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Thisinvention relatesto a method and apparatus for 
concentrating the valuable constituents of a mixture of 
solidsin liquid,and more particularlytofrothflotation 
treatmentsandapparatus? 

Flotation concentrationisemployed extensivelyto re 
coverthe valuable constituents ofan orefromothernin 
eralsand gangue with whichitis associated?Flotation 
treatmentsareusualy preceded byCrushingand grinding 
operationsin which mineral particlesare freed and re 
duced to aflotation size?Intheflotation process,a pulp 
isformedwithaliquid component,usualy water,acting 
asa carrier vehicle forthe crushed and Separated par 
ticles?The oreis conditioned priorto introduction of 
the pulpto thefotation stage as by mixing with One Or 
moreflotation reagents,whichmaybecollectors,frothers, 
modifersandcombinationsthereof, 

Inthefotationapparatus,the groundand conditioned 
pulpissubjectedtoaseriesofagitationandaeration Stages 
in one oraseries of celsin which the mineral orother 
valuable constituentrespondingto the infuence of the 
colectorreagentiselevated bythe buoyandaction ofair 
introductionand colectsonthe Surfaceina broth where 
itisremovedby overfowandthisactionmaybeassisted 
byamechanicalskimmer? 

Manyoperationsprefertoutilize whatistermeda“hog 
trough”typefotation machinein whichthe celarrange 
mentoftheunitpermitsasubstantiaHydirectflow ofpulp 
throughthe machine betweenitsfeedinletandtaings 
discharge outlet?Thisprovidesa moreintenSe Sweeping 
action ofsolidssettingonthe bottom ofthemachine by 
thecentrifugalaction oftheimpelerssothatthey move 
progressively to discharge through the taings outlet 
However,some solidstend toaccumulatealongthe bot 
?m ofthecellbetweenadjoiningimpelers,and COncen 
tratematerialwhichmightotherwisebefloatedisentrained 
inasettiedbed ofsoidsandgangue materialandmaybe 
carriedfrom thernachinewith thetaings discharge even 
thoughitisinconditiontofoat, 
Not oniyisthere the static buildup of Solids on the 

bottom ofthemachinebetweenimpelers,butthereisalSO 
atendencyforstatic spotsto occurinthe body of pulp 
itself,Such static spots may occuratvariouselevations 
andresultinadensity buidup?Cnce Sucha buildup Oc 
curs,thereisanimpedancetorisingparticleswhichwould 
carrytothe surface and colectin the frothifthe pup 
weremaintainedatnormaldensity. 

Accordingy,itisan objectofthisinventionto provide 
improved fotation apparatus of the hog trough type 
utizinganovelmethod of pulp circulation and fotation 
concentration, 

?tisstillanother object oftheinvention to proyide an 
eficientand low cost method offlotation concentration 
under controled circulation which efectively reduces 
treatmenttime? 
A distinctive feature of the presentinvention is the 

provision ofaspecialtype ofairliftcompartmentbetween 
successiveimpelers of theflotation machine Soarranged 
asto dimension andintake and discharge positionsasto 
efectively preyent buildup of high density conditionsin 
the pulp body while at the same time promoting the 
aeration and flotation?as wellas being a factorin the 
controHedcirculationthroughthe machine?Thisarrange 
ment hastheadvantage ofreducingthe work of theim 
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Pelersin providingthe required distribution ofaerating 
gas and pulp circulation in such a way that the total 
?ower consumption ofthe machineis low,whilea high 
capacitycirculationandintenseaerationisprovided,An 
otherinnovation of the arrangementisthatthe airlift 
COmpartments are SO located that the areas within the 
Pulp body afordingthe greatestimpedance tocontrolled 
circulationarealteredandunduesettlinganddensitybuild 
up are avoided?The features and advantages of this 
arrangement will be setforth in detailin thefolowing 
description? 

