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ABSTRACT

Wastewater produced in textile processes cannot meet the discharge standards especially in terms
of color content and therefore, the treatment demand occurs. In many studies, electrocoagulation
has been used in the removal of dyestuff. High removal efficiency, lower space requirement, and
easy controllability are the main advantages of the EC process. In this study, removal of Disperse
Blue 60 of 100 mg L™ by electrocoagulation with Taguchi method was investigated. In the reactor,
monopolar-parallel connected Al anode and stainless steel cathode were used as electrode materials.
The initial pH, current density, and electrocoagulation time were optimized and the effects of these
parameters on the dye removal were employed at conductivities values. The operational conditions
for EC process according to Taguchi model were employed as conductivity values of 500; 1,000; and
1,500 ps em™, pH 5, 6, and 7, current density (j) of 40, 80, and 100 mA cm™ and electrolysis time
(t) of 2.5, 5, and electrolysis time 10 min. The highest removal efficiency (99%) was attained with
the conductivity of 500 uS cm™, pH 6, j = 80 mA cm™?, and t = 10 min. However, only 34% of color
were removed with the conductivity value of 500 us cm™, pH =5 at j = 40 mA cm™ and ¢ = 2.5 min.

Keywords: Electrocoagulation; Disperse Blue 60; Textile wastewater; Stainless steel electrode; Dye
removal

1. Introduction biological, chemical, and physical conventional treatment
processes such as adsorption, activated sludge, coagulation—
flocculation, ozonation, Fenton, electrocoagulation [4-9] have
been widely used to treat dye polluted wastewater. Among
them, electrocoagulation has advantages like easy operate,
high efficiency, low investment cost, fast reaction rate, com-
pactness, and low excess sludge [10,11]. Basically, pollutants
in soluble or colloidal forms are removed by adsorption
mechanisms on hydroxide flocks formed by electrocoagula-
tion. If aluminum and stainless steel are used as electrode

Textile industry uses massive volumes of water during
dyeing and finishing processes and this water turns into
basically dye and chemical polluted wastewater [1]. Due
to reducing the light transmittance, limiting the photosyn-
thetic activity of aqueous environment colored wastewater
is one of the most important environmentally problems
[2]. Furthermore, dyes and wastewater polluted with
dyes can be mutagenic, toxic, and carcinogenic [3]. Many
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materials for anode and cathode, respectively, the following
reactions take place:

Anode:
3+ -
Al(s) - Al(aq) +3e (1)
Cathode:
3H,O,+3e" —»3/2H, +30H_ )

By electrode reactions (1) and (2), the AI** and OH" ions
are generated and they react to form various monomeric
species such as Al(OH)"?, Al(OH);, AL(OH);*, Al(OH),, and
polymeric species such as Al (OH)3, AL(OH), Al (OH)y,
Al ,O,(OH)7;, Al (OH);;, and finally turn into a form of
Al(OH), , according to complex precipitation kinetics (reac-
tion (3)) [12]. Therefore, different damages take place on
the electrode surfaces and it causes some changes in their
buoyancy properties [13]. Finally, the electrodes become
more stable when is employed stainless steel employed as
cathode material and this could also contribute to color or
global TOC decay.

AL}, +3H,0, — Al(OH), +3H/ €)
3(9) (aq)

3(aq) 20
In addition, the gasses produced in the reactions as
the form of O, and H, via reaction (4) is very active when
they interact with a solid surface of the electrode materials.

2H,0 - O, +4H" +4e” (4)

Optimization of the process conditions is essential for
treatment efficiency and cost of EC as in all other processes
[14]. Conventional optimization process is time-consuming
and costly due to testing all conditional probabilities [15,16].
In the meantime, the basic approach for classical optimiza-
tion studies, to change levels for one factor and keep the
others constant, remains incapable in revealing the opti-
mal combination due to ignoring the interaction between
levels [16]. Many optimization processes applied to EC
like response surface methodology, artificial neural net-
works, adaptive neuro-fuzzy inference system, and Taguchi
[17-19]. By using Taguchi technique, the time required in
order to find the best conditions for a process significantly
reduced for experimental investigation. This is important
when examining the impact of multiple factors on perfor-
mance as well as to examine the effect of individual factors
to determine which factor has less or more impact [20].

