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Abstract

Azo dyes have great application in industries like textile. However, their presence poses a lot of concerns to the environ-
ment and human health such as carcinogenic effect. Electrochemical processes such as peroxi-coagulation (PC) are cost
effective and efficient advanced oxidation processes which have been investigated extensively. This study aimed to conduct
a comparative study on removal of Acid red 131 as an azo dye via PC process using stainless steel (SS) and aluminum (Al)
electrodes as anode and graphite as cathode. Parameters including dye concentration, current density, initial pH, aeration
rate, and electrode’s surface area were investigated. According to the results, the optimum condition for both electrodes was
achieved at electrode’s surface area =60 cm?, pH=7, and aeration rate = 1.5 L/min. Also, the optimum current of 0.6 A and
0.9 A were selected for SS and Al, respectively. The removal percentages at these conditions were measured 98% and 93%
after 120 min for SS and Al respectively. Chemical oxygen demand (COD) removal was also investigated, and the removal
percentage was recorded 93% and 79% for SS and Al after 180 min, respectively. The removal kinetics studies indicated
that the pseudo-first order model best fitted for both electrodes. Based on the results, the SS electrode outperformed the Al
electrode and facilitated the process.
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Introduction

Industrialization has been identified as the main source of
contamination in the environment. Textile, food, leather,
pharmaceutical, and paper industries are among the indus-
tries with high discharge volume of synthetic dyes through
wastewater [1]. It is estimated that approximately 10,000
types of dyes are produced per year around the world [2].
Dyes can be classified mainly into azo, anthraquinone, sul-
fur, indigo, triphenylmethyl, and phthalocyanine among
which azo dyes share 70% of the dye production globally
which make them ubiquitous in wastewater streams [3].
Azo dyes have a chromophore group including one or more
azo groups (-N=N-) which usually linked with benzene
and/or naphthalene systems [4]. Due to their application in
industry, azo dyes are stable and resistant to biodegradation,
light exposure, and redox reactions [5, 6]. Acid red 131 is
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a soluble anionic dye and the sodium salt of sulfonic and
carboxylic acids which is used widely in textile industry.
However, limited information is available on this dye. The
release of this dye into the environment causes esthetic pol-
lution besides toxicity [7].

Common treatments methods such as adsorption are
either inefficient or expensive to implement. Therefore,
advanced oxidation processes (AOPs) have been investi-
gated for removal of synthetic dyes from wastewater streams.
These methods involve chemical [8], photochemical [9], or
electrochemical processes in which hydroxyl radicals (OH®)
production is facilitated [10]. These radicals react with con-
taminants through hydrogen atom abstraction, electrophilic
addition to & systems, and redox reactions [11]. One of the
most common AOPs is Fenton-based methods. In Fenton
method, H,0, and Fe?* are utilized to eliminate organic
compounds through Eq. (1). However, this method needs
the supply of H,0, and Fe continuously. Thus, catalytic
reactions based on the regeneration of Fe** ions through
Fenton-like reaction (Eq. (2)) have been developed, but
the regeneration of Fe?* is extremely slower than Fenton’s
reaction [12]. Hence, electro-Fenton (EF) technique can be
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used to produce the reagents electrochemically through the
process [4].

H,0, + Fe’* — Fe** + OH" + OH~ (1)

H,0, + Fe’* - Fe** + H' + OH™ + HO, 2)

In EF, on the anode surface, hydroxyl radicals can be
generated due to water oxidation through Eq. (3). However,
it should be noted that the electrogenration hydroxyl radi-
cals depends on the utilization of electrodes with high over-
potential of oxygen evolution [13, 14]. In electro-assisted
Fenton processes, the regeneration of Fe?* is occurred
through electrochemical reduction of Fe** at the cathode
surface Eq. (4) [12, 15]. It is worth mentioning that there
are several cathodic materials including carbon nanotubes,
activated carbon fiber, graphite felt, carbon felt that can be
used to generate H,O, through Eq. (5) [14].

