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Abstract  
 
Gas-liquid reactors pose transfer difficulties due to diffusion effects. It is necessary to master the 
aeration and hydrodynamics of the medium to conduct the reaction well and get a good performance. 
For this purpose, a study in a submerged membrane bioreactor with a useful volume of 30L, consisting 
of a microfiltration membrane with an average pore size of 0.14 mm having an effective surface area of 
0.2 m2 and a PVC cylindrical air diffuser of radius 4 cm has been studied. The saline tracing method 
associated with a conductimetric follow-up made it possible to determine the residence times and the 
mixing time in the reactor at 4 different points both in recirculation and in the absence of recirculation. 
Gas retention was measured by the manometric method. The experiments were carried out at different 
temperatures of 25 ° C, at 45 ° C, with a variable air flow rate of 0.5 to 16 mL / s and different solutions 
(osmosis water, ammonium formate solution, solution ammonium formate + salt, synthetic rubber 
effluent). The results show that the mixing time varies from one point to another and the recirculation 
of the mixture reduces the mixing time. One of the positions is limiting, the transfer is done most by 
diffusion with a mixing time of 115 min without circulation and 65 min with circulation. Gas retention 
increases with aeration rate and temperature. On the other hand, the more the medium becomes rich in 
organic substances, the more the gaseous retention decreases. The homogeneous fine-bubble regime is 
obtained for an air flow rate of between 3 and 10 mL / s of aeration. Beyond this flow rate, the regime 
becomes heterogeneous without a transition phase for ammonium formate and formate ammonium + 
salt solutions.  
 
Keywords: Hydrodynamic, gas retention, submerged membrane bioreactor, Influence of temperature, 
Oxygen mass transfer coefficient 
 
 

1. Introduction  
In a submerged membrane bioreactor, the contribution of aeration plays three roles: (i) supply oxygen 
to the microorganisms essential for the life and the oxidation of pollutants, (ii) stir the reactor by keeping 
the particulate matter in suspension (ie the micro-organisms) while ensuring a perfect mixture with the 
substances to be oxidized and especially (iii) generate turbulence in the vicinity of the membrane in 
order to reduce the deposition (clogging of the membranes) which is formed during the convective 
movement related to filtration. Low aeration, or a discontinuous aeration mode are therefore 
unfavorable to the mixture (settling and / or creation of dead zones) or cause an accelerated clogging of 
the membranes due to an almost frontal filtration mode [1, 2]. Membrane Bioreactors thus have energy 
consumption over conventional activated sludge processes due to membrane air averaging around 42% 
of requirements [3,1,4,5]. The energy costs of typical membrane bioreactor stations in municipal 
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wastewater treatment therefore remain higher than the conventional activated sludge process. [6] notes 
that the Heenvliet membrane bioreactors equipped with Toray flat membranes consume between 0.8 
and 1.2 kWh / m3 of permeate produced. Overall, the authors agree that these consumptions can be 
reduced to reach a level of 0.7 - 0.8 kWh / m3 compared to 0.6 for conventional processes (40 kW / PE / 
year). 

It then becomes necessary to see it crucial to control and optimize aeration as well as the various 
operating parameters that can influence aeration. In the literature, the majority of studies have focused 
mainly on the influence of the design variables (type, arrangement, density and immersion height of 
the diffusers) and of the operating variables (gas velocity, horizontal velocity of circulation) in order to 
reduce operating costs, optimize treatment and reduce membrane clogging [7]. However, 
physicochemical parameters such as environmental composition and temperature also influence 
oxygen transfer, mixing time and gas retention, and these parameters have been the subject of very few 
studies. 

For this reason, this study is devoted to global knowledge of the influence of temperature and substrate 
concentration on the hydrodynamics (mixing time and gas retention) of a submerged membrane 
bioreactor pilot. 

2. Materials and methods 

2.1. Experimental Set-up: Bioreactor membrane 

The submerged membrane bioreactor pilot studied consists of a plexiglass feed tank with a capacity of 
40L with 35L of useful volume. A RENA brand compressor is used to inject air at the bottom of the 
reactor through a thin cylindrical PVC bubble diffuser 8 cm in diameter. The aeration cycles were fixed 
using a COGEX brand timer in order to have a maximum oxygen concentration of 6 mg.L-1 in the 
medium. The pilot is powered by a peristaltic pump (GILSON ™ Model minipuls 2) connected to a feed 
tank with a capacity of 30 L. The treated water is suctioned with a peristaltic pump (CEBILON Model 
Reverse Osmosis System) through a polyvinylidene fluoride (PVDF) microfiltration membrane from A3 
GmbH Germany. The Membrane Module contains 8 parallel plates spaced 12 mm apart. The plates were 
connected together and act as a single membrane module with a membrane effective area of 0.2 m2 and 
a cut-off of 0.14 μm. A flowmeter (PLATON ModelU-32703-50), is used control flow at the exit of the 
membrane. A pressure sensor (KELLER MANNO 200 Model LEO 2) with an accuracy of 0.01 bar is used 
to measure the transmembrane pressure (PTM). 
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Figure 1: Experimental Set-up: Bioreactor membrane  

