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Abstract

The paper deals with the degradation of nitrobe@z@iB) by advanced catalytic
oxidation based on an anodic Fenton’s reagent.e. ddgradation or the conversion of
nitrobenzene in to COH,O and other minerals was performed by electrochamic
method in the electrolysis system with direct catrewith the iron anode section
volume of 53ml, with potential 2.5 V, consisting oEDTA (1mM), & (10mg/l),
NaSO, (0.1M), the graphite cathode section volume of b8omsisting electrolyte of
NaSO, (0.1M). Concentrations of NB during electrochemickegradation were
monitored using high-performance liquid chromatgedna (HPLC, Aligent USA).
The electrochemical degradation of NB can be expldiby the free radic@H"
generated during electrolysis using direct curremth iron anode in presence of
EDTA, oxygen in weak acid pH — solution.

Keywords: Degradation of nitrobenzene, advanced oxidatianpdic Fenton’s
reagent, oxygen activation.

Introduction

The destruction of aromatic compounds from grourtdwand wastewater is of interest
due to its biotoxic and recalcitrant propertiesvprdging direct biological treatment.
Moreover the treatment conducted at mild operatmiditions is gaining more attention
because of lower equipment and operation costs. System of Feé — H,O was
successfully used to reduc#ro aromatic compounds [1, 2]. In this case thergroups
were rapidly reduced to the corresponding aminestduhe presence of iron, in its zero—
valent state (P and dissolved ferrous form #¥in water. The combination of zero-
valent iron and BD, exhibiting both the oxidative and reductive chagestas been used
in the removal of organic compounds from wated|]3Jt is known that in the case of the
oxidation of the metallic iron in oxidation conditis, both ferrous iron superoxide
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radicals and free radical appear to be generated, leading to degradation of
contaminants. The oxygen activation at room tenipegaand pressure is of fundamental
importance used in practice. In [5] the combinatia@ metallic iron with
ethylenediaminetetraacetic acid with atmospheriyger was used to completely
destruct the mixture of 4-chlorophenol and pentadphenol under room temperature
conditions. In that study, the authors proposecehpossible dioxygen activation
schemes: (i) a heterogeneous activation at thellmetan surface, (ii) a homonogeneuos
activation by ethylenediaminetetraacetic acid (ED®Ad finally, (iii) an heterogeneous
activation producing ferryl species at the surfaté¢he particles. The oxidative system
consisting of zero-valent iron, EDTA and atmospheriygen was used to degrade many
toxic, persistent organic compounds [6]. In practibe oxygen activation may be
implemented by the some ways: chemistry, electrengstry and photo catalysis, as
follows:

- The chemical way

The oxygen activation was performed at mild condsi in the system of & L - O, -
H,O. In this case the free radical OHenerated from the activation has been
demonstrated in the destruction of melathion f&] EDTA [7].

The electrochemical process

An indirect electro-oxidation method with ;&, electrogeneration is based on the
continuous supply of this oxidant in acid mediuranir the two-electron reduction of
oxygen gas:

O2(g) + 2H + 2¢ -> H,O,

This reaction can take part in different cathodeshsas reticulated vitreous carbon [8],
mercury pool, carbon felt and,diffusion electrodes.[9]

When Fé' is added to the medium, the oxidizing power ofcetegenerated D, is
enhanced by the production of Offbm the classical Fenton’reaction

FE€* +H0, - FE '+ OH +OH

In other cases, when ¥ds added to electrolyte, in the presence of oxyayeth EDTA,
the ferrous iron generated in this manner at thleocke surface may produce an oxygen
activation. [10]

The photo catalytic way [11].
The photo catalytic process in the system of DO,/ UV leads to oxygen activation
through reactions:

TiO, + hv - &B + hVB+
&s +0O - 'O, The O,can then react with i to provide additional

OH', OH™ and Q as follows:
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20; + 2H0 - H,O,+ 20H + O,
HO, + €k - OH + OH

In addition, the hydrogen peroxide generated mag etact with the ferrous iron added
to produce highly reactive hydroxyl radicals.

The above presentation shows that the oxygen &ctivdue to the ferrous iron freshly
generated, in acidic medium has been demonstratesl addition of an organic ligand
like EDTA to this system would enhance the efficigof oxygen activation. This paper
describes the oxygen activation process by eldotroécal method using a divided cell
with a graphite cathode and an iron sacrificialdmable to electrogenerate’EeAfter
the addition of EDTA and atmospheric oxygen to elextrolyte (NaSOs, pH =(3 +4),
the nitro aromatic compounds like nitrobenzene sireultaneously degraded during
electrolysis. This is a novel study on forming fraelical OH to degrade nitrobenzene
compounds by this system.

Experimental Section

2.1. Chemicals

Nitrobenzene (NB) and EDTA were reagent grade frigierck. Anhydrous sodium
sulfate, NaSQO, as background electrolyte was analytical grade $l#nalytical grade
sulfuric acid was purchased from Merck. Organivents and other chemicals used were
analytical grade from Merck.

