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FLOATOR'S OF ENERALS. 

Application filed August 30, 1919. Serial ??. 320,861. 

To all whom it may concern: 
Be it known that I, WALTER O. BoR 

CHERDT, a citizen of the United States, re 
siding at Austinville, in the county of 
Wythe, State of Virginia, have invented cer 
tain new and useful Improvements in Flota 
tion of Minerals; and I do hereby declare 
the following to be a full, clear, and exact 
(lescription of the invention, such as will 
enable others skilled in the art to which it 
appertains, to make and use the same. 
This invention relates to the flotation of 

ores and other substances amenable to flota 
tion. More particularly, it relates to im 
provements in the so-called pneumatic proc 
ess of fiotation, in which R air or other 
gaseous finid is introduced into the ore pulp 
through the porous bottom of the flotation 
cell, or its equivalent, and, as the pulp con 
tains a suitable frothing and flotation agent 
or agents, the floatable constituents are raised 
by the air bubbles and caused to overflow as 
a froth, into suitable launders, whilst the 
non-floatable constituents, together with the 
bulk of the water, are eventually discharged 
from the end of the cell as tailings. In 
flotation apparatus of this general type, the 
ore pulp is introduced continuously at one 
end of the flotation cell, and the tailings 
pass out at the opposite end thereof, the 
froth being removed by overflow into the 
launders. . . . · 

It has been the common practice to pro 
vide such flotation cells with a rather steeply 
inclined bottom, through which the air is 
intreduced, the inclination of the bottom 
assisting in the prevention of settling of the 
Solids of the pulp and the consequent ob 
struction or Ekeiiiiiii of the porous ma 
terial forming the bottom. Such steeply in 
clined porous bottoms in flotation cells are, 
however, objectionable. These objections 
are in part as follows: Steep inclination of 
the porous bottom results inº a great vari 
ation of the depth of pulp in different por 
tions of the cell, and, since the rate of flow 
of the air thru the porous bottoria is in 
part a function of the head of pulp above 
the porous, bottom, it follows that in order 

be plain that the more difficult a 

to maintain an approximately uniform 50 
emission of air, the pressure of compressed. 
air at the shallow end of the cell must be 
made less than that at the deep end of the 
cell. In order to make such regulation pos 
sible, the porous bottom is ordinaril v di 
vided by partitions into a plurality ? air 
boxes, the length of each of which, measured 
on the length of the cell, is comparatively 
small. 
or compartments must be separately piped 
from the main air supply header, and be y ? 
equipped with an independent valve for 
regulating the flow of air, and even, when 
this is done the usual result is that more air 
is emitted from the upper edge of the porous 
top of the air-box than from its lower edge. 
Such steeply inclined bottoms also have the 
effect of hastening the passage, thru the 
cell, of the coarser particles of valuable 
mineral, which, by their greater weight, nat 
urally tend to remain near the botton, there 
by defeating the object of the process to 
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Each of these individual air-boxes 
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the extent to which this occurs, as it will 
particle 

of valuable mineral is to float, the more important it is to subject it repeatedly to 
conditions under which its flotation maybe 
come possible, so as to insure, to the greatest 
possible extent, its ultimate removal by the 
froth; and obviously, if a coarse particle of 
valuable mineral which tends to hug the bot 
tom, is carried thru the cell, not only at the 
rate corresponding to the average rate of 
flow of the whole pulp, but at an increased 
yelocity, due to the component of gravity 
fall, which the steeply inclined bottom tends 
to impart, it will be subjected to the action 
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of the cell for a shorter period than that 
of the average particles of the pulp, and 
as it approaches the deep or discharge end 
of the cell, the probability of its being car tried into the froth becomes increasingly 
more remote. A further disadvantage of 
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steeply inclined flotation cell bottoms re 
sults from the reduction in internal cubic contents for a given floor space and mill 
height occupied by the cell. This loss in 
voltime with the steeply inclined botton 
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may range from 15 to 30% of the volune, 
which could have been secured within the 
same horizontal and vertical imits by a cell having a horizontail or approximately hori 
zontai bottom. For example, if the volume 
of a cell, included within certain horizontal 
and vertical dimensions, is a thousand gali: 
lons, and it is fed with pulp at the rate of 
100 g. p.m. the average duration of exposure 
of a particle in the pulp should be 10 min 
utes, and it is one of the primary objects 
in the design of such cells to insure each 
particle of the same treatment, both as to 
time and intensity, as all other particles. 
If, by the steep inclination of the bottom 
20% of the possible volume has been lost, 
the result, will be a loss of 20% of the pos 
sible duration of treatment, irrespective of 
the considerations previously mentioned, 
whereby the steep inclination of the bottom 
reduces the average duration of treatment of the coarser particies, 
Warios E. devices have at dif 

ferent times been proposed to prevent the 
settling of portions of the pulp, and the 
consequent ???????????????????? of the porous air 
emitting surface, but, such mechanical de 
vices have been of very limited utility, since 
they have, in genera, operated to hasten, 
rather than retard, the rate of progress thru 
the cell of the coarser or less amenable par 
ticles of valuable mineral. The need for 
such mechanical devices has resulted chiefly from the irregular and unever emission of 
air thru the porous bottom, ince it is ob 
vious that under conditions where a sub 
stantially uniform emission of air is pro 
vided, the settling of partigles small enough 
to be within the range of fiotation should be impossible. 

