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Highlights

e Highest hydrogen peroxide concentration and MTZ mineralization obtained for 0.07 mA.cm™

e The evolution *OH concentration was not in accordance with that of MTZ mineralization

e Dissolved oxygen can become a limiting reagent for ‘OH quantification with DMSO

e DMSO can be oxidized and reduced at the electrodes surface distorting “OH quantification

e DMSO efficient as "OH probe until 0. 07 mA.cm™ in this study, not efficient for electro-
oxidation

Abstract

In electro-Fenton process, current density is a key operating parameter for organic compound
mineralization. In order to explain mineralization yields obtained during the electrochemical
treatment of an antibiotic metronidazole (MTZ) in a mono-compartment batch reactor, the
evolution of the reactive oxygen species was discussed. Dissolved oxygen, Hydrogen
peroxide and hydroxyl radical ("OH) concentrations were followed during electrolysis
performed at current intensities from 50 to 600 mA corresponding to current densities from
0.04 to 0.45 mA.cm™, using a three dimensional graphite felt as working electrode.
Dimethylsulfoxide (DMSO) was used to trap hydroxyl radicals by the production of a stable
intermediate, methanesulfonate; however the evolution of hydroxyl radical concentration was
not in accordance with MTZ mineralization yields. Results showed that on the one hand, for
the highest studied current densities, dissolved oxygen could become a limiting reagent for
the "OH quantification. On the other hand, DMSO can be oxidized and reduced at the
electrodes surface. Indeed, Dimethyl sulfide (DMS), a byproduct from the electrochemical
reduction of DMSO was detected during the electrolysis. DMSO appeared therefore relevant
as a hydroxyl radical probe in the case of the electro-Fenton process only for low applied

current densities, until 0.07 mA.cm in the present study.
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1. Introduction

For more than thirty years, Advanced Oxidation Processes proved their efficiency for the
removal of Persistent Organic Pollutants (POP) [1-4]. This class of processes includes some
electrochemical ones, which have also proved their relevance for an environmental purpose
[5, 6]. Among them, electro-Fenton is an indirect Electrochemical Advanced Oxidation

Process based on the Fenton’s reaction (Eq.1):
Fe?* + H202 — Fe®* + OH™ + "OH (1)

In this process, hydrogen peroxide is in-situ produced by the two-electron reduction of
dissolved oxygen (Eq.2) and ferrous ions, added in solution in catalytic amount, are
regenerated at the cathode surface (Eq.3). The production of hydroxyl radicals in solution

allows the oxidation of a wide range of organic compounds.
02 +2e + 2H" — H202 (2)
Fe3* + e — Fe?* (3)

According to the literature, the optimal potential for electro-Fenton is -0.5 V/ECS [2, 7], but
working at controlled potential needs an experimental set-up involving three electrodes
(cathode, anode and reference electrode). Because of the brittleness of the reference electrode
and the risk of a potential drift for long duration electrolysis, galvanostatic electrolysis are

preferred even if working at controlled current intensity is less selective.



In the electro-Fenton process optimization, the influence of some operating parameters, such
as the current intensity or current density, the concentration in ferrous ions, pH, the
concentration and the nature of the supporting electrolyte on the process efficiency is studied
in order to enhance the production of hydroxyl radicals [2]. It is well known that hydroxyl
radical is a strong short-lived oxidant [2]. Their quantification can be effective with
techniques such as Electron Paramagnetic Resonance, EPR, in the presence of spin trap agents
[8, 9]. Indirect quantification of hydroxyl radicals can also be implemented using a radical
scavenger through its concentration decrease or through the production of a stable
intermediate when the stoichiometry of the radical reaction is known. In Advanced Oxidation
Processes (AOP), several hydroxyl radical probes have been tested. For instance,
phthalhydrazine (Phth) was studied for hydroxyl radical quantification because its
hydroxylation leads to the formation of a chemiluminescent stable intermediate: the 5-
hydroxy-2,3-dihydro-1,4-phthalazinedione (Phth-OH) [9, 10]. Fluorescence can also be
applied in the case of coumarin; its reaction with hydroxyl radicals leads to a fluorescent by-

product, the 7-hydroxycoumarin [11-13].

