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Abstract

A new atmospheric pressure plasma electrolytic deposition process has been developed for the production of crystalline titanium dioxide films
on metal substrates. The process occurs in a liquid precursor composed of titanium tetraisopropoxide and absolute ethanol. A plasma discharge is
created and confined around the cathode in a superheated vapour sheath surrounded by the liquid phase, inducing the production of a nano-
crystalline TiO2 coating at the surface of the cathode. The analysis of the structure and composition of these TiO2 coatings have been carried out
by Scanning Electron Microscopy, Transmission Electron Microscopy, Raman and X-Ray Photoelectron Spectroscopies and X-Ray Diffraction.
The produced crystalline titanium dioxide coatings are very adherent to the substrate and present a dendritic-like structure. We have moreover
demonstrated that it is possible to adjust easily its composition by a post-processing calcination. Such characteristics make these films very
interesting for photocatalysis, solar cells and gas sensing applications, and promise therefore some useful industrial benefits.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Titanium dioxide has received a great deal of attention due to
its advantageous physical properties. Its high refractive index
makes this material very useful for anti-reflection coating in
solar cells. Its high dielectric constant, wide band-gap and high
electron mobility are moreover very attractive for dye-sensitized
solar cells and photo-catalysis applications [1–3]. This material
can also be used in gas sensor technology [4,5].

Titanium dioxide coatings can be produced using various
methods such as sol-gel coating [6–8], thermal CVD [9–11] and
plasma enhanced CVD (PECVD) [12,13]. Titanium tetraisoprop-
oxide has been used very often as a precursor in the vapor state for
TiO2 coating.Most of these deposition processes are carried out at
low pressure, requiring sometimes an oxygen source, and making
therefore these methods quite expensive. Moreover the treatment
time of these processes can reach several hours, further increasing
the production cost of the coating.

A new cathodic plasma electrolytic deposition method has
been developed allowing, at atmospheric pressure and in a few
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minutes, the production of nano-structured TiO2 films with ex-
cellent adhesion. This process combines galvanic processes and
plasma-chemical phenomena. Unlike other plasma deposition
techniques, the process occurs in liquid precursors and the plasma
is confined to the cathode in a superheated vapour sheath sur-
rounded by the liquid phase.

In the current paper, we have investigated the structure,
morphology and composition of the titanium dioxide coatings
by Secondary Electron Microscopy (SEM), X-Ray diffraction
(XRD), Raman spectroscopy, X-Ray Photoelectron Spectros-
copy (XPS) and Transmission Electron Microscopy (TEM).
These characteristics have been studied as a function of the
treatment time and injected electric power. The TiO2 coatings
have been submitted to a post-treatment annealing process in
order to study the evolution of the composition and crystallinity
of the coatings with the calcination temperature.

2. The experimental set-up

The basic principle of the plasma electrolytic deposition system
is to apply a high voltage between two electrodes immersed in a
liquid electrolytic solution. The surface area of the cathode being
much lower than that of the anode (Acathode /Aanode≈0.08), the
SCT-12437; No of Pages 10
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electric field is higher near the cathode inducing a strong Joule
heating in the vicinity of this electrode which triggers the formation
of a vapour sheath around the cathode. As the electric conductivity
of this vapour sheath ismuch lower than the electric conductivity of
the liquid solution, the voltage drop occurs primarily within the
vapour sheath, inducing a strong electric field within the separated
bubbles. If the applied voltage is sufficiently high, the electric field
within the bubbles will cause the electrical breakdown of the gas
and the initiation of a plasma glow discharge within the bubble. As
the voltage increases the plasma discharge stretches all along the
surface to cover the entire cathode at a given voltage depending on
the composition and electric resistance of the solution. The physical
characteristics of the plasma discharge are presented in reference
[14]. These glow discharges induce the dissociation of the
vaporised electrolyte and the formation of a continuous coating
on the cathode.

The plasma electrolytic reactor is composed of a jacketed glass
vessel with an inner volume of 1 dm3 (Fig. 1). This vessel is cooled
by a water flow in order to control and adjust the temperature of
the liquid solution. A set of electrodes is maintained within the
Fig. 1. Scheme of the plasma reactor. 1: Cathode support, 2: Anode, 3: Jacketed
glass vessel, 4: Water inlet, 5: Teflon shield, 6: Solution addition, 7: Thermometer,
8: Solution sampling system, 9: Gas exhaust, 10: Treated Cathode.

