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INTRODUCTION

near the top of the cleaning zone to maintain a positive bilas.

This

positive blas prevents hydraulic entrainment of fine
hydrophilic particles into the concentrate.
SOME COLUMN FLOTATION USERS| DIMENSIONS OPERATION

Paddington (Austraiia)

(2@)3.25m * 10m

Scavenger Cleaner

.............................. S R R R E TR TR

Gu GCleaner

Bulk Sulphide Rougher

Table 1.1: A summary of some column

applications.

flotation






1.2 THE USE OF COLUMN FLOTATION CELLS

Column flotation is widely used and studied in the flotation

of sulphide ores, non—-sulphide ores, precicus metais,
phosphates and coal. A mnumber of typical column flotatiom
applications are listed in Table 1.1, The application of

column fleotation in sulphide and non-suliphids fiotation is

summarised below.

1.2.1 GOLD-PYRITE FLOTATION

In sulphide flotation +there are onliy 2 commercial
installations menticoned 1in the researchsd literature.
The {first 4= at +the Harbour Lighte Mine in Lemnora,
Western Australia. A 2.5 m diameter by 12 m high column
has been successfully used inm a 100 tonsshour flotation
plant to produce a final gold bearing sulfide concentrate
in a =ingle stage. Concentrates containing 120 g ton of

gold, 6% arsenic and 35 to 40% sulphur were obtained.

The s=econd =ulphide <column flotation in use is at the
Paddington mine in Western Australia, Two columns, each
with a diameter of 3,25 m and & height of 11,4% m are
used as a bPtulk suiphide rougher. The flotation feed is
nilled up to &0% paseing approzimately 7% pm.  80% of the
total suiphides and 50% of the arsenopyvrite is recovered

in the columns.

Pilot plant tests with an 11 ocm diameter column cell at
the Harbour Lights Mine demonstrated that columns can be
used in rougher, scavenger and cleaner flotation stages

(Subramanian, et al., 19088).

































INTRODUCTION

1.3.3 THE EFFECT OF CHEMNICAL PARAMETERS

Reagents are used 1n flotation to render the desired
minerals hydrophobic and +to dimprove Dbubble stability.
Because the fiseld of reagents has ©been extensively
researched, this literature survey only covers experlences

relating to column flotation.

1.3.3.1 Collector Additiom

WVhen adding collector to the feed of flotation columns
the same +trend (recovery 1ncreases while the grade
decreases) as 1n conventional flotation 1s established
but with superior results (Parekh, et al., 1088).

The addition of collector increases the recovery,
especially that of the coarser size fraction. In the
flotation of galena at the Polaris Concentrator <(on
Little Cornwallis Island, Northwest Territories, about
1450 km from the north pole? the ccollector addition
enhances the grade by recovering the high grade coarse

lead particles.

1.3.3.2 Frother Addition

The presence of frother in the column helped to produce a

deep and stable {froth, preventing coalescence of fine
bubbles (Foot, et al., 1686; Kosick, G.A. and Kuehn, L.,
1088>.

It is also reported that the principal function of the
frother is to optimize the bubble size relative to the
mineral particle size (Egan, et al., 1988),
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INTRODUCTION

Experience with fine coal showed that at low air flow
rates an increase 1in {frother concentration caused =
slight increase in ash content, At high air flow rates
there was no change 1in ash content when the {rother

concentration was changed.

1.3.3.3 The Effect of pH

An important feature of pyrite flotation behavior is the
observation that at an alkaline pH 1t undergoes extreme
depression whereas in an acidic pH 1t i1is easily floated
(Gaudin, 16323, This behavior of pyrite 1s closely
connected with 1ts susceptibilility +to rapid oxidation.
When pyrite i1s oxidized in the presence of water, a film
of ferric hydroxide forms on its surface, which leads to
a high level of hydration.

