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1 ST
~*This invention relates to:improvements in:the

froth flotation .apparatus, and more. particu-

larly . rélates.-to..certain improvements:vin -the
froth:overflow and mixing function.of froth-flo-.
tation.apparatus-ef the sub-aeration-type.

“1in eonventional froth fotation practices, ithas

" been -customary -to -provide -a stationary: froth
overflow ‘lip :along -one-side :of -the flotation ma~
ehine, usually ‘the. front-side,-and then- regulate
the: liquid Teveliin ‘the -maching ‘o in individual

ceélls-6f s ‘machine ‘to-provide-a-bed-of- froth-6f -
selective “depth--to-overflow a -given portion’ ot

the concentrate. With the--advent of new--flo-

tation reagents;- the character -of -the froth-or

Ioam 4s”being -changed,-and: particularly -there

is+a trend away from-volumineus-and tenacious
froths. - Tn-‘most-instanees,-a. briftle -froth -will
be preferred: because -of -the-redueed - treat*nent

(CL 261——93)

- tatmn cell and. mounted for movement $o; sele

T

15

time. required-in the: ‘handling -of -a- -eoneentrate -

material in-subseguent’ treaztments. Voluminous
froths- are” ,frequently obgecbmnable because -of
the coalescence ogeurring -at the -overflow- zcne
with concentrate loss “due ‘to- -shatbering -of
bubbles ~“Fowever, to effectively use ‘a brittle
froth-which ‘is relatively shallow in depth, it is
necessary to provide a close control of the over=
flow"level and dlso to provide for -a ‘rapid dis-
charge of the concentrate matenal raﬂ;er lt
reaches the froth bed.
“~Itisan. object of the present invention to pro-
‘vide ‘§imple, ;durable and efficient apparatus for
insuring prompt:removal of froth from a flota=
tion ; cell at. any. desired elevation m the_ ,froth
mne

_Ancther object of the invention is to provide
an ‘improved .apparatiis for .mixing ‘the bulp
feed,.air.and ‘recirculating: pulp.in the a,gltatmn
zone of 4 flotation treatment.

A further objéet of the invention is fo provide
Dumping means in association with the impeller

of . a. flotation machine of the. sub-agration type -

to.accelerate the mixing of matter.at the inta.ke
side of the impeller. N
Si',ill another object of the mventlo,n is to. pro-
._-vide lmproved means for ‘mixing atmqspherjc
gir and alr under pressute.as the, aeratmg rie-
-dipm in a froth ﬁotation process.
~Other ;objects reside in.noyel: detalls of con-
gtruction. and novel.combinations and. arrange-
mernts of parts. Jall.of which will be fully de

20
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© theflrst-cell illustrated.
40
-~ is--designated -C -and--the last--eell:is:/desig-

45

50

sctihed in the course of the iollowing descrip_f

tion

"phases. The-first “invelves.the provision. of &

froth. collecﬁn&launder positioned within.a flo- o

“The present inventive . aoncept .ccmprises mwo -

55

_the- lower end of the hollow column

2

tlve elevations within said.cell. The second i
vclves the:mixing; functlon and. mcludes the prt
vision, of & runner auxiliary nnpeller mount

2 ; r
1ntreduct10n onto the rotatmg 1mpe11er
Preferably, the froth launder 1s cf s

tmn of a g1ven amount of concentrate Ain it
froth bed at the $op.of. the cell
“Fhe practice of the present invention-
best understeod hy-reference to.the.ageol
ing drawings. - In the.drawings, in the
views of -which like-parts .are gesignal
19»1'13’, - L
S Fig. 1his. a wvertical. control. sectlon :
multi-cell: fotation machine; embodymg
of the:present: invention;
Fig. 2 is a top plan.wview of the machine sh,own
in:Pig..1, partially: broken. away: to.show. th,e _@r-
rangement.of interior parts;.and:. :
© Fig.:3ris:an.end:elevation,: partlally bro,ken to
'show ‘the.arrangement.of interior parts..
“ e apparatus illustrated:in: the: dra\vings“is
a-typical multi-cell flotation machine showing
the-detail -of:the:first and:last.cell of .a..series
of cellg, -which: may.be any plurality. dnterme-
diate-cells of-any series-ofithree:or more:would
utilize-an intake -or-:feed. :arrangement .eorre-=
sponding to that.shown in the last cellvof«the
series while the-discharge end of the-.cell iwould
be-substantially similar te-the: dlscharee oend of

