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This invention relatesto improvements in flo 
tation Cells and is an improvement on my pend 
ing application filed January 23?1930, Serial No. 
422,880 - - 

One of the objects of this invention is to 
Simplify the structure and avoid the use Of 
certainelements in my above Case undervarious 
Conditions of Operation. ? ?? - ? ? 

The invention includes a tankforthe Solution 
and a plurality of Venturi pipes having lower 
ingreSS ends immersed in the Solution and upper 
egress ends opento atmosphere and adapted to 
discharge accumulated froth downonto the Solu 
tion levelin Said tank each Venturi pipe taking 
the solution in at its ingress end and discharg 
ing atits egress end and each pipe thereby be 
ing completelyindependent in operation - 
Afeature of the invention consists in extend 

ing the egress ends to form expansion ChamberS 
whereby the acCumulated froth may build up 
in each thereof in full exposure to atmosphere, 
andin the most improved form of the invention, 
these extensions project beyond the Venturi 
structure proper. - * 
The invention also includes the feature of em? 

ploying Venturi pipes of different Sizes and Sup 
plying each thereof with a gaseous agent in ac 
cordancewith the volume and working Conditions 
required by the Warious Sized Venturi. 
A further feature consists in Venturi pipes 

having constrictions of different Sizes independ 
ent of and in Combination With thistype Of pipe, 
in which the constrictions are disposed at differ? pipe B has an upper Section 23, above the con ent elevationS With respect to each Other. 
The invention has many other features andob 

jects whichwill be more fully described in con 
nection with the acConapanying drawing and Will 
be more particularly pointed out in and by the 
appended ClaimS. 
In the draWing:? - 
Fig.1 is a vertical sectional view of a cellera 

bodying my inventiontaken On line 1?l Of Fig.2. 
Fig.2is a sectional view on line2-2 of Fig.1. 
Fig?3 is a plan View partly broken aWay. 
Like CharacterS Of reference designate Sinailar 

parts throughout the different figures of the 
drawing. - - 

In the drawing, I have Shown a Cell having 
Side Walls 1?the Upper edgeS 2 of Which form 
Weirs. Launders 3 are Constituted by bottom and 
side walls 4 and 5 respectively and the upper 
portions of walls 1 as will be clear from Fig. 
1. A bottom Wail 6 Connects with Side Walls 1 
and withend Walls 7 and 8tothereby formatank 
for the Solution, the leWel Of Which is indiCated 

at A Converging walls 9 serve to localize lower 
portions of the Solution near the lineal Center 
of the tank - - 
The end wal17 is located at the ingressend of 

the tank and has an ingress opening 10 for pas 
Sage Of the Solution therethrough An ingress 
Charaber for the solution is indicated at 11 and 
is formed by the bottom wall 1 end wall 7 and 
an Outer Wall 12. The wall 8 is at the egress 
end Of the tank and is provided with an egress 
Opening 13 communicating with a discharge 
Chamber 14 formed by walls.8 15and bottom 6. 
This discharge chamber is provided with a weir 
16 hawing fillets 17 which latter are insertable 
between guide bars 18. An outlet pipe 19, opens 
through b0ttom Wall 6. - 
The foregoing Structure is substantially the 

Same as is Shown in my heretofore referred to 
pending CaSe. ” 
Reference will next bernade to what more par 

ticularly Constitutes the structure of my inven 
tion in Combination with any Suitabie form of 
Solution tank. 
A SerieS Of mineral Collecting bubble Stream 

forming pipes is indicated at B to E and while 
all Of these pipes aregenerally alike in structure 
and function there are specific distinctions that 
require each to be designated by different; 
raur1eralS. - 

Pipe B Which is nearest to the ingress end of 
the tank has a Constriction 20, a lower section? 
21 and the latter has an ingress end 22 that is 
immersedin the Solution belowthe leveIA Said 

striction 20 and the proportions are such that 
this pipe like all the others will afford a Venturi 
action However the Venturistructure strictly 
Speaking is betWeen the bottom 22 and line 24 
Ofthe upper Section 23, inthe presentillustration. 
Pronaline 24 to the top25 the pipe isenlarged 

