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Abstract
In this study, TiN layers were deposited on coarse- and nano-grained (CG and NG) AISI 301 stainless steel sheets using the 
Cathodic arc physical vapor deposition method. X-ray diffraction, Scanning electron microscopy, atomic force microscopy, 
Rockwell-C adhesion test, static contact angle test, electrochemical impedance spectroscopy, and polarization measurement 
were employed to characterize and compare the coatings on different substrates. Under the same coating conditions (current 
of 120 Amp, bias voltage of 100 V, pressure of 0.001 Torr, temperature range of 300–350 °C, and time of 90 min), much 
greater coating thickness was observed on the NG substrate. This was attributed to the epitaxial growth of the coatings on 
substrates and the difference in density of substrate grain-boundaries as high-energy nucleation sites for the TiN grains. 
Surface morphology observations showed a finer structure for the coating on the NG sample. Also, according to the results 
of the contact angle test the coating on the NG sample had more hydrophobicity, due to the higher density of the grain 
boundaries, and it confirmed the results of microscopic investigations. The coating layer exhibited an excellent adhesion 
quality to both substrates. The corrosion resistance was improved by grain refinement and also applying TiN coating so that 
coated NG sample had the best corrosion resistance.

Keywords  Cathodic arc physical vapor deposition · TiN coating · Nano-grained structure · Electrochemical impedance 
spectroscopy

1  Introduction

Austenitic stainless steels (ASSs) are probably the most 
commonly used class of corrosion-resistant engineering 
alloys. ASSs have good corrosion resistance, mechanical 
properties, and dimensional stability after heat treatment 
[1]. Over the last years, submicron- and nano-grained ASSs 
sheets with significantly improved mechanical properties 
have been produced using heavy cold rolling and subse-
quent annealing [2–4]. In metastable ASSs, austenite is 
transformed to strain-induced martensite (SIM) by strain-
ing under the Md30 temperature. The progressive increase 
of martensite continues until a saturating strain. Extensive 
crushing of martensite during plastic straining increases 
the austenite nucleation sites in the subsequent reversion 

process. Therefore, noticeable grain refinement of austenite 
occurs after the reversion [3].

Titanium nitride (TiN), like other hard ceramics, has 
extensive applications as anti-corrosion and anti-wear coat-
ings on industrial components [5, 6]. TiN-coated austenitic 
stainless steels (ASSs) have great potential applications in 
seawater corrosion resistance and medical devices due to 
their good corrosion resistance, excellent cryogenic prop-
erties, and good biocompatibility [7]. Various techniques 
i.e., physical vapor deposition (PVD, usually cathodic arc 
deposition or sputter deposition) and chemical vapor depo-
sition (CVD), have been used for applying TiN coating on 
ASSs. Cathodic arc physical vapor deposition (CAPVD) is 
a method that takes advantage of achieving a strong bonding 
and enhanced film density [8, 9].

The effect of CAPVD process parameters on different 
characteristics of the TiN coating has been studied in previ-
ous researches [10–15]. Ali et al. [10] investigated the sur-
face roughness of TiN coating as a function of substrate 
bias and temperature, deposition rate, nitrogen flow rate, and 
metal ion etching. They found that there are many factors 
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such as the condition of sample preparation, macro-drop-
lets, compressive stress depending on coating thickness, and 
growth defects that affect the surface roughness of coating. 
In another study by Ali and et al. [11], it was demonstrated 
that the microstructure and mechanical properties of TiN 
have been influenced by the substrate bias voltage. They 
found that by increasing the substrate bias from 0 to − 150 V, 
the thickness of the deposited coating decreased. This 
was attributed to the increase in the substrate temperature 
and resputtering of the macroparticles at higher substrate 
biases. Although the effect of some coating parameters has 
been well documented, the effect of substrate microstruc-
ture and grain size on coating characteristics has not been 
investigated.

