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The removal of color from synthetic wastewater containing a reactive dye, C.I. re-
active red 124, was experimentally investigated using direct current (D.C.) electro-
coagulation (EC) . In the EC of the reactive dye the effects of initial pH, electrolysis
time, initial concentration of dye, conductivity and current density, were examined. The
dye in the aqueous phase were effectively removed when iron was used as sacrificial an-
ode. The optimum operating range for each operating variable was experimentally deter-
mined. The batch experimental results were assessed in terms of color. They revealed
that the color of the reactive dye in aqueous phase was effectively removed (100 %). The
optimum current density, pH and electrolysis time for 100 mg L–1 initial dye mass con-
centration were 1.351 mA cm–2 , 8 and 5 min, respectively.

Key words:
D.C. electrocoagulation (EC), iron electrode, reactive dye, C.I. reactive red 124

Introduction

The large quantity of aqueous waste generated
by textile industries has become a significant envi-
ronmental problem. The water employed in the
dyeing and finishing processes eventually ends up
as wastewater that needs to be treated before final
discharge. Colored wastewater is not only an inher-
ent feature of textile discharges; it is produced also
in other industrial operations such as coffee absorp-
tion, yeast preparation, and edible oil refinery.
Strong color and turbidity of the wastewater effluents
are particularly troublesome because of its negative
visual impact. Because dyes absorb sunlight, plants
in sewage streams may perish; thus the ecosystem
of streams could be seriously affected.1

The characteristics of wastewater from textile
dyeing are high or low pH, high temperature and a
high concentration of coloring material. The meth-
ods of treatment of dyeing wastewater are biologi-
cal treatment, chemical coagulation, activated carbon
adsorption, ultrafiltration, ozonation and EC.2–10

In recent years, EC has been successfully
tested to treat various industrial wastewater11–19.

Electrochemical methods have been used as
chemical coagulation processes to remove color and
cloudiness from colored industrial wastewater. In

this regard, it has been observed that the electro-
chemical process generated numerous flocs, which
permitted to attain high efficiency in clearing
wastewater. The electrochemical technologies have
attracted a great deal of attention because of their
versatility and environmental compatibility, which
makes the treatments of liquids, gases and solids
possible. In fact, the main reagent is the electron,
which is a “clean reagent”.20 A host of very pro-
mising techniques based on electrochemical tech-
nology, that do not require chemical additions, are
being developed and existing ones improved. These
include EC, electroflotation and, electrodecantation.
EC is a process consisting of creating a floc of
metallic hydroxides within the effluent to be
cleaned, by electrodissolution of soluble anodes.
Iron and aluminium are generally used as sacrificial
anodes.21–24

In recent years, EC has been successfully tested
to treat decolorization of dye–containing solutions.
The dye in dye–containing wastewater is coagulated
by iron (II) and aluminium hydrates or hydroxides
produced from the sacrificial anode2,25–32.

In this paper the EC of a reactive dye, C.I. re-
active red 124, in aqueous solutions using an iron
sacrificial anode, is described. Our aim was to in-
vestigate the decolorization by EC of the solutions
containing a reactive dye and to determine the in-
fluence on decolorization process of the operating
variables such as current density, pH, conductivity,
initial dye concentration, and electrolysis time.
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A brief description of
electrocoagulation mechanism

First of all, decolorization of solutions contain-
ing C.I. reactive red 124, by using iron and alumi-
num electrode materials was investigated. The re-
sults show that iron is superior to aluminum as sac-
rificial electrode material. In this respect, iron elec-
trodes were used in all experiments.

