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a b s t r a c t

In this paper, TaxC1−x coatings were deposited on 316L stainless steel (316L SS) by radio-frequency (RF)
magnetron sputtering at various substrate temperatures (Ts) in order to improve its corrosion resistance
and hemocompatibility. XRD results indicated that Ts could significantly change the microstructure of
TaxC1−x coatings. When Ts was <150 ◦C, the TaxC1−x coatings were in amorphous condition, whereas when
Ts was ≥150 ◦C, TaC phase was formed, exhibiting in the form of particulates with the crystallite sizes of
about 15–25 nm (Ts = 300 ◦C). Atomic force microscope (AFM) results showed that with the increase of Ts,
the root-mean-square (RMS) values of the TaxC1−x coatings decreased. The nano-indentation experiments
indicated that the TaxC1−x coating deposited at 300 ◦C had a higher hardness and modulus. The scratch test
results demonstrated that TaxC1−x coatings deposited above 150 ◦C exhibited good adhesion performance.
Tribology tests results demonstrated that TaxC1−x coatings exhibited excellent wear resistance. The results
of potentiodynamic polarization showed that the corrosion resistance of the 316L SS was improved
significantly because of the deposited TaxC1−x coatings. The platelet adhesion test results indicated that
the TaxC1−x coatings deposited at Ts of 150 ◦C and 300 ◦C possessed better hemocompatibility than the
coating deposited at Ts of 25 ◦C. Additionally, the hemocompatibility of the TaxC1−x coating on the 316L
SS was found to be influenced by its surface roughness, hydrophilicity and the surface energy.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The combination of well suited mechanical properties and
excellent corrosion resistance has made 316L SS an extensively
used biomedical material for orthopedic implants, dental implant
and cardiovascular stents in the last two decades [1,2]. But the
pitting corrosion and the release of nickel have become a crucial
problem for the long-term implantation of SS implants, as Ni is
toxic and can cause allergic reaction as a biomaterial [3], and it
has been found that the released nickel, chromate, and molyb-
denum ions from SS stents may trigger local immune response
and inflammatory reactions, or stimulate platelet activation, which
in turn may induce intimal hyperplasia and in-stent restenosis
[4]. The complex processes at the interface between the material
surface and the blood influence the performance of the implant
in total, thus the hemocompatibility mainly depends on the sur-
face of the biomaterial. Hemocompatibility frequently is seen as
the most critical aspect of biocompatibility, as adverse effects are
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not restricted locally but affect remote and vital organs. Therefore
it is important to design a biomaterial used as blood-contacting
implant with best anticoagulant and antiinflammatory surface
properties.

It is well accepted that surface modification is a simple and
effective approach to improve the hemocompatibility of a mate-
rial. In recent studies, many different kinds of materials have
been investigated as candidates for a thromboresistant coating
of biomedical metals, such as diamond-like carbon [5], amor-
phous hydrogenated carbon [6], and titanium oxide [7,8]. It have
been reported that Ta, TaN and TaC possesses excellent corro-
sion resistance [9–11]. In addition, Ta and TaN were known to
have good blood compatibility and the blood compatibility of
TaN coatings was shown to be better than that of Ta [12]. Up
to now, no report has been given on the deposition of TaxC1−x
coating on the surface of 316K SS by RF magnetron sputtering
with the aim to improve its biocompatibility. In this study, 316L
SS samples are coated with TaxC1−x coatings by RF magnetron
sputtering method. The effect of substrate temperatures on the
microstructure, hardness, tribological and the adhesion strength
of the TaxC1−x coatings were investigated. Furthermore, the cor-
rosion resistance and hemocompatibility of the TaxC1−x coating
were also investigated to verify its biomedical application feasi-
bility.

0169-4332/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.apsusc.2010.07.026
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Fig. 1. X-ray diffraction patterns of uncoated 316L SS (a) and (b) with TaxC1−x coating
deposited at different Ts: (b) 25 ◦C, (c) 150 ◦C and (d) 300 ◦C.

