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Bubble surface area flux has proven to be a key operational variable in flotation machines not only for
diagnosis but also for optimization purposes. It is calculated as a combination of two gas dispersion prop-
erties, superficial gas velocity and bubble Sauter mean diameter. Since gas is not necessarily distributed
evenly over the cross sectional area of a cell the sampling point where gas dispersion properties are mea-
sured must be carefully selected. This article illustrates that a radial parabolic gas velocity profile exists in
mechanical cells, in some cases with significant variation in gas velocity as a function of radial distance
from the center. An optimal sampling location for single point gas dispersion measurements in mechan-
ical flotation machines is proposed.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Flotation is a separation process where hydrophobic particles
are recovered by attachment to rising air bubbles. Efficiency of
the process is strongly influenced by the characteristics of the bub-
ble population. These characteristics are referred to as the machine
gas dispersion properties, which include the following: bubble size
(Sauter mean diameter, D3;), gas holdup (&), superficial gas veloc-
ity (Jg) and bubble surface area flux (Sp) (Gomez and Finch, 2007).

Over the last decade, S, has proven to be a key operating vari-
able being directly related to the flotation kinetic (rate) constant
and consequently to flotation performance (Gorain et al., 1997;
Hernandez et al., 2003). It is defined as the amount of available sur-
face area for collecting hydrophobic particles per unit of time and
effective machine cross-sectional area. It can be mathematically
expressed as follows:

]g -1
Sy =6 Dy [s7] (1)

As can be seen in Eq. (1) calculation of S, depends on measure-
ment of J; and Dss.

The literature concerning geometrical considerations for mea-
suring gas dispersion parameters in flotation machines considers
the axial sampling position (Yianatos et al., 2001; Grau and
Heiskanen, 2003; Schwarz and Alexander, 2006). A representative

* Corresponding author. Current address: XT Canada, Level 10 - 700 West Pender
Street, Vancouver, BC V6C 1G8, Canada. Tel.: +1 6046996429; fax: +1 6046894719.
E-mail address: rodrigo.araya@xt-t.com (R. Araya).
! Current address: Department of Metallurgical Engineering, University of Santiago,
Avda. Libertador Bernardo O’Higgins 3363, Santiago, Chile.

http://dx.doi.org/10.1016/j.mineng.2014.05.001
0892-6875/© 2014 Elsevier Ltd. All rights reserved.

measurement requires careful selection of both axial and radial
positions. Without agreement on the measurement (sensor) loca-
tion it will be difficult to compare data from different sources.
The limited plant measurements support that cylindrical symme-
try is developed in the cell; i.e., gas distribution is parabolic with
the larger proportion of air flowing through the center of the cell
(Dahlke et al., 2001; Gomez et al., 2003). In this paper, the argu-
ment is advanced that the ideal position for gas dispersion mea-
surements is at the average of the radial parabolic profile.

2. Theoretical considerations

Mechanical flotation machines use a centrally located rotor-
stator mechanism both to suspend particles and disperse the air
delivered via a hollow shaft. Generation of bubbles occurs in the
low pressure air cavity region at the trailing edge of the impeller
blades (Harris, 1976; Schubert and Bischofberger, 1998). Bubbles
form by vortex shedding from the tail of the cavity and are distrib-
uted throughout the cell cross-sectional area by the action of the
rotor-stator mechanism. A consequence of the central location is
that air tends to adopt a radial parabolic distribution.

One implication of a parabolic air profile is that gas dispersion
measurements depend on the location (from the center) of the
sampling point. An additional complication is that flotation cells
often have geometries (internal launders, froth crowders, shaft
shroud) that incur significant changes in cross sectional area along
the vertical axis, which must be considered in selecting the sam-
pling point(s).

Gas superficial velocity is defined as the volumetric gas flow
rate (Qg) per unit of effective cross sectional area of the cell (A):
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Nomenclature
A cross-sectional area, cm? r radial distance from the machine center to a point in the
H; total length of the “sensor” tube, cm cell cross-sectional area, cm
Ho distance from the top of the “sensor” tube to the cell lip, To radius of the machine’s center hollow shaft, cm
cm r internal radius of an annular region, cm
Hgp distance between the bottoms of tubes “sensor” and 1) external radius of an annular region, cm
“bubbler”, cm r radial distance at which the average superficial gas
Je superficial gas velocity, cm/s velocity is obtained, cm
Jaav) average superficial gas velocity, cm/s R radius of the flotation cell, cm
Paem atmospheric pressure, cmH,0 o empiric constant linked with parabola width
P, pressure signal from the “sensor” tube, cmH,0 B empiric constant that estimates maximum Jg
P, pressure signal from the “bubbler” tube, cmH,0 Ob bulk density, g/cm?
Qg gas flow rate, cm>/s
Jy = % jemys @)

At a particular depth gas distribution can be established by
measuring the gas velocity at several radial distances from the cen-
ter of the cell (radial j; profile) (Dahlke et al. 2001; Gomez et al.,
2003). The J, profiles have been found to be parabolic and well rep-
resented by the following function (Araya et al., 2009):

Jg:{gffx-rz,

where r is radial distance from the center of the cross-sectional
area, rg the radius of the machine’s center shaft and R the radius
of the vessel (Fig. 1). Parameters o and f§ are empirical constants
to be determined.

The volumetric gas flow rate rising in a flotation cell can be esti-
mated by integrating the J,; profile through infinitesimal annular
regions with differential area dA = 2nrdr (White, 2006).

r<ry
ro<r<R

3)

ng/rrz(ﬁfac-rz)-Zerr (4)

1
with the solution,
Q=m-p-(r;-1})-05-m-o(r; —19) (5)

where r; and r, are the internal and external radius of the circular
annular region where the gas flow rate is being calculated. Evaluat-
ing Eq. (5) with the integration limits, r; = ro and 1, = R (Fig. 1) and
dividing by the effective cross-sectional area (A = m(R* — r2)) gives
the average gas velocity (Jg(av)):

Jean =B—05- - (R +13) (6)

Comparing Egs. (6)-(10) the radial distance (rg,) at which the
average superficial gas velocity is obtained is given by:

0.5- (R* +12) (7)

Tay =

Note, when g = 0, Jg(av) is found at the following radial distance
for any parabolic distribution,

Tew ~0.71-R (8)

The result can be confirmed graphically by comparing the gas
flow rate resulting from a parabolic profile to a uniform profile.

3. Experimental part
3.1. J; measurement

The Mineral Processing group at McGill University has
developed a device for measuring local gas superficial velocity in

industrial flotation machines. It comprises two tubes both closed
by a top which houses a connection to a valve and pressure trans-
mitter (Fig. 2). The pressure transmitter is connected to an elec-
tronic board that acquires, digitizes and transmits pressure
signals to a laptop for analysis. The tube labeled “sensor” collects
air bubbles when the valve is closed and records the rate of pres-
sure increase which is related to J, (Gomez and Finch, 2007). The
expression to calculate J; requires the density of the mixture
pulp-air (bulk density) which is calculated from the pressure dif-
ference between the two tubes (the second labeled “bubbler”)
when both are full of air (the bubbler tube is normally maintained
in that condition, i.e., valve B remains closed, see Fig. 2 left hand
side).

The tubes, typically 10 cm in diameter, are inserted into the flo-
tation machine with the open-ends below the froth and at different
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Fig. 1. Illustration of the cross-sectional area of a circular flotation (tank) cell.
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