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This invention relates to a. flofation machine
useful in ore dressing processes wherein mineral
bearing pulp is circulated, agitated and aerated
to facilitate the separation and recovery of the
various component elements. ‘

Reference is made to my co-pending applica~
tion, Serial No, 415,893, filed October 21, 1941,
for & Flotation machine, now matured into United
States Patent No. 2,337,806, patented December
28, 1943, of which this application is a.continua-
tion-in-part. Also see my Patent No. 2,291,031,
issued July 28, 1942, and entitled “Flotation cell.”

The general objects of this invention are to
provide a new and improved machine for the
treatment of ore-bearing pulp whereby an in-
crease in: production relative to the conventional
input of power is obtained; wherein a higher rate
of mineral recovery per unit of cell volume is pos-
sible over earlier equipment; wherein a higher
grade quality of concentrate is produced or at-
tained than has heretofore been thought possible;
and wherein a foolproof system of handling ore~
bearing pulps is provided to eliminate to a large
extent the necessity of the exercise of a high de-
gree of human judgment in the operation of the
machine. -

The dressing of mineral pulps is not new and
has been performed. in various ways by several
types of machines, most of which. employ a cell

into which and from which pulp is moved and ¢

in which the moving pulp is aerated to produce
a froth that is skimmed to separate the concen-
trate from the pulp-residue passing on. One of
the earlier practices that I have determined to be
bad in principle and inefficient in operation is
that accompanying the:operation of flotation cells
wherein pulp and the incoming air is jointly fed
to the impeller through a stand pipe close to the
axis of the impeller hub-and around the shaft
thereof. This condition is impracticable and ob-
jectionable for several reasons and it is an im-
portant object of this invention to provide mech-
anism to cure these conditions, which are, gen-
erally, a strangulation of air intake due to uneven
pulp flow blocking the air intake, thus producing
uneven aeration, undesirable pulp and air cen-
trifuging, improper pulp swirls in the cell, and
unnecessarily high power consumption.. The
feeding of pulp at or near the hub of the impeller
is improper because of the slow lineal velocity of
the blades of the impeller and their consequent
inability to properly impart. force and pressure
to the pulp. )

In accordance with my invention, this machine
provides for the introduction of both original and
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recirculatory pulp in a gravity flow that reduces
power requirements, and it also includes the in-
troduction of the two prime elements, pulp and
air, to the cell and its impeller through a separate
and distinct passageway for each. Further ad-
vantages are gained by sequentially delivering first
the air and then the pulp to the impeller at dif-
ferent portions thereof. This feed is accom-
plished by leading the air to the impeller at its
hub where the impeller blades most naturally
receive the air and impart velocity to it, while
the pulp is delivered to the impeller blades at
2 point where their peripheral velocity is greater
than at the hub and they are better adapted to
act upon the semi-solid matter in producing its
aeration. By the actual scientific comparison of
the present machine with those of the earlier
art, it is possible to accurately measure the ad-
vantages gained by this new principle of pulp and
air feed. I have done so and the results show
that aeration can be doubled in this machine
with a given volume of pulp over the aeration
accomplished where both pulp and. air are fed
simultaneously to the impeller hub.

These advantages are partially due to the in-
creased air moving capacity of the impeller blades
that are thus freed at their axial ends to “bite”
into the air and start it into high velocity move-
ment,.and also to the more efficient application
of force.to the incoming stream of pulp. In ad-
dition, this principle eliminatés the formation of
undesirable: vacuum pockets that may form in.
the earlier machines and retard and disrupt the
operation thereof. s

1 have also been able in this machine to prevent
the formation of a vacuum under the impeller
which normally draws gangue thereunder to in-
crease the resistance against rotation of the im-
peller. In addition, I have made it possible for -
the space under the impeller to be filled with
aerated pulp having a low viscosity and conse-
quently less resistance to the impeller.