Fig. 2. Raman spectra of the titanium dioxide coatings produced at 1000 V for
300 s with a solution composed of TTIP (40%), ethanol (58.8%) and HCl (0.2%),
as-deposited and calcinated at 623 K, 773 K, 973 K and 1173 K (A: Anatase,
R: Rutile).
liquid solution by two copper and stainless steel supports which
also allow connection to the electrical power supply. The length of
the centred cathode is adjusted at 10 mm using a 100 mm long
PTFE shield. The cathode is a 3.1 mm diameter Cu metallic rod.
The surrounding anode is a 40 mm inner diameter cylinder
composed of graphite to avoid any oxidation of the anode and any
metallic deposition of anodic element on the cathode. This plasma
reactor operates at 105 Pa and is blanketed by a continuous flow of
nitrogen to avoid any flames or explosion within the glass vessel.
The reactor is powered by a DC power supply (Bertran 105-02R)
with a maximum voltage of 2000 V, a maximum power output of
1 kW and a maximum current of 500 mA.

Titanium tetraisopropoxide (TTIP, Ti(OC3H7)4, Sigma–
Aldrich, 97%) was used as precursor for the production of TiO2

films. The TTIP solution was distilled and stored under nitrogen.
100 cm3 of TTIP was added to 150 cm3 of absolute ethanol and
0.1 to 1.5 cm3 of hydrochloric acid (HCl) (concentration: 31.5%
w/w). The function of hydrochloric acid is mainly to adjust the
electric current in the liquid phase. The cathode was treated in the
plasma reactor for 30 to 300 s at a maximum voltage varying from
650 to 1200 V, depending on the liquid composition. The current
density during the plasma treatment is around 330 mA cm−2. The
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resulting TiO2 coatings were annealed at atmospheric pressure in
air for 1 day at 623 K, 773 K, 973 K or 1173 K.

3. The analytical tools

The composition and crystallinity of the TiO2 samples were
studied by XRD, Raman spectroscopy, TEM and XPS. Visible
Raman spectra were measured using a Renishaw InVia Raman
microprobe spectrometer equipped with laser excitation at
532 nm (20 mWat the sample) and a 50× microscope objective.
X-ray diffraction patterns were collected using a Philips X'pert
wide angle X-ray diffractometer, operating in step scan mode,
with Cu Kα radiation (1.54052 Å). Patterns were collected in
Fig. 3. X-Ray diffraction spectra of the titanium dioxide coatings produced at 1000 V
(0.2%), as-deposited and calcinated at 623 K, 773 K, 973 K and 1173 K (A: Anata
the range 3–90° 2θ with a step size of 0.02° and a rate of 30 s/
step. The samples were scanned using an X-ray beam at a
grazing incidence of 1°.

The crystallite size L in the coatings can be determined from
the full width at half maximum β of the corresponding peaks,
using Sherrer's formula [15]:

L ¼ K:k
b:cosh

ð1Þ

where λ is the wavelength of the X-ray radiation, K is a constant
value taken as a default value of 0.89, and θ the X-ray dif-
fraction angle of the corresponding peak.
for 300 s with a solution composed of TTIP (40%), ethanol (58.8%) and HCl
se, R: Rutile, Ti2: Ti2O3, Ti3: Ti3O5, Cu1: CuO, Cu2: Cu2O).



Table 1
Rutile content in the TiO2 phase and crystallite size (anatase and rutile) for the
as-deposited and calcinated titanium dioxide coatings

Samples Rutile/
(rutile+anatase) %

Crystallite size (nm)

Anatase Rutile

As-deposited 38 30 39

Calcinated 623 K 33 27 23.5
773 K 43 36.5 42.5
973 K 71 57 51.5
1173 K 99 – 82
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The rutile to (rutile+anatase) ratio can be calculated from the
intensities of the anatase and rutile peaks, by the relation [15]:

x ¼ 1−0:8
IA
IR

� �−1

ð2Þ

where x is the weight fraction of rutile, and IA and IR the
integrated X-ray intensities of the (101) reflection peak of
anatase at 2θ=25.4° and the (110) reflection peak of rutile at
2θ=27.5°.

