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This invention relates to-the art of fiotation and more
particularly to aeratlon methods and machines used in
flotation.  While the invention is- directed largely to a
machme for metallurgical flotation, 1t is not necessarlly
so restricted.

In genéral, the invention represents an improvement
upon: the ‘disclosure set forth in Letters Patent of the
United States granted to me on December 30, 1947,
‘and bearing Number 2,433,592." In the machine of the
said: patent, two superposed’ and: spaced: apart impellers
are uséd. ‘The lower impeller functions in an agitating
capacxty, while the upper’ impeller functions in an acrat-
ing. capacny The specific: constiuction: and the: operation
of- the present invention: dre directed in'large ‘part to
the deration impeller and its immediate environment.
A féature of the invention is that the aeration ol upper
impeller is: of the open-arm type and that it rotates
within a grid having a plurality of dependmg vanes spaced
around ‘its” circumference,  The gnd isi-stationary . and
the number of depending vanes ‘is determined by the
diameter of and the penpheral speed at Wthh the 1mpe11er
operates.

Othier features of the. invention are that the: impeller .

rotates im relatively close proximity to an annular ‘plate
which® forms: the supporting means of the grid, and that
the depth of the vanes depending from the annular plate
must be at least great enough to prevent short circuiting
of pulp or air below the lower facés of the vanes, that
is to say, must be &t least great enough to comprehend
the ‘upper unpeller which rotates within the grid. )
* Distinctive results “achieved by the present invention
furidamentally are based upon the unusual opén-arm
construction of the aeration impeller with the generally
v=shaped ‘cross section of 'its arms and upon the sub-
stantially radial general action of air” and pulp streams
discharged by the impeller through the opénings between
the: vanes of the circular grid. The aforementioned char-
acteristics together” with the open and ‘thorough circula-
tion of the pulp through the free space around the lower
or agitation impeller effect a smooth, qulescent froth
surface with simultaneous maximum aeration and air dis-
semination.” “All this is essentlaI for eﬁic1ent ﬂotatlon
results
Whlle the present machine retains some of the advan-
tages of the double impellér arrangement of the ‘Booth
Patent No. 2,433,592, extensive improvements have been
made with respect to the | env1ronment of both the upper
or ‘aération unpeller and the lower or agitation impeller.
"Each arm of the aeration impeller has two mutually
opposed oblique surfaces which are mstrumental in direct-
ing currents of air or gas as well as currents of pulp so
as'to obtain maximum aeration of the pulp. This impeller
fotatés within a cucumferentlal gnd havmg radial bafﬂes
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peller. . These streams are pro;ected mto the surrounding
pulp body substantially along planes, the traces of which
in the planes of rotation are substantially right lines.

Briefly reiterating the salient features of the foregoing
explanation, it may be stated that the characteristically
new features of the invention. relate to the comstruction
and' functlomng of the aeration impeller. and. its environ-
ment, The aeration impeller in general is of the open-
aim “type and is disposed ‘to rotate”in a grid havmg a
plurality of dependmg vanes spaced around its circum-
ference. The vines advantageously have their support
in a substantially plane plate which is 1ocated slightly
above thé upper or significantly “plane of “rotation - of
the 1mpe11er The arms of the impeller differ markedl‘y
from: prior practice in that théy have an approximately
triangular cross-section. - One face of ‘the triangular con-'
figuration lies in the significant plane of rotation of- ‘the
impeller; and, in'revolving at the proper -peripheral veloci-
ties, the arms tend to produce vacuums of correspondmgly
high degrees The triangular cross-section of the 1mpeller
arms in operation causes displacement of pulp and air
in “adifection’ away from the upper face of the aeration
impeller, which determines and lies substantlally in ‘the
significant plane of rotation. “This actlon, in the case'of a
flotation machine, is significant since’ it estabhshes virtu-
ally a tendenicy to displacé the pulp and air on’'thé Tower
side: of the significant plane.” This dlsplacement because
of a downwardly directed force component results in
brmgmg air deeply ‘into "the pulp body.

“The free' downward flow of the pulp at the aeration
impeller is counteracted to an appreciable degree’ by the
centrifugal force: which is generated radially ‘along the
oblique faces of the impéller arms, * Largely because of
this centrifugal action, the aerating pulp stream i§ caused
to divide as it leaves the tips of the itnpeller arms; a
portion of the: pulp being circulated downwardly into and
through the agltatlon zone  below ‘the grid, while ‘the
other portion-is directed radlally ‘outward and tends in
transit-to be turned upwardly into and through the bubble
column.