2.2. Apparatus and analysis procedures
All electrochemical measurements were carried gqutab Autolab with PGSTAT30

(Fig.1)

Fig. 1 Instrument of electrolysis

Three electrode the system consists of (i) irordar{@orking electrode), (ii) graphite rod
(auxiliary electrode and (iii) Calomel electrodef@rence electrode). A KN@Galt bridge
keeps the auxiliary electrode separated from bolkt®n. The employed anode and
cathode have effective area of 5%mfihe working volume of the anodic and cathode
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section had the same size of 53 ml. Before elg&i®kvery electrode was treated with a
diluted acidic solution (0.5M) to remove contamitsadeposited. The solution pH was
measured with a Crison 2000 pH-meter and adjustesttty by NaOH or HSO,
(0.05M). The oxygen concentration in the samplekaept constant by the pure
oxygen resource outside. The determination of NBiypounds and their degradation
products were implemented using high-performanqaidi chromatography (HPLC,
Aligent USA) by comparison with the retention tinoé the standard compounds.
Aliquots of 25u1 were filtered using a 0.Am nylon membrane filter, injected into

the HPLC to determine the concentration of NB coomus and degradation
products, running with mobile phase of acetonitwiger/concentrated 4RO, (v/v/v)
at 45/54/0.1. The separation was performed withpaeSisorb C18 (200 x 4mm)
reversed phase column at flow rate of 1.5 ml/mid ealumn temperature of 25. A
UV detector was used with the wavelength set atrivib

The efficiency of the degradation process or cosio@ of nitrobenzene during
electrolysis time is calculated by the expressighodlows:

D (%) :%100,

0
Here: G, G, (in g/l) are the concentrations of NB at the ialitand t- time
respectively.

3. Results and Discussion

3.1. Degradative behavior of nitrobenzene

In the experiments electrolysis was carried outdngct current in the two-divided
electrolytic cell system at 2.5 V (for anode). Tdreodic cell contained 53 ml of B8O,
(0.1M), NB (0.05g/1), EDTA 1mM, oxygen (10mg/l). €rcathode cell contained only 53
ml of NaSQO, (0.1M), medium pH of 3.5. After electrolyzing fo©03and 60 minutes,
respectively the samples were taken out, and ddtéor HPLC analysis. Fig. 2 and Fig 3
show the results of HPLC analysis.
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Fig. 2. Chromatogram of studied sample electrolyzed for 30minutes
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Fig. 3 Chromatogram of studied sample electrolyzed for 60 minutes

Each of the obtained chromatograms is charact@tietwo sharp peaks at 3.1 and
6.8 minutes. The experimental data (not shown heed to assure that these peaks
correspond to the presence of FeEDTA complex and NB compound respectively.
In order to increase the electrolysis time up to &0, 90, 120 and 150 minutes, the
peak area of FEEDTA is kept nearly constant while the peak ared\@& in the
samples decreases corresponding to the percentso€onversion or oxidation
increase (Table 1).

Tablel. The evolution of percent of NB conversion with electrolysis time, with a
direct current and the potential of 2.5 V (anodic potential), for degradation of
nitrobenzene (0.05g/l), in 53ml solution of Na2SO4 (0.1M), EDTA 1mM, oxygen
10mg/I, (for anodic cell); the cathode cell contains only 53 ml of Na,SO,4 (0.1M);
solution pH constantly remainsat 3.5.

Time electrolyzed 30 60 90 120 15(
(minutes)
Percents of 72.2 87.2 94.4 95.8 97.1

conversion (%)

The characteristics of HPLC chromatogram may béagxgd by the following reasons:

- The appearance of #&DTA complex in the sample
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The presence of B&EDTA in the samples during electrolyzing was expai by the
combination between EDTA and #elissolved from iron anode as follows:

Process of the iron anode dissolution
FY L Fe* + 26 (1).
Process of complex formation

F&* +EDTA Ui FE"EDTA ().

The concentration of EBEDTA complex depends on the concentration of EDTA the
Fe&*. The maximum concentration in sample is 1mM eqgalimitial EDTA
concentration. This explains why the peak area lef £€” EDTA complex is
approximately constant after electrolyzing for 3ihutes.

- The oxidation or conversion of nitrobenzene

The decrease of the concentration of nitrobenzeneléctrolyzed time is explained by

its oxidation conversed to other compounds dudéofitee radicalOH" generated from
the Fenton-like reaction of B¥EDTA and oxygen in the sample. According to [1Bp t
formation of free radical OHis based on the following reactions:

Reactions of intermediate formation

FE"EDTA +0; — O, FE"EDTA, k=10 M7's? (3).
0, FE"EDTA - FE"EDTA+ O, , k=10 M7's? (4)
FE"EDTA +0Oy - O>-F"EDTA, k=10 Ms? (5)
0,>-FE"EDTA +2H - FE"EDTA + H,0, k4 = fast (6)

Reaction of the free radical formation
FEYEDTA + H,0, » F""EDTA+ OH'+ OH, ks =10°M's® (7).

Due to the concentration of #8DTA complex kept constant in solution, it plays a
catalyst role in this conversion reaction.

