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SYNOPSIS 

Bubble load is defined as the mass of floating particles that are 

attached to air bubbles per unit volume of air in the pulp phase 

of a flotation column. A calculation procedure has been 

developed that allows the bubble load at any height in a column 

to be estimated. The calculations are based on mass-balance 

equations that are applicable to a 'control' volume constrained 

a column height. Mass-transfer mechanisms such as 

entrainment, classification, sedimentation, bubble transport and 

transport in the bulk flow of the slurry are incorporated in 

these equations. 

The contribution of different particle sizes to the total bubble 

load is determined by an iterative procedure using data from the 



screen analysis of a sample of pulp withdrawn from the column. 

other data required for these calculations are: the overall 

slurry density and concentration of floatable particles, the 

pressure, and the air hold-up. 

SAMEVATTING 

Borrellading word gedefinieer as die massa van die geflotteerde 

partikels wat aan lugborrels geheg is per eenheidsvolume lug in 

die pulpfase van In flottasiekolom. Daar is In berekenings

prosedure ontwikkel wat dit moontlik maak om die borrellading op 

enige hoogte in die kolom te beraam. Die berekeninge word 

gebaseer op massabalans-vergelykings wat van toepassing is op 'n 

'kontrole volume i wat begrens word deur In gekose kolomhoogte. 

Massa-oordragmeganismes soos meesleuring, klassifikasie, 

sedimentasie, vervoer deur die borrels en vervoer in die 

grootmaat vloei van die flodder is by die vergelykings ingesluit. 

Die bydrae van verskillende partikelgroottes tot die totale 

borrellading word bepaal d.m.v. In iteratiewe prosedure wat 

gebruik maak van data verkry deur die sifanalise wat uitgevoer is 

op In pUlpmonster wat op die gekose kolomhoogte onttrek is. 

Ander data wat vir hierdle berekenings nodig is, is: die totale 

digtheid van die flodder en die konsentrasie van flotteerbare 

partikels, die druk en die luginhoud. 



INTRODUCTION 

The greatest metallurgical advantage of a flotation column over a 

mechanically agitated flotation cell is probably its ability to 

produce a washed and well-drained froth (and, consequently, to be 

highly selective). Another noteworthy characteristic is the 

semi-plug-flow regime in the collection zone of the column, where 

the contact between particles and bubbles is established. An 

upgrading profile is therefore commonly observed for floatable 

species in the pulp phase. 

In recent years, renewed interest in the industrial application 

of flotation columns sparked a maj or research effort in this 

field. Various characteristics of the pulp phase (such as mixing 

and dispersion, bubble size, air hold-up, and, specifically, 

overall concentration profiles) have been studied but, as far as 

can be ascertained, the pulp has not been characterized with 

respect to floating and non-floating species. In the present 

work, therefore, a model was developed to give a qualitative 

description of the upgrading profile in terms of the bubble load 

and floatable species in the interstitial slurry phase. 

The measurement of variables such as bubble load and interstitial 

concentration involves several practical problems and, at this 

stage, it is not possible to verify the accuracy of the model. 

The model nevertheless contributes to an improved understanding 

of the behaviour of hydrophobic particles in the pulp phase of 

flotation columns. 



DEVELOPMENT OF THE MODEL 

The net upward or downward transport of floatable particles at a 

specific height in a column is a function of the following 

processes: 

bubble transport (i.e. for particles attached to air bubbles) 

entrainment in the turbulent wake of bubbles 

transport in the bulk flow of slurry 

settling of particles in the slurry 

classification of particles in the wake of bubbles due to 

inertia of the particles. 

Approach to the Problem 

For the purpose of the present work, the pulp phase is defined as 

comprising the overall slurry and the air bubbles; the overall 

slurry is defined as comprising particles attached to air bubbles 

and an interstitial slurry phase; and the interstitial slurry is 

defined as containing all suspended particles that are not 

attached to air bubbles. Fig. 1 illustrates these definitions. 

It was assumed 

(a) that all conditions are at steady state, 

(b) that only the floatable particles attach to the air bubbles 

and the floatable species are called valuable particles, 

(c) that a valuable particle consists of a large fraction of the 

pure, wanted mineral, and a smaller fraction (denoted f) of 



unwanted gangue material, and 

(d) that the overall slurry density, overall concentration of 

valuable particles, air hold-up, bubble size, and absolute 

pressure can be measured at a certain height in the column. 

