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POLYMER WASTES’ FLOTATION  

SEPARATION RESEARCH RESULTS 
 

Abstract. For separation of plastic wastes (polyamide (PA), acrylonitrile butadiene styrene (ABS) and 

polystyrene (PS), a flotation method is proposed. Using this method, the effect of concentration of surface-active 

substances (surfactants), which were used as polidocanol, sulphanole and a mixture of surfactants containing sodium 

laureth sulfate and diethanolamide, was studied.  

The research results analysis of the flotation separation of a mixture of crushed plastic wastes was carried out 

according to the calculated values of the extraction of a floated component  and the purity of a concentrate . It was 

noted that the maximum extraction of the floated component depends on the polymer and surfactant type. A mixture 

of surfactants at lower concentrations allows to achieve greater extraction of the floated component with less 

foaming ability.  

The research results on the extraction of polystyrene from the air flow rate at various concentrations of 

surfactants’ mixture show that the extraction has a maximum at a certain air flow rate. At low air flow rates, the 

working volume of liquid is not saturated enough with gas bubbles. If the optimal value of air flow rates is exceeded, 

many gas bubbles are formed that are not involved in the flotation process.  

The research results on the extraction of polystyrene from the aerated liquid layer height at various 

concentrations of surfactants’ mixture show that, at a low height of the aerated liquid layer, the probability of 

collision of a plastic particle with an air bubble is low and some potentially floated particles seek the bottom of an 

apparatus without having time to collide with an air bubble.  

When assessing the influence of liquid temperature on the flotation process, it was found that increasing the 

liquid temperature above 20°C leads to a sharp decrease in ABS and PS extraction. This is explained by the fact that 

the dependence of the surfactants’ foaming ability on the temperature is characterized by solubility curves and for 

most surfactants they have an extremum.  

Key words: flotation, plastic wastes, surface-active substances, concentration, air flow rate, liquid layer height, 

temperature. 
 

Introduction. In the world there is a constant increase in the consumption of polymer materials (PM) 

[1,2], which occupy a leading position in terms of production of raw materials. 

The accelerated growth in the production of polymer materials and the expansion of their applications 

in various industries is explained by their manufacturability, ease, convenience, cost-effectiveness, safety, 

a set of valuable operational properties and high aesthetics. Plastics are serious competitors to glass, 

ceramics and metal [3].  

At the same time, the use of products from polymer materials certainly causes waste formation. The 

increase in PM production and consumption inevitably entails an increase in the amount of their wastes.  

In recent years, the problem of processing plastic wastes has taken an important place in the world, 

since the bulk of wastes is destroyed by inefficient methods [4-8]. 

Promising processes for the separation of PM are flotation based on various wettability, since they are 

quite simple in hardware and reliable. This requires the presence of surface-active substances and gas 

bubbles in the working volume of an apparatus [9,10].  
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Experimental plant and research methodology. A diagram of the laboratory-scale plant of a 

column flotation apparatus with pneumatic aeration of liquid to study the effect of the main process 

parameters on the flotation separation of a mixture of crushed plastics is shown in figure 1. 

The plant includes the reservoir 1 for carrying out the flotation process, which is filled with water 

from the line 1  using the valve 1. Inside the reservoir 1, at its bottom, the aerator 2 is fixed for 

introducing air into the working volume of the apparatus in the form of bubbles. The working volume of 

the apparatus is the volume of liquid between the aerator and the foam layer (liquid surface). The aerator 

is installed in the lower part of the apparatus with the ability to adjust the plant’s depth to determine the 

optimal aerated liquid height. The air flow rate supplied from the compressor to the reservoir 1 is 

regulated by the valve 2 and is controlled by a rotameter.  
 

 
 

1 – reservoir; 2 – aerator; 3 – bladed batcher; 4 – feeder; 5, 6 – separators; 1– 4 – valves; 

1 – thermometer. Flows: 1  – water to fill the reservoir; 2  – water drain 

Figure 1 – A diagram of the laboratory-scale plant of a column flotation apparatus with pneumatic aeration of liquid 

 

The feeding of crushed plastics is regulated by the bladed batcher 3, in the body of which a rotor with 

radial blades made of elastic material is installed, which prevents its jamming. The feeding is organized 

through the feeder 4 in the middle part of the column with the ability to control the depth of feeding to 

study its effect on the flotation process. For a better independent outflow of the resulting foam product 

(concentrate) from the liquid surface and its overflow from the column for further processing, the 

laboratory plant provides for a constant circulation of circulating liquid. The circulating liquid is fed to the 

column through the feeder 4, which prevents particles of crushed plastics from getting stuck in it. To 

separate solid and liquid phases of the foam product, the separator 5 is used, and for tails, the separator              

6 is used when opening the valve 3. The separators 5 and 6 also serve to accumulate a buffer volume of 

the circulating liquid, necessary for its constant circulation using pumps. The liquid, if necessary, is 

drained from the plant through the line 2  with the help of the valve B 4 valve. The liquid temperature in 

the reservoir 1 is measured by the thermometer T1.  

