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ABSTRACT

Electrochemical oxidation of C.I. Acid Red 73 (AR 73) in aqueous solution is performed in
an undivided cell using Ti/SnO,-Sb-CNT as anode. Cyclic voltammetric experiments
suggest that electrochemical oxidation of AR 73 is totally irreversible and direct electron
transfer does not occur on anode surface. The influence of operating parameters on
the degradation efficiency is investigated systematically, including current density
(25-100 mA cm2), initial dye concentration (0.5-15g LY, initial pH (3-11), and different
kinds of supporting electrolyte. The electrochemical degradation of AR 73 follows pseudo-
first-order kinetics. The removal efficiency of AR 73 degradation increases from 78.3 to
95.7% with increased current density from 25 to 100 mA cm 2. The initial AR 73 concentra-
tion has a negative effect on degradation rates at higher value, and pH has no obvious
effect on the dye removal rate. The comparative experiments using Na,SO,, NaCl, and
NazPO, as supporting electrolyte indicate that NaCl has the most significant effect on AR
73 degradation, but shows poor mineralization ability with only 51.5% removal rate of total
organic carbon. The electrogenerated oxidant S,03 using Na,SO, supporting electrolyte
also contributes the dye degradation and mineralization compared with NagPO,. Samples
during the electrochemical oxidation process are characterized with UV-vis spectra and
high performance liquid chromatography. The results show that the AR 73 and intermedi-
ates formed during the degradation are both completely removed after 3 h electrochemical
oxidation. The electrochemical technique is expected to be an interesting alternative for the
treatment of azo dye in wastewater.
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1. Introduction

Nowadays, due to the large-scale production and
extensive application, large number of synthetic dyes
are discharged into the aquatic ecosystem without
sufficient treatment, causing considerable non-esthetic
pollution and serious health problems [1-3]. Dye
wastewaters usually present high stability, high levels
of chemical oxygen demand (COD), and resistance to
microbial attack. Therefore, the technology for
decolourization and degradation of dye wastewater
has been widely concerned by scientists and engineers
[4-6].

Lots of wastewater treatment methods are devel-
oped to decolorize and degrade dyeing wastewater to
decrease their environmental impact, such as microbi-
ological treatments [7], enzymatic process [8], adsorp-
tion [9], membrane separation [10], ozonation [11],
advanced oxidation processes (AOPs) [12,13], and
photocatalysis [14]. Conventional methods such as
microbiological oxidation, adsorption, and coagula-
tion—flocculation have been extensively investigated
for treating textile effluents and exhibit certain advan-
tages, but hardly achieve complete decontamination to
meet the more stringent environmental legislation [15].

Electrochemical oxidation, as one kind of AOP, has
been used for the degradation of various types of
textile dyes effluents. This method is a promising tech-
nology due to stable high efficiency, no production of
sludge, amenability to automation, and environmental
compatibility [16-18]. The hydroxyl radical (-OH) with
E°(HO-/H,0) =2.8 eV/NHE generating in the electro-
chemical process, as a strong oxygen-based oxidizer,
can non-selectively attack most dyestuff until their
total mineralization into carbon dioxide, water, and
inorganic ions [19]. Electrode materials is crucial for
electrochemical oxidation, and different kinds of
anode materials have been investigated in the last two
decades, including Pt [20], glassy carbon [21], graphite
[22], PbO, [23-25], SnO, [26-31], boron-doped dia-
mond (BDD) [32-34], etc. The BDD electrode possesses
high oxygen evolution potential, high current effi-
ciency, remarkable corrosion stability, low adsorption
properties, and extremely wide potential window in
aqueous medium. However, the BDD anode has a
larger resistance than noble metal and metal oxide
electrodes [34]. In addition, the complication and high
cost of preparing BDD limit its application in industry
widely. The SnO, electrode has recently received a
great deal of attention because of high electro-catalytic
activity, good electrical conductivity, and low cost
[28,31]. Besides, our previous research indicates that
the Ti-substrate SnO,-Sb anode modified by carbon
nanotube has longer service lifetime and oxygen
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evolution potential [35]. The SnO, electrode is classed
as a non-active anode. In SnO, electrochemical oxida-
tion process, organics (R) contained in polluted solu-
tion are oxidized by direct electron transfer on the
surface of anode, or rather totally mineralized with
physically adsorbed hydroxyl radical (SnO,[-OH]) as
follows [19]:

SnO; + H,O — SnO,[-OH] + Ht +e” 1)
SnO;[-OH] + R — SnO;, 4+ CO; + H,O + H +e (2

SnO,[-OH] + H,O — SnO, + O, + 3H" + 3e”~ 3)

The first step is the oxidation of water molecules
leading to the formation of adsorbed hydroxyl radi-
cals, which are absorbed on the active sites of the elec-
trode surface. Then, the absorbed radical with high
oxidation potential oxidizes the organic matter, which
competes with the side reaction of hydroxyl radicals
to oxygen.

Azo dyes, about 70% of the world dye production,
are extensively used in the textile industries. Azo
bonds (-N=N-) as chromophore group in association
with aromatic structures make this dyestuff cause con-
siderable non-esthetic pollution and serious health risk
factors [36,37]. In this paper, the goal is to evaluate
the applicability of electrochemical degradation of azo
dye in aqueous solution on the Ti/SnO,-Sb-CNT elec-
trode using C.I. Acid Red 73 (AR 73) as a representa-
tive dye. To the best of our knowledge, there is no
systematic study on the electrochemical oxidation of
C.I. AR 73. In this study, the electrochemical behavior
of the anode in AR 73 solution was studied by cyclic
voltammetry. The effect of operating parameters,
including current density, initial dye concentration,
initial pH, and the type of supporting electrolyte, was
investigated systematically, in order to identify the
optimal electrochemical conditions which give low-
energy requirements and high degradation efficiency
[38]. Also, the degradation process and intermediates
were monitored by UV-vis spectroscopy and chro-
matographic techniques.

2. Experimental
2.1. Reagents

All of the chemicals were of analytical grade and
were used without further purification. Solutions were
prepared using deionized Milli-Q water. C.I. AR 73
(>99% purity) was purchased from Qingdao Chuanlin
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Table 1
Characteristics of C.I. AR 73
Characteristics CI AR 73
Molecular formula Cy,H{14N4Na,O,5,
Molecular weight 556.490
Amax (M) 518
CAS number 5413-75-2
Color index number 27290
Molar volumes (mM ) 323.5
Molecular structure HO
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Dyestuffs Co., Ltd, Shandong, China, and its structural
parameters were shown in Table 1. All the other
chemicals and organic solvent were obtained from
Tianjin Fuchen Chemical reagents factory, China.

2.2. Preparation of the electrodes

The detailed procedure for the preparation of the
Ti/SnO,-Sb-CNT electrode had been described in
detail in our previous paper [35]. Briefly, titanium
plates (99.5%, 2 cmx2cmx0.5 mm) were mechani-
cally polished with 320-grit sandpaper and degreased
in 40wt.% NaOH at 90°C for 1h. Then, they were
etched in 10 wt.% oxalic acid at 98°C for 2h
and finally washed with double-deionized water.
The SnO,-Sb-CNT coating deposited on the pre-
treated titanium substrate was prepared by pulse
electrodeposition method. The characterization on the
surface of the Ti/SnO,-Sb-CNT and other character-
ization of anode could also be found in our previous
paper [33].

