Prediction of bubble size distribution in
mechanical flotation cells
by F. Sawyerr, D.A. Deglon, and C.T. O’Connor*

A bubble population balance model is proposed for the prediction of
Sauter mean bubble diameters in mechanical flotation cells. In the
model, the flotation cell is treated as two separate, statistically
homogeneous zones—the impeller zone, and the bulk tank zone.
Balance functions for the rates of bubble breakage, coalescence,
recirculation and inlet-outlet events are proposed based on classical
chemical engineering research in two- and three-phase fluid mixing
systems. An initial simulation of the population balance model
shows trends in bubble size distributions comparable to measured
distributions in industrial mechanical flotation cells.

Introduction
Froth flotation is a complex physico-chemical
process used widely in the minerals processing
industry to separate valuable minerals from
gangue in low-grade ores. In flotation, air
bubbles are introduced into a vessel containing
a slurry of the ore, and hydrophobic particles
in the slurry attach themselves to air bubbles
and are transported out of the vessel by the
buoyant rise of the bubbles. The process as a
whole depends on the control of the pulp
chemistry to enhance the hydrophobicity of the
valuable minerals and reduce the floatability of
the gangue material, and also on the gas
dispersion and hydrodynamics in the flotation
cell, which control the contacting between
particles and bubbles. While extensive
research has been carried out on manipulation
of pulp chemistry to optimize recovery of
specific minerals, detailed studies on the
physical mechanism of flotation have only
recently begun to appear in the flotation
literature. This intensification in research
efforts to better understand gas dispersion and
hydrodynamics in flotation cells has come
about because of the growing need to design
larger and more efficient flotation cells to treat
the lower grade and more finely disseminated
ores that are currently being mined.
Studies on the effects of the gas phase
have shown that in flotation, like in other gasliquid mass transfer processes, the rate of
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mineral recovery is intimately linked to the
bubble size distribution in the flotation vessel.
Ahmed and Jameson1 reported an almost onehundred-fold increase in the rate of fine quartz
flotation when the average bubble size in their
batch flotation cell was reduced from 655 to
75 µm, and Yoon and Luttrell26 showed
theoretically that the probability of contact
between particles and bubbles in flotation
varies as the inverse of the bubble size raised
to a power of between 1 and 2. More recently,
Gorain10 and co-workers in the AMIRA P9
project observed a linear relationship between
the first order flotation rate constant and the
bubble surface area flux in a mechanical
flotation cell. They concluded that the bubble
surface area flux, which is proportional to the
superficial gas velocity and inversely proportional to the Sauter mean bubble diameter, can
be used as a single, scaleable parameter to
characterize the physical contribution of the
flotation cell to the rate of mineral recovery. All
of these studies clearly show that knowledge
of the bubble size distribution is essential to
the prediction of the cell’s metallurgical
performance.
Thus far, bubble size distributions in
flotation cells have been determined through
direct measurement using primarily the
capillary tube technique (Jameson and
Allum12, Tucker23 et al.), and also by
photographic means. However, for the
prediction of the performance of a hypothetical
flotation cell from design specifications, or for
the simulation of an entire flotation circuit, a
model is required to predict the bubble size
distribution from basic operating parameters.
The drift flux analysis technique (Yianatos25
et al.), has been successfully used to predict
the mean bubble size in flotation columns, but
no tenable model has yet been proposed for
the prediction of bubble size in mechanically
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agitated flotation cells. The objective of this study is to derive
a model for the prediction of bubble size distribution in
mechanical flotation cells by investigating the fundamental
gas dispersion mechanisms occurring in the mechanical
flotation cell. It is hoped that this approach will lead not only
to a practically useful bubble size predictor, but also to a
deeper understanding of the microprocesses taking place in
the flotation cell which will enable design of more efficient
flotation cells. In this paper, a review of literature on the
prediction of Sauter mean bubble diameters will be presented,
followed by a description of the methodology to be employed
to predict Sauter mean bubble diameters, and finally some
preliminary results will be shown.