2. Experiments

316L SS plate samples of 10 mm × 10 mm × 1 mm were prepared
by grinding with 240, 400, 800, 1000, 1500, and 2000 grit water-
proof silicon carbide papers and then by mechanical polishing with
a diamond suspension down to 0.05 �m to get a smooth surface.
After that, they were ultrasonically cleaned in acetone, alcohol and
distilled water successively and dried. 316L SS substrates were then
loaded in the sputtering chamber maintained at a base pressure of
2 × 10−5 Pa. TaxC1−x coatings were deposited on the 316L SS sub-
strates by radio-frequency (RF) magnetron sputtering at different
substrate temperature (Ts) ranging from 25 ◦C to 300 ◦C at 120 W RF
power and at 0.3 Pa pressure in argon atmosphere of 99.999% purity
from Ta–C target. During the deposition, the substrate holder was
applied with a negative substrate bias of 50 V and the total depo-
sition time was 60 min. For each coating, the thickness is about
1.2 �m.

The crystalline structure of coatings was characterized by X-ray
diffraction (XRD) (X’Pert Pro, PANalytical) with Cu K� radiation.
The crystal size of the coating is determined from the broaden-
ing of corresponding X-ray spectral peaks by Scherrer’s formula:
D = 0.9�/(ˇc − ˇs) cos �, where D is the crystal size, � is the wave-
length of the X-ray radiation, and ˇc and ˇs are the full widths at
half-maximum height of the sample and standard (single-crystal
silicon), respectively. The microstructure of TaxC1−x coated 316L SS
was analyzed by plan-view high-resolution transmission electron
microscopy (HRTEM) (JEM-2100, Japan Electronics). For plan-view
TEM observations, the samples were first mechanically thinned
from 316L SS side to a thickness of about 10 �m. Further thin-
ning to a thickness of electron transparency was carried out by a
Gatan Model 600 ion-polishing system. The surface morphologies
and the root-mean-square (RMS) roughness of the TaxC1−x coating
were obtained by atomic force microscopy (AFM) (AJ-IIIa, Aijian
Nanotechnology Inc., China). The surface roughness of the TaxC1−x
coatings were measured at six different positions for one sample
and the average value was used in this paper. The hydrophilicity
and surface energy of the TaxC1−x coatings and bare 316L SS were
determined by sessile contact angle method. The contact angles

Table 1
Surface roughness of TaxC1−x coatings deposited at different Ts.

Substrate temperature (◦C) Coating RMS (nm) Substrate RMS (nm)

25 6.104 ± 0.381 4.115 ± 0.236
150 3.373 ± 0.196 3.976 ± 0.214
300 2.561 ± 0.234 3.985 ± 0.205

Fig. 2. Typical TEM micrographs at two different magnifications of 316L SS with
TaxC1−x coating deposited at 300 ◦C showing the presence of spherical TaC crystal-
lites.

subtended by water and glycol were measured using an FTA 200
contact angle goniometer. Six readings were conducted on the dif-
ferent locations of the sample surface to obtain an average. For
a solid–liquid system, the surface energy of the solid and liquid
phases is connected by contact angle:

�LV(1 + cos �) = 2
√

�p
LV�p

SV + 2
√

�d
LV�d

SV (1)

where � is the contact angle, �p
LV, �d

LV, �p
SV and �d

SV are the polar and
disperse components of the surface energy of the liquid and solid
phases (�LV = �p

LV + �d
LV). Using the standard values of the water

and glycol, combined with the measured contact angle, the polar
and disperse components of the surface energy can be calculated.
The interfacial tensions between the samples with water can be
calculated by Young’s equation:

�LV = �SL + �LV cos � (2)

Nano-indentation experiments were carried out using a TriboIn-
denter (Hysitron, MN, USA) to obtain the nanohardness and Young’s
modulus. A three-sided Berkovich diamond indenter with a tip
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Fig. 3. Representative AFM images of 316L SS with TaxC1−x coatings deposited at
different Ts.