Other detais of construction and other objects and 
features of the method and apparatus of thisinvention 
wilbe Setforthinthefolowingdescriptionwithreference 
totheappendeddrawings??nthedrawings,intheseveral 
views of whichlike reference numeraisareused to desig 
nateikeparts: 

FiG?1isaverticalsection througha hogtroughtype 
fotation machine embodyingnovelfeatures ofmyinven 
tion? 
F?G?2is a top plan view ofan airliftassembly of 

themachineshowninFIG,1;and 
FIG.3isan endelevation ofthe airliftassembly of 

FKG,2in operative position ina machine of the type 
showninF?G.1? 
The flotation machine shown in F?G,1 inciudes an 

elongated hogtroughtype cel1ortank ?0 havinga feed 
inlet ??at One end andatailings discharge outlet12at 
its opposite end,The discharge outletincludesa sands 
relief hole 13in the Stationary Wal portion ?4disposed 
belowanadjustablegateorWeir ?5,The Weirismoyable 
to diferentelevationsforvariationin the liquid or pup 
level?6intank?0? 

Aplurality of rotaryimpelersismountedatintervals 
lengthwise of the celto aerate and circulate the pulp. 
Forsimplicityinilustration,?have shown onlytwoim 
peler mechanisms20 and 2lin cel ??,butit will be 
understood thatany plurality may be provided to meet 
the requirements and length and treatment capacity of 
the cell, 
The two impeler mechanisms shown are simiarand 

include a drive shaft 22 suitably interconnected atits 
Upper end to a power Source(notShown)and carrying 
atitslowerenda dishedimpeler23 havingaplurality 
of impeler blades 24 onits Upper surface?A holow 
column25encompassesshaft22and hasa hoodassembly 
26atits lowerendincludinga plurality of pulp recircu 
latingapertures27formedtherethrough?Thetop ofthe 
column may be closed by annular plate 30 as shown, 
below which a pair of airlines3?and 32 extendsinto 
column25to deliveranaeratinggas,usually air,which 
dischargesdownwardyintothe enclosureformed by hood 
26and impeler23,One or more of the openings27 
may be plugged and the remainderwilrecirculate pulp 
for additional mixingand aeration within the impeler 
enclosure. 
Anairliftassembly35is disposed between successive 

impelersand comprisesanarrow holowbody havingan 
opentopand bottom whichissuspendedincel19bythe 
downwardly opening U-shaped partition36?The length 
Wise axis of holow body 35is substantially coincident 
Withthelengthwise axis ofcel10?Agassupply header 
Orconduit37 extendsthe entire length ofthe open bot 
tom of cel35 andincludes a plurality of apertures38 
formed through approximately the entire upper 180° 
Surfaceto directthegas discharge upwardlyinaseriesof 
finejets?Conduit37isinterconnectedthroughaline39 
with an exteriorsource ofair(notshown)? 
Header37 hasan outside diameter occupyingasub 

Stantialpart ofthearea ofthe bottomentrance opening 
in compartment35,and defines with the wals of com 
partment35apair ofintake passages40and41?These 
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paSSagesare Subjectedtothe hydrostaticheadofpulpin 
the cel,asindicated by1evel16in FIG,1,and there 
lease ofalarge volume ofgasin high velocityjetfow 
directed upwardyadjacenttheretoresultsinanintense 
elevation efect,drawingpulp from the1owerportion of 
the pulp bodythrough Saidentrance passagesinan up 
ward movement,and Subjectsitto an intenseaeration 
efectin thepassage through the holow body. 
A defector 45 comprised oftwo downwardy facing 

arcuate Sectionsinterconnectedattheiradjoiningedgesto 
arod46 whichis Supported by oppositeend portions of 
body35isarranged to directthe discharge ofpulp pass 
ing Upwardlythrough passages40and41and body35 un 
dertheelevatingaction thereinsothatitimpingeson the 
Surfaces of the defector which force the aerated pulp 
downwardlyintothe pulp body,Inatypicalinstalation, 
theintakethrough passages40and41ofbody35ishigher 
thanthe top surface26A ofthe hoodassemblyandthe 
discharge coursefrom defectors45isslightlyhigherthan 
the pulp1evel16inthemachine. 
From the foregoing,itwillbeapparentthatthestruc 

tural arrangement of the presentinvention providesa 
Series of centrifugalagitation andaeration stagesin the 
lowerportion of the celwhichinterceptorconvergeand 
tend to create a high densityzonewithin the pulp body 
in theimmediatearea of Such convergence,By having 
theairlift compartmentadjacentthenormallocation of 
Said high density Zone withitsentrance inaposition to 
drawthe high density materialintothe holow body,the 
inducted pulpiselevatedand distributedsoasto prevent 
density buildupin the cel. 

