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Algae in surface water have been a long-term issue all over the world, due to their adverse influ-
ence on drinking water treatment process as well as drinking water quality. The algae removal by
electro-coagulation–flotation (ECF) technology was investigated in this paper. The results indicated that
aluminum was an excellent electrode material for algae removal as compared with iron. The optimal
parameters determined were: current density = 1 mA/cm2, pH = 4–7, water temperature = 18–36 ◦C, algae
density = 0.55 × 109–1.55 × 109 cells/L. Under the optimal conditions, 100% of algae removal was achieved
with the energy consumption as low as 0.4 kWh/m3. The ECF performed well in acid and neutral condi-
icrocystis aeruginosa
lectro-coagulation–flotation
luminum electrodes
lgae removal

tions. At low initial pH of 4–7, the cell density of algae was effectively removed in the ECF, mainly through
the charge neutralization mechanism; while the algae removal worsened when the pH increased (7–10),
and the main mechanism shifted to sweeping flocculation and enmeshment. The mechanisms for algae
removal at different pH were also confirmed by atomic force microscopy (AFM) analysis. Furthermore,
initial cell density and water temperature could also influence the algae removal. Overall, the results indi-
cated that the ECF technology was effective for algae removal, from both the technical and economical

points of view.

. Introduction

The removal and control of algae in water treatment industry
s a worldwide issue, especially in tropical and semi-tropical zone.
lgae in surface water cause many problems such as color, odour,

aste and toxins compounds [1], which would pose potential haz-
rds to human and animal health. Furthermore, the algae would
lso adversely affect the drinking water treatment process [2,3].
raditionally, pre-oxidation by ozone, chlorine dioxide, chlorine or
ermanganate is usually employed to enhance algae removal in the
oagulation process [2,4,5].

As an alternative method to the coagulation/sedimentation
rocess, electrocoagulation combined with electroflotation (ECF)
echnology has attracted considerable attentions in water and
astewater treatment. Usually, the following processes take place

n the ECF system: (a) metal ions release at sacrificial anode through
lectrolytic oxidation, which are considered as efficient coagulants;
t the same time, the oxygen and hydrogen microbubbles are gen-
rated at the anode and cathode, respectively; (b) the coagulants

eact with pollutants and bigger flocs are formed; (c) the flocculated
articles are removed through sedimentation or lifted to the sur-
ace by the microbubbles adhered to them [6,7]. Besides, the anodic
xidation, cathodic reduction and electrophoretic migration of the
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ions may also promote the pollutants removal [6]. Compared with
conventional coagulation, the coagulants produced in situ in the
ECF could offer many advantages, i.e. (i) no anions such as sulfates
and chlorides would be introduced in the ECF system, which are
always coupled with traditional coagulants [8]; (ii) the coagulants
produced by electrolytic oxidation are of high efficiency, and less
dosage would be required as compared with conventional coag-
ulants [9]; (iii) pH adjustment is unnecessary since ECF performs
well in a large pH range [10]; (iv) alkalinity is not consumed during
ECF process as the OH− ions are generated at cathode. Moreover,
in ECF process, the microbubbles produced at the anode and cath-
ode could also contribute to the separation of pollutants through
flotation [11]. The main reactions occurring in ECF process with
different electrode materials are as follows [12]:

When aluminum is used as electrode material,
Anode:

Al → Al3+ + 3e− (1)

2H2O → O2 + 4H+ + 4e− (2)

In solution:

Al3+ + 3H2O ↔ Al(OH)3 + 3H+ (3)
Cathode:

2H2O + 2e− → H2 + 2OH− (4)

When iron is used as electrode material,

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:luck81919@hotmail.com
dx.doi.org/10.1016/j.jhazmat.2009.12.037
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Anode:

e → Fe2+ + 2e− (5)

H2O → O2 + 4H+ + 4e− (6)

In solution:

e2+ + 2OH− ↔ Fe(OH)2 (7)