~Ag ‘represented in-Figs. 1 and 2, theuﬁrst cell

nated+'C’.: “The- ‘machine rhas -front- and -zear
walls -4~ and -5, ‘tespectively, -and -end: walls
6-and 1, which-together with .a-bottom. 8 define
a-tank: d1v1ded. -into «& - plurality..of.cells,-which
as shown . in the cdrawings,. comprises thescells
C:iand ¢, Feed to:the machine is introduced
through an inlet 9, and the final discharg;gggrgm
the:machine: is-through ;an eutlet 10. : - .
oAc:series. of -launders 12 and- I2a~.,re a,rranged
in:the. tank to collect froth forming.in k
i ' ;;by overtlow. 'As il-

c,
lustrated the launder, 12
the position shown, but .
Jushable, 1f desued Laun_ er l2a JS at,_ ached to




2,612,858 SEEL D Iy

one or 4 plurality of screws (3 (here shown as
2) by which it may be moved to selective eleva-
tions in the cell.

In order to provide the necessary overflow
level regulation for launder 12, I provide slab

© weirs 14 along both sides and the top and in
this way its effective elevation can be made to
correspond to the positioning of the launder 12a.;

The collected concentrate flows from a bottom

opening 15 in launder 12 to any suitable con-.

duit (not shown) and the concentrate collected

10..

4
60 are connected in the T. When a rougher-
cleaner circuit is used, collected froth from other
cells is returned through conduit 50 into a given
cell.

Also as shown in Fig. 3, the front wall 4 and
rear wall § of the tank have their top surfaces
at a much lower elevation than the end walls
of’ the cell, and weirs 54 and 55 are: mounted
on such ‘walls to pérmit a selective overflow level
in the event froth removal is to be effected

~-gther than by collection in the launders 12 and

by launder 12a flows through an outlet 16 and. -

flexible conduit {1 to a point of discharge out-
side cell C'.

An impeller 20 is mounted for rotation on a:

15

shaft 21 near the bottom of each cell and has
& stationary hood or cover member 22 over-: .

hanging the impeller in spaced and proximate: .
relation. The shaft is-journaled for rotation -
in a bearing assembly 23 supported from super-:
structure 24 and preferably arranged for ad-

justment to ~selective elevations "in . the cell

through the prov1sion of slotted plates 25 by
which the bearing assembly is supported on the}
25
.26 or other prime mover, which, as illustrated.
in Fig. 1, also is supported from a slotted plate;

-superstructure. ‘The shaft is driven by & ‘motor

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

Suitable transmission 28 con-.
- 30

20

Each of said shafts is enclosed in & hollow: -

column 30 supported from the hub portion 3t
of cover plate 22 and a tubular partition mem-=
ber 32 divides- the interior space of column 30

into inner and outer passages 33a and 33b.-re-
spectively. Air or other:aerating gas is intro-
duced into two conduits 34a and 34b which empty
into the passages 33a and: 33b respectively. The
gas delivered through passage 33a, or a portion
of the same enters a T-shaped passage 35 in

shaft 21 and discharges from the under surface
of the impeller, and due to the provision of blades

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

35

bottom of the respective cells and subjects said ,

materials to intensive mixing.

"If additional mixing is required,. air or. other
gas may be introduced through botftom inlets
31.  Feed to the cell C enters through inlet 9

and then: circulates  about: the. cell for return

through.one or more nipples 88, which may be
closed by screw plugs-39, if desired. A-feed
tube 40 may be utilized to conduct feed from inlet
9 or a-feed box 4. - As shown, such a fube is
provided in cell C*, but not in cell C.. When the
feed tube is not used, a return tube 42 is:pro-
vided to. recirculate pulp from a following feed
box.41 to the impeller enclosure.