Fuerstenau, et al, (18682 suggested that dixanthogen is
the species which is primarily responsibtle for flotation,
This followed on the pyrite recovery curves obtained from
potassium ethyl =xanthate and diethyl dixanthogen. The
amount of dixanthogen that can form at high pH values is

extremely low.
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INTRODUCTION

1.3.4 COLUMN DESIGN

In order to design a flotation column or to scale laboratory
data up to plant scale, a model i1s needed. <ome of the

proposed models are given below.

1.3.4.1 Rate Constants

Dobby and Finch (198562 use the collection efficilency, Ew,
which 1is directly related to the collection zone rate
constant, k. The equation for the rate constant is

given below:

In order to get data for the determination of the rate
constant the column was operated at a very high bias,
(close to 100%) and the wash water was added half way
between the column top and the feed entrance. This was
to eliminate the <cleaning zone so that the collection
zone rate constant could be determined by assuming the
recovery in the cleaning zone to be 100%. Problems with
this method are that at high air rates the recovery by
entrainment is higher than in normal column flotation
(ie. column flotation with a cleaning zone?’ and

entrainment is not completely eliminated.

Contini et al (1988) developed a method which enabled the
collection zone rate constant and the froth zone recovery
to be measured. This method used a specially modified
flotation column in both counter-current and co-current

mode.
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At the Julius Kruttschnitt Mineral Research Centre Alford
(1989) used a generalized form of the rate parameter
relationship. This rate parameter 1is for the complete
column and not only for the collection zone. This is
because the pilot plant column was operated at a constant
froth depth whilst maintaining a positive bias. The
general rate parameter is given below:

Ci- (Vg = Vgmint -2
k’. =

M

1.3.4.2 Mixing Characteristics

The mixing in the collection zone of the column has been
described in terms of the vessel dispersion number for
solid particles, ¥p, which 1is summarized as follows
(Yianatos, Column Flotation modelling and technology,
1989>:

Dp
Np =

(u’. + uP)'L

where Dp = 2.98-dc-1,31-v,-0,33-exp(-0,025-5

The axial dispersion coefficilent for solids was

empirically determined.

The mixing in the collection zone of the column has also

been determined using the vessel dispersion number for

the liquid, N4 (Dobby, G.5. and Finch, J.A,, 1886):
D
Nd =
u’.'L
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INTREDUCTION

Hd was determined by using fluorescein (CznaH.z0-) dye and
MnOx> as tracers. The axial dispersion coefficient of the
solid particles was reported to be the same as that of
the 1liquid (Dobby, G.S. and Finch, J.A., 1986).

However, Goodall and O "Connor (1889) found that 1t was
not possible to deduce the residence time distribution of
the solids by studying the behaviour of the liquid. They
also suggested that a tanks-in-series model for the
collection =zone would be an 1lmprovement on the use of

vessel dispersion numbers.

1.3.4.3 Particle Residence Time

A method to determine the mean particle residence time is
provided by Dobby and Finch (1086), The mean particle

residence time is as follows:

U,

(U + uax?

where uee 15 the particle slip velocity of the particlses

and 1s determined as follows:

S.dp:. (1 - €523 7- (A - Puime?

U

18- pe-(1 + 0.15-Re," ==7)

and T, is given by:
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1.3.4.4 Recovery Estimation

The recovery can be estimated in terms of the nizing

characteristics, Np. the mean particle residence time,
Tp. and the rate constant, kE (Dobtby and Finch., 198462,

4-A-exp(0,5/Np>

(1 + A>¥-gxp(l,5 ASNp) - (1 - A)#-expi-0,0 A-Np:

where

Az = 1 + 4-k-7p-Np

Goodall and O"Connor (1989) proposed a tanks—in-series

model rather than the dispersion model used above.

