (1) to form more or less of a 
lubricating film or thin coating between the 
mass of material and the walls of the an 
nular chamber, and (2) to impregnate and 
fluidize the outer portions of the annular. 
mass so that the mass may freely and uni 
formly pass through the discharge open 
ings under centrifugal action. The lighter 
portions are rejected at the inner edge of 
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the annular chamber, at the separation zone. 
The scrubber acts against the inner layer 
of the annular mass to agitate that layer 
and free the lighter particles so that they 
may be rejected over the weir, leaving the 
heavier particles to pass into and form the 
more or less consolidated cake in the annu 

It will be noted that the con 

from the separation zone; that the cake 
mass is between the separation zone and 
the discharge; so that the discharge of con 
centrate does not interfere with, nor is af. 
fected by, the separation and accretion proc 
ess. The annulus of concentrate is con 
tinuously added to on the inside and con 
tinuously discharged at the outside; the 
parts of the machine being so proportioned 
that these two actions balance each other 
and constantly maintain a mass of concen 
trate in the annular chamber. 
The details of my invention in its pre 

ferred form are described in the following 
specification and are illustrated in the ac 
companying drawings, in which, 

Figure 1 is a half section and half eleva 
tion of my improved device, Fig. 2 is a sec 
tion taken as indicated by line 2-2 of Fig. 1, 
Fig. 3 is a detail section illustrating the 
action of my machine, Fig. 4 is a section 
taken as indicated by lines 4-4 of Fig. 1, 
Fig. 5 is a half side elevation and half sec 
tion of the scrubber. 
In the drawings, the numeral 10 may des 

ignate the main upright shaft mounted in 
suitable bearings 11 and 12, this shaft per 
forming the service of transmitting rotation 
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6. 

Se: 

to the outer member 15 of my device. A 
driving sleeve 16 surrounds the shaft 10 and 
performs the service of rotating the inner 
member 17 of my device, this inner member 
being the scrubber hereinbefore referred to. 
The outer and inner members revolve con 
centrically and preferably revolve in the 
same direction, as indicated by the arrows 
in Fig. 2, the inner member or scrubber 
rotating at a higher speed than the outer 
member. 
The outer member includes in its construc 

tion some, of the most salient and novel fea 
tures of my invention. This member 15 
comprises upper and lower castings 20 and 
21 more or less symmetrical in cross section. 
In each of these castings there is a water or 
other fluid inlet 22 or 23, fluid passages 24 
and fluid pressure chambers 25. Fluid fed 
into the inlet 22 or 23 is thrown outward 
by centrifugal force, and pressure in the 
pressure chambers 25 forces the Water 
through the perforations 30 and 31 into the 
annular separation and cake chamber 32. 
This annular chamber 32 is formed between 
opposing Walls of the upper and lower cast 
ings 20 and 21. The castings are secured 
together by flange and bolt connection as 
at 33. Outlet nozzles 34 are provided around 
the annular chamber; and it is through these 
outlets that the concentrate is discharged. 

It will be noted that the anntalar separa 
tion and cake chamber is of peculiar cross 
section. The chamber is inclosed above and 
below by walls 35 and 36 of the two cast 
ings 20 and 21. Walls 35 diverge from each 
other outwardly away from the central axis 
and walls 36 converge toward each other in 
the same direction, so that the annular 
chamber 32 is widest in a vertical direction 
intermediate its inner and outer peripheries. 
Between the two walls 35 and 36 provide 
lubricating grooves 37, and it is into these 
lubricating grooves that the perforations 30 
discharge their fluid. The perforations 31 
discharge their fluid between the lubricat 
ing grooves and the jet or nozzle outlets 34. 
It is primarily the purpose of the fluid de 
livered to the lubricating grooves to spread 
out over the surface 36 and to prevent the 
mass of material in the annular separation 
and cake chamber from direct frictional 
contact with the walls. It is the direct pur 
pose of the perforations 31 to deliver water 
or other fluid into the portion of the ma 
terial near the outlets 34 to thoroughly fluid 
ize those portions of the cake and allow the 
fine solid heavier particles to pass out easily 
through the outlets under the action of cen 
trifugal force. 
The material to be separated is delivered 

