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Conditioning in the flotation of gold, uranium
oxide, and pyrite

by F.J.N. STASSEN*

SYNOPSIS
The effect of conditioning energy on the flotation of gold, UaOe, and pyrite was investigated in the range 0,1 to

100 kWh per tonne of dry ore for various combinations of conditioning time and impeller speed in a cylindrical con-
ditioning tank. It was found that, when the conditioning energy was increased to between 5 and 10 kWh per tonne
of dry ore, the total recovery and flotation rate of the valuable minerals (expressed as Klimpel parameters) increas-
ed substantially. The Klimpel parameters are dependent on conditioning energy, but are independent of condition-
ing time or impeller speed (at constant conditioning energy). The Klimpel parameters of the gangue are indepen-
dent of conditioning energy.

SAMEV A TTING
Die uitwerking van die kondisioneringsenergie op die flottasie van goud, UaOe, en piriet is met verskillende

kombinasies van kondisioneertyd en stuwerspoed in 'n silindriese kondisioneertenk oor die strek 0,1 tot 100 kWh
per ton droe erts ondersoek. Daar isgevind dat indien die kondisioneringsenergie tot tussen 5 en 10 kWh per ton
droe erts verhoog word, die herwinning en flottasietempo van die waardevolle minerale (uitgedruk as
Klimpelparameters) aansienlik toeneem. Die Klimpelparameters is afhanklik van die kondisioneringsenergie en
onafhanklik van die kondisioneertyd of stuwerspoed (by 'n konstante kondisioneringsenergie). Die Klimpelparameters
van die uitskot is onafhanklik van die kondisionereingsenergie.

Introduction
The effect of conditioning has been widely studied for

agglomeration flotation and is discussed elsewhere'.
Corresponding data for froth flotation are scarce and
sketchy. However, it has been shown that conditioning
energy, often expressed as conditioning time at constant
impeller speed or as impeller speed at constant condition-
ing time, has a pronounced effect on the recovery and
flotation rate of valuable minerals and on the grade of
the concentrate2-1O. The most important results are
summarized below.

Flotation Rate. During the froth flotation of gold,
030S, pyrite, and arsenide and sulphide minerals3-9, the
flotation rate can be increased by an increase in condi-
tioning energy until a limit is reached. The flotation rate
of the gangue (normally silica or silicate minerals) can
decrease3, or stay constant6, or increase marginallyS, with
increasing conditioning energy.

Recovery. The total recovery of nickel sulphide
minerals2 and copper minerals (mainly malachite)1O can
be increased by an increase in conditioning energy until
a limit is reached. The equilibrium recovery of gold can
either stay constanf.7,9 or increase marginally until a
limit is reacheds,6,s. The equilibrium recovery of °30S
can stay constanf,6,S, or decreases, or decrease after an
initial increase7. The equilibrium recovery of pyrite can
either stay constanf,6,7 or increase marginallyS,S with in-
creasing conditioning energy. The equilibrium recovery
of arsenide and sulphide minerals is independent of con-
ditioning energ~. The equilibrium recovery of gangue
decreases with increasing conditioning energy3's.

. Formerly of Anglo Vaal Limited, Johannesburg; now P.O. Box
35110, Menlo Park, 0102 Transvaal.
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Grade. Normally the grade of the flotation concen-
trate in the froth flotation of copper minerals (mainly
malachite)10,gold3,S,6,s,°30S3,S,S,and pyrite3,s increases
with increasing conditioning energy until a limit is reach-
ed. However, it can also stay constant in the froth flota-
tion of gold9, °30S6, pyriteS,6,and arsenide and sulphide
minerals9. The increase in grade can be ascribed to a
reduced recovery of gangue, rather than to an increased
recovery of valuable mineral.

Because conditioning forms an integral part of flota-
tion and has a pronounced effect on both the recovery
and the flotation rate of valuable minerals, and because
of the financial implications consequently involved, it has
become imperative to make a thorough investigation of
the effect of conditioning on the flotation of Witwaters-
rand ore and to obtain an understanding of the more im-
portant parameters and mechanisms involved.

Experimental
Two samples of Witwatersrand ore (identified here as

ore A and ore B) were used in this investigation. The par-
ticle size was minus 10 mm and the analysis was as shown
in Table I. The samples were individually crushed in a
jaw crusher to minus 10 mesh (minus 1,68 mm), were
stored in drums, and were thoroughly mixed before use.
Ore samples of 2 kg were milled with 1 litre of water
(Rand Water Board) in a stainless-steel rod mill t065 per
cent minus 75 /Lm.