Due to the role of the FEEDTA catalyst for the reaction, its concentratiorsample and
the area of F¥EDTA peak on chromatogram is kept nearly constartcicordance with
experimental data. The free radiGd’ £ a strong reagent, would oxidize nitro
compounds in the sample, convert them into othéstamces. Due to no new peak
occurrence in the HPLC chromatogram, it was coredutthat most of the nitrobenzene
was oxidized, converted to G@ H,O and other minerals.
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During electrolyzing from beginning to 150 minutdsg to the low solution pH (3.5), the
presence of EDTA, the sample solutions were traespaand there is no precipitation.
During this time, F EDTA peak on chromatogram kept nearly constaneans that
there is no degradation of EDTA in the sample. ©b&ined experimental data have
shown that if the electrolyzing time prolongs aft®0 minutes, a degradation of EDTA
will be appeared. This is in accordance with trevmus authors [10].

3.2. Effect of applied potential
The effect of applied potential on electrolysis vsasdied. Table 2 shows the change in
area of the nitrobenzene peak in the HPLC chromaiodor different applied potentials.

Table 2. The change of the height of the nitrobenzene peak on HPL C chromatogram ver sus different
applied potentials: for degradation of 53ml solution of Na,SO, (0.1M), NB (0.05g/l), EDTA 1mM,
oxygen from air, 10mg/l, (for anodic cell); the cathode cell contains only 53 ml of Na,SO,4 ( 0.1M); for
60 minutes electrolyzed, solution pH remains 3.5.

Applied 0.5 15 2.5 3.5 4.5 6.0
potential (
anode) V

Conversion 81.5 83.7 87.2 80.0 33.3 25.2
percent of
nitrobenzene

The table 2.indicates that at applied potentiald.5 V, the conversion percent of
nitrobenzene decreases. This phenomenon may résuait the some intermediate
products oxidized when iron anodic electrode contit take part in the reaction
generating OH. Blocking of the electrode might actar instance by iron passivity,
which still may be controlled by EDTA. There is@ks possibility that EDTA oxidizes as
the anode potential gets strongly positive. Bugsthare only suppositions.

3.3. Effect of solution pH

As can be seen, the conversion of NB depends omlthsolution. Fig.3 shows the
conversion of NB versus pH-solution in system cstisgy of (i) anodic cell: 53 ml of
nitrobenzene (0.05g/l), EDTA (1mM), B8O, (0,1M), G, 10 mg/l; (ii) cathode cell: 53
ml of NSO, (0,1M); the electrolysis lasts 45min at poten& V by direct current.

Fig.3. The conversion of NB versus pH
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After electrolyzing for 45 minutes, at pH rangenfr@ to 4, the concentration of NB has
decreased from 0.05g/l to 0.023 mg/l. This indisdtat the pH values of 3-4 are suitable
values for the conversion reaction of NB . Thisnisaccordance with conditions for the
Fenton reagent.

3.4. Role of EDTA, oxygen for nitrobenzene conversion

The role of EDTA and oxygen for the nitrobenzenevewsion has been demonstrated by
the experimental data. Fig. 4 shows the obtainesllte for the conversion of
nitrobenzene in system consisting of (i) anodid: &8 ml of nitrobenzene (0.05g/),
EDTA (1 mM), NaSQ, (0,1M), & 10 mg/l; (ii) anodic cell: 53 ml of nitrobenzene
(0.05¢g/l), EDTA (0 mM), N&SO; (0,1M), G (10 mg/l), (iii) anodic cell: 53 ml of
nitrobenzene (0.05g/l), EDTA (1 mM), B8O, (0,1M), & (0.1 mg/l); (iiii) cathode cell:
53 ml of NaSQ, (0,1M); The time of electrolysis is 45 minutespatential 2,5 V by
direct current, pH = 3.5.

—#— 3.NB+EDTA+H+O,
—e— 1LNB+H'+O,

0.04

0.03 1

NB g/l

0.02

0.01

0.00

T T T T T T T T T T T T T
0 20 40 60 80 100 120
Time (min)

Fig.4. Theinfluence of EDTA, O, on conversion of NB

The obtained experimental data have confirmed timatconversion of NB is carried
out at high rate when there are simultaneously ECaPA oxygen in sample. This
result is explained above and is in agreement withreaction scheme suggested in

[7]1.
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4. Conclusion

The degradation of NB by advanced oxidative prodessed on an anodic Fenton’s
reagent is a novel method. The degradation or tmwearsion of nitrobenzene in to
CO;, H,O and other minerals was performed by an electnooted method in the
electrolysis system with direct current, with tlen anodic section volume of 53ml
with potential 2.5 V, consisting of EDTA (1mM),,@10mg/l), NaSO, (0.1M) and
the graphite cathode section volume of 53ml comgistlectrolyte of NgSO, (0.1M).
Concentrations of NB during electrochemical degtimtawere monitored with high-
performance liquid chromatography, (HPLC, AligenSA). The electrochemical
degradation of NB can be explained by the free cadiOH generated during
electrolysis using direct current with iron anodepresence of EDTA, oxygen and
weak acid solution pH. Some kinetics parametershsas temperature, EDTA
concentration, ferrous ions, NB concentration tinfluence on the efficiency of NB
oxidation would be studied in the next article.
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