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ABSTRACT OF THE DISCLOSURE

There is disclosed apparatus for determining the height
or depth of the froth material about the liquid slurry
contained in a mineral separating floatation cell, and in-
cludes the control of the floatation cell including the ad-
dition of frothing reagent to one or more cells in relation
to the agitation and position of same for providing a de-
sired froth height and liquid slurry level within the one
- ‘or more cells,

BACKGROUND OF THE INVENTION

In the control of floatation cells utilized in the well
known process for the separation of mineral ores through
operation of plural and successive floatation cells com-
monly employed for this purpose, one of the reagents put
into this cell is a frothing agent and over the length of
the provided plurality of floatation cells there occurs dif-
ferent froth heights, because in the action of the first such
cell some of the frothing agent values have been re-
moved and there is less frothing agent later on in suc-
ceeding cells. Also, frothing agent has to be added to
various of the cells along the length of the plural struc-
ture to make sure there is enough froth present in each
cell to remove the ore concentrate.

A plural cell structure is in effect a long box, with agi-
tators placed within individual cells along the length of
the box. A raw ground ore sharry is fed into the first cell
at one end of the box in combiration with reagents like
cyanide, lead xanthate and pine oil as a frothing agent.
Air is entrained due to the action of the provided agi-
tators and a froth is produced containing many bubbles.
What is involved here is an adsorption process, where lead
xanthate coats the particle sulfides of copper, lead or zinc
and so forth which causes them to become attached to
the bubbles, which bubbles rise and carry these adsorbed
sulfide particles up with them and they discharge out the
top of the individual cells, The markstable values of the
process are in the ore removed in this manner.

The liquid level of each cell is controlled by a valve
at the end of the cell structure, but the froth height at
present is not controlled except by manually operated
weirs. The liquid is in the form of a slurry, and the liquid
Ievel in each cell or more usually at the end of the box
structure is measured and regulates an outlet valve to
hold the liquid level at such location substantially con-
stant.

The overfiow of froth bubbles from each cell is deter-
mined by the action of the weir, which is located about
one half inch above the controlled liquid level and lets
only the froth flow over the side of each cell. In addi-
tion, a mechanical paddle or like pusher member is some-
times provided to push the froth toward the weir and over
the side of the cell, and then the froth is carried away to
another stage of the process.

In the floatation of minerals, various reagents are added
to the ore slurry prior to entering the floatation celis.
One of these is a frothing agent, and the amount of that
agent added should be such as to hold the froth height
in the cell substantially constant, Too much froth can
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lower the concentrate’ grade, while too little froth will
reduce the recovery rate.

The measurement of this froth height is a desirable
step in the closed loop control of this parameter, Up to
the present time various capacitance methods have been
tried but have met with only partial success.

SUMMARY OF THE PRESENT INVENTION

The present invention describes a control of froth
height using the capabilities of a process control com-
puter for the desired operation of the froth height deter-
mining apparatus.

A hollow tube probe member is driven with recipro-
cating or other sunitable motion by an electric motor
through a sliding block mechanism. The whole unit is
mounted in a housing which is electrically insulated from
the floatation cell. Connected. to the drive shaft is an en-
coder which is used to establish the position of the probe
member. In the tank, an electrode is inserted, with the
electrode and the hollow probe being cooperative with a
probe signal amplifier. As soon as an electrical circuit is
completed between the probe and the tank electrode a
signal is supplied to the control computer which then
measures probe position.