Literature review
The traditional approach to modelling gas dispersion in
mechanical flotation cells has generally not involved microproperties such as bubble size distribution, but has rather
dealt with macroscopic properties of the system. Bulk
dimensionless parameters such as the air flow number, the
power number and the Froude number have typically been
used to characterize the hydrodynamics of flotation cells, and
empirical relationships between groups of these parameters
formed the basis for design and scale-up of flotation cells
(Arbiter2 et al.). This approach gives little scope for
prediction of bubble size as it only involves a macroscopic
overview of the process and does not take into account the
basic gas-phase sub-processes occurring in the flotation cell.
In fact, to the authors’ knowledge, despite the availability of
accurate bubble size measurements in flotation literature for
over 10 years (Jameson and Allum12) no tenable model to
predict bubble size in terms of bulk dimensionless
parameters has yet been proposed. A more fundamental
analysis of the micro-processes of gas dispersion is required
in order to predict bubble size distribution.
Fundamental studies of this nature are not available in
the flotation literature and insight into modelling bubble size
distributions has been gained from classical chemical
engineering research in two- and three-phase fluid mixing
systems and bioreactor design. These studies have generally
been carried out in standard baffled tanks agitated by a sixbladed Rushton turbine and though these test conditions are
not per se identical to those in industrial flotation cells, the
underlying mechanisms of gas dispersion occurring in them
are essentially the same. Theory from these studies is thus a
good starting point for modelling gas dispersion in
mechanical flotation cells.
The basic mechanism of gas dispersion under highly
turbulent conditions has been written about by a number of
researchers. In mechanically agitated, aerated vessels, such
as flotation cells, air introduced into the cell accumulates in
low pressure cavities behind the impeller blades and bubbles
are sheared off the cavities by the impeller’s rotation
(Tatterson21). These bubbles are further broken under the
turbulent conditions in the impeller region and are then
dispersed throughout the cell by the pumping action of the
impeller. In the bulk region of the cell, bubble motion is
controlled by the surrounding fluid circulatory motion and by
the bubble’s inherent buoyancy. Bubbles in this region may
collide and coalesce, recirculate back to the impeller region,
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or rise out of the cell. The equilibrium bubble size distribution in the cell is ultimately dictated by all the events
taking place in the cell, in particular by the relative rates of
bubble breakage and bubble coalescence in the cell.
Because in practice it is difficult to determine, independently, the rates of breakage and coalescence in a dynamic
system, most reported studies have dealt with systems in
which either one or the other phenomenon was suppressed
such that the other could be studied. In studies carried out in
systems with high surfactant concentration, where
coalescence was negligible, researchers have shown that
mean bubble size can be effectively modelled using Hinze’s
bubble breakage model.
Hinze’s model of turbulent pressure fluctuations, which
is the most widely accepted model for bubble breakage,
describes a bubble in a turbulent flow field as experiencing
dynamic pressure forces which tend to deform it, and surface
tension forces which tend to resist the deformation. When
the ratio of these two forces, defined as the Weber number
(NWe), exceeds a critical value the bubble is broken up. As
the diameter of a bubble decreases, the deforming force
decreases and the restoring stress increases until eventually
a critical diameter, called the maximum stable bubble size
(dmax), is reached where the deforming stress is unable to
break the bubble. Using this theory Chen and Middleman6
proposed the following expression for dmax:

dmax
= C1 NWe ±0.6
D

[1]

Experimental data shows a strong relationship between
dmax and the Sauter mean bubble diameter (ds) and several
researchers have expressed ds as the product of Hinze’s dmax
and an empirically determined constant, for high surfactant,
non-coalescing systems. Calabrese3 et al. correlated experimental data for low dispersed phase viscosity with the
following expression:

ds
= 0.053 NWe ±0.6
D

[2]

Calderbank4 proposed this expression based on
Kolmogoroff’s14 theory of isotropic turbulence:

σ 0.6
n  µG 
ds = C

0.4 0.2 ε 
( P / Vi ) ρ
 µL 

0.25

[3]

And Parthasarathy19 et al. fitted this model to experimental bubble size data and obtained:

ds =

( )

2.0 σ 0.6

( P / Vi )0.4 ( ρ )0.2

[4]