2.3. Electrochemical degradation of AR 73

The electrochemical degradation experiments were
carried out in a one-compartment electrochemical
cell with effective volume of 150 mL. The anode
(Ti/SnO,-Sb-CNT) and the cathode (titanium sheet)
were positioned vertically and parallel to each other
with a distance of 2 cm. The two electrodes were 8 cm?
in area. The dye solution containing AR 73 was pre-
pared by dissolving AR 73 in 1 L solution with 0.1 M
supporting electrolyte (Na,SO4, or NaCl, or NazPO,).
The current densities of the electrochemical degrada-
tion were chosen at 25, 50, and 100 mA cm 2. Different
initial dye concentrations (0.5, 1.0, and 1.5 g LY were
used to examine the effect of the initial concentration
on the degradation efficiency of AR 73. The pH values
(3, 7, and 11) of AR 73 solution were obtained by add-
ing an appropriate amount of H,SO, or NaOH. The
volume of AR 73 solution was 120 mL, and the reac-
tion temperature was kept at 25°C during the degrada-
tion process by a water bath [39-41]. A dc potentiostat
with a voltage range of 0-30 V was employed as the
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power supply for AR 73 degradation studies. During
the experiments, samples were drawn from the reactor
at half-hour intervals and then analyzed. All of the
experiments were performed in duplicate.

2.4. Analytical methods

Cyclic voltammetry was tested with a standard
three-electrode cell at electrochemical workstation con-
trolled by a computer (PARSTAT 2273, PARC, USA).
The prepared Ti/SnO,-Sb-CNT electrode was
employed as a working electrode, and a platinum foil
as the counter electrode. Meanwhile, the Ag/AgCl/
0.1M KCl served as the reference electrode. The
exposed apparent area of the working electrode was
4 cm®. In order to increase the reproducibility of the
polarization measurements, the working electrode was
electrochemically pretreated before use for 30 min in
1.0 mol/L H,SO, solution under anodic current den-
sity of 50 mA cm 2. The cyclic voltammetry curves
were measured at 50 mV s ! in 0.1 M Na,SO, aqueous
with or without AR 73 at temperature 25°C.

In this study, samples were selected depending on
the time duration of 0, 30, 60, 90, 120, 150, and
180 min. A UV-visible spectrophotometer (UV-1000,
Shanghai Tianmei scientific instruments Co., China)
was used to measure the concentration and the absor-
bance spectra of the AR 73 solution, and all the solu-
tions were recorded in the range of 200-600 nm. The
total organic carbon (TOC) was monitored with a TOC
analyzer (TOC-Vcpn, Shimadzu, Japan). The pH was
determined using a pH meter (PHSJ-4F, Shanghai
Leici Corporation, China). Separate experiments were
run to study the main degradation products of AR 73
in the electrochemical oxidation process using a high-
performance liquid chromatograph (HPLC, Ultimate
3000, America) equipped with UV detection. Aliquots
of sample (e.g. 20 pL) were injected automatically into
the HPLC column running with the mobile phase of
acetonitrile/water (0.025 M of ammonium acetate) at
35/65 (v/v). The separation was performed using an
ODS-25u reversed phase column (Alltech, USA) at a
flow rate of 1 mL/min and a column temperature of
303 K. The UV detector was used with the wavelength
set at 280 nm. The total analysis time was 5 min.

3. Results and discussion
3.1. Cyclic voltammetric study of AR 73 oxidation

Cyclic voltammetric experiments were performed
to examine the electrochemical behavior of AR 73 at
Ti/5nO,-Sb-CNT using 0.1 M Na,SO, as supporting
electrolyte. The cyclic voltammograms (CVs) of the
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Fig. 1. Comparison of the CVs of Ti/SnO,-Sb-CNT anode
in blank 0.1 M Na,SOy electrolyte and with 1.0 g L™ AR
73 at scan rate 50 mV s ! (initial pH 8).

Ti/SnO,-Sb-CNT electrode in the solution with/with-
out AR 73 were recorded between —1.2 and 2V, as
shown in Fig. 1. It can be seen from this figure that
Ti/SnO,-Sb-CNT in blank solution and in the AR 73
solution had the similar voltammetric behaviors. There
was no anodic oxidation peak appeared in the CV in
the AR 73 solution compared with the CV curve
recorded in the blank solution, which indicated that
direct electron transfer did not occur, and the AR 73
was not directly oxidized on Ti/SnO,-Sb-CNT but
indirectly oxidized. SnO, anode belonged to “non-
active electrodes,” [42] so the organic pollutions were
mainly degraded by oxidants generated during the
electro-catalytic oxidation, such as hydroxyl radical,
hydrogen peroxide, and peroxydisulfate. During the
cathodic sweep from 2.0 to =12V, no corresponding
reduction peak could be identified, suggesting that the
electro-catalytic oxidation of AR 73 at Ti/SnO,-Sb-
CNT was totally irreversible.

