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ABSTRACT

The mineral processing group of McGill University developed a novel gas
holdup probe that consists of two conductivity flow cells: an open cell used
to estimate dispersion (slurry + air) conductivity and a syphon cell used to

estimate slurry conductivity. These two values are entered into Maxwell’s

model to calculate gas holdup.

In this work some design criteria for conductivity flow cells and the syphon
cell are given. Effect of geometrical cell constant and electrode width on
cell behaviour are analyzed. New dimensions for open and syphon cells are

proposed. Conditions to prevent bubbles from being entrained into the

syphon cell are established.

The new design of the gas holdup probe was tested successfully over a
prolonged period at the INCO Matte Separation Plant (Copper CIiff,
Ontario). Tests carried out in waste paper de-inking at BOWATER
(Gatineau, Quebec) showed the gas holdup values given by the probe agreed
with the values obtained from pressure. The noise associated with the gas
holdup signal obtained by the probe could be used to diagnose sparger

operation.

Gas holdup showed some degree of correlation with flotation efficiency of
waste paper de-inking and flotation rate constant. Chemistry and rheology of
the feed are other factors to be considered. Estimation of bubble surface area

flux should consider rheology properties (liquid viscosity and density).



RESUME

Le groupe de procédés des minerais de I’université McGill a développé une
nouvelle sonde de fraction gazeuse qui consiste en deux cellules de
conductibilité du débit: une cellule ouverte, utilisée dans |’estimation de la
conductibilité de la dispersion (pulpe + air), et une cellule siphon, utilisée
dans I’estimation de la conductibilité de la pulpe. Ces deux valeurs entrent

dans le modéle de Maxwell utilisé, afin de calculer la fraction gazeuse.

Dans ce travail, quelques critéres de design pour des cellules de
conductibilité du débit, et la cellule siphon, sont donnés. Les effets de la
constante géométrique de la cellule et de la largeur de I’électrode sur le
comportement de la cellule sont analysés. De nouvelles dimensions pour des
cellules ouverte et siphon sont proposées. Des conditions de prévention

d entrainement des bulles dans la cellule siphon sont établies.

Le nouveau design de la sonde de fraction gazeuse a été testé avec succes,

sur une période prolongée, a 1I’usine INCO Matte Separation Plant (Copper
Cliff, Ontario). Les tests effectués dans le désencrage de papier recyclé a
BOWATER (Gatineau, Québec) ont démontré que les valeurs de fraction
gazeuse obtenues par la sonde étaient en accord avec les valeurs obtenues
des mesures de pression. L’interférence associée au signal de fraction
gazeuse obtenu par la sonde pourrait étre utilisée dans le diagnostic

d’opération du barboteur.

La fraction gazeuse a démontré un certain degré de corrélation avec le

rendement de flottation du désencrage du papier recyclé et la constante du




taux de flottation. La chimie et la théologie de I’alimentation sont d’autres

facteurs a considérar. L’estimation du flux de surface des bulles devrait tenir

compte des propriétés rhéologiques (viscosité et densité du liquide).
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CHAPTER 1: INTRODUCTION

1.1 Understanding the Problem

For many years a relationship between the performance of the flotation
process and some process variables has been sought. One of the latest
attempts suggests that the bubble superficial surface flux (or bubble surface
area rate) has a linear relationship with the flotation rate constant [1]. The
bubble superficial surface flux, S, is defined by the gas superficial velocity
and bubble diameter. The bubble superficial surface rate is difficult to
calculate because of the difficulty in obtaining a good estimation of the
bubble diameter in a 3-phase system. The gas holdup, an easier variable to

estimate, could be related to S,.

When gas is introduced in the column, liquid (or slurry) is displaced. The
volumetric fraction displaced is called the gas holdup, €,. The role of gas
holdup in the flotation process has long been discussed but no relationship
has been found yet because of the lack of reliable industrial data. In theory,
gas holdup is defined by bubble size, liquid flow rate, solids content and

mixing patterns [2-3]. Gas holdup defines flotation kinetics and carrying
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capacities, which are associated with the performance of a flotation device,

Figure 1.1.

Carrying Flotation
Capacity E z Kinetics

Tailings
Flowrate

Mixing
Patterns

Solids
Content

Bubble
Size

L

Sparger
Frother
Air Flowrate

Figure 1.1. Gas holdup in flotation

These facts have generated the following questions:

e How can we obtain a good measurement of gas holdup?
e [s gas holdup related to flotation performance?

e [s there an optimum gas holdup?

The first question is raised because we do not have a reliable gas holdup
sensor for industrial applications. The common method to measure gas

holdup is based on pressure and estimations of the slurry density. A
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description of this method is presented in Figure 1.2. The main

disadvantage is the difficulty of obtaining the slurry density.

AP = pslgL(I—gg)

Figure 1.2. Gas holdup estimation using pressure values [2].

[n an effort to solve the lack of a reliable sensor, the mineral processing
group at McGill University developed a sensor based on conductivity to

estimate gas holdup, using Maxwell’s model [4-5].

Electrical conductivity is an intensive property, which is a function of the
concentration of the ditferent phases present in a dispersion. According to
Maxwell’s model, if we have a dispersion (slurry plus air), we can determine
the volume concentration of the non-conducting phase (in this case air), if
we know the dispersion conductivity and slurry conductivity. In Figure 1.3

we can see a conceptual description of Maxwell’s model.




To fulfill the requirements of Maxwell’s model, the gas holdup ptjobé
applies the principle of separation of phases. The probe consists of two flow
cells: an open cell and a syphon cell. A flow cell is defined as one that
allows a fluid or dispersion to flow through freely while the electrical

conductivity is measured [4].

® o0
@)  — kg
Py =

O4 0% B R
. ... s/
!OO [
Dispersion Slurry

(Slurry + Air)
kd

k.\'l

Figure [.3. Gas holdup estimation using Maxwell's model.

The open cell measures the slurry-air dispersion conductivity by allowing a
relatively free flow of the dispersion through the cell. The syphon cell
measures the conductivity of the slurry only, which requires the exclusion of
bubbles. This is achieved by having the upper end open and the lower end
constricted. With this design. air bubbles are prevented from entering the
cell, which causes the density of the cell contents to exceed that outside, thus
inducing a syphon effect. This means that fresh slurry is drawn in at the top,
replenishing the cell contents and. on its exit through the constriction
(orifice), further ensures the exclusion of bubbles [S]. Figure 1.4 shows a

schematic representation of the gas holdup probe (open and syphon cell).



W

Open cell Syphon cell
(dispersion (slurry
conductivity) conductzvily)

Figure 1.4.-Schematic representation of gas holdup probe.
1.2 Objectives and Organization of the Thesis
1.2.1 Objectives

The main objectives of this project can be summarized as follows:

e Re-design of sensor to avoid plugging (syphon cell).
e Establish some design criteria for the sensor.
e Conduct long term testing of the gas holdup sensor at industrial level.

e Study the relationship between gas holdup and flotation performance.
1.2.2. Organization
The thesis is organized into 7 chapters. Chapter 2 examines the background

to conductivity measurements and conductivity cell design, requirements of

sensor design and the relationship of flotation to some flotation variables.




Chapter 3 describes the design criteria for conductivity cells and critical

sensor parameters. An example of a complete design is given.

Chapter 4 examines the experimental setup for two industrial applications:
mineral flotation (Copper Cliff, INCO) and de-inking (Gatineau,
BOWATER). Chapters S and 6 give the results obtained at these two sites.

Finally, Chapter 7 is devoted to discussion and conclusions with suggestions

for further work.



CHAPTER 2: BACKGROUND

This chapter defines conductivity and describes Maxwell’s model, which
relates the volumetric concentration of air (gas holdup) in a dispersion to the
conductivity values of the dispersion and the slurry (dispersion without air).
Conductivity flow cells are described. The principles of the components of
the gas holdup sensor are described: the open cell, used to measure the
dispersion conductivity, and the syphon cell, used to measure slurry
conductivity. The effects of operating and design variables on gas holdup
are also presented. Finally, the role of gas holdup in flotation performance is

discussed.

2.1. Definition of Conductivity

Electrical conductivity, also called specific conductance [6-8], specific
conductivity [9-10], or conductivity [11-17], is the ability of a substance to

conduct electric current. In this thesis, the term conductivity and the symbol

K will be used.




The conductivity is the proportionality constant in Ohm’s law [18]:

9
—

I = —-KAv

where i is the current density (A/cm?), Av is the potential gradient (volt/cm),
and x is the conductivity (Q'/cm). In fact, the conductivity is the reciprocal
of the resistivity (€Q2cm) and the conductance is the reciprocal of the
resistance (€2). The SI unit name for the conductance is the Siemens (S): 1 S
=1 Q"'. Thus the SI units of conductivity are S/m. For convenience, the cgs

unit S/cm (or mS/cm) will be used in this thesis.

The conductivity is an intensive property that may be thought of as the
conductance of a cube of 1 cm edge, assuming the current is perpendicular

to opposite faces of the cube [13, 18].
2.2. Measuring Conductivity

All substances conduct electricity to some degree. Some materials are good
conductors (such as metals) and others are poor conductors (insulators). In
this work, we will discuss the conduction of electric energy in an aqueous

electrolyte solution.

The resistance of an electrolyte solution cannot be measured using direct
current, because it changes the concentration of the electrolyte. The

accumulation of electrolysis products at the electrodes also alters the



resistance of the solution. Instead of direct current, an alternating current is

used to overcome these effects [18].
In a conductivity cell with facing plate electrodes, it is assumed that the
current flux is at right angles to, and constrained by, the area of the plateé;

under this assumption, the resistance of the electrolyte is given by:

_drop of potential v, —v,)

!d
19

R
current !

where v, and v are the potentials on the plates electrodes A and B,
respectively, and I is the current in the electric circuit. In the case of a linear

conductor, the current density, i. on any equipotential surface is constant.

Therefore,
= r, = 3 7
/ qu idA, g = iA 2.3
'S
v,o—v, = (v, —v,)= —IAnll. =-Avth-g) =~ 24

where A is the cross sectional arca of the cell, L is the length of the cell,
and a and b are the positions ot the clectrodes A and B, respectively.

Substituting Equations 2.1, 2.3 and 2.4 into equation 2.2, yields:
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where K is the conductance of the electrolyte. In Equation 2.5 the t_enﬁ

A /L is referred to as the cell constant, expressed in cm.

2.3. Maxwell’s Model

The conductivity method is a technique to measure the gas holdup in a gas-
liquid system. Generally, the conductivity of a gas—liquid dispersion (a
continuous liquid phase with a dispersed gas phase) depends on the
conductivities of the two phases and their relative amounts. However, the
relationship between the conductivity of the dispersion and the concentration

of the dispersed phase is not linear [19].

Maxwell considered a large sphere (continuous phase) containing many
small spheres (dispersed phase) of different conductivity. Assuming the
distance between small spheres is large enough so that their effect in
disturbing the path of the current may be taken as negligible, the apparent

conductivity of this large sphere is given by [19-20]:

x,/+2n'_f 26
I-Bf

where k; is the conductivity of the continuous phase, f is the volumetric

fraction of the dispersed phase ot conductivity k,, and B is given by:

L . 2.7
K, +2x,




Recent research has found that this model can be used to estimate the gas
holdup in three-phase flotation systems [3-5]. Adapting Maxwell’s model

by treating the slurry (solid plus water) as the continuous phase, then,

Km = Kg, apparent conductivity of the mixture (dispersion) for any g,;
K| = Ky, conductivity of the slurry (g, = 0);
K> = 0, conductivity of air;

f = &,, fractional gas holdup;

Thus, the gas holdup can be expressed in terms of apparent relative

conductivity vy,

P 2.8
o I+0.5y

where

;= Lu 2.9

2.4. Conducfivity Flow Cells

From experiments, it was shown that the design of a conductivity cell used
to measure the conductivity of a dispersion is important [3-5, 21-23].
Uniform and parallel current lines between two opposite electrodes in the

cell are essential. Once this condition is met, Equation 2.8 is satisfied.
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A flow cell is defined as one that allows a fluid or dispersion to flow thrdugh
freely while the electrical conductivity is measured. One of the most
important features of a flow cell is the cell constant. The cell constant has
been defined as the ratio of the effective surface area used to transfer
electrical energy (normal to the flux of electric current) to the distance
between two points where the electrical energy is transferred [4]. Figure 2.1

shows a schematic of a conductivity flow cell.

Cross
section area

uuummnnnunnn
[T

Electrodes

Figure 2.1. Schematic diagram of a conductivity flow cell.

Experimental data on open cells indicate that the electric field formed inside
the cell extends beyond the edges of the electrodes [4]. This is because the
isopotential planes formed between the electrodes are not parallel but
concave to the cross section area of the cell. This extension of the electric
field increases with increasing conductivity of the aqueous media, as

reflected in a decrease of the cell constant.



The cell constant of a flow cell is determined by calibration against
electrolyte solutions of known conductivity. The cell constant depends
mainly on cell dimensions; the experimental observations suggest that the

cell constant is independent of the type of electrolyte [4].

The effect of the addition of non conductive bodies in the flow cell has been
verified experimentally. It is concluded that the cell constant is not affected

by the presence of these bodies [4].

A three-ring arrangement was proposed to limit the electric field to the
volume in between the top and bottom rings: by maintaining these two
electrodes at the same potential and the central electrode at opposite polarity,

a current path outside this volume is avoided [3-4].
2.5. Gas Holdup Probe: McGill Prototype

An industrial prototype was built at McGill University based on the direct
measurement of the air-free dispersion conductivity. As described, the
simultaneous measurement of the dispersion conductivity and the liquid
conductivity can be accomplished by using a combination of two

conductivity flow cells (open and syphon cells):

Open cell: a vertical cylinder open at both ends, with three internal ring

electrodes flush mounted to the wall, and used to measure the conductivity

of the dispersion (xy).




Syphon cell: a vertical cylinder with a conical bottom end, opened at the top
and having a small opening (orifice) at the bottom. Again, three internal
ring electrodes flush mounted to the wall were used. This cell was used to

measure the liquid conductivity (k).

The prototype was built by combining these two cells in a single unit.

Figure 2.2 shows a schematic of the gas holdup probe.

Ring electrodes

Ring electrodes

Open cell Syphon cell

Figure 2.2, The combination of “open”™ and “syphon ™ conductivity cells 1o form the gas
holdup sensor.

2.6. Principles of the Syphon cell

When a swarm of air bubbles passes through a column of water, the bubble-
water dispersion presents a lower (dispersion) density relative to that of

water with no air bubbles. This difference in density was exploited to



develop a technique to separate the continuous phase (water, in two-phase
systems; slurry in three—phase systems) of the dispersion and allow the

measure of its conductivity [4].

Because the syphon cell Has a small hole at the bottom, it does not allow the
ascending air bubbles to enter the cell; therefore, the cell becomes filled with
liquid (slurry) without air, creating a hydrostatic pressure difference between
the orifice at the bottom of the cell and the surroundings which causes the
liquid to flow out. This liquid flow increases until the pressure difference is
equal to zero. At steady state, a continuous replenishment of fresh liquid

takes place from the top of the cell creating, in the end, a syphon effect.

Successful operation requires that the liquid velocity at the top of the cell be
lower than the terminal velocity of the rising bubbles outside the cell,

otherwise air bubbles could be drawn into the cell.

Figure 2.3 shows a schematic representation of the syphon cell in an air-

liquid (slurry) dispersion. The conservation of energy between points A and

B is given by:

[[:!_P{1+[ [I{- _ ,; }*.L,(["_/".«(‘)—"ol-_‘,:() 2.'0
P 28, 2B,

where Q =0; w = 0; B = 0.5 for laminar flow and B = 1 for turbulent. From

the mass conservation law we have that:
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Figure 2.3. Schematic represemtation of the syphon cell in an air-liquid dispersion.

p‘,A,l', =pul"‘url{ 2.11

As the fluid at both points A and B is in contact with the dispersion, we have

that:

o
—
9

P _p.:=Pfr"'Pr
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and applying Bernoulli’s principle between points A’ and B’,

PB‘*PA'=gp,‘1(]"5,)(z,4--zg-) 2.13

where (Z1-Zg) = (Z1-Zg-) = L. Now substituting Equations 2.11, 2.12, and

2.13 in Equation 2.10:

P (A{)J 1
—_— —_— ——— +E =gL£ 214
2 [ Ay ) By B T T
The friction loss, E¢, can be defined as:
I I
E,=2f(L /D V] +>e,V; 2.15

neglecting the term containing V,;
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as A, = nD52/4 and Ag = nd(,,,-,-.“2/4, V, is given by:

2gL, ¢,

2] e

9

", = A7




Equation 2.17 relates the velocity of the fluid at the top of the cell with the

length of the syphon cell and the gas holdup of the system.
2.7. Description of Flotation Column

Column flotation consists of tall vertical reactors where gas bubbles are
generated with spargers at the bottom and wash water is added at the top.
The main advantages of columns include: improved separation performance,
low capital and operational costs, low floor space requirements,- and
adaptability to automated control [24]. Many different types of column cell
configuration exist. The conventional, or open flotation column, is

illustrated in Figure 2.4.

In column flotation, rising gas bubbles interact with the descending slurry
(or pulp) in the collection zone (H.). Gas bubbles are normally generated
with internal spargers, such as porous stainless steel pipes or variable gap jet

spargers.

Wash water is added to stabilize the froth, by replacing the water that
naturally drains from the froth. The remainder of the wash water flows
through the froth and cleans the entrained particles. Therefore, the froth
zone is also called the cleaning zone (H;). The flow of water moving
through the froth is called the bias water, a positive value corresponding to a
net flow downwards. For efficient cleaning of entrained particles bias rate

must be positive.
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Figure 2.4. Schematic diagram of a conventional flotation column. From Finch and
Dobhy [2].

The overflow is rich in the floatable (hydrophobic) ‘material, which often
forms the concentrate in mineral systems. The unfloatable (hydrophilic)
material is collected as underflow from the bottom of the column. De-inking

is a reverse flotation process where the valuable (fibre) material (the accepts)




forms the underflow, the overflow consisting of the waste (ink) material (the

rejects).

The flow rates of the different streams in a column are normally expressed
as superficial velocities (or rates). Superficial velocity is the volumetric

flow rate of a particular steam divided by the column cross sectional area:

J _9 2.18
A

where i can be gas (G), feed (F), wash water (W), bias (B), or
tailings/accepts (T). Superficial velocities are useful for comparing columns

of different diameters and are usually expressed in cm/s.

When the transport in the collection zone is described by the plug flow
model with residence time t, the overall recovery, when using the collection

zone rate constant k. (1/min), is given by [2]:

-Ar
R, = (I—e IR, : .19

o -e )R, A1 (1-e"")
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where R, is the recovery in the froth zone. If we take R, as the collection

zone recovery, the overall flotation column recovery Ry is [2]:

R.R
T R.R,+I1-R,




For de-inking, flotation efficiency (F.E.) is used to define flotation

performance. Flotation efficiency in this thesis is defined as:

FE=S"Y

19
19

C

where ¢ is the concentration of ink and the subscripts it and f are for initial
and final, respectively. In order to estimate the flotation rate constant in

Equation 2.19, flotation efficiency can be taken as recovery.
2.8. Effect of Operating and Design Variables on Gas Holdup
2.8.1 Operating variables

Superficial Gas Rate (J)

Volumetric gas flow varies with the static head. Unless -noted otherwise,"
values of gas rate are referred to the column overflow, i.e., at atmospheric
pressure. Figure 2.5 shows the gencral relationship between €, and J,. Gas
holdup increases approximately lincarly then deviates from linearity above a
certain range of J,. The linear section is characterized by a homogeneous
distribution of bubbles of fairly uniform size, rising at a fairly uniform rate.
This is called the bubbly tlow regime. Above the transition J,, gas holdup
becomes unstable and the flow is characterized by large bubbles rising
rapidly, displacing water and small bubbles downward. This is the churn-
turbulent flow regime. The desirable column operation regime is the bubbly

flow [2].




Gas holdup, £ 4 (%)

bubbly few chun - turbulent
rogime flow regime

Superficial gas velocity, Jq (cm/s)

Figure 2.5. Gas holdup as a function of gas rate. general relationship. From Finch and
Dobby [2].

Superficial Liquid Rate (J, or J7)

Figure 2.6 shows the result of increasing J_ countercurrently to the bubbles
(the usual column operation). As J; increases for a given J,, €, increases.
This is expected since the bubble rise velocity (relative to a stationary
observer) decreases. Increasing J; decreases the maximum J, that can be

tolerated for operation to remain in the desired bubbly flow regime.

Frother Concentration (Bubble Size)

The addition of frother up to a certain concentration has a pronounced
impact on reducing bubble size. A reduced bubble size means reduced
bubble rise velocity and consequently a gas holdup increase. The impact of

frother concentration is shown in Figure 2.7.
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Figure 2.6. Gas holdup versus gas rate. effect of downward liquid velocity. From Finch

and Dobby [2].
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Figure 2.7. Gas holdup versus gas rate. ¢ffect of frother dosage. From Finch and Dobby

[2].



Solids Concentration

The role of solids is difficult to describe. A general consideration is that
solid particles may promote or retard coalescence depending upon their
surface properties. Specific to flotation is that the solids distribute between
the liquid phase (i.e., remain in suspension) and the gas phase (i.e., attach to

the bubble).

Mineral solids in suspension generate a slurry density, py, and a slurry
viscosity, s, which have opposite effects on the bubble rise velocity. A
- higher slurry density increases the bubble rise velocity while decreasing €,.
On the other hand, higher slurry viscosity decreases the bubble rise velocity
and increases €,. Finally, solids attached to the bubble yield a bubble-
particle aggregate density, p,. greater than zero, causing the bubble rise

velocity to decrease and, gas holdup to increase [2].

A general observation in flotation columns is that increasing the percent

solids decreases gas holdup [25-26].

2.8.2. Design Variables

Sparger surface (internal spargers)

It is known that gas holdup decreases as the ratio R; (= A/A;) increases (see

Figure 2.8), i.e., the bubble diameter increases as R; increases. As R

increases there is also a tendency to produce a less uniform bubble size, and,



gg versus J,, starts to deviate from linearity. This is evidence of a transition

from bubbly flow to churn-turbulent flow [27].
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Figure 2.8. Gas holdup versus gas rate as a function of R;. From Finch and Dobby [2].

2.9. Gas Holdup Role on Flotation Performance

The effect of gas holdup on flotation performance is not clear. Some work

suggests that gas holdup could strongly be related to flotation performance

and that this relationship could be used to control the flotation process.

Figure 2.9 shows a relationship between concentrate solids flow rate and gas

holdup, for individual columns with similar recoveries (>95%).

This

relationship was developed in an attempt to design a control strategy [28-

29].




Little or no correlation between flotation rate constant and the gas holdup
has been reported for mechanical cells. Recent results have however shown
a strong relationship between bubble surface area flux and the flotation rate

constant [1, 30]. Bubble surface area flux is defined by:

%
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From Equation 2.22 we can see that the main difficulty in calculating S, is
obtaining a reliable estimation of dp. This is even more problematic if we
consider that the bubbles have a size distribution rather than a unique size.
Exploring the role of S, in de-inking flotation columns, Leichtle has
suggested a linear relationship between g, and S,. Figure 2.10 shows the

results obtained by Leichtle for laboratory and pilot columns [31].
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Figure 2.9. Gas holdup versus concentrate solids mass flow-rate for individual column
recovery greater than 95% [28].
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Figure 2.10. Comparison of S, to & using data points from all tests (i.e. laboratory and
pilot scale columns) [31].

Apart from its possible direct role on flotation performance, gas holdup also
has diagnostic applications. For example, a ruptured sparger is readily

detected as the increase in bubble size will cause the gas holdup to drop

suddenly.
2.10. Bubble Surface Area Flux Estimation

The bubble size can be estimated by using direct [1, 30, 32] or indirect
methods. Drift flux analysis. an indirect method, has been applied to
estimate bubble size in both two phase and three phase systems [2, 33-34].
A brief review of drift flux analysis, taken from Finch and Dobby [2], is

included.
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The slip (relative) velocity of gas and liquid in countercurrent systems witﬁ

uniform bubbles is defined by:

where upward flow is positive.

The slip velocity is related to the system variables. For bubble sizes of
interest here, d, =< 2 mm (Re =< 500), a suitable expression is an adaptation
of the multi-species hirdered settling equation of Masliyah [2], written
below for the gas-slurry system:

m-1

_&dy(py -p 1 -¢,)

= - 2.24
U. 184,(1+0.15Re, ™)
or
1
8 ’ -
d. = Balw s0asrE™) 2.25
g(p\/ _ph)(l _Sp)
where
dh b’\hp\l(l - 8[ )
Reb\ = ﬂ 2'26
Y

and m is a function of the Reyvnolds number:



d
m = (4.45 + 18d—°) Re;* 1<Re, <200 2.27
m =445Re;* 200 <Re, <500 2.28
and
Re, = 2L 2.29
(4

/‘l\l

where U, is the terminal rise velocity of a single bubble in an infinite pool

(this is calculated using Equation 2.24 and assuming g, = 0).

Using drift flux analysis bubble size can be estimated from measurements of

€., Joand J;. Following is the step-by-step procedure.

1) Setl),=Jr

2) estimate dy;

3) calculate U,, Equation 2.24 with g, =0
4) calculate Re,, Equation 2.29;

5) calculate m, Equation 2.27 or 2.28;

6) calculate Rey,, equation 2.29;

7) calculate d,, , Equation 2.25: iterate on dy; Go to 2.



CHAPTER 3: DESIGN CRITERIA FOR GAS HOLDUP SENSOR

3.1 Introduction

" The original sensor designed to measure gas holdup [3-5] experienced a
serious problem in industrial application, with plugging of the syphon cell

by mineral particles.

The design of the syphon cell had to overcome this problem while respecting
such electrical criteria as cell constant, separation between electrodes, and

electrode width.

3.2 Plugging

The original syphon cell was composed of a vertical cylinder (3.8 cm
diameter) closed at its bottom end (45° angle) with a lateral opening (about
10 mm diameter) [3]. The first step was to modify the bottom of the cell to a
conical shape (10° angle) with an orifice at the bottom. The second
modification was to increase the cell diameter from 3.8 cm to 7.5 cm. With

a larger diameter cell, we are in a position to increase the size of the (slurry



discharge) orifice at the bottom. Given that the previous design successfully
prevented bubbles from entering at both the top (entrained by the slurry
entering the cell) and bottom, a similar slurry velocity inside the be_ll can
now be obtained by increasing the orifice diameter. The larger orifice will

reduce plugging by solid particles.

