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Among the different coating techniques used to protect
metallic structures against corrosion in an aggressive
environment, chemical vapour deposition and physical vapour
deposition are probably the most popular.1-3

Particularly, titanium compound coatings are widely used to
protect the metallic structures due to their high hardness and
corrosion resistance. However, several studies showed that the
presence of porosity in the TiN coating on active substrate can
generate an amplification of the corrosion phenomena.4-7

Indeed, the presence of pores in the surface and the
penetration of the aggressive agent through these pores lead to
the creation of a “microbattery” leading to a local acidification
process. For that reason, it is necessary in the corrosion
studies of the coating on an active substrate, to take into
account the contribution of the latter.

In this paper we investigate the corrosion properties of
TiNxOy thin film deposited at 700°C by low-pressure metal-
organic chemical vapour deposition (LP-MOCVD) on 316L
stainless steel alloy. At this temperature the phase formed is a
conductrice.2

Experiment

Sample preparation: Before the development of the TiNxOy deposit
316L SS, the sample is polished mechanically and cleaned by
ultrasounds at 70°C through the use of acetone, ethanol and
trichlométhane. The coating is realised at 700°C by low-pressure 
(60 torr) LP-MOCVD, the sample is placed on a graphite support
heated by induction with a radio frequency system. The isopropoxide
of titanium (Ti(OCH(CH3)2)4) is used as the precursor of titanium and
the oxygen. This precursor is in a liquid state at ambient temperature
and at 40°C its vapour pressure is 0.35 torr. It is maintained at 40°C
and is paddled by nitrogen (gas carrier). Ammonia is used as a
nitrogen source. 

The coating thickness is measured by scanning electron
microscopy, observing the transverse section of the sample. For one
hour of deposit at 700°C, the coating thickness is around 250 nm. 

Characterisation methods: The structural characterisation of the
films was carried out by X-ray diffraction performed on a Siemens
D5000 diffractometer using a Cu Kα radiation at 1.54 Å. The coating
composition is determined with the help of a XPS apparatus equipped
by a Riber spectrometer type Mac 2 and the source of X-ray used is
Al Kα radiation (1486.6 eV) with power  300 W. The electrochemical
test was carried out at 37°C, in NaCl solution and the polarisation
behaviour was measured potentiodynamically with a potentiostatic

apparatus (Amel 2049). All potential values are given versus a
saturated calomel electrode (SCE). The scanning rate was 1mV/s.
The polarisation was changed from –1.2 V. Before measurements, the
corrosion potential Ecor was monitored for 1h.

Results and discussion

The coating composition analysis by photoelectron spectroscopy: The
XPS analysis has been realised after ionic bombardment in order to
eliminate the contamination layer. Fig. 1 presents an XPS
(photoelectron spectroscopy) spectra obtained before (Fig. 1a) and
after ionic bombardment (Fig. 1b). The analysis of the initial surface
state shows the presence of the titanium, the oxygen, nitrogen and
carbon atoms of contamination. After five minutes of ionic
bombardment, the disappearance of the carbon peack 1s, and the
persistence of the characteristic peaks of the titanium, nitrogen and
oxygen is observed.

In order to determine the nature of the chemical species as well as
their concentration, we have recorded regions of the corresponding
spectra of Ti2p, O1s and N1s with a resolution of 1.2 eV. The
background was removed by a Shirley routine and desummations of
spectra were done by fitting with a mixed Gaussian–Lorentzian
function. The Lorentzian on Gaussian ratio was maintained constant
at a value of 0.2 in all desummations. The Ti2p spectrum presented in
Fig. 2, reveals two contributions. The main one, located at 455.2 eV
for Ti2p3/2 is due to the TiNxOy phase. The second one, at 457.6 eV,
can be related to a loss peak.8-11

The O1s line contains two components (Fig. 3). The main one at
531 eV corresponds to oxygen in the TiNxOy phase, while the
contribution at 533.4 eV is assigned to the O–N bond.12
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Fig. 1 XPS spectra of coating before (a) and after (b) Ar+
bombardment.
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As for oxygen; the N1s spectrum (Fig. 4) contains two contributions.
The main contribution at 397.1 eV corresponds to nitrogen in the
TiNxOy phase, and the contribution at 399.5 eV is assigned to the
N–O bond.12

Finally, the concentrations of the elements present in the coating
were calculated from the XPS peaks by taking into account sensitivity
factors. The values of these factors are 1.8 for Ti2p, 0.42 for N1s and
0.66 for O1s. Under these conditions the composition of the coating
is: TiN0.8O0.4.

