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Abstract: A Jet Diffuser Flotation Column (JDFC) is a newly designed flotation device which
resembles the Jameson cell (JFC) in terms of operational principles, but it has an important difference
regarding to the structural characteristics in the downcomer. The main difference of JDFC is the
diffuser type of downcomer which has been designed using the hydrodynamic consideration and
fluid mechanics principles. The aim of the design was to increase the device efficiency for coarse
particle flotation. Therefore, the turbulence occurring at the end of the downcomer was reduced, and
the detachment probability of the coarse particle decreased. In addition, a homogenous and stable
foam zone in the cell was obtained. According to the experimental results carried out in a pilot scale
showed that not only higher flotation performance in comparison to the Jameson cell was obtained
specifically for the coarse particles but also the quiescent froth layer was acquired under the given
conditions. In these experiments, a vertical pipe of JDFC having an inlet diameter of 60 mm and outlet
diameters of 115, 125 and 135 mm was used with the separation tank with the diameter of 390 mm. By
using the data, the pilot scale JDFC with the 4100 mm vertical pipe integrated with the separation tank
was produced, and the flotation tests were carried out by using a talc ore. Finally, the talc recovery of
90% was obtained using the JDFC for the particle size of 350 pm.
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1. Introduction

Flotation is a physicochemical process used in order to separate hydrophobic minerals from
hydrophilic ones. Flotation is generally applied for fine-grained and low-grade ores due to its higher
performance against physical methods. The performance of flotation methods depends on many
variables including particle size, bubble size, chemicals (reagents) used and their amounts, the
hydrodynamic behavior of the system, characteristics of the equipment etc. (Drzymala, 1994; Klimpel,
1995; Fuerstenau, 1999; Kawatra, 2015). A flotation process is quite sensitive to levels of these variables
especially the particle size, turbulence of the system, and the bubble diameter.

The flotation performance decreases by coarse or fine feeding in conventional flotation cells
(Trahar, 1981). The main reason for this performance decrease is a low probability of bubble-particle
collision for fine particles and unstable bubble-particle aggregate for coarse particles (Schulze, 1993;
Kowalczuk et al., 2014). Therefore, researchers have performed many studies to solve the mentioned
problems, and provided new flowsheets, circuits, and flotation devices (Dobby and Finch, 1986;
Jameson, 1988; Sahbaz, 2010; Oteyaka et al., 2014 a,b). Some of the devices invented for flotation are
air-sparged hydrocyclone (Miller, 1981), centrifugal flotation cell (Ding et al., 1999; Guo, 2002), contact
cell (Amelunxen, 1993), centrifloat (Drummond, 1994), Jameson cell (Jameson, 1988), and others
(Finch, 1995; Cheng and Liu, 2015). Most of them have been designed at the laboratory scale, whereas
the Jameson cell has many industrial applications worldwide.

The Jameson cell has been applied to more than 300 mineral processing plants due to the compact
design and fine bubble generation resulting in a better bubble-particle collision. Therefore, the device
has been used specifically for fine particle flotation. However, in some plants, coarser feeding is a
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necessity due to the operational reason, and researchers have investigated the increase of the cell
performance for coarse particles (Cowburn et al., 2006; Sahbaz et al., 2013).

Some authors have investigated the coarse particle flotation performance of the Jameson cell, and
they have revealed main reasons for the performance decrease (Cowburn et al., 2006; Sahbaz et al.,
2012, 2013; Oteyaka et al., 2014 a, b). In the light of these findings, a new device (Oteyaka et al., 2014 a,
b) similar to the Jameson cell in terms of operational principles has been improved for the coarse
particle flotation. In this study, the design variables of a new flotation device called as a Jet Diffuser
Flotation Column (JDFC), and its application for talc was investigated.

