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SYNOPSIS

A simulator to predict the oerformance of the Foskor plant
was investigated., The kinetic parameters required for the
simulator were obtained from the butch flotation of a
standard ore, conditioned old plant feed, unconditioned

new plant feed, and unconditioned P.M.C. tailings, also
from continuous experiments carcied out on the rougher basks

of the old and new plants.

The kinetic paramegters obtained from thes batch flotation
of unconditioned feed Qave comparable results, but with a
wide 95% cenfidence band, while \:{\e conditionegd old plant
feed gave equivalent results but a nparrow 95% confidence
bund. Those parameters obtained from the continuous
experiments gave very wide 95% confidence bands and the
average results differed from the batch experiments by

a factor of 2 and 0,5 for the old plant and new plant

rerpectively.

The description of both the old and new plants was best
given by the kinetic parameters obtained from the batch

flotation of conditiened old.plant feed.
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CHAPTER 1. INTRODUCTION
1o Statement of the Probl(ﬂ

Over the past decade much work has been carried out
into developing medels of flotalion plants. The approach to that
work has beei to derive kinetic vquations to represent what is

actually taking place in the flotation process,

It has been shawn in the literature (1,2) that kinetic
models can adequately dusuribe the pehaviour of singla cells (bateh or
continuous), piiet planty and the vleaner banks of a continuous opera~

ting plant.

The coope of thiy dissertatiun is to investigate how
well the madel develepsd by the National Institute for Metallurgy de—

stribes an industeial operating plant with all its attendant variables.

In bFeief the problem © + be sated as follows. How,
from an industrial plant, cun the nece « ° earamelers requirer to set

up tha model beat be meazured. That is to say, can the required model

I tests cairied out in the laboratory

erg be dete

parame od by D
or must they be ohtnfacd from *he continuous operating plant. Also do
the estimated paramtters fram the laboratury ageee with those from the
plant, if not why, and then whizh of the parameter estimates best pre-

dict the plant performance when tho kinelie model is used to simulate
plant performance.
1.2 Why the problem existe

The propoesed use of the simulator is vot to replace either

the lalweratory op pilot plant test work, but to act as a guide to the

il




direction such work should take, and s¢ alleviate unnecessary experimen—
tation. Also plant configurations that could not be tried out on an
operating plant, betause of extensive piping alteration and loss of pro-
duction could be carried cut. Those configurations that the simulator
predicts should increase production, can then be tested on a pilet plant
scale. Thus the model ¢an short circuit the normal lengthy experiments

required to test out various plant configupations.

1.3 Experimontal programme

As will be set out later in the dissertation, the main
parameters for the modal that can not be directly measured are the kinetic
flotation parameters., These have Lo be determined by either batch flota-
tion in the laboratory or from measurements carriad out on the continuous

cuaning plant, At Foskor it is already known that the reagent dosage used

in the laboratory are differcnt from those used in the plant, Tt is thought
that these differences can be attributed to the ¢irculating masses of selids
and water, both of which carry with them flotavior reagents. Thus a measure

of the difference, if any, betwsen the kinectic tarameters measured in the

labaratory and plant is of fundamental irterest

The kinotic flotat.on paramete nf foskorite ore were
measured in the following series of experiment. . ke first series of
experiments consisted of laboratery batch flota i » tests carried out on

a representative ore sample (standard ore), o!.

snt conditioned rougher

feed, new plank unconditionnd fecd and uncondi ~d PoMLCL tailings Feed.
The second serles consisted oF measuring the paramcters from the continuously
operating plant. These experiments were c¢arried out on 50 cubic feet

rougher cells (old plant) and 300 cubic feet rougher cells (new plant).

Figs 18 and 37 show the layeut of the nlants,




e

-3 -
Foskorite Pyroxenite Foskorite Pyroxenite i
Component )
Feed Feed Congentrate | Concentrate ;
P05 8.0~ 7.5 37.5 37.5 .
Cn0 23.6 24.9 83.7 | 53.0
coz 10.9 0.8 3.6 2.9
Fe30, 28.5 2.3 0.35 0.27 v
#go 12.7 14.5 0.76 1.06
Tiop 2.4 0.5 . " oa Trace
zr0p 0.6 0.05 Trace Trace
Rare Earths 0.1 o.z 0.4 0.7
3 . 0.73 0.74 2.2 2.2 “
810 10.0 35.6 - ~ :
Acéieinsuw _ _ 0.00 2.0 i N
Mo0 0.54 0.08 0.02 0,01
Kz0 0.78 2.10 0.01, 0.05 |
NagO 0.46 0.67 0.07 0.04 e
Cu 023 0.004 - ~ !
s Ni 0.02 0.01 - - !
s o.1 Trace - -
Alp0g 2.5 6.4 0.05 0.15 :
Glo. Trace Trage Trage Trage

Table 1 Analysis of Phosphate feed and concentrate i
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Suberdinate

Phlogopite

RELATIVE
PROPORTION OF MINERALS COMPOSTTION
CONSTITUENTS
Salcite CaCog
ta jor
Magnetite FeO . Feg0g
Apatite Cag {(GaF) (POy)3

Hy KMga Al (8i04)g

otivine (MgFe)y iy
piopside Ca0 . MgO . 25107
winor to Sornite CugFeSs
Yrace Chalcupyrite CuFedy
Monowste (CeLaDy) POy Th$iO4
Tabie 1a Analysis of Feskorite Ore
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1.4 Syyiem to be studied
&
The kinetic para’ .eps that have been estimated are S

those of an ore type known as "foskorite™. This ore is obtained from .

the Phalaborwa complex in the Eastern Transvaal. An analyses of this i

ore is shown in table 4 and 3la). 7The initial work on the troth flota-

tion of foskorite was done by Preller (3), The reagents used to float

this ore are:-

a) Unitel D.S.R. - tall oil fatty acid, which acts as a
frothar/collector.
b) Berol E.M.U. - poly-glyzol ether, which is a dispersant :
and froth medifier.
K
¢) Sodium silicate - a dispersant and caleite depressant.
e
d} B

Sodium hydroxide - pH regulator.

Due to the complex natuce of the ore body, there is no puarantsed reagent

combination that will float ithe ore. The method used at Foskor, in the

research department, is to start with a fixed ratio of reagents, then

to raise and lower each one in turn until a “good" float is obtained. Al- ‘

though this method is subjective it is reliable. A point to be argued

againct lavoratory batch test work, is that the floats are so good as to
be unrepresentive of the plant, where the control over the float is more

difficult.




CHAPTER II.
MINERALOGICAL STLDY OF FOSKORITE

2.1  Phalaborwa igneous complex {4)

This igneous complex is a cylindrical intrusion in

the granites of the archean era consisting of the following discrete

ore bodies as illustrated Figure 1.

2,11 Central

Jarbonatite bod;

The ore has a low phosphate content (1,25 - 2,6% P),
but an economically mineable copper content of between 0,5 -
0,8% Cu. Associated with thess minerals are baddeleyite
(natural Zr02), vranium and magnetite with a low titanium

content (< 1% TiOz).

2.1.2 Surrounding body of Foskeorite ore

It differs in two important aspects from the
carbonatite. The phosphate content is higher (3,5 - 4,8% p)
and the titanium content of the magnetite is higher {3 -

5% Ti02). The main diluent minerals in the above two
mentioned bodies are olivine-serpentine, carbonatite and

phlogopite.

2.1.3  Massive Pyroxeaite ore body
This bady is & km long and 3 km wide with an
average phosphate content of 2,5 - 3,5% P. The main diluent
minerals are diopside and phlagopitic-vermiculite, Apatite,
the phosphate bearing ore, is the only mineral of economic

importance.




‘carbonatite o

Figure 1 Phalaborwa Igneous Complex
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2.2 Liberation of minerals in Foskorite ore

A mineralogical study of Foskorite was undertaken
to determine the liberation of mineral species. This was achieved
by using the Tollowing technigues; microscopic examination,

magnetic separation, and heavy liquids.

2.2.1 Microscopic examination of Foskorite

Various size fractions of foskorite ore were
examined micrescopically, All fractions examined
(-417/4205 microns to -74/+43 microns) showed complete
liberation of apatite from earpentine and phlogopite;
and greater than 95% liberat 4 mugnetite.

These magnetite inclusions s tite were in the form
of finely disseminated particles. The liberation of
apatite frem calcite could not be determined microscopically

due to the simularity in colour and texture of the minerals.

2.2.2 Determination of the liberation of apatite and calcite

To determine tho liberation of apatite and caleite,
these minerals had to be separated From the other minerals
that make up foskerite. Apatite has a negative magnetic
susceptibility and calcite a low but positive magnetic
susceptibility, all the other minerals have a high positive
susceptibility., Because of these differences in magnetic
susceptibility magnetic separation using the Frantz isodynamic
separator, was used as the technique for obtaining sampies

of apatite and caleite.




A

2.2,2,1 Magnetic separation

The Frantz isodynamic separator is used to
separate out minerals having low but different magnetic
susceptibilities. It consists of a vibrating

chute mounted centrally between the pole pieces of

an electro-magnet. This unit may be inclined in

any direction by a universal mounting, and the electro-
magnetic current is continuously adjustable from

0 to 1,5 amperes.

A sample of Standard Ore Foskorite was dry
sieved through Tyler screens and the +147/-285 micron
size fraction retained Magnetite was then removed
using a hand magnetic separator from this size
fraction. The non-magnetic fraction was weighed.