H,0 - H* + OH" + ¢~ 3)
Fe*t + e~ — Fe?* )
0, +2H" +2¢~ — H,0, (5)

Several parameters affecting the performance of EF pro-
cess include pH, current, H202/Fe2Jr ratio, reaction time, and
electrode type [16, 17]. Numerous studies investigated the
application of EF process in removal of a wide range of con-
taminants [18-20]. Can (2019) [21] showed that EF was effi-
cient in decreasing the chemical oxygen demand (COD) of
fruit-juice wastewater. In this study, iron and titanium elec-
trodes were used and 10 mL of hydrogen peroxide was added
to the process. The results revealed that the 85% of COD in
25 min was removed after EF. Also, different combinations
of electrodes have been investigated recently [22, 23]. For
example, Yavuz et al. (2014) [24] used one pair of two iron
and one aluminum plates as anode and cathode electrodes in
EF process. They reported that it could significantly remove
Basic Red 29 dye with high efficiency (>95%).

In addition to EF, electrocoagulation revolves around the
separation of contaminants via complexation and sorption
mechanisms. Metal anodes like iron and aluminum are used
in electrocoagulation to generate metal hydroxides dur-
ing electrolysis which are responsible for the coagulation
process [25]. Recently, peroxi-coagulation (PC) process
has been investigated which is the combination of EF and
electrocoagulation and is used to treat organic contamina-
tion [26]. Thus, PC benefits the synergistic mechanisms
of EF and electrocoagulation. In essence, PC comprises
of electrogeneration of hydrogen peroxide on cathode sur-
face (Eq. (5) along with coagulation using a sacrificial iron
anode to provide ferrous ions (Fe’*) in the solution through
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Eq. (6). Afterwards, ferric ions (Fe**) are reduced at cathode
to regenerate ferrous ions in the solution. The redundant
Fe* ions precipitate as Fe(OH); through Eq. (7) to enhance
the efficiency of the removal process [27, 28].

Fe — Fe?* +2¢e~ (6)

Fe’* + 30H™ — Fe(OH); 7

Several studies have been conducted to treat dyes using
PC process [29, 30]. However, the studies comparing dif-
ferent electrodes including aluminum for PC process are
rare. Moreover, although electrochemical processes have
been used widely to treat dye pollution, few studies on the
removal dyes using PC system have been published [31].
Additionally, Thus, this increases the need to investigate
the removal of this dye using different processes [7]. This
study aimed to conduct a comparative study to investigate
the effects of different parameters including pH, electrode
surface area, dye concentration, current, and aeration rate
on the removal of Acid red 131 dye using stainless steel and
aluminum electrodes during PC process. In addition, kinetic
studies for the two electrodes were conducted to provide an
overview of the removal kinetics. The results of this study
can be used as a tool to compare the performance of stainless
steel and aluminum electrodes and provides an overview of
affecting parameters on the PC process.

Materials and Methods
Materials

To provide conductivity in the experimental cell,
Na,SO, (Merck) was used as electrolyte. Acid red 131
(C50H,1N5NaO,S,) was purchase locally and used to prepare
stock solutions. The structure of the dye is shown in Fig. 1.

NH
L fo
-~
Na" O S§O
H
N
g
AR

Fig. 1 The chemical structure of Acid red 131
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Table 1 Characteristics of acid red 131 Table 2 Parameter’s initial values

Parameter Value Parameter Initial value
Chemical class Monoazo pH 3,7,9

Odor Odorless Electrode surface (cm?) 15, 30, 60

Dye group Anionic Current (A) 0.3,0.6,0.9,1.2
Solubility in water (g/L) 100 Aeration flow (L/min) 0,1.5,3

Acute toxicity (g/kg) >5 Initial dye concentration (mg/L) 35, 50,100, 150
Amax (M) 548

Also, the characteristics of Acid red 131 are presented in
Table 1. To adjust pH of the solution, H,SO, and NaOH
(Merck, Germany) were used. It is worth mentioning that all
chemicals used in this study were analytical grades. Rectan-
gular stainless steel 304 plate, aluminum plate, and graphite
cathode with length of 15 cm, depth of 6 mm and variable
width were purchased locally for the electrode materials.