Iz further explanation of the increased aerating effi-
ciency of the present machine it is convenient to ‘draw
an analogy between the closed impeller of a centnfugal
pump and the impeller of the present invention. "~ This
analogy will be clarified hereinafter in connection with
certain figures of the drawmg In the closed type cen-
trifugal pump the impellér is more &fficient because' it
directs the flow of 4 fluid radlally, and Jargely prevents
any substantial flow or thrust in"a direction petpendicular
to the plane of rotation:  This results in transforming
substantially the entire: mass-velocity into centnfugal’
force and as aforesaid, into pulp streams that are “di-
rected outwardly ‘along radial lines. -

In general, the present aerating mechanism constltutes
a closed impeller pump for the followmg reasons: first,
the shape of the aerating impeller is such that it tends
to create ifs vacuum oni the lower side of the arms,
thus mcreasmg ‘the. difficulty of backward flow of ait;
the air to a" large extent being trapped beneath the
upper plane . of “rotation "of the impeller after: “being.
inducted into the space’ deﬁned between the upper and
lower planes of rotation; and, second, the" pulp
under pressure along thé bottom of “an aeration im:
peller may be said to maintain a dynamically sustalned
1mpasse in such a manner that air inducted by the aera-
tion impeller ‘is' finally discharged radially.” It is, of
course, to be realized that a’ dynamically sustained lig-
uid seal, unlike a solid closure, allows sorme pulp ‘to pene-
trate the seal and to enter the space between the: upper
and lower planes of rotation. ' :
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In .comparing the invention with a closed impeller

‘centrifugal pump, it is to be remembered that the outflow
from such a pump is usually discharged through a single
opening, while in the case of the invention, there are
.numerous discharge openings.formed between the re-
-spectiveé vanes of the grid. " The. .agitation . impeller, or
“other means ‘of dynamiically sustaining a pressure area,
. corresponds. to the back plate of the .centrifugal pump.
~"In” the accompanying drawings which illustrate ex-
_cellent- embodiments of the invention,
" ""Fig. 1 represents in-diagrammatic perspective, a sin-
gle cell of & flotation .machine, portions being broken
away for convenience in.showing the unique features
“of the interior of the cell of the invention;

‘Fig. 2, a longitudinal vertical center section corre-
sponding to Fig. 1;; = -

*'Fig. 3, a transverse section taken on the line 3—3 in
Fig. 2; S ’ ’

""Fig. 3a, a horizontal cross-section taken through the
_drive shaft and its encasing sleeve on the line 3a—3q in
Fig. 3; - )

. Fig. 4, an-axial section of a grid apart from the ma-
_chine; - :

~~Fig. 5, an axial section of a grid, different from the
grid of Fig. 4; o )

‘Fig. 6, a horizontal section on the line 6—6 in Fig. 4,
-viewed from the bottom; '

. .Fig. 7, a cross section similar to Fig. 6, but taken on the
line 7—7 in Fig. 5;

Figs. 8 to 13, various forms of the individual im-
pellers, viewed in perspective, apart from the cells-in
which they are used;

Figs. 8a to 13a, cross-sections of the open arms of
the respective impellers illustrated in Figs. 8 to 13, the
consecutive arms -defining a-sectoral space;

- Fig. 14, a fragmentary top- plan, partly in:horizontal
-cross-section, .drawn to an enlarged .scale, the section
being taken along the line 14—14 in Fig. 1, to illustrate
the rectifying action of the radial vanes or baffles, indi-
cated in broken lines, as a matter of present convenience,
is:a modified form of the vanes; :

-Fig. 15, a fragmentary vertical section - taken along
the line 15—15 in Fig. 10, developed, and shown in
diagrammatical form, to illustrate a typical operative
action of the impeller in place in its grid enclosure;

. Fig. 16, a fragmentary diagram illustrating further the
action illustrated in Figure 15, the only difference being
that in Figure 15 the impeller is  assumed to be mov-
ing counterclockwise, while in Figure 16 the impeller
is moving clockwise; and .

Fig. 17, a fragmentary -diagram embodying some .of
the features discussed in connection with Figure 16,
but illustrating in addition differences between the ac-
tion. of the present impeller arms in contrast with. an
ordinary flat blade impeller arm.

