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Introduction 

Lately, research is increasing on the possible reuse of wastewater by extensive systems which  generate algal 

biomass production that can be harvested (Lavoie and Noüe 1984, Borowitzka 1986, Dekayir 2008) and have 

valued the revalorization of proteins that can be used in the cosmetics and agri-food fields (Spolaore and al., 2006); 

for animal or even human food or biofuel production (Cadoret and Bernard, 2008) with a low environmental 

footprint (Park and al., 2011). 

Indeed, the treatment with the integrated system anaerobic basin-high-yield algal channel, is an adequate 

perspective in this direction. The depollution of domestic wastewater is based on a symbiotic algae-bacteria 

association; algae capture solar energy for photosynthesis and enrich the environment with dissolved oxygen, 

which is used by the bacteria to assimilate the polluting load. (Oswald J.W, 1988). 

The microalgae produced by the high-yielding algal channel have in addition to their low density (1.2 g / cm3 and 

1.02 g / cm3) (Pieterse and Cloot, 1997) a small size (5 -50 μm) 

(Tenney and al., 1969); and a low concentration (200 to 600 mg / l) (Oswald and al., 1960) which presents an 

obstacle for their decantation. 

In this sense, several works have been undertaken by researchers proposing a variety of techniques and solutions 

for the recovery of this algal biomass. The choice of a technique depends on the nature of the algal biomass and 

the economic and environmental factors (Dekayir, 2008). Among these techniques centrifugation which allows to 

obtain yields greater than 90%, however the electric consumption is 1.3 kWh / m3 of water (Sim eand al, 1988). 

Filtration on sand or on porous membranes also makes it possible to obtain yields greater than 90%, however the 

major constraint lies in the flow rate to be treated, which causes frequent clogging of the filters (Beneman et al, 

1980. Sim and al, 1988). Flotation is an effective means of low algal concentration (Bratby and Parker, 2009) yield 

can be as high as 96%. The coagulation flocculation of microalgae by hydrated alumina sulphate (alum) is effective 

compared to other coagulants (Sim and al, 1988. N. Bouoidina, 2000) however the toxicity of the biomass 

harvested is a major disadvantage. Chitosan also gives good results up to 95% yield (Nigam and al ; 1980) however 

the high cost limits its use. This research aims to study the recovery of algal biomass by coagulation flocculation 

with alum. Among other things, we will focus on the optimization of flocculation and settling times. Few authors 

are interested in this aspect, which is however of great importance at the level of the real stations because it will 

allow a considerable gain in energy. 

 

2. Experimental 

2.1 The treatment plant 

The treatment plant is located at the Hassan II Agronomic and Veterinary Institute in Rabat Morocco (Latitude 

32° N, Longitude 6° 30 W) with an average intensity of 500 w • m2 in winter. The average monthly temperatures 

recorded are 14 ° C in the cold season and 24 ° C in the hot season. The average annual duration of sunshine is 

2988 hours. 

This station receives wastewater from the club of the cultural and sports association of agriculture and those of the 

campus. It covers an area of 12000 m2 and processes a daily flow of 63 m3. It includes a preliminary treatment 

provided by a screen and a desilter. Anaerobic treatment by four reactors. Aerobic treatment with a high yield 

Algal channel and two maturation pools in series. 

 

2.2 Sampling 

The purified water is taken at the outlet of the maturation pond and is analyzed directly afterwards in a time not 

exceeding one hour. 

 

2.3 Solution of the coagulant 
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During our tests, we used sulphate as coagulant reagent 

aluminum powder (Al2 (SO4)3; 18 H2O) prepared by dissolving in distilled water.A stock solution of 10 g / l is 

prepared periodically. 

 

2.4 The test jar 

We used a 6-station test jar with variable speed. The beakers were filled to 800 ml. In a first phase the jar test was 

performed with a coagulation rate of 120 rpm for 30 seconds and reduced to 40 rpm for 20 minutes for flocculation. 

After 30 minutes of decantation, the supernatant is removed and analyzed. In a second phase we fixed the speed 

and the coagulation time and we varied the time of flocculation and decantation 

 

2.5 Piston settling 

After the jar test, the water is poured directly into a Cylindrical test tube of 1000 ml. The settling height is followed 

as a function of time. 