Lu17 et al. also published a semi-empirical correlation for
Sauter mean diameter in a non-coalescing environment in
terms of the specific power input and the air flow rate.
Semi-empirical correlations based on Hinze’s11 bubble
breakage theory give a reasonably good approximation of the
fundamental bubble breakage events occurring in the cell and
can accurately predict the bubble size distribution in the
impeller discharge region of the cell. These correlations,
however, are inadequate for prediction of real industrial
The Journal of The South African Institute of Mining and Metallurgy
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The attachment efficiency (λ) was expressed as a
function of the contact time between bubbles (τij) and the
time required for bubbles to coalesce (tij):

(

λij = exp −tij / τ ij

)

[6]

Here, coalescence time is assumed to be the time taken
for the film separating two bubbles to thin and rupture. Fluid
surface tension and the initial film thickness, both of which
are functions of the frother concentration in the fluid, govern
the rate of this phenomenon. The bubble contact time is
dependent on the bubble size and the turbulent intensity and
was derived by Levich16 as:

τ ij =

conditions, because they do not take into account important
events happening in the bulk of the cell—such as bubble
recirculation and bubble coalescence—that also influence ds.
Figure 1 shows a comparison between experimental Sauter
mean diameters from Gorain’s10 et al. k-Sb testwork and
values predicted by Parthasarathy19 et al. and Lu17 et al.
Though the predicted values are of the same order as the
experimental data, and lend credence to the predictive powers
of the bubble breakup model, there is considerable scatter
about line y = x, particularly at higher bubble diameters, due
to the effects of coalescence.
Published industrial bubble size measurements show that
in most instances ds in the upper region of the flotation cell is
larger than ds in the impeller discharge region, indicating that
despite the fairly high frother concentrations used in
flotation, bubble coalescence does in fact take place. Clearly,
the rate of bubble coalescence must be taken into account in
the prediction of ds.
Investigations into bubble coalescence reported in the
literature have isolated the coalescence rate by eliminating
the contribution of bubble breakage to the equilibrium bubble
size distribution. This has been done either by employing
very quiescent bubble columns where the rate of bubble
breakage was negligible, or by sparging bubbles into the
system that were too small to be broken up by the impeller.
Results from the former type of study are not applicable to
mechanical flotation cells, and it is from the latter studies
that our current understanding of the mechanism of bubble
coalescence is derived.
Nagaraj and Gray18, measured gas-liquid interfacial
areas in an air-sparged cell agitated with a Rushton turbine
for a range of particle sizes and slurry densities and found
that the coalescence rate increased with increasing solids
concentration. They postulated that the presence of solids
reduces the turbulent intensity in the cell, which reduces the
bubble approach velocity and thereby lengthens the average
bubble contact time, enhancing coalescence. Prince and
Blanch20 modelled the coalescence frequency as the product
of the bubble collision frequency and the attachment
efficiency. They expressed the collision frequency (θij) in
terms of the hydrodynamics in the cell, and for highly
turbulent systems used the relationship:

(

)

2

(

θ ij = 0.089πni n j di + d j ε 1 / 3 di 2 / 3 + d j 2 / 3

)

1/ 2

The Journal of The South African Institute of Mining and Metallurgy

[5]

rb 2 / 3
ε1/ 3

[7]

Despite the presence of a bubble size term in the above
expression, Prince and Blanch20 found that the coalescence
frequency was virtually independent of bubble size. They
explain this by pointing out that though large bubbles have
higher velocities and larger collisional cross-sectional areas,
which lead to higher collision frequencies, they also have
larger coalescence times and lower attachment efficiencies
which offset the higher collision frequencies.
It is evident that both coalescence and breakage are
complex, interdependent phenomena that are influenced by
the instantaneous state of the system. In systems such as the
mechanical flotation cell, where both bubble breakup and
coalescence are taking place, a single correlation is not
sufficient to accurately predict ds. The most effective
methodology for prediction of bubble size distribution in
such systems is the population balance equation. This model
describes the history of a bubble population in terms of
numbers and volumes of bubbles as the bubbles interact with
themselves and the surrounding environment. The model can
at the same time accommodate bubble breakage, coalescence
and inlet-outlet phenomena and provides a dynamic
simulation of the effects of operating parameters on the
equilibrium size of the distribution. The population balance
model has been used successfully by Lee15 et al. and Prince
and Blanch20 to model bubble size distributions in bubble
column reactors and has also been successfully used by
others to model drop size distributions in mechanically
mixed, liquid-liquid dispersions (Chatzi and Kiparissides5,
Coulalouglou and Tavlarides7). In the following section
details of a bubble population balance for prediction of Sauter
mean bubble diameters in a mechanical flotation cell will be
presented.

