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Abstract Nanoscale multilayered TiN/VN coatings were

developed by reactive dc magnetron sputtering on 316L

stainless steel substrates. The coatings showed a polycrys-

talline cubic structure with (111) preferential growth. XPS

analysis indicated the presence of peaks corresponding to

Ti2p, V2p, N1s, O1s, and C1s. Raman spectra exhibited the

characteristic peaks in the acoustic range of 160–320 cm-1

and in the optic range between 480 and 695 cm-1.

Columnar structure of the coatings was observed from TEM

analysis. The number of adherent platelets on the surface of

the TiN/VN multilayer, VN, TiN single layer coating

exhibit fewer aggregation and pseudopodium than on sub-

strates. The wear resistance of the multilayer coatings

increases obviously as a result of their high hardness. Tafel

plots in simulated bodily fluid showed lower corrosion rate

for the TiN/VN nanoscale multilayer coatings compared to

single layer and bare 316L SS substrate.

1 Introduction

The latest trends of research in biomedical engineering

centers are focused on problems connected with surface

engineering of implants. Surface treatment methods that

ensure minimal postoperative complications are developed.

Biocompatibility of implants in tissue environment is

determined by inseparable biochemical, biomechanical,

and bioelectronic factors. Biological reactions are analyzed

with respect to metabolic, bacteriological, immunological,

and oncological processes [1–5]. Medical grade 316L SS is

presently being extensively used in medicine for implants.

This grade of stainless steel has been used to avoid and/or

minimize the pitting corrosion.

In recent years, various researchers have studied the

application of protective coatings to orthopedic implants,

e.g., hip prosthesis, in order to lengthen the utile life span

by means of applying a thin film [6] or multilayers [7] with

protective properties. Transition metal nitrides like TiN,

VN, TiAlN, TaN, NbN, and ZrN, were successfully used as

protective coatings against wear and corrosion in order to

increase the life expectancy of surgical implants and

prosthesis [8–11]. The coating should preferably have a

high hardness value, corrosion resistance and resistance to

mechanical wear, as well as biocompatibility and good

adherence to the substrate on which they are deposited.

TiN is one of the most studied ceramic coatings due to

its known biocompatibility [12]. This material leads to

significant increase in the hardness of metallic surfaces,

helps in protection against corrosion [13], and reduces

bacterial colonization [14]. It is also responsible for a

significant decrease in the metal ion release to the bio-

logical fluid [15]. TiN/NbN and TiN/VN multilayer coat-

ings have shown interesting properties when compared to

single layers of TiN, NbN, and VN in the form of enhanced

hardness when deposited on single crystal substrates.

In this article we have investigated the materials proper-

ties of TiN/VN multilayered coatings on 316L stainless steel

substrate. The role of multilayered coatings in improving the

corrosion resistance in simulated bodily fluid, hemocom-

patibility, and bacterial attachment on coated stainless steel

substrate was evaluated and discussed here.
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2 Experimental methods

2.1 Preparation of magnetron sputtered TiN/VN

multilayered coatings on 316L SS plates

TiN/VN multilayered coatings were prepared by reactive

dc magnetron sputtering using 99.9% pure Titanium and

Vanadium target. AISI 316L stainless steel substrates were

cleaned in ultrasonic bath using acetone and trichloroeth-

ylene. After evacuating the chamber to a base pressure

below 10-6 Torr, the substrate was cleaned by bombarding

Ar? ions with a dc power of 150 W. The substrate tem-

perature was kept at 400�C. The deposition parameters for

TiN/VN sputtering are summarized in Table 1. The TiN

and VN were deposited alternatively and the first layer was

TiN and the last layer was VN. A single rotational substrate

holder was used to obtain a layered structure. The total

thickness of the coating was 1.7 lm. The total number of

layers was about 150 with bilayer thickness of 90 Å. The

total thickness of the coating was controlled by the depo-

sition time.

2.2 Structural and compositional characterization

The structural analyzes of the textured coatings were carried

out using an X-ray diffractometer. A Philips PANalytical

X‘pert PRO powder diffractometer system with Cu-Ka
radiation of wavelength 1.5418 Å was used to study the

phase evolution. The XRD system was operated at 20 kV

and 10 mA in a 2h range of 20–100� using a step size of

0.02� and count time of 1 s. Raman spectra of the coatings

was studied using Lab RAM—HORIBA Laser Raman

Microscope with He–Ne laser. The data were collected with

data point acquisition time of 10 s in the spectral region of

200–1200 cm-1.