In pheumatic flotation cells of all types, 
it has been customary to provide baffles ex-. 
tending from the froth overflow line, or 
slightly above it, down into the body of the pulp. Such baffles are generally arranged 
transversely to the length of the cell, and 
are ordinarily in an approximately vertical 
plane, their purpose being to prevent the 
longitudinal movement of the froth, causing 
it to overflow where formed, making pos. 
sible, when desired, the collection of rich 
froth from the feed end of the cell, and 
leaner froth from the lower end of the cell, 
while at the same time localizing the effect 
of excessive free oil, or other froth breaking or “froth killing’ agencies. 
So also, it has been proposed to provide 

flotation cells of this same general character 
60 with a horizontal or but slightly sloping, 

bottom, and to provide downwardly extendi 
ing bafiles, with their lower edges 'šeparated , 
a short distance frona, the upper surfaces of the porous bottom so that a scouring effect is thereby produced by the pulp flow 
ing through the cgil and the tendency to 

air compartments. 

ward blanketing 
by reduced. 
According to the present invention the ore 

pulp is supplied to one end of a flotation 
cell in a continuous manner and continu ously progressed therethrough, and the tail 
ings and froth are continuously discharged 
therefrom but the ore pulp is subjected to 
the flotation operation in a series of succes 
sive bodies, from one to another of which 

of the porous bottom there 
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the ore pulp successively flows, and which 
bodies are maintained substantially separate, 
except for the ore pulp which is continu 
ously flowing into and out therefrom.. 

in the improved apparatus of the present 
invention, the flotation cell, which is of the pneumatic type, is provided with a plurality 
of partitions extending upwardly from the 
cell bottom and dividing the lower portion 
of the cell into a series of separate compart 
ments, each provided with a porous lotton, 
or its equivalent, through which the air or 
other gaseous fluid is introduced. The 
height of the partitions separating the dif 
ferent compartments is such that the ore 
pulp, in fiowing from ene compartment to 
the next, is caused to pass upwardly to 
wards the under surface of the froth as it 
passes over each partition. The action of 
the partitions is, therefore, to provide a 
series of successive bodies of pulp, from one 
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to another of which the Öre pulp flows in 
such a manner that each body of pulp is in 
dependently subjected to the flotation op 
eration, and values continuously removed 
therefrom, while the ore pulp flowing from 
one compartment to the next is caused to 
pass upwardly towards the under surface of 
the froth. - 

The action of the partitions extending up 

00 

05 wardly from the bottom of the flotation cell 
can be supplemented by depending baflies 
extending downwardly to, or a few inches 
below, the pulp line, so that the ore pulp. 
in passing through the cell, must pass alter 
nately over the upwardly extending parti 
tions, and then under the depending baffles. 
The nature of the invention will be further 

described in connection with the accompany ing drawings, illustrating) certain embodi 
ments of the apparatus of the invention, in 
which the process of the invention can be practiced. 

In the accompanying drawings, . · ? · 
Fig. 1 is a plan view of an apparatus illustrative of the inyention; 
Fig. 2 is a vertical sectional view of the 

flotation cell or apparatus of Fig. 1; 
Fig. 3 is a transverse 

ion the line 3-3 of Fig. 
Fig. 4 is an enlarged 
Fig.5 is a vertical longitudinal section of 

a inodified construction illustrative of the invention; 

vertical section taken 

view of one of the 
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sents, and then passing under the depend 
ing bafflies 6 before overflow into the Tezü compartments. These depending baffles 
form separate bodies of froth which over 
flow from the particular coin partinents 
where they are produced. The function of 
the depending battles (3 is secondary, and they 
may be placed either directly above the par 
titions 5, ieaving a horizontai slot between 
the upper edge of partitions 5. and the lower 
edge of baffles 6; or they may be placed in 
any other desired position, with respect to 
partitions, 5, to best suit the conditions ex isting in the particular gell. 

In the apparatus of Figs. 5 to 7, similar 
parts are indicated by the same reference 
characters as in Figs, 1 to 4 with the suffix 
“a appended thereto. The cell has a substan 
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tially horizontai botton and is provided with. 
partitions 5 extending upwardly from the 
bottom to progressively decreasing heights, 
so that the ore pulp, in its passage through 
the cell, will be caused to overflow these par 
titions progressively from the inlet to the 
outlet end of the ceil, and so that the ore 
pulp will be caused to flow by gravity from. 
one compartment to the next and subjected 
to successive and progressive flotation oper. 
ations in these separate compartments. The 
froth produced will, however, all be collected 
in the common launder 2. 