.- Referring to the drawings, the numeral 20, Figs. 1, 2
and 3, indicates an exemplary flotation cell having the
longitudinal walls 21 and the transverse walls 22 which
intersect each other. Tt is to be understood that indi-
vidual - flotation cells are usnally arranged in batteries,
varying considerably in the number of individually con-
tained cells. Extending longitudinally of a battery of
cells is a beam 23. Supported on this beam as at 24
and 25, is a housing 26, and journaled at 27 in this
housing .is an upright drive shaft 28 which extends
downwardly into the cell 20. ' Encasing the depending
portion -of the shaft 28 is a sleeve 29 which is preferably
concentric with the shaft 28. An inlet for air, con-
sisting, in this instance, of a branch conduit 30, is pref-
erably provided with a butterfly valve 31 ‘for controlling
the admission of atmospheric air into the interior of
sleeve 29, if desired.

- Extending across the lower face of the sleeve 29, and
fixed thereto, for illustration by welding at 32, is a grid
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plate 33 from which depend a plurality of vanes 34,
these vanes being preferably fixed to the plate 33, for
example by welding. As a matter of resistance to wear,
the plate 33 between the vanes 34 may be shielded by

an annular member 35, the latter being advantageously

made of rubber or ceramic material. The plate 33 is pref-
erably circular and together with the depending vanes
34 constitutes a grid. Extending through the top of
the grid is an aperture 36 through which incoming air
from the sleeve 29 is admitted to the interior of the
grid, the latter in its assembled form, being shown at
37. Mounted so as to rotate with the shaft 28 is an
aerating impeller 38. The top surface of the impeller
38 is closely adjacent the inmer plane surface of the
grid 37. Spaced downwardly from the aeration impeller
38 is an agitation impeller 39 which may be of any
suitable construction that is operative to project pulp
from the agitation chamber 40 upwardly into the space
below the aerating impeller 38. .

When the aerating impeller 38 rotates, it generates
centrifugal force which carries the pulp in jets 42, Figs.
2 and 3, through the spaces 41. These jets 42 in their
horizontal projection are bounded by mutually paraliel
lines representing parallel vertical planes, Fig. 6. In
the vertical planes, the jets 42 tend to divide into two
separate portions, one portion being curved upwardly as
indicated by the arrows 42a in Fig. 2, and the other -
downwardly, as indicated by the arrows 42b. = The two
moving masses of pulp represented by arrows 42a and

-42b, are the result of an internal stress along substan-

tially a horizontal plane. Naturally, the air thrown -off
in the streams 42a and 42b must be replaced, this being
accomplished through the conduit 30 from which -the
air flows downwardly as indicated by the arrows 43. This
downwardly flowing air passes through the aperture 36,
thence through the aeration space 44 within the grid
37, before emerging in the jet portions 424 and 425.

The action of the aeration impeller 38 causes the sep-
aration of the pulp into the stream portions 42a and 42b
which together pass through the grid spaces at approxi-
mately the points 45, Fig. 15, to form aerated pulp jets.
Those portions of the aerated pulp jets which do not form
or become substantial parts of the froth are re-circulated
as shown by the arrows 46. As a matter of fact, the
aerated pulp portion 425 is impoverished and contains
mineral particles: of lesser .value than the aerated pulp
portion 42a. Therefore, the pulp portion 426 may be
regarded as tailings so far as the cell 20 is concerned,
and be removed through the opening 47 which leads into
one or more subsequent cells 106, Fig, 2, of a given bat-
tery.

The pulp feed enters the cell 20 through the inlet pas-
sage 48, and thence passes through the aperture 49 into
the agitation space surrounding the agitation impeller 39.

In Figures 4 and 6, the grid vanes 34 define passage
41, of which the two mutually opposed faces are parallel
to each other, thereby shaping the issuing vanes 42a
and 42b accordingly.

In Figs. S and 7, the vanes 34 of the grid define pas-
sages 50, of which the two mutunally opposing faces di-
verge outwardly, thereby causing the issuing aerating
streams to expand into substantially a fan shape 51. The
question in any particular case as to which impeller con-
struction is preferred, depends upon local conditions and
upon the judgment of the metallurgist.

The froth blanket is indicated at 52 and the discharge
lips over which the froth blanket flows, at 53.  The dis-
charged froth 53 is carried to any suitable or usual
destination, for illustration, through launders 54.

The shaft 28 receives rotative motive power from any
suitable source, for example by means of a V-grooved

pulley 55 and a corresponding belt 56.