When the related literature is considered, it can be seen
that there are some electrochemical treatment studies with
disperse blue dyes. However, the longer electrolysis time
is required in those studies, since the experiments are con-
ducted with low wastewater volume, and also the operat-
ing parameters are not optimized. For example, Ghernaout
et al. [21] reported 99.9% color removal at 60 min of elec-
trolysis time by using Al electrodes for treatment of DB 2
dye. In another study, Rivera et al. [22] achieved 90% color
removal at 120 min of electrolysis time using PbO, electrode

for treatment of blue dye. According to their results, the
required operating time was quite long because of the
operating parameters were not optimized. This study spe-
cifically focuses on the treatment of DB 60 in shorter elec-
trolysis time using the Taguchi experimental method, which
can be controlled by major operating parameters.

In this paper, Taguchi experimental design method was
applied to determine optimum initial pH (pH)), conductiv-
ity, reaction time, and current density in the electrocoagu-
lation process employing aluminum anode and stainless
steel cathode in order to provide maximum dye removal.
The main advantage of the Taguchi design method is the
optimization of experimental parameters, such as pH,
conductivity, reaction time, and current density, with very
few controllable variables, compared to other optimization
methods. In this way, required electrolyze time, treatment
cost, and qualified personnel demand can be reduced con-
siderably. In the Taguchi method, suitable orthogonal series
are chosen depending on control factors and their number
of levels. The signal-to-noise ratio (S/N) is employed in
order to identify the relationship between the parameters
and the responses, which are the primary optimum levels
for the operating parameters.

2. Materials

Disperse Blue 60 (DB 60) was purchased from Sirma
Chemistry in Istanbul, Turkey and it was used as synthetic
pollutants without purification and prepared at a concen-
tration of 100 mg L™ in aqueous solutions. All the solutions
used in the experiments were prepared with ultrapure water
from the Elga Purelab system. The initial pH was always
adjusted to the desired value with diluted 0.1 M NaOH or
0.1 M H,SO, solutions. The chemical structure and char-
acteristic properties of the DB 60 dye are given in Fig. 1
and tabulated in Table 1, respectively.

2.1. Electrochemical cell

The electrocoagulation runs were performed in batch
mode in a Plexiglas cell of 1,000 mL capacity by Al/SS elec-
trode placed vertically in the electrochemical cell (Al elec-
trodes as an anode, SS electrodes as cathodes) and distanced
20 mm between electrodes, submerged in the cell (Fig. 2).
In EC experiments employed the electrodes that have made
of aluminum and stainless steel material with dimensions
of 50 x 70 x 2 mm (Al: 99.53%; Si: 0.12%; Fe: 0.25% for Al,
C: 0.05%, Si: 0.029%, Mn: 1.27%, P: 0.0034%, S: 0.0025%,
Ni: 10%, Cr: 16%, and Mo: 2.2% for SS) and were con-
nected to monopolar parallel mode. The direct current
was supplied by a digital DC power supply (Alpha 10A-
50V) and equipped with galvanostatic operational options.
The total effective surface area of the electrodes is 210 cm?.

2.2. Experimental procedures

The EC trials were carried out at 25°C constant tem-
perature by using a water circulator (VWR MX 7L R-20).
Before each experiment, the electrodes were cleaned with
acetone to remove the oxidized surface layer and then
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Fig. 1. Chemical structure of DB 60.