From experience the internal diameters of both cells were established at 9.6
cm (D,: open) and 7.5 cm (D;: syphon), while the lengths (L) were
established at 50 cm (in the syphon case, this length includes the conical

section).
3.3 Design Criteria for the Conductivity Cell

In the design of a gas holdup sensor, we have to know the values of the cell
constants and how they relate to the electrode width and the separation

between electrodes.

Figure 3.1 shows a schematic of the electrode arrangement using both the
open and syphon cells. A three-ring electrode arrangement is seen: a central
electrode at one polarity, with the two outer electrodes at opposite polarity.
With this design, the current flux is constrained to flow only inside the cell,
allowing for a more stable cell constant [4]. In Figure 3.1 W is the electrode
width, D, the internmal cell diameter, and L, the separation between

electrodes.
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Figure 3.1. Schematic of a conductivity cell with a three-electrode arrangement.

[n fact, the cell constant is constant throughout; the degree of deviation from
ideality depends on the cell parameters (D, W and L). Figure 3.2 shows a

typical conductivity cell behaviour.
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Figure 3.2. Cell constant behaviour in two different flow cells (see Appendix A. Table
A.1). Data obtained by F. Tavera [4].
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A simple relationship between the cell parameters and a geometrical cell

constant, C, was proposed: Equation 3.1.

— 2‘4“/[ . 3 . l
(L+2W)
where
Arr[l ﬂ 3 2
4

Using data obtained by F. Tavera during the development of the original gas
holdup sensor (measured cell constants for different cell arrangements) [4],
we can evaluate the effect of the cell parameters on the cell constant. From
Figure 3.3 we can see that deviation from the geometrical value became less
significant when the geometrical cell constant decreased. Thus, to ensure
the closest possible estimation of the real cell constant, the smallest feasible.

geometrical value has to be used.

Another important parameter in the design of a conductivity cell is the

electrode width (W). We will define the exposed electrode area by:

A, =nDW 3.3
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Figure 3.3. Deviation from geometrical cell constant for 4 cells with 3-electrode
arrangement. (see Appendix A. Tuble 4.2). Data obtained by F. Tavera [4].

Figure 3.4 shows the deviation from geometrical cell constant values
(Equation 3.1) for cells with different ratios of A../A.. We can see that the
deviation decreases if the ratio A /A, decreases. As a design criterion a

ratio A /A, equal to | could be chosen. for which W is defined as:

3.4

w=2
4

Substituting Equation 3.3 and 3.5 in Equation 3.1 and rearranging terms, we
get that the separation between electrodes necessary to yield a selected cell

constant is given by:

L=L@p-c) . 35
2C
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Figure 3.4. Effect of the ratio A../A. on deviation from the geometrical cell constant by
using Equation 3.1 (see Appendix A. Table A.3). Data obtained by F. Tavera [4].

3.4. Design criteria for the Syphon Cell

Since the length and diameter of the syphon cell are already defined (see
Section 3.1), the diameter of the orifice, duin., at the bottom is the

remaining critical parameter.

Figure 3.5 shows the experimental setup used to characterize different
orifice diameters: 14, 16, 18. 20 and 22 mm. For each diameter, different

water flow rates were passed through the cell until a steady value of H was

obtained.
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Figure 3.5. Experimental setup used to characterize the bottom orifice diameter of
syphon cell (doryjice).

[f we apply Bernoulli’s principle between point A (cell top) and B (cell

bottom) the water velocity at the top, V ,, is a function of H and is given by:

f )
. e 3.6
( D, ] ( / ) /
S —+e, |~
d--nfn - ﬁl{ ﬂl

where g is the gravity acceleration. 3 = 0.5 for laminar flow, and 3 = 1 for

turbulent flow. The syphon cell diameter is represented by D; (in this case,
Dy = 7.5 cm). Figure 3.6 shows the experimental data, V, versus H,

obtained for each orifice diameter.
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Figure 3.6. V4 as a function of H for each orifice diameter, d,.ys.e (See Appendix A,
Tables A.4.a and A.4.b).

From section 2.6, when a syphon cell is working in a dispersion of slurry

and gas, V, is related to the gas holdup, as follows:

| WO
(9]
o
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———— _—+e, JE——
{dunﬁu— ﬂll ﬂ_#

where Lt is the syphon cell length (in this case 50 cm). Taking equations

3.6 and 2.17 the gas holdup is related to H for a given V, by:

e =1 3.7
K L/




An important parameter to be considered for a particular application, is the
bubble terminal velocity, U,. A method to estimate this parameter is

presented in Equations 3.8 and 3.9 [2].

_ gdhz(p_d -p) 3.8
" 18u,(1+0.15Re!* )

where

Re,, = dﬁUl p\l 3.9
My

Figure 3.7 shows the curves V. versus g, (using Equation 3.7), and the
bubble terminal velocity, for three different bubble diameters (0.5, 1.0 and

1.5 mm). The bubble terminal velocities were calculated for a water-air
system. For a given application (where €, and d, are known), Figure 3.7
indicates that every orifice diameter that gives a V. value lower than U,

(defined by d,) would allow a bubble-free environment inside the cell.

As an example, for a bubble diameter of 1.5 mm, all five orifice diameters
could be used (for any g,) because all five curves are under the terminal
velocity line for a 1.5 mm bubble. If we have a system with g, = 20 % and

dp = 0.5 mm, we can use only an orifice smaller than 14 mm.
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Figure 3.7. V4 as a function of & for cuch orifice diameter (Lt=30 cm). Bubble terminal
velocities were estimated using Equations 3.8 and 3.9 (water-air system. dy=1.5, 1.0 and
0.5 mm)(see Appendix A. tubles A. 4.« and A.4.b).

Rearranging Equation 3.6 yields:

= IEIE
dﬂnﬁu' IBH ﬂt ' t-

where Cj and C, are constants which are independent of the orifice diameter.
Figure 3.8 shows the determination of C,, and C, using the data obtained for
the orifices. Substituting these parameters in Equation 2.17, we can estimate
the maximum orifice diameter as a function of the bubble terminal velocity

and gas holdup (see Figure 3.9).



40

1200 . . L e e -
Parameters Equation 3.10
Co=1.20
Ci =100
800 .
o3
<
<
>
-
oL
o
400 .
0 -. - e
0 150 300 450 600 750 900

(Ds/ dorifice) ™4

Figure 3.8. Determination of parameters Co and C, (Equation 3.10). Data obtained for 5
orifice diameters (14. 16. 18. 20. and 22 mm,).
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Figure 3.9. Maximum orifice diameter as a function of the bubble terminal velocity and
gas holdup. Data obtained by substituting Cypand C; in Equation 2.17.
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3.5. Example of Design

A gas holdup sensor was designed for a flotation column application
(mineral system): g, = 10% and d, = 1.0 mm. From Section 3.2, D, = 9.6

cm, D; = 7.5 cm and L= 50 cm (for both cells).
Conductivity Cells

e The two cell constants must be the same to use the same conductivity
meter.

o The lowest possible C in this case (Lt=50cm) is 8 cm.

e Substituting D and D, in Equation 3.5: Wy,=19cm and W,=2.4 cm.

e Substituting C, Dy and D, in Equation 3.6: Ly=7.3 cmand L, =13.3 cm.

Syphon Cell

e From Figure 3.7, all V, values at g, = 10% are lower than U, = 11.2 cm/s.
(dw = 1.0 mm; water-air system). Considering that smaller bubbles (0.5

mm) could be present, a orifice diameter, dgig... of 15 mm is chosen.

Figure 3.10 is a schematic, with all dimensions, of the gas holdup sensor

design for this application (g, = 10% and d, = 1.0 mm).
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Figure 3.10. Schematic of the gas holdup probe designed for an application with &, =
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CHAPTER 4: EXPERIMENTAL

4.1 Introduction

Two industrial applications in flotation were considered in this work:
mineral concentration (INCO at Copper Cliff, Ontario) and de-inking of
waste paper (BOWATER at Gatineau, Quebec). The same data acquisition
system is used for both applications: a gas holdup sensor and an electronic
interface that converts the rough signal from the sensor to a digital signal,

which can be processed in any computer.

This chapter concerns the description of the electronic interface, data
acquisition system calibration and the two processes. Three gas holdup
sensor units were used. The three sensors have the same characteristics as

the ones described in Figure 3.10 (with dyrifice = 1.5 cm).

4.2. Data Acquisition System.

Figure 4.1 shows a schematic of the electronic associated with the gas

holdup sensor. The sensor (open plus syphon cells) is placed inside the



column. A relay board (Keithley Metrabyte, model REL-16) permits each of
the conductivity cells to be measured independently by using a conductivity
meter (Bailey, model TB440). The output of the conductivity meter,
consisting of a signal between 0 and 10 volts, is converted to digital values
by using an A/D converter (Keithley Metrabyte, model DAS-8). The relay
board and the A/D converter are mounted inside a 386-33MHz computer.

€. Calculation
Syphonl Open
|| Multiplexer
REL-16 &
Conductimeter Z—-.E
TB440 A
Computer
l 386-33MHz

A/D Converter @
DAS-8

Figure 4.1. Schematic representation of the data acquisition system.

When the digital voltage value (v) is obtained, it is converted to conductance
by using the calibration curve of the conductivity meter (quadratic equation)

relating voltage to conductance, see Equation 4.1.

K= A+ Bv+Cv’ | 4.1
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This conductance value is transformed to conductivity by using the
calibration curve of the specific cell that is being read (open or syphon cell).
This cell calibration curve is also of the quadratic form. For the open cell,

the equation is as follows:

x,=A, +B,K+CK’ 4 4.2
and for the syphon cell:

k,=A +BK+CK’ 4.3

The data acquisition process is driven by a program in Visual Basic 3.0

(Appendix B). Figure 4.2 shows the main menu of the data acquisition

software.

GAS HOL DUP MEASURE MENTY g

Conductivary 'mS emy

1

Figure 4.2. Main menu of the data acquisition software.
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In order to control the REL-16 and DAS-8 boards, Visual Basic n_eeds
special drivers. To control the REL-16 board and to provide special graph
features the driver package VTX (Keithley Metrabyte) was used. The DAS-
8 board was controlled by using DRIVERLINX-DAS8/VB (Keithley

Metrabyte).
4.3. INCO: Matte (Cu-Ni) Separation Plant, Column circuit

This plant is located at Copper Cliff, Ontario. The matte separation plant
has five flotation columns (see Appendix C, Figure C.1). The main
characteristics of the columns are presented in Table 4.1. All five columns
use Minnovex variable gap jet spargers. Two gas holdup sensors were used

in these tests.
The following experiments were carried out:

e Experiment |: Sensor 2 was placed inside column 2 at a 4-meter depth
for two weeks. The objective was to determine if the syphon cell could

work continuously without plugging in an industrial environment.

e Experiment 2: Sensor | was placed inside column 3 at a 4-meter depth,
and changes in the air flow rate were introduced. Samples of the feed,
concentrate, and tailings. were obtained before and after every air flow
rate change. Grades of Cu, Ni, Co and Fe were determined. Mass
balances were carried out using a method described in the literature [35-
36]. The objectives were to determine if the sensor was able to detect

changes in gas holdup. induced by changes of the air flow rate, and
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whether changes in the column performance could be related to gas

holdup.

Table 4.1

Characteristics of INCO matte separation plant

Column
| 273 4 42"

eight (m) I1.6 1.6 11.6 11.6

1ameter (m) 1.83 1.83 2.13 1.07
Batlles - No Yes / No Yes No

parger Type ~ Variable gap

umber of spargers 4 l 4 | 6 | 2

ubble size (mm) 2

ir flow (std.m>/hr) 255 | 255 340 i 40
‘Gas holdup (%) Z0 - 23

ervice Midd. Rghr. { 2nd Cu Clnr. Ni Clnr. Midd. Clnr.

e Experiment 3: both sensors were placed inside column 3, sensor | at a 4-
meter depth and sensor 2 at a 7-meter depth. The objective was to

determine if there were variations in gas holdup with depth.

Calibration: Conductivity meter and Sensor

The conductivity meter calibration was carried out by replacing the gas
holdup sensor with a known resistor, R (€2), and reading the voltage value
displayved by the data acquisition software. Using several resistors, a set of

conductance (1 / R) values versus voltage was obtained.

The calibration of both cell constants (open and syphon) was carried out by

using electrolyte solutions of known conductivity (without air); the
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conductance in each cell was measured with the data acquisition software,
using the conductivity meter calibration curve. The conductivity of each
electrolyte solution was measured using a portable conductivity meter
(VWR Scientific, model 2052). Calibration parameters for the conductivity
meter, sensor 1 and sensor 2 used in Equations 4.1 to 3, are presented in

Table 4.2.

Table 4.2

Calibration parameters for the conductivity meter, sensorl and sensor?.

(See Appendix C, Tables C.1 to C.5)

Parameters
A B C

Conductivity meter -9.34449 | 4.86954 0.07564
Sensor 1 .

Open cell -0.1745 0.12678 0.0005

Syphon cell -0.17695 | 0.12717 0.00036
Sensor 2

Open cell -0.17476 | 0.12784 0.0002

Syphon cell -0.16461 0.12175 0.00024

4.4. BOWATER: De-inking Pilot Flotation Column

The equipment was a pilot flotation column constructed of PVC, with an
internal diameter of 50 cm and a height of 5.1 m. This column is described
elsewhere [31,37]). The installed instrumentation consisted of mass air flow
meters, magnetic liquid flow meters (2), pressure transducers (3), and

centrifugal pumps (2) with control valves (2). The software used for data
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collection and control was FIX DMACS (32-bit) by Intellution. The I/O
interface between the software and all instruments was an OPTOI serial
board by Transduction. The following parameters were continuously
monitored and registered by FIX DMACS: feed and accepts (i.e., undei'ﬂow)
superficial flow rates, superficial gas rate, gas holdup obtained from pressure

values, bottom pressure, middle pressure, and level.

One gas holdup probe was used in this application: sensor 3. Two kinds of
bubble generating devices were used in these experiments: five sintered
stainless steel powder (porous rigid) spargers and one variable gap

(Minnovex) sparger.
The experiments carried out were:

e Experiment 1: the g, versus J, was obtained by using the five porous rigid
spargers for three different conditions (Hr= 100 cm; T = 3 min, Hy = 100
cm;: T = 6 min, and Hr = 50 cm; t = 6 min). The flotation efficiency and

brightness gain were measured.

e Experiment 2: from an initial condition with 5 porous rigid spargers, the
system was evaluated after closing one sparger, and then two spargers.
Two initial conditions were evaluated (J, = 2.5 cm/s; Hr= 100 cm; t =3
min, and J, = 2.5 cm/s; Hy = 100 cm; t = 6 min). The objective was to
determine the effect on gas holdup and column performance resulting

from a sparger surface area (A,) decrease.
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e Experiment 3: from an initial condition with 5 porous rigid spargers, the
system was evaluated after closing one sparger, and increasing J, until the
previous gas holdup with five spargers was reached. Two initial
conditions were evaluated (J; = 2.0 cm/s; Hr= 50 cm; t = 6 min, and J, =
1.5 cm/s; Hf = 50 cm; T = 6 min). The objective was to determine if
performance was the same for the same gas holdup obtained in different

ways.

e Experiment 4: the g, versus J, was obtained by using a variable gap
sparger. For this experiment the air flow meter was set to the maximum
(Jg = 3.5 cm/s) air flow rate for that gap. The objective of this experiment

was to compare the response of the system to both sparger types.

In order to limit errors, all the experiments were evaluated 15 minutes after
the steady state was achieved (stable signals). To obtain the flotation
efficiency and brightness gain, pads of feed and accept pulp were prepared
according to the CPPA C.4U method [38]. An average of 10 ERIC values
(ink concentration in the pad) were obtained for flotation efficiency

calculations with an average of 10 brightness values for brightness gain.

Calibration: Conductivity meter and Sensor

The calibration procedure of the conductivity meter and the sensor for this
application is the same as the one described in Section 4.3. Calibration
parameters for the conductivity meter and sensor 3, used in Equation 4.1 to

3, are presented in Table 4.3.
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Table 4.3

Calibration parameters for the conductivity meter and sensor 3.
(See Appendix C. Tables C.6 to C.8)

Parameters
A B C

Conductivity meter -7.6 429777 0.07425

Sensor 3 .
Open cell -0.2756 0.14052 0.00015
Syphon cell -0.23187 | 0.12879 0.00069




Chapter 5: INCO Results

This chapter describes the results obtained in columns 2 and 3 at the Matte
Separation Plant, INCO limited (Copper Cliff, Ontario). Two gas holdup
sensors were used in these tests. The main objective of these experiments was
to evaluate the re-designed gas holdup sensor under industrial conditions
(especially with regard to plugging of the syphon cell). One of the sensors
was tested continuously for 17 days in column 2. A second test was run in
column 3, to determine if the sensor was able to detect changes in gas holdup
from changes in the air flow rate to the column. Finally, both sensors were
installed in column 3. to determine variations of the gas holdup value with

depth. The raw data are given in Appendix D.

5.1. Test of Reliability

Figure 5.1 shows the results obtained by gas holdup sensor 2 in column 2 from
March 13 to March 30 (1998). Figure 5.1.a shows the gas holdup values and

Figure S5.1.b, the conductivity values of the dispersion and slurry.
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Figure 5.1. Results on column 2 from March 13 to March 30 (sensor 2): (a) gas holdup, (b)
conductivity values (dispersion and slurry). See Appendix D, Tables D.I to D.18.
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All the values plotted in Figure 5.1 are the averages of fifteen minutes of
operation. The actual rate of sampling is 1 value per minute. Point A in
Figure 5.1 shows a spike, probably the level in the column was below the
sensor position. The column quickly recovered normal operation, both
conductivity values increasing (unsteady state situation). Between point B
and point C (about 1 day) the colurﬁn was shut down, both conductivity values
were close to zero since the column was empty. At point C the column was
re-started. Between point C and point D the plant was in unsteady operation.
At point E the air flow was increased (gap between two conductivity values
increases) leading to a gas holdup increase. After point E the gas holdup was
stable around 8%, although the condlictivity values continued to present

notable changes.

During the test period, the syphon cell did not experience any sign of
plugging, even though the column was shut down for almost one day. In the
previous probe design a column shut down caused the syphon to plug. After
the test, the sensor was checked with solutions of known conductivity and it

did not show significant deviation from the readings prior to the test, i.e., the

calibration (x versus K) had not changed.
5.2. Response to a Change of the Air Flow Rate.

Figure 5.2 shows the gas holdup response to a change in the air flow rate
injected into column 3. All the values plotted in Figure 5.2 are the averages of
S minutes of operation (sampling rate: 1 value per minute). Sensor | was

placed at a 4 meter depth.
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Figure 5.2. Gas holdup response to changes in the air flow rate to column 3 (31-March-
1998). See Appendix D. Table D.19

At point A, a change in the superficial air rate was introduced: from 1.83 cm/s
to 2.03 cm/s. The gas holdup response was slow, reaching a steady gas
holdup after one hour. In contrast, when the air rate was decreased, from 2.03

cm/s to 1.69 cm/s (point B), the system quickly reached a new gas holdup.

The same data is presented in Figure 5.3, but in terms of conductivity values
and ratio y (dispersion conductivity, open cell, over slurry conductivity,

syphon cell) responses to air flow rate changes. From this figure we can see
| that at point B, the dispersion conductivity decreased (increasing the

difference between the two conductivities and giving a higher ratio ).
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Figure 3.3. Conductivity values and ratio responses to changes in the air flow rate to
column 3 (31-March-1998). See Appendix D. Table D.19.

Samples of the feed, concentrate and tailings were taken and the grades of Cu,
Ni, Co, and Fe were obtained (see Appendix D, Table D.20). Representative
samples of the three streams were analyzed 10 times for each of the 4
elements. This allowed an estimation of the relative standard deviations of
each stream for mass balance calculation purposes (weight calculations, see

Appendix D, Table D.21).

The adjusted grades, obtained from the mass balances, are presented in
Appendix D, Table D.22. The recoveries and typical deviations (95%
confidence interval) for each element are presented in Appendix D, Table

D.23. Unfortunately, typical deviations of copper, cobalt and iron are high
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and conclusions based on these elements are avoided. Fortunately, nickel

typical deviations are low, and can be used.

Figure 5.4 shows the recoveries of copper, nickel, cobalt and iron. All of the
elements exhibit the same trend. Between A and B, we see a slight increase in
the recoveries initially, with a larger decrease at the end. From Figure 5.2, we

know that the gas holdup was increasing during this period.
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Figure 5.4. Recovery responses to changes in the air flow rate to column 3 (31-March-
1998). See Appendix D. Tuble D) 23

This could be explained by the observations in Figure 5.5. Figure 5.5 shows
the variation in level (froth depth) during this experiment. From this figure
we can see that the level increased strongly at the end of the period A-B. This

could be related to the recovery decrease.
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Figure 3.5. Froth depth variations at column 3 (31-March-1998). See Appendix D. Table
D.24. Data obtrained by using a conductivity probe to dete:t level.

5.3. Gas Holdup Readings at Two Different Depths.

Sensor 1 was placed at a 4-meter depth and sensor 2 at a 7-meter depth inside
column 3. Figure 5.6 shows similar results for both sensors. The average gas
holdup of sensor 1. at a 4-meter depth. was 4.7% £ 0.1% (95% confidence)
and sensor 2, at a 7-meter depth. was 4.9% + 0.1% (95% confidence). These
results show that therc was not a significant difference between the two
measurements. This is in contrast with some of the previous work, showing a

gas holdup decrease with increasing depth [3-5].
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Figure 5.6. Gas holdup signals of sensor 1 and sensor 2 working at different depths inside
column 3: sensor 1 at 4-meter depth: sensor 2 at 7-meter depth (3-April-1998). See
Appendix D, Tables D.25.a to D.25.c.




CHAPTER 6: BOWATER RESULTS

This chapter describes the results obtained in the pilot column at the De-

inking of Waste Paper Plant, BOWATER Pulp and Paper Inc (Gatineau,

- Quebec). Sensor 3 was used in these tests. One objective of the

experiments was to evaluate the re-designed gas holdup sensor on fibre
pulps, which are quite different from mineral slurries. Gas holdup values
obtained from pressure and conductivity were compared. The effect of gas
holdup on flotation efficiency was explored. The relationship between
bubble surface area flux (derived from drift flux analysis) and gas holdup
was tested. Changes in sparger surface area were induced to observe the gas
holdup response and its effect on flotation performance. Finally, a jetting

sparger (MINNOVEX) was tested. The raw data are given in Appendix E.
6.1. Gas Holdup Measurements from Pressure and Conductivity
Figure 6.1. summarizes the results including the ones for the jetting sparger.

From Figure 6.1, some scatter is evident. One explanation is that

conductivity gives a more local estimation than pressure, which is an
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average between two points. Differences could be expected if gas holdup
would be distributed uniformly in the column.

20 U

Egk =0.87 €gp + 1.36
R2 =0.90

(V.
.

Jetting sparger

gas holdup by conductivity, %
)

0 < ___ _ . . L. e

0 5 10 15 20
Gas holdup by pressure, %

Figure 6.1. Gas holdup estimates from conductivity and pressure measurements for
BOWATER tests. Every point is the average of 15 minutes of stable operation. See
Appendix E, Table E. 1.

To test it if the difference is significant, the t-student value for paired
samples must satisfy —2.03 <t (= 1.61) < 2.03, where 2.03 is obtained for
95% confidence and 36 degrees of freedom (t distribution). From this
analysis we can conclude that the gas holdup obtained from conductivity
(11.42% *+ 0.44%) is not different from the value given by pressure
(11.77%). A slope analysis (m = 0.87 + 0.02) suggests that the gas holdup
obtained from conductivity, tends to underestimate the one obtained from

pressure at low gas holdup, and to overestimate, at high values.




6.2. Effect of Gas Holdup on Flotation Efficiency

The relationship between flotation efficiency and gas holdup for two
residence times (3 and 6 min) is shown in Figure 6.2. It is clear that gas
holdup affects the flotation efficiency, but the latter is also affected by the

residence time, as we expected from the discussion in Section 2.7.

Another factor that can affect flotation efficiency is the froth height. Figure
6.3 shows flotation efficiency versus gas holdup for two froth heights (50
and 100 cm). For this particular case, Figure 6.3 shows froth height does not
seem to strongly affect the flotation performance. One might have expected

a higher recovery in the 50-cm froth case.

100

S50

Efficiency, %

0 4 8 12 16 20
Gas holdup, %

Figure 6.2. Gas holdup effect on flotation efficiency for two residence times (3 and 6
min). Froth height (Hp is 100 cm. See Appendix E, Tables E.2 and E. 3.
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Figure 6.3. Gas holdup effect on flotation efficiency for two froth heights (50 and 100
cm). =3 min See Appendix E. Tables E.2 and E. 3.

The effect of sparger surface area. A,. on gas holdup, for two conditions, is
shown in Figure 6.4. When sparger surface area decreases, gas holdup
decreases for the same J,. as seen in Section 2.8.2. From this figure, we can’
see that the sensor reveals changes in the noise of the gas holdup signal. It
implies that the signal noise is related to the bubble size, which increases as
the number of spargers decreases. Thus. the gas holdup sensor could be a

useful diagnostic tool to monitor the sparger.

A test was performed to evaluate if two similar values of gas holdup,
obtained with different sparger surface areas, give similar flotation

efficiency. Figure 6.5 shows the results for two initial conditions.
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Figure 6.4. Effect of sparger surface area on gas holdup for two conditions: (a) Hy =100
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Figure 6.5. Effect of sparger surface area on flotation efficiency. Hy = 50 cm: t = 7 min.
See Appendix E. Tables E.2 and E. 3.

Figure 6.5 indicates that gas holdup alone cannot define flotation efficiency.
From this figure we can see that a gas holdup even higher than the initial.
one, produces a lower flotation efficiency. We assume here that the system
chemistry has not changed during the test, which should be verified in future

work.

From Section 2.9, a relationship between gas holdup and flotation
performance could be expected. Figure 6.6 presents flotation efficiency
versus gas holdup for residence times close to 6 min. A relationship is
suggested. A model fit is given with the parameters and a x> statistic

indicated.
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Figure 6.6.Flotation efficiency versus gas holdup for t ~6 min. See Appendix E. Tables
E.2and E.3.

A relationship between gas holdup and flotation rate constant has been
reported in mechanical cells for particular cases [1]. Figure 6.7 shows the
gas holdup versus the collection zone rate constant, k.. The collection zone
rate constant was estimated using the considerations outlined in Section 2.7
(plug flow), assuming Ry equal to 0.5 (same for froth height of 50 and 100
cm). All the results are shown in Appendix E, Table E.10.