In addition, the current densities in presence of AR
73 were little larger than those in the blank solution. It
could be explained that H,O was discharged on the
surface of the anode to form adsorbed hydroxyl radi-
cals [43]. When the AR 73 was added into the solu-
tion, it reacted with hydroxyl radicals, causing the
diminishing of adsorbed hydroxyl radicals. Thus, the
transfer of electrons on the anode surface was acceler-
ated, resulting in the increase in calculated current
density as shown in Fig. 1.

3.2. Effect of current density on AR 73 degradation

Fig. 2 shows the evolution of C/C, ratios (C: the
residual concentration of AR 73 at a given electrolytic
time, and Cg: the initial concentration of AR 73) for
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Fig. 2. Evolution of AR 73 concentration and kinetic rate
constant as a function of electrolysis time in Ti/SnO,-Sb-
CNT anode cell at different current density (20, 40, and
60 mA cm?). Degradation conditions: initial concentration
1gL™", pH (not adjusted), supporting electrolyte 0.1 M
Na2504.

the electrochemical oxidation and degradation of AR
73 on the Ti/SnO,-Sb-CNT electrode at different
applied current densities (Iappl) (25, 50, and
100 mA cm ™) in 120 mL working solution containing
AR 73 concentration 1 gLf1 and Na,SO, (0.1 M) as
supporting electrolyte. After 3 h electrochemical oxida-
tion, the degradation rate of AR 73 reached 78.3, 88.4,
and 95.7%, respectively, for different current densities.
The regressions of AR 73 degradation data were all
linear for the three different I,pp values, and the
electrochemical oxidation of AR 73 could be regarded
as a pseudo-first-order reaction which was written as
follows:

—d[AR 73]

" = k[AR 73][-OH] = kqpp[AR 73] “)

The calculated apparent rate constants (k,p,) were
0.93, 1.99, and 270 h™" at 25, 50 and 100 mA cm?,
respectively.

The removal efficiencies and degradation rates of
AR 73 increased with the increase in current density.
It could be explained by the fact that more electrogen-
erated active oxidant hydroxyl radicals (-OH) were
produced on Ti/SnO,-Sb-CNT surface from Reaction
(1) at high current density. However, the larger pro-
portion of generated -OH was wasted by other com-
petitive side reactions like oxygen evolution (Reaction
(3)). Thus, the mass transport could be significantly
increased due to the formation and detachment of O,
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bubbles, which was also explained by other authors
[44,45]. So, the diffusion flux of AR 73 towards the
anode surface increased with increasing the applied
current density. Nevertheless, when the current
exceeded a certain value, the number of active sites of
the anode would be minimized because a greater
amount of gas was produced at the anode surface,
and the current efficiency decreased largely. It could
be found that the value of k,pp, increased slightly (from
0.75 to 0.98 h™!) when the Lipp1 increased from 50 to
100 mA cm 2. In addition, at larger current density,
the energy consumption necessary was higher and the
service life of electrodes was shorted.

