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ABSTRACT

Oxidative degradation of aniline in aqueous solution was performed using electrochemical oxida-
tion coupled with peroxymonosulfate anions, wherein a dramatically synergistic effect was found.
Experiments were carried out under the batch-wise mode to investigate the influence of various
operation parameters on the electrolytic behavior, such as temperature, peroxymonosulfate anion
concentration and acidity of aqueous solution. According to the poison effect of carbon monox-
ide, the principal oxidizing agents were presumed to be sulfate radicals, descended directly from
cathodic reduction of peroxymonosulfate anions. Based on the results obtained from gas chromato-
graph-mass spectrometer, it was postulated that aniline was initially oxidized into iminobenzene
radicals, followed with formation of azobenzene, nitrobenzene and nitrosobenzene respectively.
Phenol was also detected as the degradation intermediate, leading to generation of hydroquinone

and p-benzoquinone.
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1. Introduction

Aniline is an extremely important petrochemical com-
pound due to its substantial demand for the synthesis of
isocyanate, an essential intermediate for the production
of polyurethane. Besides, aniline derivatives have been
broadly used as precursors for the manufacture of accel-
erators and antioxidants in the rubber industry. The other
fundamental applications include the manufacture of dyes,
herbicides and pharmaceuticals [1]. However, due to its
high toxicity and severe damage to the liver of animals, the
wastewater effluent contaminated with aniline should be
properly treated [2].

Several techniques have been developed to decompose
aniline in wastewater due to its recalcitrance for biodeg-
radation. Based on the results shown [3-6], the removal
efficiency of aniline was significantly enhanced over the
TiO, photocatalysts assisted with carbonate ions, which
increased the number of active adsorption sites. The reac-
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tion pathway was proposed, wherein azobenzene and
benzoquinone had been identified to be reaction interme-
diates. Alternatively, some researchers investigated oxida-
tive degradation of aniline by means of ozonation [7,8], O,/
UV [9,10] and O,/ultrasound method [11], wherein ozone
could be substantially converted into hydroxyl radicals via
cavitation microbubbles. For some publications, aniline was
treated using electrochemical oxidation [12-15]. The elec-
trode materials were improved with Ru-Cu catalysts sup-
ported on carbon nanotubes or boron doped mesoporous
activated carbon, respectively. Further, many studies have
been issued on the mineralization of aniline utilizing H,0,/
SBA-15 [16], Fenton’s reagent [17], electro-Fenton method
[18-21] and fluidized-bed Fenton process [22,23].

Recently, sulfate radical-based oxidation processes have
received much attention for oxidative degradation of ani-
line in wastewater. Experiments for decomposition of ani-
line through the thermally activated peroxydisulfate anions
were conducted, wherein the degradation rate was propor-
tional to the operating temperature [24]. In addition, per-
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oxydisulfate anions catalyzed with homogeneous ferrous
ions were proved to be effective for abatement of aniline
[25-27]. Co/N/graphene and Co,0,/N/carbon have been
used as heterogeneous catalysts for activation of peroxy-
monosulfate anions during oxidation of aniline [28,29]. In
our previous work [30,31], it was found that sulfate radi-
cals formed via electrochemical activation of peroxydisul-
fate anions [shown as Eq. (1)] were viable for removal of
aniline. Nonetheless, the yield of sulfate radicals depends
intensely on the activity of cathodic reduction of peroxydi-
sulfate anions.

5,0 +e —S0,> +S0, - 1)

It has been reported that peroxymonosulfate anions
accept electrons more easily than peroxydisulfate anions,
due to the unsymmetrical structure for the former [32-34].
Therefore, the higher yield of sulfate radicals is expected to
be produced from electrochemical activation of peroxymo-
nosulfate anions, listed as following.