It is evident from Figure 6.7 that there is some correlation (R> = 0.72)
between the collection zone rate constant and the gas holdup. The scatter in
the data could be explained by changes in the chemistry or rheology of the

feed during the tests.
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Figure 6.7. Collection zone rate constant versus gas holdup. Plug flow inside the column
was assumed to calculate rate constant. Froth recovery, Ry, is equal 50%.. See Appendix
E. Tables E.2 and E. 10.

6.3. Relationship between S, and g,

To estimate the bubble surface area flux, the bubble diameter was calculated
using drift flux analysis (described in Section 2.10). The properties of the
liquid were assumed to be those of water (ug = 0.01 g/cms; pg = 1.0 g/cm3)
and bubbles were considered without a load of particles (p, = 0 g/cm’).

Results giving bubble diameters bigger than 0.2 cm were discarded.

Figure 6.8 shows a linear relationship between gas the holdup and the bubble
surface area flux, as expected from Section 2.9. This relationship shows a

good fit (R* = 0.95).
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Figure 6.8. Bubble surface area flux versus gas holdup at 323 K and pressure P. Every
point is the average of 15 minutes of stable operation. See Appendix E, Table E.I0.

Following Figure 6.8, if we plot J,/d, (at a pressure and temperature of the
gas holdup measurement) versus gas holdup, we obtain another linear
relationship (see Figure 6.9). This time however, a slight improvement in
the fit is observed (R’ = 0.96). Such a relationship could be used to estimate

the bubble diameter for a given application.

Bubble surface area flux has been reported having a linear relationship with
the flotation rate constant [1]. From Figure 6.8 we could anticipate also a
linear relationship between gas holdup and the flotation rate constant. But,
as we saw in Figure 6.7, the gas holdup is not linearly related to the flotation

rate constant.
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Figure 6.9. Gas holdup versus ratio Jg/db (at 323 K and pressure of measurement) .
Every point is the average of 15 minutes of stable operation. See Appendix E. Tables E.2
and E. 3.

Figure 6.10 indicates some degree of correlation between bubble surface
area flux and the collection zone rate constant. The intercept represents the

minimal S, required for overflow of the column (Sy° = 13 1/s).

To explain the linear relationship between gas holdup and bubble surface
area evident in Figure 6.8. consider a bubble surface area moving through a
vessel, a (mz/s), and a sﬁclion of the vessel of length h (m), with a gas
holdup g, (%). Then, the time tahen by a to pass through h, 1, (s), is given

by:

oo s |Ahe, 6 (h) £ _ 6 [h)& 6.1
« 17 i} | 100@ 100\ d, Ja A 100\ d, ) S, i
6
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Figure 6.10. Collection zone rate constant versus bubble surface area flux (at 273 K and
pressure P). Plug flow was assumed to calculate the rate constant. See Appendix E.
Tables E2 and E. 10.

[f we take h = d;, then we have a t,,” that is independent of d,. Rearranging

Equation 6.1:

% . 6.2
1007) *

S,

The parameter 1,” must be a tunction of the superficial liquid velocity, the
rheology (viscosity and density ot the liquid), and bubble load. From Figure
6.8 we can see that the parameter t,,” was independent of J; (the superficial
liquid rate) for these tests. If the system had any significant fluctuation in
rheology, a non-linear relationship between gas holdup and bubble surface

area flux would be expected. In this case, a linear relationship was obtained,
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with constant 1,°. This suggests a constant rheology or may just be an
artifact of taking water as the liquid to estimate bubble size using the drift
flux analysis. To have considered a constant rheology (water) may explain
the absence of a better correlation between the bubble surface area flux and

flotation rate constant.

Substituting Equation 2.19 in Equation 6.2 and rearranging:

; ,
£, = lOOr{;(d—’] 6.3

»

This relationship is demonstrated in Figure 6.9. Taking the slope of the plot
in Figure 6.8, we have that 1,° is about 11 ms. Therefore, the bubble

diameter can now be estimated directly from Equation 6.3.




CHAPTER 7: CONCLUSIONS AND FUTURE WORK

7.1 Conclusions

- Some criteria to design the gas holdup probe were established:

e The electrode width is a critical parameter in a conductivity
flow cell design. An electrode width equal to a quarter of
the cell diameter is recommended.

e The lowest possible cell constant is recommended. Cells
with low cell constant behave closer to ideality (less
deviation from geometrical cell constant).

e A simple relationship for three electrode cells was verified,
which relates the geometrical cell constant to the gap
between electrodes.

e A new syphon cell design, having a conical bottom with a
small orifice, was presented.

e The syphon cell diameter was increased (7.5 cm) from the
original design to allow a larger diameter orifice, which

decreases the chance of plugging.



e An equation that relates the velocity inside the syphon cell
(cylindrical part) to the gas holdup and the orifice diameter
was presented. The fluid velocity inside the cell must be
lower than the terminal velocity of the rising bubbles to

ensure a free-bubble environment inside the syphon cell.

The new design of the gas holdup probe was tested 17 days at INCO Matte
Separation Plant (Copper Cliff, Ontario). The syphon cell did not plug. The
gas holdup probe was able to detect changes in gas holdup upon changes in
air flow rate. Flotation performance (recovery) did not change with air flow

rate, probably due to uncontrolled changes in froth depth.

Tests carried out in waste paper de-inking at BOWATER (Gatineau,
Quebec) showed the gas holdup values obtained by the probe agreed with
those obtained from pressure measurements. This indicates that a bubble-

free environment was obtained inside the syphon cell.

Tests carried out using sparger surface areas showed that the noise
associated to the gas holdup signal could be related to the bubble diameter.

This noise may be used to diagnose sparger operation.

Gas holdup is an important variable in flotation, but alone does not define
flotation performance. The relationship between the gas holdup and the
collection zone rate constant showed some degree of correlation. Chemistry
and rheology of the feed are other factors to be considered. Bubble surface

area flux also showed little correlation with the collection zone rate constant.
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The dispersion in the S, data might be related to the assumption made to

calculate the bubble diameter using the drift flux analysis.

From a conceptual analysis, the bubble surface area flux would be a function
of the gas holdup and a parameter t,°. This parameter is defined as the time
it takes a bubble surface area, moving through a vessel, to cover a distance
equal to the bubble diameter. This parameter seems to be constant for a
system with constant rheology. A linear relationship between gas holdup
and bubble surface area flux is predicted. This linear relationship was

verified in Chapter 6.
7.2 Future Work

The potential use of this sensor in the diagnostic of sparger operation may
justify further exploratory research in that direction. Trying to relate
changes in the noise of the gas holdup signal to changes in bubble diameter

is one approach.

An exhaustive analysis of the gas holdup relation to the bubble surface area
flux is recommended. Mineral systems may have smaller changes in

rheology than those we suspect occurred for waste paper de-inking.
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APPENDIX A

Table A.1. Conductivity and conductance values obtained for two 3-electrode cells. Data
obtained by Francisco Tavera [4]

D=10.T cm D=706cn
L=10cm . L=10cm
w=255cm w=1.9cm
K K K K
(mS/cm) (mS) (mS/cm) (mS)
0.769 5.64 0.279 1.54
1.287 15.76 0.858 6.34
2.1 24.72 1.72 12.18
3.135 35.42 2.85 19.70
4.18 45.80 4.14 28.16
5.84 61.20 5.34 35.32
6.79 69.80 6.83 44.40
8.2 81.40 7.94 50.60

Table A.2. Cell constant values (measured and geometrical) for 4 cell diameters (3-
electrode cells). Data obtained by Francisco Tavera [4]

TI{cm} TO.T T .o .1
L. (cm) 10 H{J 10 10
W (cm) 358 19 1.6 1.25

13 Tell Constant 13 Tell Constant 13 el Constant K Cell Constant |
mSicm [Weas | Geom | mSlem | Weas | Ceonc | mSlcm T Weas | Ceom mSTem T Meas— T Geom
0769 12 954 TU.6l .28 CALU 6.8/ 0.6 3.0% i 0.0 3.02 .27
1287 1225 | 106l 0 %6 <3y 6.S7 1.42 5.4 4.72 1.02 3.60 3.27
21 1177 | 106l -2 T oK 6 s 1 9§ 5.08 4.72 1.67 3.56 3.27
313 1132 | 1061 28 6ul 6<T 28K 1.97 1.72 3.04 3.46 3.27
418 1096 | to.6t 4 6 X0 oS 137 492 172 435 3.38 3.27
584 1048 | 1061 <3y tal 6 146 1.84 1.72 5.65 3.35 3.27
679 1028 | 106l 6K3 P o< $as 1.76 1.72 6.88 3.29 3.27
82 993 10.61 '] 6 nes el 4.67 1.72 7.95 3.27 3.27
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Table A.3. Cell constants (measured and geometrical) for three electrode width (3-

. electrode cells). D = 7.5 cm: L = 10 cm. Data obtained by Francisco Tavera [4]

W(cm) 1.9 1.0 0.5
K Tell Constant 13 onstant K Ceoll Constant |
mS/cm | WMeas. | Geom. | mS/icm | Weas. | Geom. | mS/cm )'MeTs. Geom.

0.8 910 | 6.57 0.33 7.25 7.6 086 | 6.51 )
0.86 7.39 6.57 1.03 7.00 7.56 - 1.27 6.39 8.25
1.72 7.08 6.57 1.99 6.74 7.56 2.32 5.99 8.25
2.85 6.91 6.57 3.07 6.44 7.56 3.22 5.79 8.25
4.14 6.80 6.57 4.13 6.30 7.56 4.40 5.47 8.25
5.34 6.61 6.57 5.39 6.15 7.56 545 5.30 8.25
6.83 6.50 6.57 6.64 5.99 7.56 6.61 4.98 8.25
7.94 6.37 6.57 7.60 5.87 7.56 8.07 4.95 8.25

Tuble A.4.a. Liquid velocity inside the svphon cell as function of gas holdup and H (as
defined in Figure 3.3). Data for different dy.

TTmm To mm T8 mm

H kg VA H kg VA " H g VA
(cm) (%) (cm/s) | (cm) (%) (cm/s) | (cm) (%) (cm/s)
' 2.6 5.2 2.20 5.0 6.0 5.09 253 1 5.0 3.56
4.1 8.2 2.87 3.4 6.8 3.29 3.6 7.2 4.20
5.6 11.2 3.30 54 10.8 4.36 4.0 8.0 4.47
7.4 14.8 3.84 5.8 1.6 3.44 6.2 124 5.67
1.1 222 4.71 9.7 19.4 5.79 6.7 134 5.94
1.1 22 4.75 11.0 220 6.21 8.7 17.4 6.70
15.5 31.0 5.59 14.7 29.4 7.28 8.9 17.8 6.82
199 39.8 6.30 6.3 32.6 7.60 11.8 23.6 7.96
19.0 38.0 8.31 12.2 244 8.11

14.5 290 8.85

15.1 30.2 9.10

17.3 34.6 9.75

18.1 36.2 10.00




Table A.4.b. Continuation fron Table A.4.a.

~20 mm Zmm
H kg VA H Eg VA
(ecm) | (%) | (cm/s) | (ecm) | (%) | (ecm/s)
T9 3.8 3- TG 3.2 330
2.3 4.6 4.56 2.7 5.4 491
4.6 9.2 5.87 4.0 8 6.50

6.7 15.4 7.52 4.9 9.8 7.33
8.5 17.0 8.56 4.9 98 7.29
9.0 18.0 8.66 6.6 13.2 8.68
11.0 220 9.54 7.8 15.6 9.51
12.6 25.2 10.35 8.1 16.2 9.52

14.8 29.6 11.21 9.3 18.6 10.53
15.8 3t.6 11.69 10.1 20.2 10.99
15.9 31.8 1161 10.3 20.6 11.03
16.3 32.6 11.81 111 222 1.4
17.1 342 11.94 11.9 25.8 11.86




APPENDIX B

Module INITIAL
Variable definition
Option Explicit

Dim dia$

Dim hor$

Dim fiin$

Dim d As Long

Dim b As Integer

Dim i As Integer

Dim dummy As Integer

Dim inputMode As Integer ' best Al mode, modified by Get_LDD_Info
Dim StopEventType As Integer ' manual (single) or automatic (continuous)
Dim TriggerSource As String ' trigger source

Dim Al_Channel As integer " A/D channel

Dim vbdataarray1() As Single ' VB array to store voltage values

Dim SampleRate As Long ‘ sample rate in Hz
Dim SampleTime As Single ' calculated display time interval for graph
Dim numsamples As Integer " number of samples

Dim NumGraphPoints As Integer ' number of points to graph
Dim UpdatingGraph As Integer ‘ flag to indicate data is being processed

Sub Form_Load ()

‘initialize program variables
InitGlobalVars
‘activating readings
b=1
‘setting open cell: relays 1 and 2
d=3
‘open file that contains parameters
Open "c:\holdup\kparam ini” For Random As #1 Len =6
'loading conductivity meter parameters (3 ranges)
Get #1, 1, ar1
Get #1, 2, br1
Get #1, 3, cr1
Get #1, 4, ar2
Get #1, 5, br2
Get #1, 6, cr2
Get #1,7, ar3
Get #1, 8, br3



Get#1, 9, cr3
‘defining active conductivity meter range
Get#1,22,r
‘loading open cell parameters
Get #1, 10, ao1
Get #1, 11, bo1
Get #1, 12, co1
‘loading syphon cell parameters
Get #1, 13, as1
Get #1, 14, bs1
Get #1, 15, cs1
Close #1
‘setting relays related to the conductivity meter
ifr=1Thena=0
Ifr=2 Then a = 40960
Ifr=3 Then a = 61440
‘setting control status

editexesr.Enabled = False ‘start disable
command2.Enabled = False ‘sensor disable
command3.Enabled = False ‘conductivity meter disable
command5.Enabled = False ‘end disable
command1.Enabled = True ‘stop enable

‘setting date and time
dia$ = Date$
hor$ = Time$

‘defining name of data file

filn$ = "c:\data\" + MidS$(dia$. 9. 2) + Left$(dia$, 2) + Mid$(dia$, 4, 2) + ".dat"
‘displaying date and time on INITIAL from

fecha.Caption = dia$

hora.Caption = Time$S
‘closing relays

rel.DOScalar=d + a

rel. ArmState = 1 ‘running relay control

End Sub

Sub InitGlobalVars ()

‘initialize variables
'‘Al_Channel = 0
‘SampleRate = 10000
‘numsamples = 1500
StopEventType = DL_TCEVENT

End Sub



Sub rel_ProcessDone (WarningCode As Integer)

‘routine associated to relay control

rel. ArmState = 2
Call waiting(8)
das8

End Sub

Sub waiting (s As Integer)
‘delay routine

Dim ax As Integer
Dim ttt$

Dim tnew$

Dim tne -

Dim told

ax=0
toild =0

30 ttt$ = Time$
tnew$ = Mid3(ttt$, 8, 1)
tne = Asc(tnew$)
If told = 0 Then told = tne
If the = told GoTo 30
ax=ax +1
told = tne
If ax <s GoTo 30

End Sub

Sub das8 ()
‘A/C converter routine

ReDim vbdataarray1(1500)
Dim j As Integer
Dim in As Integer

‘stopping relay control
‘calling delay routine
‘calling A/C converter routine

‘defining number of samples and sampling rate (Hz)

numsamples = 1500

SampleRate = 10000
‘initializing A/C converter board

init_device sr_ai

‘defining A/C converter parameters

sr_ai.Req_op = dI_device
sr_ai.Req_device = 0

sr_ai.Req_subsystem = dl_ai
sr_ai.Req_mode = dlI_polied

‘starting A/C converter



sr_ai.Req_op = dI_start
sr_ai.Refresh
' Call procedure to start data acquisition
GetAnalogBuffer sr_ai, InputMode, Al_Channel, numsamples, SampleRate,
StopEventType
‘Filling the output array
dummy = VBArrayBufferConvert(sr ai, 0, 0, numsamples, vbdataarray1(0),
DL _tsingle, 0, 0)

End Sub
Sub SR_AI_ServiceDone (task As Integer, device As Integer, subsystem As

integer, mode As Integer)
‘routine associated to A/C converter controi

If (d = 3) Then ‘identifying cell
‘calculating the average voltage measured for the open cell
aux =0

Fori=1To 1500
aux = aux + vbdataarray1(i)
Next i
vo = aux / 1500
‘calculating open cell conductance
aux = conductance(r, vo)
vo1l =vo
‘caiculating open cell conductivity
ko = ao1 + bo1 * aux + co1 * aux * aux
‘displaying open cell conductivity
advalue1.Text = Format(Str$(ko), "#.##")
advalue1.Refresh

advalue1 ArmState = 1 ‘running open cell label control
Else
‘calculating the average voitage measured for the syphon cell
aux =0

Fori=1To 1500
aux = aux + vbdataarray1(1)

Next i

vs = aux / 1500
‘calculating syphon cell conductance

aux = conductance(r, vs)

vs1 =vs
‘calculating open cell conductivity

ks = as1 + bs1 *aux + ¢s1 ® aux * aux
‘displaying open cell conductivity




advalue2.Text = Format(Str$(ks), "#.##")

advaiue2.Refresh
advalue2.ArmState = 1 ‘running syphon cell label control

End If

End Sub

Function conductance (r As Integer, aux As Single) As Single
If r = 1 Then conductance = ar1 + br1 * aux + cr1 * aux * aux

If r = 2 Then conductance = ar2 + br2 * aux + cr2 * aux * aux
If r = 3 Then conductance = ar3 + br3 * aux + ¢r3 * aux * aux

End Function

Sub ADVALUE1_ProcessDone (WarningCode As integer)
‘routine associated to open cell label control

advalue1.ArmState = 2 ‘stopping label control
d=12 * setting syphon cell: relays 3 and 4
relay (a + d) ‘ calling relay routine

End Sub

Sub relay (m As Long)
‘relay routine

‘closing relays

form1.rel. DOScalar = m ‘setting relays

form1.rel.Refresh

form1.rel. ArmState = 1 ‘running relay control
End Sub

Sub ADVALUE2_ProcessDone (WarningCode As Integer)
‘routine associated to syphon cell label controt

advalue2 ArmState = 2 ‘stopping label control

d=3 ‘setting open cell relays: 1 and 2

graph1.ArmState = 1 ‘running conductivity graph control
End Sub

Sub Graph1_ProcessDone (WarningCode As Integer)
‘routine associated to conductivity graph control

Dim aux1 As Currency
Dim aux2n As Single
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Dim aux3n As Single :
graph1. ArmState = 2 ‘stopping conductivity graph control
aux2n = Val(advalue1.Text)

If aux2n < .01 Then aux2n = .001
aux3n = Val(advalue2.Text)
If aux3n < .01 Then aux3n = .001

‘calculating ratio y
aux1 = (aux2n) / (aux3n)

‘calculating gas holdup
aux1 =(1-aux1)/(1+.5" aux1)
eg = aux1 * 100

holdup.Text = Str$(eg) ‘displaying gas holdup value

holdup.Refresh

holdup.ArmState = 1 ‘running gas holdup label control
End Sub

Sub holdup_ProcessDone (WarningCode As Integer)
‘routine associated to gas holdup label control

holdup.ArmState = 2 ‘stopping gas holdup label control
GRAPH2 ArmState = 1 ‘running gas holdup graph control
End Sub

Sub graph2_ProcessDone (WarningCode As Integer)
‘routine associated to gas holdup graph control

GRAPH2.ArmState = 2 ‘stopping gas holdup graph control
‘open file to save data
Open filn$ For Append As #1
Print #1, hor$, Format(vo1, "# ###"). Format(vs1, "#.#5H¢")
Close #1 ’
‘determining if click on stop

89

Ifb=0 Then
‘stopping data acquisition

b=1
d=3 ‘setting open cell: relays 1 and 2
editexesr.Enabled = True ‘start enable
command2.Enabied = True ‘sensor enable
command3.Enabled = True ‘conductivity meter enable
commandS5.Enabled = True ‘end enable
editexesr.SetFocus
GoTo 100 _ ‘stop data acquisition

End If

Start ‘calling routine start
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100 End Sub

Sub start ()
‘routine start

‘defining date and time
hor$ = Time$
dia$ = Date$
‘defininig name of data file
filn$ = "c:\data\" + Mid$(dia$, 9, 2) + Left$(dia$, 2) + Mld$(d|a$ 4, 2)+
" dat"
‘displaying data and time
fecha.Caption = dia$
hora.Caption = Time$
relay (a + d) ‘calling relay routine

End Sub

‘if a control (button) is enable can induce an event (click)

Sub Command1_Click ()
‘routine executed after click on stop button

b=0
command1.Enabled = False ‘stop button disable

End Sub

Sub Command2_Click ()
‘routine executed after chick on conductivity meter button

form1.Enabled = False ‘initial form disable
form3.Show ‘Go to conductivity meter module
End Sub

Sub Command3_Click ()
‘routine executed after click on sensor button

form1.Enabled = False ‘initial form disable
form2.Show ‘Go to sensor module

End Sub
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Sub editexesr_click ()
‘routine executed after click on start button

editexesr.Enabled = Faise ‘start button disable
command2.Enabled = False ‘sensor disable
command3.Enabled = False ‘conductivity meter disable
command5.Enabled = Faise ‘end button disable
command1.Enabled = True ‘stop button enable
command{.SetFocus
start ‘calling start routine

End Sub

Sub Command5_Click ()
‘routine executed after click on end button

End ‘end of program

End Sub

Module General
'‘Copyright 1994 DriverLINX/\V8 Source Code Example Library

Option Explicit

Dim i As Integer

Dim dummy As Integer
Global aux As Single

Dim Sample() As Single

Dim NumSamples As Integer
Dim numChannels As Integer

' Conductivity meter parameters
Global r As Integer
' Range 0.1
Global ar1 As Single
Global br1 As Single
Global cr1 As Single
‘'Range 1.0
Global ar2 As Single
Global br2 As Single
Global cr2 As Single
' Range 10
Global ar3 As Single
Global br3 As Single



Global cr3 As Singie

' Siphon cell parameters
Global as1 As Single
Global bs1 As Single
Global cs1 As Single

" Open cell parameters
Global ao1 As Single
Global bo1 As Single
Global co1 As Single

Global ko As Single
Global ks As Single
Global eg As Single
Global vo As Singie
Global vs As Single

Global a As Long

Global vo1 As Single
Global vs1 As Single

Sub GetAnalogBuffer (SR As Control, Mode As Integer, Channel As Integer,
NumSamples As Integer, SampleRate As Long, StopEventType As Integer)

' Specify timing event

SR.Evt_Tim_type = DL_RATEEVENT
SR.Evt_Tim_rateChannel = DL_DEFAULTTIMER
SR.Evt_Tim_rateMode = DL_RATEGEN
SR.Evt_Tim_rateClock = DL_INTERNAL1

‘1/sample rate in Hz
SR.Evt_Tim_ratePeriod = DLSecs2Tics(SR, SR.Evt_Tim_rateChannel, (1/

SampleRate))

' Specify start event

SR.Evt_Str_type = DL_COMMAND

" SR.Evt_Str_type = DL_AIEVENT

' SR.Evt_Str_aiChannel = 0

' SR.Evt_Str_aiGainCode = DLGain2Code(SR, -1)
' SR.Evt_Str_aiUpperThreshold = 1000

" SR.Evt_Str_aiLowerThreshold = 900

" SR.Evt_Str_aiSlope = True

' Specify stop event
SR.Evt_Stp_type = StopEventType



' Specify number and size of buffers

SR.Sel_ buf N=1

SR.Sel_buf_size = DLSamples2Bytes(SR, Channel, NumSamples)
SR.Sel_buf_notify = True

' Specify data format and channels to acquire

SR.Sel_chan_format = DL_tNATIVE

SR.Sel_chan_N =2

SR.Sel_chan_start=0

SR.Sel_chan_startGainCode = DLGain2Code(SR, 1) ' unipolar, unity gain
SR.Sel_chan_stop = Channel

SR.Sel_chan_stopGainCode = DLGain2Code(SR, 1) ' unipolar, unity gain

" Initiate the Service Request
SR.SR_execute = 1

' Display a result message

End Sub

" Sub init_device (SR As Control)

‘initialize device and service request control
SR.Req_subsystem = DL _device
SR.Req_mode = DL _other

SR.Req_op = DL_INITIALIZE

SR.Refresh

End Sub
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Table C.1. Calibration data. conductivity meter for INCO tests.

R "R Survey (VoIls)

(Ohm) (mS) T 3 d 3 [ 3 7 8 Average
I TOUU T.0 J069 | JU0/T | J060 | 2068 | J0/0 | J.069 | J.067 | 2068 | 2.069 |
201 s.0 2817 | 2816 | 2.820 | 2815 ]| 2.820 | 2.817 | 2.819 | 2815 2.817
11 9.0 3.573 ] 3.572 | 3.573 | 3.574 | 3.575 | 3.573 | 3.571 | 3.575 3.873
77 13.0 4.298 | 4296 | 4.297 | 4296 | 4.301 | 4.299 | 4.302 | 4.304 4.299
59 16.9 5015 ] 5.008 | 5014 | 5012 5018 | 5.016 | 5.020 | 5.022 5.016
48 20.8 5695 | 5.694 | 5696 | 5697 | 5.706 | 5.706 | 5.708 | 5.707 5.701
40 25.0 6.402 | 6.402 {1 6.402 | 6400 | 6.416 | 6.417 | 6.420 { 6.420 6.410
34 29.4 7.157 | 7.157 | 7.162 | 7.160 | 7.178 | 7.175 | 7.182 | 7.181 7.169
30 333 7.811 7.809 | 7.812 | 7.808 | 7.835 | 7.832 | 7.836 | 7.838 7.823
27 37.0 8.387 | 8.387 | 8.390 | 8385 | 8.416 | 8.416 | 8.423 | 8.420 8.403
25 40.0 8.880 | 8877 | 8.880 | 8879 | 8915 | 8911 | 8919 | 8918 8.897

Tuble C.2. Calibration data. open cell of sensor [ for INCO tests.
K Survey (mS) .
(mS/cm) RE p4 ) 4 -1 Average
0.37 I30 T30 130 — .30 120 X
0.62 6.05 6.05 6.05 6.05 6.05 6.05
0.80 7.39 7.59 7.39 7.40 7.40 7.39
1.08 9.55 9.55 9.55 9.56 9.55 9.55
1.48 1247 12.48 12.49 12.48 12.49 12.48
1.86 15.16 (5.16 15,16 15.16 15.16 15.16
2.26 17.95 17.93 17.93 17.95 17.93 17.93
2.74 2111 RINE 2112 21.12 21.12 21.12
312 2381 2581 2384 23.83 25.85 23.83

Tuble C.3. Calibration data. syphon cell of sensor 1 for INCO tests.

