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. 11 Claims.
1 .
This invention relates to a novel aeration
method and more particularly to such a method
and machine wherein the attainment of espe-
I clally efficient mixing and agitation results are
included.

Both the method and the machine find exten- .

sive application in the metallurgical art in con-
nection with flotation processes, for which rea-
son the machine is also called a flotation ma-
chine. As this is an extensive field of use, the

invention will hereinafter be described largely.

with regard to flotation.

Among the principal objects of the invention
may be mentioned those set forth below, namely:

(@) To efficiently subject a metallurgical pulp
to mixing, agitating and to aeratmn at one and
the same time.

() To provide for maximum economy both in
first cost of apparatus and in the subsequent op-
eration thereof. )

(¢) To provide for considerably greater ca-
pacity in a single machine than has heretofore
been found possible. )

(d) To be simple and rugged in construction.

(e) To have the aseration and agitation zones
in such close proximity to each other that one
virtually dips into the other to the proper extent
efficiently performing each function but not so

- that the operation in either zone interferes with
the practical results to be obtained in the other
zone,

(f) To provide for rapid circulation of the pulp
and intimate contact between the solid particles
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and the air bubbles in the aeration zone without

interfering with the general efficiency of the op-
‘eration in either zone.

(g) To keep in suspension to the maximum
degree, the coarse solids and those of high spe-
cific gravities.

(2) To perform the agitating and mizxing
functions in virtual absence of air, in other words,
g minimum of air.

(i) To reduce the power consumed to a min-
imum:

) To eﬁectively control the flow of 8.11' or

' gas entering the aeration zone.

(k) To minimize surface swirl,

(1) To make possible higher froth columns
than has heretofore been practical thus bringing
about cleaner final products.

(m) To decrease the wear on operating parts.

(n) To produce copious froths with extremely
small quantities of frothing reagents, thus re-
sulting in cleaner products and a minimum cost
for frothers
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(0) To simplify the design of machines of the
character usually employed in this art, especially
the impellers, which can therefore, .be readily
constructed of materials most readily obtainable,
and at the same time be more suitable for the
work under consideration in & particular case.

"According o the invention, a radical departure
is made from prior practice in that there is a vir-
tual separation of the aeration zone from the
mixing, agitation and circulation zones with no
confusion or inferference between the different
zones. - This separation while not absolute, is
reduced to a practicable minimum,

The agitation zone is advantageously located

in the lower portion of a tightly closed housing
or container which allows substantlally no free
air to be drawn into this zone, that is compa,ra.-
tively. .
- As a result the solid and liquid parts of the
pulp are thoroughly agitated and then mixed
with each other because of the intensive circula-
tion. The circulating currents,of mixed pulp
are then caused to meet currents of finely dis-
seminated air particles, these being properly di-
rected into the agitation zone in such a manner
as not to interfere with the actual agitation or
mixing action. This is effected by causing the
aeration zone to merely dip into or overlap the
upper portion of the agitation zone, and then to
properly control the resulting aerated pulp cur-
rents so they will rise through the overlying
bubble column and cause the air bubbles to com-~
plete their function of carrying the appropriate
mineral particles to the surface of the bubble
column where the resulting froth is discharged
in the usual manner.

In a characteristic construction of the appa-’
ratus, two impellers are employed, one being re-’
served largely for the agitation, and the other, as
largely for aeration. These impellers are spaced
apart from each other axially, so that each im-
peller has its individual sphere of action. The
lower, or agitation impeller, is preferably of the
ship propeller type, that is to say, it has radially
disposed helical vanes or blades spaced apart
from one anocther around the axis of rotation,
the action of which in operation, is to draw in
the pulp from below @nd propel it along the axis
of rotation. This impeller is preferably enclosed
by a cylindrical sleeve closely surrounding the
Deriphery of the impeller and spaced apart from
the bottom of the circulation compartment,