TEM pictures were obtained with a Phillips CM200 TEM
operated at 200 kV. In this case, the films were removed from
the substrate and deposited in an ethanol suspension on a carbon
film coated grid. XPS data were acquired using a Kratos Axis
ULTRA X-ray Photoelectron Spectrometer incorporating a
165 mm hemispherical electron energy analyser. The incident
radiation was Monochromatic Al X-rays (1486.6 eV) at 150 W
(15 kV, 10 mA). Survey (wide) scans were taken at an analyser
pass energy of 160 eV and multiplex (narrow) high resolution
scans at 20 eV. The morphology of the TiO2 coatings has been
studied by SEM using a FEI Quanta 200 Environmental SEM.
Surface analysis was carried out on the films without further
preparation.
Fig. 4. Full XPS spectrum of the
4. Experimental results

4.1. Film structure and composition

The coatings presented in this section have been produced
using a solution of TTIP (40% vol.), ethanol (58.8% vol.) and
HCl (0.2% vol.) which was treated for 300 s at 1000 V (ramp
rate: 50 V s−1). In this configuration, the average current den-
sity is equal to 330 mA cm−2.

The structure and composition of the deposited films have
been analysed byRaman spectroscopy, XRD,XPS and TEM.The
analysis by Raman spectroscopy reveals that the as-deposited
coating is composed of a mixture of anatase and rutile (TiO2) and
graphitic carbon (Fig. 2). This coating exhibits 5 Raman peaks at
152, 199, 390, 504 and 626 cm−1, corresponding to the anatase
vibration modes: Eg, Eg, B1g, A1g+B1g and Eg [16–18]. Two
shoulders present at 420 and 803 cm−1 correspond to the Eg and
B1g modes of the rutile phase, respectively. Two other peaks
located at 1327 and 1598 cm−1 are attributed to graphitic carbon.
Carbon can come from the propyl groups of the TTIP or from the
ethanol solvent. For an annealing temperature above 623 K, we
can see, from the development of 3 other peaks at around 442, 607
and 803 cm−1 that anatase is gradually converted into rutile.
These three last peaks correspond indeed to the vibrational modes
of rutile: Eg, A1g and B1g [16–18]. A small broad multiple peak at
230 cm−1, especially conspicuous above 773K, is due to a second
order process in rutile vibrational modes [19]. We can moreover
notice that the Raman intensity of graphitic carbon decreases
significantly once the coating is submitted to a calcination pro-
cess. The carbon phase present initially in the coating is therefore
rapidly oxidised by the thermal treatment in air. The fact that
titanium dioxide is in the form of anatase and rutile in the films
indicates that these oxide coatings have been produced during the
process by the plasma discharge and not by oxidation in air after
the plasma treatment which would lead to an amorphous titanium
as-deposited TiO2 coating.



Table 2
Evolution of the relative molecular concentration of TiO2 and C for each sample,
evaluated by XPS

As-deposited Annealed

623 K 773 K 973 K 1173 K

TiO2 (%) 83 83.6 91.6 93.1 93
C (%) 17 16.4 8.4 6.9 7

5T. Paulmier et al. / Surface & Coatings Technology xx (2006) xxx–xxx

ARTICLE IN PRESS
dioxide coating. In our case, the only high temperature source is
the plasma discharge. Titanium dioxide is therefore produced
within the plasma discharge, converted in anatase and rutile and
deposited at the surface of the cathode.

The X-Ray diffraction reveals a more complicated compo-
sition. As we can see in Fig. 3, the crystalline phase of the as-
deposited coating is composed of anatase, rutile, Ti2O3 and
Ti3O5. These two last by-products are certainly the result of the
reduction at the vicinity of the cathode of TiO2 formed in the gas
phase by the plasma discharge. This reduction can be activated
by some reactive organic radicals that may have a greater
Fig. 5. High resolution analysis for the as-deposited coating of: (a) O 1s peak,
(b) Ti 2p peak and (c) C 1s peak.
affinity for oxygen than TiO2. It can also be explained by the
reaction of TiO2 with hydrogen produced close to the cathode
[20,21]:

2TiO2 þ H2YTi2O3 þ H2O
3TiO2 þ H2YTi3O5 þ H2O

�
ð3Þ

In the calcinated coatings (Fig. 3), we observed that Ti2O3

and Ti3O5 gradually vanish, converted to anatase or rutile
phases. Ti3O5 and Ti2O3 are indeed only stable in the respective
temperature ranges 473–603 K and 473–673 K. For tempera-
tures above 773 K, the titanium dioxide is then only composed
of anatase and rutile phases. We can observe, as well, the
presence of CuO and Cu2O phases in the calcinated films,
coming from the oxidation of the copper substrate.