Initially, it was assumed that all the particles are homogeneous 

in size and shape, but the model was subsequently extended to a 

more realistic situation, in which different size fractions are 

considered. 

In the development of the model, a mathematical relationship was 

established between the overall and interstitial concentrations 

of valuable particles and the bubble load at any height in the 

column. This relationship was combined with volume-balance 

equations (excluding air) defined over the 'control' volume 

illustrated in Fig. 2. 

Auxiliary Equations 

Equations (1) to (13) can be derived easily from first principles 

and, for the purposes of the present discussion, are called 

auxiliary equations. 

The assay results are transformed to grades of impure valuable 

particles by use of the factor 

1 
F = ..................................... 0 •• (1} 

0 .... 0.0 •• 0 ••••••• "0 ..................... (2) 



If the impure fraction (f) of the valuable particles consists of 

material with density Pr' then the total volume of unit mass of 

impure valuable particles is given by 

f/ Pr + (l-f)/PvlpUre) • 

The density of these particles,pv, is given by 

1 
Pv = 

(l-f)/PvlpUre) + f/ Pr 
." ........................ (3) 

Similarly the overall slurry density can be expressed as 

1 
Pea = •....••..•... (4) 

The hold-up of valuable particles and water can be calculated 

from the following relationships. 

~vo = MoOo Ps 0/ Pv 

= CoPso/Pv ••••••••••••••••••• 1' •••••••••••• " ••••• (5) 

m = c" /" 0 r V - FSI r-v -:::: 0\ -::::" -::::" ~ "l' ~ '!' .......... e .. "" .. IiII lilt .. "". &0 ••• a ... (1) ••• 0 Cl •••• (6) 

1> \J = (l-M 0) p S 0/ P \J e Cl 0 •• Cl .... eo ••• 11 ••••• I) ••• 0 •••••• Cl • I) 0 (7) 

The bubble load, B, is defined as the mass of particles attached 

to air bubbles per unit volume of air. All the particles are 

assumed to be spherical. 



The quantity of attached particles per bubble is given by 

7tBd b 3 

4 Pvd p 

and the fraction of the bubble area covered with particles by 

l1li l1li l1li l1li.00 •• l1li l1li 0 l1li. l1li. l1li •• "., l1li l1li. l1li l1li l1li l1li •• Cl l1li III l1li •• l1li l1li ... l1li (8) 

Equation (8) does not take into account the packing factor for 

the particles. For particles in different size ranges, the 

following equations are used. 

From equation (2), 

Gaj 
G j = Mm(l-f

j
) ••••••••••••••••••••••••••••••••••••••• (9) 

From equation (3), 

••••••••• " ••••• 0 •••••• (10) 

From equation (5), 

~voj = CojPso/Pvj • l1li l1li (1.0 l1li l1li l1li l1li l1li l1li. l1li .... l1li l1li •• Cl •• l1li l1li .... l1li.11. l1li.0 (11) 

From equation (6), 

...•.•...•......••• , , . , , , , , , , , , , ..... (12) 

For m different size fractions, 

m 
Ga =j!lGaj , 

and 

= ~ G aj 

j=l (l-f j ) 



Therefore {
m G. } 

f = 1 - G a/ E a J • 
j=l (l-f j ) 

....................... (13) 

Estimation of Bubble Load 

Homogeneous Particle Size 

Air hold-up is defined as a function of the total pulp volume 

(Fig. 1). The ratio of air to the overall slurry volume is 

therefore 

and a unit volume of overall slurry is also associated with 

Eg/(l-E g ) volume of air. The mass of particles attached to air 

bubbles per unit volume of overall slurry is therefore given by 

A unit volume of overall slurry has a mass of Pso' and the total 

mass of valuable particles per unit volume of slurry is Ps oC o ' 

where 

Tot. mass 
C 

Mass 

Therefore C = 

B 

of vale particles 

of overall slurry 

Ps oC 0 - BE g/(l-E g ) 

PSQ - BE cr /(l-E cr ) 
J J 

P S 0 (1- E g) (C 0 -C) 

Eg(l-C) 

- Mass of vale particles on air 

- mass of solids on air 

, or 

Cl Cl Cl Cl Cl Cl It Cl Cl Cl Cl Cl Cl 0 Cl Cl Cl Cl Cl" Cl. Cl Cl Cl Cl" (14) 

