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ABSTRACT

Electrochemical, SEM, FTIR and XPS studies of dost species formed
during the treatment of titanium surfaces with @¢alalate solutions have been carried
out. FTIR and XPS experiments show that the ugkisftreatment prevents the growth

of a thick oxide layer on the titanium surface.
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INTRODUCTION

Nowadays, there is much cause for worry aboutupoh caused by industrial
effluents containing heavy metals. Different elechemical methods have been
proposed for the elimination of these metals [1fnmally as bulk metals, oxygen

evolution being very often the anodic reaction.

Different types of anodic materials are currenthed as anodes for this reaction.
These materials present different degrees of domaand/or passivation during use[2].
Among them, DSA (Dimensionally Stable Anodes) dre most commonly used in
pilot-laboratory plants and on an industrial scaseCh/DSA and Q/DSA electrodes.
Cl,/DSA anodes have given very satisfactory resultshinrine-sodium hydroxide cells
[3,4], but the results obtained using/DSA in different electrochemical applications
are not so good [5]. Another type of anode usedammercial processes are lead
dioxide anodes that normally have a thin film gfracious metal (Pt, Au,...) between Ti
and Pb@ in order to avoid formation of titanium oxides tlpoduces a very high IR
drop [6]. In spite of the fact that all the electes are dimensionally stable localized
corrosion may occur caused, for example, by bakentdistribution. This non uniform
corrosion can produce the dissolution of oxideghaf precious metal that have the

following consequences:

1. Therise in the price of the process causedbyes replacement.
2.  The possible migration of the cations of thecjes metal oxides to the
cathode with the subsequent catalysis of the hyr@yolution reaction, a

competitive reaction for metal deposition.

That is why the preparation of lead dioxide anodepported onto titanium
substrate without a precious metal interphase sidkes sense for certain purposes.

Since the electrochemical oxidation of organic comus is a very good method of
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decreasing the COD (Chemical oxygen demand) ofiesffls, these anodes can be very
useful due to their very high oxygen overvoltaggany attempts to prepare this type of
anode have been carried out [7] and all of thenelsfnown that the pretreatment of the
surface of the titanium substrate before lead d@xnodic electrodeposition is crucial

in order to obtain a long-lived anode for indudtparposes.

Wabner et col. [8] suggested a method of surfaarhent for titanium in which
an interphase of precious metal is not employedianghich lead dioxide electrodes

were obtained with a duration of over 100 houra atirrent density of 100 mA cfn

This work presents a treatment of the titaniumsgalte that avoids precious
metal plating giving very good adherence to thel ldaoxide layer. This method is
compared to others already described in the bitdjlgy and analyzed using techniques

such as EDX, SEM, FTIR, XPS and voltammetry.

EXPERIMENTAL

The voltammetric set-up consisted of an Amel 558eptiostat, an H-Q
Instruments model 305 programmable function generatd a Philips X-Y PM 8133
recorder. The polarization curves were recordetiNhsolutions of sulphuric acid or
nitric acid (Merck a. r.). The titanium metal isofh Goodfellow (99.6%). The
solutions were prepared with ultrapure water (Mddhie Milli-Q) and were
deoxygenated by nitrogen (SEO N48) bubbling. Adasurements were carried out at
room temperature and at a sweep rate of 50 AV A saturated calomel electrode

(SCE) was used as reference electrode.
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The Scanning Electron Microscope (SEM) employedlbtain topographical
views of the surface was a JSM-840 JEOL microscofithe SEM also provided
information about the different elements presenttba surface using the energy

dispersive X-ray detector (Link QX 200 EDX).

The Fourier transform IR (FTIR) spectrometer waS18P Nicolet of diffuse

reflectance. The spectra were obtained employingcans with a resolution of 2 ém

X-ray photoelectron (XPS) spectra were obtaineth wiFisons ESCALAB MKl
200R spectrometer provided with a hemisphericaiteda analyzer and a Mg anode X-
ray exciting source (Mg = 1253.6 eV). The samples were pressed into small
aluminium cylinders and then mounted on a rod pldonethe pretreatment chamber of
the spectrometer. The samples were pumped toOcaTarr before they were moved
into the analysis chamber. The residual pressutiis ion-pumped analysis chamber
was maintained below 3 x ®0Torr during data acquisition. 20 eV energy regiom
the photoelectrons of interest at a pass ener@0aV were chosen for each sample.
Each spectral region was signal averaged for a pumibscans to obtain good signal to
noise ratios. A binding energy (BE) of 284.9 edresponding to the Cls peak, was
used as an internal standard. The spectra wdeetad in a PDP computer and then the