The Frantz isodynamic separator was set with a
longitudinal angle of +25° and a transverse slope
of 420°, with a current setting of zero. The non-
magnetics were then loaded into the hopper of the
separator, and the chute vibrator activated. The
resulting magnetic and non-magnetic fractions were
weighed. The current was then adjusted to 0,7 amp
and the non-magnctics placed in the hopper, the
chute vibrator wan again activated. This procedure
was repeated for curreat values of 0,3 0,5 0,7
and 1,0 amperes, che magnetic fractions being retained.

Table 2 shows ilhe results from the separation.

§
;
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The transverse angle of the separator was
then adjusted to +15° and the non-magnetic Fraction
from the 1,0 ampere separation loaded into the hopper,
the chute vibratoe was then activated. The current
being kapt at 1,0 ampere. The resulting magnetic

and non-magnetic fractions were weighed. Then the
transverse angle was adjusted to +10° and the non-
magnetics loaded. This procedure was repeated for
transverse angles 6, 4, 2 and 0°, the magnetic
fractions being retained, Table 3 shows the re=

sults from the separation.

Visual eramination of the magretic
fractions from the 0, 2, 4 and 6° transverse angle
separations and also the final non-magnetic fraction
showed that the majority of the particles were either
colourless or opague white. To deternine the amount
of liberation between apatite and calcite heavy

1iquid separation was used.

2.2.2.2 Heavy liquid separation

The specific gravities of apatite and
caleite are 3,2 and 2,71 (5), thus are ameanable
to heavy Liquid separation. The heavy liquid
mediums used weere tetrabromoethane (sg 2,94} and
methylens iodide (sg 3,3). To obtain a range of
densities from 2,0 ' °,04 mixtures of acetone (AR}
and tetrabromocthane were prepared : for densities

betwesn 2,94 and 3,33 mixtures of tetrabpomoethane .

ik

i
i
i
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- 13 - %
%, methylen: iodide were used, ¢
k]
The samples that were separated by heavy W
liquids were those magnetic fractions with a - ]

transverse angle of O, 2, 4 and 6° with an electro-
magnetic current of 1,0 amperes. Also examined

was the final non~magnetic fraction.

A weighed sample {ca 1,5 g) was placed
in a heavy liquid column containing tetrabromcethans.
After a suitable time (30 - 60 minutes) both the
sink and float fractions were removed, washed with
acetane, dried and weighed. The sink fraction
(59> 2,84) was transferred to a heavy liquid column
containing a mi:ture of tetrabromosthane and methylene
iodide, and sink/float fractions were obtained. This

procedure was repeated on the successive s

fractions
at four different specific gravities. The same procedure
was adopted for the initial float fraction (sg<2,94),
but this time using tetrabromoethane and acetone {AR)

as the heavy liquid medium. The method of detecmining
the density of the heavy liquid is given in appendix 1.
Figures 2 - 6 show the specific gravity vs cumulative

float fraction for the samples examined.

2.2.3 Discussion of results

The two significant features of the Figures 2 -« 6

are the plateau and the vertical lines at sg 2,72 and 3,2.

- P . PR
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Figure 2 Cumylative distribution function for non-

magnetic fraction of ore
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The steepness of the steps in the distribution Function

at sg 2,72 and 3,2 and the horizantal plateau betwesn Shows
that there is virtually complete liberation between apatite
and calcite. The slightly larger magnetic susceptibility
of the calcite is evident from the larger calcite fractions
in the magnetic fractions at the larger angles in figures

3 and 4.

Figure 2, which is the final non-magnetic fraction,
shows that approximately 90% of this fraction is pure
apatite and 10% calcite. Figures 3 and 4 show the same
complete liberation of apatite and calecite but with a greater
amount of calcite occuring at the higher angle. Figures
S and 6 also shaw that the apatite is completely liberated
but with 2 third mineral occuring at these higher angles.
This thicd mineral,phlogopite, has a sg. of 2,8 and is
completely liberated from both apatite and calcite (Figure 6)

as indicated by the plateau and vertical line.

2.3 Classification of Foskorite

From the microscopic examination and heavy liguid
separation carried out on Toskorite the ore can be classified into
two spiccics so Far as flotation is concerned : apatite, the
valvable mineral and gangue, all other minerals. These mineral
classes will be referred to as G classes. Thus mineral class Gy
will refer to apatite and mineral class G2 to gangue. No un=
liberated mineral classes need be examined or allowed for in the

model.
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CHAPTER 3.
ESTIMATION OF MODEL PARAMETERS

3.1 The Flotation model

The investigation undertaken was not to develop
a new model, but to use the existing one developed by the National
Institute for Metallurgy, and test its adequacy to predict the
perfarmance of the Foskor plant. The modification of the madel

or the simulator was outside the scope of this investigation.

The model chosen is one that recagnizes the simularity
between the flotation process and a first order chemical reaction.
That is to suy the fundamental basis for ths modelling of a flotation
cell is that the rate at which caterial leaves the pulp i5 & strong
fuaction of the amount of that particular kind of material present
in the pulp. It also takes into account that the system is not
homogencous, in that particles of ore differ one from another and

must be treated differently.

The modsl classifies particles into discrete classes
of size, mineral content, and flotation rate constant. It assumes
that there is no iateraction becweer{ classes when the average
is taken over ihe entire heterogeneous population For the modelling

of the rate in the call containing many different particle types.(s)

The difficulty with a distributed rate constant
model is that there are a great number of variables generated,
poth state variables such as particle size, mineral type, and
model parameters of which there is correspondingly a large number.
This problem is overcomg by considering only a few groups with
differing properties. The assumption is then that the solid
particles entering a systum can be classified according to their
flotation behaviour, and a number of discrete classes considered
based on particle size (D-class), degree of liberation {G-class),
and flotation rate constant (K-class). The first two of these
can be meacured dipectly, but the third must be obtained from
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observation of the ore in a flotation cell. Bubble loading is
accounted for accacding to the moegel of Pogorely (7). The water
balance in the model is determined on the assumption that the
percent solids in the concentrate stream is known as primary
data. The holding times are calculated internally. There is

no restriction on plant configuration.

The model is based Upon the equation cate af
flotation = ¥ k @ (G,0} A S C where ¥ is the fraction of floated
material that passes into the concentrate stream, k is the
specific rate constant, ¢ {G,0) is the fractional efficiency
for flotation of particles of size D, A is the bubble supface
area per unit volume of the cell, § is the fraction of the
bubble area that is not caveced by aghering particles, and
G is the concentration of particles of a particular class in

the cell.

3.2. Particle size determipation (D-class)

The flotation feed samples were classified into
nine fractions using Tyler standard screens, Figure 7 shows the
particle size distribution vs. percent mass retained. The shallower
the slope the mors even the disteibution of particles. The five
curves shown are for ¥.M.C. tailings, standard ore, old plant

rougher feed, old plant feed and new plant feed.

The standard ore sample was rod milled in the
laboratory 1o give a profile as near ideal as possible. P.M.C.
tailings comes from the final copper tailings stream after a res
grind has beaen carried out on the primary copper tailings, and the

1iberated copper remaved. It is due to the regrinding step that

J‘w“
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the curve is so shallow. The old plant rougher fead contains plant
feed plus the recirculating lowa from the scavenger concentrate and
cleaner tails, this accounts for its steeper slope compared to the old

plant feed. (8) The new plant feed shows a very steep profile indica—

ting the poan performance of the mills at higher tonnages.

3.2.1.  Assay Analysis

The phosphate analysis was carricd out by the asalytical
department at Foskor. The analysis is a photometric method using
molybdovanadate reagent. Replicate samples were sent for analysis
to check the variance of the analytical method. The results of
these replicate samples showed that over a range of PO, values
(2,4 % PO, to 20,7 % P,0.) the aserage error was + 0,6 %. Samples
having a B0y content hotween 2,4 % P05 and 2,9 % P O, had an
errop of & 1,8 %. Appendix 2 gives the comparison of resuits for

the replicate amalysis,

3.4 Effect of particle «ize oo the rate of flotation

The effect of particle size on the rate of flotation has

heen taken imto account by Colbern's @ (D) factor.(9). This assumes
that all particles having the same mincral content are affected in the

same relative way Ly pacticle size, independent of the rate

assigned to the particular mineral class. Colborn was able to correlate
his observations with @ (B) = 2,33 { £ /)Y enp (-2/0%) (1 ~ (or8)*1®
wherel 35 the largest particle Ploated, D is the pacticle size and & is

the Lurbulence intensity which is approximately cqual to ©,5 0° max where

D max is the particle size.
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that has the largest rate of flofation. Each mineral class has a

specific pair of values for £ and A . Thus two @(D) curves were

required for foskorite, one Tor apatite the other for the

gangue minerals.

Colbern®s function was calculated for fresh feed and also for

the old plant rougher feed.

3.4.1. Colborn's function for frevh feed

is was carried out on the feed

An assay vivve analys
and the fipct concentrate sample of ap intremeatal float,
fFor each size fraction the recovery is caltulated and a
plat of in{4 - R(G,D)) against particle size gives
the functional form of ©(6,D) (17,18). R(G,D) is the
fracticnal recovary of size D and composition G, This
was carried out for both mineral {apatite) and gangue.

ansay sleve asalysis fer both feed and first

concentrate cample of the standard ore sgrics is shown

in Table 4. Figures 8 and 9 show the ©(G,0) curves for
apatite and gangue respectively. Using these experimental
curves the value of Dmax and & wore detoemined and the @{G,D)
curve was thea calewlated and plotted. Due to experimental
errors the value of Dmax could mob always be precisely
datermined co a trial and error technique was used until

a best Tit was obtained.