R Surves (mS)

(mS/cm) T T 3 ) 3 Average
U g 12 T T T2 17 E .5,
0.62 6.09 6.09 609 609 6.10 6.09
0.80 7.45 745 744 743 745 7.45
1.08 9.65 9.65 9 6% 9 .65 9.65 9.65
1.48 12.58 12.58 12.58 12.58 12.58 12.58
1.86 15.35 1555 1535 15.35 15.35 15.35
2.26 18.21 18.21 18.21 18.21 18.21 18.21
274 21.50 21.50 21.50 21.50 21.50 21.50
312 24.28 24.28 24.28 24.29 24.29 24.2%




Table C.4. Calibration data. open cell of sensor 2 for INCO tests.

—x STETTRS)

(mS/cm) T pJ 3 3 - 5 Average
1.21 4.21 4.21 .21 .21 4.21 0.57
6.07 6.08 6.08 6.08 6.08 6.08 0.62
7.47 7.47 7.47 7.47 7.47 7.47 0.80
9.70 9.70 9.70 9.70 9.70 9.70 1.08
12.70 12.71 12.71 12.72 12.72 12.71 1.48
15.55 15.56 15.56 [5.56 15.56 15.56 1.86
18.50 18.51 18.51 18.52 18.52 18.51 2.26
21.93 21.93 21.94 21.94 21.95 2194 2.74
24.87 24.87 24.89 2489 24.89 24.88 3.12

Table C.5. Calibration data. syphon cell of sensor 2 for INCO tests.

K Surves (md)

(mS/cm) 1 - 3 4 3 Average
133 I35 I35 k] — 355 335 037 |
6.29 6.29 6.29 6.29 6.29 6.29 0.62
7.73 7.75 7.73 73 7.73 7.73 0.80
10.05 10.05 10.05 10.05 10.05 10.05 1.08
13.16 15.17 1317 1317 1317 13.17 1.48
16.13 16.14 16.14 16 14 16.13 16.14 1.86
19.20 19.20 1920 19 20 19.20 19.20 2.26
2273 2273 2273 223 2273 2275 2.74
25.73 2574 2574 A | 2574 25.74 312

Tuble C.6. Calibration data. conductiviey meter for BOWATER tests.
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R n Sursey (M olts)
(Ohm) (mS) T 3 X J ) [ 7 ~ 8 Average
[~ TU00 T.00 TO6Gs | TG | 7O [ TOSS [ TON [ 1967 [ 1958 [ 1.958 T.93
201 4.98 2800 | Koo | 2wl rogo ) 2793 | 2796 | 279t | 2.796 2.797
1t 9.01 3.633 Tal9 O e | 3636 | 3640 | 3.634 | 3.637 3.634
77 12.99 483 4333 | dica | 289 4450 | 44937 4430 ) 4.339 4.445
L9 16.95 5.231 <241 S 32} S 23] 230 ] 5234 ) 5235 ] 5.235 5.236
48 20.83 S987 | oogs Su 602 1 6010 | 53998 | 5.993 | 6.002 5.998
40 25.00 6788 | 6”0 | 6 X2l o=ul | 6785 | 6.789 | 6.789 | 6.794 6.789
34 29.41 7630 ] T63S | Tomw | TeT0 | 7.624 ) 7.635 ) 7637 | 7.638 7.639
30 33.33 8354 ] K366 | $3<K { 806 | 8351 | 8372 | 8.349 | 8.368 8.361
27 37.04 8982 | 9012 | X991 | 901t | 9.000 | 9.002 | 8.989 | 9.005 8.999
25 40.00 Q9487 | YA | YI88 | 9492 ] 9482 | 9494 | 9.489 | 9.495 9.490




Table C.7. Calibration data. open cell for BOWATER tests.
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13 Survey (mS)

(mS/cm) T pJ 3 I -1 (3 ~7 4 Average
053 6.3 5.23 6.23 6.3 [ 6.3 63 6.3 .23
1.28 10.63 10.63 10.63 10.63 10.63 10.63 10.63 10.64 10.63
1.81 14.49 14.49 14.49 14.49 14.49 14.50 14.50 14.50 14.49
2.4 18.86 18.87 18.87 18.87 18.86 18.87 18.87 18.87 18.87
3.24 24.09 24.09 24.09 24.10 24.10 24.11 24.11 24.11 24.10
3.97 2924 29.24 2924 29.25 29.25 29.26 29.27 29.27 29.258
4.72 34.25 3425 34.26 34.26 34.26 34.28 34.27 34.28 34.26
5.50 39.30 39.30 39.30 39.50 39.31 39.32 3933 39.33 39.31

Table C.8. Calibration data. syphon cell for BOWATER tests
K “Survey (mS)

(mS/cm) T Z 3 E L3 () 7 k.3 Average
0.63 6.27 6.37 678 [t 618 .38 o S -
1.28 10.67 10.67 10.67 10.67 10.68 10.68 10.68 10.68 10.68
1.81 14.51 [4.51 I4.51 14.51 14.51 14.51 14.51 14.51 14.51
2.44 18.82 18.83 18.83 18.83 18.83 18.83 18.83 18.83 18.83
3.24 23.91 23.91 2392 2392 2392 2393 23.92 23.93 23.92
3.97 28.93 2893 28.91 2893 28.93 28.94 28.94 2894 28.94
4.72 33.73 RRIY A 3372 n 3372 33.72 33.72 33.72 33.72
S50 38.56 38 56 38 56 X 88 3856 38.56 38.56 38.56 348.56




APPENDIX D

Table D.1. INCO Matte Separation Plant column 2. Gas holdup data collected March
13 (1998} using sensor 2.

K open | K syphon “Eg
(mS/cm) | (mS/cm) (%)
U915 0.3 u.Y/5 10.26
18:24:16 0.81 0.954 10.49
18:39:16 0.79 0.94 11.00
18:54:16 0.79 0.93 10.84
19:09:17 0.77 0.92 11.30
19:24:17 0.76 0.92 11.87
19:39:17 0.77 0.92 11.27
19:54:18 0.78 0.92 10.34
20:09:20 0.79 0.92 9.80
20:24:21 0.81 0.93 8.60
20:39:21 0.82 0.94 8.98
20:54:21 0.83 0.95 9.24
21:09:21 0.83 0.97 9.73
21:24:22 0.85 0.99 9.34
21:39:23 0.88 1.01 8.91
21:54:25 0.89 1.03 8.96
22:09:25 092 1.04 8.52
22:24:27 0.92 1.06 8.94
22:39:27 0.93 1.07 9.09
. 22:54:27 0.94 1.07 8.76
23:09:27 0.94 1.07 8.71
23:24:27 094 1.07 8.50
23:39:27 0.93 1.06 8.8
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Table D.2. INCO Matte Separation Plant column 2. Gas holdup data collected March

14 (1998) using sensor 2. .
—Kopen | k syphon > Kopen | Kk syphon g
(mS/cm) § (mS/cm) (%) (mS/ecm) | (mS/cm) (%)
0:07:27 0.97 T.039 TI® | 12332 091 T.02 ~7.50
0:22:27 0.91 1.040 8.47 12:38:33 0.90 1.01 7.76
0:37:27 0.90 1.03 8.63 12:53:35 0.89 1.0t 8.01
0:52:28 0.90 1.02 8:50 13:08:36 0.89 1.00 7.59
1.07:29 0.89 .02 8.49 13:23:37 0.89 1.00 7.95
1:22:29 0.89 1.01 8.25 13:38:38 0.89 0.99 7.52
1:37:31 0.88 1.00 8.52 13:53:40 0.88 0.99 7.50
1:52:32 0.88 1.00 8.48 14:08:46 0.88 0.99 7.74
2:07:32 0.88 1.00 8.36 1.4:23:47 0.88 0.99 7.64
2:22:32 0.88 0.99 7.91 14:38:50 0.89 1.00 7.61
2:37:33 0.88 1.00 8.27 14:53:52 0.89 1.00 7.53
2:52:35 0.88 1.00 7.75 15:08:54 0.90 1.01 7.63
3:07:35 0.88 0.99 7.62 15:23:55 0.91 1.02 7.74
3:22:36 0.89 0.99 7.02 15:38:55 0.91 1.02 7.51
3:37:36 0.88 0.99 7.50 15:53:57 0.91 1.02 7.81
3:52:37 0.88 0.99 7.79 16:09:02 091 1.03 8.08
34:07:37 0.88 0.99 7.83 16:23:04 0.91 1.03 7.85
4:22:37 0.89 1.00 7.40 16:39:05 0.92 1.03 7.52
4:37:38 0.89 1.00 7.57 16:54:05 0.92 1.03 7.57
4:52:41 0.89 1.00 7.85 17:09:07 0.92 1.03 7.52
5:07:41 0.89 1.00 7.57 17:24:07 0.92 .1.03 7.59
5:22:41 0.89 1.00 7.47 17:39:08 0.93 1.04 7.64
5:37:41 0.90 1.0 723 17:54:08 0.94 1.06 7.71
5:32:41 0.89 1.00 T %6 18.09:11 0.95 1.07 7.88 .
6:07:41 0.89 1.0 72 18.24:15 0.96 1.09 7.83
6:22:43 0.88 (.99 T 45 18.39:18 0.98 1.10 7.57
6:37:37 0.89 (0.99 7.16 18:54: 18 0.98 I.11 7.81
6:52:47 0.89 0.99 7.582 19:09:18 0.99 1.12 7.85
7:07:48 0.8% 1.00 7.83 19:24:20 1.00 I.13 8.08
72249 .89 . T7s 19:39:21 1.01 .13 7.63
7.37:49 0.90 1.01 T3 19:54:24 1.00 1.13 7.76
7:52:54 0.92 1.03 T ol 200929 1.00 1.13 7.82
£ 08 () 0.93 1.4 = "0 202430 0.99 1.12 7.93
£.23.03 0.93 1 08 °°x 20 3930 0.98 1.11 7.63
¥ 38 03 .94 | (6 e b 20 83:30 0.97 1.10 8.05
K33 0S5 0938 1 06 R 200930 0.97 1.09 7.56
9.08 (6 (r9s to? === 212831 0.96 1.08 7.96
923:06 0.98 fo° el 21 39:32 0.95 1.07 7.62
9:3%:08 .95 10° =2 21 54:34 0.94 1.07 7.89
9:583.13 0.95 1o° T 6s 221936 0.94 {.06 7.85
10:08:17 0.95 I 06 -« 222437 0.94 1.05 7.38
10:23:18 0.94 1.06 T 9] 22:39:37 0.93 1.05 7.80
10:38:22 0.93 1.08 T XS 23:54:37 0.93 1.04 7.59
10:53:23 093 1.4 RALE | 23:09:37 0.92 1.03 7.75
11:08:24 0.92 1.03 7.7 23:24:37 0.91 1.02 7.86
11:23:25 0.92 1.03 7.71 23:39:38 0.89 1.01 8.13
11:38:25 0.9] 1.03 798
11:53:26 0.91 .02 T a6l
12:0%:30 0.9l 1.02 788



Kopen | K syphon Eg open | K syphon | X

(mS/cm) | (mS/cm) (%) (mS/cm) | (mS/cm) (%)
U:07:3.2 — U.89 1.000 7.01 12:23:05 0.93 1.07T 5.52
0:22:45 0.89 0.999 7.77 12:39:07 0.91 1.00 5.83
0:37:47 0.88 0.99 7.71 12:54:07 0.90 0.98 5.82
0:52:48 0.88 0.99 7.78 13:09:08 0.89 0.97 5.77
1:07:49 0.88 0.99 7.79 13:24:09 0.88 0.97 6.14
1:22:50 0.87 0.99 8.18 13:39:10 0.87 0.96 6.16
1:37:51 0.87 0.99 8.13 13:54:11 0.87 0.95 6.30
1:52:52 0.88 0.99 7.98 14:09:12 0.81 0.94 9.46
2:07:54 0.88 0.99 7.96 14:24:15 0.81 0.93 9.30
2:22:58 0.87 0.99 8.22 14:39:17 0.80 0.93 9.80
2:37:59 0.87 0.99 8.62 14:54:19 0.80 0.93 9.92
2:52:59 0.87 0.99 8.72 15:09:20 0.79 0.93 10.36
3:08:01 0.88 0.99 8.04 15:24:20 0.81 0.93 9.42
3:23:02 0.87 0.99 8.41 15:39:20 0.81 0.94 9.79
3:38:02 0.87 0.99 8.69 15:54:23 0.82 0.95 9.43
3:53:04 0.87 0.99 8.47 16:09:24 0.83 0.96 9.5%
4:08:06 0.87 0.99 8.76 16:24:28 0.86 0.99 8.75
4:23:08 0.86 0.98 8.64 16:39:31 0.89 1.01 8.35
4:38:10 0.86 0.98 8.66 16:54:32 0.91 1.03 8.26
4:53:12 0.85 0.97 8.78 17:09:32 0.93 1.06 8.42
5:08:12 0.86 0.97 7.66 17:24:32 0.95 1.08 B.15
5:23:14 0.86 0.97 7.64 17:39:33 0.96 1.10 8.92
5:38:16 0.85 0.95 7.64 17:534:36 0.98 111 8.30
5:33:17 0.84 0.94 7.22 18:09:37 0.97 1.12 8.97
6:08:20 0.84 0.93 6.70 18:24:41 0.97 1.12 9.09
6:23:23 0.82 0.92 7.12 18:39:44 0.97 111 8.51
6:38:23 0.82 0.91 6.61 18:54:44 0.97 I.10 8.61
6:53:24 0.81 0.91 7.24 19:09:44 0.96 1.10 8.81
7:08:235 0.82 0.90 6.39 19:24:45 0.95 1.09 8.60
7.23:27 (.82 .90 6.37 19:39:46 0.96 1.08 7.97
7.38:.27 0.81 0.90 6.80 19:534:51 0.96 1.08 7.37
7:53:30 .81 (.89 3.97 20:09:57 0.96 1.07 6.75
%:0K:33 0.80 0.89 6.71 20:25:00 0.95 1.06 7.12
¥23:.36 0.81 0.89 6.4 20:30:01 0.95 1.06 6.97
8 38:37 0.81 ().89 644 20:55:02 0.94 1.05 6.97
8.33:37 0.81 0.90 6.53 21:10:03 0.94 1.05 7.51
9.08:38 0.82 0.9} 6.67 21:25:03 0.93 1.04 7.19
9:23.38 0.83 091 619 21:40.04 0.93 1.04 7.22
9:3%:39 0.83 (92 6 19 21:35:05 0.93 1.04 7.23
9:33:344 0.85 (1.94 61l 22:40:07 0.92 1.03 7.48
10:08:30 0.88 097 6.36 22:25:09 0.91 1.02 7.43
1G:23:54 091 1.0 597 22:40:13 0.91 1.02 7.60
10:38:55 0.93 1.02 6.02 22:55:30 091 1.02 7.55
10:53:55 0.94 1.03 6.11 23:10:32 0.91 1.02 7.55
11:08:56 0.95 1.04 593 23:25:33 0.91 1.02 .7.70
i$:23:57 0.96 1.05 5.98 23:30:35 0.91 £.02 7.65
11:38:57 0.95 1.04 5.79
11:53:59 0.95 1.04 5.92
12:09:02 .93 1.02 5.99
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Table D.3. INCO Matte Separation Plant column 2. Gas holdup data collected March
15 (1998) using sensor 2.
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Table D.4. INCO Matte Separation Plant column 2. Gas holdup data collected March

16 (1998) using sensor 2. .

K open | K syphon ] “Kopen | K syphon | X
(mS/cm) | (mS/cm) (%) (mS/cm) | (mS/cm) (%)

0:07:35 091 1.017 T.30 17:18:57 0. /0 U.79 7.33

0:22:37 0.90 1.017 7.81 17:29:37 0.72 0.80 7.12

0:37:37 0.91 1.02 7.25 17:44:37 0.73 0.82 6.99

0:52:37 0.92 1.02 6.74 17:59:37 0.75 0.83 6.72

1:07:38 0.91 1.0l 6.72 18:14:37 0.77 0.86 C71.27

1:22:39 0.92 1.01 6.41 18:29:37 0.79 0.89 7.12

1:37:41 0.89 1.01 7.88 18:44:37 0.82 0.92 6.99

1:52:41 0.89 1.00 7.46 18:59:37 0.85 0.94 6.79

2:07:41 0.89 1.00 7.90 [9:14:37 0.85 0.95 7.31

2:22:42 0.89 1.00 7.69 19:29:37 0.86 0.96 7.46

2:37:43 0.88 0.99 7.60 19:44:37 0.88 0.98 7.51

2:52:43 0.88 0.99 7.65 19:59:37 0.89 0.99 7.42

3:07:45 0.88 0.98 7.37 20:14:37 0.90 1.00 7.09

3:22:46 0.87 0.98 7.58 20:29:37 0.91 1.01 7.03

3:37:46 0.88 0.98 7.60 20:44:37 091 1.0l 7.11

3:52:47 0.88 1.00 7.97 20:59:37 0.90 1.01 7.27

4:07:47 0.90 1.02 7.6% 21:14:37 0.90 1.00 7.23

$:22:49 0.92 1.03 7.68 21:29:37 0.91 © 1.00 6.32

4:37:49 0.93 1.05 7.81 21:44:37 092 1.00 5.24

4:52:49 0.95 1.07 7.59 21:59:37 0.9] 0.99 5.94

5:07:30 0.96 1.09 7.99 22:14:37 0.90 0.98 5.97

5:22:53 0.98 1.10 7.86 22:29:37 0.89 097 5.62

§$:37:33 0.99 112 761 22:44:37 0.88 0.96 5.55

$:52:53 1.00 1.12 7.47 22:59:37 0.87 0.95 5.79

6:07:53 1.01 [ B 7R3 23:14:37 0.87 0.94 1.95

6.22:53 1.01 1.135 %20 23:29:37 0.86 0.94 5.31

6:37:55 1.03 [.16 7.96 23:44:37 0.86 0.93 5.00

6:32:36 1.03 1.17 X l6 23:59:37 0.46 0.50 2.75

T07T57 1.04 .17 7494

72258 1.04 1.17 ~ 70

TATINY 1.03 l.le T 73

TIV00 1.02 113 T8

% 0% 00 1.02 113 674

%2301 1.00 11l ol

¥ 3% 02 0.98 i =~

X s302 0.96 Io° TIK

90K O3 (.94 1 0s A

92304 092 | 03 D

9_3K.08 ).90 1 01 1o

9-33.03 0.89 oW TS

1) 0K-08 .87 o’ hiba

10:.23:06 0.86 0 96 =28

10:38:06 0.85 09s 7.08

[5:44:14 0.75 (1R8] 712

15:59:34 0.73 0.82 7.45

16:14:37 0.72 0 80 7.69

16:29:37 0.70 0.79 7.64

16:44:37 0.70 0.78 7 58

16:39:37 0.70 0.7% 7.07
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Table D.5. INCO Matte Separation Plant column 2. Gas holdup data collected March
. 17 (1998) using sensor 2.

Kopen | Ksyphon | Eg open syphon | X3
(mS/cm) | (mS/cm) (%) (mS/cm) | (mS/cm) (%)
C:07-37 0.86 0.930 333 113359 U89 0.9 ©.60
0:22:37 0.86 0.928 5.16 12:48:59 0.90 1.00 6.59
0:37:37 0.86 0.93 5.21 13:03:59 0.90 1.01 7.08
0:52:37 0.86 0.93 5.40 13:18:59 0.91 1.02 6.98
1:07:37 0.86 0.93 5.30 13:33:59 0.93 1.02 6.68
1:22:37 0.86 0.93 4.85 15:48:59 0.93 1.03 7.14
1:37:37 0.86 0.93 5.00 14:03:59 0.93 1.04 7.1
1:52:37 0.86 0.93 5.09 14:18:59 0.95 1.06 7.38
2:07:37 0.86 0.93 5.10 14:33:59 0.99 1.11 7.42
2:22:37 0.86 0.93 5.50 14:49:00 1.03 I.15 7.23
2:37:37 0.86 0.93 5.09 15:04:00 1.05 1.18 7.60
2:52:37 0.87 0.94 5.19 15:19:00 1.04 17 7.61
3:07.37 0.88 095 $.57 15:34:01 1.02 1.15 7.69
3:22:37 0.89 0.95 4.25 15:49:02 1.01 t.14 7.93
3:37:37 0.89 0.96 4.64 16:04:02 1.00 1.13 7.66
3:52:37 0.90 0.90 1421 16:19:02 1.00 1.12 7.75
$:07:39 0.90 097 4,95 16:34:03 1.00 1.12 7.11
4:22:43 0.89 0.97 S 98 16:49:03 1.00 1.12 7.62
4:37:46 0.89 097 s Se 17:04:03 1.00 1.12 7.64
4:52:47 0.89 197 s So 17:19:03 1.00 1.13 7.85
5:07:48 0.89 097 AT 17:34:03 1.00 1.13 7.68
5:22:50 0.89 097 S "0 17:49:03 1.01 1.13 7.64
5:37:51 0.90 0 9% £ "6 1R 04-03 1.01 1.13 7.37
. 5.52:51 0.9 09K Sl IX 1903 1.02 1.14 7.42
6:07:52 0.90 0 9x <y IX 3403 1.03 115 7.72
6:22:52 0.90 () 9K 493 X494 1.05 1.17 7.18
6:37:36 0.90 (ux X 19 04 O3 1.035 I.18 7.68
6:532:38 0.9 0 ux < 19 19 05 1.07 1.20 7.54
T08:00 0.90 W X 19 34 06 1.08 1.21 7.80
7.25:01 0.90 [T Y] ol 19 49 06 1.09 1.22 7.74
73802 0.90 TR (R 200 €04 O [.10 1.23 7.61
7.33:02 0.90 0w LRV 2019 06 t.10 1.24 7.41
8 0% 04 091 LY e NIRRT 1.1 .24 7.36
¥.23 08 .91 1 on . 20 9o 1.11 1.25 7.63
X IX 03 0.91 [t "l 2 ago” 1.11 1.25 7.72
X:33:07 0.91 1t noin 21 0T (Y] 1.25 7.57
9-0%-08 0.91 (LTI (LY MERY NI 112 1.25 7.21
9-23:10 0.91 Y] <Cm 2 v o” Pl 1.24 7.21
Q:3K:12 0.91 IRl «TT hETY N1 110 1.24 746
9:536:57 0.90 TR [ AR LY g 1.10 1.23 7.42
10:12.20 (). (" ux § < hAEY B K3 1.09 1.22 7.31
10:27:39 0.90 [TV} 4 R AR LT3N Iy 1.09 1.22 7.41
10:42:43 0.90 o ux L ¢ 2y 22 1.08 1.21 7.87
t1:01:39 0.89 na <&y 2319 2K 1.08 1.21 7.63
11:17:28 0.89 ) 9K RN 233333 1.08 1.21 7.10
11:32:59 0.89 (1 ux < X< 2314938 1.07 1.20 7.49
11:48:32 0.R8 T X!
12:03:56 0.8% " ux [l
12:18:359 (.XX 09X [
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Table D.6. INCO Matte Separation Plant column 2. Gas holdup data collected March
18 (1998) using sensor 2.

“K open | K syphon g open syphon L X I

(mS/cm) | (mS/cm) (%) (mS/cm) | (mS/cm) (%)
00739 T.07 T.196 7.56 TX2508 | 0.9% ~T1.06 7.03
0:22:40 1.07 1.190 7.04 12:40:09 0.95 1.06 7.00
0:37:42 1.06 1.19 7.30 12:55:14 0.95 1.05 6.56
0:52:46 1.06 1.18 6.93 13:10:16 0.94 1.04 7.06
1:07:49 1.06 1.18 6.94 13:25:19 0.93 1.03 6.54
1:22:51 1.04 .17 7.41 13:40:22 0.92 1.02 6.73
1:37:57 1.04 .17 7.42 13:55:23 0.92 1.01 6.56
1:53:02 1.04 1.16 7.10 14:10:25 091 1.00 6.30
2:08:06 1.03 1.15 7.28 14:25:30 0.91 1.00 6.33
2:23:09 1.03 1.13 7.22 14:40:32 0.90 0.99 6.37
2:38:14 1.03 1.14 6.86 14:55:36 0.90 0.99 6.19
2:53:17 1.02 P14 7.06 15:10:39 0.91 1.00 6.43
3:08:18 1.03 I.14 6.75 15:25:42 0.90 1.00 6.71
3:23:21 1.03 1.14 6.77 15:40:44 0.91 1.00 6.05
3:38:23 1.02 1.14 7.16 15:55:49 0.91 1.00 6.60
3:53:26 1.01 t.13 7.58 16:10:49 0.91 1.00 6.59
4:08:27 1.01 1.13 7.37 16:25:53 0.91 1.01 6.93
4:23:29 1.01 .12 o 82 16:40:55 0.9} 1.01 6.60
3:38:31 1.00 12 T.58 16:55:59 0.91 1.01 6.55
4:53:36 1.00 1.12 749 17:11:02 0.92 1.01 6.17
5:08:38 1.00 1.12 e ¢ 17:26:05 0.91 1.01 6.64
5:23:41 1.02 1.13 691 17:41:07 0.92 1.01 6.12
5:38:46 1.00 114 -3 17:56:12 0.91 1.01 6.50
5:53:51 1.02 .14 =30 18 11:17 0.92 1.01 6.36
6:08:54 1.02 IE! T 18 26:20 092 1.01 6.22
6:23:57 1.02 [ i 1% 4124 0.91 1.01 6.83
6:39:00 .03 113 693 IX 86 27 0.91 1.01 6.59
6:54:02 1.03 115 =23 191131 0.91 1.01 6.64
7:09:02 1o t1d 02 192633 0.90 1.00 6.61
7:24:07 1ol 113 R 19 31 36 0.90 1.00 6.66
7:39:10 1 0l 112 H XX 19 36 41 0.90 0.99 6.35
7540104 1 ot [ il 2011 43 0.90 0.99 6.28
K.09:16 O™ t 1 " et 2020 39 .89 098 . 6.32
K:24:21 X t 0X LY 2041 51 0.88 0.97 6.63
K:39:23 0 s 1 o o e 20 Sn M 0.88 0.96 6.19
8:34.24 0 98 | 2 "X 2E11 36 0.87 0.96 6.26
9:09:27 (2] 1 sl o ds 2263 0.87 0.96 6.41
9:24:29 093 1 o3 o X 213202 0.87 0.96 6.60
9:39:33 092 Lo IS 21807 0.87 0.96 6.23
9:54:40 09l o2 0 2< 2212m (.87 0.96 6.13
10:09:42 [V o2 N K 22273 0.87 0.95 6.16
10:24:47 0.93 103 o Xt ARERRTS 0.87 0.96 6.46
10:39:49 .93 o} X< 228719 0.87 0.96 6.70
10:54:50 098 I oS n3s 2 0.88 0.9¢ 6.15
11:09:53 0.95 I 08 63 J327.28 0.88 0.97 6.42
11:23:55 0.95 1 06 "3 23.42:28 0.87 0.96 6.62
11:40:01 .96 | e 6 0
1E:35:04 .96 1 06 AR
12:10:06 .95 I oy 0" X




Table D.7. INCO Matte Separation Plant column 2.
19 (1998) using sensor 2.