HSOy +e” — 50, -+OH" 2)

According to the results shown [35-37], sulfate rad-
icals could be formed via simply electro-activation of
peroxymonosulfate anions or by way of electrochemical
treatment of peroxymonosulfate anions with assistance of
ferrous ions, whereas it has been not yet used to dispose
wastewater contaminated with aniline. Consequently,
this research devotes to assess the feasibility of mineral-
ization of aniline in aqueous solution by electrochemical
activation of peroxymonosulfate anions under a variety
of operating variables, such as temperature, peroxymono-
sulfate anion concentrations, acidity of aqueous solution,
dosages of nitrogen, oxygen and carbon monoxide gas
respectively.

2. Experimental methods

2.1. Electrochemical activation of peroxymonosulfate oxidation
testing

Experimental system was referred to our previous
work [38]. The electrolytic cell was a glass jacket cylinder
equipped with a magnetic stirrer (Heidolph MR 3001K
Model). With regard to electrode materials used, the
anode and cathode plates were made of platinum (99.9
wt%) with dimensions of 20 mm x 20 mm x 1 mm ( PIIN
JIA Technology Co.) [39]. Experiments were carried out
in a batch mode under atmospheric pressure among the
temperature range of 303-318 K. Prior to the testing, the
wastewater feedstock (450 mL) at the aniline concentra-
tion of 2.74 mM, synthesized from deionized water and
aniline (299.9%, Riedel-de Haen), and potassium peroxy-
monosulfate (298.0%, 2KHSO,KHSO,K,SO,, Riedel-de
Haen) were blended well in the cell of which tempera-
ture was controlled through a thermostat (VWR Scientific
Co. 1167 Model). In this research, the constant cell volt-
age mode was applied by means of a dc power supply
(INS Power). For the duration of tests, periodic samples
were withdrawn from the electrolytic cell, and placed in

an ice bath (277 K) immediately to terminate oxidation
of aniline [31]. Sequentially, the samples obtained were
proceeded with total organic compound (TOC) analy-
ses. The residual peroxymonosulfate concentration was
determined by means of modified iodometric titration
method [40]. In additional set of tests, nitrogen, oxygen
and carbon monoxide gases measured with mass flow
meters (BROOKS 5850E Model) were introduced into
the wastewater respectively via a porous pipe-diffuser
located under the cathode.

For the purpose of evaluating the influence of acid-
ity of aqueous solution on the degradation of ani-
line, four tests including a variety of initial pH values
(3.0-7.0) were performed. To explore the effect of peroxy-
monosulfate anion concentrations on the decomposition of
aniline, a series of tests under various peroxymonosulfate
anion concentrations between 24.4 and 48.8 mM were car-
ried out. Moreover, the electro-activated peroxydisulfate
oxidation test was undertaken as well for comparison with
that by electro-activated peroxymonosulfate oxidation. To
gain an insight on the directly anodic oxidation process, the
electrolysis was also conducted with an internal distance of
40 mm between the cathode and anode plates [41]. In this
study, all the tests were undergone at least in duplicate to
confirm the data obtained.

2.2. Total organic compounds (TOC) analysis

In the course of electro-activated peroxymonosulfate
oxidation tests, the wastewater was periodically sampled
from the electrolytic cell and directly measured utilizing
a TOC analyzer (Tekmar Dohrmann Phoenix 8000 Model)
equipped with both ultra-violet (UV) reactor and nondis-
persive infrared (NDIR) detector. Based on the quantity
of carbon dioxide generated from oxidation of organics
by sodium peroxydisulfate assisted intensely with UV
irradiation, the organic compound extent in the solution
was determined. In contrast, the inorganic compounds
which were acidified by phosphoric acid would be elimi-
nated in the form of carbonic acid. For quantitative anal-
yses of organic compound concentrations in samples, the
calibration curve was established at the range of 0-300
mg L™ utilizing the potassium hydrogen phthalate stan-
dard solutions.