4-hydroxybenzoic acid [14], p-chlorobenzoic acid [15] and salicylic acid [16, 17] can be used
as trapping reagent for ‘OH radicals’ determination due to the hydroxylation of their aromatic
ring. Atrazine [18], deethylatrazine [19] have been also studied as hydroxyl radical probe

since the degradation of these compounds can be easily followed by HPLC.

In Electrochemical Advanced Oxidation Processes (EAOP), such as electro-Fenton or electro-
oxidation, the choice of the hydroxyl radical scavenger should also take into account a
possible reaction at the electrode surface or a reaction with electro generated species. For
example p-nitrosodimethylaniline, already considered as a possible probe compound due to its
high selectivity toward hydroxyl radicals [1], was studied in electrochemical oxidation [20]. It

was demonstrated that in 0.05 M Na2SOa4 supporting electrolyte, p-nitrosodimethylaniline



could react with lattice active oxygen without hydroxyl radicals being intermediately present.
With NaCl as supporting electrolyte, active chlorine species produced from chloride ions
oxidation could react with the considered *OH radical probe leading again to an incorrect

quantification of hydroxyl radicals.

Concerning benzene ring compounds, electrochemical polymerization can occur at the anode
surface during the electro-oxidation process [21-25]. In an electro-Fenton process performed
in a mono-compartment reactor, using such types of compounds as hydroxyl radical probe

could produce misleading results.

Dimethylsulfoxide (DMSOQ) is usually used as solvent in organic electrochemistry [26] and
was already studied as hydroxyl radical probe in UV/H202 and Fenton processes [27-29] and

especially in electro-Fenton process [29].

The mechanism of DMSO oxidation by hydroxyl radicals was determined by Lee et al. [28].
Two major pathways can be considered. In fact, DMSO is first oxidized in methanesulfinate
and methy! radical; this latter is in turn oxidized to formaldehyde. Regarding
methanesulfinate, it reacts very fast with hydroxyl radicals (1.1 mM.min instead of 0.1
mM.min! for DMSO in the same operating conditions) to produce the stable
methanesulfonate intermediate. Indeed, its kinetic constant for the reaction with hydroxyl
radicals is around 0.8 10" M's™* compared to that of the reaction of methanelsulfinate (5.3 10°
M-1s1). Then, following the concentrations of methanesulfonate and formaldehyde during the
electrolysis can be a possible way for “OH concentration monitoring during the

electrochemical process in a mono-compartment batch reactor.

In this study, on the one hand, reactive oxygen species (dissolved oxygen, hydrogen peroxide

and hydroxyl radical) concentrations were followed during electrolysis to better understand



the influence of the current density on process performance in terms of the metronidazole

oxidation and mineralization.

Metronidazole degradation was already studied in the literature. Pérez et al. [30] showed a
low mineralization yield for metronidazole (MTZ) by electro-Fenton, in accordance with
those obtained by other AOP [31, 32] and mainly due to the presence of heterocyclic
byproducts. In this study, mineralization was improved by solar irradiation since the
mineralization yield tripled. Indeed mineralization yield increased from 17% to 53% with UV
irradiation from sunlight for an initial MTZ concentration of 1.39 mM (238 mg.L) after 300

min of electrolysis at 55.4 mA.cm in 0.1M Na2SO4 with 0.5mM of ferrous ions.

To understand the influence of current density, four different ones were tested. The two lowest
current densities were close to the electro-Fenton operating conditions. The highest ones were
tested to approach electro-oxidation operating conditions on the anode surface. On the other
hand, the feasibility of using DMSO as hydroxyl radical probe in an Electrochemical

Advanced Oxidation Processes was also discussed.

2. Materials and methods
2.1. Chemicals and materials

FeSQO4-7H20 (purity 99%) and Na2SO4 (purity 99%) were obtained from Acros Organics
(Thermo Fisher Scientific, Geel, Belgium). Acetonitrile (purity 99.9%) (HPLC grade) was
taken from Sigma—Aldrich (St. Quentin Fallavier, France). MTZ (2-methyl-5-nitroimidazole-
1-ethanol) with 99% of purity was also purchased from Sigma-Aldrich. All solutions were
prepared with ultrapure water and all the other chemicals used for analysis were purchased

from Acros and Sigma.