Sometimes a greater amount of recirculation
is required, and an opening 43 in the hub’ NOr=

45

60

1]

mally closed by a plug 44 may be opened to ef-

fect this return. A runner 46 or aux111ary im-
peller of the pump-runner type is mounted-on
shaft 21 within hub 31 to .pre-mix gas and pulp
prior to its introduction onto and final mixing
by :the impeller  20. _
blades 46 of tapering section so that they will be

equally effective in right-hand or left-hand op-
! eration.

- In addition to the recirculating features here-
inbefore- described, provision is made," ‘as shown
- in Fig. 38, for-the delivery of pulp; or gas, or- both,

This -runner has radial .

60
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through a nipple 47 at the front of the machine,

‘When both materials'are so fed to the machine :

- T-fitting 48 is fitted on the nipple and a gas

supply conduit 49 and a pulp-supply ° conduif

%

{2a.; -Another-froth -overflow arrangement is to
mount a forwardly-extending overflow lip sec-
tion -56 ‘on the flange of the front wall and at-~
tached to the énd walls as by welding. In such
event the usual paddle or scraper 57 is mounted
above the .overflow: lip and is driven through &
suitable transmisSion 58. A normally-plugged

- drain- -opening 59  is prov1ded for: cleanout

purposes.
.In’ the operation of a smgle cell, . pulp is:ifed
through a feed inlet 9:-or a.feed tube .40, while:
air-or.-ether-aerating gas such as CO? or:the like:
is "introduced:through supply -conduits. 34 :and:
34b into the passages.33¢ and..33b of hollow:
column: 30 .and: may be introduced through the
lower inlets:37,:if extra-aeration-is required.:.If -
fed through the inlet 8 the entering pulp: ,ﬁrst
mixes with circulating aerated pulp and a-portion
of this mixture is drawn under the impeller:and

-subjected to additional mixing with - -gas -enter-

ing either through the T-shaped passage 36, -
or the-inlet, or both. «; .= ;
After this mitial m1x1ng, the aerated pulp
circulates into: the impeller, through -opening
or.43, or both,- and due to~ the pumping action
of the runner: 45 this pulp mixXes with gas fed
downwardly through the passages '330..and 335.
The resulting mixture: is forced downwardly onto

. the. 1mpe11er where it s subJected to. additional

1fuga1 ‘movement” and- the
beating action of the impellers w1th1n the re-
stricted space beneath the hood enclosure. Again,
as the pulp discharges 2,Cross . th' ,penphery it
is subJected to further breakmg up against the
underhanging vanes of the ‘hood _structiire..
In this way, the pulp is subjected to. repeated
aerating influénces while circilating id the ¢
and the froth forined by the sérating action’ i €3
to. the surface carrying tHe. mineral particles
with it, and’ colléets in a bed’ “for subsequent
discharge by overflow. If a middhngs product
tends to forin below: the fi'oth bed ‘and 1mpedes :
the passage of the air bubbles and associated
mineral thereto, the wupper openings 38 aré
utilized to draw off the middlings for additional
aeration and mixing at the impeller, e
When multi-stage operatlo “is utilized an
opening 60 is provided'in the rear-wall 61 of a
preceding ceéll, which ‘wall is separated from the
frout wall 62 of ’the succeeding cell to form’ the
feed compartment 4. A partition having an.
overflow weir 63 in" its upper portion Tegulates
the liquid level in the preceding ‘cell.and - sand

- relief opening 64 is provided to .pass, ‘non-floated

material from ‘a preceding to & succeeding cell,

“Under some operating conditions, it W111 € e
desirable to regilate the volume .0of pulp “enter-
ing a given ¢ell through its feed. conduit 46! from
a8 feed box 41, A Valve 66 (Fig. 1) controlled by a
lever 671 is provided for this purpose and 'thus
admits ‘more or less feed to the impeller; or to.
the pulp body in the cell. when the feed on-
duit 40 is removed as’ ell C, o )
It should be- noted ;dditionally that the provi-,
sion-for pulp introduction into ‘the’ ‘pumping‘zone
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above-the impeller provides o lquid-sesl prevent-

ing’ escape -of the “aérating ‘gas -to atmosphere,
except by following the intended course through':

the impeller and- pulp body to ‘the-froth- bed.