The aeration impeller which comprises g disc
having its plane transverse to the axis of rota-
tion and provided with air impelling elements
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3
suitably disposed on either one or both sides of
the disc, these elements, on the side from which
the air enters, being preferably more prominent
than those on the opposite side. ‘Suitably dis-
posed above the aeration impeller is & stationary
well. In case such well is cylindrical, the top is
advantageously open; if conical, the top is ad-
vantageously closed so that an air inlet can be
provided with suitable control means such as &
valve, In the case of either the eylindrical or
conical wells, the lower circumferential edge
thereof is in close proximity to the circumferen-
tial edge of the aeration impeller, but spaced
apart therefrom to & carefully determined degree
so0 that any air passing through the well in either
case will be properly directed into the pulp cir-
culation zone. The alr that enters a well is
thrown off substantially radially and tangentially
from the impeller and exerts its greatest efi-
ciency because there are substantially no pulp
particles-to interfere with its operation until the
proper time,

In the aécompanying drawings, which illus-’

trate several specific embodiments of the inven-
tion,

Fig. 1 represents a plan view of & typical con~
struction; ) >

Fig, 2, a vertical transverse section taken on the
lne?2—2in Fig.1;

Fig. 3, a horizontal section taken on the line
33 in Fig. 2; .

Fig. 4, a plan view of another typical construc-
tion, parts being broken away for convenience;

Fig. 5, a vertical, longitudinal section taken-on
the line 5—5 in Fig. 4;

Fig. 6, a horizontal section taken on the line
6——6 in Fig. 5; .

Fig. 7, a horizontal section taken on the line
1-—1in Fig. 5; :

Fig. 8, a bottom plan view of the aeration im-
peller reflected from a mirror plane;

Fig. 9, a fragrmiertary axlal section showing an-
other construction of the driving mechanism for
the impellers;

Fig. 10, a diagrammaiic representation in plan
of the directional motions of the currents gener-
ated by the respective impellers;

Fig. 11, a diagrammatic elevation correspond-
ing to Fig. 10; )

Fig. 12, a fragmentary axial section showing
means for varying the spacing between the im-
pellers, without the necessity of dismantling;

Figs. 13 and 14, axial sections showing alterna-
tive constructions of the aeration impeller;

Fig. 15, a fragmentary axial section showing an
alternative construction of the agitation well; and

Figs. 16 and 17, conventionslized circulatory.

diagrams.

Referring to the drawings, Figs. 1 to 3, the nu-
meral 20 indicates a suitably waliled, open-top
container which with its operative mechanism is
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the arrows. Also rigidly mounted on the shaft
22, but suitably spaced apart upwardly and ax-
ially from the impeller 28 is an impeller 28, this -
impeller being preferably in the form of a disc
or a spider lying in & plane transverse to the shaff
axis and provided with impelling elements 29, {o
serve the purpose of aeration. .

Surrounding and at least partially enclosing
the agitation impeller 26 is a stationary housing
or well 80, which in this instance, is circular in

_form and is supported on the lugs 31.

Above the geration impeller 28 is a stationary
hood or well 32, which in this instance is closed
at the top and supported in any suitable manner,
for example, by suspending it from the bearing
23. In this instance, the hood has an air inlet 33,
controlled for example by a valve 34, The hood
or well 32 is open at its bottom and is so posi-
tioned with respect to the impeller 28 that a suit-
able annular space 35 is defined substantially ver-
tically between such rotatable impeller and the
circumferential lip at the bottom of the station-
ary hood or well. :

Since both the agitation impeller 26 and the -
aeration impeller 28 are rigidly mounted on the

_ghaft 22, they will have the same angular ve-
- loeity when the shaft is rotated, but a limited
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frequently referred to as a “fiotation cell.” The

walls of this container enclose & bubble column
2i. Within the container 20 is & suitably dis-
posed, substantially vertical shaft 22 which may
be supported in any suitable manner, for example,
in a bearing 23, the latter being supported by
means of brackets 24 on a beam 25 extending
across the top of the container structure 20. Rig-
idly mounted on the shaft 22 is s suitable agi-
tation impeller 26 having for example, the heli-
cal blades 21, thus resembling a screw-type ship
propeller which, when located in & liquid, causes
the liquid to flow axially and upwardly of the
shaft 22 somewhat after the manner indicated by
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variation is provided for in the relative periph-
eral velocities of the two, by making correspond-
ing changes in the diameters of the two.