Fig. 4. Nano-indentation load-displacement curves of uncoated 316L SS and 316L
SS with TaxC1−x coatings deposited at different Ts.

Fig. 5. Typical micrographs showing the scratch channel of 316L SS with TaxC1−x

coatings deposited at different Ts (a) 25 ◦C and (b) 300 ◦C.

radius of about 100 nm was used. An echelon load function was
used in all the tests, with loading, holding and unloading times
all equal to 5 s. Scratch tests were used to determine the adhe-
sion strength between the coating and the 316L SS substrate with
a scratching speed of 2 mm/min and a continuous stepless load-
ing rate of 50 N/min. During scratching acoustic emission signal
intensity was continuously monitored to determine the critical
load (Lc) to evaluate the adhesive strength, and the results were
then verified by scanning electron microscopy (SEM) (JSM 6480,
Japan Electronics) to determine the value of the critical load. The

Fig. 6. Friction coefficient curves of uncoated 316L SS and 316L SS with TaxC1−x

coatings deposited at different Ts.
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Fig. 7. Typical micrographs showing the wear tracks after pin-on-disc friction test of 316L SS with TaxC1−x coatings deposited at different Ts: (a) Ts = 25 ◦C and (b) Ts = 300 ◦C.

Lc was collected with three parallel samples to obtain an average
value. The tribological experiments were conducted on an Univer-
sal Micro-Tribotester (UMT-2, Center for Tribology Inc., USA) under
normal loads of 100 g with 3 mm diameter WC + 6% Co ball as a
counterpart material. The sliding speed was 50 cm/min.

The electrochemical measurements were performed on a 1287
Electrochemical Interface (Solartron). Potentiodynamic polariza-
tion experiments were conducted in phosphate buffered saline
(PBS) which was mainly used to evaluate the drug release pro-
file of the drug-eluting stents [13]. The chemical composition of
the PBS was the water solution of 8 g/l NaCl, 0.2 g/l KCl, 1.44 g/l
Na2HPO4, 0.24 g/l KH2PO4 and the pH value was 7.4. The sam-
ple, a platinum electrode and a saturated calomel electrode (SCE)
were used as working electrode, counter-electrode and refer-
ence electrode, respectively. During the potentiodynamic sweep
experiments, the samples were firstly immersed into the elec-
trolyte for 120 min to stabilize the open-circuit potential (OCP).

The potentiodynamic polarization curves of the test samples were
measured from −0.4 V (vs. SCE) to 1.0 V (vs. SCE) with a scan rate of
1 mV/s.

In vitro platelet adhesion test was performed to identify the
blood compatibility of the TaxC1−x coatings. Platelet-rich plasma
(PRP) was prepared by centrifuging the whole blood for 20 min at
a rate of 1000 rpm, and then the PRP was dropped on the surface
of the samples and incubated at 37 ◦C for 1 h. After incubation, the
samples were rinsed with PBS to remove the nonadherent platelets.
The adhered platelets were fixed in 2.5% glutaraldehyde solutions
for 1 h at room temperature followed by dehydration in a gradi-
ent ethanol/distilled water mixture (30%, 50%, 60%, 70%, 80%, 90%
and 100%) for 15 min each. After dehydration, the sample plate was
dealcoholized with a series of isoamyl acetate–ethanol solution
(50%, 60%, 70%, 80%, 90% and 100% of isoamyl acetate) for 15 min.
The samples were critical-point dried with CO2 and gold coated for
examination in a SEM. Ten different regions (2916 �m2 per field at
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Fig. 8. Potentiodynamic polarization curves in PBS for the uncoated 316L SS and
316L SS with TaxC1−x coatings deposited at different Ts.

a magnification factor of 2000) were randomly chosen per sample
to obtain good statistical results [14–16].