From a slightly different point of view, it can be argued that 

the mass of interstitial slurry in one unit volume of overall 



slurry is given by 

Pso - BEg/(1-Eg) 

and the volume of interstitial slurry in one unit volume of 

overall slurry is given by 

Therefore· Ps 
= Ps 0 - BE g/ (1- E g) 

1 - BEg/Pv(1-Eg) 

B = Pv(1-E g ) (Pso-Ps) 

Eg(Pv-Ps) 

, or 

..•.••••...••..•...••...• ,,(15) 

From equations (14) and (15) it follows that 

Ps = 
p soP v ( 1-C 0 ) 

......................... (16) 

These steady-state values of B, C, Co' Ps 0' and Ps are the 

results of interactions between various transport mechanisms, and 

are valid at a specific height in the column, which represents 

the border of the control volume (Fig. 2). 

The terminal velocity of a particle is taken to be the velocity 

of the water plus the settling velocity of the particle in the 

slurry. The downward direction is taken as positive. 

In the fraction of the water flowing down the column, 

and in the fraction of water entrained in the column, 

Cl 0 0.0 ••• 0 •••••••• 0 •• co •••••••••••• 0.0. (18) 

The following volume-balance equations are used. 



and 

.•.•• _ .......•..•.... (20) 

The hold-ups of the various components are given by the following 

relationships. 

and 

~v = ~vd + ~ve 

~w = ~wd + ~we 

~vd = (J'~v 

~vd 

~Wd 
= 

and 

and 

or 

. ..................................... (21) 

••••••••••••• 110 ........................ (22) 

~ve = (l-(J')~v , 

~we = (l-a.)~w • 

~vd 

~v 
= 

••...•............. (23) 

......... I) .... ID .......... 11 (24) 

•••••••••••••••••• (25) 

The factor )., which is defined as the downward classification 

factor, indicates the relationship between the ratios of valuable 

particles to water in the total interstitial slurry and the 

downward-flowing interstitial slurry. When ). has a value of 1, 

there is no classification between the upward- and downward-

flowing slurry phases. 

~ve (l-)'a.) ~v 
= 

~w e (I-a.) ~w 



· ........................................... (26) 

where A* is the upward classifation factor. 

If equations (19) and (23) are combined, 

If equations (20) and (24) are combined, 

.....••................... (28) 

If by use of the relationship A = rr/a , equations (27) and (28) 

are combined, the simplification of the resultant expression 

yields, 

(29) 

The hold-up factor I t/J v' can be expressed in terms of C by the 

SUbstitution of Ps (equation 16) in equation (6). Hence, 

~v = 
Ps oC (l-C 0) 

.••••••••••••••..•••••.• (30) 

Equations (14) and (30) are used to sUbstitute the unknown 

variables, Band t/Jv, in equation (29). This results in an 

equation in which C, A, Al and u we are the only unknown 

variables. 



P S 0 C ( 1-C 0 ) {A 1 U v s + ~ (Q IJ T -Q IJ F) + (), -1 ) A 1 U IJ e ) 

Pv - CoPso - C(Pv-Pso) g g~IJ g 

= p S 0 (1- E g) (C 0 -C) 

Pv Eg(l-C) 
••••••••• Cl ••••••••• (31) 

It is commonly assumed that the air bubbles and their wakes 

travel at the same velocity l. Therefore 

U IJe = Jg/Eg 

= g/A c Eg •••• 0 •••••••••••••••••••••• 00 •••••••••• (32) 

Al is the cross-sectional area occupied by the liquid phase 

(including particles suspended in the interstitial slurry). 

Ai = Ac - AcEg - (area occupied by floating particles) 

= Ac (1 - Eg - BE g/ Pv) • . ••.•••..•..•••••.••••••.. (33) 

If the cross-sectional area occupied by floating particles is 

small relative to the total cross-sectional area occupied by the 

interstitial slurry, 

Dayan and Zalmanovich 2 studied the axial dispersion and 

entrainment of particles in wakes of bubbles. Yianatos et al. l 

modified some of the equations developed by Dayan to solve the 

problem of apparent hindered settling in aerated column pulps. 

These modified equations are used in the estimation of the value 

of L 

From Yianatos et al. i , 



• ••••••••••••••••• (35) 

and 

J we 
= 2d bgE g (Pw-Pg) 

3u g Pw 

since Pw » Pg and u g = q/Ac Eg , 

2d bgEg 2A c 
J we :: .••••••••••••••••..•.•.•.••••••••.•. (36) 

3q 

The fraction of the interstitial slurry occupied by entrained 

water can be described as follows. 