2. Jet diffuser flotation column

Industrial application of the Jameson cell for fine particles is common worldwide, and the cell has a
very high flotation rate. Therefore, many researchers have focused on the performance of the cell for
coarse particle flotation (Cowburn et al, 2006; Sahbaz, 2010; Sahbaz et al., 2013). Sahbaz (2010) and
Sahbaz et al. (2012 and 2013) determined the main turbulent regions in the Jameson cell to figure out
the main region causing the coarse particle detachment.

There are two main turbulent regions in the Jameson cell (Sahbaz, 2010; Sahbaz et al., 2012; Sahbaz
et al., 2013). The first turbulent region is at the top of the downcomer which is called a mixing zone
(Evans et al., 1995). This region is responsible for fine bubble generation, and the primary contacting
zone of bubble and particle. The second turbulent region in the Jameson cell occurs at the outlet of the
downcomer due to the pulp flow into the separation tank from the downcomer (Sahbaz, 2010; Sahbaz
et al., 2012; Sahbaz et al., 2013). This region, which can be called a critical region, is possibly the main
reason for bubble-coarse particle instability and recovery decrease. Therefore, it is very important for
quantitative determination of the magnitude of turbulence in this critical region.

Sahbaz (2010) and Sahbaz et al. (2012 and 2013) improved a mathematical model (Eq. 1) for the
quantitative determination of turbulence in the critical region. Derivation of the equation was
explained in details in the study of Sahbaz et al. (2013):

G = \[ndlszl(l—s)U3+pbdlz,Ung (1)
T 8Vcruy
where:
Gr  :velocity gradient at the outlet of downcomer, dm3/s
dp  : downcomer diameter, m

pr : density of liquid, kg/m?3
€ : hold-up, %

U pulp velocity, m/s

Py : density of bubble, kg/m3

dy : bubble diameter, m
xb : bubble velocity, m/s
b

: the number of bubble passing in the cross-section of downcomer in a unit time
: volume of liquid exposed to power generated by air and liquid phases, m3
Mt viscosity of the liquid, kg/ms.

According to Eq. 1, the turbulence in the critical zone of laboratory scale Jameson cell was
computed as a 700-710 s1. The model informs which variables are affective on turbulence in the
critical region. According to the model, turbulence decreases with the increase in the downcomer
diameter. Other variables, except for the downcomer diameter, must be constant in terms of
operational principles of the Jameson cell. When the downcomer diameter is thought to be constant
for the given conditions to obtain optimum results, it seems that there is only one solution which is the
increase of outlet diameter of the downcomer as a diffuser. Thus, a decrease in turbulence could be
obtained at the end of the downcomer due to reduction in the pulp flow velocity (Eq. 1).

In the light of the explanation above, a new device was designed (Oteyaka et al., 2014 a, b). Sahbaz
(2010) designed a new equipment considering diffusers and their effect on turbulence in any discharge
point. The most suitable diffuser geometry to provide optimum flow from the downcomer to
separation tank was determined using the fluid mechanics principles. The optimum flow means
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uniform flow causing the less turbulence (Fig. 1b). The diffuser angle,
determined by the use of Figs. 1 and 2 as x, y, and 115 mm, respectively.
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Fig. 1. Diffuser flow types: a) irregular b) regular flows (White, 2005)
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Fig. 2. Stability diagram (Fox and Kline, 1962)

The Jet Diffuser Flotation Column (JDFC) was constructed at Eskisehir Osmangazi University
Mineral Processing Laboratory at a pilot scale (Table 1 and Fig. 3). The diffuser part of the cell is
removable to change it as the classical downcomer.

According to the observations obtained in the two-phase flow, plunging length of the discharged
slurry was around 85 mm for the Jameson cell, while it was around 15 mm for the JDFC. This
observation showed that the turbulence in the JDFC was lower than in the Jameson cell. A series of
experiments were carried out to determine the performance of the JDFC.

