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Abstract

We presented some research into titanium electrode anodizing in H.SQO, solutions in the potential range —
1 to 5 V at different scan rates (10, 50, 100 mV s™) by cyclic voltammetry measurements. Linear
potentiodynamic measurements had used before and after the oxide layer formed on the Ti- surface. Three
characteristic oxide peaks appeared at 0.2 V, 2.3V, and 3.5V on CV curves at all scan rates for all H,SO,4
concentrations. Voltammetric tests showed the passivation of the Ti-surface in all cases. XRD and SEM-
EDS measurements confirmed the existence of TiO, species in a crystalline form on the Ti surface after
anodizing in 3M H2SO, and annealing the anodized Ti electrode at 400 °C in the airflow.
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1. INTRODUCTION

The exact nature of formed oxide films on the Ti surface during the anodization process is still
not well known, even though, in the study of surface modifications, many of the latest techniques
for the investigating properties of such films have been used. A series of different oxides of low-
valent titanium is present in the oxide film. Electrochemical dissolution of the passive film occurs
at the boundary of the oxide-solution phase, according to eq. (1), where the dissolution is not
localized [1]

TiO, + 3H* + e~ - Ti(OH)?* + H,0 (1)

The quantities of non-stoichiometric oxides obtained within the electrochemically formed oxide
film depend on the potential and pH solution. This anodization can be represented according to the
reaction (2): [2]

TiO, + H;0" + e 2 Ti0,,_, (OH)(H,0) (2)
forl5<n >2

The XRD obtained data indicates the presence of TizOs in a dominant TiO2> matrix. The
following reactions of TiO- film dissolution in H>SO4 solutions occur: [3]

TiO, + 4H* - Ti** + 2H,0 ?)

2. EXPERIMENTAL

The concentrations of H2SO4: 1.5 M, 1 M, 0.5 M, 0.1 M, and 0.05 M were used. The following
measurements into the electrochemical behavior of Ti electrodes were done:

— Scanning of the Ti electrode cyclic voltammograms in H2SO4 solutions at different scan
rates (10, 50, and 100 mV s); Scans were carried out for five cycles in the potential range of —1
to 5 V; Linear potentiodynamic measurements had taken after measuring the open circuit potential
in various concentrations of H>SOs solutions; Passivizing TiO. layer is applied by cyclic
voltammetry at a scan rate of 50 mV s7;
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Linear potentiodynamic measurements were performed on a Ti electrode on which a passive TiO-
film has previously been applied at a scan rate of 1 mV s™!; Anodic oxidation of a Ti electrode has
performed in a 3 M H2SO4 solution before XRD and SEM-EDS measurements in a CV range of —
1to 5V at a scan rate of 100 mV st during five cycles. The working electrode was a Ti plate, the
reference electrode was a saturated calomel electrode (SCE), and the auxiliary electrode was a Pt
electrode. The working electrode was polished with grinding paper from 280 to 2000 grit and
washed with distilled water. The IVIUMSTAT.xRe instrument provided hardware and software
support. X-ray analysis had performed on the instrument ,,Rigaku MiniFlex 600”. The surface
appearance and mineralogical composition investigation of the samples SEM (JEOL, JSM IT
300LV) and EDS (OXFORD Instruments) analyses were applied.

2.1 Materials and Solutions

The working electrode was made of a titanium plate Grade 11, like a spatula shape in the lower
part, and dimensions of 1.5 x 1.5 x 0.2 cm, with a handle length of 15.0 cm. The working solution
was sulphuric acid, 96 % H>SO4 p.a. quality.

3. RESULTS & DISCUSSION

3.1 Cyclic Voltammetry

Based on the CV measurements, the growth of the oxide film was usually in the form of a
TiOy structure. The first peak may occur due to the formation of the Ti oxides with the lower Ti-
valence. These would probably be Ti?* and Ti** (TiO and Ti203), while the second and third peaks
correspond to the forming of TiO> films [4]. Unstable Ti>Os oxide rapidly oxidizes to TiO; in
contact with water.