3.4.2. Colhgpas function for a continuous rougher bank

To caleulate the recovery on the continuous operating

rougher bank, an assay sieve analysis was carried out an

2ok
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the rougher feed, combined cancentpate and rougher tails.
A olot of R(G,D}/{1 - R (G,D))against particle size gave
the experimental @ (6,D) curve. Figures 9a and 10 show
the experimental and calculated @ (G,D) curves for apatite
and gangue respectively. Table 5 gives the average assay
sieve analysis foe the rougher food, and combined concen—

trate.

In the following work the @ {,D} curve obtained
from the Frosh feed was used for calculations involving the
bateh flotation of standard ore, while the @ (G,0) curve
obtained from the pld plant rougher circuit was used for all
nther parameter estimations., Further-more the function obtained
from the old plant rougher was alse used in the simulations of

both the old and new plants, and also the daily simulations.

From figure B it can be noled thay the pecovery in the
laberatory batch cell is significantly higher in the larger
particle sizes, This probably reflects better flotation coadi-
tians abtainable $m the Jaboratory. Conssquently the data callected
from the plant was considered Lo be more representative, Tt

should be noted that the old plani rougher Tecd contained middiings
returned from the scavenger congentrabe and cleaner tails, while

the fpesh feed contained no circulatiag material.

Acration Ratos

The effect of acpation rate can be modelled in a very

simple way by posiulating that the eate of flotation is proportional

to the available wurface arca of bubbles per unit volume of pulp.

ok

i et A
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The relationship can be written thus:-
Asgre

wheee A » bubble surface arca per unit colume of pulp

pubble sorface area per unit velume of bubble

.

V o gell volume

average tubhle tenidence vime

G = aeration cute

The wbove tquition ie the main scale up relation for the
flotat ion ¢edl, Y varies with the gize of the cell, and o, which is
determined by thr ~bape and wize of bublle, varies with the size of the

cell ard the dicporaion and agitatioa mecbanism,

Throughoui thic work the bubble cize was assumed to have
the same value (Umml in eanh of the flotation cell types. This assumption
undoubt edly acenunts, for same of the vapiation {n rate constant feund from
cell to cell during the invesztigatisn. tewever, visual observation in-
dicated thai large variationt in bubble size could not be expected and the
measurement of mean bubble «<ize in each cell (& difficult and time con-

suming procedure) was robl considered justified in this study.

5.5 Froth transmicnion confficient

The direct measurement of the froth transmission coelfi-
ient ic as yoi not possivle. This cocfficient is defined as the ratio
of solidas flow rate aceoss the froth 1ip to that across the pulp froth
interface. It has been suggested (10} that an estimate of the froth
sransmission coefficlent can be obtained from¥i = g 19, where 3 4 is
the froth transmission confficient for the it stage and g, is the waten

flow rate in the 1" stage.

i
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In the plant circuilts, for flotation parameler estimates,
gamma was galculated as the ratio of measured water rate in the concen~
Trate to the maximum water production rate in (.e concentrate streams,

Ffrum any cell in the raugher. This consistant with the method used

for the estimation of flotation parameters from the bakete tests.

<y 1ne above methud, the froth transmission coefficient
wai estimated Tor the scavenger, cleancr and pecleaner circuits, {no

iterative calevlaticns wice nee;

ry). It was noted that the cells in

the cleaner and recleancr bank prodused froth: significently differert
in character Trem these in the roughue bank.  This differcoce was charac~
terized by the cleaner and reclvaner froths bring of a more brittle ang

tighter nature Y

o the rouohee of noavenger. Due to the froth being
brittle there was a high Troth breakage pate but Jess of the solide appeareg
te return from tha froth phase to the pulp as vompaced to the water, Thus

it was feli reasonable to assume that the froth transmission coefficient

€i the cleantr and recleaner was hetw2es the water ratio and unity.

for the simulations of the new plant the froth transmission
coefficient was assumed £o be Canutlat throughout the plant and adjusted

to get s 5.0d fit batwsen predicted and experimental data.

3.6 Estimetion of specific rate constant

3.6.1 Batch flptation

3.6.1.1. Standard ore

A representative bateh of foskorite ore (150 kg) wae
collected over a periad of eight hours from six ribbon
feeders to the rod mills at the Frskor plant. The

maximum lump size in this sample wis 2 cm. The ore
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was then cruched using a jaw vrusher to pase an & mesh
Tyler standard sieve (-236240). The sample was thoroughly
mixed Lhen split snto 4 kg samples. In ordar to simulate
the Fosker flotatinn process as elose as possible in the
Iaboratory, the same steps as Lhose carried out in the
plant were observed, These stups arei-

4 = rod midling oro

2 = copper Tletation

3 ~ magnetite reanval

4 ~ apatite flotation

A sample of the ndaed ore §7,5 kg) was loaded into a
1sboratery rod mill with 12 of industeial water and milled
for 300 sec at 80 r.p.m..  The slurry was then transferred
to a 54 bateh flotation cell, where, 'using it's back edge
as a weir the sample was split through a riffler. The
sample war oplit four successive times Yo give a eplit
feed sample of approximately 0,157 kg. The remainder was
combined tu form the feed Lo the copper float. The slurny

was tirn canditioned For 170 s

¢, at ambient temperature
with potassium amyl xanthate (0,2 kg/t) Tollowed by 60 sec
with pinc oil (0,02 kg/t). The speed of the impeller during
the conditioning perind was 2300 r.p.,. After conditioning

the impellier speed was not reduced, as in the case of the

standard Foskor laboratory fiotation technique, as the con—
centrate was @llowed ta flow over the cell lip without the
aid of rubber scrapers. The slurey was then made up with

industrial water to within 0,7 cm of the cell lip. This was

the height risc upon aeration of the pulp, Aeration was started,

the volume of air being monilored with a rotameter (4,2¢/m}.

The concentrate was colleeted wver a period of 245 sec,




by which time no more concentrate was coming over

the cell lip.

After copper flotation the sides of the cell
were washed with industrial water. The magnetite
was removed using a hand magnetic separator. When ]
all the magnetite has been removed from the copper
tailings, the magnetite was diluted with 250 mé
water ant again separated, this ensured that any
entrained particles in the magnetite were liberated.
These entrained particles were then returned to the

copper tailings. This pulp was then split three

successive times to give a split feed sample
for the apatite float. This split feed sample was i
then screened and each size fraction sent for assay. 1 i
ihe nonwmagnetic copper tailings were then transferred

to a 3¢ natch flotation cell. The slurry was conditioned ;
at 1800 r.p.m. with sodium silicate (2,2 kgst ) for 120

sec at ambient température, followed by 120 sec with

a tall eil fatty acid (1,1 kg/t) and a polyglycol

ether (0,05 kg/t). ODuring this conditioning pericd,
a layer of heavily loades froth built up on the surface
of the slurry and was discharged very rapidly over the [
froth 1ip as soon as acration started, which necessitated

a zero time correction to each of the batch experiments. 4
The concentrate was collected in cumulalive samples

for 150 sec. The first four samples were collected at ; i
45 sec intervals and tne last three at 30 second ,

intervals,
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The zero-time correction was calculated in the
following way; the flow rate of water in the concentrate
was plotted as a function of the time at which the
sample was taken, and the curve was extrapolated thraugh
the second and third points to the time for the First
sample. This defined the rate at which water would
have been collected had no froth accumulated during the
conditioning. The rate of watec actually collected
compared with its extrapolated rate gave an estimate
of the effective flotation time for the Tirst sample,
and the origin was adjusted accordingly. Figure 11
shows a typical set of data. The basic data that
was used For the estimation of the kinetic parameters
was the cumulative pecovery of apatite and gangue as a
fonciion of time. Figures 12 - 16 show both the com=
puted and experimental data points For the fraction of

sach mingral that remains in the batch cell.
The theoretical reasoning behind plotting
the ratural logarithm of the fraction remaining against

time is evident from the following consideration. If,

as it has been stated, the recovery of the valuable mineral ©

is comparable with a first order chemical reaction,then
starting with the first order reation rate equation

-d(e) |
- N U]

where C is the concentration, the following may bs deduced:
The rate equation for a first arder reaction may be
integrated after it has been written in the form

d(c)
i kdt

£
*
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0,015
0,010
N
0,005
0,0
.0 50 100 150
Timels)
Figure 11 Water rate as a function of sample time

in a bateh test

Calcylation of effective origin:

Water- collected ~ First sample

Water rate in first sample by extrapolation

Effgetive time for first sample = 0,204
©,0778

= 0,204 kg
= 0,078
= 16,58




e
L

Fraction Remaining

EARPREDTY s == W ;r
. i Kk
-4 .
1,0

roth Transmisslion Coefficient| H

oSS ,
N — - |
|

’
95% Confifence regian
N/

¥ |
+ Apatite §
0,1 .
i
-+ . ]
+ :
el i

i

+ Experimentall \_\ f

- Madel ;

!
f
N E
¥ '

0,01
Q

80 100 150
" Time(s)

Figure 12 Batch data for experiment P62




13N

LRLL

£
N

sy
et

Fraction Remaining

o
™

F

roth Tr‘ansmisLion Coefficienp

Gangue

95% Confis=
dence
region

-

Apatite

/s
R ——
L]

+ Experimontal]

- NModel

Figurn 13

k2

Timeds)

Batch data Tor experiment P51




Fraction Remaining

- 36 -

1,0
Froth Transmisdion Coefficien
LS
Gangue
\
- +,
95% Confidende
Region
-
e
A / Apatite
o
0,1 \i
+
+ Experimental]
~ Model
4
\ﬁ*
©,01
3 50 100 150
Time (s}
Figure 14 Batch data for experiment PSO

R S



|-

o O
2
&
‘
o
e
H
2
B
o
e
o
0,01

[Froth Transmisdion Coefficien
/ Gangue
s
7 P e
\ . +]
Y
"
95% Confidence
region
+
Apatite
~]
+
+
4 Expenimen . ul . +
- Model
° w0 . 100 150
Time (s}
Figure 1 Batoh data for ewperiment P49




1,0
o
g
&
2
5 01
5
£
§
€
<
5
-
b
o
8
£
w
0,01

- 38 -

Froth Transmisdion Coefficient
Gangue
%gﬁ
¥
BT
5% Confidence
Regaon
+
Apatite
+ +
+ Experimental
-~ Model
° 50 100 150
Time{s)
Figure 16 Batoh data for experiment P48




-39 -

If the concentration of C is Gt at time tq and Cp at

t2,

in 6; = k(2 - ty)
At the start of a process t1 = O thus the above
equation can be written

5 96‘1 =kt 1)

At any time interval the concentration Co will be
equal to that of the feed (F) and C to that of the
tails T, Equation (1) can thus be written

F
1in T kt {2)

The mass balance cquation for any process with

¢ = concentrate
Fox feed
T = tails
is F o= C+71 (&)

Also the recovery can be expressed as

= Recovery (4)

I

Substituting equation 13} in equation {2)

F
L 2
n Ty Kt (2a)

Substituting egoation {4) in equation Ja

In (1 - Recovery) = kt
Thus the plet of 1n (1 - Recovery) against time
will give a curve whose gradient is equal to the

rate constant for the process.




