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Abstract—The bubble properties in the column flotation system are deeply affected by the bubble-generator type,
frother dosage, and superficial gas velocity. This study is to determine the bubble-generator type, which effectively
produces micro-bubbles to affect the flotation efficiency. Characteristics for two types of bubble generators like the
in-line mixer and sparger are examined by bubble properties such as bubble diameter, holdup and bubble velocity.
Micro bubbles generated from an in-line mixer result in the increase of the bubble rising velocity and gas holdup.
Bubbles produced at the in-line mixer were more effective for operating the flotation system than that of the sparger.
It means that the in-line mixer bubble generator is more effective than a sparger in designing or operating the column
flotation system.
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INTRODUCTION as MIBC (Methyl IsoButyl Carbinol), Dowfroth 250 and pine oil
experimentally. Patel et al. [1990] studied the bubble diameters as

In mineral processing, froth flotation is regarded as the best availwax types using the photograph technique, and Pal and Masliyah
able technique for separating fine particles; however, it becomefl989] investigated the flow characteristics of bubbles with differ-
inefficient when the particle size was very small (less than approxient size. Shen and Finch [1996] established experimentally bubble
mately 2Qum). Fine particles have a low probability of collision swarm velocity in the column flotation experimentally using a con-
with air bubbles, resulting in low recovery [Yoon, 1993]. Bubble ductivity meter. These works have focused on improving the flota-
diameter plays a critical role in the froth flotation process. It is be-tion efficiency though analyzing the bubble properties such as the
lieved that the decrease in flotation recovery of fine particles is dudoubble diameter, gas holdup and bubble swarm velocity. Work on
to the lower probability of collision between such particles and airbubble properties as variable frother dosage and superficial gas ve-
bubbles. Experimental work has shown that micro-bubbles can imiocity has been reported in literature and has been reviewed by sev-
prove the flotation recovery [Cassel et al., 1975; Ahmed and Jameeral authors [Shah et al., 1982; Dobby and Finch, 1988; Zhou et al.,
son, 1985]. It has been clearly shown that probability of particle-1993; Yoon, 1993]; however, work on bubble properties by differ-
bubble coallision increases with decreasing bubble diameter. Bubent bubble-generator types has not been conducted. And the effect
ble properties including the gas holdup, bubble diameter and bubef different bubble-generators has not been considered in most of
ble swarm velocity play an important role in improving flotation these investigations.
efficiency. Air bubbles are indispensable components in column Bubble properties are determined by factors such as bubble size,
flotation operations, in which hydrophobic particles are attached tayas holdup and bubble swarm velocity in the column flotation, and
bubbles, and carried upward by the rising bubbles to the froth zonghese three factors are closely correlated with each other. Nicklin
leaving the hydrophilic particles in the liquid phase to go down with [1962] established that the motion of bubbles in two-phase bubble
the tailings. This separation process depends on the collision of paflow arises partly from buoyancy and partly from the superficial
ticles with bubbles in the slurry and their ability to remain in contactvelocity caused by the entry of the two phases into the column. In
long enough. In order to understand the mechanism of particle-butthe case of countercurrent column flotation process, at least two
ble collision and attachment, it is necessary to know the behaviomain factors contribute to the actual average bubble rise velocity:
of bubbles and the bubble flow characterization. gas holdup and bubble diameter. Therefore, the average swarm bub-

Previous work carried out by Dobby et al. [1988] and Finch andble rise velocity, |J can be given by:
Dobby [1990] has provided bubble properties under the different
conditions of the frother dosage and superficial gas velocity. Sev- US:QQ Q)
eral methods were used to determine bubble size and swarm bub- &

9
ble velocity. Zhou et al. [1993] measured bubble swarm velocity inwhere, Jis the superficial gas velocity arglis the fractional gas

aqueous media in the absence or in the presence of surfactants S%fdup. Shah [1982] suggested that for gas holdup of less than 30%
the drift flux relationship of Richardson and Zaki [1954] was the
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This implies that swarm bubble velocity may decrease as gas hol¢ '
up increases and bubble diameter decreases. Masliyah [1979] h Fna - ‘
drawn Eg. (2) with respect to the bubble rise velocity in a flotation — na i
system. When the swarm bubble velocity decreases, the effect ¢ In-Line Mixer
the collision between bubbles and particles increases, which can in /@ >
. . . . . e} P<
prove flotation efficiency at column flotation. The main disadvan- Sparger |oorrre 4 Bublble Genercition Sysism