If dissolved oxygen is presented in the solution, the reaction
ould be:

In solution:

e2+ + 4H+ + O2 → Fe3+ + 2H2O (8)

e3+ + 3OH− ↔ Fe(OH)3 (9)

Cathode:

H2O + 2e− → H2 + 2OH− (10)

It has been demonstrated that ECF was very effective for the
reatment of a broad range of water and wastewater, such as
olored water [13], fluoride-containing water [14,15], heavy metal-
ontaining water [16,17], laundry wastewater [10], restaurant
astewater [18], oil wastewater [19], chemical mechanical polish-

ng wastewater [20], and textile wastewater [21,22].
Generally, cyanobacteria (often called blue-green algae) have

lower density than that of water due to their gas vacuoles for
djusting the content of water [23]. Thus, it is difficult to remove the
yanobacteria through sedimentation. On the other hand, the ECF
rocess with the combination of coagulation and flotation might
e an effective technology for the algae removal. Poelman et al.
ound that excellent separation of cyanobacteria (>90%) could be
chieved by electrolytic flocculation, with relatively low energy
onsumption (0.3 kWh/m3) [24]. Alfafara et al. demonstrated that
he electroflotation alone also exhibited a maximum algae removal
f 40–50% [25]. While complete removal of algae was obtained by
hernaout et al. when treating Keddara raw water by the electro-
oagulation using aluminum electrodes [26].

Few investigations, however, focused on the influence of the
ey parameters, including electrode material, initial pH, initial cell
ensity of algae, and solution temperature, on the algae removal
y ECF treatment; and the removal mechanisms were also not
ully understood yet. In this research, the effects of these param-
ters on algae removal in the ECF process were systematically
xamined. Furthermore, scanning electron microscopy (SEM) cou-
led with energy-dispersive X-ray (EDX) analysis and atomic force
icroscopy (AFM) were also employed to investigate the removal
echanisms of algae in the ECF.

. Materials and methods

.1. Preparation of the algal suspension

The target algae used in the experiments was Microcystis aerug-
nosa, one of the dominant cyanobacteria, which occurs frequently
n most eutrophic water bodies in China. M. aeruginosa was sup-
lied by Wuhan Institute of Hydrobiology of Chinese Academy of
ciences, and was incubated as described by Xu et al. [27]. The test-
ng water used in the study was prepared by diluting the culture
olution of M. aeruginosa with deionized water. The algae solu-

ion was incubated for 7 days after inoculation; pre-experiments
howed that the M. aeruginosa were at the log growth phase at this
ime. The initial cell density used in the experiments was controlled
t 1.2 × 109–1.4 × 109 cells/L, except the experiments investigating
he effect of initial cell density.
Fig. 1. Schematic diagram of the batch reactor system.

2.2. The ECF system

As shown in Fig. 1, the experiments were carried out in a
polyethylene column (diameter = 10 cm; height = 16 cm) with an
effective volume of 1000 mL. Aluminum or iron was used as the
electrode material with the effective area of 60 cm2, and the elec-
trode gap of 1.0 cm. The voltage and current were provided with a
digital direct current power supply (WYY 30V 3A, China), and mea-
sured by two digital multimeters (UT70B UTI-T, China). The cell was
stirred with a magnetic stirrer (781 CJJ, China) at 200 rpm. All the
experimental runs were performed at room temperature except
experiments about the effect of temperature.

2.3. Experimental procedure

The comparison between aluminum and iron electrodes was
performed for the treatment of algae-containing water. The pH of
raw water was adjusted to desirable values using 0.1 M NaOH or
0.1 M HCl. The effects of current density and initial cell density
on the algae removal in the ECF were also examined. At the end
of each experiment, the solution was allowed to settle for 20 min
for flotation or sedimentation; and then water sample was taken
at 5.0 cm below the water surface, followed by the algae counting
with a microscope (BX51 Olympus, Japan) according to the method
used by Brookes et al. [28]. The algae removal efficiency was calcu-
lated as:(11)Algae removal efficiency (%) = Co−Ct

Co
× 100where C0

was the initial cell density of algae (cells/L) and Ct was the final
cell density of algae (cells/L).