 

2.6 pH measurement 

 pH adjustment was performed by adding 1N H2SO4 solution. pH was measured by a pH meter 

2.7 Measurement of turbidity 

It is measured by a HACH TL2300 turbidimeter with an accuracy of ± 2% for turbidity values between 0 and 4000 

NTU. The values obtained correspond to the average of several tests with very small standard deviations. 

 

3. Results and discussion 

3.1 Characteristics of purified water 

 

Table 1: Characteristics of purified water before test jar tests 

PH Température (°C) Turbidité (NTU) Conductivité (µS/cm) 

11,34 24,2 82,5 783 
 

After sampling, we measured the different physicochemical parameters of the water directly from the ripening 

basin. This water is characterized by a basic pH which is mainly due to the basin parameters and the photosynthetic 

activity of the algae. Temperature is also an important parameter because it determines the type of algae that is in 

the system. It plays an important role in the presence or absence of a species in the algal channel (Goldman and 

Ryther, 1976). Thus Bouoidina (2000) has shown a predominance of Chlorella sp in the cold period and 

Scenedesmus sp in the hot period, whereas Micractinium sp cohabits throughout the year. Ouargui (2003) in his 

work on the algal channel of Rabat shows rather the dominance of Euglenes and Micratiniums to the detriment of 

Chlorella, Clamydomonas and Scenedesmus. In the algal channel of Marrakech Dekayir (2008) shows the 

dominance of Euglenes (70%) and Chlorella (30%). So the dominance of algal species is closely related to climatic 

conditions and temperature among others. 

3.2 Optimal concentration of the coagulant 

In the six beakers filled with 800 ml of purified water from the maturation pond We injected increasing 

concentrations of aluminum sulphate. 

 

 
 

Figure 1: Variation of yield versus concentration of coagulant 

 

We observe an increase in yield depending on the increase in coagulant concentration up to a concentration of 350 

mg / l above which we observe a drop in yield. From a concentration of 200mg / l we obtain yields greater than 
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90%. For the concentrations 200mg / l and 250mg / l we attend a rapid formation of flocs from the first minutes 

of the addition of the coagulant. The best yield is obtained at 350mg / l and corresponds to 0.43 NTU. So we will 

consider this concentration as optimal and we will fix it for all the tests that will follow. 

 

3.3.Evolution of pH We followed the evolution of the pH according to the different concentrations of the coagulant. 
 

 
 

Figure 2: Evolution of the pH according to the concentration of the coagulant 

 

 

During the process of photosynthesis the consumption of CO2 and HCO-3 by the algae results in an increase of 

the pH (Park and Craggs, 2010) The water coming from the basin of maturation has a strongly alkaline pH which 

favors the elimination of the pathogenic germs and the precipitation of phosphate ions with multivalent metal 

cations (Ca2 +, Fe2 +, Fe3 +, Al3 + ...). This pH is closely related to temperature and varies with the seasons (N. 

Bouoidina, 2000) 

We are witnessing a remarkable decrease in pH (Figure 2) after flocculation coagulation tests. This reduction is 

due to the alum which consumes the alkalinity, in fact one attends a hydrolysis of the aluminum and appearance 

of the hydroxides of aluminas. The pH becomes acidic from a coagulant concentration of 250 mg / l and reaches 

a value of 5.3 at a concentration of 400 mg / l. for the optimum concentration of 350 mg / l it corresponds to a 

slightly acidic final pH of the order of 6.2. This value could decrease even more depending on the seasons. 

Bouoidina in 2000 recorded a pH of 5.2 during the cold season. This value does not meet the water quality 

standards for irrigation and is between 6.5 and 8.5. So we should consider correcting the pH at the level of the 

final effluent for possible reuse 

3.4 Influence of pH 

We studied the influence of pH on the yield of the flocculation coagulation process. For this we varied the pH 

and measured the turbidity after test jar test. 

 

Table 2 : Turbidity versus pH adjusted 

pH 5 6 6,5 7 7,5 8 8,5 

Turbidity (NTU) 7,76 0,77 0,75 16,7 0,92 9,02 2,52 

 

Table 2 shows the variation in turbidity which reaches values corresponding to a maximum efficiency of about 

98% for a pH of between 6 and 6.5. For neutral pH of the order of 7 and 7.5 we find a mobility of algae which 

decreases the stability of the flocs. The best yields are obtained in a pH range between 6 and 6.5. 

We then compared the yields of the test jar under adjusted pH conditions and the natural pH of the suspension. It 

has been found that the conditions of natural pH (basic pH of the order of 11) give a better yield of about 99%. 

