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Abstract 
The aim of this research work is to valorize the microalgae grown-up in an 
Airlift column. The system of fluid circulation and mass transfer is based on 
the principle of interaction between gas bubbles and a liquid. Thus, this study 
focuses on the phenomenon of the determination of the vacuum rate, the size 
and the speed of the bubbles including the optimization of microalgae devel-
opment within the culture process. In addition, this study tries to understand 
the close relationship between these phenomena, its environment and the 
microalgae cell. These studies were conducted on the operation of an Airlift 
column in aquaculture, mainly in freshwater [1]. However, other researchers 
[2] are interested in studying saline water. In conclusion, a series of experi-
ments were carried out in order to evaluate the profitability of the Microflota-
tion technique, as a method of separation and concentration in microalgae. 
These results are very interesting since they reveal that the efficiency of the 
column, for the foaming-skimming function, is greater by working with less 
significant air injections, which lead to a reduction in energy cost. 
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1. Introduction 

In order to separate the particles with water, one of the most used processes is 
the flotation process. The principle of flotation is based on the adhesion of hy-
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drophobic particles to air bubbles injected into the water. The foam, or scum, 
thus formed is then recovered, mainly by mechanic method. Hydrophilic par-
ticles do not bind to bubbles but tend to remain in suspension [3]. This tech-
nique is applied in many fields, including analytical chemistry, odor elimination, 
plastic separation and recycling, microalgae and microorganism harvesting, fruit 
juice clarification, etc. Due to the nature of the process, the bubble-particle inte-
raction is fundamental. The effectiveness of the flotation will depend mainly on 
the ability of the bubbles to fix the particles contained in the water, and to 
transport them to a desired place. 

The studied vacuum column allows a flotation, and recovers suspended par-
ticles that will be in the form of scum. This foam is recovered at the top of the 
column, using as previously stated, the double cone. The column will remove 
water microalgae. These microalgae have a size of the order of 2 to 30 microns. 
Obviously, it will also be able to eliminate larger particles, such as parasite eggs 
(about 50 μm in size). Thus, the column is interesting in terms of biosecurity, in 
that it eliminates any form of parasitism in farms [4]. 

2. Description of the Vacuum Column 
Principle 

An airlift depression column, or simply airlift, involves a two-phase flow, in 
other words a phenomenon of transport and exchange between the liquid phase 
and the gaseous phase (the gas bubbles) [5]. Minimally, it can be modeled as a 
column in which a partition has been introduced to channel the flow of the liq-
uid and gaseous phases. The injection of gas is done in one of the compartments. 
It makes it possible to modify the apparent density and the expansion of the 
two-phase fluid, causing the circulation of the initially immobile liquid phase. 
An airlift is schematically divided into four compartments as shown in Figure 1. 
 Compartment 1: aerated part where the fluids move in an upward move-

ment; 
 Compartment 2: change of circulation direction over the first compartment, 

the liquid goes down to compartment 3 while most of the gas escapes 
through the top of the column; 

 Compartment 3: generally, non-aerated part where the liquid phase moves in 
a downward movement. The gas bubbles caused by the movement of the liq-
uid and found in this compartment disturb its circulation by attempting to 
go up the column and create a phenomenon called “against airlift”; 

 Compartment 4: change of the liquid movement direction returning to the 
first compartment where it is evacuated to an external system. 

Compartments 1 and 3 are the place of the functionalities expected from the 
airlift. The compartments 2 and 4 are considered as simple collectors and dis-
tributors of fluid which generates the load losses. 

The hydraulic operation of the airlift is depending on major criteria such as 
the geometry of the column, the type of diffuser and the nature of the fluids. The 
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choice of these criteria imposes the flow regime as well as the intensity of the de-
sired functionalities of the system. Figure 2 shows the apparatus of airlift. 

3. Materials and Protocol Used 
3.1. Materials 

The following materials are used in this research study: 
An analytical balance of the Balco brand with a precision of ±0.01 mg, 
A centrifuge, Sigma brand with a working instruction around 5000 rpm, 
An oven, Labover brand with a working instruction at 75˚C, 
A salinometer, Fisher brand, for the control of salinity and water temperature, 

with a precision of ±0.1‰ and ±0.1˚C respectively. 

3.2. Protocol Used 

First, it will be necessary to identify a microalgae culture adapted to the needs of 
the experiment. We then take samples of the initial culture, a triplicate was taken. 
Then, system is started for one hour and all the parameters are set as following: 

The salinity of the water (0, 20 or 40‰); 
Particle size (2 - 10 or 50 - 150 μm); 
The microalgae concentration (0.35, 0.45 or 0.80 g/L); 
The air flow (20, 40 or 60 L/min); 
The type of injector (open tube, fine or microporous diffuser); 
The volume of shellfish harvested (1, 10, 40 or 100 L). 
After one hour of experimentation, the system is stopped and we take a sam-

ple of the Ecumat recovered with triplicate. These samples will be studied in the 
laboratory to determine the concentration of microalgae. Finally, we renew the 
experiment by varying one parameter at a time. The collect of the samples enable 
to calculate the concentration of microalgae. The concentration in g/L will be 
specified. Doing this in triplicate allows to obtain an average more reliable value. 
The Concentration effect, which is the ratio of the average concentration of the 
recovered moussate to the initial average concentration, is also calculated. 

The template is used to format your paper and style the text. All margins, 
column widths, line spaces, and text fonts are prescribed; please do not alter 
them. You may note peculiarities. For example, the head margin in this template 
measures proportionately more than is customary. This measurement and others 
are deliberate, using specifications that anticipate your paper as one part of the 
entire journals, and not as an independent document. Please do not revise any of 
the current designations (Figure 3). 