2.3. Hydrogen peroxide concentration analysis

It has been well recognized that sulfate radicals could
be transformed into sulfate ions, leading to generation of
hydroxyl radicals [Eq. (3)], of which rate constant has been
determined to be 60 M s [42]. Sequentially, hydroxyl rad-
icals in aqueous media would recombine quickly to form
hydrogen peroxide [Eq. (4)], of which rate constant has
been estimated to be 6 x 10° M*s™! [43]. In other words, the
hydrogen peroxide concentration gives an indication on the
yield of sulfate radicals produced by electrochemical activa-
tion of peroxymonosulfate anions in the absence of organ-
ics. Therefore, the yield of hydrogen peroxide generated in
the electro-activated peroxymonosulfate process with the
deionized water instead of wastewater was measured using
a titanic sulfate method [44]. The main absorbance peak
(410 nm) reflected by a titanic-hydrogen peroxide complex
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was detected by an UV-Vis spectrophotometer (LAMBDA
850 Model, Perkin- Elmer). The aliquots (ca. 4 mL) of the
solution periodically withdrawn from the electrolytic cell
were analyzed among the range of 0-200 mg L, calibrated
in advance by the hydrogen peroxide standard solutions.

SO, -+H,0 — OH-+50,> + H* 3)

OH -+OH-— H,0, (4)

2.4. Gas chromatograph-Mass spectrometer analysis (GC-MS)

After 4 h test operation of electro-activated peroxymo-
nosulfate oxidation, the sample solution withdrawn (ca. 50
mL) was situated on the hot plate equipped with a mag-
netic stirrer at a speed of 150 rpm. The solid phase micro-
extraction fiber (carboxen/polydimethylsiloxane, 75 um,
SPME, Supelco.) was directly immersed in the solution to
adsorb and concentrate the dissolved organic compounds.
Until the extraction process performed for 2 h, the fiber was
retracted into a protective needle and removed from the
solution. Afterwards, the SPME needle was injected into
the injection port of gas chromatograph-mass spectrome-
ter (Hewlett Packard 59864B/HP 5973 MASS) fitted with a
capillary column (Metal ULTRA ALLOY UA-5, 30 m x 0.25
mm, film thickness 0.25 um). Helium gas served as carrier
gas and the oven was programmed from 303 to 573 K at the
raising rate of 20 K min'. The mass spectra obtained were
compared with those of the authentic standard compounds
in database (Wiley 275L). Thus, most of aniline degradation
intermediates were identified.

3. Results and discussion

3.1.  Comparison of anodic oxidation, peroxydisulfate,
peroxymonosulfate,  electro-activated — peroxydisulfate  and
peroxymonosulfate oxidation

The time-dependent patterns of TOC removal per-
centage by means of peroxydisulfate, peroxymonosulfate,
electro-activated peroxydisulfate and electro-activated per-
oxymonosulfate oxidation respectively are demonstrated in
Fig. 1. It clearly indicates that TOC removal rate via elec-
tro-activated peroxydisulfate oxidation was higher than
that via peroxydisulfate oxidation alone. This phenomenon
could be ascribed to generation of stronger oxidants of sul-
fate radicals (E° = 2.6 V) by means of reduction of peroxydi-
sulfate anions (E° = 2.01 V) at the cathode [30,31]. A similar
outcome was also observed upon comparison the TOC
removal rate via electro-activated peroxymonosulfate oxi-
dation with that via only peroxymonosulfate oxidation. The
results could be likely attributed to production of sulfate
radicals through reduction of peroxymonosulfate anions,
of which redox potential was estimated to be 1.85 V [45].
It deserves to note that TOC removal percentage via elec-
tro-activated peroxymonosulfate oxidation (64%) is signifi-
cantly higher than that via electro-activated peroxydisulfate
oxidation (23%). The observation could be interpreted with
easier acceptance of electrons from the cathode for peroxy-
monosulfate anions, due to their unsymmetrical structure of