According to the preferred embodiment of my
invention I provide a cell structure adapted to
contain fluid pulp and having suitable pulp inlet
and outlet openings as well as a froth overflow
lip to a froth launder. This cell may be used
singly or in multiples in series and their use is
permissible -in every type -of mineral recovery
circuit. - Since the individual cell contains. the
nucleus of the invention as well as its appur-
tenances, I shall confine this description to a sin-
gle cell. . Upon suitable structural support mem-
bers I mount a cylindrical beam which forms-the. -
backbone of the moving parts of the cell, pri-
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marily to support the upright shaft that carries
the Impeller in rotation, the drive means for this
shaft, and :the bearmgs in which this shaft is

_journalled.

As is customary, the impeller, which has upper .

blades, is disposed in the céll adjacent its floor
and usually coincident with the vertical median
of the cell. The impeller consists of a horizontal
plate attached: to a-shaft rotatable in-a vertical
axis. Upon the plate are blades that radiate
from the axis toward the edge and provide dur-
ing rotation the draft for the air inlet column
and the aeration of the pulp fed thereto. The
plate is slotted at several places so-that there
is communication from above to below the plate;

the under side of which also has minor blade

~elements to aerate the pulp that may be located

under the impeller and to, at the same time, ‘

destroy any vacuum that otherwise wotld exist
below the impeller disc if it were solid.

4

- lated is controlled by means of suitable gates or

[

I surround the impeller with a plurality of -

anti=swirl deflector blades which receive and tend
to collimate the tangentially moving streams of
aerated pulp and permit their upward ascension
in substantially vertical paths. Rising ‘upward
from-the impeller at-its-hub is an air inlet col-
umn through which air is drawn down: by the
rofaly action: of the impeller.- Surroundmg the
lower end of the inlet -column is ‘& pulp  feed
chamber that has a floor -or bottom wall” that
covers the impeller and- is prov1ded with a plu-
rality ‘of pulp feed passages arrahged-to deliver
. pulp to the impeller blades at approximately one-
half the distance from' the hub to- their outer
ends. - For convenience I have: found it desirable
‘to, support the structure forming the pulp feed
cha,mber upon the deflector blades and in certain
cases  these blades are attached to and form
mtegral legs for this chamber structure. An in-

let to the pulp feed chambey is arranged with ia

conduit- to receive pulp entering the- cell pulp
inlet “in the wall thereof and, on occasion, 3
recirculatory feed of pulp may be permitted from
& pulp return trough of V-shape and contiguous
with- the cell- and which Teceives overflow pulp
‘in-measured quantities.

- Above the aforementjoned chamber is -an ac-
cumulator chamber for the outgoing pulp from
‘the cell. These two chambers are preferably dis-

tinct from each other and the latter hag an out- !

let coupled ‘with ‘the-outlet - opening of ‘the cell.
Rising from the accumulator chamber is a col-
umn -having ' an overflow-lip for _outgoing ' pulp
and the lip of this column may be formed as a

vertically ‘movable sleeve to  vary the relative :

‘heiglit -of the lip above the flow to determine
the piilp level of the cell.. Means are ‘provided
‘for -the manual movement of this sleeve from
‘exterior of theé cell. . The overfiow lip is sur-
rounded by a bafie that rises from a point below
the pulp level in ‘the cell to above the level of
the froth that forms upon the fluid pulp within
the-cell. - A rotary froth paddle, adjustable as
‘to its radius of sweep, is mounted on the cell in
‘8 position to assist the froth over the froth
overflow lip and-into the launder.

_ To-facilitate the recirculation of pulp in an
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flndlwdual cell or in combination with other sim- -

ilar-cells, I employ the pulp return trough men-
‘tioned above which-is V-shaped and formed on

‘a; side of the ¢ell preferably below the portion of

‘the ¢l over which the outgoing froth passes:
‘Conduits as desired are connected with the ac-

i - cumulator chamber as - well ‘as ‘the pulp feed

chamber ang the-passage of pulp thus recircu-

other valving elements.

"~ The novel features that I consider character-
istic of my invention are set forth with particu~
larity in-the appended. claims. . The invention
itself, however, both as to its organization and
its method of operation, together with additional
objects and advantages thereof, will best be un-
derstood from the following descrlptlon of a spe-
cific embodiment when read in connection with
the accompanying drawings, in which

~Figure 1 is a view in elevation of a pair of
flotation cells embodying my invention, which
view has portions broken away and others shown
in section for convenience of illustration; -
'~ Pigure 2 is a vertical sectional view of g cell

" showing. the: general interior arrangement of

parts as taken on line 2—2 of Figure 1; .