Furthermore, the electrical energy consumption of the ECF pro-
cess for algae removal was evaluated. The energy consumption W
(kWh/m3) was calculated as:

W = UItECF

VECF
(12)

where U was the voltage (V), I was the applied electrolysis cur-
rent (A), tECF was the electrolysis time (h) and VECF was the reactor
volume (m3).

2.4. The characterization of the algal flocs

The algal flocs floated at the surface of the water in the ECF

process were observed with a high-resolution scanning electron
microscopy (SEM) (S-4700 HITACHI, Japan) coupled with energy-
dispersive X-ray (EDX) analysis (AMETEK, USA). 10 mL of the algal
flocs was concentrated by a centrifuger (SIGMA 2-16PK, GER-
MANY) at 8000 rpm for 10 min. After discarding the supernatant,
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ig. 2. Removal efficiency of algae as a function of electrolysis time using differ-
nt electrode materials. Conditions: current density, 1 mA/cm2; room temperature;
nitial pH, 7.0; volume, 1.0 dm3; initial cell density 1.2 × 109–1.4 × 109 cells/L.

he sample was fixed and dehydrated according to [29]. Then the
ample was gold-coated and examined under the SEM. In addition,
DX was used for analyzing the element composition of the algal
ocs.

Atomic force microscopy (AFM) (Bioscope Veeco, USA) was
mployed to further confirm the mechanisms for algae removal
t different pH. 1 mL of flocs was fixed on a glass slide. After air-
rying for 2 h, the images of the algal flocs were obtained under the
apping mode using a probe made by etched single crystal silicon.

. Results and discussion

.1. The comparison of different electrode materials

It has been established that the electrode material plays an
mportant role in ECF process. Aluminum and iron have both
een widely used as electrode materials in this process by many

nvestigators [30–32]. However, little information about the com-
arison of electrode material on algae removal could be found

n the literature up to now. In this investigation, comparative
xperiments were carried out using aluminum and iron as the
lectrode material, under the same operation conditions. Algae
emoval as a function of treatment time was shown in Fig. 2. Iron
lectrodes were observed to be less efficient as compared with alu-
inum electrodes, as demonstrated by the difference between the

emoval efficiencies (78.9% vs. 100%) at 45 min, probably due to
he much higher current efficiency generated by aluminum elec-
rodes than that by iron [33,34]. Also, under the experimental pH
f 7, the amount of aluminum hydroxide was much higher than
hat of ferric/ferrous hydroxide, which might be another reason
ccounting for the better algae removal with aluminum electrodes
35].

In addition, in the case of aluminum electrodes, it was observed
hat a layer of greenish flocs floated at the surface of water, which

ight be composed of aluminum hydroxide and algae cells, as dis-
ussion in detail in Section 3.6. While in the case of iron electrodes,
he water in the whole ECF reactor only appeared yellowish green
t the beginning, and turned reddish-brown gradually, due to the
resence of Fe (II) and Fe (III) species (Eqs. (7)–(9)). After 20 min

f settlement, tiny flocs produced by iron electrodes still remained
n the water. Overall, aluminum was considered as the better one
or the algae removal and selected as the electrode material in the
ollowing experiments.
Fig. 3. Removal efficiency of algae as a function of electrolysis time at different
current densities. Conditions: room temperature; initial pH, 7.0; volume, 1.0 dm3;
initial cell density 1.2 × 109–1.4 × 109 cells/L.

