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ABSTRACT
Entrainment, a well known process occurring in any flotation cell, can be defined as lhe
undesirable and unpreventable classification of ore particles based exclusively upon size and
density which happens in varying degree simultaneously to lhe true flotation process. Being
independent of particle surface properties, entrainment can be highly detrimental to the
selectivity of flotation operations. The extent of lhe entrainment process is usually associated
with lhe recovery of feed water to lhe cell concentrate which accounts for lhe common plant
practice of keeping lhe feed water recovery to a minimum. Throughout lhis work, entrainment
has been divided into lhree sub-processes by which (i) some of lhe low inertia particles present
in the pulp region of lhe cell are caught by strong water streamlines and are carried away from
the impeller boundaries, (ii) as a consequence, a suspension of lhese particles is generated in
lhe top leveis of lhe pulp region and (iii) small amounts of lhis suspension are continuously
pushed up into lhe frolh region by ascending air bubbles. This approach, plus lhe assumption
that entrained particles drain from the froth at the sarne

r~te

as that of water, allow the

development of a model for the entrainment process which contains only a single empírica!
parameter. Such a parameter can be estimated by fitting down-lhe-bank data from lhe fine size
intervals of lhe non-floatable gangue. Conversion to the valuable mineral is based simply upon
the density ratio. Published laboratorial data as well as industrial data from the Kambalda
nickel circuit (Australia) were used for lhe preliminary validation of lhe model.
KEY WORDS: 1: Flotation, 2: Entrainment, 3: Modelling, 4: Simulation.

1. INTRODUCTION

There are at least two well known processes by which ore particles report to lhe concentrate of a
conventional flotation cell; namely troe flotation and entrainment.
ln lhe true flotation process, ore particles adhere to gas bubbles due to eilher natural or induced
surface hydrophobicity. Efficient true flotation is dependent upon the success of three subprocesses: (i) bubble particle collision, (ii) bubble hydrophobic particle attachment and (iii)
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transport of lhe bubble-particle aggregates to lhe concentrate launder against detachment forces
[ 1,2,3]. Process selectivity is achieved via adjustrnent of pulp chemical environme.tt (collector
type and concentration, activators, depressants, pH, Eh, etc) in order to ensure an appropriate
difference between the hydrophobicity of valuable and non-valuable particles. A varying
amount of gangue is always recovered locked in composite particles as , due to economical
considerations, complete liberation is not usually attempted.
ln the entrainment process, low inertia particles simply follow lhe water transfer to either
concentrate or tailing strcam irrespective of any surface property. Despite lhe fact that some
fine valuable particles can be recovered by entrainment, lhe process is always a drawback for
two major reasons: (a) it allows the recovery of bolh liberated gangue and low grade composite
particles wilh consequent decrease in the concentrate grade; (b) under standard plant operation
most of lhe entrained particles (valuable and gangue) are carried along to the tailings according
to the usual water split with consequent decrease in the recovery of valuables. Entrainment is
an even more serious problem when processing low grade fine disseminated ores,
The entrainment process has been extensively investigated and a linear relationship between
water recovery and solids entrainment recovery, as presented in Figure I [4) has been verified
by severa! authors [5,6,7,8,9]. lt has been shown that such relationship holds above a
minimum feed water recovery [8,9] . The influence of pulp density is highlighted as well in
Figure I. It is generally accepted that the extent of entrainment can be minimised via lhe control
of operational factors which affect feed water recovery, such as air flowrate , overall bubble
surface arca and froth drainage characteristics [4,9,10,11,12].
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Figure I - The clcaner at Mount Lyell, showing lhe effect of pulp dilution
on lhe ganguclwater ratio in lhe concentrate [I).
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Figure 2 - Effect of particle size on lhe degree of entrainment for hydrophobic silicà.

Table I - Effect of particle density on lhe degree of entrainment in a Hallimond tube. For each
solid Dso represents lhe particle size which prescnts a 50% chance of entrainment.