Figure 3'is a plan view in section taken on 11ne
3—3 of Figure 1;

Figure 4 is a plan view in sec’mon taken on line
4—4 of Figure1;

Figure 5 is a perspective view of the 1mpe11er
employed in my flotation cell;

Figure 6 is a sectlonal v1eW taken on hne G-—G

~of Fligure 1;
-Figure 7 is an enlarged detalled sectional view ..

of the impeller and of the pulp feed chamber

‘and air conduit illustrating the How of material

and its mixing and-aeration in my flotation cell;
Figure 8 is a fragmentary perspective. view
of a deflector plate employed at -the chscha.rge
of the impeller; and : -
Figure 9 is an upright dlagrammatlc view. of
a cell embodying my invention and 111ustratmg
the principle of operation thereof. : -
A preferred embodiment. of my 1nvent10n re-’
ferring to Figures 1 and 2 of the drawings, is con-
stituted by a cell into which are placed the op-
‘erating elements for the reception, aeration, and
the passing on of mineral bearing pulp. A cell
is made up of a plurality of walls including.the
bottom 10; back wall 12, front wall- 12 and side
wallg 13. When a-plurality of cells are operated.

5 together, usually: one of the side walls forms. a

common ‘wall between adjacent cells. ‘The front
wall- has an overflow lip- 15 ‘across which- the
froth produced in’ the- cell passes into a suitable
launder - (not shown). ~ Supported. at” its.ends
above. the cell is ‘a longitudinal beam. 16, here
shown as tubular in shape. Upon this beam and

‘over each’ cell I mount a quill-bearing {8 which

receives and supports the impeller shafh. or spin-
dle 28 for rotation. - Also mounted upon the beam
I8 is a suitablé motor base 18 to ‘Which motor 23
‘may be attached. Between the sheave 21 of the
inotor and a driven sheave 22 on the shaft 20 is
drive belt 24, whereby rotary motion. is trans-
mitted from the motor to the impeller shaft,

An impeller, designated as a whole by the nu-
meral 26, is shown in Figure 5 to comprise a base
plate 28 that is secured to the bottom end of the
shaft 20 and supports on its upper face a plu-
rality of radiating blades 28. The inner. ends

‘of the blades 29 are: preferably spaced g short
‘distance from the shaft 28 for a purpose later to

be described. - At suitable blaces around the -pe-
riphery of the plate 28 slots 80 are formed therein

‘and adjacent one side of the slots 30, preferably

on its trallmg edge in the norma]l dlrectlon of -
rotation, is a buttressed blads - or vane 381-that
extends axisward of the impeiler at leasr, the~
length of the slot 30.

~During the operatlon of the cell," air is con-

!ducted to a point adjacent the hub of the im~
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peller and interior of the ends of the blades 29
by means of the air conduit 34 ‘which rises from
a point directly above the impeller to about the
mid-portion of the cell vertically. Surrounding
this air conduit is a cylindrical wall 3% which

has a bottom 27, and intermediate divider wall )

38 which separates the annular spaced enclosed
around the cenduit 3% into a feed chamber 49
and a pulp accumulator chamber 42:

Pulp is fed to the chamber 49 by the conduit
41 and pulp is withdrawn from the chamber 42
by the conduit 4%  Pulp is delivered from ex-
ternally of the cell to the conduit 44 through
the eonnector 44 and pulp passes from the con-
duit 43 to-externally-ef the cell through the con-~
nector 45. Pulp may also.be introduced from
the cell into the connector &4 by means of the
by-pass opening 486. )

The bottom wall 37 of the chamber 40 is
ported as shown in Figure 6 by several openings
41 which are arranged to. discharge pulp to the
upright blades of the impeller in approximately
the mid~portion thereof. T