3.2 Open circuit potential

Open circuit measurements of Ti- and (Ti+TiO)-electrodes had performed for 60 min in
different concentrations of H>SO4 solutions and the results obtained are presented in Fig. 3, and
Table 1. In Figure 1 it can see that in the H2SO4 solutions, immediately after the electrode
immersion, there is a sudden drop in the value of the open circuit potential, which most likely
indicates titanium oxide dissolution on the electrode surface.
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Figure 1 - The plot of the open circuit potential of (Ti+TiO,)-electrode in different concentrations of
H>S04 solutions.
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Table 1 - The potential values for a Ti-electrode on OCP in different H.SO4 concentrations

Potential

on
t=3600s 15M 1M 05M 0.1M 0.05M

E/Vsce -0.0636 -0.0926  0.0166  -0.0205 -0.0363

H,S0O4 concentration

3.3 Linear potentiodynamic measurements

Figure 2 shows polarization curves in the various concentrations of H.SO4 solutions of the Ti-
and (Ti+TiOy)-electrodes. A rapid formation of the oxide film observes at the beginning of the
polarization process. On potentials higher than 1.5 V, there is an increase in the current density
that undoubtedly indicates further oxidation of titanium.
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Figure 2 - The potentiodynamic polarization curves in H.SO4 solutions: A) Ti electrodes, and B)
(Ti+TiOy)-electrode. The scan rate is 1 mV s™.

The kinetic parameters of electrochemical processes have been determined: the corrosion
potential (Ecorr), corrosion current density (icorr), anodic (ba), and cathodic (bc)Tafel's slopes are
presented in Table 2.

Table 2 - Electrochemical parameters of (Ti+TiO,)-electrode.

H2S04 Ecorr /MV icor/MA CM™2 by be

15M —0.44 - 1072 1.74 - 10 545.26 -283.53
1M 7.84 - 1072 1.57-10* 359.59 -106.90
05M -8.86- 1072 1.18-10* 597.20 -332.40
0.1M —1.44-1072 3.29-10° 111.98 -671.43
0.05 M —7.32-1072 2.70 - 107 357.21 -428.33

The influence of the H.SO4 concentration on the coverage degree of the titanium surface with
Ti-oxide was presented in Table 3.

Table 3 - Coverage degree of titanium electrode surfaces with oxide in various concentrations of H.SO4
solutions on constant potentials

H,S0, Coverage degree, 6 (%)
concentration "6 8N E=1.0V E=15V

15M 98.24 97.62 96.78

1M 98.32 97.43 96.32

05M 98.32 97.04 94.95

0.1M 98.04 96.54 94.58

0.05 M 88.60 86.11 83.44
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4. XRD and EDS analyses of anodized and annealed Ti substrates in H2SO4

Figure 3 shows the XRD image of the Ti substrate after anodization in 3 M H2SO4 and after
annealing the sample at 400 °C in the airflow, previously prepared in the same way. The intensity
of peaks for the anatase type of crystals also suggests a thin TiO> film formation. The height of the
same peaks increases after the annealing titanium electrode at 400 °C, which indicates that the
oxide film of anatase becomes thicker after heat treatment.
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Figure 3 - XRD patterns of Ti electrode: A) after anodizing in 3M H.SOs, B) after annealing anodized Ti
electrode, at 400 °C in the the airflow.

Figure 4 - SEM-EDS images of A) Ti electrode after anodizing in 3M H,SO4, B) annealed Ti electrode at
400 °C 1 h after anodizing in 3M H,SO.

SEM-EDS analyses confirm the results obtained by XRD measurements. It can also observe that
after anodization on the titanium surface Ti and Oz species exist. According to chemical analysis,

after annealing of titanium, the content of O species increase indicating thicker TiO> oxide films
(Table 4).
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Table 4 - Chemical composition of titanium surface after anodization in 3 M H>SO, and after annealing at
400°C atatime of 1 h.

Atomic species O% Ti% Total%

after anodization 17.30 82.70 100.00
after thermal treat. 28.40 71.60 100.00

5. CONCLUSIONS

It was observed that TiO2 is the most stable oxide formed, besides TiO and Ti.Oz oxides. CV
measurements indicate the rapid formation of an oxide layer with variations in stoichiometry and
morphology. After thermal treatment of the electrode, XRD patterns showed a higher intensity of
anatase peaks in the anodized oxide films. SEM-EDS images also confirmed the higher presence
of oxides in the heat-treated titanium electrode.
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