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Abstract. Flotation is a primary method for separating fine particles, and the growing demand for 
processing these particles has driven recent research efforts towards developing and designing 
more efficient flotation devices. Among these, the Reflux Flotation Cell (RFC) stands out as an 
innovative solution specifically tailored for fine particle flotation. Gas parameters are crucial 
factors influencing flotation and are essential indicators for evaluating flotation equipment. This 
study primarily investigates the gas characteristics within the RFC, including bubble size, gas 
holdup, and bubble surface area flux. The experimental results indicate that bubble diameters 
range from 0.4 to 0.8 mm, gas holdup ranges from 30 % to 50 %, and bubble surface area flux 
ranges from 120 to 400 s-1. These findings demonstrate that the RFC provides an optimal gas 
environment, conducive to effective mineral flotation.  
Keywords: Reflux Flotation Cell, bubble diameter, gas holdup, bubble surface area flux . 

1. Introduction 

Flotation is widely employed for the separation of fine particles, leveraging the differences in 
the physicochemical properties of mineral and gangue particle surfaces to effectively recover 
valuable minerals. As high-quality mineral resources are depleted, the quality of the ore 
deteriorates [1]. In recent years, there has been an increasing demand for processing fine particles 
and recovering valuable minerals from complex and low-grade ores. Consequently, Developing 
advanced flotation equipment has emerged as a primary research focus.  

Fine particles, due to their low inertia, tend to follow streamlines, reducing the probability of 
bubble-particle collisions and leading to lower flotation recovery rates. Enhancing the turbulence 
intensity of the flow field can increase the probability of bubble-particle collisions, thereby 
improving the recovery rate of fine particles. The RFC, designed by the University of Newcastle, 
has demonstrated significant potential in processing fine particles, prompting researchers to 
conduct comprehensive studies on it [2]. The downcomer is the primary zone in the RFC where 
mineral particle mineralization occurs, utilizing a jet mineralization method [3]. As the slurry 
flows rapidly through the downcomer channel, a high-turbulence environment is created, 
promoting the shearing of bubbles into smaller sizes and increasing the collision probability 
between particles and bubbles. The vertical section is the primary area where bubbles and particles 
separate. Larger bubbles and mineralized particles move upward, while smaller bubbles and 
unmineralized particles move downward. As particles move downward and pass through the 
boundary between the vertical and inclined sections, they experience a reflux process. During this 
process, some hydrophobic particles and small bubbles re-enter the vertical section, where they 
collide with bubbles, become mineralized, and eventually rise to form the overflow [4]. The 
inclined channel, positioned below the vertical section, features inclined plates that increase the 
equipment's effective settling area. This design promotes the separation of bubbles from the slurry 
and the settling of fine particles. The overall design of RFC follows the concept of reactor-
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separator, achieving particle mineralization in a highly turbulent environment and effectively 
separating mineralized particles from unmineralized particles in a low turbulent environment. Gas 
characteristics play a crucial role in influencing the flotation process and serve as significant 
indicators for evaluating flotation equipment [5]. 

RFC is a novel flotation device that has shown significant potential in fine particle separation. 
Gas parameters are critical factors influencing the flotation process and serve as important 
indicators for evaluating flotation equipment. Therefore, this chapter focuses on analyzing and 
studying the bubble diameter, gas holdup, and bubble specific surface area flux within RFC. 
operation. 

2. Experimental equipment and methods 

The diagram of the experimental system is shown in Fig. 1. The RFC consists of three parts: a 
downcomer, a vertical section, and an inclined channel. The new downcomer structure is shown 
in Fig. 1(b), with the gas apparatus positioned in the middle of the downcomer. This design 
enhances the dispersion of the gas. The experimental system consists of three parts: a gas control 
system, a feed control system, and flotation equipment. Compressed air is generated by a vacuum 
pump, with a gas rotary flowmeter used to control and display the air intake. Liquid flow is 
regulated by a variable frequency drive, with an electronic turbine flowmeter accurately displaying 
the feed rate. The vertical section of the equipment is equipped with pressure measuring holes 
every 10 cm along its side. Pressure sensors monitor the pressure drop inside the equipment 
through these measuring hole. 

 
a) Schematic of the experimental setup  

 
 

b) A comparison of downcomer design in the reflux 
flotation cell and new reflux flotation cell (in this paper) 

Fig. 1. Schematic diagram of the flotation system and downcomer structure 

This experiment focuses on capturing images of bubbles inside the vertical section. Once the 
system reaches a stable operating condition, a high-speed camera is used to capture images of 
bubbles. The bubble diameter was obtained using image processing software. This study 
specifically investigates the variability of gas holdup in the vertical segment, and gas holdup is 
determined using pressure drop measurements.  

Specific Surface Area Flux is defined as the bubble surface area passing through a unit volume 
per unit time. The calculation formula is as follows: 

𝑆௕ ൌ 6𝑉௚𝑑ଷଶ, (1)
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where 𝑆௕ is specific surface area flux, 𝑉௚ is superficial gas velocity, 𝑑ଷଶ is bubble diameter. 