Table 1 shows the evolution of the crystallite size calculated
with the Sherrer's formula for anatase and rutile and the rutile to
(rutile+anatase) ratio, calculated with relation (2), in the as-
deposited and calcinated coatings. The as-deposited coating is
composed of 38% of rutile phase in respect to (rutile+anatase)
fraction of the coating which demonstrates that the temperature
of the plasma discharge is high enough to convert a significant
Fig. 6. TEM picture of the titanium dioxide coatings produced at 1000 V for
300 s with a solution composed of TTIP (40%), ethanol (58.8%) and HCl (0.2%)
and calcinated at 623 K.



Fig. 7. SEM picture (magnification: ×4000) of the titanium dioxide coatings pro-
duced at 1000 V for 300 s with a solution composed of TTIP (40%), ethanol (58.8%)
and HCl (0.2%). (a) as-deposited, (b) calcinated at 623 K, (c) calcinated at 973 K.
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proportion of anatase to rutile. As we increase the temperature
above 623 K, anatase is rapidly converted to rutile, leading to a
coating composed of 99% of rutile in TiO2 phase at 1173 K.
From these measurements, we can deduce that the plasma
temperature is lower than 773 K. Otherwise the post-heat
treatment should not have a significant effect on the structure of
the coating.

The average crystallite size of the anatase and rutile phases in
the as-deposited films is respectively 30 and 39 nm. It increases
significantly after the annealing treatment above 623 K to reach
82 nm at 1173K for the rutile coating.We can notice a decrease of
the crystallite size between the as-deposited coating and the film
calcinated at 623 K. This may be explained by the fact that a
rearrangement of titanium and oxygen atoms within the anatase
phase occurs at this temperature level. Rutile nucleation and
growth from anatase grain requires a minimum breaking of Ti–O
bonds. At 623 K, we could be in an intermediate state where this
breaking process leads to a decrease of the crystalline phase. The
transformation involves an overall contraction or shrinking of the
oxygen structure which can induce a decrease of the grains. Rutile
is still quite unstable at this level which can explain the slight
decrease (5%) of rutile ratio observed at 623 K. Peak broadening
associated with the nucleation of rutile phase within the anatase
grain could also explain the underestimation of rutile content at
623 K. As we will see further in the SEM analysis, the TiO2

coatings are very dense: the treatment at higher temperature tends
then to trigger the fusion of adjacent crystallites, increasing
consequently the size of the crystallites above 623 K.

The XPS measurements show that all the samples are
composed of Ti, O and C. Fig. 4 presents the full XPS spectrum
for the as-deposited sample. The four main peaks easily
identified at 530 eV (FWHM: 1.17 eV), 464.3 eV (FWHM:
2.21 eV), 458.7 eV (FWHM: 1.12 eV) and 283 eV (FWHM:
2.15 eV) corresponds respectively to the electronic band O 1s,
Ti 2p1/2, Ti 2p3/2 and C 1s. The shape of the Ti 2p is similar for
the as-deposited and annealed samples and is assigned to Ti4+

2p1/2 and 2p3/2, bonded to oxygen in a titanium dioxide phase
[22,23]. The XPS spectra have then been realigned using the
theoretical position of Ti 2p1/2 in TiO2 at 458.7 eV to take into
account the possible charging effect and get the real binding
energies. The charging effect has been calculated from this
peak: it is equal to 2.1 eV in the three different analysed films.
Fig. 5 presents the high resolution deconvoluted peaks for Ti
2p, O 1s and C 1s. Titanium is therefore present in the coating
mainly in the form of titanium dioxide, even in the as-
deposited film. Moreover, the position of the O 1s peak at
530 eV can be assigned to TiO2 phase. We can as well identify
some oxygen bonded to carbon by the presence of another O 1s
peak located at 531.1 eV (FWHM: 1.21 eV). This peak has
been assigned to carbonyl group (C=O) [24]. A third peak
located at 532.2 eV (FWHM: 1.6 eV) can be attributed to
carboxyl groups (O–C=O) [25]. The observation can be
completed by the deconvolution of the C 1s peak into 6 main
peaks, located at 284.1 eV, 285.2 eV, 286 eV, 287 eV, 288 eV,
289.5 eV, which can be assigned respectively to graphite at
284.1 eV [26–29], disordered graphite or hybridized sp3

carbon at 285.2 eV [26–29], hydroxyl group (C–OH), ether
group (C–OR) or polymer-like carbon at 286 and 287 eV
[27,28,30,31], carbonyl groups (C = O) at 288 eV
[27,28,30,31] and carboxyl groups (O–C=O) at 289.5 eV



Fig. 8. SEM picture of the cross section of the as-deposited titanium dioxide
coating produced at 1000 V for 300 s with a solution composed of TTIP (40%),
ethanol (58.8%) and HCl (0.2%).