peak areas were measured assuming a curved bankgrou

Two different superficial treatments have beenlisidt Method (I) consists on a
conventional treatment of activation of titaniunraiigh a chemical attack with 1M
NH4HF,. Treatment (ll), proposed in this paper and pasised on Wabner's work,
consists on two stages. Thus, an initial physatiaick of the surface by sand blasting is
followed by a chemical treatment consisting of steps. First, the surface is submitted
to a 60 minute treatment in 15% oxalic acid. Aftet, it is immersed in 1.25M oxalic
acid and 0.2M Ti(IV) oxalate solution for 0.5 hourAll these treatments are carried out

at boiling temperature.
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RESULTS AND DISCUSSION

SEM and EDX characterization.

The morphological details of the substrate surfacéhe different treatments are
compared in a series of SEM photomicrographs (BigFigure 1a and 1b show the non
treated titanium and titanium surfaces treated Wwith NH,;HF, (method I). It can be
observed that chemical corrosion is localized endiwrface defects providing a texture
with a much more defined grain. The influence ahdblasting before applying the
chemical treatment can be seen by comparison ofefgglc and 1d. Figure 1c and 1d
show a scanning electron micrograph of a surfaepgyed according to our method
with or without sandblasting. The sandblastingdpies a more microrough surface

with many small deep pores which will favour thénaknce of lead dioxide deposit.

Electrochemical characterization.

In order to get more information about the chamastics of the titanium surface,
the voltammetric behaviour of these surfaces obthiby using the different surface
treatments have been studied. Figure 2 shows dhlianvmetric profile of a surface
treated according with method (1) in IM,$0,. The potentiodynamic sweep started at
E; =-0.59 V vs SCE which corresponds to a potentiéttle more negative than the
critical one. The curves shown correspond to ciffe waiting times at the initial
potential E before the polarization programme was started. at@f them, the profile
presents an oxide growth plateau at higher potentian O V. However, the
voltammetric curve in the potential range of thévacpassive transition (between -0.6
to 0.4 V approximately) is different depending dre twaiting time. For t=0, the
voltammetric profile shows two shoulders: one o&nth well-defined, located at
approximately 0 V (peak), and another one located at less positive patetitan -0.5

V (peakb). As the waiting time increases, peakdisappears and pedkis better
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defined. It has been observed that with the irsreaf the waiting time the
voltammetric response becomes repetitive as shoviig.i3. The typical behaviour of
valve metals was verified and the characteristemtum curve [9] is obtained with the
increase of the waiting time. It is interestingat@alyze the voltammetric study carried
out for the titanium surface treated with M, . It is admitted in the bibliography
[10] that the treatment with NJff in the presence of HF and other acids can lead to
situation of "passivation" due to the formationafkurface hydride. Even the curve
obtained for t=0 minutes presents the characternf response of metals with a thin
protecting film [11]. Otsuka et col. suggests tiat peak at potentials between -0.1 and
0 V is due to the hydride oxidation [12]. Recerdrks, using SIMS have shown the

existence of these hydrides [13].

The voltammetric response of titanium treated winging treatment (Il), fig 4, is
very different from that obtained using treatméhnt The oxidation current is smaller in
the interval potential 0 to 2 V. A sharp increaséhe current is obtained for potentials

more positive than 2.5 V.

Taking into account that the process of electrod#jon of lead dioxide is
carried out in nitric acid medium, figure 5 showe superposition of voltammograms
obtained in this electrolyte for a titanium surfaeated by methods (I) and (Il). Anodic

currents are smaller for treatment (ll), as inghevious case.

It is important to point out that the current déas shown in the
voltammograms are referred to the geometric areghefelectrode. Treatment (Il)
produces a higher surface area than treatmenthighwimplies that the real current
densities of the voltammograms corresponding tdhote{ll) must be smaller than ones
for method (I). At this moment it is not possiliteget a detailed interpretation of the
voltammograms because the contribution of doubjlerlaharging current is very high

for these electrodes of high surface areas.
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FTIR characterization.

