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ABSTRACT OF THE DISCLOSURE 

In the separation of hydrophobic particles from hydro 
philic particles, such as in coal preparation or the bene? 
ciation of metallic ores, in a froth ?otation cell, there 
is provided a static vortex inducer unit to which is fed a 
slurry of material to be separated and air to be dispersed 
therein, so that a vortex is induced in the slurry which is 
then discharged into the container, means also being pro 
vided to feed slurry from the container into further static 
vortex inducer means. 

This invention is concerned with improvements in or 
relating to froth ?otation. 

In, for example, coal preparation and the bene?ciation 
of metallic ores, material separation by froth ?otation 
has been previously proposed. A froth is formed in a 
slurry of material to be separated and material rich in 
hydrophobic particles rises to the top of the slurry with 
the froth and material rich in hydrophilic particles falls 
to the bottom of the slurry. In the case of coal prepara 
tion the coal particles are hydrophobic and the dirt par 
ticles hydrophilic. 

It is an object of the invention to provide an improved 
apparatus adapted for use in material separation by froth 
?otation. 
The invention provides apparatus adapted for use in 

material separation by froth ?otation comprising a con 
tainer in which separation takes place in the operation of 
the apparatus, and a vortex inducer unit; the arrangement 
being such that in the operation of the apparatus a slurry 
of material to be separated is fed to the unit and a vortex 
is induced in the slurry which is then discharged from the 
unit to the container. 
“ The invention also provides apparatus adapted for use 
in material separation by froth ?otation comprising a con 
tainer in which separation takes place in the operation 
of the apparatus, and a vortex inducer unit 1mounted in 
the container; the arrangement being such that in the 
operation of the apparatus the container contains a slurry 
of material being separated, a slurry of material to be 
separated is fed to the unit and a vortex is induced in the 
slurry which vortex acts to disperse air in the slurry which 
is then discharged from the unit to the container below 
the liquid level in the container. 

> The invention also provides apparatus adapted for use 
in material separation by froth ?otation comprising a 
container in which separation takes place in the operation 
of the apparatus, and a plurality of separate slurry ?ow 
systems each of which comprises a vortex inducer ‘unit 
mounted in the container; the arrangement being such 
that in the operation of the apparatus the container con 
tains a slurry of material being separated, a slurry of raw 
material to be separated is fed to the vortex inducer unit 
of one system and a vortex is induced in the slurry which 
is then discharged from an outlet of the unit to the con~ 
tainer, and slurry from the container is fed to the vortex 
inducer unit of the other system and a vortex is induced 
in said slurry which is then discharged from an outlet 
of the unit to the container. 

10 

20 

25 

30 

35 

40 

65 

70 

3,400,818 
Patented Sept. 10, 1968 ICC 

2 
The invention also provides apparatus adapted for use 

in material separation by froth ?otation comprising a 
container in which separation takes place in the opera 
tion of the apparatus, and a plurality of separate slurry 
?ow systems each of which comprises a vortex inducer 
unit mounted in the container; the arrangement being 
such that in the operation of the apparatus the container 
contains a slurry of material being separated, a slurry of 
raw material .to be separated is fed to the vortex inducer 
unit of one system and a vortex is induced in the slurry 
which vortex acts to disperse air in the slurry which is 
then discharged from an outlet of the unit to the con 
tainer, and slurry from the container is: fed to the vortex 
inducer unit of the other system and a vortex is induced 
in the slurry which vortex acts to disperse air in the slurry 
which is then discharged from an outlet. of the unit to the 
container. 
The invention also provides a vortex inducer unit 

adapted for use in apparatus as set out in any one of 
the last preceding four paragraphs comprising a vortex 
chamber, a slurry inlet leading into the vortex chamber 
and a slurry outlet leading from the vortex chamber. 

There now follows a description, to be read with ref 
erence to the accompanying drawings, of apparatus em 
bodying the invention. This description is given by way 
of example of the invention only and not‘ by way of 
limitation thereof. 

In the accompanying drawings: 
FIGURE 1 shows a diagrammatic side view of the 

apparatus; 
FIGURE 2 shows an end view corresponding to FIG 

URE 1; 
FIGURE 3 shows a side view of a vortex inducer unit 

of the apparatus; ' 

FIGURE 4 shows a plan view corresponding to FIG 
URE 3; and 
FIGURE 5 shows a ?ow diagram of a modi?ed form 

of the apparatus. 
The apparatus is adapted for use in material separa 

tion by froth ?otation; the material comprises, for exam 
ple, coal and dirt, or a metallic ore. The apparatus com 
prises a tank 20 in which separation takes place in the 
operation of the apparatus and which contains a body of 
slurry of material being separated, a plurality of gen 
erally submerged vortex inducer units 5, 18 mounted in 
the tank 20, two pumps 2, 15 and a feed tank 1; ?ow 
through the tank 20 in the operation of the apparatus is 
continuous and generally from left to right (FIGURE 1). 
The apparatus comprises two separate slurry ?ow systems 
and the units 5 form part of a ?rst system and the units 
18 form part of the other, second, system. 