Gas holdup data coilected March

e

“Kopen | ksyphon | Eg open ] K syphon Eg
(mS/cm) | (mS/cm) (%) (mS/cm) | (mS/cm) (%)
0:07:37 - 0.87 0.960 - 0.36 12:30:T8 0.92Z 1.02 6.50
0:22:39 0.87 0.963 6.93 12:45:25 0.94 1.03 6.39
0:37:41 0.87 0.96 6.66 13:00:29 0.94 1.04 6.76
0:52:43 0.86 0.95 6.46 13:15:32 0.94 1.04 6.44
1:07:48 0.86 0.95 6.60 13:30:33 093 1.04 6.94
1:22:51 0.85 0.94 6.69 13:45:34 093 1.05 7.95
1:37:53 0.85 0.94 6.80 14:00:37 0.92 1.05 8.25
1:52:56 0.85 0.94 6.75 14:15:38 093 1.05 8.24
2:08:00 0.85 0.94 6.45 14:30:39 0.95 1.06 6.70
2:23.05 0.85 0.94 6.62 14:45:43 0.95 1.05 6.46
2:38:10 0.85 0.94 6.65 15:00:36 0.94 1.05 6.92
2:53:15 0.85 0.94 6.60 15:15:51 0.95 1.05 6.70
3:08:18 0.84 0.94 6.92 15:30:54 0.94 1.05 6.86
3:23:23 0.85 0.94 6.61 15:45:59 0.94 1.04 6.61
3:38:28 0.85 0.93 6.34 16:00:59 0.94 1.04 6.58
3:53:28 0.84 0.93 6.62 16:15:59 0.93 1.04 6.82
4:08:29 0.84 0.93 6.93 16:31:02 0.93 1.03 6.83
4:23:34 0.83 0.93 7.29 16:46:07 0.93 1.03 6.76
4:38:39 0.84 0.93 6.89 17:01:13 0.92 1.02 6.67
4:53:45 0.83 0.92 6.76 17:16:15 0.92 1.02 6.95
5:08:47 0.84 0.92 6.16 17:31:17 0.92 1.01 6.30
5:23:49 0.84 0.93 6.94 17:46:21 0.91 1.01 6.54
5:.38:54 0.84 0.92 6.32 18:01:22 0.92 1.01 6.41
5:53:58 0.83 0.92 6.39 18:16:23 0.92 1.01 6.45
6:09:00 0.82 0.92 6.98 18:31:25 091 1.01 6.55
6:24:03 0.82 0.91 6.60 18:46:30 0.91 1.0l 6.20
6:39:03 0.%2 091 6.97 19:01:36 0.91 1.00 6.24
6:54:08 0.82 0.91 7.05 19:16:39 0.90 1.00 691
7:09:10 0.83 091 593 19:51:40 0.89 0.99 6.63
7.24:12 0.82 0.91 6.87 19:46:45 0.89 0.99 6.68
T39 16 0.X1 0.91 7.36 20:01:45 0.89 0.99 6.64
T8409 0.82 0.91 7.05 20:16:47 0.89 0.99 6.37
80921 0.8Y 0.91 21 20:31:49 0.89 0.98 6.40
X 2427 0.8} 0.90 719 30r36:33 0.89 0.98 6.41
8 39:2% 0.%0 .90 T.2s 21:08:55 0.89 0.98 6.40
X 3433 (.80 (.89 677 21:17:01 0.89 0.98 6.58
90936 0.80 0.89 6 66 21:32:06 0.90 0.99 6.49
Y2438 .%1 (1.X9 651 214711 0.89 0.99 6.52
Y3942 0.%0 .88 6 RO 22.02:11 0.89 0.98 6.34
95444 0.80 0.8Y 6.63 22:17:12 0.89 0.98 6.46
10:09:46 0.80 .88 [ L. 22:32:15 0.89 0.98 6.52
1(:24:46 0.80 0.88 6.66 22:47:19 0.87 0.97 6.82
10:39:31 0.81 0.90 6.57 23:02:21 0.88 0.97 6.53
10:33:53 0.83 0.91 6.44 23:17:27 0.87 097 6.82
11:09:55 0.83 0.93 6.94 23:32:29 0.88 0.96 6.23
11:25:0] 0.85 0.94 6.52 23:47:33 0.87 0.97 6.69
11:40:04 0.87 0.96 6.70
[1:55:16 (.88 0.98 6.75
12:15:01 0.91 1.40 6.3%
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Table D.8. INCO Matte Separation Plant column 2. Gas holdup data collected March
20 (1998) using sensor 2.

~XKopen | K syphon | X open ] kKsyphon | EE |
(mS/cm) | (mS/cm) (%) (mS/cm) | (mS/em) (%)
U735 U.8% 0.967 6.5% | PaE 05 T15 6.J8
0:22:37 0.88 0.969 6.35 12:40:54 1.04 1.i3 5.85
0:37:39 0.87 0.96 6.57 12:56:18 1.03 1.13 6.03
0:52:44 0.87 0.96 6.40 13:11:23 1.04 1.15 6.20
1:07:49 0.87 0.96 6.30 13:26:25 1.07 1.17 5.88
1:22:54 0.87 0.96 6.55 13:41:25 1.10 1.20 6.13
[:37:56 0.86 0.96 6.97 13:56:26 1.12 1.23 5.79
1:52:59 0.87 0.95 6.17 14:11:29 1.13 1.24 6.00
2:08:00 0.86 0.95 6.28 14:26:29 1.14 1.24 5.67
2:23:01 0.86 0.95 6.87 14:41:29 1.15 1.26 594
2:38:02 0.85 0.94 6.82 14:36:31 115 1.27 6.33
2:53:07 0.85 0.94 6.90 15:11:32 1.15 1.28 6.72
3:08:09 0.85 093 6.29 15:26:35 1.15 1.28 7.25
3:23:11 0.84 0.93 6.46 15:41:37 1.16 1.29 7.17
3:38:13 0.84 0.93 6.31 15:56:38 1.1§ 1.29 7.33
3:53:15 0.84 0.93 6.41 16:11:39 1.15 1.28 6.87
4:08:16 0.84 0.93 6.32 16:26:42 1.15 1.27 6.83
4:23:16 0.84 0.92 6.23 16:41:46 £.16 1.27 5.84
4:38:18 0.84 0.92 6.28 16:56:47 1.15 1.26 6.03
4:53:20 0.83 0.92 6.43 17:11:47 1.14 1.25 5.99
5:08:26 0.83 0.92 6.39 17:26:49 1.14 - 1.25 5.87
5:23:28 0.83 0.92 6.47 17:41:51 1.13 1.24 5.83
5:38:29 0.83 0.91 623 17:56:53 1.13 1.24 5.98
5:53:30 0.84 0.92 641 18.11:56 1.13 1.23 5.80
6:08:30 085 (.94 6 54 18.26:57 1.13 1.23 5.84
6:23:31 0.88 .97 6.39 18:41:37 1.13 1.23 5.76
6:38:33 0.90 [.00 6.82 i1X:56:59 1.13 1.23 5.80
6:53:37 0.93 1.03 6.53 19:12:00 1.12 §.23 5.88
7.08:39 .96 1.06 6.35 19:27:02 1.12 [.23 5.96
7:23:41 0.99 .10 657 19:42:03 1.12 1.23 5.99
7:3K:46 1.04 1.13 L3t 19:37:03 1.12 1.22 5.49
73347 1.03 I.1h 6 6 20:12:03 112 1.22 5.62
%.0%:48 1.07 119 [ 20:27:07 I3 1.22 5.93
¥:23:51 1.10 1.21 o 16 200 4208 1.12 1.22 5.71
X.3%.55 1.12 1.23 N 1] 2058711 1.10 1.21 6.01
K:53:56 114 i 26 'R i) 211212 111 1.21 5.71
9:0K:59 [.15 12 6 3 212712 1.10 1.21 6.09
9-24:(4 1.17 12" €< MIEXDE! 1.10 1.21 6.02
9:39:05 1.17 12 S al 21 87:16 1.10 1.21 6.14
9:54:08 1.16 127 LIRS 221216 1.10 1.21 3.95
10:09:09 .16 I 26 §2s 22.27:21 1.10 1.20 5.83
10:24:09 1.17 126 S 22:.42:23 1.10 1.20 5.84
10:39:11 1.15 1.2§ S13 22:57:23 1.09 1.20 6.07
10:54:13 1.15 1.24 S0l 23:12:24 1.09 1.20 6.00
11:09:16 1.15 1.22 4.34 23:27:24 1.09 [.19 5.73
11:24:20 .14 1.2t 442 23:42:25 1.09 1.19 5.88
11:39:22 112 1.20 483
11:54:25 1.10 119 &I
12:09:27 1.08 .17 $33
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Table D.9. INCO Matte Separation Plant column 2. Gas holdup data collected March
21 (1998) using sensor 2.

—

—Kopen | Ksyphon | Eg Kopen | K syphon X
(mS/cm) | (mS/cm) (%) (mS/cm) | (mS/cm) (%)
0:07:38 T.08 T.180 5.38 127327 T.09 T.19 337
0:22:28 1.08 1.180 5.82 12:38:28 1.08 1.18 5.59
0:37:28 1.08 1.17 5.37 12:53:31 1.07 1.17 5.63
0:52:30 1.07 1.17 5.83 13:08:32 1.07 1.16 5.7
1:07:31 1.06 1.17 6.12 13:23:33 1.07 1.16 5.25
1:22:33 1.06 .16 5.72 13:38:35 1.06 1.15 544
1:37:33 1.07 1.16 5.51 13:53:35 1.06 1.15 5.34
1:52:35 1.06 [.16 5.80 14:08:36 1.05 1.14 545
2:07:38 1.07 1.16 5.66 14:23:39 1.05 .14 5.54
2:22:40 1.07 1.17 5.59 14:38:40 1.04 1.13 5.29
2:37:40 1.08 1.17 5.34 14:53:41 1.04 1.14 5.55
2:52:41 1.08 1.18 5.87 15:08:44 1.05 1.14 5.69
3:07:42 1.08 .17 5.47 15:23:44 1.05 1.14 5.57
3:22:44 1.07 1.17 5.68 15:38:45 1.05 1.14 5.32
3:37:45 1.07 1.16 5.29 15:53:48 1.05 1.14 5.62
3:52:45 1.06 1.15 5.64 16:08:48 1.05 1.13 5.11
1:07:45 1.05 1.14 5.69 16:23:51 1.05 1.13 5.00
4:22:47 1.04 113 544 16:38:53 1.03 1.13 5.80
4:37:47 1.03 1.12 565 16:53:57 1.03 .12 5.84
4:52:48 1.03 1.12 5.76 17:08:57 1.03 1.12 5.72
5.:07:49 1.02 .12 5.73 17:23:58 1.03 1.12 5.52
5:22:51 1.02 1.11 5.77 17:38:58 1.04 1.14 5.84
5:37:52 1.01 1.10 5.81 17:54:00 1.08 1.18 5.65
5:52:52 1.01 1.10 5.82 18:09:00 1.14 1.24 5.28
6:07:52 1.00 1.10 6.08 18:24:00 1.18 1.29 5.71
6:22:53 1.01 1.10 5.53 18:39:00 1.22 1.33 5.94
6:37:53 1.01 1.10 5.69 18:54:02 1.25 .37 6.00
6:52:57 1.02 .12 6.10 19:09:03 1.29 1.42 6.08
7:08:00 1.06 1.16 5.41 19:24:05 1.33 1.45 5.84
7:23:01 1.10 1.20 5.84 19:39:05 .34 1.47 5.93
T.38:02 1.14 1.24 5.85 19:54:07 1.34 1.47 5.95
T304 118 1.28 5.56 20:09:10 1.34 1.46 5.67
X-08-04 1.21 1.31 321 20:24:12 1.33 1.44 5.64
K.23:.05 1.23 1.34 3.R0 20:39:12 1.30 1.42 5.93
%:3%:06 1.24 1.36 S99 20:54:13 1.27 1.39 6.04
K 33:06 1.26 1.38 3R2 21:09:14 1.25 1.37 6.21
9:0%.10 .27 138 382 21:24:16 1.23 1.35 5.97
93312 1.27 1.38 554 21:39:17 1.22 .33 5.95
93814 1.26 1.3% 564 21:54:17 1.20 1.31 6.06
9:53:13 1.25 1.36 S 34 22:09:17 1.18 1.30 6.20
10:08:16 1.23 1.34 5.80 22:24:18 .18 1.29 6.00
10:23:16 1.21 1.32 5.65 22:39:18 1.17 1.28 5.69
10:38:18 1.19 1.29 5.72 22:54:20 1.16 1.27 5.96
10:53:19 1.17 1.27 5.60 23:09:21 1.15 1.26 6.09
11:08:19 1.16 1.25 5.35 23:24:23 1.15 1.25 '5.74
11:23:21 .14 1.24 5.64 23:39:29 1.14 1.24 5.48
11:38:21 1.13 1.22 §.37
11:53:23 1.1 1.21 5.50
12:08:26 1.10 1.20 5.6%
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Table D.10. INCO Matte Separation Plant column 2. Gas holdup data collected March

22 (1998) using sensor 2. .
K open [ Ksyphoa | Ee —%open ] K syphon
(mS/cm) | (mS/em) (%) (mS/cm) | (mS/cm) (%)
707.30 —1.13 T.235 333 T323:37 0.95 T.02 3.17
0:22:30 1.13 1.220 5.08 12:38:43 0.94 1.02 5.46
0:37:33 1.12 1.21 5.46 12:53:43 0.94 1.02 5.51
0:52:33 1.11 1.21 5.40 13:08:44 0.94 1.02 5.47
1:07:34 1.10 1.20 5.30 13:23:44 0.94 1.01 522
1:22:36 1.10 1.19 5.26 13:38:46 0.93 1.01 5.42
1:37:38 1.09 1.18 5.31 13:53:47 0.93 1.0l 5.52
1:52:40 1.08 b17 5.35 14:08:47 0.92 1.00 5.28
2:07:43 1.07 1.16 5.36 14:23:49 0.92 1.00 546
2:22:43 1.06 1.15 5.33 14:38:49 0.92 1.01 6.08
2:37:46 1.05 1.14 5.21 14:53:49 093 1.0i 5.70
2:52:49 1.04 1.13 5.21 15:08:52 0.93 1.01 5.70
3:07:51 1.04 1.12 5.24 15:23:53 0.93 1.01 5.83
3:22:51 1.03 1.12 5.44 15:38:54 0.93 1.02 6.16
3:37:51 1.02 11 5.32 15:53:58 0.93 1.02 6.02
3:52:51 1.02 1.10 5.06 16:08:59 0.93 1.02 6.04
4:07:51 1.01 .10 5.31 16:23:00 0.95 1.04 5.99
4:22:52 1.01 1.09 5.10 16:39:01 0.98 - 1.07 5.94
3:37:53 101 1.09 4.98 16:54:03 1.02 1.11 572
1:52:54 1.01 1.09 5.08 17:09:03 1.04 1.15 6.48
5:07:55 1.00 1.08 .02 17:24:04 1.06 1.17 6.53
5:23:57 0.99 1.08 5.50 17:39:04 1.08 1.18 6.07
5:37:58 0.99 1.08 5.45 17:54:07 1.08 1.19 6.17
5:52:58 1.01 1.09 $47 18:09:11 1.07 1.18 6.13 .
6:07:58 1.03 112 532 1%:24:12 1.07 1.17 6.03
622:39 1.06 114 so 18:39:13 .05 1.16 5.98
6:38:00 1.08 117 536 18:53:16 1.05 1.4 5.45
6:53:03 1.1l 1.19 378 19:09:18 1.03 1.12 5.90
7:08:0% 1.12 1.22 518 19:24:21 1.0t .11 6.01
T2307 113 1.23 6 19:39:25 1.00 1.10 6.12
TIRI2 144 124 S 88 19:54:28 0.99 .09 5.93
T 5303 (NE {.23 523 20:09:29 0.98 1.08 6.22
X 0813 .13 122 12 20:24:29 0.97 1.06 6.07
X23.15 1.1 20 52" 20:39:31 0.96 1.05 6.10
R3X 17 1.10 11X S1e | 2035433 0.95 1.04 6.16
KS3 19 1.0% 1ys 24 21.09:35 0.94 1.03 6.01
Yux2l 1.06 [N S o0 21 24:37 0.93 1.02 6.03
92321 1.05 113 108 21 39:37 0.92 1.01 6.08
93821 1.03 112 § 21054:38 0.91 1.00 6.09
9:53.24 1.02 1 10 < IX 2942 0.9} 1.00 5.91
1:0%:258 1.01 t (o~ 4us 222344 0.91 0.99 5.73
10:23:26 0.99 107 S 0s 22.39:44 0.90 0.98 5.77
10:38:27 0.98 1.06 S0 22:54:45 0.90 0.98 5.74
10:53:30 0.98 L.os 3 06 23:09:46 0.89 0.97 6.01
11:08:33 0.97 1.04 397 23:24:49 0.89 0.97 5.90
11:23:34 0.97 1.04 169 23:39:49 0.88 0.96 5.96
11:38:39 0.96 1.03 4 K1
11:33:40 .95 1.03 SO0
12:0%:40 0.95 .03 $23




—CopenTRSyphon T2 open TKsyphon | EE
(mS/em) | (mS/cm) (%) (mS/cm) | (mS/cm) (%)
07 0.88 0930 ER.2) T136:07 0.0 0.02 0.00
0:22:50 0.87 0.948 5.29 12:41:08 0.03 0.02 0.00
0:37:50 0.86 0.94 5.64 12:56:24 0.03 0.02 0.00
0:52:50 0.86 0.94 5.55 13:11:50 0.03 0.02 0.00
1:07:52 0.87 0.94 4.80 13:27:17 0.03 0.02 0.00
1:22:54 0.87 0.93 4.28 13:42:45 0.03 0.02 0.00
1:37:59 0.87 0.93 4.70 13:58:14 0.03 0.02 0.00
1:53:01 0.87 0.93 4.55 14:13:42 0.03 0.02 0.00
2:08:01 0.87 0.93 $.50 14:29:09 0.03 0.02 0.00
2:23:02 0.86 0.92 $.29 14:44:36 0.03 0.02 0.00
2:38:03 0.85 0.92 $.23 15:00:09 0.03 0.02 0.00
2:53:03 0.83 0.91 S 81 15:15:37 0.03 0.02 0.00
3:08:05 0.82 0.90 S8l 15:31:07 0.03 0.02 0.00
3:23:05 0.81 0.89 5.91 15:46:16 0.03 0.02 0.00
3:38:06 0.80 0.88 6.62 16:01:19 0.03 0.02 0.00
3:53:08 0.82 0.88 448 16:16:23 0.03 0.02 0.00
4:08:08 0.87 0.89 2m 16:31:23 0.03 0.02 0.00
$:23:09 0.37 0.33 195 16:46:25 0.03 0.02 0.00
$:38:10 0.04 0.04 0 00 17:01:28 0.03 0.02 0.00
4:53:10 0.04 0.03 00 17:16:30 0.03 0.02 0.00
5:08:12 0.03 002 [TXLL 17:51:31 0.03 0.02 0.00
5:23:15 0.03 002 0o 17-46:33 0.03 0.02 0.00
3:38:16 0.03 (TN LE IR01:33 0.03 0.02 0.00
5:33:19 0.03 0ol 00 1% f6 34 0.03 0.02 0.00
6:08:20 0.03 0ael XLY IX 31 33 0.03 0.02 0.00
6:23:20 0.03 oo (M IX 46 37 0.03 0.02 0.00
6:38:21 0.03 0u oo 1901 39 0.03 0.02 0.00
65323 0.03 0o TRLY ivie 12 0.03 0.02 0.00
T-08:23 0.03 and 0 1931 33 0.03 0.02 0.00
72325 0.03 an tim 19 46 X 0.03 0.02 0.00
7.3X:25 (.03 002 Ot 200p 82 0.03 0.02 0.00
78327 0.03 002 0 2006 88 0.03 0.02 0.00
%.08 31 0.03 TXIN o 20 3 83 0.03 0.02 0.00
82332 0.03 TN R 20 46 €3 0.03 0.02 0.00
¥ 3%.32 .03 o ad i R IETY B 0.03 0.02 0.00
X.53.34 0.03 Nl (voms 21 le €7 0.03 0.02 0.00
9 0830 003 o e R EEEIRY | 0.03 0.02 0.00
9 23:37 0.03 ol T B 2 odn X 0.03 0.02 0.00
93840 0.03 el 1o 22l ul 0.03 0.02 0.00
95341 0.03 TR ¢ oree 22170 0.03 0.02 0.00
[0:08:42 .03 [(TXTN i 220 .03 0.02 0.00
10:23:43 0.03 TEIN e RN It 1 d 0.03 0.02 0.00
10:38:45 0.03 (TXEN IXLE ARNTAEIT) 0.03 0.02 0.00
10:53:46 0.03 o2 UL 280T2 0.03 0.02 0.00
11:08:47 0.03 06 0 AN ] 0.03 0.02 0.00
11:25:46 0.03 na2 L] 234718 0.03 0.02 0.00
11:40:59 0.03 oo 00
11:56:404 0.03 oo YLD
12:11:06 0.03 (TXIM XL

108

Table D.11. INCO Matie Separation Plant column 2. Gas holdup data collected March
23 (1998) using sensor 2.
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Table D.12. INCO Matte Separation Plant column 2. Gas holdup data collected March
24 (1998) using sensor 2.

=K open | K syphon | Eg open ] Kk syphon g
(mS/cm) | (mS/cm) (%) (mS/cm) | (mS/cm) (%)
C:07:17 - 0.03 0030 0.00 12:25:31 0.3 - 0.58 3.3
0:22:17 0.05 0.051 8.20 12:40:41 0.54 0.57 3.25
0:37:18 0.09 0.09 2.4 12:55:41 0.54 0.57 3.25
0:52:23 0.15 0.14 0.28 13:10:41 0.54 0.57 3.44
1:07:26 0.38 0.30 0.69 13:25:41 0.54 0.56 2.
1:22:26 0.56 0.58 2.32 13:40:41 0.54 0.56 2.66
1:37:27 0.56 0.59 1.35 13:55:41 0.54 0.56 2.66
1:52:28 0.56 0.6! 5.09 14:10:41 0.54 0.56 2.96
2:07:30 0.56 0.61 5.25 14:25:41 0.54 0.57 3.09
2:22:33 0.56 0.60 $.11 14:40:41 0.56 0.58 249
2:37:36 0.55 0.38 4.04 14:55:41 0.56 0.58 3.02
2:52:36 0.53 0.57 4.37 15:10:41 0.56 0.59 3.4
3:07:39 0.52 0.56 1.31 15:25:41 0.57 0.60 3.25
3:22:41 0.51 0.55 3.42 15:40:41 0.58 0.60 2.55
3:37:43 0.50 0.53 426 15:55:41 0.58 0.61 2.89
3:52:45 0.49 0.32 3.92 16:10:41 0.59 0.61 1.92
4:07:45 0.48 0.51 416 16:25:41 0.60 c.62 225
4:22:46 0.48 0.51 4.55 16:40:41 0.60 0.63 2.65
4:37:48 048 0.51 4.09 16:55:41 0.60 0.63 2.79
4:52:49 0.49 032 .11 17:10:41 0.61 0.64 3.33
5:07:49 .50 0.53 453 17:25:41 0.61 0.64 3.68
5:22:51 0.52 .58 ix2 17:40:41 0.61 0.64 3.17
5:37:52 0.53 0.5 415 17.55:41 0.61 0.65 3.77
5:52:53 0.5%8 ({1 428 1R 10:41 0.62 0.66 3.50
6:07:56 0.58° 0.60 %6 1% 25:41 0.64 0.67 3.76
6:22:57 0 8K 0ol ER R IX 3041 0.65 0.69 3.74
6:37:58 ($] 062 333 IX S5-31 0.67 0.71 3.39
6:53:00 0 e 063 148 19 10 41 0.68 0.72 3.89
7:08:02 0 el 63 23 19 25841 0.70 0.74 3.69
72303 0 068 bt 19 30 41 0.71 0.75 3.51
T3K:03 0 e 163 TN 19 55 41 0.69 0.75 5.07
7:533:05 ({3 a6 v es MINTIRES 0.66 0.73 6.54
X.08:07 0 Sy 062 Pox 2o 25 4] 0.65 0.71 6.02
¥:2310 08X Xy RY] 20 40 41 0.65 0.71 5.90
R.3R:12 08" Xy Ll 2o sS4t 0.65 0.70 5.5
¥:53:12 (s 0 vin 21 04l 0.64 0.70 5.30
9:08:13 0nss e BN 2128 41 0.64 0.69 4.68
92313 0 Se t1 €4 Lol 21 10 31 0.64 0.68 3.32
9:3%:17 0 So tr &y e 2185 31 0.64 0.68 $.14
95318 () S5 0 S9 F Y] 22104l 0.64 0.68 3.73
10:08: 18 [ (TR} [XIY} 222541 0.65 0.68 2.52
10:23:20 058 o X o 22 30:4) 0.65 0.68 2.92
10:38:23 0.58 (DY 2T 228841 0.65 0.68 3.39
10:53:26 0.56 (TR ¢ LY 231041 0.65 0.68 3.46
11:08:26 0.55 08X I 4 232541 0.64 0.68 4.14
11:23:29 0.56 0 SX 24l 25340:41 0.64 0.68 4.4
11:40:33 (.58 (T3 .4 TR
[1:55:41 .55 t) 8% 2T
12:10:41 0.53% 15X [
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Table D.14. INCO Matte Separation Plant column 2. Gas holdup data collected March
26 (1998) using sensor 2.