In operatingafotation machineaccordingtothe prac 
tice of myinvention,a Zone ofinterminglingcentrifugal 
fows50isformed between thetwoimpellerassemblies 
20and2?,directly belowthe airlift35,Undertheele 
Vatinginfuence of high preSSure airoraeratinggaspass 
ing upwardy through compartment35,pulp from the 
Zones of interminglingis drawn through the compart 
mentand dischargedonthe Surfaceinaspreadingmove 
ment?Particlesreadytofoatwillremainon ornearthe 
Surface and colectin the bed offroth externally of de 
fector 45 and other particles which are not foatable 
Spreadoutand distributeinthepulp bodyunderthe sus 
rendinginfuence oftheagitation. 
The circulationin the cellisfrominlettooutletwith 

the impelers Spreadingthe pulp atthe bottom of the 
Compartment35in theircentrifugalaction,Theairlift 
compartment entrains Solids elevated above the main 
Sweep oftheimpelersand distributesthem,togetherwith 
alarge volume ofgasonthe surface,througharelatively 
narrow Zone?Theremainder ofthe pulp bodyadjacent 
the Surface of the liquidis substantialy quiescentand 
afordslittleimpedancetotheascentoffoatingparticles, 
Thisarrangement ofcirculatoryactionsefectivelypre 

Ventsany density buildup of consequenceinanyportion 
ofthe body ofpulp,providesa high degree ofaeration 
andgas-Solidscontact,andreleasesaconsiderablequantity 
offoatable materialon the surface ofthe liquidwhere 
itdischargeswith the froth,Heavyand1argeunfoatable 
Solidswhichtendtosettlearemaintainedinacirculatory 
fow which progresses through the machine to its dis 
charge outlet,entrainment of foatable materialin the 
taingsissubstantialyeliminated,anda highlye?cient 
fotation concentration under1ow powerconsumptionis 
provided? 
While I have shown onlyasinglestructuralembodi 

mentindescribingthe practice ofmyinvention,substan 
tial Variationsin constructionandarrangementofparts 
andin operatingproceduresmaybeincludedwithinthe 
Scope of theinvention?The centrifugalagitationstages 
are shownas utizinga standardtype“DenverSub-A” 
impelerand coverassembly,butitwill be understood 
thatanytypeofopenorclosedimpelermaybeprovided, 
andtheimpelers may bea bladedtypeasshown,ora 
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Squirrelcage Orothertypeingeneraluseinfotationma 
chines. 

Variationsinsizeandcapacity oftheairiftchambers 
may beavailed of but bestresultswilbeattainedifthe 
aspirated pulpis directeddownwardyintothe pup body 
as shown andthe area of such returnfowisrestricted 
S0asto Occupy onlyasmalportion ofthe totalsurface 
on whichthe frothisformed, 
AsareSut of Suchnovelarrangements,themethod of 

operation wil comprise treatinga body of conditioned 
Pulp,Subject to continuous feed and discharge,in a 
progressivefowbetween thefeedinletand dischargeout 
let ofthe elongated machine,The hogtrougharrange 
ment providesa common overflowlevelthroughthema 
chine,and the mechanicalagitation andaerationstages 
providethe progressive circulation throughthemachine. 
Aportion of the discharge of one Said stagemovesin 
Oppositiontoaportionfromanadjoiningstageandsome 
of the intermingling fows are drawn into the air ift 
chanber bytheaspiratingefect ofthe1argevolumegas 
discharge,The dischargeoftheaspiratedpulpisdirected 
downwardy ontothe surface alonganarrow course de 
termined bythe shaping ofthe defectorsandsuch circu 
1ation controls maintain an eficientfroth discharge and 
preventany Substantialdensity buidupin the pulp body. 

