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1 
The invention relates to the art of separating 

solid materials of different speci?c gravities, and 
more particularly to the separation of such ma 
terials in a ?uid medium of controlled density. 
Though the process, as described hereafter, most 
ly refers to coal separation, it may as well be used 
for various kinds of ore, or other materials where 
it is desired to separate one part from another 
of different speci?c gravities. 
Raw coal as it comes from the mine ordinarily 

contains varying quantities of refuse, such as rock 
or shale, which has a substantially higher spe 
ci?c gravity than clean high-grade coal. Vari~ 
ous processes for separating the refuse from the 
coal are known to the art. In one such process 
the raw coal is fed to a ?uid medium consist 
ing of ?ne sand, or other comminuted solids, sus 
pended in water and contained in a vessel, the 
medium having a relatively uniform density such 
that the clean high-grade coal is caused to ?oat, 
While the refuse sinks. This process, however, 
separates the raw material into two products only 
and the valuable intermediate product or “mid 
dlings” is either lost with the refuse or is allowed 
to mix with and reduce the quality of the clean " 
coal. It is possible, of course, to separate the 
middlings from the refuse by a separate process 
ing operation, but this will greatly add to the 
cost. 
One known process purports to separate the raw 

coal into three products in a single operation by 
maintaining the ?uid medium in vertically spaced 
layers of gradually increasing density. Hori 
zontal currents are created in the various lay 
ers so as to carry the material ?oating therein 
to separate collecting or discharging means. 
This latter method has been found unsatisfac 
tory because the ?uid media tend to blend and 
no clean-cut separation is possible. Other known 
processes, intended for three product separation 
in a single vessel, are using subsurface currents 
for separation of the sink product, but this sep 
aration is dependent not only on the speci?c 
gravity of the particles of material, but upon 
their shapes due to the effect of the currents 
thereon. _ 

With the above in view, the primary‘ object of 
the present invention is to provide an improved 
process and apparatus for effecting in a single 
operation accurate three-way separation of solid 
materials according to their different speci?c 
gravities and entirely independently of the shape 
of the material particles. 
Another object is to provide improved appa 

ratus whereby the above-mentioned process may 
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2 
be carried out in a single vessel constructed in 
a novel manner which permits the maintenance 
of two ?uid bodies of different densities in the 
vessel. , 

Another object is to provide means for main 
taining the ?uid bodies homogeneous and for ac 
curately controlling their densities. 
A further object is to effect a three-way sep 

aration of solid materials in which the materials 
are transferred from one ?uid body to the other 
in a novel manner, which enables the material to 
be processed rapidly and at relatively low cost. 
Other objects and advantages of the invention 

will become apparent from the following detailed 
description of the preferred embodiment illus 
trated in the accompanying drawing, in which: 
Figure 1 is a front elevational View of separat 

ing apparatus embodying the features of the in 
vention. - , » 

Fig. 2 is a front to rear vertical sectional view 
of the apparatus. 

Fig. 3 is a fragmentary view showing a modi 
?ed form of ?uid distributing means. 
While the invention is susceptible of various 

modi?cations and alternative constructions, I 
have shown in the drawings and will herein de 
scribe in detail the preferred embodiment, but 
it is to be understood that I do not thereby intend 
to limit the invention to the speci?c form dis 
closed, but intend to cover all modi?cations and 
alternative constructions falling within the spirit 
and scope of the invention as expressed in the 
appended claims. 
The improved process of effecting a three-way 

I separation of solid materials of different speci?c 
gravities is conveniently carried out in a vessel 
or tank providing chambers for two ?uid bodies, 
one having a density effective to- ?oat the material 
of the lowest speci?c gravity and the other having 
a higher density effective to ?oat all but the mate 
rial of highest speci?c gravity. The materials to 
be separated are fed initially into one ?uid body to 
separate out one end product and the remainder 
of the material is immediately transferred to the 
second ?uid body to similarly separate the other 
two end products. In treating material such as 
raw coal, the clean high-grade coal, which has a 
lower specific gravity , than the middlings and 
refuse, is preferably removed ?rst, followed by. 
separation of the middlings from the refuse in the 
second ?uid body. Under some operating con 
ditions and in the treatment of certain other 
material, such as. mineral ores and the like, it 
may be desirable to reverse'the order in which the 
separations are effected.v 