X-ray diffraction: The analysis of the film by X-ray diffraction
(XRD) reveals the presence of only one crystalline phase of rock salt
structure corresponding to TiN. Moreover, a shift of the XRD lines
towards higher angles compared with JCPDS TiN data indicates a
lattice parameter of 0.422 nm, which is smaller than that of pure TiN

(0.424 nm). This difference can be explained by substitution of
nitrogen atoms for oxygen in the anionic sub-lattice.

Scanning electron microscopy: Observation on the deposit by
scanning electron microscopy shows that the surface presents a
certain roughness with some fissure (Fig. 5).

Electrochemical study: Corrosion potential measurement: The
corrosion potential Ecorr versus time curves, obtained respectively on
the coated and on the uncoated samples by open circuit measurements
are shown in Fig. 6. The uncoated sample curve shows that the
potential increases with time from the initial potential of –302
mV/SCE to –179 mV/SCE after 10 minutes immersion. This result
indicates that the passive layers of oxides or hydroxides which are
formed on the surface, protect it against corrosion.

On the other hand, the coated sample curve shows that the potential
decreases with time, from the initial potential of +100 mV/SCE to
–100 mV/SCE. These evolutions indicate that the corrosion potential
of the coated sample reaches the potential of the uncoated one after a
long immersion time. Indeed, after 10 days of immersion, the
potential value is near –133 mV/SCE, close to the uncoated corrosion
potential (–115 mV/SCE) obtained after the same period of time.
Such a behaviour can be explained by the fact that the coating
contains pores and thus is not tight.

Intensity–potential curves: In order to study the corrosion
resistance of coated and uncoated samples we have drawn the
intensity–potential curves.

Fig. 7 represents the polarisation curves obtained for coated and
uncoated samples in aerated aqueous NaCl solution (9g/l). One
notices, that the cathodic current is nearly identical for both samples.
According to the shape of the cathodic polarisation curve the kinetics
of corrosion is controlled by the concentration of the oxygen in the
solution. On the other hand, the analysis of the anodic polarisation
curve shows that anodic dissolution is substantial near the corrosion
potential for the coated sample. Under the same conditions, the
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Fig. 2 XPS spectra of Ti2p line. 

450455460465

T i 2 p 
 3 / 2

B i n d i n g   e n e r g y ( e V )

u.
 a

.

Fig. 3 XPS spectra of O1s line. 
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Fig. 4 XPS spectra of N1s line. 
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Fig. 5 SEM image of coating.

Fig. 6 Corrosion potential versus time of coated and
uncoated samples.
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uncoated sample presents a passivation domain with a breakdown
potential of 120 mV/SCE, followed by a pitting corrosion region. It
results that the uncoated sample presents a better corrosion resistance
than the coated one due to the passivation of the stainless steel surface
which disappears in the case of the coated sample.

As it has shown in different investigations, the corrosion process of
a TiN/active substrate system is controlled by the penetration of the
aggressive agent through the defects in the deposit and its diffusion
along the interface coating/substrate. Indeed, chloride ion has a rather
large atomic radius and is weakly solvated and can therefore be
adsorbed on the metallic surface. It inhibits the process of passivation
responsible for the corrosion resistance. Besides, the presence of
defects in the coating is the origin of crevice corrosion leading to the
local acidification and consequently to an increase of the anodic
current.

This observation is substantiated by other studies13,14 which
demonstrated the aggressive role of the Cl- ions towards the stainless
steels in various solution. It has been shown by Nassif15 that the
addition of the Cl- ions in the phosphoric acid solution affects the
passivity layer and induce the formation of crevice on steel
14Cr–14Ni following by the penetration of Cl- through the pores or
through the structures defects.

A cathodic polarisation with some milivolts (± 15 mVs) around the
corrosion potential is sufficient to determine the polarisation
resistance.

The polarisation resistance corresponding to each of samples is:
Rp=16.66 kΩ.cm-2 for the 316L SS sample. Rp=11.23 kΩ.cm-2 for

the TiN0.8O0.4 /316L SS sample. According to these values, one can
say that the polarisation resistance of uncoated sample is heightened
than the coating sample. 

Conclusion

Titanium oxinitride thin film with a thickness of 250 nm is
obtained at 700 °C by the LP-MOCVD method. Analyses by
XPS and XRD show that the composition of the deposit is
TiN0.8O0.4 with a TiN structure. The morphological
observation of the deposit by SEM, shows that the surface is
rough with the presence of some fissures. Furthermore,
electrochemical study of samples in Ringer’s solution (9g/l of
NaCl) at 37°C, demonstrated the role played by the surface
state and deposit imperfections on the corrosion acceleration.
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Fig. 7 Intensity–potential curves of coated and uncoated
samples.
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