%5

The aerating impeller may have various forms such
as are illustrated for example, in Figs, 8 to 13. A dis-
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tinctive feature of the impellers is the triangular shape
in cross-section of the arms, the vertices of the triangles
being preferably stubbed off as indicated for illustration
at 89, or truncated as at 89a, Figs. 10, 10A and 11A.

In Fig. 8 the arm 57 of the impeller 58 has in cross-

section the general V-shape which may vary from the
form 59 to the form 60 in Fig. 8A, depending upon the
particular aeration effect desired.
- In Fig. 9 the arms 61 of the impeller 62 have a gen-
eral cross-sectional diamond shape as indicated at 63 in
Fig. 9A. This diamond shape may be regarded as formed
by two V-shapes joined along their bases, one V-shape
being normal and the other inverted.

In Fig. 10 the arms 64 are similar to the arms §7 of
Fig. 8, the difference in the 1mpeller 58 of Fig. 8 and
the impeller 65 of Fig. 10 being in the mumber of ex-
tended arms. Thus the arms 64 in cross-section may
vary from the cross-sectlon 66 to the cross-section 67 in
Fig. 10A.

In Fig. 11 the armis 68 of the impeller 69 are similar
in’ cross-section to the :arms 87 and 64 respectively, in
Fig. 8 and Fig. 10, the difference between the impellers
58, 65 and 69 being in the number of drms employed.
The arms 63 may vary in cross-section. from the form
70 to form 71 in Fig. 11A.

In Fig. 12 the arms 72 of the impeller 73 have in cross-
section the general form 74 in Fig. 12A.

In Fig: 13 the arms 75 and 76 of the impeller 77 are
inverted with respéct t6 each -othér. The 1mpe11er in
other respects being similar to the impeller 58 in Fig. 8.
‘The -cross-sections in Fig. 13A xllustrate varlatlons m
thie arm 75.

A feature of the invention to be partlcularly observed
is that no matter what the shape of an individual im-
peller and its arms rhay be, the Space between the top
‘of the lmpeller and the lower face of the grid plate is im-
portant in the performance of the impeller.

The rectifying action ‘of the radially wide vanes can be
visualized from Fig. 14 where the arrows 78 indicate
pulp currents discharged by the impeller to résult from
first striking the side faces of the vanes 34 along ‘the lines
79. In accordance with well known prlncrples in physrcs
the angle 81 of reflection is equal to the angle 80 of in-
cidence, which means that the jets of pulp’ leavmg the
prid are projected along lines ‘which closély apprommate
radians drawn from the cénter 6f impeller. =~ The ‘show-
ing in Fig. 14 makes it clear that the peneration of the
tadians depends largely on the spaces between .the vanes
‘as well as on the thickness, width and depth of the vanes
themselves.

~ A considérable number of actual tests shows that the
radlal width “W” should be sufficiently great so as to
cause the jets to issue from the impeller along Substan-
tially straight lines. The tests 4150 show that the acration
impéller can have the sectional conﬁguratlon of the agms
varied so as to produce desirable variations in upwardly
and downwardly directed force componeénts. Such vari-
ations can readily be visualized By observmg Figs. 8
t6 13. For example, in Fig. 8 supposing -the impeller
5% to be rotating counter-clockwise, then the Faces 82
would tend to impart a downward component to the
jets 78, Fig: 14. In the case of the lmpeller 62 having
the arms 61 of diamond (Fig..9) shape in cross-sectlon
there would be one set of jets receiving their. prolectlve
force from the lower faces 83 of the arms 61 while
another set of jets having an upward force component,
would be discharged from the faces 84. From 'this can
be seen the adaptability of the présént invention te pro-

duce an almost jnfinite number of variations which can

be fitted to widely divergent requlrements

As a nile, the type of grid shown in Fig. 6 glves good
results. A series of operative tests performed in'a ma-
chine having the general striictire llustrated in Fxg 1,
with a gnd structure similar to that -shown 'in Flgs. 4
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and 6, showed wvaridtions in résults obta.med under the
conditions specrﬁed as follows.

No. :of No. of - 1 Jet injec-
Baffle | aerating { R.P.M. | tions per
Grid | impeller | ‘minite
Vanes blades | ’
Laboratory cetl. ......_._. 16 . 2 3,450 110, 400
(A) 6 cu. ft. cell... 16 2 73 23, 520
(B} b cti. ft. cell 24 2 735 5, 280
(C) 6 cu. ft. cell. . 24 3 735 52,920
(D) 6 cu. ft. cell__ 24 4 735 70, 560

The grid used in the foregoing tests consisted of vanes
having the width “W,” Fig. 7, approximately equal to
one-half the radius of the impeller arms.