 
3.5 Optimization of flocculation and settling times 

 During this phase we maintained the fixed coagulation parameters, 120 rpm for 30sec and we varied the 

flocculation time. For each flocculation time we measured turbidity at increasing decantation intervals. The 

concentration of the coagulant is set at the optimum value. All tests were carried out under pH conditions between 

6 and 6.5 and under the conditions of natural (alkaline) pH, with the aim of seeing the influence of pH on the 

various flocculation and settling phases. 
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Figure 3: Evolution of the yield as a function of the settling time for a flocculation time of 5 minutes 

 

 
 

Figure 4: Evolution of the yield as a function of the settling time for a flocculation time of 10 minutes 

 

 
 

Figure 5: Evolution of the yield as a function of the settling time for a flocculation time of 15 minutes 
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           Figure 6: Evolution of the yield as a function of the settling time for a flocculation time of 20 minutes 

 
 

Figure 7: Evolution of the yield as a function of the settling time for a flocculation time of 25 minutes 

 

 
 

Figure 8: Evolution of the yield as a function of the settling time for a flocculation time of 30 minutes 

 

 
Figure 9: Evolution of the yield as a function of the settling time for a flocculation time of 35 minutes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Evolution of the yield as a function of the settling time for a flocculation time of 45 minutes 
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The analysis of the different curves which represent the variation of the yield as a function of the flocculation and 

settling times, allows us to notice that for the pH tests of the unadjusted medium we observe a fast settling of the 

flocs from the first minutes, with yields that exceed 96%. We also find that a flocculation time of 5 minutes is 

sufficient to achieve significant yields, and this would reduce energy expenditure at the treatment plants. So for 

the harvest of microalgae, after the first 5 minutes the flocculation time does not have a great influence on the 

yield. In this case a settling time of 25 minutes is necessary to reach a good yield with an effluent of 0.66 NTU of 

turbidity. We also find that an increase in the flocculation phase time can be accompanied by a reduction in settling 

time. But in our opinion it would be better to promote energy saving. 

 

This water which comes directly from the maturation pond and undergoes tertiary treatment by coagulation 

flocculation is strongly alkaline, which determines the nature of the algal cell which is in this case in a state of 

stress. In fact, the alkaline pH induce in addition to a depletion of the medium in CO2, an inhibition of the 

photosynthetic apparatus (Schreiber et al., 1985). The pH of the algal suspension medium reflects that of the 

cytosol and has a direct impact on the pH difference between stroma and thylakoid light (Foyer et al 1981). In this 

case there is an active transport, with energy expenditure, of HCO3- from the extracellular medium to the 

intracellular medium. Berrada. R in 1993 showed by variable fluorescence that an alkaline pH induces a 

remarkable decrease in the concentration of chlorophyll which is due to an alteration of the photosynthetic 

apparatus. So we think that the stress conditions in which the algal cells are located certainly has an impact on the 

quality of the coagulation flocculation. 

In tests whose pH has undergone an adjustment, the flocs settling with difficulty. The first five minutes, in most 

tests there is absolutely no settling, the flocs thus formed induce a high turbidity, hence the negative yields. Good 

yields are achieved from 20 minutes of flocculation. From 30 minutes of flocculation we witness a great instability 

of the flocs and a flotation of the algae. 

 

3.6 Settling test 

The monitoring of the sludge / liquid interface made it possible to draw the curve representing the evolution of 

the settling height as a function of time (FIG. 11). 

 

 
 

Figure 11: Evolution of the settling height as a function of time 

 

Thus we notice the absence of the coalescence phase of the flakes, we have a decantation at constant speed from 

time T0. This curve is subdivided into three phases: a rectilinear phase whose rate of fall is constant and equal to 

the slope. This phase admits a linear function. A vaulted phase translates a progressive slowdown of the fall 

velocity of the interactions between flakes, and it admits an exponential function and a final phase of thickening 

where the particles exert compression on the lower layers. 

 

Conclusion 

At the end of this work, we raise the following points: 

- Need to correct the pH of the final effluent 

- A flocculation time of 5 minutes is more than sufficient this will have a big impact on  

   energy expenditure at the actual station level 

- A settling time of 25 minutes will promote energy savings 

- the settling of the algal suspension follows the law of kynch 

- We believe that the state of stress in which the algal cell is found because of the high pH in  

   the maturation basin has a direct impact on the treatment by coagulation flocculation. 
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