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ABSTRACT

In the present work, the electrocoagulation process using aluminum electrodes was used for removal of microalgae
from aqueous solution. The experiments were performed using the following parameters: effect of applied
potential; concentration of NaCl; Utilization of salts other than NaCl, in particular (NH4)2S04 and CaCl2; effect
of agitation and flow rate. The main results were: increasing the potential results in increasing of the efficiency
microalgae removal. The best concentration of NaCl is 1.0 g/L, and NaCl is a better support electrolyte than the
other studied salts. The electrocoagulation of microalgae in this study does not depend on the agitation of the
solution or on the continuous flow rate. In the best parameters investigated, high removal efficiency of microalgae
was observed, being about 97%.

INTRODUCTION

One of the problems caused by human activities that directly affects water is the process of eutrophication, caused
by excess nutrients - mainly nitrogen and phosphorus - in springs, which cause excessive growth of aquatic plants
to undesirable levels, causing an imbalance of aquatic ecosystem and progressive degradation of water quality. It
can be natural or it can be accelerated by the inadequate disposal of effluents, which are largely derived from
agricultural effluents (fertilizers and agrochemicals) as well as municipal and industrial wastewater.

In this way, the eutrophication of lakes, water reservoirs and fish ponds generate negative ecological impacts. In
addition to the loss of biodiversity, there is excessive proliferation of microalgae, loss of dissolved oxygen,
unpleasant odor of water, alteration in the structure and functioning of the whole aquatic ecosystem and its stability
tends to reduce. Another aspect altered by this process is the increase of microalgae and cyanobacteria, which
increases the turbidity of water. Thus, there is a need to remove microalgae and cyanobacteria to treat and clarify
water [1-5].

The biomass removal techniques most commonly used in reservoirs and tanks are: gravity sedimentation [6],
centrifugation [7], chemical flocculation [8] and filtration [9], some of which require intensive use of energy and
chemical additives [9, 10-12]. Gravity settling is not suitable to harvest microalgae with small size [13]. In fact,
chemical flocculation is very simple, however, the addition of chemical products to flocculate the microalgae
introduces undesired substances, which makes it impossible to use it as a co-product, as in the use of animal feed
- and even treated water [9, 14-15].

On the other hand, the filtration method has shown that, in laboratory scale is effective, but in large scale presents
several problems that make it unfeasible. [9]. In a filtration process the size of the cells is taken into account, since
the choice of filter pores is of extreme importance due to the pressure that will be required to force the passage of
the liquid through the membrane [15-17]. The maintenance of both pumping and membrane replacement, energy
consumption, ranging from 1 - 3 kwh m?3, formation of filter cakes and membrane clogging are the main negative
aspects of this technique, unfeasible [9, 15].

To overcome the difficulties encountered in traditional methods of biomass recovery and removal, it appears as a
potential alternative the electrocoagulation process, which is a separation method involving both a physical and
chemical mechanism. Electrocoagulation (EC) is a water treatment process that uses electrical energy to dissolve
metals, such as aluminum and iron, creating metallic hydroxides within the particles resulting in the
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coagulation/flocculation of contaminants [18, 19]. The main reactions involved are well known and the various
formed hydroxides can act as ligands to bind the pollutant molecule [20].

In this study, experiments were performed to examine the effects of the several parameters of EC process (such
as initial concentration, applied potential, pH, time of electrocoagulation and the amount of NaCl) in the removal
of microalgae from aqueous medium. The best conditions were then combined to optimize the process of
electrocoagulation.

MATERIALS AND METHODS

Freshwater mixture of Scenedesmus quadricauda, Chlamydomonas reinhardi and Scenedesmus SP were used in
this study. This species were obtained from samples of a lake in the city of Ouro Branco, state of Minas Gerais,
Brazil. After collection, the samples (10,0 L) were submitted to nutrients culture according to Inthorn et. al. [21]
and maintened at 25 °C under cool white fluorescent light. The culture was continuously aerated whit air at a flow
rate of 5 L min and the microalgae growth was measured by counting the cell numbers.

The electrocoagulation system consisted of an rectangular glass bath cell with 1.0 L capacity. Four aluminum
electrodes (two anodes and two cathodes) with dimension of 30 cm? each one (3.0 cm wide and 10.0 cm long)
were used for the experiments. These electrodes were interconnected by bi-polar mode. A digital DC power supply
(ICEL model) was used for potential control, providing 0-15 V (0-5 A) with potentiostatic operational option. The
experiments were carried out in batch and continuous stirring, for the studies of the influence of the applied
potential, as well as the concentration of conductive ionic salt (NaCl). Two other types of salts were investigated
as electrolytic solution, (NH4)2SO4 and CaCl,. The electrocoagulation process was also studied without agitation
and in a continuous process (flow rate= 1,25 mL/min).

The electrocoagulation of microalgae samples (1.0 L) were experimentally investigated, in order to determine the
suitable operating conditions for treatment. As the staining of the eutrophic effluent is closely linked to the growth
of microalgae, since there is a correlation between the amount of cells and absorbance, a UV/VIS
spectrophotometer Shimadzu model UV-3600 was used to evaluate the color removal of the aqueous medium at
a wavelength with the best absorbance of the microalgae culture (maximum absorbance
A= 600 nm). In order to evaluate the removal color efficiency RC (%) the following formula was used:

RC (%) = {Abs0 — Abs / Abs} x 100

were AbsO is the initial absorbance of the sample without treatment and Abs is the absorbance after the
electrochemical treatment.