The surface microstructures of the specimens were

studied using ERA-8800FE field emission scanning elec-

tron microscope (FESEM). The surface topography of the

coatings was studied using Nano Navi atomic force

microscopy (AFM). TEM analysis was studied using a

JEOL JEM-2100F field emission electron microscope.

ImageJ software was used to analyze the SAED pattern.

The chemical nature of the outermost part of TiN/VN

multilayered coatings was obtained by X-ray photoelectron

spectroscopy (XPS) techniques using Multilab 2000.

Before making the measurement, the surface contamination

was removed by sputtering with Ar ions.

2.3 Hemocompatibility and bacterial adhesion tests

In vitro platelet adhesion test was performed to investigate

the quantity, morphology, aggregation, and pseudopodium

of the adherent platelets. Platelet-rich plasma was prepared

by centrifuging whole blood for 10 min at a rate of

1,000 rpm min-1. Then it was dripped onto the sample

surface and incubated for 60 min at 37�C. After incubation,

PBS was used to remove the non-adherent platelets. The

adhered platelets were fixed in 2.5% glutaraldehyde and

critical point dried before gold sputtering and then the

specimens were prepared for examination in the scanning

electron microscope.

For the bacterial adhesion study, oral bacteria (Bacillus

megaterium and Bacillus pseudomycoides) were isolated

from orthodontic patients and identified by biochemical

test and molecular identification (16S rRNA Gene

Sequencing). 24 h young bacterial cultures were used for

these experiments. The coated and uncoated specimens

were immersed in separate 100 ml conical flasks that

contained nutrient broth medium. Oral bacteria were

inoculated in each nutrient broth medium and used as the

experimental system while the un-inoculated specimen was

used as the control system. The immersion period was

10 days. After immersion periods, coupons were removed

from the medium. This specimen was used for fluorescence

studies. The bacterial cells with poor adhesion were

removed by washing with sterile distilled water. The cou-

pons with biofilm were immersed for 20 min in a 3%

glutaraldehyde solution in order to fix the biofilm to the

steel surface. After that coupon was gently rinsed with

autoclaved sterile distilled water and then three drops of

0.01% aqueous solution of acridine orange was added. It

was incubated for 15 min; the excess stain was washed

with autoclaved sterile distilled water and examined by the

Epi-Fluorescence microscope E200, Nikon, Tokyo, Japan.

2.4 Mechanical test

Nanohardness and Young’s modulus of the deposited layers

were examined by means of a nanoindentation technique

using nanoindenter (Nano Test) at a load of 5 mN using a

Berkovich diamond indenter. Indentations were made on

each sample at ten different locations and the values

reported here represent the average of the ten readings.

Table 1 Deposition parameters for TiN/VN reactive sputtering

Objects Specification

Target (2’’Dia) Ti (99.9%) & V (99.9%)

Substrate AISI 316LSS

Target to substrate distance 60 mm

Ultimate vacuum 1 x 10-6 m bar

Operating vacuum 2 x 10-3 m bar

Sputtering gas (Ar:N2) 2:1

Power 150 W

Substrate temperature 400�C
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Wear resistance of the coated and uncoated substrates was

examined by block on ring system. All the wear experi-

ments were conducted at room temperature, ambient

humidity, and without lubrication. A commercial grade

steel ball bearing was used as the moving counterbody. The

ring material, having a diameter of 60 mm, was made of

high chromium high carbon tool steel with Vickers hardness

850 HV. The normal load was 400 g (3.924 N), with a

sliding speed of 100 rev min-1 and the sliding time was

2 min. The size of the samples was 3 9 1 cm. The friction

coefficients were continuously recorded automatically. The

wear rate was calculated by measuring the weight change of

a specimen before and after the test.

2.5 Electrochemical corrosion behavior in simulated

bodily fluid

To evaluate the corrosion behavior of the substrate and

coatings, potentiodynamic polarization test, and electro-

chemical impedance spectroscopy (EIS) measurement were

conducted in a test solution of modified Fusayama simu-

lated bodily fluid [16]. Experiments were conducted using

a standard three electrode configuration, with a platinum

foil as the counter electrode, a saturated calomel electrode

(SCE) as the reference electrode and the sample as the

working electrode. The exposed surface area of all speci-

mens was fixed at 1 cm2 and the remaining portion except

for the exposed area was painted with a strong adhesive

silicon bond in order to prevent the initiation of crevice

corrosion.