I claim: 
1.The froth fotation process,which comprisestreat 

inga body of conditioned pulp,subject to continuous 
feed and discharge,in a progressive flow through an 
elongated confined Zone with the surface of the pulp 
maintainedata common evelthroughoutsaidzone,sub 
jecting pulpin the lowerportion ofsaid bodyto asuc 
cession of at least two adjoining stages of contrifugal 
agitation andaeration with a portion ofthe pulp dis 
charge from one Stage convergingin oppositionto a por 
tion ofthepup dischargefromanadjoiningstage,with 
drawing a portion of the intermingling discharge from 
Saidagitation andaeration stages upwardythrough an 
upper Superposed confined Zone underthe elevatingac 
tion ofalarge volume ofaeratinggasintroducedinfine, 
upwardy-directed Streams atthe bottom of said super 
posed Zone,and dischargingthe entrained pulp alonga 
narrow path on the Surface of Said pulp. 
2,The froth fotation process,which comprisestreat 

inga body of conditioned pulp,subject to continuous 
feedand discharge,ina progressive fowthroughanelon 
gated confinedZone with the surface of the pulp main 
tainedata common levelthroughoutsaidzone,subject 
ingpulpinthe lowerportion ofsaid bodytoasuccession 
of at least two adjoining stages of centrifugalagitation 
andaeration witha portion ofthe pulp dischargefrom 
One Stage convergingin opposition to a portion of the 
pulp discharge from an adjoining stage,withdrawinga 
portion of the intermingling discharge from saidagita 
tionandaerationstagesupwardlythroughanuppersuper 
posed confinedZoneundertheelevatingaction ofa1arge 
Volume of aerating gas introduced in fne,upwardy 
directed streamsatthe bottom of said superposedzone, 
dischargingthe entrained pup alonganarrow path on 
the Surface of Said pup,and shieldingfroth formed on 
the Surface of the pulp from said discharge ofsaid pulp. 

3.Thefrothflotation process,which comprisestreating 
a body ofconditionedpulp,subjecttocontinuousfeedand 
discharge,ina progressive fowthroughanelongatedcon 
finedZone with the surface ofthe pulp maintainedata 
common levelthroughout said Zone,subjecting pulpin 
thelower portion of Said bodytoasuccession ofatleast 
twoadjoiningStages of centrifugalagitationandaeration 
withaportion ofthepulp discharge from onestage con 
vergingin opposition to a portion ofthe pulp discharge 
from an adjoining stage,withdrawinga portion of the 
intermingingdischarge from Saidagitationandaeration 
Stages upwardy through an upper superposed confned 
Zone under the elevating action of a 1arge volume of 
aeratinggasintroducedinfine,upwardy-directedstreams 
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at the bottom of Said Superposed Zone,and discharging 
the entrained pulp downwardy onto the Surface of Said 
?upinanarrowarea extendinglengthwise of Saidtreat 
ment ZOne? 
4,The froth fotation process,Which comprisestreat 

inga body of conditioned pulp,Subjecttocontinuousfeed 
anddischarge,ina progressivefowthroughanelongated 
confinedZone with the surface of the pulp maintainedat 
acommon levelthroughout Said Zone,Subjecting pulpin 
the lower portion ofsaid bodyto asuccession of atleast 
two adjoining stages of centrifugal agitation and aera 
tion witha portion of the pUp discharge from One Stage 
converinginoppositiontoaportion ofthe pulp discharge 
from an adjoining stage,withdrawing a portion of the 
interminglingdischarge from Saidagitation andaeration 
stages upwardy through an upper Superposed confined 
zoneundertheelevatingaction ofalarge volume ofaerat 
inggasintroducedinfine,upwardy-directed StreamSat 
the bottom of said Superposed Zone,dischargingthe en 
trained pulp alonganarrow course onthe Surface OfSaid 
pulp,circulating pulpinthe lower portion of Saidtreat 
mentzonefrom feed to discharge undertheimpelingin 
fuence of saidcentrifugalagitation Stages,andrestricting 
agitation in the Upper portion of the treatment Zone by 
confningthe downward direction ofelevated pulp into 
the pulp bodyalonga narrow course between Said feed 
and discharge? 
5.In a hogtrough type fotation machine,including 