Experimental Setup

Experimental tests were conducted in an electrochemical
cell made of Plexiglas with a working volume of 500 ml.
Stainless steel (SS) and aluminum (Al) were selected as
anode electrodes while the cathode was made of graphite
and was placed at a 3 cm distance from the anode. Addition-
ally, air was injected close to the cathode using an air pump
(Danner-AP4) in order to increase the soluble oxygen in the
solution to enhance hydrogen peroxide generation. Also,
the air flow was controlled by a flowmeter (Dwyer, VFA-
23). Regarding homogenization, the solution was mixed at
1000 rpm using a magnetic stirrer (Intllab- MS-500). The
power was generated by a power supply (Instek-GPS1850D).
Initial pH of solutions was measured using a handheld pH
meter (Oakton, pH 5 +).

Experimental Procedure

A stock solution of Acid red 131 with 1000 mg/L concentra-
tion was prepared and then favorable concentrations were
made from the stock solution. Na,SO, was added to the
solution to reach the concentration of 0.01 M to provide
electrolyte for the ionic strength of the solution. It should be
noted that as mentioned above, peroxi-coagulation works on
iron anode. However, in this study another type of anode was
tested in PC process. Therefore, to provide iron content in Al
anode tests, iron (Fe?*) with concentration of 0.5 mM was
added to the solution. In this study, changes in main parame-
ters including initial dye concentration, current, pH, aeration
flow, electrode surface, and COD were investigated. COD
was measured according to the standard method for water
and wastewater examination [32]. The initial values for each
parameter are shown in Table 2. Samples were taken every

30 min from the solution to measure the concentration of the

dye using a spectrophotometer (Hach-DR5000) at 548 nm

wavelength. The decolorization percentage of the dye was

calculated using Eq. (8) [33]. Furthermore, the kinetics of

Acid red 131 removal were analyzed using pseudo first and
second order reaction kinetics [34].

Ay —Ag

R(%) = ——— x 100 (8)

Ay
where, R (%) is the decolorization percentage of the dye.

A and Ay, are the initial and final absorbance at 548 nm after
the retention time, respectively.

Energy Consumption

The performance of SS and Al electrodes were also com-
pared in terms of energy consumption (EC) calculated with
the modified Eq. (9) [19].

_ VxIxtx1000

EC
MxV, ©)

where EC is energy consumption (KWh/kg), V'is voltage
(V), Iis current (A), ¢ is time (hr), M is the concentration of
the dye removed in the process (mg/L), and V, is the cell’s
volume (L).

Results and Discussion
Effect of Initial Dye Concentration

Initial dye concentration is an important parameter in elec-
trochemical processes since it can provide an overview of
the concentration range in which the pollutant of interest
can be removed efficiently. The effect of different initial dye
concentrations on the performance of the system using dif-
ferent electrodes was investigated and the results are shown
in Fig. 2a-b. Results showed that the dye was removed effi-
ciently (>90%) in 120 min when the concentration was
lower than 100 mg/L. Additionally, as the dye concentra-
tion rose above 100 mg/L, the dye concentration decreased
slowly, and more retention time was required to accomplish
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Fig.2 a The performance SS system based on different initial dye
concentrations. (A=0.9 A, pH=7, air flow=1.5 L/min, electrode
surface=60 cm?). b The performance Al system based on different
initial dye concentrations. (A=0.9 A, pH=7, air flow=1.5 L/min,
electrode surface =60 cm?)

more than 90% removal. The final dye concentrations at
150 mg/L after 120 min were recorded 73 and 52 mg/L for
Al and SS, respectively. This decrease in the decolorization
percentage of higher concentrations might be attributed to
the higher requirement of oxidizing agents at higher con-
centrations whereas the generation rate of hydroxyl radicals
was constant in the system because other parameters were
constant. Therefore, the decolorization percentage decreased
[35]. Additionally, when all other parameters, expect for ini-
tial concentration, were constant the amount of coagulants
produced during PC, is limited. Therefore, at high concen-
trations, like oxidizing agents, sufficient coagulants are not
present in the solution [36].