The Fe (II) ions are the common ions generated
by the dissolution of iron. In contrast, OH– ions are
produced at the cathode. By mixing the solution,
hydroxide species are produced which cause the re-
moval of matrices (dyes and cations) by adsorption
and coprecipitation. In the study of iron anodes,
two mechanisms for the production of the metal hy-
droxides have been proposed:22

Mechanism 1:
Anode:

4 Fe(s) $ 4 Fe2+(aq) + 8 e– (1)

4 Fe2+(aq) + 10 H2O(l) + O2(aq) $

4 Fe(OH)3(s) + 8 H+
(aq) (2)

Cathode:

8 H+
(aq) + 8 e– $ 4 H2 (g) (3)

Overall:

4 Fe(s) + 10 H2O(l) + O2(aq) $

4 Fe(OH)3(s) + 4 H2(g) (4)

Mechanism 2:
Anode:

Fe(s) $ Fe2+(aq) + 2 e– (5)

Fe2+(aq) + 2 OH–
(aq) $ Fe(OH)2(s) (6)

Cathode:

2 H2O(l) + 2 e– $ H2(g) + 2 OH–
(aq) (7)

Overall :

Fe(s) + 2 H2O(l) $ Fe(OH)2(s) + H2(g) (8)

The Fe(OH)n(s) formed remains in the aqueous
stream as a gelatinous suspension, which can re-
move the dye from wastewater either by com-
plexation or by electrostatic attraction followed by
coagulation.

Ferric ions electrogenerated may form mono-
meric ions, ferric hydroxo complexes with hydro-
xide ions and polymeric species, namely, Fe(H2O)63+,
Fe(H2O)5OH2+, Fe(H2O)4(OH)21+, Fe2(H2O)8(OH)24+,
Fe2(H2O)6(OH)42+ and Fe(OH)4– depending on the

pH range.31 The complexes (i.e. hydrolysis prod-
ucts) have a pronounced tendency to polymerize at
pH 3.5–7.0. A solubility diagram for Fe(III) in wa-
ter is presented in Fig. 1.19,20

Materials and methods

Reactive dye

The dye used in the experiments was C.I. reac-
tive red 124. This dye was of commercial grade and
was used without further purification. All concen-
trations were measured at the wavelength corre-
sponding to maximum absorbance, 
max, which for
C.I. reactive red 124 is 544 nm, and using spectro-
photometer (Shimadzu UV–150–02). The charac-
teristic schematic structure of a reactive dye was
shown in Figure 2. The reactive group (halogen
atom) of the dye forms a covalent bond with the
functional groups of textile fibres. These functional
groups are hydroxyl, amino, carboxyl and thioalco-
hol group. Reactive dyes form generally strong co-
valent bonds in base solutions.33

Electrochemical reactor

The batch experimental setup is schematically
shown in Fig. 3. The EC unit consists of an electro-
chemical reactor, a D.C. power supply and iron
electrodes. The iron cathode and iron anode consist
of pieces of cast iron separetad by a space of 2.5 cm
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F i g . 1 – Predominance–zone diagrams for Fe(III) chemi-
cal species in aqueous solution. Note that, in this case, the
solid line represents the solubility equilibrium of Fe(OH)3 and
the dotted line representes the predominance limits among sol-
uble chemical species.19,20

F i g . 2 – The characteristic schematic structure of a reac-
tive dye



and dipped in the wastewater. The EC of dye con-
taining aqueous solutions was carried out in the re-
actor (650 ml) using magnetic stirrers to agitate the
solutions. There were 4 electrodes connected in a
bipolar mode in the electrochemical reactor, each
one with dimensions of 10 × 5 × 0.2 cm. The total
area of the electrode plates was 0.0106 m2. The stir-
rer was used in the electrochemical cell to maintain
an unchanged composition and avoid the associa-
tion of the flocs in the solution. The D.C. source
was used to power supply the system with 0–15 V
and 0–3 A.

Synthetic wastewater samples and
experimental procedure

The synthetic wastewater containing the reac-
tive dye was prepared using distilled water. Con-
centrations of the dye were 100, 200, 300, 400 and
500 mg L–1. The pH and conductivity were adjusted
to a desirable value using HCl, NaOH and NaCl.
The salt mass concentrations for conductivity were
0.77, 1.54, 2.30, 3.07, 4.61 mg L–1. pH and current
density values were 4, 6, 7, 8, 10 and 0.675, 1.351,
2.030, 2.700 mA cm–2, respectively.

