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Abstract: TiCN films were deposited on AISI 304 stainless steel substrate by combining multi-arc ion plating and magnetron

sputtering technique with ionizing titanium and graphite targets in an Ar+N, mixture gas. The effect of duty ratio on the

microstructure and corrosion resistance of TiCN films in a NaCl 3.5 wt% solution was investigated. The results show that the

as-deposited films exhibit smooth, uniform and dense morphologies, mainly forming a fcc-TiN type structure with Ti-(C, N) bond as

well a as few a-CN,, and present (111) preferred orientation with the increase of duty ratio. TiCN films display a better resistance to

corrosion than the bare substrate; as the duty ratio increases, the corrosion resistance is enhanced gradually. When the duty ratio is

40%, the TiCN film shows the optimal corrosion resistance with a corrosion current density (icorr) of 3.262 X 107 A-cm?and a

polarization resistance (R,) of 238.4 kQ-em?. Electrochemical impedance spectroscopy (EIS) of the films also indicates that the

penetration behavior of corrosive ions and the local corrosion process are two key factors affecting the electrode corrosion reaction

kinetics process, which is consistent with the polarization curves analyses.
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Recently, TiCN films, as a mixture solid solution of TiC
and TiN, are increasingly applied to the industrial, medical
and decorated fields, in particular the application of tools
and components, due to their increased hardness, good
toughness, low friction, excellent chemical stability,
corrosion resistance and biocompatibility properties!'™!.
Multi-arc ion plating and magnetron sputtering technique
are two common physical vapor deposition (PVD) methods
used for preparing TiCN films owing to their advantages of
fast deposition rate, easily controlled deposition process
and the improved film quality™*’
plating may cause serious macroparticles pollution as well

. However, multi-arc ion

as obtaining poor film morphology. And magnetron

sputtering technique performs the lower deposition

efficiency and decreased adhesion force of the film as a
result of the lower deposition energy. Additionally, taking
both merits in preparing TiCN films into account, the effect

of deposition process on the microstructure and properties

of TiCN films has been studied, such as bias Voltage[‘””,

(8]

substrate temperature”’, duty ratio and discharge
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pressure”'". Among these parameters, the duty ratio, as an
important parameter of pulsed bias power, strongly
influences the microstructure of TiCN films, such as surface
morphology, deposition rate, growth orientation and film’s
density, and also further affects the film’s comprehensive
properties. Cheng et al”’ proposed that the increasing duty
ratio of pulsed bias improved the surface morphology of
TiCN coatings since the quantity of macroparticles is
reduced, which presented (111) preferred orientation
obviously. As pointed in the literature!''""*! the chemical
composition, microstructure and corrosion resistance
performance of coatings are always interrelated each other
and dependent on the deposition process and conditions.
However, the effect of duty ratio on the microstructure and
corrosion resistance of TiCN films and the relevance
between the defects and electrochemical behavior of the
films have rarely been studied.

In this paper, different duty ratios were applied to
depositing TiCN films using multi-arc target (pure titanium)
and sputtering target (pure graphite) that were controlled
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independently and co-ionized in an Ar+N, mixture gas. This
can improve the deposition rate and the film quality, and
greatly reduce the pollution of the internal structure of
coating reported in Ref.[15,16]. The
microstructure of TiCN films was analyzed by X-ray
diffraction (XRD), scanning electron microscopy (SEM) in
combination with X-ray photoelectron spectroscopy (XPS),
and the corrosion resistance of as-deposited films was

chamber, as

investigated in a NaCl 3.5 wt% solution through
spectroscopy  (EIS) and
polarization curves tests. After that, the effect of duty ratio

electrochemical impedance
on the microstructure and corrosion resistance of TiCN
films in a NaCl 3.5 wt% solution was also discussed.

1 Experiment

TiCN films were deposited on AISI 304 stainless steel
(SS304) substrates on a reactive ion plating system. The
specimens (20 mm X 15 mm X2 mm) were degreased with
acetone and ultrasonically cleaned in alcohol solution and
deionuzed water in an ultrasonic cleaner system for 15 min.
Prior to depositing TiCN films, SS304 substrates were
further cleaned with Ar’ plasma at a direct-current bias
voltage of -800 V and an argon pressure of 0.6 Pa for 3 min,
and then TiCN films were deposited via co-ionizing pure
titanium and graphite targets with a mixture gas of Ar+N,.
A 1:5 flow rate of Ar:N, was maintained by two gas flow
controllers attached to the ion plating system. The duty
ratio was adjusted from 30% to 60% and other detailed
parameters are listed in Table 1. The deposition temperature
of all specimens was 200 °C and the distance between
targets and the substrate holder was 20 cm. In order to
enhance the adhesion strength of the film-substrate, a pure
titanium layer of ~0.2 um in thickness was deposited onto
the substrate by sputtering the high-energy Ti' for 5 min in
advance.