I

Solid

Density (g/cm3)

Dso (~m)

I
'

Fe(Ni)

8.00

22

NiS

5.40

50

Fe304

5.20

50

ZnS

4.00

76

MgC03

2.94

120

mica

2.93

245

CaC03

2.71

145

Si02

2.65

134

bones

2.17

178

NaCI

2.17

21
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Under correct cell opcration, a quiescent zone, ie. a zonc with relative low turbulence, must
exist undemcath the froth rcgion. The main rcasons are both to prevcnt froth shacking, which
would otherwise lead to decreasing attached parti ele recovery, and to kecp water streamlines
from crossing the pulp-froth interface, which would bring along a load of non-entrained
particles. According to the latter, under proper operational conditions, water may only enter the
froth region via an indirect mechanism. ln fact water recovery tend to increase with increasing
overall bubble surface arca, ie. incrcasing air flow rate and decreasing individual bubble size.
The froth region can be scen as a barricr which physically separates the valuable mineral
particles attached to thc ascending bubblcs from those in the gangue-rich suspension existing
underneath the pulp-froth interface.

However, as small amounts of this suspension are

continuously introduced in thc froth base, such a barrier is not impervious and entrained
particles are always present in the froth region suspended in the water between the bubbles.
Drainagc of water, and consequently of entrained particles, occurs throughout the froth. Moys
[13] investigating a continuously operated froth, observcd a dccrease in ganguc content from
about 80% to 40% right above the pulp-froth interface (first 5 cm) and from about 40% to 5%
o ver the upper 25 cm. It is considercd that a froth with chàracteristics which favour drainage
(such as high depth with large bubbles and loose structure) is advantageous for grades. On the
othcr hand, owing to lower drainage, a closely knit froth tcnd to increase recovery of both
attached and entrained particles [ 14]. Drainagc of the inter-bubble suspension can be improved
by creating a negative water bias via the introduction of washing water on lhe top of the froth
region. Washing watcr has a strong cffect on feed watcr rejection which is recognised as one
of lhe major advantages of industrial column flotation [ 12].
The effect of particle sizc, as presented in Figure 2[6,15,16]. has bcen well cstablishcd in the
literature, with rccovery by entrainment incrcasing with dccreasing particle size. The effect
parti ele density is prcsented in table I [I 7 j.
Subrahmanyan and Forssbcrg [14] stresscd lhe non-selcctivity of entrainmcnt in opposition to
true llotation and referred to the work of Engelberg and Woodbum [9] who obscrved a linear
relationship bctwecn mineral and watcr recovery in the case of fine hydrophobic pyritc and fine
hydrophobic sílica.

Undcr the sarne conditions coarse pyrite recovcry was fourd to be

dependent upon hydrophobicity.

2. THE CAUSES OF THE ENTRAINMENT PROCESS
Smith and Warrcn , in a classical papcr [7], recognised that lhe most common mechanisms
proposed to explain cntrainment are:
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a) Water is dragged along by bubble walls, ie. water is carried upwards in the bubble's
hydrodynarnic layer [18].
b) Water is transported in the wak.e of an ascending bubble [ 19].
Via relatively simple and sound calculations, the sarne authors demonstrated lhat none of lhese
mechanisms alone can account for lhe water content usually verified in flotation frolhs. ln this
sen5e a lhird mechanism was suggested to be dominant:
c) Water is mechanically pushed up into the frolh region by ascending swarms of bubbles.
The lhird mechanism Ieads to the simple assumption lhat at the bottom of lhe frolh region lhe
concentration of entrained parúcles in the inter bubble suspension is the sarne as lhat on lhe top
of lhe pulp region.
ln lhe present work, as discussed in more detail throughout lhe following sections, entrainment
is dived into lhree sub-processes occurring in succession within the collection and quiescent
zones as well as in the frolh region of a conventional flotation cell . lt is suggested that the
primary cause of entrainment is lhe increasing tendency that low inertia particles present of
following the water strearnlines under lhe highly turbulent conditions prevailing in the pulp
region. An assumption is made that under a limited impeller velocity, heavy particles tend to
concentrate in lhe lower leveis of lhe cell, whereas light parúcles are homogeneously spread ali
over the cell pulp volume. Therefore light particles would present a higher relative
concentration undemealh lhe pulp-frolh interface. Woodburn et ai . [20] carrying out tracer tests
in a continuously operated flotation cell under "no flotation conditions" , ie. without collector
and froth add1tion, showed that the relative residence time inside the cell increased with
decreasing parúcle size.