ALl these curves show the characteristic curve on
a lag-linear plot, which is an indication of the
departure of the process from linear kinetic

behavicur. This departure has been ascribed to

three possible causes (10); distrisution of the

pate censtant, gradual reduction in the Froth production
capacity during the course of the experiment, and

true non-linear kinetic behaviour. The last of

these thrae possibilities was excluded by Loveday (%71,
Me showed that the average value of the rate constant
for all particles was invariant with initial pulp
concentratinn, and so ¢liminated the multiple—opder~
rate model. It appeacs to be impussible te separate

in any unembiguous way the effsct of decreasing Froth
production from the effect of rate-constant distribus

tion. Quring the balch tests, the preduction of

froth could not be maintained for more than about
150 sec. This was due to che pulp level dropping
during the test becaust nc water was added and the
froth stability decreasing as the amount of solid
contained in the froth d.creased progressively. The
progressive decrease in the production of froth was
probably a good indication that a large part of the
Fall off in Flotation rate was due to reduction in the
ability of the froth to transmit the solid,that was
carried across the pulp interface,over the froth
1ip. The froth production rate is included in the

model through the froth transmission coefficient.

U —
———
I
e —
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During the batch tests, the water production rate
decreased steadily, and conseguently the froth transs
mission coefficient as calculated from the water rate
decreased also. The calculated values of the Froth
transmission coefficient which are shown on figures 12 -
16, were used in the theoretical model for the estimation

of the kingtic constants.

The standard regression computer programme

{12, 10) that was uSed in the estimation of the kinetic

constants for the gangue and the zpatite incorporates

I

EERRRRIE

all the necessary statistical tests to determine the
number of significant values over which the rata cons
stant must be distributed. Earlier work on this ore

by Daveyl13) and Moys(12) indicated that the apatite

and gangue were each characterized by two kinetic
parameters; che specific rate constant for the floatable
component, and the fraction of unfloatable camponents.

These estimations are shown in figure 17 and table Ba.

3.6.1.2 Conditioned rougher feed

The reagent consumption in the aperating plant
at Foskor diftecs from thal predicted by batch flotation
in the laboratury. Table G shows the comparative
quantities, In spite of the differences hoth the

plant and the laboratory give the same order of grade

and ry. It was important in the experimental
programme to observe the effects of floating conditioned

feed on the kinetic parameters.
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Consumption g/t
Reagent
Leboratory Flant
v 110 200
Posy -
ether 50 %
Sodium sili=
cate 220 &00
Sadium hydnrox=
ide - 0
Taple © Comparalive consumption of reagents in plant

and laboratory




Figure 18 shows the old plant lay-out and the sampling
points. The reagents are added to the Fresh feed be=
fare the distributor. The combined recirculating loed
Plus the fresh feed was gravity fed to the First cell
of the rougher bank through a vertical standpipe.

This stream was cut eight times to obtain a represens
tative sample for the assay sieve analysis and another
eight times to give sufficient pulp to carry out a
batch flotation test. Table 7 shows a typical assay

sieve analysis for the rougher feed,

The conditioned plant rougher feed was brought
back to the laboratory and allowed to stand for one
hour, this then ensured that the effect of conditioning
time was constant for each experiment. The clear water
was then syphoned of f from the settled pulp, and
retained and used to wash the pulp into a 3 litre
batech flotation cell. The cell was then Fi‘lled,
using the syphonad water, Lo within 0,7 om of the lip.
Aeration was started and measured by a rotameter
in the air line, The concentrate was collected in
eymulative samples For 150 sec., as in the case of the
standard ore. The fraction of each mineral that
‘rumaincd in the batch cell was computed and plotted
against time fop cach of the batch experiments.
(Figures 19 - 30). The kinetic constants for gangue

and apatite are shown in Figure 31 and Table 8.

3.6.1.3  Unconditioned new plant feed

During the period of investigation Foskor
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s ey #

-

- a7 -
ol ]
: !
s a
-> Average
e Particle Nass Percent
. size percent Apatite
{microns)
x "
F 300 27,83 44,87
_ 174 42,04 53,35 . R 4
. 124 10,36 47,60
” 96 6,34 42,70
’ s 5,51 39,82 i
” 63 . 6,49 37,46 - i
u 48 4,67 6,41 :
; 40 4,38, 36,49
30 22,42 35,25
Table 7 Old plant raugher feed assay sieve H

analysis N S
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changed over from using 50 cubic foot flotation cell
for the flovation of foskorite to 300 cubic foot cells.
Also new mills were b.eing brought on line to facilis
tate the expansion in production. This increase in
cell size, by a factor of six, and also the fact that
the particle size distribution for the new section

was markedly different gave rise to a further series

of experimental runs.

Colborn's 8(G,D) function was assumed to be
the same as for the old plant, this for two reasons:
the largest particle floated and the Dmax value
should not vary with increase flow rate {14),
which is basically what happens with increased cell
volume, the coarseness of grind could possibly effect
the coarse end of the 0(G,D) curve, but sot to a sig=
nificant extent. The second reason was that the amount
of work required to obtain a satisfactory curve was

out of all propartion to the information gained.

Figure 32 shows the new plant configuration,
and sampling points. Unsonditioned plant féed was
sampled before it entered the conditioning tanks.
Enough sample was cut to Just fill a 3 litre flotas
tion cell, end a vepresentative sample cut to carry
out an ass ‘alysis Table 9. The unconditioned
feed samp. ought back to the laboratory and
tested to rir. . suitable reagent combination. Aftep
finding a reagent combination that gave a satisfac=

tory float an incremental batch flotation was carried ocut.
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Average
Particle Mass Apatite
Size percent Percent
(microns)
300 a7,01 25,06
174 10,02 33,33
124 9,46 34,82
96 4,79 35,22
81 3,89 35,03
63 4,49 35,83
48 1,30 35,22
20 2,78 35,46
30 25,3¢ 29,58
Table 0

New plank feed assay sieve

analysis .
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i
o
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Table 10 shows the reagent combinations used.

The' frastion of each mineral that remains in the
cell was plotted against time for each batch
experiment {Figures 33 - 43). The kinetic constants
for gangue and apatite ars shown in Figure 44 and

Table 41,

3.6.1.4 Unconditioned P,M.C. tailings

The carbonatite core of the Phalaborwa com=
plex is a low copper bearing deposit which is mined
by the Palabora Mining Company. This part of the

ore bady also contains a significant amount of
apatite bearing rock (average 21% apatite). After
the copper bearing minerals have been recovered by
P.M.C. the tailings are pupped to Foskor and the
apatite floated. Nue to the reagents used in the re=
covery of coppen and also other conbaminants from

the P.M.C. gas scrutbing plant, the P.M.C. tailings

can not be floated with the same reagents as foskorite.

Samples of unconditioned P.M.C. tailings
feed were sut from the receiving station at Feskor,
and floated in the same manner as described for the

Cnew plant unconditioncd feed. The reagent combinas
tions used for this test serics are shown in table
12. Dus to the eegrinding process at P.M.C. the
particle size distribution is different to that of
both the old and now plant feeds. The assay sicve

analysis of P.M.C. tailings feed is shown in Table 13.




Reagent consumption kg/t

Experiment
umber Sodium silicate Fatty scid Polyglycol ether
NPB 1 1,05 0,39 0,07
NPB 2 Experimént terminated
NPB 3 1,00 0,38 0,06
NPB 4 1,02 0,38 0,06
NPE 5 0,96 0,3 0,08
NPB 6 1,07 0,40 0,07
NPB 7 1,22 0,37 0,06
NPE 8 1,22 0,37 0,06
NP 9 1,22 0,37 0,06
NPB 10 0,04 0,35 0,12
NP8 41 0,03 0,35 0,12
NPB 12 0,93 d 0,35 0,12

Table 10 Reagent combination used to float unconditioned

now plant feed
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-7
Reagent consumption kg/t
Experiment

fumber Sodium Natural Poly= Polyglycol

meva-silicate] sachanige | CUtY acid ether
PMC 1 2,11 1,13 0,42 0,14 -
paC 2 2,13 1,14 0,43 . o1
MG 3 2,14 1,14 0,43 6,14
PMC 4 0,69 1,10 0,41 0,07
PNC 5 0,70 1,12 0,42 0,07
e 8 0,70 1,12 0,42 0,07
MG 7 2,77 1,14 0,42 0,14
PG 8 2,76 1,10 0,28 0,07
PMC 9 2,738 4,08 0,41 0,07
NG 10 2,14 1,14 0,43 0,07
MG 11 2,13 1,18 0,43 0,07
PMC 12 2,13 1,13 0,43 0,07

Table 12 Reagent combination used to float unconditioned &

P.M.C. taflings feed
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Average .
Particle Mass Apatite
size Percent - Percent
(microns)
300 7,76 9,2
174 1,54 15,8
124 13,45 20,8
9 8,48 23,2
81 5,31 23,9
63 7,70 24,3
48 5,61 24,1
a0 3,38 22,5
30 36,76 18,0
i
b
Table 13 P.M.C. tailings feed assay sieve :

analysis




3.6.2.

