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17 Claims. (Cl. 261-93) 

this invention relates to improvements in the 
froth flotation apparatus, and more particu 
larly relates to...certain improvements in the 
froth-overflow and mixing function of froth flo 
tation apparatus of the sub-aeration type. 
. In conventional froth flotation practices, it has 
been customary to provide a stationary: froth 
overflow lip along-one side of the flotation ima 
chine, usually the front-side, and then regulate 
the liquid.1eveli in the -machine.or.in individual 
cells of a machine to provide a bed-of-froth-of. 
selective-depth to overflow a given portion of 
the concentrate. With the advent of new flo 
tation;reagents, the character of the froth-or 
foam is being-changed, and particularly there 
is a trendraway from voluminous; and tenacious 
froths. In most instanees, a brittle froth will 
be preferred because of-the-reduced treatment 
time required in the handling-of-a-concentrate 
material in subsequent treatments. Voluminous 
froths are frequently objectionable because of 
the coalescence occurring at the overflow zone 
with concentrate loss due to shattering of 
bubbles. However, to effectively use a brittle 
froth which is relatively shallow in depth, it is 
necessary to provide a close control of the over 
flow level and also to provide for a rapid dis 
charge of the concentrate material after it 
reaches the frothbed. 

It is an object of the present invention to pro 
vide simple, durable and efficient apparatus for 
insuring promptremoval of froth from a flota 
tion cell at any desired elevation in the froth 
206. . . . . . . 
Another object of the invention is to provide 

an improved apparatus for mixing the pulp 
feed, air and recirculating pulp in the agitation 
zone of a flotation treatment. - 
A further object of the invention is to provide 

pumping means in association with the impeller 
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tation cell and mounted for movement to selec: 
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tive elevations within said cell. 

extending to a substantia. 
gicells. The overflow level 

frothbed at the top of the cell.T. 
Ehe practice of the present invention 

larly, - . . . . . 
: Fig. 1 , is a vertical control segtion throu 
multi-cellflotation machine embodying 
of the present invention; . . . . . . . . . .';. 

Fig. 2 is a top plan view. of the machine: shown 
in Fig.1.1, partially broken a Way: to show the ar 
rangement of interior parts; and . . . . . . . . . 

Fig. 3 is an end televation, partially broken to 
show: the arrangement: of interior parts... : : 
S. The apparatus illustrated in...the drawings is 
as typical multi-cell flotation machine showing 
the...detail of the first and last cell of a series 
of cells, which may be any plurality interme 
diate-cells of any series: of three or more would 
utilize...an intake. Or feed arrangement corre 
sponding to that shown in the last cells of the 
series while the discharge end-of-the-cell would 
be substantially similar to the discharge end of 
the first-cell illustrated. 

40 
of a flotation, machine of the sub-aeration type 
to accelerate the mixing of matter at the intake 
side of the impeller. . . . 

Still another object of the invention is to pro 
vide improved, means for mixing atmospheric 
air and air under pressure as the aerating me 

: dium in afroth flotation process. 
Other objects reside in novel details of con 

struction and novel.combinations and arrange 
ments of parts, all of which will be fully de 
scribed in the course of the following. desc 
tion. . . 
The pres 

phases. 
froth.collecting-launder positioned within a flo: 5 

45 

*As represented in Figs. 1 and 2, the first cell 
is designated 'C and the last-cells is: desigr 
nated 'C'. The machine has front and rear 
walls 4 and -5, respectively, ... and end walls 
6-and-il, which together with a bottom. 83 define 
a tanks divided into ca, plurality...of cells, which 
as shown in the drawings, comprises the scells 

50 

ent inventive concept comprises two 
The first involves, the provision of a 

55 

C. and C. Feed to the machine is introduced 
through an inlet 9, and the final discharge from 
thema, : S: 

th. 7, ... W. R. ... to collect froth 
which enters said launder 
lustrated, the launder, 12 is held permanen 
the position shown, but it may be verticall 
justable, if desired. Launder, 2a is 

  

  

  

  



3 
one or a plurality of screws f3 (here shown as 
2) by which it may be moved to selective eleva 
tions in the cell. 
In order to provide the necessary overflow 

level regulation for launder 2, I provide slat 
weirs 4 along both sides and the top and in 
this way its effective elevation can be made to 
correspond to the positioning of the launder 2d. 
The collected concentrate flows from a botton 
opening 5 in launder 2 to any suitable con 
duit (not shown) and the concentrate collected 
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4. 
50 are connected in the T. When a rougher 
cleaner circuit is used, collected froth from other 
cells is returned through conduit 50 into a given 
cell. 