= 

Combined with equation (32), this expression yields 

rp = JweAc Eg 

we (l-Eg)q 
••••••••••••••••••••••••••• 0 •••••• 0 •• (37) 

From equations (36) and (37), rpwe can be expressed as 

............................. (38) 

According to the definitions in equations to (26), the 

relationship between ~ and X* can be expressed as 

x = 
rpw/rpwe - x* 
rpw/rpwe - 1 

•••••• 0 ••••••••••••••• 0 ••••••••••• (39} 

The value of X can be estimated by the sUbstitution of rpwe 



(equation 38) and X* (equation 35) in equation (39). C is then 

the only remaining unknown variable in equation (31). The 

following dimensionless groups are defined so that the mathema

tical manipulation of this equation can be simplified. 

DN v 
Qv F - Qv T 

= 
g 

(tDeo.oo.o •• o •••••••••••• o ••• ~ ••••••••• (40) 

DN w 
Q WT Q WF = 

grpw 
••••• 111 •• 0 ....... 0 •• Cl 0.11 •••••• 0 ••••• D ••• (41) 

DNp = 
Pso(l-E g ) 

PvEg 
••••• III ••••• u •••••• " • IJ •• eo. lit .... 0) •••• Cl .,. • (42) 

DNA = 
A c (l-€g)U vs 

g 
o ................. e ••••• o •••••••••••• (43) 

DN 0 = DN A + XDN w + (X -1) (1- E g ) / E g. • ••••••••••••••••• (4 4 ) 

From equation (31) it follows that 

{
Co-C} {pso C (l-C o ) } 

DNp 1-C = DN v + -p-v----C----------------- DNo • 
oPso - C{Pv-Pso) 

It can be easily shown that 

where 

and 

C = 
-y - - 4XZ 

2X 
.............................. (45) 

x = Pso[DN o {l-C o ) + DN v - DN p] + Pv(DN p - DN v ) 

y = -[X + Z + PsoDN p(l-C o) 2] 

After the interstitial concentration of valuable particles has 

been calculated from equation (45), the bubble load can be 

calculated from equation (14). Where the sample port is below 

the feed port, the following relationships will be valid. 



Qv F = 0 

Q\JF = 0 

DN v = -Qv rig 

DN w = Q\Jr/ g . 

Particles of Various sizes 

The development of the model follows the procedure detailed in 

the previous section. 

and 

The equations expressing fractional hold-ups of the downward-

flowing and entrained species are similar to equations (23), (25) 

and (26). Hence, 

and ••••••••• 000 ••• (47) 

Xj = <Tj/a.., ••••••••••••• 00 •••••••••••••••••••••••••• (48) 

and 

~vdj/~wd = ~j ~vj/~\J· ••••••••••••••••••••••••••••••••••••• (49) 

The value of ~j is estimated from equations (35), (38) and (39), 

U vs j being sUbstituted for U vs. The fractional dimensionless 

groups (equations 40 to 44) are defined as follows: 

DN v j 
= QVFj - Qvrj 

q 
o .. 0 0 • • • • 0 • • 0 • • 0 0 • " • 0 Cl) • 0 0 o· 0 • Cl • • • • ., • • • (50) 



DN . 
p J 

DN A j 

•• Cl et 0 I) Q 0 ••• 11' ............. 0 ••••••••••••• (51) 
P v j € g 

= A C (l-€g)U vsj 

g 
• 0 • 0 ... 11 ••• 0 •••• 0 •••••••••••• 0 • D •••• (52) 

DN 0 j = ~ j DN", + DN A j + (~j -1) (1- (. g ) / (. g • • 0.000.0 ••• 00 •• (53) 

The incorporation of these equations in volume-balance equations 

is a simple mathematical exercise leading to the expression 

= P v j (DN p j Co j - DN v j ) 
C j 

PsDNoj + DNpjPvj - B 
o 0 •• 0 ••• 0 •• Cl ••• 0 0 • 0 • 0 0 •• " (54) 

The solution for B j and C j involves an iteration procedure, which 

incorporates the auxiliary equations and the equations proposed 

for homogeneous- particle sizes. 

DETERMINATION OF PARAMETERS 

Overall Concentration and Slurry Density 

The physical determination of the characteristics of the overall 

slurry involves the rapid removal of a representative sample of 

pulp from a column operating at steady state. The values of Co' 

Pso and ~'" are then calculated from the auxiliary equations. 