At the beginning of a run the desired concentra-
tion of dye in the aqueous solution was fed into the
reactor and the pH and conductivity were adjusted to
a desired value. The iron electrodes were placed into
the reactor. The reaction was timed, starting when
the D.C. power supply was switched on.

Iron salts produce electrode passivation and it
causes a 50 % increase in treatment time and power
requirements. Eliminating the salt formation at the
anode could reduce this effect.34,35 For this reason,
the electrodes were rinsed in the diluted HCl solu-
tion after the each experiment.

Samples were periodically taken from the reac-
tor. The particulates of colloidal ferric oxyhydro-
xides gave yellow–brown colour into the solution

after EC. The precipitate in the sample was centri-
fugated at 1000 rpm for 15 min and the supernatent
liquid was decanted. The dye concentrations were
measured at the wavelength corresponding to maxi-
mum absorbance, 
max, using a spectrophotometer
(Shimadzu UV–150–02).

Sludge characterization

The quantity of sludge generated by the elec-
trochemical technique is lower than the chemical
method. Furthermore, morphologies of sludges are
different, while the sludge generated by the chemi-
cal technique appear to be dense and large, the
sludge generated electrochemically form clusters.19

The sludge produced by the electrochemical
processes was analyzed by FTIR . Following, EC
produced sludge was filtered through 0.45 2m
Millipore membrane filters. The remaining part was
dried at 378 K. Sample pellets were prepared by
mixing 1mg of dried sludge with 200 mg of KBr
(spectrometry grade) at 980.66 kPa (10.000 kg
cm–2) pressure for 30 min under vacuum. FTIR
spectra were recorded from 2000 to 400 cm–1 (100
scans) using a Mattson Infinity Series FTIR
spectrophotometer.

Results and discussion

Effect of initial pH

Effect of initial pH on the removal efficiency
of reactive dye

It has been established that pH is an important
parameter influencing the performance of the EC
process.10 To examine its effect, the sample was
adjusted to a desired pH for each experiment by us-
ing sodium hydroxide or hydrochloric acid. Figure
4 shows the removal efficiency of reactive dye as a
function of the initial pH. pH of the medium in-
creased during the process. The maximum removals
of reactive dye were observed at pH around 8 for 3
min electrolysis duration and 2.030 mA cm–2 cur-
rent density. Best removal results for 5 min electrol-
ysis duration were observed at a pH of 6 to10 and
2.030 mA cm–2. However, at 2.700 mA cm–2 of cur-
rent density, it is clear from Fig.4a that a good re-
sult is reached from pH 7 to 10 for 3 min electroly-
sis duration and from pH 3.5 to 10 for 5 min elec-
trolysis duration (as seen on Fig. 4b). The removal
of the reactive dye in this pH region was 100 %.

The mechanism of decolorization

The mechanism of the EC process in aqueous
systems is quite complex. The color removal pro-
cess may involve adsorption of the dye molecule by
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F i g . 3 – Bench–scale EC reactor with bipolar electrodes
in parallel connection



both electrostatic attraction and physical entrap-
ment. Also, the reactive group of the dye actually
may form a covalent bond with the hydroxyl groups
of the ferric hydroxo complexes. FTIR was used to
monitor the EC mechanism. IR spectra of the C.I.
reactive red 124 and of the ferric oxyhydroxides
formed in EC of distilled water and sludge, formed
after EC of dye solution are shown in Fig. 5. The
characteristic frequencies of the important groups in
the dye and ferric oxyhydroxides are listed in Table 1.