3. Results and discussion

3.1. Microstructural characterization of the TaxC1−x coating

The crystalline structure of TaxC1−x coatings deposited on 316L
SS substrate was examined by XRD measurement in �–2� scan
mode, and the XRD profiles of TaxC1−x coatings deposited at dif-
ferent Ts are shown in Fig. 1. The sputtering Ts changed from 25 ◦C
to 300 ◦C while the rest conditions were kept same. The XRD pattern
as shown in Fig. 1(a) was indexed as the austenite phase of 316L
SS substrate. In Fig. 1(b), there leaves a broad bump taking out the
diffraction peaks of 316L SS, which corresponds to an amorphous
structure, indicating that the resulting TaxC1−x coating deposited
at 25 ◦C is in amorphous condition [17]. The XRD patterns (Fig. 1(c)
and (d)) of deposited TaxC1−x coating at higher temperatures fea-
tured four Bragg diffraction peaks, which can be indexed as (1 1 1),
(2 0 0), (2 2 0) and (3 1 1) planes of TaC phase (JCPDS No 03-065-
8774). The crystal size of the coatings deposited at 150 ◦C and 300 ◦C
can be evaluated from the full width at half-maximum (FWHM) of
(1 1 1) peak using Scherrer’s formula, the average crystallite size
was found to be 7.8 nm and 17.6 nm, respectively. It was found
that there was a pronounced increase in the crystal size as the Ts

increased. It is likely that higher Ts provided energy to deposition
atoms to enhance mobility, which can decrease the defects in the
TaxC1−x coatings and improve the quality of coatings. The crystallite
size estimated by applying the Scherrer equation could be some-
what overestimated because of additional microstrain factors [18],
but an analysis through HRTEM (Fig. 2) further corroborated the
XRD results, showing a crystallite of about 15–25 nm in the TaxC1−x
coatings (Ts = 300 ◦C).

In order to directly observe nanostructure of TaxC1−x coating
deposited at Ts = 300 ◦C, two TEM bright-field images together with
the corresponding selective area diffraction (SAD) patterns are
shown in Fig. 2. It is evident that the microstructure of TaxC1−x coat-
ing (Ts = 300 ◦C) is composed of spherical crystallites with size of
15–25 nm (Fig. 2(a)). It is in agreement with the size of the crystal-
lites determined by XRD analysis. The Debye–Scherrer rings in the
SAD pattern, which can be indexed as an fcc structure, indicate the
presence of fcc B1-NaCl structural TaC (Fig. 2(a)). HRTEM (Fig. 2(b))
was performed to further elucidate the surface plane of TaC coat-
ing. Their corresponding fast Fourier transformation (FFT) spectra
are also given in the inset. It is quite evident that the TaC coat-

Fig. 9. Statistic analysis of the adhered platelets number on the surface of the
uncoated 316L SS sample and with TaxC1−x coating deposited at different Ts.

ing is a polycrystallite comprising nano-grains in different sizes,
shapes, and orientations. As shown in Fig. 2(b), (1 1 1) lattice fringes
with d = 2.56 Å and (2 0 0) lattice fringes with d = 2.21 Å are most fre-
quently observed. They are consistent with (1 1 1) and (2 0 0) rings
of the corresponding FFT spectrum.

It is known that surface microstructural properties such as
surface roughness play decisive roles in increasing the biocom-
patibility of metal implants. The morphologies of the coatings
deposited at different Ts are shown in Fig. 3. Clearly, the Ts has
remarkable effects on the surface morphology and the root-mean-
square roughness (RMS) of TaxC1−x coatings, as listed in Table 1.
It can be observed that the RMS values in the line-scans decrease
when the substrate temperature is increased. The result suggests
that diffusion plays an important role in the mechanism. During the
formation step of the coating, the particle that reaches the substrate
of the low temperature has low mobility. As the substrate temper-
ature goes up, diffusion of adatoms increases and the roughness of
the coating decreases [19,20].