3.2. Effect of current density

It is expected that current density exerts a significant influ-
ence on reaction kinetics and energy consumption of ECF process
[11,17]. In this investigation, to optimize the current density, the
experiments for algae removal were carried out with a wide range
of current densities (0.5–5 mA/cm2) at initial pH of 7. As shown
in Fig. 3, when current density was 0.5 mA/cm2, the removal effi-
ciency increased gradually with the operating time, and 75 min of
electrolysis time would be required to achieve complete removal.
When current densities increased from 1 to 5 mA/cm2, the removal
efficiencies were shown to follow comparable variations with elec-
trolysis time, as exhibited by the existence of a rapid increase at the
initial stage, followed by a steady increase up to the complete algae
removal. However, it could be seen that the higher the current den-
sity was, the more rapid the ECF treatment for algae removal would
be. For example, 25 min was demonstrated to be enough for com-
plete removal at the current density of 5 mA/cm2; while 45 min was
needed at 1 mA/cm2.

This could be attributed to the fact that the dissolved aluminum
from anode increased with the current density and electrolysis
time according to the Faraday’s law. As the concentration of alu-
minum ions increased in the ECF, the coagulant surface area and
number of active sites increased correspondingly [36], which pro-
moted algal aggregation and flocs formation. Besides, it was shown
that microbubble density increased and their size decreased with
increasing current density [37], leading to a faster upward flow and
the algae flotation.

In addition, the pH change of water during the ECF treatment
with different current densities was investigated. As could be seen
in Fig. 4, the pH increased gradually with the increased current
density and electrolysis time. At the time that complete removal
of algae was obtained, the final pH was about 9.2 when the cur-
rent intensities were 2.0–5.0 mA/cm2, and pH was about 8.3 with
the current intensities of 0.5–1.0 mA/cm2. The pH of the water
increased from 7 to about 8–9 after ECF treatment, which could
be attributed to the continuous production of OH− ions at the cath-
ode with the generation of Al3+ at anode. According to Eqs. (1) and
(4), the OH− and Al3+ were generated with the molar ratio of 3:1;
however, this ratio were between 2 and 2.5 when treating solutions

of dyes and humic substances [38,39]. For algae solution, it might
be reasonable to infer that the Al3+/OH− ratio was also less than
3. As a result, OH− ions accumulated in the algae solution, which
resulted in the increase of solution pH after ECF treatment.
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ig. 4. Variation of pH as a function of electrolysis time at different current densities.
onditions: room temperature; initial pH, 7.0; volume, 1.0 dm3; initial cell density
.2 × 109–1.4 × 109 cells/L.

In spite of more effective removal of algae with the higher cur-
ent density, increasing the current density could also lead to the
ncrease of applied potential, which resulted in the sharp increase
f the energy consumption of the ECF system (Eq. (12)). According
o Fig. 5, it could be observed that as current densities varied from
.5 to 5.0 mA/cm2, the energy consumption increased dramatically
rom 0.20 to 2.28 kWh/m3, correspondingly.

Therefore, it might be important to optimize the current input
or the ECF process, to avoid the post pH adjustment and extra-
igher energy consumption. In this investigation, the current
ensity of 1 mA/cm2 was found to be the optimum value when
onsidering the energy consumption, the removal efficiency, and
he effluent pH simultaneously.

.3. Effect of initial pH

It has been long recognized that the solution pH is one of the
ey parameters influencing the performance of ECF process [12,16].

nitial pH exhibited different effects on the ECF for different target
ollutants, such as turbidity and Eriochrome Black T [8,17]. How-
ver, the influence of pH for algae removal has not been made clear
et. Thus, in this study, the effect of initial pH on the algae removal
as also examined, with the pH varied in the range of 4–10.

ig. 5. Electrical energy consumption as a function of current density for complete
emoval of algae. Conditions: room temperature; initial pH, 7.0; volume, 1.0 dm3;
nitial cell density 1.2 × 109–1.4 × 109 cells/L.
Fig. 6. Removal efficiency of algae as a function of electrolysis time with differ-
ent initial pH. Conditions: room temperature; current density, 1 mA/cm2; volume,
1.0 dm3; initial cell density, 1.2 × 109–1.4 × 109 cells/L.