A control flow of compressed air is piped to the cen-
ter of the hollow probe in conjunction with a control
valve and a pressure sensing switch being provided on
the downstream side of the valve, Starting with the probe
at the top of its stroke and the solenoid controlled air
flow valve being closed, the,hollow probe is caused to
initially move downward until it touches the froth and in
so doing, completes an electrical circuit with the probe
amplifier to provide a signal to the control computer.
The computer now reads the position of the probe
through operation of the encoder and having done this,
the computer will energize the air flow controlling sole-
noid valve to cause air to pass through a restrictive orifice
and into the tube. The probe continues to move down-
ward. As soon as the tip of the probe touches the upper
surface of the liquid slurry the pressure in the tube will
rise causing the pressure switch to sense this air pressure
change and to provide a control signal to the computer
which again reads the position of the probe through op-
eration of the encoder. By subtraction the computer cal-
culates the froth height, and displays this or uses the
value for control of the frothing agent in regard to the
flow supply of that frothing agent. The probe is now
caused to return to the top of its stroke, and the above
cycle is repeated.

It is an object of the present invention to better de-
termine the froth height within a floatation cell and to
better control the amount of frothing reagents added to
a floatation cell structure, and more specifically, to con-
trol the amount of pine oil which is introduced to the
fioatation cell to improve the control of that particular
cell and succeeding cells lower down in the structure in
regard to having an adequate height froth in each cell. It
is a different object to provide a more accurate measure.
ment of the froth height present within each selected
floatation cell for better controlling the amount of froth-
ing agent added to that cell as well as to improve the
mineral ore separation function of that cell.

It is also within the scope of the present invention to
control the outflow of liquid slurry from the floatation
cell structure by a suitable outlet valve, as required to
hold substantially stable the level of the slurry within
at least the last cell; this is important because each cell
has a froth overflow weir for collecting the desired min-
eral values from the froth layer in each cell, and it is
desired that only the fronth and not the liquid slurry
within the cell overfiows through this weir, In addition,
a suitable mechanism is provided to vary the slope of
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the whole cell structure for the purpose of providing a
desired slurry flow relationship through each cell such
that the liquid slurry fills up each cell to a level near
the overflow weir but does not pass through the over-
flow weir of each cell,

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates one embodiment of the present
invention;

FIGURE 2 illustrates an arrangement for sensing the
froth height in each of a plurality of succeeding floatation
cells in regard to controlling the tilt angle of the cell
structure.

- FIGURE 3 shows one arrangement for cleaning the
movable probe member.

DETAILED DESCRIPTION OF ONE
PREFERRED EMBODIMENT

In FIGURE 1 there is shown an individual floatation
cell 10, including a liquid slurry 12 and a layer of froth
14. A manually adjusted weir 15 is provided to receive
overflow froth and drain this froth to a suitable con-
tainer adjacent the cell 10. A vertically movable probe
member 16 is positioned above the cell 10 and mov-
able through a drive wheel 18 as determined by a po-
sition control and encoder 20 operative with a motor
22. The frothing reagent for the cell 10 is controllably
supplied from a reagent supply 24. The movable probe
16 has at its upper end a flexible air hose coupling 26
operative through an orifice 27 with a flow control valve
28 and a high pressure air supply 30. A pressure sensor
device 32 is connected to sense the air pressure within
the probe 16 on the downstream side of the orifice 27
and the valve 28. A signal amplifier 34 is operative with
an electrical circuit connected between the floatation cell
10 operative as one electrode and the movable probe
16, when the probe comes in contact with the upper
surface of the conductive froth 14 for completing an
electrical circuit therebetween. At this time the signal
amplifier 34 provides an output position indication sig-
nal to a control computer 36. The control computer
36 is connected to the reagent supply 24 for controlling
the addition of floatation cell frothing reagent in rela-
tion to the supply of liquid slurry to the floatation cell
16. The control computer 36 is connected to receive a
position signal from the position control and encoder
20, and to provide an output control signal to the posi-
tion control and encoder 20 for conirolling the move-
ment of the probe member 16 through operation of the
motor 22 and the drive wheel 18. The pressure sensor
device 32 is connected to provide an air pressure change
indicating signal to the control computer 36, with the
orifice 27 being operative to enhance the operation of
the pressure sensor device 32 in this respect. The control
computer 36 is connected to the valve 28 for controlling
the desired open and closed operation of that valve, The
output flow of liquid siurry from the cell 10 is determined
by a valve control 31 operative with a valve 33 con-
trolled by computer 36 in accordance with liquid level
in the cell 10.