Population balance model
In classical formulations of the bubble population balance
(e.g. Prince and Blanch20) the system under investigation
was assumed to be well mixed, and bubble size distribution
was taken to be uniform throughout the system. Thus a
single balance could be performed over the whole system,
neglecting the effect of variations in spatial distribution, and
simultaneously incorporating the effects of bubble breakage
and coalescence. In the mechanical flotation cell, we know
from industrial data that there is significant variation in the
bubble size distribution between the impeller region and the
bulk of the tank, and it would be inaccurate to perform a
JULY/AUGUST 1998
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Figure 1—Comparison between Gorain’s experimental Sauter mean
diameters and model predictions of Parthasarathy et al and Lu et al
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}
Figure 3—Breakage in the impeller zone

respectively. Here n0(v, t) is the number of new bubbles
sparged with volume v. R(v) is the recycle frequency of
bubbles of volume v, N B(v, t) is the number of bubbles of
volume v in the bulk zone, and QI is the volumetric pumping
rate of the impeller. The last term accounts for the rate at
which bubbles exit the impeller zone by the pumping action
of the impeller.
Figure 2—Schematic of the bubble population balance zones in a
mechanical flotation cell

Bulk zone

population balance over the whole cell assuming statistical
homogeneity of bubble size. As such, in this study, the
mechanical flotation cell will be modelled as two separate
systems—the impeller zone, which includes the impeller
swept volume and the impeller discharge stream, and the
bulk zone, as shown in Figure 2. Within each zone the
distribution of bubbles is assumed to be statistically
homogeneous, an assumption that is validated by industrial
bubble size data (Egya-Mensah8). Bubble breakage is
assumed to happen only in the impeller zone because of the
much higher rate of energy dissipation in this zone relative to
the bulk zone (Wu and Patterson24), while bubble
coalescence is assumed to take place in both zones. Freshly
sparged gas enters the impeller zone, together with
recirculated gas from the bulk zone, and bubbles from the
impeller zone are transported to the bulk zone by the
pumping action of the impeller. From the bulk zone, bubbles
are either recirculated back into the impeller zone or exit the
cell by rising into the froth phase.
The population balance is solved by performing a bubble
number balance around each of the zones.

Impeller zone
If we let N I(v, t) represent the number of bubbles of volume
v in the impeller zone per unit volume at time t, then the
bubble population balance in the impeller zone can be written
as follows:

∂
[ N I (v, t )] =
∂t

v max

∫ B(v′) N D(v′, v) N (v′, t )dv′
I

d

v

− B(v ) N I (v, t ) + n0 (v, t ) + R(v)QI N B (v, t ) − QI N I (v, t )

▲
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max
B
′
∂
[ N B (v, t )] = QI N I (v, t ) − KN B (v, t ) ∫  NN(Bv(T',)t ) dv'′+ KN B (T )C(v)
∂t
v min

v

[9]

− R(v)QI N B (v, t ) − N B (v, t )U (v) Ab

Here, the first term on the right hand side is the number
of bubbles of volume v pumped over from impeller region
and the next two terms represent the loss and formation of
bubbles of volume v through coalescence respectively. N B
(T) is the total number of bubbles in the bulk zone and the
ratio [N B (v′ ,t) / N B (T)] is the number fraction of bubbles
with volume v. C(v) is the fraction of all coalescence events
that form a new bubble of volume v. The last two terms
concern the loss of bubbles from the bulk zone through
recirculation and bubble exit respectively. U(v) is the rise
velocity of bubble with volume v, and Ab is the crosssectional area of the bulk zone.