RESULTS AND DISCUSSION

Efficiency of algae removal as a function of applied potential

The applied potential is responsible for the coagulant production rate, which can increase the amout of Al%* )
and, as a consequence, the efficiency of all process by the higher production of aluminum hydroxides species
[22]. Thus, the effect of potential on the electrocoagulation process was investigated with variation from 3.0 to
13.0 V. As seen in the figure 1, increasing potential is responsible for a higher efficiency of algae removal.
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Figure 1: Effect of applied potential on the removal efficiency of algae removal. ¥V =13.0V; e =5.0V; A=
8.0 Vand m=3.0V. [NaCl] = 1,0 g/L ; Electrolysis time = 90 min.

The algae removal, measured as efficiency percentage (RC%), showed the following results: RC(%) = 93.9 % for
3.0V; RC(%) =91.4 % for 5.0 V; RC(%) = 96.5 % for 5.0 V and RC(%) = 96.8 % for 13.0 V.

As we can see in figure 1, after approximately 80 minutes all the studied potentials presented a higher removal of
algae efficiency, however at 13.0 V the efficiency was obtained more quickly, in approximately 18 minutes. This
phenomenon occurs because more dissolved species of aluminum are electrogenerated at higher potentials,
resulting in an increase of hydroxide formation, such as AI(OH)3; and Al,(OH)3, species. Considering the similar
results after 80 minutes and also considering the excess of electrical energy consumption for higher potentials, the
value of 8.0 V was used in the following studies.

Efficiency of algae removal as a function of concentration of NaCl as supporting electrolyte
The NaCl is commonly used as the conducting medium in the electrolysis processes. Figure 2 shows the RC(%)
as a function of NaCl concentration under constant applied potential:
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Figure 2: Effect of NaCl concentration on the removal efficiency of algae removal. © =2.0V; A=3.0V and
m = 1.0 g/L ; Electrolysis time = 90 min; Applied potential: 8.0 V.
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The table 1 resumes the obtained results:

Table 1: Effect of initial NaCl concentration on the RC(%) of algae. (Applied potential = 8.0 V. Electrolysis
time: 90 minutes):

[NaCl] g/L RC(%)
1 95,62
2 86,25
3 01,21

As can be seen from table 1, an increase in NaCl concentration does not result in a better efficiency in algae
removal. In fact, it was found in the literature [23] that the RC(%) remained the same with increasing of NaCl
concentration. Besides this fact, it is also known that a higher concentration of Cl- ions can produces the corrosion
of anode and cathode, which is a disadvantage [24].

Efficiency of algae removal as a function of concentration of (NH4).SO4 and CaCl: as supporting electrolyte
In order to evaluate the effect of other types of salts on efficiency removal (RC%), (NH4)2SO4 and CaCl, were
also used in the concentration of 1.0 g/L. The results are presented in Table 2:

Table 2: Effect different salts on the RC(%) of algae. (Applied potential = 8.0 V. Electrolysis time: 90

minutes):
Salt RC(%)
NaCl 95,62
(NH.4)2SO4 97,55
CaCly 99,27

Although Table 2 showed similar results in terms of (RC%), it should be taken into account that the salt (NH4)2SO4
resulted in a marked corrosion of the aluminum electrodes. The CaCly, on the other hand, left the solution more
turbid, by a possible interaction of this salt with the hydroxides of the aluminum formed. Based on these results,
it was chosen to use NaCl as support electrolyte in the studies.

Efficiency of algae removal as a function of agitation of algae solution on the electrocoagulation process
All previous studies were performed under continuous agitation. In order to explore the influence of agitation on
the efficiency of the process, the figure 3 shows an electrolysis performed without any kind of agitation of the
algae solution.
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Figure 3: Electrolysis performed in the absence of agitation of the algae solution during electrocoagulation.
[NaCl] = 1.0 g/L ; Electrolysis time = 60 min; Applied potential: 8.0 V.
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As can be seen from figure 3, agitation is not an important parameter in removal efficiency. Without any stirring
of the solution, the RC% value obtained was 92.3%.

Efficiency of algae removal as a function of continuous process

Electrocoagulation studies are usually carried out in a batch process, as it takes a certain period of time for the
hydroxides generated in solution to come into contact with the material to be electrocoagulated, in this case, the
microalgae. However, to investigate the effect of the continuous flow of the aqueous effluent in the
electrocoagulation process, an electrolytic flow was performed with 1.25 mL / min, shown in the figure 4:
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Figure 4: Electrolysis performed in flow rate of 1.25 mL/min during electrocoagulation;
[NaCl] = 1.0 g/L ; Electrolysis time = 40 min; Applied potential: 8.0 V.

As can be verified through figure 4, the RC% was 86.02% after 40 minutes of electrolysis. This result indicates
that, although continuous flow can be used, its use does not result in a better removal efficiency of microalgae.

CONCLUSION

The process of removal of microalgae through the electrocoagulation process was investigated by several
parameters. It has been observed that increasing the potential increases the value of RC%. However, considering
the corrosion process of the electrodes, the best value obtained was the potential of 8.0 V in 90 minutes of
electrocoagulation. Regarding the support electrolyte, it was observed that a small concentration (1.0 g / L) of
NaCl is sufficient for a value of RC% = 95.62%. NaCl is better for this process than other investigated salts, such
as (NH4)2S0O4 and CaCl,, where higher electrode wear and turbidity of the solution were observed, respectively.
Furthermore, it was concluded that this process does not depend on the agitation of the solution and that the flow
system does not offer advantages over the batch system.
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