CHAPTER 7.4

Froth Management

Jason Heath and Kym Runge

ROLE OF FROTH IN FLOTATION CELLS

When air is released below the surface of a fluid, it will natu-
rally want to move to the region of lowest pressure, usually
the surface. An analogy is the rising of air in a freshly poured
beer to form a frothy head. In the industrial process of froth
flotation, air is added below the surface of a liquid-solid mix-
ture and the air also rises to the surface of the vessel. However,
in froth flotation the goal is for targeted hydrophobic mineral
particles to be attached to and carried by the air bubbles to the
surface. The buoyancy of the air—particle aggregates results
in the accumulation of air, solid particles, and water in a low-
density, three-phase mixture at the top of the cell. This layer
is referred to as the froth phase or simply “the froth,” and is
the uppermost region in a typical flotation cell (Gorain et al.
2000). A flotation reagent known as frother is usually added to
the process to stabilize bubbles formed in the flotation cell and
also the froth phase itself.

The froth is usually visible from the top of a flotation cell
and often used by flotation operators as a first indicator of cell
performance. As hydrophobic particles tend to accumulate in
the froth, they give it characteristics and properties that the
operator can observe with the naked eye or determine with
the use of a simple device such as a vanning plaque. Before
the introduction of continuous online slurry analysis instru-
ments, the ability to read the froth was a hallmark of a good
flotation operator.

Several decades ago, experts acknowledged that there
is a separation of both the slurry and froth regions in a flo-
tation cell (Harris 1976), and the performance of each of
these contributes to the overall cell performance. One of the
key functions of the froth is to provide an environment for
mineral-laden bubbles to accumulate and stabilize when they
reach the pulp—air interface. Figure 1 shows a typical flotation
cell froth structure, with new bubbles reaching the lower edge
of the froth from the slurry below, interstitial water visible
between the bubbles, and the uppermost bubbles being larger
because of bubble coalescence.

To be effective in concentrating the targeted minerals, the
froth must have sufficient stability to carry the floated particles

Figure 1 Typical froth structure in industrial froth flotation

until they can overflow the launder lip and be removed from
the cell. Although not drawn in Figure 1, the launder lip would
typically be configured to allow the uppermost portion of froth
to overflow the lip, enabling continual removal of froth from
the flotation cell.

The uppermost froth surface is normally where there is
the highest concentration difference between the target hydro-
phobic minerals and other gangue minerals. This is due to
the process of bubble coalescence and redistribution of the
released particles. Bubble coalescence results in the release of
the attached mineral particle load and interstitial water to the
surrounding bubble surface, and the released particles must
redistribute and compete for the remaining available bubble
surface sites (Kaya and Laplante 1990; Barbian et al. 2005).
This process of competition means that the most hydrophobi-
cally and physically suited (i.e., most energetically favorable)
particles are then able to reestablish a bubble surface site,
resulting in the rejection of less hydrophobic particles, which
are typically lower in the target mineral and more hydrophilic.
There is also a chance that, when no suitable bubble site is
available, a hydrophobic particle will drop back into the bulk
slurry phase. This is normally undesirable and is known as
“particle drop-back.”
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Figure 2 Compare (A) a well-structured froth with good mobility and drainage to (B) the “tight” or heavy froth with low

mobility and static appearance

Aside from transportation of mineral particles, another
important function of the froth phase is enabling selectivity of
target minerals over entrained gangue. Suspended gangue par-
ticles in the upper regions of the pulp phase become trapped
between the bubbles as they congest at the pulp—froth inter-
face and are dragged upward into the froth. A well-stabilized
and constructed froth provides drainage of interstitial water,
taking with it any entrained hydrophilic gangue. The drainage
of particles is strongly affected by the structure of the froth;
for example, a “tight” froth composed of many small bubbles
will have lower gangue drainage rates compared to froth com-
posed of larger bubbles or of a mixture of bubble sizes includ-
ing large bubbles (Ata et al. 2003). Additionally, the minimal
bubble coalescence in a “tight” froth will further limit the dif-
ference in concentration between the lower and upper regions
in the froth. An example of both of these froth types is shown
in Figure 2.