In the construction shown in Figs. 4 to 8, the
general arrangement of the two impellers and
their appurtenances, is substaniially similar to
what has just been described. . In the latter con-
struction however, an aeration well 36 takes the
place of the conical hood 32 of Fig. 2. The aera-
tion well' 86 is preferably circular in form and
defines the substantially vertical annular space
37 in Fig. 5 corresponding to the space 3§ in Fig.
2. The feed inlet 38, the tailings overfiow com-
partment 39, the tallings outlet 48, and tailings
overfiow 41 regulated by flashboards 42, as well
as the overflow lips 43 and froth launders 44 in
Fig. 2, are all of practically the same design in
both constructions. :

Assuming the shaft 22 to be rotating by means
of power derived from any suitable source, such
as an electric motor (not shown), belted to the
drive pulley 45 so as to rotate the two impellers
at the proper peripheral speeds, and assuming
that a proper mixture of pulp is fiowing in
through the inlet 38, the ensuing conditions with-
in the machine are quite accurately illustrated
in Pigs. 2 and 5. Here the entering pulp is given
8 vigorous swirling motion by the impeller 26,
because of the upwardly directed currents set in’
motion by the impelier, which serves to circulate,
mix, and thoroughly agitate the pulp largely after
the manner shown at 46, this zone being at least
partially defined as indicated by the curving ar-
rows located below the plane of the aeration im-
peller 28.

The conditions that occur above the plane of
the impeller 28, simulianeously with the agitat-
ing, mixing and circulating of the pulp, are indi-
cated more or less accurately by the representa-
tion of froth at 48. This froth is the result of
the downward suction generated by the aeration
impeller which has caused air streams to be
drawn through the hood 32 or through the well
386, as the case may be, as indicated by the curved
arrows above the plane of the impeller 28. These
air streams, after being drawn over the periph-
eral edge of the aeration impeller, encounter, and
are vigorously whipped into, the upper reaches
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of the circulating pulp. This results in an up-
" ward flow of bubbles somewhat as indicated in
Figs. 2 and 5 immediately above the plane of the
- aeration impeller 28. ’

The pumping action of the underside of im-
peller 28 assists in drawing the feed down through
the inlet 38, Fig. 5, and at the same time, in
causing the overflow of the tailings through the
opening 48 and out through the flnal
opening £80. :

The operational showing in Figs, 2, 5, 10 and
11 is based on what has been actually observed
in & working model of the apparatus of the inven-
tion, encased in glass. Attention is directed par-
ticularly to the clean cut separation between the
swirling mass of pulp and the ensuing discharge
of bubbles therefrom in a zone such as that shown
at 41, and located somewhat above the tailings
opening 49. This zone has largely an annular
configuration and surrounds the hood 32 or the

-well 36. The bubbled froth flows over the dis-
charge lips 48 in the usual manner and is con-
veyed away from the machine by means of laun-
ders 44 as is customary.

In the respective showings of Figs. 2 and 5,
any desired differences in peripheral speeds be-'
tween the aeration impeller and the agitation
impeller are limited by the relative dlameters of
the two as hereinbefore mentioned. . This Jimi-
tation is' overcome in the construction shown in
Fig. 9, where each impeller is mounted on its own
individual shaft. The agitation impeller in this

. instance is mounted on the shaft §9, while the
aeration impeller is mounted on a tubular, or
quill-like shaft 51, the latter being axially con-
centric with the shaft §§. Bushings 52, which
may be fast in the quill, serve as bearings on the

discharge .

10

15

20

25

30

a5

shait 60 to facilitate good operation. The shaft

50 has its individual drive pulley 53 and the quill
shaft the individual drive pulley 58, each of these

drive pulleys deriving its motion from a suitable -

source (not shown) independently of the other.