3.3. Effect of initial concentration on AR 73 degradation

The effect of AR 73 initial concentration on degra-
dation was investigated at the condition of current
density 50 mA cm ®> and supporting electrolyte
NaySO, 0.1 M. As observed in Fig. 3, the AR 73
removal efficiency decreased from 94.5 to 78.9% with
the initial concentration of the dye increased from 0.5
to 1.5 g L™". Correspondingly, the apparent rate con-
stants (k.pp) decreased with the increased of initial AR
73 concentrations. The outcome was in agreement
with the data reported by Lin and Niu [46]. The
results could be explained by the fact that the degra-
dation of AR 73 was mediated by hydroxyl radicals
(‘OH), and the -OH generated on the surface of the
anode at a given current density was identical. Thus,
the electrochemical oxidation was faster than the dye
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Fig. 3. Evolution of AR 73 concentration and kinetic rate
constant as a function of electrolysis time in Ti/SnO,-Sb-
CNT anode cell at initial concentration (0.5, 1.0, and
1.5gL™"). Degradation conditions: current density
50 mA cm ™2, pH (not adjusted), and supporting electrolyte
0.1M Na2804.
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diffusion at low concentrations, resulting to the
greater probability for AR 73 molecules being attacked
by -OH [47]. Hence, the value of k,,, was relatively
higher in the case. In comparison, at the high initial
concentration, the surface concentration of oxidation
intermediates was higher and the hydroxyl radicals
had nonselective reactivity in relation to the adsorbed
intermediates. That meant that part of the hydroxyl
radicals were used to oxidized the intermediate prod-
ucts, and the AR 73 molecules could not be removed
fast due to the shortage of enough -OH. It should be
pointed out that the increase in initial concentration of
dye increased its concentration gradient and mass
transfer across the diffusion layer, and thus its electro-
chemical oxidation on anode, resulting that the total
amount of degraded AR 73 was greater when the ini-
tial concentration was higher.

3.4. Specific energy consumption of anodic oxidation

Table 2 shows the general current efficiency (GCE)
and the specific energy consumption (SEC) under the
different current density and different eye concentration.

GCE could be calculated based on Eq. (5):

COD, — COD;

GCE = 8lt

FV ®)

where COD; and COD, are the COD of AR 73 at times
t and initial value (g L™"), respectively. I is the current
(A), F is the Faraday’s constant, V is the sample
volume (L).

SEC could be obtained as follows [19]:

Iut

SEC = (COD, — COD;)V

(6)

Table 2
GCE and SEC of anodic oxidation under the different
conditions

SEC
Operating variables GCE (%) kWh/ (kg COD)™!
Current density (mA cm™) 25 77.05  80.00
50 47.51 134.56
100 26.50 342.64
Dye concentration (g L") 0.5 27.94 228.78
1.0 47.51 134.56
1.5 54.67 121.32
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where t is the electrochemical degradation time (h), U
is the average cell voltage (V). It could be seen that
increasing the current density and decreasing eye
concentration could reduce the current efficiency and
improve the SEC, which was in accordance with
Panizza and Cerisola [19].

3.5. Effect of initial pH on AR 73 degradation

Lots of papers had reported on the effects of the
solution pH on the electrochemical oxidation of organ-
ics, and the conclusions were variant in different case,
including the materials of anodes and the types of
organic matter [46,48-50]. The effect of pH on AR 73
degradation efficiency was determined at the different
pH (3, 7, and 11), with current density 50 mA cm 2,
initial concentration 1.0 g L™!, and supporting electro-
lyte NaySO,4 0.1 M. The initial pH of AR 73 solution
without pH regulation was about 8.03, and then
decreased quickly during electrochemical oxidation.
As shown in Fig. 4(a), the initial pH value of AR 73
solution without any regulation reached 5.12 finally
after 3 h degradation. So, the continuous pH regula-
tion had to be made in the process of electrolysis by
adding NaOH for the cases of pH 7 and pH 11. For
the case of pH 3, the solution pH dropped slowly, so
the pH regulation was unnecessary. A similar and
rapid AR 73 degradation was observed in the three
cases, as shown in Fig. 4(b). About 90% dye molecules
were removed after 3 h electrochemical oxidation, irre-
spective of acidic, neutral, or alkaline reaction media.
For AR 73, a kind of anionic dye, higher pH solution
would lead to the form of polymeride, which was dis-
advantaged to the effective degradation [47]. But, on
the other hand, the alkaline environment contributed
to the generation of -OH from reaction (1). Also, the
AR 73 solutions with lower pH hadn’t obviously
higher oxidation rate. In general, the pH had no obvi-
ous effect on the dye removal rate. Hence, the pH
adjustment was not necessary in the preprocessing for
the degradation of AR 73 used by the electrode, and
the electrochemical oxidation could work well in a
wide pH range.