Fig. 9. SEM picture at high magnification (×4000) of the cross section of
titanium dioxide coating produced at 1000 V for 300 s with a solution composed
of TTIP (40%), ethanol (58.8%) and HCl (0.2%).

Fig. 10. SEM pictures of the titanium dioxide coatings produced at 1000 V with a solution composed of TTIP (40%), ethanol (58.8%) and HCl (0.2%) for : (a) 30’’,
(b) 60’’, (c) 120 ‘’, and (d) 300 ‘’.
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[27,28,30,31]. These peaks have been observed in all samples.
They have already been detected in a previous study [32] and
are due to the dissociation of ethanol by the plasma electrolytic
discharge. No peak from carbon bonded to titanium, usually
Fig. 11. SEM pictures (×2000) of the as-deposited titanium dioxide coatings
produced at: (a) 218 W, (b) 274 W and (c) 338 W.

Fig. 12. High magnification (×30,000) SEM picture of the coating produced at
218 W.
present at 281.8 eV (titanium carbide TiC) and 282.6 eV
(titanium subcarbide) [24,26] have been detected.

From the areas of the different XPS peaks, we have been able
to evaluate the relative concentration of TiO2 and carbon in each
sample. The results are summarised in Table 2. We can then
notice that the carbon concentration decreases gradually when
the post-treatment temperature increases, up to 7% at 973 and
1173 K.

The samples, removed from their substrate, have been ana-
lysed as powders by TEM. The pictures reveal that the coatings
are composed of TiO2 crystalline nano-particules. Fig. 6 presents
the TEM picture for the sample calcinated at 623 K. The particle
size ranges from 3 nm to 30 nm, with an average of approximately
25 nm which is in a good agreement with the calculation carried
out by X-Ray diffraction. We have noticed by TEM analysis that
the films are very dense. The form of the nano-particles is similar
to the shape of grains produced by epitaxy. The films are therefore
Fig. 13. High magnification (×16,000) SEM picture of the coating produced at
274 W.
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made by the build-up and fusion of numerous crystallites with
different size and shape.

4.2. Microstructure of the films

The characterisation of the TiO2 coatings by SEM shows a
surface presenting a large specific area with a large quantity of
entangled grooves and cavities. Fig. 7 presents the morphology
of the as-deposited film and the film treated at 623 K and 973 K.
These films present a high open porosity and their morphology
is not strongly altered by the heat treatment. As seen from the
cross-section of the as-deposited sample (Fig. 8), the thickness
of TiO2 coating deposited for 300 s at 1000 V with a solution
composed of TTIP (40%), ethanol (58.8%) and HCl (0.2%) is
around 700 μm. The deposition rate in this case is therefore very
large, equal to 2.3 μm s−1. These coating have a large distri-
bution of closed micro-pores whose diameter varies from 5 to
100 μm. The observation of the cross section at high magnifi-
cation (Fig. 9) clearly shows, as deduced from the TEM mea-
surements, that the films are the results of the fusion and
accumulation of nano-crystallites at the surface of the substrate.

4.3. Influence of the operating parameters

In order to understand more thoroughly the deposition
mechanisms, we have studied the influence of the treatment
time, the electric power injected in the system and the applied
voltage on the micro-structure of the films. Fig. 10 shows the
morphology of coatings deposited with the solution described
above at 1000 V for 30, 60, 120 and 300 s. The morphology is
drastically altered with the treatment time. For duration lower
than 120 s, the coatings are inhomogeneous, with the presence
of lot of cracks through which we can see the copper substrate.
At 120 s, the micro-structure of the titania coating is typical of a
dendritic-like structure. The coating is composed of a build-up
of micro-particles, i.e. a cluster of nano-crystallites, inducing a
Fig. 14. Raman spectra of the as-deposited titanium diox
highly porous structure. This structure presents therefore a high
specific surface area, larger than the coating produced after
300 s.