The XRD patterns of TiCN films were identified with
grazing angle X-ray diffraction (XRD-6100) using Cu Ko
radiation (1=0.154 056 nm). The field emission scanning
electron microscopy (FE-SEM, FEG Quanta 250) at the
accelerating voltage of 10 kV was used to observe the
surface and cross-section morphologies of films, and their
thickness were measured with a surface profiler (XP-2) at
+0.1 pm accuracy. Supplementary details of experimental
operating procedures can be found elsewhere!”'®. The
chemical composition and XPS spectra of films were
obtained by X-ray photoelectron spectroscopy (PE,
PHI-5400) using an Al Ko X-ray source which was
operated at 14 kV and 18 mA.

The corrosion behavior of TiCN films was investigated in
a NaCl 3.5wt% solution using an electrochemical
workstation (Parstat 2273). Each TiCN-coated sample was
enveloped and sealed by epoxy with 1 cmX 1 cm exposing
area. The electrochemical tests were performed using a

Table 1 Experiment conditions for the deposition of TICN

films

Deposition parameters Numerical value

Arc target voltage/V 25
Arc target current/A 50
Arc target Pure Ti metal (99.9%)
Voltage of sputtering target/V 500
Current of sputtering target/A 0.02
Magnetron sputtering target Pure graphite (99.9%)
Pulse bias voltage/V -300
Bias power frequency/kHz 40
Deposition pressure/Pa 0.6
Deposition time/min 60

standard three electrolytic cell including coated specimens
working electrode, an saturated calomel reference electrode
and Pt foil counter electrode. Prior to each measurement, all
specimens were immersed in a NaCl 3.5wt% solution for 1
h to obtain a stable open circuit potential by the OCP
measurement. The electrochemical impedance spectroscopy
was immediately carried out at OCP with an AC sinusoidal
excitation signal of 10 mV over frequency range from 1
MHz to 10 mHz and EIS results were given in the form of
Nyquist and Bode plots. Simultaneously, the polarization
curve test was obtained over the potential range from -0.5 V
to 1.0 V with a scan rate at 0.5 mV/s dynamically. All the
experiments were conducted at constant room temperature
(25 °C) and repeated for three times. According to the Tafel
plot extrapolation method, many kinetic parameters, such as
the corrosion potential (E.), the corrosion current density
(icorr), the anodic Tafel slope (f,), the cathodic Tafel slope
(B.) and the corrosion rate, were deduced by extrapolating
the liner parts of the polarization curves, and the
polarization resistance (R,) was obtained using Stern-Geary
Eq.(1 )[19,20].

_ BB, (1)

P 23030, (8, + B.)

2 Results and Discussion

2.1 Structure and chemical characterization

Fig.1 gives the change of diffraction peak intensity of
TiCN films. Apart from (111), (200) diffraction peaks of the
substrate Fe,, TiCN patterns present a cubic Bl NaCl-type
structure with orientations in the Bragg planes (111), (200),
(311) and (222), similar to the structure of TiC and TiN
matrixes. The intensity of all diffraction peaks steadily
strengthens with the increment of duty ratio and the peak is
very sharp, implying that the film crystallinity is

P However, the plane (111)gcn shows the

favorable
highest intensity peak among the other planes, presenting a
strong textured growth along this orientation®”). Since the

plane (111) tends to have a minimal growth surface
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Fig.1 XRD patterns of deposited TiCN films at different duty

ratios

energy during the growing of the film, the film grows
toward the direction of lower surface energy so that it gives
rise to the weakening or invisibility of other diffraction
peaks™®!. In addition, the lattice parameters of TiCN films
are determined using the Bragg law written in terms lattice
parameter a:

4 )
NRE+E?+ 1
where / is the wavelength of the X-rays (0.154 056 nm), 6 is
the angle between the incident ray and the scattering planes,
a is the lattice parameter, and (hkl) is the reciprocal lattice
vector. As summarized in Table 2, the a(;11) and ag.,) lattice
parameters of TiCN are similar and show a little change with
the duty ratio increasing. Out of the doped carbon, the lattice
parameter of TiCN is higher than that of TiN (a=0.424 nm),
but lower than that of TiC (¢=0.433 nm). Based on the fact
that the radius of C atom is bigger than that of N atom, as the
doping degree of carbon increases, some N atoms of TiN
lattice (cubic lattice) are substituted for C atoms, forming a
structure with substitution solid solution, which results in an