3.6. Effect of supporting electrolyte on AR 73 degradation

Considering that AR 73 was a kind of weak elec-
trolyte with low conductivity, strong electrolyte
should be added to promote the conductivity of AR
73 solution. In the above experiments, sodium sulfate
(NaSO,) was chosen as the supporting electrolyte. It
should be pointed out that the peroxodisulfates could
be formed at the anode surface (Reaction 7), and they



L. Xu et al. | Desalination and Water Treatment 57 (2016) 8815-8825

(a) 85
804
754 -
-
7.0
6.5 4
%‘_ g
6.0 o
55
] -
50 .
45
40 — = o , —
0.0 05 10 15 20 25 3.0
t/h
(b)
‘I.O-\
1% —=— pH=3
0.8 ®— pH=7
\ a— pH=11
\ -\\
LS R N
o = N
S
0.4 A
0.2 S
~
o —
0.0 05 10 15 20 25 30

t/h

Fig. 4. Evolution of AR 73 concentration as a function of
electrolysis time in Ti/SnO,-Sb-CNT anode cell at initial
pH without adjusted (a) and initial pH with adjusted (3, 7,
and 11) (b). Degradation conditions: current density
50 mA cm 2, initial concentration 1 g L™, supporting elec-
trolyte 0.1 M NaySO,.

were very powerful oxidant. Some paper reported the
usage of the sodium chloride (NaCl) as electrolyte,
because chloridion could be oxidized to active chlorine
(Cl,, HCIO, and CIO") by reactions (8)-(10) [51,52].
Besides the direct electrooxidation by hydroxyl radi-
cals, AR 73 might be degraded by mediated oxidation
with these electrogenerated oxidants. In order to
determine the role of these electrogenerated oxidants,
the degradation of AR 73 using sodium phosphate
(NagPO4) was conducted since no electrogenerated
oxidants were form in the whole process of electro-
chemical oxidation. Fig. 5(a) and (b), respectively,
showed the evolution of AR 73 solute concentration
and TOC as a function of electrolysis time in support-
ing media (0.1 M Nay,SO,;, 0.1 M NaCl, or 0.1 M
NazPO,), with current density 50 mA cm 2 and initial
concentration 1.0 g L™".
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The graph showed that the decease of dye
concentration in the presence of NaCl was more rapid
than the presence of Na,SO, or NazPO4. The gener-
ated active chlorides (Cl,, HCIO, and ClO") had a sig-
nificant role in the AR 73 removal. However, the
standard reduction potential values of these active
chlorides were much lower than that of hydroxyl radi-
cal [53]. Hence, the active chlorides were not effective
enough for the TOC removal and showed poor miner-
alization ability, as shown in Fig. 4(b). Moreover, the
Cl, would be expected to interact with AR 73 to form
stable chlorinated organic intermediates, which was
refractory in nature and probably carcinogenic [54].
Compared with the case of using NazPO,, the TOC
removal rate increased by about 8% when Na,SO,

was used as supporting electrolyte. The result
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Fig. 5. Evolution of AR 73 concentration (a) and TOC (b)
as a function of electrolysis time in Ti/SnO,-Sb-CNT
anode cell at different kinds of supporting electrolyte
(0.1 M NaySO4 NaCl, and NazPO,). Degradation condi-
tions: current density 50 mA cm 2, initial concentration

1g L™, pH (not adjusted).
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indicated that the electrogenerated oxidant SzOg_
played a relative important role in the rate of mineral-
ization in the process of treating dye wastewater.

Through the research of electrolytes, sodium sul-
fate was found to be the most appropriate supporting
electrolyte.