Because -of this, -it'is possible to utilize ‘super--

charged aeration of the type disclosed in-Logue

application; Serial .No. 632;819 -and: his- Patent.

No. 2,390,111, owned ‘by the assignee of this ap-=
plication. 'In‘such ‘event, the. pump: unit-will
assist ih mixing the gas -and pulp ‘and a,lso in—i

ducing-discharge of the low pressure gas. -

-In.order to. gét -mote recirculation: of pulp,
removal of plug 44 (Pig. 1) Wwill permit funher

45 to ‘exert a strong-pumping action on opening
43 “and this pulp, togéther with pulp- entermg
from -conduits 40 ‘or -42; or ‘through ‘Passage 33b,

will-be-premixed ‘with the air stream-descendiiig.
through the passages 33a.and 33b before passing.

10

15

onto-the impeller.  The arrangement of impeller

blades, .cover plate and associated vanes:serves
to--produce ‘an -intense- mixing and widespresd
dispersion-of the gas under the centrifugal influ-
ence: of -the -impeller, so-that ‘the aerated pulp

on-discharge from the impeller enclosure- efﬁ-;
- 25
The froth overflowing the launders (2 and 12¢
will pass-‘through the outlets 15 and 18 respec-
tively, by :gravity ‘when in -‘a -sufficiently fluent

_ciently ‘carries the mineral to the surface.:

condition and-particularly when, as usudl, tHese
outlets :are  connected with pumps (not showh).
However, when the concentrate -is not of :a free
flowing. character, or when air accelerated- dis-

charge is: desired, -a hose ‘or water line 68 (Fig:

2) may'be directed into such: launders to provide
a-source-of flush water.

"From the foregoing deseription, it w111 be ap-
parent- that the structure -and operations dis-

closed attain the several objects of the invention:
in an efficient manner. ‘The:arrangements 1lus-
trated ‘in ‘the drawings ‘are intended merely as

typical examples of the practice of the present
invention,but not ‘to limit the invention -beyond
the intended ‘meaning of the hereunto appended
¢laims.

What T cl‘aim and des1re ‘to .secure by Lettersi' )

Patent ist
1..The combination With ! ﬂotatmn eell and a
rota,ry impeller in the Iower portion-of said cell;

of a hood ‘over thie impeller, & hollow gas-supply
column ‘extending inte the upper portion: of the’

cell; g - pulp-delivery conduit positioned at the

20

30

4@

45

bottotn of -said -column for feeding pulp to the -

impeller, and -ah auXiliary: impeller mounted
above and spaced from the impeller within said
column-for forcefully discharging gas and pulp
onto the impeller.

2. The combination with ‘o flotation cell and a
rotary impeller in the lower portion of the cell,
of a hood over the impeller, a hollow gas-supply
column extending. into the upper portion of the
cell and havihg its interior divided into a plu-
rality -of -separated passages for gas, means- for
introducing -an -aerating gas into each said pas-
sage, a pulp-delivery - conduit positioned at ‘the
bottom of said -column for feeding pulp o -the
.1mpeller, and an -auxiliary impeller mounted
above and ‘spaced from the impeller within said
column for-forcefully diseharging ‘gas and pulp
onto the impeller.

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

55

- rality ‘of* separated passages for<gas; miean

6
aeratmg ‘gas “into -each -sdid” passage;
delivery ‘conduit-positioned-at-‘the botton of sald—
column Tor feeding pulp’ to ‘the :impeiler, and 45
duxiliary - impeller ‘mounted -above “and: Spaced
from the -impeller ‘Within: said:column -for -foréex:
fully- discharging gas-and pulp:onto-the impellet:
‘4, The-combination with a fotdtion:celliand o
rotary impeller-in- the lower-portign of -the:.gell,;
¢f-a hood over ‘the impeller, a hollow~gas-supply~
column extendinginte-the -upper portiod of- the:
cell-‘and having ‘its interior - divided 1nto 8 1u—

mtroducmg an aerating gas into each: sai H}

sage;: a+ pulp délivery -conduit - posmone ‘at-the
bottorm ‘of -said column for feeding pulp-to” the!
impeller, ‘and -an -auxiliary -impeller - moutted’ -

‘above and-spaced from -the impeller within: saicv

column for foreefully -discharging:gas and - pulp
onto the impeller; said auxiliary: impellér Having:
radial ‘blades of tapering section so arrdnged-as
to pump effectively :in: elther clockw1se or cou’ i
terclockwise rotation.

