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Solids and liquid phase residence time distribution data is reported 
for a laboratory column flotation cell. The effects of various physical 
flotation parameters on residence time distributions are reported and 
ana7yzed. A plug f70w model with recycle is proposed for the froth 
phase and a tanks in series model for the pulp. By comparison of two 
and three phase residence time distribution data it has been shown that 
the use of liquid residence time distribution data to predict the 
residence time distribution of the solids in a column is not valid. 



INTRODUCTION. 

Column flotation has recently found many applications in the mineral 
processing industry throughout the world. The major reasons for this 
are that fewer units are required, better control is facilitated, and 
columns often achieve better grades and recoveries than their 
conventional counterparts. In column cells the flotation process is 
characterized by two main regions, viz., the collection zone below and 
the cleaning zone above the feed point. There is counter-current 
contact between the bubble swarm from the bottom of the column and the 
feed which is introduced about one third of the way down the column. 
The solids collected by the bubble swarm are carried into the cleaning 
zone, where entrained sol ids are washed from the froth by the wash 
water. 

In order to design column flotation cells, it is necessary to have an 
accurate model of the residence time distributions of solids in the cell 
as well as flotation rate constants. Using this information standard 
reactor design techniques can be used. It is also important to know how 
the residence time distributions and rate constants are affected by 
various flotation parameters. 

Several researchers (Rice, et al., 1974; Dobby and Finch 1985 & 1986; 
and Laplante et al., 1988) have conducted residence time distribution 
studies on column flotation cells. These tests involved the use of salt 
tracers and conductivity measurements to obtain vessel 
numbers for the collection zone of column flotation cells. 

dispersion 
There are 

severa 1 problems in us i ng th is approach to model the column res i dence 
time distributions. Firstly, the unlikely assumption is made that the 
solids in the column behave in the same way as the liquid. Secondly, 
the studi es have concentrated on the co 11 ect i on zone and ignored the 
cleaning zone, which is probably more important to the flotation 
process. Thirdly, the values quoted for the vessel dispersion numbers 
were outside the range in which this model is usually valid (Levenspiel 
1972). Other models would have been more suitable such as the tanks-in
series model or other compartment models. 

This paper presents the results obtained in a study of the residence 
time distributions of solids and liquids in two and three phase systems 
in a column flotation cell. The effects of various flotation parameters 
on these residence time distributions of the collection and cleaning 
zones are al so reported. The data obtained was fitted to various 
models. The validity of using the behavior of the liquid phase to 
predict solids residence time distributions is discussed. 



EXPERIMENTAL METHODS. 

The perspex 1 aboratory column fl otat i on ce 11 used in the tests had a 
diameter of 54 mm and a height of 2200 mm. The air was introduced into 
the column via a sintered glass frit at the bottom of the column. The 
geometry of the cell is shown in Fi gure 1. 
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Throughout the tests a gold bearing pyrite ore was used. The sol id 
tracer used was isotopically labeled gold present in the ore. A sodium 
chloride solution was used as the liquid tracer. The 89Au191 isotope was 
chosen because it has a convenient half-life of about 68 hours. The ore 
was irradiated a week before it was used to allow the shorter half-life 
isotopes to decay to negligible levels. The residence time 
distributions were measured by observing the response to a pulse 
injection. Six Gieger counters were used to monitor the input and 
response signals, these are shown in Figure 1 as 01, 02, etc. The data 
from the detectors was logged directly to computer. 



The collector used was 5MBT (50 gjton) and the frother Dowfroth 200 (25 
ppm) . Frother was added to both the wash water and the pul p. A 
conditioning time of 10 minutes was allowed once the reagents had been 
added, and the column to reached steady state after twenty minutes. The 
tracer was then introduced. This consisted of 7 g of ore at a pulp 
density of 50 % solids and was introduced into the feed line using a 
syringe 20 cm3 just before the feed point (FP) to the column. 

Samples of the concentrate, feed and tails were taken for each run just 
before the tracer inject i on so that the grade, recovery, mass pull and 
particle size could be determined. 