A =2sin(0)

asymmetric lattice distortion within the near C atoms area,
increasing the lattice parameter of TiCN matrix. The
crystallite sizes of films were obtained from the (111)cyand
(222)1icn XRD peaks at their full width at half maximum
values by the Debye-Schereer formula. The average size of
the grains in the TiCN films varies within a wide range of 15
~ 25 nm (Table 2). The size of (111)ycn oriented grains is
much larger than that of (222)rcn, Which can be attributed to
the fact that the [111] direction is the fastest growing one in
cubic structures and the crystallites with (111) plane parallel
to the substrate surface are elongated along the direction of
film growth®*,

According to the XPS analysis, the chemical composition
of TiCN films is summarized in Table 2. With an increase

of duty ratio from 30% to 60%, the C content first increases
to 7.6 at% and then decreases to 6.7 at% while that of Ti
and N exhibit slight wvariations. Since the different
sputtering coefficients of Ti and C atoms, TiCN films with
different duty ratios have different C contents. The higher
the duty ratio, the larger the distinction of element
concentrations. Moreover, the deposition rate of TiCN films
was described as the ratio of the film thickness to the
deposition time in the literature. It is seen from Table 2 that
the deposition rate firstly increases to 3.74 um-h™ at 40%
and then decreases to 3.58 um-h™ at 60% as the duty ratio
increases, which arises from the ions’ energy, flight speed
and re-sputtering effects caused by the duty ratio. With an
increase of duty ratio within a certain range, the exerting
pulsed bias is prolonged, strengthening the electric field
intensity of an average cycle, and improving the electric
field working done for ions and the average flight speed of
ions, which enhances the deposition efficiency of the films.
However, when the duty ratio continues to increase,
especially more than 50%, ions may carry excessive energy
and intensively bombard the growing film surface, which
provokes the re-sputtering effect, resulting in the reduction
of deposition rate®?°!. In addition, the intensive collision
can make the substrate temperature rise and promote it.

To further get insight into the surface chemical state of
TiCN films, the XPS scan spectra and core level spectra of
Ti 2p, C 1s, N Is for the samples were investigated, taking
the TiCN film at the duty ratio of 40% for example (Fig.2).
From Fig.2a, dominant signals of Ti, C, N, O, Ar are
detected and the signals of O and Ar arise from a little
residual O, in the chamber and the Ar' sputtering,
respectively, as proved by the weak signal intensity out of
their low content. The XPS signal (Fig.2b) includes four
obvious peaks at the line position of 453.58, 456.55, 458.98,
462.14 eV corresponding to the Ti-N bond, Ti-N bond, Ti-O
bond and Ti-N bond, respectively”’ "\, After doping carbon,
the binding energy value of Ti 2ps, peak corresponding to
the Ti-N bond increases and this peak position shifts to
higher binding energy correspondingly. Due to a residual
amount of O, inside the vacuum chamber during deposition,
the position of N atom in TiN matrix is replaced by O atom
in the form of Ti-O bond. The C 1s peak (Fig.2c) is
composed of double components, and the peak lower
bonding energy (283.15 eV) is assigned to C-Ti bond while
the component at 285.58 eV can be assigned to the C-N
bond, which can be verified by the N 1s peak at 397.78
eVP’ Additionally, a predominant peak appearing in the N
Is spectrum at 395.29 eV from Fig.2d also confirms the
presence of TiCN, which is consistent with Ref.[31].
Combining the XRD with XPS results, it is suggested that
the Ti-(C, N) is the major phase in the film and some a-CN,
also exist which was undetected by XRD but observed by
XPS because of a low content.
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Table 2 Composition and thickness of TiCN films

. Chemical composition/at% Deposition rate/ Lattice parameter/nm Grain size/nm
Duty ratio/% 1
Ti C N pm-h (111) (222) (111) (222)
30 44.04 5.3 50.66 3.69+0.10 0.432 0.430 20.32 15.86
40 42.24 7.6 50.16 3.74+0.14 0.432 0.431 20.52 15.0
50 41.35 7.12 51.53 3.66 £0.11 0.431 0.430 22.27 14.22
60 41.44 6.7 51.86 3.58+0.13 0.432 0.430 24.4 15.7
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Fig.2 XPS spectra for the TiCN film at duty ratio of 40% of survey scan spectrum (a), Ti 2p (b), C 1s (c) and N Is (d) core level spectra