5.-In - fiotation apparatus, g - cell a shaf ex:
tending into said cell, an-impeller carried &t the:
hottom of said shaff, a hollow column extending:

- upwardly from ‘s -point above the- impéller into

the-upper-portion of ‘the cell ang havmg its.inte
rior:divided into a plurality of ‘gas dehvery pas-:
sages, means for drawing pulp from the cell intd:
one. .of ‘the -passages, means ‘for supplying an:.
aerating gas to the respective ‘passages, ‘suction:
means mounted in the lower portion:of the’ col-
umn for pumping ‘gas -onto. the: impéller;:“and-
mesdns, including g, ‘passagewsy, -for ‘condiicting:

- gas from another of said passages to a. pomt f

discharge below: the impellér. :

6. In- flotation apparatus;-a ‘cell;, g shaft ex~
tending into: said -cell, an-impeller carried at’
the ‘bottom- of -said shaft, -a-hollow column ex- "
tending - upwa.rdly from a point- above the: ixi=:
peller into ‘the upper pertion of the céll and:
having ‘its “interior- divided into -inner .and: -outer:
gas-delivery ‘passages, means for supplying an:
aerating gas to the respective passages, means for

" drawing pulp-from.the cell-into the outer passage:

suction ‘means mounted in ‘the lower portion: of:
the column for ‘pumping -gag onto the impeler,
and- means, including a passageway, for-conduct--
ing ‘gas from the inner passage 1o -a- pomt Bf!
di«charge below the.-impéller. R

7.7 In’ flotation apparatus, o -cell; a shaft Ex+-
tending inte-said cell, an impeller carried @t the:
bottom of said shaft, a hollow column’ extetiding:
upwardly from g point :above:-the impeller into
the upper portion of-the eell and having its.inte~

- rior--divided -into -inner:and -outer: gas- delivery,

60

65
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75

‘including -a passageway, for eonductitig gas’f

passages; -means- for- supplying an-geratinggas
to -the respective passages, tneans for:‘drawing:
pulp ‘from the cell-ivito the ouiter passage, ‘an
auxiliary impeller ‘monunted-in the'lowes ‘portion:
of the ‘column -above ‘the ‘impeller - for: pumping
gas downwardly onto-the"impeller, and: megns;
om-
the ‘inner ‘passage to-a point: of discharfre below
the impeller.” - : d

8. In a froth ﬁotation devme of the type hav—
ing a-plurality of 1nterconnected ‘generally ‘reg=
tangular cells disposed in'‘side-by-side- relation’
the improvement which comprises a froth laun-
der disposed within and between adjacent cells
and having portions projecting laterally into each
of said adjacent cells for receiving froth there-
from, and a discharge conduit for discharging
material collected in the launder at a point out-
side either of said cells.
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8. TH & froth ﬁota,tion device of the type hayv-
ing:
tangular cells disposed in -side-by-side relation,
the. improvement which comprises. a froth laun-
der.disposed within -and between adjacent cells
and having portions proj jecting laterally into each
of sald. adjacent cells for receiving froth there~

from,-a discharge conduit for discharging mate-.

rial-collected in the la.under at a point outside

either of said cells; a support above the cells, and

moyable means ca.rried by :the support and con-
nected -to- the.launder for raising and 1ower1ng
the Jaunder.