In the apparatus of Figs. 5 to , the con 
pressed air supply pipe 3 is arranged be 
low the cell and has branches 11 supplying 
the compressed air to the air compartment 
8 at the bottom of the separate flotation 
Compartinents. 
The porous bottom illustrated in this 

modification of the invention is made up of 
alayer of metallie Spherules or shot 25, sup 
ported in any suitable manner, as by means 
of the layer of canvas 24 which in turn, is 
supported by the screen 23. This form of 
orous bottom is more fully described in 
etters Patent of the United States. No. 

i,826,74, patented December 30, 1919. Such 
a layer of metallic spheruies has the ad 
vantage of giving a substantially uniform. 
discharge of air bubbles of uniform size. 
The depth of the layer of metallic spherules 
and the fineness of the spherules can be va 
lied depending upon the desired fineness of 
the air bubbles to be produced. Spherules 
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about one-half inch to gire 

68 

the Spheruies may be somewhat º di 

of a diameter of 0.08 inches to 0.03 inches or 
from No. 9 to fine dust, American standard 
may be employed, and of a depth of from 

fe inch or even two inches or more. The depth of the layer of 
spherules or shot will naturally vary with 
the nature of the supporting diaphragm and 
with the result desired. With even Yery 
fine Spherules the separate partitions 5 pre 
vent the spherules from being carried from 
one compartinent to another, even though 

starbed 

and agitated by the upward passage or dis 
charge of air therethrough. 

it will accordingly be noted that the pres 
ent invention provides an improved flotation 
ce}} or apparatus of the pneumatic type, in 
which the cell is divided into a series of compartinients, from one to another of which 
the ore pulp flows, with the result that the 
ore pulp is subjected to the flotation opera 
tion in a series of successive and more or 
iess independent bodies, while the ore pulp, 
in its overflow from one compartment to the 
next, is caused to pass upwardly so that the 
heavier portions are directed toward the un 
der surface of the froth at each passage over 
the partitions and the flotation operatio 
thereby promoted. - 
The treatment of the ore pulp in the im proved apparatus accordingly involves, as a 

anathod of treatment or procedure, the Sup 
piying of the ore pulp in a continuous man 
ner to the fiotation apparatus, and the Sub 
jecting of the pulp therein to a series of pro 
gressive and successive flotation operations, 
during each of which the ore pulp is sub 
jected to the pneumatic flotation, and be 
tween which the ore pulp is caused to flow 
upwardly so that the heavier portions of the 
pulp are forced toward the under surface of 
the froth successively and repeatedly, and 
the flotation operation thereby promoted, 
winile the froth formed is continuously and 
separately removed. 

it will, of course, be understood that flota 
tion agents of various kinds can be used in 
the process and apparatus of the present in 
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vention, much as they have heretofore been 
commonly used in the pneumatic flotation 
process. The flotation agent, such as an oil 
or mixture of oils, can thus be preliminarily 
incorporated with the ore pulp before it is 
sippied to the flotation cell, so that, during 
the passage of the ore pulp through the 
cell, the flotation agent will be present and 
will promote the flotation operation, in a 
manner which will be readily understood. 

claim: 
1. The method of concentrating minerals 

and other floatable substances by the pneu 
natic process of flotation, which comprises 
continuously supplying ore pulp to a flota 

li : 

115 

tion apparatus and removing the tailings 
therefron, subjecting the ore pulp in its 
flow through said apparatus to a series of 
Separate and successive flotation operations 
in the course of each of which operations the 
ore pulp is caused to flow downwardly, re 
eatedly directing the ore pulp (in its flow 

through Said apparatus) upwardly toward 
the under surface of the froth during the 
passage of the ore pulp from one flotation 
operation to a successive flotation operation 
and while theore, pulp is continuously sub 
isected to the flotation operation and so that, 
the regions of the pulpipflow as well as the 
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regions of pulp dowrieflow are longitudinally 
xtended and overlie regions of delivery of 

fine gas bubbles, and continuously removing 
the froth formed. 
2. A flotation apparatus of the pneu 

natic type provided with a series of partitions 
éxtending upwardly from the bottom of the 
apparatus and dividing the same into a series 
of separate compartments and adapted to 

10 cause an ore pulp flowing through the ap 
paratus to flow downwardly and then up 

5 

wardly in each compartment, means for in-- 
troducing finely divided air or other gaseous 
fluid into the bottom of each of said com 

15 partments, and means for supplying ore 
pulp to one end of the apparatus and for 
removing the tailings from the other end 
of the apparatus, whereby the ore pulp in its 
flow through the apparatus from one com 

20 partment to the next is caused to overflow 
the partitions and is thereby directed up 
wardly toward the under surface of the froth 
while being continuously subjected to the 
flotation operation, the aforementioned gas 

25 introducing means being so arranged that 
the regions of pulp upflow as well as the 
regions of pulp downflow are longitudinally 
extended and overlie regions of delivery of 
fine gas bubbles. 