TABLE I
ANALYSIS OF THE ORE SAMPLES

Constituent

Gold, glt

U3O8, glt
Sulphur, %
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The experimental conditioning tank consisted of a
cylindrical PVC container with an inside diameter of
300 mm, a flat bottom, a height of 600 mm, and four ver-
tical baffles that were one-twelfth the tank diameter
(25 mm) at 90° to one another and that ended 10 mm
from the bottom. This size is the minimum for experimen-
tal workll if scale-up problems are to be avoided. The
impeller shaft was mounted centrally in the conditioning
tank, and was driven by a variable-speed electric motor.
The motor, driving gear, and gearbox formed a unit that
was mounted vertically on a vertically adjustable platform.
The impeller speed was measured by a photo-electric
tachometer.

The conditions during conditioning (Table II) were kept
constant, while the items shown in Table III were varied.
The conditioning time was measured from the moment
of reagent addition, and included only the time the pulp
was conditioned in the conditioning tank.

TABLE II
EXPERIMENTAL CONDITIONS DURING CONDITIONING

Flotation condition Value

Mass of ore, kg
Height of pulp, mm
Density of pulp, kg/m3
Temperature, .C
pH

Reagents, glt
CuSO.
Sodium n-propyl xanthate
Aeropromoter 3477

10
300
1300
25
11,5

100
60
15

TABLE III
EXPERIMENTAL VARIABLES

Variable Range

Pitched-blade impeller
N, r/min

t" min
D,mm
DID,
Number of tests: Ore A

Ore B

LIGHTNIN A31O impeller
N, rlmin
le, min
D,mm
HID,
Number of tests, Ore B

300 to 1100
4,5 to 72
75 to 150
0,25 to 0,50
72
44

500 to 1100
4,5 to 72
96 to 160
0,32 and 0,53
17

The conditioning occurred in the turbulent region, i.e.
Re>10000, with Re definedll as

Re =pD2INlp..

(All the symbols used are defined at the end of the
paper.) The power dissipated during conditioning is
givenll by

P = NppN3D',

with Np as a function of the system geometry and Reil.
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In the turbulent region, Np is independent of Re, and is
a function only of impeller type and system geometry.
For the suspension of solids, it is necessary to use an axial-
flow impellerll such as the pitched-blade impeller or the
hydrofoil or aerofoil impeller (e.g. the LIGHTNIN A31O
impeller). At standard geometry, Np is a constant for
each impeller type, e.g. 1,37 for the standard four-blade
pitched-blade impellerll and 0,30 for the LIGHTNIN
A31O impeller!2. By different combinations of these
variables, the conditioning energy in the tests was varied
over three orders of magnitude (0,1 to 100 kWh per tonne
of dry ore).

After the conditioning, the contents of the condition-
ing tank were split in a sample splitter, and 40 per cent
was used for flotation. Care was taken so that heavy par-
ticles could not stay behind and consequently cause large
losses of gold and pyrite.

Flotation was conducted in a laboratory-size 9-litre
Denver 12 flotation cell at an impeller speed of 1500 r/min
and at constant air-feed rate. Approximately 13 g/t of
tri-ethoxy butane was added to the conditioned pulp, and
the conditioning lasted for roughly 1 minute. Exactly 2
minutes after the conditioning had been completed, the
air inlet was opened and flotation started, the flotation
time being measured from that moment. Care was taken
to ensure a constant procedure and rate of froth removal
because Of the sensitivity of flotation rate to both the rate
and the method of froth removal.

Five samples of concentrate were taken for the follow-
ing periods: 0-1 min, 1-2 min, 2-4 min, 4-8 min, and
8-12 min. The five samples and the tailings were prepared,
and analysed for gold, U3O8' and sulphur (and thus
pyrite).

A curve was fitted to the cumulative recoveries of the
valuable minerals at the different flotation times so that
the Klimpel parameters, Rand k, used in the Klimpel
flotation-rate equation!3,

r = R[1 - (Ilk/rH1 - e-klf)],

could be determined.

Results
The Klimpel parameters for ore A are depicted in Figs.

1 and 2 as a function of the natural logarithm of the con-
ditioning energy. Similar results were obtained for ore B.