From Fig. 6, it could be found that low initial pH was beneficial to
algae removal. For the first 15 min, the ECF exhibited low efficiency
for the algae removal when initial pH was in the alkaline range.
The treatment efficiency decreased with the increase of initial pH.
When tECF = 55 min, the ECF removed the algae in the raw water
completely with the pH of 4–7; while the removal efficiencies were
99%, 90% and 87.2% when initial pH was 8, 9 and 10, respectively.

It was observed from Fig. 6 that the algae removal could
be improved by decreasing the initial pH and/or increasing the
electrolysis time. This might be explained by the aluminum-
species in the solution, which relies significantly on the pH
and aluminum concentration according to the concentration-
pH aluminum-species diagram [35]. In acidic and neutral pH
range (4–7), aluminum hydroxide precipitates and monomeric-
hydroxoaluminum cations, as well as polymeric species such as
Al13O4(OH)24

7+ are the primary species in the solution according
to [40]. As a result, positively charged precipitates could be formed
(i.e. aluminum hydroxide together with the adsorbed hydroxoa-
luminum cations). Therefore, the negatively charged algae would
be easily adsorbed onto the positively charged precipitates, which
facilitated the removal of algae through subsequent flotation.

In alkaline conditions, monomeric-hydroxoaluminum anions
dominated in solution, which led to negative charges of the alu-
minum hydroxide precipitates [8], and consequently reduced the
adsorption capacity of negatively charged algae. Thus, the ECF
exhibited worse algae removal under alkaline condition as com-
pared with that under acid and neutral conditions. Nevertheless,
as the electrolysis time increased, the efficiency of algae removal
improved significantly as a result of the sweeping and enmeshment
effect through the continuous generation of aluminum coagulants.
The results obtained in this investigation were similar to that
obtained by Zhu et al. for the virus removal [36].

To better understand the removal mechanisms of algae in the
above experiments, two samples of algal flocs with the similar
removal efficiency (about 70%) were collected for AFM analysis.
As shown in Fig. 7a, the fresh algae cells before ECF treatment
appeared to have smooth surface; while after ECF treatment under
initial pH of 6, a number of small floccules were adsorbed on the
algae (Fig. 7b), which was due to the charge neutralization between
the positively charged floccules and the negatively charged algae.

Fig. 7c shows that the treated algae were covered almost completely
with a large amount of flocs under the initial pH of 9; thus the algae
cells were considered to be removed through the mechanism of
sweeping flocculation and enmeshment.
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Fig. 7. AFM topographic images of algal flocs, scan rate: 0.5003 Hz. (a) Algae in
fresh culture before treatment, (b) after ECF treatment, conditions: initial pH, 6; cur-
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evaluated. Fig. 10 shows the influence of initial cell density on
algae removal, which decreased notably with the increase of cell
density. This behavior could be attributed to the fact that no suf-
ficient aluminum was available for the removal of excessive algae
cells with short electrolysis time. Furthermore, the reaction rate
ent density, 1 mA/cm2; electrolysis time, 5 min; effluent pH, 7.4; the algae removal
fficiency, 70.2% (c) after ECF treatment, conditions: initial pH, 9; current density,
mA/cm2; electrolysis time, 35 min; effluent pH, 8.9; the algae removal efficiency,
1.4%.