Settling Velocity of Particles 

Several empirical and semi-empirical equations have been proposed 

by other workers 3 / 4 to predict the actual settling velocity of a 



specific particle in a slurry. The calculations are usually 

based on the stokes equation or variations on this equation. 

Yianatos et aI.l suggested the use of an equation which had been 

proposed by Masliyah 5 : 

where 

= gdp2€w2/7(pp_Ps) 

I8~w(l+o/15RepO/687) , 
0 ••••••••••••••••••••• 0 •• (55) 

It is believed that equation (55) will probably produce the most 

accurate estimation of u vs' since air bubbles are included as 

particulates to account indirectly for wall effects. The 

accurate determination of wall effects is impossible because of 

the complexity of particle-bubble interactions in columns. The 

contribution of non-sphericity to hindered settling can be 

incorporated in equation (55) by mUltiplication of the factor ups 

by KI. 

(56) 

where ~ is the surface area of a sphere with the same volume as 

the particle, divided by the surface area of the particle 3 • 

Air hold-up and Actual Flowrate of Air 

If the difference in absolute pressure between any two points in 

the column is ~P, 



•• e •••••••••••• oo ••••••••••••••••• (57) 

where ~hc is the difference in height between the two measuring 
points. 

The actual flowrate of air at a certain height in a column 

depends on the absolute pressure at the sample port which can be 

easily measured or calculated from the pulp density, the height 

of the sample port and the actual feed rate of air to the column. 

Bubble Size 

Dobby et al. 6 described a method for the estimation of the bubble 

size from drift flux analysis. These calculations are not 

accurate when db is greater than 2 mm, but are far more simple 

than photographic determinations of bubble size. Except for the 

flowrates of air and slurry, the only unknown parameters that 

need to be determined for the application of this method are the 

pressure, slurry density, and hold-up of air. 

APPLICATION OF THE MODEL 

Data from the Literature 

Amelunxen et al. 7 carried out testwork on flotation of copper ore 

in an industrial-scale column, and their results show the 

upgrading of the valuable mineral with increasing height in the 

column. In the present investigation, those data were used to 



demonstrate the applicability of the model. Unknown parameters 

that are not provided by Amelunxen et al., i.e. the values of Pr' 

Pv' 1), etc., were chosen to represent a realistic situation. 

Particle sizes of 2 and 100 urn were assumed, since size 

distributions were not available. A computer program was used to 

fit the model to similar sets of input data at different heights 

in the column. Figs. 3 to 5 show the results obtained from this 

exercise. 

Bubble transport is the product of the bubble load and the actual 

flowrate of air, and it represents the upward movement of 

floating particles at a specific height in the column (Fig. 3). 

It is likely that fast-floating material attaches to air bubbles 

shortly after entering the column. This 

tion for the rapid increase in bubble 

is a possible explana

transport at the feed 

point. An increase in u v s and X with increasing particle size 

demands a higher bubble load so that the overall mass balance can 

be satisfied. The difference in the profiles for particles with 

diameters of 2 and 100 urn verifies this point. Fig. 4 indicates 

a sharp increase in the interstitial concentration of valuable 

particles just below the pulp-froth interface. This could be 

attributed to the drainage of valuable particles from the froth 

phase, as well as the removal of gangue from the cleaning zone 

due to a positive bias rate. 

The rate of transport of valuable particles of 2 urn diameter just 

below the pulp-froth interface is slightly higher than the rate 

of final transfer to the concentrate. This difference is much 

more pronounced for 100 urn particles (Fig. 5). In some cases, 



less than 1 per cent of the feed water reports to the final 

concentrates. The fact that particles with a very small diameter 

behave almost like the water phase, therefore implies that a 

minimum amount of 2 ~m particles will be transferred to the final 

concentrate by entrainment. If larger particles undergo a higher 

rate of early detachment and drainage from the froth phase, the 

discrepancy between the rate of transport in the pulp and the 

rate of transfer to the concentrate will increase (Fig. 5). 

Experimental Work 

Figs. 6 to 10 show the results of flotation tests on phosphate 

ore in a Bahr cell. Inadequate conditioning of the slurry feed 

resulted in a low recovery of the valuable mineral. The higher 

content of P205 in the coarser fractions is shown in Figs. 6 and 

7; Fig. 7 also indicates the low degree of upgrading in the 

column. The calculated rate of transport of valuable particles 

was almost constant, confirming a low rate of attachment of 

particles to bubbles in the pulp phase (Fig. 8). This implies 

that most of the particle-bubble attachments occurred in the 

aerator of the cell. 