The potentiodynamic polarization test was carried out

using Autolab PGSTAT12 system. The sample was kept in

the solution for 60 min prior to the potentiodynamic

polarization study in order to establish the open-circuit

potential (Eocp) or the steady state potential. After obtain-

ing the stable open-circuit potential, the upper and the

lower potential limits of linear sweep voltammetry were set

at ?200 and -200 mV, respectively, with respect to the

Eocp. The sweep rate was 1 mV s-1. Porosity can indicate

an obvious fracture path for adhesion failure. An empirical

equation to evaluate the porosity (P) [17] of the coatings

and protective efficiency is;

P ¼ RpsðsubstrateÞ
RðpÞðcoating=substrateÞ 10� DEcorr=b2j j ð1Þ

Here P is the total coating porosity, Rps is the

polarization resistance of the substrate material, Rp is the

calculated polarization resistance of the coated system, and

DEcorr is the potential difference between the bare substrate

steel and the corrosion potentials of the coated steel and ba

is the anodic Tafel slope of the substrate. Calculated

polarization resistance of the coated system is

Rp ¼
ba � bcð Þ

2:3� icorr � ba þ bcð Þf g ð2Þ

Here ba is the anodic Tafel constant and bc is the

cathodic Tafel constant. Protective efficiency (Pi) [17] of

the coating is determined from the polarization curve by

below equation,

Pi ¼ 100 1� icorr

ði0
corrÞ

� �
: ð3Þ

Here icorr and i0
corr are the corrosion current densities in

the presence and absence of the coating, respectively.

3 Results and discussion

3.1 Structural and compositional analysis

The X-ray diffraction pattern of TiN/VN nanoscale multi-

layer coatings prepared by reactive dc magnetron sputtering is

shown in Fig. 1. The observed d values are in good agreement

with the standard values with JCPDS card no 089-5265 for

VN and 087-0633 for TiN coatings. They crystallized in cubic

structure with lattice parameter of 4.16 Å and the peaks

corresponding to (111), (200), (220), (311), and (222) planes

were observed. The lattice parameter ‘a’ in case of cubic

symmetry is calculated by using the formula [18],

1

d2
¼ 1

a2 h2 þ k2 þ l2½ � : ð4Þ

The crystallite size can be calculated using the Scherrer

formula [18],

Dhkl ¼
Kk

b cos h
ð5Þ

where Dhkl is the crystal size along the direction normal to

the plane, K is Scherrer constant, k = 0.154 nm and is the

X-ray wavelength of Cu-Ka radiation, b is the full-width at

Fig. 1 XRD patterns of TiN/VN multilayers prepared by magnetron

sputtering
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half maximum of a Bragg peak; and h is the Bragg angle.

Calculation gave the values of the mean nanometer-scale

crystallite-sizes of the film as 48 nm for the coatings. The

crystallite size reductions to the nanometer range results in

considerable improvement in their resistance to localized

corrosion [19].

Fig. 2 XPS spectra of TiN/VN multilayer coatings deposited at 400�C a survey spectra, b Ti2p, c V2p, d N1 s, e O1 s and, f C1 s
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The typical survey spectra of the TiN/VN nanoscale

multilayer coatings are shown in Fig. 2a. The multilayer

coatings exhibit the characteristic Ti2p, V2p, N1s, O1s,

and C1s peaks at the corresponding binding energies 454.5,

516.1, 397.0, 530.6, and 284.1 eV, respectively [20]. For

chemical state determination high resolution spectra of

Ti2p, V2p, N1s, O1s, and C1s were recorded (Fig. 2b–f).

The information on the chemical bonding states was

obtained by subtracting the background with the linear

method and deconvoluting the spectra by a curve-fitting

method using a non-linear least squares fitting of a mixed

Gaussian–Lorentzain product function.

Figure 2b shows high resolution spectra of Ti2p tran-

sition. The Ti2p photoelectron line is split into two

components 2p3/2 and 2p1/2 according to split-orbit

coupling. The position of Ti2p 3/2 for stoichiometric TiN

falls in 455.6 eV and the peak found to 458.2 eV is

identified as Ti4? in a TiO2 environment. The peaks

appearing at 461.4 and 463.9 eV correspond to the 2p1/2

levels, of the Ti2p spin–orbit doublet characteristic of TiN

and TiO2 [21].