to the machine through the mouth 40 and 
through passages 41 into the separation and 
cake chamber 32. This material may be 
slime or pulp or any similar material in 
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which it is desired to effect a separation or 
concentration. The material flowing through 
the annular separation and cake chamber 
82 passes over the rim 45 of the inner re 
volving member or scrubber 17. The rim 
45 is constructed as is best shown in Fig. 1 
and Fig. 5, so that it presents an upper di 
agonal face 46, a central vertical face 47, 
and a lower diagonal face 48. The entering 
pulp passes over the upper diagonal face 46 
of the scrubber between the vanes 17; and 
as the pulp enters the separation and cake 
chamber it is under (1) the effect of pres 
sure generated by centrifugal force, (2) the 
effect of the flow of pulp through the pas 
Sage 41 and into the separation zone in the 
annular chamber and (3) the effect of im 
pact with the revolving scrubber. When 
treating fine material, the effect of the flow 
or current downward through the passages 
41 and between the vanes 17 is approxi 
mately the same on all particles; so that the 
flow tends to carry the particles downwardly 
along the inner peripheral part of the an 
nular chamber 32. Centrifugal force, how 
ever, acting most strongly on those particles 
of greatest specific gravity, and having 
greatest resultant effect also upon those 
bodies of smallest size, tends to throw all 
such particles toward the outer parts of the 
annular chamber 42 out of the separation 
Zone into the cake, whence they finally pass 
out through discharge nozzles 34. The dis 
charge of this fine heavy matter is greatly 
facilitated by the injection of water near the 
outer portions of the annular separation 
chamber, so that the mass of solid particles 
which would otherwise form is broken up 
and made sufficiently fluid to pass out 
through the discharge openings. 
The whole of the incoming pulp being 

divided in the manner set forth by the con 
stant action of the machine, the total con 
stant outflow is equal to the constant infiow. 
The larger part of the outflow is from the 
inner portion of the annular separation 
chamber over the weir ring 50 and under the 
lower diagonal surface 48 of the scrubber 
wheel 17 and out through discharge open 
ings 49. It will be noted that a constant 
outward and downward flow of feed or pulp 
is maintained through the passages 41 into 
the separation Zone. This flow is main 
tained largely by centrifugal force, due to 
the fact that the lip 40 of the feed mouth 40 
is situated inward (toward the axis of the 
machine) of the inner edge of the discharge 
weir 50. The scrubber wheel scrubs the 
inner portion or surface of the body of ma 
terial in the separation and cake chamber so 
as to loosen and agitate those portions of the 
pulp body and allow free movement of the 
different particles in that part of the body 
under the action of centrifugal force and 
other forces herein described. As a result 
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of the action of all of these forces the 
heavier and finer particles gradually and 
continuously work their way to the outer 
portion of the annular separation chamber 
into the consolidated mass therein while the 
lighter and coarser particles pass down 
wardly through the separation zone in the 
inner portion of the chamber. The lighter 
larger particles flow downwardly through 
the inner peripheral portion of the separa 
tion and cake chamber; the heavier finer 
particles deflect outwardly toward the outer 
peripheral portion of the chamber, whence 
they are continuously discharged. Dis 
placement of material from the separation 
and cake chamber by the incoming pulp 
forces the inner portions of the separation 
mass over the inner weir ring 50. Continu 
ous feed of the pulp or the like causes, under 
the action of the machine, continuous sepa 
ration and continuous discharge of the con 
centrate and of the reject. The outlet noz 
zles, the fluid feed, the material feed, etc., 
are so proportioned that for any given ma 
terial the outflow balances the inflow when 
there is an accumulation of consolidated 
matter in the cake chamber; that is, when 
the machine starts in operation, the normal 
full discharge of concentrate does not begin 
until the normal amount of cake has been at 
tained; and thereafter there is a constant 
amount of concentrate cake which is being 
continuously added on the inside and con 
tinuously discharged on the outside. 

In Fig. 3 I have shown the accumulated 
cake at “C” and have designated the separa 
tion zone by the letter “Z”. The arrows in 
dicate the general movements of material, 
fluid and cake. The pulp moves into the 
separation and cake chamber by centrifugal 
force and by the impetus acquired from the 
scrubber wheel; and there is always a cer 
tain centrifugal pressure in the separation 
and cake chamber 32, which centrifugal 
pressure at any determined speed depends 
directly upon the radial distance between the 
inner edge of the weir ring and the point in 
the chamber 32 at which the pressure is being 
measured. Thus, the pressure of the pulp 
at the discharge ends of the perforations 30 
and 31 is dependent directly upon the radial 
distance to the inner edge of the weir ring. 
Now the pressure developed upon the fluid 
in the pressure chambers 25, and upon the 
fluid at the discharges of the perforations 
80 and 31, is dependent upon the radial dis 
tance between the inlet points 22 and 23 and 
the points of discharge of the perforations 
30 and 31. These last mentioned radial dis 
tances are much greater than the first men 
tioned radial distances, and as a result, the 
pressure upon the fluid is sufficient to force 
it through the perforations 30 and 31 against 
the pressure of the pulp in the chamber 32. 
The amount of fluid fed through these per 

forations may be varied by varying the num 
ber and size thereof; and the amount of 
fluid desired will depend upon the nature of 
the material being treated in my machine. 
For certain materials and for certain pur 
poses the lubricating grooves and the per 
forations 30 may be omitted, the perfora 
tions 31 only being used. The jets of fluid 
entering through these perforations 31 may 
be the discharge jets as they are for the pur 
pose of breaking up or fluidizing the cake 
or material into a thin liquid pulp so that 
it may freely discharge through the noz 
zles 34. 