Again Colborn's G(G,D) function was assumed to be

the 'same for the old plant rougher feed for similar
reascns as those given for the new plant unconditioned
feed, excepting that fineness of grind could possibly
effect the fine fraction end of the @(G,0) curve.

The kinetic constants for gangue and apatite are

shown in Figure 45 and Table 14.

Cont

ous flotst,

3.6.2.1 Q1id plant

The estimation of kinetic parameters from
a continuous operating plant requires only data from
the rougher bank, as one of the criteria of the simulator
is that the material will float at the same rate i
every stage, and only the ambunt recovered will vary
with stage: i.e. the holding time varies, To
facilitate the ease of naming the streams and stages
of a large plant unambiguously the Following numbering
system has been adopted (15). Let the stages he
aumbered 1 o N where N is the total number of stages.
Then the tailing stream is also numtered 1 to N, the
concentrate stream is numbered N + J where J is the
n(:unber of the stage from which it emanates. \let any
streams that arise from a node be labled ZN+K where
K e the number of the node. The feed stream is
unnumbered. Figure 18 shows the old plant plan

view using this numbering eystem.
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Stream 61 was sampled to obtain the necessary
feed input data i.e. assay screen analysis Table 7.
Streams 31 - 42 were sampled with a sample cutter
which covered the complete cell lip. The concentrate
flow rate from each stream was measured by allowing
the concentrate to flow from the sample cutter into
a bucket for a known time, weighing the bucket both
full and empty then weighing the dry solid. From
this the percent solids and water flow rate was de=
teemined per stream. To calculate the mass flow of
the feed stream ©1 to the rougher bank it was necessary
to sample stream 12 (rougher tails) and the combined
concentrate stream. Thus from the assay screen
analvsis of the feed, concentrate and tails of the
rougher bank it was possible to calculate the mass

flow of the feed to the rougher bank,

Golborn's function @ (6,0} that was used
in the escimator was that obtained from the work carried
out on the conditioned rougher batch test series.
The aprcation rate for each stage was measured using
a rotameter Figure 46. The kinetic constants for

gangun and apatite are shown in Figure 47 and Table 15.

3.6.2.2 New plant

Figure 32 gives a plan view of the new
plant configuration. Streams 25 to 30 were sampled
and their mass flow measured in the same manner as

for the old plant. The acration of thy cells was
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measuped using an anemometer. Figure 48 shows the
aeration rate down the whole bank. Due to the pipe
configuration it was impossible to take a sample of
either the rougher feed or tails. It was assumed
that the assay sieve analysis of the plant feed
very closely representad that of the rougher feed,
therefore the plant feed was sampled Table 9.

The calculation of the mass flow of material into
the rougher was obtained from the daily wark sheets
produced hy Foskor, which give the plant feed mass
per day. The recirculating load was calculated on
the basis of a Foskor report {16) issued by it's
engineering department. This stated that the
recirculating load was 100% of the flotation feed.
The kinetic constants for gangue and apatite are

shown in Figure 49 and Table 16

Discussion of Kinetic Parameters

3.7.1 Standard Ore

The validity of the kinetic parameters
generated by the regression programme can be assessed
by the goodness of fit between the experimental and
predicted data points. As with any experimental
procedure there are random variables associated with
the experiment, thus the real test of any predictions

generated by a model are the 95X coafidence limits.

A




Ep—

uere Mou 9y3 up 96E3S YORD Joy 33BJ UOTIEBJSY 8y 2uanbTy

susqun abes :

o vz oz st oL I A
o - peTgy e31 OBL_ |33 01903 GO °
FITL T JouesTosy G3blUaness
. 4\¢/I+\ g
z
3 .
¥ g
) : =
& 8 .
5
. 2 .
|4
, . 34]0TqN2 COE ®
T5abnoy 5
o w
8
! 4
’ P e o
x
3
|
~
)
- st




- 83 -

oL

SURI SNOALTIUGD

woJd PRIEWTISS SU930WeSBd JO SITWET ADUBPTIUGD %GE aueTd man 6t Jnbty

uotyoes BTqeIROTY #+OL X S/W JUBISU0D 83BJ OTSTORAS
g'o ¢'0 t‘o0 2‘o [ [ G o't s‘o [

L

- —— et
[RVZ-18

—diirml

FANONVD

LLsby
_— LLsgL

J— —— LiroL

—_— [324:15

BLIivdY

JsqunN AtvwTdodxg

——




|

"

- B4 -

AUTE MU B3 UO N0 PITUUED 53583 SNONUTIUCD Wod) PIFRWIRSI SJslawesEd OTIPUTH

+ aTgeL

ot - tefo % 920 - go‘0 P10 anBuen

oL - 180 o't 880 - 180 ¢ oevs'o e3r30dy LL/8L
560 - 800 990 L0 - v0'0 Lze‘o anbuey

o't - 6.0 oL 50 - 9z‘0 sse‘o 2373Rdy LL/9L
oL - Zb'o 0080 9e°0 ~ L0 giz‘o anbueg

o't - ¥8'o oL £8‘0 - ov‘'0 a0 33t3Rdy 3%
9s'c - 920 gos‘o 'L - pLo 6L5°0 ansuey

o't - 980 oL LLfL - 6v'0 21L2°0 I3TRdy tLses

b + OF

TRAJRZUT punoawos X s/w Tesdsy b+ oL x's/um uavoduay aaquny
wndaprguos BTARILOTS =UT 3IUIPTIUOD 3UB3ISUOD JUBWTJBAXT

%56 JBIUTT uON

40 ueTIoELy

%G5 JEBUTT LON

s3es DTsT000g




- P— e R

JUBTd MaU U3 UO 3RO PITJUED $358] SNONUTIUOD WOy PAJEWT1Ss sdejeweded ST3euTy 91 eTqeL
o't - tg'0 o't 92'0 - 9070 ®£L'0 snbueg
R . ot - 18'0 o't 680 - €0 - 8¥e‘o a33edy [2%:13
860 - 80°0 9950 10 - $0'0 Lzc‘o anbue - .
T . -
- oL - sL‘0 [ +5'0 - 92°0 9580 33730y Lot
& .
i
0L - Z¥'o 008°0 9e‘0 ~ L0 sLz'o anbueg
o't - pac oL £9'0 - O¥'0 Sip'0 ArqEdy thrgt
920 - 92‘0 s96‘0 oL ~ vLo 6.%'0 : onbBuey
w B o't - 880 i AL~ 6b0 L2240 axTyedy . [AWANN
¥ + Ok .
TeAIRQUT puno 103 ; - soqun
X $/u TRAIDY + 4 Ob XIS/ susuoduog BqunN
s3uspPRFU0D 2TaBIT T =UT 93UIPTIUCD 3ue3sucs Jusurdadxa
%06 JeIUTT UON 40 UOTA B %56 JPAUTT UON 23%u 013Toedg .
! i




Figures 12 - 16 show that the experimental data
points fall within the 95% confidence limits as

predicted by the model.

Each of the five batch tests on the
standard ore was a replicate, thus in the ideal
situation, where no other factors, except those
generated by the experiment were allowed, the
estimated kinetic parameters should be the same
for each of the tests: in practice this is found
a0t to be the case. Figure 17 shows the 95% con=
fidence limits for each of the parameter sstimates
for apatite and gangue. The specific rate constants
for apatite show a degree of overlap, and this would
tend to indicate that the "true" specific rate
constant value Tor apatite lies at the mid point of
the maxium overlap. The degree of overlap for the
specific rate constant for gangue is not so great,
as in the case of the apatite, but it can be argued
that it is in this overlap region that the true

specific rate constant lies.

The amount of material that is floated
by the mineral/gangue with a specific rate constant
is more difficult to determine because of the physical

barpier imposed on the parameter, i.e. it cannot be

greater than unity. For this reason the 95% con=
fidence limits are truncated at 1.0, thus the region

of overlap is difficult to estimate.




From the parameter estimates it is possible
to calculate a 95% copfidence band using the mean -
values of all the five parameters, this gives rise to

the 'M' band on figure 17. The M band is calculated

on the assumption that the populaticn is nocmal
but with an unknown variance and known mean, It - ;
is known (20)that when sampling from a narmal dis=

tribution with a known mean p and unknown variance

that the random variable

AoH

s

has a t-distribution witi» » - 1 degrees of freedom

(s is the standard deviation, n is the sample size).