3. A flotation apparatus of the pneumatic 
type provided with a series of partitions ex 
tending upwardly from the bottom of the 
apparatus and dividing the same into a series 
of separate compartments, means for intro 

35 ducing finely divided air or other gaseous 
fluid into the bottom of each of said compart 
ments, downwardly extending baffles oper 
atively arranged in Said apparatus and so 
spaced from said partitions and from the 

40 bottom of the apparatus as to provide unre 
stricted passages for the flow of ore pulp be 
tween the partitions and baffles and beneath 
the baffles, and means for supplying ore pulp 
to one end of the apparatus and for removing 

45 the tailings from the other end of the appa 
ratus, whereby the ore pulp in its passage 
through the apparatus from one compart 
ment to the next is caused to overflow the 
partitions and flow under the depending 

50 baffles while being continuously subjected to 
the flotation operation, the aforementioned 
gas introducing means being so arranged 
that the regions of pulp upflow as well as the 
regions of pulp downflow are longitudinally 

5 extended' and overlie regions of delivery of 
fine gas bubbles. Y 

4. A flotation apparatls of the pneumatic 
type provided with a series of partitions 
extending upwardly from the bottom of the 

60 apparatus to progressively decreasing dis 
tances and dividing the apparatus into a 
series of separate compartments, means for 
introducing finely divided air or other gase 
ous fluid into the bottom of each of said 

65 compartments, and means for supplying ore 

?? 

pulp to one end of the apparatus and for re 
moving the tailings from the other end of 
the apparatus, whereby the ore pulp in its 
passage through the apparatus from one com 
partment to the next is caused to overflow 
the partitions and is thereby directed up 
wardly toward the undersurface of the 
froth. 

5. A flotation apparatus of the pneumatic 
type provided with a series of partitions ex 
tending upwardly from the bottom of the 
apparatus and dividing the apparatus into a 
Series of separate compartments, depending 
baffles operatively arranged in said appara 
tus and so spaced from said partitions and 
from the bottom of the apparatus as to pro 
vide unrestricted passages for the flow of 
ore pulp between the partitions and bait 
fles, and beneath the baffles. means for sup 
plying ore pulp to one end of the appara 
tus and for removing the tailings from the 
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other end of the apparatus, whereby the ore 
pulp in its passage through the apparatus 
from one compartment to the next is caused 
to overflow the partitions and flow under the 
depending baffles, and means for introducing 
finely divided air or other gaseous fluid into 
the bottom of each of said compartments so 
that the regions of pulp upflow as well as 
the regions of pulp downflow are longitudi 
nally extended and overlie regions of deliv 
ery of fine gas bubbles. 

6. A flotation apparatus of the pneumatic 
type provided with a series of partitions 
extending upwardly from the bottom of the 
apparatus to progressively decreasing dis 
tances and dividing the apparatus into a 
Series of separate compartments, means for 
supplying ore pulp. to one end of the appa 
ratus and for removing the tailings from 
the other end of the apparatus, wherebv the 
ore pulp in its passage through the apparatus 
fi'oin one compartment to the next is caused 
to overflow the partitions, and means for 
introducing finely divided air or other gas 
eos fluid into the bottom of each of said 
compartments so that the regions of pulp 
upflow äS weil as the regions of pulp down 
flow are longitadinally extended and over 
lie regions of delivery of fine gas bubbles. 

T. Á flotation apparatus of the pneumatic 
type provided with a series of partitions 
extending upwardly from the bottom of the 
apparatus to progressively decreasing dis 
tances and dividing the apparatus into a 
series of separate, compartments, depending 
baffles operatively arranged in said appara 
tus and so spaced from said partitions and 
from the bottom of the apparatus as to pro 
vide unrestricted passages for the flow of 
ore pulp between the partitions and baffles 
and beneath the baffles, means for supplying 
ore pulp to one end of the apparatus and fur 
removing the tailings from the other end 
of the apparatus, whereby the ore pur in 
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its passage through the apparatus from one that the regions of pulp upflow as well as 
compartment to the next is caused to over- the regions of pulp downflow are longitudi 
flow the partitions and flow under the de nally extended and overlie regions of de 
pending bailes, and means for introducing livery of fine gas bubbles. . . . . . . 

5 finely divided air or other gaseous fluid into in testimony whereof affix my signature. 
the bottom of each of said compartments so WÄLTER O. BORCHERIDT, 


