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1 
It is the. object of. the present invention, to 

‘Provide. ‘such improvements. in'oi' ‘relating to 
apparatus. far carrying out‘ ore coneentration by 
thefroth flotation process,‘ as may result in ape‘ 
paratus of. anew type or be'applied with an. 
paratus qfvother types already existing or of new 
types that might be developed and proposed. 
Flotation machines operating by mechanical 
agitation arelinowniwherein aeration‘ of the pulp 
is proyidedby a rotating impeller in an agitating 
compartment divided by a vertical. wall from the 
froth emanating. compartment said. wall having 
in its upper portion a port» through which the 
pulp enters into a frothingg chamber having a 
hopper shaparthe so-called spitzlrasten. At the 
bottom of‘ this spitzkasten there: is a pipe. for 
returning the pulp to, the rotor on impeller in 
the. agitating compartment 

It was found.v that these impellers lprovide 
maximum, aeration of the pulp if they carry 
radial blades revolving- under. and’ close to a 
flange; however, this: type of impeller requires 
much power for maintaining sufficient circula 
tion of the pulp between agitating compartment 
and spitzlzasten. On the other hand, if the 
impeller is provided with curved blades likethose 
of. a centrifugal pump, power requirements dim 
inish, but aeration also diminishes considerably. 
The attempt was made to eliminate. this moon 
venience by providing a double rotor equipped 
with both curved blades and radial blades, the 
pulp entering into the double rotor» from. top and 
passing partly through the radial blades and 
partly" through the curved blades, so that sufli 
tcient aeration. and circulation is attained. 
The present invention provides for two sep 

arate rotors in the agitating compartment; a 
lower rotor at the bottom of the agitating com 
partment, "shaped like the rotor of a centrifugal 
pump; and upperrotorcarrying radial blades. 
The connectionab'etween- these two rotors is such 
‘that the lower'rotor forces the whole pulp, both 
‘the pulp» fed from the preceding. cell and the 
‘pulp circulating inside the compartments to pass 
through the upper rotor, in‘ order’ to attain per 
feet aeration. It is therefore a speci?c object 
of the‘present invention to provide a froth flota 
tl apparatus "in whieh the agitating compart 

tans‘ thespitskasten are adjacent one an 
1 , _ ‘the thefagitating‘ compartment 

is ‘divided, "to. upper. ageing,’ and agitating 
'f " ‘and a are be and, agitati 

iiri'e irédih it lent ’ v ahorizloetinartiiiee have 
‘I "1‘ ' A “ g" therein constituting the 
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2. 
lower compartments and in which in each com 
partnient impeller‘ means are’ arranged, ‘in the 
lower compartment said means constituting a. 
pump means including a substantially enclosed 
rotor and in the upper’ compartment an impeller 
constituting a combined aerating andagitating 
impeller and in which’ means are vprovided‘for 
leading the pulp from the vspitsliasten ‘to and 
feeding‘ the same centrallyv of the rotor in the 
lower compartment and a casing Surwunds the 
impeller in the upper compartment extends up; 
wardly therewithin, terminates atleast adjacent 
the pulp. level and is in, wmmlmieetioh‘ with 
the air that is to aerate.- thepulp. The arena. 
meni is Such that. with ‘a qonirelleble Opening. 
between the‘upper compartment and the spits} 
kasten open and. pulp fed, to‘ the lower coinpart: 
ment the circulation Of, pulp, is e?ected and all 
pulp entering the lower,’ compartment must pass 
through the singlet opening in- the horizontal 
partition into the sphere of action of the ini 
peller in the. upper compartment and which 
latter impeller is operative. to draw air into the 
casing to mix the same‘ with the. pulp. ' ‘ 

It is a further and more specific. object to 
incorporate stationary deflector means in‘ the 
lower pumping compartment that is positioned 
subjacent the aperture. in the horizAontalpartié 
tion and has a surface“ which in vertical‘. cross. 
section and in combination with the undersur 
face of the. horizontal partition de?nesa Venturi 
type throat so as to accelerate pulp flow through 
the single opening in the horizontal partitien 
into the sphere of action'of the‘ upper impeller. 