Thus it fo> aws that

P [— tx/2< %
s

st x/z:[ =1 -
where t ~/2 represents the upper %/2 point of the .
t-distribution,

It can be shown that the above probability statement

is equivalent to

F[;—tt\(/2§<)4<;+tv</2§_] = 1 -
< Ing

And an exact 100 {1 - ) percent confidence interval
for u is given by
(Xt a/28,% +t x/28)
—n ~/n
where % is the mean of the sample.
This M band shows the spread of the specific rate

constant and the fraction floated, thus by using




the upper and lower limits of this confidence region
it should be possible to predict a band of results
within which the experimental results should fall,

The width of this confidence vand is indicative of
the difficulty in estimating a unique value for any .
of the kinetic parameters, The causes of the band
width can be categorized as follows: (a) experimental
techniques, (b) experimental parameters, such as small
vapiations in aeration, conditioning time, reagent
addition and grinding. The error due to experimental
technique is very small and random, because of the
care that was taken to perfect a standard technique-
The experimental parameters introduce a large variety
of errors, the main one being conditioning time,

not only of the pulp with the reagents but also

the aging of the pulp without any reagents. An

effort was made to minimize all the types of errors,
but because of the statistical nature of the material

being studied, the 96% confidence band is broad.

3.7.2 Conditioned rougher feed
Figure 31 shows Lhe 09% confidence bands of each ]
‘individual experiment. The specific rate constant 3
bands for apatitc and gangue show a much narrower

width Lhan with the standard ope experiments. This
is due, in the main, te there belng a much longer

conditioning period ca 60 ~ 90 minutes compared with

- 3 ~ B minutes for the standard ore. In each rougher
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feed test the reagent combination varied, because
of rormal plant operation. No Figures could be
obtained from the plant on an hourly basis, but it
was noted that the operators on tf;e plant varied
the reagent combination and dosage throughout the
day. From this it can be concluded that the longer
the conditioning time the better the experimental
results, as observed by the narrowness of the con=

fidence bands,

Although there is a narrowing of the band
width there is still a spread of results, this is
especially noticeable in the case of the specific
rate constant for apatite. Using the mean values
of the kinetic parameters it was possible to
calculate the 95% confidencé limits on the predicted
values., These are represented on figure 31 by the

M bands.

3.7.3 Batch tests on new plant feed
Unlike the batch tests carried out on the

old plant rougher feed, the new plant feed had no

reagents added to it, and reagent combinations had

‘o be worked ot for cach cxperiment by canrnying

out several praliminary float tests before arriving

at the "best" combination. The main featurcs of the

estimated kinetic parameters of tha batch tests on

the new plant are that the specific rate constant for

apatite shows a marked degree of variation with a -
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corresponding large 95% confidence band. Also the
specific rate constant for the gangue has a wide
range of values, which is uncharacteristic, as the
model has shown that it's prediction of the
gangue kinetic constants is better than that fop

the valuable mineral.

The calculated 95% confidence bands based
on the msan value of the kinetic parameters, as
shown by the M bands on figure 44, are wide in
comparison to the number of experiments carried out.
It would be expected that by increasing the number of
tests there would be a tendency for any randomness in
the experimental procedure to cancel out, thus
producing a narrow confidence band. Since this is
not the case, there must be 'other factors influencing
the prediction of the kinetic parameters, namely the
reagent combination, because it is this that

effects the kinetics of the float.

3.7.4 Batch tests carried out on P.M.C, tailings feed

The kinetic parameters estimated for the P.M.C.

tailings feed {Figure 45) show the same type of deviation

in the mean values and 95% confidence limits as for
the new plant unconditioned feed. The reasons for
this variation in kinetic parameiers can be attributed

to the samc reasons as stated above.




- 90 -

3.7.5 Continyous runs, old and new plants

Figures 47 and 40 show the kinetic parametens
as estimated for the continuous ald and new plasts
respectively. Again it will be noticed that the
confidence bands are wide, this is due to the
difficully in obtaining reliable data from a continuous
operating plant. In a small scale environment sush
as batch flotation in the laboratory or pilot plant
work, the experimental parameters are determined or
at least under the control of the experimenter, but
in the case of a real operating plant it must be
accepted that the plant cordition is a factor that
is not under a uniqus controller, For sxample
Quring a tampling programms, that may taks from 1 ~ 2
hours, the type of ore might change, mass feed
to the mills on reagent combinations ¢auld vary,
all of wiich effect the reproductibility of any given
expariment. Ales to contend wilh is the fact that
the mass volumes and Flow rates are all subject to

mechanical variation in the form of pump surges.

It is because of these factors that the
confidence limil, are so wide. In spite of this
there is overlap of ihe canfidence limits which
is evidence that Lhe kinelic parameters lie in the

boundaries of maximum overlap.
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3.7.6 Mean k

C_parameters

For all six.types of experiment:

batch flotation of standard ore

2) batch flotation of old plant conditioned rougher

feed
3) continuous old plant
4) patch flotation of new plant unconditioned

plant feed
5) continuous new plant
6) batch flotation of unconditioned P.M.C. tailings
feed.
A mean value of the kinetic parameters was caloulated
with a 95% confidance interval, M-band, (Table 17,
figure 50).
It is clear from Figure 50 that there is & wide
variation in specific rate constants for apatite,
and to a lesser extent for gangue, also the fraction
floated for gangue is less well defined than for
apatite. Series 4, 4, 6, that is the batch flotation
of unconditionsd feeds show a good degree of overlap
for 21l parametcrs, while the batch flotation of the
conditioned rougher foed has a small 98% confidence
region for the specific rate constants, they are
outside the overlap region for apatite and gangue.
Both of the continuous tests show a marked deviation
from the batch test kinctic parameters, in the case
of the old plant the specific rate constant is
greater by a factor of 2 and the new plant less
by a factor of 0,5, the corresponding fractions

floated nlso show a similar discrepancy. The reasons
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behing these differences in kinetic parameters, for
what is, for all purposes the same ore is difficult
to'resolve. The obvious factors such as fineness
of grind with the associated liberation of minerals
does not appear to have had any effect upon the
kinetic parameters (series 1, 4, 6) bscause P.M.C.
tailings feed is ground much finer than either the

standard ore or the new plant feed. (Figure 7)

It is possible to pestulate that the kinetic
parameters are a function of reagent combinatiocn and
addition rate, and because these are known and sontrolled
in the hatch flatation of the uacarditicned feeds,

‘the parameter estimates obtained are similar, In

the case of the conditioned rougher feed of the old
plant {series 2) the length of conditioning time

was the overriding factor in determining the kinetic
constants, this would acceunt for the specific rate
constants being lower than for the other batch tests
as all the reagents had been adsorbed onto the mineral
surface.

For both of the continuous series the
arrors introduced by the aystem itself contributod
to the variation in kinetic constants. Had it been
possible to sample the plant at one instant in time
the results would have probably bzen more coheront
although not necessarily the same as for the batch

test work.




CHAPTER 4.

SIMULATION OF THE FOSKOR PLANT

4,1 Simulation of the old plant rougher bank

The ultimate test of any simulator is its usefulness

in t of the performance of a continuously operating plant.
Since + parameters from the batch test work on the standard
ore, candition . rougher feed, and the continusus plant were so

divergent, all three sets of kinetic parameters were used in estima=

ting the plant performance.

A significant source of uncertainty in the model is the
value of the froth transmission coefficient {gamma) in each of the
cells. Oamma was calculated as thu ratio of the measured water
rate in the concentrate streem to the maximum water production rate.
This was consistent with the method used for the estimation of the flota=
tion parameters from th. batch tests. The value of gamma as calculated
from the water ratic is anly an estifate of its true value, and a
more realistic argument is to let its value Jie between the water ratio
and unity. Thus in the simulations carried out, both the water ratio

and unity vali: of gamma were used.

The simulater FLOAT was used to predict the old plant
rougher bank. The 95% confidenco regions around the predictions
that wore gonerated by the 95% confidence limits in the parameter
cstimates are showr in figures §1 - 78. The two variables plotted
were the percent apatite and mass flow rate in ench concentrate stream.
These were chosen bocause they could be directly measured, and did not
invelve any multiplication of errors, such as recovery which is

calculeted from two observed variables,
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4.1.1

Simulations using gamma calculated from water ratio.

4.1.1.1  Percent apatite in goncentrate streame

The models prediction of the percent apatite
in each concentrate stream is fairly closely modelled

by the standard ore kinetic parameters, as shown by the

experimental points falling within the 95% confidence in‘t_e
val generated by the model. Figs 51 - 56. In Figures

34 and 55 the final four and hree experimental points
respectively Tall ‘outside the 95% confidence band.

The reason that the model does not allow a quick enough
fall off in grade can be atfributed to either the specific
rate constant for apatite being twhigh or the specific

rats constant for gangue too low.

The prediction of the apatite grade using
the kinetic parameters from the conditioned rougher feed
and continuous plant runs {Figs 57 - 64) all show the
trend of over estimation of this variable, for the same

reasons as stated above.

4.1.1.2 Mass flow rate in concentrate streams

In all cases, Figs 51 ~ 64, the estimation of
the mass flow rate is to low, although the predicted
curves do show the same trend as the experimental.

The cause of tuis lack of fit can be attributed to

one or a combination of the following factors, either

there is not enough aeration in the cells, or
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specific rate constant for apatite is tcolow, or the

froth transmission coefficient is toolow.

Simulations using a gamma value of unity
)

4.1.2.1  Percent apatite in concentrate streams

The estimator gave good correlations be=
tween the predicted and experimental grade value in
the concentrate streams when using the kinetic para=
meters of the standard ore series Fig 65 - 70, but
once again there was significant lach of fit when
using either the continuous ¢« .onditioned rougher
feed kinetic parameters. Figs 71 ~ 78, The estima=
ted curves show a shallower fall off than the observed,
again indicating that either the specific rate con=
stants for apatite are twhigh or those for gangue

too low.