Or flared t0 forna a limited expansion chamber in 
Which the froth Can Cunaulatively build up in full 
exposure to atmosphere before it is discharged 
Over the top edge of Said Chamber down onto the 
Solution level A In Orderto COnServe Space, When 
the pipes are disposed in a row as shown in the 
preSent illustration the major portion of the en 
largement is transversely of the tank as clearly 
shown in Figs. 1 and 3. Thus from line 24, up 
Wardly the pipe CeaSes to be a Venturi or have 
any Venturi action aS Will be more particularly 
described in the Operation later On Inthis Con 
nection, however, the number 25, Will deSignate theenlargementorlimitedfrothexpansioncham 
ber. 
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2 
?ipe C has an ingreSS end26inits lower Section 

27 and a Constriction 28 Slightly enlarged with 
Yespect to ConStriction 20, and at a Slightly higher 
elevation than the latter The upper Section 29, 
terminate8 in an enlargernent Or limited eXpan? 
Sion Chamber 30. Pipe D, haS an ingreSS end 31 
initSlower Section32 and a ConStriction 33Slight 
ly larger and at a Slightly higher elevation than 
the Constriction 28 of pipe C. The upper Section 
of pipe D designated at 34, terrainates in an en? 
Iargement Or limited froth expansion Chamber 
35 LikeWise pipe ? haSaningreSS end 36, foritS 
1ower Section 37, and a Constriction 38?Which iS 
Iarger and at a higher elevation than COnStriC? 
tion 33 of pipe D The upper Section 39, ter 
minate8 in an enlargement Or limited expansion 
Charnber 40. - 

Reference Will next be made to the means for 
eStablishing and maintaining a hydrOStatic difer? 
ential CauSing the Solutionto aSCendin Said pipeS 
in the form of mineral collecting bubble streams. 
Amanifold41?is Shown extending longitudinal? 

1y of the cell and is Suitably Connected With a 
Source of Supply of agaSeouSagent Which may be 
air Gaseous supply pipes42 to 45 connect With 
said manifold and extend downwardly in the Cell 
tank where the lower ends are bent as indicated 
46 to 49, so that each of Said pipes deliverSto a 
Venturi pipe at the ingress end thereof and Sufü? 
Giently above the latterto inSure aSCent Of the de 
1ivered airinto the Venturi pipes and prevent de 
1ivery of the gaSeous agent laterally Of Said pipeS. 
I have shown the delivery pipes 42 to 45 of the 
Same size although this is not material Pipe 42, 
hasa valve 50?pipe43,a valve51 pipe44 a Valve 

?52 and pipe 45, a valve53, thereforethe Volurne Of 
air that is Supplied to each Venturi pipe Can be 
controlled This is a feature of importance in 
Combination with Venturi pipes Of diferent SizeS, 
aswillbelater described. 
Treated ore solution is fed into the ingress 

chamber 11 and the level A or any Variation 
thereof ismaintainedinthetank bythe fillets17, 
over which the solution discharges after being 
treated in the tank by the novel features the 

* operation of which is about to be described the 
pipe 19 conveying the egreSSing material. Of 
course if a Solution Contains more than Onetype 
of ore one will be treated in the tank and the re 
maining values of other ores will paSS Off with 

by those skilled in the art?but I have thought 
it Sufficient to show Only one tank and itS equip 
ment as each of a gang of tanks Would merely 
performits individual function in the Sarne way. 

"It willbeunderstoodthatthesolutionbeingtreat 
ed in the tank Will have received whatever froth 
ing and other reagentS neCeSSary. - 
Now assuming that a solution level has been at 

.tained in the tank aS for example at dotted line 
"A and the valves 50to 53 have been opened to de? 
Iiver a gaseous agent to the ingreSS ends of each. 
Venturi pipe B to E, preferably in Iarge volume 
and low preSSUre?it Will be Seen that Such deliv 
ery will Greate and SuStain a hydroStatic differen 