2.2. Determination of the mixing time 

The tests were carried out both in two-phase air-water (aeration) with recirculation and without 
recirculation and at four measurement points (Figure 2). In both cases, the injected air flow rate (Qg) 
was set at 6 ml / sec and 20 ml tracer of a 350 g.L-1 Sodium chloride solution were injected at point I. The 
tracking of the tracer concentration is done with a conductivity meter (HANNA, model HI 8733) thus 
making it possible to determine the curve of distribution of the circulation time which characterizes the 
mixture in the reactor. 
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Figure 2: Position of the conductivity probe in the reactor (C: 2 cm from the surface of the reactor, B: Same horizontal 
axis as A, D: Deep in the corner of the reactor. A: On the axis of the diffuser at 10 cm from the diffuser) 

2.3. Measurement of gaseous retention (εg) 

      In this work, εg was determined experimentally by the manometric method based on static pressure 
measurements between two points of the reactor separated by a height. The difference in pressure is 
measured by a manometer of mark (Handheld manometer, USA, Series 8205). Friction losses by friction 
are negligible and as ρg << ρL, the global gas retention can be calculated by the following relation 

ࢍࢿ = ૚− (ࡼ∆)
ࢎ∆.ࢍ.ࡸ࣋

    Equation 1  

       ɛɡ corresponds to the vacuum fraction within the reactor, that is to say the ratio between the volume 
occupied by the gaseous phase and the total volume of the reactor. ΔP is the static pressure difference 
between the two sensors placed a distance Δh. 
 
2.4. Oxygen mass transfer coefficient  
 
       Gas-liquid contact is a matter of decisive importance for describing systems involving biological 
processes. Mass transfer between phases may often become the limiting step of the overall process rate. 
In such cases, the volumetric oxygen transfer coefficient, KLa, must be known in order to carry out the 
design and scale up of bioreactors [8,7,9]. The transfer coefficient kla was determined by following the 
standard method of measuring oxygen transfer in fresh water published by the American Society of 
Civil Engineering [10]. First, the dissolved oxygen level in the reactor was reduced to zero by adding 
1,000 mg/1 of sodium sulphite (Na2SO3) and 16.7 mg/L of cobalt (CoC12) as a catalyst. During the re-
aeration phase, the concentration of dissolved oxygen increases progressively in the reactor (positive 
step); The material balance on the oxygen in the liquid phase makes it possible to determine the value 
of KLa according to the equation 2. 
 
࡯ࢊ
࢚ࢊ
= ∗࡯)ࢇࡸ࢑  Equation 2    (࡯−

     Where C* is the oxygen solubility   and C is the oxygen concentration in the liquid. Assuming the 
liquid phase is homogeneous and C0 is the oxygen concentration at t = 0, the integration of the previous 
equation leads to: 

∗࡯)ܖܔ  − (࡯ = ∗࡯)ܖܔ (૙࡯− − ࢇࡸ࢑ × ࢚         Equation 3  

The volumetric mass transfer coefficient can now be determined by plotting ln (C* - C) against time (t). 
 2.5. Condition of study 
In this study, several conditions were studied namely: 
Variation in temperature 5 temperature ranges were studied (25, 30, 35.40 and 45 ° C). 
Variation in the composition of the medium (osmosis water, ammonium formate solution, ammonium 
formate solution + salt. 
 