The depth of the froth has a direct influence over the min-
eral concentration gradient seen from the bottom of the froth
to the froth surface. Generally, with a deeper froth the average
particle residence time in the froth is increased, which tends
to increase the product grade. At the same time in a deep froth,
particle recovery is usually decreased because of drop-back
and other factors, negatively affecting recovery. These out-
comes can be understood when considering the bubble coales-
cence and froth drainage principles as discussed previously
in this chapter and in other publications (Ventura-Medina et
al. 2003; Neethling and Cilliers 2003). Hence it is critical for
a metallurgist to realize that froth depth is normally a very
important parameter in optimizing flotation cell performance.

Consequently, without a suitably stable and well-
constructed froth, no matter what froth depth is used, there
will be poor froth recovery and transportation of attached
mineral particles over the launder lip into the collection laun-
der. This will generally result in overall poor performance of
the flotation cell. Bubble coalescence in a froth is mainly a

consequence of the rupture of thin liquid films, which occurs
when the liquid content falls below a critical value. The par-
ticles in a flotation froth are largely responsible for produc-
ing the stable froth required for successful flotation, as they
provide rigidity and impede water drainage. This property of
particles in froth phases has been known for decades to play
an important role (Lovell 1976) and was recently researched
as part of the AMIRA P9 body of work (Achaye et al. 2015).
The greater the amount of particles on the surface, the greater
the froth stability, which is why flotation froths at the head of
a flotation bank are significantly more stable than those far-
ther down the bank where there are less hydrophobic particles
reporting to the concentrate. Fine particles more densely pack
on bubble surfaces than coarse particles, and this results in
significantly higher bubble stability. Flotation performed with
very little fines in the feed results in brittle froth and low froth
recoveries (Rahman et al. 2012). Froth stability is optimum
with moderately hydrophobic particles; highly hydrophobic
particles were found to destabilize the froth in the work of
Ata (2012).

Another important parameter of a froth is its mobility.
Froth viscosity directly affects its mobility at the cell surface;
a more viscous froth is less likely to move horizontally to
the launder lip, resulting in a higher froth residence time and
greater probability of froth collapse. Heavily laden dry froths
with a small bubble size resist the flow of bubble over bubble
that occurs as the froth moves toward the cell lip, resulting in a
viscous immobile froth (Li et al. 2016). The froth mobility can
be modified by changing the superficial gas rate and/or reagent
concentrations, as these parameters affect the amount of water
contained in the froth and modify the amount of particles pres-
ent on bubble surfaces. For this reason, the use of depressants
that minimize recovery of talcs or other gangue species can
increase froth mobility and recoveries from a flotation cell.

Froth is also strongly affected by the type and concentra-
tion of frother, other reagents, and the process water quality,
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including the concentration of dissolved cations (Farrokhpay
and Zanin 2012). These variables play a role in stabilizing the
froth as well as affecting the amount of water drawn into the
froth phase, which affects its mobility. The type of flotation
cell, including the available froth surface area and transport
distances, also play a role. For example, in larger flotation
cells (i.e., greater than 100 m?), it is widely accepted that
a slightly stronger frother than normal will give better per-
formance because of the typically larger transport distances
involved with larger cells. Therefore, it is important for a met-
allurgist to adequately consider these points when looking to
optimize flotation cell performance.

Particular attention to the froth-phase conditions
is required when processing relatively coarse particles
(>100 um). Coarse particles exhibit much lower froth recov-
eries than fines because they readily drain through the froth
when they detach from bubble surfaces, whereas detached
fines tend to remain within the froth and still report to the con-
centrate. Coarse particle recovery tends to therefore be much
more sensitive to froth-phase conditions, as demonstrated by
Rahman et al. (2012) and Tabosa et al. (2013).

FROTH CARRY RATE, LIP LOADING, AND FLOTATION

CIRCUITS

Froth is a three-phase mixture made up of air, solids, and
water, with air contributing the largest component by volume.
Froth stability is affected by many parameters. Regardless of
the relative froth stability, as froth is largely made up of air,
there are limits to how much mass froth can physically support
and transport before it collapses upon itself.

Before 1995, lip loading was the only way metallurgists
could measure a flotation cell’s capacity to recover concen-
trate. The units used were metric tons per hour per meter
(t/h/m) of lip length. By adopting column flotation parameters
such as froth capacity in grams per square centimeter per min-
ute (g/cm?/min), Outotec came up with a new term for its
TankCells using metric tons per square meter per hour
(t/m%/h). This is known as the froth carry rate (FCR) and is
defined by how much material (metric tons) is transported by
the froth over a specific area (square meters) in a given time
frame (hours). Based on many years of experience together
with metallurgical surveying of existing operating flotation
operations, a design range of FCRs for different froth flotation
duties has been established (Table 1).