In this study, the TiN coating was applied on coarse- and 
nano-grained 301 stainless steel substrates using the same 
coating process parameters. Then the coated samples were 
characterized and compared together. Indeed, the effect of 
nanostructured 301 stainless steel substrate on coating char-
acteristics was investigated that has not been reported before. 
The coatings on two different substrates were compared by 
microscopic inspections, XRD, Rockwell-C adhesion test, 
static contact angle test, and electrochemical measurement.

2 � Materials and Methods

2.1 � Substrate Materials

Table 1 presents the chemical composition (quantometry) of 
the starting material used in this study. CG sample (Starting 
material) was annealed sheet of 10 mm in thickness. The NG 
material was produced by performing heavy cold rolling and 
subsequent annealing [16] on the CG material. A completely 
martensitic structure was obtained by cold rolling operation 
with a 90% reduction at ambient temperature. The deformed 
martensite in the cold-rolled sheet was reverted to NG aus-
tenite by annealing at 850 °C for 1 min.

2.2 � Sample Preparation and Coating

For the coating, CG and NG samples were cut into 
30 × 10 × 1 pieces. The samples were ground with sandpa-
per of 2500 grit, polished with 0.03 µm alumina, and then 
ultrasonic cleaning was done with distilled water and etha-
nol. The TiN coating process was performed on the samples 
by the CAPVD technique. For the coating operation, 120 
Amp current, 100 V bias voltage, and 0.001 Torr pressure 

were applied for 90 min, and the temperature range was 
300–350 °C.

2.3 � Characterizations

2.3.1 � Microscopic Observations

To reveal the microstructure of substrates, both CG and NG 
samples were grounded to 2000 grit finish, polished, and 
electro-etched in 65% nitric acid. Scanning electron micro-
scope (Tescan FESEM MIRA3) was employed to observe 
the microstructures of the CG and NG samples. ImageJ 
program and intercept method were used to determine the 
average grain size.

FESEM (model VEGA//TESCAN-LMU) and EDS analy-
sis were used to accurately determine the thickness of the 
nitride coating and study the distributions of chemical ele-
ments at the surface, respectively. Also, the surface mor-
phology was characterized using FESEM. The topography 
and surface roughness of the coatings were characterized 
via atomic force microscopy (AFM, TriboScopeTM) in 
non-contact mode and using a 5 mgr force. Electron back-
scatter diffraction analysis (EBSD) analysis was carried 
out by a Carl Zeiss Ultra Plus SEM equipped with a field 
emission gun. The working distance and operating voltage 
were ~ 15 mm and 20 kV and, respectively.

2.3.2 � X‑ray Diffraction Analysis (XRD)

XRD analysis was performed to know the presence of dif-
ferent phases in the coating. XRD analysis was carried out 
using an Asenware. AW-XDM 300 diffractometer with Cu 
Kα anode and 2θ measurement range of 20–80° at 0.05° 
step size.

2.3.3 � Electrochemical Measurement

All electrochemical measurements were conducted using the 
biologic VSP-300 potentiostat after 30 min immersion in 
3.5% NaCl solution at ambient temperature. A three-elec-
trode cell was applied with a platinum sheet counter elec-
trode, a saturated calomel electrode (SCE) as the reference 
electrode, and a 301 steel sheet as the working electrode. It 
should be noted that all the reported potentials in this text 
refer to SCE. The electrochemical impedance spectroscopy 
measurements (EIS) were carried out at open circuit poten-
tial over a frequency range of 100–10 mHz. The sinusoidal 
potential perturbation was 10 mV in amplitude. Polarization 

Table 1   Chemical composition 
of 301 stainless steel (wt%)

C Mn Ni Cr Mo Si Cu Al Co P S Nb N

0.11 0.66 6.91 16.2 0.27 0.67 0.53 0.06 0.1 0.03 0.03 >  0.03 0.0005
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curves were obtained by changing the electrode potential 
automatically from − 250 mV versus open circuit potential 
until breakdown potential with a scan rate of 1 mV/s.