1.3.4.5 Carrying Capacity Limitation

The maximum carrying capacity could be a limiting factor to a
columns fsed capacity. A thecgretical relationship was
developed by Yianatos (19872, The carryving capacity, in
this case referred toc as= the supsriicial floated particle

rate, Jow is sztimated as fcllows:

8.47 X 107®-Jg*- .- dew

J 5k & =
d [
The maximum carrying capacity, GCa (g min cm=?, <an alsc
be sstimated from the following semi-thecretical

relationship (Espinosa, et al, 1688)>.

60-Ky-7-demw- M- I
Ca =

d L]
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This relationship is essentially the same as the
theoretical relationship mentioned above. From +thi=s
equation 1t cam be seen that the air {flow rate Jg>

increases the carrying capacity proportionailly.

The maximum carrying capaclity can also be determined from
pilot unit experiments. This is done by increasing the
solids feed rate to the column until the concentrate mass

rate reaches a maximumnm.
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oo TO
AELED

Comparing the sulphur grades and recoveries cbtained with
the filter <loth sparger, FC5s, and the United States
Bureau of Mines sparger, USEBH, it was found that the
USBM produced the best concentrate grades at a specific
recovery <(Figure 4.2Z2), The frother concentration was
not increased further because this increase does not

significantly decrease the bubble size.
4.3.2 Collection Zone Length

By increasing the collection zone length from lm to 4m the
sulphur recovery increased from &4% to &8% (Figure 4,23:.
The sulphur recovery remained at approximately B9% when
the collection zone was increased to ©m. The =o0lids mass
in the concentrate also increased as the collection =zone
length was increassd. The maximum was reached at a length

of 4 meters.

In general the concentrate sulphur grade remnined constant
as the gcollection zone length increased <(Figure 4.23).
There was alsc no change in the particle size distributicon

as the collection zone length was increased.

60 100 8
S |
u
é 4o w 90 g
u
u //E r
30 B g g g 80 R
G 8
r C
0
g 20 70 v
)
e
;
_ Y
g 10 -8- Recovery |60
§ —&- Grade %
0 1 1 L 1 i 1 50 ?
0 1 2 3 4 o) 6 7

Collection Zone Length (m)

Figure 4.23: Sulphur recovery and grade versus
collection zone length (Run 14).
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RESULTS

4.3.3 Cleaning Zone Depth

The most obvious effect of increasing the cleaning zomne
depth was that the sulphur recovery decreased
(Figure 4.24). When the froth depth was increased from

25 cm to 100 cm the recovery decreased from 83% to 73%.

60 100 S
8 V
V]
| 40 00 ﬁ
P u
0 r
r 3o i 80 R
G g______::i::::=><§=t:::::g g
r 0
g 20 70 v
0 v
- Y
% 10 —8- Raecovery |60
S -8~ Grade %
O 1 1 1 1 50 §
Q 26 60 756 100 126

Froth Depth {cm)

Figure 4.24: Sulphur recovery and grade versus froth
depth (Run 15).

Unlike the improvement 1in concentrate grades that were
reported in literature, it was found +that the
concentrate sulphur grades remained constant and then
increased slightly at a depth of 75 cm (Figure 4.24). At
a froth depth of 100 cm +the sulphur grade decreased

again.

From Figure 4,25 it can be seen that the amount of larger
particles reporting +to the launder increase with a

decreased froth depth.
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Figure 4.25: Particle size analysis for varying
cleaning zone depth.

4.3.4 Feed Solids Percent

As the feed solids percent was increased the sulphur
recovery decreased minimally up to a soclids density of
25, 3%. V¥hen the feed solids density was increased +to
38,4% +the sulphur recovery dropped dramatically to 58%
(Figure 4.26).

The sulphur grade increased and then reached a maximum as

the solids feed rate was increased (Figure 4.26).