It was found in operating the flotation cell under “A”
conditions, that the aeration was not entirely umform,
there being burps or <¢ruptions in the pulp, causing &
deleterious efféct in the frothing condition. The num-

ber of jet injections into the pulp body undér condmons :

“A* was 23,520 per minute; operating under conditions
“B* with 35,280 mjectlons per minute, gave fairly good
results; under conditions - “C” with 52,920 jet injections
per minute, a highly satisfactory result was obtained.
The use of a 4-blade aerating impeller did not show as
favorable operating conditions as those noted in “B” and
“C,” probably because of cavitation.

During certain intervals of the experlmental period,
the -machine was operated without the lower or agxta-
tion 1mpe11er in order to obserye the effect of that omis-
sion upon acfation and puip circulation. Under the
¢onditions of omission of the agitation impeller, the aera-
tion showed a marked decrease, which led to the con-
clusxon that the lower or agitation xmpeller exercises a
fnore lmportant function than merely causing pulp cir-
culation. It appears evident .that -the pulp, prolected
upwardly by the lower impeller, acts as a seal upon the
underside of the upper or aeration impeller and by its
seahng action .increases the efﬁc1ency of the aeration
impeller. . Such a dynamlcally sustained hquxd seal,
largely parallels the effect of the back plate in a cen-
trifugal pump.

) In the tests reported above, an orifice meter was used
to measure the quantity of air injected into the pulp
under the different 1mpeller arrangements. It was found

" that unde1 conditions “B” and “C” from 30 to 35 cu. ft.

65

%

of air per minute were developed in and disseminated
throughout the pulp. This is a greater air volume, with
mere uniferm dissemination in the piilp, than has been
attained by other impeller-type flotation machines wath

" which I am familiar, even when such other machmes are

equlpped with auxiliary blowers.

Numerous laboratory tests of a machine of the present
type in comparison with other standard flotation ma-
chines, have con51stent1y given Tower tailings losses; Wh11e
at the same time, the grades of the respective valuable
products have been increased, even to the extent of
doubling the latter. A machine equipped with the novel
aeration unpeller together with proper agitation means
operatrve in conjunction with that impeller provxdes for
vigorous pulp circulation within the body of the ma-
chine.  ‘The net result is a finely divided product blanket
having a smooth top surface, ideal for carrying a heav11y
mineralized froth across thé surface of the bubble column.

In the course of the aforementioned tests it became
évident’ that variatiens .in the specifications of the im-
péllers and the -grid vanes, are necessary to obtain the
best performance of the various sizes of flotation cells
a§ -determined by the volumetric capacrtles thereof. In
soiite cases the cells showed best performance with the
3-blade aeration impeller. In. general an increase in
the cubical contents of a cell requires an aeration  im-
peller of larger dlameter, each .impeller being provided
with from four to elght arms or blades. This means
also a corresponding increase in the number -of grid
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-vanes. . The important-factors to be observed-are that
the R: P. M. of the impellers, the.number of -aeration
-blades and the number-of vanes in the grid, multiplied
‘together and taken as a ‘product, should provide from
23,520 to 110,500, or thereabouts aeration jets discharged
through the grid, depending:on the capacity of a partlcu-
-lar flotation cell.

Summarizing the benefits in efficiency.: obtained by
‘means of the present invention in the aeration and mix-
ing ‘of ‘pulps over and above the best .standard equip-
‘ment-at present in use, features set forth below are out-
standing. . These features are (a) intense agitation and
‘turbulence within the body of ‘an aeration pulp, with a
-controlled air - dissemination ‘which produces -a smooth
surface, free of turbulence -on-the pulp body; (b) the
production of aeration jets that tend to take paths hav-
ing-major horizontal components, through the pulp, thus
keeping the whole surface of the pulp under active
‘aeration conditions, ‘and providing particle-supporting

" buoyancy to the farthermost limits of the cell. This ‘is
an - important -feature in -overflowing the mineral-laden

- froths produced in the flotation treatment of ores; (¢)

a -greater ‘volume of disseminated -air is maintained
throughout the pulp body than is possible in existing
equipment, thus providing for increased tonnage treat-
ment per unit of cell volume.

