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a b s t r a c t

The electrocoagulation (EC) process was developed to overcome the drawbacks of conventional wastewa-
ter treatment technologies. This process is very effective in removing organic pollutants including dyestuff
wastewater and allows for the reduction of sludge generation. The purposes of this study were to investi-
gate the effects of the operating parameters, such as pH, initial concentration (C0), duration of treatment
(t), current density (j), interelectrode distance (d) and conductivity (�) on a synthetic wastewater in
the batch electrocoagulation–electroflotation (EF) process. The optimal operating conditions were deter-
mined and applied to a textile wastewater and separation of some heavy metals. Initially a batch-type
EC–EF reactor was operated at various current densities (11.55, 18.6, 35.94, 56.64, 74.07 and 91.5 mA/cm2)
and various interelectrode distance (1, 2 and 3 cm). For solutions with 300 mg/L of silica gel, high turbid-
ity removal (89.54%) was obtained without any coagulants when the current density was 11.55 mA/cm2,
initial pH was 7.6, conductivity was 2.1 mS/cm, duration of treatment was 10 min and interelectrode dis-
tance was 1 cm. The application of the optimal operating parameters on a textile wastewater showed a
high removal efficiency for various items: suspended solid (SS) 86.5%, turbidity 81.56%, biological oxygen
demand (BOD5) 83%, chemical oxygen demand (COD) 68%, and color over 92.5%. During the EC pro-
cess under these conditions, we have studied the separation of some heavy metal ions such as iron (Fe),

nickel (Ni), copper (Cu), zinc (Zn), lead (Pb) and cadmium (Cd) with different initial concentrations in the
range of 50–600 mg/L and initial pH between 7.5 and 7.8. This allowed us to show that the kinetics of
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. Introduction

The large quantity of aqueous waste generated by metal finish-
ng and textile industries has becomes a significant environmental
roblem. Dye bath effluents, in particular, are not only aesthetic
ollutants by nature of their color, but may also interfere with light
enetration in the receiving bodies of water, thereby disturbing bio-

ogical processes. Furthermore, dye effluent may contain chemicals,
hich are toxic, carcinogenic, mutagenic, or teratogenic in various

icrobiologic, fish species [1]. The characteristics of wastewater

rom textile dyeing are high or low pH, high temperature and a
igh concentration of coloring material. The method of treatment
f dyeing wastewater are biological treatment, chemical coagu-
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tion is very quick (<15 min), and the removal rate reaches 95%.
© 2008 Elsevier B.V. All rights reserved.

ation, activated carbon adsorption, ultrafiltration, ozonation and
lectrocoagulation (EC) [2,3]. The costs of adsorption, ultrafiltration
nd ozonation exceed that of chemical coagulation. When chem-
cal coagulation is used to treat dyeing wastewater, the pollution

ay be caused by chemical substance added at a high concen-
ration. Excessive coagulant material can be avoided by EC. The
oagulant in this case is generated by dissolution of a sacrificial
node [2,4]. EC uses an electrical current to produce several metal
ons in solution. In fact, the EC systems can be effective in removing
uspended solids, dissolve metals, tannin and dyes. The contami-
ants present in wastewater are maintained in solution by electrical
harges. When metal ions are neutralized with ions of opposite

lectric charge, provided by an EC system, they become unstable
nd precipitate in a form that is usually very stable [5]. The char-
cteristics of EC are simple equipment and easy operation, brief
eactive retention period, decreased or negligible equipment for
dding chemicals and decreased amount of sludge [2]. The elec-

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:mbelkov@yahoo.fr
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216 B. Merzouk et al. / Journal of Hazardou

Nomenclature

A740 absorbance measured at 740 nm
AAS atomic absorption spectrometer
BOD5 biological oxygen demand (mg O2/L)
C concentration (mg/L)
COD chemical oxygen demand (mg O2/L)
d interelectrode distance (cm)
EC electrocoagulation
EF electroflotation
I current intensity (A)
j current density (mA/cm2)
M anode material
n number of electrons
S electrode surface area (cm2)
SS suspended solids (mg/L)
t time (min)
TR turbidity removal efficiency (%)
U measured potential (V)