3. Résultats and discussion 

3.1. Distribution of residence times (mixing time tm) 

The variation of the conductivity in the bioreactor as a function of the position of the conductivity probe 
was measured as a function of the study conditions (without recirculation (Figure 2) and with 
recirculation (Figure 3). 
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Figure 3: Variation of the conductivity as a function of time without recirculation of the fluid at different positions 
(A, B, C, D) with a constant airflow. 
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Figure 4: Variation of the conductivity as a function of time with recirculation of the fluid at different positions (A, 
B, C, D) with a constant airflow 

Two types of responses are observed: The first for points A and B show a rapid evolution of 
concentrations followed by small oscillations. The signal is therefore a short-circuit type with 
recirculation. The second type of response is more traditional with average mixing times. The mixing 
time, which is the time when 95% of homogeneity in the bioreactor is obtained, decreases with the 
presence of recirculation. As we can see in Table 1. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 September 2018                   doi:10.20944/preprints201809.0574.v1

http://dx.doi.org/10.20944/preprints201809.0574.v1


Table 1: Mixing time in recirculation (tma), without recirculation (tms) and deviation of the two conditions 
according to the position of the conductivity meter probe with a constant airflow. 

 

 

 

 

The positions A and B are in the vicinity of the diffuser and at this point the transfer of the NaCl is 
mostly by convection that's why we have a quick appearance of the first peaks at position A tms (10S) 
and tma (5S). At position B tms (15S) and tma (10S). We find that between position A and B the difference 
is 5min this is explained by the fact that at the position A, convection intensity is higher than at position 
B. The appearance of peaks which shows that in this position the reactor is perfectly agitated. At position 
C the convection transfer becomes weak. NaCL transferd by diffusion becomes preponderant. At 
position D which is not on the path of the air diffuser the tms (115S) and tma (65S) are high. The observed 
pseudo lag time indicates that the mixture is not not uniform at any point in the reactor evidence of the 
existence of dead zones caused by a poor oxygenation of the medium. According to [11], the tracer will 
enter these areas by diffusion. Recirculation reduces the mixing time by promoting the distribution of 
the tracer in the liquid phase and, consequently, increases the homogeneity rate. At position A and B 
we observe two peaks. The difference between two consecutive peaks determines the travel time of a 
loop of travel by the liquid and corresponds to the traffic time reflecting on the one hand, the speed 
with which the tracer is transported and secondly, the intensity of its distribution within the liquid 
contained in the reactor. Position D is the limiting position in our reactor to reduce the low yields of our 
reactor, the mixing time is tms (115S) or tma (65S) depending on the conditions. 

3.2. Gas retention εg 

The gaseous retention εg makes it possible to identify the different types of flow regime likely to prevail 
in the reactor according to the hydrodynamic conditions imposed and give us more information on the 
intensity of mixing within the reactor as shown in the figure 5 below. 
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Figure 5: Variation of the gas retention as a function of the different aeration rates at different composition of the 
solution (osmosis water, ammonium formate solution, formate + salt solution, synthetic rubber effluent). 

The figure shows two phases. The first phase which is between [3 -10mL / S] we has a proportional 
relationship between the superficial gas velocity and gas retention. This linear profile on this portion 
would translate according to [2, 12] a homogeneous regime which is characterized by a dispersion of 
the gas in the liquid in the form of small bubbles. Note that whatever the experimental conditions, gas 
retention increases linearly with the flow of air circulation. This is explained by the fact that the higher 
the flow of circulation, the more the quantity of dissolved air increases. The increase in gas retention 
with the flow of gas is the unanimity of researchers working in this field [13, 14, 1]. In the second phase, 
the regime becomes heterogeneous without transition phase for solutions of ammonium formate, and 
ammonium formate + minerals. The dispersion of the gas during this regime is in the form of bubbles 
of larger sizes and highly variable. This regime is characterized by poor gas dissolution and high energy 
consumption. For the synthetic effluent, after the homogeneous regime, we observe a regime transient 
characterized by an almost flat profile of gas retention in this profile, [12] shows that as the 
heterogeneous diet the dissolution of air is limited by the presence of large bubbles. 

3.3. Influence of temperature on overall gas retention 
The temperature influences the dissolution of the air in the medium as we see in the figure below 
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Figure 6 : Variation of gas retention with different temperatures (25 ° C, 30 ° C, 35 ° C, 40 ° C and 45 ° C) to different 
composition of the solution (osmosis water, ammonium formate solution, formate + mineral solution, synthetic 
rubber effluent) with constant gas flow rate. 

Figure 6 above shows the variation of gas retention as a function of temperature. The observation is 
clear the temperature also influences this retention and in effect the more the temperature is increased 
the more the gas retention also increases this can be explained by the increase in the viscosity of the 
water. Indeed, the apparent viscosity of the air causing a slowing of the rate of rise of the gas bubbles 
and therefore leading to an increase in the residence time of the bubbles and the gas volume present in 
the medium. A comparison of the gas retention in the three liquids (osmosis water, ammonium formate 
solution, formate + salt solution, synthetic rubber effluent), shows that the gas retention increases with 
the composition of the medium, This increase in retention can be explained by a decrease in the size of 
the bubbles, which results in a longer residence time of the gas in the reactor. [15]   think that bubbles 
burst because they follow mechanical shock molecules in the water. Since the rate of rise of small 
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bubbles is lower than that of large bubbles, the residence time is therefore higher, which has the effect 
of increasing gas retention. 