THE MODEL 

Figures 2, 3 and 4 show schematic representations of the models used in . 
this study. Two constant terms are included in the model, viz, a time 
lag at the beginning and a step change at the end. The former accounts 
for the lag between the pulse input of tracer and the output signal. A 
step change must be incorporated to account for the fact that the output 
signals do not return to their base values due to contamination of the 
column (Figure 3). 
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A perfect plug flow reactor with a recycle stream was used to model the 
froth phase behavior. This model was chosen because virtually any flow 
regime between plug flow (zero recycle) and mixed flow (infinite 
recycle) can be accommodated. The pulp was modelled using a tanks-in
series model. The dispersion model was not used for either the pulp or 
the froth phases because the vessel dispersion numbers obtained were far 
too large for the proper use of this model. Schematic diagrams of 
these models with their Laplace transforms are given in Figures 3 and 4 
respectively. 
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Two methods of modell ing the data are possible, viz., the method of 
moments and the frequency response method (Wen and Fan, 1962). The 
latter is more complex but was chosen because it gives equal weight to 
all portions of the curve and deals effectively with long tails. The 
variance, vessel dispersion numbers, number of tanks-in-series and mean 
residence time values were calculated using standard methods (levenspiel 
1972). 

RESULTS AND DISCUSSION 

Reproducibility. 

Five Runs were done at the base conditions (Run 3, Table 1) to 
determine the reproducibility of the experimental technique. It was 
found that there was a vari at i on of between 5 and 9 percent in the 
residence time distributions for these runs. This variation may be due 
to the column not having reached steady state. A smaller source of 
error was deviations in the shape of the input pulse, in which the 
length of the tail varied. 

The effect of various flotation parameters on the residence time 
distributions in the flotation column. 

The experimental conditions used in the three phase studies are given 
in Table 1. The parameters varied were the feed rate, wash water rate, 
air rate, frother concentration, pulp density and froth height. The 
grade, recovery and particle size data for the feed, concentrate and 
tailings are shown in Table 2. 

From Tables 2 and 3 it can be seen that decreasing the feed rate (Runs 
1 to 5) resulted in an increase in the grade and particle size of the 
concentrate. The mean residence time in both the froth and pulp phases 
increased, while the recovery passed through an optimum. Decreasing the 
pu1 p dens ity (Runs 20 to 22) had 1 it t 1 e effect on the grade, but 
decreased the recovery. This decrease in recovery at lower solids feed 
rates may be due to there being insufficient solid particles in the 
bubble bed hence causing it to become unstable. A decrease in recovery 
occurs when the 1 i p capacity of the cell is exceeded. Thi s occurs at 
higher feed rates because the froth becomes overcrowded and cannot carry 
all the solids that are floated. This froth overcrowding in turn leads 
to poor cleaning because elutriation of the gangue material from the 
froth is inhibited. 



TABLE I RIO STUDIES EXPERIH[NTAL CONDITIONS. 

RUN PARAH[lER FEED PULP \lASH AIR A I R SPARGER FEED FROTHER FROTH 
NO VAR 1[0 RATE D[NS IIY IIAlER fLOIJ PRESSURE TYPE FROM CONC INTERFACE 

RA lE RATE lOP FROM TOP 
( I/mln) (X so I) ( I/mln) ( I/mln) (kP.) (ppm) (rrrn) 

--
I I. 28 20 0.34 I .6 100 FR IT 760 25 650 
2 FEED 1.15 20 0.34 1 6 100 FR IT 760 25 650 
3 RATE I. 01 20 o 34 1 .6 100 FR IT 760 25 650 
4 0.81 20 o 34 I .6 100 FR IT 160 25 650 
5 0.13 20 0.34 1 .6 100 fR I T 160 25 650 

-
6 I. 01 20 0.40 1 .6 100 FR IT 760 25 650 
7 IIASH I. 01 20 o 31 I 6 100 fR IT 160 25 650 
B IIATER I. 01 20 o 34 1 .6 100 fR IT 760 25 650 
9 RAJE I. 01 20 0.31 I .6 100 fR11 760 25 650 

10 I. 01 20 o 28 I .6 100 fR IT 160 25 650 

11 1 .01 20 0.34 5 0 40 SOCK 760 25 650 
12 I. 01 20 o 34 3 7 165 FR IT 760 25 650 
13 AIR 1.01 20 0.34 2.6 140 fR 11 760 25 650 
14 RATE I. 01 20 o 34 I 6 100 fR 11 760 25 650 
15 I. 01 20 0.34 1.2 95 fR 11 760 25 650 