3. QUALITATIVE DESCRIPTION OF THE ENTRAINMENT PROCESS
3.1 Entrainment in the Collection Zone
The impeller in a conventional flotation cell has a dual function , ie. to suspend ore particle as
well as to supply air bubbles wilh enough energy so that bubble-particle collision can occur.
However, under lhe usual operational conditions of a conventional cell, owing to thc flow
pattern lhat has to be generated in order to suspend lhe pulp, many of the low incrtia particles
are caught by strong water strearnlines andare withdrawn from lhe collection zone before even
having a chance of collision wilh air bubbles. Along lhesc streamlines thc chances of collision
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are quite small as, in lhis case, bolh bubbles and particles tend to move on lhe sarne direction
wilh similar velocity. Collision is most likely to occur for particles whose trajectories intercept
lhe high energy bubbles wilhin lhe impeller boundaries.
The extent of entrainment increases wilh decreasing particle inertia. Therefore fine particles
tend to be suspended homogeneously all over lhe pulp volume while coarse particles tend to
accumulate on lhe lower leveis of lhe cell closer to lhe impeller. That would account for lhe
generally known difficulties regarding selective recovery of fines in conventional flotation. If
in on hand suspended particles of colloidal dimensions are not likely to be recovered by true
flotation even when presenting total hydrophobicity, on the olher hand lheir recovery by
entrainment can be quite confidently assumed as equal to lhe feed water recovery.
lt is interesting to note lhat, wilhin a given size distribution, lhe fine size intervals are generally

lhe most liberated ones and lhus should present lhe best separability between lhe valuable
mineral and gangue. As long as lhese particlcs tend to follow the water partion curve, lhe
restriction imposed by entrainment is detrimcntal not only to concentrate grade but as well to
concentrate recovery once most of lhe water flow is directed to lhe tailings.

3.2. Entrainment in the Quiescent Zone
As a consequence of lhe flow pattern in the pulp region of a conventional cell, a dynamic
suspension of low inertia particles is generated in lhe pulp top leveis. Ascending gas bubbles
cross lhis suspension and carry along water and cntrained particles into lhe froth region. ln lhis
sense lhe concentration of entraincd particlcs in lhe bottom layers of lhe frolh should be very
close to lhat in lhe quiescent zone suspension once no significant size classification is involved
in this sub-process (prcdominant mechanism C, scction 2). Many of lhe bubbles collapse on
reaching lhe pulp frolh interface releasing their load of attached and entrained particles back to
lhe pulp region.
Therefore the flowrate of entraincd particles of a given size interval into the frolh region is
directly related to bolh lhe overall gas surface effcctively entcring this region and to lhe
concentration (mass of suspended particlcs I unit watcr volume) of such particles in the
quiescent zone. This approach is in perfect concordance wilh the industrial data presented in
Figure I, as far as increasing ovcrall gas surface leads to increasing feed water recovery;
whereas increasing pulp density leads to incrcasing particle-eoncentration in lhe quiescent zone.

3.3. Entrainment in the Froth Region
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As soon as a bubble enters the froth region the drainage of its surrounding suspension starts.
At sarne time, due to the continuous arrival of bubbles at the pulp-froth interface, the froth
region presents an net upward velocity. The amount of entrained particles that ultimately report
to the cell concentrate is thus deterrnined by the balance of two opposing tendencies: a) the
upward velocity of inter bubble water which is given by the ascending velocity of bubbles
across the froth and b) the downward drainage of fced water.
Two modes of drainage in the froth region are described by Cutting [21]:
a) Film water drainage - in which water and solids drain around the air bubbles. This
mechanism is present in the whole froth structure, and proceeds at low rate over the whole froth
volume.
b) Column drainage - in which material descends rapidly at single verticallocations in the froth.
This can occur anywhere in plan location and starts at any vertical position where local
concentration of solids invert thc hydrostatic gradicnt in the froth. Such a condition is unstable
and, in a f1uid froth, results in local collapsc and consequent downward movement. The
accumulation of the solids bellow aggravates the instability, creating an avalanche effect, which
results in a rapid movement of material from the point of nucleation down into the pulp
sweeping all in its path. The columns are limited usually to about I cm2 in cross-sectional area.
Experimental results presented in the sarne work [21] indica te a decrease in water content from
about 25% to 3% of froth volume across a froth height of 20 cm approximately.