3.2. Mechanical characterization of the TaxC1−x coatings

Nano-indentation was performed on the surfaces to test the
deformation characteristics of the coatings. The load–displacement
curves of the present experimental coating samples deposited at
different Ts and uncoated 316L SS are shown in Fig. 4. Compared
to the uncoated 316L SS, all 316L SS with TaxC1−x coating samples
showed slighter plastic deformation with smaller maximum indent
depth and residual depth. With the increase of the Ts, the maximum
depth and the residual depth became smaller. The quantitative
results were obtained from these curves according to Oliver–Pharr
method [21]. The nanohardness and elastic modulus of the TaxC1−x
coating deposited at different Ts are listed in Table 2. Obviously,
hardness and elastic modulus increase with the increase of Ts. In
our opinion, this result may directly relate to the microstructures
of the coatings. When Ts is >150 ◦C, the occurrence and growth of
nanocrystalline TaC may contribute to the increase of hardness and
modulus [22].

The critical load (Lc) of TaxC1−x coatings measured from the
scratch test at different Ts is listed in Table 2. It can be found that a
superior adhesion of the coating to the substrate is achieved in the
case of the sample deposited above 150 ◦C, meanwhile the mini-
mum adhesion strength occurred when the Ts is 25 ◦C. The scratch
tracks for 316L SS samples with TaxC1−x coating deposited at 25 ◦C
and 300 ◦C are shown in Fig. 5. For the coating deposited at 25 ◦C,
large-scale and continuous flakings or spalling on both sides of the
scratch channel were observed. This is an indication, in general, of
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Table 2
Mechanical characteristics of TaxC1−x coatings deposited at different Ts.

Samples Hardness (GPa) Modulus (GPa) Lc (N)

316L SS 6.02 ± 0.09 225.1 ± 1.11 –
TaxC1−x coated 316L SS (Ts = 25 ◦C) 8.82 ± 1.04 174.7 ± 0.98 15.6 ± 2.1
TaxC1−x coated 316L SS (Ts = 150 ◦C) 15.7 ± 1.41 231.4 ± 1.01 38.8 ± 2.8
TaxC1−x coated 316L SS (Ts = 300 ◦C) 19.2 ± 1.79 265.7 ± 1.21 43.3 ± 2.1

Table 3
Corrosion parameters in a PBS solution for TaxC1−x coatings deposited at different
Ts.

Samples Icorr (�A/cm2) Ecorr (mV)

316L SS 4.198 −202
TaxC1−x coated 316L SS (Ts = 25 ◦C) 2.798 −166
TaxC1−x coated 316L SS (Ts = 150 ◦C) 0.591 −164
TaxC1−x coated 316L SS (Ts = 300 ◦C) 0.469 −102

poor adhesion between the coating and the substrate. In the case of
scratch channel of coating deposited at 300 ◦C, no flaking or cracks
were observed, the scratch tracks are relatively smooth and clean,
free of coating debris. The result indicates that TaxC1−x coatings
(Ts = 300 ◦C) possess best adhesion to the 316L SS substrate. The
reason of such a good coating-substrate bond for TaxC1−x coatings
(Ts = 300 ◦C) may attribute to the fact that the higher Ts makes the
impinging particles deposited onto the substrate with more energy,
which results in the high values of adhesion strength between TaC
coating and substrate.