Table 1. JDFC size

D Diameter 60 mm
owncomer Length 4100 mm
S tion tank Diameter 390 mm
eparation tan
P Length 1300 mm
Nozzle Diameter 9.5 mm
Diffuser Outlet Diameter 115 mm
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Fig. 3. (a) Jameson cell (b) Jet Diffuser Flotation Column

2. Experimental

In the experimental study, a naturally hydrophobic talc sample with a purity of 97.6% (based on MgO)
was used. The operational variables of the JDFC setup are given in Table 2. All flows were controlled
with the flowmeters and gauges.

The experiments were carried out under conditions of negative and positive bias factors, which are
very effective operational variables for recovery in the Jameson cell. The bias factor is defined by the
fraction of the wash water flowing downward and reporting to tailing stream (Sahbaz et al., 2008). It is
estimated by using the expression given by Mohanty and Honaker (1999):

Bias factor = (Qw-Qr)/ Quw, 2)
where Qw, Qr, and Quw are the flow rates of tailing (65 dm3/min), feed (62.4 dm?/min), and wash
water (7 dm3/min), respectively.

Table 2. Variables and their level values used in JDFC

Variables Value
Nozzle diameter, mm 9.5
Hold-up (g), % 51.4 (e= 0,322y? - 1,07y + 1,29y, y=APR, Harbort et al, 2002)
Particle size, mm -0.400 + 0.300 (0.350), -0.300 + 0.212 (0.256), -0.212 + 0.106 (0.159) and -0.106 + 0.020 (0.063)
Bubble size, mm 05-15
Solid ratio, % 2.5
Flotation time, min 10 (bypass system)
Frother (AF65), ppm 20
Pulp flow rate, dm3/min 62.4
Tailing flow rate, dm?®/min 65 (in positive bias)
Tailing flow rate, dm?/min 54 (in negative bias)
Air flow rate, dm?/ min 50.3
Air-to-pulp ratio (APR) 0.81
Superficial gas velocity, cm/s 0.7
Downcomer plunging, mm 700
Feeding pressure, kPa 110

All operational conditions were kept the same for both Jameson cell and the JDFC. The
representative talc samples were prepared for each test and fed to the devices with the pressure of 110
kPa. In the experiments with positive bias factor, 65 dm?/min of tailing were taken from the devices,
and the washing water was kept as 7 dm3/min to obtain the bias factor as +0.2. On the other hand, in
the negative bias factor experiments, the washing water was not used, while the tailing rate was 54
dm3/min in the fixed feed rate which was 62.4 dm3/min as seen in Table 2.
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Additional series of experiments were also carried out to show the effect of outlet diameter of the
diffusers. For that reason, the diffusers with the diameter of 115, 125, and 135 mm were used in these
experiments.

3. Results and discussion

The experimental study was carried out by the use of JDFC and the Jameson cell in negative and
positive bias factors to check whether the JDFC had advantages over the Jameson cell in terms of
coarse particle flotation. All experiments were repeated two or three times, and the average of these
experimental results was used as the final results. Figures 4 and 5 show the results of the experimental
study carried out in positive and negative bias factors, respectively.

Under all conditions of positive and negative bias factors, mineral recovery started to decrease
with the coarser feeding in both devices (Figs. 4 and 5). Under the positive bias condition, the recovery
decreased from 85% to 66% in the Jameson cell and from 85% to 80% in the JDFC when the feed size
was changed to 350 pm from 63 um (Fig. 4). The recovery of talc in the JDFC was approximately 93%
for the particle size of 159 pm. Approximately 15% increase was obtained for the coarse particle by the
use of the JDFC compared to the results of Jameson cell.