2,496,703 
3 

In order to make the process commercially 
practical, the chambers for the two ?uid bodies 
are arranged in vertical staggered relation and 
connected by a passage opening from the lower 
end of the upper chamber into the intermediate 
portion of the lower chamber. With this ar 
rangement the lower density ?uid is placed in 
the upper chamber and the products which sink 
therein, namely the middlings and refuse, are 
transferred directly and continuously to the lower 
chamber through the connecting passage with 
out requiring additional handling. The transfer 
is desirably controlled by mechanical means, such 
as a conveyor, and is e?ected at a rate such that 
the material collected in the upper chamber serves 
to maintain the passage substantially sealed 
against intermixing of the fluid media in the two 
chambers. 
The ?uid media used in carrying out the im 

proved process may be of any suitable character. 
As a matter of economy, it is preferred to employ 
a comminuted solid such as magnetite suspended 
in water. The materials employed are relatively 
inexpensive and the magnetite may be readily 
recovered from the separated materials. In addi 
tion to this advantage of low cost, these mate 
rials permit the density of the ?uid media to be 
accurately adjusted within the required range 
by simply regulating the amount of solid material 
added to the liquid. In the improved apparatus 
provided by the present invention, provision is 
made for the addition of the comminuted mate 
rial or the liquid to the ?uid bodies necessary to 
maintain them at the proper densities required 
for e?ecting the desired separation and for agi 
tating the ?uid media continuously to keep them 
homogeneous. 
Referring to the drawing which shows a pre 

ferred form of apparatus for carrying out the 
improved process in an efficient and economical 
manner, in designates a vessel or tank which is 
divided into two separate but communicating ?uid 
chambers H and I2 by a partitioning member or 
wall i3. The tank comprises an upright front 
wall 14, upright. side walls l5 and an inclined rear 
wall [6 of sheet metal or other suitable material, 
and is supported by appropriate framework (not 
shown). 
In the exemplary tank, the partition i3 is 

spaced rearwardly from and generally parallel 
to the front wall l4 and its lower end portion 17 
is inclined rearwardly toward the oppositely in 
clined rear wall N5 of the tank, thus forming a 
V.-shaped hopper-like body for the chamber H. 
The inclined portion I‘! of the partition is ter 
minated short of the wall IE to de?ne a passage 
l8 opening from the bottom of the chamber H 
into the chamber [2. The latter chamber is sub~ 
stantially deeper than the chamber H and the 
two chambers are arranged in vertical staggered 
relation so that the passage l'8 opens substan 
tially midway between the top and bottom of the 
secondary chamber i2. 
In the operation of the apparatus, the chambers 

H and I2 are ?lled with parting ?uid, for ex 
ample, water with a comminuted solid material 
such as magnetite suspended therein. As the 
chambers are in communication, they ?ll to the 
same level, as indicated by the line 20. Inter 
mixing of the two ?uids in the chambers is sub 
stantially prevented as will be explained herein 
after, thus enabling the ?uid in each chamber 
to be maintained at the proper density for effect 
ing the desired separation of the materials under 
going treatment. The density' of course is regu 
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4 
lated by addition of either comminuted solids or 
liquid, as required, and the mixture is kept homo 
geneous by constant agitation produced, in this 
instance, by a continuous circulation of the ?uid 
in each chamber. 
When used for treating raw coal, the ?uid 

medium of lower density is placed in the upper 
chamber H and the coal to be treated is delivered 
thereto through the chute 2| opening at 22 
through one side wall of the tank 50. An open 
ing 23 in the tank wall substantially at the water 
line 20 provides an outlet for the circulating ?uid 
and the clean coal which ?oats therein. Such 
material is discharged onto a chute or ?ume 24 
having a perforated bottom 25 of wire screening 
or the like which permits the ?uid to drain off, 
the clean coal being delivered to a suitable bin 
or the like for disposal. 
The materials of higher speci?c gravity, that 

is, the middlings and refuse, sink to the bottom 
of the chamber H and pass out through the 
opening 18 to the chamber 12. Provision is made 
for regulating the rate of transfer of the material 
so as to maintain a continuous positive flow and 
to maintain a su?icient quantity at the bottom 
of the chamber H to form a barrier effective to 
substantially prevent intermixing of the ?uids 
con?ned in the two chambers. The transfer 
means is preferably in the form of a mechanical 
conveyor, herein shown as comprising a plurality 
of scraper blades 26 carried between a pair of 
endless chains 27. The chains are guided by suit 
able sprocket wheels arranged in pairs and sup 
ported on the walls of the tank H]. As herein 
shown, one pair of sprocket wheels 28 is located 
at the upper end of the tank adjacent the top 
of the partition I3. A second pair of sprocket 
wheels 29 is located adjacent the rear of the 
chamber l2 and a third pair 36 is located in the 
chamber l2 below the inclined portion ll of the 
partition and closely adjacent the chamber con 
necting passage I8. As the sprocket wheels 30 
are immersed in the ?uid in the chamber (2, 
the shaft 3| upon which they are mounted is 
preferably journaled in outboard bearings 32 sup 
ported on the outer walls of the tank [0. A 
stuffing box 33 is provided adjacent each hear 
ing to prevent leakage of ?uid around the shaft. 
The location of the conveyor guiding sprocket 