2.2. Electrochemical Apparatus and Procedures

2.2.1. Electrochemical treatment to MTZ

Experiments were performed at ambient temperature (20°C) with an electrochemical batch
monocompartment reactor containing 250 cm? of solution. The electrochemical cell was
monitored by an ammeter power supply (Microsonic systems, Microlab MX 20V-2A, Villette
d’Anthon, France). The working electrode (cathode) was a tri-dimensional piece of graphite
felt of 42cm3 (geometrical volume) (Le Carbone Lorraine RVG 4000 Mersen, Paris la
Défense, France). It was placed on the inner wall of the cell and the anode was a platinum
hollow cylinder (31.2 cm?), centered in the electrochemical reactor and surrounded by the
cathode to get a good potential distribution. To reach a stationary Oz concentration,
compressed air was bubbled into the solution (0.5 L.min) for 10 min before and all along the
electrolysis. A catalytic quantity of FeSO4,7H20 as ferrous ion source was added into the cell
just before the beginning of the electrolysis. The ionic strength was maintained constant by

the addition of 50 mmol.L™* Na2SOs and the initial MTZ concentration was 100 mg.L™.

2.2.2. Study of hydroxyl radical generation

The electrochemical cell was the same as described above. To follow reactive oxygen species

and study DMSO, experiments consisted in three steps in absence of metronidazole:

- First step: compressed air was sparged into the 50 mmol.L* sodium sulfate solution during

10 min at 0.5 L.min"* of flow rate in order to saturate the solution with dissolved oxygen.

- Second step: electrodes were polarized at different current densities (Table 1) during 60 min

with air sparging in the solution. Hydrogen peroxide production was expected.



- Third step: DMSO (for a final concentration in solution of 0.25 M) and Fe?* (0.1 mM) were
added to the solution, with electrodes polarization and air sparging. Hydroxyl radicals’

production was expected and their concentration was followed during 60 min.

Four current intensities 50, 100, 300 and 600 mA were studied and corresponded to the
following current densities 0.4, 0.9, 2.6 and 5.2 mA.cm respectively considering a
geometrical electrode surface of 115 + 1 cm™. A previous study in the lab [33] showed that
considering a three dimensional graphite felt, its electrochemical active surface was around
tenfold higher than the geometrical one and hence current densities can be considered ten

times lower (Table 1).

2.3Analytical procedures

2.3.1. High Performance Liquid Chromatography (HPLC).

The degradation of Metronidazole was measured by HPLC using Waters 996 system equipped
with Waters 996 PDA (Photodiode Array Detector) and Waters 600LCD Pump (Waters,
Guyancourt, France). The separation was achieved on Waters C 18 (5 um; 4.6 x 250 mm)
reversed-phase. The eluent consisted of a mixture of acetonitrile/water (20/80, v/v) and 0.1%
formic acid delivered at a flow rate of 1 mL.min"1. The detection of Metronidazole was

carried out at 318 nm and the retention time was approximately 4.3 min.

2.3.2. Gas Chromatography (GC) coupled to mass spectrometry (MS).

DMS chromatograms were carried out using a Clarus 500 chromatograph (Perkin Elmer,
Villebon-Sur-Yvette, France) with helium (1 mL.min™) as carrier gas, a Varian CP-FFAP-CB

column (25 m x 0.15 mm x 0.25 um). The injector was at 300°C. A temperature gradient in



the oven was performed: 10°C per min from 40 to 120°C after 5 min of equilibrium. The
detector was a quadrupole mass spectrometer Clarus 500 (Perkin Elmer) with electronic

impact as ionization mode.