16 I. 01 20 o 34 I 6 100 fRlT 760 25 650 
17 FROTHER I. 01 20 0.34 1 .6 100 fR IT 160 20 650 
18 CONC I. 01 20 o 34 1.6 100 FR IT 760 25 650 
19 I. 01 20 0.34 1.6 100 FR IT 760 10 650 

20 I .01 20 0.34 I .6 100 FR IT 760 25 650 
21 PULP 1 01 15 o 34 I .6 100 FR 11 760 25 650 
22 DENSITY 1 .01 10 o 34 1 .6 100 FR 11 760 25 650 

23 REPEATS I .28 20 0.34 I .6 100 FR IT 760 25 650 
24 1 .01 20 o 28 I .6 100 fR 11 760 25 650 

--- _. 
25 FROTII I .01 20 o 34 I 6 100 FR IT 980 25 910 
26 liE IGIIT I .01 20 0.34 I .6 100 fR I T 980 25 780 
21 I .01 20 o 34 1 6 100 fR 11 980 25 680 

TA8LE 2 RTD STUDIES GRADE. RECOVERY AND PARTICLE SIZE DATA. 

RUN CONCENTRATE TAILINGS FEED 
NO 

GRADE HASS REC d( 50) GRADE MASS d(50) HASS d(50) 
(X S) (g/mln) (X) (l'fIl) (X S) (g/mln) (l'fIl) (g/mln) (l'fIl) 

I 16.2 17.82 64 0 21.4 o 8 239.60 17.8 256.28 18.1 
2 17.4 15.71 67.6 23.1 0.8 (13.89 17.7 229.60 18.1 
3 19.8 12 36 68.0 25.0 0.8 188.04 18.1 204.60 lB. 1 
4 20.9 9 84 67.4 26.7 0.7 163.64 17.6 173.48 18.1 
5 22.7 7.20 64.0 27.2 0.8 137.82 17.6 145.02 18.1 

6 22 .8 10.38 66. I 28.0 0.8 194.22 17.4 203.28 18.1 
7 21.6 1120 67.7 27.9 0.7 191. 78 17.5 202.98 18.1 
8 198 12 36 68.0 25.0 0.8 188.04 18.1 204.60 18.1 
9 18.1 13.30 68 1 22 9 0.1 187.68 17.8 200.94 18.1 

10 14.7 15.60 65.3 18.B 0.8 184.18 18.0 199.60 1&.1 

11 13 .3 9 04 34 I 20.0 1.4 191 .32 18.0 200.36 lB. 1 
12 14.1 15 92 66 0 16.5 o 8 179.54 18. a 201.46 18.1 
13 15 9 15 10 61.8 18 7 o R lBJ .22 !8.3 ~Cl .32 • 0 • 

'U, l 

14 19 8 12 36 68 0 25 0 o 8 188 04 18.1 204.60 IB .1 
15 30 I 7.32 61 9 26 0 o 8 194.78 17.8 202. 10 18.1 

16 19.8 12.36 68 0 25.0 o 8 188.04 IB.I 204.60 lB. I 
17 18.0 12.36 63 4 20.0 0.8 187.08 la.o 199. SO 18.1 
IB 16.9 10.08 48 5 18.2 LI I B9. 34 18.1 199.42 lB. I 
19 15.5 6.44 2B. Z 18.8 1.4 194.54 18.1 200.98 18.1 

20 19.8 12.36 68.0 25.0 O.B 188.04 18.1 204.60 18.1 
21 20.2 7 74 66.6 19. Z 0.8 125.74 18.0 133.38 18.1 
22 19.9 5.36 60.0 17.9 0.9 95.SB 18.1 100.94 18.1 

23 17.0 17.78 66 6 21.1 0.0 240.04 17.9 257.02 18.1 
24 14.4 15.66 65.0 19.1 0.8 183.48 18.4 202.72 lB. 1 