wheels directs the conveyor in three ?ights, one 
?ight running down the inclined wall N5 of the 
tank, which in this instance forms the bottom 
of the chamber H. After passing over the 
sprocket wheels 38, the adjacent ?ight of the 
conveyor is led vertically upward between the 
partition [3 and the front wall hi of the tank, 
which are preferably spaced apart just suf?ciently 
to provide the necessary clearance for the scraper 
blades 26. The third ?ight of the conveyor ex_ 
tends rearwardly over the top of the chamber H 
between the sprocket wheels 28 and 29. One set 
of the sprocket wheels is driven by a motor or 
the like (not shown) so as to advance the con 
veyor in a direction to cause the ?rst-mentioned 
?ight to carry the heavy material from the cham 
ber H through the passage I B into the chamber 
l2. A partitioning member 34 extending trans 
versely across the tank adjacent the rear of the 
chamber H prevents light weight ?oating ma 
terial from being caught in the conveyor. 
The second or vertical ?ight of the conveyor 

receives the ?oating material or middlings in 
the chamber 12 and carries such material up 
wardly through the restricted portion of the 
chamber and discharges it into the chute or ?ume 
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35 for disposal. IA perforated plate or screen 36 
underlying the sprocket wheels 30 directs the 
?oating material into position to be engaged by 
the blades 26 of the conveyor so that it may be 
carried out of the chamber l2, as above explained. 
Any suitable means may be utilized to remove 

the heavy material which sinks in the chamber 
[2. In the exemplary apparatus, the material 
removing means comprises an endless conveyor 
46 of the bucket type enclosed within an upward 
1y sloping casing 41 opening from the bottom of 
the chamber l2. Sets of sprocket wheels 42 and 
43 are supported on the casing for guiding the 
conveyor, the wheels 42 being journaled in out 
board bearings 44 similar to the bearings 32 above 
described. To direct the material to the conveyor 
the front, side and rear walls of the tank Ii] are 
inclined inwardly to provide a relatively close 
?t with the, lower end portion of the conveyor. 
A perforated plate or screen 45 is provided ad- . 
jacent the bottom of the chamber to facilitate 
the collection of material by the conveyor. As 
will be seen by reference to Fig. 2 of the draw 
ings, the screen 45 is curved to conform to the 
path of the conveyor buckets and is spaced sub 
stantially above the bottom of the chamber, thus 
forming a sump 46 for collecting any comminuted 
solids which may settle in the chamber. 

In order to maintain the ?uid media in the 
chambers H and I2 at the densities required for - 
effecting three-Way separation of the raw ma 
terials and keep the media homogeneous, sepa 
rate ?uid circulating means is provided for each 
chamber. Thus, the ?uid and ?oating solids 
passing from the chamber ll through the outlet ; 
23 are received by the chute 24 which carries the 
solid materials away for disposal and permits 
the fluid to drain into a reservoir 50 supported at 
one side of the tank It. Fluid is drawn from 
the reservoir 58 through an intake pipe 5| by a 
pump 52 which discharges the ?uid under pres 
sure through a pipe 53 extending transversely 
across the rear of the tank below the chamber 
H. The pipe 53 has one branch 54 terminating 
in a header 55 extending along the bottom of the 
chamber I! and discharging therein‘ through a 
plurality of nozzles 56 (Fig. 1). A second branch 
5‘! of the pipe 53 leads to the intake end of the 
coal delivery chute 2 l. 