Fig. 9 shows the discrepancies between the rate of bubble 

transport just below the pulp-froth interface and the rate of 

final transfer to the concentrate for different particle sizes. 

Although the actual rates of detachment for the different 

particle sizes in the froth phase are unknown, it can again be 

assumed that larger particles will experience a higher degree of 

detachment as a result of higher shear forces and greater 



inertia. The classification of larger entrained particles during 

their entrance into the froth 9, will furthermore contribute to 

the reduction of the transfer of particles into the froth phase. 

A more pronounced discrepancy between the rate of bubble 

transport and the rate of transfer to the concentrate would 

therefore be expected for larger particles and the calculated 

results in Fig. 9 confirm this tendency. 

CONCLUSIONS 

A theoretical model has been developed to estimate the load of 

floating particles on air bubbles, as well as the concentration 

of floatable particles in the interstitial slurry. The calcula

tions are based on a combination of mass-balance equations and 

equations describing various mass-transfer mechanisms. Pre

liminary measurements of the overall pulp properties at a 

specific height in the column are required. 

A fundamental understanding of pulp-froth transfer processes 

requires a detailed knowledge of several parameters, such as the 

bubble load and the interstitial concentration, directly below 

the pulp-froth interface. It is therefore believed that the model 

can be of value in future research concerned with the entraiment 

of particles at the interface. 

The model also contributes to an improved understanding of the 

behaviour of hydrophobic particles in the pulp phase of column

type flotation cells, since zones that are characterized by high 

or low probabilities of particle-bubble attachment can be 



identified. 

The experimental verification of this model is not yet possible. 

Calculations carried out using data from the literature, as well 

as pilot plant-data, nevertheless gave realistic results. 

NOTATION 

A Cross-sectional area of the column or a part of the column 

B Bubble load (mass of floatable particles per unit volume of 

air) 

C Concentration of valuable (floatable) particles in the 

interstitial slurry (excluding the bubble load) 

DNA Dimensionless number 

DNo Dimensionless number 

DN v Dimensionless number 

DN w Dimensionless number 

DNp Dimensionless number 

d Diameter 

F Correction factor 

f Mass fraction of impure valuable particle consisting of 

non-valuable gangue material 

Ga Mass fraction of assay element (or molecule) in the dry 

solids 

G Mass fraction of impure valuable particles in the dry solid 

material contained in the interstitial slurry 

9 Acceleration due to gravity 

~h Difference in height between two measuring points 

J Superficial velocity 



Kl Sphericity constant in the equation for settling velocity 

M Mass fraction of dry solid particles in the interstitial 

slurry 

Mm Mass fraction of the assay element (or molecule) in the pure 

valuable mineral (e.g. Mm for S in FeS 2 is 0,534) 

m Total quantity of size fractions 

AP Difference in pressure 

Q 

g 

Volumetric 

Volumetric 

flowrate of 

flowrate of 

u 

x 

Velocity relative to a 

Variable parameter used 

y Variable parameter used 

z Variable parameter used 

Greek symbols 

a Water-split constant 

a liquid phase 

air at the prevailing 

fixed reference point 

as a constant in the 

as a constant in the 

as a constant in the 

pressure 

equation for C 

equation for C 

equation for C 

€ Holdup calculated as a fraction of the volume of the column 

~ Sphericity of a particle 

~ Downward classification factor 

~* Upward classification factor 

/.1. Viscosity 

p Density 

q split constant for the valuable material 

~ Hold-up calculated as a fraction of the volume of the 

interstitial slurry 



subscripts 

a Refers to assay element or molecule 

b Refers to bubbles 

c Refers to the column 

d Indicates the fraction in the downward-flowing region 

e Indicates the fraction in the entrained region 

F Refers to the column feed 

g Refers to the gas (or air) phase 

j Refers to particles in a specific size fraction 

1 Refers to the liquid phase (including particles) 

o Indicates the overall slurry. Particles attached to air 

bubbles are then included in the variable under discussion 

p Refers to particles 

r Refers to the gangue material 

s Is used either to indicate the slurry phase (with p), or to 

indicate the slip velocity (with U) 

T Refers to the column tailings 

v Refers to the impure floatable material (valuables) 

W Refers to the water phase (excluding all particles) 
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Fig. 1 - Flow diagram defining the different transport regimes at 
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