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itanium nitride thin films were grown on 304 stainless steel substrates at 

various nitrogen/argon flow ratios by ion beam sputtering (IBS) 

technique. The current research is a follow up study on the influence of 

gas ratio on structural and corrosion properties in the TiN coated 304 stainless 

steel. Film structural identification of phases was performed using X-ray 

diffractometry (XRD). Scanning electron microscope (SEM) was employed to 

study surface morphology and also elemental analysis of samples after corrosion 

test was conducted by energy dispersive spectroscopy (EDS). Through our 

results, we showed that the films deposited under an Ar: N2 ratio of 

50(sccm):7(sccm) exhibited a TiN(200) preferred orientation. The corrosion 

behavior of the samples was evaluated by potentiodynamic polarization test in 

3.5% NaCl solution. A critical gas ratio was found at which the corrosion 

resistant was highest. The correlation between corrosion resistance, structural 

and surface morphology was examined. Prog. Color Colorants Coat. 11 (2018), 

129-135© Institute for Color Science and Technology. 
 

 
  

  

  

  

  

1. Introduction 

Transition-metal nitride thin films such as TiN and ZrN 

are a technologically important class of materials due 

to their mechanical properties as well as chemical 

stability. These materials are close-packed metallic 

structures in which nitrogen atoms occupy the 

interstitial sites. Bonding in this structure involves 

simultaneous contribution of covalent, ionic and 

metallic bonding to cohesive energy, which leads to 

very interesting properties [1, 2]. The triple bond 

between Ti and N as well as the mixed p and d 

characteristics of the interaction between Ti 3d and N 

2p represents an essential aspect of covalent bonding 

between titanium and nitrogen atoms. It is also 

responsible for its inert nature, mechanical hardness 

and high melting point [3]. It has been widely used to 

improve the performance and wear lifetime of cutting 

tools and drills [4, 5]. Development of Titanium nitride 

thin films technology has been one of the key efforts 

for the development of decorative purposes, due to 
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their gold–like color [6]. TiN is also well known for its 

oxidation resistance property.  

It is well known that tribological properties are not 

only intrinsic or inherent to specific materials, but are 

strongly dependent on system and process of 

production [7]. TiN thin films have been produced by 

various techniques, among them, physical vapor 

deposition (PVD) is an advanced vacuum coating 

technique, used widely for surface modification. 

Among the various subdivisions of PVD processes 

such as magnetron sputtering [8], pulsed laser ablation 

[9], and ion plating [10], ion beam deposition has been 

one of the most important and widely used techniques 

in recent decades to grow TiN thin films. It has been 

recognized that the most important parameters 

governing the physical properties of these films are the 

nitrogen partial pressure and deposition temperature 

[6]. 

Control of reactive sputtering processes, for the 

film stoichiometry, structure, and morphology are very 

important for the range of TiNx applications, therefore 

several papers and methods on TiN, film deposition 

have already been published. The present work has 

been focused on deposition of TiN films on 304 

stainless-steel substrates by ion beam technique using 

high-purity titanium (99.99%) target at 400
 o

C under 

various nitrogen/argon flow ratios. The ultimate goal is 

to implement the conditions under which TiN films can 

be prepared, and also to characterize the morphology 

and microstructural features of PVD TiN thin films.  

 

2. Materials and Experimental Details 

Austenitic AISI 304 stainless steel with the chemical 

composition shown in Table 1 was used in the 

experiments. The samples were cut from a same sheet 

with rectangular shapes of 20 mm � 20 mm. 

TiN films were deposited on the stainless steel 

substrates by ion beam sputtering using high-purity 

titanium (99.99%) metallic plate target (10×10×  

0.5 cm
3
). The schematic diagram of the ion beam 

sputtering for deposition of TiN films is shown in 

Figure 1. The substrates were cleaned by rinsing in 

ultrasonic bath containing acetone and methanol and 

dried under nitrogen gas prior to loading into the 

deposition chamber. 

The pressure control device consists of a penning 

gauge. The gases used are high-purity argon (99.999%) 

as the working gas and nitrogen (99.999%) as the 

reactive gas. 

Before introducing the gases into the chamber, the 

coating chamber was evacuated by a two mechanical 

pumps and two diffusion pumps to a base pressure of 

2.2 × 10
−5 

torr. The working pressure was maintained at 

5.5×10
−3

 torr during film deposition, and the sputtering 

was carried out by introducing different Ar/N2 gas 

ratios by keeping N2 flux fixed at 7 sccm. Sputtering 

was performed at different Ar fluxes of 7, 15, 30 and 

50 sccm. The substrate temperature during deposition 

was fixed at 400 °C. The detailed deposition conditions 

are summarized in Table 2. 

 

Table 1: Chemical composition of AISI 304 stainless steel. 

SS Type Cr Ni Mn Si C 

AISI 304 18.5 8.4 1.6 0.3 0.1 

 

 
Figure 1: Schematic diagram of the Ion Beam Sputtering system. 
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Table 2: The deposition conditions for titanium nitride thin films by Ion Beam Sputtering. 

Deposition parameters specifications 

Ti Target 

Ar Sputtering gas 

N2 Reactive gas 

7:7, 15:7, 30:7 and 50:7 (Ar:N2) gas ratio 

2.2×10-5 Base pressure (Torr) 

5.5×10-3 Working pressure (Torr) 

400 Substrate temperature (oC) 

25 Electron beam current (mA) 

2.2 Acceleration Voltage (kV) 

60 Deposition time (min) 

 

 

Ar and N2 ions were accelerated toward Ti target at 

fixed energy of 2.2 keV and the current of 25 mA/cm
2
 

throughout the experiments. The phase and crystalline 

structure of the samples were characterized by X-ray 

diffraction (XRD) using a Philips-PW 1800 with Cu Kα 

radiation (40 kV, 30 mA). The scan rate was 1°/min 

and 2θ angle range of 30 to 100
o
 was selected. Surface 

topography was studied using scanning electron 

microscopy. 

Electrochemical studies on samples were conducted 

using a computer-assisted potentiostat (273A, EG & G, 

USA). The test was carried out in 3.5 wt% (0.6 M) 

NaCl solution using conventional three electrode cell 

equipped with produced samples as working electrode 

(1 cm
2
), and platinum and calomel as counter and 

reference electrodes, respectively. The reference 

electrode was connected to a Luggin capillary and the 

tip of the Luggin capillary was kept closer to the 

surface of the working electrode to minimize IR drop. 

The sample was kept in NaCl solution for an hour in 

order to establish the open circuit potential (EOCP). The 

change in open circuit potential (OCP) values were 

monitored and represented as potential vs. time plot. 

The potentiodynamic polarization (Tafel plots) has 

been represented as potential vs. log i. Corrosion 

current density (icorr) was obtained from the intersection 

of extrapolation of cathodic and anodic Tafel slopes 

back to the corrosion potential (Ecorr). The elemental 

analysis of the samples after corrosion test was 

performed using energy dispersive spectroscope (EDS) 

analysis. 

 

3. Results and Discussion 

3.1. XRD 

XRD patterns of deposited samples at different gas 

ratios (shown in Table 3) are illustrated in Figure 2. As 

is clear from Figure 2, TiN phase is not formed for S1 

and only austenite phase with sharp peaks 

corresponding to γ–Fe(111), γ–Fe(200), γ–Fe(220) and 

γ–Fe(311) at 2θ = 43.7°, 50.7°, 74.8° and 90.0°, 

respectively, is observed.  

The TiN samples S2 to S4 in addition to four SS 

peaks showed one peak at 2θ = 42.611° corresponding 

to TiN(200) with a rock salt faced-centred cubic crystal 

structure (JCPDS Card No: 06-0642). The intensity of 

(200) peak increased by the flow rate of argon. It can 

be observed that at high Ar:N2 flow ratio of 50:7 

(sample S4), maximum intensity is observed for (200) 

peak which revealed golden yellow color. This can be 

explained by the influence of deposition parameter. 

The crystallite size, D, is obtained using the Scherrer 

equation (Eq. 1)[11]. 

 

D = ��
����	

  (1) 
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Table 3: Deposited samples under different Ar/N2 flow ratios. 

Sample S1 S2 S3 S4 

Ar/N2 7.7 15.7 30.7 50.7 

 
Figure 2: XRD patterns of TiN deposited at various argon/nitrogen flow ratios of (a) 7, (b) 15, (c) 30 and (d) 50. 

 

where, k is a dimensionless constant that is related 

to the shape and distribution of crystallites, λ is the 

wavelength of X-ray and θ is the Bragg angle. B is the 

full width at half maximum of the peak intensity 

(FWHM) in radian given by (Eq. 2): 
 

B = �W

� �W�

�  (2) 
 

where, W0 and Wi are the FWHM of the sample 

and the stress-free sample (annealed powder sample), 

respectively. 

The crystallite size calculated for TiN(200) peak is 

given in Table 4. It can be seen that the crystallite size 

of the titanium nitride phase increased with Ar gas 

flow. 

 

3.2. Potentiodynamic Polarization 

Figure 3 shows the potentiodynamic polarization curves 

of the samples at room temperature in 3.5 wt.% NaCl 

aqueous solution. It is found that the corrosion protection 

of samples is improved remarkably due to the titanium 

nitride coatings. The values of corrosion potential Ecorr 

and corrosion current density Icorr are listed in Table 4. It 

can be observed from Figure 3 that the Ecorr and Icorr 

change with increasing of Ar flow, indicating an 

improvement of corrosion resistance with increasing the 

argon flow. So, the optimum corrosion protection is 

observed for sample coated at 50 sccm Ar flow. It can be 

seen from Figure 4 (i-v per temperature) that with 

increasing of Ar flow from 7 sccm to 15 sccm, the 

corrosion potential (Ecorr) increases from -211.96 mV to -

202.62 mV and the corrosion current density decreases 

from 4.47 µA/cm
2
 to 0.28 µA/cm

2
. Further increase of 

Ar flow results in a better corrosion protection behavior 

such that for the sample coated at 50 sccm Ar flow, 

corrosion potential has increased to -9.5 mV. 

 

Table 4: The crystal size and corrosion parameters for TiN/SS 304 at different Ar flows. 

Sample Ar flow (sccm) 
Crystallite size 

(nm) 

Corrosion current 

density (µA cm-2) 

Corrosion potential 

(mV vs. SCE) 

T
iN

/S
S

 3
0
4
 

7.0 --- 4.47 -211.96 

15 32 0.28 -202.62 

30 49 0.11 -127.86 

50 53 0.06 -9.50 
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Figure 3: Polarization curves obtained for TiN coated samples at various argon/nitrogen flow ratios of 7, 15, 30 and 50. 

 

 

Figure 4: Ecorr and Icorr for TiN coated samples at various argon/nitrogen flow ratios of 7, 15, 30 and 50. 

 

 

3.3. SEM and EDS  

SEM images of the samples taken after corrosion test are 

shown in Figure 5. According to this Figure, less surface 

damage is observed in sample coated with 50 SCCM 

flow. Prominent cracks can be seen in the SEM images 

of the samples (comparing Figures 5a and 5d), hence 

lower corrosion resistance of these samples (see Table 4) 

can be due to the formation of these cracks which 

provide extra effective surface for corrosion in the 

corroding media. These cracks are resulted from the 

initiation of pitting at locations prone to corrosion in the 

samples and their propagation through the grooves 

between the large grains. Quantitative view of EDS plots 

in Figure 6 shows that the surfaces with good corrosion 

protection have higher amounts of Ti element which 

means that the corrosive solution couldn’t penetrate into 

the steel. For Ar flow of 7 sccm, the EDS analysis show 

a great amount of Fe and Cr which confirms the 

demolition of TiN coating and the subsequent 

penetration of corrosive solution into the steel substrate. 

The sample deposited at 50 sccm Ar flow with the 

maximum corrosion potential and minimum corrosion 

current density has the best appearance and also the 

maximum amount of coated element in EDS plots. So, 

the TiN coating produced at 50 sccm Ar flow has 

increased the corrosion resistance of 304 stainless steel. 
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Figure 5: SEM images of TiN deposited at various argon/nitrogen flow ratios of (a) 7, (b) 15, (c) 30 and (d) 50. 

 

 

Figure 6: EDS images of TiN deposited at various argon/nitrogen flow ratios of (a) 7, (b) 15, (c) 30 and (d) 50. 

 

4. Conclusion 

Titanium nitride films were deposited on 304 stainless-

steel substrates at a 400
 o

C and various nitrogen/argon 

flow ratios. The nano-structures of the films obtained 

from XRD analysis showed that films deposited at 

nitrogen/argon flow ratios from 15 to 50 sccm exhibited 

a TiN phase. But an increase of Ar concentration in TiN 

phases produces a high intensity of (200) peak. The 

corrosion behavior of AISI 304 stainless steel was 

studied by deposition of TiN coatings at different gas 

ratios. Potentiodynamic polarization analysis performed 

in 3.5% NaCl solution showed that the highest corrosion 

protection was achieved for 50 sccm Ar flow. It was 

shown that there is an optimum Ar flow and the 

corrosion current density decreased by two orders of 

magnitude in comparison with the bare stainless steel.   
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