Also as shown in Fig. 3, the front wall 4 and 
rear Wall 5 of the tank have their top surfaces 
at a much lower elevation than the end walls 
of the cell, and weirs 54 and 55 are mounted 
On Such Walls to permit a selective overflow level 
in the event froth removal is to be effected 
other than by collection in the launders 2 and 

by launder 2a flows through an outlet 6 and 
flexible conduit to a point of discharge out 
side cell C. W - 
An impeller 20 is mounted for rotation on a 15 

shaft 2 near the bottom of each cell and has 
a stationary hood or cover member 22 over 
hanging the impeller in spaced and proximate - 
relation. The shaft is journaled for rotation 
in a bearing assembly 23 supported from super 
structure 24 and preferably arranged for ad 
justment to selective elevations in the cell 
through the provision of slotted plates 25 by 
which the bearing assembly is supported on the 

:25 
26 or other prime mover, which, as illustrated 
in Fig. 1, also is supported from a slotted plate 

Superstructure. The shaft is driven by a motor 

27 for selective adjustment to different eleva 
tions in the cell. 
nects the motor to shaft in driving relation. . . 

Suitable transmission 28 con 

20 

Each of said shafts is enclosed in a hollow . . 
column 30 supported from the hub portion 3. 
of cover plate 22 and a tubular partition mem 
ber 32 divides the interior space of column 30 
into inner and outer passages. 33a and 33b re 
spectively. Air or other: aerating gas is intro 
duced into two conduits 34a and 34b which empty 
into the passages. 33a and 33b respectively. The 
gas delivered through passage 33a, or a portion 
of the same enters a T-shaped passage 35 in 
shaft 2 and discharges from the under surface 
of the impeller, and due to the provision of blades 

- or vanes. 36 this gas mixes with pulp on the 

35 

40 

bottom of the respective cells and subjects said 
materials to intensive mixing. - 

If additional mixing is required, air or other 
gas may be introduced through bottom inlets 
37. Feed to the cell Centers through inlet 9 
and then circulates about the cell for return 
through. One or more nipples 38, which may be 
closed by screw plugs 39, if desired. A feed 
tube 40 may be utilized to conduct feed from inlet 
9. Or a feed box 4. As shown, such a tube is 
provided in cell C, but not in cell C. When the 
feed tube is not used, a return tube 42 is pro 
vided to recirculate pulp from a following feed 
box. 4 to the impeller. enclosure. . . . . . . . . . 
Sometimes a greater amount of recirculation 

is required, and an opening 43 in the hub inors 

45 

50 
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mally closed by a plug 44 may be opened to ef 
fect this return. A runner 45 or auxiliary in 
peller of the pump-runner type is mounted on 
shaft 2 within hub 3 to pre-mixgas and pulp 
prior to its introduction onto and final mixing 
by the impeller. 20. This runner has radial 
blades 46 of tapering section so that they will be 
equally effective in right-hand or left-hand op 
eration. . . . . . . . . . . . . 
In addition to the recirculating features here 

inbefore described, provision is made, as shown 
in Fig. 3, for the delivery of pulp, or gas, or both, 

60 
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circulates into the impeller, through opening 

f2a. Another froth overflow arrangement is to 
mount a forwardly-extending overflow lip sec 
tion 56 on the flange of the front wall and at 
tached to the end walls as by welding. In such 
event the usual paddle or scraper 57 is mounted 
above the overflow, lip and is driven through a 
Suitable transmission 58. A normally-plugged 
drain opening 59 is provided for cleanout 
purposes. - 

In the operation of a single cell, pulp is fed 
through a feed inlet 9 or a feed tube...4.0, while 
air or...other aerating gas such as CO or the like 
is introduced through. Supply conduits. 34a and 
34b into the passages. 33a; and 33b of hollow: 
Column 30 and may be introduced through the 
lower inlets 37, if extra aeration is required. If 
fed through the inlet 9 the entering pulp first, 
mixes with circulating aerated pulp and a portion 