Greek letters
�50 mean diameter
� wastewater conductivity (mS/cm)
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The measurements of COD (chemical oxygen demand), BOD5
(biological oxygen demand), SS (suspended solids) and color fol-
lowed the procedure of a standard method [20]. The conductivity of
solutions was measured using a CD810 conductimeter (Radiome-
�max maximum wavelength of the absorption spectrum
(nm)

rochemical process ideal to take advantage of the combined effect
ue to the production of polyvalent cations from the oxidation of
orrodible anodes (such as Fe and Al). The gas bubbles carry the
ollutant to the top of the solution where it can be more easily
oncentrated, collected and removed. The metallic ions can react
ith the OH− ions produced at the cathode during the evolution of
2 gas, to yield insoluble hydroxides that will sorb pollutants out of

he solution. It also contributes to coagulation by neutralizing any
egatively charged colloidal particles which have been reported to
e more compact than sludge obtained by chemical methods.

The electrocoagulation process is as follows:
At the anode,

→ Mn+ + ne (1)

At the cathode,

H2O + ne → n
2 H2 + nOH− (2)

here M = anode material and n = number of electrons involved in
he oxidation/reduction reaction.

Metal (soluble metal such as A1, Fe) ions are generated at the
node and react with the hydroxide ions formed at the cathode,
nd the metal hydroxides are produced as below. These insoluble
etal hydroxides react with the suspended and/or colloid solids

nd precipitate.

n+ + nOH− → M(OH)n (3)

Recently, investigations have been focused on the treatment of
astewaters using electrocoagulation. The electrocoagulation has

uccessfully been used for the treatment of wastewaters such as
lectroplating wastewater [6], laundry wastewater [7], latex parti-
les [8], restaurant wastewater [9] and slaughterhouse wastewater

10]. Meanwhile, EC process has been widely used in the removal of
rsenic [11], phosphate [12], sulfide, sulfate and sulfite [13], boron
14], fluoride [15], nitrate [16] and chromate [17]. Treatments of
astewaters containing textile dyes have been studied by electro-

oagulation method. The results of these studies show that COD,
s Materials 164 (2009) 215–222

olor, turbidity and dissolved solids at varying operating conditions
re considerably removed [18,19].

In addition, it is clear that a technically efficient process must
lso be economically feasible with regard to its initial capital and
perating costs, and practically applicable to the environmental
roblems. The economic aspect of the electrocoagulation process

s not investigated well by the researches except a few of them
18]. Electrical energy consumption is a very important economical
arameter in EC process like all other electrolytic processes.

In this study, experiments were conducted to examine the
ffects of the operating parameters, such as pH, initial concen-
ration (C0), retention time (t), current density (j), interelectrode
istance (d) and conductivity (�) on simulated model of wastewa-
er in the batch electrocoagulation process. The optimal operating
onditions were determined and applied to a textile wastewater
nd separation of some heavy metal ions.

. Experimental

.1. Materials and methods

The experimental equipment schematically is shown in Fig. 1.
he electrocoagulation–electroflotation (EF) unit consisted of an
.5 L electrochemical reactor with two aluminum electrodes of
ectangular shape (27 mm × 17 mm × 1 mm), which corresponds to
= 4.59 cm2 electrode surface area, installed horizontally in the
iddle of the reactor. The electrodes were connected to a DC power

upply (Didalab, France) providing 0–30 V (0–8 A) with galvanos-
atic operational options for controlling the current density. All the
uns were performed at room temperature. In each run, 1000 ml of
he synthetic wastewater was decanted into the electrolytic cell. All
amples were taken from the effluent port located 05 cm above the
ottom of the reactor and measured over time after sedimentation.
either centrifuging nor filtration was performed. All experiments
ere repeated three times, and the experimental error was around
%. The synthetic wastewater was prepared using 1000 mL of tap
ater and 300 mg/L of silica gel (fluka) sieved to particle dimen-

ions of 43–500 �m. The wastewater used in this research was
aken from the effluent of the textile wastewater. Simulated solu-
ions of heavy metal ions were prepared to further evaluate the
fficacy of the EC–EF process. The procedure has been described
ater.