tage of the equation is that it cannot directly predict the bubble siz¢
and frother effects on the rise velocity, which are important in the
analysis of flotation kinetics and process optimization. In order to
investigate the bubble motion in a flotation column, it is necessany
to establish the relationship between the rise velocities and the siz¢sg. 1. Schematic diagram of the experimental apparatus for mea-
of bubbles in a swarm, in the presence of dosages of frother. This suring gas holdup, bubble size and bubble swarm velocity.
paper describes the technique for bubble generators and conforms
them by comparison with the properties of the bubble size, gas hold-
up and swarm bubble velocity under different conditions of super-design of bubble generators. Fig. 2(a) shows the design of the in-
ficial gas velocity and frother dosage. line mixer bubble-generator and Fig. 2(b) shows the sparger bub-
The aim of this paper is to extend the study of different proper-ble-generator. The in-line mixer bubble-generator consists of ven-
ties of the bubble formed by in-line mixer and sparger bubble-genturi and tube with 300 mm length by 25 mm in diameter. When com-
erator. To grasp the bubble properties as a function of two bubbl@ressed air (98 kPa) is introduced through the in-line mixer, a pres-
generators, a column flotation (2,400 mm height by 80 mm in di-sure drop takes place at the venturi tube in order to generate bubble
ameter) which can set up the in-line mixer and sparger bubble gereasily. Inside tube, helical vane swirlers are set up to enhance swirl-

Column

Tailing Side

erator at the lower portion of the column is used. ing flow when the air-water mixture flows through the tube. Pres-
sure drop is generated by the effect of the vortex flow, the loss of
EXPERIMENTAL kinetic momentum and vane angular is generated across swirlers
[Dave and Gray, 1989]. In the state of mixing compressed air and

1. Countercurrent Column Flotation water, micro-bubbles are generated by swirling flow in the helical

The experiments to measure bubble characteristics are carriechne swirlers. Helical vane angle is set Atabdl pitch is set at 40
out in countercurrent column flotation, which is composed of col- mm. Fig. 2(b) shows that sparger bubble-generator is made from
umn, bubble generator, photographic measurement, conductivitglassy filter with 45 mm diameter and porosity of#%in surface
meter and water manometer. Fig. 1 shows a schematic diagram e presented from Fig. 2(c). Compressed air flows in the sparger
the setup. A laboratory flotation column, 80 mm in diameter andand is discharged through the surface of the sparger to generate the
2,400 mm in height is used. The liquid level in the column is keptbubbles. In order to evaluate the characteristics of bubbles gener-
at 2,300 mm from the static in-line mixer or sparger bubble-gen-ated by this two bubble generator, column flotation variables such
erator. The compressed air (98 kPa) is introduced at the bottom @fs superficial gas velocity,(&nd froth addition (F, bubble size,
the column and gas flow rate is adjusted by the regulator valve abovgas holdup and swarm bubble velocity can be obtained from the
the venturi and the rotameter (Dwyer, RMA). At that time, gas flow bubble-generator. The most commonly used frother in flotation,
rate (Q) supplied to the column through venturi tube is changedMIBC (Methyl IsoButyl Carbinal), is tested in this study under dif-
from 1 to 8 Ipm for generating the bubbles, which is related to theferent concentration.
superficial gas velocity {J Table 1 shows the changes of the su- 2. Gas Holdup Measurement
perficial gas velocity as supplied gas flow rate where ranges from Gas holdup is one of the most important parameters characteriz-
0.33 to 2.65 cm/s,, &an be obtained by dividing the air flow rate ing the hydrodynamics of a bubble column. It can be defined as
by the cross section of column. When the cross section of 50.2 cnihe percentage by volume of the gas in the two phase mixture in
is considered, the change of air flow rate from 1 to 8 [pm causeshe column and depends on mainly on the flotation variables such
that J to range from 0.33 to 2.65 cm/s. Fig. 2 shows the generaks superficial gas velocity and frother [Shah et al., 1982]. The meth-
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Fig. 2. Schematic diagram of bubble generators in this study.
(a) in-line mixer bubble generator, (b) sparger bubble generator, (¢) SEM of sparger surface