Table 1
Chemical and physicochemical properties of DB 60

Parameter (Unit) DB 60
Molecular Formula C,,H,,N,O,
Molecular mass (g mol™) 379.37

pH 6.5
Turbidity” (NTU) 40
Conductivity” (us cm™) 56

COD* (mg L) 150

TOC* (mg L) 28

A_ U(nm) 754

max

"Measurement was made with the dye concentration of 100 mg L.
"Determined from commercial DB 60 solutions at 25°C using a Merck
Pharo 300 UV-vis spectrophotometer (Germany).

washed by dipping for 1 min into a solution freshly pre-
pared by mixing 100 mL of HCI solution (35%) and 200 mL
of hexamethylenetetramine aqueous solution (2.80%) [23].
The electrodes were rinsed with pure water on the electrode
surfaces and then, dried at 70°C in the oven.

2.3. Analytical methods

The electrical conductivity and pH measurements were
made with a Consort C-931 portable multi-parameter. The
mineralization of aqueous solutions of DB 60 was assessed
from the time course of TOC decay, measured by a TOC
analyzer (Shimadzu, TOC-L). The dye concentration was
measured with a Merck Pharo 300 UV-vis spectrophotom-
eter (Germany) at A = 754 nm wavelength. The COD mea-
surement was determined using a spectrophotometrically
(Merck Pharo 300 UV-vis, Germany) according to Standard
Methods 5220-D closed reflux colorimetric method [24].
All experiments were made in parallel and average results
have been considered. The removal percentages for color
and TOC were calculated according to Eq. (5).

C,-C

0t % 100%
CO
@)

The removal efficiency of color or TOC(%) =

where C; and C, are the concentrations (mg L™) at an initial
time and time ¢, respectively.

Fig. 2. Sketch of the electrochemical cell used for the EC treat-
ment of DB 60 solutions. (1) Power supply, (2) magnetic stirrer,
(3) EC reactor, (4) Al or SS electrodes, (5) water circulator.

2.4. Taguchi analysis

The four operational parameters (initial pH, cur-
rent density, EC time, and electrical conductivity) were
selected as variables in EC process. The Taguchi L9 (4°) OA
experimental design, four variables with three parametric
levels, was preferred as the most suitable method for the
experimental design. The investigated parameters and
their levels in EC have given in Table 2.

In the Taguchi design, signal-to-noise (S/N) ratio is the
most known performance indicator. “The smaller is bet-
ter,” “The nominal is better,” and “The larger is better” are
frequently used S/N ratio functions. “The larger is better”
is the maximum output value for the optimized process.
The S/N ratios calculated with Eq. (6). The performance
parameters in the Taguchi design using “The larger is bet-
ter” were determined by the system performance in terms
of COD, TOC, or color removal efficiencies.

The larger is better:

i

S 14 1
N:—1010g10[n;wj (6)

where n is the number of the experimental replication
and Y, is the performance value of ith experiment.

Table 2
Experimental variables and levels

Parameter Level

1 2 3
A:pH 5 6 7
B: Current density (j) (mA cm™) 40 80 100
C: Electrolysis time (min) 2.5 5 10
D: Electrical conductivity (uS cm™) 500 1,000 1,500
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3. Results and discussion
3.1. Experimental results

The experiments were performed based on the Taguchi
orthogonal array L9 matrix. Table 3 shows the experimental
conditions and treatment results of DB 60 removal corre-
sponding to the design matrix of four parameters with three
levels by Taguchi.

The S/N ratio was employed to better understand the
influence of each factor on color removal. The S/N ratio for
a single factor can be calculated by averaging the value of
S/N ratios at different levels. The mean S/N ratio for every
factor was calculated and plotted in a graphical form.
The peak points in these plots correspond to the optimum
condition. The optimum conditions for color removal for
EC process are shown in Fig. 3.

As can be seen in Fig. 3, the optimum levels that provided
the best color removal were found as second (pH = 6),
second (j = 80 mA cm™), third (t = 10 min), and second
(1 =1,000 pus cm™) levels for the parameters pH, current den-
sity, electrolysis time, and conductivity, respectively.