30 of this mixture is drawn under the impeller and subjected to additional mixing with gas enter 
ing either through the T-shaped passage 35, 
or the inlet, or both. . . . . . . . . . . . . 
After this initial mixing, the aerated pulp.r 

or 43, or both, and due to the pumping action 
of the runner 45, this pulp mixes with gas-fed 
downwardly through the passages. 33a. and 33b. 
The resulting mixture is forced downwardly onto 
the impeller where it is subjected to additional 
mixing by the centrifugal movement and the 
beating action of the impellers within the re. 
stricted space beneath the hood enclosure. Again, 
as the pulp discharges across the periphery, it 
is subjected to further breaking up againstit 
underhanging. vanes of the hood structure. 
In this way, the pulp is subjected to repeated 

aerating influences while circulating in the cell, 
and the froth formed by the aerating action rises 
to the surface carrying the mineral particles 
With it, and collects in a bed for subsequent 
discharge by overflow. If a middlings product 
tends to form below the frothbed and impedes. 
the passage of the air bubbles and associated 
mineral thereto, the upper openings 38 are 
utilized to draw off the middlings for additional 
aeration and mixing at the impeller. 
When multi-stage operation is utilized, an 

opening 60 is provided in the rearwall 6 of a 
preceding cell, which wall is separated from the 
front wall 62 of the succeeding cell to form the 
feed compartment 4. Apartition having an 
overflow weir 63 in its upper portion regulates 
the liquid level in the preceding cell and a sand 
relief opening 64 is provided to pass non-floated 
material from a preceding to a succeeding cell. 
Under some operating conditions, it will be 

desirable to regulate the volume of pulp enter 
ing a given cell through its feed conduit 40 from 
a feedbox 4f. Avalve 66 (Fig.1) controlled by a 

O 

through a nipple 47 at the front of the machine. 
When both materials are so fed to the machine 
a T-fitting 48 is fitted on the nipple and a gas 
Supply conduit 49 and a pulp-supply conduit 75 

lever 67 is provided for this purpose and this 
admits more or less feed to the impeller, orto. 
the pulp body in the cell. When the feed cons 
duit 40 is removed as in cell. C. . . . . . . 

It should be noted additionally that the provii. 
sion for pulp introduction into the pumping zone 
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above the impeller provides a liquid seal-prevent 
ing escape of the -aerating gas to atmosphere, 
except by following the intended course through 
the impeller and pulp body to the froth bed. 
Because of this, it is possible to utilize super 
charged aeration of the type disclosed in Logue 
application, Serial No. 632,819 and his Patent. 
No. 2,390,111, owned by the assignee of this ap 
plication. In such event, the pump. unit will 
assist in mixing the gas and pulp and also in 
ducing-discharge of the low pressure gas. . . . . . 

. In order to get more recirculation of pulp, 
removal of plug 44 (Fig. 1) will permit runner 
45 to exert a strong-pumping action on opening 
43 and this pulp, together with pulp, entering 
from conduits 40 or 42, or through passage 33b, 
will be premixed with the air stream descending. 
through the passages 33d and 33b before passing. 

10 

15 

onto the impeller. The arrangement of impeller 
blades, cover plate and associated vanes serves 
to produce an intense mixing, and widespread 
dispersion of the gas under the centrifugal influ 
ence of the impeller, so that the aerated pulp 
on-discharge from the impeller enclosure effi 
The froth overflowing the launders 2 and 2a. 

will pass through the outlets 5 and fs respec 
ciently carries the mineral to the surface. 

tively, by gravity when in a sufficiently fluent 
condition and particularly when, as usual, these 
outlets are connected with pumps (not shown). 
However, when the concentrate is not of a free 
flowing character, or when air accelerated dis 
charge is desired, a hose or water line 68 (Fig. 
2) may be directed into such launders to provide 
a source of flush water. 
From the foregoing description, it will be ap 

parent that the structure and Operations dis 
closed attain the several objects of the invention: 
in an efficient manner. The arrangements illus 
trated in the drawings are intended merely as 
typical examples of the practice of the present 
invention, but not to limit the invention beyond 
the intended meaning of the hereunto appended 
claims. .. 
What I claim and desire to secure by Letters. 

Patent is: 
: 1. The combination with a flotation cell and a 
rotary impeller in the lower portion of said cell, 
of a hood over the impeller, a hollow gas-supply 
column extending into the upper portion of the 
cell, -a, -pulp-delivery conduit positioned at the 
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bottom of said, column for feeding pulp to the . 
impeller, and an auxiliary impeller mounted 
above and spaced from the impeller within said 
column for forcefully discharging gas and pulp 
Onto the impeller. 