od related to measure gas holdup is shown in Fig. 1. It is measuretticro-lens and Tmax-400 film. The light source is provided by two
with a water manometer located 58 cm from the top of the col-500-W bulbs. It is found that a good picture can be obtained at a
umn. With this arrangement the gas holdup of the aerated columehutter speed of 1/1,000. In order to minimize the optical distortion
is calculated by dividing the distance from the column lip to the caused by the curved wall of the column, the focused area is kept
water level in the manometer by the length of the column of wateras small as possible as the water chamber is being built at the col-
in the absence water. The average gas hejgliietween the two  umn surface. All the photographs are taken at a fixed height of about

manometers is given by 90 mm above from bubble-generator. A calibrated ruler is attached
AR to the column wall and in the field of view of camera so that the
& AL ) bubble diameter can be estimated. The photographs are measured

to use a film scanner (Sprint Scan-35, Polaroid) and counted to use
whereAh is the distance between the water level in the two manoan image analyzer. About 200-400 bubbles are measured at every
meters, andL is the distance between the location of the manom-operating condition. The sauter mean diamegemtiich consid-
eters as shown in Fig. 1. This measurement represents the averagieed the most consistent representation of mean bubble diameter,
value of the gas holdup in the section of the column between thavas used as
pressure tap and column tip. Gas holdup is determined by different
operating variables such as the frother dosage and the superficial d :m ®
gas velocity. ” Snd
3. Bubble Diameter Measurement

Photographic techniques have been the most common approa¢h Bubble Swarm Velocity Measurement

for measuring the bubble diameter. The bubble diameters are meas-The bubble swarm velocities at the different frother concentra-
ured by photographic techniques and the average bubble diameteiisns and superficial gas velocities are estimated by conductivity
are estimated as the sauter mean diameter [Yianatos et al., 198Theter (3200, YSI), which is shown in Fig. 1. Two grid electrodes
Photographic technique to measure the bubble diameter is showepvering the cross-sectional area of the column are separated by
in Fig. 1. The bubble diameter is determined by Nikon camera with360 mm. The grid electrode consists of three constant rings (80, 50
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90 T T L E—— T T whereALe is the distance between cells. The conductivity meas-
t_,: __ . urements are performed with a conductivity meter with the analog
. B ! AT : ] output fed to a data acquisition systém.is obtained, and bubble
a 88 H . .
s = S swarm velocity, |J is calculated by Eq. (9).
2 : oH J,=0cm/s
E sl Liquid RESULTS AND DISCUSSION
‘: g4 | B"bble{bqw‘l ; ] 1. Photographic Shapes and Diameter of Bubbles
o} 1,=0.66 cmvs :.-1‘:: Ai_r-Water Photographs are taken in order to observe the shape of bubble and
..... o Bueble i Without Frother determine the bubble size. In any experimental run, photographs
ok e Lo . are taken at different locations in a bubbly zone as a function of flo-
0 2 4 6 8 10 12 14 16 tation variables. Fig. 4 shows typical photographs of bubbles gen-
Time (s) erated from the in-line mixer bubble generators when superficial
gas velocity is 2.32 cm/s for 0 and 120 mg/L of frother dosage, re-

Fig. 3. Relation with conductivity and bubble behavior time in the i :
flotation cell. spectively. From the photographs, bubble shapes are irregular some-

thing like ellipsoidal and much larger without frother, but they are

spherically shaped with frother dosage. The ability to resist the rup-
and 20 mm) soldered to a cross. Copper wire of 1 mm diameter iture and coalescence of bubbles is stronger in the presence of a fro-
used. The grid electrodes are located one above the other along ttieer than in its absence [Zhou et al., 1993]. Under the range of su-
vertical axis of the column. Fig. 3 illustrates the conductivity vs. perficial gas velocity in this experiment, bubbles are much larger in
time in cell. Before,t the rising interface has not reached the lower the absence of a frother, due to an effect of coalescence of bubbles.
cell and conductivity is constant. Atthe interface contacts lower Therefore, the experiments to compare with bubbles formed by two
cell and the conductivity in the cell increases as the interface risetypes of bubble-generator are completed in the presence of a frother.
from lower cell to upper cell. Aftey, the interface has left cell and
conductivity is again constant. The swarm bubble velociyisU
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Fig. 4. Photographs of gas bubbles formed by bubble-generators 0.0 0.4 0.8 12 1.6 2.0
in the column flotation: (a), (b) was formed by in-line mix- Bubble Diameter (mm)
er bubble-generator under the condition of G=0 mg/L, J,= (b)