Diffuse reflectance FTIR has been used in ordecht@racterize the superficial
state of titanium after the treatment (ll) and tp to obtain an explanation for its

voltammetric behaviour.

Several samples of titanium have been preparedrdiog with the following
procedure: After being roughened with sandblagstimey were boiled during 1 hour in
a 15% oxalic acid solution (first part method (IDAfter this the samples were boiled
for different periods of time in a 1.25M oxalic d@lus 0.2M Ti(IV) oxalate solution.

These times were 0, 0.5, 2 and 3 hours (Figs.lGe&Gand 6d).

A signal at 1680 crh appears with the increases of the time. Thisadigan be
assigned to the antisymmetric vibration of the GgrOups of a Ti(IV)-oxalate species
adsorbed on the titanium surface. This adsorpidaw as shown the variation of the

intensity of the signal with the adsorption time.

XPS characterization.

A more precise characterization of the surfacehef electrode submitted to
method (Il) was set out by means of photoelectfmetisoscopy. The Cls, Ols, Ti2p
core level spectra, and eventually the N1s, Pbdf Iidals spectra due to impurities,
were recorded for all samples. The binding en€Bf) values of core electrons in the
surface oxygen atoms of the electrode are sumnahirz€able 1. It is important to note
that all samples show significant carbon contanomat Within the binding energy
region corresponding to C1s photoelectrons threk dedined carbon species can be
discerned: a peak placed at low binding energy u€-C and C-H species from
contamination, usually considered as an interraaidsrd for calibration of BE scale, a

second peak at intermediate BE assigned to C-Oespeand a third one placed at BE
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close to 289 eV whose origin lies in C=0 specie$].[1The most intense peak of
titanium (Ti2p;,) was found in all cases in the energy region 4888.7 eV which
closely corresponds with the expected value fdy fokidized T#+ species [15]. This
finding is consistent with the relative ease withielh 3d transition metals became
oxidized by air moisture. TiQspecies (x close to 1) and°Teould be detected in
presence of a major quantity of fully oxidized Fi€pecies after bombardment with an
Art beam accelerated at 2.5 keV and working with aecirdensity of ca. 300 nA ci
for a period of 10 minutes. On the basis of tesult, the thickness of the surface oxide
layer was estimated to be 8-10 atomic layers. Bameously, the Cls peak changed
dramatically after sputtering. As neither C-O @rO species were observed on
sputtered samples, and considering the relative @&t which Ti surface is oxidized
by moisture, the preferential removal of C-O andOCspecies points out that method

(I1) produces a very thin TiQlayer on which oxalate adsorption occurs.

XPS has also been used to obtain information albet electrochemical
behaviour of the titanium samples treated usinghoeet(ll). These samples were
polarized at different potentials -0.59, 2.34 ad\>vs SCE (b, ¢ and d points in Fig.
7). Thus Figure 8 displays the Ols peak of a &ctebde polarized at the different
potentials (spectra 8b, 8c and 8d) compared torapotarized sample (spectrum 8a)
with identical pretreatment. The component of peak at lower BE is typical of ©
species, however that placed at higher BEs isbated to less electron -rich oxygen
species such as Otbr -C=0 [16]. The relative abundance of these major O-
species was found to depend markedly on the palaiz potential. In some cases a
very small Ol1s peak placed at the highest BE Isaslsen observed. The origin of this

peak lies in the adsorption of molecular water.

Spectrum 8a shows2Ospecies at low BE, the oxygen corresponding tafiox
oxalate" species and adsorbed molecular wateghehBE. When polarizing at -0.59 V

vs SCE (spectrum 8b), the disappearance of adsomb@dcular water, and the
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displacement of the intermediate oxygen signaypical BE values of C=0 species, are
observed. The existence of a cathodic currenndyblarization is in agreement with
this result. If we polarize at 2.34 V vs SCE, (pem 8c), the displacement of the
intermediate signal to typical values of C=0O spede also seen, but the adsorbed
molecular water does not disappear. However, af ¢tectrode is polarized to very
positive potentials, higher than 6V SCE (spectruhy, & slightly different behaviour
appears; the intermediate oxygen signal is shiftetbwer BE values, due to OH
groups. These facts are in agreement with theaser of the positive current, Fig 7, the
existence of this anodic current can be explaireduwe to the oxidation of adsorbed

organic compounds, water oxidation (adsorption ) @nd titanium oxidation.