4. QUANTITATIVE DESCRIPTION OF THE ENTRAINMENT PROCESS

4.1. Mass Transfer Fractions
ln order to quantitatively describe the mass transfer involvcd in thc cntrainmcnt processing of
particles of a given mineral the following admensionals are proposed:
Efin = Entrainment fraction of size i in the nth cell of a f1otation bank. This admensional

represents the fraction of particles of size i of a given mineral which are processed by
entrainment in the nth cell (including both pulp and froth effccts). The f1owrate of entrained
particles in the concentrate is given by : CE;.= Efin ·(W· - W· • •)IW. , wherc w. represents the
f1owrate of water in the feed to the nth cell. On thc other hand, the f1owrate of entrained
particles to the tailíngs is given by: TE;. = Efi. w•• ,, w.. Under usual plant operation w•• , is
close to

w.

which implies that TE;.» CE•· .
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Sfi = Streamline fraction of size interval i. This admensional indicates the extent of entrainment
in the pulp among panicles of sire interval i. 1t is given by the ratio of the concentration of
particles of sire i in the quiescent zone to that in the feed to the cell. This fraction is expected to
be an exclusive function of particle size, mineral density and flow pattern in the pulp region.
No influence of hydrophobicity is considered. lt is not supposed to be cell dependent as the
cells of a flotation bank usually operate under approxirnately lhe sarne irnpeller velocity and as
differences in air flowrate are not likely to affect particle suspension capability.
Dfin = Drainage fraction of sire interval i from the froth of lhe nth cell. This fraction is given

by lhe ratio of the drainage of particles of size i to lhat of water and allows for differences in
particle settling velocities to be accounted for. The drainage fraction is considered to be
exclusivcly dependent on particlc sire and dcnsity as wcll as froth characteristics.
Wfn = Water split in the froth of the nth cell. It is given by the ratio of lhe flowrate of water

drained frorn the froth to the llowratc of water in the concentrate of cell n.

4.2. Mass Balance Equations
Assurning that the only way libcratcd non-floatable gangue panicles can repon to the
concentrate of convcntional flotation cells is via entrainrnent, the down-the-bank rnass balance
for such particles is given by (22(:

(I)

where

F;.

rcpresents thc flowratc of libcratcd non-floatable ganguc particles of sire intcrval i in

thc feed to the nlh ccll.
According to thc dcfínitions in scction 4.1 . thc rnass balance across the froth gives [22(:

Efln = Sfl [ l+Wjn(l-Dfln)]
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(2)

4.3 Parameterisation of the Entrainment Process
As it was said entrainment in lhe collection zone is considered to be a process of classification
based upon size and density. However, as a sharp classification is not likely, this process was
modelled via a function of the hyperbolic secant form as usual for incomplete classification
processes:

Sfi

=-

2

- - ----:-,--- - - - = exp(+l.3J7xi/~J + exp(-1.317xi/~J

(3)

where x; represents lhe nominal particle diameter of size interval i and .; is the entrainment
parameter. The constant values in equation (3) were set up in order that .; would represent the
size interval at which 50% of lhe particles are processed by entrainment. lt must bc emphasised
that the entrainment parameler is independenl of particle size. The grealer the value of .; the
higher lhe magnitude of entrainment in lhe pulp region. It is important to note thal, when
considering particles of similar density in different size intervals, lhe probability of entrainment
in the pulp, ie. Sf'•· increases with decreasing particle size. Howevcr, among particles of
similar densily in lhe sarne size inlerval, whelher a given particle will be entrained or not is
exclusively dependenl upon the initial coordinates of lhe particle in lhe fiow pattem generated in
lhe pulp region of lhe cell.
As stated in section 3.2, there is no significant mechanism of classificalion involved in the
entrainment of suspended particles in the quiescent zone. Therefore no paramelerisation is
necessary for this sub-process.
For lhe mathematical description of the drainage of entrained particles in the froth region ,
considering lhe low residence time of water in the frolh region [ 13,211. an assumplion is made
that lhe downward velocity of drained water is significantly higher lhan the settling velocities of
the entrained particles. According to lhis approach, waler and entrained particles would drain
approximately at lhe sarne rate, ie.:

DJ;n = 1

(4)

ln lhis sense there is no significant size classification of entrained particles occurring in lhe frolh
and according to equation (2): Ef;. = Sfl .
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(b) size interval = 22.05

~rn.