Besides, variation of the solution pH during the ECF process was
nvestigated. It could be observed in Fig. 8 that when the initial pH

as 4–8, the solution pH increased gradually with the electrolysis
ime. The increase of pH was mainly due to the continuous forma-
ion of OH− ions at the cathode as a consequence of the H2 evolution
rocess (Eq. (4)). In addition, Eq. (3) would shift towards the left,
hich could also lead to the increase of pH [41]. On the other hand,
hen the initial pH was increased to 9 and 10, a slight decrease of

he pH was observed at the beginning, which might be explained
y the consumption of OH− as a consequence of the formation of
l(OH)4

−; and then almost a constant pH level was maintained,
robably due to the buffer effect of Al(OH)3/Al(OH)4

− (Eq. (13)).

l(OH)3 + OH− ↔ Al(OH)4
− (13)

As shown in Fig. 6, when the initial pH varied in the range of
–7, the electrolysis time for complete algae removal was 45 min

nder the experimental conditions. Thus, the energy consumption
as almost constant at the level of about 0.3 kWh/m3 (Fig. 9). How-

ver, as the initial pH further increased from 7 to 9, the electrolysis
ime for complete algae removal increased from 45 to 75 min cor-
espondingly, which led to the increase of energy consumption
Fig. 8. Variation of pH as a function of electrolysis time at different initial pH. Con-
ditions: room temperature; current density, 1 mA/cm2; volume, 1.0 dm3; initial cell
density 1.2 × 109–1.4 × 109 cells/L.

from 0.29 to 0.53 kWh/m3. On the other hand, the similar energy
consumption was observed for the initial pH values of 9 and 10
(0.53 kWh/m3 vs. 0.60 kWh/m3), mainly due to the same electrol-
ysis time of 75 min required for complete algae removal.

In conclusion, higher efficiency of algae removal could be
obtained in acidic and neutral conditions. With lower pH, low
aluminum dosage would be required for algae removal through
the charge neutralization mechanism; while at higher pH, higher
aluminum dosage was needed to achieve the similar removal
efficiency, through the mechanism of enmeshment and sweep-
ing flocculation. And both coagulation mechanisms were equally
important for algae removal in ECF process.

3.4. Effect of initial algae cell density

In natural waters, different algae cell densities might occur in
different regions and different seasons. Thus, the effectiveness of
ECF for algae removal with different initial algae cell densities was
Fig. 9. Electrical energy consumption as a function of initial pH for complete
removal of algae. Conditions: room temperature; current density, 1 mA/cm2; vol-
ume, 1.0 dm3; initial cell density 1.2 × 109–1.4 × 109 cells/L.
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ig. 10. Removal efficiency of algae as a function of electrolysis time with different
nitial cell densities. Conditions: initial pH, 7.0; current density, 1 mA/cm2; volume,
.0 dm3.

ecreased when the initial cell density was increased according
o Emamjomeh and Sivakumar [42]. The similar results were also
btained by Ghosh et al. [43].

9
In the experiments, when the cell densities were 0.55 × 10 ,
.10 × 109, 1.55 × 109 and 2.10 × 109 cells/L, the energy consump-
ion of the ECF process for complete algae removal were 0.20, 0.21,
.30 and 0.26 kWh/m3, respectively. The initial cell density did not
eem to greatly influence the energy consumption.

ig. 12. SEM-EDX analysis of the algal flocs produced by ECF. (a and b) SEM micrograph a
ells and (d) on the agglutinant.
Fig. 11. Removal efficiency of algae as a function of electrolysis time under different
temperature. Condition: initial pH, 7.0; current density, 1 mA/cm2; volume, 1.0 dm3;
initial cell density 1.2 × 109–1.4 × 109 cells/L.

3.5. Effect of temperature

Water temperature is one of the most important environmen-

tal factors that might influence algae removal in the ECF. However,
previous studies showed that water temperature exerted different
effects on electrocoagulation for the removal of different pollu-
tants [44,45]. Thus, it is necessary to examine the effect of water
temperature on algae removal. As shown in Fig. 11, it was found

t different magnifications; EDX analysis of elemental compositions (c) on the algae
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Table 1
Elemental composition and relative contents of atoms on the flocs by SEM-EDX analysis.
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Element CK NK OK AlK

Spectrum 1 65.40% 9.49% 16.17% 3.78%
Spectrum 2 42.57% 9.85% 22.15% 14.27%

hat the algae removal was dramatically improved at the initial
tage with increased temperature. When tECF = 15 min, the removal
fficiencies of 46%, 86%, and 98% were obtained at the tempera-
ure of 18 ◦C, 27 ◦C and 36 ◦C, respectively. The increase of algae
emoval at higher temperature might be attributed to the increase
f particle transport and collision rate through the reduction of vis-
osity [44,46]. Besides, the dissolving rate of aluminum electrode
ncreased when the solution temperature increased [47], which
ould also accelerate the algae removal and shorten the electrolysis
ime.