~kopen | ksyphon | Eg Kopen | K syphon | X

(mS/em) | (mS/cm) (%) (mS/ecm) | (mS/cm) (%)
00753 UFJ—MT AL T35 00 T1.03 .13 B5.61
0:22:55 0.88 0.987 737 12:40:23 1.03 1.14 6.99
0:37:57 0.88 0.99 7.18 12:55:23 1.03 1.15 7.10
0:52:57 0.89 0.99 7.0t 13:10:25 1.05 1.17 6.95
1:08:01 0.90 1.00 7.17 13:25:31 1.07 1.t9 7.14
1:23:06 0.92 1.02 7.17 13:40:36 1.09 1.21 2.21
1:38:12 0.94 1.05 7.25 13:55:41 1.11 1.23 6.91
i:53:14 0.96 1.08 7.27 14:10:43 1.12 1.24 6.82
2:08:17 0.99 1.10 7.28 14:25:48 1.12 1.24 6.71
2:23:21 1.00 1.12 7.39 14:42:05 111 1.23 7.09
2:38:24 1.02 .14 7.31 14:57:33 1.10 1.23 6.91
2:53:26 1.03 [.16 7.80 15:12:51 i.10 22 6.76
3:08:27 1.05 1.18 7.73 15:27:56 1.08 .21 7.16
3:23:30 1.07 1.20 7.40 15:42:59 1.09 1.20 6.53
3:38:35 1.12 1.22 5.42 15:58:01 1.08 1.20 6.91
3:53:37 1.13 1.23 5.69 16:13:04 1.06 119 7.43
4:08:39 P14 1.24 5.39 16:28:04 1.06 1.19 7.26
4:23:44 1.17 1.28 5.48 16:43:07 1.06 1.18 7.18
$:38:46 1.16 .26 5.56 16:58:10 1.06 1.18 7.27
$:53:49 1.14 1.23 548 17:13:12 1.05 1.18 7.50
5:08:50 1.12 1.22 S48 17:28:14 1.05 118 7.42
5:23:56 [N 1.21 5§.37 17:43:19 1.06 1.18 7.06
5:39:01 1.10 1.20 5.50 17:58:21 1.06 1.18 7.18
5:54:06 1.09 1.19 s RS 18:13:26 1.07 1.18 6.84 .
6:09:08 1.08 1.17 S69 18.2X:26 1.08 1.20 7.00
6:24:10 1.06 .17 6.25 1%:43:31 1.10 1.22 6.57
6:39:13 1.05 1.16 6.57 18:5%:33 112 1.24 6.42
6:34:15 1.04 [.ts 6 86 19:13:34 1.13 1.25 6.93
7:09:16 1.04 1.15 6.83 19:28:35 1.15 1.27 6.40
72418 1.03 .14 6.87 19:43:39 1.13 1.28 7.18
73922 1.03 (W E 663 19:5%:44 1.16 1.29 6.77
7:54:25 1.03 .14 66l 20:13:46 1.17 1.29 6.78
£-09:28 1.03 .14 6 K2 202848 1.18 1.30 6.54
X.2430 1.02 K 66 20 33°53 1.17 1.29 6.64
X:3u:32 .02 I 13 632 20 88:56 1.i8 1.29 5.64
%:54:34 1.01 tn o 21358 1.18 1.28 5.46
Yy-09:36 r.0l1 11 LS 24 2904 1.17 1.27 5.44
9:23-42 1.01 111 0 3< 21 34:08 .16 1.26 5.12
9:39:44 [.00 1 10 (g 21 59:07 1.13 1.24 6.11
9:54:47 1.00 110 02y 2214:0 14 1.24 5.90
10:09:51 1.00 110 32 22.29:14 113 1.23 5.6l
10:24:53 1.00 110 6 S 22340107 .15 [.24 5.07
10:39:55 0.99 .10 67" 22:59:19 1.16 1.26 5.73
10:54:57 0.99 1.10 6 ) 23:14:19 1.16 1.27 6.12
11:10:02 0.99 1.10 60.%7 23:29:22 1.15 1.26 5.94
11:25:08 1.00 1.12 6.&8 23:44:28 1.14 1.25 5.92
11:30:13 1.02 113 644
11:55:15 1.02 .14 (3.7
12:10:17 1.03 W] 665




open | K syphon | Kopen | Ksyphon
(mS/cm) | (mS/cm) (%) (mS/em) | (mS/cm) (%)
0732 1.12 T1.21Y 2.1 12:27:01 1.09 119 349

0:22:35 1.10 1.203 5.66 12:42:03 .12 1.21 5.19
0:37:37 1.09 1.18 5.52 12:57:04 .14 1.23 5.36
0:52:40 1.08 1.17 5.29 13:12:07 1.15 1.25 5.27
1:07:41 1.06 .15 5.55 13:27:12 1.15 1.25 5.25
1:22:43 1.04 1.14 5.74 13:42:17 | 118 1.26 5.75
1:37:49 1.03 .13 6.10 13:57:19 1.16 1.25 5.35
1:52:52 1.02 1.12 5.94 14:12:24 1.15 1.24 5.43
2:07:53 1.01 111 6.15 14:27:27 1.13 1.23 5.71
2:22:58 1.0l .11 6.37 14:92:32 .12 1.22 5.55
2:38:02 1.01 i.10 5.95 14:57:33 11 1.20 5.24
2:53:02 1.00 1.10 5.95 15:12:36 1.09 1.18 5.56
3:08:06 1.00 1.10 5.99 15:27:40 1.08 1.17 5.51
3:23:06 1.01 1.10 5.60 15:42:43 1.07 1.16 5.46
3:38:12 1.01 .11 5.99 15:57:48 1.07 .17 5.75
3:53:13 1.01 1.10 5.99 16:12:50 1.08 1.18 5.79
4:08:15 1.01 1.10 5.86 16:27:53 1.10 .19 5.29
1:23:20 1.00 1.10 5.95 16:42:55 111 1.21 5.51
4:38:20 1.00 1.10 5.99 16:57:57 1.07 1.21 7.79
4:53:21 1.00 1.10 6.13 17:12:58 1.04 1.19 8.82
5:08:24 1.01 1.10 5.93 17:28:01 1.04 1.19 8.79
5:23:29 1.02 1.12 6.11 17:43:06 1.06 1.20 7.95
5:38:34 1.03 1.13 6.06 17:58:08 1.06 1.20 7.99
5:53:38 1.05 1.15 6.13 18:13:11 1.05 i.19 846
6:08:42 1.07 1.17 5.72 18:28:16 1.04 1.18 8.56
6:23:46 1.09 .19 5.90 18:43:16 1.04 1.17 7.81
6:38:48 1.11 1.21 5.83 18:58:18 1.03 .17 8.10
6:53:48 113 1.23 5.78 19:13:22 1.03 1.16 8.10
7:08:50 115 1.26 5.94 19:28:27 1.03 1.17 8.12
7:23:55 117 1.27 5,50 19:43:32 1.03 1.16 7.89
7:39:00 118 1.28 5.57 19:58:34 1.01 1.15 8.49
75400 117 1.28 5.79 20:13:37 1.00 .13 8.21
%0905 I.16 1.27 576 20:28:39 1.01 1.13 7.60
R:24:08 .15 1.26 5% 20:43:92 1.00 112 7.81
K.39:10 114 1.24 5.89 20:58:45 0.98 112 8.37
%5411 1.13 1.22 333 21:13:46 0.99 1.1 7.86
9:09:13 1.11 1.21 $75 21:2%:50 0.99 111 7.78
9:24:18 R 1.20 S0 21:43:55 0.98 1.11 7.88
Y:39:23 110 1.19 538 21:59:00 0.98 1.10 7.86
9:54:28 1.08 118 S44 22:14:03 0.98 1.10 7.85
10:09:31 1.07 1.17 530 22:29:05 0.97 1.09 7.92
10:24:34 1.07 117 5.60 22:44:10 0.96 1.09 8.14
10:39:36 1.06 1.16 590 22:59:11 0.95 1.08 8.45
10:34:37 1.05 114 5.92 23:14:12 0.95 1.08 8.28
11:11:06 1.04 1.13 5.75 23:29:16 0.95 1.07 - 8.09
11:26:33 1.04 1.13 5.46 23:44:22 0.95 1.07 8.08
11:41:49 1.05 1.14 533
11:56:53 1.06 .15 5.76
12:11:59 1.07 .17 5.52
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Table D.15. INCO Matte Separation Plant column 2. Gas holdup data collected March
27 (1998) using sensor 2.



Table D.16. INCO Matte Separation Plant column 2. Gas holdup-data collected March

28 (1998) using sensor 2.

—

“Kopen ] K syphon i X % open | ksyphon |  EE

(mS/cm) | (mS/cm) (%) (mS/em) | (mS/cm) (%)
00723 V.97 1.062 7.78 1233 0.93 T.0% 7.60
0:22:28 0.93 1.057 8.18 12:39:58 0.93 1.05 7.74
0:37:31 0.93 1.05 8.20 12:55:02 0.93 1.05 7.64
0:52:32 0.92 1.05 8.34 13:10:05 0.93 [.04 7.36
1:07:34 0.91 1.04 8.67 13:25:06 0.91 1.03 . 8.17
1:22:36 0.91 1.04 8.88 13:40:09 0.91 1.02 7.68
1:37:42 091 1.03 8.44 13:55:13 0.90 1.02 8.17
1:52:44 0.90 1.03 8.60 14:10:19 0.90 1.01 7.49
2:07:49 0.90 1.02 8.36 14:25:21 0.90 1.01 7.49
2:22:51 0.90 1.02 8.36 14:40:27 0.89 1.01 8.02
2:37:54 0.90 1.02 8.41 14:55:28 0.89 1.01 7.92
2:52:55 0.90 1.02 7.98 15:10:29 0.89 1.01 7.92
3:07:57 0.90 1.02 8.21 15:25:30 0.89 1.0t 7.96
3:23:.02 0.89 1.01 8.30 15:40:32 0.90 1.0t 8.16
3:38:08 0.90 1.01 7.91 15:55:37 0.91 1.02 7.60
3:53:13 0.89 1.01 8.29 16:10:4i 0.90 1.03 8.36
3:08:13 0.89 1.01 8.30 16:25:34 0.92 1.03 7.83
4:23:17 0.89 1.01 K.l 16:40:47 0.92 1.04 7.91
4:38:23 0.89 1.01 8.20 16:55:49 0.92 1.04 7.95
4:53:24 0.89 1.02 8.72 17:10:50 0.93 1.05 7.77
5:08:27 0.89 1.02 8.83 17:25:53 0.92 1.05 8.30
5:23:28 0.89 1.02 8.61 17:40:58 0.92 1.05 8.57
5:38:34 0.90 1.01 7.80 17:56:03 0.93 1.05 8.35
§:33:39 0.89 I.0 .06 I1K:11:09 0.94 1.08 8.85
0:08:42 0.89 1.01 831 18:26:11 0.97 111 8.80
(:23:35 .89 1.00 T.37 1841:16 1.01 1.14 8.04
6:38:49 0.89 1.00 7.6l 1R:56:18 1.03 1.17 8.67
6:33:51 0.88 1.0 821 19:11:23 1.05 1.20 8.61
T08:53 0.8K .99 7.69 19:26:23 1.08 1.22 3.43
T:25:54 .87 0.99 X 13 19:41:26 1.09 1.24 8.50
T.3%.587 0.87 .99 %07 19:56:26 [.10 1.25 843
T AL 00 0).X6 09K X4l 20:11:29 1.09 1.24 8.21
£ 09 03 .86 (R} % 3 20:26:33 I.10 1.24 7.85
R 2406 0.86 09~ X 0l C20-41:36 1.09 1.23 7.91
X 3908 0.83 49 X is 20 36:40 1.08 1.22 7.74
83409 0 RS [ X X 21.01:43 1.07 1.21 7.73
g2 0.85 (1 Y6 X 0X 21 26:345 1.06 1.20 7.73
92313 .85 0 O T 214150 1.05 1.18 7.64
Y:39:20) 0.%6 0y X 24 21 56:52 1.03 1.17 8.32
9.54.28 0.8% (1] N2 22 11:57 1.02 I.16 8.25
10:09:27 0.8% 100 X v 22 26:57 1.02 1.15 8.23
10-24:32 0.89 1.02 X229 22:42:02 1.00 114 8.49
10:39:34 0.90 |03 %47 22:57:06 1.00 1.13 8.25
10:34:35 0.91 1.03 8.29 23:12:09 0.99 1.13 8.32
11:09:35 0.91 .04 .42 23:27:14 1.00 1.13 7.68
11:24:38 0.92 1.04 844 23:42:14 1.00 1.13 7.72
11:39:43 .93 1.0§ X1l
11-54:48 092 10§ 8.3
12:00: 51 0.93 1.05 X.20




K open | k syphon Eg open | Kk syphon 1 3]
(mS/cm) | (mS/cm) (%) (mS/cm) | (mS/cm) (%)
0:07:20 1T.00 1.129 .77 12:25:03 .83 0.95 8.2
0:22:23 0.99 1.120 7.84 12:40:07 0.85 0.96 8.19
0:37:26 0.99 I.11 7.68 12:55:08 0.85 0.96 8.14
0:52:31 0.98 1.10 8.04 13:10:13 0.85 0.96 8.03
1:07:34 0.97 1.09 8.16 13:25:13 0.85 0.97 8.31
1:22:37 0.96 1.08 8.15 13:40:15 0.85 0.97 8.36
1:37:40 0.95 1.08 7.90 13:55:20 0.85 0.96 8.09
1:52:43 0.94 1.07 8.32 14:10:23 0.85 0.96 7.99
2:07:46 0.94 1.06 R.03 14:25:27 0.85 0.97 8.29
2:22:50 0.93 1.05 7.96 14:40:29 0.86 0.97 7.96
2:37:52 0.93 1.05 7.92 14:55:31 0.86 0.98 8.32
2:52:54 0.93 1.05 779 15:10:33 0.87 - 0.98 7.95
3:08:00 0.93 1.03 7.70 15:25:38 0.88 0.99 7.79
3:23:03 0.92 1.04 7.88 15:40:40 0.87 0.99 8.34
3:38:07 0.91 1.03 8.27 15:55:46 0.89 1.00 7.69
3:53.09 0.90 1.02 %02 16:10:51 0.90 1.01 7.58
4:08:14 0.90 1.01 T4 16:25:53 0.91 1.02 7.67
4:23:16 0.89 1.00 X2 16:40:58 0.91 1.02 7.79
4:38:18 0.88 099 T 16:56:00 0.91 1.03 8.10
4:53:20 0.87 0 9% X 0 17:11:06 0.91 1.03 8.04
5:08:26 0.87 0 9% b 17:26:09 0.92 1.04 8.06
5:23:29 0.86 098 X 0 1741:10 0.92 1.05 8.37
3:38:33 0.86 a97 T X 17 S6:13 0.93 1.05 8.07
3:53:35 0.85 ag” X i3 1811 IR 0.93 1.06 8.49
6:08:40 0.84 096 X 18 26 32 0.95 1.08 8.08
6:23:42 0.84 [ 8 X1is IX 4124 0.96 [.09 7.88
6:3%:45 .84 [TV e & IX St 20 0.96 1.09 8.31
6:53:36 0.85 (s ] vl 2x 0.97 1.10 8.12
7:08:32 0.83 () Yoy L9 19 26 31 0.98 1.11 7.90
T.253:58 .86 ov” x 22 19 41 32 0.99 1.12 8.04
T-3X89 087 09X | S 19 S 3% .99 1.12 8.31
75404 ((X.33 0w X i NIRRT 1.00 1.12 7.62
L 09 09 .0 1me ' 202032 1.00 1.13 7.77
X242 O &Y 1 ul Nl 20 31 3S 1.00 P13 8.18
K395 0.90 (I NS 20 S 49 1.01 I.14 8.07
X.54.19 0.90 [l L NIRRT 1.02 1.14 7.79
9 09:19 0. fol LI} 21 2 ST 1.02 1.15 7.95
92423 0.90 1o N g 21 816X 1.03 I.16 7.93
9:39:2X% .90 1ol L 21 €T ol 1.03 1.17 8.05
9:54:32 (08,3 | ol LN 221208 1.04 1.17 7.94
0:09:35 087 (LT Nl AR 1.04 1.18 7.96
10.24:3% 0.87 0w L ]| 2282100 1.05 I.19 7.71
10:39:43 0.86 (TX"d L8 I 228712 1.06 1.20 8.38
10:54:45 .84 (IR PR 231218 1.07 1.22 8.34
11:09:49 0.83 0 e X ux 2327 16 1.08 1.23 8.22
11:24:50 0.83 0nus K62 2348218 1.08 1.22 8.14
11:39:51 0.83 s X s
11:34:57 0.83 TR X tsd
12:10:02 .84 s LRI

Table D.17. INCO Matte Separation Plant column 2. Gas holdup data collected March
29 (1998) using sensor 2.
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Table D.18. INCO Matte Separation Plant column 2. Gas holdup data collected March

30 (1998) using sensor 2.

open syphon Eg

(mS/cm) | (mS/cm) (%)

0:07.27 T.07 T.230 "8.51
0:22:29 1.08 1.223 8.06
0:37:31 1.08 1.23 8.36
0:52:34 1.09 1.23 8.15
1:07:37 1.09 1.24 8.45
1:22:38 .11 1.25 8.06
1:37:41 1.12 1.28 8.57
1:52:45 1.17 1.33 8.26
2:07:949 1.21 1.39 8.60
2:22:52 1.29 1.46 7.71
2:37:55 1.35 1.52 7.79
2.52:59 1.39 1.57 8.16
3:08:01 1.43 1.61 7.86
3:23:.04 1.47 1.65 7.68
3:38:03 1.49 1.68 8.21
3:53:11 1.52 1.72 8.08
4:08:16 1.54 1.75 8.07
4:23:17 1.56 1.77 8.33
4:38:20 1.587 1.78 8.28
4:53:2§ 1.57 1.78 7.96
5:08:27 1.56 1.76 8.02
5:23.29 [ BN 1.74 7.76
5:38 29 183 1.71 7.46
S-83 34 149 | 68 7.88
60X 38 138 1 65 8.15
6 233X 144 162 7.67
6.3% I3 1 40 159 8.31
6 85 43 I 39 1§87 7.99
Tox 34 I iX I $6 7.93
T23 46 | 37 1 84 7.96
RT3 1 38 1 83 8.05
- &3 <n I 38 182 7.88
X 0wl (IR 1 S0 7.83
X210l [ [ 49 8.00
X 9o 131 1 4% 7.88
N €3 (I 187 7.60
Wil [N 1 46 7.83
v i<y P o” 1 20 7.64
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Table D.19.a. INCO Matte Separation Plant column 3. Gas holdup data collected
March 31 (1998) using sensor 1.

Topen ] K syphon ¥z T Camma |
(mS/cm) | (mS/cm) (%)

00242 .12 1.23 6.13 0.91
10:07:42 1.14 1.25 6.26 0.91
10:12:42 1.16 1.27 5.74 0.92
10:17:42 1.18 1.28 5.77 0.92
10:22:42 1.18 1.29 5.94 0.91
10:27:42 1.19 1.31 5.89 0.91
10:32:42 1.21 1.32 6.02 0.91
10:37:42 1.22 1.34 5.85 0.91
10:42:42 1.23 1.35 6.00 091
10:47:42 1.24 1.36 5.95 0.91
10:532:42 1.26 1.38 5.89 091
10:57:42 1.26 1.38 6.06 0.91
1E:11:37 1.28 1.40 5.98 0.91
11:16:40° 1.29 1.41 5.74 092
11:21:54 1.29 1.41 5.94 0.91
11:27:01 1.28 1.41 6.34 0.91
11:32:02 1.29 .41 5.94 0.91
11:37:02 1.30 1.41 5.3% 0.92
11:42:02 1.29 1.41 5.75 0.92
11:47:02 1.29 1.41 5.95 0.91
11:52:02 1.28 i.40 6.07 0.91
11:57:02 1.29 1.40 5.66 0.92
12:02:02 1.27 1.40 6.29 0.91
12:07:02 1.27 1.40 6.29 0.91
12:12:02 1.27 1.39 6.32 091
12:17:02 1.26 1.39 6.23 0.91
12:22:02 1.27 1.38 5.55 0.92
12:27:02 1.27 1.38 5.46 0.92
12:32:02 1.28 1.37 6.20 0.91
12:37:02 1.25 1.37 591 091
12:42:02 1.23 [.36 6.38 0.91
12-37 02 [.24 1.35 5.88 091
12:32.02 1.23 1.35 6.12 0.91
125702 122 1.34 3.95 091
130202 1.21 1.33 6.20 0.91
1307402 119 1.32 6.68 .90
13:1202 1.23 132 4.67 0.93
13:1702 120 1.31 5.78 0.92
13:2202 118 1.30 6.57 0.90
13:27 02 11K [.29 5.75 0.92
13:32:02 1o 1.2 6.65 0.90
13:372:02 .14 1.28 7.48 0.89
[3:42:02 1.I% 1.27 6.28 091
13:47:02 1.14 1.26 6.4 0.91
13:52:02 113 1.25 6.70 0.90
13:57:02 1.13 1.2§ 6.39 0.91
14:02:02 112 1.24 6.67 0.90
14:07:02 1.12 124 6.46 0.91
14:12:02 I.hl 1.23 6.84 0.90




Table D.19.b. Continuation from Table D.19.a.

open ] K syphon | X "Gamma |
(mS/ecm) | (mS/cm) (%)
131702 1.10 1.25 T.07 0.90
14:22:02 1.10 1.22 6.78 0.90
14:27:02 1.10 1.22 6.90 0.90
14:32:02 1.10 1.21 6.49 0.91
14:37:02 1.09 1.21 6.84 0.90
14:42:02 1.09 1.20 6.29 0.91
14:47:02 1.09 1.20 6.31 0.91
14:52:02 1.08 1.20 6.68 0.90
14:57:02 1.07 1.19 7.20 0.9
15:02:02 1.06 I.18 6.99 0.90
15:07:02 1.06 1.18 7.26 0.89
15:12:02 1.04 117 7.68 0.89
15:17:02 1.05 1.17 697 0.90
15:22:02 1.04 1.16 7.02 0.90
15:27:02 1.04 i.16 7.27 0.89
15:32:02 1.03 1.15 7.56 0.89
15:37:02 1.04 115 6.84 0.90.
15:42:02 1.04 1.15 6.82 0.90
15:47:02 1.03 1.15 7.32 0.89
15:52:02 1.03 [.15 7.31 0.89
15:57:02 1.03 1.16 7.42 0.89
16:02:02 1.03 1.15 7.31 0.89 .
16:07:02 1.08 i.16 6.65 0.90
16:12:02 1.04 1.16 7.39 0.89
16:17:02 103 I.16 7.52 0.89
16:22:02 1.08 1.16 6.33 0.91
16.27:02 1.04 .16 7.39 0.89
16:32:02 1.4 1.16 7.02 0.90
i6:37:02 14 1.16 7.14 0.90
16:42:02 1.03 .16 7.64 0.89
6 47:02 1.04 .16 6.90 0.90
16 52:02 1.06 1.16 35.92 091
16 §7:02 1 06 I.16 5.92 0.91
1T 0202 1 06y 116 379 0.92
1o 02 |0~ 16 S8 0.92
ITi2a2 10~ Ilo 42 0.92
1IT1T0 | e 116 6.04 091
17220 IR ile 5.80 092
172702 | s tle 5.67 0.92
173202 1 O 116 5.92 .91
17:37 02 K'Y [ I 5.67 0.92
17:42 02 1 0% (Y $.83 0.93
17:47:02 1 06 I.1e 5.67 0.92
17:582:02 1 06 116 617 0.91
17:57:02 I.06 116 6.04 0.91
18:02:02 1.06 1.16 6.16 091
18:07:02 1.07 1.16 5.55 0.92
18:12:02 1.08 1.16 6.30 0.9¢%
18:17.02 .ty 116 5.57 .92
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Table D.19.c. Continuation from Table D.19.b.

Kopen | k syphon X Gamma |
(mS/cm) | (mS/cm) (%)

- 18:22:02 1.06 .15 3.72 092
18:27:02 1.06 1.15 5.72 0.92
18:32:02 1.06 1.15 548 0.92
18:37:08 1.06 1.15 5.61 0.92
18:42:08 1.06 1.15 5.36 0.92
18:47:08 1.05 1.15 6.09 091
18:52:08 1.05 1.15 5.85 0.91
18:57:08 1.05 1.15 6.22 091
19:02:08 1.05 115 6.09 0.91
19:07:08 1.05 1.15 5.98 0.91
19:12:08 1.04 1.15 6.47 091
19:17:08 1.05 1.1 5.77 092
19:22:08 1.05 1.14 5.41 0.92
19:27:08 1.03 113 6.40 0.91
19:32:08 1.04 1.14 6.27 091
19:37:08 1.05 1.13 5.31 0.92
19:42:08 1.04 1.13 5.57 0.92
19:47:08 1.03 1.13 5.96 0.91
19:52:08 1.03 1.13 5.83 0.92
19:57:08 1.04 1.t3 5.71 092
20:02:08 1.03 1.13 6.07 091
20:07:08 1.04 114 5.92 0.91
20:12:08 1.04 1.14 5.79 0.92
20:17:08 1.04 .14 5.90 0.91
20:22:08 1.05 1.14 5.41 0.92
20:27:08 1.04 I.14 5.78 092
20:32:08 1.06 .14 4.91 0.93
20:37:08 1.08 1.15 5.85 091
20:42:08 1.04 1.15 6.46 0.91
20:47.08 1.03 1.15 6.10 091
20:52:08 1.05 1.15 6.09 0.91
20:57.08 1.04 115 6.71 0.90
21:02:08 1.05 [.15 6.22 0.91
21:07:08 1.08 1.15 5.73 0.92
21:12:08 1.08 1.15 6.10 091
2L ET0R 1.03 1.15 7.08 0.90
212208 104 1.15 6.59 0.90
21:2708 1.03 1.15 6.44 091
21:32:.08 [.03 1.16 6.18 0.91
21:37.08 1 08 I.16 6.78 0.90
21:32:0K8 1.05 I.16 6.65 0.90
21:47:08 1.05 116 6.78 0.90
21:52:08 1.06 1.16 6.16 0.91
21:57:08 1.08 1.16 6.28 0.91
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Table D.20. Measured grades for INCO test.

