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Abstract. The aim of this paper was the electrochemical characterization of Dimensionally Stable Anodes (DSA), Boron
Doped Diamond (BDD) and expanded graphite-silver doped zeolite-epoxy composite (EG-Z-Ag-Epoxi) electrodes for
ibuprofen (IBP) electrooxidation. IBP is one of the pharmaceutically active compounds (PhACs) that belongs to antiinflammatory drugs and has in its structure an aromatic ring. The morphological data regarding the electrode materials
were obtained by recording scanning electron microscopy (SEM) images. The electrochemical characterization of the
electrode materials was carried out by cyclic voltammetry (CV). The supporting electrolyte in CV experiments was 0.1 M
Na2SO4. The cyclic voltammograms recorded in the potential range - 0.5 V → + 1.5 V vs. SCE in the presence and
absence of IBP revealed that the oxidation process at DSA electrodes and BDD could occur under simultaneous O2
evolution, and no oxidation peak was evidenced. The voltammetric response of EG-Z-Ag-Epoxi electrode recorded in the
potential range - 0.5 V → + 1.25 V vs. SCE showed an oxidation peak before the oxygen evolution and another one in the
potential range of oxygen evolution. These findings proved that the oxidation of IBP on the EG-Z-Ag-Epoxi electrode
occurred in two steps.
Keywords: Boron-Doped Diamond electrode, Dimensionally Stable Anodes,
voltammetry, ibuprofen

1. Introduction
The pharmaceutically active compounds (PhACs) are
produced and used in very large amounts and their use and
diversity is increasing every year [1, 2].
The PhACs are designed to have biological effects but
at the same time a great part of the medicines taken by the
human beings or animals passes through their bodies
unmodified. Also, the fish farms and pharmaceutical
manufacturing discharges generate a various range of
residuals PhACs that emerge in the environment.
Consequently, PhACs emerge the aquatic bodies where
they have undesirable effects on aquatic organisms [3].
The PhACs are organic chemicals that are structurally
complex and resistant to biological degradation and they
are not completely removed in wastewater treatment
systems [4,5]. In the recent years, reserches have been
conducted to develop effective treatment methods of
wastewaters containing PhACs. Thus, it have been reported
advanced oxidation processes (UV/H2O2, O3, TiO2
photocatalysis,
photo-Fenton) [6-11] and ultrasonic
treatment [12]. Also, electrochemical methods have been
applied for removal of antibiotics and salicylic acid from
wastewaters [13, 14].
As it is well known, the effectiveness of the
electrochemical methods is strongly depend on the choice
of the
electrode material. The electrochemical
characterization of the electrode materials can be carried
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out by cyclic voltammetry (CV) that is one of the most
frequently used electrochemical methods due to its relative
simplicity and very rich informational content [15-17].
The aim of this paper was the electrochemical
characterization of the Dimensionally Stable Anodes
(DSA), Boron Doped Diamond (BDD) and expanded
graphite-silver doped zeolite-epoxy composite (EG-Z-AgEpoxi) electrodes during the oxidation of ibuprofen (IBP).
IBP is a non-steroidal anti-inflammatory drug and was
chosen as model for PhACs because it is considered to be
one of the most important contaminats in sewage treatment
plant influents.

2. Experimental
2.1. Electrodes preparation
The DSA electrodes, Ti/RuO2-TiO2 (molar ratio
Ru:Ti in precursors solution 30:70), Ti/IrO2-TiO2(molar
ratio Ir:Ti in precursors solution 30:70), Ti/RuO2/SnO2–
Sb2O5 (molar ratio Sn:Sb in precursors solution 97:3) and
Ti/RuO2/SnO2–Sb2O5-RuO2 (molar ratio Sn:Sb:Ru in
precursors solution 94:3:3) were obtained by thermal
decomposition of the appropriate precursors. Exhaustive
description of the electrodes preparation was done
previously [18,19].

152

Chem. Bull. "POLITEHNICA" Univ. (Timisoara)

Volume 55(69), 2, 2010

The BDD electrode was commercially provided by
Windsor Scientific Ltd (the United Kingdom).
The EG-Z-Ag-Epoxi (mass ratio EG:Z-Ag=1:2)
electrode was obtained by mixing the expanded graphite
filler with silver doped zeolite and the epoxy resin. Details
were presented in our previous papers [20,21].

shapes of both the expanded graphite particles and Agmodified zeolite particles in epoxy matrix.

2.2. SEM analysis
SEM images of the thin films were obtained by using
a Philips CM30T (Netherlands) scanning electron
microscope.
2.3. Cyclic voltammetry
The cyclic voltammetric experiments were performed
by using an EcoChemie Autolab-PGSTAT 302 (the
Netherlands) potentiostat-galvanostat controlled by GPES
4.9 software. DSA, BDD and EG-Z-Ag-Epoxi electrodes
with active surface area of 1 cm2, 0.071 cm2 and 0.1962
cm2, respectively were working electrodes. A saturated
calomel electrode was used as a reference electrode and a
platinum plate of 1 cm2 as a counter electrode. Experiments
were carried out at 50 mVs-1 scan rates at room temperature
in solution of 0.1 M Na2SO4 supporting electrolyte and
solutions of IBP of 25 - 100 ppm in 0.1 M Na2SO4.
2.4. Chemicals
IBP is the common name of 2-[4-(2methylpropyl)phenyl]propanoic acid and it was was
supplied by BASF (Germany). The chemical structure of
IBP is shown in Fig.1. Na2SO4 was supplied by Merck
(Germany). Distilled water was used for preparing the
solutions.
CH 3
CH 3

COOH

H 3C

Figure 2. SEM image of Ti/RuO2/SnO2–Sb2O5; magnification 2200x

3.2. Cyclic voltammetry
The cyclic voltammograms of the studied electrode
materials provided relevant information about their
electrochemical behaviour during the electrochemical
oxidation of IBP and also about the oxygen evolution
potential. These informations are very useful to elucidate
the IBP electrooxidation mechanism in order to select the
electrode material and optimum conditions for the practical
applications.
The cyclic voltammograms of DSA electrodes in the
potential range from -0.5 V to +1.5 V vs. SCE in 0.1 M
Na2SO4 supporting electrolyte and in the presence of IBP
are shown in Fig. 3-6. The cyclic voltammograms revealed
that the oxygen evolution occurred at about +1.1 V vs. SCE
on the four electrodic compositions of DSA. Below this
value of the potential the oxidation current was almost
constant and neither anodic nor cathodic peaks were
identified. The oxidation current increased sharply above
1.1 V vs. SCE as a result of oxygen evolution.

Figure 1. Chemical structure of IBP

3. Results and Discussion
3.1. SEM analysis
The “craked–mud” morphology is typical for the
electrodes obtained by thermal decomposition method. The
SEM images of DSA electrodes used in the experiments
proved this feature (Fig.2) and they are in line with the
literature [22].
SEM analysis provided qualitative information about
the distribution of expanded graphite and Ag-doped zeolite
zones and some surface features of the composite electrode
as it is shown in our previous researches [21]. It was
observed a closely spaced expanded graphite zones with
random distribution and orientation due to the irregular
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Figure 3. Cyclic voltammograms of Ti/RuO2-TiO2; scan rate 0.05 V/s;
potential range:
- 0.5 V → + 1.5 V vs. SCE; 1- 0.1 M Na2SO4; 2 – 50 ppm IBP in 0.1 M
Na2SO4
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Figure 4. Cyclic voltammograms of Ti/IrO2-TiO2; scan rate 0.05 V/s;
potential range:
- 0.5 V → + 1.5 V vs. SCE; 1- 0.1 M Na2SO4; 2 – 50 ppm IBP in 0.1 M
Na2SO4

Figure 5. Cyclic voltammograms of Ti/RuO2/SnO2-Sb2O5; scan rate 0.05
V/s; potential range:
- 0.5 V → + 1.5 V vs. SCE; 1- 0.1 M Na2SO4; 2 – 50 ppm IBP in 0.1 M
Na2SO4

Figure 6. Cyclic voltammograms of Ti/RuO2/SnO2-Sb2O5-RuO2; scan rate
0.05 V/s; potential range:
- 0.5 V → + 1.5 V vs. SCE; 1- 0.1 M Na2SO4; 2 – 50 ppm IBP in 0.1 M
Na2SO4
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However, an exception for Ti/RuO2/SnO2-Sb2O5 was
recorded. The cyclic voltammogram (Fig.5) showed a
cathodic peak at +0.7 V vs. SCE, and in keeping with
literature [23], it could be attributed to the reduction
process of the intermediate resulted during the oxidation
process of the electrode surface under the oxygen potential
range.
The same shapes of the voltammograms recorded in
the presence and the absence of IBP suggested that no
direct oxidation of the IBP on DSA surface occurred, and
probably the oxidation process occurred under
the
simultaneous oxygen evolution [24].
The cyclic voltammogram of BDD electrode recorded
in the potential range from -0.5 V to 1.5 V vs. SCE (Fig.7)
in the presence and the absence of IBP showed that oxygen
evolution potential occurred at about +1.1 V vs. SCE. The
rapid increase of the anodic current beyond this value is
due to the to oxygen evolution. Also, it can be observed
that the pollutant oxidation occurred in the potential range
of oxygen evolution. However, in comparison with DSA,
the anodic current increased in the presence of IBP, even if
no oxidation peak corresponding to IBP oxidation process
appeared.

Figure 7. Cyclic voltammograms of BDD electrode in supporting
electrolyte 0.1 M Na2SO4 and in presence of IBP at various concentration:
1 – 0 ppm; 2- 25 ppm; 3 – 50 ppm; scan rate 0.05 V/s;
potential range: - 0.5 V → + 1.5 V vs. SCE

The cyclic voltammogram of EG-Z-Ag-Epoxi
electrode in 0.1 M Na2SO4 recorded in the potential range
from -0.5 V to +1.25 V vs. SCE (Fig.8) shows two
oxidation/reduction peaks corresponding to the redox
couples Ag/Ag(I) and Ag(I)/Ag(II). On the anodic curve of
the voltammogram the second peak is not well defined
because the oxidation process occurred under the
simultaneous oxygen evolution that started at +1 V vs.
SCE.
The cyclic voltammograms of EG-Z-Ag-Epoxi
electrode recorded in the potential range - 0.5 V → + 1.25
V vs. SCE in the presence and absence of IBP showed that
its oxidation occurred in two steps (Fig.9).The oxidation
steps are preceded by adsorption step that was evidenced
by the decrease of the currents corresponding to Ag/Ag(I)
redox couple. As the oxidation process in the potential
range until the oxygen evolution exhibits a non-linear
dependence (see detail) between the oxidation peak current
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and IBP concentrations, the second oxidation step that
occurred at +1.18 V vs. SCE, under simultaneous oxygen
evolution, exhibited a linear dependence of these
parameters. The linear increase of the current with the
concentration could be assigned to the increase of the
oxidation rate, if the oxidation process is controlled by the
mass transfer.

the expanded graphite particles and Ag-modified zeolite
particles in epoxy matrix.
Cyclic voltammetry results for all electrode materials
studied for IBP oxidation showed that each electrode
exhibited a different electrochemical behaviour in the
presence of IBP. No changing of the shapes of cyclic
voltammograms in the absence and in the presence of IBP
was noticed for DSA, and it can be said that the oxidation
of IBP could occur under simultaneous oxygen evolution.
BDD electrode exhibited the availability for oxidation
under water decomposition potential range. CVs recorded
for EG-Z-Ag-Epoxi electrode in the same potential range
revealed that the oxidation of IBP occurred in two steps,
e.g., the first one before the oxygen evolution at about +0.9
V/SCE, and the second one in the potential range of
oxygen evolution at +1.18V/SCE. Also, the sorption stage
of IBP on Ag/Ag(I) redox couple was noticed.
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