 

3.4. Influence of the temperature on the transfer volume coefficient 

We note from the figure that the transfer volume coefficients decrease with temperature. 

 

             T(°C)

20 25 30 35 40 45 50

K
La

0,06

0,08

0,10

0,12

0,14

0,16

0,18
Osmosis water 
 Ammonium Formate 
 Ammonium Formate  +Salt
 Synthetic Effluent 

 

Figure 7: Variation  of  the transfer volume coefficient with different temperatures (25 ° C, 30 ° C, 35 ° C, 40 ° C and 
45 ° C) to different composition of the solution (osmosis water, ammonium formate solution, formate + mineral 
solution, synthetic rubber effluent) with constant gas flow rate. 

 

The decrease can be caused by the increase in the viscosity of the gas, which increases with temperature, 
thus favoring the coalescence of the air bubbles, which leads to an increase in the size of the bubbles 
and consequently a reduction of the interfacial air exchange of air bubbles and therefore the volume 
coefficient of transfer. The volume transfer coefficient is more affected by the effluent because in this 
medium we have the presence of free fatty acids which are surfactants and will trap the air bubbles that 
will diffuse very slowly in the medium. [16] shows that the presence of surfactants at the interface can 
have effects on the behavior of the bubbles generated and on the associated training frequency even if 
the concentration is very low. Indeed, these surfactants can then delay the transfer of material from the 
bubble to the liquid by two different mechanisms: the delay of the renewal of the gas / liquid interface 
and the constitution of a barrier for the passage of gaseous molecules at the interface. [17,18]   confirmed 
this in their work. On the other hand, a comparison of the transfer coefficient of ammonium formate in 
the presence and absence of salt shows that the salt allows an increase the transfer coefficient. Indeed 
the presence according to [19]   who studied the influence of salinity on the bubble size distribution in 
an air-lift type reactor. They found that the average bubble diameter appears to be lower in salt water 
than in pure water and explained that bubble size is controlled by two factors. The first is the hydrophilic 
repulsive force that inhibits the coalescence of the bubbles while the second is the Laplace pressure that 
controls the coalescence and rupture of the bubbles. . The decrease in the size of the air bubble thus 
favors the increase of the interfacial air between the air bubbles and the liquid, hence its diffusion in the 
water. 
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3.5. Correlation between gas retention, volume transfer coefficient and temperature 
We present in this study the results with the rubber effluent. It appears from the figure that the gas 
retention is inversely proportional to the volume transfer coefficient, this as a function of the 
temperature.  
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Figure 8: Relationship between mass transfer coefficient and gas retention at different temperatures 
 
 
It will then be necessary to find a compromise between the temperature, the volume transfer coefficient 
and the gaseous retention to reduce the energy consumed and in our case the compromise is around 30 
° C where the two curves are approaching at 35 ° C although the gaseous retention curve and the transfer 
volume coefficient intersect  are at one point. although the gaseous retention curve and the transfer 
volume coefficient intersect at one point. Nevertheless, this temperature is above the range of the range 
where our yeast strains have optimal growth growth. But for better profitability it would be wise to take 
the point where there is a point of intersection between the two curves to reduce the energy dependence. 
 
Conclusion  
 
Membrane bioreactors are processes that allow reuse of water after treatment. But only are energy-
consuming processes. In order to reduce this energetic consumption, an optimization of the aeration 
and the hydrodynamics of the system is necessary. This study shows that the mixing time varies from 
one point to another and recirculation of the mixture reduces the mixing time. One of the positions is 
limiting, with a mixing time of 115 S without circulation and 65 S with circulation. The more the medium 
becomes rich in organic substances, the gas retention increases and KLa decreases. The homogeneous 
fine-bubble regime is obtained for an air flow rate of between 3 and 10 mL/S of aeration. Beyond this 
flow rate, the regime becomes heterogeneous without a transition phase for the ammonium formate 
solutions, and the synthetic effluent. At 30 ° C, the kLa of the ammonium formate solution is 0.83 greater 
than 0.62 representing the kLa of the rubber effluent. There is a correlation between temperature, KLa and 
gas retention. 
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