Table 1 Typical froth carry rate ranges for banks of cells in base
metal sulfide duties

Cleaner

2.0-1.0

Flotation Duty
Froth carry rate, t/m2/h
Source: Bourke 2002

Rougher
1.5-0.8

Scavenger

0.8-0.3

The values given in Table 1 are design rules of thumb that
refer to whole banks of flotation cells, and individual cells in
the bank may have higher or lower values. Particle size and
mineral type will also have an influence on these design val-
ues, as dry solid specific gravity will vary between different
minerals; for example, galena = 7.5 t/m? is much denser than
chalcopyrite = 4.2 t/m?. The values given in Table 1 are repre-
sentative of typical base metal sulfide operations with a feed
particle size P80 of greater than 80 pm. For nonsulfide miner-
als, much higher FCRs have been reported. For example, in

an iron ore reverse flotation application, the FCR varied from
10-40 t/m2/h depending on which section of the flotation con-
centrator was surveyed (Miettinen et al. 2013). The FCR lim-
its, both high and low, for a given duty are likely a function of
particle concentration, particle size distribution, and particle
specific gravity. However, no first-principal method of predic-
tion of these limits exists, though attempts have been made by
some researchers (Espinosa-Gomez et al. 1988).

A related concept to FCR and mass transport of the froth
is lip loading. This is defined as the mass of solids passing
over the launder lip per hour per unit length, and is expressed
in units of metric tons per meter per hour. When considering
if a given flotation cell froth surface area is suitable, it is use-
ful to think first in terms of the overall “froth handling strat-
egy.” After the FCR has been confirmed in the correct range,
the lip loading should also be calculated and kept at less than
1.5 tm/h.

FCR and lip loading are important parameters to be aware
of to avoid a situation where there is too much or too little
solids in the froth phase. Both of these conditions have a nega-
tive effect on either the froth stability or mobility and hence
performance of a flotation cell (Morar et al. 2014). With insuf-
ficient solid particles in the froth phase, the froth stability is
significantly reduced and the froth is brittle and breaks down
readily. This is often seen toward the end of a rougher bank of
cells where very little mass is floating.

Conversely, when there are too many solids in the froth,
the froth becomes immobile and the weight of the solids can
overcome the carrying capacity of the froth, leading to froth
collapse. This sometimes occurs at the beginning of a rougher
bank if the flotation kinetics are extremely fast and a lot of
mass is trying to float, or also in cleaning duties. Both of these
situations result in a significant increase in particle drop-back
to the bulk slurry phase, and poor transport of the mineral par-
ticles to the launder lip (froth recovery), which reduces the
overall froth recovery and hence flotation cell performance.

The FCR must be taken into account when considering a
typical base metal or coal flotation circuit. As eluded to ear-
lier, the feed slurry will normally contain both fast- and slow-
floating components, and this leads to a curved recovery
response plot when performing a laboratory test, as shown in
Figure 3.
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Figure 3 Typical recovery versus time plot for sample with
fast- and slow-floating components
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In the full-scale circuit, the recovery response shown in
Figure 3 means that the majority of the mass will be recovered
from the first few cells. So in a typical bank of six cells, the
first two cells may be responsible for 70%-80% of the valu-
able mineral recovered from the entire bank, whereas the last
four cells would recover the final 20%-30%. This is a signifi-
cant difference and shows that a different approach is required
in terms of how these cells are designed and operated.

The implications of this recovery distribution can often
lead to problems with the FCR in a full-scale plant. If a flota-
tion circuit was designed with all six cells having the same
froth area, by simply calculating an average FCR over all cells
using the aforementioned example, the first two cells would
probably be overloaded (i.e., FCR too high) and the last few
cells would be underloaded (i.e., FCR too low). Neither sce-
nario is ideal, and both would lead to less-than-optimum flo-
tation cell performance. The best solution is to tailor each
flotation cell design to the expected mass recovery using
detailed and robust laboratory or pilot test data. In practice,
this usually means adjusting the flotation cell launder type
and/or cell crowding configuration down the bank to achieve
the best design. It is also beneficial to use an increasing gas
rate profile as use of lower gas rates in the cells at the head
of a bank reduces the risk of froth overloading and excessive
entrainment recoveries. Selectivity and recovery have both
been observed to increase in a flotation bank with an increas-
ing gas rate profile to that achieved when the same gas rate
was used in all cells (Cooper et al. 2004). Staged addition of
collector down the bank of cells can also be used to better
manage the distribution of the mass pulled to concentrate.