4,1.2.2 Mass flow rate in concentrate streams

The predictions using the standard ore
and cenditioned rougher feed kinetic parameters
still show a lack of fit compared with the experimental,
although the shape of the curve is followed showing that
there is cither too little aeratian or the specific
rate constant for apatite is low. Using the kinetic
parameters from the continuous plant runs, the
estimator gave a better fit to the experimental

points, although some still fell outside the 95%
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confidenze region. It can be inferrcd from the better
fit obtained using & nigher specific rate constant for
gungue and a Troth transmi

sion coofficient of one, that
a closer Fit might be obtuined by increasing the aercation

rate in the cells,

4.2 Daily simulation of old plant

The simulator hus two uses, the first is a detailed
prediction of mass flows, grade and particle size distribution in each
stream, which is of use when designing a flotation plant, and the other
is a mare gross use, where the simulator is only required to peedict

the firal grade and recovery.

It has been shown that there is a lack of it betwsen
the experimental and predicted curves in the detailed analysis of the
ole plant rougher bank, and Lhat the fit could be improved by:~

1) increasing the specific rate constant for gangue
2) dncreasing the frolh transmission coefficient to one

3) increasing the aeration rate

Tharefore using, as a starting point, Lhe standard ore kinetic parameters

the above parameters wers adjusted until a fit was obtained. The month

of January was arbitrarily chosen for the adjustment of the kinetic para—

meters. They were altered until a "good" fit of predicted values to plant i
data was obtained., The parameters that were obtained in this way were
then "sed to simulate the months of February through to June, i.c. para-
meters were adjusted once only. To establish the validity of these ad- .
justments to the model parameters a daily simulation was earnied out on

the old plant for six months, and the experimental and predicted percent

apatite and grade in the Tinal concentrate were plotted. (Figs 79 - 84).

The data that was used for the daily simulations was as

follows:—
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1) feed rate in metric tonnes per day
2) percent Py0g in feed .
3) mass percent w 417 microns
4) mass percent - 208 microns

all of which were available from daily plant records.

It was found that a straight line fit was adequate

in describing the relationship between mass percent and particle
size, thus the simulator was adjusted s that the distribution of
partitles among D-classes could be calculated from the mass percent
+417 micron aad mass percent -208 micron size fractions. The distris
bution of partacies among G-classes Tor each D-class was then back
caloulated using the daily percent PpOg value for the feed and the
newly calculated gistribution of particles among D-classes. It was
assumed that the relative ratio between the particles in the G-classes

for each O-class would remain constant.

The visual impression from Figs 79 ~ 84 tends to
indicate that the apatite grade can be fairly accurately modelled,
but the percent recovery of the apatite shows a lack of fit in some
instances i.e. Fig 80., although the shape of the predicted curve
follows the experimental. Upon a closer statistical investigation
between the predicted and experimental data points the correlation
coefficient for the apatite grade is 0,17 while that for the recovery
of apatite is -0,01. This indicates that there is little correlation
between the calculated and actual results for the apatite grade and virs

tually none between the recovery data points.
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Notwithstanding this fact inferences can be drawn from
‘these figures. It will be noticed that on days when there was a law
feed rate (Fig 80, day 11 ; Fig 81; days 4,17 : Fig B2; day 24)
the predicted recovery is lower than the chserved while the grade is
higher. This would indicate that some other factor is operating on
the system. The outside influence is the process operator. The
operator's scenaric is that apatite grade must be maintained at an
average shift (B hours) value of 34,6% P05 (81,8% apatite). To
achieve this grade value reagent combinations, addition rates and
froth neights are varied. This operator factor may be interpreted
as a type of froth transmission coefficient which is being continually
adjusted, and no simulator, however, complex or saphistica;ed can

allow for this type of interaction.

4.3 Simulation of new plant

Maving simulated the old plant using the kinetic
parameters from the stanuard orc, conditioned rougher Feed and
continuous series, and finding that those parameters From the conditioned
rougher Teed gave the best Tit, it was decided to scrutunize the suite
of parameters obtained before smbarking upon the simulation of the
new plant, Unlike the simylation of the old plant, which consisted
anly of predicting the rougher bank, the simulation of the new plant
also entailed the prediction of the performance of the scavenger,

gleaner and recleaner.

A comparison of the kinetic parameters produced by
King (17), on the same ore type, showed that there wes a significant

overlap in the 98% confidence regions of those kinctic parameters
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estimated from the batch flotation of conditioned rougher feed and

the 95% confidence regions of the average Kinetic parameters of

King's {Table 18). As one of the main purposes of this thesis was

to determine whether or not it was possible to produce kinstic parameters
in a batch cell that would predict what was happening on an industrial
scale plant, it was decided to use the mean value of those parameters
ubtained from the conditioned roughen feed in predicting the new

plant.

Data on Four days (NP1, NP2, NP3, NP4} was collected
from each cell in the new plant. This consisted of, mass percent

solids, percent apatite per stage, water addition rates to the launders

assay sisve analysis of plant feed, final concent 2d tails, and
s1so the fresh feed flow rate. It must be motew - .. L new plant
consists of four banks of cells, as shown in figurs , run in paraliel,

Thus the fezed is split into four streams which go to conditioning tanks,
where the reagents are added and then on to the banks of cells. The
final tailings,stream 16,of each of the four banks are combsned into
a single stream which can then be sampled, similiarly with the final

concentrate streams {stream 52).

It was found that for cach day, with small adjustments
to one of the fractions floated and the froth transmission coefficient,
that the final concentrate grade and recovery could be well simulated.
The grades and recoveries were obtained from the daily log sheets at
Foskor and are based on 24 hour composits samples analysed at the
Foskor Analytical Laboratory. Table 10 shows the changes, on a day-

to-day basis, of the fraction fioated and froth transmission coefficient
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estimated from the batch flotation of conditioned rougher feed and
the 95% confidence regions of the average kinetic parameters of

King's (Table 18). As one of the main purposes of this thesis was

to determine whether on not it was possible to produce kinetic pavameters
in a batch cell that would predict what was happening on an industrial |
scale plant, it was decided to use the mean valve of those parameters
obtained from the conditioned rougher feed in predicting the new

plant.

Data on four days (NP1, NP2, NP3, NP4} was collected
from each cell in the new plant. This consisted of, mass percent
solids, percent apatite per stage, water addition rates to the launders
assay sieve analysis of plant feed, final concentrate and tails, and
also the fresh feed flow rate. It must be noted that the new plant
consists of four banks of cells, as shown in figure 18, run in parallel
Thus the feed is split into four streams which go to conditioning tanks,
wherg the reagents are added and then on to the banks of cells. The
Final tailings,stream 16,0f each of the four banks are conbined into
a siagle straam which can then be sampled, similiarly with the final

concentrate streams {stream 52).

it was found that for each day, with small adjustments
to one of the fractians floated and the froth transmission coefficient,
that the final concentrate grade and recovery could be well simulated.
The grades and recoveries were obtained from the daily log sheets at
Foskor and are basad on 24 hour composite samples analysed st the
Foskor Analytical Laboratory. Tablc 19 shows the changes, on a day-

to~day basis, of the fractien floated amd froin transmission coefficient
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k 95% Confidence Regions
’ ) Average Conditioned

_ Average King Rougher Feed
m FF13 0,782 - 0,932 0,874 ~ 1,0
!l II Fraz 0,877 ~ 1,0 0,747 - 1,0
” KK 2 0,203 - 0,281 0,198 ~ 0,501
“ KK 3 0,736 ~ 1,20 1,056 - 1,293

b I
m Table 18 Comparison of 95% confidence regions

ia I

29
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Conditioned DAYS
Parameters | rougher
feed NP NP2 NP3 NP4
FF13 0,844 0,915 0,944 0,866 0,944
FF22 0,984 0,987 0,499 0,987 0,920
KK 2 0,3576+4 0,357€+4 | 0,357E+4 | 0,357E+4 |0,3678:4
KK 3 0, 118643 0,118843 | 0,118243 | 0,118E+3 |0, 118E+3
Gamma - 0,892 0,783 0,648 0,765
Table. 18 Gomparisen af kinetic parameters used to

simulate new plant
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with those obtained from the old plant conditioned rougher feed.

Table 20 gives the experimental and predicted percent
Pa05 and percent recovery from the final concentrate. As it can be
seen from table 20, the Fit between the experimental and predicted
results are excellent, thus showing that the model is capable of not
only predicting the grade but also the recovery of the Final concen=
trate. More significant than this, is the fact, that the parameters
which were used to predict the behaviour of the new plant, which
consisted of 300 and 150 cubic foot cells, were obtained from a

3 litre batch flotation esll.

Thus in a plobal sense the simulator can be‘s&id to
give good representation of the woraing plant. But the simulator
to be of any true value must also be able to predict the finer details
of the plant. An estimation of the power of the simulator can he
obtained by an examination of the grade as a %unctiun of particle size
and also the pa~ticle size disteibution in the final concentrate and
tails, as predicted by the simulat‘or (Figures BS- 88), In figures
85, 86 which show the grade and particle size distribution in the
final tails, there is good agreement between experimental and

predicted results.