The experimental research technique consists in the following sequence of actions. 

1. Prepare in advance a sample of the studied crushed plastics with the mass m . Due to the 

complexity of further manual sorting of the concentrate in a multilateral study of the flotation process, it is 

recommended to apply a sample of a mixture of crushed plastics weighing about 10 g. In the laboratory 

plant, it is possible to study the dependences of the extraction of certain types of plastics on physical and 

operational factors, while the flotation is fed with the sample m  containing one type of crushed plastic. 

It is also possible to study the separation of a mixture of several types of crushed plastics. In the second 

case, the sample m  should contain particles of crushed hydrophobic plastic with the mass m and 

particles of crushed hydrophilic plastic with the mass m . When studying the separation of plastics, it is 

recommended to feed for the flotation a mixture of plastics in a ratio of 1:1, since the literature cites the 

fact that the most complex mass ratio for separating the components of a mixture is generally 1:1.  



N E W S of the Academy of Sciences of the Republic of Kazakhstan 

  

52  

2. At the beginning of work with the laboratory plant, shown in figure 3.1, it is necessary to open the 

valve 1 and fill it with water from the line 1 , while separators 5 and 6 are also filled with the buffer 

volume of the circulating liquid.  

3. When filling the plant with water, introduce the required amount of surfactants, which are mixed in 

the liquid flow during its feeding and subsequent circulation.  

4. Using adjustable pumps, install the required circulation of the circulating liquid.  

5. Turn on the compressor and, opening the valve 2, feed air to the working volume of the 

apparatus through the perforated aerator 2, which is installed to the required depth. Due to the aerator, the 

air will be evenly distributed over the cross section of the apparatus in the form of small bubbles.  

6. Using the valve 2, establish the air flow rate necessary for the experimental study, controlling its 

value with the rotameter. 

7. In the mechanical bladed batcher 3, pour the pre-prepared sample of crushed plastics with the    

mass m .  

8. Turn on the mechanical bladed batcher 3 and feed the material. In this case, the particles enter the 

feeder, washed by the circulating liquid, and then into the working volume of the apparatus. As a result of 

the flotation, a part of the crushed particles falls into the foam product, and the other part – in the 

sediment. The three-phase foam product due to the constant circulation of the circulating liquid by gravity 

pours over the upper edge of the column and enters the separator 5 to separate the solid phase – the 

concentrate.  

9. After the flotation process is over (when there will be no material particles in the working volume 

of the apparatus), close the valve 2 and stop the circulation of the circulating liquid by the adjustable 

pumps, turning them off. 

10. Select the concentrate from the separator 5 and dry it.  

11. After drying the concentrate, determine its mass m . When studying the separation of the 

mixture of several types of crushed plastics from the dried concentrate with the mass m , it is necessary 

to select the floated component (particles of hydrophobic plastic) and also determine its massm .  

12. The accumulated sediment, as necessary, is discharged from the bottom of the column to the 

separator 6 using the valve 3, and it is manually removed from the separator 6. 

Thus, to study the influence of a certain parameter on the flotation process, a series of experiments is 

carried out in which only the studied parameter changes, and the remaining conditions are maintained 

constant. After the series of experiments with one parameter, the next series is carried out, in which the 

influence of another parameter on the flotation process is studied.  

Since the geometric characteristics of the experimental plant are not universal, it is customary to 

reduce the air flow rate fed to the apparatus and measured by the rotameter to a unit of cross-sectional area 

of the apparatus. 

Research results. To analyze the research results of the flotation separation of the mixture of crushed 

polymer materials, the extraction of the floated component  and the concentrate purity  were calculated 

using the formulas presented below in [11]:  

100%
m

m

,                                                                   (1) 

100%
m

m

,                                                                   (2) 

where m  – the mass of the floated component (particles of crushed hydrophobic plastic) in the 

concentrate, kg; m  – the mass of the floated component (particles of crushed hydrophobic plastic) in the 

initial sample, kg; m  – the mass of the concentrate, kg.  

The experimental research results were processed in the form of graphical dependences of the 

flotation indices on the concentration of various types of surfactants, shown in figures 2-5.  