Figure 5 shows the flotation results for both the JDFC and JFC under negative bias (0.12 cm/s)
conditions. According to Fig. 5, the recovery results were nearly the same in both devices for the finest
particle size, while 20% increase was obtained by the use of JDFC for the coarsest size. The recovery
was approximately 98% for the particle size of 159 pm. The JDFC had the ability to recover more talc
mineral than the Jameson cell under both negative and positive bias conditions (Figs. 4 and 5). The
increase of the outlet diameter of the diffuser connected to the tip of the downcomer provided the
reduction of the turbulence at the end of the downcomer, and therefore the detachment of bubble-
particle especially for the coarse particles decreased hydrodynamically. Thus, the recovery loss in the
Jameson cell for the coarser feeding decreased by this new modification. Sahbaz et al. (2012) claimed
that the turbulence decrease was obtained by the increase of downcomer diameter that could provide
better aggregate stability for the coarse particles. This hypothesis has been confirmed by this finding
as well.
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Fig. 4. Comparison of talc recovery with positive bias factor by using JFC (Oteyaka et al., 2014a) and JDFC

Figure 6 shows the results of talc recovery by using the JDFC under both negative and bias
conditions. According to the results, the typical U-shaped curve was obtained, and the highest
possible recovery was achieved for the particle size of 159 um. The dramatic decrease was observed
for both coarser and finer sizes due to the low stability and collision probability, respectively. This
finding confirms the results obtained by some previous studies carried out by Scheludko et al. (1976),
Schulze (1993), Drzymala (1994), and Nguyen et al. (1997). Figure 6 also states that the higher recovery
for talc flotation was obtained under the negative bias condition (without froth zone), and this
increase was specifically higher for the coarse particles. Under the positive bias conditions, there was a
froth zone, which was an obstacle to the bubble-particle aggregates. Bubble-coarse particle aggregates
cannot levitate up to the top of the cell due to this thick zone and start to detach resulting the recovery
loss (Oteyaka, 1993; Oteyaka and Soto, 1995). Bubble-fine particle aggregates are more stable than the
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coarse one due to the less mass, and these aggregates are affected less specifically under the positive
bias condition. Therefore, the recovery of the fine particle was higher than that of the coarse particle
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Fig. 5. Comparison of talc recovery with negative bias by using JFC (Oteyaka et al., 2014a) and JDFC
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Fig. 6. Talc recovery in JDFC for positive and negative bias

To determine the effect of diffuser diameter on the flotation recovery, a series of experiments were
carried out by using three different the JDFC with the diffuser diameter of 115, 125, and 135 mm.
Figure 7 shows the results of the effect of diffuser diameter on the flotation recovery of talc. According
to Fig. 7, the greater the diffuser outlet diameter, the higher recovery for the coarse particle. On the
other hand, the recovery was higher for fine particles (63 pm) when the diffuser diameter was similar
to the classical Jameson cell.
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Fig. 7. Effect of diffuser diameter on flotation recovery
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The main reason for the recovery increase for the coarse particles was related to turbulence
decrease due to the diffuser type geometry of downcomer of the JDFC. The increment of the outlet of
the downcomer provided the velocity decrease for the pulp which were discharging from the
downcomer to the separation tank. Thus, the total turbulence reduced due to the velocity decrease,
and the probability of detachment also decreased

4. Conclusions

Factors affecting the recovery decrease for the coarse particles were determined by using the previous
studies on the Jameson cell, and a modified cell called as a Jet Diffuser Flotation Column (JDFC) was
designed to provide better flotation recovery. In this study, a pilot scale JDFC was designed having
the length, inlet, and outlet diameter of 500 mm, 60 mm, and 115 mm, respectively. This study showed
that the turbulence in the separation tank of the cell decreased, and uniform rising of bubble-particle
aggregates was provided.

Less fluctuation was obtained in the separation tank by increasing the outlet diameter of the
downcomer. Additionally, the better aggregate stability was obtained. The JDFC had a better flotation
performance for the coarse particles in comparison to the Jameson cell. The performance of both
devices was better under the negative bias condition due to the lack of froth zone.

Under the negative bias condition, coarse talc particles (350 pm) were obtained with the recovery
of 90% in the JDFC, while this value was nearly 70% in the Jameson cell flotation. The best recovery of
JDEC was obtained in the particle size range of -212 +106 pm in positive and negative bias conditions.
The Jameson cell had a high performance for the fine particles in the negative bias condition
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