The discrepancies in the largest and smallest particle
size are probably due to the difficulty in determining the corresponding
values in Colborn's O(D} function. In Tigures 87, 88 which show

the grade and particle size distribution in the final concentrate,

there is good agreement botween experimental and predicted results for
the particle size distritution, except for the end values, which again

can be attributed to the uncertainty of the corresponding values in the
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Percent P05 Percent Recavery
Day
Expecimeatal Predicted Experimental Predicted
NP1 36,7 34,8 66,3 66,6
NP2 35,2 36,3 54,9 64,8
NP3 36,6 36,8 59,5 59,7
WP4 35,5 34,6 69,9 69,9
Table 20 Comparison between experimental and predicted

grade and recovery of the Final concentrate
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ASSAY SIEVE ANALYSIS OF FINAL TAILS

FIGURE 85
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“GURE 87

F

ASSAY SIEVE ANALYSIS OF FINAL CONGENTRATE
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FIGURE 88 ASSAY SIEVE ANALYSIS OF FINAL CONCENTRATE |
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Golborn @(B) function. It should be moted that the Colborn G(D
Function used was that obkained fiom- the rougher fead in the old
plant, and the simu}ator uses these values for the rougher, scavenger,
leaner and recleaner stages. The plot of grade as a function of particle
size, on all four days, shows a lack of Fit between experimental

and predicted results. The reason for the dip in the predicted

results can be attributed to the fact that too much gangue is reporting
in the middle size ranges. A possible explanation For this is that the
mean rate constant for the gangue is too high and/or Colborn's @(D
function is incorrect, and this combined with the fact that the observed
recirculating load was 100 percent of the Fresh feed would probably

cause a dip in the apatite grade.

It has been shown above, that the kinetic parameters
give a final grade and recovery that agrees with the experimantsl re=
sults, and although it is not possible to predict the assay sieve
analysis of the final concentrate and thus determine in which particle
sizes the apatite reports, an esamination of the grade along the new

plant bank would give an estimate of the significance of the kinetic

parameters. Figures 89, 92 show the experimental and predicted percent

P05 for sach stage of the new plant.

|

From these Tigures 1t can be seen that the simulator

gives 4 good description of the cleaner and recleaner (streams 41 - 48)

on all four days, alse of the rougher and scavenger on day NP2, For the
other three days the simulator shows a teo Steep Tall off in the rougher

and scavenger. It is significant to note that even when the simulator

fails to predict the rougher and scavenger it is still able to predict

the cleaner and recleaner. To explain the lack of it in the rougher and

soavenger the “ollowing are pastulated
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The froth transmission coefficient is incorrect.

Due to the large reciculating load (100%), a small
&rTOr in the mean values of the kinetic parameters
associated with the gangue could cause too much

gangue to be recovered and thus recycled.

The simulations have been restricted o the simple
case where each mineral has been regarded as only
having & floatable and a non~floatable companent,

with nothing in between.
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SrepTeR 5.

DISCUSSION AND CONCLUSIONS

5.1 Kinetic Parameters

It has been demonstrated that within experimental limits,
that there {s no unique value for any of the kinetic parameters.
Further, by using the same ore type, but varying the conditioning,
different values of the kinetic paremeters are obtained. The reasons

for this lack of coherent results may be enumerated thus:-

1) conditioning faime
2) reagent combination
3) reagent addition rates.

The batch tests carried out on the unconditioned feeds, indicate that

the above three variables can be minimized, as shown by the estimated

kinetic parameters having very similar valles.

The canditioning time has the greatest effect upon
the reproductibility of experimental results as shown by the narrow
95% confidence limits of the kinetic parameters for the batch tests
on the canditioned rougher feed. It is possible to explain the
effect of prolonged conditioning upon the kinetic parameters in terms
of the reagent contact time, i.a., the longer the contact time the
mare reagent will adsorb on tb the mineral species. To test this
hypathesis out on the batch flotation of unconditiondd feed would
be difficult due to the vaciability of the saperimental results.

It would be morc bemeficial to determine Yhe adsorption isotherms
of the vanious minerals with respect to each of the reagents. From

these isotherms the optimum conditioning time for the ore could be

23313881
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determined and float tests carried out to verify the resulis. The
optimum conditioning time should minimize the experimental vgriation

in the kinetic parameter estimates.

5.2 Froth Transmission Coefficient

Of all the primery data required to calculate the
kinetic parameters, and slso run the simulation model, the froth
transmission coefficient is the least amenable to measurement.

It has been shown, in the simulation of the old plant rougher bank
that its value lies between the one calculated from the water ratio and

unity.

To obtain & true value of the froth transmission
coefficient, the froth must be sampled as it is formed, i.e., at the
pulp/froth interface. The designing of an interface sampling apparatus
presents few difficulties if it's use is confined to the laboratory
or pilot .plant scale work where the pulp density, aeration rate,
impeller speed and froth height are carefully controlled. In an
operating plant the aeration is such that it causes turbulence
over the whole supface area of the cell, thus the pulp/froth inter=
face is unstable and non~unifoem. Therefore until such time as

appacatus can be designed to cope with a normal operating plant,
the value of the froth transmission coefficient can only be estimated

fFrom the water ratio in the congentrate streams.

5.3 General

Previous workers using Foskorite ore have shown
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that the simulator is capable of predicting a single batch cell and

& continuous running pilot plant. Thé lack of fit of the simulator

for a Yreal” continuous operating plant can be explained as follows.
The system upon which the previous work was carried out, was one in which
the

variables were closely monitored, but more important than this

the are type remained constant. Thus in all cases the test work

was carried out on the same batch of ore. The kinetic parameters,
whether obtained via batch or continuous test work would be

expected to be the same or very close. Under these “ideal® conditions
plant configurations can be tested against theory, but in practical
terms the simulator can only give an indication of the best possible

plant configuration to maximize the grade and recovery.

It has been amply demonstrated throughout this work
that the simulator in its present state is incapable of being used
for daily predictions of plant grade or recovery, and that the de=
tailed analysis for each stage cannot be adequately simulated, thus

no indieation of the brst plant configuration can be obtained.
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APPENDIX 1

MEASUREMENT OF Sf

IFIC GRAVITY.

The method employed utilizes the fact that calibrated micro-
syringes are able to deliver small volumes of liquids with extremely
high precision and accuracy. Such syringes are rated to deliver

an accuracy of % 4% of the volume delivered.

PROCEDURE

A sample of liquid was drawn into tha syringe. ALl bubbles were
removed by iaverting the syringe and tapping it gantly. The plunger
was set at the volume mark ©,3, and the tip of the needle was cleaned
with a paper tissue, The mass of the syringe plus contents was then
determined and recorded. The sample was expelled from the syringe,
the tip was again cleaned, and the syringe re-weighed. The

density was calculated from the diffarence in the two weights

divided by the corrected volume charge taken. (19)

The syringe was calibrated using distilled water at a known

temperature, thus the corrected volume of the syringe was obtaiped.
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APPENDIX 2 Replicate analysis by Foskor's Analytical
‘Laboratory
Percent P205 Percent Pp0g
Experiment 18t 2nd
number assay assay
s P48/t 2,9 2,8
P48/S 20,6 29,7
P51/T 2,7 2,7
Pag/2 22,5 22,6
P51/2 19,4 19,7
PAB/G 16,1 16,8
PSR/ 12,0 11,9
£H0/6 10,6 10,9
P54/3 12,9 13,1
£62/3 13,3 13,5
#52/2 18,8 18,9
P50/2 22,9 23,0
P50/5 28,4 28,0
P50/7 11,2 11,3
ps2/4 44,5 12,6
P49/T 2,8 2,0
£48/1T 2,8 2,8
pas/s 11,4 1,3
P53/T 2,4 2,3
P53/8 27,0 26,9
L




RIS

hppendix 2 continued

Percent Py05 Percent Py0g
Experiment 1st 2nd )
number assay
RF/35 6 18,5
RF/42 23,8 24,4
RF/82 25,1 24,9
RF/SG“ 22,1 22,3
RF/51 29,0. 28,7
RF/31 20,5 29,8
[ 20,1 ‘ 19,9
P5Q/T 2,0 1,8
Pao/s 20,7 29,0
P49/5 12,3 12,7
" total 496,3 499,3
Average % N
. @60
Error :

Table 2.1 Replicate results, and their average percent error
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APPENDIX 3

HEAVY LIQUID SEPARATION
In the Tollowing tables the results of the heavy ligquid
separation on the magnetic and non-magnetic samples as

"separated from the Frantz Isodynamic Separator are given

Transverse angle + O
Cumulative float
_ Density
m Fraction
m . 2,69 0,028
il . 2,72 0,082
” ° 2,73 0,213
) 2,74 9,406
‘ 2,77 0,525
. 2,90 9,546
H 3,08 0,554
_ ) 3,15 Q,581
) 3,16 0,640
m 3,19 0,824
. 2,22 0,987 : ]
el ;
ﬁ Table 3.1 Density vs. cumulative float Fraction of f
ﬁ material collected at transverse angle +0 : H

j
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Transverse angle + 2 :
Cumulative float'
Density fraction
2,73 0,168
2,78 0,489
2,81 . 0,641
2,05 : 0,663
3,08 0,576
3,15 ©,716
3,16 0,776
3,22 ) 0,090
Yaple 8.2 Density vs. cumulative float Fraction of

" material collected at tranaverse angle 32
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Transverse angle + 4
Cumulative float |
Density fraction
2,70 0,088
2,71 0,183
2,78 Q0,511
2,83 0,566
2,905 ©,623
3,08 0,642
3,13 0,688
3,16 0,760
3,22 0,965
Table 3.3 - Density vs. cumulative float fraction of

material collected at transverss angle +4
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Transverse angle + 6 ’
Cumulative float
Denaity fraction
2,74 0,171
. 2,80 0,456
2,83 0,482
2,87 . 0,523
0,558
2,95 0,587
3,08 0,610
3,15 0,686
3,16 0,720
3,22 0,085
Table 3.4 . Dansity vs.cumulative float fraction of

material collected at transverse angle +6
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A -
Transverse angle - O
{non-magnetic fraction)
Cumulative Float
Density Fraction
2,75 0,082
2,81 0,141
2,90 0,113
2,95 0,120
3,08 . 0,123
3,14 0;145
- 3,18 0,221
8,22 ’ 0,958

Density vs. cumulative float fraction of

material collected At transverse angle -0

3
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