25 24.5 9 00 62 5 17.2 0.8 191.56 18.1 200.56 18.1 
26 22.0 11.04 68 9 18 3 0.7 189.30 18.1 200.34 18.1 
27 19.7 12.28 68 3 25.0 o 7 I BB. 88 11.7 20 I. 16 18.1 

d( 50) • 50 X PdSS Ing Put le le S Ile 



TABLE 3 FROTH PHASE HODEl DATA 

RUN DETECTOR 1 DETECTOR 2 

1 D/UL H 11 R f D/UL N 11 R 

1 109 0.153 2.01 10.2 2.06 89 0.178 I. 64 6.8 I. 35 
2 117 0.147 2.14 11.0 2.00 105 0.160 I. 89 8.0 I. 27 
3 130 0.140 2.18 12.0 I. 94 117 0.153 2.01 9.0 1. 27 
4 139 0.140 2.28 13.0 I. 90 122 0.151 2.06 9.3 I. 25 
5 150 0.136 2.36 13.9 1.84 129 0.147 2.13 9.9 I. 24 

6 151 0.088 4.16 14. I I. 24 137 0.096 3.72 10.6 I. 05 
7 144 0.113 3.01 13.4 I. 55 /31 0.129 2.55 9.9 1.18 
8 130 0.145 2.18 12.0 1.94 117 0.153 2.01 9.0 I. 27 
9 122 0.159 I. 19 11.2 2.13 102 0.225 1.17 7.9 I. 50 

10 98 0.161 I. 87 9.1 2.17 89 0.249 I. 03 6.8 I. 55 

11 40 0.222 I. 19 3.7 2.99 46 0.248 I. 01 3.4 I. 55 
12 49 0.155 I. 98 4.6 2.05 46 0.232 1.11 3.5 I. 52 
13 106 0.149 2.09 9.6 2.00 75 0.182 1. 58 5.8 1.37 
14 130 0.145 2.18 12.0 I. 94 117 0.153 2.01 9.0 I. 27 
15 202 0.139 2.27 19.0 I. 91 182 0.102 3.46 13.9 1.08 

16 130 0.145 2.18 12.0 I. 94 117 0.153 2.01 9.0 I. 27 
17 122 0.151 2.06 11.4 2.01 103 0.171 I. 73 7.8 I. 32 
18 118 0.157 1.95 11.0 2.10 95 0.182 I. 59 7.1 1. 36 
19 110 0.166 I. 80 10.1 2.22 90 0.189 1.50 7.0 1. 38 

20 130 0.145 2.18 12.0 1.94 117 0.153 2.01 9.0 I. 27 
21 68 0.219 I. 21 6.3 2.93 43 0.248 1.01 3.3 I. 56 
22 51 0.253 0.98 4.8 3.41 36 0.280 0.84 2. B I. 65 

23 113 O. 153 2.01 10.6 2.04 93 0.174 I. 66 7.2 I. 34 
24 105 0.163 I. B5 9.8 2.17 93 0.248 I. 03 7.4 I. 55 

25 165 0.128 2.58 15.4 I. 73 148 0.139 2.31 11.3 I. 22 
26 148 0.136 2.36 13.8 I. 84 129 0.145 2.18 9.9 1.22 
27 131 0.143 2.21 12.2 1. 94 116 0.510 2.06 B.9 I. 25 

TABLE 4 PULP PHASE MODEL DATA 

RUN DETECTOR 3 OETECTOR 4 DETECTOR 5 

f D/UL H f D/UL H 1 D/UL N 

1 44 0.395 0.49 61 0.245 I. 03 101 0.149 2.09 
2 57 0.363 0.56 73 0.231 1.11 118 0.140 2.28 
3 67 0.337 0.63 84 0.220 1.24 138 0.132 2.41 
4 81 0.318 0.70 91 0.209 1. 30 163 0.127 2.52 
5 91 0.294 0.78 102 0.200 1. 38 180 0.124 2.68 

6 47 0.402 0.48 58 0.273 0.B7 107 0.157 1. 94 
7 64 0.372 0.54 77 0.248 1.01 133 0.153 2.01 
8 67 0.337 0.63 84 0.220 1. 24 138 0.132 2.41 
9 71 0.302 0.75 91 0.196 I. 43 142 0.118 2.86 

10 76 0.287 0.81 96 0.181 I. 59 150 0.102 3.27 

11 49 0.428 0.43 65 0.274 0.87 105 O. 166 I. 80 
12 16 0.554 0.28 72 o 256 0.96 131 O. 144 2.20 
13 38 0.390 o 50 83 0.234 1.10 135 0.136 2.30 
14 67 0.337 0.63 84 0.220 1. 24 138 0.132 2.41 
15 85 0.282 0.83 86 0.204 I. 34 150 0.106 3.21 