The structure forming chambers 49 and.42
and including the conduit 34 is supported above
the impeller and above the floor of the cell by
means of inverted L-shaped legs 59 which rise
from a base or wear plate 5{. A plurality of
these legs are arranged around the periphery of
the impeller in radial fashion and serve to de-
flect discharge aerated pulp therefrom into up-
wardly directed paths of travel. Since the ac-
tion of the discharging pulp upon the deflector
legs 58 is abrasive, I protect them by individually
removable sheaths 52 which may assume the
form of U-shaped clips of wear-resisting material
such as rubber or hard iron or the like,

The upper portion of chamber 42 is. closed by
a cover 54 having a sleeve 55 rising therefrom
and forming a pulp overfliow throat in the mouth
of which is positicned a vertically adjustable
sleeve 55 the upper lip of which determines and
defines pulp level within the cell. It is preferable
that the overflow lip. 56 be cylindrical so that
it is substantially axial of the cell proper.
~ The sleeve. 88 is-vertically adjustable and this
adjustment is attained by attaching to the legs
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58 a yoke 59 which is raised or lowered by the

action of the screw 60 mounted in the bracket
61. The screw is raised.or lowered by the hand
wheel 62 when turned. The bracket i is secured
to a cylindrical bafle 62 which surrounds: the
overflow lip of sleeve 58 from a point substan-
tially below the pulp level to a point above the
froth within - the cell. Slesve 63 is rigidly
mounted upon the sleeve. 55 by means of fillets
64 as shown in Figure 6.

Froth overflows across lip. 15 from. the cell

under the urgence of the froth paddle 70 mounted
on arm Tl which is swung by the rotary shaft
12 turned by motor 13. . o

" Tt will be seen that the front wall 12 of the
cell which slopes outwardly as it rises has in-
teriorly thereof a septum T3 rising from the
bottom of the cell upward to the pulp level
Septum 18, whose height is about two-thirds of
the depth of the pulp, is ported at 16 -and the
size’ of this port may. be varied by movement
of the gate 17 that is mounted for vertically ad-
justable positioning by means of the arm 18
and pin 19, From the port 76 to the interior of
‘chamber 40 a conduit 80 is provided for the con-
veying ‘of pulp from the V-shaped settling
‘chamber 82 formed between walls, [2.and 15 into
‘the pulp feed chamber above the impeller. -

50
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Method of operation-
This flotation machine operates according to
the well-known phenomena underlying the pro-.

“cess of froth flotation. Air bubbles are intro-

duced into a prepared- pulp containing . finely
pulverized ore  particles. suspended in water.
Upon the contact of the air bubbles with certain
mineral particles the latter are attracted to and
will adhere upon the skin of the -bubbles and be
levitated through the pulp body to the surface
where a-froth is formed and skimmed for the
recovery of the thus accumulated values. Tt is
well known that by the discriminate use of
various flotation reagents the air bubbles.can be
made particularly attractive to certain values in
the pulp while others will not adhere and will
remain suspended in the pulp body for passage
to other cells for recovery there or for ultimate
disposal in any manner desired.’ Both bulk and
differential flotation can be accomplished in tlie
invention here described witli the advantages
set forth above. S )

My machine improves. the present modes of
flotation cell operation and function by provid-
ing means whereby betier air-bubble mineral
particle contact is effected to producé a more
discriminate froth. having bebter : particle-sus-
pending properties and the mineral beating pulp
from which a desired value has been withdrawn
by the air bubbles is thereafter handled in a
manner that enhances froth formation while at
the same time it does not interrupt it or destroy
the bubbles by crfoss currents that have an
abrading and delsterious action on. the froth.
In my machine it will be appareit that I em-
ploy sub-aeraticn of the pulp with the air being
drawn or forced to the iknpeller at theé “hub
thereof while the pulp is fed to the impeller at "
about the middle of the blades of the impelier to
produce a better air-bubble formation, an im-
proved mechanical pulp dispersion, and & high_Jy
improved air-bubble mineral particle contact.