A comparison between the spectra of the reac-
tive dye bonded with the ferric oxyhydroxides sur-
face, during the EC and the spectra of the reactive
dye and ferric oxyhydroxides alone, showed some
changes in the frequencies and intensity of bands.
Thus, there must be some changes in the conforma-
tion after the transfer of dye from the solution onto
the ferric oxyhydroxides surface. The spectral
peaks of the sludge formed in electrocoagulation in
Fig 5c show different frequencies in the region
1600 ~ 467 cm–1 according to the spectral peaks of
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F i g . 4 – Effect of initial pH on the removal efficiency of reactive dye, R/%. (a) Duration of electrolysis t =
3 min; (b) Duration of electrolysis t = 5 min (	o = 100 mg L

–1; T = 298 K; d = 2.5 cm; 	NaCl =
3 g L–1; rotation speed: nr = 100 rpm)

T a b l e 1 – The characteristic IR frequencies of important groups and their actual frequencies41–44

Group name Group
R.I. Reactive Red 124

IR 
 / cm–1

Ferric Oxyhydroxides

IR 
 / cm–1

The Sludge

IR 
 / cm–1

Sulphonates Ar–SO3
– 1208–1403 – Disappeared

Chlorine Ar–Cl 859–733 – Disappeared

Vinly –CH=CH2 623–569 – Disappeared

Aromatic C=C 1640 – Diminished

Amine N=C 1640 – Diminished

Ferric Oxyhydroxide �–FeOOH – 630–700 630–700– Little extented

F i g . 5 – FTIR spectra of samples, recorded at room tem-
perature. a) Ferric Oxyhydroxides b) Reactive dye (R.I. Reac-
tive Red 124) c) The sludge formed in electrocoagulation



C.I. reactive red 124. The characteristic frequencies
of the important groups as C=C , N=C, Ar–Cl,
Ar–SO3 and –CH=CH2 were disappeared. As can
be seen in Fig. 5, the bands at approximately 467 –
859 cm–1 for the rective dye showed significant
changes. Namely, the Ar–Cl groups in the dye may
interact with the ferric oxyhydroxides. The dye
molecule is bound strongly to the ferric hydroxo
complexes formed during electrocoagulation. It is
assumed that the dye molecule can act as a ligand to
bind a hydroxo complex:33

As can be seen in Fig. 4, the removal efficiency
of reactive dye at low pHs decreases. It is due to
the fact that the reactive dye forms the covalent
bond at high pHs. Also, at low pHs the solution
protons are reduced at the cathode to H2 and the
same proportion of hydroxide ions cannot be pro-
duced.

The oxidation conditions attained by the
electrooxidation (ElectroFenton’s reagent) process,
of the organic components contained in the
wastewater, permitted to obtain lower COD values,
compared to those obtained using electrocoagu-

lation. In the other hand, at acidic conditions the
Electro–Fenton method is much better in organic
pollutant removal from wastewater20,36,37. However,
electrocoagulation process is capable for deco-
lorization of C.I. reactive red 124 and decolo-
rization pH of EC is convenient.

Effect of initial pH on electrode consumption

The electrode consumption values were calcu-
lated according to Faraday’s law in following man-
ner:

m
M I t

z FFe�
& &

&3600 (9)

where mFe is the amount of consumed iron (g), M is
the molar mass (g mol–1) (atomic mass of iron Ar =
56), z is the charge number (zFe = 2), I is current
(A), F is Faraday’s constant (9.65 · 104 s A mol–1), t
is the electrolysis time (h). Figure 6 shows the elec-
trode consumption in kg per kg of dye removed in
relation to initial pH in EC. As can be seen in Fig.
6, the lower electrode consumption values were ob-
tained for 7 � pH � 10 for 3 min electrolysis time
at 2.030 mA cm–2 current density and for 6 � pH �
10 for 5 min electrolysis time at 1.351 mA cm–2

current density. The minimum electrode consump-
tion was 0.35 kg electrode per kg dye at 1.351 mA
cm–2 and pH 8 for 5 min electrolysis times.
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F i g . 6 – Effect of initial pH on electrode consumption. (a) Duration of electrolysis: t = 3 min; (b) Dura-
tion of electrolysis: t = 5 min (	o = 100 mg L

–1; T = 298 K; d = 2.5 cm; 	NaCl : 3 g L
–1; rotation

speed: nr = 100 rpm)



Effect of initial pH on energy consumption

Figure 7 shows the specific energy consump-
tion versus pH for iron electrodes during the, EC
expressed in kWh consumed per kg dye. As Fig. 7
shows, the minimum energy consumption was ob-
served at 7 � pH � 10 for 3 min at 2.030 mA cm–2

current density and at 6 � pH �10 for 5 min of
electrolysis time at 1.351 mA cm–2 current density.
The effect of pH on specific energy consumption
per unit of removal efficiency is shown in Fig. 8. It
can be seen that the minimum energy consumption
appears for 6 � pH � 10 at 5 min of electrolysis
time and 1.351 mA cm–2 current density.