16 67 0.337 0.63 84 0.220 1. 24 138 0.132 2.41 
17 64 0.321 0.68 80 0.226 1.16 132 0.136 2.36 
18 61 0.304 0.74 78 0.248 1. 01 129 0.141 2.26 
19 60 0.302 0.75 81 0.240 1. 06 123 0.142 2.24 

20 67 0.337 0.63 84 0.220 I. 24 138 0.132 2.41 
21 22 0.447 0.40 43 0.251 D.99 98 0.189 I. 58 
22 16 0.554 0.28 40 0.269 0.89 81 0.209 1. 30 

23 4B 0.393 D.50 64 0.240 1.01 106 0.145 2.16 
24 80 0.286 0.81 97 0.186 I. 56 153 0.100 3.30 

25 160 0.256 096 25 0.355 0.58 97 0.216 I. 24 
26 89 o 289 O. BD 22 0.344 0.61 98 0.202 1. 36 
27 68 0.337 0.63 20 0.341 0.62 100 0.208 1. 31 

1 ~ Hean Residence Time R • Plug Flow Recycle Ratio (from model) 
D/UL • Vessel Dispersion Number 11 = Plug Flow Residence Time (from model) 

H • Number of Tanks In Series 



Since the volumetric feed rate is unchanged when the pulp density is 
changed, and only the solids feed rate varies, the decrease in residence 
time of the solids indicates that the liquid residence time distribution 
does not provide a proper measure of the solids mean residence time. 
The correlation between the residence time distribution profiles is 
discussed later. 

Runs 6 to 10 show that decreasing the wash water rate lowered the grade 
and particle size while recovery again passed through a maximum. This 
was caused by excessive washing of middlings particles from the froth on 
one hand and increased entrainment due to elutriation of low grade 
materi a 1 on the other. Th is poor wash i ng at lower wash water rates 
causes the froth to become overcrowded and the flotation less selective. 
The decrease of particle size as wash water rate decreased is consistent 
with the observation that ultrafine particles are entrained rather than 
floated in quiescent systems (Ahmed and Jameson 1985). As expected the 
mean residence times for both the froth and pulp phases increased as 
wash water rate decreased. 

Increasing the air rate (Runs 11 to 15) increased both the mean bubble 
size and the gas holdup of the system. It can clearly be seen that 
large bubbles lead to poor flotation performance (Run 11). It is also 
evident from the decrease in particle size and grade that larger bubbles 
lead to increased entrainment. The mean particle size provides a good 
indication of the extent of entrainment because the finer particles « 
10 pm) tend to be entrained rather than floated. 

The recovery again passes through a maximum. This suggests that there 
is an optimal air flow rate caused by the competing effects of increased 
bubble surface area at high flow rates and decreased bubble size at low 
fl ow rates. The increases in mean res i dence times as air flow rate 
decreases are due to decreased gas holdup. The fact that the mean 
residence time in the middle of the froth is greater than at the top of 
the froth for Run 11 suggests that the bubble bed is unstable and much 
of the floated material is recycled and then washed from the froth. The 
instabil ity of the froth is caused by bubble coalescence due to the 
excessive drainage of the inter-bubble lamella (Goodall et al, 1988). 

In Runs 16 to 19 the froth er concentration was decreased. It has been 
shown (O/Connor et al., 1989) that increasing the frother concentration 
above 10 ppm had 1 it t 1 e effect on the bubble size. The mean res i dence 
times in the column are dependent on the gas-holdup and the flow regimes 
in the column, which are in turn dependent on the bubble size. The 
small change in bubble size is, hence, reflected in the mean residence 
times. It can however be seen that the grades and recoveries decrease 
significantly with decreasing frother concentration. This suggests that 
the frother has the effect of stabilizing the froth by preventing bubble 
coalescence (Goodall et al., 1988). 