2.2 Morphological characterization

Surface morphologies of TiCN films deposited under
different duty ratios and the cross-section image of 40%
sample are shown in Fig.3. It is clearly observed in the
specimens that the surface is dense, glossy and flat, but
there are still some white micro-particles, pinholes or other
defects with size of less than 5 pm distributed uniformly in
the films, which may stem from the effect of ions sputtering
and particles ejecting, as described in Refs.[32-34]. The
surface morphology of TiCN films is improved since the
size and quantity of macro-particles and pinholes decrease
gradually with the duty ratio escalating, as shown in Fig.3a
and Fig.3b. When the duty ratio further increases, a number
of cavities begin to appear because the high-energy ions
intensively bombard the film surface or the bigger
macro-particles fall off the film surface, as seen in Fig.3c

and Fig.3d. This reveals that the surface is subjected to the
deterioration and the surface roughness of films is in-
creased, which have a negative influence on the corrosion
resistance performance of TiCN films. In short, the low
duty ratio can contribute to improving the surface
morphology of TiCN films and the one at 40% is optimal.
As displayed in Fig.3e, the as-deposited film is uniform and
continuous and the thickness is about 3.7 pm. It is noted
that the pure Ti interlayer can achieve a transition of
physicochemical parameters from the substrate to the TiCN
film, which may reduce the internal stress of TiCN films
and enhance the adhesion strength.
2.3 Analysis of EIS spectra

The Nyquist plots and corresponding Bode plots of TiCN
films are shown in Fig.4. As seen in Fig.4a, all specimens
exhibit incomplete capacitive loops and the substrate
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Fig.3 Surface morphologies of deposited TiCN films at different duty ratios: (a) 30%, (b) 40%, (c) 50%, (d) 60%, and (e) cross-section

image of sample at duty ratio of 40%

displays the smallest diameter. Usually, the bigger the
diameter, the greater impedance values and the better
of materials. The
capacitive loop of TiCN films reaches the highest value at

corrosion resistance performance
the duty ratio of 40%. It is seen that the phase angle curves
(Fig.4b) obtain a wide shoulder in the frequency range from
10" to 10* Hz, which responds to the double capacitive
loops of Nyquist plots. The indistinct double capacitive
loops in Fig.4a reveal the slight local corrosion process
dominated by the micro-cells reactions of substrate/film
interface due to the short exposure time (1 h) of coated
samples in NaCl solution, which results in the weak
response of EIS at lower frequencies. In fact, the single
capacitive loop of Fig.4a is actually composed of two
overlapping loops™”
relaxation processes responding to the state variables in the

, suggesting that there are at least two

electrode reaction system.

From Fig.4b the value of log|Z| at low frequency can
reflect the pros and cons of the film’s ability to resist
corrosion. There is a tiny fluctuation during the variation of
duty ratio and the TiCN film at 40% duty ratio manifests
more merits than the films with other values in the
protective effects for the bare substrate. In addition, the
phase angle as a function of log f for TiCN films exhibits a

slow decline at lower frequencies with the increase of duty
ratio, which insinuates that the materials is prone to being
corroded because the
preferentially from the diffusion paths of aggressive

corrosion medium invades
chemical species to the film/substrate interface through the
protective film"®®. It is likely to giving rise to a galvanic
coupling (substrate-film) in consequence of different
materials’ corrosion potentials when the corrosion medium
exists at the film/substrate interface.

According to the characterization of electrode reaction
and the experimental data in Fig.4 after Z,, Win software
testing, the samples can be well fitted by the equivalent
electrical circuit (Fig.5a) with transient linear process of
two time constants, simplified as R(Q(R(QR))), which has
been used frequently to describe the AC response of the

failure process of films or coatings®’

. In equivalent
electrical circuit (EEC), electrolyte resistance R, originates
from the ohmic contribution between the lukin capillary
mouth of reference electrode and working electrode.
Constant phase angle element CPE,, is the film’s capacitive
behavior, pore resistance Ry, is related to the films’ block
effect and can hinder the electrolyte penetration, which are
corresponding to the response of EIS at high frequencies.