Population balance functions
Breakage frequency, B (v)
In the bubble breakage models of Prince and Blanch20 and
Tsouris and Tavlarides22 bubble breakage is assumed to occur

[8]

The first two terms on the right-hand side represent the
rate of formation and loss of bubbles of volume v respectively due to breakage. Here, B(v) is the breakage frequency,
Nd is the number of daughter bubbles formed, and D(v′,v) is
the distribution of daughter fragments formed from breakage
of bubble if size v′. The next two terms describe the flow of
bubbles into the impeller region by sparging and recirculation
182

If we assume that the rate of bubble coalescence in the bulk
zone is independent of bubble volume (Prince and Blanch20),
we can define an overall coalescence frequency, K, that is
determined by the hydrodynamic conditions in the bulk zone.
The frequency of coalescence of bubbles of volume v and v′
will then be proportional to the product of the number
fractions of bubbles of size v and v′. The population balance
in the bulk zone can be expressed as follows:

Figure 4—Coalescence in the bulk zone
The Journal of The South African Institute of Mining and Metallurgy
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through collisions between bubbles and turbulent eddies of
length scale smaller than the bubble diameter. The breakage
frequency is defined as the product of the bubble-eddy
collision frequency and the breakage efficiency. Though the
formulation of the expression requires knowledge of the
spectral energy density of the eddies in the inertial subrange,
and is therefore inappropriate for use in the modelling of an
industrial floatation cell, the model highlights several
important factors in the breakage rate. Firstly, bubble
breakage frequency goes down with decreasing bubble size
and drops to zero at the maximum stable bubble size (dmax),
and secondly, the breakage frequency reduces with increasing
gas holdup (φ). On this basis the following general functional
form for the breakage frequency is proposed.

[

]

B(v) = C1 f (φ ) exp(C2 d ) − exp(C2 dmax )

[10]

The function f(φ) tends to zero as the holdup increases to
1, and the breakage frequency decreases exponentially as the
bubble diameter tends to dmax.

Daughter fragment distribution, D(v′,v)
The number of daughter fragments formed from the breakage
of a single bubble, Nd will remain a variable parameter in the
population balance. After the work of Chatzi and
Kiparissides5 it will be assumed that the daughter fragment
volumes formed from the breakage of a bubble will be
normally distributed about the mean daughter fragment
volume, with a standard deviation (σv) equal to one-third
the mean daughter fragment volume. Thus:

D(v ′, v) =

[σ

1
v

 −(v − vmean )2 

exp 
2σ v 2
2π



]

[11]

Coalescence frequency, K
The coalescence frequency is assumed to be independent of
bubble size (Prince and Blanch20) and is modelled as a global
parameter determined by the hydrodynamic conditions in the
cell. Combining equations [6] and [7], and substituting
specific power, P/V for rate of energy dissipation (ε), the
following expression for the coalescence frequency is
proposed:

K = C1 ( P / V )

1/ 3

[

exp − C2 ( P / V )

1/ 3

]

bubble number fraction and the impeller pumping rate. It is
assumed that the fluid flow rate from the bulk zone to the
impeller zone is equal to the impeller pumping rate and that
the probability of a bubble recirculating from the bulk to the
impeller region, R(v), is a function of the bubble size.
Though there is no available literature on the influence of
bubble size on recirculation frequency, it is known that
smaller bubbles are more likely to be recirculated as they
have lower rise velocities. As such a relationship is proposed
for R(v) based on the bubble rise velocity:

R(v) =

C1
U (v )

[14]

Bubble rise velocity, U(v)
Bubble rise velocity is estimated using Karamanev’s13
correlation for the terminal rise velocity of air bubbles in
water containing a high concentration of surfactant. The
expression is:

U (v) = 37.1d 1 / 2

[15]

Dynamic population balance simulation
As an analytical solution of the population balance equation
is not possible, a numerical technique is required. This is
done by transforming the population balance equation into a
system of differential equations by discretizing the range of
bubble volumes. In this study the volume range of bubbles
was divided into 20 classes geometrically spaced from
0.2 mm to 5 mm, typical of the range of bubble sizes
observed in industrial flotation cells. Initial values for the
constants in the various balance functions are assumed, and
a dynamic simulation of the drop population with a variable
time step is run using Microsoft Excel. A least squares solver
technique is used to fit the simulation results to actual
industrial data so that the constants in the various functions
can be approximated. Figure 5 shows an example of some
typical results of a dynamic bubble population balance in a
hypothetical flotation cell using the physical parameters of
the 2.8 m3 flotation cell employed by Gorain10 et al., in the
original k-Sb testwork.
In Figure 5, which depicts the bubble size distribution in
the bulk zone of the hypothetical flotation cell calculated
from bubble volumes, it can be seen that the distribution