As can be seen from Figures 2-5, the extraction has a maximum at a certain concentration of 

surfactants, namely: about 10–2 kg/m3 for ABS using sulphanole and polidocanol; less than 3 · 10–3 kg/m3 

for ABS using the surfactants’ mixture; 5.41 · 10–3 kg/m3 for PS using the surfactants’ mixture.  
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The presence of the maximum extraction of the floated component  in figures 2-5 suggests the 

regularity of the effect of the surfactants’ concentration on the extraction of the floated component. This 

can be explained by the same nature of the dependence of foaming ability on the surfactants’ 

concentration. At a concentration higher than the maximum, the foam formation decreases due to the 

difficulty of the surfactants’ diffusion into the surface layer [12]. However, the foaming ability of the 

surfactants is not determinative in this case, since, as can be seen from Figures, the value of the 

surfactants’ concentration at which the maximum extraction of the floated component is achieved depends 

on the polymer and surfactant type.  

A positive feature is that the maximum polymer extraction is achieved with a rather                       

low concentration of the surfactants [13,14]. Moreover, the surfactants’ mixture at lower concentrations 

allows to achieve greater extraction of the floated component which in the same way affects the foaming 

ability [15]. 

According to the results of calculations of the extraction of the floated component  and the 

concentrate purity  from the air flow rate during the flotation separation of the mixture of crushed 

polyamide and acrylonitrile butadiene styrene using various surfactants, the dependences shown in Figures 

6-8 were obtained.  
 

  
Figure 2 – Dependences of the concentrate purity and the 

ABS extraction on the sulphanole concentration at the air 

flow rate of 0.062 m3/(minám2) 

Figure 3 – Dependences of the concentrate purity and the ABS 

extraction on the polidocanol concentration at the air flow rate 

of 0.062 m3/(minám2) 

 

  
Figure 4 – Dependences of the concentrate purity and the 

ABS extraction on the surfactants’ concentration at the air 

flow rate of 0.104 m3/(minám2) 

Figure 5 – Dependences of the PS extraction on the 

surfactants’ concentration at the air flow rate of 0.072 

m3/(minám2) 

 

Further, according to the research results presented in [16], the dependences of PS extraction                       
on the air flow rate are presented, obtained at the surfactants’ mixture concentration of 5.41 · 10–3 and 
16.22 · 10–3 kg/m3 (figure 9).  

As can be seen from figures 6-9, the extraction has a maximum at a certain air flow rate. The 
presence of the maximum extraction of the floated component in these Figures suggests a characteristic 
effect of the air flow rate on the polymer flotation process. At low air flow rates, the process is inefficient, 
since the working volume of the liquid is not saturated enough with gas bubbles. If the optimal value of air 
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flow rate is exceeded, many gas bubbles are formed that are not involved in the flotation process. Such 
bubbles moving through the liquid can create turbulent flows that impede the flotation of particles. When 
moving in the turbulent liquid flow, the “bubble – particle” complex is prone to destruction, as particles 
and bubbles have different inertia (mass) [17].  

Also, from the above dependences, it may be concluded that the value of the air flow rate at which the 
maximum extraction of the floated component is achieved depends on the polymer and surfactant type. 
The nature of the air flow rate effect at different concentrations of surfactants does not change – only the 
extraction of the floated component changes.  

When using polidocanol, the maximum ABS extraction is 17% higher than when using sulphanole, 
and reaches 70.5%. However, the concentrate purity in this case is reduced by 2.5%, namely, to 93.5% 
[18]. When using the mixture of surfactants containing sodium laureth sulfate and diethanolamide, the 
ABS extraction reaches 95%, and the concentrate purity – 98.7%. And when using the same surfactants’ 
mixture during the PS flotation, its extraction reaches 99%.  

To determine the optimal aerated layer height of the working liquid from the experimental data 
presented in [16], the dependences of the PS extraction on the surfactants’ concentration were determined 
for different heights of the aerated liquid layer, which are shown in figure 10.  

 

 
Figure 6 – Dependences of the concentrate purity and the 

ABS extraction on the air flow rate at the sulphanole 

concentration of 11.56 · 10–3 kg/m3 

Figure 7 – Dependences of the concentrate purity and the ABS 

extraction on the air flow rate at the polidocanol concentration 

of 8.89 · 10–3 kg/m3
 

 

  
Figure 8 – Dependences of the concentrate purity and the 

ABS extraction on the air flow rate at the surfactants’ 

mixture concentration of 2.7·10–3 kg/m3
 

Figure 9 – Dependences of the PS extraction on the air flow 

rate at various surfactants’ mixture concentration 

 

As can be seen from Figure 10, the PS extraction has a maximum at a low surfactants’ concentration, 

namely, 5.41 · 10–3 kg/m3, and reaches 99% with a sufficient height of the aerated liquid layer.  