3.2. Effect of variables
3.2.1. Effect of pH

In general, the solution pH plays a key role in the for-
mation of insoluble metal coagulants as well as in the
whole EC process. Several trials were conducted to reveal
the effect of pH on the EC treatment of 100 mg L™ of DB 60
solution according to Taguchi experimental matrix. Fig. 3
shows the highest S/N ratios depending on the investigated
parameters like pH, current density, electrolysis time, and
conductivity.

As depicted in Fig. 3, the highest S/N ratio, which means
the best operational condition for pH, was achieved at pH 6,
attaining 99% of color removal. High acidic pH values are
not suitable for effective coagulation for pollutants. It is well-
known that AI** and OH ions produced by the electrodes
at pH values between 4 and 9 react to form several mono-
meric species like AI(OH);, AI(OH)Z, and polymeric species
like Al (OH)Z, AlL(OH);r, Al (OH)}, and finally are con-
verted into insoluble amorphous Al(OH), j through complex
polymerization/precipitation reactions [25]. These species

o -
4p.) P J
394 //’\ —— T
38 P /,
-
S 36
z = =
7] Time Conductivity
w 40+
° _
£ 39 /, AT
g /
= 384 /
374 /
36 / o
T T T T T T
1 2 3 1 2 3

Fig. 3. S/N ratios vs. levels for the operational parameters such
as pH, current density, time, and conductivity in EC treatment.
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undergo complex polymerization and partly are converted
into insoluble amorphous aluminum hydroxides, which
have abundant surface hydroxyl groups for adsorbing heavy
metal ions, and there are abundant hydroxyl groups on the
surface area of these flocs, which have strong capability of
dye adsorption [26]. Fig. 4 shows different Al(OH), forms
depending on the concentration of AI** ions and pH in the
aqueous environment [27].

On the other hand, aluminum hydroxides which are
the hydrolysis products of AI** are in soluble form at low
initial pH value. Therefore, they cannot absorb the parti-
cles properly. AI(OH)** and resulting Al(OH); ions are the
common cationic species from AI** hydrolysis reactions [28].

However, hydroxide ions produced at the cathode simul-
taneously causes an increase in the initial pH value of the
wastewater during electrocoagulation. This increase is given
in Table 3 for different experimental conditions and electro-
lyzes time. Along with metal hydroxide flocks formed at
different pH values, pollutants can cause precipitation and
co-precipitation. The sweep flocs formed are separated from
the environment by precipitation and H, flotation. As seen
in Table 3, in the experiments in which the final pH values
were 6-7, the pollutant removal efficiencies were higher than
the other pH values. This can be explained by the fact that
the AI(OH), flocs formed predominate in this pH range. The
minimum solubility pH value of solid Al(OH), flocs is 6.5.
The total soluble Al* concentration is 3 x 10°-3 x 10* M (or
0.025-2.5 mg L) in the pH range of 6-9 [29].

3.2.2. Effect of current density

It is well-known that the applied current is a crucial
operational parameter for any electrochemical process.
To remove the color from DB 60 aqueous solution, monopo-
lar, and parallel-connected Al anode and stainless steel cath-
ode pairs were employed as electrode material in the elec-
trolytic reactor. According to Fig. 3, the highest dye removal
(99%) was achieved at the current density of 80 mA cm=, and
then, a slight decrease was observed in color removal with
raising the current density to 100 mA cm™. At higher current
density (>80 mA cm™), the production of metal ions at the

[AI{[‘)H); (amorphous)

AlOHM
ANOH)

tivity})

Alg*

log (AN a
&

% AlOH); (3q)

pH

Fig. 4. Activity—pH relation for three valent aluminum species
in equilibrium with Al(OH), [27].
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Table 3
Independent variables and corresponding results
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into solution by electrolytic oxidation of the anode material