By increasing the feed solids density the mass of the
solids collected increased 1in all size ranges. The
percent larger particles collected was decreased
slightly. At a feed solids density of 38,4% however,
the mass  of larger particles collected decreased
drastically (Figure 4.27).
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Figure 4.26: Sulphur recovery and grade versus feed

solids percent (Run 16).
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Figure 4.27: Particle size analysis for a varying

feed solids density.
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Figure 4.29: Particle size analysis for a varying
volumetric feed rate.

4.3.6 WVash VWater

4.3.6.1 Vash Water Rate

The sulphur recovery passed through an optimum
(Figure 4.30) at a wash water rate of about
210 ml/min.

The concentrate sulphur grade decreased as the wash
water rate increased from 118 ml/min to 212 ml/min
(Figure 26). A further increase of the wash water
rate to 355 ml/min caused +the concentrate sulphur

grade to increase again.
Increasing the wash water rate from 118 ml/min to

137 ml/min increased the mass of the coarse particles
collected (Figure 4.31).
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Figure 4.38:

Sulphur recovery and grade versus

frother addition rate (Run 22).
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RESULTS

4.5 SUMMARY OF THE EFFECTS OF PARAMETERS VARIED

The effects of physical and <chemical parameters are
summarised in Table 4.7. The table also includes a number
of other changes recorded <(Appendix D) as a result of

varying physical and chemical parameters.

The following symbols were used in table 4.7

- = No change

I = Small increase
II1 = Large increase
D = Small decrease

DD = Large decrease

OPT = Value passes through an optimum

=
-
]

Value passes through a minimum

TR0l TWater Mass|REol [Grade [ &
Rate: | Rate | Reg, |0

] (3}5) 1]

1] DD ]

i OPT }
Collect Zone - - 1] - OFT | MiIN | OPT | i MIN |
Froth Depth - i D i - it oD ; DD - DD
Feed % Solids - | DD I - * i i H D i D
WAW Rate - i1 D - - D i ! - D -
WW Temp - - - - - I D D D |
W/W Depth - - - - - I D - - - -
Vol Feed Rate - DD | DD D I i i fl - - -
Feed Depth - - D - - D - D - !
Caollect Dosage | - fi - - - i DD i i i D
Frother Dosage | - DD - - - D H l | - -

* Increase at maximum carrying capacity.

Table 4.7: Summary of the effects of physical and
chemical parameters.
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CHAPTER
FIVE

DISCUSSIORS

5.1 COLUMN VERSUS BATCH FLOTATION

The column flotation cell was capable of producing sulphur
grades 5 % greater +than those obtained in a conventional
laboratory batch cell at similar recoveries. The column
also achieved up to 15 % higher sulphur recoveries than the
batch cell at similar grades. The residence times for the
column were about 2 minutes compared to the 11 minutes that
were required for conventional flotation to achieve similar

recoveries.

The better concentrate sulphur grades produced by the column
flotation cell were due to the better cleaning effect of the
deep, water washed froth. The superior c¢leaning also
reduced entrainment into the concentrate launder, since less
(see figure 4.12) of the minus 10 micron particles, which
are usually entrained instead of ©being <collscted by

attachment, were collected. A more selective flotation of
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PLANT TRIALS

flotation colummn was less than that of the plant rougher
cell due to a high volumetric feed rate being used. The
sulphur recovery obtained with the colummn was still more

than that of the plant rougher.

6.3.2 Comparing the column to the plant cleaner

The pilot plant flotation column was compared to the
plant cleaner cells. For these cleaner colummn flotation
tests the feed for the column was taken from the feed to
the cleaner cells, A sample from the feed to the plant
cleaner was taken and pumped into the holdup tank, From

here the pulp was pumped into the flotation column.