.2. Chemical analysis
Fig. 1. Batch electrocoagulation–electroflotation unit.
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Fig. 2. Effect of current density j on the turbidity removal: C0 = 300 mg/L, interelec-
trode distance d = 1 cm, initial pH 7.6, conductivity � = 2.1 mS/cm.
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efficiencies of the turbidity at low times and high current densities
can be explained: during the flow of the electrical current, addi-
tional convection occurs. According to EDELINE [34,35], dissolved
aluminum is polymerized in the shape of aluminum hydroxide and
thus increases turbidity.
B. Merzouk et al. / Journal of Haz

er Analytical, France). For the analysis of particle distribution of
he simulated wastewater, a Retsch apparatus was utilized. Tur-
idity was determined by UV–vis spectrophotometer (Shimadzu
VPC1601, Japan) and pH was measured by using EC30 pH meter.
AS (Atomic Absorption Spectrometer, Shimadzu, Japan) was used

o determine heavy metals. Silica gel concentration was esti-
ated from its absorbance characteristics in the UV–vis rang

200–800 nm) at maximum wavelength A740 (�max = 740 nm). The
alculation of turbidity removal efficiency (TR%) after electrocoag-
lation treatment was performed using this formula:

R(%) = C0 − C

C0
· 100 (4)

here C0 and C are concentrations of silica gel before and after
lectrocoagulation in mg/L.

. Results and discussions

When current passes through an electro-chemical reactor, it
ust overcome the equilibrium potential difference, anode over-

otential, cathode overpotential and ohmic potential drop of the
olution [21]. When aluminum is used as an electrode material,
here are three major reactions in the electrochemical reactor as
ollows [22]:

(a) The oxidation reaction at the anode,

Al(s) → Al3+ + 3e (5)

b) The reduction reaction at the cathode,

3H2O + 3e → 3
2 H2(g) + 3OH− (6)

The hydrolysis reaction,

Al3+ + 3H2O → Al(OH)3 + 3H+ (7)

.1. Effect of current density and interelectrode distance on the
urbidity removal

The current density is expected to exhibit a strong effect on
C [23–33], especially on the kinetics of turbidity removal: higher
he current, shorter the treatment. This is ascribed to the fact
hat at high current density, the extent of anodic dissolution of
luminum increases, resulting in a greater amount of precipitate
or the removal of pollutants. Moreover, bubble generation rate
ncreases and the bubble size decreases with increasing current
ensity. These effects are both beneficial for high pollutant removal
y H2 flotation [27]. To investigate the effect of current density
nd interelectrode distance on the efficiency of turbidity removal,
lectrocoagulation process was carried out using various current
ensities and distance between the electrodes. An initial pH (7.6)
alue was used in this study. The current density and interelectrode
istance ranged from 11.55 to 91.5 mA/cm2, 1 to 3 cm, respectively,

n the experiments, and the results are shown in Figs. 2–4. When the
urrent density was increased from 11.55 to 91.5 mA/cm2 and inter-
lectrode distance was increased from 1 to 3 cm, it was observed
hat the turbidity removal efficiency decrease and do not change
fter 10 min retention time of the wastewater in the EC unit. For this
eason, the optimal current density, distance between electrodes
nd retention time for treatment of the simulated wastewater are

onsidered to be 11.55 mA/cm2, 1 cm and 10 min, respectively. With
hese experimental conditions, the turbidity removal efficiency
eached up to 89%.