Having the FCR outside of the ideal range is also an issue
at sites where the feed grade has changed significantly since
the original process design was conducted. For example, if
the feed grade is 50% lower than when the flotation circuit
was designed, it can be expected that, all things being equal,
the mass recovery would also decrease by a similar amount.
The result will be that FCRs are probably lower than the ideal
ranges, and froth stability and flotation cell recovery subopti-
mal. Fortunately, this situation can be rectified quite easily by
retrofitting additional crowding to the flotation cells (to reduce
the froth surface area and increase the FCR), and this is often
conducted by equipment vendors.

Another positive aspect when retrofitting froth crowd-
ing or additional froth launders is that this usually results in a
reduced average froth transport distance. Froth transport dis-
tance is the distance that a particle may have to travel from
the froth surface to the closest launder lip, and it is heavily
influenced by the selected launder configuration. Therefore,
all other things being equal, the average residence time of a

particle in the froth will be reduced and the probability of par-
ticle detachment and drop-back to the slurry phase is reduced.
This can be especially important in improving recovery of
leanly liberated coarse particles at the back of a rougher circuit.

WAYS TO MANIPULATE FROTH

FCR and lip loading in a flotation cell are important param-
eters when considering froth recovery and cell performance.
These froth parameters are determined by the amount of mass
recovered from a given flotation cell, together with the froth
area or lip length available, which is in turn determined by
the flotation cell design. For this reason, flotation cell vendors
often have several launder types for a given cell size. Consider
the cross-sectional froth areas of flotation tank cells with dif-
ferent launder types outlined in Figure 4. The flotation tank
cells outlined in the figure all have the same tank diameter
and similar central froth crowder size. The launder designs
depicted represent some of the most commonly available
launder configurations used in flotation cells, and it should be
clear that, as drawn from left to right, the froth area decreases
significantly because of the launder(s) placement and also the
tank shape providing froth crowding.

The different launder configurations shown in Figure 4
do not significantly affect the tank volume and hence flotation
residence time. Therefore, the different froth surface area and
lip lengths can be used to optimize the flotation cell design
for particular duties in a plant based on the expected FCR and
lip loadings (e.g., roughing, scavenging, and cleaning). Some
vendors have taken this concept a step further by offering mul-
tiple launder types within the same cell, as well as concentric
designs.

Most of the strategies and comments mentioned so far in
this chapter are for flotation cell design in terms of froth man-
agement for a greenfield project where new equipment will be
designed to suit. However, there are also strategies for manip-
ulating froth in an existing operation. In many ore bodies
there is a very fast-floating component in the ore, which may
overload the first cell resulting in very high FCRs. Operational
parameters such as gas rate, froth depth, and the amount and
type of reagent can be manipulated to change the mass recov-
ery profile down a bank with the objective of improving con-
centrate grades and recoveries. Staged reagent addition can
also be employed.

Another way to permanently adjust the amount of fast-
floating material reporting to the first flotation cell is to split
the new feed to both the first and second cells; that is, send
a portion of the new feed straight to the second cell. This is
known as split feeding. Split feeding takes advantage of the
froth area of both the first and second cell to recover any

\/ 1 \/ L

External Launder Internal Launder

N\ /v L u\/y

Double Internal Launder Donut Launder

Figure 4 Commonly available flotation cell launder configurations and the effect on froth area
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Figure 5 Conceptual diagram of split feeding and the effect on cell froth carry rate

fast-floating component in the ore instead of just the first cell.
This thereby tends to average out the FCRs over both cells and
produce an overall higher-grade concentrate (Figure 5).

The split feeding concept is particularly relevant for
cleaner duties that have very fast kinetics. It is also relatively
easy to implement as a trial in an operating flotation circuit
using temporary piping and valves. With split feeding, sending
a portion of the new feed directly to the second cell will reduce
the number of flotation stages and residence time for that com-
ponent of the feed. If the tailings from the bank of cells are
open circuit, then measures should be taken to ensure that a
suitable number of flotation stages and residence time remain
after the second cell to minimize slurry short-circuiting and a
potential loss in recovery.