2.3.4 � Adhesion Test

The adhesion test was carried out on the coating using a 
hardness tester (KOOPA model UV1) equipped with a Rock-
well C tip. 150 kg loads were used for the indentations and 
the level of indentation-induced cracking and coating delam-
ination were observed with SEM and classified according to 
one of six categories of VDI 3198 (Fig. 1). A small number 
of cracks and delaminations guarantee strong interfacial 
bonds between the coating and the substrate. On the other 
hand, extended cracks and delamination in the vicinity of 
the imprint indicate poor interfacial adhesion. According 
to Fig. 1, the HF1 class includes only a small number of 
radial cracks without any coating delamination. HF2 cat-
egory failure shows more radial cracks and there is still no 
spalling of the coating in the vicinity of the imprint. HF3 
class is characterized by a few scattered delaminations along 
with radial cracks. For the HF4 class, the coating delami-
nations are larger but still unconnected. HF5 class shows 
delaminations connected in the circumferential direction at 
some areas of the imprint edge. For HF6 class delaminations 
occur all around the indentation imprint. According to this 
classification, indents classified as HF1 and HF2 with only 
radial cracks correspond to adequate adhesion, HF3 and HF4 
classes are acceptable with radial cracks and minor coating 
delamination, while HF5 and HF6 categories with extended 
coating delamination around the edge of the indentation 
imprint are unacceptable adhesion [17].

2.3.5 � Contact Angle Test

The static contact angle test was used to evaluate the sur-
face hydrophobicity and energy of the uncoated and coated 
samples. The contact angle of the water sessile drop on the 

samples was measured using a Dataphysics-OCA30 equip-
ment. Five different measurements were done and the mean 
values were reported as the contact angle of each sample.

3 � Results and Discussion

3.1 � Substrate Materials

The FESEM image of CG substrate is shown in Fig. 2a. 
According to this figure, CG substrate had a fully recrys-
tallized and single-phase austenitic microstructure with an 
average grain size of 42 µm. FESEM micrograph in Fig. 2b 
shows that NG substrate also comprised equiaxed austen-
ite grains. In this case, the average grain size was 260 nm. 
Indeed, a substantial grain refinement took place after apply-
ing the thermo-mechanical process. The EBSD grain and 
phase mapping are shown in Fig. 3. This figure indicates that 
after cold rolling and subsequent annealing, the microstruc-
ture did not completely consist of austenite grains. There 
was also some residual ά-martensite (BCC structure) and a 
little ε-martensite (HCP structure) in the structure. 

3.2 � Microscopic Observations of Coating

Figure 4 displays the SEM images from the cross-section 
of the coated samples: (a) CG, (b) NG. A compact, low-
porosity layer of TiN coating with no significant defects 
such as cavities and cracks was formed on both substrates. 
Moreover, the SEM images from cross-sections did not 
evidence any defect or delamination at the substrate-
coating interface, and a uniform thickness of the coating 
was formed on both substrates. However, the thickness of 
the coating layer in the two samples was very different. 
The coating thickness in NG and CG samples was esti-
mated to be 1.8 and 0.257 µm, respectively. Figure 4 also 
shows EDS scans across the interface. The scanned ele-
ments were Ti, N, Fe, Cr, and Ni in the 0–10 keV energy 

Fig. 1   Classifications of the 
VDI 3198 Rockwell-C adhesion 
test [10]
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range. EDS line scans were also revealing that the coat-
ing thickness for NG and CG samples was 1.8 ± 0.23 and 
0.26 ± 0.05 µm, respectively. The chemical element con-
tents of Ti and N decreased slowly at the interface, which 
indicated that the chemical elements had diffused from the 
coating to the substrate.