From Figs. 2–4, it can be seen that the turbidity has a very partic-
lar variation: it increases at the beginning of treatment under the

F
t

ig. 3. Effect of current density j on the turbidity removal: C0 = 300 mg/L, interelec-
rode distance d = 2 cm, initial pH 7.6, conductivity � = 2.1 mS/cm.

ffect of the accumulation of the aluminum hydroxide in the poly-
er shape to reach very strong values. A decrease starts to reach, in

ll the studied cases, a very low turbidity. The processing time nec-
ssary depends on the operating conditions. The negatives removal
ig. 4. Effect of current density j on the turbidity removal: C0 = 300 mg/L, interelec-
rode distance d = 3 cm, initial pH 7.6, conductivity � = 2.1 mS/cm.
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The decrease of turbidity removal with the increase of cur-
ent density is probably due to the adsorption of the oxygen
ubbles produced by the anode, which is horizontally arranged
nder the cathode; although the latter is perforated, oxygen is
dsorbed on the lower face of cathode and remains blocked on this
ne. This technical problem induces a reduction in the turbidity
emoval.

Thus, the following investigation of removal efficiency for dif-
erent items was accomplished only at the experimentally selected
ptimum parameters: current density j = 11.55 mA/cm2, interelec-
rode distance d = 1 cm and retention time t = 10 min.

.2. Effect of initial pH on the efficiency of turbidity removal

It has been established that the influence pH is an important
arameter influencing the performance of the electrochemical pro-
ess [3,9]. To examine its effect, the sample was adjusted to a
esired pH for each experiment by using sodium hydroxide or sul-
uric acid. Fig. 5 demonstrates the removal efficiencies of turbidity
s a function of the influent pH. The maximum removals of turbid-
ty were observed at pH around 8. However, the pH changed during
atch EC, as already mentioned in the above-mentioned papers.

ts evolution depended on the initial pH. EC process exhibits some
uffering capacity because of the balance between the production
nd the consumption of OH− [32], which prevents high change in
H (Fig. 6). The buffering pH seems just above 7: when the initial pH

s above this value, pH decreases during EC; otherwise, the opposite
ehavior is observed.

The effect of pH can be explained as follows.
At low pH, such as 2–3, cationic monomeric species Al3+ and

l(OH)2
+ predominate. When pH is between 4 and 9, the Al3+

nd OH− ions generated by the electrodes react to form various
onomeric species such as Al(OH)2

+, Al(OH)2
2+, and polymeric

pecies such us Al6(OH)15
3+, Al7(OH)17

4+, Al13(OH)34
5+ that finally

ransform into insoluble amorphous Al(OH)3(s) through complex
olymerization/precipitation kinetics [25]. When pH is higher than
0, the monomeric Al(OH)4

− anion concentration increases at the
xpense of Al(OH)3(s). In addition, the cathode may be chemically
ttacked by OH− ions generated together with H2 at high pH values
36]:

Al + 6H2O + 2OH− → 2Al(OH)4
− + 3H2 (8)
Two main mechanisms are generally considered: precipitation
or pH lower than 4 and adsorption for higher pH. Adsorption may
roceed on Al(OH)3 or on the monomeric Al(OH)4

− anion depend-
ng on the pollutant chemical structure. The formation of Al(OH)3(s)

ig. 5. Effect of initial pH on the turbidity removal efficiency: C0 = 300 mg/L, current
ensity j = 11.55 mA/cm2, interelectrode distance d = 1 cm, retention time t = 10 min,
onductivity � = 2.1 mS/cm.

a
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e
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ig. 6. Evolution of pH values during EC for different values of initial pH:
0 = 300 mg/L, current density j = 11.55 mA/cm2, interelectrode distance d = 1 cm,
onductivity � = 2.1 mS/cm.

s therefore optimal in the 4–9 pH range, which corresponds to the
ptimum pH values investigated in this work.

However, pH affects also bubble size [37]. Typical bubble sizes
n electroflotation always fall in the range of 20–70 �m [38], far
maller than those observed in conventional air-assisted flotation,
hich provides both sufficient surface area for gas–liquid–solid

nterfaces and mixing efficiency to favour the aggregation of tiny
estabilized particles. Hydrogen bubbles, which obey usually to a

ognormal size distribution, are known to be the smallest about
eutral pH [39].