It is an additional speci?c object to incorpo 
ratea downwardly open bell mouth flange and to 
mount the rotor of the pump in position to ro 
tate closely adjacent this ?ange and provide 
means for feeding new pulp and means for lead 
ing pulp from the spitskasten centrally of this 
bell mouth ?ange so that all pulp is fed to the 
rotor of‘ the pump centrally thereof. 
Further and more speci?c objects will be ap 

parent in the following, detailed description. 
An embodiment of the present invention is i1. 

lustrated in the accompanying drawings, in 
which: 

Figure 1 is a longitudinal sectional view.- there 
of with some parts shown in elevation; " 
Figure 2_ is a top plan view oi‘; the rotor in the 

pumping compartment and illustrating the vature of- the blades thereof; and 
Figure 3v is a vertical sectional view through 

the. stationary de?ector andv the bell-mouth 
flange depending therefrom and located 
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pumping compartment and taken at right angles 
to the illustration thereof in Figure 1 and look 
ing toward the left in Figure 1. 
In the arrangement illustrated the fresh pulp 

?owing from a ball mill or pulp ?owing from a 
preceding cell passes through pipe l and into the 
di?usor 2 into which circulating pulp returned 
from the spitzkasten Zll also enters through pipe 
I8. Under and closely adjacent the bell mouth 
?ange of the diffusor there is arranged the bot 
tom rotor 3 which has curved blades and is driven 
by the shaft 4. As shown in the drawing this rotor 
3 is substantially enclosed since the horizontal 
disc supporting the same is imperforate and the 
respective pulp conduits constituting the pipes l 
and i8 feed the pulp centrally within the bell 
mouth ?ange so that the pulp is fed centrally of 
this rotor. Thus the cooperation of the rotor 
with the ?ange in the manner of pulp feed de 
?nes a centrifugal pump. The pulp pumped 
through rotor 3 passes through the central cir 
cular port or aperture in the horizontal partition 
6. Subjacent this aperture there is arranged 
the de?ector ba?le ‘i which has a spherical upper 
surface and therefore, the whole of the pulp must 
pass at considerable speed through said central 
circular port to ?ow centrally of and beneath the 
lower part of a double rotor provided with upper 
and lower radial blades 9 and 8 respectively and 
driven by the shaft 10. This double rotor re 
volves within a cylinder l2 having an opening in 
the wall thereof directed toward the grid l5 con 
trolling pulp ?ow into the spitzkasten. Since 
the pulp raised by the bottom rotor enters the 
sphere of action of lower part of the double rotor 
at considerable speed owing to the shape and 
position of the de?ector ba?ie 1, this lower part 
of the rotor, having the radial blades 3, consumes 
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little power because its task is not to accelerate I 
the pulp but only to aerate it and direct its flow 
into the spitzkasten. 
As a matter of fact, experiments on an indus 

trial scale have evidenced that a considerable re 
duced speed of operation of the radial-bladed 
rotor is possible while maintaining active aera 
tion of the pulp. The upper part of the double 
rotor also carries radial blades 9 turning under 
a ?ange formed by the conical vessel I i and this 
part serves to aerate the over?ow, which is ad 
justable at will by adjusting the position of the 
gate l3 through which the pulp is discharged to 
the subsequent cell. The level of the pulp in the 
spitzkasten 29 can be adjusted at will by raising 
or lowering the grid 15 by means of the hand 
wheel It. The grid I‘? in the spitzkasten serves to 
calm down the pulp impelled by the double rotor. 
In order to ensure rapid progress of the froth 
toward the discharge scraper 22, a movable apron 
2| is so arranged as not to restrict the frothing 
surface. 