.:10.-In & froth ﬁota.tion dev1ce of the type hav-‘

ing a. plurahty of- mterconnected generally rec-
tangular cells disposed in side-by-side relation,
the,. improvement which comprises a froth laun-

der;having a hollow open transverse leg disposed .

between - adjacent cells and a hollow open lon-

gitudmal leg commumcating with the transverse‘
leg-and. projecting into each of said adjacent:

‘cells for receiving froth therefrom, and .. dis-
charge conduit for discharging material collected

in- the launder at a:point outside either of said:
25

cells

& plura,lity of mterconnected generally. rec-j_

10

15

--14.-In-froth flotation appara.tus, inclusive of a.
Q- rota.ry impeller in the lower portion of the

:cell and a hollow column extending from an ele-.

vation 1mmed1ately over the impeller into the
upper portion of the cell and having its upper
end sealed against the discharge of gas, the im-
provement- which comprises partitioning means
in the column dividing its interior into two sub-
stantially coextenswe passages terminating above
and .adjacent the impeller, conduit means for
supplying gas selectively to each said passage,
and pumping means beneath the passages for
moving matter onto the impeller.

15, In froth flotation apparatus, including a
cell of rectargular section having a froth over-
flow extending along one of its sides in the upper
portion-of ‘the cell, the improvement: which com-
prises a horizontally disposed launder in the cell

- adjacent the froth overflow level, including a.

20

1k, In a. froth flotation apparatus, mclusive of; :

: a cell,-a rotary impeller in the lower portion of
L the cell; and a hollow column extending from.an
) elevatron immediately over the impeller into the

upper: portion of the cell and having its upper

end ;. sealed against the discharge of gas, the
‘ improvement which comprises partitioning means
in the column dividing its interior into two sub-

stantially-coextensive passages terminating above-

. and adjacent the-impeller, agitating means dis-

posed between said passages and the impeller,:
and conduit means for supplying gas selectively‘

to. each-said passage.

- 12 -~In: froth-flotation apparatus, 1nc1us1ve of a

cell; a rotary impeller in the lower portion of the
cell; and a hollow column extending from an
- elevation immediately over the impeller into the

upper-portion of the cell and having:its upper,

end -sealed against the discharge of gas, the
unprovement which comprises partitioning means
in. the column dividing its interior into two sub-

stantially coextensive passages terminating above:
and adjacent the impeller, agitating means dis-:
posed-between said passages and the impeller,
conduit means for supplying gas selectively 1o
each 'said passage, and means for recirculating:
pulp-from an upper portion of the cell into one:

said -passage.

13. In g froth ’ﬁotation apparatus; mcluswe of;

a. cell, -a rotary impeller in the lower porfion.of

the cell; and a hollow column extending from.an:
elevation immediately over: the impeller into the;
upper: portion. of . the .cell and haying its upper:
end. sealed against the discharge of-gas, the im-
provement which- comprises -partitioning means.
inthe: column dividing its interior into-two sub-,
stantially coextensive concentric passages termi-
. nating above and adjacent the impeller, agitat--

Jing means disposed between said passages and-
the impeller, conduit means for supplying gas

selectively to each said passage, and means for

recirculating pulp from an upper portion of the:

cell, mto the outermost passage

30

40
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plurality - of  divergent portions: extending  into
areas of,said cell remote from the froth overflow,,
and froth conducting means constructed and ar=.
ranged, to. receive :froth overflowing - into  said-
horizontal launder and to conduct the collected.
froth by gravity to a point of discharge outside
said cell. .

~16.. In froth flotation apparatus, including a
cell of rectangular section having a froth over-
flow extending along one of its sides in the upper
portion of the cell, the improvement which com-
prises a horizontally disposed launder in the cell
adjacent the froth overflow level, including a plu-,
rality of divergent portions extending into areas.
of said-cell remote from the froth overflow, froth
conducting meahs constructed and arranged to
receive froth overflowing into said horizontal
launder and to conduct the collected froth by
gravity to a point of discharge outside said cell,
and means associated with the cell for-varying
the -elevation of the horizontal launder in said-
cell., -
17. In froth flotation apparatus, 1nclud1ng a:
cell of rectangular section having a-froth over:
flow extending along one of its sides in the upper:

-portion of the cell, the improvement which- com-

prises a horizontally disposed launder in the cell’
adjacent the froth overflow level, including three
divergent portions .extending info areas of said:
cell remote from-the froth overflow, and froth.
conducting means- constructed and arranged to.
receive froth overflowing into said horizontal
launder. and to .conduct the.collected froth by
gramty to a- pomt -of-discharge-outside said cell:
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