2.3.2. Total organic carbon (TOC) measurement.

The mineralization of Metronidazole solutions was monitored by the removal of their Total
Organic Carbon (TOC). TOC was measured by TOC-VcpHicr Total Organic Analyzer
Schimadzu. The catalytic combustion and conversion of organic carbon compounds leads to
COz2, which is identified by non-dispersive Infra-Red Detector (NDIR). Calibration was

obtained with potassium hydrogen phthalate standards.

2.3.3 Dissolved oxygen

Concentration of dissolved oxygen was followed using a potentiometric oxygen probe

(DurOx® 325-3, Oxi 3205-set 3, WTW, Weilhen, Germany).

2.3.4. Hydrogen peroxide quantification

Hydrogen peroxide concentration was iodometrically measured with thiosulfate as titrant and
by amperometric titration with a double Pt indicator electrode and an applied potential

difference of 100 mV (Potentio-amperometric TPAA4 titrator, Tacussel, Lyon, France).

2.3.5. Hydroxyl radical quantification



Hydroxyl radicals were quantified using Dimethyl sulfoxide (DMSO) as trapping agent that is
characterized by its high reactivity with "OH. DMSO is first oxidized to methanesulfinic acid,
that in turn reacts with *OH leading to methanesulfonate. Two radicals *OH are needed to form
one molecule of methanesulfonate. Using ion chromatography (DIONEX DX120, Thermo
Sicentific, Sunnyvale, USA), methanesulfonate can be detected and quantified allowing the
quantification of hydroxyl radicals. lon chromatograph is provided with a conductivity
detector, the stationary phase is constituted by an anion exchange column AS19 (4 x 250
mm), and the mobile phase is constituted of KOH at a concentration of 12 mol.L™ A gradient
elution mode was adopted to accomplish the analyses, 10 mmol.L™* of KOH during the first
10 min; then a linear increase up to 45 mM after 25 min; and this latter concentration was

maintained from 25 to 35 min. The flow rate was fixed at ImL.min"* [34].

3. Results and discussion

3.1. H202 production and Oxygen behavior

The production of H202 function of electrolysis duration and current density was presented in
figure 1. The production of H202 began as soon as the electrodes were polarized (Fig.1)
increased up to 30 min and then remained constant for all the applied current densities
showing the implementation of an equilibrium between the cathodic production of H202 (Eqg.

2) and its anodic oxidation (Eq. 4).

H0: — O2+2e +2H" (4)
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Side reactions that consume hydrogen peroxide can occur such as its electrochemical

reduction (Eq. 5) and its dismutation in solution (Eq. 6) [2, 35].
H202+2H" +2e° — 2H20 (5)
2H202 — 02+ 2H20 (6)

The production of hydrogen peroxide increased up to 0.07 mA.cm™ and then decreased with
the current intensity (Table 2). Concentration of dissolved oxygen in solution was then
followed in order to understand the evolution of hydrogen peroxide concentration with the
current density. During the first step, namely 10 min, dissolved oxygen concentration
remained constant for all the current densities, around 9 mg.L* (Fig.2). As soon as the
electrodes were polarized, the behavior of the dissolved oxygen concentration depended on

the applied current intensity.

For 0.04 mA.cm?, the very slight increase of the concentration of dissolved oxygen observed
during the second step can be considered as negligible (Fig.2). The Oz feed from compressed
air and the in-situ production of Oz from water oxidation (Eq. 7) counteracted its reduction at

the cathode to form H20:2 (Eq.2).

H:0 — % 02+ 2H" 2¢~ (7)

When the current density increased to 0.07 mA.cm™, Oz concentration decreased in the few
first minutes of electrodes polarization (Fig.1) and then remained constant. The oxygen input
was insufficient at the beginning of the electrolysis to counteract its electrochemical reduction
at the graphite felt surface. At this current density, the production of H202 reached a

maximum value of 1.4 mM.
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For an applied current density of 0.22 mA.cm™, the O2 concentration remained constant even
when electrodes were polarized. On the one hand, it can be explained by a lower production
of hydrogen peroxide (Fig.2) due to the implementation of the competing 4 electrons
reduction of Oz in H20 (Eq. 8) and proton reduction (Eq.9). On the other hand, the part of

produced O: at the anode (EQ.7) increased with the current intensity.