In a typical base metal flotation concentrator scaveng-
ing circuit, it is commonplace to target the recovery of leanly
liberated, coarse composite particles. Because of their lean
liberation and coarse particle size, these particles are usually
weakly attached to a bubble and hence easily detached in the
froth phase, and therefore poorly recovered into the launder.
One way to increase the recovery of these particles is to trans-
port them as quickly as possible over the launder lip when
they reach the froth phase, which can be done by minimizing
the froth depth as well as froth transport distance.

Another method to optimize flotation cell design to suit
the expected froth characteristics is to alter the overall tank
shape. Two main mechanical flotation cell tank types are cur-
rently available: those based on a cylindrical tank (TankCell)
and those based on a trough-type tank. An example of each is
shown in Figure 6.

There are several differences between the tank types
shown in Figure 6 in terms of launders, air control, reagent
addition, and so forth. In terms of froth management, the
trough-style tank generally has a much higher surface-area-
to-volume ratio than a tank cell and hence is particularly
suited to duties with high mass recoveries, such as coal flota-
tion. Depending on the comparative cell sizes, the transport
distance may also be significantly longer for a trough-type
flotation cell. Hence there are several considerations when

evaluating which tank shape is the best suited for a particular
flotation application.

In terms of direct froth quality monitoring, most recent
developments in this area have come from advances in cam-
era technology and algorithms to continuously evaluate the
camera output. Many vendors now offer small, easy-to-install
video cameras designed to sit above the froth surface and
continuously monitor the froth characteristics, which can
then be used for process control. Froth properties that can be
measured include froth velocity, bubble size, bubble stability
(breakage), froth color, froth direction, and so on. To date, the
most widely used parameter for process control is simply the
froth velocity, which is normally used as a proxy for the actual
mass recovery from the flotation cell.

The froth velocity (and froth recovery) can generally be
raised by increasing the amount of air being added to the flota-
tion cell. Too much air, however, has a detrimental effect on
recovery, as it results in excessive turbulence at the pulp—froth
interface, disturbing the froth phase and leading to excessive
entrainment of unwanted mineral particles into the collection
launder as well as more coarse particle drop-back (Hadler et
al. 2010). The optimum air rate needs to be established for a
particular flotation cell through experimental testing. The opti-
mum air rate will have been exceeded if boiling is observed
at the froth surface, and therefore this condition should be
avoided.

Another way to increase froth velocity is to reduce the
froth bed depth by increasing the flotation cell slurry height
set point. With a shorter froth depth, the froth residence time
is reduced and the solids concentration on the froth surface is
also reduced, hence the froth has more mobility and tends to
move to the launder faster (i.c., faster froth velocity). A shal-
lower froth also means there is less bubble coalescence, and
therefore, usually a lower-grade product is removed from the
flotation cell but often at a higher overall recovery. To maxi-
mize recovery, Crosbie et al. (2009) recommend that the froth
depth used should not exceed 70% of the maximum achiev-
able froth height measured in a froth stability column. At this
point, froth recovery was observed to decrease significantly
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Cylindrical Tank Type

Trough Tank Type

Courtesy of Oufotec Pty Ltd.

Figure 6 Two main types of mechanical flotation cells used in the industry

because of significant froth coalescence. This point often can-
not be maintained in a scavenger because the recommended
froth depth is so low that it would result in pulping and there-
fore excessive gangue entrainment. Accurate froth depth mea-
surement and control philosophies are therefore important
in scavenging applications to enable low froth depths to be
employed.

Air addition rate and froth depth are the two main vari-
ables to adjust froth velocity in a flotation cell fitted with a
froth camera. It 1s also routine to change the froth properties
by adjusting the amount of reagents added to a flotation cell.
Generally, increasing the amount of frother or decreasing the
amount of collector will increase the froth velocity. When
using these variables to control the froth performance down
a flotation bank, one also must consider the need to distribute
the mass recovered by each cell to optimize froth stability and
mobility and reduce gangue entrainment.

These reagents (and others, such as depressants), together
with components in the ore itself, can often have synergistic
effects. Consequently, the best strategy for reagent addition
and control is usually determined on a plant-to-plant basis. To
increase froth velocity, the cost of adjusting air addition rate or
froth depth typically is significantly less than the cost of add-
ing additional frother; therefore, one should adjust the air and
froth depth first before adding additional reagents.