'tial in the tank favorable to the interiors of the 
Venturi pipes and hence the buoyancy of the 
solution therein will cause the latterto ascend. 
The aScent of the Solution Will be aCCompanied 
by a stream of mineral Collecting bubbles in each 
Of the Venturi pipes as a reSult Of the gaSeOuS 
agent delivered thereto. The bubbles Collect the 
Values aS Will be underst00d by th0Se Skilled in 
the art, 
Because oftheventuriaction ofthe pipes Bto 
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? there will be an acceleration of asCent in the 
10Wer SectionSthereof because ofthe Convergence, 
and this aCCeleration Will attain its maxinum at 
the ConStrictions andthereafter the ascent willbe 
retarded in Velocity by the divergence of the 
upper SectionS Of Said pipeS. AS the Solution aS? 
Cends in the lower Sections, anylarge bubbles will 
be broken up by the Convergence andthe ConStric? 
tion into Small bubbles with a thorough aeration 
Of the Solution resulting and an intimate mixture 
and difusion Of the reagentS with the aSCending 
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Solution When the SGlution aScends above the 
COnStrictioas?the bubbleS reforn1 into a fine froth 
Which is aCCentuated by full exp0Sure to atmOS 
phere and expansiCa permitted by the upper eX 
pansion portions, permitSthe froth Cumulatively 
to build up and finally discharge Over the tops of 
the pipes B to E Onto the solution level The 
froth then Surges Over the WeirS2 into the laun 
derS 3. 

It Will now be clear that each Of.the Venturi 
pipes B to E, haS itS Own individualingress end 
and its own individual expansion egress and the 
Coaction of Said pipes is due to the fact that they 
all are Supplied from the Same tank of Solution 
and that the 1atter may paSS a plurality of times 
through each Or all Of Said pipes While the Solu? 
tionis being treated - 
In the more restricted venturi as forinstance, 

in pipe B, which is nearest the ingress end of the 
tank you would obtain a relatively higher or 
greatervelocity than in any of those pipes Cto E, 
toward the egress end of the tank. Thus, pipes 
Band C would treat and bringinto contact with 
the reagentS a greater volume of Solution than 
pipeS Dand E per minute althoughthe duration 
Of Contact WOuld Of Course be leSS than with pipes 
Dand E Therefore?throughout the Cell advanc 
ing from the ingreSStoward the egress end veloc 
ity is decreased and durationisincreased. - 
Now while it is true that inthe initialventuri, 
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the duration of contact is reduced by virtue of 
inCreaSed VelOCity?it iS alSo true that greater re 
Coveries are made in the inital ventur and the 
recovery decreases asyouapproachtheegressend 
of thetank andit is a great advantage to have 
a greater orincreasing volume offroth nearthe 
egreSS end Of the tank where the values become 
leaner beCauSe this increases recovery eficiency 
Where it iS mOSt needed It Will be Glearthat in 
the Smaller venturi where the velocity is great 
est the froth Volume is CorreSpondingly more 
quickly built up than in the Slower velocity pipes 
nearest the egreSS end ofthe tank. 

It Will.therefore be clear that with this im 
proved COnStruction a greater Capacity can be 
obtained from a relatively smaller cell than was 
heretOfore pOSSible. - 

In addition to the fact that the capacity of - 
the Cellisgreatly increasedwithout a correspond- 1 
ing inCreaSe in Size it Will also be Clearthat with 
the Smaller initial pipes Band C, a lesser vol 
Ulme Of air OrgaSeous agent is required to prime 
and Sustain them in Operation as compared to 
the larger pipeS D and ? hence?I obtain a two 
fold advantage It Will nowbe Clear that thefea 
ture of independent valve Control of the several 
pipes 42 to 45 for Supplying the gaseous agent 
to pipes B to E, aSSumes an interdependent rela 
tion Of inventive Significance as without such 
independent Control, a part of the Savings in 
eConomy Would be lost. - 
AS regards the difference in size of the pipes B 

to E?it is informative to State that the invention 
resides in the varying size of the constrictions 
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and size of the pipes and in eitherthereof alone. 
It will be seen that the feature of disposing 

the constrictions 20,28?33 and 38 at gradually 
increasing heights from the ingreSS toward the 
egress ends of the tank not Only affords the ad? 
vantage of locating the lower ends of the pipes 
B to E on substantiallythe same levelso as not 
to result in a higher solution level but it also 
provides for longer lower Sections of Said pipe8, 
whichis a distinct advantage in Carryingout the 
Iowervelocityfeature andafordinga largerarea 
for diffusion of the reagents and also düration 
of contact thereof with the values With the 
gradually longer lower sections the volurne of 
gaseous agent supplied Can be Very rnaterially 
increased for exaraple in Section 37 of pipe ? 
with respect to section 21 of pipe B. 