So much for showing the efficiency of the novel pump-
ing action of the impeller in providing improved aeration.
- 'Now, the novel cyclonic action in projecting the high
degree of aeration into and disseminating it throughout
the pulp; will be described.: The method of introducing
atmospheric air into the aeration space 44, Fig. 15, is
novel in the extreme. After the: air passes freely into
and through the sleeve 29, Figs. 1 to 3, prior to striking
the annular abutment 90, it is forced through the aper-
ture 36, which forms an entry throat or nozzle from
where the air is squeezed into and through the restricted
space 44 just above the significant plane of rotation of
the impeller. This restricted space is of substantially
flat, annular, pancake formation. In this restricted pan-
cake space, the incoming air seems to be subjected to a
differentially formed vacuum condition which causes a
change in the mass velocity of the incoming air that
overspreads the aeration impeller 38. The. mass velocity
is being constantly released in transit, and energetically
snapped -into and through the fluctuating suction space
85 to: meet the turbulent upsurging surface 46a, Fig. 15,
of the oncoming pulp 46. This aerated pulp is ejected
from the grid in the form of the streams 78, Fig. 14,
and is immediately jetted far into the space surrounding
the grid. In.this surrounding space, the aerated pulp
is separated into the two major portions 42a and 426
hereinbefore mentioned, the one portion consisting largely
of incipient bubble-forming particles which pass through
the stage 424, Figs. 2 and 3, up, into and through the
bubble column, to form the froth blanket 52.

The cross-sections of the impeller arms illustrated in
Figs: 8A and 10A to 13A, are herecinbefore termed
“triangular.” It will be noted that the vertices of these
triangular ‘shapes have been stubbed off or truncated.
This feature is illustrated in Fig. 16 where the configura-
tion -of the impeller cross-section follows closely what
is-shown in Fig. 8A. In Fig. 16, the broken lines 91
drawn-from the points 92 and 93 parallel to the respec-
tive oblique faces 94 and 95, define what may be called
“wearing pads” between the lines 91 and the faces 94
and 95. The utility of these pads consists in extending
the useful life of an impeller arm in working against the
abrading 'action of the flotation pulp. The abrasion
causes the original face 94 to be gradually worn down
to the line ‘91. - The abrading action tends to be caused
by a force component represented by the arrows 96.
This force component acting normal to, for example, the
surface 94.

"Assuming -that the unpeller in Flg. 16 is moving in
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the direction of the arrow 97, clockwise as-aforesaid, this
tends to create a-vatuum-at the back of the surface 95
and results‘in an-appreciable-stream of air being sucked
along--and through: the: significant plane of rotation 98.

“The stream of air-follows  the major arrows 99, passing
‘through the surface of rotation 98, and swirls deeply into
“the-pulp as indicated by the minor arrows 84.

In comparison with what has just been described, the

~action of -a usual thin, oblique blade 100, F1g 17, it will
-be observed ‘that 1mmed1ately after the air passes over -
‘the cuttmg edge-105, it follows the arrows 103.

Again
assuming -that the impeller is running clockwise per ar-
row 102, then the arrows 103 indicate the tendency of
the air. to ‘be sucked over the upper or leading edge 105
of the oblique upper surface of the blade 100, .and
thereafter.to follow quite closely the paths 1nd1cated by
the minor arrows 104, which instead of flowing around
the impeller are virtually stopped at the line 87, which
represents the surface of revolution generated by the
bottom or trailing edge of the blade 160.

. Reverting to the wearing properties of the present im-
peller arms, it is convenient in connection with Fig. 16
to explain that not only is the durability of an impeller
arm enhanced by the presence of the wearing pads in
producing substantially uniform abrasion along an origi-

-nal oblique face, but also, that after a pad is worn off

on one side, the direction of revolution can be reversed.
This doubles-the impeller life because the configuration
of the arm cross-section is substantially symmetrical
around a center line perpendicular to the significant sur-
face 98.  Thus the wearing pad on the opposite side is
held in reserve until the direction of revolution is re-
versed.

It has been found in actual operation that the impeller
arms have an optimum vertical dimension or depth which
varies for the different sizes or capacities of the machines
in which the impellers are used.  Such depth varies the
bite of the aeration' impeller, the result being that the -
pulp . jets thrown radially by the impeller, pass between
the grid vanes with a minimum turbulence so as to pro-
duce a: smooth froth blanket. In a 1000 gram laboratory
cell using an- aerating impeller two inches in diameter
with ‘two arms, this phenomenon was proved to exist.
Also, in a 6 cu, ft. cell where the aerating lmpeller was
9%5 inches.in diameter with three arms, and again in a
66 cu. ft, cell where the aerating 1mpe11er was 20 inches
in diameter and had four arms.