O2+4H" 4e — 2H20 8)

2H0* +26¢ —  Hz+2H:0 (9)

A significant increase of Oz concentration was initially observed when the electrodes were
polarized at 0.45 mA.cm?; the concentration tended to decrease thereafter even if final O
concentration was higher than before electrodes polarization (15 mg.L* after 60 min). The
increase was supposed to be mainly due to a high anodic production of oxygen (Eq. 7); while
its decrease could be explained by its reduction at the cathode to mainly produce H20 (Eq.8).
At 0.45 mA.cm™, protons reduction was the main reaction at the cathode at the expense of the
H202 production. Indeed, the concentration of H202 was the lowest at this current intensity

(Table 2).

3.2 Degradation and mineralization of metronidazole

Figure 3 showed that the metronidazole was completely degraded within 15 min except at

0.04 mA.cm™. The metronidazole degradation followed a first order kinetic (not shown); it

12



appeared at the comparison of the apparent Kinetic constants that initial degradation rates were

similar for 0.07, 0.22 and 0.45 mA.cm? (Table2).

For current densities from 0.07 to 0.45 mA.cm™, mineralization yields were of the same order
of magnitude and followed the same evolution than hydrogen peroxide (Table 2); the highest
mineralization yield was obtained for galvanostatic electrolysis at 0.07 mA.cm. However, the
evolution of the hydroxyl radical concentrations with the mineralization yields and the
apparent kinetic constant were not in accordance. For example, at 0.45 mA.cm, the highest
concentration of hydroxyl radicals was produced and the lowest mineralization yield was
attained. In view of these results, the question on the determination of hydroxyl radicals with

DMSO could be raised.

3.3 Hydroxyl radicals’ quantification with DMSO

From the electro-Fenton mechanism, hydroxyl radicals are produced from the reaction
between hydrogen peroxide and ferrous ions (Eqg. 1). Side reactions such as dimerisation (Eq.
10), oxidation of ferrous ions (Eq. 11) or reaction with hydrogen peroxide (Eq. 12) can

consume a part of produced hydroxyl radicals [2, 35].

‘OH+'OH — H202 (10)
‘OH+Fe* — OH + Fe* (11)
‘OH +H202 — H20 + HO?" (12)

As mentioned in the introduction, hydroxyl radicals were quantified using DMSO as probe in

the third part of the experiments (performed without MTZ in solution) and production of
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hydroxyl radicals was compared with the production of hydrogen peroxide and MTZ

mineralization yield obtained for the applied current densities (Table 2).

The production of hydroxyl radicals during the electrolysis is presented in the figure 4, their
concentration increased with the applied current intensity. It was not therefore linked to the
amount of hydrogen peroxide produced during the second part of the experiments (Table 2).
It could be supposed that electro-oxidation at the highest current intensities was responsible
for the formation of hydroxyl radicals at the Pt anode surface. But if electro-oxidation took
place besides electro-Fenton during electrolysis at 0.22 and 0.45 mA.cm™, mineralization
yields should be improved with respect to 0.07 mA.cm which was not the case here. It can be
supposed that for these current densities, the formation of *OH was mostly due to electro-
oxidation. In their review, Brillas et al. [2] specified that for Pt anodes, the oxidative action of

*OH adsorbed at the electrode surface is quite low.

Pt is considered as an active electrode, hydroxyl radicals are chemisorbed at the electrode
surface and the reactant has to be transferred to the anode surface to react with active oxygen
specie (Eqg. 13 and 14) [36]. That could explain the low mineralization yields observed at 0.22

and 0.45 mA.cm™.