119

FEED CUNCESTRTE TXILING

Cu N1 |- Co Fe Cu 1l Co | Fe Cu ht] Co Fe

I51/98 1050 71.84 2.9 O.11 .29 75.10 3.¥7 055 Ul o66.27 ] 11.52 0.21 038
11:30 72.04 6.19 0.10 0.34 75.40 292 0.049 0.21 6747 | 10.56 0.19 0.51
12:30 70.29 | 6.60 0.11 0.38 75.00 3.19 | 0.050 0.24 66.07 | 11.10 0.20 0.58
i4:30 | 6929 | 7.72 0.14 0.49 7440 3.64 0.061 031 62.68 1 13.82 025 0.77
15:30 69.20 8.03 0.15 0.47 74.30 3.63 0.062 0.29 62.61 13.97 0.2§ 074
16:30 68.65 8.13 0.15 0.51 74.40 362 0.063 0.50 6242 ] 1393 0.26 0.79
18:15 70.47 6.76 0.13 0.55 74.80 3.37 0.059 0.29 6447 12.21 0.23 0.80
19:15 70.59 6.38 0.12 0.59 74.70 3.28 0.058 0.50 65.24 10.88 0.21 0.79
20:18 70.12 6.91 0.13 g.56 7480 38 0.055 0.32 65.71 10.15 0.19 (1F.9]

Table D.21. Grade values used to estiMatte the weights for the mass balance adjustments

ample Feed . Concentrate Tallings |
Tu To Fe Cu Ni ] Co ] Fe | Cu Wi | Co | Fe |
1 6965] 809 | 014 | 042 | 7440 | 363 | 0.060| 0.31 | 6450 ]| 1265 ] 0.21 0.68
2 6945 | 807 0.14 042 | 7361 350 {0060| 028 | 64.204§ 1256 0.21 068
3 6964 8.10 | 014 | 042 | 7440 | 363 |0061] 030 | 6424 ]| 1252 | 022 | 0.66
4 69.61 | 8.12 0.14 043 ] 7440} 363 | 0060 | 031 | 6433 1267 ] 022 0.68
5 6941 | 8.08 C 14 042 J 7450 | 359 | 0060 | 0.30 | 6423 ) 1263 | 0.22 0.66
6 6966 | 803 014 043 | 7391 353 |0060] 028 | 64.21] 1257 | 0.22 0.67
7 6950} 800 014 042 | 7440 | 362 | 0.060| 031 | 6447 | 1270 | 0.22 0.67
8 6948 8.05 014 042 | 7440 363 | 0061 0.30 6448 | 1261 | 0.22 0.67
9 6926 804 | 013 | 042 f7414| 356 | 0060| 029 | 6440 | 1258 022 | 068
10 6945 | 806 01a 042 | 7358 348 | 0060 | 0.28 | 6421 | 1266 | 0.22 067
Average B06 | 018 [ UXZ [ 7377 355 | U056 | 030 |63 33| 022 | 087
STDEV 013 004 000 Cc 00 035 006 000 0.01 0.12 0.06 0.00 0.01
“%STOEV] 0002 | 0004 | 0023|0010 0005|0016 | 0007 | 0043 ] 0002 | 0.005]| 0.019 ]| 0012
Weight 129050751158 { 1932 | 10017 | 44874 | 3721 | 20385 | 548 [266755¢% 49303 | 2673 | 7258
Tuble D22, Adjusted grades for INCO 1est
12AAL COSNCENTRYTE TXITING
Cu Nt Co te Cu Ni Co Fe Cu h] Co Fe
1828 BRURIUE RISIS R 1T o T T OO | 00 [ 663 1T o T IR
M3 | 1204 | 61X utl o | a0y e oode | o2 6747} 1058} 018 051
1230 | 7us3 | 660 il a3 | 3w IV L0030 [ 023 | 6597 ] 10| 020 0.5%
14 30 69 39 773 013 [ BT 362 | 0061 0.30 | 6264 | 15Kl 025 77
1330 | 6923 B4 014 0na? T2 362 1 0062 028 | 6259 ] 1596 0.25 074
16 30 6879 814 0nl1s (Y] 73K I8l 0.065 029 62.37 13.92 0.26 0.79
IX IS 70.54 679 [§ K OS2 7444 531 0.059 0.33 64 44 12,17 0.23 08l
1915 70.63 642 012 0 56 7483 320 | 0.058 038 6523 | 10.83 0.21 0.82
2018 T0 07 690 (i3 0s7 pER 320 ] 0.055 0.30 65.74 | 10.17 0.19 0 %0




Table D.23. Recovery and typical deviation values for INCO test.

120

Cu Ni Co ke
35T TO30 | 6883% <+ 71.98% | 3A99% =+ UI9% | 33.72% + 4% | B 1% =+ 1228% |
1130 | 60.33% + 7.18% |2747% + 068% | 2662% =+ 355% | 3619% <+ 9.92%
1230 | 59.68% + 7.19% | 27.50% <+ 066% | 2511% <+ 3.32% | 3475% <+ 9.10%
1430 | 6360% <+ 731% |2797% + 062% | 26.39% <+ 322% | 3696% + 831%
15:30 | 61.38% + 7.35% | 2579% <+ 058% |2461% <+ 308% | 3359% <+ 804%
1630 | 60.14% + 7.36% | 2483% <+ 056% | 23.58% <+ 299% [ 3229% <+ 762%
18:15 | 64.11% + 7.24% | 2959% <+ 068% | 28.18% <+ 345% | 3835% <+ 828%
19:15 | 61.13% <+ 7.24% | 2892% + 069% | 2766% + 355% | 3871% <+ B820%
2015 | 50.18% <+ 7.32% | 21.74% <+ 058% | 2021% <+ 305% | 2500% + 654%

Table D.24. Data on Air flow rate. level (froth depth) and solid percent for INCO test.

Air TTow rate Tevel Ve Solids ]
(m3/hr) (cm)

10:50 170 - 40.8
11:30 170 120 45.2
12:30 170 125 42.5
12:35 192 - -

14:50 192 120 37.7
15:50 192 190 38.2
16:30 192 190 38.6
16:55 160 - -

18:15 L60 150 38.2
19:18 160 130 - 43.7
20:15 160 150 38.5
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Table D.25.a. Data from two sensors at different depths inside column 3. Sensor I at +-

meter depth and sensor 2 at 7-meter depth. .
Sensor T Sensor 2
Time Kk open Kk syphon tg k open K syphon Eg
(mS/cm) (mS/cm) (%) (mS/cm) (mS/cm) (%)
8:02:28 1.30 1.90 3.63 1.13 .27 7.19
8:07:28 1.39 1.50 492 1.11 1.27 8.65
8:12:29 1.41 1.50 4.18 1.15 1.27 6.62
8:17:29 1.40 1.50 445 1.14 1.27 7.29
8:22:30 1.41 1.50 4.35 1.12 1.27 7.89
8:27:30 1.40 1.50 4.36 1.12 1.26 8.03
8:32:30 1.40 1.50 4.54 1.11 1.26 8.38
8:37:30 1.39 1.50 5.10 .11 1.26 8.51
8:42:30 1.40 1.50 4.45 .12 1.26 7.49
8:47:30 1.40 1.50 446 1.10 1.25 8.31
8:52:31 1.39 1.50 5.1t 1.09 1.25 8.92
8:57:31 1.41 149 3.92 1.09 1.25 9.15
9:02:31 1.41 1.49 3.83 1.12 1.25 7.07
9:07:32 1.39 1.49 4.67 1.11 1.25 7.79
9:12:32 1.37 1.49 5.33 1.08 1.24 8.86
9:17:32 1.39 1.49 4.50 1.10 1.24 8.06
9:22:32 1.38 1.48 4.80 1.10 1.24 7.60
9:27:33 1.39 1 4% 433 1.09 1.24 8.21
9:32:33 1.3% 1 4% 4.70 0.72 0.81 13.99
9:37:33 1.3% 14X 4.5 0.04 0.03 0.00
9:42:33 1.39 147 3.89 0.72 0.89 10.05
9:47:33 1.37 14 464 1.36 1.47 5.04
9:52:33 13" |4 458 1.35 1.47 5.32 .
9:57:34 13" 14 4 56 1.35 1.46 4.97
10:02:34 ! 6 1 46 45K 1.34 1.46 5.35
10:07:33 1 36 1 46 4 6% 1.34 1.46 5.44
10:12:35 I 36 | 46 467 1.35 1.46 5.35
10:17:35 1 36 I 46 4 5% 1.35 1.46 4.96
10:22:36 1 i< I 46 36 1.35 1.46 4.87
10.27:36 1 36 1 36 4K 1.35 1.46 5.06
10:32:36 3= 1 4 40t 1.35 1.46 5.25
10.37:36 ] i< P 3s Ry 1.35 1.46 4.97
10-42:37 (IR 1 33 1.35 1.46 5.26
10:47:37 ] 3% I 4 <ae 1.34 1.45 5.19
§10:52:37 13" i 111 1.34 1.46 5.44
10:57:37 137 1 3 120 1.34 1.46 5.46
11:02:37 | X I g RN 1.35 1.46 4.87
11:07:37 [ I 3 | Il 1.36 1.46 4.59
11:12:38 13X I b Pl 1.34 1.47 5.80
11:17:3% 1 3* 13 34 i.36 1.47 4.75



Table D.25.b. Continuation from Table D.25.a.

—Sensor 1. Sensor 2

Time k open k syphon Lg kK open K syphon | X3
{(mS/cm) (mS/cm) (%) (mS/cm) (mS/cm) (%)

12239 T.39 TI% .7 137 TI8 159
11:27:39 1.39 1.49 4.39 1.38 1.49 4.97
11:32:39 1.39 1.50 4.83 1.39 1.50 4.93
11:37:40 1.40 1.51 4.89 1.39 1.50 5.29
11:42:40 1.43 1.52 4.12 1.40 1.52 5.23
11:47:40 1.42 1.53 4.74 1.41 1.53 5.30
11:52:40 1.45 1.54 4.06 1.45 1.54 4.15
11:37:40 1.46 1.55 4.03 1.44 1.55 4.58
12:02:40 1.49 1.56 3.21 1.46 1.56 4.02
12:07:40 1.48 1.57 4.16 1.46 1.57 4.69
12:12:41 1.49 1.58 4.04 1.48 1.58 4.40
12:17:41 1.50 1.59 3.93 1.49 1.59 4.11
12:22:41 1.52 1.59 3.23 1.50 1.59 4.19
12:27:42 1.52 1.60 3.64 1.49 1.60 4.68
12:32:42 1.51 1.61 $.14 1.50 1.61 4.41
12:37:43 1.52 1.61 4.05 1.51 1.61 4.06
12:42:43 1.51 1.62 4.72 1.52 1.62 4.37
12:47:43 1.53 1.62 3.93 1.52 1.62 4.20
12:52:44 .54 1.63 3.67 1.52 1.63 4.43
12:57:44 1.54 1.64 3.99 1.53 1.63 3.85
13:02:44 1.33 1.63 4.18 1.51 1.63 5.02
13:07:44 1.51 1.63 5.04 1.53 1.62 3.8
13:12:44 1.51 1.62 4.63 1.51 1.63 193
13:17:44 1.49 1.62 5.24 1.51 1.62 4.63
[3:22:43 1.49 1.61 5.26 1.49 1.62 5.59
13:27:45 1.52 1.63 1.69 1.50 1.63 5.21
13:32:45 1.51 1.62 4.80 I.51 1.62 4.63
13:37:45 1.47 .6l 5.98 1.48 1.6l 5.54
15.42:46 [.49 1.60 $.71 1.47 1.60 5.40
1347 .46 1.37 1.58 4.58 1.48 1.59 3.73
133247 I 46 1.57 4.87 1.47 1.58 4.30
13:57.47 1.45 1.56 4.99 1.45 1.57 5.15
140247 1.42 .58 S.&5 1.44 1.56 5.09
14:07 47 144 I 54 4.60 1.44 1.55 5.03
141247 1.42 1.54 §.34 1.43 1.54 4.70
141747 1.42 I.83 5.00 1.42 1.534 5.07
[4.22:4% [.42 133 393 1.41 1.53 3.28
142748 1.41 182 S04 .39 1.53 6.13
14.32:4% 1.40 1.82 sS4 1.40 1.52 5.22
134 37-4% 1.41 1.5t 142 .30 1.51 5.07
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Table D.25.c. Continuation from Table D.25.b.

[
W)

—Seasor T —Sensor 2

Time K open K syphon tg K open Kk syphon Eg
(mS/em) (mS/em) (%) (mS/cm) (mS/cm) (%)

13:42:39 1.30 1.90 4.03 1.40 191 1.39
14:47:49 1.40 1.50 4.74 1.39 1.50 4.83
14:52:49 1.39 1.49 4.57 1.39 1.50 4.65
14:57:50 1.38 1.49 s 4.87 1.38 1.49 4.87
15:02:50 1.37 1.48 5.18 1.37 1.48 4.98
15:07:51 1.35 1.47 5.60 1.35 1.48 5.77
15:12:51 1.34 1.46 5.91 1.36 1.47 5.30
15:17:51 1.34 1.46 5.63 1.34 1.46 5.91
15:22:51 1.32 1.45 6.34 1.33 1.46 5.94
15:27:51 1.32 145 5.88 1.34 1.45 5.27
15:32:51 1.32 .44 5.62 1.33 .45 5.49
15:37:51 1.32 1.44 5.62 1.33 1.45 5.77
15:42:51 1.32 1.44 5.7 1.32 1.4 5.89
15:47:52 1.32 1.44 5.72 1.33 1.44 5.51
15:52:52 1.31 1.44 5.92 1.33 1.4 4.94
15:57:53 1.30 1.43 6.05 1.33 1.43 5.05
16:02:53 1.31 1.43 5.68 1.29 1.43 6.65
16:07:53 1.31 .42 5.20 [.33 1.43 4.69
16:12:54 1.31 1.42 5.40 1.32 1.42 4.91
16:17:54 1.32 .41 4.55 1.31 142 5.21
16:22:54 1.31 1.41 4.65 1.32 141 4.35
16:27:54 1.30 1.40 4.87 1.31 1.41 4.94
16:32:54 1.31 1.40 448 1.3¢ 1.40 4.18
16:37:54 1.30 1.39 4.50 1.30 1.40 4.89
16:42:55 1.30 1.39 4.31 1.30 1.40 5.08
16:47:35 1.30 [.39 4.12 1.29 1.39 5.02
16:52:55 1.31 1.3% 3.64 1.30 1.39 4.42
16:57:55 1.29 1.38 4.65 1.28 1.38 4.94
17:02:56 1.29 1.37 i.16 1.28 1.38 4.75
17:07:56 1.29 137 3.87 .28 1.38 4.97
17:12:57 1.29 1.37 387 1.27 1.37 5.09
17:17:57 1.30 1.37 357 1.28 1.37 4.48
1722:57 1.2? (IR 459 1.28 1.37 448
17.27:58 1.29 1 36 370 1.27 1.37 4.79
17 32:5% 1.28 36 401 1.28 1.36 4.01
17 373K 1.27 1 3¢ 03 1.27 1.36 4.32
17 42:58 -1.27 1 3¢ 393 1.27 1.35 4.32
17-47.58 1.26 1 3¢ 1"o 1.26 1.35 4.65
17:532:58 1.25 (SRR $0X 1.27 1.35 4.13
17:537.59 1.28 134 337 t.25 1.34 3.57




APPENDIX

E

Table E. 1. Experimental data on gas holdup: gas holdup from pressure versus gas.
holdup from conductivity. Every point is the average of 15 min of operation. (last 4
points correspond 1o jetting sparger tests). Temperature 323 K.

S.U.Egp

[ Pbotiom | Pmiddle Eep "kd ksl Eek S.DEx
cmH20 cmH20 (%) (%) (mS/cm) | (mS/cm) (%) (%)
162 540 10.7 0.7 373 4,50 9.0 0.5
195 346 92 02 3.84 4.32 7.7 0.6
192 340 10.8 0.3 3.75 434 9.9 0.9
186 329 13.9 0.3 3.44 4.20 12.8 0.9
191 338 I3 0.3 3.63 4.25 10.3 0.8
188 333 12.6 0.8 3.44 4.25 13.6 23
178 315 17.5 0.7 3.31 4.38 17.8 1.3
183 276 15.1 0.6 3.47 442 154 09
186 330 13.5 0.3 3.66 4.47 12.9 0.9
192 340 10.7 0.2 3.81 444 9.8 0.6
200 356 6.2 0.2 4.10 4.47 5.6 0.7
149 289 16.0 0.7 3.21 4.11 15.7 1.5
151 292 15.6 0.3 3.29 4.14 14.7 0.8
129 269 [5.8 0.6 3.32 4.19 14.8 1.5
124 259 18.5 0.4 298 3.93 17.7 1.0
128 269 15.4 04 3.21 4.01 14.3 0.9
135 281 12.2 0.2 3.43 4.05 10.7 0.7
145 298 8.1 0.2 3.69 4.11 7.0 0.6
158 296 5.2 0.2 3.87 4.13 4.3 04
135 281 12.2 1.0 346 4.20 12.5 2.0
157 283 11.5 0.6 349 4.20 12.0 1.5
137 285 10.7 0.5 3.59 4.22 10.4 0.9
134 275 15.2 0.4 5334 4.27 15.7 1.2
158 281 15.6 0.7 3.37 4.26 14.9 1.5
141 290 10.7 0.4 3.55 4.23 i1.4 1.8
137 272 19.0 0.4 3.13 4.15 17.9 0.9
136 273 17.2 0.5 3.28 4.19 15.6 0.7
136 277 15.1 04 345 4.21 12.8 0.9
143 290 1.1 0.3 3.71 4.24 8.6 0.7
148 303 6.6 0.2 3.94 4.23 4.8 0.6
153 273 154 04 3.34 4.19 144 1.0
159 284 124 0.5 3.5 4.21 11.7 1.2
145 296 9.0 0.5 3.72 4.22 83 1.5
208 371 2.1 0.3 4.07 4.34 4.3 24
206 366 3.7 0.5 3.96 4.34 6.1 3.0
203 360 54 0.6 3.84 4.36 84 3.7
200 355 6.5 0.5 3.79 4.34 9.0 4.0




Table E.2. Test conditions for BOWATER tests

[ TeStR | supernicial velocity (Chus). “Tevel RT. — Eg SDtg P
Jg feed accepts (cm) (min) (%6) (%) (cmH20)

TAT 133 T.75 .73 — 100 3.2 17.7 10 TI92
1A-2 1.89 1.85 1.81 100 3.2 143 0.9 1302
1A-3 1.46 1.89 1.86 100 3.2 10.7 0.7 1314
1A-4 0.94 1.98 1.98 100 3.1 7.0 0.6 1331
1A-S 0.72 203 2.00 100 3.2 4.3 04 1329
1B-1 2.83 0.95 0.92 100 6.0 179 0.9 1238
1B-2 2.37 0.98 0.93 100 6.1 15.6 0.7 1238
1B-3 1.89 0.96 0.93 100 6.3 12.8 0.9 1240
1B-4 1.40 1.02 0.99 100 6.2 86 0.7 1249
1B-5 0.93 1.06 1.04 100 6.1 4.8 0.6 1259
1C-1 2.83 1.07 1.06 50 5.8 17.8 1.3 1280
1C-2 2.37 1.06 1.03 S0 6.2 15.4 0.9 1263
1C-3 1.87 1.08 1.05 S0 6.2 129 0.9 1265
1C4 1.40 1.12 1.10 50 6.1 9.8 0.6 1299
1C-5 0.96 I.16 1.18 50 6.2 5.6 0.7 1311
2A-5sp 2.34 1.75 1.71 100 3.3 15.7 1.2 1237
2A-4sp 2.39 1.75 1.71 100 34 12.0 1.5 1242
2A-3sp 237 1.76 1.73 100 35 10.4 1.9 1249
2B-5sp 2.37 0.99 0.95 100 6.0 14.4 1.0 1236
2B-4sp 2.37 0.96 0.95 100 6.2 11.7 1.2 1244
2B-3sp 2.37 0.97 0.92 100 6.6 8.3 I.5 1253
3A-3sp 1.86 099 0.95 S0 6.9 12.8 0.9 1290
3A-4sp 1.86 0.94 094 50 7.2 10.3 0.9 1298
3A-4sp-b 3.10 097 094 50 6.9 136 23 1293
3iB-3sp 1.40 0.98 0.94 50 7.3 9.0 0.6 1299
3B-4sp i.41 099 094 50 7.4 7.7 0.6 1303
3B—sp-b 1.79 0.97 094 S0 7.2 99 0.9 1299
4A-1 2.49 1.18 1.13 50 6.0 9.0 4.0 1311
4A-2 2.09 {.17 1.13 50 6.1 8.4 3.7 1314
4A-3 1.51 1.17 1.16 50 6.1 6.1 3.0 1319
4A-4 1.17 1.09 1.07 S50 6.7 43 24 1322




Table E.3. Flotation efficiency and brightness gain for BOWATER tests.
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Test? ERIC (ppm) Efficiency ~Brightness (ColS0)
feed accepts (%) feed accepts eain
TA-] 1062 345 6/.7 I5.95 37.06 T
1A-2 1075 389 63.8 36.06 56.07 10.01
1A-3 975 441 54.7 47.43 55.85 8.42
1A-4 934 759 209 48.02 50.92 2.90
1A-5 915 927 0.0 47.96 47.62 0.00
IB-1 1224 308 74.8 42.95 56.21 13.26
1B-2 1225 311 74.6 42.71 36.51 15.80
1B-3 1508 358 74.2 42.48 3591 13,43
1B 1226 476 61.2 43.60 52.97 9.37
1B-5 1146 1071 6.5 13.45 46.25 2.80
1C-1 1230 321 739 43.50 56.05 12.53
1C-2 1187 348 70.7 43.55 55.90 12.55
1C-3 1207 372 69.2 4294 55.35 12.41
1C-4 1519 460 65.1 43.77 54.27 10.50
1C-5 1290 1048 18.8 42.95 45.56 2.61
2A-5sp 1011 146 559 44.20 52.67 8.47
2A-4sp 981 516 474 46.03 52.25 6.20
2A-3sp 1023 869 i5.1 46.53 48.29 1.76
2B-3sp 1255 3t6 74.8 43.16 57.40 14.24
2B-4sp 1167 430 63.2 44.35 55.14 10.79
2B-3sp 1142 945 17.3 45.45 48.19 2.74
3A-3sp 120t 275 771 43.41 58.42 15.01
3A-sp 1095 332 6V 7 4541 57.36 11.95
3A-dsp-b 1233 439 o4 4 44.87 5§5.58 10.71
3B-3sp 1100 298 RERY) 45.73 58.31 12.58
3B-4sp 945 355 625 47.39 57.00 9.61
3B-4sp-b 1043 352 662 46.25 56.66 10.43




Table E.4. Test condition for test 2B-3sp Hy= 100 cm: 5 spargers: T = 6 min..

P65 | Fm | Egp ] W& ~Jg ~Jleed ] Jad 1 ) | O B2k |

(cmH20) (cmH20) (%) {(L/min) (cm/s) (cm/s) {em/s) (mS/cin) (mS/cm) (%)
TI580F | 1330 PALA TS T76 237 097 ~U098 | 5.29 I19 155
14:58:24 134.3 2740 159 276 2.37 0.97 0.98 3.36 4.19 14.1
14:58:44 134.0 273.0 16.6 276 2.37 0.97 0.98 3.34 4.18 4.4
14:59:04 132.6 273.7 14.8 276 2.37 0.97 0.98 3.28 4.19 15.6
14:59:24 132.7 2733 1.2 276 2.37 0.97 0.98 3.45 4.19 12.4
14:59:44 133.7 2733 15.6 276 2.37 0.97 0.98 3.39 4.19 13.7
15:00:04 133.0 272.7 158 276 2.37 0.97 098 3.39 4.19- 15.6
15:00:24 131.6 271.6 16.0 276 2.37 0.97 0.98 3.33 4.19 147
15:00:44 1319 272.4 156 276 237 0.97 0.98 3.36 4.18 14.1
15:01:04 132.5 2724 15.2 276 2.37 0.97 098 3.31 4.19 15.1
15:01:24 133.1 272.7 15.7 276 2.37 0.97 0.98 3.30 4.19 15.2
15:01:44 132.6 27248 15.0 276 2537 0.97 0.98 3.37 4.19 13.9
15:02:04 151.8 2722 15.6 276 257 0.97 0.98 3.25 4.19 16.1
15:02:24 132.6 2724 15.7 276 237 0.97 0.98 3.33 4.19 14.7
15:02:44 1320 2714 1.7 276 257 0.97 0.98 3.41 4.19 13.2
15:03:04 132.2 2728 15.5 276 237 0.97 0.98 3.32 418 4.7
15:03:24 131.8 271.6 16.0 276 2.37 0.97 0.98 3.34 4.19 14.6
15:03:44 131.9 2722 183 276 2357 0.97 0.98 340 4.18 133
15:04:04 130.8 2714 15§ 276 2.37 0.97 098 3.39 4.18 13.5
15:04:24 13¢.0 2713 5.6 276 257 0.97 0.92 3.35 4.20 14.4
15:04:44 131.0 271.4 154 276 2,537 0.97 0.92 3.28 4.19 15.6
15:05:04 150.8 271.3 152 76 257 1.14 0.92 3.33 4.19 14.7
15:05:24 130.9 2722 149 76 2.37 1.01 0.92 3.5t 4.19 15.0
15:05:44 151.5 271.3 157 276 2137 1.01 0.92 3.39 4.19 13.6
15:06:04 131.8 2728 151 27 257 1.01 0.92 3.33 4.19 14.8
15:06:24 152.2 2729 154 276 237 1.01 0.92 342 4.19 13.1
15:06:43 151.6 2732 147 i Y 23" 1.01 0.92 3.35 419 143
15:07:03 1326 73 € 14X 6 23" 1.01 092 341 4.20 13.3
15:07:24 133.8 2733 60 AR 23 1.01 0.92 3.40 4.19 3.3
15:07:44 [32.4 133" 149 276 237 1.0} 0.92 3.39 4.19 13.5
[5:08:04 133.7 RS 185 26 AR 1.01 0.92 3.37 4.19 14.0
15:08:24 134.0 bk i 1SX 6 A 1.01 0.92 3.34 4.19 14.6
15:08:44 133.5 2740 154 A 23" 1.01 0.92 3.37 4.19 159
15:09:04 133.5 At B 149 2Tn 23" 1.01 0.92 3.30 4.19 15.2
15:09-24 135.1 ARl 15 K e hIR 1.01 0.92 3.35 4.19 142
15:09-34 1346 2782 153 2= 2537 10l 0.92 3.34 4.18 14.5
15 10:03 1548 hRN | 182 A 2R 1ol 0.92 3.38 . 4.18 13.7
15:10:24 1351 e - 1<1 > 2T 101 092 3.28 4.19 15.7
13 10-34 135.7 Lk T 1< ¢ NS 1.0t 092 3.32 4.19 4.9
151104 133.9 Al Y1) [ A A 1.01 092 3.42 4.19 13.0
[5:01:24 1354 AR 1Y 14X s A 1.01 092 3.31 4.19 15.0
15:11:44 13582 i [ N 2T 092 0.92 3.36 4.19 14.2
15:12:04 1548 739 1€n T A 0na2 092 3.27 4.19 15.7
181224 15348 RS 1< STe AR .92 0.92 3.37 4.19 15.9
15:12:44 135.0 ERE B 14X : : 092 0.92 3.8 419 17.6
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Table E.5. Test condition for test 2B-4sp Hy = 100 cm: 4 spargers: T = 6 min..