The results obtained were in accordance with previous
published studies. Results published by Salari et al. (2009)
[37] revealed that decreasing the Basic Yellow 2 gave rise to
rapid removal of the dye concentration in PC process. Simi-
larly, Ren et al. (2018) [26] showed when the initial concen-
tration of acrylonitrile increased from 50 to 500 mg/L, the
removal efficiency decreased from 94 to 80% using modified
graphite felt cathode in PC process.
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Fig.3 The energy consumption of Al and SS systems at different ini-
tial dye concentrations. (A=0.9 A, pH=7, air flow=1.5 L/min, elec-
trode surface = 60 cm?)

In addition, EC of the electrodes towards different initial
dye concentration was investigated which is illustrated in
Fig. 3. Based on the results, EC for the concentration range
of 35-100 mg/L decreased as concentration increased. On
the other hand, when concentration exceeded 100 mg/L,
EC increased accordingly. According to Fig. 3, the opti-
mum concentration for both electrodes was 100 mg/L which
resulted in values of 0.21 and 0.34 KWh/kg for SS and Al,
respectively. This trend can be interpreted as the oxidants
concentration in the solution was constant, so increasing the
amount of dye could facilitate the interactions between dye
and oxidants which gave rise to efficient energy consump-
tion [6].

Effect of Applied Current

As mentioned in Egs. (1) and (3), the degradation of pol-
lutants is dependent on OH®* and H,0O, generation. H,0,
is usually produced by oxygen reduction on the surface
of a carbon-based electrode like graphite. In the present
study, hydrogen peroxide was produced continuously using
constant aeration close to a graphite electrode. It has been
reported that H,O, production rate is directly related to the
amount of current applied in the system [38, 39]. In this
regard, the effect of current was investigated with different
values (0.3, 0.6, 0.9, and 1.2 A) for SS and Al anodes.
Figure 4a—b shows that as the current increased, the
decolorization of Acid red 131 enhanced proportionally so
that it was improved from 70 to 94% and 85 to 98% after
120 min for Al and SS, respectively. This phenomenon is
probably because of faster and higher generation of H,O,,
OH°* radicals, and Fe(OH); flocs as the current increased
[40]. Moreover, higher currents could lead to faster genera-
tion of Fe** which accelerated the generation of oxidizing
agents [41, 42]. In addition to oxidation, coagulation plays
an important role in PC systems. Thus, as the current density
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Fig.4 a The effect of current on the performance of SS system. (Dye
concentration=100 mg/L, pH=7, Air flow=1.5 L/min, Electrode
surface=60 cm?). b The effect of current on the performance of Al
system. (Dye concentration= 100 mg/L, pH="7, Air flow=1.5 L/min,
Electrode surface =60 cm?)

increased in the system the Fe(OH); and AI(OH); flocs
increased [43]. Also, higher density could lead to smaller
bubbles which in turn increased the removal by flotation
[44]. In a study, Ren et al. (2018) [26] revealed that increas-
ing current intensity from 50 to 300 mA could enhance the
removal efficiency of acrylonitrile by 20%. Based on the
abovementioned reasons, the SS electrode outperformed Al
as it released more iron ions to the solution along with faster
peroxide generation and Fe(OH); flocs.