The comparison of Ols spectra for samples treatdd method (ll), with the
spectra obtained for samples treated according dbrét's method, Fig 9, reveals that
this last procedure produces a smaller proportiboxggen species placed at higher
BEs. Moreover, a careful analysis of the companentOls spectrum in the samples
indicates substantial changes in the position ef geak placed at higher BE. The
somewhat lower value of BE for the samples obtalned treatment of 0.5 h in oxalic-
oxalate in comparison with that obtained by a treatt of 2 h. (Wabner's method)
shows that for short periods of time, the surfacihe electrode is mainly populated by
OH species but these species become replaced bgteyspecies if the treatment is

extended for longer periods of time.

CONCLUSIONS

The use of several techniques of different charatics and sensitivity allowed

us to give a qualitative description of the titanisurface obtained using treatment (ll).
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EDX and SEM studies show that by using the proposzthod (Il) a uniform
roughness is obtained on the surface with smallp deeles but without sand

contamination.

The voltammetric study shows that a passive lafemassive TiQ is not

produced for potentials lower than 2.34V.

The FTIR study and XPS analysis reveal the extgtai a film of TiG smaller
than 10 atomic layers on which is absorbed a "Cpé€xriges" probably oxalic-oxalate.
This structure constitutes a thin film which prdgec¢he titanium surface from the

formation of a thick oxide film in the potentialnge of 0 to 2 V (SSE).

So, the obtention of a homogeneously rough susfattesmall deep holes using
treatment (Il) and the inexistence of a thick oxldger of the Ti surface gives high
hopes of obtaining an adherent long life B@posit onto titanium which behaviour

could be comparable to that obtained using a THB®,.
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LEGEND OF THE FIGURE
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Figure 1: Photomicrographs of titanium surface. (1a) Norageatitanium. (1b)
Titanium treated with 1M NEHF, (method [). (1c) Titanium treated with methog (Il
without sandblasting. (1d) Titanium fully treat@dh method (II).
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Figure 2: Voltammetric j-E profile for a titanium electroti@ated by method (l). | E
-0.59 V waiting time t=0, 1, 2 and 3 minutes befstating the polarization programme
(see window), v= 50 mV-5 room temperature, electrolyte 1M$0,.
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Figure 3: Voltammetric j-E profile for a titanium electroti®ated by method (1). |E

-0.59 V waiting time t=10 minutes before startirge tpolarization programme (see
window), v = 50 mV ¢, room temperature, electrolyte 1M $0,.
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Figure 4: Voltammetric j-E profile for a titanium electrotieated by method (ll). &
-0.59 V waiting time t=0, 1, 2 and 3 minutes befetarting the sweep, v= 50 mVLs
room temperature, electrolyte 1M,$0,.
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Figure 5. Superposition of voltammetric profiles of titamiuelectrodes treated by
method | and Il. E=-0.59 V vs SCE, v= 50 mV/ls room temperature, electrolyte 1M
HNO;.
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Figure 6: FTIR spectra of titanium surface treated with moet (11) for different times
of oxalic-oxalate chemical attack: (6a) O hou(gb) 0.5 hours. (6c) 2 hours. (6d) 3

hours.
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Figure 7: Voltammetric J-E profile for a titanium electrotie@ated with method (Il). |E
=-0.59 V, v='50 mV 4, room temperature, electrolyte 1M HNO
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Figure 8. Ols spectra of a Ti electrode polarized at dffiempotentials. (8a) non-
polarized electrode. (8b) polarized electroddd93 V. (8c) polarized electrode at 2.34
V and (8d) polarized electrode at E>6 V.
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Figure 9. Ols spectra for titanium surface treated wieh): (nethod (I1). (b) Wabner's
Method.

LEGEND OF THE TABLES

Spectrum O1s BE (eV) Species

529.9 02

9a 531.8 (-CO,2- -OH")
533.5 H,O
529.9 02

9% 532 -CO,2-

530 02

9c 532 -CO,2-
533.9 H,O
529.9 02

a9d 531.6 OH-
533.5 H,O

Table 1 Binding energy values of core electrons.
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