It will be noted that the various fluid and 
pulp passages are separated by dividing 
walls and are distinct from one another so 
that the inclosed fluids are given the proper 
rotary motion. The annular chamber 32 
may be divided by webs 32 so that the mate 
rial therein is positively driven. Webs 258 
are placed in fluid pressure chambers 25 for 
the same purpose. It will be understood 
that wherever I speak of annular chamber, 
annular mass, etc., I do not limit myself to 
such a construction as would preclude the 
subdivision of such chamber, mass, etc., into 
parts which, taken together, would form 
such an annulus. In fact, as here explained, 
the fluid chambers and the chamber 32 are 
divided into parts, but such division does not 
remove the characteristic features of my in 
vention. 

I do not wish to confine myself to the spe 
cific details herein described; but there are 
several novel features to which I particu 
larly draw attention. One of the novel fea 
tures is the general arrangement of the sepa 
ration and cake chamber or Zone with its in 
ward discharge over an interior weir ring 
and the provision of the fluid feed to the 
outer portions of the separation and cake 
chamber to aid the outward discharge of 
the outer portions of the material in the 
chamber. I also wish to call attention par 
ticularly to the configuration of the annular 
separation and cake chamber, as herein de 
scribed. The approaching walls 36 of this 
chamber aid very materially in causing uni 
form discharge of the heavier materials at 
the outer part of the chamber. I also wish 
to draw particular attention to the scrubber 
wheel which acts upon the inner portions or 
surface of the mass in the separation and 
cake chamber, and to the action of the wheel 
in loosening a thin layer of the cake, and 
permitting it to be arranged according to 
the specific gravity of the particles effected. 

I claim 
1. In a device of the character described, 

a rotatable member including a chamber 
radially open and unobstructed toward the 
axis of said member, means for supplying 
pulp or the like to a separation Zone at the 
inner part of said chamber, means for con 
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tinuously agitating the pulp in the separa 
tion zone at the inner part of said chamber 
so that the heavier particles are continuously 
freed to be centrifugally thrown into the 
outer parts of the chamber to form a mass 
of consolidated material occupying Said 
chamber and extending inwardly to said 
separating zone, means for continuously re 
strictedly discharging said solid cake or con 
solidated mass of heavy particles embodying 
a restricted orifice at outer part of said 
chamber, whereby the consolidated mass of 
heavy particles is maintained continuously 
between the separation zone and discharge 
orifice, and means independent of the pulp 
agitating means whereby independent fluid 
is applied in the form of strong jets at the 
outer part of said consolidated mass, im 
mediately adjacent to the discharge orifice, 
said means being adapted to deliver the jets 
substantially outwardly and with Such force 
as to break up the consolidated mass im 
mediately in front of the orifice without 
breaking up the mass as a whole. 

2. In a device of the character described, a 
rotatable member including a chamber 
radially open and unobstructed toward the 
axis of said member, means for Supplying 
pulp or the like to a separation zone at the 
inner part of said chamber, means for con 
tinuously agitating the pulp in the separation 
zone so that the heaviest particles are con tinuously freed to be centrifugally thrown 
into the outer parts of the chamber to form 
a mass of consolidated material occupying 
said chamber and extending inwardly to said 
separating zone, means forming a discharge 
orifice for continuously restrictedly dis 
charging said consolidated mass of heavy 
particles from the outer part of said cham 
ber whereby the consolidated mass of heavy 
particles is maintained continually between 
the separation zone and discharge orifice, 
and means independent of the pulp agitat 
ing means whereby independent fluid is ap 
plied in the form of strong jets at the outer 
part of said consolidated mass, immediately 
adjacent to the discharge orifice, said means 
directing the jets substantially outwardly 
and being adapted to break up the outer 
portion only of the consolidated mass. 