As a conclusion, pH may be adjusted in the optimum range in
rder to achieve a compromise between best coagulation and best
otation. The optimum range may however vary as a function of
lectrode material and silica gel structure. In the following sections,
nitial pH will be fixed at about 7.6 to maximize turbidity removal
fficiency.

.3. Effect of initial concentration on the efficiency of turbidity
emoval

The variations of rate of turbidity removal for six different initial
oncentrations are shown in Fig. 7. Using aluminum as sacrificial

node, the removal efficiency of turbidity was effectively reduced to
54%, when the initial concentration of silica gel increased from 100
o 800 mg/L. As see, with increasing initial concentration, removal
fficiency of turbidity decreases linearly. The reason for this is the
ack of sludge for adsorption of excess silica gel in high concentra-

ig. 7. Effect of initial concentration on the turbidity removal efficiency: current
ensity j = 11.55 mA/cm2, initial pH 7.6, interelectrode distance d = 1 cm, retention
ime t = 10 min, conductivity � = 2.1 mS/cm.
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Table 1
Characteristics of textile wastewater used (TINDAL)

Characteristics Value

pH 8.7
Biological oxygen demand BOD5 (mg O2/L) 708
Chemical oxygen demand COD (mg O2/L) 2000
Suspended solids SS (mg/L) 722
Turbidity (NTU) 217
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ions. It is necessary to mention that the total amount of sludge is
onstant for all concentrations.

.4. Effect of conductivity

The increase of the conductivity by the addition of sodium chlo-
ide is known to reduce the cell voltage U at constant current
ensity due to the decrease of the ohmic resistance of wastewa-
er [40,25,27]. Energy consumption, which is proportional to UI,
ill therefore decrease. Chloride ions could significantly reduce

he adverse effects of other anions, such as HCO3
− and SO4

2−,
or instance by avoiding the precipitation of calcium carbonate in
ard water that could form an insulating layer on the surface of
he electrodes and increase the ohmic resistance of the electro-
hemical cell [40,41]. Chloride anions can also be oxidized and give
ctive chlorine forms, such as hypochlorite anions, that can oxidize
yes.

The conductivity of the simulated wastewater was adjusted to
he desired levels by adding an appropriate amount of 1N NaCl
olution. The experimental conditions were: initial pH of 7.6; cur-
ent density j = 11.55 mA/cm2; and EC retention time of 10 min.
he effect of conductivity on performance of the EC process is
hown in Fig. 8. In Fig. 8, turbidity removal efficiency remains
lmost unchanged between the conductivity range of 2100 and
000 �S/cm.

.5. Case study: textile wastewater

The textile wastewater used in this research was taken from the
ffluent of a textile factory in Algeria (M’sila) producing approxi-
ately 15000 m3 of wastewater per day. The initial characteristics

f textile wastewater are shown in Table 1.
Under the optimal operating conditions: current density

= 11.55 mA/cm2, retention time t = 10 min and interelectrode dis-
ance d = 1 cm, the final characteristics of the wastewater used are
hown in Fig. 9.

It showed that most of the SS that generated turbidity in tex-
ile wastewater were removed by 86.5%, forming a floating scum
ayer. Moreover, the removal efficiencies of COD and BOD5 showed
alues of 68% and 83%, respectively. This remarkable reduction
f COD and BOD5 can be explained by the fact that EC–EF has

ome effects on non-biodegradable organics in the textile wastew-
ter. The great reduction of the color (>92.5%) shows that the
C–EF is a technique of choice for the clarification of wastewa-
er.

ig. 8. Effect of conductivity on the turbidity removal efficiency: C0 = 300 mg/L,
urrent density j = 11.55 mA/cm2, initial pH 7.6, interelectrode distance d = 1 cm,
etention time t = 20 min.
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olor (Co–Pt) >200
onductivity � (�S/cm) 4571

.6. Separation of heavy metals

The possibility of removal of heavy metal ions such as cop-
er (Cu), nickel (Ni), zinc (Zn), cadmium (Cd), lead (Pb) and

ron (Fe) from wastewater by electrocoagulation was investi-
ated.