The influence of injected electric power on the structure and
morphology of the films has also been studied by varying the
electric resistance of the liquid solution. This resistance has
been adjusted by the concentration of hydrochloric acid present
in the solution. This concentration ranges from 0.2% to 0.6%
in volume: these changes have basically no effect on the
chemistry of the solution but will affect significantly the
resistance of the liquid solution. As the liquid phase acts as a
resistive element in the plasma system, adjusting the resistance
of the precursor allows the control of the power delivered to the
system (liquid phase+gas phase). In these experiments, we
have adjusted the voltage, for each HCl concentration, to keep
up a density equal to 330 mA cm−2. We have then worked at
three different injected powers: 218 W, 274 W and 338 W. The
coatings have been deposited for 300 s. Fig. 11a, b and c
present the morphology of the as-deposited coatings produced
at these three different powers. The micro-structure of these
three coatings is drastically different: the films get denser,
thicker and more homogeneous with the increasing discharge
power. At 218 W, the coating is inhomogeneous with the
presence of numerous cracks though which the substrate is
visible (Fig. 12). This film seems to present a columnar
structure noticeable through the cross section of the sample in
Fig. 12. At 274 W, the coating presents a dendritic micro-
structure with much larger porosity and surface area than the
deposit produced at 338 W. The observation at high
magnification of this film (Fig. 13) clearly reveals that it is
composed of nano-crystallites melted together.

Fig. 14 presents the Raman spectra of the as-deposited
coatings produced at 218, 274 and 338 W. We can then notice
that the three samples are composed of anatase TiO2. A small
amount of rutile is also observed in the three samples through
the shoulders present at around 230, 442 and 607 cm−1.
ide coatings produced at 218 W, 274 W and 338 W.
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The injected power has therefore a significant influence on the
morphology of the deposited coatings. Increasing the power must
enhance the power injected in the discharge itself. As we raise the
discharge power, we enhance the energy gained by electrons and
ions within the plasma. This energy is then transferred to atoms
and molecules of the surrounding gas, leading then to an increase
of the dissociation and nucleation rate and of the surface mobility
of the adsorbed species. We get then much thicker and denser
coating with the power rise. The difference in density is especially
seen between the films deposited at 274 and 338W. However, the
temperature is not increased significantly since, in the three tests,
the anatase/rutile ratio keeps up the same level.We are then able to
modify the microstructure of the coating without changing dras-
tically their phase composition.

5. Conclusion

The newly developed cathodic plasma electrolytic deposi-
tion process allows the rapid production at atmospheric pressure
of thick, continuous and adherent titanium dioxide films. These
coatings are mainly composed of nano-crystallites of anatase,
rutile and graphitic carbon and present a complex microstruc-
ture which varies drastically with the treatment time and the
electric power injected in the system. Lower titanium oxides,
such as Ti2O3 and Ti3O5, are present as well in the as-deposited
coating. They can easily be entirely converted to anatase and
rutile phases by annealing the samples in air at temperature
higher than 773 K. The micro-structure of the deposited coating
is dendritic in nature and results from the build-up of nano-
crystallites of titanium dioxide produced from the dissociation
of titanium tetraisopropoxide by the plasma discharge and
deposited at the surface of the cathode. We have been able in
this study to demonstrate that this process is very flexible
allowing the production of different structures by varying the
operating parameters. The initiation of the plasma discharge is
essential for the deposition of titanium dioxide film. No TiO2

deposits have indeed been observed in the absence of the
plasma discharge. Its function is to decompose the vaporised
solution into TiO2 particles and to create the high temperatures
needed to convert the deposited coating into a crystalline
adherent one. A post-treatment calcination between 773 and
1173 K enables adjustment of the crystallite size and the relative
concentrations of rutile and anatase. This thermal treatment is
moreover very useful to oxidise the carbon phase initially
present in the as-deposited film.

The physical characteristics of these titanium dioxide coatings
(anatase/rutile composition, large surface area, good adherence)
make these films very interesting for possible application in
photocatalysis, solar cells or gas sensing. Due to the high de-
position kinetics and the operation at atmospheric pressure with-
out any extra supply of oxygen, this plasma process is very cheap
compared with other conventional deposition techniques and is
therefore very promising industrially.

Coupled with the characterisation results carried out on the
TiO2 coatings, a further comprehensive analysis on the plasma
discharge, the liquid and gas phases is however necessary to get
a clear knowledge on the dissociation and deposition mechan-
isms leading to the formation of a titanium dioxide film on the
cathode. We will then be able to build a reaction model and
control more easily the properties of the deposited coatings.
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