Fig. 6 shows the variation of friction coefficients for the TaxC1−x
coatings deposited at various Ts, and the uncoated 316L SS sample is
used as a comparison. For all the TaxC1−x coatings, the friction coef-
ficients as a function of sliding time exhibited the same tendency:
at first increase sharply and then keep stable. It is clear from the
figure that the coating deposited at Ts = 25 ◦C is failed during the
test when sliding time is >500 s. Furthermore, it can be observed
from the figure that the influence of Ts on the coefficient of fric-
tion is less significant, and an average coefficient of friction value,
between 0.17 and 0.21 is observed for samples prepared with dif-
ferent Ts of 25–300 ◦C. It shows that the TaxC1−x coatings exhibit
very low coefficient of friction irrespective of the differences in the
deposition condition (Ts). The stable friction coefficient of uncoated
316L SS sample is higher than that of the TaxC1−x coating. The SEM
images of the failed wear track of the coating (Ts = 25 ◦C) along with
a stable wear profile of another coating (Ts = 300 ◦C) are shown in
Fig. 7. The failure looks more like stress cracking. Poor adhesion and
the relatively high load applied during the friction test caused the
failure of the coating.

3.3. Electrochemical characterization of the TaxC1−x coatings

Fig. 8 shows the potentiodynamic polarization curves in PBS
at 37 ◦C for the uncoated 316L SS substrate and the 316L SS with
TaxC1−x coatings (Ts = 25 ◦C, 150 ◦C and 300 ◦C). Table 3 summarizes
the current density (Icorr) and the open-circuit corrosion potential
(Ecorr) obtained from the polarization curves by Tafel extrapola-
tion method [23]. Compared to uncoated 316L SS sample, Ecorr of

the coated sample is higher and Icorr is much lower. Especially for
the 316L SS sample with TaxC1−x coatings deposited at 150 ◦C and
300 ◦C, the Icorr was almost lower by an order of magnitude com-
pared to the uncoated 316L SS sample. These results reveal that
the TaxC1−x coating itself is an inert material as compared with
the uncoated 316L SS and the TaxC1−x inert surface can prevent
the substrate from corrosion. Especially, 316L SS surface coated
with the TaxC1−x coating deposited at higher Ts shows the bet-
ter corrosion resistance among all. As for the coated system, the
porosity and adhesion strength of coatings are two main factors
affecting the corrosion resistance [24,25]. The increase of Ts can
give more mobility to the atoms and favoring to form coating with
dense microstructure, thus preventing diffusion of the corrosive
medium into substrate [26]. This result is consistent with the report
by Deevi and co-worker [27] and they stated that the denser coat-
ing provided the better corrosion resistance in corrosive aqueous
media. In addition, there is great difference in adhesion strength
for the TaxC1−x coatings deposited at different Ts. It is evident
that the TaxC1−x coating (Ts = 25 ◦C) has poorer adhesion quality,
which could be contributive to the crack of the coating and the fur-
ther extension of the diffusion path for corrosive solution that has
arrived at the interface between the substrate and TaxC1−x coat-
ing. Higher adhesion strength for the TaxC1−x coating (Ts = 300 ◦C)
means that further diffusion could be restrained effectively. Even
if the corrosion solution contacts to the interface, the coating is
preserved until a system of cavities is formed under the coating.

3.4. Hemocompatibility evaluation of the TaxC1−x coatings

The number of platelet adhered on the surface of samples was
counted and the statistical results are shown in Fig. 9. Generally, the
sample with less platelet adhered on its surface has better hemo-
compatibility [28]. The number of adhered platelets on 316L SS is
the highest and the number of adhered platelets on the TaxC1−x
coating (Ts = 150 ◦C and 300 ◦C) is the lowest. Typical SEM images
of the samples with the adhesion of platelets are shown in Fig. 10.
It can be seen that the platelets on uncoated 316L SS are activated
with long pseudopodia extension and platelet aggregation and
spread can be observed (Fig. 10(a)). In contrast, almost all platelets
adherent to the TaxC1−x coatings (Ts = 150 ◦C and 300 ◦C) are in less
activated pattern (round and individual) (Fig. 10(c) and (d)). Clearly,
the hemocompatibility of TaxC1−x coated 316L SS is much better
than that of bare 316L SS and the hemocompatibility of TaxC1−x
coating deposited at 150 ◦C and 300 ◦C is superior to that of the coat-
ing deposited at 25 ◦C. This may attribute to the surface morphology
of the coatings. TaxC1−x coatings (Ts = 150 ◦C and 300 ◦C) surface
is smoother than that of the TaxC1−x coatings (Ts = 25 ◦C), and the
rougher surface structure can entrap platelets, causing adhesion

Table 4
Contact angle, surface energy of the TaxC1−x coatings and interfacial tensions with water.