2. The combination with a flotation cell and a, 
rotary impeller in the lower portion of the cell, 
of a hood over the impeller, a hollow gas-Supply 
column extending into the upper portion of the 
cell and having its interior divided into a plu 
rality of separated passages for gas, means for 
introducing an aerating gas into each said pas 
sage, a pulp-delivery - conduit positioned at the 
bottom of said column for feeding pulp to the 
impeller, and an auxiliary impeller mounted 
above and spaced from the impeller within said 
column for forcefully discharging gas and pulp 
onto the impeller. 

3. The combination with a flotation cell and a 
rotary impeller in the lower portion of the cell, 
of a hood over the impeller, a hollow gas-supply 
column extending into the upper portion of the 
cell and having its interior divided into inner and 
outer passages for gas, means for introducing an 

55 

delivery conduit positioned at the bottom of is 

trality of separated passages for gas, means for 

6 
aerating gas into each said passage, 
column for feeding pulp to the impeller, and at 
auxiliary-impeller-mounted above and spaced 
from the impeller within said column for force. 
fully discharging gas and pulp onto the impeller: 

4. The combination with a flotation cells and a 
rotary impeller in the lower-portion of the cell, 
of a hood over the impeller, a hollow gas-supply 
column extending into the -upper portiori 
cell and having its interior divided into 
introducing an aerating gas into each said:pas 
sage, a pulp-delivery conduit-positioned at the 
bottom of said column for feeding pulp to the 
impeller, and an auxiliary impeller - mounted 
above and spaced from the impeller within said 
column for forcefully discharging gas and pulp 
onto the impeller, said auxiliary impeller having 
radial blades of tapering section so arranged as 
to pump effectively in either clockwise or 'coul 
terclockwise rotation. . . . . . . . . . 
5. In flotation apparatus, a cell, a shaft.ex 

tending into said cell, an impeller carried at the 
bottom of said shaft, a hollow column extending 
upwardly from a point above the impeller into 
the upper portion of the cell and having its inte 
rior divided into a plurality of gas delivery pas 
sages, means for drawing pulp from the cell into 
one of the passages, means for Supplying all. 
aerating gas to the respective passages, suction' 
means mounted in the lower portion of the cols. 
umn for pumping gas onto the impeller; and 
means, including a passageway, for conducting 
gas from another of said passages to a point. Of 
discharge below the impeller. . . . . . . . . 

6. In flotation apparatus, a cell, a shaft exei 
tending into said cell, an impeller carried at 
the bottom of said shaft, a hollow column ex 
tending upwardly from a point above the im 
peller into the upper portion of the cell and 
having its interior. divided into inner and outer: 
gas-delivery passages, means for supplying an 
aerating gas to the respective passages, means for 
drawing pulp from the cell into the outer passage: - 
suction means mounted in the lower portion of 
the column for pumping gas onto the impeller, 
and means, including a passageway, for conduct 
ing gas from the inner passage to a point of 
discharge below the-impeller. . . . . . 

7. In flotation apparatus, a cell, a shaft ext 
tending into said cell, an impeller carried at: the 
bottom of said shaft, a hollow column extending: 
upwardly from a point above the impeller into 
the upper portion of the cell and having its inte 
rior divided into inner and outer gas-delivery, 

60 

passages, means for supplying an aerating-gas 
to the respective passages, means for drawing: 
pulp from the cell: into the outer passage, an: 
auxiliary impeller mounted in the lower portion 
of the column above the impeller for pumping. 
gas downwardly onto the impeller, and means; 
including a passageway, for conducting gas from 

65 
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75 

the inner passage to a 
the impeller. . . . . . . . . . 

8. In a froth flotation device of the type havi, 
ing a plurality of interconnected, generally rec 
tangular cells disposed inside-by-side relation, 
the improvement which comprises a froth laun 
der disposed Within and between adjacent cells 
and having portions projecting laterally into each 
of Said adjacent cells for receiving froth there 
from, and a discharge conduit for discharging 
material collected in the launder at a point out 
side either of said cells. 

point of discharge below 
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-9. In a froth flotation device of the type have 
ing a plurality of interconnected, generally-rec 
tangular-cells disposed in side-by-side relation, 
the improvement which comprises, a froth laun 
der disposed within and between adjacent cells 
and having portions projecting laterally into each 
of said adjacent cells for receiving froth there 
from, a discharge conduit for discharging mate 
rial collected in the launder at a point outside 
either of said cells, a support above the cells, and 
movable means carried by the support and con 
nected to the launder for raising and lowering 
the launder. . . . . . . 