Figure 2c shows typical XPS spectra of the V2p doublet

in TiN/VN multilayer coatings as a function of binding

energy. The spectrum for the TiN/VN coatings in the V2p

region showed the presence of two well resolved spectral

lines at 514.2 and 521.6 eV [22]. These were assigned to

the V2p3/2 (at 514.2 eV) and V2p1/2 (at 520.9 eV) spin

orbit component for VN, respectively. The peak appearing

at 516.2 eV (2p3/2) is due to the formation of V2O3. The

other two peaks at 524.4 (2p1/2) and 517.1 eV (2p3/2) are

due to the formation of V2O3 and V2O5 [22].

The N1s spectra recorded from the samples showed

(Fig. 2d) the presence of these contributions: N1, N2, and

N3, with corresponding binding energies. The contribution,

N1 located at 396.3 eV corresponds to Ti–N bonding in

TiN. The peak at 397.0 eV (N2) is characteristic for VN.

The broad contribution, N3, appearing at binding energy

(399.6 eV) has been commonly assigned to Ti oxynitrides

of the type TiOxNy [22].

The O1s spectra contained two contributions (Fig. 2e).

The main one located at 529.8 eV, corresponds to Ti–O

bonds. The assignment of the second oxygen contribution

positioned at 531.2 eV has been attributed to V2O5 and OH

groups [22].

Figure 2f shows the C1s spectrum for the multilayer

coatings which consists of four deconvoluted components.

The main component at 283.8 (C1) and 284.6 (C2) corre-

sponds to C–H bonding, while the smaller components at

285.6 eV (C3) is associated to C–N and C–H bond and

Fig. 3 The Raman spectra of TiN/VN multilayer coatings

Fig. 4 a SEM image of the TiN/VNcoatings, b AFM 3D image, and

c AFM 2D image of the multilayer coatings
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component at 287.9 eV (C4) is to C=O bond and they all

originate from atmospheric contamination [23].

Figure 3 shows the Raman spectra of DC magnetron

sputtered TiN/VN nanoscale multilayers. The TiN/VN

multilayer coating shows both an acoustic band at

200–400 cm-1 and an optical band at 550–700 cm-1. For

transition metal nitrides, Raman spectroscopy detects

distortions induced by vacancies, including an acoustic

band induced by metal ions and an optical band by non-

metal ions [24]. The characteristic peaks at 278 cm-1 are

due to the formation of transverse acoustic (TA)/longitu-

dinal acoustic (LA) mode and 638 cm-1 is related to

transverse optical (TO)/longitudinal optical (LO) mode

and 445 cm-1 peak corresponds to the second-order

acoustic (2A) modes of VN. The peaks at 166, 360, 490,

565, and 830 cm-1, related to TA/LA, 2A, TO and

acoustic/optic (A ? O) modes of TiN [24], respectively,

were observed in the Raman spectra of TiN films.

This result confirms the successful formation of TiN/VN

nanoscale multilayered film.

3.2 Morphological studies

Scanning electron microscope image of the coatings

showed (Fig. 4a) that the particles are agglomerated and

grain size is about 20–30 nm. AFM image of the TiN/VN

multilayer coatings showed (Fig. 4b, c) dense microstruc-

ture. The average grain size measured of these formations

is about 20–30 nm as shown in Fig. 4c using particle

analysis and section analysis tools. The average height of

this formation is 20 nm and the root mean square surface

roughness of the coatings is 5.4 nm.

Fig. 5 a Cross sectional TEM

image and b SAED pattern for

TiN/VN multilayer coatings

Fig. 6 Morphology of platelet

adherent on a steel substrate,

b TiN, c VN, and d TiN/VN

multilayeres
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The bright field TEM micrograph of the cross section of

the TiN/VN multilayer coatings is shown in Fig. 5a. The

section comprises of the steel substrate, base layer (TiN)

and columnar TiN/VN multilayer coating. There is no

evidence of significant microstructural changes either in

the coating or in the substrate. The excellent bond between

coating and substrate and the columnar structure of the

coating were observed. The polycrystalline diffraction

pattern (Fig. 5b) confirms the information provided by

X-ray diffraction. The nature of crystallinity was further

examined by using selected area electron diffraction

(SAED), conventional TEM techniques. The SAED pattern

showed a spotty-discontinuous ring pattern in Fig. 5b. The

rings marked 1–5 match with (111), (200), (220), (311),

and (222) planes of TiN phase.

3.3 Platelet adhesion test

Figure 6 shows the morphology of the platelets adhering to

the TiN/VN nanoscale multilayer, VN, TiN single layer

coatings and on AISI 316LS substrates after incubation for

60 min. The number of adherent platelets on the surface of

the TiN/VN multilayer, VN, TiN single layer coating

exhibit fewer aggregation and pseudopodium compared to

AISI 316LS substrates. Figure 6 also indicates that adher-

ent platelets on the TiN/VN multilayer coatings are even

lesser than those on the single layer VN and TiN coatings.

Our experiments demonstrate that the scalar and active

levels of adhered platelets on coated samples are lower

than those on stainless steel substrate. Here, denaturing and

aggregation of the platelets are observed to be impeded,

and platelet adhesion is also reduced on the coated surface.

3.4 Bacterial attachment studies

Figure 7 shows the typical epi-fluorescence microscope

images of the TiN/VN multilayer, TiN, VN single layer

coatings and bare AISI 316L stainless steel substrates after

bacterial adhesions test. Bacterial adherence to the implant

surface is considered to be an important event in the

pathogenesis of bacterial infections and implant failure.

This adherence is associated with the development of

inflammation of the peri-implant soft tissues, crestal bone

loss, and peri-implant pathology. The initial, nonspecific

adherence is thought to involve nonspecific processes

mediated by physico-chemical interactions such as hydro-

phobic interactions and electrostatic interactions [25]. The

specific adherence is mediated by extracellular polysac-

charides and lectin-like substances [26]. In the oral cavity,

teeth and dental implant surfaces (transgingival abutment

or healing implant components) are covered by an acquired

pellicle formed by adsorption of salivary components to the

surface of the teeth, implants, and restorations. Oral bac-

teria must then interact with these salivary components in

order to adhere to the surface. A correlation between pla-

que accumulation and progressive bone loss around

implants has been reported in experimental and clinical

studies [27].

The results of the present study show that the implants

coated with TiN/VN multilayer presented a minor quantity

Fig. 7 Bacterial adhesion

image on a steel substrate,

b TiN film, c VN film, and

d TiN/VN multilayered film

J Mater Sci: Mater Med (2012) 23:329–338 335

123



of the surface covered by bacteria. The attached bacteria

were higher on uncoated substrates with higher roughness

than on coated substrates. As bacteria accumulated on the

uncoated 316L stainless steel, they exhibited typical phe-

notypic properties of biofilm formation. Rough surface is

one of the requirements for improved cell attachment and

integration [28]. Visual observation showed that TiN and

VN single layer coatings had lesser bacterial cells com-

pared to the substrate. Of all the coatings, the attachment

of bacteria on TiN/VN multilayer coatings was found to be

very minimum and without colonization because the

multilayer coating surface had very smooth surface. Also,

the film composition would have been responsible for the

large variation in bacterial adhesion as it would have

mediated the bacterial adhesion through charge transfer

interactions.

3.5 Mechanical studies

Nanohardness of TiN, VN monolayer, and TiN/VN multi-

layers was determined on the coated steel substrate by using

a nanoindentor. The nanohardness and young’s modulus of

the TiN/VN multilayer coating, calculated from this plot,

was about 30.04 and 186.99 GPa. Monolayer layer TiN and

VN showed hardness of about 23.67 and 20.67 GPa and

young’s modulus of 184.64 and 179.89 GPa, respectively.

The hardness of multilayers is thus very high as compared

to the monolayers.

The friction coefficient of 316LS, TiN, VN single layer,

and TiN/VN multilayer coatings, which were prepared by

reactive dc magnetron sputtering method, evaluated against

steel ball as a counter material is shown in Fig. 8a. 316LS,

TiN, and VN single layer coatings showed average friction

coefficients of 0.52, 0.45, and 0.31, respectively, the TiN/

VN multilayer coatings showed the lowest friction coeffi-

cient of 0.25 among them. The lower friction coefficient

observed in Fig. 8a for the TiN/VN on 316LS indicates that

this stack has better wear resistance.

Figure 8b shows the comparative diagram of wear rates

of TiN/VN multilayer coatings with TiN, VN single layer

and bare substrate. The wear rates for TiN/VN coatings

are 3.93 9 10-6 gm m-1. As can be seen in the diagram,

the wear rate of TiN/VN coatings is significantly lower

than that of TiN (6.63 9 10-6 gm m-1), VN (7.23 9

10-6 gm m-1) and bare substrate (9.25 9 10-6 gm m-1).

Experimental data clearly indicates that TiN/VN multilayer

coating has superior wear resistance compared to single

layer and bare substrate. Generally the wear resistance of a

material has been directly related to its hardness, i.e., the

higher the hardness higher the wear resistance.

3.6 Polarization studies

AISI316L stainless steel has been widely used for biomed-

ical implants, such as orthopedic, cardiovascular, and dental

devices. The success of implants in the human body depends

on their biosafety, biocompatibility, and biofunctionality in

Fig. 8 a Variation of friction

coefficient with sliding time and

b wear rate of steel ring after

sliding against steel substrate,

VN, TiN, and TiN/VN

Fig. 9 Polarization studies of a steel substrate, b TiN film, c VN film,

and d TiN/VN multilayered film in simulated bodily fluid
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the environment where implants are placed in. With the aim

of studying the protection abilities and stabilities on local-

ized corrosion of coating, potentiodynamic polarization

measurements were carried out in simulated body fluid

conditions.

The potentiodynamic polarization curves for the TiN/VN

multilayer, VN, TiN single layer coatings and bare substrate

are shown in Fig. 9 and the measured corrosion potential

(Ecorr) calculated from the intersection of the Tafel slopes,

corrosion current density (icorr) which was also obtained

from the intersection of the Tafel slopes and corrosion rate,

polarization resistance, protective efficiency (Pi), and

porosity (P) are given in Table 2. The coated samples show a

positive shift in corrosion potential, when compared to bare

substrate. The corrosion current is observed to be minimum

at 0.51 9 10-5Å/cm2 for the TiN/VN on AISI 316L sub-

strate stack as evident from Table 2. There is an appreciable

increase in corrosion resistance for the TiN/VN multilayer

coated substrate compared to TiN, VN, and bare AISI sub-

strate. It clearly shows that passive film is formed on the TiN/

VN multilayer coated substrate and demonstrates good

corrosion resistance of the multilayer coated specimens

because passivity formation in multilayer coatings can be

interpreted using wide passive potential range and low cur-

rent density. The electrochemical determination gives a

porosity of 0.0194 for the TiN/VN multilayer coatings,

0.0542 for TiN single layer coating and 0.0194 for VN single

layer coating. Porosity of the multilayer coatings showed

lower value than that of other coatings. The corrosion current

density indicates the protective efficiency. The highest

protective efficiency was 80.2% for the TiN/VN multilayer

coatings which was well passivated, with a wide passive

potential range and low passive current density compared to

the single layer coatings and bare substrate. This protective

efficiency is related to crack formation, spallations of the

film and porosity in coatings. This suggests that significant

improvement in corrosion resistance in human body envi-

ronment can be achieved, by TiN/VN multilayer coatings.

4 Conclusions

Nanoscale TiN/VN multilayers were successfully depos-

ited on 316L stainless steel substrates by reactive dc

magnetron sputtering. X-ray diffraction analysis reveals

that the films are polycrystalline in nature with face cen-

tered cubic structure for nanoscale TiN/VN multilayered

coatings. These coatings were characterized using Raman

microscopy to elucidate the behavior of the optic and

acoustic phonon modes of the crystalline lattices. The

presence of different phases like TiN, TiO2, VN, V2O3, and

V2O5 was identified by XPS analysis. TiN/VN multilayer

coatings had better hemocompatability than TiN, VN

single layer, and bare AISI 316L SS substrates. The

attachment of bacteria on TiN/VN multilayer coatings was

found to be very minimum and without colonization. The

wear resistance of TiN/VN multilayer coatings shows

more improvement than that of the single layer and bare

substrate, which is correlated with their high hardness.

A significant improvement in corrosion resistance in

human body environment could be achieved by TiN/VN

multilayer coatings on 316L stainless steel substrates. The

TiN/VN multilayer coated samples show better protective

efficiency than the single layer and uncoated samples.
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