Effect of current density

Effect of current density on the removal
efficiency of reactive dye

As shown in Fig. 9, the removal efficiency of
the dye increased significantly with increasing of
current density. With increasing current density the
amount of oxidized iron is increased and conse-
quently the amount of the hydroxyl polymers avail-
able for the attraction of the dye molecule are also
increased. From Fig. 9, it is apparent that the re-
moval effieciency was improved continously with
increasing current density and the maximum dye re-
moval was observed at 2.030 mA cm–2 current den-
sity for pH 8 and 3 min of electrolysis time. As can
be seen from Fig. 9 (b), for 5 min electrolysis time,
the maximum dye removal was obtained at 1.351
mA cm–2 for pH 8. At pH 8, when the current den-
sity was increased from 1.351 mA cm–2 to 2.030

mA cm–2, the EC time was shortened from 5 to 3
min. As a result, it should be noted that the optimal
dye removal was observed at 1.351 mA cm–2, pH 8
and 5 min electrolysis time.

Effect of current density on electrode consumption

Figure 10 illustrates the effect of current den-
sity on electrode consumption expressed in kg per
kg of dye removed. As shown in Fig. 10, minimum
electrode consumption values were obtained at
2.030 mA cm–2 for 3 min electrolysis time and at
1.351 mA cm–2 for 5 min electrolysis time. The op-
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F i g . 7 – Effect of initial pH on energy consumption. per unit of dye removed (a) Duration of electrolysis:
t = 3 min; (b) Duration of electrolysis: t = 5 min (	o: 100 mg L

–1; T = 298 K; d = 2.5 cm; 	NaCl =
3 g L–1; rotation speed: nr = 100 rpm)

F i g . 8 – Effect of initial pH on energy consumption per
unit of removal efficiency. (	o = 100 mg L

–1; T = 298 K; d =
2.5 cm; 	NaCl = 3 g L

–1; rotation speed: nr = 100 rpm)



timum current density corresponds to the end of the
sharp decrease stage at pH 6 – 10 for 5 min elec-
trolysis time and is equal to1.351 mA cm–2. Under
these conditions, the electrode consumption is 0.35
kg per unit dye removed.

Effect of current density on energy consumption

The Effect of current density on energy con-
sumption (kWh kg–1 dye removed) is shown in Fig.
11. Increase of the current density up to 2.030 mA
cm–2 caused a decrease in power requirement for 3
min electrolysis time. In the same way, an increase

of current density up to 1.351 mA cm–2 caused a de-
crease in power requirement for 5 min electrolysis
time. The minimum energy consumption was 7.52
kWh kg–1 dye at 2.030 mA cm–2 current density for
3 min electrolysis time and 4.54 kWh kg–1 dye at
1.351 mA cm–2 current density for 5 min electroly-
sis time in pH 8. The energy consumption in the
high current density was increased by polarization.
The effect of current density on energy consump-
tion per unit of removal efficiency is shown in Fig.
12. Apparently, optimum current density for energy
consumption is 1.351 mA cm–2 at 5 min electrolysis
time and pH 8.
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F i g . 9 – Effect of current density on the removal efficiency of reactive dye. (a) Duration of electrolysis:
t = 3 min; (b) Duration of electrolysis: t = 5 min (	o: 100 mg L

–1; T = 298 K; d = 2.5 cm; 	NaCl =
3 g L–1; rotation speed nr = 100 rpm)