MOX(.OH) — MOx+1 + HY + ¢ (13)

MOX+1 +R — MOX + RO (14)

Moreover, the electro-oxidation process can be subdivided into four steps (i) Transfer of
reactants to the platinum electrode (ii) Oxidation reaction at the electrode surface (iii)
desorption of byproducts (iv) transfer of products to bulk phase. In the case of diluted

solutions, the mass transfer (step (i)) remains the limiting step. The high concentration of
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hydroxyl radical concentration obtained (Fig. 4) could be partially explained by mass transfer
to the anode surface. Indeed, comparing the operating conditions of DMSO oxidation with
those of metronidazole, the main difference is the concentration of the compounds to be
oxidized. Indeed the initial MTZ concentration in the experiments was 100 mg.L™
corresponding to 5,8 10 M against 0.25 M for DMSO; the latter cannot therefore be
considered as diluted in solution. The probability for DMSO to react at the anode surface is

then higher compared to MTZ and could explain obtained hydroxyl radical concentrations.

3.3.1. Electrochemical behavior of DMSO

Electrochemical behavior of DMSO was studied in the literature [37, 38]. In acidic media (0.5
M H2S04), DMSO can be both oxidized and reduced on a Pt electrode. From these studies,

dimethylsulfone is the major by-product of DMSO oxidation, also specified by Popovi¢ et al.

[39]. From the literature [40], even if the reaction between hydroxyl radicals and
dimethylsulfone is slower than with DMSO, it proceeds also via the addition of a hydroxyl

radical followed by a methyl radical elimination leading to the formation of methanesulfonate.

DMSO can also be reduced to dimethylsulfide in the hydrogen region; Dimethyl sulfide

(DMS) can be in turn oxidized by hydroxyl radicals into DMSO, SOz and methanesulfonic
acid [41]. To verify this assumption, the detection of DMS at different current densities was
carried out using GC-MS. Figure 5 shows that DMS was detected at 0.22 and 0.45 mA.cm™.

However, for 0.07 mA.cm?, production of DMS was not detected, confounded with the blank.

In this way, methanesulfonate was not produced only via the oxidation of DMSO by hydroxyl
radicals but also via the electrochemical oxidation and reduction of DMSO particularly for
0.22 and 0.45 mA.cm™. The quantification of the hydroxyl radicals could then be erroneous

and could explain the observed results.
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3.3.2 Evolution of O2 concentration

For all applied current densities, the decrease of Oz concentration was measured since the
addition of DMSO and Fe(ll) in the electrochemical cell. The concentration decrease was
more important with the increase of the current intensity (Fig.2). Methanesulfonate is a stable
intermediate of the reaction between DMSO and "OH [28, 42]. From the mechanism of Lee et
al. [28], oxygen participates to the oxidation of methanesulfinate into methanesulfonate. The
consumption of oxygen during the oxidation of DMSO could explain the observed decrease
during the electrolysis (Fig.2). A limiting concentration of oxygen could alter the results. For
an applied current density of 0.04 mA.cm™, the concentration of oxygen did not seem a
limiting factor because oxygen remained in solution. However, it was not the case for 0.22
and 0.45 mA.cm?, for which the dissolved oxygen was almost totally consumed. For 0.22 and
0.45 mA.cm?, the reduction of DMSO into DMS was shown (Fig.5) and DMS reacted with
oxygen to produce methanesulfonate. For high current intensities, oxygen is needed for both

the oxidation of methanesulfinate and for the oxidation of DMS.

For an applied current density of 0.07 mA.cm™, an oxygen limitation can be questioned. For
this purpose, a new electrolysis was carried out at this current density with an air flow rate of
3 L.min-! instead of 0.5 L.min-L. Figure 6 shows the evolution of the production of hydrogen
peroxide and hydroxy! radicals for two different air flow rates, 0.5 and 3 L.min%. The
concentrations of hydrogen peroxide were similar during the electrolysis considering the
uncertainties for the two tested air flow rates (Fig. 6a). The concentration of dissolved oxygen
in aqueous phase had a negligible influence on the formation of methanesulfonate and hence

on the production of hydroxyl radicals excepted for the last point, 135 min (Fig. 6b).
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Conclusion