The quill shaft is mounted to rotate in the bear-

ing 55 which is mounted on the stationary frame-
work -56.. Obviously, the construction Just de-
scribed is capable of producing a wide variation
in the relative speeds of rotation
pellers.

The diagrammatic representation in Fig. 10
serves to illustrate approximately the directional
relations existing between the air currents set
in motion by the aeration impeller and the pulp
currents set in motion by the agitation, mixing
and circulation impeller. The directions of the
air currents -are largely along radial and/or tan-
gential lines as indicated by respective arrows 57
and 57a while the rotational currents set in mo-

tion in the pulp are indicated by the arrows 58

and §3. The arrows 58 represent the motion of
currents that follow approximately the line of a
helix bent around into the shape of an annular
ring 60, while the arrow §9 indicates the revolu-
tions, in this instance clockwise, of the annular:
. ring 60 about the rotational axis of the impellers.
The arrows 88 are conveniently shown in Pigs.
2, 5, 10 and 11, while the arrow 59 appears in
Fig. 10,

Viewing the zone of action of the radial and/or
tangential arrows §7 and 51a edgewise, it lies in
proximity to a plane perpendicular to the axis
‘of rotation, and the currents generated by the
- aeration impeller originate in proximity to its
rotational plane. This diagram suggests how the
.aeration currents are made to. dip into the an-
nular-helical circulation zone of action. -
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of the two im-
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“In the construction shown in Fig, 12, the gen-
eral arrangement is much like that in Fig. .9,
with the exception that the shaft 6! which car-
ries the agitation tmpeller 82 is movable up and
down by means of a handwheel nut §3, the latter
being threaded on a shank 64 at the upper end
of the shaft. The handwheel rests on a station-
ary supporting member 66, while the shaft 61 is
vertically movable through a pulley 67, feathered -
in a featherway €8 in the shaft.

The hollow shaft or quill 89 carries the aecra-
tion-impeller 79 and is rotatably disposed in a
statlonary besring 7{. Obviously, by turning
the handwheel nut 63, the shaft 6{ with its im-
peller 82 is raised or lowered as the case may re- .
quire, thereby varying the distance between the
two impeliers whenever 1t is desirable to do this
for the purpose of bringing about varying op- -
erating conditions between the two impellers, A’
locknut 72 is provided to hold the handwhee] fast
after a desired adjustment is made.  The quill 68
has its Independent pulley 68. ) :

In Figs. 13 and 14, variations in the construc-
tion of the aeration impeller are shown typically.
In Fig. 13, the impeller 73 has the configuration
of a hollow cone, while in Fig. 14 the confizura-
tion of the impeller 74 is that of a hollow cone
inverted, the purpose of these respective conical
constructions belng to bring about directional
variations in the air currents discharged by the
respective impellers, .

In Fig. 15 Is shown an alternative constraction:
of the agitation well where the well wall 15 is
curved inwardly at the bottom thereof as indi-
cated at 16, thus providing a more constricted
bottom opening 17, - )

The novel operational characteristics of the in-
vention, althcugh hereinbefore touched upon, are
advantageously emphasized by reference to Fig.
17, where the agitation, mixing and circulation
zone of the aqueous pulp is shown as having the
configuration of -a conventionalized mushroom-
78. The stem of the mushroom is represented by
the ascending pulp currents 18, at least partial-
ly defined by the well 80, the root of the mush-
room being indicated at 8{ and the head or crown
thereof at 82. The head is formed by the broom-
ing out or mushrooming out of the stem pulp
currents 19 against the lower impeller plane 83,
This mushroom configuration is overspread by
the aeration zone which has the configuration of
what may be termied an open-umbrella aerial
spray 84, resulting from the forcible expulsion
of the air through the annular whirling aeration
nozzle 85 defined at least partially by the mar-
ginal portion of the upper impeller plane 83a and
the lower edge of the cylindrical aeration well
86. This open-umbrella-configurated spray is-
suing circuinferentially of the impeller plane, in
pinwheel fashion reversed, -and substantially
without lateral obstruction, as illustrated by the
arrows 87 in Fig, 16, is directed largely downward
so that a considerable portion of the spray dips
into the crown of the mushroom configurated
agitation zone 18, Fig. 17. The open-umbrella-
configurated spray of finely divided, dynamically
moving, air particles becomes intimately and
uniformly disseminated throughout the circulat-
ing aqueous pulp, continuously and progressive-
ly aerating relatively small quantities of the pulp
which have first been prepared for such aera-
tion, thereby producing g copious froth lin a min-
imum of time. The air particles are forcibly °
ejected at just the right location to interrupt and
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at least partiaily merge with the outer portion of

the mushroom-crown configurated whirling pulp,
the degree of the merging being determined as