Furthermore, as shown in Fig. 4a-b, the decolorization
efficiency did not change dramatically at currents higher than
0.6 and 0.9 A for SS and Al, respectively. This can be attrib-
uted to two reasons. First, increasing current may have led
to decreasing flocs size dramatically that impeded the effi-
ciency of coagulation process in both systems [43]. Second,
the increased Fenton reagents in the SS system and wasting
of hydroxyl radicals through the Eqs. (10) to (12) might have
happened [45]. Additionally, in the Al system, since there
were no excess iron ions, increasing current higher than 0.9
A, did not enhance the oxidation process and electrocoagu-
lation dominated which released excess aluminum ions and

centration in Al systems.

Fe’* + OH® — Fe** + OH™ (10)
H,0, + OH" - HO; + H,0 (11)
OH' — Oy, + 2H" +2¢~ (12)
Al — ALY +3e” (13)
ALY +3H,0(, — AI(OH)5 + 3H[, (14)

In this regard, the currents of 0.9 A and 0.6 A were
selected as the optimum values for Al and SS in the fol-
lowing experiments, respectively. Figure 5 shows EC for
the two electrodes reaching 95% decolorization percentage.
The EC for Al electrode was calculated 0.42 KWh/Kg for
the selected removal percentage at the optimum current. On
the other hand, the EC value when SS electrode was used
was obtained 0.2 KWh/Kg for 95% removal percentage at
the optimal current.

Effect of Initial pH

Solution pH plays critical role in electrochemical pro-
cesses since it controls the generation of free radicals
and ferrous ions [48]. Three different pH values indicat-
ing acidic (pH =3), neutral (pH=7) and basic (pH=9)
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condition were selected to investigate the effect of ini-
tial pH. Figure 6a—b shows that as the pH increased from
acidic to basic, the decolorization efficiency decreased.
In acidic condition, the removal efficiency after 60 min
of the reaction was achieved 90% and 83% for SS and Al,
respectively. Fe?* and H* are the main two ions that are
important in PC process. As mentioned above, H* can
facilitate the generation of H,O, in the solution via Eq. (5),
but H* can also act as an electron scavenger in highly
acidic pH via Eq. (15) [49]. In contrast, at alkaline pH the
Fe" precipitates in the form of Fe(OH); and FeOOH*" in
SS system which diminishes the efficacy of the process and
replace the process with coagulation [50, 51]. On the other
hand, in the Al system, mainly A1(OH); produced which
had lower efficiency than Fe(OH); [44]. At neutral pH, the
decolorization efficiency compared to acidic pH slightly
decreased and the dye removal percentage was measured
87% and 79% for SS and Al, respectively. At this pH, since
Fe(OH); flocs formed, the removal mechanisms can be
attributed to complexation or electrostatic attraction [52].
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Fig.6 a The effect of initial pH on the performance of SS system.
(Dye concentration=100 mg/L, Current=0.6 A, Air flow=1.5 L/
min, Electrode surface=60 cm?). b The effect of initial pH on the
performance of Al system. (Dye concentration=100 mg/L, Cur-
rent=0.9 A, Air flow=1.5 L/min, Electrode surface =60 cmz)
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This shows that the main removal mechanism in PC with
both electrodes could be attributed to coagulation rather
than oxidation because the removal efficiency did not dif-
fer from one another at acidic and neutral pH [53].How-
ever, in the SS system, higher removal could be attributed
to the help of oxidation to the coagulation process. Also,
since reaching acidic pH needs chemical consumption and
the difference was negligible, the pH of 7 was selected as
the optimal value for further experiments.

OH'+H' +e¢” - H,0 (15)

do Vale-Junior et al. (2018) [30] studied the treatment
of Methyl Orange dye using PC treatment method. They
reported that when the pH increased from 3 to 7, the removal
efficiency decreased since hydroxyl radicals were not gener-
ated at higher pH. In another study, Venu et al. (2016) [52]
revealed that when the solution pH increased from 3, electro-
coagulation mechanism dominated in PC process. Based on
the previous studies, coagulation was found to be dominant
in the removal process rather than degradation in this study.