2.32cmis (a), €&=120 mg/L, J=2.32 cm/s (b), and (c), (d)

was formed by the sparger bubble-generator under the con-  Fig. 5. Size distribution formed by bubble-generators under the
dition of C.=0mg/L, J,=2.32 cm/s (c), =120 mg/L, J= condition of C-=40 mg/L and J=1.66 cm/s: (a) formed by
2.32 cm/s (d). in-line mixer generator, (b) formed by sparger.
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Fig. 5 presents the size distribution of bubbles generated frongas velocity (31.66 cm/s) and the frother dosage<@ mg/L),
the in-line mixer and the sparger bubble-generator in the columrand Fig. 6(b) indicates the results in the case of conditions of the
flotation under the conditions of the frother dosage of 40 mg/L andsuperficial gas velocity 30.99 cm/s) and the frother dosage<C
superficial gas velocity of 1.66 cm/s. Fig. 5(a) shows size distribu-240 mg/L). Through both conditions, the difference of the bubble
tion of bubbles by in-line mixer bubble-generator; the analysis showsize distribution would be understood. In both cases, the bubble size
that the distribution type is normal distribution and Sauter mearnformed by the in-line mixer is much smaller than that by the spar-
diameter is 0.55 mm. Yianatos et al. [1987] suggested that the diger. Results of cumulative bubble frequency as bubble diameter are
tribution type was normal distribution and Sauter mean diametesimilar to that by Pal and Masliyah [1989] and Patel et al. [1990].
was 1.13 mm on the basis of the results of bubble diameter mea3herefore, it was observed that bubbles produced at the in-line mix-
ured by the sparger bubble generator. Bubble size distribution is ar bubble generator are significantly smaller than those by sparger
normal distribution like one of Yianatos’ works, but bubble diame- under the condition of superficial gas velocity and frother dosage.
ter from these results is believed to be smaller than the Yianato2. Gas Holdup Effect
results. Fig. 5(b) represents the form of the bubble size distribution Nicklin [1962], Maliyah [1979], and Dobby et al. [1988] have
and sauter mean diameter by sparger bubble-generator. It can loefined that gas holdup increased as bubble size decreased. Gas
seen that bubble size distribution is a normal distribution and Sautenoldup itself is one of the most important parameters characteriz-
mean diameter is 1.18 mm, so this is similar to the results by théng the hydrodynamics of bubble columns. It can be defined as the
above researchers. It is revealed that the bubble diameter formamkrcentage by volume of the gas in two or three phase mixture in
by in line mixer is much smaller than that formed by a sparger. Thighe column. The rate of particle collection is a function of gas flow
result is similar to that determined by photographic techniques asate and bubble diameter, both of which affect gas holdup. At this
shown in Fig. 4. point, gas holdup depends mainly on the bubble diameter deter-

Fig. 6 shows the bubble diameter with cumulative bubble fre-
guency, where Fig. 6(a) presents the bubble size distribution of tw