T Pa T Ui Ji [ el [ G | Yo | & | E&X ]
(cmH20) (emH20) (%) (L/min) (cm/s) (cm/s) (cm/s) {mS/cm) (mS/cm) (%4)
15:28:04 158.3 285.0 1Z.s I/6 257 AT 092 3351 3.21 LA
15:28:24 139.2 283.8 128 276 2.37 0.97 0.92 3.59 4.20 10.2
15:28:44 138.1 283.5 124 276 237 097 092 3.55 4.20 10.8
15:29:04 139.0 283.7 12.6 276 2.37 097 092 3.46 4.20 12.6
15:29:24 138.9 284.1 124 276 2.37 0.97 0.92 3.48 421 12,3
15:29:44 157.8 283.8 120 276 2.37 0.97 0.92 3.32 4.21 15.1
15:30:04 1388 2844 12.2 276 237 0.97 092 3.48 4.20 12.1
15:30:24 139.0 2819 139 276 237 0.97 092 3.53 4.21 113
15:30:44 138.1 283.2 12.4 276 2,37 097 0.92 5.50 4.21 19
15:31:04 138.1 282.7 12.6 276 237 0.97 0.92 3.50 4.21 12.0
15:31:24 138.5 2829 15.2 276 257 0.97 0.92 3.57 4.21 10.7
15:31:44 137.3 2855 12.4 276 237 0.97 0.92 3.41 121 13.6
15:32:04 158.4 2829 i26 276 2.57 097 092 3.85 422 1Ll
15:32:24 | . 1584 2819 13.3 276 2.37 0.97 0.92 3.56 4.21 10.9
15:32:44 138.5 283.0 129 276 2.37 0.97 0.92 3.50 421 12.0
15:33:04 137.5 283.5 124 276 2.37 0.97 0.92 3.58 4.21 10.6
15:33:24 138.6 284.8 1.5 276 2.37 1.02 0.92 3.53 421 114
15:33:44 137.9 282.7 12.8 276 2.37 1.02 0.92 349 422 12.2
15:34:04 139.3 2849 12.1 276 237 1.02 0.92 3.49 4.21 12.0
15:34:23 138.9 286.0 11.8 276 2.57 1.02 0.92 3.63 4.20 9.5
15:34:44 140.7 2854 128 276 237 0.87 0.92 3.46 422 12.7
15:35:04 139.6 286.5 1.7 276 2.37 0.98 0.97 3.55 4.22 Pt
15:35:24 139.8 2873 1.7 276 237 0.85 0.97 3.59 421 10.3
15:35:44 139.9 286.2 11.6 276 237 0.95 0.97 3.51 4.21 11.8
[5:36:04 139.8 2848 12.7 276 2.37 0.95 0.97 346 4.21 12.6
15:36:24 140.7 285.7 124 276 237 095 0.97 3.59 422 10.5
. 15:56:44 1388 2854 12.0 276 2.537 095 0.97 3.44 422 15.0
15.37.04 140.1 2859 11.8 276 237 095 0.97 3.52 422 116
15:37:24 139.8 285.1 12.9 276 237 0.95 0.97 3.48 421 12.1
153744 [39.1 2K86.0 12.4 276 2.57 0.94 0.97 3.57 4.22 10.7
1535 04 140.4 286.5 12.0 276 237 0.94 0.97 3.61 4.21 10.0
1538 24 1389 2846 122 276 2.537 0.92 0.97 3.51 421 1.8
15 3% 44 137.6 2837 12.4 176 2.37 0.92 097 345 4.21 128
I3 3904 [3K.8 2833 127 Ry ) 2.37 0.92 0.97 3.56 422 11.0
153924 {384 2846 119 6 2537 0.92 097 3.52 4.22 11.7
ERUES 137.0 833 1.6 276 237 092 0.97 3.32 $.22 154
153004 1364 827 12.3 76 2.537 0.92 0.97 345 4.22 2.9
153024 1367 2827 12.3 76 237 092 0.97 3.49 421 1201
I3 40 34 1364 2822 1.9 276 2537 0.92 0.97 3.59 121 10.3
14104 138.2 RERR | 129 276 257 098 0.97 3.56 4.21 10.8
1S 4123 137.1 281.7 12.%8 276 2537 0.98 0.97 3.57 4.20 10.5
1541 44 13X.0 285.0 126 R 237 0.98 0.97 3.50 4.21 I9
IS 4204 137.0 2822 127 %6 2137 098 097 3.58 1.21 (RN}
154224 1365 2817 2.9 276 2537 0.98 097 3.50 4.21 119
1S 3244 13K.6 2844 117 6 237 U.98 0.97 3.61 .21 10.0




Table E.6. Test condition for test 2B-3sp Hy= 100 cm: 3 spargers: t = 6 min..
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— Pb Pm 2P Qa Jg Jeed | Jla Ko ks ] Egk |
(cmH20) (cmH20) (%) {L/min) (cm/s) (cm/s) {(cm/s) {(mSicm) (mS/cm) (%)
160807 IEER] 293.3 & Z75 137 099 097 5.00 B K1 LA
16:08:24 142.4 292.7 92 276 2.37 0.99 092 3.70 $.23 8.7
16:08:44 143.2 293.0 99 276 237 0.99 092 3.78 4.22 7.2
16:09:04 142.5 293.0 9.7 276 2.37 0.99 0.92 3.80 4.23 6.9
16:09:24 1429 2943 8.4 276. 2.37 0.99 0.92 3.66 4.22 94
16:09:44 143.2 294.1 9.2 276 2.37 099 0.92 3.81 4.25 6.8
16:10:04 143.3 293.2 95 276 2.37 0.99 0.92 3.79 4.22 7.1
16:10:24 142.6 2941 8.7 276 2.37 1.01 092 3.62 4.23 10.1
16:10:44 1448 294 4 9.4 276 237 1.01 092 3.68 4.22 9.0
16:11:04 145.2 2048 9.9 276 237 1.02 0.92 3.84 4.25 6.3
i6:11:24 145.4 298.7 9.4 276 2.37 1.02 0.92 3.79 3.23 7.1
16:11:44 145.4 296.7 8.7 276 237 1.02 0.92 3.61 423 10.2
16:12:04 145.6 295.7 92 276 237 1.02 092 3.61 422 10.2
16:12:24 146.5 296.0 9.6 276 2.57 1.02 092 3.77 $.22 7.4
[6:12:44 145.2 297.6 8.5 277 2.37 0.97 0.92 3.68 4.23 9.0
16:13:04 145.3 296.7 8.8 276 2.37 0.97 0.92 3.72 4.22 8.1
16:13:24 146.2 296.5 9.7 277 2.37 0.97 0.92 3.63 4.23 99
16:13:44 145.9 296.7 9.5 277 237 093 092 3.71 4.23 8.5
16:14:04 145.9 297.1 9.0 276 2.37 0.93 0.92 3.72 4.22 8.1
16:14:24 146.3 296.3 9.4 276 2.37 0.93 0.92 3.71 4.23 8.6
16:14:44 145.4 2979 8.4 276 237 0.93 0.92 3.84 4.22 6.2
16:15:04 145.2 2983 8.3 276 2.37 095 0.92 3.83 4.23 6.5
16:15:24 146.8 2978 8.9 276 2.37 093 0.92 3.75 4.22 8.1
16:15:44 146.0 297.0 9.1 274 257 0.93 0.92 3.64 4.22 9.6
16:16:04 145.2 2976 R.S 273 257 0.93 0.92 3.84 4.23 6.2
16:16:24 145.8 296.7 9.1 %6 237 0.93 0.92 3.52 4.25 1.8
16:16:44 1444 296.3 93 276 237 0.92 0.92 3.71 $.22 8.4
16:17:04 145.5 296.8 8.8 it 237 092 0.92 5.68 422 8.8
16:17:24 145.3 296.3 8.7 77 237 0.92 0.92 3.68 4.22 8.9
16:17:43 144.5 296.5 8.3 77 237 092 0.92 3.78 4.22 7.1
16:18:04 143.0 2956 9.1 2% 2.37 0.92 0.92 3.75 4.23 78
16:18:24 144.5 296.0 8.7 6 2.37 0.92 0.92 3.82 4.22 6.5
16:18:44 144.5 2982 Y3 276 2537 0.92 0.92 383 4.22 6.5
16:19:04 1444 3982 9.1 276 237 0.92 0.92 3.65 4.23 9.7
16:19:23 142.7 2936 87 376 237 0.92 0.92 3.82 4.22 6.5
16:19-44 1446 2959 K9 i 237 0.92 0.92 3.49 4.22 122
16:20:04 142.5 2949 T3 276 237 0.99 0.92 3.66 4.23 9.4
[6:20:24 1456 2951 K9 == 237 0.98 0.92 3.69 422 8.6
16:20:44 143.7 294 3 92 2= 237 0.98 0.92 379 4.22 7.0
16:21:04 145.1 298 3 9 | =- Al 0.98 0.92 3.78 4.22 7.3
l6:21:24 1448 2989 v A 23" 098 0.92 3.72 4.22 K2
16:21:44 143.8 296.7 X< 2= 23" 0.98 0.92 3.82 4.22 6.5
16:22:04 145.3 296.7 LK 2o 23T 1.02 0.92 335 4.22 7.8
16:22:24 144.7 296.7 X< A 237 1.02 0.92 3.60 4.22 10.5
16:22:34 14583 2976 X2 pCY R 1.02 .92 3.66 4.22 4.3




Table E.7. Test condition for test 24-3sp Hy =100 cm: 5 spargers: T =3 min..

Pb Pm | 2P Ua ~Jg “JVeed T 0 ks “Egk |

(cmH20) | (emH20) (%) (L/emin) (cm/3) (ems) tcm/s) (mS/cm) (mS/cm) (%)
16:13:05 IRER T/36 — 15.0 75 T33 T.75 1.07 5.2 350 175
16:15:27 134.3 2749 15.2 276 234 1.75 1.73 3.32 4.30 16.5
16:15:43 134.6 2746 15.4 276 234 1.79 1.73 3.36 4.30 15.7
16:15:59 134.6 274.8 15.4 276 2.34 1.79 1.73 3.28 4.31 17.4
16:16:23 134.1 2743 15.7 276 2.34 1.69 1.69 3.37 4.30 15.5
16:16:47 133.0 274.6 14.7 276 2.34 1.76 1.69 3.31 429 16.4
16:17:03 133.4 274.4 15.0 276 2.34 1.76 1.69 3.28 4.30 17.1
16:17:27 133.8 273.5 15.7 276 234 1.76 1.69 3.37 4.30 15.5
16:17:43 134.1 274.1 154 276 2.34 1.74 1.75 3.38 4.30 154
16:18:07 133.2 273.8 15.0 276 2.34 1.74 1.75 3.38 4.29 15.2
16:18:23 134.0 2744 154 276 2.34 1.74 1.75 3.30 4.29 16.7
16:18:47 132.9 273.0 15.5 276 254 1.74 1.75 3.37 4.28 15.3
16:19:03 133.0 273.8 4.9 276 234 L.74 175 3.43 4.29 14.4
16:19:27 133.4 2735 15.5 277 2.54 .74 1.68 3.26 4.29 17.5
16:19:43 134.3 273.5 159 277 2534 1.74 1.71 3.34 4.29 15.8
16:20:07 133.3 2740 15.1 276 234 1.74 1.71 3.39 4.29 15.0
16:20:23 134.0 2744 15.3 276 2.34 1.80 1.71 3.34 4.29 16.0
16:20:47 133.2 2733 14.8 276 234 1.74 1.71 3.30 4.29 16.7
16:21:03 133.7 2740 i5.7 276 234 1.74 1.71 3.38 4.28 150
16:21:27 133.8 273.8 158 276 2.34 1.74 1.71 3.32 4.28 16.2
16:21:43 133.7 273.5 15.3 276 234 1.74 1.71 3.31 4.28 16.4
16:22:07 1333 2746 14.7 276 234 1.74 1.71 3.24 428 17.7
16:22:23 134.0 274.1 15.6 276 2.54 1.74 1.71 348 4.28 13.3
16:22:47 1333 2732 15.6 276 254 1.74 1.71 3.31 4.28 16.4
16:23:03 133.4 274.0 153 276 254 1.74 1.71 3.32 4.27 16.1
16:23:27 133.6 2743 15.5 276 234 1.74 1.71 3.41 4.26 14.2
16:23:43 133.4 2743 155 276 254 1.74 1.71 3.41 427 14.5
16:24:07 134.6 2756 14.8 276 234 1.74 1.71 3.35 4.26 15.2
16:24:23 132.5 2749 144 276 2.54 1.74 1.71 3.26 4.26 17.1
16:24:47 133.8 2746 [ 276 2.54 1.74 1.71 3.46 4.26 154
16:25:03 134.2 2744 154 278 234 .74 1.65 3.26 427 17.1
16:25:27 1333 2744 148 275 254 1.74 1.69 3.37 4.26 149
162543 133.1 2745 15.2 275 254 1.74 1.69 3.24 4.26 17.3
1626707 134.1 2756 4.3 276 234 1.74 1.69 3.26 4.27 17.1
16.26:23 1337 2748 14.2 276 254 1.74 1.69 3.33 4.26 158
[6:26:47 1341 276.2 14.5 276 234 1.74 1.79 3.39 4.25 14.5
16:27:03 1348 2754 152 276 254 1.74 1.75 3.35 4.24 15.0
162727 134.0 274.1 154 276 234 1.73 1.73 3.30 4.26 16.2
162743 1342 2746 157 276 234 1.73 1.73 3.35 4.25 15.1
16 2%.07 1342 2752 [5.0 276 234 1.74 1.73 3.36 4.25 15.1
16:2%:23 134.2 27589 144 276 234 1.74 1.70 3.40 4.25 144
1628 47 133.8 2756 14.7 276 2.33 1.77 1.70 3.4 4.26 14.3
16:29.03 1358 276.5 49 276 2 1.77 1.70 3.46 4.26 13.3
162927 1338 2759 14.5 176 RS 1.77 1.70 3.34 4.25 153
I 29 33 1381 2754 1§82 176 RIRS ) 1.77 1.70 3.39 4.24 144




Table E.8. Test condition for test 2A-4sp Hy = 100 cm: 4 spargers: .t = 3 min..

P65 ] °Pm ﬁT}"‘UF Iz ~Jleed ) —%o ks | X .

(emH20) (cmH20) (%) (L/min) (cm/s) (cm/s) . (cmvs) (mS/cm) {mS/cm) ("4}
153807 1579 T306 | ES] 276 139 T.77 173 3.59 I8 119
16:48:23 i37.4 279.0 14.4 276 2.39 1.75 1.73 3.30 4.28 16.5
16:48:47 136.8 280.2 13.6 276 2.39 1.75 1.73 3.22 4.29 18.1
16:49:03 137.6 280.5 139 276 2.39 1.75 1.73 3.43 4.28 i4.2
16:49:27 137.7 280.0 14.3 276 2.39 1.75 1.73 3.39 4.27 14.8
16:49:43 136.5 280.2 15.3 276 239 1.75 1.73 3.41 4.27 14.5
16:50:07 135.6 . 2813 12.2 276 2.39 1.75 1.73 3.46 427 136
16:50:31 138.9 2819 15.7 276 2.39 1.79 1.73 3.47 4.28 154
16:50:47 136.9 280.2 140 276 2.39 1.74 1.73 3.43 4.27 14.0
16:51:03 138.1 2797 14.9 276 2.39 1.74 1.73 3.26 $.27 17.1
16:51:27 138.6 280.6 144 276 2.39 1.74 .71 3.28 4.27 16.8
16:51:43 138.4 281.6 15.7 276 2.39 1.74 1.71 3.35 $.27 15.4
16:52:07 135.9 281.3 12.8 276 2.39 1.74 .71 3.20 $4.27 18.3
16:52:23 138.7 282.1 126 276 239 1.74 1.71 3.25 4.26 17.1
16:52:47 137.0 280.2 13.6 276 2.39 1.74 1.71 3.38 4.27 i49
16:53:03 135.6 2798 14.2 276 239 [.74 1.71 3.44 4.27 15.7
16:53:27 137.4 281.4 15.6 276 2.39 1.75 1.71 3.47 4.26 13.2
16:53:43 138.0 2794 15.0 276 2.39 1.75 1.71 3.46 4.25 13.3
16:54:07 137.7 2814 133 276 239 1.75 1.7 3.32 4.26 15.9
16:54:23 137.6 2810 13.6 276 2.39 1.75 1.71 3.39 4.26 14.5
16:54:47 137.7 2798 149 3276 2.39 £.7s 1.71 3.40 4.26 144
16:55:03 1538.1. 280.5 144 276 2.39 1.75 1.71 3.40 427 14.5
16:55:27 156.8 281.6 12.8 276 2.39 1.74 1.71 3.41 4.25 14.1
16:55:43 138.0 281.6 15.8 276 2.39 1.74 1.71 3.32 4.25 15.8
16:56:07 137.1 280.0 14.1 276 2.39 1.7 1.71 3.33 4.25 15.6
16:56:23 137.5 280.0 14.3 276 259 1.74 1.7 3.51 4.26 12.5
16:56:47 137.6 280.6 15.8 276 2.39 1.74 1.71 3.39 4.25 144
16:57:03 137.5 280.2 142 276 2.39 1.75 .71 3.43 4.26 13.8
16:87:27 137.0 181.0 £3.2 76 239 1.75 1.71 3.32 4.26 158
16:57:43 137.5 2824 12.7 276 239 1.75 1.71 3.18 4.24 18.3
16:58:07 138.2 2813 13.6 276 2.39 1.75 1.71 3.4 4.24 13.8
16:58:23 137.1 2Rl 13.0 276 2.39 1.75 1.71 340 428 14.3
16:5%:47 1374 2R3 159 276 2.39 1.75 1.71 3.42 4.26 4.0
16:539:03 1378 2816 154 276 239 1.75 1.71 3.33 4.25 15.6
16-89 27 137.6 281.7 126 R 2.39 1.75 1.71 3.54 4.25 153
1630 43 136.5 280.0 136 L 239 1.78 1.71 3.50 4.25 124
170007 J3R.R 2819 13X hini 239 181 1.71 3.49 4.25 12.7
17 00 23 13%.1 2838 1o i 2.39 1.76 1.71 3.15 4.24 15.2
[N 138.7 IR 133 A RIRL] 1.76 1.71 3.22 4.25 17.5
1701 O3 1391 JROR 47 270 239 1.58 1.71 3.33 4.26 18,7
17 01.27 1578 280.8 137 Al 239 1.76 1.71 3.40 4.25 14.4
1701 43 136.7 IR 127 276 Y39 1.76 1.7 343 4.25 158
[l AN 138.4 281.7 130 270 239 1.76 1.71 3.37 4.25 149
170223 1388 2R0.6 144 A} 23 1.76 1.71 3.54 .25 15.5
170247 137.6 X2 4 132 27h 2.3 1.76 1.71 3.41 4.25 141




Table E.9. Test condition for test 24-3sp Hy = 100 cm: 3 spargers: T = 3 min..

“Pb Pm — EEPp a Jg Jiced (] ko 15 | 3 .
(emH20) (cmiH20) (%) (Limin) {cmvs) (cm/s) (cm/s) (mS/cm) (mS/cm) (%)
172203 11 ) J88.9 TT.1 76 T57 .73 T.75 337 3.25 139
17:22:27 140.8 288.7 1.1 277 2.37 1.78 1.73 3.56 4.24 1.
17:22:43 1412 289.0 109 276 2.37 1.78 1.73 3.60 $4.23 104
17:23:07 141.5 288.6 1.5 277 2.37 1.78 1.75 3.47 4.23 129

17:23:23 141.6 288.9 1.3 276 2.37 1.73 1.73 341 4.23 158 -
17:23:47 141.1 289.7 10.5 277 2.37 1.78 1.73 3.63 425 10.1
17:24:03 140.9 289.0 1.1 277 2.37 1.78 1.73 3.40 4.24 14.1
17:24:27 141.9 290.0 10.8 276 237 1.73 1.73 3.55 4.23 14
17:24:43 141.6 289.5 10.7 276 237 1.73 1.73 3.51 4.24 12.1
17:25:07 141 .4 289.8 10.7 276 237 1.75 1.71 3.47 4.24 13.0
17:25:23 1422 288.3 12.0 276 237 1.73 1.7% 3.38 4.24 14.35
17:25:47 142.2 289.8 11.0 276 2.37 1.76 .71 3.40 424 14.1
17:26:03 141.1 289.4 10.9 276 257 1.76 1.71 3.48 4.24 12.7
17:26:27 141.2 289.0 11.2 276 2537 1.76 1.71 3.53 4.25 1.9
17:26:45 141.0 289.5 109 276 237 1.76 1.71 3.44 4.24 154
17:27:07 142.7 290.3 1Ll 276 2.37 1.76 1.71 3.6l 4.24 10.5
17:27:23 142.5 290.0 10.9 276 237 1.76 1.71 3.55 4.25 11.6
17:27:47 131.1 289.2 10.7 276 2.37 1.76 1.71 3.27 4.24 16.5
17:28:03 141.2 289.5 1.0 76 257 1.76 1.71 3.55 4.24 1.4
17:28:27 141.4 289.8 10.8 76 23537 1.76 1.71 3.6l $.24 10.5
17:28:45 142.0 290.5 10.3 2*6 237 1.76 1.77 3.59 4.23 10.6
17:29:07 141.2 291.1 10.2 Ry ) 237 1.76 1.77 3.34 4.23 15.1
17:29:23 140.5 289.8 10.3 26 237 1.76 1.77 3.58 4.24 1.0
17:29:47 i41.4 290.6 10.2 A 237 1.76 1.77 3.58 4.24 109
17:30:03 1419 289.7 108 Al 237 1.76 1.70 3.64 4.23 9.7
T 17:30:27 141.6 290.3 10 4 Ay 237 1.76 1.76 3.72 4.24 8.5
17:30:45 141.3 289.7 10.3 26 23" 1.76 1.76 3.63 4.23 9.9
17:31.07 141.2 290.8 102 276 237 176 1.76 3.62 4.23 10.2
17:31.25 141.8 289.5 10X 276 25 1.56 1.76 3.68 4.23 9.6
17:31:47 130.5 289.5 0~ 2% i iv6 1.76 3.58 4.23 10.8
17:32:03 141.8 291.0 vy .27k A 1.76 1.76 3.64 4.24 9.8
17:32:27 141.0 289 8 1o X 276 237 1.76 1.76 3.51 4.23 1.9
17:32:43 141.5 29(1.2 1o 2 =< Rk 1 76 1.76 3.68 4.23 9.0
17.33.07 141.3 . UR 10§ 2=e 257 1 76 1.76 3.60 4.22 10.3
[7:33.23 141.3 2KK 6 it 2= At I “6 1.76 3.65 4.22 9.5
17.353-347 141.9 2894 11 2T A 176 1.76 3.58 4.23 10.8
17.34.03 142.2 290.6 e e M I "6 1.76 3.57 $.25 1.0
173427 140.7 89" 10 3§ A A 1 "6 [.76 3.60 423 10.5
17-34 43 I141.8 90K o M AR 17X 1.69 3.43 4.22 [3.4
1= 3807 1409 ht IR Jer € te NI I "6 1.69 343 4.23 13.5
17 3823 141t 2910 R e AR 1°s 1.69 53.69 4.22 89
17.35:47 141 % IRYK ber = e Nk I~s 1.76 3.67 4.23 93
173603 141.8 2900 1o Me NI 178 1.69 5.63 4.22 9.8
17.36:27 141 8 29¢).2 [ L1 § X A 1°s 1.69 5.68 4.23 8.9
17 3643 1413 RE 1o« N 2 [ 1.69Y 3.5 4.22 10.5




Table E. 10. Bubble size. bubble surface area flux and collection zone rate constant
estimated for BOWATER tests. Bubble sizes over 0.2 cm are invalid.

- LR P Bii 113 5 s aim %< 1> ERAE 8 41 S6lr/ s R tam) )
(cmis) {em/s) (%) (cm) (cm) (I/min) {l's) (I/s}
TXT T T s T LR 24 ~U 1355 UST  v2 T
1A-2 .M 1.81 143 0147 0.150 0478 72 76
1A-3 1.36 186 107 0146 0150 0.384 s6 59
1A 086 198 70 0139 0.143 0.135 37 39
1A-§ 066 2.00 43 01i70 o175 - 23 25
1B-1 2719 092 179 0176 0177 0326 95 9%
18-2 234 093 156 0 166 0.167 0.319 85 . 85
IB-3 .86 093 i28 0158 0.159 0.305 mn 71
IB-$ 137 099 86 016” 0168 0.231 49 50
iB-5 090 104 48 0 1% 0198 0.021 28 28
1C-1 27 1.06 178 0173 0176 0.326 93 97
1C-2 229 102 154 0 166 068 0.286 83 85
1C-3 181 108§ 29 0153 0 1S5S 0274 7 73
IC4 i32 1o 98 0OFLI8 0120 0.253 67 70
1C-5 089 LS s6 LA & 23 0146 0.062 38 29
2A-Ssp 231 [ 3d } 187 0173 017¢ 0384 80 80
2A-3sp 235 |Gl | 120 n223 223 0.300 63 64
2A-3sp 2352 173 104 0282 0254 0.088 5s 56
2B-5sp 234 095 [ K% 01t 0.180 0322 7 79
2B-isp 233 09¢ > 02X 0218 0.240 64 (3]
2B-3sp 231 092 83 w30~ 03 0.053 45 46
3A-Ssp 176 095 128 atse 0183 0297 70 73
3A-sp 175 0S4 1023 01Xl 0185 0.241 58 60
3A-3sp-b 293 094 136 "2y 0234 0212 74 76
iB-Ssp 132 094 90 Ny 0157 0.256 51 54
iB-4sp 133 094 77 (L Rl 0183 0.199 4+ 16
B-wp-b | 68 094 99 (LN Q0 183 ¢.222 56 59
4A-1 232 1Is 90 oA 02v3 - 49 51
4A-2 194 P 8a (100 By 028 - 16 49
4A-3 140 1ls 61 [ 0284 - 34 36
dA 108 [l 43 "> [ - 23 2s