Effect of Aeration Rate

In this step, air was injected continuously during the pro-
cess to increase the dissolved oxygen’s level in the solution
near the graphite cathode. Thus, H,0, could be produced
via Eq. (5) on the cathode surface. In PC process, presence
of H,0, is of importance since it can give rise to free radi-
cals’ generation as mentioned in Eq. (1). To investigate the
effect of aeration rate, three different rates were determined.
Figure 7a illustrates that for SS anode the decolorization
percentage after 60 min increased by 17% when the air flow
increased up to 1.5 L/min. However, if the air flow increased
to 3 L/min the decolorization percentage slightly decreased
after 60 min. This can be interpreted as at high air flow
hydrogen peroxide reacted as radical scavenger as mentioned
in Eq. (11). On the other hand, as shown in Fig. 7b, increas-
ing the aeration percentage caused 12% enhancement in
the decolorization percentage when the aeration rate was
increased from O to 1.5 L/min for Al electrode. However,
when the aeration rate increased to 3 L/min the removal
percentage decreased by 10% probably because in Al system
when the peroxide concentration increased in the system, the
scavenging effect of excess H,0, highly affected the system
in comparison to SS system. Additionally, another reason
that the efficiency reduced in both systems was possibly
due to the fact that increasing the air flow, increases the
bubbles around the electrode and consequently decreases
the efficiency of H,O, production and flocs formation [54].
Therefore, the aeration rate of 1.5 L/min was selected as the
optimum value for SS and Al anodes.
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Fig.7 a The effect of air injection rate on the performance of SS sys-
tem. (Dye concentration=100 mg/L, Current=0.6 A, pH=7, Elec-
trode surface=60 cm?). b The effect of air injection rate on the per-
formance of Al system. (Dye concentration= 100 mg/L, Current=0.9
A, pH=7, Electrode surface =60 crnz)

Effect of Electrode’s Surface Area

The electrode’s surface area is another main parameter
affecting the PC process since it can accelerate the degra-
dation kinetics and H,O, generation [55]. To investigate
the effect of electrode’s surface, three different areas (15,
30, 60 cm?) were studied. Figure 8a—b shows that when the
electrode’s surface increased, the decolorization percentage
enhanced. The removal percentage when the area increased
from 15 to 60 cm?, increased 20% and 17% for Al and SS
electrodes after 60 min, respectively. Higher efficiency of
larger electrode surface can be interpreted as more bubbles
were produced in larger surface leading to better formation
of AI(OH); and Fe(OH); flocs. Also, bigger electrodes could
cause more oxidants generation in the process.
Additionally, Fig. 9 presents EC for different elec-
trode sizes to achieve 95% decolorization percentage.
According to the results, for the SS electrode, as the sur-
face increased, the EC slightly increased. The EC values
were measured 0.13, 0.16, and 0.18 KWh/kg of the dye

100 ¢

(a) —&—PC SS Electrode Surface=15 cm2

®
=

~#—PC SS Electrode Surface=30 cm2

PC SS Electrode Surface=60 cm2

P =
= =]

Dye Concentration (mg/L)
[
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0 20 40 60 80 100 120 140 160 180

Time (min)
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(b) PC Al Electrode Surface=15 cm2

80 —4—PC Al Electrode Surface=30 cm2

60 T ~@-PC Al Electrode Surface=60 cm2

40

Dye Concentration (mg/L)

0 20 40 60 80 100 120 140 160 180
Time (min)