From the results it is clear that the conditioning energy
has a pronounced effect on both the equilibrium recovery
and the flotation rate of the valuable minerals (gold,
U3O8' and pyrite). If the conditioning energy is increased
to more than 5 to 10 kWh per tonne of dry ore, the
equilibrium recovery of the valuable minerals can be im-
proved as shown in Table IV.

If the conditioning energy is increased by the same
amount, the Klimpel flotation rate constant can also be
increased substantially, as shown in Table V.

From Fig. 1 it is clear that the relationship between the
natural logarithm of the conditioning energy and both
Klimpel parameters follows an S-shaped curve for the
three valuable minerals, which can be represented by the
modified Gompertz equation!4. For the system in which
the Klimpel parameters are a function of the logarithm
of the conditioning energy, this equation can be written as

In[(ct>max- ct»/(ct>max - ct>mio)] = -k:W.
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Fig. 1-Kllmpel parameters for gold and sulphur as a function of conditioning energy (pltched-blade Impeller at standard
geometry, ore A)

Without With
conditioning conditioning Improvement

Ore Mineral 070 070 070

OreA Gold 93,8 97,5 3,7
U3Os 40,1 47,9 7,8
Pyrite 92,7 97,6 4,9

Ore B Gold 95,8 97,7 1,9
U3Os 37,6 42,4 4,8
Pyrite 95,7 97,9 2,2

Without! With
Constit- conditioning conditioning Improvement

Ore uent min-I min-t (factor)

Ore A Gold 3,8 10,0 2,6
U3Os 1,4 3,0 2,1
Pyrite 1,5 9,1 6,1

Ore B Gold 4,7 11,1 2,4

U3Os 0,95 2,7 2,8
Pyrite 1,7 11,3 6,6

TABLE IV
EQUILIBRIUM RECOVERY OF VALUABLEMINERALS

This curve is characterized by a very small initial slope,
Le. nearly constant minimum values of the Klimpel
parameters (Rmin and kmin), followed by a period of
rapidly increasing slope (0,5 to 1 kWh/t), which gives way
to an interval of nearly constant slope, succeeded by a
period of rapidly decreasing slope approaching zero slope
(at above 5 to 10 kWh/t). The Klimpel parameters then
level off at a constant maximum value (Rmaxand kmax).

TABLE V
KLIMPEL FLOTATION RATE CONSTANT OF THE VALUABLE

MINERALS

Rmin, Rmax, kmin, and kmax are functions of both the type
of mineral and the type of ore.

.

Some scattering of the data occurs as a result of the
normal variability encountered in flotation testwork.

The minimum conditioning energy required for op-
timum flotation results lies in the range 5 to 10 kWh per
tonne of dry ore. This is in accord with the results of
previous investigators. WestonlS,16suggested the follow-
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Fig. 2-Kllmpel parameters for U30. and gangue as a function of conditioning energy (pltched-blade Impeller at standard
geometry, ore A)

ing for froth flotation: 0,3 to 2,0 kWh/t for copper
sulphide minerals, 0,15 to 0,6 kWh/t for molybdenum
sulphide minerals, and 0,6 to 4,0 kWh/t for nickel
sulphide minerals, but alleged that the energy may
amount to as much as 5 kWh/t. For agglomeration flota-
tion, conditioning energies of the same order have been
determined! .

No correlation between the amount of conditioning
and the Klimpel parameters of the gangue could be
detected.

Possible Reaction Mechanism
No attempt has thus far been made to propose a

mechanism to explain the effect of conditioning upon
froth flotation.

It has been found!7 that the repulsive energy barriers
between collector molecules and mineral surfaces in
agglomeration flotation can be overcome by the hydro-
dynamic forces encountered during conditioning.

The Klimpel parameters of the valuable minerals show
an increase with increasing conditioning energy, but the
Klimpel parameters for the gangue show no corre-
sponding decrease, which would have been expected with
a mechanism of reagent transfer from particles of gangue

172 MAY1991 JOURNAL OF THE SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY

to particles of valuable minerals with increasing condi-
tioning energy!8. It is therefore concluded that there is
no transfer of reagents. This is in accordance with the
results of Karjalahti19 for the agglomeration flotation of
apatite.