.6.1. In the presence of sulfates
Synthetic solutions of CuSO4·5H2O, NiSO4·6H2O, ZnSO4·7H2O,

dSO4·8H2O, PbSO4 and FeSO4·7H2O with different initial concen-
rations in the range of 50–600 mg/L and initial pH between 7.5 and
.8 were used for conducting the experiments. All solutions were
repared using distilled water with the following characteristics:

nitial concentration C0 = 50 to 600 mg/L, initial pH 7.8, conductiv-
ty � = 2.4 mS/cm. The different experiments were carried out at
0 ◦C using interelectrode distance d = 1 cm and a current density
= 11.55 mA/cm2.

The experimental results are shown in Figs. 10–15.
According to the results obtained, we can note that the EC–EF

rocess functions for all studied metal concentrations. Comparing
he results obtained in this work with similar ones [42–44], it can
e observed that the EC–EF process has a high average removal
fficiency. As the concentration of metal solution was increased
rom 50 to 600 mg/L, the removal efficiency decreased from 99%
o 70%. The removal extent was higher for lower metal concentra-
ions. From 50 to 400 mg/L, it can be seen that the rate of removal
f all metals is high (90–99%) and the kinetics of electrocoagula-
ion is fast and does not exceed 5 min. Except for iron and copper,
time of 15 min is required to reach more than 90%. For instance,
fter 15 min of operation, 98.61% of the 50 mg/L iron concentration
as eliminated against 70.24% for the 600 mg/L iron concentra-

ion.

ig. 9. Removal efficiency for various items: current density j = 11.55 mA/cm2, reten-
ion time t = 10 min, interelectrode distance d = 1 cm, initial pH 8.7, conductivity
= 4.571 mS/cm.
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Fig. 10. Removal efficiency as a function of iron concentration and time in the pres-
ence of sulfates: current density j = 11.55 mA/cm2, interelectrode distance d = 1 cm,
initial pH 7.8, conductivity � = 2.4 mS/cm.
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Fig. 13. Removal efficiency as a function of zinc concentration and time in the pres-
ence of sulfates: current density j = 11.55 mA/cm2, interelectrode distance d = 1 cm,
initial pH 7.8, conductivity � = 2.4 mS/cm.

F
t
d

i
p
equal to various metals found in the solution. We know that during
ig. 11. Removal efficiency as a function of nickel concentration and time in the pres-
nce of sulfates: current density j = 11.55 mA/cm2, interelectrode distance d = 1 cm,
nitial pH 7.8, conductivity � = 2.4 mS/cm.

.6.2. Kinetics of electrocoagulation of polymetallic solutions
In order to see the effectiveness of EC–EF in the case of

olution containing several metals, a mixture of CuSO4·5H2O,
iSO4·6H2O, ZnSO4·7H2O, CdSO4·8H2O and PbSO4 in a same solu-

ion was studied. The operating conditions are the same ones
ith the first case. The experimental results are represented in
ig. 16.
Fig. 16 shows that the removal efficiencies of the polymetallic

olutions containing sulfate is faster than the monometallic solu-
ions (Figs. 10–15). Only one type of hydroxide particles found

ig. 12. Removal efficiency as a function of copper concentration and time in
he presence of sulfates: current density j = 11.55 mA/cm2, interelectrode distance
= 1 cm, initial pH 7.8, conductivity � = 2.4 mS/cm.
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ig. 14. Removal efficiency of as a function of cadmium concentration and time in
he presence of sulfates: current density j = 11.55 mA/cm2, interelectrode distance
= 1 cm, initial pH 7.8, conductivity � = 2.4 mS/cm.