Pulp is fed to the cell through the coninection
54 and conduit 41 into the feed chamber 49
which is toroidal in shape and is supported ‘di-
rectly above the impeller 26, Air is -passed
directly to the hub of the impeller through con-
duit 34 which descends through the central open-
ing of the torus shaped feed chamber but out
of communication. with that chamber. The
blades of the impeller, being such that their
inner or axisward ends are spaced from the hub
or shaft of the impeller, easily bite into and
scoop the air delivered thereto through conduit
34 and start that air into high velocity ‘move-
ment outward of the impeller without inter-
ference in its initial movement from pulp as is
so often the case with those cells where - pulp
and air are fed together.

Pulp from the chamber. 40 is delivered to or de-
posited upon the blades of the spinning impeller

“at points outward of the air pickup zone through

the openings 47. It will be recoghized that the
speed of the impelier blades at the greater radius -
where the pulp is deposited is several times that
at the hub radius which is smaller. Thus air is

started freely into movement between the, im-

peller blades while the blades outward of the hub -~
are striking the: stfeams of descending pulp ‘at

" high velocity which in normal operation. can be

some 6000 times per minute. The effect is to

_finely disperse the pulp in streams’of air and;

in effect, atomization takes place. This atomized
pulp is then ejected into ‘the surrounding body
of more solid pulp Wwhere bubble fqrmat‘ion 0~
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curs and particle adherence and levitation begins,
with aeration being materially increased over that
of -conventional cells of different structure and

- modes of operation, : S

* In addition to the above mentioned operation

of the -impeller, -there. are other functions pro- .

vided by the slots 30 and the minor blades 81 on
the lower side of the impeller plate 28.  The im-
peller rotates in a clockwise direction as viewed
in Figure 5 angd thus the slots 36 trail the blades
29 and 31.- ‘While in unslotted blades it-is custom-
‘ary for a vacuum to form under the impeller, with
this arrangement any material drawn under the
impeller is frothed and dispersed. The result is
in operation a_totally free impeller not operating
against a highly viscous mass of pulp drawn there-
under as is true in the conventional machines,

. As.the dispersed air and pulp is ejected from
. .the impeller. it is deflected by blades 56 in a man-
‘ner to collimate it and prevent swirling or boiling
and by thus being deflected it immediately begins

10
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its ascent through the pulp toward the-surface -

of the cell where the froth is formed. )

As illustrated in Figure 9, the mineral particie
pulp-bearing air bubbles leave the impeller and
rigse through the pulp body in the cell totward
the surface. Since ejection is all around the pe-
- riphery of the impeller there is a cylindrical sheet
of potential froth rising in the pulp around the
central feed and the accumulator chamber toward
the surface of the cell. :Axisward of this rising
froth potentiation is the pulp withdrawal port be-
tween the bafile 63 and the exterior walls of the

25

.30

throat formed by members 55 and 56. The out- .

‘going pulp passes through this port evenly all
around the cell interiorly of the rising froth po-
tential in a manner that avoids cross currents
and at a station that is subsequent in the course
of travel of:the pulp with respect to the station

at which the froth leaves the pulp and forms on
the pulp surface. In effect the pulp course is a-

closed circuit that provides very definite advan-

tages in the cell operation. It can be definitely.

stated that this arrangement provides an in-
creased rate of mineral recovery because the air
‘bubbles reach the surface faster with less abrasion
than is the case with cells wherein there are coun-
“ter-currents between the pulp and the bubble
flow. My cell is further marked in its operation
by a complete absence of eddying currents, pulp
boiling and bubble centrifuging: and all' well
_known to be bad conditions ih flotation practices.
" The pulp level within the cell may be varied by

35
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‘vertical movement of the overflow lip-56 through -

‘the raising or lowering of the yoke &8 under the
-action of the screw 60 produced by manual opera~
tion of handwheel 62. "The position of lip 56 is
largely determined by the nature of the ore pulp
being ‘handled and other circumstances such -as
_time and rate of recovery desired in-a particular
cell. : o ‘