There is some indication of support for an attrition
mechanism, by which the collector is desorbed from the
surface of mineral particles at very high conditioning
intensity or energylO,21.This would result in decreasing
Klimpel parameters at very high conditioning energy as
displayed by kAu and ku O' These decreases are very
small but may be caused by attrition. This very high con-
ditioning energy at which attrition takes place is probably
the result of the large energy needed to break the very
strong chemical bond between the xanthate and the sur-
faces of the valuable minerals17.

Based on the findings of this investigation, the follow-
ing mechanism is postulated to explain the effect of con-
ditioning on the flotation of Witwatersrand ore:
(1) dispersion of the reagents into the pulp
(2) specific adsorption of the collector onto the surfaces

of all the mineral particles according to the relative
repulsive energy barriers and relative affinities of the
different minerals for the collector



Coefficient of
k, determination

Ore cp cpmincpmax (W/m3)-'min-1 'Y
R2

areA RA" 93,8 97,5 0,0167 1,0 0,7061

kA" 3,8 10,0 0,0244 1,4 0,4556

RU30S 40,1 47,9 0,0150 1,0 0,7646

kU30S 1,4 3,0 0,0440 1,4 0,7068
Rs 92,7 97,6 0,0100 1,25 0,6103
ks 1,5 9,1 0,0161 1,1 0,8420

Ore B RA" 95,8 97,7 0,0288 1,0 0,5045

kA" 4,7 11,1 0,0229 1,4 0,6367

RU30S 37,6 42,4 0,0172 1,05 0,7885

kU30S 0,95 2,7 0,0273 1,4 0,5939
Rs 95,7 97,9 0,0207 1,0 0,5888
ks 1,7 11,3 0,0133 1,15 0,8959

Coefficient of
k; determination

Ore cp cpnUn cpmax (kWh/t)-' 'Y
R2

areA RA" 93,8 97,5 0,24 0,90 0,7077

kA" 3,8 10,0 0,43 0,75 0,4238

RU30S 40,3 47,7 0,21 0,90 0,7668

kU30S 1,4 3,0 0,57 1,2 0,6530
Rs 92,7 97,6 0,093 1,3 0,6137
ks 1,5 9,1 0,18 1,3 0,8542

OreB RA" 95,7 97,7 0,275 1,3 0,5126

kA" 4,6 11,1 0,26 1,05 0,5258

RU30S 37,6 42,4 0,16 1,25 0,7973

kU30S 0,95 2,7 0,41 0,85 0,4545
Rs 95,7 97,9 0,17 1,3 0,5979
ks 1,7 11,3 0,215 0,90 0,8924

(3) saturation of all the mineral surfaces with the
collector

(4) desorption of the collector from the surfaces of the
valuable-mineral particles and of the gangue particles
at very high levels of conditioning energy by attrition.

The following equation (regression model) for both
Klimpel parameters has been developed!:

In[(cf>max- cf»/(cf>max- cf>min)]= -kc(PIV)Jtc

with cf>equivalent to any Klimpel parameter (R or k).

Application of Regression Model
The constants cf>min,cf>max,kc, and'Y in the above equa-

tion were determined by minimizing the expression for
the residual sum of squares for the regression model, as
shown in Table VI.

TABLE VI
COEFFICIENTS FOR REGRESSION MODEL (FUNCTION OF

CONDITIONING POWER AND TIME)

R2 (the coefficient of determination22) is the fraction
of the total variation that is accounted for by the regres-
sion model. A very high percentage (up to 90 per cent
in the case of ks for ore B) of the variability of the data
is explained by the equation.

In the case of RAUand Rs, the improvement as a result
of conditioning is only a few percentage points, and the
normal variability as a results of the testwork is therefore
relatively large compared with the total variability. In the
case of kAu and ku 0' a large fraction of the variance is
not explained by theSmodel equation. This is believed to
be the result of attrition at high conditioning energy.

The closeness of'Y to the exponent of the conditioning
tim~ suggests that the regression model may be approx-
imated as a function of conditioning energy, E' ex
(PI V)"ItJ, giving

In[(cf>max- cf»/(cf>max- cf>min)]= -k:E"I.

The coefficients listed in Table VII were obtained by
minimizing the residual sum of squares for this equation.

There is a close correlation between the Klimpel
parameters and the conditioning energy, and this equa-
tion can be used for the accurate prediction of both
Klimpel parameters for all three valuable minerals as a
function of the conditioning energy. The Klimpel

parameters predicted by the regression model using the
coefficients given in Table VII are given as solid black
lines in Figs. I and 2.