It is therefore clear that this invention pro 
vides a froth ?otation apparatus comprising tank 
means which includes a vertical partition and a 
horizontal partition 6 extending from one side of 
and intermediate the ends of the vertical parti 
tion. These two partitions divide the tank means 
into three compartments comprising an aerating 
and agitating compartment above the horizontal 
partition, a pumping and agitating compart 
ment beneath this horizontal partition and a 
spitzkasten on the opposite side of the vertical 
partition. The horizontal partition is provided 
with a single central opening therein affording 
communication between the pumping and agitat 
ing compartment and the aerating and agitating 
compartment. The vertical partition has an 
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4 
opening therein above the horizontal partition 
which is controllable and which provides a com 
munication between the upper aerating and agi 
tating compartment and the spitskasten. A 
pump means is provided in the pumping com 
partment and includes a substantially enclosed 
rotor and in addition the conduits l and I8 are 
provided which feed new pulp and pulp contained 
in the spitskasten centrally of the bell mouth 
?ange beneath which the rotor 3 rot/ates so that 
all pulp is introduced centrally of this rotor so 
that when the same is operating it draws the 
pulp into the center thereof to agitate the same 
and force the pulp to flow through the single 
central opening in the horizontal partition. 
When the pump is in operation therefore, a pulp 
circuit is afforded between the three compart 
ments. Within the upper aerating and agitating 
compartment there is provided a cylindrical cas 
ing of greater diameter than and surrounding the 
single opening in the horizontal partition. This 
casing extends upwardly from the horizontal 
partition and terminates at least adjacent the 
pulp level that is maintained in the upper aerat 
ing and agitating compartment in accordance 
with the adjustment of the gate I3. The casing 
is open to the air, that is to aerate the pulp and 
in the position of adjustment shown this casing 
terminates slightly beneath the pulp level in the 
upper compartment so that pulp cascades into 
the casing in a thin veil. This casing l2 is pro 
vided with an opening in the wall thereof that 
faces the opening providing communication with 
the spitskasten. An aerating and agitating im 
peller is mounted within the casing for rotation 
on a vertical axis. This impeller includes a hori 
zontal disc having upper and lower sets of radial 
blades with the lower radial blades disposed 
closely adjacent the horizontal partition. The 

' operation of this impeller sets up a suction action 
as regards the casing so as to suck air into the 
casing and beat the same into the pulp. The 
lower .blades are impinged upon by the pulp 
forced by the pump out of the lower compart 
ment which action enables the operation of the 
upper impeller at reduced power and which up 
per impeller will accelerate the agitation of pulp 
initially agitated in the pumping compartment 
and thoroughly mix air with all the pulp that 
flows through the central aperture in the hori 
zontal partition. 
As shown in the drawings the deflector means 

‘I is positioned coaxially of and subjacent the 
single opening in the horizontal partition. This 
de?ector constitutes a body having a spherical 
upper surface so as to provide a channel of de 
creasing or reducing size or width between the 
outer limits of the de?ector and the opening. In 
other words any vertical cross-section taken 
through de?ector ‘I and the horizontal partition 
de?nes a space between the partition and the 
upper surface of the de?ector that narrows in 
width toward the central opening to provide a 
Venturi type throat to accelerate pulp ?ow 
through said single opening, as shown in Figures 
1 and 3. 
The arrangement therefore provides froth ?o 

tation apparatus in which all new pulp must be 
subjected to the action of the pumping and agi 
tating rotor and the upper aerating and agitating 
impeller and additionally any pulp that has 
passed through these two mechanisms and flow 
into the spitskasten positively recirculated‘ at 
least once through both of these impeller means 
before it can overflow through the gate I3 to the 
next cell. ' w ' ‘ ' " " 



5 
As-isclearfrom the showing-in’Figures-l' and 

3', the'means for leading pulp from the spitskasten 
to and feeding the same centrally ofithe rotor 
includes the conduit 18' iii-communication with 
the spitskasten beneath the horizontabpartition 
and extending within the pumping compartment. 
The stationary de?ector body 7 mounted'lbeneath 
the single central opening in the horizontal parti 
tion has an aperture therethroughin communi~ 
cation with the conduit Hi. This aperture-termi 
nates in a downwardly directed opening above 
the rotor. The raw pulp inlet conduit i also ex 
tends within the pumping compartment. The 
deflector body has another aperture therethrough 
that terminates in a downwardly directed open~ 
ing above the rotor. This aperture: communh 
cates with conduit‘ I. An annular depend gbell" 
mouth flange is embodied with» the body for 
partly delimiting and‘ surrounding both the-said 
openings. The rotor'rotates‘ closely adjacent this 
flange so that'the pulp feeds‘centrallythereof 
from'both said openings. 
The two rotors may be driven by separate 

shafts or by a single shaft. Ofcourse; the invent 
tion may be embodied'in a manner‘ different from 
that‘ illustrated, without departing from. the 
scope'ofthe invention as de?ned'in the appended 
claims. 
Having now particularly described-andascer 

mined‘ the nature of my said invention and: in 
what manner. the same is to be performed; Ide~ 
clare that'what I claim is: 