In FIGURE 2 there is shown a control computer 36,

- Including a stored program 38 within the memory of
the control computer 36, connected to control the opera-
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tion of a motor 40 operative through a drive wheel 42 .

-and a rack 44 for controlling the angular position of a
multiple floatation cell structure 46 about a pivot sup-
port 48, The cell structure 46 includes a plurality of
floatation cells 50, 52, 54, 56 and 58. A froth height
the liquid slurry level detector device similar to that illus-
trated in FIGURE 1, and including a movable probe for
providing ouiput signals to indicate the upper surface of
the froth level and the upper surface of the liquid shurry
within each of the floatation ceils is shown in FIGURRE

- 2. More specifically, a detector device 60, including a
movable probe 62 is operative with the floatation cell
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50. A detector device 64 including a movable probe 66
is operative for this purpose with a floatation cell §2.
A detector device 68 including a movable probe 70 is
operative for this purpose with the floatation cell 54.
A detector device 72 including a movabie probe 74 is
operative with the floatation cell 56 for this purpose, &
detector device 76 including a movable probe 78 is op-
erative for this purpose with the floatation cell 58. Tt
should be understood, as an alternative embodiment,
that a detector device may be desired for operation only
with those cells into which a reagent supply is operative
to supply frothing agent, for individually controlling the
supply of frothing agent to its particular cell and for
combinedly controlling the cell structure position.

Thusly, it is seen that the computer 36 periodically cy-
cles the operation of each of the illustrated detector de-
vices, to determine the respective height of the froth
and the respective level of the liquid shurry within each
of the floatation cells, for controlling the addition of
frothing reagent from at least one reagent supply 80,
with one or more other such supplies being provided as
may be desired for responding to the flow of additional
liquid slurry from a slurry supply 82, and for control-
ling the operation of the motor 40 for determining the
liquid slurry throughput flow controlling angular tilt
of the cell structure 46, in accordance with a prede-
termined and desired froth height for each cell and a
predetermined and desired liquid levei for each cell in
relation to the other respective cells as included in the
program 38 stored within the memory of the control
computer 36.

Thusly, it is seen that the froth height of selected ones
of the individual floatation cells is measured by a probe
apparatus which can be continuously reciprocating and
includes a probe position signal transmitter for providing
a position indicating signal when an electric circuit is
completed through an electrode probe coming into con-
tact with the conductive froth. In addition, the computer
36 receives a signal when the surface of the liquid slurry
is sensed upon the probe member coming into contact
with the upper surface of the liquid slurry contained
within each individual floatation cell. A small signal cur-
rent will flow when the upper surface of the froth is con-
tacted by the conductive probe member, operating in
conjunction with a high impedance electronic sensing re-
lay, a determination can be made when the signal current
begins to flow upon the electric circuit being completed
through the froth material. When a signal ‘current in
this matter is sensed, the position of the probe is meas-
ured to indicate the location of the top of the froth.
To measure the top surface of the liquid slurry, a pres-
sure change in the provided air flow through the hollow
probe is sensed, and which occurs when the end of the
probe comes into contact with the upper surface of the
liquid. The computer can determine the physical travel
difference between the position of the probe when the
froth signal current first begins to flow through the froth
and the position of the probe member when the air pres-
sure change takes place upon the end of the probe con-
tacting the upper surface of the liquid slurry, and this
physical travel difference can provide an indication of
the height of the froth layer itself. A suitable control of
the amount of frothing agent added to selected ones of
the floatation cells, in relation to the desired froth rela-
tionships within the whole bank of cells can be made
to hold the froth level within such selected floatation cells
substantially as desired. ' '