Changing the position of the sample within the deposition 
chamber can cause changes in the coating thickness. How-
ever, the position of the CG and NG samples analyzed by 
SEM was almost the same and such a significant difference 
in the coating thickness of the samples does not appear to be 
only due to the different positions. This significant difference 
can be attributed to the epitaxial growth of the coating on 
the substrate [18–20]. The epitaxial growth of TiN coat-
ing on the ASSs substrates has been observed in previous 
works. The B vector of the substrate austenite grains and 
large entities of small grains in TiN, called “super-grains” 
are identical. Therefore, TiN grows full epitaxially on the 
surface of the substrate [20]. Epitaxial growth can occur on 
both substrates with different grain sizes. Because of the 
smaller grain size, higher nucleation and growth rate of TiN 
are expected on the NG substrate. As a result, the thickness 
of the coating for this sample is much greater. Investigation 
of surface morphology (Fig. 5) also confirmed the difference 
between the structure of TiN films on the two substrates. 
According to this figure, the grain size of the coating on 
the NG sample was significantly smaller than that of the 
CG sample.

3.3 � Contact Angle

The optical images of water droplet contact angle on sub-
strates and TiN films surface are displayed in Fig. 6. A clear 
change in the contact angle of the droplet with the surface 
was observed due to the grain refinement of the substrate 
(Figs. 6a and b) so that the average contact angle increased 
from 66.7 ± 4.4 for the CG to 79.2 ± 6.1 for the NG sample. 
In addition, the results showed that the TiN film on the NG 
sample was more hydrophobic than it for the CG sample 
(Fig. 6c and d) so that the contact angle for the two coat-
ings was 72.5 ± 3.6 and 94 ± 3.3, respectively. The results 
obtained in the contact angle test were consistent with the 

Fig. 2   FESEM micrographs of (a) CG and (b) NG substrates

Fig. 3   The EBSD a phase and b 
grain maps of NG sample. The 
phase map shows the presence 
of retained ά- and ε-martensite 
after annealing at 850 °C for 
1 min



373Metals and Materials International (2023) 29:369–380	

1 3

results of Sect. 3–2. It can be said that when the grain size of 
the substrate decreased sharply, due to the huge increase in 
the density of the boundaries, the surface energy increased. 
This confirms the greater nucleation rate of TiN on the sur-
face of the NG sample.

3.4 � XRD

To confirm the presence of different phases in the samples, 
the XRD characterization was performed. The XRD pat-
terns of coatings are shown in Fig. 7. The XRD pattern of 
the CG sample displayed (111), (200), (220), (311), and 
(222) reflections of TiN with a preferred orientation along 
the (111) plane. This was well accorded with the standard 
card (JCPDS card: 03-065-5759). The XRD pattern of the 
CG sample was also indicating the presence of an HCP Ti 
phase as one of the phases in the sample. This is owing to 
the deposition of the titanium molten droplets, which form 
in the cathode and move along the plasma stream to the 

substrate during the coating process [21]. Because of the low 
thickness of the coating in the CG sample, sharp reflections 
of the substrate austenite phase appeared in the pattern, too. 
In the NG sample, diffraction from (111), (200), and (222) 
planes of TiN again with a preferred orientation along the 
(111) plane was observed. In this case, the diffraction pat-
tern also consisted of the HCP Ti and substrate austenite 
phase reflections. But due to the higher thickness of coat-
ing in this sample, much weaker reflections of the substrate 
were observed. Another noteworthy point about the XRD 
pattern of the NG specimen is the presence of ά-martensite 
reflection related to the substrate stainless steel. According 
to Sect. 3–1, the NG sample contained some martensite that 
had not reverted to austenite.

3.5 � Surface Roughness and Topography of Coating

The surface roughness and topography of TiN coating 
were examined within the area of 5 × 5 μm. The AFM 