3. In a device of the character described, 
a rotatable member including a chamber 
with a discharge orifice at its outer periph 
ery, said chamber being radially open and 
unobstructed toward the axis of said mem 
ber, means for supplying pulp or the like to 
a separation zone at the inner part of the 
said chamber, means for continuously agi 
tating the pulp in the separation Zone at the 
inner part of the chamber, said means acting 
on the pulp directly at the inner part of the 
chamber so that the heavier solid particles 
of the pulp are continuously freed to be 
centrifugally thrown into the outer part of 
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said chamber to form therein a consolidated mass of heavy particles, and means inde 
pendent of said agitating means for fluidiz 
ing the consolidated mass to facilitate its 
discharge, said means embodying means for 
applying jets of fluid to the outer peripheral 
portions of the mass directed toward the dis 
charge orifice. 

4. In a device of the character described, 
a member including an annular chamber ro 
tatable about an axis, said chamber being 
radially open and unobstructed toward said 
axis, said chamber having axially spaced 
walls converging toward each other at the 
outer periphery of the chamber, there be 
ing restricted outlet orifices at the outer 
periphery of the chamber, the inner periph 
ery of the chamber being entirely open, 
means for supplying pulp or the like to the 
inner open periphery of the chamber, me 
chanical means to continuously agitate the 
pulp at the inner open periphery of the 
chamber so that the heavier solid particles 
are freed to be centrifugally thrown out 
wardly into the outer portions of the cham 
ber to form a consolidated mass of heavy 
particles, and means independent of the pulp 
agitating means for continuously fluidizing 
the outer peripheral portions of said con 
solidated mass, said means including means 
for injecting jets of fluid into the outer por 
tions of said chamber at the converging walls 
of the chamber, said jets being directed out 
wardly toward the discharge orifices. 

5. In a device of the character described, 
a member including an annular chamber ro 
tatable about an axis, said chamber being 
radially open and unobstructed toward said 
axis, its axially spaced Walls adjacent its 
inner periphery diverging outwardly from 
each other to approximately the center of 
the chamber and then converging toward 
each other the outer periphery of the cham 
ber, there being restricted outlet orifices at 
the outer periphery of the chamber, means 
for feeding pulp to the open inner periph 
ery of the chamber, a rotating scrubber 
wheel immediately adjacent the open inner 
periphery of the chamber adapted to agi 
tate the pulp over the whole of the open in 
ner periphery, so that the heavier particles 
are freed to be centrifugally thrown out 
Wardly into the outer parts of the annular 
chamber to form therein a consolidated 
mass, and means independent of the pulp 
feeding means for fluidizing the outer por 
tions of said consolidated mass to facilitate 
its discharge through the outlet orifices, said 
means including means for injecting jets of 
fluid into the outer portions of said chamber 
at points in the outer converging walls 
thereof and in outward directions toward 
the outlet orifices. 

6. In a device of the character described, 
a rotatable member having an annular 
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chamber rotatable about an axis, saidchamber 
being open and unrestricted and having its 
inner periphery entirely open, the axially 
spaced walls of said chamber diverging 
slightly outwardly to about the center of the 
chamber and then converging toward each 
other to the outer periphery of the chamber, 
there being outlet orifices at the outer pe. 
riphery of the chamber, and there being 
water jet inlet orifices at the lines of junc 
tion of the diverging and converging walls 
of the chamber and also at points in the 
converging walls, all said orifices directing 
jets into the chamber and toward the outlet 
orifices at the periphery thereof, means to 
feed pulp to the open inner periphery of 
the chamber, and independent means to feed 
water to the jet orifices. 

7. In a device of the character described, 
a rotatable member having an annular 
chamber rotatable about an axis, saidchamber 
being open and unrestricted and having its 
inner periphery entirely open, the axially 
spaced walls of said chamber diverging 
slightly outwardly to about the center of the 
chamber and then converging toward each 
other to the outer periphery of the chamber, 
there being outlet orifices at the outer pe 
riphery of the chamber, and there being 
water jet inlet orifices at the lines of junc 
tion of the diverging and converging walls 
of the chamber and also at points in the 
converging walls, all said orifices directing 
jets into the chamber and toward the outlet 
orifices at the periphery thereof, means to 
feed pulp to the open inner periphery of 
the chamber, independent means to feed wa 
ter to the jet orifices, and means to agitate 
the pulp over the whole of the inner periph 
ery of the chamber. 