Independent Variables
Run pH Current density Electrolyze Conductivity jol s P Color removal TOC
(mA cm™ time (min) (us cm™) (%) removal (%)
1 5 40 2.5 500 5.35 33.75 34.19
2 5 80 5 1,000 5.89 98.13 93.42
3 5 100 10 1,500 6.45 96.00 94.45
4 6 40 5 1,500 6.98 98.50 96.65
5 6 80 10 500 6.85 95.13 89.55
6 6 100 2.5 1,000 6.75 82.75 7213
7 7 40 10 1,000 8.01 99.13 96.77
8 7 80 2.5 1,500 8.14 81.50 67.61
9 7 100 5 500 8.32 88.88 78.06
anode was generated quicker than the coagulation process, [ . T .
causing a decrease in removal efficiency calculated on an 2,5 |
equivalent aluminum or iron basis [30]. | = After EC
The amount of metal ion (iron or aluminum) released - | Before EC
’ I
I

is a function of current and time and can be calculated using
the following form of Faraday’s law (Eq. (7)):

@)

where w is the metal dissolved (g), i is the current (A),
t is the contact time (s), M is the molecular weight of Fe
or Al, z is the number of electrons involved in the redox
reaction (z,, = 2; z,, = 3), and F is the Faraday’s constant
(96,500 C/mol) [30]. Moreover, the bubble generation
(oxygen and hydrogen) rate at both anode and cathode
increases with current, which is beneficial for pollutants
removed by flotation [31].

Fig. 5 illustrates the UV-vis spectra variation in the
absorbance for DB 60 before and after EC treatment. Here,
UV-vis spectra variations in absorbance for the initial and
treated sample are used to monitor existing organic mat-
ter concentration in the medium [32]. The absorption peaks
between 400 and 800 nm decreased and finally almost
vanished after 10 min of EC treatment at a current density
of 80 mA cm?, indicating a rapid color removal. In addi-
tion, other peaks appeared in the UV band issued from
by-products, and their intensities increased with the EC
time. This phenomenon can be ascribed to the degradation
of dye molecules leading to major absorbance peaks in the
UV region of 250-380 nm, which are denoted to aromatic
amines [32].

As seen in Fig. 5, DB 60 is characterized by two main
peaks: a visible region with an absorbance peak at 754 nm,
and an ultraviolet region with an absorbance peak at 292 nm.
The peak at 754 nm belongs to chromophore or chromogen
group —-N=N- (azo bond) and the peak at 292 nm is related
to benzene rings. Fig. 5 also illustrates that the peak at
754 nm abated quickly within 10 min and the absorbance
was reduced to 0.015 from 0.289. This means the -N=N- was

Abs

I T T T
500 600 700 800

1
400

A (nm)

Fig. 5. UV-vis spectra changes along the EC treatment (before
and after EC treatment of DB 60 of 100 mg L at the optimum
conditions).

broken down after EC treatment, and the color was removed
rapidly. As the EC treatment proceeds, the peak at 292 nm
decreases concurrently with the reducing peak at 754 nm.
During EC treatment, cleavage of -N=N-and aromatic rings
occurred usually by means of anodic oxidation or chloride
effect, resulting in a decrease of the absorbance band of
the dye solution [31].

3.2.3. Effect of electrolysis time

Electrolysis time indicates the coagulant generation rate
and total generation of coagulant (Al ions). Fig. 3 demon-
strates the dye removal with electrolysis time depending
on S/N ratio. As expected, the rise in electrolysis time pro-
vided more coagulant generation at the anode and thereby
increased dye removal due to the promotion of electro-
coagulation reactions (1) and (3).

To better understand the role of electrolysis time, a
series of trials were carried out at 5, 10, and 15 min of
electrolysis time with the Al/SS electrode pairs, and the
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obtained results showed that the highest color and TOC
removals were attained in 15 min of electrolysis time. This
can be attributed to the anode dissolution. By increasing the
electrolysis time, increased the flocs generation rate, and
hence dye removal efficiency [33]. In addition, an increase
in treatment time provided a longer contact time between
the particles and coagulant agents so that increased the
removal performance [34].

The removal trend is in a good agreement with the
results presented by Shamaei et al. [34], who used EC to
treat wastewater from oil sand produced water.