. As pulp overflows the lip 56 it descends through

. the throat 85 into. the accumulator chamber: §2°

and thence outward of ‘the cell through conduit
43 and connector 45 where it may discharge into
an adjacent cell or be passed along in the min-
eral recovery circuit in: accordance with flota~
tion" practices. be. ] ;
going pulp is not permitted to flow to the impeller
“again; While air -also passes downward through

throat 55 to the air tube 34 'the relative size of the

two is such that the sheet of descending pulp

clinging close to the inner wall of the throat does

; not interfere with the air stream as so often is
~ - the case with conventional cells, : :

It is to.be noted -that the out- -

60
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‘Froth that accumulates on the surface of the
pulp is drawn off the cell along one side thereof
largely by gravity and- assisted by the. rotary.
froth paddle 70. - As the froth overflows lip 5 it
may be deposited in a launder or other disposal .
means-as is convenient or desirable. s
" It should be noted that the froth passes over
the upper. surface of the settling chamber 82
formed to oneé side of the.cell just prior to the
overflow of the froth from the cell. In this pas-
sage over chamber- 82 the only mineral content
that can return to the.impeller must descend or
settle through the relative still pool of the cham-
ber, then only after it has made a complete cir-
cuit of the cell. In other-words, there isno short-
ening of the recirculatory pulp from the impeller

‘through the pulp mass and back to the impeller-

with an avoidance of its travel through the entire
froth formation circuit. Such pulp as passes
through chamber 82 is returned to the feed cham=<

-ber 48 by way of conduit 80 under the control of

valve 11 in its mouth. ' Thus recirculation is at
all times under. the control of -the operator and
can be critically adjusted to a particular condi-
tion.: - .
" Iclaim: o - C

1. A flotation machine, comprising: a .tank
having pulp inlet and outlet openings and a froth
overflow lip,-an impeller rotatable in the lower
portion of the tank, an air tube rising axially
above said impeller for delivering air to the hub -
of the impeller, radial defiectors surrounding said
impeller, a pulp feed chamber above said im-
peller swrrounding the lower end of the air tube
and having outlets for delivering pulp to the im-
peller radially outward -from and independently
of the air supply thereto, means for conveying in-
coming pulp from the tank inlet to the feed cham-
ber,” a pulp accumulator cup above said feed-
chamber and around the air tube, the upper edge
of the accumulator cup defining the pulp level in .-
sald tank, a bafile surrounding said-lip from a
boint therebelow and extending above the froth

. -formed on the pulp in the tank, means for con-

ducting pulp accumulated in said cup to exterior
of the tank through .the pulp outlet, a settling
chamber in said tank and having its open mouth
below the. pulp:level and under the froth just

_grior to.its passage to the froth overflow lip of
“the tank, and means-for conveying pulp from

Said settling chamber to the pulp chamber.
- 2. A flotation machine, comprisihg: a tank
having pulp inlet and outlet openings and a froth

-overflow- lip, an impeller rotatable in the lower .
- portion of the tank, an air tube rising axially

above said impeller for delivering air to the hub
of the impeller, radial deflectors surrounding said
impeller, a pulp feed chamber above said im-
peller: surrounding -the lower end of -the air tube .
and having: outlets for delivering pulp to the im- -

- peller radially outward from and independently

65

of the air supply thereto, means for conveying

“Incoming pulp from the tank inlet to the feed

chamber, a-pulp accumulator cup above said feed

-chamber and around the air tube, the upper edge-

of the accumulator cup defining. the pulp level

" in said tank, a - baffle surrounding said lip‘from

70

"

a point}_therebél’ow and extending above the froth

‘formed on the pulp in the tank, means for con-
.ducting pulp accumulated in said cup to exterior

of the tank through the pulp outlet, a settling

‘chamber in said tank and having its open mouth-

be}ow the pulp.level and under the froth just
prior to.its passage to. the froth overflow lip of
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the tank, and means for withdrawing pulp from
said settling chamber for separate disposal.

3. A flotation machine comprising: a tank hav-
ing pulp .inlet -and outlet openings and a froth
overflow lip, an upwardly directed blade impeller
rotatable in the lower portion of said tank means
for rotating said impeller, an air tube rising above
said impeller axially thereof, a pulp.feed chamber
above said impeller and surrounding the lower
end of said air tube, said feed chamber having
outlets for delivering pulp to the impeller blades
outward from their inner ends and independently
of the air supply thereto, means for conveying
incoming pulp from the tank inlet to said cham-

“ber, and means for gathering pulp leaving the ;

tank and for conducting it.to the pulp outlet from
the tank. ' .