[12]

The constant C2 represents the coalescence, or filmthinning, time and is a function of frother concentration. The
number of coalescence events, Nc(vi’ vj), between bubbles of
volumes vi and vj is expressed in terms of the probability of
these bubbles colliding, and is given by the product of their
respective number fractions (ci’ cj) multiplied by the overall
coalescence rate. Thus:

(

)

Nc vi ' v j = KNb (T )ci c j

[13]

Gas recirculation, R (v)

The Journal of The South African Institute of Mining and Metallurgy

Figure 5—Sample results of a dynamic bubble population balance
simulation
JULY/AUGUST 1998

183

▲

The overall rate of gas recirculation from the bulk zone to the
impeller zone of a flotation cell can be calculated from the
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moves from a normal distribution about a large bubble size
(an input to the simulation) through a bimodal distribution,
to a log-normal steady-state distribution. These trends mimic
those observed from industrial bubble size data and provide
encouragement that the population balance can be used to
successfully predict Sauter mean bubble size in industrial
flotation cells.

NB (T)

Total number of bubbles in bulk zone per unit
volume, [m-3]

Nd

Number of daughter fragments per breakage event

ni

Number of bubbles of n volume class i per unit
volume, [-3]

NI(v,t)

Future work

NWe

The population balance model presented in this paper
represents the fundamental framework for prediction of
bubble size distribution in flotation cells. The various
functional forms presented for the events incorporated in the
balance are preliminary proposals, and must be investigated
further before a comprehensive model can be obtained.
Ultimately, the model will be fitted to a wide range of
industrial flotation data in order to fine tune the various
balance functions and obtain an operating range for the
constants in the functions. One particularly powerful outcome
that is expected from the exercise is the functional
dependency of coalescence frequency on frother concentration. By evaluating the frother concentration term in the
coalescence frequency function for known values of frother
concentration, a correlation can be derived which will allow
the prediction of the coalescence rate based on frother
concentration.
Once a robust population balance model is obtained,
virtually all cell operating parameters will be able to be
predicted. In addition to Sauter mean bubble diameter, the
equilibrium gas holdup can be determined, and the influence
of cell parameters such as power input, air flow rate, cell
geometry and pulp density on bubble size distribution can be
readily predicted. This knowledge will enable optimization of
the performance of a flotation cell and will allow accurate
design and simulation of flotation circuits. It is also hoped
that insight gained into the fundamentals of gas dispersion
will provide the impetus for the design of more efficient
flotation cells.

P

Number of bubbles of vol. v in impeller region per
unit vol., [-3]
ρ ub2d
Weber number =
σ
Mechanical power input, [W]

QI

Pumping rate of impeller, [m3/s]

R(v)

Recycle frequency of bubbles with volume v, [s-1]

rb

Radius of bubble, [m].

tij

Coalescence time for bubbles in volume classes i
and j, [s]

ub2

Mean square velocity over distance equal to d.

Nomenclature

U(v)

Bubble rise velocity, [cm/s]

v

Volume of bubble, [m3]

V

Volume of flotation cell, [m3]

v´

Volume of parent bubble, [m3]

Vi

Volume of impeller region, [m3]

v mean

Mean daughter fragment volume, [m3]

Greek symbols
λij

Attachment efficiency between bubbles from
classes i and j,

θij

Collision efficiency between bubbles from classes
i and j, [s-1]

ε

Specific energy dissipation rate, [W/m3]

φ

Gas holdup

µ

Viscosity [kg/m/s]

ρ

Density, [kg/m3]

σ

Surface tension, [N/m]

σv

Standard deviation of daughter fragment
distribution

τij

Contact time between bubbles from classes
i and j, [s]

AB

Flotation cell bulk region cross-sectional area, [m2]

B(v)

Breakage frequency of bubble with volume v, [s-1]

C1,2...