Valves 58 and 59 are provided in the two 
branch pipes so that the volume of ?uid delivered 
through either branch may be conveniently rege 
ulated. A valve 60 in the intake pipe 5! controls 
the rate of ?uid circulation. In practice, su?i 
cient ?uid is directed through the branch pipe ‘54 
and into the bottom of the chamber II to keep 
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the comminuted solids uniformly dispersed in the " 
?uid in the chamber, the upward current re 
quired being too small to interfere with the sink 
ing of the heavier material in the ?uid. The re 
mainder of the ?uid is directed through the 
branch pipe v5'! to assist in washing raw coal 
down the chute 2| and into the treating cham 
ber. 
For circulating the ?uid medium in the cham 

ber 12, a pump 5! is arranged to draw ?uid 
from the sump 46 through an intake pipe 62 and 
to discharge it under pressure into an upright 
pipe 63 having two branches 64 and 65 opening 
into opposite sides of the chamber l2 through 
nozzles 86. The ?uid is thus directed into the 
chamber at the rear of the screen 36, which acts 
to diffuse the incoming material uniformly 
through the chamber. The rate of circulation is 
controlled by a valve 61 interposed between the 
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pipe ‘63 and} the branches 64 and 65. By main 
taining the circulating velocity at a rate such 
that the descending velocity of the ?uid in cham 
ber I2 is equal to or greater than the settling 
velocity of the comminuted solids in still water, 
the density of the ?uid in the chamber I2 is 
kept substantially uniform between the ?uid inlet 
nozzle 66 and the outlet from the sump 46. 

It is obvious that the ?uid circuit for chamber 
12 ‘may be reversed, if found desirable for cer 
tain materials. The introduction of the circu~ 
lating fluid into the chamber [2 at a point close 
ly adjacent the passage l8 leaves the ?uid in the 
restricted upper portion of the chamber sub 
stantially undisturbed so that the comminuted 
solids may settle therein. Accordingly, the ?uid 
in the restricted portion of the chamber tends to 
become of relatively low density approaching 
clear water. As the middlings are carried 
through this restricted area by the conveyor 
blades 26, the co-mminuted solids collecting there 
on are effectively Washed away and returned to 
the treating chamber. This assists in maintain 
ing the proper amount of comminuted solids in 
the chamber and additionally reduces loss of 
comminuted solids with the separated products. 
A similar washing of the refuse carried out by 
the conveyor 48 is effected in the casing 4| as. 
the ?uid therein is not circulated, thus allow 
iarég the comminuted solids to settle into the sump 

As the ?uid level in both chambers H and I2 
is the same, and moreover since the passage I8 
is partially sealed by the heavy materials sinking 
to the bottom of the chamber ll, intermixing or 
blending of the ?uids in the two chambers is 
negligible. However, a certain amount of com; 
minuted solids is carried from the chamber H 
to the chamber l2 with the middlings and refuse, 
thus tending to gradually increase the density 
of the ?uid in the chamber 12. To counteract 
this tendency, the circulating system for the 
chamber I2 is provided with a by-pass through 
which a predetermined volume of denser ?uid 
may be returned to the chamber l I. The by-pass 
as shown comprises a pipe 58 branching from the 
pipe 63 and leading to the ?uid reservoir 50. A 
valve 69 is provided for regulating the amount of 
?uid delivered to the reservoir. In practice, this. 
valve may be set so that the volume of ?uid by 
passed back to the tank H is just su?icient to 
balance the loss of comminuted solids through 
the passage l8, thus providing a more or less auto 
matic balance between the ?uids of different 
densities in the two chambers. 

Fig. 3 shows a modi?ed form of ?uid inlet for 
the chamber 12, particularly suitable for use 
where the tank I0 is of substantial width. For 
this a spreader pipe 10 having a series of longi 
tudinally spaced openings in one side is arranged 
transversely of the chamber l2 between the 
sprocket Wheels 30 and above the screen 36. The 
spreader is connected with the pipe 63 by a pipe 
‘H which enters the chamber through one side 
wall above the adjacent sprocket wheel 30 and 
extends down through the center of the chamber 
to connect with the spreader, as shown. Prefer 
ably, the spreader is arranged with its discharge 
openings facing downwardly so as to avoid ex 
cessive turbulence around the inlet. 
When the apparatus is to be placed in opera 

tion, the tank Ill is initially ?lled with water until 
it over?ows through the opening 23 in the tank 
wall 14. For convenience in ?lling, a supply pipe 
15 with a control valve 16 therein is connected 
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with the lower part of the tank to open into the 
chamber l2. When the tank has been ?lled, the 
pumps 52 and Bi are started to circulate the water 
in the two chambers. The valve 58 is now closed 
so as to divert all water delivered by the pump 
52 into the chute 2i and eliminate any upwardly 
?owing currents in the chamber ii. Com 
minuted solids may now be supplied to the tank, 
preferably by Way of the chute 2i and, since there 
is no up current in the chamber H, the solids 
quickly settle to the bottom of the chamber l l and 
enter the chamber 52 by way of the passage 18. 
Preferably, the conveyor 26-27 is started at this 
time to assist the transfer of solids. 
The introduction of comminuted solids is con 