The sulphur grades obtained with the cleaner flotation
column are in the range of 15.9%% to 10.6% compared to the
16. 0% obtained with the plant cleaner (Figure 6.12). The
sulphur recoveries obtained in the flotation column are
much lower though than the theoretical recoveries of the
plant cleaner cells. This low sulphur recovery was due

to the column operating above the maximum carrying

s 26 Cleaner Column Cell Plant Cleaner] 76 8
U |
I 20 60 ﬁ
P u
U r
T 16 46 R
G (5]
r 5
g 10 30 v
e

® r
_ Yy
% 5 16 )
S %
- S
(8] -

Test 12 Test 13 Test 14 Plant Cleaner
Test Number

Figure 6.12: Comparing the sulphur grade and
recoveries between the cleaner flotation
column and the plant cleaner cell.
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capacity. It was visually observed that the maximum
carying capacity was reached as most of the collected
solids were washed back 1into the c<ollection =zone. The
feed to the column could not be reduced due to physical
limitations of the solids settling out in the feed lines

at lower feed rates.

6.3.3 Using the column in a rougher-scavenger mode.

The pilot plant flotation column was used in a rougher-
scavenger mode. The feed for the flotation columm was
taken from the feed to the plant rougher A. This would
determine the maximum sulphur recovery possible 1f no
additional reagents are added, In the plant flotation
circuilt additional collector is added to the feed at the
2m2 middlings float and {frother 1is added to every
flotation bank. No additional reagents were added to the

column flotation circuit.

The sulphur grade from the rougher flotation column was

20.0%, and 11.5% from the scavenger flotation columm.
This resulted 1in a grade of 19.1% for +the total
concentrate. To obtain better grades the air rate would

have to be reduced and the low grade sulphur concentrate
from the scavenger flotation column should possibly be
returned to the feed for the rougher column. The effect

of varying the superficial air rate is discussed section
6.3.5.

The sulphur recovery in the rougher flotation column was
47% and in the scavenger column 5% (Of total sulphur feed
to plant>. This resulted in a total sulphur recovery of
52% for the column operating in a rougher-scavenger mode.
This sulphur recovery is much lower than the theoretical
plant recovery <(Calculated by Buffelsfontein Mine) of
65.6% and the actual plant sulphur recovery of 71.7%
(Plant values are average values for 7 months up to

31/07/71989)>. The remson for this low sulphur recovery
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with the flotation column setup was possibly due to less
reagents being added to the c<column than to the overall
flotation plant. less reagents were added to the pilot
plant flotation column because the plant has additional
reagent feed points to the flotation cells.

6.3.4 Effect of varying the superficial wash water rate.

By 1increasing the superficial wash water rate from

0 cw/sec to 0.18 cm/sec the concentrate sulphur grade

increased {from 22.0% to 32.8%. This improved grade was
also reported in the 1literature <(Kosick, G. A, and
Kuehn, L., 1988; Nicol, et al., 1988; Ynchausti, et
al., 1988; Parekh, et al., 1888, The grade was

improved because entrainment is reduced with increased
wash water additionm. Increasing the superficial wash

water rate above 0.18 cm/sec did not further improve the

60 60 8
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u —&- Grade —+ Racovery !
| 40 s0 h
ﬁ P — U
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r o
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© + r
- /, ﬁl_ y
S . %
0 i | 1 | 1 O §

0 0.06 0.1 0.16 0.2 0.26 0.3

Superficial Wash Water Rate (cm/sec)

Figure 6.13: The effect of increasing the wash
water rate on the sulphur grade and
recovery for the flotation column.
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APPENDIX B

DATA FOR BUBBLE SIZING

The bubble size determination was done in the laboratory

flotation column.

above the spargers.