F i g . 1 0 – Effect of current density on electrode consumption. (a) Duration of electrolysis: t = 3 min;
(b) Duration of electrolysis: t = 5 min, (	o: 100 mg L

–1; T = 298 K; d = 2.5 cm; 	NaCl = 3 g L
–1;

rotation speed nr = 100 rpm)



Effect of electrolysis time

As shown in Fig. 13, as the time of electrolysis
increases comparable changes in the removed effi-
ciency of C.I. reactive red 124 are observed. Figure
13 shows the relationship between the color re-
moval and the electrolysis time. To explore the ef-
fect of operating time, the current density and pH
were held constant. The color of the reactive dye
was decreased as a function of elapsed time. After 5
min of electrolysis, the color removal efficiency
reached a maximum at all pH values except for pH
4 and 0.675 mA cm–2 current density; a 100 % color
removal was achieved under this condition.

Effect of the initial concentration
on the removal of reactive dye

As can be seen from Fig. 14, when the initial
concentration of C.I. reactive dye 124 was in-
creased from 100 to 500 mg L–1, the retention time
of the dye solution in the EC unit in order to
achieve a 100 % removal efficiency was prolonged
from 3 to 5.5 min. The reason for this is the lack of
sludge for the adsorption of excess dye in high con-
centrations. It is necessary that the total amount of
sludge is constant for all concentrations.

Effect of the amount of NaCl salt
on the removal efficiency of reactive dye

In generally, NaCl is used to obtain the con-
ductivity in EC process . The conductivity of the
wastewater is adjusted to the desired levels by add-
ing an appropriate amount of NaCl.30,38,39 The effect
of NaCl concentration on the removal efficiency is
shown in Fig. 15. When the concentration of NaCl
salt in solution increases, conductivity of the solu-
tion and the current density increase. The higher
ionic strength will generally cause an increase in
current density at the same cell voltage or, equiva-
lently, the cell voltage decreases with increasing
wastewater conductivity at constant current density.
Consequently, the necessary voltage to attain a cer-
tain current density will be diminished and the con-
sumed electrical energy will decrease. It can be
seen that there is an increase in the removal effi-
ciency up to 100 % when the concentration of NaCl
salt in the solution is 3.0 g L–1. As shown in Fig.
15, the optimum salt concentration is 2.3 g L–1. But,
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F i g . 1 1 – Effect of current density on energy consumption. (a) Duration of electrolysis: t = 3 min; (b) Du-
ration of electrolysis: t = 5 min (	o = 100 mg L–1; T = 298 K; d = 2.5 cm; 	NaCl = 3 g L

–1; rota-
tion speed nr = 100 rpm)

F i g . 1 2 – Effect of current density on energy consumption
per unit of removal efficiency. (	o = 100 mg L

–1; T = 298 K; d
= 2.5 cm; 	NaCl = 3 g L

–1; rotation speed nr = 100 rpm)



this amount of salt was not enough for current den-
sity more than 1.351 mA cm–2 at the same cell volt-
age. In this respect, 3.0 g L–1 NaCl was used in the
experiments.

Effect of the current density on
the COD removal efficiency

Fig. 16 depicts the effect of current density on
COD removal efficiency at 5 min. electrolysis time
and pH 8. As shown in Fig. 16, the removal effi-
ciency of COD increased significantly with increas-
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F i g . 1 4 – Effect of initial concentration on the removal ef-
ficiency of the reactive dye.(pH 8; j= 1.351 mA cm–2; T = 298
K; d = 2.5 cm; 	NaC l = 3 g L

–1; rotation speed: nr = 100 rpm)

F i g . 1 5 – Effect of the amount of NaCl on the removal effi-
ciency of reactive dye. (duration of electrolysis: t = 3 min;
pH 8; 	o: 100 mg L

–1; T = 298 K; j = 1.351 mA cm–2; d = 2.5
cm; rotation speed nr = 100 rpm)

F i g . 1 3 – Effect of electrolysis time on the removal efficiency of the reactive dye. (a) pH 4; (b) pH 6;
(c) pH 8; (d) pH 10 (	o: 100 mg L

–1; T = 298 K; d = 2.5 cm; 	NaCl = 3 g L
–1; rotation speed:

nr= 100 rpm)



ing of current density like the variation of current
density–dye removal efficiency. Its reason has been
discussed in the section Effect of current density.