3.2.4. Effect of electrical conductivity

The supporting electrolyte is used to increase the
conductivity of the solution in order to reduce the resis-
tance between electrodes. As resistance decreases, the cell
potential decreases and contributes to the lesser power
consumption during the EC treatment [31]. In the study,
several trials have been carried out to investigate the effect
of electrical conductivity on color removal during EC treat-
ment. Dye solutions with different conductivities (500;
1,000; and 1,500 pus cm™) were electrolyzed at pH 6 and
80 mA cm™. Fig. 3 shows the trend of the variation in S/N
ratio, represents the removal rate, with the conductivity
values ranging between 500 and 1,500 ms cm™. As it can be
seen, a conductivity value of more than 1,000 puS em™ did
not increase the color removal significantly.

Fig. 6 depicts the color removals under the different
experimental runs according to Taguchi matrix. It is clearly
seen that the best removal rate for color (99.1%) and TOC
(96.8%) abatements were achieved with experiment (7) in the
matrix.

Fig. 7 shows the color abatement in the dye solution of
100 mg L™ during the EC treatment period that almost the
total color removal was reached at the optimum conditions.

The obtained results also showed that employing the
EC process with Al/SS electrode pairs provided an effec-
tive decolorization and TOC abatement in a short treatment
time after only 10 min. Fig. 8 shows the scanning electron
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microscopy (SEM) images of the sludge samples belong to
RR 241 and DB 60 dyes after EC treatment.

In order to reveal the difference between the final
sludge formed by disperse and reactive dyes after EC
treatment, the SEM analysis of the sludge shown in
Figs. 8a and b was carried out. Fig. 8a points out the high
crystallinity of the sludge covered with disperse dye after
EC treatment. This can be explained by its insoluble struc-
ture in water. On the other hand, Fig. 8b shows that the
reactive dye covered homogeneously on the flock surface
due to its well-solubility in water.

3.3. Effect of distance between electrodes

In the study, the effect of distance between electrodes
was also examined apart from Taguchi model matrix. Fig. 9
illustrates the effect of the distance between the electrodes.
In order to investigate the effect on color and TOC removal,
the distance between the electrodes was changed in the
range of 0.5-2 cm. As it can be seen in Fig. 9, the highest
efficiency was obtained at a distance of 2 cm electrode.

In electrochemical processes, the distance between
electrodes has a direct effect on the resistance between the
anode and the cathode. If the distance between electrodes
is too short, coagulation, flotation, and precipitation mecha-
nisms can be adversely affected and the treatment efficiency
may decrease. This can be explained as follows, due to the
high electrostatic effect at a very short electrode distance,
small particles are prevented from colliding, thus affect-
ing the formation and precipitation of coagulation and
flocculation.

3.3. Operating cost analysis

Total operating cost consists basically of electrical energy,
material (electrodes), maintenance, labor, and other costs
[23,35]. The latter cost items were largely independent of
the type of the electrode material. In the study, the total oper-
ating cost for the EC treatment was calculated from the elec-
trode and electrical energy consumptions. Thus, the energy,
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Fig. 6. (a) Color and (b) TOC abatements for EC treatment at the experimental conditions according to the L9 matrix.
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Fig. 7. DB 60 dye solution untreated (left) and treated (right)
by EC process.

electrode, and chemical consumptions for the EC treat-
ment were considered as the main cost items [36]. The total
operating cost for the EC treatment was calculated according
to Eq. (8).

Operation cost for EC = AxC + BxC, . rode 8)

energy

where Cenergy and C__, . are consumption quantities, A is the
electrical energy price (0.074 $/kWh) and B is the electrode
material price (1.7 $/kg Al). Costs for electrical energy and
electrode are calculated using Egs. (9) and (10) [37,38]:

VxIxty
energy = 9 (9)
Ixt,. x Mw
_ 10
electrode zxFx8 ( )

1 pm @ ernam

EHT =25.00kv WD = 8.5mm

| | Mag = 30.00 KX Signal A=SE1

where energy consumption is energy consumption (kWh m=),
V is voltage (Volt), I is current (Ampere), t is EC time (s),
and 9 is the volume of the treated wastewater (m°), F is
Faraday’s constant (96485 C mol™), respectively. The energy
consumption per kg of TOC removed is shown in Table 4.