To achieve the complete removal of algae, 0.36, 0.24 and
.16 kWh/m3 of electrical energy would be consumed when the
emperature was 18 ◦C, 27 ◦C and 36 ◦C, respectively. On one hand,
igher temperature could increase the electrical conductivity of the
ater, thus the applied voltage would be reduced. On the other
and, the higher water temperature was able to enhance the algae
emoval, thus shorten the electrolysis time. As a result, less energy
ould be required at higher water temperature for complete algae

emoval.

.6. The characterization of the algal flocs

SEM coupled with EDX analysis was used to examine the sur-
ace morphology and elemental composition of the greenish algal
ocs floated at the surface of the ECF. It could be observed from
ig. 12a that the algal flocs were mainly composed of algae cells,
hich were flocculated together by some agglutinant. To better
nderstand the formed algal flocs, two sites on the algal flocs were
urther investigated through EDX analysis. One site was on the algae
ells (spectrum 1), the other was on the agglutinant (spectrum 2)
Fig. 12b), and the obtained values were reported in Table 1. As
hown in Fig. 12c and Table 1, the peaks indicated that carbon, nitro-
en and oxygen were the main elements in the algae cells, which
ccounted for 65.4%, 9.5% and 16.2% of the total weight, respec-
ively. On the other hand, EDX analysis for the agglutinant (Fig. 12d
nd Table 1) revealed that the carbon content reduced to 42.6%;
hile high content of aluminum (14.3%) was detected in the agglu-

inant. Therefore, it might be considered that the agglutinant was
he aluminum hydrolysis together with the flocculated pollutants
n it. It was also observed that 22.2% of oxygen and 6.9% of phos-
hor were presented in the aluminum floccules. The increase of
xygen might be due to the aluminum hydroxide formed in the ECF;
hile the increase of phosphor might result from the coagulation

f phosphate in the raw water by the aluminum coagulants.

. Conclusions

In this study, the effects of various parameters on algae removal
n an ECF system were investigated, including electrode material,
urrent density, initial pH, algae cell density and water tempera-
ure. The following conclusions could be drawn according to the
xperimental results.

1) Much better algae removal could be achieved by aluminum

electrodes than that by iron electrodes, as indicated by the
less electrolysis time required for complete algae removal and
clearer treated water.

2) The current density should be optimized when considering the
algae removal, energy consumption and effluent pH simulta-

[

[

K SK NaK FeK MgK Total

.99% 1.21% 0.36% 0.49% 0.11% 100%

.89% 2.05% 0.55% 1.39% 0.28% 100%

neously. In this investigation, the current density of 1 mA/cm2

was found to be optimum under the experimental conditions.
(3) The ECF exhibited higher algae removal efficiency under the

initial pH of 4–7 as compared with that under 7–10. This might
be due to that the dominant mechanism for algae removal
was charge neutralization under acidic and neutral conditions,
which shifted to sweeping flocculation and enmeshment under
alkaline condition. These behaviors were further confirmed by
atomic force microscopy (AFM) analysis. As a result, the energy
consumption for complete algae removal increased from 0.29
to 0.60 kWh/m3 when the initial pH varied from 7 to 10.

(4) Longer electrolysis time would be required when the initial cell
density was increased. On the other hand, higher water temper-
ature could accelerate algae removal in the ECF and thus shorten
electrolysis time.
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