70
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Fig. 6. Comparison with cumulative fraction of bubble formed by
in-line mixer and sparger bubble-generator under the dif- Fig. 7. Gas holdup of bubble formed by in-line mixer bubble-gen-
ferent operating condition: (a) G=40 mg/L and J=1.66 cm/ erator: (a) the measurement by the water manometer, (b)
S, (b) G=240 mg/L and J=0.99 cm/s. by the conductivity meter.
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70 T T T T T T added to 160 mg/L, and then gas holdup does not increase with in-
creasing frother dosage. Hence, it is speculated that the bubbles reach
60r —m—0mgL il the saturated state based on the fact that gas holdup has been change-
sk —@—40 mglL less in the column. The gas holdup obtained by means of measur-
S ::: o i ing the conductivity difference of liquid and gas with conductivity
< ok —&— 160 mglL i meter is shown in Fig. 7(b). This is performed with a cell formed
§* I :::523 ',:s,t by two “grid” electrodes, which provide conditions for the free move-
S a0k —4— 280 mglL ;ﬁggﬁ ] ment of the phases and for the establishment of near-to-uniform
T — 8 e o . o
P : g = — 7‘/ electrical fields. The results obtained in this work suggest that cell
© 20t vV W; /o/. . conductivity decreases depending on the increase of superficial gas
/"“‘/:/._,—-—.——‘-m- velocity. Conductivity depends on the gas fraction in the column,
10 - /o/‘ - ] which means that the gas holdup increases with increasing amount
B -./..'f L of bubble (gas fraction). From Fig. 7(b), it is seen that the value of
%.0 0.5 1.0 1.5 2.0 2.5 3.0 35 conductivity decreases with increase of gas flow rate. According to
Superficial Gas Velocity, J, (cm/s) the conductivity results measured under the frother dosage of 8 mg/
(a) L and superficial gas velocity of 0.33-2.65 cm/s, conductivity is re-
120 duced from 10Q@S/cm to 5QuS/cm with increase of superficial
gas velocity. So it is found that the amount of bubbles in the col-
umn reduced almost to 50%. This result indicates that Fig. 7(a) was
P remarkably valid.
g Fig. 8 shows the gas holdup of bubbles formed by the sparger.
K Gas holdup was about 30% when frother dosage was 160 mg/L and
= superficial gas velocity was 2.5 cm/s. This result is consistent with
z
g
'g 16 T T T T T
o
O
—N— Jg:0A33 cm/s
@ -@— ] =0.66 cm/s
g 12 —A—1,=0.99 c/s E
e " —v— =133 cms
20 L 1 . 1 L 1 R 1 N 1 . 1 ) SN —@-J =166 cnv/s
0 10 20 30 40 50 60 = 81 =199 cmis
Time (s) ERR — ] =2.32 cmfs -
= —%-J,72.65 cm/s
(b) P
Q
Fig. 8. Gas holdup measurement of bubble formed by sparger % 4+ .
bubble-generator: (a) by the water manometer, (b) by the @&
conductivity meter. +
° 50 00 10 200 250
mined by superficial gas velocity and frother dosage. Studies con Frother Dosage, C,, (mg/L)
ducted by Yoon [1993] show that collision effects depended on the ()
bubble size, in which probability of collision increased from 0.003 30 — . : : :
to 0.04 with the particle diameter reducing from 0.5 mm to 0.1 mm. L
Thus, this implies that the increase of gas holdup as the decrease of o 25 | '\ :::}:giz oms J
bubble size is attributed mainly to the increase of flotation efficiency. § : \ A 1'=099 cms
Fig. 7 and Fig. 8 represent the gas holdup of the bubbles forme,S- 20 - I"jgjzz oms .
by in-line mixer and sparger bubble generator, respectively. Fig. 7(a a N\ —8—J =1.99 cns
shows the gas holdup obtained by measuring the pressure diffe 8 £ ijzzzxz .

ence of the water manometer in the column flotation. Gas holdup>
shows a tendency to increase with the increase of superficial ge§
velocity and frother dosage, which is in good agreement with tha g
obtained by Finch and Dobby [1990]. The difference of gas holdug
did not happen when superficial gas velocity was up to 2 cm/s a:
well as when over 16 mg/L frother is added. Finch and Dobby [1990]
Dobby et al. [1988] and Zhou et al. [1993] also have reported tha
gas holdup within a definite range of variables such as the frothe

10

0

8

0 50 100 150 200 250
Frother Dosage, C, (mg/L)
(b

dosage and the superficial gas velocity is not changed, because byl 9. Bubble swarm velocity as a function of a superficial gas ve-

bles become saturated within the column. In the case of bubbles
formed by the in-line mixer, gas holdup is 50% when a frother is

locity (J,) and frother dosage (G): (a) in-line mixer, (b)
sparger.
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that of Finch and Dobby [1990]. Comparison of the results from Table 2. Bubble diameter, bubble gas holdup and bubble swarm
Fig. 7 and Fig. 8 reveals that gas holdup of bubbles formed by the velocity from the sparger bubble generator as a function
in-line mixer is 20% larger than that by a sparger. This corresponds of frother dosage

well with the results from analyzing bubble size distribution. Gas Frother Superficial  Bubble Gas Bubble swarm
holdup should be larger for the in-line mixer than for the sparger, be- dosage gas velocity diameter holdup velocity

cause bubble diameter formed by the in-line mixer is much smaller (mg/L) (cmls) (mm) (%) (cm/s)
than that by the sparger. When bubble size is small and gas holdup gg 0.99 1.09 15 57
is large should mean that the collisions between bubbles and parti- 1.66 1.43 18.57 4.4
cles increased, and hence flotation efficiency may improve remark- 232 1.76 25 71 40
ably. These results are related to the bubble swarm velocity. From 4. 0.99 0.47 2143 57
Eq. (3), the variables to determine the bubble swarm velocity in the 166 0.7 o5 71 56