It is generally desirable that the air flow through the’
hollow probe not be turned on until after the initial sig-
nal current flow is sensed through. conductivity of the
froth layer, in that the air flow might otherwise disturb
the froth layer and make it more difficult to determine ac-
curately the upper surface of the froth layer and there-
fore the height of the froth layer. After the froth upper
surface position measurement is completed, the air flow
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as limited by the restrictive orifice can then be turned
on and the probe continued in its movement until the air
pressure condition change is sensed due to the end of the
probe entering the liquid slurry below the froth,

When the movable probe is withdrawn from a floata-
tion cell, it is desirable to wipe it clean and perhaps
flush it with water to insure that the probe is kept free
of encrustation and suitably operative for its intended
purpose,

It is within the contemplation of the present invention
to provide an amplifier which measures and differentiates
between two levels of conductivity, with the froth layer
being less conductive than the liquid slurry itself and the
resulting different conductivity indication signals being
used to provide the desired indication of froth height,

It is contemplated that the movable probe can recipro-
<cate at a movement rate in the order of 6 times a minute
and travel about 6 to 9 inches. The top of the probe
movement stroke is about 2 inches above the upper sur-

face of the froth layer and penetrates the liquid slurry ¢

about an inch such that a tofal travel movement for the
probe of about 9 inches is contemplated for the example
of a 6 inch froth height. Any wiper device should be
positioned Iow enough to clean the probe as it travels
upward and the wash water should be turned on when the
probe is in position above the froth layer and can be
washed and then turned off after a predetermined time
interval such that only a minimum amount of water goes
into the cell, which should be no problem to the intended
operation of the floatation process.

It is known that the liquid level can change from one
end of a plural cell structure to the other. As shown in
FIGURE 2, the cell structure can be tilted about a pivot
point 48 as needed to provide a desired hydraulic gradient
such that each partition has a predetermined opening at
the bottom thereof acting as an orifice with a pressure
drop across that orifice. The head H; on the first cell will
be slightly less than the head H; across the second cell
and so forth,

At the present time the prior art practice is to vary
manually the interconnecting gates between individual
cells to keep the liquid levels of each cell of a substantial-
1y horizontal structure within desirable limits, If instead
the entire cell structure is tilted, as shown in FIGURE
2, this would cause the desired pressure gradients to oc-
cur, with the velocity drop through the gate in the bottom
of each cell equalling the velocity head induced by the
slope so the controlled liquid levels would be substan-
tially the same. This should make unnecessary the prior
art adjustment of the cell gates for controlling the de-
sired variation in liquid slurry throuhput flow through
the cells, Slope adjustment in this regard would be a
measure of flow rate, and the computer 36 is operative to
monitor the liquid Iével of each cell and control the ad-
justment of the tilt angle of the entire structure as re-
quired to control the desired liquid level in each cell
relative to the other cells as desired. Thusly, by tilting
the ‘entire cell structure to stabilize the liquid Tevel of
each cell, the computer 36 could determine from the re-
sulting adjusted slope position and its stored program in-
formation relating to past activity what was the flow rate
of liquid slurry through the cell structure. This control
of cell structure angle by the computer simplifies the
operation of the cells and gives another measurement
parameter which is of value in rationing the proportions
of the various added materials and reagents. The output
slurry flow control valve can be controlled by the con-
trol computer 36, with its position information being fed
back to the computer 36, by a suitable valve control
tnechanism 31,