tinued until the ?uid in the chamber l2 reaches 
the desired density. Valve 58 is then opened to 
initiate circulation of ?uid in the chamber l l and 
thereby interrupt further passage of solids into 
the chamber 12. Su?icient solids may then be 
added to the ?uid in the chamber H to bring it 
up to the required density. 
Upon starting the conveyor t0, the apparatus is 

fully conditioned for operation and the separating 
process will proceed automatically upon the de 
livery of raw coal through the chute 2|. As long 
as a continuous supply of raw materials is de 
livered to the apparatus, the three end products 
will be delivered continuously by way of the chutes 
24 and 35 and the bucket conveyor at. More par- - 
ticularly, clean high-grade coal will be discharged 
through the chute 24, middlings through the 
chute 35 and refuse through the action of the 
conveyor 48. It is obvious that, by regulating 
the valves 58 and 67, the relation between the 
densities in the two chambers H and I2 may be 
changed at will. If valve 58 is closed, the density 
in chamber l i will approach clear water while the 
density in chamber S2 at the same time increases 
because of settling of suspended particles, and if 
valve 81 is closed, the density will be the same 
in both chambers, in which case the vessel will 
serve as a two product separator. Any relation 
between these two limits is possible by proper 
regulation of the valves. 

It will be apparent from the foregoing that 
the invention provides an e?icient and economical 
process and apparatus for effecting three-way 
separation of solid materials of different specific 
gravities in a continuous operation. It is capable ' 
of handling large quantities of material at a very 
rapid rate and at low cost, and is particularly 
suitable for treating raw coal and is effective to 
separate the same with a high degree of accuracy 
into clean high-grade coal, middlings and refuse. 
Handling of the materials is reduced to a mini 
mum with a consequent reduction in labor and 
other costs. The process may be carried out in 
a single vessel which materially reduces the in 
vestment required for the treating apparatus. 

I claim as my invention: 
1. The process of effecting a three-way separa 

tion of comminuted solid materials according to 
their different speci?c gravities which comprises 

in 
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establishing in a single vessel two bodies of ?uid 
of di?erent densities, introducing the materials to 
be separated into the ?uid body of lower density, 
removing from said lower density body‘ the ma 
terial which ?oats therein, collecting the material 
which sinks in said lower density body in a mass 
disposed between the two ?uid bodies, transferring 
the collected material to the ?uid body of higher 
density at a rate such as to maintain a barrier 
between the ?uid bodies effective to substantially 
prevent intermixing of the ?uids, and separately 
removing from said higher density ?uid body the 
material which ?oats and the material which 
sinks therein. 

2. The process of effecting a three-way separa 
tion of comminuted solid materials of different 
speci?c gravities which comprises establishing 
two superimposed bodies of ?uid of di?erent 
densities, introducing the materials to be sep 
arated into the upper ?uid body, removing from 
said upper ?uid body the material which ?oats 
therein, allowing the material which sinks in the 
upper ?uid body to pass into the lower ?uid body 
at a rate effective to establish and maintain a 
barrier between the bodies operative to substan 
tially prevent intermixing of the same, and 
separately removing from the lower ?uid body 
the material which ?oats and the material which 
sinks therein. 

3. The process of effecting a three-way separa 
tion of comminuted materials of di?erent speci?c 
gravities which comprises establishing two super 
imposed bodies of ?uid, maintaining the speci?c 
gravityvof the upper ?uid body greater than that 
of the lightest of the materials and the speci?c 
gravity of the lower ?uid body less than that of 
the heaviest of the materials, introducing the 
materials to be separated into the upper ?uid 
body, removing from said upper ?uid body the 
material which ?oats therein, said ?uid bodies 
being relatively positioned so that the material 
which sinks in the upper ?uid body passes direct 
ly into the lower ?uid body, restricting the passage 
of said material from said upper ?uid body so as 
to maintain a barrier of material between the two 
?uid bodies effective to substantially prevent 
intermixing of the same, and separately removing 
from the lower ?uid body the material which 
?oats and the material which sinks therein. 

HILMER N. EKBOM. 
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