In addition, current efficiency (CE) was calculated
according to the ratio of the amount of experimentally
released aluminum ion and theoretical release aluminum
according to Eq. (11) [37,39,40].

G- ma
IxT, xMw
zx F

(11)

where ma is the actual mass of aluminum released into the
solution was determined by weighing by taking the elec-
trode mass difference before and after the EC experimental
process.

The current efficiency of EC was between 95% and 119%.
These results show that amounts of experimental alumi-
num released were more than theoretical aluminum. But, in
experiments where electrical conductivity was 1,500 ps cm™,
the current efficiency was found to be low. The reason for
this is the corrosion formed on the electrode surface due to
Cl,, which caused by excessive NaCl electrochemical reac-
tions used to increase electrical conductivity. In this event,
it may contribute to the passivation of the surface of the
electrodes [41,42].

These findings indicate that the lowest operating costs
were observed under the experimental conditions of the
run 1 (Table 3), which is due to its lower current density
(40 mA cm™) and shorter reaction time (2.5 min) compared to
the others. However, the color and TOC were only reduced
by 33.8% and 34%, respectively under these conditions.
On the other hand, the highest operating cost values were
observed under the experimental conditions of runs 3-5-8-9
(Table 3) and the confirmation experiment since that studies
were conducted at higher j values (80 or 100 mA cm™) and
longer electrolysis time (usually 5 or 10 min). It should be
noted that the calculated operating cost under the conditions

1pm @ ernam

EHT=25.00kV WD=90mm Mag= 30.00 KX Signal A=SE1

Fig. 8. SEM images of the final sludge samples after EC treatment for 100 mg L™ of (a) RR 241 and (b) DB 60 dye solutions.
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Fig. 9. Effect of distance between the electrodes on (a) color and (b) TOC removal.

Table 4

Current efficiency and operating cost per unit TOC mass after EC treatment of 1 L of DB 60 solution of 100 mg L using the Al/SS
electrode pairs at j values ranging between 40 and 100 mA cm™?, 25°C

Experiment no. Energy consumption Electrode consumption Operating Operating cost % Current
(KkWh m®) (kg Alm3®) cost ($ m=) ($/kg TOC) efficiency

1 0.515 0.013 0.060 6.216 102

2 1.538 0.055 0.207 7.898 109

3 2.720 0.134 0.430 16.244 95

4 0.510 0.025 0.081 2.977 97

5 6.695 0.109 0.681 27.157 96

6 0.947 0.034 0.127 6.295 112

7 1.420 0.050 0.191 7.038 116

8 0.553 0.027 0.087 4.609 95

9 4.120 0.067 0.419 19.171 106
Confirmation experiment 3.077 0.109 0.413 15.048 119

of the confirmation experiment is less than some of the trials
provided good treatment results for color and TOC removal
like runs 3-5 and 9 (Table 3). According to these results,
Taguchi experimental design did not provide only the most
efficient but also the less expensive solution at the best exper-
imental conditions.

4. Conclusions

This work has demonstrated that EC with Al/SS elec-
trode pairs provided quite good results for the treatment
of DB 60. In order to optimize the decolorization of the syn-
thetic wastewater using EC treatment, four variables are
considered to determine their optimum levels using Taguchi
method. Experiments were conducted to determine the opti-
mum conditions such as initial pH, current density, electroly-
sis time, and electrical conductivity. According to the results,
almost total decolorization 99% and 98% of TOC removal
were achieved in 10 min of electrolysis time with the addition
of NaCl of 1,000 pus cm™ at pH 6 and 80 mA cm™. Operating
cost analysis showed that the total cost for EC treatment with

Al/SS electrode pairs to remove TOC from DB 60 solution of
100 mg L™ is around 15 US$ per kg TOC, at the best condi-
tions determined according to Taguchi experimental model.
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