Samples Contact angle (◦) Surface energy components (mN/m) Interfacial tensions

Water Glycol �d
s �p

s �d
s /�p

s �sw

316L SS 83.2 59.1 20.9 7.4 2.8 19.6
TaxC1−x (Ts = 25 ◦C) 73.4 48.4 20.6 12.9 1.6 12.7
TaxC1−x (T s= 150 ◦C) 67.3 46.1 15.6 20.1 0.8 7.6
TaxC1−x (Ts = 300 ◦C) 57.2 35.6 13.8 29.4 0.5 3.6
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Fig. 10. SEM morphologies of platelets adhered on the surface of the uncoated 316L SS sample (a) and (b) with TaxC1−x coating deposited at different Ts: (b) 25 ◦C, (c) 150 ◦C
and (d) 300 ◦C.

and deformation [29–31]. What is more, the hydrophilicity and the
surface energy show a great effect on the hemocompatibility of
the materials. So, we related the platelet adhesion and activation
with the hydrophilicity and surface energy of the materials. Table 4
gives the contact angle, the dispersive and polar components of
the surface energy and the interfacial tension between the sam-
ples and water. These values show a gradually decreasing trend
of the dispersive energy component and �d/�p with the increas-
ing of Ts, which exhibits a same trend with the adhesion number
and topography of the aggregated platelet on these samples. The
lower interfacial tension energy, lower dispersive energy and lower
�d/�p of the coatings indicate that a better hemocompatibility
[32–34]. The TaxC1−x coating (Ts = 150 ◦C and 300 ◦C), with the low-
est number and the least activated pattern (round and individual)
of adhered platelets on the surface, exhibit the best hemocompati-
bility, compared with bare 316L SS and TaxC1−x coating (Ts = 25 ◦C).
The platelet adhesion results suggest that TaxC1−x coatings have the
potential in application of blood-contacting biomedical materials
[30].

4. Conclusions

RF magnetron sputtering technique was successfully used to
deposit TaxC1−x coatings with the thickness of approximately
1.2 �m on 316L SS substrates by varying the Ts. XRD results
demonstrated that nanocrystalline TaC formation started at Ts of
150 ◦C and TEM result indicated grain size of nanocrystalline TaC
(Ts = 300 ◦C) was about to be 15–25 nm. The AFM images of the

TaxC1−x coatings deposited at different Ts showed that when Ts

increased, the RMS values decreased. Nano-indentation test indi-
cated that hardness and elastic modulus increase with the increase
of Ts. The adhesion property of TaxC1−x coated 316L SS deposited
at 300 ◦C is superior to that of other coated specimens. The TaxC1−x
coatings show excellent wear resistance than 316L SS substrate.
The anode polarization measurement indicated that the TaxC1−x
coatings showed an excellent inertness and anti-corrosion prop-
erty especially for the coatings deposited at 150 ◦C and 300 ◦C.
Additionally, platelet adhesion tests demonstrated that the hemo-
compatibility of the TaxC1−x coating (Ts = 150 ◦C and 300 ◦C) was
better than that of the coating (Ts = 25 ◦C), which is due to the effect
of the surface roughness, hydrophilicity and the surface energy.
Therefore, TaxC1−x coating can be a great candidate for developing
antithrombogenic surface in modifying the surface of 316L SS for
coronary stents.
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