Modelling for calculation of the dye removal

The dye removal after 3 min of EC for the ini-
tial mass concentration of 100 mg L–1 can be calcu-
lated according to

mdye = mFe (k – n7res) (10)

where mdye is the mass (mg L–1) removed from the
dye solution for 3 min electrolysis time, mFe is the
mass of dissolved iron during the electrolysis
(g L–1), 7res is the residual mass concentration of
dye (mg L–1) for 3 min electrolysis time, the coeffi-
cient k denotes the dye removal capacity (mg dye
per unit of g–1 iron) and n is an other coefficient
(L g–1 iron). mFe was calculated from Faraday’s law.

Eq. 10 corresponds simply to the mass balance
of the dye ( concentration removed = initial concen-
tration – residual concentration). Also, the use of
Faraday’s law to calculate mFe is valid, provided
that the current efficiency is 100 % (no parasitic re-
actions). The values of k and n were calculated
from the slope and intercept of the linear plot,
mdye/mFe vs 7res and are represented in Table 2.

The values of k in Table 2 reveal that the k
value at pH 8 is the greatest. This shows that the
dye removal capacity (mg dye/g iron) gets its high-
est value at pH 8.

A relationship between equation (10) and Fara-
day’s equation (9) can be derived:

mdye = I · 0.0803 (k – 7res) (11)

Eq. (11) shows that the dye removal (mg L–1)
increases linearly with current (I) and the k coeffi-

cient. The theoretical 7res values for various pH val-
ues were calculated using equation (11). Figure 17
shows a comparison between the theoretical values
and the experimental data. As can be seen in Fig.
17, the calculated values were found to generate a
satisfactory fit to the experimental data.

Conclusions

The EC system successfully removes C.I. reac-
tive dye 124. The mechanism concerning the re-
moval of C.I. reactive dye 124 propose that the re-
active group of dye actually may form a covalent
bound with hydroxyl groups of ferric hydroxo com-
plexes. The decolorization of the reactive dye using
iron sacrificial anode was affected by the initial pH,
the current density, the amount of NaCl and the ini-
tial dye concentration. The results showed that the
dye was effectively removed at initial pH 8 when
the initial concentration of dye was 100 mg L–1.
The results also indicated that the removal effi-
ciency of the reactive dye was raised to 100 %. The
optimal current density was 1.351 mA cm–2 at pH 8
for an operating times of 5 min. The iron electrode
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F i g . 1 6 – Effect of current density on the COD removal ef-
ficiency. (duration of electrolysis: t = 5 min; pH 8; 	o = 100
mg L–1; T = 298 K; d = 2.5 cm; 	NaCl = 3 g L

–1; rotation speed:
nr = 100 rpm)

T a b l e 2 – k and n constants for various pH values

pH k n R2

4 1695 16.29 0.96

6 1713 16.35 0.97

8 2067 17.32 1.00

10 2061 18.64 0.99

F i g . 1 7 – Effect of current on the removal amount of reac-
tive dye. (duration of electrolysis: t = 3 min; 	o: 100 mg L

–1;
T = 298 K; d = 2.5 cm; 	NaCl = 3 g L

–1; rotation speed: nr =
100 rpm)



consumption was 0.35 kg electrode per kg dye at
1.351 mA cm–2, pH 8 and 5 min electrolysis time.
At these optimal conditions the power requirement
and NaCl amount were 4.54 kWh kg–1 dye and 2.3
g L–1, respectively. Finally, a mathematical equation
showing the relation between the amount of the dye
removal and the current for 3 min electrolysis time
and 100 mg L–1 initial dye concentration at pH 8
was presented. The predictions of this mathematical
model are in very good agreement to the experi-
mental data.
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