Fig. 8 a The effect of electrode surface on the performance of SS sys-
tem. (Dye concentration=100 mg/L, Current=0.6 A, Air flow=1.5
L/min, pH=7). a The effect of electrode surface on the performance
of Al system. (Dye concentration=100 mg/L, Current=0.9 A, Air
flow=1.5 L/min, pH=7)

consumed for 15, 30, and 60 cm?, respectively. Similarly,
for the Al electrode, the EC increased as the size became
bigger. The EC values for Al electrode were measured
0.2, 0.32, and 0.44 KWh/kg of the dye removed for 15,
30, and 60 cm?.
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Fig.9 The energy consumption of the electro-Fenton systems based
on electrode surface. (Dye concentration=100 mg/L, Current=0.6
(SS) and 0.9 (Al) A, Air flow=1.5 L/min, pH=7)
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inferred that the amount of iron added to Al system was not ' (b)
enough to provide oxidation in the system, while SS system 0.25
benefited from coagulation and oxidation simultaneously. 02 ¥ = 0.0013x - 0.0204
The results from Nayir et al. (2020) [57] showed that at the o 7 Re= 09478
optimum condition (pH=7 and current=45 mA/cm?), 75% 2 0as YT -
of laundry wastewater COD could be removed after 30 min o1 pE
of PC process. e o poas
0.05 . 7 Linear (PC Al)
. . . /@ = - Linear (PC SS)
Kinetics Studies 0 e
0 50 100 150 200 250
Time (min)

The kinetics of Acid red 131 removal were investigated
using the pseudo-first (Fig. 11a and second order (Fig. 11b
equations at optimum condition. According to Table 3,
the removal kinetics completely fitted with both equations
while the pseudo-first order reaction had higher R* (0.99
and 0.97 for SS and Al anodes, respectively). Therefore, it
was selected as the best model defining the removal kinet-
ics. The higher apparent rate constants for SS show that the
removal process was faster when SS electrode was used.
Brillas et al. (2003) [58] studied PC and photoperoxi-coag-
ulation (PPC) in removal of 4-chlorophenoxyacetic acid.
They reported pseudo first-order rate constant of 0.2 min™!
and 0.14 min~! for PPC and PC, respectively. In another
study, Sandhwar and Prasad (2018) [59] investigated the

100

COD Removal (%)
S 2 £

3
<
L

Time (min)

Fig. 10 The COD removal efficiency of the two electro-Fenton sys-
tems. (Dye concentration =100 mg/L, Current=0.6 (SS) and 0.9 (Al)
A, Air flow = 1.5 L/min, Electrode surface =60 cm?, pH=7)

@ Springer

Fig. 11 a Pseudo first-order reaction model for both systems at their
optimum condition. b Pseudo second-order reaction model for both
systems at their optimum condition

degradation kinetics of terephthalic acid wastewater using
electrocoagulation, peroxi-coagulation, and peroxi-electro-
coagulation. They reported that peroxi-electrocoagulation
had the highest first order rate followed by peroxi-coagula-
tion and electrocoagulation.

Conclusion

A comparative study was performed in order to investigate
the performance of SS and Al electrodes in the decoloriza-
tion of Acid red 131 by PC process. It was observed that
parameters such as applied current, initial pH, aeration flow
rate, and electrode’s surface area had crucial effect on the
performance. The reaction kinetics for both electrodes fol-
lowed pseudo-first order model (R*>94%). The optimum

Table 3 Removal kinetics parameters at optimum condition for SS an
Al electrode

Electrode Pseudo-first order Pseudo-second order

R? k, (min~") R? k, (L/mg.min)
SS 0.99 0.0342 0.92 0.0018
Al 0.97 0.0176 0.94 0.0013
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condition for both electrodes was found at neutral pH, cur-
rent of 0.6 A for SS and 0.9 A for Al, air flow of 1.5 L/min
and electrode’s size of 60 cm?. Furthermore, both systems
were capable of COD removal more than 80% after 180 min.
Based on the results, SS electrode outperformed Al, mainly
due to the constant supply of iron in the solution. Also, it
seemed that coagulation dominated when Al electrode was
used while at SS electrode, a combination of coagulation
and oxidation was occurred. For future studies, it is rec-
ommended investigate different concentrations of iron for
addition in Al system. Also, to study the main mechanism
governing the removal in both systems, it is recommended
to assess the generation of H,0, and analyzed the produced
sludge.
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