3. Results and discussion 

3.1. Bubble diameter 

The bubble diameter is an important parameter for evaluating bubbles. In the mineral flotation 
process, small bubbles can increase the collision probability between mineral particles and 
bubbles, thereby enhancing flotation performance [6]. Fig. 2(a) shows the variation of bubble 
diameter with superficial gas velocity under different liquid flow rates. It can be seen that the 
bubble diameter initially increases rapidly with the increase in superficial gas velocity and then 
increases more gradually, under different liquid velocities. At high gas velocities, the rate of 
increase in bubble diameter slows down with further increases in gas velocity. This phenomenon 
may be attributed to the RFC’s bubble generator design, which employs a 4 μm sintered titanium 
filter. As compressed air passes through the filter, it produces fine bubbles, maintaining a stable 
bubble diameter even as gas velocity increases. The liquid velocity affects the flow field inside 
the flotation equipment, thereby influencing the bubble diameter. As the superficial liquid velocity 
increases, the input energy increases, leading to a continuous decrease in bubble diameter. This 
observation is consistent with findings from numerous studies [7, 8]. 

Liquid-gas ratio refers to the volume ratio of liquid to gas within a given system. Fig. 2(b) 
illustrates the relationship between bubble diameter and liquid velocity under different liquid-gas 
ratios. From Fig. 2(b), it can be observed that the bubble diameter decreases with increasing liquid 
velocity. This could be due to the increased liquid velocity enhancing the shear forces within the 
downcomer tube, thereby supplying the energy necessary for bubble fragmentation. For liquid-
gas ratios of 2 and 4, the diameter ranges from 0.62 to 0.51 mm, and at a ratio of 4, it ranges from 
0.61 to 0.48 mm. When the liquid-gas ratio increases to 6, the bubble diameter significantly 
decreases further, ranging from 0.51 to 0.4 mm. This indicates that higher liquid-gas ratios 
enhance the shear rate generated by liquid flow, which is most effective in reducing bubble 
diameter. Bubbles in the RFC are smaller than the typical 0.5 to 2 mm range found in traditional 
flotation equipment. 

 
a) Liquid and gas velocity 

 
b) Liquid-to-gas ratio 

Fig. 2. Effect of bubble diameter 

3.2. Gas holdup 

Gas holdup refers to the ratio of gas volume to the total volume within a system. Fig. 3 shows 
the relationship between gas holdup and gas velocity under various liquid velocity conditions. 
From the figure, it is evident that gas holdup increases with the increase in gas velocity. This 
increase in gas holdup with superficial gas velocity is likely because, as gas velocity increases, the 
amount of gas entering the system per unit time also increases, thus leading to a higher gas holdup. 
Other researchers have also observed the same trend [5], [9]. From the figure, it can be concluded 
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that gas holdup decreases with increasing liquid velocity. This could be due to the increased 
overflow rate with higher liquid velocity, which enhances the upward liquid flow. As a result, 
bubble rise velocity increases, reducing bubble residence time and lowering gas holdup. 
Additionally, it can be observed from the figure that gas holdup within the RFC ranges from 30 % 
to 50 %, which is higher compared to the 10 % to 20 % range typically found in conventional 
flotation equipment. 

 
Fig. 3. Effect of gas velocity on gas holdup at different liquid velocities. 

3.3. Bubble surface area flux 

Bubble surface area flux is defined as the surface area of bubbles passing through a unit cross-
sectional area per unit time. Fig. 4(a) shows the variation of bubble surface area flux with gas 
velocity under different liquid velocity conditions. From the figure, it can be observed that the 
bubble surface area flux increases linearly with the increase in gas velocity. Bubble surface area 
flux is proportional to the gas velocity, so increasing gas velocity greatly enhances bubble surface 
area flux. In the RFC, bubble diameter remains below 0.8 mm, resulting in a nearly linear 
relationship between bubble surface area flux and gas velocity. 

Fig. 4(b) shows the relationship between bubble surface area flux and liquid velocity under 
different gas velocity conditions. From the figure, it can be seen that bubble surface area flux 
increases slowly with increasing liquid velocity. This may be because as liquid velocity increases, 
bubble diameter decreases, leading to an increase in bubble surface area flux. The bubble surface 
area flux ranges from 120 to 400 s-1, which is higher than the 12 to 120 s-1 typical found in 
conventional flotation equipment. 

 
a) Gas velocity 

 
b) Liquid velocity 

Fig. 4. Effect of operating conditions on bubble surface area flux 

4. Conclusions 

The RFC is a novel flotation device that has garnered widespread attention from researchers 
in recent years. This study primarily investigates the variations in the gas environment within the 
RFC under different operating conditions. The results show that the RFC provides an excellent 
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gas environment for mineral flotation, characterized by small bubbles, high gas holdup, and high 
bubble surface area flux. 

The bubble diameter increases with increasing gas velocity and decreases with increasing 
liquid velocity. At high superficial liquid velocities and low superficial gas velocities, the shear 
effect in the downcomer on bubbles becomes more significant. Gas holdup increases with 
increasing superficial gas velocity and decreases with increasing superficial liquid velocity. The 
RFC has a higher gas holdup, ranging from 30 % to 50 %, compared to 10 % to 20 % in 
conventional flotation equipment. Bubble surface area flux increases with increasing gas velocity 
and liquid velocity. The RFC exhibits a higher bubble surface area flux, typically ranging from 
120 to 400 s-1, compared to 12 to 120 s-1 in conventional flotation equipment. 
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