Fig. 4   SEM micrographs of the cross-section of the coated samples and EDS line-scans across the interface
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images of coatings for the CG and NG samples are shown 
in Fig. 8. The topography of the coating in the CG sam-
ple was smoother than that of the NG sample. The sur-
face roughness (Ra) of the coating surface for CG and NG 
samples was 149 ± 11 nm and 106 ± 17 nm, respectively. 
The nature of the substrate and its surface [22], substrate 
temperature, gas pressure, coating thickness, bias voltage, 
and deposition time are the main parameters on which the 
surface roughness depends to the greatest extent [23]. 
Mubarak et al. [24] showed that thicker TiN coating cre-
ates more compressive stresses and therefore contributes 
to enhancing the surface roughness of coated metal while 
keeping the rest of the parameters constant. Depending 
on the coating parameters, previous researchers [25–28] 
have presented varying amounts of surface roughness (Ra 
parameter) in the range of ~ 50 to ~ 500 nm for TiN coat-
ing applied to austenitic stainless steels using the CAPVD 
method. In the present study, the substrate surface rough-
ness, as well as the process parameters, were similar in the 
two samples. Although the thickness of the coating created 
on the NG sample was greater, it seems that the discrep-
ancy in the surface roughness was related to the difference 

in the structure of the two substrates and so the difference 
in the structure of the coatings as described in Sect. 3–2.

3.6 � Adhesion of Coating

The Rockwell-C adhesion test results are shown in Fig. 9. 
Two types of failures may occur in the test: (1) cohesive 
failure is the breaking of intermolecular bonds of the coat-
ing, and (2) adhesion failure is the separation of the coating 
from the substrate [29]. Indeed, Adhesive strength refers to 
the resistance of the coating to spalling or separating from 
the substrate [30]. For both tested samples, typical features 
were very limited radial cracks around the indent. Cohesive 
failure was also observed partly on the inside of the indent. 
Generally, good coating-substrate adhesion was observed for 
both samples and can be classified as HF 1.

Previous researchers have also investigated the adhe-
sion of the TiN coating deposited on steel substrates by the 
PVD methods. Dalibón et al. [31] showed that the TiN coat-
ing, 1.5 μm in thickness, had excellent adhesion to a stain-
less steel substrate. Such that coating detachment was not 
observed and only some cracks could be detected around the 
imprint (HF1 class). In other studies, TiN coatings with less 
than 2 μm thickness have also shown very good adhesion 
(HF1–Hf2) to the steel substrates [32, 33]. At higher coating 
thicknesses (3.1 μm [34] and 3.8 μm [35]), relatively poorer 
but still acceptable adhesion (Hf2–Hf4) has been reported. 
However, it should be noted that other factors such as work-
ing pressure also affect the adhesion of the coating [33]. 
It has been demonstrated [24] that TiN coatings prepared 
by commercial PVD methods on steels have compressive 
residual stresses and with increasing the thickness, the com-
pressive stresses also increase. Compressive stresses within 
the coating promote buckling and delamination of the coat-
ing and can have a detrimental effect on adhesion [36].

To evaluate the stability of the coatings, after 7 days of 
immersion in a 3.5% NaCl solution, Rockwell-C adhesion 
test was performed again on the samples. Figure 10 shows 
the adhesion test results after 7 immersion days. No sig-
nificant changes were observed in the adhesion behavior of 
coating in both samples. After 7 immersion days in NaCl 
solution, the adhesion could also be classified as HF 1.

3.7 � Electrochemical Results

Electrochemical Impedance Spectroscopy (EIS) is a suitable 
and powerful diagnostic method to study the electrochemi-
cal behavior and corrosion resistance of coatings. Figure 11 
shows the EIS results for the NG and CG samples in coated 
and uncoated conditions. Nyquist plots exhibited an incom-
plete, large depressed semicircle of different radii, indicat-
ing an almost identical corrosion mechanism for different 
samples. According to previous researchers [37], a larger 

Fig. 5   SEM micrographs displaying the surface morphology of TiN 
coating on a CG and b NG samples
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radius of electrochemical Nyquist plots indicates higher cor-
rosion resistance. According to this figure, the NG sample 
had a slightly better corrosion resistance than the CG sam-
ple. The radius of electrochemical Nyquist plots was sharply 

increased by applying the TiN coating, indicating a great 
improvement in corrosion resistance. Also, the radius of the 
Nyquist plot for the coated NG sample was larger compared 
to the coated CG sample, which represented less penetration 

Fig. 6   Optical images of water droplets contact angle with substrates and TiN films surface; a uncoated CG, b uncoated NG, c coated CG, and d 
coated NG samples

Fig. 7   Results of XRD analysis 
for TiN coated NG and CG 
samples
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of corrosive solution in the coating and higher corrosion 
resistance of coated NG sample.