FROTH WASHING AND HANDLING

Two important aspects of froth management are the processes
of froth washing and mechanical froth removal. Froth washing
in the context of column flotation is discussed in Chapter 7.2,
“Column Flotation.” The discussions here focus mainly on
mechanical flotation cells, such as Outotec high-grade cells,
which have a deeper froth depth design and utilize froth
washing.

The process of froth washing is carried out by introduc-
ing clean water into the froth, with that clean water displacing
some or all of the water already in the froth. Froth washing
improves metallurgical performance in flotation cells in two

ways: first by increasing the flow of water draining between
bubbles and washing out entrained gangue; and second by
increasing bubble coalescence, which results in a crowd-
ing effect on the reduced bubble surface (Kaya and Laplante
1990). Froth washing is particularly useful in washing penalty
elements present as hydrophilic minerals back into the slurry
phase (e.g., some uranium and fluorine minerals). Several oper-
ating plants would incur concentrate smelting penalties if they
had not implemented froth washing to remove these elements.

The increased bubble coalescence caused by froth wash-
ing also affects the flotation cell froth recovery. Therefore,
although froth washing can technically be used anywhere in
the flotation circuit, it is usually used in flotation duties where
the product grade is of prime importance, such as the reclean-
ing or final cleaning stages. Also, the additional water added
to the froth during froth washing does result in the bulk slurry
density decreasing, and this reduces the flotation bank resi-
dence time. In a greenfield project, this can be allowed for by
increasing flotation capacity. However, an existing operation
contemplating froth washing should take this extra volume
of water into account when considering plant residence time.
The overall effect of froth washing is usually a higher-grade
product to be recovered to the launder at a lower cell stage
recovery.

Typically, froth wash water is added to froth by sprays
or streams of water delivered by a froth wash-water delivery
system. The water can be introduced from a shallow trough
suspended above the froth surface or directly from wash-
water piping. An example of each of these systems is shown
in Figure 7. Fine sprays are not normally used because of their
propensity to become blocked with fine particles and scale
from the water. In both of the examples in Figure 7, water is
added above the froth surface.

Another way of introducing wash water to the froth is
submersed delivery, that is, below the froth surface. This can
be done by having the delivery system submersed below the
froth surface as is sometimes seen in column cells. Another
method of introducing wash water above or below the froth
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Figure 7 Suspended (A) wash-water trough and (B) wash-
water ring providing wash water

is via a somewhat novel combined froth scraping and wash-
ing system developed by Outotec (Figure 8). The combined
froth scraping and washing system is typically fitted under the
bridge in a tank-style flotation cell, and has an auxiliary drive
and slewing ring arrangement to drive the blades continuously
around the froth area. The blades sweep out an arc and con-
tinuously push the uppermost layers of froth toward and over
the launder lip.

Fitted behind the scraper blades are froth wash-water
channels. These channels fill with wash water and allow it to
run out to the full length of the channel. Adjustable stems with
exit holes are fitted, which allow the wash water to run down
the stems and fan out. Both the blades and the stems are height
adjustable, and the stems can be adjusted to above or below
the scraped froth level.

The number of blades and wash channels are adjustable
to suit the cell size and froth characteristics. To date, this com-
bined froth scraping and washing system has found use in
particularly tenacious froths (e.g., coal flotation, molybdenum
cleaning), where mechanical removal of the froth has shown
to improve froth recovery and cell performance.

Another mechanical method of froth removal that has
been used in flotation machines for many decades is rotating
froth paddles. These froth paddles are typically mounted adja-
cent and parallel to the launder lip (Figure 9). The paddles
rotate at a fixed speed to assist with scooping froth over the lip
into the collection launder.

The use of froth paddles is limited to trough-shaped flo-
tation cells, as they are mounted adjacent to the launder lip.
Froth mobility can often be an issue with trough-style cells
because of the lack of internal froth crowding directing the
froth flow. These paddles are still used today at processing
plants with very sticky froth (e.g., rare earth oxide flotation,
spodumene flotation, coal flotation) and are also seen in very
coarse flotation duties (e.g., apatite flotation) where they help
lift coarse particles of up to several millimeters in size over
the launder lip.

Adapted from Outotec Pty Ltd.
Figure 8 Combined froth scraping and washing system
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Figure 9 Froth paddles together with trough-style flotation
cells (partially empty)
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