S. ESTIMA TION OF THE ENTRAINED PARA METER USING FINE SIZE

INTERVALS OF NON-FLOATABLE GANGUE.
If liberation is approximately known and if lhere is available data on the gangue size-by-size
recovery , it is possible to use lhe fine intervals of liberated gangue as tracers and fit lhe
entrainment parameter so that lhe difference between observed and simulated gangue recovery
values is iteratively set to a minimum. The numerical procedure relays on lhe minimisation of a
SSQ function under lhe boundary conditions imposed by cquation (I) and (2). Once lhe value
of .; is estimated for lhe gangue, conversion to the valuable mineral is based upon the
difference between spccific densities according to lhe proposcd cquation [22]:

}:.

':J vtJlutJbl~

= PtMI"' -

p>alwbl• -

Ppulp }:.

(5)

':Jgangl.lt'

ppu1p

ln equation (5),. ç,_,., is an indicator of lhe flow pattcm of particles of a given dcnsity inside
the flotation cell. The pulp density was includcd in ordcr to account for particlc buoyancy.
Obviously heavier particles present higher inertia and are less subjcct to cntrainment, which
accounts for lhe inverse proportionality between ç,.L•""L' and. (p"L""b'•-PpuJp).
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Figure 5 - Comparison between data published in the literaturc and results of simulation via
cquation (5}.
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6. PRELIMINARY MODEL VALIDA TION

v,.

Data from table I was used in order to investigate Equation (5) as Drzymala's
concept is
very similar to lhe definition of Ç. Silica was arbitrarily chosen as the gangue and the pulp
density in Drzymala's tests was assumed as that of pure water. The results are displayed in
Figure 3. A straight line of unitary inclination represents Equation (5). Not ali the points in
Table I were plot in Figure 3 as Equation (5) does not hold for either special particle shape or
materiais of low density nor soluble materiais.
Down-the-bank industrial data from the Kambalda nickel circuit (23) was used for the
investigation of equations (3) and (4) following the melhodology described in section 5. Fitting
of lhe entrainment parameter resulted in .; = 24.89 J.lm . Further results are presented in Figures
4 and 5.

7. CONCLUSIONS
A simple model for the entrainment process based upon a single empírica! parameter has been

presented. The model structure is composed of two analytical and three empirical equations.
Preliminary model validation has brought very positive results. One of lhe empirical equations
agreed well wilh published data and the use of industrial data showed a case in which the model
was able to fit eighteen experimental points from two different sizc intervals via its single
empirical parameter.
However, lhe validation of one of the current model assumptions, namely that entrainment in
conventional llotation cclls is a classification proccss occurring primarily in lhe pulp region, is
still to be corroboratcd. ln this sense thc investigation can be dividcd in two parts: a) carrying
out tracer tests across the froth region and b) measurement of thc degree of differential particle
suspensibility in conventional llotation cells, ie. differences in particle size concentration in
various points of the pulp rcgion. For the latter there are at least two appropriated procedures:
b I) switching off lhe air llowratc and carrying out conccntration measurements in an industrial
llotation cell mixcd under diffcrcnt impcllcr vclocitics; b2) opcrating thc cell under normal
conditions and using a dcvice which is ablc to samplc thc cntrainmcnt particle suspcnsion in lhe
quiescent zone by collecting the suspended particles but not the ones attached to air bubbles.
Data collection via thc first melhodology has already startcd by the JK centre's llotation group.
A simple device which works according to the sccond methodology has been designed in this

centre and performcd cxccptionally well undcr laboratory conditions.
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It should be clear that, in order to incorporate the cases where classification in the froth is
significant, the current model can be extended by simply connecting the drainage fraction to an
empirical parameter via a size dependent relationship.
The present work constitutes a module of a comprehensive semi-empirical model for the
industrial flotation process called Active Sites [22] . Such a model has been developed by first
identifying and connection the principal flotation sub-processes to a set of mass balance
equations and then by describing each one of these sub-processes in as much detail as possible
with the minimum number of empirical parameters.

8. ACKNOWLEDGMENTS
Currcnt research has been supported by funds from the Brazilian Govcrnment (CAPES) and
AMIRA (P9K project). M. A. Vera and B. K. Gorain are gratefully acknowlcdged for valuable
discussion over thc development of this work.

9. REFERENCES
1-

Suther1and, K.L.. 1948. Kinetics of the Flotation Proccss. J. Phys. Chem., 52, pp 394424.