In this study, DMSO was investigated as hydroxyl radical probe in order to highlight the role
of current density on the mineralization, here the MTZ mineralization by the electro-Fenton
process. Concentrations of dissolved oxygen and hydrogen peroxide were also followed to
explain the obtained results. The concentration of hydrogen peroxide increased with the
current density up to 0.07 mA.cm; while the decrease of its production for higher current
density was mainly due to the competing reduction of oxygen into water and proton reduction.
Concentrations of “OH unlike those of H202, increased with the current density even for the
highest ones tested. Consequently, the mineralization yields for MTZ should have increased
up to 0.45 mA.cm™, but it was not the case. In fact, the quantification of hydroxy! radicals was
distorted for the highest current intensities because of the electrochemical oxidation and
reduction of DMSO at the electrode surface. The evolution of dissolved oxygen also showed
that this compound could be a limiting reagent during the oxidation of methanesulfinate into
methanesulfonate. However, it should be noted that for an electro-Fenton process, working at
0.22 and 0.45 mA.cm™ is useless because of competing reactions. However, working at these
current densities can be interesting to better understand the behavior of DMSO during electro-
oxidation. In this work, DMSO was found to be efficient for the determination of hydroxyl
radical concentration in an electrochemical mono-compartment reactor for current densities
up to 0.07 mA.cmz. In these operating conditions, DMSO could then be useful to determine
the optimal production of hydroxyl radical during the treatment of recalcitrant organic
compounds. However, because of the electrochemical reactions of DMSO on graphite felt and
Pt surface, this compound seems not appropriate as hydroxyl radical probe in electro-

oxidation.
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Figure Legends

Fig.1: Hydrogen peroxide concentration evolution during the second step of the experiments
in 250 cm® Na2S04 0.05M and FeSO4 0.1 mM with graphite felt cathode (42 cm®) and Pt

anode (31.2 cm?). Compressed air sparging: 0.5 L.min™.

Fig.2: Evolution of dissolved oxygen concentration during the three steps of the experiments

([02]o =9 mg.L%).

Fig.3: Evolution of MTZ concentrations (initial concentration of 100 mg.L™) during
electrolysis in 250 cm® Na2S04 0.05M and FeSO4 0.1 mM with graphite felt cathode (42 cm?®)

and Pt anode (31.2 cm?). Compressed air sparging: 0.5 L.min™.

Fig.4: Evolution of accumulated *OH concentration function of current density during
electrolysis in 250 cm® Na2S04 0.05M, DMSO 0.25 M, FeSO4 0.1 mM with graphite felt

cathode (42 cm?®) and Pt anode (31.2 cm?). Compressed air sparging: 0.5 L.min™.

Fig.5: GC-MS Chromatograms of volatile DMS for different current densities: blank (0
mA.cm?) ,0.07, 0.22 and 0.45 mA.cm . Experiments carried out in 250 cm® Na2SO4 0.05M,
DMSO 0.25 M and FeSO4 0.1 mM with graphite felt cathode (42 cm3) and Pt anode (31.2

cm?). Compressed air sparging: 0.5 L.min™.,

Fig.6: Evolution of hydrogen peroxide concentration during the second step of the
experiments (a) and evolution of hydroxyl radical concentration (b) during the third part of

experiments at 0.07 mA.cm? in 250 cm® Na2SO4 0.05M, DMSO 0.25 M and FeSO4 0.1 mM.
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Table 1: Current densities values

Current intensity (mA)

Current density (mA.cm™)

Geometrical surface

Current density (mA.cm™)

Electrochemical surface

50

100

300

600

0.43+0.01

0.87+0.01

2.61+0.02

5.22 +0.05

0.04+0.01

0.07+0.01

0.22 +0.02

0.45+0.04

Table 2: Concentrations of actives species (accumulated values of H202 and *OH), apparent

kinetic constants and mineralization yields at after 60 min of electrolysis (end of 2" step) and

at the end of experiment (end of the 3th step)

Current density k (minY) Mineralization yield [H202] [[OH]
(mA.cm?) (%) (mM) (mM)

0.04 0.08 26.00+ 0.04 0.99 +£0.01 1.91+0.14
0.07 0.238 40.1+2.7 1.40+0.01 6.50+0.12
0.22 0.232 2851438 0.62 £ 0.02 6.42 +£0.08
0.45 0.226 17.8+3.9 0.37 £0.02 9.07x+0.24
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