atleasttworotaryimpelersSubmergedin thepulp body 
thereinat spacedintervals between an inletat One end 
andan outletatthe otherendand disposedto direct their 
centrifugaldischargeiaconvergingfows,theimprovement 
comprisinganarrowaeratinggasliftchamber openatits 
topand bottomandextendinglengthwise of the machine 
and suspendedin the pulp between Successive impelers, 
the lower opening of said chamber comprisinganintake 
disposedabovethe directsweep of the centrifugalaction 
and convergingfow of Saidimpelers,andaeratinggas 
distributing meansin saidintake arranged to entrainand 
eleyatematerialfrom the convergingfows and discharge 
italonganarrow path on the surface of the pulpin the 
machine? 
6?Ina hogtroughtypefotation machine,inchudingat 

1east tworotary impelers submerged in the pulp body 
therein at spaced intervals between an inletat One end 
andan outletatthe otherendand disposed to directtheir 
centrifugal discharge in converging fows,the improve 
ment comprisinganarrowaeratinggasliftchamber open 
atits top and bottom and extendinglengthwise of the 
machine and Suspended in the pulp between Successive 
impelers,the lower opening of Said chamber comprising 
anintake disposedabove the directsweep ofthe centrif 
ugalaction and convergingfow of Said impelers,and 
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aeratinggas distributing meansin Saidintake arranged 
to entrainandelevatematerialfrom the convergingfows 
and dischargeitalonga narrow path on the surface of 
the pulpinthe machine,and meansatthe top of said 
chamber for directing the discharge downwardy onto 
the Surface ofthe pulp. 
7,In a hogtrough type fotation machine,including 

atleast tworotaryimpelerssubmergedinthe pup body 
therein at Spacedintervals between aninletatone end 
andan outletatthe otherendand disposedto directtheir 
centrifugaldischargeinconvergingfows,theimprovement 
comprisinga narrow aeratinggas lift chamber open at 
istopand bottomandextendinglengthwise ofthema 
chine and Suspendedin the pulpin overlappingrelation 
to Surfaces of Successive impelers,the loweropening of 
Said chamber comprisingan intake disposed above and 
in proximitytothe directsweep ofcentrifugalactionand 
Conyerging flow of Saidimpelers,andaeratinggas dis 
tributing meansin Said intake arranged to entrain and 
eleyate materialfrom the convergingfows and discharge 
italonganarrow path on the Surface ofthe pulpinthe 
machine? 

8??n a hogtrough type fotation machine,including 
atleast tworotaryimpelerssubmergedin the pulp body 
therein at Spaced intervals between an inletat one end 
andan Outletatthe otherendand disposed to directtheir 
Centrifugaldischargeinconvergingfows,theimprovement 
comprising a narrow aeratinggas lift chamber openat 
itstop and bottomand extendinglengthwise of the ma 
chine and suspendedin the pu? inoverlappingrelation 
to Surfaces of Successiveimpelers,the lower opening of 
Said chamber comprising an intake disposed above and 
in proximitytothe directSweep of centrifugalactionand 
convergingfow of Saidimpelers,andaeratinggas dis 
tributing meansin Said intake arranged to entrain and 
elevatematerialfromtheconvergingflowsanddischargeit 
alonga narrow path on the Surface of the pulpin the 
machine,and a defecting member at the top of said 
chamber above the pulp level of the machine fordirect 
ing the eleyated pulp downWardy onto the Surface of 
the pup alonga plurality of narrow pathsadjoiningSaid 
chamber? 
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