TABLE VII
COEFFICIENTS FOR REGRESSION MODEL (FUNCTION OF

CONDITIONING ENERGY)

A comparison of the coefficients of determination
given in Tables VI and VII reveals that both regression
equations (Le. as a function of E"I and p"I t respectively)
account for the variability in the data with the same
degree of adequacy. It is therefore not clear whether the
Klimpel parameters are functions of the conditioning
energy or of the intensity of conditioning. This result is
in accord with that of previous investigators. Runnolinna
et 01.23alleged that the flotation result of conditioning
depends only on the conditioning energy, and that it is
independent of the method and rate of conditioning.
However, Lapidot and Mellgren20 and Karjalahti!9
found that the intensity of conditioning, rather than the
total energy input, was the important variable for that
type of ore, but that this difference is rather smalll9.

Coefficients were obtained for the regression model
with varying impeller height (Z/ D), varying pulp height
(HIDt), and the LIGHTNIN A31O impellers, and it was
found! that this equation can be used for the accurate
prediction of the Klimpel parameters for non-standard
geometry or other types of impellers.

Limited published data on the use of conditioning in
the flotation of other minerals are available. When such
coefficients were used in the regression model for copper
minerals (mainly malachite), gold, arsenide and sulphide
minerals, manganese oxide minerals, and ilmenite, it was
foundl that this equation also accurately predicts the
effect of conditioning energy on the flotation of other
minerals.

Recommendations
There is enough reason to believe that an equation of

the type of the modified Gompertz equation presented
here, or a more general equationl, for the Klimpel
parameters accurately predicts the influence of other
variables during flotation. It is well-known that the
recovery and flotation rate of many minerals follow an
S-shaped curve with the logarithm of variables such as
collector concentration, hydrogen-ion concentration (or
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pH), activator concentration, frather concentration,
temperature, etc. The applicability of this equation in
describing the effect of these variables must be investi-
gated. A great deal of insight would be gained if it were
known how these other variables effect the constants in
the regression model.

From practical experience, it is known that the Klimpel
parameters depend on many variables, and an enormous
amount of research is being directed towards the optimi-
zation of these variables. At higher levels of condition-
ing energy, lower additions of reagents may be possible.
Alternatively, lower conditioning energies and higher
reagent additions may be more economical. These
equationsl may assist in the research to find the
economic optimum between conditioning energy and
other flotation variables (e.g. pulp density, grind, pH,
and reagent additions).

D
Dt
E
H
k
kc

Symbols Used
Impeller diameter, m
Tank diameter, m
Conditioning energy, kWh/t of dry ore
Pulp height, m
Klimpel flotation rate constant, min - 1

Proportionality constant in equation for Kimpel
parameters, (W/ m3) -

-y min -
I

Proportionality constant in equation for Klimpel
parameters, (kWh/t)--Y
Impeller speed, S-I
Power number
Power, W
Recovery
Equilibrium recovery or Klimpel equilibrium
recovery
Coefficient of determination
Impeller Reynolds number
Time, min
Pulp volume, m3
Impeller height above tank bottom, m

Exponent of power in equation for Klimpel
parameters
Pulp viscosity, kg' m-I. S-I
Pulp density, kg.m-3
Any Klimpel parameter, min -I or dimensionless

k:

N
Np
P
r
R

R2
Re
t
V
Z.

'Y

Jl
p
(jJ

Subscripts
c Conditioning
f Flotation

Superscripts
min Minimum
max Maximum

Acknowledgements
This paper is published by permission of Anglo Vaal

Research Laboratory. The author is indebted to K. Doig
and S. Mphailane for their invaluable assistance in the
experimental work.

174

References
1. STASSEN, F.J.N. Conditioning for flotation of gold, uranium oxide

and pyrite. M.lng. thesis, University of Pretoria, May 1990.
2. BARKER, C.W., FEATHERSTONE, S.F., and STOREY, M.J. Develop-

ment of flotation practice at Trojan nickel mine concentrator, Zim-
babwe. Trans. Instn Min. Metall., Lond., voJ. 91. Dec. 1982.
pp. C135-CI41.

3. DucHEN, RB. The flotation of gold, uranium and pyrite from No.
2 and No. 7 shaft ores. Anglo Vaal Research Laboratory, Report
HGMI71. 4th Mar., 1980.