The equivalent circuit was used to analyze the results of 
the electrochemical impedance measurements (Fig. 12). In 
this circuit, Rs, Rf, and Rct are the solution resistance, coat-
ing resistance, and charge transfer resistance, respectively. 

Also, CPE illustrates the constant phase element, which has 
replaced the ideal capacitor due to surface roughness, sur-
face heterogeneity, etc. [38–40]. The electrochemical param-
eters obtained by fitting the equivalent circuit to the results 
of the EIS are presented in Table 2. According to this table, 
the values of solution resistance were almost the same for 

Fig. 8   Surface topography of TiN coating on a CG and b NG substrates

Fig. 9   SEM micrographs of the Rockwell-C indents after VDI 3198 adhesion test performed on the TiN coating
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all samples. The charge transfer resistance increased from 
18.5 to 25.4 KΩ.cm2 owing to grain refinement from 42 to 
260 nm. Ralston and Birbilis [41] in their review paper on 
the impact of grain size on the electrochemical behavior of 
different metals suggested that the effect of grain refinement 
on corrosion resistance is dependent on the ability of the 
surface to be passivated. Some researchers [42–44] believed 
that grain refinement provides a high density of nucleation 
sites for the formation of the passive film, which assists in 
the creation of a dense passive layer and improvement in 
corrosion resistance. Phadnis et al. [45] showed that the 
diffusion of Cr into the passive film in fine-grain samples 
could be increased, which resulted in a high repassivation 
rate. Fattah-alhosseini and Vafaeian [46] reported that the 
passivation behavior of AISI 430 ferritic stainless steel was 
enhanced by decreasing the grain size. Fu et al. [47] found 
that grain refining increased the corrosion resistance of pure 

Fig. 10   SEM micrographs of the Rockwell-C indents on the TiN coating after 7 days of immersion in 3.5% NaCl

Fig. 11   Nyquist plots of CG and NG samples with and without TiN 
coating in 3.5% NaCl solution

Fig. 12   Equivalent electrical circuit model used to analyse the EIS 
data
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titanium. They concluded that as a result of grain refining, 
the corrosion resistance was enhanced which was attrib-
uted to the formation of a dense and more stable film. Other 
researchers illustrated that nanocrystallization induced by a 
surface mechanical treatment increased the corrosion resist-
ance of AISI 409 stainless steel [48] and AISI 304 stainless 
steel [49]. Many studies reported that as the grains became 
smaller, the grain boundaries density increased, making it 
easier for chromium to diffuse the surface, resulting in the 
formation of a passive film containing chromium [50–52]. 
Therefore, in the NG sample, a more resistive film was 
formed on the surface, which prevents charge transfer reac-
tions and increased the charge transfer resistance.

By applying the coating, the charge transfer resistance 
was increased significantly. The NG sample with TiN coat-
ing had the highest charge transfer resistance and thus the 
best corrosion resistance among the samples. Indeed, the 
coating acted as a barrier, and the access of corrosive ions 
to the substrate surface and thus the speed of anodic reaction 
was reduced.

The differences in the corrosion resistance of the TiN 
coatings could be attributed to differences in their contact 
angle. A correlation between wettability and anti-corrosion 
performance is reported [53, 54]. Teschke et al. demon-
strated that the samples with more hydrophobicity are gen-
erally more corrosion resistant in aqueous environments 
[55]. So, according to the results of contact angle, better 
corrosion resistance of coated NG sample is ascribed to the 
more contact angle. Furthermore, as mentioned before, due 
to the epitaxial growth of the coating on the substrates, the 
coating formed on the NG sample was thicker compared 
with the CG sample. As the coating thickness increases, less 
corrosive ions penetrate and less surface area of the substrate 
is exposed to the corrosive solution. The lower CPEf for the 
NG-TiN compared to the CG-TiN sample also confirms this.