4. A flotation machine comprising: a tank hav-
ing pulp inlet and outlet openings and a froth
overflow lip, an upwardly directed blade impeller
rotatable in the lower portion of said tank means
for rotating said impeller, an air tube rising above
said impeller axially thereof, a pulp feed chamber
above said impeller and surrounding the lower end
of said air tube, said feed chamber having outlets
for delivering pulp to the impeller blades outward
from their inner ends and independently of the
air supply thereto, means for conveying incoming
pulp from the tank inlet to said chamber, and

means for gathering outgoing pulp axially of the ;

tank and for conveying it to .the pulp outlet of
the tank. :

5. A flotation machine, comprising: a tank
having pulp inlet and outlet openings and 8 froth

overfiow lip, an upwardly directed blade impeller

rotatable in the lower portion of said tank means
for rotating said impeller, an air tube rising axial-
ly above said impeller, a toroidal shaped pulp
feed chamber surrounding the lower end of said
air tube and having a bottom wall provided with
a ring of openings spaced outwardly from the
lower discharge end of the air tube and located
to deliver pulp to the mid-portions of said blades,
a pulp conduit from the tank inlet to said feed
chamber, and means for gathering pulp leaving
said tank and for conducting it to the pulp outlet
from the tank.

6. A flotation machine, comprising: a tank
having a froth overflow lip, an upwardly directed
blade impeller rotatable in the lower portion of
said tank means for rotating said impeller, an
air tube rising axially above said impeller, a
toroidal shaped pulp feed chamber surrounding
the lower end of said air tube and having a bot-
tom wall extending cutward from the air tube
and a downwardly directed outlet to the impeller
at a point spaced outwardly from the inner wall
of said chamber and located to deliver pulp to the
mid-portions of said blades, means for conveying
pulp to said feed chamber, means for gathering
pulp leaving said tank, a settling chamber in said
tank below the froth overflow lip and over which
cutgoing froth flows to said lip, and a spigot for
said settling chamber.

7. A flotation machine, comprising: a tank
having a froth overflow lip, an upwardly directed
blade impeller rotatable in the lower portion of
said tank means for rotating said impeller, an
air tube rising axially above said impeller, a
toroidal shaped pulp feed chamber surrounding
the lower end of said air tube and having a bot-
tom wall extending outward from the air tube
and a downwardly directed outlet to the impeller
at a point spaced outwardly from the inner wall
of said chamber and located to deliver pulp to
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the mid-portions of said blades,.means for con-
veying pulp to said feed chamber, means for
gathering pulp leaving said tank, a settling cham-
‘ber in said tank below the froth overflow lip and

‘over which outgoing froth flows to said lip, and

a spigotfor said settling chamber to convey pulp
‘settling therein to the feed chamber. .
8. A flotation machine, comprising: a tank
having an upwardly directed blade impeller. in
the lower porticn thereof, means for axially feed-
ing air to said impeller, meang for feeding pulp
to said impeller outward from the air feed there-
to.and midway of the impeller blades, means. for
centrally gathering pulp from said ftank ahove
the imbpeller and for conveying it exteriorly of
the tank, a settling chamber in said tank to one
side of the impeller and below the pulp- level
of thé tank, a conduit from the settling -cham-
per to the primary pulp feed means for the im-
peller, 8 by-pass conduit from the settling cham-
ber to the primary pulp feed means, separately .
operated valves for each.conduit, and an over-
flow .lip in the wall of the tank toward ‘which

froth flows in passing over the settling chamber.

9. In a flotation cell, an impeller, comprising:
a base plate, a single set of uncovered . blades
extending from the axis of the upper surface of
said base plate, each blade on its axisward end

- heing free from the others, means for. supplying

air to said blades at their free ends, means for
independently supplying pulp to said blades at
a point intermediate their ends and outwardly
from the air supply thereto, and means. for ro-
tating said impeller.