In the operation of the grinder which supplies the
liquid slurry to the floatation cells, if the raw ore be.
comes harder to grind for some reason this results in
less material being supplied to the floatation cells. It was
the prior are practice with a cell structure, such as shown
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in FIGURE 2, to horizontally position the cell structure
and then adjust a manual gate in the bottom of each cell
for the average liquid slurry flow as monitored by an
operator. Then the positions of the froth overflow col-
lecting weirs were manually set and required further ad-
justment by the operator at frequent intervals, since
changes in the slurry flow and froth height required adjust-
ment of the respective cell weirs to keep undesired liquid
slurry from overflowing with the desired froth. With the
cell structure sloped, as shown in FIGURE 2, a hy-
draulic gradient is provided to permit control of the liquid
slurry within the respective cells in this manner in rela-
tion to the shurry flow out of the grinder. For example, an
increase in slurty from the liquid slurry supply 82, which
can be the grinder or a container operative with the
grinder, can be compensated for by increasing the slope
of the cell structure through suitable operation of the
motor 40, to increase the velocity of slurry flow through
the cell structure. The froth height and liquid level sens-
ing probes provide signals to the control computer 36 for
the purpose of maintaining substantially constant the
liquid levels in one or more sslected cells in this manner.
In addition the supply of frothing reagent is controlled to
provide the desired froth height in those selected cells in
relation to the provided operation of suitable and well
known agitator devices for this purpose. This will opti-
mize the frothing operation in relation to the desired re-
moval of ore values. A supplemental control of liquid
level in the cell structure can be maintained by the con-
trol computer 36 being operative to control the opening
of valve 33 in relation to the sensed flow of liquid slurry
from the liquid slurry supply 82, if desired.

It is within the contemplation of the operation of the
FIGURE 2 apparatus, that a froth height and slurry level
sensing device be provided for the first and fourth cells,
with frothing reagent being added into these same cells,
and a slurry liquid level sensing operation being optional
for the last cell for the example of a six cell structure,
to be correlated with the sensed inflow of liquid slurry
into the first cell, or even instead of sensing the slurry
inflow into the first cell, for the purpose of controlling the
position of the output valve 33. As a general ru'e here,
a probe should be provided for every cell into which
frothing reagent, or some other new material, is added
and for any othér cell believed to be critical for the opera-
tion of the floatation cell structure.

With the infeed flow of liquid slurry from the liquid
shurry supply 82 being measured, this permits feed for-
ward control of the frothing reagent addition rate to anti-
cipate the need for same in relation to the infeed of
liquid slurry to the cell structure for optimizing the opera-
tion of same. Further, the sensed position of the output
valve 33 gives a feed forward control parameter in rela-
tion to the flow of liquid slurry through the cell structure
to anticipate the need for more or less frothing reagent,
with the froth Keight sensing operation then providing a
secondary control function over the addition of froth-
ing reagent to particular cells of the cell structure. The
sensed position of the output valve 33, as varied to main-
tain a substantially constant liquid slurry level in the last
cell, might be a less problematical indication of liquid
slurry flow through the cell structure than would a flow
neter operative with the liquid slurry supply 82. The slope
of the cell structure is then controlled to maintain a sub-
stantially constant difference in slurry levels between the
respective cells as required for the desired operation of
the weirs, We now do not get an undesired lowering of
grade of the overflow froth with an increase in the slurry
flow rate from the grinder and there is no longer a need
to adjust the weirs in relation to the slurrv flow rate
changes. The control computer 36 can know from stored
performance information of the cell structure, what the
actual slurry flow rate is as determined by the resulting
slope angle of the cell structure.

One reason that the present invention is commercially
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important can be understood from the practical operation
of a floatation cell structure. A typical mill flow is 90
tons/hour. The prior art floatation cells provided opti-
mum operation only at the design slurry flow throughput.
The present invention provides slope control in response
to variations in the sturry flow due to variation in the ore
grinder operation. Flow rates 70 tons/hour to 90 tons/
hour or more are common and a 10% variation in such
a flow rate does occur. The slope angle adjustment of the
cell stracture will compensate for this variation to provide
improved ore recovery and reduce loss of grade of the
concentrate ‘which costs more money in the subsequent
smelters. .

As shown in FIGURE 3, the probe member 16 can be
surrounded by a suitable scraper and washing member 17,
operative with a water source 19 when valve 21 is opened,
or other suitable cleaning fluid, for removing any material
such as froth or liquid slurry from the probe member 16
by periodic cleaning of same.