2-

Jameson, G. 1. , Nam, S. and Moo Young M.. 1977. Physica1 Factors Affecting
Recovery Rates in Flotation, Mineral Sei. Engng Vol9, No 3.

3-

Shulze, H.J. , 1984, Physico-Chemica1 Elemcntary Processes in F1otation. Elsevier,
Amsterdam.

4-

Lynch, A.J. , Johnson , N.W .. Man1apig, E.V. and Thorne, C.G., 1981. Mineral and
Coai Flotation Circuits- Their Simulation and Control, Elscvicr, Amsterdam.

5-

Ross, V.E., 1991. Comparison of Methods for Evaluation of True Flotation and
Entrainment. Tran. Insts. Min. Metall. (section C: Min. Proccss. Extr. Mctall.), 100.

6-

Maachar, A and Dobby, C.S., 1992. Measurement of Feed Water Recovery and
Entrainment Solids Recovery in Flotation Columns. Canadian Metallurgical Quarterly.
Vol31, No 3, pp 167-172.

7-

Smith, P.G. and Warrcn L.J ., 1989. Entrainment of Particles into Flotation Froths.
Mineral Processing and Extractivc Mctallurgy Review, Vol aS, pp 123-145.

8-

Laplant, AR., Kaya, M. and Smith, M.W .. 1989. Thc Effcct of Froth on Flotation
Kinetics - A Mass Transfer Approach. Mineral Proccssing and Extractive Mctallurgy
Review , Vol 5, pp 147-168.

9-

Engelbreaht, J.A. and Woodburn E.T. 1975. The cffcct of Froth Hcight, Aeration Rate
and Gas Precipitation on Flotation. J .S. Afr. lNst. Min. Metal I., Vol 76, 125-132.
498

10-

Yianatos, J.B .. Espinosa-Gomes, R., Finch, J.A., Laplant, A.R. and Dobby, G .S.,
1987. Trans. Insl. Min . MetaJI. (seclion C) 96, 199.

11-

Falutsu, M. and Dobby, G.S. , 1992. Froth Performance in Convenlional Sized
Columns. MineraJ Engineering' 92, Vancouver. Mineral Eng. 5, pp 1207-1223.

12-

Alford, R.A. 1991. Modelling and Design of Flotalion Column Circuits. PhD Thesis.
University of Queensland.

13-

Moys, M.H., 1989. Mass Transport in Flotation Froths. Mineral Processing and
Extractive Metallurgy Review, Vol 5, pp 203-228.

14-

Subrahmanyan, T.Y. and Forssberg, E, 1988. Frolh Stability, Particle Enlrainment and
Drainage in Flotation- A Rcvicw. lntemational Journal of MineraJ Processing, 23, pp 3353.

15-

Trahar, W.J., 1981. lnternational Journal of Mineral Processing, 8, 289.

16-

Dionne, C.H ., 1989. B.A.Sc . Thesis, Departmenl of Geological and Mineral
Engineering, University ofToronto, Canada.

17 -

Drzymala, J., 1994. Charactcrisalion of Materiais by Hallimond Tube Flotalion. Part I:
Maximum Size of Entrained Panicles. lnternational Journal of Mineral Proccssing, 42, pp
139-152.

18-

Gaudin, A.M., 1957. Flotation. McGraw Hill, New York.

19-

Smith, C. , 1985. PhD thesis , Univcrsily of Quecnsland, Unpublished.

20-

Woodburn, E.T., King , R.P . and Colhurn, R.P ., 1971. The Effect of Particle Size
Distribution on the Pcrformam:e of a Phosphate Flotation Process. Metallurgical
Transactions, Yol2, pp 3163-3174.

21-

Culling, G .W., 1989. Effccl of Froth Structure and Mobility on Plant Performance.
Mineral Proccssing and Extractive Metallurgy Rcvicw , Yol 5, pp 169-201.

22-

Savassi, O.N., 1994. Dcvclopmcntof a Comprchcnsivc Semi-Empirical Model for lhe
Industrial Flotation Process. Amira Rcport , Projcct P9K, Julius Krullschnill Mineral
Research Centre, Univcrsity of Quccnsland.

23-

Gorain, B.K ., 1993. A Flotalion Study on Kambalda Nickcl Opcralion. AMIRA Repon ,
Julius Kruuschnill Mineral Research Centre, University of Queensland .

499