In the operation of the apparatus an aqueous slurry 
of raw material to be separated enters the feed tank 1 
and is pumped by the pump 2 along a line 3 which leads 
into feed conduits 4 of the units 5. Frothing reagent and 
air are also supplied to the units 5; the units 5 act to 
emulsify the reagent in the slurry and disperse air in the 
slurry, froth being formed which rises to the top of the 
slurry in the tank 20 together with material rich in hydro 
phobic particles. Slurry is recycled from a lower portion 
of tank 20 along a line 11 the inlet of which is located 
generally underneath the units 5 adjacent the units 5; the 
line 11 and thus its inlet are adjustable both vertically 
and longitudinally and also transversely; the line 11 leads 
through an adjustable valve 12 into the line 3 upstream 
of the pump 2. 

Slurry feed for the units 18 is withdrawn from the 
lower portion of the tank 20 into a line 13 extending into 
the tank 20 and the inlet of which is located to right (FIG~ 
URE 1) of the inlet of the line 11, and generally under 
neath the units 18 adjacent the units 18; the line 13 and 
thus its inlet are adjustable both vertically and longitudi 
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nally and also transversely; the line 13 leads through an 
adjustable valve 14 into the pump 15 which pumps the 
slurry along a line 16 which leads into feed conduits 17 
of the units 18. Frothing reagent and air are also sup 
plied to the units 13; the units 18 act to emulsify the 
reagent and disperse air, froth being formed which rises 
to the top of the slurry in the tank 21} together with ma 
terial rich in hydrophobic particles. The richness in hydro 
phobic particles of the material rising with the froth ap 
parently decreases from left to right along the tank 2t). 
The apparatus also comprises chutes 8, 9 to either side 

(FIGURE 2) of the tank 20 and paddle wheels 7 ar 
ranged to rotate to deliver froth together with the material 
rich in hydrophobic particles into chutes 8, 9, the chutes 
8 overlying the chutes A Said froth together with said 
material is delivered into the chutes 8, generally to the 
left of the units 18 and passes from the chutes 8 to a 
dewatering device (not shown) of known type where the 
froth is separated from the material rich in hydrophobic 
particles; said material then leaves the dewatering device 
as the product of the apparatus. Froth together with the 
material rich in hydrophobic particles is delivered into 
the chutes 9, to the right of the units 5 and is recycled 
into the line 3 upstream of the pump 2 through a line 10. 

A‘ slurry of tailings e?iuent which is rich in hydrophilic 
particles leaves the tank 20 through a line 19a which leads 
from the bottom of the tank 20; tailings e?iuent slurry also 
leaves the tank over a weir plate 22, which controls the 
level in the tank 20, and then through a line 1% which 
follows the weir plate 22. 
Each vortex inducer unit 5, 18 (FIGURES 3 and 4) 

comprises a vertical circular cylindrical inner wall 29 
which extends downwardly to a downwardly converging 
frustoconical inner wall 30 which terminates in a lower 
circular axial ori?ce 28; the upper end of the cylindrical 
wall 29 is closed by a horizontal circular wall 46; the 
walls 29, 30, 40 provide an inner vortex chamber 43 and 
the ori?ce 28 provides a slurry outlet leading from the 
chamber 4-3. Surrounding the walls 29, 30, 49‘ are simi 
lar, outer, walls 31, 33, 42 respectively; a generally an 
nular chamber 44 is thus provided surrounding the cham 
ber 43 and an axial annular outlet ori?ce 46 is provided 
surrounding the ori?ce 28. The feed conduit 4 or 17 of 
the vortex inducer unit terminates in a horizontal tan 
gential inlet 23 which leads through the walls 31, 29 into 
the chamber 43; an injector nozzle 24 is provided in the 
inlet 23 and the injector nozzle 24 terminates ?ush with 
the wall 29. The walls 29, 30, 40, 31, 33, 42 are made of 
abrasion resistant material, e.g., cast basalt, synthetic 
plastics or rubber. A line 26 leads from the atmosphere 
into the inlet 23 and comprises a horizontal end portion 
27 which terminates adjacent a mouth 59 of the nozzle 
24. Two. lines 32 lead from the atmosphere through the 
wall 42 into the chamber 44. The vortex inducer unit 
comprises a tube 25 comprising an upper end in communi 
cation with the atmosphere and a lower vertical end por 
tion 48 which extends upwardly towards the ori?ce 28 and 
is co-axial with the ori?ce 28; the end portion 48 has an 
open end facing the ori?ce 28. 