It will be further understood that in the larger 
pipes not so much gangue willbe Carried up and 
over the tops into the froth Onto the Solution. 
level by reason of the fact that the lower Sections 
are not only larger but Ionger and the velocity 
is so reduced that the heavier Specifie gravity Of 
?he gangüe is freer to beCome efective aad CaUS6 
the gangue to descendia the pipes ifit has en? 
tered thefra at all ThiS WOUld be true irreSpeG 
tive of whether the constrictionswere disp0Sed at 
Successively higher elevations Or not. 

It will also be clear that while I have Shown 
the pipes B to g having gradually larger restric? 
tions or constrictions from the ingreSS to the 
egress end of the tank and the elevations thereOf 
increasing in the Sarne direction it Will be Clear 
that this is iraportant and Valuable in SOrae ia? 
Stallations but not eSSential to all, as under SOrae 
conditionS, the reveTSe might be neCeSSary Grad 
visable and hence?in view of the disClOSure here 
in made I deem it within the purview Of my 
invention if the pipes have a Varying Or Variable 
constriction and the Same Or different elevation 
thereof irreSpective of the order in Which the 
variation is preSent. - 
Inview of all the foregoing?it Will now be clear 

that there is a most intimate interdependenCe be 
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.tween the individual valve Controlled pipes 42 to 
45, andthe Venturipipes Bto E of different size, 
since in addition to the inherent ability of the 
proportion of the venturi to Vary velocity and 
duration, I provide Control of the air by meaaS 
of which latter I Can obtain intensive adjustment 
of veloeityinthe Veaturipipes within a relatively 
wide range provided by each thereOf. - 
I have generallyindicated at 54 in Figs.2 and 

3,that the Venturi pipes Bto ?are rigidly SeCured 
-in the position Shown although they may be an? 
?chored in any desired rnanner. 

It is desired to emphaSize the fact that in this 
improved form of the invention, as well as in the 
1pending case hereinbefore referred to it is a 
desideratum ofthe inventiont0provide a Cellthat 

the solutionat ashallow depth?such for example 
astwo and one half to three feet or less It is 
furtherimportant to employagaseous agent not 
?an air lift but at Such low pressure and large 
Volumethat the raiaeral Collecting bubble Strearms 
Will be initiated and Sustained by buoyanCy. 

It is believed that the invention and itS Oper? 
ation will be fully understood from the foregoing 
description, and while I have herein shown and 
deSCribed One Specific form of the invention, I do 
not wish to be limaited thereto except for Such 
1imitations as the claims may impart. 
I Claim:? - 

1. In a flotation Cell a tank for the Solution, a 

3 
series ofindependently acting Venturi pipes hav 
fng.lower ingress ends irnrnersed in the solution 
and upper egress ends Open to atinosphere above 
tiae Solution and adagted to discharge froth down 
onto the solution level and the egress ead Of each 
pipe being extended to form a froth expansion 
portion, whereby portions ofthe Solution n1ay paSS 
a plürality of tiales through aray One Or all Of 
Said pipes arad eXpand in each thereOf prior tO 
discharge and gleang deliveriaga gaseous agent 
to the ingress endg of Said pipes to Create a hy? 
drGstatic diferertial and CaUS3 raineral ColleC?? 
ing bubble Strearas to aSCend in Said pipeS. 

2. In a flotation Cel, a tank for the Solution a 
series of independeiatly acting Venturi pipes hav? 
ing lower ingress ends irarnersed in the Solution 
and 1?pper egress ends Operato ata OSphere abOVe 
the Solution and adapted to diSCharge froth down 
Onto the Solution level the ConstrictionS Of Said 
venturibeing disposed at diferent elevations With 
respect to each Other and means delivering a 
gaseous agent to the ingress ends of Said pipeSto 
CauSerniaeral Collecting bubble StreamstO aSCend 
therein. 

3. In a flotation cell, a tank for the Solution a 
row of indeperidently acting Venturi pipes haV? 
ing lower ingreSS ends iminerSed in the Solution 
and upper egreSS ends Open to atmOSphere above 
tae Solution and adapted to discharge froth Onto 
the Solution level the Constrictions Of Said rOW 
of venturi being disp0Sed at gradually inCreaSing 
elevations with reSpect to each other from that 
ipe at One end of the row to that pipe at the 

reirlaining end Of the rOW and Yheans delivering 
a gaseous agent to the ingressends of Said pipes 
to Cause raineral Collecting bubble StreamSto aS? 
Cend therein. 