100
—{3— Electro-PMS
90 F —&—Electro-PDS
—O—PMS
80 F —o—rpps
1 70 F —X— Anodic Oxidation
X
e 60
<
o
Z 50
)
R 40
o
= &g
20
10
0

Time (h)

Fig. 1. Time-dependent patterns of TOC removal percentage
by means of peroxydisulfate alone, peroxymonosulfate alone,
anodic oxidation, electro-activated peroxydisulfate and elec-
tro-activated peroxymonosulfate oxidation respectively under
the conditions of electrode potential = 6 V, T = 303 K, peroxy-
disulfate anion concentration = 105.0 mM, peroxymonosulfate
anion concentration = 40.7 mM and initial pH = 3.0.

the peroxide bond [32-34]. Another possible explanation is
that the peroxide bond length of peroxymonosulfate (1.463
A) is shorter than that of peroxydisulfate anions (1.497 A),
which makes the former more susceptabile to adsorb on the
cathode [46]. As regards anodic oxidation of aniline on the
surface of Pt anode, the result showed a low degradation
percentage, consistent with some literature [47,48]. Thus,
decomposition of aniline by way of directly anodic oxida-
tion [40,49] or via adsorbed hydroxyl radicals [50-52] at the
Pt anode is insignificant in this work. Obviously, a synergis-
tic effect was found as electrochemical oxidation was cou-
pled with peroxymonosulfate oxidation due to the dramatic
generation of sulfate radicals.

Although electrochemical oxidation tests were per-
formed in the absence of oxygen gas feedstock, a small
amount of hydrogen peroxide may be generated through
cathodic reduction of oxygen, descended mainly from
anodic oxidation of water shown as follows [53,54]:

O, +2H" +2¢ - H,0, ©)

2H,0 = O, +4H" +4e” (6)

Alternatively, in the electro-activated peroxymonosul-
fate process, peroxymonosulfate anions and oxygen would
be competitively adsorbed on the surface of cathode and
transformed into sulfate radicals and hydrogen peroxide
individually [Egs. (2) and (5)]. That is, mineralization of
aniline would be mostly contributed by sulfate radicals and
electrogenerated hydrogen peroxide. The oxidizing ability
of sulfate radicals has been recognized to be stronger than
that of hydrogen peroxide. Consequently, the main oxidant
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in the electro-activated peroxymonosulfate process could
be reasonably proposed to be sulfate radicals.

3.2. Effect of operating temperature on electro-activated
peroxymonosulfate oxidation

As far as electrochemical engineering is considered, it is
essential to determine the appropriate operating tempera-
ture, at which the higher removal rate of aniline is achieved.
Fig. 2a illustrates the time-dependent patterns of TOC
removal percentage as a function of reaction temperature.
It is apparent that the decomposition rate of TOC at 318 K
was higher than that at 313 K in the course of electro-ac-
tivated peroxymonosulfate process. Likewise, analogous
degradation behaviors were also observed in comparison
with the data of 308 K and that of 303 K. Higher reaction
temperature seems to be favorable for mineralization of ani-
line. Owing to suppression of oxygen solubility in aqueous
solution at higher temperature [55], leading to lower yield
of electrogenerated hydrogen peroxide [Eq. (5)], the princi-
pal oxidant for mineralization of aniline could be ascribed
to sulfate radicals.

Despite of less oxygen gas dissolved in aqueous solu-
tion at higher temperature, the total yield of hydrogen
peroxide was dramatically increased with an increase of
reaction temperature (shown in Fig. 2b). The increment of
hydrogen peroxide concentration could be attributed to
generation of sulfate radicals which were transformed into
hydroxyl radicals and hydrogen peroxide sequentially
[Egs. (3), (4)]. The outcomes support previous hypothesis
that sulfate radicals were chiefly responsible for destruc-
tion of aniline.

3.3. Effect of dosage of nitrogen, oxygen, carbon monoxide gases
on electro-activated peroxymonosulfate oxidation

With a view to promote generation of sulfate radicals,
nitrogen gas was introduced into wastewater. Fig. 3 pres-
ents the influence of injection of nitrogen gas on the elec-
tro-activated peroxymonosulfate process. Apparently, the
removal rate of TOC raises upon dosages of nitrogen gas.
It could be interpreted with enhancement on the amounts
of sulfate radicals descended from peroxymonosulfate
anions. On influx of nitrogen gas, partial oxygen gas
dissolved would be repelled from the aqueous solution,
resulting in more peroxymonosulfate anions adsorbed
on the cathode. Instead, upon injection of oxygen gas
into wastewater, TOC removal percentage decreases con-
versely in the electro-activated peroxymonosulfate pro-
cess. The observation may be partially ascribed to more
oxygen molecules dissolved, which intensely compete
with peroxymonosulfate anions for cathodic reduction,
leading to diminution in sulfate radical production. Partic-
ularly, the destruction rate of TOC decreases significantly
in the presence of carbon monoxide. It could be attributed
to the Pt cathode poisoned by carbon monoxide molecules
[56,57], which obviously inhibited peroxymonosulfate
anions from adsorption on the surface of cathode. The
results imply that cathodic reduction of peroxymonosul-
fate anions into sulfate radicals plays an important role for
oxidative degradation of aniline.
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Fig. 2. (a) Effect of temperature on the TOC removal percentage
by electro-activated peroxymonosulfate oxidation under the
conditions of electrode potential = 6 V, peroxymonosulfate an-
ion concentration = 40.7 mM and initial pH = 3.0. (b) Hydrogen
peroxide concentrations generated in deionized water by elec-
tro-activated peroxymonosulfate anions with various operating
temperature under the conditions of electrode potential = 6 V,
peroxymonosulfate anion concentration = 40.7 mM and initial
pH =3.0.

3.4. Effect of peroxymonosulfate anion concentrations on
electro-activated peroxymonosulfate oxidation

From the viewpoint of economics, an optimal concen-
tration of peroxymonosulfate anions should be found.
Fig. 4a presents the influence of peroxymonosulfate
anion concentrations on the electro-activated peroxymo-
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Fig. 3. Effect of dosage of nitrogen, oxygen and carbon monox-
ide gases on the TOC removal percentage by electro-activated
peroxymonosulfate oxidation under the conditions of electrode
potential = 6 V, T = 318 K, peroxymonosulfate anion concentra-
tion = 40.7 mM and initial pH = 3.0.

nosulfate process. It is transparent that the TOC removal
percentage raised with increasing peroxymonosulfate
anion concentrations. This phenomenon could be inter-
preted with significant elevation on the number of sul-
fate radicals. Nonetheless, under the condition of excess
peroxymonosulfate anions (48.8 mM), TOC degradation
percentage was decreased, due to elimination of sulfate
radicals by residual peroxymonosulfate anions [Eq. (7)]
[35,58]. Furthermore, the yield of hydrogen peroxide was
determined in the deionized water instead of wastewa-
ter under various concentrations of peroxymonosulfate
anions in the electro-activated peroxymonosulfate pro-
cess (shown in Fig. 4b). It clearly indicates that hydro-
gen peroxide concentrations increase with an increment
of peroxymonosulfate anion concentrations (or sulfate
radical concentrations), whereas excess peroxymonosul-
fate anion concentrations (48.8 mM) retard formation of
hydrogen peroxide. That could be probably interpreted
with side reactions between residual peroxymonosulfate
anions and sulfate radicals as mentioned. In fact, the total
yield of hydrogen peroxide presents an identical tendency
with TOC removal percentage at a variety of peroxymono-
sulfate anion concentrations. However, electrogenerated
hydrogen peroxide made minor contributions for the
yield of hydrogen peroxide. Therefore, the results provide
an evidence on our previous inference that sulfate radicals
were main oxidizing agents.

SO, -+HSO,” — SO,” + SO, - +H" (7)

Fig. 5 depicts the decomposition efficiency of peroxy-
monosulfate anions in a variety of peroxymonosulfate
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Fig. 4. (a) Effect of peroxymonosulfate anion concentrations on
the TOC removal percentage by electro-activated peroxymono-
sulfate oxidation under the conditions of electrode potential = 6
V, T =318 K and initial pH = 3.0. (b) Hydrogen peroxide concen-
trations generated in deionized water by electro-activated per-
oxymonosulfate anions with various peroxymonosulfate anion
concentrations under the conditions of electrode potential =6V,
T =318 K and initial pH = 3.0.

concentrations during the experiments. Obviously, the
decomposition rate of peroxymonosulfate anions increased
with increasing peroxymonosulfate concentrations. It
may be ascribed to generated sulfate radicals accelerating
the decomposition of peroxymonosulfate anions, consis-
tent with the results by Wang and Wang [59]. Neverthe-
less, excess peroxymonosulfate anions (48.8 mM) would
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Fig. 5. Decomposition efficiency of peroxymonosulfate anions
in a variety of peroxymonosulfate concentrations during the ex-
periments under the conditions of electrode potential =6 V, T =
318 K and initial pH = 3.0.

consume more sulfate radicals, leading to lower TOC
degradation percentage. In this work, the optimal peroxy-
monosulfate concentration was 40.7 mM for the removal of
aniline.

3.5. Effect of initial pH values of aqueous solution on
electro-activated peroxymonosulfate oxidation

For the sake of promotion on the degradation percent-
age of aniline, the acidity of aqueous solution was usually
adjusted practically. Fig. 6a illustrates the time-dependent
patterns of TOC removal percentage as a function of ini-
tial pH values. As can be seen, the removal rate of TOC
increases with a decrease of pH values. The observation
may be partially attributed to reduction on the solubility
of oxygen gas in aqueous solution under stronger acid
conditions [30], which instead facilitates the adsorption of
peroxymonosulfate anions on the cathode and sequential
formation of more sulfate radicals.

Because of less oxygen gas dissolved in aqueous solution
at low pH values, the yield of electrogenerated hydrogen
peroxide derived from cathodic reduction of oxygen would
decrease. Nevertheless, the total yield of hydrogen peroxide
was theatrically raised with increasing the acidity of aque-
ous solution (shown in Fig. 6b). The increment of hydrogen
peroxide is likely contributed by considerable amounts of
sulfate radicals formed [Egs. (3) and (4)]. As a consequence,
it reveals again that sulfate radicals were main oxidants in
the electro-activated peroxymonosulfate process.

3.6. Reaction pathways of aniline by electro-activated
peroxymonosulfate oxidation

For the insight of oxidative degradation pathways of
aniline in the course of electro-activated peroxymonosul-
fate process, the reaction intermediates extracted through
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Fig. 6. (a) Effect of initial pH values of aqueous solution on the
TOC removal percentage by electro-activated peroxymonosul-
fate oxidation under the conditions of electrode potential =6V,
T = 318 K and peroxymonosulfate anion concentration = 40.7
mM. (b) Hydrogen peroxide concentrations generated in deion-
ized water by electro-activated peroxymonosulfate anions with
various pH values of aqueous solution under the conditions of
electrode potential = 6 V, T = 318 K and peroxymonosulfate an-
ion concentration = 40.7 mM.

SPME method were identified by a GC-MS analyzer. Table 1
summarizes the results acquired, wherein the compositions
include aniline, azobenzene, nitrosobenzene, nitrobenzene,
2-nitrophenol, phenol, hydroquinone and p-benzoquinone.
As far as azobenzene is concerned, it could be originated
from iminobenzene radicals, corresponding to the reports
by Kumar and Mathur [5]. Additionally, the imino radicals
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Table 1

233

Compositions of feedstock and reaction intermediates identified by GC-MS

Component m/z (relative abundance, %)
Feedstock
Aniline 39 (6.0), 46 (3.1), 52 (3.3), 63 (3.5), 65 (14.0), 66 (27.3), 67 (3.6), 92 (11.0), 93 (100), 94 (6.7)

Reaction intermediate
Azobenzene
Nitrobenzene
2-Nitrophenol

Phenol
Hydroquinone
p-Benzoquinone

50 (4.7), 51 (18.8), 77 (100), 78 (6.7), 105 (20.4), 151 (2.6), 152 (11.2), 153 (6.8), 182 (35.8), 183 (4.8)
50 (15.0), 51 (37.2), 65 (12.8),
39 (15.1), 53 (8.7), 63 (194), 64 (13.2), 65 (24.8), 81 (19.0), 93 (7.3), 109 (174), 139 (100), 140 (7.0)
38 (4.4),39 (11.7), 40 (6.1), 50 (3.9), 55 (5.7), 63 (5.7), 65 (20.3), 66 (26.7), 94 (100), 95 (6.8)

39 (6.2), 53 (13.7), 54 (12.0), 55 (9.7), 81 (24.8), 82 (11.4), 110 (100), 111 (5.4), 115 (5.0), 143 (8.8)
26 (17.3), 50 (6.2), 52 (17.0), 53 (16.4), 54 (62.7), 80 (27.7), 82 (35.4), 108 (100), 109 (7.3), 110 (11.3)

74 (8.1), 75 (4.6), 77 (100), 78 (6.7), 93 (16.3), 123 (69.4), 124 (5.1)

Nitrosobenzene 50 (15.1), 51 (45.7), 63 (3.5), 74 (7.0), 75 (3.7), 77 (100), 78 (7.3), 93 (9.4), 107 (82.3), 108 (5.7)
N=N
—_— —_— PR e ——
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Fig. 7. Plausible reaction pathways of aniline in aqueous solution by electro-activated peroxymonosulfate oxidation.

could be transformed into nitrobenzene, which is sequen-
tially oxidized to 2-nitrophenol. The detection of phenol
implies the occurrence of denitration of 2-nitrophenol.
Afterwards, oxidation of phenol gives rise to generation
of hydroquinone, which would undergo further oxidation
step to form benzoquinone via abstraction of hydrogen.
Alternatively, the imino radicals may proceed other oxida-
tion reactions, leading to production of nitrosobenzene and
benzoquinonimine, which could also result in formation of
benzoquinone, consistent with the publication by Brillas et
al. [19]. Finally, mineralization of aniline would result in the
ultimate products of carbon dioxide, water and nitrate ions,

proved by the UV-Vis spectrophotometer at the wavelength
of 313 nm. On the basis of reaction intermediates involved
in the aqueous solution, the plausible degradation path-
ways of aniline in an electro-activated peroxymonosulfate
process could be illustrated in Fig. 7.

4. Conclusions

Based on above discussion, it is obvious that aniline
contaminants in wastewater would be mainly decom-
posed by sulfate radicals via electro-activated peroxymo-
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nosulfate anions. Carbon monoxide intensely diminished
aniline removal rate, indicating that sulfate radicals were
descended directly from cathodic reduction of peroxymo-
nosulfate anions. According to the spectra obtained from
GC-MS analyses, the possible reaction pathways of aniline
are proposed as follows. Aniline was preliminarily oxidized
into iminobenzene radicals, subsequently transformed to
azobenzene, nitrobenzene and nitrosobenzene respectively.
Phenol was also observed as one of degradation intermedi-
ates, leading to formation of hydroquinone and p-benzoqui-
none. Eventually, aniline would be mineralized into carbon
dioxide, water and nitrate. It is remarkable that aniline in
aqueous solution could be almost thoroughly removed in
this work. The outcomes convince us that the electro-acti-
vated peroxymonosulfate process may be a promising man-
ner for disposal of aniline in wastewater.
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