While a preferred embodiment of the present invention
has been described, it should be understood that various
modifications and changes in the arrangement of parts
may be made within the scope and spirit of the present
invention.

I claim as my invention:

1. In froth condition monitoring apparatus for a Iig-
uid slurry containing floatation cell having a froth layer
above said siurry, the combination of

probe means movable in position relative o said froth

layer such that a first signal is provided upon said
probe means sensing a first predetermined surface of
said froth layer and a second signal is provided upon
said probe means sensing a second predetermined
surface of said froth layer, and monitor means oper.
ative with said probe means for determining the
height of said froth layer in response to said first
and second signals.

2. The apparatus of claim 1, including position sens-
ing means operative with said probe means for provid-
ing an indication of the position of said probe means,

with said monitor means being operative with said

position sensing means such that the position of said
probe means upon the provision of said first signal
and the position of said probe means upon the pro-
vision of said second signal can be thereby deter-
mined and utilized for said determination of said
height of the froth layer.

3. The apparatus of claim 1, including

said probe means being operative in a first manner

with the uppermost surface of said froth layer for
the provision of said first signal,

and said probe means being operative in a second and

different manner with the liquid slurry beneath the
lowermost surface of said froth layer for the pro-
vision of said second signal.
4. In floatation cell control apparatus operative with
a liquid slurry containing floatation cell structure having
a froth layer above said slurry, said control apparatus
being operative with a source of frothing reagent for de-
termining the depth of said froth layer, the combina-
tion of
probe means for sensing the depth of said froth layer
and the upper most surface of said liquid slurry,

surface control means operative with said cell struc-
ture for controlling the position of said uppermost
surface of the liquid slurry,

depth control means operative with said source of

frothing reagent for providing a predetermined depth
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of said froth layer above said liquid slurry within
the floatation cell structure. )

5. The control apparatus of claim 4, including

said surface control means including an outlet valve

operative with said floatation cell structure for con-
trolling the position of said uppermost surface of
the slurry relative to said floatation cell structure
and in relation to the inflow of liquid slurry into
said floatation cell structure. )

6. The control apparatus of claim 4, including

said floatation cell structure comprising a plurality of

individual floatation cells,

and said surface control means being operative to vary

the slope of said floatation cell structure in relation
to the inflow of liquid slurry into said floatation celf
structure.

7. The control apparatus of claim 6, with said depth
control means being responsive to the resulting slope of
said cell structure for anticipating the need for frothing
reagent in accordance with the slurry flow through said
cell structure.

8. The control apparatus of claim 4, with said sur-
face control means including a slurry flow control valve
operative with said floatation cell structure for maintain-
ing the uppermost surface of said liquid slurry in a pre-
determined position,

said depth control means being responsive to the oper-

ation of said control valve for anticipating the need
for frothing reagent in accordance with the slurry
flow through said cell structure.
9. The method of operating a floatation cell siructure
supplied with a varying inflow of liquid slurry and hav-
ing a plurality of individual floatation cells through which:
the slurry successively passes, and is agitated with a
frothing reagent such that a froth layer is formed, with
each of said cells having a froth overflow weir, and in-
cluding the steps of
sensing the depth of the froth layer in selected cells
for controlling the provision of frothing reagent ic
those cells, : .

controlling the outflow of liquid slurry from said cell
Structure to provide a substantially ‘constant posi-
tion for the uppermost surface of the' slurry in rela-
tion to the overflow weir in at least the last of said
cells, )

and controlling the angular slope of said cell siruc-

ture to maintain a predetermined relationship be-
tween the respective uppermost surfaces of the lig-
uid slurry in relation to the overflow weir within
each of the floatation cells.

10. The method of claim 9, including controlling the
provision of frothing reagent to said cell structure as a
function of the slope of said cell structure for anticipat-
ing the utilization of frothing reagent for the desired
operation of said cell structure.
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