4. In a flotation Cell, a tank for the Solution a 
Series Of independently acting Venturi pipeS haV? 
ing lower ingress ends immerSed in the Solution 
and Upper egreSS ends abOVe the Solution and 
adapted to discharge froth onto the solution 
1evel, the Constrictions Of Said Venturi being dis 
posed at diferent eleVations With reSpect to the 
reSpective end8 of Said Venturi and means for 
Causing the Solution to aSCend in Said pipeS. 

5. In a flotation Cell, a tank for the Solution, a 
SerieS Of Venturi pipes having lOWer ingreSS ends 
imraerSed in the Solution and upper egreSS ends 
above and adapted to discharge froth Onto the 
Solution level the ConStrictions of Said Venturi 
pipes being diSposed at diferent elevations With 
reSpect to each Other and With reSpect to the 
10Wer ends Of the reSpective pipeS, and means for 
Causing raineral Collecting bubble Strealms to 
aSCend in Said pipeS. 

6. In a flotation Cell a tank for the Solution, 
a Series Of Venturi pipes having lower ingreSS 
Cnd8 irrafaerSed in the SOlütion and Upper egreSS 
ends above and adapted to discharge froth Onto 
the Solution level the COnStrictioas Of the Several 
pipes being Of diferent diameter With reSpect 
to each Other and means for CauSing mineral 
Collecting bubble StreamSto aScend in Said pipes. 

7. In a flotation Cell a tank for the Solution, 
a rOW Of Venturi pipes haVing 10Wer ingreSS ends 
irrainersed in the Solution and Upper egreSS ends 
above and adapted to discharge froth Onto the 
Solution level the ConStrictions of Said pipes 
being enlarged from One extreme pipe of the row 
to the rexaaining eXtreme pipe Of the rOW and 
rneans for CauSing mineral Collecting bubble 
Streams to aSCend in Said pipeS. 

8. In a flotation Cell, a tank for the Solution, 
a series of Venturi pipes having lower ingress 
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4 
ends inamersed in the Solution and upper egreSS 
ends above and adapted to diSCharge froth ont0 
the Solution level, the COnStrictiOnS Of the Several 
pipes being of different diameter and at differ 
ent elevations with reSpect to each Other and 
means for causing mineral collecting bubble 
StreanaSto aScend in Said pipeS. 

9. In a flotation Cell, a tank for the Solution 
having ingress and egreSS ends a row of Venturi 
pipes in Said tank having lower ingreSS ends 
inmerSed in the SOlution and Upper egreSS endS 
above and adapted to diScharge froth Onto the 
Solution level and Said pipes extending in a rOW 
fron the ingress to the egress ends Of Said tank, 
the Constrictions Of Said pipes being enlarged and 
at SuCCeSSively higher eleWations from the in? 
gress toward the egress ends of said tank and 
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means for CauSing mineral Collecting bubble 
StreamSto aSCend in Said pipeS. 
10 In aflotation cell a tank forthe solution, 

a Series of Venturi pipes having loWer ingreSS 
ends immersed in the Solution and upper egreSS 
endS Open O atnnOSphere and adapted to dis 

1,932,089 
charge fro?h down onto the solution1evel said 
Venturi pipes being of different sizes whereby the 
Welocity of flow and duration of Contact Will 
vary in different Venturi pipes a gaseous feed ? 
pipe delivering to the ingress end of each Ven 
turi pipe to SuStain an aSCending mineral ColleCt 
ing bubble Stream in each thereOf and each 
gaseous feed pipe having an independent valve 
Control to vary the volume of gaseous agent de 
1ivered to the Venturi pipes in aCCOrdanCe With 
the requirements Of each thereOf. 

11. In a flotation Cell, a tank for the Solution, 
a Series Of Venturi pipes having lower ingress 
ends immersed in the Solution and upper egreSS 
ends Open to atm0Sphere and adapted to diS 
Charge froth dOWn Onto the Solution level, Said 
Venturi pipes being of different Sizes whereby the 
velocity and duration of Contact Will vary in dif? 
ferent Venturi pipes and meanS for CauSing 
mineral Collecting bubble Streams tO aSCend in 
Said Venturi pipeS. 
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