8. In a device of the character described, 
a rotatable member having an annular cham 
ber rotatable about an axis, said chamber 
being open and unrestricted and having its 
inner periphery entirely open, the axially 
spaced walls of said chamber diverging 
slightly outwardly to about the center of the 
chamber and then converging toward each 
other to the outer periphery of the chamber, 
there being outlet orifices at the Outer pe 
riphery of the chamber, and there being 
water jet inlet orifices at the lines of junction 
of the diverging and converging walls of 
the chamber and also at points in the con 
verging walls, all said orifices directing jets 
into the chamber and toward the outlet ori 
fices at the periphery thereof, means to feed 
pulp to the open inner periphery of the 
chamber, independent means to feed Water 
to the jet orifices, and means to agitate the 
pulp over the whole of the inner periphery 
of the chamber, said means embodying a ro 
tatable scrubber wheel with its periphery 
adjacent said inner periphery of the cham 
ber. 

9. The combination of a rotatable mem 
ber including a chamber which is open and 
unobstructed toward the axis of said mem 
ber, there being a restricted discharge out 
let at the outer part of the chamber, means 
to feed pulp or the like past the inner open 
part of Said chamber so that the heavier particles may be thrown outwardly into said 
chamber to accumulate and form a cake of said particles, a restricted discharge outlet 
at the outer part of said chamber, and means 
to fluidize the outer portions exclusively of 
the cake accumulating in said chamber, said 
fluidizing means embodying means for pro 
jecting a fluid jet independent of the pulp 
into the outer portion only of said chamber 
and into the outer portion of said cake in 
an outward direction toward the discharge 
outlet, so as to fluidize the outer portions 
of the cake for discharge through said out 
let and so as to leave the inner portions of 
the cake undisturbed. 

10. The combination of a rotatable mem 
ber including a chamber which is open and 
unobstructed toward the axis of said mem 
ber, the outer portion of said chamber hav 
ing outwardly converging walls, there being 
a restricted discharge outlet at the outer 
part of the chamber at the outer edges of 
said outwardly converging walls, means to 
feed pulp or the like past the inner open 
part of said chamber so that the heavier par 
ticles may be thrown outwardly into said 
chamber to accumulate and form a cake of 
said particles, and means to fluidize the 
outer portions exclusively of the cake accu 
mulating in said chamber, said fluidizing 
means embodying means for projecting jets 
of fluid oppositely from the said converg 
nally toward each other and outwardly to 
ward said discharge outlet into the outer 
portions of said chamber and into the outer 
portions of said cake, so as to fluidize the 
outer portions of the cake for discharge 
through said outlet and so as to leave the 
inner portions of the cake undisturbed. 

11. The combination of a rotatable mem 
ber including an annular chamber which is 
open and unobstructed toward the axis of 
said member, the outer portion of said cham 
ber having opposite walls converging out 
wardly to the outer periphery of said cham 
ber, there being restricted discharge outlets 
spaced around the outer periphery of said 
chamber, means to feed pulp or the like 
past the inner open periphery of said cham 
ber so that the heavier particles may be 
thrown outwardly into said chamber to ac 
cumulate from an annular cake of said par 
ticles, and means to fluidize the Outer por 
tions only of said cake accumulating in said 
chamber, said fluidizing means embodying 
means for projecting jets of fluid oppositely 
from the opposite converging walls of the 

walls of said chamber directed diago 
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annular chamber directed diagonally toward 
each other and outwardly toward the dis 
charge outlets into the outer portions only 
of said chamber and into the outer portions 
only of said cake, so as to fluidize the outer 
portions of the cake for discharge through 
said outlets and so as to leave the inner 
portions of the cake undisturbed. 

12. The combination of a rotatable mem 
ber including an annular chamber which is 
open and unobstructed toward the axis of 
said member, the outer portion of said cham 
ber having opposite walls converging out 
wardly to the outer periphery of said cham 
ber, there being restricted discharge outlets 
spaced around the outer periphery of said 
chamber, means to feed pulp or the like past 
the inner open periphery of said chamber 
and means for agitating the pulp over sub 
stantially the whole of the inner open pe 
riphery to free the heavier particles so that 
the heavier particles may be thrown out 

chamber directed diagonall 
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wardly into said chamber to accumulate and 
forman annular cake of said particles, and 
means to fluidize the outer portions only of 
said cake accumulating in said chamber, said 
fluidizing means embodying means for pro 
jecting jets of fluid oppositely from the op 
posite converging walls of the annular 

toward each 
other and outwardly toward the discharge 
outlets into the outer portions only of said 
chamber and into the outer portions only 
of said cake, so as to fluidize the outer por 
tions of the cake for discharge through said 

30 

35 
outlets and so as to leave the inner portions - 
of the cake undisturbed. 

In witness that I claim the foregoing I 
have hereunto subscribed my name this 27th 
day of February 1914. 

JEAN McCALLUM. 
Witnesses: 

FRANK. B. HARRIs, 
ARNOLD W. HARRIs. 