n monometallic solutions which is involved by gases, when in
olymetallic solutions there were so many, and their numbers is
he EC–EF functioning, its speed depends on the ascension effect
etween aggregates; so, the ascension effect activation is probably
aused by various aggregates numbers; these results the increase

ig. 15. Removal efficiency as a function of lead concentration and time in the pres-
nce of sulfates: current density j = 11.55 ma/cm2, interelectrode distance d = 1 cm,
nitial ph 7.8, conductivity � = 2.4 ms/cm.
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ig. 16. Removal efficiency of various metals in a polymetallic solution:
0 = 100 mg/L, Current density j = 11.55 ma/cm2, interelectrode distance d = 1 cm, ini-
ial ph 7.8, conductivity � = 2.4 ms/cm.

n the efficiency for the polymetallic solutions compared to the
onometallic ones.
It should be noted that the removal efficiencies were around

8.5% for all metals. For PbSO4, we did not record any remaining
races.

.6.3. In the presence of acetates
A model solution of Zn(CH3COO)2 and Pb(CH3COO)2 was used

or conducting the experiments. All solutions were prepared using
istilled water with the following characteristics: C0 = 100 mg/L,

nitial pH 7.5, conductivity � = 2.4 mS/cm.
The experimental results are represented in Fig. 17.
Fig. 17 shows that the kinetics of EF process is fast. We also note

hat the effectiveness of treatment of Zn(CH3COO)2 is 97.52% and
b(CH3COO)2 is 80.06% after 10 min.

The removal efficiencies for zinc are almost the same ones in
resence of sulfates and acetates (Figs. 15 and 17), but the difference
as observed for lead.

For lead, in presence of acetates and with the basic pH (7.6), lead
cetate can be formed in the solution, not very soluble to this pH,
nd more probably can be adsorbed on certain points of electrodes
urfaces. This can cause a blocking of the surface. There will be no

ore electrochemical reactions (water electrolysis), which make

he process inefficient comparatively to the solution containing
ulfates.

ig. 17. Removal efficiency of various metals in the presence of acetates:
0 = 100 mg/L, current density j = 11.55 ma/cm2, interelectrode distance d = 1 cm, ini-
ial pH 7.5, conductivity � = 2.4 mS/cm.

[

[

[

[

[

s Materials 164 (2009) 215–222 221

. Conclusions

The results obtained in this study suggest an opportunity for
he application of electrocoagulation–electroflotation technology.
t can be concluded that the treatment of wastewater by EC–EF is
ffective based on the following:

The application of EC–EF to a synthetic wastewater, consisted
of drinking water and silica gel (�50 < 25 �m) showed a removal
turbidity of 89.54% at a current density j = 11.55 mA/cm2, reten-
tion time t = 10 min, interelectrode distance d = 1 cm, initial pH
7.6, conductivity � = 2.1 mS/cm.
Based on the characteristics of particles in simulated wastewater
(�50 < 25 �m), EC–EF is applicable to the treatment of industrial
wastewater.
Under the optimal operating conditions (current density
j = 11.55 mA/cm2, interelectrode distance d = 1 cm, retention time
t = 10 min), removal efficiencies for various items of the textile
wastewater used were as follows: BOD5 (83%), COD (68%), tur-
bidity (81.56%), SS (86.5%) and color (>92.5%).
For concentrations ranging from 50 to 600 mg/L and initial pH
of 7.8, the process of EC–EF functions for all studied metals and
the removal efficiency decreased from 99% to 70%. From 50 to
400 mg/L, it can be seen that the rate of removal of all metals is
high (90–99%) and the kinetics of electrocoagulation is fast and
does not exceed 5 min. Except for iron and copper, a time of 15 min
is required to reach more than 90%.
The efficiency of treatment of the polymetallic solutions contain-
ing sulfates is faster than the monometallic solutions.
Anions of sulfates and acetates contained in wastewater influence
neither the kinetics nor the effectiveness of removal of different
metal ions.
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