At a low height of the aerated liquid layer, the probability of collision of a plastic particle with an air 

bubble is low and some potentially floated particles seek the bottom of the apparatus without having time 

to collide with an air bubble. The optimal height of the processed liquid layer  corresponds to a certain 

air flow rate. And when the height of the liquid layer is less than the optimal (  < ), the achievement 

of the required extraction rate of the dispersed phase is possible, for example, with an increase in the air 

flow rate [19]. 
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In order to more clearly display the effect of the aerated liquid layer height on the PS extraction,                

the corresponding dependences were obtained at the surfactants’ concentration of 2.16 · 10–3 and     

5.41 · 10–3 kg/m3, shown in figure 11. 

As can be seen from figure 11, a sufficient height of the aerated liquid layer is 0.5-0.6 m; its further 

increase does not have a strong effect on the PS extraction. Exceeding the optimal aerated liquid layer 

height leads to an increase in the material consumption of the apparatus and an increased consumption of 

the working liquid and surfactants, as well as to an extension of the path of movement of the “bubble – 

particle” complexes, which can increase the probability of their destruction [19].  

The graphical dependences given above were obtained without additional heating of the working 

liquid (about 10-15° ). In assessing the effect of the liquid temperature on the flotation process, the 

experimental research was carried out, the results of which are reflected in [16]. After processing the 

results of these experimental research, the dependences of the ABS and PS flotation indices on the liquid 

temperature t were plotted, shown in figures 12, 13.  

As can be seen from figures 12 and 13, increasing the liquid temperature above 20°C leads to a sharp 

decrease in the ABS and PS extraction. It should be noted that in figures 12 and 13 there is a pattern of the 

influence of the liquid temperature on the floated components’ extraction. This is, probably, explained by 

the fact that the dependence of the surfactants’ foaming ability on the temperature is characterized by the 

solubility curves and for most surfactants they have an extremum [20,21]. It is likely that an increase in 

the temperature of the solution leads to the dehydration of the dissolved surfactant molecules. Moreover, 

they separate as an individual macrophase, which leads to a decrease in the number of surfactant 

molecules involved in the flotation process. 
 

  

Figure 10 – Dependences of the PS extraction  

on the surfactants’ mixture concentration  

at different heights of the aerated liquid layer 

Figure 11 – Dependences of the PS extraction  

on the aerated liquid layer height at different  

surfactants’ mixture concentration 

 

  

Figure 12 – Dependences of the concentrate purity  

and the ABS extraction on the liquid temperature  

at the surfactants’ mixture concentration containing sodium 

laureth sulfate and diethanolamide, 2.7 · 10–3 kg/m3  

and at the air flow rate of 0.104 m3/minám2 

Figure 13 – Dependence of the PS extraction on the liquid 

temperature when the aerated liquid layer height is 0.17 m,  

the surfactants’ mixture concentration is 5.41 · 10–3 kg/m3  

and the air flow rate is 0.072 m3/hám2 
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Conclusions. For separation of plastic wastes (polyamide, acrylonitrile butadiene styrene and 

polystyrene, the flotation method is proposed. Using this method, the effect of the surface-active 

substances’ concentration, which were used as polidocanol, sulphanole and the mixture of surfactants 

containing sodium laureth sulfate and diethanolamide, was studied.  

According to the research results, it was noted that the maximum extraction of the floated component 

depends on the polymer and surfactant type. A positive feature is that the maximum polymer extraction is 

achieved with a rather low concentration of surfactants. The mixture of surfactants at lower concentrations 

allows to achieve greater extraction of the floated component with less foaming ability.  

The research results on the extraction of the floated component from the air flow show that its 

maximum extraction depends on the polymer and surfactant type. The nature of the air flow rate effect at 

different concentrations of surfactants does not change – only the extraction of the floated component 

changes.  

The research results on the extraction of the floated component from the aerated liquid layer height 

show that the certain air flow rate corresponds to the optimal height of the processed liquid layer, and 

when the liquid layer height is less than the optimal, the required degree of the dispersed phase extraction 

is possible, for example, with increasing the air flow rate. 

When assessing the influence of the liquid temperature on the flotation process, it was found that 

increasing the liquid temperature leads to a sharp decrease in the floated component extraction. This is 

explained by the fact that the dependence of the surfactants’ foaming ability on the temperature is 

characterized by the solubility curves and for most surfactants they have an extremum. 
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