2850%" — S,02" +2e” @)
2C1I" = Clp +2e~ (8)
Cl, + H,O = HCIO + H' + CI ©)

HCIO = H" + OCl™ (10)

3.7. UV—vis Spectrum

Fig. 6 shows the UV-vis spectral changes of AR 73
solution during electrochemical oxidation using the
Ti/5nO,-Sb-CNT electrode under the optimal condi-
tions. The original UV-vis absorption peaks of initial
AR 73 solution mainly consist of three peaks at 208,
354, 522 nm, and they are, respectively, ascribed to the
presence of benzene ring, naphthalene rings, and azo
linkage (chromophore) in the AR 73 molecule [55].
During the degradation process, the three absorption
bands at 208, 354, and 522 nm were diminished stea-
dily with increase in the reaction time. However, the
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Fig. 6. UV-vis spectral changes of AR 73 solution at differ-
ent electrolysis time (0, 30, 60, 90, 120, 150, and 180 min)
during the electrochemical degradation process on Ti/
SnO,-Sb-CNT. Conditions: current density 50 mA cm 2,
initial concentration 1 g L™", pH (not adjusted), supporting
electrolyte 0.1 M NaySO,.
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absorbance at 290-300 nm of the solution increased
after 30 min reaction compared with the before reac-
tion and decreased to nearly zero after 180 min reac-
tion, which might be due to the presence of the
intermediate products derived from AR 73 [56].
Though the formation of intermediates could not be
avoided, all of the peaks nearly disappeared, meaning
the occurrence of the aromatic rings’ cleavage. So the
Ti/SnO,-Sb-CNT electrode is effective for AR 73 deg-
radation. In order to better understand the process of
electrochemical oxidation using Ti/SnO,-Sb-CNT, the
changes of the HPLC chromatograms of AR 73 and
intermediates at various time periods (0, 30, 90, and
180 min) are shown in Fig. 7. Fig. 7(a) shows the
changes of the HPLC chromatograms of AR 73 at time

1200
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Fig. 7. The HPLC chromatogram of the AR 73 solution at
different electrolysis times during the electrochemical deg-
radation process on Ti/SnO,-Sb-CNT. a (0, 10, 20, and
30 min); (b) (0, 30, 90, and 180 min). Conditions: current
density 50 mA cm™?, initial concentration 1gL™", pH (not
adjusted), supporting electrolyte 0.1 M Na,SO,.
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periods (0, 10, 20, and 30). According to the major
peak at the retention time of 2.9 min, it was observed
that AR 73 underwent remarkably efficient degrada-
tion by electrochemical oxidation on the anode, and
the removal reached about 96% after 180 min. In the
meantime, a group of intermediates with retention
time from 2 to 2.4 min were detected at 30 min, and
then the peaks decreased gradually along with AR 73
as the reaction time was extended and diminished at
180 min. Hence, although some intermediates were
formed in the process of degradation, all of the organ-
ics could be removed by the Ti/SnO,-Sn-CNT elec-
trode.

4. Conclusions

In this study, electrochemical oxidation using the
Ti/SnO,-Sb-CNT anode indicates to be an attractive
alternative for the degradation of AR 73. The cyclic
voltammetric studies have revealed that the AR 73 is
oxidized by indirect electrochemical oxidation, rather
than direct electron transfer. The kinetic studies
demonstrate the electrochemical oxidation of AR 73
obey the pseudo-first-order reaction kinetics. Under
the experimental conditions, the degradation -effi-
ciency of AR 73 increases with increased current
density, and the initial concentration of dye has the
opposite effect. Besides, the initial pH value does not
have obvious influence on the rate of degradation.
The indirect electrochemical oxidation mediated by
active chlorine using NaCl as supporting electrolyte
contributes the dye degradation rate, but has poor
effect on TOC removal efficiency due to the forma-
tion of refractory chlorinated compounds. Meanwhile,
the electrogenerated oxidant plays a relative impor-
tant role for degradation and mineralization. The
performance of the three kinds of supporting electro-
lyte for AR 73 degradation in terms of mineralization
efficiency is in order NaySO4>NazPO,>NaCl. The
UV-vis spectra and HPLC analyses indicate that the
AR 73 and intermediate products are completely
eliminated after 3 h electrochemical degradation. The
detailed mechanisms involved in the AR 73 degrada-
tion process need much deeper research in our
following work, in order to provide more worthy
information for industrial application of electrochemi-
cal degradation.
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