Owing to the electrolyte penetration from pathways formed
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Fig.4 Nyquist plots (a) and Bode plots (b) of the substrate and
deposited TiCN films at different duty ratios

by TiCN films’ defects, the substrate/electrolyte interface is
equal to a plate capacitor, CPEy denotes the double layer
capacitance and R, is the corresponding charge transfer
resistance, modeling the local corrosion process at lower
frequencies. Out of the dispersion effect, constant phase
element CPE or Q is used to represent a non-ideal capacitor
accounting for the inhomogeneities of the material

[38]

surfaces It describes the deviation from the actual

capacitive behavior and its impedance can be expressed as:

1

- - 3
%0 Y, (jo)" ®

Where 7Y, is capacitance, o is angular frequency and # is
dispersion coefficient, usually 0<n<l, which explains the
degree of deviation from a pure capacitor. In essence, the
EEC model of Fig.5a can be seen as one consisting of
Faraday impedance (Zr) and Non-Faraday impedance (Zyr),
which is elaborated exhaustively in pioneer works”®. So, the
total impedance Z, of electrode system is derived as follows:

Zy-— 4)
(¥, (j@)

ZF =R ++1 (%)
(i) +

ct

ZoR4—L1 (6)
AT
7+7
ZNF ZF

Thus, Z, is ultimately expressed as (7) by integrating (4), (5)
with (6) simultaneously.

| (7
Z =R, + I
(F)pu(i@) + 1
Ryt ————"
Y)a(jo)" + Rfc[
Based on the above-mentioned EEC, electrical

parameters of the substrate and films are summarized in
Table 3 by fitting procedure with the circuit of Fig.5a.
Antunes et al®® proposed this equivalent electrical circuit
and simulated the electrochemical behavior of TiCN-coated
316L stainless steel in Hanks’ solution. It is clearly seen
that the R, of TiCN films increases smoothly from 3.04
kQ-cm® to 4.57 kQ-cm® due to the increased physical
barriers determined by the film’s microstructure, but it
decreases subsequently while the R,, is little affected. As
discussed in our previous works”?, the electrode corrosion
reaction process of TiCN-coated SS304 was governed by
the electrochemical reaction, i.e. electrons transfer
originating from the charge transfer on the base of double
layer at lower frequencies and the matter transfer process,
i.e. CI diffusion and transmission at high frequencies.
During the initial period of immersion, H,O, O,, Cl etc. of
electrolyte penetrate from the surface defects of materials
but don’t arrive at the interface of substrate/film, and the
Bode plots (log f vs. phase angle) only reflects the single
narrow peak with one time constant. With the elapsed time,
the electrochemical behavior of galvanic couplings begins
to affect the electrode corrosion reaction process when
these corrosive ions reach the substrate/film interface. Thus,
the local corrosion process gradually becomes the main
factor influencing the corrosion kinetic process, performing
the lower R and the higher CPEy at lower frequencies.
Indeed, C. Liu et al* also demonstrated that the
electrochemical behavior of PVD-TiN coatings on mild
steel and AISI 316 substrates was induced by the
underlying metal based on the film defects. As the TiCN
film is also noble, the same assumption may be done here
and the results in Table 3 corroborates it. In order to
observe the fitting procedure intuitively, a physical model
for the EIS response of TiCN films is given in Fig.5b. The
model of films is established in the light of the presence of
the intrinsic defects typical of PVD processes shown in
Fig.3 and the analysis of Nyquist plots and Bode plots in
Fig.4. Actually, they confirm the suitability of this circuit
model.
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Based on this, it can be inferred that the film surface
morphology and compactness are key factors influencing
anticorrosive performance of films indirectly. As a matter of
fact, the microstructure of TiCN films presents some
intrinsic  defects
microcracks generated in the period of deposition process.
In turn, these defects may be a pathway to the penetration
of the electrolyte so that it reaches the interface of

such as macroparticles, pinholes or

film/metal substrate, causing the failure of the film
protective function, which are consistent with research

#1421 "In spite of this, the higher

results of these literatures
R of TiCN films reflects slower electrons transfer, i.e. low
rate, further demonstrating their stronger

anticorrosive abilities to aggressive ions compared with that

corrosion

of the bare substrate.
2.4 Potentiodynamic polarization tests

It can be seen from the polarization curves of Fig.6 and
kinetic parameters of Table 4 that the electrochemical
behaviors of TiCN films and the substrate are different.
TiCN-coated SS304 present a more positive corrosion
potential than the substrate, shifted it by only -0.186 V at

Table 3 Characteristics of equivalent electrical circuit derived from the EIS in 3.5 wt% NaCl solution