. In the operation of the vortex inducer unit, slurry is 
fed continuously into the chamber 43 through the inlet 
23 air being sucked in with the slurry from the line 26 
by the action of the nozzle 24. It appears that a vortex is 
induced in the slurry in the chamber 43 and disperses 
air into ?ne bubbles dispersed in the slurry; the mixture 
of slurry and air is discharged at high speed from the 
ori?ce 28 below the liquid level in the tank 20 back into a 
lower portion of the body of slurry in the tank 20; also 
air is sucked through the lines 32, chamber 44 and ori?ce 
46 by the mixture leaving the ori?ce 28, and air is sucked 
through the line 25. The frothing reagent is fed through 
the line 25. It appears that the slurry leaving the vortex 
inducer units acts to agitate and mix the slurry in the 
tank 20. 

' In a modi?ed form of the apparatus (shown diagram 
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matically in FIGURE 5) a set of three vortex inducer 
units 105 of a ?rst ?ow system are connected to a feed 
line 130 in parallel and a group of nine vortex inducer 
units 118 of a second ?ow system are connected to a feed 
line 116 in parallel, being arranged in three sets 120 of 
three; the units of each set of three vortex inducer units 
165, 118 are at the same longitudinal position in a tank 
112, but the four sets are arranged at different longi 
tudinal positions along the tank 112; otherwise the modi 
?ed form of the apparatus resembles the apparatus de 
scribed with reference to FIGURES 1 to 4. 

Various other modi?cations of the apparatus and its 
operation are possible. For example, any of the follow 
ing modi?cations may be made singly or in combination: 

(a) The line It) is closed, in which case the material 
rich in hydrophobic particles passing down the chute 9 
is dewatered to give a low-grade product or added to the 
material passing down the chute 8, the combined ma 
terial then being dewatered as a whole to give the product; 

(b) Tailings effluent from the line 19a is recycled to the 
line 3; 

(c) Reagent is fed through the air line 26 of each 
vortex inducer unit; and 

(d) Reagent is fed through one of the air lines 32 of 
each vortex inducer unit. 

I claim: 
1. Froth ?otation apparatus comprising a container 

enclosing a single space for receiving a slurry of material 
being separated, a plurality of separate flow systems each 
of which comprises, mounted in the container, static 
means for inducing a vortex in said slurry to disperse air 
therein, said static means having discharge means for 
then discharging said aerated slurry into said single space, 
means for supplying air to said vortex inducing means 
for dispersal in said slurry by said vortex, means for 
feeding a slurry of raw material to be separated from a 
source external of said tank directly into the vortex in 
ducing means of at least one system, and pump and 
conduit means in each said ?ow system for feeding slurry 
from the container into the respective vortex inducing 
means of each said ?ow system, said conduit means hav 
ing inlet means located in the lower portion of said con 
tainer below and adjacent said discharge means of said 
respective vortex inducing means. 

2. Apparatus according to claim 1 wherein said static 
means comprises a vortex inducer unit, said unit com 
prising means forming a vortex chamber, a slurry inlet 
leading into the vortex chamber and a slurry outlet lead 
ing from the vortex chamber, the air supplying means 
leading into the inlet. 

3. Apparatus according to claim 1 wherein said static 
means comprises a vortex inducer unit, said unit com 
prising means forming a vortex chamber, a slurry inlet 
leading into the vortex chamber, and a slurry outlet 
leading from the vortex chamber, the air supplying means 
comprising a tube having an open end facing the slurry 
outlet of the vortex chamber and in communication with 
the atmosphere at its other end. 

4. Froth ?otation apparatus comprising a container 
adapted to contain a slurry of material being separated, 
a plurality of separate ?ow systems each of which com 
prises, mounted in the container, static means for inducing 
a vortex in a slurry of material to be separated to disperse 
air in the slurry and for then discharging said slurry to 
the container, means for supplying air to said vortex in 
ducing means for dispersal in said slurry by said vortex, 
means for feeding a slurry of raw material to be separated 
into the vortex inducing means of at least one system, 
and means for feeding slurry from the container into the 
vortex inducing means of at least one other system, said 
static means comprising a vortex inducing unit, said unit 
comprising means forming a vortex chamber, a slurry inlet 
leading into the vortex chamber and an axial slurry outlet 
ori?ce leading from the vortex chamber, the air supplying 
means forming an annular chamber surrounding the 
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vortex chamber and having an axial annular outlet ori 
?ce surrounding the outlet ori?ce of the vortex chamber, 
the annular chamber being in communication with the 
atmosphere. 

1,328,456 
2,020,850 
2,142,207 
2,350,943 
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