Runs 25 to 27 show the effects of increasing the height of the froth 
phase in the column. It can be seen that increasing the height of the 
bubble bed, ie the froth zone below the wash water distributor, 
increased the grade. There was an optimum bubble bed depth for 
recovery, above which recovery decreased, and below which grades 
decreased without any increase in recovery. The linear velocity of the 
solids in the froth phase based on mean residence time measurements was 
almost constant at about 0.53 cm/sec. 
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Figure 5 shows, as expected, that the grade was linearly related to the 
mean residence time in the froth phase. The few specious data points 
are due to an unstable bubble bed which is explained earlier in 
association with lower grades. Figure 6 shows that there was no 
relationship between the recovery and the mean residence time in the 
froth phase. This observation confirms that "columns can be divided into 
two distinct regions, the collection and the cleaning zones, each with a 
its own specific function. The cleaning zone is responsible for the 
grades obtained, while the collection zone determines the recovery. 

Modelling of the residence time distribution data. 

Figure 7 shows plots of the experimental and model data for detectors 
1,2,4 and 5 for Run 6. In all cases the mean absolute deviation 
between the experimental and model data was less than 8 percent. 
Sensitivity plots of the froth model were constructed by plotting equal 
error contours on a graph of the recycl e ratio against the reactor 
residence time, the scales on the axes being proportional to the 
sensitivity of the model to each parameter (Box and Draper, 1987). Th"e 
shape of these contours gives an indication of the inter-dependence of 
the two parameters. These sensitivity plots showed that there was 
1 i ttl e inter-dependence between the tWO" parameters and hence that the 
parameters chosen were valid. 

Tables 3 and 4 give the mean residence time, the vessel dispersion 
number and the number of tanks in seri es for the 5 detectors. In 
addition, Table 3 shows the reactor residence times and the recycle 
ratios for the froth model. These tables show that the system is 
completely mixed at the feed point (Detector 3, Table 4), and approaches 
plug flow more closely at the top and bottom of the column. In this 
study it was found that the mean residence times, at the base conditions 
(Run 3, Table 1), in the froth and pulp phases are very similar 
(Detectors 1 and 5). The optimum geometry of the cell is dependent on a 
number of factors including grade and recovery constraints and will vary 
from system to system. 
It was been found that there is a direct correlation between the mean 

residence time in the froth (r) and the reactor residence time (r i ); 

7" = kr + c 
1 

This relationship is expected because it is reasonable to assume that 
the residence time predicted by the model is related to the overall mean 
residence time. A relationship also exists between the variance in the 
froth phase (02) and the reactor recycle ratio (R) 
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The variance in the froth phase (a 2 ) being calculated from t and E(t). 
data (Levenspiel 1972). It was expected that these parameters should be 
rel ated because they are both (R and a2) measures of the degree of 
mixing occuring in the froth. These relationships indicate that a the 
model has physical significance to the actual processes occuring in the 
froth, and are very convenient because they facilitate the prediction of 
the model parameters. 

Comparison of two and three phase residence time distribution data. 

Two and three phase residence time distribution studies were carried 
out using a salt solution to analyse the liquid phase. These tests were 
carried out some time after the solids residence time distribution tests 
and the experimental conditions varied slightly. The response signals 
were recorded at both the top and bottom of the column as well as at the 
feed inlet. It was found that a good delta function pulse input could 
be achieved, and the reproducibility was excellent (mean absolute 
deviations of less than 5 %) • 

The mean residence time for the solid and liquid phases in the pulp 
were reasonably similar and the differences may have been be due to the 
different experimental conditions. It was also found that the presence 
of the solid phase made no difference to the liquid mean residence time 
in the collection zone. None of the tracer reported to the concentrate. 
This is to be expected because any water from the feed would have to be 
entrained into the concentrate, and the wash water should prevent this. 

TABLE 5 COMPARISON BETWEEN SOLIDS AND:LIQUID RESIDENCE 
TIME DISTRIBUTIONS FOR THE TAILINGS. 

PARAMETER SOLIDS LIQUID 
2 PHASE 3 PHASE 

MEAN RESIDENCE TIME (sec) 138 155 152 
\/l\QTlHJrl=" ('\ III ('\ 1? n 1':) 
.. , \I" .t. I \I. '"'" t- V.-Y~ v. J. '- V. J...J 

DjUL 0.132 0.048 0.051 
NUMBER OF TANKS-rN-SERIES. 2.41 8.33 7.98 

The variance of the tailings was found to be significantly larger for 
the solid phase than for the liquid phase. This implies that the 
liquid flow regime is much closer to plug flow than the solid flow 
regime. Since only the solid phase was collected by the bubbles it is 
expected that the solids would be more mixed than the liquid. 



From the data in Table 5, it can be seen that large differences exist 
between the solids and liquid residence time "distributions. It is thus 
not possible to ascertain the residence time distribution of the solids 
by studYing the behavior of the liquid. 

CONCLUS IONS. 

It has been shown that i ncreas i ng the feed rate, decreas i ng the wash 
water rate, increasing the bubble size and decreasing the bubble bed 
hei ght caused decreases in the grade, the part i cl e size and the mean 
res i dence time in the co 1 umn. The opt i mum recovery is determi ned by 
optimising the froth stability and froth crowding effects. Frothers 
stabilized the bubble bed without having much effect on the bubble size 
at concentrations above 10 ppm 

There was a direct relationship between mean residence time in the froth 
and the grade, while recovery was independent of mean residence time in 
the froth. 

A plug flow reactor with recycle can be used to model the residence time 
distribution of the froth phase of a flotation column, while a series ~f 
CSTR's can be used to model the pulp phase residence time distributions. 
From a sensitivity analysis it has be~n shown that the parameters chosen 
for the model are independent of each other. The model parameters in 
the froth model can be predicted from the variance and mean residence 
time in the froth phase. 

The liquid residence time distribution was not indicative of the solids 
residence time distribution, but there was little difference between the 
liquid residence time distributions in two and three phase systems. 

ACKNOWLEDGEMENTS. 

The assistance of the following people is gratefully acknowledged: Mr S 
Smith, Or A de Jesus and the staff of the Atomic Energy Corporation for 
their help in providing and handling the solids tracers, Mr K 
Schommarz, Mr M Harris and Mr P Mills for help in conducting the tests, 
and Prof A Bryson for help in the formulation of the models. The 
financial assistance of Mintek and the University of Cape Town is 
gratefully acknowledged. 



BIBLIOGRAPHY 

AHMED, N. and JAMESON, G.J., 1985, The effect of bubble size on the rate 
of flotation of fine particles., Int J. Min. Proc., 14(1985), pp 195 -
215. 

BOX, G.E.P. and DRAPER, N.R., 1987, Empirical model building and 
response surfaces., Wiley, New York, Chapter 3. 

DOBBY, G.S. and FINCH, J.A., 1985, Mixing characteristics of industrial 
flotation columns., Chem. Eng. Sci., 40(7). 

DOBBY, G.S. and FINCH, J.A., 1986, Flotation column scale-up and 
modelling., CIM. Bulletin, May 1986. 

GOODALL, C.M., BARKER, A.M. and O/CONNOR, C.T. 1988, Investigation of a 
pyrite-quartz flotation froth by use of a novel froth-splitting 
apparatus., Int. J. Min. Proc, 24(1988), pp 307 - 317. 

LAPLANTE, A.R., YIANATOS, J. and FINCH, J.A., 1988, On the mixing 
characteristics of the collection zone in flotation columns., 
Proceedings of an International Column Flotation Symposium, Phoenix, 
Arizona, Jan 1988, Chapter 9. 

LEVENSPIEL, 0., 1972, Chemical reaction engineering., 2rd ed., Wiley, 
New York. 

O/CONNOR, C.T., RANDALL, E.W. and GOODALL, C.M., 1989, Bubble sizes in a 
laboratory column cell: The effect of physical and chemical variables., 
Int. J. Min. Proc, (In Press). 

RICE, R.G., OLIVER, A.D., NEWMAN, J.P and WILES, R.J., 1974, Reduced 
dispersion using baffles in column flotation., Powder Tech., 10(1974). 

WEN, C.Y. and FAN, L.T., 1975, Chemical processing and engineering 
models: Models for flow systems and chemical reactors., Marcel Dekker 
Inc., New York. 

LIST OF SYMBOLS. 

c 
D 
d(50) 
E(t) 
k 
L 
N 
R 
t 
U 
x 
0 2 

T 

Ti 

Constant 
Vessel dispersion number (m2/sec) 
50 % passing particle size 
Normalized tracer concentration. 
Constant 
Length (m) 
Number of tanks-in-series. 
Reactor recycle ratio. 
Time (sec) 
Velocity (m/sec) 
Constant 
Variance. 
Mean residence time. 
Residence time in reactor 