Sample RJ/Q-cm? (CPE-Y)po/ X 107 F-cm™ Rpo/Q-cm’ (CPE-Yo)a/ X 107 F-cm™ Ro/kQ-cm®
SS304 26.03 - - 9.05 6.59
TiCN(30%) 29.66 8.29 27.64 8.27 3.04
TiCN (40%) 28.51 5.50 28.39 6.78 4.57
TiCN(50%) 27.52 8.89 27.6 8.51 4.48
TiCN(60%) 25.42 9.21 24.58 8.96 3.05
the duty ratio of 40%. This illustrates that the anode
reaction rate of films is retarded and needs a higher — Substrate
potential for moving the CI" across the film/substrate with 08k — 3%
freedom. Meanwhile, the lower ic, and the higher R, of = _ :gﬁ)
TiCN films than those of the substrate imply that the a 04k 60%
corrosion rate of coated samples is lower. As the duty ratio £
increases, the corrosion current density of TiCN films E ook
obtains the minimal value of 3.262X10”7A-cm™ at the duty
ratio of 40%,. sugges’tln'g a homogeneous and stable ol =
structure since it doesn’t dissolve, which expresses a better el et it
10* 10° 10* 10”

resistance to uniform corrosion. As shown in Fig.6, TiCN
films deposited at different duty ratios exhibit a continuous
and slow increase of the corrosion current density with the
potential growing, but the current density near 0.74 V (30%)
>1.0 V (40%), 0.79 V (50%), 0.59 V (30%) increases
sharply, higher than that of the substrate (0.15 V), which is
probably related to the stable pitting process occurring with
the film/substrate interface due to the continuous
penetration of the electrolyte that reaches the metal
substrate through the permeable defects of films. This also
illustrates that TiCN films present a favorable pitting
corrosion resistance in comparison with the bare metal

lo g(i/A-cm'z)

Fig.6 Polarization curves of the substrate and deposited TiCN
films at different duty ratios

substrate. Y. Cheng et al**! have also found that the TiCN
films is effective to improve the anticorrosive property of
metallic substrate. While the current density of the substrate
displays a dramatic rise when the potential is 0.122 V,
indicating the breakdown of passivity and initiation of
pitting corrosion, which is in agreement with above
discussed results.
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Table 4 Kinetic parameters of potentiodynamic polarization tests

Sample BalV BeIV EeconlV icor/ X 107 A-cm’ Ry/kQ-cm’

SS304 0.207 0.199 -0.358 73.62 5.984
TiCN(30%) 0.419 0.205 -0.252 4.258 140.3
TiCN(40%) 0.369 0.348 -0.186 3.262 238.4
TiCN(50%) 0.361 0.249 -0.215 3.736 171.3
TiICN(60%) 0.524 0.168 -0.265 5.48 100.8

The favorable corrosion resistance of TiCN films could
be traced to its refined microstructure and fewer defects
because ions possessing higher energy and speed
intensively impinge these atoms and particles deposited on
the substrate as the duty ratio increases gradually. This
improves the film compactness and reduces permeably the
activity of atoms and boosts their diffusion abilities so that
reduces defects in the film. However, the film surface also
exhibits more cavities and pinholes as a result of the
internal stress of films and intensive bombardment to films
when the duty ratio exceeds 40%. Deposition process
parameters, such as substrate bias, duty ratio, substrate
temperature, gas pressure, may have significant influence
on the quality of coatings and be controlled in order to
obtain a more refined, compact and corrosion resistant PVD
coatings in Refs.[44,45]. Therefore, it is a worth thing that
the anticorrosive property of metallic substrate is obviously
intensified by depositing TiCN films on their surface at
suitable process parameters. This finding confirms the

above EIS results.
3 Conclusions

1) As-deposited TiCN films show smooth, uniform and
dense morphologies, mainly forming a fcc-TiN type structure
with Ti-(C, N) bond as well as a few a-CN,, and present (111)
preferred orientation with an increase of duty ratio.

2) The electrochemical impedance spectroscopy of TiCN
films reveals that there are two constant times from EIS
results, i.e. the corrosive ions’ penetration of the electrolyte
through the defective TiCN films at high frequencies and
the the
electrochemical behavior of galvanic couplings occupied
with the substrate/film interface at lower frequencies.

3) TiCN films display a better resistance to corrosion
than the bare substrate and its corrosion resistance is
enhanced gradually with the duty ratio increasing, and that
of films at 40% shows the optimal one with a corrosion
density (icon) of 3.262X107
polarization resistance (R,) of 238.4 kQ-cm?.

local corrosion process dominated by

-2
current A-cm™ and a
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