\a,ru"a,sbs

at the top it can be closed if desired and provided

with 8 valved air iniet similar to the one at 34,

required in particular instances by suitably di- .

mensioning the annular gap between the air-ad-
mitting well and the aeration impeller.

By varying the relative proportions of the
structural elements involved in bringing forth
- the novel characteristics just described, slmost
any desired degree of agitation, mixing and cir-
culating may be attained in producing a dynamic
pulp hody most susceptible to maximum impreg-
nation with finely diffused air particles, so neces-
sary for effective flotation and other results.

It will now be clear that although on the one
hand the primary or major aeration is accom-
plished by means of the aeration impeller, yet
at the same time the agitation impeller assists
in diffusing the aeration, while on the other hand,
although the primary or major agitation, mixing,
and circulation is accomplished by means of the
agitation impeller, yet the underside of the aera-

10

tion impeller assists the agitation very materially -

by diverting the directional flow initiated by the
agitation impelier, and at the same time boosting
the energy of this initial flow. o

The seration impeller is susceptible of consid-
erable variation in its construction, for example,
the impelling elements 29, Figs. 2, 5 and 7, while
shown of involute form similar to that used in
centrifugal pumps, ¢an be made in many other
appropriate forms, and instead of being located
only on the upper face of the impeller, can in
any of the constructions be placed on the under-
side also, as illustrated for example, at 88, Fig.
14, Agaln, the seration impeller may be in the
form of a solid disk, as at 28 in Fig, 7, or it may
be of any well known spider-like form (not
shown), Moreover, the impeller disk may have
openings therein, such as the ones shown at 88
in Fig. 16, these openings in the present instance,
being of involute form to assist in producing the
pumping action.

Various features of the invention are sum-
marized as follows.

The arrangement of the impeller means in
duplex relation to each other, contributes to
maximum economy . in both construction and
maintenance of the machine of the invention, as
well as in its operation.

Since the two impellers are located along &
common axis of rotation they can easily be spaced
apart from each other to a considerable distance

so as to provide the necessary operating roont’

between them.

The lower or agitation impeller can be ar-
ranged for downward mixing by reversing its
action from that previously described. In down-
ward mixing the surrounding well structure can
* be omitted.

Stabilizing of the aerated mass counter to sur-
face swirl in the bubble column is effected by
means of the blades 90 in Figs. 1, 2, ¢4 and 5.

The peripheral speeds of the aerating and
agitation impellers relative to each other, are

important, but can be varied between rather

wide limits, an average relation being a periph-
eral velocity of 1200 feet per minute for the
agitation impeller as against a peripheral velocity
of 1700 feet per minute for the aeration impeller,
the primary purpose being to properly beat atom-
ized air into the circulating pulp stream.

While the conical well 32, Fig. 2, is shown
closed at the top, it can be open if desired. Also,
while the cylindrical well 36, Fig. 5, is shown open
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Fig. 2. .