10. In a froth flotation device of the type hav 
ing a plurality of interconnected, generally rec 
tangular cells disposed in side-by-side relation, 
the improvement which comprises a froth laun 
der: having a hollow open transverse leg disposed 
between adjacent cells and a hollow open lon 
gitudinal leg communicating with the transverse 
leg; and projecting into each of said adjacent. 
cells for receiving froth therefrom, and a dis 
charge-conduit for discharging material collected 
in the launder at a point outside either of said: 
cells.ir. . 

a cell, -a, rotary impeller in the lower portion of 
the cell, and a hollow column extending from an 
elevation immediately over the impeller into the 
upper portion of the cell and having its upper 
end, sealed against the discharge of gas, the 
improvement which comprises partitioning means 
in the column dividing its interior into two sub 
stantially-coextensive passages terminating above 
and adjacent the impeller, agitating means dis 
posed between said passages and the impeller, 
and conduit means for supplying gas Selectively. 
to each said passage. ". . . . 
-12. In froth flotation apparatus, inclusive of a 
cell, a rotary impeller in the lower portion of the 
cell, and a hollow column extending from an 
elevation immediately over the impeller into the 
upper-portion of the cell and having its upper 
end sealed against the discharge of gas, the 
improvement which comprises partitioning means 
in the column dividing its interior into two sub 
stantially coextensive passages terminating above 
and adjacent the impeller, agitating means dis 
posed between said passages and the impeller, 
conduit means for supplying gas selectively to 
each said passage, and means for recirculating: 
pulp from an upper portion of the cell into one 
Said passage. -- . . . . . . . . " " . . . 

13. In a froth flotation apparatus, inclusive of 
a cell, a rotary impeller in the lower portion. Of 
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15 

8. 
;14. In froth flotation apparatus, inclusive of a 

cell, a rotary impeller in the lower portion of the 
cell, and a hollow column extending from an ele 
Vation immediately over the impeller into the 
upper portion of the cell and having its upper 
end sealed against the discharge of gas, the im 
provement which comprises partitioning means 
in the column dividing its interior into two sub 
stantially coextensive passages terminating above 
and adjacent the impeller, conduit means for 
supplying gas selectively to each said passage, 
and pumping means beneath the passages for 
moving matter onto the impeller. 

15. In froth flotation apparatus, including a 
cell of rectangular Section having afroth Over 
flow extending along one of its sides in the upper 
portion of the cell, the improvement which com 
prises a horizontally disposed launder in the cell 
adjacent the froth overflow level, including a 
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the cell, and a hollow column extending from an 
elevation immediately over, the impeller into the 
upper-portion of the cell and having its upper 
end sealed against the discharge of gas, the im 
provement which comprises partitioning means 
in the column dividing its interior into two sub 
stantially coextensive concentric passages termi 
nating above and adjacent the impeller, agitat 
ing means disposed between said passages and 
the impeller, conduit means for Supplying gas 
selectively to each said passage, and means for 
recirculating pulp from an upper portion of the: 
cell into the outermost passage. 

60 
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11. In a froth flotation apparatus, inclusive of . 

plurality of divergent portions extending into 
areas of said cell remote from the froth overflow, 
and froth conducting means constructed and ar 
ranged to receive froth overflowing into said, 
horizontal launder and to conduct the collected. 
froth by gravity to a point of discharge outside 
said. Cell. 

16. In froth flotation apparatus, including a 
cell of rectangular Section having a froth over 
flow extending along one of its sides in the upper 
portion of the cell, the improvement which com 
prises a horizontally disposed launder in the cell 
adjacent the froth overflow level, including a plu 
rality of divergent portions extending into areas. 
of said cell remote from the froth overflow, froth 
conducting means constructed and arranged to 
receive froth overflowing into said horizontal 
launder and to conduct the collected froth by 
gravity to a point of discharge outside said cell, 
and means aSSociated With the cell for varying 
the elevation of the horizontal launder in said, 
cell. 

17. In froth flotation apparatus, including a 
cell of rectangular section having a froth overs: 
flow extending along one of its sides in the upper, 
sportion of the cell, the improvement which com 
prises a horizontally disposed launder in the cell 
adjacent the froth overflow level, including three 
divergent portions extending into areas of said: 
cell remote from the froth overflow, and froth 
conducting means - constructed and arranged to 
receive froth overflowing into said horizontal 
launder and to conduct the collected froth by 
gravity to a point of discharge outside said cell. 

ARTHUR. C. DAMAN. 
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