1. In a froth flotationapparatus means defin 
ing an agitation compartment and a spitslrasten 
both adapted to contain pulp, a vertical :wall‘sep 
arating the same, ahorizcntal partition dividing 
the agitating compartment into an upper aerat— 
ing and agitating compartment and. a lower 
pumping and agitating compartmenheaid hori 
zontal partition having only a single opening 
therein, said wall having an opening there 
through above the horizontal partition and‘pro 
viding" communication between: said upper com 
partment and said spitskasten, pump‘ means 
within the pumping compartment including a 
substantially enclosed. rotor, means for leading 
pulp from the spitslrasten to‘ and feeding the 
same‘ centrally oi‘ the rotor, a cylindrical casing 
surrounding said opening in the horizontal 
partition and extending upwardly within said 
upper compartment and terminating at least 
adjacent the pulp level therein, said casing being 
in communication with the air that is to aerate 
the pulp and having an opening therein ad 
iacent the horizontal partition, a combined aerat 
ing and agitating impeller within the casing 
and rotatable therein. at the level‘ of‘ said last 

mentioned opening, and operative to draw into the casing to mix same at least with the pulp 

forced through said single opening by said pump 
rotor. 

2. Froth ?otation apparatus comprising tank 
means including a vertical partition and a hori 
zontal partition extending from one side of and 
intermediate the ends of the vertical partition, 
said two partitions dividing the tank means into 
three compartments comprising an aerating and 
agitating compartment above the horizontal par 
tition, a pumping and agitating compartment he 
neath said horizontal partition, and a spitskasten 
on the opposite side of the vertical partition, said 
horizontal partition having a single central open 
ing therein providing communication between 
the pumping and agitating compartment and the 
aerating and agitating compartment, said ver 

U! 

10 

20 

40 

45' 

the pumping. and agitatinglcompartment and; the 

60 

65 

70 

75 

6 
tical' partition~~ having; an’ opening; therein: above 
the horizontal » partition to provide’. communica 
‘tion between the aerating and‘agitating compart 
ment and thespitskasten, apump means in the 
pumping compartment includinga substantially 
enclosedrotor, means for feeding pulp into the 
pumping compartment including means for in 
troducing pulp to said rotor centrally thereof, 
means for" leading» pulp from » said‘ spitskasten to 
the meansior introducing-pulp centrally of‘ the 
rotor so that operation of‘ therotor draws pulp 
into the‘centerthereof'toagitate the sameand 
'lorce pulp through the single central opening in 
the'horizont-al‘ partition from‘ whence it passes 
through said- aerating and agitating compart 
ment and ‘lows into-said spitskasten for-recircu 
lation andlfrothseparation, a cylindrical casing 
surrounding the single central‘ opening’ in the 
‘horizontal partition, extendinglupwardly thereof 
and terminating at least adjacent thepulplevel 
‘in the‘aerating and agitating compartment, said 
casing being open to the air, and'said casing fur 
ther having-an opening above the horizontal 
partition and directed toward/the opening. pro 
viding communication with the spitskasten, an 
aerating and-agitating impeller mounted within 
said casing including blades-movable closely ad 
jacent said horizontal partition, said agitating 
impeller drawing air into thecasing to mixv with 
the pulp and furtherv accelerating the agitationof 
the'pulp initially agitatediin thepumping com 
partment so‘ astothoroughly mix air with all 
pulp ?owing throughthe single central opening 
in the horizontal partition. 

3. Froth ?otation apparatus comprising tank 
means including a vertical‘ partition and ahori~ 
zontal partition extendingfr-om one side of and in 
termediate the ends of‘ the vertical‘partition, said 
two partitions.dividingthe‘tank means into three 
compartments comprising'an aerating and agi~ 
tating compartment above the horizontal parti 
‘tion, a pumping and agitating compartment be 
neath said horizontal‘ partition, andaspitskasten 
on the opposideside of‘ the vertical partition, said 
horizontal partition-having, a single central open 
ing therein providing. communication between 

aerating. and agitating‘ compartment, said ver~ 
tical‘partition having an opening therein above 
the horizontal partition to providecommunica 
vtion:betweenthe aerating;v and agitating compart 
ment and the spitskasten, a pumpmeansin-the 
pumping: compartment including a substantially 
venclosed rotor; means for! feeding pulp into the 
pumping‘ compartment, including: means for‘ in 
troducing pulp to; said rotor centrally thereof, 
means for leading; pulp from said spitsliasten to 
‘the means for introducing pulpcentrally Of the 
rotor so that operation of the rotor draws pulp 
into the center thereof to agitate the same and 
force pulp through the single central opening in 
the horizontal partition from whence it passes 
through said aerating and agitating compart 
ment and flows into said spitskasten for recircu 
lation and froth separation, a cylindrical casing 
surrounding the single central opening in the 
horizontal partition extending upwardly thereof 
and terminating at least adjacent the pulp level 
in the areating and agitating compartment, said 
casing being open to the air, and said casing 
further having an opening above the horizontal 
partition and directed toward the opening pro 
viding communication with the spitskasten, an 
aerating and agitating impeller mounted within 
said casing, and including a horizontal disc hav 
ing upper and lower sets of radial blades, and 
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with the lower radial blades disposed closely ad 
jacent the horizontal partition, said agitating im 
peller drawing air into the casing to mix with the 
pulp and further accelerating the agitation of the 
pulp initially agitated in the pumping compart 
ment so as to thoroughly mix air with all pulp 
?owing through the single central opening in the 
horizontal partition. 

4. Froth ?otation apparatus as de?ned in and 
by claim 3 and including a stationary de?ector 
positioned coaxially of and subjacent the single 
central opening in the horizontal partition, said 
de?ector constituting a body having an upper 
surface de?ning in vertical cross-section and in 
cooperation with horizontal partition a conduit 
of reducing size with the narrowest size being 
‘adjacent the said single central opening so as 
‘to provide a Venturi type throat through which 
all pulp contained in the pumping and agitating 
compartment must pass and said throat accel 
erating pulp ?ow to the upper aerating and agi 
tating compartment. 

5. Froth ?otation apparatus as de?ned in and 
by claim 3 in which the cylindrical casing sur 
rounding the single central opening in the hori 
:zontal partition is of greater diameter than the 
diameter of said single central opening and co 
axially disposed with respect thereto, and said 
'casing having interiorly thereof over at least a 
‘portion of its length means de?ning a conical sur 
face diminishing in diameter in a direction from 
the top to the bottom of the casing and termi 
nating in spaced relation to the upper surface of 
,said horizontal partition and de?ning a central 
.axial opening in the cylindrical casing, said cas 
ing terminating at least slightly beneath the pulp 
level in the aerating and agitating compartments 
so that pulp cascades over the same and through 
the said central axial opening, horizontally dis 
posed ?ange portions extending between the 
lower terminal end of the conical surface and 
the inner surface of said casing, and the upper 
radial blades of said aerating and agitating im 
peller being rotatable immediately subjacent the 
said horizontal ?ange portions so that when said 
agitating and aerating impeller is rotating air 
is sucked through the casing together with the 
pulp cascading thereinto and which pulp and 
air are thoroughly mixed with the pulp ?owing 
from the lower pumping and agitating compart 
ment through the said single opening in the hori 
zontal partition. 

6. A froth ?otation apparatus as de?ned in 
and by claim 1 in which the means for leading 
pulp from the spitskasten to and feeding the same 
centrally of the rotor includes a conduit in com 
munication with the spitskasten beneath said 
horizontal partition and extending within the 
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8 
pumping-compartment, a stationary de?ector 
body mounted within the pumping compartment 
subjacent the single central opening and having 
an aperture therethrough with which said con 
duit communicates, said aperture terminating in 
a downwardly directed opening, a depending an 
nular bell mouth ?ange embodied with said body 
and surrounding said last mentioned opening, 
and said pump rotor being rotatable closely sub 
jacent said bell-mouth ?ange and receiving pulp 
centrally thereof from said downwardly directed 
opening. 

7. A froth ?otation apparatus as de?ned in 
and by claim 6, and further including a raw pulp 
inlet conduit extending within said pumping 
compartment and terminating therewithin, said 
stationary body having another aperture there 
through terminating in a downwardly directed 
opening, said last mentioned aperture being in 
communication with said raw pulp inlet conduit 
at one end and through said downwardly directed 
opening with said bell-mouth ?ange at the other. 

8. A froth ?otation apparatus as de?ned in 
and by claim 7, and in which said stationary body 
is mounted coaxially beneath said single open 
ing in the horizontal partition and has a spheri 
cal upper surface, the axis of which is coaxial 
with said opening so that the said upper surface 
in cooperation with the undersurface of said 
horizontal partition de?nes a pulp conduit of 
reducing width with the narrowest width ad 
jacent said single opening in the horizontal par 
tition thereby accelerating pulp ?ow into and 
through said single opening in the horizontal 
partition. 

RUDOLF WUNSCH. 
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