4. Results 
4.1. Effect of Air Flow on the Concentrator Effect 

It can be observed that the increase of the airflow reduces the microalgae recov-
ery efficiency. Figure 4 presents the value of the concentrator effect according to 
the flow of air injected. The concentrator effect is better at low airflow. 
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Figure 1. Schematic of airlift. 

 

 
Figure 2. Airlift depression column. 

 

             

(a) Water at the star    (b) Ecumat obtained    (c) Water at the end 

Figure 3. (a) Samples of water at the start and (b) at the end of the experiment and (c) the 
extracted foam. 

liquid-air separator

compressor

w
at

er
le

ve
l

https://doi.org/10.4236/ojfd.2019.91004


D. Bongo et al. 
 

 

DOI: 10.4236/ojfd.2019.91004 67 Open Journal of Fluid Dynamics 
 

 
Figure 4. Value of the concentrator effect according to the flow of air injected. 

 
Volumes of injected water [6] because the turbulence increases with the in-

crease of the air flow. However, strong turbulence decreases the foam extraction 
efficiency. This result is interesting because it can be noted that the concentrator 
effect is maximum for a low energy cost.  

Influence of diffuser on the size of the bubbles 
Figure 5 presents the concentrator effect based on bubble size. As expected, 

the recovery is most effective when bubble size decreases (Figure 4). 
From Figure 4, it has been observed that the separation efficiency is maxi-

mum for little. Indeed, small bubbles facilitate the fixation of a wide range of 
particles. This finding has been demonstrated in many studies [7] [8] [9]. 

4.2. Effect of Salinity on the Concentrator Effect 

The increase in salinity improves the extraction efficiency of microalgae [10]. 
The cause of this improvement is the same as in the previous case as the salinity 
of the water prevents the coalescence of the air bubbles and therefore makes it 
possible to keep a very small bubble size [11] which, like as we have seen, im-
proves the extraction efficiency of microalgae. 

4.3. Effect of Particle Size on the Concentrator Effect 

Figure 6 presents the effect of particle size on the concentrator effect. The size of 
the particles to be treated is important in the efficiency of the system. Indeed, a 
small particle size induces a better concentrating effect than with larger particles.  

The results obtained are much improved because the concentrator effect value 
calculated with small particles is almost twice as large as with larger particles. 

However, large particles tend to bias concentration results. Thus, the initial 
concentration would be lower than what was measured. The value of the con-
centrator effect is therefore biased. 

4.4. Effect of Starting Concentration 

The starting concentration influences the microalgae concentration of the Ecu-
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mat recovered (Figure 7). Concentrations obtained at the starting concentra-
tions are almost proportional. 

However, the concentrator effect differs somewhat but with not a clear trend 
given. 

The initial concentration therefore does not play a determining role in the ex-
traction efficiency of microalgae. 
 

 
Figure 5. Concentrator effect value based on bubble size. 

 

 
Figure 6. Concentrator effect value according to particle size. 

 

 
Figure 7. Concentration of the recovered foam as a 
function of the starting concentration. 
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4.5. Effect of Volume of Recovered Foam 

The amount of foam collected per hour of operation of the column necessarily 
acts on the capacity of the column to concentrate the microalgae. The lower the 
volume recovered, the more concentrated it will be. 

4.6. Economic Analysis 

The results obtained previously made it possible to determine the parameters for 
an optimal operation of the column, [12] for the foaming-skimming function. 

The parameters are as follows: 
Air flow: 10 l/min, 
Injector system: microbubble diffuser, 
Salinity: 50‰, 
Microalgae concentration: 0.80 g/L, 
Microalgae size: 2 - 10 μm 
From this, it is proposed to calculate the extraction cost per kg of microalgae 

harvested as a function of the volume extracted per hour (Figure 8). 
In terms of efficiency, it is best to extract little volumes of foam, concentrated 

in microalgae. In terms of cost, it is the opposite, it is better to harvest large vo-
lumes. However, this study did not consider the costs associated with the treat-
ment of foams such as the cost of the centrifuge (which is energetically very ex-
pensive), the cost of transportation and the cost of human labor. For these costs, 
the lower the volume extracted and concentrated, the lower the costs (Figure 9). 
These will have to be taken into account to determine the overall extraction cost. 

The costs can be reduced by equipping the system with a suitable equipment, 
such as a dry pump that plays the dual role vacuum pump and compressor. 

Contrary to the actual micro-flotation systems, the vacuum column has sever-
al advantages: 

Eliminate the breakdowns occurring in mechanical filters, and thus extend the 
life of the system, 

Eliminate the proliferation of bacteria as is the case in biological filters,  
Eliminate the microorganisms of a wide range of size from the foam. 

 

 
Figure 8. Concentrator effect and extraction cost based on extracted volume. 
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Figure 9. Comparison of extraction costs with or without adapted equipment. 

5. Conclusions 

Microalgae are now a research area to be explored due to their varied biochemi-
cal characteristics. Among of the thousands of species microalgae that exist, only 
a few hundred are conserved and studied by scientists and some ten are pro-
duced in industrial quantities. The fight against the greenhouse effect attracts the 
world to these microorganisms capable of consuming carbon dioxide present in 
the atmosphere. The production of biomass containing fatty acids is used for the 
production of biofuel, hydrogen biology and of molecules with high added value. 

The airlift is a very innovative system that allows, in a simple, ecological, eco-
nomical way with a low energy cost, to combine the different functions: pump-
ing, mass transfer and foaming-scumming. However, the industrialization of 
such a CO2 capture process requires the implementation of a performance con-
trol strategy allowing optimal efficiency: the implementation of a strategy for es-
timating the cell concentration and the development of robust control laws to 
maximize CO2 consumption by microalgae. 
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