4. DucHEN, R.B. The conditioning of No. 7 shaft flotation. Anglo
Vaal Research Laboratory, Report HGM/74, 5th May, 1980.

5. DucHEN, R.B. The flotation of gold, uranium and pyrite from
Loraine gold mine ore. Anglo Vaal Research Laboratory, Report
LGM/38, 10th Nov., 1980.

6. DucHEN, R.B. The flotation of gold, uranium and pyrite from
Hartebeestfontein (2 and 7 shaft ores) mine ores varying the speed
of agitation during the conditioning stage. Anglo Vaal Research
Laboratory, Report HGM 89, 8th Dec., 1980.

7. DucHEN, R.B. The effects of very long conditioning on the con-
ditioning at 7 shaft plant, Hartebeestfontein gold mine. Anglo Vaal
Research Laboratory, Report HGM 107, 11th Oct., 1982.

8. DucHEN. R.B., and CARTER, LA.E. An investigation into the
effects of various flotation parameters on the flotation behaviour
of pyrite, gold and uranium contained in Witwatersrand type ores,
and their practical exploitation. GOLD 100, Proceedings of the
International Conference on Gold. Johannesburg, South African
Institute of Mining and Metallurgy, 1986. VoJ. 2.

9. HEATHCOTE, C.R. Evaluation of the EL Bateman conditioner on
Sheba gold mine flotation feed. Anglo Vaal Research Laboratory,
Report ETC 122/1, 23rd Sep., 1984.

10. RuBlo, J. Conditioning effects of flotation of finely divided non-
sulphide copper ore. Trans. Instn Min. Metall., Lond., voJ. 87.
Dec. 1978. pp. C284-C287.

11. UHL, V.W., and GRAY, J.B. Mixing, theory and practice. London,
Academic Press, 1966 and 1967. Vols. I and 11.

12. EuSTICE, M. Aeromix Pty (Ltd), personal communication.
13. KLlMPEL, R.R. Selection of chemical reagents for flotation.

Mineral processing plant design. Mular, A.L., and Bhappu, R.D.
New York, Society of Mining Engineers of American Institute of
Mining, Metallurgical and Petroleum Engineers, Inc. 1980. 2nd ed.
pp. 907-934.

14. DAvls, D.S. Nomography and empirical equations. New York,
Reinhold Publishing Corporation, 1962.

15. WESTON, D.W. Flotation of sulphide minerals from sulphide-
bearing ores. S. Afr. Pat. ZA 76688. 29th Oct., 1974.

16. WESTON, D.W. Verfahren und Vorrichtung zur Flotation von
Sulfidmineralien aus sulfidhaftigen Erzen. Ger. Pat. DE 2411008.
26th Sep., 1974.

17. ROOERS, J. Principles of S!llfide mineral flotation. Flotation, 50th
anniversary volume. Fuerstenau, M.C. New York, American
Institute of Mirtlng, Metallurgical and Petroleum Engineers, Inc.
1962. pp. 139-169.

18. LI, K., LIVINGSTON, RW., and LEMKE, LK. Flotation condition-
ing of iron ore with petroleum sulphonate. Trans. Instn Min.
Metall., Lond., voJ. 70, 1960. pp. 19-31.

19. KARJALAHTI, K. Factors affecting the conditioning of an apatite
ore for agglomeration flotation. Trans. Instn Min. Metall. Lond.,
voJ. 81, Dec. 1972. pp. C219-C226.

20. LAPIDOT, M., and MELLGREN, O. Conditioning and flotation of
ilmenite ore. Trans. Instn Min. Metall., Lond., voJ. 77. 1968.
pp. CI49-C165.

21. MACKENZIE, J.M.W. Role of conditioning energy in emulsion
flotation. Proc. Austr. Inst. Min. Metall., no. 233. Mar. 1970.
pp. 49-52.

22. HINES, W.W., and MoNTGOMERY, D.C. Probability and statistics
in engineering and management science. New York, John Wiley
& Sons, 1980. 2nd ed.

23. RUNNOLlNNA, U., RINNE, R., and KURRONEN, S. Agglomeration
flotation of ilmenite at Otanmaki. International Mineral Process-
ing Congress. London, Institution of Mining and Metallurgy, 1960.
pp. 447-475.

MAY 1991 JOURNAL OF THE SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY




