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Abstract- This study presents a comparative investigation of two dimensionally stable
anodes (DSA®) of nominal composition Ti/Ru0.3Ti0.7O2 and Ti/Ir0.3Ti0.7O2, prepared by
thermal decomposition at high temperature. The materials were studied by scanning electron
microscopy (SEM), cyclic voltammetry and Tafel measurements to obtain informations about
their surface and electrocatalytic properties towards O2 evolution reaction. The stability of the
samples was investigated under accelerated conditions. It has been observed that the coating
surface with 30% mole IrO2 possesses more rough structure with less cracks. Furthermore, it
had excellent electrocatalytic activity for the oxygen evolution. Accelerated stability tests
showed long lifetime for Ti/Ir0.3Ti0.7O2 electrode. On the other hand, besides the excellent
improvement of catalytic activity, the stability of the Ir containing electrode increases
compared to the Ru containing one.
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1. INTRODUCTION
Metallic oxides coated titanium electrode also called DSAs (dimensionally stable anodes)
have become the most important electrodes in electrochemical engineering due to their
versatile electrocatalytic properties and stability [1]. Generally, DSA-type anodes use
conductive precious metal oxides as electrocatalysts and are widely used as electrodes in
many fields of applied electrochemistry, such as chlorine production, processes involving
oxygen generation in electroplating and metal electrowinning, as well as in cathodic
protection, water electrolysis, and electroflotation for wastewater treatment [2–5]. The
composition and the nature of the active component in the anode coating strongly affect the
electrochemical activity and stability of these electrodes. The anode stability can be evaluated
by an accelerated stability test (AST) [6], which involves the electrolysis of reaction solution
at constant high current densities. Oxygen and chlorine evolution are the common and most
important electrochemical reactions in electrolysis industry. The most active oxides for
oxygen evolution reaction (OER) and chlorine evolution reaction (ClER) are RuO2 and IrO2,
or their mixtures, and some investigations are concerned with oxides of rutile structure [7].
RuO2 is a metallic oxide which has exhibited excellent activity in both Cl2 and O2 evolutions
[8-10]. However, RuO2 and the widely used RuO2–TiO2 in the electrochemical industry have
a limited service life under oxygen evolution application [11,12].
Investigation of RuO2-based DSA for oxygen evolution has continued in recent years.
Oxide mixtures of interest include RuO2–Nb2O5 [13], RuO2–PbO2 [14], and RuO2–Co3O4
[15], which despite their good activity for OER, none of them has a good service life in
accelerated life tests. Various kinds of oxide electrodes with IrO2 as the main active
component mixed with some other oxide components like ZrO2, Ta2O5, Nb2O5 have been
studied as oxygen-evolving anodes [16-18]. All of these anodes had mass of cracks as shown
in the SEM which made the electrolyte easy to arrive at the Ti/oxide interface, and an
insulating TiO2 film was easily generated on the Ti-based surface during the process of
electrolysis.
In this investigation, the morphology, electrocatalytic activity and stability of the
Ti/Ru0.3Ti0.7O2 and Ti/Ir0.3Ti0.7O2 anodes (prepared by pyrolysis method) in the oxygen
evolution reaction was discussed. Morphology, electrochemical properties and stability were
studied by scanning electron microscopy (SEM), cyclic voltammetry, tafel measurements and
accelerated stability test, respectively. The aim of this work was to investigate the role played
by IrO2 for O2 yield and overpotential, electrode stability and the internal relationship among
composition, morphology, stability and electrocatalytic properties.

2. EXPERIMENTAL
Ti supported electrodes of nominal composition Ti/Ru0.3Ti0.7O2 and Ti/Ir0.3Ti0.7O2 were
prepared by pyrolysis method (500 °C) using IrCl3.H2O, TiCl4 and RuCl3.H2O (Merck) as
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precursors. Precursor salts dissolved in aqueous solution of HCl (Merck) 1:1 (v/v) and the
total metallic cation concentration was kept at 0.2 M. Prior to the decomposition process; the
Ti plates were sand-blasted and degreased in soap and water solution, and then etched in hot
50% (v/v) HCl for 15 min and finally rinsed with distilled water. The precursor mixture,
presenting the desired mole ratio was applied by brush to both faces of the Ti support; the
coating was dried at 90°C and subsequently calcined in air at 500 °C for 10 min. This
procedure was repeated until the desired mass was obtained and the electrode was then
subsequently calcined for a further hour. The mass to be deposited was calculated to obtain
an approximate oxide thickness of 1.5 µm.
Electrochemical properties of prepared electrodes were investigated by cyclic
voltammetry (CV), tafel measurements, and accelerated stability test (AST) in 1.0 M H2SO4
with a current density of 1.0 A/cm2. Platinum wire was used as the counter electrode, while
saturated Ag/AgCl electrode served as the reference one. All electrochemical experiments
were carried out in a conventional three electrode cell. Before each run, the electrolyte was
de-oxygenated using nitrogen bubbling and the measurements have been done using the
apparent geometric area of the electrodes (0.5 cm2).
An AUTOLAB model PGSTAT302 system, controlled by GPES EcoChimie software,
has been employed for electrochemical studies. Cyclic voltammetric curves were recorded at
20 mV s−1, covering the 0–1.4 VAg/AgCl range for OER studies. The voltammetric charges (q*)
corresponding to active surface areas were determined by integrating the area of the cyclic
voltammograms in a determined scan rate. The electrocatalytic activity towards OER
obtained by tafel measurements was investigated by quasi-steady potentiostatic curves at a
scan rate of 1 mV s-1.
The anode potential was recorded during the AST, and the electrolysis period in which
the electrode potential reached 6 VAg/AgCl was termed as the electrode service life. Above this
value, the electrode was considered inactive for OER. All electrochemical experiments were
repeated twice.
Surface morphology of the anodes was checked by scanning electron microscopy (SEM,
Philips XL30) at the working voltage of 25.0 kV.

3. RESULTS AND DISCUSSION
3.1. Scanning electron microscopy
SEM images of the prepared electrodes are shown in Fig. 1. It can be found that both anode
surfaces present different morphology and they are all composed of cracks and flat area
typical of metal oxide coatings obtained by pyrolysis method [19]. As can be seen from the
images, it is clear that the surface morphology of the Ti/Ir0.3Ti0.7O2 electrode is very less
cracked and shows a higher degree of roughness. While, the surface of Ti/Ru 0.3Ti0.7O2
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electrode has wider and deeper cracks compared with the Ir-containing anode; this can
present a larger internal area, to which electrolyte access occurs via the cracks, pores and
crevices formed during the preparation of the electrode.

Fig. 1. SEM images of Ti/M0.3Ti0.7O2 electrodes: (a) M=Ru and (b) M=Ir

3.2. Cyclic voltammetry
Fig. 2 presents the voltammetric curves of the prepared electrodes with different
composition recorded in 0.5 M H2SO4 solution at a sweeping rate of 100 mVs−1. There is a
pair of obvious redox peak at the potential of 0.6 V–0.8 V for both oxide electrodes, which is
related to the Ir(III)/Ir(IV) and Ru(III)/ Ru(IV) surface redox transitions for the Ti/Ir 0.3Ti0.7O2
and Ti/Ru0.3Ti0.7O2 electrodes, respectively [4,20,21]. This means that the surface
electrochemistry of the electrodes is governed by the active components of IrO2 and RuO2.
Although the shape of voltammetric curves is the same for different coatings, but the currents
in whole potential region are higher for Ti/Ir0.3Ti0.7O2 electrode. This result indicates that
Ti/Ir0.3Ti0.7O2 anode has larger electrochemical active surface area and therefore higher
activity towards oxygen evolution reaction than the Ti/Ru0.3Ti0.7O2 anode. The voltammetric
charge (q* in mC cm־²) obtained by the integration of the CV curves in the potential range
where no permanent modification of the surface occurs (0.2–1.3 VAg/AgCl), is considered to be
proportional to the number of active sites, consequently, being able to characterize the
electrochemically active surface area (EASA) of the oxide electrode [13]. The q* values for
the Ru-free electrode and the oxide electrode with RuO2 content are 13.1 mCcm−2 and 7.2
mCcm−2, respectively, indicating the electrode by Ti/Ir0.3Ti0.7O2 composition having larger
EASA than the Ti/Ru0.3 Ti0.7O2 one. This difference can be related to the surface morphology
of the oxide electrodes. In fact, although the surface of the Ir0.3Ti0.7O2 coating appears very
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less cracked in SEM images (Fig. 1), it is consisted of deagglomerated oxide particles and
very rougher surface. Consequently, the Ti/Ir0.3Ti0.7O2 electrode presents a larger active
surface area as it is indicated by the values of voltammetric charge.

0.5

i / mA

0.3

0.0

-0.3

-0.5
0

0.4
E/ V

0.8

1.2

Ag/AgCl

Fig. 2. Cyclic voltammetric curves of Ru0.3Ti0.7O2 (dashed line) and Ir0.3Ti0.7O2 coatings
(solid line). Electrolyte: 0.5 mol dm-3 H2SO4; sweep rate=100 mV s−1

3.3. Tafel measurement and electrocatalytic activity
The study of the oxygen evolution reaction in 1.0 M H2SO4 solution for both DSA
electrodes has been performed by quasi-steady potentiostatic conditions. Tafel plots are
useful for evaluating the electrocatalytic activity of the electrodes towards the OER. Fig. 3
shows the tafel plots obtained from the polarization curves (i-E curves), recorded in
duplicate, for the Ti/Ru0.3Ti0.7O2 and Ti/Ir0.3Ti0.7O2 electrodes. The apparent current densities
are divided by the anodic voltammetric charge, q*, in order to exclude the influence of the
geometric factor on the electrocatalytic activity [22,23]. Tafel plots exhibit a sufficiently
extended linear region at low current densities while deviations from linearity occur at high
current densities probably due to uncompensated ohmic drops [24]. The electrocatalytic
activity of the various oxide materials is best compared by following the current density at
constant potential. As it can be seen, this comparison can be easily carried out because of the
substantial parallelism of the Tafel plots and shows that introduction of IrO2 in the coating
sharply increases the electrocatalytic activity towards the OER. From the linear part of the
tafel plots, kinetic parameters for the OER can be evaluated from a fundamental point of
view; the activity of an electrocatalyst is expressed by the Tafel slope, which can reflect
materials-specific reaction mechanisms and/or, indirectly, the conditions of adsorption of
reaction intermediates. In general, the best electrocatalysts are those with lower Tafel slopes.
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The values of the Tafel slopes shows a dependence on nominal oxide composition, 125 and
100 mV for RuO2 and IrO2 containing electrode, respectively. As can be seen, the lower Tafel
slope value for the IrO2-based electrode reflects its higher electrocatalytic activity towards the
OER. In fact, the substitution of Ru by Ir produces a decrease in the Tafel slope and increase
in current density value, indicating a clear electrocatalytic effect of Ir on the response towards
the OER. The variation observed with the composition suggests a modification of the
electrode mechanism or of its rate determining step [23, 25]. As it would be expected, the
increased electrocatalytic activity in the Ti/Ir0.3Ti0.7O2 anode observed from tafel slope
measurements is in close agreement with its higher voltammetric charge obtained at the
cyclic voltammetric experiments, and indicates that the performance of the IrO2 based
electrode is more beneficial in oxygen production processes, compared to the RuO2 based
electrode.

E/ V Ag/AgCl

1.5

1.4

1.3

1.2
-5

-4
-3
log (i/q) (m A m C-1)

-2

Fig. 3. The normalized Tafel plots of Ru0.3Ti0.7O2/Ti. (chromatic black) and Ir0.3Ti0.7O2/Ti
(lunar black) electrodes; room temperature

3.4. Accelerated stability test (AST)
Fig. 4 demonstrates the stability of two electrodes with different compositions by
accelerated stability tests (average of two sets of electrodes). The conditions make the
samples less stable than under conditions for usual oxygen evolution. In both electrodes, at
the first stage, the cell voltage decreases quickly owing to the wetting of their inner porous
structure [26]. Then a very slow variation of cell voltage with different rate is observed for
both electrodes which show different degree of instability for the different electrodes. And
finally the cell voltage increases rapidly, and in a short time the samples are deactivated. The
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deactivation mechanism of the oxide electrodes under stability test is generally attributed to
the erosion, electrochemical dissolution of the active components and the formation of
insulating TiO2 interlayer [27,28,29].
As can be seen in Fig. 4, the electrode by Ti/Ir0.3Ti0.7O2 composition displays longer
accelerated lifetime than the route one. The reason for this should be the consequence of the
presence of IrO2 loading and its effect either on coating morphology or on the mechanisms of
activity loss or both.
As compared with the Ti/Ru0.3Ti0.7O2 electrode (SEM images of Fig. 1), the electrode
containing IrO2 presents significantly less cracked structure which might hamper electrolyte
penetration into the surface of the substrate, resulting in the delay of insulating TiO 2
interlayer formation [29]. Also, the more roughened surface of the electrode containing IrO2
leads to larger surface area and decreases the rate of dissolution of active components.
Accordingly, these results indicate that the replacement of 30% RuO2 by IrO2 can
significantly improve the stability of the Ti/Ru0.3Ti0.7O2 electrode.
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Fig. 4. Potential variation vs. time in the accelerated stability test for (a) Ru0.3Ti0.7O2/Ti and
(b) Ir0.3Ti0.7O2/Ti electrodes

4. CONCLUSION
Coatings with Ru0.3Ti0.7O2 and Ir0.3Ti0.7O2 composition prepared by thermal
decomposition method were applied onto the Ti substrates. The SEM of both samples showed
that the electrode with Ir0.3Ti0.7O2 coating has less cracked and more roughened structure,
indicating more stability of it towards corrosion. The analysis of voltammetric charge shows
that the electrode with Ti/Ir0.3Ti0.7O2 composition has significantly more electrochemically
active surface area than the Ti/Ru0.3Ti0.7O2 one. Cyclic voltammograms and Tafel
measurements indicate that the coating containing IrO2 is more active for OER than the
coating with Ru0.3Ti0.7O2 composition. Considerably more stability is achieved by the AST
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for the electrode with IrO2 loading which could be owing to morphological or synergetic
effects. All of these results suggest that the replacement of RuO2 by IrO2 in 30% mole
improves considerably the electrochemical activity and stability of the route Ti/Ru0.3Ti0.7O2
electrode and the new composition is very more effective for oxygen production processes.
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