Figure 13 shows the electrochemical polarization curves 
obtained in sodium chloride solution for different samples. 
All curves had a similar shape with a passive zone. The 
polarization curve for NG was slightly higher than it for the 
CG sample, indicating a more positive corrosion potential of 
the NG. With grain refinement, the electrochemical polariza-
tion curve shifted slightly to the left, and the current den-
sity decreased. Indeed, grain refinement increased the grain 
boundary area and as a result, the penetration of chromium 

was easier. Therefore, a more compact passive layer could 
be formed on the surface. This suggests that the fine-grained 
structure can affect the structure of the passive film formed 
on the surface of the 301 steel. Jinlong et al. [52] showed 
that ultrafine-grained structure induced by cold rolling and 
annealing increased the corrosion resistance of 2205 duplex 
stainless steel. By applying the coating, the curves have a 
large shift towards the lower current densities, and the cor-
rosion potential is more positive. Increasing the potential 
by applying TiN coating on 316 stainless steel in sulphuric 
acid medium has previously been reported [56, 57]. Based 
on Fig. 13, the coated NG sample shows higher breakdown 
potential and also lower corrosion and passive current den-
sities. This illustrates the higher corrosion resistance of the 
coated NG sample.

The electrochemical parameters obtained from the anal-
ysis of polarization curves are listed in Table 3. According 
to this table, with the grain refinement of 301 steel, the 
corrosion current density was decreased from 1.92 to 1.32 
μA/cm2. On the other hand, by applying TiN coating on 
the NG sample, the corrosion current density was reached 
one-tenth of the uncoated condition. The simultaneous 
effect of grain refinement and coating reduced the corro-
sion current density to 0.14 μA/cm2. Compared to the best 
results of the most recent similar research (0.25 μA/cm2 
corrosion current density) for TiN coatings on stainless 
steel [58], this results showed a decrease in the corrosion 
current density. Improvement in corrosion behavior is also 

Table 2   Electrochemical 
impedance parameters for 
corrosion of NG and CG with 
and without TiN coating in 
3.5% NaCl solution

Sample Rs Rct CPEct n Rf CPEf n
(Ωcm2) (KΩcm2) (µSsncm−2) (Ωcm2) (µSsncm−2)

CG 6.5 18.5 602 0.88 – – –
NG 8.4 25.4 523 0.9 – – –
CG-TiN 5.3 188.9 40.4 0.85 12,040 13.7 0.83
NG-TiN 10.2 281.5 35.3 0.76 14,472 10.3 0.89

Fig. 13   Potentiodynamic polarization curves of NG and CG with and 
without TiN coating in 3.5% NaCl solution
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evident by comparing the values of breakdown potential 
and passive current density. As mentioned before, in addi-
tion to the formation of a passive film, this can be attrib-
uted to the formation of a thicker and more compact TiN 
coating on the NG substrate.

4 � Conclusions

Titanium nitride films were deposited onto nano- and 
coarse-grained AISI 301 stainless steel sheets using the 
cathodic arc evaporation method. The main conclusions 
are as follows:

•	 The thickness of the coating in nano- and coarse-grained 
samples was estimated to be 1.81 and 0.257 µm, respec-
tively. Such a large difference in the coating thickness 
was attributed to the epitaxial growth of the coating on 
the substrates. It can be said that a reduction in grain size 
can increase the speed of coating and therefore increase 
the efficiency of the coating process.

•	 The XRD pattern of both samples showed the same 
reflections of TiN with a similar preferred orientation 
along the (111) plane.

•	 Coating exhibits an excellent adhesion quality to both 
substrates. Also, good stability of the coating adhesion 
was observed after 7 days of immersion in a 3.5% NaCl 
solution.

•	 The corrosion resistance was improved by applying TiN 
coating on the samples, and the corrosion resistance of 
the coated NG sample is better than that of the coarse 
grain which represents less penetration of corrosive 
ions in the coating.
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