It may be noted that the triangular configuration of
the impeller arms is advantageously of isosceles forma-
tion. The preferred angular relation between the oblique
surfaces of the impeller and the pulp level varies from 45
degrees to 60 degrees or thereabouts as indicated in
Fig. 8A.

The space 44, .in which the transient airis subject to a

differential mass velocity, serves actually as an air-dis-
tributing medium between the nozzle opening 36 and the
space around the impeller and within the sectoral spaces
44q between the arms of the impeller. The top plate
33 with its shield 35 are both preferably annular and
imperforate in construction. -
An advantageous arrangement of the grid vanes is to
make the spaces between the vanes circumferentially
along the face of the cylindrical surface which determines
the inner termini of the vanes, substantially equal to the
thickness of the vanes.

Recapitulation

There is a certain analogy between the operatlon of a
closed impeller centrifugal pump and the pumping actlon
in the present mechanism.

In a centrifugal pump a rotating impeller is completely
housed so that displacement occurs radially, thus creating
a vacuum and causing flow of liquid from a central inlet
to a tangentially disposed outlet.

In the present machine there is a solid casing only on
the upper side of the rotating aeration impeller. The
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pulp: that is forced up from below, seals off the lower side
of the aeration impeller much in the same way that a
solid housing would do. The rim of the housing in this
case is ¢omposed of the radial vanes, and the spaces be-
tween the vanes represent a multiplicity of outlets rather
than the one outlet of a centrifugal pump.

“This action, being similat to that of a. closed impeller
pump, substantially increases the difficulty of backward
flow of air. Therefore, the air is more or less trapped
beneath the upper plane of rotation, after being inducted
into the space defiied largely by the conditions created
along the upper and lower planes of rotation of the im-
peller. The upwardly impelled pulp stream from the
bottom of the “agitation chamber constitutes a s¢al for
the bottom of the impeller. The pulp, under pressure
below the aeration impeller, maintains a dynamically sus-
tained impasse in sich a mafner that the inducted air is
expelled in streams directed radially. It is to be realized
that a dynamically sustained liquid seal, unlike a solid
closure, allows some pulp to enter the space between the
upper and lower planes of rotation, thus causing mixing
of air and pulp.

The triangular cross-section of the acrating impeller
arms tends to produce a vacuum, because of pulp dis-
placement, on the lower side of impeller. This brings
air deeper into the pulp than an aeration impeller with
blades of usual designs. Usual blades are thin and are
set obliquely with respect to the plane of rotation. In
operation, such thin blades, because of pulp displacement
on the upper faces therecf, effectually stop the inflow
of induced air substantially at the upper plane of rotation.
It is submitted that this is a partial explanation of the
fact that the present machine generates more air, and
injects more air into the pulp, than is accomplished by
any usually bladed flotation machine, including those ma-
chines equipped with auxiliary blowers.

In Fig. 14 the broken lines at 107 serve to indicate
what happens if and when the vanes 34 are abbreviated
radially. Such abbrevation causes the discharging pulp
from the impeller to be projected along paths indicated
by the broken arrows 108.. It will readily be seen that
such a construction defeats the accomplishment of pro-
jecting aerating jets radially into the pulp.

The line 109 in Figs. 2 and 3 shows a usual level of the

- pulp on the top of which is the bubble blanket 53. The
level 109 is determined by the overflow lip at 110.

Whereas this invention is here illustrated and described
with respect to certain desirable forms thereof, it should
be understood that various changes may be made therein
without departing from the scope of the claims which
follow.

I claim:

1. In a flotation machine, the combination of an aera-
tion assembly comprising an aeration impeller having an
upper plane of rotation and a lower plane of rotation
mutually spaced apart, said impeller being of open-arm
construction defining sectoral spaces between the arms,
and said arms having a substantially triangular con-
figuration in cross-section, one side of said triangular con-
figuration being uppermost and determining said upper
plane of rotation, the other two sides of said triangular
configuration converging to a terminus which establishes
the lower plane of rotation; a grid extending around the
aeration impeller, said grid having a top plate defining
at least partially an air-distributing space immediately
above the aeration impeller, and a plurality of vanes
depending from the top plate and spaced apart circum-
ferentially from one another, said vanes extending axial-
ly below said lower plane of rotation; means for introduc-
ing an upwardly directed current of agitated pulp below
the grid; an air conduit leading into the air-distributing
space; and means defining a bubble column above said
top plate, said bubble column being in communication
with the spaces between the said vanes.