10. In a fotation cell, an impeller, comprising:
2 base plate, a single set of uncovered blades on
the upper surface of said base plate, each blade
being radial of the axis of the base plate and
having its axisward end free from the other
blades, means for supplying air to said blades
at their free ends, means for independently sup-
plying pulp to said blades at a point intermediate
their ends and outwardly from the air supply
thereto, and means for rotating said impeller.

11. In a flotation cell, an impeller, comprising:
a base plate, .2 single set of uncovered blades
extending from the axis of the upper surface
of said base plate, each blade on its axisward
end being free from the others, said base plate
having slits therethrough closely adjacent the
trailing side of certain of the impeller blades,
means for supplying air to said blades at their
free ends, means for independently supplying
pulp to said blades at a point intermediate their
ends and outwardly from the air supply thereto,
and means for rotating said impeller.

12. In a flotation cell, an impeller, comprising:
a base plate, a single set of unccvered blades
extending from the axis of the upper surface
of said base plate, each blade on its axisward
end being free from the others, said base plate
having slits therethrough closely adjacent “the
trailing side of certain of the impeller blades,
minor blades on the under side of the impeller
base blate in advance of said slits, means for
supplying sir to said blades at their free ends,
means for independently supplying pulp to said
blades at & point intermediate their ends and
outwardly from the air supply thereto, and means
for rotating said impeller. .

13. An impeller, comprising: a base plate, a
single set of uncovered blades extending from the
axis of the upper surface of said base plate, each
blade on its axisward end being free from the |
others, said base plate having glits therethrough
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‘closely a.d;a,cent the tra.llmg sﬁde of certaln of ‘the

1mpeller blades. -

14. An impeller, comprlslng ‘a base plate, a
single set of uncovered blades extending from
the axis of the upper surface of said base plate,
each blade on ity axisward end -being free from

- the others, said base plate having slits there-

through close]y adjacent the trailing side of cer-
tain of the impeller blades, and minor blades on
the under side. of the ‘base plate in advance of

Vsald slits.

15, In a flotation cell, .a»rot_atable 1mpe11er in

for rotating the same; above said impeller, an
air tube having a lower dlscharge opening axially

‘adjacent the upper surface of the impeller; walls

forming an annular pulp feed chamber sur-

“rounding sald air tube above the 1mpe11er, a
" supply conduit from exterior of said cell to said

annular chamber; the bottom wall of said an-
nular chamber having pulp discharge openings
immediately adjacent said 1mpe11er, a collection
cup above said annular chamber around said air
tube for the reception, by overflow, of pulp from
said cell; a_ movable sleeve for said- cup lip in-
cluding means for moving same; conduit means
from said cup-to without the cell; and walls

- forming a sleeve baffle around.the lip of “said
- cup rising from a point therebelow to above the

froth surface within said cell.

10

the lower portion of the cell and including means -
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16 A ﬂotatmn ma.chme, compnsmg a tank
having pulp inlet and outlet openings and a froth
overflow lip, an. impeller rotatable in the lower
portion of said tank and comprising a plate hav-
ing upwardly directed uncovered blades, means
for rotating said impeller, an air inlet tube rising
above sald impeller co-axially thereof to deliver
incoming air to the axisward portions of said
blades, a pulp feed chamber above said ‘im-
peller and around said air inlet tube and having
outlets above the edges of said blades between
their axisward and outward portions for deliver-
ing pulp thereto independently of ‘the air supply,
means for conveying incoming pulp from the tank
inlet to said feed chamber, and means - for
gathering pulp to. leave said tank and for con-

_ducting it to the pulp outlet opening therefrom.

17. In-a flotation machine, sub-surface aera-
tion mechanism, comprising: an  impeller and

.means for rotatlng the same, said impeller having

upwardly - directed uncovered blades radiating
from the impeller’s axis, means for dehvermg air
to the axisward portions of said impeller blades,
and means$ for delivering fluent material to be
aerated to said blades at stations located inter-
mediate the ‘ends of said 1mpeller blades and

outward in spaced apart relatmn from the pomt

of delivery of the air.
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