flotation column are dependent on bubble diameter and gas holdup
in the condition of given frother dosage and superficial gas velocity.
3. Bubble Swarm Velocity Effect
Fig. 9 shows the results of swarm bubble velocity, (using a 2.2 cm/s for bubble formed by in-line mixer, while, for sparger, sauter
conductivity meter, as shown in Fig. 3. Fig. 9(a) presents the swarmmean diameter is 1.43 mm, gas holdup is 18.57%, and bubble swarm
velocity of bubble formed by in-line mixer bubble generator, in which velocity is 4.4 cm/s. A similar trend is also resented under different
U, would indicate higher velocity (6-10 cm/s) as the difference of conditions. Therefore, the flotation system is strongly influenced
superficial gas velocity without frother. However, bubble velocity by frother dosage and bubble-generator type. This study indicates
(U decreases markedly to 3 cm/s as soon as frother dosage is adtlat the in-line mixer bubble generator is more effective than the
ed. At this point, swarm bubble velocity is slightly influenced by sparger to develop flotation efficiency.
superficial gas velocity. And the distribution of swarm bubble veloc-
ity is also considerably uniform. In the case of bubbles formed by CONCLUSION
the sparger, like that depicted in Fig. 9(b), without frother, swarm
bubble velocity was 5-28 cm/s and it is widely distributed. Further-  The factors that affect the bubble properties are frother dosage, su-
more, this case is largely affected by superficial gas velocity. Althougtperficial gas velocity determined by air flow rate and the type of
frother dosage is allowed to increase, bubble swarm velocity is obbubble generator. It can be concluded that factors to determine bub-
served not only to be as large as 5-10 cm/s but also not to be constdohe properties should be affected more by bubble-generator types
atall. than by operating factors. Based on the results of bubble size, gas
According to the results of analysis the bubble size, the gas holdroldup, and swarm bubble velocity formed by in-line mixer and
up, and swarm bubble velocity, respectively, it is found that bub-sparger bubble-generator, the following conclusions can be drawn
bles produced at the in-line mixer are more effective than at the spafrom this study.
ger to improve the floating performances. This is because bubble
size is smaller, gas holdup is larger, and hence bubble swarm veloc- 1. Three relations on bubble properties can be recognized in this
ity is lower in in-line mixer than in sparger. So the probability of col- study: (a) bubble size decreases typically with increase of frother
lisions with bubbles and patrticles in the column should be increasedlosage and superficial gas velocity. (b) gas holdup increases with
Table 1 shows the values of the bubble diameter, the gas holdugecrease of bubble size, (c) swarm bubble velocity decreases with
and the bubble swarm velocity that produced at the in-line mixetincrease of gas holdup.
and the sparger, under superficial gas velocity of 0.99, 1.66, and 2. According to the comparison between bubbles formed by in-
2.32 cm/s, with frother dosage of 80 and 240 mg/L. For exampleline mixer and sparger bubble-generator, the in-line mixer bubble-
when frother 80 mg/L is added and superficial gas velocity is 1.66yenerator produced micro-bubbles whose sauter mean diameter was
cm/s, it can be seen from Tables 1 and 2 that sauter mean diametess than 1 mm.
is 0.47 mm, gas holdup is 32.19%, and bubble swarm velocity is 3. Gas holdup of the micro-bubble produced by in-line mixer
bubble-generator results in up to 50%, so that it can generate a stable
Table 1. Bubble diameter, bubble gas holdup and bubble swarm  froth layer in the column.
Velocity from the in-line mixer bubble generator as a 4. Swarm bubble velocity of bubble formed by in-line mixer bub-
function of frother dosage ble-generator is lower than by sparger bubble-generator, so it is more
suitable to produce micro-bubbles and a more stable frother layer
can be formed.

2.32 1.37 30 5.3

Frother Superficial  Bubble Gas Bubble swarm

dosage gas velocity diameter holdup velocity
(mg/L) (cm/s) (mm) (%) (cm/s)
Consequently, the in-line mixer bubble-generator is determined
80 0.99 04 20.83 26 to be useful for improving flotation efficiency in the column flota-
1.66 0.47 32.19 2.2 tion system.
2.32 0.56 52.38 1.9
240 0.99 035 25 2.2 NOMENCLATURE

1.66 0.38 37.67 2.0
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