Empirical constants

ci

Number fraction of bubbles with volume i

d

Bubble diameter, [m]

D

Impeller diameter, [m]

2. ARBITER, N., HARRIS, C.C. and YAP, R.F. Hydrodynamics of Flotation Cells.
Transactions of the Society of Mining Engineers, AIME, vol. 244, 1969.
pp. 134–148.

D(v′,v)

Distribution function for daughter fragments from
drop breakage

3. CALABRESE, R.V., WANG, C.Y. and BRYNER, N.P. Drop breakup in turbulent
stirred-tank contactors: Part III: correlation for mean size and drop size
distribution. A.I.C.H.E. Journal, 32, 1986b.

dmax

Maximum stable bubble diameter, [m]

ds

Sauter mean bubble diameter, [m]

4. CALDERBANK, P.H. Gas Adsorption from Bubbles. The Chem. Engr., 45,
CE209, 1967.

K

Coalescence frequency, {s-1]

N

Impeller rotational speed, [rev/s]

no(v, t)

Number of new bubbles sparged with volume v

NB

Number of bubbles of vol. v in bulk zone per
unit volume, [m-3]
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The Department presently has strong research
programmes in Minerals Processing, led by Professor Cyril
O’Connor, Peter Gaylard, Martin Harris, Dave Deglon, Dr
Peter Harris and Dr Dee Bradshaw, Bioprocess engineering
led by Professor Sue Harrison, Minerals bioprocessing led by
Professor Geoff Hansford, Catalytic processing led by
Professor Cyril O’ Connor, Professor Mark Dry, Dr Klaus
Moller and Dr Eric van Steen, Engineering education led by
Professor Duncan Fraser and Jenny Case, Environmental
processing led by Professor Jim Petrie, Dr Alison Lewis and
Dr John Raimondo and Process systems engineering led by
Professor Chris Swartz and Professor Duncan Fraser.
Since the beginning of 1996, the Mineral Processing
Research Group in the Department of Chemical Engineering at
UCT has, in association with the Julius Kruttschnitt Mineral
Research Centre (JKMRC) at the University of Queensland in
Brisbane, been involved in the flotation module of the
Australian Mineral Industry Research Association (AMIRA)
Research Project P9L entitled ‘The Optimization of Mineral
Processes By Modelling and Simulation’. This involvement
has been extended at the beginning of 1997 to include participation in the comminution research module of the above
project by Professor Gerald Nurick and Dr Malcolm Powell of
the Department of Mechanical Engineering at UCT. By the end
of 1997 the P9 Project had 28 sponsors worldwide, 7 of
which are South African companies. Recognising the needs of
these South African companies, the UCT Comminution and
Flotation Research Group and the JKMRC have agreed to
extend their research co-operation by forming a Collaborative
Research Venture with the South African P9L sponsors, to
enhance South African participation in the project. ◆
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The University of Cape Town was founded in 1829 as the
South African College and later constituted by Charter in
1918. The first degree in Chemical Engineering was awarded
in 1922 and since then the Department has expanded considerably and a wide range of research activities has developed.
The Department endorses UCT’s overall mission statement
which is to be an outstanding teaching and research
institution, educating students for life and addressing the
challenges facing our society.
The Chemical Engineering programme at the University of
Cape Town is the oldest in South Africa and traditionally has
produced a large number of graduates for the mining and
other industries in the country. In recent years an added
focus has been to promote the advancement of students from
disadvantaged backgrounds. Thanks to generous donations
from industry, an academic support programme has been
established in the first and second years of study. More than
three-quarters of the undergraduate student population enjoy
financial support by way of bursaries awarded to them by
industry to fund their studies.
The Department enjoys excellent relationships with a
wide range of industrial and academic organizations both
within South Africa and in foreign countries. A significant
number of high quality postgraduate students are attracted
from its own undergraduate student body as well as from
other South African and, latterly, many overseas universities.
It also is actively pursuing, with other universities,
programmes involving the exchange of senior undergraduate
students for their undergraduate research projects and in
particular has an active exchange programme with the
University of Karlsruhe and the Delft University of
Technology.
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