2. A flotation machine according to claim 1, wherein

10

15

20

25

30

35

40

50

56

60

10
the vertices of the triangular. cross-section of each of
the arms of the impeller are stubbed: off to at least par-
tially defined wearing pads extending along the respec-
tive converging faces of each of said arms.

3. In a flotation machine, the combination of an aera-
tion assembly comprising. an aeration impeller having an
upper plane of rotation and a lower plane of
rotation mutually spaced apart, said impeller being
of open-arm construction defining sectoral spaces be-
tween the arms, and: said arms having a substantial-
ly triangular configuration in cross-section, one side
of said triangular configuration being uppermost and
determining said upper plane of rotation, the other two
sides. of said triangular configuration converging to a
terminus which establishes the lower plane of rotation;
a grid extending around the aeration impeller, said grid
having a top plate defining at least partially an air-dis-
tributing space immediately above the aeration impeller,
and a plurality of vanes depending from the top plate
a distance at least great enough to comprehend said aera-
tion impeller and spaced apart circumferentially from
one another; means for introducing an upwardly directed
current of agitated pulp below the grid; an air conduit
leading into the air-distributing space; and means defining
a bubble column above said top plate, said bubble col-
umn being in communication with the spaces between the
said vanes.

4. A flotation machine according to claim 3, wherein
the respective depending vanes of the grid have the radial
dimension thereof substantially equal to one half the
radial length of the respective impeller arms.

5. A flotation machine according to claim 3, wherein
the grid top plate is of annular, imperforate construction.

6. A flotation machine according to claim 1, wherein
the triangular configuration is of isosceles formation.

7. A flotation machine according to claim 1, wherein
the triangular configuration is symmetrical about a per-
pendicular erected upon a plane of rotation.

8. An aerating assembly according to claim 3, wherein
the number of grid vanes, multiplied by the number of
impeller arms and the product thereof multiplied by the
R. P. M. of the impeller, has a magnitude lying be-
tween the numbers 23,520 and 110,500. .

9. An agitating and aerating assembly for flotation
machines, comprising an elongate air conduit adapted to
be substantially vertically positioned in a flotation cell’
and having an opening adjacent its upper end for inflow
of air; a plate extending transversely across and secured
to the lower end of said conduit; grid means projecting
downwardly from said plate and around the periphery
thereof to define an impeller-receiving zone below said
conduit; an open-arm type of lateral delivery and down-
impulsion impeller mounted for rotation within said zone
transversely of said conduit and in closely spaced rela-
tionship with the lower face of said plate to define a
restricted air space between said impeller and plate;
means defining a nozzle orifice through said plate cen-
trally of said impeller, providing passage for air from
said conduit into said air space under elevated pressure,
the air conduit being imperforate except for said air in-
flow opening and said nozzle orifice, so as to insure maxi-
mum supply of air to said air space nuder maximum

. pressure; an updraft impeller rotatably mounted and
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spaced below the first-mentioned impeller; and means
for rotating said impellers, said grid means projecting
downwardly from said plate a distance at least great
enough to comprehend said lateral delivery impeller.

10. The agitating and aerating assembly of claim 9,
wherein the means for rotating the impellers includes an
impeller shaft to which said impellers are secured, said
impeller shaft passing through the air conduit and the
nozzle orifice, axially thereof.

11. The agitating and aerating assembly of claim 10,
wherein the plate is of annular formation, defining the
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nozzle -orifice-at its center, and the grid is provided by
a plurality of mutually- spaced -vanes depending from
the. outer ‘peripheral -margin -of the ‘plate and -extending
radially of said plate. .

12. The agitating and-aerating-assembly of claim 11,
wherein the air conduit has a diameter greater than the
diameter of the nozzle opening.

13. The agitating and . aerating assembly of claim 12,
wherein the lateral delivery and down impulsion impeller
comprises a plurality of symmetrically spaced arms ex-
tending substantially radially from a hub, each arm hav-
ing an underside of substantially V-formation considered
transversely of the length of the arm. -

14. The agitating and aerating assembly of claim 13,
wherein each of the impeller arms has the vertex of its
V-formation stubbed off to at least partially define wear-
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ing pads extending along the converging faces of the
arm.
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