In all cases the bubbles were measured 200 cn

The type of spargers and the frother

concentrations used are listed below:

Run
Run
Run
Run
Run
Run
Run
Run
Run
Run

[

COONOOs WP

Sintered Glass Disc Sparger
Sintered Glass Disc Sparger
Sintered Glass Disc Sparger
Filter Cloth Sparger

Filter Cloth Sparger

USBM Sparger

USBM Sparger

USBM Sparger

Filter Cloth Sparger

USBM Sparger

ppm
ppn
ppm
ppm
ppm
ppm

ppm
ppm

40 to 41 g/ton
74 to 107 g/ton

BN OPOPRNO

All the runs were done in a two phase system except for run

9 and 10. The frother concentration for run 9 and 10 are

therefore given in g/ton.
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APPENDIX <C

CALCULATIONS USED TO EVALUATE DATA

The calculations used to evaluate the data in Appendix D and
Appendix F are given below. Both the recorded and calculated
data for the laboratory test work are given in Appendix D.
The plant trial test data and the corresponding calculated
data is given in Appendix F.

The measured quantities were the following:

T - Mass of tailing solids;

T” - Total mass of tailings;

C - Mass of concentrate solids;
C” - Total mass of concentrate;
t ~— Tailings sulphur grade;

c - Concentrate sulphur grade;
f - Feed sulphur grade;

dwme— 80% Particle passing size;
dac— S0% Particle passing size,

The calculated values are given below:
Volumetric concentrate rate = C°- C + C/2.23
A value of 2.23 g/ml was used as the solids density. The
density of the water was assumed to equal unity in all cases.
Feed solids mass rate, F = C + T
Percent concentrate solids density (mass/mass) = (C/C7)>-100
Percent solids recovered = (C/F>-100
WVater recovered = C° - C
Sulphur recovery = (C-c/(C-c + T-%>>-100
To check that the values recorded and calculated were
acceptable the calculated and measured feed sulphur grades for

each test run were compared to each other. The feed sulphur

grades were calculated as follows:

(c-C + t-T

F



APPENDIX C/

To calculate the maximum carrying capacity the bubble size was
estimated from bubble sizing done using the spargers in a

2 phase system. The bubble sizing for laboratory test runs 12
and 13 were done during the test runs and are thus exact

values.

6 - Volumetric Air Rate
Bubble surface rate, Js =

(Bubble size - 60)

60-k-3. 14 -dmn- (17100002-2.23-Jglactualr-22.9-50
Ce =

(Bubble size - 1000)

The liquid and solids residence time was calculated as

follows:

(P, - P-2-133.23
E; =1 -

9.81-H-(T"/ Volumetric tails rate?

2
ol
]

1 22.9-H- (1-Ej2/<Volumetric tails rate’

S'dp'?:' CI_E‘;');;‘.E. T CRDQ - Romunp)

18- M- (1+40.15-Re_ = ==7)

(Volumetric tails rate/1374)-7v,

(Volumetric tails rate/1374)> + U,

T for the froth zone was estimated by assuming that the
particles collected in the concentrate have the same residence

time as the air in the froth. Therefore:

22.9-Froth Depth- (Air rate/(Air rate + Conc. ratel)

Termemn =

Air rate

It should be noted that the above equation will not give the
exact solids residence time in the froth, but was only used

to get a rough estimate.




APPENDIX D

LABORATORY DATA

The data recorded for the laboratory test work together with
the calculated data is given in this appendix. The run number
and the parameter varied or the type of test done is listed

below:

Run No. | Variable | Page
1. Steady State Determination ;
2. Fteady State Determination | D2-D5
3. Steady State (0 - 30 minutes? |
4. Steady State (0 - 30 minutes) |
5 Stendy State (15 - 22 minutes) |
6 Vash Water Temperature |
7. Wash Water Temperature i
8. Feproducibility | D7-Dil
9. Feproducibility i
10. Volumetric Feed Kate |
11. Fuperfizial Air Rate, 5GDS i
12. Fuperficial Air Rate, FCS |
13. Superficial Air Rate, USEM a
14. Collection Zone Height |
15. Froth Depth | D12-D16
16. Fzed Zolids Density |
17. Wash Water Rate ]
18. Vash Water Fosition |
19. Feed Foint i
20. rH & and 3,8 | D17-Dz1
21. Lollector Dosage i
22. Frother Dosage i
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