Obviously, the contaner structure 20, Figs. 1
and 4; can have any suitable configuration other
than rectanguiar. : ,

Specific details are herein shown and described,
but the invention is limited only by the scope of
the following claims. /

Having fully described my invention what I
claim is: o :

1. An aeration machine, comprising a con-
tainer for Hquid; a pair of impellers rotatably
mounted within the said container in mutually
spaced relationship along & common substan-
tially vertical axis, the upper of said impellers
being of approximate disk formation, and the
lower being adapted to cause circulation of liquid
along the said common axis toward the said up-
per impeller; a well disposed above the sald
upper impeller and adapted to conduct air there-
to, said well having an open lower end defined by
s circumferential lip which is substantially con-
centric with and spaced upwardly from the pe-
riphery of said upper. impeller, thereby defining
a laterally open, annular, aerating gap affording
communication, without lateral cbstruction, of
the intertor of said well, with thé interfor of said
container. i S

2. An seration machine in sccordance with
claim 1, wherein there is provided mesns for in-
creasing or decreasing the axial distance between
sald impellers. ’

3. An seration machine in accordance with
claim 1 wherein there is provided driving means
for the upper impeller and independent driving’
mesans for the lower impeller so said impellers
may be driven at mutually different speeds.

4. An aeration machine in accordance with
claim 1, wherein the lower impeller is surrounded
by an open-ended, vertically disposed well spaced
apart from the bottom of the container.

5. An aeration machine in accordance with
claim\1, wherein the lower impeller is surrounded
by an open-ended, vertically disposed agitation
well spaced apart from the bottom of the con-

- tainer, and wherein the periphery of the upper
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impeller overhangs the said agitation well.
6. An aeration. machine in sccordance with

‘claim 1, wherein the container is a flotation cell,

and means are provided for discharging flotation
tailings from the said cell at a level between the
respective planes of rotation of the upper and
lower impellers.

7. An seration machine in accordance with
claim 1, wherein the container is a flotation cell
having & bubble column surrounding the aera-
tion well, and cantilever bladés extend from the
outer wall of sald aeration well into said bubble
column for stabilizing the contents of sald bubble
column during gperation of the machine. . ’

8. An aeration machine in accordance with
claim 1, wherein the upper impeller is provided
with pumping formations.

9. A flotation machine, comprising a walled’
flotation cell adapted to hold flotation pulp; a
pair of impellers mounted for rotation within
said cell in mutually spaced relationship along
a common substantially verticel axis; the upper
of sald impellers being of approximate disk
formation, and the lower being adapted to cause
circulation of pulp along the said common axis
toward the said upper impeller; an acration well

disposed above the said upper impeller and -

adapted to conduct air or other gas thereto, sald
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well having an open lower end defined by a cir-
cumferential lip which is substantially concen-
tric with and spaced upwardly from the periph-
ery of said upper impeller, thereby defining a
laterally open, -annular aerating gap affording
communication, without lateral obstruction, of
the interior of said well with the interior of said
cell; an open-ended -cylindrical wall disposed
vertically in said cell and surrounding the lower
impeller, said cylindrical wall being spaced apart
from the bottom of said cell; froth overflow
means laterally of said cell and above said areat-
ing gap, defining a bubble column surrounding
said well; pulp inlet means leading into said cell
at a iow level thereof; and tailings outlet means
leading from said cell at a level between the
plane of rotation of the said upper impeller -and
the plane of rotation of said lower impeller.

10. A flotation machine in accordance with

claim 9, wherein cantilever blades extend from -

the outer wall of the aeration well into the bubble
column for stabilizing the contents of said bubble
column during gperation of the machine,

11. A method of froth flotation, ‘comprising -

maintaining a mixing and circulation zone for a
flotation pulp to be aerated; maintaining an

aeration zone in limited overlapping adjacency.

to said mixing and circulation zone; causing the
said pulp to be circulated within said mixing
and circulating zone and into and through that
portion thereof which is in overlapping relation-
ship with said aeration 2zone; simultaneously
introducing air or other gas into said aeration
zone and circulating it into and through that
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portion thereof which is in overlapping relation-

ship with said pulp mixing and circulating zone

while allowing the said pulp and the air or other .
gas to intermingle and discharge laterally of the

zone of overlap, directly and substantially with--
out interference, whereby the said pulp is pro-

gressively aerated in relatively small quantities .
which have been first prepared for such aeration;
removing the froth concentrate at a location or
locations of said aeration zone which lie remote
from the said overlapping portion thereof; and
similarly removing the tailings from said mixing
and circulation zone.

LIONEL E. BOOTH.
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